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B2-ADRENERGIC RECEPTOR AGONISTS

BACKGROUND OF THE INVENTION

. Field of the Invention
This invention relates to novel multibinding compounds (agents) that aré f§2
adrenergic receptor agonists, partial agonists and pharmaceutical compositions
_) - | comprising such compounds. Accordingly, the multibinding cormpounds and
' ' 3  pharmaceutical compositions of this invention are useful in the treatment and
preventidn 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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25
State of the Art

A receptor is a biological structure with one or more bindihg 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 mémbranc {(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 jts
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
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a biological structure with one or nore binding domains that reversibly
_conpl exes wi t syotheticdigandiforthe fegeptar suchvgn 8 devgt hdug codjslateeati on has  bi ol ogi cal
consequences. QQFES . exist entirely outside the cell (extracellular
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si gnaling) as wel to functi.on in fhe transport of nolecules and 35

ions into and c\éﬁtslbg'&%f’?% t%% 'ﬁen%’ 'Inigﬁ%nrl]lﬁ%icgﬁ@arﬁ% H?fl‘sﬁg‘ﬁv f)ré?ppﬁcé’FatF'or a specific
receptor or f drfielGprofeinspdepudaivated, affedtiagddekangeofdewidreans affrge spstems! | gand f or
the receptor qr_.alternatively. be. a 8 Jyne 2004 WO 01/42193 - :
heH Usoo! 5305 Pottposdad edivaR (e of bamaclh Bt Er RS a o ug, a drug
_candi date or aranghigtiomaaisaigratioh of sihksionljietesipad tiedike)l y of seven

~fransmenbrgne protegi.ns (7-TMs) , Ffgéso cal hed lﬁr rotein coupled receptors
{apcrs) 1y esent SdRereophds (R et ocdic Sisrord dubled et anc
~bound r ecept orgattahtabmpessdory fedileofitiee geepbliab-upes B (0L P24E, Of addne cel I s
boundaries to its {nterior, triggering a cellular response en
appropriate. Bz~ These receptors are expressed in tissues of various systems and organs of
' ' mammals and the proportions of the a and the B receptors are tissue dependant.
For example, tissues of bronchial smooth muscle express largely f2-AR while
15 those of cutaneous blood vessels contain exclusively f-AR subtypes.
It has been established that the B2-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 salmeterol having f2-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,

L

palpitations, and restlesness®, or have short duration of action and/or slow onset
time of action.’ Accor&ingly, 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 P2 adrenergic receptor and are ﬂlefeforé useful in the-

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



The G proteins, when activated, affect a w de range of down& 4054%8¢ t ect or
systens both posrtrvely and negatrvely (e.g., ion channels, protein kinase
cascades, transcription, transmgration of adhesi on proteins, and the
like). 10 Adrenergic receptors (AR) are nenbers of the G protein.coupled
receptors :that are conposed of a famly of three receptor sub-types:- P 1
(A a D »&@%f&ﬁs s t),.and These receptors are expreﬁs‘e& 1j ssues of
various systens and organs of mammal s and the proportions otbthe a and the
Preceptors are tissue dependant For exanple, tissues of bronchial snoboth
muscl e express |argely 02-AR while 15 those of cutaneous bl ood vessels
contain exclusively n-AR subtypes. - “has been established that the p2-AR
sub-type'is nvoI ‘ast hma6,
chron 6 br SHERVEY SRkt i ATRAC BBl Tharaeas MR, UERR 25!

Currently, mnumsemuﬁmdan@ematgelabat but erol, for noterol, isopr enol oI or .

sal net erol havi v

ast hma. Howevermlg lggsstéﬁ’érugshiglﬁﬁ* (?nm'ﬂ%eg%ﬁﬁ ‘ﬁiﬁé g@“ﬁﬁg °t§?“eet%’|

non-sel ecti-ve thereby causi ng adverse side effects such as nuscle trenDr,
tachycardia, palpitationgyand restl-esness6, or have short duration of
action and/or slow onset }ing of action' Accordingly, there is a need for
(32-sél ective AR agge ‘Al e React i ng and4raye increased potency
and /or |onger dura of actron 25 onpounds of the
present invention f& ¥l this need. SUMARY NTI ON Thi s
invention is di H&ted]to novel nultibindi ngffonmppunds” (agents) that are
agoni sts or partial aggmegys of (32 adrenerdfc r@peptor and are therefore
useful in the 30 treatnment and prevention of respiratory di seases such as
ast hma, chronic obstructive 8 June 2004 WD 01/42193 PCT/ USOQ 33057 - 4- :
pul ronary di sease hronr itis- They are al so useful in the
treatnent o+ Pﬁ‘é‘u{}%‘iﬁg F’?ﬁ"éﬁﬁ rerrature | abor. In a first aspect
of the invention, there _.| s provi ded a corrpound of the fornula: HO NHCHO or

h i call bl e salt thereof | d f.th
ovent. on. t her & ¥ SSBRO GRS o SR BiptiuS er%éorirﬁ?%ﬁfﬁﬁ%tf ¥l
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H X
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:-j‘wherem the stereochems!ry at *C and **C is (RS) and (RS) (R) and (R) (R) and (S),
‘ -(S) and (R), or (S) and (S) or aphaunaceuttcally acccptable salt thereof

In a third aspect of the invention, there is provided a.pharmaceutical
- composition comprising a pharmaceutically acceptable carrier and a therapeutically

- effective amount of a compound as defined in the first aspect.

In a fourth aspect of the invention, there is provided a use of a compound as
defined in the first aspect in the manufacture of a medicament for treating a

respiratory disease, nervous system injury, premature -labour, or a metabolic

disorder




NHCHO OH wherein the stereochenmistry at *C and **Cis (RS) &Wynegi (R

and (R

(R and (S), (S) and (R}, or (S) and (S); or a pharnaceutically.

acceptable salt thereof In a third aspect of the invention, there is

provided

a. pharmaceutical conposition conprising a pharnaceutlcally

accept abl e @ hi;8fszand a t herapeutically effective armoup %%ﬁ% conpound as
e

defined in the first aspect. In a fourth aspect of .the

provi ded

manuf act ure of a nedicament for treatin

there is
a use of a conpound as deflnqgaln the first aspect in the

a respiratory disease, nervous.

systeminjury, premature |abour, or a netabolic disorder. 8 June 2004 WO

01/ 42193
.aspects, "
(LP(Xa

-from-1 to 20; 10 Xis

;Ilgands
_wher ei n:
of aryl,

heterocycly wherein each of said A

PCT/ USO0/ 33057 - '4a 5 Accordingly; in.one of its conposition

this invention provides a mul ti bi ndi ng—conpound of Formula (1):
(1) wherein: pis an |nteger of from2 to 10; gq is-an integer of

nd.wher ei n e of the

L, is a co oﬂdm&llyofn 50 ﬁﬁ??r?ngf““"@ﬁp%% flis ‘HW“MW‘"Q%F? 1 (a)

Arl amdtibiidihgaompiumnd opBoramii)y sel ected from the group consisting
5 heteroaryl, cycloal kyl, (Eg tituted cycloal kyl, and

1 Are substituent optlonally i nks

‘the ligand to-a. linker; R is selected(@romthe group consisting of

“hydr ogen,
the Iigand to &Filker,

N
NS

e

al kyl . -and substituted aIkyI, or R is a covalent bond. linking

p is an integer of from 2 to 10;
- ¢ is-an integer of from 1 to .20;
.10 _ Xis a linker; and _
‘Lisa ligand wherein:

one of the ligands, L,is a com-pound of formula (a):

Oi-l | R?
A,Vlﬁ,N-W-Arz
. R'

(@)

wheérein:
Ar' and Ar” are independently selected from the group consmstmg 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 subsututed
-alkyl or R'is a covalent bond lmkmg the ligand to a linker;

R’is selected from the group conmstmg of hydrogen, alkyl aralkyi, acyl

20  substituted alkyl, cycloalkyl and subsntuted cycloalkyl, orR2 isa covalent bond
linking the ligand to a linker;

W is a covalent bond linking the —NR2 group fo Ar, alkylene or subst:tuted
alkylenc wherein one or more of the carbon atoms in said alkylcne or substltuted
alkylene group is optionaily replaced by a’substituent selected from the § group

25 oonswtmg of -NR*- (where R* is hydrogen, alkyl acyl, ora covalent bond lmlcmg




R2 is selected fromthe group cc insisting of hydrogen, al k§INunae8pkyl
aryl,. 20 substituted al kyl, cycloal kyl, and substituted cycl oal kyl, or RZ
is a covalent bond Ilinking the ligand to a linker, Wis a coval ent bond
linking the, -NRZ- group to Arx, . alkylene or substituted al kyl ene wherein
one or nor eWPHE carbon atoms in said alkyl ene or subZ€TUEOEHST al kyl ene
:'group is. optionally.replaced by a substituent selected fromthe group 25
consisting of NR - (where R .is hyddrogen, alkyl, acyl, or a covalent bond
"l'inking 8 June 2004 WD 01/42193 PCT/ US80/ 33057 -5 the ligand to a

l'inker), -0-, -S(O. (where nis an integer of fromO to 2),--CO, - PRb-
(where Rb is athkiigdnd to Pliden), -0-ahi). Giereg ivan iegerof fromdyto dhef@in sai d
-al ' kyl ene or suhstl /1 } U L Qadudiner Whitks sk i.gand to a
1inker provi deﬁ'b;9 ‘gée%al?qsag}ggtﬁgﬁég%?ﬁs A2 R f%R%,ElﬁgélHVg/lv Een s the |
“ligand to a | iercubstitgslcalieylens grovp ertiondllydmksithe Higand tqeflinkenprevid¢dthyfat each other -
a conpound of - 1 pt @?]:\y@ﬁr L. Aka 1S selected fromthe
‘group consi sti %%%%ﬁ%gt’gr’(%ﬁ : 'cyéfgg%tﬁ%l?k&%ﬂgsti tuted cycl oal kyl,
and heterodyclyl; @he athirdipanids ark indepeadently of each gtherd compound of fonkela, i s
selected fromghe group consisting of a coval ent bond, al kyl ene, and
substituted al ?/‘I ene wherein one or 15 nore of the carbon atons in said

‘al kyl ene and substituted alkylene is optionally replaced by a substituent
~selected fromthe group consisting of NRW (whereRs is hydrogen, alkyl,
“acyl, or a covalent bond linking the ligand to a linker), -0-, -S(Q -
(where nis an integer of fromO to 2), ®to , -PRo- (where Rb is alkyl),
j‘,.;f_;_)P(O) 2- aﬂg -Wgépi 0O 0-;and 20 individual isonmers, nixtures of isomers and
“Pphar maceut 1'cal Y ceptable salts thereof provided that: (i) when the

mul ti bi ndi ng conpoukrisaéledtalrfram the grb)ip consiatigofpol hdtembryl, eydiadiigd, 25 OH H H OH
Arr' v N-W~~ X N.Argl - -
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 Ris
hydrogen, alkyl, acyl, or a covalent bond linking the ligand to a linker), -O-, -S(O),-
(where n is an integer of from 0 to 2), -CO-, -PR®- (where R® is alkyl), -P(0),-, and -
0-P(0)0O-; 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
_ H & _ H
AT1J\/N w K//";—X"‘“',N\)\Ara

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 2 compound of formula:

25

OH

30 A /I\rN-—-W—Arz—X—Q-Ar3

R1




where Ar' and Ara are aryl, then Wand X both. are not al kyIBe’HBegﬂ%v\,hen w
Is alkylene-O, then Xis not -0-alkylene; (ii) when the nultibinding
conmpound of Forrmula (I) is a conmpound of formula: OH30 H N-W

-At2-X-Q Ar3 8 June 2004 WO 01/42193 PCT/ US00/ 33057 where Arl is

4- hydr oxy- 2WRRM1%henyl , Ar2 is aryl, Ar3.is aryl or h@Ceusepsssyl, Wis -
ethylene, Qis a covalent bond, R is alkyl, then the linker X is not
linked to-the Al2 group through an- oxygen atom (iii) when the

_mul tibinding conpound of Fornula (1) |s~&&-corrpound of formula: 5 OHR2 1
Ara-q X ArjJ~NTWwhere Ar' and Ara are a I s hydrogen or_benzyl, Wis
al kyl ene, Ar2 ivéergrAr lsdrhydm@y@y@ﬂwmhwl,ﬁ?és aryl, érjoawl aictelooyelyl, When X i s

ot - al kyl la (1) is
2 compound of FAYSIPR Sufbliial 1€ gAML RGO BERET C 1) 1 S
.4- benzyl.oxy- 3- fgmupyhraughrwoxmnatsmar alkyl, Wis -CH(CH3)CH2-, Ara and Ara :
h I d to the A?
are ooyl o2 i 2, SRUALE BBt nd AT RL KB ol ESTE {0,

mul ti bi ndi n§ conpound of For rrul a 20 (1) independently has the formula:
T-Z-(Y'-Z)ym X \Wherein mis an integer Q fzromO to 20; 25 X' at each
separate occurrence is selected fromt WO onsisting of -0-, -S,

N, -XOQ-, -A9O0, OC(C))Ar"—fft*g(-ﬁ[‘))1 -, A9, -A90,

where Ar' and Ar® are aryl, R? is hydrogen or benzyl, W is alkylene, AP is aryl or
) 10 cycloalkyl, Q is a covalent bond, then X is not -alkylene-O-; and
) (iv)  when the multibinding compound of Formula (I} is a compound of formula:

OH R?
At AN CH-CH2—Ar2—x—Q—Ar3
G
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 AZ
group through an oxygen atom.
More preferably, each linker, X, in the multibinding compound of Formula
20 (@) 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 consmtmg of
-0-, -8-, -NR-, -C(0)-, -C(O)O- -0C(0)-, -C(O)NR-, -NRC(O)- C(S), -C(8)0-,
-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 conmsung of

o alkylene substituted alkylene, cycloalkylene, substituted cycloalkylene, alkenylene,
30 substltuted a]kenylene alkynylene, substituted alkynylene, cycloaikenylcne




-C(S)NR-, MRC(S)-, or a coval ent bond where R is as defined BeMBRY% at each
separate occurrence is selected fromthe group consisting of alkyl ene,
substituted al kyl ene, cycl oal kyl ene, substituted cycloal kyl ene,

-al kenyl ene, 30 substituted al kenyl ene, al kynyl ene, substituted al kynyl ene,
“cycl oal kenyM&nw/42183 June 2004 WO 01/ 42193 PCT/ US00/ 33057 peTusnab®st t ut ed '
cycl oal kenyl ene, aryl ene, heterocrylene, het erocycl ene, or a coval ent
“bond; each Ya at each separate occurrence is selected fromthe group
consisting of -0-, -C(O-, -0C(O-, -CO O, Nt , -S(O"-, -C(ONR -,

-NR C(O-, 5-NR C(O)NR‘-, V= C(S)NR‘- -C(=NR)-NR -, -NR'-C(:NR')-
OC(O)-NR -,  bilstitGieDpycalkenylneiavplerid/ heterddflenE( Bjerddycler( )a(cORidnt O- ,
-OP(O(R)-,, §O.CRR'-, -S(O -NR-, -NR-S(O, -, -SS-, and a
coval ent bond; “Wtere nis 0, 1 or 2; R R and R' .at each separate
-occurrence are sel eqtie¥® 4t ewnsépamtegrampncedoseticed from tf grwpciongging ofil Kyl |

Substituted al EnOFCyRROR Caph NS BN SRRy S kymy
FeTi ned 20V, A B ALYt A S0 ORI oAl g JULL Lk o6 Conpounds
~of this invent |I?5§ISJ (gt Mﬁg@hemfé(%?%gg@&éﬁﬁ n 'g&!@ﬂg]?t hi gp :

i nvention provis{esCRR’PHESORBR INRLS(ORAPSSH, tahd)ﬁlc@@l&miﬂoﬁd Reéhe® n is

pharmaceutical |y acceptabl gr,,carr er and 15 an effect] % nount .of a _
mul ti bi ndi ng c8np¥umth Brang f"fﬁ"ﬂ‘e\faﬁ%ﬁ"@?ﬁmsﬁ'@“t&l it & MPeger of from

2 to 10;.q is alshslsﬂﬁﬁamgd:eéeﬂ dUeMsdbstitated Qlkyl, &ydldalial, tswa{iﬁfed cgmmiyl is a ligand
“wmherein: one of the an %ﬁé conp und of rmul a (a) OH R2 NW
EA2 (a) Wer atkpnyl :8“ WQQQWLW? kenyly 3stibeted cyeloeikeyd gtiynyl,
substituted alkynyl, aryl, heteroary! and heterocychc and X is as defined above.

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

In still another of its composition aspects, this invention providesa
‘pharmaceutical composition comprising a pharmaceutically acceptable carrier and

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

(L)X,
@
| wherein:
20 p is an integer of from 2 to 10;
| ¢ 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 formuta (a):

OH 2
A',)\r ~W-Ar
gt
(a)

25 - wherein:



-8- Arl and Ar2 are independently selected fromthe group cén¥N8Z0RYy of
aryl, heteroaryl, cycloal kyl, substituted cycl oal kyl, and heterocyclyl
wherein each of said Ar' and Are substituent optionally links the Iigand
to.alinker; R.is selected fromthe group consisting of hydrogen, alkyl,
and’ substltHWHH“2B3alkyl or R is a covalent bond |inkPE§USMWE3dsT gand to a
linker; R2 is selected fronlthe group consi sting of hydrogen, alkyl, .

aral kyl, acyl, substituted al kyl, cycloal kyl, and substituted cycl oal kyl,
or Reis a covalent bond Ilinking the Hgand to a linker; Wis a coval ent
bond linking the -NW group to Are; al kylene or substituted 14 alkylene
wher ei n one or. m)rNm&ﬂﬂém&dmd%ﬂbﬁﬁwlﬂdfl@mtheabwmmas’%st i tuted

aIIcerne iso LD t he group
“cansisting of Hétﬁ%&ﬂ %%haﬁgl %% tp% ﬁdd gﬁﬂ#ﬁg‘ﬁﬁeﬁg‘#ﬂagi%@al ent bond
linking the Ii garvddmzsuhsntumtlogmq::allymﬂcsthe @)dto a@mlkce,re n is.an integer of
fromd to 2), - r 0 (0)0- and
further wherein sal% ?%y?éﬁgﬁtﬁe@]ﬁs?%fs%éﬁé %%k%ég{‘(y#@l eamg?‘%ﬁp 8‘;5; ionally

i nks the I15gaal&yltorfd15aamkdentpmmmﬂmgﬂtehgandabalhelmt one of Arl, Ar2, R,

R2, or Wlinks the ﬁzllg]%?ege&go% I Irﬁg‘l’(“g’:?an&fqgﬁt ther kyggﬂlqg are

d ndependent ly of each © a co L wher ei n:

Ara i's sel ect esubbtitowal tlky, qnbalpylmdsulsﬁuutugcﬂowlormethMdcycl oal kyl ,
substit ut ed cy Ioaltﬁil gg lg,%t erocyclyl; 25 Q which |inks the other -
Iligand to the $a§' ed fromthe group consisting of a coval ent
bond al kyl ene, or memaleﬁtbbmumngyﬂeeﬂazwpoMea&ynnmeubsﬁfumore of the

rbon ato al kyl ene or bstituted al ky pt ional |y
DB aced biba Sibedyihisiyort B ndfof Wekitot hE%s Pty Dol bt fsdired Ry L e e
R i s hydr ogenalkgikde)il optiagally repticedbyC:osabititiht serRaed ﬂbrﬂlﬂlcr@oﬁ;hﬁnsdﬁngand to a
li nker), 8 June Q 1/ 42193 /- USQO/ 3305 é’%" where n is an
integer of frof{ S‘Hﬂ' g\o 9‘ dl‘ ﬁF?&ig' eFéc %?%g%ﬁdi gtheligaglte_ ~ 5ng
-0-P(0)0-; andalinken),-O-, -S(O)n (where n is an integer of from 0 to 2), -CO-, -PR® (where R®
- is alkyl), -P(0),-, and -O-P(0)O- and further wherein_ said alkylene or substituted ‘
15 alkylene g'roup‘optionally links the ligand to a linker provided that at least one of
Ar', AP 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
(d)

20

s

wherein
AP 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),



i ndi vi dual isoners, mxtures of isomers and pharmaceuti cal | § J4888B¢4bl e
salts thereof provided that: 5 (i) when the nultibindi ng conpound of
Formula (1) is a conmpound of formula: OHHk HOH Art,J, NTW~e_ x

"N --~Ar3 where Ar' and Ara are aryl, then Wand X both are not al kyl ene and
when Wis WOMHMEIene-O, then X is not- -0 al kyl ene; ( PCYosdessst he '
~'mul ti bi nding conpound of Forrml a (1) is a conmpound of fornmula: OHH Ar
tN-W Are X-QArs Rt 15 where Ar' is 4-hydroxy-2-nethyl phenyl, A? is
aryI "~ Ara is aryl or heterocyclyl, Wis9-ethylene, Qis a covalent bond, R
IS aI kyl, then the linker Xis not linked to the Arz group through an
oxygen atom (iQ)S@hefvht@e isal ihiefr 0flfr6i@ 0eOPPLOVLPRF- (RaER R alld)), i S 2
~-conmpound of forrmula: 20 OHIR2 Ara--Q X-Art')v NFNWAr2 where Arl and Ara
“are aryl, R2 i P@ydruEP@O0barkyl, Wis alkylene,. A? is aryl or

cycl oal kyI Q indivRiuaIQ¥Rl RN iR B 150“1@1@ an&&:ﬂaﬁnib@ﬁtma@ kbgie &hs and 25 (iv)
when t he rrultl bi ndi ng conpound of Formula (1) is a corrpound of formula: CH
R2 At Nk.- CH theeof pipaded that:Ar 3 CH3 8 June 2004 WD 01/ 42193 PCT/ US00/ 33057
-10- where 4v 1Q whefh tﬁee,ﬂauﬂnﬂasx SufpRbAB IR0t (¥ a komatuit bt |

- CH(CH,) CH2-, and Ar3 are phenyl, Q1s a covalent bon then t he
linker X i's not linked to the Are group through an oxygen atom Mor e

preferably, -each |inker, I/&\/Mhe r’rpm‘bl ndHngQ'fblnpound of Formula 5 (1)

|ndependently has t he form.: TI\/L

. } ~ -where Ar' and Ar® are aryl, then W and X both are not alkylene and when W is
~) . _ - 10 -alkylene-O-, then X is not -O-altkylene;
(i)  when the multibinding compound of Formula (I} is a compound of formula:

OoH

H
A ,_H,N—wazz—x—Q—Aﬁ

]!
15 where Ar'is 4-hydroxy-2-methylphenyi, A is aryl, AP is aIyl or heterocyclyl, Wis
ethylene, Q is a covalent bond, R' is alkyl, then the linker X is not linked to the Ar®
group through an oxygen atom;

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

20 OH 32
Ar'*‘-—Q—x—Ar‘)\/N_W'A'z

where Ar' and AP’ are aryl, R? is hydrogen or benzyl, W is alkylene, AP 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 R?
)\,N CH—CHz—Arz-X—Q—Ara
G,



mis an integer of fromO to 20; 10 X at each separate occriBpee04 s

sel ected fromthe group consisting of -0-, -S, -NR-, C(O-, -C(0)O0-,
-CE(C))-! -C(C))NR-! -NRC(C))-! C(S)! -C(S)O'! -C(S)NR-! -NRC(S)-! or a

-coval ent bond where R is as defined below, Z at each separate occurrence is
sel ected fr¥AMHEIYroup consisting of al kyl ene, substi PGTENOGRRY| ene, -
cycl oal I ryl ene, substituted cycl oal kyl ene, al kenyl ene, 15 substituted

- al kenyl ene, al kynyl ene, substituted al kynyl ene, cycl oal kenyl ene,

substituted cycl oal kenyl ene, aryl ene, h#®eroaryl ene, heterocylene, or a
-coval ent bond; each Ya at each separate occurrence is selected fromthe

group consi sti wgerngr' is @-benzglogy-3-formeiagrino, R* is aalkyh W is-QECH)GLOAT: |
- ( O) NR -, -NR
O ) b e e b eI W TR
F’(O)(OR) o gﬁupﬂ’(r@b@ﬂbmeﬂat@@QDCR R'-, -S(0) -NR-, NR-S(OS -
.-S-S-, and a covale at each
separat e occurrenceﬂgygwgg?b@h g ? %?%ﬁ% ﬂég@%“&hﬁﬁ%?%¥T%&ﬂhﬁhﬁydrogen
al kyl., subsbi t (i) mdemhdently has\tied fomhutazrl , substituted cycl oal kyl, 25 al kenyl,
substi t ut ed al kenyl , cycl oal kenyl , substi t ut ed cycl oal kenyl, al kenyl,
-substituted al kynyl, aryl, heteroaryl and heterocyclic, and X is as defined
.above. Instill anot her aspect, " t hi¥-Z-(We)}-Xdn provi des a net hod of
‘treat.ing dlseaSﬁS nedi ated. by al32 adrenergic receptor in a mammal, said

et hod conpri siig adm nistering to. said mammal a therapeutically effective
,‘__-7_am)unt of a 8 June meh iMEEeDAfFRI OB FBCT/ USO0/ 33057 -11 5 phar maceuti cal

: np05|t|o conpri g a har cgutlcqll bl e carnler Fnd a
| ti bi nd| § compoufid®&© °§ rppee s(?.‘%ﬁf&f' (t%gr%‘f"&? Bt i s an integer
of- from2 to 10, -8, m.,ac(o)qt_e@ao_ 0DC{0)Q9RCDINR-, 2ZARCIO), T(8Y, lo(sgloer and 10 L
s ali gand Wn?é(giﬁk- -NRC(S}-, or a covalent bond where Ris 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 ,a]kYnylene, cycloalkenylene,
substituted cycloalkenylene, arylene, heteroarylene, heterocyclene, or a covalent
bond; | A .
each Y* at each separate occurrence is selected from the group consisting of
-0-, -C(O)-, -OC(O)-, -C(0)O-; -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(0)-NR’-,
-NR’-C(0)-0-, -N=C(X")-NR’-, -NR’-C(X"}=N-,-P(O)(OR’)-O-, -O-P(O)(OR’)-,
-8(0),CR’R”’-, -8(0),-NR’-, -NR’-S(0), -, -5-5-, and a covalent bond; where » is
0,tor2; R,R’ gnd R” at each separate 0c'cunén'ce'arc selected from the group
g cohsistiﬁg of hydrogen; alkyl, substituted alky}, cycloaliyl, substituted cycloalkyl,
25 alkenyt, substituted alkényl, cycloalkenyl, substitited cycloalkenyl, alkynyl,

xe s

substituted alkynyl, aryl, heteroéryl and heterocyclic, and X is as defined above.
l In'still another aspect, this invention provides a method of treating‘dis-eascs

N mediated by a B2 adrenergic receptor in a mammal, said methiod comprising

administering to said mammal a therapeutically effective amount of a




one of the ligands, L, is a conpound of fornula (a): OH R2 ﬁ-JWERPQAf(a)
wherein: Ar' and Are are independently selected fromthe group consisting
of aryl; heteroaryl, cycloal kyl, substituted cycloal kyl, and heterocyclyl
wherein each of said 15 Ar' and Arz substituent optionally links the
“ligand to aWwaMka®3 R is selected fromthe group consi #CrmgsasBeshydr ogen,

al kyl ,, and substituted alkyl, or R is a.covalent bond |inking the |igand
to a.linker; Rz is selected fromthe group consisting of hydrogen, alkyl,
aral kyl, acyl; substituted alkyl, cyclonlkyl, and substituted cycloal kyl,
or RZis a covalent bond 20 linking the ligand to a linker; Wisa coval ent
_bond |inki ng t hlearddéutigl eupositon/somprisihky plemeaceuticalijbatiptableadrieabddyd ene '
wherei n one or n&rbe.do'f theou%ggpigo%alta B in said al kyl ene and substituted
-consisting of "NRPEMBIREPE | ogen, alkyl, acyl, or a coval ent bond
linking the ligand to a linker), -0-, -S(O. (where nis an integer of
fromO to 2), -CO, alkylene group iv\g)o ionally replaced by a substituent
selected fromthe group 8 June 2004 42193 PCT/ USQQ 33057 --12 PRb-
(where Rb is alkyl), -P(O2-, and -O-P(M O and further wherein said

al Kyl ene or substjtuted al kyl ene group optionally links the ligand to a
“linker provided™®f8t at |east one of Ar', Ar2, R, R2, or Wlinks the
Tigand to a |inker;pRadiddger sffoar2 bilgands are i ndependently of each other a
- conpound of formula wherein: 10 @rg is selected fromthe group consisting
“of aryl, heteroaryl9SeEEEEMIm K5 i t uted cycl oal kyl, and heterocycl yl ;
Q. which links the Ridinkki @@nd to the linker, .is selected fromthe group
:ﬁonsi sting_of a coval ent bo“gij, .al kyl ene, and substituted al kyl ene wherein
‘dne or - noi® of thd-BE G in said al kyl ene and substituted al kyl ene
group is 15 optionaddewsfiembaasd., RY cdmpstad bf foidlh (a3€l ected from the group
consisting of -NW .(where R is hydrogen, alkyl, acyl, or a coval ent bond
‘linking the ligand to a linker), -Ogq-SkD),,- (where n is an integer of
fromO to 2); -CO, -PRb- (where Rb jijs ajkylirR

R1
(@

wherein:
Ar' and Ar® are indcpendénﬂy selected from the group consisting of aryl;
heteroaryl, cycloalkyl, substituted cycloalkyl, and heterocyclyl wherein each of said
15  Ar' and AP substituent optionally links the ligand to a linker;
R! is selected from the group consisting of hydrogen, alkyl, and substituted
) " . - alkyl, or R isacovalent bond linking the ligand fo a l_inkel;;
B R , RZis se_[ected from th-qgroup consisting of bBydrogen, alkyl, aralkyl, acyl,
‘substituted alkyl, cycloalkyl; and substituted cycloalkyl, or R isa covalent bond
20 linking the ligand to a linker; ' A .
Wisa @pva_l_ent bond linking the -NR’- group to Ar, alkylene or substituted
‘ a]kjlenc}‘;vheréin.qné or more of the carbon atoms in said alkylene and substituted |

alkylene group is oj)ﬁohaily replaced by a substituent selected from the group

A - : consi#ting of “NR* (Whefe R*is hydrogen, alkyl, acyl, or a covalent bond linking
25 the ligand fq a _lijﬂgg?), -O-, -5(0), (where n is an integer of from 0 to 2), -CO-, - .




-P(0)2-, and -O-P(O)O; and individual isomers, mxtures of S uURHEIY and
phar maceutically acceptable salts 20 thereof provided that: (i) when the
mul ti bi ndi ng corrpound of Formula (1) is a conmpound of forrmula: OHH."'-,) H
OH "J~NTWj~ N, ,I,Ar3 An 25 where Ar' and Ara are aryl, then Wand- X both
‘are not al kymatnezlahd when Wis alkylene-O, then X is n@mmeooesmyl ene; (i)
when the multibiriding conpound of Formula (1) is a conpound of fornula: OH
H N--W-Ar2 X-QAr3 8 June 2004 WD 01/42193 PCT/US00133057 -13 where

. Ar' is 4-hydroxy-2-nethyl phenyl, A? is--a%yl, A' is aryl or heterocyclyl,
‘Wis ‘'ethylene, Qis a covalent bond, R is alkyl, then the linkerX is
not |inked to E‘Rb(ﬂh&eR"lgalknlm-PﬂQ)ﬁugﬁ %ﬁ(@ﬂyg@ﬁﬁh%ﬁ@e@m(sﬁlﬂla)@hmn t he

mul ti bi ndi ng co r QG R2.
fug-Q X-Ar’ N-vv-ﬁ a}% le g}&ugoé] amg?ﬁe’ga %Q@ﬁﬁ&&ﬁ{}@élﬁ%@n or benzyl,
Wis al kyl ene, leﬁﬂt@nesfﬁm'y’hl &, R’,mywmddsld;elhga@noshak@mndl ent bond, then X is’

t -al kyl O ; .1 t I I
ot aliliene-0: aidobl s BB CRTBRRAG R U2, (1) T
.4-benzyl oxys3- @t nyl anm no, R2 is aralkyl, Wis -CH CH3)CH2-, Are and Ara

are phenyl, Qis a coval ent bond, then the i nker X is not Iinked to the
‘Are group through an oxygen atom 20 apreferably, each linker, X in

_ the mJI ti b| ndi ng corrpound of Formula (I) independently has the fornula: Xx
' (b)
‘ _wherein: : _
SR Ar is selected from the group consisting of aryl, heteroaryl, cycloalkyl,

N
IR

substituted cycloalkyl, and heterocyclyl;
| Q, which links the other ligand to the linker, is selected from the group
consisting of a covalent bond, alky]ene, and substituted alkylene wherein one or
inore of the carbon atoms in said alkylene and substituted alkylene group is
15 o'pﬁo’naliy replaced by a substituent selected from the group consisting of -NR™-
 (where R*is hydrogen, alkyl, acyl, or a covalent bond linking fhe ligand to a linker),
-0-, -8(0),~ (where n is an integer of from 0 to 2), -CO-, -PR®- (where R? is alkyl),
-P(0),-, and -0-P(0)O-; and
7 individual isomers, mixtures of isomers and pharmaceutically acceptable salts
' 20 thereof provided that: _ '
1 W when the multibinding compound of Formula (I) is a compound of formula:

H OH

iy ,k,N———w—,\/—-x*N

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-alkylenc;
o - (i) - when the muiﬁbiriding compound of Formula (T) is a compound of formula:

o,
| e ,H,N—-—w—ﬂ\r’l—x—cwsu-3
| ol ¢




wherein 25 mis an integer of fromO to 20;.. X at each s8papaigt4
occurrence is selected fromthe group consisting of -0-, -S-, NR, -C(O-,

-C(C))O'! -CE(C))-! -C(C))NR-! -NRC(C))-! C(S)! -C(S)O'! -C(S)NR1 -NRC(S)-! or
a covalent b e Ris as defined below, Z at each s )ccurrence
is selected ?&ﬂﬁ%@%ﬁ group consi sting of 30 al kyl ene, suggﬁﬁﬁﬁﬁgggalkylené,
cycl oal kyl ene, substituted cycl oal kyl ene, al kenyl ene, 8 June 2004 WO

01/ 42193 PCTI USCO 33057 substituted al kenyl ene, al kynyl ene, substituted

al kynyl ene, cycl oal kenyl ene, substitut&®Tycl oal kenyl ene, aryl ene,

het eroaryl ene, heterocycl ene, or a covalent bond; each Y at each separate
occurrence is selected fromthe group consisting of 5 -0-, -C(O-,

N CR'E(C(O)SS . C(0) g(wherNNgr',k ﬁ%ﬁ@xy-ﬁg@ﬂﬂpﬁ?\lnw ,is'mﬂmﬂﬂwtormaeﬁéﬂmﬁs o

N-G(X )-NR -, - Kiplersgling ?"—"?’(3'85)"(’6??% ‘-Sc’ﬁ?h-‘*ﬁ'ﬁt"‘og’?%ﬁ%\?“?‘ *"éfg",tg%% R'-,
-S(ONn NR -, - NEroupthédugh an oxygén &om; and a coval ent bond; where nis 0, 1 or
2; R :R and_ R' at each separate occurrence are selected fromthe group 10
consi sting of h{iH ogien thy pyjiibindipg,compoprdal Foymula () 13 5 comppgued pf foamlast i ¢ ut ed
cycl oal kyt, alkenyl, substituted al kenyl, cycloal kenyl, substituted
cycl oal kenyl, al kynyl, substituted al_k‘gnyl2 aryl, heteroaryl |-and
heterocyclic, and ) is as defined above§? Breferaply pis less than g. In
.still another aspect, this invgntdgonajs di-Necedt o general synthetic

met hods 15' for generating large libraries of diverse nmultineric conpounds
Which multimeric .conpounds are candi dates for- possessing multibinding

gyoperties 91 BRAUANCREAT fe afy R R0 éﬁ%b&“zﬁ@ﬁﬁsﬁ lehé, 7 ik GryfgTPOUNd
[l brari es p}gvidea by this inséﬁtiodgar%' synt esizggyby coﬁb?ﬁing a linker

or linkers wi thexeldalkyhRtis aeovalegchond, theg X isnotalirdesed®-; and [ i brary of

multimeri ¢ conpayndsyihahilibiifing loMbBinct RolnhiAris & 3N B finuly:

conpl ementary functional groups permtting coval ent |i1nkage. The lerary of
linkers . is preferably selected to have diverse properties such as val ency,
| i nker 1 ength, linker geonetry agf Rgegidity, hydrophilicity or

hydrophobicity, anphiphilicity, aci ditM.cRagesihyagnd pol arization. The
library of Mfgands is preferaﬁf?ﬁéé'eehedzto have di verse attachment
points on the sane ligand, different 25 functi onal groups at the same site

of otherwi se the sane |ligand. and the |ike.
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 A
group through an oxygen atom. . '

20 More preferably, each linker, X, in the multibinding compound of Formula
(1) independently l_1as the fprmula:

X-ZA(Y-Z) - X-
wherein
25 ' m is an integer of from 0 10 20;
- X* at each separate occurrence is selected from the group consisting of
~0-, —S-,.--N“:'{-, -C(0)-, -C(Q)0-, -0C(0)-, -C(O)NR-~, -NRC(0)-, C(S), -C(S)O—,
-C(S)NR-, -NRC(S)-, or a covalent bond where R is as defined below;

. Z at each separate occurrence is selected from the group consisting of
30 ‘all_c.ylené, substituted alkylene, cycloalkylene, substituted cycloalkylene, alkenylene,




This invention is also directed to libraries of diverse nul BiJnee 2@04
conpounds which nultinmeric conpounds are candi dates for possessing

mul ti bi ndi ng properties for p2 adrenergic receptor. These libraries are
prepared Vi awhhgsdiit hods described above and permt-t hePEil}?IiS&lﬁtf%q _
efficirent evaluation of what nol ecular constraints -30 inpart nultibinding
properties to a ligand or a class of ligands targeting a receptor. 8 June
2004 WD 01/42193 PCT/ US00-/ 33057 --15-n4£§cordingly, in one of its method
aspects, this invention is directed to a nethod for identifying nultimeric

| i gand conpound i W Talo [ i1 rid adrenergic
recept or whi ch.&%qﬁig)@?%ﬁp?%éﬁé(n g%h&gé“ﬁ?d%?@?ﬂaﬁéag’fﬁ‘%%aﬁg%’ a mxture of
| i gands wher ei nsubstitited ¢yglaalllenytene, antlene risteadanilee sictapsryclerea ot 4 cowalent .
funCtionaLity;-%ﬁ%_identifying a library of linkers wherein each |linker in
said li-brary conprises at |east two functional groups having conpl enentary
reactivity to at. | eadhtY® abeeh sfpatate@ceunndeiiyelebied ffomahagrogy aungistingfoft he

| igand; (c). prepari a ti [j Copl i d nd_j ry by conbinin
2t 20 | onst t0B SR8 RN IO R P SRR AR GRE & i xture of ©
i gands identi fINRIC{O)NR(-INRICIS)NRhe-OFHMR QMNR’ QENRI-O(@VR3)-] deTi0)-NRed i n (b)
under condition L. th c I funct i act to form
a cdvalénttlinKéﬁﬁﬂgéﬁgééﬁzég?hﬂﬂﬁT%ﬂgQﬁgﬁ%Na¥“$tggﬁi#m%£8&B§§%§=Iigands;
igd ((cji) ajs%sayi.ts?)j_nd:wm_ml-}s(ojgngc, leaqdﬁgosqsquﬂmsmdt&iad;%m%@& above to
“identify - nmultipgerig nd conpounds possessi. pul ti bi ndi ng
properti es fgr_ 3 or Zf-dhép R§3P§E%g¥@W¢OFW%QWBPHE?E%FdﬁP§ﬂWéFW@U gspects,
‘THi s inventi®n donsisling@ehfbgen, allylBltatkiclialkyl, Spaillyy isibtfdicyBAkyt, | i gand
conpounds possessin ﬁUH%@?Indln rJ)ertles,for 02 adrenergi c receptor
whi ch net hod coﬂ“b‘?“?"gé‘g’m ﬂ%ﬁ“ﬂ’gﬁ‘ﬁ? %Ylnﬁ‘bﬁ“‘?t%‘fyﬁwkﬁ‘}ylslq'% s wherein
-each ligand conduitifteddikynPBadyl, heteRary P hetdRcfdibGnt XN lat 8dfined Mové.dent i fyi ng
a linker or mxture of linkers wherein each |inker conprises at |east two
functional groups hAWEEPIEBIIFSEMMATary reactivity to at |east one of the

reactive functional wgtn%ameffaﬁr%@e tHid @Addlon 2 Airktd tB 6 kytheic MelhbdsTer i C
| i gand conpound_library by combi ni ng at L. .

o 15" for generating large hbranes of diverse multimeric compounds which multimeric
6ompounds are candidates for possessing multibinding properties for B2 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 muitimeric combounds 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

e

length, linker gcométry and rigidity, hydrophilicity or hydrophobicity,

amphiphilicitSr, 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 léompounds- are candidates for possessing mﬂtibinﬂing properties
for P2 adrenergic receptor. These libraries are prepared i{ia the methods described
aboyc and permit the rapid é.nd cfﬁcig:nt evaluation of what molecular constraints

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



| east two stoichionetric equivalents of the library of |ig8ddse 2ehtified
in (a) with the linker or mxture of linkers identified in (b) under
condi tions wherein the 'conpl enmentary functional groups react to forma
coval ent tween said linker and at least two o ands; and
8- June 2004“’58‘9/%12 /42193 PCT/ 1JS00/ 33057 --16- (d) ass%yllﬁg}q?#g

mul timeric |igand conpounds produced in (c) above to -.identify nultimeric
| i gand conmpounds possessing nul ti bi ndi nr-TglISproperti es for P2 adrenergic
receptor. The preparation of the multinmeric |igand conpound library is
achieved by 5 eith c r.rent couobj on of the two
ar nore stoichi orretrilo%: cdif gff Oqﬁé%ewgéﬁsge‘f ﬁﬂ'gerfu(?@?ﬁ 'F?‘S%t‘}lan (a) with
the |inkers |deitﬂthdd|faddemﬁﬁrtg)muluﬁiaup,ﬂmaud @dm;a:dddstposuesm muldbisdinged when a

m xture of different t? g@ ‘?"é‘t’}l S erTepI O\d/@tf gnsure het er odi meri c or

mul timeric comPOURTHES B B2 pPresieerigecriol with st afﬂﬁ?’f‘?eén of the |igands
occurs when at |easta)a piodntifyaiy fligahdi6r aixturd 8 ligaRI¥OAHREn RALRRgnad are 10

honmonul ti meric con,pou ds. The as tocols recited in (d) can be
conduct ed o t (FENIAYS 2 ??é‘rqnﬁrqaftﬁ’ﬁ%"ﬁ ‘E’)‘Pg Bpound library produced in (c)

above,. or preferabl g eaaémwgﬁibraiofme}slmfemeacbﬁnkesmsaqummby

preparative |iquid chromatography mass  spectrometry'. (LCMS). In one of its
conmposi tion assappases atleast WHMP?%W@S&PY@%FWWWW Teaptiity toyt leagts

mul ti meric. |i gandofsRasite fundtnst oP@SBEAR; Mul tival ent properties for
X32 adrenerglc receptor which library is prepared by the net hod
conpri'sing: (a) idefifyRrrgrieg 3 palimeriolicand pempannd librars byembining#er ei n each
k¥ gand  conpai Neshtivo s@RBlonRR caﬁaﬁéde/ﬁtﬁeq@%d ma#x ﬁ-é'ofl[g%dcs) ifRRkddN1 N9 a

library of -linkers wherein each linker in said library conpri ses at

| east two funct@orth thetibrans of ligkersidentiedin @nandercondideps wheieinthe 0 at | east
one.of the rea(&Bﬂnﬁﬁm@ﬁlﬁ?’ﬁ&d&@&Jzﬂ @5@49&&3 n%rﬁﬁ édva@mm@a%e&%ln gieparing a
mul tinmeric l'i gand conpound library b Ining at ast two

st oi chi or net r i dinkef@ndatleasityo of saidigan %mld or mxture of ligands identified
in (a) wth the ligpary, i ons
wherein the 25 con Fiénenq[s%?mbFﬁﬁﬁg&r{gﬁ&éé%tog%o%&as&@du%? f cr)ngtgﬂgg%/al ent

| i nkage betkfeendent dnultlmﬁkémmmpmdemessm noftitgading progratied $or f2n - anot her
of its conposi tah;%ﬂer@xﬁ?&;gﬁ:& this invention is directed to a library

In another of its method aspects, this invention is directed to a method
for identifying multimeric ligand compounds possessing multibinding properties for
P2 adrenergic receptor which method comprises:

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

(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 (c)  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 whérein the
coznplemcntary functional groups react to form a covalent linkage between said

linker and at least two of said llgands, and



of nultimeric Iigand conpounds which may possess nultival enBJgrepged4ies for
X32 adrenergic receptor which library is prepared by the nethod
conpri si ng: 8 June 2004 WO 01/42193 PCT/ USOQ 33057 -17 (a) identifying a

l'ibrary of E yherein each ligand contains at | east reactive
functional i ty { ?l Identifying a |inker or mxture of rﬂf’%ﬁ%%&”ei n each
l'inker conprises at |east two functional groups havi ng conpl enentary
reactivity to at least 5 one of the reag i ve functional groups of the

i gand; and (c) preparing a rrultl meric I' jand conpound Ilbrary by conbi ni ng
at least two stoic metric UIV Jent

f. the lib |
identified in (a) wi ?ﬁ%y 1‘% n ’memﬁﬁ%grcg g?“";dfrar‘ilgg*nc@:ﬂ%f’ﬁ 8d in (b)

under conditi onmewfgmﬂmetnlaagamaﬂmb@nﬁmmﬁeﬁsnﬁgjmﬁmbmmh pepexdpstor gact to form
a coval ent linkage between said 10 |inker and at |east two of said
ligands. In a plerErEew®Sodi nent, the library of linkers enployed in

ei ther the nethods T p&dp&ahdrmfmemaﬁﬂacdlsgaﬁd cdnifjotind FYHRP 4 Lhield byel ect ed
fromthe gro p ﬂﬁ\ef rising flexible linkers, rigid |inkers, hydrophobic

| i nkers, © ooy T concuprgnt cambjpatign of the Sie orgeespipichiomsEi i
I'i nkers, baSI c éqmﬁ%&,ofmemgmm@ﬁuﬂiufi&@mﬂ&ﬂ&nw£ ﬁ&ﬁ@%hrpqﬂ) and

anphlpllllc | i nkers._ For_exanple, in one enbodi nent, each the |inkers

in the |inker |Pgiugptipl ?Pé&”“&b“r?ﬁ‘i"f??é‘ Wﬁeﬁﬁwféﬁefféﬂ&wd%h%ﬂwféﬁgt h and/ or

‘having differ en&m&@@@kﬁ;ﬁﬁ%@bﬂmﬁﬁﬁa@ﬁé&&n Lifkddhare p é&é&'& L8agsds can
,preferably range from about 2 to I OCOA lilan anot her referr lg ng di nment

the ligand or nPhthekigandsocryrywhenst l@stzwog@p@éﬁemdtmqqmowémpay@m

functional i 10 ahorflinhfi6haM combbii@s.On sai d i gands in order to provide for a
range of orientations of said ligand on said multinmeric |igand caonpounds.

