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| X32- ADRENERG C RECEPTOR AGONI STS BACKGROUND OF THE | NVENTIBGNNEZ8P4 of t he
I nvention This invention relates to novel nultibinding conpounds (agents)
that are P2 adrenergic receptor agonists, partial agonists and

phar maceut i g@) ¢149R@POSi tions conprising such conpounds. ﬁﬁﬁﬁgﬁﬂ?agly, the
.nultlblndlng conpounds and pharmaceutical conpositions 0O nvention

are useful in the treatnent and prevention of respiratory di seases such as
asthma, chronic obstructive pulnonary disease and chronic bronchitis. They
are al so useful in the treatnent of nervous .systeminjury and premature

| abor. 10 References The foll ow ng publncations are cited in this
‘application as superscript nunbers: | Hardman,.J. G, et al. "The

Phar macol ogi cal Basis of FhaDRENERCK'RECEPYOR awonists New York, (1996) 2
Strosberg, A D. "Structure, Function, and Regul ati on of Adrenergic
Receptors" Protein ScL 2, 1198-1209 (1993). 8 June 2004 WO 01/42193

'PCT/ USQO 33057 -2- 3 Beck-Sickinger, A G "Structure Characterization and
Binding Sites of G Protein-couy Ied Receptors DDT, 1, 502-513, (1996).

Hein, L. & Kobilka, B. K 'BFKGBOIND QEJHEINVENISAN Transduction and
Regul ati on" Neur ophar macol, 34, 357 366, (1995). s 10 6 Strosberg, A D. &

Pietri-Rouxel, F. "Function, and Reqgul ation of (33-Adrenaceptor" TIPS, 17,
373-381, (1996). Barnes,-P. J. " cﬁa&%émh—?hwﬂw es for Asthma" CHEST,
111:175-26S, 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.

10  References
' The following publications are cited in this application as superscript

-numbers:

Hardman, J. G., et al. “The Pharmacological Basis of Therapeutics™,
15 McGraw-Hill, New York, (1996)
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Strosberg, A. D. “Structure, Function, and Regulation of Adrenergic
Receptors™ Protein Sci. 2, 1198-1209 (1993).



(1997). Jack, D. A. "A way of Looking at Agoni sm and Ant agor%‘gﬁ’?lezo%
Lessons from Sal but anol, Sal neterol and other (i Adrenoceptor Agonists" Br.
J. din_ Pharnoc_ 31, 501-514, (1991). 20 a Kissei Pharmaceutical Co. Ltd.
"2- Ami no- 1- (4- hydr oxy- 2- et hyl - phenyl ) propanol derivatives" JP-10152460
(Publ i cati oWOPdH3une 9, 1998). Al of the above publ iPE€ZAISKMII05Ar e herein
I ncorporated by reference in their entirety to the sane extent as if each .
i ndi vi dual publication was specifically and individually indicated to be
incorporated by reference inits entirey. 25 Mate of the Art A receptor is
a biological structure with one or nore binding domains that reversibly
conpl exes with one or nBpdk-Sickingen 4. Gaiidreture{Gharasisiipition and Biading Sitesbi ol ogi cal
consequences. Recept or sokGrRraisim-seupled Repepraps”dRRE 12024 H3, @894). (ext racel | ul ar -
30 receptors), Wlthl n the cell nenbrane (but presenting sections of the
receptor to the entracHpind}-# Kebilkadh Kaff&disyargic BegeptasSiganl i rely within the
cell (intraZellular recépnypetionandRegnlavey” Musephtmurecol, 3k 35Rd6Gendent |y of a
‘cell (e.g., clot format{1899). Receptors wthin the cell nmenbrane allow a
cell to comuni cate with the space outside of its boundaries (i.e.,
‘signaling) as well *as t8idsbaretA-Gh & PictrisRouxelgf<PanctionfandBegdatioesf and 35
irons into and out of t hB3-Adiehoceptot”iTHRANA7,i3§3A8Ki(1AdIGhg partner for a specific
receptor ol@fam |y of receptors. A ligand may be the endogenous |igand for
the receptor or al ter naBames, B. JntGunisat EheBpitsifoe ARBNA” OEHFST/ U2193-26S,

PCT/ US00/ 33057 -3 synt h@®®®. | i gand for the receptor such as a drug, a drug
-candi date or a pharnmacol ogical tool. The super famly of seven

itr ansmenbr ane prot éi ns Jadk, TVB) A alag of Lavkingdt Agonnoimi Antauigmed recept ors
“(GPCRs), represents oneL&bons fiemBathiutasiol ShlhieGe bndbi&ges 5 of menbrane
bound receptors that CcoAvindcepbicASRRBYBSE Jt O, PRSI, TIUSGI-sia, abothe ceII
boundaries to its interior, triggering a cellular response when

‘appropriate. 8 Kissei Pharmaceutical Co. Ltd. “2-Amino-1-(4-hydroxy-2-methyl-
o phenyl)propanol derivatives” JP-10152460 (Publication date June 9,
20 1998).

All of the above publications are herein incorporated by reference in their
entirety to the same extent as if each individual publication was specifically and
individually indicated to be incorporated by reference in its entirety.

25
State of the Art

A receptor is a biological structure with one or more 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 its
boundaries (i.e., signaling) as well as to function in the transport of molecules and
35 ionsinto 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



The G proteins, when activated, affect a w de range of domsat‘JPE%%O%%fector
systens both positively and negatively (e.g., ion channels, protein kinase
cascades, transcription, transm gration of adhesion proteins, and the
like). 10 Adrenergic receptors. (AR) are nenbers of the G protein coupled
receptors ‘WAAH42333e conposed of a famly of three recepPErUSMMISYpes: P 1
(AaD (32 (A s c), and These receptors are expressed in tissues of

vari ous systens and organs of manmals and the proportions of the a and the
Preceptors are tissue dependant For ex3naple, tissues of bronchial snopoth
nmuscl e express largely 02-AR while 15 those of cutaneous bl ood vessels
_cont ai n excl usiyvbetie ligapdHosthe repgptor sughtas B dmghedme candidaleioshed t hat t he p2- AR
sub-type is i&%%)é@ﬂo%i&ﬂo%ﬁpi ratory diseases such as such as ast hna6,
chronic bronchiti's, nervous systeminjury, and prenmature |abor8. ‘
Currently, a nunbedhofupchfamgily ef sgven tahdmemdraye protans(B{TMs) also caldedpr enol ol , or-
sal net erol hayj - A ' afeld Vi1l | t 20

ot . Foweyes it adbicl Ml (o i EL i AETLR ESE,

non- sel ect iSve ofiiverbelny bamd sicemora thateosenmice chirfgecthst cwoig butade oftbel e trenor,
tachycardi a, J pi L ons. .and rest| esnes or have short .duration of
action and/ or %ﬁg&o'&dﬁé%?m%lﬁtgn%fm%ﬁn r?'celicaéé?sg?rﬁalwy?n?ﬂ%’ 5’9t|e's a need for
(32-sel ect i ve TR Gagrotreins; wheh hativatad, affedt astidevangeruf davanbirzaw efféce syseeassd pot ency

and-/or |onger, durat.iqn of acti.on. 25 The | tibi ndi ng coppounds of the .
_ present invent g‘rf’o%ﬁttﬂ"fq}’ f”fdftfeﬁ%'gelﬁ 81 CRERTR pa@nq-ﬁéaﬁe *ON Thi s
invention is dtastiptsh, transtipration fiddhedidmstoeins,cadmhelikels (agents) that are
~.agoni sts oy partial, .agoni sts Ofﬁ‘é‘ adr eper gj ecept or d are therefore
Qoeru i n AhE 30 ¢ Ao reRn TR B e B G e HRS such as
~asthma, chr onithatakshingéded Ya fBmilyofth20 Rdepidd sQB-tybast B3 (RCHRYSL3AAS7 - 4-
pul monary di sease, . and chronic bronchitis- They are al'so useful in the

treatnent of _ﬁ(em)‘ou@ewwwfﬁﬁi’?”&ﬁépWW%W%YE@F‘?@"{P‘@“FP?st aspect
Of the | nVent | ihuniihiad okt 96 & oROIRUOL B ofdRole el HO NCHO or

a ‘pharmaceutical l'y acceptabl e salt thereof 'In a second aspect of the
i nvention, t heioeexampls; tssitesofbranchinhproenttmuscle ¢xprebolargaly $2-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, fonﬁoterol,
isoprenolol, or salmete;-ol haviné P2-AR agonist activities are being used to treat

20 asthma. However, these drugs have limited utility as they are either non-selective

L

thereby causing adverse side effects such as muscle tremor, tachycardia,
palpitations, and restlesness®, or have short duration of action and/or slow onset
time of action.’ Accor&ingly, there is a need for B2—selc_ctive AR agonists that are
fast acting and have increased potercy 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



NHCHO OH wherein the stereochemistry at *C and **C is (RS) &t¥"e@R8$ (R
and (R, (R and (S), (S) and (R), or (S) and (S); or a pharmaceutically.
acceptable salt thereof In a third aspect of the invention, there is
provided a. pharnaceutical .conposition conprising a pharnaceutically.
acceptabl e -carrier and a therapeutically effective amount of a conmpound as
defi neda@d‘olmﬁsf' rst aspect. 1n a fourth aspect of theddyeedd on, there is
provi ded a use of a conpound as defined in the first aspect in the

manuf acture-of a nedi canent for treating a respiratory di sease, nervous
systeminjury, premature |abour, or nmetabolic disorder. 8 June 2004 WO
01/ 42193 PCT/ US00/ 33057 - 4a 5 Acco 'aingly in one of its conposition
aspects, "thi : ormula (1):
a0y " iy L B LR Epdhis b L A MR GE 0T MR (D)
from1l to Eﬁmmm&@ﬂansuuyhmhkamﬁmamwmt is a ligand wherein: one of the
ligands, L, is a)
wherein: Arl a%ﬁgﬂﬁgggﬂé I'n egg éﬁ%ﬁ3%%€|eéf§%L? Iﬁbt 3%§P§U§5é3%5|st|ng
of aryl, . 15 heteroaryl, cycloal kyl, substituted cycloal kyl, and
heterocyclyl wherein eachggg said A’ and Are substituent optionally l'i nks
the igand to a.. Iinker' S selected fronlthe group consi sting of

hydr agen, al kyl, an 3 |ii| al ent bond. 1inking

the ligand to a Iin
- or a pharmaceutically acceptable salt thereof.

- In a second aspect of the.invcntion, there is provided a compound of the formula:

J@)v“\@

NHCHO OH

:-j‘wherem the stereochemstry at *C and **C is (RS) and (RS) (R) and (R) (R) and (S),
‘ -(S) and (R), or (S) and (S) or aphaunaceutlcally 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




R2 is selected fromthe group cc insisting of hydrogen, al k§Idunge8P4ky
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
tinking the, -NRZ- group to Arx, alkylene or substituted al kyl ene wherein.
one.or nor e vahofidpzcar bon atoms in said al kyl ene or SUbS{'J{}[rﬁ?%”ﬁ(g” al kyl ene .
group is optionally replaced by a substituent selected fT roup 25
con3|st| ng of NR - (where R is hyddrogen, alkyl, acyl, or a coval ent bond
“linking 8 June 2004 WD 01/42193 PCT7 USD07 33057 -5 the ligand to a |
l'i nker), -0-, -S(O. (where nis an integer of fromO to 2), -CO, - PRb-
(where Rb is alkyl), -P(O2-, and -O-P(Q O and further wherein said _
~al kyl ene  or substituted al kyl ene group optioenal ly links thetigand to a
[ i nker prowded that at [east one of Ar', Ar2, R, R2, or WIlinks the
-ligand to a |inker; and t he ot ds_are jndependentl|y of each other
~a conpound of  or mif OrE %?C'nfg’ﬁﬁf?"@ﬁg‘?gﬂfl’“%rﬁﬂﬁlg‘l%gg?lbefpg 5% om t he
.group consi sti mgxltdﬁndﬁrgwomphmﬁefﬁaﬂmla,(l)cycl oal kyl, substituted cycl oal kyl,
and heterocyclyl; Q which |inks the %H;Eé ligand to the |inker, is
sel ected fromthe group consisting o oval ent bond, al kyl ene, and
‘'substituted alkyl ene wherein one or 15(myore of the carbon atonms in said
~al kyl ene. and substituted al kyl ene i-s optionally replaced by a substituent
sel ected from tW&Y¥ oup consisting of NRW (whereRs is hydrogen, alkyl,
acyl, or a coval entpanéhdeerdfifiach 2 fado} i gand to a linker), -0-, -S(Q -

(Wnere nis an inte of fr(g_go to 2), -CO, -PRb- (where Rb i's al kyl)
-P(0)2-, and -: 0- P(‘%)‘G““ﬁeﬁﬁ' omko?%dual i soners, mixtures of isomers and

armaceut-iigal |y acxeydlaRt@adial ts thereof provided that: (i) when the
/rAr\lrJIrtl 5I &gl\/\?&c;nﬁoxﬂgﬁg‘ga&%h@ég (1) is a corrpound of f_or mula: 25 OH HH O—l'

one of thc l:gands, L,isa compound of formula (a):

OH 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;

-.\;/;

o 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; .
, - Rlis 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_‘_ o
L alkylenc wherein one or more of the carbon atoms in said alkylcne or substltuted -
o . 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 ' )




where Ar' and Ara are aryl, then Wand X both. are not al kyBeBegRe# when 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- 2R Phhenyl , Ar2 is aryl, Ar3 is aryl or hBEEPHOGMSYI, Wis:
-ethylene, Qis a covalent bond, R is.alkyl, then the |linker X is not
linked to the A12 group through an oxygen atom (iii) when the

mul ti bi ndi ng conpound of Fornmula (1) isSa compound of formula: 5 OHR2 1
Ara-g X ArjJ~-NTWwhere Ar' and Ara are aryl, R2 is hydrogen or. benzyl, Wis
al kyl ene, Ar2 thg llgq:wtomhnkeg)o-(b,y&(@a{\ﬂyrenl@ligltcacr@éﬁaqnéﬁp hd¥d:-then X is

-hot -al kyl ene- d; h eI s o MTod la (1) is -
.a conpound of ﬁﬁkgﬁdﬁw,?@%N%ﬂdﬂ&G-{@bA% X- QP%E%%%%LI@%re Ar' is
“4- benzyl oxy- 3- ¢r6nbﬂyﬁmwlenﬂmopsom0aﬂh’wnksWllsand@-!(mﬂ@mdedtbﬂat and Ara
~are phenyl, Qfe?stﬁneo?\ﬁql gpztRb r\#lm%ﬁehgﬁdtggﬂhkeﬁak& not Ilnked to the A?

group through an oxygen atbm re prefe eac I nker, X, in the
mul ti bi ndi My conpouhebtisdr lifadsiare indeikadqntly of mbpfbﬂd@nmbgunldaﬁfmhelaf ornul a:
- Z-(Y'-Z)m X X_\herein mis an integer of fromO to 20; 25 X' at each
separate occurﬁ'b'nce Is selected fromthe group: consisting of -0-, -S-,

.-NR-! '-C(C))-_! -C(C))'O'! -CE(C))-! C(C))NR !3NRC(C)) C(S)1 -C(S)O-,

_ (b}

) _ | 10  wherein:

. ‘ Ar is selected from the group consisting of aryl, heteroaryl, cycloalkyl,
substituted cycloalkyl, and heterocyclyl;

Q, \-Nhich links the other ligand to the linker, is selected from the group

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

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

A )\,H—w—:-\/—,—x—mu\)\ma

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) isa compound of formula:

25

OH

. . ’ . H - '
0 A ,I\rN-—w—AF—x—Q~Ar3

R1




-C(S)NR-, MRC(S)-, or a coval ent bond where R is as defined BelUB&20% 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,
cyel oal keny Wh®#4283 June 2004 WO 01/ 42193 PCT/ US00/ 33057 RCT/USEsesTt ut ed

cycl oal kenyl ene, arylene, heterocryl ene, heterocyclene, or a coval ent

bond; each Ya at each separate occurrence is selected fromthe group

.consisting.of -0-, -C(O- GI(O)' -G O ,Nt , -S(O"-, -C(ONR -,
NRC(O-, 5 -NROONR -, -NR C(S)NR -, -C(=NR)-NR -, -NR -C(=NR )-
-0C0(0) - NR -, mmem@rr A@ydro:waewlpmyl Aﬁnsam “ipryl RHSPOORI, W-is
-OP(O(OR) -, 1= d
rcovafe%g bo%d e%ﬁk (igﬁ ﬂﬁu€$é% ; ﬁﬁégﬁgf”%% sepa?gtea

.occurrence aregsmb@um&mahpanwnﬂemgroup consrstlng of hydrogen al kyl ,

et it od ol Kby, K| BellitbunaBy O LU BFRUE AP Kbt oBiETY |

substitutedsSal kynyl, aryl, heteroaryl and heterocyclic, and XL is as
‘defined above. Preferably, gis Iess a R2P in the nul tibinding conpounds

of this invention. In still another QP%ﬁ@ltlon aspects, this
i nvention provides a pharnac&ﬁ&mfxﬂwkgﬁﬂd Sit conprising a

pharmaceutically acceptable carrier and 15 an effective anmount of a
mul ti bi ndi ng conpound of Formula (1): wherein: 20 p is an integer of from
2 to 10; g is mefewre@ﬂrmb&efmmzlsttydmg&rorb&dys Wislalkipleas, AraRgkylori s a | i gand

IS Uiy Oy sraott (IRa Sipint i oRn 0 TBS BbrRiscemenhon, ) e W

(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 oxygerl 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 dcﬁned below'

Z-at each separate occurrence is selected from the group conmsung of

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




-8- Arl and Ar2 are independently selected fromthe group c8W¥N@EPY of
aryl, heteroaryl, cycloal kyl, substituted cycl oal kyl, and heterocyclyl
wherein each of said Ar' and Are substituent optionally links the Iigand
-toalinker; R.is selected fromthe group consisting of hydrogen, alkyl,
“and substit Weew/4283 al kyl, or R is a coval ent bond | i nkipausde@3ss? gand to a
linker; R2 is selected fromthe group consisting of hydrogen, alkyl,

~aral kyl, acyl, substituted al kyl, cycloal kyl, and substituted cycloal kyl,
or Re is a covalent bond linking the k7gand to a linker; Wis a coval ent
bond linking the -NW group to Are; alkylene or substituted 14 alkylene
wher ei n one or sutstitated tyddalkemydinb arylat dnteroarylge] idtealciglerener aotalenabst i t ut ed
allcylene is ogoﬁﬁ?ally replaced by a substituent selected fromthe group
consisting of (where R is hydrogen, alkyl, .acyl, or a coval ent bond
-linking the li gand éaehY'aatlcachlsqm)a;eocﬁmenees(@)epted&mdneheegrmli@nsisﬁn'gnf eger of

fromd to 2), and -0-P(0)0- and
“further wherein g%(Q}aTC%ngV\%?@"?E&fsﬁcﬁ }é:(q)gll%‘ Q%ﬁ:ﬁ%)'group optionally
.:lenks tC\IeI | ﬁEaF{dRTOQO)_NR’I- nlmu:;)mm @MWR’?LNREG&NROF,BO@_ 0)-WRL, Ar2, R,
2, or Wi1inks the n i nker,; er.li e
i ndependently #éﬁ@%&ﬁ%‘?&ﬁ%‘ﬁﬁ%&@%@&’m@%Bgﬁ@i@@" wher ei n:
Ara is sel ect ed§0),CRIRhe-SEDMR’-C NFSIST0) N9SSE, aawbovaiaattaha;afhﬁe,nieycl oal kyl,
substituted cycl oal kﬁ, ggl,,hete ocC IyI 25 Q V\g‘&f‘g s t he ot her
ligand to the Pih®ds R Rand & ateachs Bl e RS el o coval ent
bond, al kyl eneco:@rs E&bgthdll@d sﬂisliﬁ:k@@ﬂcyggﬁlkfﬂl@heﬁlﬁhﬂteﬁﬂf’clodﬂ@l nmore of the
a

£ arbon at oms in sa |.e stitu ene group .is optionally ,
-""‘-ﬁepl aced by%a §’t§5‘§’f:|st‘ltf8 &F@gt"é‘a "’?'?‘38?‘1"% %’tﬁ%‘a’ﬁ"@&ﬁy YR of -NW (where

R is hydrogenguafiddé al 1 Dterdary PitAlH@RE0cRMB (hnkl KK bk finbifabold. gand to a
|l inker), 8 June 2004 V\D 1/ 2193 PCT/.US00/ 33057 -9 -S O% (where n is an

integer of from 0 tiyefspbly. gigless thpspp in W@F"@“%g‘i’%np& 0 th‘sm‘i:“(‘@‘)ﬂz- and
. -0-P(0)0-; and In still another of its composition aspects, this invention provides a :

‘pharmaceutical composition comprising a pharmaceutically acceptable carrier and

15 . an effective amount of a multibinding compound of 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

R‘
(a)

25 - wherein



i ndi vi dual isoners, nixtures of isoners and pharnaceutical | § Hee&fbhbl 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 WPUMARYFene-O, then X is not -O alkyl ene; (iPCYUSHISBIST he

~mul ti bi ndi ng conpound of Forrml a (1) is a conmpound of fornmula: OHH Ar
tNW Are X-Q Ars Rt 15 where Ar' is 4-hydroxy-2-nethyl phenyl, A? is
aryl, Arais aryl or heterocyclyl, Wis8-ethylene, Qis a covalent bond, R
S aI kyl, then the linker X is not linked to the Arz gr oup through an
oxygen atom (iii) Mmﬂ&rﬁwmﬂmﬂl@ﬂﬂﬂnmtﬂé(ﬁWpUhmﬂﬂmcqﬁsm@a(yL) is a

sompound of { O, S, LERhfor Dl s i BEF ol 21 A0

cycl oal kyl, Q is' mdé@’\ﬁabsah@ntbmmjzalljtludqathe)ligmsltneﬂuﬁtal kyl ene- O and 25 (i v)

e e, TV D i BB SR Bk b oy SRRl 7
-10- where #r lalkygl, &Bjmcphrdmyb&drlmkmgﬂ&mgmﬂ,tomnka, ar al kyI W| S '
- CH(CH, ) CH2-, Ar e nlgzn cct%%lﬁr céro%’cbns(gu otah d%yggrlle ! 6mfl] t en the

linker X is not roup Mor e
pref erably, easmtbsdltulaakelkyl Ofcloatkylf dmd suhshmteblcynloaﬂql mﬂ?poundvahhttﬁmdnul a 5 (1)

.| ndependent ly p% gtaehéa%pualmkez (r-z)"_r_ wherein

W is a covalent bond linking the -NR*- group to Ar2 atkylene or substltuted
Rt . i
S 10  alkylene wh_erem one or more of the carbon atoms in said alkylene and substituted

alkylene is of)tionaily repléccd by a substituent selected from the group consisting
of -NR*- (where R* is hydrogen, alkyl, acyl, or a covalent bond linking the ligand to
a linker), -O-, -3(0), (wﬁere n is an integer of from 0 to 2), -CO-, -PR® (where R®
~ is alkyl), -P(0),, and -O-P(O)O- and further wherein said ﬂkylene or substituted
15  aikylene group optionally links the ligand to a linker i)rovided 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):
—a-Af
(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),



mis an integer of fromO to 20; 10 X at each separate occ8rBRée04 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 Ris as defined below, Z at each separate occurrence is
sel ected fr®@@HAIYroup consi sting of al kyl ene, substi rarmssoeabdsy| ene,
‘cycloallrylene, substituted cycloal 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, heteroaryl ene, heterocyl ene, or a.
coval ent bond; each Ya at each separate occurrence is selected fromthe
group consi st i iy, $0). - Gvhere @I integddSf BYm 0 to Y DB; PR*NRhere RS{QKFH),

~C(ONR -, -NR‘ O-, 20 NRCONR -, NRC(SYNR -, -C(=NR )-NR -,

“NR -O(=NR ) -, RRepdRPO0spad 0 0.0, NEC(Xa)-NR -, NR - O Xa) =N-:
P(O(OR)- O m@mcﬁﬁl@o@r% meturesS(f@)Q@gaEd pharma%@mcanmc taMaltsS( OS -

-S'S-, and a coval ent bond; where n is or Fg and R' at each
separate occur fewsekprayideddlatect ed fromthe group con3| sting of hydr ogen,

al kyl, subsgi tE}%a%é‘ﬁﬁlub;ﬁ&iﬁé&ﬁp‘éﬂd&ofﬂ&ﬁﬁd (ﬁﬂgﬁgorﬁﬁ/&h@afi{é?ﬂula 25 al kenyl,
“substituted al enyl, cycloal Kenyl", substituted cycloal keny al kenyl ,
substituted al kynyl, aryl, heteroaryl and heterocyclic, and X is as defined

‘above. Instill another aspef¥, i hi s(rm{entl An Vi des a net hod of
treating diseases nedi at e¢ N gptor in a manmmal, said
met hod conpri'si ng adm ni stering to d mammal a therapeutically effective
am)unt of a 8 Jy ,W%:E R e h ceuti cal
ormposi'tion conprl SI ng %;j?lé%eut |agﬁfby§%géc§°%t ‘elée]%lg??}?%?gﬁd a

| 'tibi ndi kg cdkuimr@l- thénxmm{-(}aml)‘me (L)p(X)g (1) wherein: p is an integer

|Ofs f rlolmggngo 38 e 0B iR coftpolla s (B o kBl el and 10 L

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

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
CHy



one of the ligands, L, is a conpound of formula (a): OH R2 Ripe AP (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 aMOMRYEP3 R is selected fromthe group consi SCTMHFPOFShydr 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, cycHd& kyl, and substituted cycl oal kyl,
-or RZis a covalent bond 20 linking the ligand to a |inker; Wisa coval ent
bond .1 i nki ng t wherNRT is dbenzplowyy3Aprmylagtinoy Rein araliyl, 3 ssCH(CHICH, - #irky | ene
wherein one or _npre. t r i " ystituted
-consi sting of 1%8.%%@b6%a%galﬂj§%’gﬂé%tﬁ%"%ﬁ%@%@ﬁ&%ﬁ%’gﬁval ent bond
| inking the | pgapthréughan bxygkreatdm. -0-, -S(O) . (where n is an integer of

~fromO to 2), -CO, . calk JdD ' ]y. | ace ubsti t uent
selected fromthe gp%)ﬁépp rége%ﬁlﬁé&%%ﬁw% %%%@gglné&#?{lﬂw ‘g%tg:é?&-l?lZ PRb-
(where Rb i§ allkind¢penddafiyfhi-the famahla:O- P(O) O and further wherein said
al kyl ene. or substituted al kyl ene group optionally links the ligand to a
-l'inker -provided that at |east one of Ar', Ar2, R, R2, or WIlinks the
ligand to a linker; and the other FXe¢&(dZ)aX® i ndependently of each other a
~compound of forpula wherein: 10 Ara is selected fromthe group consisting
of ~aryl, heter88FV", cycl oal kyl, substituted cycloal kyl, and heterocyclyl;
~Q which |inks the midwrinttgegafifebnt Ototd0e | i nker, is-selected fromthe group

.gonsi sting _of a covg] ent bond, al kyl ene, and_substituted.al kylene wherein
oo or ol of | neXiA B ATAPIEHET SRR JPBE P COURPEPLL ed af kyl ene

group is 15 opt@ors]NR-S-Ch)ace)dy, -CE)Y SCICHNRA LNRE(®KICLS), fa(eyD-t he group
comer ting of - Ml (SURRE o S UL i 2,00V o1t o
- from0 to 2), -CO,Zat@hsepatiescRuitict i sélbdiad flom the group consisting of
' : | alkylene, substituted alkylene; cycloalkylene, substituted cycloatkylene, alkenylene,
15  substituted alkenylene, alkynylene, substituted ,a]kYnylene, cycloalkenylene,
substituted cycloalkenylene, arylene, heteroarylene, heterocyclene, or a covalent
bond; .
each Y* at each separate occurrence is selected from the group consisting of
-0-, -C(0)-, -0C(O), -C(0)O-, -NR-, -§(0),, -C(O)NR’-, -NR*C(O}-,
20 -NR’C(ONR’-, -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, K gnd R” at each separate 0c'cunén'ce'arc selected from the group
- cohsistiﬁg of hydrogen, alkyl, substituted alkyl, cycloalkyl, 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




-P(0)2-, and -O-P(OO; and individual isomers, mxtures of 8 JprePe and
phar maceutically acceptable salts 20 thereof provided that: (i) when the
mul ti bi ndi ng conpound of Formula (1) is a conpound of formula: OHH.'-,) H
OH "J~NTWj~ N,,l1,Ar3 An 25 where Ar' and Ara are aryl, then Wand X both
~are not al kWeng2zhd when Wis al kylene-O, then X is n@CTABseEdsy| ene; (i)
when the multibiriding conpound of Formula (1) is a compound of fornula: OH
H N--W-Ar2 X-Q Ar3 8 June 2004 WO 01/42193 PCT/ US00133057 -13 where
Ar' is 4-hydroxy-2-methyl phenyl, A? is—atyl, Al' is aryl or heterocyclyl,
Wis ‘'ethylene, Qis a covalent- bond, R is al kyl, then the IjnkerX is

. not linked to pluemédeitical grupogitisrhwoopgiingmplexygenticallyoarpepable cairier afden t he

mul ti bi ndi ng co d of For 1 s a conpound of fornula: OH R2.
fug-Q X-Ar' Nmﬁ%@ﬁ‘%@?omgu%ﬁm& l)&ll\i:)a are aryl, R2 is hydrogen or benzyl,

Wis al kylene, Are is aryl or cycloalkyl, Qis a covalent bond, then X is
not" -al kyl ene-O-; and (iv) when the rcr:ﬁ:‘)t' i ndi ng conpound of Fornmula (I) is
a conmpound of forrmula: OH R2 15 ArN Ar2 X-Q Ar3 CH3 where Ar' is
4-benzyl oxys3-fornylanmno, R2 is aralkf), Wis -CHCH3)CH2-, Are and Ara
are phenyl, Qis a coval ent bond, then the linker X is not linked to the
“Are . group thr38fi™an oxygen atom 20 Mre preferably, each linker, X, in
't he ml tibinding cm@ﬂndege.foflﬁemltloao (1) independently has the formula: Xx

gisan mteger of from 1 to 20,
_ Kisa lmlqer; and
j _' - 10 L is a ligand wherein:

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

OH R?
| Ar,)\rN—w—Ar’
R1
(@)

wherein:
Ar' and Ar® are independenﬂy 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 thegroup 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 epva_l_ent bond linking the -NR’- group to Ar, alkylene or substituted
‘ a]kjlene’ﬁheréin.one or more of the carbon atoms in said alkj(lene and substituted |

alky[ene group 1s optlonally teplaced by a substnuent selected from the group

: - : c0n51st1ng of -NR‘ (where R*is hydrogen, alkyl, acyl, or a covalent bond lmkmg
.25 the hgand to a lmker), -0- -S(O) (where n is an integer of from 0 to 2), -CO-, -




wherein 25 mis an integer of from0 to 20;.. X at each sBgHPRE04
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 coval ent bond where R is as defined below, Z at each separate_occurrence
is sel ectedwWowm®he group consisting of 30 al kyl ene, s®&oZUSePs®d al kyl ene,
cycl oal kyl ene, substituted cycl oal kyl ene, al kenyl ene, 8 June 2004 WO

. 01/ 42193 PCTI USOO 33057 substituted al kenyl ene, al kynyl ene, substituted

. al kynyl ene, cycl oal kenyl ene, substitut-& cycl oal kenyl ene, aryl ene, :
‘het eroaryl ene, heterocycl ene, or a coval ent bond; each Y at .each separate
occurrence i s PBP-gebaeR! is eyl RB(Q)r.cod-@BHDOs andfyrtesr whereingaid alkgleay - |
-0C(Q) -, -C(0) Q- (NR-, - - NR& the 1i - -

NR C(S)NR -, - O HoR§pd ﬁ@'& 8!0,5&09"82‘% fhe]'%(j% %e-r B, B'ﬁéé h-%{gb) ‘o,

N C(X )-NR -, 1R onEa) AfN-ALZ R, (DR link®the ligandp@liplgR and, S(O), , CR R'-, '
-S(On NR -, -NR -S5O s =S-S-. and. val ; is -0, 1 or
2; R~ R and R' at 5§ﬁ@§§ éFgFém%g%@?} ﬁg%mgPﬁgggﬁggﬁggM?%%ﬁwphe group 10
.consisting of kydrogen, alkyl, substituted al kyl, cycloal kyl, substituted
cycloal kyl, al kenyl, substituted al kenyl, cycl oal kenyl, substituted
‘cycl oal kenyl, al kynyl, substituted alkypgls, aryl, heteroaryl |-and
~heterocyclic, and ) is as defined above. Preferably pis less than q. In
still another aspect, this invention is gjrected to general synthetic

net hods 15" for generating large libraries of diverse nultineric conpounds
whi ch mul ti mer iyhere@@npounds are candi dates for- possessing mnul tibinding

cproperties-for P2 adrenergi receptor. The djiverse multinerjc conpound
“¥ibraries pPovided ‘%‘ﬁ["‘%"‘?ﬁ%ﬁ?i Pg?fglstlg%,gﬂaﬁgsl}efwyggﬂﬁim ng a |inker
or linkers w tRygtituted@peloality), ahdiscytlgl; provide for a library of
mul timeric conpounds lerei.n the |inker d |ligand each have 20
conpl ement ary functpoW%EFh'QﬂkBH‘ﬁé’S’ﬁ%'FW‘fﬁ'%‘m Isgﬁ‘fteqaf?‘ﬂ’ﬂ &°%he library of
: : ! nters : s Dfﬁfﬁfﬁﬁtyoﬁﬂo%&iédoddmhw& ﬂgvﬂfsﬁﬁﬁﬂgmpﬁﬁéﬁwmeiﬁuﬁbras val ency,

I nker ength;, |inker geonetry an i.gi di i-licity or
~hydr ophobi ci t y Moraefhe 6Hpan aqrsa “&g?léfl?'?,a“‘i)g{'%‘gg?@g‘g’ﬂﬁ"%?ugﬁ? zation. The
“library of-{si ggpfishallf repREibS h altisiitubift b@edkeddrdnPthd grotp einvistipofaliRac hnent

oints on the sane |1 gand, different 25 functi . groups .at the sane site
gf ot herwi se t Kﬂh%ﬁ@% lydsegss, alirh aolyng acpyatent bond linking the ligand ibali er),

-0-, -8(0),~ (where n is an integer of from 0 to 2), -CO-, -PRY- (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:

A N A
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;

B © (i) - when the multibinding compound of Formula (f) is a compound of formula:

. OH | . OH
H BN H
Ar"k’u_—ng

OH

: .A.f1 )\/n—-——-w—Arz—X—Q-Ara

R‘I




This invention is also directed to libraries of diverse nul BiJyae2e04
conpounds which nultinmeric conpounds are candi dates for possessing

mul ti bi ndi ng properties for p2 adrenergic receptor. These libraries are
prepared vi hods descri bed above and permt-the_r

efficient eeg%ﬂ%tld% of what nol ecul ar constraints -30 | Zﬁ%aﬁﬁggibinding
propertles to a ligand or a class of ligands targeting a receptor. 8 June
2004 WD 01/42193 PCT/ US0O0 /33057 --15- :ﬁ cordingly, in one of its nethod
aspects, this invention is directed to al3fet hod for identifying multineric
| i gand conpounds possessi ng mul ti bi ndi ng properties for #32 adrenergic
receptor which. method conprises: (a) identifying a l'igand or a m xture of

| i-gands wher ei nwﬁas Ar ik gapdtoxyB2-tathiy pheng!, A id ﬁﬁshfﬁimylrcﬁ&eﬁelo\tﬁlyi Wis

functionality; identif ra ker s, wherein ea h Linker in
sai-d library CB F’?es Ids & "Flé‘i “‘”50 PB%&%I“BHEH“S?‘%}%‘O %‘ﬁ"sl ement ary

reactivity to agﬁmﬁgaﬁ@ha@a@@@ﬂmﬁme reactlve functi onal groups of the
l i gand; (c) conpound |ibrary by conbining

greaﬂi a multi.neric %éﬁ F

at .10 leas st e&ﬁ‘?ed%E“i"P@“%??&W‘é‘} fermya ()i 2 corgeayad sHoppultyr e of
Iigands identified in (a) with the library of linkers identified in (b)
under conditions wherein the conplenentary,functional groups react to form
a- coval ent |inkage between said |inker? %né d@ast two of said |igands;
-and. (d) assaying the nultirnwgﬂ;éJguy1 produced in (.c) above to
15 '~identify multimeric |igand conpounds posse55|ng mul ti bi ndi ng
'propertles for 02 . adrenergic receptor. In another of its nethod aspects,

{Wis i nvent iygn G0 0 481 TR 1thobor bIBOL, W HialgIcRUAA R 6 |1 gand

conpounds possessing multibindi'ng properties for 02 adrenerglc receptor
whi ch et hod cofyslg L‘Ql?@%%#“ﬁ!’@%t‘h@ﬁﬁgohﬂlhlbﬁea@ya@i | i gands wherein

.each |igand conggj ns libin@REcofBkid of SoltE() 198 Bbrhbobind bPRorhlgNt i fYi ng

a l'inker or mxture o ers erei'n each I nker conprises at @east t wo
.functional groups haV|ng conplenentary reactivity to at |l east one of the
reactive functional groups of theohlgand 25 (c) preparing a multineric

_Ilgand conpound I|brary by ConblDiQ/NabHCHgﬁMlé&Q—AF
. CHy

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, subsﬁtuted- cycloalkylene, alkenylene,




| east two stoichionetric equivalents of the library of |ig8ddae2e@htified
in (a) with the linker or mxture of linkers identified in (b) under
conditions wherein the 'conplenentary functional groups react to forma

coval ent | i nka@eqdiet ween said linker and at |east two of, a'shd.gands and
8 June 2004 .WO 01/42193 PCT/ 1JS00/ 33057 --16- (d) assayl ng f
mul timeric |'igand conmpounds produced in (c) above to .identify nultineric

| i gand conpounds possessing mul ti bi ndi ng 19_r operties for P2 adrenergic
feceptor. The preparation of the nulti ma} C Iigand corrpound library is

achieved by 5 e I on of the two
or- nore stoichi &b&{a&gd alﬁenﬁ i3 g]#g'ﬁ{]én@ i3 erhﬂﬁ&lrhﬁﬁ&%lg &?J Pll%d(f in (a) with |
the tinkers i dennbstltuteﬂjcynlloal(cmylene Bevdene;ticicatarydahd) hetemcyclsnepbﬂf @viled when a. -
mxture of di fferﬁ ligands is enployed to ensure heterodineric or

ds

multimeric- corrp%ou are prepared. Concurrent addition of the |igands
occurs when at | easteach Yart éaclosepahtetoo@mmendetis mtedﬁmul‘nsstjgow'mnﬁmOﬁre 10

homonult ti merjc pound it ' d) can be
conducted o thg)o’z%&?}rféﬂé g@i)a’dN %fg) E:(‘f’ma?@“ﬁzi? u)ced in (c)
‘above, or pref emCm)NRaQWE(ﬁ)HR -IC(HRR MNRYY, MR -C{=NR B DO (OFINRY-, _
ompos; 11 on asplt SIOLA e ERRN - GARR et BOOXORE 91 st 75° ' '
conposi tion asp | -
')rzglztl rrgrl c li gaisﬁ)pmmqng@))mlﬁ[{f;h.mgs(mgs,ssss, afidlh gwg&hﬂﬁ)hdmmﬁtl es f or
adrenergi.corec | prar are e nmethod -
£onpri si ng: ?a) d d’éﬁpé’%y %h@ af ?ﬁgﬁa%ﬁc lﬁ“Feese’('ith‘ilhﬁ'&r‘i‘EFngerel n each
‘A§gand. conj@i Neondibting@eRdreHes, allghGhlisRcH RS, bﬁi[tﬁlldyl Yubstitiledicf@adityyi ng a
library of.linkers wherein ch l'inker in sajd library .20 conprises at
| east two funct¥&HE ‘S’F'éﬂfﬁ% fﬁlf‘@gﬂiﬁ etiBshitated cycloalkenvhiallomyly at | east
-one of the reaC:iubMﬁutédkﬂ@u&D&?l h&é@&gsanameﬂeﬂeydhbgﬁada.s@@ahf{neaauawparI ng a
mul tinmeric |igand corrpoun brary by combining at |east two

st 0i chiornetric equi \9%?’%‘?13(8‘5&?351“?‘?8% igand or mixture of ligands identified

in (a) with the |ily; giyaneher dspeeE ks invkdiba fsidRebtdd o glnerdl Selftictic RRRALAS ONS
wherein the 25 conpl ement ari/bfunctlonal groups react to form.a coval ent
1

li nkage bet !/\;-éenf"é&‘?nﬂmt‘!‘& lanee Hibsaries of diversapltipghc epmpoypds whighmelimesiqy anot her
of- its conposi tigpoReRakicindidatis foripd¥eiink Mutdtindt RETcRLs kR P2 alidelc@E Y

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 geometry and rigidity, hydrophilicity or hydrophobicity,

amphiphilicity, acidity, basicity and polarization. The library of ligands is

preferably selected to have diverse attachment points on the same ligand, different
25  functional groups at the same site of otherwise the same ligand, and the like.

This invention is also directed to libraries of diverse multimeric compounds
which multimeric compounds are candidates for possessing multibinding properties
for P2 adrenergic receptor. These libraries are prepared via the methods described
above and permit-the rapid and efficient evaluation of what molecular constraints

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



of nultimeric Iigand conpounds which may possess nultival enB Jpp@ged4 i es for
X32 adrenergic receptor which library is prepared by the nethod
conprising: 8 June 2004 WO 01/42193 PCT/ USOQ 33057 -17 (a) identifying a

li.brary of I wherein each ligand contains at |east active
functionali t"ygfﬁ? 3 Pﬁgfﬁgﬂo{gﬁo 7

identifying a linker or mixture of lin érein each
|l i nker conprises at |east two functional groups having conpl enentary
reactivity to at least 5 one of the reagtive functional groups of the
ligand; and (c) preparing a multineric Trgand conpound |ibrary by conbining
at. least two stoichionetric i of .the librar f | Lgands
identified in (a) w °%?4%%‘T1?‘%%§¥@16‘r%&%§§%?% ‘.‘"‘1"‘1”.‘%‘128%‘3&568‘8% i%ied in (b)
under condi ti onsethdddodtentifylives mdtimpdicligand amypoundsqiossessilg multibipding eact to form
a coval ent |inkage be n,said 10 |inker and at least two of said
ligands. In a ;?f‘g‘f:ﬁﬁg?gg@gﬂ%ﬁ’ﬁf%?‘ff‘fp“’fI‘?’é“"ﬁi"bﬁ%?f?if"ﬁlpn?eﬁhkers enpl oyed in
either the methods@gr tibetibiiky AigandioRanixfurobf Hghhds vilwaidatPRgdnd sel ected
fromthe grup conprising flexi %LTEJ i nkers, rigid |linkers, hydrophobic
linkers, hydr ofAMAINZalcasiaDe reactive; B?‘EHB‘F di fferent geonetry, acidic
linkers, basic |inkg)s, itdnifipSa Iftrardof hikeRRherem &ieh Bl i hdMlibRidd

anmphiplilic linkers. Faor exanple, in one enbodi ment, each of the |I|inkers
in‘the |inker [SPEHPEseyatiesst twedwrctional groypsdaing pomplementary reagtivity fo atdeasit h and/ or

havi ng differ e%eggﬂp}eg,gmghﬁe%n&p@@,} s¥Pmheligaas. Such |inker |engths can
preferably .range from about 2 to | . In anot her. preferred enbodi nent,

-I,\S’le' li'gand or m xtuf@ ofPrrrERgRRulimedeligaad sempaund Gbisrky qombininig e '
ZEdncti onal ijgy %sﬁ%fsﬁfcﬁﬁﬁleﬁigteﬁlﬁvz@éhtss&fitﬂ 1&@59@&%'%&“% @E’l%‘it?dsti&n%ﬂédq}{i de for a

range of orientations of sai I gand on said nmultimeri | gan conpounds.

