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comprising such compounds. Accordingly, the multibinding compounds and

5  pharmaceutical compositions of this invention are useful in the treatment and
prevention of respiratory diseases such as asthma, chronic obstructive pulmonary
disease and chronic bronchitis. They are also useful in the treatment of nervous

system injury and premature labor.
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8 Kissei Pharmaceutical Co. Ltd. "2-Am no-I|-(4-hydroxy-2-nethyl -

phenyl ) propanol derivatives" JP-10152460 (Publication date June 9, 20
1998). AWoOof/4zib®e above publications are herein incorporarenubg/azed7er ence
intheir entirety to the sane extent as if each individual publication was
specifically and individually indicated to be incorporated by reference in
its entirety. 25 State of the Art A receptor is a biological structure with
one or nore binding domains that reversibly conplexes with one or nore

| i gands, where that c | exat.ion has .Qiological consequences.. Receptors
can exist entirely ou?@ig%lf]ﬂgg?eﬁga&%e%‘fcg%g E@iajfr%“églo %%g‘ m?lg?%lt\%?t hi n
the cell menbrane (but %é‘étﬁ‘tnl‘(i%‘p d&erREsoPHhd: ? é[}f(g 68 t he
extracellular mlieu and cytosol), or entirely within the cell

(i ntracel | ul ar recept oden, L. &hkepiliayB.df s‘ddrensegic BecénterePemalent |y of a cel |
(e.g., clbot fornmation)TraRetepooas] Regudiion” Meeropébtmareliddad&’-abéé,ow a cell to
comuni cate with the spag®). outside of its boundaries (i.e., signaling) as
well as to function in the transport of nolecules and 35 ions into and out

Famly of receptore.  Tyaind Dod @{f%gﬁﬁxe‘iﬁ’-gﬁumﬁ} o oy
receptor _or alternati vl%:%'y’*d ny?c%oéoé \'/@?d 7%@3@’2@#@800/ 33057 --3-
synt het i10 ligand for the receptor such as a drug, a drug candidate or a
phar macol ogi cal tool . H¥BeSsEpér Cﬂlﬁrﬁi“lVleéﬁpl%sef%ﬁsmné?%ﬁggpdﬁéﬂﬁﬁééi ns
(7-TMs), also called @%9Potein coupled receptors (GPCRs), represents one
of the nost significant classes 5 of nenbrane bound receptors that
comuni cat e chandes t hatk,ds.cAlr Aouhg bfleodking fteA @elidm andaunganisms to its
:Agt er! ofs t{l gger LN taLé‘s%ds%@ﬁ Sﬁ%ﬁﬁﬁ?ﬁ,@a‘ﬁﬂ@t@m@ﬁﬂd@%ﬁ{e- The G pr OL eins,
en activated, affec - ab o _S¥S 0
A?rgmz%'ﬁao'rr?ﬂgi%ﬁls% f@.n%‘gﬁé{ PADMfad. 8¢, U1-P43 Q@@‘P).

positively and negative on c protein Xinase’cascades,
transcription, transm gration of adhesi pLot ei.ns, dthe ik 10

Adr energi c receptgors (ARyeL ?’@“‘F?é%té‘}?géﬁg%fihez'én}g?%'tl'e‘?ﬂ‘?’%‘ﬁ‘ﬁf%ﬂ“e%&'ept ors
that are conposed of PRIl fefiwliveEdEptdp24athfuphieationdate Jupe 98 p) P2
(A, B, @, and p(, 2,998 These receptors are expressed in tissues of

vari ous systens and organs of
All of the above publications are herein incorporated by reference in their

(o)

entirety to the same extent as if each individual publication was specifically and
individually indicated to be incorporated by reference in its entirety.
25
State of the Art
A receptor is a biological structure with one or more binding domains that
reversibly complexes with one or more ligands, where that complexation has
biological consequences. Receptors can exist entirely outside the cell (extracellular
30  receptors), within the cell membrane (but presenting sections of the receptor to the
extracellular milieu and cytosol), or entirely within the cell (intracellular receptors).
They may also function independently of a cell (e.g., clot formation). Receptors
within the cell membrane allow a cell to communicate with the space outside of its
boundaries (i.e., signaling) as well as to function in the transport of molecules and
35 ions into and out of the cell.
A ligand is a binding partner for a specific receptor or family of receptors.

A ligand may be the endogenous ligand for the receptor or alternatively may be a



manmal s and the proportions of the a and the (3 receptors are tissue
dependant. For exanple, tissues of bronchial snmpoth muscle express largely
R2- AR whiwe@ 01/4593 hose of cutaneous bl ood vessel s contai n PTUSEI33e37y n- AR
subtypes. It has been established that the R2-AR sub-type is involved in
respiratory diseases such as such as asthmab, chronic bronchitis, nervous
systeminjury, and premature |abor8. rently, a nunber of drugs e.g.,

al buterol, fornoterol, isoprenol oI or sal rreterol havi ng R2- AR agoni st
activities are,bei these drugs have

d
limted uti Isiyflg;leﬁ‘éﬂgﬂ@feép’tﬁqgéep Y o?‘f S rP%cat?I\‘}E Cal%(ﬁ%at% BY? causi ng adver se

si de ef f ect HaHalcosyidMaSle tremor, tachycardia, palpitations, and
restlesness', or have short duration of action and/or slow onset tine of
action.' Accordi nBWSUPGITfemelyi@ sevendedsiombrne pulteins (VEMAR adsgoalled s that are

fast acting and have increase Sy and er durat.} ontoﬁ action.
25" The. mul ¢ GIPRIF g CLBRB GRRE R e Prn/ e s iR Bl cod
SUMVARY &F Tt d hENT b SN d ThieptdroM@ntdiiRuhidatdich&pes that Bcdup¥elsidedfthedi ndi ng

conpounds (agents) that are agonists or partial agonists of (32 adrenergic
recept or and:elideDcIUhéarEEm gs isetal triggeringa c@ilarmesponserwhearapppopgiatnt i on of

respiratory ases. such as_.ast chroni c ob tructlve 1/42193

PCT/ US00/ 33 (?Pr%emfyu‘T’lﬁFM&PY/atﬁ‘? Sblkelch Wil ot o) SO Bl ft'° SYSRRS are
al so useful {gm b$§t1&é1ye§ﬁd%tau@ély (é‘?r ib(ﬁtb‘hami SmtéiRikita¥e sddadesemat ure | abor.
Accordingly, in one of its conposition asp ects, this invention provides a

mul ti bi ndi ngranecrmnwmdtrmfsnﬁgnahm af gdhpsios p(q_glm X)ld| the(like). wherein: p is an
| iniker: Wnd L7 AvFrgahaethnidrelie) Bhaaoerhe! hr amralet fotbled Bt ound of
formula (@) :aQht E@np%s%h Wf‘f&mly of three receptor sub-types: B1 (, 5 p) P2 (4 5 ), and
B(, 5 5)." These receptors are expressed in tissues of various systems and organs of
mammals and the proportions of the o and the P receptors are tissue dependant.
For example, tissues of bronchial smooth muscle express largely f2-AR while
15  those of cutaneous blood vessels contain exclusively B-AR subtypes.

It has been established that the f2-AR sub-type is involved in respiratory
diseases such as such as asthma®, chronic bronchitis, nervous system injury, and
premature labor®. Currently, a number of drugs e.g., albuterol, formoterol,
isoprenolol, or salmetefol having 32-AR agonist activities are being used to treat

20  asthma. However, these drugs have limited utility as they are either non-selective
thereby causing adverse side effects such as muscle tremor, tachycardia,
palpitations, and restlesness®, or have short duration of action and/or slow onset
time of action.” Accordingly, there is a need for P2-selective AR agonists that are
fast acting and have increased potency and /or longer duration of action.

25 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 B2 adrenergic receptor and are therefore useful in the

30 treatment and prevention of respiratory diseases such as asthma, chronic obstructive



Rl (a) wherein: Ar' and Ar2 are independently selected fromthe group
consisting of aryl, 15 heteroaryl, cycloal kyl, substituted cycl oal kyl, and
het er ocyov@bi/wties ei n each of said Ar' and Ar2 substituenpcopseossed7 y |inks
the ligand to a linker; R is selected fromthe group consisting of

hydr ogen, al kyl, and substituted alkyl, or R is a covalent bond |inking
the ligand to a linker; R2 is selected f om the group consisting of

hydr ogen, al kyl, aral kyl, acyl, 20 subétltuted al kyl , cycIoaIkyI and

substi tuted c IoaI r coval ent bond 1in the |i to a

o e ook bt e P The o o ok Ay e Bhe o

substituted eﬁ) f mﬁf}ﬁdﬂaﬁ&ﬁaﬁfe Bpse of the carbon atom; in said
substituted

al kyl ene or al kyl’ene group is optionally replaced by a
substituent sel ecAadrdinglym intvme @f dsipoposidorsaspedtsighisfinvehRan ploviese Ra i s

hydr ogen, al kyl . acyl, or a c aleq Eond l'i nki ng WO 01/ 42193
PCT/USOO/33GB¢“hn@¥gQWﬂ9%W68 gl (] |nker) -0-, -S(Or, (where nis an
integer gf fromO to 2), - , W@ﬁre Rb is alkyl), -P(O2-, rand
-OP(OO and further mhereln sald al&f or substituted al kyl ene group
optionally links the ligand to a |linker(Iprovided that at |east one of Ar',
Ar2, R, R2, or Wlinks the ligand to a linker; and 5 the other |igands are
|ndependentPV‘3@neach ot her a conpound of for mul a (b): -QA3 (b) 10

wherein: Ar3 is o9, f@up consi sting of aryl, heteroaryl,
cycl oal kyl, subst |?§§§% é;%?%grg(? and heterocyclyl; Q which links the

other ligand to Uhﬁahumkgﬂofﬁﬁnsbhﬁﬁhed fromthe group consisting of a
coval ent _bond, alkylene, and substituted al kyl ene wherein one or 15 nore
of the dfrbon at ohes 4 inkegianda) kyl ene and substituted al kyl ene is optionally

repl aced by a su i ted fromthe group consisting of -NRa-
(where Ra is y2;%5Q#§B Wﬁﬁhﬁgacyl or a covalent bond linking the Iigand

to a linker), -0-gneobfd)ligands,L,isa compound of formula (a):

OH R?
P,/‘\(N—W-Arz
A
R1
(@)

wherein:
Ar' and Ar’ are independently selected from the group consisting of aryl,
15  heteroaryl, cycloalkyl, substituted cycloalkyl, and heterocyclyl wherein each of said
Ar' and Ar’® substituent optionally links the ligand to a linker;
R!is selected from the group consisting of hydrogen, alkyl, and substituted
alkyl, or R is a covalent bond linking the ligand to a linker;
R? is selected from the group consisting of hydrogen, alkyl, aralkyl, acyl,
20  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
alkylene group is optionally replaced by a substituent selected from the group

25  consisting of -NR?* (where R? is hydrogen, alkyl, acyl, or a covalent bond linking



(where nis an integer of fromO to 2), -CO, -PRb- (where Rb is alkyl),
-P(0)2-, and - O P(0)0-; and 20 individual isonmers, mxtures of isonmers and
phar macew® orkily3 accept abl e salts thereof provided that:PCT/USoBBNS7 he
mul ti bi ndi ng conpound of Formula (1) is a conpound of formula: OHHH COH
Ar1)NWX-N-"-~Ar3 25 where Ar' and Ar3 are aryl, then Wand X both are
not al kyl ene and when Wis al kyl ene-O .5 | then X is not -0-alkylene; (ii)
when the nultibindi ng conpound of Formula (I) is a conpound of fornmula: OH

30 Art -W-Arz-X-QAr3. R 0 1 PCT/ USQO/ 330 Ar' i
4- hydr oxy- 2-thetigsn wker)we? ]Elééit@v%erwsfﬁngmgsw Efém&l%?bcg ?’y'lr Wis
ethyl ene, Qpe. ﬁé}}é%b‘?s’ﬁlk)ﬂ?gg(% aaﬁds -Apk¥lo- atnlaefﬂrtltlé}gvﬂe'rém%ld)élléy?edéo'[

| inked to the A n oxygen atom (1ii) wh
mul ti bi ndi ng)r@obsmmediakkfyleﬁe)gmmk)a)p(lbl)allyshrd(S(thmlpwddo aﬂmk@rpru%ded that @H R2

Ara-Q X-Are N -W-Ar2 er d Ara are aryl,. R2 is hydrogen or
bﬁnzyl w i deapt RW%@ XF} éza?ry‘ﬁqﬁ}ks theglt é|t%é:h,3§?r'a.r@5i sya cgval ent bond,
then X ig not -al Amund of
Formula (1) is a té%h%gﬁ%% ngls Q%gfléﬁﬁégdmggf%& M&Id %n%kll-ﬁ%—l-&u—l ZWA]J ;)(- Q Ar

CH3 15 wherdgbir' is 4-benzyl oxy-3-fornyl am no, R2 is aral kyl, Wis
-CH(CH3) CH2-, Ar2

—Q-Ar
(b)

10  wherein:
Ar’ is selected from the 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, and substituted alkylene wherein one or
15  more of the carbon atoms in said alkylene and substituted alkylene is optionally
replaced by a substituent selected from the group consisting of -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(O),-, and -
0O-P(0)O-; and
20  individual isomers, mixtures of isomers and pharmaceutically acceptable salts
thereof provided that:

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

OH OH
AV i BV
” Ar1/K/N W o N\)\Ar3

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

OH

H
30 Ar1)\(N———W -AP-X-Q-Ar?

R1



and Ar3 are phenyl, Qis a covalent bond, then the linker X is not |inked
to the Ar2 group through an oxygen atom More preferably, each |inker, X
in the mwobbinads ng conpound of Formula 20 (1) independercTysénessoihe
formula: -Xa-Z-(Ya-Z)m Xa- wherein mis an integer of fromO to 20; 25 Xa
at each separate occurrence is selected fromthe group consisting of -0-,
S, -NR, -O-, -OO, -0(0-, -ONR, -NR(O-, (9, -9 0,
-C(S)NR-, -NRC(S)-, or a coval ent bond ere Ris as defined below, Z at

each separate occurrence, is selected f the .grgup consi stin fo

al kyl ene, suBREF (At @d‘%{%%yéz' 1R e&ﬁ[’%ﬁ@ﬁ@fl’ ‘éﬁﬂgﬁy? ﬁliléetsﬂerSV(%ﬁlygaWk?I ene,
al kenyl ene, etl%ﬁel%égitsiatd&/ﬁQn%&ﬁ@ Nyl 1§ ARy 1, ahdrymy liBRE: X Sk linket @dhahleynyl ene,
cycl oal kenyl ene, 01/ 43168 PCT/ USO0/ 33057 --7- substitut ed

cycl oal kenyl gnep thaoydhemegxyigen etoorr yl ene, het erocycl ene, or a coval ent

bond; each Ya.at each separate occurren is selected fromth roup
consi st ng dh) - gFhen eg g tibingieg gt ipo il gt g Sgrpiid o el .

-NR (O, 5 -NRCONR-, -NRCSNR-, -C(=NR )-NR -, -NR -C(=NR)-,
0O -NR -, -NR-C(O-0, -N=C(Xa)-NR -, -NR -C(Xa)=N-,-P(O (OR)-0-,
-OP(O(OR)-, -S(O,,CRR'-, -S(O,,0NRR*>, -NR -S(O,, -, -SS, and a

coval ent bond; where nis 0, 6,1 or 2, —andAR' at each separate
occurrence are sel ected frorﬁrtﬁ@—éFérup consi sting of hydrogen, alkyl,
substituted al kyl, cycloal kyl, substituted cycl oal kyl, 10 al kenyl,
substituted al kenyl, cycloal kenyl, substituted cycl oal kenyl, al kynyl,

substit ut ed whdey iyl andaAwlare astl R oahydrogerdotieneylo ¥ slallylerendrXs ayl as def i ned

above. Preferably .is less than p in. the | .ti bjndi ng conpounds of this
i nvent i dfl. qyﬁﬁ)g’lllqyilq(gmqqyéfenbéor}%t _Eheea{lﬁd’é’f _ﬁrﬁ_%' RS 'e'caflg, this invention
provides a p(li\?r m&ﬁéﬁt‘h@%ulﬁ&ﬁ@iﬁ?%}n Bufd POl Ais B%frﬁ&@ﬁﬁd'«%f foRthhi¥:

acceptable carrier and 15 an effective anount of” a multi bi ndi ng conpound
of Formula (I): (L)p(X)g (1) wherein:

OH IIRZ
N—CH-CH »—ArP-X—Q—Ar®

A 1
r CH,

15
where Ar' is 4-benzyloxy-3-formylamino, R? is aralkyl, W is -CH(CH;)CH,-, Ar®
and Ar’ are phenyl, Q is a covalent bond, then the linker X is not linked to the Ar?
group through an oxygen atom.
More preferably, each linker, X, in the multibinding compound of Formula

20 (1) independently has the formula:

-XZ-(Y?-Z) - X
wherein
m is an integer of from 0 to 20;
25 X* at each separate occurrence is selected from the group consisting of
-0-, -S-, -NR-, -C(O)-, -C(0)0O-, -OC(0)-, -C(O)NR-, -NRC(0O)-, 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,
30 substituted alkenylene, alkynylene, substituted alkynylene, cycloalkenylene,



20 pis an integer of from2 to 10; q is an integer of from1l to 20; X is
alinker; and L is a ligand wherein: one of the ligands, L, is a conpound
of formuiveo 0B)21930H R2 /NWAr2 AR (a) 25 wherein: VWCDUAeZBOZ

PCT/ US00/ 33057 --8- Ar' and Are are independently selected fromthe group

consisting of aryl, heteroaryl, cycloalkyl, substituted cycl oal kyl, and
het erocycl yl wherein each of said Ar' d Ar2 substituent optionally |inks
the ligand to a | i nker; is selected fromthe group conS|st|ng of

hydr ogen, aIk and substituted .5 K i S a, coval ent nd | i nki ng
the TPgand bt »e&loal%enyt@esw&ef@& pinfbrd i Sup Goriceagn
hydrogen, alkyly, aralkyl, acyl, substituted alkyl, cycloalkyl, and

substituted cycloalkyl, or RZ is a coval ent bond Iinking the.l[gand to a
linker: Wis a coasah@hht éohdeparatk begurtehee isNBReted) froopthe grodpeconsiktyg efne or

Z?’Fif 'J%t ;ﬁd%ﬁﬁ% e ety eﬁﬁsc’égﬁ“ oG & E Ry Snﬁuibgtflf‘ Eig{“
oyl < or Ta oo PR NP ORI R CCANR DG OVRECFTR oy orgiRaeg vt
(where n is ARIOIBRY, -N#C(XWKY 1-DIRYC O BO-,-PCPROR’ )(@heOeP(l@)(ORs)-,al kyl),

Al kyl one S?S@&ﬁko?sna SO Nlcs Rk TP a5 ui! § paaim PRGOS it ot
Iote ﬁ§ loln ga(rjlrj% ar e’ |Rﬁ\ ep Bﬁé n&?Chgiep%}gtéh&gﬁrﬁéedr&gwc%iraregggtnfgbrgtﬂe:‘%éﬁ%I aan?b§ be
-Q Ar3 20 (donsisting of hydrogen alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl,
10  alkenyl, substituted alkenyl, cycloalkenyl, substituted cycloalkenyl, alkynyl,
substituted alkynyl, aryl, heteroaryl and heterocyclic, and X is as defined above.
Preferably, g is less than p in the multibinding compounds of this invention.
In still another of its composition aspects, this invention provides a

pharmaceutical composition comprising a pharmaceutically acceptable carrier and

15  an effective amount of a multibinding compound of Formula (I):

(L)X,
@
wherein:
20 p is an integer of from 2 to 10;
q is an integer of from 1 to 20;
X is a linker; and
L is a ligand wherein:

one of the ligands, L, is a compound of formula (a):

OH R?
?,)\’/N—W -Ar?
A
R1

(a)

25 wherein:



wherein: Ara is selected fromthe group consisting of aryl, heteroaryl,

cycl oal kyl, substituted cycl oal kyl, and heterocyclyl; 25 Q which |inks
the otherwbbgeaa3to the linker, is selected fromthe groupCT/osemsi3sisi ng of a
coval ent bond, al kylene, or a substituted al kyl ene group wherein one or
nore of the carbon atonms in said al kyl ene or substituted al kyl ene group is
optionally replaced by a substituent sqlg(-_)pt ed fromthe group consisting of
-NW (where Ra is hydrogen, alkyl, acyl, or a covalent bond |inking the

ligand to a |inker), 1/ 42193 /US00/ 33057, --9- -0-..-S(0),,- (where
nis an integer d&lfpg\%rga@b“ _P?mf-z% ?gg%gom%g@u%o?sés%gﬁla ; -I(D(O)Z-,
and -G P(Q Cl)fe'tfiréé}%,'c?&bé’lkfl‘ﬂ@bsiiﬁ%ﬁy@loaﬂ@y}étaﬁﬂ %@teﬁcy&l?ﬁwtﬁé&irﬁéh@h of said

it

pharmaceutically acceptable salts theredf provided : 5 (i) when the
mul ti bi ndi ngAx angh duhshbstituEiraptibaal fyl jnkis shealigandpoahidkef formula: OH IH H OH

Art"J NWr "I -X-N"'Ar3 ere Ar' and Ar3 are |, the and .X both are
not al kyl ene and I. selggipd romghe prapp £RRSIFNG qfh@&frggqnsalgﬁlp any%§ Sflé(’it e;: (ii)
when thesml gl gt g 2 o BIn@linkial M fdaliho b fnRerconpound of formula: = CH
HAt NW-ArZ-X-Q Ar3 R 15 where Ar' 1S 4-hydroxy-2-nethyl phenyl, Al is
aryl, Ar3 is arylRus stletted fromcthy group/cossistetgnf] eyeoged, alkylh amdydl asnt, bond, R

is alkyl, thep the ljnker is not |linked to the Al . ,.group through an
oxygen atomsug?tft}“)ed\ﬁih%':frc@’ afﬁﬂ"ﬁp‘iﬁmflﬂﬁedc‘&’ﬁ%ﬂﬁ& B ﬁ(ﬁ‘fﬂ)’lgk?nﬂ;?n s a
conmpound of 1&9(1; @31igax?cpll§>91irﬁ%r;'°‘r 3-QX-Are NWAr2 where Ar' and Ar3 are
aryl, R2 is hydrogen~or benzyl, Wis al kylene, Ar3 is aryl or cycloal kyl,

Qis a coval ent bWwrida cotadent¥ond linking tlad RNR’e gmu@to AahchliBer(d ar)substented he
multibi qgl ngallqugrPeovl\J/ eqei(r)lfonlg(cj)g nnluolre(:’jl 0 Itl?e ciarsbo% a(‘éc())m %usggd eﬁf(ylfeger arlrrycf S%Bstitgt_eld

alkylene is optionally replaced by a substituent selected from the group consisting

of -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(O),-, and -O-P(O)O- and further wherein said alkylene or substituted

15 alkylene group optionally links the ligand to a linker provided that at least one of
Ar', A%, R', R?, or W links the ligand to a linker; and

the other ligands are independently of each other a compound of formula

(b):
—Q-Ar?
20
(b)
wherein:
Ar is selected from the group consisting of aryl, heteroaryl, cycloalkyl,

substituted cycloalkyl, and heterocyclyl;

25 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
or more of the carbon atoms in said alkylene or substituted alkylene group is
optionally replaced by a substituent selected from the group consisting of -NR*-

(where R* is hydrogen, alkyl, acyl, or a covalent bond linking the ligand to a linker),



Art NI -CHCH 2-Ar2-X-Q Ar3 CHs WD 01/42193 PCT/ US00/ 33057 --10- where
Ar' is 4-benzyl oxy-3-fornylamno, R2 is aralkyl, Wis -CH CH3)CH2-, Are
and Ara aveopkanyl, Qis a coval ent bond, then the |inkerP&riusomsbsy i nked
to the Ar2 group through an oxygen atom More preferably, each linker, X
in the nmultibinding conpound of Formula 5 (1) independently has the
formula: -Xa-Z-(Ya-Z)n,-Xa- wherein mls)an integer of fromO to 20; 10 Xa
at each separate occurrence i s seI ect ed fromthe group COI’]SI sting of -0-,
-S-, -NR, -C(O-, -C(0)O-, - Q - S)., -USO,
“(SNR-, - NQC('§XO)n 6Vhere agy an | geb@fwﬁro e?)RQOs §dé‘f’]ileﬁ%8 bl 7 at
each separat ccurre sel.ected fromthe group consisting of

al kyl ene, %&@)ZT’GP%(JS%%QﬁeﬁEd cycl oal kyl ene, substituted cycl oal kyl ene,
al kenyl ene, indi9iRHPRbEM! SSktalek 8P¥bRGE andpkXiMHcBRalls dbshtdbid fds al kynyl ene,
cycl oal kenyl ene, substituted cycl oal kenyl ene, aryl ene, heteroaryl ene,

het er ocycl ertbgreof pravided #laént  bond; each ya at each separate occurrence is

_sgl(eogz'ﬁled frog) t he Hrﬁﬂ%‘%@%}‘l stin wféfgjlmﬁ-(ﬁ(lsogﬁﬁn&%%%fom&go) 0-, -NR-,

-C(=NR)-NR -, -NR -C(=NR)- OC(O) NR -, -NR-C(O-O, -N=C(Xa)-NR -,
“NR -C(Xa) =N+, - P(O) (OR )-0-oir 0-P(O) (CR ) -, -S(QPCR R'-, -S(O'S NR -,

-NR -S(On-, -S—S— and a cgva nas er nls 0, 1 or 2; R R and
g\e/%res \yn % isti

R' at each separate occuAr’ ted fr group consisting of
hydr ogen, al kyl, substituted al kyl, cycloalkyl substltuted cycl oal kyl, 25

al kenyl, Sut\%ﬁér& A&%d@&#% ir?rl %'W%&W&h a%%ll&!@n%qnembﬂw kenyl ,

al kynyl, substituted al aryl, heteroaryl and heterocyclic, and Xa is
as definéd adbloplene- (DﬂtbethsmioOhdkylamoect this inventi on provi des a rret hod

of treating djiseases by a P2 ner ece
sai d met hod @ rrpr‘i"%‘inrrae lﬂ 18¢ EPRHNAP q&ﬁf’&“ﬁéﬁﬂﬁ? c8 ‘la%etgfnf’n@% ly
effective amount of a WO 01/42193 PCT/ USO0/ 33057
M Ay a3
Ar1/'\rN W-Ar2-X-Q—Ar
R1
15  where Ar' is 4-hydroxy-2-methylphenyl, A7 is aryl, Ar’ is aryl or heterocyclyl, W is
ethylene, Q is a covalent bond, R' is alkyl, then the linker X is not linked to the Ar’
group through an oxygen atom;

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

20 OH Flzz
ArB—Q—X—Ar1

where Ar' and Ar® are aryl, R?is hydrogen or benzyl, W is alkylene, A7 is aryl or
cycloalkyl, Q is a covalent bond, then X is not -alkylene-O-; and

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

OH 32
N—CH-CH »—ArP-X-Q—Ar®

1
A
r CHj



--11- pharnmaceutical conposition conprising a pharmaceutically acceptable
carrier and a multibinding compound of Formula (1): (L)p(X)g 5 (I)

wherei n: woons4am i nteger of from2 to 10; g is an integepCDUS6VBNI7TL to 20;
Xis alinker; and 10 L is a ligand wherein: one of the ligands, L, is a
conmpound of fornula (a): OHR NW-Ar2 AR (a) wherein: Ar' and Ar2
are independently selected fromthe groTﬁ consisting of aryl, heteroaryl,
cycl oal kyl, substituted cycloal kyl, and eterocyclyl wherei n each of said

15 A d Ar2 substituent ¥
selegtegnfrd&¥@%éﬂ Bm%§@3W§?§ﬂ£na %Ethg %}gﬁﬁﬁghig futed
al kyl, or R4 A a99gﬁéneymt R%awwenkwﬁ %hlaﬁtﬁe m@mll nbt ﬂlm&geals thef21 s

sel ect ed fron1t e group co sisting of hydrogen, alky aral kyl', acyl,
substi t ut ed g@bigythrowphcdnoadyleyt atoand substi t ut ed cycloalkyl or R2 is a

coval ent bond 20_Ili nki g the | 0 i Wis a c ond

li nki ng the - NR2- M8 88 ?B Kr%mthEV}gﬁ%”é?“&@ﬂ§?¢?ﬁf@ﬁ¢°§? éﬁ@u erein

one or nare ]ng nﬁéﬁQQQ' Q sai d al kyl ene and substituted al kyl ene
ace

group is optionally re a substituent selected fromthe group
consi sting of -NRa- (where Ra |s hydr ogen, al kyl, acyl, or a coval ent bond

linking 25 the ligand to a |inker C»n (mhere nis an integer of
fromo0 to 2) -CO-, WD 01/42193 Péﬁﬂog\ﬁo% --12- PRb- (where Rb is

al kyl), %i and -OP(OO and further mhereln said al kyl ene or
substltuted a Pene group optionally links the Ilgand to a linker provided
t hat at m is an integer of from 0 to 20;

10 X* at each separate occurrence is selected from the group consisting of

-0-, -S-, -NR-, -C(0)-, -C(0)0O-, -OC(0)-, -C(O)NR-, -NRC(O)-, C(S), -C(S)0O-,
-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,

15  substituted alkenylene, alkynylene, substituted alkynylene, cycloalkenylene,
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)0O-, -NR-, -S(0),-, -C(O)NR’-, -NR’C(O)-,

20 -NR’C(O)NR’-, -NR’C(S)NR’-, -C(=NR’)-NR’-, -NR’-C(=NR’)-, -OC(O)-NR’-,
-NR’-C(0)-O-, -N=C(X*)-NR’-, -NR’-C(X*)=N-,-P(O)(OR’)-O-, -O-P(O)(OR’)-,
-S(0),CR’R’’-, -§(0),-NR’-, -NR’-5§(0), -, -S-S-, and a covalent bond; where » is
0,1or2;R,R”and R’ at each separate occurrence are selected from the group
consisting of hydrogen, alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl,

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

In still another aspect, this invention provides a method of treating diseases
mediated by a 32 adrenergic receptor in a mammal, said method comprising

administering to said mammal a therapeutically effective amount of a



| east one of Ar', Ar2, R, R2, or Wlinks the ligand to a linker; and the
ot her ligands are independently of each other a conpound of forrmula 5 (b):
-Q A3 Whoinhesein: 10 Ar3 is selected fromthe group cpawUstwasgs7of aryl,
het eroaryl, cycloal kyl, substituted cycloal kyl, and heterocyclyl; Q which
links the other ligand to the linker, is selected fromthe group
consisting of a coval ent bond, alkylene and substituted al kyl ene wherein
one or nore of the car bon atons in salé al kyl ene and substituted al kyl ene
group is 15 gptional I I aced a substl tuen fromthe, group
consi sting dﬁlanwut‘f Oslﬁéor} %O%Rflﬂ%ae RMATZRESA lcag'c%ceptgpleﬁalgﬁ{/ﬁ?%%t bond
l'i nking the I{lhlgigﬁﬁn{goco%ﬂoluﬁggfj:ormulg)(l) -3(0),,- (where n is an integer of
fromO to 2), where Rb 1s alkyl), -P(0)2-, and -0-P(0)0-; and
i ndi vi dual | sorrers m xt ur es of isonmers and pharmaceutically acceptable
salts 20 thereof provi ded that: (i) mgﬁ%the mul ti bi ndi ng conpound of
Formula (1) is a conmpound of formula: JH H OH Ar ~~N- W X- N~Ar 3 25 where
Ar' and Ar3 are aryl, then Wand X bot h(@re not al kyl ene and when Wi s

al kylene-O-, then X is not -0-al kylene; (ii) when the nultibindi ng conpound
of Formul a (Whereia: a conmpound of fornmula: OHH 30 Art ( NW-Are-X-QAr Ri
WO 01/ 42193 PCT/ USQ0/ 33057 --13- ere Ar' is 4-hydroxy-2-nethyl phenyl,

Al is aryl, Ar a B S ayeegoffiomt 48 yi . Wis ethylene, Qis a coval ent
bond, R is al kqulsagqgte%g}%flﬁlog{(pgogbl s not linked to the Ar2 group
through an oxygen atom iii) when the nultibinding conpound of Fornula
(1) is a corrpoundes‘ahnkemﬂrd H R2

10 L is a ligand wherein:

one of the ligands, L, is a compound of formula (a):

OH R?
PJ/‘YN—W—ArQ
A
R1

(a)

wherein:

Ar' and Ar? are independently selected from the group consisting of aryl,

heteroaryl, cycloalkyl, substituted cycloalkyl, and heterocyclyl wherein each of said
15  Ar' and Ar® substituent optionally links the ligand to a linker;

R! is selected from the group consisting of hydrogen, alkyl, and substituted
alkyl, or R' is a covalent bond linking the ligand to a linker;

R? is selected from the group consisting of hydrogen, alkyl, aralkyl, acyl,
substituted alkyl, cycloalkyl, and substituted cycloalkyl, or R is a covalent bond

20  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 and substituted
alkylene group is optionally replaced by a substituent selected from the group
consisting of -NR®*- (where R* is hydrogen, alkyl, acyl, or a covalent bond linking

25  the ligand to a linker), -O-, -S(O), (where n is an integer of from 0 to 2), -CO-, -



Ar3-Q X-Arl NFNW-Ar2 10 where Ar' and Ara are aryl, R2 is hydrogen or
benzyl, Wis alkylene, Ar2 is aryl or «cycloalkyl, Qis a coval ent bond,
then X i sveot/42193 kyl ene-O-; and (iv) when the nul tibi ndi neCTosSwa3ngy of
Formula (I) is a conmpound of fornmula: OHR2 15 Are _ NCH CH 2-Ar2-X-Q Ar3
CH3 where Ar' is 4-benzyloxy-3-fornylamno, R2 is aralkyl, Wis

-CH(CH3) CH2-, Ar2 and Ar3 are phenyl,_@is a covalent bond, then the
linker X is not linked to the Ar2 group through an oxygen atom 20 More

preferably, C i nker [ he | i 'Win ound .of .E I (1)

i ndependent | hg‘ghﬁrﬁi{ fgoé?’lém’é?@)ﬁ(ag@l'(@ﬁ(% niaﬂg-fﬁl\%%r%r%}eﬁelﬁgalfin%likw%{% i nt eger
of fromO tqyrZQbst¥@e@hlk§RED @bRalBEks RGNt So & BhR&REvVillE®Mat fte group
consi sting ofr s0 e-S—,? Néﬁﬁ@%g(q@qqqcl}@@ -0C(O -, If;‘C(C))NR-,

-NRC(O) -, C(l&yst ongp Ar’, RERS) i, linksjde Iand tor linkerogrdd ent bond where R is
as defined below,,Z at each separate,occurrence is selected.f.romthe group
consi sting of 30 Hf Q&‘Féﬁ%@n%ﬁ‘ﬁslf’ﬁl?ﬂﬁflgﬁl §I°l£§f‘°2"n(gt, er&%ﬁ“@éﬁ“ﬂgf’éﬁo frmgaubsti t ut ed
cycl oal kyl ens): al kenyl ene, WD 01/42193 PCT/ US00/ 33057 --14- substituted

al kenyl ene, a?kynylene, substituted al kynyl ene, cycl oal kenyl ene,
substituted cycl oal kenyl ene, arylene, heterparylene, heterocyclene, or a

coval ent bond; each ya at each separat&®d¥currence is selected fromthe
group consisting of 5 -0-, -C(O-, -CC(O-, -C(OO, -NR, -S(On-,

“C(ONR -, -NRC(O-, -NRCONR-, -NREQ(S)NR -, -C(=NR )-NR -,
“NR -C(=NR )-, -OC(O-NR -, -NR-C(O-0O, -N=C(Xa)-NR -,
-NR - C( Xa) =Nwher81g0) (OR )-0-, -0-P(O(OR)-, -S(O" CRR'-, -S(On-NR -,

R at edbh separ bR bt EHUS (i GoURPEBUAE P O ORE A IS K Ghs 511 ng of
o0 Ltk AU S S o8 1 s 50 07 o
al kynyl , Q, which links the other ligand to the linker, is selected from the group

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

more of the carbon atoms in said alkylene and substituted alkylene group is

15  optionally replaced by a substituent selected from the group consisting of -NR®-

(where R® is hydrogen, alkyl, acyl, or a covalent bond linking the ligand to a linker),

-0-, -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

individual isomers, mixtures of isomers and pharmaceutically acceptable salts

20  thereof provided that:

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

OH OH
H Y H
Ar1)\/N W K/_—X_—N\/kAr3

25  where Ar' and Ar’ are aryl, then W and X both are not alkylene and when W is

alkylene-O-, then X is not -O-alkylene;

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

OH

H
30 Ar1 )\( N—W —AI'2—X—Q—AF3

R1



substituted al kynyl, aryl, heteroaryl and heterocyclic, and X is as

defi ned above. Preferably pis less than g. In still another aspect, this
i nventi owdsraiisected to general synthetic nmethods 15 fopCh®Rarmbing | arge
libraries of diverse multineric conmpounds which nultineric conpounds are
candi dates for possessing nultibinding properties for X32 adrenergic
receptor. The diverse multinmeric conpound libraries provided by this
invention are synthesized by conbining linker or linkers with a |igand
or ligands to provide for a library of nultinmeric conpounds wherein the

|l i nker and |igand each have 20 conpl enmentary functional groups permtting

coval ent |1 nkpge ArTRE. *}9&%@ Y- n%thylblaéamy llsﬁr}f?rﬁpq‘i @Pl Y §R4B6IBH, Woishave

di verse properti es such as val ency | i nker i nker eorretr and

rigidity, hydhdpmd,iQ slatopvdenﬂhpuhdolbh@lalkwi,ttlﬁn thalhphﬁtr@ﬁnd nqtﬂmy(;d @)dhdmzy
basicity and poI§¥|z tion. The library of ligands is preferably selected
to have di ve¥'S¥P ygﬁ%@ﬁ?& on the sane ligand, different 25

functi ong ng]ﬁurjswﬂén b %Lﬁﬁ’@fﬁdﬁl tcSmgBuer S&iopnSR (116 at8BolihdandmaRd the

i ke. This ention Is also directed to libraries of diverse nmultineric
conpounds which multimeric conpounds are candi dates for possessing

mul tibi nding properties for (32 adren rgi G receptor. These libraries are
prepared via the nmethods descri bed §UeF%nd%Pe t the rapid and

efficient evaluation of what,Bonhequha fs 30 inpart multibinding
properties to a ligand or a class of ligands targeting a receptor. WO
01/ 42193 PCT/ US00/ 33057 --15- Accordingly, |n one of its nethod aspects,

this invention is directed to od for fyl nultlner c ligand
conmpound® po‘éf %%érn@}l Ttaf%laWdf%g‘nEb‘?Bﬁ‘@Wr W %ﬂﬁeﬁ‘ézr@?‘é’ Pecept or
whi ch net hod, 4 fhehne qlltag]@quleoo anf xture of Iigands
wher ei n each Ilga d g;c%ﬁ%g?ﬁg&gtl¥eas? gne reactlvenfunctlonallty (b)

i dentifying @)l i bwhenytheindliibikéing cofmpowidofdacinula (Hkisn compsandof fobmelay
conprises at |least two functional groups having conplenentary reactivity to

at |l east one of the reactive functional groups of the ligand; (c)
preparing a nultineric ligand cygpognd |ibrary by conblnlng at 10 least two

stoi chionetric equival ents of %ggrghg ﬂq?prﬁp;§t ?B) uIlgands identified

in (a) th the library of IAr ¥iedlin nder conditions
wherein the conplenentary functional “gBoups react to forma coval ent
| i nkage between said

where Ar' is 4-benzyloxy-3-formylamino, R is aralkyl, W is -CH(CH;)CH,-, Ar®
and Ar’ are phenyl, Q is a covalent bond, then the linker X is not linked to the Ar?
group through an oxygen atom. .

20 More preferably, each linker, X, in the multibinding compound of Formula

(I) independently has the formula:

-XA-Z-(Y?-Z),,-X-
wherein
25 m is an integer of from 0 to 20;
X?* at each separate occurrence is selected from the group consisting of
-0-, -S-, -NR-, -C(0)-, -C(0)0O-, -OC(0)-, -C(O)NR-, -NRC(O)-, 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

30 alkylene, substituted alkylene, cycloalkylene, substituted cycloalkylene, alkenylene,



linker and at |east two of said |ligands; and (d) assaying the nultineric

| i gand conpounds produced in (c) above to 15 identify multineric |igand
conmpoundw@orsassi ng nul ti bi nding properties for X32 adrpaBUgI33dEICEpPt OF .
In another of its nmethod aspects, this invention is directed to a nethod
for identifying multinmeric |igand conpounds possessing mnultibinding
properties for (32 adrenergic receptor m@ich nmet hod conprises: 20 (a)
identifying a library of |igands wherelin each |igand contains at |east one

ti f ionality; (b) id i fyinag. i nk 1. Xt f 1ink
Wheref n' eac HIpHREH alkeprisR. ol Talenr. BB fes AR RLE R Se KBTS havi ng.
comp! ement aryLLRREY EVAIbMIbRte LSRSE nARSuOlent IRFERIECRGHRNAI 9T OupS

of the ligan preparing a multimeric |'igand conpound library by
conbi ni ng atbondpast two stoichionetric equivalents of the library of

ligands identified in (a) wth the linker or m xture of linkers identified
in (b) under condieth gnat %mgrs%l?aﬁat? AEFUTIERTOP éﬁﬁﬂ%ﬁ?mf tg‘ﬁ@f‘?“d?r%fpsﬁﬂr&fgﬁ react
to forma coyal 1i o | enypai. J d sy t two of said
Iigands;gandzﬁiﬁg?)Aé?g C@%%ggdp§565gajﬁfgggbgg§’aggggﬁﬁé’the mul tinmeric
| i gand conpodid€(@NRIUCARIOIS IR - a¢weR )eNRi-deYR I-C=NRi)t,i-0€X O NR’ gand

conpounds poSsSESS) | tibinding Qp K ad rgic . receptor.
The preparar?%h' >3%gﬂﬁnﬁafﬁﬁi @'R&béﬁé§k§§ﬁgﬁiwéﬁﬁb?aFbﬁﬁgngggpéved by 5
either the s bt Q& ((HORGUT IRk DI Rad | Ot ovaAEt b¥Rd: Q¥hefDs &

st oi chi omet r ?@‘yﬁgﬁuf?m (DN R |s?8£n’d§a$ yo @tovalchth (d) W th the

| i nkers i der,ilfar@dRi R’ 4t R*°Se gadhndeparhteadcurténoa aressecetldrane thevgrewp a m xt ur e
of different ligands is enplqoyed to. ensure heterodi neric Qr ltineric
conpound® arcé’nﬁﬁfé‘tﬂa‘Pfe}H’.d“{&?HcﬂKYleﬁ’tbs%FEﬁ t‘iﬂﬁ’i Cyﬁﬁoa[l‘?(i Slggbtgﬂtﬁg %{Ig%}k%l’ when at
| east a port f LAY R mul tinmeric
conpounds. fwgﬂﬁgég@5§¥§¥%%% s’?§C|tegg$% 55?@%@%@ §ﬂ§€%g3@?gg’on t he

mul tinmeric |substitdted atkyppl)ad] ) licharaaryl adddtecanycliey ahd )X awdefined almvef er abl vy,
each nmenber of the library is isolated by preparative liquid

chr omat ogr aphy nddsiesghber ioketthgn ¢Lovs). 1n one of its conposition aspects,

this invention i s,qQ}ifiGGbHE ésge&, i ¥ioRis directed to general synthetic methods
15  for generating large libraries of diverse multimeric compounds which multimeric
compounds are candidates for possessing multibinding properties for 32 adrenergic
receptor. The diverse multimeric compound libraries provided by this invention are
synthesized by combining a linker or linkers with a ligand or ligands to provide for
a library of multimeric compounds wherein the linker and ligand each have
20  complementary functional groups permitting covalent linkage. The library of
linkers is preferably selected to have diverse properties such as valency, linker
length, linker geometry and rigidity, hydrophilicity or hydrophobicity,
amphiphilicity, acidity, basicity and polarization. The library of ligands is
preferably selected to have diverse attachment points on the same ligand, different
25  functional groups at the same site of otherwise the same ligand, and the like.

This invention is also directed to libraries of diverse multimeric compounds
which multimeric compounds are candidates for possessing multibinding properties
for B2 adrenergic receptor. These libraries are prepared via the methods described
above and permit the rapid and efficient evaluation of what molecular constraints

30  impart multibinding properties to a ligand or a class of ligands targeting a receptor.



15 multimeric ligand conpounds which nmay possess nmultival ent properties for
(32 adrenergic receptor which library is prepared by the nethod

conpri si mgo o(/a93 dentifying a ligand or a m xture of |i gandeustveases’n each
ligand contains at |east one reactive functionality; (b) identifying a
library of |inkers wherein each linker in said library 20 conprises at

| east two functional groups having conpbgnentary reactivity to at | east

one of the reactive functlonal groups of "t he Ilgand and (c) preparing a
mul timeric |igand, co

ot o omat 11 S o AF O aHD S gn R ¥ mtheaCa el M5 Hlvent iR kPR 19 ent i 11 e
in (a) wthntded kdrtwé}ﬁafylﬁé ull trk 8Yi S ligHarbohdpo8Add gbsédRdin RdRfibiagAGI ti ons

wherein the 25 conpl ementary functional groups react to forma coval ent
| i nkage bet vreperses fdr B iadicecrgneceptor| vatash methwdabmpaiseb: | i gands. |1 n anot her

of its composition aspects,.this invention is directed to i brary of
mul tineric |i gano(n): rrp‘gﬁmlﬁmﬁmllﬂﬁn‘ﬁﬁ?a pieeEs ggn %WB‘FrS’l‘Pteagl?li ies for

(32 adrenergi S prepared by the nethod
conpri si gg %&6 /‘%ﬁg&g@&n %%285‘)&58%%@ -17- (a) identifying a library of
| i gands wherein gagh Ildgatfyllng@rlttmrm)f dnhkdre adiereimerechrmbiet in\seidflibrayi onal i ty;

(b) identifying a linke m xture of g’;nkers ereln each | i nker
conpri ses atCormPaSes 3t SF W&@Pﬁﬁ%al §ioyBH IR, FHEP E@ﬁﬁ?’é’n‘éf‘ﬁté’w tpablepstvity to

at least 5 Qnerofe Ire?%lvlre?gl%lg}@%%%ﬁ ﬂfhai%% aroups of the ligand; and (c)

preparing a multimer y by conbining at |east two
stoi chionetric edqu) valgapsingfa hildneribigayd edmpoupdnibeary berdinbirgeg atn (a) with
the linker or mxture of linkers identified in (b) under conditions wherein

f) he confl ertgast &Y (g/Stpwhmeérrﬁ%w@%%%O#stélgal%domframws ot bgands pdentifigd 4 fnge |
etween sai )n‘(JaVRP :tlte{,ﬁglﬁ‘éryg#‘iiﬂnlﬁérﬁ i &iikied F}ngzg\néé'cgnéh oSy ﬁere n'ih@ Preterre

enbodi nent nkers enplo I'n elt nmet hods or the
i brary as p&@h@l@ﬁeﬁtﬁl&fuﬁdﬁ%ﬁﬂtg’r&ﬁpsiréadei femhertcovalem linkagegbemeen saidpri Si ng

flexible linkers, qld | i nkers,  hydrophobic |inkers, hydrophilic |inkers,
| i nkers of dlnl@%ff“@rﬂt Asbivey efysa altﬂaaii% aPilnkers basic linkers, linkers of

0 L1 ent 15,2016} 22y RSHOIL L 1B O BITRI S DT
of di ffepentidediay ﬂldl@ﬂﬁgﬂldﬂh@(ﬂﬂ/ d®mpounds possessing multibinding properties for 32
adrenergic receptor.

In another of its method aspects, this invention is directed to a method
for identifying multimeric ligand compounds possessing multibinding properties for
B2 adrenergic receptor which method comprises:

20 (a) identifying a library of ligands wherein each ligand contains at least
one reactive functionality;

(b) identifying a linker or mixture of linkers wherein each linker
comprises at least two functional groups having complementary reactivity to at least
one of the reactive functional groups of the ligand;

25 (©) preparing a multimeric ligand compound library by combining at
least two stoichiometric equivalents of the library of ligands identified in (a) with
the linker or mixture of linkers identified in (b) under conditions wherein the
complementary functional groups react to form a covalent linkage between said

linker and at least two of said ligands; and



havi ng different conplenentary reactive groups. Such linker |engths can
preferably O range fromabout 2 to 100A. In another preferred enbodi nent,
t he |i gamdoor4apxture of ligands is 20 sel ected to have rparTABaEs3057
functionality at different sites on said |ligands in order to provide for a
range of orientations of said ligand on said multinmeric ligand conpounds.
Such reactive functionality includes, by.way of exanple, carboxylic acids,
carboxylic acid halides, carboxyl esters, am nes, halides, isocyanates,

i nyl t tiqn, keton | dehyd t.hi ol | cohol §.. hydr i des, d
breoursors 25t hdfbor - S TEtE AU B B0 ae e oBt el PRkt b bR Pre
functionali ety mﬁmln'bﬂ@ngadd%onﬁ)%lhﬁ&t&ﬂsésgng@n&eﬁﬂhﬁg%@westf@r g | east

one of the reactive groups-on the linker so "that a covalent |inkage can be
f or med bet werlrerichgc kdcapter. and the |igand. In other enbodinents, the

mul tinmeric |igand_conpound is honmoperic (i.e., each.of the li ds is the
same, al t hough i tThFdVeE?éat&%W%fé%@ugFmﬁlcflf%ipgﬁ?mBB‘i‘ raigy1s a%lbe‘??gﬁ’ér odi neric

(i.e., at | . |.J i i r r : i.gands). WO
17 42103 PCT R S5 R e B e
descri bed hefaivalentdufahé hyands identifipd maplesth fior ligkers idemtifatdiim€b)por ocess f or
rationally eval uating what nolecular cqnstrajints inpart pultibinding
properties tsaHentjahaddiden nreferad v e‘&%ﬁﬂétGFﬁj%tl ‘g%ferepf ]g%ﬁﬁléélsteé‘?lﬁ%)ﬁ%ﬁ@ a
receptor. Specifi i i i e 5 for

i dentifyi ng%(r?rllgflll{eih%ge#(%%{mleflggﬁ%“@%%%u%ﬁ@%%%%és%g gfgﬁg&guﬁoﬁg?%ﬁg&]g%pert i es
for P2 adr esfekgliganke oeqirowhwhitdbasie beidn o i mskisier canomidspaepangl aef i r st
collection or iteration of multinmeric conmpounds which is prepared by

cont act ildg dromamwfimeyig cempp¥iisonet ri ¢ equi val ents of the ligand or

mxture of i gandfhe%}s%r%%rcggtre ] e{in ?r?xﬁztc% b #AHu@tegioHIﬂ% mﬂftin‘férf&tli’gaﬁdOf

|l i nkers 10 wherein sa I'gand o re o I gands conprises at | east one
reactive f uoaijoandlibtayy produssliid (¢)iablses, oo praférablys eachimdnibek of thedibrgryi ses at
| east two functional groups having conplenentary reactivity tQ at |east
one of the riaselatedkby pisparpbyRliquid clrapatagranhpdnass seaseromsay é-GMshi d

contacting is co . ® it M LR st y
functi onal groupsqg;bg%l%?lt?g&ﬁé?s%?%d%hécggzlﬁlwenﬁ%g dtg%fé\éggﬁggal 5 linker
and at ligastmfiMighedic 1Hahd cdhPands ivhidh)m@ssaryésd gndavdledtipicgertielfbep2 i on or

iteration of nultineric conpounds to .
adrenergic receptor which library is prepared by the method comprising:
(a) identifying a ligand or a mixture of ligands wherein each ligand
contains at least one reactive functionality;
(b) identifying a library of linkers wherein each linker in said library
20  comprises at least two functional groups having complementary reactivity to at least
one of the reactive functional groups of the ligand; and
(© preparing a multimeric ligand compound library by combining at
least two stoichiometric equivalents of the ligand or mixture of ligands identified in
(a) with the library of linkers identified in (b) under conditions wherein the
25  complementary functional groups react to form a covalent linkage between said
linker and at least two of said ligands.
In another of its composition aspects, this invention is directed to a library

of multimeric ligand compounds which may possess multivalent properties for 32

adrenergic receptor which library is prepared by the method comprising:



assess which if any of said nmultineric conpounds possess multi bi nding
properties for X32 adrenergic receptor; (c) repeating the process of (a)
and (b) above4uimdi| at | east one 20 nultineric conpound i BCT/@eOVB3OIY possess
mul ti bi ndi ng properties for P2 adrenergic receptor; (d) evaluating what

nmol ecul ar constraints inparted nmultibinding properties for (32 adrenergic
receptor to the nultimeric conpound or_genpounds found in the first
iteration recited in (a)- (c) above; 257°(e) creating a second collection or

iteration of multperi. ounds ich el abor.at . t he. igul ar
nol ecul ar constr a(;aﬂfs lﬁﬁ%%igr?al W\t,gl? 1@%%@“%?8%%#@%@ Cf)%t%frﬁg[%ﬁ tinmeric
conpound or GRIPAHRESudaYRMlity;n said first iteration; (f) evaluating what
mol ecul ar constraints inparted enhanced nul tibinding properties to the

mul timeric conmpoultyl oridemifpimgradinkepeiaixtyre of Enkgewhersgherchdinketct i on or
it ti ited i b e 01/ 42193 PCT/,.US00/ 33057. .--19-
opt 1 onal Ty repECrHY LR RS o O B R TIET e GRAL BB A et

nol ecul ai cofptdrdhdYedetivRITBARIOARI groussl sTRke lighdaad (f) are repeated at | east
two tines, nore preferably at from 2-50 tines, even nore preferably from3

to 50 times, and (s)il |preparegh pnkimerisdigandicorhpawd 18P byicondiniBRAEF

DESCRI PTI ON .OF  THE WNGS FIG (1 il rat . es .af i bi ndi
conmpounds col%srI % ﬁtgﬁglor?q%g%ﬁ%}ﬁv%{?qtg(?t@%thi%?flrg?’fﬁé%gigf&?’gﬁﬁgﬁ@ |3’ lthnl : Rger.
10 FIG 2 ilhbshketorsniead®t 18ke idBaH fledh (8l iunde CORBRISAS SVHeRiPIHeST Ng 3
| i gands attached in different formats to a'linker. FIG 3 illustrates

exanpl es of complérhématiy fgnationplagradps reante fosinrrgcoyaleni lpakags batviesahaid i n

di ffereg@ fglr ts 0,8 “ nketlr..tjgll.e d4 illustrates exanpl es of multibinding
conpounds’ ¢ Hﬂﬁ%f@i é_ﬁ%a& VBT Pt “ut t ached in different formats to a
linker. FIGs. 5-13 irbdabd 8nBoditithleRd 1$br@1;y_ STOIROMREDIHfedTREMMErand | ) -

DETAI LED DESCRI PTI OF THE | NVENTI'ON Definitions

methods or the library aspects of this invention is selected from the group
comprising flexible linkers, rigid linkers, hydrophobic linkers, hydrophilic linkers,
linkers of different geometry, acidic linkers, basic linkers, linkers of different
15  polarization and amphiphilic linkers. For example, in one embodiment, each of the
linkers in the linker library may comprise linkers of different chain length and/or
having different complementary reactive groups. Such linker lengths can preferably
range from about 2 to 100A.
In another preferred embodiment, the ligand or mixture of ligands is
20  selected to have reactive functionality at different sites on said ligands in order to
provide for a range of orientations of said ligand on said multimeric ligand
compounds. Such reactive functionality includes, by way of example, carboxylic
acids, carboxylic acid halides, carboxyl esters, amines, halides, isocyanates, vinyl
unsaturation, ketones, aldehydes, thiols, alcohols, anhydrides, and precursors
25  thereof. Itis understood, of course, that tﬁe reactive functionality on the ligand is
selected to be complementary to at least one of the reactive groups on the linker so
that a covalent linkage can be formed between the linker and the ligand.
In other embodiments, the multimeric ligand compound is homomeric (i.e.,
each of the ligands is the same, although it may be attached at different points) or

30  heterodimeric (i.e., at least one of the ligands is different from the other ligands).



