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Novenber 2002 BACKGROUND NTI ON Field of the Invention This

invention relates to novel nuf% ndi ng conpounds (agents) that are 83
. adrenergic receptor agonists and pharmaceutical conpositi ond Neyeph @2
such conpounds. Accordingly, the nultibinding conpounds and phar maceut i cal

. 5 conpositions of this invention are useful in the treatnment and prevention
of respiratory diseases such as asthma and chronic bronchitis. They are

al so useful in the treatnent of nervouslsystem Injury and premature | abor.
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Dol Le enkl T ehmpesalir il bRk biALEERAOhedie B REOGERLe St TuCL UTe with
one or note Brhd versib 1 th o one or nore

l'i gands, V\/nemsptrhaxty cﬁ@mlsemﬁntals@ﬂhdnasndaubmabﬂgcmai Thensreglie netd.in Recept or s
can exist ent| reI%/ outéi de the cel I,U&ex%racel I uégr receptors), within the
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25 pharmacol ogi cal tool. The super famly of seven transnmenbrane proteins
(7-TMs), also called Gprotein coupled receptors (GPCRs)) represents one of
the nost significant classes of nenbrane bound receptors that communicate
changes that occur outside of the cell's boundaries to its il8iNavember 2002
triggering a cellular response when appropriate. 30 The G proteins, when
activated, affect a wi de range of downstream effector systens both
positively and negatively (e.g., ion chahnels, protein kinase cascades,
transcription, transmgration of adhesion proteins, and the |ike). 19
Novermber 2002 -3° Adr d#fds B & r'écen rlookig at gonianprd AngEoRis®: G- pr ot ei n
coupl ed receptors that.essoss rompeewiamdl, Safragieioy amdt othhr e r ecept or
sub-types: a 1 (A a. a@)draidcépror AgegistsaBe B(in. Phamdc: 51, B0dsH 4 ¢io9py.ors are
expr eSf_ed in ]E' tSf]ues KlisskPPIRMECRYISAIATE [N 204 8adss | Qh-HyBREL A nRRE 11 he |
proportions o e a IS ap exanpl e,
tissues ng br onchi al gggg%@dﬁ%@f‘%ﬁgéﬁ%sgpﬁgﬁg%ﬁ?qug‘@‘%@am eejﬁ'gélg’se of
cut aneous bl ood vessel ontai n exclusively a-AR subtypes. It has been

established that the 2-AR sub-type is involved in respiratory di seases such
as such as ast hméAb, ofdhg dive pablitatiang ars herpin insqeposated byréfpjenes/in theid

| 8. | f.d .e..q. | b |, f |
" <apr enol ol ENBFO A HCPERGrdns Gy RS pakis el B g PGSR s no Lsed

to treafp asiiRdudiiQWRtitited I RSRcSpYBSd VR fdrbdBetif s Uhiidety.y as they are
ei ther non-sel ective thereby causing adverse side effect’s such as nuscle

trenmor) tachycardia, palpitations, and restl esness6, or have short duration
of action apd/or. slow onset tinme of action.' Accordingly, there is a need
for p2-sel eg'ﬂg%f—tﬁ@&ggoni sts that are fast acting and have i ncreased
potency and /or For Q5 Bloll et strdGhicWith JhCorTble dididi nds of
the present i nveh??%ﬁ ?‘ru%i H&g?%a?s neeg. lSUM\/IA\(I’?Y gg‘%@q%WThi S

i nventi on i@véisibbet@tplegesnoidednenat hodeilipdhdyg whergrhanasnlegriohdhs t hat are

*agoni sts or partial agonists of (32 adrenergic receptor and are therefore
useful $n thialogicaheensequesers pResreirs ean oistcBYlY autsidy thy ellases such as

ast hma and i 0, LET Sipp: r f | [ Jre nt of
ervous. sysERREaP SRRERr Brnif o Febille (5 aibechtind SEAREAIEC. Ore o
i ts aspect siecdpdiStoithy &ittacelfulaShiied aftl cyioboindir REtiepPatckhekelFor mul a (1)
havi ng p2 adrenergi c receptor agoni st ;f)rop_ert_i es: L)P(X).V (l) wherein: pis
an i nt eger (@itracelbpippreceptars). Fhaygnamalso fsgtien gidepensienty pba gell (e.g.9doNovenber

2002 X i Li nker: pand.L i i gapd in..-4 f . |igands, L, i
Zo octou”r dotaED: RBBEubrs iy QBN Hiow 4 cONF lmbIientcdalEs, L 19
and Ar'20 arde kpudepRaniriufliy tsah®tics i.ef.,r@%mauihg) & wePas@ah&ddmig thé aryl .

cyc

heteroaryl, cycloal kyl, substitute oal kyl, and heterocyclyl wherein
each of saitthuaport gfimojgcules asdipss intgand ovinfitbqiegll.y 1inks the ligand to a

linker; R is selected.fram.the aroyp consisting. of dr,ogen | kyl , and
Subst 1 uted al Kyl VEBRS j¢ 4 DENREGBTRf Rt £ BRUN H e 7 PO RREPE & 1 | nicer
10 R - is sghgh®hal beihd dRIGERIMB liEABI0? thdGc ol rHl RARAve} Ny be AT al kyl
acyl) substituted alkyl, cycloal kyl, and substituted cycloalkyl, or R- is
a coval ent dyatidtic ligand for the receptor such as a drug, a drug candidate or a
25  pharmacological tool.
The super family of seven transmembrane proteins (7-TMs), also called
G-protein coupled receptors (GPCRs), represents one of the most significant classes
of membrane bound receptors that communicate changes that occur outside of the
cell’s boundaries to its interior, triggering a cellular response when appropriate.
30  The G-proteins, when activated, affect a wide range of downstream effector

systems both positively and negatively (e.g., ion channels, protein kinase cascades,

transcription, transmigration of adhesion proteins, and the like).



linking the ligand to a linker; Wis a covalent bond linking the -NR --
group to Ar', al kylene or substituted al kyl ene wherein one or nore of the
carbon atons in said al kyl ene or substituted 15 al kyl ene group which is
optionally replaced by a substituent selected from-NR (whdgeeddambsr 2002
hydr ogen, “al kyl, acyl, or a covalent bdnd linking the ligand to a |inker),
-0, -S(O" (where nis an integer of fromQ to 2), -CO, -PRb- (where Rb
is alkyl), -P @dreneramece@mw) aegridemnbers (o6 thergrattin coupldd atckploene or

| i nks, the I| Ilnker provi ded

bstituted al kyl ene nal |
that at | é*aaaar oSl Ao Feq ghcdnr Sivghoy if Qe of 712 b ghttdt b o

li nker; ¢, thas d of
{omker o, LR OPRRC b ABRLS: Bkl RRRRRABILI VBl G EH I BEGTROUTY ©
fromthe ﬁ’(aﬂﬁﬁal@ ané ttﬁ:tpragorcifm@wthe oh&idethe @rrgdeptary afeaikiey/depetdipst i t ut ed

cycloal kyl, and heterocyclyl; Q which links the other ligand to the
| i nker, i Eos@asml@dlswﬁmftbmcgrad)a@\oethrmpmlfr erpress largelo\P2-aRtwlgbnd,  al kyl ene,

b d | k f th b t
'n Sara atieyt aigdrels BRBRel: SRR eGPl P BhBedhal 1y 1 eplaced by a
substi tuent sejqet %gerfés@iﬂltsl‘@&a(f“@%ﬁAﬁ%ubﬁa/ﬁé’gﬁﬂgﬁ%d 1?1'&;‘%} V\,ﬁ%yl or a

coval ent bond linking the ligand to a |1 nker ere n P(0)O0-;
and is andusasﬁsagsarcha{s sﬁcrhxmz&tltma“?_a)hronﬂbronchRRbncx(vmhesf)eteﬁbxmjt&yadddyI)
-P(O,-, and -0 10 pharnaceutically accept able salts ther eof provi ded t hat:

(i) when E‘ﬁ@aﬁﬂlﬁ‘lﬁﬁbﬁf ndrHEENEE np BuABCRE drugngiga adtrtaterp fermaderebund of fornul a:

OHH~H area hen Wand X
both are no?ren?lﬁyloéﬁgeym&g&awkav ﬁfé%a%om?a\%ﬁﬂg ebcm‘I';tul‘g %’&F"r‘?& conmpound
of For nmul @tHrhd. HEwBv&rOfHesd ik Qﬁamﬁrﬂu&@uumy asitle aymé?mn%eua@ﬁwl phenyl,

Ar- is aryl, Ar' is aryI or ﬁeteroc yclyl, Wis Are ~ N WArz- X—QAr3 R‘

15 et hyl etherebycausing abyersesive aftagts, SuRh a$ alua(dkyllemo&ﬁ&h)’tc#rdlﬂ i nker X i s not

| i nked t Ar 3 th h t d wh
mul 1 bi P AR GG D st o B B se s st P o
Ar 3- O X- AftRe of MudhAr Rccor&ﬁg[‘PYl?é?p?sra #@For PRRLEBVAAR BRHish that & e ar yl, W

is alkylene, Ar3 is aryl or cycloalkyl, Qis a coval ent bond, then X is not
- al kyl endaactinpaed barwefiacraipied potenct ahd m(éoqgexduranon péactidnt i bi ndi ng conpound

of Formul a The multibinding compounds of the present invention fulfill this need.

SUMMARY OF THE INVENTION
This invention is directed to novel multibinding compounds (agents) that
are agonists or partial agonists of f2 adrenergic receptor and are therefore useful in
the treatment and prevention of respiratory diseases such as asthma and chronic
bronchitis. They are also useful in the treatment of nervous system injury and

premature labor. _
Accordingly, although not one of its aspects, this invention uses a

multibinding compound of Formuta (f) having 2 adrenergic receptor agonist properties:

(L)e(X)q
@

wherein:
P

p is an integer of from 2 to 10;

g is an integer of from 1 to 20;



(1) independently has the fornmula: 5 -Xa_Z (ya_Z)m Xa_ wherein mis an
integer of fromO to 20; Xa at each separate occurrence is selected from
the group consisting of 10 -O, -S-, -NR, -C(O-, -CCOO, -O(O-,
"AONR) -NRQO)-, O(S), (9O, "GN, NRAS)-, o 2 ENalditerdens
where R is as defined below, Z at each separate occurrence is selected from
the group consisting of al kylene, substijuted al kyl ene, cycl oal kyl ene,
substituted cycl oal kyl ene, al kenyl ene, substituted al kenyl ene, al kynyl ene,
substituted al ky Ienghkcyggfalkenylene 15 substituted cycl oal kenyl ene,
aryl ene, het er oarI'"tHhE™Hef¥t ocycl ene, or a coval ent bond; each Ya at each

separate occurrenlgfsdﬁga%glﬂgrgg fromthe group consisting of -O, -C(O.-,

-00(Q -, -OO0, -NrR-7 -5(Qn-, -CONR -, -NRCO-, -NR A(ONR -,

-NR C(S) NR - C(G{NRif)hd\ﬁg&nds [NE& sefcrddRrdm,a cotdpothd blRfmmuEﬂa) NR -C(O-0O,
-N=C(Xa)-NR‘-, -NR -C(Xa)=N-,-P(Q(OR)-O, -OP(O(OR)-, -S(ONCRR'-,
-S(On-NR -, -NR-S(OQn-, -SS-, and co ent bond; Wnere nis 0, t or 2
R, R and R' at each separate occurr E(/\g lected from the group

consi sting of hydrogen, alkyl, subgp 5] cycl oal kyl) substituted

cycl oal kyl, al kenyl, substituted al kenyh, cycloalkenyl, substituted
cycl oal kenyl , al kynyl, 25 substituted al kynyl, aryl, heteroaryl and
heterocyclic, and Xe is as defined abovgy Preferably, g is less than p in
the nul ti bi ndi ng conpounds of this invention. 19 Novenber 2002 According
to one aspect of the present invention, there is provided a conpound of
Formul a (I )ypd NWAQ)GQN3Am(u)Wmmu1N and Ar' are
|ndependently se ected fromthe group consisting of aryl, heteroaryl and
het er ocygl yl ; Ar eArd' and Alreat adiebemientljneelgatedlfromahs gﬁmpmgnﬁﬁtu(gedf goylenyl ene,
wherein Wand X are attached at the 1 positions of the

phenyl ene r ibgtsroarph cysjeal H‘Ie%}’ﬁ@‘h‘éﬁd@p{d(’é’r\%{i Wdéxeﬁschm é’é}ewit epchef il
wherein Wangd. X, ahe sﬁhgﬁﬁ&ﬁ%ﬁ&mﬁg mk’s\?\lh ?%aﬂdlt%éh gLtions of the

cycl ohexyl ene ring; X are attached at the
, 4- posi tions of R‘h@seﬂtd@&fﬂ@mﬁk{é gitRp lcbAgGstin@ dfShydibgari2 Ay Oahd subshittdaz

CH(O—|) CHZO) - NH CH( CHZOH) -, - CHZ-NH- CHZ-CH(OH) -, -C(CH3)i-NH CHZ
CH(OH) -, -( @ﬂw},s)rcﬁ‘ (twqﬂlwquhdﬁomahga@d to oligz) - CH( OH) - CHZ
G s SRS SARFEOBHRLA KSRl sl Pone
substituted alkyl, cycloalkyl, and substituted cycloalkyl, or R? is a covalent bond
linking the ligand to a linker;
W is a covalent bond linking the -NR?- group to Ar?, alkylene or substituted
alkylene wherein one or more of the carbon atoms in said alkylene or substituted
15  alkylene group which is optionally replaced by a substituent selected from -NR>-
(where R? is hydrogen, alkyl, acyl, or a covalent bond linking the ligand to a
linker), -O-, -S(0),, (where n is an integer of from 0 to 2), -CO-, -PR®- (where R® is
alkyl), -P(0),-, and -O-P(0)O- and further wherein said alkylene or substituted
alkylene group optionally links the ligand to a linker provided that at least one of
20 Ar', A, R, R?, or W links the ligand to a linker; and

the other ligands are independently selected from a compound of formula (b):

—Q—Ar®
(b)

wherein:



Accordi ng to another aspect of the present invention, there is provided a
conpound of Forrmula ( I I ) OH~-NWAr2 X QAr3 Are {Il) wherein Are is
selected fromthe group consisting of aryl, heteroaryl and heterocyclyl;
Ar2 is |,4-phenylene; Ar3 is selected fromthe group consi st Ngvesfiber.2002\ X

ci ., \/ M/ _, N--—_N-NM OCHZCZMe (X = H OV, OH / OCHzOZMe
OCHpCOZMe OCHzCOzMe 1\ ~OH . ~'"~1 \VCONHZ " 1/ "\ /] HNx (X = H
N NN/~ | ~, ., T T\, CHzCONSZ NHSOyMe 19 Noverber 2002 g |
|e\N|~-;~|,\|\/E',i/NYNHCF30VEC|(/|\SVi\\/‘I~
\' / ~ ~ ~NHAc x | AP ©)selecthlt @othe group consisting of aryl, heteroaryl, cycloalkyl,

substituted cycloalkyl, and heterocyclyl;
Q, which links the other ligand to the linker, is selected from the group

consisting of a covalent bond, alkylene, or a substituted alkylene group wherein one

5  ormore of the carbon atoms in said alkylene or substituted alkylene group is
optionally replaced by a substituent selected from -NR®*- (where R* is hydrogen,
alkyl, acyl, or a covalent bond linking the ligand to a linker), -O-, -S(O),- (where n
is an integer of from 0 to 2), -CO-, -PR®- (where R" is alkyl), -P(0),-, and -O-
P(0O)O-; and

10  pharmaceutically acceptable salts thereof provided that:

(i) when the multibinding compound of Formula (I) is a compound of formula:

OH

OH
H Yy H
Al")\/N w ll\/_—_wa\/kArS

where Ar' and AP are aryl, then W and X both are not alkylene or alkylene-O-;
(i1) when the multibinding compound of Formula (I) is a compound of formula:

Ar' is 4-hydroxy-2-methylphenyl, Ar® is aryl, Ar’ is aryl or heterocyclyl, W is

OH

H
Ar1/'\/N——-W—Ar2-—X—Q—Ar3

R1

15 ethylene, Q is a covalent bond, R! is alkyl, then the linker X is not linked to the Ac®

group through an oxygen atom; and

(iii)  when the multibinding compound of Formula (I) is a compound of formula:

OH

H
7 Ars—Q—X—Ar')\/N_W_ArZ



(X=0 CHZ) ol " , \ ~ \ ~i \ OHy \ v ~ OCONCH 31z v ~ ~ ( / NHz / OH
//O—|1(/CICHZO—|O—|IN OCON(CH 3)z XOX ~~ ~OH. ~~, ~ _ > Y ~
\ G~ \OH1// OH~~O OHZ/ OHOHNNCHO (Y = OH, M) -CONH2, (Zz = Ct
or HH (X=0C or F) (X=0C or F) -NHCONHZ) Qi s - NHCHZCH( OH November 2002

- NH CH2- CH( OH) - CHZ- O-, - NH- CH(CHi OH) -, - CHI - NH- CHZ CH( OH) -

Q(CH, ) Z- N CH - OH(OH - ) - (OHZ) 3- O(CHZ%6 NH- CH2 CH(OH) -) or

-0 (CHZ) - CH(OH) - CHZ NHCH~ CH(OH) -; Wi s net hyl ene, ethyl ene or propylene; X
is a coval ent bond and, phar maceut i cal | y acceptable salts thereof. 19

Novenber 20vheredy’ pad Ariate asvloMhisraliadense Arom arylor sydealkyl. Quisamovalant t her e

|sprOV|ded f rrrula OHHYy Ny HO~ ~-N H OH OH and

phar rraceuti cf@‘ngxéspﬂo q‘%ng%ﬁ S thereof. 19 Novenber 2002 -11 In still
anot her aspect ofm&leepraeﬁsyyoeadhnmealmn tﬂé’&ﬁﬁﬁ:bhﬁiu@%ﬁ’cﬁﬂd%f@%ﬁﬁ%”d of
the formula: OHH OH and pharnmaceutically

accept abl e dpindspdandentiolias the fcdmiby enber 2002 -12 In still another aspect of
the present invention, there is provided a conpound of the fonula OH H\ ~

\'/ HOP/ 1/ N\ 1 N
X3-Z-(Y?-Z), X

wherein
m is an integer of from 0 to 20;
X* at each separate occurrence is selected from the group consisting of
10 -O-, -S-, -NR-, -C(0)-, -C(0)O-, -OC(0)-, -C(O)NR-, -NRC(0)-, C(S), -C(S)O-,
-C(S)NR-, -NRC(S)-, or a covalent bond where R is as defined below;

Z at each separate occurrence is selected from the group consisting of
alkylene, substituted alkylene, cycloalkylene, substituted cycloalkylene, alkenylene,
substituted alkenylene, alkynylene, substituted alkynylene, cycloalkenylene,

15  substituted cycloalkenylene, arylene, heteroarylene, heterocyclene, or a covalent
bond;

each Y* at each separate occurrence is selected from the group consisting of
-0-, -C(0)-, -0C(0)-, -C(0)0-, -NR-, -5(0),-, -C(O)NR’-, -NR’C(0)-,
-NR’C(O)NR’-, -NR’C(S)NR’-, -C(=NR’)-NR’-, -NR’-C(=NR")-, -OC(O)-NR’-,

20 -NR’-C(0)-O-, -N=C(X*)-NR’-, -NR’-C(X*)=N-,-P(O)(OR’)-O-, -O-P(O}(OR’)-,
-$(0),CR’R"’-, -§(0),-NR’-, -NR’-S(0), -, -S-S-, and a covalent bond; where # is
0,10r2;R, R and R" at each separate occurrence are selected from the group
consisting of hydrogen, alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl,
alkenyl, substituted alkenyl, cycloalkenyl, substituted cycloalkenyl, alkynyl,

25  substituted alkynyl, aryl, heteroaryl and heterocyclic, and X* is as defined above.

Preferably, q is less than p in the multibinding compounds of this invention.



OH OH and pharnmaceutically acceptable salts thereof. 19 Novenber 2002 -13
In still another aspect of the present invention, there is provided a
conmpound of the forrula CHHN~/ HOI / I / N\ HOH OH and .

phar maceutical ly acceptable salts thereof. ,i 19 Novenber 128ogember 2062
still another aspect of the present invention, there is provided a conpound
of the formula HOHH\ ~\ / O~ HOH CH and pharmaceutically acceptable
salts thereof. 19 Novenber 2002 The present invention also provides a
pharmaceutical conposition conprising a pharnmaceutically acceptable carrier
and a therapeutically effective anmount of a conpound of any of the
above-nmeM . i oned aspects. 19 Novenber 2002 _16_ The present invention
further provides a use of a conpound of any of the above-nentioned aspects
in the manufacture of a medi canent for treating di seases nediated by a (32
adrenergic receptor in a manmal .

According to one aspect of the present invention, there is provided a
compound of Formula (II):

OH

H
N—W—Ar—X—Q—Ar
Art

(I

wherein

Ar' and AP’ are independently selected from the group consisting of aryl, heteroaryl and heterocyclyl;

Ar is selected from the group consisting of (a) phenylene, wherein W and X are attached at the 1,2-,
1,3- and 1,4-positions of the phenylene ring; (b) cyclohexylene optionally substituted with methyl, wherein W
and X are attached at the 1,3- and 1,4-positions of the cy;:lohexylene ring; and piperazylene, whetein W and X
are attached at the 1,4-positions of the piperazinylene ring;

Q is -NHCH,CH(OH)-, -NH-CH,-CH(OH)-CH,-0O-, -NH-CH(CH,OH)-, -CH,-NH-CH,-CH(OH})-,
-C(CH,)Z-NH-CHZ-CH(OH)-_, -(CH,);-O-(CH,)¢-NH-CH,-CH(OH)-, or -O-(CH,)-CH(OH)-CH,-NH-CH,-
CH(OH)-;

W is alkylene or substituted alkylene;

X is a covalent bond;

and pharmaceutically acceptable salts thereof.



19 Novenber 2002 -17 BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 illustrates
exanpl es of nultibinding conpounds conprising 2 ligands attached in
different formats to a linker. FIG 2 illustrates exanples of multibinding
conpounds conprising 3 ligands attached in different fornmat#9 Novembendode.
Y 19 Novenber 2002 -18 FIG 3 illustrates exanples of multibinding
conpounds conprising 4 ligands attached in different formats to a |inker.
FIG 4 illustrates exanples of nultibinding conpounds conprising >4 |igands
attached in different formats to a Idaxker. 19 Novenber 2002 -19 FIGs.
5-13 illustrate synthesis of compounds of Fornula (1). DETAILED DESCRI PTI ON
OF THE I NVENTION Definitions 5 This invention is directed to nultibinding
conmpounds which are (32 adrenergic receptor agonists, pharnaceuti cal
conpositions containing such conmpounds and nethods for treating di seases
medi ated by (32 adrenergic receptor in mamuals. Wen di scussing such
conmpounds, conpositions or nethods, the followi ng terns have the follow ng

meani ngs unl ess ot herw se i ndi cat ed. Any 10 undefined ternms have their art
recogni zed MEapTHES. tPhanetdiem 'agpesH "ofr diher Preeety ideREdNe altheraanished or
unbr an t ngﬁﬁgugy q&?ﬁgep ain preferably having from1l to 40
carbonigﬁgﬁ%ﬁ'%nre prefgfab y 1 éaﬂL 0 carbon atons, and even nore
preferably 1 to 6 carbon atons. This termis exenpllfled by groups such as
met hyl , ethyl, n-propyl, isoQ#op n- butyI iso 15 butyl, n-hexyl,

n- decyl, tetradecyl, and t he I|k§i &r n1"s bstituted aIkyI" refers to
an al kyl group as defined av to 5 substituents, arid
preferably 1 to 3 substit'dents, selected fron1the group consi sting of

al koxy) substituted al koxy, cycloalkyl, substituted cycl oal kyl
cycloalkenyl substitutechycIoaIkenyI, acyl, acyl am no, acyl oxy, am no,
substi ﬁ 20 am no, am noacyl, aninoacyloxy oxyam noacyl, azido, cyano,
halogen ydr ox ket o, t hi oket o, carb ar?gxylalkyl, t hi oaryl oxy,

t hi Ohef‘éﬂs(f&lle??dd%;’y“ the ﬁ?‘t?t?é‘!séP?ﬁ:‘ifé‘IYBB%ﬁf°ar¥lﬁl“b’l‘cter"tcﬁ‘i al koxy, substituted

t hi oal k@xy,4-ghedllenc;ar yl oxy, heteroaryl, heteroaryl oxy, heterocyclic,

het er ocycl 00x hydr oxyam n Ikoxyanlno nitro, -SO al kyl,

-SO su f‘“lsf’lﬁ‘ft%l(fmﬁftgwr? p-cgfﬁsgfr‘qu -SO heteroaryl, 25 -SO, -al kyl,

-SO, -substituted al kyl, -SO, -aryl and -SO - heteroaryl. This termis
exenplified by groups §uch as hydroxynethyl, hydroxyethyl, hydroxypropyl, 2
am noet ! 3-aninoprfr~~, 2-ne ylaninoeth 3-di ne am nopropyl,
2sul f onam hyl, 2- poxyet hik,_Yand the . The term "al kyl ene" refers
to a diradical of a branched or unbranched\3d saturated hy8%eEdfbon chain,
pref er abXy h&@MengHhrom™L to 40 carbon atons, nore 19 Novenber 2002 -20
preferably 1 58,5, carbon atonms and_ even nofe preferably 1 to 6 carbon

at ons. L__ tefmis ex *BY°GFoups as mef pykeney(-CH, - ),
et hyl ene Q—CIOML t he ene isoners ( : @@ and - CH(CH;
)CH, -) and the fike.

A CHZCONHz' = NHS O,Me




5 The term "substituted al kyl ene" refers to an al kyl ene group, as defined
above, having from1l to 5 substituents, and preferably 1 to 3 substituents,
selected - fromthe group consisting of al koxy, substituted al koxy,
cycl oal kyl, substituted cycLoal kyl, cycl oal kenyl, substi t utl@dNavoibeakR@E&hy| |
aryl, acylam no, acyl oxy, am no, substituted am no, am noacyl,

am noacyl oxy, oxyam noacyl, azido, cyano, hal ogen, 10 hydroxyl, keto,

t hi oket o, carboxyl, carboxyl al kyl, thioaryl oxy, thioheteroaryloxy,

t hi ohet erocycl ooxy, thiol, thioal koxy,2-substituted thioal koxy, aryl,

aryl oxy, heteroaryl, heteroaryl oxy, heterocyclic, heterocyclooxy,

hydroxya// alkoxyanrno nitro) -SO al kyl, -SO substituted al kyl,
_SC)arngzzgg%rﬁteroary\s SQz- al ky#, ~y S02- substitEiE§Zi§EZ>, -SO -aryl and
- SO - het Addi t | A 15'§E;JLs stitutedaa groups i nclude
t hose where 2Nsébstit s on the aIkerL‘ group a d to formone or
nor e cycloalkyl,c substituted cycl oal kyl, @ycl oal kenyl , Substituted

cycl oal kenyl , aryI heterocyclic or eteroaryl groups fused to the al kyl ene

group. Pr fegably such f @sed gro contarn f 1to used ring
structures 201 The teﬁu al karyl ™ "aralkyl r fers he groups

-al kyl a |- and sub' ted aI e-aryl ere al* NHASUbStI tuted
al kyl ene and aryl are-deffned H&Pein. Such #ryl groups are exenplified
by benzy¥, =M thyl and the like. The ternfheteroaral kyl" refers to the
groups -al kyl ene-heteroaryl and substituted al kyl eneheteroaryl where

al kyl ene, subgtituted al kyl ene and heteroaryl 25 are defined herein. Such

heteroar grou e exen Fet by di n- 3u| yEgn(cH 51,
pyri di n- thylo d th ke Thé m "al K refers to the groups
al kyl - O, alkeﬁyl Ecloalky c @nyl -

and al kynyl -O-, where
al kyl , alkenyl cyclodl cydWoaIken Mind al kynyscoate,,as def i ned
herein. Preferred al koxy groups are al ky|-O and 19 Novenber 2002 -21

i ncl ude, by way of exanple thoxy, et Hoxy, Ny Pr OpOXY ne i 40- PHOPOXY,

n- butoxy,!;i t - but o - but 0% -pent oxy, Jn- hgxoxy,: di et hyl but oxy,
and the | Negehe tbstrtual koxy" 'rs tor t he oups
substi t ut edu@bkyl - O, “Sulbest i t ut ed Renyl - O, .ie@iitutedoeycloalkyl
substituted cycl gakkahwe @on d25=§|u,b${t|tu d al nyI e substrtuted
alkyl . SubSt i tut oiGOREmY  SUbSL: T ut ed)cyc?)galcﬁflrlk% Y e RS

cycl oal kenyl and substituted al kynyl are as defined herein. The term
"aIkénylWzBe#&KRQCB«HDHDNHRadKHﬁDHmﬁﬂaObrNhéhﬁ@ﬁﬁﬁﬂ1mmmaﬂtﬂHdCH®Bﬁ£urated
hydr ocar, a ha 40 g re
preferab %g$§%¥bgﬁ§6§%ﬁag¥8Q?&i %“@5§§1§%¢§”pgé g§ggq}aéﬁféﬁbﬁgarbon
atonscﬁh@ (@ravi ng at least 1 and preferably from1-6 sites of vinyl
unsaturat“qpmc}ﬁg&eﬂﬁgge@%kgp%h:groups i nclude ethenyl (-CH=CH,),

n- pr openy ), iso propenyl (-C(CH3)=CH2), and the like. The term
"substrtd%édcﬁW%@HVP’ refers to an al kenyl group as defined above having
from 1 tcanfpiddaskitichBntSptablachipteder ably 1 to 3 substituents, selected from
the 15 group consisting of al koxy, substituted al koxy, cycl oal kyl,
substituted cycl oal kyl, cycl oal kenyl, substituted cycl oal kenyl, acyl,
acyl am no, acyl oxy, am no, substituted am no, am noacyl, am noacyl oxy,
oxyam noacyl, azido, cyano, hal ogen, hydroxyl, keto, thioketo, carboxyl,

car boxyl al kyl , thioaryl oxy, thioheteroaryloxy, thioheterocyclooxy, thiol,

t hi oal koxy, substituted thioal koxy, aryl, aryloxy, 20 heteroaryl,

het er oaryl oxy, heterocyclic, heterocyclooxy, hydroxyam no, al koxyam no,
vitro, -SO alkyl, -SO substituted al kyl, -SO aryl, -SO heteroaryl,

-SO, -al kyl, -SO -substituted alkyl, -SO -aryl and -SO -heteroaryl. The term
"al kenyl er Ae" refers to a diradical of a branched or unbranched unsaturated
hydr ocar bon group preferably having from2 to 40 carbon atons, nore 25
preferably 2 to 10 carbon atons and even nore preferably 2 to 6 carbon
atons and




having at least 1 and preferably from1-6 sites of vinyl unsaturation. This
termis exenplified by groups such as ethenylene (-CH=CH ), the propenyl ene
isoners (e.g., -CH CH=CH, -C(CH3)=CH, and the like. The term "substituted
al kenyl ene" refers to an al kenyl ene group as defined 30 abovi® Mevenibgr Poaam 1
to 5 substituents, and preferably from1l to 3 substituents, 19 Novenber
2002 -22 selected fromthe group consisting of al koxy, substituted al koxy,
cycl oal kyl, substituted cycl oal kyl, cycl oal kenyl, substituted cycl oal kenyl,
acyl, acyl am no, acyl oxy, am no, subsi®tuted am no, am noacyl,

am noacyl oxy, oxyam noacyl, azido, cyaano, hal ogen, hydroxyl, keto,

t hi oketo, carboxyl, carboxylal kyl, thioaryloxy, 5 thioheteroaryloxy,

t hi ohet erocycl ooxy, thiol, thioal koxy, substituted thioal koxy, aryl,

aryl oxy, heteroaryl, heteroaryl oxy, heterocyclic, heterocyclooxy,

hydr oxyam no, al koxyam no, nitro, -SO al kyl, -SO substituted al kyl,
-SOaryl, SO heteroaryl, -S0, - aIkyI -SO, -substituted al kyl, -SO -aryl and
- SO, - het er oa ditjonally, h substituted al kenyl ene groups_ incl ude

t hose where §X§ﬁbﬁff¥ﬁgﬂ?% EH@EEP RETH elvegtip Bherer 48 ddoviiedor m one
or nDreaqugg@kk¢t41@ugﬁhhngted cycl oal kyl, cycl oal kenyl, substituted
cycl oal kenyl, aryl, heterocyclic or heteroaryl gr oups fused to the

al kenyl ene group. The term "al kynyl" refers to a nonoradical of an

unsat urat ed hydrocarbon preferably having from2 to 40 carbon atons, nore
preferably 2 to 20 carbon atons 15 and even nore preferably 2 to 6 carbon
atons and having at least 1 and preferably from 1-6 sites of acetyl ene
(triple bond) unsaturation. Preferred al kynyl groups include ethynyt
(-C--CH), propargyl (-CH,C—-‘Q}DHand the l'ike. The term "substituted

al kynyl" refers to an al ky i
substituents, and prefel
group consisting of ab kyl, substituted
cycl oal kyl, cycl oal kenyl , Lsubstituted cycloaﬁken,h acyl, acyl am no,

acyl oxy, am no, substltutedoﬁnlno am noacyl, am noacyl oxy, oxyam noacyl,
azi do, cyano, hal ogen, hydroxyl, keto, thioketo, car boxyl, carboxyl al kyl,

t hi oary(oxy, thioheteroaryl oxy, thioheterocyclooxy, thiol, thioalkoxy,
Substand pitagshctunicdig hécepeable sahtytheredr yl oxy, 25 heteroaryl, heteroaryl oxy,

het er ocycl i c, heterocycl ooxy, hydroxyam no, al koxyam no, nitro, -SO alkyl,
-SO substituted al kyl, -SO aryl, -SO heteroaryi, -SO2~,-alkyl,

-SO, -substituted al kyl, -SO -aryl, and -SO -heteroaryl. The term

"al kynyl ene"” refers to a diradical of an unsaturated hydrocarbon preferably
having from2 to 40 carbon atons, nore preferably 2 to 10 carbon atons 30
and even nore preferably 2 to 6 carbon atons and having at |east | and
preferably 19 Novenber 2002 -23 from 1-6 sites of acetylene (triple bond)
unsaturation. Preferred al kynyl ene groups include ethynylene (-CC),
propargylene (-CH C=C-) and the like. The term "substituted al kynyl ene"
refers to an al kynyl ene group as defined above having from1l to 5
substituents, and preferably 1 to 3 substituents, selected 5 fromthe group
consi sting of al koxy, substituted al koxy, cycloal kyl, substituted
cycl oal kyl, cycl oal kenyl, substituted cycl oal kenyl, acyl, acylam no,

acyl oxy, am no, substituted am no, am noacyl, am noacyl oxy, oxyam noacyl,
azi do, cyano, hal ogen, hydroxyl, keto, thioketo, carboxyl, carboxyl al kyl,

t hi oaryl oxy, thioheteroaryl oxy, thioheterocyclooxy, thiol, thioalkoxy,
substituted thioal koxy, aryl, aryloxy, 10 heteroaryl, heteroaryl oxy,

het erocyclic, heterocycl ooxy, hydroxyam no, al koxyam no, vitro, -SO al kyl,
-SO substituted alkyl, -SO aryl, -SO heteroaryl, SO -alkyl,

-SO, -substituted al kyl, -SO -aryl and -SO -heteroaryl The term "acyl"
refers to the groups HC(O -, alkyl-C(O-, substituted al kyl C(O) -,

al kenyl -C(O -, substituted al kenyl-C(O -, cycloal kyl-C(O-, substituted 15
cycloal kyl -C(O) -, cycloal kenyl-C(O -, substituted cycl oal kenyl -C(O) -
aryl-C(O -, heteroaryl-C(O- and heterocyclic-C(O - where al kyl,
substituted al kyl, al kenyl, substituted al kenyl, cycloal kyl, substituted
cycl oal kyl, cycl oal kenyl, substituted cycl oal kenyl, aryl, heteroaryl and
het erocyclic are as defined herein. The term "acyl am no" or "am nocarbonyl "
refers to the group -C(O NRR 20 where each R is independently hydrogen

al kyl, substituted al kyl, aryl, heteroaryl,




het erocyclic or where both R groups are joined to forma heterocyclic group
(e.g., norpholino) wherein al kyl, substituted al kyl, aryl, heteroaryl and
het erocyclic are as defined herein. The term "sul fonyl am no" refers to

t he. group -NRSOzRa where R is 25 hydrogen, al kyl, substituttiNavemher 2002
aral kyl, or heteroaral kyl, and R$ is al kyl, substituted al kyl, am no, or
substituted am no wherein al kyl, substituted al kyl, araikyl, heteroaral kyi
and substituted amino are as defined herein. The term "am noacyl" refers to
the group -NRC(O R where each R is indépendently hydrogen, alkyl,
substituted al kyl, al kenyl, substituted al kenyl, 30 am no, substituted

am no, aryl, heteroaryl, or heteracyclic wherein alkyl, substituted ",- 19
Novenber 2002 -24 al kyl, al kenyl, substituted al kenyl, aryl, heteroaryl and
het erocyclic are as defined herein. The term "am noacyl oxy" or )

"al koxycar bonyl am no" refers to the group -NRC(O OR where each Ris

i ndependent |y hydrogen, al kyl, substituted alkyl, aryl, 5 heteroaryl or

het erocyclic wherein al kyl, substi t ut ed al kyl, aryl, heteroaryl and

het erocycl i ¢ Tr 8tidd HRItheERIpereiaf the@reesth Lawgitdon: therels provited gr oups
al kyl - C(OrQmousd st HhdItegdaalkyl C(O O, cycloal kyl -C(O O, substituted
cycloal kyl-C(O O, aryl-C(O O, heteroaryl -C(O 0, and heterocycl ic-C(O O
wherein al kyl, substituted al kyl, ZO cycloal kyl, substituted cycl oal kyl,
aryl, heteroaryl, and heterocyclic are as defined herein. The term"aryl"
refers to an unsaturated aromatic carbocyclic group of from6 to 20 carbon
atons having a single ring (e.g., phenyl) or nmultiple condensed (fused)
rings (e.g., naphthyl or anthryl). The aryl group may optionally be fused
to 15 a heterocycLic or cycloal kyl group. Preferred aryls include phenyl,
napht hyl and the like. Unless otherw se constrained by the definition for
the aryl substituent, such qﬁ¥l groups can optionally be substituted with
fromlto S substltuents prieferrtably 1 to 3 substituents, -selected fromthe

group consisting of ac acyl , yI, al koxy, al kenyl ,
al kynyl, cycloal kyl, ¢ aIkenyI su uted aI 20 substituted
al koxy, substitut edicl kKefiyl , substltute al substituted cycl oal kyl,

substituted cycl oal kenyl{_ am no, substitute anbno am noacyl, acyl am no,
sul fonyl am no, al karyl, a3, aryloxy, azido, carboxyl, carboxylalkyl,
cyano, halo, vitro, heteroaryl, heteroaryl oxy, heterocyclic,

het er ocycl ooxy, am noacyl oxy, oxyacyl am no, thioal koxy, substituted

t hi oal koxy, thioaryloxy, thioheteroaryloxy, 25 SO alkyl, -SO substituted
al kyl, -SO-aryl, -SO heteroaryl, -SO -alkyl, -SO substituted al kyl,

- SO, - ar?ﬂPm“S&“Wﬁﬂ%%%@P@ksﬂﬁﬁwﬁ?fhaIonethyl Preferred aryl substituents

i nclude al kyl, al koxy, halo, cyano, vitro) trihal onethyl, and thioal koxy.
The tern1"ary|oxy" refers to the group aryl-O wherein the aryl group is as
defined above including optionally substituted aryl groups as al so defined
above. 19 Novenber 2002 - 25 The term"arylene" refers to the diradical
derived fromaryl (including substituted aryl) as defined above and is
exenplified by 1, 2-phenyl ene, 1, 3phenylene, 1, 4-phenylene, |, 2-naphthylene
and the like. The term"am no" refers to the group -NH,. 5 The term
"substituted am no" refers to the group -NRR where each R is independently
sel ected fromthe group consisting of hydrogen, alkyl, substituted al kyl,
acyl, cycloal kyl, substituted cycloal kyl, al kenyl, substituted al kenyl,
cycl oal kenyl , substituted cycl oal kenyl, al kynyl, substituted al kynyl, aryl,
het eroaryl and heterocyclic provided that both R s are not hydrogen. 10 The
term "car boxyal kyl " or "al koxycarbonyl" refers to the groups

"-C(OOCalkyl", "-C(O O substituted alkyl", "-C(O O cycl oal kyl ",
-C(O Csubstituted cycloal kyl", "-C(O O al kenyl", "-C(O O substituted
al kenyl", "-C(O O al kynyl" and "-C(O) O substituted al kynyl" where al kyl,

substituted af kyl, cycloal kyl, substituted cycloal kyl, al kenyl, substituted
al kenyl , al kynyl and 15 substituted al kynyl are as defined herein. The term
"cycloal kyl" refers to cyclic alkyl groups of from3 to 20 carbon atons
having a single cyclic ring or nultiple condensed rings, said cycloal kyl
group may optionally be fused to an aryl or heteroaryl group. Such

cycl oal kyl groups include, by way of exanple, single ring structures such
as cycl opropyl, cyclobutyl, 20 cyclopentyl, cyclooctyl, and the like, or
multiple ring structures such as adamantanyl, and the like. , The term
"substituted cycloal kyl" refers to cycloal kyl groups having from1l1l to 5
substituents, and preferably 1 to 3 substituents, selected fromthe group
consisting of alkyl, substituted al kyl, al kenyl, substituted al kenyl,

al koxy,



25 substituted al koxy, cycloal kyl, substituted cycloal kyl, cycl oal kenyl,
substituted cycl oal kenyl, acyl, acylam no, acyl oxy, am no, substituted

am no, am noacyl, am noacyl oxy, oxyam noacyl, azido, cyano, hal ogen,

hydr oxyl , keto, thioketo, carboxyl, carboxylal kyl, thioaryl d2November 2002

t hi ohet er oaryl oxy, thioheterocyclooxy, thiol, thioal koxy, substituted

t hi oal koxy, aryl, aryloxy, heteroaryl, heteroaryloxy, 30 heterocyclic,

het er ocycl ooxy, hydroxyam no, al koxyam no, nitro, -SO alkyl, 19 Novenber
2002 -26 -SO-substituted al kyl, -S0OGl&ryl, -SO heteroaryl, -SO, -alkyl,

-SO, -substituted alkyl. -SO -aryl and -SO -heteroaryl. The term
"cycl oal kenyl " refers to cyclic al kenyl groups of from4 to 2d carbon atons
having a single cyclic ring and at | east one point of internal 5
unsaturation. Exanples of suitable cycl oal kenyt groups include, for

i nstance, cycl obut-2-enyl, cyclopent-3-enyl, cyclooct-3-enyl and the |iKke.
The term "substituted cycl oal kenyl" refers to cycl oal kenyl groups having
from1l to 5 substjituents, and Ereferably 1 tq 3 suybstituents, selected from

the group coHsiEilhgnethes) rspect Rfb$he (RFeasNG LRYFE gk dRere isuperyidated
aIkenyla(ﬁh#ﬁmmuﬁ;thqgﬁ&ﬁkgted al koxy, cycloal kyl, substituted cycl oal kyl ,
cycl oal kenyl, substituted cycl oal kenyl, acyl, acylam no, acyl oxy, am no,
substituted am no, am noacyl, am noacyl oxy, oxyam noacyl, azido, cyano,

hal ogen, hydroxyl, keto, thioketo, carboxyl, carboxylal kyl, thioaryl oxy,

t hi ohet er oaryl oxy, thioheterocyclooxy, thiol, thioal koxy, substituted

t hi oal koxy, aryl, aryloxy, he Earyl, het er oaryl oxy, 15 heterocyclic,

het er ocycl ooxy, hydroxyam. ng vitro, -g6alkyl, -SOsubstituted
-SO,-ituted al kyl |
0™ ot” =hdl ogen” refers to

al kyl, -SO aryl, -SO he aryl, -S0O, - &
SCz-aryl and -SO, - heierogFyl. The term C

fluoro, chloro, bronmo ang iodo. The term "heflerogpyl" refers to an aromatic
group of froml to 15 carbont 20 atons and 1 to 4 heteroatons sel ected from
oxygen, nitrogen and sulfur within at |east one ring (if there is nore than
one ring). The heteroaryl ring may optionally be fused to a cycl oal kyl or
het erocyclyl rin Unl e erw.se constrained by the definition for the
het er o&P ngﬁ%%Tgw&@ﬁﬂﬁigﬁghqﬁ”¥%roaryl groups can be optionally
substituted with 1 to 5 substituents, preferably 1 to 3 substituents,
selected fromthe 25 group consisting of acyloxy, hydroxy, thiol, acyl,

al kyl, al koxy, al kenyl, alkynyl, cycLoal kyl, cycloal kenyl, substituted

al kyl, substituted al koxy, substituted al kenyl, substituted al kynyl,
substituted cycl oal kyl, substituted cycl oal kenyl, am no, substituted am no,
am noacyl, acyiam no, al karyt, aryl, aryloxy, azido, carboxyl,

car boxyl al kyl , cyano, halo, vitro, heteroaryl, heteroaryl oxy, heterocyclic,
19 Novenber 2002 -27 heterocycl ooxy, am noacyl oxy, oxyacyl am no,

t hi oal koxy, substituted thioal koxy, thioaryloxy, thioheteroaryl oxy,

-SO al kyl, -SO substituted al kyl, -SOaryl, -SO heteroaryl, -SO -alkyl,
-SO, -substituted al kyl, -SO -aryl, -SO -heteroaryl and tri hal onet hyl .
Preferred heteroaryl substituents include al kyl, al koxy, halo, cyano, 5
nitro, trihalonethyl, and thioal koxy. Such heteroaryl groups can have a
single ring (e.g., pyridyl or furyl) or nmultiple condensed rings (e.g.,

i ndol i zi nyl or benzothienyl). Preferred heteroaryls include pyridyl,
pyrrolyl and furyl. The term "heteroaryl oxy" refers to the group
heteroaryl -O-. The term "heteroarylene"” refers to the diradical group
derived from 10 heteroaryl (including substituted heteroaryl), as defined
above, and is exenplified by the groups 2, 6-pyridyl ene, 2,4-pyridinyiene,

1, 2-qui nol i nyl ene, 1,8 quinolinylene, 1,4-benzofuranylene, 2,5-pyridnylene,
2,5-indolenyl, and the like. The term "cycl oal kyl ene"” refers to the

di radi cal group derived fromcycl oal kyl, as defined above, and is
exenplified by the groups 1, 6-cycl ohexyl ene, 15 1, 3-cycl opentyl ene, and the
i ke. The term "substituted cycl oal kyl ene"” refers to the diradical group
derived from substituted cycl oal kyl) as defined above. The term
"cycl oal kenyl ene" refers to the diradical group derived from cycl oal kyl, as
defi ned above. 20 The term "substituted cycl oal kenyl ene" refers to the

di radi cal group derived from substituted cycl oal kenyl, as defined above.
The term "heterocycle” or "heterocyclyl” refers to a nonoradical saturated




unsaturated group having a single ring or nmultiple condensed rings, froml
to 40 carbon atons and from1l to 10 hetero atons, preferably 1 to 4

het er oat ons, sel ected 25 fromnitrogen, sul fur, phosphorus, and/or oxygen
within the ring and further wherein one, two, or three of tHeNovergbers2008n
atons may optionally be replaced wwth a carbonyl group (i.e., a keto
group). Unless otherwi se constrained by the definition for the heterocyclic
substituent, such heterocyclic groups can be optionally substituted with 1
to S, and preferably 1 to 3 substituertds, selected fromthe group 30

consi sting of al koxy, substituted al koxy, cycloal kyl, substituted

cycl oal kyl 19 Novenber 2002 -28 cycl oal kenyl, substituted cycl oal kenyl,
acyl, acyl am no, acyl oxy, am no, substituted am no, am noacyl,

am noacyl oxy, oxyam noacyl, azido, cyano, hal ogen, hydroxyl, keto,

t hi oket o, carboxyl, carboxyl al kyl, thioaryl oxy, thioheteroaryl oxy,

t hi ohet erocycl ooxy, thiol, thioal koxy, substituted thioal koxy, aryl,
aryloxy, 5 heteroaryl, heteroaryl oxy, heterocyclic, heterocycl ooxy,

hydr oxyam no, T8I $&dty AFCRBET AFPRE, of SBeaPTEPENt [ 1SvFRIFE: | thsre oty PRyTided
-SO-aryl o sonrfbite 8F 0y Fornmu®S - @l kyl, - SO, -substituted alkyl, -SQ -aryl and
-SO, -heteroaryl. Such heterocyclic groups can have a single ring or
mul ti pl e condensed rings. Preferred heterocyclics include norpholino,

pi peridinyl, and the |ike. 10 Exanples of heteroaryls and heterocycles

i nclude, but are not limted to, pyrrole, thiophene, furan, imdazole,
pyrazeol e pyridine, pyrazine, pyrimdine pyridazine, indolizine, isoindole,

i ndol e, indazole, purine, quinolizine, isoquinoline, quinoline,

pht hal azi ne, napht hyl pyri di ne@tqujnoxal i ne, qui nazoline, cinnoline
pteridi ne, carbazole, carbeljne : i di ne, agridi ne, phenanthroline,
15 isot hi azol e, phenazi ng i ¢not hi azi ne,

i m dazol idi ne, im dazabine; g i perazi ne, indoline,
nor phol i ne, tetrahydrofurahyl, tetrahydrothi ophem¢, and the |ike as well as
N- al koxy- ni trogen cont ai ni nd’*het erocycl es. The term "heterocycl ooxy" refers
to the group heterocyclic-O. 20 The term "t hi oheterocycl ooxy" refers to
the group heterocyclic-S-. The term "heterocycl ene” refers to the diradical
group formed froma heterocycle, as defined herein, and is exenplified by

t he grou 2, 6- morphol i n - norpholino and the |like. The term

" oxyacylag‘ﬁ?tﬂ%“ac%'?caﬁﬁﬁ%“ 5@}5’#’%‘32@ e(()’giy" refers to the group 25 - OC(O) NRR wher e
each R is independently hydrogen, alkyl, substituted al kyl, aryl,

het eroaryl, or heterocyclic wherein al kyl, substituted al kyl, aryl,

het eroaryl and heterocyctic are as defined herein. The term "spiro-attached
cycl oal kyl group"” refers to a cycloal kyl group joined to another ring via
one carbon atom common to both rings. 30 The term"thiol" refers to the
group -SH. 19 Novenber 2002 -29 The term "t hi oal koxy" or "al kylthio"
refers to the group -S-alkyl. The term "substituted thioal koxy" refers to
the group -S-substituted al kyl. The term "thi oaryl oxy" refers to the group
aryl-S- wherein the aryl group is as defined above including optionally
substituted aryl groups al so defined above. 5 The term "t hi ohet er oaryl oxy"
refers to the group heteroaryl-S wherein the heteroaryl group is as

defi ned above including optionally substituted aryl groups as al so defined
above. As to any of the above groups which contain one or nore
substituents, it is understood, of course, that such groups do not contain
any substitution or 10 substitution patterns which are sterically

i npractical and/or synthetically non feasible. In addition, the conpounds
of this invention include all stereochem cal




isoners arising fromthe substitution of these conpounds. The term
"pharmaceutical |l y-acceptable salt” refers to salts which retain the

bi ol ogi cal effectiveness and properties of the nultibinding conpounds of
this 15 invention and which are not biologically or otherw 98 Novemdir 2002¢.

