WD 20061020951 PCTI US2005/ 028914 Met hods and Conpositions for Mdul ating
Sphi ngosi ne- 1- Phosphate (SIP) Receptor Activity Related Applications 5 This
application clains the benefit of and priority to U S. Provisional Patent
Application Serial No. 60/601232, filed Augustl13, 2004, and U. S. Provisional

Patent  Ampiah teabdos) Serial No. 60/646436, filed Januar yegfs0ddPa04t NE ENtire
contents of each of which are incorporated herein by reference. 10

Background of the invention The sphingosine-|-phosphate (SIP) receptors 1-5
constitute a famly of seven _transnenbrane G—-roteln coupl ed receptors.
These recept or MethedsandLlomposi { ating Sphingosine 1 PhopphateGIP) 5 bi ndi ng
by sphi ngosi ne- |-phosphate, mhlchRm&Eﬁgqq“ggﬂ by the sphingosine

ki nase-cat al yzed phosphoryl ati on of sphingosine. SIP receptors are cell 15
surface receptors involved in a variety of cellular processes, including
cell prolif RekitedApplicatiogsf f erenti ation, cell survival, cell invasion,

| ynphocyke traffirg thaﬁ&‘f'cﬁﬁﬁs the%@ﬁ%ﬂaﬂ@gn&%'t@@?'l’?@vmﬂnﬂPﬁ\@lﬁphate I s

a
found in plasm an§g er tiss

}/ exerts‘emrﬁocrl ne and
paracri ne efl”f-lﬁ’élﬁ%?mnlsr‘?@?ltmﬁ ﬁ@ 610&@31' Hled Apeusts, §Q@‘1‘ &nd BiS. Froviy AeRtact ors. 20
Adm ni str at lmheéuoﬁlsanhm@mmsm ﬁreewiuh@ 21026050t ehtiRidonln bf tachphocyt es
into the '%ﬂﬁgb nodes an 1}/%1 ﬁ F gc%s wi t hout causing |ynphocyte

depl eti on. arﬁl}’tcf”{?ofa)/ TeRY T8t potential utility in treating

di seases or conditions associated with inappropriate inmune response,

i ncl udi ng tl‘]ﬁﬁﬁg‘ﬁﬂh orf@ﬂeqﬁ{,é,@ﬁnand aut oi rrrrune di seases, i s believed to
proceed via INre tor. glnlstratl f}{ SIPin 25 vivo
al so has negat i v&igfphipgosine;] FRH"FRha BECRINLS b CARRitYF & fissveinhi ch are

bel i eved dudrahemanigrand Gapgottinrcougéd oeptars, Theseraeéptohcrefriedto HEHPﬂmept ors, S

S SR e R ) BT bR

Ich are potent rec m"rary of
the Inventi @nhma@nwrl@@ématammmhon&t@péﬁ SR@BEWOSJWG@W@W ﬁ‘ﬁhul ate the
activitysof suffce r&eB{ors'ﬂcﬁpéfpm,a\tahetyt@eelmarbhﬁéﬁeg mmxﬁmnf ifrb®eH | NY
conditions as Gk al i n h,t he S rece&) and
phar naceut i ¢& 3 @Jfﬁ"d@éﬁ‘?'}’fi ES%%r?eyl tce)’ %%p%ﬁ@g ‘ﬁ% conpounds of
the present rmigradion.i Sphmgoemehap}msprmtamﬁlﬂmdmwaamaqﬁaﬂnmyaxfnﬂmrtlsmesch i mparts
sur pri si ngl Yoh GRERSHCRACRR fatRfind ArdROREIAATRONI RS B CORR §drdant e 1

factors.
20 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

£ 25  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.

30 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.

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

which imparts surprisingly improved properties to these compounds as compared to the
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WO 2006/ 020951 PCITUS20057 0280 T2 “prior art conpounds. Specifically, the
conpounds of the present invention are characterized by the presence of a
substituted bi phenyl noiety. This biphenyl noiety, in conbination with an
am de |inkage within the core of the structure, enhances the selectivity of
t he conp | bed herein for the SIP | receptor 5
receptorg%%%@ggééi& P3. The conpounds of the presentﬁ/ﬁ@%ﬁ@ﬁ%ﬁﬂ;\re further
characterized by their potent binding to the SIP1 receptor. In one

enbodi nent, the inventiqQn pertains, at least |n part, .to conpounds of
Formula I: Iﬂ?"rﬁﬁcﬁpw&t%ﬁ’e %cépmee cPRPRNGs Sk hepsssent ia%eBHOMBe (1) wher ei n:
wher ei N one chiradtaiR8 By e presefde S32GuBdtifted bipHenyRRoRtK OPis bipRen9k@sieky In

t hi aal kyl or azaal kyf’ group having a chain length of from4 to 20 atons, a
phenyl or s&p@bingtiereyith pmamide ligkaaggvithin 1 eersef thestryetses; enbaseeg thehenoxy gr oup,
a substi tut : | : : , | d or

unsubsti t ut 3’%"‘%"%@?&%} ;ﬂn%lri%rﬁ% ,dégng%c%llée?«%lﬁﬁré% %’f;ﬂ raﬁeg Edgls?,t§ ’its!tlgudgﬂé

het er oar ¥l alréogptogy; such;as SiPh Fhexstripburidsef G pressnttistantion eve fimtiteer oar yl al koxy
group; and the other .is hydrogen,. hal cyano, straight chain or branched
Cl-Cs- al kylcgarE‘EtF%ﬁeSI]‘W ﬁ%ﬁ*’gﬁmﬂvﬁﬁ%ﬁgﬁqﬁr 9f-koxy, straight chain or
‘branched hal 0- Ol Iy & enfo@itherk @h@inveritioh bhit@is) BEILAY b pars i dhPolmdsiogi n or
branched hal o- G - C6- al koxy, o6 20 al oxy- Ci - C6- al kyl,

hydr oxyl - CLFegnwipky| . car boxy- C1- C6-al kyl, C1-C6-al kyl-S02 or N(R)R-, where
R and R are each independently hy#firogen, straight chain or branched

C -C6-al kyl, straight chain or branched Cl-C6-al koxy, straight chain or
branched hal o- ClI - C6-al kyl N or branched hal o-C - Cral koxy,

Cl1- C6- al koxy--Cl1- C6- al kyl, 0- al kyl , carboxy- Cl- C6-al kyl or

g~ C6- al kyl - S02; 25 R, R2, ang e each F;mdependéi*ft ly selected fromthe

up consisting of hydrogen, 5 strai ght chain or branched

C -C6-al kyl, straight chain g branghed C, -[C6-al koxy strai ght chain or
branched hal o- Cl1- C6- al kyl g4 (CH2)m