20 This invention is directed to nultibinding compounds which are (32
adrenergi c receptor agoni sts, pharmaceutical conpositions containing such
conpoundwa@nd42met hods for treating di seases nedi ated by (BCT/adoeses7gi c
receptor in mamuals. Wen di scussing such conpounds, conpositions or

nmet hods, the followi ng terms have the follow ng meani ngs unl ess otherw se
|nd|cated Any 25 undefined terns have 4 eir art recogni zed neani ngs. The
term"alkyl" refers to a nonoradical branhched or unbranched sat ur at ed

hydr ocarbon chain preferably having from.1 t bon at.ons, nore
preferably 1 r}f@dg’éﬁoﬂéﬁt%t indforal é’%l?‘?dﬁ'@F 18?‘2%’%?5‘0 SIVERIQ ¢ ar bon
atonms. This ﬁrg{llﬂbé for af 1RERLiVd bl%geﬁ)foﬁ‘éﬁ&ihﬂy%‘&lﬁla WRithiblec@hhy! . n-propyl,
i so-propyl, n-butyl, iso 30 butyl, n-hexyl, n-decyl, tetradecyl, and the

like. WO ouwzmaant@@ﬁpusaﬁmsﬁcﬁng pmp@mesTm@cltaevrqﬁm@lumiictcgmdu@dsky| " refers
to an al kyl defined abqve,. ving from1l to 5.substituepts, and
preferably 1 Hgtaﬁ?ﬂé‘glatr?ﬁ?ﬁf% gg‘é‘flg‘&lh@d{hﬁ%m%??lugspe&ilS ie t8§i(? %fnieﬂ’ﬁa

al koxy, subsfo} {ddhef i Jﬁgﬁﬁ{nerféﬂféaﬁékgﬁﬂ @urﬁlb'B§§sb§s‘rﬁ uRbEidRAd B¥bberties for

cycl oal kenyl, substituted cycl oal kenyl, acyl, acylamnno, acyloxy, am no,

substituted [52 md’remgwamepmmmhhqh maﬂmaba«mypmey oxyam noacyl, azido, cyano,
hal ogen, hydroxyl, keto, thioketo, carbox carbo IaIkyI hloaryloxy
t hi ohet er oar yl oxy(a t H?rE')H’?é’cné %‘F%S‘(@Pn H e&tlontﬂﬁlagf(%%/ compRudst yt ed

thioal koxy, @puf i is ﬁé%&lr@d(?% cor{agaﬁlg%rex& twta%{o%ﬂ?aﬁ&heéé%vgﬁglro@@%cﬁgaﬁd

het er ocycl ooxy koxyam no, nit

-SO substit Lﬁr&dm&irky}f liganG©waighl targeS@fdce[bten’ w&hyllmkét(br-rﬁﬁﬂﬂabﬂihkers
-S02-substituted al kyl, -S02-aryl and -S02- heter ar This termis
exenpl i fided w@er@péaﬁélg@aé R %xtﬁwfd%gmmprlsm ://%rfwﬁcmﬁydr oxypr opyl ,

2-am noet h 4 I
2-sul fonamydfu eéﬁoq’gll{}za% car l%‘/%% ﬁﬁrﬁim{ glc Hﬁﬁ&?%mpésfg'gp?gér}%%a Béﬂgy
refers to a gibﬁ@dna@/ﬁig d@inp@erbérﬁﬂ@h&iumty tndirleschrecbfthe mtmeaﬁmchdmﬁr ocar bon

chain, preferably having from1 to 40 carbon atons, nore preferably 1 to
10 carbon at@rEpsH{dheligandivicacipsaidspasringis conductedusger %ﬁnéﬁtons WhRfel term i s

S I I
The terms" sulpsdet bt stdeaat tyd efwaid ligdhds;s to an al kyl ene group, as defi ned
(b) assaying said first collection or iteration of multimeric compounds to
assess which if any of said multimeric compounds possess multibinding properties
for B2 adrenergic receptor;
(©) repeating the process of (a) and (b) above until at least one
20  multimeric compound is found to possess multibinding properties for 32 adrenergic
receptor;
(d) evaluating what molecular constraints imparted multibinding
properties for B2 adrenergic receptor to the multimeric compound or compounds
found in the first iteration recited in (a)- (c) above;
25 (e) creating a second collection or iteration of multimeric compounds
which elaborates upon the particular molecular constraints imparting multibinding
properties to the multimeric compound or compounds found in said first iteration;
® evaluating what molecular constraints imparted enhanced
multibinding properties to the multimeric compound or compounds found in the

30  second collection or iteration recited in (e) above;



above, having from1l to 5 substituents, and preferably 1 to 3 substituents,
selected fromthe group consisting of al koxy, substituted al koxy,

cycl oal kwwoosutisi i t uted cycloal kyl, cycl oal kenyl, substi par/@doo/33057
cycl oal kenyl, acyl, acylam no, acyloxy, am no, substituted am no,

am noacyl, am noacyl oxy, oxyam noacyl, azido, cyano, hal ogen, 25 hydroxyl,
ket o, thioketo, carboxyl, carboxylalkyl thloaryloxy t hi ohet er oar yl oxy,

t hi ohet erocycl ooxy, thiol, thloalkoxy, gubstltuted t hi oal koxy, aryl,

aryl oxy, heteroar heter heteroc cl 00x
hydr oxyani no, alf ﬁ%xyaﬂﬁtlﬁﬁal e ¥‘°r88‘ §s§ gﬁg -‘s@@ﬁb%lf"?% é&?"ﬁﬁ%ﬁ%
-SOaryl, %l@@l}lﬁr&)ﬂg%{mts S@2-al kyl, - SOZ substituted al kyl, -SQ2-aryl

and -S02-heteroaryl. Additionally, 30 such substituted aIkerne gr oups
i ncl ude t hose whelrefetabbylseps (@)end §f) ere repeatel 4t yeashiavoadnes] imp2d pferably

PCT/ US00/ 3305 roup are fused tq form one or cycl oal kyl
substituted & 8Pb%1§§ ©s, @ EPH&FRE%?%?Y ﬁﬁ%ﬁﬁ?gﬁgﬁwéfgﬁéﬁp A1, aryl,

het erocygl i r&%mﬁﬁfﬁﬁ&%{yk gipups, fused to the al kyl ene group. Preferably
such fused é?oups contain ?ron11 to 3 fused ring structures. 5 The term

"al karyl" or "aral kyl " refers to the groups -al kyl ene-aryl and -
substituted alkylene-ar wher e yl ene and aryl are
defined herein. Such a E?I %@Bﬁ{'m@mm{ﬁ@ enzyl, phenet hyl
and the Iike. Thqut#ﬁml‘%%%egmlm ﬁ&fbﬁ{cﬁné&xﬁ fingé SotRpising 2

ary

-al kyl ene- heteroaryl an substituted al kyl ene-hetero wher e al kyl ene,
substi t ut ed lgjakyd taehahid diff¢rentdarnyats taldliskee. def i ned here| n. Such

i ?&?ﬁﬁa' Sly&?L"“I&ﬁﬁénétxe?"@du&kégfx%ﬁ@‘%f@r?é SRR YR Do the gr oups
al kyl -0, lﬁﬁﬁi t&?haﬁ% r@@%ﬁﬂ%nﬁhst &M &al kenyl -O-, and al kynyl -G,

wher e aIkyI cyc , CycC enyl, and al kynyl are as defined
herein. Pref erre(FIéiI Bobhystxgresumnpiemﬁthk})tibirﬁm@ccdnpiﬁmdmodmmsmgﬂ way of

exanpl e, met hox t hoxy, oxy, ropoxy, n- but oxy, tert-butoxy,
sec- but oxy, | H@Béh¥8¥ ‘“ﬁ‘“@ wypnﬂmﬁkﬂ? <?ﬁylbutoxy, and the like. The

term "substitut edFI?:‘nl_ g(?l)ﬁystra e@fe%%;tﬂ%?ofﬁﬁ W o?ﬁ%rnﬂ iGhdyh - O,

substituted al ken ed cyc ut ed
cycl oal R&nylligands ﬁfﬁdhecﬁmbﬁfﬂ:rbnttfednals kqmyhke@ where substl tuted al kyl,

substituted al kenyl, substituted 20 cy IoaIkyI bstityted cycloalkenyl
and substituted QVn@ﬂS§P§Ua@SM@@Fﬂéﬁfﬁém%ﬁﬁ>Soéﬁgnt ﬁ? ‘al kenyl " refers
to a nonoradi cal of a branched or unbranched

DETAILED DESCRIPTION OF THE INVENTION
Definitions
20 This invention is directed to multibinding compounds which are 32
adrenergic receptor agonists, pharmaceutical compositions containing such
compounds and methods for treating diseases mediated by 2 adrenergic receptor in
mammals. When discussing such compounds, compositions or methods, the
following terms have the following meanings unless otherwise indicated. Any
25  undefined terms have their art recognized meanings.
The term "alkyl" refers to a monoradical branched or unbranched saturated
hydrocarbon chain preferably having from 1 to 40 carbon atoms, more preferably 1
to 10 carbon atoms, and even more preferably 1 to 6 carbon atoms. This term is
exemplified by groups such as methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-
30  butyl, n-hexyl, n-decyl, tetradecyl, and the like.



unsat ur at ed hydrocarbon group preferably having from2 to 40 carbon atons,
nore preferably 2 to 10 carbon atons and even nore preferably 2 to 6
carbon atwosi/ax1e3 having at |east 1 and preferably from 1rPér/sstesosf vinyl
unsaturation. Preferred 25 al kenyl groups include ethenyl (-CH=CH2),

n- propenyl (-CH2CH=CH2), iso- propenyl (-C(CH3)=CH2), and the like. The
term"substituted al kenyl" refers to an, gl kenyl group as defined above
having from1 to 5 substituents, and préferably 1 to 3 substltuents

lected fromth ting. of._al k bst koxy,
Cychoal kyl | substTHean et atab oo Syt pioviatoi o< dhen Ao G

cycl oal kenyl avﬁfgyﬁomq% |53s'ﬁbﬁﬁuerﬁ§3éh@bb6fer§l§[y NQo 3ssus§dthéru§ %Qlec\!iQi Gbhthad 93
PCT/ US00/ 33057 22- ami no, am noacyl, aninoacyloxy, oxyam noacyl, azi do,

cyano, hal ownup borcsisting lof alkbey onbstited alkoxy, (::aclb@lkyl sulnmmbaky)wdnalklwl,,
t hi oaryl oxy, het er hi ohet er oc oxy,, t hi ol oal koxy,
Subott T ut ou o GaHeRbb sk kot SRgh SR SREHRS 1Y it iy bsuted
het erocygl i Cam 6! SHAGYSH, AU acg’}fg(&o&%%mﬁ&cyﬁaﬁhgQ?Whﬁf?ygeﬁ"htyHR)xy :

t at’ed a? e

-SO-al kyl', -SO subst i 2SO heter daryl -S02- al kyl
_S02- subst i tkdt@dhmk&yj qarbcﬁ(yzfarbpkybhqyl ¢lﬁﬁayttmbfeﬂ1uﬂlegdroarﬂwy1 erm

"al kenyl ene" refers to d bran hed . or unb hed unsaturated
hydr ocar bon tal"g'ﬁtﬁr(f%’ 81P8¥5é54"§??ﬁ]!39alﬁiﬁx3f rY t‘?‘t?‘ﬁthwuffﬁ‘?’b'i’)‘ﬁ > nore
preferably 211&&0&21 %@{epﬁ?ﬂ@;{}p'ﬂét Y hbterR aogi}efh%ﬁﬁ'y){mﬁqoto 6 carbon

atons and 10 havi hg at |east”’1l and préferab rom1-6"site$ of vinyl
unsat urati omlk&&yammcemmq sSOeﬂleﬁpJSU—mﬁﬁnﬂu;edgﬂlqu(Ea@h -86- lmtdrearyl ene

(- CH=CH ), p e iso g. , and the
e, TH ¢ ene bR o e pkahyh ohi@-h bad-SOrpe gefgrpaaylk%w &8 S oup as
defined ab froml to 3
substi t uent g%m?ﬁgg@g}é%f@& %%é%oatsh Hyggh{e{h??@l |al’sotX PP? I?)&gylgfjogysubstl tuted
al koxy, cyclDbaiiypkthyl, Sedsmopropel Zemeihyiainkqdethytﬁcdimaithgéminopmpwst| tuted

cycl oal kenyl , . acyl, ~acyl ani no yl ox substituted am no,

am noacyl , ajrﬁ‘ﬂg“@éw&%hy »&%h?W&ﬁB’%aﬂXé% ; cyano hal ogen, hydroxyl,

ket o, thioketo, r oaryl oxy,

t hi ohet erocycl ooxy,eb[gﬁy lkﬂ@{}n oafekﬁﬂftdyd“adt)st%?%g&%ﬁlorhﬁt%g%gm aryl,

ar yl oxy,15hetsatwated hydrbedrboroetiay, preferablytiewimgyfedm ¢ to Hetcerboa peinon xore

hydr oxyam no, al koxi/am no, nitro, O al kyl, -SO substi tuLed al kyl
“SO-aryl, -BseleRdbe &fa}(}/FarbOIS@fgma|aR Fvents@@pé%fsgabm Litasfye thomssoz aryl

and - 802’ hetALoaLHis exemplified by groups such as methylene (-CH,-), ethylene
(-CH,CH,-), the propylene isomers (e.g., -CH,CH,CH,- and -CH(CH,)CH,-) and
the like.

20 The term "substituted alkylene" refers to an alkylene 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 amino, aminoacyl, aminoacyloxy, oxyaminoacyl, azido, cyano, halogen,

25  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, -
SO,-alkyl, -SO,-substituted alkyl, -SO,-aryl and -SO,-heteroaryl. Additionally,

30  such substituted alkylene groups include those where 2 substituents on the alkylene



Addi tionally, such substituted al kenyl ene groups include those where 2
substituents on the al kenyl ene group are fused to formone or nore

cycl oal ko osutisi i t ut ed 25 cycl oal kyl, cycl oal kenyl , subspCTUS@®B3057
cycl oal kenyl, aryl, heterocyclic or heteroaryl groups fused to the

al kenyl ene group. The term "al kynyl" refers to a nonoradical of an
unsaturated hydrocarbon preferably having from2 to 40 carbon atoms, nore
preferably 2 to 20 carbon atons and even nDre preferably 2 to 6 carbon

atons and havin 1 and refer 42 PCT/ USO0/ 33057
--23- from 1884 f‘rteggsegf 0 St O én‘(fFPVg ﬁ‘éBs ﬁﬁ%d;?ylf Yon. Preferred

al kynyl groucgéloam%ﬁ&lug@osﬁ%dﬂéfdﬂwcldai@gﬁ) aryﬂ)r}féfé%cgf)éhc br Koz raapdfisbe | ke.

The term "substituted al kynyl ™ refers to an al kynyl group as defined above
havi ng from t thoalbylsubgioupu&mfsrablansichfeded igabipy contein Bom e ti fusedming,
selected fromthe 5 group consisting of al koxy, substituted al koxy,
cycl oal kyl, SWEEISS uted cycl oal kyl, cycl oal kenyl , substituted cycl oal kenyl,

acyl, acyl am no, BeylAXYalk&R G -'a&ug@'tfem; &‘ﬂthe%fﬂu'i}@ral EAQASY hnd -
am noacyl oxy, oxyam noacyl, "azi do, cyano, hal ogen, hydroxyl, keto,

t EI oEet o, casu:bstxtyted aﬂadmmlﬁ\w]kgrf ilkyhnc;awbsttmmd atkglemﬁ @héd atyéal;el d@ﬁ}as?cli

thio eterocyc QOX t hi oal kox ubstituted t |o ary

aryl oxy, 10 &8y é&?}ﬁlﬁ‘m(ar%gré’%%?rﬁleé phtﬁ R P]&eneﬂg ‘gﬁ%(ﬁ kSoxy .

hydr oxyam no alﬁ%ﬁﬂ‘%%roeﬂhﬂ(&p’refel%% %e%‘bups 2Ry RHeHetdrdtrgchmal Kyl
-SO-aryl, -SO heteroaryl, substituted al kyl, -SO2-aryl,
and - SO2- het -sulostitutéd al]Ehlen@-hetmdaayle;d adkgeng, eﬁlgllgitcd)alayl&ncanﬂhtad:rowl an
unsat ur ted h r.bon ferably having from2 to 40 carbo at , hore
prefera IOy 2ar¥ge W%ﬁf%‘&ngﬁ‘f eroﬁ%lkiﬂ&m@ HeFBTep eéjfl@f%f‘{)) 9-lpg ’car bon
atons and hayj g, 3t lxln%?fox} aanprigferably from1-6 sites of acetyl ene
(triple bon unsat ur at Preferred al kynyl ene groups include ethynyl ene
(-CC), propar gyTlenernt ' SKIGC-refeantd thhgroupkalky e aﬂenyrh (‘)swlyslballkut ©d

al kynyl ene” refe to_an rou s def | ove from1

Co b substi eIk enaln%l aflgfaﬁl’f’a%/@ witere alkyf plkenyty gv galﬁg‘ewé? B0 1 rom

th b k bsti tuted
e group comlﬁgnpgenyfakﬁ%exéﬁ ?%ffé&gdgﬂkzﬁdy@é bs a‘fé’&l'k?fib ¥hd Substitute

cycl oal kyl, cyc ituted cycl oal keny acyl; acyl am no,
acyl oxy,15ami include,ybsdyi cbﬁw(enhphermred;oxamt}mazcy4pxommynmaqnyd>mx<y n-butpapi noacyl ,

cpido, ey, JALSGer. pRidr SOl KR, L) PHGL S CTEER L Garpocyial 1
substituted thioatjoxy, "?tfbﬂlt’uté’ﬁlra)ﬂk%y refers to the groups substituted alkyl-O-,
substituted alkenyl-O-, substituted cycloalkyl-O-, substituted cycloalkenyl-O-, and
substituted alkynyl-O- where substituted alkyl, substituted alkenyl, substituted
20  cycloalkyl, substituted cycloalkenyl and substituted alkynyl are as defined herein.
The term "alkenyl" refers to a monoradical of a branched or unbranched
unsaturated hydrocarbon group preferably having from 2 to 40 carbon atoms, more
preferably 2 to 10 carbon atoms and even more preferably 2 to 6 carbon atoms and
having at least 1 and preferably from 1-6 sites of vinyl unsaturation. Preferred
25  alkenyl groups include ethenyl (-CH=CH,), n-propeny! (-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
group consisting of alkoxy, substituted alkoxy, cycloalkyl, substituted cycloalkyl,

30  cycloalkenyl, substituted cycloalkenyl, acyl, acylamino, acyloxy, amino, substituted



25 heteroaryl, heteroaryl oxy, heterocyclic, heterocycl ooxy, hydroxyam no,
al koxyam no, nitro, -SO al kyl, -SO substituted al kyl, -SO aryl,

- SO het evo@nyh2193 SO2- al kyl , - SO2-substituted al kyl, -SO2rarykoozasos?

-S02- heteroaryl The term"acyl" refers to the groups HC(O -, alkyl-C(O) -,
substituted alkyl- C(O-, alkenyl-C(O-, substituted al kenyl-C(O) -,
cycloal kyl -C(O) -, substituted 30 cycl oabkyl-C(O -, cycloal kenyl-C(O) -,
substituted cycl oal kenyl-C(O -, aryl- C(g-, WO 01/ 42193 PCT/ US00/ 33057
--24- heteroaryl-C(.O - and.heterocyclic-C(Q, where alkyl. substituted

al kyl, al kerd#Hno, %‘Bé%ﬁ@maoa&ﬂ?éxwa@yﬁd B ol fibopri 9 Vevbal kyl
cycl oal kenylyets %6k¢t5}6a%xyg)ésﬂb@®m?ukhio@{ywxy, hediRtPeryloxand heterocyclic
are as defined herein. The term "acylam no® or "am nocarbonyl"” refers to
the group - GhiohpRRCy8lowke ok dupalkoxys sibstitehdéonkoxyhgmil egdexy.al kyl |,
substituted al kyl ryl, heteroaryl .. heterocycli r where both R groups
are joi ned tll?tef%m’ ge‘%&a@QB’&y@Fﬁe ‘J\/Cé?lb‘h36‘6&9"5&?{’0’%3‘#@??6‘??‘%0’ wher ei n al kyl ,
substi t used Mdhmid, Kltro, BEOANGAr-BD-bsRUSNELY-SO-GryBI-SOdRtersali ned
herein. The term "sul fonylam no" refers to the group - NRSO2Ra where R is

10 hydr ogen,-Séhaily], -SWpsubstititedially k y§Q,-aty lbdndy-S O, bietehaardr oar al kyl , and R is
al kyl, substituted al kyl,, am np, .or sulsti.tyted ! wh i kyl ,
subgti tuted al kyllfahe tﬁ’f‘%l}{@wn,yl%t S PPN W&l&éﬂ@%gﬁgcﬂ%)%?re‘%{b%ﬂ%hgd a?/e as

defi ned her §farHi&1 kyRf&RarkH g?awyﬂeferm)f Riving Bohd B M PRboNRG ) Foreher e

each Ris independeritly hydrogen, alkyl, substituted al kyl, alkenyl,
substi t ut ed méfesbly 2 td 50 earborogtomalesd evamtredregmefamblya? ¢d § carboreatomsyphd or

het erocycli ¢ wherein Kyl , substituted . al kyl., .al kenyl., substituted

o1 keny | {ar eVt drsal 14 Srelranty EpBCGRsiE ot Sngdmbion TREHEINS “The (erm
"am noacy! oxyfemBlifie@b¥ @XNpEERAN BEhPene (-EHRICH D Oné ﬁ)tpglliﬁb&’ﬁé isohBs( O OR
where each R is 1 ndependently hydrogen, alkyl, Substituted al kyl, aryl, 20

het eroaryl , (ewm..R€HeCHEYH-| € (Whig)=€iH, adtht likeubstituted al kyl, aryl,
neteroaryl and g SO NeLL 0,88 BSLL RS, D el g el BEALPY
T Y ST
al kyl , 25 cyseleo®dKydm tleudystp ¢anssting ylalbatyk ghhstiangd alkvet, epdaaliyl, and
het erocycl | Csu gt?tutaea cgﬁt)glﬂ?f' 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,
20  aryl, aryloxy, heterbaryl, 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.
Additionally, such substituted alkenylene groups include those where 2 substituents
on the alkenylene group are fused to form one or more cycloalkyl, substituted
25  cycloalkyl, cycloalkenyl, substituted cycloalkenyl, aryl, heterocyclic or heteroaryl
groups fused to the alkenylene group.
The term "alkynyl" refers to a monoradical of an unsaturated hydrocarbon

preferably having from 2 to 40 carbon atoms, more preferably 2 to 20 carbon atoms

and even more preferably 2 to 6 carbon atoms and having at least 1 and preferably



herein. The term"aryl" refers to an unsaturated aromatic carbocyclic group
of from 6 to 20 carbon atons having a single ring (e.g., phenyl) or

mul ti pl e wondeised (fused) rings (e.g., naphthyl or anthpgt/usoolizesiar yl
group may optionally be fused to 30 a heterocyclic or cycloal kyl group.
Preferred aryls include phenyl, naphthyl and the WO 01/42193 PCT/ US00/ 33057
--25- like. Unless otherw se constraineg, by the definition for the aryl
substituent, such aryl groups can optionally be substltuted with from1l to

5 substituents, .preferab 0.3 pSY stituents, on1the group
consi ati ng. domdd %WO?H%%)FIWT‘RIE RS T A R R AREN e

al kynyl , cyghQaddsthynyt fdi@li%?f%ﬁar%yw@gc&e dnaltenlke. 5 substituted al koxy,
substi t ut ed al kenyl | “substitu bé , substituted cycl oal kyl,

substi t ut ed cycl déuenemyl subsitinted alkyopk treferstte @n atkyny! granp avdefied ah@\gﬂ am no,

cyano. ”hal o.TaVRRHG 111e5 SHERPYRS. et BN g BT sty racd Kol iy

het er ocysl 0Qxyyp QIHsRARE ¥F AKY oovias ARBRG cydibil I&qasm te“dhg%ldl Ky, ed
thloalkoiy, Hfoarylo§§, thlghgte#oarylofg?c%o %ﬂ : gubstltuted

al kyl , - SO ayyloalked; mmrumiroyuoam mykwbylan@@acﬁQDSMIm substitiegd |
- S02- aryl - SQ2- heteroaL and trlhalomethg1 Preferre 1 éh aubstltuents
i ncl ude al kyTINGAYROACY h Znoacyloxy, oxypmmoacyl a7idg. s¥ana, Prloeeh 4y ok gk koxy

The term " aﬁaé{oow két& GFtox gpcgﬂﬂexﬁamypﬂﬁw&ro% méekwlbe aryl group is as
defi ned above i ncluding i onal substituted aryl groups as al so defined

above. 15 Tlmeheterqcryclaow ehnel' thﬂMlbqnsf, substiteddthraatiioxal argeriwey, f r om ar yl

(1 ncl udi ubst |tu ed aryl s defined above and exenplified by

1, 2- pheﬁ@ %@er %ﬁ?ﬁ@%’%mf“ﬁyﬁﬁéﬂVFgﬁecOTq?hﬁ§Bﬁ¥ﬂ5$@ne and the like.
The term " aniaRy a&ﬁoeﬁﬁr§ QS(§ Ryar- Qgpsubgl!ﬁgted-ghﬁll .8 DTary B USS IHetb ¢, am no”

refers to the group - wher e “each iIs 20 |ndependently sel ecfed from
t he group coﬁ@b-stknyth@; s&rbsdnmg:baikylam@ﬁa,rylsaltms{ﬂ@zthe&loaral kyl, acyl,

Oy e S St ST P b
het eroaryl @@ﬁgﬁaﬂwﬁ{m& t8r4@\éhﬁ>%9 aldhi, RS Bre%r%mqon@tcams%m The

term "carbo koxycar bonyl " réfers to the groups

"- C( O A1al kynd evén ﬁ()@) @eé&ﬁiﬂy 2 ta6 eakbah kiphl's,and-h@yidp @t bast I(Iaidlqyd:ferabl'y (OO0

substituted cycl oal ky | kenyl ",
fro%n 1- 31tes of acetylene ()trlple goncB unsaturau% %’ref Srirjetc)lsa 1'(ytn‘§ e%g g?oup% y

include ethynylene (-C=C-), propargylene (-CH,C=C-) and the like.
The term "substituted alkynylene" refers to an alkynylene group as defined
above having from 1 to 5 substituents, and preferably 1 to 3 substituents, selected

20  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,
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, -
SO,-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
30 cycloalkyl-C(O)-, cycloalkenyl-C(O)-, substituted cycloalkenyl-C(O)-, aryl-C(O)-,



"-C(O O alkynyl" and "-C(O O substituted al kynyl" where al kyl, substituted
al kyl, cycloal kyl, substituted cycl oal kyl, al kenyl, substituted al kenyl,
al kynyl amaoi/substituted al kynyl are as defined herein. \WCDUSeZBOZ

PCT/ US00/ 33057 --26- The term "cycloal kyl" refers to cyclic al kyl groups
of from3 to 20 carbon atons having a single cyclic ring or multiple
condensed rings, said cycl oal kyl group_,pay optionally be fused to an aryl
or heteroaryl group. Such cycl oal kyl grOups include, by way of exanple,

Cyerooct yl - BEIOTKECTOland Brcighairet ok phg o e R ORE et anyt

and the |1 kegpdfifiel GIkEhylS BRISAIkH! ﬁfﬁsﬁm%&?ulémlk'?ﬂy, 'E:%él@élﬁeﬁyq’, awshaalikyl groups

having from 1 to 5 subsfituents, and preferab to 3 substituents,
sel ect ed fr ayctoatkegyloanyl, hensirgltandgetstocakky bre as dbanddtheran. al kyl , al kenyl ,

substituted al kenyl, al koxy, .10, subst.ituted al koxy, cl oal bstituted
cycl oal kyl, cycl oalK&my1 2°YEe| ?htagﬂ?océ{)%ﬂnﬁglrﬁéﬁitp,tﬁ%%vpp 'é@»&ﬁ?no,
acyl oxy, sam Pgere SARSE idiHEGRNEH T Dy dASBeRCAM! subs@iitedQBEN| £ heteroadyml noacyl

azi do, cyano, halogen, hydroxyl, Keto, thioketo, car boxyl, carboxyl al kyl,
t hi oar yl oxy,hetdrogyiebit er vherglboryR grinips et joined ye Faoxaheterocydlic growp Gad-koxy,

neter ocycl | anomBoLRacYergh KL Ak GRS el 6 PRI Ral iy
-SO-substit Lge%qe@hjg%{% -SO-aryl, -SO heteroaryl, -SQ2-alkyl,
yl,

-SO2-substituted alk -S02-aryl and -S02-heteroaryl. The term
"cycl oal kenyl " r eflertsrmt Ssutfpal lamiad’ kefeys toghe gpsp eNRISOaRT where RRB  car bon

t hayi i ngl | 1. [ d | t ing.of int | 20
cnsat ur b1 oy esasrp . bbby ot bar RaRprnoupe I icsde, 1 or
| nst ance, C%lﬁgtﬁgféh'aﬁ(yg%}ino,wgh&?iﬁ%d AnfWherG¥ GlIIQPGhbstiteRY hugnd the ike.

The term "substitute oal kenyl " refters to cycl oal kenyl groups havi ng
from1l to 5 aalkgl httamatadkyl and syrsafueedadohino brd o Bfisedbbéretnuent s, sel ected from

Lie 0roup, consi SLungeof, ol sty ket alind o LI gpBst it ed
CreL o ke s o piabteh sl g gt s o o
hal ogen,15hy cinoixy) subktétied atriinag laestl cheteroanyh @x fitterocpel mowlydreinkayityl, substitated| oxy,
thi ohet er Oaraﬁll()?li(g/lkentyrll,i s?ﬂr)]set}tl?tgg %ﬁ(%ll}g)l?é%ll, htetrcleirc?alr}’/l and heterocyclic are as defined
herein.
The term “aminoacyloxy” or "alkoxycarbonylamino" refers to the group
-NRC(O)OR where each R is independently hydrogen, alkyl, substituted alkyl, aryl,
20  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)O-, cycloalkyl-C(0O)O-, substituted cycloalkyl-C(O)O-, aryl-C(O)O-,
heteroaryl-C(O)O-, and heterocyclic-C(O)O- wherein alkyl, substituted alkyl,
25  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
30 aheterocyclic or cycloalkyl group. Preferred aryls include phenyl, naphthyl and the



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

het er oaryl oxy, WD 01/42193 PCT/ US00/ 33057 --27- heterocyclic,

het er ocyovooxy219hydr oxyam no, al koxyam no, nitro, -SO al kpCT/US®DB3057
substituted al kyl, -SOaryl, -SO heteroaryl, -SO2-alkyl, -S02-substituted
al kyl, -S02-aryl and -S02-heteroaryl. The term "hal 0" or "hal ogen" refers
to fluoro, chloro, bronmo and iodo. 5 Thgsterm"heteroaryl” refers to an
aromatic group of from1l to 15 carbon a?om; and 1 to 4 heteroatons

selected fr oxygen, .nitrogen and.sul fur w.thi t least.one ring (if
There 1s mortke feSRURRREFSRREY abs s ieh s Beam SBHIRGT: $ePDe 1 usea
to a cycl oal yl o18fipst@h @pasHEWe subftButeNi@SPorR i R85 WIBRitGRRS pitéraBly by the
definition for %he het er oaryl substituent, such heteroaryl groups can be

optional | y 10 3substitiitnis, sdlevted frofn the gBoupidossistingeoftasylopy divalreny, thidl, t o 3
substituents, se|lected fr t he roup .caonsj sting, of ~acyl ox r oxy,
thiol, acyl ey L%lhy? %x@g%ﬁ]@ﬁ&ﬁ Cg?’lﬁ?%‘%% fYCI%"%a‘(E‘T‘H&|SR§?t3“%98%g| _ke%yl ,
substituked @bkithed SHRRY] dubbifithedlah@tYr, s4RRkdd élkfi@l,laslﬁﬁﬁﬁﬁﬂed cy@URRYI t ut ed

al kynyl, “substituted cycloal kyl, substituted cycl oal kenyl, am no,
subst it ut ed sabstitoted apelnakenll, ansiay) swbstitoted aliuar, pningecyl, acydaminoxy, azi do,

carboxyl, 15 carboxyl al kyl, cyano, hal.o, nitro, heterqaryl, hetferoaryl oxy,
et er onyel i CUlERURBIe PFULART. B et T oS SEGPRIRRG: YHPoR Roxy
substi tut ed iR} QRkdtOAYE, hefehlaBALYY, Weé¥rod Hﬁ&ﬁl@&ﬁfc?é%& %inéa@?o%&,kw 1

-SO substituted al kyl; "-SO-aryl,”” -SO het éroaryl, -S02-al kyl,

- SO2- subst i taxyedylahiap| thicaB0&y asupistitute80Rioakbry ahiogtylanyd thichetdradmy oy hy| .

Preferr heter oaryl  subst.itu s i ncl ude |, alk , . hal cyano, 20
nitro, ﬁsl ha%g)ﬁ%@}ﬁ]yrs,&éﬂ nftﬁ?cﬁéhlo@-aﬂcﬁa@%ﬁo&gﬂyﬁ%mﬁgggﬁ have a
single ring : i_gwl. . I LRgs (e.g.,
i ndol i zi nyl sélﬁ’?“t ted alll: g%la @q g%ﬁ%@?%??ﬁ%é@?ﬁgﬂ??ﬁﬁgga %I;/}?i d§/| 9

pyrrol yl andsubstityénts ifkelide atlayl,"alletxer leeddo,ydyemoy hitre fteliadorethy b end) thoegdkoxy.
heteroaryl -O-. The term "heter refers to the diradical .grou

oaryl ene"
derived from 25 h eéf%rwlof‘?/nfﬂ??féit%@e%‘ﬂg’twlﬂ@'eﬂhﬁéf”e 3Py 1BJOUPAS 2Yef i ned
above, and '&Fﬂé@%defihﬁgdin%}SPﬁ&ﬁlll SO RFuted gfgpgfohﬁyasemo dirtbdREGILi Nyl ene,
ene o] 4- bénZof

1, 2-qui nol i ny , 1,8- qui I nyl éne, 1, ranyl ene,
2, 5- pyrildnyl ene, Thelemmmtalyeny! refant thhdirhdika.defihed fremmaryidyelhwlhkyl ene”

efers Lo e clatiedl e et om RieL et o R ol ne above,
and the Ti kei)henylene, 1,4-phenylene, 1,2-naphthylene and the like.
The term “amino” refers to the group -NH,,.
The term “substituted amino” refers to the group -NRR where each R is
20  independently selected from the group consisting of hydrogen, alkyl, substituted
alkyl, acyl, cycloalkyl, substituted cycloalkyl, alkenyl, substituted alkenyl,
cycloalkenyl, substituted cycloalkenyl, alkynyl, substituted alkynyl, aryl, heteroaryl
and heterocyclic provided that both R’s are not hydrogen.
The term “carboxyalkyl” or "alkoxycarbonyl" refers to the groups
25  "-C(O)0O-alkyl", “-C(O)O-substituted alkyl”, “-C(O)O-cycloalkyl”, “-C(O)O-
substituted cycloalkyl”, “-C(0O)O-alkenyl”, “-C(O)O-substituted alkenyl”,
“-.C(0)0O-alkyny!” and “-C(O)O-substituted alkynyl” where alkyl, substituted alkyl,
cycloalkyl, substituted cycloalkyl, alkenyl, substituted alkenyl, alkynyl and

substituted alkynyl are as defined herein.



WO 01/ 42193 PCT/ US00/ 33057 --28- The term "substituted cycl oal kyl ene”
refers to the diradical group derived fromsubstituted cycloal kyl, as
defi ned above421%he term "cycl oal kenyl ene” refers to the dperagsaed3ogyr oup
derived from cycloal kyl, as defined above. 5 The term "substituted

cycl oal kenyl ene" refers to the diradical group derived from substituted
cycl oal kenyl, as defined above. The ter?g het erocycl e" or "heterocyclyl™
refers to a nonoradical saturated unsafurated group having a single ring
or nmultiple condepgsed ri,

n om.1 ar bon at to 10
hetero atons, pre rSB?y’%iP')ﬁ %%?%ﬁdﬁ? ﬁ%ﬁiL%P&B%%dpﬁa%qg2@F%ﬁ%Pogen
sul fur, phosphigg Havin@ R Sfnele d%Mcgﬁﬂg ¥ fbitipld dmdehsed rﬁa?ﬁl shidr dyoRalkyneugi n one,
two, or three of the ring carbon atons nay optionally be reflaced wth a

car bonyl gr aogy ¢pticmally he Iﬁuﬂed\ tayaroarp) or Hedrearsl grohpr Binehecysbradieyl afowpsl by t he
definition

r .the het ubstituent, such he erocy clic ups can
be opti onal I‘98§%§’V|vfa(¥t‘§rc?xﬂ?\/’?{‘? Tnng Re sQH‘c‘furp?Fé'fl Py Ofrcfp §y§]ﬁB‘gtP'Ft uents,
sel ecteds erﬂ%R>@m?f@?@oo&§lﬁﬂﬁﬁk$&bﬂﬁrﬂﬂuﬁk%ﬁéﬁﬁu&%ﬁ%&h&ﬂ&ﬁd al koxy,
cycl oal kyl, Substituted cycl oal kyl cycl oal kenyl, substituted

cycl oal kenyla,damalytlanyla@tgd thailike., acyl oxy, am no, substituted anino,

am noacyl, am no ”az hal ogen. hydroxyl,
keto, thioketo, a@%ﬁﬁ?%l“‘ %Wg% 38%§¥ t8§VéP§%¥lgPHP9WQ@E? APy oxy,
thi ohet er 0CyC{,00X¥stituBite] andighé RRblOKN 3 %@ff&lbmts@@ckalmﬂ ketoupr y!

aryl oxy, 20 heteroaryl, heteroaryloxy, heterocyclic, heterocyclooxy,

hydr oxyami n(nonsmﬂmg)«ﬁ,ealnylnmbsmutad@lkﬂsdk@b'k)substh@l slllibs)th alkorsd al kyl ,

- SO ... -SO het 2- t t -S | d
- 5o hetlBr ot CaRintereRaty b Bl A e R o T
mul tipl e condefafdnyil Q@? acyﬁﬁrﬁ‘ﬁ@rafsﬁgxf'%hﬁﬁ@%ﬁ&ltlt@t%d 'aﬂﬁﬂdlgﬁuﬂ&EﬂhC" ' nO

pi peridinyl, “and the I 'es of heteroaryls and heterocycles
i ncl ude, butarmneactybixyl oxyanmdoatcgl az1py,rq'yah<e Jhatogemgiydnexyl fhetathioketd.dazol e,

le, di m di daz dgl i zi
P e dor e, Pldattat cthkag 1At B ettt P R bt RSN Wik not i ne,
pht hal azi ne’thﬂ)ﬁ%&?yéugéﬁthgh@ﬁoalﬂb‘kﬁ%‘ﬁlal xy Héke?8491, hBRroasy 1588 i ne,

pteridine, carbazole, carboline phenant |d|ne acri di ne,” phénant hrol i ne,
30 i sot Hisaz dieearo@hhn,dmiterecyclmxalz}coﬂr@;yapmm; @H@xymmopmmmw-aﬂ(vhe

' mdazol i d n—%O é/\(gs'gt]ﬁ{elcllz }ky% %T/ Uﬁogoan%(t)e?garyl -SO,-alkyl, -SO,-substituted alkyl,
-SO,-aryl and -SO,-heteroaryl.

The term "cycloalkenyl" refers to cyclic alkenyl groups of from 4 to 20
carbon atoms having a single cyclic ring and at least one point of internal

20 unsaturation. Examples of suitable cycloalkenyl groups include, for instance,
cyclobut-2-enyl, cyclopent-3-enyl, cyclooct-3-enyl and the like.

The term "substituted cycloalkenyl" refers to cycloalkenyl 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,
aminoacyloxy, oxyaminoacyl, azido, cyano, halogen, hydroxyl, keto, thioketo,
carboxyl, carboxylalkyl, thioaryloxy, thioheteroaryloxy, thioheterocyclooxy, thiol,
thioalkoxy, substituted thioalkoxy, aryl, aryloxy, heteroaryl, heteroaryloxy,



--29- imdazoline, pyrrolidine, piperidine, piperazine, indoline,

nor phol i ne, tetrahydrofuranyl, tetrahydrothi ophene, and the |ike as well
as N al koxgonitipdgen contai ni ng heterocycl es. The term "her/@sasei’ooxy”
refers to the group heterocyclic-O. 5 The term "thi ohet erocycl ooxy" refers
to the group heterocyclic-S-. The term "heterocyclene" refers to the
diradical group formed froma heterocyghe, as defined herein, and is
exenplified by the groups 2, 6-norpholinG, 2,5-norpholino and the like. The

term "oxyacyl am noj. ar . "am nocarbonyl oxy" refers to the 0 O NRR
where oaun et dRlie e ORE AR Aing. oS dpird, hitG, 4R Ps0S N
het eroaryl, Qbstigle805YCS0Caryes@inRtcRdadiyl -SGLHISH] 190, dbalthed alkgrLy! |

het eroaryl and heterocyclic are as defined herein. The term
" spi r o- at t ac€d-acylandabRyhetgroenp” refers to a cycloal kyl group joined to

anot her ring via .gne carbqn, at,om conmmop to both rings. 15 The term"thiol"
refers to the gro tf’%’iltg e°% g‘f‘nhgmﬂ I‘ﬁegeéﬁ ﬁ?&ﬁvro,ocﬁwiorgﬁgwﬁpaaoioefers to the
group -Ssal kyl. T t&F MetSRSA fehl & dnhirOdhtkO¥bup bEFBHSI 1001 3 dagbd@r oup
-S-substituted alkyl. The term™"thioaryloxy" refers to the group aryl-S-

wher ei n t he soms aggt btp4 hetercatonakedelasted fedpo oxy genchitrogeryarshaulionadithin at

efors Lo tHEYPBUREI RBS T Miainaf SPES 1 MBS Rtoarar g BTl s’

defined abovg i8& WA BEl0AREA BFRdcyx WA Sinkt Wieks BENkwEE QURrafed bltgo defi ned
above. As to any of the abOve groups whi ch contain one or nore

subst i t uent sdefinitidnsfor thedetesoapldsubsgituentsusie hetetoatyl goaips gambpeptimalpt cont ai n
any substitution or, 2 ubstitution pattern igh .are stericall

i pr act il_bal ﬁf}t&e_dé’g}ﬁ’t ﬁ@t? E‘&%sflg}‘eﬂtﬁrﬁeﬁcé%@f EF%: Sct?‘?tlgqf&fst feg‘?f,te‘filﬁ%xélbehpounds
of this i nveg}&ﬁ;pﬁ}d&%g%%@h&@waix%seﬁhﬁim,cae&l alk§ 0 Aoy B ketyNAIyhIn t he

substitution o ese conmpoun The t erm "phar maceutical | y-accept abl e
salt" ref er scyclvabigl, teychahikehyly stbatitatedradkyl ubstogied alkoaf f sibstitutededenghd

orover es of e, Tl ] 100, <OpoUEs o L S0 puent) on, and whi i are
PCT/ US00/ 3305%%stitﬁfe§gmino, aminoacyl, acylamino, alkaryl, aryl, aryloxy, azido, carboxy]l,
15  carboxylalkyl, cyano, halo, nitro, heteroaryl, heteroaryloxy, heterocyclic,
heterocyclooxy, aminoacyloxy, oxyacylamino, thioalkoxy, substituted thioalkoxy,
thioaryloxy, thioheteroaryloxy, -SO-alkyl, -SO-substituted alkyl, -SO-aryl,
-SO-heteroaryl, -SO,-alkyl, -SO,-substituted alkyl, -SO,-aryl, -SO,-heteroaryl and
trihalomethyl. Preferred heteroaryl substituents include alkyl, alkoxy, halo, cyano,
20  nitro, trihalomethyl, and thioalkoxy. Such heteroaryl groups can have a single ring
(e.g., pyridyl or furyl) or multiple condensed rings (e.g., indolizinyl or
benzothienyl). Preferred heteroaryls include pyridyl, pyrrolyl and furyl.
The term “heteroaryloxy” refers to the group heteroaryl-O-.
The term “heteroarylene” refers to the diradical group derived from
25  heteroaryl (including substituted heteroaryl), as defined above, and is exemplified
by the groups 2,6-pyridylene, 2,4-pyridinylene, 1,2-quinolinylene, 1,8-
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,
30 1,3-cyclopentylene, and the like.



t he mul ti bi ndi ng conpounds of this invention are capable of formng acid
and/ or base salts by virtue of the presence of am no and/or carboxyl
groups ow@ooas3 simlar thereto. Pharmaceuti cal | y- acceprabiUsoinzssy
addition salts can be prepared from5 inorganic and organi c bases. Salts
derived frominorgani c bases, include by way of exanple only, sodium
potassium |ithium ammonium calcium apg magnesium salts. Salts derived
from organi c bases include, but are not Timted to, salts of prinary,

d d
Tialkyl " am nes.  Utdert npag s eyroaRiele Kt E AR b I AN nes, 10

tri(substitut®f sabdkivited &rldaBsl, a@,ld@ﬁﬁyd alkenes, d| al kenyl am nes, trial kenyl
am nes, substituted al Kenyl am nes, di(substituted al kenyl) am nes,

tri(substituted alhedemh ycychnikeaxlenersfesaitohe disadien grou C(eélyféd ahkyl ) ami nes,
tri(cycloal k ubstituted cycl oal kyl am nes, disubstituted

cycl oal kyl é&?&?&&n} é%%ﬁ%lagﬁi’%d cycl oal kyl amines, cycloal kenyl ani nes,
di (cycl ogl kenyl') PHdB@$: S%Eﬁ&l&n%&@l@m&eﬁwﬁe”l@fe@%rﬂwmrmgm tdeflved

cycl oal kenyl am nes, disubstituted cycloal kenyl amne, trisubstituted

cycl oal kenylfrwn@@tutedwclwhkmels as defaredllabavd.nes, triaryl am nes,

het eroaryl am ne i het,eroa ,,am., trihet aryl am pe het er ocyclic
anines, di heter (S)]QV ]?fttﬁrﬂ N d H%F@%% clr?ferscal %‘% Of*ﬁf%‘iéata’fa ind
tri-amnes whgktraddd %rl)@@ﬁiwﬁg’\@sﬂ%letrh% SriRdiiplewBRdehs@ i e frafl N 4 €
different and are selected from 0 group consisting of al kyl ,

subst i t ut ed catboplatoras &ehiyom 1stald Sthietene @tdml krsfvyably ¢ ye # batergatoms, selseted t ut ed
ituted cycl oal k roaryl,

et or ooyl | AR AR ke A P e B ar R oo 1 ee

substi t uent Swhérélﬁ%hge&vo%ltthretenﬁt%rf%cdﬂbérf £685 maly WphbAallyeleaepayed wih or
heteroaryl group Exanpl es of suitable am nes |ncIp by way of exanple

only, 25 i scopraompyhgionp (i.¢.r4 kate BsdupantUnless ch@l\’\hsﬁl Coaﬁﬂréneed by theidsBnisioopy | )

amne, tri(n:pro et hano n l.am noet.hanol ,

£ ¥ onet har ndot 1 Beistocy Bl Rbsi@ert e delisrcfie Eiomes Fi SR i
hydrabam ne,suﬁﬁﬁhﬂeﬁ%wthblettoaﬂ Afd pREdHIbISN&ad! '3as'ﬁb§lﬁuentg lstie@e@oRfthe group
N-al kyl gl ucam nes, theobronine, purines, piperazine, piperidiné,

mor phol ilfie, danastmg cpﬁqﬂmydsub@tltuandchlkm@' bydtealkylt subbiituted catloalkk under st ood

t hat other 30 ¢ iic.acid derjvative | d be seful in the. practice
of this inveédtioglk S u%uﬁf’flclﬁli’ég(e gc?ﬁ?% O@i anﬂﬁ%ﬁﬂgglt&eg

car boxylic aa%lﬁo,adﬁ‘qua%yl, I d4d) 139y Gy RRNRIAL e f2idd, @pifo, BAIGYEN, 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-substitutéd alkyl, -SO-aryl,

-SO-heteroaryl, -SO,-alkyl, -SO,-substituted alkyl, -SO,-aryl and -SO,-heteroaryl.
Such heterocyclic groups can have a single ring or multiple condensed rings.
Preferred heterocyclics include morpholino, piperidinyl, and the like.

