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Met hods and Conpositions for Mdul ating
Sphi ngosi ne- 1- Phosphate (Sl P) Receptor Activity
wredoatoe®sAppl i cations This application clains POEUS2005/028914
benefit of and priority to U S. Provisional Patent
Application Serial No. 60/601232, filed Augustl 3,
2004 ‘ anSC Pr OVI $I 0 aI [ L Prl?alte S1p
contents of each of whlckeaqgotncﬁvm@rated hereln by
reference. Background of the invention The
sphi ngosi ne-1 -phosphate (SIP) receptors 1-5
RelatedtAp@icatipasii | y of seven transnmenbrane G protein

coupl
o teﬂn%%ggﬁm rrgclglykﬁgg bér%‘ﬁ?/ Ieg a{oepnarﬁ§ ?%Uesi Pr&i@8nal Patent

bi'nd

showlisgoe e Nop 0o Kl huiia 103 .S Previgional Patent

Rﬂﬁ&h i N¥266/66643¥, Yilsad arlte$ RDOIO0S adhe @ftiRfcontents of each of
S‘ﬁ 3| ne. S|P receg%?gf%rgare cel | surface receptors

dn?q{p%ra(f’grqeéet'% %l ar processes, including

ceII proliferation and differentiation, cell survival,

|51 rﬂﬂ» lﬁyémﬂgcyt e trafficking, and cell

e- 1- hosghate is found in plasm
and a Teesphingogine-dtihepphaies B recepiersdx s censtiguie adampeof seven

aithsRRFedre @pﬁftélﬁ %B§pled Rebptdisn g"h(a%;él:é}{télﬂ,g'eféﬁ%d to as S1P1 to
ors. mnistra

secretion  of i\;t |
Sl Empisctipated l?qangibwgg%oatnﬁ olnplawspbfsiﬁaﬂaew@mw%by the
tdphirgpink kﬂﬁ@@&tﬂy@bd&ﬂmept&rﬂaﬁmpm&bmm SIRustaptprs are cell

p%llrr%g% feéfﬁalis vcﬁve v-grllle o%%iéullaxt e%mcélgigésc chhf‘dg%’% cell rProhferatlon

rea es or
amlahffateematwnt ¢ell wappaloperll lavwcpnnlwmehchpmfﬁ@(mg, and cell

griﬁmnn & phirfRBsiRE- 2 Phok e fAthdAA Y1 R EEURAR ety of other tissues,

and exerts autocrine and paracrine effects, including regulatmg the secretion of growth

factors.
Administration of S1P to an animal results in sequestration of lymphocytes into

the lymph nodes and Peyers patches without causing lymphocyte depletion. This
activity, which is of potential utility in treating diseases or conditions associated with
inappropriate immune response, including transplant rejection and autoimmune diseases,
is believed to proceed via activation of the S1P1 receptor. Administration of S1P in
vivo also has negative effects, including hypotension and bradycardia, which are
believed dué to signaling through one or more of the other S1P receptors, S1P2 to S1P5.
Accordingly, there is a great need in the art for compounds which are potent and

selective agonists of the S1P1 receptor.

Summary of the Invention
The present invention relates to compounds which modulate the activity of the

S1P1 receptor, the use of these compounds for treating conditions associated with
signaling through the S1P1 receptor, and pharmaceutical compositions comprising these
compounds.

The compounds of the present invention are characterized by a unique structure

which imparts surprisingly improved properties to these compounds as compared to the



is believed to proceed via activation of the SIP
receptor. Administration of SIP in vivo also has
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bradycardi a, which are believed due to signaling
t hrough one or nore of the other SIP receptors, S1P2

t ﬁqélaﬁ%om%%&dl s&kbﬁcanﬁ Qﬁ@cdrﬁpo@nai sfaﬂhe BR{ENt ifvenkiBn afet

for conpounds wh are potent and sel eCtive agonists
othardsterge®by rtl@:mrpseme OQW’@aﬁtyte@fblmhveyl moistt. i Diis Fiphenyl moiety, in

R S o e R

cwm@iuftgalaf fh@fcohipﬁﬂﬁdsﬂﬁs@rﬂféd lhéteﬁﬂfor BESYIE [are€sptoM viebsus other
signaling through the SIPI tor, and

pwam’fﬁl@emch@asl bnﬁbfsmmm % ¢ PEGSeR IYragien are further
%dbzgr?%rg;?&aﬂ%ﬂﬂﬁ tfo tﬁé"g Pl 1%%%& i nvention are

erlz a uniqu struc ure Ich inmparts
s ur pr [ 131 ogl embodimnent citle priveport pertirispattlbaas i gt pocomisouads of
conpared to theprior art conpounds. Specifically, the
cB tls of the present invention are characterized
by the presence of a sulggtituted bi phenyl moiety. This
bi phenyl noiety, in conination with an am de |inkage
within the core

selectivity of t p escri bed herein for the
SI Pl receptor versus Bt her ecept org, such S1P3.
The conpounds of the| prese i nvent|i on are further
characterized by the b|nd|ng to theysl Pl
receptor. In onege et ertains,
at least in part, For mul a (1),
wher ei n: RS (CHo)n

{,
wherein:

wherein one of R® and R* is C4-Cyo-alkyl, C4-Cyo-alkoxy; an oxaalkyl, thiaalkyl
or azaalkyl group having a chain length of from 4 to 20 atoms, a phenyl or substituted
phenyl group, a phenoxy or substituted phenoxy group, a substituted or unsubstituted
arylalkyl group, a substituted or unsubstituted arylalkoxy group, a substituted or
unsubstituted heteroarylalkyl group; or a substituted or unsubstituted heteroarylalkoxy
group; and the other is hydrogen, halogen, cyano, straight chain or branched C;-Cs-
alkyl, straight chain or branched C,-C¢-alkoxy, straight chain or branched halo-C;-Cs-
alkyl (e.g., trifluoromethyl), straight chain or branched halo-C,-Cs-alkoxy, C;-Cs-
alkoxy-C,-Cg-alkyl, hydroxyl-C;-Cs-alkyl, carboxy-C;-C¢-alkyl, C;-Cs-alkyl-SO, or
N(R)R’, where R and R’ are each independently hydrogen, straight chain or branched
C;-Cg-alkyl, straight chain or branched C;-C¢-alkoxy, straight chain or branched halo-
C:-Cs-alkyl, straight chain or branched halo-C,-Cg-alkoxy, C;-C¢-alkoxy-C;-Cg-alkyl,
hydroxyl-C,-Cs-alkyl, carboxy-C,-Ce-alkyl or C;-Cs-alkyl-SO;

R!, R? and R® are each independently selected from the group consisting of
hydrogen, halogen, cyano, straight chain or branched C;-Cg-alkyl, straight chain or
branched Ci-CG-alkoxy, straight chain or branched halo-C,-Cg-alkyl (eg.,

-



wherein one of R3 and R4 is C4-C2o0-al kyl, C4-C2
-al koxy; an oxaal kyl, thiaal kyl or azaal kyl group
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or substituted phenyl group, a phenoxy or substituted
phenoxy group, a substituted or unsubstituted

rrhaﬂomaw QR ghtthathH b idth&Ph26- NS UARGA U;ﬁftdﬁ -alkoxy-C-Ce-
al koxy ¢

aryl roup, a substituted or unsubstit
redydy Tnairgpt yad Go yCs- gk puparbory-@r1-Eerabityl, tut Edalky!- SOz or N(R)R’ where R

t t d, het l,al k dth
o oS AT Y D S B P B 25T i
Qh&infor bRdehbd CSIT ey, fhadht cdin bf Baetied Halo-CO-G3lakak straight
straight chain or branched hal o-C -C 6- al k

tahiafnj thr@wé@mmlp Crs€a~alkgm CoHfasr atkasy-Gr&malke 1; hbréroeryldir -Ee-alkyl,

| k Ce al kyl, hydroxyl -
C%l% &?’/ C%alk%xy bﬁ‘*&ﬁ G - C6-al kyl - SC2 or
N( 5') R'Q ly\k@{rm ﬁ?ﬂzﬁi{(@mﬁ egldtw);ﬁgﬁ@mdﬁm '(@0)- -0-, -§-, -SO-, -
ro strai ght chain or branche
i NRSOrra SODNRn OB et a5 WSS Bk BYroget ?rat%rﬁ’ht chain or

ajjeiied halo- G -C6-al kyl, straight chain or
bran%h g E%Io C 6- al koxy, G - CB aIkox¥ Cq C6- aIkI

hydr ox8is GOKG -GOR/ -CHar@H(@OIDR GOPELRYR Gr-OPO,R'R'Y, -

o B 3B S o o 220y T BSR PRED yh ISR IR 04 or halide

haldOQ &H of KAMR; 0P AraddgiiBs oﬁé’tﬁéﬂbaﬂfox?ﬁ% ph&ph&ie vEphosphonate
6-al kyl, straight chain or branghed G - C6-al kox

XY,
swmrgmotdmrqd tethase sheyrebelpwi B- siH.Gtraight kfwn or branched C;-Ce-

: 10 br

H 2@\611 o ub#t&&?eﬁeotr %L%tl&#é@aﬁr@% lﬁ%@i ach{( a?ﬂ&gﬁgr)l(depergently H,
fstﬁfglﬁblkaih or Bﬁhﬂ&?ﬂ)clﬁﬂyﬂﬁy]ah kybstituted ﬁﬁnﬁhlksyﬂtutéimryl group or

R R, where and R are each i ndependently
rﬁf’lﬁctﬁééﬁ’m&“ﬁ anng{“t%qﬁth the rodspesiisirdPets Y cs- al kyl |
strarght chain or branched G - C6- al koxy, straight o)
chai n bran hed hal o- G 9C 6- alsk Y| ¢ stlr ai ght
branch %;EQ-C Hﬂk@xg\/el éﬁ ?Kbxy O é—%haIQJQ7<:
hydr oxyl - al kyl , carboxy-C C6-al kyl
6- al kyl - SCE

o H, O h, © o
g—Hzc\o)J\o/ §/C\O O/\ g/C\O/U\O/k E—HZC\O/U\OJ<

Me o Ve o o 5 o
?CH\O/K\ ?CH\O/H\// 5 \o/mw// 2 \o/mw<i
| | |
%_CHZ/—NHz %—CHZ/—NH g\C/—N\ §\C/_g:

R’is H, C,-Cs-alkyl, hydroxy-C,-Cs-alkyl, aryl, or together with R8 form a C,-
Cs-alkylene or a C,-Cs-alkenylene group;
R¥isHor C,-Cs-alkyl; and

m and n are each, independently, an integer from O to 3;

-3



Qis -CH2NR-, -CH2NR(CO)-, -NH(CO -, -(CO NH,

-(CO-, -0-, -S, -SO, - SX2-, -NRSR-, -SM2-NR- or
whedsno@syl , where R i s hydrogen or straight chel/usmws/028914

branched C -C6-al kyl; R6 is -OH -CO2R9,

- CH2=CH( CO) OR9, -OPO2R10R1 1, -OPCB3R1OR1 1, -

i
U LRI bt 0010 R0 i

aamélvdgaué% 19Cs6binalkyt af bes&ywlnapéR giqoB hﬁdg lSrnﬁt hydrogen; and
bvlﬂak b SRRy LR RB o branched CoC -
a y %hit%ilsé{ggédlﬁl%{{lte ﬁlﬁgﬁveﬁﬂg}f ﬁfc{vllc}eglta%g{n?r (}1?{ lg)cﬂ-ﬁ—rula 1I:

re eac epende
or branched G -C6-al kyl, a substltut ed or
unsubstituted aryl group ori?sel ected from but not
limted to, the prodrygs I|sted pelow | COAO 2 o0Ao0J<
R7 is H G -C6-al kyl, hyd dfbalkyl aryl, or
together with R8 forma [2- Ch-al kyl| ere or afe
C2- C5- al kenyl ene group; A or A4 4Cb-al kyl; and m
and n are each, indepdnden [ o 3;
provi ded that when R4 is - C20- al kyl at feast one of
Rl, R2, R3 and R5 is not hy#rogen; an 2\l?&len S
C4- C2o0-al kyl, at least one of RlL, R2, R4 and Fg I's not
hydr ogen; and pharmaceutically acceptable salts
tWbereiafone bfiRAand R&i rs @m@emmm Chopatkoryy ambxa:ahk)p,rthmlalksrl;or

oy Gt 8 e T e, oo
mﬁyﬂ@fbu& %g}r}]ian}@Vdr%gbﬁlt&t@@Pﬂeﬂoﬁg o£ sibsafdd &ngﬁ)ostltuted

at ons, substitu group, a phenoxy
oarylaum gioup; asibptitwtedor ugs@aptuteai as}alb KY graag, apubstituted or
unsu

/|

%1rtute&J fléeteroarylalkyl group; or a substituted or unsubstituted heteroarylalkoxy
group; and the other is hydrogen, halogen, cyano, straight chain or branched C;-C¢-
alkyl, straight chain or branched C,-Ce-alkoxy, straight chain or branched halo-C;-Cs-
alkyl, straight chain or branched halo-C;-C¢-alkoxy, C,-Cs-alkoxy-C;-Cs-alkyl,
hydroxyl-C;-Cs-alkyl, carboxy-C;-Ce-alkyl, C;-Cs-alkyl-SO; or N(R)R’, where R and R’
are each independently hydrogen, straight chain or branched C;-Cg¢-alkyl, straight chain
or branched C,-Cg-alkoxy, straight chain or branched halo-C;-Cg-alkyl, straight chain or
branched halo-C;-Cg-alkoxy, C;-Cs-alkoxy-C,-Cg-alkyl, hydroxyl-C;-Ce-alkyl, carboxy-
C:-Cs-alkyl or C,-Cs-alkyl-SO,;

R!, R?, and R’ are each independently selected from the group consisting of
hydrogen, halogen, cyano, straight chain or branched C;-Cs-alkyl, straight chain or
branched C,-C¢-alkoxy, straight chain or branched halo-C;-Cs-alkyl, straight chain or
branched halo-C;-C¢-alkoxy, C,-Cs-alkoxy-C,-Cs-alkyl, hydroxyl-C,-Ce-alkyl, carboxy-
C,-Cs-alkyl, C;-Cs-alkyl-SO, or N(R)R’, where R and R’ are each independently
hydrogen, straight chain or branched C;-Cs-alkyl, straight chain or branched C,;-Cg¢-
alkoxy, straight chain or branched halo-C,-Cs-alkyl, straight chain or branched halo-C,-
Cs-alkoxy, C;-Cg-alkoxy-C;-Cg-alkyl, hydroxyl-C;-Cs-alkyl, carboxy-C,-Cs-alkyl or C;-
Ce-alkyl-SOy;



aryl al kyl group, a substituted or unsubstituted
aryl al koxy group, a substituted or unsubstituted

whedosnomsy| al kyl group; or a substituted or PCT/US2005/028914
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unsubstituted heteroaryl al koxy group; and the other is
hydrogen hal ogen, cyano, straight chain or branched

,NRI, L@HIRR(CHRI INH(C@—a-%QbﬁﬂHQ 1€oyaldoxy, -so-, -

st ral ght E(Eal n or branched hal o-
s$0Qaj gNRSOhar$ONRbonhetbrodryhawler CR- ls:hﬁdragkromystra@hi chain or

69{ %5? \L:O% %}tﬁ al kyl, hydroxyl -G -C 6-al kyl,
§ 38yl , "d-C 6-al kyl-SO2 or N(RR , where R
and R REg eoeradrtozaéer@ag@ﬂ(ldmmmr OQRO,R SRH'ai- (M?D RH&i'n -
or branqﬁg th%( stral ht chain or branched
CGHRO »y;OE,@z(g)Rg @harq{Yé(r BOaR ¢ Re'd whateoX ¢ hydroxyl or halide

an%I ‘gﬂ H of Egl?cteg Q} rﬁaﬂ%}l@bgf L&f rﬁ%ﬂlﬁgﬁﬁa #)Rosﬁmtgor Bhosphonate
Gséﬁt&yi notdﬂlﬂlfmﬂny dhos€sﬁovai k@lbwa siH @ﬁa@hkyﬁauﬁ@braﬁﬁhed C,-Cs-
and R5 are each independently sghected fromt

g%llsxlporc%neﬁetrqu#@r Spsybs I ggims Fenandtarfes each r'aqeegﬁrdenﬂy H,

C - & _ I

0y S BGOSR B e AR 81 g o
heelegtedi frain Gud nfty/limitedt toathgiprodrhgs Instest bedbowmnched

hal o- G - C 6-al koxy C] - C6- al koxy-Ci -C -aI kyI

hydr ox G -C®-al kyl, cafbox
oy-oa-gkkwcxg oré MRy R _wh he riq*FéB aﬁg\f(

I ndependent |y hydr ogen, stralght chain or branched
- C6-al kyl, straight chain or branched G - CG al koié

straight chai® or bramrgh hal o- C H2060al st rai
chai n erHg¥ hagl/§~ b~ yet<al %w& §-H,C
- C6- al koxy-Q - C 6-al'kyl, hydr oxyt-G -C -al kyl,

carboxy-G -Q al kyl or C - C6-al kyl - SC2; le-CH 2NR-,
-CH2ZNR(CO)-, -NH(CO -, -(CONH, -(CO-, -O, -S,
-SO-, - SER-., < NRSQ2-,. - SO2- NR- orMehet(er oar yI Mwhe e R

i s hydroggn o/lr?\strai g?qj cffai n ory bnan ed C| aI
¥ o &

I
NH2 E-—CHz/_NH %\ /_N\ % C/_gl)\

H, Hy

$—cH;”

R’is H, C,-Cs-alkyl, hydroxy-C;-Cg-alkyl, aryl, or together with Rg form a C»-
Cs-alkylene or a C,-Cs-alkenylene group;

R®is H or C-Cs-alkyl; and

m and n are each, independently, an integer from O to 3;

provided that when R*is C4-Cyo-alkyl, at least one of R], R2, R? and R’ is not
hydrogen; and when R’is C4-Cyo-alkyl, at least one of R' R% R*and R’ is not hydrogen;

and pharmaceutically acceptable salts thereof.

In another embodiment, the invention provides compounds of Formula III:
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R6 Is -OH -CO2R9, -CH2=CH(CO) OR9, -OPO2R10R1 1,
- OPGBR10R1 1, - CH2PG3R1OR1' , -OPQ2(S)R1OR1 or

wo afoepeods PO 3R1I0ORL" , where X i s hydroxyl or hedT/ads20as028914

Y is Hor halide; or anal ogues of other carboxyl ate,
phosphat e or phosphonate isosteres not limted to

t hose shown below, R iR H, straight chain or branched
C -C6- alkyl, or a subptituted or unsubstituted aryl
group; R10 anqqul 1 arke each gndependently H, straight
chain or branchet\Gi~<Co=al )yl , a substituted or
unsubstituted aryl sel ected from|®but not
limted to, the prodrugs Ili sted below. O OH, -HC
O c A>o0ox ol X0 j j

hydr oxy- G - C &Ry Oet{ odet h&CHamt h R8 form a
C2- Cs-al kylene or a - C5- al ken he group; R8 is H
or Ci-C6-alkyl; and mgnd n are edch, independently,
an integer fromQto 3; Jprovided t when R4 is

C4- C20-al kyl, at | east one of RI, ?)nRS and R5 is not
hydr ogen; and when R3 is C4-C20-alkyl, at |east one of
Rl, R2, R4 and R5 is not hydrogenRsand (I1D),
pharmaceutically acceptable salts thereof. In another
enmbodi nent, the invention provides conpounds of

PYRSEEIRa 11 (1),
Het is heteroaryl group;

R; and Ry are each independently hydrogen, Cs-Cyg-alkyl group, C4-Cyo-alkoxy group or
an oxaalkyl, thiaalkyl or azaalkyl group having a chain length of from 4 to 20 atoms; a
phenyl or substituted phenyl group; a phenoxy or substituted phenoxy group, a
substituted or unsubstituted arylalkyl group, a substituted or unsubstituted arylalkoxy
group, a substituted or unsubstituted heteroarylalkyl group; or a substituted or
unsubstituted heteroarylalkoxy group;

R,, Ry, and R are each independently hydrogen, halogen, straight chain or branched C,-
Cs-alkyl, straight chain or branched C;-Cg-alkoxy, straight chain or branched halo-C;-
Cs-alkyl, straight chain or branched halo-C;-Cs-alkoxy, C;-Cs-alkoxy-C,-Cs-alkyl,
hydroxyl-C,-Cs-alkyl, carboxy-C;-Ce-alkyl, C;-Ce-alkyl-SO, or N(R)R’, where R and R’
are each independently hydrogen, straight chain or branched C;-Cs-alkyl, straight chain
or branched C;-C¢-alkoxy, straight chain or branched halo-C;-C¢-alkyl, straight chain or
branched halo-C,-Cg-alkoxy, C,-Cs-alkoxy-C,-Cs-alkyl, hydroxyl-C,;-C¢-alkyl, carboxy-
C,-Cg-alkyl or C;-Cs-alkyl-SO»;

R®is —OH, -CO,R®, -CH,=CH(CO)OR®, -OPO,R'’R"!, -OPO;R'’R!!, -
CH,PO;R'R!!, -OPO,(S)R'R" or —C(Y)(X)PO;R'°R"!, where X is hydroxyl or halide
and Y is H or halide; or analogues of other carboxylate, phosphate or phosphonate
isosteres not limited to those shown below; R’ is H, straight chain or branched C,-C¢-
alkyl, or a substituted or unsubstituted aryl group; R'® and R"' are each independently H,
straight chain or branched C;-Cs¢-alkyl, a substituted or unsubstituted aryl group or

selected from, but not limited to, the prodrugs listed below:
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wherein: Het is heteroaryl group; R3 and R are each
i ndependent |y hydrogen, C4-C20-al kyl group,

w@deoe@oal koxy group or an oxaal kyl, thiaal kyl pOT/US2005/028914

azaal kyl group having a chain length of from4 to 20
atons; a phenyl or substituted phenyl group, a phenoxy

or subst i tut eq) phenoxy gr gup, aé_subst i ut eddor o
unsubsty t ry gpoup, 184S egG—6LC.
unsubst }y#eﬂjef Ikéﬁp up, a suBstltuted or ©

unsubsti t ut ed heteroarylalkyl group, or a substltuted
or unsubstityted heteroagyl al koxy nd
R5 are eﬁ%p de ende@%l hydroge nggigﬂé rgﬂght
chai n or bra d Ci< ws- 20kyt, mtrarg it op” O
branched G - C al koxy, straight chain or branched

hal o-C - C6-al kyl, straight chain or branched
hal o- G - C6- al koxy, C -al koxy-C - C aI kyl,

hydr oxy! - @k- Cob- al kylve cagboxy- G ¥ee hy kyI Me 0
G - C6- alskoH j&/ CR R vvher /
i ndepenéent\[(%/ dr ogen, Ost ai ght chain br anched

C - C6-al kyl, straight chain or branched CI C6- al koxy,
strai ght chain or branched hal 0-G -C 6- aIkyI strai ght
chai n or branghed hal o-G -IC 6- alg ; |
G- CG-EHI%xy - Co$-abkyt’ My dr ox ch_tﬁ\al kyl ©¢ /—N
car boxyd- C 6- aI kyl or CrC 6-al kyI HESOZ R6 IS -*('}-|

PR RSRETON IR RORT - P CCLB S PO ddgRad CrCs

Vyﬂ%}]ﬁqe)grlasczh(%iﬁm&y}l]eﬁ%—t;@ ide and Y is H or halide; or

anal ogues of other car oxyI ate, phosphate or

pros Pruates-alkpst eres not linited to those shown
Qﬁlag h aﬁgeacﬁ 1'ﬁ| %ﬁéhgla'ltlg/hgnﬁl elnfrglrn (Pt{ a5nched Cl- C6-

Sti1tuted aryl gr oup;
&SvﬁﬁﬂthRﬂwﬁerﬁR‘élsG(ac(DzoJfaﬂId& e tedstndneyof R, R, R? and R® is not hydrogen;
and when R? is C4-Cyo-alkyl, at least one of Rl, R R*and R’ is not hydrogen; and
pharmaceutically acceptable salts thereof. '

- In a preferred embodiment, the invention provides compounds of Formula IV:

Rz
/ R1
A——Z—L— R, Re
Rig——
X NH
Q (CHZ)m
CH
Rs ( zh%

av),
wherein:
L is alkoxy, a covalent bond, substituted or unsubstituted alkyl, alkylcarbonyl,
thioether, alkylsulfonyl, alkylcarbonylamino, alkylaminocarbonyl, alkyloxycarbonyl,
alkylcarbonyloxy, or substituted or unsubstituted heteroaryl;



strai ght chain or branched G -C6-al kyl, a substituted
or unsubstituted aryl group or selected from but not

wo povsoemdst o, the prodrugs |isted bel ow - NH, - CPCE/NBR00M28914
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-N, -CH2 (c) 2 H2 R7 is H G -C -al kyl, hydroxy-d-C
-al kyl, aryl or together with R8 forma C2-C5-

al kyl engndA ade bathGhdepleli@ylly OIS tignitOd! BE urBubéhtdIie@ﬁryl wherein Z and
Ci -Cb-al kyl; mand n are each, independently,

i Amesyere linkedrbp acovaenthoad; yhshtuted or m&bsmtefiglkyl NH, alkyloxy, O,
%a}%%g@ l@ﬁngc%ﬁ?oh?%é&b@%ﬂ%g?&r?@lo@ ?16‘&%5??)0}121 5 o not

Rl RZR‘ |R4 RhehdR%' 2 iage euoh indgpermigany saemed from the group con51stmg of
phar maceutical |y acc%pt abI e salts thereof

|
ﬂ%&epe@ ot aenTubstitnicdior YasHbS Nt AEYh stesights Ghei8 9k eanched
g EﬁES’L Qrhi ght & \9 or el @ -Cs- A3 épaffght cRaifi Q¥ Bt£Bhed halo-
bon ute

st unsubsti tut ed al
aCk(l-akyh etryight ctHaer@tHralchedihklw@luCcf dkyky, C;-Cg-alkoxy-C;-Ce-alkyl,

FrriTeRr R SRy LT B RG0S0 Q8 N(RIRSigrein R and

URSMBShdH Mﬁﬁﬁznl@&{t@r}@%d@enzstﬁ@lt &h@f 6r Bdbhed C,-Ce-alkyl, straight

mdependentﬁ% substituted or unsubstituted aryl
whainegrrbranched i Grealkdyey, straighd ¢haip oabmobﬁdérado-%%-alkyl straight

SR eSS L b P Y s,

ca#&myﬂp@yalkgr oi@yCaalkghg0;;, Rl, R2, R5 and R12 are

cach 1 BdePERIeR., LR iCoE Lk cmo§-,h-e(c% REP, 5865 B8, so.,-
SO,-, -NRSO;-, -SO,-NR- or heteroaryl, where R is hydrogen or straight chain or
branched C;-Cs-alkyl;

R%is —-OH, -CO,R’, -CH,=CH(CO)OR’, -OPO;R!°R"!, -OPO;R'’R"!, -
CH,PO;R'R!!, -OPO»(S)R'R!! or —C(Y)(X)PO;R'°R"}, where X is hydroxyl or halide
and Y is H or halide; or analogues of other carboxylate, phosphate or phosphonate
isosteres not limited to those shown below; R’ is H, straight chain or branched C,-Cs-
alkyl, or a substituted or unsubstituted aryl group; R10 and R11 are each independently
H, straight chain or branched C;-Cs-alkyl, a substituted or unsubstituted aryl group or

selected from, but not limited to, the prodrugs listed below:

0 0 0o 0
é_Hzc\o/U\ §—H2C\OJ\/ E—HZC\O/[H/ %—HZC\O)*

0 H, © H, O )
§—H2c\o)ko/ £ Coo o™ §/C‘o/“\oJ\ %-HZC\O)J\O)<

T e Gl S
| | |
§—CH2/_NH2 %—CHZ/—NH %\ﬁ/—N\ §\ﬁ/—g<
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hydr ogen, hal ogen, cyano, substituted or unsubstituted
aryl, straight chain or branched G -C6-al kyl, straight

wa@ baicn20s51 br anched C] - C6- al koxy, strai ght chai PCDUS2005/028914

branched hal o- C -C6-al kyl, straight chain or branched

hal o- d- C 6-al koxy, G -C6-al koxy-GCi - C6-al kyl

hydr oxyl - G - C6- al kyl, carboxy-C -C 6-al kyl,

G -C6-al kyl-SO2 ON(R R, wherein Rand R are each

i ndepdhdeht Cy-Gryadkyddetdrost € alCelatkyb aylnordpgdshemeiieB8 dorm a C;-
- C6-.al kyl , straiaght chain or. branched CrC 6-al koxy,
s@%\lﬁﬁlﬁ%{e %‘h%{:ﬁ@é%nﬁpg]ﬁ% g¢"Ral o- G - C 6-al kyl, st rgi ght

chai n ®fis br @nchegdalkgl; and C 6- al koxy, d-C -al koxy-Cr C

-al kyl, hydroxyl -G -C 6-al kyl,  carboxy-G - C6-al kyl or

G - C6-ralarg pagcgachgnflependenthpn integepfiRm ©9)3;, - NH( CO) -,

- o 4 O, , - 2 o3 - .
R R s Gt Sl o 1 one UG RY, RORYR s not hydrogen;
sdndaitghtR ‘db @i 1C,ealkll ankehe dnCbf RE-RE| RY hnd Rbisiret hf@tpgen; and

-CO2R9, - CH2=CH( , ~-OPC2RIOR1 1, -OPOBRI1OR1 1, -
WB@Y&CW@%@%?%l or -C(Y)(X) PO 3RLORL 1,
wher e is hydroxyl .or halide and.Y i H or_ hal.i de; ..or
e o daa 1ol Ratod Mgt Sy eniayBe e Amphod for reating o
pphibsinal hbsghatecssaxinet disonder iach subjett OB méthodiincludes

bel ow . R9 s, H S i zhal - .
eftsctfeld eisa et Gndtectiiio i oF} BEASTAR P myention e, 2
Rioopenud Bf Farmule] enetherwistedsserihedthiereind sueh thai thhsulypetiintreated for
Ohe g%}g{ﬂ%?{}ﬁﬁ 1pHosfnatt kikbeiaftd AdRdek ! Ut d or

uns uted aryl,. group or selected from but not
i mi t el & fyrthensantiadipenighe ivepion BETERY ACApMPab 9 ao -
HifaraceutiPALBImb6sitibn E8mssising & Herapbitibatly ¢ fieitive andduky bf a

acro¥1|1poug<ri o}’ &g?ﬁye%{iorw et. gh , a'tq gor};}?orurrpd At %r'mula I or otherwise described

herein, and a pharmaceutically acceptable carrier.

Brief Description of the Drawin

Figure 1 is a graph showing the results of the lymphopenia assay for certain

compounds of the invention.

Detailed Description of the Invention
The compounds provided by the present invention are modulators of the S1P1

receptor and are preferably agonists of the S1P1 receptor. More preferably, the
compounds are selective agonists of the S1P1 receptor. In addition to the S1P1
modulator compounds, the invention also provides pharmaceutical compositions
comprising these compounds and methods of using these compounds for treating a
condition associated an inappropriate immune response, such as transplant rejection or

an autoimmune disease.

Definitions

As used herein, “alkyl” groups include saturated hydrocarbons having one or
more carbon atoms, including straight-chain alkyl groups (e.g., methyl, ethyl, propyl,
butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, etc.), cyclic alkyl groups (or
“cycloalkyl” or “alicyclic” or “carbocyclic” groups) (e.g., cyclopropyl, cyclopentyl,
cyclohexyl, cycloheptyl, cyclooctyl, etc.), branched-chain alkyl groups (isopropyl,

-9_
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CA4- C20-al kyl, at least one of RL, R2, R3 and R5 i s not
hydr ogen; and when R3 is C4-C20-al kyl, at |east one of

R, R2, R4 RS i hy.d : d

SRR e enh oD et LER SR ! grqupne e
]zcaa’lbjtll’sabstﬂi_mbd dictealkyl gringpsiand eptloakyl-subbtitdted aikyigtdups). The term
b iR b RN RIAR. RGiclic HAERAA 21 R AR Gtbranched-chains,
aopicall shasingbetween handbfasben atamsf freermnplex afmiiires, dhe ghains may
RAEREA UrideB® JrRVARIInRA. Atighatic ZrePIRQUREL Myl 5esupd! Aikenyl

I or otherw se described herein, such that the subject
i Founse ALYy SFWPSsphi ngosi ne 1- phosphat e associ at ed

disorder. In a. fyrther epbod] nt, the.inventiaon
or t i Ricerta iptim L, s SRR TR o Bche AR group may have
c3hgrafsivei eanbaroatiums i itgbackbdéves age (h +Cx lfionstrefghechdin er C3-Cso for

. . . | p . .
Sk SRl bl PMFOL Gt o v

amay havsAyarefewen dagkan) ome i haskleonear.gi £n-Copfaresfraight-chain or
E§§€?°' ng ll)l?.gclgti-(%hﬁﬁl, %@Wﬁg%;ﬁ%?*”;i é dof ?:“@r.gLﬂctBQ_is%hﬂéfe@&d

a or certaln
ORBIRAEBPS it 1o Al Grbomsae s MaMeibg s s thisnap more
t prefekabiehiviecon7 thdon arpsun de nigsthdede. bYhd feem (ftovee atkyl” refers to
| ntion.are I P .
I3 TR R apBhedIfe AL 5 BRI hoing

nits e or.
pirehSrtalfl carbonk én the ring structure.

Unless the number of carbons is otherwise specified, “lower” as in “lower
éliphatic,” “lower alkyl,” “lower alkenyl,” etc. as used herein means that the moiety has
at least one and less than about 8 carbon atoms. In certain embodiments, a straight-chain
or branched-chain lower alkyl group has 6 or fewer carbon atoms in its backbone (e.g.,
C,-Cs for straight-chain, C3-Cs for branched-chain), and more preferably 4 or fewer.
Likewise, preferred cycloalkyl groups have from 3-8 carbon atoms in their ring
structure, and more preferably have 5 or 6 carbons in the ring structure. The term
“C;-Cg” as in “C;-Cg alkyl” means alkyl groups containing 1 to 6 carbon atoms.

Moreover, unless otherwise specified the term alkyl includes both “unsubstituted
alkyls” and “substituted alkyls,” the latter of which refers to alkyl groups having
substituents replacing one or more hydrogens on one or more carbons of the
hydrocarbon backbone. Such substituents may include, for example, alkenyl, alkynyl,
halogen, hydroxyl, alkylcarbonyloxy, arylcarbonyloxy, alkoxycarbonyloxy, aryloxy,
aryloxycarbonyloxy, carboxylate, alkylcarbonyl, arylcarbonyl, alkoxycarbonyl,
aminocarbonyl, alkylaminocarbonyl, dialkylaminocarbonyl, alkylthiocarbonyl, alkoxyl,
phosphate, phosphonato, phosphinato, cyano, amino (including alkyl amino,
dialkylamino, arylamino, diarylamino, and alkylarylamino), acylamino (including
alkylcarbonylamino, arylcarbonylamino, carbamoyl and ureido), imino, sulfhydryl,
alkylthio, arylthio, thiocarboxylate, sulfates, alkylsulfinyl, sulfonato, sulfamoyl,
sulfonamido, nitro, trifluoromethyl, cyano, azido, heterocyclic, alkylaryl, or aromatic

(including heteroaromatic) groups.
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conpri sing these conpounds and net hods of using these
compounds for treating a condition associated an

o oot RR Sl TRE o AR R et AR AT R g (e
mﬂylm‘hﬂl (5, e.."enieyl)): Ayr GalidaryRohaidty is at andgesip substituted with an

t »
2R r” i%‘?ﬂ’*ﬁ%""ﬁ (% rﬁ?‘?%%%?@ By mpens @
estﬂlé}iﬂht C lbﬁfyq tanghed) gapibpti {ut Kyl gl‘(pﬂppt al]@él@@q group is a

"Hiﬁédént aﬂ@l% |of t}ﬁtc‘érr)es o‘fa&lﬁ‘lg'aﬂ( XakpTes (0P hlkylene groups include

(f‘é*\{éene Jcé F%Er Ili?ll’yll%ér%%é%ﬁgﬁﬂ )?il) g%@)g'ﬁH A0, and 1-

Oyethprhhjﬂbiyé( CE—I]CH@)@sz) , Thettern)s, “aﬂ«eayk’:’h‘éa]lkmm anddfalkghylene” refer
%ﬁ%ﬁm&{e Oalﬁpﬁrpr?/ %‘E)l%; an?fé)%&(ll]s to 'ﬂ{ly \L/hlch 8ﬁgtnye{t least one

aiduyle.(g‘mbglmcaﬂuoed:ad)}ombgad ke)specgwg xamples 0 alkenylene groups
flh@é‘&h&hy‘léﬁk{%ﬁ:@i—ﬁf pRdpEHY1etl e@n&bm‘ﬁhﬁ) t2961ffénylene (-

uaes or

%x@%?éhﬁz*géo%p lsmrtavahr%rne%am ; g@@h éurf%ble alkenyl and alkynyl

tgtpissahtdd gx\ouﬁghmﬁg/\e &NabbuflZlcatBore atohe Nprafeedbity frbf 2 to about 6
corrgol 2%0nsltructures, the chains may be branched,
at MYy cross-1inked. Aliphatic groups include

- al kyl Brecteps “araatiagrougt oufysyl gmup’alnkipded ungatarated aridraromatic

t I
%ﬁ%hﬁg@gﬁg. R %t%ﬁ%‘%“ Toon 4 gicans P
etaracycle sweeﬁmm Jmeregings. r@lms n%%’r agoghs fn Wawrrbndged
O itl-a b@ﬁd (s eﬁh&yﬁﬂé Br hét&o@ﬁ:lllfl(z&irigs ﬁfﬁb@r‘élrfdil?ﬁﬁoﬁ‘ran@ 50 as to
r ai -chai n or a r ou
Sorgate reéagbaﬁrair?ﬂn&. i1514e " gun o v elgh Aatog o gry
f@oustrai ght-chain or C3-C20 for branched-chain, and

nore preferably 18 or fewer. Likew se, preferred
The term “heterocyclic group” includes closed ring structures analogous to

carbocyclic groups in which one or more of the carbon atoms in the ring is an element
other than carbon, for example, ﬁitrogen, sulfur, or oxygen. Heterocyclic groups may be
saturated or unsaturated. Additionally, heterocyclic groups (such as pyrrolyl, pyridyl,
isoquinolyl, quinolyl, purinyl, and furyl) may have aromatic character, in which case
they may be referred to as “heteroaryl” or “heteroaromatic” groups.

Unless otherwise stipulated, aryl and heterocyclic (including heteroaryl) groups
may also be substituted at one or more constituent atoms. Examples of heteroaromatic
and heteroalicyclic groups may have 1 to 3 separate or fused rings with 3 to about 8
members per ring and one or more N, O, or S heteroatoms. In general, the term
“heteroatom” includes atoms of any element other than carbon or hydrogen, preferred
examples of which include nitrogen, oxygen, sulfur, and phosphorus. Heterocyclic
groups may be saturated or unsaturated or aromatic.

Examples of heterocycles include, but are not limited to, acridinyl; azocinyl;
benzimidazolyl; benzofuranyl; benzothiofuranyl; benzothiophenyl; benzoxazolyl;
benzthiazolyl; benztriazolyl; benztetrazolyl; benzisoxazolyl; benzisothiazolyl;
benzimidazolinyl; carbazolyl; 4aH-carbazolyl; carbolinyl; chromanyl; chromenyl;
cinnolinyl; decahydroquinolinyl; 2H,6H-1,5,2-dithiazinyl;
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refers to al kyl groups having from1l to 6 carbons in
the chain, and to cycl oal kyl groups having from3 to 6

o MR RRAGT  T
ailniighdzatyil,cLH- iﬂda@ﬂ\bf ilaxldh;dy,l "inddlowdrinddlizeryy;| indolgl; 8H-iadolyl;
Ui§(9%n?ﬁ{laﬁdh ou t Iﬁalﬁ?% idofi1a2R f“tl*unﬁﬁln?it 1§oﬁﬂ§¥yl qg@qﬁ%myl

| ess on at O

crpibiszelvl dspxazplyk methylenediexyphesyl; mcamqi@crl Eaphthyndag;
aéd%ydgﬁwqﬁnﬁﬁﬁylﬁo%ddz%mn 2 3Ld%aBiadb19ng 2 mokécﬁazolyl

backbon a - t t-cha

bh ﬁm@%ﬂx\gﬁﬁ 4 amh?ﬁ? bés & ‘g&aﬂfgxa@ow qx@%; ifiyl; pyrimidinyl
LpHeﬁMBﬁdmplr @ﬁafan&ﬁlolﬁmlpmh&mhylgpmmdzm phenoraBiifhyl;
RSB Tl BB Fipdhlfy EMSANGE ool £ pincridomy
Tmperp&ylnpfe@dm% purisyl; pyragyl; pprazinkly Ipyranelahsylaquyzolmyl pyrazolyl;
8{5 glo ngl%(wxagolg" ﬁﬁd@lﬁ@ﬁm@ ﬁh@%laz%r ﬁﬁY(ﬁﬁyl pyr1dyl

erw se specif.ied the rm al k y
uawm dinyb itk @yapkw 5 moiﬂwmq Y uﬁ‘éaazé’lllwl guinolinyl;

th@- hﬁbh@lhypﬁuihbk@lhlyﬂ efuenuliiinyh tdtydh foomtﬁﬁylhﬁ’bfhlmﬂlrmsoqumohnyl

SR NrE ﬁ@oﬁﬁlﬂ‘ig"%ﬁaﬁ@%&%ﬁnﬁ%ﬁ%ﬁé°” of$h"

sLipgtthtadmolyl; rigd;S-itiadieztdyl; 1 3y4-theaingzioly]; thiaktmerly]; thiazolyl; thienyl;

W@%&a&oﬁﬁl tﬁ&ﬁ@ox#é@&%ﬁ#(ﬁgﬁt‘l&#ﬁ )ﬁ QB%?H%/ﬂ&Wazmyl 1,2,3-triazolyl;
ah-y#drgedyh b yﬁv -Biagol des%ﬁi@/ﬁ!z&{)é ang) Wth@w bi?ﬁsfmed heterocycles

%Eﬂuaél:g%gg%lmt ﬁhﬂﬁ@dy&@ ﬁuaﬂylngﬁafybwﬂolyl pyrazolyl;
n n
PRSP mgﬁxﬁizeﬁfz S R e sraliginyt
Plhens pthia Aty o bexwmazolﬂnbmndéllyh (blemzchxag)lmlyk)ahd fsatinoy] groups. Also
gflnglluhgci SNy rgyanﬁ e COxgbfll[r%ils ?gggg%ng?ﬁ)q example, the above

ylarylam no am no
heterocycles.

A common hydrocarbon aryl group is a phenyl group having one ring. Two-ring
hydrocarbon aryl groups include naphthyl, indenyl, benzocyclooctenyl,
benzocycloheptenyl, pentalenyl, and azulenyl groups, as well as the partially
hydrogenated analogs thereof such as indanyl and tetrahydronaphthyl. Exemplary three-
ring hydrocarbon aryl groups include acephthylenyl, fluorenyl, phenalenyl,
phenanthrenyl, and anthracenyl groups.

Aryl groups also include heteromonocyclic aryl groups, i.e., single-ring
heteroaryl groups, such as thienyl, furyl, pyranyl, pyrrolyl, imidazolyl, pyrazolyl,
pyridinyl, pyrazinyl, pyrimidinyl, and pyridazinyl groups; and oxidized analogs thereof
such as pyridonyl, oxazolonyl, pyrazolonyl, isoxazolonyl, and thiazolonyl groups. The
corresponding hydrogenated (i.e., non-aromatic) heteromonocylic groups include
pyrrolidinyl, pyrrolinyl, imidazolidinyl, imidazolinyl, pyrazolidinyl, pyrazolinyl,
piperidyl and piperidino, piperazinyl, and morpholino and morpholinyl groups.

Aryl groups also include fused two-ring heterbaryls such as indolyl, isoindolyl,
indolizinyl, indazolyl, quinolinyl, isoquinolinyl, phthalazinyl, quinoxalinyl,

quinazolinyl, cinnolinyl, chromenyl, isochromenyl, benzothienyl, benzimidazolyl,
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al kyl car bonyl am no, aryl carbonyl am no, carbanoyl and
ureido), imno, sulfhydryl, alkylthio, arylthio,

wo beoeoavbpxyl at e, sul fates, al kyl sul finyl, sulpPOnEsmps/028914

sul fanmoyl, sulfonam do, nitro, trifluoronmethyl, cyano,
azi do, heterocyclic, alkylaryl, or aromatic (including

LR ST b AT, B R o,
[tendihytegréngls, 4siwell as the paryia)ly hydwogérakddydnatogh Suasehyomanyl,
qgoc%&%q%ﬁé{f(ﬁolﬁl&ﬁi%; d{):h?@l Whd Ezt c?én?ﬁb]_?zﬂéﬁﬁg Aryl groups also
"mclad«mse the%m@ngagrwp%whtasp Oﬁa jing, carhamhdm@r}thndlnyl

%ﬁamﬁ tpEHﬁx‘?(ﬁnﬁl Bidnafthe3 iRyl /;Bﬂer'{a@idyylpqaeﬁothﬁmyp phéndkazinyl, and
di.val ént anal og of the correspondlng al kyl group.

]é‘??ﬁP anyf g’éﬂ“@l ene groups include ethyl ene

but
(- G oot e LT i e i o WS s g 6~
'Iihembcﬁeatrmnghlrm giotps. " Ial dnptinet aspactdeachIAsregnw;emey be eélecrted from
t t I at. | . I
iy ERAHhALEE o S“m{t‘éégl?}‘fgﬁgéﬁﬁﬁ‘m&%ﬁﬁﬂf f6tien,
dhmb@lmL mlbmmbénmld@@bédnmylytetmwb prazelyl, oxazolyl, isooxazolyl,
Hﬁ/ﬂy@ ?ﬁ)ubs Crtntitdr examples include

L
ARG e G —

yirfodyl] B pﬁﬁkl@'n Brpyaagblgl Rymidazelyh dpisidarol yldeyraping pz-oxazolyl, 4-

‘hoe}(\élz@g ? ?lggtlsoé&%zﬁlgf Q.IIE ﬂ%&gﬁ]ﬁl%ﬁg&&?@ t}ﬂlagglgrw42thlazolyl 5-

"thiagolyly ﬂoﬁuwl 3-fuilidebienyls &tthnpwle&pmdiyw@mdylcwynﬁylc}
[}%fgfn‘ﬂg r@gygﬁnﬁ 195-beRRAYo1 A pRHSAY- Berﬁﬁnﬂﬂﬁiélyla§-1ndolyl 1-

at ur at arorratl C het erocycl es contajn

deogrRalyly P ispguinaly)y 2-grigayalingh p-Efiadsa 851y drapob. and 6-quinolyl

bgiged with a bond (e.g., biphenyl), alicyclic or
het erocyclic rings that are not aromatic so as to form
a pol yIheatken (‘@ange’) ot ‘Gntiab,’n} nsedrhetan ykfenetd aprnumsybstituted or

ds!u\égﬁtﬁf% n?cﬁ&kf%g 1 foRfuId r—N’k{aRb, in which R? and R® are each independently
hydrogen, alkyl, aryl, or heterocyclyl, or R* and Rb, taken together with the nitrogen
atom to which they are attached, form a cyclic moiety having from 3 to 8 atoms in the
ring. Thus, the term amino includes cyclic amino moieties such as piperidinyl or
pyrrolidinyl groups, unless otherwise stated. Thus, the term “alkylamino” as used herein
means an alkyl group having an amino group attached thereto. Suitable alkylamino
groups include groups having 1 to about 12 carbon atoms, preferably from 1 to about 6
carbon atoms. The term amino includes compounds or moieties in which a nitrogen
atom is covalently bonded to at least one carbon or heteroatom. The term
“dialkylamino” includes groups wherein the nitrogen atom is bound to at least two alkyl
groups. The term “arylamino” and “diarylamino” include groups wherein the nitrogen is
bound to at least one or two aryl groups, respectively. The term “alkylarylamino” refers
to an amino group which is bound to at least one alkyl group and at least one aryl group.
The term “alkaminoalkyl” refers to an alkyl, alkenyl, or alkynyl group substituted with
an alkylamino group. The term “amide” or “aminocarbonyl” includes compounds or
moieties which contain a nitrogen atom which is bound to the carbon of a carbonyl or a
thiocarbonyl group. The term ““azaalkyl” refers to an alkyl group in which one or more —
CH;- units have been replaced by an -N(R)- group, where R is hydrogen or C,-Cs-alkyl.
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group. The term "heterocyclic group” includes closed
ring structures anal ogous to carbocyclic groups in

wobeosl2®se or nore of the carbon atons in the PCTYS2085/028914

an el enent other than carbon, for exanple, nitrogen,
sul fur, or oxygen. Heterocyclic groups may be

t ur at ed uns t ed. Ad onal | het cli
o7 b b= gt 5yt B Pt mise MR vt s 0ol are
Geparateyt by opeibt myte caalnch aftomyl ) may have aromatic

char okl a0 6P 5Bl RIS LELAST Bubhatng o

"het eroar et er oar omat

@pﬁbydrwlsgosp attaphed dreteyr §mlt3é>&malhb1tlée @tcyl@ls inslydergepupgihaying 1 to
h®ber 22¢a¥ban A6 rgﬁef@ﬁm)aﬁ&ﬁ 1tt6 Bl éa&%rﬁﬂonﬂ& PhEteRh “thizalkyl”
rmre constituent at f onati C %r‘\)

fegt 9niadipe iBrqupgp &8@ qwr H‘éﬂf% —?ﬁzbmgwif@ L%&nereal.ace y a sulfur

fdﬂé‘tﬁd I d theRIkyi ERoup iicduddl Gb oBmveshgfis afdis, AnyigvedidfudBems are
eteroatons. | n general, the term

"Sﬁgzi‘rgﬁﬁggtyé)ﬁweofﬂlgf%(%féhl%orlaa(t?)% of any el errent ot her than

car bo h%fte,pérdmegsabo éggseﬁgeaﬁtf L:gé I s;w{gr having a carboxyl

meomaitﬁﬁbtdthe@t%ups may be saturated or unsaturat ed or

aromati c. | es of heterocycles |ncI ude, byt are
not | .?hettéran t QEO@/C (35 4 erein arans g alkyberouphagpe py pxygen atom

k&lﬁélﬂﬂ‘dlﬁthétl@w ,Rég&fsémbmﬁllléﬁ)@l Btbupsiaciagé pioapseiving 1 to about 12
€nzoxazo t Z0 ztrl azo ;
SERPeRr o Bror et RS o Mk, oy gt propor,
bemhum)«yaundlthmlylte E;anmcufydkoxygﬂmpaurbéudﬂ ry¢thoxy, ethoxy,
g%ﬁﬁ% JL o %F?W%@Wé 'é]i%t hi'azin I{ery'groups can be
ciuhstifpise wati{ gromsiches %lkwl SHlkinagh hatogemyRroxyl Harlgagonyloxy,
d&d@%@hj’lgk )élkox&éﬂrﬁtﬁ@%)dyn loﬁyﬁhrﬁaﬁ}qbic?‘ carboxylate alkylcarbonyl,
in ; elnglg [ nék ol IZI%
USRI, MSipETEogR U {pminegatr e ny|
| dalkpdaddcatbonyls alkpiiitibearyonyl, Aloxydlglhgbphates phpﬂphmiatcnplhpsphinato,
cyano, amino (including alkyl amino, dialkylamino, arylamino, diarylamino, and
alkylarylamino), acylamino (including alkylcarbonylamino, arylcarbonylamino,
carbamoyl and ureido), imino, sulfhydryl, alkylthio, arylthio, thiocarboxylate, sulfates,
alkylsulfinyl, sulfonato, sulfamoyl, sulfonamido, nitro, trifluoromethyl, cyano, azido,
heterocyclyl, alkylaryl, or an aromatic or heteroaromatic moieties. Examples of halogen
substituted alkoxy groups include, but are not limited to, fluoromethoxy,
difluoromethoxy, trifluoromethoxy, chloromethoxy, dichloromethoxy, trichloromethoxy,
etc., as well as perhalogenated alkyloxy groups. The term “oxaalky!l” refers to an alkyl
group in which one or more —CHj- units have been replaced by an oxygen atom. If an
oxaalkyl group includes two or more oxygen atoms, any two oxygen atoms are separated

by one or more carbon atoms.

The term “acylamino” includes moieties wherein an amino moiety is bonded to
an acyl group. For example, the acylamino group includes alkylcarbonylamino,
arylcarbonylamino, carbamoyl and ureido groups.

The terms “alkoxyalkyl”, “alkylaminoalkyl” and “thioalkoxyalkyl” include alkyl
groups, as described above, which further include oxygen, nitrogen or sulfur atoms

replacing one or more carbons of the hydrocarbon backbone.
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1, 2, 5-oxadi azol yl ; 1, 3, 4-oxadi azol yl; oxazolidinyl;
oxazol yl; oxazolidinyl; pyrimdinyl; phenanthridinyl'
phena rolln l . engzi nyl ;. phenot hi azi n

Phenox e arboRbr o Gty PR LS nd moictes which
oM capbn c@m@etred ahithyd doubpiepsonddo ay bxygbnpntcpﬂr Edamyles of

p?glgggﬁn%%ﬁchg?n am;d/aréa}}zll%ﬂnlyggxr: ud¥ laldeﬁ%cge%nl’}/eto%e?%/cgggd RM{: acids, amides,

pyknd@nkﬂkmkeekpyrld0|n1dazo|e pyri dot hi azol e;

pyridinyl; r|d rimdinyl; pyrrolidinyl;

pyrr ol T ﬂhﬁfy OF 1:ti)/\prealpylpq—ll¢;ley [COMGATRE 5 mqye;;}es which contain an
B4Rk htmﬂ bonﬂlkh - W ak i tbrns. qmm&&bldﬂxﬁ ether or ethereal group

qui-nycl, tetr. r of ur

tlggllug @ﬂgﬂ gﬁuﬁll r%t}lah%}’? €ers f(b%nr aj%vd?lgﬁ'mlrﬂﬂ aillﬂgplyl group substituted
t@ﬁhaﬂ@mykygﬁhbJ,Z,S t hi adi azi nyl; 1,2, 3-thiadiazolyl;

1, 2, 4-t hi adi azol yl ; 1,2,5-thiadiazo|y|;

1 3, 4- Tl taoh daitrio}) ImeansiNOy; retarh “halpgen’ oF halogdn” @nihalo”

rgggﬁeb ;ﬂzei YBr of tFlQ mew’ ?‘th}ch"’ G{‘%éﬁ%’o}xﬂéﬁns SH; and the

trraziny i azol
1t62n4h1'¢rp7é521 pmhydloxz’ Sn@(aflﬁaQ IyI 1, 3 4-triazolyl; and

xant he Pref d heter les i cl.ude, ar e .not

o o rm 5o ielrs 13 GBS ercum Byt StEisy et brGHeh i Yarbon

patmetO la)hlydrorgylli (zcd Iaﬁoi‘myl,’) annlipaatad gtbup (ergipzicysty,l) an aromatic group
nzi mngoa % the lﬁxl'e ﬂ%"él%e%ny lsu Sm@? L.(l: lu’des acyl groups where one

b ﬁ%é% P

benzi'soxazoly
brmmma)i dhq hwllrogea AtbrAssest OeoYimeye @@qbgn atm@oare replaggé dy, for
aé)&nf e o aflégp BroBp dall%ﬁiy'l Brouf “Méﬁ‘é%shﬁ%iﬁ' ankﬂearb&wloxy,
exa heterocycl es. conmon dr ocar ﬂf
azrrylcaﬁ»pamlexy,sallspxyﬁaéhwylwa aﬁ’l??@i?fﬂil?@nﬂﬁé% ?Jfb@xy}%a Viegroonyl,
h;yrglrc@ﬂa@ﬁ Ellk@i)‘vﬂar‘rgihal,l Bfindtefbad ¢, mmptahﬁydc,arbdﬁgle nyl,
b@aﬁ(éf% Cl 12 gg)ﬁfz,p%ogﬁ)t%%en tpﬁosprﬁXndto ph%sphmato
cyano, amino (mcludmg alkyl amino, d1a1ky1am1no arylamino, diarylamino, and
alkylarylamino), acylamino (including alkylcarbonylamino, arylcarbonylamino,
carbamoyl and ureido), imino, sulfhydryl, alkylthio, arylthio, thiocarboxylate, sulfates,
alkylsulfinyl, sulfonato, sulfamoyl, sulfonamido, nitro, trifluoromethyl, cyano, azido,

heterocyclyl, alkylaryl, or an aromatic or heteroaromatic moiety.

Unless otherwise specified, the chemical moieties of the compounds of the
invention, including those groups discussed above, may be “substituted or
unsubstituted.” In some embodiments, the term “substituted” means that the moiety has
substituents placed on the moiety other than hydrogen (i.e., in most cases, replacing a
hydrogen), which allow the molecule to perform its intended function. Examples of
substituents include moieties selected from straight or branched alkyl (preferably C,-Cs),
cycloalkyl (preferably Cs-Cs), alkoxy (preferably C;-Cs), thioalkyl (preferably C;-Cg),
alkenyl (preferably C,-Cg), alkynyl (preferably C,-Cg), heterocyclic, carbocyclic, aryl
(e.g., phenyl), aryloxy (e.g., phenoxy), arylkyl (e.g., benzyl), aryloxyalkyl (e.g.,
phenyloxyalkyl), arylacetamidoyl, alkylaryl, heteroaralkyl, alkylcarbonyl and
arylcarbonyl or other such acyl group, heteroarylcarbonyl, and heteroaryl groups, as well
as (CR’R”) 0.3sNR’R” (e.g., -NHz), (CR’R”) ¢3CN (e.g., -CN), -NO,, halogen (e.g., -F,
-Cl, -Br, or -I), (CR’R”).3C(halogen)s (e.g., -CF3), (CR’R”)o.3CH(halogen)s,
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phenal enyl , phenant hrenyl, and ant hracenyl groups.
Aryl groups al so include heterononocyclic aryl groups,

R, R BRI ey el sty £y

R B ay$ (O)py¥BR (TR’ Hd’))(rzGH@J (GR°RanO(ER R dadi,ny|

9& §on R Gt esom é@ﬁi%’ )Q?@’Fi’éﬁgz(%?oﬁ‘yjﬂzo‘:}‘ and

( R”)gﬂ%@ﬂ"sR)s ; é’r,rﬁgﬁéﬁg$ﬁ 3%@36@’3@%%519& -OH),
CReR”)o@e(DRar(@mRr’)a (s Eitﬁlﬁt@dfﬁflﬁ&ﬁ‘sﬁ itfhutel GHES/1), (CRUY,.(C;-Cs
Y P BETh Pl AL R o i
aRl’darﬁ Ier)ﬂf independemiydemdaadenyd C,-&1dlkybr(aHod alhcglyb,][((‘.b C5d alkynyl, or aryl
TSR o

i ndol iygzi i
ha.lgzaﬁﬁye;@iﬁ@% ¢ GHTEb) B v LAEKH Al Sl r e

cHexd hpigfarably Dsrelepiky @éﬁ:{g@p}y @3’193) alkoxy (preferably C1-Ce),
hﬁfb&lk@?l @ﬁ\éi@fa‘bly @ﬁ@@pblkbﬂﬂ%ﬁéferatﬂﬂ 0,10, aliyhiyD@réfeiablyl C,-Cs),

Tl caasyde, 51 06k) pnagB! st Bpho R, aralkl (g
Wﬂg@mﬂbmlm &¢.99 phenybdxyalkyhhargraaetyinjdoy$ atitylayh hyteroaralkyl,
(6}
A o R
dietgsparsbgratipi (CRYRocd¥ Rz dp-g1, "NBrke (Rt D- m Mye.g.» CN) NO,,
qs‘anégéhrwg FPEL, Byl mjlxbk’nhﬁrmhm dg&gﬁ@?ﬁaﬂ nyl,

RSORLI &Sh e d R Roh St R
SRR AR RE IR SRR R G SN e o

l(ﬁBliBs)omQ(lCéﬁRphedi/ (6. pyTHSIGH arfierOTH: ) (BRERY o0 (CRR)o5H
(e.g., -SH and -SCH3;), (CR’R”)p.100H (e.g., -OH), (CR’R”)0.10COR’,
(CR’R”)p.10(substituted or unsubstituted phenyl), (CR’R”)o.10(C3-Cg cycloalkyl),
(CR’R”)0.10CO2R’ (e.g., -CO,H), or (CR’R”’)0.10OR’ group, or the side chain of any
naturally occurring amino acid; wherein R’ and R” are each independently hydrogen, a

| C(CRJRS)éb&CNPDWR?’ (WH”)%OS@DHQWR”S(GNRQMNHO

C:-C;s alkyl, C,-Cs alkenyl, C,-Cs alkynyl, or aryl group, or R’ and R” taken together are
a benzylidene group or a -(CH,),O(CH,),- group.

It will be understood that ““substitution” or “substituted with” includes the
implicit proviso that such substitution is in accordance with the permitted valence of the
substituted atom and the substituent, and that the substitution results in a stable
compound, e.g., which does not spontaneously undergo transformation such as by
rearrangement, cyclization, elimination, etc. As used herein, the term “substituted” is
meant to include all permissible substituents of organic compounds. In a broad aspect,
the permissible substituents include acyclic and cyclic, branched and unbranched,
carbocyclic and heterocyclic, aromatic and nonaromatic substituents of organic

compounds. The permissible substituents can be one or more.