Such’ reactive funct i‘dsassay protogels tegidedd in k) waryberfonductachon dhe rpulieriofigand  aci ds,

carboxylic aci d {!Elfﬁb ﬁ%EPat es,

-vinyl unsaturation t%rgggog%g%ﬁfﬂﬁgé %@e?&%’ E{E r:#]ﬂ'f&%r f'ufeﬁ des,

precursors .25 ishnslaiagfby prepasative iyt W@Why mmtromhwm)r eactive

functionality on thaybhodd cbe sﬁi%{; m%h 9?@&.&@&@3'{ aarliﬁrzhoﬁ | east
goh ker’ a nkag

one -of the reactive groups on t. a cova e can be
formed bet wben mhkimerip kigand gordpaunds Whichemay pdswsmhbwalanipwsmwz t he

L LRy W PR ok e Pl | 02005 15 e
- (@  identifying a ligand or a mixture of ligands wherem each ligand
contains at least one reactive functionality;
-(b) identifying a library of linkers wherein each linker in said library
20  compiises at least two functional groups having complementary reactivity to at least
one of the reactive functional groups of the ligand; and
(c)  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 covalerit 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 p2
adrenergic receptor which library is prepared by the method comprising



30 heterodimeric (i.e., at |east one of the ligands is diff&J&Re209%m t he
other ligands). 8 June 2004 WO 01142193 PCTI USOQO/ 33057 --18- In addition
to the conbinatorial nethods described herein, this invention provides for
an interative process for rationally evaluating what nol ecular constraints
i mpart nul t MYWERIRY properties to a class of multinericPCORNpOGsIs or

| i gands targeting a receptor. Specifically, this nethod aspect is directed
to a method 5 for identifying nultineric |igand conpounds possessing

nul tibinding properties for 02 adrenetftc receptor which nethod
conprises: (a) preparing a first collection or iteration of multineric
conpounds . whi ch i da)r efslantifing§ libem of digandg wherein ezehttispndrontaiss etlpashet r i ¢

equi val ents of ydehigsclil RRGiondity; M Xt ure of ligands which target a receptor
with a linker or mxture of Ilnkers 10 wherein said ligand or m xture of
ligands conprises dP) | edsntifyinga finkes pf wixturd eftigkirowbdreingachikgai d | i nker or

m xture-of lin SRl ng

conpl ement ary lﬁg%pzlts%v%tto at 10@?%8%%196%%&&%1 reac r%é E%%lﬁe\é%al gr oups
of the |igahd oweefdicneashavedfurstionad grobpspfittes ligamidamsk ed under cond| tions wherein

the conpl enentary fnct vaI nkage
between said 15 Il(ﬁkerbgﬁﬁing 5’?"’*2‘2‘%‘{“{%@%“'#’9‘3&’9‘8%&’ ncc?s mfrf?)atassayl ng
said first col le@@;twmlduomettm@;Imvehntofmfﬂmhlnmfltgandmtmlﬁedm(h}mtlassess whi ch
i f any of saidy, un se It| ndi erties for P2
adrenergic recep lc])ﬁreu‘:’rl?rcp:'; eégqu I'ng ?tﬁlgébnr(giess t‘ ar}%&%t%? above unti |
at | east one conﬂmﬂmmtamﬁmqtmaalgmupxmandtqfenﬂ mcnvdlentdmp@sbes&emﬁdl bi ndi ng
properties;for.BP2 &gaﬁgﬁ% oféingf;gzi%t?r (d) eval uating what nol ecul ar

te

constrai nts |rrpar properties for X32 adrenergic receptor
to the multineric dmtrpmfmddembadmmmulmdﬂmrf/oﬂnﬂersamfalbgedmbﬁnerth‘eerat i on

recited in (a) C Q ) reatl IIectlon or iteration
of multinmeric CO%%%[?F]Q‘ 2y Pfgcglog ‘5‘{"8@9‘11‘58"3“&% ?%’HP ar ol ecul ar
constraints i rrqmmmsmgﬂem’nlb tmltcrsmdgmgnkqnsr, hyi6hiokis libleerd, hﬁimmhltcimigéd;c conmpound
or corrpounds f | aid first i ti % V\/nat nmol ecul ar
constraints i rrgarfsé’ggggﬁgtrﬁ%lae%f‘? 'Bpﬁﬁ 5‘513# %? ?F‘E ‘S%i'& Yhul ti meric
conpound ot5 comtmzatdm:ahd)ampluplﬂldlhﬂ:ers 3Poreeanple] it @leleadbditienéach bEhélt i on
recited in (e)l“ﬁ(lg

15 1N [he 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 ﬁmcﬁonalily 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 fuﬁctionality includes, by way of example, carboxylié
acids, carboxylic acid halides, carboxyl esters, amines, 'hélidcé, isocyaﬁates; vinyl
' unsaturation, ketones, aldehydes, thiols, alcohols, anhydrides, and precursors
- 25 thereof. Itis understood, of course, that _tI;e 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 iigand..
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 pomts) or

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



8 June 2004 WD 01/42193 PCTI USQ0133057 --19- (g) optional Byunegéédi ng
steps (e) and (f) to further el aborate upon said nol ecular constraints.
Preferably, steps (e) and (f) are repeated at |east two tines, nore
preferably %JJ?@ZSO times, even nore preferably from3 to 50 tines,
and. still -nmo Bféferably at least 5-50 tines. BRI EF DESERUP¥FHN oF THE -
DRAWNGS FIG 1 illustrates exanples of nultibinding conpounds conpri sing 2
ligands attached in different formats to a linker. 10 FIG 2 illustrates:
exanpl es of nul tibi ndi ng conpounds corrpf'ﬂ ng 3 ligands attached in

different formats to_a.linker I 3.illystr anpl es.of nmul tibinding
conpounds conpri si ng[“&dﬁE'P‘b‘htﬁ&“" ?‘ﬁ@ﬁﬂﬂwﬂﬁ‘?&%‘? '@’F‘gﬁ"t‘é’(‘}?’f‘gﬂsﬁﬁ'f'&““f‘o a |linker.
FIG 4.1l ustraprsidexri arative plodess fol RGbrAly e NARRUWKES nfogAd Sing >4 15
ligands attached in different formats to a llnléﬁ[‘ﬂélzles 5-15 jllustrate

synthesi s of cofftiees iepactmtifindiog prypertiepioriss O HE

| NVENTI ON- Def'i [lgelnlcwﬁﬁge&% Jr'@be%tdr NYROHCAR, this nbitioBGépR6k it @irdmhftd Pintrdédg
conpounds which are (i2 drenergi-c receptor agqnists,. phar naceutlcal

conposi ti ons? cofﬂfaqeﬁﬁlﬁafglgw!fﬁwﬁdﬁwwﬁw% Wﬂ%@umbandwse@wm@s B seases

medi at ed. by X32 2@&{5&9@5&béﬁdx%ﬁﬁ%%oﬂ@omﬁﬁm| s. Wen di scussing such
conpounds, corrp03|t|ons or nethods, the following terms have the follow ng

meani ngs unl ess ot he® s@wpﬂmg@eﬁr@&oﬂmmnozste@ |WQ@WP¢W% their art

recogni zed nmean gg@g hed or
unbranched sat u]rwgl?:g Tﬂﬁffh%g %Jﬁa. n%{g?é lé:rr‘gg‘ﬁm ving from {f%%ag 40
carbon ato ms, mor eucpveﬁﬁrgamswhich target ageceptorydth aelvﬂ;mr ngixkiresf inkersor e

-pref erably 1?t0wh§reﬁ%9 g?ﬂt ngf%a}‘&rcg%h‘? nggéag by gr oups such

as nmet hyl | hyl prop | SO- prop n- hexyl ,
n-decyl , tetradémytwnaluamdd$ﬂ@mk¢ﬂmmm®aﬁbﬂ®wmme©aﬂlmmfmwdasoo / 33057

‘groups having complementary reactivity to at least one of the reactive functional
groups of the ligand wherein said contacting is conducted under conditions wherein
the complementary functional gwups react to form a covalent lickage between said

15  linker and at least two of said ligands;

' (b)  assaying said first collection o iteration of multiméric compounds to
assess \x;hich if any of said multimeric compounds possess multibinding prdperties
for B2 adrenergic receptor;

(c)  repeating the process of (a) and (b) above until at least one
20  multimeric compound is found to possess multibinding properties for B2 adrenergic
Ny receptor; )
(d)  evaluating what molecular constraints imparted multibinding
- properties for §2 adrenergic receptor tdfthé multimeric compound or compounds
found in the first iteration recited in (a)- (c) above;
25 (¢)  creating a second collection or iteration of multimeric compounds
* which elaborates upon the particular molecular constraints imparting multibinding
properties to the multimeric c'dmpbt_xhd 01; compounds found in said first iteration;
(f)  evaluating what molecular constraints imparted enhanced

'xiiu‘ltibinding propetties to the multimeric compound or compounds found in the -

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




--20 The term"substituted alkyl" refers to an al kyl group8asnei@ddhed
above, having froml to 5 substituents, and preferably 1 to 3
substituents, selected fromthe :group consisting of al koxy, substituted
al koxy, cycl substituted .cycloal kyl, cycloal kenyl .. substituted
cycloalkenylgééﬁé+?3acylanino, acyl oxy, am no, substitutéﬁ“@m@ﬁWﬁB,

am noacyl  , am noacyl oxy, oxyam noacyl, azido, cyan, hal ogen, hydroxyl,
keto, thioketo, carboxyl, carboxylalkyl, thioaryloxy, thioheteroaryloxy,
t hi ohet er ocycl ooxy, thiol, thioalkoxy,“gﬁbstituted t hi-oal koxy, aryl,

aryl oxy, heteroary , hetero | ox het er ocycl .c, heterocycl ooxy,

hydr oxyami no,  al koX&ham ,°"ﬂ{"¥r?f’5f“¥d-g§5’%¢e%‘id,( -%E“E?ft?&?‘ﬂ?t%ﬁ“%f‘l‘ yl,

-SO aryl, -SO habeafachstain0 - SO2- al kyl , -S02- substituted al kyl,

-S02:-aryl and -S02-hetergaryl ~This termis xenplified by groups such as
hydr oxymet hyl , hydrJ??QPﬁ%E%ws@%?ﬂﬁgﬁvﬁ?%ﬁvg?ﬁﬁﬁuﬁﬂﬁﬁﬁéﬁﬂv_?m&§& M nopr opy!
,, 2- met hyl ani nggioiyl-50 8mék &Rh Mvteafaaiily aBMl3 to 50 dmsd) bidsi@mGOCt hyl ,

2- carboxyethyl, apd the like. The term"al kylene" refers to a diradical of
a branched uprBtesehy b et 8-58 8% at ed hydr ocar bon chain, preferably having
from1l to 40 carbon-atonms,” nore preferably | to 10 carbon atons and even
nmore preferably i to 6 carbon atons. This termis exenplified by groups
such ‘as” met hyl ene (- CH2- ) BRIERPESRRIPH@NAF THE DRAWEYGYy | ene i soners.
(0, - CHRCHCH: 1. 1 it Gles biRdibiing bdthoudl odifridigy 0 Subst | tut ed
al kyl.ene" .refers to an al kyl ene group, :as defined above, having from1l to
5_:,_.,_)'su_bsti t uent s, ligaAds afpeted inedifigrent forgars o fipker t uent s, selected fromthe
drloup consi g i ng- of pqékpmxm&yeéxdpregBﬁquiabih&ﬁ%m@%ﬁm%,:ﬁyﬁm@ybS,t i tuted
cycloal kyl, cycl oal kenyl, substituted cycl oal kenyl’, acyl’, acyl am no, -

acyl oxy, ani no, ligasdentteched incdiffesent fsmatsta Alkery| | ani noacyl oxy,

oxyar ni noacyl, azi dgyGo¥filsirald s oAmulfitidaiRx ¥d Al oket o, carboxyl,
carboxyl al kyl , phioaryToxy;? ﬁ%@ﬁ@tg?oa?yyoxyg gﬂ?ﬁﬁ%ﬁ%?@@i doxy, thiol,

t hioal koxy, sulesnilqattached indiffesent asmegts teeg ker- ar y| oxy, - heteroaryl,

het eroaryl oxy , het ¢QCy i ' B0 Jﬁ ' koxyani no,
nitro, -SOal kyl, - SOGSU%Igétuﬁ%cﬂ%%g&gﬁ E@?‘aﬁaﬂé@gﬁ F‘R&g%ﬁ%?ge%oar yl, "' -
S02- al kyl , 1502liganddnsteched inedifferprt formats gaplinker: y| and - SO, heteroaryl .-

Subst tuent & on t e F1Sr By e B L EARp RN AESHAR BT, ooy 33057 - -1

DETAILED DESCRIPTION OF THE INVENTION
Definitions
20 This invention is directed to multibinding compounds which are 2
Ty - adrenergic receptor agonists, pharmaceutical compositions containing such
compounds and methods for treating diseases mediated by p2 adrenergic receptor in
mammals When discussing such compounds, compositions or methods, ﬂte
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 dtoms, imore 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-hexy), n-decyl, tetradecyl, and the like.



group are fused to formone or nmore cycloal kyl, substituted8ciee880kyl
cycl oal kenyl, substituted cycloal kenyl, aryl, heterocyclic or heteroaryl
groups-fused -to the al kyl ene group. Preferably such fused groups contain
fron11 to 3 gﬂ§ H ing structures. 5 The term "al karyl " or

"refers to'the 3 Yobs -al kyl ene -aryl and - substituted EFVVW@ﬁﬂséryl whet e
al kyl ene , substituted alkylen and aryl are defined herein. Such al karyl
groups are exenplified by benzyl, phenethy and the |ike. The
ternfheteroaraiky " refers "to the groupgk:alkylene- het er oaryl and

-substituted al kyI e het er er Kk su ut ed. al kyl ene
and -het er oar ! gﬁ@ F%@@Xﬁg?@ re Wﬁxﬁ&q@%aéﬁﬁéﬂé §¥eps are
exenpl j fi ed by hMﬁg febini) 1 % 9 siBétinyents, anmsfef@ublyﬁmmlsmlh&h@weamxﬁEH% Li ke
The term "al koxy" refer roups

| oal kyl -

cycl oal kenyl - O gmélh&’“éﬁs%ﬂrﬂ?f@tk g“bﬁﬂq%?‘éﬁﬁqxhﬂmoé*ﬂe%w“m‘é‘i@lc éﬁ‘; P

cycl oal kenyl gym]aaéeky Nibstiadfed @&oﬂﬂn?lnﬁgl H@'lﬁhﬂo aE)’l&rfye&ﬁ'ﬁSI satkslﬁ%a groups
an

are al kyl - i ncl ude, exanpl e, i net i(})l(i‘i/ et hoxy
n- pr opoxy, i3o- ﬁrﬁao%wmﬁ!mwv%@mmwkyn 0, SERNO thyciroaént oxy ,

n- hexoxy, 1, 2- d i &8 tehiyk R CRY¥ ey ;@Q%,&%Lm@wo,&b : t@t@,;g,\ugm,l?stltut ed al koxy"
stitute

refers to the groups substituted al kyl-O, kenyl -

substi tuted: cyc%&wwy@oxv@%mau@@a substatpigd thieatpry.@tyl, anteky, subst i tut ed
al kynyl- O wher gaGURI hdtdthL o, h&émﬁgpﬁgt&g%ﬁgx)awﬁw ubstituted 20

cycl oal' kyl, substitu ed- cycl oal kenyl and substitute yhyl are as
de\fl ned here| n: alkpfyamine; nitro, 23 Q-alky), “SQ-@WM-SQWI&@KHEICWyla br anched -

o1 unbr ancheg Lwamér GOS0, dtu BLELELARLY s’ Tom 2 L0 40

carbon atons, nor & ref r abl d ‘even nore
preferably 2 to®®mph mewchﬂﬂhﬂdmwnghmwﬂmmthﬁl hydwxyprefybr abl y from
1-6 S|tes of Vlﬁl MAS S b Ml 2. 5keh é&% 2 ups include
et henyl - .,oenﬁpropegé/rf’ﬁn dz:)t% i, ﬁ%@%?%%}eﬂr?ﬁ%? C(CH3) CHz ),
and the I|ke C@P!mbghb&s}whﬂmh}é,lakéﬁyhke refers to an al kenyl group as

defined above  havi ghebdPhiyib RerdbRAdchER ba bmﬂ $ifibbldhey L 10 3

substituents, selecte group conS|s OXYy, substituted
al koxy, cychdal wymte@mmmm@awwmgmnwmumm mmorest i t ut ed

cycl oal kenyl , %%%m})g,clot@g% n ditYd 2% Yven etie:%b'@ %rggl §0June 2004 WO

61/ 42193 PcTl | J amno, amn am noac
oxyami noacyl., aFhigtgrm mmphﬂ#abbg@nps shighchs uw;bbdene( CH,), ethylene

(-CH,CH,-), the propylene isomers (e.g., -CH,CH,CH,- and -CH(CH;)CHZ-)-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 atkoxy, cycloalkyl, substituted
cycloalkyl, cycloalkenyl, substituted cycloalkenyl, acyl, acylamino, acyloxy, amino,
substituted amino, aminoacyl, aminoacyloxy, okyaminoacyl, azido, cyano, halogen,

25  hydroxyl, keto, thioketo, carbokyl, carboxylalkyl, thicaryloxy, thioheteroaryloxy,
thiohcterocycldoxy, 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, -S0,-aryl and -SO,-heteroaryl. Additionally,

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



keto, thioketo, carboxyl, carboxylalkyl, thioaryloxy, thiofidte?de4 oxy,
t hi ohet erocycl ooxy, thiol, thioal koxy, s ubstituted.thioal koxy, aryl,

aryl oxy, heteroaryl, heteroaryloxy, heterocyclic, heterocyclooxy,
hydr oxyam no, 5 al koxyam no, nitro, -SOalkyl, -SO substituted al kyl,
_SO aryl, -sB° Wé% & oaryl, - s al kyl, -SCe- subst i t ut e@CHURBEI5T 502 ary |

and - S02 -heteroaryl The term" al kenyl ene" refers to a diradical of a
branched or unbranched unsaturated hydrocarbon group preferably having
from2 to 40 carbon atoms, nore preferadly 2 to 10 carbon atonms and even

nore preferably 2 to 6 carbon atons and.10 having at |east 1 and preferably
from1l-6 sites- W“X’/?’ﬁ#%ﬁsf%‘ﬂﬁ"ﬁlof@ﬂmcycmp@l pehstifuted cyelodlefi i fi ed by groups

such-as et henyl aflefght s@oéu}utedt Sloal RPPAPY h@AE:ycBORIeRro 2CH=CH-,
C(CHB) =CH -, a%&t he 11 ke. ‘ﬁ tesrqm subs%}?ut ed al I{ﬁ)ﬁsﬁgnseﬁ!ﬁr efers .

to. an al kenyl e@@?‘@dﬁf‘e&o“ﬂeﬁeﬁ'&?‘? 5B {rsed-Eoums gontain fiom &t 3dusedsg i t uent s,

and preferably fH@fxes t0 3 substituents, 15 selected fromthe group

consi sting of al koxy, substituted alkoxy cycl oal kyl, substituted

cycloal kyl, ®ycl oal KEwyem "shiprglior {aralley!'solers sathr erapps -alialenc-ambgndani no,
acyl oxy, am no, g Gl bi @r@zﬁ‘ﬂ‘\ﬂ@m aﬂe@%ﬁtute@ﬁk%%ﬁ%%{?%m ﬁ@eﬁq noacyl,

azido, cyan, hal ogen, h droxyl, ketod, thioketo , carboxyl al kyl,

t hi oaryl-oxy, t hereine b FWWS ﬂtﬁrﬁx@mdtﬁe‘flbbwmwmﬁlﬁlaoﬂ thediké.oal koxy,
substituted thioal KoM e RY Mepay g yl oxy,
het'erocyclic, heterocyc oox rof amﬁlﬁgl%gslr Eﬁi%éemhér?\%&ﬁ%ﬂ?& - SO al kyl

-SO substit ut ed -S&bﬂtlwed allstgnahgtcroaryhg@méwbn@aul;smuted alkylene and heteroaryl

B NP WOl B sl B Al b A BER D BRI .

substltuents opyrtdue‘s‘-alnwrﬂdxemdgle(hhp are fused to formone or nore

cycloarkyl, substi tuedrgiafysh abkne GUBL ARG Moo DU LLILS

cycloalkenyl aryl eterocycli c or het aryl group
al kenyl ene gr ougrcloalkimyl Qe and aﬂgrhjdy@ryﬁvﬂewéhé,raﬂcehﬂ afcldaﬁnybbﬁﬂbaﬂ@hylpf an
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ai kynyl groups 4 ﬁl:fuf'%& sfec'?‘ﬁ&éyk%%??éd-&& %I’Ig‘gédrj"}f/ ﬂ?at “énd the liKke.
The term "substi t ut etheadoy'snpstituted blboxy™ teﬁarsan the@rda;pny&bsgﬂu&d[all@sOdefl ned above
havi ng from 1 {08 SRl dayH6] Sosu @R cftioShST.BY bibsthded cFaSHAST LS VS S

sel ected fromt _
' substituted alkynyl-O- where substituted alkyl, substituted alkenyl, substituted
20 cycloalkyl, substituted cycloatkenyl and substituted alkynyl are as defined herein.

) : The term “alkeny]" 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 unsaturatlon. Preferred

25 alkenyl groups include ethenyl (-CH=CH,), n-propenyl (-CH. CH—CHZ), iso-
propenyl (-C(CH,)=CH,), and the like.

The term "substituted atkenyl" 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 ¢ycloalkyl

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



5 group consisting of alkoxy,.substituted alkoxy, cycloal k§HUN&Eb¥ it uted

cycl oal kyl, cycl oal kenyl , substituted cycl oal kenyl, acyl, acylam no,

acyl oxy, am no, substituted am no, anxinoacyl , am noacyl oxy,

oxyani noacy! ¢ Jh cyano, hal ogen, hydroxyl, keto, thi %@ car boxyl ,
car boxyl al kyI [ oaryl oxy, thioheteroaryl oxy, thiohet & é@ 8"53’<y, t hi oI

t hi oal koxy, substltut ed t hi oal koxy, aryl, aryloxy, 10 heteroary I,

het er oaryl oxy , heterocyclic, heterocycl Lopxy, hydr oxyam no, al koxyam' n o,
nitro, -SO alkyl, -SOsubstituted al kyl ,“<S0O-aryl, -SO heteroaryl,

- SQ2- al kyl, -SQO2- substlt nd 2- hete aryI The
term"al kynyl en%“'u Taé'?lg?agyt%mg 5}{&%/’%? gﬁo%f‘wirﬁz‘ﬂﬁs%?‘ﬁr‘&%&a“’ﬁ‘%‘?ﬁ@ar bon
preferably havi keo,fthioketd cirbo:dd) carboxyhikyh tidomyloxyp thiohptephsdady) y 2 to 10 car bon
atons 15 and eye re.preferablLy.2 tao qQn _at ons an havi ng at | east:
1" and preferabl “?r}ﬂ;{&r% "-l%xg’i 'ggeﬁ%ikﬁéyef‘?tfsgwgd?}l‘?ﬁ”fﬂx&% ®fhsat uration. .
Preferred al kynyétanﬁylghauﬁaylomhét&d@cm hytamb;&tt@xj Gy&oiyanmﬁoopar gyl ene (CH2
C=C-) and t | The t. t a y ers to an

al kynyl ene ?;f@’aﬂ@l"r wﬁ&%gﬁﬁv’z 49%%}1% ‘Fﬁaéﬁ(‘l ‘S?) @ett‘?‘?%nt s, and
preferably | to-SB) -alityD SSO.tsubditied alSl, zady:aa@ S‘Uﬂl@khﬁ@lgrOUp consi sting of

_aIkoxyL_substltuted | koxy, ubstj tuted cycloalkyl :
cycloal kenyl, subst i 8&9?3??&%% I°a§. “J “@E?Fwﬁy, ami no,
substituted ami ﬂ%am&fﬁdﬂ@&@ydrbon%muﬂ(ﬂ%mv(&wdgwmo%%ﬁ%hn at8ihs, ddre CYAN,
halogen hydr oxyl, keto, thioketo, ﬁarbox yl . carboxyl al kyl, thioaryl oxy,

ﬁl ohet er oar y| oRierablyyg igH@we gvenmgre,preferablyafo 6 srpon alpms ands ut ed
thi oal koxy, 1@r yham avleesu,an@ﬁeteauzrﬂaambsuéa%fﬁﬁﬁmm heh erAgyclic,

het er ocycl ooxy, r.OX am no oxyarnino, nitro SO al kyl',

_SO subst i t ut edﬂwyﬁ bygroups fych as etfasnplened- GHFGH-), the Emenalemomers

-S(2- substi t ut eg.al- nﬁg:@@zqcm):@q.daﬁdsgghﬁeteroaryl The term' acyl -
refers to the groups C(O)-, substituted.al kyl -

al keryl - C(O) - substﬂ{eﬁﬁr@d substituted plkenytope” refeis do armalkepyleay gpup ase |tut ed - 30
cycl oal kyl - O(O) abové u%adr&fﬂwss%s@u k@R C( O - :
aryl-C(O - J?Jr?; )2%‘]0 WO 61/ 4219§ntl§%?gkr&m£€%n$¥gig)ﬁleterokasr I-C(O) and
het ef'ocycli éﬁ C( Sjectegifiomehegneyn consisiisg of alkaxyesubstityied allsg eqyploalkyls u bst i tuted

al kenyl, cycl oakib¥tuted ey ikt bffbafibi, QabdtHited csmsanea&ﬁsay'uylaﬁigét i tuted
cycloal kenyl aryI het’er oaryl”™ and heterocyc ic are as defined herein. The
‘term "acyl anii nepylasy, amipg, Ses 5 Apine, amigcacy, amgneandoyy exysminopdy).leElo. 5 wher e
each R is i ndepgffls, Haloker Y6 Reto,Whibikeko, cHHBIA, chtbGRhIR) fibary 3Ly -

het eroaryl,

. thioheteroaryloxy, thioheterocyclooxy, thiol, thioalkoxy, substituted thioalkoxy,
20 aryl, aryloxy, heteraaryl, heteroaryloxy, heterocyclic, heterocyclooxy,
- hydroxyamino, alkoxyamino, nitro, -SO-alkyl, -SO-substituted alkyl, -SO-aryi
) -80-heteroaryl, ~-8§0,-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 cycloatkyl, substitted
25  cycloalkyl, cycloalkcnyl substituted cycloa]kenyl aryl, heterocychc or heteroaryl
groups fused to the alkenylene group.
The term "alkynyl" refers fo 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 2to 6 carbon atoms and having at least 1 and preferably



het erocyclic or where both R groups are joined to form a hetSeftey®Ptc group
(e.g., norpholino) wherein-alkyl, substituted al kyl, aryl, heteroaryl and
het erocyclic are as defined herein. The term "sul fonylam no" refers to the

group - NRSOZRyo¥higiss R.is 10 hydrogen, al kyl, substitut %ﬁégﬁs ar al kyl ,
or heteroaralkyl, and Ris alkyl, substituted alkyl, amn ATbst i t ut ed

am no wherein al kyI substituted al kyl, aral kyl, het er oar al kyI and
substituted am no are as defined herein. g’he term "am noacyl" refers to the
group -NRC(O R where each Ris i ndepend%nt | y hydrogen, alkyl, substituted

al kyl , al kenyl , kee(mﬂ ed .am no, aryl,

het er oaryl , or het e%%:lgegﬁf%ﬂa!nerel %"%"%‘%‘?’%ﬁa& %%%eg%P%ﬁ §I kenyl ,

substituted al kénejude cthygl (-Creth ponengy! (FHECREHEaddliiec are as defi ned

herein. The term"a g rb mno to the

group =NRC(O) OR m%qgg‘}éh%xm‘em%@élé%&?ﬁg%‘d %rﬁ'épnasdzﬁfﬁ%a%’%eubst i tut ed

al kyl, aryl, 20 hmnﬁmﬂwﬁswsutIMtsemﬂq:wﬁmhiy Moe']’ﬁbmt&ln&yéelecﬁdlﬁﬁhlthdﬂ ed

al kyl ; aryl, het erocyclic are fl ned her The term

"acyl oxy" refer éﬁ)ﬁg%‘%{sm%r%tﬁmsoxyaﬂgsﬁ' & ey °y§ f‘wt QF&’;‘?J]‘YE( 0O,

cycl.oal kyl - C( O) €ycloatheings substitvéell cyvlodlioayk ydyi, @Trkino, ad¥liky, &xninh ngst:_tuted |
stitute

heteroaryl C(O)O and het.eracycl.ic 0O wherein alkyl, s

al kyl, .25cycl anyW% u’b‘s‘i‘“‘f‘&f"éa"yc%%’éﬂ"ﬁw ?Wan"h%’tl‘éﬂebg%}'l"xy land

het e{ ocy;:l :j c ar ketaghidledte, gmﬂoxylhearbmylalk?hﬂubﬁy[a&y, aﬁqﬂtetemrzag,ﬁ&@s bt 0 atn ]
unsaturated aro arbocy, u 0 car bon atons aV|ng
a-single ring (ggodlgoﬁﬁc%W’)t&ﬂ'&ﬁ%[ Y"B g"%’ﬂ)‘f?ﬁ@'\%"’g@xy(ﬂ sEHPHi ngs (e. g.
'nQpht hyl “or 1ant betsrodryl, mhaoaylyky mm@cn@}iem&ymaj,l hydiegyahided to 30 .a

het erocyclic or cl oal k ef rred Is |nclude phenyl naphthyl
and the S June 2‘8%’1 %T?’A%Q%Y'P 7‘ £ kederoaghl) ess
ot herw se const rS0,aligl, kSO, ubsticitdd alkiyl, S0 firﬂrm'ahgo e)@,lm;@;bst | tuent such

aryl groups can opti aIIy,, uhstitute fromlto 5 substltuents
preferably 1. - to 3 s ﬂ@?ﬂ’i"“" e@‘é?éa“’\f%%ﬂ?ftaﬂé‘“’ij kydrpsaben ng of

acyloxy , hydr om&ferdbtyl iﬁkn.ng framl to 4uadin, atomsk @ prefbkRPY ko loaéah%HWoms
cycl oal kyl gycl I kené‘B fﬂ%“rf?tﬁ tl;ﬁt al kyl , substl tuted alk ?/
substi t ut ed? ven B 9Pt°m§6%1%“‘ivfnﬁta@6”é§/é¢mﬁ?by _
substituted cycloallkiig of addtyiamR (ripltltohd)luiA0a Rl PRERILRIATIMe gripy ! ani no
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 fromthe group consisting of alkoxy, substituted alkoxy, cycloalkyl, substituted
cycloalkyl, cycloalkenyl substituted cycldalkeny! acyl, acylamino, acyloxy, amino

substituted amino, aminoacyl, armuoacyloxy, oxyammoacyl azido, cyano, halogen,

>

-~ hydroxyl, keto, thioketo, carboxyl, carboxylalkyl thxoaxyloxy, thioheteroaryloxy,
. thioheterocyclooxy, thml, thmalkoxy, substituted thicalkexy, aryl, aryloxy,
‘:25 . heteroaryl, heteroaryloxy, lieterocyclic héterocyclooxy, hydréxyaﬁnno
_ . alkoxyamino, nitro, -SO- -alkyl, -SO-substituted atkyl, -SO- -aryl, -SO—hctcroaryl -
- 8O,-alkyl, -SOz-substltuted alkyl, -§0,-aryl and -SO,-heteroaryl '
The term "acyl" refers to the groups HC(O)-, alkyl- -C(0)-, substltuted a[lcyl-
' C(O)— alkenyl-C(O)-, substltuted alkenyl-C(Q}-, cycloalkyl-C(O)-, substituted
30 cycloalkyl-C(O)-, cycloalkenyl-C(0)-, substituted cycloalkenyl-C(O)-, aryl-C(QO)-,




sul fony' | amino, alkaryl, aryl, a ryloxy,'azido, carboxyl, 8d4r®8f¥4 al kyl
cyan, halo, nitro, heteroaryl, heteroaryloxy heterocyclic,

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

t hi oal koxy, whl¥ieasy! oxy, t hioheteroaryloxy, 10 -SO-al

-SO:substituted al %I , -SOaryl, -SO heteroaryl, -SQ a Ek‘*‘msooggﬁ'f

substi tuted al kyl, '=802-aryl , -SQZ heteroaryl and tri haI onethyl . Preferred
aryl substituents include al kyl, al kox_yz hal o, cyano, nitro,

trihal omet hyt, and thi oaI koxy The term aryl oxy" refers to the group

aryl -0 wherein e b ptlonally
Substituted ar y'f‘é‘%?“ﬂ 86$%e$§0%(% L‘t‘)ove s%é&ﬁ]tw:{l‘éﬁ'm yI ene"
refers to the d$ubactutcda#lk¢ilelr cypmlkﬂ substitntpd cyclaatkyl dyahmlisuydssubstinsted! aryl ) as
defi ned above a n phenylene
1, 4- phenyl ene, PY%E’ S’E’taﬁg;lhgtﬁreo 1%}/ h%!e?q f’{f@aééfgﬁe ngcr}lr}grmgm no" refers to the
group - NH2. The t er riiht sapipSadylantied oatamimitarbafyd refetsao tﬂagr@peﬂﬁ))NNRR wher e
Kyl | subst] t Lo i I indepReR) sk iyt SRR LAY Ebrdark, 0"
al kenyl ,” subst i hawrecyclid dtewhyﬂeboﬂx@lgrbmlaﬁegmyédtosmhathetemc@dmcgmquagl,<eny| _
al kynyl, substitut kyn r and heterocyclic rOV|ded
‘that both R s aP&P ﬁ%’fﬂ LM@&&%@&H@@%W ‘iheé?’og-’ﬁq‘%?( car bonyl "
r.ef érs to-the gdeﬂnashere?ﬁ -C(O O al kyI -C(O) O substituted alkyl'

-C(O O cycl oal kyl' ™ ubst ,;t d cycl 0 Q O al kenyl
5 C(O) O substi tut ed @Fﬁeé'ﬁyf‘)lfg“ﬁm@? “PWR"EP%&? Substituted
R M bt ot °ﬁ¥ﬁm@“wwﬁwt Cfed al kyny!
cycl oal ky a i tute en | tuted al kyny
are as defined ﬂ’@%@\“ﬁﬁ@ﬁﬂﬁ’é" oyt Wm&%ﬁ%ﬁﬁ@%@%«s@wuze The term
"cycl oal kyl " r e#rlksl, n&rsayakylen@dukgm@rm@as&eﬁmﬁra@ 20 carbon atons
having a single cycl c ri Q i pl e, condense Yr}gqre sai d cycl oal kyl

Ly
group nmy optionall ‘EF"Y refofs ot srgp - Bds Such
cycl oal kyl groumaepehdtﬁﬂpmogbmamauslmﬁnt&wmlealkeaymgib&tﬁﬂemm gluctures such

as cyclopro cl obu cl-opent cycl ooctyl the like, or
mJI tiple ri F% S‘H"H Hl?sé‘g't"éﬂ’(fﬁm 'y]é"é‘?iﬁﬁﬂ %M‘Fm"%ﬁ’fﬁ “t"ﬁ@‘“l‘ﬁ“ﬂ’é substjtader m
"substituted cysikapaditenyl, subStit@edalkeRylcasl, B 08 BstorocyRAYiRds ddiam 1 to 5
substituents, al?d 1[|11)referably 'l to 3 substituents, selected fromthe group

The term “aminoacyloxy™ or "alkoxycarbonylamino" refers to the group
NRC(O)OR where each R is independently hydrogen, alkyl, substituted alkyl, ary!,
20  heteroaryl, or heterocyclic wherein alkyl, substituted alkyl, ary), heteroaryl and
o heterocyclic are as defined herein. .
o S .- The term "acyloxy" refers to the groups alkyl-C(O)O-, substituted alkyi-
- C(O)O- cycloalkyl-C(Q)O-, substituted cycloalkyl-C(0)O-, aryl-C(O)O-,
~ heteroaryl-C(0)O-, and heterocycllc-C(O)O- wherein alkyl, substituted alkyl,
25 cyclqa]kyl, 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 smglc nng (e.g., pheny!) or multlplc condensed
(fused) rings (e.g., naphthyl or anthryl). The aryl gtoup may optionally be fused to

30 a he_terocychc or cycloalkyl group. Prefemred aryls include phenyl, naphthyl and the -




consisting of alkyl, substituted alkyl, alkenyl, substitute8J4nkeayt,
al koxy, 10 substituted al koxy, cycloal kyl, substituted cycl oal kyl,
cycl oal kenyl, substituted cycloal kenyl, acyl, acylam no, acyloxy, am no,

substituted ampumizisan noacyl, am noacyl oxy, oxyam noacylpcTngédsiesy, cyano,
hal ogen, hydroxyl, keto, thioketo, carboxyl, carboxylal kyl , thioaryloxy,
t hi ohet eroaryl oxy, -thioheterocyclooxy, thiol, thioal koxy, substituted

t hi oal koxy, aryl, aryloxy, heteroaryl, _heteroaryloxy, 15 heterocyclic,

het er ocycl ooxy, hydroxyam no, al koxyarnino, nitro, -SO alkyl,

- SO subst i t ut ed likk KiJhless SRemistlconstriinkd Raheddmmkioh fortiRQrylahibetituent SRR

substituted al kyl, -SO2-aryl 3’"’ - SOZi?H]eL&r oar%l .. The term "cycl oal kenyl

refers to cycli W’ﬁWW"@%Bﬂ% Sbstiugswithfrgmobto Ssubstigients; msefetablidi ng a

single cyclic ri§gsbstudis, il fOMehdRoUM cofdistinh bPANRKy, 2P dieRy Akl at i on.

‘Exanpl es of sui ta)gl gycl oal kenyl — groups include, for instance,

cycl obut - 2- enyl 2 -yailfy Fikary alkenyl alkypx) qveigatkyl. cyclolbenyh substinted allyh.  The ter m

"subst i t ut edscy ghipatuteaRikbxy, sdwdtaéémk&ygyws%{ehﬁm%fﬁyl,%%ﬁaﬁedﬂe}\ﬂaﬂgyl from1 to
nts r

5 substituents, and Pref erably |I to 3 substituent sel ect'e omthe-
group consi st i fgPsEftedcxaiealkenlinaming, sebsttugd ppino, aminessyl) acylagtien, i t ut ed

al kenyl , al koxy 1sulﬁﬁlﬁla§iﬂﬁ,sﬂli;abq}@ﬂ, b ,'Xﬁd&xﬁbﬁgl,mm%@ﬁ}éymt o

cycl oal. kyl, cycl oal kenyl, substitute cycl oa enlyl., I”,“acyl arti no, |
acyl oxy, ani.no, Mosbgrearyl hetsenagiiercheteregtlirobaigrpoycloaxyl, amwesyiayy,,

oxyam noacyl, - 3zj#dQlaminyAmkGatkdig! Hid$Es car bbxyl ,
‘.par boxyl al kyl , % ﬂi gsﬂrggl oxy‘?@t h?%%%@%%%b%@%bﬁ%@%@%&%oxy, :
Jt."--.

iol ,  thidQl koS§-alky substitutecpliohi -8Qtapd - $O-heteydaryLabQ-alkyl, -SOpet er oar yl ,
het | oxy, 8y : ey 7 o271 het lic,
et eroaryl oxy §%Hﬁ&d%ﬁ9€_s%3a9%| %ﬁ%ﬁﬂ%@@ég@gwlm? erocyclic

het er acycl ooxy , hydroxyanm no, - S0-
substituted al kytbstituggs inglyde alkybajkoxy, hde,ssanp), nitro,SRaloradthyt) and HGadkozpbst i t ut ed

al kyl, . -SO2-aryl anghe e I Qa 3 1| . "hal.ogen" refers
to fluoro, chloro, br géo_afﬁﬁ%(ng._%&?ﬁg&Fﬁn " h&@r"g%er%"'gr?"@f“e s to an
aromatic group defiredgpave inclydingoptionalbyrsubstitatedisaryd mebups asailsé daBbedrabarteo s

sel ected frqg oxXygenphiidF“A8f. 306 s34 Mq’i | least one ring (if
there is nore than one r’f"n%?. The ﬁzét,j{eh];eggry lr%ldr%eg%n%?agg "ll%'rlfgiﬁy be fused
to a cycl oal kyl sehstitated atybaydafiped aboyrand isrdxempliftdtbe 13 -senydemsi,3ai ned by the

opti onal 1y 10 sThey ERyFedten® - 25l HEREE *T DR B0V Toa
substituents, sel ect B t¥tmiaminkgrefers to the group -NH,.
- The term “substituted amino™ refers to the grbup -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 ﬁot hydrogen.

M..—r

. The term “carboxyalkyl” or “alkoxycarbonyl” refers to the groups
25 "C(0)O-alkyl*, “-C(0)O-substituted alky!”, “.C(0)O-cycloalkyl”, “-C(0)O-
substituted c}cloalk)'rl”, “C(0)0-alkenyl”, “-C(O)O-subétituted alkenyl!”,
“‘-C(O)O—all;ynyl“ gnd “-C(0)O-substituted alkynyl” where alkyl, substituted alkyl,
cycloalkyl, substituted cycloalkyl, atkenyl, substituted alkenyl, a.lkynyi and
substituted alkynyl are as defined herein. |



group consisting of acyloxy, hydroxy, thiol, acyl, alkyl, aBidRrg2084kenyl,
al kynyl, cycl oal kyl, cycl oal kenyl, substituted al kyl, substituted al koxy,
substituted al kenyl, substituted al kynyl, substituted cycl oal kyl,

substituted kenyl, amino, substituted am no, anin | am no,
al karyl, aryﬁ%% H?A oxy, azido, carboxyl, 15 carboxyl al k;./[f&)ﬂé °3§§5¥ hal o,

nitro, heteroaryl het er oaryl oxy, heterocyclic; heterocycl ooxy,
ar ni noacyl! oxy, oxyacyl am no, -t hi oal koxy, gubst i tuted thioal koxy,
t hi oaryl oxy, thi ohet er oar yI oxy, -SO- al ky? -SO substituted al kyl, -SO aryl,

-SO-heteroaryl, ;ﬁ)l% | kyl . =
het-eroaryl and tr| ha e(%?reecﬁd I5rIg %&é% ﬁ%@r%%’@f'f% ?%ﬂudé‘ﬁ’f)s I ncl ude
al-kyl, al koxy, Iaatnsha\ag@amngleé}rcm ltmgnr ntultnpllmdmamdw-ings,amd cydiealiad gotgy. - Such

het-eroaryl gr ou n i ngl e id r. furyl) or

nul ti.pl e conden ﬁ%@' f%seﬁ 0 II'°|r iz;'cl(-t]e oﬁg'ﬁtﬁgwpbgﬁ ﬁyﬁdoﬁlﬁg}lgfoupér eferred
he]'E er‘oa[yl tshi ncirmliﬂc [bymragly)f examprersidagtd ﬂ@[ﬂ&uém!#l;chﬂ‘@cblﬁfowl &}etafaﬂitgalar %/I O;(K
refers to 0 e ter eteroaryl ene" refers to the
di r adi cal WX‘&C&@E fé’ﬁ‘}/’ JZ%“%"B?E‘F"O% ‘Q‘fl{{‘](lf ﬁ'@yéff‘ﬁ‘?ﬂ t ut ed

het er oar yl ) aSaMahﬁﬁﬁ Al dedikeand i1 s exerrpl ified by the groups :

2,6-pyridyl ene, ridin lin yi nol i nyl ene,

|, 4- benzof ur anyl ene ﬂé %E%Ffiéﬁ%oa“‘%ﬂ 3 ﬁd%f\!yé:ff?ﬁ‘y'%ﬂ‘&’slhﬁ EFRR. The term
dc%/cl ogl k)t/)l ene" mgﬁ aib&lth@tg; Jlimfpietg;a%iyqadg, gmm,@idlec&dﬁfolﬁgﬁ@ g@?(lpl oal k)?il) as
efined above, and,is e i.fie oups cycl ohexyl ene,

1,3-cycl opent y| é?Pélsﬂ%ﬁf&Xaﬁw 5 HSR‘BWSK%QEW%MPSW%WWM&OW/ US00133057

28- The termy’ sukbsﬁtufeumdx}wfcldaﬂdyisydwﬁteted dy scwoam;ddédbﬁﬂﬁts@ | group
derl ved:- from sub tituted l%c c| oal kyI ef i ne above. The term

"cycl oal kenyl en&¥ 04@3@(%’? y{agmino, gyl %436’5?0 » §rtstityted apinpeaminoasyh
cycloal kyl,"' as aﬂﬁ.f)ad?ﬁﬁly&b@muoa%yﬂ&%t &/afid, hardBen hiddd:81l ks chiRdkeny! ene”

refers to the diradical % derived _from substit uted cycl oal kenyl as
defi ned above. ‘Fﬂé""ﬂfbﬁ‘ﬁ“’ 1 dhigaylgny, Byiohetgroagyioxys tjohsteracyclopyy, dhigly ™ 5

nonor adi cal sat '&ﬁ@ll@ﬁiy sum&tddrtﬁbﬂlém@r@ﬂpuhayy B&eroﬁ—yﬁ h&glloﬁ‘tyfo'xf‘g or multiple
condensed ri ngs from1l to 40 - carbon atons and from1 to 10 hetero atons,

preferably 15t ohetemgiclis. dgteromclooxy hydronwminy. alkeraminos pigenSOwlivh ur |
phosphor us, and/gy-s@siaes atyll Hoary NS d-hdGoANd SOLikPe S0, W0R1R] .85, tWo, or
three of the ri ngocarbon at ons ma}/ optionally be repl aded with
,-ary] and -SO,-heteroary
The term “cycloatkenyl" refers to cyclic alkenyl groups of from 4 to 20
carbon atoms having a single cyclic ring and at least one point of intemnal
20 unsaturation. Examples of suitable cycloalkenyl groups include, for instance,

- : - - cyclobut-2-enyl, cyclopent-3-enyl, cyclooct-3-enyl and the like

i

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,



a carbonyl group (i.e., a keto group). Unless otherw se con$tiuae @8 by t he
definition for the heterocyclic substituent, such heterocyclic-groups can
be optionally substituted with 1 to 5, and preferably | to 3 substituents,
selected fr roup 15 consisting-of al koxy, substituted al koxy,

cycl oal kyl , O‘glatl‘)'g‘frl%ut ed cycloal kyl, cycloal kenyl, subst FETP¥G33057

cycl oal kenyl acyl, -acyl am no, acyl oxy, am no, subst Ituted am no,

am noacyl , am noacyl oxy, oxyani noacyl, a2| do, cyan, hal ogen, hydroxyl,
keto, thioketo, carboxyl, carboxyl al kyI“ Tthi oar yl oxy, thioheteroaryl oxy,

t hi ohet er ocycl qox t.hi ol | oal , _substituted thioal koxy,.aryl,

aryl oxy, 20 heﬁé’?%‘é‘?’ﬁ”c h%éé?‘gplﬂ ﬁ yarpp,alkoxyamipe, niteds r3G-akile 1595 x y |

hydr oxyam no, sabéfmeﬂadmym,osow r—so-hetSQaf}i kg, alkyBOsOUBBEithied Aky1al Kyl ,
-SO-aryl, SO het 8r oaryl,, .-S02-al li - S02- substituted al kyl , --S02- aryl and.
-.S02- heteroaryl'S '%Hi‘dﬁ§ :eli‘ 1c groups can have a single ring

or.mul tiple condensgfe tekh Oalo” oPM1RfoREd" @étedd & MRS, Yhlokd; BronfdGhi f@0.M0T phol i no,

pi peridinyl,_ and the Iike 25 Exanples of heteroaryl s and heterocycl es

i ncl ude, but® are notbe fefm {hetpreasyl”re ngﬁtPéPEIOmPWﬁBWl@m?@rléﬁabe% dazol e,
pyrazol e, pyri diidisan@Y 64 hétsroatbns éclecil R6m oﬂygehpkﬁ%g&ﬁma RO wifthin G

| soi'ndol e, indaole, indazgle, purine, quinolizine, Tsoquinoline, quinoline,
phthal azi ne, ndﬁqﬁtwmgffmemsma@ﬂmmnm 'laahﬁerz@mmm@ﬁqmmanne
pteridine, carhRaekgt %Eﬁﬂﬁl%het&%ﬁﬁpﬁﬁhr IS otheSHitedo Qéﬂgmélt hroline,

30 "isothiazol e, phenazine, 1soxazol'e; phenoxazine, phenothi aZi ne
.. dazol i di ne, C&ﬁwﬂﬁefozémemhwhmt Rucir heleperyB38ys capbe optiialiazol i ne,

spyrrolidineg pi Rrele)
t et rahydr o?t?r an%%%??&h?&’?’?t"%ﬁg% her?é aril%lilt@th3 HF:E@];%& &%cfefi fmm the

N-al koxy-nitr ogmup comnistiag af wglomﬁeﬁebyw@scyuﬂ&yh adkony, #ldngl @Ikxwﬂ ooxy"

refers to the h xy refers
to the group he erocyc CQ%%&&L% g%‘%?%kﬁh%gﬁe%%cféﬁpmgﬁp@?éﬁ% P

diradical gr oupﬁ“b&'}m@“fwﬂmlémmmyebdwﬁ@mtmd eb@loaﬂ@cbrlrmm n, and i s
exenpl i fi ed by QQ@# F“:a& 2 @?Eg e like.