I n many cases, the multibinding compounds of this invention are capabl e of
formng acid and/or base salts by virtue of the presence of am no and/or
carboxyl groups or groups simlar thereto. Pharmaceutically-acceptable
base addition salts can be prepared fi@em 20 i norgani ¢ and organi ¢ bases.
Salts derived frominorganic bases, include by way of exanple only, sodium
potassium lithium amonium calcium and magnesium salts. Salts derived
from organi c bases include, but are not limted to, salts of primary,
secondary and tertiary am nes, such as al kyl am nes, dial kyl am nes,

trial kyl am nes, substituted al kyl am nes, di(substituted al kyl) am nes, 25
tri(substituted al kyl) am nes, al kenyl am nes, dial kenyl am nes, trial kenyl
am nes, substituted al kenyl am nes, di(substituted al kenyl) am nes,
tri(substituted al kenyl) am nes, cycl oal kyL am nes, di(cycl oal kyl) am nes,
tri(cycloal k i ugikk 1:AeS . 1dl S

cycl oal kyl ﬁﬁéﬁggﬁ{?ﬁgﬁggtitut%ghgsgg aF%%?kgﬁyﬁg%?ﬁb;@?ggﬁ%eéé%Hg%?nes,

di (cyclaakepwd)ofahadormuld:(cycl oal kenyl ) 30 ami nes, substituted
cycl oal kenyl am nes, disubstituted cycl oal kenyl am ne, 19 Novenber 2002
-30 5 10 15 trisubstituted cycl oal kenyl am nes, aryl am nes, diaryl am nes,
triaryl am nes, heteroaryl am nes, diheteroaryl am nes, triheteroaryl

am nes, heterocyclic am nes, diheterocyclic am nes, triheterocyclic am nes,
m xed di- and tri-amnes where at |east two of the substituents on the
amne are different and are selegfjed fromthe group consisting of alkyl,
substituted al kyl, al kenyl, SUbSIItqled al kenyl , cycl oal kyl, substituted
cycl oal kyl, cycl oal kenyl , sugbStit uted>~cyctoakkenyl , , heteroaryl,

het erocyclic, and the Iike. 40 i ncl uded g an.ne re the two or three
substituents, together wi®h tjhe amino nitrogenly fofm a heterocyclic or

het eroaryl group. Exanpl es of itabl e am nes incl@de, by way of exanple
only, isopropylam ne, trinethyl” am ne, diethyl amne, tri(iso-propyl)
amne, tri(n-propyl) am ne, ethanol am ne, 2-di nethyl am noet hanol ,
tronmet ham ne, |ysine, arginine, histidine, caffeine, procaine, hydrabam ne,
chol i n#ndipbirmposeticalit assepiable sallaeet, gl ucosami ne, N al kyl gl ucami nes,

t heobr om ne, purines, piperazine, piperidine, norpholine,

N-et hyl pi peridine, and the like. It should al so be understood that other
carboxylic acid derivatives would be useful in the practice of this

i nvention, for exanple, carboxylic acid am des, including carboxam des,

| ower al kyl carboxam des, dial kyl carboxam des, and the |ike.
Pharmaceutically acceptable acid addition salts nmay be prepared from 20 25
i norgani c and organic acids. Salts derived frominorganic acids include
hydr ochl oric acid, hydrobrom c acid, sulfuric acid, nitric acid, phosphoric
acid, and the like. Salts derived fromorganic acids include acetic acid)
propi onic acid, giycolic acid, pyruvic acid, oxalic acid, malic acid,

mal oni ¢ acid, succinic acid, malefic acid, fumaric acid, tartaric acid,
citric acid, benzoic acid, cinnam c acid, nmandelic acid, nethanesulfonic
acid, ethanesulfonic acid, p-toluene-sulfonic acid, salicylic acid, and the
| i ke. The term "pharnaceutically-acceptable cation"” refers to the cation of
a pharmaceutical |l y-acceptable salt. The term"library"” refers to at |east
3, preferably from10'- to 109 and nore preferably from10'- to 104
mul ti meric conpounds. Preferably, these conpounds are 30 prepared as a

mul tiplicity of conpounds in a single solution or reaction mxture 19
Novenber 2002 -31 which permits facile synthesis thereof. In one

enbodi ment, the library of multinmeric conpounds can be directly assayed for
mul ti bi ndi ng properties. In another enbodi nent, each nenber of the library
of multinmeric conpounds is first isolated and, optionally, characterized.
This menber is then assayed for 5 nultibinding properties_, The term
"collection" refers to a set of nultinmeric conpounds which are prepared

ei ther sequentially or concurrently (e.g., conbinatorially). The collection
conprises at least 2 nenbers; preferably from2 to 109 nenbers and stil
nore preferably from 10 to 104 nenbers.




10 The term "nultineric conpound” refers to conpounds conprh%hng from2 to
i0 ligands coval ently connected through at | east oqgg% i ch conpounds
may or may not possess mnultibinding properties (&9 i ned herein). The
term "pseudohal i de” refers to functional groups which react in displacenent
reactions in a manner simlar to a halogen. Such functional groups 15

i nclude, by way of exanple, nesyl, tosyl, azido and cyano groups. The term
"protecting group" or "blocking group” refers to any group which when bound
to one or nore hydroxyl, thiol, amno or carboxyl groups of the conpounds
(1 ncluding |nterned|ates theregt) prevents reactions fromoccurring at

t hese groups and which protecting group can be renoved by conventi onal

chemi cal 20 or enzymatic steps to reestablish the hydroxyl, thiol, amno or
carboxyl group (See., T. W Geene and P.GH Wits, "Protective (}oups in
Organic Synthesis", 2"d Ed.). The particul ar renovabl e bl ocki ng group
enployed is not critical and preferred renovabl e hydroxyl bl ocking groups

i ncl ude conventional substituents such as ally!, benzyl, acetyl,

chl oroacetyl, thiobenzyl, benzylidine, phenacyl, t-butyl 25 diphenylsilyl
and any other group that can be introduced chenlcally 0 tg a h&droxyl
functionality and |ater selectively renmoved eithe ﬂnﬂb ‘eni cal 20r enzymatic
nmethods in mld conditions conpatible wtRitsite nature‘fi t he product
Preferred renovabl e thi ol bIoc ReigPoups |nc&gderdr e groaps. acyl
groups, benzyl groups and tﬁ% |ke 19 Novenber 20028®%32 P%eferred

renovabl e am no Pk ng gr Fude conyent%%ﬁal sug§t¢tuéﬁt such as
t - but yoxythfbony (1-BOO), nz qﬁyrarbonyl CBZpppo
quorenyInehgoxyighrbonyl (E ,ally | axyehr fonyl (ALOC), and the like

whi chpweah e rengggdlﬂy conve.uhonaw condrtrons conpatible wth the nature
of the % aﬂﬁr?. Pr.e eeﬁé&“barbox Et@rotectlng groups include esters such
as nePNy Qyli.c carohy én@mt?F etc whi ch can be renoved by mld
ondrtﬁmmgagonpatrngamq¥1the nature of the product. The term "optional”
or "optionald y* PReans that the subsequently described 10 event,
circu ance or substituent may or may not occur, and that the description
i ncludes instances where said event or circunstance occurs and instances
where it does not. The term"ligand"” or " l|ligands" as used herein denotes a
conpound that is a binding partner for a (i2 adrenergic receptor and is
bound thereto by 15 conplenentarity. Preferred |ligands are those that are
ei ther B2 adrenergic receptor agoni st or antagonist. The specific region
or regions of the ligand that is (are) recognized by the receptor is

designated as the "ligand domain". A ligand nmay be either capabl e of
bi nding to the receptor by itself, or may require the presence of one or
nore non-|igand conponents for binding (e.g., Ca+'-, My '-or a water 20

nol ecule is required for the binding of a ligand to various |igand binding
sites). Exanples of ligands useful in this invention are described herein.
Those skilled in the art wll appreciate that portions of the |igand
structure that are not essential for specific nolecular recognition and

bi nding activity may be varied substantially, replaced or substituted with
unrel ated structures (for exanple, with ancillary groups 25 as defi ned

bel ow) and, in sone cases, onmtted entirely without affecting the binding
interaction. The primary requirenment for a ligand is that it has a |igand
dormai n as defined above. It is understood that the termligand is not’
intended to be limted to conpounds known to be useful in binding to B2
adrenergic receptor (e.g., known drugs). Those skilled in the art wll
understand that the termligand can equally 30 apply to a nolecule that is
not normally associated with B2 adrenergic receptor 99 Novenber 2002 - 33



bi ndi ng properties. In addition, it should be noted that |igands that

exhi bit marginal activity or |ack useful activity as nononers can be highly
active as nultival ent conpounds because of the benefits conferred by

mul tival ency. The term"ligand" or " ligands" as used herei O Novéembeni208@ t o
.include the 5 racemc forns of the ligands as well as individual
enantionmers and diasteroners and . non-racem c mxtures thereof. The term
"mul ti bi ndi ng conpound or agent" refers to a conpound that is capabl e of

mul tival ency, as defined bel ow, and 4#ich has 2-i 0 |igands covalently
bound to one or nore linkers. In all cases, each ligand and |inker in the
10 mul ti bi ndi ng conpound is independently selected such that the

mul ti bi ndi ng conpound i ncludes both symretric conpounds (i.e., where each
ligand as well as each linker is identical) and asymretric conpounds (i.e.,
where at | east one of the ligands is different fromthe other |igand(s)
and/or at Least one tinker is different fromthe other |inker(s)).

Mul ti bi ndi ng conpounds provide a biol ogical and/or 15 therapeutic effect
greater than the aggregate of unlinked |igands equival ent thereto which are
made avai | abhgef @ ebémtnqm;r&%lb% t@uéemetxha;%rbk}qd@sol QuiGal gpd/pr

t herapeutic effect of the ligands attached to the nultibinding conpound is
gr eat ercatmpaunidat o clirew ed fhyt e adumee ameuiti ohedn|d sikedtisi gahd$ heade
avai | aly g, {06 R NOoEC Lhe LR8Il NGl | asr EReLERY OId) s TR phrase
"increased |olog|cal erapeutic effec I nc es, for exanple:

i ncr easesd patied thy anﬁaeaﬂxhﬁekgaw\mégebmbﬁzﬁ@ea,Mammahsed specificity
for target, increased potency, increased efficacy, decreased toxicity,

i nproved duration of activity or action, increased ability to kill cells
such as fungal pathogens, cancer cells, etc., decreased side effects,

i ncreased therapeutic index, inproved bioavailibity, inproved

phar macoki netics, inproved 25 activity spectrum and the like. The

mul ti bi ndi ng conpounds of this invention will exhibit at |east one and
preferably nore than one of the above-nentioned affects. The term
"uni val ency" as used herein refers to a single binding interaction ,f

bet ween one |igand as defined herein with one ligand binding site as
defined herein. It should be noted that a conpound having nultiple copies
of aligand (or ligands) 30 exhibit unival ency when only one ligand is
interacting with 19 Novenber 2002 -34 a ligand binding site. Exanples of
uni val ent interactions are depicted below. The term"nultival ency” as used
herein refers to the concurrent binding of 5 from2 to 10 |inked |igands
(which may be the sanme or different) and two or nore corresponding
receptors (ligand binding sites) which may be the sane or different. For
exanple, two |igands connected through a |linker that bind concurrently 10
15 to two ligand binding sites would be considered as bival ency; three

| i gands thus connected woul d be an exanple of trivalency. An exanpl e of
trivalent binding, illustrating a nmultibinding conpound bearing three

| i gands versus a nonoval ent binding interaction, is shown below Q
univalent interaction trivalent interaction It should be understood that
not all conpounds that contain nultiple copies 20 of a |ligand attached to a
| inker or to linkers necessarily exhibit the phenonena of 19 Novenber
2002 - 35



mul tival ency, i.e., that the biological and/or therapeutic effect of the
mul ti bi nding agent is greater than the sum of the aggregate of unlinked

| i gands nmade avail able for binding to the ligand binding site (receptor).
For nultival ency to occur, the ligands that are connected byoqdveriber 2602

| i nkers have to be presented to their ligand S binding sites by the
linkers) in a specific manner in order to bring about the desired

| igand-orienting result, and thus produce a nultibinding event.
Furthernore, the multibinding conpoungaf the present invention can be
conposed of ligands that are all (B2 adrenergic receptor agonists or it can
be conposed of |ligands that are selected from B2 adrenergic receptor

agoni sts and 10 antagoni sts provided that the multibinding exhibits an
overall (32 adrenergic receptor agonistic activity. The term "potency”
refers to the m ninumconcentration at which a ligand is able to achieve a
desirabl e biol ogical -or therapeutic effect. The potency of a ligand is
typically proportional to its affinity for its ligand binding site. In
sone. cases, the 15 potency nay be non-linearly correlated with its
affinity. In conparing the potency of two drugs, e.g., a nultibinding agent
and the aggregate Bﬂlgfé) RH&EH*NK&%HHHE{“@gﬁg§éﬁgesponse curve of each
is determ ned under identical test conditions (e.g., in an in vitro or in
Vi vo assay, in an appropriate animal nodel such a human patient). The
findi ng thatrighe inwuta'telaiemmlmes OB 0IHbRdMERgpARdSEthyignd bi ol ogi cal or
therapeutic 20 effect at a |l ower concentration than the aggregate unlinked
| i gand liganiinaiashed inalidérenythangeth pbokarcy. The term "sel ectivity" or
"specificity" is a neasure of the binding preferences of a |ligand for
different ligand binding sites (receptors). The selectivity of a Iigand

Wi th reSpeCtFIU?2iif-l§strta§:rsQ%mﬁlkﬁ@ﬂﬂumbﬂfﬂir?@co‘ihﬁﬂcﬁmﬂﬂxﬂﬁbﬁﬁné9 anot her |igand

25 binding site is given by the ratio of the respective values of Kd (i.e.,
t he di digaadasttashedimbffanttsfofmats eaghinkdrgand-recept or conplex) or, in cases
where a biological effect is observed belowthe Kd , the ratio of the
respective ECSO s (i.e., the concentrations .r that produce 50% of the
maxi mum r esponse for the ligand interacting with the two distinct |igand
bi nding sites (receptors)). 19 Novenber 2002 -3fi The term"ligand

bi nding site" denotes the site on the (3-adrenergic receptor that

recogni zes a |igand domain and provides a binding partner for the |igand.
The ligand binding site may be defined by nononmeric or nmultimeric
structures. This interaction nmay be capabl e of produci ng a uni que

bi ol ogi cal effect, for exanple, 5 agonism antagonism and nodul atory
effects or it may maintain an ongoi ng bi ol ogical event, and the like. It
shoul d be recogni zed that the ligand binding sites of the receptor that
participate in biological multivalent binding interactions are constrai ned
to varying degrees by their intra- and inter-nol ecul ar associ ati ons. For
exanpl e, ligand 10 binding sites may be covalently joined to a single
structure, noncovalently associated in a nultinmeric structure, enbedded in
a nmenbrane or polymeric matrix, and so on and therefore have | ess

transl ational and rotational freedomthan if the same structures were
present as nononers in solution. The terns "agonism' and "antagonisni is
well known in the art. The term 15 "nodul atory effect” refers to the
ability of the ligand to change the activity of an agoni st or antagoni st

t hrough binding to a ligand binding site. The term"inert organic sol vent"
or "inert solvent" neans a solvent which is inert under the conditions of
the reaction being described in conjunction therewith including, by way of
exanpl e only, benzene, toluene, acetonitrile, tetrahydrofuran, 20

di met hyl f ormam de, chl oroform nethylene chloride, diethyl ether, ethyl
acetate, acetone, methylethyl ketone, nethanol, ethanol, propanol,

i sopropanol, t-butanol, dioxane, pyridine, and the |ike. Unless specified
to the contrary, the solvents used in the reactions described herein are
inert solvents. The term"treatnent” refers to any treatnent of a
pat hol ogic condition in a



25 mammal , particularly a human, and includes: (i) preventing the
pat hol ogi ¢ condition fromoccurring in a subject which nmay be predi sposed
to the condition but has not yet been diagnosed with the condition and,
accordingly, the treatnent constitutes prophylactic treatmeng Néenitee 2002

di sease condition; 30 (ii) inhibiting the pathologic condition, i.e.,
arresting its devel opnent; 19 Novenber 2002 -37 (iii) relieving the
pat hol ogi ¢ condition, i.e., causing regression of the pathol ogic condition;

or (iv) relieving the conditions nedilg-ed by the pathologic condition. The
term "pat hol ogi c condition which is nodul ated by treatnent with a 5 |igand”
covers all disease states (i.e., pathologic conditions) which are generally
acknowl edged in the art to be usefully treated with a ligand for the
@B2-adrenergic receptor in general, and those di sease states which have
been found to be usefully treated by a specific nultibinding conpound of
our invention. Such disease states include, by way of exanple only, the
treatment of a mammal afflicted with asthma, 10 chronic bronchitis, and the
| i ke. The term "therapeutically effective amount” refers to that anount- of
mul ti bi ndi ng i i 11Gh: f nt, as defined
above, when agnfnig?%?%%h%%m%&ﬁéﬁ#gpﬁ?ﬁaﬁgggmﬁ?mgﬁkﬁhkgg% ment. The

t her apeuligandt hitachkd acdiffesnaformats tadallinkear y dependi ng upon the subject and
di sease condition being 15 treated, the weight and age of the subject, the
severity of the disease condition, the manner of adm nistration and the

i ke, which c readi ly be determ ned by. one of ordinary.skill in the art.
The term 11 e titales Sl fiel At isf o uBeu b o RE ks X, rerers
to a gropgands aBdcPed i difRfent BfalafNblaliket. aches from 2 to 10 ligands (as
identified above) 20 in a manner that provides for a conpound capabl e of

mul tival ency. Anpong other features, the linker is a ligand-orienting entity
that permits attachnent of at |east two copies of a |igand (which may be
the sanme or different) thereto. Additionally, the |inker can be either a
chiral or achiral nolecule. In some cases, the |inker maybe a coval ent bond
that attaches the ligands in a manner that provides for a 25 conpound
capable of multivalency. Additionally, in some cases, the |linker may itself
be biologically active. The term"linker" does not, however, extend to
cover solid inert supports such as beads, glass particles, fibers, and the
like. But it is .x understood that the nultibinding conpounds of this

i nvention can be attached to a solid support if desired. For exanple, such
attachment to solid supports can be 30 nmade for use in separation and
purification processes and simlar applications. 19 Novenber 2002 38 The
extent to which nultivalent binding is realized depends upon the efficiency
with which the linker or linkers that joins the |igands presents these
ligands to the array of available ligand binding sites. Beyond presenting
these ligands for multivalent interactions with ligand binding sites, the

|l inker or linkers 5 spatially constrains these interactions to occur within
di mensi ons defined by the linker or linkers. Thus, the structural features
of the linker (valency, geonetry, orientation, size, flexibility, chem cal
conposition, etc.) are features of nultibinding agents that play an
inportant role in determning their activities. The linkers used in this
invention are selected to allow nultival ent binding 10 of ligands to the
ligand binding sites of a (32 adrenergic receptor, whether such sites are

| ocated interiorly, both interiorly and on the periphery of the receptor
structure, or at any internediate position thereof. Representative
Compounds of Fornula (IL 15 |I. Representative bival ent multibinding
compounds of Formula (1) wherein Ar' is 4-hydroxy-3-hydroxynet hyl phenyl,
Ar'- is 1,4-phenylene, R and R are hydrogen, X, W Q and Ar3 are as
defined in Tdble A bel ow are:



Hi J X QArs NWHC Table A 20 Cpd. #Stereo- chem at *CWK-Q Are (** =
stereochem | A(RSV- (CH, ) ~- bond- NH- CH, - ** CH( OH) phenyl **
=(.S ~2A(R, S~-(CH, ), -bond-NH CH, - ** CH OH) phenyl **
(R)3A(RSV-(CH, ), -bond- NH CH, - ** CH( O—I) phenyl ** (R f) 19 Neoembbe2002002
-39 5 10 4A(R, S~ (CH, ) =-bond- NH- CH, -
CH( OH) - (4- hydr oxy- 3- hydr oxy- net hyl ) phenyl
(RS} SA(R~- (CH=) 60- bond-(CH, ), -0 -(CH, )G-NQI-CH **CI—I(C]—l)-(4-hydroxy-3-
. hydr oxyet hyl )phenél** -éRS?GA (R S~-CH bond- NH CH,_- **
CH( OH) - (4- hydr oxy- ol )g&}us,t@gqfﬂyp @pompounds of Formula M.
=(RSV7A(R) - (CH, ), -bond NH CH, - ** CH( OH) phenyl **
.S~8A(R)-(CH, ), -bond-NH CH, - ** CH( OH) phenyl **
=(R) 9A(R S7- (CH,) 6- O boEF AHKHDESCRIFTIGN R THE PRYBNTIONCH. ) . pheny| 10A(
RSV- CH, * CH( OH) - bond-O- (CH_) -** CH(OH)-(CH,)-NH-CH,-CH, - O =(R 57**
CH( OH) - (4- hydr oxy- 3- hydr oxy- net hyI ) ph®efihitions

RS7I ' A(R_S' ~- (CH,),zbond- NH O. ht h- ** ~ 11,

I(?epr ESEI(’I'[ at | ve( bi v Z‘%H‘t"emﬂ"c‘ﬁ Frﬁ‘EfF‘ilmé? é‘% & %P%ﬁdﬁ'mhéch(‘qré Bdherein Ar
4- hyd d R’

Ihf/droggnroxy z\%/r&f%pﬁﬁggpyéogwghanﬁre }%EMF%)(:BE@&““%U&” H - ére

X-QAr3 NW \coh@ohﬁblstﬁlldlxﬁ!etBocﬂsaor tréz&m@@kﬁﬁmrm@ﬂed by $0 adfenergic receptor in
Cpd. St ereo- XQ Ar' #chem at
* OW B( R S~- bémainmalsp- Vd@m;lsqusﬁm}isu@cﬁ?amow@ﬁ ssuvpgsm@nscgq(r@tbmdw the

R S~hyd ) |ZBR d-Ob d4 h VCHG -O(CH

(T (o B RS %%éu%a%‘fwa S SRt DA
GO - rpb hy o rrms HlRe Bloiedrbiet LA

-(CH,)6-0O (p-CaH.,) - bond4- hydr oxy- 3- -G (CH, ) 5- NH hydr oxy- (CH, ),

-** CH(OH) - net hyl ﬂﬂgrﬁg{m Yalkyl( p¢fers to a monora lcal branched or unbranched saturated

'st er eochem SB( RSV- shon I t

o1 val ent -l T BREEDRG CRURPERARLY SRV R ATRIR 4 1o ) Safheh afoiaamocs Breferably |

4- hydr oxy- 3- ly ¢ xbonBlophs! AREAKD. A?ep?é?@lraﬁy l @r@cé?b’&{ 669, THYS tefnPis

{ 4- hydr oxy 3-hydroxynet hyl)phenyl, Ar' - are as defined in

Tabl e C bel owxanpllﬁﬁ-by\gmﬁﬁlcb(agﬂd&)dl e'ehyl Qslrd;l@lm piply b nebutsl, Spd.
Ster eoch?gn @{u)}slpr\zrhéxyi3 1gecyl tetradgcyl and the like.

The term "substituted alkyl" refers to an alkyl group as defined above,
having from 1 to 5 substituents, and preferably 1 to 3 substituents, selected from the
group consisting of alkoxy, substituted alkoxy, cycloalkyl, substituted cycloalkyl,
cycloalkenyl, substituted cycloalkenyl, acyl, acylamino, acyloxy, amino, substituted

20  amino, aminoacyl, aminoacyloxy, oxyaminoacyl, azido, cyano, halogen, hydroxyl,
keto, thioketo, carboxyl, carboxylalkyl, thioaryloxy, thioheteroaryloxy,
thioheterocyclooxy, thiol, thioalkoxy, substituted thioalkoxy, aryl, aryloxy,
heteroaryl, heteroaryloxy, heterocyclic, heterocyclooxy, hydroxyamino,
alkoxyamino, nitro, -SO-alkyl, -SO-substituted alkyl, -SO-aryl, -SO-heteroaryl,

25  -SO,-alkyl, -SO,-substituted alkyl, -SO,-aryl and -SO,-heteroaryl. This term is
exemplified by groups such as hydroxymethyl, hydroxyethyl, hydroxypropyl, 2-
z})minoethyl, 3-aminopropyl, 2-methylaminoethyl, 3-dimethylaminopropyl, 2-
sulfonamidoethyl, 2-carboxyethyl, and the like.

The term "alkylene" refers to a diradical of a branched or unbranched

30 saturated hydrocarbon chain, preferably having from 1 to 40 carbon atoms, more



99 Novenber 2D02 -41~ 5 | C(RS sbondbondtraps-1, 4--NH CH, -

CH( OH) - cycl ohexane**

( RSV2C( RSV- CH, - bond1, 3- - CH, - NH- CH, - **cycl ohexaneCH( OH) -

(RSV3C( RSV- bond1, 4- pi perazi ne-(CH,),-NHCH, - **(CH2) , CH(O—l)19Nbvember2002
=(RS' )4C(R S) bondbondp- nent hane-NH CH, - ** CH(OH)-* * _-

(~7SC{ RSVbondbond1, 2- phenyl ene- CH, - NH- CH, - ** CH( CH) - (~7 I'V.
Representative bival ent nultibinding co%ounds of Forrml a (I) Ar' and Ar3
are 4- hydroxy -h droxyrret hyl phenyl, R and R - are hydrogen, Qis a bond,
and W A - prefseby hicl Gearben HAEE a1 CYRDMErapTBirANY A1&6 CAORaNS. N W

ot e e T P B e ety sy
st er eochem J(:SH‘CH, Iﬂ’fe%%@ 1@&5&3 Bis\(@xe NEHOOH! A M- Rdd DOH sn@f Formul a
(1) wherein Ar |SRP by anm Ig\( lgare hydr ogen, Wi g@r{?%tt%n? -n, and Ar2
i s |, 4-phenyhehke. and Q Ar3 |s [ 2- hydr oxy- 2- phenyl Jethyl amino, X is a bond

o oS DO T Rl PSR e s "
E( ﬁ) ESBS E( R)fgg?\% nggﬂfﬁgrgggéggg}%u g@}‘pﬁefe%l?ll @ 5 hRttudded Qe H 1 |
from the group consisting of alkoxy, substituted alkoxy, cycloalkyl, substituted
cycloalkyl, cycloalkenyl, substituted cycloalkenyl, acyl, acylamino, acyloxy, amino,
substituted amino, aminoacyl, aminoacyloxy, oxyaminoacyl, azido, cyano, halogen,

10  hydroxyl, keto, thioketo, carboxyl, carboxylalkyl, thioaryloxy, thioheteroaryloxy,
thioheterocyclooxy, thiol, thioalkoxy, substituted thioalkoxy, aryl, aryloxy,
heteroaryl, heteroaryloxy, heterocyclic, heterocyclooxy, hydroxyamino,
alkoxyamino, nitro, -SO-alkyl, -SO-substituted alkyl, -SO-aryl, -SO-heteroaryl,
-S0O,-alkyl, -SO,-substituted alkyl, -SO,-aryl and -SO,-heteroaryl. Additionally,

15  such substituted alkylene groups include those where 2 substituents on the alkylene
group are fused to form one or more cycloalkyl, substituted cycloalkyl,
cycloalkenyl, substituted cycloalkenyl, aryl, heterocyclic or heteroaryl groups fused
to the alkylene group. Preferably such fused groups contain from 1 to 3 fused ring
structures.

20 The term “alkaryl" or “aralkyl" refers to the groups -alkylene-aryl and -
substituted alkylene-aryl where alkylene, substituted alkylene and aryl are defined
herein. Such alkaryl groups are exemplified by benzyl, phenethyl and the like.

The term"heteroaralkyl" refers to the groups -alkylene-heteroaryl and -
substituted alkyleneheteroaryl where alkylene, substituted alkylene and heteroaryl

25  are defined herein. Such heteroaralkyl groups are exemplified by pyridin-3-
Imethyl, pyridin-3-ylmethyloxy, and the like.

The term "alkoxy" refers to the groups alkyl-O-, alkenyl-O-, cycloalkyl-O-,
cy;cloalkenyl-O-, and alkynyl-O-, where alkyl, alkenyl, cycloalkyl, cycloalkenyl,
and alkynyl are as defined herein. Preferred alkoxy groups are alkyl-O- and



HNHJi ~OHOHOBHNN-~1] - OHHO | ~ H OH HO PREFERRED EMBODI MENTS
Wil e the broadest definition of this invention is set forth in the Summary
of the Invention, certain conpounds of Formula (1) are preferred. 5 (A A
preferred group is a bivalent nultibinding conpound of For mg Movdmber 2062 r "'
NWAr2_ X QArs A(lIl) (i) Wthin this group (A) a nore preferred group of
conpounds is that wherein: Ar' is aryl,_#&pre preferably Arl is: (a) a
phenyl ring of formula (c): R4 Wi R5 Rs“(c) 10 wherein: R4 is hydrogen,

al kyl, hal o, X referably, h uor o or o, or

et hoxy: RS 18haPE 8K o RSTR RN R PR st Rk Rt Rer e Ra
is alkyl, pr e&%a&%&y Y BUREEG M- QM@R?WheJ&x?OT %dlﬁ@ih?[&toy@%ﬁ@the‘ﬁ'i\e
-NHSOZCHS and 19” Novenber 802 -44 i § hydrogen, halo, hydroxy,

al koxy, substitut &die@drkylsubsmdltbd)a;ldoay‘hraﬁﬁs tcamelgnmqgslspbsmutmtylkafr()no

PLSTSLAN S MU SRR LR e eI R o SR M
f
e il R s AT S

br omoi sox aZObycﬂoaikyl, &Q;s(mutdd)cy&’walkaﬂpltdiﬂrsulmrt@tea aEdyakT &€ ag ﬂ@ﬁt&dqfer&@ npounds
w thin group (A) is that wherein: Arl is heterocyclyl, nore preferably Arl

i s heterocyclyl f&betermdalisenyl’ yefersitag monpsadigal@f erbadsiched or unbranched

6-f1 h
al kylene or ey hy oG SR AR DA 0 o BB ot e ne
car bon at oS pidkerhb19 22bHYIcaNGEGhidSeVRR YD Blditab SR @S6hubbir Sbms BRI T abI ¥

a coval ent bond met hyl ene, ethyl ene, propylene,

10 havmg at least 1 and preferably from 1-6 sites of vmyl unsaturation. Preferred
alkenyl groups include ethenyl (-CH=CH,), n-propenyl (-CH,CH=CH,), iso-
propenyl (-C(CH,;)=CH,), and the like.

The term "substituted alkenyl" refers to an alkenyl group as defined above
having from 1 to 5 substituents, and preferably 1 to 3 substituents, selected from the

15  group consisting of alkoxy, substituted alkoxy, cycloalkyl, substituted cycloalkyl,
cycloalkenyl, substituted cycloalkenyl, écyl, acylamino, acyloxy, amino, substituted
amino, aminoacyl, aminoacyloxy, oxyaminoacyl, azido, cyano, halogen, hydroxyl,
keto, thioketo, carboxyl, carboxylalkyl, thioaryloxy, thioheteroaryloxy,
thioheterocyclooxy, thiol, thioalkoxy, substituted thioalkoxy, aryl, aryloxy,

20  heteroaryl, heteroaryloxy, heterocyclic, heterocyclooxy, hydroxyamino,
alkoxyamino, nitro, -SO-alkyl, -SO-substituted alkyl, -SO-aryl,

-SO-heteroaryl, -SO,-alkyl, -SO,-substituted alkyl, -SO,-aryl and -SO,-heteroaryl.
The term "alkenylene" refers to a diradical of a branched or unbranched
unsaturated hydrocarbon group preferably having from 2 to 40 carbon atoms, more

25  preferably 2 to 10 carbon atoms and even more preferably 2 to 6 carbon atoms and
having at least | and preferably from 1-6 sites of viny! unsaturation. This term is
exemplified by groups such as ethenylene (-CH=CH-), the propenylene isomers
(g.g., -CH,CH=CH-, -C(CH,)=CH-, and the like.

The term "substituted alkenylene" refers to an alkenylene group as defined

30 above having from 1 to 5 substituents, and preferably from 1 to 3 substituents,



-(CHz)6-O-(CH,);-,-(CH, )6-O, or -CH CHOHCH -O; and Ar2- is phenyl
wherein the Wand the X groups are attached at the 1,2-, 1,3, 20 and 1,4
positions of the phenyl ring; cyclohexyl optionally substituted with nethyl
and wherein the Wand the X groups are attached at the 1,3, 18Nbvémber 2002
positions of the cycl ohexyl ring; or piperazine wherein the Wand the X
groups are attached at the 1,4 posrtlon of the piperazine ring, preferably
1, 4- phenyl ene. 25 Wthin the above nor- 2preferred groups, even nore
preferred groups of conpounds are wherein: az Xis -0, -Oalkylene,

- O (aryl eneyeleged Somdhe gmug@oaqukty}g@féljkoxy, substituted alkoxy, cycloalkyl,

aﬂ(;: E%le)e nez:ubétr%.rgffqi eogal} %y%%aﬁﬁgggléfub(s? u%é/(i cyc?()a'lke’r\l"ﬁ gicﬁbg ty'laErrLllltngd

al kyl ene I d f I
L g g SN

2002 - 45 py:mnyhaio@)\- Ny drGey 15 K}H(),Ghl)oketo carboxyl carboxylalkyl, throaryloxy

: 8 E a: §560 %cgh]égpdrf Keﬁgﬁ (eégq_y): oo&r (t )t?16 I(_)%g_slu@_tl( &%ﬂ) thioalkoxy, .
-0 (CH, ) 6- Orﬁril" élgﬁg%{eﬁ&?}l het?r{(&ql')@ngﬁ h?tgfl}%\/’a}i:ﬂétleﬁf%ggloog 5 (b) Xis a

bond; and Q stituted nore of the

carbon at Oﬁﬁydrm(mhdo,sdllhﬁctybfnbmﬁdltﬁd kyOaitieyl gSQUubsttutdat dllylaldO0-afygpl aced by a
het er oat om such as -NRa- (where Ra is hydrogen, aI Kk I or acyl) or -O,
pref er abl y SQFetEparEhFEy-alkyh 650 rpborated 4l NG rarg and -0 Opfecrandr) -

R b A S o SR R s aﬁ'I%II%afIw”m‘”fS“bm Sl

-O (CHap C"Krgﬁ)e'am'én fdht Cgk& Cgar&wsed to {0in G oot Byclediky®: subSituedpr ef er abl y
- NH- CH, - ; -(CH,) 3- O(CH)G NH"CH, - * CH{ OH) -

- NH CH, - *CI-I(}©H)alI®IH Cynbatkenylvrhdmgtwed eycloallirengl, styds heterbGrelis or hgterowitihi n t he
above preferred m)% Hfl$erred roup of compounds, a particularly
preferred ¥ gFoHRs fipe ‘(S’rfﬁ lf’%e RYP- wherein: (i) Ar3 is same as Ar' as

defined in prefefpedyg ”Pﬂ&?hﬂﬁ %férs(t@‘)lﬁﬁc)nofddlda) omﬂﬁatﬁgeﬁﬂ?&rgg&bon

particularly preferred group onpounds is wherein: " {iil) Arl is a
phenyl ri ngpreferdbdy haxiag frdjn2 t@i4((¢arbon atoilRs, r(ldr)e prrbferablmZ tdR20 ¢abdryatomgen,

SRIE e RTINS Y
yl, fluoro,;&R11% GesTrLEQY¥ne (t@ﬁe%%uns'ﬂmit%y Prefelle S5 Ry1 grOICOCHS,
include ethynyl (-C=CH), propargyl (-CH,C=CH) and the like.
The term "substituted alkynyl" refers to an alkynyl group as defined above
having from 1 to 5 substituents, and preferably 1 to 3 substituents, selected from the
20  group consisting of alkoxy, substituted alkoxy, cycloalkyl, substituted cycloalkyl,
cycloalkenyl, substituted cycloalkenyl, acyl, acylamino, acyloxy, amino, substituted
amino, aminoacyl, aminoacyloxy, oxyaminoacyl, azido, cyano, halogen, hydroxyl,
keto, thioketo, carboxyl, carboxylalkyl, thioaryloxy, thioheteroaryloxy,
thioheterocyclooxy, thiol, thioalkoxy, substituted thioalkoxy, aryl, aryloxy,
25  heteroaryl, heteroaryloxy, heterocyclic, heterocyclooxy, hydroxyamino,
alkoxyamino, nitro, -SO-alkyl, -SO-substituted alkyl, -SO-aryl, -SO-heteroaryl,
-ng-alkyl, -SO,-substituted alkyl, -SO,-aryl, and -SO,-heteroaryl.
The term “alkynylene" refers to a diradical of an unsaturated hydrocarbon
preferably having from 2 to 40 carbon atoms, more preferably 2 to 10 carbon atoms

30 and even more preferably 2 to 6 carbon atoms and having at least | and preferably



19 Novenber 2002 -46 -NHCHO or im dazol-1-yl,

1-methyl -4-trifluoronmethylimdazol-2-yl; and Rg is hydrogen, hal o, al koxy,
substituted al koxy, acylam no, preferably 5 hydrogen, fluoro, chloro,

met hoxy) -CH, CO Me, -NHCHO, or -CONH,. (iii) Yet another parBiNdgvedbby 2002
preferred group of conpounds is that wherein: Ar3 is naphthyl, pyridyl,

benzi m dazol - 1-yl, indolyl) 2-cyanoindolyl, 10 carbazolyl, 4-nethylindanyl,
5-(CH3C0,CH, O ) -1, 2, 3,4-tetrahydronaphth ,‘ 1 H 2 oxoi ndol e,
2, 3,4-trihydrot hi anapht hal ene, 4-hydroxy-2-benzot hi azol j none, or 4-oxo

2, 3- di hydr ot BeahkfsHas @ﬁ%etmﬂer{rrmh@lcawwuwlenek’reéﬁfe ylnsREupsd, and

partlcularly even C A ferred group s
t hat wherein: [%kﬁff elil{}%glp e qu %arr% hft gj)a ngltﬁ§d§oxyphenyl

3, 4-di ch(orophenyiThe &nz@u&tf?utgd ku?hﬂéﬁé’h@fﬁ‘i to an alkynylene group as defined
2-chl or o- 3, 4- di hydr oxyphenyl , 2-fl uoro- 3, 4di hydr oxyphenyl,

2- chl or o- 3, Sabfivieydvimgfsive hyd 5 sabgtitumts a8¢ Sredi¢rallotr lobe\dpiubshitignts, selected

4hyd th h I d

: Eé&%tif 3( FeENDE BERER psnstw%gfg?%@yzv TR S substieatony | !
, I et NOX en

ahydr oxy- 3- %’%ng lkyl c‘g'c hen§9 Nj:ﬁ it ?&;gyé_loal?m}é%&P(XSﬁ%&%é?io% a&x% y

3,5-dichlor osmﬂmumalptmany,l amunodt@l Hmlﬁb@ywxyl:owmilﬂoa:lyl vzido, cyano halogen

4- hydr oxy- 3- hydroxyrreth heny 4- hydr oxy- 3- ( HCONH- ) phen .
di chl or o- 4- abydsepHekaso, tK@E oyl cai@xmﬁxuéﬁb@roazdew,ihmgeteranmwa is: '/

=X (X fﬁldﬂetc%clogﬁgf t'hlol th%%smmed thloal\ko%%ry oxI 7T OH OONRz

Me N N 1CF~
10  heteroaryl, heteroaryloxy, heterocyclic, heterocyclooxy, hydroxyamino,

alkoxyamino, nitro, -SO-alkyl, -SO-substituted alkyl, -SO-aryl, -SO-heteroaryl, -
S0O,-alkyl, -SO,-substituted alkyl, -SO,-aryl and -SO,-heteroaryl
The term “acyl" refers to the groups HC(O)-, alkyl-C(O)-, substituted alkyl-
C(0)-, alkenyl-C(O)-, substituted alkenyl-C(O)-, cycloalkyl-C(O)-, substituted
15  cycloalkyl-C(O)-, cycloalkenyl-C(Q)-, substituted cycloalkenyl-C(O)-, aryl-C(O)-,
heteroaryl-C(O)- and heterocyclic-C(O)- where alkyl, substituted alkyl, alkenyl,
substituted alkenyl, cycloalkyl, substituted cycloalkyl, cycloalkenyl, substituted
cycloalkenyl, aryl, heteroaryl and heterocyclic are as defined herein.
The term “acylamino™ or "amjnocarbonyl" refers to the group -C(O)NRR
20  where each R is independently hydrogen, alkyl, substituted alkyl, aryl, heteroaryl,
heterocyclic or where both R groups are joined to form a heterocyclic group (e.g.,
morpholino) wherein alkyl, substituted alkyl, aryl, heteroaryl and heterocyclic are as
defined herein.
The term “sulfonylamino” refers to the group -NRSO,R* where R is
25  hydrogen, alkyl, substituted alkyl, aralkyl, or heteroaralkyl, and R is alkyl,
substituted alkyl, amino, or substituted amino wherein alkyl, substituted alkyl,
a;alkyl, heteroaralkyl and substituted amino are as defined herein.
The term "aminoacyl" refers to the group -NRC(O)R where each R is
independently hydrogen, alkyl, substituted alkyl, alkenyl, substituted alkenyl,

30 amino, substituted amino, aryl, heteroaryl, or hété?bcyclic wherein alkyl, substituted
Sf&m
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eferably, phenyl or 4-hydraoxy-3-hyd met hyl phenyl . 5
Pr ' y aqkyl, e)lllkenyrl, subst)lltutred)é}lkeny{?%ryrl,% eroaryyan%q\etcyrocycic are as defined

10

15

20

25

herein.

The term “aminoacyloxy” or "alkoxycarbonylamino" refers to the group
-NRC(O)OR where each R is independently hydrogen, alkyl, substituted alkyl, aryl.
heteroaryl, or heterocyclic wherein alkyl, substituted alkyl, aryl, heteroaryl and
heterocyclic are as defined herein.

The term "acyloxy" refers to the groups alkyl-C(O)O-, substituted alkyl-
C(0)0-, cycloalkyl-C(O)O-, substituted cycloalkyl-C(O)O-, aryl-C(0O)O-,
heteroaryl-C(O)O-, and heterocyclic-C(O)O- wherein alkyl, substituted alkyl,
cycloalkyl, substituted cycloalkyl, aryl, heteroaryl, and heterocyclic are as defined
herein.

The term "aryl" refers to an unsaturated aromatic carbocyclic group of from
6 to 20 carbon atoms having a single ring (e.g., phenyl) or multiple condensed
(fused) rings (e.g., naphthyl or anthryl). The aryl group may optionally be fused to
a heterocyclic or cycloalkyl group. Preferred aryls include phenyl, naphthyl and the
like. Unless otherwise constrained by the definition for the aryl substituent, such
aryl groups can optionally be substituted with from 1 to 5 substituents, preferably |
to 3 substituents, selected from the group consisting of acyloxy, hydroxy, thiol,
acyl, alkyl, alkoxy, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, substituted alkyl,
substituted alkoxy, substituted alkenyl, substituted alkynyl, substituted cycloalkyl,
substituted cycloalkenyl, amino, substituted amino, aminoacyl, acylamino,
sulfonylamino, alkaryl, aryl, aryloxy, azido, carboxyl, carboxylalkyl, cyano, halo,
nitro, heteroaryl, heteroaryloxy, heterocyclic, heterocyclooxy, aminoacyloxy,
oxyacylamino, thioalkoxy, substituted thioalkoxy, thioaryloxy, thioheteroaryloxy, -
S0-alkyl, -SO-substituted alkyl, -SO-aryl, -SO-heteroaryl, -SO,-alkyl, -SO,-
substituted alkyl, -SO,-aryl, -SO,-heteroaryl and trihalomethyl. Preferred aryl
sqpstituents include alkyl, alkoxy, halo, cyano, nitro, trihalomethyl, and thioalkoxy.