Such’ react i ve @it thnlihrary of linkersodragfied p dhlpinder conditigns svhesimtboxyl i ¢ aci ds,
carboxylic aci ¢ofiglel AEREGRINburR $4-80 5 forﬁ'{gotf%gﬁleuthﬂl( SerwebiQfd/ anat es,

vinyl unsaturation, kefones, aldehydes, t al cohol's, anhydri des, and

precursors . 25 lipkeseadat leasttwp of saigkligasdsoind,  of course, that the reactive

one of the T eacti velhr ouaey ok BepaEElc el Euoipo BRI ol Bl 1 "Can be
formed bet @en idanéfyimwtimericdigand domppimgla possessing oultihindingwolpertizs fes f2t he
e SRR 5 hororer (12 e of the 1 gands i the
In another of its method aspects, this invention is directed to 2 methed
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 ﬁnctiqnal 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 éombinihg at
least two stoichiometric equivalents of the library of ligands identified in (a) with
the linker or mixtqre of linkers identified in (b) urider conditions wherein the
:conlplemén'tary functional groups react to form a covalent linkage between said

linker and at least two of said'[igandé; and



30 heterodimeric (i.e., at |east one of the ligands is diff@&dene200%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 interativgahLassss for rationally evaluating what nol e¢ r constralnts
i mpart nultlblnalng properties to a class of nultineric co gm%gg or '

| i gands targeting a receptor. Specifically, this nethod aspect is directed
to a method 5 for |dent|fy|ng mul timeric %lgand conpounds possessi ng

mul ti bi ndi ng properties for 02 adreneré C receptor which nethod

conprises: (a re ng_a first . coll orltratlonof tinmeric
coggounds \(I\/(]I)CE |g iegéﬁs%“%@“é'b‘ﬁ zf(r:1 |'ﬁ"dl PP prf’%eg{néfcn%f??‘écnt@trl c
equi val ents of idestify hgﬁnﬁbncﬁgadmmelmdﬁﬁoshdsg@ﬁiﬁltMHﬁQpf@éﬂ@ifoapz eceptor
with a linker or, mxture of linkers 10 wherein said |igand or m xture of
li'gands conpri stdeengrei BePoryne reactive functionality and said |inker or

m xture of Ii nkers C%Mdp&l@ﬁorﬂifﬂ{eﬁﬂtﬂﬁméﬁﬂléaﬂd\&im&ﬂﬁd libriky QR RieiAVyN D
conpl ementan% re ctivity to at |east one of the reactive functional groups

of the liga B SebFRialas SeneaETH Gomangtion afi e St erfae steishiametisns wher ei n

t'he .conpl ement agquivalenttol 88 Hiardls RIRHicd BRG) ﬂm&%@m@ﬁ@hﬁ%y i'nkage
bet ween said 15 linker and_at |east tw of said. |igands assayi ng

said first col | egaurmial ylditiop ispseferd when gupixtueof differey ?ﬁigcm@b}f@si%ess whi ch
if any of said éﬂh&'h%foﬂ&xdﬁ@ﬁ%ﬂ&é@n@&ﬁﬁﬁﬁﬁds%ﬂﬂr&;ﬁké&d@a Ap%@raa&nbx?s for P2 -
a

drenerglc receptor (c) repeat| ng the process of (a) an ove until
at_least one _ ofthe ligmds epeys wh W@ﬂpéﬁﬂml@@nqsmmsmwmﬂdl ng

prloperti es. Aer ﬁgnmlﬁg@r{&oﬁ,pomgept or, (d) evaluating what nol ecul ar
constraints inparted nultibinding pr opert ies for X32 adrenergic receptor

to the nultineric cofisessmypolocelsresitadia ) cambarendusicdion the mytimeriodigand on
Ci 100 1 (2) - iRy pABuel 6 FEhE P AR BN GRLSE gl 07 2 O

-of multimeric conpounds |ch el abor at es pon the particula cul ar
constraints i npﬁﬁ%ﬂhﬁwjlbympﬂamﬁmpwhrqmﬂmmhy mgsstspectiomer (LM i ¢ conpound

or _compounds. { ound 1 8ehs itkioh B34 Al invelon AU Ldsiohe Ol ecul ar

constraints |rrparte ng properties to t i meric
conpound or 1izonpuhltnl¢schmdgomwun¢ﬁevh1@0n&elmmds molivderttipmperties ﬁotm ation

recit Ed in (e) @c{?&n\éfgxc receptor which library is prepared by the method comprising:
(@  identifyinga hgand or a mixture of ligands wherein each ligand
contains at least one reactive functionality; -
-(b) identifying a library of linkers wherein each linker in said library
20  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



8 June 2004 WD 01/42193 PCTI US00133057 --19- (g) optional Byupepgeld i 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 at from2-50 tines, even nore preferably from3 to 50 tines,
and still nBOM4PPEferably at | east 5-50 tinmes. BRI EF DESURS®BNSN OF THE
DRAWNGS FIG 1 illustrates exanples of multibinding conpounds conprising 2
ligands attached in different formats to a linker. 10 FIG 2 illustrates
exanpl es of multibindi ng conpounds conptTsing 3 |igands attached in
different formats to a linker. FIG 3 illustrates exar(r‘pl es of nultibinding
conpounds conpri si f@ 4 idenfifyigg a libmpvof lisands wherpin pachdigand qootaivaatdeaso a | i nker .
FIG 4 illustrgi§s:ch sal@y; Mul tibinding conpounds conprising >4 15

| i gands attached in different” formats to a linker. FIGs. 5-15 illustrate
synthesi s of conpoubds wkntipingalinkef pymixtupEafAinkapvibEdarrdTickn OF THE

| NVENTI ON D.eff] aﬁsa%&.%w ctioﬂé‘i?ﬂ{ug%vigcgrhglomrﬁﬂgrre%c%%a' g ng

conmpounds whi ch are rener gl cept rmaceuti cal
conposi tions c@moﬁihﬁlrmﬁm,fmmmmwupmdﬂleahgmdmdhods for treating diseases

medi ated by X32 agenerg c. [ F;gal n d| cu55| ng such
corrpounds conposi ﬁbonsf’%#'&#étg%ﬁ&tMt{m hgm}dmﬁ ﬁhbﬁag?b a%ngtahe fol |l ow ng
meani ngs unl esmwmtwmmdmmwOﬂhyh&ﬁyuﬁﬂwdmmﬂfedln{ahame their art
recogni zed ne ref s to a nqQr.adi c branched or
unbr anched sa?@#gg&a lﬂ ar o((;:ar on tgeﬂln fnger Fd“?fg\ﬁhﬁﬁe“*tﬁ%m 1 to 40

car bon atons, mnmlef}eﬁumwal Eroupmasmocfam)mcbvalbmrlmka@mdmemdmr e

preferably te t termis exenplified .by groups such
as net hyl, 10;th rllkep (&%{Q&?‘%&%dhg&g n-butyl, iso 30 butyI n- hexyl ,

n-decyl, tetr adecylln a pefecked brebddinhent, ti lﬂmﬁoﬂﬂﬂés\iﬂaﬁjtédﬁal:ﬂﬁzr {:B@T/ US00 / 33057
methods or the library aspects of this invention is selected from the group

comprising flexible linkers, rigid linkers, hydrophobic linkers, hydrophilic linkers,
linkers of different geometry, acidic linkers, basic linkers, linkers of different
15 'polan'zation and amphiphilic linkers. For example, in one embodiment, each of the
. linkers in the linker library may comprise linkers of different chain length and/or
having different complementary reactive groups. Such linker lengths can preferably
range from about 2 to 100A.
In another preferred embodiment, the ligand or mixture of ligands- is
20  selected to have reactive 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).



--20 The term"substituted alkyl" refers to an al kyl group8ang@dPPhed
above, having froml to 5 substituents, and preferably 1 to 3
substituents, selected fromthe :group consisting of al koxy, substituted
al koxy, cycl 9‘%% 03 substituted cycloal kyl, cycloal kené’ subst i tuted
cycl oal kenyl acyl am no, acyl oxy, am no, substitut &T@ '
am noacyl , am noacyl oxy, oxyam noacyl, azido, cyan, hal ogen, hydroxyl

ket o, thioketo, carboxyl, carboxyl al kyI t hi oaryl oxy, thioheteroaryl oxy,:
t hi ohet erocycl ooxy, thiol, thioal koxy, "&rbst i tuted thioal koxy, aryl,

aryloxy, heteroary t.ero | o cyclijc,, heterocycl ooxy,

hydr oxyani no, al kox@&ﬁ‘ﬁﬁ?}‘m?ﬁ%’f’ﬁ'ﬁx‘a@ &V& esegtied hyseip %E’é UKyl
-SO-aryl, - SO hgiRidesfoyhn intedative ﬁ%ﬁtokmhomxﬁe&uaﬁmm sleedanl Kyl ,

-SOZ--aryI and -S02- het er oaryl This termis xempl.ified by groups such as

hydr oxymet hyl , FSRHFRING Sppagh multi lwrewwﬁfeamms IimERs $RAPOInds O i nopr opyl
2- net hyl am naginayiargeingti @Bdptoy. %bi'ﬁ@ﬂljr%'m&thodasp%w 1§ SirR B LhBdd

2- carboxyethgl and the |1 ke. The ‘term "al kyl ene refers to a _diradical of

a branched of uif5idertfing muitracric lieandsgmpoundseossestng wrgbinding propetietits, havi ng

from1l to 40 cawga}e gmﬁwchmﬁogm{%%eg to 10 carbon atons and even
more preferably i carbon at ons Thi's termis exenplified by groups

such as ‘met hyl ene ( (@HZ PWPMWW@Q@MEWVOBQfmlltm@wyllo@n@“ﬂ%oners
(e.g., - CH2CH2GHgy, ?ﬁ% e@ﬂ?%c@hgat)l%qwbgﬁw#ub% %%HTJ@.&I 'it{é‘h SHPsti tut ed

al kyl ene" refers to A Kyl ene  gFfoup, |ne ove aV| g from1l to
5.substituents, Oamdmmeﬁlmambwud.lmgetawmmthﬁdnﬂtsmrsakm@ﬂnkeh omt he

1.,grfoup €consi §4i N “F% L I substituted
cycl oal kyl , iéyc?fggrglﬁ'enh%?é&gtfgs It ut %ﬁgﬁl"&gﬁ%ﬁ%ﬁ 02%37%% acyl am no,

acyl oxy, ami no, funstidrelifytand il linkenre mivtnieobldyts comprisenatdeast twoyfimctional
oxyar ni noacyl, 3zl 1 , carboxyl,
car boxyl al kyl , %hgﬂ}ay é%%pl é%ﬁf%&and&% R?/g&eg%%%%ogiﬁeﬂgaecru%%yc%oxy, t hi ol ,
t hi-oal koxy, sulgsups afitledigandwvizedik ssid/contactidg is mnwc@ndwpdermm«hmwap&trpm

het er oaryl oxy X ko yam no,
nitro, -SO al ky fl{l%@@% %ﬁ%%ﬂﬁ?&%{ '%‘g%&l;tqg%naa oX?aﬁcnt M@Qgﬁgé[ er gg?é(/l

S02-al kyl , 1$02hn!substatlaa$tedoaﬂshmﬁlh,gand302 -aryl and -SO,, heteroaryl.

B om0 a0, oty sl R RS o RS LGRS 2

- assess which 1f any of said multimeric compounds possess multibinding properties

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
Ty teceptor; , '
(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;




group are fused to formone or nore cycloal kyl, substituted8dyasdedkyl ,
cycl oal kenyl, substituted cycloal kenyl, aryl, heterocyclic or heteroaryl
groups-fused -to the al kylene group.. Preferably such fused groups contain
fromlto 3 %%12154 ng structures. 5 The term"al karyl " or_ "aral kyl
"refers to the grolps -al kylene -aryl and - substituted EFWF(’é’ﬁ%"-Séryl wher 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 gr ouT)'sg‘“- al kyl ene- heteroaryl and
-substituted al kyl ene-hetero | where kyl ene.. subst.ituted .alkylene
and heteroaryl 10 gﬁe)e dgﬁq°ﬁ‘§i;¥yrﬁpé?té'\gﬁ.e Lﬂ}&t@tt‘éf"gg?r Fagwtedﬁp%ﬁéﬁar e
exenplified by mpM&ildicons@aihget hyl ,  pyridi n-3-yl net hyl oxy, and the |ike.
The term "al koxy" refers to th roups al kyl -0, al kenyl -O-, c¢ycl oal kyl - O,
Eycl oal Kenyl -0 anderRiniereio) o soaeby i skt e me ol

cycl oal kenyl,  afebnsd-kyfiés, 8Vel mdte plsthble dos/18 50 timEY, aiddtifiasbr@l koxy groups
are al kyl-O_and 15 jncl ude, way of exanple, inethoxy , ethoxy,

by
n- propoxy, iso-PEspblatleast BP&mss “tert-butoxy, sec-butoxy, n pentoxy ,
n- hexoxy, -1, 2-di.methyl butoxy, and the like. The term "substituted al koxy"
refers to the groups substituted alk . substituted al kenyl -0, '

|- O, ‘
substi t uted cycl oal kyl - O- BRIEB DESCRIEHIQN OFEHE DRAWENGS and  substi t ut ed
al kynyl - O wher e. sulpsgi | ih:feliedbleiples §f&9ﬁﬁb&lﬂiﬁ%%@05§d§¥l}mﬁ§ﬁ%ﬁ i-tuted 20
yny

cycloal kyl, substituted cyc| oal kenyl and substituted  al are as
.q%fi‘_ned her ei n. liganfisattachedjn diffgeent farmats tradinker. o 3 nonoradi cal  of a branched

QY unbranchggl unsatggad ﬁ%@&gém@%p%gﬁ%&ggﬂﬁml%mg@gﬁw from 2 to 40

carbon. atoms, nore preferably 2 10 carbon atonms an en nore
preferably 2 toliggndsattahed i ditiesent famptstd alipkes. | east | and preferably from

cthenyl (- OEGD) T putRS patple b BflibElre cops B SBH L 08y Gt ).
and the |ike. Thgandsatiached inslifforenyfosmatataadinker: refers to an al kenyl group as
Subst | tuent s, sol ectad | pisct Gartphs BEMIHERLS ot BRBIM % bt Tt ut ed
al koxy, cyclbal kgands attaghsd indifferent Eymnto tel ddjntker. 30 cycl oal kenyl, substituted
611 42103 PUTi 1950 FAE TS G SN of SRy SRR e
oxyam noacyl, azido, cyano, hal ogen, hydroxyl, '
DETAILED DESCRIPTION OF THE INVENTION
Definitions
20 This invention is directed to multibinding compounds which are 2
\ adrenergic receptor agonists, pharmaceutical compositions containing such
compounds and methods for treating diseases mediated by p2 adrenergic receptor in
mammals When discussing such compounds, compos_itions 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-hexyl, n-decyl, tetradecyl, and the like. .



keto, thioketo, carboxyl, carboxylalkyl, thioaryloxy, thiofete?8ad4I| oxy,
t hi ohet erocycl ooxy, thiol, thioal koxy, s ubstituted.thioal koxy, aryl,

aryl oxy, heteroaryl, heteroaryloxy, heterocyclic, heterocyclooxy,
hydr oxyam no. xyamno , nitro, -SOalkyl, -SO substituted alkyl, :
-SO-aryl , 50%2% E?oaryl -SC2 al kyl, -SO2- substitut cBCLPRIP0ST 500_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 atons, nore pref era%ﬂ‘y 2 to 10 carbon atons and even
nore preferably 2 tq 6 car and 10 h at least .1 and preferably
from1-6 sites of vi |°%"§‘§FWP‘§3?@# re eﬁ1ﬁ°§“fa’]é7lrﬁg‘? g?@ﬁé?’?"f"f”ed by groups
such as et henyl agng(frdai @ Substivivts, 4268 PREABIEND 3 sEBYERIefts, selReted from §g2 CH=CH-
-C(CH3)=CH -, and the |ike. term "substituted. al kenyl erne " refers.

to. an al kenyl eFQURFistingof &%P’Fyné’ﬂ’s“t'é\'ﬁ‘éﬁﬁoxﬁeﬁ)’ﬂﬁ@[kﬁr Hhstitued,Csloatiplst i t uent s,
and preferably f:,rcmuén,tlcsuﬁsn&mscwbal@dwsacyllécﬁ&hﬁ&h@,%ﬁyr Sinb REbsG AP

consi sting of alkoxy,'substltuted al koxy, cycloa kyl, ~substituted
cycl oal kyl , - ycPuEPiaspacylsapaqary) a’fveawewpw » Rafg cyangciploger bydranilno,

acyl oxy, ani no; k&yhﬁbk&ygﬁ%@mwﬁmygwmxyam@%w; oxyam noacyl ,
azi do, cyan, hal ogen, hydroxyl, kéto, thiokefo, carboxyl, carboxylalkyl,

t hi oar yl oxy; tﬁ?%@?éf%l‘@?&mqaﬂ@@hé!@%?@my,%*@rlﬂm hi oal koxy,
substituted thi RALKANYhetdBarfibly, hetaawcwuete 1%5 b ¥droxydilifd! 0ar y! oxy,

heterocycl i C, heterocycl 0oxy, ~ hydr oxyam.no, ox am no, hitro, -SO-alkyl,

gg} subst.i t ut edalipxrgmino, ik, 79(Halkyl, -%@&“@%ﬁbﬁ -SO-ar}’l -SO-heteroaryl,

2-al kyl, 123! t I o _
Add[tlonal I_l?/; cfgﬁé'bb%?%lgﬁstayg%aali ]e’n e el%dr %E%g I'nc ugﬁh%rgose where 2
subst it uent s oﬁiembﬁﬁi W@ﬁ%ﬂpémhywmnﬁhfmé@w@ﬂmwrmm nor e
cycloal kyl, SUbﬁEfnidé%tﬁ , $amf¥b AR Sk ENEL R i RERBbIbH! ©

cycloalkenyl ary rocyclic-or eroar group b the
al kenyl ene gr ou%'SUIfGFFFéldP@hbfh-?-wMy@\lle ‘and bt ks to a m)nor adi cal of an

unsat ur at ed hydrocar.ﬁlgqempglg;lgl{ PJf&sQ%McﬁBPJ%&aPQJé}-%E&é&?&S atons, nore

preferably 2.to 20 carbon atons and even nore 6 car bon
at ons ‘and ha¥i n@ﬁmted Mmcmémhpmeﬁm&aﬂwwaﬁnﬂmlmma@wsAﬁMS PCTI US00

i kyny! o1 oups " SERRe B IR el ol AR 1 b s (% P e
The term "subst Thisitegd iscixyplified by gfoupsssuchas asthylehk(+GH)-), gthplepe as def i ned above
Y o ot T + ROR. GOk bl isoRllfh @ SRl @it el i i S

sel ected fromt
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, carboxyl, carboxylalkyl, thioaryloxy, thiohetercaryloxy,
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



5 group consisting of al koxy,.substituted alkoxy, cycloal k§rungg@4 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,
oxyam noacyl a2| do, cyano, hal ogen, hydroxyl, keto, thioketo, carboxyl,

car boxyl al kyWOUMISL, vioxy.  thiohet eroaryl oxy, . thi ohet BFBE5OB3%y, thi ol ,
t hi oal koxy, substituted thioal koxy, aryl, aryloxy, 10 heteroary |,

het eroaryl oxy , heterocyclic, heterocyclooxy, hydroxyam o, alkoxyam n o,
nitro, -SO al kyl, -SO substituted al kyl T21-S0- aryl -SO heteroaryl,

- SO2- al kyl, -SO2- substltut ed al kyl, - SO2 ary and - SCe- heteroaryl The
term "al kynyl en&oup i fuspd torf efnho'm*f%}aﬁfe%ﬂloaélwl é\‘PsﬁW?étcﬁ?la%le hydr ocar bon
preferably havi pgidalemZubsindi GAbMRRYIA P RoterbBERe B HR{eRA bibugs fusa10 car bon

&b
atonms: 15 and even nore prefera % 2 to 6 carbon atons and having at |east.
1 and pr ef er abl P he ykylencgravp:. Bestegioly sush fised-rroyps conspin fiopnite 3fissdripg at i on.
Preferred al kyngh@agsdr oups include ethynyl ene (C-C-), pr opar gyl ene (CH2
C=C-) and the like. The term "substituted al kynylene" refers to an

al kynyl ene gfoup as Beftsmealkangleye fﬁ@fsﬂ?@ﬂrﬂt‘)“?%-aﬁymmimnts and
preferably I to 1 5&915 i sting of
al koxy, substi tﬁ%gtgﬁﬂgﬁ)ﬁlﬁ%/&edg{}a%%% %?@gul? g%’?tleé ute L%d F’l%dlgﬂ&ﬁ

cycl oal kenyl, shasein Sw@&wygqowlwwphﬁaﬁw benmwﬂ&mfhﬁ anéthylhbwy, am no,

substituted am no, aﬁiﬁhﬁi“}@ﬁﬁé' g cyan,
hal ‘ogen, hydroxyl aﬁqet 0, th| oket'o cart 09159/ ig%ﬁé{%{k&q%ghl oaryl oxy,
t.hi ohet er oaryl oﬁybstltlﬂwl @W&p@h@@y@vbﬂwgc auth:n@ IsubStlhlmda!lll@!my andshetrsdanti ut ed

. | k I
oY A8 Yo B8l B, SRANEL B oD LAY L SARGHA  ©

- SO substi t ut edplﬁridnyli-ylm@@kw,wndtheg@ heteroaryl, - S02-al kyl,

;SC-subt £ uted ! Sk Wit 0 DRYES OBfoly Sy

al kleny: kcl( O)C( o mbatkemmmamuemym-o@@)wmme?gé kgy:loalE&D):yqloaﬂmbeli Io§ uted - 30
cycl oa ed ¢ enyl =

a?/yl qo%l 8 June%%%%%%%%’spﬁ%g X?fﬁﬁLb P%ar yl - C(O) and
het er ocycl i ¢5 C( iDpludeyiop may af d&ythplesudﬂwY,tembgd na:irdppbcy, rﬂi-lheprydy n-bwoyst i t ut ed
glygf?)ﬁ: ke(rzlzfl Og}rehyﬂut%xg’?sg?%%utr”w’ ﬁge gé&%é'?er o’é’yc’lzl'dzmgtrﬂ%‘gts dg?d %%g elt’l; glt ﬁd The
term "acyl ani i no" orThegenmoubstithiehslkixyt efeerte theqrdupe subhstmpd «RYIPANRR 5 where
each R is i ndepgRAGHLL YulybO Uil toa S birshled cflrikenyB6Y haid

heteroaryl,
substituted alkynyl-O- where substituted alkyl, substituted alkenyl, substituted
20 cycloalkyl, substituted cycloatkenyl and substituted alkynyl are as defined herein.
) g . The term "alkeny]" refers to a monoradical of a branched or unbranched

unsaturated hydrocarbon group preferably haifing from 2 to 40 carbon atoms, more .
: preferébly 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



heterocyclic or where both R groups are joined to forma hePelBege%4 ¢ 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

gr oup - NRSQzZ Ris 10 hydrogen, alkyl, substitut | kyl __aral kyl,
het er oar al%kqu aﬁd Ris alkyl, substituted alkyl, ?%5’% %qﬂlbst i tuted

am no wherein alkyl; substituted al kyl, aral kyl, het eroar al kyI and
substituted am.no are as defined herein._,The term"am noacyl" refers to the
group -NRC(O R where each Ris | ndepen'd%’f | y hydrogen, aI kyI substituted

al kyl, al kenyl, _substi. tut d al ubst |t N aryl,

het eroaryl, or ﬁ%{ﬂg’r% c tmv\!/ﬁer qf{’ﬂ”’ a’gy%’fnfya%@t%@?’tcﬂ% %%o’é?flkenyl ,

ﬁubs_t [ tugrﬁd al kbety,ltbmleatg;lcarbdnql earbmy;alklylgﬂdodnﬂb:@i;ﬂﬁ?lﬁie_toarywxg, ?s defi neﬁ _
erein. e ter 0 al kaxycar.hanyl am nqQ" refers to the :

group  =NRC(O) dg‘%‘?%} %%%Pﬁ tﬁx‘ g"‘f"“‘&@bé‘h&éﬁ%ﬁg‘“?@mg@a Py | | substi t ut ed

a: Eygl , . ar y.: : ﬁO?ét&bﬁ-yloamtbarybﬁy, haémwﬁ?;hbtbmcymkﬁlhp?&kﬂ@)ﬂmo subst | EI' ﬁt e;:l ,

al kyl, aryl, . heteroa a chic ar efin ere| e term

"acyl oxy" refer ai"ﬁ‘é’ F?fuﬁ@ E‘V{(%%/ ﬁgﬂb‘ﬁﬂ gg’gﬂ C( 0 O,

(r:]y;:I oal ky: g((gggoz aug(lj;sﬁ@tﬂbﬁ@t&b&iyﬂﬂ@)ﬁryl@&?@ﬂe@foﬁ |C( O Ob it uted '
eteroary et.erocycljc erein al kyl, substitute

‘al kyl,. .25 cycl oal kyl®® 3#‘?‘1’%1“%3‘%%‘? %&W"fé‘rhﬂm qqé’?é‘i‘tﬁ‘ﬁ‘r"% , and

het er Ocycl ic ar amﬁaaﬂ@m&rb&wp@mfmmmgmﬂo 40/cBH8H Stoths) nidfe

unsat ur at ed ar ona %carb c groyp of from 6- to 20 carbon atons haV| ng
QSI ngle ring (B‘eéfm )’p?n'@r} a‘?FEﬁ”E‘flﬁY‘@ nasprsteeably 2 tofoisaan atpmpand (e, g.
0

phthyl or 1@nt huvilgat 1kfe aﬁdil&feﬁb@lﬁ%ms&ebf{ﬁ ldn¥arliRich U564 M i30 - @
het er ocyclic or cycl gal kyl grou Preferred %% s_i'ncl ude phenyl, napht hyl

and the S June StSRPlficyPyErpups sush 25athenyierr(-¢ . the prgpenylepgisongss ess

ot herw se const (el Ne, ¢H=¢1Iﬁ.e (Q@ﬁgqr;m gﬁatfl@ﬁket he aryl substituent, such
aryl groups can_ optlona e _substituted hfromltoSsubstltuents

preferably 1 Tto 3 s%é?@t"ﬁ'é%@@ted %?”é‘l?ﬂ"ed‘eﬁﬁéw Heengleaggrownsdefinedng  of
acyl oxy , hydr ofpbve Vi from 8604 subsikdedts, ’an&y%ﬁ%éﬂ ﬁélﬁ?%@ subgtktlféﬁ%x

cycl oal kyl, _cycl oal keny substituted al 5 substitute

subst i t ut edl&i kesrred iotiihe gowR @aswg9&@&0%499@@@414!@@910@&1&y|
substituted cych@ak@a¥cloaldl, BRioake, shibsth FobAlReny £HLyN A8AMhino, acyl anino

acyloxy, amino, substituted amino, aminoacyl, aminoacyloxy, oxyaminoacyl, azido,
cyano, halogen, hydroxyl, keto thioketo, carboxyl carboxylalkyl, thioaryloxy,
. thioheteroaryloxy, thioheterocyclooxy, thiol, thioalkoxy, substituted thioalkoxy,
20 aryl, aryloxy, heter;)aryl, 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



sul fony' l amino, alkaryl, aryl, a ryloxy,"'azido, carboxyl, Sol4nedPfal kyl ,
cyan, halo, nitro, heteroaryl, heteroaryloxy heterocyclic,
het er ocycl ooxy, am noacyl oxy, oxyacyl am no, thioal koxy, substituted

t hi oal koxy, wébdie! oxy, t hioheteroaryloxy, 10 -SO-al
-SO substituted alkyl, -SOGaryl, -SO heteroaryl, -SQ al g({'l‘msmgﬁ%sﬂ;

substituted al kyl, -S02-aryl, -SCZ het er oar yl and trihalomethyl . Preferred
aryl substituents include aIkyI alkoxxg hal o, cyano, nitro,
trihal onet hyl, and t'hi oal koxy. The term aryloxy refers to the group

SUbst it ut od aryFoRiod St OBy Rnd (iuont i Pt d Wb Wl crer

refers to the dlmcaﬂbeféynﬂéﬂfﬁghpfwwldrqlﬁcéCHkmahﬂgccsubst|tut ed aryl) as

L LR A RS

each Ris 9 ende I%aﬁ(gl ec fr t he u onsi sti hydr ogen,

al kyl, subst | tu?lq)gp nng'}g ’fy’s“bSt ta%ﬁ?ﬁ cy§8’3@?‘?t°‘ i T‘%HVL

Slkonyl | substi fﬁ"i‘?ﬂ“’:’f‘i““*y‘“““a?m‘”’ﬁ?ﬁ?%2“"“2?3*‘??“?%2?8??‘8“?2&. ded

e oo
G100 cst 1 t Nl WERliok oyt aeatkin st b abot 1 ot e

F j«y nyl " whdée aéthyiryl heraedryloxit, Reteradyicii¢, hete:%&)fkkdbﬁir iylroxyattidd, i t ut ed

cycl oal kyl, al k subspit en I al kynyl and substltuted al kynyl
are as defi ned ﬁ@%@?ﬂ“wgm ﬁngbﬁgﬁﬁ ﬂé@ btaoaryl, 26 The term

"cycl oal kyl " r efSO,ailkyl) -S9,cubstinaddieiyl, gsquﬂﬂ &k socm&oahq 20 carbon atons
havi ng a si ng![e cylcl ¢ ri r], or leggj%ﬁgé?ﬁﬁonde ssagpgég%s Sgllgﬂgarcéﬁl (ﬁal kyl
group nmay optiona c
cycl oal kyl group@ferabnq{auﬂgﬁomatwc@ﬁonm&pinempﬁf&ﬂhﬁzw itkaftoh Yfohidr €S such

as cyclopro cl obut pentyl, ~eyclooctyl, and the |ike, or
multiple ri % s ures P é&ﬁ"l%%m Aloms ond haying af least | padprefsblyt er m

"substi t ut ed cy&bmam@uesofraeétﬁé:&(&meqa)éﬁd)eﬁédﬁﬂmarP&?éimh fenk s 1 10 5

substltuents and g é substituents, selected fromthe group
mncl yny ene (-C=C-), pIOpargylcnc (-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)-,




consi sting of alkyl, substituted al kyl, alkenyl, substitutedJdh&@ayd

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 QgagiefM noacyl, . am noacyl oxy, oxyaninoacyk ﬂg cyano,
hal ogen; hydroxyl, keto, thioketo, carboxyl, carboxyl al CT throaryl oxy ,
t hi ohet er oaryl oxy, -thioheterocycl ooxy, thiol, thioalkoxy substltuted

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

het er ocycl ooxy, hydr oxyam no, alkoxyarnlno nltro -SC)aIkyI

- SO-substi t ut ed i . ~het : ﬁ!]@

Substituted al kh%lr%lé‘é??aﬁﬁ}{émmc S%gﬁhg%%?% l sl“"é%] e (‘:I oal kenyl
refers to cycl |mbstahtkd3dy¢nylgvalqa&ybﬁublsmmw dyctqalk?l)cyo@caﬂcbmyi, subgitgedhavi ng a
single cyclic r n gy%%ycl)a{ﬁé L‘?’?&%IB&O@ | nc: Btﬁe ng&herzo unsaturati on.

Exanpl es of sw rou nst ance,
cycl obut - 2-enyl , cydl’:‘:epmmt“a@lwm;d’ Ortfaymﬂmmboﬁyl'&ekrsybﬂmgcbuph@(O)NRR. The term

bstit ut t ' f 1t
LSUbSLL 1ot o Y ELEFR oL By GO SRS B, 1O O
glr lc<)up : con|5|k st i ingeradychid dtys{hprteiruihﬂgrbwse& jahédm:) forﬂxlal%&)dcyclmgaﬁit ttpl(é B ed
al ken al kox | C |
-cycl OZII kyl , cyz?’8??m;]}"§ g‘&f‘? ugftéﬁeyw@%/agdﬁ}ggﬁ%}ryl a’é‘t%%em%'(ﬁ

acyloxy, am no, definsdii@sdin.t ut ed- am no, -ami noacyl, aniinoacyl oxy,

oarboxyl al kyl - L e RS R e e b RS oﬁi‘;b"xy'

tHiol,  thimml kwogemmssumwwalkﬁ;ﬁﬂkﬁwmeteMkyl andRexalkyl, het eroaryl,
het er oaryl oxy, June @4 \Z\D 01/ 42193 PCT/ USOQ / 3057 --27- het er ocycl i c,

het er acycl ooxy § TRt AmRe Whnreip glkyl, sybstituteq gliyl, - Sp.

substituted al kahlky l—%&d&ﬂhlancﬁ@:sh‘ﬂﬁ&ﬂiﬂﬁdét&asdeﬁﬂéamﬁdwl - S02 subst i tuted
al kyl, -SQ2-aryl S02-heter g The term "hal 0" or "hal ogen" refers
to fluoro, chloro, B'g‘ﬁfﬁ?na?iﬂm?a& rcfg"%‘“ﬁf'eg‘?‘é’r TROGE@IVrLs $Ach Rrigf ers to an

aromatic group mfedefideiily hyldebgdi alicl, Elm&:mtadﬂl@il Ayl sdbStitdted Sik@iypat ons
sel ected- frfglo en,. nitrogen andhééj ”r wthin at I|east one ring (if

there is nmo R0 GHbstiputed gsninoggry afrpetepoeylic whereinalkyd sabstifptedpe  f yused

to a cycloal Kyl alkyl, dMeshgl; etk alkenfigarylJMt@66yIAhE BEWoSRIIE RSt ddkinged by the
definition for the heteroaryl substituent, such heteroaryl groups can be

optionally 10 SHBE®i tuted with i to 5 -substltuents preferably 1 to 3
substituents, sel ectmdtdnOahinbRyloxy” or “alkoxycarbonylamine" 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 -




group consisting of acyloxy, hydroxy, thiol, acyl, alkyl, aPBkgry20@4 kenyl,
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 oyebmatsenyl, am no, substituted am no, am naafydseo/a6d# am no,
al karyl, aryl, aryloxy, azido, carboxyl, 15 carboxyl al kyl, cyano, hal o,
nitro, heteroaryl, heteroaryloxy, heterocyclic; heterocyclooxy,
ar ni noacyl oxy, oxyacyl am no, thioal koxy,agubstituted thioal koxy,
t hi oaryl oxy, thioheteroaryloxy, -SO al kyl, -SO substituted al kyl, -SOaryl,
- SO het er oar yl ; 1i&k&03nlads lo;hlen;vnseSGx&trSiubsw theldemitiah |fdf|the arfiQabshifukht, sefS02
heteroaryl and tr “wgeteroa 'substituents include
|

i hal oneet h
al kyl, al koxy, R5il §oURyARaPLO é@[yﬂ’ﬁs‘r‘ t‘t“ ot 19y substifigntsprefareRlly . - Such

het eroaryl gr oups3s aaRtitiavesekctil YR gr&q; coﬁﬁstﬁg of &Y lokfl Yyd Rk ftﬁiﬁ%l ) or
multiple condensea rings |ndoI|Z|ny benzoth |enyY referred

het eroaryls incl? @WH@%SF&WLWWI cyrigal Fﬂr‘f)’lc loatkppyl,substifutadeatieyh.oar y| oxy"

refers to ths grewsnbeibAbubsired i), bsiiuicl SIkGHAMMIRAG] cyeRbRyS tO the
di radi cal group derived from 25 het eéhgarés |nc‘kgd‘qng subst?y{:u%lg;

heteroaryl), as StRstifuiedgyclesbeeyl amigp, subsity jnp; aminoasyl, %Gbrblﬂgm;ups
2, 6-pyridyl ene, saifdh yﬁiﬁhioddll&\‘}lea?ﬁ,larﬂlo%v Qaw%b&}arﬂ %ﬁﬁoxyial , c% gyl ene,

I 4- benzofuranyl ene ri dnyl ene i nd ?/ €. The term
"cycl oal kyl ene” ﬂf‘@ﬁbﬁ*@o%heﬁ@amweh%mw@wemsewoommmmylwm oal kyl , as

def| ned above, Smi,
4An3-cycl opent yl g’%cﬂand QﬁBth Z%b%%ﬁo%%pwaﬂ/x&%g%%%gm%%?
’2&9 The terdP" su%ﬂ@btséhS‘@%‘ﬂﬁbﬂlWI -8Qwtyl, -Sethstenoaryd, -8Oealkiily 8@-ca | * group

derlved froms %Eq term

"cycl oal kenyl engmmruggers to't &Iili’eta Fﬁdgé]ig%% %B'arﬁl ve}'?"'dgﬂﬂ'
cycl oal kyl , ' as sehstiugnisinelidnatkyl, Elkﬁhehﬂe.rcmbsmbs,tmhmrmﬂudymﬂdabdﬂmxyl ene"
refers.to the di rad'ﬁ@terﬂ{}'@ﬂibx?%f}éqgthergfq‘ﬁﬁ‘a@&'@ Eré&lqﬁle%eégul%lslg?esgyg as

def.i ned above. The term "heferocyc erocyc
monor adi cal sat defired @bovainshyding emt@éﬂlb'rsubﬁytﬂmﬁgrduas &lalnglcbﬁmdragmar mul tiple

condensed Tijggs, fromejm[no‘ﬂﬁ,sne egqgl gh%%@#g%vgéﬁ%agkemégﬁeﬁ ero atons,

preferably 1 to het er oat se ecte
phosphor us, andﬁ@hstl'@@gwﬂaﬁ\ﬂqﬁhmbpmnﬂllmemnhﬁeﬂlhwtlt?@henm; BBn one, two, or

three of the riBheGREO9R-ALGTRe, TBaPRb) IO Hbl ool €P! aced wi th

The term “amino” refers to the group -NH,.

The term “substituted amino™ refers to the group -NRR where each R is
20 independently selected from the group consisting of hydrogen, alkyl, substituted
alkyt, acyl, cycloalkyl, substituted cycloalkyl, alkenyl, substituted alkenyl
cycloalkenyl, substituted cycloalkenyl, alkynyl, substituted alkynyl, aryl, heteroaryl
and heterocyclic provided that both R’s are not hydrogen.

M..—r

The term “carboxyalkyl” or "alkoxycarbonyl refers to the groups
25 "-C(O)O-alkyl" -C(0)O-substituted alkyl” “.C(0)O-cycloalkyl”, “-C(0)O-
substituted cycloalkyl” “C(0)0-alkenyl”, “-C(Q)O-substituted alkeny!”,
“‘-C(O)O-alkynyl“ and “C(0)O-substituted atkynyl” where alkyl, substituted alkyl,
cycioalkyl, subsntuted cycloaikyl, alkenyl, substituted alkenyl a.lkynyl and
substltuted alkynyl are as defined herein.



a carbonyl group (i.e., a keto group). Unless otherw se con$tiaegee by the
definition for the heterocyclic substituent, such heterocyclic-groups can
be optionally substituted with 1 to 5, and preferably | to 3 substituents,
sel ected fromy ?:? joup 15 consisting-of al koxy, substlt ﬁggﬁkﬁgxy,

cycl oal kyl , su S uted cycl oal kyl, - cycl oal kenyl, substitu

cycloalkenyl, acyl, acylam no, acyl oxy, am no, substituted am no,

am noacyl, am noacyl oxy, oxyam noacyl, a5§ cyan, hal ogen, hydroxyl,
ket o, thioketo, carboxyl, carboxylalkyl ﬁloaryloxy, thioheteroaryloxy,

t hi ohet er ocycl ooxy, 4hi.0 K , uted thioa
aryl oxy, 20 het eroar.hT t'=r1etg ylrgé}yém pgaﬂé&%‘f P ﬁlﬁé’%é?oc d(?Tb8o
hydr oxyam no, aiomshgnamg mglmybh@;mgtﬁ@ualpwdondenﬁﬂmghsmutcymmwagrbw

- SO |, SO het b tit S02- | d.
-‘SOZaFl)éteroaryle eroa}é‘%"ﬂ#e?eq%soeg c?"yaéylﬁfouﬁgm%ﬁmi‘i’aﬁc cygﬂo%weg“f Ay

or.mul tiple condehﬂad)yMamgScxamEreeﬁmlem shedtaeoayh bi mlopmylu@elomﬂphol i no,
plper|d|nyl and he teroaryls ang het erocycl es

I Ex
i ncl ude, butar &9 oc?fntV ﬁ’{"i"é’a‘ﬂ S“‘ﬁﬂgblfr%r"é“lgftﬁﬁf% i m dazol e,
pyr'azol’e_, pyr| db,(ﬂmjanﬁw’lﬁﬂldlﬂ&hkﬁyrl m di ne, pyridazi ne i ndol i zi ne,

i soi ndol e, . i ndol e, zol,p ur| ne, | zi ne ui ngl i .ne qui nol i ne,
pht hal azi ne;, napht hy Ty s %9?@1" it ersd%?%‘f&’f@?&&“psg‘? PR e,

pteridi nﬁ calr bazes ﬁlbstﬁﬂén@hddri@eferallﬂl?ll@cﬂ} Qibkietudies, s&&fdd%ﬂoﬂﬁheh gpognant hrol.i ne,
30 i sot hi azol e, ena I.sQxazo] e oxazi ne, phenot hi azi ne,
imidazol i di ne, @‘gﬁﬁ‘égébg‘ll wﬁsw}eﬁ alE‘@YP?Jé@B‘P%G%‘?“V LAkoxY.ri dazol i ne,
pYrrol i di ne jopi pekditdied Blkoi, BRIGEYT) SubsitiB@byolAlkyTey dbiBkchfiSsubstituted - ‘

t et rahydrof uranyl, tetrahydr o} hi.ophene, and the _ |iIke as wel | as

N- al koxy- ni t rog§¥F°aH‘6Wfla”r H 2y 1amincs peylaxy, agino, yyhstiued aengetrainencyle | ooxy"

refers to the 0 bRihBady rdit?é&ﬁhb&yl@z«d&cy'ﬁﬁ@ hhiggdh, hﬁdﬁé}@h%&t@rtﬁfw&& ooxy" refers
to the group heteroc C|IC The term "heterocycl ené” refers to the

di radi cal group®¥ gesboxyfalirl, thiparyloxy, thicheteroaryloxy cthiohgteropisiogi thiddnd . i s
exenpl i fied by Hﬂ&l&&?%ﬂ&n@n@tﬁl@ﬂl&ﬁ?'tﬂ%lo% ﬁet%ﬁ@hﬁéthx@%ﬁﬁﬂf' the 'Ike

The term "ox | am nQ" or "am nocarbonyl oxy” refers to roup

-0 O NRR wi re Bereryche.nsteroRtrlgnEhdurorpmis R Rk erAming Rigrp, -SQeB@h tut ed al kyl ,
aryl, heteroar ydo-sibstitil SIS0 -argl, lﬁﬁﬁﬁe@ér&béﬁ 100, ety Istbstirgbaaliy | . aryl,

beteroaryl and heterocyclic are as fined herein.
-S0,-ary] and -SO,-heteroaryl.

The term “cycloatkenyl" refers to cyclic alkenyl groups of from 4 to 20
cé'rbon atoms having a single cyclic ring and at least one point of internal
-20 unsaturation. Examples of suitable cycloalkenyl groups include, for instance,
- - - - cyclobut-2-enyl, cyclopent-3-enyl, cyclooct-3-enyl and the like

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

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



The term "spiro-attached cycl oal kyl group" refers to a cycl 8alurRg20g4 oup
joined to another ring via one carbon, atomcomon to both rings. 15 The
term"thiol" refers to the group -SH The term "t hi oal koxy" or "al kylthio"
refers to th@- gggzgp -S-alkyl. The term "substituted thioal koxy" refers to
the group - ouB¥ Pt uted alkyl. The term "thioaryl oxy” PEFESRSHS t he group
aryl -S- wherein the aryl group is as defined above including optionally
substituted aryl groups also defined above. 20 The term "t hi ohet eroaryl oxy"
refers to the group heteroaryl-S- wher etf{the het eroaryl group is as
defined above incl udi ng opti onal | ubstituted aryl groups as .also defined
Above. As o arBFeBrYaehelBaRyEoRm, M AT 2, AUPyamiHo. HeP. ciO-Abyle-SO- |
substitdents; idubdtifutedHlice,-SO0M, -SOfhe@ My eSOLANAN, -SOGEubstitaePakAO not contain
any substitution or 25 substitution patterns which are sterically _
i mpractical andPOr2iAdnekeseaylnon- feasible. In addition, the conpounds

of this invention imgtes  "Rid" of IR & €Pfluord, SRIGRY, Brodlol sl RS r OM t he
substitution of these conpounds. The term "pharmaceutically-acceptable

salt" referd to sal t8e 7D chptoreard] fferyia an gomptiggresn ofdffomp ko Seadas and
properties of tdﬂﬁnﬂh@t@hﬁ&éﬁﬂpxﬁ@ﬁl&@ﬂé&‘ﬂﬁm%ﬁécﬂjxﬁtmg%gah&‘mm{lngtnd whi ch
e.

are not biologically or otherw se undesira I n many cases,. 8 June 2004

W0 01/ 42193 PCHraciuoring @b there ismore than opg Hnedi Thp hefetoemrbane ey aptionally s
invention are %m%ﬁycﬁﬁéﬁgﬂ%&y@wﬁﬁ% queSQB&m@&ﬁﬁuQaﬁea/%&ye of the

presence of am no and/or c gsl groups or groups simlar tHereto.
.Phar maceut i cal |4¢fipiientor the hetergaybsubgidnent, sivh heteroaryt anoupsecap begptivaalyf r om 5

‘organi ¢ apfl aLeRRiG WRPER S subihhiodts, SRR 1 14 PHILARLIAI G HE G, | C| U®

by way of exanple only, sodium potassiu _ armoni um  cal ci um and
magnesi um sal t&oupSansisting ef aoylony. hydserye thighrrcy!, dfkedkoxyciliagl, albyriyl,ar e not

limted to, salgofky, &%}ioﬁﬁéngf, @t%&tﬂﬁﬁlﬁ‘ﬂ:ﬂ ﬁﬂgtbtgttglﬁ %]E%S%Fw@'%nﬁgh as al kyl

ami nes, dialkyl "amnes, trialk am'nes; s s,
di (substi tut ed subsifted alleynplesibstituted eycloglkylpsibititued oy cidaliehyl, aminmes, al keny!
no,

am nes, dial ke - biinBhd6e! . am ' | am nes,
di (substi ![ ut ed'r%ht(lgiri%?lr}%ﬁam nes%?%ﬁ@é%%’tﬁmgﬁ;ﬁ&’ %nr"il’(o%gg
cycl oal kyl i rreboxydalicdyaypess halg. njtraahiterearyl, hatérpaylokndktesokycliam nes,
substituted cygleRalcldlboxd Unificheylbhy baLyinthe it MRS At ¥eteuBl R Eioxy,

trisubstituted
thioaryloxy, thioheteroaryloxy, -SO-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 ﬁete‘roaryls include pyridyl, pyrroly! and furyl.
The term “heteroaryloxy” refers to the group heteroaryl-O-,
' The term “heteroarylexie’_' refers to ﬁxe diradical group derived from
25 hetéroazy'I- (including substiiuted'heteroéryl), as defined above, and is exemplified
by the groups 2,6-pyridyleric, 2,4-pyridinylenie, 1,2-quinolinyléne, 18-
qﬁinolinylg_:ne, 1',4~benzoﬁlrénylenc,' 2,5-byridnylene, 2,5-indolenyl, and the like.
The term “cycloalkylene” refers to the diradical group derived from
cycloalkyl, 'a_ls defined above, and is exempliﬁeu_i by the groups I,6-§yc!8hexylcne,
30  1,3-cyclopentylene, and the like. | '



cycl oal kyl anines, cycloal kenyl amines, di(cycloal kenyl) anBnrigge 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, diar amnes, triaryl amnes, beteroaryl am nes, diheteroaryl
amties, tri*@iéfﬁg}yl am nes, heterocyclic amnes, di h&CEUBWAESTe ani nes,
trlheterocycllc am nes, mxed di--and tri=am nes where at |east two of the
substituents on the amine are different and are selected fromthe 20 ,
group consisting of aIkyI substltuted a@%y , al'kenyl, substituted al kenyl,

cycl oal kyl, substit | pal Qal su I tuted,
cycl oal kenyl aryl , mteg%’él"é‘ﬁ%@%l'? fst%ﬁadﬁiﬁwﬁ greup deajved, i ncl uded

are am nes V\herﬁoﬁlh@sﬁw@ claah@gesdﬁmsus&uo{,yent s, together with the am no
ni trogen forma heterocyclic or heteroaryl roup. Exanpl es of
sui tabl e. ani nes i ncll&ermpgyelpalkerengx s ﬂ&"r’rfi“?d“:aégfq@ 9prsEfIcE i ne,

trimethyl am necycaly¥d defifldd¥Bovel 1 (1 SO-propyl) amine, tri(n-propyl) am ne,
et hanol arni ng, 2-dirnethyl am noet hanol, troznetham ne, |ysine, arginine,

hi stidine, caffeine, Thstespapubatituted excloalkamyienc” refrs tpiths disgdicalierpup derive

et hyl enedi ai ni nﬁomsmsgﬁga@m&g&nﬁkﬁldgm{egla%m nes, theobrom ne, purines,
pi perazi-ne, piperidine, sorpholine, . N ethylpiperi d| ne, and the like. It

shoul d al so be underBedsa b%ﬁ?cys’?'h@'r"het%ﬂ@hfﬂb’@ﬁ@yﬂltpéﬂwpﬁd@@rsﬂmteﬂves woul d

be useful in thgduaeki efcfip hi¥ing 4 Virsid 6 Inhuftiple Rl u‘]rHig 01/ 42193
PCT/ US00/ 33057 -31 exarrpl e a% bcl)lx§g l'1¢C am%nog crfle I n fﬁ)gpﬁmdg?boxam des,

| ower- al kyl  casasennatansand ffﬁnlélﬁkw ctcie Mosspraferably amﬁ hﬁqompma selected
Pharmaceut i g@l | YoAGRRBLA Rlifr, %ﬁé Ph&&dhﬁd!&%éﬁ%% .laggh gd from
Fom | nor

i'nor gani ¢ and organi c aéi ds. ts derive I C aC|ds i ncl ude 5
hydr ochl ori ¢ acwdereinpog, b Glr#"@e aﬁﬁleiﬂﬂmﬁomﬂtﬁmswﬁ'@pnmly beregletad withhosphori ¢

acid, and. the i C acid,
propi‘oni c acid, éb&ﬁ%%@am dkel{)e%‘) \S/?Ecmg%lgg ftﬁ%ﬂ%ﬁaﬂg?&&“ﬁﬁeﬁ%ﬁ%l d,
mal oni ¢ aci d, sﬁw:dwerhpteroea@hdsubstmnéﬁuché@temcycﬂumups:caadm@pnmst aric acid,

citric acid, be emtﬂl“oq Wﬁmﬁ'ﬁl 03%@&9‘9# Sel% g cy%%g sul foni ¢

aci d, et hanesul n|c acl d, ene- s onli c acl aci d,
nap hthoi c akf d, ct&ﬁma}ympﬂ@mted akdxg, cyaloalkylhsubititited cy'EImlkvbr m

"phar maceut i cal e f
phar maceuti cal | fé g)g%glgjpts%&seg@@%m{l ch{ aﬁyﬁagméfll’]éwﬁgé'f %‘r“s?g‘tsg af" te[deast 3,
pref erably fronmdg, aminoreyd aminbaemoxy, oxyaminezcab bxidd, cyawo ifogen hy@roxylul ti neri c
conpounds.  Pref Eété‘*&hé(ket L DRSSy CUMAVARS1, BiSiryloxy, thicheteroaryloxy,

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



15 prepared as a multiplicity of conpounds in a single sol uBiJone 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. Iwoamidier enbodi nent, each nenber of the I|i ltinmeric
conpounds is first isolated and, optionally, characterigégﬁmﬁﬁ?ggaenber i's
thén assayed for 20 nultibinding properties. The term"collection" refers
to a set of mu Itimeric conpounds which_g&g prepared either sequentially
or concurrently (e.g., conbinatorially).”The collection conprises at

| east .2 nenber s LekE & gapg?[&& e Rt hd 8kl more
preferably from 10 to %ﬁ%élrﬁ)%c? l. kl term rorllsljef'lm rﬁ?lé"etorrpound" refers
t o conpounds cotqtuahgiefyrafiyl gatrahydrothioplienk, apd thedike esmtibatN-yikaognieeiesd t hr ough
at least one i - hi ounds :may or may not possess mul tibinding
propeéerties (as géﬁ%ﬁ@%hﬁg?éﬁﬁg; The term "pseudohalide". refers to
functional groups whltettemeheterocyelooxyll sfslsde érppdupheartydio®-i n a manner
simlar to aghal oge - Sugh funct i,onal,. .groups 30Q' incluyude, by way of
exanpl e,. rres35/I . tosgp}c t%f% 3’@“‘5‘%&" cg‘ﬁ}%% betf%hﬁlsiﬁe %"'ﬂﬁﬁé“%ﬁm‘% 01/ 42193
PCT/ USQO / 33057. - 32 Tiegernethetetopyolenetiefersgo gredirpdicad group fodmbd igm@r oup” refers
Carboxy! gr oupsSRoPRE s B8HES e B S rotplfed Withe srber acmOphpaeor
prevents reacti dsmérplwlinoawithe likeg at these groups and which protecting
Pecstabi i shtha hyar BT BUBHARAT o SBoCEr BBy SOpUCSEeD, 1. W
G’eene and B0 G HOC(OINRR whE¥e@hch® isiflefandendy hiydrofdngAkyICsuMiRitiBMNS ary12” " Ed.) .
The particuIarn%§§§¥gphﬁﬁgggéﬁkgﬁﬁgﬁf ISP 0 %%Héf ngﬁ@grith%L and
preferred. "re » ? G 3t dHe Peehitdonal
substituents subdieragcliedrt yd defindddhiezeyd. . acetyl, chloroacetyl, thiobenzyl
benzyl i di ne, phenacyl, .t-hutyl 1 i phe silyl and any other group that
can be introduced chefH'eH P&W%‘?&ML?@P fefREte vevslontky! sienp | at er
sel ectively renjoited teinbiherrifpyidie dhbél atéih cOBBYIRLHofh ApEhods in nild
condi tions ﬁnpatibl with the pature of the product. Preferred renovable
t hi ol bl ocking grou;;g‘eit‘ﬁ’é‘l BreeUP flegougrddps, acyl groups, benzyl

groups, and the |i ketheidmPi@fatkioky br FAEMHAD kéferd {0 OpBLPRAIRg 9r oups i.ncl ude
conventi onal ' '

The term "substituted thioalkoxy" refers to the group -S-substituted alkyl.
The term "thioaryloxy" refers to the group aryl-S- wherein the aryl group is -
as defined above including optionally substituted aryl groups also defined above.