The term "ox acsl)i/l a%%r?gd%%or gmﬁm ony oxy!" rs he gr"%i'1

- OC(O) NRR r ecatbgeyialiyl eyanay b@mmtmarﬂyhlﬁwgﬁﬂom Ihk“;tO_cyc&abst i tut ed al kyl ,
et er oaryl - and i Ro AAGLLLS oGty ililon HRSIabd RSS! - 2T
thioaryloxy, ﬂuoheteroaryloxy, -80-alkyl, -SO-substituted alkyl, -SO-aryl,
=80-heteroaryl, -8O,-alkyl, -80,-substituted alkyl, -SO,-aryl, -SO,-heteroaryl and
_ _trihalomethyl. Preferred heteroaryl substituents include alkyl, alkoxy, halo, cyano,
20 - 'nitro, trihalomethyl, and thicalkoxy. - Such heteroaryl groups can have a single ring

(e.g., pyridyl or furyl) or multiple condensed rings (e.g., indolizinyl or

i

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  beteroaryl (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 exemphﬁed by the groups 3 6-cyc!ohexylcne
30  1,3-cyclopentylene, and the hke



The term "spiro-attached cycl oal kyl group" refers to a cycl §alR§ROGH oup
joined to another ring via one carbon, atom comon to both ri ngs. 15 The
term"thiol" refers to the group -SH The term "t hi oal koxy" or "al kylthio"
refers tothe rou S-al kyl. The term "substituted thioal kox refers to
the group - S™% ?’5? uted alkyl. The term "thioaryl oxy". r”é’fr@ﬁsé’ﬁ???"the group
aryl-S- wherein the.-aryl group is- as defined above including optionally
substituted aryl groups al so defined above. 20 The term "t hi ohet eroaryl oxy"
refers to the group het eroaryl - S wher et#the het eroaryl group is as

defined above incl u opj onal |Lu d aryl ps as ; al so defined
above. As to any of Méﬁi"aﬁ% P T ﬁl‘%’r“ﬁd'd?‘déc"gﬁmﬂbﬁ%m
substi tdents; Iﬁom%ubsﬁﬂﬂﬂlbﬁdl&ﬂgl a@&efﬁamb%ee t hat such groups do not contain
any substltutlon or 25 substitution patterns which are sterically

i npractical and/or sytset Pxclpalkgnyicss” refesstoiths diradicd] eppyaiderivd fiomhe” conpounds
of this inventignridalkgl, BsRfindd ab§decr €OChem cal | soners arising fromthe
substitution_ of these conpounds. The term "pharnmaceutical | y-acceptabl e

salt" refers’to sal t'@"WCFPbP‘ét‘tﬁﬁ‘?Vcheﬂ%?“S wirathecirdicnlisyapdssvednd
properties of tfhemttstiiuRiz@ ﬁdl&ﬂceﬁﬂrﬂa%ﬂ%aggvethl s ,30 invention and which
are not -bi ol ogi cally or .otherw se undesirable In many cases, 8 June 2004
WO 01/.42193 PCT/ osoc%smfhﬂerwclphﬁr hetrropystvlorefees t@emmﬂéﬂtw
l.nvention are C@t&ﬁlﬂh%d%fouﬁﬂﬂﬂé@m@@é&g@?ﬂ(uﬁfple&ﬁ@éﬁs&%ﬂ%? V]ddolte of the

presence of am no and/ or carboxyl "groups or groups I"ar t ereto

Pgar maceut i cal | arkractgssand Gom d 4@ 1Qletrre ptoms, s?aqf@fgblb&ﬁp ‘bbetgrp@pas,ededtepdom 5
iporgani ¢ apgl opgaRt Sffr h hdres, ;,gﬁjnl es, include
by way of exanple (;fr?f"'ge sod éatﬁotgggrég&ep I um n| urn§ cal ci um and
magnesi um sal twhersap@esmepﬁtb@aoﬂ’ pringtagheniatonisavy optiorally tereplocid withe not
limted to, sal Y. EF]' , as al kyl
am nes, di al kyl £§arrn&];]gl dpr(]ié ﬁﬁgﬁeﬁaﬁgﬁgﬁeggﬁbst%dgﬁ%‘ 2@&5@%@%

di (subst i tuted ﬁllfﬂ}?Ih?tcwcheSlbsflt&@t,tsuqh(l’s@mrqlmms ehlbg ptiemilnes, al kenyl

di al k k
i (subst 1t ur ed HPRRRERER L lfd, BGEAET S fibsaQiHS bccafonllnS B 2T Mo
cycl oal kyl &M n@msmlcng(@ﬂ&b’%ﬂilbstit')tcdaaﬂtmwcmlkﬂcwmmwdoaum nes,
substi tuted cycluplityl MsARa flMRRH dyf S1E8E, 2814 alilh NGbstituted

trisubstituted
amino, aminoacyl, aminoacyloxy, oxyaminoacyl, azido, cyano, halogen, hydroxyl,

keto, thioketo, carboxyl, carboxylalkyl, thtoaryloxy, thioheteroaryloxy,
thioheterocyclooxy, thiol, thioalkoxy, substituted thioalkoxy, aryl, aryloxy,

20 heteroaryl, heteroaryloxy, heterocyclic, heterocyclooxy, hydroxyamino
alkoxyamino, nitro, -§O-alkyl, -SO-substituted alkyl, -SO-aryl
-S0-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 morpholinoe, piperidinyi, and the like

25 Examples of heteroaryls and heterocycles include, but are not limited to
pyrrole, thiophéne, furan, imidazole, pyrazole, pyridine, pyrazine, pyrimidine
pyridazine, indolizine, nsomdo'le indole, mdazole, purine, qumolmne isoquinoline
quinoline, phthalazmc naphthylpyridine, quinoxaline, quinazoline, cumolme
'ptendme, carbazo[e carbolme phenanthridine, acridine; phenanthrolme

30 isothiazole, phenazine, 1soxazole phenoxazine phenoﬂuazme, imidazolidine



cycl oal kyl ami nes, cycloal kenyl ami nes, di(cycloal kenyl) anBrlgge 2004
tri(cycloal kenyl) 15 am nes, substituted cycloal kenyl am nes,

di substituted cycl oal kenyl amine, trisubstituted cycloal kenyl ami nes, aryl
am nes, diarwoamM@es, triaryl ami nes, beteroaryl anines .ld&}a&;ﬁgroaryl _
amties, triheteroaryl am nes, heterocyclic am nes, dlhe¥erocyc I'e am nes,
triheterocyclic amnes, mxed di- -and tri=am nes where at |east two of the
substituents on the amne are different _apd d are selected fromthe 20 ,
group. consisting of alkyl, substituted al al kenyl, substituted al kenyl,

cycl oal kyl , Su}ﬂﬁ{dhéo sub tituted-
cycl oal kenyl , ary Eéfgplyﬁéﬁ/l%ab%ﬁg%rz%@Lrg?u(%m"%f Re ?i Ke. Al so included
are am nes wher ¢etiahysdrofipenyd; tetrahydrothiopbdnsi dand therlikes as welljstNalkompiditiogehe ami no

ni trogen, form g, he I G.Or heteroaryl group. Exanpl es of
sui t abl e. am nes | ncf“g%%&géycgsy of exanple only, 25 isopropylam ne,

trinmethyl am ne, di eﬂwemafhﬂtn@pyclmmjhsﬁtspodmgkdupamefmeycht:m ( n- pr opyl) anine,

et hanol arni ng, 2-dir t et h nal. , t ham .ne, ar gi ni ne,
hi st'i di ne, caffe| ne, ﬁlger%}cﬁa%he%ﬁocd %(Bcgrrfk o YPehemB%?'é’ }“‘ s

et hyl enedi ai ni ne, gﬂwctemﬁ?hi:tm;ycléneti fefeksgb théaliﬁdieﬂgrohblﬁﬁhhé@ﬁ%tﬂﬁ, puri nes,
pi.perazi ne, pip n i ne, .N-eth di ne, d the like. It
shoul d al so be- ﬁ%%‘g‘lfygf ?{S%Q?‘ergfnh%‘}d %"%hﬁ%&?’ﬁ?%m%l ephefinei ves woul d
be useful in théSme:pﬁdlmeamhﬁe]ﬁlhls i nvention, for 8 June 2004 MO 01/42193

PCT/ US00/ 33057 -31 anpl e, .carboxylig acid anodes | ncl udi ng car boxam des,
4gwer al-kyl carboxa 3%5‘ ﬁ’fa@fl Xc?;fr AOarArpoyloxy refersyie theigraup
‘PHar maceut i ¢al | YO NRR adhke ewmlrs&dﬁpdnuaiﬂy&%bg‘en,”mfyl%bﬁﬁzﬁ aHlom

i norganic and o an| C, a s deriyed fromi norgam c aci include 5
hydr ochl or.i ¢ acg“g, 35 By e Xéﬁeﬁmﬂlﬂ'ﬁﬁ‘i’sﬁ“"é@pﬁ’l ’thﬁﬁe@aéfbm phosphori ¢
‘acid, and the hét&ecycﬁaér‘esmiﬁﬁed\md;ﬁ rom organl c acids include acetic acid,

propionic acid, gly O|IC‘ﬁCId L uv oxal ic acid, malicacid,

mel 6ni ¢ acid, succi dﬁ‘f E‘H]‘HFEIPWF"F’E‘%%?WMQQM c acid,

citric acid, bEimhﬁdtozﬁﬁﬂﬂ:m@vm&bﬁb&Cdt&ncéﬂlﬁ&dﬂﬂoﬁuﬁ%kd met hanesul f oni c
salicylic acid,

aci d, et han ul fonic,acid,, ,pl ene-sul fonic acid

napht hoi ¢ a d 2- h?&%‘?{%ﬁ‘% Heigeps3 the |ike. The term

" phar maceut i cal | y- acmﬁmrab&ﬁ;aucaky"% *alkyBhRY" Seférd td thegrodl is0Miy?f 2
pharmaceutical | y-ac table salt The term"library refers to at |east 3,
preferably from 102 efiggSubRtiutrd thipalkgxa refiens e 9‘°E¥"Hﬁrsff‘é}libsﬂtet°‘iﬂkylnul tineric

conpo u nds. Preferablthe tdnheﬂﬁaaﬁfwmﬂtéwﬂéito%ie%mup 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
iy S * heteroaryl group is as defined above including optionally substituted aryl groups as

S B “also defined above.
’ As to any of the above groups which contam one or more substituents, it is
understood, of course, that such groups do not contain any substxtutlon or
_25 substitution pattems which are sterically lmpractlcal and/or synthetically non-
feasible. In addition, thc compdunds of this invention include all stercochemicat
‘isomers arising from the substitution of ti:ese compounds. _
The term phannaceuttcally-acceptable salt" refers to salts which retain the |

bxological ef’fcct:vcness and properties of the multlbmdmg compounds of this

30  invention and which are not _biologlcally or otherwise undeslrablc. In many cases,




15 prepared as a nultiplicity of conpounds in a single sol uBiJgne 8004 eacti on
m xture which permts facile synthesis thereof. In one enbodi nent, the
library of rmultimeric conpounds can be directly assayed for multibinding
properties..%?oﬁgﬁhher enbodi nent, each nenber of the Iibrary of multinmeric
conpounds is Tirs | sol ated and, optionally, char act er i YUY nenber is
t hen assayed for 20-nultibinding properties. The term"collection" refers
to a set of mu Itinmeric conpounds which are prepared either sequentially
or- concurrently (e.qg., conbinatorially73 he collection conprises at

| east 2 nenbers; preferably from 2 t.o 109 nenbers apd still nore

preferably f rontlhi%[ﬂt%omfﬁg%‘ﬁ%oé?gs.o Bus ‘?Fleé'g?'b‘frﬁfapﬂ'ﬁ? ?F BadbMmIind" refers
to conpounds cdmpr salts bygviftucoofiti: présenck Of dnhiaeadbor CaVRyEROhpSs of gRRGRCT ed t hr ough
at | east one Iig‘gﬁr whi ch conpounds :rmay or nmay not possess mul tibinding
properties (as HSTHETYerein). The term "pseudohal i de” refers to
functional groups wRhamateatieilyateeptable Baak addRivR Bilis/cAPBS prfdfedifon? NMBNNET
simlar to & hal ogem. 4 Suchbfunc 'oan. roups 30" include, by way of
exanmpl e; ‘mesyl ,""TBYY 2 2L PakTE %‘;‘é GiveR e doregnig bases, usbnde Ywvan ¢£421 93
PCT/'USQO / 3305 &xariple 3419, sodiizii, pitissiuMhthiaf, SuRokim Qalciub] £2'¢aBgksaioUP" refers
‘to any group whigch wﬂgcp bound to one or.  nore hydroxyl, thiol, amno or

car boxyl _group_ss’f]é’r 5 mﬁﬁfﬁ‘g%ﬁ’@?_“ﬁPﬁ%‘l’%qﬁd’ﬁﬁ?éﬁﬁwﬁéﬁ@@tﬂéreof)

prevents react igiary, 6RBARSCAHA iéridly Hhines HRE & MyPHRReS ifesPr-Ot €Cti Ng

group can be. r-ermvgd by convent.ional .cﬁem cal "5 or. enzymatic Steps to
reest abli sh t hdidfi psiss, sustijuiad alkyhamies di(substitted piky B moings,( See., T. W

G'eene and 18 Gi(subiituted af el aHnfPRAMES dlalleil GRS LGRS, 27" Fd-)-
The particul ar renpvabl e bl ocki gl?(gg»tioup enpl oyed 1s not critical’ and

preferred. rerfBRsibrsd alkeayl gmines titiigd ¢Jiceny}) amings tilgebstitoted aliserybnal

substituents S uslinedSycldtkyl lamined @i im'];@g L . t hi obenzyl
benzyl i di ne, phenaggj ék%bggtnﬁe %g%el phengﬁlﬁsﬁi 1‘1’?@5%&@3}%{%& group that
114

can be introdudBeft aalky} agines, digubsiiapted gydloalltyl arping, snaubititytedand | at er
sel ectively rehyeslic?amhes, We¥-1| VoG et ' 1 d
condi tions corrpr'Egt_.i bl'e wt hcﬁ% ngﬂur e e%?%’ﬁ%%&%%&ﬁ?@@ﬁ%&%em)vabl e

t hi ol bl:ockPng ¥R Febstiftgd syelodkenyl amieps, disubsiitited cyologlkenyt guing,  benzyl
groups,. and t heridubdated G cRARERN irhifles] SYRMARL SN A8nd! BGY] AGagr OUPS i ncl ude
conve nt_ ' onal heteroaryl amines, diheteroary! 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 alkehfl, cycloalkyi

- ) ‘ ‘ substituted cycloalkyl, cycloélkenyl, substituted cycloalkenyl, aryl, heteroaryl,

3

héterocyc]ic, and the like. Also included are amines where the two or three
‘substituents, together with the amino nitrégen, form a heterocyclic or heteroaryl
group. Examples of suitable amines include, by way of example only,

25 igopropylamine, trimethyl miine, di&hyl amine, tri(iso-propyl) amine, tri(n-propyl)
mine, ethanolamine, 2-dimethylaminoethanol, trdmetha.mine, lysine, arginine,
histidine, caffeine, procaine, hydrabamite, choline, betaine, ethylenediamine,
glucosamine, N-a!kylglucamincs, theobromine, purin'es, piperazine, .pi-[')eridine,
morpholine, N-ethylpiperidine, and the like. It should also be undefstood that other

30 éarboxylic acid derivatives would be useful in the practxce of this invention, for




substituents such as t-butyoxycarbonyl (t-BOC), benzyl oxycé&riioaygb04 CBz),

fl uor enyl net hoxy- carbonyl (FMOC), allyloxycarbony | (ALOC), and the |ike
whi ch can be renoved by conventional conditions conpatible with the nature
of the prodgglynel Preferred carboxyl protecting groups include esters
such as nethyl, ethyl, propyl, t-butyl etc. which can bECYSMRF by nild
condltlons corrpatl ble with the -nature of the product. The term "optional"”

or "optionally" nmeans that the subsequently described .-event,

ci rcunmstance or substituent may or may ™k occur, and that the descri ption
25 incl udes instancF ere said.even circunstance occurs and instances
where it does 8P e’lﬁgg’f‘@}cﬁf “°“d§1gwlbf”faﬁ'é oweralkybed herein denotes

a conpound t hat cattxamidby, &dﬂ(ﬂlg;afbakdrﬂﬂ&d’s dndithedikp2 adrenergi c receptor and is
bound thereto b it Pr i gands are those that are
ei ther 02 adren)érgl %%EE‘ 8"% 36%&‘@'13}?1115‘{%‘%‘“%&4“5%‘&? be grspared om or

ant agoni sts. - ﬁh@mﬁ@ﬁﬁlo&gaﬁlcraeiﬂs Bl eriveliréth fiof2hnit B@dFindlie 2004 WO

01/ 42193 P%IT/I P{@CSS%%J ¢ 33-_ligand  that s (are) recognized by the
receptor is sl?gfﬂi fe 2rdd, hydrobromic apid, sylivrigamd, nitrig agif phespherigadids aed t her
capabl e of bi ndhepkd. Qa&i&nﬁr&pﬁﬂﬁeafgarb&adiés%hi‘dea&ﬁcmpl:&pﬂiﬁiéa‘éxd,the presence

of “one or nore r]on | i gand conpaonents for -bi ndllgg My' 2or a
wat er nol ecul e $¥coliggd. pEyvic gridigraliqpcidgmalis askd ngem@l Stlwlfv‘a#cidaus i gand

binding 5 siteshaleibsatFufgicabidl iARRISiIAUSRE Hé;d,'hﬂnzt)ia'a&d' QYEREd Rpar e

descri bed herein.” Those skilled jn the art Wi appreci ate t At portions
of the |igandstPidelifasid ﬁa@m}f?‘éfoﬁ’@taméélwwc*&Pﬁﬂ'&wﬁﬂ&mcmidecul ar

T.€cogni ti ome@andsafiiyiehag, ,@ﬁgﬁowgc;a’mdrg@nyﬂmo%lds&mﬂan{?l ally, replaced or
substituted with-unrelated structures (for example, Wt ancil l ary groups
as defined bel ow) arf8¢term @wcela@elbr-acmmable@enoeh:ememxwmuoeﬁa 10 affecting

the .binding i ntMﬁ@a“ym& Q,Hergg[_y requirenent fora ligand is that it has
a’'ligand domain as definéed Bove i s understood that the termligand is

not. “intended to be Th¢tema giprgry” @&ﬁd@@ﬂd@tkp@imﬂxﬁmlﬁmmﬂandmom nding to
P2 adrenergic ( (AT T I n the art wll
under st and thatl{r‘tgfﬁlg %g??ﬁnglg‘nlg can %ﬂ? k. ﬂgﬁiﬁbﬁ;{hgie% cufethat is
not nor mal [ ameé@éammuphcux@fsgnmcbmgn@e Mpbmeacbmnmmgepr operties.
120 o 1 oAb BEIRON Rl RUBGogb o Y b T O e

activity or |lack useful activity as nononers can
_ multimeric compounds can be directly assayed for multibinding properties. In

-another embodiment, each member of the library of multimeric compounds is first
] :isolated and, optionally, characterized. This member is then assayed for

20 - multibinding properties.

} o _ The term “collection™ refers to a set of multimeric compounds which are
prepared either sequentially or concurrently (e.g., éombinatorially). The collection

: i‘:omp:ises at least 2 members; prcfcmbiyt from 2 to 10° membefs 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
_'ma},fr or may not possess mulubmdmg properties (as deﬁned herein).

The term “pseudohalxde” refers to functional groups which react in

‘.', '-dlsplacement reactions in a manner similar to a halogen. - Such functional gtoups

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




active as nultival ent conmpounds because of the benefits confalupedOlgs

mul tival ency. The term "kigand" or " |ligands" as used herein is intended
to include the -20 racernic forns of the ligands as well as individual
enanti oners a&ﬂuugﬁgsteroners and non-racem c¢ mxtures _thereof. The term
"nmul ti bi ndi ng conpound or agent" refers to a conpound thdFHIE0BEEAp e of -
multival ency, as defined bel ow, and mhlch has 2-10 |igands covalently
hound to one or nore linkers. In all cas "each ligand and linker in the
25 mul ti bi nding conmpound i s independent 7~ sel ected such that the

mul ti bi ndi ng corrpo d.ingludes both,s .I.i c _cq| unds (Le.,.where each.
| i gand as well as e Hﬁ?gethgsgr?uaeﬂl%lmg’efq & ghp gg%’r?ﬁ%?‘?y%‘“ﬁ’dﬁ%ﬂhnds
(i.e., where at whﬁﬂsimdmemaérrh&iehydlro:gaﬁﬂa mﬁnabﬁéa%ﬁﬁtgréubpmtﬁ@e ot her
Ilgand(s) and/ or _at 6‘1352 1@ :x%\ﬁolfferent fromthe other
linker(s)). Ml PIHCHYSAgeLY B%BE?HH a“fi BePreveps Beehfng §pm Srerine a0

t her apeut i c ef fmeie ggcmpahx&lrwm&)@ilotédﬁﬂ g@@;ﬁ 43k eenitfvedBy Edak&itiohdl ORAES

equi val ent thereto 8 June 2004 tjﬁf: dé93 PCr/ USO0 /33057 --- 34 which are
made avai | abl e P'SPPBRANGFIGRS o fa5sieb F'% Wlﬂﬁ%mﬂﬁeom%yh&swp(&w or

t herapeuti c ef f 6. Gitent BRI P.GIR Wfs, &P&%M@rb@asﬁoh@rg‘m}ct&}a‘h&ﬂ'h ound is

greater than that ach eved b}/ t he. same amount of unlinked I|g made
9

avai | able for a{’ﬁmf’}‘?é’ biogking rsup emplgyed;is vy cxiticabandipsaferyed The phrase’
'i ncr eased' bi ol ﬁﬂiowe l@&oﬁyﬁm&kﬁ?&&pﬁn&&&e%ﬁvenﬁ&ﬁl é‘&ﬂ&ﬁuenis%ch%arfp' e

i ncreased affinit [ ncreased selectivity for target, 1 ncreased

_.sgem ficity foralyhbgeal, acetyl chlomaertylghiohespyl, W@a@aﬂww%trw decr eased
Hxicity, | 10r OHBKkngigyd ahddhy OfheAbipthit Yar¥e iftrddu QenbdEABARE iy to
kill cells such asﬁ%ngal gat hlaéerll)s cancelr ce 3 etc. %s d side

effects, incr ea%‘E%F““%lﬁléF‘H’dﬁtﬁ'tsF@qVﬁ'déWmVP%ﬂ@v@dChbmmwmmaﬂy i npr oved
phar macokl net i Cﬁethémmegonkﬁwﬁsqoh‘\ﬁhﬁg{cmE ?ﬂ‘g B}OIa ctl i ke. The
| ; ex

mul ti bi ndi ng ngoun s of this invention w It at | east one and
preferably 'rmrep E?ﬂ@ﬂ@v%'le@ﬁ’é’l%W@WPmstéﬁie@Qws, acyligeouper m

‘uni val ency”  agenpaefhupChmide iQf €rs to a single binding interaction between
one ligand as defined herein wwth one |igand binding site as defined
herein. 1t1%houl d Beefpdsemavpie amine blegduggrotpsinohyle conveitisingl copi es of a

[1gand (or | | Gadtlentssidh S Khishd YRt B0RY bR L. plloeniiEpi] 02N |

interacting with a ligand binding site. I nteractions
are depict ed beflugppnyimsghoxyearpon M%J@ﬁbwcad@nxliéﬂoﬁémadﬂwhbéwhshto t he

concur r ent bi'nciaR ge Rfnovid 6 BoRvehonkQohkitif dohbABRAR e thille BRY Pe the sane
or dlfferent) anddt;_/\o or nore
X produc

20 Preferred carboxyl protecting groups include esters such as methyl, ethyl,
propyl, £-butyl etc. which can be removed by mild conditions compatible with the
-pature of ﬁxe product.
' The term "optional" or "optionally” means that the subsequently described
-event, cifcmhs_tance o 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 2
binding partner for a B2 adrenergic receptor and is bound thereto by
complemcntanty Prefcrred ligands are those that are exther B2 adrencrglc receptor

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



20 corresponding receptors (ligand binding sites) which may 8kneR804ane or
different. For exanple, two |igands connected through a linker that bind
concurrently to two |igand binding sites woul d-be consi dered as bival ency;
t hree Ilgands t hus connected woul d be an exanple of trival ency. An exanple
of trivalent M%#Wy, illustrating -a multibinding conpobFHUHEEShg t hree
ligands versus a nonoval ent 25 binding interaction, is shown below 8 June
2004 WD 01142193 --35 univalent interaction 5 Yy trivalent interaction

PCT/ USOQ 33057 It shoul d be understood t3at not all conpounds that contain
mul tiple copies. of a ligand attached to a |inker or to |inkers necessarily

exhi bit the phelifgpbhat ’ﬁfm)ﬁ?"ﬁﬂi‘fﬁfll Y e &qseRfor is d“éigﬂatt»‘%‘tthﬁt'ﬂ'ém}ﬁd@m'gl cal and/ or

therapeutic effggg arﬁfméghﬁe:tl{&'lﬁ;hﬁbﬂﬂhﬂﬂlg ta%r}&ceb@rwlﬁalff%&nwaﬁm&éﬁe sum of
t he aggregate of unlinked |igands made available for bi ndi ng to the Iigand

bi ndi ng site (ri@gppieasgof %?f TARFF ﬂqr\ﬂsa%@ylppeer@cfemmdmm g-1Cagaviegfsont hat are
connected by a J kShol@udik ﬁﬁ@feﬁ f&@(&lﬁ&*ﬁ aEARR0 afbul agﬁ' Binfiing | 92Nd

bi nding sites by the linker(s) in a specific manner In order to bring about
the desired 35 fitegakmelesofligags \'Séélhlntﬂus mvention are descobrdderein. Ehbtei bi ndi ng

event . Furtherr@nﬁmtﬁ@a@wﬁdppfeaqﬂe&gtﬁgmggm g anld UFu e B e gV ENL I ON can

be conposed of |igands that "are al renergic receptor agonists,
partial agoni stessentsl forspecific melequlanysoessition hnd blgbmﬁi@twmhaty @rwerigk| ect ed from

02 adrenergic r&s&amsﬁ%%écﬁ&mammgﬁ%@g%w drog ?ea ich e

nul-ti bi nding conpoun Its an over ren rglc receptof
%onl stic or pameillaty geaypnaslefineddeloivy andyin snmm;asea, | egirely withmtind t hat

‘Exhibits paﬁjlgl Ry VISRV gﬁg Bﬁgﬁ Vi advantages
over ~a conpoun E{e g‘% e%uﬂcg% S #auil?n' H-&Y& YA Xh nlgésm esul t
in"a reductiorelégand dmnailaaseieﬁlﬂedrabmpltosmdasmmthm thatenmhgand soept or
recycling, or re essi-on | nannallan %#s may .result in
i'ncreased t her (;Lpée':allffd(20 elh“égl t%ccgnp\?urfg g'ﬁﬂsé’fg‘égtﬁ P@%'@SOS? from
using s uch an agapios(e. g{,dmemdmgs)owmelmwdm thla afi @filbvieBrsabd taf thd ferpagoni st for .
" ligand can equally apply to a molecule that is not normally associated with B2
"15  adrenergic receptor binding propemes. In addition, it should be noted that ligands
' that exhibit marginal activity or lack useful activity as monomers can be highly
active as multivalent compounds because of the benefits conferred 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
N - and non-racemic mixtures thereof. |
The term "multibinding compound or agent" refers to a compound that is
' qﬁﬁable of n.luitivalency,‘as defined below, and which has 2-10 ligands covalently
‘ bbund to one or more linkers. In all cases, each ligand and linker in the
- | 25 multibinding compound is independently selected such that the multibinding
L compound includes both symmetric cb;npounds (ic., where each ligand as well as
each linker is idcqtical) and asymmétri_c compounds (i;e., where at least one of the
ligands is different frqm the other ligand(s) and/or at least one linker is different
' from the other Iink_er(sb. Multibinding comipounds provide a biological and/or
_ 30 therapeutic’ effect greater than the aggtcgaté of unlinked ligands equivalent thereto



the chronic treatnent of pathol ogical conditions or di sease$.Jufe 2004

mul ti bi ndi ng conpound may al so, or separately, act as a tissue-selective
partial agonist. For exanple, a mnultibinding compound with Xl 2

adr enocept or ‘@(ﬁp‘%ﬁg activity may 5 exhibit a full maxi mal response in
rel axi ng- snooth nuscle cells in bronchial tissue but exKCHUSIESErt | al
maxi mal response to.adrenoceptor agonism in cardiac tissue. Thus, a

mul ti bi ndi ng conmpound that'is a tissue-selective partial agonist may
provide a | ower incidence of undesired s?te effects such as positive

chronotropi sm and, i ncreases_ .in. cardi ac_output. 10 The term "potency"
refers to the m chﬁ%'f{agﬁ%"éﬂ?‘}l"a@f @H‘ﬂ&% Thatiete sy anb@ﬁhmlqg%ﬂgfto achi eve a
desirabl e bi ol ogiegpéutio efféchertBigdhdsauahbepthe Jmﬁbiﬁahgmﬁgdﬁgreﬁe} gand is
typically proportignal to its affinity for its ligand binding site. In sone
cases, the pote hﬁ?dﬁéﬂlelsﬁﬁ%‘&??“?t?fd%“@ﬂeﬁilé@ fumade aveidable i nity. I n
conparing the Biﬂaiﬁf\_fbyth@ﬁdgahm;&iﬁglﬁﬁs (r@eeaozs).arﬂzlﬁh}akéﬁii&%a%msgg{;d gnd the
aggregate of _itg unlinked 15 |igand, the dose-response curve each is .
det er mi ned undefefRRRAE pilest” tpcludes, &os gxamnles insreaged affinity] increased selegtivityo or i n
vivo assay, -in gp P iR Rabed secidity Fok Slcreablq jent)- The
finding that the nultibi ndi.hgecagent E?%gué_:e_s a%oga{#va eﬁ?gﬁc%{}bgi cal or

t herapeutic ef f 8&cteas toxiqitg, improved dusation af activitn o astianhiocreaped aljlitydo kitll | nked
lilgand is i ndi-gdiskig affn B@m{’gﬁl@ L2 0GK. e1l0 p ectivity" or
"specificity" is.a rrea_sur%i_i]of t e_’%%angli.ng’épr’e?%%gsnegg{sd@g@g’fu%beﬁsﬁg for

\%{) fferent |i gantherpavtis ingex impsaved biogeaflibity sinprovedbphaehasokinatics,impokeda | i gand
Wi/t h respecigt Ogdy ad RERG. RhORLIRGinS i y¥&.10 another |igand
binding site is ?&ﬁ'ﬁ'ﬁ%he rati o%?“Pﬁgmrﬁ%ég%%ﬁ“@%"&a u‘é‘%’“&%‘f’“@(i e.,
the di ssoci ati o?&wﬁémﬁ%eaﬂépw@ﬁbb thorg thal onecaf et abovecraetioned)affetts. | N cases
where a biological qhfeeh "lSvaleasy” OW. t he - .he. rati.o of the
respective ECUs (i.e., the con%e%%ﬁ%?}{%g@?%f%foJ[;Sruz)gg@re'&'%%e&w?'he nmaxi num
response for t heetweeyaneligapd esrdgfincdhgrein with anbk Bgandbinditigsité madefihéddorgh. bi ndi ng
sites (receptorgls ol el ite" denot the site on the
fi-adrenergic recgog%d?rgﬁot: gltgaarégc%gn:&zhgglﬂghpiﬁagn 1850%&11&&%1- ﬂgﬁ“ﬂ@ﬁl’des a

bi ndi ng par¥therexhibit upiyalendyiwhgmenly diredigalis intgyatiog bithdi ng site may be defined
by nononeric. or d bidRhd GeeS @S ne 2004 1/ 42193
PETIOR00 ) 5500y Fdbd b fees F%ﬁ*ﬁ‘n%y?ﬁ‘g%%%ﬁ%ﬂgﬁﬁ?saﬁﬁ%g[gg\fll%l%g-uni que

bi ol ogi cal effect, for exanple, agonism, antagonism and nodul atory
effects or it may nmmintain an ongoing

LT LR

. The term "multivalency” as used herein refers to the concurrent binding of

- from 2 to 10 linked ligands (whicki may be the same or different) and two or more
20 - _éorresponding receptors (ligand binding sites) which may be the same or different.
' For example, two ligands connected through a linker that bind concurre_:ntiy
| to two ligaﬁd‘binding sites woﬁld ‘be considered as bivalency; three ligands thus
" connected would be an example of trivalency. An example of trivalent binding,
L illustrating a multibinding corpound bearing three ligands versus 2 monovalent

25 - binding interaction, is shown below:



bi ol ogi cal event, and the like. It should be recognized tha Jure2P94and

bi nding sites of the receptor that 5 participate in biological multival ent
bi nding interactions are constrained to varying degrees by their intra-
and i nt er - noWweQuwhAss associ ati ons. For exanple, |igand b;eﬂbgﬁﬂﬁﬁ;es may be
-covalently joined to a single structure, noncovalently assocliated in a
multimeric structure, enbedded in a nenbrane or polyneric matrix, and so
on and therefore have less translational;gand rotational freedomthan if the
10 sanme structures were present as nononers in solution. The terns ,
"agonisnt , "partial agonisH, and "antagonisni are | known in the art.
The term "nodul atory effeozgireﬁsks to=t=he=ability Qﬁg%he | i gand. to change
the activity of an agoni st ant agoni st t hrough bin gto aligand
binding site. The term"inert organic solvent"” or "inert solvent" neans a .
solvent which is' 15 inert under the conditions of the reaction being
described in conjunction therew t hupidd¢ntgfiteraptioby way of exanple only,
benzene, toluene, acetonitrile, tetrahydrofuran, dinmethylformam de,

chl orof orm nethylene chloride, diethyl ether, ethyl acetate, acetone,
net hyl et hyl ket one, methanol, ethanol, propanol, isopropanol, t-butanol,
di oxane, pyridine, and the Like. Unless specified to the contrary, the
solvents - used 20 in IMM descri bed herei Rert solvents. The
term"treatnent" ref : reatment of a pathol odi ditionin a

- mamal , particul arly'u', i ncludes: (i) v e pathol ogic
condi tion fromoccurriMg iy a sybj ect =whrcii-may e prnédi spdsed to the
jeen .di agnosed with the

2¢dndi tion but has not condilti on and,
accordingly,sthe treatnment constitutes prophylactic treatnent for the
di sease condition; (ii) inhibiting the pathologic condition, i.e.,
arresting its developnent; (iii) miNaeaviniegcfidhe pat hol ogi c condition, i.e.,
causi ng regression of the pathologic condition; or 30" (iv) relieving the
conditions nedi ated by the pathol ogic condition. 8 June 2004 WD 01142193
PCTI-t | SO0 /33057 - - 3@hodlihbe drdeutobdtirtot sibdompoaitd tat Gt Yalipl Sopi@dul at ed
by. treat ment wi a - Jigand' coyers all disease state j.e., pathologic
condi ti ons) whi %:f% _hg?ned agttg%%?té’lalqﬁ/&ﬂé)é ﬁﬁﬁ'@&%fi‘aﬁ%ﬁ € tﬁé‘t 'i’f’ é’LGE“BmB‘E‘ %seful Iy
treated witlf a mulfeatehcy,de., thhhd Balogidil @fdsrghetapeutic 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.

e

Py _ c Fu_r_tlienno;e, the mulﬁbinding compound of the present invention can be
compc'):sec'l‘ of ligands that are all P2 adrenergic receptor agonists, partial agonists, or
it can be composed of ligands that are selécted from 2 adrenergic receptor agdnisis
and antagoﬁ_ists provided that the multibinding compounds exhibits an overall p2-

20 - adrenergic receptor agonistic or partial agonistic activity. A multibinding
compound that exhibits partial agonist aéti_vity at adrenoceptors may proﬁ&e
adva_ntages over a compound that exhibits full agonism. Paxtlal agénism may result
in'a reduction of the rate of receptor desensitization, recebtor recycliﬁg, or receptor

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



receptor in general, and those disease states which have be8dun@dfdtto be
usefully 5 -treated by a specific nultibinding conpound of our invention.
Such di sease states include, by way of exanple only, the treatnent of a
mammal  af f | i §pslapdos h ast hma, chronic bronchitis, chroni G y
obstructive disease, and the like. The term"therapeutically efftective
anount” refers to that amount of nultibinding conpound which is sufficient
to effect: treatnent, as defined above, ? when admnistered to a mammal in
need of such treatnent. The ther apeutlca? effective amount will vary
dependi ng upon ' he wei ght
and age of the tsf% ?Js theggﬁ\lfg??tgéag?rﬁw& P%ggggb%%ﬁatﬂua%hﬁgt o manner
of ‘admini strati @wm:cttwmemwépathm@w E@dlﬂpmmdlsyasb% Alswbibindingd by one of
ordi nary. skill r f e
appropriate by t ?rg{fans@;;l;p ﬁ?&gsg%adg t{;éiﬁ SFIS?J g)Q:tulﬂA Sﬁlst‘"’?ﬁ

coval ently atta&dmﬁe fammbmdingcmmptbungamh&@&smcctﬂMagbmstctcﬂMty\xﬁy in a
manner that provi ound. o) able of multival.enc Anong ot her
-features, the Ie’dﬁﬁg?’ aﬁmfﬁr a- 0 lPl “gr1sm°8{t|’t"i“f5ylet°ﬁl§t'“Bré’?{?h‘aflélsé{ t achment
of at |east t\Mbumx;nbﬁapmﬁalandthmipc(mhma&-elmypth&gbiﬁﬁnsxaﬁmdlwm@jef ferent)

t hereto. Addit| al | 0 .the |ink can .be eit hlral or achiral

mol ecul e. I'n so?@‘ éggl%mﬁqgc?ql% w?fé%%‘“%“&?f@&?%"ﬁ? ARSI MRt at t aches
the-li gands i N provie addwer hdidewse of intliesircll side effect RGNS PesiGRIVARINGIréism

mul t'i valeney. Additionally, in some cases, the linker may itself be
biologically. aclaP‘i/'é‘crealsﬁ%mf’%‘fi'ﬁ?‘“ftPﬁker" does not, however. extend to cover

solid inert 1supports1mah1 "BSteily B ekfors @Hl@ﬁﬁmmﬁﬁ b&lbﬁﬁnauifld a%&haa&dadt he |ike.

But it i.s 25 under 00d.t ha ounds of this invention
can be attached‘st‘ﬂ? &%ﬂ"m&%‘;ﬂ%ﬁﬁw %‘?ct'e feacy efifch
attachnment’ to s 1§tyﬁﬁﬂl’ytpﬁop@ﬂibni1@o lmmgtyff&rnsu@&:d Bin@RPAA It Hiheand
purification processes and s | ar | i cati ons. The_extent to which

mul ti'val ent bi n&?sﬁﬁﬁ}e@?%cé'l'ﬁ‘al “a’é‘BE ¥ COfFriApd it itsaffinity; Ineompgirgthevhi ch t he

linker or Iinkeg teﬁ@wnwccurﬁg& d.916 hgIBIRAGS RieREmB i dbhesRe o3R uhii@@ads to the
array of 'avail a and bi ndlg}gvsme .. Beyond presenting these 8 June
e SO PSR soh

2004 WO 61/ 4919 Ydetrgeined pndey identieal test conditioas act i ons

with |igand bi ngd.gginsh iAo drigvibe BEEY inGh abﬂrﬁﬁ?ﬂfeﬁam:ﬁ&?%ﬂél'shéhmr ai ns
these interactions {o_oc ur wi thin dinmensions defined by the |inker or

li nkers. Thus, ®#EEt I‘h"‘\‘ﬂ’é tihindipe agend prodpges an %%‘fa&ﬂb‘}ﬂ""’@‘&%net ry,
orientation, si dfthedapedtié e dt ¥ lovieh EiticGMati HARENASE igg%gate%}.&k)ed fgfgicat ures of

indicative of enhanced potency. _
20 - The term "selectivity” or "specificity" is 2 measure of the binding

L . preferences of a ligand for different ligand binding sites (receptors). The selectivity

) . .-, .. ofaligand with respect to its target ligand binding site relative to another ligand
L i)inding site is given by ﬂie 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,y's (i.e., the c-oncentrations'

. that produce 50% of the maxxmum response for the ligand mteractmg with the two
' dlstmct ligand bmdmg sites (receptors)).

. The term "ligand binding site" denotes the site on the f-adrenergic receptor

- that recogmzes a ligand domain and provides a bmdmg partner for the ligand. The

.30 ..llgand binding site may be defined by monomeric or multieric structures. This




5 nmul ti bi nding agents that play an inportant role in deternSniung 208&i r
activities. The linkers used in this invention are selected to allow
mul tival ent binding of ligands to the ligand binding sites of a 02
adrenergic rggﬁﬂhg% whet her such sites are |ocated interiorly, both
interiorly and on-the periphery of the recept or struct ur ETUBABT any
I.ntermedi ate position thereof. 10 RWresentative ounds. Formula (1); 1.
Representative mul tibinding conpounds of Foiinula (1) wherein pis 2, qis
1, Ar' is 4- hydroxy 3- hydroxynethylpherT?ﬁ, A? is 1,4- phenylene, R and Rz
are hydrogen, are as. defined.in 15 bel ow are: 20
Table A ' -25 o e%f‘%‘@?}’nbm?abl?ﬁéﬁﬁ“ Uging linigu ﬁP@“tﬁ&b ﬂﬂggﬁ@r@’@ew&ﬁ C
IZQE Sgg E $2§ EBO@ﬂNﬂ‘ ﬁﬁ%‘lﬁlﬁﬂ,@lﬂ l‘élg)m%]tﬁﬂ?&l[ﬁdts arit rzxal%(ﬁamtzun an ongoing

o) phenyl ** =
3A(RS) - (CH2) 2- b@d‘(ﬁg‘ﬁﬂlﬂ’ﬁﬂé 4! %H) phenyl ** = (RS)
4A(RS) - ( CH bond1VH- wamd%%mwmwwd&n ﬁgfeemaﬁuwrxmenyl ** =
(RS) 8 June 2004 WD 01/42 3 - - 5 PC /]JSOQ 33457
5A( RS) - ( CH2)b0- BEipaisippiologisal et hifflipg tteractionsiapeopstrained povansine. 3-
hydr oxyet hyl.) phdugyéks by their intra- and inter-molecular associations. For example, ligand

bmdmg sites may be covalently joined to a single structure, noncovalenﬂy
. associatedina mulﬂ,menp structure, embedded in a membrane or polymenc matrix,
and s0 on and therefore have less translational and rotaﬁoﬁal freedom than if the

. ‘10 same structures were present as monomers in solution.

o
A

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

_ - The term "inert organic solvent” or "inert solvent” means a solvent which is
-1§"  inert under the conditions of the reaction being described in conjunction therewith
including, by way of example only, benzene, toluene, aceto.nitn'le, tetrahydrofuran,
A 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 fo any treatment of a pathologic condition in a

o o .+~ mammal, particularly a human, and includes:
o A . () - preventing the pathologic condition from occurring in a subject
o * which may be predisposed to the condition but has not yét been diagnosed with the
25  condition and, accordingly, the treatment coristitutes prophylactic treatment for the
‘ . - disease condition;
(i) mhlbatmg the pathologic condition, i.e., amresting its deveiOpment;
(iii) relieving the pathologic condition, i.e., causing regression of the

-, pathologic cpnd_ition; or

30 (iv) relieving the conditions mediated by the péthologic coﬁdition.




RS) 6A(RS) - CHr bondNH- CHI - ** CH( OH) - (4- hydr oxy-3-  hydnxy- mStJspe Rpbdeny| **
(: (??S) (7A(??) bond- NH- CH2- ** CH( OH) phenyl *# _ (S) 8A(R)-(CHI)27bondNH CH2- **
CH( OH) phenyl ** (R 9A(RS)-(CH2)6-0O bond-O(CH, )6

O [ 4- (3-hydr Q. wglgyl)] (CH2) sphenyl | QA(RS) - CH2* CH( OH) - bond- Oso(sCHZ)

CH( OH) - ( CH2) ~NH. CH 5" = (RS) CH( OH) - ( 4- hydr oxy- 3- RGHUEWGR2

rnet hyl)phenyl ** (RS . 11A(RS) bondNH CHZ-** CH(OH) - O naphth-1-yl  -10

11. Represerit ative multibinding conpounds. of Forrml a (1) whereinpis 2, g .
is *1, Ar' is 4-hydroxy-3-hydroxynet hyl pﬁé‘h is 1, 4-phenylene, R and

Rz hyd Ar a re a def ed Tabl e below are: .15
Table B C%drgtggpeo @V\iﬁ’g ﬂ@ﬁ’g d Rpailioa e § oS By st wkes - a1 5
P CTI US0O0I 330571:@3@%»&&91«1&:%@;3%@)& Mkﬂ]&b&w%ndﬁﬁhﬂg‘lvm%ﬁeﬁﬂy CN( OH) -

hyd b - O bond4- am ngophen _
SBE 53 )(/cnrﬂ(z);(%ne . gfg“ylki Sg%é‘ g‘ﬁ ‘f%?ﬂj‘ﬂl%@h&aas!@r@e l%%a@mg)g@- O (CH2) 6

- NH- hydr oxy- ( Geedpidelh ée’helﬁll‘ﬁn@tﬁose MMW& havé becn tJomd otk GRHNEM

C614) -bond4-hydroxy-3 -
4B( RS) ( CH2)56 trea{eggy a spem c?nultlbmdzng compound of our mv%nuon Such disease states

include, by way of example only, the treatment of 2 mammal afflicted with asthma, '
chromc bronchitis, chronic pulmonary ObStI'llCthC disease, and the like.

The term “therapeutically effectlve amount" refers to that amount of 7
multibinding cémpound which is sufficient to effect treatment, as defined above,

S

10 when administered to a mamnmal 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. 7
15 The term "linker", identified where appropriate by the symbol ‘X, refers to
a éroup 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
Afeatures, 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
3 maybe a covalent bond that attaches the ligands in a manner that provides for a
i . compound capable of multivalency; Additionally, in some cases, the linker may
B . itself be biologically active. “The term “linker” does not, however, extend to cover
solid iﬁért supports such as beads, glass particles, fibers, and the like. But it is
25 understqod 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



0-(CH2) 3- O (CHZ) s- NH- hydr oxy-
stereochem 5B(RS)- (CH)2-bondphenyl

(CHA- CH2- ** CH(OH) net hyl phefylune 2004 ( Rs)
111. Representative multi binding

conmpounds of Formula (1) wherein pis 2, qis 1, Ar'. is
y; met hyl phenyl,
hyt) phenyl ,

4- hydr oxy- 3-

hydr oxy- 3- hy roxyrre%

below are: OH N W _Ar2 X

1C(RS) bondbondt rans- 1|,

4- NH CHI - ** CH(OH) -

R and R2 are hydrogen, é?
X, W Q and A? are as dé'f:i”ﬁlﬁ‘a”:ﬁ’ TTable C
"15 Tabl e C 20 Cpd. Stereochem WKAr 2Q #at *C

cycl ohexane ** = (RS) 2C(RS)

- CR2bond1, 3-- CH2- NH-CH ** cycl ohexane™3%H( OH) - ~ (RS) 8 June 2004 VO

41/ 42193 --42-X

'3C(RS) - (CH2) 3- b’&?ﬂis 9r

LR e

i iens. i gan ipdiog g, linkes o Jinkpes

4C( RS) bondbondpspatiilykamsraibthédeiZntécictiohk Ohdbeur WithinRBhensions defined by the

5C( RS) bondbond1l - CH2 NH- L (RS 5 I
R(ca:|(c_)r e)sent ative Wﬁﬁ"?‘?’ﬁﬁ% nﬁ‘"%ﬁf&ﬁﬁéﬁ%?‘“@%?%%ﬂ@%ﬁ BOMeRYis 2, qis
1, Ar' and ' Arerientatior siby, dekility3ctiyibaDeonipotiniv, BRg B! feareddtd R2 are '

and X are as defined in Table D bel ow

hydr ogen, Qé S mﬁ]ngmﬁlmgagemsm\g{pl

are: Tabl e

Are,
ay an 1mportant 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

resentativ

I.

whereinpis 2, qis 1, Ar' is 4-hydroxy-3-hydroxymethylphenyl, A is 1,4-

phenylene, R' and R? are hydrogen, X, W, Q, and AP are as defined in Table A
15 - below are:

20

ounds.

or at any intermediate position thereof.

ormula (1):

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

Represcntatwe multibinding compounds of Formula (1)

/QA/ W

Table A

Cpd

Stereo-
chem. at
*C

X

Q-Ac® (** = stereochem)

1A

(RS)

+(CHy);

bond

-NH-CH,-** CH(OH)phenyl ** = (5)

25

2A

(RS)

-(CH,),

bond

-NH-CH,-** CH(OH)pheny! ** = (R)

3A

(RS)

-(CHy),

bond

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

4A

(RS)

'(CH:!)'{'

bond

-CH,-** CH(OH)-(4-hydroxy-3-

hydroxy-methyl)phenyl ** = (RS)




10 Cpd. St ereochem WAr zX #at *C 1D( RS) bond1, 4- - ( CHZ) - ( p- C6H, &)JUNp2094 -

cycl ohexane** CH(OH)- **  (RS) stereochem V. Representative nultibinding
conpounds of Fornmula (1) wherein pis 2, qis 151, R and R2 are
hydrogen, Wiw®ahsh¥-.. Ar2 is .1, 4-phenylene, -QAr3, is

hydr oxy- 2- phenyl Jethylamino, X is a 'bond and Al is as defi nego%sé?%w are as
shown in-Table E below. OH 8 June 2004 WD 01/42193 -43 Table E 5 10 15
PCTI US00133057 Cpd_ #Ar' Stereochem Stereoche at *Cm at **C. |

Ephenyl (RS) (RS) 2Epheny| (R)(S) 3Epheny| "(R)

4E4- am no- 3, 5- dfthigropten RS (RS—pEd—=a ; : f R) (R
6E4- ami no- 3, 5- dj #hl ¢BPhen r HNOS) 7Efbadi neCBBOCH-DHaGHeny| (R) §S)
SE4- am no- 3, 5-dj ¢chl gr ophenyl (S) (R) 9EB-for @m( y.dr oxyphenyl (RS)(RS)
14E3- f or nyl - am po- 44{hydr oxyphenyl (R) (R Q(ﬂy‘ﬂmgjd
HE3- f or nyl - ami np- 4- Bydr oxyphenyl (S) (S hydroxyethyl)phenyl
12E3-f ornyl - am ho- 44hydr oxyphenyl (R) (') ** = (RS)
6A | (RS) -CH,- bond | -NH-CH,-** CH(OH)-(4-hydroxy-3-
hydroxy-methyl)phenyl ** = (RS)
1M I® (CH)- bond | -NH-CH,-** CH(OH)phenyl ** = (§)
| | 3A | (B (CH,),- bond | -NH-CH,-** CH(OH)phenyl ** = (R)
o ‘ 5 oA |@s) «(CH,)¢-O- bond | ~O-(CH,);-O-[4-(3-hydroxypropyl)]-
' (CH,), phenyl
0A | (RS) -CH,*CH(OH)- | bond | -O-(CH,)-** i:H(OH)-(CH,)-NH-CH,-
CH,-0- * =(RS) ** CH(OH)-(4-hydroxy-3-hydroxy-
' methyl)phenyl ** = (RS) .
A | (RS) -(CH,),- bond | -NH-CH,-** CH(OH)-O-naphth-1.yl
L L = (Rls')

10 I Representative multibinding compounds of Formula (I) wherein p is 2, q is
1, Ar' is 4-hydroxy-3-hydroxymethylphenyl, AP is 1.4-phenylene, R! and R?
hydrogen, X, W, Q, and AP, are as defined Table B below are:

T OH Q—X—Q—Ar
5 M

HO
HO
Table B

Cpd. | Stereo- X : Q AP
20 1# chem. at
*C w




13E3- f or nyl - ani no4- hydr oxyphenyl (S)(R) VI. M scel | anous conSolsne2004H H 20
HO OH 8 June 2004 WD 01/42193 PCTI US00/ 33057 --44 OH PREFERRED

EMBODI MENTS .5 Wil e the broadest definition of this invention is set forth
in the SummakybeiRbiet he I nvention, certain conpounds of Fay, c?f“g?m{_sk}; are
preferred. (A) A preferred group is a nultibinding conpoun rmul a
(11): OHH NWW-X-QA? Al (Il1) where *C has RS, R or

st ereochem stry 10 Wthin this group ('3‘)1 a nore preferred group of _
conmpounds is 'that wherein: (|) Ar 1aryl nore preferably Ai' is a.

phenyl ring of formgta ()7 —8-Jqme 2uu4 WO—6149+93 7 --4.5-
(C) wherein: R 1% s {k§3r ogiend aI Ky P:(P-RAIONE-GH-51 kborg, | phdfosy-3bl y hlydr ogen,
met hyl, fluoro,| chlforo, of methdoH©o)-Re={m) hydfogen,y B%Wr&ﬁbj hal o, hal o,

am no, or NHSO2R wjere R} is alKWyl, preferably|hydr hydroxy, fluoro,
chloro, amno, -pr-NHSQCHY _and B6 is hydrogen_ halo Pg‘ﬁ'& 0x al koxy,

substituted al kyyin sm}as‘)ony'ltapﬁa no, .oarni noacyl orb@g Im,%;,enp{ ef e abl y
hydr ogen, chl or Uor 0, (Yydroxy, _MELTOXY, OXYT ,

NHSCR CH3, -NHCI—@B-()@@IZ, CHNH(IRI#EHJ@QO(‘P«W}A bonfl  Aydeowpdr yl , pror e
preferably Ar' §s 2)8-di hycb-oxyqu(oﬂj),l-qn.(cﬁ{zy.lmpr B-  brlagadegpxazol - 5-y\|; or

(CH,),- | CH;-** CH(CH)- - methylphenyl
** = (RS) stereochem.