25 Examples of heteroaryls and heterocycles include, but are not limited to,
pyrrole, thiophene, furan, imidazole, pyrazole, pyridine, pyrazine, pyrimidine,
pyridazine, indolizine, isoindole, indole, indazole, purine, quinolizine, isoquinoline,
quinoline, phthalazine, naphthylpyridine, quinoxaline, quinazoline, cinnoline,
pteridine, carbazole, carboline, phenanthridine, acridine, phenanthroline,

30 isothiazole, phenazine, isoxazole, phenoxazine, phenothiazine, imidazolidine,



car boxam des, dial kyl carboxam des, and the |ike. Pharmaceutically
acceptable acid addition salts nmay be prepared from inorganic and organic
aci ds. Savosi/empi ved frominorgani c acids include 5 hydrorat/wseossess d,
hydrobrom ¢ acid, sulfuric acid, nitric acid, phosphoric acid, and the
|ike. Salts derived fromorganic acids include acetic acid, propionic acid,
glycolic acid, pyruvic acid, oxalic aci ?9 mal i ¢ acid, nmalonic acid,
succinic acid, maleic acid, fumaric acfd, tartaric acid, citric acid,
benzoi c acid, ,é:i n{]am' C agiifld, .ng%n$el ic_ acid, . hanesul foni c acid,

et hanesul f oriinédazelige, RyrEobdingnRIPETfIAG MiRerazinG Indphng APOIRYPNE. 20 d  napht hoi ¢
acid, 2-hydr |/ IC el hERE ahd ¥R 1ikERS WeBrdIN-alkoxy-nitrogen

"phar maceut itca ygmgﬁl:%g 1,65%1@1&%53@?%”" r ef etﬁsae to the cdglti on o¥ a 8

phar maceut i cahtajniag heptoapdles.salt. The term "library” refers to at |east 3,

preferably from 102 to 109 and, norg referably from 102 to 104 multineric
conpounds. Pr efer-&ﬁlt?:mt gecyelayuFders o egfgg;blgeéﬁgggz 3s a multiplicity

of conpoynds in aripgl SnRMkitd9BIoBky T RATE [ e BlothHefriBoisperm ts facil e
synt hesig| t her eo?r. I%gll(l)ne en%ocf?rngnt},’ t he Iiber: rylbofe r(‘{rggicti meri c compounds
can be directly dBmayed“larooncldnedrafelis ngtherdipdical geup farmed dihear

enbodi ment, each nmber of the library of . imeric c ounds.is first

i sol at ed andicteEPRYICtnaY @%ﬁneéﬁ?aﬁegb% }Sféﬂmpﬁ*ﬁ?‘ighg}%t%?uﬂsgwﬂ’é’ﬁp Y9yed for 20
mul ti bi ndi ng & i dihgiker m "col l ection" refers to a set of

mul tinmeric %éfrpogﬁd)gfn&h%flcg a}e' prepared either sequentially or
concurrently (e.dlhe temmbonyatydamaiol py 'amiimecarbbydaty" aeferstordpr groep at | east 2

menbers; preferably from2 ta 109 nenbers and still nore. preferably from
10t o 180" meRRSPINKBSN TG et RAPERdH ¢V Bber Tor i RSl unds

comprising eyl bEndol ARMAR-GRUALEALLYGORBRG] SE11IAGUGD1 Bla | east one
| i nker whi ch conpounds nmay or may not ‘possess mnufti binding properties (as

defi ned her dieterocytlie ateersrelipsihedehal | de" refers to functional groups which
react in displacement reactions in a panner simlar to a ggl ogen. Such
logl VA

functional groups!hederm nepirgerstachsyl qglpadsy! groaRpreders pagyc t ) “Fazi do and
crang, 7 oupYonl\HFEI B REISIALASHRA oot T 4, Pr ol ct o o o
hydr oxyll5 thiol, Histeen thiol'arefaxyd thggeoupsSei t he
The term "thioalkoxy" or "alkylthio" refers to the group -S-alkyl.
The term "substituted thioalkoxy" refers to the group -S-substituted alkyl.
The term "thioaryloxy" refers to the group aryl-S- wherein the aryl group is
as defined above including optionally substituted aryl groups also defined above.
20 The term "thioheteroaryloxy" refers to the group heteroaryl-S- wherein the
heteroaryl group is as defined above including optionally substituted aryl groups as
also defined above.
As to any of the above groups which contain one or more substituents, it is
understood, of course, that such groups do not contain any substitution or
25  substitution patterns which are sterically impractical and/or synthetically non-
feasible. In addition, the compounds of this invention include all stereochemical
isomers arising from the substitution of these compounds.
The term "pharmaceutically-acceptable salt" refers to salts which retain the
biological effectiveness and properties of the multibinding compounds of this

30 invention and which are not biologically or otherwise undesirable. In many cases,



conpounds (including internedi ates thereof) prevents reactions from
occurring at these groups and which protecting group can be renoved by
convent i woall/4etvam cal 5 or enzymatic steps to reestabli skrciesogssoxyl ,
thiol, am no or carboxyl group (See., T.W Geene and P.GH Wits,
"Protective Groups in Organic Synthesis", 2nd Ed.). The particular
renovabl e bl ocki ng group enployed is n critical and preferred renovable
hydr oxyl bIocklng gr oups |nclude convertl onal substituents such as allyl,

b |, I be b di h t-butyl 10
di phenyl o1 | 9 BB ERP v R e Ao St s bEGealieRE g § onto a
hydroxyl  fypgtshRagy) {/f&ﬂle dNchel RERAcSE @Ghbd H&d/Yr & Wgr&‘xﬁ& Begrolys chem cal or
enzymatic methods in mld conditions conpatible w't e nature of the

product. Pr eifmlar ddretenovabl e t hi ol bl ocki ng groups include disulfide
groups, acyl gro benz 5 Preferred renovabl e

T oo o BB macp Aty ot R haRD it il S R nrcbSied TPl

t - but yoxy caieditic 4dd-B&inic bARSZ Sél%oé?i%@ﬁﬂﬁﬁ' inérgBik bases, include by way of
f1 uor enyl met hoxy- car bonyl (FMOC), al |yl oxycarbonyl (ALOC), and the |ike

whi ch can bem@eorkdsdsyurn opntassiving hishiume andimonoms cebtmmancbmgmsmmt he nature
of the prod ct O.Preferred carhoxyl. protectin o i ngl ude esters
such as et P Safingrrved Srasporeanttaoyndlide St SaPiaHER e Fivtea by m i ¢
condi tions Pﬂﬁﬁf‘}l 's&kloﬁdﬂi‘ﬁtaﬁdtté}ﬁ arydalibdsCsiRh ab BikyPhAMKS [dialkParkiakdn " OPti onal
or "optionall feans that the Subsequently déscribed event, C¢ircunstance

or substit uarmikymmlmas, $ropti tueetd aﬂqdlammean«li(stuhgttuteﬂell@ébammps,l on 25 includes

i nstanc where sai d t or tance.qeccurs and instances where it
does noﬁf THUSY PH¥“1$5§EGW“TW al ?V'QHH§S @Eﬂg'@nﬁﬁFépﬁﬁ88ﬂ6P8§“h conpound
that is a bindiva d?ﬁérﬁf'i‘%nfe@rdléuﬁgtgut@@ Eﬁ’(eﬁ}rlﬂhrﬁlrf&Qﬁ B&titaRd alienPgund

thereto by conplementarity. Preferred |1gands are t&kée that are either
(32 adrenergmmes,elyekmbqyl &ﬁlrag,oh(cstlsalkpk)lamnads mgorisile) aminasit agoni sts. The

f th 01/ 42193, PCT/ US00/ 33057 .--33- 1i d
ts ﬁgf ! i 'sc( ;re 1')%5%@%9?#0 E‘YEW‘P}?& f %@D Htrd qygloaugp ‘g’FeH{S étft%d " gandl Jan
d b | t
domai n” or %l&ﬁm affyes" c%aﬁlt%é'l &ARRY cf?(c Lo Rk O e ings, tﬁﬁzgglﬁﬁ n{)onent .

|tself, y require ence of e or re non- |
for bi nth ngathéeg. subSaud c&@ﬁéﬂkenyl amines, dlsubstltuted cycloalkenyl amine,

trisubstituted cycloalkenyl amines, aryl amines, diaryl amines, triaryl amines,
heteroaryl amines, diheteroaryl amines, triheteroaryl amines, heterocyclic amines,
diheterocyclic amines, triheterocyclic amines, mixed di- and tri-amines where at
least two of the substituents on the amine are different and are selected from the

20  group consisting of alkyl, substituted alkyl, alkenyl, substituted alkenyl, cycloalkyl,
substituted cycloalkyl, cycloalkenyl, substituted cycloalkenyl, aryl, heteroaryl,
heterocyclic, and the like. Also included are amines where the two or three
substituents, together with the amino nitrogen, form a heterocyclic or heteroaryl
group. Examples of suitable amines include, by way of example only,

25  isopropylamine, trimethyl amine, diethyl amine, tri(iso-propyl) amine, tri(n-propyl)
amine, ethanolamine, 2-dimethylaminoethanol, tromethamine, lysine, arginine,
histidine, caffeine, procaine, hydrabamine, choline, betaine, ethylenediamine,
glucosamine, N-alkylglucamines, theobromine, purines, piperazine, piperidine,
morpholine, N-ethylpiperidine, and the like. It should also be understood that other

30 carboxylic acid derivatives would be useful in the practice of this invention, for



a water nolecule is required for the binding of a ligand to various |igand
binding 5 sites). Exanples of ligands useful in this invention are

descri be?oharseima. Those skilled in the art will appreci @ca/udoas3oorti ons
of the ligand structure that are not essential for specific nolecular
recognition and binding activity may be varied substantially, replaced or
substituted with unrelated structures (for exanple, with ancillary groups

as defined below) and, in sonme cases, tted entirely without 10 affecting
t he blndlnglnteractlon i, mary uirenent for a l nd is that it
has a Ilgaﬁifla”él%lﬁ’a‘iaﬁb%hﬁié?‘gﬁgﬂ eébﬁ’\?lé‘d‘q%tcaf@xﬁﬁtf@rs S’SHalk‘ﬁ]gt the term
ligand is n?érbok 1%@9%?51159c%okéﬁ]d%@%nﬁ%&lﬁ&pounds known to be useful in

binding to renérgi ¢ receptor (e.g., known drugs). Those skilled in
the art will und@hsateacdutidably atde@tatbmraud dddigancsatia mag degpiréparaifpbry to a

nol ecul e that is not, normally a§socd Eefﬂ Wi t.h %32 15, adr?qergi C receptor
bi ndi ng pr of¥rganksand oeane p¢idy noalisidenyed framyjrorganig acidp iiclidegands  t hat

exhi bi t grar ﬂ}/mkhl &a&at% brl)ﬁﬁ(ﬁadr@%mfﬁrlca&g%\ﬂngﬁ a@ﬁl #@a&@ranee hi ghl'y

active as nuftival ent corfpounds because of t enefl erred by
nul tival encyhe likee Sabs deriveddeom brganic'acidsgariade’acasc axsé,cprbpmmcramds i nt ended to

i nclude the 20 . racem c f.or of the |ligands. as well as |nd|V|d
enantl omer s ERsali¢Rd ’tPé’F‘b‘ﬁ*éPé‘rE oxlic AgiA. malieapid malopigagl f‘f‘?@P’é‘b‘FC‘ ’The term

“mul ti bi ndi %1&95’(59% E 28dCRktarié Qél@rétr{%%cﬁl BQ%R:%% tchﬁ’ltamllcsam&apabl e of

mul ti val ency, efi ned bel ow, and which has 2- I gands covalently
bound to oneandelivorcid, Imaulkzmemlfdnm adid, edmaeﬁllfoeacahldl pgalmdnemdfdnnm&aad in the

25 nultlblndlng comnmpoun in ependently el ect.ed ch that the
mul ti bi Hii n§licybapednprnthe Qﬁfé‘g%@tqﬁo’%‘ﬁ?@ ?‘F@“@o?ﬁﬁﬁ‘gﬁége(l .e., where each

I d [ h. d
gand as well agye gag, gag@@%ﬁ&llpggs%wé‘ A reaﬁoﬁgfrpoun s

(i.e., where at least o eren romthe ot her
l'i gand(s) apHirafacaitichbpatceptabld daltker is di fferent from the other

i nk Mul ti bi ndi d de a_bi ol / or. 30
{hor apeut 1 ¢ of follhe GTBRTBRTY DEHET gt Sqpie it (om fokgﬁ”é*.aééﬁage

equi val ent pReeb f}éﬂ% 9%6%égﬁluf)gér%%%§g?%eﬁg erbly e RoRpSullR AR

avail abl e f at is to sa

t her apels i Cpﬁi‘pﬁﬁdtas @fmﬁlﬁphduygﬁfmdﬁlpatuﬁcaohedlrtgdb doheiomdriredeitiod imigtueompound i s
greater than that achieved by . the sane amount of un]inked |]gands nade
avai | abl e leChﬂ?%itﬁéactlészﬁbeﬂlﬁ wereal pinypae sgbedinsat, the Lrisfoes) . The phrase

“increased hiolg 1&&1 Junﬁs E%eﬁéﬁﬁ-’l Wlsst%géaefo& mullARhEAE SrofeiesXRMP! €:

increased aftini rease
another embodlment, each member of the library of multimeric compounds is first

isolated and, optionally, characterized. This member is then assayed for

20  multibinding properties.

The term “collection” refers to a set of multimeric compounds which are
prepared either sequentially or concurrently (e.g., combinatorially). The collection
comprises at least 2 members; preferably from 2 to 10° members and still more
preferably from 10 to 10* members.

25 The term “multimeric compound” refers to compounds comprising from 2
to 10 ligands covalently connected through at least one linker which compounds
may or may not possess multibinding properties (as defined herein).

The term “pseudohalide” refers to functional groups which react in
displacement reactions in a manner similar to a halogen. Such functional groups

30 include, by way of example, mesyl, tosyl, azido and cyano groups.



for target, increased specificity for target, increased potency, increased
efficacy, decreased toxicity, inproved duration of activity or action,
i ncreasedv@bi/kiwy to kill cells such as fungal pathogenspcTaR@esozzel | s,
etc., decreased side effects, increased therapeutic index, inproved
bi oavai l i bity, inproved pharmacoki netics, inproved 10 activity spectrum
and the like. The nultibinding conpounds,of this invention will exhibit at
| east one and preferably nore than one o% t he above-nentioned affects. The
term "unival ency”_as used herein refers,to.a single.binding interaction

/ : gk i bichis

bet ween one | i gantheA&T eRTPIFEHNEEHOUP O PRSP A5 T HiOAEY RGO YRIC
defined her q{fbn bouhd 30104 & Ih&emlgal%stgt, b1, SmGRRARsbxhEMbLASs Sthe | Pl e copi es

of a ligand (or ligands) 15 exhibit univalency when only one ligand is

i nt er act i ng cantpouadd (inpEdumbingimetmediatss theredx prepénrss reaftionsi fverh enturiing et act i ons
are depi cted, bel ow. Th erm"nultival ency’ as us herein refers.to the
concur r ent Bh‘?faigl‘iﬁlpéfangf“fthé“rh BOGHRGHEPHR ﬁ@f\;b? ekt 8& g( \ﬁﬂ‘iwc?ﬂgﬂ%fg cﬁfém‘tcﬁ sane

or di ffesentor cARnAIOHQs i PcStabRh thO hy GORANMHiA1Tah ROR cAbBx I %r;ﬂ@}f‘@'ep.i, ndi ng

sites) ich may be the same or different. For exanple, two 1igands

connect ed t HF.BUdireend dandde6. H.RsltitspT RrdtectivecGrawpn in Prgaric Sxmohdsis§aHUEB)ndi ng
sites woul d Re conqiilldered bi val enc¥l; thliee l.i gands. t hu connected woul d
be an exanplgedrrtiGuHar puaaple Nacking giaup egwployer s ek ritisahagd eetersd | ust rat i ng

a nul ti bi ndi i i : 25
TR P S S S e AV S e

uni val ent i rlet, detzydacetyltchioradcetyl, thiobenzxt theonzylidines ploenadylbebutpder st ood t hat
not all conmpounds that contain nultjple copies of a ligand attached to a
i nker i tdhl;heﬁkléfbéla %{@@@wﬁwggw@%hﬁm b Frem&wé%’o%ﬁacaglv OnfQR Fa_&frﬁ al ency,
i.e., that tfﬂﬁct@nﬁﬁ@%ﬁ%te%fycﬂ?elf RERARA W thér g%f%%ﬁﬁca‘?fortﬁ: nf@kt i bi nding

agent is greater than the sumo he aggr egat unl i nked I'i gands made
avai | abl e fiethddsndinmidd ¢amdithoms kogaattldimitdithgnatiteef thregquedtadr ) .  For

T STk RSl SRR RIS 0 s 0,
ke (5 TG BBIRE 1 e L0 bring shout Uhe desired 15
Furt her ndr e, t he Brefetred remlovaglecmpo blvdking gringspndsdendonventemhl on can be
substituents such as t-butyoxycarbonyl (t-BOC), benzyloxycarbonyl (CBZ),
fluorenylmethoxy-carbonyl (FMOC), allyloxycarbonyl (ALOC), and the like which
can be removed by conventional conditions compatible with the nature of the
product.

20 Preferred carboxyl protecting groups include esters such as methyl, ethyl,
propyl, ¢-butyl etc. which can be removed by mild conditions compatible with the
nature of the product.

The term "optional" or "optionally" means that the subsequently described
event, circumstance or substituent may or may not occur, and that the description

25 includes instances where said event or circumstance occurs and instances where it
does not.

The term "ligand" or " ligands" as used herein denotes a compound that is a
binding partner for a 2 adrenergic receptor and is bound thereto by
complementarity. Preferred ligands are those that are either $2 adrenergic receptor

30  agonists, partial agonists, or antagonists. The specific region or regions of the



conposed of ligands that are all (32 adrenergic receptor agonists, parti al
agonists, or it can be conposed of ligands that are selected from (32

adr ener giwoneedapt or agoni sts and antagoni sts provi ded t hRCTAUR®/33057

mul ti bi ndi ng conmpounds exhibits an overall X32 20 adrenergic receptor
agonistic or partial agonistic activity. A nultibinding conpound that

exhi bits partial agonist activity at a_c_lgéa_goceptors may provide advantages
over a compound that exhibits full agonism Partial agonismmay result in

ecoptor  exlprabibh D enRaran P seane s ore pe b TR sl Esea”
therapeutic DER&Id hay YO e’ SFGIMdURORY tﬁ@@ef'%@ﬁor b iself, @ Maysba@resuch an
u

agoni st versus a conpound which behaves as a agoni st for tbze chronic
treat ment ofthpprebmicogf one¢ ormortinondigend compensatsdfor bindingl (8igbiGadi Mg"™ @onpound
may al so, or separately, act.as.a tissue-selective partial onj.st. For
exanpl e, a r?u‘f'i‘tgrb‘?“ﬂtffﬁlﬁ l%’é?ﬁﬂgffﬁ%’r Gb_ietlﬂn‘g?g 85?’ Eﬁ%f@etﬁtvglflogsglaﬂﬁﬁng'?m&i&g vity may
5 exhibi§ a )l E‘iﬁffl{p[@lof!li SRRASE ] A thi8livenen ARRREG BB Heletn. CBhdss | N
bronchial tissue but exhibit a partial maximl response to adrenoceptor
agoni sm i n childidag the ssbwil appTeviae that pertiondofithe Hgarshyipetmelthahare nps a

ti ssue-selective partial.agoni st may .provide | ower.. i nci dence ,of

undesi r ed sieaséang?lftgﬁf%echdﬂoﬁga%@F%/gWgo%%ﬂdglﬁ%cﬁP%B&gvﬁliy n_é?'?’dg‘? Ytedases i n
cardi ac out RUbstarkfAlIJ R plaBEddr RBERNEY WilheiRélgtel QtrhftBredi(fk BldmSIENGRMt r at i on
at which aligand is able to achieve a desirable biological or therapeutic

ef fect. The apcillencgroops & deffingdibelowyand; pi scand sases, opotted aniagly vothiots affinity

for its liga bi ndi n ite. In so cases, the patenc y he. .

non- | i néérl 3?? B?Wgeﬁ%ﬁtb_g?ﬁ% HEETRGION 4 fNF RFLATY Fequik rff”h*b_ﬁga:}@ ‘SBB’E@H&@ of two
drugs, e.g. ., J?gaﬁuldbhmm'daﬁn@&%eams Lifere08d 8GAHe 1 ligahduphdinked 15

| i gand, the dose-response curve of each 1s determ ned under identical test

condi ti ons ifitended, toibe lamitddrto\cotnpourals knowu ite be asefalyin bimlismtodiPpadogrergit e

ani mal nodel such a human patient). The finding that the nultibinding
agent produdeeepios (eguikpavadiugs) ol se eldiled yythe g i dndetstapd thag thedermy | ower

conoentr at | gl ha LSBIBHE9Eh FHAIETs hbORIMal1? bl Of enhanced

pot ency. 20 specl neasure of the

bi ndi ng 15pr eldemensefeceptoRbintigigpiofettiesdili A&TigoH, il shoalichdxionsd that 1sdahas
(receptors). The selectivity of a ligand with respect to its target |igand
bi ndi ng si t dhatekhibitveargmnabaditvite or lack apeful astivdy agmonpmerssagbedighly the ratio

OESERENRES p%%%i{/é/ & r\lllle}ftll%/glsenp éonlﬁgjouglids' ge’caus:[eho% tl(ljei l?esn%ﬁ{s%toinpe?red by multivalency.

The term "ligand" or " ligands" as used herein is intended to include the
20  racemic forms of the ligands as well as individual enantiomers and diasteromers
and non-racemic mixtures thereof.

The term "multibinding compound or agent" refers to a compound that is
capable of multivalency, as defined below, and which has 2-10 ligands covalently
bound to one or more linkers. In all cases, each ligand and linker in the

25  multibinding compound is independently selected such that the multibinding
compound includes both symmetric compounds (i.e., where each ligand as well as
each linker is identical) and asymmetric compounds (i.e., where at least one of the
ligands is different from the other ligand(s) and/or at least one linker is different
from the other linker(s)). Multibinding compounds provide a biological and/or

30 therapeutic effect greater than the aggregate of unlinked ligands equivalent thereto



constants for each ligand-receptor conplex) or, in cases where a biol ogi cal
effect is 25 observed below the Kd , the ratio of the respective EC50's
(i.e., twooomentrati ons that produce 50% of the nmaxi nupCT/@S@m38x for the
ligand interacting with the two distinct |igand binding sites
(receptors)). The term"ligand binding site" denotes the site on the
(3-adrenergic receptor that recogni ze_s_3[? | i gand donai n and provides a

bi nding partner for the ligand. The 30 Tigand binding site nay be defined

by nmononeric or, nultiperic structures. This WO 01/42193 PCT/ US00/ 33057
--37- inter a‘ﬁl?‘F}bﬁre_ e@@a‘i@z%iﬂréllwfn%rm&tﬂja%&@hé‘ﬁtl?é(ﬁﬁg%‘?lc?&_ﬁg’él ef f ect,
for exanple ’therggémi'é: %Wgct@{?&l@l@éﬁnﬁ%ﬁaﬂ:ﬂ% e hﬁﬂ@c{iﬂdiﬁé fc@ﬁb&#ﬁ is'g‘iet?g@y

mai ntai n an ongol n I ol ogi cal event, and the like. It shoul
recogni zed tthat thatvehicivgéibyl thei sadieragnesint efSurdinkedbgands epidoavaikibte for par ti ci pat e

in biological nultivalent hinding interactigns are constragined tq varyin
degr ees gy ttﬁ’é‘i‘Pg f%%l?é}ga%'arnﬂwgé&%@?%méy %gEQE@F%ﬁPSﬁgs.eglbbcﬁo%‘ﬁ ! e?/ °
ligand Bbi nqbﬁggéftﬁ:%ﬁe@fagnc%e&%ﬁ{aﬁ% 1% ihataed altthid, HoRAL&! RIdcHGkpr e,

noncoval ent | ssociated in a nmultinmeric structur enbedded i n ‘a menbrane
or pol yrer i domatgetncreased spexiftuitydodtargeerinroased pateacy, esgedsedinfflcaty,onal and

rotational freedomthan if the 10 sane _structures were presept as.nononers
in soluti on.de?’f?ésqdé?’ﬁﬁlty’d@BFﬂ@ﬁé}“at‘BHPf PV PE AP LG }ncé‘??ﬁe‘f%llﬂ[}ﬁ'g%iﬁﬂg‘r)ﬂ' are

wel | known de s 5% aé%negaipﬁgéé}@mc'M% QI flfeedd sielices, iiRrddigg abi lity

of the ligand to chan tivity of "an’agoni st or antagoni st through
bi ndi ng to ahtrapanid ildexdinngroedd Hoavhlilébitye improvetepharmagdimetics anpeovied or
"inert solvent" neans a S%Ltéen't V\hhcgwbsh 5 inert under, .the conditions of
the readPi orfCHEithspeqeemy ade iike.c bR ithipding pIpRUndp of thisinyertinl Wil way of

exanpl e onl y hdd defer of et ARRY Midh@ affects.

di met hyl f or n%ﬁ)gg%?% %r%e%bgﬁ%%r%g%%ﬁ%ﬁciﬁoorfi de{b%diyet%yll et%eeic,s et hyl
acetate, acet oneThereinhyurgtdigticyk at ased herad tedero kg a eihplerbdhding imd¢ractain,

i sopropanol, t-butangl, _dioxane

pyridine, .and the like. Unle speci fied
to the cont rbgtvyeentarg ligand asdedingd bereimyith gng ligandbinding site @&C%PF‘EEEFC rein

are inert s " " : : a
pat hol ogi c gg%@%@f%enﬂ-&gd gﬁ{ %%%@H%Pﬁgcrﬁlﬁgﬂe? Oggﬁg%}%@%@ﬁéc‘?‘%es: (1)
preventilgg tdxditpaidiellagyevieandiyt orenigand i neeactibg pgth N a subj ect which nay

be predisposed to the caondition but has not yet been di agnosed with the
a ligand binding site. Examples of univalent intéractions are depicted below.

Y 6Ot Y

The term "multivalency” as used herein refers to the concurrent binding of
from 2 to 10 linked ligands (which may be the same or different) and two or more
20  corresponding receptors (ligand binding sites) which may be the same or different.
For example, two ligands connected through a linker that bind concurrently
to two ligand binding sites would be considered as bivalency; three ligands thus
connected would be an example of trivalency. An example of trivalent binding,
illustrating a multibinding compound bearing three ligands versus a monovalent

25  binding interaction, is shown below:



25 condition and, accordingly, the treatnent constitutes prophylactic
treatnent for the disease condition; (ii) inhibiting the pathologic

condi ti owobi/&193 arresting its developnent; (iii) relievPanyuséves3pst hol ogi c
condition, i.e., causing regression of the pathologic condition; or 30
(iv) relieving the conditions nediated by the pathol ogic condition. WO

01/ 42193 PCT/ US00/ 33057 --38- The term,zpathol ogic condition which is
nodul ated by treatnent with a |igand" Covers all disease states (i.e.
pat hol ogi ¢ conditions) which are generally acknowl edged in the art to be
usefully treated with a@and@r t he_(i2-adrener giéecept or in general,
and those di sease states i ch have been found to be fully 5 treated by
a specific multibinding compound of our invention. Such di sease states

i nclude, by way of exanple only, the treatnment of a mammal afflicted with
asthma, chronic bronchitis, chroni.c pul.npnary obstructive disease, and the
like. The term "therapeutically e??@@gWVEwgﬁﬁéﬂt" refers to that anount of
mul ti bi ndi ng conpound which is sufficient to effect treatnent, as defined
above, 10 when administered to a mammal in need of such treatnent. The
therapeutically effective amount will vary dependi ng upon the subject and
di sease condition being treated, the weight and age of the subject, the
ase wondi N on, the manner of Q) tion and the

i grmi ned by one of rdindgry skill in the art.
i ol "X,

o 10 ligands

refers to a group ;
(as identified abov a mahner that provides flor a{conmpolnd capabl e of
mul tival ency. Anpong ‘'ether—f-eatures, the |linker i ' Torienting
entity that permts attachnent of at least two copies of a ligand (which
may be the sanme or different) thereto. Additionally, 20 the |inker can be
either a chiral or achiral nol ecultivaldm irgemaetimases, the |inker naybe a
coval ent bond that attaches the ligands in a manner that provides for a
conpound capabl e of multivalency. Additionally, in some cases, the |inker

may itself be biplogi¢sl hiderGbdd Sat ddiGllcEhPbuldshA con@RfBuliPle cdppuever,

extend to cover solid inert supports such as beads, glass particles,
fibers, and dfledidanitettadBad ta 4 linlser 25 ta/hulersiaeshatilyatxhitiethephtndmendiofig
corpou nci% Ofmhlt[]iivgle}lng?Q.E ith%? th%%ri]olggica tatng?orr] %%rép%utallc effect of the multibinding
agent is greater than the sum of the aggregate of unlinked ligands made available
for binding to the ligand binding site (receptor). For multivalency to occur, the
ligands that are connected by a linker or linkers have to be presented to their ligand
binding sites by the linker(s) in a specific manner in order to bring about the desired
15  ligand-orienting result, and thus produce a multibinding event.

Furthermore, the multibinding compound of the present invention can be
composed of ligands that are all 2 adrenergic receptor agonists, partial agonists, or
it can be composed of ligands that are selected from 2 adrenergic receptor agonists
and antagonists provided that the multibinding compounds exhibits an overall 2

20  adrenergic receptor agonistic or partial agonistic activity. A multibinding
compound that exhibits partial agonist activity at adrenoceptors may provide
advantages over a compound that exhibits full agonism. Partial agonism may result

in a reduction of the rate of receptor desensitization, receptor recycling, or receptor

expression in mammalian tissue. This may result in increased therapeutic benefits



solid support if desired. For exanple, such attachnment to solid supports
can be nmade for use in separation and purification processes and simlar
appl i cat ivome1/43ibee extent to which nultival ent binding is perUs@eEsottepends
upon the efficiency with which the linker or linkers that joins the

| i gands presents these 30 ligands to the array of avail able Iigand binding
sites. Beyond presenting these WO 01/42ég3 PCT/ US00/ 33057 --39- ligands
for nultivalent interactions with ligand binding sites, the linker or

| i nkers spatiall stralns t hese interacti t hi.n |nensions

defined by t %muﬁ%ﬁﬁlé? Yt A9 EFISYS A %’%PO‘P W‘ﬁ?q}sh‘%’t%ugccur%‘maﬁ?"&t of the

l'inker (val efi¢ ¥nrodRAPBREhnt of PathEIEREI AditRng Br disé%d. PA InhilMbingiagm cal
conposition, etc.) are features of 5 multibinding agents that play an

i mpor t ant r odomponnd etagrationpnsepautatsly, aatat8|avtlSLSufeselectIVh@amahRgmsStu ed in this
i nvention are selecte 1_ﬂ{)o al | ow nul bi ndi n ands to the

li gand bi ndi fgTPI% adyfidbigdipgrogpoy W&F‘lggragﬁeé‘ﬁf‘wor Blrsh W8Ysites are
| ocat ed isnt efiQhid a/fulmaﬂniame%fée,&e Y re®Xh P d I nRREIE RBSS ¥ B¥bndhile k&Pt or

structure, or at an nt er medi at e position thereo 10 Representative
Conmpounds obeEcar(hirbita pattjal niaxuﬁm;remﬁmmtadmaompltarlalgomdmg cexiiquaisseks of

Formula (1) wherein p.is 2, IS 4- ydrox - hydrox nmet hyl phenyl ,
Al is 1,4- Hrenymal m%ngawapmdéh@ i3 HrogSh! ec‘%’e %ag%‘d“ﬂ B are as

def i ned | n ﬁ.@ﬁ gl?&a ﬁ&h%e%rfﬁﬁde%?e&"s%e Q'féftg’sucﬂ*aWp'G‘ﬁnv% {{@2) 2A Cpd.

St er eo- = stereoc chem at bond
- NH CH2- ** G'rKdGherdiBemyi catdiac o@tppt. 25 2A (RS) -(CH2)2- bond NH- CH2- **
(CS(S)CH) phenyl o ‘T}geF?errr? ApcgteRnSgy" réfg_slztg) %ﬁe rggl?rgmnl\cl:mgﬁ%ra;zn écl:tHWhIC a hgggcl -
is able to achieve a desirable biological or therapeutic effect. The potency of a
ligand is typically proportional to its affinity for its ligand binding site. In some
cases, the potency may be non-linearly correlated with its affinity. In comparing the
potency of two drugs, e.g., a multibinding agent and the aggregate of its unlinked
15  ligand, the dose-response curve of each is determined under identical test conditions
(e.g., in an in vitro or in vivo assay, in an appropriate animal model such a human
patient). The finding that the multibinding agent produces an equivalent biological
or therapeutic effect at a lower concentration than the aggregate unlinked ligand is
indicative of enhanced potency.
20 The term "selectivity" or "specificity" is a measure of the binding
preferences of a ligand for different ligand binding sites (receptors). The selectivity
of a ligand with respect to its target ligand binding site relative to another ligand
binding site is given by the ratio of the respective values of K, (i.e., the dissociation
constants for each ligand-receptor complex) or, in cases where a biological effect is
25  observed below the K , the ratio of the respective EC,'s (i.e., the concentrations
that produce 50% of the maximum response for the ligand interacting with the two
distinct ligand binding sites (receptors)).
The term "ligand binding site" denotes the site on the B-adrenergic receptor
that recognizes a ligand domain and provides a binding partner for the ligand. The

30 ligand binding site may be defined by monomeric or multimeric structures. This



4A (RS) -(CH2)2- bond -NHCH2 ** CH(OH)- (4- hydroxy-3- hydroxy-net hyl) phenyl
** = (RS) WD 01/42193 PCT/ US00/ 33057 --40- 5A (RS) -(CH2)60- bond
-(CH2) 3- o (¥aY6- NH- CH2 **  CH( OH) - (4- hydr oxy- 3- hydr oxyrthykjopdsesryl 6A
(RS) -CH2- bond -NH CH2-** CH(OH)-(4-hydroxy-3- hydroxy-nethyl)phenyl ** =
(RS) 7A (R -(CH2)2- bond - NH CH2-** CH(G—l)phenyI **  (S) 8A (R
-(CH2) 2- bond -NH CH2-** CH( OH) phenyl *X (RN 5 9A (RS) -(CH2)6-0- bond
-0 (CH2)6-0[4-(3- hydroxypropyl)] (CHZ??% phenyl | O0A (RS) -CH2*CH(OH)- bond

-0 (CH2) - **
CH( ng) % 4- hyaﬁﬁs%%gwﬁﬁ?ﬁ&gﬁb H{%‘jﬁb‘?ﬁeﬂﬁ“‘lg‘g@o“’@#@i effock PPREFA™RIBID) 2. bond
- N CH2- - Gl flsh; Shtagdidd- alad%odu’fatox?z clffdSs o} & rhdy mERRL £ 8L BAgSinY €

mul ti bi ndi ng conpbundd of Fornula (I) wherein pis 2, qis 1, Ar' is
4- hydr oxy- 3-tgldgioalaventighdptherdke, Al is 1 4 phenyl ene, R and R2 are

hyd , X, W 3, fl. - 3
15 WHO  HO Tabl Sf é?‘%‘g‘béé @F%?‘é%eifd%ia%s ‘Eeérﬂ%ﬂéetre‘?@?%t% 31;( 4(2}132,

PCT/ USCD.{S?’:)’%FHC atél;]n blgy% (c%upﬁlﬁfenf ﬁn&ﬁg%@%ﬁ&ﬁ‘%ns&aﬁ@@@b 6‘ar§%§r oxy- 3-
CH( OH) - Sg hydr oxyrret yl -

degrees by their intra- and inter-molecular associations. For example, ligand
binding sites may be covalently joined to a single structure, noncovalently
associated in a multimeric structure, embedded in a membrane or polymeric matrix,
and so on and therefore have less translational and rotational freedom than if the

10  same structures were present as monomers in solution.

The terms "agonism", "partial agonism", and "antagonism" are well known
in the art. The term "modulatory effect" refers to the ability of the ligand to change
the activity of an agonist or antagonist through binding to a ligand binding site.

The term "inert organic solvent" or "inert solvent" means a solvent which is

15  inert under the conditions of the reaction being described in conjunction therewith
including, by way of example only, benzene, toluene, acetonitrile, tetrahydrofuran,
dimethylformamide, chloroform, methylene chloride, diethyl ether, ethyl acetate,
acetone, methylethyl ketone, methanol, ethanol, propanol, isopropanol, #-butanol,
dioxane, pyridine, and the like. Unless specified to the contrary, the solvents used

20  in the reactions described herein are inert solvents.

The term "treatment" refers to any treatment of a pathologic condition in a
mammal, particularly a human, and includes:

(i) preventing the pathologic condition from occurring in a subject
which may be predisposed to the condition but has not yet been diagnosed with the

25  condition and, accordingly, the treatment constitutes prophylactic treatment for the
disease condition;

(i1) inhibiting the pathologic condition, i.e., arresting its development;

(iii)  relieving the pathologic condition, i.e., causing regression of the
pathologic condition; or

30 (iv)  relieving the conditions mediated by the pathologic condition.



phenyl 2B (RS) bond -0- bond 4-am nophenyl 3B (RS) -(CH2)6-

-0-(CH2) 10- O (p-C6H4) - bond 4- hydroxy-3- 0- (CH2)3-0-(CH2)6-NH hydroxy-
(CH2) 3- &Qot/421@H( OH) - net hyl phenyl ** = (RS) stereochem pgBUSRBB057( CH2) 6-
-(CH2) 6-0- (p-C6H4) - bond 4- hydroxy-3- 0- (CH2)3-0-(CH2)5-NH hydroxy-

(CH2) 3- CH2-** CH(OH)- nethyl phenyl ** = (RS) stereochem 5 5B (RS)
-(CH2) 2- -0-(CH2)4- bond phenyl I11. ?gesent ative nul tibindi ng conpounds
of Formula (1) wherein pis 2, qis 1, A is

4- hyd - 3- hyd t h d d
hyd)r/o;giq?:- hyd)r/o:(gﬁ%tma %‘}gﬂ%@eﬁqg Cé{‘dk a"nYﬂ" fgm ﬁ?‘tﬁyﬂgﬁg’gg’s&%“r"?ﬁ’é@‘% n TabI e C
bel ow are: gé'aﬁh VMY AY Hselsd sl @ ke, paﬁmﬂe%d‘@n%ong)a‘bh@h@re%éﬂerég%er eochem

WX Are Q #-at *C 20 1C (RS) bond bond trans-I, 4- -NH CH
cycl ohexane atknowléd®gsy id (fhe(eEiS)o beQ@isRfullp tneated M3th a IkdRd Xt t@HﬁQ*a?drem;gm ohexane

CH ** = (RS) WD 01/.4219 PCT/ USOO/ 330
1, Elap;il) per az |r?f§-9pt(%r dg§meraly pnethosesd g“ch'hat"ﬁéﬁen fﬁ@‘f "g%ﬁg’ go ngo nd
p-ment hage whteftdy s CspETRk n‘ﬁfﬁlﬂl%}lg Qeﬂgom obr ZRAGSY.! S% d'igé_l?e Mipe SH2- 7~

include, by way of example only, the treatment of a mammal afflicted with asthma,
chronic bronchitis, chronic pulmonary obstructive disease, and the like.

The term "therapeutically effective amount" refers to that amount of
multibinding compound which is sufficient to effect treatment, as defined above,

10  when administered to a mammal in need of such treatment. The therapeutically
effective amount will vary depending upon the subject and disease condition being
treated, the weight and age of the subject, the severity of the disease condition, the
manner of administration and the like, which can readily be determined by one of
ordinary skill in the art.

15 The term "linker", identified where appropriate by the symbol ‘X, refers to
a group or groups that covalently attaches from 2 to 10 ligands (as identified above) -
in a manner that provides for a compound capable of multivalency. Among other
features, the linker is a ligand-orienting entity that permits attachment of at least
two copies of a ligand (which may be the same or different) thereto. Additionally,

20 the linker can be either a chiral or achiral molecule. In some cases, the linker
maybe a covalent bond that attaches the ligands in a manner that provides for a
compound 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

25  understood that the multibinding compounds of this invention can be attached to a
solid support if desired. For example, such attachment to solid supports can be
made for use in separation and purification processes and similar applications.

The extent to which multivalent binding is realized depends upon the
efficiency with which the linker or linkers that joins the ligands presents these

30 ligands to the array of available ligand binding sites. Beyond presenting these



(RS) 5 1V. Representative nultibinding conpounds of Fornula (1) wherein p
Is 2, gis 1, Ar' and Ara are 4-hydroxy-3-hydroxynet hyl phenyl, R and R2
are hydrogeni/4X®is a bond, and W Ar2, and X are as defi pedusen/3Bedrl e D
below are: OHH NWAr X OH HO HO OH Table D Cpd. Stereochem WAr2 X 10
# at *C 1D (RS) bond 1,4- -(CH2)-(p-C6H, 0)-NHCH2 cycl ohexane ** CH(OH)
(RS) stereochem V. Represent ative rrultlt5 |nd| ng conpounds of Formula (1)
wherein pis 2, gis 151, R andR2aehydrogen Wis -(CH2)2-, Are is

1, 4- phenyl e Ar3 h OXY.- eth X i,s,a bond and
Ar’ is as dgfgaﬂ%l %Wai"r‘& 1r5gra§t|11<gws(¥ hgafﬁﬁf{féjntg Bg‘? a@e T&Frﬁr ligkems« N N H
0 H WO 01/ 425‘33%@&555/&@99{ t%g%zlteracn{]&ﬁs to o Ritkin@fenstorA'definbEbERehem
St er eoche E phenyl (RS) (RS) 5 2E phenyl (R) (S) 3E
phenyl (R) (lR)ker dlﬂuﬂccwm'lﬁms,&h&tdwtmabfegplmw [the( IRKer (\RBIncy 5geometry,
4-
am no-3, 5- odr{e(r:lthaltlgrrl sp Hgmb t;r cglegmcal composition, etc.) are features of
5  multibinding agents that play an important role in determining their activities.
The linkers used in this invention are selected to allow multivalent binding

of ligands to the ligand binding sites of a 2 adrenergic receptor, whether such sites

are located interiorly, both interiorly and on the periphery of the receptor structure,

or at any intermediate position thereof.

10

Representative Compounds of Formula (I):

L. Representative multibinding compounds of Formula (I)
wherein p is 2, q is 1, Ar' is 4-hydroxy-3-hydroxymethylphenyl, A is 1,4-
phenylene, R! and R? are hydrogen, X, W, Q, and Ar’ are as defined in Table A

OH H /@—X—Q—Arc’
* N ‘W

15 below are:

HO
20 HO
Table A
Cpd. | Stereo- \\% X -Q-Ar® (** = stereochem)
# chem. at
*C

1A (RS) -(CH,),- bond | -NH-CH,-** CH(OH)phenyl ** = (S)
25 2A (RS) -(CH,),- bond | -NH-CH,-** CH(OH)phenyl ** = (R)

3A (RS) -(CH,),- bond | -NH-CH,-** CH(OH)phenyl ** = (RS)

4A (RS) -(CH,),- bond | -NH-CH,-** CH(OH)-(4-hydroxy-3-

hydroxy-methyl)phenyl ** = (RS)




6E 4-am no- 3, 5-di chl orophenyl (S) (S) 10 7E 4-am no- 3, 5-di chl orophenyl (R)
(S) 8E 4-am no-3,5-dichlorophenyl (S) (R 9E

3-f or nyl va@one143 hydr oxyphenyl (RS) (RS) |OE PCT/US00/33057
3-fornyl -am no- 4- hydroxyphenyl (R) (R) HE 3-fornyl-am no-4-hydroxyphenyl
(S) (S) 15 12E 3-fornyl -am no- 4- hydroxyphenyl (R (S 13E

3-fornyl -am no- 4- hydroxyphenyl (S) (R) . M scel |l anous conpounds: OHH N
HO O HO HN HO 20 HO OH WD 01/42193 PC'I'/4 800/33057 --44- O HH~ N\ O
oH OH OH NHL—OH—N-N-oH+—o-+HoOH-PH—HO-PREFERRED-ENMBEBHYENFS—S—WhI | €
t he broadest| skef i|nRE) on )f(Cngr)g(B— I nvenbéndn |i-sCIERt0 f@H P-NICHhe* Summarly  of
the I nventidgn, cgrtain cpnpounds of Fornmnulla g%l(ﬁgare referred (A A
preferred grloup i|ls a nul {i bi ndi ng cofrpound GHOEBRYYOR$): OH H
N- W Ar e- X- Q{Ar k hydroxyethyl)pheny!
** = (RS)
6A | (RS) -CH,- bond | -NH-CH,-** CH(OH)-(4-hydroxy-3-
hydroxy-methyl)phenyl ** = (RS)
1A | (R -(CH,),- bond | -NH-CH,-** CH(OH)phenyl ** = (S)
8A | (B -(CH,),- bond | -NH-CH,-** CH(OH)phenyl ** = (R)
5 9A (RS) -(CH,),-O- bond | -O-(CH,),-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)
11A | (RS) -(CH,), bond | -NH-CH,-** CH(OH)-O-naphth-1-yl
** = (RS)
10 1L Representative multibinding compounds of Formula (I) wherein p is 2, q is

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

OH H /@ —Q~Ar’
N.
15 * w

HO

HO
Table B

Cpd. | Stereo- X Q -Ar
20 # chem. at
*C W




A (1)

--45--

hydr ogen,
hal o,
acyl am no;
hydr oxynet hy

Ar'
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1, Ar' is 4-hydroxy-3-hydroxy-methylphenyl, R' and R* are hydrogen, Ar’ is (4-
hydroxy-3-hydroxymethyl)phenyl, X, W, Q, and A? are as defined in Table C

Representative multibinding compounds of Formula (I) wherein p is 2, q is

below are:

OH
/Q

ZT

W .ArLX

HO OH

Table C

Stereochem. Ar’
at *C

(RS)

Cpd.

1C bond bond

-NH-CH,-** CH(OH)-
** = (RS)
-CH,-NH-CH,-**

CH(OH)- ** = (RS)

trans-1,4-

cyclohexane

2C (RS) -CH,- bond | 1,3-

cyclohexane




WO 01/ 42193 PCT/ US00/ 33057 --46- Wthin the above nore preferred groups,
even nore preferred groups of conpounds are wherein: (a) Xis -0-,

-0-al kyl am@p1/4039% ar yl ene) - NH (substituted al kyl ene) -, PCT/US00/33057

-O (al kyl ene)-O (aryl ene) - (al kyl ene) - O (al kyl ene)- NH (substituted

al kyl ene) - 5 -0 (al kylene)-O (aryl ene)-, or

- (al kyl ene) (cycl oal kyl ene) - NH- (substit ed al kyI ene)-, preferably

-0 (CH2)4-; -CH2-(1,4- cyclohexyl) NH- CH2= CH( OH) -

-0- (1 4- pheny. CHC) NH—CcH2—< un} : 6= (CHZ) G-O(l, A= phc||y= CIIU)'(NIZ) 3-0-
(CH2) 6 NH CH2{ GHE( OHiXRS) -o-(CHZO;Bf)& (bbpd- plh«bn:perenee) - [ CER)3NB-CHH) 5- NH-
CH2-CH(OH)-; or -O{(CH2)6-0-)1, 4- phenyl gne)-; and 1DC§§61§E-&*Q3§§| ent bond;
or (b) Xis ahond; and Qi a substitiuted alkylen i bne or
nmore of the caypon | akons in sadd Juiall tI;J;n@gthahéwl ENH-@HOH P CHSORP! | onal |y
repl aced by ajheteqoatom selfected |[from|the group cpnsisting of -NRn-
(where Ra is hydrogen, alkyl| or adyl) dnd -0-, 15 pr &f&abl y
- NH- CH2- ** CH( OH)-- CH2- * OH) NH, ** CH A TR

- CH2- NH- mz-**]gg( ol q&s‘?%‘% e O‘C?HP ylene_ (&R,

(CHR2) 3- NH-CHZ-**CH G—i)-; -(CH2)3 0-[( CH2)16- NH- CH2- **CH(ICGH)I)- (CHZ)2
NH- CH2- ** CH( 10 (CH2) - *F CH( OH)|- CH2-|NH- CH2- ** CH QHl) - -, .or -
CH2- **CH(C]—{) ? 0d: nore prleferably - NH- CH2-** CH(Q m-l ')n
**CH(CH2OH) -; - (CH2) 3-0- (CHZ)6 NH-CH2 **CH(O—!) or -NH-CHZ **CH(O—!)
CH2- O (wherg, ** H-
* % CH( OH2 IQ/ merﬁ@g&ntagﬁ%ﬁlu&bﬁcﬁ St 1 IEIE%F%Q[H@§EI\)NW£;€%€ (%Ive
preferred, npre' pideiet red-igrdoeyy- bhydmmaﬂhglmhemyl E&maztwchymogql, Qrief erred
group of corrpounds is th t wherein me as Ar' as defined in
preferred el @P?‘X(?TF?ﬁ d%éﬂ?@én Ta]ﬂﬁi% Sn@?wﬁéﬁ'ti cularly preferred
group of corrpounds |s that whereingy(ii) Ar 3 is a phenyl ring of formula

(d): WD 01/42193 PCT/ US00/ 33057 47 -H R7Arf{8 i

Table D
Cpd. | Stereochem. | W AP X
10 # at *C
D | (RS) bond 1,4- (CH)-(p-C,H,,)-NH-CH,-

cyclohexane ** CH(OH)-
** = (RS) stereochem.

V. Representative multibinding compounds of Formula (I) wherein p is 2, q is

15 1, R'and R? are hydrogen, W is -(CH,),-, Ar’ is 1,4-phenylene, -Q-Ar’, is [2-
hydroxy-2-phenyl]ethylamino, X is a bond and Ar' is as defined below are as shown
in Table E below:



(d) wherein: R7 is hydrogen, alkyl, alkenyl, substituted al kyl, hal o,

al koxy, substituted al koxy, hydroxy, am noacyl, or heteroaryl, preferably
hydr ogenwaoet/#mibz propen-2- 5 yl, fluoro, chloro, nethoxypCr/OSMZGEEME,

- OCON( CH3) 2, hydroxy, -CH2CONH2, NHOOOH3, -NHCHO, im dazol- | -yl, or
1-nmet hyl -4-trifluoronethylimdazol -2- yI and R8 is hydrogen, halo, alkoxy,
substituted al koxy, or acylam no, prefe Egbly hydr ogen, fluoro, chloro,

met hoxy, -OCH2CO2Me, - OCON(CH3) 21 - NH 10 -CONH2. (iii) Yet another
particularly preferred group of conpounds is that wherein: Ara is

napht hyl , pyridyl, benzim dazol-1-yl, indolyl, 2-cyanoindolyl, carbazolyl,
4- met hyl i ndanyl , 5 (CHCRCH2O-) - 1, 2, theEEtrahydronaphthyl 1H 2-

oxoi ndol e, 2,3,4
4 15 oxo- 2, 3- di hydpdtthi
preferred, and pgrticul
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3, 4-di hydr oxyphe
2-chl oro-3, 4-di h
2-chl oros3, 5-di h
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gpt hal ene. Wthin the ap$teeoghenf ¢r Setkochor|e
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e et AR
or el or abl y 4. hydl thy- 3 et ERERDT 2. ulBEL S (LK) pndiny1”
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8E 4-amino-3,5-dichlorophenyl ) (R)
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10E 3-formyl-amino-4-hydroxyphenyl | (R) (R)
11E 3-formyl-amino-4-hydroxyphenyl | (S) )]
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13E 3-formyl-amino-4-hydroxyphenyl | (S) (R
VI Miscellanous compounds:
g H\/\/\/\ w
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HO ©
HO
HN
HO

20 HO OH



HN O 5 nost preferably 4-hydroxy-3-(HCONH ) phenyl or

3, 5-di chl oro- 4-am nophenyl; and Ara is: 10 15 WO 01/42193 PCT/ US00/ 33057
--49-- clwaodH2CO2Me (X = H Owve, OH) M OCH2CO2Me OCPRTORMz33047 |
OCH2CO2 OJ Me I\\~ Owve OHCONH2 HN 1 \ CH2CONH2 X (X =H CN) M \\ /
\'1 Il NMNN"NNH CFR3Sd O& XNHAc C / MO/ NH (X=0G CH2) O
.~ 1\ C OHOCON(CH3)2 NH2 OH OH C CIZI|O—|O—|NHOCO\I(CI—I3)2

™ 0

OH

OH
NH OH
N N OH
H

OH
HO
HO
PREFERRED EMBODIMENTS
5 While the broadest definition of this invention is set forth in the Summary

of the Invention, certain compounds of Formula (I) are preferred.