In some embodiments, a “substituent” may be selected from the group consisting
of, for example, halogen, trifluoromethyl, nitro, cyano, C;-Cs alkyl, C;-C¢ alkenyl, C,-Cs
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groups. Further exanples include substituted or
unsubstituted phenyl, 1-naphthyl, 2-naphthyl,

bi.phe , JL-pyrrolyl, 2- rrolyl, 3-pyrrolyl,
SRS or 61 kSRRt pr b oy, b ok i deasborpiony,
2&r9b0&¥¢ﬂrwrlylcﬁ(y, Ox&z (alk)ylc,ar‘tﬁ>n§:k & @ odikoxJearbomyd 70]-¢k alkoxy, C-Cg

-t hi
kG 3o, nier LA ke, B yPHiRontding el Rafiuthos
2-pyridyl, 3- pyr|dyl 4-pyridyl, 2- pyrimdyl,
4- pyrlnldyl 5- benzothlazolyl purinyl,
Compeundseihe Javentiopndol yl , 1- i soqui nol yl
5-isoquinolyl, 2- qU|noxaI|nyI 5- quinoxalinyl
3- qui nol yl n erm. ' amne
" ani ngﬁ"&ﬁ em% gl&ﬂﬁ‘ﬁlg:ﬂel%] vgxi;té?% f S, ;;Eeagﬁ 0 otcotrrgaé)ugtrls of
Skdigtuld @):ed nnlety of the fornula - NRaRb, |n whi ch Ra
and Rb are each |ndepend§ptly hydr ogen, al kyl, aryl,
or heterocyclyl, or Ra and Rb, taken together with t he
nitrogen atomto mglch t ey arg attached, forma
cyclic noiety having 6 8 atoms in rihe ring.
Thus, the term am no i HS cyclRc anln *noi eti es
such as pi peridi nyl @l i di ny] group unl ess
otherw se stated. g} gl no" as used
herei n neans an al kyl group havi ng an am no group
attached thereto. Suitablg alkyla b groups i ncl ude
groups having 1 to about 12 carbon aﬂ%ns preferably
from1l to about 6 carbon atons. The term am no D,
i ncl udes conpounds or noieties in which a nitrogen
avbereins coval ently bonded to at |east one carbon or
het er ogt o ' r
wher ef e R G- Coo A RT3 RERH! Byt or
adzaylkyogromphavidde cliadn lﬁn"gﬁf()’ﬂf&ml no 2a|at7b istlh phetlyd ot substituted

i ncl ude groups whereipn the njtrogen
phenyl grotip, a phenoxy or substituted phenoxy group, a substituted or unsubstituted

arylalkyl group, a substituted or unsubstituted arylalkoxy group, a substituted or
unsubstituted heteroarylalkyl group; or a substituted or unsubstituted heteroarylalkoxy
group; and the other is hydrogen, halogen, cyano, straight chain or branched C;-Cq¢-
alkyl, straight chain or branched C;-C¢-alkoxy, straight chain or branched halo-C,-Cs-
alkyl, straight chain or branched halo-C,-C¢-alkoxy, C;-Cs-alkoxy-C;-Cs-alkyl,

- hydroxyl-C;-C¢-alkyl, carboxy-C;-Cs-alkyl, C,-Cs-alkyl-SO, or N(R)R’, where R and R’

are each independently hydrogen, straight chain or branched C,-Cs-alkyl, straight chain
or branched C;-C¢-alkoxy, straight chain or branched halo-C,-C¢-alkyl, straight chain or
branched halo-C;-Cg-alkoxy, C;-Cs-alkoxy-C,-Cs-alkyl, hydroxyl-C;-Cg-alkyl, carboxy-
C,-Cs-alkyl or C;-Cs-alkyl-SO»;

R!, R?, and R’ are each independently selected from the group consisting of
hydrogen, halogen, cyano, straight chain or branched C;-C¢-alkyl, straight chain or
branched C;-Cs-alkoxy, straight chain or branched halo-C;-Cs-alkyl, straight chain or
branched halo-C,-Cg-alkoxy, C;-Cs-alkoxy-C,-Cs-alkyl, hydroxyl-C;-Cs-alkyl, carboxy-
C;-Cs-alkyl, C;-Cs-alkyl-SO; or N(R)R’, where R and R’ are each independently

-17-



bound to at |east one or two aryl groups,
respectively. The term "al kyl aryl am no" refers to an

wanenam2@spup which is bound to at | east one al Rgt/ugroosip8914
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and at |east one aryl group. The term "al kam noal kyl "
refers to an al kyl, al kenyl, or al kynyl group

SW&%& ehuaﬁaqigﬁfeﬂcmn %pbﬁh&yédam@gzampp g@algﬂtft%ainearmm@ﬁbcdel Ce-

am nocar ony i ncl udes COITpOUﬂ s or noieties
vwik@xy stoaiglati chaia anibrangheshhade-€mQukalkH, $teright gheintop branehed halo-C-

"G APk 0 ek s o iy GG Sl aRbop e P or -

nO-glkyl-§BZ- units have been repl aced by an -N( R) -
group, where Ris Ey ggen or G-C4

azaal KQIis JPBaRR1, nGHINR @)m—lﬂH((ﬁQ}‘e'(QQﬁ}ﬁHg,r-&Gﬁé— Qqer» S0- -

L, Rk, U600, RRE of BABANE At KNG nliro 1B 6 AT Bhain or

anmﬁﬂkythLQMpw.haV|ng a sul fhydryl group attached

thereto,. Suitable alkylthi roups inclu r S

vt s Ot ERI D AR CEDOE: -GPerE Ene BFER. R, -

t 10,611 1 T al

X gH%f]@ L# klgl c 8(?%8{)@)?{” %‘V\; or - I'Cz?](gégﬁb RWR awﬁlé}e_x Eﬁﬁﬁi‘i&(yl or halide
handeY loed ror helpdaaoemah;guas emthmcadloetmatd Phesphhtic aphgdphonate

group i ncl.ud sul far atons, . any t

et Bl <o W Sl IR Bris trsCigns Sl pEfranched C-Co
adIRMSor al ﬁ%sﬁﬁ[d@ or %h&iﬂsﬁﬁféd@f}’l' gro@s RIS el REreé ackBidtpendently H,

an afkyl group having a carboxyl group attached
t fiesightt ghaimiee bragehpd ﬁr%&liiyl asubpsisied e wispbsibepd aryh group or

d theret
Pee e P B e A e havi ng 1

to about 12 caggbon atons, Opreferably 10t o about 6

carbon at et eki)c;\ xy§ Hi,CK.
-butoxy?aﬁgﬁoﬁg\ ée Ex%%%Yés of aIQoxy gr oups OJLT<:
i ncl ude met hoxy, ethoxy, i sopropyl oxy, propoxy,

but oxy, and pgnt oxy 9[,0URs. The alﬁoxb grooups can e

§——HZC\O/M\O/* ?/Cgo/u\o/”\\ g//cfo/ﬂ\o/l\\ §'H2°\o/ﬂ\o/l<:

Me o Me o (’)‘f-ie o CIH
SN S Fhoy Fhee
| | |
E—CHZ/—NHZ %—CHz/_NH E\C/—““N\ E\C/_g<
H2 H2

R’is H, C,-C¢-alkyl, hydroxy-C,;-C¢-alkyl, aryl, or together with R8 form a C,-
Cs-alkylene or a C,-Cs-alkenylene group;

R¥isHor C,-Cg-alkyl; and

m and n are each, independently, an integer from O to 3;

provided that when R*is C4-Cyo-alkyl, at least one of Rl, R2, R? and R’ is not
hydrogen; and when R’is C4-Cyo-alkyl, at least one of Rl, R2, R* and R’ is not hydrogen;

and pharmaceutically acceptable salts thereof;
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substituted wth groups such as al kenyl, al kynyl,
hal ogen, hydroxyl, al kyl carbonyl oxy, aryl carbonyl oxy,

wa@bdoexymwar bonyl oxy, aryl oxycar bonyl oxy, car boxpdBU82005/028914

al kyl car bonyl , aryl carbonyl, al koxycarbonyl,
am nocar bonyl , al kyl am nocar bonyl ,

di al k)ﬂr@ﬂﬁ&?ﬁﬁf WREYQ.is PJ‘H(EEU)”@QW}Q&@UAWI RF kOB n is 1-4; one of
pho&g phosphonat o, phosp hi nat o, cyano, ami no
I

R’ Rg iRy is EmChoalkyli @b-let alkemo, Caty alipinyh Cs-Cis-alkoxy,

e AN Gl ol R ahc vl et C o et RSl L AR

,@(}ﬁ&}oarqumccmawm LA i lcycladlkyll Cgicq@(cyadwdlkm (C,-Cs alkyl), Cs-
t hi ocar boxyl ate, sulfates, al kylsulfinyl, sulfonatq

Seoallprxfpry )sbe@wH?%@ry oo al@‘b’i)f@u@roeh@ﬂﬁ@h?tef%’y}d}w&'
lary

ARl EERREIGY Gy AN B A BTERF €'

Dgstkbt it otk KKY- cgg afdkpls and@lnadéR tRfl;RéJ’R) and R istH, thekbgen,

t t th th

Rtrer<rice Moy C s OB e r Ry, Gl BEEBRy C s

eilﬁyltm@fthée@ﬂd isdot RRfrb@hogenat ed al kyl oxy groups. The

term "oxaal kyl" refers fo an al kyl oyp i n, whi ch one

or normoviged that whchlhh@tembeé,aneem i RicRd RyyRAnandRy drealkyl,

. B0t SRR nP PR 3F bR A e PR bR ey

N@pRokadlyRabstiaited Bryl)] higldliey1yor @@yikgMopaondlcdubstasted (aryl); R® is

noi eties wherein an amno noiety is bonded to an acyl
dgrsieeenrais btagnR ds nph@Hacy| ami no group i ncl udes

al kyI Cald QMHQJT{PEPW{%{ %gﬂh?g %l‘#ﬂ ig @)H Gar Ra@yk“ %HQ R’ are each

urei do groups

"laaégehamuydaldg\eh "hydnsgeh] zhnmaJ deatigpd ﬂhyxh R® mmlt hgldrogerky|

rou escr.i bhed aboy i ch I d
gxygg ARG aPogmet o TatigEn « gt Gl Sgpodiient R i
Ctgf éﬁfcylt Bﬁhdié@s"n%g lfl‘iiﬂrob BRJﬁQP RRloIOSr i‘oﬁéj“
or "car boxy" 1 ncludes conpounds ‘and

noi et i bgnmhﬁcﬁlrther embodlment R’ is substituted or unsubstituted alkyl or
cycloalkyl group. The alkyl R? group may be substituted with any substituent which
allows the compound of Formula I to perform its intended function, e.g., modulate
sphingosine 1-phosphate receptor. Examples of such substituents include halogens and
hydroxyl groups. Other examples of possible substituents for alkyl R? groups include
substituted or unsubstituted arylthioether, alkylthioether, alkylsulfoxide, arylsulfoxide,
arylsulfonyl and alkylsulfonyl groups.

In a further embodiment, R? is a substituted or unsubstituted alkoxy or
cycloalkoxy group (e.g., a C1-Cy alkoxy group). In a further embodiment, the
substituted R? alkoxy group is substituted with one or more substituted or unsubstituted
aryl groups. These aryl groups may further be substituted with any substituent which
allows the compounds of the invention to perform their intended function, e.g., modulate
sphingosine 1-phosphate 1 receptors. Examples of such substituents include alkoxy
groups, such as methoxy, ethoxy, and propoxy. These alkoxy groups may further be
substituted with any substituents such as halogens, hydroxyl groups, cyano groups, and

other substituents described herein.
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am des, esters, anhydrides, etc. The term"ether" or
"et hereal " includes conpounds or noieties which

cont aiff ,3HneXY rﬁﬁ&&ﬁ% i’sﬂ&%@sﬁtﬁteﬁ%’? uF8HRER gé?!ta‘PﬁExy BRbp, eg.,a

exanpl e, an et ereal group inc
"&abknmyd lok yhsubsiiitia e ptherlicecrygroup drurtieknpdre, tk pbendxy gooup may

kynyl ou ubstituted with.an al ko royp. The
P ST AR s S B B AP ol Bn ot v
"iRARBR M p&forn{1Ad Riendes BIBAE SExdmplesdf suciBsutititwehts itdiede
term"thiol,"” "thio," or "nmercapto" neans SH;, and the

tselbmtuthgi or ungubstltated aﬁw posupstitytedrns ungyhstitpied argh groups. Examples

(bl grd Fo it Baf o Bhe DSt iRhot "R bR thude

f bsithied op anﬁibbmha:ulphe@yl Qgupk e Egampa@ of sibstitudiits for these phenyl
aromatic group benzoyé%, and the like. The term

" gTORRStiNelY @Halawls"cxaﬁ@l allenxy; 2yl srovnsupsanpiitae other passible
rggl{,gmggqtg H‘%&H%QJ&?SH atons on one or npbre carbon atons

rere or exanple, an alkyl group, alkynyl
gr oup, Inrmbmgembdsmmmuw is aa:*.dbyﬂlmwdbm mysubstituted aryl or heteroaryl
n on al kox carb

|
%%g ?(i}le%» 5?{)1} Hyl ot bptg g%{'é;ro% wy fathshhs pubstituted with one

%r%&@ hRRRYhs, s@hk@HOARE, Qﬂldrme BFORREA6PRIAMe. It also may be
ylan1nocarbonyl di al kylan1nocarbonyl

aﬂub§tltu!¢d oathr dnyrof| ithe qhkr(ﬁtlwtltu?mbé?smb@ hqmns phonat o,
P h ospPiiN %& %rbotl% a %gﬁ,llarllge]glrt] q%f(ﬂg:] l%g’hﬂgd gll 1@’ hbs‘?ﬂﬁt%’ alkyl amino

di al k anm no,

adalydng1 vt @ﬁﬁb@@ﬁlted&ﬁ%h&msﬁﬁltc(dl zﬁrSil| ditinG @arbonyl In yet another
al kyI car bonyl am no, aryl carbonyl am no, carbamyl. and

wmehadément; Ri e Su?ﬁﬂtflﬁ’Q @F }}FS“bﬁqltRS?ﬂtaﬁﬂGafbﬁfly]I g ﬁiﬂlﬁtltuted or
t&HSQ&Qﬁ]RQd( XI'I(?I @arboﬁﬂﬁ,fsﬁﬁﬁﬁuted or unsubstituted aryl alkyl carbonyl.

In another embodiment, R* is hydrogen, a cyano group, a substituted or
unsubstituted alkyl group, or a substituted or unsubstituted alkoxy group. In a further
embodiment, R’ is hydrogen, a substituted or unsubstituted alkyl group or a halogen. R*
and R’ may be substituted with any of the substituents described herein, such that the
compound of formula (I) is capable of performing its intended function, e.g., modulate
the sphingosine 1-phosphate receptor.

In yet another further embodiment, Q is -NH-CO- or -CO-NH-. In yet another
further embodiment, Q is a substituted or unsubstituted aryl group, e.g., phenyl or
heteroaryl. Examples of heteroaryl Q groups include pyridyl, indolyl, imidazolyl,
furanyl, and other N, S, and O containing heteroaryls.

In another embodiment, Q is a carbonyl or thiocarbonyl group.

In another embodiment, Q is CH,NR-, -CH,NR(CO), -NRSO;- or -SO,-NR.

In another embodiment, R® is hydrogen, an alkoxy group, or an alkyl ether group.
In another further embodiment, R® is a hydroxyl, substituted or unsubstituted alkyl
group. R® may be substituted with any substituent which allows the resulting compound

of formula (I) to perform its intended function. In another embodiment, Rlisa
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Unl ess ot herwi se specified, the chem cal nvpieties of

the conmpounds of the invention, including those groups
Haeadr ah Y)Qtat&@ﬁr Bxy Siolp !t Ekathprs BF substituted bstituted R®

unsu stlta te I dﬁexegghglnentggsthglSé#@ or TSRS

"gylosy |gtcuulpeddlumambstmutedtormhwbﬁmumdwﬂcasxysgrbsm i Thesaphenoxy

| aced on_,t t th t.h i.e. . |

e ne e AT LB i R APER S
N&s@6din@ed BlkPRgbapsn i ts intended function. Exanples of
substituents include noieties selected from strai ght

or br alicistenatherembeginegrgrRabis ¢ pliesphigte, alkylhosphale, cycloalkyl

ref el ab

oggl'llak Y|ph¥sr?r eg%ct? QBP@L%?%&(B{:@F ?é%{/&rsglt X r,e%2)allli()?llthlophosphate or
Qﬁl(@ﬁbsphahzhy nSDItheﬁ' Bkﬂﬁﬁéﬂbf B( 02lude rarbbeflRr 42tdsand Gubstituted and
carbocycll phenyl ), aryloxy (e.qg.
p‘ﬁé‘ﬁ ll}‘}te yl g@iqrsg@dgyie $8hzyl ), aryl oxyal kyl (e. g.,
pheny : I :
Rt o Ok pither fudf ARBUBTAR fs hKE o spbstinted pr
suchbsityted gﬂ(@hgpuneEEampleybﬁabBtunyﬂts fcamitkylh&% graps yriclude hydroxy
groups, as well as (CRR') O3NR R' (e.g., -NH),
(@R“)O:%CN(eg,- , NOZhangen(eg,-F,

(R et e ob@@n; 2080 (Gt of Sl or

(GRuRtatedaBMR R', (CR R')0-3(CNH) NR R',

(CR R')0-35(0) 1-2NR R', (CR R')o-3CHO, (CR'R')o 3q

(CR R')o -3H_ (CRR') 0-35(0)o -3R {e.g

(CR R Grbrdimgnt,ghe vestio) provléwml@ﬁ Of Esmal)la II:
(CR R') o- BS(CR'R') O3f {e.g., -SHand -SCHB), (CRR')
0-30H{eg, ,-Rscow
(
(

nsubstltuted phenyl ),
CR,R') 0F8C2R {e.g.
R wherein R and R
hydr §jgen ;g:%"* al kyl, C2-C5

are each i ndepenBently
al kenyl , C2-C al kynyl,

Re (ID).

In a first set of compounds of Formula II, R4 is C4-Cyp-alkoxy or an oxaalkyl,
thiaalkyl or azaalkyl group having a chain length of from 4 to 20 atoms; a phenyl or
substituted phenyl group, a phenoxy or substituted phenoxy group, a substituted or
unsubstituted arylalkyl group, a substituted or unsubstituted arylalkoxy group, a
substituted or unsubstituted heteroarylalkyl group; or a substituted or unsubstituted
heteroarylalkoxy group. Rj, R;, R3 and Rs are each independently selected from the
group consisting of hydrogen, halogen, straight chain or branched C,-Ce-alkyl, straight
chain or branched C;-Cg¢-alkoxy, straight chain or branched halo-C;-Cs-alkyl, straight
chain or branched halo-C;-C¢-alkoxy, C;-Cs-alkoxy-C;-Cs-alkyl, hydroxyl-C,;-Ce-alkyl,
carboxy-C;-Cg-alkyl, C;-C¢-alkyl-SO; and N(R)R’, wherein R and R’ are each
independently hydrogen, halogen, straight chain or branched C,-Cs-alkyl, straight chain
or branched C;-Cg-alkoxy, straight chain or branched halo-C;-C¢-alkyl, straight chain or
branched halo-C,-Cs-alkoxy, C;-Cs-alkoxy-C;-Cs-alkyl, hydroxyl-C;-Cs-alkyl, carboxy-
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group; or the side chain of any naturally occurring
am no acid. In another enbodi nent, a substituent nay

wheosebk®st ed from strai ght or branched al kyl  PCT/US2005/028914

(preferably G -C5), cycloal kyl (preferably C3-C),
al koxy (preferably G -C6), thioal kyl (preferably

Qll-Cﬁthyabﬂ@ln@g-g@gr-sO@rabisydr.z ©),R aL&EMPEH(CO)OR’, -

feraply Co- h | b aryl -
(BP R B er PO R Ry oo G R o HRRGHSYE B i (Y COPOSR R

A T TR
ghHog b e @(mmbp}mndteasqstema;rm biyditedto ﬁiobeshmﬂmlmyﬂ@ isH, stralght

o O%Eér) haer{cgp&%r )é ?g(yE,OOI}%l suRﬁoIé\)l gt er s ;/tl ehg@ﬁlg{@pgRlo and R"!
|
:ﬁ%\')sach> ftepe C«?ﬁlh?l?q{‘ str&i tehaFn orcﬂranc%'éd gFS' 911()51 a substituted or

ogen)3 {e.g., -
Omsmﬁlﬂ@ll'tadl anybgnoRp of SHRedRd ﬁiomlm(tl-@( hmlltog ¢ém the prodrugs listed below:
(CR R') 0-1 00ONR R', (CR R OlO(CNH) R', (CR R’

0-i0S(Qi ZNR : -1 0 )o 1

-10H, (ERMRY) .o§¢@>9<§g\/(&'§ HCg %%5%
0-ioQ(CR R')0-10H {e.g., -CH2OCH3 and -
(CRR')0-i0S(CR R')o0-3H {e.g., -SH and SCHG)

(CR R')o-i 00 {e.g., HQH}J (CR R Qo i O
(CR R %UHiQ}E) i t yrbe, e O otmS UDSEE henyiO., OJ<
(CRR')o-io(C3-C8 cycloalkyl) ( R')o-i0Q0 2R

{e.g., -CR2H), or (CRR')o-ioOR group, or the side
chain of any naturally occurring am no acid; wherein

R and R',are each irmlgpe dently IMedrqgen, a GWeCSg

al kyl , ! kenyl al kyngh,, QUp

R and E?Crag togéFﬁeb a genzy@?ﬁ?ﬁé gé%ﬁ?‘b
-(CH2)2CXCH2)2 group. It wll be understood that
"substitution” or "substituted with" includes the
inmplicit prOV|so that suchy substitution is in P

accor@aq&g/ﬁ' th? Eﬁumﬁmed vaﬁe%geﬂw t he §\C/—N

Ha

R;is H, Cy-C¢-alkyl, hydroxy-C;-Cgs-alkyl or aryl. Rgis H or C;-Cg-alkyl. R; and Rg can
also together form a C,-Cs-alkylene or a C,-Cs-alkenylene group; m and n are each,

independently, an integer from O to 3; provided that when R* is C4-Cyo-alkyl, at least one
of R, R%, R’ and R® is not hydrogen; and when R?is C4-Cyo-alkyl, at least one of R, Rz,

R* and R’ is not hydrogen; and pharmaceutically acceptable salts thereof.

In a second set of compounds of Formula II, Rj is C4-Cyp-alkoxy or an oxaalkyl,
thiaalkyl or azaalkyl group having a chain length of from 4 to 20 atoms; a phenyl or
substituted phenyl group, a phenoxy or substituted phenoxy group, a substituted or
unsubstituted arylalkyl group, a substituted or unsubstituted arylalkoxy group, a
substituted or unsubstituted heteroarylalkyl group; of a substituted or unsubstituted
heteroarylalkoxy group. Rj, Rz, R4 and Rs are each independently selected from the
group consisting of hydrogen, halogen, straight chain or branched C,-Cs-alkyl, straight
chain or branched C,-Cs-alkoxy, straight chain or branched halo-C;-Ce-alkyl, straight

22—



substituted atom and the substituent, and that the
substitution results in a stable conpound, e.g., which

w0 o@s/0nds1 spont aneousl y under go transfor mati onPeDTR2085028914
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by rearrangenent, cyclization, elimnation, etc. As
used herein, the term"substituted" is nmeant to

Iaﬁlﬂmra{dhe@ﬁﬁlm@lscpmoﬁﬂ |Q§106té1%¥yscpt6-@ﬂ@|@rﬂyﬁroxyl -C;-Ce-alkyl,

conpounds. In a broad aspect, the permssib

sqyblmmyt%eﬁs-glkwh Ehehealindyx s @ I\é(RdRowhenr@n Riapndrt el eaphd
DG RARED BRSBTS BEbBhl g CHCTBLE B i

P bYhED t:@cwued)dy; Stedidles chain obBraftifedial dV0Y - alky 1 Ssvaizht chain or
enbodi nents, a "substituent” nmay be selected from

gf?réizﬁéleé onlrGeCngliary, G-t h e CotplBHrony1-Cr-Caralky, carboxy-

RS fﬁ“@?w BT T pot (SHEOIOR’, -

wpom‘PnUnyoemR GGHgP@gKlyR]ér b@B@b((S))B(‘OR“ or —C(Y)(X)PO;R!R"!,

?{g?xgﬁ raligg a ﬁ d&k{ c}; bony z}lf)gﬁesc?other carboxylate,
315365 ﬁyt@m ﬁlﬁkﬁi&lﬁbé%délteresq{cﬁ'llhﬁied t@[}ﬁ)séﬁﬁﬂwﬂbél&\]vuﬂ R, straight

heteroary groups. Conpounds of the [nvention 1n on ) I
eqhaomn’mfmched Re-Gerallent ararsupstitutgil ns vnswbstitutedtaryligrouay R and R

a%ﬁgorﬁpg %%%efg%lyl: rﬁg'ra{g%&é!a&%{tg%ﬂc&\%’g ;%’1 %ﬂ%% of B Sﬂﬁed or

tdrisapdtityted eyl gaoaplok ¥éle@ED BBV ndg lithieh 8, lthd pmgfutgs Gfted below:
from4 to 20 atons, a phenyl or substituted phenyl

group, a phenoxy or_subst ot uted  phenoxy grou a
subst i t éteg. orlunsubsi,ct utled ar yri upé HeC- J\ﬁ
substituted 8r unsubstitQted aryl al koxy Igroup, a

substituted or unsubstituted heteroarylalkyl group; or
a substitutedOor unsuh§t i ut ed het,ep; o@ryljal koxy O
% —HC. g~ 3O~ )\ f-H,C. J<

Ve o e o gf i gf i
g’CH\O/U\ §/CH\O)J\/ %/ \0)1\‘/ g/ \O)J\‘<
| I |
%_CHZ/_—NHz %—CHz/_NH g\ﬁ/_N\ %\ﬁ/—gi
2 2

R7is H, C;-Cg-alkyl, hydroxy-C,-Cg-alkyl or aryl. Rgis H or C;-Cs-alkyl. R7 and Rg can
also together form a C,-Cs-alkylene or a C,-Cs-alkenylene group; m and n are each,
independently, an integer from 0 to 3, provided that when R* is C4-Cyo-alkyl, at least one
of R}, RZ, R? and R’ is not hydrogen; and when R?is C4-Cyo-alkyl, at least one of Rl, Rz,
R* and R’ is not hydrogen; and pharmaceutically acceptable salts thereof.

In a third set of compounds of Formula II, Rj is C4-Cp-alkyl and R}, R;, R4 and
Rs are each independently selected from the group consisting of hydrogen, halogen,
straight chain or branched C;-Cs-alkyl, straight chain or branched C,-C¢-alkoxy, straight
chain or branched halo-C,-Cg-alkyl, straight chain or branched halo-C,-Cs-alkoxy, C,-
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group; and the other is hydrogen, hal ogen, cyano,
strai ght chain or branched G -C6- al kyl, straight

wa@ baicn20s51 br anched Gi - C6- al koxy, strai ght chai PCDUS2005/028914
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branched hal o-Ci -C 6- al kyl, straight chain or
branched hal o- G - C 6-al koxy, G -C6-al koxy-Ci-C
éll&bbk -Cd Lo | nyfdkox§1-6 & s kalikyl, G BQUY - El-afkyB - (BLEYAIky]-SO; or
6a y I%OZ orh}ﬁEF){‘;;R 1 v?/ner):e &(3 @greyeac Y ?
i Nﬂ?éBe, einR mdeogre @aclsmd@?egﬁ@ntbﬁmdrpgsn, limlegeahstepight chain or

PR KR R BB P AR EC Gy SRa@pt Gt or

Cli‘ralhdhe@ halb[(alncklﬁntyh @{r@lgﬁ ch@?lrﬁor&irifrmwd halo- C1 C6 alkoxy, C,-Cs-alkoxy-
- C6- al koxy-Gi - hydr oxyl - G - @

c@r@cr'xﬂ}ﬁyl B oy ook ctsliCigh s oFfeh: cdsalkylawaz, Repvided

| h
conS| zl%gtng g"?qﬁyg %e?%ld Ig%eg/dlforgyg/g]ng i%s_t%??u% chai n
oCHB+GHERDES, ~OPCaRKR!, mwm , CHEALROR B! 2nOPEd(S)R 'R or

A TR
GOfQJtllfé?)&Xrbo%/Ta@pﬁ’é Eﬁﬁ% o%h&pﬁorﬁ'té‘ﬁﬂ)ster@é/ %tQMllteon 'tlQ)se shown

- al kyl g car boxy-
N(dR)VR” R iatib straightehairror lam@he@ShrGefadle@eord:ewbstyhvd pogewbstltuted

str pal bra trai

i Epiita sed Rerer? ERBRG Doty 3 gy ot E-co
ha’ikﬁ £bubfstifited &Minsulishhﬂécgzh@l &Bap br Wledpsdofei Shit hat Bmeekd to, the
C6- al koxy, G -C6-al koxy-G -C 6-al kyl, hydroxyl d-C
eprafdigs listshpploRy- G - C 6-al kyl or Cl- Cb-al kyl - SO2; Q
is -CH 2NR-, CH2NR(CO) -NH(CO) - (89 NH- (CO)0
-0-, -S : 509 202- - §—H$,02 R- g
het er oat yhzCs e en ‘or 2 eorarght chi ioor
branched C -Cob-alkyl; R6 is -OH, COZR9
- CH2= CH(CO) , 0P02R10 1, - OPOBR1

\CA:hHéF(eB J@y'é@f(w ag) EldAeE Or/Hf,( oﬁpg 351\0

Me o e o cl\'AHe i (I:\'fﬂe i
E/CH\O/U\ §/CH\O/U\/ §/ \OJW/ g/ \O)H<
| | |
g_CHZ/—NHz é_CHZ/—NH %\ﬁ/—N\ §\ﬁ/—g<
2 2

R;is H, C;-C¢-alkyl, hydroxy-C;-Cg-alkyl or aryl. Rgis H or C;-Cs-alkyl. R7 and Rg can
also together form a C,-Cs-alkylene or a C,-Cs-alkenylene group; m and n are each,
independently, an integer from 0 to 3; provided that when R*is C4-Cyo-alkyl, at least one
of R, RZ, R® and R’ is not hydrogen; and when R3is C4-Cyo-alkyl, at least one of R', R2,
R* and R’ is not hydrogen; and pharmaceutically acceptable salts thereof.
In a fourth set of compounds of Formula II, R4 is C4-Cyo-alkyl; Ry, Ry, R3 and R

are each independently selected from th\e group consisting of hydrogen, halogen, straight
chain or branched C;-Cg¢-alkyl, straight chain or branched C;-C¢-alkoxy, straight chain or
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and Y is Hor halide; or anal ogues of other
carboxyl ate, phosphate or phosphonate isosteres not

wo 2ovsoedst o t hose shown bel ow, R9 is H, strai ghtT/ORE05028914
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or branched Cl1-C - alkyl, or a substituted or
unsubstituted aryl group; RLO and RL 1 are each

Ilﬁgme@ ﬂﬁ6t¢1ycgdalkgt , bRhight chaiadr braichbd Ra168 ;- alkoxy, C1-Cs-alkoxy-
a substituted or unsubstituted gr O%R)R,

B Syt bycronng 6 mauwbtcamow&ccﬁ;kyh GeCp

'dvﬁ'ef g‘ﬂ I@%ﬁ aIR%aé eqeﬁd ?&Tr@ﬁ% i ggh%@%goranched C1-Ce-

-akﬁydtﬁi@t ohaifl oElBraﬁch@ll (kleﬁyhlkmey gtraight cHath orsbrkhahed BhloC,-Ce-
-al kyl; and m an ar e depend ntIy, n
|4%19ég§§318}}t smlmoa W%éu%ﬁ@@%@n Ralkogy i-Ceralkyl,
| Q
%3%{3'1 @I l@’s Aki\‘h C1 @&fk&z o %alk@ﬁ?@? rgﬁd%(f]téﬁgit least

Rine oRR,, Ry, mmud RS is motmyﬂrolgyxdr B(gxs rROHNdCO,R’, -CH,=CH(CO)OR’,

T T
' \§he1fe % is %P@reoﬁgll ﬁjhcage% i%d?g is B ﬁAor h@ﬁﬁ’e 3o ahzﬁoé%ﬂes Ql 8th@f L‘dﬂ)oxylate

(m@qwmﬁﬂ)@atﬁosostﬁem{mw)w tl@ge @IU(raba}w\y,(R? is@, stralght

al kyl 1 r 10
Bkt PPl G Ybiiiar psybetated apy growp R and "
Che Qldh(lﬁ&dﬂeﬁ@érklwﬁ s(t@igthIﬁmﬁbﬂd}thI)Gheﬂ?@-l Ce-alkyl, a substituted or

Cloalko C5- G Oal k I G 0 al ky
Xﬁ(&;@y g@p@ %% aqzlwt?d ﬁg%}/t()ut n%t }u(ncl;[led to, the prodrug)s listed below:

CsEh Ayt

Ci Oal koxy(het e oaryl ) (G- 8 o alkyl), o

C5- Ci Oal koxy( IkI) —H,C.
Cl0al ko%‘(‘é{rg 3 divo algkyf),o and onée of ¢4,
R2, R3, R4, and R5 IS H hal ogen, NH2, G -C6 al kyl,

G -Co6 al koxy, G -Co6 al kyloam no, C -C6 aI kyl cyano,
G-C a k thip, then ﬁB not hyd‘r‘zo /[R4O§V| dedihaj<

when Q ergar yl¥

al kyl ,
Me o Me o a9 4o 9
§/CH\O)J\ §/CH\OJJ\/ §/ \O)‘l\( §/ \O/U\’<
| l |
_§—CH2/_NH2 %—CHz/—NH %\S/—N\ g\ﬁ/—gi
2 2

R;is H, C;-Cg-alkyl, hydroxy-C;-Cg-alkyl or aryl. Rgis H or C;-Cs-alkyl. Ry and Rg can
also together form a C,-Cs-alkylene or a C,-Cs-alkenylene group; m and n are each,
independently, an integer from O to 3; provided that when R* is C4-Cpo-alkyl, at least one
of R', Rz, R? and R® is not hydrogen; and when R’ is C4-Cyo-alkyl, at least one of Rl, Rz,
R* and R’ is not hydrogen; and pharmaceutically acceptable salts thereof;

A preferred subset of compounds of the invention are the compounds of Formula
IV:

-25-



al kenyl , al kynyl, optionally substituted aryl,
optionally substituted heteroaryl, alkyl (optionally

wandwsedost ed aryl ), arylal kyl, or arylal kyl (optT/o8z05/928914
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substituted (aryl); R8 is hydrogen; nis 1; then R6 is
not OH, and provided that when Qis NH(C=O,; R6 is OH
Rl, R2, R3, R4, and R5 areR?ach i ndependent |y hal ogen,
hydrogen, ami no, or alkyl; |then R8 is not hydrogen. In
a further enbodi ment, Rl i hydrog;n I n anot her
further enbodi ment, R2 i 1 al kyl, or hal ogen
(e.qg., fluorg—brorp oro
further enbodi nent RRSJLS sub
al kyl or cycloalkyl
substituted with any subs ' @enp_the
conpound of Fornmula | to pgrformits Jntende
function, e.g., nodul ate sphingosi ne Hposphat e
receptor. Exanples of such™substituents twgcl ude
hal ogens and hydroxyl groups. O her exanples of
possi bl e substituents for alkyl R3 groups include (IV)
stituted or unsubstituted arylthioether,
PiPhi oet her, al kyl sul foxi de, aryl sul foxi de,

aryl sul {somydx %251 dovldiy boad, fsabitituted StaRFubdtitutad ﬁlltlyt ARkylcarbonyl,
enbodi nent, is a substituted or unsubstituted

athiogther, @ﬂk%%ﬂobﬁlla pllsxigaponylgmino, glkqugu@cad;ggyh akylgxycarbonyl,
g?].%g@z}.rboé}g%% of"g&blgg{u{e rg}?ﬁi dﬁﬂ{'uhedtﬁk‘?erﬁé@ﬁt ituted R3

i 0do) g 1 n anot Rer
i tuted or unsubdgtituted
group be

subst i Z e A an¢ eaa:hsnﬂmbndamtlgdulmtlydtecgonursabstfﬁhas eryiwherein Z and

oA b e b ReordRpdaRgS bR oWH%sEIH?t?%@tiﬁf’yﬁyéﬁﬁiﬂfwloxy, 0
t t?giﬁghse i[; hrstatggl m?@% ggt gérfgonﬁarﬂmoi es ofym such su b%?lgit“{r}: nts
i ncl udk', R KXanddR ‘b aressack mdqpas‘leméy ml;eqqd fzoth dlxe/gronp donsisting of
phyd?ggxe}/l hz;[ogee%ecfalnlé osxu%st%uteﬂ or unsu\()stltu{ed aryl s*%ralght chain or branched
C,-C¢-alkyl, straight chain or branched C;-C¢-alkoxy, straight chain or branched halo-
C,-Cs-alkyl, straight chain or branched halo-C;-Cs-alkoxy, C,-Ce-alkoxy-C;-Cs-alkyl,
hydroxyl-C,-Cs-alkyl, carboxy-C;-Ce-alkyl, C;-Cs-alkyl-SO; or N(R)R’, wherein R and
R’ are each independently hydrogen, straight chain or branched C;-Cs-alkyl, straight
chain or branched C,-Cg-alkoxy, straight chain or branched halo-C;-Cg¢-alkyl, straight
chain or branched halo-C;-Cg-alkoxy, C;-Cs-alkoxy-C,-Cg-alkyl, hydroxyl-C,-Cs-alkyl,
carboxy-C;-Cg-alkyl or C,-Cs-alkyl-SOx;
Q is —-CH;NR-, -CH,NR(CO)-, -NH(CO)-, -(CO)NH-, -(CO)-, -O-, -S-, -SO-, -
SO;-, -NRSO;-, -SO,-NR- or heteroaryl, where R is hydrogen or straight chain or
branched C,-C¢-alkyl;
R®is —OH, -CO,R’, -CH,=CH(CO)OR’, -OPO,R'’R"!, -OPO;R'R"!, -
CH,PO;R'R", -OPO,(S)R!®R!! or —~C(Y)(X)PO3R'’R!!, where X is hydroxyl or halide
and Y is H or halide; or analogues of other carboxylate, phosphate or phosphonate

isosteres not limited to those shown below; R’is H, straight chain or branched C;-Cs-

alkyl, or a substituted or unsubstituted aryl group; R'® and R"" are each independently H,

-26—



10

15

substituted with any substituents such as hal ogens,
hydr oxyl groups, cyano groups, and other substituents

waemenedsd herei n. I n anot her enbodi nent, R3 i SPET/US2005/028914

substituted or unsubstituted aryl oxy group, e.g., a
substituted or unsubstituted phenoxy group.

Fial JHE E1RA Br bilaRéhed TG DOXMK Al 8 wibsiR)ed S Iri@¥stiBfed aryl oup or
substituted with one or nbre substituents which a

tetected it 06t litnised toydapresiugsdistes iedown i t s i nt ended
function. Exanples of such substituentg |nclude
substitgted orY uns bstltu ed aI yh(p ubst|

unsubst yI Ies

whi ch nmay be used to substrtute t he phe oxy RB group
i ncl ude substituted or unsubstrtuted henyl groups
Exanpl ¢s of sybstitueHts it or these&ph ny groups

i ncl udé&—het ; cyafeg )% koxy @Aﬁu

of the other possible substrtuen escri bed herern

I n anot her enbodinent, R3 is a substrtuted or
unsubstituted aryI or heteroaryl group. The

substi t ut ar or hgiergaryl R3Mgroup nay fuMéheb be
substitutgg h onedaméﬁksaha@ogﬂns su ?

f1 uori n& ChhON ne, $BT Oxy or §odife. YTt afso Wiy
substituted with any of the other substltuents

descri bed herein. In yet another enbodinment, R3 is a
substituted or unsubsti t utjed alk% ani no carbgnyl or_a
subst i-ured OF %nsﬁe%y,tfutwd ar yli~apndl.car boiy /—tgr\
yet anot her enbodi R3 is a sulpgtituted or H,
unsubstituted aryl carbonyl, a substituted or
unsubstituted al kyl carbonyl substituted or

gﬂgggm ﬁ?{ %& ﬁl %ﬂ(ﬂ;@{&f%’@hér ?g Ky n’oargl grntco)égﬁer with R8 form a C,-

sopslkilehé 66a 05-O4rasitebslené ploag, al kyI group, or a
substityted or unsubstituted al koxy group. In a
furt heR iekbordEnestlkyRand s hydrogen, a substituted or

unsubsfi f 4468 Qalclﬁ}/tnd&;eﬂaaltﬂ): ar?nﬁ@ée? @5t 0 {%43,
‘provided that when R* is C4-Cyo-alkyl, at least one of R', R%, R? and R® is not hydrogen;
and when R is C4-Cyo-alkyl, at least one of R', R%, R* and R’ is not hydrogen; and

pharmaceutically acceptable salts thereof.

In yet another embodiment, the present invention provides compounds of

Formula V:

Rs R

CHs

Iz

Rs
Re V)

In a first set of compounds of Formula V, Rj3 1s C¢-Cyz-alkoxy or an oxaalkyl,
thiaalkyl or azaalkyl group having a chain length of from 6 to 12 atoms; a phenyl or C1-
Cé6-aalkylphenyl! group, a phenoxy or C1-Cé6-alkylphenoxy group, a substituted or
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and R5 may be substituted wth any of the substituents
descri bed herein, such that the conpound of fornula

w@ bociososepabl e of performing its intended funedT/082005/028914
e.g., nodul ate the sphingosine 1-phosphate receptor.
In yet another further enbodinment, Qis -NHCO or

WaSi¥uted Ayl 2R Ehggutfstim&éaecrr &mghﬁleaﬁlokf} ﬁ,ﬁ)

substituted or "unsubstituted aryl group, e.g.,
oubstiguted oamwubstmvad]bbf@mawlalkﬂ gowRroyla sabgyiteiagd or mmt;bsmeted

Bl pioRy Gty Mar ke G20 K ol K bpasp PGt iifeufl i he
| gowp Mﬁi@ﬁﬂgf bf Wdrééﬁnoﬁﬁbﬁﬁhnwalgmmn o BradRed€f-Cs-alkyl, straight

enbodi nent I's CH2NR(CO), - NRSO2- or
5 -CQ@@ cRRran e oChralos S S0 ARA 6 ragcheg dalsg@nCs-atkyl, straight

20F bPLRHB n b q’”b%iééé!sy el Qe LR OHE:-¢ Sﬁgléc?p?lgaﬁ}ggylé(rﬁ-Cﬁ-alkyl,

fur her e roxyI
waﬁblmbytd tOd- aﬁylat:k Ys-alityHSD, aRﬂ N(R)R Y evhstdds Ridnd Re dirarédch
stltuent whi ch_al |l ows the rgsultllgﬂconpound

a of
ipdsre pdengly hygrpeprsiraisht Fhadn prhranthe nStrajgnt chain or
acﬁ‘&ﬁcgst | ut eg&d%?y tra1§ﬁ chain % H&i&ﬁéﬂtﬂaﬁﬂc I'Cs-alléytl & stralght chain or

unsu group. Exanples of sub
10  dranchedibaloiG € eak&ey, &113Tscalkorxgr Guifs-atkyl, IydroxybEt ﬂsmleiﬂ, carboxy-

Tes Pk e S OR R D CORET ” S R ARO cen?
roPe,’E Ut LopOgT 'Rl uoﬂghmml?w'ﬂ erla(ka}R‘@R’d %B%(‘Y')(W)PD RI°R!,

anot her enbodi nent hoslphate al

pmmi?ias Bydreyy] Qsé!akskr arpih% $~°pHé’lf dalidss 65 pwémxeé of other carboxylate,
E}H‘ ? c&{bﬁ%gpho Q%X%ots{ékég%?ﬁﬁﬂg{l) g%thosehshown belo& 1s H, straight

15 @haﬂnﬂrmamhed:ﬂ ngJau@e, ot arshibstiyhted onmisdbstamed aqkbgtoupuRé’obnd R
and unsubsti tuted. al ky sters an et
aﬂﬁ%?%@rm‘%@ﬂ“i?é? 1y ehisbss In qgr %ﬁi o &g@ikﬁoar suézstltu ed or
Sliﬁ?%s'tlw&ﬁg'ypéroup or selected from, but not limited to, the prodrugs listed below:

0 0 ; Q ; Q
g_HZC\O)I\ §_HZC\OJJ\/ “HZC\O)H/ —Hzc\o)*

e, L e ISR TT
—HC oo 1 oo G0N %—HZC\O)J\O

§/CH\OJJ\ g/CH\O)I\/ g/ \O)H/ %/ \O)H<
E— ~—NH; llIH § /—lll §\ /—lll/
CH; §—CH;” SeTUN ¢ o
H2 H2
20 In a second set of compounds of Formula V, R4 1s C¢-C)»-alkoxy or an oxaalkyl,

thiaalkyl or azaalkyl group having a chain length of from 6 to 12 atoms; a phenyl or C1-
Cé6-aalkylphenyl group, a phenoxy or C1-C6-alkylphenoxy group, a substituted or
unsubstituted arylalkyl group, a substituted or unsubstituted arylalkoxy group, a
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unsubstituted al kyl group. Exanples of substituents
for al kyl R7 groups include hydroxy groups. In yet

wa@pwbhzwsT urt her enbodi nent, R8 is hydrogen, hydr/og20bs5/028914

or substituted or unsubstituted al kyl. hi one enbod of
Formula Il: In a first set of conpounds of Fornmula II,

RtbdtRutcd ol RtkuBliieney h@trer 190 P%rgﬁ(ﬁ ortar&hﬁsqftllﬁxa oPﬁnsulz)sOtltuted

azaal kyl group havi ng a chain Tength of from4
detnearylalkiol gydupo R sBh Ssiand Redrptach yidegersigptly selpdiehiam the

HrRBHREr e A R S B B LBy briseBe G Ceraiort, straight

léﬁﬁlﬂklﬁ'btddéh&ﬁCﬁCXJaﬂdoksﬁ)@lra%Obﬂﬁhm ar Sﬂdﬁ&letlth'dkﬁgl 0%-alkyl, stralght
unsubstituted het eroaréml Cka?group, or a substituted
&l

¢haiges hsched paderChedfeed] @oxyrongs-alkyl, hpgrox@3Ci-Ce-alkyl,
o
i e G SIS RS R

cons o] ain or
bﬁ@péﬁtﬁhl@hyﬂﬁg&h ksyrhighsEHad @l‘liramﬂhad T aTs- dlkﬁnﬂhﬁ?@t chain or
8 - al koxy stralght chaln or bragﬁged hal o- C

rg}c@q Ci- gfﬂa%c@cp{t straight ﬁ Hp Obplglﬁel}f‘éch CiCoialkyl, stralght chain or

Q)r@{( Kﬁﬂalo@bé%§al%!)%}9%@{ ([Q' 'lﬁ) }ﬁ?k%‘%-all{}‘/{ %Q%I—@l g,?alkyl carboxy-

Ry fRalkyhiretheCalRylaB@.. FRR® laF@H%‘&ﬂOZ ,ddaéﬁdﬁmCIQ)OR

%?ﬁé%qi% 1P G IR BRI B Falln A& gqragppo.R R

SWHe?é 1§13 hgdﬂakﬂ dhald & e ¢ Ak Aalidsor ﬁ{éfd’ s 61 6thkddikboxylate,
ra

chain or nched hal o-Ci - C 6- al koxy,

@hgmt@;@)pr(ghoggmaatﬁyqostem}smobkwtedjo @ogp sg'qowwelow R’isH, straight

R Brang e o sl Bt B BBl oy R " ana R

-t 2CRGRIP Bd ehtly HOR(CRIGR) dﬂhﬁRierarﬁnché‘d E)-(Oé)alﬂ@l maliuﬂed or
V\hereX|shdroxliei hal i de and is Hor
amarbstiied ! gFope pr selgotishdyomy tut neh%@ﬁ%to@ﬂt?rprodmgs tisted below:

phosphonat e i spsteres not Ilmted to tdose shovvn

. ; 0
bel ow; is K strai ht
—Hzcxoﬁ\ e I Hzc‘o)H/ ~HC )H<

0 H, O H, O o)
§—H2c\o)1\0/ £ Coohg §/C‘0J\0J\ %—HZC\OJ\OJ<

Me o Me Me o i
poH I oH E/CH\O)H/ CH J\ﬁ
| | |
%'_CHz/—NHZ E—-CHZ/‘NH g\(H;/“—N\ §\ﬁ/—“g_|)<
2 2

In a third set of compounds of Formula V, Rj is C¢-C)2-alkyl; Ry, R, R4 and Rs
are each independently selected from the group consisting of hydrogen, halogen, straight
chain or branched C,-Cs-alkyl, straight chain or branched C,-Cg-alkoxy, straight chain or
branched halo-C;-Cs-alkyl, straight chain or branched halo-C,-Cg-alkoxy, C;-Cg-alkoxy-
C,-Ce¢-alkyl, hydroxyl-C,-C¢-alkyl, carboxy-C,-Cs-alkyl, C,-Cs-alkyl-SO, or N(R)R’,
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chain or branched G -C6-al kyl, or a substituted or
unsubstituted aryl group; RL and R1l' are each

wo pabeperydent | y H, straight chain or branched PCT/US2005/028914
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20

Ci -C6-al kyl, a substituted or unsubstituted aryl group

or selected from but not limted to, the prodrugs

| Widreitl RDORE arkéadiSintlepciidéntB-18ldkdden, 1paeitd ¥Naiffor branched Ci-Ce-
6-al kyl or aryl. R8 |spH or d- Ck(yGé a kyl. R7 and R8 can1 °
aAlled, {tesight K5bain fop Pranghed,C c6e-alkRyY. sfraight chain or branched halo-Ci-Ce-

A AT I RO RAD SR B PG NRRS CREPsliope G
Vﬁ}@l[‘oﬂlﬂ-(jlils@k@@rm&wﬁ CelalklybesC - G‘a—all@f—SB;,, and2t 188 one of R,
and R5 is not hydrogen; 6 and _when I s CA- C20-al kyl QRQRR",

aRz, IReégii Ré#ﬁe“%#lY@TPge R® gz Ok orcr% s~ ARG QGEh;
t I e
Set Corrpoun ?%?(Rggr ?uijl(g(?? B Blhetgj()(% ?ﬁ%xcﬁﬂé}e Xis
dmoejhbklyihdetahd Haisit br hahda;Z@adnk}pgu@rdw}ﬂldn awtbogylate, phosphate or

| ength of f 4 1 20
e St BRE A 5050 U BRSPS S5t Cbiebtehain o
e cgrc%tmkylaorsy&l%gﬂnhte%&i uBSubsfBRSyIigd8H R'% and R are each

yl al kyl oup, a substituted or unsubsti t ut'ed
amgtmnmgyg}@,rs@wht ehai b branehed &1 ffs-al sy b Sulstitstpr unsubstituted

JRCHER PR RR R RIS e S e e "¥and R

are each indepgndently selgected fromtthe group

consi stén f dr ge hall ogen,i—Bia. t chatHyCo
branche %‘C&‘) f?p(s;tO aight chai ng% anched 6
Ci - C6- al koxy, stral ght chain or branched hal o-d-C

6 al kyI st rapght chai brancheﬁ_( hah O-EN(C 6- al k@xyj<
I y 6- aERy dr ox - alsk

car boxy %CB( /Q-ca/lck 1§ )lba)Lr ‘LSQZ/H\CQ F%)%—‘foO 0

wherein R and R are each |ndependently hydr ogen,

hal ogen, straight chain or branched G -C6-al kyl,

strai ght chain or branched G - C6- kox , Straight
chain or Nbathed haIMeCloC 6- aI kyi rai ght ﬁal or

branche .cal_ko G -3 H
6-al kyl , hyo‘PoxyI S g Uiduled boxy - o aﬁ<y|
or Gi-Ch-alkyl-SO2. R6 is -OH, _ OC2R9, - CH2=CH( CO) OR9,
' | | |
%—CHZ/_NH2 E_CHZ/—NH %\(H;/—N\ %\ﬁ/‘“g<
2 2

provided that when R*is C4-Cyo-alkyl, at least one of Rl, Rz, R? and R’ is not hydrogen;
and when R is C4-Cyo-alkyl, at least one of R!, R%, R* and R’ is not hydrogen; and
pharmaceutically acceptable salts thereof.

In a fourth set of compounds of Formula V, Ry is C¢-Cy2-alkyl; R;, Ry, R3 and Rs
are each independently selected from the group consisting of hydrogen, halogen, straight
chain or branched C,-Cs-alkyl, straight chain or branched C;-C¢-alkoxy, straight chain or
branched halo-C;-Cg-alkyl, straight chain or branched halo-C,-C¢-alkoxy, C;-Cg-alkoxy-
C:-Ce-alkyl, hydroxyl-C;-C¢-alkyl, carboxy-C;-Cs-alkyl, C;-Cs-alkyl-SO, and N(R)R’,
wherein R and R’ are each independently hydrogen, straight chain or branched C;-Cs-
alkyl, straight chain or branched C;-C¢-alkoxy, straight chain or branched halo-C;-Cs-
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OPO2RIORL 1, - OPO3RIORL 1, - CH2PO3RIORL 1,
-OP2(S)RIORL 1 or -C(Y)(X)PO 3RLORL 1, where X is

whyawoxesi or halide and Y is H or halide; or arel/wgres028914

10

15

of other carboxyl ate, phosphate or phosphonate
isosteres not limted to those shown below, RO is H,
stik@i Gl %H% RRdip oPBraﬁEl?é@l%ﬁﬂC@QQ@(&lyk&l C6-9fko§y—C1 dc6 Rzill:clyl

substituted or unsubstituted ary %r oup
dr}ércefafblﬁlnciwbéb)énmmxyyci-ﬂe—atkwhogﬂt- elaEnth@n, abd ahlshgi@ne of Ry,

%z@ag@?éhém?gx#b“ R oRl LR Y Rl BYB.R R,

@1@&‘%@! OA@H2©0LR1°Q i -©BOZES)H ‘2@‘ omceyf@(@@mPR‘ilxéhere X is
R7 is H G- Co6- al kyl hydroxy-O C 6-alkyl or aryl. R8
i kydepxol ochalidg-and Rlyns H g7hadidg; qeamalegues) Osf@ﬂt% g@rtbﬁéylaqeophﬁsphate or

}h%%%}%ﬁ@l@/s ?&en eg’%o ﬁ%s@lsli%%yﬂe%w 128 &Lﬁ) sggﬂgﬁp&afh or

y, an | nteger
ﬂfr@ﬂdlﬂ&@ t@}adlkyldmna éﬁ-ﬁsmtate%r QRGbatitkyed, ary?ltgrd)uiﬁﬂlo arER Bfare each

ggdmdfg}qyﬁ nStIatF\é?lF é;ér? o t l?fgr){%\e %}incq_-élrgﬁm Slgﬁatu'tg{ pransypstituted
I 8 or AAELANAIARE HbI Gl 1028RROAREAINA fnhe - below

Inathir et of conpounds For mul
is CA-Co-al kyy and Ri, Ro, Rand RS eeacih_r o
i ndepenélegtd y kel e cfr the sghgug i stThhE-~
hydr oge%e ZnaP n, qts_ﬁ;aﬂght chai n or br nched

G - C6-al kyl stral ght chain or branched G -C -al koxy,
strai gg}_ Chalnﬁ\ or brap'Chj.Jj hal o- CI C ealj\k stra
chai n ankthe hI@ClCaIk HC
Ci Ce- al kogjypo Q@da E/ , hy@r oxyI ’
car boxy-GCi - Q al kyl, d-C 6-al kyl - S@ or N( R)R vvhere| n
R and R are each independently hydr ogen, hal ogen,
straight chain or branched Q C -alkyl, strai gh,(Aechgl n

or branch&§ O)OJ\OG al k%&y/(l)jit/ral %hEHch n or §CH
O/H<

CH
& o §/ ~0 e

|

The compounds of Formula I can have the stereochemistry shown below as
Formula V or Formula VI, wherein R;-Rg have the meanings given above for Formula I:

Rz

R3 Ry

Ry

Rs (€H

V)

-31-



10

15

20

25

30

branched hal o-Ci -C 6-al kyl, straight chain or branched
hal o- CpC 6- al koxy, G -C6-al koxy- G -C6-al kyl,

whyawoxst C - C 6-al kyl, carboxy-C -C 6-al kyl 0oPCT/US2005/028914

G - C6-al kyl -SO2, provided that at |east one ORl, R2,
R4 and R5 is not hydrogen. R6 is -OH, -CO2R9, -
CH2=CH( CO) OR9, -OP2RROR1 1, - OPGBRIOR1 1,

- CH2PQ3R10R1 1, 0302(8) RIORL 1 O -C(Y) (X)PO 3R10R1
1, where X is hyd al i.de and Y is Hor halide;
or anal ogues of ot hg , phosphate or
phosphonat e i sost er & e@l to those shown
below;, RO is H mtraiyg hNe gacted d-C

6-al kyl, or a substitdted or [ Fut ed aryl group;
R10 and R1 1 are each® ndependeri#ly H, strai ght chain
or branched Cl-C6- alkyl, a substifuted or (VD)
unsubstituted aryl group or select ed from but not

limted t t he prodrugs |i

OH - - N achtst subset P CPpPEds Oﬁ""m@u M% ﬁ%@‘gjﬁa@ % C
ECH&(K,’Hz)sC(D- ahd R,, IB3Ri andR9tireGhdepbndinky lseled®éd &oth th8 groamp
&nﬁétlréqg?f E¥l4r8%eé1 B}egf}’gz(:h rg,gtlldmry%l gnéegtl%cﬁ(’y. In a preferred

| emahydemee natllgast eme ofrﬂleﬁ-arRsfandrRsG} potdrydmgeni ded t hat
when Rd o Scddlr s%%‘t@k g \/\,ﬁ%lﬁyqu{ 15@de@}{1<) 30)- or

Zé'&(gigiﬁgg 3}1@)& R, d &aaraﬁadeazsn@ﬂm selerisd fregbthe ZEYR
PIdRAEIEBELHH hy‘c&bééh ﬁféﬂﬁ_yﬂ’hﬂﬂﬂr@ Hard Snﬂh&foﬂﬁth 1 lid ﬁlef}@btyt ha
5B SRR R BN BB BTN 7 o

the g rImaphxrd) sghsst ofrrgpmpouhndsdrfdipenylahal, Bg m’CH;(OJhDgg bt CH3(CH,)7-;
SR, 85 2 NSUSH SRS 60018y s o
Hadeegen, webyhchipro, fhipra rtrgﬂﬂor@rnaﬁhwl énd pretheahiaroridedthat a least
Goral JEORY R, AR5 £el 1! i @¥¥hydrogen.

In a fourth subset of compounds of Formula VI, R; is CH3(CH3)s- or CH3(CH;);-
; and Ry, Ry, R4 and R; are independently selected from the group consisting of
hydrogen, methyl, chloro, fluoro, triflnoromethyl and methoxy, provided that at least
one of Ry, R;, R4 and Rs is not hydrogen.

In a first subset of compounds of Formula VII, R4 is CH3(CH;);-O- or
CH;(CH,)s-O-; and Ry, R;, R; and Rs are independently selected from the group
consisting of hydrogen, methyl, chloro, fluoro, and methoxy. In a preferred
embodiment, at least one of R;, Ry, R; and Rs is not hydrogen.

In a second subset of compounds of Formula VII, R3 is CH3(CH,)7-O- or
CH;(CH,)6-O-; and R, R;, R4 and Rs are independently selected from the group
consisting of hydrogen, methyl, chloro, fluoro, trifluoromethy! and methoxy. In a
preferred embodiment, at least one of Ry, R, R4 and Rs is not hydrogen.

In a third subset of compounds of Formula VIII, R4 is CH3(CH,;)s- or CH3(CH)7-
; and Ry, Ry, R; and R; are independently selected from the group consisting of
hydrogen, methyl, chloro, fluoro, trifluoromethyl, and methoxy, provided that at least
one of Ry, Ry, R3 and R; is not hydrogen.

In a fourth subset of compounds of Formula VIII, R; is CH3(CH;)s- or
CH;(CH;);-; and Ry, Ry, R4 and R are independently selected from the group consisting
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G -C -al kyl, hydroxyl-Cr C6-al kyl, carboxy-Cr
C6-al kyl, C C6-alkyl-SO2 ONR R, wherein R and R

wa@e@ecdadb1 | ndependent | y hydrogen, straight chaP@r/082005/028914
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branched Cl-C6- al kyl, straight chain or branched G -C
- al koxy, straight chain or branched hal o-G - C 6-

acjfklg}}dﬁ%g%{r/lz %et%h ﬁﬁEVI) rh%{/ca 16 gc%g%%thgsggr?m xgy oxXYy, prgv%(é/d thg% at least

amehxﬁ)&,ﬁiz -Ropard| Rsyik notrhy@rd@ed- al kyl - SC2, prow ded t hat

at | eaRbroiEed Bl oF oA e R 5 XA 063 Bourd® of Formuia

BPCBR1ORL 1, -CH2PG3R10R1 1, -OPQ2(S)R1ORL 1_or

-C(Y) (X)PO 3R10R1 1, where X is hydroxyl or hatide and
Y is Hor halide; om:anal ofues of other car bo Iate,.
phosphat e or phosphonate i/sosteres not |rr(1C

t hose shown bel ow;, R9 \ straj branched
d-C 6-al kyl, or @ _suf - ; S|tuted aryl
group R10 and RI°1 a in \gpen ent(lC ) strai ght

chain or branched G - g=atkyl, a—st¥stiju ed or
unsubstituted aryl oup o sel ect ed fr,ém but not
linmited to, the prog%ugs | ifted below R7 is H (X)
G -C6-al kyl, hydroxy-G -C 6-alkyl or aryl. R8 is H or
C -C6-al kyl. R7 and R8 can al so together forma

cheen; .
are ea@-’lfé‘%: Rigagﬁgﬁqﬁ!i‘éﬂ %?%eéﬁ :&eﬂée( é‘ﬂ‘oﬁg’ ’6a%kq thiaalkyl or
%f%}_sgleﬁ Rébﬁ’&v §9hzﬁ41 h%f%@s% 'fY lmn@t ahﬁ%ﬁ oPOfCRf

'S no hydr ogen;
Gk yIglenyl frplup, zaphdnea}s or 6n€6@ﬂ<yl§b,enm grmp alrsdbmuueé onot

eh BB SR P By Sabebiod oI RIRN R 6 iy gou. o

' dﬂl‘ﬂﬁﬂhte@ dr ﬁﬁﬁb&ﬁlﬁta@qwsjlﬁlk?f gﬂt—)ﬁgmﬂ asub¥it(e¥)or unsubstituted
wherein: L is al koxy, a covalent bond, substituted or

uresarparylaliexadreupky| . al kyl car bonyl ,
R, R,, and R;s are each independently selected from the group consisting of

hydrogen, halogen, straight chain or branched C;-C¢-alkyl, straight chain or branched
C,-Cs-alkoxy, straight chain or branched halo-C;-Cs-alkyl, straight chain or branched
halo-C;-Cg-alkoxy, C;-Cs-alkoxy-C,-Cg-alkyl, hydroxyl-C,-Cs-alkyl, carboxy-C;-Cs-
alkyl, C;-Cs-alkyl-SO, and N(R)R’, wherein R and R’ are each independently hydrogen,
straight chain or branched C,-Cs-alkyl, straight chain or branched C;-C¢-alkoxy, straight
chain or branched halo-C;-Cg-alkyl, straight chain or branched halo-C;-C¢-alkoxy, C;-
Ce-alkoxy-C;-Cg-alkyl, hydroxyl-C,-Cs-alkyl, carboxy-C;-Ce-alkyl or C,-Cs-alkyl-SO»;
R®is —OH, -CO,R’, -CH,=CH(CO)OR’, -OPO,R'’R"!, -OPO;R'R"!, -
CH,PO;R'’R!!, -OPO,(S)R'R" or —C(Y)(X)PO;R'’R"!, where X is hydroxyl or halide
and Y is H or halide; or analogues of other carboxylate, phosphate or phosphonate
isosteres not limited to those shown below; R’is H, straight chain or branched C;-Cs-
alkyl, or a substituted or unsubstituted aryl group; R' and R are each independently H,
straight chain or branched C;-Cg-alkyl, a substituted or unsubstituted aryl group or

selected from, but not limited to, the prodrugs listed below:
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t hi oet her, al kyl sul fonyl, al kyl carbonyl am no,
al kyl am nocar bonyl , al kyl oxycar bonyl ,

wa@bkdéoglogmsbonyl oxy, or substituted or unsubsti tPCEUS2005/028914

10

15

. Ro
R3 Ry Rs R1
§ 7
= ——NH
R
5 N Hzc\ Rs

heteroaryl; Z and A are each i ndependently substituted
or unsubstituted aryl, wherein Z and A may be |inked
by a coval ent bhond, subst 4t ut edéor uns@bstitgied o

al kyl , I kiyl oxye, t li oet harH.(q LAaocarHpeny
car bonygdgbﬁ(%ﬁ, ar bony Eﬁ(;/u,\/or oxycapgéﬁ;r; R1, Féw\é
and R12 are each independently selected fromthe group
consi sting ofohydroge&, kel ogen, c 22n@, ubstit ut gl OJ<
unsubstipwt edllaryl, skfailght chaj r Jlbr dnche

G-C a|§ kbilf:‘os)tj\@)i/ ghté/cﬁfal)%ogr\br nrbcm)&é\og 1Ck‘@§l317,0
strai ght chain or branched hal o- G -C6-al kyl, straight
chain or branched hal o-Q C -al koxy, G -C6-al koxy-C -C
6- al kyl , hydroxyl -G - C6-al kyl, carpoxy-Q Ce- al}g I

G - C6-al kie-S@ or N(WR o vvheregi E'I:R jE%VR' ar Xeé h
i ndepenc%etml ydro silr aj ght§-thaj br &
G - C6- al kyl\,géltlr ai ght ’C\Iﬁ)a/iﬂ})(;r branched |C - Co- al koxy

strai ght chain or branched hal o-C -C 6-al kyl, straight

chain or branched hal o-Cr C 6-al koxy, d-IC - al koxy- Ci I—C

-al kyl,, hydrowyl -G -C 6-alkyl, cagrboxy-ld- Ce-alkyl -

G - C6-4a |- SC0: QiH-£HyCH 2NR-, sgdazﬂ% ) -, éNer(E%\
-(CONH, -(CO-, -0-, -S-, -SO, Hesop-, -NRsCP:,

-SO2-NR- or heteroaryl, where R is hydrogen or

straight chain or branched Q Qalkyl; R6,is -OH,

-1@opided thaCwheroR{ G €R9;alktradesomE of R, REG RO ig nothydrogen;

PR 5o i Pl o R R A4 R F ol pger na

aplakagdeatcly otdrible adlizakstbert €, phosphate or
phosphonate isosteres not limted to those shown

below, RO is H, straight chain or branched G - C6-

The invention also provides compounds of Formula X or Formula XI:
Ra

nta

Iz

Re
X XI

wherein:
R; and Ry are selected from the group consisting of optionally substituted Cs-

Cio-alkoxy, optionally substituted aryl-C,-Cg-alkoxy, optionally substituted heteroaryl-
C,-Cs-alkoxy, optionally substituted cycloalkyl-C,;-Cs-alkoxy, optionally substituted
aryl-C,-Cg-alkyl, optionally substituted heteroaryl-C,-Cs-alkyl, optionally substituted
cycloalkyl-C;-C¢-alkyl, optionally substituted aryl, optionally substituted heteroaryl,
optionally substituted aryloxy and optionally substituted heteroaryloxy;

Rj, R;, and Rs are each independently selected from the group consisting of
halogen, trifluoromethyl, C,-Cs-alkyl, and C;-C¢-alkoxy;
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al kyl, or a substituted or unsubstituted aryl group;
R10 and R1' are each independently H, strai ght chain or

woreaaobwdl Ci - C6- al kyl , a substituted or unsubspCT/USBUS/028914

10

15

20

25

aryl group or selected from but not Iimted to, the
prodrugs listed below. -NH, -CH, -NH-N, -N-CH " (c)

H2 RYisia<C, Etﬁ-éﬂ(%%o@ﬁ. leéferan:th@myr Gnc{JR6rsaJdtyl ,C@JR?I
or et her v t h ene om 11
(CQSR en@P@aBuB R@P@Rt‘i&a 3 @}ép@gm Ry ; " ORQU(SIR™R" or

T ST A 4L

Fﬂf,otm,caBBxﬂﬁté ﬁﬁ)spﬁatél Gf plﬁt)éﬂh@@?dhsos’iﬁés Wéteiinitdd to Shose shown
C4- C20- al kyl | east one of RL, R2, R4 and R5 is no

hlgﬁé%g% nis ﬁttalﬁhteﬁh#ﬁb@thrmpqi Friécedpt o ae%ub%nttl@d or unsubstituted
f%g{l%, lim aﬁﬁﬁll 1apo E:Jbﬁrm uéﬁggﬂjég?l?% ’stry%ﬁt aal%clhreg tC;-Cﬁ-

n provi des conpo
s&lkyloi substimoedodtsinedbskanedidrsl gfouar sﬁec@- ﬁ:d:ﬁ, lait ok lmded to, the

aa t hi aal kyl or azaal kyl group having a
dﬂB&WgFgﬂytthW from6 to 12 atoms; a phenyl or O -
C6- aalkylpheny group, henoxy or CeC6-al kyl pherpxy
group, subst t ut ed orun%ubstltup | kil gr o
a substftd %SJBEND d ary?ﬂpE%§§agr%tﬁ, %%kjf:
substituted or unsubstituted heteroaryl al kyl group;
a substituted,or unsubstituted heterogryl al koxy gr
g %:ZAQIRS areHegéé i ndepe nyly segfﬁted
the gr dup? ot i ng-Gtohydrogeny tia o
chain or branched G - C6-al kyl , stralght

Me o Me (I:\c_‘e 0 CIH
E/CH\O)J\ §/CH\O %/ \o/lH/ g/ )H<
| | |
f—chy e ¢ oy NH §\ﬁ/-—N\ §\ﬁ/—g(
2 2

and pharmaceutically acceptable salts, esters and prodrugs thereof.