4B | (RS) -(CH)¢ |-O-(CH)O-(p-CH,)- | bond | 4-hydroxy-3-

) : O- | (CH,)-O(CH,)-NH- hydroxy-
(CH,),- | CH,-** CH(OH)- methylphenyi
** = (RS) stereochem.
5 5B {(RS) -(CHp),- | -O-(CH),- bond | phenyl
- HII.  Representative multibinding compounds of Formula (I) wherein p is 2, q is
1, Ar' is 4-hydroxy-3-hydroxy-methylphenyl, R' and R? are hydrogen, AP is (4-
10 hydroxy-3-hydroxymethyb)phenyl, X, W, Q, and AP are as defined in Table C
below are: |
OoH
N H‘w""’2 x4
J 5 ‘ HO OH
‘ . Ho OH
Table C
§ Cpd. | Stereochem. | W X {ar Q
# | at *C .
20 | |wy bond | bond | rrams-1,4- NH-CH,-** CH(OH)-
| cyclohexane ** =(RS)
12c twsy . |-cm- [bond 13- -CH,-NH-CH, **
' ' cyclohexane | CH(OH)- ** = (RS)




(iii) Ar' is heterocyclyl, nmore preferably Ar' is heterocycByngg8e to an
aryl ring, nost preferably 6-fluorochronian-2-yl; Wis a bond |linking the
NRZ- group to Are, alkylene, or a substituted 15 al kyl ene group wherein
one or nore 8} (.}tl)jgmcar bon atons in the al kyl ene and the substituted

al'kyl ene grolp optional Iy replaced by-O, preferably P&TESWMPEGAH bond,
met hyl ene, et hyl ene; propyl ene, -(CH2)6-0- (CHZ) 3-; (CH2)6-O, or -
CH2CH( OH) CH2- O-; and Are is phenyl wherein the Wand the X groups are
attached at the 1,2-, 1,3-, 20 and 1, 4 2pDS|t|ons of t he phenyl ring;

cycl ohexyl opti onaH \- substi-tuted-wi e A and the X
groups are attached a (Rshe 1, J--(GEhY- lbodd ' xyI ring;
or pi perazi ne whgreinf{the Wand. theXgroups are -\ AeRE At , 1, 4-
.posi.tions of the }pipefazire—+Hrg—prpierdb ehe— 8 Jung 2004 WO
01/°42193 PCT/ USO()’43307(&5')46 W tjltiond t hpbaab § pamentirage pr oiNg even
nore preferred gfgoups| of congounds jpre wherein: C , al kyl ene,

--O(aryl ene) NH (fstbsttoted—gHer-et
- O (al kyl ene) - O (afyl péRé) - (al Kyboadie) lﬁn(lallleyplmmﬁéne INIFHE-BIHEGH, i*F Ut ec
al kylene)-, 5 -® (al kyl ene)-( 1, ©
- (al kyl ene) (cycljoal kil ene) - N (subst i tut ed aI kyl e 3: HB_r eferably -O (CH2)
. - CH2- (1, 4- cycl edhexyl ) - NH CHA- _0- (1. 4- phleAt T 6H) - NH CHY- CH(OH) -;
-0-(CH2) 10-0- (1, 4-phenyl ene) - (CHZ)BO (CH2) 6 NH CHZ-CH(OH)-; . :
-O- (CH2) 6- 0-4 1, A+ ph 6%):6 HIJ% r

=0 (CH2) 6-0- (1, phg{r%y{egér%%wgm%ﬁd& CNcldg\I;%1aqT£on mg%z Ebs) Xis a
49nd; and Qis A§u96*§t$f B’teédlyWéwéfowfmﬂylm@erlewﬁnéﬁéathM& @is t he
carbon atons i fhgal flawiost, ahdKGft 2 ililef BTt Bib aRP1 1 ONAI | v repl aced by
a heteroatom sel ected fromthe group consisting o - (where R is
hydrogen, alkyl, or acyl) and -0-, 0M5|_preferably NH-CHZ**CH(O—D ;

NH CHZ- **CH(OH) - CH2- O-; NH **C ) =£EF-|2< 2-**CH(OH)-; -C(CH3)2 NH
CHZ-**CH(OH) ; - (CHZ)3 NH- CH2- '-
(CH2) 3- O (CHZ) 6- NH CH2- **CH( 0
* CH( OH) - CH2- NH-CHZ **CH(O—|) el
-NH-CHZ ** CHOH)-; -NH

OH}
i - (CH2h- NH-CHZ * OH) -; -0 (CH2) -
NH CHzZ ** CH( CH) oftiZ-O; nore preferably

Table D
| Cpd. | Stereochem. | W Ar X
10 # at*C i
iD j(RS) bond I,4- «(CH,)-(p-CH,,)NH-CH,-
cyclohexane ** CH(OH)-
:__-..--_::__\ o _ _ : ** = (RS) stereochem.

V.  Representative multibinding cdmpounds of Formula () wherein p is 2, qis

15 1, R‘ and R? are hydrogen, W is (CH,),-, A% is 1 4—phenylene -Q-Ar, is [2-
hydroxy-Z-phenyI]ethylammo X is a bond and A7 is as defined below are as shown
in Table E below:




20 **CH(CH20H) ; -(CH2)3-0-(CH2)6-NH CH2-**CH(OH) - ; or - NB-JOREZ2004CH( OH) -
CH2-O (where ** is RS, Ror S stereochem stry), nost preferably -NH
**CH(CH2OH) - where ** is RS, Ror S stereochemstry; Wthin the above
preferred, mweopseserred group of conpounds, a 25 partlpggt}[%&]% preferred
group of compounds is that wherein: Ara is sane as Ar' rned in
preferred enbodi mnents (A)(i)-(iii) above. (i) Another particularly
preferred group of conmpounds is that wheygin: Ar3 is a phenyl ring of _
formula (d): 8 June 2004 WO 41! 42193 PCTIUSOO 33057 --47 (d) wherein: R7
i s hydrogen, alkyl, alkenyl, substituted al kyl, hal o, al koxy, substituted
al koxy, hydroxy, am noacyl, or heteroar L preferably hydr ogen, nethyl,
propen-2- 5 yl, fluoro, chloro, net hoxy;ly ECH2CoRMe, - OCON( CH3) 2, hydr oxy,
- CH2CONH2, - NHCOCHB HEHQ 1 m dazol -1-yl, or Jomethyl - o :
~trifluoronethylim j%%‘%%l-??l; and R8 is hydr oga%t?re?fg%/%, ATEBK?
substituted al koxy,}or acylam no, preferably hyp#dgen, fjl woaot*Cchl oro,
lgﬁ?lzz’ -NHCHO, or 10 H2. (|( ) Yej anot her

r;nnmmmric is_tha ( erein ra ik

met hoxy, - OCH2CO2Me
particularly preferf i
napht hyl, py¥idyl, pzzi 'ﬂ}iag)ll 1- yI i ndol yl, 2} gzyanm ncol(_yjl - chr bazol yl
4-m'athylindanyl, 5- CH3 CH2O )= 1723 4-tetratyphromaphtityt 1”—2
oxoi ndol e, 2,3,4-tr :H:vdro Rhearlapht haI ene, 4-hydr ot - 2- berjzé®hi azo| i none, or

4 15 oxo- 2, 3-di hydr pjgi anh@-tanlﬁ’lo%dml}@{utoﬂﬁeﬂylt he ab@ﬁ pr efle 3&5 npre

preferred, and par t pett-ar ATATSI=1 Liarly
preferred group is - }mat V\,he-lamm-:i Sﬁdlcﬁlomiiheﬁhenw @) hydr oy yp@enyl{ ,
TSR oy Pl AR SR B AV el
P G i B T = T e TR e
.)phenyl, 4- hydr oxyl-8 { NHp&@ujnoticiadithloBptehylor ophjisyl , 2, 3- et holxyphenyl
4- 98 3-formyl-amino-4-hydroxyphenyl | (&S) (RS)

10E 3-fonnyl-amino—4-i1ydroxyphenyl & 1 @

IiE 3-formyl-amino-4-hydroxyphenyl { (5) A 5)

15 112E 3-formyl-amino-4-hydroxyphenyl | (R) )
13E | 3-formyl-amino-4-hydroxyphenyl | (8) R)

VI Miscellanous compounds:
)
3 OH H .
HO . G - '
HO™

HO

20 HO OH




( CH3SO2NH ) - phenyl , 4- hydr oxy- 3- ( CH3SO2CH2- ) phenyl , 4- hydr oRyuBe 800tine 2004
WD 61/42193 PCT/ US00133057 --48 (CH3SO2NH- ) phenyl, 4-hydroxy- 3-(
NH2CONH- ) phenyl , 3, 5-dichloro -4- aniinophenyl , or O preferably 4-hydroxy
3- hydr.oxynemudigesyl., 4- hydroxy-3- (HCONH ) phenyl, 3, 5-pcrmseossoss

di chl or o- 4-am nophenyl, or HOO 5 nost preferably

4- hydr oxy- 3- (HCONH- ) phenyl  or 3, 5-di chl oro-4-am nophenyl; and Ara is:

. 10" 15 8 June 2004 WD 01/42193 PCT/ US0Q}33057 --49 . 1 O CH2ZCO2Me (X =
H, -Ove, OH) OCHzCO2Na OCH2CO2Me Me (It 2 M ole CH2ZCONH2 x (X - H, CN) |

© OH

o Iy H\/\iNj\/\ = P
Ne~ oH

N
HO OH
HO
o PREFERRED EMBODIMENTS B
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 (T1):

“ TN ' OH H
S | | AH&,N—W—AF—X—Q.AP
. ' ' (1)
where *C has RS, R, or S stereochemistry;

10 Within :this group (A) a more preferred group of compounds is that wherein:
(@  Ar'isaryl, more preferably Ar' is a phenyl ring of formula (c): .



(X=0; CH2) C OH CH20H 1 r 11 ON .1 GH V9% NHCHO .or Z. O S&yuee@pp4 \e,
-CONH2 (2 =C or H (X=d or F) (X=d or F) 1-NHCONHZ "~ ~ocon(CHah
OCOH(CH3)i X 8 June 2004 WD 41/ 42193 PCTI QS00/ 33057 -50- preferably,
phenyl or 4-{ % - 3- hydr oxynet hyl phenyl , nore pref erablélgnghen% Yet
anot her preferre gr oup of corrpounds of Forrrul a (1) are: ﬁ'bound of -
the formula: Art OH 10 wherein: Ar' is selected fromthe group consisting
of 4-am no- 3, 5-di chl orophenyl and 3- fo_%l am no- 4- hydr oxyphenyl ; and the
stereochem stry at *C and **C is (RS) (RS); (R and (R); (S) and (9);
(R). and (S); or (S) and (R); and pharmaceutically acceptable salts thereof.
15 Wthin this group, a nore preferred %4orrpound Is that wherein Ar' is 4-
am no- 3, 5-di chl orophenyl, and the stereoxkgpi-stry at *Cis (RS) and the
stereochenistry at **Cis (RS), or tR ocherri stry at *Cis (R and the
stereochem stry at **Cis (R), or the steféochem stry at *Cis (S) and the

. ‘wherein:
Riis hydrogen, alkyl, halo, or‘a]koxy,‘ preferably hydrogen, methyl, fluoro,
| chloro, or methoxy, | |
£ 5 R? is hydrogen, hydroxy, halo, halo, amino, or -NHSO,R* where R*is alkyl,
' preferably hydrogcn, hydroxy, fluoro, chloro, amino, or -NHSO,CH,; and
Rfis hydrogen, halo, hydroxy, alkoxy, substituted alkyl, sulfonylamino,
aminoacyl, or acylamino; preferably hydrogen, chioro, ﬂuorb, hydroxy, methoxy,
hydroxymethyl, -CH,SO,CH,, -NHSO,CH,, -NHCHO, -CONH,, or -NHCONH,;
10 (i) Ar'is hetémaxyi, more preferably Ar' is 2,8-dihydroxyquinolin-5-yl or 3-
bromoisoxazol-5-yl; or
+ (il))  Ar'is heterocycly!, 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 AP, 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,
s - methylene, ethylene, propylene, -(CHZ)G-O-(CH,)r,-(CHz)ﬁ-Oa, or-
' CH,CH(OH)CH,-0-; 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 mcthyl
and wherein the W and the X groups are attached at the 1,3- and 1,4- positions of
the cyclohexyl 1ing; or piperazine wherein the W and the X graups are attached at
the 1,4- posmons of the piperazine rmg, preferably 1 4-phenylene



stereochemistry at **Cis (S) or the stereochem stry at *C BslUpRROGhd t he
20 stereochem stry at **Cis (S) or the stereochemstry at *Cis (S) and
the stereochemstry at **Cis (R. Wthin-this group, another nore
preferred coRpppndsss that wherein Ar' is 3-fornylam no4lj}% s J;enyl and
the stereochemstry at *Gis (RS) and the stereochem stry a |s (RS)
or the stereochemstry'at *Cis (R) and the 25 stereochem stry at **Cis .
(R) or the stereochemstry at *Cis (S) _%Ed the stereochemstry at **Cis
(S) or the stereochemistry at *Cis (R d the stereocheni stry at **C

1S.(S) or the stere ' *C S, t he repchem stry at **C
is (R. .30 8 June.%ﬁﬁ%ﬁﬁ%ﬁ?ﬁ&?ﬁ%ﬂ@%@ﬂﬁmp g M?SYI\WHETI C
SCHEME . - Conpourompahds 41¢ whéreiwent i on can' be made by the nethods depicted in
the reaction sghe | o The | s, and reagents used
in preparing thgge”g%r'rspg)ﬁﬁ éq@le“e’ g{}e]ary ?‘@%ﬁ{a@ Fconmer ci al
suppliers such a®- (ﬂkxiene}a-ﬁ-(ﬁilylam)e(aikyléim)-O-(a[kMeh@@NHG(mbst%&ﬂ alkgleir)-, USA) ,
Bachem (Torr nce l,i f SA Loui s,

M ssouri, %’é‘*’bfég E’Béfbﬁ} @Fﬁ?{ﬁg("%ﬂ%ﬁcﬁ‘%@@&@gl led in the

F eser” 'S°Qe28eﬁia““"""*?* A Ay i (Jgﬁ?ﬁvﬁfé "nd. 10
sons. 109 1y R EPesmefingey i clBE R lena b e ipes B ana
Suppl enent al s (R YCHYCTH0ER-; FOUCH 4- Rhe)-(OHYR i i ons, ‘
Vol unmes - 1-40 (gépmwmdg ﬁ;n fqgg;m I{J/g?lgh ti't?(Advagm(-:tEd gani c
Chenmistry, (Joh ?1" 4 i 3”["?“8}133“ and Larock's Conprehensive
-:Qfganl c Tr arlsfornatlgm‘(ovmtﬁumblshers Inc., 1989). 15 The starting

materi al s and t?ls n%errredl ates of the reactlon may be isolated and
purified if desied ési*htﬁ’“@’d"ﬁ entional techniques, including but not

limited to .filt ratQ@hsuﬂdh&ltéddll@jﬂdn@@muﬁﬁv}i@r&ﬁ'ohééﬁﬁdreﬁf tHeRhBERAGQE aphy, and
the Iike. Such materi als r@q(lfﬁe characterized using conventional neans,

i ncl udi ng physi &&f gieroup septioprliyieplaced iy agteraatontsieated i ¢ wi | | be
appr eci ated t hatroiftRy @odp/ddidisting 6f -NHE(WAER R iy §OESS 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,~0-; more preferably -NH-CH,-**CH(OH)-; -NH-

20  **CH(CH,OH)-; (CH,);-O-(CH,)--NH-CH,-**CH(OH)-; or -NH-CH,-**CH(QH)-
CH,-O- (where ** is RS, R or 8 stereochemistry), most preferably -NH-
++CH(CH,0H)- where ** is RS, R o § stercochemistry;

Within the above preferred, more preferred group of compounds, a
25 particularly preferred group of compounds is that wherein:
()  Aris same as Ar* as defined in preferred embodiments {A)(i)iii) above.
Aﬁother patticularly prefetred group of compouxids is that wherein:
(i)  Aris a phenyl ring of formula (d):



conditions (i.e., reaction tenperatures, tinmes, nole rati os8dtn% €84 ant s,
sol vents, pressures, etc.) are given, other process conditions can. also
be used unless otherw se stated. Opti numreaction conditions, may vary
with the. parghgwgﬁi reactants or solvent used, but such condi tions can be
determined by one§Rilled in 25 the art by routine opt i m %HIBMPFocedur es.
Addi'tionally, as will be apparent to those skilled in the art, conventional
protecting groups nay be necessary . to pgevent certain functional gr oups
from undergoing undesired reactions. Thé/thoi ce of a suitable protecting
group for a .particular functional group as well as suitable conditions for
protection and 36 deprotection are mel$ kngwn in the art. For exanple,
nuner ous protecting groups, 8 June 200 142193 PCTItTS00133057 -52-
and their introduction and renoval, cribed in T. W Geene and. G
M Wits, Protecting Goups in CXganlgﬂ ynt hesi s, Second Edition, WI ey,
New York, -1991, and references cited therein. These schenes are nerely
illustrative of some nethods by which the 5 conpounds of this invention can
be synthesized, and various nodifications to these schenes can be nade and
wi Il be suggested to one skilled in the gyt having referred to thi's
di scl osure. ara n. of a mul obi nding conpund of Fornmula (1) 10 In general,
a mul ti blndlng“éﬁﬁﬁound of Formula (1) where pis 2 and q is 1 can be
prepared as illust rakﬁdhﬁﬁ&haﬁ',@ﬂ@t hﬁ&&@llsﬂbsﬁﬁl?&@mﬂaﬁ A?E‘dx %bsﬁuﬁaéi tibinding
‘conmpound -of For where p is and q is can repar
coval ent]y att agiffP’ﬁ’g Yy fepinergEl, oq_hetemqg,l,@[rqferalgly hﬁh@ﬁﬂm\@hﬂiPWMBQI-l gand is
5@l ected from aypgﬁagwm,@fm{hgmgH@ms N(ﬁﬁ? h(?vdrB Lﬁg} of the 15
hene Pow. the

frivention, to a Ilnker as shown 1n Sc hod a 2 LL
FGA Me od + FG2NHEGEED, @H@HQ imidapats Lyl pred et e tifial el 2-y
[internedi ate] and
' R* is hydrogen, halo, alkoxy, substituted alkoxy, or acylamino, preferably
_ hydrogen, fluoro, chloro, methoxy, -OCH,CO,Me, -OCON(CH,),, -NHCHO, or
10 -CONH,.
(i)  Yet another particularly preferred group of compounds is that wherein: |
AP is naphthyl, pyridyl, benzimidazol-1-yl, indolyl, 2-cyanoindoly},
carbazolyl, 4-methylindanyl, 5-(CH,CO,CH,0-)-1,2,3,4-tetrahydronaphthyl, 1H-2-
~ oxoindole, 2,3,4-trihydrothianaphthalene, 4-hydr6xy-2—benzotlﬁazolinone, or4-
15  oxo-2,3-dihydrothianapthalene.

p—

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

Ar " is phenyl 4—hjfdroxyphenyi 3.4-dihydroxyphenyi, 3,4-dichloropheny!

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-
Jphenyl, 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-



(11) deprotect FQD --------- ~ L X-F& + L2-~ L1 -X L.2 208 14negbfrbd (a),
a nul tibinding conpound of Fornmula (1) where pis 2 and qis 1 is prepared
in one step, by covalently attaching the ligands, L, to a linker, X, where
FG and F&Z t .a functional. group such as hal o, dr oXy,
.thio, al deh@v?g?ﬁﬁgﬁone, car boxy, carboxy derivatives su?ﬁ ’3§°"Q¥ Bl hal i de,
ester, 8 June 2004 WD 01/42193 PCT/t7S00/ 33057 -53 anido, and the |ike.
This method is preferred for preparing _&“rpounds of Formula (1) where the
| i gands are the sane. In rret hod (b), thé corrpounds of Formula (1) are "

d t | ent of
7 oana. L i (e OR R IRRRE - O B R A RO o T T

functi onal grommnmpheh;ﬂll ned above, and F&ZPGis a prot ected functional
group to give an internmediate of fqrnula (I11). Deprotection of the second
functional group on the |igand, Q8- with a ligand | am

whi ch. may be sane or different rovides a conpound of
Formula (1). This nmethod is K| for pgep g~ conpounds of 10 Formul a
(1) where the ligands are the ndN~identical. The ligands are covalently
attached to the |inker ‘using convergi onal chem' cal techni ques providing

for covalent lin t he Reaction chem stries
resul'ting in supdﬁa'%ﬁﬁaﬁg'é’x-‘ébég%gf 311 ﬁwxaﬁrﬂwfi@hﬁ%ﬁv% the use
of conpl enent al‘dicliidjﬂ-@tahﬁli@he[g[,mips on the linker and ligand as-shown in
Table | below. Table | Representative Conpl ement ary. Bi ndi ng Chemi stries
First Reactive G oupSecond Reactive G o Me 20car boxyl am ne am de
~syl fonyl hal i deam nesul f onam de

HO l
HN
_ (e}
5  most preferably 4-hydfoxy-3 -(HCONH—)phenyl or 3,5-dichloro-4-aminophenyl,
and
Ar is:

10°

15



hydroxyl al kyl/aryl halide ether hydroxyl isocyanate urethafeunehed epoxi de
P- hydr oxyam ne am ne al kyl/aryl halide al kylam ne am ne isocyanate urea
hydroxyl carboxyl ester am neal dehydeam ne Reaction between a carboxylic
acid of eithqrdilsesi nker or the ligand and a primary Ordﬁﬁﬁgﬁﬂﬁ&% am ne of
the li-gand or the linker in the presence of suitable, nown
activating agents such as dicycl ohexyl carbodiimde, results in formation
of an am de bond coval ently |inking the“ﬁéigand'to the linker, reaction

bet ween an amine group of either the linker or the ligand and a sulfonyl
hal ide of S June 2004 WO 01/42193 PCT/ USQO /33057 --54- the |igand or the
linker, in the presence of a base such as triethylamne, pyridine, an the
like results in fop ion ofu quon e bond val ent l'i nking the
ligand to the |in and r: i on h en an gigzhol griplienol group of

ei ther .the |inker or fhe | i gaffd and an™al kyl hal i te “ef:ceAre | i gand
or the linker in hel;pMese)ce B a 5 base such as trlethylanlne pyri di ne,
and the tike, results ggﬁ&?rnahlon of an et her bond covalently |inking the
ligand to the Iig

kﬁ tlbl.mo ﬁdof@rrula,l repis 2q
is 1, the second: B

DCON(GH3)z

Wl

Y =OH, Me, —CONHzl z= ClorH) K=ClorF) (X= ClorF)
NHCONH,




ligand Ara is the sane as Ar', X is a bond, and Qis 2-hydr&dpeeRPP4ni no
group, 10 and the ligands are linked through the Al group can be prepared
froman aryl glyoxal derivative of fornmula | as shown in Schene B bel ow.
Schenme , O : + HZN-WAir- NH OH | 2 ''00 ArO-INNWAL?--Nw 3 |
reducti on FIVV%‘-)ﬁJizl‘%r_< - ~ NWAe-HNAr3 (r) (A" = Ara) Pfﬁﬂﬂ’g"ﬁg’ﬁion of an
acet ophenone derivative of formula | with a diamne of forrmula 2 in an

et hereal solution such as tetrahydrofur provi des an iinine of 15
formula 3. Reduction of the imne with a Suitable reducing agent such as

di borane. provi C % Of . aoui fable reaction solvents
are tetrahydr gf?raaﬁi,y ”an@ P ﬂghﬁ"ﬁ@)j %&&%@ylf!?wfefngmﬁmﬁmﬁé Pﬁf‘f&ﬁw is
prepared by heati nFepawthepprefamerzroup of8emponddsalf Forfda @raret | n

di met-hyl sul f oxi de. ,Conpgun rgul a | can be prepared by nethods well.
known in the art. L ZO'R 8‘%3%"%353{) %?(}Jngfqlg' - di hydr oxy- 4-hydroxy- 3-

met hoxycar bonyl acet ophenone can be prepared by heating. 5-acetylsalicylic
acid nethyl gester in 48% h obrosnic acid. 8 June 2004 WD 01/42193 -P
CT/ US00133057 -55- Alternatijvel yi4 a nul tibi ndi ng conpound of Formula (1)
where pis 2;, gqis 1, the. Q | iga Aa is the sage as Ar', X is a
bond, -and Q is 2- hydro¥ethyl ami no grf and the | Hs are |inked

t hrough the A? group can be prepared f doxi db of formula 4 as
shown ‘in Schene C bel ow. - : :

) - | " 10  wherein:
Ar' is sclected from the group consisting of 4-amin6-3,5-dichlorophenyl and

3-f0nnylamino-.4’hydmxyphcnyl; and the stereochemistry at *C and **C is (BS)
and (RS); (R) and (R); (S) and (S); () and (S); ot (5) and (R);
_ and pharmaceutically ac:.ceptable salts thereof,

15 Within this group, a more preferred compound is that wherein Ar' is 4-
amino-3,51~dichlorophenyl, and the stereochémistry 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
sfereochemistry at **C is (S) or the stereochemistry at *C 15 (R) and the
20  stercochemistry at **C is (S} or the stereochemistry at *C is (S) and the

stercochemistry at **C is (R).

e

L . Within this group, another more preferred compound is that wherein
Ar is_3-f0rmylamino~4-hydroxyphenyl, and the stere(.achemisuy‘ 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 ﬁe
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



5 + H2N--WAre-NH2 4 2 Scheme C OH H OH --~ A i N-WAre- HN8Jupe 2004) (A
= Ar3) A conpound of Formula (1) can be prepared by reacting an epoxi de of
formula 4 with a diamne of fornmula 2. Epoxides 4 are gi éher cormermglly
avai |l abl e or n be prepared by the methods described in Kierstead,
LW et. 10 'al‘{&@.}'l‘zﬁ%d. 'Chgm p26, 1561- 1569, (1983) or HECT/USKE3BT ) . Tet |
Lett.35, 9345-9348 (1994). Another method of preparing a multibinding
conpound of Forrmula (1) where pis 2, q_.is 1, the second |ligand Ara is the
sane as Ar , Xis a bond, and Qis 15 271 7dr oxyet hyl am no group, and the

acet ophenone. der vati ve. of f cPRTARAL SO ERERRC sABRERS D Lol ow  schere 8
Junie. 2004 WO 01/ 4219Compdu6dsAif this infintioBran bb maliMy3he mRGIdsUepOESRARy O~ , OH
TN AT RSO own bl 2 7 8 CHCWAR-GHO -, {0 CH |
The starting materials and reagents used in preparing these compounds are
5 either available from commercial suppliers such as Aldrich Chemical Co.,
(Milwaukee, Wisconsin, USA), Bachem (Torrance, California, USA),
Emka-Chemie, or Sigma (St. Louis, Missouri, USA) or are prepared by methods
known to those skilled in the art following procedures set forth in references such as
Fieser and Fieser's Reagents for Organic Synthesis, Volumes 1-15 (John Wiley and.
) 10 Sons, 1991); Rodd's Chemistry of Carbon Compounds, Volumes 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 materjals and the intermediates of the reaction may be isolated
and purified if desired using conventional techniques, including but not limited 1o
filtration, distillation, crystallization, chromatography, and the like. Such materials
| Amay 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,

S

pressures, etc.) are given, other process conditions can also be used unless
..o_thérwise stated. Optimum reactioﬁ conditions may vary with the partig:ulaf
reactants or solvent used, but such conditions can be determined by oile skilled in
25  the art by routine optimization procedures.

_Additionally,’ as will be apparent to those skilled in the art, conycntional
protécting groups may be necessary. to prévent certain functiohal ‘groups from
‘uhdergding undesired reactions. The choice of a suitable protectihg group fora
particular functional group as well as suitable conditions for protection and

30  deprotection are well known in the art, For example, numerous protecting groups,



pJ./NWA?-N-Ar3 9 10 (E) (Ar' = Ar) Bromination of an ScHf®8f¥hone
derivative of fornmula 5 with bromne in a halogenated organic sol vent such
as chl orof orm provi des an a- bronopacet ophenone derivative of fornula f.
Treat ment of fyilaho30di um azi de fol | owed by- reduction of 5 the resulting
azide 3 with a suitable reducing agent such as Iithium al®SHBRMRdri de
provi des et hanol am ne derivative of ornuta2-8. Condensati on of two '

equivalents of $ with a dial dehyde conpound of fornula 2 provides an imne
of formula 1Q # Beir inodustionandaemaval, 2re desegiesd il ToV. Grsemadnd G M. Véts,descr i bed
in Scheme A ab@yfecihd Groawoid Ordanic S8 G ; met hod of
preparing a nulti b‘izcn'd‘i?ng, go o’gﬁncg‘# Eor’w'{oghﬁﬁggmékﬁéﬁ@}@ﬂ%’i s 1, Ar'
and Ara are dif aedeferences citedthereind, and Q i s 2- hydroxyet hyl ami no group, and

Scheme & bel ow Scheniet et AR neae Eaheiend BRBRFRNEE 57 G
|1+ P&PGLN- - porapopndsi4iitidsl invention ¢an be p@HREzdNand\ksriousihollificatidns iPtheseduct i on

gé’ qu OH PG2EffedNesVan BE l_?nhND 2t will ﬁ%u&&&tw éro%é ékl\ijllelﬂ in 411% a}tﬁla‘(/)ing ircféar\xreg St OH PG
. ' ~ to this disclosure. :

* Preparation of a multibinding ggxﬁp_o_und of Formula (])
10 In general, a inulﬁbinding compoundA of Formula (I) where pis 2and qis 1
27;'-?5}) : can be prepared as i]lustrated and-described in Scheines A-D below.
o ' A multibinding comi;ound of Formula () where p is 2 and q is 1 can be
prepared by covalently attaching the ligands, L, wherein at least one of the ligand is
selected from a compound of formula (a) as defined in the Summary of the

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

' §cheme A
. Method (a)
FG'

2177, F@—X—F& L— X— L

Method (b)

_FG! )
- L + FG—X—Fe%PG L——X —Fg?%gG
i {intermediate]
)
- deprotect - FG'

. L—X —f@2 + L& Ly X——Lp

20
- In siethod (a), a multibinding compound of Formula (I) where p is 2 and q is
1 is ptepared in one steli, by covalently z;ttacbiﬁg the Iigmds, L, to a linker, X, '
where FG' and F_G2 represent a functional groﬁp such as Halo‘, amino, hydroxy,
thio, aldéhy.de,‘ ketone, carboxy, carboxy derivatives such as acid.halide, ester,



iOH - OHti p~~—~NW Are-N~ Ar%9N WAre-NH),,Ar3 reduct iBching2004)
Condensation of a diamne of formula I | (where PG and PG are suitable
am no protecting groups which can be selectively renoved) with a gl yoxal of
formula 2 fold; y reduction of the resulting imne of formila 12 with a
suitabl e redyﬁgﬂ%ent such as diborane in a suitable tr"&ﬁ@?‘?o@ﬁo’%ol vents’
such as 5 tetrahydrofuran provides a cebpound of forrmula 11. Conpounds of
formulae 1 can be prepared by nethods described. in figure 14. Reaction of
conmpound 1-5 wi #pideyandfhslike. hHhsnpethed is prefasd for prsnprivg wempiunds of Forrda b

fol  owed by redgrihddnligdniSark 8l sfingr OUP_provides a conpound of fornula J.
The reaction is carried out under conditions well known in the art. 10
Deprot ecti on of the Inmethod (v.dheeompaundg pbtgrmuladh) ayspoapandd in astepwissound of
Formula (1). T ' ie L QN [fL e .on,the nature of.
the protecting Q%ﬁ%{&kggéﬂg%ga&'“g?% %\%%Hgdrftgthg%ﬁ gg%g?’c‘) aﬁdlﬁg benzyl, it
is removed uhdewhesaivdicsptRG anch &t oxpessent adumctieratgrowresdefirdd bomsnd. 15 Any
conmpound whi ch ' t.or. i n used as a |igand
inthis inventi%%?ﬁ%%?’g%ﬁg&ﬁﬂg&% 0 r?gg‘s"g?‘g@?e ager"fﬁg%‘“g""s‘ﬂ% ligand will
have at | east oBeprétestion ocfthesecepddupstional goupen the ligaidniolloweddiyaeagtion t hi ol or

car boxyl -~ grou . | i [ | (oF ] nd to be readily

coupl ed to the ' ngle[éagg['C(%Jﬁn%(!)’l%sbggaé]\%Jr‘l-gy%ﬁ‘%:nﬁgﬁj%ﬁ)ghgﬂeﬂ’?v@’ 2 either
known in the artompourskof Fomnybr @p dihéstnBhofllinmitable for Yepdlihg 42 S3ndsRHET/ US00133057
-- 58- by royi nodificati.on. of . kn cappounds usi ng conventi onal
reagents ang)t [)krgoggél%@é@emﬂfﬁﬁ edrsgm%n%'élggé@fag‘ched to different positions
0§ the ligand nol ecdhe ligamds ste bivelentlyitiabled enthe ke il dogventigfal t he | gand

domai ns, and thereby facilitate.. 5 nmultival ency. . Vile a nunber of
posi tions on P-° 5‘3?%” qaues proyiiag fopep *"5‘3%?@%@8%@@%%@? 1ekerl y practi cal
for 1inking, itRéastiqrchémistriecketultinprie sehViakishogewell k@andn thsdRSAad UCt Uur es whi ch
are . nost. inportant for _.ligand-recgptor bindin At present, the aryl
group and the ST ?PFWW@’S i eﬁg‘ftlé’f‘%lrgf‘@‘ﬂs ?fg‘?‘?\f eb‘f‘“djig ment .

S 15  shown in Table I below.

Table I

ntative Complemen inding Chemistries
First Reactive Group Second Reactivg Group Linkage
carboxyl amine amide
20 - sulfonyl halide amine sulfonamide
hydroxyl alkyl/ary! halide ether
hydroxyt isocyanate urethane
) _ ~ amine epoxide f-hydroxyamine
’ " amine . alkyVary! halide alkylamine
25 amine A isocyanate urea
hydroxyl carboxyl ster‘,
amine . * aldehyde amine

Reactiod between a carboxylic acid of either the linker or the ligand and a
primarj or secondary amine of the ligand or the linker in the presence of suitable,
30  well-known activating agents such as dicyclohcxylca_rbodiiﬁﬁde, results in
formatibn ofan a_micie bond covalently linking the lig.énd: tc.) the tinker; reaction
between an amine group of either the linker or the ligand and a sulfonyi halide of



It will be apparent to one skilled in the art that the abov8 JERRmP ri es
are not 10 limted to preparing bivalent nultibinding conpounds of Fornula
(1) and can be wused to prepare tri -, tetra-, etc., .multibinding
conpounds of Jfor EM 2 (1). The linker is attached to the Ilclgrand at a
position that retains |igand domain- |igand binding sit&HPEY3Yion and’
specifically which permts the |igand des#n of the |igand to orient

itself to bind-to the Iigand binding site. Such positions and 15 synthetic
protocol s for. | theligasl aathe linkér inghequpseicn of bbasasich asTiiethylamine) pynidime, anbr aces
everyt hi ng t hat f The.rel ative
orientation in \'i\}jr? HP&.#&Q.F c?ﬁgg%r%}]ﬁgmgﬁ% %‘m icg%llﬁegl%dg%%dﬁhe figan g?Ift romthe
particular poi nmedmqum:ﬂwcmnl&tweaumwhotﬂwhdml grogeofdghertie linker dri nker, and

on the framework [ h 1At on. of c t abl
substitutions cghn *%%%ﬁh%ﬂ'éﬁé’ﬁa‘ﬁaﬁ%% I??%/%rlﬂé%ﬁ e“Eﬁ% 5‘%8 e ?I or
know edge of 5st basesunhesate'tliylairnqp p)frzdiraldndlﬂs:ﬂﬂcp,swémmjfoﬁﬁaﬂohefkn ghaad and/ or

congeners and/o mat,i. o bout |igand-receptor conpl exes
(e.g., X-ray cry I{aﬁoi"' 3‘ '“g kﬁ?ﬂdé%ﬁl E‘ﬁlé “ike). Such positions and the

synt heti-c net hods for coval ent attachnment are well known in the art.

Fol | owi ng .att achnent he.sel ect e nke att.achpent to a significant
25 portion of the nﬁk‘&?t‘”i%b‘ﬁﬂa%?ﬂé'gal’ Af)é‘ﬁﬁmé’fm A& b theisesopd ¢ he

uni val ent i nkehgdndg’a-hdtrmmpugaﬂhﬁmybhm,m&gﬁct-ﬁyafoxyah}eﬂﬁm@gmaﬁ activity
in the rel eyant a The..l.i nker en, coval ent ched to rrultlple
copi es of t\r@ |F‘£‘§‘a§%"“ W@@%‘%%&fﬁ&?ﬂw é%ﬁé?ﬁ%w

-n@N- i NMmunogeni Cglyaxﬂlﬂéﬂhﬁtﬂdﬂ@rﬁﬁﬁﬂ&ﬁﬁﬁwﬂbﬁem@&wﬁm activity of the

til ti bi ndi ng conmpound is highly sensit] the 30 val ency, geonetry,
conposition,size, flexibility or rigid$¥93~€tc of the linker and, in

turn, on the overall structure of the nultibinding conpound, as well as
the presence or ab@ence of anionic or cationic charge, the ;%j:tive

hydr ophobi ci ty/ hé/% higWi Ci t%ﬂg Jupe 2004 WO 01149193 “PQ'LHSO 133057 -59
th i Wﬁ‘@P ﬂﬁ‘ngT

of the.linker, li Re ™Hak er —Ace d¥- the IS
preferably chosen o%fraxi m ze the biol ogi cal acti vi ty of the multi bindi ng
conmpound. The- Ilnker1 may be choséh to enhance the biol ogical activity of
the nol ecule. In general, the linker maybe chosen from gny organic

nol ecul e construct that ori ents two or nore 5 |igands tojtr&tﬁi:ﬁbnl i gand
binding sites to permt nuttivalency. In this regard, the |I|inker can be
considered as a "framework" on which the |igands ate grranged i ®1 order to
bring about the desired |igand-orienting resultas N "

)
(Ar' = A)

:'_.: § - Condensation of an acetophenone derivative of formula | witha diamine of
- ) formula 2 in an ethereal solut:on such as teh‘ahydroﬁnan provides an imine of
15 formula3. 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 ] 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 S—acetylsalicylic acid methyl ester in 48% hydrobromic acid.



nul ti bi ndi ng conpound. For exanple, different orientations Ea"®&0%thi eved
by including in the 10 framework groups containi ng nono- or polycyclic
groups, including aryl and/or heteroaryl groups, or structures

i ncor por at i NgygyA@s Nore carbon-carbon nultiple bonds g@x 057 .

al kenyl'ene, al kynyl or al kynyl ene ‘groups). O her, groups can i ncl ude’
oligomers and pol yners whi ch are branche@-or straight-chain species. In
preferred enbodi nents, r|g|d|ty i_s inparted by the presence of cyclic
groups (e.g., 15 ar y‘f‘lteﬂﬁ’élt' . aaRyftibindiseqopppyadiof Forawba(Benherd mis 2eaie 1) . 1 n

ot her preferredygrRagdd ?&Rﬁm@sarﬁédg%'il,?‘aﬁdn&aﬁ%ﬁq]€§ menber ring. In

still further preferred enbodinents, .the ring IS aromatic ring such as,

for exanplé, phbn:trqrxye@ympﬁtgrgup, angytefliganss ereflipkiddhoudti the AY groop bia biec
characteristics 4 sence of
charged ndi et ek Eg%&?%%ﬁﬁfeggﬁg%ﬁfégﬁﬁgﬁ%ﬁe ?%?W%I ecf%g artisan- For

exanpl e, the3hydrophobic nature of a linker derived from hexanethyl ene

di am ne (H2N(CH2) 6NH2) or rel ated pol ygpines can be nodified to be
substantially nore hydrophilic by repl‘éfgn%’g‘t he al kyl ene group with a

pol y(oxyal kyl ene) group such as found in the commercially avail aple -
"Jeffam nes". Diff nt, f goan be desi gn@d tw praoyi de ferred
orientations of Al he Iléands guﬁh f ramewo e 5;5?‘“39@%% by

usi ng an array of dots (as shown bel ow) wherein each dot may potentially
be an atom such & C, 0, N, S, 2P, H F, O, Br, and F®r the dot may
alternatively indicate the absence of an atomat thg'padjtion. To
f:A4cilitate the understandi ng of the franework structure t he frarrevvork is

illustrated as.a two, dlrren n the follow ng diagr
al though .cl early thé rrem%%lﬁ'm%‘ﬁ%&f%f'é% PRy Tsaeme %’r g'F?filll‘mpr actice: 8
June 2004 WO OlfOﬂlﬂﬂlgamkﬁaiﬁﬁbe/fﬁ’ﬂﬂﬁl &pﬁﬁ&s’ﬁaﬁ:ﬁﬁe{bﬂﬁlﬁér&l s AAN

0.1

" A A NN N AN A
oy sy 47 avalableorthy e ve prepare ) 0 methodt esirtedif Rierwiead KW & 1
10 al.J Med. Chem. 26, 1561-1569, (1983) or Hett, R. et, al. Tet. Letz.35, 9345-9348
| (1994).

Ancther method of preparing a multibinding compound of Formula {I)
where pis 2, qis 1, the sécond 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 3 as shown in Scheme D

below.

Scheme D




Each dot is either an atom chosen from carbon, hydrogen, oRyyeaZ0@d trogen
sul fur, phosphorus, or hal ogen, or the dot represents a point in space
(i.e., an absence of an atom. As is apparent to the skilled artisan, only
certain ato ‘ 5 grid have the ability to act as a nt poi nt
for the Iiggﬁﬁg?mﬁgﬁely, C, 0, N Sand P. Atons can bqughﬁgﬁﬁgﬁ to each -
ot her via bonds (single, double or tript&-—bonds with acceptable resonance
and tautoneric fornms), with regard to the usual constraints of chem ca
bondi ng. Ligands may be attached to the framework via 10 single, double or
triple bonds (mnthochenlcally agceptable tautgneric and resogance forns).

Ml tiple.ligand ps__E)_.t gan Na8s at ;@,dh\;htadmm fr W, such
that the mninmal, shordémst géth di stance bet ween aajaceht '?gaﬁdmbroups

does not exceed 300 at ons. Preferably, t he lznker connectiogs to the
ligand is sel ected such that the ' maxi mum spati al di stance between two

adj acent ligands is no nore than 100A. 15 An exanpl e of a |inker as :
presented by the iy g2 gwn belomﬂﬁbr Blpiaﬁﬂ construct. 8 June 2004
WO 01/42193" PCT/ NWA des—t+2y, (2,0),
(4,4), (5,2), (4,0), (682), (7,4), (9 4) (10 2), (9 0), (7,0) al

represent carbon atons. Node (10, 0) represe@gs a chlorine atom All other
nodes (or dots) are points in space (i.e., represent an absence of atons).
5 Nodes (1,2) and (g 4) are attachment points.. Hydrogen atons are affixed

to  nodes (2,4), ADAL%}N4N%N@}ﬂN(;L\ (7,4), (10,2) and (7,0). Nodes (5, 2)
igd (6,2) are connected by a singl’e bond. The carbon atons present are
eonnected by either a sing|le or double bonds, .taking into consideration
the principle of resonance and/or tautonmerism 10 . The intersection of
the framework (1inker) @hdAthe 1igand group, and indeed,- the framework
(linker) itself can have-many different bonding patterns. Exanples

Bromiriation of an acetéphenqne derivative of formula 3 with bromine in a
ha!ogénéted organic-solvent such as chloroform provides an a-bromoacetophenoné ‘
derivative of formula 6. Treatment of 6 with sodium azide fdllowed 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 § with a dialdehyde compound of formula 9 provides an imine of
formula 10 which is converted to 2 compound of Formula (f) as described in

N | . Scheme A above.
10 : :

Another method of preparing a multibinding compo_uﬁd of F onx;ula o
‘where p is2, qis 1, Ar' and Ar” are different, X is 2 bond, and Q is 2-
hydroxyethylammo group, and the ligands are linked through the AP group can be

. prepared as shown in Scheme E below.
15 - : Eﬂmmgﬁ




of acceptable patterns of three contiguous atom arrangerrenté‘]ﬁ'l’eezg%om I n
the follow ng diagram 8 June 2004 WO 01142193 PCT/US00/ 33057 --62
CCCNCCOCCSCCPCC  CCNNCNOCNSCNPCN CCONCOOCOSCOPCO  CCSNCSOCSSCs
CCPNCPOCPSCPPRCP.  CNCNNCONCSNCPNC CNNNNS N O $PNO OO CNPNNSNS PNS P OO N P
cooC OONSONPEE R RIPON COGNOCACHSOOP COPRZ3PP S T"  CSCNSPCHESORRMRIOSCSSCPSC

CSONSOOSNSSNP S' N ‘ 57
0 _ o o
- NSJH/OH * PG,PG;N—AP-W—HNPG, PGzpeinéw-Aﬂ—Nka_
OH
1 1 2
educt PG, OH
e PGPGN-W-AP—NPG I, 3 ——=PEHN-W-AP—N_ L, 5
13 4
o)
A'r‘)'\—Br oH PG, PG, OH
| g )\,N—W-AF—NVKA,:; - A,/l\,N~W-Ar2—NH )\Ars
) ) "G .teduction 15 m

Condensation of a diamine of formula 11 (where PG, and PG, are suitable
amino protecting groups which can be sclectively removed) with a glyoxal of
formula 2 followed by reduction of the rcsﬁlting 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’l1

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 dut under conditions well known in the art.

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

hydrogenation reaction conditions.

15 Any compound which is a $2 adrencrglc rcceptor agonist can bc used asa
ligand in this invention. Typlcally, 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



NS S-SS~S0' 8 0 CSPS POSS-P PSS OSPB79 P7S? P CPCN. PC CPNNPRHOFC3PIEP
CPONPOOPNSPNPPN CPSNPSOPCOSPOP- P- 6 CPPNPPOPSSPSPPS appSPPPI T- F One skil | ed
in the art would be able to identify bonding patterns that would produce
mul ti val ent gpg%ggs. Met hods for producing these bondln% arraqgenents
are descri be ch, "Advanced Organic Chenistry", 4t RCEES03305; _
W ey-Interscience, -New York, New York £3892). These arrangenents are 5
described in the grid of dots shown in the schene above. Al of the

possi bl e arran@gmﬂhmﬁ@ﬂwumf&nmmbu@saﬁmmdembmmzmhown Each
atom has a variety ,of acceptable oxidation states. The bonding
arrangenents un errined are |ess acceptabl e and are not preferred.

Exanpl es of nol ecul aLmlearfrmbuateshedmdiﬂ‘crcrhpbémmabmﬂe lipaidhotecufeatbt er ns coul d

10 be enpl oyed as.cqQ nents of th 5 are Q 15 8 June 2004
W0 01/ 42193 pCRISSRES ““%’é"ﬁk"@‘&? e 000 Teo n
% CAYG. . 5 multwalency While a number of positions on p-adrenergxc-modulatmg ligands are

synthetically practical for linking, it is preferred to preserve those ligand
substructures which are most important for ligand-receptor binding. At present, the -
- f' aryl group and the sidechain nitrogen are preferred points of attachment.
| It will be apparent to one skifled in the art that the above chemistries are not
10  limited to preparing bivalent multibindiﬁg compounds of Formula (I) and can be

s

i - used to prepare tri-, tetra-, etc., multibinding compounds of Formula (I).

' The linker is attached to the ligand at a position that retains ligand domain-
ligand binding site interaction and specifically which permits the ligand domain of
the ligand to orient itself to bind to the ligand binding site. Such positions and

15  synthetic protocols for linkage are well known in the art. The term liﬁker embraces
" everything that is not considered to be part of the ligand. -
The relative orientation in which the ligand domains arerdisplayed derives
from thie particular point or points of attachment of the ligand§ to the linker, and on
.. the framework geometry. The determination of where acceptable substiﬁttion‘s can
~ 20  be made on a ligand is typically based on prior knowledgé of structufe«activ.rity
relationships (SAR) of the ligand and/or congeners and/or structural information
about ligand-receptor comiplexes (¢.g., X-ray crystallography, NMR, and the tike).
Such positions and the synthetic mcthods for covalent attachment are well known in
the art. Following attachment to the selected lmker (or attachment toa mgmﬁcant
25  portion of the linker, for exampie 2-10 atoms of the linker), the umvalent_lmker-
ligand conjugate may be tested for retention of activity in the relevant assay.
| The linker, when cbvalenﬂy attached to multiple oopies'of the iigands,
brdvides a biocompatible, substantially non-immundgenic multibinding compound.

“The bfolqgical aétiv’ity of the multibinding compound is hig_hl'y sensitive to the

30 valency, geometry, composition, size, flexibility or rigidity, €tc. of the linker and, in -
turn, on the overall structure of the multibinding compouﬁd, as well as the presence
or absence of anionic or cationic charge, the relative hyﬂrophobicitylhydrbphilicity
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h 20 e identification of an appropriate framework geonetry and size for
l'i gand domai jyo ffsesgnt-ation are inportant steps in the copstr B&%?

mul ti bi nding conpound w th enhanced activity. SystematicC spatla
strategies can be used to aid in the id¥htification of preferred
framewor ks through an iterative process. Figure 3 illustrates a u

strategy for depEhedinkengadihe lison thelinkera deopsdingly thplinkpr iz prefrsbbnehgsdnon f or
ligand dommi ns. to\{gz[ﬁ:ﬂfiéﬂ:%fﬂﬁéicﬁta&ﬁﬁ@%ﬁé T;@pﬁmlan@%m Qurld N R 1 Jng

art- of nol ecular design-and can be used
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-order to bring about the desired ligand-orienting result, and thus produce a

multibinding compound. _
For example, different orientations can be achieved by including in the .

- framework groups containing mono- or polyéyclic groups; including aryl and/or

'heteroaryl groups, or structures incorporating one or more carbon-carbon multiple
bonds (alkenyl, alkenylene, alkynyl or alkynylene groups). Other groups can also
include oligomers and polymers which are branched- or straight-chain species. In

' preferrcd emibodiments, rigidity is imparted by the presence of cyclic groups (e.g.,

aryl, heterdaryl, cycloalkyl, hctérocyqlic, etc.). In other preferred embodiments, the
ring is a six or ten member ring. In still further preferred embodhnéhté, the ring is
an aromatic ring such as, for example, pheny! or naphthyl.

Different hydrophobic/hydrophilic characteristics of the linker as well as the

| presence or absence of charged méieties can readily be controlled by the skilled

artisan. For example, the hydrophobic nature of a linker derived from
hexamethylene diamine (H,N(CH,),NH,) or related polyamines can be modified to
be substantially more hydrophilic by replacing the alkylene group with a
poly{oxyalkylene) group such as found in the commercially available "Jeffamines".
_ Different frameworks can be designed to provide preferred orientations of
the ligands. Such frameworks may be represented by using.an a:ray of dots (as
shdwn below) wherein each dot may potentially be an atom, such as 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,

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

e can be



8 June 2004 WD 01/42193 PCT/ US00/ 3305 7 orientation of the BiJya@deQd4 The
process may require the use of nultiple copies of the sanme central core
structure or conbinations of different types of display cores. The

above- descri wediprigress can be extended to triners (Fi gui,@ﬁggw@ﬁg, conpound
of higher valency (Figures 3 and 4). 5 Assays of each of t I ndi vi dual
conpounds of a collection generated as —#bscri bed above wi.ll lead to a
subset of. conmpounds with the desired enhanced activities (e.g., potency,
selectivity, etc.). The anal ysisiofi thi$ subseti using a' technique such as
Ensenbl e Mol ecul ar Dynamics %41 =provt de & framework- orientation that
favors the properties desireg.« Aswisde. diversity of .Jjnkers is 10
comercially available (see, . e, g,, Available Chenical Directory (ACD)).
Many of the linkers that ar® sultabl® for" uSetin"this invention fall into
this category. OQther can beSreadi |y synt hest zad by--net hods wel |l known in
the art and/or ‘are descri bed4 bebhow Having sel.ecied_a preferred framework
geonetry, the physical propegties Qf 15 the Iinker can be optimzed by
varying the chem cal conposition thereof. "The conposition of the |inker can
be-varied i nnunerous ways to2dchfeve the destred = physical properties for

t he nmul tibi nding conpound. 1{ cam tsherefore be.segen.that there is a

pl ethora of possibilities fog fhe .comppsitipn,of_a_linker. Exanples of

|l i nkers include aliphatic noieti @s2 agogmatg cg Z0'g noi eti es, steroidal

nmoi eti es, peptides, and the .like. Specific exanples are peptides or

pel yam des, hydrocarbons, aromati ¢ groups, ethers, lipids, cationic or
anionic ‘groups, or -a conbination thereof. Exanples are given below, but it
shoul d be understood that various changes . may be thade and equival ents may
be substituted w thout .departing fromthe true 25 spirit and scope of the

i nvention. For examppehdopisgitear an atgmogthosen o caiben, hydmogde oxye nftiogeh, by t he

xanpl o 10 chania: PRelonfiph g olhee ol ol b BaccTienma (1 n vt er.
fats,. |ipids, tﬂbéﬁﬂ%@fcﬁlalatoﬂ)uﬂﬂ§§,a?m@.t P,ﬁlﬂfﬁ_}cﬂl_l?dpﬂﬁm only yertaiyatbnesinithd Ci ty,
e 1t roduct digrcins Sy B & pbeab @bl e o8 sl s G Roups ont o
or into the |ink&dFenhances the hydrophilicity and water solubility. of
!0, el 35 85 PRl Bl T o
bonds with acceptable resonance and tautomeric forms), with regard to the usual
constraints of chemical 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
160 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.