(A) A preferred group is a multibinding compound of Formula (II):

OH |
A R)\/ N-W-AP-X-Q-AP
(I1)

where *C has RS, R, or S stereochemistry;

10  Within this group (A) a more preferred group of compounds is that wherein:

6)) Ar' is aryl, more preferably Ar' is a phenyl ring of formula (c):



OX XOH N-OH. | or OHNHCHO OH Z / OH OH (Y=OH, M, -CONH2 (Z CL or H)

(X=Cl or F) (XCl or F) | -NHCONH2 NHSO2Me WO 01/ 42193 PCT/ US00/ 33057
--50- prafeonnkdiys phenyl or 4-hydroxy- 3-hydroxynet hyl phenpCT/Us@ws057
preferably phenyl. Yet another preferred group of conpounds of Fornula (1)

are: 1. A conpound of the formula: 5 OH"- H\ Are / N** \ 11 HOH 10
wherein: Ar' is selected fromthe group,gonsisting of

4- am no- 3, 5-di chl orophenyl and 3-for wﬁam’ no- 4- hydr oxyphenyl ; and the
stereochem stry at *C and **Cis (RS) and (RS); (R and (R; (S and (S);
(R and (S); or (S) and (R); and phar nmfeut i cally acceptable salts thereof.

15 Wthin this group, a nore preferred und is that wherein Ar' is 4-
am no- 3, 5-di chl orophenyl, and the stgrebchgmstry at *Cis (RS) and the
stereochem stry at **Cis (RS), or the eochem stry at *Cis (R) and the

stereochem stry at **Cis (R), or the stereochemstry at *Cis (S) and the
stereochenmistry at **Cis (S) or the steReochenistry at *Cis (R and the
20 stereochem stry at **Cis (S) or the stereochem stry at *Cis (S) and
the stereochemstry at **Cis (R). ©

C

wherein:
R* is hydrogen, alkyl, halo, or alkoxy, preferably hydrogen, methyl, fluoro,
chloro, or methoxy;
5 R’ is hydrogen, hydroxy, halo, halo, amino, or -NHSO,R? where R® is alkyl,
preferably hydrogen, hydroxy, fluoro, chloro, amino, or -NHSO,CHj;; and
RS 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,;
10 (i)  Ar'is heteroaryl, more preferably Ar' is 2,8-dihydroxyquinolin-5-yl or 3-
bromoisoxazol-5-yl; or
(iii)  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 -NR?- group to Ar?, alkylene, or a substituted
15  alkylene group wherein one or more of the carbon atoms in the alkylene and the
substituted alkylene group is optionally replaced by-O-, preferably a covalent bond,
methylene, ethylene, propylene, -(CH,),-O-(CH,);-,-(CH,),-O-, 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-,
20  and 1,4- positions of the phenyl 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 cyclohexyl 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.



Wthin this group, another nore preferred conpound is that wherein Ar' is
3-fornyl am no- 4- hydr oxyphenyl, and the stereochemstry at *Cis (RS) and
the steravohemiigiry at **C is (RS) or the stereochem strypat/usa/i3ss7’(R) and
the 25 stereochemstry at **Cis (R) or the stereochemstry at *Cis (S
and the stereochemstry at **Cis (S) or the stereochemstry at *Cis (R
and the stereochemstry at **Cis (S)__Qé._t he stereochem stry at *Cis (9S)
and the stereochemstry at **Cis (R. 30 WD 01/42193 PCT/ US00/ 33057
--51- GENERAL SYI\Wﬂ TI C SCHEVE Con%)foun s of this invenfi&%g can bf made by
the methods depi ct'ddiin e gpeve e Areiged giodRs & VUhYRIT BEISTRS SRS ar t i ng

material s ang{RAAENE viRRGn1 N preparing these conpounds are 5 either
avai l abl e from'comrerci al suppliers such as Al drich Chem cal Co.

(M | waukee, () scoXss 1Q-, WSAJKyldactieary Toe)ridH deybstnitéd dkyleng)-,USA) , ’

Enka- Chem e, or  Si t .. Laui M ssoufi SA)..or .are. pr red by nethods
known to tho'?é(a%lkﬁl %géfwlfﬂéu@ﬁ? 1@8]'53\%%{511%’&é’gﬂ}bééwgegjtaﬁf}gﬁ |% .

ref erencgs S.@zgan%aene IR ERY AN o%l-@aﬁ@qér%gé%egﬁlgggegpplvmsqemtﬁte§y nt hesi s,

Vol unmes 1-15 (Johin l'ey and 10 Sons, 1 S Chem stry of Carbon
Conpounds, \akylems-, préerably -OS{ph).enéitt,«l 3-qyelobexylpNHSCOBH{IH Blb] i sher s,
1989), Organic Reactions I -40 n WI nd Sons 991),

Mar ch' s Adva-ﬁ%@d‘ﬁeﬁwﬁ?f@ﬂ@#gﬁ@@%oﬁi&%10'25'(ﬁ%‘d’ﬁ%ﬂg}e)z{%&kﬁf‘ tion),
and Larock’ scgpimyatenstyro9aoleH s ans i ariehyions-CuY L dbhishers 1 nc.,
1989). 15 The széngﬁti ng’ rrg%er i)gl s (gnd %t hz i nt er};rrglcgjk?ét es”of kj‘?hze)5 reaction nay
be i sol at ed CHpr@H(OH); ioe OH(CHIRD« bd-phenyleneg-oandent i onal techni ques,

i ncl udig but not I,im'teaf tg dltration, distillation, crystallization,
chr omat graphy, AR 2 AL BONGPEL naterials may be characterized using
convent i onal(bFreang,i 4 PGiddh@g physical constants and spectral data. 20
Furthernore, it w Iﬁ be appreciated that where typical or preferred process
condi tions (i.e.,Qiecasttstitutddeatiodemt groas wheiciresne axohare oétthesarbdn atemst ant s,
solvents, pressures, e are given, . er pro gss conditi onlseeéan al so be

c,.) ot
used unl ess SRR bW e Sk lsde B P TelE SRS N RA{SARORE 6%y wi t h
the particul @y, the group consisting of -NR?- (where R® is hydrogen, alkyl, or acyl) and -O-,

15  preferably -NH-CH,-**CH(OH)-; -NH-CH,-**CH(OH)-CH,-O-; -NH-
**CH(CH,OH)-; -CH,-NH-CH,-**CH(OH)-; -C(CH,),-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)-; or -NH-
CH,-**CH(OH)-CH,-O-; more preferably -NH-CH,-**CH(OH)-; -NH-

20  **CH(CH,OH)-; -(CH,),-O-(CH,),-NH-CH,-**CH(OH)-; or -NH-CH,-**CH(OH)-
CH,-O- (where ** is RS, R or S stereochemistry), most preferably -NH-
**CH(CH,OH)- where ** is RS, R or S stereochemistry;

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

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



reactants or solvent used, but such conditions can be determ ned by one
skilled in 25 the art by routine optim zation procedures. Additionally, as
will be apparenp3to those skilled in the art, conventi onabPCT/ps@iiei7 ng
groups may be necessary to prevent certain functional groups from
under goi ng undesired reactions. The choice of a suitable protecting group
for a particular functional group as wgfl as suitable conditions for
protection and 30 deprotection are well known in the art. For exanple,
nuner ous protecting groups, WO 01/42193 PCT/ US00/ 33057 --52- and their

i ntroduction and renoval, are descriB d in T. W Geene and G M Wits,
Protecting Groups in Crganlc Synt hesi ivbnd Edition, WI ey, hbm/Ybrk
1991, and references cited therein. Ehe e schenmes are nerely illustrative
of sonme nethods by which the 5 conp of this invention can be

synt hesi zed, and various nodificati s to these schenes can be nmade and
w Il be suggested to one skilled in the art having referred to this

di scl osure. Preparation of a nultibindi ngconpound of Fornula (1) 10 In
general, a multibinding compound of Formula (1) where pis 2 and q is 1
can be prepared as illustrated and desddibed in Schemes A-D bel ow. A

mul ti bi ndi n congpund of Fornmula (1) where pis 2 and qis 1 can be
prepared by ently attaching the ligands, L, wherein at |east one of

the ligand is sql’gehpdrobé @S, Camgau@&iosafutécpamyﬂ Ralb2llk @, Sefstifesll i n the

Summary of the 15 Invention, to a linker, X, as shown in Schene A bel ow.
Scheme A  Meikwo, fiydrogy. amdnoacycor heteraaryl, preferablyshyidoeepbinethgl prafen2-FG2 X

- F&PG - 5L, yl, >%luoro ehidro [met 8{y@8bﬁt 8!) l&l | )OC(SJIQIEEIQt)z, %ydroxy PGy LCONH,, -
NHCOCH,, -NHCHO, imidazol-1-yl, or 1-methyl-4-trifluoromethylimidazol-2-yl;
and |

R® is hydrogen, halo, alkoxy, substituted alkoxy, or acylamino, preferably
hydrogen, fluoro, chloro, methoxy, -OCH,CO,Me, -OCON(CH,),, -NHCHO, or

10 -CONH,.
(iii)  Yet another particularly preferred group of compounds is that wherein:

AP is naphthyl, pyridyl, benzimidazol-1-yl, indolyl, 2-cyanoindolyl,
carbazolyl, 4-methylindanyl, 5-(CH,CO,CH,0-)-1,2,3,4-tetrahydronaphthyl, 1H-2-
oxoindole, 2,3,4-trihydrothianaphthalene, 4-hydroxy-2-benzothiazolinone, or 4-

15  oxo0-2,3-dihydrothianapthalene.

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,

20  3,5-dihydroxyphenyl, 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-



L1 X -F& + L2 L1 X L2 20 In method (a), a nultibinding conpound of
Formula (1) where pis 2 and gis 1 is prepared in one step, by covalently
attachi ngvohe4dibyands, L, to a linker, X, where FG and PCRUs@m3ezent a
functional group such as hal o, am no, hydroxy, thio, aldehyde, ketone,

car boxy, carboxy derivatives such as acid halide, ester, W 01/42193

PCT/ US00/ 33057 --53- amdo, and the like. This nmethod is preferred for
prepari ng conpounds of Forrmula (1) where the ligands are the sanme. In

met hod (b), unds. of . For nu I re d,.i,n a stepw se nmanner
by coval ent |(f??g%‘f’msﬂﬁﬂ%é"%ﬁ?%#'Zﬁf{z%?ﬁ;f )I’!%S‘é’ﬁg:g ’gi_qlc,hl%of 1 aligand X 5
wher e wher e J&fhopedylFG2 represent a functional group as defined above, and
F&RPG is a protected functional group to give an intermediate of fornula
(I'l). Deprotection of the se [ n the ligand, followed
by reaction wth a ligand L2 S amg ifferent than |igand
L,, then provides a conmpoyg rmuPa (| b pt hod is suitable for
prepari ng conpounds of 10 For, Ia|(|) whdte the Tigands are the
non-identical. The ligands are Cuoyalently attached to the |inker using
conventional chem cal techniquesgroviding for coval ent |inkage of the

| i dto the li React,i hemi stri | L j | i
wel | known. IHRIEHBNGHDYRE ST hOBIV I RS Ao etmr SRAON et F el
groups on thgcHhbBkrimanghédygapd as 15 shown in Table | below. Table

Representati ve Conpl enentary Binding Chem stries First Reactive G oup

”ge am de 20 sul fonyl halide
e

Second Reactive G oup Linkage carboxyl =&
am ne sul fonam de hydroxyl aIkyI/aryI“ﬂil et her hydroxyl isocyanate
é e al kyl/aryl halide al kyl am ne

urethane am ne epoxide (3-hydroXxygjp¥
25 am ne isocyanate urea

HN

0]
5  most preferably 4-hydroxy-3-(HCONH-)pheny! or 3,5-dichloro-4-aminophenyl;

and

Ar is:

10

15



hydr oxyl carboxyl ester am ne al dehyde am ne Reaction between a
carboxylic acid of either the linker or the ligand and a primary or
secondar wani/#ma9»f the ligand or the linker in the preseneerT/mlomasizabl e,

30 wel |l -known activating agents such as di cycl ohexyl carbodiim de, results
in formation of an am de bond covalently linking the ligand to the |inker;
reaction between an am ne group of eithgr the linker or the ligand and a
sul fonyl halide of WD 01/42193 PCT/ US00/33057 --54- the ligand or the
linker, in the presence of a base such as triethylamne, pyridine, an the
i ke results in formation of ja sul fonam de bond coval ently |inking the

ligand to the |ixker; and r¢action b en an aleghol or /,enol group of
either the | iﬂ%ﬁjﬁ; the nd and—an |ia| kyl or I hal_i..dej of the Iigand
or the linker 'i ix presencgsof a 5 Dase suchasri et hyl Som,cByik 1 di ne,

and the like, results in formation of an et her \sbond coval ently [inking the
| igand to the @ﬁﬁﬁéﬁ@QRHﬁultl%inding conpound of Forrmula (1) where pis 2 ¢

is 1, the second. | bg3shArads the safBcas. A7~ XJis a bond, and Qis
2- hydr oxyet hyl 1 o group, 10 il te |1 gands aré/”inked., the Are
group can be pr g, dLem an & gt yoxal derivatNvye of ’f_ | as shown

in Schene B below. Scheme BI1AO 0 O 2 Arm SOH + HaMe W Ar z- NHZ
ArmN-WAr2--N Ara OH 2 3 reduction Fi OH Ar~ ~ NWArz-HN -~Ar3 (1)

(Arl = Ara) Condegnsaf,ion of an acetophenoneg gderivative of formula 1 with a
di am ne of forﬁuE?EE:in an et al sol utiorfsfch as, t&tHahydr of ur an

provi des an imn &ngor“ "aJ3 educt i, the | QAEQHa sui tabl e
reduci ng agent such as di borané provides onpound of For il & (.
Suitable reaction solvents are M
(X=H; CN)
S e '”T(\ \ P
R | N P -:_\" | . =
Me N i
% SENINS.
CFjy

Cl

OMe P
s ' ’
. C[ j S N Y e |
= ! o
: v 4 X 1 I 7 AN
3 Ved NHAc
(X =0; CH,)
f ) 1
~ OH ! ~ OCON(CH3),
1 ' '
OH l OH ;

NH OCON(CH3),
0 . f
< . : X ~ OH
: \: Y ~! cl \: OH '
] ) ' or
OH Oi '
NHCHO oH z OH OH
[Y = OH, Me, -CONH2’ (Z=ClorH) (X=ClorF) (X=ClorF)
-NHCONH,
V Z |
VI



tetrahydrofuran, and the |like. Conpound | where Ar' is phenyl is prepared
by heating acetophenone in 48% hydrobrom c acid in dinethyl sul foxide.
Conmpoundsvohi/4xssrul a 1 can be prepared by nethods wel | knpe@mvusev/ishs art .
20 For exanpl e, a, a-di hydroxy- 4-hydroxy- 3-nmet hoxycarbonyl acet ophenone can
be prepared by heating 5-acetylsalicylic acid nethyl ester in 48%

hydr obrom ¢ acid. WO 01/42193 PCT/USOOL%@QS? --55- Alternatively, a

mul ti bi ndi ng conpound of Formula (1) whére pis 2, qis 1, the second

ligand Ara is the sa s A . X IS, a hond n is 2- dr oxyet hyl am no
or oup. and (HEFRbaRTe e iy TAREN s hEPR T Ba redb bl MR ar oo
froman aryl epoxygngihe pefiia odsorhaipouds SugBIGgkow 5 Schere C O
OHHOH Ari-v + ZNNWAr2-NH2 Ari 1 NWAr2-HN~Ar3 472 (1)) (Arl = Ara) A
conpound of Formul.a (14 cempowsl ¢frthpforanilayy reacting an epoxide of fornula
4 with a diamne of fornmula 2. Epoxides 4 are either comrercially

avai l abl e or they can be prepared by the nethods described in Kierstead,
RW et.510 al. J. Med. G 26, 1561-1569, (1983) or Hett, R et. al.
Tet. Lett.35, 9345-9348 ([1994)H Anot her nethod of preparing a multibinding
conpound of Forrmula (I) N S 2O 1, the secgAtNligand Ara is the
same as Ar', Xis a bémtd, and Qis 15 gdr oxyet hyl & group, and the

| i gands are |inked through the A? group._ca#s &g Om an

acet ophenone derivative of fornula 5 as ShownN'n Sghene™D bel ow. Schene D
WD 01/ 42193 PCT/ US00/ 33057 --56- '' OBr2 "' HOOdHI Il Br NaN3 Ar ~
reduction OH ~1 NH2 | N3 Ar

10  wherein:

Ar' is selected from the group consisting of 4-amino-3,5-dichlorophenyl and
3-formylamino-4-hydroxyphenyl; and the stereochemistry at *C and **C is (RS)
and (RS); (R) and (R); (S) and (S); (R) and (S); or (S) and (R);

and pharmaceutically acceptable salts thereof.

15 Within this group, a more preferred compound is that wherein Ar' is 4-
amino-3,5-dichlorophenyl, and the stereochemistry at *C is (RS) and the
stereochemistry at **C is (RS), or the stereochemistry at *C is (R) and the
stereochemistry at **C is (R), or the stereochemistry at *C is (S) and the
stereochemistry at **C is (S) or the stereochemistry at *C is (R) and the

20  stereochemistry at **C is (S) or the stereochemistry at *C is (S) and the
stereochemistry at **C is (R).

Within this group, another more preferred compound is that wherein
Ar' is 3-formylamino-4-hydroxyphenyl, and the stereochemistry at *C is (RS) and
the stereochemistry at **C is (RS) or the stereochemistry at *C is (R) and the

25  stereochemistry at **C is (R) or the stereochemistry at *C is (S) and the
stereochemistry at **C is (S) or the stereochemistry at *C is (R) and the
stereochemistry at **C is (S) or the stereochemistry at *C is (S) and the
stereochemistry at **C is (R).

30



Arbm CHCI3 56 78 OHOH + OHC-WAre-CHO Are , NWArz-NOCHr3 A 9 10
,OHHOHM -L NWArz-HN~Ar3 (1) (Arl = Ara) Brom nation of an

acet ophevomel/eaps vati ve of fornmula 5 with bromine in a heCDgsoet3ext or gani c
sol vent such as chl orof orm provi des an a- bronpbacet ophenone derivative of
formula 6. Treatnment of 6 with sodium azide foll owed by reduction of 5 the
resulting azide 7 with a suitable reducikpg agent such as lithium alum num
hydri de provi des et hanol am ne derivative of forrmula 8. Condensation of two

equi valents of 8 with a di fodh@ila 9 provides an imne
of formula 10 which is coﬁ@gfﬁﬁgg%gﬁgpggﬁgggﬁgiuﬁﬁggrnula (I') as described
in Schene A aboveempdureor fifs inveithdtafbe RiAP &Y ithomethdus défitedinge conpound
of Formula (I) where pis 2, qis 1, Ar' and Ara are different, Xis a

bond, and Q tesctipn shijemesopewhypelom-no group, and the |igands are |inked

t hrough the Arz ou an be .prepared as shown in. Schenme E bel pw. 15

Schers £ W0 01/ 42153 e iR gRT sEen B3 SR tep P Colppaind the

PGz PGLN- Ar - VWitHdP4#hilab IR EdR e dinMie Al shppliefy sach @HAldich 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 1-5 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

25  the art by routine optimization procedures.

Additionally, as will be apparent to those skilled in the art, conventional
protecting 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,



1 11 OH PG OH reduction -- N~ PQRPGL N-WArz-NPGL ~Ar3 PG HN- W Are- Ar 3
1314 0i ALl)-Br IOHPG PGL OHOHHOH 6 - Ar% NWAre-N-Ar3

Ar % ~N- Wwoet/Miv3 - - Ar3 i1 reduction 15 (1) Condensation pEéT/@sdvanime of
formula 11 (where PG and P& are suitagge am no protecting groups which
can be selectively removed) with a glyoxal of fornmula 2 followed by

reduction of the resulting imne of fornul, 2 With_ a suitahle educi ng
agent such #8ddhginngiedustionand semayalars é%?&{lg‘ifﬁmﬂ\&eﬁ{@n% GQ‘ﬁgaM' é{/ uts,

t et r ahydr of i ; : @ Qe rmula 11
can be pr epg?'g% c@?%&ﬁ%&? d&gg@??g%ggﬁsng? %déllgr}}gdltﬁl.’ \gg%tl on{?g%f’ (l:%%iound 15
wi th an al phadbeforenaesadiephisteine conpound of forrmula 6 foll owed by

reduction of the keto group provides, a conpound of fo la. 16. The
reaction is carri éBesSeEheiprdatre BGHAN ﬁ*%ﬁ@‘W%ISOWﬁ%h?‘{%%H&IQ? gl.e 10

Depr ot ek 01 ffpob s Athiddnfingbff G4l 00 BliRUAed, AR VRGN IS AT ROHRLE Of
Formula “(1). e deprotection reacti’on conditrlons cfependl on the nature of
t he prot ect isoBeméy catbe nfale agd avifhbe sugdesteth @ pricadkéltdd inghgarohgpvingrelfferedy| , it
is renoved under catalytic hydrogenation reaction conditions. 15 Any
conpound whiteship disglox®?. adrenergi ¢ receptor agonist can be used as a
ligand in this invention. Typically, a conpound selected for use as a
ligand will have at |east one functional group, such as an am no,
hydroxyl, thiol or caPkgpation@faumltbiadibfeompéend sfficeimuid (lows t he conmpound
to be readily coupled to the |inker. Conpounds having such functionality
are eitH8r known Ingepgral, armukiibinding epanneuag aF Eernyin Giw&zmwﬁ@ndwed/ 33057
--58- by routj i £ i f Si nvent i onal
reagents an;&tahgggg%gteﬂeagaﬁﬁs?ﬂ%ﬁgragh?g%gﬁgg@ﬁ(g% g%l%tgq%ll ‘erent positions on
the |igand nol ecud endldbindigpicempoaid éfdtomulaql) whdrabiioPandt is head bgand

domai ns, and thereby facilitate

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

15 Invention, to a linker, X, as shown in Scheme A below.

Scheme A
Method (a)
_F¢G'
2L + FG—X—F@ L— XL
Method (b)
FG'
L7 T . FG*—X—FG’PG Ly X —FG2PG
[intermediate]
(I1)
deprotect : FG'
P L—X —Fc? + 2 L—X—Lp

20
In method (a), a multibinding compound of Formula (I) where p is 2 and q is
1 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,



5 multival ency. Wiile a nunber of positions on P-adrenergic-nodul ating
| igands are synthetically practical for linking, it is preferred to
preserve wos®1bs gand substructures which are nost i nporPa@MIS60R3057
| i gand-receptor binding. At present, th aryl group and the sidechain
nitrogen are preferred points of attachnent. It will be apparent to one

skilled in the art that the . abovye chenl.stries are.not 10 |inmted o
preparing bidgafemnd by ke Hus Wﬁ&é’eﬁﬂﬁ dé?rlﬁﬁi’ar‘?ﬁ‘lgéﬁomp?ugfoor}]f&ﬁnﬁ% used
to prepare tfi.: ras h |t i bi ndi ng conpounds of Formula (1). The
l'inker is at(pavgheé%lﬁ{ec%ﬁgtaﬂ%se%r?éaensg]ﬁgt a position that retains |igand domai n-

| i gand bi ndi ng silhendthddabpahé compoaids pEEsrhiuda(l) yrewinépmredperarstdpsvisehe | i gand
domain of the ligand to orient itself,tage biEd to tge l.i gand Bi ndi ng site.
Such positi GRAANSHBY qovalspy BEaGhang ens Gakbiasent gt 2 liganda e Yithet bgand Xnown in the
art. Thegter i 2 L that, i i der to be part
of the I|5gan .elrél'%ﬁeeﬁg?%@g?g}rireﬁzlggaétﬁrtglrﬁ&?:ﬁlm |gé¢11ﬁ)t%ce&epﬁgd;%6 ’oﬁrrgll ns are

di spl ayed deéiG*P6sis afprateetedBinpasral grduprto gdierin interrpatiate of fifrmatad @hment of t he
ligands to the linker, and on _the franmework georretr)f det erm nati on of

T
wher e acceptl2preeatinpfithe secondiumgionad grup prdhe Bgand, 9 'Q&’ﬁg%%eacciﬁﬁpcal ly
based on pri g C - aedel i d tri | NS R) of the
T gand andr oAt SEHECIRREh sl iallcR At den BB L WRThRideSt
| i gand- r ecepbaipoandpf Bxetild @). JThis Ketlry i€ syigibid fob prepptinyg coffidundndf t he | i ke).
Such positions and the synthetic nethods for coval ent attachnent are well
known i h0 t Hermpla (Drshgrgiticdigands e Hissipn-identiqdk sel ected | i nker (or
attachnent to a sjanifi ti f N le 2-10
atoms of the 11 it eepfaR s Rl ARy Wil tShe coflenfSRID. 2ot e
for retenti Qhe@icabthnbtas provilling foedovuRnt lidgayf the Tizend iodse tinkethen
covalently attached to nultiple copies of the |igands, provides a
bi oconpat i biReackerbeheatistrias togulting in mw@bwwwﬂ? kepwindge eB@pdund. The
bi ol ogi cal act i,vi f th | .1i.bi ndi i S 01 ghl W Ltive to the
30 val ency, lﬁ‘éoc%\ﬁ%{h\ré;}l?e 8%%%1 g? T%[g%ryr}g%léz}gmgﬁé%gﬁ %91 ‘:h? gllglé?r%n%ﬁéilﬁgﬁf% etc. of
the linker aRewnimTablylBelogn the overall structure of the multi binding
conmpound, as well as the presence or absence of anionic or cationic
charge, the relative hydrophobicity/hydbléghilicity WO 01/42193

PCT/ US00/ 33057 --59- of the l.inker, ,and the,l ik t. i nker .
Accordingly, the |link ERTESEs ah : Ietntary Bindil &Q‘Jnlaﬁeé t he bi ol ogi cal
activity of gjReRreadtivelgirbegh ng co SR eabki@e Gir r malinkhe chosen to enhance
t he biol ogical activity of the nolecule. In general, the Iinker

carboxy amine amide
20 sulfonyl halide amine sulfonamide
hydroxyl alkyl/aryl halide ether
hydroxyl isocyanate urethane
amine epoxide f-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
formation of an amide bond covalently linking the ligand to the linker; reaction

between an amine group of either the linker or the ligand and a sulfonyl halide of



may be chosen from any organic nol ecul e construct that orients two or nore
51ligands to their ligand binding sites to permt nultivalency. In this
regard, tweorkiiteker can be considered as a "framework"” onp@hiustn/3he | i gands
are arranged in order to bring about thg_desired | i gand-orienting result,
and thus produce a multibinding conpou For exanple, different
orientations can be achieved by including in the 210 framework groups

cont ai ni ng rfbﬁbgar@rorrsm Vekee, lpéhegﬁréif‘fﬁée Of%Eﬁ‘sﬁd}lﬁgaséﬂﬂhyli‘ﬁml%rPY“HE‘Fe*?‘fbar yl
t |
Bonds. ( af ken? HE& oy aG ARG s AAeGRERE ol EnGROBPIEAL RO P can

al so includge nhkegomr@aamd b@ﬁi«eseﬁenelomhblcdr pfhéﬂoltgli'(&(]ﬁdif&ﬁlthemhe $inkeri aght - chai n
species. In preferred enbodi nment s, idity is inparted by the presence of

cyclic grouﬁbe(@H@imdﬁﬁa§ﬂ9pfmwebeﬁﬁ hehev@reﬁwuwarﬁebepeeyerr%a etc.).
o D1 " E PSS oS TRARUABOS mudife, oht 0% 2, Sebel i ork Bl BAlERRL! 09 11

still fu?t rc ring such as,

for exanpl e,boplesyilefly INa e ligakd fof the ﬁﬁkerhydr Ophobl c/ hydr ophilic
characteristics of the linker as well as the presence or absence of

charged noieties can readily be controlled by the skilled 20 artisan. For

XA e Lo oy AR BB Bl RSB BRY B 23 BEYpRADY ene

subst anti al I1jpafB e’ RYEY QY dsi Ar' IV iy PIrRIC hDQLiH B-hglkoxl ehglagiigdigrovpt h a
pol y(oxyal kyl ene) group such as found ug the commercially avail able

" Jef f amilBes"andphg Kigandp areflinkad opnah thaArberode seypreprepaed oy anearpt ef er r ed

orientations and h fra BIRY be represented by
usi ng an ar rg%// ng&aﬁvi 8f% vr%nasbi1 )m\%ﬁ%%)r%%(n each dot may potentially
be an atom such as C, 0, N, S P, KchdmeBl, Br, and F or the dot may
alternatively indicate the absence of an atomat that position. To

facilitate the understanding of the franmework structure, the franmework is
illustrated as agtwo dimensional array in the follow ng diagramp 30

al t hough cl egr) y it heof ramework is a three dimens N@WL@&_N agtice: WO
01/ 42193 PCTFUSO0/ 3057 -HayoW- A’?—tj”zS —4— A )})\; \/ﬂi\g
OH

1 2 3

reduction

OH OH
AA/LV/N—W-AF—HN\/)\AQ
M
(Ar' = Ard)

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
15 formula 3. Reduction of the imine with a suitable reducing agent such as diborane
provides a compound of Formula (I). Suitable reaction solvents are
tetrahydrofuran, 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.
20  For example, o,a-dihydroxy— 4—hydroxy-3-methoxycarbonylacetophenone can be

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



..... 32~ ..... ..... 001234567 8 Each dot is either an atom
chosen from carbon, hydrogen, oxygen, nitrogen, sulfur, phosphorus, or
hal ogen, voo ot/iE93lot represents a point in space (i.e., anpChbsevsses7of an
aton). As is apparent to the skilled artisan, only certain atons on the 5
grid have the ability to act as an at t aefment point for the Iigands,
nanely, C, 0, N, S and P. Atons can be connected to _each other via bonds

(single, doubl e Of?tthrﬂiltp‘{eé’ agpwEsindingrcopenpd abl amudasdhaher pisd: A aub-oneri c
el art e SEBhA Jiktnd RE (4B m BOAE S NihndlagBREM 22 DoNCI NG, L gands
ou

may be attac ramework vi a 05|n eor triple bonds
(Wi th chem cgldryxyeeyRpiiadkeou E@aﬁ@ﬂﬁ@ﬂﬂgﬁncﬁfaﬁ: hgedniamoagh tHeok frgjoupMah bé pl e
ligand groups (2 to 10) can be attached to the framework such that the
mi ni mal , shopregased ﬁamwnmrﬁte@né@e@éfmﬁaﬁ sheatinScheme Cedps does not
exceed 3500 atons. Preferably, the Iinker connections to the ligand is
sel ected~such that the nmaxi num spatial distance between two adj acent
ligands is no nore than 100A. 15 An exhémeée of a |inker as presented by the
grid is shown below for a biphenyl construct. WO 01/42193 PCT/ US00/ 33057
--61-- 8HHH 2HHHCI 012345678910 Nodes (1, 2), {3%’0)’

a

(4,4), (52, D (94), (1 (102 Hiono), (7.0
represent caf\ toms H%%K%QOR%’) representAr g{"/ r2a't Ard ot her

nodes (or dots) are points in space (i.e., represent an absence of atons).
5 Nodes (1,2) and (9,4) are atd achnent points. Hydrogen &)ons are affixed

to nodes (2,4), (4,4), (4,0), (2,0), (7,4, (10,2) a(ﬁg'iZPP)' Nodes (5, 2)
and (6,2) are

A compound of Formula (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.

10  al. J Med. Chem. 26, 1561-1569, (1983) or Hett, R. et. al. Tet. Lett.35, 9345-9348
(1994).

Another method of preparing a multibinding compound of Formula (I)
where p is 2, q is 1, the second ligand Ar® is the same as Ar', X is a bond, and Qis
15  2-hydroxyethylamino group, and the ligands are linked through the A group can
be prepared from an acetophenone derivative of formula 5 as shown in Scheme D

below.

Scheme D



connected by a single bond. The carbon atons present are connected by
either a single or double bonds, taking into consideration the principle
of resonameel/aned or tautonerism 10 The intersection of theTAseEBMET K
(l'inker) and the ligand group, and inde g, the framework (linker) itself
can have many different bondi ng patterﬁgf'Exanples of acceptabl e patterns
of three contiguous atom arrangenents are shown in the follow ng diagram
WD 01/ 42193 PCT/ US00/ 33057 --62- CCC NCC OCC SCC P C C CCN NCN OCN SCN

PCN CCO NCO SCO PCO NCS OCS SCS P CoS CCP NCP OCP S PCP CNC
NNC ONC SNC PNGj N CN@zNNO SS PINbN;, I?\, NMEU(SO:O\IP $ PNRPNP  COC
NOC OOC SCC # 0 *soo-PPoDO” NZ7 0=
TO-S7 0 S CSC NSC 1s CSN NSN OSC SSC PSC 7CSO NSO OSN SSN PSN  CSP NSP

OSSO Ss'sO OSP BSP Isp CPC PETP CPN NPN OPC'SPC PPC CPO NPO OPN SPN PPN
CPS NPS OPO SPO Ppp CPP NPP OPS SPS pig

OH OH

+ OHG-W-A-CHO AN WAP—N 3 ——
9

10

Aﬂ/L\/,NAN—AF——HN\/)\Ap
0
(Ar1 = Ar3)

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 two
equivalents of 8 with a dialdehyde compound of formula 9 provides an imine of
formula 10 which is converted to a compound of Formula (I) as described in
Scheme A above.

10

Another method of preparing a multibinding compound of Formula (I)
where p is 2, q is 1, Ar' and Ar are different, X is a bond, and Q is 2-
hydroxyethylamino group, and the ligands are linked through the A¥ group can be
prepared as shown in Scheme E below.

15 Scheme E



OPP SPP ppp One skilled in the art would be able to identify bonding
patterns that would produce multival ent conpounds. Methods for producing
t hese bomwdd ng42193 r angenents are descri bed in March, "AdvaPrCEUS@3IFO3T C
Chem stry", 4th Edition, WIey-IntersciLence, New York, New York (1992).
These arrangenents are 5 described in ’t'h.Z"gri d of dots shown in the schene
above. Al of the possible arrangenents for the five nost preferred atons
are shown. Each atom has a variety of acceptable oxidation states. The
bondi ng arrangenents underlined are | ess acceptable and are_not preferred.
Exanpl es of ngleculan structures in which the_above bon i&,\j%uerns coul d
10 be enpl oyed as corrﬁopr%ﬁ?é"—oﬁéf\ﬁéwa%ker ar EG%WWE%QI o g A\D 01/ 42193
PCT/ US00/ 33057 -¥3- HNCO~C- ONNONO- N"G-1£CCO0 ONKN

O~-NCNCClpc- 0 10~Y91-5-- ~CSS 111S.'S N1 10'N
-'csCcC CoOOpO 11 112 '~ Cl1ION Ois, -C --CSC_1-10~-N- OOCO
o~ -- ,N N.S~N~gyp. .O-\ \ ~NCC ‘J_]SONNNSsS C o o~ C-S~
NC-O~ NN ) r&uction 0 1o
PG2PG1N—W—Ar2-—NPG1\)\Ar3 PGHN-W-Ar? —N\)\Ars
13 14
0
iAﬂ)J\/Br OH PG, PG, OH OH OH
8 Arl N-W-Ar’—N AP ArQ\/N—W-ArZ—NH Ar
i reduction 15 (m

Condensation of a diamine of formula 11 (where PG, and PG, are suitable
amino protecting groups which can be selectively removed) with a glyoxal of
formula 2 followed by reduction of the resulting imine of formula 12 with a suitable
reducing agent such as diborane in a suitable reaction solvents such as

5  tetrahydrofuran provides a compound. of formula 13. Compounds of formula 11
can be prepared by methods described in figure 14.

Reaction of compound 15 with an alpha bromoacetophenone compound of
formula 6 followed by reduction of the keto group provides a compound of formula
16. The reaction is carried out under conditions well known in the art.

10  Deprotection of the amino protecting group then provides a compound of Formula
(D). The deprotection reaction conditions depend on the nature of the protecting
group. For example, if the protecting group is benzyl, it is removed under catalytic

hydrogenation reaction conditions.

15 Any compound which is a 2 adrenergic receptor agonist can be used as a
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



OO0OONN NNCP'C "NP~C- ""OP~~C- NOON N T h 20 e
identification of an appropriate framework geonetry and size for |igand
domain wesssmiati on are inportant steps in the construct POVUSHN/ZE057

mul ti bi ndi ng conmpound wi th enhanced acé%w ty. Systematic spatial searching
strategies can be used to aid in the Tdentification of preferred
framewor ks through an jterative process gure 3 iJlustrates usef ul
strategy forbydererainadifigatian e Wﬁlcompﬁﬁ’%‘%ﬂsl@gcﬂo%?‘&&?n@geﬁ%q ion for

| i gand domai ns ce %IOUS ot her strategies are known to those skilled in the
art of nol ecp? |51 €sign and can be used for preparing conpounds of this

i nvention. As shawdkdrfcdr gateched Widifiérant positions sn dtedigadd sialédude tocent r al
core structures such as a phenyl structure (Panel A) and. a cyclohexane

structure (Rghieve giffesent Oﬁénta%@is\ﬁiﬁhee]éganég’ﬁ‘éﬁlst e t@?f&l%Y FR5iBRCt he |i gand
domai n fgom &%vgl%{lﬁ'a%"fg L UlLSbld (%tﬁjosmtonfﬂﬁ ?Qﬂh efglc hﬂ)s uﬁhhgv\g.‘ﬂﬁg A1 ety).

It is to”be note core structures O e S re can be

used for detghiRefiédly priicalPlot MAking rlamqjmkeditcsmhayve\/\@oml,ighaal93
PCT/ US00/ 330 sg --64- orientation of the |igands. The process na reqw re

the use of rﬁub%trlwllée%wbicb§f60110$th@130%[ﬁ1§01b1&@@?1ﬁ1306€&1@%’t‘fiﬁjcf‘ﬁmrése@ the
Coml Nt 0N bl LGSR aPoe LA RS S GG descr | bed

process can $HE et ners conpound “of hi gher

val ency (Fi gures [3wall¥e 4ppardnt ASGyskiltdd igalidarothat the abowd chiethisttiecarepounds  of
a collection generated as  described above will lead to a subset of
conmpound® wilimitede niensring divalanh maditbindiag compoungds of Fgrmulp g ap¢ gan be

Selectivi ty’lgg%f ﬁrewﬁgr pe?rays% rgultﬁa g§n ?(ﬁ)ahn&lsséﬂ%rﬁlula hni que such as

Ensenbl e Mol v €8 Vi provi nework ~orientation that

favors the properticmkdesiatacheddo Wedezadil ved poditiortthat retalitgrlizahd déMain-
comercially avail able (see, e.g., Available Chemcal Directory (ACD)).
Many of t hdigangdbinding mtlntaraén@mamchme@ﬁfcalﬂy whichipgrmits Beligordhdomsainod) | i nt o

this cat egor%? hgﬁu}f 9 é)§lg Bsgg" & B Ito Y¥he 1¥gna;[ng%§ndz ﬁgds&y Jieh ngﬁoﬂe&lnd known in

the art and/
15  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
the framework geometry. The determination of where acceptable substitutions can

20  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
the art. Following attachment to the selected linker (or attachment to a significant

25  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.
The biological activity of the multibinding compound is highly sensitive to the

30 valency, geometry, composition, size, flexibility or rigidity, etc. of the linker and, in
turn, on the overall structure of the multibinding compound, as well as the presence

or absence of anionic or cationic charge, the relative hydrophobicity/hydrophilicity



bel ow. Having selected a preferred framework geonetry, the physical
properties of 15 the |inker can be optim zed by varying the chem cal
conposi t ivemot/kaprof . The conposition of the |inker can bePCTas0E3057N

nuner ous ways to achieve the desired physical properties for the

mul ti bi ndi ng compound. It can theref ore”¥e seen that there is a pl et hora of
possibilities for the conposition of a linker. Exanples of |inkers include
al i phati ¢ noiféhg kiker.znd tha lile omihe kipken jAssordingly.dhe inkeras Reefeaadly shosendes,

and the |ike, Specifi,c .6x I ; t] . ] de r bons,
aromatic gr 38 &&’%{Zﬁ é}?estfloﬁ%g%flg%,t le?7¥:tgt() ?gir%i Aélqgr&ng%g%%%%%goﬁ%%ﬁmgr@

conbi nat i on geh@b&aito eRaIP liRSbidlogical actinith ef te,mdleduld. t Insdeaeral] theelinkeder st ood
t hat various changes nay be nade and equival ents nay be substituted
Wi t hout depanay bgyclfosermdreineny ogganiomolesile conymgt RalRiensy tWorl Mef§ent i on. For

naort ot o an oy PR AEEASED O TR RAep A AR B8 b0, O

insertio 0 or exanple, to

change the 9@ikébkdn Beyconbidélee asra ! frhmbwelikn @nGaHiFOMS tighinds an@beangetiad s,

l'i pids, blologlcal_fIU|ds, etc:),’hydrophqbicity, hydrophilicity, |inker
f1 exi bi | i ty,orderrtebijaarboutyhe dasied ligang-onanting Fesult; qad thesgprodycgidpl e, t he

i ntroduction_of.,one or nore.30 poly(ethylene glycol) (PEG groups onto or
into the IiHR@ngﬁH§ﬁ§@¥x?H% hydrophilicity and water solubility of the

mul ti bi ndi ng conpryRfampleCAiEREs oléttdtiondhie Belhdicvor by hicladifg iihecul ar si ze
and, depending on the nature of the WD 01/42193 PCT/ US00/ 33057 _--65-

unPEGy| dPed framdseark graups icortpisingemoe: drpobicyeicasoens inshidingryl mdlether PEG
T e e PP, PR R LR o NG - PhLh ! o o

the |inker. e wat er

sol ubi I'i ty/ hyeshae piikdnly £ latkén@lend, RBcynl Nk tbne 2k i Ogiky grobpecdnesisd ting
mul ti bi ndi ng conpounds are useful In 5 practicing this invention. Thus, it
is within thecludoplgafers hred prlpmerstwhiely ansthransheds o seaighinetiain gegiegr Bups such

as, for exanpl mal | ..repeat.i. ni ts of,ethyl ene gl : | cohol
pol yol s (é.SB?§8F§8%¢PWFw8%y8éQgV¥ #%%5§9P§?5¥x§%?8 %%§§g§?“¥léﬁﬁginz nono-
, ol i gogacchayl dasroall Coybloak!, BREYOFLES et). dn otieipldferfitgmddigentsithe of

c

glutamc acid, acrylicacid, etc.), amnes (e.g., tetraethyl enepentam ne),
and the |i kejng is asithentee membehengvalnestilisfyrthesi nrefesred prabedimentss heringiiei ty of

the nul ti binding conpounds of .this -inyention. .In preferred enbodi nents,
the ancill ard? aég@ﬁ%cngg%ﬂlcﬁ@s’i P PP sy L of Raphtfly!
Different hydrophobic/hydrophilic characteristics of the linker as well as the
presence or absence of charged moieties can readily be controlled by the skilled
20 artisan. For example, the hydrophobic nature of a linker derived from
hexamethylene diamine (H,N(CH,),NH,) or related polyamines can be modified to
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
25  theligands. Such frameworks may be represented by using an array of dots (as
shown below) wherein each dot may potentially be an atom, suchas C, O, N, S, P,
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

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

30 although clearly the framework is a three dimensional array in practice:



solubility/hydrophilicity will be a polyether. The incorporation of

| i pophilic ancillary groups within the structure of the |inker to enhance
t he |i popleidii4eiody and/ or hydrophobicity of the multi bi ndireg/ussossmspounds
described herein is also within the scope of this invention. Lipophilic
groups useful with the linkers of t hi s-@%vention incl ude, by way of exanple
only, aryl and heteroaryl groups which, as above, may be either
unsubstituted or substituted with other groups, but are at |east
substituted with a group whicha.allows .theie coval ent attachnent to the

| i nker. Other |ipophilic g?oupg useful with the 20 linkers of this
invention include fatty acid deriVvat'i ves Wwhich do not form bilayers in
aqueous nediumuntil highes <omcentrnati ons aresreached. Also within the
scope of this invention is the use of ancillary groups which result in the
nul ti bi ndi ng conpound bei gy T néorborat®d ‘or "anthoteéd’ into a vesicle or

ot her menbranous structuredsuch as a |+ posome or m-m-celle. The term
"lipid" 25 refers to any fftiy_acid_degimgtLve_thgpmis capable of formng a
bilayer or a mcelle such that a hydrophobic portion of the lipid materi al
orients toward the bil ayer2 whi*l e* a *hydrophtlit portion orients toward the
aqueous phase. Hydrophilic ghgaragteristigcs, degivg fromthe presence of
phosphat o, carboxylic, sulfato, amno, sulfhydryl, nitro and other I|ike
groups well known in the aft® FWd@oQ?quc ty c?ul"SO be conferred by the

i ncl usi on of groups that inc?ude, bu re ngt imted to, long chain
saturated and unsaturated aliphatic hydrocarbon groups of up to 20 carbon
atons and such groups substituted by one or nore aryl, heteroaryl,
cycl oal kyl, WD 01/42193 PCT/ US00/ 33057 --66- and/or heterocyclic group(s).
Preferred |lipids are phosphgl ycerides and sphingolipids, representative
exanpl es of which include phosphatidyl choline, phosphatidylethanol am ne,
phosphat i dyl ser i Hech @étds pitker iad pionn ehpsenl fronp parbpimdydeigen, exyigen, niizegent oyl eoyl
phosphat i dyl choline,, | ysophosphatidylcholine, 5 . . .

Py sophospha Tyt RRTEHT S RBIEEGR s A SO MRBELISR AL/ SRRSE (b, i of eoy -
phosphat i dybgatd ffean AbmY.€AL WdppRRASIIRE sidNELda5dn)8nY certain atoms on the

di i nol eoyl phosphati dyl -  choline could be used. O her conpounds | acking
phosphoriis, gsddbhvathe apilitntyoddt ps eh attagimgntypooes bt the digapdsdndmely] €9, Mre al so

wi thin the rogq,designated as lipid. Additionally, the anphipathic |ipids
descri bed ab& € rmay be nixed with other 10 lipids including triglycerides

and sterols. Atoms can be connected to each other via bonds (single, double or triple

bonds with acceptable resonance and tautomeric forms), with regard to the usual
constraints of chémical bonding. Ligands may be attached to the framework via

10  single, double or triple bonds (with chemically acceptable tautomeric and resonance
forms). Multiple ligand groups (2 to 10) can be attached to the framework such that
the minimal, shortest path distance between adjacent ligand groups does not exceed
100 atoms. Preferably, the linker connections to the ligand is selected such that the
maximum spatial distance between two adjacent ligands is no more than 100A.

15 An example of a linker as presented by the grid is shown below for a

biphenyl construct.



The flexibility of the Iinker can be mani pul ated by the inclusion of
ancillary groups which are bulky and/or rigid. The presence of bul ky or
rigid groupst/eam hinder free rotation about bonds in therpCT/okeér33es7 bonds
between the linker and the ancillary group(s) or bonds between the |inker
and the functional groups. Rigid 15 groﬁﬁs can include, for exanple, those
groups whose conformational lability is restrained by the presence of
rings and/orgnul tiple bonds, wi,thin the garoup, for exanple, aryl,
het er oaryl , 7ycIoaIkyI cycloalkenyl and heterocyclic groups. O her

groups mhich can®inpart rigidty® |ncIUdé pol ypepti de groups suches .ol i go-
or polyprolgne cghajns. 20 Rigidity. can.also bH i m Matically.
Thus, if the ancillary groups are either positjfyel 8l y charged,
t he S|nllarI§ charged «anei | 4 ary groups "W | | i nker

into a configurati oh—= t he
| i ke charges. The gnergeti\c cost

cl oser to eadh” otthel will Xend/td hol d \t"he |in ih/a co flgu ati on that

25 mai nt ai ns ot he ¢separ.a |'i ke- gffar gedyanci | fary o
Furt her anc%llar%\grougyp
attracted to' thei'r\\ophds

| t&hd to b

counterparts and potentially may
enter into both inte sintra edul=ar ionic bonds. This non-coval ent
nmechani smwi | 1 0t ehd2t & h6Id5tHb 71 itk&r'9 nto a conformation which all ows
bondi ng between the oppositely charged 30 groups. The addition of ancillary
groups whi ch are charged, or alternatively, bear a |atent charge when
deprotected i e ) nation of a
carboxyl -y R TEBRE CR Bl Eay ko TR R B P01 42103
PCT/ US00/ 33%;3resem Barbon¥iodat iINUle (1 &UL@picsdhtod clilbfife atoRC hab#RBEnédeewn t 0
those skilled in the art which result in renoval of the protecting group,
is within tHerdepse ppintshinSpaGeEpt TepresentRNGPEnes oh#Pms)-so be i nparted by
i nternal 5hydr Oger}\l&?ers]q Q?aﬁ)cf (a9b¥z ar&é’t%%%%?oﬁxt?%&%%ﬁgn at%n@%é%’fﬁ%@tbg S can

i ncl ude, “for exa Ions i ons,
etc.) or graqibass @04)t e, 4, (‘goﬂ 1,08 (R4 18, 2)Ral YZ.,9% | Nedgr(o2pand (6,)ck¢idi ng
aromati c groups, non-aromatic groups and structures incorporating one or
nor e carbon<E@n%@ﬁ1WM$ﬁnékéxﬁénds (i.e., alkenes and al kynes). Bul ky groups

can also includ i | 'a?‘oorrrlez{tgmglr:}fjesgn? la}/e%glﬁec\f@i l%helﬁ{e? a lgfn%pec&e&%ubf%rbonds

strai ght-chain spec
taking into consideration the principle of resonance and/or tautomerism.