Rj; and Ry are preferably biphenyl-C,-Cj-alkoxy, where the bipheny! group
optionally includes one or more substituents selected from C;-Cs-alkyl, C;-Cy4-alkenyl,
C;-C4-alkoxy, cyano, halogen and trifluoromethyl; phenyl-C,-C4-alkoxy, wherein the
phenyl group optionally includes one or more substituents selected from C;-Cy-alkyl,
C:-Cs-alkenyl, C;-Cy4-alkoxy, cyano, halogen, methylenedioxy, and trifluoromethyl;
naphthyl-C,-Cy4-alkoxy, wherein the naphthyl group optionally includes one or more
substituents selected from C;-Cy-alkyl, C;-Cs-alkenyl, C;-C;s-alkoxy, cyano, halogen and
trifluoromethyl; Cs-Cs-cycloalkyl-C,;-Cy-alkoxy; heteroaryl-C,-C4-alkoxy, wherein the
heteroaryl group is imidazolyl; 2-, 3- or 4-pyridyl; or thiophene, optionally substituted
by one or more C;-Cy-alkyl, C,-Cs-alkenyl, C,-Cs-alkoxy, cyano, halogen, benzyl,
benzyloxy or trifluoromethyl groups; phenyl, optionally substituted by one or more C;-
Cy-alkyl, Cy-Cy-alkenyl, C;-Cs-alkoxy, cyano, halogen, methylenedioxy, benzyl,
benzyloxy or trifluoromethyl groups; naphthyl, optionally substituted by one or more
C;-Cy-alkyl, C;-Cs-alkenyl, C,-Cs-alkoxy, cyano, halogen, methylenedioxy, benzyl,
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chain or branched CrC 6-al koxy, straight chain or

branched hal o-G -C 6-al kyl, strai ght chai n or branched
whadoentiosC 6- al koxy, G - C6- al koxy- G - C 6- al kyl PCT/US2005/028914

hydr oxyl -G - C 6-al kyl, carboxy-C -C 6-al kyl,

G - C6- al kyl - SO2 and N(R)R”, wherein R and R are each

i ndependent |y hydrogen, straight chain or branched

G - C6-al kyl, straight chain or branched d-C 6-al k@XYsspc

strai ght chain or branched I mo-Cl-C6-al kyl, straight

chain or branched hal o-C -C -al koxy, G -C6-al koxy-G -C

6 al K)leiglfﬂycq mllomgthﬁ gro@i)é(yrl hetefo p%ﬂ as ugldazg@i al .K)& 4.0r

omm e apl o oS g (A O EF e

-OP §)‘ﬁi§@’?¥1cyi“‘3@]im°3€( byoe )W§E§Y§Rl®‘mﬂ‘{’f°%élr?éouks is

hydr oxyl lppndral of danpaprdls ¥ Hogmibhis & and ILiRd er Ri0¥ 2 gxprml selgntls

ofs5 otfder but astmexyd talikse powsk@ie or phosphonat e

isosteres not limted to those shown below;, RO is H,

strai ght chain or branched 6 al kyl, or a

substituted or unsubstitAQ group; R10 Fd’n‘@—l\' 3
are each i ndependently H, stral ght c ain or branched

CrC 6-al kyl, a substituted unsubs ituted aryl group

or selected from but n#t° the prodr ugs

listed below In a second et of co ounds of FOHTLH a

V, R4 is C6-C] 2-al koxy an oxaal kyl, thiaa 0

azaal kyl group having angth of from B
atonms; a phenyl or C - C6-aal ky-phenyl group, a '
phenq@_@@\fl kyl phen a substi LU -o

unsubst aryleat kyl 7gr ub J-tuted or .
unsubstituted aryl al koxy gr oup, asubstltut ed or

unsubsti j4t ed-het er oar yl ahk group; or a subgski
or unsd tut/ed_het ero OXy.-group. Ri,
and R are each independ% tly selected fromthe g
consi sting of hydrogen, /hal ogen, straight chain q
branc i - al kyl, stt chain or branc

G -C6-al k i straight cha¥n or branched hal o-G -

6- al kyl, st/rai ght chai n~0r branched hal o-C -C

6- al koxy - C6- al koxy- G—=C6s al kyl , hydroxyl -
6- al ky O {

f

o
Y Y Y
0= : :
UG e Ve
/°@
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car boxy-Ci -C 6-al kyl, G -C6-alkyl-SO2 ONRR,
wherein R and R are each independently hydrogen,
wa@ tooaioges1 chai n or branched C -C -al kyl, straiptit/ustvas/oeso14

ey brigng rpdt QpGrral-koxy, straight chain or branched
hal o- Cr C 6- aI kyl', “strai ght cha| n or branched halo G-C

C - aI koxy- Ci h dr oxyl -
oxy G-C - aI kyI - m al kyl - %
CO2R9, - CH2= CH( OPO2R10R1 1

- OPCG3R10R1 1, CH2P(13R1 (POZ(S) R1IOR1 1 or °
C(Y)(X) PO 3R10R1 1, where X i s hydroxyl or halide and
Yis I| or anal B‘gues of other carboxyl ate,
sosteres not |limted tg

pho osphonat-
t e w beI ow, R9 | straight chain or briankheg
CrC ®-al kyl, or a subst

pr unsubstituted aryl °
chain gf Npf’afiched Gi -

a sUbstltuted or T

-'o from but net_?° 0
Iow In a thlrd. set\©/
R2, R4 andl are each i ndé¢

Co-C 2-alkyl; Ri,
dently sel ect ed from
segsiPsting of hydegen ~hategen, strai ght ghacp "~ ~_~
or bred G - C6- al kyl | strai ght chain or branc%\aed C

limted to, the prodrug I|ste
of conpoungs of Fornula V,

- C6- y, straight chatn or branched hal o-C
62 straight chain or b hed hal o- G - C
& G -¢C6- al koxy- Ci~ | kyl, hydr oxyI

&y Poxy- a - C6- I, C| C6- al kyl -
OrN( R)R ,wherein R and are each i ndependent 'y /§
hydrogen, strai ght chain or_branched G -C6- alkyl,

\ , - al koxy, strai gh;po
cha % ed, Ly o- C1-G5- A strai ght chai n
branched hal o- G - C%al koxy, oxy- (] - C6- al kyI
hydroxyl - Gi - C 6-al kyl, carboxy-Ci-C 6-al kyl or G -C
6-al kyl - SO2, and at | east one OFR 1, R2, R4 and R5 is
not hydrogen. R6 is -OH, -CO2R9, -CH2=CH(CO CR 9,

- P2

 CrCe (SFRISREmPOBR g Y 1s3maRi e O3t ARt mifed o, those s

forth below and their salts. While the compounds below are represented as alcohols (Rg

is hydroxy) or phosphates (Rg is —OPO;H3), specific compounds of the invention further
5  include derivatives of these compounds where R is carboxylate, methylenephosphonate,
thiophosphate hydroxymethylenephosphonate, fluoromethylenephosphonate.

JO_
34

HaN Hy
N OH
/‘/‘/ I
\ O

L
42
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hydroxyl or halide and Y is H or halide; or anal ogues

of ot her carboxyl ate, phosphate or phosphonate
wo soshewes not |imted to those shown bel ow, RBCT/BSH405/028914
gty adigint ohal ey einched G- C6-al kyl, or a

Substituted or unsubstituted aryl group; R10 and Rl 1

are each ip endently H, straight _cha¥h.or branched
a substituted or st tuted aryl group
ed from but not/li/\m'd to, the pro

stetl bel ow. provided that when R4 is C4-C20-al kyl, 45
at least ongpof Rl, R2, R3 and R5%ts not hydrogen and
when R3 is C4- C20¢ a"r‘kyl at ast one o

and R5 is n fi; and mac)ei?’loc °"Iy i
accepta tssthereof. In atoufth set of con'pd /©/d1>
V, R4 is 06-Cl2-alkyl; 4R, R2, R3 and R5

I ndependently sel ected fromthe group
consi sting 43 hydrogen, haI ogen, straight chain or

Ci - C6- al kyk o St 1’3 ht chai n ,e¢/ br anchie
trai "@ﬁé/ﬁ anched J1hal 6- C - C6- al K /@/
straig ranched haI o- G C 6-al koxy, CC

- al koxy o -al kyl, hydroxyl -G & 6-al kyl ,

6- al kyI G - C6-al kyl - SO2 and N(R R
R and R:."8f’e. eachA, den 09§
) cha orl branched G - Lyl | ° straigt
chain or “branched Gi- C6-al koxy, stpgai ght chai K
branched haft®- G -C 6-al kyl, straight chain or branched
hal o- G - C 6-al koxy G - CG aI koxy- G - C6- al kyI

CI C6- aj " car Xy- Ci - Co- al kyI C
"l eaSt one of Ri, \">
' is -OHY - CO2R9, ~:~-,@H2 CH(

11, CPCBRlORl 1, NREBRTORL 1,
-OPQ2( S)RIORLIO r - (YY) (X) RTOR1 1, where X is

hydr oxyl or halide and Y is H or Ig@l i de; or anal ogues
of octher carboxyl at ex sphate or phosphonate

te not ﬁg’\lo t hose shovvn b .ﬁw R9 is H,
i o ai brsan e S 7 W ot
sustitut edsg"r unsubstlt | ar ro p, R10 anij\/Fﬁl\iE:I/”\’%<

?

are each

60

64
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i ndependently H, straight chain or branched

C -C6-al kyl, a substituted or unsubstituted aryl group
worosek®st ed from but not Iimted to, the proBPCTYS2005/028914

listed in the below. The conpounds of Forrmula I can

have the stereochem stry shown bel ow as Formula V or

Formula VI, wherein Rl-R8 have the neani ngs given

above for Formula I:In a first subset of conpoung$19fspc

Formula VI, R4 is CH3(CH2)7-O or CH3(CH2)6-O; and

Ri, R2, R3 and R are independently selected fromthe

group [consi sting ef\itydr ogen, net hyM"” chl oro, fluoroy \n>v
and rret . I/Jﬁémerred e @. nt, at |east
v ydrogen. hi a segon

d R5 is not |
subset of conﬁéunds of Formdfa VI, R3 is CHS )7-0

or CH3(CH2)6-O; and Ri, R2, R4 &d RS are 81
i ndependent |y sel ect ed from the gr.oNg” consi sting of n\?f/m

hydrogen, nethyl, chloro, fl uor tiifluoronethy| ﬁ- |
nmet hoxy. In a preferred enb nment, at | east on R1,
R, R4 and R5 is not hydrogep. In a third subset of

compounds of Forrrul a VI RA&TI s (CH2) 8- or

CH3(CH2) 7-; and . and R5 are i ndep %
selected fro eﬁéum %tlnﬁj
met hyl, c fd uoro, trif hyl , and ne (O/“)CN

provi ded at at | east one of R ,86R2, R3 and R5 is 1Rot
hydroge . hi a fourth subset of conpounds of Fornmul a

VI, R3is CH3 &ﬁ? V%; and R| R2 R4 ]
and R5 are ind 1y sel d f Kﬂ'")(‘/m.
consi sting dr'ogen, nethyl T@’d fI uor /O

triflu and met hoxy, pr ovPded that at | east %0
one of Ri R285R4 and R5 i,s not hydrogen. In a first

subset ™ of lcanpo Forw Cﬂ?(@mﬁ\i} N
or CI—B(E%@&«& R5 are /Q/WPC

I ndependent | y ggel ect ed fromthe group

\O\@\/\ﬁ%m 5\/@/ oy @\/@/ Hay gm

0 T
e 327 b

97
\t : Pl 10, e 7@ Wg&m
° 107 "
100 d

105
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consi sting of hydrogen, nmethyl, chloro, fluoro, and
met hoxy. In a preferred enbodi nent, at |east one of R
WQ 2048/020981 and R5 i s not hydrogen. hi a second BOD®81008028914

conpounds of Formula VI, R3 is CH3(CH2) -O or
CH3(CH2)6-O; and R, R2, R4 and RS are independently

sel ected fromthe group consisting of hydrogen,

nmet hyl, chloro, fluoro, trifluoronethyl and nethoxy.

In a preferred enbodi nent, at least one of R, R2, R4

and R5 is not hydrogen. In a third subset of conpounds

of Fornmula VIIlI, R4 is CH3 ) 8 Eﬂa@ nd,

Ri, RZHHBS and R5 are [ ndeﬁﬁ%&u&l/@r | ect ed q/\r@h\é,%\/“
group con |st|ng #- hydrogen, neffpyl, chloro, tluoro
trifluor and met hoxy, prOV|ded that at”| east

one of Ry R and R5 is not hydrogen. hi a‘/fourth

subset of conﬁBunds of Fornula VIII R3is C}B(C}Q)

or C%B(C%Q)?- and 3k R2, R (€] |ndependent y
sel ect ed wﬁ co ogen met hyl ,
chl oro, ~f1Horo, trlfluoro Tret hoxy, provided

t hat at Ieastl ne of Ri R4 and R5 is not
hydrogen. A préferred subsgf of compounds of Fornmul a
[l includes compounds of Formula wherein: R3 and R
are each |ndependently C6- G 2- al kmxy or an oxaal kyl ,

th|aaIk or a wgroup having a chain | ength of
from6 1 a phenyl or G -C6- al kyl phenyl
group, “a phen Y or G - C6- al kyl phenoxy group, a
substituted or “unsubstituted aryl al kyl group, a ;
substituted or unsubstituted aryl al koxy group,:a NN
substituted or unsubstituted heteroaryl al ky ; of
a substituted or unsubstituted heteroarylal koxy group;
126
/\/\/\/\D/O/ nMw; [ /©/L“/\/\/\ H I /Cr \C
~ A ﬁ)\ y
12i 129
Aﬁ*ﬁj (oS Canas ~LATT
L
128
132

130
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Ri, R2, and R5 are each independently selected from
the group consisting of hydrogen, hal ogen, straight
wa@ baicn20s51 br anched Gi - C6- al kyl, strai ght chai nPOT/US2005/028914
branched G - C6-al koxy, straight chain or branched
hal o- G - C6- al kyl, strai ght chain or branched halo-GC -C
6- al koxy, G -C6- aI koxy-Ci - C6- al kyl, hydroxyl-C -C
6-al kyl, carboxy-GC -C 6- al kyl, d- C 6-al kyl - SO2 agligspC
N(R R, wherein Rand R are each i ndependent |y
hydr ogen, strai ght chain or branched G -C6-al kyl,
strai ght cha hed Ci - C6- bﬁ‘f hm/
chai n ﬂ@g ht G \C\/ab/k\y@( ‘ai Lhi ;/\/\Q\
br and‘he haF o- C 6-al koxy, - C®7al koxy- C -"€6- al kyl ,
hydr oxyl **Gi - C6- al kyl , r boxy- G - C6- al kyl or 141
G -C6-al kyl -SO2; R6 isl-0H -CO2R9, -CH2=CH( CO OR9,
- OPO2R10R1 1, 133CPCBR10R1 1, - CH2PG3R1O0OR1 1,

-OPQ2('S) RlORl 1 qr -IC (X) PO 3R10R1 1, where X is -
hydr oxyl eﬁhd/ is Hor halide; or anal ogu j/'v
of other | ate, phosphate or phosphonate” g :

i soster ¢ limted to those shown below, RO i's

strai ght~¢hai n or branched C -C6- al kyI or a 144
substituted ot3eunsubstituted aryl gr oup R10 and R1'

0.

are each i.nd e H, straight chatn or branched

G - C6- al K ,j@gbs ted or ungulist] tute gro
or séfected"from but nodt Yi o, the p ofo) u
listed b& ow -CH -NH2 -NH - I-CH 2 T (c) 'r

provi ded t hat When R4 is C4-C20- a43kyl at | east one145‘f

R1, R2, R3 and R& i sf ﬂot hydrogen and R3 1S
C4- C20- al kyl &t onQ/Q/ IR4 a/©/\’%

hydr ogen; phar saceutical ly cept able salts
t her eof ; e invention also provjges conmpounds of
For mul a r Formula Xl:

QQN@KK é—@x/@/% C%Qx@ﬂ*
‘wm)m\.hm% o w*

Ha

158 162
154 H
— X n% Nj‘}(
OO~ YL OO OO
i
157 161 ¢
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XI wherein: R3 and R4 are selected fromthe group
consisting of optionally substituted C6- do-al koxy,
woptlcon@si y substituted aryl -G - C6-al koxy, optPoOnaEK20p5/028914
substituted heteroaryl- Q C -al koxy, optionally
substituted cycl oal kyl - G - C6- al koxy, optionally
substituted aryl-C -C6-al kyl, optionally substituted
heteroaryl -G -C 6-al kyl, optionally substituted pprigspc
cycl oal kyl -G -C 6-al kyl, optionally substituted aryl,
optionally substituted heteroaryl, optionally
substituted aryl oxy and optl onal ly substituted

het er oar yl oxy; Rl R27 R ar e each il dependently
sel c@ @ bﬁm c o

[ - Ce- al kyI an d C 6- aI kxy,
G - C6- al kyI gq&up preferably me and R6 is -

168
-CO2R9, - CH2= CH(CO) 02R10R1 1, « OPOBR10R1 1, "
CH2 R&% Q;) PO 3R10Ri©fM
vvher algde *H “or—halidex
h

anal ogues of ot ek car boxyl at e, Wosphate or 171
.phosphonat e |$@Steres not I|mted to those shown

below_R9 is H, str a|n or bra
G - & 3G or & Ul tutg}@mﬁg%*
group; R10 and>RI”1 are each o- entIy H s

chain or brangded G -C6- alkyl, g Substituted or

unsubstituted aryl gr.oup or seI ect ed frqm t not
Iirrit o, the_pradf ¥abEm WR\/
phar mace awﬁc pt (8 T an u@/

. 4 afe Preferabl y,bi phenyl G-c
4- al koxy, vvhen@ t he bi phenyl group optionally incl udes

one or nore su stltuths sel ected fremid-.C4 m
G - 4- al kenyl =af Roxy,—~cyan hdl ogen am
trifl Udoronet Yl pheny‘l a- {aJ koxy, wherein th

42—



phenyl group optionally includes one or nore

substituents selected from G -C4-al kyl, G -4-al kenyl,
weReoeh2@5koxy, cyano, hal ogen, nethyl enedi oxy, Pen@s2005/028914
trifluoronethyl; naphthyl-C - -al koxy, wherein the

napht hyl group optionally includes one or nore
substituents selected fromd-C 4-al kyl, d-C 4-al kenyl,

Cl- C4- al koxy, cyano, hal ogen and trifl uoronethyl ;ppr-165pPC
C5- C8-cycl oal kyl -G -C 4-al koxy; heteroaryl-G -C

4- al koxy, wherein the heteroaryl group is imdazolyl;

2-, 3- or 4- pyrl dyI or thiophene, opti onal Iy 195

subst it ut ed Q" CA- al kyl, CA- al kenyl , .
Ef@/ hel o%@ Wéﬁfzy@y} GQV w}%;f

trlfl groups phen tionally substitatéd

by one or C| C4- al kyI G - & al kenyl

G -C4-al koxy, yan hal o J%P@d\l OX benzyl " ;

benzyl oxy or V\TSN Lué( I@—@—\ u

opt| onaII uted By one or pore CI C4- al kyl

G - 4- al koxy, cyaﬁ%7 hal ogen,
rret h edl oxy, benzyl , PPl -1 65PC benzyl oxy or
trifluoronethyds groups; or heteroary], such as

imd yl; 2-,3- 4- pyLi gyl orEng ene;
opt i sub  oneror_kpbr /<©/T\/
G -C4-al ha}”ogen benz

I, benzyloxy or
trifl uoronet hy% gr oups In one sé% of conpounds of 204

G R DB TR

""" 9 1 1+ Spe(:|f corrpounds 0
|nvent| on |ncI ude but are _not ted t o, those setl07

fort I 4 ds bel '
b e e AT fv

phosphat es (Rpgs - OPO 3H2), secbéd c conpounds “of"the -
i nvention further include derivatives of these 2

conmpounds where car boxyl ate, .
net hyl %@@%thi ephosph Kﬁoﬂ AMQ%
hydr oxymet hyl enephosphonat &; <

fluor omet hyl eﬁ@ﬁphosphonate 209

212

| B Ve
Q"fv??\ff ~ |

215 219
211 !

OO LE/%( OO TR OO~y

218 -

214
OO QW X OOy Tx !émo JORas.
221
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4264PPI - 165PC 105130PPI - 165PCPPI - 165PCPPI - 165PC 217
221 225PPM 65PC The invention also relates to salts of

wo b@cozyppunds of the invention and, in parti cBCBUS2009028914
pharmaceutically acceptable salts A "pharmaceutically
acceptable salt” includes a salt that retains the
desired biological activity of the parent conpound and
does not inpart any undesired toxicol ogi cal effeqlpg.165pC
The salts can be, for exanple, salts with a suitable
acid, such as hydrochlorlc aci d, hydrobrontc acid,

sulfu cid, kK nitnc acid,: d the
Illaaééféf}e\ P € oA ﬁeacﬁﬂiL/\/\/'.rWP\/
succinic acid, walic acid, benzoic’ atid,” panoi c aci g,

al gi ni ¢ acid, hethanesul fonic act¥,

naphthalenesuBﬂbnlc acid, and the like Al so included

are salts of sh as a leum

pot assi m zi-ht, /eoppgzﬁﬁt arium bisnuth,

cal ci nd the |i ke, or organi @7ations such as

tetr yl ammoni um and t pal kyl anmoni um cati ons.
Conbi nations of3 t he above salts are also useful Salts

of otfher aC|ds and#q; cations ar E?iﬁ*& ed, such ¢ Hmcm
as sa dﬁte | or oac Cld ‘

and tric |c aci d. The |nvéﬁt|on also in
di fferent cry3i6al forns hydrates and sol vat es of tﬂa
conpounds of the.{ -Lof} wel s mstere0|soners MG
of the_conpou f tHe |nv ﬁ@lon re oF, 4}%p‘
substantial |l y,pure single stereo%gpners anoii‘ ures
of stereoisonmers. In a further effbodi nent, the
conpound of Forrmula | is an agonist of a sph|n905|ne
1- phosphate 1 receptor Preferred conpounds of
Fornulas , §§E/ | X include conpojnds which ar &3
HJC 3
‘\‘\/\ NHOH CFSHC OH
zn j:jiv "j‘lvA

N
H;C and HJC

The invention also relates to salts of the compounds of the invention and, in
particular, to pharmaceutically acceptable salts. A "pharmaceutically acceptable salt"
includes a salt that retains the desired biological activity of the parent compound and
does not impart any undesired toxicological effects. The salts can be, for example, salts

5 with a suitable acid, such as hydrochloric acid, hydrobromic acid, sulfuric acid,
phosphoric acid, nitric acid, and the like; acetic acid, oxalic acid, tartaric acid, succinic
acid, malic acid, benzoic acid, pamoic acid, alginic acid, methanesulfonic acid,
naphthalenesulfonic acid, and the like. Also included are salts of cations such as
ammonium, sodium, potassium, lithium, zinc, copper, barium, bismuth, calcium, and the

10 like; or organic cations such as tetralkylammonium and trialkylammonium cations.
Combinations of the ahove salts are also useful. Salts of other acids and/or cations are
also included, such as salts with trifluoroacetic acid, chloroacetic acid, and

trichloroacetic acid.
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agoni sts of the SIP receptor. Particularly preferred
are conpounds which are selective for the SIPI

w0 ewspr®si conpared to one or nore of the ot herpr&i/BS2005/028914

10

15

20

25

30

35

receptors. For exanple, one set of preferred conpounds
includes conpounds whi ch are selective for the SIP

r ecept t|v tothe t

o oot Tl fetian Eoufeh o dtfdal GSER' Bhns, SOTARIANT potyptgs of the
Staripousdeef the invsnigon, fas weHiak ytemasloemmgfdm sersp@inds nkthginvention.
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or of er%r%re cofng %‘?Jsﬂf SOt 1 IEEY bnd B it gD megi s yhich are
t speniStsRIf thes Ep teaeptoi HRartiGB& 1 preferred rmpocompiusds which are selective

L G e o P 2800 ool A BB o fors, por cxample,

i Wp@ﬁmt@dreﬁ epmpourigly incdides eprmpourrisavhielt are selaefoisi le’ the S1P1
rrpp‘&hlPﬂelahee ﬁ%@glgg eLetor. @mgéﬁmsﬁa%&m fopﬁlelsqmtrs&ptor can

ounds descri ereln t@h bi nd oan
algwog@t% Hthesh Pr 1 pegenipr significantinweakes agrms 9f orterﬂer negrp other
rleeq%@@ ran?/gg mm?/lgcﬁndmagigommr In{ch® oﬂﬁfs Bdcbp?toﬁl (E)BL cOBFRMAAS “selective”
(0] { n - . n about . = . n
ol ARSI 1rer iy retafigt @ ANk iRy fh% IR o s Bitnpound for the
ndecamnd teesrdor ialableastFOoddidoprefenaldy atloans tl 040ldnandomotegqgeferably at
x 9%:"106%16 é’arter tﬁz?t?&xe 1%% iy STM Pe’cef)t%ﬁ STh@FOHBf 10 rﬂﬁé%und is

ess ess, about
q;ermqg}uspr&tge &Ggg}ﬁj’pmgmg@sw @)srdqsggged irfgO 03/061567 the

CEMRMSSwhikICaR ih€drpérBRd BbRlin b effittde. CAN be nmeasur ed

oG e B PSSy Heach PG L ARl e o

t eontipuanddbdaserib&Chdrad whidhisiad &y sndddrsagonint éreddd® 1trecdpeor. In one

p&ﬁlsocﬁ)lfnent, the S1P receptor agonists have an ICsq for the S1P1 receptor of about 100
nM - 0.25 nM, about 50 nM — 0.25 nM, about 25 nM — 0.5 nM, about 100 nM or less,
about 75 nM or less, about 50 nM or less, about 40 nM or less, about 30 nM or less,
about 20 nM or less, about 10 nM or less, about 5 nM or less, about 1 nM or less, about
0.5 nM or less, or about 0.25 nM or less. The compounds’ ICs, for the S1P1 receptor
can be measured using the binding assays described in Example 11 or those described in
WO 03/061567.

Ranges intermediate to the above recited values are also intended to be part of
this invention. For example, ranges using a combination of any of the above recited
values as upper and/or lower limits are intended to be included.

In a further embodiment, the S1P receptor agonist has an ICs, value for the S1P3
receptor of about 10 nM - 10,000 nM, about 100 nM — 5000 nM, about 100 nM — 3000
nM, about 10 nM or greater, about 20 nM or greater, about 40 nM or greater, about 50
nM or greater, about 75 nM or greater, or about 100 nM or greater. In another
embodiment, the S1P compound of the invention binds the S1P3 receptor with an ICsg of
1000 nM or greater, 2000 nM or greater, 3000 nM or greater, 5000 nM or greater,
10,000 nM or greater. The ICsy for of S1P3 receptor can be measured using the binding
assays described in Example 11 or those described in WO 03/061567.
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In a further enbodiment, the SIP receptor agonist has
an | C50 val ue for the S1P3 receptor of about 10 nM -

10, OOOR‘&%esﬁHfE%e(ﬂth t@Me abé@@%cﬂ% %Qé%lléﬁ' 3‘19(9 1chMd'ed %cpggpart of
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22h301a588E Bhous 50: RN, 2o 81581 10718 sbor 20h HigJhwer. about
d 69e+¢ld dew¢nprEkantpl 080falddewertbarthdadCe waduk fonthéS 1P3 receptor.
03/ 061@3%&9@%6&% &8 Hﬁcyb@@/éereEﬁ’ecf ‘aﬁué"éba‘P%%s& ﬁﬁé&d@g to be part of

val ues ar | so I ntended I'sS I nventi on.
FéHs BWSHTe FoF gpgande. ganasy uan& éﬁemhgtarl% obanypfthe pbavgecited
akeanes mmpteﬁ&uw 10®8r mltymeﬁteﬂdsa/t@rbehmedl imts are

t ended b L.ud er od e
the” 51 Bt P SGURE SO iRt el & BrERE Ol e RRAGOBSER: s OH; nis 1-
| @56nevefi RIgRE R, Rﬁ,eanBIRélls Cecrpilkyl, Chat s alkemih,oy-CR-dllomgl, Cs-Cis-

s Ly, (BN ORI 6, G ONRTary RO fl) @ oG08 A8 Heteroary,
| Ga1o(hgtsenarylH60-Groalley]). Swkiio eycleadil CaEadcycdnadkylb((erCs alkyl),
t lgare, %E?g(%r@gcye (}dﬁkof(ﬂrar}lljg@l &wakﬂ?@mues faﬁlgo%g&%aryl), Cs-

| R (heberwla@f%faﬁwﬁré Ll GyciopdDest

r @hgtioxyayopakyh(DibCpallydy) and orsyf RY, RE/R’, @ cand Rés H Ralogen,

i RS AR Gkl CRAGab S, G etV BIRR ek 6

OalkylthigeR&isomt pydrogéris O4 n is 1- 4: one of Rl, R,

R3, R4 ainFuttBer Cnibodib@en®!it¥en: Q gzhegrgaﬁi KRB¥FR! ®2; R* R*, and

8 _al kynyl
als 3/11(%//1 alkenyl alkynyl optionally substituted aryl, optionally substituted

- heteroaryl, alkyl (optionally substituted aryl), arylalkyl, or arylalkyl (optionally
substituted (aryl); R® is hydrogen; n is 1; R® is not OH.
In another further embodiment, when Q is NH(C=0); R®is OH; R!, R% R?, R*,

and R’ are each independently halogen, hydrogen, amino, or alkyl; R® is not hydrogen.
In one embodiment, the compounds of the invention do not include the

compounds described in WO 05/041899A2, WO 04/010949A2, WO 04/024673 Al and
WO 02/064616; the entire contents of each of which are hereby incorporated herein by

reference.

Methods of Using the Compounds of the Invention
In a further embodiment, the invention pertains, at least in part to a method for

treating a sphingosine 1-phosphate associated disorder in a subject. The method
includes administering to a subject an S1P compound described herein in an amount
effective for treating an S1P associated disorder.

The term “sphingosine 1-phosphate associated disorder” includes disorders,
diseases or conditions which are associated with or caused by a misregulation in S1P

receptor function and/or signalling or S1P receptor ligand funtion. The term also
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al koxy, (CH2)I-1o0Q(CH2) Mo, C5-CiO(aryl),
C5-CiO(aryl) (G -G Oalkyl), C-C, O(heteroaryl),

we200Gi00et er oaryl ) (G - C 10al kyl ), C5-C10 cycl pet/kg2005/028914

C5-C O(cycl oal kyl)-(G -C 5 al kyl), C5-ClCal koxy(aryl),
C5- Cl0al koxy(aryl)(C -G 0 al kyl),

‘E}gﬁ}?%} ff')é/g!é iri{;?))f%@gd}@rg ‘%}P‘%@F‘jﬁ be treated by administering to a
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reendigiqp amqa&dawlw O\éﬁr%éwy pm Rmpmeoﬁm éWS’iaF';}"e immune
Srafifonbd U eﬂuﬂdeﬁirable pg irﬁpﬁobtﬂatﬁ lulhﬁtulné uésgdndeah& iesnditions
supst i t ut

a%@%éﬁt%ﬁltb %ﬁ?’v %ﬁ“feymgmglgtr, S[ l'le %eﬁﬁ?\éhe i8'deleterious to

Hiel subgent.; Inchided are CR@dltE)nS] sach@s|, auiorrmmtm(: Hisprders; brgen and tissue
g%ggl'afggggclumg Rral 1§nt @&Toq)and I?af‘t §Trgl—§ hd@@dlsg&%e and chronic

pendent | ogen, hydrogen,
dﬁflﬁ@matgry g1sR5d|ers |:”\i“g1e| rgethgi( 1nﬁ&pgp§)§gwmqu§mgﬁ% the subject a

QH&? %Lmeamy effétEive amgaﬂm &fnkp)bgﬁd bﬂt{l/‘l% @(t)dg/efgﬁfébgnoh thereby
I NCl.U .0 oun Crli pe 1N
i iR RS ST i Siter i e Je RIS R the Sabiject.

' ent irer h:eamhmmuﬂdmf tbaaiventionvandle uaedtoteratfpjects undergoing, or who

(BEURRAE R DR S ERSSpn I 0BRL Db,
tthetrampqudrssmpr%nr@ celhis homg sarfow, sten calls, pangreatio gells, such as

leret ¢d1B S Behed. ﬁlpihbﬂﬁp SihnB&difkreRt) G%R%Eﬁaﬁ%& Ofdadti€s solid organ,
di sorde The met hod i ncl udes

2URR A %!i@i"rrﬁ 1dl“8y’a? Bi%%du"h S| P compound descri bed
her ei nAntdinmuRsdiseriders which can be treated with the compounds of the invention

include systemic lupus erythematosus, rheumatoid arthritis, multiple sclerosis,
myasthenia gravis, type 1 diabetes, ankylosing spondylitis, psoriatic arthritis,
scleroderma, Kawasaki syndrome and other rheumatic diseases as set forth in Primer on
the Rheumatic Diseases, 11th Edition (John H. Klippel MD, editor; Arthritis
Foundation:Atlanta Ga. (1997)).

Other autoimmune diseases that can be treated with the present compounds
include active chronic hepatitis, Addison's Disease, anti-phospholipid syndrome, atopic
allergy, autoimmune atrophic gastritis, achlorhydra autoimmune, Celiac Disease,
Crohn’s Disease, Cushing’s Syndrome, dermatomyositis, Goodpasture's Syndrome,
Grave's Disease, Hashimoto's thyroiditis, idiopathic adrenal atrophy, idiopathic
thrombocytopenia, Lambert-Eaton Syndrome, lupoid hepatitis, mixed connective tissue
disease, pemphigoid, pemphigus vulgaris, pernicious anemia, phacogenic uveitis,
polyarteritis nodosa, primary biliary cirrhosis, primary sclerosing cholangitis, psoriasis,
Raynauds, Reiter's Syndrome, relapsing polychondritis, Schmidt's Syndrome, Sjogren's
Syndrome, sympathetic ophthalmia, Takayasu's Arteritis, temporal arteritis,
thyrotoxicosis, Type B Insulin Resistance, ulcerative colitis, and Wegener's
granulomatosis.

As used herein, the term "subject” includes warm-blooded animals, preferably

mammals, including humans, cats, dogs, horses, bears, lions, tigers, ferrets, rabbits,
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effective for treating an SIP associ ated di sorder. The
term "sphi ngosi ne 1-phosphate associ ated di sorder™

WO nasoe®st di sorders, di seases or conditi ons whPChUS2085/028914

associ ated with or caused by a msregulation in SIP
receptor function and/or signalling or SIP receptor
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$§ as aut oi nmune. di sorders, ti.s
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ASSSIAAA T, Perings %‘FIHE; NgGeSHIEY oY 1G%] tﬁ% destied 55 Hiyltgr&+ pufficient to
Vtﬁdfa$ tife donditionl s £ astyect amdl efféutive iamount o fansoaipaiyid of the 1nvention as

had
bR Fedin, 125 13 A o R BAGLE R el sl bBE. and weig
anfnb@wmlecafandhlm ghikiyerithd componnd t cliciier ddsired resporisagn the subject.
' H6saE0 H%‘ll : ?ﬂ?fﬁ@ﬁdjﬂt&ﬁo\_‘/ﬂﬁad@{he &%hﬁfﬁ{ fh\éﬁlﬁbﬁ@i@"ﬂ%@ponse An

resp € subject he conpo

i f‘rffFéHY‘F YROWH As g0 %f’e'éi‘ which agptoxig pjdetinaental gblegis (g, sige effects)

vérahdedttpsiindrdanacightd BY ﬁﬁrtherbpéﬁlki@l benefitilal effects.
trans

trans%?&ﬁrw? PG eS8t O S aFPRpRI e Frign (.. an

S&fﬁimceﬂd)sage)paqcnaagdf fromcabblits). 06 LIBlang/kg bedy eeighs, preferably

folEGa1 !tcﬂz g%%dg@ﬁe‘?%lt "EEH{ ’préi%f‘aby %{E@Pb ng 96 nf/f8Body
owelghq ljlfhg skllle artisan will appreciate that certain factors may 1nﬂuence the dosage
required to effectively treat a subject, including but not limited to the severity of the
disease or disorder, previous treatments, the general health and/or age of the subject, and
other diseases present. Moreover, treatment of a subject with a therapeutically effective
amount of a compound of the invention can include a single treatment or, preferably, can
include a series of treatments. It will also be appreciated that the effective dosage of the
compound used for treatment may increase or decrease over the course of a particular
treatment.

The methods of the invention further include administering to a subject a
therapeutically effective amount of a compound of the invention in combination with
another pharmaceutically active compound known to treat the disease or condition, e.g.,
an immunomodulatory agent or an anti-inflammatory agent. Pharmaceutically active
compounds that may be used depend upon the condition to be treated, but include as
examples cyclosporin, rapamycin, FK506, methotrexate, etanercept, infliximab,
adalimumab, non-steroidal anti-inflammatory agents, cyclooxygenase-2-inhibitors, such
as celecoxib and rofecoxib, and corticosteroids. Other suitable compounds can be found
in Harrison's Principles of Internal Medicine, Thirteenth Edition, Eds. T. R. Harrison et
al. McGraw-Hill N.Y., N.Y.; and the Physicians Desk Reference 50th Edition 1997,
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sclerosis, nyasthenia gravis, type 1 diabetes,
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Supplementary pharmaceutically active compounds known to treat transplant or
autoimmune disease, 1.e., immunomodulatory agents and anti-inflammatory agents, as
described above, can also be incorporated into the compositions of the invention.
Suitable pharmaceutically active compounds that may be used can be found in
Harrison's Principles of Internal Medicine (supra).

A pharmaceutical composition of the invention is formulated to be compatible
with its intended route of administration. Examples of routes of administration include
parenteral, e.g., intravenous, intradermal, subcutaneous, oral (e.g., inhalation),
transdermal (topical), transmucosal, and rectal administration. Solutions or suspensions
used for parenteral, intradermal, or subcutaneous application can include the following
components: a sterile diluent such as water for injection, saline solution, fixed oils,
polyethylene glycols, glycerine, propylene glycol or other synthetic solvents;
antibacterial agents such as benzyl alcohol or methyl parabens; antioxidants such as
ascorbic acid or sodium bisulfite; chelating agents such as ethylenediaminetetraacetic
acid; buffers such as acetates, citrates or phosphates and agents for the adjustment of
tonicity such as sodium chloride or dextrose. pH can be adjusted with acids or bases,

such as hydrochloric acid or sodium hydroxide. The parenteral preparation can be
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As used herein, the term"adm nistering" to a subject
i ncl udes di spensing, delivering or applying a conpound

wobomheossnventi on in a pharmaceutical fornul at PODVUSE®S/028914

descri bed herein), to a subject by any suitable route
for delivery of the conpound to the desired |ocation
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can be brought about by 1nclud1ng in the composition an agent which delays absorption,

for example, aluminum monostearate and gelatin.

Sterile injectable solutions can be prepared by incorporating the compound of the
invention in the required amount in an appropriate solvent with one or a combination of
the ingredients enumerated above, as required, followed by filtered sterilization.
Generally, dispersions are prepared by incorporating the compound into a sterile vehicle
which contains a basic dispersion medium and the required other ingredients from those
enumerated above. In the case of sterile powders for the preparation of sterile injectable
solutions, the preferred methods of preparation are vacuum drying and freeze-drying
which yields a powder of the compound plus any additional desired ingredient from a
previously sterile-filtered solution thereof.

Oral compositions generally include an inert diluent or an edible carrier. They
can be enclosed in gelatin capsules or compressed into tablets. For the purpose of oral
therapeutic administration, the compound of the invention can be incorporated with
excipients and used in the form of tablets, troches, or capsules. Oral compositions can
also include an enteric coating. Oral compositions can also be prepared using a fluid
carrier for use as a mouthwash, wherein the compound in the fluid carrier is applied

orally and swished and expectorated or swallowed. Pharmaceutically compatible
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treatnment or, preferably, can include a series of
treatnments. It will also be appreciated that the
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apeuflca eCtIVG anount of COﬁpOUﬂ

i SR IosE. MM ﬁﬁa%?é?ﬂih REEFIBHLHIEH CIRIEE ﬂ@h a8 BRF PRI RAIPBat | y

wtlgtegramgmg@tﬁ dudth@gihie deid @hrddgel dt saaserd; a lubrlcant such as
condl tlon tor

e e oy ST R AR b oRAF Bt 1Bices o swectening
cagepbsmchl as suradseron padehanis ed adkpenulg sgenhsichas peppetirmimmethyl

tsoah@ﬂytter&aérg%of?% ih cI ude as exanpl es cycl osporin,

rapanycin hot r exat e, etanercept,
i nfl i xForsdminigtsatiomhyeaphalatinmn, gheé}omp@gnds of the invention are delivered in

afhk 'foﬂrrﬂ&* AIERIs6I éf)ré%gﬁ‘ﬂltnsa pr@%ﬁféﬁ%ﬁ&ﬁfé@%?d@penser which contains a
-inh b bi t or such as C%%GCO%% a eco , and
BHEPEpLRsTIange £ e o 3o prseteiee. f ound

I N Har $yssaic administeatioh@an alko babg traasmibdedal @i ransdermal means. For
I}Eﬁs&e ‘3&% P IE%L\?hngHI %ﬂ'ﬁims-[rgtlgi}r é)'élg%&z{sn?scgbg?épr%ee tl? the barrier to be
Redreeaind are3Gedinethe tf¢ron11a1@97st£srlmﬁébﬂrambwe Zengraly known in the art,
Mag 1ﬁa\1dé§?&r\%g}n‘f>§e & uangrﬂﬁc&gf%nﬁhﬁtrm @BeRls, ¥ &lits, and

are, expressl|y .incQrporated herein hy reference. The
clsideracd denvates: ATASIResabamipisEatmean; tt?rﬁapomphshed through the
pliloTReRUEpra @ drisupgdsitéies: PEPRaRdermE a&anﬁtdmlan sShee&dpounds of

ofheinyepion uFamm s g BFrBAF ARAE el PLore iEe {ohlly knovn

sarthe sit.ne or at different tines). Pharmaceutlcal

Conposy llié scénpfwh;{rﬂl% &Qlw%ﬁﬂigsﬁt)n%% Jlgbvl?e%r }ng}f:&r Rihe form of

present ent on al 8o provi-des, pharmaceutli c
a@{p@@gl@yp%(ep Dy With genvsational suppository bases such as cocoa butter and other

glycerides) or retention enemas for rectal delivery.

In one embodiment, the compounds are prepared with carriers that will protect
the compound against rapid elimination from the body, such as a controlled release
formulation, including implants and microencapsulated delivery systems.
Biodegradable, biocompatible polymers can be:used, such as ethylene vinyl acetate,
polyanhydrides, polyglycolic acid, collagen, polyorthoesters, and polylactic acid.
Methods for preparation of such formulations will be apparent to those skilled in the art.
The materials can also be obtained commercially from Alza Corporation and Nova
Pharmaceuticals, Inc. Liposomal suspensions can also be used as pharmaceutically
acceptable carriers. These can be prepared according to methods known to those skilled
in the art, for example, as described in U.S. Pat. No. 4,522,811, U.S. Pat. No. 5,455,044
and U.S. Pat. No. 5,576,018, and U.S. Pat. No. 4,883,666, the contents of all of which
are incorporated herein by reference.

The compounds of the invention can also be incorporated into pharmaceutical
compositions which allow for the sustained delivery of the compounds to a subject for a
period of at least several weeks to a month or more. Such formulations are described in
published PCT application no. WO 02/74247, incorporated herein by reference.
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and conpositions conprising one or nore conpounds of

the invention, e.g., conpounds of Formula | or
wa@oonpoyds ot herw se descri bed herein. Preferabtpusiong028914

conmpound of the invention is present in the

fornulation in a therapeutically effective anmount,

anpun

1- phoslgh at eCIa t%éé z(fgé(%fé}ﬂ B%?etsorghg a'gr}]gngg egub pos]| 11098 n
adnsegst whit %)rmo"omalsabf ghwinisygpiiemandunifeonuy ef deragorDesageunit form
Cé%'ﬂ%@&’ﬂéi%m%fe?{t% pvhgyl@my @BcrBE uik buiRkd a8 Uity dBRIs for the subject

phar maceut i cal ceptabl e carriers and/o

etﬁ@&e;sieeh%flseack\smu §e@taw&gea pre @tswafl?ﬁa&wflry(:%ﬁ 3 gpmpound of the
al‘ﬁG@ﬂIoﬁQlaI%uIé@ddrtb PFoducé ﬂietﬂéﬁﬁe(ﬂm,’raﬁﬂdlcfﬂffecﬁl‘ﬁ' as§@daSion with the

d ti ti b
saPryamagaticd o5res R pedRtrudp Sorthe e Aaen g of the
aigeelttﬁm aagdictated Hy dod diteetly depengddny oh dheogiiqued dharacteristics of the

%’iﬁ&%&h@ d th@*h%n%gﬁgﬂiera}éﬁ c BR%: % @é‘Qch?élz%p zﬁ-ldftﬁé limitations

arnaceu I cal ctive ‘substances 1S
t mberantt in i@zt cqmmémg aschagpmpoyndefer theisgatmentiod mﬂmdual&
agent is inconpatible with the conmpounds of the

compos P BERT B HEBHRTEH BRI IDRB I mples. which should no
phecomsteedd dsdimbitiyg. aitel coatensrgiall mefsrenoe\pateits tpaait applications cited
ans : -
BT Foufigh BRICRYIBT el pTtehrenesy agents.
as descri bed above, can also be incorporated into t he
conpositions of the invention. Suitable
pharmaceutically active conmpounds that may be used can
be found in Harrison's Principles of Internal Medicine
(supra). A pharmaceutical conposition of the invention
is fornulated to be conpatible with its intended route
of admi nistration. Exanples of routes of
adm ni stration include parenteral, e.g., intravenous,
i ntradermal , subcutaneous, oral {e.g., inhalation),
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transdermal (topical), transnucosal, and rectal

adm ni stration. Sol utions or suspensions used for
w@asoent®sal , i ntradermal, or subcutaneous appl PCHUSDNS/028914

can include the follow ng conponents: a sterile

di l uent such as water for injection, saline solution,

fi pol yet hyl ene gl ycols, glycerine, propylene
X4 PLE% ther synthetic solvents; antibacteri al
agents such as benzyl al cohol or nethyl par abens;

aﬁiélﬁ?ieqa@&ﬁhﬂfﬁ lof PheaRtidd éoﬁlﬁ)ioqn&g wifiK1¥B%y Tail Group

bi su aln aentssu
et hyl eRerthimAf &béﬁ@get&gwe%d%wl synhesizedysgeithgicthe method

5 agRbtadtebin Sdhbﬁl@tlQﬁr 11 mphes ﬂhﬁfr@t%d @nSc}eﬁﬁm SInfS%heIhBQ alkylation

t hi
o e Bk et et iRt By rhenosaf hes 2l 6 Sl progide and
ascdiyigtioambmtiof Nat irdthe presemtiewheliyetrCsCOe in DMEF (60 °C) or KO'Bu in

d?cg{%%é g%(f*e )g;}ﬁ@ %F@gd dufs BF h@ﬁ%&?&ﬁﬁ%ﬂné&lﬁ@%ﬁh #ylated with Boc-

ose Vi a

gmratﬁgteéranpnmgmd @smen&hqi%éﬁhv cediodimiged ERG)o hdydigxykaszetriazole
10 f@ioBd) ﬁféltN @ndlhgégfd;bsletrgnﬁﬁlhk EDBUULPHTIE 1ML O $-a£weﬁ£&nazol 1-

r 'solu ersi_ons, or _ ‘sterl
e 3 @."a%@gwgnwﬂg Qtl?raﬁhwhgt@ZﬁﬁT@.aﬁfi 18 DMF. The
sfohal tcbmpsumrwah chreinad iangod fytelds firdrh Boe epitdtection ofthe later
Ofho [y .
l% o é: V(V:l lr gb/éﬁﬁ%%o%g% %tl ggld 6?1[:‘1%? mnéiv-\lé 2 Scl&me 2 Bligglrdes an
Etl(ematwé BpiBPactRg rss'ntbpsawf thmeslredrﬁlph@smmé ilpwhichrthelamino
I K&y

15 CBOLBS e aminopind) 1 aGARRP sk TGl IR GEbC e bydron
5ePEHE: t hat easy syringability exi sts It nust also be
stabl e under the conditions of manufacture and storage
and nust be preserved agai ns t he, contam nati ng action
of nicroorgani sgg hemel and fungi. The
carrier can be g Ct{)r&nt or dlsperS| on nedl urﬂV‘3°<>'a"r""°f=‘°'d

contRi ni n for %Sm"’? wat er , Bg yol EPE JfOBt
exan‘@ =3 3cerol ,P¥F opyl ene gI yqols an& I |qU|Ql'P A, CHxCl;
y

pol erne egcoI and the i and suiTable

m xmcur es Alkyl—O or
alkyl brom:de N-Boc-amino acid
KO'Bu, Nal HATU, DIPEA
acetone DMF
Boc\
NH2
Alkyl— o Alkyl— o
20
Scheme 2
Boc\
R NH .
ﬂ\ﬁ/ 2 N-Boc-amino acid 7‘/'\/ alkyl bromide N
1 HATU, DIPEA [ f
HO ) KO'Bu, Nal
DMF acetone
Boc.
y NH NH,
R R’ H R
NN N\n/'\/OH TFA/CH,Cl, R, N NWJ\/OH
H > O ﬂ = O
Alkyl—O Alkyl—O
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thereof. The proper fluidity can be maintained, for
exanpl e, by the use of a coating such as lecithin, by

wao b@eneiont enance of the required particle sizePCTUS1965/028914

case of dispersion and by the use of surfactants.

Prevention of the action of mcroorgani sns can be

achi eved by various antibacterial and antifungal
ents, for exanple, parabens, chlorobutanol, phenol,
&dﬂmreowdyoxnlﬁrm osal, and the like. In many

cas eS’STd z% %drdvﬂltlig?amegﬁ&f ﬁl‘bﬁhh@dtaﬁnhda}ﬁ%%'ﬂQO 159 QL Q'O' €quiv) and Nal (0.1

Hhim fihpcetans () {r@) wag addets L ﬁ%larl?ra gt @ f?’lhlél tetfahydrofuran

C('QTBWQ@I 1 equiv, Pt etlmn@ed u@&Bﬁ apiinaphed] vid@%l hygrcﬁhtoﬁﬂdle @alt). To the
0osi t.i ons can clu

SEARRGR PR A BT R RV R ) Py ol was

ek hed h@tmdmnd@nanmplm¢ af witragen @eSIOa’EQ for 152¢ nhpur@ The

' rBAEoh s %egl%#&édhe | 3h BRAL E«’zs%EPQ{@\Qaéi%d WG (23:E 25‘ fhL) and

e conpoun nventron 1n th require

|Sﬁtuaate<b BEbyrx &1 mld ol hegreanif layenyas @?edaw@e mwgqqsaﬁg%@ then
ttﬁ@sdlwﬁ eEhGRSH PRHIPETRE 8lldepRdace Was Lﬁ'ﬂlﬂdﬁﬁﬂxg silica gel column

Ilowed er terilization. ner al |
gg&ﬂé’ét B%‘Eg%?*éb by i ncorporating the compound

|nto a sterile vehicle which contains a basic

]gk'@%&{tﬁ%g@bgﬁ%ntﬁml?gd the required other ingredients

enuner a above. In the case of sterile
powders for the parzatlon of sterile injectable
sWWe D erred nmet hods of preparation are
vacuum dryi ng? and freeze-dryi ng which yields a powder
OFhetpreduwo was dbtdined s a yeloveisittbtdvansulidde §il Ve@.47ng ryéadd.€ritC (3:1
f eyioggl wy t
GAERRICNG-PY 3 1 SATR A Ul B T 00620, (3P 30-6.63

ADap. Sécﬂt, BHeJ cer-§ Hé) 3. 4(?}\(@98 c?eH) bé8dntd sdD)i h2di4t(nn 8H), 0.88

q@gwlje%gl}hgonpressed into tablets. For the purpose
oral therapeutic admnistration, the conpound of

the i nvention can be incorporated with
4-(Octyloxy)benzenamine:

/\/\/\/\O

The product was obtained as brownish thick oil in 59% (0.45 g) yield. TLC (3:1
Hex:EtOAc), Ry=0.4; '"H NMR (400 MHz, CDCl;) § 6.69-6.74 (m, 2H), 6.59-6.63 (m,
2H), 3.86 (t, 2H, J = 6.9 Hz), 3.41 (br s, 2H), 1.69-1.79 (m, 2H), 1.22-1.47 (m, 10H),
0.88 (t, 3H, J=7.1 Hz).

3-Chloro-4-(heptyloxy)benzenamine:

NH,

Cl
The product was obtained as a white solid in 51% (0.43 g) yield. TLC (3:1 Hex:EtOAc),
R;=0.5; 'H NMR (400 MHz, CDCls) & 6.74 (d, 1H, J= 8.5 Hz), 6.72 (d, 1H, J = 2.8
Hz), 6.50 (dd, 1H, J= 8.5 Hz, J= 2.8 Hz), 3.91 (t, 2H, J = 6.8 Hz), 3.44 (br s, 2H), 1.73-
1.82 (m, 2H), 1.24-1.52 (m, 8H), 0.89 (t, 3H, J = 6.8 Hz).
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exci pients and used in the formof tablets, troches,
or capsules. Oral conpositions can al so include an
wendoene®scoat i ng. Oral conpositions can al so bECT/US2005/028914

prepared using a fluid carrier for use as a nout hwash,
wherein the conpound inthe fluid carrier is applied
-é‘lhhé?of’m 3§enz%ngl ectorated or swal |l owed.

ar rraceu ’fy @lﬁoebi ndi ng agents, and/or
adj uvant materl al e included as part of the
ﬁm{’/s,n\tl/@n\/{ lets, pills, capsules, troches and

i ke can cbhtaln any of the follow ng ingredients,

or conpounds of a @imilar nature: a binder such as
n‘nferp}sam b bbfafie8 @k h WiRRSolid HB 3% #0158 ¥kl TLAB At Hex:EtOAC),

Rt 0 Shm SRR COE DS E4 Uf T B B el =28

afz); 615m (8d, I U= 814 Hhy = Hzy BcH @LHwgnediHw)) 344 drat 2H), 1.73-
0 e S coLl silicon
f%IS{ ﬁ-ba?g é?le@?ﬁl;bh gggﬁg(:éélgh‘?asﬂsﬁgir ose or
saccharin; or a flavoring agent such as pepperm nt,
BaldctyibR)PenRhafiiggioe flavoring. For
?é%}mr%str %Q ennh%,.,a‘xtl on, the conmpounds of the
I nvention are deI ed’in the formof an aerosol
S essyred contai ner or di spenser which
contains a suitabl- propel lant, e.g., a gas such as
car bon di oxi de, orM& nebuli zer. System c
aﬂre' prodict &tak ohtatred aak yelldeisbyiltin 85%(0Sd ) lyiedd. TLC (3:1
n
HANBRSALRR B3] SHI\E\?R éh@@ﬂ/ﬁi&‘%‘iféﬁro ) £6 62 [RNMTLBL 1), 6.51 (4,

WAl St Patd on’

t LH bE= péimat.4b (@dr dHuded.# Mz ﬁe 2f‘bHﬁ)J BaSi (67 H, gucﬁg Hz), 3.40 (br

fz’a‘f‘ifs S4I%; 19)%0198%5}’21!{)“?1% 1.50 txhelcﬁ{)t 0.980d 3H, /= 6.8 Hz).
[ ncI de or exanple, for transmucosal adm nistration,

det ergents, bile salts, and fusidic acid derivatives.
@u&fwmabstadﬁuwm@tehmamsbe acconpl i shed

tr ansalt pan e e A sib- eSSt Rt yRineh D 208110 equiv
i andeMrpirasectet amifno ramgl (& t0saduiv) umDMF](lrﬁanL)sWas added DIPFAI 8,0 equiv)
Oz{ndcﬁﬁ‘ﬁﬁs(l Qsqug)j.ef‘l?é feXctioRMR ture was stirred at room temperature under an
atmosphere of nitrogen 12-24 hours. The reaction was then diluted with EtOAc (25 mL)
and washed with 10% NH,4Cl1 (2 x 25 mL), 5% NaHCO; (2 x 25 mL), and saturated
NaCl (1 x 25 mL). The organic layer was dried over anhydrous MgSO, then the solvent
removed in vacuo. The crude produce was purified using silica gel column

chromatography.
tert-Butyl (S)-2-(4-(heptyloxy)phenylcarbamoyl)-1-hydroxypropan-2-ylcarbamate:
(o
O)\NH
R IMeoy

\/\/\/\O/©/ (o)

The product was obtained as a brownish solid in 78% (0.29 g) yield. TLC (1:1
EtOAc:Hex), R,=10.3; 'H NMR (400 MHz, CDCls) § 9.40 (br s, 1H), 7.37 (d, 2H, J =
8.8 Hz), 6.83 (d, 2H, J = 8.8), 5.57 (br s, 1H), 4.02-4.12 (m, 1H), 3.91 (t,2H, J=6.4
Hz), 3.55 (br t, 1H), 3.27 (br t, 1H), 1.71-1.80 (m, 2H), 1.55 (s, 3H), 1.46 (s, 9H), 1.23-
1.50 (m, 8H), 0.89 (t, 3H, J= 7.2 Hz).
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in the art. The present pharnmaceutical conpositions
can al so be prepared in the formof suppositories

W@ 200g/0209%i t h conventi onal suppository bases suedm/as2005/028914

10

15

20

25

cocoa butter and other glycerides) or retention enenas
for rectal delivery. In one enbodi ment, the conpounds
are prepared with carriers that will protect the
conmpound agai nst rapid elimnation fromthe body, such
aertButyh(ShH G+ {e@ ctydoiplenyinanbamoyl)i ;hydyexypiopgn-2-ylcarbamate:
i npl ants and qicroencapsulated delivery systens.
Bi odegr adabl e, ﬁroconpatible pol yners can be: used,
such as ethyleﬁe“ﬁrn acet ate, pol yanhydri des,
polyglycolr o &0l | agen, pol yorthoesters, and
do thhods for preparation of such

i, oeined 8 aRRARLE ou P 0% i

fEt@AcﬂH@e) Ror P 3 NMRAAD l\(ﬁIEaOE(éir)rfa%éZI(brcsallH) N36c(d, 2H, J =

L% ng @%ﬁeﬁs'ﬁgss %93?@ ) RSED L (RS1H), 391 (t 2H, J = 6.4
ceutl ¢ca eptabl e ca riers.

pH@parSé&brate tahd %g(br b 1Bt hékd 30 {BuaH)ol- 5%5%H§|<1| 44 6¢oH), 1.23-
i nsd foggg sKapl &8 H@¥ described in U S. Pat. No.
4,522,381 Pat . . 5,455,044 and U. S. Pat. No.
5, 576 018, and U. S Pat No. 4,883,666, the contents
crbrtdklhtyD(S)M%dfhlarre44(hmﬂybmy}phedylhammoyb)yl-hyﬂmxgpmpan-z-
Fﬂg nds of the invention can al so be

corpora hnto pharmaceutical conpositions which
all ow for th ust ai ned delivery of the conpounds to a
subj ect for ao ,qlod of at | east several weeks to a
nont h or efl. dedy formul ati ons are described in
publlshed pplication no. WD 02/ 74247,
i NnCor p neorpor & éd herein by reference It is especiaIIy
advant ageous to fornul ate oral par en
c birgoredust ¥ias opiaingd £ 48 otfﬁrhltersehﬁwnr 6?%é9é 69 6) yield. TLC (1:1

N0 AU HEX)2R |} ©0.42 'l NMRf(2007M Yz, ODClos@s2 (8205 aH%, 258 (d, 1H, J =

24 N2, 7.28 (dd, 1H, J = 8.8 Hz, J= 2.4 Hz), 6.84 (d, 1H, J = 8.8), 5.75 (br s, 1H),
4.02-4.10 (m, 1H), 3.98 (t, 2H, J = 6.4 Hz), 3.54 (br t, 1H), 3.21 (br t, 1H), 1.76-1.85 (m,
2H), 1.55 (s, 3H), 1.46 (s, 9H), 1.24-1.51 (m, 8H), 0.89 (t, 3H, J = 7.2 Hz).

tert-Butyl (S)-2-(3-chloro-4-(octyloxy)phenylcarbamoyl)-1-hydroxypropan-2-

ylcarbamate:
X,
O)\NH
n \Me
AN 0

cl

The product was obtained as a brownish solid in 40% (0.158 g) yield. TLC (1:1
EtOAc:Hex), Ry= 0.4; '"H NMR (400 MHz, CDCl3) § 9.50 (br s, 1H), 7.57 (d, 1H, J =
2.4 Hz), 7.28 (dd, 1H, J= 8.8 Hz, J=2.4 Hz), 6.84 (d, 1H, J=8.8), 5.58 (br 5, 1H),
4.02-4.11 (m, 1H), 3.98 (t, 2H, J = 6.4 Hz), 3.54 (br t, 1H), 3.21 (br t, 1H), 1.76-1.85 (m,
2H), 1.53 (s, 3H), 1.47 (s, 9H), 1.23-1.53 (m, 10H), 0.88 (t, 3H, J= 6.8 Hz).

tert-Butyl (5)-2-(3-methyl-4-(octyloxy)phenylcarbamoyl)-1-hydroxypropan-2-
ylcarbamate:
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as used herein refers to physically discrete units
suited as unitary dosages for the subject to be

w0 p@anemsi each unit containing a predet er m nedpO/ERL005/§28914

of a conpound of the invention cal culated to produce
the desired therapeutic effect in association with the
requi red pharyaceutical carrier. The specification for
the unit dosagq forns of the invention are dictated by
and directly d¢egéndent on the unique characteristics
of the co A t he particul ar therapeutic effect
t.o~be-aehb d° and the limtations inherent in the
art of conmp#®undi ng such conmpounds for the treatnent of
| TH prodiicd wars oBtaingd iam we offiwdtitei solidl i 939610183 gpyiekit EdCY:3

Zi*ﬁf’rcﬁﬂi?ﬁ“%f i WRINR (00, GRS P78 GETR 4760, 18,/
a8 OHz)apk (wat 113 24468 (mhHi) gr&m, ZH; s @ﬁ@izi);faﬂ-am (brt,
o) B%@@@P@?E el‘ig @'&6'@;%?% 1.93.8789N6E Er ﬁ)<61"43.#@ 9H),

nt hesi npounds mnth koXy Tal 1
d%ﬁ 524y, 2PH), <9F89t(lt>é\h dryes Hnpounds were synt hesi zed

using either the nmethod illustrated in Scheme 1 or the
thod |Ihustrated in Schenme 2. In Schene 1,
euovgd pHROGPT ARG BEPH | group of a subst i t ut ed
am nopheaedluiien eftthe destetd lstartng; ahtieyisl (66 org) die don@HzCl, (2 mL) was

CRURL Y r g BEEIR, o) 6 BIARERASRL 5 s o
aginperagire dré Imur& then G@@Pfaé@ tordrerase apder sedused prspsure. The obtained
aeyiiad fds Weh Bz BaGPEPWERR mﬁmﬁm A1) € HPAdVe afll bR&%ks TFA. The

(%pfodﬁg{q‘a%élﬁ'@a%%g SHHOB BTy gi%x%be%?%%g fefc.
CH2Q 2 or O (7- azabenzo;rlazol-lyl)
R L e L T R G B

good yields_fjo MB@p deprotectlon of the | at er
internediai;\mﬂrl3096trif|uoroacetic acid (TFA) in

2. heme 2 provides an
The product was obtained as a white solid in 73% (30 mg) yield. MS (ESI, M+H") =

309.47

(S)-2-Amino-3-hydroxy-2-methyl-N-(4-(octyloxy)phenyl)propanamide:
NH,

O/“Wc’”
NN o

The product was obtained as a white solid in 78% (40 mg) yield. MS (ESI, M+H") =
323.65

(S)-2-Amino-N-(3-chloro-4-(heptyloxy)phenyl)-3-hydroxy-2-methylpropanamide:

NH,

n L Me o

NN 0
o
The product was obtained as a white solid in 24% (40 mg) yield. MS (ESI, M+H") =

343.39

(S)-2-Amino-N-(3-chloro-4-(octyloxy)phenyl)-3-hydroxy-2-methylpropanamide:
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alternative approach to synthesis of the desired final
conpound in which the am no group of the am nophenol

w0 g00amgdoat ed first, foll owed by al kyl ati on of P&EUS2005/028914
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hydr oxyl residue. Scheme 1 al kyl brom de L/-Boc-am no
acid H Al kyl Scheme 2 L/-Boc-am no acid al kyl brom de
H HATU, DI PEA K@BU, Nal DM acetone Al kyl -

Al kyl Al kyl o+ °hydr oxyl group To a sol ution of
desired-s I tut ed am nophenol (0.50 g, 1.0 equiV)
and Nal (0. Iequi v) in acetone (10 nL) was added a 1.0

ML lseOproio® a0 bbia{deBls b vHiR s B 308 196 2 g Fiskd) MSL(EST, M+H") =
e 9/ 2.1 equiv was used if am nophenol was a

h&? ogchl oride salt). To the reaction m xture was added
the desired al kyl bromde (1.1 equiv). The reaction

B2 S *}ﬁf“ﬁ%%%li'”ﬁ%e'ﬁ‘é*git??éﬁ*’m@@ﬁ ufbroBitmide:
di |l uted W|th EH °625 nL) and washed with H2O (2 x 25
Wt t ed A (1 x 25 nL). The organic | ayer

was~ dri €d dv r anhydrous MgSO4 then the sol vent
removed in vacuo. The crude (groduce was_ purified us

e adigs s Sbaisd anAcTC SEHOBAP T Sa e et s (ESE M) -
337.56.