8 June 2004 WD 01/42193 PCT/USOQ 33057 -65 - unPEGy! ated PiVHR@E04may
increase the in vivo retention time. Further PEG nay decrease antigenicity
and potentially enhances the overall rigidity of the linker. Ancillary
groups whi chygnhanes the water solubility/hydrophilicity, 9&nﬁ&ﬁ§o%'”ker
and, accordingly, the resulting nmultibinding conmpounds are.useful in 5
practicing this invention. Thus, it is wWkhin the scope of the present
~invention to use ancillary groups such as, for exanple, snall repeating
units of ethyl ege.gl.ycols, ., al cohals, polyols (e.g,, glycerin, glycerol

pr opoxyl at e, sac;harldes i ncl uding mono- ol i gosacchari des, etc ),

carboxyl ates (e.g., snalf repeatlng units of ghutanlﬁ aci d, ylic acid,
etc.), am nes (@ g. * tetraet hyl enepent ami=ne), apd-the |iKs g/ enhance 10
the water sol ubig (ty and/or hydfophiligity of ¢t i bf ndinYy, conpounds

of this inventipn. In oreferred enbodlnent the anc\!|lary grofp, used to
i nprove wat er solub '

re of the

Ophomy,ci ty)e
( t hi M t he sﬁbpe of this
i'th the linkers of this invention

i ncl ude, by way ® d heteroary | groups which, as
-aboveé, may be eit er bstituted with other groups, but
are at |east substituted with a group mhlch allows their coval ent
-attachnment to the linker. O her pophi lic groups useful with the 20
1¥nkers of thi sNedeséhd) 8&)4(1#&)(}%29 ﬂ@,t(@hﬂ,ﬁ(&é) i(L52)i 9B, (M @h do not form
bil ayer s in agysR %ﬁﬁh% n 11.ons ched Al so

wi thin the scopeﬁogﬁt 'S |ﬁ%§n%$%% Pgﬂﬁ e ﬁgg%@#&%ﬁ% I%ﬁ cr%ﬁps whi ch
result in the n{ordot)axcpainys wspase (irvd rdpesisengarn absencpof agmes). or anchored into a
vesicle ~or gther mygly I celle. The
term"lipid" 25 refer s@@%&ﬁ?“f&g htgéﬁ? r@?/aﬁ?'&rb& i ag%beglﬁ? e of
forming a bil ayefrde%)@‘a,(ﬂ;ﬂbéh‘ﬁ)e@ Oé,lI&ﬁ) {192 and (ﬁﬁhrl‘@qﬂwtﬂ,l) apbGd)ere of the
lipid nmaterial e bilayer while a hydrophilic portion
orients toward %Le aqu gﬁgﬁ%ﬂgég Hydrophilic characteristics derive from
the presence of phosiikaubon alemiwssphtiars cognectedbyoeithana siogle osdoublapolidg) , nitro
and ot her |ike Fggp icity could 30" be
conferred by thgk@gﬂfuéﬁ%%eopﬁwmﬁhﬁmbgﬁg%&%ﬁ% 8H%R$ argynot limted to,

| ong 'chaln1%aturatéﬂwam@h%mumnﬁmaﬁmﬁdwakmbﬂaﬂmml&wﬂgmd@mhmnmgmﬁhgs of up to
20 car bon

nultlblndlng 15 conp
i nventi_on. Llpophllfc

the framewaork (linker) itself can have many different bonding patterns. Examples
of acceptable patterns of three contiguous atom arrangements are shown in the

following diagram



atoms and such groups substituted by one or nore aryl, hetePddp§Po04
cycl oal kyl, 8 June 2004 WO 01/42193 PCTI US00/ 33057 --66 and/or

het erocyclic group(s).- Preferred lipids are phosphglycerides and
sphi ngol i pi dgo sigRsEsent ative exanpl es of which include ,oprciooe,
phosphati dyl chol i ne, phosphati dyl et hanol am ne, phosphaf cﬁ}?serl ne,
phosphati dyl i nosi t ol phosphatl dic acid 2— paI m toyI eoyl

phosphat i dyl ehol i ne, ysS EOSphﬁtc yl c§
| ysophosphat i dyl et hanol agg d up m t %I t| d)ggﬁol i ne, dioleoyl -

phosphati dyl chol i ne, di stﬁgoyl N hggcd I C3IQDI ne raf O
di-l'i nol eoyl phosphat i dyl i neNc(wI d puse & herpgﬁrrpounds | acki ng

phosphorus, such as sphi i pi d d gg phingolipid famlies are al so
Wi thin the group desi gnat(l%ﬁhas Iuﬁ% é&o Oéﬁg '?tﬁtﬁ anphi pathic |ipids
"described above may be m herQN ading triglycerides.

and sterols. The flexibilcuy of H'EE’H e8P cars Iated by the

i nclusion of ancillary qg@gps h ar | ky, d/or r| g| d. The presence
of bul ky or rigid. groups hrngm rmot 8% bonds in the

li nker or bonds between t I|nk CiPAnd 280 a oup(s) or bonds
bet ween the |inker and the functl é?ﬁal gnoups. %ﬁroups can incl ude,
for exanple, those group ose or ngkiconal g b| i restrai ned by
t'he presence of rings an g Bl e. bO8ds vvls En tlﬁg roup, for exanple,
aryl, -heteroaryl, cycloal Eéal keBgIQ arggget e%cl ic groups. Cther
.g:_; o‘ups whi ch can inpart I’%bdl t t%f/l udesiol yEPPi de ups such as oli go-
“0f ' pol yproline chains. NRi g| ca@paj so deci 3y,

el ectrostatically. Thus, ggot he ggg ﬁgggr on,gjsu ar ggt her positively or
yppha i

negatively charged, the sumplarl sanc ps wll force the
presenter linker into a configuration a2B&rdi rﬁﬁ.ﬁhe PExP num di st ance

bet ween each of the |ike charges. The energetic cost of bringing the

| i ke-charged groups closer to each other will tend to hold the linker in a
configuration that 25 mai ntains the separation between the |ike-charged
anci |l lary groups. I fo]o] o]0 har,ges wl .
tend to be’ attracte to 'ﬁ&k%%ﬁ’g%%g&cﬁﬁ‘?&%@g@% s;(T?(]aﬁrts gnd
potenti al | y maypredweemuitivalent bampoundst Methoelstﬂ»rpmdthimtbntsebakhng i oni ¢ bonds-

Thi s non-coval i m( Jilin 5@9 d "
conformation whic ézgﬁ;%%se%gggn I'ng 'g’\/\/g‘g#}t%%gogppom @' %’fﬂtﬁé tl8“’30
-groups. The adWiley-lotersgienceniew lYa!tkyNgY Yorky(1992).c heae mamgm&egead;e or
alternativelsy, eabedin 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.
7 Examples of molecular structures in which the above banding patterns could
10 be gmployed as components of the linker are shown below.

15




| at ent char ge when deprotected, follow ng addition to the | Bnkee 20@¢hcl ude
deprotonation of a carboxyl, hydroxyl, thiol or am no group by a change in
pH, 8 June 2004 WO 01/42193 PCT/ CIS00 /33057 --67- oxidation, reduction or
ot her mechanizgyw;, wn to those skilled in the art which sult in renoval
of the protectlnéﬁgfoup, is within the scope of this |nv§ﬂﬁﬁﬂﬁpm§ﬂgidity
nay al so be inparted by internal hydroge®-bonding or by hydrophobic
col | apse. 5 Bul.ky groups can include, for exanple, |large atons, ions (e.g.,
i odi.ne, ~sulfur, nmetal ions, etc.) or groups containing. |arge atons,

pol ycyclic groups, |nclud|ng aromati c groups, non-aromatic gr-oups and
structures incorporating one or npre carbon-carbon nultiple bonds (i

al kenes and atkynes). Bul ky groups can also include oligoners and

pol ymers which are branched- of straightl chain species. 10 Species that
are branched are exgected to rease rlgldlty of thecstructure nore
per unit nnl%cular;&elght gailn han arg sjrai ghy n @¥ecCes. In- preferre
d enbodi nent s, r|g1d|®7 i S rted™0 e presence ofo lic

groups. (e.g. aryl, heteroaryl cycl oal kyl , heterocycI| tc.). In other
preferred enbodkgfnt , 04nker~c JHr i ses *@P ok, bx—nenbered _
rings.” In still fut gf f%rred q@gdlnents t he rlnq)ls an aryl group
such as, for exanpl phenxnﬁﬂ§ernapht . In VIQM/Of t he jpbove, it is
apparent that thesgdpgopria ectT°6A o~ a | TGkeE™ gr Fovi di ng
suitable origntatior ~restricjedfunresgricted rd@ation, the desired

degr ee. of. hydrophob@plty/ hyd&pph|I|C|t , etc. \*@S I $n§rﬂ:he skill of
the art. 20, EI|n1&atNﬁg or 8% ng ~uoT] rgeni city of the | ti bi nding
conmpounds ‘described herein is also within the scfpe of thi¥d invention. In

certain cases, the myigenisptS,pof a ti bi nohgrd~c gonﬁegﬁﬁtpay be
elimnated or redufe (by use of "groupsoStgh as, @or exanpl e, pol yet hyl ene

glycol). As explalnéa above, the multibi ng co ds des ibed herein

conprise 25 2- 10\ s altoiched to a ﬁL er th s Sefte ligands in

such a mannkr that t®ey are presentedNfo N he ed! for nultl al ent

interactions MAth ligand bi ndi SlteQ\ b\ereon/t | nker

spatially constrairgs drese |n§er§ct|on§*tOOOCCU$ in si ons defi ned

by the linker. This q’ other f@actors inoreases th@ biolo PFﬁl activity of

h | tibindin r h r I n

the nul ti bi ndi gg;; s\gg?(pa edtoPLesane Frunbe oﬁN‘}-ga,lgls

.20 eidentification 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 molécular design and can be used for preparing compounds of this
invention
As shown in Figure 1, display vectors around similar central core structures
suchasa phenyl structure (Fanel A) and a cyclohexane structure (Panel B) can be
30  -varied, as can the spacing of the hgand domam from the core structure (i.e., the
length of the attachmg moiety). Itis to be noted that core structures other than

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



30 made avail able in nonobinding form The conpounds of thi 8 JUAg&EA?4 on are
preferably represented by the enpirical Forrmula (L)p(X)gq where L, X p and
g are as defined above. This is intended to 8 June 2004 WD 01/42193
PCTI US00/ 33&wh1/4219068 i ncl ude the several ways in which Lhgkdaands can be
| i nked together in order to achieve the objective of nultivalency, and a
more detail ed expl anation is described b&ftew. As noted previously, the
| i nker may be considered as .a framework to which 5 ligands are attached.
Thus, it shoul d S8ettatsghihs ligands stheprqoess may sequire the pee ofultinkeeppica of they
sui tabl e positi oRafdcehttdi Sork SRBRANObcombRAtidhS B RFErentd) deséspﬁ‘{y% of a

nmpl est “an

linear chain or at any internmedi ate position. The sinple most
preferred nul ti bi ndi nfhecdpyolssdibpdpracass san be prtendediostimeany (Kiire B) mdn be
represented as Lofmbound'BEfighef didhct (FigurdshdgRendently a 10 ligand which may
be the sane or dfff%?gnt é%g eacﬁygh[g indepgndently t he |inker. Exanples
of such bival ént conpdssasof agch obthe individial gempp@ds pf avplleation gederatdiladed circl e
represents a |i gBdnbed abdve\biil 424 oS0 ‘ .Eg resepted in a

| i-near fashi on, i.g?z gs_g sequence p%yggg%gﬁgﬁsﬁﬁiﬁggg- -ﬁﬁﬁﬁﬁ? in which.L
is a |igand and aftiyitiese.s.noteney; salgctivior en). Hie apalysis oftbissubsetasingas can X
However, _ a.trine s | $1lhind ng ¢ ound conpri sing
t hree |-i gands. at ?eggnﬁ%‘%%gl%h%a cenge?gFég%égy%égﬂl&g&?%pare eﬁ’f"gﬁ as (L)3X,
wher e the |inker opertatioh that favdrsithe properties desiendp Aewidadivarsipy ofdinkay il -oal kyl

group. Il lustpati. %M ' ' d | ent, 1».CO, o(lz@g); f thi.s
fAvention ar elbf oind T HoR @a}s{&g"e@%}"‘d&g" é%%%@gt\élﬁ%né c%/l Dv'\ﬁﬁtgg', ]'?Ma“}'toﬁe shaded
¢HT cl es repr esenthellinkanthat arcTaitatde for esttin thisipeuticisfal o (i caepirgsomed i n a

20 Lipear a7y, o ool Sl S BRSRATS b brcte
n-butyl, iso-but ptlowsec- bu)l, and. t-butyl) or in a tetrahedral array,
€95 ' Having selected a preferred framework geometry, the physical properties of
- 15 the linker can be optimized By varying the chemical composition tliereot;. 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 2 plethora of possibilities for the
composition of a linker, Examples of linkers include aliphatic moieties, aromatic
20° moieties, steroidal moieties, peﬁﬁdes, and the like. Specific examples are peptides
or polyamides, hydrocarbons, aromatic groups, ethers, lipids, cationic or anionic
- B groups, or a combination thereof.
Examples are given below, but it should be understood that various changes
may be made and equivalents méy be substituted without departing from the true
25  spiritand scope of the invention. For example, properties of the linker can be
modified by the gddition or insertion of anéillary groups into or onto the linker, for
example, to change the solubility of the mul;iﬁinding 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 oﬁto_ or into the 1ink¢f enhances the
hydrophi[icity and water solubility. of the multibinding bompound, increases both

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



8 June 2004 WJ 01/42193 PCTI US00/ 33057 --69- L 'L where XxSdH¥ % e as
defined herein Alternatively, it could be represented as an al kyl, aryl or
cycl oal kyl derivative as above with four (4) ligands attached to the core
| i nker. The waws4msnsi derations apply to higher nultibi negrmgseessapounds of
this .5 invention containing 5-10 ligands as illustrated in FIG 4 where,
as before, the shaded circles representTigands. However, for nultibinding

t ttach L. | ryl. or_cvycl kyl, there is a
SO T ovi dent o quEBoftaie ABel Blay USSR BSerid i Rl PO o1 o5 on
the linker to adceawsoligescitynd potelitd lyetihandei;g:andsralpﬁg'd‘ﬁnbﬁthél;imceexgrrpl 3/,“ a
b > T | d not..di rect|y,.accommodate nore .10, t han .6 .l 1 gands, er eas
aeﬂlzjfa{]ie_“_zg F?ﬁker%&l.“a?,gmgfsp he“rzly a%guedvaéféﬁodmjlﬁg?"émgmﬁ‘f‘gpgg?e nurmber of
| i gands. The ablinker aiésceordindy, tlempamiting snulribin d&igtcﬁ::chpamkiyzblﬁself%ﬂiﬁﬁpr eEent ed as
| hains of the . faorm .and,vari.ant her eof . 15 .0f the above
Vari ations oo TREGEHE S IS i i€ P [ 51c® of e Rissenk YBOR Bt | ned by
t he Fornul a (L)ancmm.grdnbmcltdsefofaraa@w,n@aln@eaﬁﬂgdmitﬁomu%gaferggxdolb,i nker nmay be
sented b h fol l ow ng.for.nmul a: =Z-(Y"-- , ) erein mis an
rﬁlto ;SZrenof fr)c/mqtlf?%?l&pf ?EWW"%‘Y%%@yﬁﬁﬁ??%élﬁt&sﬁMé’ W@Q@%@Wed from
tRleR gr ouc('p O;:onsi ,&ﬂi’gdmgcchéo rides, é%&&aﬂ»@%atbg@ﬁ@._lé:ﬂa_ ﬂrg&aN %@Tﬁﬁ@ 5 13;3&}_ §:C(7a§l)d’c_}7 0 -8-,
S R W ST, g AR e Ehera e ). e e ke bR 7 a
each separat(e ofe€watedRbilityando! BA@Hilikitosn thd HulGbiBMRg SRRFTuRAY oF8hiOf

“ahkyl ene, - substituteq al kyl ene, cycl oal kyl ene, substituted cyl coal kyl ene,
“af kenylene, 5 BYRSEM- ¢ P’@Eﬁfé‘f%m%"ﬁ‘&: & PICHIp) spng used i9dmpraye ¥aten| kyny| ene,

cycl oal kenyl enesolubility/hydrophilicity will be a polyether .
_ The incorporation of lipophilic anciilary groups within the structure of the
" Tinker to enhance the lipophilicity and/or hydrophobicity of the mﬁltibi-nding
15  compounds described herein is also within the scope of this invention. Lipophilic
' groups usefitl with the linkers of this invention include, by way of example only,
.aryl and heteroaryl groups which, as abdve, may -be either unsubstituted or
‘substituted with other groups, but are at least subsﬁmtéd 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
_ msul@ 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 - rgﬁférs to any fatty acid derivative that is capable of forming a bilayer or a micelle
‘such that a hydrophobic ppi'lioh of the lipid material orients toward the bilayer
while a hydrophilic portion orien,tsr toward the aqueous phase. Hydrophilic
-c_-:haractetistics derive from the presence of phbsphato, carboxylic, sulfato, amino,
sutfhydryl, nitro and other like groups w_ell known in the art. Hydrophaebicity 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, cycloaﬂkyl,



substituted cycl oal kenyl ene, aryl ene, heteroaryl ene, heterofydNefR or a
coval ent bond; each Y at each separate occurrence is selected fromthe
group consisting of -0-, -C(O-, -CC(O-, -C(o0)o-, -NR-, -S(On-,

-c(ONR -, -NRG&@s3s, 10 -NR C(ONR -, NR C(S)NR -, -qz%)ﬁm;%ﬁm

_NR -C(=NR )-, -O(O NR-, NR-C(O-O, -NECM-NW, -NR-CLXIIN;
P(O(OR)-0-, -OP(OXOR )-, -S(0.CR R%- _.5(0) -NR-, -NR -S(OA-,
-S-S-, and a coval.ent bond; whe s ,0.,1 or 2. and, R R and R' at each
separate occurr &f 8’r}ﬁfeé°°¥gél}°§t5?“8{f§fﬁSﬁW‘fW‘W“@gﬁg‘?’@ﬁ‘1‘?5 of hydrogen,

al l cyl, substi t splespotibidy,represymhiie lekankpleswl Oaich iddtuﬂéirli‘o)tfﬂaﬂ@léhﬁiine, 15 al kenyl,
substituted al kepyl, cycloal kenyl, substituted cycloal kenyl, al kynyl,
substituted al kfﬁ?\;?ha“éﬁ‘;?'a“%"’é‘f‘é‘l}’f!ﬂ?s? au Haerﬁgtpg @M‘“&”%&?Pﬁﬁhﬁ)‘ﬁ’éﬂ ly, the
i nke‘rI rkm: ety gaad_ hﬁlﬂgiyie?ﬁhbspham[b&h?lf?u’ltl%pﬁdgpmuymogm’ tlher Ieiknl by one or
nore al kyl, substituted, ,, cyclga substituted cycl oal kyl

al-kenyl ,  substi W@Usﬁﬂ‘g’ﬁ%m%ﬁdﬁ?ﬁ'@’r{‘gﬂ‘ll?h°§i§'ﬂ'§iﬂ¢‘elﬂ‘@dd‘€w1'oaI kenyl ,

al kynyl, 20 subghésphdtagicRdliny, Wisearodl-MlospHadyRfaddr dRfdichAbIREMN&GH C group.
In view of the a yeelg@gcr#gél on of the linker, it iIs understood that the
term "linker" e b yeed Jhlrrrampeiduacking phosnharus sush Asisplissaeliid g
‘conpound” . incl 4 Hingd1iSia ahifeY drd/al SORtHiIDINE AQPnSed di66. (€. 9.,
L-X-L) and nul tipl %&g%va%%elgital_y lr]or_l-_cont iuglljousEll%iul?lkeggél L‘Jﬂls;](if’iCf X-L) within

t he: mul ti bi ndi ndhddiiapatiinthe amphigathielipids dssg

above | end -ibenkglay B3lulife GRREARE Bid fMdroi@ppr oaches - for identifying

il timeric conpounds_whi ch_possess nul ti bi ndi ng E{jopert les. Specifically,

factors such as the Predpebilitusthpliet ¢ fe proippated biithe inglvsion 6Ontillgands of a
mul tibinding  copREalcirt Bullf S higldo Thd ﬂgﬂﬁmm}‘?‘ﬁ%gﬁ% Qinding sites

on a'‘target or targets is inportant in optim zing tron of the
mul ti bi ndi ng cohfdenfise ratatipniabant bondg in the kinkgret boadsrhetvien the linkeeardsi thé ogi cal

advant age 8 Junﬁmgm(gy,ggﬁgge@gym%ﬁ%? eﬁmcaﬁrﬂuﬂ??%%ﬁgf%' tival ency. -

One dpproach is to identify a library of ca ate conpounds
wi th proper 1 es s8paseen ingludpdormamplpithest egupravimseccafematvael latlite is el evant f or

a_particular tarQelinelifShe RALATRE andV6 HEABole bdnds WiGin' €Ab dot % OF

l'igand(s), (2) the oriéntation of IE'{lglssgand‘ls, ?%l)e %’i}dg va etﬂecé/}&%f%{he.

construct, (4) EXaipla; aryl, heteroaryl, cycloalkyl, cycloalkenyl, and heterocyclic groups. Other
groups which can impart rigidity include polypeptide groups such as oligo- or

. polyproline chains.

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 ﬂle like charges. The energetic cost of bringing the likecharged
groups closer to each other will tend to hold the linker in a configuration that

25 mammlns the -sgharét'ion between the like-charged ancillary groups. Further
ancillary groups bearing opposite charges will tend to bé attracted to their
oppositely charged counterparts and potenﬁally 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 oppbsitely charged

30  groups. The addition of ancillary groups wlﬁch are charge&, or alternatively, ibear a
latent charge when deprotccted,‘ following addition to the li_nker, include
deprotonation of a carboxyl, hydroxyl, thiol or amino group by a charige in pH,

pd ghope mpy kemigpdwiteothesds descri bed



5 length, (5) |inker geonetry, (6) linker physical properti éé””%ﬁ%‘)“( 7)
| i nker chem cal functional groups. Libraries of multineric conpounds
potentially possessing multibinding properties (i.e., candidate

mul ti bi ndi ngwsoipawnds) and conprising a multiplicity ofpcepSddsygayi abl es
are prepared and these |libraries are thep,evaluated via 10 conventi onal

assays corresponding to the ligand selected and the mul tibi ndi ng
ari abl es are

paraneters desi p&ghtiofABRicHG] ol edhBdi se
set forth . bel ow ngl ection of hﬁ%and(gg{mk“%?onéﬁ%q@é%%‘ eoar%‘ghe‘?h of |igands
is (are) sel ect tegulfigrerngvabofien rateating grovp is Within 6 stape pfthisdsveationcandi dat e
mul't i bi ndi ng conpou - whi Folp ' L.rected against a, particul ar

bi ol ogi cal target opg lélﬁr%g.'{ent(".;l galéé'g".r‘?’g’f‘bé?%é rtge%%?lﬁgrggrg’gg(%?%?r.by The only

requi rement f or hydeephpbigegitigsechosen is that they are capable of interacting

with the sekected t el | gand e kno drugs, nodified
f or s - of knoévn drug%?%%é@%%ncl ﬂ'?dees%og d<ﬁ’%ﬁ%? gy \8ps ﬁbé“tfjigﬁt es of
nmodi fi ed forns 8ffukmeiahions) ctr)wggrofpstvonthining dargommeg, policyichic iRy act with the

target), or oth Ligands are preferably chosen based on known
favorabl e pr ope_‘rr?lf[: llugiggﬁﬁgjgg%%flu Sb&"ﬁo&m eﬁglé)gpstaéﬁﬁ‘é"%‘é?sr‘f‘fé’ﬂ’“&\?% OREPEor

anplified i n nuinbielsaidi-caybdronuitiple bando(iah bkkenep miaityinkH) S BuIRE bloGss e monst r at ed
safety and effiggc% lll@eoynl%n %ﬁnts a roglra}l t PK/ ADVE, prof.i | es,

synt hetic accesSibiTIty. cana: ygﬁfgew?lﬁ{}’é? "?'ﬁ‘iic?ﬁé?'ﬂlﬂb?ﬁhaéﬁ;ﬁ?ﬁc‘% as

_'cs_jol ubi | i ty, 10 ogSiRriethat ar¢-traschiat are éipedtad 16 intedasd thé Beitiel 6F thed WlicdregRgds whi ch
“diysplay an unf avor.abl roperty.fromanonqg the previous list nmay obtain a
:n%re f avor abl e mﬁ%@@?ﬁﬁlﬁyﬁﬁw@#ﬁ%ﬁg@é@%* B $P5F€S- bi ndi ng conpound
formation; i.e., |idapefiredanbddindke rifi@iGess iapdried bPe presdndidya such a
basis. ‘For exangle a I}ln%gﬁn% thalt ifg R t suffigiently potent "at a

particul ar tar gePURSES&s BOXYYs FYE QR RetsTorYSliGh fisaningthep piefesrd  may becone
hi ghl'y potent asmabodinidntsaubi Hikeer vdngiisddIons 6h&d sixindmbetdpinpdiTAgin fulhdd A

| i gand t hat %s ﬁg}egi ahrcl)gﬂ ef ficacious bultrgnot of utility because of a non-
mechani sm r &1 at BEeFETROodimsatsthe irg s aprvhaow i iselos wamplrePlgpd ot i ¢ i ndex 8
June 2004 WD OldapRtbP3 PC. F/ US00/ 33057 -72 (increased potency relative to

toxicity) as a nultibindi gglac qQund. Con@gunds that exhibit short in vivo
hal f-1ives may have BYF¥S 1t 15 pRraentGat the appigpriate srlectionpfsdinwts .
Physi cal pr oper grogsprofiding 9ambls ofiditdtioh, iréStrictddiRicktriv@@ lod iR e deBindd  POOT

degree of hydrophobicity/hydrophilicity, etc. is well within the skill of the art.
20 Eliminating or reducing antigenicity of the mdﬁbhding 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 ‘en.zyme 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
'gctivity of the rﬁuléiﬁihding compound as compared to the same number of ligands
30 made available in monobinding form.
The ¢ompounds of this invention are preferably répresented by the empirical
Formula (I),(X), where L, X, p and g are as defined above. This is intended to



bi oavai | ability due to low sol ubility, hydrophobicity, hydBolReRP¥ty) may
be 5 rationally nodulated in nmultibinding fornms, providing conpounds with
physi cal properties consistent with the desired utility. Oientation;

sel ection of whg@apgsattachment points and |inking ,chem skiNsie354er al

poi nts are chosen on each ligand at which to attach the ligand to .the
|'inker. The selected points on the |igand/Tinker for attachment are

functionalized to ar. a tive functional groups.
This. permits pr S5y &Fﬁe & %5’ W hg‘?@%’é‘ﬂ%’?aﬂ ‘Pll@dlt?g@‘g‘ﬁrdg"’f Fhei r
receptor(s) in mﬁdvbﬂicabjbﬂlvabfm&ltlﬂdltrﬁﬂta&d b @idfe, detafléd dxpRafdtion i defddibtd bi ndi ng
desi gn par anet e% The only requirenment for choosing ‘attachnment points is
that attaching %}‘at | east one of these points does not abrogate activity
of the ligand. Such Md&idfi:refviduslﬁ,tth@m’fkﬁﬂﬂiy teabnsRrddAeafrhdévestk RywisH uct ur al
15|nforrrat|§n avall‘aetr()?ei_B nmpl e, Felgél%(;ctlon of a co-cr staI
structure of?a "efag‘é“ hi ?Seﬁﬁh"b‘ decoeni the diginds pandigatiach

i dentify one Oraﬂﬁijr&nﬁb[b@&slﬁbﬁh%@}usﬁ'&dﬁ@ﬂk,ﬁrk%iﬂi@ﬁﬁ&tﬂehhmmfalﬁéﬁd Ude the’
enzyne:inhibitor, interaction. Alternatively, evaluation of |igand/target
bi ndi ng by nuc S0 FrARE iRteredialg BAFER wi | | “pernit the identification of
sites non-essential Tikinpldgeddhiosl Beitrdd mAitIHingIRepodddlis £X4BEe, 20 FesiKk,

5,891, 643. When such structural information is not

et al., US. Patent
avail abl e, uti I?%%OP%WB‘F b o bf; epirsentedes LDy wheet eieh bisdpdependeshr £ or
Al i gands wi | ko Sli%ﬂ%wﬁ%&bbﬂx@%mﬁ%&iﬁfééﬁbﬁid@%ﬂ)ﬂsﬁ&ﬁ&ﬁ&dﬂ&%‘ml&&&' ations are

3d are not allgwed. In the absence of- both -structural and S

ihformati on, a Examplgsyt puch hixplentgompouads aspprovidedin FI-11; wheee ﬁdehtl@dof
attachrrent to aé&cﬂé’\feﬂ@fcﬁ@ﬁﬁ@&ddo&tﬁfralédﬂson!xﬂogéd"&uid%%kk%p% c%ﬁng' stinct
i

orientations. Subsequent eval uation of this |ibrar cat e what
positions: are stfeafshion be. 25psepnee At repqated uaits In¥dr-Kdnin vhickkifrmsi ze t hat

posi tions of atﬁ%hﬁbﬂﬁ‘d‘t&ﬂ{efaﬁﬁe&%?e'?én@&%&écaﬁm oS4 A Y ek, GIRBOT | ©

| i gand may al so advant ageousl| ncluded in can ndlng
conpounds i I t heanalspbap jadi BWIH@ ﬁﬂﬂpoy%wnmﬁpm@mélgﬁe’aﬂmbedteast 30 one

| i gand att aChedcdnﬁal%oféﬁélﬁ%{usY‘éﬁé}.&téﬁ%& @Qtwhﬁg%%v}g dzﬂélh«?e agtivity.

This selection derives from for exar’qI) I nf eracti ons

Wi thin the cont@empleginayler eigloalkylareyp: %F@@a*@fmﬁé@ﬂtmmecmconm der a
receptor ant agoeunﬁioutds%m lﬁveﬂﬁmﬁr@ﬂ% M\ﬁc@}gg.fdla% dfg(/ tﬁi{%ﬁeﬁ - 73

bound to its- target rece and then consi |gand by
attaching to ithe ghadedeir t?ﬁ{?}cﬂbhgaﬂﬂﬁe T§b:4m1€n1<ga!mdmdscdnbar¢mesmd inki ch

al | ows the gecomgmldrg@% to

L-X-L-X-L-X-L
i
in a branched amay, 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 amray, e.g.,



interact with the same receptor nolecule at sites proxi mal Bdup$e004
ant agoni st binding site, which include elenents of the receptor that are
not part of the formal antagonist binding site and/or elenents of the
mat ri x surrowwdilages he receptor such as the nmenbrane. HegfysthRRsHOSE
favorabl e orientation for interaction of the second |igand nolecule with
the receptor/matrix-may be achi eved by ﬁ@%aching it to .the linker at a
position which . abrogates activity of the ligand at the formal antagoni st
bi nding site. Another way to consider this is that the SAR of individual 10
ligands within the context of a multhbinding structure is often different
fromthe SAR of those sane |igands i whoneric form The foreégoing
di scussi.on focused on bivalent interactfions of dineric -conpounds bearing
two copies of the same |igand joineq_ o] d%EingIe | i nker through different.
attachnment points, one of which may abrogate the binding/activity of the 15
monoreric ligand. It should al so be understood that bival ent advantage may
also be attained with heterodimeric constructs bearing two different
| i gands that bind t mon oy dj fferent targets. For exanple, a 5HT4
recept or antagoﬁﬁ??g&ﬂégéwaﬁﬁﬂﬁﬁ£#¥§%l%E??%&@Whﬁﬁ%ﬂqhﬁ“@“ﬁﬂ“ﬁhﬁ&gonist may
be joined to a AlkyIkeyl ok BfcRHBYI deAtdies A mbte VA 0S4y Hbahdd 009k BT 0gate the -
binding affinity.of the nononmeric 20 |ligands for their respective receptor
sites. The di nefareli®shpound may achi eve enhanced affinity for -both
receptors due to favigeaddheohdMeBiiiBsddnly %o BBk RRM i ] and
'é?enents of the M3 receptor roxiné?ﬂ?o t%%.for#gaﬁﬁgmgﬁ¥gg%%?@g bi ndi ng
sPte and betlheekiventien s 1P liggedsaes Hivtrated inFIG. Yavisseras beform ficor  pr oxi mal
to the formal  SiidesaRtieaepteht HahRE] ﬁgwéqe;,?armdiﬁgmggm HEELG ggmpound may
be 25 nore potent and selective antagoni st of overactive bla éer and a
superi or t her apSentrldipkes sach g vk ar gecloalkyh therais p sadf-evidenteconstraint thytthete at t achnent
poi nts have beepugBOs@icier? Machhi@N el bbthe ifl&r 0BG mdAhe GRGHIGA of | Nkages
t‘hat "are possible at those points. The nost preferred types of chem cal
‘1i nkages are t hiigaedsniesentpforexemplset ieptepe ting douldivet dircotlydccommodattmere of t he
30 L1gand (f7 Pl Rt LRGSR aGhd ik kAR H) vipfadl) b RtlogRAGhaL | v for med
stable and intrjinsically 1 nocuous under typrc em cal and physi ol ogi cal
condi tions, andagegmmbeoafdigandp 01/ 42193 PCTI USQ0I 33057 - 74- conpatibl e
with a large nunber qgf al%‘#@&és@tme&cddlﬂ%&gs%ay%mrgéa'v\%?'ﬂgﬁcﬁ{)e?&{?&r%c 1 nes,

ew exa

car bamat es, ureas, and sul fonam des are but a es o referred

| i nkages. chains of the form:
E
'
~w : - | X x
U N
o and variants thereof.
15 " All of the above variations are intended to be within the scope of the

inﬁex;tion defined by the Formula (L),(X),.
With the foregoing in mind, a preferred linker may be represented by the
.‘ following formula: - '
o XAZAY-Z) X
- 20  wherein

mis an integer of from 0 to 20;

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




Li nnkers: _spannin g relevant nultibinding paraneters throu§hU88P8%¥4 i on of
val ency, |linker length, linker geonetry, r gidity physical properties,
and chem cal functional 5 group In the library of linkers enployed to
generate the yd b of candidate nultibinding conpounds; the selection of
| i nkers errploye@utf?#xt his library of linkers takes into FSROSPPST i on the
following factors: Ve c : 10 In nost ifietances the library of linkers is
initiated with divalent linkers. The choice of |igands and proper

j uxt aposi ti on ofOtwr. NRgafD)-r-e(QAOFOCIR)-,-BE)NRRI-NBC(Q)-, GS) ¢(S)Br mi t s such
mol ecul es to exhg, 'ItJR-t"’Nlig@(%- binqi Nt §S. an ecificities nore than
sufficient to con@ar Bi o og_?i:zfl %g%é‘ﬁ{"jé‘g?“g‘f?g‘?‘?ﬁfe‘?%%?‘g‘?"i%va| ent linkers

or constructs are al4eteagipieparhte gecofrence Beelectsi feomn tha gloup badsistidpesf ret ai n t he

desirabl e 15 bi gfi WeI0) [ i f | | | ecul es. . Linker .
| engt h: . Li nker sgg(#%h% h‘gdsgé\ﬂr'f&? A kgle'?eg%fé’a@le eéﬁ%gﬁgtefi %q%ﬂaﬁ%kfwt’ Akemletni ng of a
range of .i At esulistityted dikenjilant miiyegenchaubstontebathayind, becicilebhdare pref erabl e

for a given div nces the preferred di stance

i ction. .ln me i.nst

can be esti mat eglkb%g%lﬁgf J ‘g%ﬁ n’bl?“é)’t%lg eyﬁ':r?crr%”rqlf‘ﬂeg IFRYGENR PIAO¥ et ur al

i nformati-on-of bamdgets, typically enzynes and soluble receptor targets. In
ot her instances whereg Jhigh-resolution structural . -ipformatiaqn_ is. not

avai | abl e (such as ef'l"llig/lwé} ﬁcglts‘éqaﬁrtec%‘ﬁfeg‘éf‘f%ﬁgﬁ'@ﬁf‘&?"g‘)‘!}eﬁﬂ'@’@&ﬂmﬂﬂﬂﬁe use of
si npl & model st e0¢sE(0RAC(Ohe-C@)0-TANR- IS AN CORER WeRR GGOYYli Ng - sites -

ei ther on -adjacent, 0t ans. Obwat different, | ions on the same
éceptor . ﬁ%ﬁg&%ﬁﬁf@%ﬁ%@%ﬁ V\%ﬁ%ﬁd‘ﬁ%'@ﬁﬁg&%ﬁa)'ﬁ%@h%n the sane
i Stances are .00 At homot ol el BErea o N 12 A
I-stances are 2- » WLt re opreterr | NKer di stances o - . In.
si tuations Mer-ﬁgﬁ%Marﬁ@éﬁégﬁkéﬁ‘ﬁ@ St sig greayatent bandgwhergy ist e n)
target sites, poefer add BR8] RUushaiRpsatdb@Rurtbind 0 sdectet it BPERuPT ef erred
di stances of 30-70. @ ‘.?69 Li nker %eometry and rigidi =~ The conbination of
li gand at t. achmefitSEME&L ﬁ“ﬁ%"&jﬁ% tj‘?sﬂf‘“ﬁdiaHWEFY sybptitited gyploalleyker
rigidity deti®r milkenyl,Bebsiotdialkbsyl, wpoltalkeRy bttt d\@ cdohiantisnghyicandi date 8

Juné 2004 WO 01/42193 Cf USO0Y. 33057 --75- mul tibi nding conpounds may be
di spl ayed in t hf’"@'é Fﬂﬁﬁg"fygﬁﬁy -ftgroppibandihteracyclic.

Additionatly, the linker moiety can be optionally substituted at any atom
therein by one or more alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl,
alkenyl, substituted alkenyl, cycloalkehyl, substituted cycloalkenyl, atkynyl,

20 substituted alkynyl, aryl, hetéroaryl 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™

L

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



presented to their binding sites. Linker geonetry and rigi dPtlyne7g04

nom nally determ ned by chem cal conposition and bondi ng pattern, which
may be controlled and are systenmatically varied as another spanning
function in gWlddi nding array. For exanple, |inker ggeBlMsdss varied
by attaching two ligands to the ortho, neta, and pars p05|t|ons of a
benzene ring, or in.cis- or trans- arrangﬁhents at the 1,1- vs. "1,2- vs.
1,3- vs. 1,4- positions around a cycl ohexane core or in cis- or trans-

arrangement s at hgougbpisltivalency; Qe appeoaghis i ideniiy plibragyiof pandidategi dity is varied
by controlli ngnmﬁmmﬁ%*e&h pigs Wil Rblerifs %ﬁr’irﬂ% &S ndfeibfhdidgGlaRfeters that

conformati onal states possi ble for the For exarrpl e, a divalent
conpound bear i n@Feteigyant foranasiculaptarget TFJ?“PNBmetelﬂyﬂcmﬂrﬂthe idsatityafly nor e

degrees of freegomys @smcsonrmsﬁ&.fo@hgmh@%ﬁmeJajega,pomaaan&use(ageny in which

the two |igands are attached positions of | i nker.
Li.nker physi al lepstbur{é}lmke@eomgryr(@hpmahyewpmmpver,ranrbg)bﬂqupmat are

nom nal l'y det erﬁ]n@&ﬂalt@f ,jﬁ,l_ge chem cal constitution and bonding patterns of
the linker, and linker physical properties inpact the overall physical
properties of the cdAbrirtkstofnmuliimeripromiones poteptinlin dessessing whwltibinditigey ar e

2 ange of  phyofopfiies & Sk EAMARUAED Spctd APl Roipti iy Sl g, Pr oV o
anphi phi l'i ci ty Ofmblavmzbltamptcmdcmdshesednbwnm then y\)aluatedtviae candi dat e

| ti bi ndi h I
gg?\pplar!r |nelsn| S %R%ﬂ%msl;{% - co CPE&P%&‘Q SI calm‘bl{r%%%dzur‘%c?es of the

I-“gands -t hey j opararaﬂd‘speseét:br@lokrgteraﬁms glradnttcseacﬁoftlyssowabbs aeka dorthes wit h
favorable PK/ ADVE properties. For exanple, linkers can be selected to
avoi d those tha are too hydrophilic or too hydrophobic to be 25- readily
absor bed and/ or in vivo. - Linker chem cal functional groups:

chori sty chosen t o AbReira orREydefnR €] Fhakar RnaPBe MBI he range
of - physrcallSprb!nem@loésaxshdafelmmﬂﬁndmgxosqpamdswhi‘chﬁbraqﬁadﬁreueﬂlagainsbi this

t J 2004 WO Q1/42193.
Ilggz ?TESSBlSSOS? %gﬁi\ 5%%’2%% §I ﬁz rg%@‘f&&??&%‘ q-}? B‘é?’ ng det ermi ned

by- t he sum of t Requirement for the lrgands chosen is that they 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 targef), or other compounds.

Ligands are preferably chosen baeed on known favorable properties that may be

projected to be carried over to or amplified in multibinding forms, Favorable

ey

properties include demonstrated safety and eﬂicacy in human patients, appropriate
PK/ADME profiles, synthetic accessibility, and desirable physrcal properties such

25  as solubility, 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 sufﬁcrently potent at a particular target 50 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



nunber of different attachment points for each |igand chosefYus®do®f | i nkers
by the process outlined above, a library of (ni)m candi date dival ent
mul ti bi ndi ng conpounds i s prepared which spans the rel evant multibinding

desi gn par amgfSdisaler S @ particular target. For exanple arr
generated from tlwé ?I gands, one which has two attachrren{l’c’g)glﬁ??f:’g"s A, A2)

and one which has three attachnent point#~«B 1,- B2, B3) joined in aII
possi bl e conbi nations provide for at |east 15 possi ble -combinations of

mul ti bi ndi ng cofipeeasetkpotengy ralatiyg to mxicite) g8ja npdtibipdiggxomposd. A2mpgunds- Bl A2- B2

A2- B3 Bl1- Bl Y 2 mbi nati ons

IS joined by 10%£%Fte§ﬁpi tégﬁﬁ@@ﬁgﬁ%@?ﬁd&;ﬁ?gg fg}zﬁa}nh’mgm?d&%ul ti binding .
conmpounds r esul tempousdsg Eﬂlﬁa ireredtissrbi feau af limit gheirrugefoliness ifeg.lpotar ar y, conmon
chemistries ar €bio Llﬁfllzlallé/toll'&'?g)h}bﬁlt} é@gﬁfalf%?&rjoéﬁhgtﬁyﬁ%% elp ?LLgfson t he.

| i gands with . conplenent reactrve The
library ther&f or&@m@mwdmﬁl@éwmﬁl@mﬁrﬁg fomnprov:pmgabmmunégmﬂhﬁtysmmet hods.

The conbi natori @"ﬁ&t%"%wﬂ&?ﬂ“ﬁﬁgf qsl% ‘phase . chemistries well known
gan

in the art wher |s attachedtoa20 solid
support: Al ter nrientation: sele @inidty bary i's prepared

in. the solution ph s n heS| S, 1C d ‘ ! : orrpounds
are optionally pur?%ge?'e%ﬂg["?soreéﬁaésesayl ng F?ﬂﬁ g%’ﬁil €HW F ?‘rpl e,
chromat ogr aphi clinkeet Tiedslet@l ®ints difth«jgand Kulat fs attachrhient biedynchiynalizadabeni cal .
anal yti cal har oI ogi,.cal ., and.conput ati onal ..25 nethod Vari ous net
fh ds are usedcstl) t &% lerltzagrﬁ?g pﬁ%@?’ﬁ%’é‘p nHfISRGYs probiss e ¢ he

@ndi date nul ti wmtuaﬁgresmnmhuﬁmds tutmheecbpt&(sawmm&pﬁeéiarvebﬁalwh
corrpounds possess ndln operties i cal constants_ such as
solubility unde?nwgﬁ%‘ﬁ @W@gﬂ%‘g&‘d’ﬁﬁfnﬁeﬁn@‘e ﬁ ’F%'Q'EI“?‘E? FFhPFMEUes can be
deternined. A cambhnait peifts ifthad Bl tosipRast basTHRye foikls 6RTRNabldgaeal et hods
ts used to deter en conform |ons candi dat e
rnul ti bi ndi ng co???ﬁ&ﬂ}s&\fl\ir‘ﬁaf“?tﬁq%hﬂ‘ﬂ?ff T atigchm O‘W& ﬁ""f‘??’eﬂ'i‘?@‘ﬂﬁérs of the

lLibrary to B ndinfambtie wieavaeblé. a@m@m;@&mﬁ&at@eﬁ@mﬁu&we 2004 WO
01/ 42193 PCT/ USQQ 33Q5 determ ed bg us standard net hods,
Whl ch include r&8IaY; '%ﬂ'ﬁfﬁ’fh‘f“g%i‘“&?é%ﬁﬁ lows.on8 Ind T"(B‘ ong CE PSSR n channel

targets, and Ki ket fttachiviéndiwili ionpradiade Yisel ehzyn@d:inkiB#¢ interaction. Alternatively,

-‘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
“y . 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
- - vith multlple points of attachment to allow presentauon of the ligand in muitiple
25 . distinct orientations. Subsequent evaluation of this library will indicate what
positions are suitable for attachment. '
It is important t emphasize that positions of attachment that do abrogate the
gctivity 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 manher which does not abrogate inﬁ‘insic activity, This
- selection dérives ﬁ‘om, for example, heterobivalent interactions within the context

* of a single target molecule. For example, consider a receptor antagonist ligand



enzyme targets. In vitro efficacy, such as for receptor ag8dlag30Ghd

ant agoni sts, ion channel blockers, and antimcrobial activity, can also be
determ ned. 5 Pharmacol ogi cal data, including oral absorption, everted gut
penetration, wab&@bhie; Phar macoki netic paraneters and efflcqamg@;ﬁos?an be
determ ned in appropriate nodels. In this way, key structure-activity

rel ati onshi ps are obtained for nultibi ntﬂ%g desi gn paraneters which are

then used to difect, future wor e I-ibrar i ch exhibit
mul ti bi ndi ng pré ?'éssmg%gecf’ﬁp‘d@?qLﬁeé‘oc°ﬁﬁn‘£’éﬂ?d§$%tl‘ﬁé‘g%|“\é§c%f%r ni ned by
conventional nejtacetend dpy of the Wl@ﬁ&ﬂiﬂﬁl&\l&éﬁhﬁﬂi Aol BelsedBhd figd ki ng
properties are Ldentlflgg by convent net hods as- descrlbed above

i ncl udi ng conve T RHh §§9’S‘°‘E°BE9(W°ieﬁ“thFF?§PéW %o the agtagonisty

ascert ai ni ng theiteswumdérueeaéménmﬁeq&ep@mﬁ&rmkm&mfmﬂal 15 rrultl bi ndi ng
properties can be acconpl.ished via art recogni zed procedures. For —exanple,

each nmenber. of EHeEopisHhadige sitg Ankor slemepts pige watrix syaanding the recepeosh at e

i nformation all gyhemeribrafd, 'He?él%%sﬂﬁv&ilﬁ&kﬁﬁﬁ&%ﬁnr@éxa&h@h@f’tﬁ@t menbers at
alater tine. See, for exarL'E) Dower, et al. | nt er nati onal Pat ent

Appl i cation Pubfseend ligand mejscula yithyla rsseptorimatiipgice ackigved by aaching itkeat | . Acad.
Sciv., USA," 89: 5&&%&&%%.u39wﬁeﬁ5&&ate%aﬁhy ofds)e Reanf A forr@- S, 846, 839;

each of which are i ncorporated herein by referenCe in its entirety.