20 The term "thioheteroaryloxy™ refers to the group heteroaryl-S- wherein the
iy S * heteroaryl group is as defined above including optionally substituted aryl groups as

SO  also defined above.
’ As to any of the above groups which confain one or more substituents, it is
understood, of course, that suéh. groqp’rsAdo not contain any substitution or
25 substitution pattemns which are sterically impractical and/or synthetically non-
feasible. In addition, thc compdunds of this invention include all stercochemicat
‘isomers arising from the substitution of ti:escj compounds.
The term "phannaceuticall)'(-acceptable salt" refers to salts which retain the |

biologibél efféctivcnéss and properties of the multibinding compounds of this

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




substituents such as t-butyoxycarbonyl (t-BOC), benzyl oxycé&rbsagf4 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 prodHPtol,“ 0 Preferred carboxyl protecting groups include esters
such as nethyl, ethyl, propyl, t-butyl etc. which can bECYSH by nild
conditions conpatible with the -nature of the product. The term "optional"
or "optionally" neans that the subsequently described .-event,
circunstance or substituent may or may T occur, and that the description

25 includes instances. where sai ent or, circungtapce occuyrs and i nstances

where it does 'h%@. iiﬁx\éﬂgg?lﬂgouln?sgoi > Invegipon arg capal Eig&%ﬁgmﬁlé%‘&mﬁéﬂ'ei n denot es

a conpound t hatbabssalis bybvirtati ofgheyaestuve bf driiifio de caBsST@oOGsGr ERGAPt or and i's
enentarity . Prefened |igands are those that are

bound thereto by ..c I

ei ther 02 adren%'?‘é"?r rIg?‘"é%eptor 30 agonists , partial agonists, or

ant agoni sts. - The Phatitcutcallegtdiablé bisegidids salfs chliBe Bephtdgroa?04 WO

01/ 42193 _ I%CT/.I S00./33057 . % 33-_ligand _that is, Lar e) recogni zed by the
recept of Ts “dedPYRHYedLeapigbases. T e AEgt norganic bases ineluda by way ef t her
capabl e of  bi ndixagpit enly hediudC fissimDlithivinSShrhonih, cﬂﬁﬂuﬂ'ﬁlﬁ%ﬁmiuinhe presence
-of one or nore nonl-gé' g ndefﬁ?rrponents faor binding (e.g., Ca+2, My'2or a
wat er 'nDI_ecuIe_.Sf’_Jés‘ Mﬁr‘é U oxgpRic Baserdnslgledrut are pptdimited e salisiof ous | i gand
bi nding 5 sit eS¥imabX sdtbhdsy 2 tdrkiGpRaRe SR B allyl adidbs di 4iqn.are

descri bed herein. Those ca?ki_l I edﬁ?n- the art a\}‘vl!'wlﬂl apg’reagel&gﬁelh%hat portions
.6 the I gan'dst‘?ﬂbfl&f’é!‘eﬁﬁﬁlfsf‘&‘f"é“H‘éﬁmé@s@(ﬁﬁlfsmmeﬂéﬂw padsies,i c- nol ecul ar
récogni t i OmeANdrifiiiuei ahgbiakidey, IR1y1 BfinkeEiaft oyl SRR, ke athinel P! 2CEd O
substituted with-unrel ated structures (for exanple, wt Acil ‘ary groups
as defined bel SWhstBHRS alkenylapiines.disubstitugdralkenyhl ampmes, tadsybstifuted elenyDO af f ect i ng
t he bi ndi ng i Ntagiimes!dylBatkyl RS, | oalkGl | SRR Ligand is that it has
a |ligand. domain as ddgfi ngg-aboyg.ite{to I S %er’st{gg%g{kggt t%gf termligand is
not “intended tsBbsjBedicyslpallyl prpines disuestitrted kyrboofiyl amipe tosibstivsted n bi ndi ng t o
P2 adrenergi C cy&i64lBf Ghinks cPoloalteiid Whhird Q%F,emm-l edin the art will
under st and that’c?t_.he term Ic?cg]%ndﬂgan.eq’ggﬁciga%p y tosh&'ﬁ%f%@ﬁ“gst hat is
not nornal 1Yy adudres.sukstituygdicpcigalkeny! amines tisubstitutedxyelptlbenybimide,ng properti es.

[0 addi.tion, i eisbQiehd cy@RaRElyPEniblokry iR eylalles G5l leindTe" 01 N1
activity or lack useful "actjivity as nbnoners can be highly i
_ ' 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, cycloalkyl,

a ) ‘ ‘ substitu;ed cycloalkyl, cycloélkenyl, sub;ﬁtuted cycloalkenyl, aryl, heteroaryl,
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




active as nultival ent conpounds because of the benefits conBeluned0fd

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 oner s @g¢uAbasteroners and non-racem c¢ mxtures thereof. The term
"nmul ti bi nding compound or agent" refers to a conpound the{"Y¥¥®pabl e of
mul tival ency, as defined below, and which has 2-10 |igands coval ently
hound to one or. nore linkers. In all cases, each ligand and |inker in the
25 mul tibinding - conpound is i ndependent}y sel ected such that the

mul ti bi nding conpound .i ncl udes both tri c ¢conmpound Le.,. where each
li gand as wel | ed‘gplpféa‘@fpor‘ﬁﬁl?@ﬁ%ééf’d%ﬁifi/#g%’?ﬂ'ﬂf?%?mlﬁﬁc conpounds
(i.e., where atcateashides@iak! dafb@xanhii@pmdheilike.di fferent from the ot her

|l igand(s) and/or at .| east qne linker is djifferent fromthe other
linker(s)). Miltibi ﬁb?ﬁﬁ““&&’ﬁ'ﬁ&%ﬁ?ﬁé“ﬁ%%id@%s 8125 §¢ pwpargtfiorer 30
therapeut ic ef fiaoigagé amtoganichsits. | S AGHEEHH MoRhnibMhilNikaded | 9ands

equi val ent theret.o June EO 4 WO 01/42193 PCr/USO0 /33057 --- 34 which are
made avai | abl e Bdrochiprencity hydrolgpmic acid sullurie acidenitric peid pheprbgricenid, asti/ or

t herapeutic effm@ﬁk@fsmmﬁb&mﬁ&gaﬁéﬂdﬂ%x.ﬁ@a&h@adw:&dpmniwcﬂ,g conmpound is
greater than that achieved by the same amount of unlinked |igands nade
avail abl e for SYG9HF pid-PHruVicacid; gyalicrcsh malicagidsinalanjc peidengsingr ald. The phrase
"increased' bi ol agkic adid, FimaicabRl @RAIaER, Gt 5G4, bed Ok b S analfdd ackicanp! €:
increased affinity, increased selectivity for target, increaséd

..S-Seci ficity formimdelifacid, mthancsulfogic geid cthapesulfoniaasidsprtplesntswfomic aciddecr eased
toxicity, |mpr QuReliiddidlaffdk! ach & inydrbXynhuRfldfilandidifigased ability to
kill cells such as_fungal pathogens, cancer cells, etc., decreased side
ef fects, increased Thhtepmpehammasceytisallyxaccapiablesotiog” tsifasstpahd ¢akipn f 2 i npr oved
phar.macoki net i GshamiBRfeM wBelkiyi ty spectrum and the |ike. The

mul ti bi nding conpounds of this invention will exhibit at |east one and
preferably nore thafhgtan dibaryerefardo at lpasti, prefreadliofdre 4630 10°Ehémber m _
"uni val ency" @t S o Yol marell I nt er act.i on between
one |igand as gg?f}*%g‘g ﬁﬁgrlg?% lﬁ ﬁfz%%@wﬁpg%d%g %’-f’%‘?ﬁg&gﬁ‘“’t"g as deft ned
herein. | t13shdutraredas mmmitilicity of compoyndsdnmeinglasolutign outeitipheixtopi es of a
l'igand (or | i Sl o] ' | ¥:.0n igand is
interacting w ?ﬁﬂgﬁeifnglgs:\fgm%?%@rﬁ%%ﬂg%%g%ﬁggp‘g{sénggwuﬁ?wg?ﬁent i nteractions
are depicted bamdtimeritreompeynds cambedirgatly essexed forsnulighindlitgrapertiesefrer s to t he

concurrent 5; " UnbificrUmboliRiR) dach BerhBerlof 6 Rbfady! I AIfnckil Uil Vs B L N same |
isolated and, optionally, characterized. This member is then assayed for
20 - multibinding properties.

} The term “collection™ refers to a set of multimeric compounds which are
prepared either sequentially or concurrently (e.g., éombinatorially). The collection
i‘:omp;ises at least 2 members; prcfcmbiyt from 2 to 10° membefs and still more
bréfe'rabljr from 10 to 10* members.

25 The term. “multimeric compound” refers to compounds comprising from 2
to 10 ligands covalently connected through at least one linker which compounds
‘may or may not ;;ossess_ miultibi.ildling prope_;ties (as (ieﬁned herein). o
‘ The term “pseudohalide™ refers to ﬁmctionﬂ groups which react in-
disﬁl‘aceﬁien_t reactions in 2-1 manner similar to a halogen. - Su;:h ﬁmc‘:tionél'gtou:ps

30" include, by way of example, mesjrl, tosyl, azido and cyano ETOUpS.



20 corresponding receptors (ligand binding sites) which may8bkneR80&ane 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;
three |igandg,d, caonnected woul d be an exanple of trival ency. An exanple
of trivalentg%hﬁgiﬁﬁ, illustrating a mul tibinding conpoﬁﬁ@“@@éﬂﬁﬁg three

| i gands versus a nonoval ent 25 binding interaction, is shown below. 8 June
2004 WD 01142193 --35 univalent interactjon 5 Yy trivalent interaction

PCT/ USOQ 33057 It shoul d be understood Tifat not all conpounds that contain

mul tiple copies of lLi gand, attachep t J.inker or to |linkers necessarily
exhi bit the phenorren'%e(wg‘. RGteRAEE PRI 8‘?1@&9?’1“@@'.0',‘9 trﬁfrﬁfs ©? &Yy gewWWiscal  and/ or
t herapeuti c ef f @hén twkind to@ne ofthdré hydaskyl) thiol pi6ins od carbdkAatdips bftad t he sum of

t he aggregate of unl iﬂps e Iiipgands de available for hinding to the |igand

bi ndi ng site (r&CUPHY ;El.“c_ oerriAs hrEsp I RS VSRS EFactionp, Bom orquingat t hat  ar e

connect ed by.a theslgedupdand wikbgi@edtiay SrolyPcande Bt edbEebnléhibhie chenliégand
bi nding site b%/ t he |jinker s%ﬂ‘ian, a sge ific manner in order to bring about
the. desired A5 P5GARAYSSERMP Fosgahbish the fydrowyd; dhinh amise sricaskoxyl gnpt(Ss.ndi ng
event. Further nDNe Grédie and®.GIFDWARK, FBr-of 0N @HDihs % Of iR ARGRY, St i on can

be  conposed of,_ligands that are all (i2 adrenergic receptor agonists,
partial agoni st SheRjrucpiar emgvable bloskins geonp emplpyeddsens criticahand prefersed] ect ed from

02 -adrenergic r ﬁﬁﬂmhyﬁﬂﬁﬂﬂ bidcRing 2RdpARIRRLBIEhSonal é&l&éug&‘eﬂtstst@ltast he
mul ti bi ndi ng conFounds exhibits an overall p2 .20 . adrenergic receptor
.agoni stic or pa‘?"ty &P b B chlorogeetilathiohenayl, benrlidisicrmhienegyl, ttpound t hat
edhi bi'ts paid i adiplapisilyd andnllobhd oﬁmﬁ%ﬂw&ﬁﬁh%_%h{%xdga% drgyl/ ANt ages
over a conpound_ that exhibits full ® agonism Partial agonismray fesult
ina reductionfupgtioppity pndlaerselestively serevedieithenky shemical enzymetept or
recycling, or rReRedses mild¥sHdRRE @phtbid GRTRL hatlre bF his may result in
i ncreased therapeutic benefits 8 Jgi,u)ne 2004 V\O_Ollﬁ%%&gu CT/ USOQ 33057 from |
usi ng- such an freq reqrayabledthigl blogking graupsinlede diskideaesoups, agylgdups,agoni st f or
benzy! groups, and the like. - "
15 Preferred removable amino blocking groups include conventional
substituents such as t-butyoxycarbonyl (-BOC), benzyloxycarbonyl (CBZ),
fluorenylmethoxy-carbonyl (FMOC), allyloxycarbonyl (ALOC), and the like which
can be removed by conventional conditions compatible with the nature of the
product.
20 Preferred carboxyl protecting groups include esters such as methyl, ethyl,
propyl, £-butyl etc. which can be removed by mild conditions compatible with the
-nature of the product.
' The term "optional" or "optionally” means that the subsequently described
-event, circumstance or substituent may or may not occur, and that the description
25  includes instances where said event or circumstance occurs and instances where it
does not.
The term "ligand” or " ligands" as used herein denotes a compound that is 2
binding partner for a B2 adrenergic receptor and is bound thereto by
c'ompl.emen;arity- Prcfcrr‘éd ligands are those that are either B2 adrenergic receptor

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



the chronic treatnent of pathological conditions or di seased.June 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
adrenoceptor_agoni st activity may 5 exhibit a full naximl response in
rel axi ng snodPY &1 e cells in bronchial tissue but exBFHIRVEFart| al
maxi mal response to adrenoceptor agonism -in cardiac tissue. Thus, a

mul ti bi ndi ng. conpound that'is a tissue-selective partial agonist may
provide a | ower incidence of undesired side effects such as positive
chronotropism and increases in cardiac output, 10 The term "potency"

refers to the nhigindibalis G asreauizerd By thsrecepipids designatghandhe liganddomainl achi eve a

desirabl e bi ol ofiligald ntdy te BRERBAHMIE Sflﬂﬁdi:%% the ERpBPEERENY, o fnafirequitd 9and i's
typically proportronal to its affinity for its f)l gand bi ndi n%y te. In sone

cases, the pot cHepresprse Pfenaeroers paligapd componenin forbindirg(eig, £a5ME ot y. 1 n

conparing the m&mgaieéaieigfeemgameﬁn&gofangmattabm%ﬁ%nasﬁ& gand the
aggregate of its unlinked 15711 gand, the dose-Tesponse curve of "each is
det er ni ned uhdesites)dExamples of ligands usefuljinthis iygentiop axg describeddreim Fhipser o or in
vivo assay, in @fid RhORE Wil Snfabhiddla éH?ﬁ’&!s' H'I@?tp t;g@%' t)- The
finding that the r?ql t 1 bl ndi nagpagent E) p‘ducggﬂgﬁg%ggl val ent Airgﬁ@ogi cal or
therapeutic ef fesentizddforgpecifiganolecyiae eoeanition and binding activitomyr egatiel unl i nked
ligand is . indi ISP benbRbipcady 2T} : " ctiyity" or.
"specificity" i%.g{attén\{rr@jasgupgd éc])fd}t ﬁg“@%%émﬁf“%@?%&g@mé §a§lpfcl, %gdﬁd for

di fferent |igarmciliamgrongs a5 deined(belovdprdoinspme Tises, amitted entivély withwk a | i gand

W)t h respeciq t 0, . ) bird lte relati to.another |igand
bi ndi ng- si tieo i 2*‘%?@‘5&%‘3@#@“?%?% g?gt“ﬂ‘g“? éés"pg‘ééb %ﬂ@*é’f%ﬁ%@és I “&85 (i.e.,
t he di ssoci at i crligandédinzain as definedabov. Itisaderstoed dptthe teowligandisnoobr , i n cases
where a biol ogigcal.effect . 25 observedbel ow t.he K{d.the.ratio.of the -
respective ECU %‘% ‘?e.géq fﬁeclf'ﬁ&ee%é%%oéné’ﬁﬂ%ﬁ%‘ﬂ‘smtbﬁﬁe f‘b‘ﬂ%‘g‘ég tgg%a‘gtf’"efﬂ‘é maxi num
response for t hecepiogen knowedmgd)i Thpseskiltedtif the astavill cidaistand thad th@@fel bi ndi ng
sites (receptorgs The term "|igand binding site" denotes the site on the
fi-adrenergic rlég@%‘b‘faﬂrﬁq Iy apply Q&g&fﬂﬁg%'ﬁ b%ﬁ'?aﬂe%mc eﬁﬁﬂl‘hﬁ?ovi des a
bi ndi ng par 1neradicasrgiclreceptor adisl profeeties 30 Addigam 6 shbuldtbd il th i be defined.
by nmononeri.c or, nul t_{)_rrer i ﬁ‘&ft r.uct u eE. Eﬁi s, 8 June 2004 WO 01/42193
PCTI US00. / 3305 hatevbibifateinal vt ack asegu sdisity =t monsimgsen hfidhiin que
bi ol ogi cal ef f etive ds dultaRATPoRPouNdYBRATOLE the BinBfIS BbriFéRed B chulfREAGL O Y
effects or it may maintain an ongoing
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
} S . and non-racemic mixtures thereof, -
The term "multibinding compound or agent" refers to a compound that is
“capable of multivalency, as defined below, and which has 2-10 ligands covalently
‘ bound to one or more linkers. In all cases, each ligand and linker in the
© 25 multibinding compound is independently selected such that the multibinding
L compdund includes both symmetric compounds (i.¢., where each ligand as well as
each linker is idcqtical) and asymmetric compounds (i;e., where at least one of the
lipands is different frqm the other ligand(s) and/or at least one linker is different
' from the other linker(s)). Multibinding comipounds provide a biological and/or
30 therapeutic effect greater than the aggregate of untinked ligands equivalent thereto



bi ol ogi cal event, and the like. It should be recognized tha®$ Juhe2Dd4and

bi nding sites of the receptor that 5 participate in biological multival ent
bi ndi ng interactions are constrained to varying degrees by their intra-
and inter-no dﬁ{ associ ations. For exanple, ligand binding sites nmay be
covalently joined to a single structure, noncovalently X§3B89%4¥EA in a

mul tinmeric structure, enbedded in a nenbrane or polynmeric matrix, and so
on and therefore have |less translational and rotational freedomt han if the
10 sane structures were present as rmonomdts in solution. The ternms

“agoni snt r ' nd ".antggonism are well known. in the art.
The term "nodul 3’&‘53?’“@% ﬁ'f"‘ma‘tlee‘%’é&gd‘t‘ b’séﬂﬁaﬂ%ﬂ‘ﬁt’mt%yaﬁﬂé@ﬁd to change
the activity of ﬁaﬁpage Bﬁ‘éi:'t ofitkie legah@GRAIhS tottmrgmggn@h@gg,ﬂgmﬁ@?%rga{egand

bi nding site. The ter %rt organi ¢ solvent" or "Tnert vent" means a
sol'vent which i Mﬂﬁéﬁmtﬂﬁmﬁ‘b?fdﬁ“{‘?l@ﬂé‘gwsmﬁ@ﬁ”é&@hfeh bei ng
described in coahuiﬁgtdta@héah@m&ih Siteb R6deprdis) OFh %@;{B ly,
benzene, tol acetonitrile, étet‘?ahi;/kgrsj(;fursaan af?l or%m 81“

chl orof orm. §TeRstic effact)inclndes, frsxample: dcprased aﬁ'my,l mﬁ@?éccmekctmafc et one,

met hyl et hyl - ker@ t, HRbdAHA QpecifRit) R Qrget, RICRRANA t-butanol,

di oxane, pyridi n_e,ﬂ@gand t he Iilwl?:a ﬁ)ﬂnl esgset’st;:em %ﬁmliy(s) ]%ngg(@)n c?cgfy t he

sol vents used 9%repsed t‘%‘ti’é%{qvmgefﬂcbwq't@f-‘@nnmmeﬁduhwwhllvents The
term"treat rrentceursgl{cg@fuh@l%yoggﬁse@a%g; J,sq{m a4 ALNA Q0 L fred %O?I%Itl nin a
€ p

mammal , particularly a human, and 1 nclu preventlng t hol ogi c
condi'tion from Be@psus index, impEoved b]oémllblwwvcchghabmmhmcs,pmpmded o the

eondi tion by D& ol SRR, e TROSLND b n R BT

accordingly, the treatnment constitutes prop t he
di sease condi t i ehibit@f legst prerand preferablyt there fan hesl Qfgwcabamdcmomﬂ, aﬁ‘ecte.

arresting its devel qmg?epftlpm‘(a!éﬂb})« aEﬁJeBﬁé’rluﬁg%féJQ?oaDé g@%n m} i tion, i.

causi-ng regression of the pathdlogic con Pt evi ng the
condi'ti ons medi bateesnpye liggnd gradefiesd dgteln withraie ligand buﬂmuneasmﬂﬂed RARIMN 1142193

by 11 eat meng v« Broud o palef bl ARy iRE BRIt TR LRG3l o) g c
condi ti ons)lfvmlwb&ﬁléwg@mmwynlymﬂmdlemunmmﬂne art to be usefully
tr eat ed W' th a ih&ﬁ@ﬁn&tﬁé s&eh%xz(ﬁ?tﬁes%gmaﬁ&g kn?erachons are depicted below.

Y O Ty

A . The term "multivalency” as used herein refers to the concurrent binding of '
- fmm 2 1o 10 linked ligands (which may be the same or different) and two or more
20 - _correspondmg receptors ([lgand binding sites) which may be the same or dlfferent
' For example, two ligands connected through a linker that bind concurrently
| to two hgand‘bmdmg sites tvould ‘be considered as bivalency; three ligands thus
" connected would be an example of trivalency. An example of trivalent binding,
" " illustrating a multibinding compound bearing three ligands versus 2 monovalent

25 - binding interaction, is shown below:



receptor in general, and those di sease states which have beéWupgghetto 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 goagqmbs h ast hma, chronic bronchitis, chroni F‘f}%o@@‘g’fy
-obstructive disease, and the |like. The term "therapeutically efteéective
amount” refers to that anount of nultibinding conpound which is sufficient
to effect treatnment, as defined above, 14 when administered to a manmal in

need of such treatnent. The therapeutically effective anount wll vary
dependi ng upon the subject d di sease condition bei treated, the weight
and age of the subject, thézeveﬂ-ty of=he=di seaseé%di tion, the nmanner
of "adm ni stration and the I'TRe, which can readily be term ned by one of
ordinary skill in the art. 15 The term"linker", identified where
appropriate by the synbol "X, refers to .a group or groups that
covalently attaches from2 to 10 mpiyaleintqrationdentifi ed above) in a
manner t hat provides for a conpound capabl e of mnultival ency. Anmobng ot her
-features; the linker is a ligand-orienting entity that permts attachnment
of at.least two copies of a ligand (which nay be the sanme or different)
thereto. Additionally, t: i nker can be either a chiral or achiral

nmol ecul e. I n sone casmmr maybe a coval t hat attaches
the lLigands in a man thdt, prdvides for a co und Jcapalll e of.
- mul tival ency. Additi L yY)in me cases, the | sel f be

.Bi ol.ogically active. " m ™ nker =does not , “Nyowe tend to cover
i{golid inert supports s ds, glass particl iLberd, and the like.
But it is 25 understood that the nultibinding conpounds of this invention
can be attached to a solid support if desired. For exanple, such
attachment to solid.supports can bervaleatietefadtionuse i n separation and
purification processes and sinmilar applications. The extent to which

mul tival ent binding is realized depends upon the efficiency with which the
linker or linkers t Mehoyldbemdedueod ihgarntial qepsarils that bate m@Bplk baddds to the
array of availall e |igan j ndi sites. Beyond presenting these 8 June
2004 WD 61/-4219%“@‘5‘1‘1%@%5%?3%‘2%°5£°9""if‘F‘53?f%§“‘i9‘6F" FWFPQ?ﬂeﬁFnﬁqiiteracti ons
with |igandl®di ndilfigalaicy,ds., thuttke biblojieal and/or thadgRitk: effeRAF iR MR I ai NS
these interactigns.to. occur W thin dinensions defjned by the |inker or

| i nkers.  Thus, rzhssgrﬁ??fﬁf??g}e Sf"é'é’?ﬂ?é@?ﬁ“ﬁ#@”l&ﬁ@&“ﬁ%?d@ﬁwlﬁbl@eorret ry,
orientation, sifaebindibgeoithi ligatd/bindiledite @tcpRBIFOSIntikiOfencP tCockudthe f eat ures of

- - 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



5 nul ti bi nding agents that play an inportant role in deternBrung200ki 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
adrener gi C r QaPRl@fos Whet her such sites are |ocated '”t§Qhﬁkthm90th
interiorly and on the periphery of the receptor structure, any

I ntermedi ate position thereof. 10 RWresentative ounds. Fornula (1) 1.
Representative nultibindi ng conpounds of ;fFoiinula (1) wherein pis 2, qis

1, Ar' is 4-hydroxy-3- hydroxynethylpherty A? is 1,4- phenylene, R and Rz
are hydrogen, are: 20
Table A ' -25 @5"’%‘%@?3@%%"?@ gﬁqmégc&@éguﬂm%ﬂ %Epé—seaéé&lg% ﬁg‘]ﬁw

| ACRS) - (CH ) i bothg-chygniciyzatment@f p@tb@gl%gmﬁtlowor:dls@@ys Amultlbmdmg

2 R () 2oorabhlsSly i SHPRPSRN oo B paial sgois. For

4A( RS) - ( CH bond xésapBii miultGidBigconpeuny ¢hith $7 adenduymomseynistetivityngtyeny | ** =
(RS) 8 June §OO4gH t0@42193 -40- 5 pC. J1JS

SA( RS) - ( CH2) el respanss i riligting spiop g ?%74}3-"( Bropchig! e 3-

hydr.oxyet hyl ) ph éﬂt}dxhxblt a partial maximal response to adrenoceptor agonism in cardiac tissue.

. Thus, a multibinding compound that is a tissue-selective partial agonist may
provide a lower incidence of undesired side effects such as positive chronotroptsm
“and increases in cardiac output

X 10 " The term "potency™ refers to the minimum concentration at which a ligand

Fehy
S

is able to achieve a desirable biological or therapeutic effect. The potency ofa
ligand is typically proportional to its affinity for its ligand binding site. In some
cases, the‘ poteacy may be non-linearly correlated with its aﬂimty In comparing the
| " potency of two drugs, e.g., & nililtibinding agent and the aggregate of its unlinked
15 ligand, the dose-reéponse curve of each is determined under identical test conditions
(e.g., in an in vitro or in vivo assay, in an appropriate animal model such a human
patient). The finding that the multibinding agent produces an equivalent biological
or therapeutic effect at a lower concentration than the aggregate unlinked ligand is
indicative of enhanced potency.
20 - The term "selectivity” or "specificity" is 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 oBsewedvbelow the K,, ‘the ratio of the respective ECy,'s (i.e., the concentrations
. 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




(RS) 6A(RS) - CHrbondNH- CHI - ** CH( OH) - (4- hydr oxy-3- hydnxy- mSthpe 2ebeny| *:*
= (RS) 7A(R) bond- NH CH2-** CH(OH) phenyl *# _ (S) 8A(R)-(CHI)27bondNH CH2-
o oy (- 9A((RS)2§CHﬁ)6 Iolb%rbl\((jR%(agg—l(O—l) bond- O (CH2) - *

O [4- (3-hydr 1) ] CH2) spheny * on

CHE0H§ (wﬂ@@@y * = (RS) CH( OH) - (4- hydr oxy- 3- R TU8%(p3057

r.net hyl ) phenyl ** (RS) : 11A(RS) bondNH- CHZ- ** CH( CH) - Onaphth 1-yl -10
11. Representative multibinding compounds of Fornula (I) wherein pis 2, ¢
is 1, Ar' is 4-hydroxy-3-hydroxynethylphenyl, Al is 1 4- phenyl ene, R and

s Oy 2P herdiea e et Broo R il loagrol s e popos - -;&55
P -CTI.US00I 3305 7agoRisiSritapbisisi)-abd maitidtotideci or :fmmﬂﬂﬂmmmbﬁgwﬂé CN( CH) -

RS) hydr oxyne, pheny B(.RS) bond- O bond4- am nophenyl
BBE RS% )(/CHZ) 6%’%@@ ‘?’ “g'ﬁl 14) - bond4- hydroxy 3- O (CH2)3-0O (CH2) 6

- NH- hydr oxy- (CH2); @Hih’bﬁld Q‘Ke%lzedmﬁim(d IRRABAhding Sites of tRSlechétRACHEM
4B( RS) - ( CH2 )56 0 artgc:pate) in bio} &;E:al mu. tlvalent blgtgﬁg 1h Xegarcgc))(ns-are c-onstramed to varying
degrees by their intra- and inter-molecular associations. For example, llgand
bmdmg sites may be covalently joined to a single structure, noncovalenﬂy
. '_ associated ina mulﬂ,menp structure, embedded in a membrane or polymenc matrix,
and so on and therefore have less translational and rotaﬁoﬁal freedom than if the

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

o
N

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 antagonist through binding to a ligand binding site.

_ - The term "inert organic lsolvent“ 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, acetonitrile, 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 . -_ .-~ mammal, particularly a human, and includes:
L . () - preventing the pathologic condition from occurring in a subject
. " 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) inhibiting the pathologic condition, i.c., arresting its deveiOpment;
(iii) relieving the pathologic condition, i.e., causing regression of the

ﬁatho!ogic cpnd_ition; or

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




0- (CH2) 3- O (CHZ) s- NH-  hydroxy- (CHA-CH2-** CH(OH) net hyl phefylune2804& (RS)
stereochem 5B(RS)-(CH) 2- bondphenyl 111. Representative multibinding
conmpounds of Fornula(I)V\hereinpinggls %dAr : |s 4 10

4- hydr oxy- 3- ; et hyl phenyl, R an are hydrogen, I S |
hyd)r/oxy-S- hy roxlegrr%%hyt)phenyl X, W Q and A? are as dé’FT’H@‘H”? "Table C
below are: OH NW _Ar2 X '15 Tabl e C 20 Cpd. Stereochem WKAr 2Q #at *C

1C( RS) bondbondt rans- 1, 4- NH- CHI - ** CH(C]—|)3 cycl ohexane ** = (RS) 2C(RS)

.- CR2bond1, 3-- CHz- NH-CH ** cycl ohexane™ 8CH(O—I) (RS) 8 June 2004 WO
41/ 42193 --42-X.

3C(RS) - ( CH2) 3- bondl Sﬁ“BeP ?@%’BWW'E igmodulated bjrpatment with @)

4C( RS) bondbondpigaad't doaere alNitiséatdAtates (iGHip@dlogit torldRdhs) which are generally

RS)-bondbond1 L ene- CH2. NH- (RS). 5 1V. |
g;(or e)s,e(rjltn at |O\r/]e ?‘F%P{)qgﬁ?%ﬁen %Efﬁ@y HFat%‘P"%‘UO_?&g”(‘if orfhcdi2eadrengreics 2 q i s

1, Ar' and ' Ar@captd uﬂgdﬂb‘fdlr mthoae SiyedscoaRRiiod raberh fouﬁﬂm% D bel ow

n Are, and X are as defined in
g?lgr O-gl-gg| eQDJ) S treatet&%y a specﬂ' c m\ﬁtlbmdmg compound of our invention. 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 effective 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



10 Cpd. St er eochem WAr zX #at *C 1D( RS) bond1, 4- - (CHZ) - ( p- C6H, &§)JURRI2EPb -

cycl ohexane** CH(OH)- ** (RS) stereochem V. Representative mnultibinding
conmpounds of Formula (1) vvhereln p is 2, gis 151, R and R2 are
hydrogen, W§g -, Ar2 is . phenyl ene, -QAr3, is [2

hydr oxy- 2- phenyﬂ{‘%yl am no, X |s a bond and Al is as dei"l;:ﬁ@ﬁ“fi’é?séw 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 Stergoche at *Cm at **C I

Ephenyl (RS) (RS) 2Ephenyl (R) (S) 3Epheny|ﬁ§)‘( R)

64 an no- 3. 5. I CRTIPUBREMIT SR A BT, s Siep R UEHEAPRTR) ()
SE4- ani no- 3, 5- dsmﬁdltyrmﬁyihés‘é)dt&)actﬂ@mfoeﬁﬁmhﬂ@fmxﬂﬁmi%nm’éiﬁx%wﬂﬁ@ nyl (RS) (RS)
]I-lég?) f L?;ryn?ll_ _a-?nmn@ﬂ(& g%g ! Oxﬁﬁgglgﬁ/séi%éﬂeatures of the linker (valency, geometry, )
12E3- f or ny| - ani erendhtibyy ﬁmmﬂﬁﬁ@y&{cﬁﬁdaﬁc&nposntnon, eic.) are features of
' 5 muitibinding agents that play an important role in determining their activities.
The linkers used in this invention are selected to allow multivalent binding

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

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

or at any intermediate position thereof.

resentativ ounds of Formula (I):
I. Represcntatwe multibinding compounds of Formula (1)
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:
OH H QYX"Q—AP
QA/N*W

Table A

20

Cpd. | Stereo- | W X Q-Ac® (** = stereochem)
# chem. at
C

1A {(RS) «(CH,), bond | -NH-CH,-** CH(OH)phenyl ** = (5)
25 f2A (@) -(CHy), bond j -NH-CH,-** CH(OH)phenyl ** = (R)
3A (&) -(CHy), bond | -NH-CH,-** CH(OH)phenyl ** = (RS)
4A | (RS) -(CH,),- bond -CH,~** CH(OH)-(4-hydroxy-3-
hydroxy-methyl)phenyl ** = (RS)




13E3-f or nyl - ami no4- hydr oxyphenyl (S)(R) VI. M scel |l anous com§cyneg904H 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
i n the Summagyhoer@lied he I nvention, certain conpounds of Fq;cg.w @m&;s% are
preferred. (A) A preferred group is 'a nultibinding conmpoun G ormul a
(1r)y: oHH NWW-X-QA? Al (Il) where *Chas RS, R or S
stereochem stry; 10 Wthin this group (A),.a nore preferred group of
conmpounds is 'that wherein: (i) Ar ' is aryl, nore preferably Al' is a

a0n A

phenyl ring of formgta (o188 Junme 2904 Wp-0442+93—PcSH-USO6—L33057 --4. 5-

(O) wherein: = H54s{k§ArogerfCHUGy| , Nbind, |e(CHR-Re(OH,)-NHadHR*abI y hydr ogen,
met hyl.,, fluoro,}{ chljoro, of methoxy; b R5 i %ngwgg&x [}‘ydroxy, hall o, hal o,
amno, or NHSO2R where R }is alkyl, |prefgra hydr ogen, hydroxy| fl uoro,
chl-oro, ‘am no, pr -NHSQCH3] and R6 i s|hydr ¢elexyeiylghenity dr oxy, al kpxy,
substituted al klyl, gulfonyllam no, arhi noa¢yk=gy acyl am no; prefefably
hydr ogen, chl orp,, TIUoTO, YOQroxy, NefhoxXy{ _hydroxymethy—€KSEe2{CH3,
NHSCRCHB, - NHCHGA - O8fRR.  $CHnHOONHR] bord” | F-CH-** CHOR (ehydearyd-  fror e
preferably Ar'. §s 2§8-di hydlr oxyqui n6l | n- 5- Y hydddxy FrettD)SHam 80x@gpl - 5{yl; or
| A -(CH)- bond | -NH-CH,-** CH(OH)phenyl ** = ()
_ 3A | (R) -(CH,),- bond | -NH-CH,-** CH(OH)phenyl ** = (R)
Tt ‘ 5 oA |@s) «(CH,),-0- bond | ~O-(CH,);-O-[4-(3-hydroxypropyl)]-
(CH,); phenyl
0A | (RS) -CH,*CH(OH)- | bond | -O-(CH,)-** f:H(OH)-(CH,)-NH—CHl-
CH,-0- * =(RS) ** CH(OH)-(4-hydroxy-3-hydroxy-
' methyl)phenyl ** = (RS) .
A | (RS) -(CH,),- bond | -NH-CH,-** CH(OH)-O-naphth-1.yl
** = (RS)

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? are
hydrogen, X, W, Q, and AP, are as defined Table B below are:

- OH H ’©—X—Q—Ar3
15 . NNy

HO
HO
Table B

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




(iii) Ar' is heterocyclyl, nore preferably Ar' is heterocycByuneg8@4 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 fodihAgesarbon atons in the al kyl ene and the smg #&ﬁ

al kyl ene group. is optionally replaced by-O, preferably a VSTt bond,
met hyl ene, ethyl ene,, propylene, -(CH2)6-0-(CH2)3-; (CH2)6-0O, or -
CH2CH( OH) CH2- O ; and Are is phenyl wherei,p the Wand the X groups are
attached at the 1,2-, 1, 3- 20 and 1,4- positi ons of the phenyl ring;

cycl ohexyl opti pratiy SUUbLIlLILe Wt IIb'LIIyI d—wheretrm—the—W-and the X
groups are attagched {489t hel bend.  Jr-E-Cal)- %@Hi‘f“ hbondf | 4-mydeoxe:§cl ohelxyl ring:;
or- pi perazi ne whereiln the Wand. |[tdwgod)-9¢opyps arg atte]ﬁ,h,%gyﬂggh -t hej 1, 4-

positions of the pipgerazi ring,] pref erably 1, 4t phenyl en 8 June 2004 WO
01/ 42193 PCT/ U§Q0.3307 - 48 Wihid the above morel prefld 8 groups.| even

more preferred prROURSRHT cm.mpounde- are wherein: g@h Xt-dnfinopflenyl- - 0-pl kyl ene,
-O (arylene) NHI{SUGSTITUTET at K |ene® -
-0 (al kyl ene)-c»%%n (BRe) -|(Hitdn gny© QI o) bon 4 hdtosy-Bt ut ed
al( k|y|l<e:16)-5 :(5 -lc}(lalkklyl e ) =Oger(§z!{g,r®lcrll)5-®1rﬂl y ) hydroxy- bI ( )
- (al kyl ene) - (cycl oaljkyl end]) -.NH- ( S L al ky} ene yOCHZ
, -CH2- (1, 4-cyc) ohejyl ) -N (EHQ’- CHI?L%S-!) EHH‘@“ (1, 4 phenﬂeé}ﬁ'&’?‘ 2l CH(OH) - ;
- 0- (CH2) 10- 0- (1§, 4- phenyl ene) - ( CHY)*3=aRS) ft@pihan. NH CHZ-|CH( OH) - :
-0 (CH2) 6- 0- (1, Byphe end) 74 2)]34C R -

-0 (CH2) 6-0- (| g iy M’ “Eﬁnq ?8‘3%&0%61 20 bqﬁ%ﬂ“"%f | Xis a
‘Hgnd; and Qis | sutstl tuté'%\L al kyfl(eha-QfaleNher ki n rtefdroxy-rmre of| t he
carbon atoms ijn saild subsjtichyted @ikybﬁ@ﬁ{)gr oupfi s ug,z‘bggnlyy repl aced by

a heteroatom se] ecte¢d frgmthe dr 2up consi sti ng| of - whére R is
hydr ogen, al kyl}—arlacyl) land -0 &S)PWIE‘F St CHZ**CH(O‘D X

NH- CHZ- ** CH(OH) [ 32 { @&s) NH-teg( {HBQERy,, - CH2- N bord-|"phéd{ OH) - - G(CH3)2 NH
CHZ-**CH(OH) ; - (CHZ)3- NFF CHZ=-™" CH(OHf, - -
(CH2) 3- O (CHZ) 6- NH- CH2-**CH(OH) -; - (CH2h- NH CH2-**CH( OH) -; -0 (CH2) -

*CH(OH) - CH2- NH- CH2-**CH(OH) -; or NH CHZ **CH(OH)- CHZ-O; nore preferably

-NH CHZ- ** | CH( Gl - Rey‘ésentative 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-hydroxymethyl)phenyl, X, W, Q, and Af are as defined in Table C

Q)

below are:
. g N, a2.-Q
‘\‘ ‘w- -_-.x
S . 15 o HO‘ OH
‘ . Ho OH
Table C
"} Cpd. | Stereochem. | W X {ar Q
_ # at *C .
20 |1c |®) bond | bond | rrams-1,4- NH-CH,-** CH(OH)-
cyclohexane ** =(RS) ’
12c s CH, |bond 13- -CH, NH-CH,-**
' cyclohexane | CH(OH)- **= (RS)




20 **CH(CH20H) ; -(CH2)3-0-(CH2)6-NH CH2-**CH(OH)- ; or - NBepg2084H( o) -
CH2-O (where ** is RS, Ror S stereochem stry), nost preferably -NH
**CH(CH2OH) - where ** is RS, Ror S stereochemstry; Wthin the above
preferred, erred group of conpounds, a 25 particularly preferred
group of coggguoﬁgégls that wherein: Ara is same as Ar' aFCABPIRaH7| n '
preferred enbodi nents (A)(i)- (iii) above. (i) Another particularly
preferred group of conpounds is that wherein: Ar3 is a phenyl ring of
formula (d): 8 June 2004 WD 41!42193 PCT#4ISO0 33057 - - 47 (d) wherein: R7
i s hydrogen, al ky—af-kenr—subst-i4Ht stituted

al koxy, hydroxy, |86 npasy| , or] -{GH,pr peony | l4ﬂii[!éf‘aeii1ab -ycﬂn)gdimgnzn** mgt hyl ,

propen-2- 5 yl, flfluorp, chlord, nethpxy, [- OCH2CO2M @ C_:I—@)Z, hydr oxy,
~CH2CONH2, - NHOBCHE—NHOHO—-ri-dazbl— iy —or |~ iyt &, ' |
-trifluoronet hyl ij#Cdag@s) 2- yl ;} boadid Réoni § phyaitagen, | had-Cil,-*AICKHON),

substituted al koqy, of acylamjno, prgeferably hydrO en*(}i&‘} uoro, chl oro,

met hoxy, - OCH2 Me—r-ocaNCEH)2—MNHEHO —6+—-16 i-—Y¥etl anot her
particularly prefié€r ef(Rr oup dfbosdnpphondg 1j2sphicindén
napht hyl, pyridyl}, behzi m dazdl -1-yl} indolyl, 2-cy
4-met hyl i ndanyl , |5- (GH3CO2CH2Q- ) - 1, 2f 3, 44t et rahydr ,
oxoi ndol e, 2,3, 44trihldrothi adapht hal enel 4- hydr oxyk 2% ‘t')@'ﬁ'tot hi azolli none, or
4 15 oxo- 2, 3-di hydrot hi anapt hal ene. Wthin the above preferred, nore :
preferred, d rti %ﬁni rly
preferred g?ggupﬁ?s tlﬁgie%n&grgﬁﬁlhsﬁaﬁgmﬂOM%fr Wﬁc;exyp saénzflwsa

:3)4- di hydr oxy phby| and3Ad aggidchydmrpathy Mmeﬂzb@h?nﬂrﬂlawﬂfm#ﬁhwymls
2-chl or o- 3, 4- di henyl ,

2-chl oro- 3, 5- dlﬂzcglr %%%Hﬂ%#ﬁ%&%ﬁw%%{e gélg‘éé%henyl 4- hydr oxy- 3-
nmet hoxyphenyl , 4-hydr oxy- 3- hydr oxy hy} phenyl , 4-hydroxy- 3 ( HCONH-

onI, cqgr bazol yl,

.) phenyl , 4- hydroxy 3- (NH2CO-) o ﬁm@ |, 2,5-di net hoxyphenyl,
4- .-
HO OH
HO OH
Table D
| Cpd. | Stereochem. | W Ar X
10 # at *C .
D |@®S) bond | L4- {(CH)-(p-CJH,;)-NH-CH,-
cyclohexane ** CH(OH)-
I 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:




(CH3S2NH ) - phenyl , 4-hydroxy- 3- (CH3SQ2CH2- ) phenyl , 4-hydr oRyuge 80%une 2004
WO 61/42193 PCT/ US00133057 --48 (CH3S2NH )phenyl, 4-hydroxy- 3-(
NH2CONH- ) phenyl , 3, 5-dichloro -4- aniinophenyl , or O preferably 4-hydroxy
3- hydr oxynetwdwydpbesyl., 4- hydroxy-3- (HCONH ) phenyl, 3, 5- .
di chl or 0- 4- am nophenyl, or HOO 5 nost preferably FCTIUS00i33057

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

.10" 15 8 June 2004 WD 01/42193 PCT/USQQ433057 --49 . 1 O CH2CO2Me (X =
H, Owe, OH) OCHzCO2Na OCH2CO2Me Me (It 2 Mole CH2ZCONH2 x (X - H, CN) |
CE3 - . .