The term “aryloxy" refers to the group aryl-O- wherein the aryl group is as

defined above including optionally substituted aryl groups as also defined above.



19 Novenber 2002 _ ~8 _ GENERAL SYNTHETI C SCHEME Conpounds of this

i nvention can be rmade by the nethods depicted in the reaction schenmes shown
bel ow. The starting nmaterials and reagents used in preparing these
conpounds are 5 either available fromcomrercial suppliers g§bvambét dagch
Chem cal Co., (M I waukee, Wsconsin, USA), Bachem (Torrance, California,
USA), Enka-Chem e, or Sigma (St. Louis, ssouri, USA) or are prepared by
met hods known to those skilled in the art foll owi ng procedures set forth in

references such Fi eser and, Fieser's Reagents.fqr. Organi.c Synthesis,

Vol umes 1-15 (Jo%ﬁhWFﬁya’a elf?fﬁért&fhefE@%P“fPéqfiﬁ’&a'f@“tﬁré(ﬂ{‘gfl%mgf Car bon
Conmpounds, \jg| - STER i o Puhll i shers, .
1989) , Ogan@gﬁﬁ%g%{,g%g{&k}‘foiyg%s 1 Egg ?’ﬁ%‘ﬁ*ﬁ‘%%‘*?ﬁh%ﬁ?;“’ 99 i ),
March' s Advagsteadeh¥, danpkenglens] B2 mdphthylehe aM theyikand Sons, 4th Edition), and

Larock' s Conprehensive Organic Transformations (VCH Publishers Inc., 1989).
15 The starting nBieteimaf‘amimed refprs to theegrppplites of the reacti on may be

i sol ated.and purifiied if desired usihng.conventional chni ques,, i ncl udi ng
but not P mtod o P st RG e Ro TRER B B OO A E SRR m " 1

chr omat ogr anhyepeAd¢hilyRelctied Trondthe bré®y &nisatifg BBy 6z ah AIkPE kebstaaed usi ng
conventional neans, including physical constants and spectral data. 20

Fur t her nor e, alkyl, asyl, lcytlealkpl swlstiataticychal k halkenyl yspbstitiited mlkenylf er r ed process
conditions (i.e., reaction tenperatures, tineg, .nole ratios of reactants,
sol vent s, prcéfgl%‘ké’é‘ﬁ’ %’Ebét.“)“teélrcé("@?&éﬂ%’l’ e ﬂ'ﬁ’éﬂ%’é@ %‘@Hﬁ’:‘ﬂrﬂnéetﬁré?ﬁry | so be
used unl ess 1 : j A, i ditions may vary with the
parti cul ar ragg@?%mciagfﬁggﬁegﬁ@hgeﬂ, Stglg‘?&;stuh?ﬁm?gﬂ'di tions can be determ ned
by one 48il | ed i MHehematdartnxyatkyl" it " alkexpgirbany? alefepitopthe genlips €S .
Additionally, as w |l be arent. to those skilled in t art, conventional

h
prpt ecti ng gy%ﬁ@@*#ﬁyll"ﬁéca uhstifutedalkyly e Odaryaloalky Q’ﬁ‘éﬂ(@b@’r gr oups
from under g%hﬁ'&i{uﬁ%?ﬁd}&ﬁ@}lr’ ef"-‘éf}%@ﬁl‘ke;[ e, < &%ﬁf-s%stiﬁxt&fi&%ﬁgjl‘e protecting

group for a“par ctio gro as [ ~as sul conditions for
protecti on and(@0-arpiyat &6d *-OIOFDSubkithted BRYAY I WHebEalRY I subsatut@iakyl e,
numer ous protectin roups, 19 Novenber 2002 - 49 and their

i ntroduct i osyelaalky titutecheyslapdieyd ralipng L substituted alkeagnalkymd asd M Wit s.
Protectipg & s kn.Oxganic nt hesi s, Second Edition, WIley, New York,
199 i ILEﬁjmd SP@#@W@%%&"’&&{%@ ﬁé‘?‘éﬁﬁ{emrhese schemes are nerely illustrative
of some nethods IpheWhf eybR8IkSI"GefERPIONG 1O hlky NErSupdWERdrh OMo @8Rkafddn

synt hesi zed, and various nodifications to these schemes can be nmade and

wi |l be sugg@bsnshhving psinglskiy¢licathg or mhkipkr condensed gingsfsaidraydloalyt grioyp

di scl osure. Preparation of mul tibinding c oun f _For a (1) 10 15 In
general , a Bi%d péwpal%?et ﬁ'ﬂf‘ﬁﬁ%@%lo%g‘t?tfﬁ‘ga%&r}gﬂ?'ng‘ff “(-‘/Fg’ag‘%g%’&f’ repared as
i I'Tustrated;gigicdss Wa?rt@)‘?Qxérﬁ'%lg,%k?g'l@ﬁn@%@i&ﬁ}e@%ch%smry&!l%bﬁﬁ&l,W&l’bbﬁlkﬂd| ng
conpound of Fornmula () can be prepared by covalentl'y attaching the

| i gands20L, cytlepaityl, eclécetids andrtbe bike,ton enulfiglamogisgustetes stieddasf r om a conpound

of formul a as defined |.p the Summary of the Invention, to a |inker, X
as shown in(“g‘%‘ﬂwy %’Btg%l.'g%chene A Method (al 2 L~FGL Met hod (b)

The term "substituted cycloalkyl" refers to cycloalkyl groups having from
1 to 5 substituents, and preferably 1 to 3 substituents, selected from the group
consisting of alkyl, substituted alkyl, alkenyl, substituted alkenyl, alkoxy,

25  substituted alkoxy, cycloalkyl, substituted cycloalkyl, cycloalkenyl, substituted
cycloalkenyl, acyl, acylamino, acyloxy, amino, substituted amino, aminoacyl,
ar}]inoacyloxy, oxyaminoacyl, azido, cyano, halogen, hydroxyl, keto, thioketo,
carboxyl, carboxylalkyl, thicaryloxy, thioheteroaryloxy, thioheterocyclooxy, thiol,
thioalkoxy, substituted thioalkoxy, aryl, aryloxy, heteroaryl, heteroaryloxy,

30  heterocyclic, heterocyclooxy, hydroxyamino, alkoxyamino, nitro, -SO-alkyl,



FA L~ F&Z X -F&Z -- L XL F& X -FQPG -- L~ X -F&PG [internediate] (I1)
deprotect ~ FG--- ~~ X -F&Q + L? L~ X L2 20 z In nethod (a), a bivalent
mul ti bi ndi ng conpound of Formula (1) is prepared in one step, by covalently
attaching the ligands) L, to a linker, X, where FG and FG'1g RpV&aEH2082
functional group such as halo, amno, hydroxy, thio, aldehyde, ketone,
carboxy, carboxy derivatives such as agjd halide, ester, amdo, and the
like. 19 Novenber 2002 - 50 This nmethod is preferred for preparing

Compounds. oS ESHREeq R0 Erééﬁeh&@%géﬂst@?pbﬁ% A= abien "

attachi ng omy efyl sl 80, -heferéaryli gand, L,, with a ligand X S where where FG
and FG - represent a functional group as defi ned above, and FG-PGis a
prot ect ed functi Shatermroygoalbergyl’ \/:efeamtq a)thc atkenyitgrowfs df(fmmunem 201).

Depr ot ecti on of t he second functl ﬁﬁ g &gon t he Ilgg foll oned by-
reaction wi§3bon atpmshaving a sipgleeycligyingand afleag ongppins peivterndlan | i gand L,
t hen pr VI I i e for

o emar' 3 BRI S TSGRl il Rt ot e

non-i denti calcloblib2-enylh @pelspent 8-y 2y elobety3- aﬁ;tlaﬁmd: m@ the |inker using
conventional chem cal techniques EWIOVI ding for coval ent |inkage of the
ligand to the Ilﬂkﬁa‘iemﬁéld@tltuéﬁd% l@ﬂYlf'é%fefséQm’@lPﬂ&eﬁMi g!mmhhhvmkages are

Ik t |
oroups. on them 1 fiearbsiien giflar el LR ArfOTs gt Somhe Rt
Repr esent atd’o\ﬁs@grw nglﬁ{smu@druikﬁgalmfym sabititeRd Ell(eﬁ}/l 51%52} ive Goup

Second Reactive i nkage car boxyl ami ne ami de 20 sul fonyl halide am ne
sul f ondfi desubgtdnmdyilkoaykalcaiM shh$t1tu|tedeYd:iealkWydydccqlkcnyi;,csubsmmté ur et hane

am ne epoxide, ~ dr oxy e am ne al kyl /aryl . halide al kyl am pne 25 am ne
i socyanat e fm:@alkﬁy 43@%&9«%@& e%ﬂYlam# St&mgﬁw@ Apineackeact i on

bet ween a I d a primry

or secondarcd%;lggng%w%f t'he lﬁ(lf)aé: ﬁhgigé %’Jﬁgolﬂla%% l%ir%ﬂg %Irtcgg@gléggof sui t abl e,

30 wel | - Kn@arboxet, wm@bxﬂgll@geﬂnbaym:tgvhthaﬂlecbrmlbﬁyn,eth;dhemdwdhobmy,d&pl results

in 19 Novenber 2002 -51 5 10 formation of an am de bond coval ently

li nki ng t hehloplkary: SL“BSt!tH'édlﬂi“HklE?xY’ AeAcaylony eteraaml, @ﬁte&?ﬁf)‘\‘@xbr oup of either

the |inpker i t i r hellnker
-t he Tpr odBies Vel HREREAIDE, BihAklind BllolGuttng fiftg; WP E L0

resul ts in shbstivated atkyQf-So-ayl, tXD-ABice@ryI0BO, c:m«yal em +subktitaledagkyt he | | gand to

the linker; and reaction between an al cohol or phenol group of either the
|inker or t¥& ?}W'g%\ﬁ‘dsﬁ)ndletffpaé}’lkyl or aryl halide of the ligand or the

L Ker N Ne PrARSRGE e LA R iR I B o R Ellne, and the

like, results i ormation of "an her cdva ing the ligand

to the linker. Atiltiah eiterfatyl" referliond seaim upbfﬁemnmioals(da}bdmere t he
second ligand Ar3 is the sane as Ar', X is a bond, and Qis

2- hydr 3Ry etatgmsandhbtayt betproatoms srcketeﬂufgmqisygaﬂemlrpamdtwﬂfauyﬁhtm Ar' -

aroup can e, prepar el 1o, A @5 SRl AR THE LA Bl md PGB 2 Shown

be fused to a cycloalkyl or heterocyclyl ring. Unless otherwise constrained by the
definition for the heteroaryl substituent, such heteroaryl groups can be optionally
substituted with 1 to 5 substituents, preferably 1 to 3 substituents, selected from the
25  group consisting of acyloxy, hydroxy, thiol, acyl, alkyl, alkoxy, alkenyl, alkynyl,
cycloalkyl, cycloalkenyl, substituted alkyl, substituted alkoxy, substituted alkenyl,
sugstituted alkynyl, substituted cycloalkyl, substituted cycloalkenyl, amino,
substituted amino, aminoacyl, acylamino, alkaryl, aryl, aryloxy, azido, carboxyl,

carboxylalkyl, cyano, halo, nitro, heteroaryl, heteroaryloxy, heterocyclic,



Scheme BOOO-~OH Z Ar + H21--WArz-NHZ Are ~ NWAre-N~Ar3 OH 2 3
reduction OH OH Ar~N-W Arz-HN ~Ars (Are = Ar3) 15 Condensation of an

acet ophenone derivative of formula 1 with a diamne of fornula 2 in an

et hereal solution such as tetrahydrofuran provides an i m nel®Novamiver 2903 .
Reduction of the imne wth a suitable reducing agent such as borane
provides a conpound of Formula (I). Suitsple reaction solvents are

t et rahydr of ur an, 19 Novenber 2002 -52 and the |ike. Conmpound 1 where Ar'

i s phenyl ispRr ] ' ng,: I % ' idin
di met hyl sul fBQF‘E’g?‘!@g"H}SéE‘r‘\h‘g‘%EW% =2°§<S;é?>§§*§[h%¢§1#a@%° r%e‘i;%ﬁ{e“%@mr?e Reus wel |
known i n t hetgaddrylokp!thRhelRRayloRE,,-8OM kIS Yubstituted alkyl, -SO-aryl, -

4- hydr oxy- 3- met hoxycar bonyl acet ophenone can be 5 prepared by heating

5- acet yl sal i eYP-heteemiry, 1563-FalkylesiQrsubstitt®YUoatgydir-Sbh:-enilc-Sabihgtergdryleandat i vel y,
a bivalent nultibinding c nd of Farnula (.l e the second |igand Ar3
is the sane ggxahme,tl%}&. %éefgrq%gﬁ?}?méﬁ'&s Si"é""’ﬂ%%]f‘@%@&'lﬂ?ﬁﬁﬁi’ﬁ@%gF&f’ﬂ? and
the |igands a | réﬂ&g[lﬂ I <) ; n 10
acet ophe%ne&‘%‘gf %rilﬁaaiﬁ?(geetﬁgf or ﬁuap%xﬁ;sgggéﬂg[\%ﬁgﬁgr%?ﬁgérrgp%re%%l%é.)ﬂggher're C
OH H OH Ar~ (e.dpyridyPozfubiHP orméttiphe Wndeasedings 8.2, {mdblitiAylor= Ar3) A
conpound of (1) can be prepared by reacting an epoxide of formula 4 with a

di ani ne of fbsnpthienyl). Egefeiredhetgroagilpingludg dyridgppyrelybandfugilai | abl e or t hey

can 15 be preparegd, by t h t hads. . rj in K erst , R W et. al. J.
Med. Chem 26, 15@?9 %"EGS?%{%F@@%?Y orr%? ig&ﬁ?g&ou& .eFeé AYHet. Lett. 35,
9345- 9348 (1994) . TRORHNShettRIaRAEhO frefRFABahd digadicad bxipRIRtivedfrbinbi Ndi ng
conpound of Formul a ere the second ligand Ar' is the same as Ar',

d of Formula (1) where th d Iigand AF’ th A, X

is a bord, aterguiyt(icladingpubsityied hgteratyi) agdefined abave, tand id ¢xgrmptificdr e
der' vat i ve. o #b&RPa 266 Pt labd v EinBe b2 Bt
quinolinylene, 1,4-benzofuranylene, 2,5-pyridnylene, 2,5-indolenyl, and the like.
The term “cycloalkylene™ refers to the diradical group derived from
cycloalkyl, as defined above, and is exemplified by the groups 1,6-cyclohexylene,
15 1,3-cyclopentylene, and the like.
The term “substituted cycloalkyléne” refers to the diradical group derived
from substituted cycloalkyl, as defined above.
" The term “cycloalkenylene” refers to the diradical group derived from
cycloalkyl, as defined above.
20 The term “substituted cycloalkenylene” refers to the diradical group derived
from substituted cycloalkenyl, as defined above.
The term "heterocycle” or "heterocyclyl" refers to a monoradical saturated
unsaturated group having a single ring or multiple condensed rings, from 1 to 40
carbon atoms and from 1 to 10 hetero atoms, preferably 1 to 4 heteroatoms, selected
25  from nitrogen, sulfur, phosphorus, and/or oxygen within the ring and further
wherein one, two, or three of the ring carbon atoms may optionally be replaced with
a carbonyl group (i.e., a keto group). Unless otherwise constrained by the definition
for the heterocyclic substituent, such heterocyclic groups can be optionally
substituted with 1 to 5, and preferably 1 to 3 substituents, selected from the group

30 consisting of alkoxy, substituted alkoxy, cycloalkyl, substituted cycloalkyl,



19 Novenber 2002 -53 OBr OO OCH, Ar~ "' Ar~Br N Ar~Ns redu~ Ar~NH2 .

CHCI3 - g 7- 8 OHOH + CHC-WAr2-CHO Are / NWArz-N~s Ar 9 10 CH Ar~~N W
Ar2-HN~Ar3 (t) (Are = Ar3) Bronmination of an acetophenone derivative of
formula 5 with bromne in a hal ogenated organi c sol vent sudf Nowvembbo2@f20r m
provi des an a-bronoacet ophenone derivative of fornula 6. Treatnent of 6
with sodium azide foll owed by reduction of 5 the resulting azide 7 with a
suitabl e reduci ng agent such as |ithi um28-uni num hydride provides

et hanol am ne derivative of formula 8. Condensation of 2_ equivalents of 8_
with a di al detelebeophpahstitit@l gicloaikeosl, aeyli adytamiod, daylanyl amino) swlistiited s
converted to a conpound, of .Formul a él as degcrjbed in %@heneggiab ve. - Any
Compound whi EHNP<ATNEREHL ARIERASY s> PHABHRRACYL doP sy apahalRe st la 10
ligand in this,i [ ' use as a
ligand will o aiekdp, albox %ghﬁﬁgﬁmkgﬁéﬁ%ﬁ%ﬂt@ﬁ%ﬁ?&?g‘@é‘% am no, hydr oxyl ,

thiol or carthivhylerdyelopxynhiot, Bisiolk&ey, substitited khiomkotharydcarplowpd to be
readily coupled to the Iinker. Conmpounds having such functionality are
ei t her  kAowrhetatoartik hgieroagyloxa hetseoqyelep detesoqygloogyit hydeoxyadiingd.cat i on of known

conpounds usjng conventi o eagepts,and 1 ro ures. Linkers can be
attached to aéll«g(fyg'inérfﬂ’ HBB)S F?I:)@h??’ 'ﬁBt'%"é’SFﬁuéeéﬁa&E%T eci’® to achieve different

ori ent at i onssEthdiéiBaryl, 9800 afQMBSOS sulftliteNAKPDYS O Asyl AdPISO,-hel@odigy enber
2002 - 54 nultivalency. Wiile a nunber of positionS on

B- adr ener gi Suchdiatentdyplic giogpschn tave asingldwng oabitipbe eondiensed rings. | i nking, it
is preferred.to preserve thos i gan ubstruct ures i ch are nost

i mpor t ant f}Feﬁ%Fﬁ‘éﬁﬁf’W@X@lﬁgb‘P&\‘}{q{gPW 9ﬁ9@’ pbﬁ’eé‘éjé‘?ﬁl’,a‘ld\lff\lge QP?I group and the
si dechaijfg ni trog i ge,ﬂh. i i, be

appar entmt 0 one %ﬂ@ﬁ%ﬁ‘%ﬁ@g? tQ H(’tl ﬁ%atté m? f{%@ga{?gyg c er%regrtldrtithe%“égrtg’ not
Limted to ppyejphs, thigpheny,duent intidhioldipyetizoly, pydidiae pdsazide, borimidiae, {1 ) and can
be . used to prepare tri-, tetra-, etc., multibinding conpounds, of Fornul a
{1). The |i iredazige, indodizinediseigdelgeindplgaindazple, puging; qyigizingaisoquingling | i gand
domai nl i gan | ndi ' i [ j . L fiecal | v which rmts the

| i gand donai umé)fl 'q%‘[’(g&'td%é&ﬁ??eggépglt@b %r?clﬂg‘?i{hq’f@s?(gﬁ#&tqgﬂbaﬁlgw81 ﬂ@&l’i gand

bi ndi ng si t gterfied) cr®adle, @b oting phyiddiiaidife, REAlie Opienhthrdlinekage are wel |
known in the art. The term|inker enbraces everything that is not

consi ded&d tigpthiazqlemherdzinen isokazglm ahermrazing) phepgtaiagineeimidazabidines whi ch t he
| i gand domaiin§ are e’di 37911 %%g clle(;‘rii Les Erecgggi;tleh?n ) rticul rlit?é)i nt or points of
at t achnment o[rnc%aﬁe 'fl’d) NSNS RRE T bare 2 4Ra "o s TR P AT rewor k geonetry.
The det er m natdhQBroBhral¥lCictafdreRiophbe:, aHd Rl liketdsangl £ALah@xiRflCogdn a | i gand
is typically based on prior know edge of structure-activity rel ationships

(SAR) of t heohtagangheier@typlescongeners and/ or structural information about
| i gand-r ecept or | exes.(e.q,, Xsr rystal |l ography,.. , and the like).
Such positions aﬁg‘gﬁ?f@ ﬁyﬁ%ﬁ@%}oexmﬁ%raio ?‘tﬁgff}mg‘f‘sﬁfy“éﬁ chnent are wel |

known 90920 the &ife.tefip*thRibRebcfélbaryMRRs itht BRoupaletGb&@iikisnker (or
attachnent to a significant portion of the |inKer, for exanple 2-10 atons

of the linker), (tThe temi Viwtaratycldanakmftis gatic dimdjcaberoep feynaddramesat ed f or
retention of activjty {n the relevant assay.,The |Iinker, when covalently
att ached t o heisracyplecardstined herein, mad sicyamaliion b3 egstns 26 aRRpelincb o.
substanti al lyc_ - I1G.mul ti bi ndi ng conpound. 25 The bi ol ogi cal
activity of Zf%@%mﬁowgﬁ%?{r%ﬁ(gbnpound is highly sensitive to the val ency,

geonetry, conposiThedérm “OxFacylithivel’ bt I'arhinoodrbonygoxh tigferetoahe giouphe | i nker
and, in turf, on the overall structure of the nultibinding conpound, as

wel | as28 he -DCEQUNRB wherenshReis indepandently dydrogear allsyls substitegkalkylnaryhel at i ve
Aecor di ml y PR RareE it oferd ARSI R e AR ol ogi cal
activity of htgﬂ?od%iié LR QdkfikqapegpuUNd. The Iinker may
The term “spiro-attached cycloalky! group” refers to a cycloalkyl group
joined to another ring via one carbon atom common to both rings.

30 The term “thiol" refers to the group -SH.



19 Novenber 2002 - 55 be chosen to enhance the biological activity of the
nol ecul e. In general, the linker nmay be chosen from any organic nol ecul e
construct that orients two or nore ligands to their ligand binding sites to
permt nultivalency. In this regard, the |linker can be cons{gRsashEsT 2002
"framewor k" on which the ligands are arranged in 5 order to bring about the
desired ligand-orienting result, and thus produce a mnulti bi ndi ng conpound.
For exanple, different orientations can-B®-achieved by including in the
framewor k groups containing nono- or polycyclic groups, including aryl
and/ or heteroaryl Tredens; thonllsixyliot talledthislcefapotoathe popupnrs-atityl.mor e
carbon-carbon multiple 10 bonds (al kenyl | kenyl ene, alkﬁgg tor al kynyl ene
yle

groups). O her grddiSderEars UQF@BWF‘H@P&'&@XH‘P o the SFEPpSISY dialkah are
branched- or straig IgtterﬁbathP) ?}HS)F)‘"%&H t'atffé g(foﬁé LW&A- Serl?n%gehgfh 6%11 %/rplgp ity is

inparted by the presence 0o I C group

cycl oal kyl, BQH@ﬁM&beV@mcﬁId@n@optldﬁaM Elﬂfstnﬁft&fﬁ&f%du@@ﬁﬂdéfﬁﬂﬂ%bo@é"e ring
is asix or ten nenber ring. In still further preferred enbodi nents, the
ring is 1% an ar oﬁdttcit@m|th@hsugmrjelgxy“frofer&awathpg@umthwryleﬁs wilagubin iy .

D fferent hydrophohic/h dro I|c characteristics,of the nker as well as
the presence BGCP%DQ ‘5135 eéiead’oﬁf)f'@ﬁfdg‘ég %@W"Fgéa'quﬁ}t%%i FFLEPBPI 3 by
the skilled ngldgﬁgedmeexanpl e, the hydrophobic nature of a |inker
derived from hexanet hyl ene diam ne (H-N(CH, )6NH,) or rel ated pol yam nes can
be nodified to 20Asaoanpsf dietabavd gronps whithidboiain éretorinyore sybstiaiens;, ithe

al kyl ene group with a poly(oxyal kyl ene) group such as found in the
commer ci al | yuadesstrad|of coutse.rthifisuelk groupy d¢ petsontain apkwhstiEtienAr be desi gned

to provi p 0 S may be
Lo provi e PReRid bR AidoRe sBlich DAdrfRdpM Sl AIRYRLES Y be
potentially B.ﬁsx@[b dh@ﬂﬂltl&HCﬂheQSmﬁ‘ounﬁs dﬂth@mvgntl&’émbiudEall GleredBhemitad F or
the dot nmay alternatively indicate the absence of an atomat that position.
To facilitat omges asistigr semilg ﬁ@s@mnphefthesmmqynés ructure, the framework
is illustrated as wo di nensi ona arra ng, di agr.a

al t hough clearly Fﬁe F ¥ RS LAl Y 155 ab(!ﬁ ??é%gf%ﬁéf’ 9“"‘1 ﬁgﬁlpg}ﬁi ce:

19 Novenber BR@gicabbffectiveness and properties of the multibiding compounds ofthis - - - - .- 9

............................... p
. 15 invention andp)vlllclz a@ npt blcﬂogceslyaamh@mseumd@mah@r [mmaay easeschose n

frbh car bon dr sul fur horus al ogen,
t he dot reprg’§y [gg[&H hgsp%fttéls PVéémonﬁfF ‘5‘8@@ W'%acé‘?ﬁ'ﬁ? Ag i's
apparent to the ssikd M ﬁ?’tu@b? tlﬁ:aﬂ?eseﬁ&l OF 4nfiab %hdll’oﬁé& ﬁ@r&dﬁ@ o%&h%@ have the

ability to act as an attachnment point for the |igands, nanely) O N S
and P. At onssigalar Heratennected to each ot her via bonds (SI ngI e, double or

triple bonds with_acce tabl reson ce and..taut rrerl forns),. wwth regard
to the usual cons{)ﬁl 5‘;? %ﬁagﬂﬂonﬁﬂj&ﬁﬁ e pispassd b mached to

the frangyor h]OYéaﬂlC]ZQ)d%r%&{lg bas‘é?ugél?s d%rnvw f@hﬁn@%ﬂ& tHa¥dst theRIAEBY

acceptable tautoneric a resonance forns). Miltiple 'l gand groupg (2 to
10) can be attaagiiednlypsddnenf poasiuog,Hitkiuah amhainidrheattiunnh aad maghesivest  pat h

di stance between adjacent |igand groups does not exceed 100 atons.
Preferably, e SPH&(@*W@érfWé‘&PT&?ﬁSC hagesipglude, buhareingt impted fegaltstdh t hat t he

maxi mum spat lrkl?r(;f;?%c%ng ryg&tﬂ% 2 m%d%&%ebﬁtallid}rl Ig%ﬂgﬁ dl%ll()(%&ﬂ%r:? than 100A

15 An exanpl g as pre 1SS ow for a

bi phenyl CONgfal hmme%osubstlt%tdﬁ@lbﬂlhﬂﬁnéﬁo subStitufed. alkéyl) amines, - - 0 :
W 123@&%15678%)‘10HHHHC| Nodes

E % (2)3 l(? 0) ;rl(glmsnwted(aikﬂ{)am(rxtsga)lker(yﬁa@)nes,(d;alkynyl@gun‘p)s, tr(a:l@ngl)amlpgs ,0),

a repr.esent. carbon a epresents i ne
Com Al ot PRt k«wﬁ i) SlFbsie ey ahies RS ER el sfiguilhs "an
b f t d
atoms are a? HTR, <y RS Lams @Sl Danhdy PG RAGIRA) 9B T Yy Yand
(7,0). NOdeSSL(lﬁtltZl)edaﬁ'dlo(aﬂcyZ)lmafee dl@.tb%ﬂﬁit&ﬂcﬁlbaﬂcﬁ am@ieetrbnbﬁltuted

cycloalkyl amines, cycloalkenyl amines, di(cycloalkenyl) amines, tri(cycloalkenyl)

30 amines, substituted cycloalkenyl amines, disubstituted cycloalkenyl amine,



10 The carbon atonms present are connected by either a single or double
bonds, taking into consideration the principle of resonance and/or
tautomerism The intersection of the framework (linker) and the |igand
group, and indeed, the framework (Linker) itself can have nd@WNovefmber 2002
bondi ng patterns. Exanples of acceptable patterns of three contiguous atom

arrangenents are shown in the 15 fol |l owizpg di agram 19 Novenber 2002
-58

CCCNCCOCCS INNC \ %@ﬁ?@%ﬁ‘&% ICPOCPSCPPCP
CNCNNCONCSNCPNCOS~PRINENORNONG Wéﬂ%ﬁg %@% 2
PNPCOCNOCOO0 s & Caxed IR MEIOhS | an(es prihéierdarylaatines, heterocyclic amines, '

~CSCNSCCSNNSNOSCSSCPSCCSONSOOSNSSNP SN~ SCSPNSPOSOSPCPENPCCPNNPNOPCSPCPPCCPON
POOPNSPNp- p' ¢ilIrisigosdrasraps, trilgterpriersspsopmsmdsi- @kirsihineewhess athe art

woul d be able to ideptif ondi n att.erns at wo tival ent
porrpounds. 'ﬁ‘ig‘ﬁg F g\ﬁ Sbg%gwg%ﬂgﬁé’%“%%rﬁ&léﬁﬁe% r?é%%é?#esdcfg?rg%fescri bed
in Marchgs ' AQ s%%%ﬁhl?(yp@%&l%ltéd’alk FEfkeEﬂ' SRt eW«':rgrY -dyBfosl] gi ence,
New Yor k, New ork hese arrangénents are describéd in thé grid of
dots shown isubt;thetedccheln‘dkgboycdoalléédylcshbsthetefj(o;;slnhiken)dmrabgemt)d,for t he

five nost preferred ato shown ch atom has a _variety of acceptable
oxi dat i on sthefecy ﬁ@“ggﬁﬁjﬁﬁﬁ %'rSPé'Ffé‘é‘Egrﬂr%alﬂméWhief?e‘&eé‘t"%or éEE%e accept abl e

and-are not ich the
above bondi né%gltgattE %l{etgg%g %eh%&%tﬂgg}n o@tergg&l S ?ﬁ%ﬂ Qé%%;n({cgawé tér{%rf% are
shown bel ow. %rofﬁp 1Bxampl&s d‘h\d&ﬂﬁleﬁnﬂ%'inclﬁ& byway@fekah@e@n@“ HN C O O N NO
N O\ C-C-C~ ~C~ \C .(C ON\C C-C~-\C-C~ OO\ i i \GCC-\ i \NN
O N C NI10 owpp@pmmma tr»metlyl mln@dmlthq-goeyMam@/Mn r@onylb 0,0

1C~S~C \ C~O=N~_\ ~ C~ N ON ~N-N
\NN S-S \@ng%stl}ago N} %Y%m‘“RF‘H"“N\' ﬁr@%}@‘lﬂeﬁyﬂ'\e arginfiey o~ -
~N-D~C \ O~"Hiidirie, %y |pr65|3ﬁ‘1e| BRRAbAiRatch8inQ be@iheaBRY RAEdGh e I amewor k

geonetry and size for |igand
glucosamine, N- alkylglucammes theobromine, purines, piperazine, piperidine,

morpholine, N-ethylpiperidine, and the like. It should also be understood that other
15  carboxylic acid derivatives would be useful in the practice of this invention, for
example, carboxylic acid amides, includi’ng carboxamides, lower alkyl
carboxamides, dialkyl carboxamides, and the like.
Pharmaceutically acceptable acid addition salts may be prepared from
inorganic and organic acids. Salts derived from inorganic acids include
20  hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid, and
the like. Salts derived from organic acids include acetic acid, propionic acid,
glycolic acid, pyruvic acid, oxalic acid, malic acid, malonic acid, succinic acid,
maleic acid, fumaric acid, tartaric acid, citric acid, benzoic acid, cinnamic acid,
mandelic acid, methanesulfonic acid, ethanesulfonic acid, p-toluene-sulfonic acid,
25  salicylic acid, and the like.
The term “pharmaceutically-acceptable cation” refers to the cation of a
pharmaceutically-acceptable salt.
The term “library” refers to at least 3, preferably from 10” to 10° and more
preferably from 10 to 10* multimeric compounds. Preferably, these compounds are
30 prepared as a multiplicity of compounds in a single solution or reaction mixture

\



domai n presentation are inportant steps in the construction of a

mul ti bi ndi ng conpound wi th enhanced activity. Systematic spatial searching
strategies can be used to aid in the identification of preferred frameworks
through an iterative process. Figure 3 illustrates a useful 19tNGeRBYr DOU2
determ ning an optimal framework display orientation for |igand donains.
Various other strategies are known to those skilled in the art of nol ecul ar
design and can be used for preparing co'::bto'unds of this invention. As shown
in Figure |, display, vectors around sinmlar central core structures 10 such
as a phenyl $hihdegpits faote synthgsisthereat. chaangsmbadinant.the tibraey pfanel B) can
be varied) a an _the aci . i omahh -fr.omthe cor .
structure' (i .%élﬁfmff'r Cecqrrg;%’élfl ﬁp%%ncﬁeh&elpegfl& gg&%?%dggﬁo%ﬁ%%?qm?tp TORSTHES: E‘é not ed

that core stsnisthdtleRtboliniit, dabRfehles 6f b Bbrari 6F RiuftARerRec nffs first
determ ning the optimal framework display 19 Novenber 2002 -60

ori ent ati on wsblatddeand; optivaiglly, Therapteveeb sThamembguisitent 4ssayeddonf mul tipl e
copi es of5 t he ]z{ me,.central, core structure or conbinations of different
types of °di sfi &"‘&dd?%gr."p%‘és-above-descri bed process can be extended to -

trimers (Figure ZThﬂfeaﬁP@ @W&gaﬁ"’ &fferm&&?%ov u‘?tﬂﬁé’ricf@gg;%{{u‘ﬁﬁs %{Hﬁ%@- 5

Assays of each of t ndi vi dual conpounds of a co on generated as

descri bed -abpr¢pared bithdrseglehtally sidonetrraitlyqegpcumbymadriatly). "Ehedl@stictesh
enhanced activities (g@%. , potency, selectivity, etc.). The analysis of
this subset SPsmBipenat leeshAinrebessigirelambbnsens) te I0bmembrranttl marg wi | |

provi de a fr&?&ﬁ%ﬁﬁgm alt()"‘%ngb@st favors the properties desired. A w de

di versity of S1's 10 comrercially avail able (see, e.g., Available

Chemi cal1oDi r ect or Yhed &R muldvhétic &mpdid! kRS i@ cdhgdunds Bomptitia fidnd Do USE i N
this invention fall into this cat etg?ry. Q her can be readily synthesized by
met hods wel | 1kigands covaldngly ponnestadl throughat testont biskerbehiolncomipaundg mayl ect ed a

preferred framewor eonetry. .the physical properties, of 15 the |inker can
be opt | m zec By AT PTG fatibindive BrobeihpGs e B A€ kor . The corpos: ti on
of the Iinker Caﬁl&ﬁeﬁﬁ“?&@dbﬂhliﬂ@?&f&ﬂ% ﬁﬁbfﬁor{a@gﬁ%i}k nfehiBgcqesi red

physi cal properties for the nultibinding conpound. It can therefore be seen

t hat there idispaghenheacticaf ipessinbet siilestofadraldges. Sodphsictiomat gofupa | i nker .
Exanmpl es_of .linkers include aliphatic noieties, aromatic 20 noieties,

st er oi dip_ ndf‘%lf‘ili‘é??’ ‘?Saé’p?tjiJeif@%‘Pleaﬁ'ﬁs¥lh@sYl'r 9(76"50 E’HjechaP? &®Xanpl es are peptides
or polyam des, hyf{Oegh ﬁ@%&ctlﬁ%g@h' br %l@Hé?Ex?(ga x%lhﬁ'e{e?ers ld z{?{ydg?o%&@hlcﬂn' c or

ani oni ¢ groups, or a conbi nat er eof . es are given below, but it
shoul d be undsmshonad té bad onvaoiediydradyd ol amayo Grecantacke] grdpegitheal ent s nmay
be substituted w thoyt d Barting fronLthe true 25 s i‘EFietI and scope of the
i nvention. FEOMAKE "éC,hKﬁ B pueediatesrtherRal) ProYRRIS reagHORRr R ACEHEREBY t he

addi tion or \RAng hotelfidg BERPREN bE'} BYBnl i icaf OF
example, to tgﬁg%edpgﬁg fgﬁgfﬁﬂﬁ#({o#e?)}x%g T Ee ?ru?te?%%gi ggggoér?rlgghn?ﬁgl nowat er,
fats, | pi dsor ehzyahaiy stes tb Iretsthblistethe hydroryl) el admimi dricarboxdr griobp (Seei, t y,
linker flexibility, antigenicity, stability, and the |like. For exanple, the
i ntroduct i onl-8f- GrencandbBd] 3Wuisol Yrsvasyive feoupsye Sy ganipErgheivups Fdnt o or
into the |1 nﬁ\%rpa?t?cm?ar}cr r%o%aq)?e blo%l%n'g\l%\r/o%%be%plg)%gzis not critical and preferred

removable hydroxyl blocking groups include conventional substituents such as

allyl, benzyl, acetyl, chloroacetyl, thiobenzyl, benzylidine, phenacyl, t-butyl-

25  diphenylsilyl and any other group that can be introduced chemically onto a
hydroxyl functionality and later selectively removed either by chemical or
et}zymatic methods in mild conditions compatible with the nature of the product.

Preferred removable thiol blocking groups include disulfide groups. acyl groups,

benzyl groups, and the like.



-61 hydrophilicity and water solubility of the mnultibindi ng conpound,

i ncreases both nol ecul ar wei ght and nol ecul ar size and, depending on the
nature of the unPEGyl ated |inker, may increase the in vivo retention tine.
Further PEG nmay decrease antigenicity and potentially enhandeNdvembergoe |
rigidity of the linker. 5 Ancillary groups which enhance the water

sol ubility/hydrophilicity of the linker,and, accordingly, the resulting

mul ti bi ndi ng conpounds are useful in practicing this invention. Thus, it is

wi thin the scope_of. the present invention to use ancillary groups such as,
for exanple, snaffefermgkismoyablgamino blockipg groups "ﬁ%"ﬂ@cﬂ%}’e'ﬁ!%@hol s, polyols

Ce. 9. 91 YOSt ucHlXay & CBLORYNBRG ( S BLIARRockBELERD) N0 10

ol i gosacchari des, etc. ate repeating Ernits of
glutamc acﬂdoreayzlmetmyaﬁmbnyetmmc),adnynﬁ@cmogyléAle)amdﬂmb ERER@dAN ne)
and the like) to enhance the water solubility and/or hydrophilicity of the
mul ti bi ndi negrclsisoened by fonvengonah gerdifiens compagiblefvitl the netsodf trent s, t he
anci | | aresy gr:%éﬁ used to inprove water solubility/hydrophilicity will be a
po(yet her P The i ncor poration of lipophiiic ancillary groups within-the
structure of thepld r ' ol dofl phobicity
of the nultibi ndrtéé&gﬁgrgggtﬁ)ﬁggb‘%%gpé ggoéjlp%gggpﬁ %Sgki%ﬁggggﬁ?myﬂ%t e scope of
t hi s i nvent popyl, Ebpypéic! whichicen ps rans®fed lbywhildhcddakitidas Rlsmipstile withi the | nvent i on
i nclude, by way of exanple only, aryl and heteroaryl groups which, as
above, may BEUEAf e PraduSipstituted or 20 substituted with other groups, but

! i st tut ) subst .
At achment ot netd ARerpel & BPAURNT hitdafls U8 shOBer PR FREC | e s

of thi s10i nverhi, eitchmisthatdersabstituehe hdy de fridyatok ¥esur\Mhdehatdie &atriptesnm bi | ayer s
in aqueous nediumuntil higher concentrations are reached. Also within the

scope of t hingludes/iasaness where $ped enenat of ciemvaistange peaprpupkingianeh wiBreiésul t i n
the nul ti bi(gdi n tcorrpound bei ng i ncorporated or anchored into a vesicle or
ot her menbr U8 st ruct ure such as a i posone or a mcelle. The term
“lipid" r~fers tphé@ymtagdndranidiglRid vaubdehdriialdehSies2BRRpSUNMAI {195 1 N a
bilayer or a mcelle such that a hydrophobic portion of the lipid materi al
ori ents t ovending lpertivirifaref2 adichage heaptapnilis boyndrthéreto byri ent s toward t he
aqueous _phase. drophilic.30 characteristics derjive fromthe presence of
oS phdsh. CHRGOITES: ShFfeg IEAMAAE tosq Yo e Do BBIerBg 6B f hydlr yl
nitro and Ofogld bi diftaBhRHPPHIGlcbirl 1M bR rdglohsdithe AR ARty coul d be
conferred byéat he inczllgg)si on of grloupsg\{'?ﬂgtri rllc Suée,e E%at are ncgt )I imted to,
| ong chai n seaigniztdgy tancceptonisulesipededihd thhdtigandndotraine'ar A digagh mapbe of up to

20 carbon atonms and such groups substituted by one or nore aryl,

het eroaryl ,° bwablwffl,%l@%@/tﬁ? rqee&texf%yiq?%ergyaésﬁiﬂugl)e.thw@feme& i pi ds
are phosph [ 1 i ] s lepresept at | s of which
el Ude phaiRE FIAE Rof Mt ek RS s MY XS Gy ser e,
phospha0i dyholeadt idequiphtiofep tirtbindifag afa tigarpbtoniatioyd kginid bdisgsias).dyl chol i ne,
| ysophosphati dyl chol i ne, i1ysophosphati dyl - et hanol am ng, ) .

di pal ni t oyl preeabesafilgen fuhdn thipinyersianaye derseibehhsrenp dikgsq skélled in

di st earoyl -ph hat i dyl. ine _or dicl t] chol i:n oul d be
used. | 0 her P STRIR ke A RR R RESROSRAR A oI RE o ¢

gl ycosphi nggkéiat %Jle’ﬁﬁlzirlr&%ﬁﬂfti%n_&h_&‘BidﬂiﬂéﬁdﬁvﬁtilQ\@r&%rid@&hlﬁmii_ﬁﬂy,as l'i pid.
Additionally, the anphipathic |ipids described above may be m xed with

ot her |i pi deplacesl argubggitated glithowmré¢laied stmeturss ¢foo exampls, Witleaddikbary lgrdupsy of t he
| i nker .can be nj pyl at ed, by the inclusion of ancillar roups, .whi ch are
bul ky A/ o defigsekbelawbarsh ol sapiacasts, BISH Sitirely grithoyt atestng e Winla:r 1r ce
rotation a dsnl Qe i f ||n?(§| | WRhiai t he
ancillary 3?%&15 gF ‘gpé E%ngg’ [lt?g@\/\ee%rﬁtf%}elﬁpl ndggth\a&ﬁgrﬁﬁgﬁ%dnctl oaﬁg gr oups.

Ri gi d gr oupdefiaedabhgvel die unfi@stopd dmp ke, teinh {igandiik aupintended & eolivhedwt | onal

lability is 20 restrained by the presence of rings and/or multiple bonds

Wi t hi n t he cgmpopnds kovendarhsivsefubinbinding e B3 adignergioterepondpig,. kagwnoal kenyl ,
and heterocyclic.grou Q her gr S ich,c [ tt rigidity include
pol ypepti d f%%uﬁg%ﬁf@ﬁlegén Q@ngﬂgﬁ“‘ff\é\g@'ﬁﬂgﬁﬁﬁg tegﬁ‘gi‘g?gq cgﬁ’ Eﬁ“@%?’ y can al so
be 1 npapt ed, ?lyqﬁtartﬂéﬁaﬁ{lé%Irt]hsynotﬁgflﬁally‘ dssédifte@Withl 1 23{d¥eBE AL R eptar ar € ei t her
positively 8 negat1vely charged, the simlarly charged ancillary groups
will force the presenter linker into a configuration affording the maxi num
di stance between each of the |like charges. The energetic cost of bringing
the |like-charged groups closer to each other will tend to hold the Iinker
in a configuration that mai ntains the separation between the Like-charged
ancillary groups. Further 30 ancillary groups bearing opposite charges wll
tend to be attracted to their 19 Novenber 2002 - b3 oppositely charged

e . o .



15 al so include oligonmers and pol yners which are branched- or

strai ght-chain species. Species that are branched are expected to increase
the rigidity of the structure nore per unit nol ecul ar weight gain than are
strai ght-chain species. fn preferred enbodi nents, rigidity i NésRAER08Y
the presence of cyclic groups (e.g., aryl, heteroaryl, cycloal kyl,
heterocyclic, etc.). In other preferred_;?_enbodinents, the Iinker
conprises one or nore six-nmenbered rings:"In still further preferred
enbodi nents, ;the ring i.s an aryl gro ch as,, for exanple,.phenyl or
napht hyl . 1 nbUiig BpPeries. Bagattiond 1t sdud BE ok tha Jieandahbisshisirmaeinal

sel ection of ;8;:J):4 i di i i i :

estri ot o uaridy i HsHPaRi Al & dithopite: SR BEAT AL Binulivaten:

hydr ophobi ci tothpyigide pbidus€of the beiietits tenfeved byunultivaldnag. skill of the art.
Elimnating or reducing antigenicity of the nultibindi ng conpounds ‘
descri bed herein il irag' ligandh of "tigand€ Rsaisest hargings lrﬁwkrgit@-mc_udn theer t ai n

cases, t antigenicit f.a [ tibi,ndi.ng. ¢ ound may b | i m nat ed,or
Codueed by ol Yot He o BaRtha il SuDR AP R MRS A il BE R 1
Novenber 200gon-fifteifc Mt iRFeorbove, the nul tibi nding conpounds descri bed

herein conprise 2-10 |igands attached to a |linker that attaches the iigands
in such a manner ThatermHewlibiedipgesmpbent oagehe referstom doorponnd thav el ent

interactions with lLigand bindin ites thereon/therein..The |inker

spatial l'y co?@?é'ﬁioﬁgg{?%@@%’n‘fse‘%i‘ﬁ&gﬁ@% Sn‘gﬁ’gl?m%??h]iml@“ ?ﬁ%‘ﬁé‘i“&ﬁs
defined by thfuidbRE or el AE, M calACLRATighAE LERARRL fheD! Of 001 cal
activity of the multibinding compound as conpared to the same numnber of

| i gands l@ademaltibindidd eompoundrieidepéndgndlysoiectadheich el obinaaltibindifig S 1 nventi on

are preferably represented by the enpirical Fornmula (L)P(X)g where L, X, p
and q are asCaiuad dncldss dothsymymetsicicampauds (6. Woererafiyigands vedlasr al  ways

0wt oh theedh 83RGSe FAGDA) LU QELNREQU S B Sendel PRIL BNE o

obj ective of ru val ency, a’nore de Xpl anation 1s descri bed

bel ow. As ndigeldPiselifferddt fomith€otheNK&ind(§Ynd6r fdessk 9f¢ Bkerss diffefeatevork to
which ligands are attached. Thus, it should be recognized that the |igands

can be att acliemd thoother lagr(s))i Mudtibinding compeunds pravislefarbiolegisalandfasr  exanpl e,
at the termnni of a |linear chain.or at anpy d nt.e iat.e posi.tion. The

21 ol estSand el eErFEu s i aelesd Mo Bl ERATIAALE shf Tt teeipound
whi ch can bewhieRaRSRideaflalsble faf-Hindinh e TRatG S € saly that th6i@ emidyr a |1 gand
whi ch nmay be the sanme or different and each X Is i ndependently the |inker.