Al ternatively, ewegosisthindingsiteofnqtr iy tercopsidar thisis éat the 84Rebindividuslan al so be
det er m ned ﬁbonh%ﬁwtﬁnma@oﬁta& BEHRkbih {i}g%gtﬁém% smgﬁﬁaéﬁge%é I val ent

p@wpounds by nmethods known in the art s as those descri
H ndsgaul et 8AR of tharrsame Hemds iamommgistic fami on No. 2, 240, 325 Whl ch was

publ i shed 25 on Jul y[h%%mreéo%%&hsc@éﬁnfmgggwﬁﬂm&@m&{) ﬁ@dﬂﬁ@tﬁf' nity

chr omat ogr aphy wi th mass spectroscopy to determne e structure and
rel atjve bi ndi ngomaifoundsibesring twe copiea ptthelsams hgmchpb'pmlanglgbdmpqum@ht o

campoundscan, SopRRtRad leay B R NRich By afhoBR 0 LESIDAURIT oML e an

conpounds can, course ric can
hi gher anal dgs B@thmcé!e#nd IMM@WOWmémtsodthﬂdblmwaﬁmgmamﬂdo tional

arra & June 2004, 4O QARG IRET] WSERLA 4R cod BB il i o7 L 01

obt ai ned t hroug nalysis o Initia
- common or different targets. For example, a SHT, receptor antagonist and a

bladder-selective muscarinic M, antagonist may be joined to a finker 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
énhanced affinity for both receptors due to favorable interactions between the SHT,
.,;,:_-5 . ligand and elements of the M, receptor proximal to the formal M, antagonist
R binding site and between the M, ligand and elements of the 5HT, receptor proximal
to the fonnal SHT, antagonist binding sife. 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 irocuous under fypical chemical and physiological conditions, and



optional conmponent of the process is to ascertain one or rm?é”'ﬁﬁ%%"si ng

mul tibi nding "l ead" conpounds as defined by particular relative |igand
orientations, linker lengths, linker geonetries, etc. Additional libraries
can then be ggpgldfsd -5 around these |eads to provide f t her

I nformation rega?4 |§g structure to activity relationshi g’gr;'#?’?gé‘g%rrays
typically bear nore focused variations +#+inker structure in an effort to
further optimze targlet affinity and/or activity at the target

(antagoni sm paf¥mesi g yith i darge nuaber of available Brkers) taridpbnds, stherspamuipesi t i es. By

iterative redegigM.aRal¥s ad Sifo H&%é\?glygtem s @EP&%&C%eM&rPI ndi ng

design along with. 10 cl aSSI ca i cl na S and
pharnacol ogy appinkeghipagningreleyant my : : xalenpg i mal
mul tibi ndi ng cofpQyRgd a D fioi ! -' MopeBBY 34 496, rds thelr

targets and as erapéu I'c agent
procedure, shit aiops dival ent i nkers I ncl ude, by vvay of exanpl e only,
those derived from 5 d| al dehydes,
di ket ones, dihali des Q%%flﬂgg% edg&%ﬂ&&gg}é bmy ﬂf@??ﬂ?%

car boxyl i ¢ aci dgl,ultxbmldi'ngngmmndsol&s ﬁelecuan cfdinkdeanp!kﬂtidmm libieay bﬂ&&ers

i socyanat es, S gase, t he carboxylic acid,

sul f onyl-hal i denhﬂ‘%i ﬂ@%gidgligﬁ% oﬂﬁ%%orﬂoﬁﬂg?aé ‘i socyanate, am ne and di ol
functi onal " gr oufalescyr eacted with a corrpl errent ary functionality on the

li'gand to ferma co tnddnilK i gonple tigpality is
gl | khown ?é\ the a ‘iﬁ‘ %zr}s |ﬁ“F3ugl%r ?rgg l'fld?tf‘{) ‘%6‘ gﬁ'ﬂlﬁ@lg l“'(%%PLEI\/EI\FI'ARY
‘B NDI NG' CHEM STEnoESthgaaﬂs ﬁd@mber\jﬁmﬁomtiqm of 2o higrildOoslalivenditiver bikisgh oxyam ne

car boxyl acid h dr ox ket on am Second Reactive G oup
| socyanat e epoXl %aBC““Y*- schglﬁl‘ff‘ ’Eﬁéb‘t ‘é‘ﬁ?‘ﬁ’ ding affinitics and specifictfies

more than sufficient to confer b:ologtcal advantage. Furthermore, divalent linkers

of constructs are also typlcally of modest size such that they retain the desirable
15 biodistribution properties of small molecules.
Linker Jength:
Linkers are chosen in a range of lengths to allow the spanning of a range of
Ainter-ligand distances that encompass the distance preferable for a given divalent
interaction. In some iﬁsbmces the preferred distance can be estimated rather
20 ° precisely from high-resolution structural information of targets, typically enzyﬁ&
aﬁd 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
25  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 dlstances are 20-100 A, with more
preferred distances of 30-70 A.
30  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



al kyl /aryl halide amne/NaCNBH3  ami ne/ NaCNBH3 i socyanat &Jung Pélkdage

uret hane )-hydroxyam ne sulfonam de amde ether anmine amne urea 8
June 2004 WD 01/42193 PCT/ USCQO 33057 -79 . The ff)l I 0\(/vi gg ta]E)I eOI 1

il lustrates, of. exanples, . starting materials identified as

t hr ough X-41 t'ﬁ@% can bemtjsed to prepare linkers incor BSFEP®ES n the

mul ti bi ndi'ng conpounds of this invention7atilizing the chem stry described
above. For exanple, 1,10-decanedicarboxylic acid, X1, can be reacted with 2

5 equivalents omﬂﬁlﬁndgumwﬂﬂwweaimpmtlgce(ﬂnpensmnsilufltgﬂdaence gf g o
i bi ng c u
CouBLI S, 2ol B A AL A 8 YL RN 0T

of formula (1) erein S are di am do
| i nki ng group. déteiwined by diendal thlmeltldlsand b@ndﬂ pafiemn, leEh may be donifelltdOH 0 0 -
X-7 HO and are systematically varied as another spanning function in a multibinding array |
- 3 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 frans-
arrangements at a point of ethylene unsaturaﬁon.- 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.
er ical rties:
15 The physical propcrtieé 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 sclecied to
provide a range of physical properties (liydrophdbicity, 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

:\'.'.z

- to generate molecules with favo:able PK/ADME properties. For example, linkers
. can be selected to avoid those that are too hydmphlhc or too hydrophobic to be
25 readily absorbed and/or dlstnbuted in vivo,
Linker chemi ctignal groups:
Linker chernical functional groups are selected to be compatible with the

' éﬁenﬁstry chosen to connect linkers to the ligands and to impart the range of

physical properties sufficient to span initial examination of this paraméter.
30

Combinatorial synthesis
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Having chosen a set of n ligands ( 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 (#!)m candidate divalent multibinding

compounds is prepared which spans the relevant multibinding design parameters for

a particular 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:

~ Al-Al Al1-A2 Al-BI  Al-B2 AlI-B3} A2-A2 A2-Bl A2B2

15

A2-B3  BI1-Bl Bl-B2 BI-B3 B2-B2 B2-B3 B3-B3

. When each of these combinations is joined by 10 different linkers, a library

.Qf 150 candidate multibinding compounds results.

Given the combinatorial nature of the library, common chemistries are
preferably used to join the reactive functionalies on the ligands with complémentaxy
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
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., HBPLC).

Various methods are used to characterize the properties and activities of the

Analysis of array by biochemical, analytical, pharmacological, and computational

candidate multibinding compounds in the library fo determine which compounds
possess mu!tibinding properties. Physical constants such as solubility under various
sélven; conditions aﬁd logD/clogD values can be dcfcnnined. A combination of
NMR spectroscopy and computaﬁoﬁél methods is used to determine low-energy
conformations of the candidate multibinding compounds in fluid media. The ability
of the members of the libfary_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 antimicrobiat activity, can also be deteﬁnined.
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 |

‘defined herein, can be readily determined by conventional methods. First those

members which exhibit multibinding properties are identified by conventionat
methods as described above including conventional assays (both in vitro and in
vivo).

Second, ascertaining the structure of thbse compounds which exhibit
multibinding properties can be‘accomplishe‘d 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);
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 Apphcatlon No. 2,240,325 which was published
onJuly 11, 1998. Such methods couple frontal affinity chromatography with mass
spectroscopy to determme 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
thereof.
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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

around these leads to provide for further information regarding structure to activity
relationshipé. 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. Bf iterative
redesign/analysis using the novel principles of multibinding design along with
classical medicinal chemistry, biochemistry, and pharmacology approaches, one is
able to prepare and identify optimal multibinding comﬁounds 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,

dialdehydes, diketones, dihaiides, 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 complementary

functionality is well known in the art as illustrated in the following table:

COMPLEMENTARY BINDING CHEMISTRIES

First Reactive Group Second Reactive Group Linkage

hydroxyl isocyanate urcthane

amine ~ epoxide B-hydroxyamine
hydroxyamine sulfony! halide suifonamide
carboxyl acid amine : amide

hydroxyl alkyl/aryl halide ether

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
(identifted 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 -e'q.uivalents 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.

e
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treatment of nervous systeminjury and premature labor. It iSs/Uap<804
contenpl ated that the conpounds of this invention are useful for treating
met abol i ¢ di sorders such as obesity, diabetes, and the like. 15 Lein The

(32 adrener gi- owoogeeRt Or agoni sti.c activity of the conpou Formula (1)
to may be denonstrated by a variety of in vitro assays knor}\%%m%?lsﬁ%se of

ordinary skill in the art, such as the as¥8y described in the biol ogical

Exanples | 20 a It | so be assayed by the ex viva assays
described. in Baquck,Dg'B?" 1. %"E’F , LR er YX4E NovERX4ond<%Eti2ng bet a
2- Adr ener gi ¢ Agod28413-Chal@6t-8m zatti20ht16f  RRak4racol ogizal7- Aatiniisy in
Vitro.and in Viveud &on J.- PharinacoL, 104, 665-671 '(1991); Linden, A et
al., "Salnmeterol, Fornoterol, and Salbutanb in the |Isolated GQuinea-Pig
Trachea: Differences in Mxinmum Rel axant Effect and Potency but not 25 in

Functional Ataggonism . Thorax, wﬁﬂ?ﬁ%ﬁ‘gégﬁ%%ﬂﬁaﬂd Bials, A T. et al.,

I nvestigations into Factors Deter ratron of Action of the Beta
2- Adrenoceptor Agonist, Salnmeterol . Brllily Pharnmacol., 108, 505-515

(1993); or in vivo A4S UG escribed i all, . D |. et al.,
"Sal meterol a Novel ,aﬁ%ﬁég(@tlﬁac¥g ‘%%‘P%"g“?%%é-gi\&i‘r" %'}]i‘g?afecd}ﬁgﬁﬂ?rg‘?? ptor
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J. Pharmacol ., 10 ~ O 991): .. Ki.kkawa, H. .al., "TA-2005, a
Novel, Long-acti B%Hng%gtl%e%gg’% Sl“\%oé& BEPs “5’9%5’?%(5’6%%{‘8?]“,&@6%%%““.

Char act er i zatlPon paeritibs of disexsey medbted I Bacidiendriio Gecditbr s0Bh Ashsh MBALRI 9s and
Cats in 8 June 20 VO Oll/ 42193, PCT/ USQQ) 33057 -109 Conparison wth other
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Anderson, G P., tédmedtof eivahs syRRalinas ahogmaldelaoH Gk a]@@écjn&n%iated’m ni sm and
Mechani sm of Long Dur atuiggn %{‘ aH _ghl X Pﬁ ent and Sel ective Beta
2- Adr enocept or  AJEPEPC D FLPHTC uieful for Bpatag metabolippdisopdenmuchias0, (1993)
5 pharmaceuti cal obesity)diabitéspatd th¥ide. enpl oyed as pharnaceutical s, the
conpaunds of %hi- s invention are wusually admnistered in the form of
phar maceut i cé conpositions. These conpounds can be adm nistered by a
variety of routes including oral, rectafesid$ transdermal, subcutaneous,
i ntravenous, intr anusﬁlul ar, and inhalation (e.g.,
_ L e P2 adrenergic receptor agonistic activity of the compounds of Formula
-(I) to may be demonstrated by a variety of in vitro assays known to those of
ordinary skill in the art, such as the assay described in the biological Examples 1
20  and 2. It may also be assayed by the ex vivo assays déscribed in Ball, D. Letal,
“Salmeterol a Novel, Long-acting beta 2-Adrenergic Agonist: Characterization of
- Pharmacological Activity in Vitro and in Vive” Br. J. Pharmacol., 104, 665-671
Q1 991); Linden, A. et al., “Salmeterol, Formoterol, and Salbutamol in the Isolated
‘Guinea-Pig Trachea: Differences in Maximum Relaxant Effect and Potency but not
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Adrenoceptor Agonist, Salmeterol. Br. J. Pharmacol., 108, 505-515 (1993); or in
vivo assays such as those described in Ball, D. I. et al., “Salmetero! a Novel, Long-
, acting beta 2-Adrenergic Agonist: Characterization of Pha.ﬁnacologicaf 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-Adrenaceptor Agonist: :

. Characterization of its in vivo Bronchodilating Action in Guinea Pigs and Cats in



intranasal or oral inhalation). These conmpounds are effecti §¢Uag2004

I njectable, inhaled and oral conpositions. Such conpositions are prepared
in a manner well known in the pharnaceutical art and conprise at |east one
active compound. A preferred manner for adm nistering conmpounds of this

i nvention rszﬁﬂg?QFion. This is an 15 effective means fS8FIVYEOBIET i ng a

t herapeutic agent directly to the respitmpory tract for the treatnent of
di seases such as asthnma and other simlar or related respiratory tr act

di sorders (see QomparisbmivithothéiBeta3-AohiseT Biol. Fhira. Buikartt 10am-18550 i ncl udes

har naceut i cal 0si t] ons | ch.cont ai as he actiye. ingredient, one
o oreof the CEIRRmAAERen S BudoRabEeh Pl baad b of |
phar naceut i cal | ygagias phdidbdhagian of Isng Dutationadd Highly Peteaii SelkdtivoBstaof t hi s

I nvention, the actjve ingredient i sual | y.m xed Wi.th .an.excipient, .
di 1 uted by an SXAATOESHE AR ressindilah FA SRIER: 2. el 180 Udibdh can be in
the formof g capsule, sachet, paper or other container. Wen the. excipien
t serves as a diluent, it can bg: a sol,ia, se}T'_-soIid, or liquid material,
which acts as a vehicle, carrier B FOFYFAlens t he active i ngredient.
Thus, the: conpositi OWherCédipidyRd hyphintRicdu@EdR, & chapdudiSof thk tvention BRWDET S,

| ozenges, sachets; cachets, elixjrs, suspensions, enulsions, solutions,
syrups, aerosol é‘s"eﬂ%aqci‘“ﬂ‘étf"ieﬂl%be °Hnaflfqaﬁ%ﬁ°ﬂ‘“ﬁ@d’9¥}?ﬁsfmé$-r{ﬂmt s cont ai ni ng,
for' exanple, URohbutdballe MafiiSitedby 4 MRicHOF foviRs GORARME B, rsght and hard

gel atin capsul es, suppositories, sterile injectable Solutions, and sterile
packaged powBer &ansd sybFuanepisaintraveneyis inicamyseiar, and inhglption(egecessary to

mil t-_he.aC_tiveiﬁﬁﬂmlwdmmhmgi.%em&n BORE Lty R djbdibe, fhAga Prior to
conbining with the other _ingredients. If the active coffpound is -

substanti al | y i Aaberelispmpositions - ych eqmnogitipns arg nrenated én gmarnepweliknagndn / 412193

PCTI US00/ 33057 e phhfhabeicat Rekrid coinbriss iaRasPhnel 5% chidpbhudOR, 4 | the
active conpound is substantially water soluble, the particle size is

normal |y adj ust Sdossy forpdministering,compaurdy ef this invgtiondninhadatiop. Thisfisanm

di stri buti o5 N efrbfivd MER kR biRRrings tHoraR R sl Qirky o :RNGIrAYT B B O

sui tabl e excipients include |actose, dextrose, sucrosg, sorbitol,

manni tol , st ar &isdsatmgpiaf distrsesauchas prhmmand pispiimile or rlagdraspiratoryt r agacant h,
gel atin, cal ci umhgialshRiad Gee U1 €PARRIRS 8k07,918). Cel | ul ose,

pol yvinyl pyrrolidone , cellulose, 'sterile water, syrup, and nethyl

cel l ul ose. The for muftis in¥mgoralse inelerles pPhsrraaceytical qpiperitéons Whishcenfaindg agent s

such as talc, MagNENeWBskGR oA & mANek 1l J&ﬁ{p@ﬁnd?hésbﬁbe%&éﬂlﬁr%gso@igéﬁ't S,
enul si fying and susgen I ng agents; preserving agents such as .
20 withp ceutically 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, 61' liquid material, wﬁich acts as a vehicle, carrier or meﬁium 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 td combining with the other

ingredients. If the active compound is substantially insoluble, it ordinarily is milled



10 net hyl - and propyl hydr oxy- benzoat es; sweeteni ng agents; grilne PQRAor i ng
agents. The conpositions of the invention can be fornulated so as to
provi de quick, sustained or delayed release of the active ingredient after
admi ni strati ewoéimziohe patient by enploying procedures Kpewp Joﬂss&stﬂe art.
The conpositions are preferably forrmulated in a unit dosage rorm The term
15 "unit dosage fornms" refers to physi callPy discrete units suitable as

unitary dosages,for ..human_.subjects and qt her mammual s, each unit containi ng
a predeterm nedtoqﬁ?m#]et%}ze_%‘zﬁé%?‘ﬁ?\?é"ﬁ%l‘é??}‘EP“HSF?}HH’%‘P@Est‘@t"ﬂ%ﬂuce t he
desired ther apewaictsoibietie partitle 5560 fbaiailp Aijustddit rilmpkd fblige Phar maceut i cal
excipient . Preferably, the conmpound of Fornula (1) T“above is enployed at
no nore than abﬁ‘g’(sm’?ﬁ%%@?‘gqﬁ’l“ Hof in dhe formulating,een aleoyt 44mesh20 conposi ti on;

more preferably no eyt ciklest Suiiabld Bxolftédi Sl O&Y IGGSNE, deirdsh, shiiise, DAl ance
bei ng pharm eu“éi%lll y inert carrier(s). The active conpound I1s effective

over .a. wi de dosYRalaiapaitel starches, gum asagly salciumphosphateeplaigates, tragacanth,

phar maceut i cal | yelgfnf &afdihn SiliH® HikrocrfsRilin® $ATIRSE, Iyt 8l |
admi ni stered vi a inhal ation, eaéhﬂC osabe contsdipr?}ya?‘?(?%r?g dgﬂ%fgefmg’ge’t o0 about

1000 25 jig, prSFdFuBiey supe aad methyl celldoss Bl fommdations cangdditiongilef er abl y about

5 pg to about 19Q1udBbrieMRR agtRlG &ﬁragftafd’ﬂtgéﬁ& %uah ra { ut 60 pg , of
the active ingredient. It, Qaﬁy\ng'ﬂ_sl ube unde_r torg%, o%éggr@lg?rﬁ%t%’t he anmount of
the conpound acPgng jeentgpmulifying prdpusiendingrgentst paesaivingdgbys sclpisysi ci an, in
the Iight ofgt hiehgl axARbpyHyORBEBMMESswekdithy diaAd 5,00 to be
treated, the chosﬁ:e%l roqt_epygify 3 ad_m_ni’ssﬂcg‘?ﬁlo%gg. ’e%gcaﬁ%ggﬁmpound

admi ni'st er ed andhg qomppsitions pfthe ingentipn ean betforombated so aswoipgivide gaiekl, r esponse of
the individual gatiedbe deldl | ent: s . Sy. , and the
like. Furthermore, the 50?7%0%%@%@%(%%5#ﬁ‘x%ﬁﬁagg’%?f“%“eﬁg%’% 2004 W
Ul/-47193 P CFl psexyby seplpying proteduged kiavinsin éreed. pr ophyl actically , for
exanpl.e,. a phar maceul.cah [ 1] L.ni.ng. a ¢o nd .of this

i nvention may be adm ni st%crggig Ee‘%%r%tg&?lﬁg&%%%éﬂgg%gon%%rhsﬁeﬁe“éfn ast hma
attack, to b%/ ev @it dpsage fooos] refers taphysically diserdigaeits dugableastunitiry dasagdsiferh it
occurs. 5 For pieRakhng ' RO Ll . as tablets. .the .principal
active ingredient | sﬁ}mtssxaggbf/ﬂmmﬁﬁ a p%itgécﬁa%%'etgﬁ care %Q’&Qﬁp‘?“enh‘%""‘ﬁ%aﬂf‘@r ma solid
pref ormul ati on ofastiysgudteriabealcylared s produge the desitod Brempasic effert lin assadatian conmpound
of the present

=i

with a suitable pharmaceutical excipient. Preferably, the compound of Formula ()
- 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 éxample, when the drug
‘ | is administered via inhalation, each dosage contains from about 1 pg to about 1300
25 1g, preferably about 2 pg to :about' 500 pg, more prefémbly aBout 5 pg to about 100
11g, even more preferably about 5 pug to about 60 pg, of the active ingredient . It,
will be understood, however, that the amount of the compound ai:tually
- administered will be determined by a physician, in the light of the relevant
' _bircum_stances, including the condition to be treated, the-.chc.)s_en route of
30 admixﬁstraﬁoﬁ, the actual compound administered and its relative activity, the age,
weight, and }esi)Onsc of the individual patient, the severity of the patient's

symptoms, and the like. Furthermore, the compound of this invention may be



i nventi on. When referring to these pre-formulati on conposit fdHge 3804
honogeneous, it is nmeant that the active ingredient is dispersed evenly

t hroughout the conposition 10 so that the conposition nmay be readily
subdi vi ded i nfwwguatly effective unit dosage forns suchpasut@Bk®is, pills
and capsules. This solid pre-fornulation,is then subdivided into unit. |
dosage forns of the type descri bed above ‘Containing the active ingredient

of the present i E&ﬁfﬁﬂfsﬂ'egﬂvgrosﬂﬁacii@ﬁkgggex%%plgjré dl\‘,‘?‘a‘g“f“%’tﬁg%c ggs]ﬁg,ﬁl i nvention may

be coated or otherw se 15 -conpour sag m af f or di ng
the advant age of cqpfainingreampaend o fais inveptiononarhsladminisued lafdretheor - pi | | can

conprise an inn 3%1 I e C onent, the | atter "being
inthe. form-of :%mg‘%\égl ope o&glpﬂ%%{g&fg?‘%g’?.gp :Fﬁeen?%ccu%%ﬁfﬂhtgﬁ?@“c'gﬁ be
separ at ed by an extengtd whi¢hdyeaxcurghi ch serves to resist disintegration in the .
stomach and permt t ' ; nent. to pass.,.ntact intg the 20 duodenum
or to be del ?;ed in ?S’f grg%gl .;’g %%\g’ggrfl&‘v’émgﬁsuﬁ,ﬁ%ﬁl%’ ghed’éﬂc‘B &€ for such .
enteric |ayers omgedisttingixed wilichphmabeedtizhlexéipientusl fong adoidpre®mElhtida0! yMeri c
acids and _ nixtu A | ric acids with such materjals as shell ac,
cetyl al cohol, a‘grf%ﬁ)gge)lp?'ﬁ Béle% 32’?5‘?%9“6%5“’;}1"&8?%‘1‘% ot heBIFEAt t he novel
conposi t'i ons. of inbentipx.cWbet refenning s thes preAoritiitiol Sorhf bR M sHoRdgdnRbus,

adm nhi stration aorall injection .include aqueous solutions, suitably
f1 avor ed 'syr ups,& “%%%‘%%F@eﬁ%ﬂﬁﬁﬁgﬁ%%@%ﬁ% throyghoutthe eompositions wi t h
edi bl e oi| s Huchsodat éercomposition faf bORSERGulivVided SRS JNRUP bifectiv@GRMYsaR! | - OF
peanut” oil, as vgl I aﬁhel i Ei [s.an Si rr] I a_+r18pha_r maceut 1 cal vehicles.
Conposi ti ons for PRHAPEE NP FH%L"F?SPB&t weolid prerfopanlationis thems and 30
suspensi ons in rﬁn&diﬂﬁ&ﬁhfohﬁﬂﬂbgdgﬁﬁﬁﬁsﬂifﬂﬁ'tﬁmd@d&ﬂ%o@cogfagﬁ’fggﬁe &9#%6”'[ S, or
m Xt ures there_of-i . ?%d %%ers {.see.U. S. patent No.. 5,983,956). e liquid
or solid conposP¥FFYHY PESAL BT Lhi t abl e phar maceutical |y accept abl e
excipients as 8 June’mé)ﬁlsletsm;ﬂls{M%&EHH@%QQA@Q@%&@M%MH&?&U bed

supr a. Prefelr bly the c{ggpa’%svﬁel ons are agdm ni stered by the oral or nasal

respi ratory out@mPgnds agdgsage.fomp atiqrdigg the adyanisee of nrolengedactionef er abl v

- phar maceut i calHoy eedpiptha BibRt SrQhlVeRcomprRY al nsalditek 2RV 86,00 | Nert
gases. Nebulized sol utions bethi Eha ed directly fromthe nebulizing

device or the 5 “CRENIA Pefaite 62 ipbamenvelepryer e formgr dhedwk tent, or
internittent posbinpyrentsRirikSkiaeatddibe ah Bithd IHRE Rhidk serilhélfeki®N, Suspension, or
powder Corrpos_l t Id?srilrﬁegnr%n%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 inclﬁde aqueous
solutions, sditably flavored syrups, dqueous or oil suspensions, and flavored
‘-eminls_.ions with edible oils such as com oil, cottonseed oil, sesame oil, coconut oil,

" or peanut oil, as well as elixirs and similar pharmaceutica! 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



admini stered, preferably orally or nasally, from devices whtin@éPPer the
formulation in an appropriate manner (see U S. Patents Nos. 5,919, 827 and
5,972,919). 10 Furthernore, the pharnaceutical conpositions containing one
or nore conpoundfgsof this invention can be adm ni steregcipfpsgpaidynation -
any other suitable drug, for exanple, v!ltlg a suitabl e steroidal '
anti-inflammatory drug, e.g., budesonide, “Tlucatisone, becl anethasone, for

t he treat nent of . r I . t he. ¢ i.nation therapy is
AR i reféhﬁng&% ositf i€ Bl %qyﬁ%e%@r%. Py

enpl oyed, the pharmaceutical conposition cont armi (s) of
this invention ardpitatasy weteferloal orsnstémic pfféch nGatpmesisionsdn pgfaiayy be

adm ni stered si ﬁ“@?y ' r arately,.. Each conponent
used in the comb natafll?li&gn t earcg%%gltégglté’%%Jgé'e%l}eﬁ'ﬁgﬁc{%#ﬁﬁﬁfmg‘ﬁﬁsﬁi ent for

its intended pur pobdizedsolutiensamylbe inhalkd disdcdy frodalle mbilizingablisarahor y dr ugs
are enployedsin Jq]. C1 anpu effect reduction . in inflammation in
vivo. The =3 20 E&gg%g%erﬁgg%f:mfg%% ?Sh(??%a%%ﬁﬁ sk (e, OF Wfenmitianl ROSiti¥e rpounds  of
this invention apessuepathimgonachingrohition)sbs@isidn, 64 Wil Bmpadiids hial Bxat i on of
snmoot h nuscle ti for e | I n_the, bronchial, system Preferably, the
dose range for c%d?n%gﬁtﬁﬁg’ P&?ferﬁngmﬁﬁféﬁfaﬁ Byﬁql‘g&f"}cﬁ%ﬁ?ﬂg%%qlwgr thg to about
1000 pg .per -doseformulationiin &f sp@pliste mamis (sée PSE. PReAYNG,. 599)gPngeven 25 nore

preferably about Enqﬁ Lo about 100 pg, and. still nore preferably about.- 5 pg
to about 60 pg. 5" ? ferred dosage range fora steroidal anti-inflamuatory

drug is frobdabout HrtheomdBQfle fl@madeetizllcBmpésiions aatatniRPHdlor kR PO t0 about
1600 pg.. Agai n,_-theﬁstt@gl.ar dose used w || depend on the patient (age,
wei ght, etc.), aff§Pe 26V gvestiogcan bradginiteredincambigations otiee, severe) .

Lastly, a phar meafubli dag, (RQxanyR) Mithtal sOfibfeQRi@in mﬁtgmhskﬁm%% e
I ngredi ents can _@Idso @e%r epared for' administering the dru " *
si mul t aneous| y. #95TPRIe:Syealisanp beglamathpsone, farthersatnrentyd sespiratary JisoRxmMPLES
The fol | owi ng prwhathé iilttuadatthensy o bAPloRdSthE hieRade iGN\ B Bsiifipse skill ed
in the art .to nore, cl egthelr%, und%r iitiﬁﬁ'g and to (i)r actice the present
i nvention. Tiey “2REH oppEnd(s dverfion and thasterojdgl anticinBamspatonyf t he
I nvention, but rmﬁgﬁyy Bezdb@iistgedsithhltasdusip! dei@n@dlg. of ?@&%&ﬁntﬁlﬂ ve thereof.
component used in the combination therapy is employed in an amount sufficient for ‘
its intended purpose. For example, the steriodal anti;ixaﬂammatory drugs are
- employed in sufficient amounts to effect reduction in inflammation in vivo. The B-
20 2 adrenergic receptor agonist/partial agonist corapounds 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 cqmpounds of this invention is from about 1
Mg to about 1000 pg per dose, more preferably about 2 ug to about 500 g, even
25  more preferably about 5 pg to about 100 pg, and still more preferably about 5 g to
about 60 pg. The preferred dosage range for a steroidal anti-inflammatory drug is
from about 50 to 4800 g and more preferably about 100 pg to abouf 1600 pg.
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 containitig the two active ingredients can also be prepared for
administering the drugs simultaneously.



In the exanpl es bel ow, the following abbreviations have the3#4P¢80%hg
meani ngs. Unl ess ot herwi se stated, all tenperatures are in degrees Cel sius.
If an abbreviation is not defined, it has its generally accepted neani ng.
10 A = Angstromsvausemscenti meter DCC di cycl ohexyl carbodi ipgargieokdhfsr =
N, N- di et hyl f ori nam de DMSO dlnethylsulf glde 15 g g HPLC hi gh
performance |iquid chromatography NENlnln essential medi um ny
mlligram M C m ninuminhibitory conc ' 20 mMmn = mnute nL
millilliter mm=mllineter nmol mllTno N = normal 25 THE =
tetrahydrofuran ni crBiifellaving peparationsanhexamples are gwaﬂm&ﬁﬂ@ﬂhb&tsuﬂﬁd R f
retention factio Y C_resqnhance

{h tﬁQ ore a%k]wer%g QI?J tO Ipl‘acl:l(ie € (}Hesg%t ’?p‘ﬂ?ﬂtf?fb t]i‘hey Ex arrpl 0

el ectrospray mass spectrum
Exanpl e 1 8" Junesigilpovi®: cmﬂdbﬁﬂi%llmrfﬁiﬂldm 3805 ihveritibd, biiyﬂmgsas%elaé

trans- 1, 0bi s(3¥ Ay dhatebesdimdby dlosy Tt Y1 phenyl) - 2-

In the examples below, the following abbreviations have the following

- meanings. Unless otherwise stated, all temperatures are in degrees Celsius. If an

" abbreviation is not defined, it has its generally accepted meaning.

10 A

= Angstroms

cm = centimeter
DCC = dicyclohexyl carbodiimide
DMF = N, N-dimethylformamide

, DMSO = dimethylsulfoxide

15 g ‘ = gram

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
pm = microns
1t = room temperature
R, = retention faction

30 NMR = nuclear magnetic resonance
ESMS- = electrospray mass spectrum
ppm = parts per million

35

Synthetic Examples
Example 1



hydr oxyet hyl ] ami no} cycl ohexane (following figure 5) 1 5 $4Y88&84tion of
5-acetylsalicylic acid nethyl ester 11 (5.0g, 25.7 mmle) in

di met hyl sul f oxi de (44 nL) was added 48% hydrobronaic acid. The resulting

m xture was swproredssat 55 C for 24 h, and poured into a Skdfiyeekesh Ce-wat er
(200 nL), precipitating a pale yeIIowsg1 d. The solid was filtered,
washed wi'th water (200 nL), and dried f %lve a, a- dlhydroxy 4- hydroxy 3

met hoxycar bonyl. 10 duc s re i n ethyl
ether (200 m.), fil tg gﬂb ‘r%é%f‘ﬂfﬁ% %Af%xy'g p qﬂyﬁ fe product.
Rf= 0.8 (10% MOH CH2C12). H h}rdmyétnﬁ]anﬁmaﬁﬁdﬁacahw 299.96 MHz): S (ppm
8.73-8.72 (d, 1H), 8.28 8.24 (dd, 1ﬂ% g 5 (d, 1H), 5.82 (s, 1H

4.01 (s, 3H). Step 2 15 To a suspe Ying figure

aa- di hydr oxy- 4- hydr oxy- 3- nethoxycqégonyl acetophenone 12 (0.3 g, 1.33
mmole) in THE (10 nL) was added a polHtiO
trans-1, 4-di arni nocycl ohexane N Ble
resulting suspensi on was sti for 1 at anbi e enper at ure under
nitrogen atnosphere, at whPch ff or mation of an i ni NE v conpl eted j udged
by TLC analysis. After cooli 20" of the resulting 8Hut|on at ice bath,

an excess ampunt of 2M BH3-Me2S in hexane (4 mL, 8 nfiole) was added to the
previous solution. The resulting mxture was slowy warnmed to rt and
refluxed for 4. PgPder N2 stream After cooling the reaction nixture McOH

(5 nt) was -gdded t?oleﬁﬁﬁﬁo??fﬁ@e%ﬁsaﬁ@id%ad?:feﬂ%%sﬁw @@g%ﬁf (& t' rring

for 30 mn., the final solution (or cloud ut |on eva Stated in
vacuo, yi el di ng dimefhylwlforidefs4 sadhivas adﬂ¢é4%ﬂlyd10bvamwwaslhé‘dic wsulhng Et OAc/ hexane

Cont ai ning 0. 500 TER® B 7Y Ef8y Y B IEborlin SRV KL kB o & sune
2004 Vg E Vil Y413k, FW@H)W@MQW solid {ie S¢hdq-msclilterled,0ﬂmh@lgmﬂphg¢er( HPLC)
ot oct 1 on at - 254 RRER pnd i ke bk g S bV ved by LC v
to isolate ti0angcetbphdadse42.NIedrddicthydrosspddéd/id ety (300 mL), filtered
phenyl ) - 2- hydr oxyehhyl il 8L B4 SSR) SPHARS e, R ~ 0.8 (10% MeOH/CH,CL,).
H'-NMR (4/1 CDCL,/CD,0D, 299.96 MHz): & (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
- 15 To a suspension ef a,a—dihydrexy-4~hydroxy-3 -methoxycarbonyl-
acetophenone 12 (0.3 g, 1.33 mmole) in THF (10 mL) was added a solutiort of
trans-1,4-diaminocyclohexane (76 mg, 0.66 mmole) in THF (5 mL). The resulting

THE (5 nL). The

suspension was stirred for 3 h at ambient temperature under nitrogen atmosphere, at
which formation of an im_ine was completed jtldged by TLC analysis. After cooling
20 of the resulting solution at ice bath, an excess amount of 2M BH3-MCZS in hexane

{4 mL, 8 mmole) was added to the previous solution. The rcsulttng 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,-

l Me,S. After stirring for 30 min., the final solution (or cloudy soluuon) was

25 , evaporated in vacuo, yteldmg apale brown sohd The solid was washed with

- EtOAc/hexane (1/2; 20 mL), and dried. The crude product was dissolved in 50%

MeCNIH,O containing 0.5% TFA, and purified by prep-scale high perfermancc



5 H NVR (CD30D, 299.96 MHz): S (ppm) 7.35 (d, 2H), 7.18 (d8Jup#00%. go-
6.78 (d, 2H), 4.88-4.86 (m 2H), 4.65 (s, 4H), 3.15 (br s, 4H), 2.89 (m
211), 1.68- 1.55 (br rn, 4H); ESMS (C24H34N206): cal cd. 446.5, obsd. 447.5
[ MtH] +. - Compount+#4: Proceedi ng as descri bed above but sabhesdotssust ng
trans-1,4-diamno 10 cyclohexane with 4,45-nethyl enebi s(cycl ohexyi am ne)
gave bis{4,4'-[ N-[2-(4- hydroxy-3 -hydroxynet hyl phenyl)-2-hydr oxyet hyl ]

am no] cycl ohexa id kAR raph BB sidd HENZH A adog b d. 543.6
[ MtH] +. OorrpoungailllS Proceedi ng asd)descrl be bn(a)vglﬂi butscg/ﬁggstl lftBISng

trans- |, 4-di am ryer 3ming3bmbinindaectignah2st, Meﬁﬂ%ﬁ@mﬁ'élbv sksomttiny bverei ne)

gave13b|s{N-[§m oY lephe: 2; -
hydr oxyet hyl ] am nonetg;ic c-t%%glgggrrg%ymk@{g hydreﬁymﬁthy474 6,

obsd. 475.3 [ MrHhenyl- Wﬁ@ﬂi@imﬂpmemnﬁg?*as descri bed above but

substituting §rans- }p4ndk é %)% ﬁ}ﬁ? ﬁ 5 dtﬂ_[)l-, ?3 (dd, 2H), 6.80-

- di am no- p- nent hane gave 1, 8- Jb|
hydr oxynet hyl pheﬁﬂ/ﬂ . ﬁﬂh&&%—éﬁ?@%]%ﬁ(&dﬂ)@ Iﬁa(bthaHQ;ZE?qMSZm&BMZNZOG)
cal cd. 502.6, obg 5,9341%

s descri bed
above but substltut ng’ trans- Fﬂ(@l"‘ ‘gg cyc’l gﬁgg‘gﬁg '%glﬂﬁ '
1, 4- bi s( 3- ami nopéapppddidher azi ne gave 1 4 bIS(3 [[N 2- (4- ,
hydr ax) 1- 3--hydr oxyne a yI) pi penzi ne.
ESMB ( C28H44NA06) - b%%‘m’%%d%“gb&gé% Q%riw ddiainay, na) *
Conpound 18:10Pr Gwelehhxmg: with @@-mmwyhﬁebmﬁgmloﬁe@mmﬁd) lg&tel His!{ﬁ I4DW f2r@ns-

1, 4-diam no 30 qﬁ, g)i_lane Wi XJX ﬁ/L edlﬁnﬂ %
1, 4- bi S{N-[ 2- (4- gfo [ﬂy}@" )- oxye cyclohexane}methane

ni et hyl phenyl) - W@@mﬁw Qa&mmmﬂwlshbemmmqf ESM5 (g6H32N206) : cal cd.
468.5, obsd. 469(: %Mtﬁ? 492.0 [MtNa] = 8 June 2004 WD 01/42193
PCT1USO0/ 33057 - hpound 19: Proceedi ng as descri bed above but

substituting trans- Probecdingni theritey atovh Butatitiniih g rimsh i MlapiAgAI am ne gave
1,3-bi s{N- 215( 4 deﬂc?(a:}é w1thW§i-cyci(o¥lexanebls(meﬂlylanune) gave 1,3-bis{N-[2-(4-hydroxy-
: 3-hydroxymethylphenyl)-2-hydroxyethyl]ammomethyi}cyclohexanc
ESMS (C,;H N, 0): caled. 474.6, obsd. 475.3 [M-+H]".
Compound 16:
Proceeding as described above but substltutmg frans-1,4-diamino-
20 cyclohexane with 1,8-diamino-p-menthane gave 1,8-bis {N-[2-(4-hydroxy-3-
hydroxymethylphenyl)-2-hydroxyethyljamino}-p-menthane.
ESMS (C,H;N,0,): caled. 502.6, obsd. 503.3 [M+H]".
. Compound 17:
~ Proceeding as described above but substituting frans-1,4-diamino-
25 _cycldhexane with 1,4-bis(3-aminopropyl)piperazine gave 1,4-bis{3-[{N-2-(4-
hydroxy_f-B-hydroxymcthylphenyl)-2-hydroxyethyl}amino] propyl}piperazine.
- ESMS (CyH N,Oy): caled. 532.6, obsd. 533.3 [M+H]', 555.0 [M+Na]*.
. Compound 18:
Proceeding as described above but substituting trans-l,4-dia§1ino—
30 cyclohexane with p-xylylenediamine gave 1,4-bis{N-[2-(4-hydroxy-3-hydroxy-
 methylphenyl)-2-hydroxyethylJaminomethyl}benzene. ESMS (CygH,N,0,): caled.
- 468.5, obsd. 469.3 [M+H]", 492.0 [M+Na]".



met hyl phenyl ) - 2- hydr oxyet hyl ] ani noni et hyl } benzen e. ESMS ( C36L32KB%%)
calcd. 5 468.5, obsd. 469.3 [MH} , 492.0 [ M:Na] +. Conpound 20:
Proceedi ng as descri bed above but substituting tranr-1, 4-diar ni no -
cycl ohexane Wyblysi %m nobenzyl am ne gave 1-{N[2-(4-hydr %’%dr oXxYy-
met hyl pheny 1) 2 hydroxyethyl)an nonet hyl) -2-(N-[2-(4-hy

hydr oxynet hyl phenyl ) - 2- hydroxyet hyl ] am ndl§-benzene. ES C25H3( | N2O%) :
calcd. 454.5, obsd. 455.3 [MrH'. Conpound 21: Proceeding as described
above but substi®mroned 1% r ans- 1, 4- di ami no- cycl ohexane wi th

2- (4- am nophenyl ) et hpludg

hydr oxynmet hyl phenyl PZ hy%&?ﬁgﬁﬁ;%éﬁﬁg%égﬁ%éfnxg fx'\é[agmtozl hydr oxy- 3
hydr oxynet hyl ph@aglpl;exglwmmwiengdnm me]ﬁémz{éfr[a-@ﬁﬂ@q(s -3RIBA32N2 C6)

gglo\(icei bﬁ?iﬁbs??ﬁ% ﬁ\m tlgzalri\l%%eﬁlyggﬁﬁn no gb%c %ﬁg@g@ ﬁSCIZF el e

4, 4' -oxydi anid i rféséanbed 4462-3{Mr*1=l] Mﬁ{ZZ)-[Mi-NaYdroxy 3- hydr oxy

met hyl phenyl ) - 2- hyl ] am no} phenyl et her. ESM5 (G pH32N20O7) : caf cd.
532.6, obsd. 533 +, 556.1 [ MtNa] +. Conpound 23: Proceedi ng as
descri bed above but Bwb@ﬂingmsdasgiuedabmrebutzkuwﬁamihgoamsuudhhﬁmane with

ﬁe?wyrgﬁgﬂin a?cﬂaaﬁoxye‘%ﬂ'%m ROME ‘ﬁ é(aséei'{pl%/ﬂ(?ﬁ?ﬁxyﬁ%fmdé%?' 3- hydr oxy
Zgz hyl phggxslljl) 2-shefighiiend)- Miqrmthvlﬁmﬂmﬁrl}-ﬁ%«@ﬂﬁhﬁ@@?% egfﬂscgf
1-(2-[N-2-[ (3 hﬁﬁﬁ’%f@"y%“’k’"'h@“&"ﬂiz n%‘%‘%}VFgﬁﬂéWf‘?}% n B (G NS

hydr oxyet hyl ] amicalod. GShchjbdeﬁi\ti[Mﬂ{phenyl 2- hydr oxyet hyl ] am no] benzene 8
June. 2004 vvv uaéa2| PCr/USQO 33057 --11 7 (followng figure 6) To a
suspensi on of a, AP r oxy4- hydr oxy- 3- met hoxycar bonyl

. Proceeding as described above but substituting frans-1,4-diamino-

cyclohexane with 2-(4-aminopheny{)ethylamine gave 1-{2-[N-2-[(4-hydroxy-3-

15 hydroxyme&lylphenyi)-2—hydfoxyethyl]amino]ethyl}-2-{N-[2-(4-hyd:oxy-3-
hydroxymethylphenyl)-2-hydroxyethyllaminolbenzene. ESMS (G¢H,,N,0,):
caled. 468.5, obsd. 469.3 [M+H]".

Compound 22:
Proceeding as described above but substituting trans-1,4-diamino-

20 cyclohexane with 4,4oxydianiline gave 4,4'bis (N-[2-(4-hydroxy-3-hydroxy-
meﬂlylphcnyl)-Z-hydroxyethyl]mnino}phenylether_ ESMS (G H;,N,0,): caled.
532.6, obsd. 533.3 [M+H]", 556.1 [M+Na]*-

Compound 23
Proceeding as descnbcd above but substmttmg trans-1,4-diamino-

25 - cyclohexane with 2-aminobenzylamine gave 1- {N-[2-(4-hydroxy-3 -hydroxy-
methylphenyl)-2-hydroxycthyl]ammomethyl}-4-{N-{2—(4—hydroxy—3-hydroxy-
methylphenyl)-2-hydroxyethylJamino}benzene. ESMS (C,;H,N,0,): calcd. 454.5
obsd. 455.5 [M+H]", 477.3 [M+Na]

30 Example 2
Synthesis of 1-{2-[N-2-[(4-hydroxy-3-hydroxymethyiphenyl)-2-
hydroxyethyl]amino]ethyl}-4- { N-[2-phenyl-2-hydroxyethylJamino]benzene



5 acet ophenone 12, prepared in Exanple 1, Step | above, (0.3J4ne40043
"mmole) in THE (10 nL) was added a solution of 2-(4-am nophenyl)ethylam ne
25 (0.181 g, 1.33 nunol) in THE (5 nlL). The resulting suspension was
stirred for 3vhvatzranbi ent tenperature under nitrogen atpogpswessss fol | owed
by addition a, oo-di hydroxy-- acet ophenon? £4 (0.29, 1.32 mmle). The
reaction mxture was stirred for 3 h at 6 RT, at which formation of the
imne was conpleted as judged by TL; oﬁ&ﬁh%’ﬁ The reaction mxture was
cooled in an ice bath and an excess anount © BH3 Me2S in hexane (9 ni;
18 mmol e) was added. The resulting m xture was slowy warned to rt, and
refluxed for 4 h under N2 stream After cooling, McOH (10 nL) was added to
guench excess anount of BH3-Me2S. After stirring 30 min., at Mthe 15 final
sol ution (or cloudy suspension) vva vraporat in veguo, to give a pale
brown solid. The solid was RQp =t A |’~u /2; 20 nm.), and
dried. The crude product was gont ai ni ng 0.5%
TFA, and -purified by prep-H@al® hi gh performance I|q g chr omat ogr aphy
(HPLC) using a |inear gradi (5% to 50% MeCN H20 over 50 mn, 20 nmifm n;
detection at 254 20 nM. Fractions wth UV absorption were anal yzed by
LC-M5 to |locate 1-{2-[N-2- [ (4-hydroxy

- 3- hydr oxynet hyl phen 2- hydroxyet hyl ] am nol.-et hyl } 4-{N [ 2-

phenyl - 2- hydr oxyet hyﬁ’é 'B'éﬂ§%ﬁ'éﬁ§’6'lx¥§w 'E!“I\%@WW kd.. 422.5,
obsd. 423.3 [swmd];etophencﬁemmwmsﬁ&pl%rm@pdlawea@3%6?@9&:%%@:b@n\tﬁ but
substituting dr K r 0x 3-.nmet hoxycar bonyl acet ophenone wth
a,a -di hydroxyaégq'ﬂtjﬂé??&ﬁé%é’é@@ quQ Zy optisny o plamipe 25 Q48142183 S --11 8
PCT/ CI.SO0 33057 nfrRolpinerHE (5aﬂbyuinems ﬁ%l&ﬂﬁ&%&d’fﬁrﬁ Rlaf atpiieny ! -

hydr oxyet hyl )aaa| no] - benzene. ESM5 (C24H2aN208): calcd. 37&5, obsd

377.0 [ M+H + Ex meguge gndswm ptmagphere, followed by addition o ;o-dihydroxy-
1- (2-[N-2- (4- hydeae@ne&new {T?:!Mo iy &aec%oﬁww Me;ifor3q1rgtno‘1 et hyl )

-4- [N-(2 phenyl - hydr ox ) am no] enzen ure 7) OHH
R.T at which ormaxmn of the imine was completed as;udged by 'I'LC analys:s

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 1o 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 solutien (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,0 6ontaining 0.5% TFA, and
purified by prep—scale high performance liquid chromatography (HPLC) usmg a -
linear gradlent (5% to 50% MeCNleo over 50 min, 20 lemln, detectmn at 254
_20 nM). Fractions with UV absorption were analyzed by LC-MS to locate 1-{2-[N-2-
[(4-hydroxy—3 hydroxymethylphenyl)—Z-hydroxycthyl]ammo]-ethyl}-4—{N-[2-
phenyl- 2-hydroxyeﬂ1yl]amlno]benzene 26. ESMS (C,_.;H,ONZOQ calcd. 422.5,
obsd. 423.3 [M+H]".
‘Compound 27;

25 Proceeding as described above, but substituting o a-dlhydroxy-4-hydroxy-
3—methoxycarbonylacetophenone with a,a-dmydroxyacctophenone gave 1-{2-[N-



NN HOH1 &ep To a solution of 4-(2-aninoethyl)aniline 284892804 147
nmmole) in nmethanol 10 (250 nml) was added (Boc)2Q (32.4 g, 148 mmole) in
met hanol (50 nL) at rt. After stirring for 24 h, the reaction m xture was

concentrated tyvdtryness to afford a pale yellow oily respgijgscoddag; oi ly
material solidified slowy; thus it was dygsolved in 5% MO -1/CH2C 2, and
subsequent |y appl ied to flash silica colum chromatography (3 to 10%

MeOH CH2d 2 . ﬁq Ep@_ 28 15
obt ai ned as)a pal e y@i‘?t%vﬂrggﬁklh{gnml @Pﬂgﬁ'iga .ﬂgﬂé&&ﬂ'@ ne‘i‘J‘EO—VwaCIS—IZCI 2.
"H NMR (CD30D, euzinedESMS(C.He:oarmplcd. 176.560t88 37d0 (MMHY]". 6. 69- 6. 65 (d, 2H),
3.20- 3.13 (g, 2H), 2.63-2.58 (t, 2H), 1.41 (s, 911). to 2

4- (N-Boc-2-anminoethyl )aniline 28 (1.25 g, 5.29 mmole) was dissolved in 20
met hanol (30 nlL), followed by additionExn‘mmhényl glyoxal 24 (0,708 g, 5.28 .

mol e) . The rsgeacti o.addi tion
of . NaCNBHB 0. 66 %Bthgg‘g(%ﬂe@rﬁﬁ'gw%qfl a2 B heel o 15
at it, concentrated, aﬂmdnqiethyif-ﬂfw(b-yhdnbw‘a}hycbmﬂybmﬂ)mhqmﬁrorrat ogr aphy (2
to 5% MOH CH2CI2) to give followi

N- ( 2- phenyl .- 2- hydr oxyet hyl ) - 4- (N- BolOBoing fige Ay 1) 25 aniline as a pale
yellow oi.l (1.71 g, 919 : Rf= 0. 180Hn 5% McOH CH2C12. "H NWR (CD30D,
299.96 MHz): 8 (ppn) 7.4-7.25 .95 (d, 211), 6.63 8 June 2004

WO 01/ 42193 PCTI US00133057 - 4.8 /9 (dd ,. 1H), '
2 1.42 (s, 911). Step
c-2- am noethyl)aniline

3.3-3.21 (t, 2H), 3.2-3.15 Ka 2.
3 A solution of N-(2-phenyl-2-hydroxyet hyI) 4-
5 (1.7 g, 4.77 mrnale) in met®l ene chloride (10 ) was cooled in ice
bath, and T FA (10 nL) was slowy added under a stream of nitrogen gas_ The
reaction m xt ur étepdas stirred for 1 h, and concentrated to yield a-pale
yel low oil. The crude,yalcsi.ak 4-(2-amin6ethyl)anilinc 25 (20 g, 147 mmole) in methanol