A

10 : @,

wherein:

wherein one of R® and R* is C4-Cag-alkyl, C4-Cao-alkoxy; an oxaalkyl, thiaalkyl
or azaalky!l 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

15  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., trifluoromethy!), straight chain or branched halo-C,-Cs-alkoxy, C;-Ce-

20  alkoxy-Cy-Ce-alkyl, hydroxyl-C;-Ce-alkyl, carboxy-C;-Cs-alkyl, C;-Ce-alkyl-SO; or
N(R)R’, where R and R’ are each independently hydrogen, straight chain or branched
C1-Ce-alkyl, straight chain or branched C,-Cs-alkoxy, straight chain or branched halo-
C-Ce-alkyl, straight chain or branched halo-C;-C¢-alkoxy, C;-C¢-alkoxy-C,-Cg-alkyl,
hydroxyl-C;-Cs-alkyl, carboxy-C,-Cs-alky! or C,-Cg-alkyl-SO;;

25 R', R?, and R are each independently selected from the group consisting of

hydrogen, halogen, cyano, straight chain or branched C:-Ce-alkyl, straight chain or
branched C;-Cs-alkoxy, straight chain or branched halo-C,-Cs-alkyl (eg.,
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WO 2006/ 020951 PCT/ US2005/ 028914 trifluoronethyl), straight chain or

branched hal o- Cl - C6- al koxy, Cl-C6-al koxy-G -C6- al kyl, hydroxyl-Cl -C6-al kyl,

car boxy-Cl - C6-al kyl, Cl-C6-alkyl-S02 or NR R, where R and R are each

i ndepend drogen, straight chain or br anched CI - 6-al k strai ght

chain or%%ﬁ%%ﬁ?f 1o c6- al koxy, straight chain or br afcHE ‘F%ﬂ %" - C6- al kyl
. straight, 5 chain or branched hal o-Cl - C6- al koxy, Cl-C6-al koxy Cl -06 al kyl ,

hydr oxyl - Cl - C6- al kyl car boxy-d - C6-al kyl or Cl-C6-al kyl -SO2; Qs -CHZNR—
- CH2NR( CO) mﬂuqn(r@tgyl) straigit) gapin, or brangljed haloeC:-Ce-gikoxy, §pCe-alkogp£i-Co- NRSOR-

e R BSBRIN R U ARG ARSI 600K R b e

CH2PO3R10 R'tn;xd RUORO 244 ikl dpeidenty hyd®p36n( SQraibe Bhait pr bvhched K;-Cs-atkyt) stwaighit or

halid d Y i f t hosphat
or phosphofieorrended CaCeionti syRRELRS F hoos el CRLrals B P ©
strai ghs clanmmoﬂsraﬂihwﬁmect Qtﬁ-%xyatkag-alkefy.@lwﬂ&gl ,hyledylar, - uﬁst ituted

aryl group; R10 and R' are_each independently H, straight chain or
branched CratexaCichs-alkyl eibstetlkvletPmr unsubstituted aryl gr oup or selected

from but not } ;?19*113 ru 1 € W, 26,_QcU cn. J- H2C, 0A
~-H2C 0/ Y @HZgr%_ef:k Iﬁ&(’)% (Cﬁli Ug%“gtﬁ Etgg)gﬁ%lo C?&C%O) SO’ 30- M O Me O ~
Me 0 Me O SO3H-NRSQOHF,0584-BR- Or heteroarylOwh@e R-is Mitdroper onstraight chaﬁilflgr - NHC_ -N-
@1 i-NH2,H2 he@:i%l _CI-CG-aI kyl, hydroxy-Cl-C6-al kyl, aryl, or together
with RS foPFPS A5: al kyl ene” or a C2- C5-al kenyl ene group; R8 is H or
Cr - C6- gbkyl ; anw”m aDH, NCOsFE, egHbSCHODHERAJORGR' Rl IORBRER'{rom 0 to 3;

-3 WO 20061020951l /U82005/ [C;)TRZl§3914 rovi de tlhat when R4 is C4- C20-al kyl,

t, | east ofdlBPSERR R20 PASE R R € BB Bgevhere 6t Wy ylres halide

©4- C20- al kxhayquﬂ&%aﬁd@@faﬁiog,%°f%f "m’@ Phos M""ﬁ%‘ﬁ%‘i‘?‘em Th

pharmaceutically acceptab ts thereo er e t he
i nvention mredaet limitesitp dhosel sltmvvmhmﬂ?alsﬂ strai‘ght chaln or branched C;-C-

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

15  straight chain or branched C;-Cg-alkyl, a substituted or unsubstituted aryl group or
selected from, but not limited to, the prodrugs listed below:

O O
SUNE G NP O S )H/ HaC f“j<

(o) 0
E—HZC\OJLO/ g /(HJ?.O/ILO/\ § go)ko/l\ §-HC. /U\o/k

0 Me Me o M
;,CH\O A E,CH\O gfc"'\oJH/ 3-CH J\ﬁ
I l l
g CHZ/— NHa é—CH _—NH E\ﬁ/—N\ §\ﬁf“g<
2 2

R’is H, C;-Cs-alkyl, hydroxy-C-Ce-alkyl, aryl, ot together with R8 form a Cp-
20 Cs-alkylene or a C,-Cs-alkenylene group;
R%is H or C;-Ce-alkyl; and

m and n are each, independently, an integer from 0 to 3;
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R RBT VROR/ (CHZ6 RS (CH2)n (I1), wherein one of R3
and R4 is C4-Co-al kyl, C4-C20-al koxy; an oxaal kyl, thiaal kyl or azaal kyl
group having a chain length of from4 to 20 atons, a phenyl or substituted
10 phenyl group, a phenoxy or substituted phenoxy group, a substituted or
unsubst i tyh8ghenafo¥] 2l Kyl group, a substituted or “nsu%t[’/ﬁs%o%zs@{nzy' al koxy
group, a substituted or wunsubstituted heteroarylal kyl" group; of
substituted or unsubstituted heteroaryl al koxy group; and the other i's

Chai noor broERENma R i e Bl iR O o ROE Y ik S ety 150
al kyl, st r aiar@hwhen RiiCHC ity ch dehsthumle of R, REOR antd®)is not hydrogen; and