- Table E

Cpd. # |Ar Stereﬁchem. Stereoche
at*C m. at **C.
1E phenyl (RS) (RS)
5 2E | phenyl - ® | ®
138 | phenyl ® | ®
4E | 4-amino-3,5-dichlorophenyl ®S) (RS)
N |58 |4-amino-3,5-dichlorophenyl ® | ®
) :
’ 6E 4-amino-3,5-dichlorophenyl ) (S)
10 |7& | 4-amino-3,5-dichlorophenyl ® ©®
$E " | 4-amino-3,5-dichlorophenyl 0} ®
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:
/ § N~ w
O
HO : »O '
HO™
. HN
HO

s HO OH




(X=0; CH2) G OH CH20H 1 r 11 ON .1 GH V% NHCHO .or Z. O 8vYuee@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 @500/ 33057 -50- preferably,
phenyl .or 4-kydeiexes 3--hydr oxymet hyl phenyl, nore preferablpemaliginbs;  Yet
anot her preferred group of conmpounds of Fornula (1) are: 1. A conmpound of"
the formula: Art. OH- 10 wherein: Ar' is selected fromthe group consisting.
of* 4-am no- 3, 5-di chl or ophenyl and 3-for__qﬂam' no- 4- hydr oxyphenyl ; and the
stereochem stry at *C and **Cis (RS) and (RS); (R and (R; (S and (S);
(R and (S); or (S) and (R); and pharnmaceutically acceptable salts thereof.
15 Wthin this-group, a nore preferred conpound is that wherein Ar' is 4-
am no- 3, 5-di chl orophenyl, and the stereochemstry . at *Cis (RS) and the

stereochenistry at **Cis (RS)  or the ste -e@ *Cis (R and the
stereochem stry at **Cis (R, Brnthe st chem' str *Cis (S) and the

© OH

o Iy H\/\iNj\/\ - P
N _ N OH
. H

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): .



stereochemistry at **Cis (S) or the stereochem stry at *C BJUIRRO%hd 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 c - i s that wherein Ar' is 3-fornylam no4-h drox henyl, and
t he- ster eoc(r)\grn#g!t;ﬂ? at *Gis (RS) and the stereochem strﬁ Xo% is (RS)
or the stereochemstry'at *Cis (R) and the 25 stereochem stry at **Cis
(R) or the stereochemstry at *Cis (S) and the stereochemstry at **Cis
(S) or the stereochenmstry at *Cis (R7dand the stereochemstry at **C
is.(S) or the stereochemstry at *Cis.(S) and the stereochemstry at **C
is (R. .30 8 June 2004 WD 01/42193 PCTRUSO0/ 33057 -51 GENERAL SYNTHETI C
SCHEME .  Conpounds of this invention canX "xfmde by the nethods depicted in
the. reaction schemes shown below. T ing materials and reagents used
in preparing these conpounds are 5 eith avai | abl e from comerci al
suppliers such as Aldrich Chem cal Co., sM | waukee, W 'sconsin, USA),
Bachem (Torrance, California, USA), Enka-Cheme, or Sigma (St. Louis,

M ssouri, USA) or ‘are prepared by nethods known to those skilled in the
art f-oI | owi ng procedures set forth in references such as Fieser and

Fi eser's Reagents for Organic Synthesis,. Volunes 1-15 (John Wley and. 10.
Sons, 199 1): FYEFE Chemistry of Carbon Conmpounds, Vol umes | -5 and

‘Suppl enent al s ( El serf Bhydebaand iatal & @m@@ CiEdd ONS,

Vol umes 1-40 (Jpohn W yy gat%’d %cl)’ns 1991), Mar ch‘)'rg1 %va%gh brgaéu c :
Cheni stry, (JoHffo"PT 8F18RME Sons, 4t h Edition), and Larock's Conprehensive
-Ogani ¢ Trargsf or mat RORhydrse, Gkl AR, Bald, %m,éﬁﬁ@sobﬂtﬁuhﬁkq{-ﬁéﬂwﬂ ng

materials and the |nterrred| ates of the reaction I‘};i e 1sol at ‘and

purified i f ded'FE@°Bydipeeaduduntifiypm chiae aminp. e NHSQCHdRry but not
limted to .filt rakﬁglhydrggeﬁ;[]l_aid Bydr&, %Sﬁﬁédtﬁt.?@élkﬁnsulfﬁwkﬂﬂi% ogr aphy, and

the |iKke. Such mat eri al s be characterized usi ng conventi onal neans,
i ncl udi ng phys|%?°a%f%?§|‘&“§n%ﬁﬁfc@%bm%m&b@@; fipayorhydropgsrmathay, it wil | be

appreci at ed t hajydwhfthénil YOHDY,CRY, -RESDXH CHNHERE SEONH,, or -NHCONH,;
10 (i)  Ar'is heteroaryl, 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,
methylene, ethylene, propylene, -(CHZ)G-O-(CH,)r,-(CHz)ﬁ-Oa, or-
CH,CH(OH)CH,-O-; and
Ar’ is phenyl wherein the W and the X groups are attached at the 1,2-, 1 3-,
20 and 1,4- positions of the phenyl ring; cyclohexyl optionally substituted with 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



conditions (i.e., reaction tenperatures, tines, nole ratios8onge@ae4 ants,
sol vents, pressures, etc.) are given, other process conditions can. also
be used unless otherw se stated. Opti numreaction conditions, may vary

wi th the party reactants or solvent used, but such @1 .onNs can be
determ ned b;w%?\i(yaéfsg illed in 25 the art by routine opti mébg |g°tr¢3§° ocedur es.
Additionally, as will be apparent to those skilled in the art, conventi onal
protecting groups may be necessary . toﬁ_ggevent certain functional groups’
from undergoi ng undesired reactions. Theé choice of a suitable protecting
group for a particugat.f | onal 0 | as suitable copditions for
protection and 36 deg’r?toil ned(I:I %%%c'g%gp%gﬁ#&)@(ﬁ)%@cﬁr'foﬁeeprglfp‘fr?&)¥8'?ps§£arrpl e,
NUMEr ous- pr ot eccomppugdoupwherdnune 2004 WO 01142193 PCTIt TS00133057 -52-

and their introquctign dar val [ [ in T -Greene and. G
M Wits, Prot eg%ji ngﬂdfr'%’ﬁso'a?%? °’g8rfa?%§§§?‘ﬁé%‘.g§'?“‘%£ﬂ‘8ﬁﬂ‘\%di tion, WIey,
NﬂN Y;)r kf =199 ]iL,-0-(a1hxiemb%mhgés(ﬁl&m}ﬂ;ﬂa&ghhe} Nmk(aﬁ;eﬁta?b?lrl]@ls:iq}r, e ”F.r ely
illustrativeco e S [ cQpupou Jhis i nvention can
be synt hesi z&d, éﬁgﬁx}%ﬂ%g‘g”% T’Pft@?’f%’ﬁ?‘?’%‘“%@’éﬂg’&ﬁ'éwg‘ an be made and
\élV: Isl:l ggufggg:?;a&yh@gquﬁdﬁlﬂ i }%D-;tmg.(aﬁtcy‘ﬂof . For mul 25-??@)}{)6,0' ;hi Zner al

a milti binding -%ﬂﬁgﬁwale{ﬁi@%ﬁgﬁgﬂ?ﬁy%@@. 0K PheImg 4B O an bo |
prepared as il ¢SHNAHCHRACHOEES F0-LEH,)-0-(H4-pEiBRnd)-(BHDEOYEH RN ti bi ndi ng
conpound of For wher e i and Is 1.can be prepared by
covalently attamz%{({) ';?"i"éa(ﬁg'@)?i)té"‘\ﬁ%@?}g‘?“ﬁ)‘;d’t“dl east one of the ligand is
isgl ected fram a conpigukoofledtbémyba (a) as defined in the Summary of the 15

I'nvention, to a. linker, X as_shown in Schene A below. theme -Method a 2 LL
FGA Me od + F2®x. F&Gib"xd:-af}du FG + F&@- X- FRPG~ Lr X - FG2PG

[internedi at e] Q is a substituted alkylene group wherein one or more of the carbon atoms

in said substituted alkylene group is optionally replaced by a heteroatom selected
“from the group cbnsisting of -NR* (where R is hydrogen, alkyl, or acyl) and -O-,

15 preferably -NH-CH,-**CH(OH)-; -NH-CH,-**CH(QH)-CH,-0O-; -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):



(11) deprotect FGD --------- ~ L X-F& + L2-~ L1 -X L.2 208MH"$€¢%bd (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 rvg‘%ﬁ@@?t a functional group such as hal o, am no, hydroxy,
‘thio, aldehyde; one, carboxy, carboxy derivatives suctFHEEMBIY hal i de,
ester, 8 June 2004 WD 01/42193 PCT/t7S00/33057 -53 amido, and the like.
This method is preferred for preparing cogpounds of Forrmula (1) where the
| igands are the sane. In nethod (b), t het onpounds of Formula (1) are
prepared in a stepw se nmanner by coval ently attachi ng one equivalent of a
ligand, L, with a ligand X 5 where ere FG and F&Z represent a
functional group as defined above, and is a protected functional
group to give an internediate of forrru,la ). Deprotection of the second.
functional group on the ligand, follomwed by reaction wth a |ligand | am
whi ch may be sane or different than ligand L1, then provides a conpound of
Formula (1). This nmethod is suitable for preparing conpounds of 10 Fornul a
(1) where the Iigands are the non-identical. The |igands are covalently
attached to the linker using conventionald chemical techniques providing
for covalent linkage of the ligand to the linker. Reaction chem stries
resulting in suc‘,‘ﬁe IPnkages are well known.in the art and 15i nvol ve the use
of conpl ementary funrtis Bytiégesl aldyD ailkenyl isBsttutddiatiyl, e zilﬁcﬁ@%%éﬁ SOWN i n
Tabl e | below. Table | Representative Conplenentary Bi nding Chem stries
First Reactive &<Otbetemgamaccyh adetresmbirreintly hodrogenansthylamense-2ani de

50l fonyl  hal 5 degryinass Whlds) aiEitdy, -0CH,COMe, -OCON(CH;),, hydroxy, -CH,CONH,, -
' NHCOCH,, -NHCHO, imidazol-1-yl, or 1-methyl-4-triflucromethylimidazol-2-yi:
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.

Mo

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

Ar'lis phenyl, 4-hydroxyphenyl, 3 4-dihydroxyphenyi, 3,4-dichloropheﬁyl,

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-hjdroxy'-3-hydroxymcthylphenyl, &hy&oxy-3 {{HCONH-
)phényl, 4-hydroxy-3-(INH,CO-)phenyl, 3-¢Iﬂorophcnyl, 2,_5-di¥ncthoxyphenyl, 4-
(CH,S0,NH-)-phenyl, 4-hydroxy-3-(CH,SO,CH,-)phenyl, 4-hydroxy-3-



hydroxyl al kyl/aryl halide ether hydroxyl isocyanate urethafelugficié4 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 eithgg Ehﬁ 4inker or the ligand and a prinmary or econdar% am ne of
the ligand or t ™ nker in the presence of suitable,

activating agents such as dicycl ohexyl carbodii m de, results in formation
of an am de bond coval ently |inking theJ@ igand'to the linker, reaction

bet ween an am ne grOup of either the linkKér or the ligand and a sulfonyl

halide of S Ju 1 Q57 e ligand or the
linker, in thqu ésehce %élggmgggﬁﬁggﬁ$éi% %gﬁ@' ﬁcrldine, an the
i ke resuItS|lnmmwmmmMon of a sul fonani de bond covalently | i nki ng the
ligand to the linker; and reaction between an al cohol or phenol group of
either the linker or the liga d w} halide of the Iigand
or the Iinker in the presence et hyl am ne, pyridine,
and the like, results in f ori@ti f an eghe pborid coval ently |inking the
ligand to the linker. A multibi Hd conmpound of Forrmula (I) where pis 2 q
is 1, the second ' o ‘

preferably 4-hydroxy-3-hydroxymethylphenyl, 4-hydroxy-3 -(HCONH—)phenyl, 3,5-
diélﬂoro-‘!—aminoph_enyl, or

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

10°

15



ligand Ara is the same as Ar', X is a bond, and Qis 2-hydr8x¥yeeRBYP4ban 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.
Schene | + HZN-WAI r- NH, OH I2"OO --Nw 3 |
reducti on Flv%¥ﬁhhgﬁ - ~ NWAre-HN-Ar3 (r) (A" = Ara)q%ghﬁéﬁﬁg?lon of an
acet ophenone derivative of formulal with a diamine of fornula 2 in an

et hereal solution such as tetrahydrofu_ﬁp provi des an iinine of 15
formula 3.  Reduction of the imne with a suitable reduci ng agent such as

di borane provides a conmpound of Fornmula (1). Suitable reaction solvents

are  tetrahydrofuran, and the bike. Conpound 1 where Ar ' is phenyl is
prepared by heati cet oph&page in hydrobr aci,d

di et hyl sul f oxi d&i_dqnpounds fornﬁg' can gE;;fepan met hods wel |
known i.n the art. . 2@ For eYanple, al a - di AYr dxy- 4-"hyYr osepcgue

met hoxycar bonyl acét-omloarod®) ca® be prepared by eatlng 5-acetylsalicylic
acid nethyl ester in 4§%%%mydrobrosnlc acid. 8 June 2004 WO 01/ 42193 -P
CT/ US00133057 - 53-¢Ayterhat | velm?‘“ﬁ’”ﬁdu ngi ound nula (1)
where p is_2,‘q'hs odiREusSECO nd Ara is t sane Xis a
bond, and Qis 2- hydroxyethylanlno group, and theodu gands are |inked
through the A?” group can be prepared froman aryl epoxide of formula 4 as

shomn in Schene Cp
. | &S
. ‘ L

DCON(GH3)z

Wl

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




5 + H2N--WAre-NH2 4 2 Schene COH H OH --~ A i N W Are-HN8Jupe 2004)  (Ar
= Ar3) A conmpound of Formula (1) can be prepared by reacting an epoxi de of
formula 4 with a diamine of fornmula 2. Epoxides 4 are either commercially
avai | abl e Orwhlgs 42N be prepared by the nethods described |n Ki er st ead,
LW et. 10 a'o 9 *%ed. Chem 26, 1561-1569, (1983) or HESTUSSHEST 5| Ter |
Lett. 35, 9345 9348 -(1994). Anot her nmethod of preparing a rrultl bi ndi ng
conmpound of Forrmula (1) where pis 2, gq.{s 1, the second |ligand Ara is the
same as Ar , Xis a bond, and Qis 15 2- "droxyet hyl am no group, and the

| i gaands. are | ared fr n

acet ophenone deérlg% ?pﬁ%ygp%%%’é %%@%ﬁ%@ﬂm %@‘ﬁéﬁ&%”ﬁi@ﬁwﬁl Schene 8 -
June 2004 WO 01/ 4219®tam5'@rpkpﬁwedgko%<8‘momﬁnﬂﬁf$om@£ﬁ}dd500/ 33057 O , OH
- NaN3 Art N3 rq.dUCtj\%Qmpoun OHH fonn a OHC- WA?-CHO '{O_I CH ‘

OH
H
)ﬂ\/ N
Arl | \/\@\ /_\Q
N ek ‘
H
OH

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); (R) and (S); or (S5) and (R);
_ and pharmaceutically ac:.ceptable salts thereof,
15 Within this group, a more preferred compound is that wherein Ar' is 4-

) o ~ 10  wherein:

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**Cis (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

stereochemistry at **C is (R).

!

Py Within this group, another more preferred compound is that wherein
is 3-formylamino-4-hydroxyphenyl, and the stereochemistry at *C is (RS) and
the stereachemistry at **C is (RS) or the stereochemistry at *C is () and the
25  stereochemistry at **C is (R) or the stereochemistry at *C is () and the
stereochemistry at **C is (S) or the stereochemistry at *C is (R) and the
stereochemistry at **C is (S) or the stereochemistry at *C is (S) and the
. : stereochemistry at **C is (R)

30



pJ./NWA?-N~Ar3 9 10 (E) (Ar' = Ar) Bronination of an &cép@gh@hone
derivative of fornmula 5 with bromne in a halogenated organic sol vent such
as chl orof orm provi des an a- bronpacet ophenone deri vat}ve of hforrmlia f.
Treat ment of ] odi um azi de fol |l owed by reduction of _ 5 the resulting
azide 3 w t'hivéi,‘gh?'tggbl e reduci ng agent such as |ithium aPGHUAWFdri de
provides ethanol am ne derivative oformula 8. Condensation of two o
equivalents of $ with a dial dehyde conpogﬂg of formula 2 provides an imne

of formula 1Q which is converted to a ¢dtpound of Fornula (1) as described

in . Scheme A above. 10 15 SO-%:E Rﬁ%ﬁ%w , L Anot her nethod of.
preparing a nultibinding conp Hg . fitre pis 2, qis 1, A
and Ara are differ enCompéuhdsaf kit istyentititicaf)be made bytiemekydtdapitedinige gr oup, and

the ligands are |inked thrqugh,the A? group can be prepared as shown in
Schene E bel ow. “‘é&‘ﬁ’é‘ﬁg“eﬁ""ésj’%ﬁé’e Y04 WO 01142193 PCTI US00/.33057 -57- OH

Il -+ PG&PGLN- - Ar e- \Whetftdiink materials'and reéedBGsdd/th prdfating Mheée dodipdunkd afe€duct i on
gé’ P g—l OH g) &2 Igi(t;ﬁelr\lé\\fﬁlatﬁ\é -Iy Eo%’n;lercgl%’uprli\lll_eysvsﬁéheés -All\ldtil?:h C]ﬁgnﬁ]égfl Co., | Are St OH PG
(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,



iOH- OHti p—~—~NW Are-N~ Ar% N WAre-NH),,Ar3 reduct PdH@5904)
Condensation of a diamne of formula I | (where PG and PG are suitable
am no protecting groups which can be selectively renoved) with a glyoxal of
formula 2 foldpwrdpy reduction of the resulting imne of formula 12 with a
suitabl e redu0| ng agent such as diborane in a suitable rFEIEEIMYH™0l vents
such as 5 tetrahydrofuran provides a cefipeund of fornula 11. Conpounds of
formulae 1 can be prepared by nmethods described. in figure 14. Reaction of

conpound 1-5 wi £¥f their infrpdustion ¥senevelorrn deserieed do FpWuGtens and G MnWuts, b

fol l owed by redpgid s & i@ SiBIRNP SPL, ﬁgﬁg or rrul a J.
The reaction is carrl%d %'% &g T ‘Sggndﬁ)l or?nghxgﬁﬁm ﬁq?ﬁlg'?agrlt
Depr ot ecti on of a%drréfem@ltghb@releu ng group then provides a conpound of
Formila (1), The deRhal ekl Akl | @E&%ﬂ@gﬂoh% ﬂgo%?% Gl afhe nature of
the protecting group. For exanple ot ec oup I's benzyl, it
i s -removed uhderorapmadsyfitys mmxﬁpmqerbasxn&mm@amdmno@mmmam:o thdss Any
conmpound whi ch b Goilf ECE IOk IS be .used as | i gand
in this inventi (k)cr‘il1 I Slﬂgé ggﬂg%élg%ps tha e%%ﬁ’ecfh@edfc%a’eﬂgehaggg5°?W°8and will
have at | east otﬂeihissimlpsmal group, such as an ami no, hydroxyl, thiol or
carboxyl group and the like, which allows the conpound to be readily
coupled to the linker. Corrpounds haV| ng such functl onal ity are either
known in the art or can Prepan: : di2 {193 PCT/ US00133057

- 58- by roygine no " ds .,u | conventj qn

reagentg angb procedu elg%h u@iélrnémﬁﬁ%m%gnnagﬁ@gﬂ‘gﬁa#B’ﬂ?ﬂef’f”e%%q‘bgsi tions
“domai ns, and thereby, facilitate ou e, a_nunmber of
positions on P- adr e‘?\er b&“%&ﬁ?‘%‘%‘?‘?\a‘l‘fﬂ@ﬁﬁg“é?fsp%mmle?ﬂ*rey practi cal
for |inki ?g i tpnepa:@ﬂgr;@mmlytanachmgﬂﬁﬁ‘g&dk flos.aereinl@lwﬂonébmﬁétligéﬁw es Wlm ch
are . nmost. inpo or pr esen e ary
group and the sidé %ﬁiﬁ%‘%@ﬂpg‘&@ﬁfﬁ“ﬂ‘a&'giag%‘ij Eil‘ﬂg'?“rﬁA"é“rﬁrya the,chmrent .

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

' §cheme A
. Method (a)
FG'

2177, FE—X—F@& L— XL

Method (b)

_FG! )
- L + FG—X—Fe%PG L——X —Fg?%gG
i {intermediate]
()
- deprotéct . FG1

. L'l x —FGZ + L/ L] x I_2

20 .
In method (a), a multlbmdmg compound of Fozmula (I) where p is 2 and qis
1 is prepared in one step, by covalently attacbmg the hgands, L, to a linker, X,
where FG' and F_G2 represent a functional group such as halo, amino, hydroxy,
thio, aldéhy.de,‘ ketone, carboxy, carboxy derivatives such as acid.halide, ester,



It will be apparent to one skilled in the art that the abov@ Juhe@D84ri 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 (1). The linker is attached to the |l igand at

posi tion that”Fr e}tzglbﬁs | i gand domai n- |igand binding si tgc ’HF@P&%& on and’
specifically which permts the Ilgand dobdin of the Ilgand to orient
itself to bind to the |igand binding site. Such positions and 15 synthetic
protocol s for |#pidegad !itegk%\ems‘ﬂ is preforgd fog preparipg sompouady dffleenulenbr aces
ever yt hing thatg}an h&%eg%ggggﬁ@ga&g be part of the ligand . The relative
orientation in t he and domains a re displayed derives fromthe
particul ar point or Ipmeﬁpéﬂg:fthmmﬁéﬁﬂ@mu’@hﬁatelpgwmdém dstepwiiee | i nker, and
on the frane |l e

ubsti tuti ong. caiB0ne iy RARAE L LAt 6 SIALRERAR 7,

know edge of5 sthese uﬂ’éwz-f& pnd FG? rmsattﬂ@mhwplsgrélﬁt@)defbfedabmwangand and/ or

congeners and/ conpl exes
(e.g., X-ray ci‘?s?gf'fjggr%gdﬁd@ﬁ@é‘%% Fﬁgg#%&ehkl&ﬁ frfer’*“npgs ions and the
synthetic neth ,@rﬁtmﬂouo ¢ seqendfimctiohategroup anéle\hgénld folkowed Hynmedctien art . '

Fol | owi ng' att ac, ?B a& %cﬁﬂag%g%lédzr&%;eng t-tgﬁhglent t@ a significant
25 portion of t i anpl e ne <t PRKEFS? the

uni val ent | nkemomNgajﬁFomn;lm@htT&xsmhddasStmslbleﬁriamparmgbaﬂﬁdtﬁdkdff activity

inthe rele ntFo%%a% whem etli(gnkcgr §¥ IentIy attached to nultiple
copi es of the ligan provi des a |oco substantially

"nqlntl gt’rugogenl c rmI'Ithehgm:ﬁsﬂﬁr@@kﬂﬁ)tﬁt{dched?ﬁebﬂ&k%im{weaﬁédavi ty OI t he
il ti bi ndi ng cogpound i.s. hi sitive ency, geometry,
conposi ti on, si zg'gmfcf’ﬂﬁhﬂiqf‘ %)5%‘}‘"% O Fayplegt i 390 9‘5 t‘i'thﬁmﬁlfe‘"and in
turn, on the Ovlbafaaﬂidntﬁmﬁimibmmlmfglhb&hmiukigbihrﬂdrhmﬂmuﬁ(hmuﬂﬂnd as well as

the presence nce |on r cationic c e e rel ative

hydr 6phobi ci ty/‘ﬂ Y" ﬁl"’ﬁg %““'5‘ eg'ﬁﬁmﬂm"em q4 BYR133057 - 59
of the Iinkgr, ﬁﬂﬁnixfi&bﬁdﬂbﬂoﬁn the |inker. Accor dingly, the linker is
prefer'a_bl y chosen to maxim ze the biolo activity of the multi binding
conpound. The |inker may be chosen to éﬁﬁ nce the b| ol ogical activity of
t he nol ecul e. 1 n general Refirk lCimpldiyts : e@Ny Organic

nol ecul e constr S that 8r|entst rmre Ilganstothelr | i gand

binding sites t tival ega e linker can be
considered as a "fraabwotk" on vvm:ﬁfﬂethe | i gands aranﬁueranged in order to

bring about 0t he desi red {haﬂgnd or| ent| ng result, andultfor}lléllil er oduce a
hydroxyl alkyl/aryl halide ether
hydroxyt isocyanate urethane
i amine epoxide p-hydroxyamine

amine : alkyl/ary! halide alkylamine

25 amine isocyanate urea
hydroxyl carboxyl ester
amine - aldehyde amine

Reaction between a carboxylic acid of either the linker or the ligand and a
primary or secondary amine of the ligand or the linker in the presence of suitable
30  well-known activating agents such as dicyclohexylcarbodiimide, results in
formation of an amide bond covalently linking the ligand to the linker: reaction
between an amine group of either the linker or the ligand and a sulfonyi halide of



mul ti bi ndi ng conpound. For exanple, different orientations EaH"®E0%thi eved
by including in the 10 framework groups containi ng nono- or polycyclic
groups, including aryI and/ or heteroaryl groups, or structures

i ncor por ati ngY(E nore carbon-carbon nultiple bonds (al kefr}r(zl 0 _
al kenyl ene, yny or al kynyl ene groups). O her, groups CENBPEE%7i nel ude
ol i goners and pol yners which are branched4--or straight-chain species. In
preferred enmbodi ments, rigidity is inparted by the presence of cyclic
groups (e.g.,. 131eehg9nd or thetlinkerain fhe presonce obid bagt such et wicthplpwinecpyridine, an. | n

ot her preferred [ In
still further prgg&?%@qm%r?{éw{aﬁiﬁggbos"d)éo%ﬁmh?Mr%;?'g[lgarnfig‘g such as,
for exanple, phﬁmlinkelr anda[phlldrweweﬁ]litfdmbntorlpydlobgrbuﬂnfccitlwdredmked arc

characteristics Ly nker r absenc -
char ged ndi etreéh%c Sl"dre”‘e‘a %ﬁﬁl grgicl)%lth!ri% I'e l%andgheeé eﬁ‘f‘%?fpfﬁe%ﬁg %an- For
exanpl e, thes hytlatsapimhhs meﬂmaume pyfndmejandlﬂer!ﬂcd,efesulem fomaﬁonloémeﬁmé:hyl ene
di am ne ( H2N( r es can be nodified to be

subst ant.i al | yClr;%%re %!cn?l rlr '“%&'Bygﬁgﬁ‘f@"r “the al kyl ene group with a

pol y(oxyal kyl ene) group such as found in the commercially avail able
"Jeffam nes". Differgnt frameworks be ned .t r referred
orientations of 25 wqbf@%ﬁwgﬂ&?%g&ﬁf‘%gmmgﬁg ﬁ}?ﬁ%‘? fit ed by
using an array Hfandotrsis (fl@samsianh )hehﬁﬂﬂd,mﬁlz%yﬂﬁﬁcbetﬁ[ﬂémnﬁa ptentially
be an atom ,such and or t dot may

al ternati vellg ﬁ?ﬁ%‘é&%ﬁ‘&ﬂl\lﬂ%@%@%# a‘f{lgf"ﬂﬂﬁa& PRepEy ?“H‘réi To :

facilitate the piycel aérivadvend foiukles HoaNENOms ik €, the framework is
itlustrated as a two dinensional array,in the follow ng diagram 30

al though clearly the framework is a t mensi onal array in practice: 8
June 2004 WD 01/42193 PCTI1JS00 /33057 8 7aa ™~ 6 r™ ~a™ ~ 5 as ~MA
Arrhoals AN~ @ M farL ... 2 aa M AW L )""vva""vr/‘r ..... 0.1
234 5678 :
' 2 Q“\-(OH * HMN-W-APNH, — )‘\/N'W'A"?"‘N\)\A,s
OH '
1 2 3
reduction
OH OH
Ari/k/u—w—Arz—HN\)\Na
n
(art =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.



Each dot is either an atom chosen from carbon, hydrogen, oRyYB#2004 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 atongygiuidse 5 grid have the ability to act as a‘gc%gﬁggb nt poi nt
for the ligands, nanely, C, O, N, S and P. Atons can be connhectéed to each
other via bonds (single, double or tript8&-bonds with acceptable resonance
and tautonmeric forns), with regard to the usual ‘constraints of chemni cal
bondi ng. Li gands nayﬁl)sf@aav?lwﬁ@gﬂlwueafenwmﬁﬁmuh(avnt@resniﬁalcei,sldoub|e or
triple bonds (w ey | Ae G lex i 2ty Fi.gnd resonance forns).
Mul tiple.li gangﬁkﬁﬁ%@a&% 1_8‘)‘}&%%_%6(’3){5% t ac&eﬁﬁgs?he framewor k such
that. the m ni mhydroxypéyleeie gpupiand thetigands atgdinkaddhrouglj the Ari group garde gr oups
does not: exceedpnl O 1 GbREE Gl 4 BShdulr Hf BEnchRROGES.ONS 1O the
ligand is sel ecPel such thal the ' maxi mim spati al distance ‘between two

adj acent ligands is no nore than 100A. 15 An exanple of a linker as
presented by the grid is shown bel ow f'%ﬁ‘g&gbi phenyl construct. 8 June 2004:
WD 01/42193 PCT/ USoQ 33057 --61- 5 - 4.7 s a ™ Nodes (1,2), (2,0),
(4,4), (5,2), (4,0), (6,2), (7,4, (9,4, (10,2), (9,0), (7,0) all :

represent carbon /tgns N?lq‘e_ 10 Q). represents agdhlwrine, at om$TAl | ot her
nodes (or dotsf‘ﬂgr poi nt'& i‘éljpgpg%'é (i e, raﬂ-@“'vﬁ“ﬁ%ﬂ@w&mf at ons) .
5 Nodes (1,2) and (9,4) are attachnent points.. Hydrogen atons .are affi xed
to . nodes (2,4), (54,4), (4,0), (22,0), (7,4), (10,2) and®7,0). Nodes (5, 2)
and (6,2) are connected by a single bond. The carbog/bt afip present are
sgbnnect ed by either a single or double bonds, .taking into consideration

the principle of res, nance fr}%loor utonerism, 10 .. The intersection of
the framework (Iinkef§o3Ra"t fid oFTga Prsparehy ety erorfeck r amewor k
(l'inker) itsel f fomauladawith-andiomine afiférinntacn Epbxidadisrage dihedcomatrcidiiyanpl es
' available or they can be prepared by the methods described in Kierstead, R.W. et.
10 al.J Med. Chem. 26, 1561-1569, (1983) or Hett, R. et. al. Ter. Lett.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




of acceptable patterns of three contiguous atom arrangenent § Jape28bbwn in
the follow ng diagram 8 June 2004 WO 01142193 PCT/US00/ 33057 --62
CCCNCCOCCSCCPCC  CCNNCNOCNSCNPCN CCONCOOCOSCOPCO  CCSNCSOCSSCs

CCPNCPOCPSCPRgH o f{hNCONCSNCPNC CNNNNS N O $PNO OO CNPN S OO N P
COOC OONSONPOC NO NPON COGNOCaOhSOOP COPRZ3PP S T" CSCNS . CSSCPSC -
CSONSOCSNSSNP S' N - —56—
O 0] OH
Al Brp Al gr _NaN3 J-'\,Na reduction  , 1 L Nw,
CHCly
5 6 L ' 8.
| : OH OH
+ ouc—w—::&cno - ar A oN-W-AR—n A "
10

OH y OH
_ Nt/K/N-W-Arz—-HN\/'\Na

@
(At = ArY)

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 - : &c_h_e_w_e_li




NS S-SS-S0' 8 0 CSPS PCSS-P PSS OSPB79 P7S? P CPCN. PC CPNNPR:/EREdp
CPONPOOPNSPNPPN CPSNPSOPOSPOP- 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 ounds. Met hods for producing these bonding arrangenents
are descri bed 178} ch, "Advanced Organic Chenmistry", 4tRCEHIPBHH |
W ey-Interscience, -New York,. New York £§292). These arrangenents are 5
described in the grid of dots shown in the schene above. Al of the

possi ble arrangenents for the five nost preferred atons are shown. Each
atom has a variety gof acceptable oxidation states. The bondi ng

arrangenent s undgpldn are IessArz acceptabl e and are not préferred.

Exanpl es of ol ecul arl st f BEf BNz W% it e PRGN Wbl tterns could

10 be enpl oyed as cgr%onents of tsﬁe | i nker are shown kel ow. .15 8 June 2004
00 -6

WO 01/42193 " PCT/ (J / 33057 '"CCC-~-COC. " CNCO10 O -C 0 N
% CA%S E

] . OH PG, OH

feduction PGZPG1N_—W*A12—NPG1 \)\ " ———....PG1HN—W—A12—-I':I\1)\N3

13 14
Q ) .

: A';‘)'\,Br OH PG, I?G, OH OH H OH
| o g NQ\/N-W-NZ——N\/kAIa N
) ) " i feduction 15 Cm

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:ppotecting group is benzyl, it is removed under catalytic

hydrogenation reaction conditions.

- .15 Ahy compound which is a 32 adrenergic receptor agoriist can Bc uséd asa
ligand in this invention. Typicaliy', a compound se_]ectéd 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 liﬁker.
Compounds having such functionality are either known in the art or can be prepared



'~'CNI'"& NAN ---O~N ---CO~N0 00 ~S.S N~ ~S.ON- C ,608Ju 2004 Cs. O
NNN ~S.CGS~- NCO- 00 E 11 ~CGp~C, NP-,CG- OONN O n P\Cr O0-OI
h 20 e identification of an appropriate framework geonetry and size for

| i gand' doni resentation are inportant steps in the construction of a

nul ti bi ndi ngq‘g%?}fi‘g%?\d with enhanced activity. Systenati ECEYRBE57 sear ching:
stratégies can be used to aid in the id88tification of preferred

frameworks through an iterative process. Figure 3 illustrates a useful
strategy for detbgrowiné mefifcatiopefiknesin donpoends ndinglieapintiynal eagentsantiat i on f or
l'igand domains. Varjous other strategies are known to those skilled in the.
art of ol ecul aP*qes] gn and can be used for preparing conpounds of this .

i nvention. As shown Linkers quobeatthched kedifferynt pesitians on the digadl holeduleas cent r al

core structures_such a, phenyl structu Panel and .a cycl ohexane
structure (PaneFa\gﬁvegg%reﬂte&g%%\%?{%%,gaﬁésg%’étaﬁnst‘Hgl‘@%%bé(ir}%’de%'fe the Iigand
domai n. f r om §he mudsivelesdyr ¥étils 2 aurhber ef positibes dngirglidnegic-hbdilaing Hgdrdnge noi et y) .

It is to be noted_t hat, core ructures other, than those shown here can be
used for deter rrfs%"lﬂf‘fb‘“’ﬁlﬁ 8”8‘&"&%# a‘?rE\HB"IfWeﬂ QG pypsggye those figan

substructures which are most important for ligand-receptor binding. At present, the -

- * aryl group and the sidechain nitrogen are preferred points of attachment.
It will be apparent to one skilled in the art that the above chemistries are not
10  limited to preparing bivalent multibinding 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 methods for covalent attachment are well known in
the art. Following attachment to the selected linker (or attachment to a significant
25  portion of the linker, for éxampie 2-10 atoms of the linker), the Univélent_linké'r-
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



8 June 2004 WD 01/42193 PCT/US00/3305 7 orientation of the Pi§3hd04 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 RrbiRsLseSS can be extended to trimers (Figu5§H%§mB§]1 conpound
of hi gher valency (Figures 3 and 4). 5 Assays of each of e 1 ndrvidual
conpounds of a collection generated as —%escri bed above will lead to a
subset of conpounds with the desired enhanced activities (e.g., potency,

sel ectivity, etefthelinkesapdfhs lksion thorlinker; doeuidialy. theslinkgr s prefaredineliosgre such as
Ensenbl e Ml eculghadiBadk filo Iact\%;tg\gf gl_g nﬁ]tfmm@é\?ﬁl _ ?“ﬁ‘g r qﬁgﬁ@eﬁ @5& t hat

favors the properties desired. A w liversity ers Is
comrercial |y avh¢ ¢hagando ¢nhagse the biplogical astivishefsheapaieaulea In Sincwt therlink¢rACD) ) .

vany of - the |1 plpbocrolilioflify SbdithbRaliokoldfg: i dRAS rhdiF on fall into
this category. Other can be Teadily synthesized by net ocfs wel |l known in
the art and/dr Heandsiedhsirligand bindisigsites tpiperimitgnudinaleneye dn thipregdrdrthed f r amewor k
geonetry, the p L cal | £Si " [Fﬁl ' i mzed by
varyi ng the chelr}nM%g (?8%‘%@%‘?%5% t_e?‘g%r?.E’ eLﬂc'(&)lEngéy H’}Sn 0 Q‘% e linker can
be vari ed i nnunendeus burgaboutthealesited ligandzientingiresell, ang tiws podicepr operties for
the nul ti bi ndi ny can therefore be seen that there is a

| et hora of osgllugflﬂi}@?'?g%nqog{rﬂt he conposition of a‘linker. Exanples of

p poss np np

l i nker's include al i Hoattamplendifitren oricrsationstan be ad@vedini mtludiag inther oi dal

noi eties, pepti " h i.ke. ecifl,c _exanpl es gr eptides or .
pﬁl yam des, f ydg‘%%%‘}mgg%g?psg?%éﬁ%ﬁg@%?’gﬁg%w cy@%ﬁ%?“ % T@b‘ﬁ?@a& °bni ¢ or
-arii oni ¢ gr oupshetavarg gropd) onstuttors inberperafing dnx anpbre sarbowcgbonanultiple ow, but it

shoul d be under st god .t hat_.vari ous, changes .may be .t hade and equj val ents may
be substituted E\ﬁm[%ﬁgallﬁen E%%P’fl?nﬁgﬂiwﬁprﬁrt nylenBroygs)s G r{%‘°&%°a§e%be of the
ig\égnpion. For mmmrgp?lpsamg:lb}yhesyﬂﬁcﬂdnebr!aﬁdhkmrorﬂﬂaﬁghbehari]ﬂm;ld@:iéd.Qﬁ! b]}/ t he

addi tion or insertio anci |l ary.groups,.into or onto the |linker, for
exanpl e, to chal¥ %"fﬂ%no%ogﬁ"ﬁﬂtﬁqgf‘{?&dgmlpﬁ%%{lﬁqwmcﬁ %‘%ﬁﬁﬁ’ﬂ%é(gi’n wat er
fats, I1pidss birglhgtroayl bjcloilid, hectayylic by inptiabpretebnu crbbediibal, ineCi Y.

i nker exibility. . ‘'antigenicity i e like. .For exanple,
the i ntroduct i oﬂ“%‘ﬁa@ﬁé’r P"’%’B‘&é“ﬁ% Iﬂ&ﬁb%ﬁ%ﬁ%ﬁ%&‘f“ EE%“'Bﬁ'&UpS ont o

or into the |i nkedromaticaing ewhbd)éor exdmydls, phéniyl or@iapiyhydnd wat er sol ubility. of

the mul ti binding co n ncrease th. nol ecul L ght apd | ecul ar
si ze and, dependi ngr}%ﬁgff%gy Mﬁﬁﬁgﬁﬁioﬁﬁéc Characterisics of the finker as well as the
- presence or absence of charged mdieties can readily be controlled by the skilled

- 20 artisan. For example, the hydrophobic nature of a linker derived from
hexamethylene diamine (H,N(CH,),NH,) or related polyamines can be modified to
- : be substantially more hydrophilic by replacing the alkylene group with a
- poly{oxyalkylene) group such as found in the commercially available "Jeffamines".
_ Different frameworks can be designed to provide preferred orientations of
25  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 ihe framework strucfure, the
_  framework is illustrated as a two dimensional array in the following diagram,
30  although clearly the framework is a three dimensional array in practice:



8 June 2004 WO 01/42193 PCT/ USQO 33057 -65 - unPEGy!l at ed BiJoReR004ray
increase the in vivo retention time. Further PEG nay decrease antigenicity
and potentially enhances the overall rigidity of the linker. Ancillary

gr oups -whi chwenlivasige the water sol ubility/hydrophilicitypefuddfsess | Nker
and, accordingly, the resulting nultibinding conpounds are useful in 5
practicing this invention. Thus, it is v#&hin the scope of the present
invention to use ancillary groups such as, for exanple, snall repeating

units of ethylene glycols, altoholis,i pélyols (e.g,, glycerin, glycerol
propoxyl ate, saccharides, in8ludFng none- =oligesaechari des, etc.), :
carboxylates (e.g., small regeatikng units Of«glautam.c acid, 'acrylic acid,

etc.), amnes (e.g., tetraetpyl enepentamne), and the like) to enhance 10
the water solubility and/or Rydrophilicity of the” fultibindi ng conpounds
of this invention. In prefebred=enmbodi mentss thesancillary group used to

i nprove water ~ solubilityl hgydrophisligcity M| sbesaa._pol yether . The

i ncorporation of lipophilic ,ancillary ?rqyp§ within the structure of the

| i nker to enhance the Iipoph?licity andf or® hydrophaticity of the

mul ti bi ndi ng 15 conpounds de8cYibed hereir i%s &l svo-within the scope of this
invention. Lipophilic - -groups uwsaful wth the Iinkers of this invention
include, by way of exanple ogly,. aryl and hgtegroary | groups which, as
above, may be either unsubstitetedz2ors substetytegl with ot her groups, but
are at |east substituted with a group which allows their coval ent
aﬁtachnent to the linker. OQther |ipophilic groups useful wth the 20
{-fnkers of “this invention include fatty acid derivatives which do not form
bi l ayer s in aqueous nmediumuntil higher concentrations are reached Al so

W thin the scope of this invention is the use of ancillary groups which
result in the multi Bprehalohiycithrrpoaton, dhesen drommatopdydiogeh, oxygemalmwpag into a
vesicle or ot Cl. - i posone. or_ a mcelle. The
Vorm i pi 2o rar BRBHEAR K rablr bhCuctGechl bl BPRAT € 0apabl o of
form.ng a bil aydbsengs ofanafopy] Aeis appasdst okt skilleh guisap rdp bartajnoatdmisann tief  t he

i pid materiql i Laing j why i drophi | i rtion
orients tovvasrad dellgg%tﬁ%ous E)‘ﬂa%%%%(fﬁ%p tfﬁ'ﬁ@“’%ﬁgg%\éf,engl?@ﬁ%g), erive from
the presence ofSgWdsphato, carboxylic, sulfato, amino, sulthydtyl, nitro
and other |ike groupg gl J t rophobicity could 30" be
conferred by the i nc§0u5| onb%%mg%r&(t)égg%éatpﬁgggﬁ%ac%gse@gﬁﬁtdogblgxﬁwﬂl imted to,
|l ong chai n sathendswith aseritablegesouanat and talkingsiia forms) yith egardbethe gsualips of up to

20 carbon 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.



atons and such groups substituted by one or nore aryl, hetePddp§P004
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 dgyo aiApwesent ative exanpl es of. which include p.. 00/33057
phosphati dyl chol i ne, phosphati dyl et’hanol am ne; phosphat|d§?ser|ne,
phosphati dyli nositol, phosphatidic acid?b“palnitoyleoyl_

- phosphat i dyl ehol i ne, |ysophosphati dylcholine, 5
Iysophosphatidy@ethanoJaaine,_d i pal m toyl phosphati dyl chol i ne, di ol eoyl -
phosphatldylcholt di st earoyl _-phosphatidyl choline or
di i nol eoyl phosp atldyT cholTne coul d”be usedH CIheh co.-ound' acki ng
phosphorus, sucl® as *sphi mgelipid =and gl ycosphingoli/pid fani °S are al so
within the groug desighated as |ipid, ,Additiopalty;\the 4 pat hi c |ipids

descrij bed above y be m xed W|th ot her . 1Q di ng triglycerides.
and sterols. The f1ex/hilify of " the—HNker j he
inclusion of anditl ays greups v & “bul ky presence
of bul ky or rigid.gh e rotaffonagout pends<{in the

| i nker or bonds bet i and/the ancillary gréup(s) © bonds

bet ween the |inkel angt the™; i oups. Rigid 15 groups can incl ude,
for exanpl e, tthsgg{ Sriefi onal lability is restrained by

the- presence of rings Znt/ ds within the group, for exanple,
aryl, heteroaryl, cycloalkyl, cycloal kenyl and heterocyclic groups. O her

g ﬁoups whi ch can inpart rigi d|t i ncl ude poI ypepti de groups such as oligo-
i pol ypr ol i ntodds4l. s (2.00.44.R, @5-2); &0).d6R), D98 (lO@a@tfﬁd7 0) all

el ectrostati cal }%ﬁséﬁp alafo nfshﬁoagghar g%%seg{s%@ rineHiS eAhoﬁlEu?q SI tively or

negatively char 5| mlarly ancilTary grou P force the
presenter- |inke rﬁﬁﬁkﬁfmlsgﬂ%éﬁ,mmmmdismeoiFmMXl mum di st ance

bet ween eachsof the rin t he
| i ke-char gedsgr oups N(': dos ???g&gg)cﬂg-%@r}& 4 %cg‘géen%hn% é?(gﬁbxeﬁl“hker in a
configuration t 5(226. (fhi) #.Qi @D).1(hd), ﬂ@ﬁan@t(ﬂ@h Wmtent5ed) ahhh,2) inkee - char ged

anci |l ary. groupg,nn &l gﬁ%m ary groups bearing opposite charges wll.
tend.to be attracte ﬁl oppositely charged, counterparts and

potentially may ent e'lﬂlelcﬂb@ mnwreaqnt@recoamdted br¢ithenpsinglebrdouble hdwisponds-
Thi s non- covaleakw th Linker into. a
conformati on wh Eﬁﬁ‘éﬂ.&:ﬁ d&%aﬂl\?\;ogrﬁp% gorta torPy (r:nhar ged 30
-groups. Thé&dadditi dfhemte@nmri df&qﬁag?ewuqkiltl\Mar)@m ﬁm hgaid@cg@chndandeed,
alternatively, BeabmBwork (linker) itself can have many different bonding patterns. Examples

of acceptable patterns of three contiguous atom arrangements are shown in the

following diagram



| atent charge when deprotected, following addition to the | Ptk8% 2994l 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 mechanyylsdigown to those skilled in the art which, CE/E§093§0£” renoval
of the protecting group, is within the scope of this invention gidity
nmay al so be inparted by internal hydro gd?—bondi ng or by hydrophobic

col L apse. 5 Bul ky groups R |nc exanple, large atons, ions (e.g.,
i odi ne,. sulfur, netal icégn etcNE g§ g ar ni C | ar ge at ons,

pol ycyclic groups, incl g ar iC ps,s@Qon- arpcmatr Cc gr-oups and
structures incorporati ng%gg or ngge Car%‘:(gI Caggé mﬂg pI e bonds (i.

al kenes *~ and at kynes). %ﬁ}g groHﬁ% CanhBN%ar réﬂ%l ude ol i goners and

_pol yners which are branc N Or BRNmAi g ecr € 10 Species that
are branched are expecte mcEﬁ@ i gi- e structure nore
per unit nol ecul ar wei ghtcngal nt ar eositer ai pChal peci es. In-preferre

d enbodi nents, rigidity: |Lsobrrpar|tq%q: by &b prgggce of cycllf - .
roc c, etc.). In other

groups. (e.g., aryl, het ryl, | o B
preferred ‘enbodi nent s, i CONEHH ©e si x- menber ed
rings. In still further 15 referred enod ne ng is an aryl group
such as, for exanple, § or ﬁﬁﬁpht hykc | EW of t he above, it is
apparent. that the appr op e sellg&xi onOB1N a Issr up provi di ng
suitabl e orientation, %?gr ct lﬁnre §| te t-at the desired .
.dﬁgree of hydr ophobi ci ty/ ,L" drop Icitg8Petc. 8B we ithin the skill of
he art. 20, EllmnatlngmrsNred ar‘@pg,enlcg of,;@e mul ti bi ndi ng

conpounds described her @RQis aﬁg %E% t heBBuope fjthis invention. In
certain cases, the anti gamprty } sl b| Jyound may be
elimnated or reduced by use -of groups 28Eh aﬁ__for npl e, pol yethyl ene
glycol ). As explained above, .the multibinding conpounds descri bed herein
conprise 25 2-10 ligands attached to a linker that attaches the ligands in
such a manner that they are presented to the enzyne for rrultival ent
Interactions ‘wth 'bﬂ@ﬁdﬂ&'nﬂﬂn‘e%wﬁb)&l%aﬂ{;&%ﬁ&%@l&%ﬁ{nﬁ L}te ser
spatially constrains these interactions to occ P rren5| ons defi ned
by the |inker. préduse mmidivdent eompogudso Methiodefoe podecingthesbbaldigg cal activity of

the mul tibindi ng.¢omRARd @RrbRTRHMaRS, “Advidits SHIRC MHIREhm Hagands

, Wiley—lntcrsc_:ience, New York, New York (1992). These arrangements are

5 described in the grid of dots shown in the scheme above. All of the pbssible
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 employed as components of the linker are shown below.