10 (250 mL) was added (Boc),0 (32.4 g, 148 mmole) in methanol (50 mL) at 1t. After

stirring for 24 h, the reaction mixture was concentrated to dryness to afford a pale |

yellow oily residue. The oily material solidified slowly; thus it was dissolved in 5%
MeOH/CH,CL, and subsequently applied to flash silica column chrbmatography a3
to 10% MeOH/CH,C),). Afier 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,CI,. 'H-
NMR (CD,0D, 299.96 MHz): & (ppm) 6.96-6.93 (d, 2H), 6.69-6.65 (d, 2H), 3.26—
3.13 (g, 2H), 2.63-2.58 (t, 2H), 1.41 (s, OH]).
Step2

| ' 4-(N-Boc-2-aminoethyl)aniline 28 (1.25 g, 5.29 mmole) was dissolved in

20 methanoi (30 mL), followed by addition of pheny! 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 mmoie). 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—hydrbxyethyl)-4-(N—Boc-Z-aminoeﬂnylj—

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): & (ppm) 7.4-7.25 (m, 5H), 7.0-6.95 (d, 2H), 6.63-



was purified by reversed phase HPLC (10%to -40% McCN H20 o8einggo n: 20
nm./mn) to give N (2-phenyl-2 hydroxyethyl)A-(2-am noethyl)aniline 29 as
the 10 TFA salt (1.1 g)_ "H NWVR (CD30OD, 299.96 MHz): 8 (ppm) 7.42-7.3 (m
5H), 7.29- 725 2H), 7.12-7.0 (d, 2H), 4.85-4.82 (m 3.45-3.35 (m
oH). 3.18-3. f?é?‘tgf;lgﬁH), 2.98-2.94 (t. 2H): ESMB ( CL6H2ONFONUSUMSHZy
256. 4, obsd. 257.1 [M+H', 278.8 [M:Na}H9-513.4 [2M+H]}. S. tep 4°15 To a
sol ution of N (2-phenyl-2-hydroxyethyl)4-(2-am noethyl)aniline '
trifluoroacet at é- e(ﬂst2¥b,91~!(514-?19@¢, 12D33Y3rﬁﬁl &) 2HDn3.2a3t1h 4mo2HY, 2.64-85)t, was added 5
M NaCH sol utiorﬁﬂg’q._‘&?(s%. After stirring for 10 mn., the solution was
concentrated - to dryness. "The resi due was dissolved in THE (25 nL), and

a, a- di hydr oxy- - Stgpdr oxy- 3- net hoxy- car bonyl acet ophenone 12 (0.514 g, 2.27

mol e) was added. 20 .re Mol I %1 s St Fked, for t rt,
cooled to 0 C, and B&%&g ' (’?.' Q‘ﬁﬁpl}%ﬂ&&%ﬁ%y})%ﬁ%cd%’gﬁmﬁ’%%’él?mﬁf‘? rogen

at nospher e. Phe (1.2 act.7ommpleXinuneathylas chlgpided b L) wasaooledlirt ice bdth, ari TRA ed for 2
h at rt, and ref he, reactiop. mxture was cool.ed and

met hanol (10 nL)(qu/\ég 'ér%f%{ec’aﬁ%?dg\?\;?de%%g?mgfl’?"f’?geﬂﬁa% CEGURIIWC: 1t the
reacti on m xt ur evasstireddordedn tadadoackntratedtbfyiridh mlayellod ofle Thelitde niddrah 25 was
di ssol ved in MeQH (20, cont ai.ni AT i on ﬁi{@lh organi cs -
yi et ded a pal e M?’%‘%"g}b}%ﬁ%@\?ﬁgﬂ’&ﬁ %ﬁéﬁ%@%@eﬂ’% 'é‘;:&ﬁ?LC: 10%t o
20‘{’/02 [I\/F\I_CIZ\II I(-IZ Oh o wnell/mbil) td’g'iﬂ:;jN-ZDpH&lﬁlﬁ-ﬁ&d&ﬁy@hﬂﬁ{}mﬁm&mybaﬂiﬁm 29 as the

“14- [N 2- (5NYALOXy s - t y '

met hyl p‘henyﬁf)- Zqﬁmg\/{;éhﬁm%f)& ﬁ?ﬁ%ﬁhﬁﬂﬂ\f’@“ﬂﬂeﬁ?ﬂ3 Q’-‘ﬂ%r oxyet hyl ) -
(PP 7 42-7.3 (i oo f s a2 i, IS A e, . e o7 (.
pp , 1. 1-7. :
2H), " 6. 80- 6. 77@%‘,0’ E#??-%%‘s%ﬁh.%gk‘(s((ﬁﬁﬁgyﬁa%:&%% 2564, Oi’Fﬁ-?S'émﬂél. 34 (m

2H), 3.28-3.22 (@ms.8 pMINE 5209LNOP.L/ 42193 PCT/ US00133057 -120 2H),

3.20-3.14 (m 2H), 3 04-2.96 (m 2H); ESMB (C25H30N2O4): cal cd. 422.5,
obsd. 423.1 [ MFH¥R* 404. 7 [M1H2O +, 387.1 [MRH2Q +. Exanple 4 5 Synthesis

of 1-(-2-[ N-25(4- hydrDxyscbutioy G A(Y-PRnGYI-RYRSRY bthy 174 1Yoy hliink - _
am noet 1) 4 (N2 DRy ) ) o IS LSS e 1 79
gure 8) OH
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,o-dihydroxy—-4-
. .hydroxy-B-methoxy-carbonylacemphenonc 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 (iO 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%
-A V.MeCNIHZO over 50 min; 20 mL/min to gi\‘re 1-{2-[N-2~(4-hydroxy-3-hydroxy-
methy[phenyl)—2-hydroxyethyl]—amino]ethyl}-4;[1\1-(2-phenyl~2—hydroxycthyl)—
' amino]benzene 30 as the TFA salt (0.65 g). 'H—NMR (CD,0D, 299.96 M): o
30  (ppm) 7.42-7.3 (m, 6H), 7.28-7.24 (d, 2H), 7.18-7.14 (dd, 1H), 7.1-707 (4, ZH),_
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,



H NOHtent 10 A solution of 4(N-Bo c-2-ani noethyl)anilin8J$8e 2809 g,
29.6 mmole) in ethanol (100 nm. ) and (R)-styreneoxide (3.56 g, 29.6 mol e)
was refluxed for 24 h. The organics were renoved to give a pale yellow
soli.d. N-(2-wOenyhes2- (-S)- hydroxyethyl)-4-(N-Boc-2- am nogiipydedasas7d i n  was
separated by flash silica colum chromatography: 1/2 Et OAc/ hexane to 3/1
Et OAc/ hexane to. 3% MeOH in 311 15 Et QAc/lA®xan e: 0.39 in 3%

ﬁ% S:;Z/St ﬁyl )Siﬂ%’r\f\é@@ ‘gt(‘&»omﬂﬁoge?% ‘% (n?gﬁﬁ‘ﬁsp,fs éczl’@%oﬂfabdrﬁ?&#e) in cHed 2

(15 ) was coodtad 4201 @v+HY e40act MU, 3861 peam@f. nitrogen and  TFA- (15 niL
) was slowy added. The reaction m xture was 20 stirred for 2 h .at 0C and
then concentrated in vacua. The crude product was dissolved in 20%

McCN H2O and purified by preparatlveEgﬁ( ¢wed phase HPLC (5 to 2%

McCNI H2O  over 50-m.n; 254 n 2 phenyl-2 -(9)-

v
hydr oxyet hyl - 4- (Sndgsiseldk #k %‘H“‘N"ﬁé‘yﬁrl}!ffi‘l%ﬁ}‘%@g@lebﬁbz &‘Ffo)@!lYHs a
colorless oil. 'H Nl\gi-u(1 N2D S hydrSevl® Berdatie /- 25 (M 9H),
4.9 .dd | H), 3.55-3. 45 [g ?l‘ Pyl fm"‘m"]es G5-2.95 (t. 2H)
ESM5S (C16H26N20,) : c al cd 256 4, OBB%gﬁws)l [MH—l]", 280.2 [ M+Na] +. Ste
8 June 2004 WO 01/42193 - PCTYUSOO/033057 --121- To a sol ution of

N-(2- phenyl - 2- (S) - hydr oxyet hyl ), 4- hm noethyl )aniline trifluoroacetate

31(0 144" g, 0.3 mmole) in m : m addgd~ag. NaOH- sol ution
(1.0 M -0.625 ).  The solyrros was concagisat ed t yness and the

resi due was dissolved in an yd ous THE (5 rrL) h‘ct a- D hydr oxy- 4- hydroxy-3 5
nmet hoxycar bonyl acet ophenone H&2 (0. 067 g, O. rmtflitdz) was added and the
reaction mxture was stirred for 12 h at it. BH3-M2S (0.2 nm, 2M was
added at WC and the reaction m xture was heated at 75 C for 6 h. After
cooling the rea¥etbn nixture in ice-bath, MeOH (5 nL) was slowy added to
it to quenc{ythe. r 18 stihrred for 30
¥ Co quenchy the. ¢ Bl ARphISmd GARIBLLIAY £ B RrihAL

’ cthanol (100 mL) and (R)-styreneoxide (3.56 g, 29.6 mmole) was refluxed for 24 h.

The organics were removed to give a pale yellow solid. N-(2-plienyl—2-(.5}

~ 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,.
. Step2 |
A solution of N-(2-phcnyl-2-(S)-hyd:oxyethyl)-4-(N-Boc-2-aminoethyl)-
anijline (2.5 g, 7.0 mmole) in CH,Cl, (15 mL) was cooled in an ice bath under
- stream of nitrogen and TFA -tlS 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,0 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)
hydroxyethy!)-4-(2-aminoethyl)aniline trifluoroacetate salt 31 as a colorless oil. 'H-
NMR (CD,0D, 299.96 MHz): b (ppm); 7.45-7.25 (m, 9H), 4.9 (dd, 1H), 3.55-3.45
25  (m,2H),3.21-3.15 (t, 2H), 3.05-2.95 (t, 2H) ESMS (C,6H20N2 w- caled. 256 .4,
obsd. 257.1 [M+H]* 280.2 [M+NaJ".
Step 3



10 residue was dissolved in TFA/ MeOH {119; 20 mu), and confdHP$ 2P, The
crude product was dissolved in 20% McCN H20, and purified by preparative
HPLC. 5 to 20% McCNIH2O, 20 nmilmin; 254 am ) to give

| -(2-[ N-2- (4%@;‘,@1@5‘ 3- hydr oxy- net hyI phenyl) - 2- hydroxyetﬂ?yfqi@ﬁeﬁq] et hyl }
-4-[ N- (2=phenyl - (S) hydr oxyet hyl ) - an| | no] benzene 33 ( CD3CD,
'299:96 MHz): S (ppn) 7.42-7.29 (m 8H) 22718(d 2|—|) 7.17-7.14 (dd,

2ty 3622"362?37( fﬁ Tpysogtanptd ézphér?l iyt ooy
( C25H34N2O) - caﬁmoaéaaesl (0Has @, 0.3 Rdolk) LlMtéﬂanolﬂ(me W-ald aq. NRHACeedi ng
as described in 5xarrpll% 4 above but substituting (R)- 20 styreneOX| de with

(S) - st yreneoxi dé%Y M D925 Fheiphitian yrasconcentrat to dryness and the

hydr oxynmet hyl ph R r 2 R
ydr oxyethyl ) sm?%ﬁ%zﬁégﬁ%‘%*%@m%m% Pl piaR, - (7
7.42-7.28 (m gmethoxycagonylaetpphengng)i2 (60608, §.327mold) wasidjidedsnd the r&Btlc(nm 2H) ,

4 H§s5 25042%1)98 ﬁﬁre%vaééu& oﬁlg)zt.atﬁoﬁgrb%gé@%24@12“?;5%“3%01@ 15 (m
[ MtH] 4, 446.1 [Wc"‘mmﬁwl‘@@tﬂ@ﬂﬁfﬁﬁméhoﬂf@;@ommd;e@mopm

h%?(r)g;gt ﬁyri/g%%ﬁ%%g%l oxypﬁ%"f"ﬁgﬁ g’xffﬁjetgétg%que("f"}b'lhf Wftf?ﬁ’ q‘"ldélffr e 9) 8
June 2004 WO Olﬁj@@d@ﬁmmﬂiﬁmhm 430 Thé qredohdd MerddembedapBtheoH H
(55 o o1 Jo s Uik sy OElie iy s, AL YRIERGY T fagf e *°
di met hyl sul f oxi d@d@d@aﬁﬂMM mﬂﬁgehfs@d/l{,@rﬂd@aﬁﬁﬂdaiyqﬁpﬁah% BPL@3%0 and
hes stirred at ooyt S v SRR iy Fides” M
methylphenyl)-2- hydroxyeﬂlyl]ammo]ethyl}-4 -{N-(2-phenyl-2-(S)-hydroxyethyl)-
‘amino]benzene 33. ‘
15 'H-NMR (CD,0D, 299.96 MHz): & (ppm) 7.42-7.29 (m, 8H), 7.22-7.18 (4,
© 2H), 7.17-7.14 (dd, 1H), 6.80-6.77 (d, 1H), 4.9-4.85 (m, 2H), 4.65 (s, 2H), 3.5-3.34
(m, 2H), 3.28-3.25 (m, 2H), 3.19-3.14 (m, 2H), 3.04-2.98 (m, 2H); ESMS
(CasH3N,0,): caled. 422.5, obsd, 423.1 [M+H]*, 446.1 [M+Na]".
Proceeding as described in Example 4 above but substituting (R)-
20 . -styrencox:de with (8)-styreneoxide gave 1-{2-[N-2-(4-hydroxy-3-
_ hydroxymethyiphenyl)-2-hydroxyethyljamino]ethyl}-4-[N-(2-phenyl-2-(R)-
hydroxyethyl)amino]benzene 34.
'H-NMR (CD;0D, 299.96 MHz): & (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 (CysH,N,0,): calcd. 422.5,
obsd. 423.1 [M+H]", 446.] [M+Na]". |

Example 5.
Synthesis of 1,6-bis {4-(N-[2{4~hydroxy-3-hydroxymefhylphenyl)'-Z-
30 ' hydxoxyethfl]aminohexyloxypropyl]phenm:cy}hcxane
' | (following figure 9) '



then quenched with brine (150 nL). The product was extract 8¢U0f 8%t oac
(200 nL) and the organic extracts were washed with 0.1 M NaCH and bri ne,
and dried with MgSO4. The organics were renoved in vacuo to give a pale
brown solid. wideuspel id was purified by flash silica col ym,chromat ography:
4/1 hexane/EtOCAc to 5% 10 MeOH in 1/1 hexane/ Et OAc to give '
1, 6-bi s[ 4- (3- hydr oxypr opyl ) phenoxyj hexan®#236 (R f = 0.17 in 111

‘hexane/ Et OQAc) i.n 65%yield (2.23 %). "H-NVR (CD30D, 299.96 MHz): S (ppm
7.08-7.05 (d, 4H), 6.80-6.77 (d, o Hhy, 3.93-3.89 (# 4;2), 3.56- 3.52 (t,
4H), 264-2.56 (t, 4H), 1.81-A=68 —EFH2)e~ @ fH2b74Q 4H). Slep 2 15 A
sol ution of 1, 6-bi s[4-(3\-lbgg pr opyl ) phenoxy) hexane 6 (2.2 g, 5.69
nnnole ) in DVF (10 nli) afilded to a solution of DM (0 L) containing
NaH . (0.57 g; 6Q% dispergipnh in mneral oil) at 0 C ugder nitrogen

at nosphere and the reaction mxture was heated at 50 T.>After | h, 6-

bronohexanenitrile (2.26 m.,, 1@"tamole ) was adeed afd the reaction
N-Tiot,)260r(EHa) @ xture was quenched

m xture was heated at 80 C f

with brine solution (100 mi) d was extracted Et OAc (250 ni). The
or gani-c phase was washed rine, dried with MSO4, and evaporated in
vacuo, to give-a pate yell oil. Purification by flash silica colum
chromat ography: 4/1 to 1/1 hexane/ Et CAc afforded I, 6- bis[4-(5 8 June 2004
WD 01/42193 PCTI USOO 33057 -123 cyanopentyl oxypropyl )] phenoxy].hexane 37
product ( Rf= Ogf,ijn 1/1 Et OCAc/ hexane). "H-NWMR (CDC13, 299.96 MHz): 6
(ppm 7.09-7.06 , 4H),. 6.82- 6.79 (d, 4H), 3.94-3.90 (t, 4H), 3.42-3.37

(m 8H), 2.64-2.58 (4 soluignof 3-Uehydroggphenyl)-1-Blopaudbes (3.3262  fmndldnd 5 SI M 3
ol ) obt a ned TR Saneghd(a R RESRAL) BISHEIEKAR fio ) u 4ty 7 1o
m.) and AcOH ( 2nduajuraeskivitiitd, gaserskrotssivm sirbmmete(h$ gli¥2af6animalt) 3 addedAf t er 15
~h, the reactkonyfi o Ql blol ione ((50.m). extracted with

Et OA¢ (100 nl), Iﬂ%ﬁ%ﬁg ﬁl‘l eg"aLw&{rﬁgﬁ}éthOgﬂg?g'pugggrﬁ%OﬁL %?“ﬁoﬂ’é'eﬁraﬂ‘gni ¢ phase
af forded t he 1, thenjgiepphedvEth bong (6% ybe nThel pradayipras pytracied vdth®QAbane 38 as
a pale yellow O.ﬁ%ﬁéﬁﬁﬁ. % X%%ng "] %Eq NS *@atngﬁ W tO‘%hO I.df urther
purification. ° 1(' ?3 8@%? '(ppr#) ol o ‘t‘{ﬁ 4H) ,
6.82-6.79 (d, 4Mjth MSOG.- BhedRganics whidrgm®ed - 1@cido ive ahlk 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)phenoxyjhexane
| 36 (R;=0.17 in 1/1 hexane/EtOAc) in 65% yield (2.23 g). 'H-NMR (CD,0D,

299.96 MHz): & (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)phenoxyjhexane 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 mixuire was quenched with brine solution (106 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-



2.64-2.59 (t, 4H), 2.39-2.32 (m 4H), 1.91-1.40 (m 24H). 184p880% 10 a
sol ution of 2-hydroxy-2-(4-benzyl oxy-3-hydroxynet hyl phenyl)- ethylam ne 39
(0.263 g, 0.96 mmole) in DM (8 nmL) was added 1, 6-bis[4-(5-

car boxypenty yl) phenoxy] hexane (--0.48 nmol e), Step 3
above, W%@EBP 0.96 mmie), DI PEA (0.21 ni, 1.20 n%?’@g by hd PyBOP

(0.502 g 20 0.96 nmol e). After stirriaig3for 24 h at rt, the reactlon
m xture was diluted with brine (20 nL) and extracted with EtOAC (50 nm).
The organi ¢ | ayeyanopestylaxypropyi)intiendxythedangBRgosict R T 0 ipdll, and brine, and

dried over MyS Y MR n r gi ve
1, 6-bis(4-(5- a%ﬁ%penf&f gxyprop?%?&b%%noxyi Heﬁéﬁkﬁ?qwq(’gg‘ﬁgﬂ&% ow oily
resi due (0.45 gp.792% 48),81945.98 (6 4HY3i4313.15f(m, 8H), 2.64-2.58 (t, 4H), 2.40-2.32 (m,

1, 6=bi s[4-(5-a t pyl ) - phenoxy] hexane (0.45 g, 0.4 mmmol e) :
obt ained in St glgﬂiqggolzdg%%/%{ nhydrous THE (10.nm) was added to a solution

of Li A1H4 (05168gp34. 22 mole) in anhydrous THE (40 nL) at WC. The

hen 30 quenched by WRch-i8TxEbmer Ry ponmsy Rt TR ler © o
reaction m xtur aunol@abtfahkd rSegp 2oabdvd W agdedas pinixdire ofdac. WG EOdnL) 48l 10% MeOH
in THE (50, nL) filtyates were comnbi and .evaporated in vacua to
give a pale yel IA(?&/ﬁc;gW‘) P'é‘i‘ﬁ%l%cmgmjﬂﬁr&%g%g’ﬁé}%ﬁ§4% ®USOQl 33057
-124-= Purifi catreaeﬁbnbmxlfu}eaedadﬂatbd@ﬁhmﬁx{et(mnbﬁfmﬁem@itwuym(tw/mmw CH2Cl 2

5063? Isf4 Eg@z o O% %%;p '%g%?fté'f%@ﬁnﬁé’kﬁﬁiéﬁmﬁﬁmﬁ(%% 299. 96

MHz): S (ppm 70&90)@133155(!(0 rdpdhiphenoxyhedmd 38 & a(plle y2llok oilyrefifre/which (d, 4H),
6.91-6.88 (d, 211), 8-4. 75 (m 211),

4.70 (s 411), esegﬂgyxk%rmélf)‘tﬁ*@qeazu@%‘wn( nﬁ”MPE?CD%éﬂ%ﬁ )(. n, 8H),

2.62-2.56 (t, 4bl(bpm)b®4767(154}bl6132-8l79(d 4HHT94-390 ( am), 393-3)56 (h; §ih; 1 .23 (m
I C]—I). &ep 6 A_sol ution

1, 6- bi s[ 4- ( 6- anPiBHeRf® 8!1}6@8%)%%5%}#@%*‘@0 16-g, 10 0.15 nmol e)
obt ai ned in§t egipgabove, in EtOH (40 nl) was hydr ogenated under H2 (1
atm atnosphere wth 10% Pd/ C catal yst (100 ng)_ at rt for 24 h. The

catal yst was filter £ sptiop REZ-Rydresyd-¢-hrae oy ridydronyneshyt Pt ord crude

product as a palefylamine 39 (0.263 g, 0.96 mmole) in DMF (8 mL) was added 1,6-bis[4(5-
cafboxypentyloxypropyl)phcnoxy]hexane (~0.48 mmole), obtained in Step 3 above,
.HOBt (0.13 g, 0.96 mmole), DIPEA (0.21 mi., 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 HC, and brine, and dried over MgSQ,. The organic

solvents were removed in vacuo to give 1,6-bis{4-(5-amidopentyloxypropyl)-
phenoxyJhexane as a pale yellow oily residue (0.45 g).
' 25 Steps ‘ |
A solution of 1,6-bis[4-(5-amidopentyloxypropyl)-phenoxyjhexane (0.45 g;
0.4 mmole) obtained in Step 4 é.bbvc, in anhydrous THF (10 mL) was added to a
solution of LiAlH, (0.16 g, 4.22 mmole) in anhydrqus THF (40 mL) at d"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 evaporatcd in vacuo to give a pale yellow oily residue.



yellow oil. Purification by reversed phase 11PLC. 10 to 50% SMUBRPRRD over
40 ruin; 20 nmL/mn; 254 nmprovides 1,6-bis
(4-(N—[2-(4-hydroxy-3-hydroxynethyI 15

phenyl ) - 2- hy @gepasishy ! ] am nohexyl oxypr opyl ] - phenoxy} hexar}%&%‘mg 181

(CD,OD, 299.96 MHz): b (ppm 7.35 (d, 2H), 7.18-7.15 (dd 8-7.05
(d, 4H), 6.82-6.77-(m 611), 4 65 (s, 741244.)- 3. 96- 3 92 (t, 411), 3.45-3.34
(m 8H), 3.12- . 3.01 (m 611 04-2.89 (t, 211‘) 62-2.57 (t, 411),
1.86-1.43 (in, Bafcatignipydl WW@WWWW&@IQOWC%W@&? 5 [ M*,

940. 8 [M+Na]{ M&ﬂm%&)@ﬂ d]eé&'\@ﬂlgfl 6-bls[4-(6—ammohe lo ropyl)- -
1-(2-[N-2-(4- hydroxy hydrox rre &@z&

et hyl ] ami noet hy PhenekyThexase. H )299} @l )'é‘iﬁ-'h 1 ondald,

(fol I owing f'gu'792:}701)8£351-3f'}t(}9 ﬁoﬂ@”ﬁn%’?ﬁ‘-ﬁﬂﬁl 1 239? 73?ﬂh21§0@1f§305l o,

--125 A m xture am noet’h
benzal dehyde3 (4 4HR 48:4.73@n, 2H), (% 451), 38643- m@,éﬁ)al3a4f2-%34a@m§m,ﬁ g064g) i n

toluene (100 H@L%%éﬁkb’&eﬂ{ﬁs@ﬁlﬂ %ﬂ .50 enﬁ@afﬁh?% xture vas

filtered and t ['trate was concent ate In vac fve a colorless
oil. The oil wad0H)ssolved in 5 MeOH (150 nlL) and AcOH (0 5 nm) and
NaCNBH3 (2.79 Qg 44 4 nmole) were added. The reaction mxture was stirred
at 0 C for 1ha at rt for 2 h and then concentrated in vacuo to give a
pal e yel I ow oi-ly r e4paletion oPl.6ibis{4@tantnohxylddyproby 1l phenaxyJhexadey(fité.g,

o oot hyl 310 oits Juipfes Belnky %6 YT, M AGHIN e uf v Rp e wder, | 11 g
hexane/ Et OAc. HH, K\fan} SDdgibere w2®I0BPdNIm)alys6(10pme) at 7t £38247h. 211(emtal'§kﬂ) 6. 87-
?t 842(H)OI 2?) 416@561%5“&%@“& SRBed ‘°§?f“c’8%’“§%‘°i é‘or%f?f% 328 [Ema] 20
St. ep 2 A mxt uﬁlk)“olePbaﬁ@bauy(ebérﬁd@h@e HEDLCi rooe 506 MeCN/Hiheved4q 10 g, 30.7
ot Tixed for 46 s RALIRER Hdin bt s B A fediebvBRen bur
for liquid 1&hr DMVDQFlammmﬂ&ﬂmhymhaylomjﬁdﬂyl}ipﬁdioﬂﬁ}uﬁfhné hot HitNrerRdesi 1 ed
adduct. 2-[.(N bepay 58309 96 MEz): 5 (ppm) 7.35 (¢, 2E), 7.18-7.15 (dd, 2H), 7.08-7.05 (4,

R 4H), 6.82-6.77 (m, 6H), 4.65 (s, 4H), 3.96-3.92 (1, 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
| (CyeHyN,0,0): calcd. 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]pheny!
(following figure 10)
25
OH
H
N
HO \/D\ ,\/©
N
HO H

o'lu
I



(2- N- Boc- ani noet hyl ) ani | i noj - I - phenyl et hanol was fornmed as &JH%$8P%r oduct
al ong with anot her regio-isoner 2-[(N-benzyl-4-[ 2N Bocam noethyl)anilino]-2
20 phenyl -ethanol in a ratio of --112. Evaporation of the solution afforded

thick, pale w&bl@iy;01 1, which was purified by flash sili I
chr omat ogr aphy: 4 13to 2/ 1 'hexanel Et OAc. After repeatedpgﬁfr[%'grég’?%lg?raphy,

2- ((N-benzyl - 4-[ 2- N-Boc- ami noet hyl ) ani+12%e] - 1- phenyl - et hanol was obt ai ned
as a colorless oil (4.01 g, 299 .(Rf=0.76 _in 2/1 hexanel EtOAc). H -NWR
(CD30D, 299.96 MHz) : Anixysref 44V-Bogg-aminoetyianiling 28 (10, g 4730Bmek), 2H) ,

6. 68-6.65 (d, 2 4447225 : 1H),
3.76-3.68 (dd, 111’%#3%'8’5&6?43’723{%& ’(43'3‘,7%%"?B)é"%%ggf'%g)?e%eﬁﬁ@%}g‘é%@“ 2.56 (m
2H), 1.41 (s, 9KHOO rEQYRs cERMlAOTIS) for bl Chhe repgtdongmixtuieswias filieied and e H] { |,

893.4 [2M 1-H] + ' . . . .
2-[ (N benzyl - 4--?&‘;-%‘\{ B%Sgb"g%"%g"ed?ﬁ?} )‘g%": %Q‘.'r"’naéﬁ"!"i‘?%ﬁ’e‘hﬂ‘? oLPElsPV0 g 8. 99
mrol e) i n CHIC MqOEb(140 mLraddACIhES i) aad NeCNBBa27\vga44 .4 eaiebde) wEA (15 nl)
under stream of _pitr J Foyo@lel Fah 0] f 8 June 2004
WJ U1142193 PCTFE@O%%%@%%%?@%%%%@% o el ol s aien L1 |
concentrat ed i ncomentmtedyi edcde e amlegeNr ditywesidie, PudHinaiién yeflasiosiliday f | ash
silica colum chromatpqr (9 gﬁ@‘t C,,t 0 5% - PrNH2 in 92
hexane/ Et OAc) g%@mﬂfﬁ%ﬁ%@gﬁ%vr {}Ztﬂfégam ﬁgﬁyy'%%%?ﬁ%m?g?'ﬁphenyl - et hanol
42 as a pal e yelamiovethylanilined1 sumloribssadi(l lohg, 8844).nRR10. 78 inQ/12 (5% -PrNH2 in
0 i 0 i o . .
2 5 el SRy b ooy MBS BB b ©
EH;JZ- g.gg ' g dg,o 2558)4,@,415,‘&5346-5158(6(2114)14707{(SRPB%aZL3gS(If14,£2H)J¢6—Z"—-t53(tgﬁ)i)?- Eg I\/(S dd,
(Csizonean): cdrite dEsi Gl Nonus ek okt dBMAT 5 it it e of 21 (n
benzyl - 4-[ 2- am septzhyl ) ani | i no] - 1- phenyl et hanol 42 (2.28 g, 6.59 mmole),
benzal dehyde (0.74 , .1.28 | e d | ecul sieves. 4A (4 g) in
tol uéne (40 nL) ‘was Mﬁ%gﬂgﬁn%ﬁg’%%%p“ﬁﬁm*@)@é‘%ﬁ&WWQ ure was
cool ed and fi5l t eirsle) add (R)tstyeenSd:deqS.S VRILE30.7 IABOR) I EtOHI(EdUBDPVas The conbi ned
filtrates -vvere'&:(f:qonceptr teg t jve §§ oily residue whi ch was, washed with
hexane, and 15 d&Ffused "ﬁﬁ@"r 1aypt ot e zeagflopagixtuys was &ter o fopliguidont ai ni ng
AcOH (0.4 nl) aradxlomhiagmp}ﬁa&taiy@is, whioH ikdicatofiaBat R AR biiudfD-j(WDeRgl-.  NaCNBH3
(0.62 g, 9.87 n?E—N?l%oc—vaV?nsmoethyl)anilinoj-l-phenylethanolwas formed as a minor product
- along with another regio-isomer 2-{(A-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 columu chromatography: 4/1 to 2/1
hexane/EtOAc. After repeated chromatography, 2-{(N-benzyl-4-[2-N-Boc-
aminoethyl)anilinc]-1-phenyl-ethanol was obtained as a colotless 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,): caled. 446.6, obsd. 447.1 [M+H]",
893.4 [2M+H]", -
- Step3 _
30 ' To a solution of 2-[(N-benzy!—4—[2-N—Boc_:—am_inoethyl)a:ﬁiino]-l-phényl—
cthanol (4.01 g, 8.99 mmole) in CH,Cl, (15 mL) m_aintaihed in an ice bath was
added TFA (15 mL) under stream of nitrogen atmosphere. After stirring at 0°C for



added and the reaction mixture was stirred for 2 h at rt, apd“PhefP4
concentrated. The oily residue was dissolved in 60% McCN H20, and purified
by reversed phase preparative |iquid chronmatography (46 to 80% McCN H20
over 30 mn;, ¥»@EBzw/nmn) to give PCTIUS00/33057

2- [(N—benzyl 4-[2-N-benzyl am noet hyl )ani | j no] - | - phenyl edmol as the TPA
salt. The product was treated vmth al kal |lr?'é"br| ne solution, and extracted

with ether (200 anl. er vva 1ed wi- t.h .NaSO+, d .

concent r at ed, toggl)n\‘/netgee'f%ﬂg Ienﬁxz Wf’%ﬁ?r HQQPE)?IW’&H&FNW‘}- 1-
phenyl et hanol 43Pasﬁcat1mcﬂydlahleahcaablmn@1:hr3ﬁa@kra ty: chhEaAdER Ao 8R9- 96 MHz): 6
25 (ppm) 7.36-7.

-6.60 (d, 2H),
5.01-4.96 (t, 8%@1 éi‘egg“ﬁ‘?g‘g gi‘ﬁ)%”[(‘g{%gg'&m?‘aoe@wmﬁéo}71311'(@@'1- 211),
?. 72-2 %-asE(S ﬁl/cé (1b&1an034m&3milizyeudvddnﬁdémkﬁchﬁa%tmﬁ%ﬂz R, 4682 %%z NH% mf8- 2. 64
; S r.
C(r)nncent rated 2 ‘f’ﬁaBer{& ")Zﬁrll 7('7%—’5’3%&/49-@ ZNMQD#%@M%N f“;émmlh n
1- phenyl et hanol 0.383@)6911, ﬁ)H‘-}Z(Il'ﬂM ﬁDd6 ¢1W@9{H‘§'Hf, S024:93% 5%3(
e

met hoxycar bonyl st yr g{;gﬁia de 44 |'e; -95% repar ed as
8 June 2004 WO 0%#4 4825 67@12?13 3h8s50 ﬂdédH)ﬂR—ZHBtt R
Stare, P. Hel qui @at2 T254.259 t{ 2H); BSMS €1, + éa19%4%) I e (i rrL) was
heated at 105 C ?’ H) ungermnltrogzun g?rzr)g)sphere 2 h&d értfe&g bn m xture

was purified by §1§B§h SI | ica colum chromatography (211 hexane/ EtOAc to 3%

benzyl oxy- 3- %?ﬁ&f&%&%ﬁ iy Zﬁ% S Getctant 4 (2.
phenyl - 2-(S) (74481, 7(28mn61c)32ndm018&ﬂdk/h6}és| nill
T 5] N L gl
(m 20Hjoo eé ae% andthe shgyps wae §Bse with tqlukne I combingl fleate211) |
ISH;)S 3134 (s . 98 ( t wer{a @nce&ra@d‘&o 4e ch ké%du%g'hgﬁxés ‘?’%(lidzéngﬁ'hgxcane’ﬁn%g gGZ(Zm( d..
6H): ESMB ( 01157 m@n@oﬁ;e ook mdtsspb@d i3 MeSDJ €110 mx:odwi[nhﬂgh%)cﬂﬂ (43n13 /i Na] +.
I G RS A R SRR gt o) o0
added and the reaction mixture was stirred for 2 h at rt, and- then concentrated The
oily residue wes dissolved in 60% MeCN/H,O, and purified by reversed phase
preparative liquid chromatography (40 to 80% MeCNIHp over 30 min; 30
20 mL/min) to give 2—[(N-bcnzyl—4—[Z-N-benzylaxnihoctllyl)ani[ino]-l-phenyle'thanol
as the TFA salt. The product was treated with alkaline brine solution, and
extracted with ether (200 mL). The organic layer was &ried with NaSQ,, and
concentrated, to give 2—[(I\l"—benzyl-4-[2-N-benzy[aminoethyl)anilino]—I-
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, IH), 3.73 (s, 2H), 3.72-3.68 (dd, 1H), 3.59-3.54
(dd, 1H), 2.80-2.74 (i, 2H), 2.70-2.64 (m, 2H); ESMS (C5H,,N,0,): caled. 436.6,
obsd. 437.2 [M+H]". : :
Step s
_ 30 A concentrated solution of 2-[(N- benzyl—4-[2—N-bcnzylammoethyl)amlmo]~
’ -phenylethanol (1.36 g, 3.12 mmole) and compound (S)-4-benzyloxy-3-
methoxycarbonylstyrencoxnde 44 (0.887 g, 3.12 mmole; ~95% ee) (prepared as



met hoxycar bonyl phenyl ) - 2- (R) - hydr oxyet hyl ] ani noet hyl ) 4 -[ N- E2Up#éPRA - 2- p-
hydr oxyet hyl ) am no] benzene 45 (2.0 g, 2.78 norale) in THE (10 nL) under

ni trogen atnosphere. The reaction mxture was warmed slowmy to rt and the
stirring wasweepimgued for 5 h. The reaction was cool edl; n%&ss %nd 10%
NaOH (0.5 nL) 20 was slowy .added. After 30 mn., a thick ge Pifed. The
gel was diluted with THE (300 nL), filté&%%d, and the solid mass was rinsed
with THE (50 rnL t'ggf: filtrates were- conbi ned and concentrated in vacuo,
yielding an oi | yieiubpdin®R. Het R Stages P iglauistalep dett £ 15 BH19378.419949iin i ca col um

chr omat.ogr aph dludn t105 ° tfAC) to give
e [N—gengyly §\t|-2 (e'}?bengéﬁe%@at 195 @%&W%dcpm%g"engﬁmﬂﬁérgﬂg) g

hydr-oxynet hyl ph&faFfign mixiyes wasryF %ﬁwhrmqﬁb@mwm@mm{wh}(@ﬂphenw 2-(9) -

hydr oxyet hyl )amuagdrgm NG Osy. H ( CD30D,
256, 06 i) o o 35 ?@@M(@Oﬁ@ﬁ ] haéﬁelﬁﬂdAc ibf%ﬁl {23[35@"?1%2%@4?0
2H), 5.02- 4594 b\ y103%)3-méﬂlmca(lynylphgnylm-(&ah)mr@qle(hjuamrnoemyl}MM&»4 4 (d

111), 4.24-4.16 6 3. 58- 3. 52
(d, 1H). 3.50- 3‘{‘1‘%‘ y( dﬁw Mﬁﬂ’g“‘g"&g’eﬁé@ - %’ glﬁ‘%@% Brnoo):
cal cd. 692.90, dEkame/EgdAC) wmmasasalayelomnmm 89¥).01/ 42193

PCr / US00/ 33057 - 128gh

1-{2-[ N- benzyi - N- 2- (4- enz@jdxyB k%lggr oxzﬁ)nemqml)?ﬁlmp)(d éH) 7.49- 742 (m,
() ?¥hydnxyet: hyl P&Ha'hifrb@ (.| 2PH), 6[8BH6. 83 (h128NA.6526.623); 3H), 5.15 (s, 2H), 5.05-
ydr oxyet hyl was
hydr ogenat e un ér (Egﬂf’?'%'sr#&v%ﬁﬁ?’#%ﬁo%ﬁdw éﬂ?‘%b&ﬁ@: 3%g?%ghiﬁter
filtration and BiTs}eifmoBH), BE6-CA6 fdy $H), Ri7eH2 SRUBHED; ERASHC) H Nm):fi | trates
wer e. conbi ned, le?! Qh cug ng pal e yellow foam which
was dissolved in %@&%@%4&%@ purlnggdty reversed phase preparative .
quui d chromat ogtepghy (10 to 30% MeCN H20 (cont ai ni ng 0 3% TFA) over 50
30 nb/mn; 25444 r ox t hyl -
phenyl )-2-(R) - hydr oxye #%%%@é%%? HJ% IQF(S??“?)%% ]éﬁquyet hyl )
10 ami no] beriienewﬂiaeattaﬁeniﬁﬁd’deda+{a-{(mmﬁ‘zyglv25@9{©enzym§m3cal pur| ty of
1-(2-[N-2-(4- h ro eth
am noet hyl } - 4- [w{%ﬁ&{’y’?‘ ghcﬂﬁ%cgk)%&‘%&%gwtﬁ%h%ﬂgﬁfé Xﬁ‘b whi ch was
anal yzed with c&pﬂrbk)aﬂm)mhe]btmhsmbegszmmmskmmmmmﬁ@ﬁll um and
estimated to be CcD3 42728(m
811), 7.26-7. 22"‘(‘%2‘*@”1‘%51’5"?6 ﬁ? OP@“‘E‘ ‘H“‘S‘Y#C“%‘&g?@
4.88-4.82 (m 2Mps cohtifided(for,5 12 Hhe rédction was cooled to 0°C, and lO%NaOH(O SmL)
20 was slowly added. After 30 min., a thick gel formhed. The gel was diluted with
THF (300 mL), filtered, and the solid mass was rinsed ﬁm 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)-hydroxyethylJaminoethyl}-4-{N-(2-phenyl-2-(S)-
hydroxyethyl)amino]benzene as a colorless oil (1.28 g, 67%). H'-NMR (CD,0OD
299.96 MHz): & (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, lH) 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,HN,0,): calcd. 692.90, obsd. 693.5 M+H]*
Step7



3.43 (m 2H), 3.29-3.26 (m 2H), 3.19-4.14 (rn, 2H), 3.06-38@upe ARO0DLH);
ESM5 (C 5H3Q\N2O4): cal cd. 422.5, obsd. 423.1 [M-H]', 445.4 [ M+Na] +.
Exanple 7 20 Synt hesi s of

1-{6-[ N-(2- (4vdygpsy- 3- hydr oxymet hyl phenyl ) - 2- [ hydr oxyet {1%

ani noj] hexyl oxy} - 4-{ 6- [ N- [ 2- ( 4- hydr oxy- 3- hydr oxy- met vyl pheltr%/(lj S00/33057

hydr oxyet hyl ] ani no] hexyl oxypr opyl } benzenB8¢fol | owing figure 11) Step 1 25 A
sol ution of 3-(4- hydroxyghe?glz-l-pro anol (2.0 g, 13.1 mole) in DMV (5
n) was added to a sOEQIHEPIEH2ENberzEN 1 (#-bevrioay driygrommethulpEnyy2- 60% i n
mneral oil) at yaRASEthyTatning ;a‘{_qm%(p)m@ﬁ 9 deSREhL @ﬂm-gg,' X e, Was
slowy 8-June Zég%V\D 8‘51/4219395‘2(}:1./ JS00/ 330 @]ﬁy 1&2;gevxgrme ];‘ﬁg 0°c After
stirring for 1 KI-2&&2dd5mmalg)dn BOIHEP sik.) Mexhydragenaies under Bbdl aten) vathC, and

6- br omohexanent inidpfe (03 effords h3A0BHIEARY Shd HERARUR LB ni i xture
was re-heated to §0 'C,(Ogin sftirred fé)r 24 h. T gaoreacﬁaln mx@?rﬁe was

quenched wit A s&tUmh) iy fileatss wersicambiged, prdryaprratyd inaaciot Yielding pdle yelloras

extracted 5 w t I 5t GAeh MECSaRI ! wth brine
solution, dried wth I\g%%%ﬁwgr%?%apor at’ectpﬂmltl%ﬁ‘%r%e %cwr?/%%asleng a pale

yel | ow sol i d. Pgreppiégiiquid chromatography(itite 39¥ddef/H) (dontairtings0.3% TEAY ol umm
chr omat ogr aphy: . X O Vol
613 [4- (5.0 yéng%errj?? W‘Béﬁ %”%’ﬂ@hﬁaﬁ}g té%ﬁ?ﬁ%l%%‘iﬂ‘f‘@r’?’f”é3'h’f'dnm’?'d'%“&ﬂ'e| d (1.33
g). RR =0.63im qanERﬁscitmqbndkgmobmww-mahenﬂ-zquhﬁﬁo@ahm): S (ppm
7.09-7.07 2 - a0 8043 9 - -3.37 (m
4H), 2. 64- (2.§g8 %’tm", °§b%dé&3£§ge%tmg %ﬁa 0?‘3‘?6‘3“%‘%‘2‘2@%1‘_%3‘3‘%%0. BLe|(o 2 A
el o £ ol el 1 s
11065 55t nol et eSS et e PR S B ooy o The
reacE!on m XEurelmhmw??gwhimmediumfdng)isﬁmwtsbéﬁ?m for 2 h. The
reaction -m xture wa % : u was
sl owl'y added. After S%%ﬁ%hﬁe% o bsrfibe o W%%E%%ﬁg@gadand.the
col | ected sdbi d28Hudr18-Medb dHN6B0-6 TR, (1H),@38-0182) (m, ZHE, 4(65! (5,280 .58

trated t i el I il [ j fied 20 fl h
T on col um onve il SRLE0 G ol alb e ol 30680 G lip BB | °°

(C.sHyN;0,): caled. 422.5, obsd. 423.1 [M+H]*, 445.4 [M+Na]".