20 Exanpl es thérapeutic effeotofdahe ligands attachedde thepnelibindéng genRiognd is gwhatere each

Fopr esent e (1A 8] SREE PR S Sy of Uit Righ 1 GRRRONSe Sl B it s
L i . Aol : - . .
L-X-L-X-L, idindhg Wt)l(\le uﬁg mﬁgigug%@team dptork ertRiRaseirftrdak&d KiBlogitlal §2CH

occurrence, as can r, atrimer can also be a radial nultibinding
conpoun@0cortherapsutig effect éndlidranfie eaamplehimdreasedafiisite emtreased seleaiviturfdr t hus

represented as (L)3X 6‘ﬁlner;-:i_th | i nker. X couyld incl.ude, for.exanple, an
aryl or cyclt%Fk}'gcrﬁﬁs ppee f"l"él’??’itéfge&rig?'S‘l'SeaPPV&F%HP‘:rﬁW&dFEﬁ?%aI ent
coknpounds Q{]ecx(tfg%% tbﬂ\fﬁﬂti o@erd%ufrﬂmdoﬂa@%Sxtﬁlsac?ioﬁﬂﬁcx%asreﬁ%Bﬁw to/glly where,

again, the sha circles represent ligands  Tetraval ent conpounds can be
repr esent ed dells sudhiaddargad pathygens, cancer3iells, eid, Neareaxbe sid2@BEcts, iiéreased

L- X-L-X-L-X-L in a branched array, e,..g_., 5 L-X-L-X-L I L 10 (a branched
construct arfBerapeytis index; Hapro¥eshhiogvaihibityimproved phamacgkineticsolmpipyad)

secbutylys and s OUEN dmOhind fhe Fikk & 1hd EHfighaRE BMipofiadd of this invention will
exhibit at least one and preferably more than one of the above-mentioned affects.
, The term "univalency" as used herein refers to a single binding interaction
t;etween one ligand as defined herein with one ligand binding site as defined herein.
It should be noted that a compound having multiple copies of a ligand (or ligands)

30  exhibit univalency when only one ligand is interacting with



L\ /L XL~ ...:.L where Xand L are as defined herein. Alternatively, it
could be represented as an al kyl, aryl or cycloal kyl derivative as above
with four (4) ligands attached to the 15 core |inker. The sane

consi derations apply to higher multibinding conpounds of thil8 Nomgmbét 2002

containing ~-10 ligands as illustrated in FIG 4 where, as before, the
shaded circles represent |igands. However, for nultibinding agents attached
to a central l|inker such as aryl or cyc:’r‘bal kyl, there is a self evident

constraint that there 20 nust be sufficient attachment sites on the Iinker
t o accommodaliganchindingisise. Bxamplgaatienipaleridnteractions arg dapicted bgldyenzene ri ng
could not directly accommopdate nore than 6 |igands, whereas a nulti-ring

| i nker (e.g., biphenyl) could accormbdate a | arger nunber of |igands. The
above descri bed conpounds may alternatively be represented as cyclic 25
chains of the form i 9 Novenb 024- %66 L X X ~ L and variants °
thereof. All of the above!varia I ons ¥'nt end o e within the scope of

the invention defined b I ) g. he foregoing in
ep ent by the f | Jowi ng fornula: -

mnd, a preferred |inke
n intieger of fromO to 20; 10 Xa at each

_Xa_Z (Ya_Z)m Xa_ wherein mis
separate occurrence is selected tte—group consisting of -O, -S-,

~NR-, -{O-, -CfKrm "nffitvdlency” 44 EdeliBerein PIREE €9 the cohIrrent Binding of
C(S)NR— -NRC(S) or a coval ent bond where R is as defined below, Z at

each separ afr@tné’cfodlorlmkcé ligandsdivbishguay b@thetsme gr dd&rwmdsttworrg radreal kyl ene,

substityted alk | ene, ne subs oal k alkenylene
15 s cdbersetreRRr s RoR e AR e RS LhTe Ve e sy Aacht

cycl oal kenyl ene) p&&hRpldany ligdfs céﬁﬂéc?e'&%rohgﬁﬁrlmﬁ&yth%nd b&icakemyr! ene, or
a coval ent each Y' at each separate occurrence is selected fromtfe group

consi sti ng toftwedigand and))ng,suem@(il)d he co@§idyied as biNRlency ;3@ higandsGh@) NR' -
-NR C(O 20 -N )NR -, - =NR
- o[ 8§ ?\R -connggie %@l bgan’ exm@%@f frikgency- Wxae(%?gwalep%ém ) - )o

-OP(O (R ) , d : and a
coval ent bol}ll Stra\}ﬁgraemﬁﬁ;blsn ,g cf “g&%d bgﬁlcp gi?hreglﬂ dSQ?:Srsugta tgac(ﬁ/ separate
occurr dice Hnding altaatish, is hawnttelge:oup consi sting of hydrogen, al kyl,

substituted al kyl, cycloal kyl, substituted cycl oal kyl, 19 Novenber 2002
-67 al kenyl, substituted al kenyl, cycloal kenyl, substituted cycl oal kenyl,
al kynyl , substituted al kynyl, aryl, heteroaryl and heterocyclic.

-

univalent interaction

by 6

trivalent interaction

15

[t should be understood that not all compounds that contain multiple copies

20 ofaligand attached to a linker or to linkers necessarily exhibit the phenomena of



Additionally, the linker noiety can be optionally substituted at any atom
therein by one or nore al kyl, substituted al kyl, cycloal kyl, substituted.
cycloal kyl, S al kenyl, substituted al kenyl, cycl oal kenyl, substituted

cycl oal kenyl , al kynyl, substituted al kynyl, aryl, heteroary{g fgdember 2002
het erocyclic group. In view of the above description of the linker, it is
understood that the term"linker" when used in conbination with the term
"mul ti bi ndi ng conpound” includes both af§0VaIentIy contiguous single Iinker
(e.g., L-X-L) and nmultiple 10 coval ently non-conti guous Iinkea;@éL-X—L-X—L)
- within the nimuttivelengyrig-deafsbribiglogcghsn tb(praafrutlsiegﬁeatrqfébe mulibiedingds

descri bed above, |l end .t hemsel ves t.o conbi natagrial , approgches for, i dentifying

mul £1 mer o oRebl e R o el Sne e ol e iR iaRR Bt aifitable”™

Speci fical | yior bafdi) & the'iParbihdiRg sitd §&%btdryXF&MtibalmﬁB ok&, ihadi vi dual

|l i gands of a nultibi nding conmpound with respect to the relevant array of

bi ndi ng si t ebgands ¢hat aregennented ayr gybtler os linkgroha artd be praspatediaibeg lighed

i nteraction of .the, nulti bindi .conpoupnd with its, targets) and to maxi m ze

the bi ol dgi cPdingiet %}g@etlwge@gnn AP RGmanRey [n exder dRing-AbRUS e dgsitedenti fy

a library ofy dj ‘ [ o TR gTo! | properties spanning

t he nultibiAg%ﬁgq%gggﬁ%%%Pgﬂkﬁéghgggagg%gggﬁyﬂgggﬂg%gﬁrticular target.

These paraneters FurtHemsiore, thelmltibindingderipound of thk ipgaemt(ifyentiod kah be

orientation of ligands, (3) the val ency of the construct, (4) |inker

|l ength, (5) domnesed geligaads that amenallif2adegnepgiy sdcepior pganinés efiecan bend (7) | i nker

chem cal functiona L Oups 5 Librari.es | tineric, conpaunds

potent 1 al |y GOUSSeLe EARRF tebs SRR FGRLPE rlitndp Tabee kR and

mul ti bi ngi NGnERBRARKISYided that AERALIEHNGING SHHibits Bh bedrhl pOfalirahligic vari abl es

are prepared and these |libraries are then eval uated via conventional assays

cor r espondi ngcdportagenistigagtivityel ect ed and the nul ti bi ndi ng paraneters

desired. Considergtions,relevant to each, of these variables are set forth
st " tefrs tasl Rigfail

30 bel ow. 19 NoMsHBER "BURRCY- refgrs testliedpinigum congsniration aj w iggndis | gand

or set of i Sicl : i iR i i A ries of
candi date mi brehes Foebl GO Eal A RRQEQRRL, She ibldhel BFn i
particul ar h olpbgllgairopcatiorei twits affinge for. itsTipand bindingeditei e s@né cdses, thde

| i gands chosen 5 is that they are capable of jnteracting with the sel ected

target (4. TOtROcY mayhsdenniiray cpmelaind drithgls atfipity- £ ine@mndripg thsrPates¥n dr ugs,

Cuii chear o chipecSiPe’h HFBhaR AR BRI Naclite (R I Ban NG 108

Li gands ar e dessteapaie\cusRafeactbia dednaimeld nader ilanoalabiteonditpay (eigesintahat may
be projected to be carried over to or anplified in 10 nultibinding formns.
Favor abl e pritpira 91eg viveassaYe inid1RpREQnriRtcniwak model such ahumeanpstienhy. Hilgan
patients, appOprJ = orof il t i B | it ]

Gesi rabi e p it it OB o8t sk B A ferf BRRRMAT ok el
i's crucpgl teffebodta IbWat cdnc@rr@ion MinGhe Qég&@%a@é’unﬂmkumigmﬂﬁ@m&cdﬁv@@@rty from
anong the previous |ist may obtain a nore favorable property through the
process of renhandgilpdtengy.15 conpound formation; i.e., |igands should not

necessarily be exgl uded,o uch, a ,basis.. For example,.,a. ligand that is not
sufficiently pot :ﬁle%ﬁ'im asege_ﬁﬁf'ﬁ%u‘?raﬁpﬁcﬁcdté’t lss%m_ggsrqr)‘?)oq)tgegf Macious in a
hurman. pat i enf;-faRcQSTATRaRY G4 diffeeheiand bihdeld éifé@?ﬂe@éﬁoﬂé’ﬁemd%fe%ﬁ@&ﬁd In
mul tibinding form A ligand that is potent and efficacious but not 'of
utility becafiadigahd svithoespeetthatsitargetriedaad bihdingite relaties wfdnetier ipandhave 20

i ncreased theragpeutic index (increased potency relatjve tqQ toxicity) as a
mul ti bi AY] n@uacb%mra.gvea@df}ﬁ&lwqme SSPRCHYS ValHe e l%«(l-@-b&ﬁ%fp?lav%es may

have extended i . i.bi ndi i tfies of
I panda. t hatopiaG R 8 AR Al SETR 2 kW B PLARRSS | ©P ©
sol ubi l'ity, JaysHePbabivahé K, , Medaps the edspyori vEWC,PE(i e theaddatentratibadll at ed in
mul ti bi ndi ng fornms, 25 providing conpounds wi th physical properties

consi st ent whatiprediee §6%a ofetie utakinuny resppiserfonthe digancistesaatingrwvids theityond
attachnment pQi nts.aag,gt l.i pki ng chem st Several points are chosen on each
ligand at wihigtiet igandbinging sikes)(FegeRtg™)o the |inker. The sel ected points on
the iigand/linker for attachnment are functionaiized to contain

conpl ementary reactive functional groups. This permts probing the 30
effects of presenting the ligands to their receptors) in multiple relative
orientations, 19 Novenber 2002 - 69 an inportant nultibinding design
paraneter. The only requirenent for choosing attachnment points is that
attaching to at | east one of these points does not abrogate activity of the
| i gand. Such points for attachnment can be identified by structural
informatiori when avail able. For exanple, inspection of a co-crystal

4 a B o . v o o,



of a single target nol ecul e. For exanple, consider a receptor antagoni st

| i gand bound to its target receptor, and then consider nodifying this
ligand by attaching to it a second copy of the sanme ligand with a sinker
which allows the second ligand to interact with the sane rectpNeveribdrepgbe
at sites proximal to the antagoni st binding 25 site, which include el enents
of the receptor that are not part of thggf.ormal antagonist binding site
and/ or elenents of the matrix surrounding the receptor such as the
menbrane. Here, t f: g Q| i : i D € i e
second |igand nolg%utfqgﬁvx}l% Hﬁl@ﬁé@%t@? %%k%i&%;hﬂg%g%&%g\%f{?ﬁm

at t achi ng i tthataeddzaides Blighnddormaip@ad providesty ihdiap pagedr dor e ligaid YTHef t he
ligand at the formal antagonist 30 binding sjte. Another way to _consider
this is thatligand bmdmecitejmay ba dpfiared by geenegneric oy myimshe irgggges.-THie  wi t hin
t he cont ext .otf a.multi ??igndi qJ? s}ru&ture i S. of i}eg di flfﬁretn fromlt he SAR of
t hose sane IlPﬁffﬁﬂg" MRY 75 FBREYS & R8P ar R &9y bo?g{ga& SEuEEEH ' Scused on
bi val ent 5i ntagaﬁ\i%l, aitdgdtisrdl] AT S BRBRUIRLE R eBMby thalsin GARhESnGT the sane
|igand joined to a single~linker through 5 different attachneni points,-one
of whi ch mayiclbgiogjatvent; el thicdideng/ activity of the nononeric ligand. It
shoul d al so be understood that bival ent. advantage. may. al so be attained with
het er odi neri c cor‘%?ehrotfiﬁ'%e 15€281774 tg@&fﬁﬂklg‘f‘}éﬂéﬂ%mgﬁﬁ%“rﬂféﬁ? FeSePLey; tﬁ%F to common
or differen hi . : . i -

bl adder - sol S TYRH BbiicaI AR ErenPuiiihe HERERM e BAGARES o FRYE,
through 10 degredhbeticirinirdtand Miecholiruiotssabiadgad € drleeatiplodigd@daf finity of
the nmononeric |ligands for their respective receptor sites. The dineric
conpound0 mapinding witgs mayherevalently jopadtofagingle strtue dinepalenily t o f avor abl e

interactions_between the .SHI.~ | igand_ a I nts ,of the recept.or
pr oxi mal to%fsfffg'ar%rlprglm TSht 3{5%%.“%% e%?%(gﬁﬁgggi"f%“barﬁ%f cgetatoigné 'ctlﬂgmf\(/B l'i gand
and el ement an@6o b EndHEALSREAPE Riss RAIAHIARI abd rbRtibha ffeeddrh ithadhif heant agoni st

binding site. Thus, the dineric conpound rnay be nore potent and sel ective
ant agoni st S4meslEUcATES wereprasbabas madomersupeelnton.t her apy for urinary urge

' ti . On he |} d attaghnment .poj nt o} h ,
| dont 1165t he {yBELCTR CRONFRaIoNT | TGRS Ha el o adt T & o o
poi nt's. jFhe «pRabiakPEEEACREY REMebilRP oE R MIghAY td (HAKBORS aBliGnidtage that are

conpatible with the overall structure of the ligand (or protécted forns of
t he | i gand) agaastior pnapohisteheugh binding twedligantl dddengsite. i ntri nsi cal | y i nocuous

under typical chem cal and physiol ogi gal .conditions, and conpatihle with a
'arge nunber of  SDRITEGTReT Pk SORART 45 "BERASIVeRt MssGs A SR TR AN TS bamst o,
ureas, and giddf GRRMHELSnEiBnL he rdaBNOEEARPHER iBLd I @hRIMEESh dhifka@es. 25

| Ji nkers- spanni ne rel evant nul ti bi ndi ng~araneters through sel ection of
val ence | i nkeludisgdywdyi oflexamglecmdy,-bgnzhineytopiens,i acetonir lopetrbliyelsofars, chem cal

functiopal us Ip the libra of linkers enployed,.tp generate the library of
candi dat® nﬂl"t“?tBY‘FfHFﬁﬁ“‘g%ﬁ%’%‘{%‘F’ meby et shionds, da?tgyli%@lﬁﬁﬁ?tag?ed inthis

library of Lj LAt o i i : i ors: 19
November 208100 PEERISEATRE Aciae MM ABpALE, RO TPl AR =
initiated wdidkal, patidint, dadikelike. ThRschrtifirdad the @aals, dvdolpempased

juxtaposition of two |igands relative to their binding sites permts such
mol ecul es t &n dg¢astions dasegbeddiasein atp mertispiventss and specificities 5 nore

t han sufficient onf.er biol,pgi.cal advant age. -Furihernore,,..di val ent

li nkers or consthﬁ%f%maﬁré"a%% i ktoa?'}yy“e m%ﬁt@égtpagpgo ISPORIORIR 3¢ hey
retain jde desimabpRublAW 2 himAk dnANndigeerties of small nolecul es. Linker

| engt h: Linkers are chosen in a range of lengths to allow the spanning of a

range of 10 inte(d! i gparavediing tapetholdgit conditomdfass octieridg gt asubgecpr ef er abl e
for a given divalent interaction. In so iBstances t he_ pr efﬁr r,g‘d di st ance
can be esti Mjuddnanbpiedispescrde the qqnemogﬁyﬁ A ek besR disgposed yyit the

i nformation of,.Large t y.ni cal,l X | ets. In
ot her 1 nst ARGl 8 SecohiRp S X RARKTE e SProp Ry e AR 147
avai | abl e ( guesse@ondifibh.G protein coupl ed receptors), one can 15 nmake use of
sinmple nodels to estimate the maxi num di stance between binding sites either
on adj ad®nt recefif)or s idribiting thef fathadogic conditipmnis., arresting itsalerelopmenst or. I n
situations where two binding sites are present on the sane target {or
target subunit for nultisubunit targets), preferred |inker distances are
2-20 A, wth nore preferred |inker distances of 3-12 I~ In situations
where two binding sites reside on separate 20 (e.g., protein) target sites,
preferred |linker distances are 20-100 A, with nore preferred distances of
30-70 A. Linker geonetry and r~idit~




The conbination of |igand attachnment site, linker |length, |inker geonetry,
and linker rigidity determ ne the possible ways in which the |igands of
candi date 25 rnul ti bi ndi ng conpounds nay be displayed in three di nensions
and thereby presented to their binding sites. Linker geonetrig Néénidegbohd v
are nomnally determ ned by chem cal conposition and bondi ng pattern, which
may be controlled and are systenmaticallyjvaried as another spanning
function in a multibinding array. For exanple, tinker geonetry is varied by

sLLeoning 0 11 ORS8RI 2

Novenber 2008athoibgic cbnditiokSer | . 3- vs. 1,4- positions around a cycl ohexane
core or in cis- or transarrangenents at a point of ethyl ene unsaturation.

Li nker rigidity iéivyar rditving thoednditidnis medidted by theqrattebakic edmliiime ener gi es
of different confgrmati gnal states possihle for the |inker. For exanple, a
di val ent corrpound%%é‘?‘i“n@a B1q %ﬁﬁh"“&"t}‘ﬁh Kanodyjated by gepyment wifR@r has nany
nor e degreesy; et i e 44| nd in

Whi ch £he € aserd <BEACTH ARG byl 1PE SRR ROLRIIniiEN, WIENaR GRERANCL |
linker. _ Liak@&bwidilgsd iredhe preap 6e usetally thbedWith iadigandd €rnRE PR Qdre@brghd Nkers
are nomnally determ ned by the chem cal 10 constitution and bondi ng
patterns of Fa§eptpf iaencrahaad Hosk discasa patesavhiph bpesrbeee Soundpa be usefallpver al |

physi cal propertiges.of the candidate multibi.ndin onpaungds.in which they
BreS nel ubeatibd 67 hesi i mERBR Corlien A O Ao AR G BiseBre T o
provide a rapgridef bPRaPbLHamiPIORRY [the BreAtheslf ORNRARNGIA ¥inibvd Wl isiingd t Y.
anphiphilicity, polarization, acidity, and basicity) in the candi date

mul ti bi i ngctirric brpobitidsandftheliparti cul ar choi ce of |inker physical
properties is nmadg Wi thin the context of the physical properties of the

| i gands they joi n%%@“ﬁr EPSRHSRIY 1§ e@‘b‘ﬁﬂa"i“g‘"?o'%geéﬁ@rtgg'eawnée les with
favorabl e PKLAMm W=1=) : m’gﬁg ' to avoid
t hose that awrne tood? %ﬁ?%%dﬁ?'?i%ﬁg{rwt%go ;lgfoo‘%o %E?%&g%ﬁﬁg?r@eeg idﬁd)(?%g jsor bed
and/ or di st rwhett ghninistered/.a MBmhiahiceneed bé suatiateatraerat Tho aherapentipdly Li nker

chem cal functi gnal group.f are selected tq be conpatjble with the chemstry
chosen to c tye ppwd vailivgoy dependigg yagn dissubigct dndliseasrondtiogdeye

physi caly<pr ' o i pl.tlal ' [ -1 hi

par anet érs : g@&ggﬁr‘g}% n‘gétlglﬁtiaapggéﬂ{ﬁg§P®QCFFQ5%%gAr%§§§§ﬁQ!g}eg%{%ogl ltfr?lﬂf ;ﬁltf:]:ands (n
bei ng det er nnm@tér By admhi@istidtivofind the like)Wkich oin gadil ebedétemiinad byrend ofoi nt s
for each ligand chosen) and mlinkers by the 30 process outlined above, a
library of (9rdinancekaldiitiheartdi val ent multibinding 19 Novenber 2002 -73
conpounds is pre .G Sspan he .rel -l £ Ri pdi esi
paraneters for a%ﬁ?ﬁéﬂuﬁl{%rfg%é@p .%d %gf %eai’éﬁ’gﬂt“é‘%a{]fhgf ?%bglge)ﬁé‘%g‘%g%? from
two |igands,a gap ohp@apdithat éovaleatly aivies fromol @t K fghnds (Addenifidd@beveyhi ch
has three attachment po rots gg 1, B2, B3) Loi ned in all possible

conbi na20onsingrogingethapproyides Eygrcommpogad sagble of rawWHiselergyi dhgorg other

| ti bi ndi . Al -AL Al -A2 Al -B -B2 Al -B A2- -Bl A2- B2
Mo B3 B 1 B a3 ke Raatd Aoyt st ey B ket QFer
conbi nat i onswoscdpfisRed ligxn&@vtd&ﬁ 8y 88thd JahteQr Yiffd@ent) Meadty. AlddiRAalbgndi date
mul ti bi ndi ng conpounds results. Gven the conbinatorial nature of the

li brary, corthehinkdrean be eiths amhgalporeichirslthgleade dint sonjestases, He linkact i ve
functionalies qon the Jigands, with conplementary reactjve functjonalities on
the |inkers.mayhe 4 qyplgpibg éh@ﬁ&ﬁ@eﬁﬁﬁd&ﬁw mf"&“eéiﬂP"rté’F‘é‘H@esltJBr?)aralIeI

synt het hbg ne O Lal A6 C; lid e
c%en‘i st lr2|§es %&ﬁ%ﬁ%gﬁbhﬂ@ﬁg@%ﬁ%édﬁ]&{aﬁlg, lﬁﬁagﬁ%ﬂﬁgr&#ﬁﬁﬂgﬁ i's
attached to igseE®eibiblogipgby dctivél ThE feini “tiakyr” does poteh@ralet,yextdndeo cover

conbi natorial libary I's prepared in the solution phase. After synthesis,
candi dat e nmollﬂbhﬂtmuvgoﬁbmg@ﬁbsadér glassnartitled, fiersuandsthe ke eBut élsassayi ng

S X .
for activit yun%fstgo%rthz%%ﬁlenmuﬁibi|(1: urlgo g(?l:([l[()) nas m‘ this invention can be attached to a

solid support if desired. For example, such attachment to solid supports can be

30 made for use in separation and purification processes and similar applications.



20 nethods (e.g., HPLC). Analysis of array by biochem cal, analytical.

phar macol ogi cal . and conput ati onal nethods: Various nethods are used to
characterize the properties and activities of the candidate nul ribi ndi ng
conpounds in the library to determ ne which conpounds 25 po$9&wsember 2002
mul ti bi ndi ng properties. Physical constants such as solubility under

vari ous solvent conditions and | ogDl cl-o3D-val ues can be determ ned. A
conbi nati on of |~1MR spectroscopy and conputational nethods is used to

det er mi ne | ow endhgy¢xeantoorhiet muittvatdnt bhdinpas datiaédepehils bpondiheg conpounds
in fluid nedia. The ability of the nenbers of the library to bind to the
desi red t ar géiciensy vathwhich tedintker péhd@rﬂ@@@pmsa%hwdvarqsgm thesandar d -

met hods, whi.ch cl,ude ra i ol. d Novenber, 2002 -74
e tnna’t or M ligfdsR e iesy 2 a i RN et TRABSETRE, By LR RE e, o

anal y5| S foh ﬁﬂﬂfoﬁ'ﬂﬁbﬁﬁﬁlehﬁh&%&mnk %ﬂﬁ'ﬂg’aﬁd anﬁlt{:gas@t)és tﬁé‘ﬁﬁk&%rilﬂl&er‘éecem or
agoni sts and ant agoni sts. 1 on channel Mpckers, antimcrobial activity,

can al sd besphtialy comsteins Phase maembtn@lsaalocciatvathm dmmnélomg defirdd @mbther pti on,
everted gut penetr i on, other 5 pharmacoki E&tl c paraneters and efficacy

data can belifltror linkaa Thus s Spetussldeaiprap elkaF‘kﬁ"g ClBY gek@ytry,
t t
par anot er s ki, $8 HORq, Ol SRR O] it BELURIIETA"

library whi gfenexthadylay ﬁminhpcmaﬂdwwummﬁﬁﬁmgshelmudnfeh ned her ein, can be
readily determ ned by conventional nmethods. First those 10 rrenbers whi ch

exhi bi t rrul t| bi nahﬁbﬂlﬁﬁrﬁ)ﬂ‘éﬁdtm &ys iventierepreiseleetad tyalloonadtivabavgbindinghods  as

descri ve i.n di.. entlon both inv o and in vivo).

Second. [hs car vaany i HEnE RRERHUCTH o O Reskis StrtalomheeheaRRf i

nul ti bi ndi n&e%&%ﬁhteﬁ% nga%tlbﬁlté’&ﬁf}“ﬂd e pé’l'lﬁhe?‘f bf dh@?&ﬂﬁio%%‘gucﬁﬁl%cedur es.

For 15 exanpl e, each er of the’library can be encrypted or tagged with

appr opri at eot atfaoy mueineediatd pasiicwgthdep€r m nati on of the structure of rel evant
menbers at a later time. See, for exanple, Dower, et al., International
Pat ent Application Publication No. WD 93/0612-1; Brenner, et al., Proc.

Nat | . Acad-Béﬁ%sen%aH%‘Co%%gﬁ&&l_of{Fdrg\%@ﬂ[) Gal lop, et al., U S Patent No.

5, 846, 839; eac are rncorporated herein by 20 reference in its

entirethf. A.ter nBepresingative bivabdnr nedtibiediof combmmisbfﬁudmmml)ent corrpounds

can al so be determned from sol ubl e and unt a | i baries qdjg gdate
S

mul ti val ent VBERPodh dsdyd rﬁéyﬁo'agdrwavmhxlﬁhqnwg%rts 's‘&rehersyéerteh&én cri bed
by Hi ndsga , i 40, 325 whi ch was
publ i shed (L;Ar{ejlg?m@%‘[ XQIQQ BaBJg&gﬁ&g% sd(;gﬁ%t’eqofronré gaffl nity

chr omat ogr aphy W|th mass 25 spectroscopy to determine both the structure
and relative binding affinities of C&ﬂdl date_puyl ti bi ndi ng conpounds to
receptors. The process set forth abo fH)r ‘é%rrﬁ]’l date nul ti bi ndi ng
conpounds can, of course, be ext& i ¢ candi date conpounds and
hi gher anal ogs thereof. 30 19 enber 2002 _7%$_ Fol l owu~ synthesis and
anal ysis of additional arraH®):
anal ysis of the initial Iibralr'%);n an 5 10 optional conponent of the process
is to ascertain one or nore p ising nmultibinding "I ead" conpounds as
defined by particular relative I|i gangr g([firﬁnt ations, linker lengths, |inker
geonetries, etc. Additional librarie 4 then be generated around these

| eads to priovidg forfugther_Tnfor i
rel ati onshijdePd- TIetego-ar { s typical |
| i nker Z@truq;uré dnBmagt ¢ffort to fu
activity at{ the ftarget {antagonism | agonism etc.), and/or alter
physi cal priopertfi¥s. By{iterative r¢desigh/anal ysis usi ng the novel

principles or myrtl birnding design al W ag pa chem stry,
bi ochem stry, andkghar [’b)gy appr )geq%e t"[}héhr ¥ g‘?‘éﬂ épar@ and
identify ogtjmal tib conmpolig h Nieb cal ,gdvant age
towards t hFlirA t r@ g@r’!)-gpt herap 311 %H '?El bh#@“ﬂl}lgr%’l Aﬁp

vity
mor e F-BEUSLasRPFSMons [ n
ptimze target affinity apdl or

—+

el a e upon
this proced Lg,ae, S(yugj abl é (djm)aJ ent I i Bk,ﬁr S Jmpbud,er Ch@ﬂﬂ:h&@l by-—\my) f
exanpl e only—tHose—dertved fromditarboxytic—aci tds)y—ci-sut-fonytiratdes,

di al dehydes, di ketones, dihalides, diisocyanates, diam nes, diols, mxtures
of carboxylic acids, sulfonyl halides, aldehydes, ketones, halides,

i socyanates, amines and diols. In each case, the carboxylic acid,

sul fonyl hal i de, al dehyde, ketone, halide, isocyanate, am ne and di ol
functional group is reacted wwth a conplenentary functionality on the
ligand to forma coval ent |inkage. Such conplenentary functionality is well
known in the art as illustrated in the follow ng table: COVPLEMENTARY

Bl NDI NG CHEM STRI ES First Reactive G ouo Second Reactive G oun Linkaee



30 hydroxyl isocyanate epoxide sulfonyl halide am ne al kyllaryl halide

ur et hane ~3-am ne sul fonam de am de et her 19 Novenber 2002 -76 al dehyde
am ne/ NaCNBHa ami ne ket one am ne/ NaCNBH, ami ne am ne isocyanate carbanate 5
Exenplary linkers include the following linkers identified #NJlverhbéd20028gh
X 418 as set forth bel ow 19 Novenber 2002 _ 77 _ Qadtls p~J-~/'~f a. ~~
- O YvI7( ~froba-~"en- oal fQg9o al WoO SO 1C-f x.t K IpS fi-(

x-f X3 ~ M* - Iht

4A (RS) -(CH,),- bond | -NH-CH,-** CH(OH)-(4-hydroxy-3-
hydroxy-methyl)phenyl ** = (RS)
SA (RS) -(CH,)sO- bond | -(CH,),-O -(CH,),-NH-CH,-**
. CH(OH)-(4-hydroxy-3-
hydroxyethyl)phenyl
** = (RS)
6A (RS) -CH,- bond | -NH-CH,-** CH(OH)-(4-hydroxy-3-
hydroxy-methyl)pheayl ** = (RS)
7A (R) -(CH,)- bond | -NH-CH,-** CH(OH)phenyl ** = (5)
5 18a |® «(CH,),- bond | -NH-CH,-** CH(OH)phenyl ** = (R)
94 | (rS) «(CH,),-O- | bond | -O-(CH,)s-O-[4-(3-hydroxypropyl)]-
(CH,), phenyl
10A | (RS) -CH,*CH(OH)- ] bond | -O-(CH.)-** CH(OH)-(CH,)-NH-CH,-
CH,-O- * =(RS) ** CH(OH)-(4-hydroxy-3-hydroxy-
methyl)phenyl *¥* = (RS)
LA | (RS) «(CH,), bond | -NH-CH,-** CH(OH)-O-naphth-1-yl
*¥* = (RS)
10
I1. Representative bivalent multibinding compounds of Formula (I) wherein Ar'

is 4-hydroxy-3-hydroxymethylphenyl, Ar? is 1,4-phenylene, R' and R* are
hydrogen, X, W, Q, and Ar’, are as defined Table B below are:

¥y e
* N‘W
HO

Table B
15



p a a~pvVpf ~~0. ~(MO ba ON 14F0 x- XJW KJ 1(e K-1l
~ M ~K K~X. 11K11KJ! KJf Y. 17K-1(t.~~ ~'vW,.fa~ b an ro ~r
lo'Va ---0--~ 0Xv:i-Il~p; N'~ K 11X 7K 11~ ,O0 K 11X 11 X

In..lvw~w/'"O 10~( ~/~( ~GJ~ '~ ~,

10
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Cpd. | Stereo- X Q -Ar?
# chem.
at *C w
IB (RS)” bond -O-(p-C,H,)-NH-CH,- bond | 4-hydroxy-3-
**¥ CH(OH)- ** =(RS) hydroxymethyl-
phenyl
2B (RS) bond -0- bond | 4-aminophenyl
3B (RS) (CH,)¢- | -O-(CH,),-O-(p-CH,)- | bond | 4-hydroxy-3-
O- (CH,);-O-(CH,)-NH- hydroxy-
(CH,),- CH,-** CH(OH)- methylphenyl
** = (RS) stereochem.
4B (RS) -(CH,)¢- | -O ~«(CH,)¢-O-(p-CiH,)- | bond | 4-hydroxy-3-
O- (CH,);-O-(CH,);-NH- hydroxy-
(CH.,);- CH,-** CH(OH)- methylphenyl
** = (RS) stereochem.
5B (RS) -(CH,),- | -O-(CH,)s bond | phenyl
II. Represen_tative bivalent multibinding compounds of Formula (I) wherein Ar

KJf 1 b_ p~
1-W N ~~~at al

1

is 4-hydroxy-3-hydroxy-methylphenyl, R! and R? are hydrogen, Ar’ is (4-hydroxy-

3-hydroxymethyl)phenyl, X, W, Q, and Ar’ are as defined in Table C below are:

OH

H.W.Aer’Q
HO
HO
Table C
Cpd. | Stereochem. | W X Ar
# at *C




WO fob O w .~/~~~"1 V a aoK OHK IfK-~ x 1x !1X-HK-bO p~/f~f/~" ~
(Yl~.,. " /[~~~ " N..-~rwOpl-~0ro'" n ~00.. Kc ~SKllv X 1lv X 1X
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IC RS bond bond | trans-1,4- -NH-CH,-** CH(OH)-
cyclohexane ¥* = (RS)
2C | (RS) CH,- |bond | 13- -CH,-NH-CH,-**
cyclohexane CH(OH)- ** =(RS)
3C (RS) - bond 1,4-piperazine | -(CH,),-NH-CH,-**
(CH,);- CH(OH)- ** = (RS)
4C | (RS) bond | bond | p-menthane -NH-CH,-** CH(OH)-
) ** =(RS)
5 5C (RS) bond |bond | 1,2-phenylene | -CH,-NH-CH,-**
CH(OH)-
** =(RS)
IV.  Representative bivalent multibinding compounds of Formula (I) Ar' and
AP are 4-hydroxy-3-hydroxymethylphenyl, R' and R? are hydrogen, Q is a bond,
and W, Ar’, and X are as defined in Table D below are:
OH H ,
" N~W Ar—x
HO OH
HO OH
10 Table D
Cpd. | Stereochem. | W Ar X
# at *C )
ID (RS) bond 1,4- -(CH,)-(p-C4H,,)-NH-CH,-
cyclohexane ** CH(OH)-
** = (RS) stereochem.
15 V. Representative bivalent multibinding compounds of Formula (I) wherein Ar'

is';phenyl, R! and R? are hydrogen, W is -(CH,),-, and Ar’ is 1,4-phenylene and-Q-

AP, is [2-hydroxy-2-phenyl]ethylamino, X is a bond are as shown in Table E

below:



As10 .J Kt Ku ~"f KI f-. ~J AuW 1-to .Owvo /p wll a ea-- !-w_

ol 10 0 pb%Wly p~ KK IFfIKflK-11K St - ~s~(~! |Qae~0ae. ~0~ ~ p~
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OH |,
o
N/\,/Q
H on
Table E
Cpd. # Stereochem. at Stereochem. at
*C L17e
1E (RS) (RS)
5 2E (R) 6]
3E R (R)
VI Miscellanous compounds:
OH “
\/\/\/\0/\'/\/@
HO ©
HO
HN
HO
HO OH

) o HVV@Z“/@
S 0y
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OH

OH
NH OH
N ” OH
. OH
HO
HO

PREFERRED EMBODIMENTS
While the broadest definition of this invention is set forth in the Summary of
the Invention, certain compounds of Formula (I) are preferred.
5 (A) A preferred group is a bivalent multibinding compound of Formula (If):

OH
H 2 3
N-W-A?—X~Q-Ar

(1n)
(i) Within this group (A) a more preferred group of compounds is that wherein:
Ar' is aryl, more preferably Ar' is:

(a) a phenyl ring of formula (c):

RY
oy
Pz
RS Le
(©)
10  wherein:

R* is hydrogen, alkyl, halo, or alkoxy, preferably hydrogen, methyl, fluoro,
chloro,or methoxy;

R’ is hydrogen, hydroxy, halo, halo, amino, or -NHSO,R? where R* is alkyl,
preferably hydrogen, hydroxy, fluoro, chloro, amino, or -NHSO,CH;; and



a'~\.~-WAr '~ o0~ x.7 - f xxil Xl xil Al ,Nr.i-fr-i-.v.l' ~~~ ~
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R® is hydrogen, halo, hydroxy, alkoxy, substituted alkyl, sulfonylamino,
aminoacyl, or acylamino; preferably hydrogen, chloro, fluoro, hydroxy, methoxy,

hydroxymethyl, -CH,SO,CH,;, -NHSO,CH;, -NHCHO, -CONH,. or -NHCONH,.

(i)  Another more preferred group of compounds within group (A) is that
wherein:
Ar' is heteroaryl, more preferably Ar' is 2,8-dihydroxyquinolin-5-yl or 3-

bromoisoxazol-5-yl.

(iii)  Yet another more preferred group of compounds within group (A) is that
wherein:

Ar' is heterocyclyl, more preferably Ar' is heterocyclyl fused to an aryl ring,
most preferably 6-fluorochroman-2-yl;

W is a bond linking the -NR2- group to Ar?, alkylene, or a substituted
alkylene group wherein one or more of the carbon atoms in the alkylene group is
optionally replaced by-O-, preferably a covalent bond, methylene, ethylene,
propylene,

-(CH,)s-0-(CH,);-,-(CH,)4-0-, or -CH,CH(OH)CH,-O-; and

Ar? is phenyl wherein the W and the X groups are attached at the 1,2-, 1,3,
and 1,4 positions of the pheny! ring; cyclohexyl optionally substituted with methyl
and wherein the W and the X groups are attached at the 1,3, and 1,4 positions of the
cyclohexy! ring; or piperazine wherein the W and the X groups are attached at the

1,4 positions of the piperazine ring, preferably 1,4-phenylene.

Within the above more preferred groups, even more preferred groups of
compounds are wherein:
(a?) X is -O-, -O-alkylene, -O-(arylene)-NH-(substituted alkylene)-, -O-
(alkylene)-O-(arylene)-(alkylene)-O-(alkylene)- NH-(substituted alkylene)-, -O-
(alkyler;e)—O-(arylene)-, or -(alkylene)-(cycloalkylene)-NH-(substituted alkylene)-,
preferably -O-(CH,),-; -CH,-(1,4-cyclohexyl)-NH-CH,-CH(OH)-; -O-(1 4-

~ W

t,l

AN
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phenylene)-NH-CH,-CH(OH)-; -O-(CH,),,-O-(1,4-phenylene)-(CH,),-O-(CH,),-
NH-CH,-CH(OH)-; -O-(CH,);-O-(1,4-phenylene)-(CH,);-O-(CH,)s-NH-CH,-
CH(OH)-; -O~(CH,)(-O-(1,4-phenylene)-; and

Q is a covalent bond; or

(b) X is a bond; and

Q is a substituted alkylene group wherein one or more of the carbon atoms
in said substituted alkylene group is optionally replaced by a heteroatom such as
-NR*- (where R is hydrogen, alkyl, or acyl) or -O-, preferably -NH-CH,-CH(OH)-;

10 -NH-CH,-CH(OH)-CH,-0O-; -NH-CH(CH,0H)-; -CH,-NH-CH,-CH(OH)-;

-C(CHj;),-NH-CH,-CH(OH)-; -(CH,);-NH-CH,-CH(OH)-; -(CH,);-O-(CH,),-NH-
CH,-CH(OH})-; -(CH,),-NH-CH,-CH(OH)-; -O-(CH,)-CH(OH)-CH,-NH-CH,-
CH(OH)-; -NH-CH,-CH(OH)-CH,-O-; more preferably -NH-CH,-*CH(OH)-; -NH-
*CH(CH,0H)-; -(CH,),-O~(CH,),-NH-CH,-*CH(OH)-; -NH-CH,-*CH(OH)-CH,-

15  O-(where * is R or S stereochemistry);

Within the above preferred, more preferred group of compounds, a
particularly preferred group of compounds is that wherein:
@) Ar’ is same as Ar' as defined in preferred embodiments (A)(i)-(iii) above.
20 Another particularly preferred group of compounds is that wherein:

(ii)  Ar is a phenyl ring of formula (d):

.
2N
)

(d)
V}'herein:
R’ is hydrogen, alkyl, alkenyl, substituted alkyl, halo, alkoxy, substituted
25  alkoxy, hydroxy, aminoacyl, or heteroaryl, preferably hydrogen, methyl, propen-2-
yl, fluoro, chloro, methoxy, -CH,CO,Me, hydroxy, -CH,CONH,, -NHCOCH;,



~~a ro-'~~--\ ~owro o~"~00 "O oKw| ~ o0--~~,i.r."W-ji--~\~~

~ 10,./" . /-. wol roav' ~ ":.0? ooX(1ll. xlIflx117A-111A. I1li XfMa aH
pJ~\7-\f~oo ~-",. ~- ~ i0 ~~~OH10~"00 w J/ mes,~ ~ ~ 1 0" ow.s/
ay '~)--oar.. axl1l1llxil 7A-171X111XI 1fAIN. a-- < /\l1o o.n p%/ 49 NRembaP20>~
~~PV _ J\aa~ 0. ~\ - .. \ ..~~Vww'"'7pv~0.aX-171X 1t 1X-1nx

1lox. 111K-n. Di sa(fonyl halidesa a o fO46 00

-NHCHO, or imidazol-1-yl, 1-methyl-4-trifluoromethylimidazol-2-yl; and
R® is hydrogen, halo, alkoxy, substituted alkoxy, acylamino, preferably
hydrogen, fluoro, chloro, methoxy, -CH,CO,Me, -NHCHO, or -CONH,.

5 (iii)  Yetanother particularly preferred group of compounds is that wherein:
Ar’ is naphthyl, pyridyl, benzimidazol-1-yl, indolyl, 2-cyanoindolyl,
carbazolyl, 4-methylindanyl, 5-(CH;CO,CH,0-)-1,2,3,4-tetrahydronaphthyl, 1 H-2-
oxoindole, 2,3,4-trihydrothianaphthalene, 4-hydroxy-2-benzothiazolinone, or 4-oxo-
2,3-dihydrothianapthalene.

10

Within the above preferred, more preferred, and particularly preferred
groups, even more particularly preferred group is that wherein:

Ar ! is phenyl, 4-hydroxyphenyl, 3,4-dihydroxyphenyl, 3,4-dichlorophenyl,
3,5-dihydroxyphenyl, 2-chloro-3,4-dihydroxyphenyl, 2-fluoro-3,4-

15  dihydroxyphenyl, 2-chloro-3,5-dihydroxyphenyl, 2-fluoro-3,5-dihydroxyphenyl, 4-
hydroxy-3-methoxyphenyl, 4-hydroxy-3-hydroxymethylphenyl, 4-hydroxy-3-
(HCONH-)phenyl, 4-hydroxy-3-(NH,CO-)phenyl, 3-chlorophenyl, 2,5-
dimethoxyphenyl; 4-(CH,SO,NH-)-phenyl, 4-hydroxy-3-(CH,SO,CH,;-)phenyl, 4-
hydroxy-3-(CH,SO,NH-)phenyl, 4-hydroxy-3-(NH,CONH-)phenyl, 3,5-dichloro-4-

L OO
or
HN

(o]
preferably 4-hydroxy-3-hydroxymethylphenyl, 4-hydroxy-3-(HCONH-)phenyl, 3,5-

20  aminophenyl,

dichloro-4-aminophenyl, or

¥ 'Y

HO |
HN

o
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Ar is:
Ct
4 ¥ i) N
A ' BN ' BN
X Sy TN BN OCH,CO Me
\=p
(X = H; OMe, OH) Me
OCH,COMe o OCH,COMe o
= 1 2L2 «
CX OCH,COMe \\ N
OMe
_:_/|OH N I "l\\ . ;/I
‘ T 2 S T
N Ncowy NS HN AN l CHCONH; N sozme
X
(X =H;CN)
v (F RN
= L 1S ' 7
R ' N = y -:"‘: I N
N\% D "F/ y
N H
CFs3
o OMe 3
L0y o AP
. ] : 1 P .
) / X MeO ) \ NHACc
Cl NH
(X =0; CH,)

Y = OH, Me, -CONH2] (Z=ClorH)  (x-clorP)

-NHCONH,

preferably, phenyl or 4-hydroxy-3-hydroxymethylphenyl.

~ cl ~ ' '
: ‘ ! OH ~! ~ OCON(CH3)2
) ]
(]
NH, oH | oH Q/

OCON(CH3)z
X
1
~4 OH
1
or
OH
(X =ClorF)
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GENERAL SYNTHETIC SCHEME

Compounds of this invention can be made by the methods depicted in the
reaction schemes shown below.

The starting materials and reagents used in preparing these compounds are

5  either available from commercial suppliers such as Aldrich Chemical Co.,
(Milwaukee, Wisconsin, USA), Bachem (Torrance, California, USA),
Emka-Chemie, or Sigma (St. Louis, Missouri, USA) or are prepared by methods
known to those skilled in the art following procedures set forth in references such as
Fieser and Fieser's Reagents for Organic Synthesis, Volumes 1-15 (John Wiley and

10 Sons, 1991); Rodd's Chemistry of Carbon Compounds, Volumes [-5 and
Supplementals (Elsevier Science Publishers, 1989), Organic Reactions, Volumes
1-40 (John Wiley and Sons, 1991), March's Advanced Organic Chemistry, (John
Wiley and Sons, 4th Edition), and Larock's Comprehensive Organic
Transformations (VCH Publishers Inc., 1989).

15 The starting materials and the intermediates of the reaction may be isolated
and purified if desired using conventional techniques, including but not limited to
filtration, distillation, crystallization, chromatography, and the like. Such materials
may be characterized using conventional means, including physical constants and

‘ spectral data.

20 Furthermore, it will be appreciated that where typical or preferred process
conditions (i.e., reaction temperatures, times, mole ratios of reactants, solvents,
pressures, etc.) are given, other process conditions can also be used unless otherwise
stated. Optimum reaction conditions may vary with the particular reactants or
solvent used, but such conditions can be determined by one skilled in the art by

25  routine optimization procedures.

Additionally, as will be apparent to those skilled in the art, conventional
prptecting groups may be necessary to prevent certain functional groups from
undergoing undesired reactions. The choice of a suitable protecting group for a
particular functional group as well as suitable conditions for protection and

30 deprotection are well known in the art. For example, numerous protecting groups,
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and their introduction and removal. are described in T. W. Greene and G. M. Wuts.
Protecting Groups in Organic Synthesis, Second Edition. Wiley, New York, 1991,
and references cited therein.
These schemes are merely illustrative of some methods by which the
5  compounds of this invention can be synthesized, and various modifications to these
schemes can be made and will be suggested to one skilled in the art having referred

to this disclosure.

Preparation of a multibinding compound of Formula (T)

10 In general, a bivalent multibinding compound of Formula (I) can be
prepared as illustrated and described in Schemes A-D below.
A bivalent multibinding compound of Formula (I) can be prepared by
covalently attaching the ligands, L, wherein at least one of the ligand is selected
from a compound of formula (a) as defined in the Summary of the Invention, to a

15 linker, X, as shown in Scheme A below.

Scheme A
Method (a)
L + FG’*—X—FG L X L
Method (b)
FG!
L7, FG?— X —FG*PG Ly X —FG2%PG
{intermediate]
(1)
1
deprotect FG
i Ly X —fg2 + L7 Ly X Lo

20

, [n method (a), a bivalent multibinding compound of Formula (I) is prepared
in one step, by covalently attaching the ligands, L, to a linker, X, where FG' and
FG® represent a functional group such as halo, amino, hydroxy, thio, aldehyde,

ketone, carboxy, carboxy derivatives such as acid halide, ester, amido, and the like.
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This method is preferred for preparing compounds of Formula (I) where the ligands
are the same.