15




30 made avail abl e in nonobinding form The conpounds of thi8JUnw&u®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/ 33084 a1/a5 i nclude the several ways in which t | i gands can be

| i nked toget ﬁ(érmﬁun@%r der to achieve the objective of nu ?T’\gﬁcﬁ‘gf?a/, and a
more detail ed expl anation is described —%el ow. As noted previously, the

| i nker ‘may be considered as a franework to which 5 |ligands are attached.
Thus, i-t° should be recogni zed that the Igands can be attached at any
suitabl e position on this franework, for exanple, at the term-ni of a

|l inear chain or at any internedi ate position. The sinplest and nost
preferred mul tibinding conmpound is a bivalent conmpound which can be
represented as L-X-L, where each L is independently a 10 Iigand which may
be the sane or diffgrent and h X is _+ndependently the lgnker. Exanples
of- such bivat ent Lo ounds afle providefl i h FI& ,C\&\bere” acff shaded circle
represents a |igaid. @t riwal Wit conpd coul(?al So be presented in a

| inear fashion, i.e., as a sequence of repeated units L-X-L-X-L, in which.L
is a- ligand and-]sCihe sanp.@r. differant at e@'ﬁ\‘@ecur{ g~ as can X.
However, a trimer QlS an al ootﬁa ara i@P mul ti bi ndi ng conpound conpri si ng
three ligands attaclyed to a Jg:iral cqre, and_thys repregented as (L)3X
where the |inker S Copyld i Mgutle; forc’e | e,CanCar yI™ ycl-oal kyl

group. Illuggrationg of trivalgnt and tgtraval entQ. conpounds of this
Anvention are founddn FIGs 4 and 3 regpectivel.ys re,\ca%asi/n, t he shaded
Gi'rcl es represent “$7 gairds. ‘I‘S‘gfér‘aw'al eﬁtc’E_bmjounds cah be represented in a
20 linear ~array, e.g., L-X-L-X-L-X-L in_a. br anch&d array, m".g., L-X-L-X-L
I L 30 . (a br anQEsté;gpnst& \Na,nal oggéjé to thebzﬁ,seﬁrer S\@‘fs\@d{ ane --

n-butyl, iso-butyl g - bu)ly, and. t= ¥ or 1@ a tetrahedral array,
e.dg., - : 1l - O os___ . Na
o A N ~o o~ 5 = ~c e
15 NG N \Ni N |
i ' N\ s’\§
o
e it ] 1] N"N
‘/>_. P\ — S -’P\ - ™~ ’P\ et \ \>_
‘*N’N“N \0’6 C Ny~ O 5 C N-.,il T
| h
.20 e identification of an appropriate framework geometry and size for ligand domain
presentation are important steps in the construction of a multibinding compound
) with enhanced activity. Systematic spatial searching strategies can be used to aid in

the identification of preferred frameworks through an iterative process. Figure 3
_illustrates a useful strategy for determining an optimal framework display
25  orientation for ligand domains. Various other stritegies are kndwn 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 stmcﬁu-e (Panel A) and a cyclohexane structure (Panel B) can be
30 .varied, as can the spacing of the ligand domain from the core structure (i.c., the
length of the attaching moiety). It is to be noted that core structures other than

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



8 June 2004 WU 01/42193 PCTI US00/ 33057 --69- L 'L where X8aHBe R0 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. Thewwrasmaz@onsi derations apply to hi gher nulti bi '}g‘ﬂ%goo?s@ ounds of

ed in Fl

this .5 invention containing 5-10 ligands as illustrat 4 where,
as before, the shaded circles represent ¥#gands. However, for mul ti bi ndi ng
agents attached tqg a _central linker such as aryl or c cIoaIkyI there is a

sel f-evi dent con&fiFnistion of the lizquds, - khe prrress ma ragyire the peen myltipdevopieaof ¢ t es on
the linker to acGaIRER8ordk SPuddBSomBinatidns GRNES R} Hfd;éﬁ lof¥anple, a

benzene ring could not dlrectly accommodat e nore 1 |gands wher eas
anulti-ring |inker (Ehegbovey %@P?%W@e%m@sﬁlBWaﬁmd nunber of

ligands. The aboygmplfagbihg: ¢AmR SResTBd@) ternatively be represented as
cyclic chains of t ormé}grand vg??ants thejr eof. 15 Al of the above

variati'ons aré int endé?faxs(?fb@h\ﬂfﬁlh individvel comppunds pf 2 dellectiongemtatalesdef i ned by
Lhe Formula (L), Qbbb il U0k BB EE Ll T 2 P
i nt eger- of from @ctivifiep (2. )r@tea@y, sckeshivits piap-alle analysis ofdiis eubiset usieg ect ed from

'E RleR gr ouc(p O;:ons | E}%%&fsu% %&%q@‘%yyﬁﬁ%ﬁg JWU%(C%WE,OS 1%) 070 -8-,

- S) NR-, MRC(S) orientation thablavdrethe ptaperticsdesired. R wide &s'ersi@f ofilimkerbisl ow, Z at
SEE L T AR KR, N B RS LBt on
abkenylene,. 5 s [l_ﬁr-slmkttruﬁmum;/foena in ﬂ)ish;myhmnmj irsahistdatepdredodleky Nyl en e,
cycl oal kenyl €Ne, canbe readily synthesized by methods well known in the art and/or are described
A - below. -

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 understocd that various changes
may be made and equivalents may be substituted without departing from the true
25  spirit and scope of the invention. For example, properties of the linker can be
modified by the addition or insertion of ancillary groups into or onto the linker, for
example, to change the solubility of the multibinding compound (in water, fats
lipids, biological fluids, etc.), hydrophobicity, hydrophilicity, linker flexibility,
antigenicity, stability, and the like. For example, the introduction of one or more
30  poly(ethylene glycol) (PEG) groups onto or into the linker enhances the
hydrophilicity and water solubility. of the multibinding compound, increases both
molecular weight and molecular size and, depending on the nature of the



substituted cycl oal kenyl ene, aryl ene, heteroaryl ene, heterofytief®4 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 -, -WRZED3, 10 -NR C(ONR -, NR C(S)NR -, - C(=piR)seidRos7,

-NR -C(=NR )-, -OC(O NR -, NR-C(O-0O., -NECM-NW, -NR -C(X )--N;
P(O(OR )-0-, -OP(OXOR)-, -S(0O.CRrR _Igj -S(0) -NR -, -NR -S(0O A-,

-S-S, and a c : IS, r 2: apd . R and R' at each
separate occur ?%%ggpfgtregﬁggf’é]%zﬁweo%g‘[nﬁg’bégrmon%ﬁ“ %@8h£?%qcfﬁgi§8}ayhydr ogen,

al l cyl, substi tdecresseantigghicitycand ipotahitikdly enlaodes the bwiraltirigiticy ofthddker. 15 al kenyl
substituted alkenyl,, cycloal kenvl ubst,i tut ed cycl pal kenyl. l.kynyl ,
substituted al kynyl ﬁ“ﬁ‘?‘g‘ﬁ?‘%ﬁ@%‘é“r@f‘“ﬁn %&(%@@%&'}B@V‘éﬁ°§%ﬁf¥ﬁ?ﬂﬁa| ly, the

| i nker noi ety clinketsnd Gptordimgdy, lthe resmbiip intulttbdrdingtcompyunds @dusdflilés ei N by one or
nore al kyl, ubsﬁtliﬁtmut Qﬁl .a‘I,ek%/Irlf cI.toaI @ﬁl subst% .uted cycl oal k({%,

al kenyl , subst i fat 6d® afKere (;3’ 84T WD the seapp of the presept BB FIHSRy | |

al kynyl , 20 substillanygesipsduklyasyfor exatnple, st regeatirignitaofktidémezBeMs! i ¢ group.
In view of the above description.of . the linker, it is understood that the
term "linker" Z‘ﬂ'sﬂ’g@a‘% ﬁ%@ﬂfﬁ%ﬂ%ﬁl Wﬂoﬁye]?tﬁesawm’rfﬂ‘ﬁ?qs“& Hefiong
conmpound” i ncl wligssadehiriles ete f)\catbonylitys (€.0NihQl Opatis ek 6f flhidia®y acide. J.
L-X-L). and nul ti %I.e .@ov | ent | ;&ggn%p uous_| | nkers#ﬁé- X-L-X-L) within
the nmul ti bi'ndi §YEGAGSH, amIBes € Brote nepentamine), apcibie Jike) tognharsgs descri bed
above | end tthenkewuessolubiligaRioriidesphiicit¢ithanatisifding SdmpoiRdidetnd Ng

dm) timeric conpounds I C ssess multibinding properties. Specifically,
‘f-act ors' such a&f%“%%ﬂ@&“?‘ﬁ%mﬁmi@ﬁawuww fodBRIOVBYAE] gands of a

mul ti bi ndi ng cBliyAYdWphilicityosmeet pbethde rel evant array of binding sites

on a target or targefs.is inportant in optimzing the interaction of the

mul ti bi ndi ng compourtB® REaPpPattos of Lpqphilic aycillanterewps ithinthe wruchee ofiths! ogi cal

advant age 8 Junm&&@ém%%:%?&ﬂ%a@@dr&&@@oﬁ%ﬁ?of&én{dit{ . mul tival ency.
i e

One approacf is to identify. a rary .of candi da mul tibinding conpounds

with propert essoupatHs degerbrdhsreip is alsorithingbesepraaithis invertion. Lippphilie| evant for
a particul ar t agrek usth St Bid Niakdd @ﬂ'tﬁsma{déﬂﬁicluaé)ﬁymﬁ o'rsl;&mpiet&ﬁbﬁf
.

ligand(s), (2) the orientation of |igands, (3) the val ency of t
construct, {4) _qrylﬁk%lileterogryl groups which, as above, may be elthcr unsubstituted or

‘substituted with other groups, but are at least substituted with a group which allows
their covalent attachment to the linker. Other lipophilic groups useful with the

20 - linkers of this invention include fatty acid derivatives which do not form bilayers in
aqueous medium until higher concentrations are reached.

Also within the scope of this invention is the use of ancillary groups which
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
\_Jvhilc 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,



5 length, (5) linker geonetry, (6) |inker physical properti8¢Un&gi04 7)

| i nker chem cal functional groups. Libraries of multineric conpounds
potentially possessing multibinding properties (i.e., candidate

mul.ti bi ndi ng we§Resds) and conprising a multiplicity ofpSifhsesi abl es
are prepared and these libraries are then evaluated via 10 conventi onal
assays corresponding to the ligand sel ect®8d and the nul t'i bi ndi ng

paranmeters desired. ,Considerati -rel evant to _each of these variables are
set forth bel ofPYEHEEN ﬁgﬁ?“p&%‘gﬁ%ﬁ%/ﬁ“‘;ﬁ "é‘?%ﬂg‘gW‘ij’g r set of |igands
is (are) sel ect ephikgdtipidseepr@oitaive @Ranpksof Whith intfdé pilvsptiati®dchelines andi dat e

mul ti bi ndi ng conpound ich library ig directed, against a_ partjcular

bi ol ogi cal targ O%Fa@éﬁ\glg‘é’foga“@% P ,°5\Pll?:a§‘§%{6et"§ﬁé’ piphatidglinositoly phosphanidig, | _

r _eqﬁi T ﬁmant }‘or a&ig,epaldliﬁ@rwdﬁl phhs%ﬁamyiclapltnb,aysobﬁ@wagaﬁﬁma@}bLIe of .int g_r ?ct ijng
with the selected target(s). us, | igands may.be known drugs, nodifie
forms of kno®mn HWWQ%&P&MW&’F&P@%“W hatidyldoline, diplsat at es of ,
modi fied forns gﬁodpmﬂcﬁ’&iné,rdi@aamwﬂio@ﬁ}waaﬁch%ﬁimﬁfdﬁmBae%ﬁpﬂoQﬂh%ﬁ&W—t with the

target), or othey conpounds. Ligands are preferably chosen based on known
favorabl e pr opeP{‘?l’é‘EW_ be vrag, @bt cpmppunds laekingphgephens.shehrs sphingotipid or
anplified in rrylaﬁdanﬂﬁmoii@amﬁnin&aay@a&%&mﬁeg.%ﬁﬁaés%%a:wé‘s'uﬁﬂf deronstr at ed
safety and efficacy in human patients, appropriate S ADME " profiles,

synt heti.c acces#idditionally, the aphigathic ipidsdesinbed shave mapbranedwitsetbtr 25 as

sol ubi I'i ty,- 1609 1iBids BcfdinEl@ihefides hid dtsois.r UCi al to note that |igands which
dnspl ay an ~unfavorabl e prope fromanong the previous list nmay obtain a

:
r'r‘gr e.favorable pr pp@?ﬁﬂﬁx{bﬁ%g@?{e kinker g be manipye th frichwsiom of ancittppund
formation; i.e. grdubO@RiEPare 55'9}'5“*’“‘?9‘5"“%@5‘5?‘?‘5‘4afbg‘f‘Yﬁm,;%‘?’glﬁgpsa” such a

basis. For exanple, a ligand that 1S not sufficient a

.

particul ar t ar g8inderdieg sotatipnighovt benids incthelinket or bandshebweeBthe fiaker amktheray becone
Sgltd {ent 50 asT . ; At ” A
i ghly potent apghigis gﬁﬁggmsgaﬁes&w%%@m&nu e’?ﬁﬁh}n{ﬂ{ gﬂg@g éuté&” m

| i gand that is potent and’efficacious but not o e of a non-
nechani sm r &P at &@upesen inchidgdorsxample, thesy steunsevliose confamatianhidatilpist i ¢ i ndex 8

June. 2004 WO 01442493 bY%fM%ﬁ%%%d&;‘g“ﬁ%gE@ﬁﬁ@h@@ helative to

toxicity) as a nultibind ng conpo npou %t *%hort in vivo
hal f-1ives may FeampleanybheeganhFycidalkyb sydeatkentl; dudhetdioryplic gongso Qs .
Physi cal proper giogss Wiich dafl 205 ity ihdiille polyPépiilic Y& WIS S0l POOT
. 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,



bi oavai | ability due to | ow solubility, hydrophobicity, hydPdBPff?%ty) may
be 5 rationally nodulated in nmultibinding fornms, providing conpounds with
physi cal properties consistent with the desired utility. Oientation;

sel ecti on of Wit@gamds att achment points and |inking , chem $cliXisoagser al
points are chosen on each ligand at which,to attach the ligand to the

| i nker. The selected points on the ligand/linker for attachnent are .

functionalized LQdaibd £AREG & ofife 0L Ay 7 | onal. .gr oups.
This permts probi n_gQ’t he eff egt sp;g present F&ggﬁhgee\é@lé%ﬁ%“?‘o‘%?ﬂgi r
receptor(s) in reshltingeroovabofahe preteating grovmtis witlsin theacope opthistisvention| t i bi ndi ng
design paraneter. T el choosing, at.tachnent points is
that attaching to aps Ffeaggé%ﬁa%%e oflglgﬁ*e%gpg%?nrﬁ@y%(%%%bﬁ@m ?f&’@gate activity
of the |igand. Bsdphpbic pelkpfeor attachnment can be identified by structural

15 informati §n when ' I . e | e, jnspection of a .co-crystal
structure ofs)a prot%g@eérlg‘&ﬁlgﬁ@édeb%g%wg’ﬁgg Oér}sg'(g?s@gl’b%g{%ne to

i dentify one or sulfor,enetdl iops, etw)er grousicoiteining I4rgchorms) polvdylclic @oipspr ecl ude t he
enzyne: i'nhi bitof, 4 .on, Al ternati.vel val uati.on. of |igand/target
bi ndi.ng by nucl g‘&?%ngéﬁé‘%#gé}?‘@éb‘%&ha&?%c Hox%se"r"ﬁis?"':f‘ﬁ? mqorpomting 3’&"a&fi on of
si t es non- essentbg|catbon-cirbgamdfiflabaes (i, alitérRs andS@igmed) OBulR¥ s&an 20 Fesi k,
et al., US. Pa -gontchl}&ole%l 6‘{43 V\heq?. uch, structural .information is not
avai | abl e, . uti | FEaef 8% GEOLYT H4 Robmem Y ich ars, branghed-jop steaightychainsmegiest o

| igands wil 0" sSmgiesthapsbrinchabarybupecedstd ictaas thekigiaiy sfGkdtraburédidat i ons are
_-:g_’flg:d are not all owed Ip the.@%)sen@glbof boél{’]w_’ﬁt,ruct_ural and SAR
©hformation, a PoBPRPQeruanveiehf gain than.are ghpi A0 F5F16S pl e points of
attachment to al | owIppeseed ahbwiiuds, tifidity i gagsted By (Y plesdbof2Gcldi Sti nct

orientations. Subsequent evaluation of this library will indicate what
positions are s%fP'fpé;ET'%".%lr Keé?r?aé@h‘ﬁ‘ﬁlﬂ?ﬁ‘ylr FCI‘?'%CYFEbe‘F alothes Peferrdisi ze t hat

posi tions of at émisidinnts, thb HiketlConihic@at 6r héi8 sixardnhbéteYingd. 1h 581 ARAGTET i C

| i gand may SO bﬁ% %Ev nt.a eoulgléii_ncl uded in candidate  rmultibinding
compounds i I t hESFf %E?WBW g 15 a1 2l grornsyphs fonexapples phepyliosast 30 one
| i'gand at t achedndphthgl. manner “whi ch does not abrogate intrinsic activity.
This selection derives from_ for_exanple, heterobivalent interactions

within the context LIBYeY ofthsapayeyitis hat the appropriste sskostion of a hiskersi der a
recept or ant agogrbgi providiagshi@bld uiitation) 4esiRtddAnfedidRd RictlohSRO43RA57 - - 73-

attaching to i cbRERRh AT ophRLHe i rokNUMOMeRkE o PaRGr b ch
al | ows the 2(ecOElininitigoeeiacing antigenicity of the multibinding compounds described
herein is also within the scope of this invention. In certain cases, the antigenicity of
a multibinding compound may be eliminated or reduced by use of groups such as,
for example; poly(ethylene glycol).
As explained above, the multibinding compounds described herein comprise
25 - 2-10 ligands attached to a linker that attaches the ligands in such a manner that they
are presented to the ‘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



interact with the sane receptor nolecule at sites proximl BSduppglo4

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 surrowwéagioh he receptor such as the nmenbrane. Hep@msdoR§esOSt
favorabl e orientation for interaction of,%he second |igand nolecule with
the receptor/matrix -may be achi eved by aPtachi ng it to .the linker at a

posi ti on which ab tes activi.ty,.of .the |.igand.,at .the_ far ant agoni st
bi ndi ng si'te. -A}%{“ﬁgﬁ'ﬂﬁg’ﬁ“f%’éy\é%@gw‘epﬁﬁﬂgs B ke MR eAROT Pt o s 10
| i gands wi t hi n adhieve diiobjettivebf multiudlérichiand k i@redetailed éxpRndtion &f desvtibel f f er ent
fromthe SAR‘og t hose sane |igands in nononeric form The foregoing
di-scussion focu gﬁwbn bi val ent interactions of dineric conpounds bearing

t wo' C'(r)]pi_ es of the samdte:;dg:adwbujrs]lgajﬂ?@ldﬂ&ﬂn@ &im@;\@rﬁiaggmfwrpmcmi ;feLent
attachnment ppinis;, .one o i rogate the binding/activity of the 15
monomeric |i anhganfj“fmﬁﬁ%?%bﬁ%%“@ﬁ&ég@%%%%I‘BW&F"é‘rheam%t age may
al so be att ai naidnyiitable @bicAGn RS framEAAS Foredntpld) @6thé RENILVT alinbdrer ent '
ligands that bind.to conmon or different targets. For exanple, a 5HT4
receptor ant ago?ﬁ"’%"t"réhﬂ‘yéme‘m P ect i ve nuscarinic MB antagoni st may
be joined to a |inkﬂhckﬁiﬂﬁé%dnﬁ%ﬁﬂéf@ﬁ@ﬂﬁulﬁlﬁﬁd?ﬁg&mﬁﬁbﬁﬂiéjapbi@éléntabrOgate the
birnding affinity-of the mononeric 20 Ii.gands for their respective receptor
sites. The dine Wé&&%‘%ﬁ‘“r‘?ﬁﬂ’%ﬁ@xﬁé ~Xshnuhreeachb 15 indepgndently mot h

receptors du@ tRgdndwhichltlaf bt fHe Q4R dridiMFenPRIIWRAX Ishseptiithy thllpRer, and
';e})ements of the receptor. proximal to the formal ant agoni st bi ndi ng
S

sfte and bet weeR*xamesipisych hiyplgnt spmpeundsasppravided in FIG.o ppherereaciegbadsd proxi mal
to the formal 5éﬂffe@ﬂ%ﬁﬂ@ﬁﬂiﬁindbhﬁmﬂ&t&&ﬁm&r&‘d&alsl)m@rcg@ﬁﬂdgﬁgonpound may
a

be 25 nore potent and selective antagoni st of overactive er and a

superi or- t her apljnear Bhiems j ¢t ¢ sefivgfioe phiepaster waitdeX-Ic¥de in whick Ligeand at t achnent

poi nts have bee,ngaﬁba&?emeeﬁﬂe¢Ménim%achtdaau&x&e&ca9§. 't%faw&aa'f ihknkages
ypes

t hat "are possible at those points. The nost pr_e_f erre pes of chemni cal
li'nkages ar & t her@alse ba e radiabmpliinding perapopnd epmprising thesedighnds aitaghedtpe of t he

30 I'igand (or péea&;ﬂ%z%danhf&{mep@‘se:&&easEﬂ)ﬂé%)eref@ﬂ%&k ﬁag&r (| y formed,
stable. and intrinsically inocuous under t'ypi cal chem cal™ and physi ol ogi cal
condi ti'ons, ande¥@mplenin 2y @ncyploalyl sroupo Slusingtipps st vaba08H tetrapaentc onpat i bl e
with a large nuggiousts ofihfiihvitRlidh Ard AR 18 FITD ivefyWiRES agaflll NES.
car bamat es, wureas, andosul flonan‘i des are1 ut ag@efvgg{ggnﬁﬁﬁe%fagpa@ erred
| i nkages. - the shaded circles represent ligands, Tetravalent compounds can be represented in a

20  linear array, e.g.,

L-X-L-X-L-X-L
i
in a branched amay, e.g.,
25
L-X-L-X-L
' |
L
30

(a hranched construct énalogous to the isomers of butane - n-butyl, iso-butyl, sec-
butyl, and ¢-butyl) or in a tetrahedral amray, e.g.,



Li nnkers: _spannin g relevant nultibinding paraneters throuf§HU8eP4 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
gener ate t hewddmmawy of candidate nultlblndlng conpoundseridig R ection of
i nkers enployed in this library of link takes into consideration the
followng factors: Ve c : 10 In nost T ‘tances the library of linkers is
initiated with.divalent Iinkers. The choice of |igands and proper
juxtaposition of two ligands relative to their binding sites pernmts such
nol ecul es to exhibit target bindingaffinilies and specificiti-es nore than
sufficrent to confer biol ogical advant e/ Furthernore, divalent |inkers

or constructs are also typically of sizé such that they retain the
desirabl e 15 biodistribution propert es 6 smal | nol ecul es. Linker

| ength: Linkers are chosen in a range of Iengths to all ow the spanning of a
range of .inter-ligand di stances t hat enconpass the distance preferable
for a given divalent interaction. In some instances the preferred di stance
can be estinmated rather sely from high-resol ution structura

i nf or mati on of Y"B‘“r‘ﬁgi"’%dl'la’;?ﬁf E‘ﬁi“F‘ii‘eé‘fﬁyﬂWmﬁﬂ& orldbesengenptasant ar gets. In
ot her i nst ancesaltf&drfl of btltmk@Rdlivdive Rk sbbvelifitn i@ (4) lidahdsQitadtd ffihd S Not '
avai | abl'e (such as, 7TM G protein coupled receptors), one can nake use of
si mpl e nodel s tePrelifkermt e the maxi mum di stance bet ween bi nding- sites

ei ther on adjacent risgemcbasiRiatiohs agplgﬁmg@}mmmg@amsamamtﬁéﬁe

-:rgcept or. In 25 situations where t inding-sites are present on the sane-

rget (or tir g’éYe%‘%EﬂWmnﬁ%m‘FﬂﬂP‘isl%ﬂW@%ét‘@yffe ?ﬁrl@foeﬁr,ﬂ@d | i nker
di stances are. ZshdfbdRirciéd depreddRe i%amseﬁ%é@fi fcrlrﬁmdu@[a%hﬁ%mhcgft -12 A In.

situations where two binding sites reside on 2@@ pr ot ei n)
target sites, pterdlipkesihaxey! aerdohobteryiza 'mnwonmmthnﬁhgepreferred

di'stances of S%Mbésumé&tktaeﬂﬁﬁéma@@mgmpfé.aemamm%uﬁ.ggiq ghation of

Ilgand attachnment site, linker length, |inker geonetry; nker

rigidity deter nigfadsmesenoigseemale,eheazenering qoald notdirerilyaenoismodateonerdi dat e 8
June 2004 Vfp Owg&ndf%mnﬁﬁi)%mer?ég Bighdnyl} cdd RomRIRALNAS My be

dlsplayed in three dinensions and thereb
larger number of ligands.

The above described compounds may alternatively be represented as cyclic

chains of the form:

L
)
. o ‘ X X
o and variants thereof.
15 " All of the above variations are intended to be within the scope of the

mventxon defined by the Formula (L),(X),.
With the foregoing in mind, a preferrcd linker may be represented by the
f followmg formula:
X-ZAY*-Z) X
- 20  wherein

mis an integer of from 0 to 20;

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




presented to their binding sites. Linker geonetry and rigi dBtiingPg04

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 gxd, inding array. For exanple, |inker georret ry is varied
by attaching tvvo{lliggands to the ortho, neta, and pars pd’&f"is 4t a -
benzene ring, or in-cis- or trans-arrang@bents at the 1,1- vs. "1,2- vs.

1,3- vs. 1,4- positions around a cycl ohexane core or i'n cis- or trans-
arrangenent s at “@-poi MR-oC@-hF(BRs -Q6EA:,1EE)NBA -NRCHREIC(S), di(8ja-y is vari ed

by <controlling {gfmg rﬁ@é n erent -

conformati onal s_?a es 10 p§Zs(|q CGJM?&kmﬁ%F{e%ﬁ%sgﬂﬁ%#b%%npl e, a divalent
gonpou_nd' ]E)e?ri ng tV\DZE;L@dh@Baratpmcnmcmssglﬁtﬁedfwrythebgmnheﬁnshﬁ@dﬂané m)ralh ]
degrees of free 0 an.a. conmpound in ich.
the two.li gandsqg(?le ttéﬁﬁ ggﬁlg{ é%fa%?[%neogtf tﬁgcg'f"a"%leﬂ‘? gﬁf&‘ﬁ’ﬁ“e’l i nker .

Li nker I _lphygl ;éal smbpwﬂtalkwleni,&ﬂ@hﬂerph&tbstwfd ?k;;mpkené lcﬁgoaf)ﬁen%lmﬁker st ?r e -f
nom nal |y deter emc nstitutjon a ondi ngq patterns o
the |inker, andg'}“{;ﬁ%ec?%%% SIoC f“e propar e%%mylﬂ?piéé?o“tyﬁ@“eoﬁ?'é"’r‘éﬁ’g Whysi cal
properties of thendandidate rrultl bi nd| ng conpounds in which they are

i ncl uded. A range of_| |t|ons .S sel ected to. provide
a range of physi cal prl!(');igrgf(r?ttlc §¢ ﬁ%‘ﬁﬁ&%elﬁfeﬁ%gd%‘?gﬁg AYR OnsisHng 9§

arrlptn Ehl ljl city -@olG0)zQC(ON, -GLO)M] NR-, -s(tqnbaqowk'ly).zqkwc(d}e cand: dat e

mul ti bi ndi-ng, c i.nker sica
g.pr)opertles gs n&%%ﬁ{' ][Qﬁed@)%@b &%m eN%h%ll\B?a} 'ﬁ%& NR-es of the
Favor abl o PR/ ADIE. prADELL ooy oLBT GHED 6. d kel can be 2orebted 1o
avor abl e pgLLi a S S

avoi d those thaf Qﬁ)ﬂg g ?@M‘E‘ﬁ ’Iﬁ g&)t '(§$1y‘ﬂ'td@|§ﬂ‘@é“r"éb‘%q§ wheronis readi |y
L mker chorm Cal - unet] angL aroups st eal per o me et B B b Phe

i nker cheni cal func e se ed to be conpati Wi e .
cheni'stry choseﬁonfq'ﬁ ‘ll'!"f’ %E’Zvrsgbsf'fﬁm’td Yf Ferignlart aphstintsd cyplealilt he range
of physi calls pr algesy, |sﬂi&ue:ta‘dfalkem}¢ myclémceﬁﬁaﬁbttﬂ&t&d %Ioﬁl’k@d}l R hAn of this

par aret er.. . 30. obi n nt he June 4 WO 01/ 42193.
PC(/ 1JS00133037%105 -E“‘}'éd%ﬂyh @@ﬁ”ga“élé‘tﬁe@f‘y‘ilfcl i gands (n being determ ned

by the sumof the  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, cycloalkcnyl substituted cycloa]kenyl atkynyl,
20 substituted alkynyl, aryl, heteroaryl and heterocyclic group.

In view of the above description of the linker, it is understood that the term

L

“linker” when used in combination with the term “multibinding compound”
includes both a covalently contiguous single linker (e.g., L-X-L) and multiple
cavalently non-contiguous linkers (L-X-L-X-L) within the multibinding compound
25
binatogial Lib
The methods described above lend themselves to combinatorial approaches
for 1dentlfymg multimeric compounds which possess multibinding properties.
Specifically, factors such as the proper Juxtaposmon 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



nunber of different attachment points for each |igand choseRHUB%d0% | i nkers
by the process outlined above, a library of (ni)m candi date dival ent

mul ti bi nding conpounds is prepared which spans the rel evant multibinding
desi gn par angigyihabPr 5 a particular target. For exanple cPbs@hiaY
generated fromtwo |igands, one which has two attachrren? pornts (A, A2)
and one which has three attachnent point8-(B 1, B2, B3) joined in all

possi bl e conbi nati ons Pr ovide for at |east 15 possible -conbinations of

mul ti bi ndi ng cofsehaltivalgney Ong apgraalyis & ideptifyng lilmary of camdidate. > A2-B1 A2- B2
A2- B3 Bl-Bl BlyBiinRds i ; %nﬂ’i\")@iﬂ : teRQiER1 Nati ons
IS joined by 10“§iﬁ#b§§1rng§?'ﬁﬁuﬁgkse\rﬁ§,ﬁgbeﬁ%sbrary- o?ﬁ%ggl@gn# I dat e nul ti bi ndi ng
conpounds r esul 85 relevsntdpsangrticnlar @igab i Hhese orpaptess dncinde: @) the fdsntity bf ary, common
chem stri e ar CligRRE] )l iehSEA of Rpdndd ) WS aleRGiriutieohitiEL L9l ©5 On_the

| igands wi th conplenentary reactive functionalities on t ers. The
| i.brary theref olcggthdablinkes geametry, (5) dinker physisel propartigs, land (73 jinken chemicalret hods.
The conbi nat ori ginehidnf @éups.can enpl oy solid phase . chemistries well known
in the art wherein the |igand and/or linker is attached to a 20 solid
support. Alternati vdilrangsdf prultimerie pimpounds potcatinlly pessessing multitgling i s pr epar ed
in the solutiop, . : | ﬁgmgﬂ Sl 1 Pl nding - conmpounds
are optionall yprggérllﬁ%i%é%’ eﬁg@{gé@gﬁ%ﬁ? or- aﬂ%ﬁg?%*%@d@lgpag&inpl e,

chr omat ogr aphi cof sueh vaoidbles aze preparad@n@hese librasicsme themévahuatedywidoy bi.ochemi cal .
anal yti cal, ypha [ . | 25 net hod..... ..Vari ous net
hods are us'ég t (E)&E?ﬁﬁ;ilp g%?%%%?@%ﬁ%“%%@?!‘#%g %%}ﬁcée dzsiaél V] irfcl)l tél%m%?g t he

cédndi dat e nul t i parardétergdesredhlunsiderations telegarit idoacls of these detablesrara get didrihc h.
conpounds possggs, nul tibinding properties. Physical constants such as

solubility under various solvent conditions and | ogD /clogD val ues can be
det erm ned. A cBeftrtinmbf ligandif): 30 NMR -spectroscopy and conput ati onal net hods

is used to determ nel. r ions of -t he candi dat e
mul ti'bi ndi ng cbrrpoun‘%éﬁgy%ﬁﬁé%”ﬁé@%%&s%%egsﬁ%ﬁ for ingpropprlo i?o%‘f‘ s of the
l'ibrary to B ndlibrexidsioé cerelidatesnahllindigt compounds Which tibiagyeit Girdcied@galasne 2004 WO
01/ 42193 © PCT/ USQQ) 33057. . --77 determ ned_by var.i ous st-gndard met hods,
whi ch include r ﬁa(ﬂl%%\r 8‘6?%0(?08% t@rﬁfté’ﬁgf?ﬁﬁlte'g"gg%@erg"b’fec?%?fe BPU4nd i on channel
targets, and ki rgtirenenniot the ligantls chioseh Ysthat te trerBfiple 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 based 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 efficacy in human patients, appropriate
PK/ADME profiles, synthetic accessibility, and &és'uabie physical properties such

25  as solubility, log P, etc. Hmirevcr, it is crucial to note that ligahds which display an
unfavorable propertj from among the previous list may obtain a more favorable
i)roperty through the prpcess of multibinding compound formation; i.e., ligands
should not necessarily be excluded on such a basis. For example, a ligand that is
not ,suﬁiciéntly potent at a particular target 50 as to be efficacious in a human

30  patient may become highly potent and efficacious when preéented in multibinding
form. A ligénd that is potent and efficacious but not of utility because of a non-

mechanism-related toxic side effect may have increased therapeutic index



enzyne targets. In vitro efficacy, such as for receptor ag8n'8e20¢hd
-antagoni sts, ion channel blockers, and antimcrobial activity, can also be
determ ned. 5 Pharmacol ogi cal data, including oral absorption, everted gut
penetration, vaj ks Phar macoki netic paraneters and effica ata can be
determ ned in app[rilcs)‘i’f)ri ate nodels. In this way, key stru@%yg@ﬁ%'{s?vity
rel ati onships are obtained for nultibi ndiZg desi gn paranmeters which are
then used to direct future work. The nmenbers of the library which exhibit
mul ti bi ndi ng pr Gpeeasedepptenggrelativede taxivity) 43 amuiltihindingrompoyrda iompowrds er i ned by
conventional methedsividshési vivh 8Ll egﬁﬂg ' ALA Idbi ndi ng
properties are ?dgeﬂ%fisef'{s; convé‘ﬁt Ke g{‘%&n%{uﬁgc}]?i‘gggg%agﬂgﬁbyggfgabove
i ncl udi ng convenemroyads. Xbysppkprensdien of ligandsttihad limit dheirnsefuiness Ye.g. Pocrond,
ascertaining th LA f : < Wh hi bi 5 mul ti bi ndi ng
properties can 'lgﬂa@%‘g%ldﬁ%ﬁé#%@ﬂg?%g ogﬁt"\;@ﬁ&@r"ﬁfé"é Z'rntg %e For exanpl e,
each menber ®f tatiendlly rcslnkited tyrivdtitdmding fotnesdproviding ggrepbunis wittaphysiogr i at e
i nformation al | gw ' ' structure of rel evant nenbers at
a later tine. @gg%}g?s%(ra%{%%ﬂn%ﬁﬁe%hgg%s&éﬁtﬁl “al., International Patent
Appl i cat i-on - PubDriemstionn selédtion flig@RiAEchmbnt fBintyund linkied clemistlpr oc. Nat| . Acad.
Sci., USA, 89:5181 ( - . 20 | L op, et .al .. ‘Pat NO. .5, 846, 839;
each of which are i n%e(%?%l)c}jrogggeaae%g‘lfeglg% gi“g?“ f&%?ﬁ%ﬂ%%ﬁ%ﬂgf?‘g’fy. -
Al ternativel y, litker.sTheseleetedpoaits onghetipand/linket for stekRnént ae Gitomdisedaan al so be
det er m ned om.sol.ubl e and unta | i baries of,.candi dat e | tival ent
£onpounds bé/é mf%%%&%ﬁnﬁ? ngegg?mgﬁaiﬁmgg&t %BC%E‘PE'Bé ®hy
‘Hi'ndsgaul , et effects ofpresutisy thPligandit to Majp rdcegbi(s) ih MGItipl raldtfre 3dbntidngh was
publ i shed 25 on_ July 1 glg uch nmet hods:_couple frontal affinity
chromat ogr aphy W'ﬁ?xﬁﬁég‘“f@ E‘F?&’%&Wﬂfﬁ“d QP&’F@'“B‘BF‘H??‘WEWUMUW and
rel ative bi ndi ngtaahrhiénn pbinte s theft ataehifgliodtlesst oY dfitrbdEbing d6es ARQIBIGZSE O
receptors. ‘The process,sgt forth aboye fo di meri.¢ candi date nul ti bi ndi ng
conpounds 'can,gcts‘f"(i)é?ﬂfi‘%gg,“%eguggl’%%é a?aé{'lf‘?‘}tﬁrﬁj’r%edg?f’&ﬁﬁfw @Bhpounds and
hi gher anal #fs fifforinasdrifen availeblé. Fur exaipRS inspechivithbfakalcSiabstabuad@at i onal -
arra 8 June 2004 WO Q l¢21 3 PCTI US 33057, -78- Based on_the information
obt ai ned t hr ougPrOKAKIgRIpior Reund folts;tarect pligws,ang fo jeptifyzope or more sites where

B - . linker attachment will not preclude the enzyme:inhibitor interaction. Alternatively,

B

-‘evaluation of ligand/target binding by nuclear magnetic resonance will permit the
identification of sites non-essential for ligand/target binding. See; for eﬁample,-
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 multiple‘points-otf attachment to allow j)resentation 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



optional conponent of the process is to ascertain one or noPeupg 8di%i ng
mul tibi nding "l ead" conpounds as defined by particular relative |igand
orientations, linker lengths, linker geonetries, etc. Additional libraries

can then be gap@r@ised .5 around these |eads to provide fgerhsdolRRs
I nformation regarding structure to activity -relationships. These arrays
typically bear nore focused variations f-tinker structure in an effort to

further optimze target affinit /or activity at. the target,

(ant agoni sm pag?'f“glt‘g'é‘g%‘ﬁ?t§‘f‘ﬁel’t°‘>elﬁ‘€?“ “QH?T%’GF“"Q’I ' ta‘ﬁh&“%‘}dc'ﬁ'la &ties. By
iterative redegiaGedoadedpy of e stiid lgakd WithOier WhitHAlokk B sedondigdnl & Ndi ng
design along with. 10 cl assical nedici qal chem stry, ‘biochem stry, and
phar macol ogy appyssat WiR the same receptop mplecyleatsites proximal toithe aatpgonist bigdieg a)

nul ti bi ndi ng CoBROWARE ikinad eladtdUf thelRiceproth@ake nod tRGGmiapWar ds their
targets and as therapeutic agents. To further elaborate upeon this
procedure; svi t ZMpaontt Riuding e prdigrglements of theymatrixsyerapading the zeeapipn tchyn| v,

those derived f pole meinGand) Qerd, the st forabill stieh&QeN P dtdrslgion of he di @l dehydes,
di ket ones, di hal.ides, d_ iisocyanates,diamnes, diols, mxtures of

carboxyl i ¢ aci d&cord epphipplrend witisthe receptonmmyriamay heaekipned by pachige to
i socyanat es, anieskera(¥poditiOh Shick Hor&AfS aGREF of thb Bend kAR HWLhA aci d,

sul fonyl hal i de, af dehyde, ketone, halide, 1socyanhate, am ne and di ol
functional. groupntegenisdrdingsitai Another payisl considar thisis trtthe SABAIndhjdusin t he
ligand to fQqpm Redr@YRIHaRhelchiti@8fa malbilldit? FRIGIRD bAkaiffle ponality is
Wl | known in, the art asci | Tustr at ed In ?hecfol Fggménr?g ta@?‘g&l e LEMENTARY
BfNDI NG CHEM STRARSf thosesemeligasds inanogromgic fom®. hydr oxyl ami ne hydr oxyani ne

carboxyl ‘acid hydr opylp,3 i) ERAAE focliehi R BiveRi¥ il EOBFRERC! | Ve G oup
| socyanate epoxide sulTonyl halide am ne
. compounds bearing two copies of the same ligand joined to a single linker through
different attachment points, one of which may abrogate the binding/activity of the
15 monomeric ligand. It should also be understood that bivalent advantage may also
be attained with heterodimeric constructs bearing two different ligands that bind to
common or different targets. For example, a SHT, receptor éntagonist 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 formal SHT, antagonist binding site. Thus, the dimeric compound may be
25 more poteﬁt and selective antagonist of overactive bladder and a superior theraﬁy
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 1igand {or protected forms of the ligand) readily and generally formed, stable and
intrinsically irocuous uhder typical chemical and physiological conditions, and -



al kyl /aryl halide anmine/NaCNBH3  ami ne/ NaCNBH3 i so_cyanat%_‘]‘:‘”ef_?%ge
urethane )-hydroxyam ne sul fonam de amde ether amine amne urea 8
June 2004 WO 01/42193 PCT/ USOQ 33057 -79 . The follow ng ta]E)I eOI

il lustrates, of. exanples, starting materials (id led as X 1

t hr ough X—418 tw can be used to prepare linkers incor%g# PRFS the :
mul ti bi ndi ng conpounds of this invention?utilizing the chenistry described

above. For exanple, 1,10-decanedicar bo%ﬁl c acid, X1, can be reacted with 2
5 equival ents oﬁor@anblgma@sqqpmbgr@ﬁv 1ﬁbn1@r50@pn¢mbqnﬁaeﬂleemn®, of a

g?uﬂjlrﬂgl ar ??)ge%\?%#el n thegg{j:ls‘ggn sﬁéz;sr Ekvch‘ @Eslﬁééf%fgca %%p(rjr};ound
| i nki ng ‘group. D). $pay : ale¥e3 OH 0 0 -
X-7. HO linker length, linke eome_ igidity, physical properties, and chemical functional '
: 5 groups
In the library of linkers employed to generate the library of candidate

multibinding compounds, the selection of linkers employed in this library of linkers
takes into consideration the following factors:

Valency:

.10 In host instances the library of linkers is initiated with divalent linkers. The

‘ choice of ligands and proper juxtaposition of two ligands relative to their binding

sites permits such molecules to exhibit target binding affinities and specificities
more than sufficient to confer biological advantage. Furthermore, divalent linkers
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 tarpets, typically enzymes
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
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“multibinding compounds may be displayed in three dimensions and thereby

presented to their binding sites. Linker geometry and rigidity are nominally -
determined by chemical composition and bonding pattern, which may be controlled
and are systematically varied as another spanning function in a multibinding array
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
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 rti
The physical properties of linkers are nominally determined by the chemical

“constitution and bonding patterns of the linker, and linker physical properties

impact the overall physical properties of the candidate multibinding compounds in

‘which they are included. A range of linker compositions is typically selected to

provide a range of physical properties (hydrophobicity, hydrophilicity,

- amphiphilicity, polarization, acidity, and basicity) in the candidate multibinding

compounds. The particular choice of linker physical properties is made within the

‘context of the physical properties of the ligands they join and preferably the goal is

- to generate molecules with favo:able PK/ADME properties. For example, linkers

can be selected to avoid those that are too hydmphlhc or too hydrophobic to be
readily absorbed and/or d13tnbuted 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.