Example 7
20 _ Synthesis of i-{6-[N-[2-(4-hydroxy-3-hydroxymethylphenyl)—z-[hydroxyethyl]—
amino]hexyloxy }-4-{6-[N-[2-(4-hydroxy-3-hydroxy-methylphenyl)-2-
hydroxyethylJaminolhexyloxypropyl}benzene
(following figure 11)

WO _ OH
HO ) ' HO
 HO
. Step ]
.25 A solution'of 3-(4-hydroxypheny!)-1-propanol (2.0 g, 13.1 mmole) in DMF

(5 mL ) was added to a solution of DMF (35 mL} contaiﬁing NaH (1.31 g, 60% in

mineral eil) at 0°C under nitrogen atmosphere. The reaction mixture was slowly



McOH CH2d 2 to give 6-{3-Mb-arni nohexyl oxy) - phenyl ] pr opoxy} SHERG L8} ne as

a colorless oil (0.5 g, 37% which was converted to the desired conpound by
proceedi ng as described in Exanple 1, step 2 above. The crude product was
purified by Q{(?HZ&E%%OW reversed phase HPLC: 10 to 40% McCN H20O over 40
nmn; 25 20 nIn h*"254 nm ESMS (C3yH58N208): cal cd. 682 BSTAGHES7683. 6

[ MtH }, 797.5 [ M-CF3CO2H]. 30 Exanpl e 8128ynthesi s of . _

bi s{2- (2- (4- hydr oxy- 3- hydr oxynet hyl phenyl ) - 2- hydr oxy] et hyani i no}- 2

- hydr oxyet hoxy} vana«rie 80 {G.oAfiapwiinngg for § hrae80I'E) ths rehutive r2ik@de WD cddléditd 193 - - 130

ko HO PCT/ USOQ 33Q57 F t epl . T. 2- urat.ed sol,ut, f ,acetonitrile
(300 ni) cont ai ﬁi_ﬁg““ f"ﬁ‘fft"i“%@’-“’%‘i telle, é’%r’?zﬂ igpich wiggded, dhg fngg * 7€ 1 T
benzyl brom de ( hdxthrertas réhehted np30’C, nestiadiFer 442 AR réa’BorbmBrurwakl nol e) : The
reaction m xture . st.,rred C.for h... After cpoling, the reaction
ot ur o s £ 11 Aasgae e BiadNay Flren @00 T, A arp Bt Wi

yi el ding a whit evih@tOAc (900 &lL) WEke @gamizrlgheriwiswdshedarieh @ Qolaion, draad

col l ected on Buck; cnn | to give nmeth ]vdjll) benzyl - 5- ac?a'gml)néal icylate. 51
o el o Iece Wi Nagih eevaprthals s Vighdmggopate vqiow: Sejes Fuheapy -

gt ?Agl' Bixaﬁﬁ' ?quimyaudét7 2gbyﬁgﬂs%& 7 é)cg-ﬁ) 04 337::4?1& aﬂ'g'lzlg (g’ %ﬂ%
393 (s, Sr) 2 hemyEOAN AR BB tratimer o HeoRpiy hoxanentale
O benzyl - 5- acet YAam}@Ml(agfgﬁkéeb{aﬁwmdh%mal ep-NMR (EPCi39h86 ( 750 nl)
was added br8m ne ()2.70 L, 0:052 nol esé. The reaction mxture was stirred
at rt. Wil d0peMEAR PPme 09V (F 2HY G835 T8 %20 S radiei 3. 145388 from
red-brown to colgrdigsses-I58 ML 21BE W2 ), 11801 .6 ,214!pl)_at rt, and quenched
by adding brine solution (300nL). After shaking the m xture in a
separatory funnek

A solution of 6-{3-[4-(5-pentyloxy)phenyl]propoxy }hexanenitrile (1.33 g,
3.88 mmole) in THF (10 mL) was added to a solution of LiAlH, (0.442 g, 11.65
15 mmole) in THF (50 mL) at 0 °C under nitrogen atm_oséhere. The reaction mixture
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,CI, to 3% i-PrNH,/20%
‘MeOH/CH,CI, to give 6-{3-[4-(6-aminohexyloxy)-phenyljpropoxy}-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,0O over 40 min;
25 20 mL/min; 254 nm. ESMS (C;;H;N,0,): caled. 6828, obsd. 683.6 [M+H]*, 797.5

[M+CF,CO,H]".
Example 8
Synthesis of bis{2- {2—(4-hydroxy-3-hyd_roxymethylpheny_l)-2-hydroxy]cthyamino}- |
30 _ 2-hydroxyethoxy} benzene '
(following figure 12)



organic | ayer was coll ected, washed with brine, and dried ufd¥nreRBOB504. The
25 organic solution was concentrated in vacuo, yielding white solid. It was
washed wth ether (200 nL). Alter drying in air, 15 g (83% of nethyl

O benzyl -5- gwameesetyl)-salicylate 52 was obtained R f = %s«?%s&s? 1/1

Et OAc/ hexane. H - 'NVR (CDC13, 299.96 MHz) - b_(ppn) 8. 4878 A& LH 5 1y,
8.14-8.08. (dd, 1H), 7.51- 7.3 (m 5H), 71302-7.09 (d, 1H), 5.29 (s, 2H),
4,42 (s, 21-1), 3.94 (s, 311). 30t 3 To a solution of DVF (60 nL)

cont ai ning met hyl O benzyl -5-,,(bromgacetyl)-salicylate 52 (7.08 g, 0.019
mol e) was added NaN3 (1.9 g 0.0&%% 2004 WO 01/ 42193 PCT/ US00/ 33057
--131- nole). After stir

4N the dark, the m xture was

diluted with Et OAc (20 , and washed brine solution (3 x 200 nL)
in a separatory funnéf© organi ¢ phaseYhasori edugnder MySO4, and
e red solid. It. slpurt fid flash silica

concentrated_to afford
col unm chr ondt ogr aphy: @0 to 50% Et OAc i n heXane? 5™ The i red product
met hyl O benzyl - 5- (azi doacetyl )salicylate 53 was obtai n&d#s white
crystals (4.7 g, 74%. Rf= 0.68 in 1/1 Et OAc/ hexane. H - NVR ( CDC13,
299.96 MHz): 6 (ppm) 8.38-8.36 (d, 1H), 8.08-8.04 (dd, 1HMNH7.5-7.3 (m
5H), 7.12- 7.09 1111), 5.29 (s, 2H), 4.53 (s, 2H), .3.94 (s, 3H). Sep-4
10 To a gray suspension of L1A1IH4 (2.74 g, 0.072 nole) in THE (400 mi)
cooled in ice bath vEsa¥gseuaterbiohyibn 6F doetoriyie (300 ML) ehndmidhgyindteaAls. cyl at e 53

(4.7 g, 0.Q44 8) . e Ltrogen, at nosphere.. The reaction m xture was
stirred at f'g(?e tﬁ%ahﬁ’?g%gnoa& gFa@ggﬂ"’gm\a&#%@%‘i‘?{ig‘sﬁﬁﬁgrllé'iqler)l"‘iaﬁg for 16 h
at r't, the m xt added KegGON @RS gD.2 10l Thé fRhctidn khixtddd Qvak Seddi 000 0ifaisW, € Was
cooled in ice b%@g aﬁg uenched by 15 slow y adding 10% NaCH (10 nl).
After stirring CPONRE, [ IRPRRTAKE was filfered. and the Slirate g copogateaiedwint h 59
MeOH in THE (200adib,)yieldthg 4 WhiteaBlidwhich &Ry aken@sd in halke QBN EEN LAt €d i n vacuo,
yielding pale yel|ow oily residue. The crude product was purified by flash
silica colum cﬁ?ll‘}ﬁ‘é?%l’ s-funngbio givemethyb@benzyls-gegylsalipylae 51 4sn  30%

McOH CH2Cl 2350 g . i . j _
hydr oxyet hyllsam' ﬁg&%@ggﬁg@&g%k% %a@é}ggﬁﬁ%ﬁ%l’g%@%&&aﬁe%@ ':thl.{63 in 5%
i-PrNH2 in 30%%4#@?@@5&)@'@%&@%@1& 1HD08.0:8. 0N, 1HS; 7(59p29 (o . 46- 7. 28

(m 6H) ., 7.24-¢n?Q o8 9%atihm), 5.9 288 3(H s, 3, 2.58 (¢ 3 S: 210,430 (s, 211),

4.654.60 (t,
0 Step 2

To a solution of methyl O-benzyl-5-acetylsalicylate 51 (14.15 g, 0.05 mole)
20  in CHCI, (750 raL) was added bromine (2.70 mL, 0.052 mole). The reaction

mixture was stirred at it. 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 coltected, washed with brine, and dried under N2,SQ,. The

25  organic solution was concentrated in vacuo, yielding white solid. It was washed
with ether (200 mL). After drying inair, 15 g (83%) of methyl O-benzyl-5-
(bromoacetyl)-salicylate 52 was obtained. R,=0.76in 1/1 EtOAcméxane. H'-
NMR (CDCl, 299.96 MHz): & (ppm) 8.48-8.46 (4, [H), 8.14-8.08 (dd, 1E1), 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 | - o |

' To a solution of DMF (60 mL) containiing methyl O-benzyl-5-

(bromoacetyl)-salicylate 52 (7.08 g, 0.019 mole) was added NaNs (1.9 g,0.029



1H), 2.83-2.81 (d, 211); ESMS (Cl6H19N103): cal ed. 273.3, ofskne 204 7

[ MEH] *, .547.3 [2M+H| 4. 2.5 Step5 To a solution of EtOH (15 nl) containing
conmpound 2- (4-benzyl oxy-3- hydroxynet hyl phenyl ) - 2- hydroxyet hyl am ne 39 (0.3
g, |.1 nrnol eyowagisddded resorcinol diglycidyl ether (O. 55 ol e)
di ssolved in EEOH (5 nL). The reaction mxture was refl uxe or

After cooling down to rt the reaction 3 xture was degassed vmth

t d hyd 0. P Hx (1
Dt roashor ot or S AR Simita  forcf B e Sl el ol SEESaf o aw?s
concentr at ed to(nhmﬂEﬁsnd\yastdhﬂgmaemhmhl(%mmL nﬁﬁgﬁ ey pihah THES

purlfled by 8 June 2004 WD Q1/42193 PCT/ US00/ 33057 a‘[’i}rrEgaratory
reversed phase MFEECENEseMgs uRerRf 835l 2n¢ eqncontrated forptiopdp #alig: It D54 nr’r)

to give bi S{ 2- (%&ﬂmmawmﬁxlwdéxmeﬁ&m?\%ﬂﬂhﬁnw t sé%fﬂ(@mmlexane
et hyam no} - 2-h droxyet hoxg} benzene 54 Olo): cal ed. 588.6,

obsd. 589. 4 FM+|-T]h¢ desired) prodyct mgllyLO- b%rép(a@d@cgylaﬂah@éat%sb«as obtmnedas
1-(2-[]V-2-(4- hxdﬁ@é»sérs?yﬁngﬁ%h% @ffz‘ﬁEYI dﬁtoac)ﬂ Y
o

nol et hyl)-4-[N-(2-napth I oxy et roxyet m no en’zene
(foll owing figur8%.9§ Pltl):)8 18-3\3%(9‘1 UL &ﬂs &ﬂ4 &dCHH)( BG—?tﬂ_()n,GHht’Iain ng

4- (N- Boa- 2-am n I 8 nmol e) and

3- ( 1- napht hoxy) %ga’elp Sr?yipdr pgﬁ 4#5(9(231)%3943 g%)GS nmol e) was refluxed for
18 h, and concei®eapak ed i n. vacuo to dryness, y| elding a pale yellow oil. It
was di ssol v in 10 o 2 |G ed with TFA
15 (5 m). iﬁter stiftr %‘Tﬁy&;?%mﬁafﬁ%hﬁ‘q?a @? i)\iﬂa@&g@@ t ed,

yi el di ng a pal ecoale.ﬁmocdhathlWasmﬂdbddieﬂ&bd)—\béﬁyi—ﬂ(a%ﬂ%o&@l}ﬁﬁwﬂatasstﬂﬂgtrl l'e, and
purified by pr egg{]g %LC 10 t o ,30% McCN H20 ,over 30 mn; 20 nl/mn;

254 rim The pr wirpgen mospherry 106 fegfton cuxtyrewas sigeed b 0°cfora sal t) .
H -NVR (CD3OD, 299arafgradvlity) warfhed @nmm&r aﬁnﬁg BBxdld& n, aﬁhlx&%zeﬂ& (dd,
111), 7.51-7.42 ggagc%%‘l@grg 20 r.38:(d. 1M, 7337 30 (d 2H), 7.25-7.23°
(d, 213), 6.91-6 SfrmH“%fi (‘-‘?‘ﬁ’“ e a&lzfzdw nded by, 2H),
3.69-3. 63 (dd, Lidwly gidfg- 13%5&(1[{5@0 mily) Afet-sthrfing fol 3 h(ﬁm;&ia%)sware
filtered, and rinsed with 5% MeQOH 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% MeOR/CH,Cl, to 5% i-
7 PrNH, in 30% MeOH/CH,CI, to give 2-(4-benzy10xy—3-hydroxymethylphcnyl)-;?-
20 hydroxyethylamine 39 as a pale yellow solid (2.6 g, 66%). R;=0.63 in 5% i-PrNH,
in 30% McOH/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 (4, 1H), 5.11 (s, 2H), 4.70 (s, 2H), 4.65-4.60 (t,
IH), 2.83-2.81 (d, 2H); ESMS (C,¢HgN,0,): caled. 273.3, obsd. 274.7 [M+H]*
5473 [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. Afier cooling down to rt, the reaction
30  mixture was degassed with nitrogen and hydrogenated with 10% PJd/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



2.96-2.91 (t, 211); ESMB (C21H24N202): cal cd. 336.4, obsd. S$3¥N&20d 1+
359.6 [MrNa]+, 673.4 [2MtH]{. to 25 To a solution of conmpound 56 (0.13 g,
0 023 mmol e; TFA salt) in 5 rnL of MOCH was added 1.0 M NaOH (1.0 M 046
Af ter hwg@ﬁ& us mxing, the solution was evaporated to dryness. The
re5| due was disSO6IVed in THE (10 nl), 8 June 2004 WO 01/ FETGIS00/33057 '
PCf / USQO/ 33057 -133- foll owed. by additigz-of glyoxal 12 (52 ng; 0.023
mmole). The resulting suspension.was stirred for 4 h at anbi ent
t enper-at ur e undegrepaiatorogemsed prass HALE eLO 850 MUHIOGveDd0 ke 26 £8.uhih] N

solution in ice,Rath,. an zS.in TH (3n1_ 6
mol e) was adde&g?gnqﬁegwﬁr eé:ﬁgig?ﬁm% g)h"‘é F&'ﬁwhﬁ?“?‘ﬁ@ -hydrsl ting mixture
was’ sl oW y war methyiinb}-2-hadrakyeshbty) hedede®d, ESRISY &%&NM)%rcﬂmﬁ After
cooling of the hgt S@‘PM&& zoﬂh%%; MeOH was added to the cool ed mixture.
to quench the ré& ¥ PN apLo- a]mtrogen at nosphere. After stirring
30 mn at it5 the final solution was evaporated in vacuo, yielding a pale
brown solid. It was washed with Et OAc/hexane (1/2; 20 nL), and dried. The'
10 crude product was dissolved in 5000ENRmRle I5|20 contai ning 0.5% TFA, and

purified by prep- samesisof Gip-pe2-{oK )‘?ﬁg%@ lll}‘ ﬂﬁﬁéﬂggﬁﬂ%&%w_e&ﬂ?C) usi ng

a linear gradient (5%to. _50% McCN over tection at
254 nM. Fraction¥"RP leé(ﬂgﬂﬁfﬂﬂ W’W@P@Y%@W@ﬁgﬂm@m@n@ | ocate the
desired -product . (following fi ,.cl)

1- (2-[ N- 2- (4- hydr oxy- 3- hydr oxy- net hyl phenyl') - 2-"hydr oxyet hyI]am no] , 15
ethyl) -4-[N-(2-napth 1-yl oxymetdwy! - 2- hydr oxy- et hyl ) anni no] benzene 57. ESMS
(C39H., N2®B) : cal cd. 502. 6, 5{@3. [ MkH] +, 525.6 [ MtNaj +. Exanpl e 10
20 Synt hesis of 1,4,7-tri s( - (% vﬂ%@ hydr oxy yl phenyl ) - 2-

hydr oxyethy |]am no }oct To a sus Lon. of :
a, a- di hydr oxy- 4hydr oxy- 3- net Hoxycar bonyl - aﬂet phé&hon (0.45 g,1.99
mrol ) in tetrahydrofuran 05 M) was added a 28Hsol ut of .

4- (am nomet hyl ) - 1, 8- oct adi ani ne (115 ng, 0.66 mmol) in 8 June 2004 WO

01/ 42193 PtIUIJ@Q_SSOS? . -

A solution of EtOH (50 mL) containing 4-(V-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 iz 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 stiring for 2 hat 0°C, the mixture was evaporated, yielding a pale
red oil. It was dissolved in 30% aqueous acctbnitri!e, and purified by preparatory
HPLC: 10 to 30% MeCN/H,O over 30 min; 20 mL/min; 254 nom. 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 (¢, 2H)
2.96-2.91 (&, 2H); ESMS (C,H,,N,0,): caled. 336.4, obsd. 337.5 [M+H]", 359.6
[M+Na]*, 673.4 [2M+H]

Step2

25 To a solution of compound $6 (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),



--134- tetrahydrofuran (5 mL). The resulting suspensi on was8Jtng geRf for 12
hat anbi ent tenperature under nitrogen atnosphere. After cooling of the
resulting solution in ice bath an excess anmount of 2 M BH3-Me2S in hexane
(6 m, 12 %g)/ yas added. The resulting m xture was slowy warnmed to -
rt, and refl UX&d F6f 6 h under 5 nitrogen at nosphere. Af tBSASHEPITG, the
reaction m xture was quenched with nethgial (5 nmL). The resulting solution
was stirred at it for 30 min., and then concentrated in vacuo to give a
pal e brown sol i dollofled by additibnwi glyees 102 wigi 1023t hipble). Wer@uRing hexane m xture

1:2 dth dried. Th dugct di | ved i 50% -
gicet Zan?'? ril e/e \r/]vatslr%slfpg?:sb%t“éa?#&%%%ﬁ#&egﬁggfﬁﬁg%ﬁwhﬁ@%ﬂ% a |inear

10 gradient (5%#Afer EdtindbfGh Jeiing\s6iitidaln iGe Bath, aAQxsesd dbhdunt of PRI BR(.i On at 254
desi red product e R AEER VEHER © dsmruslpeion wition, Thanpl 6 11
15 Synt hesi s 50f résulfidg pibsktire (s 15019 Qradudd-t6liClall ETRREIOY4 h urdet RSstieam,
e LA A S BB e
2- (4- am nopheny InjigiuRyd quientlthe Aactioft mikure Ghder Bfogen a ere. Afdgnzal dehyde

(7.46-nL , 73.4 nu_n1h and 4A gol ecul ar sieves (18 g) in toluene (180 nl)
was refluxed fdhrmigs A0 minat rt, the fipal solutinn vas pvapgrated Fovgria yighlingra naleer ed.  The

filtrate was. C@ﬂﬁﬁﬁbﬁ@l@d@i%ﬁéd&iﬂ%@ﬁ@h@&ﬁ‘éﬁm%h@b%é&ﬁéﬁ. gggpound 58
(95%vyield).,. .30 SLeR-Z To _a cooled a solution of 58 (2.00 g, 6.40 mol)

in ethanol (50 cAH§ Profuct was digsglved még%#mwzcammmmmydr i de (361
T35 at moapher o g PR SRR Rt Al A kg0 P01 s
h, and then linear gradient (5% to 50% MeCN/H,O over 50 min, 20 mL/min; detection at 254
nM). Fractions with UV absorption were analyzed by LC-MS to locaté the desired
product 1-{26[N-2-(4-hydroxyf3-hydroxy—methylpheny!)-2-hydroxyethyl]amino]-
15 ethyl}-4-[N-(2-napth-1-yloxymethyl-2-hydroxy-ethyl)amino]benzene 57. ESMS
| (CyHyN,05): caled. 5026, obsd. 503.2 [M+H]", 525.6 [M+NaJ".

Exaniple 10
20 - Synthiesis of 1,4,7-tris{N-[2-(4-hydroxy-3-hydroxymethylphenyl)-2-
hydroxyethyl}amino}octane

OH

(l\©f\cm
3 H\/\/Cli\‘/\ b i,
N : N OH
: H

" HO OH

HO

~ To a suspension of a,a—dihydmxy#hydroxy—B-methokycarbonyl-
acetophenone 12 (0.45 g, 1.99 mmol) in tetrzhydrofuran (15 mL) was added a
25  solution of 4-(aminomethy)-1,8-octadiamine (115 mg, 0.66 mmol) in




warmed slowy to room tenperature. The reaction nixture wasSqyeReA@H by-

sl oWy addi ng 50% net hanolt FFA (5 nlL) and then the m xture was
concentrated under reduced pressure. The resultant residue was di ssol ved
in EtOAc, anq,n, ed with 0.1 M NaCH. After drying over Na2SO4:. the
organic phas&é&l\gﬁﬁgoncentrat ed in vacuo, and the resi dFET g””ﬁ??f’i fied by
flash silica gel chromatography using €3yl acetatefhexanes as eluant to
gi ve conmpound 59(80%vyield). e 3_ 10 To a solution of 59 (1.00 g, 3.20
mmol ) in met handdtrabsiodfern (§ mb). iThe regatiiy snsrensicl waslstirredifde 12 klataidbieat but y|

di carbonate (0. 69. mml ) in cold hanol (5 ... The reaction

m xture was al l ge\/\né'%hfuge édfﬁm%%geﬁ%m@*gﬁgﬁghg %&%ﬁ%‘é’ﬁ“‘%ﬁ?’é‘&m Yradual Iy

t 0. room t enper aficerbath akkzoess dafomtiof 2 i BH)-ME,Stin héxage (6@8G 1R @indl) Wdsur € was

The 15 of |y r o IEL AR RRO SPTF el toSh B ERBa! BSAP WaFng. et hyl
acet at e/ hexane nitfogenlatmbsphat.f Afidl coning,akedachion hdde Washibhchedwgh 4 TO a

sol ution of 60 (2.09.q: nmol.) in jethanol (45.m) was added-

phenyl gl yoxal - (%‘eﬁ‘f“‘g%nggﬁ‘r‘h‘rﬁFlj‘z'g °P¥’§%§tmg‘rﬁ§?{ae’€“‘\‘/\ﬁ§d§’(ef‘rred at room
20 te gper ﬁt gr edfc&{ceﬂtrafbd iievdud ﬁ|gh@\jél@dle Ebb“ﬂs@l\m. A isblidRasasHQACHith Byl g
cyanoborohydride (1.25 g; 20 ol ).. The 1 tion mxture was stirred at
roomtenper‘atUr&%t%sﬁaﬁ?wwggoré%ﬂqnﬁg eqriflegroguet was disetlyedd® ed under
reduced pressur 80%absorditiR/wdid ShiflAifinBS%ATFASAH YeGhddby T AR a 1REL ST

filtration, the filtrate was concentrated wunder reduced pressure. The
resi due was lburmﬂt(gﬁ‘t%ﬂ’?é@cg 0 Wi it otft mbfin o detection gt 254 xble/ et hyl

acetate (9:1) t grafidremeth nfas P bELOMS toRGR e dRirdy c00! ed a
solution of 61 -(3.19 gM 5.90 mmlzjgin met hyl ene chloride (12 nL) in an
i ce bath was ad@®duy BW (CxHsNOn% %éﬂ%é’éﬁlé"{-i-z nL) under stream of
nitrogen. After stirring the reaction mxture for 1 h at the sane
tenmperature, the 30 m xture was concentrated under reduced pressure to
yi el.d conpound 62 as an oily residue. ¥xampledduct was dried in vacua
overni ght, asd was usedsjﬂmmlggnwdahmu;smmb%sﬁeﬂﬁrﬂdsﬁati on (90%

yield), 8 June 2004 WD 01/42193 IUSOO’ 33057 -13 .
hydroxyethyllaminoethyl}-4-[N-(2-phenyl-2-(RS)-hydroxyethyl)amino]phenyl ,

(following figure 14)
‘ OH ¢
20 ci N\/O
HoN N
Cl | H  on
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 réaction mixture was oo‘t.)led and filtered. The
filtrate was concentrated under reduced pressure to afford compound 58 (95%
yield). - I
30 Step2
To a cooled 2 solution of 58 (2.00 g, 6.40 mmol) in ethanol (150 mL) in ice
bath was slowly added sodinm borohydfidé (361 mg, 9.50 mmol) under a nitrogen



Step 66 To a mixture of 62 (1.87 g, 3.4 nmml) and 2, 6-di chl érdsng2p04
bronmpacetyl )- aniline 63 (1.07 g, 3.8 mmol) in DM (50 nL) was added
pot assi um carbonate (0.96 g, 6.90 mmol ). The reaction m'xture was stirred

at room t enpay@drsfor 0.5 5 h and then at 35 Cfor | h, E dﬁﬁ tion
m xture was cooled to roomtenperature, _and sodium borohy ri %8 16 g,

4.10 mmmol) in ethanol (501) was added 3 %WJ y. The reaction continued
overni ght at rog eraLure then enched wit peoys

NH4CL(sat' d) _ Af eorsg%r%enceﬁf%tww Vtaﬁé é??tlfﬁ%nci}t‘ﬁfg g Eerr educed
pressure, the I‘@t&nﬂuﬁlmﬂﬁtdib(&ﬁ&hipadmtdﬂ Tht habtionamduBeRededdhddbybr i ne. After
drying .10 over gg or gan er mas concentrated and t he residue
was .purified by dding %“@ﬁ%‘f@é& therthe myixigre wias sonprattied | et hyl

acetate (4:1). th@rw@wdgtmu%ma&saahmmtwa dREYediiREdACIRP 7 A
suspensi on of 64 ( mol ) and pal | adi um hydroxi de (25 ng) 15 in

et hanol (2.5 rrL)“"’ﬁ&‘fQ “glg% lrlﬁyagﬁeﬁﬂewnaﬁd%ﬁahﬁﬂif‘bg@fﬂﬂm plosssre (I atn) at
room t enper at ur @oncit@uddiiXbddlis aiPifie ifeklhﬁce\ﬁr nﬁmgtﬁhglf%xlen% {]f“t € was

concentrated to vyield crude product sing silica gel
chr omat ogr aphy \ﬁmomaewpmﬁaﬁwl/aamﬂhmm bluard tq giooonipetnd)59(89%)i ve
conpound 65. ES%{EA_HCMHZ?CHN?,OZ) cal cd: 460.4; obsd: 460 [MtH], 442
[MH2O ", 921 | Exanpl e 12 Synt hesi s of

|- {2-[N-2- (4- hy@epdy- 3-f or nyl am nophenyl ) -2- (RS) - hydroxyet hyl J-am noet hyl }

NGO 1o OB June. oo i BEPERTE SRR B e sobted it Bin wad T © 1)
i - Benzyl oxy- 4- bislombesidtdditer2butytidicatbemare(069 @63.¢ 3umd) iff cold thebh mL).( pr epar ed
as descri bed igg.ghem Bul.| 25 1%%8 1377 977 , .was added to a

sol ution of compGaifacss mixgirg was llpyedt Hﬁﬁlofc $iher Wamedi de (150 nl)

at 5 room t enpe geidually to rébineémpfande. Aﬁ@sﬁﬁagtdrqmmbi@awoﬁﬁ@tﬁre@dsm ed with
ether and washed with a dil yte, sol utlog of ~aqueous sodi um chl ori de. The

organi ¢ |ayer w&g“ce‘é"é’&&r“ﬁ °é UGoH PYYFSIES ERsler bigh vasiym peemight; The ed and
concentrat edst 0 ofly ¥Sidde Wds\plefied by silica gel chromatography using ethyl acetate/ hexane

(2:1) to afford compound 60 (80% yield).
Step 4
To a solution of 60 (2.09 g, 5.00 mmol) in methano! (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
r_ésidue was dissolved in methanol. After filtration, the filtrate was concentrated
. under reduced pressure. The residus was punﬁed by silica gel .chroniatogt-aphy
25 using hexane/ cthyl acetate (9:1) to afford comi)ound 61 (26% yield).
Steps _
' To a cooled a solution of 61-(3.19 g, 5.970 mmol} in methylene chloride (12
:mL) in an ice bath was added slowly trifluoroacetic acid (12 mL) under stream of
nitrogen. After stimring the reaction mixture for 1 h at the same temperature, the
- -‘30 " mixture was concentrated under reduced pressure to yield eornpound 62 as an oily |
-residue. The product was dried in vacuo overnight, and wes used in next step |
without further purification (0% yield).



oil. Purification with col um chromatography using hexane: eBHyne ged4t at e as
the eluent provided conpound 67 (95%vyield). 10t 2 To a solution of 67
(4.0 g, 6.80 mol) in ethanol (500 n.) was slowy added sodi um borohydride
(1 g, 26.50 nwoloyudigs portions over 30 min., under. a nitrogehuse@bsgPsphere.
After 6 h, the reaction m xture was que_c’r d by slowy adding saturated
sol ution of aqueous ammoni um chl ori de 3"solution was diluted with 15 1
N sodi um hydroxidﬁg%%nd et hyl acetate and hexanes. The organic |ayer was
separated, dried ovéer sodiumsulfate, filtered and concentrated to give
conpound 68 as an .Gbk mikiuclf 6 8784 mmd)uad Gxdichidren-(Wotmbastynt ur t her

purification. t 3.To0 yree of . 6 and pot assi um
carbonate (3.0 ¢g™ ﬂg'efg(W%’glrﬂm?lhmg?%pﬁfﬁ’)&aﬁﬁ?ﬁeggg“%mwaG\/as added
al pha- br onmpacet oglseizo1%0 m@hl)Zﬁh@saScﬁorémmzak wéﬁﬁhea &Q}é\ixﬁ Rmpififird ﬁ?’?@f ' ﬁ”

n additional portion of alpha-

m xture was ated aqvern

br onoacet ophehonkdghenat é}sg’ Ef“ngh RS irSactipRdnixtygr g capled tojseare temgerazs,

conti nued, Aft eranli8odium béi6hydgiacto 18 maﬁuﬂxﬁgaﬂ\@eﬁm@@bﬁﬂ)&;& ad& é,‘?”perat ure
and et hanol (50 nL ) was added. Sq | um borohydride (1 , 5 mmol)

was added and stWr‘W@WE“‘E‘Sﬁ?WﬁH&Ma‘f@WF"!Peﬁmfemé ﬂlﬁ@él@@ﬂcbwwﬂxt ure was
concentrat ed andaqhaﬁglmgt;ﬂl@pgj Afe? cfledntiEh @?qua‘ gpp mg h dri de
solution o

was quenched with the addition of a saturat ammnl um
chloride. The . rrsessire.dhe rasidue was disepived in elhenchndivashed witly brivec eAfier éryimgd et her .

omconrny ¢ Aoy bvec MES0 PBRBIBE yerlis b Blea SO IS S B bl o oy ™™

eluting with et Wicaad@hmmlog@mlumgxathhecahdetgylweatﬂe(npk)umﬁeﬁeduct to 4 8

June 2004 WO 01/4 i'nlsblﬁggl 3057 -138 To a solution of 69 (0.73 g,
ure 0 n

1.0 mmmol) |nam (20 nL), 6 N -hydrochloride acid (1
m.) and water (ZRBted?d was added iron povvder (0.56 g, 30.0 mnol). The

reaction m xture-wag heated h. . The reactlon m xture was
cooled to room terrpérs“‘?’ﬁ’i’sgmé’%"éﬁy @h‘&%l’éﬁ%@% XidgS Mol was 5
added and t his brmwmmmmyme&w@mm&a@m&%&%@n&kkmﬁ g of f. The
filtrate was concentrated der reducgldergdr,essure give 70 as a brown

solid which was To0m temperature. Y Hixture was and the ﬁl’trate was concentrated to
yield crude product which was purified using silica gel chromatography with 6%
_ methanol/dichioromethane (10% yield) to give compound 65. ESMS

(CoHCLN,O,): caled: 460.4; obsd: 460 [M+H]', 442 [M-H,OY", 921 [2M+H] *.

20
Example 12
‘Synthesis of }-{2-[N-2-(4-hydroxy-3-formylaminophenyl)-2-(RS)-
| 'hydroxyethylJaminoethyl}-4-[N-(2-phenyl-2-(RS)-hydroxyethyl)amino}phenyl
25 , (following figure 15)

OH

H o |
0
: ‘ H

'NHCHO OH



used in the next step without further purification. SL O5 €o¥pedhet 70 was
di ssolved in a prem xed solution of acetic anhydride (5 10 nL) and formc
acid (3 nL) at roomtenperature. After 3 h, the reaction mxture was

di | uted withwobtyhacetate and evaporated to dryness. A mqRihapgls sol ution
of 0.5 M sodium hydroxi de was added and the reaction m xture was stirred
for 6 h at roomtenperature. The reactiol¥’m xture was treated wth

met hanol i ¢ sol utg of I N hydrochloric acid and then concentrated to
dryness. The re e was redissolved 15 in nethanol and filtered. The

filtrate was concent-Betzgiixy-0-byinoeccadammittbenzéle GS(3F6 gpr@mmagsi due which was

used in the next_step wi.thaqut . further purification. Slep 6 Pall adi um on

carbon (10% 0. ‘83“"@&“%‘8%&@"‘:@“*&'-gﬂgp&&%‘#&?sﬂ?&”ﬂlnwasqﬁléﬂﬂﬁol (120 ni)

and di net hyl f or saaﬁdmidteorﬁﬁﬁ)nMQ(.a.4E,1m.sﬂﬁ@l)ii@ﬂin{aﬁyif%&nn@é(lst%ql(%{rged with -
e

nitrogen gas.and stirred overni ght under hydrogen atnospher atm at
r oom t enper at ur EOTGRPEFatyse, Ader Z8-h, the reagtioadnixirivasidiluted with sther and s

concentrated tovwyitRhwithdfae RIRBHEA '&Bod&ﬁﬁcnﬂyﬁ&gf edo xtgg‘l%w
u

(acetonitril/water/1 % TFA gradient) to give crude pro i'ch was

purified with c&wPamedand dirdovysedinn sulfatesfilteyedand iconehtfatadtttgive a erude

chl ori.de/) % sopgRP¥ifHEh : ' SLI 25 conpound

1-{2-[ N-2- (4- hygﬁxy- 3- ft(g)};r%lnv? %%%h@ﬁ’%@%@%%&%@%& ]"‘S-r%

am noet hyl } - 4- [ Rugi ppsivisked tongpogIY7- (A% yisid).et hyl ) am no] phenyl 72.-

F-onhul ati opg Exggg;lzes Exanple 1 30 Hard gel ati n capsul es containing the
followng ingredients are prepared: Quantity InglLedien (ng/capsule) 8
‘June -2004 WO 01142 183z sokgai 4150 ¢4.6 80580 mmal} fir etidaibl (§60 MDDw RGN a4 0 St arch.

000 a0, FRBASRRAR B ShPeoFg g T, o 111
o atmosphere. After 6 h, the reaction mixture was quenched by slowly adding
éaturated solution of agueous ammonium chloride . The solution was diluted with
15 1 N sodium hydroxide and ethyl acetate and hexanes. The orgé,nic layer was
sepa@ted, dried over sodium suifate, 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 dimethylfonnﬁmide'(loo 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-bromoacetophenorie (0.25 g, 1.25 mmol) was
added and heating was continued. After 18 h, the reaction mixture was cooled to
. toom temperature and ethanol (50 L) 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 r_nethanol (25 mL) was added and the excess hydride
‘was quenched with the addition of a saturated solution of ammonium chloride.
The reaction mixture was dil_uted_with ethyl acetate and ether. The organib layer
v;ras separated, dried over sodium sulfgtc, filtered, and concentrated. The crude oil
30 was purified with coh.im_n chromatography eluting with ethyl acetate!he;canes

mixture to give compound 69.

Step 4



Example 2 A tablet Fornula is prepared using the ingredient$ JsBeg@p4
Quantity Iniet (ng/tablet) Active Ingredient 25.0 Cellul ose,
m crocrystalline 200.0 15 Colloidal silicon dioxide 10.0 Stearic acid 5.0

20 . 25 The qy@RpRets are blended and conpressed to form C%%Q@: each
wei ghing 240 ny. Exanple 3 A dry powder inhaler formulatid fﬂ%par ed

containing the following conponents: |InB8edie Weight % Active |ngredient
Lactose 5 95 The t|v ed with the |actose and the
mxture i s added to l&&*%gfﬁ%gh&ﬂ&l?wwaﬁ ikymaspe phmethanc A mb). S M. Tabl et s,
each cont ai ni ng hgdtodHibrdt a@€ {1 HE) @a%@g(gam),wﬁaﬁegﬁgpgé@&r@g%J hol |l ons:

un

Quantity I ngredient d|g‘ng/tabl et Active | ngredient e 2004 WO
01/ 42193 PCT/ usexnaii (e reactipagixtare yyas hepted@t 9@%& dbr Jhe mqtnon aixture

cel |.ul ose35s. 0 MByas cooled to room temperature and allowed to stand overnight. Methanol was
5  added and the brown precipitates and unreacted iron w.as filtered off. The filtrate
was concentrated under reduced pressure, to give 70 as a brown solid which was
used in the next step without -further purification. |
Step s | |
Compound 70 was dissolved in a premixed solution of acetic anhydride (5
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 thccntrated 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 ovctﬁight 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 mcthanol!methylene chlondc/ 1%isopropylamine as the eluent to give desired
25 compound 1- {2-[N 2-(4-hydroxy-3-formylammOphenyl)-2-(RS)-hydroxyethyl]
aminoethyl}-4 [N-(2-phenyl-Z{RS)-hydmxyethyl)ammo]phenyi 72

ormulation Examples
Example 1
30 Hard gelatin capsules containing the following ingredients are prepared:

Quantity
edie {mg/capsule)



Pol yvi nyl pyrrol i done 4.0 ng (as 10% solution in sterile wat8rpn&gaP4im
carboxynet hyl starch4.5 ing Magnesium stearate0.5 ng Talcl.0 ng Total 120.0
ng 10 The active ingredient, starch and cellul ose are passed through a No.
20 .mesh U. S.wglof¥gssand mi xed thoroughly. The solution of ,
pol yvi nyl pyrroli dacl)lﬁgg is mxed wwth the resultant powder sPCWﬁog’ﬁ”%lre t hen
passed through a 16 nmesh U S.. sieve. *B@-granul es so produced are dried
at 50 to 60C and passed through a 16 15 'mesh U. S. sieve. The sodium

car boxynet hyl st ar cfictivedegiedisnim st earate, and talc, prevd®usly passed
through a No. 30 meSHl, S, sj eve, are then added to the giaful es which,
after mixing, are cHificc¥mstagis a tabl et machine to yi el .8 abl et s each

wei ghing 120 ng. .20 Exanple 5 Capsul es, each containing 40 ng of

medi cament. ar made r.edh ent Active
| ngr edi ent 40Se 0 ng Zgﬁségﬁiﬁm%%n&@&u%dn@i@ ulﬁngg?é F {ﬂ%a%gtgess ggﬂTot al
150.0 trig The d4egquastitiedgr edi ent, starch, and magnesi um stearate are

bl ended, passed 30 th=ough a No. 20 mesh U.S. si eve, and filled into hard
gelatin capsules in 150 ng quantities. Exanple 6 35 Suppositories, each
contai ning 25.ng of active ingredi ent Example@de as follows: JUgEgl e Anount

Acti-ve: | ngr edi ent 25, Faluliddh filod:h g 3 HpdhdEEASES 1O 2000 My S June

2004 ‘
- 10 . Quantity
o In ient _ {mg/tablet)
Active Ingredient 25.0
_ Cellulose, microcrystalline . 2000
15 Colloidal siticon 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:
’s Ingredient Weight %
' Active Ingredient 7 5
Lactose 95

The active ingredient is mixed with the lactose and the mixture is added to
30 a dry powdcr mhahng appliance,

Example 4
Tablets each containing 30 mg of active mgredlent are prepared as
follows
35 Quantity
ngredient _ {mp/tablet)
Active Ingredient . 30.0 mg



WO 01/42193 - PCT/ USOQ 33057 -141 The active ingredient i8Jg883e%# t hr ough
a No. 60 nesh U S. sieve and suspended in the saturated fatty acid
gl ycerides previously nelted using the mninmm heat necessary. The m xture
is then pour @@ dates a suppository nold of nomnal 2.0 g&gg@&jﬂts% and
all owed to cool. 5 Exanple 7 Suspensions, each containing ngy of
medi cament . per 5.0 nL dose are nmde as™¥Btlows: n ienp Active
| ngredi ent50. 0 ng X an gumd. 0 ng Sodi um car boxynet xl cellul ose (11%
50.0 ng M crocryst ala:%t%g L ul @a&gﬁ 89% Sucrosel. 754§ 8&di um benzoat el10. 0
mg Flavor and Col or g ¥ : #) “hd%’ er t05.0 nL The &PMge ingredient,
sucrose and xant han gam- f?’l(ﬁ'ﬁeded ssed through 20 a No. 10 mesh U.S.
si eve, and then m XPS?) wi Ph %%lgnd{‘,l%f@eﬁﬁﬁg sol ut i or-®Met he
microcrystaldine celPHPRsabayme !j?t?f car boxymet hyl c&PM@ ose in water. The
sodi um benzoate, fl S or are diluted with sbi®8of the water and
added: with stirrin E;gufficient water is then addedk®mgr oduce the
required vol ume. 25 nple 8 A fornulation nay bel#2p&red as fol | ows:
Quantity jggndient mca sole 30 Active Ingredient 15.0 ng Starch 407.0
my ' Magnestum stearate . 3.0 nhy ,

’ o e actiVe ingredient, starch and cellulose are passed through a No. 20

mesh U.S. sieve and mixed thoroughly. The solution of polyvinylpyrrolidone is

‘mixed with the resultant powders, which are then passed through a 16 mesh U.S.

sieve. The granules so produced are dried at 50° to 60°C and passed through a 16
15  mesh U.S. sieve. The sodium carboxymethyl starch, magnesium stearate, and talc,

previously passed throngh 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
ngredient . {mg/capsuyle)
-Active Ingredient 40.0 mg
25 Starch 109.0 mg
Magnesium stearate 1.0 mg
Total 150.0 mg

o The active ingredient, starch, and rﬁagnesium stearate are blended, passed
30 through'a No. 20 mesh U.S. sieve, and filled into hard gelatin capsules in 150 mg

qua-nti‘ties.r
Exampic 6
35 : Suppositories, each containing 25 mg of active ingredient are made as
follows: ' -
I redient Amount
Active Ingredient 25 mg
Saturated fatty acid glycerides to " 2,000 mg



Tot al

bl ended, passed

425.0 ng 35 The active ingredient,

gelatin capsules in 425.0 ng quantities.
| USO0/ 33657 -wédiuztexanple 9 A formul ation may .be prepalp

Quantit

In ,rredient , y Active Ingredi@t
10 "10A topical fornulation may be prepd?
Act i

| ngr-edi enti ent

t hrough a No. 20 nesh U. S

si eve,
8 June 2004 WD 01/ 42193PC

as foll ows: uani

SRR AR gkl I e W rnclpmndl

starch, and magnesi®ulngiB8t ate are
and filled into hard

| ows:
5.0 my 5Cor n PSRt | 20 anpl e

Paraffin20 g Wite quheﬁfr S
heat ed until nol $uspen elsqturatbdp'atyatﬁllglycmdés puavibashf MeIfd usmy dRr ©

i ncor porated andy §ﬁh&£ﬁgaﬂa£% di sol The aﬁélve I N edlent I s added
and stirring is contlnueé untir: sperse e?ﬁgm' Q4 Brpesitpryanpldefol ed unti

solid. 20Anot hernqweﬁlérﬂrmpdcaymdalbwwtoeaqﬂ oyed in the nethods of the
pr esent invendion enploys transdermal delivery devices ("patches").
t ransder nal

Example 7

Suspensions, each containing 50 mg

made as follows:

of medicament per 5.0 mL dose are

Ingredient Amount
10 Active Ingredient 50.0mg
: Xanthan gum 4.0 mg
Sodium carboxymethyl cellulose (11%)
Microcrystalline cellulose (89%) 50.0 mg
Sucrose 1.75g
15 Sodium benzoate 10.0 mg
. Flavor and Color q.v.
‘Purified water to - 5.0mL
o The active ingredient, sucrose and xanthan gum are blended, passed through
20 a No 10 mesh U S. sieve, and then mixed with a previously made solution of the
microcrystalfine 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
Igggcm {mg/capsule)
30 Active Ingredient 15.0 mg
AStarch 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

Such



pat ches may be used to provide continuous or discontinuous PER2Y0¢ of the
conpounds of the present invention in controlled anounts. The construction
and use oftransder nal patches for the delivery of pharmaceutical agents is
wel | known = o émzihe art. See, e.g., U S. Patent 5,023, R4y d June
11, 1991, -herein incorporated by ref erenjg inits entirety. guc pat ches
may be constructed for continuous, pul s #Te, or on demand delivery of
phar maceuti cal agents. O her sui tabl e. ,{9&‘ [n#aati ons for use in the present
i nvention can be found in Rem ngton's B faceut i cal Sci ences, edited by
E. W Martin (Mck P‘Llﬁﬁmqumgnayaﬁp@patpdayfoud:&h ed., 1990). Biol ogi cal

Exanpl'es Exanple 1 e X32-adrenergic receptor func'ElonaI activity of
conpounds of the S k%lf A LV\O 01/ 42193 PCT/ US00/ 33057+ i nvention

was tested fgllows ee‘ét ng and G owh: Primary brgiid al snooth
nmuscle cells from acf yr old male (Conetics, San Die ,m[CA) wer e seeded
at 50,000 cell's/well in 24-well tissue 5 culture plates. The nedia used
was Clonetic's SnBM 2 suppl enent ed wi Erathifieo | nsulin, hFGF, and Fet al
Bovine Serum Cells wer e o) ays 37C, 5% CO2 until confl uent
monol ayers were seen. 63‘? ‘\‘gpﬁ’ mﬂ'é?‘fyg%‘?pﬁ’a@?ﬁfg llaws nedi a was aspirat ed
fromeach well and replaced with 250 mM fresh nedia 10 containing 1nM :
| BMX,. a phodpodi est gagatient nhi bitor (Sigma, St Louis, I\/D)Qﬁ | s were

i ncubated for 15 mi metiesingédiast C, and then 250 ni of agonlpiy at

appropriate concent Ealuisififing@axadded. Cells were then incufg ed for an

addi tional 10 m nuiLefuid Pdedfim was aspirated and 500 ml cobgl, 70% Et OH was
added to cells, andviikSeftPaamsed to an enpty 96=wel | degnyp II plate after
-about 5 m nases. This 15 step was then repeated. The deep- vve ~plate was

then spun in a 5peed‘h&ﬁrﬁtdﬂ&h'phraﬁnhshﬁic@ﬂu@lﬁh(ﬂfénoﬁelltJ y pellets.
CAVP (pnol /wel ) g@ quantitated using a I't rom St r at agene

(La.Jol la, CA). ey ipng pRxALe %ﬁngorgt@qll éqdaqtlggd untll dlssolvcd The active ingredient
T 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 transdermatl
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
continvous, pulsatile, or on demand delivery of pharmaceutical agents

Othcr suitable formulations for use in the present invention can be found in
Remmgton 's Pharmaceutical Sciences, edited by E. W. Martin (Mack Publishing
30 Company, 18th ed. ,1990).

Biological Examples
Example 1

B2-Adrenergic Receptor In Vitro Functional Assay

35 The B2-adrenergic receptor functional activity of compounds of the



using the 4-parameter fit equation: y = (a-d)/(1-i- (xfc)) #Jgnegf@e 20y
= cpma = total binding c = 1Cs' x = (conpound) d = NS binding b = slope
Fi x NS binding and allow all other paranmeters to float. 25 are Ic Kece 'tro
i tadi ol i nand Wo@gika, Assa Exanple 2 X32. "A net or A The i,%#%Z adrenergic
receptor binding activity of conpounds of the invention 3 P¥st ed

foll ows. SF9 cell nenbranes containing el4her pl or (12-adrenergic

receptor (NEN, |ncubat ed with 0.07 nM 30
' 251-i odocyanopl%%?‘#1 O&wa(slﬁéﬁ%%@ in binding buffer containing 75nM

Tris-HCl (pH 7. Mmﬁz and 2 n1VI EDTA and varying concentrations
of test conpounds or buffg 0h ;}control) in 96-wel | | ates. The pl ates
wer e 8 June 2004 wo Bitnars brpachistempothmyselaesillyfrom 2 24 yr. of leat ed at room

tenperature wit {Coheick,gn Ditgo, b&%ese&b@afﬁ%@k&fsh&ﬂ‘iﬁ‘%-z»f QL' gand was -
harvest ed by f||t ation qyer 96-well G-/B filter plates Meri den,

CT) pre-bl ocRed® bl plates. geg @tﬂﬁ%ﬁ\éﬁﬁlqmﬁ&cml\ﬂé’smm%w@emth 2001 PBS

using cell harvesGe/InsuliiehFGF, 4RITeBbEndGShE PBS using
cell har vester gggq ggen resuspended in 401 SS(I:‘%{EH Feeg[r%ﬁn%g%% i1, The

filter- 'bound &GQapntihronfiuent mpenolaverg wefetseena scinti | | ati on counter and
| CS curves are -Mwﬁhe standard 4-paraneter fit equation
descri bed above. The foregoing Invention has been described in sonme detail

by way of 10 il | Themedia was aspiated fromsiach welband gplacedswish 20 ol fessh tgdiand
under st andi ng. b&nm,héhhggm ogﬁ%df%gtgm&fn?lﬁlg‘i{o%s;%-ﬂa,tspﬁ? Evg#}gat changes

and nodifications may be practiced wt ended
clai ms. Ther ef ofGells Ware ingubated far 15 mietestab 3T°C, bt then 250 ml of agonist at

- appropriate concentration was added. Cells were then incubated for an additiona!
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 déep-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). ECy, curves were generated
using the 4-parameter fit equation:
. y = (a-d)/(1+ (x/c)") + d, where,
20 Yy =cpm a = total binding c=IC,,
' x = [compound] d =NS binding b =slope
Fix NS binding and allow all other _parz;meters to float.

25 A ' ‘ Example 2
' B2-Adrenergic Receptor J dioligand Binding Assa:
The ﬁllZ—adrenerglc receptor bmdmg activity of oompounds of the
invention can be tested follows. SF9 cell membranes containing either plor
. jﬂz-adrenergic receptor (NEN, Boston, MA) wefe incubated with 0.07 nM
30  "T-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



above description is intended to be illustrative and not reSthpeePde. The
scope of the invention should, therefore, be determ ned not with reference
to the above 15 description, but should instead be determned with

ref erence .t o Wheif208| ow ng appended cl ai ms, al ong w th t herhygbdsigssope of
equi val ents to which such clains are en "gt_l ed. 8 June 2004 145 A conpound
of the formula:. 0 HO NHCHO or a pharnaCgitically acceptable salt thereof.

2. A conpound of,dhe.{ erdbd @ . OH ' wherein the
stereochenistry at *C an‘:‘c?ﬂ"lk HRETaS %QEE aﬂﬁ?or(l:i?)"f' ﬁg)r mﬂ&"{"l"&)‘c} (R and
(S), (S) and (Rradidige®) washdrve®id bydiltratiop e f6eell GEfmfilty phes apikicdd.e sal t
thereof. .3. Thes &R G ' oWherein. t.he stereqchem sfry at *Cis
(R and - the st'ereo%gﬁg{er >;°c a{ 53‘@@@%@“&"‘%@‘%‘%@&%%\5 Claim2,
wherein the s t@&d@BSmising el lrve@er. The Riterawere wakted Siricé @0EbeuipBs y at * *C
is (S). A phar ' I tion conprising. a. pharmceutically
accept abl e cap?llggg&%ln 5&?1{1%ga 55‘%%3%%’“@?’9’2’[“%@03 L &he Bt npound of
any one of - O ai freund radjoattivi§y wasmeadAvith4Geiftillalibe cdUARF FRTEYCiea) ar& 0TPOSI ti on
of Caimb, wherejin. the. pharmaceytical c osition _further conprises a
t her apeuti cal | yggl*efaéegtuls\'}é%laeﬁ%gﬁ?gg?a@mtg‘tfg H%‘Pd"&ﬁtq"‘hjf‘tﬁf"?‘amtory drug. 7.
A compound as clained in any one of Clainms | to 4, for use as a
* 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 de'scription, 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.



nmedi cament. 8. A conpound as clainmed in aim7, for use as3aurgdP@hnent in
the treatnent of a respiratory di sease, nervous systeminjury, prenmature

| abour, or a netabolic disorder. 9. A conmpound as clained in Caim@8, in
whi ch the respiratory disease is -asth ~chroni c obstructive pul nonary
di sease or bronchitis, and the netabolic disorder is obesity or diabétes.
10. A pharmaceutical conposition as clained indains 5 or 6, for use as a
medi canentCLMne 2004 146a 11. A pharnaceuti cal ‘conposition as clained in
d aim 10, for use as a nedi cament in the treatment of a respiratory

di sease, nervbus s&sbmpmundjdfwefonﬁﬁﬁfmture | abour, or a netabolic disorder.
12. A pharmaceutical conposition as claimed in Caim11, in which the
respiratory disease is asthma, chronic obstructive pul nonary di sease or
bronchitis, and the net abquic di sorder is obesity or diabetes. 13. Use -of -
a corrpound as clai rred in any ongf of Clalms | to 4 in the manuf acture of a
stem’ inj ury,

med in Caim 13,
uctive pul nonary

prenmature | abour, or
in which the respir _
di sease or bronchyl € besity or diabetes.
8 June 2004 WO 01142198 PCTItJS00/ 33057 --14H 5 HO wherein 'the
stereochem stry at *C MHEHRC is AS, Ror S and pﬁ%ﬂ maceutical l'y :
accept able salts thereof. NHCHO OH 10 14 A pharmaceutical conposition-
conprising a pharmaceutically acceptable carrier and a therapeutically

ef fecti v&@mmao&hcaly%eammésﬂimaw of .

2. A ooinpmmd of the formula: _
/QK/ \/\@\N e
H !
NHCHO OH

"+ wherein the stercochemistry at *C and **C i (RS) and (RS), (R) and (R), (R) and
- (5), (5) and (R), 0r(S) and (S); or a pharmaceutically acceptable salt thereof.

3 The compound of Claim 2, wherein the stercochemistry at *C is (R) and
the stereochemjstxy at ¥*Cis (R)

4. . The compound of Claim 2, wherein the stereochcmlstxy at *Cis (R) and
fhe stereochcmlstry at **C is (S).

5 A pharmaceutlcalcomposmon comprising a phannaceuucally acceptable
carrier and a therapcutxcally effecxwe amount ofa compound of any one of Clalms l to 4.



Clains 1-13. .15. The pharmaceutical conposition of C aim 18JUpRPM n the
15 pharmaceutical conposition further conprises a therapeutically effective
anount of a steroidal anti-inflamatory drug. 16. A nethod for treating

di seases nedi ated by a 02 adrenergic receptor in a mamml, the nethod
conprising admnistering to the manmal a 20 pharnmaceutical conposition
conprising a pharmaceutically acceptabl d4¢arrier and a therapeutically

ef fective anount of a conpound of any of Clains 1-13. 17. The nethod of

Cl ai m 16, wher ei nbt he Hea ploomideutited compogitiorseSClaan ) whatRrtheg a

t her apeutica ffective anpunt of a steroidal anti-inf]lammatory 25 drug.
18- The et oAtk TSR bt CribrieCe fbmre ically Esivh RGP SR ace.
19. The net hg&omalﬂtaﬁma&ﬁ,at&@qp@.n t he di sease is asthma or chronic 30
obstructive pul nonary di sease.

7. A compound as claimed in any one of Claims 1 to 4, foruse as a
medicament. '
8. A compound as claimed in Claim 7, for use as a medicament in the

treatment of a respiratory disease, nervous system injury, premature labour, or a

metabolic disorder.

9. A compound as claimed in Claim 8, in which the respiratory disease is
asthma, chronic obstructive pulmonary disease or bronchitis, and the metabolic

disorder is obesity or diabetes.

10. A pharmaceutical composition as claimed in Claims 5 or 6, for use as a

medicament,
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11. A pharmaceutical composition as claimed in Claim 10, for use as a
. medicament in the treatment of a respiratory disease, nervous system injury,

premature labour, or a metabolic disorder.

12. A pharmaceutical composition as claimed in Claim 11, in which the
respiratory disease is asthma, chronic obstructive pulmonary disease or bronchitis,

and the metabolic disorder is obesity or diabetes.

13.  Use of a compound as claimed in any one of Claims I to 4 in the
manufacture of a medicament for treating a respiratory disease, nervous system

injury, premature labour, or a metabolic disorder.

14.  Use as claimed in -Claim 13, in which the respiratory disease is asthma,
chronic obstructive pulmonary disease or bronchitis, and the metabolic disorder is
obesity or diabetes. |
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wherein the stereochemistry at *C and **C is RS, R or S; and pharmaceutically

~ acceptable salts thereof.

‘14 A pharmaceutical composition comprising a pharmaceutically
acceptabie 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 ftirtl_ler comprises a therapeutically effective amount
of a steroidal anti-inflammatory drug.

16. A method for treating diseases mediated by a B2 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.