(S)-2-(4-(Octyloxy)phenylcarbamoyl)-2-aminopropyl dihydrogen phosphate

Hz  Me
QO

HO “oH

The product was obtained as white solid in 63% (24.9 mg) yield. MS (ESI, M+H") =
403.71; "H NMR (400 MHz, DMSO-dg) § 10.04 (s, 1H), 7.50 (d, 2H, J = 8.8 Hz), 6.87
(d, 2H, J= 8.8 Hz), 4.25 (dd, 1H, J=12.4 Hz, /= 6.8 Hz), 4.10 (dd, 1H, J=12.8 Hz, J
= 6.8 Hz), 3.90 (t, 2H, J= 6.4 Hz), 1.62-1.72 (m, 2H), 1.47 (s, 3H), 1.20-1.44 (m, 10H),
0.85 (t,3H, J=17.2 Hz).

(5)-2-(3-Fluoro-4-(octyloxy)phenylcarbamoyl)-2-aminopropyl dihydrogen
phosphate

The product was obtained as white solid in 42% (2.5 mg) yield. MS (ESI, M+H") =
421.17; "H NMR (400 MHz, DMSO-d¢) & 10.19 (s, 1H), 7.52 (dd, 1H, J= 14.0 Hz, J =
2.4 Hz), 7.27 (dd, 1H, J=10.0Hz, J= 1.2 Hz), 7.05 (t, 1H, J=9.6Hz), 4.20 (d4, 1H, J=
11.6 Hz, J = 6.4 Hz), 4.03 (dd, 1H, J=11.6 Hz, J = 6.8 Hz), 3.93 (t, 2H, J = 6.4 Hz),
1.59-1.68 (m, 2H), 1.41 (s, 3H), 1.14-1.38 (m, 10H), 0.80 (t, 3H, J = 7.2 Hz).

Example 2: Synthesis of Phenylimidazole Compounds with Alkoxy Tail Group

The desired compounds were synthesized as described in Scheme 3. Substituted
phenols were alkylated with the appropriate alkyl bromide using KO'Bu in acetone and a
catalytic amount of Nal at 50 °C, or in a microwave at 80 °C using KO'Bu in THF.
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4- (Hept yl oxy) benzenam ne: The product was obtai ned as
a yellow sh-brown solid in 71% (0.47 g) yield. TLC

W@ 2008/0béw31 Et OAc), R/ = 0.4; 1H NWR (400 MHz, CDetBYSI05/028914

10

15

20

25

6.69-6.74 (m 2H), 6.59-6.63 (m 2H), 3.86 (t, 2H, J =
6.8 Hz), 340(br s, 2H), 1.68-1.78 (m 2H), 1.21-1.48

ﬁe&wf gﬁ%ﬂg Iﬁlb cgrresPﬁncﬁgg%%enaftl ether prog{dgls tnhé: eglged

Hrronma@ppthhn@ic medursan. Repiignotithe @)orywzlewphaﬂ_one (\@thlan amino acid
gﬁ%qglzﬂl abld%s e Qs aﬁn%eélﬁf}%m ’up%t?h}ndjecular cychzatlon in
sthg PHs§nCceD; a&ce@bmonm aceiatquvw@ %ﬁfiewﬁ phinmmﬂa@?e The
3;!%'Izee'r_lkg(i)}i’@d,az&e &8s Citherd roﬂec&d7to krerBye tl_lgﬁ Boc grcaup %smg 30% TFA in
oro e benzen € product was
IR 45 PIORHTEA U O FLIS Do 45) i ol d. TLC
(3:1 Hex: Et OAC), R/= 0.5; 1Schéw 3400 Mz, CDO 3) d

6.74 (d, |H, 308 5 1p). 6.72 (d, IH J = 2.8 H),
6.5@(g,|H@etm85H201=28Hz)391(t 2H

= 6.8 3_44_4_b.l'_$ ZM \@3 Dmnoéqﬁyl tRdH)de R2 VN |

1. 245 m et 0.89 (t ' A@ CH,CI RS Br
Hz) . 3 Chl oro Haofantt y| oXy) behzenani ne: " THe prooduct wasR S

obt ai ged as a white solid in 65%(0.58 g) yield. TLC
(3 XN s0Ac), R =0.5; 1U NWR (400 MHz, CDO 3) d

6. 74H0d NHr*J = 8.4 Hz), 6.72 (d, IH J = 2.8 He),
651(,IHJ 8.4 Hz, J = 2.8 Hz), 3.91 (t, 2H J
= 6.4 ,344(2 H, 1 73- 1.81,(m 24ip,
1@%2093 mmH)bF[ 0{88] (t °%h|,,J_ 1Hz)?F(H)D » y HaN
4(octyloxy)Fb Z & The product Vel \Ws
HN (0.8 1 g) yield. ~nH R*

?ﬁx&%e yel | owi sh oi

General method for phosphate synthesis

This method is illustrated in Scheme 4 below. To a solution of the Boc-protected
aminoalcohol (1.0 equiv) in dry CH,Cl, at room temperature was added excess diethyl
chlorophosphate (10-20 equiv) and triethylamine (2.5 equiv) and the reaction stirred for
12-18 hours. The crude was then loaded onto a silica gel column chromatography, as is,
to purify the desired phospho-diester. The phopho-diester intermediate was reacted with
excess bromotrimethylsilane (20 equiv) in dry CH,Cl; at room temperature, under an
atmosphere of nitrogen, over a period of 6-10 hours afforded the final phosphate which
was purified by reverse-phase preparative HPLC.

Scheme 4
Boc.,, CI’\ ~OEt Boc. 4 H,N
. OEt TMSBr R
R EtsN, CH,C R K CH.Cl,
3N, 2Vl2 Etd\OEt HO OH

General methods for alkylation ofsubstituted phenols

Procedure A: To a solution of desired substituted phenol (0.50 g, 1.0 equiv) and Nal (0.1
equiv) in acetone (10 mL) was added a 1.0 M solution of KO'Bu in THF (1.1 equiv). To
the reaction mixture is then added the desired alkyl bromide (1.1 equiv). The reaction
was stirred and heated under an atmosphere of nitrogen at 50 °C for 12-24 hours. The
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Hex: Et OAc), R = 0.3; 1 NVR (400 Mz, CDAI3) d 6.62 (d,
IH J = 8.4 H), 6.51 (d, IH J = 2.4 H), 6.45 (dd,

wWo b06d20958. 4 Hz, J = 2.4 Hz), 3.85 (t, 2H, J =pGr/851dnj/028914

10

15

20

25

30

35

3.40 (br s, 2H), 2.15 (s, 3H), 1.73-1.80 (m 2H),
1.23-1.50 (m 10H), 090(t 3H J = 6.8 Hz).

?ét?)&.'v?z{% t?ér} ?fﬁl?%g Wit 2&% ?S&‘ &%ﬁ%ﬂ‘vﬂﬂ?HzJ 2 825 mL) and

Sire
kg De 6nds me. Te thga@;c layeoves Qneq o¥gy@nhydrous MgSO; then

T
¥e Qél@%ﬁ%rﬁgveﬁ% %cvﬁéf \r/I;ﬁe gﬁxgg ?(frﬂlﬂjl'cf/\l/a eq fiat Jﬂ%Tﬂie)a 2éPSolumn

u
r%%mﬁteﬁraﬁwz%}élem% O&cdrred at room tenperature under

an at nosphere of nitrogen 12-24 hours. The reaction

S LB B B 40 100

swhuaddeed 18 sofutibnyof K5O'Bh )in THE 1dr egaiv)cTo thegeactias mixture was

de{ddg&i tﬁ%_r(ﬁglr@d’mgﬁrﬁ}% dd\ét@% Rg“rﬁél%a R)&l\{ﬁlmuré %9 wRd nluProwaved
uri usl n% 'l ca

oS ferd ominuses Ebh Jeactioiewgs e BHwsg with EtOAC (25 mL) “and washed

- WitR m@(p &%&HL)?aad SlrhRINaE] (1TJa es mrgdmﬁé oMasic Qgteawag dried over

%ﬂrop@ﬁ%ﬂgs%g tﬁelbthg slol%thS% O%i(zm V %@}[LC (gl%m‘gas purified
(dmingssilidafel caluthh cﬂl@bmﬂbgraﬂhy:(%l HeHE)OAG).83 (d, 2H, J =
8.8), 5.57 (br s, IH, 4.02-4.12 (m IH), 3.91 (t, 2H,

J =6.4 H), 3.55 (br t, IH), 3.27 (br t, IH),
1U-(Qctylxy)hemzerd) , 1.55 (s, 3H), 1.46 (s, 9H), 1.23-

1250~ m—8H)y 9 9 (t, 3H, J = 7.2
Hz) . phenyl car yl)-1 -hydroxypropan 2-yl car banat e:

Th bt ai. ned 49
(o B St Re Bt RS2 e e Dl 1
(Emmx) Epek):s)s &-INMR (400 Mz, CEEDCI3)78 R84 (1d, 212}16.89 (m, 3H), 3.93

S 1g§(}%% "263 14} @) & 2, 1%%'1 A3 @) 2H1.50-158m, sm), 0.89 ¢,

3H, J = 6.8 Hz).

1-(Heptyloxy)benzene
/\/\/\/O\©

The product was obtained as brownish thick oil in 59% (0.45 g) yield. TLC (1:3
EtOAc:Hex), Ry=0.4; 'H NMR (400 MHz, CDCls) § 6.69-6.74 (m, 2H), 6.59-6.63 (m,

2H), 3.86 (t, 2H, J = 6.9 Hz), 3.41 (br s, 2H), 1.69-1.79 (m, 2H), 1.22-1.47 (m, 10H),
0.88 (t, 3H, J="7.1 Hz).

1-Fluoro-3-(octyloxy)benzene

\/\/\/\/O\Q
F
The product was obtained as a colorless oil in 84% (2.10 g) yield. TLC (1:9
EtOAc:Hex), R = 0.8; 'H NMR (400 MHz, CDCl3) & 7.16-7.23 (m, 1H), 6.57-6.69 (m,
3H), 3.93 (t, 2H, J= 6.4 Hz), 1.73-1.82 (m, 2H), 1.23-1.50 (m, 10H), 0.89 (t, 3H,J=7.2

Hz).

1-Fluoro-2-(octyloxy)benzene
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Hz), 3.55 (br t, IH), 3.26 (br t, IH, 1.71-1.80 (m
2H), 1.56 (s, 3H), 1.46 (s, 9H), 1.23- 1.50 (m 10H),
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(S)-2-(3-chloro-4-(heptyl oxy) phenyl car banoyl ) -1 - hydr ox
ypropan-2- yl car barrate The product was obtained as an

W 47% (0. 169 g) yield. TLC (1:1
= 1H NMR (400 MHz, C€DCI3) d 9.52
(brsIH) IHJ:24Hz)728(dd IH, J

8.8 Hz, J =
sThe papduch “@2 ohtazmd (ama YF1|11)W1513 gﬂzllsi 14&71‘72@ 9% g):\zlsldm-ﬁ)(s
3Et5)41\o(lqéxtR + bl83; 3 RMR 400t MHZATDCl,) 667.88-83 0(M, 281)6.94 (dd, 1H),
(q ?&gfq% @, 'i@x) éog_g)ﬁfrlr g@tpﬁ) 2451 0 2o 1%, 21, 1.20-

(1S538 @n(SH); bls8n(n 38, (ead.§ Haxy) phenyl car banmoyl ) -1 - hydr oxy
propan-2- yl carbanmate: The product was obtained as a
browni sh solid in 40% (0.158 g) yield. TLC (1:1
Braveraldasthod ford edel-CrefisNwRlatiop0 MHz, CDC 3) d 9. 50

( br S Td !ill‘olutzorﬁgfdftﬁg dedifdd pﬂen‘yl Sitfer QZS)Z m?no"i81 §) Q&iulvyﬂ drg CH.Cl,
s(,20 |np.])) at 42Q)§_ (water/ se}h)bath_ﬂs adge@ g.l@l@ (¢! iﬁqm\y) m Ig)rgorﬁz ?romoacetyl
30r514=11c(&(ﬂ Zequiwlis thdn addeﬁbrroliwmé l'(D t.he }ealfiod mBtrufebver iiperiod of 10-
1{55 mgﬁcl“‘hﬁ re@cgorgw% h(en ;;111%}_% o warm up ?030 ‘(éQ)r roml'}lx) tbmpera?ure and

(@nlmré@byriLE)(teaAtlQronmy Igomqralbhédglhoambéﬁmwmure fvpel didwtpd with

oy PR éﬁ?&%‘iéﬁ?gz% ﬁ’jﬁég amgfgﬁ%ﬂ 056 3% ML), The

ERreme |4yRy wasgredpver anhy eobyent was removed in vacuo.
THScrdd &2 oﬁﬁﬁt vs?a urified Qs1ﬁgjsﬂll: el%oﬁmﬁl &rbﬂl)ttoéﬁgﬁﬁg)( pr

(m IH, (t, 2H, J :

gﬂe/’&EgO (br t IH), 3.55- 3 67 (br t, IH), 2.19 (s,

1.72-1.82 (m 2H), 1.55 (s, 3H), 1.45 (s, 9H),
2-Bromo-1-(4-(octyloxy)phenyl)ethanone

SN0
O,
(0]

The product was obtained as an off white solid in 59% (0.461 g) yield. TLC (1:3
EtOAc:Hex), R,=0.85; 'H NMR (400 MHz, CDCl;) & 8.23 (d, 2H, J = 6.0 Hz), 7.22 (d,
2H, J=8.0 Hz), 4.68 (s, 2H), 4.31 (t, 2H, J = 6.8 Hz), 2.09 (m, 2H), 1.75 (m, 2H), 1.58
(m, 10H), 1.17 (t, 3H, J= 6.8 Hz).

2-Bromo-1-(4-(heptyloxy)phenyl)ethanone

NSO
.,

(0]

The product was obtained as an off white solid in 30% (0.93 g) yield. TLC (1:3
EtOAc:Hex), Ry=0.68; 'H NMR (400 MHz, CDCl3) & 7.95 (d, 2H, J = 7.2 Hz), 6.94 (d,
2H, J= 8.8 Hz), 4.39 (s, 2H), 4.03 (t, 2H, J = 6.8 Hz), 1.82 (m, 2H), 1.45 (m, 2H), 1.31
(m, 6H), 0.90 (t, 3H, J= 7.2 Hz).

2-Bromo-1-(3-fluoro-4-(octyloxy)phenyl)ethanone

NSO

o)
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1.22-1.52 (m 10H), 0.89 (t, 3H, J =6.8 Hz). Renoval
of Bocprotecting group: To a solution of the desired

wata@oeeyglt material (65 ng) in dry CH2A 2 (2 nmlpCwas2005/028914

added trifluoroacetic acid (TFA, 1 nmL). The reaction
m xture was stirred at roomtenperature 3-4 hours then

oy epor el Uit ARy ARE Lo EfaRd PRI AT TR 1,

obt ai ned r esi

ZtRsc:Hex)s Brolé; ShINMR ¢ 4 MEEACDIH® § 7.76H7. 16r(od 3ED), 7(/\9@9 (t 1H,J=
es é@ﬁs A15eQ, 89), 1451 198, 22K U1 6 8IIAY1 §RY RBIR), PRGSLARN 8B (m, 2H),
1§8 i~3ArﬁTh§H|)\ﬂ%&(t(%pfyﬁ&@é)phenyl ) - 3- hydr oxy- 2- et hy
Ipropananlde The product was obtained as a white

Ild ield.., M5 (ESI, MrH+) = 309. 47

e Srlerbod IR 5 whi e sol 10 in 78% (40
ng) yiAnhixtukEof deSired drtvite)acid (32Beqdbv) and CsCOs (0.5 equiv) was stirred

1)‘1']%?5[‘{5)(9 tllrﬁgyd){)% ;hntl]l}{gsr RN t02t sSLO¥) RRORARA éﬁ% /@é(:% 183- Bfamo-ketone

produ alned as a |te solidn
y(0el7cmmpts 1(Qesguiv) themthe migme: was S(tggedzn FQenh tpmperature for 1 hour. The

- fedetioR ik Ard whad itk @¥¥thORX! (25 R11h))eld Waxhedt WEA RYORD RS mL),

na nsletglgatf:lcgyag[ & )a% ﬂ,@? ?%%fﬁo%k/l%fe;ge}s? f)l\g@- e}mggeBr sa&t ’ghe organic layer
(s dhiefirdviepardrylsodis MEYS Q- anetthey sol vt f@nawet iy bado((etDMbXcould

v\%%gcihlgen%l"?oggd) leg ghﬂe? igcﬂ?;&} B{egg#lg (Nlt}@%&t tgg[’l&!e%ﬁ& P th% work-up).

337. 56To the obtained ester was then added excess (~20 eq) ammonium acetate, and the

grﬁ}hxygr}s ézflag %%Jeg%ég)ﬁ}i)eﬁﬁﬁ%ﬂu@ﬁé Sl akd ARUREPIRRYS hours under
Dedn-Stark conditions. The mixture was diluted with EtOAc (25 mL) and washed with

H,0 (2 x 25 mL), and saturated NaCl (1 x 25 mL). The organic layer was dried over

anhydrous MgSO, and the solvent removed in vacuo. The crude product was purified

using silica gel column chromatography.

tert-Butyl-(R)-1-hydroxy-2-(4-(4-(octyloxy)phenyl)-1H-imidazol-2-yl)propan-2-
ylcarbamate

NN N P Q
o}
N HN)Z
| S .«Me
N OH

H
The product was obtained as a colorless foam in 35% (72 mg) yield. TLC (1:1
EtOAc:Hex), Ry = 0.3; '"H NMR (400 MHz, CDCl3) 8 10.40 (br s, 1H), 7.63 (d, 2H, J =
8.4 Hz), 7.10 (br s, 1H), 6.90 (d, 2H, J = 8.4), 5.66 (br s, 1H), 4.85 (br s, 1H), 4.31 (d,
1H, J = 11.2), 3.96 (t, 2H, J = 6.8 Hz), 3.62 (d, 1H, J = 11.2 Hz), 1.73-1.82 (m, 2H),
1.66 (s, 3H), 1.44 (s, 9H), 1.24-1.52 (m, 10H), 0.89 (t, 3H, J= 7.2 Hz).

tert-Butyl-(R)-2-(4-(4-(heptyloxy)phenyl)-1 H-imidazol-2-yl)-1-hydroxypropan-2-
ylcarbamate
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The product was obtained as white solid in 63% (24.9

ng) yield. M5 (ESI, MtH+) = 403.71; 1 NWR (400 MHz,

8PE8T/HZ005/028914

6.87 (d, 2H, J = 8.8 Hz), 4.25 (dd, IH J =12.4 Hz, J
6.8 Hz), 4.10 (dd, IH J = 12.8 Hz, 68Hz)

3 90 1.7
f}if@rid%iwemobtfgg'ﬁ n é%ggvrﬁ O%ﬁ(lnHT%o}_&Gfl b Sric (2:1
(BDAZ I([éBe)FRjtFe 0.6 JH NOGR (A kY )Hzh 1 9ar b S6roy R, :z;asm Bla7.09 (br

S N R
412, 163 (4 1ﬂu1v|:z=( 1o 1743N§@3&m62 ¥ 1165, G3Hs 143K, 91, §34-1.50
(alshrb.od ¢ iy A1) = 2.4 Hy, 727 (dd, TH D

Hz 0
(ta'a-Bth Lyl Bapin-gockvmhph A oidagar 1435 -
d@oxpropamn-26ylBarbamats. 93 (t, 2H J = 6.4 Hz)
1.59-1.68 (m 2H), 1y41 (s, 3H), 1.14-1.38 (m "10H),

t b = 7. ). Example 2: Synthesis of
Phenyl i m dae nds with Al koxy Tail G oup The
desi red conmpdunfls e synt hesi zed as described in
Schene 3. Substifute@"phenols were alkylated with the

appr Op{ﬁegﬁsd@ét koak o p{a%azpqgawg%&g@@rm Ldlida69bon 2@'9&; jeld.

cat al
RO 2 E QIR0 A1 JE MMID (00 Pt EBCR PI7-84 (B SKED, 7.25 (br
tm IR0 N9 10Memy,J 2 Rez) 6. ea(cmesﬂt he QesHEEr= 2.4 Hz),

3% @ﬁ?éﬁ&ﬁe B R T B s T - 112

alez)dlestle&% @s, 2H), 1.67 €, 380 ad4(swhHY,H,221p.62 (m, 10H), 0.89 (t, 3H, J =
[ | ecul ar cyclization in the presence of excess
my}jm acetate, provided the desired

phenyl i m dazol e. The phenyli m dazol e was either

BYTHIOS L0 AL PR APHERH P A P L sy

as |1

@roﬁéH@rHPa“rP@l“Fﬂﬁﬁlf or. phosphate synt hesi s
Y
0. (o]
(o}
N\ HN.-\Me
| H>—-\‘OH

The final product was obtained as a white solid in 31% (30 mg). TLC (1:3
EtOAc:Hex), R,=0.16; 'H NMR (400 MHz, CDCl;) 8 7.34-7.4 (m, 2H), § 7.101 (s,
1H), 6.944 (t, 1H, J= 8.4 Hz), 4.3 (d, 1H, J=11.6),4.033 (t, 2H, J=6.8),3.62 (d, 1H, J
=11.6 Hz), 1.81-1.86 (m, 2H), 1.66 (s, 3H), 1.44-1.52 (m, 10H), 0.88 (t, 3H, J=6.8
Hz). MS (ESI, M+H") = 364.5

tert-Butyl (S)-2-((benzyloxy)carbonyl)-1-(4-(4-(octyloxy)phenyl)-1 H-imidazol-2-
yl)ethylcarbamate
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This method is illustrated in Schene 4 below. To a
sol ution of the Boc-protected am noal cohol (1.0 equivV)
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di et hyl chl orophosphate (10-20 equiv) and
triethylamne (2.5 equiv) and the reaction stirred for

éél 120 %%g%lﬁzlgﬁa? ugleed\é@g cg)lo?less 01 96%’/0{1%6 ne@?lélh “fLc (2:1
deSiAcdde)hRspha; tH éE\tIBr(400ﬂMé{2p ﬁ@ﬂi@ aﬂ é%(h;rs, 1H), 7.28-7.35 (m, 7H),

t _
bf%%??ﬁ?g% ﬁ\ﬁg?{{;ﬁa@gfﬁ%ﬂaﬁp\,ﬁ“qﬁ 5.08:521 (g, 3H), 3.97 (t, 2H, J =

t P 3 &r nuﬂéﬂéﬁ Gt (del ﬂrHs{)ﬁelﬁé‘ ef 2 JhT Feré@nl 76\)&4 @1 2H), 1.46
\rlﬁmgdm@ 1654L8n,N@E1)S0.8 {t98HEd=t7eHE). nal  phosphat e
i ch

was purlfl ed by reverse-phase preparative HPLC.
Schene 4 Boc Boc. NH NH HN TVMsBr OH Et Cr 3N, CHC 2

<Géid2al et DfédremochlVf B ocprecednggionpdsf or al kyl ati on

of IS

o 2106 Llhedh BRBROLATARHARG Ao IS0l ey vos

(z@ldgd E54i ()min The eetagh@l r(nmumvyaswageé doegmatemnperayre 2 hours then
?&‘a@:ﬁ t& M@sﬁﬂldbﬂe&ﬁ&d(pks@u&thé/ final B?odu'ﬂ?wﬁ@ﬁi?ﬂﬂe‘arby reverse

ure i s th en& ded the desired al kyl brom de
é&@ﬁ‘?/l?repalfﬁ%"er]ég% ion was stirred and heated under an
at nosphere of nitrogen at 50 OC for 12-24 hours.

re ctlo lLut e t h. 25 1 d

LB ER R (RGOS oy s i oE 1o 80,
w\’f\é ani c | ayer was dried over anhydrous

MySH then the 'l tud enoved i n vacuo. The crude

product was purif jing silica gel colum

The product was obtained as a white solid in 81% (29 mg) yield. MS (ES],

M+H") = 346.30; '"H NMR (400 MHz, DMSO-dg) & 8.38 (br s, 2H), 7.67 (d, 2H, J= 8.4
Hz), 7.50 (br s, 1H), 6.92 (d, 2H, J=8.4), 5.82 (br s, 1H), 3.94 (t, 2H, J = 6.4 Hz), 3.75
(d, 1H, J=11.6 Hz), 3.64 (d, 1H, J=11.6 Hz), 1.65-1.74 (m, 2H), 1.55 (s, 3H), 1.22-
1.45 (m, 10H), 0.85 (t, 3H, J= 7.2 Hz).

(R)-2-Amino-2-(4-(4-(heptyloxy)phenyl)-1 H-imidazol-2-yl)propan-1-ol

T O

The product was obtained as a white solid in 99% (58 mg) yield. MS (ESI, M+H") =
332.60; 'H NMR (400 MHz, DMSO-ds) & 8.34 (br s, 2H), 7.67 (d, 2H, J = 8.4 Hz), 7.40
(brs, 1H), 6.92 (d, 2H, J=8.4), 5.66 (br s, 1H), 3.94 (t,2H, J=6.8 Hz), 3.74 (d, 1H, J =
11.6 Hz), 3.64 (d, 1H, J=11.6 Hz), 1.64-1.76 (m, 2H), 1.55 (s, 3H), 1.22-1.44 (m, 8H),
0.86 (t, 3H, /= 7.0 Hz).

(R)-2-Amino-2-(4-(2-fluoro-4-(octyloxy)phenyl)-1H-imidazol-2-yl)propan-1-ol

NSO
\Q\E B
WZH

The product was obtained as a white solid in 75% (77 mg) yield. MS (ESI,
M+H") = 364.60; 'H NMR (400 MHz, DMSO-de) & 8.40 (br s, 2H), 7.93 (br t, 1H), 7.38
(4, 2H, J = 3.6 Hz), 6.81-6.70 (m, 2H), 5.67 (br s, 1H), 3.97 (t, 2H, J= 6.2 Hz), 3.74 (d,
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chromat ography (9:1 Hex: EtQAc). 5 Procedure B: To a
m crowave tube containing the substituted phenol (0.50

W@ 2006/0%098ui v) was added a 1.0 M sol ution of KexBuS:005/028914

THF (1.1 equiv). To the reaction mxture was added the
desired al kyl bromde (1.1 equiv). The reaction

FeittiBe das B iR Tl stk B T K. 12114
was 16H), 1085ty IHH2>O72XH2). 25 nl) and saturated NaCl ( 1

x 25 nmL). The organic | ayer was dried over anhydrous
MySO4 then the solvent renoved in vacuo. The crude

Ry Pod mingr2-(A(3ifhuozetduortydpxy) phenyDodi-imidazah2-yl)propan-1-ol

cheoretograp 9:1 Hex: Et OAc). |-(Cctyl oxy)benzene
The product maaned as an off white solid in 79%

(1.0 g) yield TUGX S EtoAc. Hex), RI= 0.85; 1H N\R
(400 MHz, CDCIS) 7. 2P%m 2H), 6.89 (m 3H). 3.93

(t, 2 "'hie]ﬁnal o Hz\ilas ﬁed]aSSa]wﬁl@é so%H)m 31—%4(%0 3111%)8114 MR (400

o PRES RO G O AR gl A, 9 6O e
(ﬂ= 4%.69)4.0334k,2H, 'DI;C68 3:152&&101% Jexn) .6 1R)=1.814:86l(mh, MR, 1.66 (s,

O M2 4 ); 8 fig3 46( 2 15131+ 3 {65 2°
9 i
69179(m2H) 122147(m10|—|) 088(t 3H, J
(R;-ZJ-'AHZIE0-2y()l-ktsftagt9ﬁ)xy)phenyl)-1H-imidazol-2-yl)propyl dihydrogen

phosphate
0

HO OH
The product was obtained as white solid in 69% (22.8 mg) yield. MS (ESI,
M+H+) = 426.65; "H NMR (400 MHz, DMSO-ds) & 7.67 (d, 2H, J = 8.6 Hz), 7.48 (s,
1H), 6.91 (d, 2H, J = 8.6 Hz), 4.16 (dd, 1H, J=10.8 Hz, J= 6.8 Hz), 4.05 (dd, 1H, J =
10.8 Hz, J= 6.8 Hz), 3.94 (t, 2H, J = 6.8 Hz), 1.64-1.73 (m, 2H), 1.59 (s, 3H), 1.21-1.45
(m, 10H), 0.85 (t, 3H, J= 7.2 Hz).

Example 3: Synthesis of Phenylamide Compounds with Aryl Tail Groups

Several biphenyls were synthesized using the process described in Scheme 5.
Microwave assisted Suzuki cross-coupling of substituted arylboronic acids with
substituted anilines afforded good to excellent yields of the biaryl amine intermediates.
Furthermore, the acylation of the substituted biaryl amines with desired headpiece
followed by deprotection of the Boc group afforded the final compounds.

Scheme 5
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30 The product was obtained as a colorless oil in 84%
(2.10 g) yield. TLC (1:9 EtOQAc: Hex), R/ = 0.8; 1H NWR

W@ 4@06/00dz1 CDCl 3) d 7.16-7.23 (m 1H), 6.57-6.B01/082005/028914

3H), 3.93 (t, 2H, J =6.4 Hz), 1.73-1.82 (m 2H),
1.23-1.50 (m 10H), 0.89 (t, 3H, J = 7.2 Hz). 35
| - Fl uoro-2- (octyl oxypbenzeneThe product wasBebggi ned

as a yellow sh sg 71% (0.92 g) yield, .TLERL,3

Et OAC: REX) , uR ﬂz; TRV (400 R ,@Qd*gnfgvj“
7087i m-2H)>76.94 (dd, |H), 76.88 (@n__1H),
4. 02 gftx H J FouleaB, 1Bk , 1 7@ - 2H) patd, dideAl. 48
(m 2H) 1. 20- _NecCOB DY , 3H, J =6M8 Hz).
General et hod™fyfes ﬂ%d I-Crafl s acylation To a

sol ution of Ho esired phenyl ether (8.92 mmol, 1.0

equi v) din dry 2 (20 n) at -20 QC (waté [psalt
bat h) i 8¢ add (l.¥kaequiv) in p c
Bro J boom de (—I2®quiv)

se to the reaction mxtuRe:ov r a period of 10-
15 n¥n. The reaction was then al dtowarmup to O
O@e;Wamérmﬂﬁfwzakwrassmpmgl tored by TLC (reaction

EN: ?ﬁ ner kg ged)dfr%_ b&ﬁt&ééaor&r&t%glﬁgw u%%gmtutfesgaw& boronic
m‘dmaz e;uliNaU)%(Pdlom@aﬂ@nr(Q)l equha, totrglam'lamna)ylénn mbride (0.1
5@ &\&%d By Q’QﬁQ &)hﬁl éeﬁefswavmse {vﬁggefa%raal 1

cuaQ, cru UI‘I

gtg}xtlgg of W%%rlgn'gthé gpléwﬁeyweagthexj_ hf;qg;-(d 1:9( u o ntgor 10-60 minutes
ZrsBipMidrowdve( Ote)tbRXiph R BePilited bbamcme)AEr(gs ﬁng&ua twashed with

t I n 59% (0. 461
g (% 3 o) B skl S Rmby 8 orgaig R s g over
CiGly@&pus MESPR apd theXd]vedt ©ndvelt jn vacnd 2T {edsrude product was purified
using silica gel column chromatography (Hex:EtOAc) as required.

4-(4-tolyl)benzenamine

The product was obtained as a white solid in 66% (140 mg) yield. TLC (2:1
Hex:EtOAc), R,=0.3; '"H NMR (400 MHz, CDCl3) § 7.29-7.38 (m, 4H), 7.12 (d, 2H, J
= 8.4 Hz), 6.67 (d, 2H, J = 8.4 Hz), 3.60 (br s, 2H), 2.31 (s, 3H).

4-(4-ethylbenzyl)benzenamine

O

The product was obtained as a white solid in 87% (200 mg) yield. TLC (2:1
Hex:EtOAc), R,=0.5; 'H NMR (400 MHz, CDCl;) & 7.38-7.48 (m, 4H), 7.24 (d, 2H, J
= 8.0 Hz), 6.75 (d, 2H, J = 8.0 Hz), 3.40 (br s, 2H), 2.68 (q, 2H, J= 7.2 Hz), 1.27 (t, 3H,
J=17.2Hz).

4-(benzo[d][1,3]dioxol-6-yl)benzenamine
0]

O~

The product was obtained as a white solid in 75% (186 mg) yield. TLC (2:1
Hex:EtOAc), Ry=0.4; 'H NMR (400 MHz, CDCl;) 6 7.53-7.58 (m, 2H), 7.44-7.49 (m,
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2H, J = 8.0 Hz), 4.68 (s, 2H), 4.31 (t, 2H J = 6.8
Hz), 2.09 (m 2H), 1.75 (m 2H), 1.58 (m 10H), 1.17

WQ 20068R)950 = 6.8 Hz). PCT/US2005/028914

2-Brono-1 - (4-(heptyl oxy) phenyl ) et hanone The product
was obtained as an off white solid in 30% (0.93 Q)

&sh 31t 65 2, 6TRG Ty Byl I g e U Gl 5%0 ors,

Q). Hz), 4.39 (s, 2H), 4.03 (t, 2H, J = 6.8 Hz), 1.82
(m 2H) 1.45 (m 2H). 1.31 (m 6H), 0.90 (t, 3H J =

Hz) .
zteBrhﬂtbl(5)-@5(4f(ﬂtrglyé)phereﬂe%lghamw))phéanxapmkyk@rbamate
product was o ined as a whitish solid in 39% (0.1
g). TLC (1:3 Et(Ac: Hex), R = 0.6; 1H NMVR (400 MHz,
CDC|3)d77070 HN{em 2H), 7.00 (t, IH J 8.0 Hz),
4.37 (s, 2 ‘ 2H, J 6.4 Hz), 1.82-1.88 (m

[=-3

2H), 1.44- : 2H), 1.28-1.34 (m 8H), 0.88 (t,
3H, J = ). General nethodfor imdazole synthesis
A m xtar¥ of desired amno acid (1.0 equiv) and Cs2CO3

(0.5 €hhs pr)adwxﬂsvasbbtahmd as i wibite spUd im_35% ¢104amp) yielde$LC (1:1

t 1
bl{i%[‘ﬁg! Ad) ﬁ 5?&“%%&0@9@% )%e%bﬁ% 1H), 7.43-7.53 (m, 4H),
\Ab%égﬁﬁr(ffbafléﬂ Fod S empH, aﬁtiﬁ@rﬁ H)14iQél§br S, THé 3 49 (br s, 1H),

F e HrQN1 M), 213206, 31 13ul(¢ e, Wil B e (25 nl) and
vvashted WIHL (S %@); 5(rrL3SH; andhgatl?rqat ed Nad ( 1 x
25 nmL) to renove access DVF and CsBr salt. The organic

| eyteutyS)-Ar (ed-ctidbemayl)plienylsardy fifoy)attydivxyp po panql-yl
cngvl%d in vacuo (the DMF could al so be renoved either
UAERPIA uced pressure without the necessity for the
wor k-up). To t obt ai ned ester was then added excess
(-20 eq) ammnloaLmHacet ate, and the m xture was

suspended [ hﬁ%oﬁ ol uene or xylenes and refl uxed
for 4- u

The product was obtained as a white solid in 31% (125 mg) yield. TLC (1:1
Hex:EtOAc), R,=0.4; 'H NMR (400 MHz, CDCls) 8 9.70 (br s, 1H), 7.42-7.64 (m, 6H),
7.24-7.32 (m, 2H), 5.62 (br s, 1H), 4.10 (br s, 1H), 3.60 (br s, 1H), 3.20 (br s, 1H), 2.70
(g, 2H, J= 7.0 Hz), 1.55 (s, 3H), 1.45 (m, 9H), 1.30 (t, 3H, J = 7.0 Hz).

tert-Butyl (S)-2-(4-(benzo[d][1,3]dioxol-6-yl)phenylcarbamoyl)-1-hydroxypropan-2-
ylcarbamate
=,

O)\NH

H \Me
oy T
O

The product was obtained as a white solid in 20% (89 mg) yield. TLC (1:1
Hex:EtOAc), Ry = 0.3; 'H NMR (400 MHz, CDCl3) & 9.70 (s, 1H), 7.53-7.58 (m, 2H),
7.45-7.50 (m, 2H), 7.01-7.05 (m, 2H), 6.86 (dd, 1H, J = 7.6 Hz, J = 1.2 Hz), 6.00 (s,
2H), 5.62 (br s, 1H), 4.13 (br s, 1H), 3.57 (br s, 1H), 3.20 (br s, 1H), 1.55 (s, 3H), 1.48
(m, 9H).

(5)-2-Amino-N-(4-(4-tolyl)phenyl)-3-hydroxy-2-methylpropanamide
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Dean-Stark conditions. The m xture was diluted with
Et OAc (25 nmlL) and washed with H20 (2 x 25 nL), and

waeadodgnasd NaCl (1 x 25 nL). The organi c | ayepCTES2005/028914

dri ed over anhydrous MySO and the sol vent renpoved in
vacuo. The crude product was purified using silica gel
col umm chr omat ogHa-prh .

tert-Butyl - (-|Nh M- 2- (4- (4- (octyl oxy) phenyl ) -1 H
i m dazol - 2- pr opan- 2- The product was obtained as a
colorl egS0aniin 35% (72 ng) yield. TLC (1:1

EtOAc He R 0.3; 1H NI\/R(4OOM—Iz CDdl 3) d10 40(br

6, 90 ( e erq ué Wass}_lat)'imeg aé6a K;@Z& 830?11'361 48?{ ég6 ) geld MS (ES],
M H W= 3185(4@ "HRYMR (3401)1M21)z DAVISB-ds) o R (BF s5 16{)88mﬁ)(br s, 2H),
315?'27?5&‘ %Tk{)% edl%f-’l 7%%&)7%]4 @2 1(1“3' g‘@ z)lsgg JH,J=48
H2), $00¢9d, 1HBdty 1.6 Rz, é'("48 H@) (3I‘ﬁ§p(1d91 Hslya’ pHéréylﬂy -f=52Hz),2.32

f6-3Hy 6389 32yl ) - | - hydr oxypropan-2- vyl car bamat eThe
product

@'gw@rw-ﬁw(ﬂé“(ezﬂigi& AEheE mg'@glg,gy'_ e

MHz, €D 3) d 7.56 (§m2H J = 8.4 Hz), 7.09 (br s,

IH), 6.90 (d ;

| H, . 970(t, 2H, J =6.8 Hz), 3.63 (d, IH,

J =112 , 1.74-1.83 (m 2H), 1.66 (s, 3H), 1.43

(s, 9H)Y .4150>(m8H) 0.90 (t, 3H, J =7.2

Hz) . t’ﬂ’fe‘ roBUéthas( obtained as a white solid 1n 64% (28 mg) yield. MS (ESI,

o 4.
e -3 o N SR RIS 31995 s 80,818 Cor s, 26,
y7e61-@\ﬂ1125(h; . DA 5§ ¢4, 2H,j = mmg;ammm 24, e’IgS 2TH), 5.8D; (br s, 1H),
F{)&A\gd ﬁ'm.ﬁ ?1%9 36%%%1 qgsﬂ\ﬁ@dzﬁﬁq,gﬂh %Hz) 1.50 (s,
HAD, 3.12 (R 3HL, i) 7.6 Blzb6 (dd, IH, J = 12.9 Hz, = 2.
Hz), 5.68 (br s, IH, 4.31 (d, IH J:112), 395(t,
2(g) 2Jan;m?)-N-(ﬁt))énz§) '[d? Fl,§]glioxloll:lli-yf)plzlel}):rll)-%-hydroxy-z-

methylpropanamide

., HaN
M
NWOH
O o)

o

The product was obtained as a white solid in 47% (32 mg) yield. MS (ESI,
M+H") = 315.40; 'H NMR (400 MHz, DMSO-dg) & 9.93 (br s, 1H), 8.17 (br s, 2H), 7.66
(d, 2H, J= 8.4 Hz), 7.59 (d, 2H, J= 8.4 Hz), 7.22 (d, 1H, J= 1.6 Hz), 7.12 (dd, 1H, J =
6.8 Hz, J=2.0 Hz), 6.97 (d, 1H, J = 8.4 Hz), 6.04 (s, 2H), 5.79 (brs, 1H), 4.00 (d, 1H, J
=11.2 Hz), 3.65 (d, 1H, J=11.2 Hz), 1.50 (s, 3H).

Q) 5.70(br s, IH), 4.30 (d,

Example 4: Synthesis of Substituted Biaryl Ether Compounds
General method for the synthesis of substituted biaryl ethers

The biaryl ethers were synthesized using the general method shown in Scheme 6.
To a flame dried round bottom flask is added the acylated 4-aminophenol (1 equiv. 0.15
gm), cupric acetate [Cu(OAc),, 1.1. equiv], desired substituted boronic acid (2.5 equiv.),
and excess of 4A molecular sieves (0.6 -0.9 gm). Dry dichloromethane (DCM) is then
added to the reaction flask followed by the addition of anhydrous pyridine (5.0 equiv.).
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Hz), 1.74-1.83 (m 2H), 1.67 (s, 3H), 1.44 (s, 9H),
1.22-1.52 (m 10H), 0.89 (t, 3H, J = 7.0 Hz).
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)-2-(4-(3-fluoro-4-(octyl oxy)phenyl)-1Himdazol-2-yl)
-1 -hydroxy The final product was obt ai ned as a white

SO b e gy ot e o B and e

(=eactidr)is str@Uevet hight # rodm=tei®peratirgd yndér 3n ganosphre #f oxygen. The

&@llg%ingsﬁagr?iﬁ%é&%n%%lure v@ag?lt(ege'ﬁ Lg adpluél E'f (ielg%to]r%m%ve the
cu]@r ggvest and3he fiffrate wagcqpepntrajel @e a ghepnish &01316 A'hs crude
% roBkt¥as punﬁed using silica gel chromatogra hy EtOAc Hexane gradlent (25% -

R EHRE R IR RS SSs LB ARBe  bot

otht:aolneld raodedanidor {«ﬁs@ togivmpmocﬁl@?/as(al@ﬁlmg)hdw eI d TLC
(2:1 EtOAc: Hex), Rf =0.2; 1H NMR (400 MHz, CDd 3) d
7.62 (br s, IH. 7.28-7.35 (m 7H), 7.08 (s, IH), 6.89
(d, 2H J = 9.2 Hz), 5.90 (Beheme6H), 5. 08-5.21 (m
3H), 3.97 (t Bot4\,J = 6.0 Hz), 3.26 (br m IH), 309
(dd, IH, J = &6 AR ] = 7.2 Hz), Becd, 1. 84 (

R34 (m L0H), HO. JAREL, R k) —7%
Hz)a@(eral hodf or renov ctl /roup
ut i S|red rtigg mat errat—(166
ng in CH2O 2HATY. MIREARS H@ded TFA { 1 ni) .!-TEeeiv. Cu(OAC)2

reaction nixturPWas sti rred at room t en]fErSRVET S eauiv. pyridine
hours then evapesated to dryness under reduced

pressure. The fj naly"ps oduct was purified by reverﬁ,eizN R3
pha r eBagat Nﬁgb‘ii/u{“enyl)'FA
-hu@sl- -y ) prlopan-1 -ol Th 'proﬂ@s}z@ne
as awwidg id9n 81% (29 ny) yiel dXx

tert-Butyl (S)-2-(4-hydroxyphenylcarbamoyl)-1-hydroxypropan-2-ylcarbamate

oﬁ/o

H o NH
/@N%/OH
HO °

The final product was obtained as a white solid after silica gel purification using
an EtOAc-Hexane gradient (15% EtOAc to 80% EtOAc over 25 min.), in 61% yield.
TLC (2:1 EtOAc:Hex), Ry (product)= 0.3; '"H NMR (400 MHz, CDCl;) & 8.01 (s, 1H), &
7.34 (d, 2H, ] = 8.8 Hz), 6.79 (d, 2H, J = 8.8 Hz), 5.60 (br. s, 1H), 4.06 (m, 1H), 3.58 (d,
1H, J =12), 1.58 (s, 3H), 1.46 (s, 9H).

(S)-[2-Hydroxy-1-methyl-1-(4-phenoxy-phenylcarbamoyl)-ethyl]-carbamic acid
tert-butyl ester
0 0\|<

QT

The final product was obtained as white solid following silica gel purification, in
58% yield, (0.08g). TLC (1:1 EtOAc:Hex), R;=0.2; MS (ESL, M+H") = 387.45; 'H
NMR (400 MHz, CDCls) 6 9.46 (s, 1H), & 7.48 (d, 2H, J = 8.8 Hz), 7.30 (m, 2H), 7.07
(m, 1H), 6.97 (m, 4H), 4.16 (s, 1H), 3.65 (s, 1H), 1.58 (s, 3H) 1.46 (s, 9H).
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= 6.4 Hz), 3.75 (d, I1H5J = 11.6 Hz), 3.64 (d, IHJ =
116Hz), 165174(m 2H) 155(s 3H)5 1.22- 1.45

B B phrosoRbT ARy Ry o mesiptsfg-
ylcalrh*a@paracicltewt- esteduct was obt a| ned as a white

solid in 99% (58 ng) vyi eloisk (ESI MtH+) = 332.60; 1H
NI\/R (400 l\/HzSDI\/ISOd 6) Hd (br s, 2H), 7.67 (d, 2H,

6. 92 (d, 2H6J = 8.4),
5 66 (br S, 5/2@%/‘“0 2H, J = 6.8 Hz)5 3. 74 (d,
I(rl_rll % Tgi]:' i’lnglao}_%Auct gv}g‘? %b%gn'fﬂ M&e (sgigd %wahbg %Ié %e} Pglﬂflcatlon in

J6i%7yleid1-(i))05g¢t FLEXY) O Hex), Ry= 0.3; 'H NMR (400 MHz CDCly) § 8.6
/ -0 1 e bbgi ne

(é 'IH?ﬁ?Mg 2 dg:f n@gg{&b(é?%(d b, ?edeMH% ;?é,ﬁ ba .7‘ GIO Hz),
2548 4roaS PR 10 o0, 1FNRH USERE (@ 46 ph e T2 8 12 ),
ZEDSB(Z%IHB‘@EQH) HI)23 (3B J=H7.62tHJ = 3.6 Hz)5
6.81-6.70 (m 2H), 5.67 (br s, IH, 3.97 (t, 2H, J =

6.2 Hz), 3.74 (d,IH J = 11.6 Hz), 3.66 (d, IH5 J =
1LS)6{1I-EI)-(4 Buyhphendxy}-pheayiyarbbnisyllc2-hyGtdxy-1tmidthyl-ethyl}-

%%m ng-c@-l?a-l{'@!lf%t%rj _\gn/ggt l;IZoxy)( phenyl )-1/7-inida
fi

zoI 2-yl) propan-| - product was obtained as
a white solid.in 31% 1H NMR (400 MHz, CDd 3)
d 7.34-7.4 ﬁ Ol(s IH), 6.944 (t, IHJ

8.4 Hz), 43 11.6), 4.033 (t, 2H5J = 6.8),

3.62 (dpe Iﬁh@l%)rodli’el was bBt)nnea a§3vh§te 881id fBl10%AR 111(: f)§r1ﬁcét10n in
E'é{o SiRi o) géﬁﬂg](f) D 0Rc I R, ~02; R 28DCL) 5

) 9ZG6AS] TH); 245 44,0041, (Jo€9 9 IHy). phah 2H) 798 Hm),dsa%add-, 2HyJ ¥ 8.8 Hz),
PRk, S YIRA4EY 4.07 (m, 1H), 3.59 (m, 1H), 2.58 (t, 2H, J = 7.6 Hz), 1.51-1.62
(m, SH), 1.46 (s, 9H), 1.35 (m, 2H), 0.93 (t, 3H, J = 7.6 Hz).

(8)-{1-[4-(4-Butoxy-phenoxy)-phenylcarbamoyl]-2-hydroxy-1-methyl-ethyl}-
carbamic acid zerz-butyl ester
O O
~o~0 N~ OH
Qo

The final product was obtained as white solid following silica gel purification, in
25% yield, (0.023g). TLC (1:1 EtOAc:Hex), R;=0.4; "H NMR (400 MHz, CDCl;) 8
9.56 (s, 1H), 7.43 (d, 2H, J = 9.2 Hz), 6.90-6.94 (m, 4H), 6.85 (d, 2H, J=9.2 Hz), 4.07

(m, 1H), 3.93 (t, 2H, J = 7.6 Hz) 3.58 (m, 1H), 1.74-1.78 (m, 2H), 1.58 (s, 3H), 1.50 (m,
2H), 1.46 (s, 9H), 0.98 (t, 2H, J= 7.2 Hz).

(8)-{1-[4-(4-chloro-phenoxy)-phenylcarbamoyl]-2-hydroxy-1-methyl-ethyl}-
carbamic acid tert-butyl ester

e K
cv\©\0 /@,N\YOKQ/OH
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(s, IH, 6.91 (d, 2H J =8.6 Hz), 4.16 (dd, IH J
10.8 Hz, J 6 8 Fh) 5 4.05 (dd, IH5J = 10.8 Hz,

8Tt 8kl b o
3P yEklambll@7g3 TS»ﬁw(tlthtQAQjHeﬂanyIOa’%n HNMB(460 Mz, CDCL) 5

W I@%GSH' J18 3 oS %ﬁi (dSeMey alg PiTpNeY! @ MELL= 8.8 Hz), 6.90 (d, 2H,

I'zed usin cess descrlbed in
T BSR4 88 Sms 1Y %@‘kﬂHc{ odd-2ddupl PA ¢S o’»tH) 1 a7 (s, 9H).

substituted arylboronlc acids with substituted

ani | | fford d,.to . excel |l ent | ds

IS e AR P SR M B Al oSS B met st
ofarbimpicsadid tdrt-hued estermr yl am nes with desi r ed

headpi ece fol | oweg® deprotection of the Boc group

af f or d t he f ngt" conpounds. Schenme 5CGener al

met ho F@\@@T Foss-coupling To a nixture of a

substi t r onoani | i ne (1.0 equiv), substituted aryl

bor oni Theaftradl p{ciugt veapobidinedl &% lB(trmaopla isbladh fol®wing silica gel

e

B BT T LG A a8t oo
tMble, GRS 1added @, 2H1 /%2 lela +Hpo8.0Hg), ﬁ19>2t®?%(m 4H),
VR6 trhemjﬂ%uqd 119, £918.3HAG $9(s, éﬁ) aQagnisnops using a

m crowave. The reaction is then diluted wth EtOAc (25
nm.) and washed with H20O (2 x 25 nL) and saturated NaC
((S)—ZXAQEndIB)hydﬂivq' Dingthy N} Asteethylé-plieh €xy-pharyl)-propionamide
anhydr ous MySO4 4 & the solvent renoved in vacuo. The
crude gggy Qfified using silica gel colum

chroma CHexr Et OAc) as required.

The final product was obtained as a white solid after HPLC, in 35% yield,
(0.01g). MS (ESL, M+H") =301.19; 'H NMR (400 MHz, CDCl3) § 9.16 (s, 1H), & 7.25
(m, 1H), 6 7.2 (m, 3H, ), 6.95 (t, 1H, J= 7.6 Hz), 6.75 (d, 2H, J=8 Hz), 6.69 (d, 1H, J =
7.6), 4.13 (s, 1H), 3.92 (s, 1H), 2.05 (s, 3H), 1.52 (s, 3H).

(S)-2-Amino-3-hydroxy-N-[4-(3-methoxy-phenoxy)-phenyl]-2-methyl-

propionamide
4 NH2

ST
The final product was obtained as an off white solid following HPLC
purification. 'H NMR (400 MHz, DMSO-ds) & 9.95 (s, 1H), 8.18 (s, 2H), 7.63 (d, 2H, J
= 8.8 Hz), 7.24 (t, 1H, J= 8.4 Hz), 7.02 (d, 2H, /= 9.2 Hz), 6.68 (m, 1H), 6.52 (t, 1H, J
=2.4 Hz), 6.48 (m, 1H), 3.98 (d, 1H, J=11.6 Hz), 3.71 (s, 3H), 3.64 (d, 1H, J=12.0
Hz), 1.48 (s, 3H).

(S)-2-Amino-3-hydroxy-N-[4-(3-propoxy-phenoxy)-phenyl]-2-methyl-propionamide

., NH2
P ¥eaon
~"0 o o

The final product was obtained as an off white solid following HPLC. 'H NMR
(400 MHz, DMSO-dg) & 9.93 (s, 1H), 8.14 (s, 2H), 7.63 (d, 2H, J=9.2 Hz), 7.23 (t, 1H,
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4-(4-tolyl)benzenam ne The product was obtained as a
white solid in 66% (140 ng) yield. TLC (2:1

wieoosr@c), R/ = 0.3; 1H NWR (400 I\/Hz, CDCl 3) PBICT/US2005/028914
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7.29-7.38 (m 4H), 7.12 (d, 2H, J 8.4 Hz), 6.67 (d,
2H, J = 8.4 Hz), 360(br S, 2H) 231 (s, 3H)

. d,_
AL SRy LS LA DR SIRT £8 el Bk 985, SR 18-
I-]lézo B0, 1HRU= 98 Bnd 1H6rHM;z?(&@(l hz/ = GI8AHB) 3@3 (dd 1H,J=4238
7 7 6.75 (d,
eﬂﬁgl} eﬁg) 3@8(@4&51) b%?éé @1{’)%@3 @, 3H§ 75'2923 :(7 ,
Hz), 1.27 (t, 3H, J = 7.2 Hz). 4- (benzo[</]
Ny d
R A R A R R
Hepianamide o - o 4. %ﬁ NI\/R (400 MHz, CDCIS d
7.53-7.58 (m NH749(m2H) 701706(m
2H), 6.8 d@}_ﬁl 7.6 Hz, J = 1.4 Hz), 6.00 (s,
2H), 3. 40 (be . tert butyl
S)-2-(4-(4-tolyl | b d 2-
o bR OB SMS B a00 81 a6 Gh PR o H72, 7.28 (,
'11%{%\% b 47@9émy1 01Han2H észuEtJ@AQbHB/ 6’7@(1%; 1H), 3.98
TR £29% M5 G Do badg e 155 o el 01 6175, LSy By =76
| 4, 1448 H@2), Q187 (8, 1Hl-))143 (A3H)1r185(d, 68 J=8.018z) br s,
| H), 232(s 3H), 1.54 (s, 3H), 1.44 (m 9H).
tert-butyl
)(:S‘)Z-Zéﬂnlémo-éﬂtyyilrm%{ﬂ)@HenmocanbténUbyh9nq::,ympmyaygfmwm_
5&0}5 g anate The product was obtained as a white
dn 1% (125 yield. TLC (1:1

SO

'"H NMR (400 MHz, DMSO-dg) § 9.98 (s, 1H), 7.70 (d, 2H, J = 9.2 Hz), 7.47 (m, 1H),
7.26 (m, 2H), 7.14 (d, 2H, J= 9.2 Hz), 4.01 (dd, 1H, J= 4.0 and 11.2 Hz), 3.66 (dd, 1H,

~ J=4.0and 11.6 Hz), 1.51 (s, 3H).

(S)-2-Amino-N-[4-(3-benzyloxy-phenoxy)-phenyl]-3-hydroxy-2-methyl-
propionamide

H %, NH2
Qo
SR AS

'H NMR (400 MHz, DMSO-dg) 5 9.93 (s, 1H), 8.17 (s, 2H), 7.64 (d, 2H,J = 9.2
Hz), 7.41 (m, 2H), 7.38 (m, 1H), 7.35 (m, 1H), 7.27 (t, 1H, J= 8.0 Hz), 7.04 (d, 2H, J =
9.2 Hz), 6.78 (m, 1H), 6.61 (t, 1H, J=2.4 Hz), 6.52 (m, 1H), 5.80 (t, 1H, J=4.8 Hz),
5.08 (s, 2H), 4.00 (dd, 1H,J =4.4 and 11.2 Hz), 3.65 (dd, 1H, ] =4.8 and 11.2 Hz), 1.49
(s, 3H).

(S)-2-Amino-3-hydroxy-N-[4-(3-isopropoxy-phenoxy)-phenyl]-2-methyl-

propionamide

JSeUoh o
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Hex: Et OAc), R/= 0.4; 1 NWR (400 MHz, CDAI3) d 9.70 (br
s, IH, 7.42-7.64 (m 6H), 7.24-7.32 (m 2H), 5.62 (br

WG 2006M0o9s. 10 (br s, IH), 3.60 (br s, IH, 3.20C1/52085/028914
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IH), 2.70 (q, 2H, J = 7.0 Hz), 1.55 (s, 3H), 1.45 (m
9H), 1.30 (t, 3H, J = 7.0 Hz). tert-Buty\

byar o M BB YRGS 131 B R A BT ey 722
aldla/ wWBiBthez)s 003 (. i2h, 2698.8 812).rf5 (i llFD), 6FLGn( 2HY 5.76 (¢, 1H, J=
Q°§5)( ? g §g dl'T' ﬁ%’d z?@%ﬁﬁddlﬁ ¥04.8 and 12.0

ﬁ@ﬂb@ﬂﬁh@%ﬂ g3 }H J=7.6H, J=12

Hz) 6.00 (s, 2H), 562(brs IH), 413(br s,IH),

(3 -2 bmo-N-H4- -bueio%gpflggoxsy) pthl)lyl] ]3 l??dr%?&y-zsll'r_pethy}'p?gplonamide
(S)-2-Am no- 7V—(4 (4- ton PP@.nyl) 3- hydr oxy- 2- net hyl p

r opanam deTh”z ta| ned as a white solid in

98% ( 36~ Wy oy et tlo EQ MtH+) = 285.40; 1H NWVR

400 o
e 15“5?@‘%#@?*@‘?@?5-8)%152 ¢ 218 %@1‘2?77 :2}4“%13%’ J=84
D), 3.03 (4,261, Fix 9.2 512),86.66 (m) Hil), 6.48 (m, 8HMA 75 @, 16, 4.4 Hz), 3.97
A?d PH,3 iéZQmqu’l ZJH;;) 498 (Héi{ 73 9625H§)3'@ 62'(h'd H,74426nd 11.6

Hz ) > q 150 (s H?7
(), iﬁMﬁnn%H? \L {74(5(31H)et R (Bbl%l)’l g. %@n%{)-] 37 oxy- 2- m

et hyl propanam de The product was obtained as a white

N

s, H)761772(m4 .gH(d 2H, J = 8.2 Hz),
7.26 (d, 2H 8 (br s, IH, 4.00 (d,

IHJ/J.\ ,@%, H J = 11.6 Hz), 2.61 (q.