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

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

‘HO CH3 X-10 : X-- 83U 2904 jne
0 HO X=14 OH CH 0 0 H3C.

CH3
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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.

5  Pharmacological data, including oral absorption, everted gut penetration, other
pharmacokinetic parameters and efficacy data can be determined in appropriate
models. In this way, key structure-activity relationships are obtained for

.multibinding design parameters which are then used to direct future work.
The members of the library which exhibit multibinding properties, as |
o fO ‘defined herein, can be readily determined by conventional methods. First those
e _' members which exhibit multibinding properties are identified by conventional
methods as described above including conventional assays (both in vitro and in
vivo).
Second, ascertaining the structure of thbse compounds which exhibit
iS 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);
20  Gallop, et al., U.S. Patent No. 5,846,839; each of which are incorporated herein by
reference in its entirety. Alternatively, the structure of relevant multivalent
- compounds can also be determined from soluble and untagged libaries of candidate

py el

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
25 onlJuly 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

30 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 pronhising
multibinding "lead" compounds as defined by particular relative liémd orientations,
‘linker lengths, linker geometries, etc. Additional libraries can then be generated

"5 around these leads to provide for further information regarding structure to activity
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

. 10 | 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,

15 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, isocyaﬁate, amine and diol functional group is reacted with a complementary
functionality on the ligand to form a covalent linkage. Such complementary

20 functionality is well known in the art as illustrated in the following table:

COMPLEMENTARY BINDING CHEMISTRIES

9 -
FirstReactive Group ~ Second Reactive Group Linkage

25 - hydroxyl isocyanate urcthane
amine ~ epoxide B-hydroxyamine
hydroxyamine sulfony! halide suifonamide
carboxyl acid amine : amide
hydroxyl alkyl/aryl halide ether

30 aldehyde amine/NaCNBH, amine
ketone amine/NaCNBH, amine
amine isocyanate . urea
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The following table illustrates, by way of examples, starting materials
(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.
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X-409 OH OH X--412. X-413 "OH HS~SH . . Chiral OH X-416 8J%0980%04 WO
01/ 42193PCTI USOQ 33057 -106-- Representative Uganda for use in this

i nvention include, by way of exanple, L-I and L-2 as identified above
wherein L- i rewefeeted froma conpound of Sfornula (a) aeduksndads®

sel ected from a conmpound of fornul a (bﬁM“Cbnblnatlons of ligand s (L) and’
linkers (X) per this invention include, by way exanple only, honp- and

het ero-di ners wherein a first ligand is selectgﬂjfron1L 1 and the second

| i gand .and |inker is selected fromthe .follow
L-21X-1-L-21X- 2-L- 2/ X- 3- L-21X-4-L-2f X-5-L-

L-2/ X- 7- L- 21X: : [XOH- L 2/ X-1 | o
10L- 2/ X- 13-HO 2T X~4. Y- 2TX- 15- L- 2/ X-HfC & @ MMOH
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L- 21X- 55- L- HK*56° L 1x- H| - 21X158- | - 21x-59-1 21X- 60-

L- 2/ X- 61-.L- 2/ X- 62- L-.21X- 63- L- 2/ X- 64~ L- 21X- §5-5 2/ X- 66-,

L- 21%- 67- L, 21%- 6K+IZOK- 69- L- 2/ X70- L 2/ X- A-PH x- 72-

20L-2/.3-73- L~ 2/ X- 74- L~ 2/ X- 75- L- 2] X-76- L- 2/ X- 77- L- 2/ X~ 78-

L- 2/ X- 79- L- 2/ X- 80- .- 21X- § 21X—82 2/ X-83- L- 84- L-2/ X-85-L-2/
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L- 2/ X- 139- Lz 2/ % 140- L- é/ X-141-1- HSWSHX- 144-\/\‘< 145-
L, 2/ X- 146- L= 4Bt |- 2/ X- Y49-T- 2I'X- 150-

L- 2/ X-151- L- 2/ X- 152 L-2 -153 L- 2/ X- 15444 - 24 X- 155- L- 2/ %- 1565

L- 2/ X- 157-L- 2/ X- 158~ L)Elé 9- L- 21X- 1602 1= 21X- 161- L- 21X- 162 394

35L- 2/ X-163-L-21X- 164 - 165- L- 2/ X- 166- L- 21X-167-L- 2 1 é’

L- 2/ X- 169- L- 2/ X- 170- L 21X- 171~ L- SUX-QffpSHL- 2/ X- 173-'L- 2/
174- L- 2/ X-175- L- x- L-21X— 174- L-piX|178- 8 June 2004
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10L- 2f X- 233- L- 2/ X- 234 235~-L-2/ x- 236XL3PK437- L- 2f x-x38400

L- 2/ X- 239- L= 21X- 246H3 2/ X- 241- L- 2/ X- 242- L 2f X- 243- L-2f X- 244--,

L, 2/ X- 245- L, 2/ X- 248- L- TH% 247- L- 2484 - 2f X- 249- | X- 25

L- 2/ X-251- L-2f X- 2 -2/ - 253- L’%?L\XSA%_Z\%‘;(JZSS Léqx*za%
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L- 21X- 281- L- 2/ X- 2a2- L- 2f X- 283- L- 21X- 284- L- 2/ X- 285- L- 2f X- . 28@une 2004

L-2/ X-287-L-2f X-288-L, 2/ X-289- L-2f X-290-1,2/ X-29 |- L-2/X-292- 20'L, 2fx-293
-L-2/ X-294- L, 2f X- 295- L- 2/ X- 296- L- 2/ X-297- ' L- 2f X- 298-

L- 2f X- 299- L- éf‘ﬁ"@%% L- 2r X- 301- L- 2/ X- 302- L- 21X- 303- L- VX- 304-

L- 2/ X- 305- L- L, 2/ X-307- L- 2/ X- 308- L- 2/ X-309- L-2/ XFETAF0/P05F) X- 31

| - L--2( X-312- L- 2f X- 313- L- 2/ X- 314- L- 2/ X- 34806-L- 2/ X- 316- ' L- 2f X- 317-L-2( X-3

t 8- L- 2f X- 319- L-2/ X- 32(~- L- 2/ X-321- L- 2f X- 322-

25L- 2/ X-323-L, 2/ X- 32Ren_esg¢tauvsingm1_ds for Wseda Mlp@ﬁm’oxﬁﬁéiudeLbM &:éaample

L- 2/ X- 329- L- 2f X3 L-2/ X-3
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1, ~2/ X- 347- L, 2f X- 348 1-. L-2f X- 35

JOL- 2f X- 3S3- L- 2/ X- 35 !”Pﬁé‘m&ﬁ%‘g@‘gk“%ﬁé “%gg"‘ifmié‘i‘”‘ég‘? “K""&?‘S(‘“é’%ée’ by

L, 2f X- 359- L, 3/ . wapeQuniplxmly, Bono-lan@heteradRndrs RiexeiBHRrst ligaad ¥-s@i6ded from
e B S o

L-2/ X- 377- L- 21X- 378- L- 2f X- 379- L- 2f X- 380- L- 21X- 381- L- 2/ X- 382-

L- 2/ X- 383- L- 2t X1.38e-L- 2f X385 L, 2QGn886- L- 3(%-887- Lr24% 388-5xs4.
RETRR IR ' Sl o e o T U A L L T R

L- 21XA0 - L- 38 x- &6‘2‘ 2/xLz?GS3‘4&M ABRIE152] X- ACPBK-16t - 2t X-ZBBT- 8 LImes-2004 WO

01/42193 PCL'I Um8305bzr)c-20- 108 L-2Af X- 4QAx-12- 21 X-1488:23.L- 3/[2%¢409-
L--2/ X-40- L-2/ Xofdds: L- 2UodcAl2- kil 413125(23/ X- 4145, #921%}?0.
e

L-21X-416- L-2/ 7 / 18- o on. Ut|||ty, stin
Admi ni stration ?‘(%]K |||t§/‘7‘%ﬁ |?2§i%dl ng "E6found L BK-34hi 4- %ntlon are

(i2 adrenergic ¥ BEHt or LAGoHi st s LaX-Part | a2atfoni stisyxAscondimel-y, the
mul.ti bi ndi ng5 cobpotmnds amd/x-gharmueeddst cal 1eAROS| tim_mf tLI:ﬁ',,s_ﬂj nvention
are useful in thgxpeat mppk fnd 1Qrﬁrﬁvent| %{ f d| ed by (32
adrenergic receB%%r suchbgj?ﬁsgst hma ronic st r uc i ve puI ry di sease,
bronchi tis, and Tike y ar &% % usé‘fzm fn tHe#X-59-  L-2/X-60-
L-2/X-61- L-2/X-62- L-2/X-63- L-2/X-64- L-2/X-65-  L-2/X-66- ,
- L-2X-67- L-2/X-68- L-2/X-69- L-2/X-70- L-2X-71-  L-2/X-T2-
20 - Lox-73- L-2/X-74- L-2/X-75- L-2/X-76- L-27X-77-  L-2/X-78-
L/X-79- L-2/X-80-  L2X-81- L-2/X-82- L-2/X-83-  L-2/X-84-
L-2/X-85- L-2/X-86- L-2/X-87- L-2/X-88- L-2/X-89-  L-2/X-90-
L-2/X-91- L-2/X-92- L-2/X-93- L-2/X-94- L-2/X-95-  L-2/X-96-
L-2/X-97- L-2/X-93- = L-2X-99- L-2/X-100- L-2/X-101-  L-2/X-102-
25 L-2/%-103- L-2/X-104-  L-2/X-105- L-2/X-106- L-2/X-107-  L-2/X-108-
L-2/X-109- L-2/X-110-  L-27X-111- L-2/X-112- L-2/X-113-  L-2/X-114-
L-2/X-115- L-2X-116-  L-2X-117- L-2/X-118- L-2/X-119-  L-2/X-120-
L-2/X-121- L-2/X-122-  L-2/X-123- L-2/X-124- L2X-125-  L2/X-126-
O L2X127- L-X-128 LUX-129- L2/X-130- L-2/X-131-  L-2/X-132-
30 L-2/X-133- L-2/X-134-  L-2/X-135- L2X-136- - L2X-137-  L2AX138-
© o L27X-139- L-2X-140-  L-2/X-141-  L-2/X-142- L2/X-143-  L21X-144-
- L2/X-145- - L2X-146- L2X-147- L-2/X-148- L-2/X-149-  L-2/X-150-
L-27X-151- L-2/X-152-  L-2/X-153-  L-2/X-154- L-2/X-155-  L-2/X-156-
A L-2/X-157- L-2/X-158-  L-2/X-159-  L-2/X-160- " L-2/X-161- L-2/X-162-
35 | L2/X-163- . LAK164  LUX165-  LUKI66-  LUXA6T-  LAX-165-
L-2X-169- . L2K-170-  LUX-170-  L-2X-172- '

L2113 L-2X-174- L-2/X-175- L-2/X-176- L-2X-177- L-2/X-178-




treatment of nervous systeminjury and premature |abor. It Pdudfggo4
contenpl ated that the conpounds of this invention are useful for treating
nmet abol i ¢ di sorders such as obesity, diabetes, and the like. 15 Lein The
(32 adrener giyg g1fgesPt or agonistic activity of the conpounds of Fornmula (1)
to may be denonstrated by a variety of in vitro assays kB6WHS¥63%hose of
ordinary skill in the art, such as the -a8ay described in the biological
Exanpl es | 20;@& 2. It may al so be assayed by the ex viva assays
described. in BarfX1h, 1 L28¢180G  L28Gi8ket o Af-182q NOwEX-183L ol %i®i ng bet a
2- Adr ener gi ¢ Agdaixsiss- Charzgetser | zarrorrof LRharsgacoliogkedl Aciktwiply in
Vitro and in ViyeXx.Bi. Jio2Bhasd Nagak.103.04, (685071 (29%kL): Lipnden, A et
al ., "Sal met erollr,mfl%_not %razm_‘, 8and %g{(@ﬁt am)églén' t he H%%?%St e&’l—iﬁg&%nea- Pig _
Trachea: Differences in Maxlmim REFAxant EfPESand 'PéX-atcy LH2%Rot 25 in -
Functional Afagbrfsiti-. THOMEEM- 48L3A20553 LOAGME) ; drux-BiTal 4200T. et al .,
| nvesti gati ons Latxeofact enscdiet er mizing t heRunat i on.gf,Act i omk.gfi. t he Beta
2- Adrenocept or L AgoRE.St, 1S3l er Qo5 Br . J.n Pharmgcgl . 108, 505-515
(1993); or in yiyg assa %jxsuch as those d‘e]‘szgcrz:?gednﬁ‘ﬁ AP X et al .,
"Sal meterol a ; 'Loné‘- 2Tt ni2BeE 2- MIPFRET gi ARG SELe2X-226-
Char act eri zat i oFr2#f22Phar FAEF2YHi ¢ B2/XM29-i vi LXi20-30 ix-ssrana-zisazsyi vo" Br.
J. Pharmacol0, 104x-23665- 63k-64991) x-Hi-kkadxohk. et [3xa7. " [TARZHES, a
Novel, Long-actjpg.,.and pehegtive 1.3, 2- Adr ept or_ Agoni st : -
Char act eri zati on ofﬁ?t s |§'n Vi é/o B%’gﬁ{:%cidi I g’?&%ﬁmt iFFT Y 2% Pi gs and
Cats in '8 June 5820 04242163 PEMXISEO 38085248109 Lashpiar i $aX-260+ h ot her
Bet a 2- Agoni st SL2XBfbl . LPXasm Bubix2s53-17, L2645s-1052,2/x-$53994 hix-mad
Anderson, G P.y2/xbernot grRlyss.Phaf BRGed. 00y Mkgecul ar, basi s goni sm and
Mechani sm ofs Lo%g,xgﬁg_atig_gfng a Hg_?%lrzx Pot ent _and Sglzgg?ﬁi%veb e'zaﬁé -
2- Adrenocepior Agonist Bronchbdi | KEOT> Li f k2&2fenced 2687 242526860, (1993)
5 phar maceut i cal-¥Edf%tul at#ER30-Wheb2&Hl-oy el2&S7hhar WREeLrBi cdlec2rt-he
conmpounds of thi-gximvent Lom2ad-e Lemall-y agaixarst er @Gntdyel he okofsn of
pharmaceutical coRROSIti pRK.aglhes cefpoupds can be | Ni ed by a

| s B R ARE T (TR TR

variety. of rout 25 cludjng oral, ‘rectal, ansd ineous,
i lt(?'r ai laf?",g'zggﬁd i W AP8E i onl-@&28-, L2X29i-  L-ux292-

i ntravenous, i-n scul
20 Lax293- L-2/X-294- L-2/X-295- L-2/X-296- L-2/X-297- ' L-2/X-298-
' L-2/X-299- L-27X-300- L-2/X-301- L-2/X-302- L-2/X-303- L-2/X-304-
L-2/X-305- L-2/X-306- L-2/X-367- L-2/X-308- L-2/X-309-  L-2/X-310-
L-2/X-311- L-2/X-312- L-2/X-313- L-2/X-314- L-2/X-315-  L-27X-316-

- L2X317- L-2/X-318- L-2/X-319- L-2/X-320- L-27X-321-  L-2/X-322-
25  L-2/X-323- L-2/X-324- L-2/X-325- L-2/X-326- L-2/X-327- L-2/X-328-

L-2/X-329-  L-2X-330-  L-/X-331-  L-2X-332- L-2/X-333-  L-2/X-334-
L-2/X-335-  L-2/X-336-  L-ZX-337-  L-2/X-338- L-2/X-339-  L-2/X-340-
L-2/X-341-  LUX342  LUX-343-  LUX344-  LUX345-  L-2/X-346-
L-2/X-347-  L-2X-348-  L-2X-349-  L-2/X-350- L-2X-351-  L-2/X-352-
30 L2/X353-  L-2/X-354- L-2X-355-  L-2/X-356- L-2/X-357-  L-2/X-358-
L-2/X-359-  L-2/X-360-  L-2/X-36l-  L-X-362-  L-2/X-363- L-3/X-364-
L-2/X-365-  L-2X-366-  L-2/X-367-  L-2X-368- L-2/X-369- L-2/X-370-
L-2/X-371-  L2X-372-  L-2/X-373-  L-2X-374- L-2/X-375-  L-2/X-376-
L-2X-377-  L-2X-378-  L-2X-379-  L-2/X-380- L2X-381-  L-2/X-382-
35 L-2X-383-  L-UX-384-  L-2X-385-  L-UX-386-  L/X-387- L-2/X-388-
L-2/X-389- . L-2/X-390-  L-/X-391-  L-2/X-392-  L-/X-393-  L-2/X-394-
L2X-395-  L-UX39-  LUX-397-  L2UX398-  LUX-399-  L-2/X-400-
L-2/X-401- L-2/X-402- L-2/X-403- L-2/X-404- L-2/X-405-  L-2/X-406-



i ntranasal or oral inhalation). These conpounds are effecti $e/Uag 2004

i njectable, inhaled and oral conpositions. Such conpositions are prepared
in a manner well known in the pharmaceutical art and conprise at |east one
active conpounglgofpizef erred manner for adm nistering cormg}#&% of this
invention is inhalation. This is an 15 effective neans for é‘fsf’ng a

t herapeutic agent directly to the respiral8ry tract for +the treatment of

di seases such as Lfazél-‘;?)gﬂ aﬁf%{_@her simlar or related respiratory tr act

di sorders (see U 8 “Patef 8 5, 607 Y1) . LRATEY nv et XEH- alls¥ el udes
phar maceuti cal cdrffo¥Pti oheXHiich det-dbn, a9X-4lbe act-ixeiidngrexient, one
or nore of the couPpsyypds descri bed herein associated 20 with
pharmaceutically acceptable carriers. -1 n making the conpositions of this
inventjon, the active ingredient is usually mxed with an exci pi ent, ‘
di luted by ans excipient or eng; L B rrier which can be in
the formof a capsule, sachet @%Qﬁgﬁs\‘“&%ﬂg?ﬁ%ﬁﬁ%f)%?tgoﬁlner. When t he. exci pi en
t serves as a diluent, it can be a solildtilitseni -solid, or liquid material,

whi ch acts as a vehi , rier or i for 25 t ctive ingredient.
Thus, the conpositi oﬁg&c%@\%%dl@nwm%g?ﬁ%wvf%FgF@? P§ric recRitider s,

| ozenges, sachet sgontstsoheartial agdnists. rAvcordinglp ghsimalibindi@g vbifipcatds ang 0l ut i ons,
syrups, aerosols idor.in aliquid nmedi ., Lol ntments containing,
for “exanple, uppf%%i%%? yéo\lﬂ@?séﬁns E‘his eoiop agr s atmeptandang har d
gel atin capd0l egprevetippofdideases mediated B (2 adrehdifie edcaptbOsusPds bl Thropfed sterile
packaged powders., 30 |In preparing a fornoulation, It may be necessary to
mll the active 88%%&88%8%1‘8\? brogehitis 5y S likst They-dre pleq uselyl indhepri or to
conbini ng with t kreataedef neriongye@indijisand profaltBredsok Y€is semwaiz,\%%
substantially ingoluble, it qrdingrily is mlled 8 June 2004 (5%42193
PCTI US00/ 33057 WS £qppqugdsof this invenfign %%%glbf“%%@gmﬁhommmhﬁ t he
active conpound bbcsity) dEbasat andlthetikewat er sol ubl e, the particle size is
nor el |y adij listed by mlling to provide a substantially uniform
distribution™n the formul ation, e.g. about- 40 nmesh. Sone exanpl es of

sui tabl e excipients include | actose, dexigigse, sucrose, 5 sorbitol,

manni tol , starches, _@g@] acaci a, cal cium phosphate, al gi nates, tragacanth,
gelatin, calcium.sili & adrpRergIc RerRplr AganisHigactivigy oftheepanpounds of Formula

pol yvi nyl pyrrol i ¢pfGnay be @éhéts@5& b a%ﬁét}bﬁnmro%sa?r oUzBlft%%QQo?Et hyl

cellul ose. The forul ations can additionally .include: rircating agents

such as talc, na@rﬂg’é’iylf lldn g pdistch a5 s 2ppyidoseribed in the binbgicalRyamglent s;
emil sifying and eiaa0aiidiyilod8 ahied bP e S£1VS MAhyd BERBEGATH B, FP 1 et al,

“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
25 in Functional Atagonism. Thorax, 48, 547-553, (1593); and Bials, A. T. et al,, |
Investigations into Factors Determining the Du_ra;tion of Action of the Beta 2-
Adrenoceptor Agonist, Salmeterol. Br. J. Pharmacol., 108, 505-515 (1993); or in
vivo assays such as those described in Ball, D. I. et al., “Salmetero! a Novel, Long-
, acting beta 2-Adrenergic Agonist: Characterization of Pharmacological Activity in
30  Vitro and in Vivo™ Br. J. Pharmacol., 104, 665-671 (1991); Kikkawa, H. et al,
o ~ “TA-2005, a Novel, Long-acting, and Selectivé Beta 2-Adrenaceptor Agonist: :

Characterization of its in vivo Bronchodilating Action in Guinea Pigs and Cats in



10 methyl - and propyl hydr oxy- benzoat es; sweetening agents; andN¢ P8 %bring
agents. The conpositions of the invention can be fornulated so as to
provi de quick, sustained or delayed release of the active ingredient after
adm nistratign to the patient by enploying procedures known in the art.
The conpositMoh& 48 preferably fornulated in a unit dosE§FUPWRMST The term
15 "unit dosage fornms" refers to physicalghy discrete units suitable as
unitary dosages for human subjects and other mammual s, each unit contai ning
a predet er m ned Compaisbi with otherdieta 2+ &gonists®r Biall PhardnCBB1601048-1psnduce t he

: h , ¢ : S . . Le.  cal
exci pi ent - pr of B Azt G B di oo R Srairseioe Mol saoli i oyed at
no nore ?hanblabwgbniﬁﬁamﬂid@ﬂhhniﬂﬁbb?m‘g anmibﬂn&fdlﬂighlﬂ@ﬁhttdn_ﬁfﬁle&ﬁe Betgpf)si tion;
nore preferably_no nore than.abou wei .percent.. w al ance

bei ng phar maceu&rAesePas ?“‘%gf?ﬁ"‘é‘i}f’g‘gt)’ﬁ L%‘é"%&"i’i éegl:ﬁﬁﬂégrrdawg)s effective
over a W de gosage range and is generally admnistered in a
pharmaceutically effective anount. For exanple, when the drug is
admi ni stered via inhal ation, eacH2BRPSEEE2MMIUQES from about 1 pg to about

1000 25 jig, prefer avhin alied & MBmatautiod) te 5AFouRds of O Rediog br abl y about
5 pg - to about 100  pg, .even pore, preferably about 5 pg to about 60 pg , of

the active ingr dtHalbnicmipitered g the forrm of plgapastusicd comenpitios- Thesrat the ampunt of
the' conpound acisahduds cAAIBE RiEkiEREb Y Yok Ales iRvaRg oRY, réeNYSI Ci an, in
the light of the relevant circungtances, including the condition to be
treated, thd0chyewsfiermalysibeuneges, mimieRtuS: intmuseplar; 4ad inhaletien (cgonpound

adnmi ni-stered anghdahstal'oR bl inNAatRRY. IThkdeXom d@ﬂ@gﬁecwmgm%&?mhﬁaponse of
the individual patient, the severity of the patient s Synptons, and the

li ke. Furt her noPed orelitempesifions nitnch potnepitions seameriatsd immipatrer Bellknsem3n04 W

UL/ 47193 P OFl WSpRkihalfca arkinlcofiilcl B1s2b ooy @Al Wildce 1 o
exampl e, a pharmaceutical conposition containing a conpound of this
invention may b&aagfrfupdpisisegngeampeunds Rethisipvspiignosiphalsionedhisés dan an ast hma
attack,” to psevefiictibd MeMs for HEIRRGS: QherRu @&e&%&a{g to gg}g@gm&?ﬂm&h It

occurs. 5 For preparing solid conpositions such a ~The principa
active ingredi &sitreptaensof digeaggsispchees pilmaand other similarox relatidarspiratoryf orm a sol i d

prefornul ation +EQERERALALIUCE PaRhiN 9,687 3F0geNeous m xture of a conpound
of the present T

This invention also includes pharmaceutical compositions which contain, as
the active ingredient, one or more of the compounds described herein associated
20 with pharmaceutically acceptable carviers. 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



i nvention. Wen referring to these pre-formulation conpositPdHae 04
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 | m@oiagisgl | y effective unit dosage forns S““ig‘i‘@ls&o%?ds’?t s, pills
and capsules. This solid pre-fornulation is then subdivide nto unit
dosage forms of the type described abovell@ontaining the active ingredient

of the present |nvention. 't( e tablets,or _pills of the present invention may
be coated or ot FeRIFEL S of EHSt%dngBWVGE%P%§§§Eb%FWaffor di ng

the advantage oivaer @hdRged patéle 6ige is nhiafallP ¥ GARIdby rillRg kdhtbRle £7- P11 can
conpri se an i nner,_ dos ?e .gnd an_outer dosage . conponént, the |atter being
in the form of é‘H’S[@‘i‘Wg gpiforglistcibufion ip ghefarmulatine, egngboutdhipeshent s can be

separated by an ent eSdnf ekafés oftkihle SRIipIGREs hQudARiisk, BkSiBlagbati on in the
stomach and germé, he inner conponent to pass intact into the " 20 duodenum
or to be del ayetPrPifplmpanatpl starches, gup agagiacralcpm phasphiate, elginatpe traggeadtf, or  such
enteric layers gélatmQadldiis Silicatd) RllcrdtdsilinR ca1didie ! o olyneric
acids and m xt géres of lpoI yur:re_ri érg% ds with su’cdﬁ%n%?lggvglfasmﬁéd@ké% ac,

cetyl ‘al cohol, $ifidlewater. sy andpethylicellulospe The fyumulations epg afditigvallch t he novel

conposi-ti ons of jclge: MBSARE addAMSRH 29 Bt gé?l{ggmmt}ﬁ: alaflC Q-%Leu .for

adm nistration orally or b%/% nj ection ci nchude aque%ﬂug{dgglpu [ ?hs, suitably
flavored' syr ups WettiBgjaeaisceniisifying and syprendingrasntsmeservingyagenstbuelnasl .si ons wi t h
edi bl & 0f | 16 UCkhe5I- Gl foiHydrok PlBRat elehing 3458 T Halgring Gt OF 1, or
peanut oil, as well as elixirs and simlar pﬁ%r ceutical veniCl es.

Conposi tions folfhqeemppsitions af e invention f4n| by foromlatidise bsidg@ravidewichns and 30

i Xt ur o5 ¢ her ool annorlay@teloe B E R RLngre AR BT * e | qui o
or solid conpoBifentdyismpleying precedures budwreib ks aphar maceut i cal |y accept abl e
i 0 0 2By Y A S I o, B
respi rat or y13 outusitidesage Goms" refers eyphysically distresanits Guatposs unitam dosagesoref er abl y
gatoe. | Nebul | pitenraRR @20ReStial Sabtic RS bESerined BiosBl 1 21 ng
devi ce .or the 5ofattsunateriaheplaylated deproduge the dedied tiemgetio effedtdn assonhain t ent , or
e Soont o Opid: & Wftabil pEAIMGiclf SBbIAL IR, W conBotld R BommliFH""S" O O
S - 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, cach dosage contains from about 1 pg to about 1300
25 1g, preferably about 2 pg to :about' 500 pg, more prefémbly aBout 5 ug 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



adninistered, preferably orally or nasally, from devices whPeH"®@EP94er 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 conpeovrd@epsof this invention can be adm ni st er edcrmséarddy nati on
any other suitable drug, for exanple, v_v_iltlp__a sui t abl e steroidal ‘
anti-inflamatory drug, e.g., budesonide, flucatisone, becl anethasone, for

the treatment of jdnGsRlefed bRnNy15k ){%ﬁﬁ] gp | pation therapy is
enpl oyed, the phar mgqetj:t P@glycégﬁ%gglg{%gﬁpl con g‘?“ﬁ‘?@g&@W HO8npound(s) of
this invention apfitaitieg scompoindnf théginvention thagrhratimingsterett heforagy be

adm ni stered si - i r_separately. Each . copnponent
used in the 'com%g@%ﬁyﬁk%nasg@%%ﬁp o%’etgprleﬁergﬁsﬁcﬁﬂﬁ%wgli}f’ﬁd&"e f or
its intended purgdenéto wioch ibocgwpl e, the steriodal anti-inflammatory drugs

Ui vo. “The 28 0" 2" aar el e PR et Riok oot Sy B Pl actvec ampounds. of
this invention aingredientji mixediwitina phrraaventios] exeipibitaé i als6liCHlAmEIRIGRXx at i on - of
snoot h nmuscle tig system Preferably, the

. | in the b hi al
dose range for co oﬁ‘%d‘g&g?l%%(%igg‘°ﬁ?‘ﬂ$flé’%fuf8ﬁ‘t\”r§g g?ﬁf*ﬁ@ﬂ'&%‘?ﬂﬁepfﬁﬁ“‘to about

1000 pg ‘per doseipventive Wher refentn yo thise pte-fBrnfiation catBtittioROR HafogGNGR, 25 nore
pref erably about. 5 eq?ttlﬁaéﬂ\té%é}v 100 9 a.nd n1s‘%i || nore prefer a%l y about 5 pg
to about 60 pg. THe pre 86@5‘3&8’ {5 fitgeersed pypnly; througheyt the gemndsiion armat or y
drug is -frolf aboubat & chmpetBidd nag beredilyaitlividdfiss sty altishe $R0adRGL 0 about
1600 pg. Agai N, ot hse ﬁgr ti.cul grglfse u@gdpém' | | depend on the patient (age,
wei ght, etc.), ang . thne: eé‘?’ﬁlfl FOaPHEs afiielid prerformplationdethen e, severe).
Lastly, a phar nmesnbdividedinto3tit desapolinis of the @R idadcibaihbbite ohiRifGhd Yfive
I ngredi ents can -ia.l g‘gﬁge @r el%%(f%g for' adm nistering the drugs
si mul t aneousl y. B8 ot R \7AHIj 0 PCTI U300/ 33057 --113- EXAMPLES
The fol | owi g’ pr epar ahé abBisenllleKaREY@snt Mventin il thLoRtafR otchigse skil | ed
in the art tQ nore cl ea%{l y t{{lpcé;ler st,ang' and to practice the present’
i nvention. They “ERBYIE! WAroviss adaes lup atordias thegyantage efmclongsdactivn. ¢ he
invention, but rHeelanpisth eblegorpill dahdGhiprith b fndl tsdpe REESERIANLYE. t her eof .
component, the latter being in the form of an envelope over the former. The two
components can be separated by an enteric layer which serves to resist
disintegration in the stomach and permit the inner component to pass intact into the
20  duodenum or to be delayed in release. A variety of materials can be used for such
enteric layers or coatings, such materials including a number of polymeric acids and
mixtures of polymeric acids with such materials as shellac, cetyl alcohol, and
cellulose acetate.
o The liquid forms in which the novel compositions of the present invention
25  may be incorporated for administration orally or by injection include aqueous
solutions, suitably flavored syrups, dqueous or oil suspensions, and flavored
‘-emuls_.ions with edible oils such as com oil, cottonseed oil, sesame oil, coconut oil,
ot 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



In the exanpl es bel ow, the following abbreviations have the®4PE&0Phg

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 = Angstrorsuragmscenti meter  DCC di cycl ohexyl carbodi ipgrg8oekaifsr =

N, N- di net hyl f ori nani de DMSO di et hyl sul fﬁ?l de 15 g g HPLC high
performance |iquid chromatography MEM m essenti al medi um ng =

mlllgramMCm q&%
mililiter B : i n@p bPrEﬁfa“ F‘?B&?&r&%a@nﬁ%r by igﬁé’rme’l
tetrahydrofuran rqqplmtwm@rf@flowlwsmtmlgnﬁecl Cémpositionrin pefpdlpt ure R f

retention facti o on nce
el'ect rospray rras spect iy %Lﬂ%ﬁ ari l%%j‘l gcneg l§§°§ﬁ9ﬁ"f‘ﬁ@f’? c Exanpl o
Exanple 1 8 JuneNQWemuﬁmm% mhmed' ﬂwwr&ﬁﬁlﬁbebtﬂ%gﬁyﬂbém&h@ of

trans-1, 03' s(&( ﬁéb(xﬁz:pél ELRX me be 4R XY z{TEiE:ehIXasE ?e%p, ¥)r i)ntenmttent positive
pressure breathing machine. Solution, suspension, or powder compositions may be
administered, preferably orally or nasally, from devices which deliver the
formulation in an appropriate manner (see U. S. Patents Nos. 5,919,827 and
5,972,919). |
10 Furthermore, the pharmaceutical compositions containing one or more
-éompound(s) of this invention can be administered in combination any other
suitable drug, for example, with a suitable steroidal anti-inflammatory drug, e.g.,
‘budesonide, flucatisone, beclamethasone, for the treatment of respuatory disorders.
‘When the combination therapy is employed, the pharmaceutical composmon
15 containing the compound(s) of this invention and the steroidal anti-inflammatory
drug may be administered si.multauéously, sequentially or separately. Each
component used in the combination therapy is employed in an amount sufficient for
its intended purpose. For example, the steriodal anti;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
HE to about 1000 ug 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 anﬁ-iﬁ.ﬂammatory drug is |
from about 50 to 4800 ug and more preferably about 100 pg to about 1600 pug
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.



hydr oxyet hyl ] ami no} cycl ohexane (following figure 5) 1 5 $d'8828%ution 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 stivwedwat 55 C for 24 h, and poured into a slpgif¥eahesh Ce- Wat er
(200 nL), precipitating a pale yellow s__cill'_g. The solid was filtered, :
washed with water (200 nlL), and dried to give a, a-di hydroxy-4-hydroxy-.3-
nmet hoxycar bonyl 10 acet ophenone 12. T t was re-suspended in ethyl
ether (200 nL), filtered and dried to give .41 g, 59% of pure product.
R f= 0.8 (10% M OH Crihefoliowingtprepniofiors 4nd ex@bpleSaCEiveiio,en290tho& Miled . S (ppm
8.73-8.72 (d, 1Hj 8-7.05 (d, 1H), 5.82 (s, 1H),
4.01 (s, 3|(_|)_ -g%ﬂeﬂﬁg ﬁgﬁ]f%é%aglgﬁg%%s%fi G‘Xnd tg Pmctlcegihe(présentl;gwentlon. 2l'h(ey H)

aa- di hydr oxy- 4- hghinidhpt B-aomstideoxdyas timbing fHe-scape of thp heaniog, thdmeRlysbeing - 33

mol'e) in THE (1 . a_sol ution of

trans-1. 4-di zESrni ﬁlé'g%f)é‘%%?;‘g%%g‘?"}%’e%@ .66 mMmvle) in THE (5 nL). The

resul ting suspensi ornigsxatplesbeldwf the folowing hblasidtiond have MREsRwWIRE Under

ni t rogen -at nosph - at.. which f.ormation of an impe was conpl eted judged
by TLC anal ysi s. ﬁﬁﬁm ? ICJBIS ioﬁlﬁwﬂﬁsgqu’ @Ctgm?eé":,"éﬂeﬁ‘?rﬁﬁ“ge&eﬁﬁ‘?%ﬁusatlf #%ce bat h,
an excess anount atbfevi2NbisidetMefitid] inhd3ees garRrally docbted Meanifigl €) Was. added to the
previous solution. The resulting m xture was slowy warned to rt and :
refluxed for 4 'h under N2 stream After cooling the reaction mixture, MOH
(5 nL) was -#Hdded toAgquench excess=andUtgstims2M BH3  Me2S. After stirring
for 30 mn., the finam solution (o cl eudimetp! Ution) was 25 evaporated in
vacuo, yielding a palD®&®rown solid= TheligyelbheilyMabodimgaed W th Et OAc/ hexane
(1/2; 20 nml), and driDMF The crude=pr odpRkinay1Eingsghe/ed in 50% MCN H20
contai ning 0.5% TFA, DM8Dpurified by priaReistaldxidd gh performance 8 June
2004 Vg E Vilsv4.jy 7gPCTI'USOO/ 33054 --Lddar |iquid chromatography (HPLC)
using a |linear gradi &#LY(5%to 50% NbQHigH%Qfonng,yﬁqiqﬁgcﬂjogmogﬁ /'mn;
detection at 254 nM MHEMactions wi#h Uﬁiﬁ&%ﬂsﬁh&@%eﬂﬁﬁﬁ an {/J ed by LG M
to isolate trans- |, fgbi S{N [ 2- (4-Aydr exNipramhydr oxynet hyl

phenyl )- 2- hyz%r oxyet hm}:‘am no} cycl ochexamngni inhibitory concentration

min = minute
mL = milliliter
mm = millimeter
mmol = millimol
N = normal
25 : THF = tetrahydrofuran
uL = microliters
pm = microns
i = reom temperature
R, = retention faction
30 NMR = nuclear magnetic resonance
ESMS- = electrospray mass spectrum
ppm = parts per million
35
Synthetic Examples
Example 1



5 H NVR (CD3OD, 299.96 Mz): S (ppm) 7.35 (d, 2H), 7.18 (df une004%. 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); ESM5 (C24H34N206): calcd. 446.5, obsd. 447.5
[ MEH] +. - Conyowné1$4: Pr oceedi ng as described above but suPgdolasish N
trans-1,4-diamno 10 cycl ohexane with 4, 4' -nethyl enebi s(cycl ohexyi am ne)
gave bis{4,4"-[N-[2-(4- hydroxy-3 hydro}ﬁﬁethylphenyl) 2- hydr oxyet hyl ]

?RLE;L?yELﬁggﬁﬁgeiS@?Bﬂoceed'ng ‘as &%ﬁiﬂ%ﬂﬁé %ﬁiﬂﬁ?%ﬁﬁwgﬁ%@%$9'b?ﬁd >45-0

trans-1, 4-di anm no . 115 cycl ohexleoxgethyilainidh}epctdhetrx anebi s( net hyl am ne)
gave 1,3-bis{N—[2;(4-hydroxy- 3-hydrpﬁé%etﬁ I gfgyl)-z
hydroxyethyl]aninonethyl}cyclohexan %Eg BN206) : cal cd. 474.6,
obsd. 475.3 [ MtH +. Conpound 16: ﬁgoceedlng as descri bed above but
substituting trans- 1, 4- dianino- gy éO%nth 1,8

-di am.no- p- nent hane gave 1, 8- X ' :

hydr oxynet hyl phenyl ) - 2- hydr o 1
cal cd. 502.6, obsd. 503.3 [+
above-but substituting transgds4-diamino 25 cycl ohexage with

1, 4- bi s(3- am nopropyl ) pi perazi ne gave 1,4-bis(3-[[N 2-(4-

hydr ax) 1- 3- hydr oxynet hyl phenyl ) - 2- hydr oxyet hyl ] am no] propyl ) pi penzi ne.
ESMS (C28H44N40@R k3| cd. 532.6, obsd. 533.3 [ MrH] +, 555.0 [ M+Na] *.

Conmpound 18: sPr Ocee%E‘Qolétﬁnn@?%ée'q}?@aﬂcﬁﬂ%‘ﬁgﬁﬂaklés%pﬁ tstdét b??.&:ﬁﬁé}s'

1,4-diam no 30 cycl ohexane wth | ene une
1, 4- bi s{N-{ 2- ( 4- %@ﬁhﬂw}fo Bide (A4 mg;) added 48% hydrobromlc ac1d The resulting

463.5. 0na. Laém%fgmm%w“’*éﬁ?f?ﬁiﬁ%{m%@ ki .

PCT1US00/ 33057 mL)mreclmopﬁ!e etlowpplist Shd iseliyl wees fillesd, rwasm wiktowstetb ut

substituting th.m Ie ed am ne gave
1, 3- bi s{N—[2 (4 roxy 4Jir3ed "30%-41%3&9%9%{»3-:11‘3 5 2

acetophcnone 12, 'Ihe product was re-suspended in ethyl ether (200 mL), filtered

and dried to give (3.41 g, 59%) of pure product. R;= 0.8 (10% MeOH/CH,CL,).
H'“NMR (4/1 CDC1/CD,0D, 299.96 MHz): & (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 of a,a—dihydroxy-4~hydroxy-3 -methoxycarbonyl-
acetophenone 12 (0.3 g, 1.33 mmole) in THF (10 mL) was added a solutioo of
trans-1,4-diaminocyclohexane (76 mg, 0.66 mmole) in THF (5 mL). The resulting

ESMS ( C28H42N206) :
gilhg as descri bed

suspension was stirred for 3 h at ambient temperature under nitrogen atmosphere, at
which formation of an imine was completed jodged 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 rcsuldng mixture was
. slowly warmed to rt and refluxed for 4 h under N, stream. After cooling the
reaction mixture, MeOH (5 mL) was added to quench excess amount of 2M BH,-
Me,S. After stirring for 30 min., the final solution (or cloudy 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 performancc



met hyl phenyl ) - 2- hydr oxyet hyl ] ani noni et hyl } benzen e. ESMS ( C36HR2REU6)
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-diarnino -
cycl ohexane wirtlh=2+@m nobenzyl am ne gave 1-{N-[2-(4-hydr egyusolsydr oxy-
net hyl pheny 1) 2 hydroxyet hyl ) am nonet hylj}s-2- (N-[ 2- (4- hydroxy-3- 10
hydr oxymet hyl phenyl } - 2- hydr oxyet hyl ] am no ‘benzene. ES C25H3( 1 N2O6) -

cal od. 454. 5. _otidiid cithuaborkddty (HirL CPRTRONReLaZd Bl g0 A5 DM ARG R | D

above but SubStItUtI ng., trans di am no- cycl ohexane w

2- ( 4- ami nopheny! 9%t Himpign?trel/missgtection at2 M. [FrastionsavigadfV sbsofion were
hydr oxynet hyl phegyl}eddny DASxy 8bak R} 18] roxy-3
hydr oxymet hyl phenyily y %dr oxyet hyt ] am no S?Ngy 4 }%dr&%&’[(% xéf’éﬁ%gNZCB)
cal cd. 468.5, olﬁ@ﬂylh%*by ofyRbHjaminGeysiehexee 22:  Proceedi ng as descri bed

above but substituti mrﬂ@

4, 4" - oxydi anﬁl ne ga@g‘ | s(’?f y@%ﬁ%ﬁ%&wﬂ%m 6.30-

ggtz h%I phgnél )5§ @W&We‘! ﬁ%rﬂpé(m,ﬂ@}),p’rﬁﬁr(ylﬁlﬂets (bE§WH),(Xﬂ9ﬂtd32N§®B)3 caf cd.
6, obs edi ng as

descri bed above ut substf utl rqé’“llt;x’i‘a?nw%)1 ia]%pgiig;% E%d g%y%ﬁ%ﬁiﬁ'ane With

2- ?FT lnoﬁenzlyl) a?%mlﬂ {N-]2-(4-hydroxy- 3- hydro>2< 24 : § 2 hvd

met hyl pheny ydr L OXY- ydr oxy

met hyl pheny! ) - 2- hydr o@mg‘f’%”} %cmﬁgbﬁé“b%%[’&%% cal cd.

454.5,  obsdl0 45fyclohdxhietdith 4, m—ﬁﬁﬂﬂlehwid@]cibhexymu&}@mlﬂs{z 45ympl:@5| s of

ﬁy((jrzogqu_etzhgll( fa?n S(&TOQA%V?%%[@%Y% %)ﬁgpﬂgf{‘%ﬁ’) W@é’f%e}‘%‘ﬁ}%%nzene 8

June. 2004 vvv uRSMS (G H, NG/ ddBATI42I0Ehéd.-543.6 (M+£Lfol | owi ng fi gur e 6) To
suspensi on of a oS di. hhdygr oxy4- hydr oxy- 3- met hoxycar bonyl
_ Proceeding as described above but substituting frans-1,4-diamino-
A5  cyclohexane with 1 3-cyclohexanebls(meﬂ1ylanune) 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 (CyH,N,0,): caled. 502.6, obsd. 5033 [M+H]J".
. 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]".