10 The intersection of the framework (linker) and the ligand group, and indeed,
the framework (linker) itself can have many different bonding patterns. Examples
of acceptable patterns of three contiguous atom arrangements are shown in the

following diagram:



10 Species that are branched are expected to increase the rigidity of the
structure nore per unit nolecular weight gain than are straight-chain
speci es. woopsaberred enbodi nents, rigidity is inparted bpcrisogasesence of
cyclic groups (e.g., aryl, heteroaryl fycloalkyl het erocyclic, etc.). In
ot her preferred enbodinments, the i nkeP conpri ses one or nore six-mnmenbered
rings. In still further pref red e |nents the ring is an aryl group
such as, for exanpl e, éﬁé%yl odféﬁhpht%ﬁf% In ofgﬁﬁ@ above, it is
apparent that the appr Cate eCerti o @D a H;oker greayp provi di ng
suitabl e orientation, % rict Egnr es@rgét ed ¥ gtSat | oHC$ he desired degree
of hydrophob|C|ty/hydrop Ilicity, etc. 1s well " Wthi inPGfe skill of the art.
20 Elimnating or redU(QN ant %ﬁ@qm t@%& théSrhSFI ti bPmdE ng conpounds
described hereinis aI th| =S in ion. In certain
cases, the antlgen|0|ty:ms a nu dﬂﬁg'co Nund nggﬁge el imnated or
reduced by use of groupsNEuch for > NiFol y(BINW/| ene glycol). As

expl ai ned above, the mg pichi ndlmg cporrp@m@s de§grd bed Ia,eéel n conprise 25
2-10 ligands attached | i nKeO N hat ches0Othhe ngﬂmds in such a

manner that they are ent eq D'otheoe rreg—ggrrul l ent interactions
with ligand binding sites ther§6ﬁ7theD§FF THEOIR nkey atially constrains
these interactions to Q?%ﬁr mnqbgﬁ di pRo |ons fined by the linker. This
and other factors increggses th tplog g gﬁ he mul tibi ndi ng
conpound as conpared t & $Re sarNaSﬁunbeIO%O I| Sd)s SD‘srmde available in
nonobi nding form The éb%ﬁoundéiﬁﬁ t hi ven%ﬁgﬁ

are ferably
represented by the enpigpcal HOPnuIa q wrer e X, p and g are as
defined above. This i sé@ugende E %21935 ggr/ USB®/@3057 - - 68-

i nclude the several pkn wWhipst he @@nds ed together in
order to achieve the @ipecti vNBP nul OGR&l en Sand ppre detail ed

expl anation is described below As no@@ﬁgpre fsly, PPH® | i nker may be
considered as a framework to which 5 ligands are attached. Thus, it should
be recogni zed that the |ligands can be attached at any suitable position on
this franmework, for exanple, at the termni of a linear chain or at any

i nternedi ate position. The si gPlest and nost preferred nultlblndln
conpound is a bi VAneskilled in the art would be able to identify bonding patterns that woul

produce multivalent compounds. Methods for producing these bonding
arrangements are described in March, "Advanced Organic Chemistry", 4th Edition,
Wiley-Interscience, New York, New York (1992). These arrangements are
5  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.

Examples of molecular structures in which the above bonding patterns could

10  be employed as components of the linker are shown below.

15



conmpound which can be represented as L-X-L, where each L is independently a
10 ligand which may be the sane or different and each X is independently

t he |i nkavo oxappl es of such bival ent conpounds are provi BeOUsSe/BHGE 1
where each shaded circle represents a hggand A trival ent compound could
al so be represented in a linear fashioh; i.e., as a sequence of repeated
units L-X-L-X-L, in which Lis a ligand and is the sane or different at
each occurrence, as can X. However, a triner 15 can also be a radial

mul ti bi ndi ng conpound conprising three |igands attached to a central core,
and thus represented as (L)3X, where the linker X could include, for

exanpl e, an aryl or cycloal kyl group. Illustrations of trivalent and
tetraval ent conpounds of this invention are found in FIGs 2 and 3
respectively where, again, he shaded ircles represent Ikgands

Tetraval gnt conp&unds can er presen|e in a__ 2@ | i nearHntr &y, e. g.,

L- X- L- X- - X- L~_{.#\a _br ang I ay. 4 25 DO DEx- L L 30 (a branched

construct anal $§ou®to the iNoners Bt tane -- n- butyI i so-butyl, sec-

butyl, and t-butyl) or in a tetrahedral array - MO 0 2193

PCT/ US00/ 33057, C<69- L - NIRRT (% e Cre ass d herein.

Alternatively, 7t cCould be rgpresentedgas an al kyl, aryl @4 cycloalkyl

derivative as abd¥e with f (4) liga ds attaghaﬂ\to t he ore linker. The

sane consi deratj _appl y~ o0 Im’gher\mfp\rulm ndi n§ cérpou cthis 5

i nvention contarnj 5-10 ligands as illustrated Dn FIG 4 where, as

before, 1Phe shaded circles 8epresent ﬁ?gands \ybsgver £orS i bi ndi ng

agents attached z%» cen&g &Lnkeh\é4ﬁqyas ar§4 of cycloalkgl, there is a
tot 0]

sel f-evident constraint th ere |
Il

0o S ~ /S\
,S ~N /O\ — NArYN C C/
¢ e C N \OJ\N/ cg¢°
0
é ~ /C\ — O/\§ D— \ N\
\N/”\N/ O O ~ )QN
15 O N /\>— S/§
,C /C\ =~ \
ﬁ— (l? 9 [ICDI) N’N\
P. P. NACT N |
/ L NN A — >
\N,N\N cyc Ng™C 05 C N~N T

20 e 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 display

25  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

30  varied, 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



must be sufficient attachnment sites on the linker to accommpdate the nunber
of ligands present; for exanple, a benzene ring could not directly
accomoyat@/4am3e 10 than 6 |igands, whereas a multi-ri ngdiwdoess3ose. g. ,

bi phenyl ) could accombdate a |arger nunber of |igands. The above

descri bed conpounds may alternatively bebfepresented as cyclic chains of
the form L7,~ X X and variants thereof. 15 Al of the above variations
are intended drentgioniof ﬂiediglahés SBrssoestss tiag requiredhe ussrof deliipledopigs phide

Formul a (L) p( W t ht f orego erre i nker may be
represent ed b‘ﬁ]‘%ﬁgmrﬁ‘l&ﬂe Riimi g’%?ﬂ?&ﬁnﬂ‘oﬂ&og&‘(%é&iﬁ'pe&g gllﬁﬁla%ﬁ%rf%l nmis an
integer of fromO i a%‘aveﬁescﬁbe&g eSRRAbALReARAUS 1ENER (Firused)apded from
the group consisting of WD 01/42193 PCT/ US00/ 33057 --70- -0-, -S-, -NR-,

-O-, - O)@@W@t@@ighef"@@@?wﬁlg“‘es\'&@@dw , A9, -9 O - S) NR-,
-NRC(S)-, _or a coval ent ere,.R.is as defin quw, sac
separate dccur r encaSSPES eqa f’ '(Hlef?ddmdflaecoa’rp%?) & r?sciogl?? K gﬁneragﬁ If\?l ene,

substituted adéé&/ﬁ&ﬂ%bow&hpﬁh&vd @ﬂfbset%f% FB&H(@@VlﬁWh@@@iﬂ@d'e%ﬁﬁmeé' kenyl ene,
5 substituted al kenyl ene, al kynyl ene, substituted al kynyl ene,

cycl oal keny! extiyitesbsg.i patemy, sql@dtwayk@myl Emeanalysisl afiileis shiggebnong 91 ene,
e O el s i SRS ARG o700 5
- gg O)NnR'- ;- Ng( _Q)rw_ﬁlta'tlon 'tlw'f%@ the p@eﬂ)@?d@&@dl\ﬂ wide dg(%r)g;()sbﬂﬁfkﬁés CI(S Xa) - NR -
-NR - C( Xap= l\l—qonﬁ(lﬁy(aﬂﬁaymtable (s, PEO)AAiahle Chems(adj)n@ﬁor)F{ACD))S(l\d})r@ MR -
and R o eadhe basi BRcus bt e A asa e idnugvien 1 B Hicuionn OfBhsi st iRng
of hydrogen, @hk¢lreadtiyR5hhbithcthyahkinbds #YIFkRAVKM the SHRARAIL HietRsGielioal kyl ,
below.
Having selected a preferred framework geometry, the physical properties of
15  the linker can be optimized by varying the chemical composition thereof. The
composition of the linker can be varied in numerous ways to achieve the desired
physical properties for the multibinding compound.
It can therefore be seen that 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,
lipids, 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
hydrophilicity and water solubility of the multibinding compound, increases both

molecular weight and molecular size and, depending on the nature of the



15 al kenyl, substituted al kenyl, cycloal kenyl, substituted cycl oal kenyl,
al kynyl, substituted al kynyl, aryl, heteroaryl and heterocyclic.

Addi ti onstd ¢1/42193e | i nker npi ety can be optionally substitrarUSE@B3IE@TY at om
therein by one or nore al kyl, substitut al kyl, cycl oal kyl, substituted
cycl oal kyl, al kenyl, substituted al kenyd”, cycl oal kenyl, substituted
cycl oal kenyl , al kynyl, 20 substituted al kynyl, aryl, heteroaryl and

het er ocycl i em@E@ulvﬁted linkgr, sppyoincrepse the dveveeiatioptimen BrthenBEGIM®er | it is
understood that the.ter "4 nker: when ed i Hi nat | i the term
“mul ti bi ndi r?&cré%sr?%ﬂﬁ%l“gﬁ}i HE puogeenéla ¢ aﬁ%&@%Pgﬁﬁﬁﬁéﬁﬁtéfgﬁ%‘&@e% ngl e

linker (e.g., L-&delllaydrotph Whidhtenhefoéahewhiey sdlabitigamidroptalicity ofiker s
(L-X-L-X-L) within the nultibinding conpound. 25 Conbinatorial Libraries
The met hods lakerandpeagordiesle, the meultingmpdiibiading soppapndsaropseddl iIBppr oaches

for 1 dentt e\ SR fof CTRRNYS wilscle BTSSP AL PIIEhNG, Grgper ti es.

Speci fical l y §Ctore 'St @ proper jux i‘on o e 1 ndividual 30
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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

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

20  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
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"

25  refers 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
characteristics derive from the presence of phosphato, carboxylic, sulfato, amino,
sulfhydryl, nitro and other like groups well known in the art. Hydrophobicity could

30  be conferred by the inclusion of groups that include, but are not limited to, long
chain saturated and unsaturated aliphatic hydrocarbon groups of up to 20 carbon

atoms and such groups substituted by one or more aryl, heteroaryl, cycloalkyl,



A single ligand or set of ligands is (are) selected for incorporation into
the 15 libraries of candidate multibinding conpounds which library is
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20 Rigidity can also be imparted electrostatically. Thus, if the ancillary groups
are either positively or negatively charged, the similarly charged ancillary groups
will force the presenter linker into a configuration affording the maximum distance
between each of the like charges. The energetic cost of bringing the like-charged
groups closer to each other will tend to hold the linker in a configuration that

25  maintains the separation between the like-charged ancillary groups. Further
ancillary groups bearing opposite charges will tend to be attracted to their
oppositely charged counterparts and potentially may enter into both inter- and
intramolecular ionic bonds. This non-covalent mechanism will tend to hold the
linker into a conformation which allows bonding between the oppositely charged

30 groups. The addition of ancillary groups which are charged, or alternatively, bear a

latent charge when deprotected, following addition to the linker, include

deprotonation of a carboxyl, hydroxyl, thiol or amino group by a change in pH,



attachnment points is that attaching to at | east one of these points does
not abrogate activity of the |igand. Such points for attachnent can be
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degree of hydrophobicity/hydrophilicity, etc. is well within the skill of the art.

20  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).
As explained above, the multibinding compounds described herein comprise
25  2-10 ligands attached to a linker that attaches the ligands in such a manner that they
are presented to the enzyme for multivalent interactions with ligand binding sites
thereon/therein. The linker spatially constrains these interactions to occur within
dimensions defined by the linker. This and other factors increases the biological
activity of the multibinding compound as compared to the same number of ligands
30 made available in monobinding form.
The compounds of this invention are preferably represented by the empirical

Formula (L),(X), where L, X, p and g are as defined above. This is intended to



The foregoi ng di scussion focused on bivalent interactions of dineric
conpounds bearing two copies of the sane ligand joined to a single |inker

t hrough wibobf/exrient attachment points, one of which nmay abronpase/ishs

bi ndi ng/activity of the 15 nmononeric ligand. It should al so be understood

t hat bival ent advantage may al so be attdined with heterodineric constructs

bearing two different |igands tha ind to conmmon or different targets.
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example, an aryl or cycloalkyl group. Illustrations of trivalent and tetravalent
compounds of this invention are found in FIG.s 2 and 3 respectively where, again,
the shaded circles represent ligands. Tetravalent compounds can be represented in a

20  linear array, e.g.,

L-X-L-X-L-X-L
in a branched array, e.g.,
25
L-X-L-X-L
|
L
30

(a branched construct analogous to the isomers of butane -- n-butyl, iso-butyl, sec-

butyl, and #-butyl) or in a tetrahedral array, e.g.,



sites permts such nolecules to exhibit target binding affinities and
specificities nore than sufficient to confer biol ogical advantage.

Furt her mwep1/ed19al ent |inkers or constructs are al so typPCEUR§/IBH5STMOAeESt
size such that they retain the desirablg 15 biodi stribution properties of
smal | nol ecul es. Linker |ength: Linker 9are chosen in a range of | engths
to all ow the spanning of a range of inter-ligand distances that enconpass
the distance preferable for a given divalent interaction. In sone
instances the preferred di stance cgn be esgimted rather 20 precisely from
hi gh-resolution structural informati®sg qp/%argets, typically enzymes and
sol ubl e receptor targets. In other instxances where hi gh-resol ution
structural information is not availgbl é, (such as 7TM G protein coupl ed
receptors), one can make use of siurple nfidels to estimte the maxi num

di stance between binding sites either on adjacent receptors or at
different | ocations on the sane receptor. In 25 situations where two

bi nding sites are present on the sanme target (or target subunit for

mul ti subunit targets), preferred |inker distances are 2-20 A, with nore
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arrangenents at a point of ethylene unsaturation. Linker rigidity is varied

by contlPol Itharg tigendsuwhereassmiultieting linker éngs §ipbenydy calild aesommpodate a
conformational states }3 %ggsible for the |linker. For exanple, a divalent
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The above described compounds may alternatively be represented as cyclic

chains of the form:

V2

X X
N\
and variants thereof.
15 All of the above variations are intended to be within the scope of the

invention defined by the Formula (L),(X),.
With the foregoing in mind, a preferred linker may be represented by the
following formula:
-X-Z-(Y?-7),,-X*-
20  wherein
m is an integer of from O to 20;

X* at each separate occurrence is selected from the group consisting of



joined by 1,8-octyl |inker has many nore degrees of freedom and is
therefore less rigid than a conpound in which the two |igands are attached
to the 4woopexbiions of a biphenyl |inker. Linker physieat/upsooizestti es: 15
The physical properties of linkers are nomnally determ ned by the chem cal
constitution and bondi ng patterns of th@OTi nker, and |inker physical
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properti ean be se avol 10se that are
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distributed in vivo. Linker chem cal functional groups: Linker chem cal
functional droadps are selected to be conpatible with the chenlstry chosen
to connect |inkers t Q b an

ease

he sical
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Combi nat ori alp- S-)CQD sOE(0 @04@1913RPC§(®}§00C3©95R -, -NRP@OlHavi ng chosen a
set of n i ands n be;@gﬁdet erm ned bér)t he sum of the nunber of different

attiachrrgﬁt bpbiRnﬂ ' AP ke -EXTNBMNBd-MRI-CMR -, bOYHAAENRr.ocess
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two |igands, one which has two attachnent points (A, A2) and one which
has three at®dchneand BoRhand RB aleachezparaspcmrerme@ aierselgrted pioss thiglggoup

comt et oS LRSS o, LERT SRS S SRR 08 BB L
Bl - B2 Bl15B3 JBmBR sBestiddeBatkBRy1, cycloalkenyl, substituted cycloalkenyl, alkynyl,
substituted alkynyl, aryl, heteroaryl and heterocyclic.

Additionally, the linker moiety can be optionally substituted at any atom
therein by one or more alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl,
alkenyl, substituted alkenyl, cycloalkenyl, substituted cycloalkenyl, alkynyl,

20  substituted alkynyl, aryl, heteroaryl and heterocyclic group.

In view of the above description of the linker, it is understood that the term
“linker” when used in combination with the term “multibinding compound”
includes both a covalently contiguous single linker (e.g., L-X-L) and multiple
covalently non-contiguous linkers (L-X-L-X-L) within the multibinding compound.

25

Combinatorial Libraries

The methods described above lend themselves to combinatorial approaches
for identifying multimeric compounds which possess multibinding properties.
Specifically, factors such as the proper juxtaposition of the individual
30 ligands of a multibinding compound with respect to the relevant array of binding
sites on a target or targets is important in optimizing the interaction of the

multibinding compound with its target(s) and to maximize the biological advantage



When each of these conbinations is joined by 10 different linkers, a
library of 150 candi date nultibinding conpounds results. 15 G ven the
conbi nat wo @l42mst ure of the library, common cheni stries ar@/usmwsserabl y
used to join the reactive functionalies_on the ligands with conpl enentary
reactive functionalities on the linkerS:" " The library therefore lends itself
to efficient parallel synthetic nethods, The conbi nz%t orial library can
enpl oy sol i dhiehgk Bukihalansy r Oas apRipachds dvslentifyalebratyio lgiitﬁ the Iigand
and/ or |inker ..s. attach . ‘N . er. Lvel

preferably, I?‘Hg&@g%%%gﬁ)gﬁ% ‘glltkll égﬁp ?/l%legé %aig%gﬁié%nﬁuﬁﬁfﬂgg é%r}llﬁjte?éésﬁﬂﬂp ase.

After synthesd gleva¥ai 8 phuiclt targdtNThérg paieests delalee(1Qpiid daity wf puri fi ed
before assaying for activity by, for exanpl chromat ogr aphi ¢ _net hods

(e.g., HPLC)igang(a), (dithe priecniatienofidigapdspthd g@é\?l}cwaﬁéﬁl%qn@ﬁvqta (4) linker
H ! . . ; ) dt
Char act o 2oty GPIES FRMAL, 36 lnke PRI BB ER ng b IRCEREBNT, LAFT 1O

conpounds i fukdi@nhlidro@ssy to determ ne which conpounds possess nultibinding
properties. Physical constants such as solubiljity under varjous solvent
conditions and | ddbeEroeiDnyvhimesic compoprdspoteatiplly pessessingompitividingh of 30 NMR
spectroscopy _and.c uf.atid ona S | m ergy

conf or mat i O¥P§0P§F1%5ﬁgt‘é% fa%g %uanﬁ)ﬁl{h?% A |pr?glﬁ§5§rfa%gﬁ§§§glglﬁg? ﬁr&lilllgy rlrcg ia. The

ability of drlgchmeiaples aRfprépifed add Bese libvarktis agk then tMduslesiiaed target and
other targets is WO 01/42193 PCT/ US00/ 33057 --77- determ ned by various
st andar dOnetchovntiongliassayb aetrespendiag tothe digael wwleghdandtbamultiinding f or

receptor and _ion. channel rgets.. and, ki LCad i bt i or nmany
eroyhe t ar ghrnet IR0RY. CApRRAGoRANAhAT Hiop' AN RB0R: 2 G O
ant agoni st s,peigw? channel bl ockers, and antim crobial activity, can also be

determ ned. 5 Pharnmacol ogi cal data, including oral absorption, everted gut
penetrati on_,&lﬁgﬁﬂmf_bé_wﬁ?ﬁboki netic parameters and efficacy data can be
deter m ned 1 2001 oLl Gns ESSSE oo Bl BB S
then usqg t Qjpdirf@%F daHdidh® mM@tikindinERempeiiBhieH libfaey Isidifedied aphihgtla exhi bi t
mul ti bi ndi ng properties, as 10 defined herein, can be readily determ ned by
convent i onalpartieute dslogital sargethsargetreh di2sadwnerdic eschptof.t Thaonly bi ndi ng
properties argc?uiiegn%% }'ofr itl?edligb%dg gl?c;égrl? Esi tﬁz?t%ey are capable of interacting with the
selected target(s). Thus, ligands may be known drugs, modified forms of known
drugs, substructures of known drugs or substrates of modified forms of known
20  drugs (which are competent to interact with the target), or other compounds.
Ligands are preferably chosen based on known favorable properties that may be
projected to be carried over to or amplified in multibinding forms. Favorable
properties include demonstrated safety and efficacy in human patients, appropriate
PK/ADME profiles, synthetic accessibility, and desirable physical properties such
25  assolubility, log P, etc. However, it is crucial to note that ligands which display an
unfavorable property from among the previous list may obtain a more favorable
property through the process of multibinding compound formation; i.e., ligands
should not necessarily be excluded on such a basis. For example, a ligand that is
not sufficiently potent at a particular target so as to be efficacious in a human
30 patient may become highly potent and efficacious when presented in multibinding

form. A ligand that is potent and efficacious but not of utility because of a non-

mechanism-related toxic side effect may have increased therapeutic index
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evaluation of ligand/target binding by nuclear magnetic resonance will permit the

identification of sites non-essential for ligand/target binding. See, for example,

20  Fesik, et al., U.S. Patent No. 5,891,643. When such structural information is not
available, utilization of structure-activity relationships (SAR) for ligands will
suggest positions where substantial structural variations are and are not allowed. In
the absence of both structural and SAR information, a library is merely selected
with multiple points of attachment to allow presentation of the ligand in multiple

25  distinct orientations. Subsequent evaluation of this library will indicate what
positions are suitable for attachment.

It is important to emphasize that positions of attachment that do abrogate the
activity of the monomeric ligand may also be advantageously included in candidate
multibinding compounds in the library provided that such compounds bear at least

30 one ligand attached in a manner which does not abrogate intrinsic activity. This
selection derives from, for example, heterobivalent interactions within the context

of a single target molecule. For example, consider a receptor antagonist ligand
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The foregoing discussion focused on bivalent interactions of dimeric
compounds bearing two copies of the same ligand joined to a single linker through
different attachment points, one of which may abrogate the binding/activity of the

15  monomeric ligand. It should also be understood that bivalent advantage may also
be attained with heterodimeric constructs bearing two different ligands that bind to
common or different targets. For example, a SHT, receptor antagonist and a
bladder-selective muscarinic M; antagonist may be joined to a linker through
attachment points which do not abrogate the binding affinity of the monomeric

20  ligands for their respective receptor sites. The dimeric compound may achieve
enhanced affinity for both receptors due to favorable interactions between the SHT,
ligand and elements of the M, receptor proximal to the formal M, antagonist
binding site and between the M, ligand and elements of the SHT, receptor proximal
to the formal SHT, antagonist binding site. Thus, the dimeric compound may be

25  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
chemical linkages are those that are compatible with the overall structure of the

30 ligand (or protected forms of the ligand) readily and generally formed, stable and

intrinsically inocuous under typical chemical and physiological conditions, and
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compatible with a large number of available linkers. Amide bonds, ethers, amines,

carbamates, ureas, and sulfonamides are but a few examples of preferred linkages.

Linkers: spanning relevant multibinding parameters through selection of valency,
linker length, linker geometry, rigidity, physical properties, and chemical functional

groups
In the library of linkers employed to generate the library of candidate

multibinding compounds, the selection of linkers employed in this library of linkers
takes into consideration the following factors:
Valency:

In most instances the library of linkers is initiated with divalent linkers. The
choice of ligands and proper juxtaposition of two ligands relative to their binding
sites permits such molecules to exhibit target binding affinities and specificities
more than sufficient to confer biological advantage. Furthermore, divalent linkers
or constructs are also typically of modest size such that they retain the desirable
biodistribution properties of small molecules.

Linker length:

Linkers are chosen in a range of lengths to allow the spanning of a range of
inter-ligand distances that encompass the distance preferable for a given divalent
interaction. In some instances the preferred distance can be estimated rather
precisely from high-resolution structural information of targets, typically enzymes
and soluble receptor targets. In other instances where high-resolution structural
information is not available (such as 7TM G-protein coupled receptors), one can
make use of simple models to estimate the maximum distance between binding
sites either on adjacent receptors or at different locations on the same receptor. In
situations where two binding sites are present on the same target (or target subunit
for multisubunit targets), preferred linker distances are 2-20 A, with more preferred
linker distances of 3-12 A. In situations where two binding sites reside on separate
(e.g., protein) target sites, preferred linker distances are 20-100 A, with more
preferred distances of 30-70 A.

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

OHOHO00O0OH4 HOs 0 X3 OH HC HOCH OO0 OH CH3
OH OH HO
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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.
5  For example, linker geometry is varied by attaching two ligands to the ortho, meta,

and para positions of a benzene ring, or in cis- or frans-arrangements at the 1,1- vs.
1,2- vs. 1,3- vs. 1,4- positions around a cyclohexane core or in cis- or trans-
arrangements at a point of ethylene unsaturation. Linker rigidity is varied by
controlling the number and relative energies of different conformational states

10  possible for the linker. For example, a divalent compound bearing two ligands
joined by 1,8-octyl linker has many more degrees of freedom, and is therefore less
rigid than a compound in which the two ligands are attached to the 4,4' positions of
a biphenyl linker.

Linker physical properties:

15 The physical properties of linkers are nominally determined by the chemical
constitution and bonding patterns of the linker, and linker physical properties
impact the overall physical properties of the candidate multibinding compounds in
which they are included. A range of linker compositions is typically selected to
provide a range of physical properties (hydrophobicity, hydrophilicity,

20  amphiphilicity, polarization, acidity, and basicity) in the candidate multibinding
compounds. The particular choice of linker physical properties is made within the
context of the physical properties of the ligands they join and preferably the goal is
to generate molecules with favorable PK/ADME properties. For example, linkers
can be selected to avoid those that are too hydrophilic or too hydrophobic to be

25  readily absorbed and/or distributed in vivo.

Linker chemical functional groups:

Linker chemical functional groups are selected to be compatible with the
chemistry chosen to connect linkers to the ligands and to impart the range of
physical properties sufficient to span initial examination of this parameter.

30

Combinatorial synthesis
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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
process outlined above, a library of (n!)m candidate divalent multibinding
compounds is prepared which spans the relevant multibinding design parameters for

5 anparticular target. For example, an array generated from two ligands, one which
has two attachment points (A1, A2) and one which has three attachment points (B1,
B2, B3) joined in all possible combinations provide for at least 15 possible

combinations of multibinding compounds:

10 Al-Al Al-A2 Al-B1  Al1-B2 Al-B3 A2-A2 A2-Bl A2-B2
A2-B3 B1-B1 B1-B2 BI-B3 B2-B2 B2-B3 B3-B3

When each of these combinations is joined by 10 different linkers, a library
of 150 candidate multibinding compounds results.

15 Given the combinatorial nature of the library, common chemistries are
preferably used to join the reactive functionalies on the ligands with complementary
reactive functionalities on the linkers. The library therefore lends itself to efficient
parallel synthetic methods. The combinatorial library can employ solid phase
chemistries well known in the art wherein the ligand and/or linker is attached to a

20  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
methods (e.g., HPLC).

Analysis of array by biochemical, analytical, pharmacological, and computational

25  methods:

Various methods are used to characterize the properties and activities of the
candidate multibinding compounds in the library to determine which compounds
possess multibinding properties. Physical constants such as solubility under various
solvent conditions and logD/clogD values can be determined. A combination of

30 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
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determined by various standard methods, which include radioligand displacement
assays for receptor and ion channel targets, and kinetic inhibition analysis for many
enzyme targets. In vitro efficacy, such as for receptor agonists and antagonists, ion
channel blockers, and antimicrobial activity, can also be determined.

5  Pharmacological data, including oral absorption, everted gut penetration, other
pharmacokinetic parameters and efficacy data can be determined in appropriate
models. In this way, key structure-activity relationships are obtained for
multibinding design parameters which are then used to direct future work.

The members of the library which exhibit multibinding properties, as
10  defined herein, can be readily determined by conventional methods. First those
members which exhibit multibinding 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
15  multibinding properties can be accomplished via art recognized procedures. For
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);
20  Gallop, et al., U.S. Patent No. 5,846,839; each of which are incorporated herein by
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
25 onlJuly 11, 1998. Such methods couple frontal affinity chromatography with mass
spectroscopy to determine both the structure and relative binding affinities of
candidate multibinding compounds to receptors.
The process set forth above for dimeric candidate multibinding compounds
can, of course, be extended to trimeric candidate compounds and higher analogs

30 thereof.
Follow-up synthesis and analysis of additional array(s):
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Based on the information obtained through analysis of the initial library, an
optional component of the process is to ascertain one or more promising
multibinding "lead" compounds as defined by particular relative ligand orientations,
linker lengths, linker geometries, etc. Additional libraries can then be generated

5 around these leads to provide for further information regarding structure to activity
relationships. These arrays typically bear more focused variations in linker
structure 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
redesign/analysis using the novel principles of multibinding design along with

10  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,
by way of example only, those derived from dicarboxylic acids, disulfonylhalides,

15  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
functionality on the ligand to form a covalent linkage. Such complementafy

20  functionality is well known in the art as illustrated in the following table:

COMPLEMENTARY BINDING CHEMISTRIES

First Reactive Group Second Reactive Group Linkage
25 hydroxyl isocyanate urethane
amine epoxide -hydroxyamine
hydroxyamine sulfonyl halide sulfonamide
carboxyl acid amine amide
hydroxyl alkyl/aryl halide ether
30 aldehyde amine/NaCNBH; amine
ketone amine/NaCNBH, amine

amine isocyanate urea
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The following table illustrates, by way of examples, starting materials
(identified as X-1 through X-418) that can be used to prepare linkers incorporated
in the multibinding compounds of this invention utilizing the chemistry described
above. For example, 1,10-decanedicarboxylic acid, X1, can be reacted with 2
5  equivalents of a ligand carrying an amino group in the presence of a coupling
reagent such as DCC to provide a bivalent multibinding compound of formula (I)

wherein the ligands are linked via 1,10-decanediamido linking group.



NN OHHO HOHO O Chiral X-.60 X-59 0 OHO OH .0 Ny OH Ny O0Oi HOSO
Chiral X-61 X- 62 WO 01/42193 PCT/ US00/ 33057 --85- H3C CH3. H3C 0O O O N
OH 00 OHWOOZH3I9H3C OH HOS S O _ HO O 0 X-63 Chiral HO KeBBsoos36sy 0 OH O
HO HO HO X-67 0 X-66 OH H00000086\|; 0. HOOHO0O S X-68 0 0 HD Chiral

X-69 HO X- 70 ST

Diacids

| | OH
IS 0 o |
HO ST ‘HOMO ,
| I 3_ X=5
X-6 ) Ho*%‘/\T/f“4§0

X—8
OH N ' : 3
% K 5 o
o e X
] | | | X-12
HO =, o |
/“\/\/\/\/\/\/\( 0
HO L , oM - HO X—14
. X-13
o OH OH
4 0 HO ’ '
/”\/\/\./\( 0 0
HO D Hoi : HsC” CHs
x5 x-16 O X—17
) "OHO,.,
H3C 0
H:C ¥— S
5 X-18 - X-19



O OHO 0 HO HO OH 0 FFFFFFFF 0 Chiral HO FFFFFFFF OH X-71 X-72 X-73 HO
HOO OHHOO ONOHOSO ~~CHX- 75 X- 76 X-74 00 OHOH 0 H3C HO HO
X- 77 X- W@01/409HO CH3 OH 0 X-79. WO 01/ 42193 PCT/ US00/ 380BTS00/3388- H C O
O CONHINN y CH CHB'OO-IOngChIraIOOHChlraIOO—IH
X-80 X-81 0OpOOHOH DNOHO OHONOH/ I OCHHOO
Diacids
0 OH

X=19



.0 0 Chiral X-83 X-84
CH3 H OH H ELOY2J)L
7 X 8.wop1/@d HO 0 ~CH
OHHj OHS ~p 3

F FF FF FF FF OH 0 ~H

3 PCT/ US00/ 33057 0 0 HO X-85 OH CH3
,-kOH OH H Chiral HO.0 X-86 0 H
0 OHHO~ 0 pH H | p XEBUSKXIBH X--90 O
0S,, %93 X940 'CH3 OH Chiral X-92
pHOOHP*FF FFFF 7 FFF 0 OH X 9

A | . OH H

HOO OH  HQ. e
’ks f ‘o’.m

o]
N
o
H
~
N
N
H
- O

O O
m o




X

-95 X-96 WD 01/ 42193 PCT/ US00/ 33057 -88- HO 0 OH 0 0 H3C CH3 H3C CH3 +
ONOHHOCHN 3A - NOOOHMHOX 99 X- 100 0 %98 H O CH30 fO H FF
F FF FFv@bloQi19H3C 0 H) OH HO HOX-101 O FFFF.FF 0 X- 1B@T/Xs®AB050 N O
OHO OHNOHO HOSAS OOH X=105 O X 10.4 C X-106 0 0 NOH N OH
OH (OHNO NO HOO O 83

297,

0

o g X L CH
O x4 x=35 Y
éo Chiral Chiral -

HO F 5 _: , X—37

X-41

o - N 0 | o Chiral

e
CHOO _ vHo)h ; Q%g—aBV '
- HO - HO\(O S .
: ?%fil!lb’ 5 2 )

x5 x4 K
S Chiral =~ . HzC O




X-109 0 ac/ X-108 X-107 C WO 01/42193 PCT/ US00/ 33057 --89--

00 OH NOH

OHN COHONPIp HO3 OHp CH3 ~ CHOA CH3 Chiral Br X-111 Chiral
X-110 X- MQo1/@21 B OH OHHOOHO CHO OH O OH N p OHI PO/USB3s7 114 HO

OH HO OH X-113 Chiral X-115 1~ 0 0 N ONOHO O OHOH Chiral 0
X-117 X-116 o OH HO 0 0 Zo ,“ T
HO_ O '.
OWCHJ
o X=49 » |

FF

F>}F055 N | ( < > M( 2

. Chiral
o~ o X-51 X:g;
" Chiral F Fo :
'X;50 |
N o -N ' . S ' 0
Z, /0 -z 0 HO)K/ \/\/\S/Y
0 %df_( ’ - OH
o - OH . - OH '.-X—55 -
- HO Chiral HO * Chiral

X-55  X-54

ngtz;)\ _<—3*"

X-58

Gwm

 Chiral
- X—57,
C

“Nooow H0:§%4<:]

HO o nd

}_/%% | HO_O -

o k60
X590 o .0
IS Rt e S e

o SN IS .quYO

x-62



0_00-|HOJ.SO-|O-|X118OX120 X-119p OO OCHNOH by HON1 HO S
S X121 00 X-122 Ol HO  po~op OHHO 0 SSNOHOHHOONONOHO OH
X-124 0 XvQ86421083 H2N X- 125 Chir al X-123 V\D 01/ 42193 PCT/ pISDOABBBES7 0 CH
CHHO 0 X128. ()" . " 0CHOHy 0.0 H~0 ~~ 00 China/ O X-129 X-127
HOOHOOHO O Ht # CH O-lO-lHQO "Ha OH
H3C CHj, | ‘HJC 4 N 2 _
0 - 0 >——0/,’ - OH
’ / [ A\ 0 HJC OH
HO S77S 3 \ 0
o ' Ch/ru/ - X-65
'.X;53 - ox-64 !
s
HO™N 9 4
HO-, HO 0
X—-66 R

| | \
| . x-68 o' TN\ |
HO - Chiral
FFFFEFFF o
%||||||r|/
Hdﬂllllill -
ww/ FFFFFFFF OH

| X—77 '

x-76




p X-131 -132 X X-130 10 Disul
X-1340~00C 0~SF, sO000OC
OAS Sr Ow@org103 C/ pr C/ SCI

OAS ~S, NN\~Or OpQC I/ 1 0C1O

fon yl

rSF O C3 H3 X-137 X-138 X-RGHUSIB37

N NO
110 O
0 FS, O

Halides - S-CI 00 p 0 C
O X-133 0 X135 0 SO0 F-

X-139 X- 14 0 0 C X-141 WO

01/ 42193 PCT/ US00/ 33057 F --91- 0=5=0 H§@ CHS o\\ ,d"

HJC
3 N\)k o
J OH
Ch/ra/ L 0
X-80 o o
‘HQ\[’/\/\[(N\)J\OH
00 chiral

- X=-82

?g'CHB? 0
.‘Ch.ira/ m ,

x-81 ¢ H
5
0 “NoH
. HO/\%O | |
’ HO OH o 0 -
X-83 X—84 |



c 0 N10O's|I S-10p\C C , SC 0 1iS% CH3 0. X-144 H3CO

0 p
43 X-142 00 d -- S WS FFOONYN~~1 ~i0 O X-146 p S ~F X-145
CH3GvOozk2193i O / | O\ d 0 Od ii 0\\ , F O OpCBUS@®3¥\\ O SCI
1 X-
1D

] .
CH3 CH3 X-148 HO 0 X-147 X-149 150 011 ¢ ~d Ad~S\0OS sd ~ S

| 0 X 152 p 0 p O . 0 X-151 Dighdehydes 0 0' X-154 0 9~CH3 X- 153
CH3 0~ | 0 100 X--156 ' :

LT XT
_OQ

o FFEFFFEFEF
N oH
FFFF FF FF FF 0
X-97



\,p OCH3 0 p X- 155 ~ 1 N 00X-157 CH3 X-158 WD 01/42193 PCT/ US00/ 33057
--92- .0OpipNI OppX1600 HCH3 03 X-159 Np N O X-164 X-161 p
X-162 O XWQ684%b5\ ccc OH 0 X-165 'p X-166 0 X-167 -0 HBCHOS@/Bes+-0 HO

X-168 Si I.~" i ,0 X-169. X--170 OX-171- NOH3CO /0. p I\ -0 X-172
HO X-174 C X-173 A C rImN CHH®R177 D halides C"~~-NNS C p ~~C 0!
X-176 X-175 Br Br Br Br | | OH CH ’ : S :
g 0 . H3CCH3H3CCHz - \\N+ 0
SN 0H HOMOH o- |
: K/N 0 -0 HO 0
x-98 x99 x-100 C
oy
s 0
. OSCHJO _ 3 | , 5 o
- | “OH  FFFFFFFF -
oH - . v ’ _
H3C . =0 H “y—on HO - oH
HO x-101 O

Y 0 FFFFFF O
X-102 X-103




X-178 X-179 X-180 -93- 0 C ~~0y0C O Br Br X-182 X-181 X-183 C C C
a 11 Br~~ Br Cy 2 OH X 184 X-185 X-186 N Br Br 0 ~ ~ CI X-187 Be Br
X-188 Br woni421B5 Br Br X- 192 0 X-191 X- 189 X- 190 0 BrecBuUS@/3387 Br /-0
O UCH F X-193 H3C X=194 3 F F Br CHN'~C %~CH BrnpCH3 Br Br Br
X-196 X-197 X-198 X-195 | | H3C Br " Br Br 0 X-200 H3C Br 3@ -X-199 Cl
X-201 0O~ Sr ‘ S ‘ '

0

; OH
Chiral
X=110

HO

-
@o*N
N w0
: X-116
oH HO' = S Q
e o
X—778 e X—720
- - ox-n19
)vs/\s/\/go o Ho/N\Q_/’tH/OH f
X—727 o |
| o X—722
'oﬁ//_ok(o . | [ HO

SRl | x 126
| | HzN x—725 AT




Br OHBr Br ~ Cl Br\~ ~~ Br 0/S Br Br., X-205 0 X-203 X-204 X-206 X-202
0-OBr Br O CL Br Br H3Ci 1 H3G-0 H2N Br X-209 1 X-210 C Br X-208 0
X-207 Br vBDoD@D N Br Br CH3 _ 0 X 213 X-214 X-211 X- 212PCLUN@/B15742193
PCT/ US00/ 33057 Diisocyanates -94-- @N 0 X-215 X-216 NON 00 00 II]

I NOONN N~/ ~/ NIIl HBGO0-CH3 X-218 0 X-217 FF 0O- -N F F H3C
NO 7-1\ \NN X-219 X-220. O X-0/2_121 000p/ N CH3. 0 Brod H3 0NN
o 3 0.

- x=128

: - OH
HOWK\O/\/O\/KO
0 Xx-129




X151

Dia/dehydes

22 HBC CH3 X-224 0 X-223 0 N NONN Il / X--227. 1r" p X-226 0 C3
N N~ NN-p~ 0 X-225 X-229 X-228 ¢/ CH3 N-b <; H3 Il X-231 X-232 N
30 p GvOWN93 42193 PCT/ USOQ 33057 i. 10~ N\N N N N HBCr/CeBAdox- 235 ||
X-233 X-234 - CH3 FN CH3 H 3C 0. T¥B-CH OO0OCHIlI 3 ~~ 1 ~NNGCH
N X-236 N HBO : Ié 0 S
' 8
. /O C/ / \ \O
. \ /N ‘ S, A . o
5\\ g //0 -0// cl 045;\ =S -
» /©/ O A - 0 X-144
H3C o 14 L
X—142 » -
s
5\/ : .
\\00 N
N)LN/\/ \“/



000 X237 11l CHII NX238 NCH HCCH 00 X239 CH NN Il 0d
Cl X240 N-0O0ro NN/ \ O NO X-241 0 X-242 0 CH3 CH N N---"0 3 CH3
O\N. / OWOBCHIHB N NX- 243 H3C H3C 0 CH3 X-244 X-245 WD OR¢CHPSABI3057

PCT/ US00/ 33057

--96- ONN\ 0O/ H3ICNNNPN 0/// -246 H3C.11 X-247 0 X

0 X-248 0O/amin es X-249 - --92--

x-172 O L X=174 \/(L /
, . N X"!73 o o -l Sy cl

S S _CHs  x=177
Dihalides - - 4"'0/'/\/N' , o |
| B c 7o X-176
C/\/\O/\/'O\/\0./\/ 0 0 S
X-175 | o 5
ey e Br Y
I~~~ OH OH

- x-178 X=179 - X-180



H2ZNN NH2 /' N N X-251 CH3 N'J N H2NN X-252 X-250 CH3 CH3 CH3 N H2N ~~NH2
H2N OH CH CH3 NH2 X-253 H2N 3 CH3 N X-254 NH2 X-256. H2N-u0 NH2 H2N-N
X-255 X-257 H2N NH2 H2N'NH | | / 2 H2N NH2 X-260 X-258 X-259 H2N-~ 0
NH2 H3~=~~N N-~CH3 X- 261 X-262.98l2' NH2 H2N H2N ~ NF2  X-265 ~X- 263 H2N
X-264 WD 01/ 42193 PCT/ US00/ 33057 Nt NAN ~p db OH X-26f O X-€66 HO
OH OH Ja 0 a HO H2/V N~ H2N NH2 @0 - ar -
X—787-_f' - L X
| cl o
I g a/\w/\ . .a
X-184 X-—785 X— 786 " |
Gr
~187 - - x-188
ook
T X192
X=191-
0
0—
CH3 ' -F_

‘ : br Br
g | . X-196 X-197"  Xx-198
X'799 a o x=201

O\ 0/../ E - Br\/\/\/\/ar
N ;SC[ Br/\B(\ Kc‘z NS
0 ~pr P - | | §
. x-202 . X=203 N 2
| - : Br.
. HJC'OKB" | Br | C/\/©\/Cl .\/\/\Br |

.HJCO

Br

- x=209 1
| X—208 | - / ;0'_‘/
L 5“»/\%*‘#/&'o**vo*,aﬁyf¥NJ\rN
AN br CHs H IR
x-211 - X212 o




N~~N ~i Cy3 X-270 ::: X-268 HO X-269 H3BC CH3 HICN~-NNOCH NHCHJ Y3
H2ZN ~~ NH2 3 X-273 CH3 X-271 X-272. HC NHN. NH2 3 NH2 2 HN NH J y3C
CH3 2 2 W8QuUR1Z¥4 H3C X-277 X-275 CH3 . H2N NH2 y2N CH BEBUBMZ30Z X- 279
H3C X-276 NHNH2 HO 2 -OH - X278X280 H2NNHONH2002 VI 0N-2

X-281 0 Bilgoeyomiztes2N N2 X283 O o o




X-284 WO 01/42193 PCT/USO0/ 33057 --98- H2ZN~~ 0 O O NH2 X-285 H3C-/~N
NCH3 H2N NH2 X-286 X-287 O O HN U H2N N .01 CH3 H2ZN NH2 2 H3C CH3 | [/ |

X-289 X-30001/1288 NH2 X-292 H 2 NO ' ' NH2 X-291 0 0 ECT/HR0/38bE” NH
X-293 H2ZN . X--294 2 H2ZN NH2 0 0 X-295 NH2 NH2 00 X-296 HZN X-297 NH2
H3C-NNuCH3 "H2N:NH2 = X-298  X-299 | | H2N NH2 H2N NH2 H2N NH2 . X- 3010X 302
X-300 WO 01/@2193 PCT/ US@'O33057 0' F \ S p N N N Q H 304 2
X- 303 0 ! 0 N\
z \\
N , .
| ' ' _ X-235
3



H2N~~ O NH N H2N NH2 2 X-305 I-1N, CH3 X-307 Chiral X-306 NH2 NH2 CH CH
HZN NH2 CH3 CH3 X-308 X-309 0 O H2ZN NH2 0 X-311 H2N NH2 X-310 NH2 CH3
H2N CH3 Me@ot93 ON, CH3 CH3 NH 2 Chiral X-313 X-312 X- 31HCTMOS@133d57193

PCT/ US00/ 33057 --100-- CH3 H2N 2 X-315 HBC NN X- 316 HC CH 3 3 a d

N N~ C H3C N X-317 = N Chiral CH396-X-318 i | NH2. H2N H2N
L o AN
| N/// H3C N \ \ //
N~ AT <C:j>-
i IR —247
0// X-246 - ‘ X . X-248

- Diamines - :'-' , \;J::j.
v N/\/O\/\O/\/N
| x-249 | |

Nf\ v~ Y X~251 RS
X-250 |
— , CH o
‘ Ctiz ("I cH
, 3
H?N/A\r/\NH? H?N\:>L\/L\/”\
o o W2
- X-253 R I s |
. X— N
X-254 Z o
HZN\/”\/O\¢/\~/“\/”\«/\*/A\O/\\/N‘NH2 2;\\/h\. -~
| . X255 | | X=257
ey
- x-260

 x-258 - X‘259

X-261




H ~NH2 X 319 > CCH3 X- 320 H3G-N NCH3 H2N NH2 X-321 X-322 HJ CN
NCH~NCHHICN/ CH3 H2ZN ~~0 NH2 N 3 N X- 323 X- 324 X- 325 Diols
CH3 ~--~w@n1/4863Br OHO0 HOO O X- 32 7 ~--~ Br . Br OPXrB2@/d%02H 0
N NOH O X-328 X-329 OH WD 01/42193 PCJLUS00/33057 --101- OHHO OH 0
X-331 SOH HO OH CH. \N- X-332 3 X-330'D0 0 0 CH3 H3 C'0 OCH3 HO CH 0

g @CNMUQ

HO
HO
N

| OH X-267 |
. X-=-266 : E '
- HO o OHOH /‘/ ‘
HO . - | g
' /‘/0:>2N/\/\N H2N\/\/N C/'é'_ . X—270

x-283

X=284



X-334 X-333. CHa 0~/\ OH OH OHp- 1 \' | ~~ OH H3C CH3 OH X-335 X-336
OH X-

X-337 HOO O HO COH 338 X-- 339 OHCH3 FFHCFFFO™H FFFFHO
CH F F 3vop/1iB3CH3 HO F X- 341 X- 340 OH OH 0 OH OH HBCrase#30aH3 CH3
X-343  X-342 OH HO X- 344 WD 01/ 42493 PCT/ US00/ 33057 --102-- HO SS OH HO
H - _X—345 X-346 0~ 0 OHHO OH H G CH3 HO OH - NH
X-285
Hs
HJC\/\N/\/\/N\/\CHJ HZN\/\/\/N 2
x-286 X-287
\V4 HQN\/\N’_CH‘}‘ : H2N/>(\NH2
x-288 N2 S
Qe D
I ‘ o x=292
HZN\/\/O\/\/\O/\/\NHZ -
X291 NS
T C
HZN\/\/\/\NH . N/©/ " NH
X-293 M2 x-294

X—295 . NHp NHp - OMOJ\Q :
- - X-296 > - :

"
o AN~ xe297 M2
H‘.}C\/N’\/\IV/.N\/CHJ HZN\N\/\/ NHQ.