2H, J £ ), 01.80 (s, 3H), 1.19 (t, 3H, J = 7.6
Hz). 'H NMR (400 MHz, DMSO-dg) 5 7.62 (d, 2H, J = 8.8 Hz), 7.24 (¢, 1H, J = 8.8

Hz), 7.03 (d, 2H, J=9.2 Hz), 6.66 (m, 1H), 6.49 (m, 2H), 5.77 (t, 1H, J= 4.4 Hz), 3.96
(m, 3H), 3.63 (dd, 1H, J=5.2 and 12.0 Hz), 1.467 (s, 3H), 1.28 (t, 3H, J="7.2 Hz).

Example 5: Synthesis of Phenylamide Compounds with Arylalkoxy and
Cycloalkylalkoxy Tail Groups

(A)  (S)-2-amino-3-hydroxy-2-methyl-N-(4-(biphenethyloxy)phenyl)

propanamide trifluoroacetic acid salt
HHN cH,

H
H 7%y,
OO =i
1-(2-(4-nitrophenoxy)ethyl)biphenyl
2-biphenyl ethanol (1 g, S mmol), 4-nitrophenol (834 mg, 6 mmol), and
triphenylphosphine (1.59 g, 6 mmol) was dissolved in 20 mL dichloromethane. The
solution was chilled in an ice-water bath prior to the addition of diethylazodicarboxylate
(949 pl, 6 mmol). The reaction was then stirred overnight, and the ice-water bath slowly
warmed to room temperature. Crude product was purified by flash chromatography to
yield 640 mg crystalline solid. 'H NMR (400 MHz, DMSO-de) & 8.1 (d), 7.6 (m), 7.47-
7.41 (m), 7.34 (m), 7.17 (m), 4.39 (t, 2H), 3.13 (t, 2H).
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( )-2-am no-iV-(4-(benzo[d]
[ 1, 3] di oxol -6-yl) phenyl) - 3-hydr oxy-2- net hyl propan

w@peood@20bRe product was obtai ned as a white sol POT/UR2047/058914
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(32 my) yield. M5 (ESI, M+rH+) 315.40; 1H NI\/R(4OO VHz,
Dl\/SOd6)d993(brsIH) 8.17 (br s, 7.66 (d,

o 3 g S

rgsarbgmote (4, 1H, J = 8.4 Hz), 6.04 (s, 2H), 5.79 (br
S, |11'd)2 (44}1@6})}1@ﬂ0x§)€ﬂh 1phe1511jl @Oﬁziﬁ Oa)éﬁii_hr@ waddlissdlved in a

nt hesis o

Shibur bt atﬁiwoléfl sﬂﬂy 7 nﬁ'% i ST putdrd i nirogen gas
t préorsy tHeh@ditionof 150 st I Padnlhdoy) Tat hactonvas bipped with a

th ' ' v al
LR g4 AP 608 P, SERSH R THARY SRR
d®d prhduble~ 86yih dtle EQAoexamge ldie splution gk Vilted throygh celite and
Ctup Ebl@erﬁ“e@%ﬁrﬁecﬁ Qi&e@%ﬁétgrm 1Wltho§ﬂﬁih}ﬂ:p Lﬁiﬁﬁhﬁ&g the crude product

substituted boronic acid ff}ﬁz) and exces

AR Romhingdayith Ve(Rog)- etomethylee@ Y HESSRIT 6?&3{ IHE’rFeA (416

t(wh ‘dhgllﬁ mhlh BM?dfﬂﬁd scg@tléxhﬁas ﬁﬂg‘eﬂlat)fb(ﬁsﬁ festpethleqvesihduts. Solvent
e a n anhydr.ous pyridin

S R Bbriry RRmsER EerbachBfu Bangrlpy el At Ebgraphy

appids 2Ad e yelldwrliquida3@% yieldr eaction is stirred over

ni ght at room tenperature under an atnosphere of
oxygen. The follow ng day the reaction m xture was

f3-pmined-hydroxy-2rmethyl-Ni(4(pheneshylexy)biphgayhpeopanamide
NRiffifdrbadeticagidesalt and the filtrate was concentrated to

O

gyladbanitp (82 wad 03861E¢dIAG oV arixtdfe crﬂZImL DUMETFA for 3 hours.
ﬁl"f‘ectﬁt'lﬁo&%rﬂ%%ﬁ wal ggﬁhé‘@l@? Pev%lllg gﬂ{s% %chotma@éé o@ﬁpi(n%dlﬁglg white

thﬂescgaqul as thpEA sadt (in some cases reverse phase purification was not
necessary). MS (ESL, M+H") = 391.2; 'H NMR (400 MHz, DMSO-ds)  7.65 (m), 7.60
(m), 7.52-7.40 (m), 6.93 (m), 4.197 (t, 2H), 3.8 (bm, 1H), 3.5 (bm, 1H), 3.06 (t, 2H),
1.38 (s, 3H).

(B)  (S)-2-(4-(biphenethyloxy)phenylcarbamoyl)-2-aminopropyl dihydrogen
phosphate

HO'

HOO o/@/\/\‘\‘

tert-butyl (S)-2-(4-(phenethyloxy)phenylcarbamoyl)-1-diethyl phosphatidylpropan-2-
ylcarbamate

2-amino-3-hydroxy-2-methyl-N-(4-(phenethyloxy)biphenyl)propanamide
trifluoroacetic acid salt (116 mg), diethylchloridophosphite (171 pl, 5 eq), and DIPEA
(8eq) were combined in 2 ml anhydrous DCM under N, atmosphere. After 8 hours
conversion to product remained low, ~20%, as judged by TLC (R¢~0.2 in 80%
EtOAc:hexanes). More diethylchloridophosphite (171 pl, 5 eq) and DIPEA (8eq) were
added to the reaction mixture and the solution stirred overnight. The next moming TLC
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tert-Butyl
(S)-2-(4-hydroxyphenyl car banoyl ) - I - hydr oxypr opan-2-yl c

waredanmiosi H ' -. , NH HO The final product was obtBUSBIS/028914
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as a white solid after silica gel purification using
an Et OAc- Hexane gradi ent (15%)Etcmc to 80% Et CAc over

S%P 8@1 %90%8‘0@\%{&1& %%OE@%CF %hr%tﬁé}%@%r }_ﬁ’ny)S)h?ﬁf d( 10 mg of pure
Ipﬂpduqﬂ(m%énedcb, MS$I(ESL MNg) #609. 6.79 (d, 2H, J = 8.8
Hz), 5.60 (br. s, IH, 4.06 (m IH, 3.58 (d, IHJ:

12), 1.58 (s, 3H), 1.46 (s, 9H. .

((§§-2f(z =(Biphensikpyloxirhenylcanbaraybieswrgpronshdiincdegramhipsyhate.

et hél ](tS‘}Q[(bﬁ(ﬁh@neﬁWl&)l)}ﬂ{eﬁl btﬂﬂbﬂno ﬁgﬁ?mfﬁlbﬁrcfplyﬂﬁkth 1 phosphate (10
roaguc wa | e, SOl | (0] (0] |ca
PRE e difsoluedind m%eﬁC@meéﬁea I FIcs Sih a1 eXCERS 1

atﬂmnyﬂmy)broﬂde Adad (A0:q) EShe reebtitr) was D07itekd by lHquYR

98 ) St Bl b T Baring

rgatena})occ@'r%o(egrllghwhllelstglgng at rogqq)tempqgtu(rg; olvent was evaporated
9£Dd tﬁﬁmﬁk Eoﬁu&tﬂpuﬁffémb RORRLPhhsdEHEOM Ln%@f {ikrd2r 5%% of the

roxy-I-rne e acj |naI r u

S8 e g S s GRSERI 2 T @@5 " Bmso-a9

paIT i6bi7068 ano)m 6047. Aﬁﬁ&ﬁ)yv.%(dm),(@f& @hg)H), F120 (¢, 2H), 4.05 (bm, 1H), 3.051
%ﬁﬁg 1 NVR (400 MHz, cDA3) d 8.6 (s,

E‘tﬁ) ﬁ?(d 2H '378.0 Hz), 7.13'(d, 2H J = 8.4

Hz), 6.92 (d, 2H, J 10 Hz ), 6.88 (m 2H), 4.05 (m

| dey, 3 - 3. J

d(')g sgy‘N gﬁg tl(i'iopi;en 2]3?)53)&0 @pﬁ&$ﬂ2 a%?gog!t l,fyd;nﬁ?d"?

—me@y panamide trlﬂuoroacetlc acld salt

(S)- {I -[ 4- (4- Butyl - phenoxy) - phenyl car banoyl ] - 2- hydr oxy
-1 -net Ryl - -
s

> N |
. N \
NH,

tert-butyl (S)-2-(4-(4-(thiophen-2-yl)butoxy)phenylcarbamoyl)-1-hydroxypropan-2-
ylcarbamate '

This compound was synthesized from 2-(4-(4-nitrophenoxy)butyl)thiophene (280
mg), N-(Boc)-a-methylserine (205 mg), HATU (442 mg), and DIPEA (506 pnl)
following the procedure described in Example S(A) to yield 280 mg product (62%
yield). 'H NMR (400 MHz, DMSO-ds) & 9.24 (s, 1H), 7.44 (m, 2H), 7.29 (m, 1H), 6.9
(m, 1H), 6.84-6.81 (m, 3H), 5.00 (t, 1H), 3.93 (t, 2H), 3.61 (m, 2H), 2.84 (t, 2H), 1.73
(m, 4H), 1.48 (overlapping singlets, 9H).

(S)-N-(4-(4-(thiophen-2-yl)butoxy)phenyl)-2-amino-3-hydroxy-2-methylpropanamide
trifluoroacetic acid salt.

This compound was synthesized from tert-butyl (S)-2-(4-(4-(thiophen-2- _
yl)butoxy)phenylcarbamoyl)-1-hydroxypropan-2-ylcarbamate (140 mg) according to the
procedure provided in Example 5(A) to yield 31 mg white solid title compound. MS
(ESI, M+H") = 349.5; '"H NMR (400 MHz, DMSO-ds) & 9.79 (bs, 1H), 7.48 (m, 2H),
7.29 (m, 1H), 6.9-6.8 (m, SH), 5.6 (bs, 1H), 3.95+3.8 (overlapping signals, 3H), 3.55 (m,
1H), 2.84 (m, 2H), 1.73 (m, 4H), 1.41 (s, 3H).
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The final product was obtained as white solid
followng silica gel purification, in 45%yield,

W@ 000002g51 TLC ( 1:2 Et QAc: Hex), R/ = 0.2; 1H NMR/(41D05/028914
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Mz, CDOI3) d 9.56 (s, IH), 7.45 (d, 2H J =9.2 o),
7.12 (d, 2H, J = 8.8 Hz), 6.96 (d, 2H, J =8.8 Hz),

508 23kt Eonf Dyl hpartoPa Bighblons
ghglydmggsp(lmplmm 0.93 (t, 3H J =7.6 Hz)
(*B)Ff {I 4- (4~ But oxy- phenoxy) - phenyl car barmyl] 2- hydrox
M The final product was obtained as
V\/nlt sﬁolldfoll ng silica gel purlflcatlon in 25%
yield, (0.0239g TLC = 0.4; 1H NWR
Lo 8 2ot S Sk St S s st
Hdthyp ﬁm% tfiflhoréidetic GeidBalt due&hg) di(Rt-Butyly) , 4. 07

1&apr5%¥l§n?$ﬂph§%hlte Tl%%mgsl 63%'%}@15%(3 %’B‘lih)'& mg) grere combined

(is,3 BHInhyOro@8 THEF, urlek NJ () aid 3tifrzd overnight. LCMS showed leftover

( %P{?@nﬁf‘%ﬁﬂ}@&mgm BQ@?@@B@%?&%&E@HB%&J@S t%rikyfﬂg Or63 pl),
fandauH kﬂtr@afdeﬂl gbwrﬁuaﬁé%d taéhmat:t@rsmmt@ref dhe ssactep was
Sdolrrlpﬁée Gﬁér d@Uéﬂaf da@@%ﬁﬁﬁl a't fbo'i_ﬁ3 efdtgle. 064 H0JB0% Idl-ﬁz@z was

ﬁh%a{d&d t%}lre sglunog agg F%reacylog étl 902 lan_%c’lmgggg i&gurs prior to
Gquerching wathi,1 rﬂLSaﬁirdt-m sodGin® ﬂncﬁsﬂhlﬁtﬁ IsbinJ The 8esBlthig)mixfir® & as

(Jﬁut%hh BiSRc bl thleldrgaliciaddr Dubd, chnRirhRa, SiPpuritied by flash

(irorpatoguapliviyielding 45 mgderolytyl fheh(A-tatthiapsgn-3- 2- hydr ox
1B ten bl T il A RSSO IR A@ The

1
hygr oscopi ¢ sol Lca ge uri fication,
|r?vgr@w@y?lgxedvaS(t{»em«@ewveWm%wL 5% plR My stimed g Lpour. The
és‘dld‘sMR wW#Q0Onddritrate@Elyid)d 24 thgbf t}(digle2d(d,mpbund IMS (HEL, M+H")
42 gt adp Mﬁa%ﬁ% %%%28 Gy ttgl Fustih e L2 ), 6.-
A (m, 5H), 4.25 (m, 1H), 4.05 (m, 1H), 3. 95 (bt, 3H), 3.55 (m, 1H), 2.84 (m, 2H) 1.73
(m, 4H), 1.41 (s, 3H).

(E) (S)-N-(4-(4-(4-methoxyphenyl)butoxy)phenyl)-2-amino-3-hydroxy-2-
methylpropanamide trifluoroacetic acid salt

* 1,0 o

0,
. N
H)(H \
NH,

1-(4-(4-nitrophenoxy)butyl)-4-methoxybenzene (470 mg) was converted to 305
mg tert-butyl (S)-2-(4-(4-(4-methoxyphenyl)butoxy)phenylcarbamoyl)-1-
hydroxypropan-2-ylcarbamate following the general procedure provided in Example
5(A) employing N-(Boc)-a-methylserine (210 mg), HATU (360 mg), and DIPEA (860
ul). MS (ESI, M+Na") = 495.7. The carbamate (130 mg) was deprotected following the
procedure in Example 5(A) yielding 108 mg of the title compound. MS (ESI, M+H") =
373.9.

(F)  (5)-2-(4-(4-(4-methoxyphenyl)butoxy)phenylcarbamoyl)-2-aminopropyl
dihydrogen phosphate ’
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The final product was obtained as a white solid after
HPLC, in 35%yield, (OQOg). M5 (ESI, M:H+) = 301.19;

wd koobleE§¥00 MHz, CDC 3) d 9.16 (s, IH), d 7.2BCT1/0$2005/028914
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I H), d7.2(m 3H, ), 6.95 (t, IH J =7.6 H), 6.75
(d, 2H, J = 8 Hz), 6.69 (d, IH J = 7.6), 4.13 (s,

Ilﬁ)gd.392 ,OIH) 2.05 (s, 3H), 1.52 (s, 3H.
(S) 2 A dr 0x¢(- N- [ 4- ( 3- net hoxy- phenoxy) - phenyl ]
- 2- met plona' A' . .NH N X)H The fi nal

produc“tHz vvas obt ai ned as an off white solid fol | owi ng

HPLC p Mhisf doagiound wad by rihdRiAed GRS, N-DPMBOW-6) d 9. 8524
( PrethepfbonghudButyRypftn Fistitnd S by et BybBaamiys

( mmﬂuquz;ceac Bcid galf (115, mg) as dgscaibetd jn Egardggle GO) 0-5'1e1d32398g solid

grodu'c't 9y NM]RL(4@O']W{Z ﬁM}%g éi S @Wbs P4 S h, 2thh 7. %6 @, 2H), 6.87

TS PEhok 5 (AR 21 B g Lo dFR bR (8 F 37581 3ED, 2.55 (m,

PREYUCHS WaMIDP adgdps an of f white solid fol |l owing
eLE N NVR (400 MHz, DMSO-d 6) d 9.93 (s, |H), 8.14

(s, 2H), 7.63 (d, 2H, J = 9.2 Hz), 7.23 (t, IHJ = 8.4
HtGs) 7 (S2N{(d; (3L ttifldoront:tByl)jienethyboky)phenlyb)2-aminkB3-tiydroxy-2-

2 98 (dd, IH J = 4.8

ma‘tﬁlpg%tam' éd'(' "’%’éﬁ‘ﬂﬁ‘%d sglt.g Hg) '3.63 (dd, IH,
@ 1.68 (m 2H), 1.48 (s, 3H) 0.93

(t 3H N2 H).

(S)-2- An"f“ho 3- hydr oxy- N [ 4- (3-i sopropyl - phenoxy) - pheny

I'] - 2- met@y(triflporncthpl)stendtty iR -4 40Cobehizene VB GR g Waslconverted to
2§§ﬁ%ten 5’%’:1, (:57) ?%Af-@(mfl'dgrfﬁtemﬁlpﬁfﬁ&@lggy)Eﬁenﬁj Baloy)-1-

2 hgduexypropanz2-ylaarbamdye fodlowing the geneasal procedsrepravided in, Example

H%IA)7 SmPloysfiv-(Bbt)-o-nretylérFR 2 foimB), A TU 3368PmES) -and BIPEA (900
ul). MS (ESI, M+H") = 483.4. The carbamate (145 mg) was deprotected following the
procedure in Example 5(A) yielding 143 mg of the title compound. MS (ESI, M+H") =
383.1. 'H NMR (400 MHz, DMSO-dg) & 9.8 (bs, 1H), 7.67-7.40 (m, 6H), 6.88 (m, 2H),
5.67 (bs, 1H), 4.18 (t, 3H), 3.91 (m, 1H), 3.58 (m, 1H), 3.11 (t, 3H), 1.41 (s, 3H).

H) (S)-2-(4-(3-(trifluoromethyl)phenethyloxy)phenylcarbamoyl)-2-aminopropyl
dihydrogen phosphate.
HO. u

B0 OOW_Q

This compound was synthesized from (S)-N-(4-(3-
(trifluoromethyl)phenethyloxy)phenyl)-2-amino-3-hydroxy-2-methylpropanamide
trifluoroacetic acid salt (124 mg) as described for Example 5(D) to yield 50 mg solid
product. MS (ESI, M+H") = 463.1; 'H NMR (400 MHz, DMSO-dg) § 9.95 (bs, 1H),
7.68-7.49 (m, 6H), 6.90 (m, 2H), 4.18 (t, 3H), 4.05 (m, 2H), 3.11 (t, 3H), 1.41 (s, 3H).

@D (S)-N-(4-(4-phenylbutoxy)phenyl)-2-amino-3-hydroxy-2-
methylpropanamide trifluoroacetic acid salt
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and 14.8 Hz), 2.87 (m IH), 1.47 (s, 3H 1.18 (d, 6H,
J =6.0 Hz).

W@ 2006820881 No- 3- hydr oxy-N-[4-(3-trifl uoronet hyl pEhesmxny)28914
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- phenyl ] - 2- net hyl pr opi onam de 1H NI\/R (400 MHz, Dvs(d
6) d 9.98 (s, IH), 7.70 (d, 2H, J = 9.2 Hz), 7.47 (m

IH) 702& (M2 7.14 (d, 2H, J = 9.2 Hz), 4.01 (dd,
IH, J @. 11. 366(dd IH, J = 4.0 and
11.6 HZY, ¥.51 (s, 3H)

(S)-2- Amzno N-[ 4- (3- benzyl oxy- phenoxy) - phenyl ] - 3- hydro
Xy - 2- netdgthemytbpiaxy)-dmiitiebehizeNR3 ¢ 43) wakizombMBO 505 mg tert-butyl

7(32%{&%4-@%1@ @pg&ylﬁggamc&)@g ?grox%ﬁ)op#Z élgcafba'ﬂ‘?a?t?_'
Jfoﬂswmgﬁhg gerera) prqcgdurggrovided ig Exapple S(@) rawplaing Mj(Boc)-a-
th@@iél@émnel o ﬂ‘lg ﬁA#UE)éBo nfg 531d(mllp}3w0860 2P CMS‘(ESI g+Nat) =
i gpd

1655 (B o (132 g was deppitialiglying e procadifgin as1-C
3}ilding 111 mg of the title compound. MS (ESI, M+H") = 343.9.
(S)-2- Am no- 3- hydr oxy- N[ 4- ( 3-i sopropoxy- phenoxy) - phen
yl]-2-net hyl propi onam delH NVR (400 MHz, DMsSO-d 6) d

315 ((5)-2aH(4-phesglbudoxylphenylcarbamoyh2 - aminpprepyl dibydrogen

.03 (d, 2H J = 8.8 Hz), 6.65 (m IH), 6.47
%‘ﬁﬁﬁgﬁos 76 (t( IH, J :AAHz),)4.55 (m( |H),H)3.98

(dd 'ﬁ%ﬁxg end 12.0 Hz), 3.62 (dd, IH J = 4.8
and 12 7 (s) , 1.23 (s, 3H), 1.21 (s,
3H). (9)- 2NM no- N-[4 ( 3= but oxy- phenoxy) - phenyl ] -

S i L A0 R SN o P o
Heino-B-)3irgxy-2- mth)dpnepgqazuda riflereee cmtcml Bglt (180 2&) (imrp manner
%llirsto%éa&&tmvﬂéd m%xaﬂm‘f'e 5’&)} to%rleqa 46% so'll'ii| rJdu’ct M3 |_ﬁESI
Tt 3] 11 N6 Retend Mo 13O 558510137 T, 27713
(@, 52h) 6.89 (H02H3, 4.23Ht, 130)74.08 (hiz)H), 3.94 (t, 2H), 2.64 (m, 2H), 1.7 (m,
4H), 1.44 (s, 3H).

(K)  (S)-N-(4-(5-phenylpentyloxy)phenyl)-2-amino-3-hydroxy-2-
methylpropanamide trifluoroacetic acid salt

o
NH, N

1-(5-phenylpentyloxy)-4-nitrobenzene (560 mg) was converted to 260 mg tert-
butyl (S)-2-(4-(5-phenylpentyloxy)phenylcarbamoyl)-1-hydroxypropan-2-ylcarbamate
following the general procedure outlined in Example 5(A) employing N-(Boc)-o.-
methylserine (210 mg), HATU (360 mg), and DIPEA (860 pl). MS (ESI, M+Na") =
357.8. The carbamate (150 mg) was deprotected following the procedure in Example
5(A) yielding 147 mg of the title compound. MS (ESI, M+H") = 357.8.

(L)  (S)-2-(4-(5-phenylpentyloxy)phenylcarbamoyl)-2-aminopropyl dihydrogen
phosphate
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(S)-2- Ami no- N-[ 4- ( 3- et hoxy- phenoxy) - phenyl ] -
3- hydr oxy- 2- net hyl - propi onam de 1H NMR (400 MHz,

wkBeozhs) d 7.62 (d, 2H, J = 8.8 Hz), 7.24 (tpCi/HS2035/628914

10

15

20

25

30

8.8 Hz), 7.03 (d, 2H, J =9.2 Hz), 6.66 (m IH), 6.49
(m 2H), 5.77 (t, |H J = 4.4 H), 3.96 (m 3H), 3.63
(dd, IH @ =52 and 12.0 Hz), 1.467 (s, 3H), 1.28 (t,
3H, J =7 @a e 5: Synthesis of Phenyl ani de
Conpounds W | al ko and Cycl oal kyl al koxy Tai |
Groups (A) "N "
(S)-2-am no- 3- hydr oxy- 2- hyl - N- (4- ( bi phenet hyl oxy) ph

en | ﬂﬂ'mx&fmmﬁud& wlak 'sffﬂtmma(ﬁeﬁﬁ (S)aﬂi(d—(S@hénylpentyloxy)phenyl) 2-

&1 &@%&Pﬁ ﬁl)ély r?% en Cﬁ (Q?g gig) as dgsgpl%%)Ex%}nﬁ) déq S)dD) to
t ryuqitih éﬁmgmdldmdwt (MS.(ESL QI+ )n’ﬁﬁ]ﬂ) S3éS NMBL40Q MH7, PMSO-dg) &
. Ceqswaduﬁwwsqmebﬁgnﬁzz (Tnem%)ob %'(ﬁnzm% $d\inh| 28, 4 D7 4D 1H), 4.07

di(@s hED. éz%?dﬁt,c?é‘l)@&éi |(bt28)( bﬁ@nn#H) d. %&1 PH);The (5 8B+ §-4h(m, 2H).

was then stirred overnight, and the ice-water bath

sl y dto omte rature.. Crude duct, was

Pt PR el R bR Gials y'?ﬁaawné’r%rgxﬁw%-
cmyethylplropmnmklednﬂflbfdﬂml qaidsdz, DMSO-d 6) d 8.1

(d), 70611) °7 7.41 (m, 734(nj 7.17 (m, 4.39

(t, 2H) tert-butyl

(S)-2- (4NH(bhenet hyI 0X i phenyl car banoyl ) - | - hydr oxypr o

pan-2- yl carbamate |-(2-(4-nitrophenoxy)ethyl)biphenyl

(300 ng, 0.94 mmol) was dissolved in a m xture of

absol utle(4ectmhah91cylbwgm@t4wyitr0b@1@teac d1 grmes gpmoterted toR) mg tert-butyl

PYSPSL ‘é4-‘£41-tc9018ﬁéxryﬁﬂl%k)$ﬁ§:nﬂﬁér95m5ﬂ)llbl?yﬁg)@ﬁ C]ﬁﬁ ﬁ%lc&r’égmate
10% on carb he T.eaction was _cappe

s dpHarming the ganpral BRPCighoe putingg i Fgampis SWémnlgmg A (Bocy-o-

Remthyle5tined 310 tigy $TA TU (RS (ing), yd DIPEA (860 pl). MS (ESI, M+Na') =
449. The carbamate (87 mg) was deprotected following the procedure in Example 5(A)
yielding 81 mg of the title compound. MS (ESI, M+H") = 349.5. "H NMR (400 MHz,
DMSO0-dg) 8 9.73 (s, 1H), 7.47 (m, 2H), 6.88 (m, 2H), 5.65 (m, 1H), 4.27 (overlapping
signals, 3H), 3.6 (m, 1H), 1.6 (m, 6H), 1.4 (m, 5H), 1.15 (m, 6H), 0.85 (m, 3H).

(N)  (S)-2-(4-(4-cyclohexylbutoxy)phenylcarbamoyl)-2-aminopropyl dihydrogen
phosphate

This compound was synthesized from (S)-N-(4-(4-cyclohexylbutoxy)phenyl)-2-
amino-3-hydroxy-2-methylpropanamide trifluoroacetic acid salt (173 mg) as described
in Example 5(D) to yield 27 mg solid product. MS (ESI, M+H") =429; 'H NMR (400
MHz, DMSO-d¢) 6 9.8 (bs, 1H), 7.47 (m, 2H), 6.88 (m, 2H), 4.15 (m, 1H), 4.02 (m, 1H),
3.90 (t, 2H), 1.68 (m, 6H), 1.4 (m, 5H), 1.15 (m, 6H), 0.85 (m, 3H).

Example 6: Synthesis of Carboxylic Acid Compounds
General method for acylation of substituted 4-aminophenol

To a solution of N-(Boc)-a-methylserine (1.0 equiv) in DMF (10 mL) was added
DIPEA (3.0 equiv) and HATU (1.2 equiv), followed by the addition of 4-aminophenol
(1.0 equiv.). The reaction mixture was stirred at room temperature under an atmosphere
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(Rf product ~ 0.5 in 1:1 Et OAc: hexanes). The sol ution
was filtered through celite and the sol vent evaporated

wanaen209acuum Wt hout further purification, tpher/vs2008028914
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product was conbined with -(Boc)-a-nethylserine (210
my), HATU (364 ng), DI PEA (416 nml), and 10 mL DVF. The
qlmtr?ﬁelﬂ R lszr_z%&rggd%at rre o@%mwasqﬁ) au#éde wit gté}AD gﬁr 1§1L) and

SHIVE evap Jor
pvestied Wlt[bl,llo% NEWCbE X zam)ﬂ%mca@x @ph35 m(L) yand|sgtupated NaCl (1

n592§/ Rir! 3%& 6rg i 1ay§12»@1§’ gﬁédjover anhydrous M%S 4 then the solvent removed

-am n r oxy p henet oxy}’I henyl
)IBrV@%fhérﬁF a@ldprprqduabwma} fied u&lﬂgoﬁl ligai el column chromatography.
tert-butyl (S)-2-(4-(phenethyl oxy) bi phenyl car bamoyl ) - I -

T R LgnasloRfeaBopni ddptlosafiembitne 1111 e
caarpamogl)evhglcprbbarhated by reverse phase chrorrat ogr aphy

and 29.6 ng \gh\lte solid isolated as the TFA salt (in
some cases révérse phase purlfl cati on was not

necessary). Bf'\(%‘) = 391 .2; 1R NWR (400 WMHz,
DVBO- d6) g@ 60 (m, 7.52-7. 40 (m, 6.93
(M 419 (bm IH, 3.5 (bm IH, 3.06

(t, 2Hhe prodéct 6;\81,9 ode)ned(aB)i yellow solid in 94% (2.34 g) yield. TLC (1:2

(S 5 R B R O DBEY SRERPTRHA N6 %, 350 98 (m, 2,

(6$3 &, 2L, ¢ p:mawzm Py pﬂéﬂyﬁd&mdﬁhylﬁ 12.5 Hizdth\A (@hbHpl = 12.5

2
W?Eajqubqﬁloﬁqpf) 3 oY [{CH bﬁ”@%eﬁz) 3.05:313 (m, 1H) 2. 7% |288r? e(rrﬂzllH)

4- (ph
RN U AR R GRS Sh U
d| et hyl chl ori dophosphite (171 m, 5 eq), and DI PEA

- tert-Butyl (S)-3-((benzyloxy)carbonyl)-1-(4-(octyloxy)phenylcarbamoyl)

propylcarbamate:

(o]
OJ\NH
H
OQNMO\Q

The product was obtained as a yellow solid in 94% (2.28 g) yield. TLC (1:2
EtOAc:Hex), Ry = 0.6; '"H NMR (400 MHz, CDCl;) & 8.43 (br s, 1H), 7.31-7.40 (m, 7H),
6.84 (d, 2H, J = 8.9 Hz), 5.30 (br s, 1H), 5.10-5.19 (m, 2H), 4.25 (br s, 1H), 3.92 (t, 2H,
J=6.7 Hz), 2.60-2.70 (m, 1H), 2.45-2.56 (m, 1H), 2.13-2.28 (m, 1H), 1.95-2.06 (m,
1H), 1.72-1.80 (m, 2H), 1.23-1.48 (m, 10H), 1.45 (s, 9H), 0.89 (t, 3H, J = 6.9 Hz).

General method for deprotection of Cbz-amino acids

To a solution of Boc-protected amino acid ester (1.0 equiv) in MeOH at room
temperature was added 10% Pd on carbon (0.1 equiv by mass) and stirred under H;
atmosphere for 6-18 hours. The solution was then filtered through Celite to remove Pd
and Carbon. The filtrated was evaporated to dryness. The residue was then dissolved in
CH,Cl, and TFA (2:1) and stirred at room temperature 2 hours to remove the Boc
protecting group. The solvent was then evaporated to dryness under reduced pressure.
The final product was purified by prep HPLC as necessary.

(S)-3-amino-3-(4-(4-(octyloxy)phenyl)-1H-imidazol-2-yl)propanoic acid:

-80—



(8eq) were conbined in 2 m anhydrous DCM under N2
at nosphere. After 8 hours conversion to product

wo espaion®dl | ow, -20% as judged by TLC (Rf ~0. 2p¢TUBDN6/028914
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Et QAc: hexanes). More diethyl chl ori dophosphite (171 m,
5 eq) and Di PEA (8eq) were added to the reaction
nixtuFe_ande solution stirred overnight. The next
mor ni ng TLCshoyed \- 1QQ% conversi on to product. Flash
chr omat ography yle d010 ng of pure product (20%
yield). M5 (ESI, W#Na 649.

(5) 2 Conphenct o) eyt corbamy ) 2,50, 1Ry ft
(BH2y £ 460 phePENMR 00)VHEDMSO-Aareos k) (B-sasHN a4y H, T = 8.8

A, NS B4 RPN, Bt o

tHz)p2iByddsillHy U Bhi He, h’dd&&ﬂ(ﬁ@ 94¢3d, 1The =+ BaZ Hzph=\6eksHz), 1.64-

Tg\/ég ﬁ@o%"l%wﬁ‘q 06@5 gﬁprgg/—,ngaﬁaspectronetry
s eara the starting

néh-Sr a(pcwmmmyw mngﬂi%mmepmpanmwubt room

t enper at ure. Solﬂ s evaporated and the crude

product puri f evadr se phase chromatography to
j tie title conpound(16%y|eld) VS

y

ESI ,
(7 6. 71 %d ct@% gtayﬂe%'s\'%/%)%%g S (ESI,
ML) + 332.8%; HLNW(‘EQQMHH) M§Q)§d)5(l 3(2(-1?}'5 ILHMQ )JTS 3H),
ﬁ),s 2, 1 =90 Ho), 688 (0, 2H, 1 9.0 Ha), 418424 (b s, 1H) 3.90 (1, 2H, 1 =

(ﬁé ‘22747&9% e Je o R R ey A8 o 1= 7.0

tEE), - but

- (9)-2- (4 (4 (t hi ophen- 2-yl) but oxy) phenyl car banoyl )-1-h

ydr oxypropan- 2- yl carbamate This conpound was
siSrd@s(ortytbxiy) miranlcatb{meyl)-drupinebutappizacid:) t hi ophene
(280 ng), -(Boc)- Wserl ne (205 ng), HATU (442

ng), and DI PE@S

The product was obtained as a white solid in 99% (150 mg) yield. MS (ESI,
M+H") = 351.40; '"H NMR (400 MHz, DMSO-dg) & 10.30 (br s, 1H), 7.45 (d, 2H, J =
9.2 Hz), 6.89 (d, 2H, J = 9.2 Hz), 3.85-3.95 (m, 3H), 2.35 (t, 2H, J = 7.0 Hz), 1.96-2.06
(m, 2H), 1.62-1.72 (m, 2H), 1.18-1.43 (m, 10H), 0.84 (t, 3H, ] = 7.0 Hz).

(S)-2-amino-N°-hydroxy-N'-(4-(octyloxy)phenyl)pentanediamide:
NH,

O ey on

The Boc-protected carboxylate intermediate from previous step was coupled with
hydroxylamine hydrochloride using general HATU coupling conditions. After TFA
deprotection of Boc group the final compound was purified by prep HPLC as a white
solid in 20% (12 mg) yield. MS (ESI, M+H") = 366.48; '"H NMR (400 MHz, DMSO-dg)
8 10.53 (brs, 0.5H), 10.31 (br s, 0.5H), 9.86 (br s, 0.5H), 8.80 (br s, 0.5H), 8.22 (br s,
2H), 7.85 (br s, 1H), 7.40-7.53 (m, 2H), 6.83-6.93 (m, 2H), 4.10-4.16 (m, 1H), 3.86-3.94
(m, 2H), 1.80-2.25 (m, 4H), 1.54-1.74 (m, 2H), 1.18-1.45 (m, 10H), 0.86 (t, 3H,J = 6.6
Hz).
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foll ow ng the procedure described in Exanple 5(A) to
yield 280 ng product (62%yield). 1H NVR (400 MHz,

wkBozhos) d 9.24 (s, IH), 7.44 (m 2H), 7.29 ¥dam/usidps5/028914

10

15

20

25

30

69(m IH), 6.84-6.81 (m 3H), 5.00 (t, IH, 3.93 (t,
3.61 (m 2H) 2.84 (t, 2H), 1.73 (m 4H), 1.48

%g{{tl"%z n&f P hl op t"}-" ll_‘? fg %ﬁ( A %ﬁwsenoyfl )Mg-%lrﬁor’%-gt frs Under
i(s}mlzb W!tpm'@panam de trifluoroacetic acid salt.
Thi s copnud2 Waiv gféﬂ&lttﬁﬁﬁéﬁﬁhcﬁdbﬁmet(ﬁmeq{?m Were added to an ice cold

| PO s s o gL A5l i s DM i g on ice

t evaf idk&drﬁlﬁABQﬁ (DI(MDﬂﬁobam‘sé‘lwhﬂé atadainihgiheehgpehtird of the reaction

id
cETRRB e £ Rgftoh s e el blapgly warm toroom
DiBOetradyrecnd stiged @'ec,rmghi) The, atwcrdaygn—t)/as éxtasted mwith whter, 10%

6N%I4@? §nc§ mbl—ﬁ ghple ’Eheﬁcc(nkﬁﬁn d d't%amg’ la?éi" @/a%ﬁ&i’\@ftfl ﬁf’%(ﬁgmd the

qven_[ exqpoe'gted g]pq;er (ﬂuced pressure to give yellow oil which was purified by
( §)1c2-gél‘hhfd}n£tb§klaﬁlﬁ)>h BIOAcHH 9xaHé graxticRt e et B BaYrespoadihg to the

(ESPRE O Rosled b ia ol oDy PN B PR grotedisi
dr oxy-2- nethyl propanam de trifluoroacetic acid salt

11@%§x¥ﬁ9'ﬂﬂeﬁggﬁtﬂﬁn¥' ) diisopropyl am dophosphite (143

‘etrazole (108 ng) were conbined
1 ous THF under N2 (g) and stirred
over ni ght.” LCM5 showed | eftover starti ng mat eri al and

nhe finial peaductway (optainadsasoy oy ai aftsstee chromatapraphy, in 67%
%g{ﬂl ﬁoi 3 48!)*1\&1% r@EGlﬁstﬂ%&ﬂ%%ﬁ%@? gﬁgf ?2} ihe3H), 3.96 (t,
326e1lal6n(dg|% 258 r21|;’l; ?g%ﬂ %iﬁﬂ’e ure. 264 ul of
30% aq H202 was then added to the solution and the

_ rereg ndr an additional 2.5 hours prior to
que l&ﬁy%_%ﬁurated sodiumthiosulf te soln.

td\@ m xt ure was

The final product was obtained as oil after column chromatography, in 37% yield. 'H
NMR (400 MHz, CDCl3) 6 7.27 (m, 4H), 7.18 (d, 3H, J =7.2 Hz), 6.93 (dd, 1H,J=1.0
and 6.8 Hz), 6.88 (m, 2H), 3.94 (t, 2H, J = 6.4 Hz), 2.64 (t, 2H, J = 8.0 Hz), 1.81 (m,
2H), 1.69 (m, 2H), 1.52 (m, 2H).

2-Bromo-1-[4-(phenyl-butoxy)phenyl]-ethanone:
0

The final product was obtained as a white solid after column chromatography, in 25%
yield. "H NMR (400 MHz, CDCl3) & 7.91 (d, 2H, J = 8.4 Hz), 7.33-7.25 (m, 4H), 6.87-
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diluted with Et CAc and the organic |ayer coll ected,
concentrated, and purified by flash chronmat ography

W@ 2@oar0ygl 45 ng tert-butyl (S)-2-(4-(4-(thi ophraF/R52005/028914
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yl ) but oxy) phenyl car banoyl )-1-di-tert-butyl
phosphati dyl propan- 2-yl carbamate. The purified sanple

Pl Rl 2 B ot R B E Gt d 387 182
o‘fH): he title conpound. M5 (ESI, MrH+) = 429.2; 1H NMR
(400 MHz, DMSQd 6) d 9.8 (bs, IH), 7.48 (m 2H), 7.29

4.25 (m IH), 4.05 (m IH)),
g2§50'|(l_1|)8t1 [%(%ph@ys*g?eremonyh)henxl]s*sthqnﬁnzl)zH), 1. 7(3 (m "
.41 (s, E
( 4-5( 4- ;%thgx;phenyl)butoxy)phenyl)-Z-aniiio-3
-hydroxy 2- %l c acid salt

| - (4- (4-nitrophenoxy) butyl) - 4-net hoxybenzene (470 ng)
vt Gegl\nsedusd wag obmedpstaewhite geld after column chromatography, in 61%

(ﬁémZL}mMR 4do VLA @DORES Y I, ORY )rphsém at7hamyd ?rn 4H), 7.18

Hodbahrid. 55@3 e ﬁg%eaﬁﬁﬁefé{ %'&ﬁ‘p?% méngJ”e 64 H2), 271 (,

- {HBQCy 7 &-HmB)t hugh stet Hnk=(B1Az)10)81 (MAZH),(BED(mPH), &5d (m, 2H).
DI PEA (860 ul). MS (ESI, MtNa+) = 495.7. The carbamate
(130 ng) was deprotected follow ng the procedure in

E(@f@%y@@ﬁy-1ymethdl-h§15&[6fl4mgleofl-bmxy)-ph@yuolﬂémmm-%

thythEBamic 36t Qre-bityl est
E y?ﬂt a“zw nmet 5 e‘r?lsyer but oxy) phenyl car banoyl ) - 2

- am nopr opyl di dr phosphat eThi s conpound was
heS|zed N-(4-(4-(4-
bt oxyg phenyl ) - 2- am no- 3- hydr oxy- 2- mst hy
opanam de trifluoroacetic acid salt ( 115 ng)
dglsec fingleprofuct Exampbtaingd pp yedoyi eil @ften cwgn@ofphrematography, in 63%
yield. "H NMR (400 MHz, CDCl3) § 7.22-7.26 (m, 4H), 7.21 (m, 2H), 7.17 (s, 1H),
6.87-6.94 (m, 2H), 4.33 (d, 1H, J = 11.6 Hz), 3.97 (t, 2H, J = 5.6 Hz), 3.35(d, 1H, ] =

12.0 Hz), 2.69 (t, 2H, J = 7.2 Hz), 2.53 (s, 2H), 1.82 (m, 4H), 1.67 (s, 3H), 1.44 (s, 9H).

(R)-(2-Hydroxy-1-methyl-1-{5-[4-(5-phenyl-pentyloxy)-phenyl]-1 H-imiazol-2-
yl}ethyl)-carbamic acid tert-butyl ester:

NH
Qlu*‘w

The ﬁnal product was obtained as yellow oil after column chromatography, in 63%
yield. "H NMR (400 MHz, CDCls) 8 7.56 (d, 2H, J = 7.2Hz), 7.24-7.28 (m, 2H), 7.17
(d, 2H, J = 8.0Hz), 7.13 (s, 1H), 6.86-6.89 (m, 2H), 5.77 (s, 1H), 4.27 (d, 1H, J = 11.2
Hz), 3.94 (t, 2H, ] = 6.4 Hz), 3.64 (d, 1H, J = 11.6 Hz), 2.63 (t, 2H, ] = 7.6 Hz), 1.81 (m,
2H), 1.69 (m, 2H), 1.66 (s, 3H), 1.42 (s, 9H), 1.26 (m, 2H).

(R)-2-Amino-2-{5-[4-(4- phenyl butoxy)-phenyl]-1H-imiazol-2-yl}-propan-1-ol:

O

The compound was obtained as a white solid after HPLC purification. Yield: 50 %,
(60mg). MS (ESI, M+H") = 366.3
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product. 1H NMR (400 MHz, DVMSO-d 6) d 9.9 (bs, IH),
7.5 (d, 2H), 7.16 (d, 2H), 6.87 (d, 2H), 6.82 (d, 2H),

wa@2@d/notovs1 1H), 4.1 1 (m |IH, 3.92 (m 3H), 3. 761/(S2005/028914

10

20

25

3H), 2.55 (m 2H), 1.65 (m 4H), 1.42 (s, 3H. (O
(S)-N-(4-(3-(trifluoronethyl)phenet hyl oxy)phenyl)-2-am
ii1i0-3-hydroxy-2- nethy etic acid salt.

| -(3-(trifluoronethyl)phenethyl oxy)-4-nitrobenzene
(MBanplnmk{@M}(fephWI{mngg@xy)g)ltegyﬂ-Mifilpiazol 2-yl}-propan-1-ol:
(S)-2-(4-(3- (trjKlwesonet hyl ) phenet hyl oxy) phenyl car bam
oyl)-1hydro dpan=oH#2-yl car bamate foll owi ng t he

QW cedure provided in Exanple 5(A) enpl oying

[ Boc) -a-net hyl serine (2 10 ng), HATU (360 ng), and

?’I‘BE&O P8hndriwas oWRiddSs, anHﬂtl I )soﬁd”a&%lrr] HPLﬂl@u%ﬁéd%Hat‘ﬁeld 49 %,
ec ol | ow ng the procedure in

Ei%%rsg)l\éwsgﬁ/g}gt) é@%? of the title conmpound. MS

(ESI | NEFH) = 383. 1. 1H NVR (400 M, DVEOJ 6) d 9.8
I(E@)’-z-'_ -%-(?)57%7 b‘}&é&glietﬁgl])oxy(%hﬁﬁ)él - %lfpdaf(a)fs;lé}g%%’an -1-ol:

(t,
( ) -(3 (t

2 am nopr opyl
from(S) N-(4- (3-
(trifluoromethyl)phenet hyl oxy) phenyl) - 2- am no- 3- hydr ox
yMS (ESIhMﬂH ogmarﬁmmm(mmwhamso daxd 8.49bs,2H)124 (m, 4H), 7.5

pr oduc g@ﬂ% §m}§§<)a463®i)59' )|§| (?q%&b 483‘1@%&@0&%, 3.04 (t,

6)2Hdb459§§5§ I H), 768749(m 6H), 6.90 (m 2H),
4.18 (t, 3H), 4.05 (m 2H), 3.1 1 (t, 3H), 1.41 (s,

3@) R]:A(‘%PD(OZLZ éfh g}]gf} Bm‘w)%%ﬂw))phfngm ]I%-nguﬁ?ld; éf;(}yp@_pan-l -ol:

~0, o

The compound was obtained as a white solid after HPLC purification. Yield: 60 %,
(10mg). MS (ESI, M+H") =367.5

thl ) phenet hyl oxy) phenyl car bam
di hydolkhi s conmpound was synt hesi zed

(R)-Phosphoric acid mono-(2-amino-2-{5-[4-(4-phenyl-butoxy)-phenyl}-1H-
imidazol-2-yl}- propyl) ester:

The compound was obtained as a white solid after HPLC purification. Yield: 32 %,
(25mg). MS (ESI, M+H") = 446.4

(R)-Phosphoric acid mono-(2-amino-2-{5-[4-(4-phenyl-pentyloxy)-phenyl]-1H-
imidazol-2-yl} propyl) ester:

NH
O/[ >_<—oz S—OH

The compound was obtained as a white solid after HPLC purification. Yield: 39 %,
(41mg). MS (ESI, M+H") =459.2
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met hyl propanam de trifl uoroacetic acid
sal t| - (4-phenyl but oxy) -4-ni trobenzene (730 ng) was

w@eoseezdsd to 305 ng tert-butyl PCT/US2005/028914

10

15

20

25

(S)-2-(4-(4-phenyl but oxy) phenyl car banoyl ) - | - hydr oxypr o
pan- 2-y|dciar bamat eI foll ZWi ng Itgei gener?l Bpgo?efiure
St AR P -t s psgey!

n’d)hydmge(nﬁﬂiqsphhmaﬂ = 465.5. The carbamate (152 np)
d follow ng the procedure in ASI-C
11 “2 be t|t| e conpound. MS (ESI, M+-H+)
(J
(S) 2 (4-(4- phenyl bwbom«y) phenyl car banoyl ) - 2- am nopr opy

| TﬁishY%{i‘%_%{ﬂnthO\%E’shat seyntﬂag&e&onﬁ&ﬁnd t»@gu@y nt [¥®s]-Bfdtoxy-2-(5-(4-
rom(S (4(4penlbuto£1&?
PR S R oRY ISR G SRR 7 DIoethomsse, 6 TBE) to vield 9.2

agigdsotid! produc0 MY YES) wmm @94;STHNMR (460 M4, DMSO-ds) & 9.4 (s),

vi ded. | a D i el d 40 i d. pr.oduct, .
PRI L G| 9. 04 5P o B8P T ke FIBANCH s , 2m,
9495 ({, 2H)) 493 (17, UT), 8P, (q6H}), 37. @2H), 135(sn3HDH), 6. 88

(m 2H) 421(t IH) 406(mIH) 3.94 (t, 2H),

2. 64 44 (s, 3H). (K

( §)"3NPEQ13 (Sy%h@wm&lnhwdmmémey 2- ani no- 3- hydr oxy-
2 rret BWerﬂQﬁpH‘en Bivekrs @;chesmed using the process described in Scheme 7.

Xisgs?eé%%,\zlq.gy rQss: %):515) {?{? %gau%gt%tl%g (aéyl %%}Onlc acids with

plllttsn;dtqslbmﬁlyrhesmﬂbphdrgpbd & éxmﬂgﬂt yields of the biaryl amine intermediates.

1 I o
AR TR ADoK of B MR %@ﬁ%&oy@% BERELRI headpiece
w@tlmeﬂéw deprqtection f jhe Bwrgyoma reed theefml ozmrmmn(iseo

m). M5 (ESI, MtNa+) = 357.8. The carbamate (150 ny)

was deprotected foll ovvi ng the procedure in Exanple

Scheme 7.
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5(A) yielding 147 ng of the title conpound. M5 (ESI,
MtH+) = 357.8. (L)

w@ B)o6/B2004t ( 5- phenyl pent yl oxy) phenyl car banoyl ) - Pe BDE 1909028914
opyl di hydrogen phosphat eThi s conpound was synt hesi zed
from(S)-N-(4-(5-phenyl pentyl oxy) phenyl ) - 2-
am no- 3- hydr oxy- 2- met [H pr opanam de ( 117 ng) as'30'3\NH

descrlbedln Exa B]:Ito yi el d 66rrgsolld R,

produch. ES;QZ%\}I\/E% 437.5; 1H NMR (40'9 R

DiVSCQd 05 ( H, 7.48 (m 2H) X7 (?‘n 2 :

7.16 ( H), 6-88—(m—=2H" 4.27 ( , 4. 07—m -
| H) Br (t, H)% PQ/CS'PB (t3 2H) g2fL. (m 2H), 1.H9Y BIPEA

, 1.5

(g N- (4- gi er?a %% %u? fy;l)pheslyl) 2- ami no- 3- hydr oxy
-2- methyl etic g([:I

| - (4-cycl ohexyﬁidsukgxy) 4 nitrobenzene ( 1 g) was

converted to 260 tert-butyl H HN s
(S)-2- (4'91 W _xyRbut oxy) phenyl car barm'ﬂ Ny IR
ypropan- -yllcar amate follow ng the gener all’ prloceoure

ou Examnpl e 5(A) enpl oyi ng |V- <

nBt erine (210 ng), HATU (360 ngR°{ DI PEA (860
m). (ESI, MtNa+) = 449. The carbanate (87 ng) was
depr ot ect ed foI | om ng the procedure in Exanple 5(A)

t,%hé.uilgr&eauwfo?fsl.tzhﬁl &robd-& ound. NB (ESI M+H+)
= 349. VHz, DVB

7 47 ]l;? azlp.ﬁ(turgo 1tu§qq)broxgoggln(1q.ﬁ Qq:gulv),grs@;atltuted aryl boronic
5 ( @M@(I 2pQhing IS%JIPtﬁbls carBbh) (0. Bedui)tetdablitylanrfor{itin chldride (0.1

(eSS o el s BReall o by B tra e b s 30dth ks mineure
r oﬁDME:IHt@d Tbegenxtpreospthereheatidsto JOEdonZ0-6A sninutes using a
1 rRﬁ?%z 9%1 Ijé%]mgﬁ was then diluted ‘ﬁlth E ?A% (25 mL) and washed with H;O

exyl but oxy) phen

%éd @layhnnotﬁy solveptrepoyaddp é(ﬂ%ﬁﬂ be erude prastustvas pusified by silica
10 agéldsoﬁﬁm cHrdrhatodEaph R Ssifl@ EokhibR®thsh system (Hex:EtOAc) as required.

S)- 2-Ammo-N-(4 (3 isopropylphenyl)phenyl)-3-hydroxy-2-methylpropanamide:

MS (ESI, M+H") = 313.6; '"H NMR (400 MHz, DMSO-d¢) 8 10.96 (br s, 1H), 8.18 (br s,
15 2H), 7.63-7.74 (m, 4H), 7.41-7.51 (m, 2H), 7.35 (¢, 1H, J = 7.6 Hz), 7.21 (d, 1H, J= 7.6

Hz), 5.79 (t, 1H, J = 4.8 Hz), 4.00 (dd, 1H, J = 11.6 Hz, J = 4.8 Hz), 3.65 (dd, 1H, J =
11.6 Hz, J = 5.2 Hz), 2.86-3.02 (m, 1H), 1.50 (s, 3H), 1.24 (d, 6H, J = 7.6 Hz).

(8)-2-Amino-N-(4-(3-methoxyphenyl)phenyl)-3-hydroxy-2-methylpropanamide:
HoN

H Me
N\IH'\/OH
/O (o]
20

MS (ESL, M+H") = 301.7; '"H NMR (400 MHz, DMSO-dg) & 10.98 (br s, 1H), 8.19 (br s,
2H), 7.55-7.64 (m, 4H), 7.34 (t, 1H, J = 7.6 Hz), 7.16-7.24 (m, 2H), 6.88-6.94 (m, 1H),
5.80 (br s, 1H), 4.00 (dd, 1H, J = 11.6 Hz, J = 4.8 Hz), 3.80 (s, 3H), 3.64 (dd, 1H, J =
11.6 Hz, J = 5.2 Hz), 1.50 (s, 3H).
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in Exanple 5(D) to yield 27 ng solid prod uct. Ms (ESI,
MtH+) = 429; 1H NWVR (400 MHz, DMSO-d6) d 9.8 (bs, IH),

wQ 20bé/080951 2H), 6.88 (m 2H), 4.15 (m | H), 4 O02CT/1r$2005/028914
IH), 3.90 (t, 2H), 1.68 (m 6H), 1.4 (m 5H), 1.15 (m
6H), 0.85 (m 3H). Exanple 6: Synthesis of Carboxylic
Aci d Conmpounds General nethodfor acyl ation of
substituted 4-am nophenol To a sol ution of
N Eminor¥(#y3-sthoxyph¢mylphenyl)-3)hyidyone-mdtbylprppawamide:
added DI PEA (3 BYequi v) and HATU (1.2 equiv), followed

by t he add Wﬂam nophenol (1.0 equiv.). The
ur was stirred at roomtenperature under

r eacd
an at pher eof nitrogen for 12-24 hours. The reaction
was th di | ut ed W|th Et OAc (25 nL) and washed wth

1MS [\]E'BHQ\/IW)F P5.611'H, NBR memnzmmsaaﬁ)rﬁ_&) 97 éncs, 1H), 8.18 (br s,

1 r [
> dr| ’d é@@} 7IS’Ja(nﬁgh 4?1&9 7)"‘3%@ &)Jt hen egggﬁ\%’n va\@% 691 (m, 1H),
vadldbr shey qpiZHddﬁ 7d$2)phO0 f(dddl Hisl ﬁglsﬁ Hech= gle$ Hz), 3.64

10

15

20

25

30

Cg&dim gy on@e 9y 8BYHZ) ?fsb (ﬁ%ﬁ' 1.33 (t, 3H, J= 7.2 Hz).
(S)-2-((benzyl oxy) carbonyl)
(octyl oxy) phenyl car banoyl ) ethylcarbanate The product

WES)- D—Wrﬂinﬁ%(ﬁ3-@rb’;ﬁi)dypweﬁ)d)pHényl)-395|§ﬂr62y-34mgﬁlylﬁlﬁbdnamlde
TLC ( 1:2 Et OAc; Hex) . .6; 1H NMR (400 MHz,

CDA 3) d 8. 34 dHH) 730738(m7H) 6.83 (d,
2H, J.= 9. H), I5.80 (br s, IH), 5.18 (d, IH J =
1257 3(d, IH J =12.5 Hz), 4.62 (br s, IH),

3.92 (t%2H, J = 6.6 Hz), 3.05-3.13 (m IH), 2.75-2.83
(ms EQI MH3=132817. (A NIIR) 40@) MAz IDHMEJ- sl@b%(brls 4¥), 8.18 (br s,

o a0n T b, 23 o - AT b s o

OA0)(bpL, By Lo isata &:00THe, (LA @S SBUGS He) 308 @, 2H, /= 72
YRl M S@ld fu! P=91% 102 285 Du £68:1.80:G, 0 £50 s, 3H), 1.00 (¢, 3H,

J=1.2Hz).

(S)-2-Amino-N-(4-(3-isopropoxyphenyl)phenyl)-3-hydroxy-2-methylpropanamide:

HoN

T

MS (ESL, M+H") = 329.8; 'H NMR (400 MHz, DMSO-dg) § 9.96 (br s, 1H), 8.18 (br s,
2H), 7.62-7.73 (m, 4H), 7.32 (t, 1H, J = 7.6 Hz), 7.11-7.20 (m, 2H), 6.86-6.92 (m, 1H),
5.80 (br t, 1H, J = 4.5 Hz), 4.55-4.80 (m, 1H), 4.00 (dd, 1H, J = 11.6 Hz, J = 4.8 Hz),
3.65 (dd, 1H, J = 11.6 Hz, J= 5.2 Hz), 1.50 (s, 3H), 1.28 (d, 6H, J = 7.2 Hz).

(S)-2-Amino-N-(4-(3-n-butoxyphenyl)phenyl)-3-hydroxy-2-methylpropanamide:

H,N

\/\/0‘/‘ \n/'\/

MS (ESL, M+H") = 343.5; 'H NMR (400 MHz, DMSO-dg) 6 9.97 (br s, 1H), 8.18 (brs,
2H), 7.64-7.74 (m, 4H), 7.33 (¢, 1H, J = 7.6 Hz), 7.13-7.22 (m, 2H), 6.86-6.92 (m, 1H),
5.79 (brt, 1H, J=4.5 Hz), 4.03 (t, 2H, J= 7.2 Hz), 4.00 (dd, 1H, J=11.6 Hz, /= 4.8

Hz), 3.64 (dd, 1H, J = 11.6 Hz, J = 5.2 Hz), 1.65-1.75 (m, 2H), 1.50 (s, 3H), 1.49-1.52

(m, 2H), 0.92 (t, 3H, J = 7.2 Hz).
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Et OAc: Hex), Rf = 0.6; 1H NWR (400 MHz, CDC 3) d 8.43

(br s, IH, 7.31-7.40 (m 7H), 6.84 (d, 2H, J = 8.9
woizgos/020930 (br s, IH), 5.10-5.19 (m 2H), 4.25pChUSHN5/028914

IH), 3.92 (t, 2H, J 6.7 Hz), 2.60-2.70 (m 1H),

245256(m I H), 2 13-2.28 (m IH), 1.95-2.06 (m

10

15

20

25

30

1.72-1.80 (m 2H), 1.23-1.48 (m 10H), 1.45 (s,
9 , 0.89 (t, 3H J 9 Hz). General methodfor
Zbrzfﬁmpdvr(wmzzymmwamnw “hydosyiZometiylpropanamide:
Boc protectedHa R acid ester ( 1.0 equiv) in MeOH at
errpe ur 3% added 10% Pd on car bon (0.1 equiv
by s net st9rred under H2 atnosphere for 6-18
hours solution was then filtered through Celite
t S @&ym@ﬁ) arw7(5amwMRTtn@o MH4, DMSO-diRs 996BH, aﬂgo@ 18 (brs,

LSRR e S T S R e 8580 Bl DT B0, 5.9

t ¢orrtehidy.b= v Bo 6.1 @9 t2éD1 4.0Q (&, dHpJ =THe6 Ho) JeAtd Ma)s3.64 (dd, 1H,
t hen, { egﬁgdyatsejoE 1@@(?%;@ under reduced pressure. The
uct vvas) puri

fi na pro by prep HPLC as necessary.

(S) - 3-anmo- 3- (4- (4-(octyl oxy) phenyl) -1

HElxahide 9! Géndral PFRRARA fbr@hﬁle-gﬁebf Fyu%gﬂﬁited"’ﬁ%aryl Ether/Thioether

obtaaned as a white solid in 95% (65 ng) yield. "M5
OQ%H) = 360.17; 1H NWR (400 MHz, DwVs(d 6) d 8.42

( br s, TAef-iodophényleh-nitddphehoxy Sth%rsHZérﬁ s?ntﬂesu(e‘d bylrefcting 4-

04 p%%olgnhzt]ﬂuor ngt}cﬁzef\z% it Ble s Osen%f)f]anasgﬁngﬁzTHg at 50 °C

= (%ch@melzz)) The gitro(group wh redueediping Sa€l; (h EtOH & 17°C,
1 f&fowehszﬁkﬁ Uiosgleu lﬂag gl%n]ac?ﬁtléﬁrbf i @mn@wﬁﬁ L(-(tBoc?’ &-M@ Ser-OH

aci d: roduct was obtained as a whit

S 6‘Flp8 %’Blég dhe ?‘?8‘ %F@‘)‘P %Detflsﬂ bessmaqrel usigg (TFA in GH (gghe protected

1inhahyR1 (sA36d d¥mthebBOthehoshhbt b¥fore lepidtectibl., 8. 26 (br
s 3H), 7.45 (4 2H J 290 Fz). 6 88 (d. 2H 3 =90
Hz), 4.18-4.24 (br s, IH), 3.90 (t, 2H, J =

Scheme 8.
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6.3 Hz), 2.74-2.98 (m 2H), 1.60-1.76 (m 2H),
1.16-1.45 (m 10H), 0.85 (t, 3H, J = 7.0 Hz).