5 acet ophenone 12, prepared in Exanple 1, Step | above, (0.8 Jyne20&s
"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 3yfeply@anbient tenperature under nitrogen at %’?re fol | oned
by addition a, oo- d| hydr oxy-- acet ophenone 24 (0.2g, 1.32 ﬁ’h
reaction mixture was stirred for 3 h at -18-RT, at which formation of the

i m-ne was conpl eted as judged by TLC analysis. The reaction m xture was
cool ed in an icéasponrdtld an excess ampunt of 2M BH3- Me2S in hexane (9 ni;

18 mmol e) was added. P;Uaé‘edfr@%k'hésbﬁ&d%d%ﬂﬁt%uvﬂ&tﬁé% [ifd to rt, and

refluxed for 4 h under N2 stream After coo ;) was added to
quench excess arfytiahexage vEfEm Mty Bnedigming gave ﬂﬁrhlﬁQ’-BQHWdroxy-ihhythyhe 15 fi nal

sol ution (or chHgy Vv, pal e
brown solid. The slﬁggﬁ?@%&@syhe ﬁmﬁxﬁﬂa@@%wxane @i/}lt?ﬁ%%f‘? and
dried. The ¢&r ud@sér@E®dﬁ9\?«/&M+H]+s‘§BIQMNah 50% McCN H20 cont ai ni ng 0..5%
TFA, and purlfl(%dnd;a cp-scal e high performance |iquid chronatography
(HPLC) using a ear gradl ent (5% to 50% MeCN H20 over 50 min, 20 nbLfm n;

detection at 254 20 Hivreedingas disoiied abdvia bif\dubstiaming trizan] dvdiamimnal yzed by

LC-MS to locate

- 3- hy.dr oxynet hyl 'leenilc‘%r;}'lL ‘%ﬁhiémn%e ﬁf%ﬁvﬁd]me[?#'h,@fmfyﬁ? Jglroxy-

phenyl - 2- hydr oxymﬂwph]em—myammywmmz({mqmmbxy-;a| cd.. 422. 5,
obsd. 423.3 1M 7 25 oC ove, but
substituting lﬁ&drdx%me % HF% W%Vﬁmymﬁiﬁ&%ﬁﬁmf%&ﬁﬁenone with
a,a -di hydroxyamehmmbe&mbeigas'emﬂ{l]z [N 8 June 2004 VY'J Ul/42 9:S --11 8
PCT/ CI.SOQ' 33057 (§02- h%[rj%[ - 2- hydr oxyet hyl ] am noet hyl } - 4-[ N- ( 2- phenyl -

hydr oxyet hyl ) aaa HE’F hzene. ESMS (C24H2aN208): calcd. 37&5, obsd.
377.0 [ MtH + Exanpl ePmcdeding @t e&ibsd shove but substltutmg trans-1,4-diamino-

A (“szﬁ‘e‘nwdr% TR WIS AN R SR
hydroxymethylphenyl)-2-hydroxyethyl]amino)ethyl}-2-{ N- -[2-(4-hydroxy-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 - cyciohexane 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



NN HOH1 &ep To a solution of 4-(2-aminoethyl)aniline 28324 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 wovdsynress to afford a pale vyellow oily respdpeseodive; oi |y
material solidified slowy; thus it was_digsolved in 5% MO -1/CH2C 2, and
subsequent|ly applied to flash silica colum chromatography (3 to 10%
McOH CH2C 2). After purification, 4(f(,ﬁln- %ﬁésxngnoet hyl)aniline 28 was 15
obtained as a pale yellow solid (32 95¢, 0.6 in 10% McOH CH2Cl 2.
'H NWR (CD30D, 299.96 MHz): 6 (ppm) 6.96-6.93 (d, 2H), 6.69-6.65 (d, 2H)
3.20- 3.13 (g, 2H), 2.63-2.58 (t, 2H), 1.41 (s, 911). to 2

4- (N-Boc-2-ami noethyl)aniline 28 (1.25 g, 5.29 mmole) was dissolved in 20
met hanol (30 ni), followed by addi Qtbn, of phenyl gl ggxal 24 (0.708 g, 5.28
mol e). The reaction mixture Wassstil Nxb?w{ii}hﬂat rt,. prior to addition
of .NaCNBH3 (0.665 g, 10.6 . The fin mxt\(r\é‘ stirred for 12 h
at it, concentrated, and pd®ified by flash silica co chr omat ogr aphy (2
to 5% MOH CH2ClI 2) to give
N- ( 2- phenyl - 2- hydr oxyet hyl ) - £ N- Boc- 2- ami noet hyl ) 25 aniline as a pal e

yel low oi | (1.71 g, 91% Rf'- 0.18 in 5%|\/bO—VCI—|2C12 "H NWMR (CD30D,
299.96 MHz): "8 (ppm .95 (d,, 211), 6 63 8 June 2004
WD 01/ 42193 PCTI usoo{%éé'*o‘?‘ms“’& @"“é&*é)é“ ’%i“""! xy3-msharyeasbongly

3.3:3.21 (t, 52H)apetaph2no31e15,pemre2tﬂ)ﬁxa&pﬁ4r Btep 1 above, (alzﬂ)géléaﬁ%uﬁém%) St ep

3 A sol ution of hydr oxyet hyl ) - 4- am noét hyl)ani |l i ne
5 (1.7 g, 4.77 &méﬁb%"ﬂg%sﬂ i WT%%/‘P%P@“"(Y)B&)’IHE}W%&O 9@, ég& i ce
bath, .and T FA (ui:ﬁominmmsnm)OMa:eam&@%ubﬁadﬁan@as%&m}%awﬂlﬁaﬂe“ gas_ The

reaction mxture was stirred for 1 h, and concentrated to yield a pale
yel low oil. The tempempture ppdsr pitgpgen atmosphere, followed by addition o,a-dihydroxy-

acetophenone 24 (0.2g, 1.32 mmole). The reaction mixture was stirred for 3 h at

10 RT, at which formation of the imine was completed as judged by TLC analysis.
The reaction mixture was cooled in ari 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-



was purified by reversed phase HPLC (10%to -40% MCN H20 ofeling 8004 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 NWR (CD30D, 299.96 MHz): 8 (ppm 7.42-7.3 (m
5H), 7.29-7.29vfekPH), 7.12-7.0 (d, 2H), 4.85-4.82 (m iet’)mso&sjb?rB 35 (m
2H), 3.18-3.1 (t, 2H), 2.98-2.94 (t, 2Ij)1,18ESIVB (C16H20N201) : cal cd.

256. 4, obsd. 257.1 [MtH]' 278.8 [MrNa] +, '513.4 [2M+tH]}. S. tep 4 15 To a

sol ution of N ( d,la e
trifl uoroacet at 2[2 ?glel?m%g Yﬂﬁﬁﬁmgéiﬂ%-ﬂge (gﬁh%gﬁl%dr%ﬁf%@aﬁf?"]was added 5
M NaOH sol ut i onPepeengESM: é(cz ostalcdr3764, dhod. 3700 @VMH]". t he sol ution was
concentrated to dryness. The residue was dissolved in THE (25 nL), and .

a, a- di hydr oxy-- hydroxy-3- net hoxy- car bonyl acet ophenone 12 (0.514 g, 2.27 -
mol e) was added. 20 The reaction m xtBxsmmme3d stirred for 12 h at rt,

cooled to 0 G an . adde der nj.trogen '
at nosphere. The r;hgﬁ FIQ%)%\]/&%”I 2[&\%’&@ 6 %ﬁgﬁ@%tﬁ@"ggy&? yeglﬁ’b'rred for 2
h at rt, and refluxed fasinoethy!}-FHi¥-(2-pbanyi-Dhydrerysthiljeniié}bereael ed and

rrethanol (10 nmL) was added sl owy. @foger Sﬁll‘l‘ ng for 30 mn., at rt, the

reaction m.xture-was concentrated t ol id residue, which 25 was
di ssol ved in MeOH (20 mlL) contai ni Gy 0% TFA. Evaporation of the organics

yi el ded a pale yellow oil whichx ed by reversed phase HPLC: 10%to
30% MCNI-H20 over 50 m n; 20 m n to g|

1-{2-[N-2- (4- hydr oxy- 3- hydr 'ty
nmet hyl phenyl ) - 2- hydr oxyet hyl i noj et hyI] 4- [rh',(z henyl - 2- hydr oxyet hyl ) -
am no] benzene 30 as the TFA .’ t (0.65 g). 'H NWVRY OD, 299.96 MHz): S 30
(ppm 7.42-7.3 (m 6H), 7.28-7.24 (d, 2H), 7.18-7.14 (dd, 1H), 7.1-7.07 (d,
2H),. 6.80-6.778&bl |H, 4.86-4.82 (m 2H), 4.65 (s, 2H), 3.44-3.34 (m

3503 14 (m oty, 5T 968 o Andginnc s g bayotey o vatbaed > 5

obsd. 423. 1lpm@mmmm%adqmm,q(az43817131111{1&@}:12&&@&@@ A apSynt hesi s

g];n ﬁofatzm[/:\li 24( ﬁ\l%ﬁgﬁ&‘tyl %Q% X yt Poiﬁh%'ghﬁz Ff%‘?b‘lfﬁ%r by °r| (afpélel owi ng

figure 8) OH 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-



H NOHtent 10 A solution of 4(N-Bo c-2-aninoethyl)anilin8$8eg80% 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 yell ow

solid. N-(2- WWJzigg-‘(S) - hydroxyet hyl ) - 4- (N- Boc- 2- ami no%ﬁ%am lin
to 3/ 1

separated by flash silica colum chromatography: 1/2 Et

Et OAc/ hexane to 3% MeOH in 311 15 Et CAc+-b¥an e: Rf 0.39 in 3% .
cOH CH2A 2. S102 A solution of N-( 23phen|-2 (S)- '

hydr oxyet hyl ) - 44&‘]@@&’-),21-%4 TRoldd i) 3.3-321 (ti 219, 3(2355@,11 TH2640156) in CH2d 2
(15 nL) was cool Qh ce bath under streamof nitrogen and TFA-(15 nL
) was slowy ad ‘action mxture was 20 stirred for 2 h at 0C and

t hen concentratm_:h vacua The crude product was dissolved in 20%

McCN H20 d f HPLC 2%

NEQN 0O over | 50- m Aot APRL 2 b REH PIRRS: 2 Mhlrsehnoiife " o
hydr oxyet hyl $- 44{. 2ga*ﬂhomblhyiln)lmﬁwllqnndﬂeudcf(lomt}maseiaalbmrseé tbath3 indEF A0
100% aa. 1 Oy bRl e G b o uch BRI rlcidibizo S T iy
ESMVS (Ci6H26N20sx)as stirgddibrcich, aﬂﬁ&néb,nkated]sdueld%ﬁalelye[lwldll The &8k r2atdriit-Na] ¥, Ste
N (2 phenyl - 2-( 37 RYTRARY BRI B ALY 1pih3q Fi06 et R Eovet S hincad oacet at e
?i (() 0M1'4g g, 0: Zninmin) &) g:vac’)fr-(mpﬁbﬂﬂd—hy{di{ﬁcyéﬂlﬁl)—@@?mﬂﬂdﬁﬁ%rﬁﬁi#ggﬁd r;\}g,S?L gt i on
resi due vv;aszlgl gt%rq\fg]g& Wﬁa#m&@%g%ge%% Sgppg‘-o)ﬂr‘ﬂzﬂd?% H) hydroxy-3 5
met hoxycar bony| aQotxashe 2ener.12120 (d)zﬁﬁl 89-4.90.(3, TEIDS. 65-3\3@%ma;§i§eﬂ1wgw; he
reacti on m Xt ur.e Lrre was
added at WC and G’?ﬁﬁané?ﬂﬂomy{% aﬁi%)s&f’é‘ﬁlzéﬁ“?‘%'s‘b %FN“W After
cooling the reaavwwnmgt g1R4 [INHHLE - bath MeOH (5 nL) was slowy added to

it to quench th r4eact|on and-the reaction mxture was stirred for 30
mn., at rt. Th ani cs were renoved and the

15 To a solution of N-(2-phenyl-2-hydroxyethyl)-4-(2-aminoethyl)aniline
trifluoroacetate salt 29 (1.1 g, 2.3 mmole) in methanol (10 mL) was added S M
NaOH solution (0.93 mL). After stirring for 10 min., the solution was concentrated
to dryness. The residue was dissolved in THF (25 mL), and o,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), 7.1-7.07 (d, 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,



10 resi due was dissolved in TFA/ MeOH {119; 20 mu), and conBeHP®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- ((4wbytleegy - 3- hydr oxy- net hyl phenyl ) - 2- hydr oxye}é%s]o@mogyo] ethyl}
-4-[N- (2= phenyl 2 (S) hydr oxyet hyI) ani i no] benzene 33. 15 "H NMR ( CD30D,
299. 96 MHz) (ppn) 7.42-7.29 (m 8H) ~1#022-7.18 (d, 2H) 7.17-7.14 (dd,

1H, 680677d 35334 (m
oH), 3.28-3.25 %Pﬁ) 32‘%13591‘)‘ (‘E’Azfé %@94{% &gﬁbﬁﬁj“% &5@205 . ESMVS
(C25H34N204) :  cablst.i23.4 PRA+H]", 40asTIM-4RD]%, 38 MHil24a6. 1 [MFNa]} - Proceedi ng
as described in Exanple 4 above but substituti ng (R - 20 styreneoxide with
(S)-styreneoxi de gave i-{2-[ N 2-(4-hydroxy-3

hydr oxyrmet hyl phenyl) - 2- hydr oxyet hyl]am,ﬂﬁ)‘hguhyl) -4-[ N-(2- phenyl -2-(R) -
hydr oxyet hyl ) am no] benzene 34. '

96 MHz)
7.42-7:28 (M 8H)SYnthesinotA- 2N 2'%#3)*%%@@%@@“&}%2&&&9&@&85 (m 2H),
4. 65 211), 3.45- 3a3h ; 19-3. 15
2H) gso4 2. )98 (m 2H); O&Ns}lgﬁéhﬁgrm a‘lgéﬁﬂ‘ﬁz%“zg‘g% sd. 423. gm
[ MtH] 4, 446. 1 [ MeNa] +. Exarrple 5. @H?Wésﬁswes)l 6- bi s{ 4- (N—[2 (4

- hydr oxy- 3- hydr oxyr net hyl phenyl ) %H 30
hydr oxyet hyl ] am nohexyl oxypr opyl] ]

xy}hexane (following figure 9) 8
June- 2004 WD 01/42193 PCTIU 3 - 17 N( CHZF6;0-(CH2)-3 CH H
N(CH2)6-Q-(CH2)3 to 1 Alié‘ on of 3- iy d ox yl)-1-propanol 35
(3.3 g; 21:7 mmole) and i -1 odohexane ( -g 3.88 mMmmole) in

di met hyl sul f oxi de (40 nL) watdegassed and sa uréed with N2 gas and

pot assi um carbonate (4.5 g, 32.56 mmole) was added. 5 The reaction m xture

was stirred at 80 C for 18 h under nltrogen at nosphere and
. e -

10 A solution of 4-(N-Boc-2-aminocthyl)aniline 28 (7.0 g, 29.6 mmole) in
ethanol (100 mL) and (R)-styreﬁeoxi(ie (3.56 g, 29.6 mmole) was refluxed for 24 h.
The organics were femoved 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)
hydroxyethyl)-4-(2-aminoethyDaniline 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 (Cu;HmN2 w- caled. 256 .4,
obsd. 257.1 [M+H]* 280.2 [M+NaJ".

Step 3



then quenched with brine (150 nL). The product was extract 8dU0f #%%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. Wwhempe! i d was purified by flash silica. col D QpBt ogr aphy:
4/1 hexane/EtCAc to 5% 10 MeOH in 1/1 hexane/ EtOAc to g%ﬂﬁ%

"1, 6= bi s[ 4- (3- hydr oxypr opyl ) phenoxyj hexan®1-36 (R f = 0.17 in 111 :
hexane/ Et OAc) i.n 65%.yield. (2. L (CD3 299.96 MHz): S (ppm
7.08-7.05 (d, 4H), 6&%(3‘-38&?& 1@?@%@@?555&%%@@9@%@%@%2 (t,

4H)," 264-2.56 ( tiflubdacetdte 81601148 8, ((Mnmdld) in retttholl(1@ thi§ Was Hhd aqs 2 15 A
solution of 1, 6-bi§£ 4-%3b&ggdrg>é§propyl ) phenoxy) hexane 36 (2.2 g, 5.69
nnmol e )" i n DVF SyEOn{L 623 Fldd Theolytian ag sogpengptediordryness and fhe " cont ai ni ng
NaH . (0.57 g; r&fdiee WaSBShBk® ahhydrd s @ith) o Blpi gl ,ty.0gen
at nosphere and trhe react ioon ﬂlmahx!t&usgélgglaﬁg(shg%?e%l’aa?ﬂ%cgo#{uj%dtrely3Ir h, 6-
br onbhexanen?pt r Peghoggcagwnylpcetophengne 12{PB6%e, 0.3 mmolglivaschddedcind the reaetont i on

m xture was hea cCdf ) . t Iy %t U wa uenched
with brine sol u{"uﬁgth’éz“i%gt‘%@ lazﬁ'g“aiagﬁg%‘“?@@fzg‘gﬁjv“\ﬁ{l‘ﬁ“gﬁ%ﬁé{@é‘ﬁénﬁ). The
or gani ¢ phase wds ropetiorentinmire Washeptedat 761G fod 6\ tlfter duglaithe reactidn enietper at ed i n
vacuo, to give;a. i Pur i f,i I by . flash .sili,ca col unm
chr omat ograghy: uﬁlf:?ﬁ?%t%%%f’[ ex ﬁJ&sls:'to cgdg‘fc‘ftornggau%?}h{hcBﬁm%t[oﬂ’-a("g June 2004
WO 01/ 42193 PCT rddSR@ mi3R@57as-stiee! forWmapeatiry | Thy@poyios welqbmoadwhhaxane 37
roduct ( Ris 0,84 ‘ )10, A -ANVR . (: 1 9.96 MHz): 6
Cppm L e qoar"?ﬁf"gh"%‘,ilssgﬁg@c‘{g?%é%b’%%&m@3‘3-‘%".(:"3’%’5?%";2"3 {“g%.4223.37
m 8H), 2. 64- 2 p@ugitwas disholved inXDYMBND, an8 )i by hréparativa HRA)5.t0 5 SIM 3
gl'he 1!_%-bi s[4-(§0¢/p (rap@:;ﬁoygolylgr Qﬁ)%l%f}‘g)eno%m 1}_ %(71 (0 Zz%jt%, 0.48
mmol e) obt ai ned H?X@E ep 2 above was a 5 %'BCL/' 7 ?’E bydgexyehiwstoxypy (10
n) and AcOH ( methy)phenyd)-2-Inelroxpetingl|aminofeithyl 44 V@ phelipiad- ¢ hidroBRmE)- Af ter 15

h, the reaction Hbléfen\e/\%s diluted with brine (50 nlL), extracted with
Et OA¢ (100 ni), anadried with MySO4. Evaporation of the organic phase

afforded thasl, 6- bi ${-NMECD;@D/RI2PH RHA & @PMPT.EPYRY i eH)oxy) - hexane 38 as
P2 e Lo o Ok i 1 A 5 SES o BB e
6.82-6.79 (d, 4lkh,2ED, 988-329¢n,(2H), 3419)3.143nd} 2HR 398-2(98 (mBPI); ESMS
 (CpHN,0,): caled. 422.5, obsd. 423.1 [M+H]", 446.1 [M+NaJ".
_ Proceeding as described in Example 4 above but substituting (R)-
20 . styreneoxide with (S)-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) '



2.64-2.59 (t, 4H), 2.39-2.32 (m 4H), 1.91-1.40 (m 24H). 189440 14 4
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 boxypent ylywpxyppy! ) phenoxy] hexane (--0.48 mmol e), Obtl%‘l‘f]ﬁ?ty S, Step 3
above, HOBt (0.13 g, 0.96 mmvle), D PEA (0.21 niL, 1.20 nenoleée and PyBOP
(0.502 g, 20 0.96 mmole). After stirrim %or 24 h at rt, the reaction

m xture was diluted with brine 0 nmL) and extracted with Et OAc (50 ni).
The organic | ayer was washed w ¢ 1 M NaCOH 0 HCl, and brine, and
dried over MgSO4. The organig™g SmiGHePe (GHs | vacua to give

1, 6- bi s(4-(5-am dopentyl o pyl ) - phenoxy] hexane as afpale yellow oily
resi due (0.45 g). 25 Step? sol ution of

1, 6=bi s[ 4- (5- am dopent yl oxypyopyl ) - phenoxy] hexane (0.45(g, 0.4 mmol e)
obtained in Step 4 above, in anhydrous THE (10 nL) was ded to a solution

of LiAlH4 (0.16 g, 4.22 mole) ifnhydrous THE (48=qL){ at WC. The
-dCHS)Q-Q}(GHp) (dbgen at nosphere and

reaction mxture was stiffed

then 30 quenched by with 109 (1, nm) at OC. Arter 30 mn., the
reacti-on m xture was filHeretf and the precipitate was washed with 10% MeCOH
in THE (50, nmL). The filtr S were conbi ned and evaporated in vacua to
give a pale yellow oily residue. 8 June 2004 WD 01142193 PCT/ USOQ 33057
-124-= Purification by flash silica colum chronmat ography:- 5%.MOH CH2Cl 2
to 3%i- PrNH2 gp,30% MOH CH2CI 2 gave the

1, 6- bi s[4 (6-am nohexyl oxypropyl )- - phenoxy] hexane. 'H NVR (CDC13, 299. 96

MHz): S (ppnm) 7. 40- 7A3¢utjonof droxypheryl)71-fiepdrd} 35X3 B)g, 2177 fitnole) @Rl (d, 4H) ,

0155098 (0, 28y il 83 (s by Abhgkinadiho S lgeld) 100,

2.62-2.56 (t, 4&!1()satu1at®¢mﬂll?fga€mdm&b@tumwmte(ﬁag(M%J:ﬂlﬁd}):)wakaadbdl 23 (m
1 OH). &ep § iffire ° L

1, 6- bi s[ 4- ( 6- am@noﬁ%yﬁ%’xyg (‘)”ﬁ/z;::igsr?%if T8 inder nifrogen tmosphgregnd 5 1) o)
obtai ned i n St epes qudsoked withrbrife )prmmdxmerlahﬁcﬁtmd@oo H2 (1
atm)  at nosphere ) 24

catal yst was f ere%g'{loﬁggé?%u%‘?g ﬁ%%g‘{a‘ceh(e%%h?gn%%ap %nggn?e a‘é{?"rftﬁ;d crude

product as a paith MgSO,. The organics were removed in vacuo to give a pale brown solid. The

A

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 mixture was quenched with brine solution (100’ mL) and was extracted
with EtOAc (250 mL). The organic phase was washed with brine, dried with
MgSO,, and evaporated in vacuo, to give a pale yellow oil. Purification by flash
silica column chromatography: 4/1 to 1/1 hexane/EtOAc afforded 1,6-bis[4-(5-



yellow oi | . Purification by reversed phase 11PLC. 10 to 5098MEERPRPD over
40 ruin; 20 nmL/mn; 254 nmprovides 1,6-bis
(4- (N-[2-(4-hydroxy- 3- hydroxynet hyl 15

phenyl) - 2- hydr o yl.] am nohexyl oxypr opyl ] - phenoxy} hexa yéé)
(CD, 0D, 299. gJéPWI)S? b (ppm) 7.35 (d, 2H), 7.18-7.15 (dd% "“’351 J(;Is 7.05
(d, 4H), 6.82-6.77-(m 611), 4.65 (s, 4IB3)», 3.96-3.92 (t, 411), 3.45-3.34

(m 8H), 3.12- .3.01 (m 611), 2.94-2.89 (t, 211), 2.62-2.57 (t, 411),
1.86-1.43 (in, mnenemmmﬂnhgnom@yﬁ?mﬂw(&gﬂﬁmlllobsd 917.5 [ MI*,

940. 8' [ M+Na] {. 1 t f ) )
1o TR 2y SRR BN CBTA 206 Mits): & (gpm) 7.00-706 (0, 41), 6.2
et'hyl ] am noet hy6}794d, BN, @%ﬁkﬂ@r(y HHY 3(43)3.%(@-; 8H)y 264158 fndHio 2 402133 (m,
(follow ng fi gugsﬁ? ]IQBMI\%F% 8 June 2004 WO 01/42193 PCTI US00/ 33057

--125 A m xture am noethyl)aniline 28 (10 g, 42.34 mmvle),
benzal dehyde5(48&p3m_, 44. 47 mol e ), and nol ecul ar sieves 4A (10 g) in

t ol 100 nL . at 95 h. T i i
(ltered and the 1 e grhstigecboriniodbutintod feds 3128 o1 Fene®
oil. The oil mammﬁl@sbﬂaxnemmismp&W@h&&amammemm@mmm)md

NaCNBH3 (2. 79 ded. Th actl ] Xt ti d
At 0 Cror 1 h A iy sndihe S5idhn midik aies Msd aEE B 13- BCuo o0 gi ve a
pﬁl e yel |l ow 0i | YeattomingixRire »ﬁdﬂilited:ﬁiﬂhﬁdmetﬁob&nshmzﬂeﬂ MHEt(wgd QommL), '

chr omat ogr a t enzyl - 4- ac-2- .. ‘

am noet hgl )§H PHA%'H @2&#&40 Yaé’gg o] 10 falle a2 cd’,l.“"sgg'g@rﬁe‘g*”—*sﬁ%srn 1/1 10
gegin(eé Et g)ﬁxi)c 6'c35:gl!§@pé5ns%@%§ﬁr% filb?ﬁe&ﬁylﬂbﬁfa}ne sﬁas(am@myeﬁmﬁ&iﬁreadl(egwm‘éﬁ‘l) 6628&3
(oot 21 a1 s wsige ek v s Goptoaion s &, GRR A NEsY f vt
St. ep 2 A m xt @(gpm)fIoorew] 4H; éM-Boc(dzmﬁm%amwmaanialswm%()lo g, 30.7
15 mmol e) and (R@sé)éreneomde (ﬁ“‘b‘pfﬁ in EtOH (100 nL) was

refluxed for 482 ) 23042 Elﬁggﬂﬂ“& m xture was taken out

for liquid lghrmographl c analysis, which indicated that the desired
adduct 2-[ (N benzyl -

To a solution of 2-hydroxy-2-(4-benzyloxy-3-hydroxymethylphenyl)-
ethylamine 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 (- 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.



(2- N-Boc- am noet hyl )ani | i noj -1 - phenyl et hanol was fornmed as Q‘JH{‘"FIBPO‘br 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 soI ut| on af forded
thick, pale wpddeops0il, which was purified by flash siliy

chromat ography: 4/1 to 2/1 hexanel EtOAc. After repeated F& roma graphy,l

2- ((N-benzyl -4-[ 2- N~Boc- am noet hyl)an|+12|40] 1- phenyl - et hanol was obtai ned

as a colorless 0|I (4.01 29% = 0.76 in 2/1 hexanel Et OAc). H -NWR
(CD30D, 299. 96 tl@ 'typtgqﬁlr ﬂ*f@?%@ﬂ?‘l@mewranmy% MeQUATHG), toB %QH)

6.68-6.65 (d, 2 e
s Edd 1%%}[%@0%% o}%lbﬂzdié%ﬁ 4%. ﬁ@-(éﬂmoheﬂglgﬁrpéaﬁlés 2 56 (m

2H), 1.41 (s, 9@51611093!\&5&%@2 @C?,@QPEGW@@%%% 256, 12H), M H] { ,

893. 4 [ 2M 1- H| +7 -8t T | Atk ]
2-[ (N benzyl - 4- f22-§7e‘%c§§ %ﬁfn@eﬁl g?.??‘ﬁg B 2SS S A5 501 g, 8. 00

mmol e) in CHA FH),. -1 (mréﬂht“amrﬁsadﬂi»ﬁ %613-%3de 4!)&6%%%4 (ma gt 8FF2064( 15 m)

under stream of h taal June 2004
WO 142165 T RERs 3 BRAROEEEL . 8. Srli d0h, HeaP b8 of)

concentrated i n¥0dkuo, yielding a pale yellow oil. Purification by fl ash
silica colum CE{ grgat ography: (% hexaanefEtQAc to 5% i- PrNH2 in 9%

hexane/ Et OAc) -gav [ (N-benzyl - 4-[ 2-am noet hyl )ani | i no] -1 - phenyl - et hanol
42 as a pal e yel | owh sdlitionod kb bisth(6Fanindhexyheypiopi])-plienady ke x2ne(B36.g,- Pr NH2 i n

%2 5 hexaneht L R\T4% vi el ; 299.96 MHz): 6
(ppm 7. els (?gq%ﬁ'%ﬁd}%ﬂ?ﬁ# ity "d,ﬂ‘)Ei(fﬁl(ﬂd,\I&@ ‘%?Cq%%ge't"%% “E‘f??f , :
iH?Zg gg g dgo 1];1)21am)&tmsphmanﬂmdp%mcmtﬂogﬁgﬁdnﬁﬁ4h m&at&yﬁEg I\/(S dd,
(C23i250000) o s guetidana ftpfe i cobdonrfintd s B udduct i o R & of 2. [
Eenzy: d4h[(21 a?‘loudzlwml )Bantzid:atmmby&vqmdlpkdsermhﬂolotdZO%(l\chZ%g) over 5(9) mol e),
enzal dehyde ie |n :
t ol uéne (ZO m.) m\g\n/dsah’u%md %@%d?so%nﬁﬁ%ﬁ%:gh%%ff% 9’%@‘?’8
?'OIOIt edt and 51 t ehangll)-2ehydrokyrthytlmsinelexylokwprapyl] phehowy thbxdne oleHNMRhe ﬁogbl n;aﬂ
iltrates - were washed wi
hexane, and 15 &eﬁ’g)gaea%e res]t §6@’“%§§s3§3?2?#¢§ﬂ5%%€%7c&0¥ﬁf§d cont ai ni ng
AcOH (0.4 nl) anH), 6180&. T7dmc 6HPAEH{sx4H); 2IGAI2 AN 45-8.38 () SED, DEd-h. NaCNBH3 -
(0.62 9, 9.87 mygh @) ¢4852.94-2.89 (t, 2H), 2.62-2.57 (1, 4H), 1.86-1.43 (m, 28H); ESMS
: | (CsHgN,0,0): caled. 917.1, obsd. 917.5 [M]*, 940.8 [M+Na]".

. 20 ’

Example 6
Synthesis of 1-{2-[N-2-(4-hydroxy-3-hydroxymethylphenyl}-2-(R)-hydroxy-
ethyl]aminoethyl}-4-[N-(2-phenyl-2-(S)-hydroxyethyl)amino]pheny!
(following figure 10)
25
OH
H
N
HO \/D\ ,\/©
N
HO H

o'lu
I



added and the reaction mxture was stirred for 2 h at rt, afduthdpP4
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; yiPosd9i9l/ M n) to give
2-[ (N-benzyl ~4: | 5-K benzyl ani noet hyl ) ani | i no] - I - phenyl edAST U %58 he TPA

salt. The product was treated with al kat12%e brine solution, and extracted
with ether (200 m). The orN?anl c layer was dried with NaSO+, and

concentrated, to gi vA mixuedl hgNBep-2animeeteybasitiog 28 6108 42.54 mmaked.l i no] - 1-

phenyl o hanol bsgaiasl g dr ufle o yei 08 4R B RS0 ) ©

5.01-4.96 (t, 1Im0rrﬂ4)v@4: uged at 85 °Ciffey 15 I Thgrepction rhigturd wis fil@redand e 211)

i 23) s ((esictal oo dhen By Sul ) Rladinedy T 2 O

concentrated SSoIM:tQH)(iS@mLZMEd(MCB'éWZS)mL)mnFM&NBH;\QMP@TM)G)BWMGD)@M lin

el honyar bonyl e Tafhecdt nylRbELgRRR ARl DB 0. as

8 June 2004 WO Qtic4Ra®d in RCHo tdm’a&lﬁﬁwﬁllow oifyAgsidwie Qomﬁdamm byrflash siliat t |

eat o4 ai 105 CoppnIBbmabiy: yReRIACA A F BB itmal 8. 0000 Z%Lrﬁ’as_

was purified by aimimmethylydniline 41 mdolmlassmﬂr(ﬂniag @a¥erpRy= @ 25lik 1/Ihexane/ Et OAc to 3%

ooyl ooy 5 1S AREOERIIED of Stk ool 2od SLERES G T P o687 4 (22

phenyl -2-('S) - hﬁfﬂﬂQ&,}@}ﬁ,td‘@Bl-GEﬁ\(ﬂmmﬁﬂZB(BQPEE 28185 emRHH2.6-0.58WMpOH in i/1

(G300, 299 50 T BT FulbT st il yecnbot, - 2y "

7.38-7.0.(m ZOM 88-6.85 (d, 2H), 6.65-6.62 (d oH), 5.15 (s 211),

T 384 (s, SH, 'ﬂﬁﬁ@%ﬁﬂ%&m’@sb simon e 10638775 S5 (m
Steps To a suspenalon of L oLt (0 217 0. 56 i <) W‘%‘“ 5‘4“3’48 i) cool ed
15 \F/)Vlth i ce ba?ﬁerh%ég‘{]fﬁ%%la ﬂ“{‘@%ﬁ‘?fé’%ﬁgmﬁ eW%

chromatographic analysis, which indicated that the desired adduct 2- [(N benzyl-4-

[2-N-Boc-aminoethyl)anilino]-1-phenylethanol was 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-
anﬁnoefhyl)anilino]-l-phenyl-etlmnol was obtained as a colorless oil (4.01 g, 29%)
(R;=0.76 in 2/1 hexane/EtOAc). H'-NMR (CD,0D, 299.96 MHz): d (ppm) 7.4-
25 71 (ni, 10H), 7.1-7.06 (d, 2H), 6.68-6.65 (d, 2H), 5.0 (t, 1H), 4.52-4.46 (4, 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 (tn, 2H), 1.41 (s, 9H); ESMS (CsH,N;05): caled. 4466, obsd. 447.1 [M+H]",
893.4 [2M+H]". '
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



met hoxycar bonyl phenyl ) - 2- (R) - hydr oxyet hyl ] ani noet hyl ) 4 -[ N- E3Y3n&%A - 2- p-
hydr oxyet hyl ) am no] benzene 45 (2.0 g, 2.78 norale) in THE (10 nL) under
nitrogen atnosphere. The reaction mxture was warnmed slowy to rt and the
stirring waswveontemsied for 5 h. The reaction was cool ed terfsfess@nd 10%
NaOH (0:5 nmL) 20 was slowy added. Aftereli mn., a thick gel forned. The
gel was diluted with THE (300 mL), filtwe étﬁ and the-solid mass was rinsed

th THE (50 L d { d
;V:el di ng gn 0|rlny)5r eiirglﬁeluc?%nm’xr esWere Cogﬁcﬂ?’lvf’?@gy‘ '%Elggglﬁg’ iq?‘i‘{! nc\(;?ﬁlrjrg
chromat ogr aphy ( Phdfidatiorelryeflafii e chlumn 2ftohdahtapliy: (4 hedrrBIRCES $%AG) to give
1-(2-[N-Db | 4-
hy((jr o£<ymat(:a R;theﬁéﬁﬂ)& ’ﬁge‘}ifﬁﬁ&ﬁ%af&ﬁ?yﬁﬂj’ bt dprinosthyDepifivaldrrbsgl- 2- (<) -

hydr oxyet hyl )am BhabAZ &gaR S eRovE 6l ﬁdixh@&ﬁﬁ@btioné Jm@ﬂ,&‘ﬂ g%z-Prﬁk{' HMR (CD30D,
299. 96 MHz): 60 (d,

oH). 5. 02-4. 54 S‘%{)a“%mhmé’é'%(yée"‘ ér?)@ g) 4H%’§M$ @Ds‘?’g@%ffimmzmﬁ @wemk. 4 (d,
111), 4.24-4.16 (ds-7.0kh, 1080),76013%.98 ([ 164)1,-683639213) §%2!’<lgb‘ aéﬁ%ﬁ};ﬁz%ﬁ 3.52

(d, 1H), 3.50-3. L),

Cai i 692 90, of fg@h‘t@%wﬂumsgﬁﬂ@@&"b s
PCr / US00/ 33057 , P62 Bd

1-{2-[ N-benzyi -'N. ( 4- benzy$t’02x}93 h%?%%%? ca;ljcﬁe?ﬁéf% d 34631,
() ?} hydnxyet hyI] o] ethyl}-4-[N[ 2 phenyl 2-(S)-h

dr oxyet hyl ) agn no] - BeQgghe 'ﬂ?df t
%ydr oéena%/e%l unde]r eﬁ(\g szq‘\[/&‘ic’tﬁ’re]ﬂﬂy] @a%lhn?ﬁ @l’é ég&hnn}%t
filtration and r(2ZSig6 %fﬂﬂloﬁfé- @W@F‘}O@F (W%mL,EtZEm@oléﬁ&xdmolgcddnaefasI t rates

wer e. conbi ned, aRf (£Map lo al el.l ow. foam which
was di ssolved in 16}0 %&B@%ﬂhﬁ)@f%&ﬁ[ dl@dég&gl#%vgﬁg}é ’ét"'rep ®parative

|i qui d chr omat ogfegistynd ﬁ'@%ﬂsﬁ%wmon%edmmlmmdmc&%ﬂﬁéﬂlmmer 50
mn; 30 mL/mn aBira dr oxynet hyl - .
phenyl ) - 2- (R): hydroéoet hylte]aé‘?h'x%’e"t]“ﬁ'g’%ﬁ w‘?’ﬁkﬁﬁ"?‘%ﬁ%ﬁ%%k@%“e roxyet hyl )
10 ami no] ben#®nedrieds ESldPFA’aSélFQOIVGG)"GﬁgOH HONML) cOtining| AqOEE (0t4ymDfand
1-(2-[N-2-(4- hy

am noet hyl } - 4- [hﬁ%?%uﬁgr?glweq%@%yg?’gg€§t y C&%ﬁ?{%ﬁ%ﬁ%@%l ch was
anal yzed wi t h cafstdpd endyhe reqctien mishho wassstizedfpr 2 b iatng aad-thiei micenmtﬂadume and

511) | 726, 7. 25 T cnackynd ok RS iR iy i 1 (T

4.88-4.82 (m 2Hyepaptigeliquid cipempatogaphy (40 to 80% MeCN/H,O over 30 min; 30
20  mL/min) to give 2-[(NV-benzyl-4- [Z-N-benzylammocthyl)am[mo]-l-phenylethanol
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 (1, 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 (m, 2H), 2.70-2.64 (m, 2H); ESMS (C,H,,N,0,): calcd. 436.6,
obsd. 437.2 [M+H]". : :
Step s

_ 30 A concentrated solution of 2-[(N- benzyl—4-[2—N-bcnzylammoethyl)amlmo]~
i -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



3.43 (m 2H), 3.29-3.26 (m 2H), 3.19-4.14 (rn, 2H), 3.06-38dup¢ g00% )
ESMS (C, 5H3QN2O4): calcd. 422.5, obsd. 423.1 [MrH', 445.4 [ M:Na] +.
Exanple 7 20 Synt hesi s of

1-{6- [ N- (2- (Awd¥fliagesy - 3- hydr oxynet hyl phenyl ) - 2- [hydroxyet@zll S00/33057
am no] hexyl oxy}-4-{6-[ N-[ 2- (-4- hydr oxy- 3- hydr oxy-net yl pheny 0y3

hydr oxyet hyl ] am no] hexyl oxypropyl } benzemé2% ol | owi ng fi gure 11) Step 1 25 A
sol ution of 3-(4- hﬂg‘aq hené,f‘)S Bropanol é af mole) in DM (5
) was added t 4 859 (Halaviat Tet St 5n?3vé mm% ing, 60%in
mneral oil) at t@l@e%ﬂﬁil, Wad Hea@@ht 1@5@&9h@ﬁﬁndem&ogfﬂ%ﬁds w11 PfeUr € Vas
slowy '8 June 2004 01/ 42193 . PCT/ 1JS00/ 330 walf ned to 80 C. After

stirring for 1 Heastiommixture waspurifiedthy; fipsh slisacglumnghromatogtaphy €4 0 C, and
6- br oihexaneni tHekAne@téﬁth&wMeéﬁiﬁﬁl ﬁmhé?ttdﬁ% m%%eld{z-[on nL,hr}@?g; %;Xt ure

was re-heated tg 80 C, and stirred for reac m-Xxtu

quenched witR sdcowiped WXY@&POGIIPM}'D@d@)—hriquleﬁwmmﬂwl}eﬁﬂé@*vvas
extracted 5 wit hhBt y@g\qﬁé%ggmﬂg; g,g&g@“c(ﬂfa)bgﬁlm dMth brine

sol uti'on, dried’ wth or at ed ness, ylmldlngapale
yel I ow sol i d. PGEFW@&MQ)W@W!ﬂW@S@P@IQEdbM&dm(Z(b&Sﬂ%a.sh silica colum

(E:ShE gn?zoggagcéno4/ ﬁt y oxy p ena?%gr%tg%& ‘fﬁ’g}ﬁgzgﬁﬁ’ﬁq elH) N 49370%%% eld (1.33
g) . 0. 63 i RHLTA38E. mﬁﬁﬂkéﬁ&ﬁ 8516, AR G 65582 (4, 21DOR1DG, 21, 5bk-) : S (ppm)
Zng)g ; gzl (2qg8224t1998 (5%'?11?6.43 %} 43l 462%%34%" %i %“2?‘%’? A Sgiﬁﬁ?’ 3Bl_e|(omz A
‘sol ution of 6-{3- mwnpéﬂl,?ﬁéﬂylﬁmmﬂ ]Zﬁ#dri&(gn)ﬁﬁxﬁﬂdﬂ!(m,ﬂ M,041.33 g,
1165 15 ol Sk 870 MAERE R MR T ogen at mosphere. The
reagt! on mi xturé;_e.m heated slowy to reflux, and stirred for 2 h. The
o Ot 1, 1k b ) A NRERR I el e
col | ect ed sdbi dyﬁﬂmcad:aﬁasdsadﬁednlt{ﬂ-{ﬁmlw@ -tehgyloxyize filtrate was
i1 ca col um oReuRdtaoRineniEy ERbmydiBm il i Qabae -
hydroxyethyl)amino]benzene 45 (2.0 g, 2.78 mmole) in THF (10 mL) under
nitrogen atmosphere. The reaction mixture was warmed slowly to rt and the stirring
was continued for 5 h. The reaction was cooled to 0°C, and 10% NaOH (0.5 mL)
20 was slowly added. After 30 min., a thick gel 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, BH), 6.63-6.60 (d, 2H),
5.02-4.94 (m, 3H), 4 66 (s, 2H), 4.59-4.54 (dd, iH),448-4 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



McOH CH2CO 2 to give 6-{3-M-arni nohexyl oxy) - phenyl ] pr opoxy} BHERg P& 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 pyepghasory reversed phase HPLC: 10 to 40% M:]@V ver 40
mn; 25 20 nLlmn; 254 nm ESMS (C3yH58N2CB): cal cd. 682 "gé‘gﬁ? ’683. 6

[ IVH—|]} 797.5 [IVHrCF3C02H] 30 Exanpl e '812§ynt heS| s of

bi s{2-(2-(4-hydroxy- 3- hyd net hyl phen roxy]efhyanllno}
- hydr oxyet hoxy} benzeﬁé"l"?qndﬂﬂ'dg\zﬂ ewaé{ée() xm} metvmhmurzigs --130

ko HO PCT/ USOQ' $R% m{&ﬁlﬁhﬁgjfﬂl}g_@ (AN ﬁﬁﬁr%ﬁf‘%&%%ﬂm%l'& ponitrile

(300 m.) -cont ai ni %g 0 acet¥l sallc (l§ nol e) and
benzyl bromi de ( {B2&e.Hh85 "6“01‘3) innBHOE (80 a@aqu@@@hpgg (yatrO with ol e): The

reaction i xt ur aouaRGId SR 385, ARG fBkicn o rindhlel o ineSORl kG £4B8y " eact ] on

m xture was filtered, an [trate was conc ntrate
yi el ding a whi t 60s8L) theitraten “@H@@h@%a@tpvhwm@(!arw@l(om@dmcpaleaﬂltbw

col l ected on Bughyekni W&q{ws&ped%y@ywcps%ﬁ;ﬂkg ﬁy_?egrgr%%ﬁ%aée' cylate. 51

as 15 colorless to. crysta 1/1
Et QAc/ hexane. Hprenwmwe(lram@ﬁmm@tgmm (M@ﬁﬂ%adwso {coBtalr®ag.3%3 TF4) 111),

8.1-8.04 (dd, 1 )35_ 3211)
303 (s, oy, 200k Pk 3hpdinbihss o gite P Iraleldunhld pydo S e

O benzyl - 5- acet phena)i2e(§7)-hydeoxBethylamiriosthyl} -40[NOE- plnexhyd 2 - (Wdrdxyﬂﬂ(’) (750 ni)
was added brg gﬁmm D, o LN was stirred
at rt. Wil e be| ng() tirre meoli]l%%lé % )SO/; 8?‘6%@'9‘{9“%%?% g‘}?ﬂ?n from
red-brown to cohmdrbmbhydﬁh@mnﬁl)dphnnﬂ)-@aﬁ)-hxdrmaﬂyﬂanﬂnc&tﬂyl}a4-[N-(2-plabﬂgzl quenched
by —addi ng bri n%—(.?)quu}ol)&e%yq)grg%njb}emnuﬁ wma)h\gakslangyzeg%qlrhn c).% Hr eina

separatory funnel’,
e]ectrophoresns by using a chiral medium, and estimated to be ~93%.

H'-NMR (CD,0D, 299.96 MHz): 8 (ppm) 7.42-7.28 (m, 8H), 7.26-7.22 (d,
15 2H), 7.18-7.14(dd, 1H), 6.80-6.77 (d, 1H), 4.88-4.82 (m, 2H), 4.65 (s, 2H), 3.5-
3.43 (in, 2H), 3.29-3.26 (m, 2H), 3.19-4.14 (m, 2H), 3.06-3.0 (m, 2H); ESMS
(CosH, N0, ): 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

. 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 slbwly



organi ¢ layer was collected, washed with brine, and dried ufdepeR@¥s04. The
25 organic solution was concentrated in vacuo, yielding white solid. It was
washed with ether (200 nL). Alter drying in air, 15 g (83% of nethyl

O benzyl tyl)-salicylate 52 was obta| ned Rf =0.76 in 1/1

Et OAc/ hexaneww%g%ﬁﬂ (CDC13, 299.96 MHz): b (ppn) 8.487FAESPU30T )
8.14-8.08 (dd, 1H), 7.51- 7.3 (m 5H), #A22-7.09 (d, 1H), 5.29 (s, 2H),
4.42 (s, 21-1), 3.94 (s, 311). 30t 3 To a solution of DVF (60 ni)

cont ai ni ng net hyhnﬁdbeﬂ@&ﬂ -Sfter Gtriogton ¢ biay/80°Cs the kenptiamtreixfud: €a8.cofedto 0. 019

T ot o) AP Gt ey SR A mRo e T ’5589233227
diluted with Et mmue(v@@&-hmwtcsxﬁf@\mﬂh&ded/ﬂoiu lbrTh&emﬁdmﬁixﬁfe W& x 200 nl)

in a separatory funn The h der and
concent r at ed toqﬁ?"f’]begd“ afﬁté‘r‘ﬁteg&%?gfcﬁ'ﬁg"?@% "\éﬁsmgﬁﬁ’ %ﬁ silica
col Errln ch[) omat Fgﬁmm‘l’@Ac mOM)Smﬁngayeﬂwmwmglmsgeﬁdn; &J\kﬁpr oduct
met hyl O benzy et ate was, obtf ai ned as ite
Crystals (a7 g b aGsiena Sithebiatc Sty iim mmae v R pien 5.
299.96 MHz): 6 Op@BEmde @d&t&ﬁﬂésﬁsmadﬂolm&oﬂ&n&t@ﬁpﬁﬁm ﬂahl)l, 7.5-7.3 (m
5H), 7.12- 7.09 (d, Sep-4

10 To a gray su?ﬁ‘@ﬂéé@i"cd?mﬂ%ﬂ%r-{@ %52'73@"@“’“@ OGY)EE?PJHE‘)OP‘P’W}W"(’MB'
cool ed in ice baiowpsidaddeg). et ﬂ/bﬁmﬂm&ar(eazmm%m%bwyl ate 53

(4.7 g, 0.Q14 pole) Ltrogen atnos reaction m xture was
stirred at W fbﬂﬁ)%aépmé?r@ aPa&@&FWMrﬁé@% 4?5*33@(@}983-434-3?@ for 16 h
at rt, the nmixtgnemyesehess acHat 39282 (R4L3, 187-T5E 93¢hi on ni xture was
cool ed inice bg?h H)gnd quegch%)g by 15ts g\?vly adfdlﬂng 10% NaOH (10 ml).