Cl- C6- al koxy- C, - C6- al kyl droxyl - C, - C6-al kyl , carboxy-C, - C6-al kyl
g - Co6- al kylp@@”ﬁ!‘mﬁ(lkﬁ?@ei’tﬂ% rﬁ?fd are each independently hydr ogen,

strai ght chain C d C6 al kyl., str ht chai brapched

Ci - C6- al koxy, sﬁP&P‘@fﬁ? eé‘ﬁ’gfd’ﬁn%'rt th 1% HpWé(ad(‘?g@:FmEBo"ﬁ'a ‘Ig0 138 ght chain or
brancheds hal o- C, - C6- al koxy, C -C6-al koxy-C, - C6-al kyl, hydroxyl - -C6-al kyl,
carboxy- 20 d-C6-al kyl or C -C6-al k§l -S02; R, R2, and R5 are each

I ndependently selected fromt hﬁ grou COI’],?I sti ng of hydr ogen, hal ogen,
cyano, straight chain or branch® straight chain or branched
-C, - C6- al koxy, straight chain or b ad haI o-ﬁ;l Co- & kyl, straight chain or
branched hal o- C, - C6- al koxy, C, -Cg al kyl , hydr oxyl - Ct - C6- al kyl ,
carboxy 25 C, -C6-al kyl, C,-C6-arkyl - 5502 ofN(R) e R and Ware each

| ndependent |y hydrogen strai ght chain or ched)"t C6- al kyl , straight
chain or branched C,-C6- al koxy, strHight chaif® bra@ed
hal o- C, - C6- al kyl, straight chain or branched hal o-C, - “al koxy,

£ C6- al koxy- C, -C6- al kyl, hydroxyl -C, - C6-al kyl, carboxy-C) -C6-al kyl or C, -
%~ al kyl - SORhereid WO LR d(lﬂ%@!&‘l Ga@kﬂszﬂﬂﬁv‘eﬂiﬁﬁ@im omlkgl thiatiyRor

: ggg NE(RCO) %’E&%&Ma""\%}‘i’e&@nﬂé‘f%ﬂ %‘5 4 é%z%?mgl?’r aa‘?}ﬁWr % ﬁ‘%oﬁ“%erd b r a nched

Cl - C6- alky| phelfi gréup, PphemotdPdRubstitetdd phitiolifduB, a subkiEiEd 8RinsubstideR OR",
arylalkyl group, a substituted or unsubstituted arylalkoxy group, a substituted or

unsubstituted heteroarylalkyl group; or a substituted or unsubstituted heteroarylalkoxy
gi'oup; and the other is hydrogen, halogen, cyano, straight chain or branched C;-Cs-
alkyl, straight chain or branched C,-Cs-alkoxy, straight chain or branched halo-C;-Ce-
15  alkyl, straight chain or branched halo-C;-Cs-alkoxy, C-Cs-alkoxy-C;-Cs-alkyl,
hydroxyl-C,;-Cg-alkyl, carboxy-C,-Cg-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-Ci-Cs-alkyl, hydroxyl-C;-Ce-alkyl, carboxy-
20  C-Cealkyl or C-Ce-alkyl-SOy;
R, R? and R’ are eaéh independently selected from the group consisting of

hydrogen, halogen, cyano, straight chain or branched C,-Cg-alkyi, straight chain or
branched C,-Cg-alkoxy, straight chain or branched halo-C,-Cg-alkyl, straight chain or
branched halo-C,-Cg-alkoxy, C;-Cg-alkoxy-C;-Cg-alkyl, hydroxyl-C;-Cs-alkyl, carboxy-

25  C,-Ce-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;-Cs-
alkoxy, straight chain or branched halo-C;-Cg-alkyl, straight chain or branched halo-C;-
Cs-alkoxy, Ci-Cs-alkoxy-Ci-Cs-alkyl, hydroxyl-C,-Cs-alkyl, carboxy-C;-Cs-alkyl or C;-
Cs-alkyl-SO3;



5 CH2PG3R10R', -0OP02(S)RIOR' or -C(Y)(X)PXBR OR', where X is hydroxyl or
halide and Y is H or halide; or anal ogues of other carboxyl ate, phosphate
or phosphonate isosteres not limted to those shown below, RO is H,
straight chain or branched Cl-C6- alkyl, or a substituted or unsubstituted
aryl grodfP2%/208Hd R 1 are each independently H, sPERUSHOSHRHMN or
branched C -C6-al kyl, a substituted or unsubstituted aryl group or 10
selected from but not limted to, the prodrugs listed below f-HC ,0
J-H2C.0)L |- HZCCQ)is —CH,NR-, LHINR(€D)- 1-NE2CI0r, A(COXNHx CO>-, 9@74\&- BOH2C. QAJACK

NN @ N 02 15900 Slerdaytcaterd A e bR & P oY o

t oget her V\nﬁrkhcﬁsd(:p(:@:h&ygz Cft~ or a C2-Cs-al kenyl ene group Rs is Hor
Cl-C6-al kyl; and 15 m and ngare each, independ Byl% an integer fromo0 to 3;
f>

provi ded that whens #¥s %V@HW)QH(CQDO a‘QPQ? 'ﬁPOﬁZOR R3 and Rs is
not  hyds Og@ﬂzP(ﬁﬁd’R‘me@ﬁm 092%(?5(5% O:FR " SRt XQEh]?]ﬂgrin)?rlﬁade R and Rs

i s not hydrogen; and pharnaceuticall ceptabl’e salts t I n anot her
enbodi nent ,andPEisitherdmlideor pralogude sf mbarpmbnmbdato,fplﬁmhatmaphmphonatcs WO

2006/ 020951 P llJ 914, R2 2)m R5 ('
H2)n R6 (f)S° gfwlteti&ztﬁ?sse SH%%P%%W&R‘ 5 F—f;a\balght Rgam or branclﬁgtc (CCH
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
10  selected from, but not limited to, the prodrugs listed below:

. E—HZC\Oi $—H,C. )J\/ LN ’H/ —HLL ’%(

o) ' 0
g"Hzc“o”u\o" E’gfo’mo’\ & HzO’”‘OJ\ EC. ’u\oJ<

: Me o c“.:'_*? o c’:‘.f_‘e 0
é,CH\0 ).l\ ;,C:H\0 J\/ i/ \okar §/ \0)H<

| } |
§__ CHg/_ NH, %——CHz _~—NH é\ ﬁ ——N_ 5\3/—"%})::
2 2

R'is H, C;-Cs-alkyl, hydroxy-C-Ce-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
15 ~ m and n are each, independently, an integer from 0 to 3;
provided that when R* is C4-Cyp-alkyl, at least one of R!, R%, R® and R? is not
hydrogen; and when R is C4-Co-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 I11:



5 R3 and R4 are each independently hydrogen, C4-C20-alkyl group,

C4- C20- al koxy group or an oxaal kyl, thiaal kyl or azaal kyl group having a
chain length of from4 to 20 atons; a phenyl or substituted phenyl group; a
phenoxy or substituted phenoxy group, a substituted or unsubstituted

aryl al kyl ubstituted or unsubstituted aryl al a
substitutégbqwkungh stituted heteroarylal kyl group; or a'sJ%stlgﬁ%%d or 10
unsubstituted heteroaryl al koxy group; Rl, R2, and RS are each independently
hydrogen, hal ogen, straight chaip,or branched Cl- C6-al kyl, straight chain
or branched Cl1-C6-al koxy, straig t chain or branched hal o- 0 C6- al kyl ,

strai ght chain or branch Cl- C6- akkoxy Cr C6- al koxy- G - C6- al kyl,

hydr oxyl - C1- C6- al kyl, car 86 3 , Cl-C6- aIkyI S02 or N(R R, where
R and R 15 are each i ndepend "drogen stralg chain or branched

Cl- C6-al kyl, straight chain ~brangched C1- C6- alko*y, straight chain or
branched halo d - C6- al kyl sai n oRy brancNed hal o- O - C6- al koxy,
Cl- C6- al koxy- C1- C6- al kyl ,R4 - C1- Chetal (aaboxy- Cr C6-al kyl or
CrC6-al kyl -SO@2; R6 is -OH, C02", OR9, -OPO2R10R11, -OPO3R10R11
20 CH2PGBR10R', -0OP02(S)R10R11 Ohg CY)(X) PQ3R1LR', where X is hydroxyl or
halide and Y is H or hali de; nal ogues Eggther car boxyl ate, phosphate

or phosphonate isosteres not limted to th hown below, RO is H,
straight chain or branched Cl-C6- al kyl, or substituted or unsubstituted
aryl group; R10 and R11l are each independentley H, stiHh)ght chain or
branched Cl-C6-al kyl, a substituted or unsubstituted aryl group or 25
selected fro but not limted to, the prodrugs listed below. -6 WO
2006/ 020951 gh‘i’f‘”ﬂszooa 028914 |-H2C. O 5-H2C. O- 1-H2' -0 J-H2C. O

: C%)AAO HetiohtterodryCgidap) 1--- 1' 121. 0AQJ< M2 0 M2 O M2 0 Me O dH -

o R7 is H,
C1- G5 A k§/CH§ ?&% @"W@P?@Fﬁlﬂf* rogsh G %ﬁﬁ@i\'&m@@o XY &ro¥p s
al kyl ene or én&@mﬁE b?@ﬁmﬂﬁ%&%hpﬁﬁhdg%dﬂm%ﬂmﬁﬁhSﬁﬁﬁﬁh%&20§mﬂkﬁﬂd n are
each, independently, an integer fromo provided that when R4 is

C4- C20- al ky| pheay! drsubstitubedplienylRgroupRa phamgxy atisukstitnted pbenoky grovpah;
substituted or unsubstituted arylalkyl group, a substituted or unsubstituted arylalkoxy
group, a substituted or unsubstituted heteroarylalkyl group; or a substituted or

10  unsubstituted heteroarylalkoxy group;

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

15  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-Cs-alkoxy-C;-Cs-alkyl, hydroxyl-C;-Ce-alkyl, carboxy-
C,-Cs-alkyl or C-Ce-alkyl-SOy;

R%is ~OH, -CO,R’, -CH;=CH(CO)OR®, -OPO,R'’R", -OPO;R"R"!, -
20 CH,POR™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 aryt group; R'® and R'' are each independently H,
straight chain or branched C;-Cg-alkyl, a substituted or unsubstituted aryl group or

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



and when R3 is C4-C2o0-al kyl, at least one of R, R2, R4 and RS is not

hydr ogen; and pharmaceutically acceptable salts thereof. In a preferred

enbodi nent t he inventi on provides conpounds of Formula N0 R2 A-Z-L Ig RI12
&é S (CHA 10 R6 (I1V), wherein: L is alko[ﬁ covalent

bond su F@Ef?@ﬁs%r unsubstituted al kyl, al kyl car bon¥fT/US $’%’@

al kyI sul fonyl, al kyl carbonyl am no, al kyl am nocar bonyl, al kyI oxycar bonyl , 15

al kyl car bonyl oxy, or substituted or unsubsti tubed heteroar -7 WO

2006/ 020951 PCTI US2005/ 8914 Z ang A arg_ﬂ_gg i ndep r]_ggnt y substituted or

unsubsti t ut ed ar)iH-lg J‘k)eﬂ § nt bond,

substituted or unsubstltut ed aI k NH, al kyl oxy!t 0O, thioether, S,

am nocar bonyl, carbonyl am no, car bonyI oxy, or oxycarbonyl; R, RZ2, RS and

R12 are each independeflftly sel agt fromtHe up consi st ng f

hydr ogen, hal og n—,Hz@yEfjtb/sulgsﬁ(?] uﬁsg& Jt\ut%tjzca rai ght chain

or branched Cl1-C6-alkyl, straight chal n or ranched C - aI koxy, straight

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

hal o- C1- C6- al koxy, C1-C6-al koxy-d - 0s6- al kyl , hydroxyl - C1- C6- al kyl ,

car boxy- Cl1- C6- al kylye C| Cral kyhe SQ€ or N(R&R , pwher ei nM&R aod R are each

i ndependently hyd strai c ai n og vk anthe straight 10
chain or branched%%l I ko gmt ghtlé haih brénchéﬂ h&ko- Ct - C6- al kyl ,
straight chain or br anched hal o- Cl C6- al koxy, - C6- al koxy- C1- C6- al kyl ,
hydr oxyl - C1- C6- al kyl , carboxy-G - CG aI kyl or C1-C6- aI kyl -S02; Qis -CH2NR-,
- CH2NR( CO) -, - NH(CO) - NH CO)NH— 0-, -b- - !S,Or - NRSOr ,
-S02-NR- or het érca e_cﬁzr%“ drogéﬁcr%{ral g ’l\cc’h‘ ~n or 15 branched
- C6-al kyl; R6 is -O—I (I) R9, “- CH2=CH( CO'@&R9, - OPO2R1BR 1, -OPO3R OR', -

el 1 do - andtns FeCrEgPHh rfgey G Caliob b f?éﬂ%?fﬁ@%ﬁaﬁwﬁ 2 ohosphat e
or phosphongtyene or 2 C,-Cs-alkenylene group;
Rgis H or C4-Cy-alkyl;
5 m and n are each, independently, an integer from O to 3.
provided that when R* is C4-Cag-alkyl, at least one of R', R?, R® and R’ is not hydrogen;
and when R? is C4-Cao-alkyl, at least one of R}, R?, R* and R? is not hydrogen; and
pharmaceutically acceptable saits thereof.