X298 - X-299

X-302°



3 X-347 X-348 OH X-349

OH -350 X-351 .
X- 3583 OH?FF F F HO OH

OH

OH

OH
F X-354 OH 0 OH I

- X--360 OH WO 01pre&P1S®)/33057
OH HO HO;_%;_;{361 X-362 \ 0\10 HO OH HO CH2
X- 3 :

ggx

HO OH Xw@8642(93 358 OH
PCT/ US00/ 33057 -103-
~ X+ 365 OH HO I CH X- 363

Q

HoN NHy x—304
X-303
| ,CHJ' .
X—305 E ] CH3 X=-307
‘ Chiral
X-306
NH2 NHo
[eol m
=308 | | x—309
ﬁ/_< h‘\ X=311
- x=310 o

Chiral X-313




OH ~HO H3 CH3 X-366 X-367 . ~i HOO OHHO X- 368 HO O X-369 HO CH OH
OH X-370 H3C CH3 X-371 f'OoH N OH X- 372 C OH N OH X-373 OH Ho. HO CH3
CHS x- 30601/X187 4 OH WO 01/ 42193 PCT/ US00/ 33057 - - 10. 4- PCHBS@1$30:0H H3C
HOOH 376 HO X377 3K”5_~/100< J76 CH3 @@3
2

X—375

X-317
X-318
‘_/-/2'N | | |
NH.
- X-319 ’,UC>X:562' |
X-320 S
H3C N~~~y Hs HON oSS,
X-321 X=3zz

»DIO/S CHJ A : '\__\

- X-329




\i - OH OH HO'" HO X-379 X-380 OH HO OH HO OH HO X- 381 X-382 X-383 F F

HOOH HOOH FF X- 384 X- 385 Dithiols HS SH HS SH SH HS C X-,388 X-
386 X-38WEbl/4HS CH3 HS SH HS X-389 SH X- 391 X-390 WO PATARd0@3057
PCT/ USO0/ 33057 -105-- HS O HS - SH
SHCHSSHSHi'b"" -
7 H

IS SHI i . 0 X 393 HS X-392 X-394

"X-343

OH

kg dng
| X-344



HS OH SH X-395 H3C CH3 X-396 SH X-397 Hsi o~ 0 p SHHs, S OHHS SH X-398
X-399 X- 400 CH3 CH HS--\ 11 HS~~ SH S HS | 11 ~-- SH X- 4 03 SH X-402
X-401 O WoB1/42188y HS S HHS ' N SH X-404 X-405 X-406 peiBuUseB3&d HS SH
HS SH X-407 X-408 X-409 OH -OH SH SH SH 0 HS SH HS OH OH OH SH X-
412 X- 413 X-410 cX-4111 OH H ~SHOH HS SH p= Chiral OH\ OH SH

X-416 X—ﬁémd% _ SH S X-418 X-417 42193 PCT/ US00/ 33057

OH
X-345 HO ‘
o X—346
AN oH - | ~
0NN e SN HO TS o4

X-347 X-348 IOH,- o Xf-349




--106- Representative ligands for use in this invention include, by way of
exanple, L-1 and L-2 as identified above wherein L-1 is selected froma
conmpound v 01/41p3rul a (a) and L-2 is selected froma conporamiuséo/I3esmul a
(b). Conbinations of ligands (L).andjsnkers (X) per thi s invention

i nclude, by 5 way exanple only, haono- "and hetero-diners wherein-a first
ligand is selected from L-1 and the second ligand and linker 'is selected
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Utility The mdFtibindi ng conpou pf this invent S

' t he “mul ti bi ndi ng

receptor ogtﬁ%s<orfparti?y @ & ngordingly,

conpounds”an har maceut i ¢af conpositio of. this ipyentioh are useful in
the treatnent. and 10 preventi gp_gjggi seases nedi ate Y329 Adr ener gi c
receptor such as asthma, chronic obstructive pul nonary disease,

bronchitis, and the like. They are a useful in the treat of nervous
systemHS I ahd,#?enﬁbqyg Iabor.f¢§ i ' enpl ated t t he
conmpounds of ths invention are useTHlS for treatipg et apd 1 ¢ di sofder s

such as obesity, dra s, and the like. 15 Testing The ( |nergic
recept or agonisticggc |é?ty of the conpodﬁdgégf Formul a (|58F3Q@2y be
denonstrat ed bycbbvariety of in vitro gssays known to those of- ordinary

skill in the art, s as theiQ? degcribed in th iologiggl Exanples 1
20 and 2. It &y @l so~be assayed b g.e&nzivo assays~e€dsribed in Ball
D. 1. et ,a., gl meterol a Novel, Lomng-axtigg beta Z_Adsﬁﬂ%kﬁkc Agoni st :
Char act eri~zs of 0
| SH X—402 | :
X-401 0 0 HS S
HS o~ N S H’s’\)k/v’K/‘SH | < >
 y_404 X—405 X-406
HS e SH HS S HS S~
X—407 X—408 - X—409
N - . OH
- OH SHo OH S ALSH
. i SH o HST Y HS - SH
HS” S0 Gy YT
. OH OH  SH X—412 X—413
: M on :
HS /—SH 0 HS A" SH
| H “chiral  OH
kj’ OH SH e
X—414 - X—415
ReUCaIEE S
s D X—418

X—417



Phar macol ogi cal Activity in Vitro and in Vivo" Br. J. Pharmacol., 104,
665-671 (1991); Linden, A et al., "Salneterol, Fornoterol, and Sal but anol
in the | sobat/exd93 Gui nea- Pi g Trachea: Differences in Maxi npar/Bséoessesnt Ef f ect
and Potency but not 25 in Functional Atggonism Thorax, 48, 547-553,
(1993); and Bials, A T. et al. | nvesti-gations into Factors Determ ning

the Duration of Action of the Beta 2- Adrenoceptaqr Agonist, Sal neterol. Br.
J. Phar macol ., 1déepr%5ta31%f]%ap§9®r usgin { mvwmnag%@% by oty ofexeBiSe

described in. I, AELEE UlededBYE dnlg)&g, d@¢ting beta
2- Adrenergic AgglriuLs2QS &%rétrﬂg%:d ag)IrO?]eZat ?%n of I%’ﬁétsrreaco oga}% A(r:ltl vity in 30
Vitro and i rfowhwla'(a)Bmd L2 1d%l&bdctﬁdﬁimacﬂxﬁ1@ourﬁ6& fortdule (991) ; Ki kkawa H et

al., "TA-2005, a_Novel, actin ctive Beta, 2- Adr cept or
Agoni st: Char act@Pmbiggins Og%g?’% (Fg Wfﬂg( bHNY %FW@“A&& Yn' Gui nea
Pi gs andgCat R ot her
Beta 2- Agonl\g%}, él(a}%l%}l{lf}%ﬁozr?o m %’hﬁéw&i%@?%gﬁ n]%%ft HQ{P@Q%E?Q& chﬁnder son,
G P., "For rptlendlthe baidiigal agy linkdrliesdiéaed hamitke fallowhgpni sm and Mechani sm
of Long Duration of a H ghly Potent and Sel ective Beta 2-Adrenoceptor

Agoni st Bronchodil ator, Life Sciences, 52, 2145-2160, (1993). 5

Phar maceut i aat/xHor nul at-2/mres WherL-gXpl oyed agXphar maceat¥-£al s,L-2K&- conpounds
of this i nveLn%(_ n are | bsually aLdglxry st ered,in,t he fB"zB@ af prlai/gq euti cal

conposi ti on hese conpounds can be adm nistered by a variety of routes
i ncl udi A§ orla?X-1Bect alL-2/X04t r andd®@Xridt , sub¥dti&neousl-2nt7 avdndlidd-

i ntranuscul aryxaed i nhapgtbon (e.-gx.21- 1 ntraggsal or szgd 23t nhal-gkien) . These
conmpounds are_effective as injectable, i nhal ed and orﬁ%2 conmpositions. Such

conposi t i ondHKSpr epdrddtn a mefifdr” wel |IL¥AAN i n LeRe?phatritalti cal art

and conpri sa.-zx-dieast op®-3act i veL-ampound. L-AXxpref er r d/X- ‘mannEUZ/KGB-

adm ni stering, co oundl[_2&f38:t his i ?/%%gtl on |i s.ighal at| gR.. 1Th| %5/?4‘3—” 15

ef fective neans for I'VEring a erapeutl C agent direc to the
respiratldry L-#/&e#- f or L-UKet r eatln®it4Sof dils@¥siés such-2@%47ast HrXdhd ot her

simlar or rghglgd resphkapory L.5&ah. di sqr gRrs3- (seepbhx-§. PatgrisyNo.
5, 607, 915) Th| s invention also includes pharmceutical. conpasitions which

contain, Ltiedact i Vet edi éntX%6ne orl-w8rd of théctnpodnddsescri bed

herein assocu aXed- 20 wvi-t/R-phar macentdical | yL-axaapt abl B20as* i eris2/xi66- maki ng

the conposit)i 09s,0f thi Sy ¢e. L-2/X-69- L-2/X-70- L-2X-71-  L-2/X-72-
20  L-2X-73- L-2/X-74- L-2/X-75- L-2/X-76- L2X-77-  L-2/X-T8-
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-
L-2/X-91- L-2/X-02- L-2/X-93- L-2/X-94- L-2/X-95-  L-2/X-96-
L-2/X-97- L-2/X-98- L-2/X-99- L2/X-100-  L-2/X-101-  L-2/X-102-
25  L-2/X-103-  L2/X-104-  L-2/X-105-  L-2/X-106-  L-2/X-107- L-2/X-108-
L2/X-109-  L-2/X-110-  L-2/X-111-  L2/X-112-  L-2/X-113-  L-2/X-114-
L2/X-115-  L2/X-116-  L2/X-117-  L-2X-118-  L-2/X-119-  L-2/X-120-
L2/X-121-  L2/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-
30 L2/X-133-  L-2/X-134  L2/X-135-  L-2/X-136-  L-2/X-137- L-2/X-138-
L2/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-
L2/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-
35  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-  L2/X-171-  L-2/X-172-

L-2/X-173- L-2/X-174- L-2/X-175- L-2/X-176- L-2/X-177-  L-2/X-178-



invention, the active ingredient is usually m xed with an exci pi ent,
diluted by an excipient or enclosed within such a carrier which can be in
t he for mvob or4mapsul e, sachet, paper or other contai ner.P@tesowizes7
excipient serves as a diluent, it can be.,a solid, sem-solid, or liquid
material, which acts as a vehicle, carfi® or medium for 25 the active

i ngr edi ent Thus, the conpositions_can be in form abl e ills,
powders, | ozle?'(éel§9 saclh%/?(slso cacl"}e?/é’ R X|1r%/X 1§§Speng|2§{]g8t3 #@IIBL?I

sol uti ons, lsy/lxulss- adr-oXais (asL-aXsléf-i d ar-2/ixrss | i qui2ck- rmeh URy/X-1600- nt ment s
contai ni ng, %’/5( 19fX MR S 9P to 19/)@1%( We'[Q?/B( 195 the gl iqe Gospaynd, soft
and hard gel afi capsu , positories, sterile injectable solutions,
and steril e lpa¥ki&ged ploMeh% SCL - 19?-epar1r?(§2e90*f ornb-%ﬂ%n L-¥XR83 be

necessary to fixldps.t he @@/klz\é@ Corm@/umsto PLOXide t herappsEpr iatgoparti cl e
size prior to_conbin with the other ingredients. |f the actlv? conpound

i s subst ant i P20 ?nsolltJE{P(ezlo'l t ordiiati 1y ¥€¥5m't1 ed W04lPa210%%
PCT/ US00/ 33057/X-215-110-L-b/@-2a6-par ti-zke1si ze oi/Xless t henxX200- nEshx-2p4- t he
active COMAUPR L. SUBSLADLLAl | Vi oMBLET SOLYRIS,. Lhe BALEC! & phags! S

normal |y adj us by m ng to provide a substantially unifo
di stributior-#X-2he f dr-p¥t288-i on,L-&Xg2%-about-2/X¢3kresh. L%@Iexd-n%l’(é@ of

sui t abl ggexgi. @/'xezﬁﬁ s i rLﬁb/#tC&@ﬂ aCtL0§/§t,23§16Xt rp@,gm&ucr 0§9/X-ﬁ750rLb1/§(Qb8-
manni tol , starches, cium phos hat e, | nat es, tragacanth,

gel atin, cal'c?/dmili c‘ﬁ?@ 24?71 cr o‘c?@fszf‘éll | i &gl os I L2

pol yvi nyI pyrr-oiidene, ceklub-ose,L-2/xtar-i | e maixens- syrup/x -ad  me1/Kyeko-

cel lulose. The farmulatigns, can g ag/leég onal | y 2|55|_cl udE_'m{glgrl cLaM(r}% agent s
such as tal c, “magnesi um St éar at e m ner orl; wetting agents;

emul si fying la?féMéerperidiz/?i§¥5&gentls2fxpir5%fservlr h@f 28%ent sL8bciflas LlUXr%é% hyl - and

propyl hygr oxy,kepz.0at s/ xsweet eni. ﬁ'/Q RBgent sp, 2/&&‘@!61c | avﬁfzmﬂwagini/ﬁ-zss The
conp03|t|ons of the invention can be fornul ated so as to provi ui ck

sust ai ned or-#&%Yed rlet8db of HEEbti ve-PRgrEdi ent-28Fer dd ?ﬁ‘r?g%t ration
to the patienk-2y enpl-oxing pracestres knoww-278 t heLart-279Tha.- zmmp@m tions

are preferanly, formlated jin a unit gdosage farm The beris 18 Junyt dosage
forms" refers”td physically discrete units suitable as'unitary dosages for
human subj edi-Z/Xe28@d ot He?/Xr8bmral SL-2/&28% uni t-2&8h0-ai ni h§/Xa29r ede?/&r2A3-ned

quantityg of ggligye Mot ekiah. calcykabed to piodhce the dasiradykhes.apeutic
effect, in association wth a suitable pharmaceutical excipient.

Preferably, tH&EESnpodndXoP0For it E 30l  dodde%s enbirBy¥d- at-H83Mbre t han

about 20 weighk-30er cent-2mf3o6-he phaxmareut i calx-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-

25  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-
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-

30  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-
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-
L-2/X-377- L-2/X-378- L-2/X-379- L-2/X-380- L-2/X-381-  L-2/X-382-

35  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-



20 conposition, nore preferably no nore than about 15 weight percent, with
the bal ance being pharnmaceutically inert carrier(s). The active conpound
is effectwoermies a wi de dosage range and is generally aBeT/mwserBrEd in a
pharmaceutically effective anount. Forg@%anple, when the drug is

adm ni stered via inhal ation, each dosage®contains fromabout 1 g to about

1000 25 g, preferably about 2 pg (o about 500 nor e ferab out 5 g
t o about 1od“y6fo%venIﬁ%%éoﬁrefgfa§ﬁ99abodfy§4%ﬁ to 55@%@160%6%%6ﬁ£the
active ingradi/mats- |t,L-2m4d14- be wndanst ood,-2/kanever , L2171 he-zxaimt of the
compound actuglly admnistered will be determ ned by a physician, in the
|i ght of thémﬁéngant ci rcunstances, including the condition to be
treated, the chosen route of 30 admi nistration, the actual conpound
admnistered and its relative activity, the age, weight, and response of
t he indi ¥idual patient, theUtisityrliestngfandrdedpimisteations synptons, and the

| i ke. Furthernore, the conpound of this.invention may be WO 01/42193

PCT/ US0O0/ 33057 --111- adm nistered p | actically, for exanple, a
pharmaceuti cal COfRQRibRRInCAMPURIIE tRis GHTAAYR Hreqi2 édﬁér?eréi@\‘&@&t‘o?” may be
adm ni stered before the bronchospasm begins in an asthma attack, to
prevent its agooistsroe pagiabagdnists. edlcrmedihgle, the xidtibindingwhimphunds andcurs. 5 For
preparing solid conpositions. such as.tablets, the prjncipal active

Pngr edi ent iRRRTACERUGA EAMACRHGIAL SRS i vERtOTARE iuﬁq@ehw thetrgREA | |

pref or ati : 1L Qi ' 0 .conpound
A L S S e R
conposi ti onHbasuhidRPYRNGES disedst, brondhidy) tind thstlikeh@hag hievadsd usgfubdli that i s

di spersed evenly throughout the conposition 10 so that the conposition may
be readi |y dtAstneat@éaevavSYSHIRIYY @nd Brepatue labor. [Hisasgecontesnkted theh as

tabl ets, pi ltllg cc?rﬁgou%%ggi"{]&f wé/g_rp%?% ard hgeﬂllg’%letgéaglgg&le%ﬂoﬁ}l@ d-ﬁs%r&elilse{lﬁhﬁyb d! vi ded

into unit dosage forns o pe descri be e contai ning e active

i ngredi ent afbetife dpibessnindithweid. i on. The tablets or pills of the present
invention may be coated or otherw se 15 conpounded to provide a dosage form
affordi A§ the advantage of prolonged action. For exanple, the tablet or
pill can conprise an inner dosage andnghluter dosage conponent, the

| atter being in the formof an envelope—Uger the fornmer. The two

conmponents can beTizgieddRéRHgib YecdPtof Bididtie deBYigf ofht 6OmpOINE8Df FormEsi st

(D) 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

20  and 2. It may also be assayed by the ex vivo assays described in Ball, D. I. et al.,
“Salmeterol a Novel, Long-acting beta 2-Adrenergic Agonist: Characterization of
Pharmacological Activity in Vitro and in Vivo™ Br. J. Pharmacol., 104, 665-671
(1991); Linden, A. et al., “Salmeterol, Formoterol, and Salbutamol in the Isolated
Guinea-Pig Trachea: Differences in Maximum Relaxant Effect and Potency but not

25  in Functional Atagonism. Thorax, 48, 547-553, (1993); and Bials, A. T. et al,,
Investigations into Factors Determining the Duration of Action of the Beta 2-
Adrenoceptor Agonist, Salmeterol. Br. J. Pharmacol., 108, 505-515 (1993); or in
vivo assays such as those described in Ball, D. I. et al., “Salmeterol a Novel, Long-
acting beta 2-Adrenergic Agonist: Characterization of Pharmacological Activity in

30  Vitro and in Vivo” Br. J. Pharmacol., 104, 665-671 (1991), Kikkawa, H. et al.,
“TA-2005, a Novel, Long-acting, and Selective Beta 2-Adrenoceptor Agonist:

Characterization of its in vivo Bronchodilating Action in Guinea Pigs and Cats in



disintegration in the stomach and permt the inner conponent to pass intact
into the 20 duodenumor to be delayed in release. A variety of materials
can be usedof/eriosuch enteric |ayers or coatings, such naprerivadmssnsrcl udi ng
a nunber of polyneric acids and mxtu:ﬁ)% of polymeric acids with such
materials as shell ac, cetyl al cohol cel I ul ose acetate. The liquid
forms in which the novel ositions qof the present |nv§nt| on. 25 may be

i ncor por at etp%l?afﬁﬂﬁl“ﬂﬁhsqtbeét 2 GYRNIStE” oBiop ’ﬁaﬁfle@‘ﬂf’ oh’+il8¢1d8e%aqueous
sol uti ons, em Hohs AMGHOTER BY B0l FRLID | MURAERBAASS and

flavored bns 'w e 0| such as cor cottonseed oil,
sesane oil, ndMechari$m p€ Bong DataluonaSa\mghly @ste&tand $cledivd Betai | ar
phar maceut i ca vehi cl es. Conmpositions for in ion or insufflation

i ncl ude sol & Aér@ogﬁmoraﬁg@y%&ﬁaqh@ﬁ%a%Lﬂﬁéﬁlﬁﬁ@éuﬂ AP 160 EEP3ADI e,
aqueousN§r organi c solvents, or mxtures thereof, and powders (see U S
Pat ent . 5,983,956). The I iquid or solid corrposi tions may contain

sui t abl e pharnmaceutical | y accephahaeeutissli for@ntasioas WO 01/ 42193

PCT/ USO0/ 33057 --112- described supra. Preferably the conpositions are
adni ni stered by tWhenemployed pnpharmaseaenls, é‘t‘%‘?%ml?%‘ﬁfjéof@?s IN¥eHIONGFe syst eni ¢
ef fect. Corrpos 0 f C | e solvents
may be nebulf %éeﬁ d;&lrjﬂssgerg(iﬁﬁtﬁée;ﬁ? ﬁgﬁﬁ%@é&ﬁ E&rﬂ%@{u Et ﬁ(%gebnay be inhal ed
directly frqunt fd@ﬁndﬁﬁﬂ'liebﬁﬁﬁm@l@h@id@ Ov¥arietieofromedidcluingodE véctd, my be
attached to a face nmask tent, or intermttent positive pressure breathing

machi ne.10Sol transdaimal gebraiasicows, Hﬁfavsléﬁ)\kﬂelﬂtré@m +gngrishaleljor&.g.adni ni st er ed,

preferably orall ces C er .t | ati on
n"an appr opPrae R R Metafionty PR BB HsClne il ¥l e, MBI 2" o)
10 Furt her mung ordlR8mposiEioRs: eStich@ahp6sipRsdré ppsred i b akdhinBigwelNRndWn DT €
conmpound(s) of this invention can ge adm ni stered in conbi nati on any ot her

sui tabl e dr ubg Phasmaesudiepl ast ang qompaiss at keaghoae agtisiespmpountht A-Areferrednmat or y
drug, e.g., budesonide. flucatison anethason eat nent of
eapi rat ory BRUSE BEALTiggutE EaSai e RER BIEHAETSRGerlsh B HE " he

phar macggt i C&fecﬁ%@&istfbpﬂlelﬁ/%nﬁg)a'ft}&lréfﬁeﬁﬁc hqt aﬂéﬁa@uadlﬂesx)eslﬁfatérblt&ct fayenti on
and the steroidal anti-inflammatory drug nay be adm ni stered

si nul taneousthytre@tmntﬂftdl%ﬂaﬁgﬁ sueh segstian aldothasimilarcsiplaiediespirgd®ay i n t he
combi nat i on t%aréﬂi gl)éell‘ss(seeer@. QYE%gent RIO??,66’HBP§}F sufficient for

This invention also includes pharmaceutical compositions which contain, as

the active ingredient, one or more of the compounds described herein associated
20  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
25  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
example, up to 10% by weight of the active compound, soft and hard gelatin
capsules, suppositories, sterile injectable solutions, and sterile packaged powders.
30 In preparing a formulation, it may be necessary to mill the active
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



its intended purpose. For exanple, the steriodal anti-inflammatory drugs
are enployed in sufficient anobunts to effect reduction in inflammuation in
vi vo. Thave81/2092 adrenergi c receptor agonist/partial agopCmUS@@spirunds of
this invention are enployed in an anount sufficient to cause relaxation of
snmoot h nuscle tissue, for exanple, i 48 bronchi al system Preferably,

t he dose range for caonpounds of this _ inventign is fromabqout 1 g to about
1000 g per dbadartigls Bzgeldewsithyn J00met [Sthsqctive soyapqundddsypstagldly” 25 nore
preferably . St : y about 5 g
t o about 60%&%@%@’& %?a?gﬁgélgégsg%&rngﬁggd@%ﬂfhIgysiﬁ?gﬁlgﬁgﬁ&g%% -inflammat ory
drug is freubabhailydfiform 4800bhwgioa it thedbenpaede kabhyowmdouiesh00 gg t o about
1600 g. Again, the particular dose used will depend on the patient (age,
wei ght, etc.), anPmqHampiesatispijablg excpients sckude laciosegdextroge sagrese.sever e) .
Lastly. 0 o 1 ian o . .

ot e cnt o ARG RoiRl sEEC TRRFAGHA AR MRS, Apitl, Aildokin

si mul t aneousdelatinV\18hiAs21&E, RJrotiSeQI 38 Qe Mulose, bdB~vingKAMldone, Thidulbsd, | owi ng
preparations and exanples are given to enable those skilled in the art to
nore cl ear | plaiHgwatrasyamaed methyt exltulese. The forpudations can/eddiiglly They  shoul d

not be Consiigapgeq I%riéa.{iﬁ%glééﬁgs stugﬁ a? %1?0? ?na%ﬁﬁgutﬁﬁ s#eg}/al?%ta{l(}?l H‘(iné?'h'ltoi ; rely as

being 5 illustrative a epresen rve ereo e exanpl’es bel ow,

the fol | ow ngetahbagntA oy igvwddisisehdink @péms préeanndggentsdotiess ot herw se
stated, all tenperatures are in degrees Celsius. If an_ abbreviation is not
defi ned10j t metbyl esd gronathyiroxy hepegatasds weskingageots; apl Pavoringggetyms cm =

ComL) et P ol P COER SR a5 4 o e e
chr onat ogr agytainVEdt delfy el BRhscasTIRNAdtAE ikERedibi after administration to the
patient by employing procedures known in the art.
The compositions are preferably formulated in a unit dosage form. The term

15  "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

20  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

administered in a pharmaceutically effective amount. For example, when the drug
is administered via inhalation, each dosage contains from about 1 pug to about 1000

25 g, preferably about 2 ng to about 500 pg, more preferably about 5 pg to about 100
ng, even more preferably about 5 pg to about 60 pg, of the active ingredient . 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

30 administration, the actual compound administered and its relative activity, the age,
weight, and response of the individual patient, the severity of the patient's

symptoms, and the like. Furthermore, the compound of this invention may be



nmg = mlligram MC = mninmuminhibitory concentration 20 mn = mnute nL =

milliliter mm=mllineter mTDI:m'IIim)I N = normal 25 THE =
tetrahydmvobuor/e193 L = microliters m— mcrons rt = rooPCT/@spe3eiure Rf
= retention faction 30 NVR = nucl ear etic resonance ESM =

el ectrospray nmass spectrum ppm = parts B mllion 35 Synthetic Exanples

Exanple 1 WD 01/42193 PCT/ US00/ 3305 --114- Synthesjs of trans-
|, 4-bi s{N-[2d (IamﬁS‘PEﬁdda(9PIBd4f§/laiilbkg‘?k¢txﬁle éﬁi)mnaﬁemwyh?%&%ttw ] amino }

cycl ohexane r Step 1 5 To
a solution o%) L@ %,lf] 3?@1&{)% (feflt?)s meﬁh«')‘h th{lbg;glg@rlﬁ%fgﬁgfoggh 25.7 mmole) in
di met hyl sul fipandhesptadsh begins\asn asdhied at834 toyste ot dtgoccuaence orfibeedwes titd | ng

m xture was stirred at 55 C for 24 h, and poured into a slurry of ice-water
(200 i), pxest s vhichigPcsuisal e yeIIow solid. The solid was filtered,

washed with wat erg é&)%%gngélol cﬂ&%ﬁ %g% 1Fchgds‘{§olets, the principal active

a, a- di hydr oxy- 4- hy
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 pre-formulation compositions as homogeneous,
it is meant that the active ingredient is dispersed evenly throughout the composition
10  so that the composition may be readily subdivided into equally effective unit dosage
forms such as tablets, pills and capsules. This solid pre-formulation is then
subdivided into unit dosage forms of the type described above containing the active
ingredient of the present invention.
The tablets or pills of the present invention may be coated or otherwise
15  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
20  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
25  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.
Compositions for inhalation or insufflation include solutions and
30 suspensions in pharmaceutically acceptable, aqueous or organic solvents, or
mixtures thereof, and powders (see U. S. Patent No. 5,983,956). The liquid or solid

compositions may contain suitable pharmaceutically acceptable excipients as



10 acet ophenone 12. The product was re-suspended in ethyl ether (200 ni),
filtered and dried to give (3.41 g, 59% of pure product. Rf= 0.8 (10%
Mc OH CH2®X@p1/421b8 - NVR (4/1 CDC13/ CD30D, 299.96 MHz): S (ppa)/uSe/Be®. 72 (d,
1H), 8.28 8.24 (dd, 1H), 7.08-7.05 (d, ](]]1 5.82 (s, 1H), 4.01 (s, 3H).
Step 2 15 To a suspensi on of a, a-di hydr >%y 4- hydr oxy- 3- met hoxycar bonyl -
acet ophenone 12 (0.3 1.33. mple) in THE (10 nl) ed a sol ytion of
trans-1, 4- d.c&mrm@éyweh&%fﬁ@bwée ﬁ@np@l%@srﬁ%?%‘?mi#r?‘i@q&% hor ng

resul ting 9 & ure under

ni trogen at %%R%e%ﬁ? [ 0{31 %trekgéfo%&bgkgﬁg%ﬁsﬁgel émgag) | eted j udged
by TLC anal ytﬂiaﬁnaoéﬁﬁ@ﬂly(aowpiamge venits ﬂhhﬁbe &ﬁillﬂﬂléd]@y aszl oﬁihﬂngauesi ce bath, an
excess anmount of 2M BH3-Me2S in hexane was ad ed to the

previ ous solNghubzed Sﬂ%‘glqnééllﬁymeri@ha}lr‘i’%@l{ﬁcély\fé’én {@Inﬁml%ij%ﬁ ‘Prot £t and

refl uxed for @0 { xture, MeCH
(5 nm) vvas aé’gmg& {ﬂ%g&&%%ﬁ?éé%essegﬁnﬁﬁf gggg%{\%lqhtﬁgﬁt@ggﬁtgg tEll (talr%stl rring
for 30 mn. J)rés}@ﬁrefbrfaalhmgﬁiddhin@n Solution) sosbnsioa) ertposvier vaapAitiansapay et ed in
vacuo, yielding a pale brown solid. The solid was washed with Et OAc/ hexane

(1/2; 20 rrL)adnuwatetndb p¢ferat|e ogallycns ngsadlyufrom deyicas %&h\f’@awrﬁh%% NECN/ H20
conta 5%
01/ 42'18?'%#}3{5%%5@’5@(1@8%% {ee‘ﬁ?‘g‘éf §I ?Efr orrg%t%gl;t?ggg jo%gp u5| ng a linear

gradi ent (5% 9 %% MeCN H20 over 50 min, 20 nl/mn; det ectl on at 254 nM.
Fractl ons with UV absorption were anal yzed by LC—MS to isolate trans-

, 4- bi s{f [ 2- (4- Hipthesmyars. thy gharipaiticp] COmASKIPNY CONtHPHIEAOFS! AT ani no}

cyclohexane 13. 5 9 2 7.18

(dd, 2H), 6. CQB‘I"’B“‘%) W %)%95)"‘ é‘ﬁe ?ﬂg&%% &gﬁﬁ%ﬂt‘%n%ﬁﬁﬁ?"ersm15 (br s,
4H), 2. 89 (rBuitadbl} druk, &Fexdmple, (ith abuitdbi} stefofdbahtC2AtANR0B) drugpd.gd. 446. 5,
obsd. 447.5 [ MrH +. Conpound 14: Proceedi ng as described above but

substituti nd’qdﬁmsdelﬂma@ﬁ@?ﬁ heclametbgsome ok tedroginpant of respiratory disorders.
e e IR O B A A G0 e
( C31HA6NBO6)confamlifgl the%&pzundlbﬁdf thB4veatibMind the stepsipalume-iABammatory
drug may be administered simultaneously, sequentially or separately. Each
component used in the combination therapy is employed in an amount sufficient for
its intended purpose. For example, the steriodal anti-inflammatory drugs are
employed in sufficient amounts to effect reduction in inflammation in vivo. The [3-
20 2 adrenergic receptor agonist/partial agonist compounds of this invention are
employed in an amount sufficient to cause relaxation of smooth muscle tissue, for
example, in the bronchial system.
Preferably, the dose range for compounds of this invention is from about 1
g to about 1000 pg per dose, more preferably about 2 pg to about 500 pg, even
25  more preferably about 5 pg to about 100 pg, and still more preferably about 5 pg to
about 60 pg. The preferred dosage range for a steroidal anti-inflammatory drug is
from about 50 to 4800 pg and more preferably about 100 ug to about 1600 ug.
Again, the particular dose used will depend on the patient (age, weight, etc.), and
the severity of the disease (mild, moderate, severe). Lastly, a pharmaceutical
30 composition containing the two active ingredients can also be prepared for

administering the drugs simultaneously.



Proceedi ng as descri bed above but substituting trans-1, 4-diamno 15

cycl ohexane with 1, 3-cycl ohexanebi s(net hyl am ne) gave

1, 3- bi s{ W@ Bv§29hydr oxy- 3 -hydroxynet hyl phenyl) - 2- hydr oxpeT/ivgo33057

am nonet hyl } cycl ohexane. ESMS (CZ?HBEQ 06): calcd. 474.6, obsd. 475.3

[ MtH] +.  Conpound 16: Proceedi ng as déscribed above but substituting
trans-1, 4-di am no- 20 cycl ohexane with 1. 8-diam no p-nent hane gave

1, 8- bi s{N-[2-(4-hydroxy-3- hydr oxynws%l ) - 2- hydr oxyet hyl ] am no }

- p- ment hane. ES X é@ﬁ’ , ] Compound
17: Proceeding 21/? %@W@gﬁqﬁ%ﬁ}@%ﬁﬁﬁgu t@t%ﬁ??ﬁ%ntw?%%gﬁ tfil%é&glkg;ﬁdno 25
cycl ohexane iwithdarltodmbies({crigindaptanid yhd i radtRziteprgsene inbedad. s{iy[ [ N- 2- ( 4-
hydr oxy- 3- hydr oxymnet hyl phenyl ) - 2- hydr oxyet hy| }‘am’ noj pr optyl } . pi perazi ne.
ESMS ( C28H4sheug)not bafengidesgiasdimigpg ghe ssape &f themmpotions BEE metehy ageing
Compound<18:...P. I ! above but substituting

trans-1, 3 di1%1%%31@%8“;%8?&%%@%3\?]%%%&?% p- xyl yl enedi am ne gave

1, 4- bi s{N-[ 2- (4- hyidnOampldsydicaxthe following abbreviations have the following

met hyl phenyl ) - 2- hydr oxyet hyl ] am nonet hyl } benzene. ESM5 (Cz6H32N206) : cal cd.
468.5, obsd.mernings. [Unlgsp ethenyise etateyalbiemperatures 31 3n degregstielaby, B35 7
--116-- Conp . 19: . i . I substituting
trans-1, 4- diag)%&g’b%%&@ﬁcgﬁggg%&;gtw& ? ﬁtg%@ﬁ@{e eﬁgg?%rﬁﬁeg@hé'ave

1, 3- bi s{N-[ 2- (4- hydr oxy- 3- hydr oxy-

met hyl phenyl ) - 2- hydr oxyet hyl ] am nonet hyl } benzene. ESMS (CL6H32N206): cal cd.
5 468. 5100bsd. 46%.3 [ MtH] +, 49270 [ MMAgSteMS Conpound 20: Proceedi ng as
descri bed above bum substitutingtrargsatimgtedi ami no- cycl ohexane with

2- am nobenzyl anmi m@C@ave 1- { N[ 2= (4- hdickobohex@-daytehdoxide

met hyl phenyl ) - 2- ydiFoxyet hyl | am-nonmet Mw-dinettdAfotdhmhidie( 4- hydr oxy-3 10

hydr oxynet hyl pheny\jsg2- hydr oxyethyl | @ffettgisul¥esiaene. ESMS ( C25H30N206) :

cal cd. 434.5, ObSéj. 455. 3 [ MtH] Cor‘g}glldnd 21:

HPLC = high performance liquid chromatography
MEM = minimal essential medium
mg = milligram
MIC = minimum inhibitory concentration
20 min = minute
mL = milliliter
mm = millimeter
mmol = millimol
N = normal
25 THF = tetrahydrofuran
uL = microliters
um = microns
rt = room temperature
R; = retention faction
30 NMR = nuclear magnetic resonance
ESMS = electrospray mass spectrum
ppm = parts per million

35

Synthetic Examples
Example 1



Proceedi ng as descri bed above but substituting trans-1, 4-di am no-

cycl ohexane with 2-(4-am nophenyl)ethyl am ne gave 1- {2- [N 2-

[ (4- hydr ov@ 08421935 PCT/US00/33057
hydr oxynet hyl phenyl ) - 2- hydr oxyet hyl ] am no] et hyl } - 2- {N-[ 2- (4- hydr oxy- 3
hydr oxymet hyl phenyl ) - 2- hydr oxyet hyl | anilffs] benzene. ESMS ( C26H32N206) :
calcd. 468.5, obsd. 469.3 [I\/Hr;] +. Compound 22: Proceeding as descri bed
above but subst i Yynthesty of rrgie-13 ,-lawﬂ?}f:&%i(ﬁbywxw&wém&ﬁéhﬁph% D-2-

4, 4' -oxydi ani | i ne gave 4, 4' - i -6 4- - 3- hydr oxy-

met hyl phenyl ) - 2- hydr oxyet hyl ?2%*{0%%%‘@%‘;4‘%%@?%@ : ( C30H32N207) : cal cd.
532.6, obsd. 533.3 [MrH +, 556.1 [fdttdaing. figuenPound 23: Proceedi ng as
descri bed above but substituting trans-1,4-diam no 25 cycl ohexane with

2- am nobenzyl am ne gave 1-{N-[2-q4- hydr oxyHB- hyg; oxy-

met hyl phenyl ) - 2- hydr oxyet hyl ' nﬁt H4- [ N-[2-(4-hydroxy-3-hydroxy-
nmet hyl phenyl ) - 2- hydr oxyet h f e &N H30N206) : cal cd.
454.5, obsd. 455.5 [ M+ .3 [l\)ﬁiNa +. 30 Exa 2 Synt hesi s of

+
1-{2-[N-2-[ (4- hydr oxy- BJI::]I%/dr pxymet hyl phenyl )-2- hy
} -4- {N- [2-phenyl-2- hydéﬁ ethyl] am no] benzene 1/ 42193
PCT/ USO0/ 33057 --117- (f ow ng figure 6) OH OH N HO HO To a
suspensi on of a, a-di hydr oxy-4-hydr oxy- 3- met hoxycar bonyl 5 acetophenone 12,
pr epar ed in%ﬁmle 1, Step 1 above, (0.3 g, 1.33 mole) in THE (10 nl)
was added a solution of 2-(4-am nophenyl)ethylamne 25 (0.181 g, 1.33
mol ) i n5THE (5 Tola) soluthve afésadetyil satjc@irsapahmicthy] e 19t(S0geds.7 anmlehinat

anbi ent tenperature und ni trogen. at here, foll. b ddi ti
a, a- di hydr o;{})meﬁ’é’é“élgﬁﬁgﬁg‘k‘emﬂweg?‘%% 4%9/353' PByC aef‘iqrﬁﬁ"eﬁ%lt‘ t‘(’}ﬁl rr: g? ure was

stirred for 3 . e on -of | mine Al
i udged by TL Xgﬁg}vfé?%% at%s WLLHY f UMIHOLRA ih aldifiry OF REWRS (S6UTP! eted as

mL), precipitating a pale yellow solid. The solid was filtered, washed with water

oxXQ&t hyl ] am no] et hyl

(200 mL), and dried to give o,a—dihydroxy-4-hydroxy-3-methoxycarbonyl-

10  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 CDCl,/CD,0D, 299.96 MHz): 6 (ppm) 8.73-8.72 (d, 1H), 8.28-

8.24 (dd, 1H), 7.08-7.05 (d, 1H), 5.82 (s, 1H), 4.01 (s, 3H).
Step2 A

15 To a suspension of a,a—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
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

20  of 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
reaction mixture, MeOH (5 mL) was added to quench excess amount of 2M BH;-
Me,S. After stirring for 30 min., the final solution (or cloudy solution) was

25  evaporated in vacuo, yielding a pale brown solid. The solid was washed with
EtOAc/hexane (1/2; 20 mL), and dried. The crude product was dissolved in 50%
MeCN/H,O containing 0.5% TFA, and purified by prep-scale high performance



The reaction mxture was cooled in an ice bath and an excess anmount of 2M
BH3- Me2S in hexane (9 nL; 18 nmole) was added. The resulting m xture was
slowy waramsdigso rt, and refluxed for 4 h under N2 streaar/ydovasostool i ng,
MeOH (10 nlL) was added to quench exce i anount of BH3- Me2S. After stirring
30 mn. at rt, the 15 final solution” ? m cl oudy suspensmn) was evapor at ed
|nvacuo give a pale browmm solid. The saolid was

Et OAc/ hex anéqplﬁ/cwomdog\@yhy eHd- G ysing 2 hingar g’@Fllfdé(Sg/P (FfdﬁlQ:f’ M%%N/d'kg)sol ved in
50% MeCN Hzgvgr%trgl G%Ip/ ?1d Feﬁ‘tlor?a%fé?ﬁ\gj fFr‘S&l&% vmhe@VSa%@(]) tlg'xll ARre

performance |1 roma ogra I near gradient (5%t
50% MeCN/ HZQnaQywd HBOLOIMS t@3olate mans; 1 Ad-étsQM-[QG(n I@ﬁrcﬁ@@-ﬁ@dﬂ)k&metﬁyhct i Ons
wi th UV absorption were anal yzed by LC—IVB to locate 1-{2-[N-2-

[ (4- hydr oxyphennwmwmthylﬂwﬁw grddxyet hyl ] amino] -et hyI ) -4-

122.5, "bsd. azi A TG RO AR aNge By g b A R 680 v

but substi t 678, mmdashzyd«s QXy214);, BYSSr(eaH), 3{3@5@&9@@@2&@@ cashenone
wi th a, a-di hydroxyacet ophenone gave 1-{2-[N WO 01/42193 PCT/ US00/ 33057
e [ oS pRebr e R EANB R AOrdoealy H46.5, obsd. 4473 [MIH] -

-4-[N-(2- phﬁnéllp-?Z Q ﬁlmoxyet hyl ) am no] - benzene. ESMS (C24H28N208): cal cd.
376 5, obsd ? Exanple 3 5 Synt hesis of

1-{2-[N-2-(4- hydpwecﬁngxda@&w&t&dolv@la@mbatnan gapxy atdiythino- ami noj et hyl
et hyI ) -4- [N-(2-phenyl - hydr oxyet hyl ) am no] benzene (foI | owi ng figure 7)
HO N Fyclphagane w@hswepnezhyrr@a%nwcm@dammeagmw%&w{wan. line 25

(20,8, 157 L) BB 0 20 L AR B 12
m xture was pSME AN HANSO, ) . S4B 3 Sots@. Al fomd+H) *pal e
Compound 15:
Proceeding as described above but substituting trans-1,4-diamino-

15  cyclohexane with 1,3-cyclohexanebis(methylamine) gave 1,3-bis{N-[2-(4-hydroxy-
3-hydroxymethylphenyl)-2-hydroxyethyl]aminomethyl}cyclohexane.
ESMS (C,,H;N,Oq): calcd. 474.6, obsd. 475.3 [M+H]".

Compound 16:
Proceeding as described above but substituting trans-1,4-diamino-

20  cyclohexane with 1,8-diamino-p-menthane gave 1,8-bis{/N-[2-(4-hydroxy-3-
hydroxymethylphenyl)-2-hydroxyethyl]amino }-p-menthane.

ESMS (C,sH,,N,O)): calcd. 502.6, obsd. 503.3 [M+H]".
Compound 17:
Proceeding as described above but substituting trans-1,4-diamino-

25  cyclohexane with 1,4-bis(3-aminopropyl)piperazine gave 1,4-bis{3-[[N-2-(4-
hydroxy-3-hydroxymethylphenyl)-2-hydroxyethyl]amino]propyl} piperazine.
ESMS (C,,H,,N,Oq): calcd. 532.6, obsd. 533.3 [M+H]", 555.0 [M+Na]".
Compound 18:

Proceeding as described above but substituting frans-1,4-diamino-

30 cyclohexane with p-xylylenediamine gave 1,4-bis{N-[2-(4-hydroxy-3-hydroxy-
methylphenyl)-2-hydroxyethylJaminomethyl}benzene. ESMS (C4H;,N,Oq): calcd.
468.5, obsd. 469.3 [M+H]", 492.0 [M+Na]".



yellow oily residue. The oily material solidified slowy; thus it was
dissolved in 5% MOH CH2C12, and subsequently applied to flash silica

col um clworatngs aphy (3 to 10% MeOH CH2C12). After puri PCT/AB0033057

4- (N- Boc- 2- ami noet hyI )aniline 28 was 15 tal ned as a pale yellow solid
(32.95q, 95°/c) Rf 0.6 in 10% MeOH c2BP2 - NWR (CD30OD, 299.96 MHz): 6
(ppm 6.96-6 93(d 2H), 6.69-6.65 (d, 2H) 3.20- 3.13 (g, 2H), 2.63-2.58
(t, 2H), 1.4Gompoungd®:” Step 2 4- (N-Boc- 2- ami noet hyl )aniline 28 (1.25 g,

°.29 mmol e) Waszgl!’ ?gee?i\érggdasldégcr%gd Qﬁ&%mkuﬂfﬁ ilr_ﬂg)tr A4 8%4 gy addition of

phenyl gl yoxal APon mxture was stirred

for 1 h at rdyclobekdie With adgilylefediahine Na\NBBidi({0/-R6@-lgydrd0-8-hydoke) . The
final m xture was stirred for 12 h at rt, concentrated, and purlfled by

flash silicamebyphendh?dwdrasgetplympemetiybdeniasor SMPECa LMo Ogi calcd.

N ( 2- phenyl dr oxy, /(I;;y = ( noethyl) 25 aniline as a pale
vel | ow ol (‘%8% M(é@ Mg ”f?ﬁdﬁz%&mm CH2C12. ' H NVR ( CD3OD,

299. 96 Mi): c&nf,mﬂno? 4-7.25 (m 5H), 7.0-6.95 (d. 2H), 6.63 WO 01/ 42193
PCT/ US00/ 33057  --119- 6.60 (d, 2H), 4.85-4.79 (dd. 1H . 3.3-3.21 (t, 2H),

3.2-3.15 (m 2H) , Procegding 3 described ppovelbud sulssitutimgyranstlehd@mingo| ut i on of

N-(2- phenyl - dr 0x oc 2- am n j 79, 4.77
nmol e) in ma(iﬁ gﬁaéle For |%lén({b%52y ! %V%ogﬁ)t @Yd%hyl%céex P Kdr% 3hd TFA (10
nm) was sl 0%&’thﬁ%ﬂéi@/l)lﬂdl@ﬂrcﬂ(yéﬂlyﬂﬂﬁin@ﬁleﬂiyﬂ}r -pg@n[2o@shydrée-3eact i on m xture

was stirred for and concentrated to yield a aleéellow oil. The crude
mat eri all0 Wals’dwwmqﬂ@dphﬁ}lyF)lebYCb@‘éb’eﬁiWébﬁllmlb@@]}@%ESM G REF20 over 50
mn; 20 nL/

N-(2 phenyl 0?1“%6 ‘855( ﬁy‘fs)s U\@Hlam' noet hyl )aniline 29 as the 10 TFA salt
(1.1 9). "HMR&HBID, 299.96 Miz): S (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. 912lr0(:¢ed1r@—®s deEsiiEd (BICHROMEBljuting dt aex- 1 %Qﬁnﬁm-obsd 257.1

[I\I-N?;“ ;hen§I78°2'% Nﬁl\la]ﬁ'ph%](% aﬁll{oywﬁmlﬁgﬁ'fﬁ? éﬁ%ﬁS} }2 [V ﬁ’? F(fl :ggog‘ﬁ €tate salt
29 (1.118, Z3royRhely hRenyBINRNRbx el | Blnind By RIS A - Ml hydroxy-3-
hydroxymethylphenyl)-2-hydroxyethyl]amino]benzene. ESMS (C¢H3,N,O,):
calcd. 468.5, obsd. 469.3 [M+H]".
Compound 22:
Proceeding as described above but substituting trans-1,4-diamino-

20  cyclohexane with 4,4'-oxydianiline gave 4,4'-bis{N-[2-(4-hydroxy-3-hydroxy-
methylphenyl)-2-hydroxyethylJamino} phenylether. ESMS (G, H;,N,0,): calcd.
532.6, obsd. 533.3 [M+H]", 556.1 [M+Na]".

Compound 23:
Proceeding as described above but substituting trans-1,4-diamino-

25  cyclohexane with 2-aminobenzylamine gave 1-{N-[2-(4-hydroxy-3-hydroxy-
methylphenyl)-2-hydroxyethylJaminomethyl}-4-{ N-[2-(4-hydroxy-3-hydroxy-
methylphenyl)-2-hydroxyethyl]Jamino}benzene. ESMS (C,sH,,N,Oy): calcd. 454.5,
obsd. 455.5 [M+H]*, 477.3 [M+Na]".

30 Example 2
Synthesis of 1-{2-[N-2-[(4-hydroxy-3-hydroxymethylphenyl)-2-
hydroxyethyl]aminoJethyl}-4-{ N-[2-phenyl-2-hydroxyethyl]amino]benzene



NaOH solution (0.93 nlL). After stirring for 10 min., the solution was
concentrated to dryness. The residue was dissolved in THE (25 nL), and

a, a- di hyavery4293 hydr oxy- 3- net hoxy- car bonyl acet ophenone 1PCTOS@1380%y, 2. 27
mmol e) was added. 20 The reaction m xture was stirred for 12 hat rt, cool ed
to 0 C, and BH3/ Me2S (1.14 nL, 10 M) waS added under nitrogen atnosphere.
The reaction m xture was graduall vvarrre tort, stirred for 2 h at rt,
and refluxed for 4 h. The reacti offolRIBEIATGE) cool ed and met hanol (10 ni)
was added slowy. After stirring for 30 mn., at rt, the reaction mxture
was concentrated to afford a solid residue, which 25 was di ssolved in MeOH
(20 nmL) containing 10% TFA. Evaporation of the organics vyielded a pale
yell ow oil which was purified byd{'_gversed phase HPLC. 10%to 30% MeCN H20

over 50 min; 20 nb/mn to give 1 HN-2- (A= ydroxpl-B hydr oxy-
met hyl phenyl ) - 2- hydr oxyet hyl -N
[ N-(2- phenyl - 2- hydr oxyet hyl m no] benze 0 as'th salt (0.65 g).

"H NVR (CD30D, 299.96 MHaD: 0 (ppm 7.42-7.3 (m 7.28-7.24 (d, 2H),
7.18-7.14 (dd, | H, 7.1-7.07 (d, 2H), 6.80-6.77 (d, | H), 4.86-4.82 (m
2H), 4.65 (s, 2H), 3.44-3.8@ (m 2H), 3.28-3.22 (m WD 01/42193
PCT/ US00/ 33057 --120- 2H), 3.20-3.14 (m 2H), 3.04-2.96 (m 2H); ESMS
(C25H30N204) : calcd. 422.5, obsd. 423.1 [MtH +, 404.7 [M1 H2Q +, 387.1
[M' 2H2Q +. Exanpl® 4 sip&sidn &, &-dihydroxy-4-hydrox 3-methoxycarbonyl-

1-{2-[ N- 2- (4- hydr oxy- 3- hydrox met hyl phenyl ) - 2- hydr oxyet hyl ] - am noet hyl }
-4- [N-(3- pm@ntpph@w@sjzmmm@//@tﬁmmm n%]?p b@hcz\@né)3gfbi3 mcﬁg) mnlgdfe 8) oH

25 (7.0 g 2408 onaorh sl S Hrboep erihby RTed 38 ISk a1 3 56 o
29. 6 mml e) WA rlﬁwg%lt})rﬂ?e"reghltmg-r HRp&HHRNVESstRE Forf BRAYVAfbEA: Ji ve a
pal e yellow solid. N phenyl (S

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
10  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
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
15  final solution (or cloudy suspension) was evaporated in vacuo, to give a pale brown
solid. The solid was washed with EtOAc/hexane (1/2; 20 mL), and dried. The
crude product was dissolved in 50% MeCN/H,O containing 0.5% TFA, and
purified by prep-scale high performance liquid chromatography (HPLC) using a
linear gradient (5% to 50% MeCN/H,0O over 50 min, 20 mL/min; detection at 254
20 nM). Fractions with UV absorption were analyzed by LC-MS to locate 1-{2-[N-2-
[(4-hydroxy-3-hydroxymethylphenyl)-2-hydroxyethyl]amino]-ethyl}-4-{ N-[2-
phenyl-2-hydroxyethyl]amino]benzene 26. ESMS (C,;H;N,0,): calcd. 422.5,
obsd. 423.3 [M+H]".
Compound 27:
25 Proceeding as described above, but substituting o,a-dihydroxy-4-hydroxy-

3-methoxycarbonylacetophenone with o,a-dihydroxyacetophenone gave 1-{2-[N-



hydr oxyet hyl ) - 4- (N- Boc- 2- am noet hyl )ani |l i ne was separated by flash silica
col um chr omat ogr aphy: 1/2 Et CAc/ hexane to 3/ 1 Et OAc/ hexane to 3% MeCOH in
3/1 15 Ev@el/dmgane: Rf = 0.39 in 3% MeOH CH2C12. Step 2ré&r/asdudsnin of

N ( 2- phenyl - 2-(S) - hydroxyet hyl) - 4- (N-Bog- 2-am noethyl)- aniline (2.5 g, 7.0
mmol e) in CH2C12 (15 m.) was cooled in -H&-i ce bath under stream of
nitrogen and TFA ( m.) was slowy added. The reactl on mx ureo\gas 20

stirred for [2- nhearl %@%Fﬁ&%hﬁék‘%@%@ﬂiﬁa%&? Ph*Fn\thﬁ’d ropgethyDymmoly oduct was

(5 Co 20 MRSRYBOCCUS) Lot e Sas Uy RETTRIpHAIf e o phase THLC

N- (2- phenyl - 2-(S)- hydroxyet hyl)-4-(2-am noethyl)aniline trifluoroacetate
salt 31 as a colorless oil. "H NWR (CD3QD, 299.96 MHz): S (ppm); 7.45-7.25
(m 9H), 4.9 (dd, 1H), 3.55-3.45 25 P’r'i‘mﬂ‘b, 3.21-3.15 (t, 2H)), 305 2.95

(t, 2H BSM5 ( A

[ MeNa] +. 4 ep SRET 450" B R S SR dert L Mty &R

N- (2- phenyl - 2- (S) - hydfigolyly -] N42-pBergni2Aneldnyle)igtamindbertzend | uoroacet ate
31 (0. 144 g, 0.3 nmmole) in nethanol (10 n.) was added aq. NaOH solution
(1.0 M 0.625 nL). The sol ution wHéllewhediivatikd to dryness and the

resi due was di ssolved in anhydrogg THE (5 ni). a, a-Di hydroxy-4-hydroxy-3 5
met hoxycar bonyl acet ophenone 12 ((. 06¥ g, 0.3 nmol e) was added and the
reaction nixture was stirr N .

added at 0C and the reacti for 6 h. After
cooling the reaction m xtQre s slowy added to
it to quench the reaction, apd the reaction rhlxt 5_|e was stirred for 30
mn., at rt. The organics Were renoved and the 10-fesi due was dissolved in
TFA/ I\/EO—l (12/9; 20 nmL), and concentrated. The crude product was di ssol ved
in 20% MeCN/g#@p) and purified by preparative HPLC: 5 to 20% MeCN H20; 20
m./mn; 254 nm ) to give 1-{2-[N- 2- (l-ér hydr o %/ 3- hydr

net hyl phenyl ) - 2- hi@ig sxtybemef (?aﬂmﬁt@F Dagifipe 25 (20 g,"147 mmole) in methanol

209 96 NPe) A0 plipnyhe gL PREEUp Mg s YOENAGRE Rl (SPpLIBMRTAYED 0
| H), 6.80- 6stifringd fbr 24H) thedefttidn &hixfure wadDoncéntted 19, drididss todafford aphle

yellow oily residue. The oily material solidified slowly; thus it was dissolved in 5%

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
15  obtained as a pale yellow solid (32.95g, 95%): R;= 0.6 in 10% MeOH/CH,Cl,. 'H-
NMR (CD,0D, 299.96 MHz): 6 (ppm) 6.96-6.93 (d, 2H), 6.69-6.65 (d, 2H), 3.20-
3.13 (q, 2H), 2.63-2.58 (t, 2H), 1.41 (s, 9H).
Step 2
4-(N-Boc-2-aminoethyl)aniline 28 (1.25 g, 5.29 mmole) was dissolved in
20  methanol (30 mL), followed by addition of phenyl glyoxal 24 (0.708 g, 5.28
mmole). The reaction mixture was stirred for 1 h at rt, prior to addition of
NaCNBH; (0.665 g, 10.6 mmole). The final mixture was stirred for 12 h at rt,
concentrated, and purified by flash silica column chromatography (2 to 5%
MeOH/CH,CL,) to give N-(2-phenyl-2-hydroxyethyl)-4-(N-Boc-2-aminoethyl)-
25  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): 6 (ppm) 7.4-7.25 (m, 5H), 7.0-6.95 (d, 2H), 6.63-



(m 2H), 3.28-3.25 (m 2H), 3.19-3.14 (m 2H), 3.04-2.98 (m 2H); ESMS
(C25H30N204) : cal cd. 422.5, obsd. 423.1 [ MtH] +, 446.1 [ M+tNa] +. Proceedi ng
as descr ivbedi/inoExanpl e 4 above but substituti ng (R) - 20 BCYWSmeEsri7de Wit h
(S)-styreneoxi de gave 1-{2-[N 2-(4-hydr

hydr oxynet hyI phenyl) - 2- hydr oxyet hyl ] an%lr?)c/)] et hyI -4 [N-(2 phenyl 2-(R) -
hydr oxyet hyl ) am no}_I benzene 34. 'H NVR (CD30D, gpprr)
7.42-7.28 (n.6@@ 2 7428)5479((1%1H)3$1)33%1@0?-}@;?72%&15(%%) @-2585 (m 2H),
465(s 2H)H ‘}é( (m 2H), 3.28-3.25 25 (m 2H), 3.19-3.15 (m 2H),
3.04-2.98 (mMely*” (ESWR (C25H30N204) © cal cd. 422.5, obsd. 423.1 [ MH] -+,
446. 1 [IVHrNa] Exarrpl e 5 Synthesis of 1,6-bis

{4-(N-[2-(4- ﬁ °a roxy- 3- hydr oxynet hyl phenyl )-2- 30 hydroxyet hy

am nohexyl oxypr opisplutiemokiy- 8/]2 m@mréhyctrmrqtm ﬁ@Nfﬁ/@uzmowUIMYlmzlgs

/ /
EI_C'(I' CIL—JE;)g 583(()@12§ é ézm%lef?_iwe é{? CTPR% G—r[n.Lilva(s) ?ool@ul{ge g&th,—and TFA

3- (4- hydr oxynbemy) wasliGvgRABE uklr & 3tréand of dikrode | eheaddttion mixture
1, 6-di -i odohexane (3.5 g, 8.88 mmmole) in dinethylsulfoxide (40 nlL) was

degassed anwasstirigd forehyandreongengatsdam diefba B%l@ B’Gllllﬁ‘@ aillbdi hatceld(emasergﬂl 32.56

T ogen at nSEHHEHES PGV E e Gt EREd Gl 307 UEC KD 9 S 3 oot s
extracted whh/EhOREsi(e 2PHe BNdy Ry &k mg grhécsy mreezmsﬁ@d Wi th
0.1 M NaOH and bri negl a%\vg( rie Iél le %S‘gﬁ (Tae or an?acl:ls were renoved in

vacuo t dOgi VEFA sga(lel ). cWhNaR (@D,aRe299.96 MHz): & (ppm) 7.42-7.3 (m, SH),

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]",
278.8 [M+Na]’, 513.4 [2M+H]".
Step 4

15 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
to dryness. The residue was dissolved in THF (25 mL), and o,a-dihydroxy-4-
hydroxy-3-methoxy-carbonylacetophenone 12 (0.514 g, 2.27 mmole) was added.