After stirring B%R21 h, precipitates were filtered, and rinsed with 5%

MeCH i n THE (200 WL)Ascﬁht!xJ:{oﬂSe{% {4RS- ?en@ﬁéﬁ?)ﬁﬂ@-@l]pmﬁ&%}ﬁaaﬁ&%feﬂ gflgi n vacuo,

yi el ding pale yel | ow 0ily he_ crude "product urifi@d by flash

silica col um cﬁﬁé#ﬁ?@‘@ﬁ‘bﬁﬁﬁ(loﬂﬁ%‘w@#mﬁ@@e@Wﬂ 2. 11:6530%
MeOH CH2CI 2 150 ghin¥efde 3%1 fﬁFPﬁH}yﬂ@bYe Endam&sgéx aa&dayﬂemﬂwkéac@on%ﬁm

hydroxyet hyl am ne 39 as a pale yel | ow sol . 0.63 in 5%

i-PrNH2 in 3ov“mﬁmwmﬁowustvw:f@§h 2'§yr%ﬂw1~@y¢urwwn¥dm 46-7.28

(Mg a8 7 24 8Bk d05blabe Toifidh ORLS s by altcd Labde 302, 40 (5. 211).

- 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
Synthesm of bis{2-{2-(4-hydroxy-3 -hydroxymethylphenyl)-2-hydroxy]ethyannno}-
30 _ -hydroxyemoxy}bcnmne
(follomng figure 12)



1H), 2.83-2.81 (d, 211); ESMS (Cl6H19N103): cal ed. 273.3, ofsigne2¢a4 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- hydr oxyet hyl am ne 39 (0.3
g, .1 nvnol &jowyaseadded resorcinol diglycidyl ether (0pkg /31@133& 55 nmol e)
dissolved in EtOH (5 nL). The reaction m xture was refl uxe

After cooling down to rt, the reaction 380nmi xture was degassed with

ni trogen and. hydrogenated with ' 10% Pd/C (0.3 g, 10% under Hx (1 atm

atmosphere for 24 h.- After figytratiqp of the catalyst, the filtrate was
concentrated to dryness, yielldin a|co|or|ess oi ly residue which was
purified by 8 June 2004 g\NOXpP1I< B, 33057 -132- preparatory

reversed phase HPLC (10 0% MeCN/ H20 o
to give bi s{2 (2-(4-Mfdro t| &ohydroxy]

et hyam no} - 2- hydr oxyet ,}benzene 54. ES r,. 2 cal ed. 588. 6,
obsd. 589.4 PM+H] +, 610.7 [M:Na] +. Exanple 97Synthests

1-(2-[] V- 2- (4- hydr oxy- 3- hydr oxymet hy! phenyl ) - 2- hydr oxy- 5 am

no] et hyl )-4-[ N-(2-napt h-1 yi oxynet hyl - 2- hydr oxyet hyl ) am o] benzene
(folllowng figure 13) OH 10 to 1 A solution of EtOH (50 brcont ai ni ng

4- (N-Boa-2-amn yl)aniline 28 (0.4 g; 1.69 mvole) and

3- (1- napht hoxy) - - epoxypropane 55 (0.33 g, 1.65 mmole) was. refluxed for
18 h, and concentrat'BdaNﬁsaummohmOaiogenﬁ&ﬁmlq(BmdLngmmmagﬁetyﬁlsL ow oil. It

vas S0 ool vif, - Recfebudl () bR o A R S T

yi el'ding a' pal eaddeéKZ(CKDJ(ZBBE ozismele)s Tt adioh midwas Wtdds: dPelsstril e, and
purified by pr eggr at O@é HPLC. 10 to 30§<itl\/bCN/ H20 over 30 min; 20 ni/mn;

254 rim .The pr th zeactigpmixiye as Wﬁq@gglwqwﬁﬁveﬁ?WA sal t)

-NVR ( CD30OD, MO,%ldlﬂé'ﬂ\)lmteCkoﬁ@ﬂﬂi:h Railschdedn ﬁeiane@_; ? aad- /- 79' (dd,
111) 7.51-7.42 ( 39 20 7.38:(d, IH), d, 2H), 7.25-7.23
(d, 213), -6.91- 801@9‘3‘? on B‘iqh)wr ﬁazmslrtwvs mefhyhO- beqzvl;S—aczetstzlwl&gsr(asn 2H),

3.69-3.63 (48, MBrlesrotihitd cFdals fsb.1 & bboe). R, L 0:63 it 1 Eroadhane. HINME
(CDCl,, 299.96 MHz): 8 (ppm) 7.8.43-8.42 (d, 1H), 8.1-8.04 (dd, 1H), 7.5-7.28 (m,
SH), 7.08-7.04 (d, 1H), 5.27 (s, 2H), 3.93 (s, 3H), 2.58 (s, 3H). |
Step 2
| To a solution of methyl O-benzyl-5-acetylsalicylate 51 (14.15 g, 0.05 mole)
20  in CHCI, (750 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

40 rain 20 u L/mn;. 254 nnm

from red-brown to colorless. The mixture was stirred for 2 h at rt, and quenched by
adding brine solution (300mL). After shakin_g the mixture in a separatory funnel, _
organic layer was collected, washed with brie, and dried under N2,SQ,. The

25 | organic soiutioﬁ was concentrated in vacuo, yielding white solid. It was washed
with ether (200 mL). Afier drying in air, 15 g (83%) of methyl O-benzyl-5-
(bromoacetyl)-salicylate 52 was obtained, R,=0.76 in 1/1 EtOAc/hexane. H!
NMR (CDCl;, 299.96 MHz): & (ppm) 8.48-8.46 (d, [H), 8.14-8.08 (dd, 1H), 7.51-
7.3 (m, 5H), 7.12-7.09 (d, 1H), 5.29 (s, 2H), 4.42 (s, 2H), 3.94 (s, 3H)

30 Step3

To a solution of DMF (60 mL) containing methyl O-benzyl-5-

(bromoacetyl)-salicylate 52 (7.08 g, 0.019 mole) was added NaN; (1.9 g, 0.029



2.96-2.91 (t, 211); ESMS (C21H24N202): cal cd. 336.4, obsd. $3wng2pf#H)
359.6 [MrNa]+, 673.4 [2MtH]{. to 25 To a solution of conmpound 56 (0.13 g,
0.023 mmle; TFA salt) in 5 rnL of MOH was added 1.0 M NaCH (1.0 M 046
m). After hosogenegdus mxing, the solution was evaporatgg: Ahyness. The
resi due was dissolved in THE (10 nL), 8 June 2004 WO 01/4219

PCf / USQO/ 33057 -133- foll owed by addItT'E‘H ~of gl yoxal 12 (52 ng; 0.023

nmol e). The resulti suspensi,qn ti for 4 h

tenperature undéf® lhi %b%ﬁﬂﬁtairﬁgﬂﬁmﬁé“ﬁ'ﬂ %’retgec Bty eﬁé’"ﬁa‘ é‘f‘?l ng

sol ution in ice (boUML), akd washeaSethHas Bdlutivh (RABRHAE) ilVe &patatory HlRndI3 TR 6

mmol e) was added to, the preyious reaction_solution. The 5 resulting m xture

was sl owy war mOEERig nhase wa frigdainrier MeOxGnd gonpenrated fo Qﬁzf‘bﬂaﬂeé'ﬁﬁlﬁOhdAf‘t er
cooling of the ek padiddity@sh sttic kol Mabhbr@sphg g 56% HOkc ﬁl%kﬁ@ m xture.

to quench the reaction m xture under nitrogen atnosphere. After stirring

30 min at it? tHdefssivsd podyctmphyl Grbenzgix(ge %@H)ﬂahcmwa%nb@i@dnﬁg a pal e
b lid. It d d. Th
rown soli W clREReAl7 Wiby) O/Oit]ﬁg\v Hg(t\?:/hgx W rie e’

10 crude product was di ssolVed in O cont ai n o°TFA, and
purified by pre@%@@h@{%lﬁdﬂwpbﬂ&ﬁ Hetdc Bi) 8.03:8.64 Cddr Bhat. égﬂa(phﬁHI ARRC) usi ng

a linear gradienjg 9{33(,) Ve 20 nmL/ mn; detection at
254" nM. Fr actlons Q@‘n %@grpt(lt%%h’\c/ﬁ\e%e gg%| yzed by LCMs to |locate the
desired -produciStep4

1- (2- [ N- 2- (4phydroxy h - 2= ydr Qxyet no] , 15
ethyl) -4- [ép(z napt Eéiﬁ?g%gmtoﬁyﬁ'fﬁ?‘?g Mgpﬁﬂieﬁﬁ 1ith ’iobé’;bene 57. ESMs
(C39H., N23B) : cabaled mE&Zxa&waslamdnEﬂ@l Q—b[:Myl—ﬁ-ﬂazldE&Etyﬁs:{hM'lNaBS@ ‘E%(arrpl e 10

T e e

a, a- di hydr oxy- 4hmmm<ya¢ﬁmlwgewmwmcbmbymgaﬁempmﬂma%ﬁ&e(@asﬂéa& 1.99
nol ) in tetrahy Té was added a_ 25 solution of
4- (am nonet hyl ) & @&Sﬁd e?@%murﬁgasw%mmam@nmm 2004 WD

01/ 42193 Ptx1J SQ1;3AREE 10% NaOFL (10 mL). Aficr stiming for 1 b, precipitates were
| filtered, and rinsed with 5% MeOH in TEIF (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



--134- tetrahydrofuran (5 nmL). The resul ting suspension wasSdtDe 2% 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 nm, 12 %!)j‘)j gas added. The resulting m xture was slowy warnmed to
rt, and refiuxed F5f 6 h under -5 nitrogen atmosphere. Af tREASHSPISIg, the
reaction m xture was quenched with nethgpl (5 nL). The resulting solution
was stirred-at it for 30 min., and then concentrated in vacuo to give a
pal e brown sol i grepifaterceleasid plase HBEO €D taiS0% MIMYH,O eI 208X afg; M Xt ure

(1:2) and then Led,. The ¢ oduct di sso] ved. i 509% -
acetonitrile/ V\B.% élr‘ “%Q)thé‘ieniln{%ﬁgf(g'g% A WW@V’@&%P‘ZQP’E@W& ng a |inear
10 gradient (5%cthgahint-Maghibyi2hoxn benz&id 541 ESMSZ@,BHMZUI%S&&Q.@S@.‘EE ion at 254
nM. Fractions W%M@gr%z RUCE anal yzed by LC to locate the .
desired product®™ : 5 B)Q: lcd. 671.8; Obsd. 671.7. Exanple 11
15 Synt hesi s5o0f |-{2-[N 2-(4-am no- 3, 5-di chl orophenyl)-2-(RS )-
hydr oxyet hyl ] am noet hyi } - 4[ N- ( 2- phenyl_- 2- (RS) - hydr oxyet hyl ) am no] pheny |
(following fi-gure 14) 20 OHH d-- |, x@mple$ 25 A sol ution of
2- (4- ami nopheny| ) sk of NE-[A22-(d-Hydfdky-FhydroxPradthyl R lehyde
(7.46 nm , 73.4 nﬁim,) gﬂlg?zﬁbﬁ(ollgycuﬁr si eves (Sig g b%n??%ﬁﬁ_g%g? (180 ni)
was refluxed .for migoletgld-4y £W%ﬁlm1WB‘P@Y%§YWPzﬂ)W]Nmr@r ed. The
filtrate was. concentrated under redue®slsRERessy e to afford conpound 58
(95%yield). .30 SLeR-Z To a cooled a solution of 58 (2.00 g, 6.40 mol)
in ethanol (150 nm.) in ice bathogas sl owy added sodi um borohydride (361
ng, 9.50 nmol) under a nitrog v J@ne 2004 ‘WO 01/ 42193 PCL1' / USOQ 33057

t 2

--135- atnosphere. The reac e al | owed stir at 0 Cfor 1.5
h, and then o ' :
’ HO
| Ny o
HO ‘ OH
10 Stepd

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; TEA salt). H'-“NMR (CDJOD, 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, IH), 4.37-4.3 I (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 (t, 2H); ESMS (C,,H,,N,0,): caled. 336.4, obsd. 337.5 [M+H]*; 359.6
[M+Na]', 673.4 [ZM+HT. | -

Step2 _

25 To a solution of compound 56 (0.13 g, 0.023 mmole; TFA salt) in 5'mL of
MeOH was added 1.0 M NaOH (1.0 M, 0.46 mL). After ho;ﬁdgeﬁeoué mixing, the
solution was evaporated to dryness. The residue was dissolved in. THF (10 mL),



warnmed slowmy to roomtenperature. The reaction mixture was8dquBmed¥d 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
i.n Et OAc, a”%é 9ged with 0.1 MNaOH After drying over Na2SO4, the
or gani-c phase was concentrated in vacuo, and the resi dd’&%ﬁ%‘”ﬁ@ﬁ”l fied by
flash silica gel chromatography using eff3yl acetatefhexanes as eluant to
gi ve conpound 59(80%vyield). e 3_ 10 To a solution of 59 (1.00 g, 3.20
mol ) in net handblloned beaddmidniof glyexab i (52 wigs0.023 mbly). aftdebullingt ert but yl

di carbonate (0.69 .3.2 mool). | ol d. et hanol m, The reaction
mxture was al l 5{7@8“5{03 mtgf?"eziltfor(f{ib %@%F“‘de@eﬁwsﬁ‘a‘eméﬂg%mah%r adual |y

t 0. r oom t enper atAfteecoolifif a’rthesﬂcstﬂtingrsgiuﬁmm ice Bathdi@xéeeddihduatlof M BHI-€ Was
Concentrated unger_t ed under high vacuum overni ght.
The 15 oily resf@"&% '\?ﬁ?gtﬁf‘) 6\)"?.*11‘41%50 ePeEArgRtiel ANy &8 ng et hyl
acet ate/ hexane res(:ﬂiné)mitﬁ‘e&iﬁﬂﬁ\dy@\@ﬂmlmﬂ ﬁ@r&fﬁ%ﬁﬁf@hdﬂderﬁgﬁﬁaﬁ To a

sol ution of 60 ( Hn Igeo r’rmh? #{B é%nol (45, nL) was_ added

phenyl gl yoxal 5 of the htSoiytions pul pEMeQOH yyas added tathe gpeledst i rred at room
20 t enper ature fm&t@quﬁém&ﬁbétﬁ%ﬁdﬁyuﬁde%agﬂﬂ'a&h&{ihﬁé Afgium

cyanobor ohydride (1 The reaction m xture was stirred at

room t enper at ur é“m%s&nfﬁ”éﬁt‘hg%ﬁ% solutigavas pvappraied; frvages Yieklingamaleat ed under
reduced pressur @rovaiidlid. Tewad WERGUAHROASISEA (10526 A1 JehdanQl Thef ter

filtration, the filtrate was concentrated -undef rediced pressure. The

resi due was ur|°F¥%H°6‘V‘§F“f‘f‘$8“’§‘é!ﬂSO%M‘EQ?HH@MW%S%éﬁFﬁg%xane/ et hyl
acetate (9:1) ! Quifdidy SrepREOnigR pltbnbitbh @éhiﬂamm% £ el @_{%I.QQO' ed a

solution of 61 -(3.19 g 3 |nrre | ene in an
ice bath was adé!é‘é?’g'laﬁ‘ﬁl“isﬂt??‘?"’f’ éﬁ@tq"@:f @la?@@m&d@tﬂ@@na&%eam of

nitrogen. After nff)i Fhabitas WRE UVeRSr) mmg&d gtcﬂmg Flocdit e AANEA

tenperature, the 30 mxture was concentrate ducsT presdite to
yi el d compound &wdEE 14424 Wé@m&'éydeéﬂfihﬂmw-ﬁﬂlsdran@d’llﬂmmhcua

3?2{33_9“8 Jone SE0)SR B Rl TchoR ey s eyl bhsBlhaithd 4, RO (5070

(C,,H,N,0,): caled. 502.6, obsd 503.2 [M+HT*, 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 tetrahydrofuran (15 mL) was added a
25  solution of 4-(aminomethyl)-1,8-octadiamine (115 mg, 0.66 mmol) in




Step 66 To a nmixture of 62 (1.87 g, 3.4 nmml) and 2, 6- di chl §rigrg2p04
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 roomtenp for 0.5 5 h and then at 35 Cfor | h.. The reaction

m xture was %@Peé o roomtenperature, and sodium boroﬁfams 6. 16 g,
4.10 nmmol ) in ethanol (501L) was added si3awly. The reaction continued
overni ght at roomtenperature. and then quenched with aqueous

NH4Cl(sat' d) _ Aft¢tehydrefmee (it mb) iTha resdltingrespeadat wanstineddot l?sh amdﬂ)tenr educed

pressure, the resi solved in e she .brine. After
dryi ng .10 over%%ﬁ“g\%hgr%rc’ggaﬁ?@ofpﬁv&%rdog@% ¢ %P ft’.l“gséf fior We resi due
was purified by icediathiac axgeslamohutofia MBH MBS iblexahd Ginilg 19inidbljwasanel et hyl

64 was oht aj ned | 50%

Ciepensi on of 6ARE0 TR e Ty R Ay B e ARG AR Hndeg) 15 i

et hanol (2. SSM)umaz&hbsph&el mamg@,tmmsbaanﬁmnem@hmeamre (I atm at

roomtenperature tered an fllt,ratevva :
concentrated to™ égn@ilg@ 5%@3‘%?“ P Hp ?%B‘“ﬁsﬁﬂﬂg‘e@l lica gel

chr ormat ogr aphy \aoﬁcbntﬁ%d :mﬁcl&aﬁgh/edlpﬁlb bmrzatdﬂam s&likﬂ%swﬁéd)mﬁl@ﬂﬂl ve
corrpound 65. ESMS (tC%4H27C12 Ctﬁ E 460. 4;, obsd: 460 [ M+H|,, 442
[MHO", 921 [ d., e crude product was dlssoivcdm '
IA{[ZNE (I\F22 ﬁ, 4- h%/dg%za%eé&;&mgadr ?B%'Wﬂ}?mﬂ?ﬁiﬁed%d—}ﬂ.ﬁ&h@é‘ﬂn?&?‘ noet %l) }
- pheny orox am no] phen ollowmng figure
NHCHO r, o8’ ) ghdienidat wied Mek @g@w ctqetipn 24254 nM)

i - Benzyl oxy-4- blFQﬁmﬁﬁ@'it}iUV&s ﬁcrnqm @&é&gél&até@e&sml) (prepared
as described in Chem _Bull -1377 (1977)], was added to-a

sol ution of conBedHd 5@4?\(50341{:9}"301)00@@%?) bsé, 6d1-det hy! f or mani de (150 ni)

at 5 roomtenperature. After 28 h, the reaction mxture was diluted with
ether and washed with a dilute sol ution of aqueous sodi um chl oride. The
organic layer was separated and dri edEg9mpledddi um sul fate, filtered and

concentratedsto give a Gyhli&is of 1-{2-[N-2-(4-amino-3,5-dichlorophenyl)-2-(RS)-
hydroxyeﬁlyl]axmnoethyl}—#[N (2-phenyl—2-(RS)-hydmxyethyl)anuno]pheny] ,
(following figure 14)

OH

‘ ‘ |
20 i N\/O
HoN N Y :
2 _ H

Ci OH

Step 1

25 A solution of 2-(4-aminophenyl)ethylamine 25 (4.70 mL 36.7 mmol)
benzaldehyde (7.46 mL, 73.4 mmol) and 4A molecular sieves (18 g) in toluene
(180 mL) was refluxed for 3 h. The réaction mixture was cooled and filtered. The
filtrate was concentrated under reduced pressure to afford compound 58 (95%
yield)

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 sodium borohydride (361 mg, 9.50 mmol) under a nitrogen



oil. Purification with colum chronmatography using hexane: eBne28 ate 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 nW@biazien portions over 30 mn., under a nitrgﬁq.%so@;sggqsphere. ‘
After 6 h, the reaction m xture was quenched by slowy adding saturated
sol ution of aqueous ammoni um chloride .7 solution was diluted with 15 1
N sodi um hydr oxi_de and hyl acet.ate and hexanes. The o nic | ayer was
separated, dri e&g%c\'/al?ms'o F\é’ﬁ‘f@ﬂl%tf"&mffull‘f"é";ﬁéﬁ“gﬂﬂo%ﬂﬁgg?ﬁ&ilgﬁnto gi ve
conpound 68 as varmei dlowifioaboniRmptGREL. imeMwmmkmﬁ\ﬁﬁaq%&M%'further
purification. t 3.To a. m_xture of 3.6 g, 6.1 mmol) and potassium
carbonate (3.0 5%“&%‘%’“566%@?“?"393(%%4@Fﬁ‘&ﬁﬂ%ﬂwm@nﬁwﬂms added
al pha- br onpacet QRlG #AAcd preksudsd Tae reulfintBRbde R UlskMNiS BrOAENG " €act i on

m xture was heated qverni g}w .. An addi tional portion of al pha-

ht at 65 C
br onpacet ophenoA&sied Wil 0 M NaOH. pftst drying gver MachCy, theersatieptasanpswas
conti nued. Aft elod@nthitedlih ' m =3 jpﬁc}glll t room t enperat ure
and et hanol (50 niL ) V\ggs ?ﬁﬁ?%ﬁ%ﬁ‘ghﬁ%ﬁgﬁﬁu e %ﬁ“&gl 25 26.5 mmol)
was added and sthiopiaiegrapydisios athylraoesete/hexancs as elyant Thgive @apbuel59(80% ure  was
concentrat ed ang,i]etkpen met hanol (25 nL) was added and the excess hydride
was quenched w he addition of a saturated sol ution of amoni um
chloride. The Steadtion mxture was diluted with ethyl acetate -and ether.

concontrat o e FEERRBROG 00 &' MR i SAES RoR btk e Brtkotsey aphy
el uting with et kipwlpmidédadi ed-hinsyt dizarbomite(0I68 @, 3.0 n@iol)in oI RRINALLI §PmL).t 0 4 8
June. 2004 WO 01/ 219:%8 PC '/USO%BB 57 . - % To solution of 69 (0.73 g,
1.0 mmol) in a m%gf “81”2‘% PRSI ?o‘;“rﬁ]"?, far Q¢ . 2nd e WATSH| de acid (1
n) and water ( gratillys@mondadratr@NAfDveieihg (R 130t reaskdnnixiles) - The
reaction m xture was %3’;} gﬁﬁéﬁ’io Cfor 1.5 ngThe reaction m xture was

cool ed to room PresiEsgandsiried uper BelavasiynovemighthThel was 5

added and the bofyfesikioeisPubfddey sHioszdl BheAgbadpty ihs WiGI LithbAlcgsheof f - The
filtrate was C(&chnt ated under reduced pressure, Fo give 70 as a brown
sol Id whi ch was :1) to atford 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 .chroniatogfaphy
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 éorﬁpound 62 as an oily |
-residue. The product was dried in vacuo overnight, and w#s used in next step |
without further purification (0% yield).



used in the next step without further purification. SL O-5 8dJHpREMF 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
diluted wth wohyhascet ate and evaporated to dryness. A ng&fgdesss Sol ution
of . 0.5 M sodi um hydr oxi de was added and ghe reaction mxture was stirred
for 6 h at roomtenperature. The reacti 6% xt ure was treated with

met hanol i ¢ sol utganc.of I N hydrochloric acid and then concentrated to
dryness. The resi was redissolved 15 in nethanol and filtered. The
filtrate was concenffpatmixiuicof 62 (187@0p oumnd) aAd 2 dichlorbAgBmbastyfue Whi ch was
used in the next_ste i £ ho furth yrification., SLep 6 Pall adi um on
carbon (10% 0.5 )ne%l‘%éé%d&m‘éiféﬁﬁﬁafawarﬁ’ ppgSSIuT coptoRfip | (120 ni)
and di met hyl f or i @@®6g sim:j l(lﬁal)ﬂ'ﬂ_)erﬁaaﬁﬁ_n f.f,‘wf, ng"stimed(ﬁtli&ﬂn‘l/&%eraﬁ@e( ﬁ%m.g%d with
nitrogen gas and stirred, gvernight under hydrogen atnosphere at at -
room t enper atiﬂl r gh a“ﬁﬁ%e“ﬁf ﬁ é,fgr bk sTheirsaciqnapfxtugs ypsicpeled fojrequa tempopatyre,
concentrated to 3debdhuk boiaRydRIOMUSs, 16 aolasethibi (SORE) B RLGIowly.

(acetonitril/water/1 % TFA, gradient) to give crude product I ch” was
purified with cof§HsacMyOnRtirusdeemHght at raam Frepaatureand tiemanenghesivgth

hl ori de/) % ' d | | ; d
11 [N 2 (4 hydey o oy ot doora g dltef o SR el

am noet hyl } - 4- [ Nergssurp jhariggidue waRdissdined smostyentang Washedt wish phisen yA fie? @rying

F- onhul ati on g;%gﬁ tin.capsul es co Lhing the
foll owi ng i hbﬁ%n?gs%%gp ep%#g%gv%%teg' &Pﬁhﬁfge)sééglgﬁaqu‘lfgbgul‘e) 8
June 2004 WO 01Isilita g8 chip@aopi8pi)y 1B3D8ing with Beandethyhdeetdtog: B iTheprodRt O St arch

305.0 - WMagnesi yg [ he above ingredients are mixed and filled
into hard gel at ﬁ@%g%@%@“gf’%@% ng quantities. . 10

Step 7 _
A suspension of 64 (107 mg, 0.17 mmol) and palladium hydroxide (25 mg)
15  inethanol (2.5 mL) was stirred overnight under hydrogen atmosphere (1 atm) af
room temperature. The mixture was filtered, and the filtrate was concentrated to
yield crude product which was purified using silica gel chromatography with 6%
_ methanol/dichioromethane (10% yield) to give compound 65. ESMS
(C2HzCLN,0,): caled: 460.4; obsd: 460 [M-+H]", 442 [M-H,O¥, 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



Exanple 2 A tablet Fornula is prepared using the ingredient§ J8f8424
Quantity Iniet (ng/tablet) Active Ingredient 25.0 Cellulose, .

m crocrystalline 200.0 15 Colloidal silicon dioxide 10.0 Stearic acid 5.0
20 . 25 The omopenents are bl ended and conpressed to for ri?érﬁfglm?stﬁsv each

wei ghing 240 ng. Exanple 3 A dry powder |nhaler formulation i's prepared
containing the following conmponents: Inkedie Wi ght % Active I ngredient
Lactose 5 95 T ctive ingredient is mxed with the |actose and the

m xture i s adde 30 a dry powder inhaling appliance. Exanple 4 Tablets,.
each contai ning 30 Kerayloggd-broenontetyl-2diittibenzeid 66 @176 BAfREimas1)35- ' f ol | ows:

01/ 42103 PO/ USHFAGET Seoibin s Qhent Bith T L W arberplvanstimdo s
cel | ul ose35. 0 nHolution of compound 59 (3.4 g, 10.8 mmol) in dimethylformamide (150 mL) at '
‘ 5  room temperature. After 28 h, the reaction mixture was diluted with ether and
washed with a dilute solution of aqueous sodium chloride. The organic layer was
separated and dried over sodium sulfate, filtered and concentrated to give a crude
oil. Purification with column cliromatography using hexane:ethyl acetate as the
eluent provided compound 67 (95% yield).
10 Step2
To a solution of 67 (4.0 g, 6.80 mmol) in efhanol (500 mL) was slowly added
sodium borohydride (1 g, 26.50 mmol) in ﬁortions over 30 min., under a nitrogen
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
separated, dried over sodium sulfate, ﬁltered‘and concentrated to give compound
68 asian 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
room temperature and ethanol (50 L) was added. Sodium borohydride (1.0 g,
25 265 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 2mmonium chloride.
The réacﬁbn mixture was diluted with ethyl acetate and ether. The organib layer
v;ras separated, dried over sodiurﬁ sulfgtc, filtered, and concentrated. The crude oil
30 was purified with coh.im_n chromatography eluting with ethyl acetate/hexanes

mixture to give compound 69.

Step 4



Pol yvi nyl pyrrolidone 4.0 my (as 10% solution in sterile wat&Hn&gdd4im
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 t hrough a No.
20 mesh U. SwédiRyRs and m xed thoroughly. The solution of,.. 0 |
pol yvi nyl pyrrolidone is. mxed with the resultant powders, WRIERS%r e then
passed through a 16 -mesh U. S.. sieve. FW8—granul es so produced are dried

at 50 to 60C and passed.thro sh U. S. sieve. The sodi um
car boxymet hyl starc Sr?&lj‘ﬂ’eg#%&?g? 'a]rqla'l"gm ) irmixiire.of meshang] @A &Ly, 6Mssed

t hrough a No. 3@ydﬁﬂﬂbrﬁe&1dﬁ'ﬁﬂﬁnd%ﬁr(2hﬂ)vﬁggﬁdh@n b&\Raed (P9Hg, €60 Whi ch,

after m xing, are co ressed on a tablet machine to %/ﬂ]eld tabl ets each
wei ghi ng 120. ngmm Epion myxtase yeas heated 2309 febh$ hi Ehewgaction mixtet
medi-canent are msieoo@eaté%m uQ:‘?xﬂitdllBMcdtbgﬂﬁ@SjJ ( e)_Active
| ngredient 40.0 25 St archW?L'%)eE]SHl Magnesi um ste tlrta%ﬁ%@g% Tot al
150.0 trig The &é \%ﬂﬂ‘ﬁbfpé’ﬂp@ﬁlpltatﬂaaﬁmﬁacted@fonwgmé@rmféﬂ‘haﬁhme are

bl ended, passed,,,30k 5[%@ 5o fiLled into hard
gel ati.n. capsul ega?nnl Eﬂd@fflaélgucfxt?]?r Exg%é'm%ﬁggwgﬁ&%o "V"lses each
cont ai ni ng 25 ngsedﬁn&emwaepwgh@dfuethctrpankaMe as follows: JUgEgl e Anpbunt
Active | ngredi eg{e 45 ng Saturated fatty acid glycerides to 2,000 ng S June
2004 : '

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)



WO 01/42193 - PCT/ USOQ 33057 -141 The active ingredient i$§J48828%* 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 egglfligeza suppository nold of nomnal 2.0 g g ia%/g??and
allowed to cool. 5 Exanple 7 Suspensions, each containing %ﬂ{ 7

medi canment per 5.0 nL dose are nade as—3- ows: n ienp Active '

I ngredi ent 50. 0 -ng Xant han gum4. 0 ng Sodi um car boxynet hyl cellul ose (11%
50. 0-nmg M crocryst af‘fiysdogredien| ose (89% Sucrosel. 75 g So#ium benzoat e10. 0
ng Fl avor and Col or 8%k purified water to05.0 nL The acti VA5i0ngr edi ent ,
sucrose and xant hanMQ&PPFI&F‘éteBlIa@nded passed through 20 &.MNo. 10 nesh U. S.
sieve, and then mixed with a previously nmade solution of the

m-cr ocr yst.al Isi ne cel &Qgér ter. The
sodi um benzoaste fla\%%genig col or ggﬁ Et{?ute V\ﬁg%ﬁh’d‘ggﬂahy a?’aﬁﬁén\s;\ﬁfer and
added " with sti rmgﬂ‘r@ﬂm!?&ffl cient water is then added to produce the
required volune. 25 Exanple 8 A formnulation may be prepared as foll ows:
QJanti ty jagndient mca sole 30 Active Ingredient 15.0 ng Starch 407.0

ng Magne51 um stearate 3.0 ng Example 2
- : | A tablet Formula is prepared using the mgrednents below:
- 10 _ Quantity
- Ingredient _ (mg/tablet)
Active Ingredient 25.0
_ Cellulose, microcrystalline . 2000
15 Colloidal siticon dioxide 100

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



Total 425.0 ng 35 The active ingredient, starch, and rragnesﬁu’h‘F%?@%ate are
bl ended, passed through a No. 20 nesh U. S. sieve, and filled into hard
gelatin capsules in 425.0 ng quantities. 8 June 2004 WO 01/42193PC

| USO0/ 33657 widnuzres Exanple 9 A fornul ati on may be pr epq,raq.ﬂ] @0833559' | ows:
Quantit In- ,rredient , y Active Ingredient5.0 ng 5Corn Q f nL Exanpl e.
10 10A topical formulation may be prep‘a?f’@“d as follows: uani

| ngredi entient  Acti Yaﬁhl ngredientl 10 g Emul sifying x30 g Liquid

Paraf fin20. g Wite %} Par fftho 100 g 15 The mt?-%mgt paraffin is
heated until nol tenp, TREFEY ig TRgenax are

I ncorporated and sti P}ygx&y | ssol ved. Tge active jngredient is added
and stirring is contj nue 9 FaePhe i xt urt? M8 then cool ed unti |

0
|
pF lutamg&a;g
solid. 20Ancther pr P$PW’8’WL? & enpl oyed in t b3 M8t hods of the
present invention.eip}” U ¥R er nal  del i very devi cds® ™8pat ches”). Such

transder nal
Total 120.0 mg

8¥%ffin and enul sif

10 .
The 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 meéh US
sieve. The granules so produced are dried at 50° to 60°C and passed through a 16
15  inesh U.S. sieve. The sodium carboxymethyl sfarch, magnesium stearate, and talc,
previously passed through a No. 30 mesh U.S. sie\-re, 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

- 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



patches may be used to provide continuous or discontinuous enfungi28R of t he
conpounds of the present invention in controlled anounts. The construction
and use oftransdermal patches for the delivery of pharmaceutical agents is
wel | known 2®oionssipe art. See, e.g., U S. Patent 5,023, 252, g‘ﬁﬁﬂgp June
11, 1991, herein incorporated by ref erence inits entirety. Iguc pat ches
may be constructed for continuous, pul ST ilTe, or on demand delivery of

pharmaceuti cal -agent fod i | at i gps use in the present
i nvention can be fou?c‘ie_i n K?n&i%[g?sbr?gggd é‘g}rgrﬁgé’u{’)%ﬁﬁm%‘gisé‘?’fﬁé%q edited by
E. W Martin (Magpardes in isisatyrated Jat@owid zlygsrideSpravieskly méRQking Bieo! 0gi cal

Exanpl es Exanpl g: 2-adrenergi c receptor functional activity of
conpounds of th_eﬁ@%ﬁ%’%@%ﬁg‘%ﬁ 3%%ﬂ‘%ﬁg“?’}s&?%@%w@wpowqumemi on
was tested foll ovmninalCdld caSedyamtpllawed Gricoott h: Primary bronchial snooth
nmuscl e cells ;rr_oma 21 yr. old male (Conetics, San D ego, CA) were seeded
at 50,000 cells/well in 24-well tissue 5 culture plates. The nedi a used
was Clonetic's SBM 2 suppl ement ed W tBxdidpfe® | nsulin, hFGF, and Fetal
Bovine Serum Cells re grown, two .days,at _37C, 5% CO2 until confl uent
nonol ayers wer.e seen%ﬂ@@?s’gﬁchg?%%gq‘Bﬁ"%‘?“’%ﬂl‘@tl’m@or@dﬂfﬁew&s aspir at ed
fromeach wel |l amallerrefillaged wWith 250 ml fresh nmedia 10 containing 1mM
| BMX, -a phospodi esterase inhibitor (Signma, St Louis, MJ). Cells were
i ncubat ed fog, 15 ni rif} t 37 C, and then 250 mi ofAmgai st at-
appropri ate concent ratioEEdE qded. Cell's were t her’O$mabated for an
additional 10 m nut®s. a \wa lasPi rat eg and 500 f0mml d 70% Et OH was
1CHaeryS “’655

added to cells, an y 96=wel| deep-well plate after
about 5 minutes. Thi llogs{8R%) epeat ed. TheS0dbmp- wel | pl ate was
then spun in,a spee®¥&tcuntil all EtOH dried off, N&4ei ng dry pellets.
cAWP (pnol / 1) was ;’%W ed using a CcAMP ELI SAMmgfrom Strat agene

(La Jolla, CA). EC5 _gﬂgatcrmre gener at ed '(5”.
fi . OmL

7 'I_'he active ingredient, sucrose and xanthan gum are blended, passed through
20 aNo. 10 mesh U.S. sieve, and then mixed with a previously made solutio-n 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
I!LEEGM o {mg/capsule)

30 Active Ingredient 15.0 mg
AStarch ) : 407.0 mg
‘Magnesium stearate 3.0 mg
Total 425.0 mg

35 The activ_e 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,



using the 4-parameter fit equation: y = (a-d)/(1-i- (xfc)) BJHnedp¥te 20y
= cpma = total binding c = 1Cs' x = (conpound) d = NS binding b = sl ope
Fix NS binding and allow all other parameters to float. 25 are Ic Kece '"tro
i t adi ol i nand vyeidkpam, Assa Exanple 2 X32. “A net or A The ﬂd'rfdsgo?:is@sqr energic
receptor binding activity of conpounds oﬁ h I nvention can be tested
follows. SF9 cell nenbranes containing ei fher pl or (12-adrenergic
receptor (NEN, Boston, MA) were incubw Y{%th 0. 07 nM 30

' 251-i odocyanopi ndol ol (NEN, Bost on, PiY *bi ndi ng buffer containing 75mMM:
Tris-HC (pH 7.4), ¥fosmuididup@lybegprega2d aMoEdWsA and varyi ng concentrations
of test conpounds or .fer only (control) in 96-well pl gt es. The pl ates
were 8 June 2004 WO: e r%gie tPCT/ USO00/ 33057 --144- inc at room
tenperature with shakln il'lgor T hour. The recept or bound P ol | gand was
harvested by filtration over 96-well GF/B filter plates é'@é‘t[kard, Meri den,
CT) pre-blocked with 0 .3%ol yethyl eni mi ne and washed twice with 2001 PBS
using cell harvester. The filters wer Exaagloes thrice with 2001 PBS using
cell harvester ‘and then resuspgnded.in 40L scintillation cocktail. The
filter- "bound radi oactiéi?? % ﬁé‘é‘gﬂ?fﬁ’ eRrapared asfollows: | | ati on counter and
| CS curves are generated using the standard 4-paranmeter fit equation
descr.i bed. allove. Théndaligoi Nng i nventi on has been descri gt Sonme det ai l
by way of 10" il ugictied ingadiastd exanpl e, for purposes of 19y 1 ty and
under st andi ng. |t WEdmulsf@ingWexous to one of skill in the g§f that changes
and nodi fications niyquaEPapdfieti ced w thin the scope of tg@gappended
clains. Therefore, WhileSoft®akaffinunderstood that the t0100 g

- 15 :

The white soft paraffin is heated until molten. The liquid paraffin and
emulsifying wax are incbxporated and stirred until dissolved. The active ingredient
is added and stirring is continued until dispersed. The mixture is then cooled until

-solid.

20 Another preferred formulation employed in the methods of the present
invention employs transdermal delivery devices ("patches"). Such 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
contintous, pulsatile, or o_h demand delivery of pharmaceutical agents.

Othcr suitable.fon‘nulatioqs for use in the present invenﬁon can be found in
Remington’s Pharmaceutical Sciences, edited by E. W. Martin (Mack Publishing

30 Company, I18thed., 1990).

Example 1

-B2-Adrenergic Receptor In Vitro Functional Assay

35 ~ The f2-adrenergic receptor functional activity of compounds of the



above description is intended to be illustrative and not re8thre£Pd. The
scope of the invention should, therefore, be determ ned not with reference
to the above 15 description, but should instead be determned with

reference to wbeuf@dsl ow ng appended clains, along with t | | scope of
equi val ents to which such clains are entitled. 8 June ngﬁ?rn%ﬂgmﬁ?%orrpound

of the fornula: 0 HO NHCHO or a pharnaé&atical |y acceptable salt thereof.
2. A conpound of. e formula. ,OH HO NHCHOH N OH CH 'wherein the
st er eocheni stry“é‘%"n‘*%"&"ﬁé"sﬁf‘&"“"ﬁs (RS) and (RS), (R and (R, (R and

(S), (S and (RCellSeddbig madirdvih; or a pharmaceutically acceptable salt
thereof. .3. The conpound, of wherein the stereochem stry at *Cis

Claim 2,

(R and the stereoch®@hf¥Ppychialsmoathmuscls eofls fram aphar. elkpdend of O ai m 2,
wherein the s t ¢Cioneios Sas Dicko,TA)Grérscb Rl atSUh00 LR/ RIISH SPGRERLGLY ¥ at * *C
s (S). A phgr maceut i cal ﬁ?ﬁ@ﬁs' tion corrpr_usug&ﬁa pharmaceutical ly
acceptabl e Car FPEFE RIS 4 iaessh was Jlongtics Sl 2 supplemented with a conpound of
any one of - O ai MEGE, InQuif; hESE) a¥Fe 2P BdvindGerfin, td conposi tion
of Claimb5, wheggj n othelﬁ’ phar maceut i cal cﬁr‘bo@?i@%ﬁ%ﬁt&rdaﬁg&pri ses a

t herapeutically {5 2E{GQuantil penfipentyponglayers sewiserl  anti - i nf | anmat ory drug. 7.

A conpound as clapbiBGtiflayofdfsof Claims | to 4, for use as a
‘ : The media was aspirated from each well and replaced with 250 mi fresh media
10 containing ImM IBMX, a phospodiesterase inhibitor (Sigma, St Louis, MO).
" Cells were incubat_ed for 15 minutes at 37 °C, and then 250 ml of agonist at
- appropriate concentration was added. Cells were then incubated for an additional
10 minutes. Media was aspirated and 500 ml! cold 70% EtOH was added to cells,
' and then removed to an empty 96-well deep-well plate after about 5 minutes. This
15  step was then repeated. The 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 Jn Vitro Radioligand Rinding Assay
The ﬁllZ—adrenergic receptor biﬁding activity of éompounds 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 M EDTA and varying concentrations
qf test compounds or buffer only (control) in 96-well plates. The plates were



nmedi cament. 8. A conpound as clainmed in aim7, for use as3duUredP@nent 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 resypomeosy di sease is asthma, chronic obstrugidrfediidéssonary

di sease or bronchitis, and the nmetabolic,, disorder is obesity or diabetes.
10. A pharnmaceutical conposition as clarkga'in Clains 5 or 6, for use as a

Gaimio or uinudittrhbRmbdante AYMREHAL Bl FREFbIEN 75 oy T
di sease, ner vougadigligamhwisihiarvested byfileatioh avee 96-alsth GE/B filter plarss (Roidrd,c  di sor der .
12. A phar maceutj Sipl i Sned,albmed.in .Claim1l, in whjch the
respiratory di s'%gég@L%s Zggﬁdrlr%:lk cﬁlﬁb%ﬁép%%ﬁcﬂﬁm?/@dﬁm%%ﬁmwﬂ sease or
bronchitis, an@l@@BSesmpotll lndsten The filtirs warb @aitey toice dithbes,£8Bs 13. Use of -
a conpound ag cl ai i e of Clai to. 4. in the manufacture of a
nmedi cament fgr 'ltu rglé e?lnﬂgaglgag%aggl °5FSW'@FJ;§§ il scigtiliation cocktaily Lhe filterj
premat ure | aboubpundradicactitinhedsingagiraiovitiarscindihtiohbAnRs ad 18], MRdes 4t C ai M 13,

in which the regpjratory disease,i,s asthma, c¢hroni¢ gbstructive pul nonary
di sease or br ongﬁéefa?eg,qméﬁg‘%ﬁ@%?ﬁ%‘?‘?‘&’%ﬂ‘@?ﬂ%‘%@%ﬁ ty or di abetes.
8 June 2004 WO 01142193 PCTItJS00/ 33057 --147- 5 HO wherein the .

st ereochemi stry. at - *Thedfodgdifiginventiéhas Beddldedribe i s&ﬁ@d&@%&y%ﬁ' ly

acceptabl e gglt § t.her eof . NHq—ng—lv 10 14 A pharnmaceuti cal conposition
conprising a phat Bf ERdgrmple: Tarpumasesaf glatisy and wideradipe. tleibiseut i cal | y
ef fective anmpunbbvidusdo GiGFekil ¢h é ar®ihlic Binges and modifications may be practiced

within the scope of the appended claims. Therefore, it is to be understood that the -

above description is intended to be illustrative and not restrictive. The scope of the

invention should, therefore, be determined not with reference to the above

15 - description, but should instead be determined with referernice to the following
appended claims, along with the full scope of equivalents to which such claims are
entitled.



Clains 1-13. .15. The pharnaceutical conposition of O aim 18JuAReP@ n t he
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 rqggpt or in a mamual, the-nethod
conprising adm nistering to the mammal -a"20 pharmaceuti cal ‘conposition
conprising a pharmaceutically acceptable carrier and a therapeutically

ef fecti ve crrmg: of a compound of any of Cainms 1-13. 17 The net hod of
Claim 16, wherein the method fiuther conprises adninistering a

t her apeut i call.y efAecﬁapmmdaifmhmformﬁlaa steroidal anti-inflamatory 25 drug.
18. The nmethod of Claim 16, wherein the disease is a respiratory di sease.
19. . The nmethod of O aim 18, wherein the disease is asthma or chronic 30
obst ructive pul nonary di se@g - -

NHCHO - OH

ora phaxﬁaoemically acceptable salt thereof.
2. A ooinpmmd of the formula: _
NHCHO

"+ 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.
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6. The pharmaceutical composition of Claim 5, wherein the
pharmaceutical composition further comprises a therapeutically effective amount of a

steroidal anti-inflammatory drug.

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 inthe

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,



8 June 2004
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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. |



8 June 2004

WO 01/42193 : PCT/US00/33057
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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.