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

Ry

_NH
(CHR)m

(CHz)n
10
av),
wherein:
L is alkoxy, a covalent bond, substituted or unsubstituted alkyl, alkylcarbonyi,
thioether, alkylsulfonyl, alkylcarbonylamino, alkylaminocarbonyl, alkyloxycarbonyl,
15  alkylcarbonyloxy, or substituted or unsubstituted heteroaryl;



i sosteres not [imted to those shown below, RO is H, straight chain or
branched CrC6 20 al kyl, or a substituted or unsubstituted aryl group; R10
and Rl | are each independently H, straight chain or branched Cl-C6-alkyl,
a substituted or unsubstituted aryl group or selected from but not |limted

to, the puefibidiedsisted below 1111 gg 1O 10 -HZC G %, Qé/e
Y-HZC. O L ~-HzC, 0 -H2C, 0A011 vc 0JLO- C AJ~-O L ~-H2C OA OM 0 M

O CHO~,CH-O- CHOCHO x/ ~NH2 -CH2 -CH ~NHCr -NCr NOS H2 H2 -8 WO

20061020951 PCTI H%ﬁ@g&ﬁ.{rgga‘%? npgf?d&gﬁy %gstgﬁtl;e@@r@ﬁslﬁﬂémut?&'%f)wﬁeﬂ 2391?@' Kyl

aryl, or together w | ene or ene
group; R8 i & iHapbe lilﬂcedlbyalcbyal¢ntbnnﬂ SUbﬂlalmﬂmuamsmtﬁﬂ athh@&b@ﬂ‘d’blw,l 9, an

i nt eger fro rovi,ded .t hat en R4 | ,. at | east one of
Rl ro Ttk S anfihon, i D, Siohfust: PR K1 oot 1 ast
one of Rl R2, RR' IR Rmd &' lafeteaayﬁhﬂé;@ﬁdbnﬂy@aect@mﬁmﬁancegbupﬁinhmegcﬁept abl e

salts thereof Ket anot her enbodi nent, the invention includes a nethod

for treafind Y‘éfog% alpgan, gyeP ubstityrd erpmsebstided Arylasteiehd Faain erhranched, subj ect .
The net hod ing L&ﬂﬁl\?} stratii &iaﬁf(ﬁ*%ﬂﬂh&fb @Eaﬁwéﬁ&%ﬁ@hﬁﬁgfﬁgﬁléﬁ%d gpunt of a

conpound of the ‘ent icon, e. corrpoun erW| se
descri bed héh@smlkysk,wtrhxght‘mantMéramquehaio-Cs—Cts-a&aKﬁ@]f@xFalkmdydils@dmlhgps| ne

1- phosphate asso d .di,sor u er.e di |on
pertains, ir%iltal@ ?}g Iy car ‘B‘y 1@“%@&@?&6‘3‘?’ @%&’t‘&ﬁﬁ% ising a
-therapeutlcazi’laaseda&}iﬂﬂ&peme:ﬂmafogai sﬁalgmwﬂmwadméhadltﬁ-cﬁwtsnafghte g., a
conpound of Farnula I or. ot herwi se described herein, and a {)har maceutlcally
accept adfe &h#ip prbranghed n- C@é’i‘?ﬂ"b’ gkt ﬁmwé’%"mw SoCrialky ét@ ts a graph

show ng the chagul E%n&%dh}cﬂg dlywmﬁ&@ncacgn&axy.tm%h gi Y grrgx of the

ifNrent i on. Detail Description venti on ounds pro i ded by
¢ present cmhvahﬁl—ﬁfn-a&wbon@ﬂﬁé -alkprSO0f the S I P1

Q is ~CH;NR-, -CH;NR(COQ)-, -NH(CO)-, -(CO)NH-, -(CO)-, -O-, ;S-, -SO-, -
80;-, -NRSQO;-, -SO;-NR- or heteroaryl, where R is hydrogen or straight chain or
15  branched C;-C¢-alkyl,;
Réis ~OH, -CO,R®, -CH;=CH(CO)OR®, -OPOR!R", -OPO;R!R", -
CH;PO;R'RY, -OPOL(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,-Cs-

20  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:

O 0
S G SN N -HC. )H/ THCs 'kﬁ

0

0
§-—Hzc‘0)k0/ % 0/”\0/\ ; ,gzo)l\o/k §-H,C. JJ\O/I<




25 receptor and are preferably agonlsts “of the S I P | receptor. More
preferably, the conpounds are selective agonists of the SIPl receptor. In
addition to the S1P1 nodul ator conpounds, the invention also provides
pharmaceutical conpositions conprising these conmpounds and net hods of using
these conpayffsndeddy treating a condition associated apcrRappieRsdate i mmune
response, such as transpl ant rejectron or 30 an autoi mune di sease.
Definitions As used herein, "alkyl"™ groups include saturated hydrocarbons
having one or nore carbon atons, including straight-chain alkyl groups
(e.qg., nethyl, ethyl, propyl, 35 butyl, pentyl, hexyl, heptyl, octyl, nonyl,
decyl, etc.), cy(Rl’nsd-l,eﬂZ,k@&alelphmkoMi Cﬁ—alygzlL m&l onto';get(her widh R&fcmn a:('lz-or
"carbocyclic! ups | o cycl opentyl, cycl ohexyl,

cycl ohept yl ,C-‘t"@% FEX 912 cgf%kef’¥féﬂ?gﬁqﬂlﬁed chain al kyl groups (isopropyl, -9
WO 2006/ 020951 P@Tﬁg@gp@ﬁtﬁaﬂgﬂ4ndtert butyl, sec-butyl, isobutyl, etc.),
and al kyl -substituted al roups (e.g. aIkyI substltuted cycloalkyl
groups add cycloarmyhmeeseﬁmudmemdenkymngweeﬁﬁynOvhé term "aliphatic group”
i ncl udes or i1 ghtpo ns,
typically h v?%%a #&%@ﬁﬁlq éﬁéh%bgﬁaﬁP%hgﬁ QP'R éﬁq§§9%$rg@?gégs t he
chai ns may SmBevhbn RA csr(éﬂcmmwigettast(oneoﬂb 82 IR4rxiné(R5 lsﬁxhuthMng gadoups i ncl ude

al kyl groups, al ke nyI groups. In certain enbodi nents, a
straight - chaq @%&%%&ﬁgﬁsﬁﬁ% "group may have 30 or fewer carbon
atonms in its backbone 0 for

br anched- chai n. Ilflﬁ %@P tﬁflgméﬁém%elgven}ogﬁcg}%mnlghrgp%orotfeagy%%ched chain
al kyl gridup sphingasjnelaptospititonssoaiated diserdyama autgent. The intdobirckidene, e. g.,