In method (b), the compounds of Formula (I) are prepared in a stepwise
manner by covalently attaching one equivalent of a ligand, L,, with a ligand X

5  where where FG' and FG? represent a functional group as defined above, and
FG’PG is a protected functional group to give an intermediate of formula (II).
Deprotection of the second functional group on the ligand, followed by reaction
with a ligand L,, which may be same or different than ligand L,, then provides a
compound of Formula (I). This method is suitable for preparing compounds of

10  Formula (I) where the ligands are the non-identical.

The ligands are covalently attached to the linker using conventional
chemical techniques providing for covalent linkage of the ligand to the linker.
Reaction chemistries resulting in such linkages are well known in the art and
involve the use of complementary functional groups on the linker and ligand as

15 shown in Table I below.

Table |
Representative Complementary Binding Chemistries
First Reactive Group Second Reactive Group Linkage
carboxyl amine amide
20 sulfonyl halide amine sulfonamide
hydroxyl alkyl/aryl halide ether
hydroxyl isocyanate urethane
amine epoxide B-hydroxyamine
amine alkyl/aryl halide alkylamine
25 amine isocyanate urea
hydroxyl carboxyl ester
amine aldehyde amine

Reaction between a carboxylic acid of either the linker or the ligand and a
primary or secondary amine of the ligand or the linker in the presence of suitable,

30  well-known activating agents such as dicyclohexylcarbodiimide, results in
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10 A bivalent multibinding compound of Formula (I) where the second ligand
AP is the same as Ar', X is a bond, and Q is 2-hydroxyethylamino group, and the
ligands are linked through the Ar® group can be prepared from an acetophenone
derivative of formula 1 as shown in Scheme B below.

Scheme B

o 0
1 OH

0
2Ar/lK'/ & HN-W-AZ—NH, /N—W—Arz—N§)l\Ar3
OH

1 ) 2 3

reduction

OH

/I\/N ~W-AZ—HN
0
(At = Ar)

15
Condensation of an acetophenone derivative of formula 1 with a diamine of
formula 2 in an ethereal solution such as tetrahydrofuran provides an imine of
formula 3. Reduction of the imine with a suitable reducing agent such as borane

provides a compound of Formula (I). Suitable reaction solvents are tetrahydrofuran,
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and the like. Compound 1 where Ar' is phenyl is prepared by heating acetophenone
in 48% hydrobromic acid in dimethylsulfoxide.

Compounds of formula 1 can be prepared by methods well known in the art.
For example, a,0-dihydroxy—- 4-hydroxy-3-methoxycarbonylacetophenone can be

prepared by heating 5—acetylsalicylic acid methyl ester in 48% hydrobromic acid.

Alternatively, a bivalent multibinding compound of Formula (I) where the
second ligand Ar® is the same as Ar', X is a bond, and Q is 2-hydroxyethylamino
group, and the ligands are linked through the Ar® group can be prepared from an

acetophenone derivative of formula 1 as shown in Scheme C below.

Scheme C
0 OH OH
1 - -— ~\AJ— —
ALl + HN-W-AP-NH, At N-W-AZ-HN I, s
4 2 (1)
(Ar' = Ar?)

A compound of (I) can be prepared by reacting an epoxide of formula 4 with
a diamine of formula 2. Epoxides 4 are either commercially available or they can
be prepared by the methods described in Kierstead, R W. et. al. J. Med. Chem. 26,
1561-1569, (1983) or Hett, R. et. al. Tet. Lett.35, 9345-9348 (1994).

Another method of preparing a bivalent multibinding compound of Formula
(I) where the second ligand Ar® is the same as Ar', X is a bond, and Q is 2-
hydroxyethylamino group, and the ligands are linked through the Ar* group can be
prepared from an acetophenone derivative of formula 1 as shown in Scheme D
below.
~ Scheme D

\~.-0

(0]
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CHCl,
5 : ] z : 8
OHG~W-Ar? OH OH
* cHO ArQ\%N_W—ArZ\N%ArS ———
g

10

OH

OH
art A N-W-A2—HN S, 5

(l)
(Ar' = A

Bromination of an acetophenone derivative of formula 5 with bromine in a
halogenated organic solvent such as chloroform provides an a-bromoacetophenone
derivative of formula 6. Treatment of 6 with sodium azide followed by reduction of

5  the resulting azide 7 with a suitable reducing agent such as lithium aluminum
hydride provides ethanolamine derivative of formula 8. Condensation of 2
equivalents of 8 with a dialdehyde compound 9 provides an imine of formula 10
which is converted to a compound of Formula (I) as described in Scheme A above.

Any compound which is a B2 adrenergic receptor agonist can be used as a

. 10 ligand in this invention. Typically, a compound selected for use as a ligand will
have at least one functional group, such as an amino, hydroxyl, thiol or carboxyl
group and the like, which allows the compound to be readily coupled to the linker.
Compounds having such functionality are either known in the art or can be prepared
by routine modification of known compounds using conventional reagents and

15  procedures.
Linkers can be attached to different positions on the ligand molecule to

achieve different orientations of the ligand domains, and thereby facilitate
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multivalency. While a number of positions on B-adrenergic-modulating ligands are
synthetically practical for linking, it is preferred to preserve those ligand
substructures which are most important for ligand-receptor binding. At present, the
aryl group and the sidechain nitrogen are preferred points of attachment,
5 [t will be apparent to one skilled in the art that the above chemistries are not
limited to preparing bivalent multibinding compounds of Formula (I) and can be
used to prepare tri-, tetra-, etc., multibinding compounds of Formula (I).
The linker is attached to the ligand at a position that retains ligand dom-ain-
ligand binding site interaction and specifically which permits the ligand domain of
10  the ligand to orient itself to bind to the ligand binding site. Such positions and
synthetic protocols for linkage are well known in the art. The term linker embraces
everything that is not considered to be part of the ligand.
The relative orientation in which the ligand domains are displayed derives
from the particular point or points of attachment of the ligands to the linker, and on
15 the framework geometry. The determination of where acceptable substitutions can
be made on a ligand is typically based on prior knowledge of structure-activity
relationships (SAR) of the ligand and/or congeners and/or structural information
about ligand-receptor complexes (e.g., X-ray crystallography, NMR, and the like).
Such positions and the synthetic methods for covalent attachment are well known in
20 theart. Following attachment to the selected linker (or attachment to a significant
portion of the linker, for example 2-10 atoms of the linker), the univalent linker-
ligand conjugate may be tested for retention of activity in the relevant assay.
The linker, when covalently attached to multiple copies of the ligands,
provides a biocompatible, substantially non-immunogenic multibinding compound.
25  The biological activity of the multibinding compound is highly sensitive to the
valency, geometry, composition, size, flexibility or rigidity, etc. of the linker and, in
turp, on the overall structure of the multibinding compound, as well as the presence
or absence of anionic or cationic charge, the relative hydrophobicity/hydrophilicity
of the linker, and the like on the linker. Accordingly, the linker is preferably chosen

30 to maximize the biological activity of the multibinding compound. The linker may
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I ncl ude, by way of exanple, L-1 through L-- as identified above.

Combi nations of ligands (L) and |inkers-@X)- per this invention include, by
5 way exanpl e only, hono- and hetero-dinmers wherein a first ligand is

sel ect ed fr orhelchoper torephgyiceithe bigkagical agtivitylnd theowoledulei dmpehesaldthkilinker i s
selected fromth foIIoan: . ) :

L- 11 X- 1 - L- 1 1 08 be phogenipmygny opggnic mplegule qopsiryet fhat orients two or more

OL- 11 X-7-L- 1/% | f, = B ks d il X9-10- L - sl dy = b= s L = 13; -14-L-1/X
DT L1 x 1o Eefiad e help Rgrid didaishes ol ey it Uts fedde, M- 142 15102
- L- 1/ X- 24- L- llinke2&anlbd doXsideéret -ab A Xframrelvotk" X¥nABhith theXigaAdd ark axadgedlinl/ X- 31- L-
[/ X-32-L-11X-33-L-1/X-34-L-1/ X-35-L-1/X-36-1

$L- 1/ X- 373 L- torderdg bring abous ghq desprad ligand-prionting resujy sndghus prodycess. |- | / X- 44- L-
|/ X-45-L-1/ X-4G-.L~ 1/ X-47-1-1/X-48-L-1/X-49-L-1/X-50-L-1/X-51-L-1/X-52-L-1/X
-53-L-1/ X544 “b‘“fi%g'%-“}_"-"“@'/ X-56-L- ( /%X-57-L- | /X-58-L- | /X-59-L- |

- | X- 80- L- 1 / X- 61- L- Igokefnpte! didefAr bribdkatidit-cha bé ¥cHibved-ty/iXciB8m2 Gh tHe! X- 67- L- 1/
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6- L- | / X- 77- L{tamewrgk grqupXcqgaining o8e-dr-polyxydic groupsxirguding Ayl 88YVor | / X- 84- L
-1 X-85-L-11X-86-L-1/ X-87-L-1/X-88-L-1!X-89-L-11X-90- LB 1/ X-91-L- l [ X-92-L-1/
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| X-116- L- | / Xiddiudeloligo¥ekd dhdlpdlynfeds|vehith hreXrdiizBed--or StaigRttcHaid épéeieR2d - | / X- 12
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11 X- 1 31- L- | Prefarsed ¢gmbqdiments, qigidjty s imparted pytheqmeseneq of qyghc graupx(§-87- - | | X-

L Rkttt e M,y b ok 145~
UX- 1 52- L- 1/ XrinR3s & silk/oXtérDhetnbér pkngd. Stnskitll fithek prefbéd tthdodiménis; the Xink 98- L- | / X-
£59-L-11 IXS- 1621-1 Iﬁr-olnlla)t(i-clrgl%g-slaéll\ Ias),(-ﬁr)Lr6 ggamplé%heNz?y\{%gEaGprhthzyqp 2-84510
Different hydrophobic/hydrophilic characteristics of the linker as well as the
presence or absence of charged moieties can readily be controlled by the skilled
artisan. For example, the hydrophobic nature of a linker derived from
hexamethylene diamine (H,N(CH,),NH,) or related polyamines can be modified to
20  be substantially more hydrophilic by replacing the alkylene group with a
poly(oxyalkylene) group such as found in the commercially available "Jeffamines".
Different frameworks can be designed to provide preferred orientations of
the ligands. Such frameworks may be represented by using an array of dots (as
shown below) wherein each dot may potentially be an atom, such as C, O, N, S, P,
25 H,F, Cl, Br, and F or the dot may alternatively indicate the absence of an atom at
that position. To facilitate the understanding of the framework structure, the

f5amework is illustrated as a two dimensional array in the following diagram,

although clearly the framework is a three dimensional array in practice:
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19 Novenber 2002 88 _ vitro and in vivo" Br. J. Pharnacol., 104, 66~-671
( 1991 ); Kikkawa, H et al., "RA-2005, a Novel, Long-acting, and Sel ective
Bet a 2- Adrenoceptor Agonist: Characterization of its in vivo
Bronchodil ati ng Action in Guinea Pigs and Cats in Conpari sof Novémber2602

Beta 2-Agonists''. Biol. Pharm Bull., 17, 1047-1.02, 5 ( 1994); and
Anderson, G P., " Forneterol: Pharnacolqu, Col ecul ar basis of Agoni sm and
Mechani sm of Long Duration of a H ghly Pdfent and Sel ective Beta

2- Adr enocept or Agoni st Bronchodil ator, Life Sciences, 52, 214S-2160, ( 1993
). P,~armaceutical Formul ations 10 Wen enpl oyed as pharmaceuticals, the
conpounds of this invention are usually adm nistered in the form of

phar maceuti cal conpositions. These conmpounds can be adm nistered by a
variety of roufes rncliuding orat, Tectat, "transdermal, subcutaneous,

i ntravenous, intramuscul,ar, and.intranasal.. These conpounds are effective
as injectable inhaled and oral conpositions. Sucfj 15 ceupositions
prepared in a $rgnner well known"irf the pharnaceut) C
| east one actkzq conpound. This, invention al so igctudes, phaymaceut\ cal
conpositions ich contain, as the active i i

conmpounds descti'bell [fer&i i
carriers. In mking/the.canpQsitjyans.of. ki s 20 i/on, ve

i ngredi ent is usual ' MtA an exci pyent, di by an L ent or
encl osed wit hi% “su§ i i pe in the form of g capsule
sachet, paper 1or. ot €@ excipient serves as a diluent,
it can be a solid, 1 -sofid, or\liquig material, which acts as a vehicle,
carrier or ned|Qﬂ1ﬁoQ tRe acti ve inggedj qgt . Thus, the conpositions can be
in the formof tablets, pills, 25 powlders, |ozenges, sachets, cachets,
elixirs, suspensions, enulsions, solutions, syrups, aerosols (as a solid or
inaliquid nedium, ointnents containing, for ex~nple, up to 10% by wei ght
of the active conpound, soft and hard gelatin capsul es, suppositories,
sterile injectable solutions, and sterile packaged powders. In preparing a
formulation, it may be necessary to mll the active 19 Novenber 2002 -89

conpound to provi Nedése, BPRI0NHIAL @, DAMO)ER)S(77, GLA)P(10D), GO Wi t h

the other ingredients. If the active conpound is substantially insoluble,
it ordinaril iepresenficarheg atasnsy Nedet(180p representyp chlosineatpam Adpthgrgiedey f ¢ he

active conpo 1.S$.Su ti e uhl t ticle size is
nor mal |y adjg£98§§§?éﬁﬁéﬁﬁéﬁ%%ﬁﬁ?@%?%ﬁﬁgl gdgffgggﬁgﬁ1y uni form
di stribution in tRedésqmnmyhad (94 ar€agachaRatpoide. MBARgePatdnLiraamhed tof
sui tabl e excipients include | actose, dextrose, sucrose, - sorbitol

manni t ol , st BedeRE34), ¢h). £685i(R0), €Ak BiI(LARanddBi0at Blodey @i hand£6.2) atggacant h,
gel atin, calciun1sihicate m crocrystal line cellul ose,

pol yvi nyl pyr FEIRCESH Yaégﬁkﬁrﬁ@e, sterile water, syrup, and nethyl

cel lul osgy The forTRULAbHPRSMS Presarstird bl kY by CithdtGl sile of SAVICHSddRY agent s
such as talc, magnesium stearate, and mneral oil; wetting agents;

enul si fyi ng akihgdaepensidergticytapsincipteesfaesonanceandfir saweroerisns. net hyl - and
propyl hydr oxy- benzpat es; sweeiening agents; and flavoring agents., The
conposi tions’ of tﬁ el"ﬁﬁf@ﬁf‘?'&ﬂ}@ﬁﬁr “%&hmkﬁsé‘&dét&a]é%a“pcggﬁfpow(ﬁj@dﬁff{]ck,
sust ai ned or 1 Y | nistration
fo the 15 palt anpgyE LRENTEOt hlf S ERh RN Frdefs. Frdhls
conposi t i onsofdceepalslé patedvhyoffthresbatigdus atomn amvdrigeniostagee shomminelach dosage
contai ning fromabout 0.001 to about 1 g, nore usually about 1 to about 30
ng, of tiPe atallowdng diagrediient. The term "unit dosage forns" refers to
physically discrete units suitable as unitary dosages for human subjects
and ot her manmmal s, 20 each unit containing a predeterm ned quantity of
active material calculated to produce the desired therapeutic effect, in
association with a suitable pharmaceutical excipient. Preferably, the
conpound of Forrmula (I) above is enployed at no nore than about 20 wei ght
percent of the pharmaceutical conposition, nore preferably no nore than
about i S weight percent, with the bal ance bei ng pharmaceutically 25 inert
carrier(s). The active conpound is effective over a wi de dosage range and
is generally adm nistered in a pharmaceutically effective amount. It, wll
be understood, however, that the anount of the conpound actually

adm nistered will be determ ned by a physician, in the |light of the

rel evant circunstances, including the condition to 30 be treated, the
chosen route of adm nistration, the actual conmpound adm ni stered 19
Novenber 2002 -9p and its relative activity, the age, weight, and response
of the individual patient, the severity of the patient's synptons, and the
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conponents can be separated by an enteric |ayer which serves to resist
disintegration in the stonmach and permt the inner conponent to pass intact
into the duodenumor to be delayed in release. A variety of materials can
be used for such enteric |ayers or coatings, such materi al s 10riNdvedibeg2602
nunber of polyneric acids and 20 m xtures of polyneric acids with such
materials as shellac, cetyl alcohol, andgcellul ose acetate. The |liquid
forms in which the novel conpositions of ‘the present invention may be

i ncorporated for adm ni 8ty ti onNcgeI |y ol (t)y i ti on | ncl ude aqueous
solutions, suitably fl ag@rgd SYNYDPR, aqy §d§ n5| ons, and
flavored 25 emul si ons wEidOedi bNE @i | s @@cm assoon oplo ocottonseed oi |,
sesanme oil, coconut oi Icgﬁ peaﬁ@gm I 8%§ wel el P st and simlar

phar maceut i cal vehicles” ~'x Conpositions for inRital ati BF Br insufflation

i ncl ude sol utions and s nsi oNN&n p “ ceuSNdaI | ypaccept abl e, aqueous
or organic solvents, orC gture %ere ersP e liquid or solid
conpositions may contai QN3 sui Nab$ [Yo3:1 y ept abl e exci pients
as described supra. Pref&fbly EM 193 Nkf\/errb%N P002P N 5 conposi ti ons

are adm nistered by thecor@l orngagal reeriratepy rou e)éor | ocal or
system c effect. Corrpo;%@_gns iNQiefe pl“ﬁontaceuémlly accept abl e

sol.vents may be nebul i y Usgeph | as d solutions nay be

n
inhaled directly fromt nebul g deyoge or n zi ng device may be
attached to a face nas ter tent Qsitive pressure breathing
machi ne. Sol uti on. susgggon cﬁég ] onsg‘gﬁg be admi ni stered,
preferably orally or nas8ldy, fHN&mS deV|Ct:9s) adel i the formulation in
an appropriate manner. %ﬁﬂVPLE@Lﬁ@ The 3 88l ow§ repBB& i ons and exanpl es
are given to enable thQ’SECSkI | lgegpgn the art t rel FSEarIy under stand and
to practice the present ent i MRA.N The g ul & aGt beD p@si dered as
limting the scope of t nve @rel THM j | |ustrative and
representative thereof . CP® the te)?a?rpl esa lbsl OoW,S Plse oﬁp&n ng abbrevi ations

have the following 15 20 25 30 35 neanihgE. USBEs otMBEMni se stated, all
tenperatures are in degrees Celsius. If an abbreviation is not defi ned it
has its generally accepted neaning. A -- Angstronscm centi neter DCC-

di cycl ohexyl carbodiim deDMF- N, N di net hyl f or mam deDMSO-

di et hyl sul f oxi deg- granHPLC- hi gh performance |iquid chromat ography VEM

m ni mal essenti alOneB©illedn® theirl Wogiddddbleto identifrbeadindpdietdrtfat would
concentrationmn- mnutenk- millilitermrm mllimetermol- mllinol. %N

nor mal THF- Pexdpehiaitbrianh aempovridsr dMathedsfonprogdueing Hisse bondigm t enper at ur eR~
retention f ?&%nsg% CntS]’A%C h@sc?gg? n [g@l['C% /gc%va 0 p%llﬂgcl ae{tmst mi?{h I%B{ gyonance

ESMS - el ectr ssspectrump Rbvenber
2002 - 93 Sxwil ltnt&scﬁeqﬁﬁpme& \Esfanmt\e wortsymdzgesmesefantm@mentmﬂe bi s{N

[ 2- (4- hydroxy-3-h droxynethylphenyl) 2
described in the grid of dots shown in the scheme above. All of the possible
arrangements for the five most preferred atoms are shown. Each atom has a variety
of acceptable oxidation states. The bonding arrangements underlined are less
acceptable and are not preferred.

10 Examples of molecular structures in which the above bonding patterns could

be employed as components of the linker are shown below.
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hydr oxyet hyi ] am no }cycl ohexane 5 (following figure 5) OHNHNOHwi ~ H,
w HO OH HO OH Step 1 To a solution of 5-acetylsalicylic acid nethyl ester
11 (5.0g, 25.7 mmole) in dinmethylsul foxide (44 nmL) was added 48%
hydrobronic acid. The resulting m xture was stirred at 55 C9doveivbér,208RAd
poured into a slurry of ice-water 0200 10 nlL), precipitating a pale yellow
solid. The solid was filtered, washed with water (200 nL), and dried to

gi ve a, a-di hydroxy-4-hydroxy- 3- net hoxyca?%onyl acet ophenone 12. The product
was re-suspended in ethyl ether 0200 niL), filtered and dried to give (3.4l
g, 59% of pure product. Ri= 0.8 (10%MOH/CH Cl,). H-NW (411

CDC13/ CD30D, 299. 96 M—|z): b rr) 8. 73 8.72 (d, L H, 8.28 8.24 (dd, 1

H) , 708705(d 5.8 , 4. 1(sJ\SCH). St N2 o a

suspensi on of adaﬂdl hyerX 4- t hoxy&dr bony| a%biophenone 12
(0.3 g, 1.33 miAe)Oin THN (1 m_) vés dHded a sol ution '
traps-1, 4-di am nocycl ohexane (76 ng, 0.66 mmole) in THF (5 . The
resulting 20 s pGQS| on was.@tjrred- rNSJ:I at et t dr e under
nitrogen atnosp erev at wh c or mat i an imne was conpl eted judged by
TLC anal ysis. Af tﬁﬂ cooling @~ the resu | ng sol utd on at icqj bath, an
excess anmpunt of BH3- My 'n/hexa‘ng AL, 8 @nm‘\[@’) to the

previ ous sol uti &h. Mhe resulting m xture was sIova warnmed to rt and
refluxed for 4 h lﬁ?nder N, str‘%am After Rzool i ng th§ 25 reacgt$son_m xture,
MeCH (5 i) was.afided to augreh excess dmpunt of C2M®F,  ¥9 Novenber 2002
-94 Me,S. After stl ring fo d%d\'mn Cfbecflnal solpution (or @l oudy
sol ution) was evaporated in cuo, yieldyng a pal elbrown soI |§j. The solid
was washed wit k- hexa‘ﬁglcs1 ~N-/2; 20 Jib), andhadiibed: ThaCtrieté product
was di ssol ved i n"50% MeCN/ H, 0 cont ai nt@g 5% TFA, Oand pur| fied by
prep-scal e high p&Qformnce S I|qU| d chr@ ography) PLC) uswg a |inear
gradi ent (5%te\d§/ﬁﬂ%) CN H\@’ Ygr 50 mi QJ\d m./ m et ect TN &t~ 254 nM).
Fractions with orption were anatyZedNby LC NVStN0|soIate
traps-1, 4-bi s{N [2 (4- hydr oxy- 3- hydr oxyngt hyl STN S/\g

6 MHz): 8

phenyl ) - 2- hydr ] anmi noge «ohexama’ 3~ H N , O, 2,@&

(ppmM 7.35(d,0§%) .18 (dd, , 6.80 6.78 ("H RALE 48'8486( 2H) ,
4.65 (s, 4H), 3.15 r s, 4H), ;12 89 (m , 1.68 1155 (br mN- ESMS
(C, 4H 4N, 08): cal 5, ~gHbe - 447§ {MpH . ngbgﬁd 14: \pr dceedi ng as
descri bed above™#ut héubstl t ut |0ng traps-194-di am no eycl ohexane'\\m th

4, 4" - met hyl enebi s(cycl ohexyl am ne) gave bis {4,4'-[N-[2-(4
The identification of an appropriate framework geometry and size for ligand

domain presentation are important steps in the construction of a multibinding
compound with enhanced activity. Systematic spatial searching strategies can be
used to aid in the identification of preferred frameworks through an iterative
process. Figure 3 illustrates a useful strategy for determining an optimal framework
5  display orientation for ligand domains. Various other strategies are known to those
skilled in the art of molecular design and can be used for preparing compounds of
this invention.
As shown in Figure 1, display vectors around similar central core structures
such as a phenyl structure (Panel A) and a cyclohexane structure (Panel B) can be
10 v'jlried, as can the spacing of the ligand domain from the core structure (i.e., the
length of the attaching moiety). It is to be noted that core structures other than

those shown here can be used for determining the optimal framework display



15 hydr oxy- 3- hydr oxynet hyl phenyl ) - 2- hydr oxyet hyl ] am no] cycl ohexane }

nmet hane. ESMS (C;, H46N, 06) : cal cd. $S42.7, obsd. 543.6 [ MtH)-. Conpound 15:
Proceedi ctg as descri bed above but substituting traps-1, 4-diam no
cyc(ohexane with 1, 3-cycl ohexanebi s(net hyl am ne) gave 1, 3- bitg NoMember 2002

[ 2- (4- hydroxy 20 3-hydroxynet hyl phenyl ) -2-hydroxyet hyl ] am nonet hyl

}cycl ohexane. ESM5 (C,, H 8N, 06): calcd._ gh74.6, obsd. 475.3 [ M+H)". Conpound
16: Proceeding as described above but substituting traps-1,4-diam no

Py oxy ot nyR sy AR, DR B pat e Guite g b Gt SR 0y
ca(cd. 502. 6san€<‘:b&ﬂtral552>3e éirl[cM*err corhBIRR@AHRC f UTEferbQg AU fdﬂsp@a?.' c@@e%cr i bed.

above but substituting traps-1,4-dianm no cycl ohexane with
1, 4- bi s(3-am noprlilguq/at)omﬂemdnﬁder@assecam be-epxfenfad {of tNnr( EFigurd 9) Nelyenber 2002

;p?Ser i ne. Sopsih of ialeheaterky (Fibutesd a6 “obsa) 533 5 [ Vel -, 5-- 0
[ MkNa] ” ConpoundAg)bﬁzs 5’{&%E‘3?'lH@gnﬁﬂqﬁﬁﬁ&fnﬁ}ﬁﬂd@QPz}’@olQ%oég&é}dt%’%&l ng N

traps- 1 d| am no exane Wt |'enedi am ne

[ 2- (4- hydr oxdescritfeddiboxey will feyd phe subsgt of-doyrhoandek iy tHealssinedh@ihanded) benzene.
ESMS (C, 6H;, N, 06): calcd. 468.5, obsd. 469.3 [MtH| T, 492.0 [ M+Na]'.
Conpound 19:acHyiies &ig. ngota@cyd seleqtiviigcetad oV Be pualy iy efithisisubsah gsing a

t 1,4-dia 10 h nedi l,, 3-bi s{N
T A RS AT A 120
ESMS (C, 6H, diietkation et @ﬂ/orﬂﬁgpﬁ) cARSdesifl - Agv\[ldié*é-lv&kfty oft firkeds {sMrNa] *

Compound 20: Proceedi ng as descrl bed above but substituting
t r aps- 1,18- dicammacialy eyailabled(eme- gwwalablarﬁhwb@iaueaméA@@\))e Many of

{2 (4 oy HGHR Ul s CROAALR B BN ) e A ey ofthet esnes (.

H3ON, 06) : * Cahfi e réimfty 3 ntﬁék%&d_bﬁﬁﬁetﬁocﬁé\%bﬂ knodRIPALAR Adior 20 RsqpRadi ng as
descri bed above but gu%stl tuti traps-1, 4-di am no cycl ohexane wth

2- (4- am noplbelopt.) et hyl ami ne gave 1 {2-[N

2-[ (4- hydr oxy- 3hydr ox t hy| he 2- hydr oxyet hyl ] am no) et hyl }

[2[24 hzdroxg Shy yffr% X p o} i““!’r%‘ﬁ’t’%ﬁ%%‘f‘ﬁ&f {f‘%ﬁﬁ%ics@ree%es LSS

C, 6H; , N- 06 Pr oceedi n
fats descrlflB beélrle g@%/egg%u?@g | sltzig‘?g %%@B%ﬁiadﬁﬁoﬁgg%&%@héygne wth ’

4, 4' - oxydi arbhippositigav€the linker can be varied in numerous ways to achieve the desired
4, 4" -bi s{N-[ 2- (4- hydroxy- 3- hydroxglmet hyl pheny I ) ~2- hydroxyet hyl ] am no} phenyl
et her. Eswspb@leah,p,rwecsle)s fopthie sppltibigding’ coman 533.3 [M+H ', 556.1 [MNa] ~.

30 Compound 23 19 NOURITPEL sefQfat there is a plethora of possibilities for the

composition of a linker. Examples of linkers include aliphatic moieties, aromatic
20 moieties, steroidal moieties, peptides, and the like. Specific examples are peptides
or polyamides, hydrocarbons, aromatic groups, ethers, lipids, cationic or anionic
groups, or a combination thereof.
Examples are given below, but it should be understood that various changes
may be made and equivalents may be substituted without departing from the true
25  spirit and scope of the invention. For example, properties of the linker can be
modified by the addition or insertion of ancillary groups into or onto the linker, for
example, to change the solubility of the multibinding compound (in water, fats,
ligids, biological fluids, etc.), hydrophobicity, hydrophilicity, linker flexibility,
antigenicity, stability, and the like. For example, the introduction of one or more

30 poly(ethylene glycol) (PEG) groups onto or into the linker enhances the



- 96 Proceeding as described above but substituting trans-1,4-di am no
cyci ohexane with 2-am nobenzyl am ne gave !-{N [ 2-(4-hydroxy- 3-hydroxy

met hyl phenyl ) - 2- hydr oxyet hyl ] am nonet hyl }-4-{N [ 2- (4- hydr oxy- 3- hydr oxy

met hyl phenyl ) - 2- hydr oxyet hyl ] am no[ benzene. ESMS ( C, SH; oN, 0i®) Noweatted 200544,
5 obsd. 455.5 [MtH] -, 477.3 [MtNa] Exanple 2 10 Synthesis of 1-{2-[N

2-[ (4- hydr oxy- 3- hydr oxynet hyl phenyl ) -2 hggr oxyet hyl ] am no] et hyl }-4-{N

[ 2- phenyl - 2- hydr oxyet hyl ] am no] benzene (Fbllowing figure 6) OH OH N HO ~ i
' ~ ~J HO 15 Tgo a suspension of a, a-dihydr oxg_— 4- hydr oxy- 3- net hoxycar bonyl
acet ophenone hydroppilisgy aad water solyhity of the gpiibinding spmpopud.dnggeases bghmpl e)
in THF (10 m) ,was. add a,solution.of 2-(4-am nophenyl)ethyl am ne 25 -
(0,161 g, 1 TRl R R AR R o d AT R O R E D s ot e e

for 3 h at amRPRGYIatd IHkER M iHE@adeNBE N NV FRGRIBNAUND SRRETE PEGIhAPWed by
addi tion a, a-di hydroxy acetophenone 24 (0.2g, 1.32 mmol e). The re€action

m xture was seéreasednfigai@tyrandtpoRhtialy enlinces the omertall oigidify ¢fttbe linkeme was
conpl et ed_as judged TLC analysis, The reactiqn . xtufe s. copoled in an
i ce bath and an efﬁ‘éaé%ﬁrﬁﬁﬂﬁ W&i%ﬁfﬁhﬁlﬁf*l\t}é‘? ‘é‘aﬁeﬁsﬁlé'%glf’?’éhxcgom\eﬁc'i@ | e) was
added. The r t ] ; t r-efl uxed for 4
h under N, sﬁﬁgégn%lnaﬁC%@ﬁﬁgltﬁfélﬁyﬁuﬁ%g&%g@g\ E)H%(&cfé%a%%ulqlﬁench excess
anount of BHpradvlcibg thA§ irentsdn. r Thusgit 30within. the sdope of tHelfesend Biviiicantbake 2002

-97 final solution (or cloudy suspension) was evapqrated in vacuo. to give
a pal e br ownarilary gromps such asq fangxamplenemathrapgatmemissiod gthydene glycols; 20 i) ,

and dried. T roduct S. di | LN.50% MeCN H, O gontai ning 0. ~%
TFA, and pur?ﬁ?@@gg{?f) l)g)rlsegﬂ%’c% e 653’%%8}/?%#) Cﬁ’é’ﬁgtee’ %’alcc |n(§le%:’ﬂ?(g\"r§f’%8}‘°§8%y i
(HPLC) umj ng, aligdsa@Bhridesgétalli @foxyhlest (8.3 faleepdatinSupes f dlaidacid0

m./mn; detection at 254 nM. Fractions-with absorption were anal yzed by
LC- M5 t o | ocagrglidadid-€la\), amines (e.g., tetracthylenepentamine), and the like) to enhance

2-[ (4hyd - 3- hyd t hyl ph | )+.2-hyd t hyl i -ethyl}-4-{N-[2-ph
enyl 2. hydr ox PECHIIPHGY B BERetoRh fpl B BErSIANnURF Rl BtaSopbs " obed
423. 3 [ MrH)  jhveddbrCaNRRBTe LdmbdliReR8HhBUnéfalf8s6tp BRd (& RAY@ve Ridler

substituting a, a-di hydr oxy- 4- hydr oxy3- net hoxycar bonyl acet ophenone wi th

a, a- di hydr oxsdelitigfinemephdigoweillibeg Lpdlpethd-.phenyl - 2- hydr oxyet hyl ] ami noet hyl
}-4-[N-(2-phenyl - 2- hydr oxyet hy(.}.am np) benzene. ESMS (C 4H, aN, 08) . cal cd.
o L Ry, Bhe b Poffon piBRNAIRS BSBEY roupS VU e YigehRs Of the

(bR M) iR e | o,
HO I ~ v | ~compoundOtesikibed herein is also within the scope of this invention. Lipophilic
groups useful with the linkers of this invention include, by way of example only,
aryl and heteroaryl groups which, as above, may be either unsubstituted or
20  substituted with other groups, but are at least substituted with a group which allows
their covalent attachment to the linker. Other lipophilic groups useful with the
linkers of this invention include fatty acid derivatives which do not form bilayers in
aqueous medium until higher concentrations are reached.
Also within the scope of this invention is the use of ancillary groups which
25  result in the multibinding compound being incorporated or anchored into a vesicle
or other membranous structure such as a liposome or a micelle. The term "lipid"
rgfers to any fatty acid derivative that is capable of forming a bilayer or a micelle
such that a hydrophobic portion of the lipid material orients toward the bilayer

while a hydrophilic portion orients toward the aqueous phase. Hydrophilic

30 characteristics derive from the presence of phosphato, carboxylic, sulfato, amino,



20 Sten |1 To a solution of 4-{2-am noethyl)aniline 25 (20 g, 147 mmole) in
nmet hanol (250 nL) was added (Boc), O (32.4 g, 148 mmole) in nmethanol (50 nl)
at rt. After string for 24 h, the reaction m xture was concentrated to
dryness to afford a pale yellow oily residue. The oily matel9 boveaberditiRed
slowy; thus it was dissolved in 5% 25 MeOH CH, C(,, and subsequently
applied to flash silica colum chromat aphy (3 to 10% MeOH/ CH, Cl,). After
purification, 4- (N Boc 2-am noet hyl Yaniline 28 was 19 Novenber 2002 98

Oﬂkﬁkn(e?:oaséﬁ‘ R R ot ik it b i My Ryt
3. 203. 13 ( dbe éferred ﬁ@l@ﬁuﬁén of upé‘-ttéﬂ-m(:ﬁlde%thare%t ﬂﬁul%d% lon

4- (N- Boc- 2- am noet hyl)anil i ne 28 5 g, 5.29 nmole) was di ssol ved | n
met hanol ( 3@1amL;atu1faCﬂdlaod/@dewramddllmhatm l@fdrqmequ grglllgsa»faxb tQZ!O (carbod8 g, i.28
mol e). The reactlon m xture was 3t|rredfor 1 rt, prior to addltlon
of NaCNBH- {0ms@8d §uch grogps sbgiiyite ﬁ¥é’“F|%§}°fﬁf‘Wﬂ Ieieasid. SYelonkH f or 12 b at

oo 10 necy ERE AR B LIRRY, P e B Ao 37 (2 10

ar ni noet hyl| épmlmgou1pﬁlsa&p&s@ﬂéta/eyeahh@w5®ﬂwtﬁch l?la-luge 9ﬁds%ﬁland?fléhoﬂné8 in S%
MeOH CH, Cl , H NVR (CD, OD, 299.96 MHz): 7.25 7.06. 95

(d, 2H). 6. @®sphaplyfethanplagmine, pbssmaméylécmle nh atslybn@s@i, spl@mhc 3.2-3. |

iﬁ?pﬁ?nyl %06 ol phlsepduditeteims Hhantosh 'ﬁﬁ?‘aﬁe‘ﬁ%g' 1% a7
nmol e) in g;gguaw &ﬁamarﬁméOdlmmse@&)hfaaﬂ{aﬁdylbﬁbmﬁe bath, and TFA ( 10

m.) was sl ova under a streamof nitrogen gas. The reaction mixture
was st ilOr eddlbboylphhsphandvldmhme,rdlstaaMI phowhﬁldyldlobaéer yellow oil. The crude

ggt ﬁ{ Inal 20y, (?Slﬁg)m)fu{sbﬁ%fc{%clﬂﬁ\r{g E:g ﬁg bgl;.]lgecia 6| Iﬁlér co po?x(:{gist lcz)iclill(r)xogA) MBCN'H O over

ey AR R Sy b T

7 12-7.0 (Cgroﬂp-hle&gha&ﬂaél@ﬂi (Addlihoh&lly,ﬂ]@%ﬁ[ﬂuﬁﬁhl(:rlﬂplcﬂld):scrﬁaedlabﬁvé I (t,
2H), 2.98-2.94 (t ; ESMS ( . calcd. 256.4, obsd. 257.1
[MtH ') 25 TE%B %“TWN&‘}bFOthS'I @P‘QS ['@Md’-l}g mgéfce“é‘b‘% 'FEFT%ESSOI ution of N

(2- phenyl - 2- hydr salt 29
(1 riX g, ﬂﬁyﬁgm 5 %t&ghgﬁ@ ? gﬁ%gﬁ%'?d\%géd; ded "léélﬁﬂ%\fg so Wion

(0. 93 rrL) g%mpsrwlsxt:h arel budkyf aid/drigitd N The pheerkelofibiilen onsigidcgoggndanat ed 30 to
dryness. The residue was dissolved in THF (25 nL), and a, a-di gi/droxy 4 19

Novenber 2dupder §tgeggiation ghont h@'ﬂ%ﬁ)‘h%hﬁ*l%ﬁyt’%tbé%ﬁé‘#el"ﬂ@fe tieq g, 2.27

[0 0" C. "and B AECUFE) A8 Belieth i yRs aTd LGSR Rl byt Hgld - ©° =

at mospher e.grddj® dagagdlidy) fdriexhmpR, WSe groafsl dhbse mt&mﬂub@amibm@tmrred for 2
h at rt. and refluxed for 4 h. The reaction S m xture was cool ed and

met handf ( restraipedlaysthe grrsencglafwings apd/pemuliiple bondg widun 8@ gioup, forat rt, the
ti i xt t f f i d d ich
i ssol ved SRR PESARRRSRL hrarinh Sotiin® B aBr it g oy R gani os

yi el ded a pgh&sWehiRVarPinpaWhi&illic iR dol y R ALY erogyEdusR ds BigserHPLC: 10% t o
30% NECN/HF% lgpver l50 mnml & l§rl\n,?f% toﬂé)lyyggl % [KI- - 4Shy%0?o>§y 3 10

hydr oxynet ipplypitelmd ohathshydr oxyet hyl ] - am no] et hyI -4-] N- ( 2- phenyl -

et e FHLRCE IR PR -
2

3 44 3%4 s Q%? g}"?"g@? % gigzwgg"z‘i!b]‘"é%’. tﬁ‘g-g’% j} (m%ﬁ“ﬁa’aﬁg? 99535(m H)2)H)

ESMS (C, SH, lel%}oe tﬂép&@é[ﬁé} link2Rin% a 0OERurtida. aifthM'ItﬂﬁE méQhuih diMatceiBO

387.1 [M2H,0]". le 4 nthesis of 1-{2-[N
2- (4- hydr om@mﬁmm ecg:l?hezer@mdmy@mofétmgmgahﬁ eeehayged 4- [N
(2-phenyl - gups cl S%E t%x a% g I<:2'w Il te dbtgrl]uz)ﬁi tﬁe”xger u(l)\allmcglgﬁgur Lljornethst) OH H N HO

maintains the separation between the like-charged ancillary groups. Further

30 ancillary groups bearing opposite charges will tend to be attracted to their



N HOHHO Step 1 A solution of 4-(N Boc-2-am noethyl)aniline 28 (7.0 g,
29.6 mmole) in ethanol ( 100 nm.) and (R)-styreneoxide (3.56 g, 29.6 mmol e)
was refluxed for 24 h. The organics were renoved to give a pale yellow
solid. N (2-phenyl-2-(S~ 25 hydroxyethyl)-4-(N Boc- 2-am noe{) Hyovemher 2082 was
separated by flash silica colum 19 Novenber 2002 - 100 chromatography:
11 2 Et QAcl hexane to 3/1 EtOAc/ hexane to 3% MeCOH in 3/| EtOAc/ hexane: |Zf =
0.39 in 3% MeOH/ CH, O ,. St. e~2_ . A sotf@dion of

N-(2- phenyl - 2- (5~-hydroxyethy|) -4- (N Boc- 2- ani noethyl)5 aniline (2.5 g, 7.0
mmol e) in CH0@051(el>(clargﬁd)couat§mélae@pptﬂnmﬂx mey patehingmbleth igter-aadn of

nitrogen and.T 15, . added eactlo s stirred
for 90h at 0GR ERLH R Sants cls oo cotien Mechaton vl ehiddolt fies

di ssolved in S e HPLC
(5 To 25 MOh RE o medrnmiion o %‘E‘?“?%""H‘W@ééﬂvtﬁe ORRLER Crhfes

(2- phenyl - 2- @&up&OThyddcbnmebﬁgﬂcjl{adzygmmﬁybhaged ion elt¢rnhatieligbeacet at e
salt 31 as a colorless oil. '"H NWR CD30D 299.96 MHiz): b (ppm; 7.45-7.25
(m 9H), 2. 9lqtent chargpywhen dsprotecied, followsng addition toghe gnker, inglyde 3.05-2; 95 (t,
2H) ESMB (C ﬁgbrNtogal)mn 81‘?:1 %Qbo@qiyﬂlroﬂ}ﬁgrol 8153m1]no g%t[g bYa%l? ange i I\ﬁNa] - St-

ep 3 15 To a P on

(2- phenyl - 2- oxidatithy, dedweibh by bthedméehaaihizaaiobyl ) sk iskidled it fhlcwaraegt at e 31
(0.144 g, 0.3 mol e) in methanol ( 10 nlL) was added aq. NaOH solution (1.0

M 0.625 nl) resqtién mmrayel efthapeotecsimgenoumiedithio the soops of thiglinvbmtianesi due was
di ssol ved i n anhy

a, a- Di hydr oxy- 4- h&ﬁﬂ "ﬁ‘%@ﬁmwi"gaﬁ%w erddhersse badipg opBy g, 0.3

mol e) wWgp aqg&gpmg&%pgceactl on 20 m xture was stirred for 12 h at rt.
BHP-Me, S (0.2 nL, 2M was added at OC and the reaction m xture was heated
at 75 C for 6 h. Bhthrgroqmloangndlme faraxample, Mrgd atoms) wons (eg.piatiime, MeOH (5

m.) was slow y _added to it to guench the reaction, and the reaction m xture
Wes stirred FORCIROR fns, ) ?ltgrowomag%mgiagg%fpewr%ﬂ@%&cwx}ﬁhe resi due

was di ssol ve 5
product was g’ sso'gﬁg 5%3'“‘)" %/e&ﬁlo"é%g’c %ngscur i Squé&g?‘g ?ge:"ﬁpl_c 5
to 20% MeQN irofa ca?ﬂomtz{rmxnmu&ﬁﬂe Bfmds)(l ¢&.palgenes aid Eil?iybéi) Bulky groups can

2-(4- hydroxy 3hy t r oxynet hyl phenyl ) - 2- hydroxgeth am no] et hyI} 4-[ N
( 2- phenyld- 2- tlso Hichids,oligpmeTs)andipabiraran ydird aggbran stepglymhamopeges M) : 8

6 B0 6. 77 ( aPpiyhacioradesfiafe St o hatelle I—ég?d@ &ty Yhecdoifogg o per
2002 -10i ( mperdidit, mdeAfardweipht(dain iah aredstch@rhd-chdin(specicdt) , 3.04-2.98 (m 2H):

ESNS (C,SH3ON. 0, ):_cal cd. 4225 obsd. 423 1r[|v++H]-, 446.1 [ MNa] - .
Proceedi ng as desHrpisteared smbedimanes, zigkhigs ppartes ysthe preseneg of Ryclic

d (S
byt oxynot hyFohRTse St SEEREAR SRR rdaictl St f Ve ednly o
hydr oxyegghyl érﬂ%dlﬂﬂeh@%@ m@kaﬂcom;kis%e(&m&@,smm%m%rem fh &mn@rher
7.42-7.28 (m 8H), 7.20-7.1 (m 3H), 6.80-6.77 (d, | H, 4.9-4.85 (m 2H),

4.65 (s 2H) prefereed-emtedingents, 24 tingsis2@-agyl Zsoumsuch ay, fogexegnrde, pheiyhor 2H) )
3.04-2.98 (m %Ié?y ESMS (C, SH30N, 0~): calcd. 422.S, 10 obsd. 423.1 [MH ",
446. 1 [ MeNa] 2PREY L m1 e 5 15 Synthesis of 1, 6-bis{4- (N

[ 2- (4- hydroxy- 3- huﬂv.easxemcfaﬂop@qn&'a})p&emﬂﬁﬂﬁyﬁﬁﬁmﬁdﬁg&amm@mm&ppyI]

phenoxy } hexane
group providing suitable orientation, restricted/unrestricted rotation, the desired

25  degree of hydrophobicity/hydrophilicity, etc. is well within the skill of the art.
Eliminating or reducing antigenicity of the multibinding compounds described
herein is also within the scope of this invention. In certain cases, the antigenicity of
a multibinding compound may be eliminated or reduced by use of groups such as,

for example, poly(ethylene glycol).



(following figure 9) OH N-(CH2)s-O- (CHO HO OHw N (CH2)s-O (CHz)a ~ ~ O
HO HO Sten I'1 A solution of 3-(4-hydroxyphenyl)-1-propanol 35 (3.3 g, 21.7
mol e) and 20 1, 6-di -i odohexane (3.5 g, 8.88 mmole) in dinethylsulfoxide
(40 nL) was degassed and saturated with N, gas and pot assi unddNuovbmbai 2004 . 5
g) 32.56 mmol e) was added. The reaction m xture was stirred at 80 C for 18
h under nitrogen atnosphere and 19 Novenber 2002 - 102 then quenched
with brine ( 150 nL). The product was es#r-acted with Et OAc (200 nmiL) and the
organi c extracts were washed with 0.1 M NaOH and brine, and dried with
MySCa. The or ganiAsexpbiifed boa¥ atle niulttsiadiag comgomelsalepitibed heRMcoidprisd. The
solid was purified by flash silica colum chronmat ography: 4/1 hexane/ Et OAc
to ~% 5 MeOH-1thligands péachad tea tnkerttbatgittaches the ligands in such a manner that they

i B W RIS A ol B05E 7

j::g |6 gg Ft%ege(%rﬂt]he%% Tl% l%g(e?’séﬁna%l?ﬁcoﬁ{gams?{hé@:}nééacg&nss Otf}:%cl;lgﬁmgr*nz 56 (t,

1, 6’ bi s[ 8- (ﬂﬂhmlcmsylpﬁoqﬁyb}) fhiedinduey ) Tiex ambothér fa2tods igcredses thebivlogjcal n DVE (10

m_) was added to a solution of DVMF (40 nL) containing NaH (0.57 g; 60%

di spt(:ar3| on PHIVHYREtE Wtrwnﬁﬂgeowawwﬁstcemaiwﬁé Gﬁ%@pﬂ@rt@r aﬁh%qqqlfs (2. 26

reaction mi er ronohexanenitrile (2.
éﬁa% %véﬁ’?ag ﬁg%&%bﬁdlég .

m., 17 mmol was a fion mxture was heated at 80 C for 24

h. The 15 reacti Q"heEfbﬁﬁbblurﬁis\@ﬂ?%lﬂW@ﬁh@dar@ﬁ&e@blﬁ@p&@édﬂéd Bnthe ehipirical) and
was extracted with Et OAc (250 nlL). The organi c phase was washed with brine,

dried with Fgsoila (h)a@()ewilp@r[a,t&d? and g arers definedybpre.a Thislisinendedto oi | .