W@ H)ocAH2094t (oct yl oxy) phenyl car banoyl ) - 4- am nobuPemOsm05/028914

10

15

20

aci d: The product was obtai ned as a white solid in 99%
(150 ng) yield. MS (ESI I\/H-I—H) 351 40; 1 NWR (400

MHz ad 6 .45 (d, 2H J =
Hz) -89+(d;r@m = %E ﬁE ‘( 3H), 320'3§°H
(4, 2H J 7 196206(m2 ~N&, (m

2= oHlor §8- 1. 43 (m 10%-'42)3)084 (t, 3H, J :7.0 He) .

oxy) phenyl) pentw@ The Boc- prot gct ed

car i nt er'nedi ate from previ @ s was HATU, DIEA, DMF
co d h f:l1*o*7(*y*l--an'ri—nve—hydrI S de usi NiGH,0

HATU coupl™ ng'He otiteApl. GRAC. PRkt 8z TFA depr ot ecti on g, .N80

Boc group the final d’&’ﬁpound was purified by prep H C
as a whitesolid in 20% (12 ng) vyield. H-g)
y (400 Mz, DVBOd 6) d 10. (br

>R 487 31 %,H) 96 (bp 1S 0. N'(u?/\OH

R<0,5H), 8.22 (bt € Ngady) 7.85 (bl I H), Y 40- 775 NHz

(m 2H), 06.83-6.93 (m 2H) 4.10-4.16 (m | H),

3861,,’3(;.9&&@ 2H), 1.80-2.25 (m 4H), 1.54-1.74 (m

2H), 1.18e1.45 (m 10H), 0.86 (t, 3H, J = 6.6

Hz) . ExampMe 7: General Procedure for Synthesis of

Aryl 2AMRBXRCMEt her s Under M t sunobu Condi ti ons Phenol

(1.2 eqU|v) and triphenyl phosphine (1.2 equiv) were

added coIOd sol ytion of the substituted
phe oho )Wl"v in DCM To this m xture on
i & s added e Iarop wi se whil e maintaining

enperature of the react| on m xture under 5 OC.
The reaction m xture was then allowed to gradually

V@EALrhiproRitre forthe synthesis of 4-(4-iodophenoxy)-nitrobenzene:
To a THF solution of 4-iodophenol (1.0g, 1.0equiv) is added K‘OBu (1.0M in

THF, 1.0 equiv). The solution is stirred at room temperature for approximately 5
minutes and then a solution of 4-fluoro-nitrobenzene (1.1 equiv) is added dropwise. The
reaction mixture is then heated to 50 °C using an oil bath and the reaction progress
monitored by TLC (EtOAc : Hexane, 0.5:9.5). The reaction is complete when no more
4-iodophenol is detected by TLC. The reaction is then cooled to room temperature and
put in an ice bath. Water is added slowly to quench the unreacted base, followed by
extraction of the product into EtOAc. The organic layer is then washed with 10%
NH4Cl1 and brine, dried over MgSO4, and then solvent removed under reduced pressure.
The crude product is purified using Combi-Flash silica gel column chromatography,
using a Hexane/EtOAc gradient. The fractions corresponding to the product are pooled

and the solvent removed in vacuo to give a yellow solid (Scheme 2).

General procedure for synthesis of substituted 4-biayloxy aniline:

To a DMF solution of the 4-(haloaryloxy)-aniline (1.0 equiv) and substituted aryl
boronic acid in a microwave tube, was added Pd(OAc); (0.1 equiv), triphenyl phosphine
(0.2 equiv), cesium carbonate (1.0-2.0 equiv) and TBAC (0.1 equiv). The reaction was
then sealed and heated at 70 °C for 3-18 hours using an oil bath. The reaction mixture
was filtered through a bed of Celite and then diluted with EtOAc (25 mL), washed with
water (2 x 10 mL) and then brine (1 x 10 mL). The organic layer was then dried over
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tenperature and stirred overnight. The organic |ayer
was extracted with water, 10% NH4C and t hen bri ne.

wab@ecozybi ned organi c | ayer was dried wi th MSeHT/aRI05/028914

t he sol vent evaporated under reduced pressure to give
yeIIow oi | which was purified by silica-gel

% gg gk?e?lrWz%s slélv%f:reﬂ%g ?ncgag ?Qiu%@& Pre-sgéﬁ?e g[ﬁ-x? %I‘ddg Iﬁ‘oduct was

smlln\ﬁ@dmsmemdu Elﬁsh\sdwwet @lgny éhuomt@mlmumm @Bi%{me/EtOAc
Fhemoxy- 4-phenyl butane: The final product was

o%t ained as yellow oil after colum chronmat ography, in

67%yield. 1H NWR (400 MHz, CDCI3) d 7.28 (m 4H),

- ﬂﬁlddbph@kbxy)-&nﬁ&béﬂibn&l'b 3.96 (t, 2H J = 6.0 Hz),

NG, = 6.8 Hz), 1.82 (m 4H). yl pentane:
\@E /‘?oduct was obtained as oil after columm
vography, in 37%yield. 1H NWMR (400 VHz, CDd 3)
drie Bral(proddbtwas 7ebt8néd] as 3HJelléw—soZld2a uri@c@t?’or{ #073% yield. 'H

IR, (409) ngagﬂ)@)% S Yy @r?zm 7. 34%& JZH)%J% HY), 7.02 (d,

]2H5,9]=€9r;2 H?ﬂ)é 84 (§2H, = 828-IHz)xy) phenyl] - et hanone: The
final product was obtained as a white solid after
coI um chromat ography, in 25%vyield. 1H NVR (400 MHz,
B)doohvnm) enylagmige:= 8. 4 Hz), 7.33-7.25 (m 4H),
6 NHH) , 4.43 (s, 2H), 3.97 (t, 2H, J = 5.6
Hz 7 2H, J = 7.6 Hz), 1.82 (m 4H).
- pe ty‘Poxy phenyl] et hanone: The final product was
Gmeaﬁﬁﬁ r38uc? Wi 6itained iagl adbro®h oidUdfrer GubBieai a0 nawsng, yield. 'H

%@)ﬁhg L) 8 S22 - AT s 84 (0 3R, Y95 41y L66-6.70

(m, 4H).
4-(4’-Methoxy-biphenyl-4-yloxy)-phenylamine:

O o

The final product was obtained as an off white solid after purification in 95% yield. 'H
NMR (400 MHz, CDCl3) & 7.44-7.48 (m, 4H), 6.94-6.98 (m, 4H), 6.90 (d, 2H, J = 8.4
Hz), 6.69 (d, 2H, J = 8.8 Hz), 3.84 (s, 3H). |

4-(4’-Chloro-biphenyl-4-yloxy)-phenylamine:

o

The final product was obtained as an off white solid after purification in 90% yield. 'H
NMR (400 MHz, CDCl3) 8 7.44-7.47 (m, 4H), 7.37 (d, 2H, J= 6.4 Hz), 6.97 (d, 2H, J
= 8.8 Hz), 6.90 (d, 2H, J= 8.8 Hz), 6.70 (d, 2H, J = 8.8 Hz).

4-(4’-tert-Butyl-biphenyl-4-yloxy)-phenylamine:

O O o/@,NHz
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(d, 2H, J = 6.4 Hz), 6.86-6.89 (m 2H), 4.43 (s, 2H),
3.94 (t, 2H J = 6.4 Hz), 2.71 (t, IH J 7.6 Hz), 2.64

W@ oochoriosd) = 7.6 Hz), 1.81 (m 2H), 1.69 (m 2pP{T/U$2064/028914

(m 2H). nyl-butoxy)-phenyl]-1 -imazol-2- The final
product was obtained as yellow oi | after colum

og%lt 0902@8{] %hs a'ﬂ"ame I 3 gf W I\@ %O é)un f o%D96%}A> yield. 'H
GNMR 609 MHm CRH)3) 54733 7(i0 (nll HEH)J 6=98_L(I1 8HH/ = 8. 81@7 €91 (d, 2H, J
3 12.0 Hz 2.69 (t,
80JH7‘3 6?7?({%}*‘] %gffzg lﬁﬁk gHTsz (m 4)H) 1. 67((3,
3H) 1.44 (s, 9H).
)4-(2-1budlwrbné@my3hoiy){p‘ireh mnfin@henyl - pent yl oxy) - phe
-iiniazol-2- yl}ethyl)-carbamc acid
- but yl

ester: The final product was obtained as
after ¢gl um chromatography, in 63%yield.
1HN( c3al 3) d 7.56 (d, 2H J 7.2Hz),

7.24-7.28 , 7.17 (d, 2H, J = 8.0Hz), 7.13 (s,

1’§ﬁe ﬁ%z @O(gl g%ag m)taﬁ'@i aj %nz)?f x(/ﬁrte jcmd atge'r%g figatlolnwn 4%)‘V‘y1eld 'H
Mglzg@D%}la:) S E81xd —lH 6 12 Hz), %17 dmzHM)— SQH;Q 7.70 (d,

(m P2H)7.2 Hz$6.4357.68 1, 4 £I4725i |€d 22, = 84i2ﬁz)( F]Ol%EDG.ZH J = 8.8 Hz),

opan-1 -o

%%&ﬁgp%‘yé %)Blllzgx dﬁﬁd&ag }wry§ gg);olol d after HPLC

purification. Yield: 50 % (60ng). M5 (ESI, MtHt) =

Sﬁgﬁ,l{i)ﬁ (ﬂ'g%-?( [Qg)‘%)mla%nlﬁﬁf%'l I%lpilwl-&%l rrpy(} u%hcfn\xacarb%rpoYILI Crnethyl-

a@hz\l}mml@wuderéfhuéyl qSFEC purification. Yield: 49 %

VB (ESI ) = 380.3 (

) - 2L Ali no- 2- ( Opi phenyl et hyl oxy) phenyl )-1//-imdaz
ol -2 r -I-ol: M5 (ESI, MtHt) 414; 1H NWVR (400

od d 8.4 (bs, 2H), 77(m4H) 7.5
The final product was obtained as a white solid after HPLC, in 94% yield. '"H NMR (400
MHz, CDCl3) & 7.47-7.50 (m, 6H,), 7.01-7.04 (m, 4H), 6.96 (d, 2H, J = 8.8 Hz), 4.03
(br. s, 1H), 3.85 (s, 3H) 3.57 (d, 1H, J =11.2 Hz), 1.59 (s, 3H), 1.47 (s, 9H).

($)-{1-[4-(4’-Chloro-biphenyl-4-yloxy)-phenylcarbamoyl]-2-hydroxy-1-methyl-
ethyl}carbamic acid tert-butyl ester:

The final product was obtained as an off white solid after purification in 40% yield. 'H
NMR (400 MHz, CDCl3) & 7.43-7.52 (m, 6H), 6.97 (d, 2H, J = 8.8 Hz), 6.90 (d, 2H, J
= 8.8 Hz), 6.70 (d, 2H, J = 8.8 Hz) 4.03 (br. s, 1H), 3.57 (br.s, 1H,), 1.56 (s, 3H), 1.44
(s, 9H).

(S)-{1-[4-(4’-tert-Butyl-biphenyl-4-yloxy)-phenylcarbamoyl]-2-hydroxy-1-methyl-
ethyl}carbamic acid tert-butyl ester:

H oij\l:l0\’<
UL O
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(m 4H), 7.3 (d, 3H), 6.9 (d, 2H), 5.7 (bs), 4.18 (t,
2H), 3.7 (d, IH), 3.6 (d, IH, 3.04 (t, 2H), 1.45 (s,

W@ k)os/0moyt phenoxy) - phenyl] -1 / -imazol - 2-yl } -peDpsave$/028914
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-ol: The conpound was obtained as a white solid after
HPLC purification. Yield: 60 % (1Omwm). M5 (ESI, MtHt)

Tl?ig EE@ Igroaucp @f@?ﬁ ecél a%cinﬂoff whltgu?hd ager p%unﬁ orr in 65% yield. 'H

TNMRM%M%& al- %&5és(rra okhi t7e4 446dmaf2 r 7084 @d, 4H, J =
POl Al R . | 23%p (b2 1.
4%%&288%}_{%gpgﬁrfig}§m3@(ﬁ 79D, 1¥0 (6B, 1 Myl o, 1.36 (s, 9H).
nono- ( 2- am no- 2- {5-[ 4- (4- phenyl - pent yl oxy) - phenyl ] - | HQ

T($)- {Qcmpmtuigi Nﬂﬁtlgmlaw(eg ,as,l’a]tdﬂiﬂh@ﬁyﬁ@b'ldiyﬁf)haiyléﬂbﬁnoyl]-
pU|E} EHZI teId 3 %, (41nmg). MS (ESI, MrH+) =
48gYzfantam 'ﬁ\ﬁlc#o eEt- '('gy?&q % Bi phyl enet hyl oxy) phenyl ) - |

' dazol - 2-yl ) pr offy® \FK hydr ogen phosphate: This

conp was syn gﬁg(zed fromr -butyl
[ ' ( bi phenyl et hyl oxy) phenyl ) - |
H-|mdaz propan- 2-yl carbamate (46 ng) to yield

9Tge @iﬂalsﬁbﬂﬁjct 44 %ﬁﬁned'\@ dnbott whﬁ‘{% H3])id Eﬁél%nfk’éhm 25% yield. 'H

6pﬁMRf4(g) MHz, gHCb)fS §6@rﬁ éq Z.q)\ 6}{5) ) ?&d 25%1 gsﬁz()by 52(d,2H,J=
ls}s 8 H2)23.461(t, 2244)2H)/ 2.618z) 7.363H) 113, 065 .(dﬂ 4, = StAﬁan@(88Hz) 3.62
: : s e : nt hesi s

| Bres Je o it Pl s SiiRarts ol o
synt hesi zed using the process described in Schene 7.

o P ARRO I T DAt oo S BB Wdrogy;2-methyl-
aﬂF‘PDl%%mHﬁef orded good to excellent yields of the
bi aryl ami ne Frhﬂér medi at es.

ssleaan

The final product was obtained as a white solid after HPLC, in 35% yield. "H NMR (400
MHz, CDCl3) 6 7.37 (d, 2H, J = 8.8 Hz), 6.86 (d, 2H, /= 8.8 Hz), 6.66 (d, 1H,/=8.4
Hz), 6.48 (d, 1H, J=2.4 Hz), 6.38 (dd, 1H, J= 2.4 and 8.4 Hz), 5.89 (s, 2H), 4.13 (s,
1H), 3.51 (s, 1H), 1.519 (s, 3H) 1.398 (s, 9H). MS (ESL, M+H") =331.1

(S)-2-Amino—N-[4 (biphenyl-4-yloxy)-phenyl] 3-hydroxy-2-methyl-propionamide:

The compound was obtained as a white solid after HPLC purification. Yield: 30 %,
(33mg). MS (ESI, M+H") =362.2

(S)-2-Amino-3-hydroxy-/N-[4-(4’-methoxy-biphenyl-4-yloxy)-phenyl]-2-methyl-
propionamide:

o
- H % NH2
/@N%/OH
O o 0

The compound was obtained as a white solid after HPLC purification. Yield: 90 %,
(25mg). MS (ESI, M+H") =393.7
(S)-2-Amino-3-hydroxy-N-[4-(4’-chloro-biphenyl-4-yloxy)-phenyl]-2-methyl-
propionamide:
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Furthernore, the acylation of the substituted biaryl
am nes with the desired headpi ece foll owed by

walegoor®st i on of the Boc group afforded the fipel/Us2005/028914
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conpounds. Schene 7.for 10-60 m n. General procedure
for Suzuki cross-coupling: To a m xture of a

i tuted brormanlhllne (1.0 equiv), substituted aryl
borc Cld 1. zqu\u/ 10% Pd on carbon (0.1
equi v), g mivoni um chl or i de (0.1 equiv), and
SOdI um .0 equiv), in a mcrowave tube was

@M@l msx&l%ai%e@fas QMEhﬂr@Qohd ihe. HPECLB&N@@OI{ h&feld: 80 %,
heat ed

- m nutes using a m crowave.
TRé mﬂéaMS@SIMﬁhéﬁ%. | uted with Et OAc (25 nL) and
washed with H20 (2 x 25 nlL) then the sol vent renoved

BricEnbri Bspagapide ?ﬁgs FBRePrerul i o Ry et
(plopidaa@fide: as required. (S)-2-Am no-

(4-(3- |sopr%ﬂ‘ﬂ@ enyl)phenyl) 3- hydr oxy- 2- net hyl propa
n@ég H+) = 313.6; 1H NVR (400 MHz,

19.96 (br s, IH), 8.18 (br s, 2H),
7Ttge3f_gr515&4?(150{ '6Bta1|n|Z_f1 %% a w@ﬂ‘e g{lllz(s gﬁ%’ I;gL%%lﬁﬂi_laljl%_& ¥idld: 10 %,
4(19mm)MS4(E§éMdH+)T|3|3 J = 11.6 He, 4.8 Hz), 3.65
(dd, IH, J =11.6 Hz, J = 5.2 Hz), 286302(m I H),

1@%@@%{9 i 'ﬁy mgﬁﬂbfﬂ'é awapg@,idz&%%%%ﬁggngnamide:
H*z ;3?&0 ;81T9N2/bRr(goozm)t

m de: E |
DVBO- g h ,
vo 7.34 (t, IH J =7.6 Hz), 7.16-7.24
688694(mIH) 5.80 (br s, IH), 4.00 (dd,
= 11.6 Hz, J = 4.8 Hz), 3.80 (s, 3 3. 64 (dd,
| ”,llhe ultle:compo@nﬂzvas gynih@u;g:dffw)n 2+ 14@grqp§1enox “9H-carbazole. MS (ES],
g): AR} RYIR (400 MHz, DMSO- d6)8992 (s 1H), 8. 17(brs 1H), 8.07 (brs,

fgg) 034 (£h°x¥8h7e42((2 ‘f'ﬂl‘)an'yﬂ iy 95 o8y 2 (2 3 YR QRSN 18,

5.79 (s, 1H), 3.99 (m, 1H), 3.64 (m, 1H), 1.50 (s, 3H).

(S)-N-(4-(4-Carbonitrilephenylphenoxy)phenyl)-2-amino-3-hydroxy-2-
methylpropanamide:

N
AT
The title compound was synthesized from 4-(4-hydroxyphenyl)phenylcarbonitrile. MS
(ESI, M+H") = 388; 'H NMR (400 MHz, DMSO-ds) § 9.95 (s, 1H), 8.18 (br s, 2H), 7.92
(d, 2H), 7.86 (d, 2H), 7.75 (d, 2H), 7.67 (d, 2H), 7.12 (m, 4H), 5.79 (s, 1H), 3.99 (d, 1H),
3.64 (d, 1H), 1.50 (s, 3H).

(S)-Phosphoric acid mono-{2-amino-2-[4-(biphenyl-4-yloxy)-phenylcarbamoyl]-
propyl} ester:
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MS (ESI, M+H+) = 315.6; 1H NVR (400 MHz, DMSO-d 6) d
9.97 (br s, IH, 8.18 (br s, 2H), 7.64-7.73 (m 4H),
W@ 28808951 1H, J 7.6 Hz), 7.14-7.23 (m 2H), 6.B6HESHD5/028914
(m IH, 5.80 (br s, IH, 4.08 (q, 2H, J = 7.2 Hz),
4.00 (dd, IH, J = 11.6 Hz, J = 4.8 Hz), 3.64 (dd, IH
J 11.6 Hz, 5&:}42 biz), 1.50 (s, 3H), 1.33 (t, 3H J

. N 0-P-OH

(S) - i - ({l4- (3- pr opoxypheny! ) phenyl ) - 3- hydr oxy- 2

- met hyt'pro@panam de: M5 (ESI, M+-H+) 329.7; 1H NWMR

(ARG oMpoundeOebtamed ada Q/giué dehdSaﬂdr EEPL(8pﬂ.t8ﬁc(ahbn sYidd)15 %,
4- t, IH J =7.6 Hz), 7.13-7.22

((%%“ﬁzl)ﬁ%@é ]?5{%5) r141§§4 5.80 (br t, 1H '3 = 4.5

4.00 (dd, IHJ:116HZ J = 4.8 H), 3.98 (t,

i‘?’ Pﬂlgs%%r fe ddfd o%og{%z{lﬂi% (543 ﬁ?.&x,ﬁbgé. {12/"4 g,_(ﬁ(yb _

-,pl@nm)arbamoyl] propyl} ester:
Am no- i V(4391 sopr opoxyphenyl ) phenyl ) - 3- hydr ox

| propanafiB&-o"VE (ESI, MrHY) = 320.8; 1H NVR
(400 Q@%) d% 96 (br s, IH)) 8.18 (br s, 2H),

7Th?32<‘581p gs) é‘g%mgé gg é&éﬁt sJ)lﬂ} ?_f;er}gylg(gpli(d@catlzn IS_{IHeIS 30%,
4(190m) M&Mﬁlﬁ%ﬂo 4.00 (dd, IH J = 11.6 Hz,
J 48Hz) 365(dd | H, J:116Hz J = 5.2 H),
150(s 28 (d, 6H, J. =17
(&) Pbpmﬁw wi mpnozt2-arpinoc; (A r?§‘F‘5rBHEH9‘F‘)Y'“§ ¥o¥oxy-
%H&&hﬁi‘ﬁﬁrﬁ@ﬁ[‘-@r@ﬂpestéﬁ (ESI, MrH+) = 343.5; 1H NWR
) 9097(brs IH), 8.18 (br s, 2H),

33;»6,1 IH J =7.6 Hz), 7.13-7.22
(mohH) 5.79 (br t, IH J =4.5
. J:72HZ)400(dd IH J = 11.6
I"Fhe dorip (ﬂma \HZS) obt3m@& as ddwhitélsodd aﬁéﬂ-H@’I_ﬁZpuﬂﬁcat@nz Yield: 50%,

%Ow)ggﬁgﬁgﬁnlﬁ%v% 50 (s, 3H), 1.49-1.52 (m

Hz) . (S) - 2- Ami no-i V- (4- (3- benzyl oxyphenyl ) phenyl ) - 3- hyd
r(g')(-)f"h%§5ﬁ}r§]é/ 184 ?rpo%r&éa{?-ﬂ'ﬁi'nod-[4-(4’-tert—butyl-biphenyl—4-yloxy)—
phenylcarbamoyl]-propyl} ester:

D,WOEOH

The compound was obtained as a white solid after HPLC purification. Yield: 40%,
(38mg). MS (ESI, M+H") =477.4

(S)-Phosphoric acid mono-{2-amino-2-{4-(1,1°,4’]-terphenyl-4-yloxy)-
phenylcarbamoyl] propyl} ester:

NHz "
/©/ O P OH

The compound was obtained as a white solid after HPLC purification. Yield: 35%,
(7mg). MS (ESI, M+H") = 519.2

(S)-2-(4-(2-Phenylnaphthalen-6-yloxy)phenylcarbamoyl)-2-aminopropyl
dihydrogen phosphate:
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MS (ESI, M#H+) = 377.5; 1H NVR (400 MHz, DVSO-d6) d
9.96 (br s, IH), 8.18 (br s, 2H), 7.64-7.74 (m 4H),

WO 206070982 (m 2H), 7.29-7.42 (m 6H), 6.96-7.PO1/(82005/028914
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IH), 5.79 (br t, IH, J = 4.5 Hz), 5.17 (s, 2H), 4.00

(dd, IH J =11.6 Hz, J = 4.8 Hz), 3.64 (dd, IH J =
J_

11. 6 Hz, = 5.¢%¥g), 1.50 (s, 3H). Exanple 9: General
Pr ocedur e fmw‘s%ey s of Substituted Biaryl
An&tedgs The

@on_o‘ enyl - 4- nlt'i‘ooﬁﬁenoxy et hers wer e synt hesi zed by

¢ RERMPE Rl kB D8RR o € LB BT, 8D @ 11,
2).92 (m,?’z}rm, 7 By 267 - Wéts, 2N GcSe(ai?,_lZéi)n;gﬁS(n@l QH)l, ﬁil_ét(mﬂfﬁt), 4.3 (1,
T e Myl

Boc- group can then be renoved using TFA in DCM or the

P4-f-BE6RE-piRh Pl lhnyIFnithétitnkénesy Nt hesi ze the phosphat e
bef ore deprg ect| on. Schene 8. General procedure forthe

synl S 4- (4-i odophenoxy) - ni t robenzene: To a THF
sg-ut¥Fon o ~Negophenol (1 | . Cequiv) is added

(J\/IlnTHF 10e e .solution is .
s?herféf@é pEadugtowss Qbssin ﬁ}f%l?” ‘HE?#% fPH’HPb‘Fq’;PO‘BatogT aphy, in 80%
nyield! &5 NMRI (400eVIH, s:mlcu;)@oa 081(d,2H, | Jr09.0Hy ), 76Bga2HNd = 8.8 Hz ),

Gt a1} %%H%‘gdﬁ%@??ﬁé‘ S bach and the

reaction progress nonitored by TLC (Et OAc : Hexane,

0 ete when no nore

e ?465 0- Yﬁﬁggé)ggphgggj&/ﬂwc The reaction is then
coofed t om tenperature and put in an ice bath.

Vet er’i s ot slowWy to quench the unreacted base,

fﬂéf!afr?#xg Bf&%ct%&sf (ﬁ)‘f% ihflasd %aﬁg ?elw;»ﬁgd}@t flef E&uﬁh%ma;wﬁ'aphy, n

90% yield. HNMR(4OOMHZ CDCL) 6 728-7.32 (m, 4H), 6.96 (d, 2H, T = 8.8 Hz ),
6.68 (d, 2H, J = 8.4 Hz).

4-(Biphenyl-4-ylsulfanyl)-phenylamine:

The final product was obtained as a pale yellow solid after column chromatography, in
73% yield. "H NMR (400 MHz, CDCl;) & 7.53 (d, 2H, J = 8.4 Hz ), 7.45 (d, 2H, J = 8.4
Hz), 7.40 (d, 2H,J=7.6 Hz ), 7.35 (d, 2H,J =8.8 Hz ), 7.31 (m, 1H), 7.19 (d, 2H, J =
8.4Hz),6.73 (d, 2H, J = 7.2 Hz).

(5)-(1-{4-[2-(Biphenyl-4-ylsulfanyl)-phenylcarbamoyl]-2-hydroxy-1-methyl-ethyl}-
carbamic acid tert-butyl ester:

o Tl

The final product was obtained as a pale yellow solid after column chromatography, in
73% yield. '"H NMR (400 MHz, CDCls) & 7.51 (d, 2H, J = 8.4 Hz ), 7.44 (m, 4H), 7.39
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NHACL and brine, dried over MgSO4, and then sol vent
renoved under reduced pressure. The crude product is

w@oochemdal usi ng Conbi - Fl ash silica gel col um PCT/US2005/028914

10

15

20

chr omat ogr aphy, using a Hexane/ Et OAc gradi ent. The
fractions corresponding to the product are pooled and

(o 518 HERTES, BB S AR R L o T - s e,
SO (hir sut e 34670brgl By 168 (ki 3D; 1¥6(%9ENF sol ution of

txtsgd ripie 9! Qﬁsaslefwiamdhwe;mlmpdtmwrg and
subst 0

tute boronicacid in a mc wav e tube
added Avamh@)o 2-msthygdtiagate apglpghwerg syphedsd a0 emtlgl
qswsm)ate @ﬁﬁicy sie @ eeqiadess ddschbet @ S%ﬁé!rh&’}) @mmaﬂ&m th© altohol in
ere 1.0Nn Wa
el serite RrGTHEied paseeson fol el iR IeEalot pviabd
ndoxjugated nashliekteeasetiie tibsimd ghteandsizate AFhe@eéthyleesten dhterneadiate was

gr{}zgryéla% r Db g@g&w&% Wﬁg%evﬂegﬁeﬁhﬁfoﬁﬁﬁtg s Hken
ttheonghl auherdrommtwg ore geftyersihto\iag desired emdufste moved
under reduced pressure. The crude product was purified
usi ng Combi - Fl ash silica gel .col um chromatography,
using a Hexane/ Et OAc gr adi eftheme9.

4- (4- Ioddphgmoxy) nitrobenzene The fmﬂﬂl produckfhas

obt ai ned gl | oomsmkdatnaf t er puri i mﬁn |Frm3F’139/%~
yi eI@’raa 400 e ) d c(gj\z
HB)O 3(d, 2H, J =U8°% 0@ = QPBE CHzCl,
Hz), 6. SQO&d oH, J = 8.8 Hz) é)nylam ne: The Hobngal
product yasy talned as a brown solid after ' \Me
;@a @;@ yi el d. HerPIQVR (400 MW\H/O‘Me
754 Hz) Gudfy (d, 2H, RJ ), ©
70 (m 4H)
1) LIOH ,
TFA J \\\f)TFA TF?//

NH NH NH NH

G g Me Me
R'W\(O~ R'%OH R'\”/k/\n/o~ R'MOH
Me Me
o) o) o) o) o) o) o) o)

tert-Butyl (S)-1-(4-(octyloxy)phenylcarbamoyl)-1-formylethylcarbamate:

1) LiOH
2) TFA

s =2
To a solution of DMSO (0.28 mL, 3.3 equiv) in dry CH,Cl, (10 mL) at -78 °C
was added oxalyl chloride (0.95 mL, 1.6 equiv) drop wise then stirred for 10 minutes
before addition of the desired alcohol (0.50 g, 1.0 equiv) in CH,Cl, (5 mL). The mixture
was stirred at -78 °C for 4 hours, then triethylamine (0.83 mL, 5 equiv) was added. The
reaction was allowed to warm up to room temperature and loaded directly on a silica gel
column for purification using Combi-Flash system (Hex:EtOAc). The product was

obtained as a yellow solid in 60% (360 mg) yield. '"H NMR (400 MHz, CDCl;) & 9.67 (s,
1H), 8.50 (br s, 1H), 7.37 (d, 2H, J = 7.6 Hz), 6.85 (d, 2H, J = 7.6 Hz), 5.89 (br s, 1H),
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oxy) - phenyl am ne: The final product was obtained as an
off white solid after purification in 95%yield. 1H

WORM6OZAO0 MHz, CDCl 3) d 7.44-7.48 (m 4H), 6. 9%cBUSB05/028914

10

15

20

25

30

(m 4H), 6.90 (d, 2H, J = 8.4 Hz), 6.69 (d, 2H J =
8.8 Hz), 3.84 (s, 3H).

o A LS SR TN L W 2y 1 RSO G s, PG 12218 (o,
pLQH)fOcS&t(ﬁ,éH Jw@%)bbzy« eI d. 1H NWVR (400 MHz, CDCl 3) d

7.44-7.47 (m 4H), 7.37 (d, 2H, J = 6.4 Hz), 6.97 (d,
2H, J =8.8 Hz), 6.90 (d, 2H J = 8.8 sz, 6.70 (d
oert-Butyl 65, B)- Mﬂ -(octyloxy)phenylcarbamoyl)-4-(methoxycarbonyljbut-3-en-2-
AyviArbabfité:- But yl - bi phenyl - 4-yl oxy) - phenyl ami ne: The
final product S obtained as an off white solid after
purification im®0%yield. 1H NWVR (400 MHz, CDO 3) d
7.43-7.50 (m 6ﬁ)u698(d 2H, J-88Hz) 6.91 (d,
2H, J = 8.0 kg od, 2H J =80 H), 1.37 (s,
OH) . 0XY )< ylam n The fi nal product was obt ai ned
as an off white SO|Id after purification in 40%1/1i el d.
C

1H NVRIG asgutiss of (cabpmpthexymgthyl)aiphepylphosphonipgrichloyidg £160 mg,
(IjO egﬂv) ih &I-Qdﬂz(BamL A Qodrf tenZﬂ*ératﬁresz AdsEDBU (64 pL, 1.2
qumvj thcrgstx%reﬁégr'?%mw d)%ij%?_'ag(!ytlon gf the (g éﬁﬁlre)déllc;kyé%((lgo mg, 1.2
2¢duiv) i CB1,61,H2 mL). The mixture was stirred at room temperature for 2 hours then
( %:eacilé 1cti¥lg jﬁ% slhc%%y (i%ltér{g? %ﬁ}éﬁ@ét?&%ﬂ éoréialolflxgh sggﬁﬂm
o(&iea;Et@eﬁc he nmqhtcéwgs)pbtamad aeeolppbess oiliip 79%%195 812} yields 'H

W Mh%6 1?@958)83%(&.4711{ 5@7(@2}?#986hz@16§ 12H,J=8.6
s S ot 508, 939 05 s o ol 30 Pl o by s 3w,

11.2/1(71(8& (rQBH), 1.64 (s 3H) 1.43 (s, 9H), 1.23-1.48 (m, 10H), 0.89 (t, 3H, /=6.8
Hz).

tert-Butyl (S)-2-(4-(octyloxy)phenylcarbamoyl)-4-(methoxycarbonyl)butan-2-
ylcarbamate:

>,

o,

N N (e Ng
Y

To a solution of the olefin (90 mg, 1.0 equiv) in MeOH (4 mL) was added

activated Pd on carbon (9 mg in EtOAc (1 mL). The reaction was stirred under H, (gas)
atmosphere overnight. The reaction was filtered through a layer of Celite to remove the
Pd and carbon. The product was obtained as a white solid in 93% (84 mg) yield. 'H
NMR (400 MHz, CDCl;) 6 8.86 (br s, 1H), 7.39 (d, 2H, J= 8.8 Hz), 6.85 (d, 2H, /= 8.8
Hz), 5.42 (br s, 1H), 5.30 (s, 1H), 3.92 (t, 2H, J= 6.8 Hz), 3.67 (s, 3H), 2.38-2.52 (m,

2H), 2.20-2.38 (m, 2H), 1.71-1.81 (m, 2H), 1.57 (s, 3H), 1.45 (s, 9H), 1.22-1.54 (m,
10H), 0.89 (t, 3H, J = 6.8 Hz).

(S,E)-Methyl 4-(4-(octyloxy)phenylcarbamoyl)-4-aminopent-2-enoate:
NH,
OSN}YO\
NN 0 o
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(S)-{I-[4-(4"-Chl oro-bi phenyl - 4-yl oxy) - phenyl car banoyl
]-2-hydroxy-|-nethylester: The final product was

w@bdioaiewel as an off white solid after purifi cap¢DmsSion5/028914
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40%yie|d 1H NVR (400 Mz, CDOI3) d 7.43-7.52 (m
6.97 (d, 2H, J = 8.8 Hz), 6.90 (d, 2H, J = 8.8

) Ol 8 oL 8 i oo o $e8. v s,
(M)*H{s') BA7.72"H NMR (4510 MHZo DMROryk) 219 95 650y 1BheI0 D), 7.44

T2 g o« o) g e e o 2 -
65 irbPe | G ?%SM@? (sc%gﬁ‘ 6675175 g ATfs ), 1.2-

61&2(&,.14)4{)70‘36(1(31{ 2H)6.8 AzN26 (dd 4H, J = 2.4 and 8.8

Hz) 4.08 (br. s, IH), 3.62 (br.s, IH), 1.59 (s, 3H),
147(s 9H), 1.36 (s, 9H).

((S)E)f‘ﬂ{%cwybpmwﬁfbdmm) gtaminpgentt2-tnaic phidny| - 4-y

| oxy) - phenyl car kp,a;fﬁ et hyl }carbamic acid tert-butyl
ester: The fj H was obtained as an off white
solid after, i fa cat |oon i n 25% yi eI d 1H NMR (400

MHz, CDd 3) 7.63-7,68 d, 2H

Hz) | 7Tl§2pre@uct Mas obtaineg ag apz&l)lte s?hq i S(SP o (M mg) yLe1d7 MS (ESI
HaDFH' Y363 M H NNIR (Z000HZI DM Sbhds)5 598 (¥r samH),87. 84 (dz 2H, J=8.8

?rgg,zgﬁglf(d,lﬁ—y%@.ogngﬁ,_osé?{d, Su, 298 1), 8% @& 18} = 18:0%z), 3.08

)@ 2H0i6.8iHE)| B74 beAHR[1.68] dB dmoPHSE-y22%k 90 (phteH), P-93-(h 3H, J =

m %Y. 2-nmethyl - The final product was obtained as a
rte’solid after HPLC, in 35%yield. 1H NVR (400 MHz,
ChA 3) d 7.37 (d, 2HJ88Hz)686(d 2H, J = 8.8

B st g "

4.13 (s, IH), Me | H)y, 1.519 (s, 3H) 1.398 (s,
9H). Ms (ESI, =334 1 enyl - 4-yl oxy) - phenyl ]
3<hydrexy~2~ yl 2propi®nani de: The conpound was

3 Ibtela'q”ﬁ?e /(()il?ctm's bbtafiftliad c8ibhEss thiRk GilRk 0890 G 8B Yield. MS (ESL
M+H™) =379.6; "H NMR (400 MHz, DMSO-de) & 9.83 (br s, 1H), 8.26 (br s, 2H), 7.44
(d, 2H, J = 8.8 Hz), 6.90 (d, 2H, J = 8.8 Hz), 3.91 (t, 2H, J = 6.8 Hz), 3.56 (s, 3H), 2.10-
2.40 (m, 4H), 1.62-1.72 (m, 2H), 1.41 (s, 3H), 1.20-1.42 (m, 10H), 0.84 (t, 3H, J=6.8

Hz).

(5)-4-(4-(Octyloxy)phenylcarbamoyl)-4-aminopentanoic acid:
NH,
H Me

NMOH
/\/\/\/\o/@ 0 0

The product was obtained as a white solid in 95% (19 mg) yield. MS (ES],
M+H") = 365.8; '"H NMR (400 MHz, DMSO-dg) & 9.88 (br s, 1H), 7.39 (d, 2H, J= 8.8
Hz), 6.84 ( (d, 2H, J = 8.8 Hz), 3.86 (t, 2H, J = 6.8 Hz), 1.92-2.30 (m, 4H), 1.57-1.67
(m, 2H), 1.49 (s, 3H), 1.15-1.38 (m, 10H), 0.81 (t, 3H, J= 6.8 Hz).

Linker modification:

A number of biphenyl-tail analogs with different linker lengths were synthesized
using the process described in Scheme 10. Under Sonogashira conditions various
alkynols were reacted with 4-bromobiphenyls followed by hydrogenation to afford
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(33nmg). MS (ESI, MrH+) = 362.2 (
) - 2- Ami no- 3- hydroxy-L'-[4-(4' - nmet hoxy- bi phenyl - 4-yl oxy

WO 2@haempki - 2- net hyl - The conpound was obt ai nedPeBEUS2005/028914

10

15

20

white solid after HPLC purifi cation. Yield: 90 %

(25my). MB (ESI, MrH+) = 393.7 |

%%%lﬁ:%ﬁéﬂ)ﬁ gfcgﬁ(pygﬁre%é(dl&tg% g{rﬁgélon.rcw e glc&{o[f Qg&ygubséhtﬂtleg 4Yfluoro-
obtrehenseneamdar Wh htaelsglm pther symthesis Iqm@tlptm fp’flbwad bwhydrogenation

de%'c@upl%% Whth &%ﬁ@&m ﬁ@v{dgés'the CM% ik ﬁ)r%ﬁa@te]i af cho BwAidh s
-[4- (benzo[ | I OXK%E eny 3- hydroxy- 2-neth

- (

Ei&rﬂﬁf&moaéeprﬂﬁgteétp pglierchas” obt ai ned as
a white solid after HPLC purification. Yield: 10 %
(I1Ong). M5 (ESI, MtH+) = 3 7 1
| oxy) phenyl) - 2- gm no- 3- hydr ms. r?et hyl pr opanam de:
The title coan was synt hesi zedfrom
2-(4- Ivrophenox’y) Y9H car bazolet S ESI

I

7. i , 7.

IH, 5.79 (s, IH) 3.99(m IH, 3.64 (m

(5.,3H. (9)-

-(mm@aom tril ephenyl phenoxy) phenyl ) - 2- am no- 3- hydB

r QXyA2- yl propan ani de. Thesskivkdre €gnpound was %N
syQihest zed gm RR O oot 2RI T \H\/ OH
4- (4- hydr oxypienyT) car kon piegal dve. ;

= 388; 1H NWMR (400 , DVMBO-d6) d 9.95 (s, IH,»8.18

/ C,/l!’ gf‘ l TFA
EtaN, CH,Cl,
R3
O R2 R Y 2) TMSBr, CH,Cl,
. o A I HO OH
RZ R! /@r m)\/

General procedure for Sonogashira cross-coupling:

To a mixture of a 4-bromobiphenyl (1.0 equiv), Pd(PPh;)4 (0.02 equiv) and Cul
(0.04 equiv) in MeCN was added the alkynol (1.5 equiv) and Et;N (1.5 equiv). The
reaction mixture was stirred for 2-16 hours at reflux, then the solvent removed in vacuo.
The crude product was purified by silica gel column chromatography using the Combi-
Flash system (Hex:EtOAc) as required.

General procedure for Williamson ether synthesis:

To a solution of biphenylalkyl alcohol (1.0 equiv) in dry THF under nitrogen
atmosphere was added NaH (2.5 equiv) in portions. The reaction mixture was heat at 60
°C for 15 minutes, then 4-flouro-nitrobenzene (1.0 equiv) was added and the solution
stirred for 1-6 hours. The reaction was allowed to cool to room temperature then
quenched with water. The mixture was then diluted with EtOAc and washed with H,O
(2 x), 10% KHSO4 (1 x), and saturated NaCl (1 x). The product was either carried
forward as is or it was purified by silica gel column chromatography using the Combi-
Flash system (Hex:EtOAc).
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(d, 2H), 7.86 (d, 2H), 7.75 (d, 2H), 7.67 (d, 2H),
7.12 (m 4H), 5.79 (s, IH, 3.99 (d, IH, 3.64 (d,

wo Bog/010950 (s, 3H). (S)-Phosphoric acid PCT/US2005/028914

10

15

20

25

nono- { 2- am no- 2- [ 4- ( bi phenyl - 4-yl oxy) - phenyl car banoyl ]
- propyl} ester:The conpound was obtained as a white

af ter HRLC fication. Yield: 15 % (2.5ny).
E‘%&‘{'E ny wﬁpmﬁadlgi ll(5) Phosphoric acid

- am N0- 2- [ 4- (4' - met hoxy- bi phenyl - 4-yl oxy) -

conmpound was obtained as a white solid after HPLC
parification. Yield: 30% (10O Omw). M (ESI, I\/H-H+) =
m&ﬂod&)mbOmedlas aaeelldw solid in 57% (0.56 g) y1e1d "H NMR (400 MHz,

| Qr h I
r@ﬂ Caﬁ%@ A% }\ri}lgga *’/5‘3@1@}%9% 7&@?‘%730735 (m, 1H),
0702% ﬁerraQHa, l(teZ 04’ Fcb- &z 2. Pt uf £16. & He), dm88-1.98 (m, 2H),
Yi.$2 hr sDPY). (60.0nmg). MS (ESI, MrH+) = 477.4
(S)- hosphorl c acid
nmono- { 2- am no- 2-[4-(4' -tert-butyl - bi phenyl - 4-yl oxy) -
phenPhasyiphemy)butsi-oyl } ester: The conpound was
obt ai pedas~a ®hite solid after HPLC purification.
Yi el 0% (38ng). M5 (ESI, MrH+) = 477. 4
Phosphorlc aci d nono-{2-am no-2-[4-(Il,
@] -t er phenyl - 4-yl oxy) - phenyl car banoyl | - propr
€Bliceprodddievas @bpnsidasvwashind salidhmo6 286 (@ 6Mg) tyeeld ol NMR (400 MHz,

iﬁ@@;g E'F%%E’.gbi(fx{', o8 P18.7945l 292 YB39 7 ADm, B, 65917 35 (m, 1m),
7.2377.28 (m, 2H), 3.70 (t, 2H, J = 6.8 Hz), 2.71 (t, 2H, J = 6.8 Hz), 1.60-1.80 (m, 4H),
1.22 (brs, 1H).

tert-Butyl (S)-2-(4-(4-(4-phenylphenyl)butan-2-yloxy)phenylcarbamoyl)-1-
hydroxypropan-2-ylcarbamate:

0O

ot
N MeoH
SRR
'H NMR (400 MHz, CDCL;) & 9.48 (br s, 1H), 8.11 (br s, 2H), 7.60-7.64 (m, 2H), 7.58
(, 2H, J= 8.8 Hz), 7.51 (d, 2H, J = 8.6 Hz), 7.37-7.48 (m, 4H), 7.32 (t, 1H, J = 8.6 Hz),
6.84 (d, 2H, J = 8.8 Hz), 5.61 (br s, 1H), 4.30-4.38 (m, 1H), 4.10 (br s, 1H), 3.56 (brs,

1H), 3.28 (br s, 1H), 2.70-2.90 (m, 2H), 2.01-2.14 (m, 1H), 1.84-1.96 (m, 1H), 1.58 (s,
3H), 1.46 (s, 9H), 1.31 (d, 3H, J= 7.0 Hz).

(S)-N-(4-(3-(4-Phenylphenyl)propoxy)phenyl)-2-amino-3-hydroxy-2-
methylpropanamide:

NNOH
/©/ (0]

>adi

MS (ESL, M+H") = 405.5; '"H NMR (400 MHz, DMSO-dg) & 9.74 (br s, 1H), 8.11 (br s,
2H), 7.60-7.64 (m, 2H), 7.57 (d, 2H, J = 8.8 Hz), 7.47 (d, 2H, J = 8.8 Hz), 7.43 (t, 2H, J
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(S)-2-(4-(2-Phenyl napht hal en-6-yl oxy) phenyl car banoyl ) -
2-am nopropyl di hydrogen phosphate: 1H NVMR (400 MHz,

wob@ed2051 d 10. 15 (s, IH), 9.4 (bs, 2H), 8.2 (ECT/UENNS/028914
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8.0 (d, IH), 7.92 (m 2H), 7.8 (m 2H), 7.7 (m 2H),
7.5 (m 2H), 7.35 (m 2H), 7.15 (m 2H), 4.3 (t, IH),

4. ( , .50 (5§, _

7 BT R0 B 21 6309, 28 VbR A0S (e 768 H). 393 (dd

pHibdlre 2 0z, ot BT, 261 (e, aHy dH 13 Biz) J afteHz)s alwn 2H,J=6.8
0 . 1H NWR (400 MHz, CDC 3

dﬁ@ gg%?%?@ﬂb%) m?%svmk’ 7.58 (d,(2H, J=28.8 Hz)

), 7.39 (d, 2H, J =8.8 Hz ), 7.2 (d, 2H, J = 9.2 Hz).

S(@)J?\a(mtal(@Pﬁemhﬁmdwbum)ﬁueﬁgl)-zomms hyafoxgi-ai ned
as s)al e X q% solid after columm chromat ography, in
9‘6317%“’83 AR (ﬂgo MHz, CDCI3) d 7.28-7.32 (m

6.96 (d, 2H, 8Hz)668(d 2H, J = 8.4
Hz . @ B| phen fanyl) phenyl ami ne: The fi nal
produ ne as a pale yellow solid after

cpﬂstvg)m npmn a9, egnywm ATIMHEBBENE AP MiD, 5.1 o s,

59, A0y . G4 (sl 758140 31 5 s i 7407 48 rgsihia 27 35 (m, 310,
86 81 t& 2H, J~ 8§ H) 3. 95H)t, 2H, A2 6(80Hz)2 Blo4ld& 181,94 2.0 Hz, J = 4.8 Hz),

&9 @Fdd{lﬁz el By o 20 262 AR0 - HRe ST h oy 146 Ors,
2tHydr oxy- | - net hyl - et hyI} | ester: The final product

was obtained as a pale yellow solid after colum

chromat ography, in 73%vyield. 1H NVR (400 MHz, CDC 3)

d(S7-2 (@d4- nymhﬁnﬂ)wonzxy)phvnxiaal(hﬂfnwnﬂ aminggrepybgihydrogen

fosphfiterz ), 7.35 (d, 2H ' J = 8.8H ), 7.31 (m IH),
7p19(d 2H, J = 8nd Hz ),

N 0
o@ P

The product was obtained as a white solid in 25% (7.0 mg) yield over two steps. MS
(ESI, M+H") = 485.6.

(5)-2-(4-(4-(4-Phenylphenyl)butoxy)phenylcarbamoyl)-2-aminopropyl dihydrogen
phosphate:

oot

The product was obtained as a white solid in 43% (12.0 mg) yield over two steps. MS
(ESI, M+H") = 499.6.

(S)-Z-(4-(4-(4—Phenylphenyl)butan-2-yloxy)phenylcarbafnoyl)-Z-aminopropyl
dihydrogen phosphate:

HzN

The product was obtained as a white solid in 30% (9.0 mg) yield over two steps. MS
(ESI, M+H") = 499.6.
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4.08 (br.s, IH, 3.67 (br. s, IH, 1.58 (s, 3H), 1.46
(s, 9H). Exanple 10: Synthesis of a-Methyl-d utamate

wanakog®sA nunber of a-nmethyl -gl utanmate anal ogBCTEEB®05/028914

10

15

20

synt hesi zed as potential phosphate m m cs using the
process described in Schene 9. Oxidation of the

e ,[rg |} -serine protected precursor
%ﬁ?gﬁv\%ﬁhé@&é ;tH'g ol efination provided conjugated
met hy| Orseasboraethetengtb binheaylitar analegs were symthesizediusipig the process

efrk&ibedh SEREEY AL AMRN-AdVedtioRl dfAeimidlepHeAb R 6ERA] Bther synthesis was
hydr o uct or was t

|l yzed tq provide thé. desired pro aken )
t3% t?cfa%u%@dqwa YiatnsoRiston, She BRbED F%‘nw%sosy?}li]éme‘r using mild
dRsukiedtogr@iplitig usediptianybordnid adidl Grheybtaifed projeciel @dohol was

TEA TEA, _2) .TFA.rerf-But .

cligh fuhgr b ad Ficsmasty ate prsismesyrsied tomapehise dhsidesirsd e
rmbduct.To a sol ution of DMSO (0.28 ni, 3.3 equiv) in

dry CH2A 2 (10 nL) at -78 OC was added oxal yl chloride
(0.95 nL, 1.6 equiv) drop wise then stirred for 10

m nut es before addition o%%@“@ééi red al cohol (0.50 _
g, 1.0 equiv) in CHRd 2 ( . ThegMiyxtar e was "NH
st i/@d“”ét 48 QC for 4 _hdur ':‘eophe,n@)i;(gt hyl ani ne Hm)&m
(1K m., ‘S—e‘%m‘v‘) wag afided. “The reaet+-en was al Id 8
to warm up"t"B2FGom Hefpér atUre and "PBatiEd oy

a silica gel colum for purification using-Csfibi - Fl ash
system (Hex: Et OAc). The prd&ffiygt was obtained as a

’ ) HoN
yel g C)ZS Id7| ?860% (360 n'gwaol_ld %I,FI7|\ NVR (400 MHz, H ,MeOH
- , I A
CSZCO%SQB(OH)z o o/(j o}
O'—OEt
O " C'/#\OEt O
EtsN, CH,Cl

2) TMSBr, CH,Cl,

tert-Butyl (5)-2-(4-(4-iodobenzyloxy)phenylcarbamoyl)-1-hydroxypropan-2-
ylcarbamate:

To a solution of N-acylated 4-aminophenol (300 mg, 1.0 equiv) in dry THF (6 mL) at
room temperature was added a 1.0 M solution of KO7Bu in THF (0.97 mL, 1.0 equiv)
and stirred for 10 minutes before addition of 4-iodobenyl bromide (290 mg, 1.0 equiv).
The solution was stirred for 3 hoursand subsequently the solvent was removed in vacuo.
The crude product was purified by silica gel column chromatography using Combi-Flash
system (Hex:EtOAc). The product was obtained as a white foam in 40% (203 mg) yield.

O

H Me
o
/©/\0
[}
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IH), 8.50 (br s, IH, 7.37 (d, 2H, J 7.6 Hz), 6.85 (d,
2H, J = 7.6 Hz), 5.89 (br s, IH,3.94 (t, 2H J = 6.8

wbizgog/0d0951- 1. 80 (m 2H), 1.67 (s, 3H), 1.46 (spCEHE¥2005/028914
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122148(m 10H), 0.88 (t, 3H J =6.8 Hz),. r
-Butyl

1@@{ %{b‘o%?éy@@)% F 8 BT, ¢ SRR YT AP (o, 21,

(% &R THdx@reHhy|S 8.6 ke 6Y0H0RBNG Fi {INHA) D60 der (, 16D, 4.99 (s,

(ARG 2 Dok, BIES2 08 M, ESSLERMD. g o

stl rred for 15 m nutes before addition of the desired
e MY B () 22@-(Aph ehyib efioXy) tph@n e Bamdyd- Iﬂagdro—&lﬂ'ﬁropand-
m xturé was stirred at room enperature for
tleHbamatet | y | oaded on a silica gel colum for
DDJ h fligatd e subktitgteCarf iioditlad20 sy tldequindxpien@egronitheid (35

DhRoHS LR A0 RLD P20 A3RE) SEB o R2010182 (B, and
(wsmﬂwartiomtee(m niz )1,0 G1ud® was, added DYE(48mB). e migtuge was heated at
(§b d fﬂr ho%$1:L &n0 éﬁ‘ét)ion @asg@leﬁ Bflut%d vdlt'ﬂ)EtO%c%EO HL()) a%tﬂ'waghed with

W;\ 3 219

3I|1|;O (Lﬁ_x 43 iy th e sqlven vg_as4gmg)yﬁd qgorp,;uo dhg gru@p pr cf was
Duvified )salldar I &ah chromatography using Combi-Flash system (Hex EtOAc)

( ctyl.o ar ba I yI
aaﬁf%w‘é s eﬁpaéﬁ%a?@%%aaseav”fﬁi’ o R
ng, 1.0 equi v?( n MOH (4 nL) was added acti vated Pd
on carbon (9 r;ggJ\ln EtOAc ( 1 nmlL). The reaction was
stirred under HHZ“n(e as) atnosphere overnight. The
reaction i\n{Jt\e*édthroughalayer of Celite to
&nd carbon. The product was obtai ned as
' solid in 93% (84 ng) yield. 1H NVR (400 MHz,
3) d 8.86 (br s, IH, 7.39 (d, 2H, J = 8.8 Hz),

| H?lsNé/ﬂ’g Z%M%HC%J&J%%ﬁBQ J%BB;% fé% P4gf) 745752 (m, 61,

(T$2-7.38 (m, 1H), 6.98 (d, 2H, J = 86Hz) 5.61 (brs 1H), 509 (s, 2H), 4.09 (br s, 1H),
3.56 (br's, 1H), 3.27 (br s, 1H), 1.58 (s, 3H), 1.47 (s, 9H).

(S)-N-(4-(4- Phenylbenzyloxy)phenyl) -2-amino-3-hydroxy-2-methylpropanamide:

The product was obtained as a white solid in 45% (9.0 mg) yield. MS (ESI, M+H") =
377.4; "H NMR (400 MHz, DMSO-dg) 5 9.76 (br s, 1H), 8.12 (br s, 1H), 7.63-7.69 (m,
4H), 7.42-7.53 (m, 6H), 7.32-7.38 (m, 1H), 7.02 (d, 2H, J = 8.6 Hz), 5.74 (t, 1H, J= 5.1
Hz), 5.13 (s, 2H), 3.94 (dd, 1H, J=11.8 Hz, J= 4.7 Hz), 3.61 (dd, 1H, J=11.8 Hz, J =
4.7 Hz), 1.46 (s, 3H).

(S)-2-(4-(4-Phenylbenzyloxy)phenylcarbamoyl)-2-aminopropyl dihydrogen
phosphate:
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2H), 2.20-2.38 (m 2H), 1.71-1.81 (m 2H), 1.57 (s,
3H), 1.45 (s, 9H), 1.22-1.54 (m 10H), 0.89 (t, 3H, J
W 206820989 . ( , ) - Met hyl PCT/US2005/028914
4- (4- (octyl oxy) phenyl car banoyl ) - 4- am nopent - 2- enoat e:
NH2The product was obtained as colorless thick oil in
97% (14 ng) vyi ellﬂ\lMl\/IS (ESI, MrH+) = 377.7; 1H NMR (400
MHz, DMSO d 9%0(br s, IH, 8.70 (br s, 2H),
7.44 (d, 2 I g astam), 7.13 (d, IH J = 16.0 Hz),
6.90 [(d) 2HJ 8 8 Hz), 6.22 (d, IH J = 16.0 Hz),
, 2H, J = 6.8 Hz), 3.71 (s, 3H), 1.62-1.72 (m
1.47 (s, 3H), 1.22- 1.42 (m 10H), 0.84 (t, 3H, J
Proliiot - wdsDbtained as a white solid in 36% (18.0 mg) yield over two steps. MS
g?d%rm\lgazzyl car banoyl ~- am nopent -1 -enoi ¢ aci d:
t obtained as a white solid in 99% (20
ng) yield. M5 (ESI, M:H+) = 363.7; 1H NWR (400 VHz,
9.95 (br s, IH), 7.54 (d, 2HJ 8.8 Hz),
s Mgty ‘9}”‘?’3 = 16.0 Hz), 6.97 (d. 2H, J = 8.8 H
6T@h(a@oleftppheglyhang@gg WaFg synthesged psing s yrece@s gespggwd in Scheme

1120 4ubstitutdibenzhnfid®s \ﬂlas7&n(/&ked2tﬁ)thloﬂer&3m;deaﬁlrfgrﬂava&§'&n s reagent.
R estion ot Brsy 9o oh braaotsns ARRIE She (hirgels iaisgmedate rReduction

pofabeisitrovgsupofollaivaé 8y asylatidnoprbeidsd tutotkogoinhily pro®ted( 13

10 %@ég@ %t;g \glygh é\%§ E%’Fll‘\é; lﬁli"c?d'l_{)T d3t§9 32121’11(1 b%'dz%ﬁé_ﬁ? %&}% ]trgcess using

241yl Qorenig agidHihe pretegting Boc gmql thg oxagplidinggrours veere famoved using p-
ZﬂaOI'i aitd fhre r&'g@ct wis §1@n %ﬁospﬁﬁ%datgd tjf)Q)bta?m 2 fdm pﬂ&%hate product.

.62-1.72 (m , 0-1.42 (
0.84 (t, 3H, J 6 8 Hz) ‘Schele 1
(S) 4- (4 (Cetyl oxy) phenyl carbﬂa?@’)% am nopent anoi ¢

aci d: Lawesson's B NC2
NH, reagent NH, SnCIz
Br THF, reflux gy T THR.neat \Q‘“« J EtOH/EtOAC
heat
NH;
Br\©_<,NJ/©/
s
o !

Boq Boc,

n Me? N H Me N
(coc \rﬁ,o
>< OHcat om% \ I Pa(OAck PPhy

Br N

0& @“(’ ] Cs,CO5 AB(OH), \_ / ,
%\ S DMF, 50 °C
p-TSOH, THF TH\, p-TsOH, THF jH\,
1) /b ;OEt 1) b’OEt
Cl OEt [/ il

EtyN, CH,Cl,
2) TMSBr, CH,Cl,

Et,N, CH2C|2
TH\/ “° 2) TMSBY, CH,Cl,
HO OH % f©/ HO ‘oH

15

4-(2-(4-Bromophenyl)thiazol-4-yl)benzenamine:
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The product was obtained as a white solid in 95% (19
ng) yield. M5 (ESI, MtH+) = 365.8; 1 NWR (400 Mz,

wokeo098) d 9.88 (br s, IH), 7.39 (d, 2H, J =p8r/851tip3/028914

6.84 ( (d, 2H, J = 8.8 Hz), 3.86 (t, 2H, J = 6.8 Hz),
1.92-2.30 (m 4H), 1.57-1.67 (m 2H), 1.49 (s, 3H),
1.15-1.38 NEOH), 0.81 (t, 3H, J = 6.8 Hz). Linker
Ep cabl/@/ A nunber of bi phenyl-tail analogs with

f J I'inker lengths were syntheS|zed using t he

proce describ in Schene 10 g
condi theghEIeio Eiéwam P T dct SRR - bromobenzamide
4%.POCgm)bl dahii Was aflddd drWaBIF020 myldy: @he raatii@nmixture was refluxed
af f or. n ky o) 1 ' R
B SRAT el R Bl Lo RPN s E5 8501 STkl
derdperatird, tthmrrhkutﬁdemltteEtQ&m(ﬂﬁ)esL)sar@o\mﬁhcd wmtb 570 Nabias (2 x 50

%L)h%ﬂ sgaf% ad Nao1 @G@'ﬁ Imwor@w 1@@} R8s @ﬁécﬂom thyRA8Shs

[ re pr ot ect ed ohol Wwh was phosphory] at ed

dYelfapihen Shoysoly PbreBIoEd 1 ¥aqHO Ia%wrus? Beagurt wasaisted by silica gel
(BNt ibMaRgrIpRY Lisih E&Wﬁ%h kst ¢HEx-EQOAL). Mhe plodudt was

%X%%dgaaﬁ{lv%sghg ((gl?ggyl 1.0 equiv), Pd(PPh3)4

‘v) in MeCN was added
t he alToyamiixtirk.of 4eomothichedz4e0idbl(Z.16 §, L6equiy) ankhénitro-

] f °

DAL 52 Dok st TR ) a0
vfal's3 benrs £ Thecobygnt s kegnoyed incvcupand WW@@% yag §m@ed by
tsfiRaGRM&dlomh |cﬁl%ﬂla$d§ &ﬁl%@(ﬁh@ﬁqwﬁs?stre [xEEIOAC). The product
Generaaéﬁgoced re f 4{/ QB@ ﬂ her synthesis: To a
s btaibedzs Y5 %Wéﬂ p GPL8hYFI 1. 0 equiv) in dry
THF  urittes minittire@fetre mtrnmtpﬂmmdeqw\@sl(ag,dle@ edNat) 4nd. Cl, (3.02 g, 5.0
%3va\f lvals gd(?e%rétb%éo Jlb)ethéf REMPLR BELYF § n@S. ﬂ?e%a&fon mixture
was diluted with H,O (50 mL) then basified to pH 10 using saturated NaOH solution.
The reaction mixture was then extracted with EtOAc (2 x 100 mL). The organic layers

were combined and removed in vacuo. The crude product was purified by silica gel
column chromatography using Combi-Flash system (Hex:EtOAc). The product was
obtained as yellow solid in 63% (0.63 g) yield.

'H NMR (400 MHz, CDCl,) & 7.90 (d, 2H, J = 8.6 Hz), 7.79 (d, 2H, J = 8.6
Hz), 7.58 (d, 2H, J = 8.6 Hz), 7.26 (d, 1H, J= 0.8 Hz), 6.75 (d, 2H, J = 8.6 Hz), 3.80 (br
s, 2H).

(S)-tert-Butyl 4-(4-(2-(4-bromophenyl)thiazol-4-yl)phenylcarbamoyl)-2,2,4-
trimethyloxazolidine-3-carboxylate:

oL

it
Br~©_<,NJ/©/ o]
S

To a solution of (S)-3-(tert-butoxycarbonyl)-2,2,4-trimethyloxazolidine-4-
carboxylic acid (100 mg, 1.0 equiv) in dry THF (5 mL) was added a 2.0 M solution of
oxalyl chloride in CH,Cl, (0.23 mL, 1.2 equiv) and catalytic amount of DMF (2 drops).
The reaction was allowed to stir at room temperature for 30 minutes. To the reaction
mixture was then added the desired aniline (solid or solution in THF, 128 mg, 1.0

equiv). The reaction was allowed to stir overnight. The solvent removed in vacuo and
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OC for 15 mnutes, then 4-flouro-nitrobenzene (1.0
equi v) was added and the solution stirred for 1-6

woowe®2095he reacti on was all owed to cool to roPOT/US2005/028914

tenperature then quenched with water. The m xture was
then diluted with EtCﬁc and washed mﬁth HQO (2 Xx), 10%

Sty RGP By g Bl g
siystema(Hyal EtOdich rﬁhe@mcbwaweg plipingd as i w@ltf: h@h 76 (164 mg) yield.
Fl ash JysiRiR (WM’FIZO@@CI Y $17.88PA97 [m k] @H) 7. §Fdl¢ 69f(ﬁpl t4§1t) 7.43 (s,

?ﬁm@%ﬁ?ﬁ%ﬁ%ﬁg? rsgé)fvlva 17305@@3@;8 b ﬂ?ﬁ) 9191;1 49 7 54
(m 2H), 7.39-7.45 (m 2H), 7.30-7.35 (m IH),
S57 3 A oy 0 usprgimophiyyhdzolg Y0 PhEuyifimiar iy

tmpthlylpropanainilepr oduct was obtained as a white solid
in 62% (0.62 g)”z"‘weeld 1H NVR (400 MHz, CDd 3) d

7.55-7.60 (M NaRcOT. 48754(m 2H), 7.39-7.45 (m
241 50(m It 7.23:7.28 (m 2H) 3.70 (t,
2. 71 (t. 2HJ:. 1.60-1.80 (m

dyfz*ﬂ)ﬁﬂaﬁ%i Btpafneﬁé‘%wjﬁ utsglrlld 7 % ﬁné)] yield, NS st

6)@@.4 énH R Q Qbﬁ)rrerH) 8.18 (br
flﬁ),@tm (?b( 20D = 8% IJ[z)17(9@r(d SH ZJH} 8. 67H?§07 70-@476 (m,

<b§s ThiA0e ﬁ’rfIZH-l)?’ S omg) i), 1553(4( 0 &)

684(d 2H, J = 8. 5.61 (br s, 4.30-4. 38
(b G e 5 g4
(prheﬂyl)plloma(mde

.-hfgrb

The product was obtained as a white solid in 58% (15.0 mg) yield over two steps.
MS (ESI, M+H") = 430.4; "H NMR (400 MHz, DMSO-d) 5 10.01 (br s, 1H), 8.18 (brs,
2H), 8.04-8.14 (m, 5H), 7.84 (d, 2H, J= 8.6 Hz), 7.72-7.78 (m, 4H), 7.50 (t, 2H, /= 8.6
Hz), 7.37-7.47 (m, 2H), 5.80 (br s, 1H), 4.01 (br d, 1H), 3.65 (br d, 1H), 1.51 (s, 3H).