O - C20 1o Sigfipli6iBineothd oot rsricllivd ol GURGHORIP The HIEhIF! £gPh o r bl y

8™or fewer Kew se, preterr grou ave fraom 4- car bon
a¥ens in th(ﬁOP’PP?ﬂﬁjgofﬁofTﬂElﬁﬁPéog%Wﬂ“rﬁ?F%‘% ‘b?ﬁ%rrf ﬁ&laﬁavéuweef lee?afrférforat onms in
the ring st rtheiphirgosiné &-phevphmte lasuocinted dispider.refers to al kyl groups havi ng
froml to 6 carb h I aving 15 from3
to 6 carbons in t gﬂﬁhﬁé @?‘?J}u@ﬁr%lgq&eﬂwm?éﬁiﬁg aﬁrf?ﬂﬂ%lg#?g% bons is

ot herwi s s mbeimidceutical sopypesition somprisingniberapeuticgllyaffective amameef aal kyl , " "I ower

al kenyl , " et&mpa&meﬁe M&RioR, é‘fa@&dﬁlﬁﬁd b BoriRlia8lof ofiRBwis@est @Al one and
less than a out 8 rpon atong tain enbodi ments, a straight-chain or

br anched- chdl¥F- ?pﬁmf’e"é‘f‘ erf‘cﬁ%Péa @Mewer carbon atonms in its backbone
(e.g., 20 A -C6 for straight-chain, C3-C6 for branched-chain), and nore

preferabl Y 4Rk BSVR nonchg‘ffrWin preferred cycl oal kyl groups have from 3-8
car bon a?ro

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
25  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
30  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,
35 butyl', pentyl, hexyl, heptyl, octyl, nonyl, decy], 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



structure, and nore preferably have 5 or 6 carbons in the ring structure.
The term "Cl1-C6" as in "Cl1-C6 al kyl" neans al kyl groups containing | to 6
carbon atons. Mbdreover, unless otherw se specified the term al kyl includes
both "unsubstituted 25 al kyls" and "substituted alkyls," the latter of which

refers to wbkylengém®pPs having substituents replacing qiﬁ/lﬁz dRsR1ydr ogens
on one or nore carbons of the hydrocarbon backbone. Such %stltuents may

i nclude, for exanple, alkenyl, alkynyl, hal ogen, hydroxyl,
al kyl car bonyl oxy, arylcarbonylox alkoxycarbonyloxy, aryloxy,

aryl oxycar bofeyh Byl seeuib 5o, el Ryd defmhei<lyrions o5
al koxycar bonylkyt- saﬁstaﬁth@amdam@m oup@é:iﬂwyalﬁmnsambmwﬂa gbkpsb amhdyegar bonyl ,

o e Gos v Ui ENOER P Pt

al kyl aryl am mp)calljahwmg'gbamem Inand@@icaryon ailom,sl dmednapiex scht\me;s the chains may

2ol h oSt hoas h8§y r“?@ R APt gt niHlde DL ous, BT vl . 35
sul f onam do, 5Pes and #lkyml &&“Bffret hyl, cyano, a2| do het erocyclic, alkylar yI
AT KR T i ABLABR PRCREE wi ¢
an aryl group0 ¢efeger capbmmydmeinhislbagibone, e gbéhi(;f;b fc;r stra;ght-chlakgdré}sﬂao fomrpi et y S
an aryl grou raﬁ&gﬁtch&xﬂt ﬁ?ff‘ﬁa%n%du@én@hsr a@ﬂ&hﬁlﬁ 0B bran eﬁ%hﬁ)ﬁlaﬂ{%ﬁ%{: (i.e.,

p-tolyl)). The term” nmeans .a t-chain nche

unsubst i 19t eE2xhRYA qufcf%ercﬁ&‘i’”’“&ﬁ"@l‘%ﬁ%"“ﬁ‘?%p‘?gs CaCo F%ﬂl@ﬁf HRAT og of t he
cor r espondi ng3.@2(}<ﬁsi-b1gﬁgu¢a,chﬁnﬁdﬂﬂlrﬁ&e pieferibiy lleaﬁfegrmlm5ewleé;|pwfﬁredet hyl ene

e ke
zhly have 4u’hsq

enyl ene" pre o dowelinghe phmtmttgﬁa oﬂpstemblpwgmllsyl’t’ eefetb oyl s, but
whi ch cont ai gk b@p’%%favﬁ %onplpm Qs il the bieais A8 B cye B ngm,lmavm
respectlgly. aml e ken% ene ‘gr oups 10 incl ude efhényle 5 CH=CH ),
propenyl °PS‘ - CH2CH=CHCH2-) and

1 et hyet henyl ene, (LGl o ofBgee,gsqp&ﬁer%@epga,ﬁngdlogewa@;a qofoups | ncl ude

groups having 2 t on ato Shout 6
car bon at ons aliphatic,t Eower alkyiietiower glkenys” eta- as mesllhelgmnpﬁns ihat the diecdety hasat ur at ed

and ar omat i Cat 1dat Ga%uqesbn%%a&lmﬁmﬁ Qtoths; TEREH erodRRGIN, b kstrABhtWhbi

unsat urated and aro het cl es cont ai ni n one Qr rrngs. AryI
groups may aPsRyapRbed-g leﬂﬁﬁg@' hagj6eqs %T""ﬁ(?ﬁ'(!? étOB’SIHB?ﬁwg boRekegal i cyclic

or het er @0y cICiy-Cs forrsgaighiaetiain Ce-Cy dbr bmmhat—clmnﬂmﬁmdraprefmbly d opldweeycl e

(e.g., tetrafiilise/ Wefeted bithSaliy¥ bRIPs have FrofH ¥81c8Bbn AR Pudlr AR 2Y!
structure, and more preferably have 5 or 6 carbons in the ring structure. The term
“Cy-Cq” as in “C;-C; alkyl” means alkyl groups containing 1 to 6 carbon atoms.

Moreover, unless otherwise specified the term alkyl includes both “unsubstituted
, C;; 25  alkyls” and “substituted alkyls,” the latter of which refers to alkyl groups having
substifuents 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,

30  aminocarbonyl, alkylaminocarbonyl, dialkylaminocarbonyl, alkylthiocarbonyl, alkoxyl,
phosphate, phosphonato, phosphinato, cyano, amino (including alkyl amino,
dialkylamino, arylamino, diarylamino, and alkylarylamino), acylamino (including
alkylcarbonylamino, arylcarbonylamino, carbamoy! and ureido), imino, sulfhydryl,
alkylthio, arylthio, thiocarboxylate, sulfates, alkylsulfinyl, sulfonato, sulfamoyl,

35  sulfonamido, nitro, trifluoromethyl, cyano, azido, heterocyclic, alkylaryl, or aromatic
(including heteroaromatic) groups.