Purification ash silica. co chro oqgr to |

hexane/ m&‘cg#éi’%lﬁed eipl ways '5’[‘2[ Mgﬁ%"}lﬁeﬁ I'\‘éﬂ‘ééw%ex ane 37

product (Rf ac}Qe\Q: th@o%{e&t%fﬁﬁ@ﬁ%l@ﬁ'ﬂé’aaﬁa a morﬁ&%&%maﬂo@%%e%ﬂwz) b

(ppm 7.09-7.06 (d H) 26. 79 , 3.94-3.90 , 3.37 (m

8H), 2. 64- 2b88w(t 4H) , 240232(m 8H) I 90126(m 24H) Step3 The

6- bi s(4- (5-cyanopentyl o ro heno hexane ;37 (0. 278 0, 48 25

rnm)l ;)(ob'g ai ngdAF% §f’y 5ol \% Ztlf] B)S(' eed 28 & @"Woélgf?c

L d A t t S
n R r eact P %%%t%?@%“@“ﬁ??ﬁm bF oiBed i e HpfitsTon 30 afrnctbl ?L

Et OAc (15100atrdn)y,sunside dosneoh o this fsedorkfapanaplepat thé tdrinéni @f gdinear phase

afforded the 1,6-bis] ar boxypent yl - oxypropyl )] phenoxy] hexane 38 as a
pal e yell OV\Fl%ﬁ“W”Fté@V(Wém e ROYHOMas used in next step without further

D000 707 (a. arg T aniEEambdt bty deindite BOMBBGRT s SR O [PPD),
2. 64-2.59 (tompdind whidDedh Brepresenttd as L-321; Whéi@ ehach L 2diddepetdentBra 4 To a

sol ution of 2- hydroxy 2- (4- benzyl ox%(f hydrox%/met hyl phenyl )5 et hyl am ne 39
(0.263 g, oOliggdnviirlenay bethgsang: on ditfarsat 2ndragh X is independently the linker.

|, 6- bi ( r X opbtained in
Step 3 ng%‘m&g%{)&? b% ‘%)féﬁ? %%égﬁrpdg%?) %L%?éégﬁ((gq ‘?ﬁenggg éf %%d n(fml e), and
PyBOP (0 50éirde réibre%émmigahd Afttioslest dohigongd tuld dtkobe déprédentedligar eact i on

m xture was diluted with brine (20 nL) and extracted with Et OAc (50 ni).

The or gani clihegy &shigasi. mmqmmomquma@dmnmbixL -Xgl inmbisdh L isnd bri ne,

and dried oyer c_sol v nts were n vacuo. to give
176 bi 5[ 4- (HEaad o e R g PR RO HEST R S8R & i e B Bl Py
residue (0.4np

170 bi o] 4- (o bk BllaP ri e PO Bound cqrprsing thes lgands atgghed t92_ )
obt ai nexd i neentiapcate andvbys represdrivglasodly; X Whege the lmkér M/aeulddniﬂddd, fora sol ution
of LiAlH4 (0.16 g, 4.22 mole) in anhydrous THE (40 ni) at OC . The
reaction ni %amrée,\M@éltqucy@leal Bk erQup; lusgetlcmsmﬁéré\falwtWwérﬁ‘/%l@rﬁosphere and

i xt ur'e wascoprauts P ukesny R e fouilp B 82 apad defpeatvel Wlsee e oo The "
I(o g Pem;)m | Icvﬁlg %ﬁ;&e’rdleciﬂl'c@% SSHrERhELCMAD TegaaGt EXAPSURE 85h bérepaSeifed i Hi Ve a

linear array, e.g.,
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Purification by flash silica colum chromatography: 5% MeOH/ CH C, to 3%
iPrNH, in | 0% MOH CH-Cl, gave the

1, 6- bi s[ 4- (6- am nohexyl oxypropyl ) phenoxy] hexane. ' H NWVR (CDClS 299. 96
MHz): b (ppm) 7.40-7.2S (m 12H), 7.22-7.18 (d, 2H), 7.09- 719boyember;2002
6.91-6.88 (d, 2H), 6.81-6.75 (d, 4H), 5.0l (s 25 4H), 4.8-4.75 {m 2H),
4.70 (s, 4H), 3.96-3.83 (q, 4H), 3.42-3. ég m 8H)) 2.84-2.64 (m 8H),
2.62-2.56 (t, 4H), 1.84-1.75 (m 8H), 1.S0 (m 1OH), 1.34-1.23 (m
10H). Ste~6_ A solution of 1, 6-bi s[isf(gpazglgggsxyl oxypropyl ) - phenoxy] hexane
(0.16 g, 30 0.15 mmol e) obtained in abi in EtOH (40 nmL) was

hydr ogenat ed under 19 Novenber 2002 - 104 H, ( 1 atn) atnosphere with !
0% Pd/ C catalyst ( 100 ng) at rt for 24 h. The catalyst was filtered and
the filtrate inadbrarhebataygegd to afford crude product as a pale yellow oil.
Purification by reversed phase HPLC. 10 to 50% MeCN H, O over 40 mn; 20
L/ mn; 254 nmprovides i, 6-bis{4-(N [2-(4-hydroxy-3- , 5

hydr oxynmet hyl phenyl ) - 2- hydroxyet hyl ] a f%h é}/l oxypropyl]- phenoxy} hexane
40. H -NWR (CD30D, 299.96 MHz): 8 (pp{% . (d, 2H), 7.18-7.15 (dd, 2H),
7.087.05 (d, 4H), 6.82-6.77 (m 6H), 4.65 ?s, 4H), 3.96-3.92 (t, 4H),
3.45-3.34 (m 8H), 3.12-3.0l (m 6H), 2.94L2.89 (t, 2H), 2.62-2.S7 {t 4H) ,
|.86-1.43 (m 28H); ESM5 (C54HgoN, O ): calcd. 917.1, obsd. 917.5 [M'

940. 8 [ Mi\a] Ta bikcldanpsteuct aMogdie 36 thedborders 3f biNane -- n-butyl, iso-butyl, sec-

2- (4- hydroxy- 3- hydr okynmet hyl phenyl ) - 2- { R) hydr oxyet hyl ] am noet hyl }-4-[N
(2- phenyl - 2- bstylinpdr-dxipd) oryin paeirahsishangy, (g ol | owi ng figure 10) 15 OH H N
HO.i N~ ,~ .%~ HOH OHSt e~ 1 A mxture of 4-(N

Boc- 2- ami noet hyI )aniline 28 (10 g, 42.34 mole), benzal dehyde (4.52 ni,
44.47 mol e), and nol ecul ar sieves 4A ( 10 g) in toluene (100 nL) was
refluxed at 95 C for 15 h. The reactidg nikture was filtered and the 20
filtrate was concentrated in vacuo to gXve a colorless oil. The oil was

di ssolved in MeOH (150 nl) and AcOH (£.5™ml) and NaCNBH3 (2.79 g, 44.4

mol e) were ad~ed. The reaction m xtire wad-stirred at 0 Cfor 1 h and at
rt for 2 h and then concentrated in vacuo to give a pale yellow oily
residue. Purification by flash silica columm chromatography: 111

hexane/ Et OAc gave N benzyl-4-(N Boc-2 25 ami noethyl)aniline 41 as col orl ess

| , / 9 mber 2002 - 105 h / Et OA
E 5r§||v§ g gg(:oty hitol oL prt 3 deinps bfeFiny Aldematepint copjd birepiFasniod fe%é%ngmft ) :
s %0 S Naslk?ﬁ)a I%r é?kyl w%fﬁ/e gb&X »(/Eg 5&1#@ @%a&jﬁléa@hg zeopt%

m xture Of I\chuerhmyd:r-4 (N Boc 2 am noethyl)anlllne 41 ( 10 g, 30.7 rrrml e)
and (R)- styreneOX| de (3. ~i nmole) in EtOH (100 nL) was_ refluxed

for 48 h. A smal | Th¢ F*’cﬁ%‘f"“é!defq‘\'@“? %ﬂi’ F‘bh‘gh?r%f‘ﬁll“é"\ﬂﬁlﬂ ‘toéi%&‘im%? thisr 1 quid
h t t 2-[ (N
bensyl- 402 N otBne Skl OL ST TR PICS RS S BBRE M 2N o

product 10 alleded virdles RpRbéeligh®dsl HdveaRE Tomt¥ikiay ydents dt@ci¥d to a
Boc- am noet hyl ) ani |l i no] -2 phenyl-ethanol in a ratio of ~lI/2. Evaporation of

t he sol uti oncemtfablinked sudy @l@rylpmcéclyelkvb\&hem isa Wfrqyltﬂqnasoxpumnf H@dthlggp flash

silica um ¢ 0 4/ 1. ne/ Et OAc t ed

chr onat Gat apRySt s B ADS g sidy haTba ik ab Ryt e FerBRERC St hanol
was obt ai nedllé{ﬁld@p%@l:rﬁr fo‘f’%ﬁarﬁf)lka z(ﬂe&lenegmngzgo@ld illét dl@ctlyagco?ﬁnbdht@ﬁ\%re
hexane/ Et OAC) . 1 (m oH) ,
7.1-7.06 (d, thzhlﬁ llgﬁnﬁﬁu&cﬁﬁs @(h,ulti-lrmg lﬁnker ((etg tﬁphtfpyl)ztoﬁm-a!tcdtﬁn(odateﬁ H ,
426422(d 8 (dd, 1 H), 3.5b-3.48 (dd, 1 H), 3.22-3. t 2
(m 2H), @zg%@u %fﬁﬁga“ S.~41 (s, 9H); ESMS (c BH, ~N, O ): catcd. 446.6,

obsd. 447. | [ M+

benzyl -4-[2-N Bold‘k g%tﬁ)%gtd%y%ég :_?’ mﬁo'frgﬂ % ea;l[tf oq%q%él{%%ﬁ%&dogséﬁlgé mol e)
in CH CI25 ( dimikslof thefonmal ned in an ice bath was added TFA ( 15 ) under
stream of nitrogen atnosphere. After stirring at 0 C for 30 mn.) the
reaction m xture was concentrated in vacuo, yielding a pale yellow oil. 2S
Purification by flash silica colum chromatography: ('/Z hexane/EtOAc to 5%
i PrNH, in'/z hexane/ Et OAc) gave 2-[(N

benzyl - 4-[ 2- ar ni noet hyl ) ani | i no] - 1- phenyl et hanol 42 as a pale yellow oil
fromsuch fractions with R~ of 0.2 (5% i-PrNH, in '/Z hexane/ EtQAc) in 74%
yield (2.29 g). H-NWR (CD;OD, 299.96 MHz): b (ppnm) 7.38-7.06 (m |CH),
7.01-6.98 (d, 2H), 6.71-6.68 (d, 2H), 5.02-4.96 (dd, 1H), 4.54



19 Novenber 2002 - 106 4.48 {d, 1 H), 4.29-4.23 (d, 1 H), 3.76-3.67 (dd, 1
Hy, 3.58-3.50 (dd) 1 H), 2.82-2.74 (t, 2H), 2.64-2.59 (t, 2H); ESMS

(C, ~H-6N,0, ): calcd. 345.5, obsd. 346.3 [M-, StStea 44 A m xture of 2-[(N
benzyl - 4- [ 2- am noet hyl ) ani | i no] - 1- phenyl et hanol 42 5 (2.28 &9 Novembenz02) ,
benzal dehyde (0.74 mL, 7.28 nmmole), and nol ecul ar sieves 4A (4 g) in

tol uene (40 nmL) was heated at 90 C for 4 h. The reaction m xture was
cooled and filtered, and the sieves wer Ofinsed with tol uene. The conbi ned
filtrates were concentrated to give an oily residue which was washed with
hexane, and dried. The residue was dissolved in MeOH (40 nL) contai ning
AcOH (0.4 nL) and the 10 reaction m was cooled in an ice bath.

NaCNBH, (0.62 g, 9.87 nmole) was added and the reaction m xture was stirred
for 2 h at rt, and then concentrated Th& oily residue was dissol ved in 60%
MeCN H O and purified by reversed Q& /preparatlve | i qui d chr omat ogr aphy
(40 to 80% MeCN/ H, O over 30 mn; mn) to give 2-[(lV-benzyl -4-[2-N
benzyl am noet hyl )ani | i no] - 1- pheny(et hanol 15 as the TFA salt. The product
was treated with al kaline brine solution, and extracted with ether (200
mL). The organic layer was dried with NaSO ,, and concentrated, to give

2-[ (N benzyl -4-[2-N benzyl am noethyl )anilino]- | -phenyl ethanol 43 as a

col orl ess oiahd garlan®6th@deof.H - NMR (CD, OD, 299.96 M-1z): 8 (ppm 7.36-7.06
(m 1 SH), 6.98-6.95 (d, 2H), 6.69-6.60 (d, 2H), 5.01-4 96%t,1H)
4.54-4.47 (d, 1 ¥llo eabwvmlzuor(swremt%}ied@besw thin the-gcopg of the3. 68 (dd, 1

H)y, 3.59-3.54 2.70-2.64 (m 2H); ESMs

(C3H3, N, O, )mvc?éfj?:'bdélflfgé bé'zth%gg'g“ﬁﬁgﬁr@()‘( I\/H—I] ~. Step 5 A concentrated

sol uti ons of 2- [ ( NviiefieMbrefoing ifnlied) rﬁ@h@&ﬁhl@f'rﬁa%%e‘rbﬂ@];e@@edlbm%”W et hanol
( 1.36 g) 3.12 mmole) and conpound (S)- 4- benzyl oxy- 3

met hoxycar bédldveng femadi de 44 (0 887 g, 3.12 mmole; ~95% ee) (prepared as
described in R Hett, R Stare, 1—12 %123 Tet. Lett., 3~, 9375-9378,
(1994)) in toluene ( 1 inL) was he§ i '&XQS C for 72 h under nitrogen
at nosphere. (Jbgifeaction m xture was purified by flash silica colum
chromat ography (2/ 1 30 hexane/EtQAc to 3% MeCH in 1/1 hexane/EtQAc) to

gi ve 1-{2-[ N bennyis-ahli@eget of fibth Wav/Z2hber 2002 - 107

benzyl o - 3- et h%xycar onyI phenyl ) -2-(R) - (grox et hyl am noet hy
}-4- AU (2pheny gL gag S?%%Q%L’é’teﬁ%'éﬁ?lﬁ@f Eruethe eroyp copsisting @b i n 306 MeOH

H' VR ( oy &b g s "o f Qops SR O b LBMR: RKCEATKS) eyl
2H),- 7. 38- 7CENR-, ME(S)QOB&tGV:ﬂ&xt(bdndWH):relGlftE-(ﬁﬁﬁé’dl{)cdowZH) 5.15 (s, 2H)

5.05 %4, 98 (t, 1 H, 4.6-4.54 (t, 1 H), 4.53-4.46 (d, 1 H), 4.28-4.22 (d, L
H) 3. (s: 3 HY.atgachxiepargle qepyrrency is sglested frang theggoup eqnsisting af 2 56 (m

I
Step 6 10, reRbiagBl iR aitont hefbanGpag qibbhubaichichliyefdudeulliplt, -
COO| ed l@ t hsd&ﬁtdﬁﬂi ﬂkd@&r@ddﬁﬁlylex{ezsdﬂéklhfﬁdwlkydylene cycloalkenylene,
2-(4- benzy)\gxy 3net hoxycar bonyl phenyl roxyet hyl ] am noet hyl }-4-[ N

bsuhm‘my@!kwybeamamdwe hqtémrﬂl@e( geterogyckzwer Fraevadgnti n THFE (

(2- phenyl

10 m.) und é QLtrogen at nosphere. The reaction mxture was warnmed slowy to
rt and the B¥%ring 15 was continued for S h. The reaction was cooled to O
C, and 10% NaOH £Qhoyatt badlBpith@YcruRdids ik se@cﬁe@rfrﬁﬁ) tH8 gtoup Borstbtink oge!

formed. The gel was dil uted vvlth THF (300 nmL), filtered, and the solid mass
was rinsed @4 RCIOIF, -OBHOM, }C(O)ke, INR- ¥S&(0r)m- »(H@NB&-UHNRH&O)and concentr at ed

'ﬁ.” | .Vca/wm LR DN o R TR 1 e N bl § o0 REh, IR, 1°
E )
nyar oxyret TR Rea o R BRG R R A APRY 1 Tig-po0R)- -
15

(2- phenyl - ZS(QicRyRmxs JONR 2NNl (@) 2818253 5ind a0V sledtdpad Owhert nlis 88 0,
67% . H -NVR(CD30D, 299.96 ME): (prr)7470(m22|—|),685682(m
3H), 6.63-6]602({ahd R}’ arg. lbzatqca@hs@paratgppcurmnwreseleqeq from B growp4 (dd, 1
H, 4.48-4.4 4. 24- 6 3.69-3. b2
(dd, 1 H), %9‘%56-“38 ng‘?(‘i!f"gq_“ Pblkyil “ésé“%‘e ﬁ“kwﬂ&yaﬁa‘%ﬂ subs %“eé‘l %YEQ dalkYlery) . ESMVS
(C46HAgN~0~): cal cd. 692.90, obsd. 693.5 [MtH . A solution of 1-{2-[N
benzyl -

2- (4- benzyl oxy- 3- hydr oxynet hyl phenyl ) - 2( R) - hydr oxyet hyl ] am no] ethyl }-4-[N
(2- phenyl - 2-(, S~- hydr oxyet hyl ) am no] - benzene 30 (1.28 g, 1.85 mmole) in

Et OH ($0 nL) was hydrogenated under H, (1 atm) wth 19 Novenber 2002 -
108 5 10 10% Pd/C (0.6 g) for 36 h. After filtration and rinsing.of the
catalyst with EtOH (50 nL), the filtrates were conbi ned, and evaporated in
vacuo, y| eI d| ng pal e yeI I ow foam whi ch was d| ssol ved i n 10% NECN/ H O and

o o o T . e A~ a2 NN 7



H -NVR (CD30D, 299.9b Miz): b (ppm) 7.42-7.28 (m 8H), 7.26-7.22 (d, 15 20
2H), 7.18-7.14 (dd, 1 H), 6.80-6.77 (d, 1 H), 4.88-4.82 (m 2H), 4.65 (s,

2H). 3.~ 3.43 (m 2H), 3.29-3.26 (m 2H), 3.19-4.14 (m 2H)£5'§'.06-3. {n
OH): ESMB (CzsHsoNzGa): calcd. 422.5, obsd. 423.1 [MH ', 4 .qvemﬁ&p,
Exampl e 7 Synt hesis of

1-{6-[ N-[ 2- (4- hydr oxy- 3- hydr oxynet hyl pher%l ) - 2- [ hydr oxyet hyl ] am no] hexyl oxy
}-4-{6-[N T

e SR A LR Y L,
1 A solution - (A4- 2.0 g, 13.1 mole) in DWW a
(5 nmL ) was asglgsétﬁu{eé ag&ggﬁé%ﬁﬁgﬁﬁ%gglmgﬁéﬁ%clf&m aining NaH (1.3i g, 60%
in mneral oil) atA@Gtiondss theilinkegedicty sasiNetRnall{ subsaagdd AAnfrhshilr € Was

slowy 25 warnmed to 80 C. After stirring for 1 h at 80 C the reaction
m xture was dberewdytene ormoRelksitsabstitogd alkyl,oycloglkg!, subrtituted cycloalkyl,

6-b h itrijl i .7 2.8 I ded. ,The fi.nal, m xt
e heat edst o el siioues eyt ot oy prER T R K B Rhe quenched:
Wth saturat ooyl 8310R0008Y) anAiebbRRAYE! Was extracted vi th

Et CAc (300 nL). The orgahic’layer was washed with brine solution, dried S
with Na, SO-, and duapov af thd aboveddesomstion ofithe Hinkay, it isaaidersyeidl thav tisoteid .
Purification of the crude product by flash siljca colum chromatography: 4/
1to 1/ 1 hekaky/ E‘fl@é‘“ﬁjr'&\ﬁoﬁgﬂ“%m{‘éylflhﬁ‘Gég@ydﬂBlﬁgﬁm&ﬁ&?}%éﬁyl ] propoxy }

R (oD0 + BB Eiquut cdrilous g B .6, LX) RERRAIRICN 'L
3. 96- 3. 920 (t codtentlynotizechtigdoddNirkers @HX-L-X-64 withiBthé mul@bihding c3Rpdum? (M

4H), 1.87-1.52 (m 14 H). Step 2 A solution of )
6-{3-[4-(5-pentyl oxy) phenyl ] propoxy}hexanenitrile (1.33 g) 3.88 nmole) in

THF (10 nL) was added to a sol uti@on ﬁ.f gbiﬂié—l:lbri%442 g, 1 1.65 nmole) in
THF (50 nL) at O C under nitroge . reaction mxture 15 was
heated slowy to maklnbthodWs&iticla88vd Rhd thethselhas td @mBihaBrialiaphroachedas
cooled to 0 C, and | 0% NaOH solution {5 nL) was slowy added. After 30

mn., the reéeotidentifyingtroylémges coinppendsdvhiginpossbss waltibmdingrepriiels wer e
washed wjth THF ( J 0Q . -The filtraie was copcent.rat to,vield a pale
vol I ow off "whi ch SBECIGEH} FHEibrngHen S5ahe BPFLABB TN BhiPs FTVg pny :  oo%
MeQH CH, Cl , {i@artddfahiitibindfi cothP¥akbiviit, edpéct @ tBé ¥evant array of binding

6- { 3-[ 4- (6- am nohexyl oxy) - phenyl | pr opoxy} - hexyl am ne as a Col orl ess oil
(0.5 g, 37% sitdsigin tagsst ootavests sdmportarten dptmizagg thenperandorbef the oceedi ng as

d i bed i le 1, st 2.ab . TJh d .od . . ified b

o epar at ory FARBUAE ShaBRti 1 gare (sl o (b Ecnies s diotagieRa anstient T ni n.
254 ESMS : ; : B , 797.5

O Clr;mCO - tiﬁ@gq{aamﬁlﬁgvg@é;%fﬁggggprg% i€ to @RnABSALbAB SR ahdtik Y

bi { 2+ { 22 4- utilsixging-chmpoondsmeithpiopteiey byanRidzyttie muyjlbdiyg pirameters that

}-2-hydr Oxyegrréor)é%vz}mtbfce)rn; Sa{]r%c%gr t(a];g%lt.l '(lj“h\Mcitsre]g%)aI:«.tixrglgelgér(sa inlc%}de: (1) the identity of
ligand(s), (2) the orientation of ligands, (3) the valency of the construct, (4) linker
length, (5) linker geometry, (6) linker physical properties, and (7) linker chemical
functional groups.

25 Libraries of multimeric compounds potentially possessing multibinding
propetties (i.e., candidate multibinding compounds) and comprising a multiplicity
of such variables are prepared and these libraries are then evaluated via
conventional assays corresponding to the ligand selected and the multibinding

parameters desired. Considerations relevant to each of these variables are set forth

30 below:



19 Novenber 2402 - 110 OH OH N~O HO OH HO O- N OH Step 1 To a N,-saturated
solution of acetonitrile (300 nL) containing nethyl 5 acetylsalicylate 50
(20 g, 0.1 nole) and benzylbromde ( 13.5 nL, 0. L 1 nole) was added K, CO
(28.5 g, 0.21 nole). The reaction mxture was stirred at 90t9 Ngyember 2092
After cooling, the reaction mxture was filtered, and the filtrate was
concentrated, in vacuo, yielding a white solid mhlch was susended in hexane
(300 L), and col l ected on Buchner funnéB -to gi ve net hyl

O benzyl - 5 acetylsalicylate 51 as colorless to white crystals (28.1 g,

96% . Rf (ﬁ_@t_ib_m_gﬂ.[ﬁ&rﬂlﬂclhexane H NVR (CDCl;, 299.96 M#z): b (ppm
7843842(d 1H, g 7.5-7.28 (m 10 SH), 7.08-7.04
(d, 1H), 5.27 (s,Asigle 1$a9<é°( %eto H;andz l%@r‘z)sselesw forgncorgprapiorréntg theo| ut i on

of nmet hyl | +5- e). in CHCl; (750
o e Y U br RaRgh Rl Yol G ribubd i hondy BRI s 310

stirred at mheticiir b i&iREd Gargéd orit@detst Mhe bﬁ@qteqmemmtfwtﬁe dpafiidahbsent ur ned
15 fromred-brown to colorless. The m xture was stirred for 2 h at rt, and

quenched’ by isddi thgy brreuqaealz!@bﬁmitmct(rtgomuhe spletied tarpetki)nd htuhdigandstmae in a
separatory funn ani er col | gcted,, washed th brine, and
dri ed under fbf'&lg“"%md ﬁ'éjlﬁﬁ)%%“%s\g‘?rai"f’ é%l?fggﬁtweét g&“??f“\?'&b‘iﬁ(ﬁ“

yi el di ng wh ngln
T 150 By bﬁwﬁ‘yﬁéﬁq%fﬂ%ben‘;‘?%“ e e A Pelent R SREEWG",

obt ai ned. the:ta@f:ﬂ)ﬁon othe’lr obnibth@AdngmcEraee p:lddeRy@ﬁE!@h basezlgfﬁx l&ﬁ)W) b

(ppm) 8.48-8. 46 (d 14-8 08 (dd, 1 H, 7.51 7.3 (m SH, 7.12-7.09
(d, 1H), 5. %'O%beerﬂpertws kt@t emfwegefbm leescar@stqbovetréo or amplifigsliBrber 2002

-111 TO
O benz } - ~( rulclj)6 nl%g@gg E‘I’Waﬁa ?ggz} th r8§.§3{ %‘%@ge Hg%g%%tméed safet ar\}\%%fﬁgﬁcaled NaN;
( 1.9 g, 0. d2Rurhmd Batienf dfprogsitdie PKYIQDME plofilé& syddhdliciddcdsbidiliiprdad t he

m xture was diluted with Et OQAc (200 L), and washed with brine solution (3
X 200 ni) |desarabl@p&wp@rwomm«rﬁeauchvﬁeolsblbﬁsgé@ﬁ R, e¥tiaHewauer. Hig artciahider

SO~, and con I at pal.e r Sol | rified by flash
g/ig lica col uﬁ%‘egﬁaﬁ g‘V‘EB‘h?‘SP n%&ra%?e@\rgpflﬂy Ff8£!‘a*}{‘é°“g$‘ﬁ8'l’a‘%’é‘l“ﬁeé
product net hét'm@&ﬁﬁﬁﬁ)é'm&e(f%rﬁiﬂé%%ﬁé $ivol O%tyhﬁt;ﬁo&%s &ﬁﬁnuﬁﬂﬁ:ﬁh d as white
crystal s (4.7 g, 74%. 68 In c/ hexane - NWVR ( ;, 299.96
MHz) : bl ppedmpo8d- femw(nd;elhgf)nd&swl@notlm(cd@anm-l)e exEIL@ledoe sg¢ha ~H), 7.12
10 7.09 (d,, 1k a
gray susg)eng?slb_’?] %FCI’_‘?‘NS @wah@t S obbustin ﬂﬁﬁ“&j S P@E%@laﬁﬁargeéamaéd in
i ce bat h wag, GuisfAtadilstiy b hatda R ndy PR ORI pORb! M igacks (4. 7 0.
0.0l 4 nol e) under nitrogen atnosphere.” The reaction m xture was stirred at
Oc foc 15 1when predemjechisiumibitipindangiedmt aAhgandAhates pettnlrandragﬂéaorouﬁd‘wh at rt,

the m xture was. heated at 75c for ctlo xture was cooled in
i ce bat h, afef %&@ﬁ&hwaw °§|adwy"s°3v&f1ﬁg‘- %oe FiSf maxha¥s stirring
for f%gl Pr fictdbddAthERpUtRicanddd 6:‘?&@‘%& gﬁéggér% {éﬁ%@e% tdxige L{) NeeH in THF (200

r: |L) | trates were conbi ned In va yi el di ng pal e
yel | ow oi | ymutibindiag cdiapowrrdu dtorpanids thaveshiBi0 shprt Irifwaﬁhilﬁchf/émiay Ravei ca

col utm chr omat ogr ap hty 10% MeOH/ CH, Cl, to 5%i-PrNH, in 30% MeOH CHzCI, to
gi ve 2- (4- beviendedihalfdiveygs wymﬁpg sﬁ@nmdszlﬁ’yw@a@é@mw%ﬁfma@ that 4 pal e

|1 | 59/ Pr.N o MeOH CH, CI ,
'r - R ?nge,g'B ‘%Eﬁ‘ég%qﬁﬁ%)(e P35 brﬁa"?q?ﬂ%' EYdZ’Qr“C nﬂ‘i“’ éﬂyé% "24-7.20 (dd, 1 H),
7.0-6.96 (dléy&o%z%oblcﬁtgr%%y&gphlﬂbﬁpl tﬂ%g Be fationaltY modulbfed4n BlUldBindid fdrids,
2.83-2.81 ( calcd. 273.3, obsd. 274.7 [ MtH] -

547. 3 [2WHprevidingstappdiinds with physical properties consistent with the desired utility.

Orientation: selection of ligand attachment points and linking chemist

> Several points are chosen on each ligand at which to attach the ligand to the
linker. The selected points on the ligand/linker for attachment are functionalized to
contain complementary reactive functional groups. This permits probing the

30 effects of presenting the ligands to their receptor(s) in multiple relative orientations,



To a solution of EtOH ( 15 nmL) containing conpound

2- (4- benzyl oxy- 3hydr oxynet hyl phenyl ) - 2- hydr oxyet hylam ne 39 (0.3 g, 1.1
nmol e) was added 30 resorcinol diglycidyl ether (0.122 g, 0,55 mol e)
dissolved in EtOH (5 nL). The 19 Novenber 2002 - 112 5 11 Nevembes2002
m xture was refluxed for 20 h. After cooling do~n to rt. the reaction

m xture was degassed with nitrogen and hydrogenated with 10% Pd/C (0.3 g.
10% under H, (I atm atnosphere for 24-R? -After filtration of the
catalyst, the filtrate was concentrated to dryness, yielding a colorless
oi |y resi due aptimpprterignydtibindingdlepign paraneaten drbg onbireqeicemeit fderechiptiag (10 to

2 (2 (8- hy oD phints s en P 3 o e syt Ry 9657 1oL #restsy et hoxy
}benzene 54. , &ﬁh@"ﬁ%‘arﬁ)gucf@oﬁgs for8fabhma sh beREndrdd\y sthkfurat810. 7

[ MtNa] * . Exanple ™ SyntHesis o

1- {2- [ N- 2- ( 4iffpeination Shéryairatlxlylee Foyéxpinesy, | inspletiomsfaxss-at iyl duagiupoded hyl
}-4-[N-(2-napth- | -yl oxynethyl -2-hydroxyet hyl)am no] benzene (follow ng
fgure | 3)5 OHPFptease imhbitor hounditagts tapgetalowsongtoddertify epe ar morsitgs Wbareof Et OH

(50 nL) contai ni - 2-ani hy| il.ine. 28 (0.4 g,,,1.69. | e) and
3-(1- napht hof[zi)r/';2 %qgﬁé%%%(t%ﬁonéé reecg@g%l&y%%‘,e 'lwlggo%r"lr%fa@fw&a‘%&%?w%d for
18 h, and C0Bﬁﬂﬂiti@iﬁdiéaﬂdﬂa’%gé_t(biﬂcﬁngb?'ﬂ&@l_éar rifdgdlefié RGoranBé el pakliPteOi | . It
was dissolved in 10 nL of CH CI,) cooled in ice bath, and treated with TFA

(5 nL). Aft ekdestificationgpfisfes pormessent@fortligandiargetrbinding Saeafwreaample, yi el di ng
a pale red oil .. It i.sso] ved. | % ggueousg acetonitri(e, and purified
by prepar at oF?S‘hFﬁfé.Y?@(;‘qtpﬁteg %’1\759&’/%%02%9&'3‘%”%%[] "?%”gﬁtf%‘ﬁ,“o 54 nm
The prodyst i s e : } 3 a1 H-- NWVR
(CD30D, - 350, g\gadamﬁ% 99%’%(“%%%@‘3‘.‘%%’”?8?&2‘?? &ég%tlofgﬁ?g(%)zﬁﬁ%ﬂfévﬁ}l 1H,
7.51-7. 42 ( nmpugebfpositiod® whettSubstantial lshructéraB 8arfatiofs qi@,and ke, nof aldbwéd.2lh ( d,
2H), 6.91-6.89 (d, 1 H), 4.37-4.3 | 1 H, 4.22-4. 1 9 (m 2H 19
Novenber 200he absencg ofoth stryctugpl and S@Pﬁ, inforgatign, alibragy is meggly sefeated 3. | ¢ (¢t .
2H). 2.96-2. ae2H) \ : 4. MtH) -,
3?9. 6 [ MkNa) %,*‘hé{)%#'ﬁl'ﬁ'fpﬂﬁ%y@t‘%r‘é‘?‘"ﬁf?%’ %gﬁ%h%ﬂS%%g&eg@ﬁ%&gﬁ‘g‘H“g%@oF 13H)g,
0. 033 Mol e; dikfiActriehiatibits. ~Subisediienbe vdbiAdonas tsiigdrylwill ikdi¥aehviatl . 0 M

0.46 nL). After honbgeneous m xing, the solution was evaporated to dryness.
The resitue pesitignsaeswitgleforpfachmept.ni ) fol | owed by addition of gl yoxal

12(52 ng; 0.023 he. r in j Il 1 r 4 at
arir et cmpor a wTe> iR E3blsl-2 03 BSRERR! AT LA 5 e o
resul ting sohdtivigofithe meRoMetidligad Rac4lss beidvaRiagedusBNnBlkied, candidaden THF

(3 nmL; 6 nmole) was added to the previous reaction solution. The resulting
m xture was Bludiltigding compounsisia thedibgary grovidedithabsuch compengnsls brar at deasam

After cooling of the hagt solution, 5. of s added t.o. t .cool ed
e urvo ot smdaeatiede iR wiiel o Rl oeBgn R rsl it TSR or
stirringe30 gdigctidh defived fiémf fob 8kargslk WetGBbMAIRnEMARPRtIBhE Withih théEsextyi €l di ng
a pale brown solid 15 It was washed with Et QAc/ hexane (1/2; 20 nlL), and

dried. The cofasingledaiget mokgsuldi Fentxagtblé, vosideraeitpkor@ntaganiat lidand 0. ~% TFA)
and purified by prep-scal e high formance |iguid chromatography (HPLC)
Deing a |1 nebpindiaaRaneeycopnd stbhrRenrstcomauiyingsFiniieama by atfchng
detection at; ot ' i} ARIRE Rhichl SRR LC M
to locate t hlet%§§%(|mrwec(§’ pgro ggﬁcs? I%MF 5}‘%\41ial b5 °
2- (4- hydr oxyinSerhatavictkthe ¥Rinb yécep@nrolecaiidat ditenqyrokimal fathie najagbinyt bihdidg [ N
(2-napt h- 1-yl oxynet hyl - 2- hydr oxy- et hyl ) am no) benzene 57. ESMS (C H'N, OS):
cal cd. 532. 6siteymdiich ipglude eémppﬂs'o,f tigprscgptonpatare not part of the formal antagonist

binding site and/or elements of the matrix surrounding the receptor such as the

membrane. Here, the most favorable orientation for interaction of the second

ligand molecule with the receptor/matrix may be achieved by attaching it to the

linker at a position which abrogates activity of the ligand at the formal antagonist

30 binding site. Another way to consider this is that the SAR of individual ligands



25 30 19 Novenber 2002 - 114 Exanple 10 Synthesis of 1,4.7-tris

~N-[ 2- (4- hydr oxy- 3- hydr oxynet hyl phenyl ) -? hydroxyet hyl ) am no} oct ane OH ~CH
OHNH' ~OH~ OHNNwJ OHHOI ~ H OH HO To a suspension of

a, a- di hydr oxy- 4- hydr oxy- 3- met hoxycar bonyl - acet ophenone 12 (82 higvgmbar 2092
mmol) in tetrahydrofuran ( 15 nL) was added a sol ution of

4- (ammonet hyl )|, 8-oct adi am ne {115 ng, 0.66 mmol) in tetrahydrofuran (~
m.). The resulting suspension was stirréd® for 12 h at anbient tenperature
under nitrogen atnosphere. After cooling of the resulting solution in ice
bat h an excewghianheodénteft of abvhitibintliag Structubeeix aften diffdréntrftom ik SWRIF was
added. The resulting mxture was slowy warnmed to rt, and refluxed for-6 h
under ni t r ogbAsGIaMsdigtadein memameHs MMhg, the reaction nixture was quenched
wi th net hanol (5 The 1 | 1.l ng sol ution .stirred at. rt.for 30 mn.,
and then concent rgltk%%)r?%??%@g‘%s%lgng?c\yged;&npgﬁvge r'cl)l\?\%acs%’l"? 8[31 d’ﬂ\eélcsol i d was
washed W t h &nkpoundsBdaning twh @IFBEoNhE bath€ ligartd jofiedaH d stp@Nlisledr fittoudine crude
product was dissolved in 50% acetonitrilelwater 15 containing 0.5% TFA and
purifiedSby differentiatiachmant paretarongrof eihécht map abrogats 08¢ bibdiNgfdcivivy ef th8O nmi'n. ,

20 mL/mn.; detection at, 254 n Fractions with. absor pti on was anal yzed
o) T b Meraseis Handed Shamimssisandeming this e RAgBtagsiPenase 1 6,
Qosd. 67 ( .1b . 4 ; n ' sul es
containing t eat?g\eﬁ%&mﬁ%&%}hgl%egﬁagﬁégﬂgksg&ﬁ g@ég%fi}e&]}grﬁfl?@é tﬂaﬂl mggﬂlgvenber

2002 - 115 | ngaanbreod different taegees UHoe exaiple] & SHITY ggceptior arita@éhist abiar ch 30.0 5
Magnesi um stearate 5.0 The abaove ingredjients are m xed and filled into hard
gel atin capdirddsr-peleciivg mupcerinin Marankagonishmay bp jainodto alinker treughul a i s

pr epar eq,usi t he i ngredi ent | .ow, nti.tyln dj.e [tabl et.15 , Active
rep o 10; > eltdekhi pRRLEhER 4B ndCattert R ARNBRARRHL A, mofdmetie

di oxi del0. O3igandd for afeirdesficitt tbépteOMRONERE dindrR JdhfodRd niythchRIPr essed to
formtabl ets) each wei ghing 240 ngy. Exanple 3 A dry powder inhaler

f or mul at i on enbansed pfindy foohothiretentprs due thdhvasebla interaatpensdetweenbe SHYG edi ent
Wi ght Active |Ingredient S.lLactose 95 30 The active ingredient is m xed
wth the | adEaRd et B HRM e LR (e B R PRI ng
appliance. dindi@&R &d%between the M, ligand and elements of the SHT, receptor proximal

15  to the formal SHT, antagonist binding site. Thus, the dimeric compound may be
more potent and selective antagonist of overactive bladder and a superior therapy
for urinary urge incontinence.

Once the ligand attachment points have been chosen, one identifies the types
of chemical linkages that are possible at those points. The most preferred types of

20  chemical linkages are those that are compatible with the overall structure of the
ligand (or protected forms of the ligand) readily and generally formed, stable and
intrinsically inocuous under typical chemical and physiological conditions, and
compatible with a large number of available linkers. Amide bonds, ethers, amines,

" carbamates, ureas, and sulfonamides are but a few examples of preferred linkages.

25  Linkers: spanning relevant multibinding parameters through selection of valency.
linker length, linker geometry, rigidity, physical properties, and chemical functional
greups

In the library of linkers employed to generate the library of candidate

multibinding compounds, the selection of linkers employed in this library of linkers

30 takes into consideration the following factors:



Tabl ets, each containing 30 ng of active ingredient, are prepared as
follows: 35 Quantity In reg_ dient ~ngltablet~ 19 Novenber 2002 - 116
Active Ingredient 30.0 rrg Starch 45.0 ng Mcrocrystalline cgellulose 3 ~

mg Pol yvi nyl pyrrolidone S (as 10%solution in sterile water}9 HOYPW@QB?um
car boxymet hyl starch 4.5 ng Magnesium stearate 0.5 ng Talc |.0 nme Total 120
nmg 10 The active ingredient, starch and cellul ose are passed through a No.
20 mesh U.S. sieve and mixed thoroughl y 7! The sol uti on of

pol yvi nyl pyrrolidone is mxed with the resultant powders, which are then
passed t hroulflaleacy:6 nmesh U. S. sieve. The granules so 15 produced are dri ed
at 50 to 60C and passed through a 16 nesh U.S. sieve. The sodi um

car boxynet hyl sta WOStﬁﬂijﬁé‘@ﬁgﬁ S‘{réfa’rclftl@keféﬂﬁmﬂ%ﬂt‘%ﬂ Wﬁhéwa&méllyk%&sgb@

t hrough a No, eve, are e ranul.es..whi ch,

't er o xi nogh ol TR Do B S R AT B eind el 8 Bl EReME e

wei ghi ng 1205&@ perRitERAM Reculdsab ThB: ta@amnaaagtammh&@ana@ BGfidljedredi cament
are made as fo Iovvs Quanti tyl ngredi ent (nmg/ capsul e) Acti ve Pngredl ent 40.0
ng25 St arich1@@rdthay kffiniest wmosfe dwdt»gtal ad@antigeotairth6Gnére ndj valbet lakeisv e

i ngredient, starch, and nesi rate a ded .passed through a 30
No. 20 mesh ®f @nsiyclyare agsﬁgymﬂfy ‘?§t Pias W‘S‘éﬁ%&t ¢y ek thedlssirablg 50 ny

quantities. h containing 25 ng of active

i ngredi ent a?ﬁéagrrgl guggBI@%%\%/?%@%“%%?CE@{%M nmount Active Ingredient 25 ng
Sat ur at ed f aLinkerdlengthgl ycerides to 2, 000 ng 19 Novenber 2442 - 117 -
The active ingredient is passed through a 60 mesh U. S. sieve and
suspended mthe sb@&?ra@whoa%qwaa@naegf l;ce&thﬁ thedllayy theispamiine ofed Yaage o6i ng t he

m ni num,heat e .S then pour up itory nold
o "nom 0t - 2 BEHERE K g I bt ol AE B P REATIR o BB G
each cont ai Ninfgactidn Mh ﬂm&&dtaﬁé’éﬁﬁé pRE&rrdd: distitcedan Be BStANABE PatRey

fol |l ows: | ngredi ent Anbunt 10 Acti ve Ingredl ent 50. 0 ngXant han gum4. 0 ngSodi um

car boxynet hypreassly fhooslglhi-rasplron wmgtslrglsnﬁqhnatm afghdgatsoypicaBp ehZytned

ngSucr osel. 75 odi um benzoat et avor and . Col grq v.Purified water

to5 0 nL Thée "gg‘f’ﬁ\?ge TeRrydAEst. 1o g eBé[ésng"%\‘ﬁ é £ high- rﬁffﬁf‘&?‘é SICHiYed, passed
through a Nonfo#fhadbh FaRPaldibleyk@teas AM d-PRICIACIES edwefc@ptarspro%wc&vsl y made

solution of the mcrocrystalline cellulose and sodi um car boxynet hyt

cel | ul 048 i Maketuse of Jinwpls owdelntd estizoate the thivdimam disdceclsdtweendsiedidg stigsed wi t h

sone of the ter apd added with s}j I’In? Sufficient water is, then added
to produce t%H e?‘é‘h?fﬂ?“é:ﬂt A 'éf? fsadons 5t the FUPS BCHAY We pr epar ed

as foll ows / I

nmySt ar ch407%&a§ﬁgdwégéglh§g?§ﬁr§ @E‘g asgtgg% pgéér’rét %ﬁ%ﬁ?i%ﬁ%‘e@%pﬂe uglét ive

i ngredi ent, fst mmuhubmdtar@gﬂ,eme&medtlaketadlaamee atd 206 dg wnqhaas:ecprétbnedjgh a
No. 20 mesh U.S. Si eve, lgoéllledlnto hard gel atin capsules in 425.0 ny

quantities. lmkfgdlma%ﬁwéé 2l nSlil@@onwaﬁISItwog’lmgﬁlFﬁaIr%ﬁeqleo?ﬂ R
repareggas ¢ I I 5 Com al

D P £ P2 FEYm) LA Sfb BlefbiA flkefGlskaiEed B098H0BR, wrefhnfl

| ngr edi ent ~gitefetrdd Histeacdsngr3odT®AL 1- (0 gErmI si fying Wax30 gLiquid Par aff| n20
gWwhite Soft Paraffinto 100 gl15
Linker geometry and rigidity:

The combination of ligand attachment site, linker length, linker geometry,
and linker rigidity determine the possible ways in which the ligands of candidate
25  multibinding compounds may be displayed in three dimensions and thereby
presented to their binding sites. Linker geometry and rigidity are nominally
determined by chemical composition and bonding pattern, which may be controlled
and are systematically varied as another spanning function in a multibinding array.
For example, linker geometry is varied by attaching two ligands to the ortho, meta,

30 and para positions of a benzene ring, or in cis- or frans-arrangements at the 1,1- vs.