(5)-2-Amino-N-(4-(2-(4-(benzo[d][1,3]dioxol-6-yl)phenyl)thiazol-4-yl)phenyl)-3-
hydroxy-2-methylpropanamide:

HoN

SV UYL o

The product was obtained as a white solid in 42% (15.0 mg) yield over two steps.
MS (ESI, M+H") = 474.3; "H NMR (400 MHz, DMSO-dg) & 10.05 (br s, 1H), 8.25 (br s,
2H), 7.98-8.11 (m, 5H), 7.76-7.82 (m, 4H), 7.36 (d, 1H, J= 1.6 Hz), 7.26 (dd, 1H, J=
8.2 Hz,J=2.0 Hz), 7.04 (d, 1H, J= 8.2 Hz), 6.09 (s, 2H), 5.05 (br s, 1H), 3.78 (brd,
1H), 3.30 (br d, 1H), 1.20 (s, 3H).

(S)-2-(4-(2-(4-Bromophenyl)thiazol-4-yl)phenylcarbamoyl)-2-aminopropyl
dihydrogen phosphate:
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3H), 1.46 (s, 9H), 1.31 (d, 3H, J =7.0 Hz). (9)-
-(4-(3-(4-Phenyl phenyl ) propoxy) phenyl ) - 2- am no- 3- hydr o

WO yed/20961 (ESI, MrH+) = 405.5; 1H NVMR (400 MHzpCDWS£08/028914
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6) d 9.74 (br s, IH), 8 11 (br s, 2H), 7.60-7.64 (m
2H) 7.57 (d, 2H, J = 8.8 Hz), 7.47 (d, 2H, J = 8.8
7.43 (t v m J= 8.6 Hz), 7.28-7.35 (m 2H), 6.92
3. 95

(d '2H J °, (t. 2H J = 6.8 Hz), 3.93
JAQIZW% )= 4.8 H) 3.6l (dd IH J=
5.0 Hz), 2.76 (t, 2H J = 6.8 Hz),
1 98- 2T 168%1ct3¢‘é)s obiaied dskrwsite dotld-in 83% (5.0 mf) yield over two steps.

en nyl ) but ox henyl am no- 3-
r(gg +ﬁﬁ)§?k§$ ‘K/ﬁf‘lﬁ? d 1119 5; y)1|o|\||vRy(2100 MHz,
DI\/SOd6) d 9.73 (br s, IH, 8.1 1 (br s,
-
(L5 g Blpngllen f‘&?‘%zfﬂf“ éﬁgfﬂvpaa%%ﬁ? i é&éﬂﬁ?
adlbsd(qz;enmosmafea Hz) 3.94 (dd, IH J = 12.0 Hz,
= 4.8 Hz), 3.60%d,, J =12.0 Hz, J = 5.2 Hz),
2,62-2.70 ( NZF})VF%68177(m 4H), 1.46 (br s, IH).
4- OPhenyl phenyl ) pr opoxy) phenyl car bam)yl) 2

-am noprépyl di hydrogen The product was obtained as a
white H@ﬂpraduqi %%b(ame@ asg) Whteesodidan 66 %¢ (A mige pield ST two steps.

(ﬁ§' Esl 26.
-2 ((4 (4- (4)-_Phenyl phenyl ) but oxy) phenyl car banoyl ) - 2- am

| nopr opyl di hydrogen phosphate: OH The product was
o(@)aL(qe(d (@Ben2dif[€,3Fdibkdl-6- yl)ﬁl?e‘iiy()dlﬁaiblmgyl)pﬁeialytizaemmyl)-z-

zgymgpﬁfyéﬁ%?ﬁrpg%%ﬁ% ) but an 2-yl oxy) phenyl car bam

oylo) 2- am nopr Ww)\/ >
HG OH

The product was obtained as a white solid in 45% (3.0 mg) yield over two steps.
MS (ESI, M+H") = 554.1.

Acetophenone-based linker:

Synthesis of the acetophenone-based linker was achieved using the process
described in Scheme 13. Reaction of protected 4-aminobenzoyl chloride with 4-
ethynylbiphenyl followed by hydrogenation of the alkyne provided the Boc-protected 4-
aminoacetophenone. Acylation of the amino group after removal of the Boc protecting
group afforded an orthogonally protected oxazolidine intermediate, which could be
removed using p-TsOH. The free alcohol could then be rapidly converted into the final
phosphate product.

Scheme 13.
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The product was obtained as a white solid in 30% (9.0
ng) yield over two steps. M5 (ESI, MtH+) = 499. 6. One

w@a0oeomsengt h Li nker: One carbon-et her | engt hPCT/US2005/028914

bi phenyl -tail anal ogs were synthesized using the
process described in Scheme 11. After N-acylation of
4- am nophengcﬁmzq)ﬁpzyl gt her synthesis was ac

th
unde Led a [ at.i ‘ 3% .
S ized wsismg nild S s‘§°§coqug'rng us oy
phenyl bor .@ acid. The obt al 1 protected al cohol "wd

then further |f| ed to phosphoryl ate or deprotected
to produce the dé&sired final product. Schenme 11 r
Sut yl

(S)-2-(4- 4 [ @d nzyl oxy) phenyl car banoyl ) - | - hydr oxypr
0paj J.; 26MeSHCE tgy To a sol Ut j, @ ,clof, - ad b e
4- &m—aophem%—(—%&& ’

0 eq

%rr(u Oy THE |
13 . 0 M sol ution of
in THF (0.97 nL, 1.0 equw) and stirred for 10 minutes
before addition of 4-iodobenyl brom de (290 ng, %n
equyj VE@E‘The solution was stirred for 3 hoursandMeOHF
subgEqgefent | y ffhe sol vent wasu enoved in va o The e
cr LERCHSE aduct>Mmagpur i fiedNBy-%¢? i ca gel cd 0 O
chreoM#t &gk aphy usiig~gombi °Fl 481" The product We
obtained as a white fdamin 40% (203 ny) vyield. 1H RWVR
(400 MHz, DA 3) d 9.50 (br s, IH), 7.70 (d, 2H, J =
6 3 g J =28.6
o S i ebfiitobeiopyiSheniytiyplontssy ” o o
, 408(b % IH), 3.55 (br s, IH), 322(br S,

‘ 6 (s, 9H. i* / "-Butyl (
)-2- (2 1 anzyI oxy) phenyl car banmoyl ) - | - hydr oxypr
opan- 2- yI car bamat e:

The product was obtained as a yellow solid in 25% (185 mg) yield over three

steps. "H NMR (400 MHz, CDCls) § 7.90 (d, 2H, J = 8.6 Hz), 7.50-7.60 (m, 4H), 7.40-
7.46 (m, 4H), 7.30-7.36 (m, 3H), 6.66 (br s, 1H), 3.29 (t, 2H, J= 7.0 Hz), 3.10 (t, 2H, J
=7.0 Hz), 1.54 (s, 9H).

(5)-N-(4-(3-(4-Phenylphenyl)propanoyl)phenyl)-2-amino-3-hydroxy-2-

methylpropanamide:
H2N Me

The product was obtained as a white solid in 66% (111 mg) yield over four steps.
MS (ESI, M+H") = 403.3; 'H NMR (400 MHz, DMSO-ds) & 7.95 (d, 2H, J = 8.6 Hz),
7.80 (d, 2H, J= 8.6 Hz), 7.52-7.63 (m, 4H), 7.43 (t, 2H, J = 8.6 Hz), 7.29-7.38 (m, 3H),

4.99 (brt, 1H, J= 5.1 Hz), 3.72 (dd, 1H, J = 10.2 Hz, J = 5.2 Hz), 3.35 (t, 2H, /= 6.8
Hz), 3.20 (dd, 1H, J= 10.2 Hz, J= 5.2 Hz), 2.96 (t, 2H, J = 6.8 Hz), 1.15 (s, 3H).

(S)-2-(4-(3-(4-Phenylphenyl)propanoyl)phenylcarbamoyl)-2-aminopropyl
dihydrogen phosphate:
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To a mxture of a substituted aryl iodide (120 ng, 1.0

equi v), phenyl boronic acid (35 ng, 1.2 equiv),
w@dgoaweps2 (5 ng, 0.1 equiv), triphenyl phosphi PeT/$805/028914

ng, 0.2 equiv), and cesium carbonate (74 ng, 1.0

equiv) was added DMF (4 nlL). The m xture was heated at
OC for an hqymu Jhe reaction was then diluted with

20 2 #ed with H0O (2 x 25 n) then the

soIv“ as At enoved HowHvacuo. The crude product was
purified by silica gel col um chr omat ogr aphy usi ng

Conbi - I ash d %%%&ag 2 éune)& a5 O%;ze &tid IS % S%Q}dg? g@ld O\Ser two steps.

roduc ta as a e SO|I
yMSI(ESIMHIIRF{leﬂ Mz, CDA 3) d 9.46 (br s, IH,
7.57-7.63 (m 4H) 740752(m 6H) , 32738(m

é% 6.98 S = 8.6 Hz), 5.61 (br s, IH, 5.09

5 ~2oAinot. ﬂlsydmy-é’,-(4t(iph,ydsw%3anhgl,lylphﬁl,lyl)prgvyl()bheny,l)-z-
I,H}ethyjpﬁgaﬂﬁmd%kl) 1.47 (s, 9H). The product was

ai ned as a mh4¢§ solid in 45% (9.0 ng) yield. M

o4 1H NVR (400 MHz, DMSO-d6) d 9.76

(br s (br s, IH), 7.63-7.69 (m 4H),

742753Hm6|—|) 732738(mIH) 7.02 (d, 2H, J =

( d d grodu t(&/gs B@’am%d as 4'1 %h%gsbhg é%OG d&S 8%} gle?dd' MS (ESI,

ﬂﬂ*@I}E4OSZ— 4.7 Hz), 1.46 (s, 3H).

10 (5)-2-(4-(4-Phenyl benzyl oxy) phenyl car banmoyl ) - 2- am nopr
0 di hydrogen phosphat e: The product was obtained as
Pl

pther ket in 36% (18.0 ny) yield over two steps.

M5 ( ESbyntiMdsisof tHbthiokther,Sulénide ahd siifone lilkérs was achieved using the

t hi azol.e- b an |z d U t
BeGS desBb Rl FseePR T4 REEES o URhEFT EFE A4 BuR Buchioniowea
viascawersemtof dhet alcahiol ublanmrieajmgjgnong a]lwalssmvbsion of the

15 "RAGRH group to a thioether. The nitro group was then reduced and acylated to afford

oxazolidine intermediate. The thioether could then be further functionalized before

deprotection of the Boc and oxazolidine protecting groups. The free alcohol was then
converted into the desired final phosphate product.
Scheme 14

1) BH,, THF ‘\‘\/\ /@ ONOZ
OH 2) CB“ PPhy TENTHE s
Boc HzN Me
1)SnCI2 EtOH H Me, N PTSOH
OO

2)(COC|)2
MsocN \k 1mCPBA (I Oequw)\ 1mCPBA (20 equ)
HO\FQ/O 2) RTSOH, MeOH 2) pTSOH, MeOH
i n\;gliﬂio” N Hzr“"'weon-i
RA§/©/ o] R /\/IS\Q )
20 3 Y

4-(2-(4-Nitrophenylthio)ethyl)biphenyl:
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Reaction of thioam de with bronoketone afforded the
thiazole internedi ate. Reduction of the nitro group

wo obdcoeeddl by acyl ati on provi ded an orthogonal | pCT/US2005/028914
protected internmedi ate, which was further nodified by
a mld- Suzuki cross-coupling process using aryl

nic aC| d The protecting Boc and the oxazolidine
N‘Ed using p - TsOH and the product was
then at ed to obtain the final phosphate

product . Sc enme 12
4 ( 2- (ﬁheBpr@ﬂwh\@wpbtmﬁézaéla- yellowy plith ih 23%on@: 7Roghyield over three

Ul MR- @M, SDCRASN 14 (B 201 /o= 815 1-'1'>z ewsaw)aza?d 6H) 7.44

Pﬂ%"bg RO D o . Gk e 058 ok s,

under ni trogen atnosphere. The reacti on vvas al | ovved to

B el LA R R Bt by a0 (°°
stximethyloaazdiding-3-tagkb@xylate:) . The organic | ayer was

dried over anhydrou SO4 then the sol vent renoved in
vacuo. The crude I o ct was purified by silica gel

colum chr omat ogr sing Conbi - Fl ash system
(ex: EfOAc). The H@@& ct was obtained as white solid
in °'@ .16 yi To a m xture of

4- br ofte b aniYe (2.16 g, 1.0 equiv) and

zderyu t rr@pé HIBRA SI080EMAGS b vifrd sfiid fu £29% UBdhe) AR1AL fhree

10 vl NMB HENMTEACH W ackh-Aad (PhaHd Tl Heic 6Hg), 741
pedr 2 24 ska/H§) brizeqt, g8, Jed. @m; ,CHI20MBY @Rl 3HHY7.2957.88 (m, 3H), 7.12

B s SR SR 8 ) G o,

n2.96 ¢ty 2Haf =6l8eHz), 1168 (5,r6HD) hd8l(s8H),(114A (brg, 9H).0 equi v)
and SnCl 2 (3.02 g, 5.0 equiv) was added EtOH (30 ni)

then heated at 80 OC for 3 hours. The reaction mxture
(S)-N-(4-(4-Phenylphenethylthio)phenyl)-2-amino-3-hydroxy-2-

methylpropanamide:

HaN
H Me
/@,N)‘)\/OH
S 0

The product was obtained as a white solid in 42% (160 mg) yield over three
steps. MS (ESI, M+H") = 407.3; "H NMR (400 MHz, DMSO-ds) & 9.94 (br s, 1H), 8.16
20  (brs, 2H), 7.54-7.64 (m, 6H), 7.44 (d, 2H, J = 8.6 Hz), 7.28-7.40 (m, 5H), 5.76 (br s,
1H), 3.99 (br dd, 2H), 3.63 (br dd, 1H), 3.22 (t, 2H, J= 7.0 Hz), 2.87 (t, 2H, J= 6.8 Hz),
1.49 (s, 3H).

(2S5)-N-(4-(4-Phenylphenethylsulfinyl)phenyl)-2-amino-3-hydroxy-2-
methylpropanamide:

S, ot

The product was obtained as a white solid in 90% (40 mg) yield over two steps.
MS (ESI, M+H") = 423.7; 'H NMR (400 MHz, DMSO-dg) & 10.23 (br s, 1H), 8.23 (br s,
2H), 7.88 (d, 2H, J= 8.6 Hz), 7.68 (d, 2H, J= 8.6 Hz), 7.61 (dd, 2H, J=8.6 Hz, J=1.6
30 Hz),7.56(d,2H, J=8.6 Hz), 7.43 (t, 2H, J= 8.6 Hz), 7.27-7.36 (m, 3H), 5.78 (brs,
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was diluted with H20O (50 nL) then basified to pH 10
usi ng saturated NaOH sol ution. The reaction m xture

wor®entnl ext racted with Et QAc (2 x 100 nli). TPET/US2005/028914
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organi c | ayers were conbi ned and renoved in vacuo. The
crude product was purified by silica gel colum

0 r
THO S atE s> 0 0 A2 IR E%IF”L’M‘EEB}O?% Bf7278
gm, 6, 8.48 14:13YR (400 I\/Hz CDA 3) d 7.90 (d, 2H, =
86Hz)779(d 2HJ 86Hz)758(d 2HJ
8 6 6 (d = 0.8 Hz; (d, 2H, J
(4 ghg[ylplmneghylsqusony()gyen)ﬂ 2-391191)-3 hydroxy-2-
4mét41 [Iﬁ'of,gnmmgophenyl )t hi azol - 4-yl ) phenyl car banoyl ) - 2

4- trimet hyl oxazol i di ne-3-carboxylate: To a
dallit j-on of 13- X%
- but axyicar bo ) -2, 2, 4-trinethyl oxazol i di ne- 4-

carboxyllco/a)md (100 ng, 1.0 equiv) in dry THF (5 nl)

was a 2.0 M olutlon i de |
Cro o o hepradicivas gbiingdas 9Pk a0 kg 96 (2 Tigbyielh ayer two steps.
DS (8L, MK %)= 4The; 'HENMR (100WAHz ADMS@edc)t501 0541 (br &} 1H), 8.25 (br s,

1U ct
RS SRS B8, 9 AT/ MR E N Pl RE RIS R .2 2,
s‘ﬁB@tHz)n7 Bﬁ (tCHE, JE28 4k, J £ 102 EghiAd7 (dTRH, §§cﬁ Hah S\ﬁ@s(brt 1H),
aAb@gﬁ stmrs By eroiahtz) 758 3%@'(‘{:?% 3@@@\2&3 (hd) 2H), 1.52 (s,
vacu andf e crude product” was puri f by silTica gel

Jarm chr onat ogr aphy usi ng Conbi - Fl ash system
(Hex Et OAc). The product was obtained as a white solid

_ 4%@%%&%@% R s B s
pBphdte: s, 2H), 1.70 (br s, 6H), 1.60 (br s, 3H),
‘ 9I—|)HH W) - 2- Ami no-
g(? hi azol - 4-yl ) phenyl ) - 3- hydr oxy- 2
8 olP&ned as a white solid in 75%

(20. 0 ﬂ?e) eruct was %/Etagneg a§ a white solid in 65% (6.0 mg) yield over two steps.
MS (ESI, M+H") = 487.3.

(5)-2-(4-(4-Phenylphenethylsulfinyl)phenylcarbamoyl)-2-aminopropyl dihydrogen
phosphate:

The product was obtained as a white solid in 45% (1.5 mg) yield over two steps.
MS (ESI, M+H") = 503.1.

(S)-2-(4-(4-Phenylphenethylsulfonyl)phenylcarbamoyl)-2-aminopropyl dihydrogen
phosphate:

‘w‘w@r

/, %)
The product was obtained as a white solid in 65% (15.0 mg) yield over two steps.
MS (ESL, M+H") = 519.7.
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MrH+) = 432.6 and 434.1; 1H NWVR (400 Mz, DVSQd 6) d
10.01 (br s, IH), 8.18 (br s, 2H), 8.14 (s, IH), 8.04

W@ doos@ri9s) 8.6 Hz), 7.96 (d, 2H, J = 8.6 Hz), PFCTOSH07628914
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15

20

(m 4H) 5.60 (br s, IH), 4.00 (br d, IH), 3.65 (br d,
.50 (s, 3H). (S)-2-Am no- 3- hydr oxy- 2- net hyl -
%n th 'B‘henyl phenyl )t hi azol -4- The pr oduct was
TEINed ‘458 white solid in 58% (15.0 ng) yield over
two stBpshennmnideSnkentaped) comppyodsiweretdyhirsizetio desézibed in

%Qn@ 1@) Ale&tQmPéfz( Qﬁ lbehwlarﬁﬁle 3f§11<§d9éd |§y a 81'1’9 pot, two stepy

(w agp;)l of t-pe@glh(np 1nt21fq1edgatea§§o e@garthogpngl-}y protgﬁed(qﬁazczlpbme
SnfPmédikiteSThd dPazoldifd infdtmediatd Whs thén 68nvehed thio frd alcohol and its
1.h51 h(za% 3}-%. ‘(QS) - 2- Am no-

_RhpSphintc espesHXEl¥T /1 1, 3] di oxol - 6-yI ) phenyl )t hi azol - 4-y

| ) phenyl) - 3- hydroxy-2- et hyl propanam de: The product

was obt ai ned as a white sol 2% (15.0 ny) yield

over two steps. M5 (ESI, q—clgein% 1%74 3; 1|g|,c (400

MHz, DVMBO-d 6) d 10.05 (br s, 8. 25 (Mo
798811(m\(@6w776782(m " 4H) waé\/ed IH J
6 Hz)

8.2 Hz, 7.04
( %\AZH) HOSD%% ,
3.78 (b Wzomw
)-2-(4-(2- (4 ro:mlephenyl )t hi azob-4-yl) phenyl car bam)yl)
- 2- am nopropyl di hydrogen phosphat e: The product was

obt ai ned as a vvhlte SO|Id in 83% (5.0 ng) yield over

tyoe, steps. M5 ( 512 6 and 514

(QA2A(4- (2- 4R zoI %ercbyl car bano
yl ) - 2 Aaitho The—ggqoduct bt as a white
soI|d|n6%(30rTg) y|eld over i steps M5 (ESI,
MtH+) 510. 2. 8. ost

IR
EtsN, CH,Cl,
2) TMSBr, CH,Cl,

y HaN Me
\n/©/ HO “oH

N-(4-Phenylbenzyl)-4-aminobenzamide:

The product was obtained as a yellow solid in 60% (0.49 g) yield. 'H NMR (400
MHz, CDCl;) & 7.64 (d, 2H, J = 8.6 Hz), 7.55-7.60 (m, 4H), 7.40-7.47 (m, 4H), 7.35 (tt,
1H, J=8.6 Hz, J= 1.2 Hz), 6.66 (d, 2H, J = 8.6 Hz), 6.25 (br t, 1H), 4.67 (d, 2H, J=5.9
Hz), 3.95 (br s, 2H).

(S)-tert-Butyl 4-(4-(4-phenylbenzylcarbamoyl)phenylcarbamoyl)-2,2,4-
trimethyloxazolidine-3-carboxylate:

X

0
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§-2-(4-(2-(4-(Benzo["h[I , 3] di oxol - 6-yl ) phenyl)thiazol -

wd2006ppiveny| car banoyl ) -2- e: The product was obtBUSBIS/028914

10

15

20

25

30

as a white solid in 45% (3.0 ng) yield over two steps.
VB (ESI MH ) = 554 1. Acetophenone based |i nker:

Synth he ac henaone: ba

achi ev ngffhhc taﬁe) @ 38 VHBE lgé%lél% r?l@% #i-‘/ieéd 'HNMR (400
RdElzt CHE19f0 7p75b(d=;<2Hed 8. &rHZl),o'béi‘rZ &3 (g 10Br 7.4 7 i7t(m, 4H), 7.35 (tt,
eﬂ‘}EyN'stB HQeﬁ‘)é' 1. E‘?té oyg4l SEM h f@@@@@tﬂ?r}/ ofs § 18, 3.78 (br s, 2H),

érow e ’Boc rof ec
pus:i%h- of the am no group after
rem)val of the Boc protecting group afforded an

0 0 rotected oxazalidine terpe
S R g iR o paap o) P i B o
tinethylpropapardide: converted into the final phosphate

duct. Schenp3./ -Butyl
45 -ph ”p,lﬂr’en‘gt'l ) propanoyl ) phenyl car bamat e: The
prod bt@i ned as a yellow solid in 25% (185 np)

yield oveP three steps. 1H NWVR (400 MHz, CDCI 3) d 7.90
(d, Zl;Therredt&t oakiobtainéd 20 a white sOhd indé1)% (3753141@) yiéld Mg (BS],
+7.230. 7, . r . t
st V5305 FENVIR (00, BR1SGTag g BBy 53R (et 797
(B—)-JL 8.6 Hz), 7.77 (d, 2H, J= 8.6 Hz), 7.60-7.66 (m, 4H), 7.32-7.48 (m, 5SH), 7.10 (br
-m; {6 ﬁﬁ%”mﬁﬁ%ﬁxh)%ﬁ Qﬁﬁﬁ%ﬂi)Pﬁ‘%‘X&& 17, 9'1‘ (0% ﬁzhﬂirs 5 Hz),

product was obt ai ned

a3 (qdelgot’rdorﬁwlgGbeélﬂ@ Y §88Dd over four steps
MS (ESI, M+H+) = 403.3; 1H NWVR (400 MHz, DVSOd 6) d

7(5’?3- £j( ’-%A%Ph‘]en;lb%hgylﬂtz))‘mamido)phenylcarbamoyl)-2-aminopropyl
dlhydrogen phosphate:

HZN Me

The product was obtained as a white solid in 30% (7.0 mg) yield over two steps.
MS (ESI, M+H") = 484.7.

Biphenyl ethanol linker:
A number of substituted biphenyl ethanols were synthesized using a Suzuki
cross-coupling protocol a described in Scheme 16.

Scheme 16.
R
OH P h R
/@/\/ BoH), PUOASk: PPhs, CsCOs O
+
. DMF/H,0 O

Reaction of the substituted biphenyl ethanol with substituted 4-fluoro-
nitrobenzene under Williamson ether synthesis (scheme 17) conditions followed by

OH

hydrogenation and coupling with amino acid provided the Boc protected amino-alcohol
which was further phosphorylated or deprotected to obtain the desired final product.
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7.80 (d, 2H, J = 8.6 Hz), 7.52-7.63 (m 4H), 7.43 (t,
2H, J = 8.6 Hz), 7.29-7.38 (m 3H), 4.99 (br t, IH J
we28602098) , 3.72 (dd, IH J = 10.2 Hz, J 5.2 HeQT/US2085028914

(t, 2H, J = 6.8 Hz), 3.20 (dd, IH, J =10.2 Hz, J =

5.2 Hz), 2.96 (t, 2H, J = 6.8 Hz), 1.15 (s, 3H).

( ﬁxe(147 (3- (4- Phenyl phenyl ) propanoyl ) phenyl car banoyl )
-amnopropyl di hydrogen phosphat e: The product was

obtalned as a Wy leldln 62% (5.0 ng) yield over

)s, M5 % M H+) 483 5.,
(S)I-é yRno 3-_E;Ldﬁnx_y L' RY 4 Rwslay 03- (AHpHeENBhen

yl) I"PHhenyds) - The ' obt ai n8e-a-86Saa
white €lid in 80% (5.0 ng) yi e|8 1 ( ESI HAT/RIERA, DMF
405. 2. Thi oet her Linker: Synt ﬁesn s of the thioether,
sul f oxi de and sBlglfone l'inkers was achi eved usjng the
procesZS desgri hed\in f@ﬂ’%ﬁ4 Redugt i on,of i Henyl

'’ BGh dx "‘ah/é&h | ednobianec WedR ORVR Tﬁﬁ\‘ Res°
al I 8%\ nmoo | eavi ntg QB{EH h@g?(c»@\\g rsbon f OH
the fudgt Ponak group t3 4 et her Rhe ni £t o group

was thenj uced and acylated to afford oxazolidine

i nt er nedivat e. Th@ t hi oet her could then be further

f gnct keonal irzed }:pe @49&, deprotection of the Boc and

(0)4 |zd ‘iRﬁ ﬁ’ot ing groups. The free al cohol was

t hen“ ) |?1to the desired final phosphate
productR.7 Schems 14

4 (2-(4-Ni trophenyl t hi o) et hyl) bi phenyl : The product was

OB ) S dsibbg gl S %

8. 6 Tza DMF E(Bufiorﬁ&f they-(bddparylox4¥-afdiline PH) equiv) éhdGubstituted aryl
}_ﬂfc)rm?glagl? nz a %ﬁﬁr(owz vg’ pre \§a z&idgl Pd(%_}\c)z ((T 1 quﬁvwgpheﬁylop%osphme
(0 2 equlv) cesium carbonate (1.0-1.5 equiv) and TBAC (0.1 equiv). The reaction was

then sealed and heated at 50-70 °C for 3-18 hours using an oil bath. The reaction
mixture was diluted with EtOAc (25 mL), washed with water (2 x 10 mL) and then brine
(1 x 10 mL). The organic layer was then dried over MgSQ,, and then solvent removed

under reduced pressure. The crude product was purified using the Combi-Flash silica gel

column chromatography, using a Hexane/EtOAc gradient.

2-(2’-Methyl-biphenyl-4-yl)-ethanol:

e

The final product was obtained as a white solid after column chromatography, in
85% yield. '"H NMR (400 MHz, CDCl3) & 7.28 (s, 4H), 7.26 (s, 4H), 3.93 (t, 2H, ] = 6.4
Hz), 2.93 (t, 2H, J = 6.4 Hz), 2.28 (s, 3H).

2-(2’-Chloro-biphenyl-4-yl)-ethanol
a O OH

The final product was obtained as a white solid after column chromatography, in
85% yield. 'H NMR (400 MHz, CDCls) & 7.45-7.48 (m, 1H), 7.405 (d, 2H, J = 8.0 Hz),
7.28-7.33 (m, 4H), 3.93 (t, 2H, J = 6.4 Hz), 2.94 (t, 2H, ] = 6.4 Hz).
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(S)-tert-Butyl
4- (4- (4- phenyl phenet hyl t hi 0) phenyl car banoyl ) - 2, 2, 4-

wo 2406/020b82 pr oduct was obt ai ned as a white sol POT/UR2042058914
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(160 ng) yield over three steps. 1H NWVR (400 MHz,
ChA 3) d 7.48-7.52 (m 2H), 7.45 (d, 2H, J = 8.6 Hz),

7.36 (t, 2H, J = 8.6 Hz),
72'@6/9%‘2%&“&‘#6"%")7“%&“} 38 (m( 3H), 7.12 (d, ZH? J =
@ 3770 (br s, 2H), 3.08 (t, 2H, J 7.0 Hz), 2.86

,g MN~J = 7.0 Hz), 2.96 (t, 2H, J = 6.8 Hz), 1.62
6H), 1.48 (s, 3H), 1.43 (br s, 9H). (9S)-

R PRI S Bt oty
(%ﬂyfn!ﬁ "HiNMR (dO@MHhr@éCh) &BI6 (U5 1EESIS 8.Makk1.2); 7.64 (m, 1H),

% p;é 3181 W@Jﬁ@gmg@ﬁ)] 7@@@ g{;%ogﬂg)‘%(ggr(t?ﬁ hg—')éz.s Hz), 2.95

6sz9740 (m 5H), 5.76 (br s, IH), 3.99 (br
dd 2H) 3.63 (br dd, IH), 3.22 (t, 2H, J:70Hz)

%ﬁ?&yﬁigﬁ'i HE%BPFR/?@QI‘F?W%&PMB%I) 2- am no- 3- hydr o
XYyt 2- duct was obtained as a white solid in 90%
( yi el 0¥ovar two steps. M5 (ESI, MrH+) = 423.7;

1 MR (400 MHz, Dl\/ISOdG)leZS(brs IH), 8.23 (br

S, 2H) The/fifd préduct Fhas Sbmirfed s |dZ§)ellozv &fid(dher 2blumh éhr&nﬁtography,

ey 8sy] i oo, Velz, by 8abud S8 1 258 % 827,316 (m,

(8HI), 8197, (dD2HBJ étﬂS 81z),H)32 @, 21, X B17.20HzRB)19 @. 2438 J(b6.8Hz), 2.27 (s,
I%—#) 3.20-3.43 (m IH), 2.90-3.10 (m 2H), 2.67-2.78
"ITHO, 1.48 (s, 3H). (9S)-
- (4- (4- Phenyl phenet hyl sul f onyl ) phenyl ) - 2- am no- 3- hydr o

XY Clilor E4° i‘# LhRPAPAS 615)-ethyl]-biphenyl:

"”O

The final product was obtained as a yellow solid after column chromatography,
in 88% yield. '"H NMR (400 MHz, CDCl3) & 8.20 (d, 2H, J = 9.2 Hz), 7.41-7.48 (m,
3H), 7.27-7.36 (m, 4H), 7.24 (s, 1H), 6.97 (d, 2H, J = 9.2 Hz), 4.32 (t, 2H, J = 6.8 Hz),
3.20 (t,2H, ] = 6.8 Hz).
4’-[2-(4-Nitro-phenoxy)-ethyl]-biphenyl-2-carbonitrile:

The final product was obtained as an off white solid after column
chromatography, in 81% yield. "H NMR (400 MHz, CDCl3) § 8.19 (d, 2H, J = 9.2 Hz),
7.76 (dd, 1H, J = 8.0 and 1.2), 7.66-7.62 (m, 1H), 7.54-7.49 (m, 3H), 7.40-7.46 (m, 3H),
6.96 (d, 2H, ] =9.2 Hz), 4.31 (t, 2H, ] = 6.8 Hz), 3.21 (t, 2H, J = 6.8 Hz).

4-[2-(2-Chloro-4-nitro-phenoxy)-ethyl]bipheny!:

O,

The final product was obtained as a yellow solid after column chromatography,
in 50% yield. "H NMR (400 MHz, CDCl;) & 8.29 (d, 1H,J = 3.0 Hz), 8.13 (dd, 1H, J =

-115 -



10

15

20

25

30

The product was obtained as a white solid in 91% (52
ng) yield over two steps. Ms (ESI, MtH+) = 439.4; 1H

wOeR6(030361 MHz, DVSCd 6) d 10.41 (br s, IH), 8.P&r/{b10059028914

2H), 7.86-7.99 (m 4H), 7.59 (d, 2H J = 8.6 Hz), 7.52
(d, 2H, J = 8.6 Hz), 7.42 (t, 2H, J = 8.6 Hz), 7.32

(4§ and by 879 4. W R g0, o e 2, 05 @ B 102
4Hz7) mz)i (t, 3H58=3.6Hz), H253H2H, 1 868 HO3 (m 2H), 1.52

(S (4- Phenyl phenet hyl t hi 0) phenyl car banoyl ) - 2- am
iﬂ‘@p&eﬂéﬁ’lrﬂrd'{tﬂgﬂ enuRy)- B&UH@GRIIW!B obtai ned as a

whi t 5% (6.0 ng) yield over two steps. M5

IS G

( 2 (4- (4 Phenyl phenet hyl sul finyl) phenyl car banoyl ) -2

- am nopr o di hydrog The pro uct obt ai ned, as

whi te B I?Iai 1prp &sto)eviﬁoiﬁalﬁﬁi) a4 ¥ lewo%? s W@bghrowetography,

(1IE38% m-ldﬂH NNBR 3400 MHz CDCL3) & 8.03-8.09 (m, 2H), 7.55-7.59 (m, 4H), 7.44

ey R T SREL T (T T
dﬂz)aBﬁédt 28, =8 He), 2371 (6, 3H). 65% (15. 0 ng) vyiel d over

two steps. M5 (ESI, MrH+) = 519.7. - | | | -Benzam de
linker: The benzam de |inker based conpounds were

s‘}r(ﬁ'ﬁ&ﬂeﬂb“a@“h@@’dﬁr%ﬂrq phenylapiness  Acyl ation of

4- ph m ne foll oned by a one-pot, two step
on @,aniline internedi ate afforded
ogonal |y protected oxazolidine internediate. The

glx 23 g' ﬁl{éﬂ betdﬁl':tr(%’é FrfindtPss 4 SRS MERE R thRonh dtEStaphy, in
79% yield. TH NMR (400 MHz, CDCl5) § 7.54-7.60 (m, SH), 7.46-7.38 (m, 4H), 6.75

(m, 2H), 6.52 (dd, 1H, J = 2.8 and 8.8), 4.17 (t, 2H, T = 7.6 Hz), 3.15 (t, 2H, J = 7.2 Hz).

4-(2-Biphenyl-4-ylethoxy)-3-methyl-phenylamine:

RSN

The final product was obtained as an off white solid after column
chromatography, in 84% yield. '"H NMR (400 MHz, CDCl;) & 7.51-7.58 (m, 4H), 7.39-
7.43 (m, 2H), 7.34 (d, 3H, J = 8.4 Hz), 6.64 (d, 1H, J = 8.8 Hz), 6.50 (d, 1H, J = 3.2 Hz),
6.50 (dd, 1H, J =2.8 and 8.4), 4.10 (t, 2H, J = 7.2 Hz), 3.09 (t, 2H, ] = 7.2 Hz), 2.13 (s,
3H).

(2-Hydroxy-1-methyl-1-{4-[2-(2’-methyl-biphenyl-4-yl)-ethoxy]-phenyl
carbamoyl}-ethyl)-carbamic acid tert-butyl ester:

O@;

The final product was obtained as an off white solid after column
chromatography, in 73% yield. '"H NMR (400 MHz, CDCl) 8 7.41 (dd, 2H, J = 6.4 and
9.4 Hz), 7.31-7.33 (m, 2H), 7.28 (s, 2H), 7.22-7.26 (m, 4H), 6.88 (d, 1H, J = 8.8 Hz),
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phosphat e respectively. Scheme 15 -am nobenzam de: The
product was obtained as a yellow solid in 60% (0.49 g)

W@ 2@om2093H NVR (400 MHz, CDCl 3) d 7.64 (d, 2HSBCHUB2085/028914
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20

25

30

Hz) 755760(m 4H), 7.40-7.47 (m 4H), 7.35 (tt,
IH, J 86Hz =12Hz) 6.66 (d, 2H J = 8.6 Hz),

6?_‘?% %g L 75%% Y04, 19 1 2. 052, 258 (&%, 12 2P WY, 3513 (¢, 21, 7
4= 1 2-Y2), PR8I 13bBNE§8 caBHanpda fspMdny| car banoyl ) - 2, 2, 4-

trimet hyl oxazol i di ne- 3-carboxyl ate: The product was
obtained as a white solid in 43% (105 ng) yield. 1H
NNR 4 Be@ -Kitdorociniphenyl-yl)-pthoxy]- phﬂnylyaebzsnwlkﬁ)hydroxy-l methyl-

7et§§2-7caﬁ3&lﬁmac§i'%rt-5u fedted7 (M 4H), 7.35 (tt, IH J
- . Hz), 6.37 (br t, IH, 469 (d, 2H, J

37&?&%%) 1.69 (s, 6H), 1.59 (s, 3H),

b (
- 4 (i1 V' -(4-Pheny zyl') f or mami do) phenyl ) - 2- ai ni no- 3
- hydroxy-2- The product was obtained as a white solid

(300 MBS glRlgdlhi s oPtElpécr an Ot bk it 385 it chlRpsography,
(i, 83%yiell. SHMRIB0 MHZ ERE:) $H.55Xms 18)67 46 {dd, 1H, T=7.2 and 8.8
7H,§)0*7§76)641 (Hl #) 7. 27 BE5 (Zn A7) 17026%&')1}1)7638@ (ﬁbZH d,= bbl)Hz) 421

A L 1w hos 2y 3 8P 03, S e Oy = 72 )

H2580s 3H), N461z) 9H].. 17 (s, 3H).

(S) 2-(4-(JV - (4-Phenyl benzyl ) f or man do) phenyl car banoy

[ )-2-am nopropyl The product was obtained as a white

stl-[4d(2- Bipdeoylt4rybetirgXy)y3-ehigrepbenylearbamyll-2-hpl(ox gt 1-methyl-

'\@'tli'ﬁ}-c'_arﬂﬁﬂigacid tert-butyl ester:
o
o
ID\H%OH
Lo
RN

The final product was obtained as an off white solid after column
chromatography, in 85% yield. '"H NMR (400 MHz, CDCl;) § 7.63 (s, 1H), 7.53-7.59
(m, 4H), 7.38-7.44 (m, 4H), 7.30-7.35 (m, 2H), 6.84 (d, 1H, J = 8.8 Hz), 4.21 (t,2H, J
= 7.2 Hz), 4.06 (br.s, 1H), 3.6 (s, 1H), 3.17 (t, 2H, ] = 7.2 Hz), 1.56 (s, 3H), 1.44 (s, 9H).

{1-[4-(2-Biphenyl-4-yl-ethoxy)-3-methyl-phenylcarbamoyl]-2-hydroxy-1-methyl-
ethyl}-carbamic acid tert-butyl ester:

SRS EE
N
The final product was obtained as an off white solid after column
chromatography, in 81% yield. 'H NMR (400 MHz, CDCl;) & 7.53-7.59 (m, 4H), 7.43
(t, 2H, J = 7.6 Hz), 7.36 (d, 3H, J = 8.4 Hz), 7.26 (br. s, 2H), 6.76 (d, 1H, J = 8.4 Hz),

4.18 (t, 2H, J = 6.4 Hz), 3.56 (br.s, 1H), 3.31 (s, 1H), 3.14 (t, 2H, J = 6.8 Hz), 2.19 (s,
3H), 1.57 (s, 3H), 1.46 (s, 9H).

tert-Butyl (S)-2-(4-(4-phenylphenethyloxy)-3-(methylformyl)phenylcarbamoyl)-1-
hydroxypropan-2-ylcarbamate:
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Bi phenyl ethanol |inker: A nunber of substituted
bi phenyl ethanols were synthesized using a Suzuki

weeass20eupl i ng protocol a described in SchenmepdB1US2005/028914

CsCO8 Reaction of the substituted bi phenyl ethano

with substituted 4-fluoronitrobenzene under WIlianson

et her synthesgg\(schene 17) conditions foll onwed by

hydr ogenat i on “arfd coupling with am no acid provi ded

t Boc protecﬁﬁ%mﬁgino-alcohol whi ch was further
A:ggﬁfEnga “d€protected to obtain the desired

fina cSchene 17. General procedure for

synthesis of agubstituted biaryl ethanol: To a DV

solution of Ithe 4-(hal oaryl oxy)-aniline (1.0 equivV)

and SU‘MSNMNSM Mby! CDO19BI T8 AE UHi N=2 . THeY, veV@d! Hes = 8.8 Hz,

(b2 2 ERE U L G b o SO ES LR, Py 2R Hidna 50 s
(m)é 4_6CMbv),. 1H)|;e.z_5e(a,cm,a?=\m_}nznéhi'segltsﬂd, :?Em31r_ﬁﬁz(md1H), 3.18 (t,
T 63 1 k%%g%\/\x’;@,Qﬁiufggﬁéwﬁgpf%%%&gl?% ),

washed with water (2 x 10 nL) and then brine (1 x 10
{?ﬁ)é?%(??@{@@?{gﬁ%lb%ﬂbhmhilh -ﬁtﬂrffﬂ:o%ﬁ%tﬂmﬁh%ny&aﬁbamoyl)-

under Teduced pressure. e Crude
pl-BudraxyREePang?-ylcagkpmatehy t he Conbi - Fl ash silica gel
colum chro raphy, using a Hexane/ Et OAc gradi ent.

| -4-yl)-ethgn@l : The final product was obtained as
e sol i.d fafkeg, col uim chr omat ogr aphy, in 85%
1H (MO0 MHz, CDA3) d 7.28 (s, 4H), 7.26
(s, 4H, 8§. S (t, 2H J =6.4 Hz), 2.93 (t, 2H J =
6. Hz%, 2.28 (s, 3H). . . i
he product was obtained as a thick colorless oil in 45% (300 mg) yield over two

steps from 2-biphenylethanol. 'H NMR (400 MHz, CDCls) & 9.70 (br s, 1H), 7.70 (d,
1H, J=2.7 Hz), 7.64 (dd, 1H, J= 8.8 Hz, J = 2.7 Hz), 7.52-7.60 (m, 4H), 7.30-7.46 (m,
5H), 6.94 (d, 1H, J = 8.8 Hz), 5.60 (br s, 1H), 4.25 (t, 2H, J = 6.8 Hz), 4.04-4.14 (m,
1H), 3.50-3.60 (m, 1H), 3.17 (t, 2H, J= 6.8 Hz), 1.57 (s, 3H), 1.47 (s, 9H).

tert-Butyl (S)-2-(4-(4-phenylphenethyloxy)-3-bromophenylcarbamoyl)-1-
hydroxypropan-2-ylcarbamate:

=
o

(o}
NH
R e
SUNER:
Br

The product was obtained as a thick colorless oil in 40% (385 mg) yield over two
steps from 2-biphenylethanol. 'H NMR (400 MHz, CDCl;) & 9.60 (br s, 1H), 7.7
8 (d, 1H, J = 2.3 Hz), 7.53-7.62 (m, 5H), 7.30-7.46 (m, 5H), 6.83 (d, 1H, J = 8.8 Hz),
5.60 (br s, 1H), 4.22 (t, 2H, J = 6.8 Hz), 4.06-4.12 (m, 1H), 3.58 (br d, 1H), 3.20 (t, 2H,
J=6.8 Hz), 1.58 (s, 3H), 1.46 (s, 9H).

2-Amino-3-hydroxy-2-methyl-N-{4-[2-(2’-methyl-biphenyl-4-yl)-ethoxy]-phenyl}-
propionamide:
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I phenyl -4-yl)-ethanol The final product was obtai ned
as a white solid after columm chronmat ography, in 85%

W@ 2@bad20931 NVR (400 MHz, CDC 3) d 7.45-7.48 (mPdHs$2005/028914

7.405 (d, 2H J =8.0 Hz), 7.28-7.33 (m 4H), 3.93 (t,
2H, J = 6.4 Hz), 2.94 (t, 2H J = 6.4

Hz) . 0-pi phenyl - 4-yl) - ethanol : The fi nal
&Eﬁm gd as a white solid after colum

omat ogr aphy INﬁz 97% vyield. 1H NVR (400 MHz, CDd 3)
d 7.7
7 49- }% moug('i_bwas 9§t&gle?r%s ale_lblt)e s?ﬁg gﬁslgﬁb%g@uglﬁcatgno Yield: 93
1) (9261g93MS (ESEHVIH+B =8084Hz), 2.95 (t, 2H, J = 6.4
Hz) . phenoxy)-ethyl]-bi phenyl: The final product was

obtained as a yellow solid after colum
nABHRAG (2 -G opsbinhieay bd-yDrethpry beny i hydioay-3ymethyl-

q,,%pgg,ag,qdezH J = 9.2 Hz), 7.2-7.316 (m 8H), 6.97
4.32 (t, 2H, J = 7.2 Hz), 3.19

T _8)15;4\’ 2.27 (s, 3H).
[@ oxy) - et hyl ]H- n{aﬁenyl The final product was
obtai ned as a yeI | ow solid after columm

chr omethscfommepnd wigs gbtingd @ @ whit seiik aftaodPhipurifipetion Yield: 84
DSRDAIMASINH) 240, 1 41-7.48 (m 3H).

7.27-7.36 (m 4H), 7.24 (s, IH), 6.97 (d, 2H, J = 9.2

Hz), 4.32 (t, 2H J =6.8 Hz), 3.20 (t, 2H, J = 6.8
I-(I){4-[’Il=(é’-0yanb bipleayk4-yheethoky] epheagicash amoyd}-2-hytdroxy-1-methyl-

@h&,g %ography, in 81%yield. 1 NWR

EE? 2H, J = 9.2 Hz), 7.76 (dd,

2y, 766762(m IH), 7.54-7.49 (m
Nz

The final product was obtained as an off white oil after column chromatography,
in 80% yield. MS (ESI, M+H") = 416.6, 'H NMR (400 MHz, CDCl;) § 7.55-7.63 (m,
3H), 7.53 (br. s, 2H), 7.48-7.51 (m, 4H), 6.97 (d, 2H, J=9.2 Hz), 5.77 (t, 1H,J = 5.2
Hz), 4.24 (t,2H, ] = 6.8 Hz), 3.96 (dd, 1H, J = 12.0 and 5.2 Hz), 3.628 (dd, 1H,J =11.6
and 4.8 Hz), 3.12 (t, 2H, J = 6.8 Hz), 1.47 (s, 3H).

(S)-IV-(4-(4-Phenylphenethyloxy)-3-(trifluoromethyl)phenyl)-2-amino-3-hydroxy-2-

methylpropanamide:
H,N

o 0
CFs

The product was obtained as a white solid in 70% (66 mg) yield. MS (ESI,
M+H") = 459.7; '"H NMR (400 MHz, DMSO-ds) & 10.01 (br s, 1H), 8.180 (br s, 2H),
7.89 (d, 1H, J = 2.4 Hz), 7.82 (dd, 1H, J= 8.8 Hz, J = 2.4 Hz), 7.58-7.67 (m, 4H), 7.30-
7.49 (m, 6H), 5.80 (br s, 1H), 4.32 (t, 2H, J = 6.7 Hz), 3.95 (br d, 1H), 3.62 (br d, 1H),
3.09 (t, 2H, J=6.7 Hz), 1.48 (s, 3H).

(S)-IV-(4-(4-phenylphenethyloxy)-3-bromophenyl)-2-amino-3-hydroxy-2-
methylpropanamide:
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6.96 (d, 2H, J
3.21 (t, 2H J

Hz), 4.31 (t, 2H, J = 6.8 Hz),
Hz) . enoxy)-ethyl ] bi phenyl: The

wao povalozspduct was obtai ned as a yel |l ow sol i d pET/€62005/028914
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col utm chr omat ogr aphy, in 50%vyield. 1H NVR (400 MHz,
cbA3) d 8.29 (d, IH J 3.0 Hz), 8.13 (dd, IH J =2.8

9.2 Hz), 7,87-7.60 (m 4H), 7.40-7.46 (m 4H),
. | N 9B d, 2H, ) =09.2 Hg), 4.35 (t, 2H J
= 6. 228 (t, 2H, J = 6.8 Hz).

enoxy) - et hyIBf| bi phenyl : The fi nal product was obtai ned
as a Yeld pida&! Wik ablafied sl zumhu@moqm&hm@qbo mgz) FB/lzﬁi%Ms (ESL,

MR ., cDA 3) d 8.03-8.09
%‘d)réé ﬁPd%ﬁﬁ?M (t, 2)H J = 8.0), 7?7(d oH,
= 8.4 Hz), 6.84 (d, 2H J 92Hz)430(t 2H, J

i L R T e S TR

asetilymr@mnmideafter col uim chr omat ography, in 79%

yield. 1H NVR (4QQ0%) CDA3) d 7.54-7.60 (m 5H),
746738(m 75(m2|—|) 6.52 (dd, IH J = 2.8

and J =7.6 H), 3.15 (t, 2H, J =

t hyI phenyl am ne: The final product was

gm g'rmrltﬁg §§1 ‘chN1+Hf =ity thal oafmqi mg’swj%?wga%s, 1H), 8.1 (bs,

T TH 0% bRy 6 565'G, 2, Al 3 £ L s, 1m0,

Ja.16 &, EH)-IB)QSO@)EIggHI, :3 I—? (Hjl, 1H), &8(& thé)l—é) 2)65@421% l|(7'?n (rg :H) 1.45 (s,
= an t,

33&)57219(}4? 3.09 (t, 2H, J = 7.2 Hz), 2.13 (s, 3H).

(2- Hydr oxy- | - et hyl -1 -{4-[2-(2" - net hyl - bi phenyl -4-yl) -

e{SYNY- (R YiNluoromethylphenyl)phenethyloxy)phenyl)-2-amino-3-hydroxy-2-

methylpropanamide

Q

MS (ESI, M+H") = 459; '"H NMR (400 MHz, DMSO-ds) 8 9.74 (br s, 1H), 8.1 (br s,
2H), 7.95 (m, 2H), 7.68 (m, 3H), 7.47 (m, 3H), 6.93 (m, 2H), 5.74 (br s, 1H), 4.19 (t,
2H), 3.95 (m, 1H), 3.6 (m, 1H), 3.04 (t, 2H), 2.6 (q, 2H), 1.45 (s, 3H).

CH3

(S)-V-(4-(4-(4-ethoxyphenyl)phenethyloxy)phenyl)-2-amino-3-hydroxy-2-

methylpropanamide:

HH;N CH
OO T
MS (ESI, M+H") = 435; 'H NMR (400 MHz, DMSO-dg) & 9.73 (bs, 1H), 8.10
(bs, 2H), 7.57 (m, 2H), 7.46 (m, 2H), 7.32 (t, 1H), 7.22 (m, 1H), 6.94 (m, 2H), 5.75 (t,
1H), 4.19 (t, 2H), 4.04 (q, 2H), 3.93 (m, 1H), 3.61 (m, 1H), 3.07 (t, 2H), 1.45 (s, 3H),
1.32 (t, 3H).

(S)-N-(4-(4-(4-Chlorophenyl)phenethyloxy)phenyl)-2-amino-3-hydroxy-2-
methylpropanamide trifluoroacetic acid salt
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carbanoyl }-ethyl)-carbam c acid tert-butyl ester: The
final product was obtained as an off white solid after

wa@ odogromooshr omat ogr aphy, in 73%yield. 1H NVR (BODUMdDS/028914
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CDA3) d 7.41 (dd, 2H J = 6.4 and 9.4 Hz), 7.31-7.33
(m 2H) 7.28 (s, 2H), 7.22-7.26 (m 4H), 6.88 (d, IH,
:. Hz)42(tHZH,.J—72Hz) 3.78 (d, IH J =

6 1 J = 10.8 Hz), 3.13 (t. 2H J =
H7 3‘?—I)°”1 58 (s, 3H) 1.46 (s, 9H).
| - { 4- h
éaréan¥§| f& H%’@ PR (bd MEEBUSTRIS Y 15 6, 110, 8.10
v(@s, ik di )aﬁ 6éf($, 140), t7é19o(1m 3é$)t é87db| 17 33 (m, 1H), 6.94 (d,
7P'587f50@r ﬁ@)hyhzol @, 4YO4e{qE|2H%|'B Wi’m 4ﬁ2, jg/khé (T&C;Dfﬁﬁios (t, 2H),

7,746 (dd
71é5187ﬁg](m 3H) , 727735(m 4H) 7.26(s, I H),

6.88 (d, 2H, J = 9.2 Hz), 4.21 (t, 2H, J 7.2 Hz), 4.08

&’@(ﬂ:& - 4—&908557 Alghdgﬁ;)ﬁﬁ_ne&gylt)gy)pgﬁﬂ)l) 23inihold- hyc?roky‘i

{methy“lplﬁpphangdv!k yl - et hoxy”"S- chl or o- phenyl car banoyl | - h
ydr oxy- 1| - net hyI e,ﬁ*t e+; The final product was obtai ned

d . after columm chromatography, in

8}5°/.y| e'd ML}* MR (400 Mz, CDA3) d 7.63 (g, |pH§/
7. 53- TMSIESKM4H), = 2338 NMR (400 MiHz, DMS0-d¢) 85.78 165, 1H), 8.11 (br

H)67 gé(dgqﬂ)'ﬁm%n(ghg iz(ébﬁ—i) %? dzﬁ{)%i (}r% 1H), 4.18 (t,

é) 93 (4. 3@3(@1 (43 ) 3104, %I:D 286)a, i), 145 & 3H> 1.24 (d, 6H).

-[ 4- ( 2- Bi phenyl - 4 yI et hoxy) - 3- net hyI phenyl carbarmy
'@-ﬁY—ﬁ%ﬂig‘@‘my riprophersirapayDBRens 3 fapin5-hydroty-2-
ciethyipropanghide: i n 81% yi el d. 1H NMR (400 MHz, CDd 3)

d 7.53-7.59 (mi®i4k), 7.43 (t, 2H J = 7.6 Hz), 7.36
(d 3H J@ ), 7.26 (br. s, 2H), 6.76 (d, IH J

MS (ESI, M+H") = 423; 'H NMR (400 MHz, DMSO-dg) & 9.74 (br s, 1H), 8.1
(br s, 1H), 7.5 (m, 6H), 7.40 (m, 2H), 7.28 (m, 2H), 6.93 (d, 2H), 5.74 (br s, 1H), 4.1-4.0
(m, 2H), 3.9 (m, 1H), 3.65 (m, 1H), 3.28 (m, 2H), 1.47 (s, 3H), 1.33 (d, 3H).

(S)-N-(4-(4-(Thiophen-2-yl)phenethyloxy)phenyl)-2-amino-3-hydroxy-2-
methylpropanamlde

O_O_\‘@/oon

MS (ESI, M+H") = 397; '"H NMR (400 MHz, DMSO-dg) § 9.74 (br s, 1H), 8.1
(br s, 2H), 7.60 (d, 2H), 7.50 (m, 4H), 7.36 (d, 2H), 7.12 (m, 1H), 6.95 (d, 2H), 5.74 (br
s, 1H), 4.18 (t, 2H), 3.95 (br d, 1H), 3.6 (br d, 1H), 3.04 (t, 2H), 1.45 (s, 3H).

(S)-N-(4-(4-(3,5-Dimethylisoxazol-4-yl)phenethyloxy)phenyl)-2-amino-3-hydroxy-2-
methylpropanamide:

HoN

H 2’y «CH3
I’:l/ /@/
o/ o O OH
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4.18 (t, 2H, J = 6.4 Hz), 3.56 (br.s, IH, 3.31 (s,
IH), 3.14 (t, 2H, J = 6.8 Hz), 2.19 (s, 3H), 1.57 (s,

wae)os/010946 (s, 9H). teri"-Butyl PCT/US2005/028914

(S)-2-(4-(4-phenyl phenet hyl oxy) - 3- (net hyl f or nyl ) phenyl
car banoyl ) - | hydroxypropan- 2-yl carbamat e: 1H NVR (400

6, 5 1, (5 e s e Tudo kit pyedoRin h98ps F, 1), .13
(b S.H), 76088, 7H), 714 (4.2, 3.35(dr2H), 69 61 2Hr4.22 o 251), 3.94 (d, 1H),
4 3.87 (s,
33H55§d§31b183 3g7ggm(9n@f% élt% 22f(s zﬂHf 16488(sF?H) 3 HZ)(
3.16-3.18 (m IH, 1.57 (s, 3H) 1 47 (s, 9H)
r(S‘DW-BIJ(AO}(Furan% yll)ghelzlethyltl)qul)phen)yl)32-?mm(;-lfa hydroxy- %— 5

n enet 0X trifluoromet

é“?’f%ﬁpé'é?fgﬁ;z IPhydroxzpro%an 2-yl car bamat e: ¥he

p du €d as a thick colorless oil in 45%

ver two steps from 2-bi phenyl et hanol .

?E NJNRM§4%31 N rr7- 62| Hi oy Yarg BMRO-49 970, 180, 8.10 or

Hz PH),77.62 i, 230), (161 (4HH), 7.480m/3HR 7(3rn(t 5)), 783 4, QH) 6.94 (d, 2H),

Fg';s & 116? 4%64@) R 2484 (&b%:{)gg 9?% 1?1{)“2?#&111 @; e 518, 1.45 (s,

2HD.J = 6.8 Hz), 157(s 3H), 1.47 (s, 9H). -Butyl
(5) 2- (4- (4- phenyl phenet hyl oxy) - 3- br onophenyl car banoy!
_gdroxgropan- 2-yl carbamat e: The product was
Phenyhipbrnethyloxylphenph)-2-aminechhy daxyryy)
ymeih@lmpanﬁmmesteps from 2- bi phenyl et hanol . 1H NMVR

(400 MHz, CD@8)..d 9.60 (br s, IH), 7.7 8 (d, IH J =

. , 62 (m 5H), 7.30-7.46 (m 5H), 6.83
H, 8°8%Hz), 5.60 (br s, IH), 4.22 (t, 2H J =
Hz), 4.06-4.12 (m IH, 3.58 (br d, IH), 3.20 (t,

J =6.8 Hz), 1.58 (s, 3H), 1.46 (s, 9H).
MS (ESI, MlH*) = 391;( H NM'_lg\ (400 MHz,( DMSOl_!)dG) §9.73 (s, 1H), 8.10 (br

s, 2H), 7.66 (d, 2H), 7.61 (s, 1H), 7.55-7.30 (m, 4H), 6.94 (d, 2H), 5.75 (bs, 1H), 4.25 (t,
2H), 3.93 (d, 1H), 3.65 (d, 1H), 3.08 (t, 2H), 1.45 (s, 3H).

(S)-N-(4-(4-(Pyridin-4-yl)phenethyloxy)phenyl)-2-amino-3-hydroxy-2-
methylpropanamlde

CH;,
MS (ESI, M+H") = 392; "H NMR (400 MHz, DMSO-ds) 8 9.74 (br s, 1H), 8.67

(br s), 8.19 (br s, 2H), 8.12 (br s, 2H), 7.8 (m, 2H), 7.5 (m, 4H), 6.9 (m, 2H), 6.95 (d,
2H), 5.74 (br s, 1H), 4.2 (t, 2H), 3.95 (br d, 1H), 3.04 (t, 2H), 1.45 (s, 3H).

(S)-N-(4-(4-(Pyridin-3-yl)phenethyloxy)phenyl)-2-amino-3-hydroxy-2-
methylpropanamlde

D/ cHa

MS (ESL M+H") = 392; 'H NMR (400 MHz, DMSO-dg) & 9.69 (s, 1H), 9.0 (s,
1H), 8.65 (m, 1H), 8.3 (d, 2H), 8.07 (br s, 2H), 7.75 (m, 2H), 7.50 (m, 4H), 6.95 (d, 2H),
4.2 (t, 2H), 3.95 (d, 1H), 3.6 (d, 2H), 3.1 (t, 2H), 1.45 (s, 3H).
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2- Am no- 3- hydr oxy- 2- net hyl -

-{4-[2-(2' - net hyl - bi phenyl - 4-yl) - et hoxy] - phenyl } -
w@eapioovan de: The conpound was obtai ned as a wWhCT/@52005/028914

solid after HPLC purification. Yield: 93 % (92ng). M

(ESI, MtH+) = 404.4

4 2 - 4-
ey e e L S
aplvdmymarbvhoyi}ﬂ)frowl) B#RRIC purification. Yield: 84 %
(6 5 oI\/H-H-I-) = 425.7
4 -(2 bﬁh@nyl 4-yl) - et hoxy] - phenyl car bam
- 2- hydroxy IH h)bIHter The final product was
obt ai n aft
b o Br pRgnd: Wass O ed ot a T sl AGHIBLC pypigogion. Yield:
169%WRA( QD MSAESTIHFH)) ©1485.55- 7. 63 (m 3H), 7.53 (br.
s, 2H), 7.48-7.51 (m 4H), 6.97 (d, 2H, J:92Hz),
5.77 (t, IH J =52 H,), 424 (t, 2H J =6.8 H),
Iimh(odphoﬂwcld monpA2eaming- 25{42[2-@ -chiprgddphenyl-4-¥l)-ethoxyl-

e@ny?d&gbﬁlmgylwﬂopﬁ)éael(t 2H, J = 6.8 Hz), 1.47 (s,

l
‘\ 4-( ent henet hyl oxy) -3-(trifluoromethyl)ph
) 2- ai ni no- ﬁ ymhf‘ XY 2- The product was obt ai ned

asav\,h|tesolld|n7A>(66 nmg) yield. Ms (ESI, MtH+)

459. The dashpdviRd (48 @biHed aBlBSThitec3olid afier HELQmurEﬁ,catllM Yield: 79
&1 r +89 IH J =2.4 Hz), 7.82 (dd,

% ?Bd£8hgs£}§§ﬁM+ﬁz I—Sé))g 7.58-7.67 (m 4H), 7.30-
749(m6|—|) 5.80 (br s, IH), 4.32 (t, 2H, J = 6.7

"@%—.Ph% ridicid mddd)(z-zi-’mﬁ%-i—hf [H(2°ldghno-BipHenyl-4-yDbthdxy]-
(Byenyig: %lé'g‘ﬁy%'r%ﬁwlbﬁ%%ret hyl oxy) - 3- br onophenyl ) - 2-ani n

0- roxy thylopropanam de: The product was
gl Ifed as 3 hg;OE‘E’OCPHld in 60% (50 ng) y| eld. M5
g, MrH+) 469. 4 and"471. 4.
The compound was obtained as a white solid after HPLC purification. Yield: 22

%, (4mg). MS (ESI, M+H") = 496.6

(S)-Phosphoric acid mono-(2-amino-2-[4-(2-biphenyl-4-yl-ethoxy)-3-chloro-
phenylcarbamoyl] propyl} ester:

Sadlaarss

The compound was obtained as a white solid after HPLC purification. Yield:
30%, (70mg). MS (ESI, M+H") = 504.9

(S)-Phosphoric acid mono-(2-amino-2-[4-(2-biphenyl-4-yl-ethoxy)-3-methyl-
phenylcarbamoyl] propyl} ester:

; C N o P—OH
NHz by

The compound was obtained as a white solid after HPLC purification. Yield:
10%, (28mg). MS (ESI, M+H") =484.2

(5)-2-(4-(4-Phenylphenethyloxy)-3-(methylformyl)phenylcarbamoyl)-2-
aminopropyl dihydrogen phosphate:
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(S)-iV-(4-(4-(4-Ethyl phenyl) phenet hyl oxy) phenyl ) - 2- am
no- 3- hydroxy-2- Ms (ESI, MrH+) = 419; 1H NWR (400 MHz,
wokeo098) d 9.74 (bs, IH), 8.1 (bs, IH), 7.55p¢TUS2bb§/028914
7 47 (d, 2H), 7.37 (d, 2H), 7.26 (d, 2H), 6.93 (d,
5.74 (bs, IH), 416(t 2H), 3.95 (bd, IH), 3.6

I H), 304(‘ 26(q 2H), 1.73 (m 4H),

(%&@/wﬂ iHP I°t1|or omst hyl phenyl ) phenet hyl oxy) phe

nyl)-2-ain 3- hydroxy-2- M5 (ESI, MtH+) = 459; 1H

NVR (400 M—iz DVMSO-d 6) d 9.74 (br s, IH), 8.1 (br s,

2H) , ﬁl&@r(nﬁuct My pbtﬁlrﬁ:ﬂ a@ mwite)splid 1114772% 1110.G Hig) yEel®8ver two steps.
: A 4.19 (t, 2H), 3.95 (m I|H),

SMQ(?B&MEBI) g%l 2H) 2.6 (q, 2H), 1.45 (s, 3H).