-10-



group. 20 The ternf“ﬁeterocycl|c.group"l?hdludes closed ring structures

anal ogous to carbocyclic groups in which one or nore of the carbon atons in
the ring is an elenent other than carbon, for exanple, nitrogen, sulfur, or
oxygen. Heterocyclic groups may be saturated or unsaturated. Additionally,

het erocycl‘,‘,&z@gmﬁ? (such as pyrrolyl, pyridyl, i soqubeﬁ)u ims,&g%lgol yl,

purinyl, and fury may have aromatic character, in which case

be referred to as "heteroaryl"™ or "heteroaromatic" groups. Unless ot herW| se
stipulated, aryl and heterocyclic (including heteroaryl) groups may also be
substituted at od¥ < Wisﬂeg&b‘ﬁéﬁftﬂ@itgr%cﬁ titytedhyrih @ aiy} 21980 EHar omat i ¢

and heter oalphemqineﬁyge" eyBenzyR) Arvikylaryl? namsrgwrﬂ gauﬁ stbgittuted Rgthawi th 3 to

bout 8 « 4 t |
General, t L BB GeEnaTtARERR (A IO TS eRom e BeBRent ot her ¢ han
car bon or hwttaxgge‘rhalrpﬁa ef, enbrenthedumnyistiwmtedfaliyhgobpi Aol“aldizlend’tgrogeina oxygen,

sul fur, S aturated
R e e TR
acridinyl; T 2 2C St

benzot hi ophaﬁsthyet}mmqmz@mbcm B oTiRaaaisfalkan/y “alkbry2 bnid ‘@lichylene” refer

benzt et azol il RENEN SRARRS kXbos BERELAALIIAROhKliniboALAN a0l by

car bazol yl roneny C|nnoI|nyI
decahydr oquidevbieey tnplQHﬂ@m qar@nzboad mspa:zwﬁw Exarn;ﬂe&/@ o500 g

PCT/ US2005 G2&i8ddetha e @ucal 5 phogahiieid eOUSEAberam viwaaandc furazany

I m dazol i din | oly ol en

i ndol i nyl ; ‘#&zﬁ*ﬁ%‘%@ﬁ F‘F%LWP‘Y%F—F i??&(ﬁqp%d}ggaéﬂ% Pﬂlﬁﬁ% and; ﬁ‘@lﬂﬂr omanyl ;

i soi ndazol yl groulsmmaiuttcl gronfls havieg R nelaopt 12 ¢astoopuateros, ipreférably lﬁsrntmtoeaboﬁtyﬂ

i goxazol yl ; }"%ed' oxyphenyl ; rmrphol i nyl; napht hyri dinyl; 5
ahydr0|squ|no I'nyl oxadlazol 2, 3- oxadlazol , 1,2, 4-oxadi azol yl ;

1 2, 5- oxadi azol y|Theterm @%R‘ﬁﬂl%%??ﬂ “argheousy |1%191‘FF§¢F““§§58-5¥6¢9‘T argaticol i di nyl -

pKrl m dltrhyl ,cycmﬁﬁﬁdsﬁahfdnd(éyj ben@ﬁ@ﬁp}jﬁdﬂ)@h wiall las wisamRad djid|a,rmﬁhﬁnot h| a2| nyl ;
enoxat hi i en zin al azi erazin r4

BI peri donyl %kf"%‘iiggﬁl%}%ﬁ Wg%n%?lg %W‘Igs %ﬁéﬂ‘%ﬁg ]B‘l’ﬂﬁ? ﬁ'&??d &

pyrazinyl; pyitlaa borddegy bipheyylh 2beychiy by hetgroeyebe sings they apgfmqtamauy lso asto

pyri dooxazol @ PXRF ’ i
pyr i mi di nyl ;1%’5’9%’2% |g‘%1ﬂ§fdgfﬂt%§’r“%| ?‘%y@‘e‘%ﬂe‘g’%‘f I et il ?'?% gy‘%'El

qui nol i nyl ; &4%-qui nol i zi nyI qui noxal i nyI qui nucl i d| nyl ;

tetrahyd furanyl tetr dr0| soqui A trah drogui nol i nyl ;

ot raso 3 Grt L ToesSin AR RO ok ploss  ERRIPRRS indBedlle L i azor yi

1,2,5-thiadi canzhylcyctl;c gopsdn whlchdna_znhgrle of thgicarboh atomglin themmmryftlgememn enyl ;
other than carbon, for example, nitrogen, sulfur, or oxygen. Heterocyclic groups may be

nazollnyl

saturated or unsaturated. Additionally, heterocyclic groups (such as pyrrolyl, pyridyl,
isoquinolyl, quinolyl, purinyl, and furyl) may have aromatic character, in which case
25  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
30 “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;
35 benzthiazolyl; benztriazolyl; benztetrazolyl; benzisoxazolyl; benzisothiazolyl;
benzimidazolinyl; carbazolyl; 4aH-carbazolyl; carbolinyl; chromanyl; chromenyl;
cinnolinyl; decahydroquinolinyl; 2H,6H-1,5,2-dithiazinyl,
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15 thi enot hi azol yl; thienooxazol yl; thienoimdazolyl; thiophenyl; triazinyl;
1,2,3-triazolyl; 1,2,4-triazolyl; 1,2,5-triazolyl; 1,3,4-triazolyl; and
xant henyl . Preferred heterocycles include, but are not limted to,
pyridinyl; furanyl; thienyl; pyrrolyl; pyrazolyl; pyrrolidi nyI i m dazol yl ;
i ndol yl ; bgaahigee@zp! yl; 1Hindazol yl; oxazolidi nyI &y

benzi soxazol yl ; oxindol yl; benzoxazolinyl; and |sat|noyl groups o)

i ncluded are fused ring and spiro conpounds contai ning, for exanple, the
above hetergcycles. A _conmpn ocar bon aryl_ group eny| group
havi ng one r IHﬁO%ﬂz#rW&“%%@ﬁrWYE@PZ@VEHB@@%@FW%W%{W'I :

i ndenyl , beningidyolydoH- imminlyl bﬁlléﬁjﬂymﬂdh@ﬂmﬁdwzmyn@rdo@ﬂmﬂ-hndomd azul enyl
Sraups 2o Bhber il BBk uohht om0 SRR A PRALAGD: HaBERRRLC", =
groups i ncl uuethm@@lwhnmwm methylamdmmhenyhml@hwl naqbﬂwdmhr enyl, and
ant hraceny! &tﬂiﬂ/ﬁﬁnmﬁﬁi\%h@l%&aﬁélﬂolQ%M@ﬁz&l @rzfm&afam jc aryl gr oups,

pyr r oIS;/Ingl eni’égz%‘l 5‘!‘% {S@?ézo?’%r %‘J‘gﬁl BSUCE‘#‘P@PO 9&&??‘?&?&‘1@%’%&:‘%% and

pyridazi nyl penagBridiayicipleenanthedidylapixnezisyll plenethiazingly phermxathimyldonyl |