The white soft paraffin is heated until nolten. The liquid parafftn and
emul si fying wax are incorporated and stirred until dissolved. The active
ingredient is added and stirring is continued until dispersed. The m xture
is then cooled until solid. Another preferred fornul ati on eh®Noyerubérn200Re
met hods of the present invention 20 enpl oys transdennal delivery devices
("patches"). Such transdermal patches may be used to provide continuous or
di sconti nuous infusion of the conpounds 78f- the present invention in
control |l ed anounts. The construction and use of transdermal patches for the
del i very of hhavsrhSews.ilchlpoaigiens srouad weltlokexana cone or lreciar ér.rddse, e.g , U. S
Pat ent 5,023,252, issued tune 1 |) 1991, herein incorporated by reference
in its enti rastanEementh atpinRf sthxlensunsatugsionr Linkesgigrdyy s yrrgdtious,

pul satile, géopgﬁllﬂgw&rﬂﬁéeria}éﬁrré/lat‘?fe QQ%W&%[%RJ c@@cﬁ%&ﬁgngs&gs sui tabl e

formul ati on ein resent 1n I'on can I'n Rém ngton's
Phar maceut i Gksiblei Bhe Sink&diRoe dxdtiple, a ¥ivaldat édrpduld Gkaritigiwosiiangs Conpany .
| 8th ed., 1990). 30 I~ioloQ cal Exanples Exanple 1 (32-Adrener~i c Receptor

| n~~I ro Fungoinedly 1AsecN litker h@omantr moe dfigeees of &pedom,fand as therefdredessi vi ty of
conmpounds of . t invention,was,tested follqws. 9 Novenper 2002 -_.119
ol *Soedi ngiEihiepAsampouR FRpi RO TE S RisrATHGLR 1 DEIOSOPROR o 31
yr. old mal g eilgs, San Diego, CA) were seeded at 50.000 cells/well in
?24-wel | ti ssue%égl?ture pl ates. The nedia used was Cl onetic's SnBM 2

suppl enment edLinkdr iphbsitdE@Ropeltiesul i n, hFGF. and Fetal Bovine Serum Cells were
grown two days at_37C, 5% CO, uyntil_ confluent, npnol ayers were seen. Agoni st

Stimul ation of Cdihephysigalpeepesticsaf linkprsagg aemimallyfetamingd by thehemissil aced
ith 2. m e di t ab.Al | . i . i nhi bit
WLt 275 T oy g P E y P MRER e oo

then 250 M imbact@ndvitalBphyRRAl Ppedies of hacaididat ntliMadingdopgouddBlihs were

then incubated for an additional 10 minutes. Media was aspirated and 500 mi
col d 70% Et Ghidiathenagdacluded: o rangepf dinkeraomponivipasiisttppiad lyeseaciedde - wel |

deep-wel | plate, aft t.~ mnut This st t.h ted. Th
doop-wel | pPRIGISHERER BFPEYsicR! PioBar S dudtdeb iy, MRt isted ar  ed of 1
| eavi ng dry aRghlhilkit cmiﬂaﬁoﬁpﬁ%@\%ﬁa basi@igy) Gy aelchhditifg nidiibiadag CAMP ELI SA

kit from Stratagene (La Jolla, CA C, curves were generated using the
4- par anbl er chmpoenglsatlihopartigular choidg of linkef physidal propdrtiegframade withinghm a =

total bindi = 1Csg 20 x = [c. ) d, = NS bindj b,z sl Fi x NS
v o oo ST Sudnal e ReBEHE R nbio A et SRR £,
Recept or | nyybideparEpdlRlied ath BlAAbRPIOATMEFropeifies( Fof exaFI8NRIKEEC
receptor bindrng activity of conpounds of the in~~rention can be tested

fol |l ows. SFeawb¢ selenterbtoavent thoset thatrdre tpodiydnephil{3dr toe hydaphahietodreyi ¢
receptor (NEN,, Boston, re i ncybated with 0.07 nM
'Sl - odocﬁ?ﬂ&ﬁiaﬁ%{;‘{ﬂ%\@%%gm VIKR) in binding buffer containing 75mM

Tri s- HGyn 3076 ;h#ﬂ £ QidiM %&b . and 2 mM EDTA and varyi ng
concentG%%ti %&{2&‘6 eelgal c%rrboun S Sl'99 Novenber 2002 - 120 or buffer only
(control) in 96- hKker phahiesl fuidtional grioaps ave selectad thlad eanstibleowith thenmper at ur e

wi th shaking for 1 hour. The receptor bound radioligand was harvested by
filtration 6hemistpchesen terpmest linkers t9)the bgandsand ty impagithe mage o

pr e- bl ockedpgnﬁip %’go?bf%ﬁ’#éeff{mn?m %ﬁeﬂiﬁgfﬁ%gﬁ%t%@§§%6§QB 00k1 PBS usi ng

cell harves S Were dhe rrce wt S using cell
harvester and then resuspended in 401 scintillation cocktail. The
25
P Combinatorial synthesis:

Having chosen a set of # ligands (n being determined by the sum of the
number of different attachment points for each ligand chosen) and m linkers by the

30 process outlined above, a library of (n!)m candidate divalent multibinding



filter-bound radioactivity was neasured wwth a scintillation counter and

I C, o curves are generated using the standard 4-paraneter fit equation
descri bed above. The foregoing invention has been described in sone detail
by way of illustration and 10 exanple, for purposes of claridMowsmeber 2002
understanding. It will be obvious to one of skill in the art that changes
and nodifications may be practiced within the scope of the appended cl ai ns.
Therefore, it is to be understood that tI¥ -above description is intended to
be illustrative and not restrictive. The scope of the invention should,
therefore. Dbecotgioands Rguepupéd which spaiseheteyahOmb idirRiay e staSsaraétRTor but
should instead be determined with reference 15 to the foll ow ng appended
clai ns) al oncp Partienlanfarget| Forsapeleppn anay gencatediron woiligandyohe whihns ar e
entitled. Al ten ent ns a ubl.icatjons cited in this
appl i cation ah’a W@?QBMWEB?‘BBSEI@IH Q&E (f E‘ﬁ@ a3 ﬂ“?%fafgg@ﬁ?tlﬂoé‘ﬁ/(é]br‘ al |
purposes to tle 59 p&neélrﬁm p@s§1b‘lécccﬁﬂﬁﬂatld?1‘§“p\’dvq&@torQ@fegﬁtlﬁ f%gtlﬁ

appl i cation or publication were so individually denoted. 19 Nover nbet -
2002 -1 215C>;cahimationf\of oujtiamding torepoundsa (11): OH H ~N-WAr2 X-Q Ar3 -Art
(t1) wherein Ar' and Ar' are independently selected fromthe group
consisting of aryl) heteroaryl and heterocyclyl; Ar? is selected fromthe
group con3|st of hen i rr re,atgach t the

I, , 3- aﬁ%p%u pAOSI 2‘loonsM!)?ﬂlth Wnﬁieisyp%l\r?{g%rlg‘g, ? Agé oh’ggy “ene

opt| onal |y suisBst ut Bd-Bi t h BEB2y| , BMBY ei Bz\Blzand;szgre m;t.Bached at the
1,3- and 1,4-positions of the cycl ohexylene ring; and piperazyl ene, wherein
Wand X are attached at the |, 4-positions of the piperazinylene ring; Qis

WDEART, YRR B GATE Y i B T
- O (CH2} - CH(gﬁhmﬁd}ﬁﬁ%ﬂﬂﬁmgcm\{\bb@dglr&m@ne or substituted al kyl ene, X

is a coval ent bond; and pharmaceutically acceptable salts thereof 2. The
conpound of d ai mGiven thﬁ@pmbma@mé natNHCHARH[ DYy, coBumofhahenisipieaard of C1 aim
2 , wherein Ar

Rovenber 500 BrefasBlyBl & frindhe dcaciive e Opatish Phie gisdavibiteielerigpiay

hydrogen, al kyeiivdalieigfdiRl Kf?)f%luﬁos.ré Srh%EIIb%Rr&QHerEFoPéTPeB&eu&mHF&ft‘?&é}ﬁ' sting
of hydrogen) hydroxy, halo; am no and - wher e I's alkyl; and R6

is select®d paniel iyatlgnomtlmiss iThe lcugbmfatdnmblhbxgeymanrmhpjoy boldrghaye al koxy,
substituted aLemlszrleSs l&gllo olw%r?nr%l?g art Whgr%ﬁ? eﬁe llggl(ljd z?r?dyoralmker 1s attached to a
solid support. Alternatively and preferably, the combinatorial libary is prepared in
the solution phase. After synthesis, candidate multibinding compounds are
optionally purified before assaying for activity by, for example, chromatographic
20 methods (e.g., HPLC).

alysis of array by biochemical. analvtical, pharmacological, and computational

methods:

Various methods are used to characterize the properties and activities of the
candidate multibinding compounds in the library to determine which compounds
25  possess multibinding properties. Physical constants such as solubility under various
solvent conditions and logD/clogD values can be determined. A combination of
NMR spectroscopy and computational methods is used to determine low-energy
conformations of the candidate multibinding compounds in fluid media. The ability
of the members of the library to bind to the desired target and other targets is

30  determined by various standard methods, which include radioligand displacement



4 . The conpound of Claim3) wherein R4 is selected fromthe group

consi sting of hydrogen) nethyl, fluoro, chloro and nethoxy; RS is selected
fromthe group consisting of hydrogen, hydroxy, fluoro, chloro) am no and
- NHSOZCH~; and R6 is selected fromthe group consisting of RgiNEgiber 2002
chl oro, fluoro, hydroxy) nethoxy) hydroxynethyl, -CHzSOQZCH3, -NHS CH)
-NHCHO, -CONHi and -NHCONHz. 5. The co ound of aim2 , wherein Ar' is a
group of the fornmula: \ , HOHN O 6. Th Corrpound of CIaimS ~4 or 5,
wherein Are is selected fromthe group consisting of: (i) phenyl ring of
fornul a (c) asgays forgeqﬂ@tﬁé@n@tonz@@md@getmaand kingtic mhle@nFa@aty@ys fohwaeyn R is

sel ected fromthe up, consi Io and al koxy; RS
i s sel ect ed *fFOH Eag%e?sg [gd’()”%Sﬁth‘% |S}‘\%]1 ?J"}f/f% nge’%ﬁéﬁgo%%? PagPYSLy ki no and
- NHSQZR mﬁaﬁaﬁeﬁ)mu&r@lak’mIanm%moﬁ@l dcﬁwﬁflcnaﬁta%g Herdaferm?edgr oup consi sting
of hydrogen hal o, hydrioxy, al koxy, substituted alkyl, sulfonyl ani no, -

am noacyl arﬁ’dammpbbmdabdaté|m¢ludmglmea1y1bsorpmg1 efettal gnilpandteitionothér , ~/ Rg

(d) wherein R is selected fromthe_group consisting of hydrogen, alkyl,
al kenyl 3 supB¥mageldaetq pajpmetees a9d egfiqacy fatagan be detgrained ik aparppPIAfRr oxy |

am noacyl apg gt 95 B3 Xhy, 1899 Rl EadRhE SR LIRTAL G grRRy cONST St 1 of

hydr ogen, ha ed Al anm no; I 1) naphthyl;

(iv) pyridy fnultltfmdméaeé\@t\/ piljaﬁ‘nlétei’@@ﬂlchk?e‘khéf( hséﬂ&@li‘uﬁbldﬂﬁﬁé worty! , (vi)
i ndolyl; (vii) 2-cyanoindolyl; (viii) carbazolyt; (ix) 4-net hyI i ndanyl; (x)

5- ( CH-CO CHi O ) - The rrsrrrbetSeQ rtbh&xurraanw ishteyhibitmilyibindingpropertingiab e; (i i)
23 L OSBRSS e 12 ere-
(c), Whgy ei fembers which exhlblt multlbmdmg properties are identified by conventional
methods as described above including conventional assays (both in vitro and in
vivo).
Second, ascertaining the structure of those compounds which exhibit
multibinding properties can be accomplished via art recognized procedures. For
15  example, each member of the library can be encrypted or tagged with appropriate
information allowing determination of the structure of relevant members at a later
time. See, for example, Dower, et al., International Patent Application Publication
No. WO 93/06121; Brenner, et al., Proc. Natl. Acad. Sci., USA, 89:5181 (1992);
Gallop, et al., U.S. Patent No. 5,846,839, each of which are incorporated herein by
20 reference in its entirety. Alternatively, the structure of relevant multivalent
compounds can also be determined from soluble and untagged libaries of candidate
multivalent compounds by methods known in the art such as those described by
Hindsgaul, et al., Canadian Patent Application No. 2,240,325 which was published
on July 11, 1998. Such methods couple frontal affinity chromatography with mass
25  spectroscopy to determine both the structure and relative binding affinities of
candidate multibinding compounds to receptors.
B The process set forth above for dimeric candidate multibinding compounds
can, of course, be extended to trimeric candidate compounds and higher analogs

thereof.
30



R is selected fromthe group consisfing of hydrogen, nethyl, fluoro,
cl~loro and nethoxy; Rs is selected fromthe group consisting of hydrogen,
hydroxy) fluoro, chloro, amno and -Ni S02CHc; and R6 is selected frocn the
group consisting of hydrogen, chloro, fluoro, hydroxy, nethtxMovember 2002
hydr oxynet hyi, -CH SOcGH,, -NHSOQ CH , -NHCHO, -CONH and -NHCONHz; or (ii)
a phenyl ring of fornmula (d), wherein R is selected fromthe group

consi sting of hydrogen, nethyl) propen-27§l-, fluoro, chloro, nethoxy,

OCHt CO Me, hydroxy) -CHI CONHt) -NHCOCHs, intdazol-t-yl and f

- et hyl - 4- t r ifdlidar sisind agdllsig of hddifdehl Bray(s): Set ected from the group
consi sting of hydrogen, fluoro, chloro, nethoxy- QCHLCOCI\/E and - CONHt _ 8.

The conpound of o&ascdcrnthevm@r@atmomebta@e@ tlxtoqﬂieawb@me)f@le milthéllb(anp@und of

d 8 , wh W t hy| eth .t. .19 Novenb
2002 225 10CPROLBHBRAETBP BEMRASS (I FoocenNew Kk Regiips Ao (1)

wherein A infuSh8fECfhal! OSBAIRAI ORI il S hganlBliEAARGN, and

heterocyclyl; Arz is’L, 4-phenylene; Ar’ is’selected fromthe group
consi sti nfy oflinker lengths, hnker geoknetrres[ ete. Additlonal libraries/cak bhenbeNeheratedOCH CO Me

~N 2 z (X =H Qw) OCHy COZMe OCHyCeMe ~' / = (Vv
( ' OCHz CO(Z Ve ayoupd |thqse ,leaéwé) prome for fuyther qum;atlon régapding structure ) actwyty ( '

/ ~§/:8\IH z ! I Irf{[atﬁmsh %%@Qﬁ%@ b%&? tinoxH f?gag):d v‘jmal}'%ns in lmlser I\/E 0 NHA\C NHW
(X =0 CHZ) s®uctlire in an effort to further optimize target affinity and/or activity at the target
(antagonism, partial agonism, etc.), and/or alter physical properties. By iterative
10  redesign/analysis using the novel principles of multibinding design along with
classical medicinal chemistry, biochemistry, and pharmacology approaches, one is
able to prepare and identify optimal multibinding compounds that exhibit biological
advantage towards their targets and as therapeutic agents.
To further elaborate upon this procedure, suitable divalent linkers include,
15 by way of example only, those derived from dicarboxylic acids, disulfonylhalides,
dialdehydes, diketones, dihalides, diisocyanates,diamines, diols, mixtures of
carboxylic acids, sulfonylhalides, aldehydes, ketones, halides, isocyanates, amines
and diols. In each case, the carboxylic acid, sulfonylhalide, aldehyde, ketone,
halide, isocyanate, amine and diol functional group is reacted with a complementary
20  functionality on the ligand to form a covalent linkage. Such complementary

functionality is well known in the art as illustrated in the following table:

COMPLEMENTARY BINDING CHEMISTRIES

25 First Reactive Group Second Reactive Group Linkage
hydroxyl isocyanate urethane
5 amine epoxide -amine
hydroxyamine sulfonyl halide sulfonamide
carboxyl acid amine amide

30 hydroxyl alkyl/aryl halide ether



19 Novenber 2002 -126 , , ", ., V' \ ~~\V OH~~\ ~~\ OCON(CH ~h'," NHZ ~
/| H, /" ~ ] | -OHC CHOH OH OCCON(CH ~)z2 X O, ~, ~s , X~ ~OH., vy
o, ~ V=~V ad " OHOH~, I \ O/ NHCHOO Z ~ OH OH (Y = OH Me) - CONHZ.
(Z=C or H (X=Clor F) (X=0C or F) -NHCONHZ) Q i s - NMGHildudaBd) 2002
-NH-CHZ CH OH)-CH O, -NHCHCH OH)-, -CH NHCHZ CH(OH)-) -C(CH3)Z NH CHz
CH(OH)-) -(CH1)3 O (CHi )6-NH CH2-CH(OH)-, or -O (CHi)-CH( OH) - CHZ- NHCHz
CH(OH)-; Wis nethylene, ethylene or pTZﬁ)yI ene; X is a coval ent bond; and
pharmaceutical |y acceptable salts thereof. 11. The conpound of daim 1~
wherein Q ~s - NHEMEHeOH) - . 12. The eonpe/NeENBHLC aim || visenein Ar' is

selected fromth roup consisting of hydr oxyphen
3, 4-di hydroxypheﬁ 8 €3, 4-di chtoropheﬁﬁ"ggg{;mlﬁ_}*o 3, 4- di Y \P/‘Bxyphenyl

2-fl uoro- 3, 4di hy phenyl) 2-chl or hydr oxyphenyl
2-f1 uor o- 3, 5- di h%gﬁyphenw 4- hydrgsf;%) gl | hoxyphenyl | coroamate
4- hydr oxy- 3- hydr oxynet hyl phenyl) 4- hydr oxy- 3- (HCO\IH—)phenyI 4 hydroxy 3
(NH CO ) phenyl , 3 chl orophenyl 2, 5-di met hoxyphenyl , . 4-( )Qhenyl

4- hydr ox{/) 3( CH-Shep Wdh‘é??f/ﬁ include {he: fg %9W51g(lml$95@émf eﬂwéﬁgnl)throug

4- hydr oxy- 3 yl) 3, 5dichl oro-4-am nophenyl) \ , HOHNi O.x O
and F i 3. T%géug’(;s%ﬁ? Q'OCI aim12) wherein Wis ethylene. 14 . The
conmpound of Claim 13, wherein Ar' is 4-hydroxy-3-hydroxynet hyl phenyl . 19
Novenber 2002 -127 15. The conpound of C aim 13, wherein Ar' is

4- hydr oxy- 3- (HCONH- ) phenyi . 16. The conmpound of Caim 13, wherein Ar' is

3, 5-di chl or o- 4- am nophenyl. 17 . The conpound of Claim 13, wherein Ar' is a
group of the formula: HO HN O 18. The conmpound of Caim 13) wherein A~ is
phenyl. 19 . The conmpound of C aim 13s wherein A~ is

4- hydr oxy- 3- hydr oxynet hyl phenyl . 20. A conpound of the formula: OHH\ N -
f/ HO~OH\ / i ~ N\ i H



OH and pharnmaceutically acceptable salts thereof.

formul a:

pharmaceutically acceptable salts thereof.

19 Novenber

2002 -128 OHH N HO ~ ~ N H OH CH and

22 .

21. A conpound of the

A conpound of the fornul a:

OHHN~HO, ~' ~ NHOH H and pharnmaceutical |l y accept ablie Neabinder 2002
thereof. 23 . A conmpound of the formula: OHH NHO ~ ~-NHOH OH 19
Novenber 2002 -129 and pharnaceutically acceptable salts thereof. 24 . A

conmpound of the formula: ONH\ NI\ / HO OH OH and pharnaceutically
acceptabl e salts thereof.
pharmaceutically acceptabl e cagier and a therapeutically effective anount
of a conmpound of any of Clainms 1 24, 26. Use of a conmpound of any one of

claims 1 to 24 in the manufacture of a nedicanent for treating di seases
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a] cal] ca] caU] ca] caU] ca] caU] ca] cal] ca] cal] ca] cal] ca] caV] ca] caV] ca] ca] cal] ca]
caU] ca03Cary{'):>ztojd_YTicrU W]c aUc aJjc aUc aJcajc aUc ajc a W]c
aVlc aUc alJc aUc aJc alUc aJc a Uc @< alJc aUc aJc aUc a]Jc

a] ca] ca] ca] cal] ca] caU] ca] ca>@m " FI MJev| ~{vpi cAXSjd_YTic*U Uc aUc a]c
alc a Representative ligands for use in this invention include, by way of example.

L-1 through L-__ as identified above.

Combinations of ligands (L) and linkers (X) per this invention include, by
5  way example only, homo- and hetero-dimers wherein a first ligand is selected from

L-1 through L-_above and the second ligand and linker is selected from the

following:
L-1/X-1- L-1/X-2- L-1/X-3- L-1/X-4- L-1/X-5- L-1/X-6-
10 L-17X-7- L-1/X-8- L-1/X-9- L-1/X-10- L-1/X-11- L-1/X-12-
L-1/X-13- L-1/X-14- L-1/X-15- L-1/X-16- L-1/X-17- L-1/X-18-
L-1/X-19- L-1/X-20- L-1/X-21- L-1/X-22- L-1/X-23- L-1/X-24-
L-1/X-25- L-1/X-26- L-1/X-27- L-1/X-28- L-1/X-29- L-1/X-30-
L-1/X-31- L-1/X-32- L-1/X-33- L-1/X-34- L-1/X-35- L-1/X-36-
| ] L-1/X-37- L-1/X-38- L-1/X-39- L-1/X-40- L-1/X-41- L-1/X-42-
L-1/X-43- L-1/X-44- L-1/X-45- L-1/X-46- L-1/X-47- L-1/X-48-
L-1/X-49- L-1/X-50- L-1/X-51- L-1/X-52- L-1/X-53- L-1/X-54-
L-1/X-55- L-1/X-56- L-1/X-57- L-17X-58- L-1/X-59- L-1/X-60-
L-1/X-61- L-1/X-62- L-1/X-63- L-1/X-64- L-1/X-65- L-1/X-66-
20 L-UX-67- L-1/X-68- L-1/X-69- L-1/X-70- L-1/X-71-  L-1/X-72-
L-1/X-73- L-1/X-74- L-1/X-75- L-1/X-76- L-1/X-77- L-1/X-78-
L-1/X-79- L-1/X-80- L-1/7X-81- L-1/7X-82- L-1/X-83- L-1/X-84-
L-1/X-85- L-1/X-86- L-1/X-87- L-1/X-88- L-1/X-89- L-17X-90-
L-1/X-91- L-1/X-92- L-1/X-93- L-1/X-94- L-1/X-95- L-1/X-96-
25 L-1/X-97- L-1/X-98- L-1/X-99- L-1/X-100- L-1/X-101-  L-1/X-102-
L-1/X-103- L-1/X-104- L-1/X-105- L-1/X-106- L-1/X-107-  L-1/X-108-
L-1/X-109- L-17X-110- L-t/X-111- L-1/X-112- L-1/X-113-  L-1/X-114-
L-t/X-115- L-1/X-116- L-1/X-117- L-1/X-118- L-/X-119-  L-1/X-120-
L-1/7X-121- L-1/X-122- L-1/X-123- L-1/X-124- L-1/X-125-  L-1/X-126-
30 L-17X-127- L-1/X-128- L-1/X-129- L-1/X-130- L-1/X-131- L-1/X-132-
LA/X-133- L-U/X-134- L-1/X-135- L-1/X-136- L-1/X-137- L-U/X-138-
L-1/X-139- L-1/X-140- L-1/X-141- L-UX-142- L-1/X-143- L-UX-144-
L-1/7X-145- L-1/X-146- L-1/X-147- L-1/X-148- L-1/X-149-  L-1/X-150-
L-1/X-151- L-1/7X-152- L-1/X-153- L-1/X-154- L-1/X-155- L-1/X-156-

35 L-1/X-157- L-1/X-158- L-1/X-159- L-1/X-160- L-1/X-161-  L-1/X-162-
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10

15

20

25

30

35

L-1/X-163-
L-1/X-169-
L-1/X-173-
L-1/X-179-
L-1/X-185-
L-1/X-191-
L-1/X-197-
L-1/X-203-
L-1/X-209-
L-1/X-215-
L-1/X-221-
L-1/X-227-
L-1/X-233-
L-1/X-239-
L-1/X-245-
L-1/X-251-
L-1/X-257-
L-1/X-263-
L-1/X-269-
L-1/X-275-
L-1/X-281-
L-1/X-287-
L-1/X-293-
L-1/X-299-
L-1/X-305-
L-1/X-311-
L-1/X-317-
L-1/X-323-
L-1/X-329-
L-1/X-335-
L-1/X-341-
L-y/X-347-
L-1/X-353-
L-1/X-359-
L-1/X-365-
L-1/X-371-

L-1/X-164-
L-1/X-170-
L-1/X-174-
L-1/X-180-
L-1/X-186-
L-1/X-192-
L-1/X-198-
L-1/X-204-
L-1/X-210-
L-1/X-216-
L-1/X-222-
L-1/X-228-
L-1/X-234-
L-1/X-240-
L-1/X-246-
L-1/X-252-
L-1/X-258-
L-1/X-264-
L-1/X-270-
L-1/X-276-
L-1/X-282-
L-1/X-288-
L-17X-294-
L-1/X-300-
L-1/X-306-
L-1/X-312-
L-1/X-318-
L-1/X-324-
L-1/X-330-
L-1/X-336-
L-1/X-342-
L-1/X-348-
L-1/X-354-
L-1/X-360-
L-17X-366-
L-1/X-372-

-84 -

L-1/X-165-
L-1/X-171-
L-1/X-175-
L-1/X-181-
L-1/X-187-
L-1/X-193-
L-1/X-199-
L-1/X-205-
L-1/X-211-
L-1/X-217-
L-1/X-223-
L-1/X-229-
L-1/X-235-
L-1/X-241-
L-1/X-247-
L-1/X-253-
L-1/X-259-

L-1/X-265- -

L-1/X-271-
L-1/X-277-
L-1/X-283-
L-1/X-289-
L-1/X-295-
L-1/X-301-
L-1/X-307-
L-1/X-313-
L-1/X-319-
L-1/X-325-
L-1/X-331-
L-1/X-337-
L-1/X-343-
L-1/X-349-
L-1/X-355-
L-1/X-361-
L-1/X-367-
L-1/X-373-

L-1/X-166-
L-1/X-172-
L-1/X-176-
L-1/X-182-
L-1/X-188-
L-1/X-194-
L-1/X-200-
L-1/X-206-
L-1/X-212-
L-1/X-218-
L-1/X-224-
L-1/X-230-
L-1/X-236-
L-1/X-242-
L-1/X-248-
L-17X-254-
L-1/X-260-
L-1/X-266-
L-1/X-272-
L-1/X-278-
L-1/X-284-
L-1/X-290-
L-1/X-296-
L-1/X-302-
L-1/X-308-
L-1/X-314-
L-17X-320-
L-1/X-326-
L-1/X-332-
L-1/X-338-
L-1/X-344-
L-1/X-350-
L-1/X-356-
L-1/X-362-
L-1/X-368-
L-1/X-374-

L-1/X-167-

L-1/X-177-
L-1/X-183-
L-1/X-189-
L-1/X-195-
L-1/X-201-
L-1/X-207-
L-1/X-213-
L-1/X-219-
L-1/X-225-
L-1/X-231-
L-17X-237-
L-1/X-243-
L-1/X-249-
L-1/X-255-
L-1/X-261-
L-1/X-267-
L-1/X-273-
L-1/X-279-
L-1/X-285-
L-1/X-291-
L-1/X-297-
L-1/X-303-
L-1/X-309-
L-1/X-315-
L-1/X-321-
L-1/X-327-
L-1/X-333-
L-1/X-339-
L-1/X-345-
L-1/X-351-
L-1/X-357-
L-1/X-363-
L-17X-369-
L-1/X-375-

19 November 2002

L-1/X-168-

L-1/X-178-
L-1/X-184-
“L-1/X-190-
L-1/X-196-
L-17X-202-
L-1/X-208-
L-1/X-214-
L-1/X-220-
L-1/X-226-
L-1/X-232-
L-1/X-238-
L-1/X-244-
L-1/X-250-
L-1/X-256-
L-1/X-262-
L-1/X-268-
L-1/X-274-
L-1/X-280-
L-17X-286-
L-1/X-292-
L-1/X-298-
L-1/X-304-
L-1/X-310-
L-1/X-316-
L-1/X-322-
L-1/X-328-
L-1/X-334-
L-1/X-340-
L-1/X-346-
L-1/X-352-
L-1/X-358-
L-1/X-364-
L-1/X-370-
L-1/X-376-
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. 85 -
L-1/X-377- L-1/X-378- L-1/X-379- L-1/X-380- L-1/X-381-  L-1/X-382-
L-1/X-383- L-1/X-384- L-1/X-385- L-1/X-386- L-1/X-387-  L-1/X-388-
L-1/X-389- L-1/X-390- L-1/X-391- L-1/X-392- L-1/X-393-  L-1/X-394-
L-1/X-395- L-1/X-396- L-1/X-397- L-1/X-398- L-1/X-399-  L-1/X-400-

5  L-1/X-401- L-1/X-402- L-1/X-403- L-1/X-404- L-1/X-405- " L-1/X-406-
L-1/X-407- L-1/X-408- L-1/X-409- L-1/X-410- L-1/X-411-  L-1/X-412-
L-1/X-413- L-1/X-414- L-1/X-415- L-1/X-416- L-1/X-417-  L-1/X-418-

10 L-2/X-1- L-27X-2- L-2/X-3- L-2/X-4- L-2/X-5- L-2/X-6-
L-2/X-7- L-2/X-8- L-2/X-9- L-2/X-10- L-2/X-11-  L-2/X-12-
L-2/X-13- L-2/X-14- L-2/X-15- L-2/X-16- L-2/X-17-  L-2/X-18-
L-2/X-19- L-2/X-20- L-2/X-21- L-2/X-22- L-2/X-23-  L-2/X-24-
L-2/X-25- L-2/X-26- L-2/X-27- L-2/X-28- L-2/X-29-  L-2/X-30-

15 L2X-31- L-2/X-32- L-2/X-33- L-2/X-34- L-2/X-35-  L-2/X-36-
L-2/X-37- L-2/X-38- L-2/X-39- L-2/X-40- L-2/X-41-  L-2/X-42-
L-2/X-43- L-2/X-44- L-2/X-45- L-2/X-46- L-2/X-47-  L-2/X-48-
L-2/X-49- L-2/X-50- L-2/X-51- L-2/X-52- L-2/X-53-  L-2/X-54-
L-2/X-55- L-2/X-56- L-2/X-57- L-2/X-58- L-2/X-59-  L-2/X-60-

20 L-2/X-61- L-2/X-62- L-2/X-63- L-2/X-64- L-2/X-65-  L-2/X-66-
L-2/X-67- L-2/X-68- L-2/X-69- L-2/X-70- L-2/X-71-  L-2/X-72-
L-2/X-73- L-2/X-74- L-2/X-75- L-2/X-76- L-2/X-77-  L-2/X-78-
L-2/X-79- L-2/X-80- L-2/X-81- L-2/X-82- L-2/X-83-  L-2/X-84-
L-2/X-85- L-2/X-86- L-2/X-87- L-2/X-88- L-2/X-89-  L-2/X-90-

25  L-2/X-91- L-2/X-92- L-2/X-93- L-2/X-94- L-2/X-95-  L-2/X-96-
L-27X-97- L-27X-98- L-2/X-99- L-2/X-100- L-2/X-101- L-2/X-102-
L-2/X-103- L-2/X-104- L-2/X-105- L-2/X-106- L-2/X-107-  L-2/X-108-
L-2/X-109- L-2/X-110- L-2/X-111- L-27X-112- L-2/X-113-  L-2/X-114-
L-27/X-115- L-2/X-116- L-27X-117- L-2/X-118- L-2/X-119- L-2/X-120-

30 L-2/X-121- L-2/X-122- L-2/X-123- L-2/X-124- L-2/X-125-  L-2/X-126-
L-2/X-127- L-2/X-128- L-2/X-129- L-2/X-130- L-2/X-131-  L-2/X-132-
L}2/X-133- L-27X-134- L-2/X-135- L-2/X-136- L-2/X-137- L-2/X-138-
L-2/X-139- L-2/X-140- L-2/X-141- L-2/X-142- L-2/X-143-  L-2/X-144-
L-2/X-145- L-2/X-146- L-2/X-147- L-2/X-148- L-2/X-149-  L-2/X-150-

35 L-2/X-151- L-2/X-152- L-2/X-153- L-2/X-154- L-2/X-155-  L-2/X-156-

L-2/X-157- L-2/X-158- L-2/X-159- L-2/X-160- L-2/X-161- * L-2/X-162-
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L-2/X-163- L-2/X-164- L-2/X-165- L-2/X-166- L-2/X-167-  L-2/X-168-
L-2/X-169- L-2/X-170- L-2/X-171- L-2/X-172-
L-2/X-173- L-2/X-174- L-2/X-1175- L-2/X-176- L-2/X-177-  L-2/X-178-
L-2/X-179- L-2/X-180- L-2/X-181- L-2/X-182- L-2/X-183-  L-2/X-184-
5 L-2/X-185- L-2/X-186- L-2/X-187- L-2/X-188- L-2/X-189-  L-2/X-190-
L-2/X-191- L-2/X-192- L-2/X-193- L-2/X-194- L-2/X-195-  L-2/X-196-
L-2/X-197- L-2/X-198- L-2/X-199- L-2/X-200- L-2/X-201-  L-2/X-202-
L-2/X-203- L-2/X-204- L-2/X-205- L-2/X-206- L-2/X-207-  L-2/X-208-
L-2/X-209- L-2/X-210- L-2/X-211- L-2/X-212- L-2/X-213-  L-2/X-214-
10 L-2/X-215- L-2/X-216- L-2/X-217- L-2/X-218- L-2/X-219-  L-2/X-220-
L-2/X-221- L-2/X-222- L-2/X-223- L-2/X-224- L-2/X-225-  L-2/X-226-
L-2/X-227- L-2/X-228- L-2/X-229- L-2/X-230- L-2/X-231-  L-2/X-232-
L-2/X-233- L-2/X-234- L-2/X-235- L-2/X-236- L-2/X-237-  L-2/X-238-
L-2/X-239- L-2/X-240- L-2/X-241- L-2/X-242- L-2/X-243-  L-2/X-244-
15 L-2/X-245- L-2/X-246- L-2/X-247- L-2/X-248- L-2/X-249-  L-2/X-250-
L-2/X-251- L-2/X-252- L-2/X-253- L-2/X-254- L-2/X-255-  L-2/X-256-
L-2/X-257- L-2/X-258- L-2/X-259- L.-2/X-260- L-2/X-261-  L-2/X-262-
L-2/X-263- L-2/X-264- L-2/X-265- L-2/X-266- L-2/X-267-  L-2/X-268-
L-2/X-269- L-2/X-270- L-2/X-271- L-2/X-272- L-2/X-273-  L-2/X-274-
20 L-2/X-275- L-2/X-276- L-2/X-277- L-2/X-278- L-2/X-279-  L-2/X-280-
L-2/X-281- L-2/X-282- L-2/X-283- L-2/X-284- L-2/X-285-  L-2/X-286-
L-2/X-287- L-2/X-288- L-2/X-289- L-2/X-290- L-2/X-291-  L-2/X-292-
) L-2/X-293- L-2/X-294- L-2/X-295- L-2/X-296- L-2/X-297-  L-2/X-298-
L-2/X-299- L-2/X-300- L-2/X-301- L-2/X-302- L-2/X-303-  L-2/X-304-
25  L-2/X-305- L-2/X-306- L-2/X-307- L-2/X-308- L-2/X-309-  L-2/X-310-
L-2/X-311- L-2/X-312- L-2/X-313- L-2/X-314- L-2/X-315-  L-2/X-316-
L-2/X-317- L-2/X-318- L-2/X-319- L-2/X-320- L-2/X-321-  L-2/X-322-
L-2/X-323- L-2/X-324- L-2/X-325- L-2/X-326- L-2/X-327-  L-2/X-328-
L-2/X-329- L-2/X-330- L-2/X-331- L-2/X-332- L-2/X-333-  L-2/X-334-
30 L-2/X-335- L-2/X-336- L-2/X-337- L-2/X-338- L-2/X-339-  L-2/X-340-
L-2/X-341- L-2/X-342- L-2/X-343- L-2/X-344- L-2/X-345-  L-2/X-346-
L-2(X-347- L-2/X-348- L-2/X-349- L-2/X-350- L-2/X-351-  L-2/X-352-
L-2/X-353- L-2/X-354- L-2/X-355- L-2/X-356- L-2/X-357-  L-2/X-358-
L-2/X-359- L-2/X-360- L-2/X-361- L-2/X-362- L-2/X-363-  L-2/X-364-
35 L-2/X-365- L-2/X-366- L-2/X-367- L-2/X-368- L-2/X-369-  L-2/X-370-
L-2/X-371- L-2/X-372- L-2/X-373- L-2/X-374- L-2/X-375-  L-2/X-376-
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L-2/X-377- L-2/X-378- L-2/X-379- L-2/X-380- L-2/X-381-  L-2/X-382-
L-2/X-383- L-2/X-384- L-2/X-385- L-2/X-386- L-2/X-387-  L-2/X-388-
L-2/X-389- L-2/X-390- L-2/X-391- L-2/X-392- L-2/X-393-  L-2/X-394-
L-2/X-395- L-2/X-396- L-2/X-397- L-2/X-398- L-2/X-399-  L-2/X-400-
L-2/X-401- L-2/X-402- L-2/X-403- L-2/X-404- L-2/X-405-  L-2/X-406-
L-2/X-407- L-2/X-408- L-2/X-409- L-2/X-410- L-2/X-411- L-2/X-412-
L-2/X-413- L-2/X-414- L-2/X-415- L-2/X-416- L-2/X-417-  L-2/X-418-

and so on.

Utility, Testing, and Administration
Utility
The multibinding compounds of this invention are f32 adrenergic receptor
agonists. Accordingly, the multibinding compounds and pharmaceutical
compositions of this invention are useful in the treatment and prevention of diseases
mediated by P2 adrenergic receptor such as asthma, bronchitis, and the like. They

are also useful in the treatment of nervous system injury and premature labor.

Testing

The B2 adrenergic receptor agonistic activity of the compounds of formula
(I) to may be demonstrated by a variety of in vitro assays known to those of
ordinary skill in the art, such as the assay described in the biological examples 1 and
2. It may also be assayed by the Ex vivo assays described in Ball, D. I. et al.,
“Salmterol a Novel, Long-acting beta 2-Adrenergic Agonist: Characterization of
Pharmacological Activity in Vitro and in Vive™ Br. J. Pharmacol., 104, 665-671
(1991); Linden, A. et al., “Sameterol, Formoterol, and Salbutamol in the Isolated
Guinea-Pig Trachea: Differences in Maximum Relaxant Effect and Potency but not
in Functional Atagonism. Thorax, 48, 547-553, (1993); and Bials, A. T. et al.,
Igventigations into Factors Determining the Duration of Action of the Beta 2-
Adrenoceptor Agonist, Salmateroal. Br. J. Pharmacol., 108, 505-515 (1993); or in
vivo assays such as those described in Ball, D. L. et al., “Salmterol a Novel, Long-

acting beta 2-Adrenergic Agonist: Characterization of Pharmacological Activity irn
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Vitro and in Vivo” Br. J. Pharmacol., 104, 665-671 (1991); Kikkawa, H. et al.,
“RA-2005, a Novel, Long-acting, and Selective Beta 2-Adrenoceptor Agonist:
Characterization of its in vivo Bronchodilating Action in Guinea Pigs and Cats in
Comparison with other Beta 2-Agonists™. Biol. Pharm. Bull., 17, 1047-1052,
(1994); and Anderson, G. P., “Formeterol: Pharmacology, Colecular basis of
Agonism and Mechanism of Long Duration of a Highly Potent and Selective Beta

2-Adrenoceptor Agonist Bronchodilator, Life Sciences, 52, 2145-2160, (1993).

Pharmaceutical Formulations

When employed as pharmaceuticals, the compounds of this invention are
usually administered in the form of pharmaceutical compositions. These
compounds can be administered by a variety of routes including oral, rectal,
transdermal, subcutaneous, intravenous, intramuscular, and intranasal. These
compounds are effective as injectable inhaled and oral compositions. Such
compositions are prepared in a manner well known in the pharmaceutical art and
comprise at least one active compound.

This invention also includes pharmaceutical compositions which contain, as
the active ingredient, one or more of the compounds described herein associated
with pharmaceutically acceptable carriers. In making the compositions of this
invention, the active ingredient is usually mixed with an excipient, diluted by an
excipient or enclosed within such a carrier which can be in the form of a capsule,
sachet, paper or other container. When the excipient serves as a diluent, it can be a
solid, semi-solid, or liquid material, which acts as a vehicle, carrier or medium for
the active ingredient. Thus, the compositions can be in the form of tablets, pills,
powders, lozenges, sachets, cachets, elixirs, suspensions, emulsions, solutions,
syrups, aerosols (as a solid or in a liquid medium), ointments containing, for
ex?,}nple, up to 10% by weight of the active compound, soft and hard gelatin
capsules, suppositories, sterile injectable solutions, and sterile packaged powders.

In preparing a formulation, it may be necessary to mill the active
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compound to provide the appropriate particle size prior to combining with the other
ingredients. If the active compound is substantially insoluble, it ordinarily is milled
to a particle size of less than 200 mesh. [f the active compound is substantially
water soluble, the particle size is normally adjusted by milling to provide a
substantially uniform distribution in the formulation, e.g. about 40 mesh.

Some examples of suitable excipients include lactose, dextrose, sucrose,
sorbitol, mannitol, starches, gum acacia, calcium phosphate, alginates, tragacanth,
gelatin, calcium silicate, microcrystalline cellulose, i)olyvinylpyrrolidone, cellulose,
sterile water, syrup, and methyl cellulose. The formulations can additionally
include: lubricating agents such as talc, magnesium stearate, and mineral oil;
wetting agents; emulsifying and suspending agents; preserving agents such as
methyl- and propylhydroxy-benzoates; sweetening agents; and flavoring agents.
The compositions of the invention can be formulated so as to provide quick,
sustained or delayed release of the active ingredient after administration to the
patient by employing procedures known in the art.

The compositions are preferably formulated in a unit dosage form, each
dosage containing from about 0.001 to about 1 g, more usually about 1 to about 30
mg, of the active-ingredient. The term "unit dosage forms" refers to physically
discrete units suitable as unitary dosages for human subjects and other mammals,
each unit containing a predetermined quantity of active material calculated to
produce the desired therapeutic effect, in association with a suitable pharmaceutical
excipient. Preferably, the compound of Formula (I) above is employed at no more
than about 20 weight percent of the pharmaceutical composition, more preferably
no more than about 15 weight percent, with the balance being pharmaceutically
inert carrier(s).

The active compound is effective over a wide dosage range and is generally
ad'r}ninistered in a pharmaceutically effective amount. It, will be understood,
however, that the amount of the compound actually administered will be determined
by a physician, in the light of the relevant circumstances, including the condition to

be treated, the chosen route of administration, the actual compound administered
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and its relative activity, the age, weight, and response of the individual patient, the
severity of the patient's symptoms, and the like.

For preparing solid compositions such as tablets, the principal active
ingredient is mixed with a pharmaceutical excipient to form a solid preformulation
composition containing a homogeneous mixture of a compound of the present
invention. When referring to these preformulation compositions as homogeneous, it
is meant that the active ingredient is dispersed evenly throughout the composition
so that the composition may be readily subdivided into equally effective unit dosage
forms such as tablets, pills and capsules. This solid preformulation is then
subdivided into unit dosage forms of the type described above containing from, for
example, 0.1 to about 500 mg of the active ingredient of the present invention.

The tablets or pills of the present invention may be coated or otherwise
compounded to provide a dosage form affording the advantage of prolonged action.
For example, the tablet or pill can comprise an inner dosage and an outer dosage
component, the latter being in the form of an envelope over the former. The two
components can be separated by an enteric layer which serves to resist
disintegration in the stomach and permit the inner component to pass intact into the
duodenum or to be delayed in release. A variety of materials can be used for such
enteric layers or coatings, such materials including a number of polymeric acids and
mixtures of polymeric acids with such materials as shellac, cetyl alcohol, and
cellulose acetate.

The liquid forms in which the novel compositions of the present invention
may be incorporated for administration orally or by injection include aqueous
solutions, suitably flavored syrups, aqueous or oil suspensions, and flavored
emulsions with edible oils such as corn oil, cottonseed oil, sesame oil, coconut oil,
or peanut oil, as well as elixirs and similar pharmaceutical vehicles.

N Compositions for inhalation or insufflation include solutions and
suspensions in pharmaceutically acceptable, aqueous or organic solvents, or
mixtures thereof, and powders. The liquid or solid compositions may contain

suitable pharmaceutically acceptable excipients as described supra. Preferably the
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hydroxyethyl]amino }cyclohexane

5 (following figure 5)

OH
H HH OH
NH\; N ‘ x
HO ZN0oH
HO OH
Step |

To a solution of 5-acetylsalicylic acid methyl ester 11 (5.0g, 25.7 mmole) in
dimethylsulfoxide (44 mL) was added 48% hydrobromic acid. The resulting
mixture was stirred at 55 °C for 24 h, and poured into a slurry of ice-water (~200

10  mL), precipitating a pale yellow solid. The solid was filtered, washed with water
(200 mL), and dried to give a,a—dihydroxy-4-hydroxy-3-methoxycarbonyl-
acetophenone 12. The product was re-suspended in ethyl ether (~200 mL), filtered
and dried to give (3.41 g, 59%) of pure product. R;= 0.8 (10% MeOH/CH,Cl,).

H'-NMR (4/1 CDC1,/CD,0D, 299.96 MHz): 8 (ppm) 8.73-8.72 (d, 1H), 8.28-

15 8.24 (dd, 1H), 7.08-7.05 (d, 1H), 5.82 (s, 1H), 4.01 (s, 3H).

Step 2

To a suspension of a,x—dihydroxy-4-hydroxy-3-methoxycarbonyl-
acetophenone 12 (0.3 g, 1.33 mmole) in THF (10 mL) was added a solution of
trans-1,4-diaminocyclohexane (76 mg, 0.66 mmole) in THF (5§ mL). The resulting

20  suspension was stirred for 3 h at ambient temperature under nitrogen atmosphere, at
which formation of an imine was completed judged by TLC analysis. After cooling
qf the resulting solution at ice bath, an excess amount of 2M BH;-Me,S in hexane
(4 mL, 8 mmole) was added to the previous solution. The resulting mixture was
slowly warmed to rt and refluxed for 4 h under N, stream. After cooling the

25  reaction mixture, MeOH (5 mL) was added to quench excess amount of 2M BH;-
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MeCN/H,O containing 0.5% TFA, and purified by prep-scale high performance

5  liquid chromatography (HPLC) using a linear gradient (5% to 50% MeCN/H,O
over 50 min, 20 mL/min; detection at 254 nM). Fractions with UV absorption were
analyzed by LC-MS to isolate trans-1,4-bis{N-[2-(4-hydroxy-3-hydroxymethyl-
phenyl)-2-hydroxyethyl]Jamino}cyclohexane 13.

H'-NMR (CD;0D, 299.96 MHz): é (ppm) 7.35 (d, 2H), 7.18 (dd, 2H), 6.80-
10  6.78 (d, 2H), 4.88-4.86 (m, 2H), 4.65 (s, 4H), 3.15 (br s, 4H), 2.89 (m, 2H), 1.68-
1.55 (br m, 4H); ESMS (C,,H,,N,0,): calcd. 446.5, obsd. 447.5 {M+H]".
Compound 14:
Proceeding as described above but substituting trans-1,4-diamino-
cyclohexane with 4,4'-methylenebis(cyclohexylamine) gave bis{4,4'-[N-[2-(4-
15  hydroxy-3-hydroxymethylphenyl)-2-hydroxyethyl]amino]cyclohexane } methane.
ESMS (C;,H,NO,): calcd. 542.7, obsd. 543.6 [M+H]".
Compound 15:
Proceeding as described above bui substituting frans-1,4-diamino-
. cyclohexane with 1,3-cyclohexanebis(methylamine) gave 1 .3-bis{N-{2-(4-hydroxy-
20  3-hydroxymethylphenyl)-2-hydroxyethylJaminomethyl}cyclohexane.
ESMS (C,,H;5N,0): caled. 474.6, obsd. 475.3 [M+H]".
Compound 16:
Proceeding as described above but substituting trans-1,4-diamino-
cyclohexane with 1,8-diamino-p-menthane gave 1,8-bis{N-[2-(4-hydroxy-3-
25  hydroxymethylphenyl)-2-hydroxyethyllamino}-p-menthane.
ESMS (CyH,;,N,0g): caled. 502.6, obsd. 503.3 (M+H]".
Cgmpound 17:
Proceeding as described above but substituting frans-1,4-diamino-

cyclohexane with 1,4-bis(3-aminopropyl)piperazine gave 1,4-bis{3-[[N-2-(4-
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Compound 18:

Proceeding as described above but substituting trans-1,4-diamino-

5  cyclohexane with p-xylylenediamine gave [,4-bis{N-[2-(4-hydroxy-3-hydroxy-
methylphenyl)-2-hydroxyethyl]Jaminomethyl} benzene. ESMS (C,H;,N,0O;): calcd.
468.5, obsd. 469.3 [M+H]", 492.0 [M+Na]".

Compound 19:

Proceeding as described above but substituting frans-1,4-diamino-

10  cyclohexane with m-xylylenediamine gave 1,3-bis{N-[2-(4-hydroxy-3-hydroxy-
methylphenyl)-2-hydroxyethyl]Jaminomethyl } benzene. ESMS (C,4H;,N,0y): caled.
468.5, obsd. 469.3 [M+H]", 492.0 [M+Na]".