20  The reaction mixture was stirred for 12 h at rt, cooled to 0 °C, and BH,/Me,S (1.14
mL, 10 M ) was added under nitrogen atmosphere. The reaction mixture was
gradually warmed to rt, stirred for 2 h at rt, and refluxed for 4 h. The reaction
mixture was cooled and methanol (10 mL) was added slowly. After stirring for 30
min., at rt, the reaction mixture was concentrated to afford a solid residue, which

25  was dissolved in MeOH (20 mL) containing 10% TFA. Evaporation of the organics
yielded a pale yellow oil which was purified by reversed phase HPLC: 10% to 30%
MeCN/H,0 over 50 min; 20 mL/min to give 1-{2-[N-2-(4-hydroxy-3-hydroxy-
methylphenyl)-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): §

30 (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,



solid was purified by flash silica colum chromatography: 4/1 hexane/ Et OAc
to 5% 10 MeOH in 1/1 hexane/ Et OAc to give

1, 6- bi s[wo(@~R1edr oxypr opyl ) phenoxy] hexane 36 (Rf= 0.17 ipeTI/SD0/33057

hexane/ Et OAc) in 65%vyield (2.23 g). '"H.NWR (CD30OD, 299.96 MHz): 6 (ppm
7.08-7.05 (d, 4H), 6.80-6.77 (d, 4H), ~3293-3.89 (t, 4H), 3.56- 3.52 (t,
4H), 2.64-2.56 (t, 4H), 1.81-1.69 (m 8H), 1.44-1.21 (m 4H). Step 2 15 A
sol ution of 261 80-314-(m3 2Ry ot By D6 Py PHYHENR yErnBdhO:362le4- 4223, 5. 69

mmol e) in S t S b RfAPMF (40 L) containing NaH
(0.57 gq; 6%%4%%%%@2% nﬁﬂﬁdﬁggall?lzgﬂ I’?kgﬁ [Whorider I(’li trog)en at rmsphe?e

and the reaction mxture was heated at 50 C. After 1 h,
6- bronohexanenitrile (2.26 nL, 17 mvole) was added and the reaction
m xture was heated at 80 C for 24 h.Exgmepled reacti on ni xture was quenched

wi th brigpe solwtjaon ) tr.act ed Lt h Et 25 ). The
or gani ¢ phase Sm@eﬁégﬁggzm‘%%?‘gg?’ nrgf(y'gzri} gaox\?@r’[eﬁhyw‘f\?ge Xﬁqug)ﬁd&&@'veggﬂ: ated in
vacuo, to give a pahmoy 1}OXN[Ni(Q~ph5’1h5f112f-dSq-&h}'H@&y&MyIDérﬂﬁlb]beﬁkédeca col um
chromat ography: 4/1 to 1/1 hexane/ Et OAc afforded 1, 6-bis[4-(5 WO 01/42193
PCT/ US00/ 33057 --123- cyanopent y(felkoming fighic]Phenoxy] hexane 37 product (Rf
= 0.6 in 1/1 EtOAc/ hexane). 'HANVR (CDC1l3, 299.96 MHz): S (ppm 7.09-7.06
(d, 4H), 6.82- 6.79 (d, 4H), -3H90 (t, 4H), 3.42-3.37 (m 8H),
2.64-2.58 (t, 4H), 2.40-2. & 2 . 1.26 (m_x4H). 5 Step 3 The

1, 6- bi s[ 4- (5- cyanopent yl ox yI ) ] pheno xane 3 .278 g, 0.48 mole)
obtained in Step 2 abovéi@lasyadded to a m . HC1(10 nL) and
AcOH (2 nL) and the reaction)m xture was heat éd aé 90 C. After 15 h, the
reaction mxture was dilut¥d with brine (50 ni), Btracted with EtOAc (100
m.), 10 and dried with MJSO4. Evaporation of the organic phase afforded the
1, 6-bi s[4-(5- carboxypentyl -oxypropyl)] phenoxy] hexane 38 as a pal e yell ow
oi ly residu@tepahi ch was used in next step without further purification.

" H NWR 13, 299. 96. . . 1.09:7.07 4 . 82-6..79 (d, 4H),
3. 96- 3. g(go(ct , 4H?‘, soim&@%@%ﬁ%%@ﬂ%m%é@ 0 @4%%6?"’??%%-1&. 3(2 (m K
4H), 1. 91- 1d@néim1 0@ ¢Hr)) and PRYNt$RnéoxI® @.5%%, ¥bi6aAm@le) was refluxed for 24 h.

2- hydr oxy- 2- (4- benzyl oxy- 3- hydr oxynet hyl phenyl ) -
The organics were removed to give a pale yellow solid. N-(2-phenyl-2-(S)-

3. 94

hydroxyethyl)-4-(N-Boc-2-aminoethyl)aniline was separated by flash silica column
chromatography: 1/2 EtOAc/hexane to 3/1 EtOAc/hexane to 3% MeOH in 3/1
15  EtOAc/hexane: Rf = 0.39 in 3% MeOH/CH,CL,.
Step 2
A solution of N-(2-phenyl-2-(S)-hydroxyethyl)-4-(N-Boc-2-aminoethyl)-
aniline (2.5 g, 7.0 mmole) in CH,Cl, (15 mL) was cooled in an ice bath under
stream of nitrogen and TFA (15 mL) was slowly added. The reaction mixture was
20  stirred for 2 h at 0°C and then concentrated in vacuo. The crude product was
dissolved in 20% MeCN/H,O and purified by preparative reversed phase HPLC (5
to 2% MeCN/H,0 over 50 min; 254 nm; 20 mL/min.), to give N-(2-phenyl-2-(S)-
hydroxyethyl)-4-(2-aminoethyl)aniline trifluoroacetate salt 31 as a colorless oil. 'H-
NMR (CD,0D, 299.96 MHz): 6 (ppm); 7.45-7.25 (m, 9H), 4.9 (dd, 1H), 3.55-3.45
25  (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



ethylam ne 39 (0.263 g, 0.96 mmole) in DMF (8 nL) was added 1, 6-bis[4-(5-
car boxypent yl oxypropyl ) phenoxy] hexane (-0.48 mvpl e), obtained in Step 3
above, MOBD1/40913 g, 0.96 nmmle), DI PEA (0.21 nm, 1.20 nrot@pgo/anst PyBOP
(0.502 g, 20 0.96 nmole). After stirri for 24 h at rt, the reaction

m xture was diluted with brine (20 nl) “dnd extracted with Et OAc (50 m) .

The organic Iayer was she th 0. Cl, and br and
dried over MySO4. TerResopitignef &- S@He{})élﬁ%&/&g’%é ’i’yégﬁb ‘gl(fﬁmmﬁ’&% f‘%“@?ve

1, 6- bi s[ 4- oi |

e due[ ( 0( jgﬁ%ggga&gghgég%g% mggﬁgﬁﬁ&hﬁﬁ?f?ﬂﬁmﬁ? wis RAdeR YeNhoY o Iy

1, 6- bi s[ 4- ( ohmioddpONly0.6XymIYpThe sqibeorowyd brecanteaté¢Diodirygsss afdd thermol e)
obtained in Step 4 above, in anhydrous THE (10 nlL) was added to a solution

of Li AlH4 (GCSEéquwaﬂd@@lYﬁ‘i‘dP@}lh)i ousnhifd €D ) TRy dipyy-4thydoxy-3rhe

hen 30 GuerbHRfRg et b Bihehs f5 O A € UGS AABPRR B BRRRSF TG,

m xture V\/a&nfﬂtdrEWa@@tlﬁEUjfdthhFH’tﬂClBHT—I&lfe?S (mzsnmalvgdeaubedl&%f’dvaﬁm in THE
(50 mL). The filtrates were comnbi ned and evggg(t)rated in vacuo to give a

pal e yel | owth¢ repcm@sm@a@re was hgated 2t 58" CHOT 6 bisoBitg 308tmg the Teagtiopglixtrecat i on

by flash S|I|cac %I PrNH2 in 10%
l\/)éC]—I/ CH2C12 Bé??e aﬁhm %Q%P@ %é?"o‘wr?&% eé(&&?l %9%? reaﬁ 81?‘70%139]ﬂP1exane

" H NWVR ( CDCl3actidf iRfurdAial stired(BPB0 min 4817 ABe Q)F@ani]eg Kere re?ncﬁ%d andthe(d, 2H),
7.09-7.02 (d, 4H),691688d2H),681675d4H)5 (s,54H)

4.8-4.730( mreszége was digsoleed in AF A/BIe0BL G/B20(mL), 48 corgentpated. 3Xhg enudgH)

2.84-2.64 5 6 84- 1.7 (m
10H), 1.34- 1p @c{H#{as ?115&9%0/ 1@0&%@/@6¢Uﬁd&¥rgﬁd%y preplg}dtlve 'Hls}%gé' 55

1, 6- bi s[ 4- ( Ge3MENXYOOXY RIL ARMI; )zsmﬁln 1/ divex ane (4B Broxy BOhyRird: mle e)
obt ained in Step 5 above, in Eti]—| 21_ élwasa{rf%;?[dr%ﬂéengt g():l(yunc;@r )@

atm at m)sphe¢tby1\lbhcm’1)12)%’m}k®tbﬂﬂmlysleﬂ(}’ib@ [VeR-phenylt-2 (@rh}@mﬂ’yeﬂwﬁe

catal yst was flt?tered Snd the filtrate was concentrated to afford crude
product as &HEPRENZFBER3w oi | . Purification by reversed phase HPLC: 10 to

202 SCHTED orel LoD 40, sl i e e, 722715
phenyl ) - 2- hyioXyt@thiAd (ddid Hp 6e80yb. d% (b rlbby4. P-4pite(nn D hé e G 28], 3. 53-3dVR
(m, 2H), 3.28-3.25 (m, 2H), 3.19-3.14 (m, 2H), 3.04-2.98 (m, 2H); ESMS
(CysH;oN,0,): caled. 422.5, obsd. 423.1 [M+H]", 446.1 [M+Na]".
Proceeding as described in Example 4 above but substituting (R)-
20  styreneoxide with (S)-styreneoxide gave 1-{2-[N-2-(4-hydroxy-3-
hydroxymethylphenyl)-2-hydroxyethyl]amino]ethyl}-4-[N-(2-phenyl-2-(R)-
| hydroxyethyl)amino]benzene 34.
'H-NMR (CD,0D, 299.96 MHz): 6 (ppm) 7.42-7.28 (m, 8H), 7.20-7.1 (m,
3H), 6.80-6.77 (d, 1H), 4.9-4.85 (m, 2H), 4.65 (s, 2H), 3.45-3.34 (m, 2H), 3.28-3.25
25  (m, 2H), 3.19-3.15 (m, 2H), 3.04-2.98 (m, 2H); ESMS (C,;H;,N,0O,): calcd. 422.5,
obsd. 423.1 [M+H]", 446.1 [M+Na]".

Example §
Synthesis of 1,6-bis{4-(N-[2-(4-hydroxy-3-hydroxymethylphenyl)-2-
30 hydroxyethyl]aminohexyloxypropyl]phenoxy } hexane
(following figure 9)



(CD30OD, 299.96 MHz): 6 (ppm 7.35 (d, 2H), 7.18-7.15 (dd, 2H), 7.08-7.05
(d, 4H), 6.82-6.77 (m 6H), 4.65 (s, 4H), 3.96-3.92 (t, 4H), 3.45-3.34 (m
8H), 3.1avo8r/@9fm 6H), 2.94-2.89 (t, 2H), 2.62-2.57 (t,PdHyUs0o1338d-1. 43
(m 28H); ESM5 (C54H30N20L10): cal cd. 91123. 1, obsd. 917.5 [M+, 940.8

[ MENa] +. 20 Exanpl e 6 Synthesis of e

1-{2-[ N-2-( 4- hydroxy 3- hydroxyrret hyl phenyl ) - 2- (R) - hydr oxy- et hyl ] am noet hyl

} -4- [N‘(2 phenyl (S) hydro Hetmyl)am nO] phe a (f0||0\M ng f|gure 10)
s AD NF(CHR 159 @ —ToCST2)k @ 3057 --125- A nmixture

25 HH N HOHOHOH S
of 4- (N Boc-2-am noet hyl ) 4 ine 28 (10 g, 42.34 Dl €) benzal dehyde

(4.52 L, 44.47 mmol e) Hoand¢yhol ecul ar si eves 4A (10 g) Nn toluene (100 ni)
was refluxed at 95 C for 15 h. The reaction m xture was filtered and the
filtrate was concentratedOin vacuo to give a colorless o\l. The oil was
di ssolved in 5 MeOH (150 nL) angyAcOH (0.5 ni) and NaCN (2.79 g, 44. 4

mHxt ure was stiryed at 0 Cfor h and at
o N (Q'dﬁm@"f@*&?w pal e yel | ow oily
residue. Purification by f silica colum chronat ogr aphy: 1/1
hexane/ Et CAc gave N berﬂ@ll -4~ (N-Boc-2- aminoethyl)aniline 41 as col orl ess
oil (11.5 g, 83% ?ﬁ 3 in 1/1 10 hexane/ EtQAc. H -NVR (CD30D, 299.96
MHz): S (ppm) 7. 38 7 2( O5I—|), 6.87- 6.84 (d, 2H), 6.58-6.55 (d, 2H), 4.27
(s, 2H), 3.2-3.15 (m 2H), 2.6-2.56 (t, 2H), 1.41 (s, 9H); ESMS
(C20H26N202) : cal cd. 326.4, obsd. 328 [MrH +. Step 2 A m xture of
N- benzyl - 4- (S&QLBbc- 2-am noethyl)aniline 41 (10 g, 30.7

A solution of 3-(4-hydroxyphenyl)-1-propanol 35 (3.3 g, 21.7 mmole) and

nmol e) were added. The reactio
rt for 2 h and then concepntks

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.
5  The reaction mixture was stirred at 80 °C for 18 h under nitrogen atmosphere and

then quenched with brine (150 mL). The product was extracted with EtOAc (200
mL) and the organic extracts were washed with 0.1 M NaOH and brine, and dried
with MgSO,. The organics were removed in vacuo to give a pale brown solid. The
solid was purified by flash silica column chromatography: 4/1 hexane/EtOAc to 5%

10 MeOH in 1/1 hexane/EtOAc to give 1,6-bis[4-(3-hydroxypropyl)phenoxy]hexane
36 (R,=0.17 in 1/1 hexane/EtOAc) in 65% yield (2.23 g). 'H-NMR (CD,0D,
299.96 MHz): 6 (ppm) 7.08-7.05 (d, 4H), 6.80-6.77 (d, 4H), 3.93-3.89 (t, 4H), 3.56-
3.52 (t,4H), 2.64-2.56 (t, 4H), 1.81-1.69 (m, 8H), 1.44-1.21 (m, 4H).
Step 2

15 A solution of 1,6-bis[4-(3-hydroxypropyl)phenoxy]hexane 36 (2.2 g, 5.69
mmole) in DMF (10 mL) was added to a solution of DMF (40 mL) containing NaH
(0.57 g; 60% dispersion in mineral oil) at 0 °C under nitrogen atmosphere and the
reaction mixture was heated at 50°C. After 1 h, 6-bromohexanenitrile (2.26 mL, 17
mmole) was added and the reaction mixture was heated at 80 °C for 24 h. The

20  reaction mixture was quenched with brine solution (100 mL) and was extracted
with EtOAc (250 mL). The organic phase was washed with brine, dried with
MgSO,, and evaporated in vacuo, to give a pale yellow oil. Purification by flash

silica column chromatography: 4/1 to 1/1 hexane/EtOAc afforded 1,6-bis[4-(5-



15 mmol e) and (R)-styreneoxide (3.51 nL, 30.7 mvle) in EtOH (100 nL) was
refluxed for 48 h. A small aliquot of the reaction m xture was taken out
for |iquivdo ookiesrat ogr aphi ¢ anal ysi's, which indicated thapCT/soodssi7 ed
adduct 2-[ (N-benzyl -4- [2-N-Boc-am noethyl)anilino]-1-phenyl et hanol was
formed as a mnor product along wth arother regio-isoner

2-[ (N-benzyl - 4-[ 2- N- Boc- am _noget hyI anilino]-2 20 phenyl-ethanol in a ratio
of -1/2. EvapyerenentioxypramydIrhsnoxylbexans 8o persdyct (R cI0.0 /'t yel | ow 0| |,

m;gge},\l&f&tﬁw&cﬁgﬂ% f gatﬁ\hﬁ& (Ihr o) j¢:11 og;yggﬁ f%@%ﬁ%?ﬁ%% ﬁl 1”2{{)12? oc-

am noet hyl )861179 (mqﬂal}@zhsml(t 4t a3141- 3mqmbﬁa|m©dzas (g 4¢bh) 214(1)&8@ (ei,| (4.01
g, 29% (Rf=0.76 in 2/1 hexane/ Et OAc). H -NVR (CD3OD, 299.96 MHz): S
(ppm 7.4 258H),19@rh26(11@2)4H)7 1-7.06 (d, 2H), 6.68-6.65 (d, 2H), 5.0 (t, |
H, 4.52:4. , 1H), 4.26-4.22 (d, 1H), 3.76-3.68 (dd, 1H), 3.56-3.48
(dd, 1H)> 3. .12 (m 2H), 2.68- 2.56 (m 2H), 1.41 (s, 9H); ESMB

(C28H34N203) : Ca'"ﬂd: 1,8466.(5-0pn6@ erﬁﬂlﬁxﬁprbﬁ%ﬂbh@ﬂoxﬁﬂﬁxﬁl&mﬂl‘ﬂﬁ A 3148[) 3 30
To a sol ution of 2-[(N—benz | - 4-] 2- N- Boc- am noet hylganl i no% E
et hanol (4. ommgle)@btaglemstepza:bomzmzd@so ainyixivge ot eansed Gl bl OanLl) bat h

ot 0c Tor vo g 309 i endiaTmRt vy HEREER L RIS RIS 7"t ur e

was concent rai@bninlixMaE Was dmhtedl Wlﬂhg)rﬁle P50 RILYehdraWe@wlith EtBNJ (106 aiTi)on by
flash silica colum chromatography: ('/2 hexane/EtOAc to 5% i- PrNH2 in"'/2

hexane/ BOOAANdghigd Wzth[MBS@en yaporatjon O;imhermé@mypb@ﬂ iaffordspl-the phensff -(5et hanol

42 | | | f ch fract 2 % NH2
O SR S A AN U S PN AT S S A s
(ppm 7.38- \Zas%eémnek@k{)sp “Zthgﬁtﬁlrtﬂ& Wificdhdn. '61- IﬁMI@g@@Cﬁ 29529’6 M}iz)OZ .96
(dd, | H), 4.54- 4.48 (d, 1H)

3.58- g 5(2) ( ofi(ppIi)7,09%7.82 (& 41D, 662 6 74%1 412)( 649623H)B©(t( #10), 314 2- 3|§ N@ 8H)
5T (N beney| 220t 0e Ry ot #Hy L - bditg 2HiBnol a2 (228 g, 6. 59

mol e), 1genzglgghyde (0.74 nmL, 7.28 mml e), and nol ecul ar sieves 4A (4 g)
in toluene ( m.) was heated at 90 C for 14 h. The reaction nmi xture was

cool ed and filt erBula sendor ¢le2-by &rows-2v(drbenrylergedthyiltory methyéphenylihe conbi ned
filtrates  lamine 39 (0.263 g, 0.96 mmole) in DMF (8 mL) was added 1,6-bis[4-(5-
carboxypentyloxypropyl)phenoxyhexane (~0.48 mmole), obtained in Step 3 above,
HOBt (0.13 g, 0.96 mmole), DIPEA (0.21 mL, 1.20 mmole), and PyBOP (0.502 g,
20  0.96 mmole). After stirring for 24 h at rt, the reaction mixture was diluted with
brine (20 mL) and extracted with EtOAc (50 mL). The organic layer was washed
with 0.1 M NaOH, 0.1 M HCI, and brine, and dried over MgSO,. The organic
solvents were removed in vacuo to give 1,6-bis[4-(5-amidopentyloxypropyl)-
phenoxy]hexane as a pale yellow oily residue (0.45 g).
25 Step$
A solution of 1,6-bis[4-(5-amidopentyloxypropyl)-phenoxy Jhexane (0.45 g,
0.4 mmole) obtained in Step 4 above, in anhydrous THF (10 mL) was added to a
solution of LiAlH, (0.16 g, 4.22 mmole) in anhydrous THF (40 mL) at (°C . The
reaction mixture was stirred for 4 h at 80 °C under nitrogen atmosphere and then
30  quenched by with 10% NaOH (1 mL) at 0°C. After 30 min., the reaction mixture
was filtered and the precipitate was washed with 10% MeOH in THF (50 mL). The

filtrates were combined and evaporated in vacuo to give a pale yellow oily residue.



were concentrated to give an oily residue which was washed with hexane, and
15 dried. The residue was dissolved in MeCH (40 nL) containing AcCH (0.4
m.) and woelsHaxrti on m xture was cooled in an ice bath. MNIONBMB3(. 62 g,
9.87 mml e) was added and the reaction Juxture was stirred for 2 h at rt,
and then concentrated. The oily residu 4ms di ssol ved in 60% MeCN/ H20, and

purified by reversed phase preparative liquid chronmatography (40 to 80%
MeCN H20 ovdrurEisatipmby SeshomiliGa qohymy chrgmgiqgeaphy: 5% MeOH/CH,Cl; to'3% i-

2-[ (N-benzyl 2- inee Ridd: 0] =1- _as the TFA
salt. The pr%rélhaiczt% nml}/lg%q?r%ég@% %tﬁyelat%géﬁ %g@b@%@ﬁwkﬁﬁgﬁb 92% extracted
W th ether gﬂﬁﬁom}hexaﬁaelmmani(cmaye99.\9/a$/ﬂdz)i: 8 dppih} N4NTIHA(m, a2el),
concentrated, to gi ve 2- %}g— benz%l -4-&12- N benz%‘lI am noet hyl )ani | i no] - 1-
pheny! et hanof-2%3- 134d 21 7 9t 2eE (b HH),(619 B6-8§ Yd, FHD, RISk & Zﬁjé@ﬂﬁ 1208l 66 MHz): S
25 (ppm 7. 381/ 41 Q6 (986, ( . B9 5

501 8. 68 ooy s S5l AR 0D Bpetima glhen s S Bty e o,
3.72-3.68 (deh, SH)H.62-2.589t,3HH41.84-dd75 (REIRH)21.80-1 307, 10H),2H)4-12378, 2. 64 (m
2H); ESMS (C30H32N20j): calcd. 436.6, obsd. 437.2 [MH +. Step 5 30 A
concentrat ed!®bl uti on of 2-[ (N benzyl -4-[2-N benzyl ani noet hyl ) ani | i no] -

1- phenyl et haé’{g 6( 1.36 g, 3.12 mmol e) and conpound (S")-4-benzyl oxy- 3-

nmet hoxycar b tyreneoxide 44 (0.887 g, 3.12 nmole; -95% ee) (prepared as

WO 01/ 42193 PCT/AJSS0 8851, 6-bis{4-2-amilehexylbegropy] Fohdneky jhetine 9046, P.
Hel qui st, Tet. Lett., 35, 9375-9378, (1994 in toluene (1 nm) was heated
at 105 @0f or0. Y2 mmale)biaipgd insemS abonss it (4Pral) waslrdregengiedtunder was

urified by £l ash sili col u G e/-&t 3%
Ve i n 11 Hedlatey By s B bR LI it 2R Rl 576
benzyl oxy- 3-w&{ flieryC aidxaa YiltRRe fps dortefittediocHiRXY LoldB ptaiticnaet putd } - 4- [ N- ( 2-
phenyl - 2-(S) - hydrqx;t/j% et hyl am no] benzene 45. CgF%f =0.62in 3% MOHIin 1/1
hexane/ Et OAc)elamsoibbitwifisadormby eevprpe phase HRLG: dQrie 697 OMgCNEdg) ovar4ONVR

(CD3OD, 299.96 M) S ( 7. 677166, d 7 49.7.49 ,
7 0 (5 Pl R frobids R0 Ak Fudios Mgt dfymefithy
5. 05- 1Qs54. ai1)-2 amfhohkxyld 1 PBheh Helancldd), . HARR 4. 22 (d,
1H), 3.82 (2’,%63 , ool (m. 3H) ,@39“%%&-%%160?%, ). 2.74-2 56 (m
6H) ; ESMVS ( CEDHOEN26%P6 Mida) 8dppmp 039 (d.Bd7-1§-71154dNsbL, ¥,087485 61, M+Na] +.
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-
3.01 (m, 6H), 2.94-2.89 (t, 2H), 2.62-2.57 (t, 4H), 1.86-1.43 (m, 28H); ESMS

(CoHyN,0,,): caled. 917.1, obsd. 917.5 [M]*, 940.8 [M+Na]".

- 20
Example 6
Synthesis of 1-{2-[N-2-(4-hydroxy-3-hydroxymethylphenyl)-2-(R)-hydroxy-
ethyl]aminoethyl}-4-[ N-(2-phenyl-2-(S)-hydroxyethyl)amino]phenyl
(following figure 10)
25
OH
H
N
HO \/\Q w
N
HO OH

Step 1



Step 6 To a suspension of LiAIH4 (0.211 g, 5.56 mole) in THE (40 niL)
cooled 15 with ice bath was added 1-{2-[N benzyl-N 2-(4-benzyl oxy- 3-
met hoxycavbonyliphenyl ) - 2- (R) - hydr oxyet hyl ] am noet hyl } P@¥/US00/33057

[ N-(2-phenyl -2-(S)- hydroxyet hyl)am no] bz%nzene 45 (2.0 g, 2.78 mmole) in
THE (10 nlL) under nitrogen atnosphere’*“Phie reaction m xture was war ned
slowy to rt and the stirrin was continued for 5 h. The reaction was

ch| Ed t:) ? C, and MigtyaaCHE-dos- Mminzethﬁﬁéniﬁn%%ﬁ%&ld@&“ mpekyY, 30 nin., a
tso: |Cd ?rgss a'ia ﬁfienh Iag (E%% H@ﬁéﬁ?gﬁ& ﬁ@ \%nqﬁmlércfﬂ%% féa? é’mt%lg%%dangnghe

concent r at e(100 m{HGHR, re el dit 9g°caﬂ>rqn5I1y TeSeghiRn Ifﬁlstmre has ﬁde@d\aa@tmur ified
by flash silica colum chromatography (2/1 hexane/EtQAc to 3% MeCH in 1/1

hexane/ Et OAdjltrets vegs\eongentiatedNg iequeytp Sivez qolarissh 9l dkg o veas dissolved in

"L {2 parS PR ALY Rl oo NGO 2 44 dgmmpledaerey | (1 28

g, 679 . H -NYR.(CRSR:tion8Bkt @6 wWikizdiireat((P@br T hdmd.a0rt(f63 2 BAY the@. 85- 6. 82
(m 3H), 6.63-6.60 (d, 2H), 5.02-4.94 (m 3H), 4.66 (s, 2H), 4.59-4.54
(dd, 1H), 4.ce8centipteddn vago togivesa mala pelfayy oily rels»due3Pwa gatipn(by flash pifica

(m o ;SR e EhaRiie B densgOny LRk g step 7 w0
01/ 42193 PCT{H308h A RiTne 4r552&1or1‘és§@1|1 bt 0g, szf%) =0.751 in 1/1

1-{2-[ N-benzyl - N- 2- (4- benz | oxy- 3- hydr oxynet hyl pheng}g hydr oxyet hyl ]
ani no] dPhylhexancfEtQA¢. (dt NMWD;’Q]@SQ‘”@%W@& tppm) 816]2 (nbéﬂi,@@ (1.28

, 1.85 I th 10%
B C (0. 6 o0 ¥4I I Sipoato il B e e %F%%y%#%ﬁt%w i th
EtOH 5 (50 nij; (st bA); fESMS%C%H%\P@O% E0013N6 Y, oliad3 2y ed in vacuo,

yi el ding pale yellow foam wh was dissolved in 1 % CN H20, and
purified by Stew2rsed phase preparatl ve | i quid chromat ography (10 to 30%

Q/bf'ﬁv TR o i by e OGBS0 o Bl Tty G e8| oot hy!

-4- 2- [ 1 FA It (0.6
g, 50%%@9?@2}/&) Sﬁc} g@stg%éﬂgﬁ?aé @ZQIL g)ﬁmnmmﬁrﬁ@pﬁa@@ nfl&vakFA salt (

hydr oxy- 3- hyflﬂmxeﬁrfet HhY hpesiydl) alRupR)f thty thaotyremimthieawdsrtalentopit fgr liquid

\-/\A4t LN;:(gSI |p|he matogr(asl}nc a}gdlr gl)s( y\Sltnrcw l d?crgter(]ic%;xatl%ﬁg ée(:as?r%d ﬁgd&’c‘;@ bP[E}V-%@gzyig?l yzed

[2-N-Boc-aminoethyl)anilino]-1-phenylethanol was formed as a minor product
along with another regio-isomer 2-[(N-benzyl-4-[2-N-Boc-aminoethyl)anilino]-2-

20  phenyl-ethanol in a ratio of ~1/2. Evaporation of the solution afforded thick, pale
yellow oil, which was purified by flash silica column chromatography: 4/1 to 2/1
hexane/EtOAc. After repeated chromatography, 2-[(N-benzyl-4-[2-N-Boc-
aminoethyl)anilino]-1-phenyl-ethanol was obtained as a colorless oil (4.01 g, 29%)
(R;=0.76 in 2/1 hexane/EtOAc). H'-NMR (CD;0D, 299.96 MHz): & (ppm) 7.4-

25 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,H,,N,0,): calcd. 446.6, obsd. 447.1 [M+H]",
893.4 [2M+H]".
Step3

30 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



el ectrophoresis by using a chiral nedium and estimated to be -93% H -NWR
(CD30D, 299.96 MHz): S (ppm) 7.42-7.28 (m 8H), 7.26-7.22 (d, 15 2H)
7.18-7. 14vQdd4218H), 6.80-6.77 (d, 1H), 4.88-4.82 (m 2H), pdr/8S00(Bp572H) ,
3.5- 3.43 (m 2H), 3.29-3.26 (m 2H), 3,19-4.14 (m 2H), 3.06-3.0 (m 2H);
ESMS (C25H30N20%): cal cd. 422.5, obsd 12#23.1 [ M+H] +,° 445.4 [ M#Na] +.
Exanpl e 7 20 Synt hesi s of

1-{6-[ N-[ 2- (?zﬂmy@rtbigﬁasuwy@mwmswynw@ﬁvw paquy wieklinga 3l pellow oil.

am no] hexy! Oﬁ(&li’}catl sI{ Nléazco(l A}?lgl(ﬁro%%g? dﬂ}yyd{)/o ﬁé’x ;E%SAQqqﬁ{ % 1)- 2-

hydr oxyet hyl]am no prop y enzene I gure HHO OHN

N/ ~ Ol \ &NH h@‘/l‘@xah@EBDA@) dava 3-[AVSehyilidon - emﬂmoethyl)amlmo] 1-phenyl-
3-(4- hydroxyphen 1-propanol (2.0 g, 13.1 mmol e was added
to a sol uti ohaspo E)%/Fseaslermslowﬂtfmrmsw@ fragHoRs With of %@ifé%ﬁ PrhﬁHaéme{q oi l)

01/ 42193 °PCTRRHOP SR T3P D50 Gt mhal S (ED.APy B SR Bl 1 oy

80 C, the repngs 7B (K, 1OH,E7.0%6.98 @IzeH; 6.91-6%68Qd, 2HY! 560204931@&@@1)64154-“ l e
(5.78 g, 32.83 mml(e) was added. ¢ final 8%xture was re-heated to 80 C,

and stirred $63% (R4H.4.394. 2r3e(§cﬂﬂbﬁ 7|6r3x671(d§ We 3. 2fudal édl Wbt h823t7dr at ed

). tre o detD g3 BEhERMY (adfantin Sl 36 Sonartep iy Na2so,

and evaporatgd,t0 dryness, yielding a pale yellow solid. Purification of
the crude product by flash silica colum chromatography: 4/1 to 1/1
hexane/ HOOAc pr ovA daigdture of 2-[(N- benzyl 4-[2-aminoethyl)anilino]-1-phenylethanol 42

615,125 renepentyl S e IRIORR LSS S AT YA (L 92
09 7 07 (dga ?4'%) 1n601%‘]:n@(47)§nl}jwa@l®ated3ﬁ 86°Cf&A4(H.. Tl?é'ﬂeactfbn‘&ﬁmﬁn@ 3vas

cooled and filtered, and the sieves were rinsed with toluene. The combined filtrates
were concentrated to give an oily residue which was washed with hexane, and

15  dried. The residue was dissolved in MeOH (40 mL) containing AcOH (0.4 mL) and
the reaction mixture was cooled in an ice bath. NaCNBH, (0.62 g, 9.87 mmole) was
added and the reaction mixture was stirred for 2 h at rt, and then concentrated. The
oily residue was dissolved in 60% MeCN/H,O, and purified by reversed phase
preparative liquid chromatography (40 to 80% MeCN/H,O over 30 min; 30

20 mL/min) to give 2-[(N-benzyl-4-[2-N-benzylaminoethyl)anilino]-1-phenylethanol
as the TFA salt. The product was treated with alkaline 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-benzylaminoethyl)anilino]-1-
phenylethanol 43 as a colorless oil (1.36 g). H'-NMR (CD,0D, 299.96 MHz): &

25  (ppm) 7.36-7.06 (m, 15H), 6.98-6.95 (d, 2H), 6.69-6.60 (d, 2H), 5.01-4.96 (t, 1H),
4.54-4.47 (d, 1H), 4.29-4.24 (d, 1H), 3.73 (s, 2H), 3.72-3.68 (dd, 1H), 3.59-3.54
(dd, 1H), 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

30 A concentrated solution of 2-[(N-benzyl-4-[2-N-benzylaminoethyl)anilino]-
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



(m 4H), 2.64-2.58 (t, 2H), 2.39-2.32 (m 4H), 1.87-1.52 (m 14 H. Step 2
A solution of 6-{3-[4-(5-pentyloxy)phenyl]propoxy}hexanenitrile (1.33 g,

3. 88 mmoived 0i/m13HE (10 nl) was added to a sol ution of Li APEUS@Y3%d4Y O,
11.65 15 mmole) in THE (50 nL) at 0 C ypder nitrogen atnosphere. The
reaction m xture was heated sIovay to T€fTux, and stirred for 2 h. The

reaction mxture was cooled to and 10% NaQH sol ut.i ) was
sl ow y addedlesgihedrin BoHeftoR, StPWeP IFI%I&H{SF dRe ekt é?e93%§393f7§4 @é?@ﬁ" nand the

collectedsl tiha< T,
concentr at e& l‘%ﬁ“yﬁ‘ﬁ‘g) gﬁggﬁe%llpgwﬁgf){iﬁ L??r)hltro ﬁralr?(l’sfgg@lree Sf | ash
silica col urreacm)mﬂi&m@mpbmlﬁei%yl\fﬂﬂﬂsmdz@ﬂ)mnmc}ﬁ&mm@rdwg/(2/0)% I\/EO—V CH2C12

to give 6-{3-[4-(6-am nohexyl oxy) - phenyl ] oxy}- hex | am ne as
col orl ess oihexpue/BtQyie w7 “iﬁ@léhn \‘Aﬁé‘ é%‘i?éé “’E"dt‘? BIVFHe e perzy] é\’o?fﬁ‘b'und by

di t
ur' 11 ed by Sreparkeai b sat R S EPa M R R s a0
mn;, 25 20 rdheAVIn2-(DIHydroRy) (oS ENAR | R, =c@ b2 th 3%8eOH ialigd. 683. 6
[I\/H—I] +, 797 [ MFCF3CO2H] + nt hesi s of

l2)| ﬁ{ﬁ {2- (4hhwm%§@®)ﬁ%r0@§@}¢?éit%;ﬂlﬂﬂmﬁ}%w fpamy(di0g$Pedhyani no} -

t f ol | / /
0 TG ok SRR Oy S R e TS 8 G B e
sol ution of mvgatim(xhezd}ﬁ)oé smé)ssccanlzﬁprﬂesm @Kdnyleﬁs 13.0s, aGBIS’bsaI icylate

50 (20 g, 0.1 nole) and benzyl brom de (13 11 nol e})g%/as added K2CO3
(28.5 g,100. 249% 6 )41G1é5f4étaéHDdln53rrM6&d,el%é 2§t‘h22r@dlaﬂ sf 3).5 h.

3.72-3.64 (m, 3H), 3.56-3.46 (dd, 1H), 2.74-2.56 (m, 6H); ESMS (C,;H,sN,O5):
caled. 720.9, obsd. 721.4 [M+H]", 743.3 [M+Na]".
Step 6

To a suspension of LiAlH, (0.211 g, 5.56 mmole) in THF (40 mL) cooled

15  with ice bath was added 1-{2-[N-benzyl-N-2-(4-benzyloxy-3-
methoxycarbonylphenyl)-2-(R)-hydroxyethyl]aminoethyl}-4-[N-(2-phenyl-2-(S)-
hydroxyethyl)amino]benzene 45 (2.0 g, 2.78 mmole) in THF (10 mL) under
nitrogen atmosphere. The reaction mixture was warmed slowly to rt and the stirring
was continued for 5 h. The reaction was cooled to 0°C, and 10% NaOH (0.5 mL)

20  was slowly added. After 30 min., a thick gel formed. The gel was diluted with
THF (300 mL), filtered, and the solid mass was rinsed with THF (50 mL). The
filtrates were combined, and concentrated in vacuo, yielding an oily residue. The
residue was purified by flash silica column chromatography (2/1 hexane/EtOAc to
3% MeOH in 1/1 hexane/EtOAc) to give 1-{2-[N-benzyl-N-2-(4-benzyloxy-3-

25  hydroxymethylphenyl)-2-(R)-hydroxyethyl]aminoethyl}-4-[ N-(2-phenyl-2-(S)-
hydroxyethyl)amino]benzene as a colorless oil (1.28 g, 67%). H'-NMR (CD,OD,
299.96 MHz): 6 (ppm) 7.4-7.0 (m, 22H), 6.85-6.82 (m, 3H), 6.63-6.60 (d, 2H),
5.02-4.94 (m, 3H), 4.66 (s, 2H), 4.59-4.54 (dd, 1H), 4.48-4.4 (d, 1H), 4.24-4.16 (d,
1H), 3.76-3.7 (d, 1H), 3.69-3.62 (dd, 1H), 3.58-3.52 (d, 1H), 3.50-3.44 (dd, 1H),

30 2.76-2.54 (m, 6H); ESMS (C,H,sN,0,): calcd. 692.90, obsd. 693.5 [M+H]".

Step 7



After cooling, the reaction mxture was filtered, and the filtrate was
concentrated, in vacuo, yielding a white solid which was susended in
hexane (300om2193 and collected on Buchner funnel to gi vePa®URYN/33057

O benzyl -5-acetyl salicylate 51 as 15 CO]l%%Rl ess to white crystals (28. 1 g,
9699 . Rf= 0.69 in 1/1 Et OAc/ hexane. (CDC13, 299.96 MHz): (ppn)

1527 (s, dzmlz@s@lugg%ﬁl Uy beirel-u - tgpgitons-egfaronsimg eer - of
R e o R A R S

stirred at r{.28\Will8s rbnebl&glrsEﬁOHe&d)mLhWas hydrbgematedi uatler 16, (gram’.lmwhthy t ur ned
fromred-brown to colorless., The m_xtu was., stlrredfor h at k{ and

quenched by 10421 B¢ Ot e)fer %@huﬁf@ﬁﬁ{@é’@ma)ld ringing pf disLriahit Wht@ EPkt ure in a
separat o (ﬁgg@d{at’he%gﬁg%&'ellea&ﬂﬁlrblﬁ’gﬁs?Jﬁf)édaﬁgxra%q’m Yashe emuté%pﬁé Y&fow and

dried under organi € sb was concentr at I n°vacuo,

yi el di ng Whifbansﬂhizldwaé ﬂ1sM&MSb%Me®NH2@tdndrpuﬁﬂ@d)byrte)verséﬂtphasedry| ng in
air, 15 g (83% of net h(el/ O benzy] - (brormagﬁﬂyI -sal i .cyl ate 52 was
obt ai ned Rfprepagativg ligyi MOIE@Y@&?ph)éfdéhf@ Ofp MefGheHg taining §.356 THIRY) . 8

() vy s, 9608 gy SO ghtaSh B e H N B g A b By 5%3 Ui i on
of DWF (60 rﬁhknﬂmt(@)mya@xyrahﬂydml%aﬁﬂz}yl W}(z bbmmqsghydr))xmmyl ate 52

(7.08 g, 0.019 nole) was added NaN3 (1 WO 01/42193
PCT/ USO80 330®1inolbenzzene asihied)FA st (96 &tS.Or/vh &ptla@l num of 1-42-[N-3-t he dark,

sol ut on- (3 Wog68 - Hi B Buehotbsr (RPRY Ity BT RHTRAR S ARCOBARL o o
under MySO4,2-g)thyafixgemynahnd]beazaiel4orohipahas btdygalwith capillaryvas purified by

flash silica colum chromatography: 10 to 50% Et QAc i n_hexane. 5 The
desi red pr ocilrstropberssis bpupiag a ghirg medipm oandeasiimpted|tp &9-83%- 53 was obt ai ned

as white crystal in / VR
(CDC13, 299,96 nﬁiﬁwg(‘?‘%@? Ao %}’%%%8@13“9%4]2'55%5 8559 i Egﬁ;\‘
7.5-7.316m 256271@ 7124 (dd; 09), 6B0-6.7) (d, IH34.88-4.82H0n, 211) 5861 &, 2Ab)3.53. 94 (s,
311). Step 4 10 To a gray suspension of LiA H4 §2 74 0.072 nmole) in THE
(400 ) 3.43 (m, 2H), 3.29-3.26 (m, 2H), 3.19-4.14 (m, 2H), 3.06-3.0 (m, 2H); ESMS

(C,sHyN,0,): caled. 422.5, obsd. 423.1 [M+H]", 445.4 [M+Na]".

Example 7
20 Synthesis of 1-{6-[N-[2-(4-hydroxy-3-hydroxymethylphenyl)-2-[hydroxyethyl]-
amino Jhexyloxy}-4-{6-[N-[2-(4-hydroxy-3-hydroxy-methylphenyl)-2-
hydroxyethyl]amino]hexyloxypropyl}benzene
(following figure 11)

H HO
AN NN
0 OH
HO HO
HO
Step 1
25 A solution of 3-(4-hydroxyphenyl)-1-propanol (2.0 g, 13.1 mmole) in DMF

(5 mL ) was added to a solution of DMF (35 mL) containing NaH (1.31 g, 60% in

mineral oil) at 0°C under nitrogen atmosphere. The reaction mixture was slowly



cooled in ice bath was added nmet hyl O benzyl -5-(azi doacetyl)salicylate 53
(4.7 g, 0.014 nole) under nitrogen atnosphere. The reaction m xture was
stirred avo0p4fies 1 h, and gradually warnmed to rt. AfterPetr/iUsen/asgs7or 16 h
at rt, the mxture was heated at 75c faor 3 h. The reaction m xture was
cooled in ice bath, and quenched by 154§P0mdy addi ng 10% NaOH (10 nl).

After stirring for precipitates were filtered, and rinsed with 5%

MeOH i n THE \ymdmﬁo ¢| Rfiensteangdordl ko ‘Cedhe reagipnapiEn tracerled 9 vacuo,

211 ca ol urth ArS RSP lskfeh e e B Rlg E et BT S, TS
MEOH CH2CL2 hixpgre s Ze- ﬁéat&mzad X MinBsthiyedrfox g4t Fm& Biae iy JniduROvas
hydr oxyet hyl am ne 39 as a a|eC¥e||OMISO|Id (2.6 g, 669%9. Rf = 0. 63 in 5%

i PrNH2 i n @esshwdertiGapaaed NaCl sprtiom390mL ), ond e mupguct was E’Hfﬁ?ie 7.46-7.28

oy, 4. 63 4 B FIoRe Gfp mb) ghneshudil 90 % wipdit dheaRglandh g ¢

273 3, obsd.wri{#aS0,Mitd éVapoﬁfJea t8 db&l%d"}/rbldlﬁéa phleyeflow@okd.SPlrifidacion of Et OH
(15 ) contalnlng conmpound 2- (4-benzyl ox

hydr oxymet hydfsheeryily p@dngtohyofhsbtsﬂyaamum %gorwosraghy ﬂ/lltOfﬁw‘é)l e) was added

| her (0,1 d 5 ni).
The T eact | dSEGVAS Ratred Pr (B Rurnam i Rp e IBRPrE teldheit®, Tt
reaction 30 j{izut4aNigldaS3 gaiseﬂssvmtlhl EtOA@H@d&n@nd{MRQQ@@§ @dowet h 10%

Pd/C (0.3 g, 10%  wunder H2 (1 atn) atnosphere for . After filtration
of the dét alMélz): & (em)i7Q% adé (d,R&b @8hée7r$t(da21é);| 3t%- fﬂ?%ﬁe%H) 32%$ding a

" 152 “or cparhiy: PEeetlba phasa A e B0 V8 So% AP0 over 40 min: 20

mL/ mn; 254 to give
bi s{ 2- {2 (4- oxy- 3- hydr oxynet hyl phenyl hydr oxy
et hyani no} - 2- hydrzesxyletlhmmWJdédﬂéﬁ@ewloxﬁm@xlmopmlamymtrda|(ba3 8588. 6,

? g-sfll\p 28(944#&/%@ E&QPI%) ‘H&#F WHB'\@W%@HE?%}@ qH%ﬂs%ﬁrh%ﬁhip ?42 &l W8] et hyl }

]; |4gu£ ': (1%) NaRifdte) lin THIFQSY L)Y 02 -uRMEH iy @b sHeRO] TiRNZ&M8N nfiklkd Owi ng

was heated slowly to reflux, and stirred for 2 h. The reaction mixture was cooled to
0 °C, and 10% NaOH solution (5 mL) was slowly added. After 30 min., the
reaction mixture was filtered, and the collected solids were washed with THF (100
mL). The filtrate was concentrated to yield a pale yellow oil which was purified by

20 flash silica column chromatography: 5% MeOH/CH,Cl, to 3% i-PrNH,/20%
MeOH/CH,Cl, to give 6-{3-[4-(6-aminohexyloxy)-phenyl]propoxy }-hexylamine as
a colorless oil (0.5 g, 37%) which was converted to the desired compound by
proceeding as described in Example 1, step 2 above. The crude product was
purified by preparatory reversed phase HPLC: 10 to 40% MeCN/H,O over 40 min;

25 20 mL/min; 254 nm. ESMS (C;,H4N,O,): calcd. 682.8, obsd. 683.6 [M+H]", 797.5

[M+CF,CO,H]".

Example 8
Synthesis of bis{2-{2-(4-hydroxy-3-hydroxymethylphenyl)-2-hydroxy]ethyamino}-
30 2-hydroxyethoxy } benzene
(following figure 12)



(N-Boc-2-am noethyl)aniline 28 (0.4 g, 1.69 mvole) and

(1- napwdhan4e)9esl, 2- epoxypropane 55 (0.33 g, 1.65 mmol e) powssaosBisaxed for
18 h, and concentrated in vacuo to dryness, yielding a pale yellow oil. It
was di ssolved in 10 nL of CH2C12, cooldd%n ice bath, and treated with TFA
15 (5 nL). After stirring for 2 h at 0C, the m xture was evapor at ed,
yielding a pale red oil. It was dissolved in 30% aqueous acetonitrile, and
purified by preparatory PLC: |, 10 16 30% MeCN H20 over 30 min; 20 ni/nin;

254 rim The product eglorless oil (260 ng; TFA salt).
d (ppm 8. {3-8. 25 (dd, 1H), 7.82-7.79 (dd,

H - NVR (CD30D, 299.9 ; _
1H), 7.51-7.42 (mye3H .39 20 7.38 (d, N\, . 33-7,30 (d, 2H), 7.25-7.23
(d, 2H), 6.91-6.89 (d, |[1H), 4.37-4.31 (m Oilji/@.zi‘ 4.19 (m 2H),
3.69-3.63 (dd, 1 H) ,4o3°67-3.54 (dd, 1 H), kN ~ZH) 2.96-2.91 (t,
2H) ; ESMS (C21H24N202): cal cd. 336.4, obsd. 337.5 [ MtH| 9.6 [ M+Na] +,
673.4 [2MtH] Step 2 25 To a solution of conpound 56 (0.1 , ~6h 023 mmol e;
TFA salt) in 5 nL of MOH was added 1.0 MNaOH (1.0 M 0|46 nlL). After
honobgeneous m xi ng, the solution was evaporated to drynes3oH The residue
was dissolved ip THE (10 nmL), WD 01/42193 PCT/ US00/ 33057 --133- followed
by addition | yoxal 12 (52 ng; 0.023 nmole). The resulting suspension
was stirred for t i Fe¥ iy 4 her e.