(S -

i Mmmﬁ%ﬁ@‘é’z’%&%‘f‘”&%& b ey
yArags h4ts0 d 6) d 9.73 (bs, IH), 8.10 (bs,
75 @), 7.46 (M 2H), 7.32 (t, IH), 7.22

(m 0H2H) 5.75 (t, IH), 4.19 (t, 2H),

404(q, , 93(mIH) 3.61 (m IH, 3.07 (t,

(5.7 lz%er%iﬁf(t SRR YR P4 LRy g srs
i MS-(BShyW#HX)y= 215.0ret hyl propanamni de trifl uoroacetic
acid saltMs (ESI M+H+) = 424 1H NI\/R (400 MHz, DMSO-d
6) d 9.73 (s, ? 9 (m 2H), 7.61
&y)-quq)(ﬁ lﬁheq;glqlwpe@pq’oxy)- gqal(btamqynphelyylggb@moyl)@-?mmopropyl
6d,a§d£d§enwspmzs (t, 1H), 420 (1, 2H), 4.04 (q

| Wy, 3.61 (m IH, 3.08 (t, 2H), 1.45

‘% RS
HO OH
o o
H,N

(o]
The product was obtained as a white solid in 20% (1.0 mg) yield over four steps.
MS (ESI, M+H") =514.6

(S)-2-(4-(4-Phenylphenethyloxy)-3-(methylcarbamoyl)phenylcarbamoyl)-2-
ammopropyl dlhydrogen phosphate:

1? P

The product was obtained as a white solid in 25% (1.0 mg) yield over four steps.
MS (ESI, M+H") = 528.6

(5)-2-(4-(4-Phenylphenethyloxy)-3-(trifluoromethyl)phenylcarbamoyl)-2-
aminopropyl dihydrogen phosphate:
HaN

HO OH
o o}
CF3
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-am no- 3- hydr oxy-2- net hyl propanam de: MS (ESI, MtH+)

W6e260882093H NVR (400 MHz, DVMBO-d 6) d 9.73 (s, p&dUSB04028914
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1 (br s, 2H), 7.59 (d, I|H), 7.41-7.34 (m 3H), 7.2 (d,
IH) 6.9 (d, 2H) 565(brs I'H), 418(t 2H), 3.93

1 45| ( He %ﬁg@uct w§s4 l‘{%ineé %vé te s'c;?ld in 785/0 %é;& 0 m@) "yield over four

ﬂe;(th/KSMESﬂl,dﬁyH-B—ﬁBﬁar ophenyl ) pr opoxy) phenyl ) -2-am no
-3 hydroxy 2 MG (ESI, I\/H-I—H) = 423 1 NI\/R (400 MHz,
68 74 (br s, 1 (br s, 5 (m
-2 -(- Ad’l(wlmethyloz&s) érhromqphesyl%b@moy?)rs-ananmopyl

& 0 2H), 3.9 | 3. 65
(@ihyarog%hbphoé‘p% 10y (S ah. 15 (0 aH. (9)-

- < ( Thi Hﬂz@;%f)phenet hyl oxy) phenyl ) - 2- am no- 3- h
ydr o ybpr eganamni de: >CH3 MS (ESI, MrH+) =

397; 1H N 400 MHz, DI\/BOd6)d974(brSIH) 8.1
(br s, 7 6 , ‘Hf
o T}?eH} diict ‘96%9 tai%Hé 2'91}5 1id il 69% e 4 ‘iixlgg%!i%ld over four
294ps. M%S@Mﬂi )=H5|)18 9@656%9 d, | H, 3.04 (t, 2H),
1.45 (s, 3H).
I V-(4-(4-(3, | i soxazol | ) phenet hyl oxy) p
h@&r}l‘()"' -(érlf'ﬁhaﬂphgnnl)mw%ﬂow wﬂcarMyl) =2-ampoprapyl
nWHospi&O-d 6) d 9.75 (br s, IH), 8.13 (br s,
2H) 7 50 (d, 2I—|),HH5NAL;L (d, 2H), 7.3 (d, 2H), 6.9 (d,
2H) , 422(t§@r 4(d IH, 3.6 (d, IH, 3.07 (t,
2H) 22%8 2H), 1.48 (s, 3H). (5)-
@ @ an- 3- yI)pﬁ%n@t hyl oxy) phenyl ) - 2- am no- 3- hydr
-2- hyl p
oxy T}ggtcoglpogn%pvsgs%%gxesmed from tert-butyl (S)-2-(4-(4-(4-
ethylphenyl)phenethyloxy)phenylcarbamoyl)-1-hydroxypropan-2-ylcarbamate (65 mg)
to yield 21 mg solid product over two steps. MS (ESI, M+H") = 499; 'H NMR (400
MHz, DMSO-d¢) 6 9.98 (br s, 1H), 7.54 (m, 6H), 7.37 (d, 2H), 7.26 (d, 2H), 6.92 (d,
2H), 4.21 (m, 1H), 4.17 (t, 2H), 4.1 (m, 1H), 3.75 (s, 3H), 3.04 (t, 2H), 2.58 (q, 2H), 1.45
(s, 3H), 1.17 (t, 3H).

(5)-2-(4-(4-(4-Trifluoromethylphenyl)phenethyloxy)phenylcarbamoyl)-2-
aminopropyl dihydrogen phosphate:

H HN CH

w )

This compound was synthesized from tert-butyl (S)-2-(4-(4-(4-
trifluoromethylphenyl)phenethyloxy)phenylcarbamoyl)-1-hydroxypropan-2-ylcarbamate
(70 mg) to yield 27 mg solid product over two steps. MS (ESI, M+H") = 539; 'H NMR
(400 MHz, DMSO-dg) 6 9.98 (br s, 1H), 7.95 (m, 2H), 7.69 (d, 4H), 7.5 (d, 2H), 7.4 (d,
2H), 6.9 (d, 2H), 4.21 + 4.19 (overlapping signals, 3H), 4.05 (m, 1H), 3.06 (t, 2H), 1.45
(s, 3H).
(8)-2-(4-(4-(4-Ethoxyphenyl)phenethyloxy)phenylcarbamoyl)-2-aminopropyl
dihydrogen phosphate:

HaN
OO T T e
—/ 0 0 O-oy

HO
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MS (ESI, MrH+) = 424; 1H NVR (400 MHz, DVBQd 6) d 9. 73
(s, IH), 8.10 (br s, 2H), 7.69 (m 2H), 7.61 (s, IH)),

wQo 2eb8/060951 3H), 7.37 (t, IH), 7.33 (m IH, 6.98C(/US$2005/028914
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oH), 5.75 (t, IH), 4.20 (t. 2H), 4.04 (q, 2H), 3.93
53 I H), 361(m IH), 3.08 (t, 2H), 1.45 (s, 3H).
1

fs‘Eéh é}fét N g)(‘é?]oewﬁ DM 60 30 G St 7:57

8 20 B, ZHME30 en. 50, 6.7 KA HA 6 NI OB B, 21D 410 ¢,
2 7.61

92H)33(1S(m QH)) 36ééozlﬁpr1z§(s23ﬂ)zé’§2%3m5 7;')(bs IH§S
425(t 2H) 3.93 (d, IH), 3.65 (d, IH, 3.08 (t,
A9)-2-@-(454{ChloBdphenyIphédnethyloxy)phenylcarbamoyl)-2-aminopropyl

S (4 (Pyr ) phenet hyl henyl ) - 2- 3- hyd
By e ot de: NS (ST, kY = 39, 1H

NVR (400 MHz, ¥ d 9.74 (br s, IH), 8.67 (br s),

8¢ ) % 8012-Lhr s, 2H), 7.8 (m 2H), 7.5 (m
4H), 6.9 (m 2H), 6.98 (d, 2H), 5.74 (br s, IH, 4.2

(t, 2Hy (%S?ﬁv[(uﬁl* 9,505 JHINRER (400 ME):, DMZO- E & 995I)Gs, lH) 7.69

gﬁ% 2|L#'§)d gk& émq\/é ? §Hm-ﬂ1 &ﬁ%b§'3%§<¥m&‘3(”% (‘fﬁﬁﬁl 4.3-4.0 (m

DivREdaghify signdls,60)( 3.08 I(tH)ZH) B.Q0 @86,2H)H) .458s,88)(m | H),

8.3 (d, 2H), 8.07 (br s, 2H), 7.75 (m 2H), 7.50 (m

4H), 6.95 (d, 2H), 4.2 (t, 2H), 3.95 (d, IH), 3.6 (d,
2A9)-2-(3-(2-(@tPhenyd-3-fmozeplienyl)prypoxg)penylepeameylx tagninopropyl

4-[2-(2' -met hyl - bi phenyl -4-yl) - et hox
mﬁﬂgﬁé%%gﬁgeﬂﬂéu%@s obtained as a white solid after d
HPLC pur|f¥32f . Yleld 65% (41ng). MS (ESI, M+rH+)

hBS? or|c aci d
no- 2 4 2-(2'-chl oro- bi phenyl - 4-yl) - et hoxy
]- The conpound was obtained as a white solid after

HPLC phiiis EorapdindnvasSyaihdsizetOfrom rert-butyl (S)-2-(4-(2-(4-phenyl-3-
fluorophenyl)propoxy)phenylcarbamoyl)-1-hydroxypropan-2-ylcarbamate (135 mg) to
yield 72 mg solid product over two steps. MS (ESI, M+H") = 503; 'H NMR (400 MHz,
DMSO-d¢) 6 9.98 (br s, 1H), 8.6 (brs, 2H), 7.54-7.26 (m, 10H), 6.92 (d, 2H), 4.28 (t,
1H), 4.1-3.9 (m, 3H), 4.1 (m, 1H), 3.28 (m, 2H), 1.49 (s, 3H), 1.35 (d, 3H).

(S)-2-(4-(4-(Thiophen-3-yl)phenethyloxy)phenylcarbamoyl)-2-aminopropyl
dihydrogen phosphate

L‘ > <:> \ /©/ O O ‘OH

The starting matenal, 2-(4-(thiophen-3-yl)phenyl)ethanol, was synthesized as
follows: In a sealed vessel was combined 2-(4-bromophenyl)ethanol (70 pL), 4,4,5,5-
tetramethyl-2-(thiophen-3-y1)-1,3,2-dioxaborolane (126 mg), K2CO3 (207 mg), catalytic
Pd(PPh3)4, 4.5 mL THF, and 0.5 mL H,O. The vessel was heated in an oil bath at 60 °C
overnight. The reaction mixture was diluted with water and DCM. The organic layer
was concentrated to yield 2-(4-(thiophen-3-yl)phenyl)ethanol (80 mg) as a solid white
product. 80 mg tert-butyl (S)-2-(4-(4-(thiophen-3-yl)phenethyloxy)phenylcarbamoyl)-1-
hydroxypropan-2-ylcarbamate was synthesized following the general procedure
employing 2-(4-(thiophen-3-yl)phenyl)ethanol (200 mg), N-(Boc)-a-methylserine (175
mg), HATU (375 mg), and DIPEA (430 uL). MS (ESI, M+Na") = 519. 2.6 mg of the
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% (25ng). Ms (ESI, MrH+) = 505.2 (S)-Phosphoric acid
nmono- (2- am no- 2-{4-[ 2-(2' - cyano- bi phenyl - 4-yl) - et hoxy]

WO 2006/0@5conpound was obt ai ned as a white sol i BCHUS®05/028914

HPLC purification. Yield: 22 % (4ng). MS (ESI, MtrH+)
= 496. 6 (S) Phosphori ¢ acid nono-(2-am no- 2-

&%Pgﬁ%ﬁg oh ast?lén \s%ltli( 51zed Er%ﬁyt)n]@ t%%r(rﬁ%g{g40 Hg% A g g@?&&ﬂltg‘@ﬁld MS

YESLaM+BOYs 41770@)\1MR/B4Q0E€H MM$Q-ds) @&6gbrs 1H), 7.81 (m, 1H),

heri
(73%5 ﬂ@of}g 95(&1 @ﬁ2d73(m 21}1])623? (m, 2}1/{)_%%8((;)1(1}/%&34 17 (m, I2H) 4.06

(mFHEI c%%ﬁu?ﬁ)dﬁ%g(é’b}@i ned as a white solid after
HPLC purification. Yield: 10% (28nmg). MS (ESI, MtrH+)

LS T TRV SV P —

adihpdarogyn phaspheate: nopropyl di hydr ogen phosphat e: The

product was obta egh,as a white solid in 72% (10.0 ng)
M\me oM5 (ESI, M+H+) = 529. 1.

4- nyl p‘hém)at hyl oxy) 3- (fornyl)phenyl car bam
oyI) 2 am nopropyl 'The product was obtained as a white

sol i d 'HNNMRA4®. MHmDMS@id]) 98 (bwe, HilpBssd (WBs( HE), 7.84 (s, 1H),

(SRt o P (0280 £40 DL PR el 0
bdalﬁ)g}h)lﬂ_’)»él‘%rﬁbﬁ 3 p8 @h@ﬁb 6t 3hs obtai ned as a
white solid in 20%(1 0 ng) yield over four steps. M

ESI, MtH*) = 514,
((839:21(4-(3—P12enylp?|enet?lyloxy)phenylcarbamoyl)-2-aminopropyl dihydrogen

phosphate:

CH3
r /©/ ° oF ‘OH

'H NMR (400 MHz, DMSO-dg) § 9.9 (s, 1H), 7.66 (d, 2H), 7.61 (s, 1H), 7.55-
7.30 (m, 4H), 6.94 (d, 2H), 4.25 (t, 2H), 4.2 (m, 1H), 4.05 (m, 1H), 3.08 (t, 2H), 1.45 (s,
3H).

(S)-2-(4-(4-(Pyridin-4-yl)phenethyloxy)phenylcarbamoyl)-2-aminopropyl
dihydrogen phosphate:

7N

OO~ ST T he

= 0 O O-Floy
HO

'H NMR (400 MHz, D,0 + CD;0D) & 8.7 (m), 8.2 (m), 7.84 (d, 2H), 7.55 (d,
2H), 7.4 (d, 2H), 6.9 (d, 2H), 4.30 (t, 2H), 4.05 (m, 1H), 3.92 (m, 1H), 3.15 (t, 2H), 1.42
(s, 3H).

(S)-2-(4-(4-(Pyridin-3-yI)phenethyloxy)phenylcarbamoyl)-2-aminopropyl
dihydrogen phosphate:

H2N

(O fony b

'H NMR (400 MHz, DMSO-dg) & 9.95 (s, 1H), 8.95 (s, 1H), 8.65 (br s, 1H), 8.28
(d, 2H), 7.75 (m, 2H), 7.60 (m, 1H), 7.5 (t, 3H), 6.95 (d, 2H), 4.2 (m, 3H), 3.95 (m, 1H),
3.10 (m, 2H), 1.45 (s, 3H).
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(S)-2-(4-(4-Phenyl phenet hyl oxy) - 3- (net hyl car banoyl ) phe
nyl car banoyl ) - 2- osphate: The product was obtai ned as

w@2mkior®ssol id in 25% ( 1.0 ng) yield over foupCHUSDES5/028914
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35

MBS (ESI, M+H+) = 528.6
(S)-2-(4-(4-Phenyl phenet hyl oxy)-3-(trifluoronethyl)phe
nyl car banoyl ) - 2- phat e: The product was obtained as a
white solid in 70% (65.0 ng) yield over four steps. M
(simple/i L ymphgperia Assay
(S)2 g réeﬁgl(afgghle @gﬁlesmtdéydr%ahel%{)@mmﬁaﬁéh Q%H@wnty to
- y e pro obt ai n s.a whit
plics | YIHP fgs nycagyl ﬂa@@%wef‘ﬂﬁ? i éntol%o‘{PEﬁf three. A
Noitrd! groby focBivad theSHA BB A vehicle only The other groups recelved a single

Bt e R R AR b o

- Mfieryd hqu®), 411 hibe(Wer¢ 4nesthesized with isoflurane and approx1mate1y 250 uL of

e&l yci RRERN OV BARRGE (B ROOHRADE S §% ¥t|e)1 in an ED Amlcrotamer
g r%%‘“ 1 EPTA

ydr oxypr opan- anate yi e
stamed “pﬂwmw@ﬁg@ anf mi Rleegdo untypmplete bﬂggd ccmqt (CBC)
Ys#8O®i 1 BRI Gesutts 8F 918 aﬁﬁl&sﬁ forltbthl lyﬁlﬁéc)&%ount for

((ﬁl%fexiepb (:i%osgg g_gcom'_}?ougaﬁ F(? 4(.’»an1 ﬁ]4 TP& resglt%%io&t@a% thr%p ¢@mpounds,
(Wher2ddsed 2rall@, 4re abl2ith indicd n{phop &t in thick Zelgtive tdHpntrol.
(5)-2-(4-(4-(4-Trifluoronethyl phenyl ) phenet hyl oxy) phen

yl carbanoyl )-2- hate: This conpound was synthesi zed

f Examplerld: Bindjng t&$1P1 onSTP3 Raceptors

trifl um&mtpsblf@é\%m onmﬁ{ﬂaﬁh@ﬁ&a{&aﬂe% RABTRY b the S1P1 or

hydr oxypr o a te
é( 1P3 re():/e%tor%vas a%so teste OWS.

For the membrane preparation, plasmid DNA was transfected into HEK 293 T
cells using the FuGENE 6 transfection protocol (publicly available by Roche). Briefly,
subconfluent monolayers of HEK 293 T cells were transfected with the DNA mixture
containing FuGENE 6 (using a 1:3 ratio). The dishes containing the cells were then
placed in a tissue culture incubator (5% CO,, 37°C). The cells were harvested 48 hours
after addition of the DNA by scraping in HME buffer (in mM: 20 HEPES, 5 MgCl,, 1
EDTA, pH 7.4, 1 mM PMSF) containing 10% sucrose on ice, and disrupted using a
Dounce homogenizer. After centrifugation at 800 x g, the supernatant was diluted with
HME without sucrose and centrifuged at 17,000 x g for 1 hour. This crude membrane
pellet was resuspended in HME with sucrose, aliquoted, and snap-frozen by immersion
in liquid nitrogen. The membranes were stored at -70 C. Protein concentration was
determined spectroscopically by Bradford protein assay.

For the binding assay, [*>P]sphingosine 1-phosphate (obtained from American
Radiolabeled Chemicals, Inc) was added to membranes in 200 plin 96-well plates with
assay concentrations of 2.5 pM [**P]sphingosine 1-phosphate, 4 mg/ml BSA, 50 mM
HEPES, pH 7.5, 100 mM NaCl, 5 mM MgCl2, and 5 pg of protein. Binding was
performed for 60 minutes at room temperature with gentle mixing and terminated by
collecting the membranes onto GF/B filter plates. After drying the filter plates for 10
minutes, 50 pl of Microscint 40 was added to each well, and filter-bound radionuclide
was measured on a Packard Top Count. Nonspecific binding was defined as the amount
of radioactivity remaining in the presence of excess of unlabeled S1P. The results fo the

foregoing binding assays are presented in Table 1 provided below.
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(70 mg) to yield 27 ng solid product over two steps.

M5 (ESI, MtH+) = 539; 1H NWR (400 MHz, DvsQd 6) d 9.98
W@ boo6®2095H) , 7.95 (m 2H), 7.69 (d, 4H), 7.5 (BCT/RB)005/028914

7.4 (d, 2H), 6.9 (d, 2H), 4.21 + 4.19 (overl apping

signals, 3H), 4.05 (m IH, 3.06 (t, 2H), 1.45 (s,

3H). '

(S)-2-(4-(4-(4-Ethoxyphenyl) phenet hyl oxy) phenyl car bano

yI'3bl@1 alG 5oy almey FdvBiqHidlg, to 31 P Jor $1F3 Reddeplors (400 MHz,

DVSO-d6) d 9.95 (br s, IH), 7.57 (m 2H), 7.50 (m

A T T AR P TR OV ERA PN T T

s, 3H), 3082 (t, 3H]. 1000 >10000
S)-2-(4-382(4-Chl or pphenyl ) pBenet hyl oxy) phenyl ca343ano
\I') -2-am nopropyl di hydr ogen glsosphat e: (ESI, IytyH+)
IO R Gy UVl U B R ST 1
AL | Tl FYUAARES) LA Wb P
verl appi A¥0signal s, |4H) 3 0%4‘t H . R 00 (m %509
1.45 (s, 387. 32 1000

S) - 2- (4- BB8 (4- Phenyl - 3-f | uor @ghenyl ) pr opoxy) phemsgbear

anpyT ) - 23g§1 nopr opyl Thi s cogpound was pynt nesi zegd

4= \4 \LI-- %Bﬂw 3= . ' 2150

] oo

3 —h —h ==

'Jllbllyl \¥2 1 unuyl ) 1 Iyd
el id

-\/I car h;::ﬂuip (752 gr(ﬂ jia) \/|
ver two Sidps. MS (ESL, N%kﬁiOi:sos: 1H NVR

o

—1

IVEO- d6) 31%9.98 (br $, IH), 828 (br s, 2H), 7.54-1B%6

m_10H), 36492 (d, 2H), 4.28 (5, IH), 4.-3.9 (m 58H),

A (m | ,15 3. Ztﬁ (m ZH), l.jb‘éo(s, SH) ICES) (dy OW)
o)-L \'-r gigk T upllcn 3-y'T‘fpi~ WWW

’) nm rnr\\ll \\lrlr oaen Q cnhat -
J ]\dl \J:j\ll[ 1 TTCAL O,

v ' 90 >10000
318 0.84 160
319 650 >10000
320 218 833
321 17.9 6333
322 0.65 50
323 >10000 >10000
324 114 1200
325 167 3500
326 2.5 220
327 4000 >10000
328 22.1 2500
329 8 315
330 2200 >10000
331 3800 >10000
332 3.4 2000
333 12 1040
334 >10000 >10000
335 4500 >10000
336 2400 >10000
337 166 130
338 21 >10000
339 >10000 >10000
340 0.55 5025
341 1.3 1000
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The starting material,

2-(4-(thi ophen-3-yl) phenyl) et hanol ,
wo obdooa®s1 I n a seal ed
2- (4- bronmophenyl ) et hano

t
I

d
p

etranethyI-Z (thlophen 3-yl)-1I,

0 4 mg) , | cat al yimol
4 ) essel vva% Sneat edm

vessel was conbi ned
(70 nm),

4,45, 5-
3, 2-di oxabor ol ane (126

was synt hesi zed as

PCT/US2005/028914

3)

A,

4.5 E0068,

am—oi

o

0?8‘5”

a”"i’ i"li ot

o vield 34p4-(thiop

At a NN AYal i
\YAV ARV A w7 TC

—+

1< 1y cacvt

113
OI LILIL) I\l UIC

1en-3-y|)6W§nvl)etha

I~

hol

unU \0
(80 10055

o)

solid wi3dbe product.

80 ny teért-butyl

3250

S) - 2- (4- 347(t hi ophet

1- 3-yI) phigoet hyl oxy)

bheny| caxlpeomy

) - Thydr OXypropan- 2Z{yl car bangie was synfnest zed 59

otow ||gr32§ e—generaf—procedtn 53 enptoyin

\hon\l| \ ot

//I /f hi an. 2 \l| \ an_nl /')nn \ 50
(Boc) a- nethylserlne (175 ny) , HATU (375 ng) and
PEA (430 uL). MS (ESI, MtNa+) 519. 2.6 ng of
t te was then synthesized fromthe carbanate
(40 nghhaas skillsdin tHe whivtiB rewignide, dviBe(@absi tp addektain usingAio; more than

A I AN G A LREL A K I

Agpcribpd hgrainy Sqqh)equwalpptS(am: inp¢pded o bq;er(omnppqqyd bgt ollowing

(élaum%.H) 1.48 (s, 3H)
(5)-2-(4-(4-(Thi ophen-2-yl ) phenet hyl oxy) phenyl car banoy

l')-2-am nopropyl 1H NWVR (400 MHz, DVsQd 6) d 9.98 (br
s, IH, 8.64 (br s, 3H), 7.84 (s, IH, 7.65 (m 3H,
7.52 (m 3H), 7.36 (d, 2H), 6.9 (d, 2H), 4.21

(overl apping signals, 3H), 4.17 (m IH), 3.04 (t, 2H
2.58 (q, 2H), 1.45 (s, 3H)

(S)-2-(4-(3-Phenyl phenet hyl oxy) phenyl car banoyl ) - 2-am n

opropyl di hydrogen 1H NVR (400 MHz, DMBO-d6) d 9.9 (s,
IH), 7.66 (d, 2H), 7.61 (s, IH), 7.55- 7.30 (m 4H),
6.94 (d, 2H), 4.25 (t, 2H), 4.2 (m IH, 4.05 (m IH),
3.08 (t, 2H), 1.45 (s, 3H).
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(S)-2-(4-(4-(Pyridin-4-yl)phenet hyl oxy) phenyl car banoyl
) - 2-am nopropyl 1H NWR (400 MHz, D20 + CD30OD) d 8.7

wa@ eqog/omoRt (M), 7.84 (d, 2H), 7.55 (d, 2H), 7.4rCTUSDBH/028914
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6.9 (d, 2H), 4.30 (t, 2H), 4.05 (m IH, 3.92 (m IH),
3.15 (t, 2H), 1.42 (s, 3H).
(S)-2-(4-(4-(Pyridin-3-yl)ph€hdinmkyl oxy) phenyl car banoyl
) -2-am nopropyl 1 NWR (400 MHz, DMSO-d6) d 9.95 (s,
IH), 8.95 (s, (:;g 8.65 (br s, IH, 8.28 (d, 2H), 7.75
(lm oHh compgend ohFarmpla BV:5 (¢ 3H). 6.95 (d, 2H), 4.2
(m 3H, 3.95 (m IH, 3.1f (m 2H, 1.45 (s,

3H) . Exanpl e 10: Lynphopeni Assay Several of the
conmpounds described herein|were evaluated for the
ability to induce |ynpho Mice. Male C57B1/6

mce were di yided-ing oups A cont ngI
group received the 3% BSA BSA ‘vehi " The ot
groups received a si Hgl a speci ed

dose of test conpound in orally
(PO. After 6 hours, the mjce were angsthesi Z8d with

i sof | urane and approxi matelly 250 nL ofcHij,ood was
removed from the retroorbifal sinus and cRllected in
an EDTA mcrotainer, mxed with an anti coagul ant and
pI aced on atilt table until conplete bl ood count (IV)
CE(IZ) analysis. Figure 1 shows the results of the

afaf st s for total |ynphocyte count for different

doses pis ARGROHRHvaldif? boﬂ@ sasvs%tdtéd of Bubfitided A1kSA cantylcarbonyl

that all thréé conpounds, when dosed orally, afe ab
t thidethgnaék yisuonwh e hcathwnhlnamenq, elkadarmeoqa@bmhtaﬂ@iloxycarbonyl
Receptors The

R orosD BN s Rbu A SRES o ner o

t o bi ngahdAtdre esehRAdependehly siti@rtdor Waabaiteed uBsviltkrein Z and
ag nflagll l|>eol\i,r\ﬁ<'ed by a covalent bond, substituted or unsubstituted alkyl, NH, alkyloxy, O,
thioether, S, aminocarbonyl, carbonylamino, carbonyloxy, or oxycarbonyl;

R, R?, R® and R"? are each independently selected from the group consisting of
hydrogen, halogen, cyano, substituted or unsubstituted aryl, straight chain or branched
C,-Cs-alkyl, straight chain or branched C;-C¢-alkoxy, straight chain or branched halo-
C;-Cs-alkyl, straight chain or branched halo-C,-Cg-alkoxy, C;-Cs-alkoxy-C;-Ce-alkyl,
hydroxyl-C,-C¢-alkyl, carboxy-C;-Cs-alkyl, C;-Cg-alkyl-SO, or N(R)R’, wherein R and
R’ are each independently hydrogen, straight chain or branched C;-Cs-alkyl, straight
chain or branched C;-Cs-alkoxy, straight chain or branched halo-C,-C¢-alkyl, straight
chain or branched halo-C;-Cs-alkoxy, C,-Cg-alkoxy-C;-Ce-alkyl, hydroxyl-C,-Cs-alkyl,
carboxy-C;-Cs-alkyl or C;-Cs-alkyl-SO,;

Q is —-CH;NR-, -CH,NR(CO)-, -NH(CO)-, -(CO)NH-, -(CO)-, -O-, -S-, -SO-, -
SO,-, -NRSO;-, -SO,-NR- or heteroaryl, where R is hydrogen or straight chain or
branched C;-Cg-alkyl;

R%is -OH, -CO,R’, -CH,=CH(CO)OR’, -OPO,R'’R"!, -OPO;R'R", -
CH,PO;R'R!!, -OPO,(S)R'R" or —C(Y)(X)PO;R'°R"!, where X is hydroxyl or halide
and Y is H or halide; or analogues of other carboxylate, phosphate or phosphonate

isosteres not limited to those shown below; R’ is H, straight chain or branched C;-Cs-
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For the menbrane preparation, plasm d DNA was
transfected into HEK 293 T cells using the FUGENE 6

wo c@astmst i on protocol (publicly avail abl e by Rorbglo0s/028914

10

15

20

Briefly, subconfluent nonol ayers of HEK 293 T cells

were transfected with the DNA mixture containing

RN 2G5ubstitiifed o udsubstitdied @}yl gfbip; ®16a8 RAQRkSERh Mlependently
the cells were then placed in a tissue culture

i hcstristght ehaim op rapched £a1yCo-atkd, & sylisytujgs @ ungwlstibatediarygroup or

AR R S i Bt SRS IREREIRR "D 9

PMSF) contai nigng 10% sucrgse on ice, &nd di sruptedO

usi ng a; Downcel honogenizef]. Aft érHgenth fugad-itpn.

800 X g% t%éogﬁpe?ga?g%m}rm%{di | ut edBWHNE Wi tm
sucrose and centrifuged at 17,000 x g for 1 hour. This
crude menbrang pellet wag resuspe%%edoi n HVE withg

sucr os i guot ed, .,aptl dlnap-froz by i si [

li qui d?'ﬁ?'?ﬁ@gleqm/e Thé/né@%]?@ﬁ?s v&e/re\OS”%L&e gt'”z?;go)%ok
Protein concentration was determ ned spectroscopically
by Bradford protein assay. For the binding assay,

[ 33P] sphi ngosi ne 1-phosphat e (obtgﬁned from Anﬁri can

Radi ol abeMed @heni calMe hpe) was gdded)to rrener%\ne in
200 i igcHag- del | p%@HQS ith agsay~ tr a4
2.5 pM [(33P|%phi ngosi ne©1- phosphate, 4 ng/ m BSA,” 50
nM HEPES, pH 7.5, 100 MM NaC, 5 nM MyCl2, and 5 ng of
protein. Binding was perfolrrred for 60 mnutes at rolom
t enper.at ure-wWH,h gentle m'xjng and term nat edsby -
col | e¢ti%l t he zrrenirr—aﬁgé_oﬂrﬂo GfBcfilter pl ag?eG./_g\
After drying the filter plates for ™0 ninutes, B0 ni

of Mcroscint 40 was added to each well, and
filter-bound radionuclide was neasured on a Packard

Top Cauit H, NpCyptiog] f hiyalrddiyndj-Ggralksd achdlf dmegethar wikteRS form a C,-
apount  of ra&i gac ivity remaining in the presence of
xcalkylens ot abealgnygere SPHR results fo the

R®isH or C,-Ce-alkyl; and

m and n are each, independently, an integer from 0 to 3;
provided that when R*is Cs-Cyo-alkyl, at least one of R, R2, R? and R’ is not hydrogen;
and when R® is C4-Cyo-alkyl, at least one of R Rz, R* and R’ is not hydrogen; and

pharmaceutically acceptable salts thereof.

2. The compound of claim 1, wherein R' is hydrogen.

3. The compound of claim 1 or 2, wherein R%is hydrogen.

4. The compound of claim 1 or 2, wherein R? is alkyl.

5. The compound of claim 1 or 2, wherein R? is a halogen.

6. The compound of any one of claims 1-5, wherein R® is hydrogen.
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foregoi ng binding assays are presented in Table 1
provi ded bel ow. Table 1: 1C50 Values for Binding to

WEkd6/0209551P3 Recept or sEqui val ents Those ski | | pOT/UR2005€28914

10

15

20

25

30

art will recognize, or be able to ascertain using no
nore than routine experinentation, many equivalents to

the spp ddnfpoanBedimPsicorefaihbe-5, reriin RA isles®EitiRd or
herein. Such equivalents are intended to be
aHsubstiiy s alkyl grone of phalegdmg clains. Jains 1. A
conpound of Forrmula IV: (IV) wherein: L is al koxy, a
coval ent bond, substituted or unsubstituted al kyl,
a3.ky| cEiidsmydound bt et drerof cdidy 1 sy wherep Q is -NH-CO-.

al kyl car bonyl am no, al kyl am nocar bonyl ,

al kyl oxycar bonyl , al kyl carbonyl oxy, or substituted or

@SUb%lﬁ%uﬂgB?W% ogciaiﬁm- AL EinSG % -CO-NH-.

i ndepen substituted or unsubstituted aryl,
wherein Z and A may be |inked by a coval ent bond,

f thbgtelt ur c%%g%ruaangﬁ gtgyz&t?gﬁiffa(iimgg%\lghv%g’r@ ali]lslo lil)élst?tﬁ%’d o(r)’unsubstituted
qggggﬁyﬁpxy, or oxycarbonyl; Rl, R2, R5 and Rl12 are

each i ndependently selected fromthe group consisting

of hydrogen, hal ogen, cyano, substituted or

oltal ky e Ebin bt i 1% ke B84 b MG, ©

strai ght chain or branched hal o- G -C6-al kyl, straight
chain or branched _hal o-d-C 6-al koxy, d-C ral koxy-Ci-C
-1 ky| Thepmpewpd ofiary enenfielaims 42 lpyherein Ros hydyagen, a.atkoxy

G585 s ; LN RYR,: wherein R and R are each
i%gé%enggggpgiﬁydgb en, straight chain or branched
C - C6-al kyl, straight chain or branched G - C6- al koxy,

SH’ ) al g'Pltle é:orr]r%orl]m E)f Exgyagr?eho clari]r?lls :lq_, %hgfe%{ ﬁy{s’a }fy}d;oa)gygor}tsubstituted

or unsubstituted alkyl group.

14.  The compound of any one of claims 1-11, wherein R® is a substituted or

unsubstituted aryloxy group.

15.  The compound of any one of claim 14, wherein substituted or unsubstituted R®

aryloxy group is a substituted or unsubstituted phenoxy group.

16.  The compound of any one of claim 15, wherein said R® substituted phenoxy

group is substituted with one or more substituted or unsubstituted alkyl groups.
17.  The compound of any one of claims 1-16, wherein R® is a phosphate, alkyl
phosphate, cycloalkyl phosphate, phosphonate, thiophosphate, alkylthiophosphate,

cycloalkylthiophosphate, or thiophosphonate.

18.  The compound of any one of claims 1-11, wherein R® is a carboxylic acid.
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35

chain or branched hal o-C - C6-al koxy, G -C6-al koxy-d-C
6-al kyl , hydroxyl -G -C 6-al kyl, carboxy-C -C- al kyl or

WOl2@0602@6kyl - SO2; Qis -CH 2NR-, -CH2NR(CO) -, POH(USDs/028914

-(CONH+, -(CO-, -0, -S-, -SO, - S2-, -NRS-,
-SO2-NR- or heteroaryl, where R is hydrogen or

Sttor ai gide déhr’ploﬁnd)bf ny&ﬁﬁMdlaﬁhs €81 avkytein BGisiasubdtithted or
- CO2R9 CH2=CH( CO) OR9, -OPQ2R10R1 1, -OPQBR1OR1 1, -

omzﬁ@@mmkxlorﬁoﬁ@f@g RIORL 1 or -C(Y)(X) PO 3RI0RL 1,

where X is hydroxyl or halide and Y is H or halide; or

anal ogues of other carboxyl ate, phosphate or

phbs phﬁ‘foa:tompoﬂm béa:@sorle@tf claims 1.6, theretnoR bis $igdnogen, or a
L h(g,t chain or branched

tﬁfil?wnsuBf‘“tﬁteg& Bf%Ped or unsubstituted aryl

group RO and R 1 are each independently H, straight

chain or branched C -C6-al kyl, a substituted or

u’cﬁs ubsTlictasmpduad yi clgino® varers s sbstituteddR) alkyltgrongt is substituted

dru S listed below R7 is H,
nea?r@?retkwé{?ﬁ(gﬁ %C 6-al kyl, aryl, or together

vvlth R8 forma C2- C5-al kyl ene or a C2- Cs- al kenyl ene
group; R8 is Hor C-C6-alkyl; and mand n are each,
| Helepehesemppundipf anytengart claimnl @ 1y whereingR Gigihad@gemat
when R4 is C4-C20-al kyl, at least one of Rl, R2, R3
and R5 is not hydrogen; and when R3 is C4-C20-al kyl,

| eagt ‘5’,7“ I
p 3ar maceutl a {“;}gg%“ ept ﬁgﬁggﬂt %ﬂrég% hl}é%&&%ﬁgm ﬁﬂﬂtltuted
corpsihstituggd ki m 1, wherein RL is hydrogen. 3. The
compound of claiml1l or 2, wherein R2 is hydrogen 4.

Ti‘ cC Qﬁpe c%?r?po%d 81‘ gr{ynonle 0(%rcla%ms ‘(‘@3 whereﬁzR 1S r%letlgl to Q.

25.  The compound of claim 24, wherein R'? is cyano, hydrogen, trifluoroalkyl, or
halogen.

26.  The compound of any one of claims 1-23, wherein R'? is para to Q.
27.  The compound of claim 26, wherein R'? is hydrogen.
28.  The compound of any one of claims 1-27, wherein L is C,-Cs alkoxy.

29.  The compound of any one of claims 1-28, wherein Z is substituted or

unsubstituted phenyl.

30.  The compound of any one of claims1-29, wherein A is substituted or
unsubstituted phenyl.

31.  The compound of any one of claims 1-29, wherein A is substituted or unsubstited

heteroaryl.

32.  The compound of any one of claims 31, wherein A is methylenedioxyphenyl.
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5. The conpound of claiml or 2, wherein R2 is a

hal ogen. 6. The conpound of any one of clains 1-5,
wob@caresRS i s hydrogen. 7. The conpound of anyPoOnesmis/028914

clainms 1-5, wherein R5 is a substituted or

unsubstituted al kyl group or a hal ogen. 8. The PPI-165PC
conpound of any one of clains 1-7, wherein Q is

H CO-. 9. The conmpound of ~any one of clains
whé$ ei nThg Gogpopxy adany ongof clayms Xéﬁp\bﬁﬁfﬁ%}né‘f lsélﬁlyeddﬁé though a

cl @ingie cdvalentb&idei N Q i s substituted or unsubstituted

aryl group. 11. The conpound of claim1-7, wherein Q

is a carbonyl group. 12. The conpound of any one of

cl 8#-ns Thercomppped ofiany Ree oiclaims | Ideviberain Agis &I@kfgd tgZghisugh a
501 caaleal Bond 268 NeT togbmupfusddinglft@ctagrpound of any one

of clains 1-11, wherein R6 is a hydroxy or substituted

or unsubstituted al kyl group. 14. The conpound of any

onés.of Ehedompoundiaf anyaes eff laiRe 1134, whesein s2ifl compaiindyis an agonist

UNSEDShirdeddiesl1-hosbRaty 1 gdceptpe. 15. The conpound of any

one o?mg%5|n1ig M?herelnggubstltuted or unsubstituted

R6 aryl oxy group is a substituted or unsubstituted
10 phéhox y Tl eemnpounidof clii 38 ovpraein daid Fompyund ke sfectiveagonist of the
15 sphidpREiRE N-phadpHat®a rédéprot.i t ut ed phenoxy group is
substituted with one or nore substituted or
unsubstituted al kyl groups. 17. The conpound of any
ond7.of Thedompound ¢ clamhS6ewvherelg siid cempaived bhsanelCsainityd S1P-1
Phegphat BouCidn®ebk¥ds phosphat e, phosphonate,
t hi ophosphat e, al kyl t hi ophosphat e,
cycl oal kyl t hi ophosphat e, or thi ophosphonate.

38.  The compound of claim 36, wherein said compound has an ICsg in the S1P-3

assay of about 100 nM or greater.

15

39. A compound selected from the group consisting of:
20

\:Q\/\OD/ °
34
HN. CH,

,‘ QO

L
o e o 42 Wy
T ST Y
. |
40 44 ®
Hay sy ~ o o o
F«' o \O\@\/VO/"\!]}C/‘ n%ﬂ.
° ; AT
43
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18. The compound of any one of clains 1-11, wherein R6

is a carboxylic acid.19. The conpound of any one of
weba@icne09t 1 1, wherein R6 is a substituted or PCT/US2005/028914

unsubstituted al kyl or aryl ester. 20. The conpoundpff165PC

any one of clainms 1-19, wherein R7 is hydrogen, or

substituted or unsubstituted al kyl group. 2 1. The

xpound of cIa|n120 A%Qﬁ%gwijld % DSt i t - o
D0 S sub t t ne e hydrox 9 : i o
22. @ co of any o /E@/él ms 1-21, vvher R O %

IS hyorogp 3 The conpound 56f any one of clai ns g1

1-21, whé€Pein RB is hydrgxy or substituted or
ubsti tut ed "sf°kyl . 24,(%&5}EL2E5uqﬁigf any one of "y g
cla 1-3;3 erein R12 | yﬁz;gz\ﬁ&\/

conpou cl'ai m 24, whereinsRl2 is cya
trifluorddl kyl, or halogen. 26. The conpound of any
one of clains 1 23, wherein R12 is para to

npound of c| @ 26, erein RL2 is hydroeh 28 The S
€0 ‘ﬂggﬁ he of Tclains 1-27, wher e#i™
5, The conpoiind of a one of

mhereﬁm Zis substltut%]T “ituted P eny
The conpo@nd of any one |nB 1-29, wherein A 6§

substituted or unsubstltuted @eéenyl . 31. The conpound

of any one of cLﬁ'ﬁs 9, mherelmwA@Js S/Eftltuted or
S |ted yI
< @QW}V

L Ha ;cu, Q O\Q\Q"j‘rl)i/m <°:©\ /O/ nﬁ/m
n\">\/OH - 4 (o} °
d@“ ) y

H Gt

el e O OTT T O

| {)Lw \NZ}(/W w&")&/w
. Q ! (T I
S -
80

81
;1 NN gy . ) e gy -
o »
84

4
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32. The conpound of any one of clains 31, wherein Ais

nmet hyl enedi oxyphenyl . PPl -1 65PC 33. The conpound of
wangeon®snf clainms 1-32, wherein Ais |inked tBCEUS2005/028914

t hrough a single coval ent bond. 34. The conpound ofPPI__165PC

any one of clainms 1-31, wherein Ais linked to Z

through a 5 coval ent bond and NH to forma fused ring

structure. 35. The conpound of any one of clainms 1-34,

wherein saldfconpoundiif an agdni st of a soehn903|ne
1- phosphat g ecepto 0 36. The,c ound claim -
35 vvhn ai'd conpoung 1s a/@ ctive agonig /@m”
) gosine 1-phosphate”1 reéceptor. 37. The

sgrpodnd of claim 36, wherein®aid conpound has an 87

1 C50 in e S| P-1 assay of about 100 nMor less. 5 38.

The conpound f~Cclaim36,.~wherein said cov-ound has an

1 C50 int ~assay™ ou or ater. 5
39. A@ﬁgnd selected fro group conS| ng
0~43RP~165PCPPMB5PCPPI - 165PC 89

133PPI-1@5PCPI-165PCPPI-165PC 220PPI -1 65PC 40. A 90

d for tre i ngosi ne hos
o piie o Bhablecl i %Q?‘“
adn1n| to sald subj n effectlve anoun

conpoundSBf formul a

Bl St Ao

S
Yy % dg w)v

e PRPULYE
QLT é“%“ @ =~ T

d /@/ " ﬁ, , ]@L /@ fvﬂ, C(@/ %m,

O Y0 QNQVQ"”’“’
@\ /O/Hl)(/wm 110 )/

103

117
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(FV), such that said subject is treated for said
sphi ngosi ne 1-phosphate associ ated di sorder, wherein
waasod/ogwspound of forrmula (TV) is: (1V), wher ePOT/LIS2085/028914
al koxy, a coval ent bond, substituted or unsubstituted
al kyl , al kyl carbonyl, thioether, alkylsulfonyl,
al kyl car bonyl am no, al kyl am nocar bonyl , PPI-165PC
al kyl oxycar bonyl, al kyl carbonyl oxy, or substituted or
unsubstltuted Qeteroaryl Z and A,are each
] i T UL nsubst 14 uted aryl,
; may be {i?ﬁzg;gﬁﬁ, coval ent bond
sedStituted or unsubstityted al kyl, NH, aIkonxy, o)
t hi oet her109S, ami nocar bonyl , carbonylanino,
car bonyl oxy, or oxycarbognyl; Rl, R2, R5 and R12 are
each independently selected fromthe group consisting
of hydrogen, hal.pgen, cyano, Sifostituted or
unaziiiL; \ﬁ%y#w strai ght chain or branched G -C
i ght chain or branched G - C6-al koxy,
stralght E hHai n or branched hal o- G -C6-al kyl, straight
chain or branched hal o-C -C -al koxy, CC - alkoxy-
-al kyl, hydroxyl -G -C 6-al kyl, carboxy-d 6-a ,/\vf\/A\/
G - 06-al kyl -SC2 ' N(R)R, wherein R and E%ak
i ndependent |y hydrogen, stralght chain or ranched
C - C6-al kyl, straight chain or branched d- C - al koxe,

strai ght chai™nor Jhranched hal al kyl, Strﬁlg
chain or, nthe han“C*- au o Yy, \I::]
- C6- al koxy;,Ci - C 6- aIk oxyl-G-C -@&

carboxy-Q*-C 6-al kyl or Cl C6 kyI S2; Qi

2NR-, -CH2NR(CO) -, -NH(CO - CO) NH, -( CO) - 0139
- S— - SO S2-, -NRSQ2-, - S “NR- or heteroar >
LE¥EL”j:%yﬂFE?3n otjféiél 'mor bransqgﬁudggg/\[:i:
128
] 0. 1302
127 " 135
131

° ol L
[ ] 134 T s
130 ) 0
- /O/O \/\/\/\/Q/ W/ QL/Q/ \/\/\O\@
/\A\ 137 -1

141
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R6 IS -OH -CO2R9, -CH2=CH(CO) OR9, -OPO2R10R1 1,
- OPCG3R10R11, - CH2PG3R10R1'" , -OPQ2(S)R1OR1 or

wo 8(0gptods PO 3R1I0RL 1, where X is hydroxyl or hedT/ds20amc2s914

Y is Hor halide; or anal ogues of other carboxyl ate,
phosphat e or phosphonate isosteres not limted to

t hose shown below, RO is H, straight chain or brarfiHd@dsPC
Cl-C6- al kyl, or a substituted or unsubstituted aryl
group; RRO and R, 1 are each independently H, straight

chain or branchel.C -C6-al kyl, a substituted or W/[\/
unsubsti | group or sel ected from but not

| j_m ted the prodrugs |isted bel ow R7-TsH, S
hydr oxy-CrC 6-al kyl, aryl, or toget her th R8
w4 C2- C5-al kyl ene or a C2-C5-al kenyl ene group44 R8
is Hor C13606 al kyI and mand n are each
i ndepend nt eger fromO to provi ded that
|r

NN;

vvh R4 - al kyl sast o@g
5 i’s hyd OEn\/ IS
I~east one of Rl, R2, R nd R5 is not hydro and

phar maceutdgcal |y acceptabl e sglsts thereof. 41. Th

met hod of claimg), wherein said conﬂpound of fornu .
(FV) is a.compould ef any one R- 3 j%\
nmet hod o i fh 40 or 44 said sub co

J o
hing 43x»+The °nmet hod of an ne of clains 40 42150
sai d sphi ngosi ne 1-pho&phat e associ at ed
di sorder |s associated with an inappropriate immune
response. 1424 Tha.nethod of claim 40, wherein said

subject is sufnf efin aut di sorder or \ﬁ\'
transpl an tion. od® of cl aim40 /O/ 1,
We NN co‘hpound "an agonl st of aone

e oo OO )ﬁj%
,Cﬁh‘.xﬁ% OQ SRa)
0T gl O—Qxﬁ O—@—\ @/%
-0~ OO OO
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1- phosphate 1 receptor.46. The nmethod of cl aim 45,
wherein said conpound is a selective agonist of the

wa plocngwsi ne 1- phosphate 1 receptor. 47. A PCT/US2005/028914
phar maceuti cal conposition conprising a
t herapeutically effective amobunt of a conpound of
formula (1V) and a pharmaceutically acceptable PI-165PC
carrier, wherein said conmpound of forrmula (IV) is:
(I\/) vvherel n: L |,§ aI koxy, a coval ent bond,

ut ed}@ﬂd aI 5@60 yl carbonyl/Q/M

al kyI am nocar bon aI kyI oxycambonyl

al kyl car bF&yI oxy, or substituted or unsubstitut ed

het er oary z and~z~ ar.e ea h mdepeudentl ubstituted ..
u stit I, e|n i nke W
a ‘edgva on<d °Subs 2V 2 nsubst it /f;/

al kyl , NH*” a1 kyI oxy, O thi oet her S, am nocar bonyl ,

car bonyl a car bonyl oXy, 1700xycar bonyl R1, R274 R5

R12 are eachuz pen ecI¢ mthe groupn o
S oge ...... > ” ‘te
t ut , LS I ght chai br anc --

yTIs ra| ght cha| n or lp13anched C -C6-al koxy77
strai ght l:@al n or branched halo- G .C -al kyI strai ght

ohanCr 06al
I - -alkyl\‘\‘\
ﬁfy@);oe or N(R)R' /O/W
[

wherein R'%nd R are each |nde ndently hydrogen 180

¥i ght chain orﬂ bra ed G - ght chai n
@ nche tra Fn c Qr g che
@ -C 6 stral ranched

g C aI koxy d- C -l kyI
C6- al J(y| 179 183

hydroxyl

‘1 P m% e
181
oA o Jogpes @m e
| | 192

184
Q\Q\M,O TeK CIOVT;(IEY P U oot ar.
187 S

. 195 -
nj%/;\p/ " A g " Em)i/o\ o
j/g/ ! . %\0 /@/ ] SN O\/\Q /Cr | o
190 198
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carboxy-GCi -Ce-al kyl or C C6-al kyl-SO2; Qis -CH 2NR-,
-CH2NR(CO) -, -NH(CO -, -(CONH, -(CO-, -0-, -S-,

WO 306/02095602-, - NRSQ2-, -SO2-NR- or het eroaryl PCTWMISZ085/R8914
i s hydrogen or straight chain or branched G -C6-al kyl ;
R6 is -OH -CO2R9, -CH2=CH(CO) OR9, -OPO2R10R1 1
-OPBRIORL 1, - CH2PGBRIORL 1, -OPQ2(S)R1OR1 1 or PPI-165PC
-C(Y) (X) PO 3R10R1 1, where X is hydroxyl or halide and
Y is Hor haligde; or anal ogues of ther car boxyl at e,

hose Sheny | ‘” A el ep et i whe At
those sh ght “Cﬁal
>l kyI or a substityed or unsubstitut e§101
oup, ROand R 1 are each i ndependently H,

a| ght chain or branched G -C6-al kyl, a substituted
unsubs]93t ut ed aryI group or seI ect ed from but not

RS .ot -aI kyl ene or a C2-Cs- aI kenylo/éne
group; R8196 H or G-C - aI kyI200and mand n are eapds,

de ndent |pte rom rded that w
@m{%&a\ a"h»k eonew \(/;
and R5 isbgg)ot hydrogen and en R3is C4

at | east e of Rl, R2, R4 and3R5 is not hydrogen207and
phar rraceutl cal I accep bl e saltg "t.hereo

conpo&@j@gf 7\3@’4?5 v
p arnaceu aI conposi tibn flUrther conprise

phar rraceu?‘i’zcal ly acceptable c&%ier. 49. The o
phar maceutical conposition of claima47, wherein said

t henapeaut i Bfective anmountr i ectjpve to tr <
N o-en il et BTG o A e Ll I S

phar rraceu%(zscal conposi tion of 2(S:QI ai m 49, wher e| sal d

sphi ngosi
A o g 00
Vg @r P OO Oﬂﬂ? o

NO OH

@u@ngvw omo*% MQW)VK
OO~ TOK
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phosphat e associ ated disorder is associated with an
i nappropriate i nmune response. 51. The pharnmaceuti cal
wa@ eomp20951i on of any one of clainms 47-50, wher ePOT/582005/028914

compound of formula (1V) is a conpound of any one o
clainms 2-39. bpr165PC

ok g r<s

O o /O’HM\ CF3 4 Ha CHy
\’%\/m g NW\"23O ‘ O/©/NI)€\/OH

226 234

N, &
/ 1
N NN ° ° HO ‘ot cFy; N=\ O~F-oH
229

o Q}@H on

235
A NH»
i o A° H;c H;,C
/g:rf%u S Fon g
| m i ‘\‘\A 3
H,C and Hac
40. A method for treating a sphingosine 1-phosphate associated disorder in a subject,

comprising administering to said subject an effective amount of a compound of formula
(IV), such that said subject is treated for said sphingosine 1-phosphate associated
5  disorder, wherein said compound of formula (IV) is:

R2

/ R1

A—z—L I R, Re
Ri2
N _—~NH
Q (CH2)m
CH

Rs ( Zﬁ‘RG

(Iv),
wherein:

- 142 -



10

15

20

25

WO 2006/020951 PCT/US2005/028914

Lis aikoxy, a covalent bond, substituted or unsubstituted alkyl, alkylcarbonyl,
thioether, alkylsulfonyl, alkylcarbonylamino, alkylaminocarbonyl, alkyloxycarbonyl,
alkylcarbonyloxy, or substituted or unsubstituted heteroaryl;

Z and A are each independently substituted or unsubstituted aryl, wherein Z and
A may be linked by a covalent bond, substituted or unsubstituted alkyl, NH, alkyloxy, O,
thioether, S, aminocarbonyl, carbonylamino, carbonyloxy, or oxycarbonyl;

R', R%, R® and R"? are each independently selected from the group consisting of
hydrogen, halogen, cyano, substituted or unsubstituted aryl, straight chain or branched
C,-Cs-alkyl, straight chain or branched C;-C¢-alkoxy, straight chain or branched halo-
C,-Ces-alkyl, straight chain or branched halo-C,-Cs-alkoxy, C;-Ce-alkoxy-C-Cg-alkyl,
hydroxyl-C;-Cs-alkyl, carboxy-C;-Ce-alkyl, Ci-Cs-alkyl-SO; or N(R)R’, wherein R and
R’ are each independently hydrogen, straight chain or branched C,-C¢-alkyl, straight
chain or branched C;-Cs-alkoxy, straight chain or branched halo-C,;-Cs-alkyl, straight
chain or branched halo-C-Cg-alkoxy, C,-Ce-alkoxy-C;-Cg-alkyl, hydroxyl-C;-Cs-alkyl,
carboxy-C;-Cg-alkyl or C;-Cg-alkyl-SO3;

Q is —CH;NR-, -CH,NR(CO)-, -NH(CO)-, -(CO)NH-, -(CO)-, -O-, -S-, -SO-, -
SO;-, -NRSO;-, -SO,-NR- or heteroaryl, where R is hydrogen or straight chain or
branched C,-Cg-alkyl;

R%is —OH, -CO,R’, -CH,=CH(CO)OR’, -OPO,R'’R"!, -OPO;R'R"}, -
CH,PO;R'’R"!, -OPO,(S)R'R" or —C(Y)(X)PO;R'’R"!, where X is hydroxyl or halide
and Y is H or halide; or analogues of other carboxylate, phosphate or phosphonate
isosteres not limited to those shown below; R’ is H, straight chain or branched C;-Cg-
alkyl, or a substituted or unsubstituted aryl group; R10 and R11 are each independently
H, straight chain or branched C;-C¢-alkyl, a substituted or unsubstituted aryl group or
selected from, but not limited to, the prodrugs listed below:
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0 0 O 0
g"’HZC\OJ\ g_Hzc\o/Lk/ §_H2C\O/UW/ E_‘Hzcxo)*

TS NS S S

o~ ¥“o

Me 0 Me ') Me O Me 0
E,CH\O )J\ g/CH\O )l\/ g/CH\o)Kr E/CH\OJ\E
| | |
g_CHZ/—NHz E—CHZ/_NH E\C/—N\ §\C/_g<
H, H

R’is H, C,-Cs-alkyl, hydroxy-C,-Cs-alkyl, aryl, or together with R8 form a C,-
Cs-alkylene or a C,-Cs-alkenylene group;
5 R%is H or C;-Cs-alkyl; and
m and n are each, independently, an integer from 0 to 3;
provided that when R*is C4-Cyo-alkyl, at least one of Rl, R, R* and R’ is not hydrogen;
and when R® is C4-Cyo-alkyl, at least one of Rl, Rz, R* and R® is not hydrogen; and

pharmaceutically acceptable salts thereof.

10
41.  The method of claim 40, wherein said compound of formula (IV) is a compound
of any one of claims 2-39.
42.  The method of claim 40 or 41, wherein said subject is a human.

15

43.  The method of any one of claims 40-42, wherein said sphingosine 1-phosphate
associated disorder is associated with an inappropriate immune response.

44.  The method of claim 40, wherein said subject is suffering from an autoimmune

20  disorder or transplant rejection.

45.  The method of claim 40, wherein said compound is an agonist of a sphingosine
1-phosphate 1 receptor.
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46.  The method of claim 45, wherein said compound is a selective agonist of the

sphingosine 1-phosphate 1 receptor.

47. A pharmaceutical composition comprising a therapeutically effective amount of
a compound of formula (IV) and a pharmaceutically acceptable carrier, wherein said

compound of formula (IV) is:

R2
/ R1
A—Z—L— R, Rs
Ri2
X NH
Q (CHZ)m
CH
RS ( 2)\nR6

av)
wherein:

L is alkoxy, a covalent bond, substituted or unsubstituted alkyl, alkylcarbonyl,
thioether, alkylsulfonyl, alkylcarbonylamino, alkylaminocarbonyl, alkyloxycarbonyl,
alkylcarbonyloxy, or substituted or unsubstituted heteroaryl;

Z and A are each independently substituted or unsubstituted aryl, wherein Z and
A may be linked by a covalent bond, substituted or unsubstituted alkyl, NH, alkyloxy, O,
thioether, S, aminocarbonyl, carbonylamino, carbonyloxy, or oxycarbonyl;

R', R?% R’ and R"? are each independently selected from the group consisting of
hydrogen, halogen, cyano, substituted or unsubstituted aryl, straight chain or branched
C;-Ce-alkyl, straight chain or branched C,-C¢-alkoxy, straight chain or branched halo-
C,-C¢-alkyl, straight chain or branched halo-C,-Cs-alkoxy, Cy-Cs-alkoxy-C;-Cs-alkyl,
hydroxyl-C,-Cs-alkyl, carboxy-C;-Cg-alkyl, C,-Ce-alkyl-SO, or N(R)R’, wherein R and
R’ are each independently hydrogen, straight chain or branched C,-Cg-alkyl, straight
chain or branched C,-Cs-alkoxy, straight chain or branched halo-C,-Cg-alkyl, straight
chain or branched halo-C;-Cs-alkoxy, C;-Cg-alkoxy-C;-Cs-alkyl, hydroxyl-C;-Ce-alkyl,
carboxy-C,;-Cs-alkyl or C;-Ce-alkyl-SO;,

Q is -CH2NR-, -CH,;NR(CO)-, -NH(CO)-, -(CO)NH-, -(CO)-, -O-, -S-, -SO-, -
SO,-, -NRSO;-, -SO,-NR- or heteroaryl, where R is hydrogen or straight chain or
branched C,-Cs-alkyl;
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R%is ~OH, -CO,R’, -CH,=CH(CO)OR’, -OPO;R'R!!, -OPO;R'R", -
CH,PO;R'’R!, -OPO,(S)R'R'! or —C(Y)(X)POsR'R'", where X is hydroxyl or halide
and Y is H or halide; or analogues of other carboxylate, phosphate or phosphonate
isosteres not limited to those shown below; R’ is H, straight chain or branched C;-C¢-

5  alkyl, or a substituted or unsubstituted aryl group; R10 and R11 are each independently
H, straight chain or branched C;-C¢-alkyl, a substituted or unsubstituted aryl group or

selected from, but not limited to, the prodrugs listed below:

0 O
e AL e EH.C. J\( ~H.C. )Kg

(0] H, O H, J\ )<
g—'HZC\O)J\O/ §/C\O O/\ é/C\O)J\O H2C )J\O

Me o Me o g{: 0 (':\,f_'e 0
E,CH\O A g/CH\O J 5 \O)Kr $ \Okﬁ
| | |
NH -~
S—cHy” 2 §—chy W f o N< §\C/—5\
H, Ha
10 R’is H, C,-C¢-alkyl, hydroxy-C,-Cs-alkyl, aryl, or together with R8 form a C,-

Cs-alkylene or a C,-Cs-alkenylene group;
R®%is H or C,-C¢-alkyl; and
m and n are each, independently, an integer from 0 to 3;
provided that when R*is C4-Cyp-alkyl, at least one of Rl, Rz, R? and R’ is not hydrogen;
15  and when R’ is C4-Cyo-alkyl, at least one of R!, R%, R* and R’ is not hydrogen; and

pharmaceutically acceptable salts thereof.

48.  The pharmaceutical composition of claim 47, wherein said pharmaceutical

composition further comprises a pharmaceutically acceptable carrier.

49.  The pharmaceutical composition of claim 47, wherein said therapeutically

effective amount is effective to treat a sphingosine 1-phosphate associated disorder.
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50. The pharmaceutical composition of claim 49, wherein said sphingosine 1-

phosphate associated disorder is associated with an inappropriate immune response.

51.  The pharmaceutical composition of any one of claims 47-50, wherein said

5  compound of formula (IV) is a compound of any one of claims 2-39.
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