Compound 20:

Proceeding as described above but substituting trans-1,4-diamino-

15  cyclohexane with 2-aminobenzylamine gave 1-{N-[2-(4-hydroxy-3-hydroxy-
methylpheny!)-2-hydroxyethyljJaminomethyl }-2- { N-[2-(4-hydroxy-3-
hydroxymethylphenyl)-2-hydroxyethyl]amino }benzene. ESMS (C,;H;,N,O):
calcd. 454.5, obsd. 455.3 [M+H]".

Compound 21:

20 Proceeding as described above but substituting trans-1,4-diamino-
cyclohexane with 2-(4-aminophenyl)ethylamine gave 1-{2-[N-2-[(4-hydroxy-3-
hydroxymethylphenyl)-2-hydroxyethyl]Jamino}ethyl}-2-{ N-{2-(4-hydroxy-3-
hydroxymethylphenyl)-2-hydroxyethyl]amino]benzene. ESMS (C,H;,N,0y):
calcd. 468.5, obsd. 469.3 [M+H]".

25 Compound 22:

Proceeding as described above but substituting trans-1,4-diamino-
cyf;:lohexane with 4,4'-oxydianiline gave 4,4"-bis{N-{2-(4-hydroxy-3-hydroxy-
methylphenyl)-2-hydroxyethyl}amino } phenylether. ESMS (C;,H;,N,0;): caled.
532.6, obsd. 533.3 [M+H]", 556.1 [M+Na]".

30 Compound 23:
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methylphenyl)-2-hydroxyethyl}aminomethyl}-4- { N-{2-(4-hydroxy-3-hydroxy-
methylphenyl)-2-hydroxyethyl]amino }benzene. ESMS (C,,H,,N,O,): calcd. 454.5.
5 obsd. 455.5 [M+H]", 477.3 [M+Na]".

Example 2
10 Synthesis of 1-{2-[N-2-[(4-hydroxy-3-hydroxymethylphenyl)-2-
hydroxyethyl]amino]ethyl}-4- { N-[2-phenyl-2-hydroxyethyl]Jamino]benzene
(following figure 6)

OH

P
zT
/

HO =
HO

15
To a suspension of o,a-dihydroxy-4-hydroxy-3-methoxycarbonyl-

acetophenone 12, prepared in Example 1, Step 1 above, (0.3 g, 1.33 mmole) in THF
(10 mL) was added a solution of 2-(4-aminophenyl)ethylamine 25 (0.181 g, 1.33
mmol) in THF (5 mL). The resulting suspension was stirred for 3 h at ambient

20  temperature under nitrogen atmosphere, followed by addition a,a-dihydroxy-
acetophenone 24 (0.2g, 1.32 mmole). The reaction mixture was stirred for 3 h at
RT, at which formation of the imine was completed as judged by TLC analysis.
The reaction mixture was cooled in an ice bath and an excess amount of 2M BH;-
Me,S in hexane (9 mL; 18 mmole) was added. The resulting mixture was slowly

25  warmed to rt, and refluxed for 4 h under N, stream. After cooling, MeOH (10 mL)

was added to quench excess amount of BH;-Me,S. After stirring 30 min., at rt, the
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Proceeding as described above, but substituting o, a-dihydroxy-4-hydroxy-

3-methoxycarbonylacetophenone with o,a-dihydroxyacetophenone gave 1-{2-[N-
[2-phenyl-2-hydroxyethyl]Jaminoethyl }-4-[N-(2-phenyl-2-hydroxyethyl)amino]-
benzene. ESMS (C,4Hq4N,Oq): caled. 376.5, obsd. 377.0 [M+H]".

15
Example 3
Synthesis of 1-{2-[N-2-(4-hydroxy-3-hydroxymethylphenyl)-2-
hydroxyethyl]amino]ethyl}-4-[N-(2-phenyl-2-hydroxyethyl)amino}benzene
(following figure 7)
OH
H
RO
HO OH

20  Stepl

To a solution of 4-(2-aminoethyl)aniline 25 (20 g, 147 mmole) in methanol
(250 mL) was added (Boc)zOl(32.4 g, 148 mmole) in methanol (50 mL) at rt. After
stitring for 24 h, the reaction mixture was concentrated to dryness to afford a pale
yellow oily residue. The oily material solidified slowly; thus it was dissolved in 5%
25  MeOH/CH,Cl,, and subsequently applied to flash silica column chromatography (3
to 10% MeOH/CH,Cl,). After purification, 4-(N-Boc-2-aminoethyl)aniline 28 was
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concentrated, and purified by flash silica column chromatography (2 to 5%

10 MeOH/CH,Cl,) to give N-(2-phenyl-2-hydroxyethyl)-4-(N-Boc-2-
aminoethyl)aniline as a pale yellow oil (1.71 g, 91%): R;=0.18 in 5%
MeOH/CH,Cl,. 'H-NMR (CD,0D, 299.96 MHz):  (ppm) 7.4-7.25 (m, 5H), 7.0-
6.95 (d, 2H), 6.63-6.60 (d, 2H), 4.85-4.79 (dd, 1H), 3.3-3.21 (t, 2H), 3.2-3.15 (m,
2H), 2.64-2.5 (t, 2H), 1.42 (s, 9H).

15 Step3

A solution of N-(2-phenyl-2-hydroxyethyl)-4-(N-Boc-2-aminoethyl)aniline
(1.7 g, 4.77 mmole) in methylene chloride (10 mL) was cooled in ice bath, and TFA
(10 mL) was slowly added under a stream of nitrogen gas. The reaction mixture
. was stirred for 1 h, and concentrated to yield a pale yellow oil. The crude material

20  was purified by reversed phase HPLC (10% to 40% MeCN/H,0 over 50 min; 20
mL/min) to give N-(2-phenyl-2-hydroxyethyl)-4-(2-aminoethyl)aniline 29 as the
TFA salt (1.1 g). 'H-NMR (CD;0D, 299.96 MHz): 6 (ppm) 7.42-7.3 (m, 5H), 7.29-
7.25 (d, 2H), 7.12-7.0 (d, 2H), 4.85-4.82 (m, 1H), 3.45-3.35 (m, 2H), 3.18-3.1 (t,
2H), 2.98-2.94 (t, 2H); ESMS (C(H,N,0,): caled. 256 4, obsd. 257.1 [M+H]",

25  278.8 {M+Na]’, 513.4 2M+H]".

Step 4

) To a solution of N-(2-phenyl-2-hydroxyethyl)-4-(2-aminoethyl)aniline
trifluoroacetate salt 29 (1.1 g, 2.3 mmole) in methanol (10 mL) was added 5 M
NaOH solution (0.93 mL). After stirring for 10 min., the solution was concentrated

30 to dryness. The residue was dissolved in THF (25 mL), and o,a-dihydroxy-4-
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MeCN/H,O over 50 min; 20 mL/min to give 1-{2-[N-2-(4-hydroxy-3-

10  hydroxymethylphenyl)-2-hydroxyethyl]-amino]ethyl}-4-[N-(2-phenyl-2-
hydroxyethyl)amino]benzene 30 as the TFA salt (0.65 g). 'H-NMR (CD,0D,
299.96 MHz): 6 (ppm) 7.42-7.3 (m, 6H), 7.28-7.24 (d, 2H), 7.18-7.14 (dd, 1H), 7.1-
7.07 (d, 2H), 6.80-6.77 (d, 1H), 4.86-4.82 (m, 2H), 4.65 (s, 2H). 3.44-3.34 (m, 2H),
3.28-3.22 (m, 2H), 3.20-3.14 (m, 2H), 3.04-2.96 (m, 2H); ESMS (C,;H;,N,0,):

1S calcd. 422.5, obsd. 423.1 [M+H]", 404.7 [M-1H,0]", 387.1 [M-2H,07J".

Example 4
Synthesis of 1-{2-[N-2-(4-hydroxy-3-hydroxymethylphenyl)-2-
hydroxyethyl]aminoethyl}-4-[ N-(2-phenyl-2-(S)-hydroxyethyl)amino]benzene

20 (following figure 8)
OH
H
N\/\@\
HO OH
Step 1

A solution of 4-(N-Boc-2-aminoethyl)aniline 28 (7.0 g, 29.6 mmole) in
eghanol (100 mL) and (R)-styreneoxide (3.56 g, 29.6 mmole) was refluxed for 24 h.
The organics were removed to give a pale yellow solid. N-(2-phenyl-2-(S)-
25  hydroxyethyl)-4-(N-Boc-2-aminoethyl)aniline was separated by flash silica column
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stirred for 2 h at 0°C and then concentrated in vacuo. The crude product was
dissolved in 20% MeCN/H,0 and purified by preparative reversed phase HPLC (5
o to 2% MeCN/H,0 over 50 min; 254 nm; 20 mL/min.), to give N-(2-phenyl-2-(S)-
10  hydroxyethyl)-4-(2-aminoethyl)aniline trifluoroacetate salt 31 as a colorless oil. 'H-
NMR (CD,0D, 299.96 MHz): b (ppm); 7.45-7.25 (m, 9H), 4.9 (dd, 1H), 3.55-3.45
(m, 2H), 3.21-3.15 (t, 2H), 3.05-2.95 (t, 2H) ESMS (C,;H,,N,0,): calcd. 256.4,
obsd. 257.1 [M+H]", 280.2 [M+Na]".
Step 3
15 To a solution of N-(2-phenyl-2-(S)-hydroxyethyl)-4-(2-aminoethyl)aniline
trifluoroacetate 31 (0.144 g, 0.3 mmole) in methanol (10 mL) was added aq. NaOH
solution (1.0 M, 0.625 mL). The solution was concentrated to dryness and the
residue was dissolved in anhydrous THF (5 mL). a,a-Dihydroxy-4-hydroxy-3-
methoxycarbonylacetophenone 12 (0.067 g, 0.3 mmole) was added and the reaction
20  mixture was stirred for 12 h at rt. BH;-Me,S (0.2 mL, 2M) was added at 0°C and
the reaction mixture was heated at 75°C for 6 h. After cooling the reaction mixture
in ice bath, MeOH (5 mL) was slowly added to it to quench the reaction, and the
reaction mixture was stirred for 30 min., at rt. The organics were removed and the
residue was dissolved in TFA/MeOH (1/9; 20 mL), and concentrated. The crude
25  product was dissolved in 20% MeCN/H,0, and purified by preparative HPLC: 5 to
20% MeCN/H,0; 20 mL/min; 254 nm. ) to give 1-{2-[N-2-(4-hydroxy-3-
h){groxymethylphenyl)—2-hydroxyethyl]amino]ethyl}-4-[N-(2-phenyl-2—(S)-
hydroxyethyl)amino]benzene 33.
'H-NMR (CD,0D, 299.96 MHz): 6 (ppm) 7.42-7.29 (m, 8H), 7.22-7.18 (d,
30 2H), 7.17-7.14 (dd, 1H), 6.80-6.77 (d, 1H), 4.9-4.85 (m, 2H), 4.65 (s, 2H), 3.5-3.34
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(m, 2H), 3.19-3.15 (m, 2H), 3.04-2.98 (m, 2H); ESMS (C,sH,,N,0,): caled. 422.5,
10  obsd. 423.1 [M+H]", 446.1 [M+Na]".

Example 5
15 Synthesis of 1,6-bis{4-(N-[2-(4-hydroxy-3-hydroxymethylphenyl)-2-
hydroxyethyl}laminohexyloxypropyl]phenoxy} hexane
(following figure 9)
OH

H
N—(CH2)6-0~(CH2)3OO

HO

HO
OH

H
N—(CHZ)G-O"(CHz)aOO
HO
HO

Step |
A solution of 3-(4-hydroxyphenyl)-1-propanol 35 (3.3 g, 21.7 mmole) and

20  1,6-di-iodohexane (3.5 g, 8.88 mmole) in dimethylsulfoxide (40 mL) was degassed
and saturated with N, gas and potassium carbonate (4.5 g, 32.56 mmole) was added.

The reaction mixture was stirred at 80 °C for 18 h under nitrogen atmosphere and
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6.79 (d, 4H), 3.94-3.90 (t, 4H), 3.42-3.37 (m, 8H), 2.64-2.58 (t, 4 ) 2.40-2.32 (m,
8H), 1.90-1.26 (m, 24H).
Step 3
The 1,6-bis[4-(5-cyanopentyloxypropyl)]phenoxylhexane 37 (0.278 g, 0.48
25 mmole) obtained in Step 2 above was added to a mixture of conc. HC! (10 mL) and
AcOH (2 mL) and the reaction mixture was heated at 90 °C. After 15 h, the reaction
mi)xture was diluted with brine (50 mL), extracted with EtOAc (100 mL), and dried
with MgSO,. Evaporation of the organic phase afforded the 1,6-bis[4-(5-
carboxypentyl-oxypropyl)]phenoxy}hexane 38 as a pale yellow oily residue, which

30  was used in next step without further purification. 'H-NMR (CDCl;, 299.96 MHz):
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reaction mixture was stirred for 4 h at 80 °C under nitrogen atmosphere and then
quenched by with 10% NaOH (1 mL) at 6°C. After 30 min., the reaction mixture
was filtered and the precipitate was washed with 10% MeOH in THF (50 mL). The
20 filtrates were combined and evaporated in vacuo to give a pale yellow oily residue.
Purification by flash silica column chromatography: 5% MeOH/CH,Cl, to 3% i-
PrNH, in 10% MeOH/CH,CI, gave the 1,6-bis[4-(6-aminohexyloxypropyl)-
phenoxy]hexane. 'H-NMR (CDCl;, 299.96 MHz): 6 (ppm) 7.40-7.25 (m, 12H),
7.22-7.18 (d, 2H), 7.09-7.02 (d, 4H), 6.91-6.88 (d, 2H), 6.81-6.75 (d, 4H), 5.01 (s,
25  4H), 4.8-4.75 (m, 2H), 4.70 (s, 4H), 3.96-3.83 (q, 4H), 3.42-3.34 (m, 8H), 2.84-2.64
(m, 8H), 2.62-2.56 (t, 4H), 1.84-1.75 (m, 8H), 1.57-1.50 (m, 10H), 1.34-1.23 (m,
lgH).
Step 6
A solution of 1,6-bis[4-(6-aminohexyloxypropyl)-phenoxy]hexane (0.16 g,
30  0.15 mmole) obtained in Step 5 above, in EtOH (40 mL) was hydrogenated under
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Step 1

A mixture of 4-(N-Boc-2-aminoethyl)aniline 28 (10 g, 42.34 mmole),

15

benzaldehyde (4.52 mL, 44.47 mmole), and molecular sieves 4A (10 g) in toluene
(100 mL) was refluxed at 95 °C for 15 h. The reaction mixture was filtered and the

20 filtrate was concentrated in vacuo to give a colorless oil. The oil was dissolved in
MeOH (150 mL) and AcOH (0.5 mL) and NaCNBH, (2.79 g, 44.4 mmole) were
adged. The reaction mixture was stirred at 0°C for 1 h and at rt for 2 h and then
concent;ated in vacuo to give a pale yellow oily residue. Purification by flash silica
column chromatography: 1/1 hexane/EtOAc gave N-benzyl-4-(N-Boc-2-

25  aminoethyl)aniline 41 as colorless oil (11.5 g, 83%). R;=0.75in 1/1
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15 (Ry=0.76 in 2/1 hexane/EtOAc). H'-NMR (CD,0D, 299.96 MHz): & (ppm) 7.4-
7.1 (m, 10H), 7.1-7.06 (d, 2H), 6.68-6.65 (d, 2H), 5.0 (t, 1H), 4.52-4.46 (d, 1H),
4.26-4.22 (d, 1H), 3.76-3.68 (dd, 1H), 3.56-3.48 (dd, 1H), 3.22-3.12 (m, 2H), 2.68-
2.56 (m, 2H), 1.41 (s, 9H); ESMS (C,5H;,N,0;): caled. 446.6, obsd. 447.1 [M+H]*,
893.4 [2M+H]".

20 Step3

To a solution of 2-[(N-benzyl-4-[2-N-Boc-aminoethyl)anilino]-1-phenyl-
ethanol (4.01 g, 8.99 mmole) in CH,Cl, (15 mL) maintained in an ice bath was
added TFA (15 mL) under stream of nitrogen atmosphere. After stirring at 0°C for
30 min., the reaction mixture was concentrated in vacuo, yielding a pale yellow oil.

25  Purification by flash silica column chromatography: (2 hexane/EtOAc to 5% i-
PrNH, in %2 hexane/EtOAc) gave 2-[(N-benzyl-4-[2-aminoethyl)anilino]-1-phenyl-
ethanol 42 as a pale yellow oil from such fractions with Ry of 0.2 (5% i-PrNH, in %2
héxane/EtOAc) in 74% yield (2.29 g). H'-NMR (CD;0D, 299.96 MHz): d (ppm)
7.38-7.06 (m, 10H), 7.01-6.98 (d, 2H), 6.71-6.68 (d, 2H), 5.02-4.96 (dd, 1H), 4.54-
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) TDXDYD[ D\ 31D, BoRHIF(d, 2H), 6.69-6.60 (d, 2H), 5.01-4.96 (t, 1 H), 4.54-4.47 (d, 1H),
20 4.29-4.24 (d, 1H), 3.73 (s, 2H), 3.72-3.68 (dd, 1H), 3.59-3.54 (dd, tH), 2.80-2.74
(m, 2H), 2.70-2.64 (m, 2H); ESMS (C;,H;,N,0,): calcd. 436.6, obsd. 437.2
[M+H]".
Step 5
A concentrated solution of 2-[(N-benzyl-4-[2-N-benzylaminoethyl)anilino}-
25  1-phenylethanol (1.36 g, 3.12 mmole) and compound (S)-4-benzyloxy-3-
methoxycarbonylstyreneoxide 44 (0.887 g, 3.12 mmole; ~95% ee) (prepared as
described in R. Hett, R. Stare, P. Helquist, Tet. Lett., 33, 9375-9378, (1994)) in
tolﬁene (1 mL) was heated at 105 °C for 72 h under nitrogen atmosphere. The

reaction mixture was purified by flash silica column chromatography (2/1

30 hexane/EtOAc to 3% MeOH in 1/1 hexane/EtOAc) to give 1-{2-[N-benzyl-N-2-(4-
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- KSH! 10%-H$ &uahtitikSH! 109%4H$&' () - KSH! 109%4H$&' () - KSH! 10%‘i$& ()- KX8pT4lSSHI 10%1$&

()-KS0{9q yY?

E! SH 10%1$&' () - KSH! 10%14$&' () - KSH! 10%4$&' () - KKOB1SSH! 10%4$&' () - KSH! 10%$&' ()
- KSH! 10f8H$&' () - KSH! 10%14$&' () - KSH! 10%#ih&nm(ple K( SH 10%44$&' () - K( SH 10%$&' () - Kl

LO1SH! 10%$& () - KSH! 0%‘i$& () - KSH! 10%18&' () - KSH! 10%41H$&' () - KSH! 10%44$&' () - KSH
| 109%4$8&' () - KSH! fg%& ((x)nukx is prepared using the ingredients below:

t T8l LO1SSH! 10%H$& () - KSH! 10%41$&' () - KSH! 0%—i$&Q(,Qn-h§SH| 10%1H$& () - KSO{9qg yY?

EI

*()-.31 PO1SH 1 &’37%5&%6—'%‘) KSH' 109%4$& () - KSH! 10%&%%{ KSH! 10%4$&' () - KSH! 10%4-$
& () - KSH! 10944B& ( Ké‘lg & () K348>?FHnHO1SH J0%HSSH! 109458 () - KSH! 109
& () - KSH 10%1$& - KSH! 10%4$&' () | 10%H$& () - KHI YZ' et T4HO1S
H 10%5&' () - KSH:% '° /H$& () - KSH! 1 d‘%% ()-KS0{9q yY?
E! ekl nowx}gK+18 oflg ] ‘310%%& () - KSH 10%%& () - KSH 10%4$& () - KSH! 10
%H$& () - KSH! 109 "%?C‘ SH' 109558 ()- K}~ LO1SH! 10941$& () - KSH 10%1$& () - KSH! 1
0%$& () - KSH 10%4$&' () - KSH! 10%45&' () - KSH 10%4$& () - KSH! 10%4$& () Kt X<| LO1SH
| 10SH! H%5& ()“ﬂﬂ\gkﬂ)ﬂlgoﬂéﬁé‘a(e)blm& 26H db¥ipressed to form tablets, each wei
El SH 1004858’ () - KSH 109%8& () - KeQO1SH 10SSH: 109%8&' ( ) - KSH 109 haF () KSH! 10%H
$& () - KSH! 108445&' () - KSH! 10%H$&' () - KSH! 109%4$& () - KcCO1SH! 10SSH! 109%4$& () - KSH
1 10%4458&' () - KSH! 10%H3&' () - KSH! 10%H$& () - KSH! 109%4H$&' () - KSH! 10%4$&' () - KpP4Q01S
H 109%4$& () - KHSH! 10%4$&' () - KSH! 10%4$& () - KSH! 10%H$& () - KSO{ 9q yY?
E! cCO1SH 10%8H! 10%%& ()- KSH' 10%$&" Exatbphd 10%5&' () - KSH 10%-H$& () - KSH 109
$& () - KSH! 10%&;&3 10%SH' 10%&:& Bﬂ% SH! 10%$& (1{0 KSH!' 109%44$&' () - KSH
| 1094458 () - KSH! fow g “ proRatiopys gy fainien/ing Blloyineemperiiss e’ () - K
I SHI 10%5%& () - K eﬁﬁ& ()- KSO{ 9q yY? E! Weight %
gK/ 1SH '10%1$& ( R’S——Hl T0%$& () - KSH 10%4$&' () - KSH 1 ‘_%%Too & () - KSH 10%1$& () - KS
H 1094468 () - KS 4&3@%@% l[<t X<gK/ 1SH| 10%8H 10%-$&' ()5 KSH! 10%-H$& () - KS0{ 9q

K

yY? El SH 10%45&
( SH! 10%|$& () - K(SH 10%8& (- KSH 10%18& () - KSH' 10%|$

e #$OS7ISSHI 109

& () - KSH 10%H$&' () - K( SH! 10941$& % <0S718S H' 1094158 KSO

E! SH 1 & ()- ﬂ%ﬁlﬁ ‘Eﬂ%—&% ‘(4‘7-‘?@ %ﬁ&ﬁ%‘;‘kﬁwﬁ 4@‘6‘1“&“1‘%%«@136% Ey() KSHI 10
%S () - KS ox\q,om, @ﬁnw%ﬁ& () - KSH 10%H$& () - KSH! 109%1$&' () - KSH! 10%-4$&
() - K9: @\GH4pT41S0{ 9q

E! SH 10%45& () - KSH! 0%—i$& () - KSH 10%4$&' () - KSH! 10%4$&' () - KHI KOPSVhH41S0{ 9¢

yY?SH 109%45&” () - KSH 109%#8& () - KSH 1098& () KSH 10%H& () - KSH 10%18& () - KSH
1 10%43&' () - KVXbcgnr cC41S0{ 9q

YYSH! 10%4$&' () - MSHeasQ%dﬁ&o.(&mi@Hbmé%bﬁh&h(/e) mgisuﬂeﬂ@%&pér)ed KSioldRweaS& () - KSH!
109458 () - Kr st uvwX<C41SSH! 109%4$&' () - KHS0{ 9q yY?

El 1 SH 139%45& () - KSH 1096458 () - KSH 109%45& () - Knz{ | ~%@911§H| 10%45& () - KOSH! 10%
H$&' () - KSH 1094-#8erediedSH 10%44$& () - KSH! 10%$& () - fmsdiableBogisg' () - K( SH! 10%H5&
' () - KpT41SH! SH! 109%H5& () - KSH! 109%4$&' () - KSH 10%445&' () - KSH! 10%4$& () - KSH! 109

$&' () - KSH! 10%4$& () - KSH! 10%H$&' () - KT4pT41SH! SH! 10%44$&' () - KS0{ 9q yY?

E! SH 10%4$& () - KSH! 10%4$&' () - KSH! 109%4$&' () - KhH, 1SH! 10%4$& () - KSH' 10%H$&' () -
KSH! 10944$&' () - KSH! 10%4$& () - KSH! 10%H$&' () - KSH! 109%4$&' () - KSH! 10%4$& ()-KI P, 1
SH 10%H$&' () - KSH! 10%4$&' () - KSH! 10%4$&’ () - KSH! 109%4$&' () - KSH! 10%4$& () - KSH! 10
US& () - KSH 109458 () - KpT4P, 1SSH! 109458 () - KSH! 10%45&’ () - KSH 10%15& () - KSH!
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#<810%$& () - 22810%$& () - 22810%$& () - 22&10%$& () - 22&10%$& () - 22&10%$&
() - z2FGR] hs~t T4- 5
/ 810%$&' () - z2810%$&' () - z2&10%$& () - z2&10%$&' () - z2&10%$& () - 22/ K
#<~5S3-5 | &10%$& () - 22&10%$& () - 22810%$& () - 22&10%$& () 12Nd¢ember 2002
#<810%$& () -225S3-5 / &10%$& () -22&10%$& () - 22810%$& () -z2/ K
#<810%$& () -22810%$& ()-2280S3-5 / &10%$&' () -22810%$& () - 22/ K
#<810%$& () -22810%$& () - 228&10%$& () - 22&1<CGRS"DB- 5 / &10%$& () - z2/ K
#<810%$& () -22810%$& () -22810%$& () -22810%$& ()-z2"it /-5 /K
#<810%$& () -22810%$& () -22810%$& () - 22&10%$& () - 22&10%$& ()-z2dD-5 /K
#<810%$& () - 22810%$& () - 22810%$& (1) 228&10%$& () - 22&10%$& () - 22&10%$&
()-z2tT4-5
/ 810938 () - 2284Q%eRerbdierd 28109588 () - 22810%$& ()08 2EL0%S& () - 22/ K
#<) 5CPsS3- 5 / &IQYEH& () - 22810%$& () - 22810%$&' () 45;@%0%%' ()-z2/ K

e

#<810%3& () - 228\ 1SS L/egﬁ;@%w&' () -22810%$& (}5gaG10%$& () - 22/ K
#<&10%$&' () z%}%ﬁ 185053-5 1 &10%$& () - 22& & ()-z2/ K
#<&109%:38& () -2 R ) - 228100638 -zgoe-5 / &10%P$&' () -22/ K
#<8109%5%& () Z%O%%&b i d%‘ﬁ%ﬁ%‘%a-‘ei &10(@ & (V9834 /-5 /K
#<810%-8& () - 22LL0IBERTYIERY B8 () - 228109

D5 /K Magnesium stearate

#<810%$& () - z2@0%-$& () - 22810%$& () - 228&10%$&-LH1H82810%$&' () - 22&10%$&'
()-z2vwt T4-5  Total 120 mg

| 810988 () - 22&10%$& () - 22&10%$& () - 228&10%$& () - 22810%$&' () - z2/ K
#<sS3-5 / &10%$& () -z2&810%$& () - 22&10%$& () - 22&10%$& () - z2/ K

#<810%$& () - z ZRHBActive/iBgroihQstdrth ZRE0DHRirE paszAROURSENG) 2x@kdk U.S.
#<810%$&' ()-22810%$& ()-272)4?@VaS3-5 / &10%$& () - 2z28&10%$& () - 22/ K
#<810%$& %v.ez'lé m%%@f%%& &&ﬁ‘m &Ole9?%%?%0@3%1*6%%‘(5& 9/ K
#<&10%$& it @rGbAUEBEvkith & A PaHied (hroZAGLQYRSRE U3 ~stede/ TRe dnules so
#<&10%$&' () - 22&10%$& () -22810%$& () - 22810%$& () - 22810%3& () -z2dD-5 /K
#<&109%5$ &' Rrpduepamgaisigkat(50° 0@ Goasggagspd ﬁm@%ﬂﬁ&w(% 159 .81eyo6-$e {0diunp 810%-$&
()-22*5@ T4- : , 3

| Ri0mag (FSETELHSETTY mesuTR NS 0 o Y Poved BuRth o 39,
#<@KLW K S88h3). 5 S1O¥H&heh add810 He $&iniles RARDOMeBGixide, 2REDAUFSBEEN(In-az 2/ K
#<810%$&' () -7z2x5S3-5 / &10%$& () - 22810%=$&' () - 22&10%$& () - 22/ K

#<&10%$&' ‘%‘%‘e‘iﬁﬁw&%&w ‘?‘Q%g%ci‘s”‘%‘ ft%@éi“%) - 22810%$& () -z2/ K

#<810%$&' () -2z2810%$& ()-22&10%$& ()-z2 | B-5 /&10%$& ()-z2/ K

#<&109%$&' () -22&10%$& () -22&10%3$&' () -2z2810%$& ()-z2!, 7TBMXY_/-5 /K
#<81099$& () - 22810%$& () - 22810% $& EXpmPES 09538 () - 22&10%$&" () - z2YdozdD- 5
/'K Capsules, each containing 40 of medicament are made as follows:

#<810%$&' () - 2281088 () - 22810958 () - 228100658 () 228100688’ () - 22&10%$&
()-z2tT4-5 Quantity

 &10%$&' () - z20pAUESE’ () - 22810%$&' () - 22810% $&(1HY/eaRB8leD Y>$&' () - 22/ K
#<5S3-5 | &10%&&ive)ng2&aoe$&' () - 22&10%$& () - 22&1000%& () - 22/ K

#<&10%5%&’ () - zarcHSYRt gZVb / &10%$&' 10>$10>$10>$&10966% () - z2/ K

#<810%$& () - ZREI A YREstdakare 287 <=HS"bBMb 1.0m
é.@"ﬁz&' ()-y2

&‘ggo) -228&10%$&' () -2z24?JU kvd
.5 mg

| &1S#10%2 $z &' (Toi2SH10% $z&' () - y2S#H10% $z& () - Y254

St @o%z$z& () -

S"FGL0% $z& ()-"iti M MBSH10%$z&' () - y2SH#10% $z& () - y25\z- OK) S#10% $z8& () -y
2S#10% $z& () - ViRSHiiodamredichd, stakh) v\ RapnSMEw $10E® 28 Hlgndpd PdBdHBa&h(a) - y2S#10

Y $z& () -V 0% ()-y2 % $z& ()-y2dDNVBW2 Z-. 10%2$z8& ()-y2S#H10%$z&
(O v R EeR s e apd et Sl ad i g Tl dg el )5

I, mvk MbS#H10%2$28& () - y2S#10% $z&' () - y2S#10%$z& () - y2S#10% $z8&' () - y25\W2z- O#S
#10%$z& ()-y2, 7TBVNP[ i M MbS#H10% $z& () - y2S#H10% $z& () - y25Wz- O#S#10% $z& ()

-y2S#10% $z8& () - y2S#10% $z& () - y2[ f dixampbe®z- O4S#10% $z&' () - y2S#10% $z& () -

y2S#10% $2& @) - y2S#10% $z& () - y2S#10% $z&' () - y2dDVBWRz- O4SH10% $2& () - y2S#Hl
0% $z&' () - y2SHIMypsimsies, eagtostaitirgb2zRing pf y2is# igocifnrarg magde sS#bllow$z &' () - y2niv

MbSH10%2 $z&' () - y2S#H10% $z& () -y2S#H10% $z& () - y2S#10% $z& () - y25WRz- O#SH10%

$z& ()3- 2'i M ; $7& ()-y2S#10% $z& () - y25WB2E 10%2$z& ()-y2S#10% $z

& () - y2S#10% $41 Y0 IngrsdistfBKkTU ) MBW2z- O#SH10%2$28' 3 ME2SH10%2$2&' () - y2SH#10%

$z8& () - y2S#1098%umtedfatyasidgdygendes t0) - y 20UV _hg{ d MEOHSH10% $2& () - y2SH10%
z$z& ()-y2S#10% $z& () -y2S#10% $z& () -y2S#10% $z& () - y2S#10%$z&' () - y2mv Mb
SH10% $z& () -y2S#H10% $z& () - y2SH10% $z& () -y2SH#H10% $z& () - y25WRz- O#SH10% $z

& ()-y2i M NbSH10%$z8&' () - y2SH#10% $z& () - y25\Wz- O#SH10% $2&' () - y2SH#10% $z& (

) - y2S#10% $z& () -y2

) MBWRz- OfS#H10% $z& () - y2S#10% $z& () - y2S#H10% $z& () - y2S#10% $z& () - y2S#10%
z$z& ()-y2



I + 57

dDVB\W2z- O#SH10% $2& () - y2SH10% $z& () - y2S#10% $z8& () - y2S#H10% $z& () - y2S#10%
z$z8& ()-y2S#10%$z& ()-y2? | J N X b |

mvi MbS#10% $z&' () - y2S#10% $z&' () - y2S#10% $z&' () - y2S#10% $z &1 Noveraer 2008 S# 1

0% $z& ()-y2l v

i M MbSH10% $2& () - y2S#10% $z8& () - y25\Rz- O4SH10% $z& () - y2S#10% $z8&' () - y2SHl
0% 3$z& ()-y2

_}$I\/5V\22- OSH10% $z& () -y2S#H10% $z&' () - y2S#10% $z& () -y2S#H10% $z& () - y2S#10%
z$z& ()-y2

dDVBW2Z- O¥SH#H10% $2& () - y2S#H10% $2&' (-)HY2SH#10% $28& () - y2S#H10% $z& () - y2S#10%
z$z& ()-y2S#10% $z& ()-y2

&mivt g/BS#lO%z $z &Th9 ayiRSitbBUrRr & pagsed/ itk U By &0 (resty U SH 1109@H5d &u{pended NPz - OF SH
10%$z& ()-y28&0: DEFPi M MbS#H10% $z& () - y2S#10% $z& () - y25Wz- O#SH#10% $z&' () -

y28#10f%z$z&X’E)S@‘W?@ﬂf@b}’ﬁ?@'ﬁeﬂ m&%&gﬁwﬂ@%&sﬁr&%@w A PSSP0 $2 & 8

Y 2S#10% $7 &irhe ikt BQRESARrclinh 2 SHIRUERF Biold o BHRAPME Wz o S udd) - Y251
0% $z& ()-y2S#10% $z& () -y2S#H10% $z& ()-%28#10%&&%%%#%%@%@%% -y2mvt

MbS#10% $z &0(cpely 2S#10% $2& () - y2SH10% $z& () - y2S#H10% $z& () - y25\Wez- O4#SH10%

$z& ()-S§2i M MoS#H10% $z& () - y2S#10% $z& () - y25\WRz- O#S#H10% $z& () - y2SH#H10% $z&
"()-y2SH10%$2& () -y2

*4>?_}$I\/5V\22- O#SH10% $2& () - y2SH10% $EKampley2SH10% $2& () - y2S#H10% $z& () -y2S
#10% $z& () -y2?2@T hr ADVBVRZ- O#SH10%2 $z &' (),- y2SH#H10% $z&' () - y2S#H10% $z& () -y
2S#10% $z& () - yOSRItFSAach sonpraas ofd5g o "F?'—%‘Q?‘]‘Pﬁfrmf Wiéﬁ%)%ﬁ?&e 89 - y2S#10%
2$2& () - y2Sn0%e$z& () - y2S#10% $z8&' () - y25\Rz- O1SH#10% $2&' () - y2i M M6SH10% $z

& ()-y2S#10%$z&' () -y25WRz- OFSH10% $z&' () -y2S#10% $z& () -y2S#H10% $z& () -y2_
) MbW2z - O#S#H10% dient y2S#10% $z&' () - y2SH10% $z &Amawmd S#10% $z&' () - y2SH#H10%

$z& () -2 % OActive Ingredient 50.0 mg

dDVB\WW2z - O# SH10YESaBan(Quny 2S#10% $2& () - y2SH#10% $2 & .4 gy 2S#10% $2& () - y2S#10%
z$z& () - y2S#H10YB&dHEm ChrbyBenethyl cellulose (11%)

Microcrystalline cellulose (89%) 50.0 mg
Sucrose 1.75 g
15 Sodium benzoate 10.0 mg
Flavor and Color qv.
Purified water to 50mL

The active ingredient, sucrose and xanthan gum are blended, passed through a No.
20 10 mesh U.S. sieve, and then mixed with a previously made solution of the microcrystalline
cellulose and sod'u;m carboxymethyl cellulose in water. The sodium benzoate, flavor, and
color are diluted with some of the water and added with stirring. Sufficient water is then

added to produce the required volume.

25 Example 8

A formulation may be prepared as follows:

Quantity
Ingredient {mg/capsule)
30 Active Ingredient 15.0 mg
Starch 407.0 mg
, Magnesium stearate 3.0mg
Total 4250 mg

35
The active ingredient, starch, and magnesium stearate are blended, passed through a

No. 20 mesh U.S. sieve, and filled into hard gelatin capsules in 425.0 mg quantities.



<=HS"
MV NBSH10%2$2& () - y2S#10% $2& () - y2S#10%$28 () - y2S#10% $28 () - y25\Rz- O#SH1
0% 3$z& ()-y2n i t
iN1g68#109&$z&f()-y2$#10@&$z&f()-y25W@z-C#S#10@&$z&f()-y2$#19®tﬂm$méﬁmx28#l
0% $z& ()-y2
) BV z- O#SH10% $2& () - y2S#10%$2& () - y2S#H10% $z8&' () - y2S#H10% $z8&' () - y2S#10%
2$z2& ()-y2
dDVbW2z- O#S#10% $z& () - y2S#H10% $z& () - y2S#10% $z&' () - y2S#10% $z& () - y2S#10%
z2$z& ()-y2S#10%$z& () -
I, mvk NBSH10%2$28&' () - y2SH#H10% $2& () —-yia8#10% $2& () - y2SH#10% $28&' () - y25\\z- OH#S
#10%$28& () -y2, 7TBMNOZI M MbS#10%$2&' () - y2S#H10% $28&' () - y25\z- O4S#10% $z&' ()
-y2$#10@%$z& ()-y2S#10% $z& () - yZZeﬁhdﬁNBMQZ O#SH10% $z&' () -y2S#10% $z&' () -
y2S#10% $z&' () -, 0% $z& z& ()-y2dDMVMbW2z- O#SH10% $z & 2S#1
0% $z8& () - yzs#f‘o%ﬁ@%@"(‘ 4 é’(s’#’i%’@‘ ﬂ@ N2SH10% $28& () -y2SH10% $2 &' 8 gzmw
MbSH10% $28&' () Hp2eateh0 %2 $2 &' () - y2$#10%z$z& () - y2S#H10%ghaing ) - Y25V z- O#S#10%
$z& ()-y2& M VA OU@Sdidn( ) - Y2SH10%2$2& () - y25VRz- OFSHLR® $2& () - y2SH#H10% $2
& ()-y25#10% $e&m(0n Y2&1<CR] *_) MbW2z- O#SH10% $z& () - YHSHL0% $z& () - y2S#H10%
$z& ()-y2S#10% $z& () - y2S#10% $z&' () - y2~al wdDVBWRzZ- O#SH10% $z&' () - y2S#H10% $
z& ()-y2S#10% $z& ()-y2S#10%$z& () - y2S#H10% $z8& () - y2S#10% $z& () - y2nvk MbSt
10%$z& ()-y2S#10% $z& () - y2SH#H10% SE&atppleiBSH10% $2& () - y25WRz- O#SH10% $z2 &

()-y2i NAMA510z$zz10z$7z S#1 <z$z 2Pz & 2S#10% $z & 25H#
109%2$z& ()-y20N-5 % g ‘&%‘%Wéy ‘i?repﬁri‘g'#ég}{?‘ys s(ﬁwé& ()- (-216%5&)(31
"Y1096& ()-2z10z$z#. 9}] =-5 , #101096& () -y21096& ()-y210%& ()-y2

, LO10%RE () - M@gﬂ() ,*1008& () - 9DAZ[ f q0S3-5 10%dfardehe Yy 210%B& () - y2/ Kb
10968 () - y210%k&ide)in ,y.@&Qn@& ()-y2q| W-5 10%& ()-y2/ Kbjgg
10988 () - y2109%6& I J,@a@& ()-y2109%8& ()-y2_/-5 1 Kb 39

10968 () -y2109%8& Pay ﬁ%& ()-y21098& ()-y21096& ()- »Eg[m / Kb

1096& () - y210%E S & ()-y21096& ()-y2109%& () y2L09s&’ () - y281<@ T4-5
/10968 { ) - y210 2 & () y210°/$& ()-y21096& (JZV2/Bb GST jusS3-5

110088 (). yo10LREY {9? b bheysrwnt v Toe Wuibeg ﬁé% J SR
[ 109%8& () - M&é}%&ofg rahka/aK@sti{Qé’tﬁi&u( Ais3oPkQ VB Ee fotivi Aokt {s)ad¥tel(da8 sBrring
1 1098& ()-y2l Kb 1006 y210988 () - y21098& () - y21008& ()-y2(3> T /-5 /Kb

10988&' () - yio sowipaed 9%2@9%@& (Tpe otpwagthen cooqc m&sqlad y2 kvdD-5 /Kb

Another preferred formulation employed in the methods of the present invention

.-1

20  employs transdermal delivery devices ("patches"). Such transdermal patches may be used
to provide continuo;Js or discontinuous infusion of the compounds of the present invention
in controiled amounts. The construction and use of transdermal patches for the delivery of
pharmaceutical agents is well known in the art. See, e.g., U.S. Patent 5,023,252, issued
June 11, 1991, herein incorporated by reference in its entirety. Such patches may be

25  constructed for continuous, pulsatile, or on demand delivery of pharmaceutical agents.

Other suitable formulations for use in the present invention can be found in
Remington's Pharmaceutical Sciences, edited by E. W. Martin (Mack Publishing Company.
18th ed., 1990).

30 Biological Examples
Example 1

B2-Adrenergic Receptor [n Vitro Functional Assay

The B2-adrenergic receptor functional activity of compounds of the invention was

tested follows.
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-cAMP ELISA kit from Stratagene (La Jolla, CA). EC,, curves were generated
using the 4-parameter fit equation:
y = (a-d)/(1+ (x/c)®) + d, where,
y =cpm a = total binding c=1C,,
20 X = [compound] d = NS binding b = slope

Fix NS binding and allow all other parameters to float.

Example 2
B2-Adrenergic Receptor In Vitro Radioligand Binding Assay
25
The P1/2-adrenergic receptor binding activity of compounds of the

invention can be tested follows. SF9 cell membranes containing either 1 or

pB2-adrenergic receptor (NEN, Boston, MA) were incubated with 0.07 nM

1¥].iodocyanopindolol (NEN, Boston, MA) in binding buffer containing 75mM Tris-HCl
30 (pH 7.4), 12.5 mM MgCl, and 2 mM EDTA and varying concentrations of test compounds
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or buffer only (control) in 96-well plates. The plates were incubated at room temperature
with shaking for 1 hour. The receptor bound radioligand was harvested by filtration over
96-well GF/B filter plates (Packard, Meriden, CT) pre-blocked with O.B%pélyeth)'lenimine
and washed twice with 200u1 PBS using cell harvester. The filters were washed thrice with
5 200wl PBS using cell harvester and then resuspended in 401 scintillation cocktail. The
filter-bound radioactivity was measured with a scintillation counter and IC;, curves are

generated using the standard 4-parameter fit equation described above.

The foregoing invention has been described in some detail by way of illustration and
10  example, for purposes of clarity and understanding. It will be obvious to one of skill in the
art that changes and modifications may be practiced within the scope of the appended
claims. Therefore, it is to be understood that the above description is intended to be
illustrative and not restrictive. The scope of the invention should, therefore. be determined
not with reference to the above description, but should instead be determined with reference
15  to the following appended claims, along with the full scope of equivalents to which such
claims are entitled.
All patents, patent applications and publications cited in this application are hereby
incorporated by reference in their entirety for all purposes to the same extent as if each
individual patent, patent application or publication were so individually denoted.

20
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alkyl; and
R¢ is selected from the group consisting of hydrogen, halo, hydroxy, alkoxy, substituted alkyl,
sulfonylamino, aminoacy! and acylamino;

(i1) a phenyl ring of formula (d):

R7

N
x
\
[y

R8

(d
wherein
R’ is selected from the group consisting of hydrogen, alkyl, alkenyl, substituted alkyl, halo, alkoxy,
substituted alkoxy, hydroxy, aminoacyl and heteroaryl; and
R® 15 selected from the group consisting of hydrogen, halo, alkoxy, substituted alkoxy and acylamino;
(iii) naphthyl;
(iv)  pyridyl;
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(i) a pheayl ring of formula (c), wherein
R' is selected from the group consisting of hydcogen, methyl, fluaro, chloco and methoxy;
R? is selected from the group coasisting of hydrogen, hydroxy, fuoro, chloco, amiao aad -NUSO,CH;;
and
R is selected from the group consisting of hydrogen, chloro, fluoro, hydroxy, methoxy, hydroxymethyl,
-CH,SO,CH,, -NHSO,CH,, -NHCHO, ~CONH, and -NHCONH;; or
(ii) a pheayl ring of focmula (d), wherein
R’ is selected from the group consisting of hydrogen, methyl, propen-2-yl, fluaco, chloro, methoxy, -
OCH ,CO,Me, hydraxy, -CH,CONH,, ~-NHCOCH,, itmidazoi-1-yl and {-methy!-4-trifluoromethylimidazol-2-yl;
and ’
R' is sefected from the group consisting of hydcogen, fluoro, chl(;ro, methoxy- OCH,CO,Me and

~CONH,.
8. The compound of Claim 7 , wherein Ac* is [ 4-phenylene.

9. The compound of Claim 8, wherein W is methylene, ethyleae oc propylenc.
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X is a covalent bon

and pharmaceutically acceptable salts thereof.
11.  The compound of Claim 10 wherein Q s -NHCH,CH(OH)-.

12, The compound of Claim 11 wherein Ar' is selected from the group consisting of phenyl, 4-
hydroxyphenyl, 3,4-dihydroxyphenyl, 3,4-dichlorophenyl, 2-chloro-3,4-dihydroxyphenyl, 2-fluoro-3,4-
dihydroxyphenyl, 2-chloro-3,5-dihydroxyphenyl, 2-fluoro-3,5-dihydroxyphenyl, 4-hydroxy-3-
methoxyphenyl, 4-hydroxy-3-hydroxymethylphenyl, 4-hydroxy-3-(HCONH-)phenyl, 4-hydroxy-3-
{NH,CO-)phenyl, 3-chlorophenyl, 2,5-dimethoxyphenyl, 4-(CH,SO,NH-)phenyl, 4-hydroxy-3-
{CH,SO,CH,-)phenyl, 4-hydroxy-3-(CH,SO,NH-)pheny!, 4-hydroxy-3-(NH,CONH-)phenyl, 3,5-

dichloro-4-aminophenyl,

13.  The compound of Claim 12, wherein W is ethylene.

14 The compound of Claim 13, wherein Ar' is 4-hydroxy-3-hydroxymethylphenyl.
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19, The compound of Claim 13 wherein AP is 4-hydroxy-3-hydroxymethyiphenyl.

20. A compound of the formula:

OH
H
NV\Q
H
OH
OH

and pharmaceutically acceptable salts thereof.

21. A compound of the formula:
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OH
H
N\/\©\
HO N
H
OH
OH

and pharmaceutically acceptable salts thereof.

A compound of the formula:

OH
H
N\/\©\ w
HO N H
H
H

OH

22.

Olll

and pharmaceutically acceptable salts thereof.

A compound of the formula:

OH
H
N\/\@\
H
OH
OH

23.
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and pharmaceutically acceptable salts thereof.
24. A compound of the formula:
OH
H
N\/\©\ /\/©
HO N Y
H :
OH
OH
and pharmaceutically acceptable salts thereof.
25. A pharmaceutical composition comprising a pharmaceutically acceptable carrier and a
therapeutically effective amount of a compound of any of Claims 1 =24,
26. Use of a compound of any one of claims 1 to 24 in the

manufacture of a medicament for treating diseases mediated by a

B2 adrenergic receptor in a mammal.
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