After cooling of AEJr}deﬁ? é@%’%@%h@;"ﬁﬁ? ?gé\%lﬁll?gﬁl%?mang%ﬁl&%%g@gmum of 2M
BH3- Me28 i ncdibisalid/latt 50 Q0. oty sind detegidromided 1 p.Sawl ou$l med) twasn

solution. The 5 resulting mxture was slowy warnmed to rt, agd refl uxed for
4 h under N2dded s (2R %0-Zgppienglles reasiionipxtug wigs samed &t GWC dor MeOH was

added to the | 1 t O r i 1 1) t rogen
at nosphere. Aﬁ?%gf)&%sg(’ ﬁe)r(r%%%%gdg l%ﬂﬁggigp Pit,g%fl’hagﬁﬁ #%gﬁragé of%%lgoglﬁ: &\a{/gagédé\g/” apor gt ed
in vacuo, Yiak#h, §itldingalwite solid which was susended in hexane (300 mL), and

OHH HOI / I H HO 10 Step 1 A solution of EtOH (50 nL) contai ning
4-
3-

collected on Buchner funnel to give methyl O-benzyl-5-acetylsalicylate 51 as
15  colorless to white crystals (28.1 g, 96%). R;=0.69 in 1/1 EtOAc/hexane. H'-NMR
(CDCl,, 299.96 MHz): 6 (ppm) 7.8.43-8.42 (d, 1H), 8.1-8.04 (dd, 1H), 7.5-7.28 (m,
5H), 7.08-7.04 (d, 1H), 5.27 (s, 2H), 3.93 (s, 3H), 2.58 (s, 3H).
Step 2
To a solution of methyl O-benzyl-5-acetylsalicylate 51 (14.15 g, 0.05 mole)
20  in CHCI, (750 mL) was added bromine (2.70 mL, 0.052 mole). The reaction
mixture was stirred at rt. While being stirred, the reaction mixture gradually turned
from red-brown to colorless. The mixture was stirred for 2 h at rt, and quenched by
adding brine solution (300mL). After shaking the mixture in a separatory funnel,
organic layer was collected, washed with brine, and dried under Na,SO,. The
25  organic solution was concentrated in vacuo, yielding white solid. It was washed
with ether (200 mL). After drying in air, 15 g (83%) of methyl O-benzyl-5-
(bromoacetyl)-salicylate 52 was obtained. R;=0.76 in 1/1 EtOAc/hexane. H'-
NMR (CDCl,, 299.96 MHz): & (ppm) 8.48-8.46 (d, 1H), 8.14-8.08 (dd, 1H), 7.51-
7.3 (m, 5H), 7.12-7.09 (d, 1H), 5.29 (s, 2H), 4.42 (s, 2H), 3.94 (s, 3H).
30 Step3
To a solution of DMF (60 mL) containing methyl O-benzyl-5-
(bromoacetyl)-salicylate 52 (7.08 g, 0.019 mole) was added NaN; (1.9 g, 0.029



brown solid. It was washed wi th Et OAc/ hexane (1/2; 20 nL), and dried. The
10 crude product was dissolved in 50% MeCN H20 contai ning 0.5% TFA, and
purifiedvwyopsap scal e high performance |iquid chronmat ogr p@hys¢aBLE) usi ng
a linear gradient (5%to 50% MeCN H20 qver 50 min, 20 nl/mn; detection at
254 nM. Fractions with UV absorption were anal yzed by LC-MS to | ocate the
desired product

1t ?1 2I [ N 421 ( 40plglr plsr sirAp@IpigL for r?éthlﬁylﬂb%%% the DKy B3 AHSA YUREGfC 15
(oo anpos) 2O ARG AR sainl f 2o Sl AR IRRICTRE. B0

20 Synt hesi Sor@dnid pHasé-wasidsibdluhder (Mlgsmd ammﬁeﬂnyaied)oommwup mmdh)i 3

hydr oxyet hyl Jami no } octane OH OH CH OH H NH OH 9"~ OH HO HO
To a suspensvaspustfied baihﬁhymﬁﬁwumnm%rsp}%tlHé&?@"ézr%@rﬁﬂmélé@tn@phenone

12 (0.45.q, dro | ut

of 4 ( anPnorinyreardhd I e S Sl b BikctBic S5 RECpBirpd s 05 "
PCT/ US00/ 33G§1¥1te crystard (4.7t 2y drof 068N (B PIOAC/Hdxang. eHUNMmgcs%penSI on was
stirred for 12 h at anbient tenperature under nitrogen atnosphere. After

cool i ng of t299.96a¥llz):i hppsvI8.AS-BA6 (h 1H)cBOBE04 (dA, BXedsSs7 - afmuntl),gfl22 M

BH3- I\/e28|n The resulting m xture was

slow y war mad&%(g{]ﬁﬁg %12%@!’%% ”di(sfﬁ% égﬁ% ﬁg@r 5 nitrogen atnosphere.

After cooli g&,ahe reaction m xture was quenched with nethanol (5 niL). The
0

resulting s Ton was stirred at rt for 30 mn., and then concentrated in
vacuo tdoOgi ve a ﬁMegtay&mspeasibhde‘lPdH4$2)I74g 0a%2 wadd) e TWE (HO@ntyl acetate

oxane MK A Rl o o The e PLOdCh 4R, 8 apelved |

i near 0.014 mole) under nitrogen atmosphere. The reaction mixture was stirred at 0°c for
1 h, and gradually warmed to rt. After stirring for 16 h at rt, the mixture was heated
at 75° for 3 h. The reaction mixture was cooled in ice bath, and quenched by

15  slowly adding 10% NaOH (10 mL). After stirring for 1 h, precipitates were
filtered, and rinsed with 5% MeOH in THF (200 mL). Filtrates were combined,
and concentrated in vacuo, yielding pale yellow oily residue. The crude product
was purified by flash silica column chromatography: 10% MeOH/CH,CI, to 5% i-
PrNH, in 30% MeOH/CH,C], to give 2-(4-benzyloxy-3-hydroxymethylphenyl)-2-

20  hydroxyethylamine 39 as a pale yellow solid (2.6 g, 66%). R;=0.63 in 5% i-PrNH,
in 30% MeOH/CH,Cl,. H'-NMR (CD,0D, 299.96 MHz): § (ppm) 7.46-7.28 (m,
6H), 7.24-7.20 (dd, 1H), 7.0-6.96 (d, 1H), 5.11 (s, 2H), 4.70 (s, 2H), 4.65-4.60 (t,
1H), 2.83-2.81 (d, 2H); ESMS (C,(H 4N, 0,): calcd. 273.3, obsd. 274.7 [M+H]",
547.3 [2M+H]".

25 StepS

. To a solution of EtOH (15 mL) containing compound 2-(4-benzyloxy-3-

hydroxymethylphenyl)-2-hydroxyethylamine 39 (0.3 g, 1.1 mmole) was added
resorcinol diglycidyl ether (0.122 g, 0.55 mmole) dissolved in EtOH (5 mL). The
reaction mixture was refluxed for 20 h. After cooling down to rt, the reaction

30 mixture was degassed with nitrogen and hydrogenated with 10% Pd/C (0.3 g, 10%)
under H, (1 atm) atmosphere for 24 h. After filtration of the catalyst, the filtrate

was concentrated to dryness, yielding a colorless oily residue which was purified by



10 gradient (5%to 50% MeCN H20 over 50 min., 20 nL/mn.; detection at 254
nM. Fractions with UV absorption was anal yzed by LC-Ms to | ocate the
desired woodwbs ESMS (C36H53N309): Calcd. 671.8; Obsd. BZIUR00/Bazmpl e 11
15 Synthesis of 1-{2-[N 2-(4-am no-3, 5-d3i chl orophenyl ) - 2- (RS) -

hydr oxyet hyl ] ami noet hyl} - 4-[ N- ( 2- pheny}322= (RS) - hydr oxyet hyl ) ami no] phenyl
(following figure 14) OHH 20 N 14-1 H2 NIl N\ ( Hﬁ!{%?? Etep 125 A
sol ution of mepasatar isspmehphaseHRLCAA de 59% NMaCN LA oves 40 mifnef} mL/min;

benzal dehyd 7. 46, i 54 (TR A - SiLeve ) in toluene
(180 ni) wagzsgel}ql t)?gév % ég{g {E‘@,Pkceh%?} a%ﬁdgﬁi}?nﬁéé}aﬁ)}éa{@sfg%%ﬁ%g%pand

filtered. Thghydmihby-athgdiwasethongdahzeat 6d. ESIS (TR peatss 588.6f 0 af f ord
conmpound 58 (95% yi el dﬁ. 30 Stl}e/Iﬁ 2 To a cooled a solution of 58 (2.00 g,

6. 40 nmol ) iobsd: HEbIMtHbo6H.7 [MANate bath was sl owly added sodi um

bor ohydri.de (361 ng, 9.50 mmol) under a nitrogen WO 01/42193 PCT/ US00/ 33057
--135- alsm)sphere. The reaction m xture was allowed to stir at 0 Cfor 1.5
h, and then warmed slowy to roomtgxpppdare. The reaction m xture was
quenched by slowy adding 50% et hanol /TFA (5 nL) and then the m xture was
concentrated Symthssisoéduled-pftbudiosy-3inerowmathdpheny b-bydonasthyllssol ved

in Et OAc, d d,.wW : . ' . h
or gani ¢ phase vELTORONLERICamelt 9y ey R BRODBuONER e £ 1C, 1,

flash silica gel chromatography ¢slidwingfigute Bget at e/ hexanes as el uant to
gi ve conmpound 59(80% vyield). Step 3

OH
H
NM\©\
o (]
/?/K/ ”/\|/\O
HO OH
10 Stepl

A solution of EtOH (50 mL) containing 4-(N-Boc-2-aminoethyl)aniline 28

(0.4 g, 1.69 mmole) and 3-(1-naphthoxy)-1,2-epoxypropane 55 (0.33 g, 1.65 mmole)
was refluxed for 18 h, and concentrated in vacuo to dryness, yielding a pale yellow
oil. It was dissolved in 10 mL of CH,Cl,, cooled in ice bath, and treated with TFA

15 (5 mL). After stirring for 2 h at 0°C, the mixture was evaporated, yielding a pale
red oil. It was dissolved in 30% aqueous acetonitrile, and purified by preparatory
HPLC: 10 to 30% MeCN/H,0 over 30 min; 20 mL/min; 254 nm. The product 56
was obtained as colorless oil (260 mg; TFA salt). H'-NMR (CD,0D, 299.96
MHz): d (ppm) 8.88-8.25 (dd, 1H), 7.82-7.79 (dd, 1H), 7.51-7.42 (m, 3H), 7.39-

20 7.38(d, 1H), 7.33-7.30 (d, 2H), 7.25-7.23 (d, 2H), 6.91-6.89 (d, 1H), 4.37-4.31 (m,
1H), 4.22-4.19 (m, 2H), 3.69-3.63 (dd, 1H), 3.67-3.54 (dd, 1H), 3.17-3.11 (t, 2H),
2.96-2.91 (t, 2H); ESMS (C,;H,,N,0,): calcd. 336.4, obsd. 337.5 [M+H]", 359.6
[M+Na], 673.4 [2M+H]".
Step 2

25 To a solution of compound 56 (0.13 g, 0.023 mmole; TFA salt) in 5 mL of
MeOH was added 1.0 M NaOH (1.0 M, 0.46 mL). After homogeneous mixing, the

solution was evaporated to dryness. The residue was dissolved in THF (10 mL),



10 To a solution of 59 (1.00 g, 3.20 mml) in nethanol cooled with ice bath
was slowy added di-tent-butyl dicarbonate (0.69 g, 3.2 nmol) in cold

met hanol W&om2193 The reaction m xture was al l owed to stipPCaUS@/330370r 0.5
h, and then warnmed gradually to roomtenperature. After stirring for 1 h,
the reaction mixture was concentrated \ider reduced pressure, and dried
under hi gh vacuum overnight. The 15 oily residue was purified by silica gel

chr omat ogr apghilowed hyyadditign obglzexal d2 (Wesgn@ 023 mmgle). oThefreging onpound 60

(80%yield). SLep. 4 To a_solution of .6 2. .00 ' hanol (45
L) (\)Nas addeSHSpeﬂglé)HW a&ﬁ@‘&%‘gfor(“ 1 %la%glerg%é%pe?r%bl%qn%‘?ﬁ‘gn&gg%%Tllﬂc())gp l{rg?%d ure was
stirred at Q@80 codfing 6MPGTeultig sofftioh iMice®dath, hoktwesmbyntSIf oM BHg ti on of

sodi um cyanobor ohydride (1.25 g, 20 nmmol). The reaction mxture was stirred
at room t enpdetiorldF Gymbnpgrmolelwas adsigd te B pagvieunreactivs selwiesnthat ed under
reduced pressure, and the esi due i ssl i t . er

filtrati gn, TEHRG W’ggﬁeew%as Oy Wélgcflg %Jﬁ%‘g)gedrfgﬁ%e@agr%e%%u%f The

resi due was pRfigd dobRels BYtheihbt &AutaR, 5 Gl MO w8 toifiengoledxane/ et hyl
acetate (9:1) to afford conpound 61 (26%vyield). Step 5 To a cooled a

sol ution of mBiktrg td quench thex@agtinp| mrixfuse rderpiteagen enesphere. A®r m) in an ice

bat h was added.sl triflugrqgacetic acid (1 under. st ream of
ni trogen. Af lé?ngs?(ﬂn?{? ?ltd't’ttheéﬁpaa%ﬁ]itn% WEP QY?P&’éa%?d;}F')vf cﬁo’a‘ftlel? e arﬁrfee
t enper at ur e, prh RA sSRd. Mt Xad WeasHAPWRR BEGAE hataRed (WD dRr mIgdincadtiedr ghsure to

yield conmpound 62 as an oily residue. The Brodugt_ was dried in vacuo
over ni gHO, amddenereducs echs idissplrrd ins3p MeGN/hQtconigming P-Shul FAL et i on (90%

ield). WO 01/: 3 PCT/ US0Q/ 33057 --136-.5 St 6 T j f 62 (1.87
o ol iBIRY e o et pergrsneeieid FRo MRty P Hhed 5%
mmol) in D'Vﬁlrfe@%ﬁ&)enﬁ’@% aosipd MAUNBEOWILLST R 208nL Adin IetéttioR 2095401 ) .

The reaction mxture was stirred at roomtenperature for 0.5 5 h and then
at 35 C for rfMh. Fibigonsewtht Udrahsorption avevseanalyged byl LCoMSolortreasibedasitede,  and

sodi um bor ohydri d 0 .. 4.10 Jmo i n_ethanol s.,added sl owy.

The reacti orf}/req}fﬁtﬁn{(}e@}g\fgrhﬁﬁw3a?y$®wgﬁ%$?%1&&§%%‘y\téﬁlgﬂaﬁﬁg ched with

agueous 1A Gy $ AL [ A2 -ndh 8 Ly 1 6RREARFILBAY BBxREY ) Em RS- 1. XEINS under
(C3H3,N,05): caled. 502.6, obsd. 503.2 [M+H]", 525.6 [M+Na]".

Example 10
20 Synthesis of 1,4,7-tris{ N-[2-(4-hydroxy-3-hydroxymethylphenyl)-2-

hydroxyethyl]amino}octane

OH

OH
NH OH
N N OH
H

OH
HO

HO

To a suspension of a,a-dihydroxy-4-hydroxy-3-methoxycarbonyl-
acetophenone 12 (0.45 g, 1.99 mmol) in tetrahydrofuran (15 mL) was added a

25  solution of 4-(aminomethyl)-1,8-octadiamine (115 mg, 0.66 mmol) in



pressure, the residue was dissolved in ether, and washed with brine. After
drying 10 over MgSO4, the organic |ayer was concentrated, and the residue
was puri fwedi/4mi93 silica gel chromatography by el uting w thChesersizt hyl
acetate (4:1). The product 64 was obtained in 50%yield. Step 7 A

suspensi on of 64 (107 mg, 0.17 nmol) and4pal | adi um hydroxide (25 mg) 15 in
ethanol (2.5 nL) was stirred overni ght under hydrogen atnosphere gl atm at
room t enper dettahydrofpan i galdr d hagesuftingtsasneasion s shiaed fartledy & aghien

concentrated to ield cr rodu i . purd.fi S| il tca gel
chr omat ogr agﬁfi}p%a%(]ﬁe ter %&%ﬁﬁgﬁjﬁ ﬁé r%’ﬁg@n{a%}rr\l (Efl%%/(? %}‘fé‘?lg;w‘t“% ?If/e )
conpound 65.jcERMPak eXAER Ad NI 2)M BIaL .S ihGRxAie (6081, 1 24@thol)Mrdd] +, 442
[MH2Q +, 921 [2MtH] 20 Exanple 12 Synt%esis of

1- { 2- [ N 2- ( ddgdir Bheyregulting mixtrg waspthenly| warmed tesyt, andigflaxgdeion ¢ hjuwdehoet hyl }
-4-[ N- (2.phenyi - 2- (RS) - hyd t hyl ) ani hen: 25 (f ing fi 15
o1 BT R Tt abmorg e R e R B S s PR 1137 ks
1 1- Benzyl oxyetflartd @RAGETHE ré%uﬂin%rsﬁtﬁﬁﬂﬂ a6 sB@ed &1V for30 i, Sndrereh)

[ prepared as described in Chem Bull., 25, 1368-1377, (1977)], was added to

a sol uti on cohcantiaisdinyag® toZive apala brogmmsebifl) The selidreenhypshed et eleyl( 150 )
at 5 roomtenperature. After h,.the reaction m xtur . diiJ ut.ed with
et her and \ﬁﬁngtﬁ dfl%a{lﬁn};{xwﬁ Gtzé apd then, 4ol 8.0]ﬁtn 8§ﬁuélglﬁ)§3dsjuggfv\§%&3%qﬂéeﬁl e. The

organi ¢ | ayejpoyastori@iehatce doRRinindl 0. 94 TRe indpdifitd BUHPBC @singial lirehed and
concentrated to give a crude oil. Purification with colum chromatography

usi ng hdRanegradient(5%ctet5ateMeEN/HeO owtrférming 29vunkisaing defsetioniates4 dhs yi el d) .
;’ P OVS\; ;‘p agd-er rgctlso(r)lls %i{hoﬂ}\/%fbsc?rgti(grﬁ wgs gialyez'eg %y T@MS for]oge;[teh ﬁl%oc{esi{fe%o 0 m) was
product. ESMS (C;4H4,N;0,): Caled. 671.8; Obsd. 671.7.

Example 11
15 Synthesis of 1-{2-[N-2-(4-amino-3,5-dichlorophenyl)-2-(RS)-
hydroxyethyllaminoethyl}-4-[N-(2-phenyl-2-(RS)-hydroxyethyl)amino]phenyl
(following figure 14)

OH

| N
HoN N
Cl H  OH
Step 1
25 A solution of 2-(4-aminophenyl)ethylamine 25 (4.70 mL, 36.7 mmol),

benzaldehyde (7.46 mL, 73.4 mmol) and 4A molecular sieves (18 g) in toluene
(180 mL) was refluxed for 3 h. The reaction mixture was cooled and filtered. The
filtrate was concentrated under reduced pressure to afford compound 58 (95%
yield).
30 Step2
To a cooled a solution of 58 (2.00 g, 6.40 mmol) in ethanol (150 mL) in ice
bath was slowly added sodium borohydride (361 mg, 9.50 mmol) under a nitrogen



sodi um borohydride (1 g, 26.50 mmol) in portions over 30 mn., under a
nitrogen atnosphere. After 6 h, the reaction m xture was quenched by
sl oW y adddng4219at urat ed sol uti on of aqueous amoni um chl PE€T/W800/33T37
solution was diluted with 15 1 N sodiu ydroxi de and ethyl acetate and
hexanes. The organic | ayer was separated, dried over sodiumsulfate,

filtered and con entr ted to give co nd . 68 .a was used in
the next st yFRITHut eJF‘t“Wé’P giure e ?Wdtgtsé}ba@ab%fgélﬁm@ﬁ thegs 63 (3.6

AIMRFR
g, 6.1 mmol )y ARAARRHASTS R BrioPmixtur v AT RlehcH
di et hyl f or Wg BR) %g&g ([ﬁ ﬁea i)(r)ormatget o%]r@ﬁ)é%éab("l 28 g, 6.4
mrol ) porti mwwsfmddiﬂgeior’/emethaﬁdﬂ/TﬁA(ﬂnﬂ,)\aﬁ& tl’rmaheeﬂhnamrwas@bhceﬁitra&ﬂ C. An
addi ti onal portlon of al pha- bronpacet ophenone (0.25 g, 1.25 mml) was

added and heHdentpduged rEesswien Jdg respjtartresiguewag ésoll‘@éd{l EdAAgiadur e was

cooled t

borohydrlgde ‘?%ﬁ%& W%ﬁ%ﬁgo qsft?etrw%q 8%88%3\1 Q“V'}?é r%lg%g%\lll\%.sgq’%sntl nued for
2.5 h. The r@aeért@fedhX¥helce and\ie rédMeeMsmiigdd dpdlashsificagélhanol (25 nl) was
added and the excess hydri de was guenched with the addition of a saturated

sol ution of chmemaiogrpbhiong etbyl actiate/haxanes asrelusnktogive ermpind PO % t h et hyl
acetate and et pg The organic |ayer was separated, dried over sodium

sul fate, fi 1! d, and concentrated. The crude oil 30 was purified with
col um chr ongaig}ggr aphy eluting with ethyl acetate/ hexanes m xture to give
conmpound 69 -4 WD 01/ 42193 PCT/ US00/ 33057 --138- To a solution of 69
(0.73 g]101.0 mrﬂIo)aiohuta)nrﬂf)@l(ﬂ@O(gﬁ 32dtanblin (@handl)cookdNvithhicd bethhvar | de

d (1 nm dded wder .(0. 56 10. ).
The ract i o RiAe dierake dikestongty (€ oGk 32 BmaD iaidiadbeta S LY ur
was_cool ed tﬂher@gano&lmﬁfr@wmmt@'l PARS ¢ R %nemwn{etewet hanol  was

5 added and t rown precipitates an unreacte I'ron was red off. The

filtrate wagadwniligestdont ethperuhee. ndusdingrfesh)the rdactigi méxtuife vass a br own
solid which was wused in the next step without further purification. Step 5

Conpound 70 qgagewa@mndwedweé peesswexad dtsdpnder-high vaem vearighidribge (5 10
n1_) and lgor 1ﬁ/ re51due évgs ;m'r}ﬁe%tby Sty ge?%%ﬁl% o%'i‘zﬁ)hy sfn%rethyl QCetétQﬂleng?Ct I on

m xture
(2:1) to afford compound 60 (80% yield).

Step 4
To a solution of 60 (2.09 g, 5.00 mmol) in methanol (45 mL) was added

phenylglyoxal (2.01 g, 15.0 mmol). The reaction mixture was stirred at room
20  temperature for 1 h, and followed by slow addition of sodium cyanoborohydride
(1.25 g, 20 mmol). The reaction mixture was stirred at room temperature
overnight. The reaction mixture was concentrated under reduced pressure, and the
residue was dissolved in methanol. After filtration, the filtrate was concentrated
under reduced pressure. The residue was purified by silica gel chromatography
25  using hexane/ ethyl acetate (9:1) to afford compound 61 (26% yield).
Step 5
To a cooled a solution of 61 (3.19 g, 5.90 mmol) in methylene chloride (12
mL) in an ice bath was added slowly trifluoroacetic acid (12 mL) under stream of
nitrogen. After stirring the reaction mixture for 1 h at the same temperature, the
30 mixture was concentrated under reduced pressure to yield compound 62 as an oily
residue. The product was dried in vacuo overnight, and was used in next step

without further purification (90% yield).



was diluted wth ethyl acetate and evaporated to dryness. A nethanolic
solution of 0.5 M sodium hydroxi de was added and the reaction m xture was
stirred fwooo64h19;t room tenperature. The reaction m xtureCcwasowisest ed with
met hanolic solution of 1 N hydrochlorigc acid and then concentrated to
dryness. The residue was redi ssol ved 15130 et hanol and filtered. The
filtrate was_ concentrated to give conpound 71 as a brown residue which was
used in the step without further purification. Step 6 Pall adi um on
carbon (10% O. eseat a1 k2 o3 SUSRGHhRT olicHbrd A oBBABRAY. (120 L)
and dinethylforﬁ%%%ﬁe §g)nggf ?ﬁé'reac??on nixfﬁrermaé 20 purged with
ni trogen gasanliv 63 (1107ag 3B8/@nl ptDMAJE0 niy rae gddedpomsiinecabddatat m) at
roomtenperature. The mxture was filtered, and the filtrate was
concent r at ed%% g, $id® mamebu ddie peastior mixiHTecHas,gisrep @t rooneiemppratye or 0.5
(acetonitril,/ r/ 1% adi.ent) .. Y u r c I S
(e o | A et oA R T i e
chl ori de/ 1% sarbam BeroRRiRR (D16 geh UoMmbI) irdéth ol eSin Efwabaddednowiyg
1-{2-[N-2- (4- hydroxy- 3-fornyl am nophenyl ) -2- (RS) - hydr oxyet hyl ] - am noet hyl
} -4- [ N-( 2-Pheamsdtiop-copB)uedyoemighd iahidopaiempeiapire agd then querkdieditht i on
Exanpl es Exanpl e rd.gelatin c ul es. containing. the %oll W ng
Cnar bd ent s SRESYIA L ) SRT PR FRGR B g e apet eI e E e 42103
PCT/ US00/ 33gﬁzssufe-, R Qesidied WY EdibRWRGh &iber, 3Ad VasiRlaanBbRAS - AfteBIMESI UM
stearate 5.0 5 The above ingredients are mxed and filled into hard gelatin
capsul ed0i n 840Mg8g,gtha otganicelayerBxanmpheentratad;s addl tbe résalusw aa pusfipd bpar ed
using the ingredients below, 10 antjtg I ngr edi ent {n?{taplet Active
| ngr edi ent #iligg gel chromatography by eluting with hexane/ethyl acetate (4:T). The product

64 was obtained in 50% yield.

Step 7

A suspension of 64 (107 mg, 0.17 mmol) and palladium hydroxide (25 mg)
15  inethanol (2.5 mL) was stirred overnight under hydrogen atmosphere (1 atm) at

room temperature. The mixture was filtered, and the filtrate was concentrated to

yield crude product which was purified using silica gel chromatography with 6%

methanol/dichloromethane (10% yield) to give compound 65. ESMS

(C,4H,,CLLN,0,): calcd: 460.4; obsd: 460 [M+H]*, 442 [M-H,0]%, 921 [2M+H] *.

20
Example 12
Synthesis of 1-{2-[N-2-(4-hydroxy-3-formylaminophenyl)-2-(RS)-
hydroxyethyl]aminoethyl}-4-[ N-(2-phenyl-2-(RS)-hydroxyethyl)amino]phenyl
25 (following figure 15)

OH
N

AT

NHCHO

Iz

OH



Cellul ose, mcrocrystalline 200.0 15 Colloidal silicon dioxide 10.0

Stearic acid 5.0 The conponents are bl ended and conpressed to formtablets,
each weivgbbng1230 ny. 20 Exanple 3 A dry powder inhal er POT/EOEI3DZIN | S
prepared containing the foll ow ng corrp ents: Ingredient Wight % 25
Active Ingredient 5 Lactose 95 The active ingredient is mxed wth the

| act ose and the m xture is added to 30 a dry powder inhaling appliance.
Exanple 4 T s, each containing 30 ng of active ingredient, are prepared

as follows: 35 R t edl ent 0 30.0
nmg WO 01/42193 Pl% 2)08( 33[6 %O%gét n%n(tfé%ﬂ/g&%c&%%k)(%7@‘ l(?\//Igéﬂrd(;l:&cl?ystaI l'ine

cel | ul ose 3Ypfeparpd aE’dbgcwbad/irp@hamlBldb,r% (1368 18978 $b9m] ons addegltterai | e wat er)
4.0 ng 5 Sodium car boxynmet hgy(]§ starch 4.5 gnesium stearate 0.5

ng
Tal ¢ 1.0 ng soiion o fgmpeurrégS ot SHY-Smmapin; %@P@le@ﬁ@amléﬁ SROMEhet cel | ul ose
are passgd trggl%l{gllﬂp&a{ﬂ?e. Afer 28 h, the reaction mixture was diluted with ether and

washed with a dilute solution of aqueous sodium chloride. The organic layer was
separated and dried over sodium sulfate, filtered and concentrated to give a crude
oil. Purification with column chromatography using hexane:ethyl acetate as the
eluent provided compound 67 (95% yield).
10 Step2
To a solution of 67 (4.0 g, 6.80 mmol) in ethanol (500 mL) was slowly added
sodium borohydride (1 g, 26.50 mmol) in portions over 30 min., under a nitrogen
atmosphere. After 6 h, the reaction mixture was quenched by slowly adding
saturated solution of aqueous ammonium chloride . The solution was diluted with
15 1 N sodium hydroxide and ethyl acetate and hexanes. The organic layer was
separated, dried over sodium sulfate, filtered and concentrated to give compound
68 as an oil which was used in the next step without further purification.
Step 3
To a mixture of 68 (3.6 g, 6.1 mmol) and potassium carbonate (3.0 g, 9.2
20  mmol) in dimethylformamide (100 mL) was added alpha-bromoacetophenone
(1.28 g, 6.4 mmol) portionwise. The reaction mixture was heated overnight at 65
°C. An additional portion of alpha-bromoacetophenone (0.25 g, 1.25 mmol) was
added and heating was continued. After 18 h, the reaction mixture was cooled to
room temperature and ethanol (50 mL) was added. Sodium borohydride (1.0 g,
25  26.5 mmol) was added and stirring was continued for 2.5 h. The reaction mixture
was concentrated and then methanol (25 mL) was added and the excess hydride
was quenched with the addition of a saturated solution of ammonium chloride.
The reaction mixture was diluted with ethyl acetate and ether. The organic layer
was separated, dried over sodium sulfate, filtered, and concentrated. The crude oil
30  was purified with column chromatography eluting with ethyl acetate/hexanes

mixture to give compound 69.

Step 4



mesh U. S. sieve and m xed thoroughly. The solution of polyvinylpyrrolidone
Is mxed with the resultant powders, which are then passed through a 16
mesh U. Swosi/@1e3 The granul es so produced are dried at 5BCT/OS@@30zNnd
passed through a 16 15 nesh U.S. sieve. The sodi um carboxynet hyl starch,
magnesi um stearate, and talc, previ oust “passed through a No. 30 nesh U. S

sieve, are then . added to t ranul es i.ch, after.m xing,, .are.c ressed
on a tablet machidSY$IqH %4163‘ @J&%@I@Q‘@ﬂ 1N 3y rﬁﬁfoélan.(zg@ﬁéxgﬁgl e 5

Capsul es, e i [ ; :
Gty PRSI TihdW  TAL o 1R AOnaE (A R1R0. e

109.0 nmg Maghed) Whestatioanextirdwaghealotaa00 16 o101 .fry. The reectipry eniktogr edi ent

starch, and nagnesi um stearate aré bl ended, passed .30 thr%ugq a No. 20
mesh U.S. si%#ecoolgddoroqm dempssatyrapdaligwediq Handgyernight iYethagp! yps

quantiti 8. JaRAem bRy HRRHaL0 bh®ine RGN 6P R HRLR oBE THO AREaPCL | VE

I ngredi ent are na ngr edi noun tive I'ngredient 25 ng

Saturated fakiyconcériragddnarier A@acddpressGROtongva/ D fkld Bk8oRCWHISORAS3057
--141- The active ingredient is passed through a No. 60 nesh U S. sieve and

suspended i nusethén tgmgkisatergwitheutyurglhar gugfigationi des previously nelted using
the mni mjﬁthest necessary. The m xture is then poured into a suppository
nold of no 2.0 g capacity and allowed to cool. 5 Exanple 7

Suspensi ons, eaqihgRIthai7?0ivig EQoBd & a pRE1ILAIRNItIRSIT abetit dHhydage(5ar e
10  mL) and formic acid (3 mL) at room temperature. After 3 h, the reaction mixture
was diluted with ethyl acetate and evaporated to dryness. A methanolic solution of
0.5 M sodium hydroxide was added and the reaction mixture was stirred for 6 h at
room temperature. The reaction mixture was treated with methanolic solution of 1
N hydrochloric acid and then concentrated to dryness. The residue was redissolved
15  inmethanol and filtered. The filtrate was concentrated to give compound 71 as a
brown residue which was used in the next step without further purification.
Step 6
Palladium on carbon (10%, 0.5 g) was added to a suspension of 71 in
methanol (120 mL) and dimethylformamide (80 mL). The reaction mixture was
20  purged with nitrogen‘ gas and stirred overnight under hydrogen atmosphere (1 atm)
at room temperature. The mixture was filtered, and the filtrate was concentrated to
yield crude product which was purified by HPLC (acetonitril/water/1% TFA
gradient) to give crude product which was purified with column chromatography
using methanol/methylene chloride/1%isopropylamine as the eluent to give desired
25  compound 1-{2-[N-2-(4-hydroxy-3-formylaminophenyl)-2-(RS)-hydroxyethyl]-
aminoethyl}-4-[ N-(2-phenyl-2-(RS)-hydroxyethyl)amino]phenyl 72.

Formulation Examples
Example 1

30 Hard gelatin capsules containing the following ingredients are prepared:

Quantity
Ingredient (mg/capsule)



made as follows: Ingredient Amount 10 Active Ingredient 50.0 ng Xanthan
gum 4.0 ng Sodi um carboxynet hyl cellulose (11% Mcrocrystalline cellul ose
(89% 50wWonyg421|icrose 1.75 g 15 Sodi um benzoate 10.0 ngpEr/asav3zesvd Col or
g.v. Purified water to 5.0 nL The actiyve ingredient, sucrose and xant han
gum are bl ended, passed through 20 a ‘N$210 mesh U.S. sieve, and then

m xed wth a previously nade solution of the mcrocrystalline cellul ose
and sodi um car bégfivedrgredient| | ul ose in water. The sodi um HEhzoate, flavor,
and col or are diStartled with some of the water and added w45 stirring.

Suf fici ent wat eMagnetinsrstedated t o produce the required val.Gnme. 25 Exanple 8
A fornul ati on may be prepar ed as foll ows QJanti ty Ingredient (ng/capsule)
30 Active Ingredient 15.0 Starch 407. esiumstearate 3.0 ny
Total 425.0 ny BSTWO%NMW%WémIé?ﬁandsfﬁ iRto q@ﬁﬁ@i%ﬂﬁ%é@%ﬁ?&%@r ate are
bl ended, passed attlrtl{egugh a No. 20 nmesh U.S. sieve, and filled into hard

gel atin capdtf88MW225.0 ny quantities. WD 01/42193 PCT/ US00/ 33057

--142- Exanple 9 A fornulation nay be prepared as follows: Ingredient
Quantily Active Ingredient 5.0 ng 5 Corn Gl 1.0 nL

Example 2
A tablet Formula is prepared using the ingredients below:
10 Quantity
Ingredient (mg/tablet)
Active. Ingredient 25.0
Cellulose, microcrystalline . 200.0
15 Colloidal silicon dioxide 10.0
Stearic acid 5.0

The components are blended and compressed to form tablets, each

weighing 240 mg.
20
Example 3
A dry powder inhaler formulation is prepared containing the following
components:
Ingredient Weight %
» Active Ingredient 5
Lactose 95

The active ingredient is mixed with the lactose and the mixture is added to

30 adry powder inhaling appliance.

Example 4
Tablets, each containing 30 mg of active ingredient, are prepared as
follows:
35 Quantity
Ingredient (mg/tablet)

Active Ingredient ~ 30.0 mg



Exanple 10 A topical fornulation nmay be prepared as follows: 10 Ingredient
uanti Active Ingredient 1-10 g Enulsifying Wax 30 g Liquid Paraffin 20 g
White SofwoPasabIin to 100 g 15 The white soft paraffin peT/saradsunti |
nolten. The liquid paraffin and enul sif4 ing wax are incorporated and
stirred until dissolved. The active iﬁ'dr dient is added and stirring is
continued unti l g;s ersed. The m xture is then cool eg5:¢nt” solid. 20

Anot her preferre mul ati on_ enpl oyed in the nethod fM8he present

i nvention enpl oy Microsnstibinsgellgiast very devi ces ("pat éA®ME. Such
transdermal pat debyimapyrididgsed to provi de continuous or discontinuous

i nfusion of the conpdamidsedlutibreimstadematarnvent i on i 40gcomtrol | ed anpunts.
The conssructi on Sadihm cBox0mdthiylssge mal patches for #hengel i very of
pharmaceuti cal agg sitf @kdte known 25 in the art. Segsmg 9., U S. Patent
5,023,252, issuedpfune 11, 1991, herein incorporated;y,feference inits
entirety. Such pat gﬂes may be constructed for contil AU pul satile, or on
dermand delivery of pharmaceutical agents. Qher suitable formul ations for
use in e present invention can be found in Rem ngton's Pharnmaceuti cal

Sci encesy edited by E. W Mrtin (Mack Publishing 30 Conpany, 18th ed.,
1990). Bi ol ogi calThERglys ingredierh sisreh andpgllplgpesre passed feeeght aNo 20 Vit ro

compounds. of oY S0 A8 1G5 RBRERTEHl; ABS5REh of ISR IRREbLY  Bst o
foll ows. Celnhix&betthfig @adtatt powders, Reliickadry tivngrasdeidahroapiatlb niassd).8. cel | s

froma 21 yr, old male (donetics, San D ego, CA) were seeded at 50, 000
cel | s/ wel | ~ isisve4Thegranyles sqproduced are dried at 507 to 60°C and passed through a 16

15  mesh U.S. sieve. The sodium carboxymethyl starch, magnesium stearate, and talc,
previously passed through a No. 30 mesh U.S. sieve, are then added to the granules
which, after mixing, are compressed on a tablet machine to yield tablets each

weighing 120 mg.

20 Example 5
Capsules, each containing 40 mg of medicament are made as follows:
Quantity

Ingredient (mg/capsule)
Active Ingredient 40.0 mg

25 Starch 109.0 mg
Magnesium stearate 1.0 mg
Total 150.0 mg

The active ingredient, starch, and magnesium stearate are blended, passed

30  through a No. 20 mesh U.S. sieve, and filled into hard gelatin capsules in 150 mg

quantities.
Example 6
35 Suppositories, each containing 25 mg of active ingredient are made as
follows;
Ingredient Amount
Active Ingredient 25 mg

Saturated fatty acid glycerides to 2,000 mg



5 culture plates. The nedia used was Clonetic's SnBM 2 suppl emented with
hEGF, Insulin, hFGF, and Fetal Bovine Serum Cells were grown two days at
37C, 5% e@mousibd confl uent nonol ayers were seen. Agoni st PSriusu/mbizon of
Cells The nedia was aspirated from eachy}l\gll and replaced with 250 m fresh
media 10 containing 1nM I BMX, a phospodlesterase inhibitor (Sigm, St
Louis, MO). Cel b_% were . ncgbat ed for 15 éganﬁte at 3 SfC,.and hen 250 mni
of agonist at appFopYYeAPEregishtishrrsst yRughe Neobkmestb Y- sieyeARd t hen

i ncubat ed f og,sgehded HeQRfkated Ritfabidi roeriliBAbavivasly dndel Abing ugnd 500 m
cold 70% Et OH was added to cells; and then renoved to an enpty 96-well
deep-wel | pl miremaf lmat aéoestand Themibxtsre isThes pddred irgp awappdsitery meldedit ed. The
deep-wel |l plate, then spun . in a speed-vac until all EtOH dried off,

| eavi ng dry PEMRa ngﬂwltg'mlaﬂﬁ)éf?‘fg’ ®95 quantitated using a CcAMP ELI SA
kit fromsStratagene (La Jolla, CA). EC50 curves were generated using the
4-paraneter fit equation: y = (a-d)/(1 + (x/c)b) + d, where, 20y = cpma =
total binding ¢ = 1C50 x = [ conpoundExampleNS bi nding b = slope Fix NS
binding and allow all other paraneters to float. 25 Exanple 2

(32- Adrener gi ¢ REEEHTYPY- 72 ?Wlﬁﬁﬂisglm%%gfﬂe‘%%’éﬁ%@e%g:&% ﬁ?ﬁ?é“‘( 31

/ 2- adr ener gi g, 5L68811Ws:0i nding activity of conpounds of the invention can
be tested fol fovvs. SF9 cell nenbranes containing either (31 or

[ 32-adrenergi c r éggedient (NEN, Boston, MA) were incubahedtwith 0.07 nM 30
1251-i od@cyanopi ndalelngrddidht Bost on, MA) in binding 5b,mjfrfqgr cont ai ning 75mM
Tris-HCL (pH 7. 4Xanthdn 2uM MJC12 and 2 nM EDTA and véﬁoyﬂgﬁg concentrations
of test conpoundgogiqlfp r(?l(% in 96-wel| plates. The plates

2
RS

were WO 01/42193, P % |n%ubat ed at.,roomtenperature with
shaking for 1 hogﬁgafﬁe receptor and radioli gandtsﬁé)gjé%arvested by

filtration over 98| GF/B filter plates (Packard, ri den, CT)

pre-bl ocked with Bqlg%bﬂfg%%tﬁyl eni ni ne and washed twil€dMgth 200/21 PBS
usi ng cel | harveElapr olof[ters were washed thricedwith 200,21 PBS 5

usi ng cel | harveBurfichwdtet en resuspended in 40,21 s6iOnnLl | ati on cocktail .
The filter-

The active ingredient, sucrose and xanthan gum are blended, passed through
20  aNo. 10 mesh U.S. sieve, and then mixed with a previously made solutioh of the
microcrystalline cellulose and sodium 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 3.0 mg
Total 425.0 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.



bound radioactivity was nmeasured with a scintillation counter and | C50
curves are generated using the standard 4-paraneter fit equation descri bed
above. Thwobosag®I Ng i nvention has been described i n sonmerdrwadd/33byy way of
10 illustration and exanple, for pur pos?zz?r of clarity and understanding. It
will be obvious to one of skill in the t that changes and nodifications
may be practiced wthin the scope obxt he g)gpended clains. Therefore, it is
to be understood that the above des is intended to be illustrative

and not restrictigfmil§ios q)equeﬁapﬁaslfgyg‘ggl on should, therefore, be
determ ned not with referencé to the above 15 description, but should

i nstead be det er digredienti t h ref erence to the foll owi ng a@ﬂmﬁﬂd cl ai s,
along with the fuldivedapediait equi val ents to which such cls g are
entitleds WO 01/ 4219®ilPCT/ US00/ 33057 --145-- WHAT IS CLAIgMER 1S: 1. A
conpound of the formula: 5 O H N\ / Al HOH 10 wherein: Ar' is
sel ected fromthe group consisting of 4-am no-3,5-dichlorophenyl and
3-fornyl am no- 4- hydr oxyphenyl ; and tlengilei@ocheni stry at *C and **C is

(RS) and (RS); (R and (R;.(S),and (S); (R and , or (S) and (R); and
phar naceut i cal | y acce&%’&ﬂc)él @g‘?‘{"]@“%é’@&e.pge&?adﬁs fgﬁ‘éw%orrpound of Claimi1,
wherein Ar' is 4-am no-3,5-dichloro- phenyl, and the stereochem stry at *C
is (RS) @nd the s hem stry at **Cis (RS. 20 3. T ound of
Claim 1 wherel n‘%?ﬁ%? 4 rp no- 3, 5-di chl oro- phenyl, an I 2]

stereochem stry %‘Hw gbrlg% and the stereochem stry at ** gigs (R. 4. The

compound of O ai fMUIsifing is 4-amino-3,5-dichloro
Liquid Paraffin 20g

White Soft Paraffin to 100 g

15
The white soft paraffin is heated until molten. The liquid paraffin and

emulsifying wax are incorporated and stirred until dissolved. The active ingredient
is added and stirring is continued until dispersed. The mixture is then cooled until
solid.

20 Another preferred formulation employed in the methods of the present
invention employs transdermal delivery devices ("patches"). Such transdermal
patches may be used to provide continuous or discontinuous infusion of the
compounds of the present invention in controlled amounts. The construction and
use of transdermal patches for the delivery of pharmaceutical agents is well known

25 inthe 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 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
30  Company, 18th ed., 1990).

Biological Examples
Example 1

2-Adrenergic Receptor In Vitro Functional Assay

35 The (2-adrenergic receptor functional activity of compounds of the



phenyl, and the stereochem stry at *Cis (S) and the stereochem stry at **C
Is (S). 25 5. The conpound of Caim1l1, wherein Ar' is

4- am no- 3yGedinbd or o- phenyl, and the stereochem stry at pPCr/usoBs7and t he
stereochem stry at **Cis (S). 6. The %grrpound of Claiml, wherein Ar' is
4-am no- 3, 5-dichl oro 30 phenyl, and t i *eter eocheni stry at *Cis (S) and

t he stereochem str% **gii 5 7. The conpound of Claim1, wherein Ar'
i s 3-formyl ARYSHHOR WADIGEA4O1Q%S PCT/ USO0/ 33057  -- 146- hydr oxy- phenyl , and
t he stereochefi $delidicdnd Trolvih: (RS) and the stereochenmistry at Cis (RS). 8.
The conmpound of C algm I, wherein Ar' is 3-fornylam no-4 5 hydroxy-phenyl,
and t he st er eochdirinsdry prachiaCsisoth Ryusaledellhfromtaet lepcbelmslery at **C i s
(R). 9. The rrpoun im.1, wherein Ar' is 3-fornylam no-4-

hydr oxy- pherf §°neamg%bl@pepg'améwe§9?@aﬁ 008 9 Bs/tvsﬁ in g apgissue
stereochem * SRERR wherein Ar'
s 3- forr%y ?nﬁ[tﬁrg%ate%y rol%/dléuéee?glwasjéloaéiibﬁse stergg%{g%n%t%wét *Cis (R
and the st erle(ﬁH)émnuhh;hF@E and Fe&tal Bog¢BE Seim.1CellsNeere oogen twa dafs afl ai m 1,

wherein Ar nyl am no- 4- hydrox -phenyl, and the stereochem stry at
*Cis (9 aé&"%rﬁeﬁ&% ?%%ugwrrw%&aymw%em 20 12. A conpound of the

formula: OH o'fhs@buhlula%@n 2k CI OH wherein the stereochemstry at *C
and **Cis or and phar maceut ically acceptable salts thereof.

The medla was aspirated from each well and replaced with 250 ml fresh media
10  containing ImM IBMX, a phospodiesterase inhibitor (Sigma, St Louis, MO).
Cells were incubated for 15 minutes at 37 °C, and then 250 ml of agonist at
appropriate concentration was added. Cells were then incubated for an additional
10 minutes. Media was aspirated and 500 ml cold 70% EtOH was added to cells,
and then removed to an empty 96-well deep-well plate after about 5 minutes. This
15  step was then repeated. The deep-well plate was then spun in a speed-vac until all
EtOH dried off, leaving dry pellets. cAMP (pmol/well) was quantitated using a
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,
20 y =cpm a = total binding c=1C,,
X = [compound] d =NS binding b = slope

Fix NS binding and allow all other parameters to float.

25 Example 2
2-Adrenergic Receptor /n Vitro Radioligand Binding Assay
The B1/2-adrenergic receptor binding activity of compounds of the
invention can be tested follows. SF9 cell membranes containing either 1 or
[32-adrenergic receptor (NEN, Boston, MA) were incubated with 0.07 nM
30 '*I-iodocyanopindolol (NEN, Boston, MA) in binding buffer containing 75mM
Tris-HCI (pH 7.4), 12.5 mM MgCl, and 2 mM EDTA and varying concentrations

of test compounds or buffer only (control) in 96-well plates. The plates were



30 13. A conpound of the formula: WO 01/42193 PCT/ US00/ 33057 --147-- OH H
N/ HOND5 NHCHO OH wherein the stereochemstry at *C and **Cis RS, R or
S; and pveonmrerntically acceptable salts thereof. 10 14 PCpuaswmseszut i cal
conposition conprising a pharnaceuti caIJO acceptable carrier and a

t herapeutically effective amount of a T 4yﬁ‘;‘)'ound of any of Cdains 1-13. 15.

The pharnaceutical, conposition of laim14, wherein the 15 pharmaceuti cal
conposi ti on PeiRafRerat K fgrarsgatyrer widh gﬁg)ﬁltgifelél hgurefkheTeseplor RRdRtht  of a

steroidal anfjlpid bt HFildon VORI EF/B filt&AHARIPILERAS €S
8 o mammaf), g higyl

medi ated by a adrenergic receptor 1In a conpri si ng
adm ni st er i nNgetideri, 0F) pegybiakkel Rith OB &Gpohediyi¢niminecodpashéd ovicewithri si ng a
pharmaceutical |l y_acceptable carrier and a therapeutjcally effective anount
of & compourdOed PRAySHE celldprvesier TEhe iters wes Washrbrise i 0kA EBSuner ei n

t he met had f [ 1O i . LaGah | ctive
anount of Sy (BRI BRF R LRl DS RRNARR LA, MMEHEE 3
16, wher ei n Hduad didersieity svad nfeaqpéd aithaygcitid@dsecounted and I@, s@vboate of C ai m

18, wherein the disease is asthma or chronic 30 obstructive pul nonary
di sease. generated using the standard 4-parameter fit equation described above.

The foregoing invention has been described in some detail by way of

10  illustration and 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

15  description, but should instead be determined with reference to the following
appended claims, along with the full scope of equivalents to which such claims are

entitled.
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WHAT IS CLAIMED IS:
1. A compound of the formula:
OH
H
N

>
N
*
Iz
*
*

OH

wherein:

Ar' is selected from the group consisting of 4-amino-3,5-dichlorophenyl and
3-formylamino-4-hydroxyphenyl; and the stereochemistry at *C and **C is (RS)
and (RS); (R) and (R); (S) and (S); (R) and (S); or () and (R);

and pharmaceutically acceptable salts thereof.

2. The compound of Claim 1, wherein Ar' is 4-amino-3,5-dichloro-

phenyl, and the stereochemistry at *C is (RS) and the stereochemistry at **C is
(RS).

3. The compound of Claim 1, wherein Ar' is 4-amino-3,5-dichloro-

phenyl, and the stereochemistry at *C is (R) and the stereochemistry at **C is (R).

4. The compound of Claim 1, wherein Ar' is 4-amino-3,5-dichloro-

phenyl, and the stereochemistry at *C is (S) and the stereochemistry at **C is (S).

5. The compound of Claim 1, wherein Ar! is 4-amino-3,5-dichloro-

phenyl, and the stereochemistry at *C is (R) and the stereochemistry at **C is (S).

6. The compound of Claim 1, wherein Ar' is 4-amino-3,5-dichloro-

phenyl, and the stereochemistry at *C is (S) and the stereochemistry at **C is (R).

7. The compound of Claim 1, wherein Ar' is 3-formylamino-4-
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hydroxy-phenyl, and the stereochemistry at *C is (RS) and the stereochemistry at
**C is (RS).

8. The compound of Claim 1, wherein Ar' is 3-formylamino-4-
hydroxy-phenyl, and the stereochemistry at *C is (R) and the stereochemistry at
**Cis (R).

9. The compound of Claim 1, wherein Ar' is 3-formylamino-4-

hydroxy-phenyl, and the stereochemistry at *C is (S) and the stereochemistry at
¥*Cis (S).

10. The compound of Claim 1, wherein Ar' is 3-formylamino-4-
hydroxy-phenyl, and the stereochemistry at *C is (R) and the stereochemistry at
*¥*Cis (S).

11.  The compound of Claim 1, wherein Ar' is 3-formylamino-4-
hydroxy-phenyl, and the stereochemistry at *C is (S) and the stereochemistry at
*¥*Cis (R).

12. A compound of the formula:

OH

H
H.N ok

5 N
H
Cl OH

wherein the stereochemistry at *C and **C is RS, R or S; and

pharmaceutically acceptable salts thereof.

13. A compound of the formula:
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OH

ZT

HO

Iz

NHCHO OH

wherein the stereochemistry at *C and **C is RS, R or S; and pharmaceutically

acceptable salts thereof.

14 A pharmaceutical composition comprising a pharmaceutically
acceptable carrier and a therapeutically effective amount of a compound of any of

Claims 1-13.

15. The pharmaceutical composition of Claim 14, wherein the
pharmaceutical composition further comprises a therapeutically effective amount

of a steroidal anti-inflammatory drug.

16. A method for treating diseases mediated by a 2 adrenergic receptor
in a mammal, the method comprising administering to the mammal a
pharmaceutical composition comprising a pharmaceutically acceptable carrier and

a therapeutically effective amount of a compound of any of Claims 1-13.

17. The method of Claim 16, wherein the method further comprises
administering a therapeutically effective amount of a steroidal anti-inflammatory
drug.

18.  The method of Claim 16, wherein the disease is a respiratory disease.

19. The method of Claim 18, wherein the disease is asthma or chronic

obstructive pulmonary disease.