I I . Th
cor r espond npLeRGGR T RhibalSBSE el piisfaml SRBAMNA ARl " 9roups
i ncl ude pyr PigFioaylnpendinyk peinybyayranykipyazisyl; ayragelidinykirysazolinylypyrazolyl;
pyr aﬁO: | dp nypyri r d&ylhﬁlzB*ﬁdﬁbkazol@b?l%dlﬁidazcﬂé}q;yﬂﬁ@tﬁfakﬁb lqgmdmwwl A yiyl . and
mor phol i no an ro al'so include
tvvoprl ng het BYBY% nﬁgﬂ% %!hﬁg PWE%I f QHA%’%ﬁ hg Ofyl QuiRpEP iyl Ao 1P}%llclazol yl,
qgj____no: | ny: : 4quqmohuhylmgumowhnhlaqmﬁmiginyl,qmahmﬁmwﬂl ,,tetralpudman?hnlwi;dyll,z o
cgnnol i nyl n azo -
2ot 1020551 WOS}I}IEBM e%zot h?gggﬁikg?z??ﬁ?&wﬁnol | éll nyl,
i soqui nol ony Z4ttiadisreul i 2%&‘&%‘1@9 b didfthia Iyl; Wyﬂ“*&f’ érﬂ%‘eniés wel |
as the pasti ﬁhén»t}:lmzdryngmammcﬂylmhmsmﬁuzfzblﬁs;hﬁbn@smrnrydzmyl llmu&ﬁ@wnyl
9oL LRI Sl (3N BBl BRI B S BB ° °
phenant hri di nlylude,ﬁaua@nemdt mitedp toepyridingilrfranylpthéenah pirolyl; mytazolphenazi nyl

phenot hi azi n)d HIRSA addazoly]; inddRE:; bedkiRfds Wl%ﬁaﬁ[ ﬁ}lﬁ' typical aryl
groups inclu substltgt ed”or B,subst réd single-ring

groups. In a ?i’czﬂ@taz%hélp ol a7 o =A?P“115‘Pl¥ﬁ:3’ a{pémglep%xp%tamy FRYPSt HESYr oup
consi sti 2@ ofnchxdb:s&retfmyeédnghndlsmmh:smpbm&domkuﬁmgl for pyanipdé, the abbue vyl , t hi enyl |
10 thiazol yl 4, %;CFH saozolyl, imdazolyl, triazolyl, tetrazolyl, pyrazolyl,
oxazolyl, i sooxa ,

A common hydrocarbon aryl group is a phenyl group having one ring, Two-ring

hydrocarbon aryl groups include naphthyl, indenyl, benzocyclooctenyl,
benzocycloheptenyl, pentalenyl, and azuleny! groups, as well as the partially

25  hydrogenated analogs thereof such as indanyl and tetrahydronaphthyl. Exemplary three-
ring hydrocarbon aryl groups include acephthylenyl, fluorenyl, phenalenyl,
phenanthrenyl, and anthracenyl groups.

Aryl groups alse include heteromonocyclic aryl groups, i.e., single-ring
heteroaryl groups, such as thienyl, furyl, pyranyl, pyrrolyl, imidazolyl, pyrazolyl,

30  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.

35 Aryl groups also include fused two-ring hetcréaryls such as indolyl, isoindolyl,
indolizinyl, indazolyl, quinolinyl, isoquinolinyl, phthalazinyl, quinoxalinyl,
quinazolinyl, cinnolinyl, chromenyl, isochromenyl, benzothienyl, benzimidazolyi,
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pyridinyl, pyrazinyl, pyridazinyl, and pyrimdinyl groups. Further exanples
I ncl ude substituted or unsubstituted phenyl, |-naphthyl, 2-naphthyl,

bi phenyl , 1-pyrrolyl, 2- pyrrolyl, 3-pyrrolyl, 3-pyrazolyl, 2-im dazolyl,
4-im dazqQ] vyl razi nyl, 2-oxazolyl, 4- oxazolyl, 5-oxazolyl,K 3- |soxazolyl
4- | soxazgYéledwgz“?’%oxazol yl, 2-thiazolyl, 4-thiazolyl, PETAS PR yl, 2-fu
yl, 3-furyl, 2-thienyl, 3-thienyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, 2-
pyrimdyl, 4-pyrimdyl, 5-benzothiazolyl, purinyl, 2-benzinidazo|y|,

5-indol yl , bknzotidamiylmirnll, gbmbROayj isajuytolonz, quinoxgl, hmhlthynﬂitqu iambxal i nyl ,

3- i as used
he(r:]g: 20 y fp eq{?lﬂ}yggxgyhibdnsugllg@@%kﬂ&@ﬂl{ﬁ%&@ﬁ%ﬁgﬁlQ:EQI{%éum)l e nﬂhﬁyf he fornul a
-NRaRb, i n isasheomane!, indalimy; iseindadinyh andiigegyidoardoly) grwarégsénsmum 5 aryl, or
| hﬁt erocycl Mltmludbrfgﬁ% tRveelLrik gréu?mfehta@gﬁénbﬁmmﬂ f&a}bhaﬂgl pﬂdaﬁmtldlaﬂom t ?hWhl ch
g e SRRV beramvh sl shier VL o dt ristaf e | "

p| peri di nyldlh]anzofpganykgrowsnyl groups, unless otherwi se stated. Thus, the term
"al kyl am no" as used herein C 25 neans an al kyl group havi an am no group
attached t her et Som8iypiespreyl groups wnhd%subgﬁ‘itétﬁé@rPmﬁ@bﬁiﬂ'@e@]%ﬁf&—haw ng | to
about 12 C%&ﬂﬁbﬁﬁf@wﬂg%&@@btﬂmﬁmix& Qa@PAHbrofip e bR QAledédPidm The term
am no i ncl gges co ounds ies i % Ph?a ni trogeée i's coval ently
bonded to CFQE&%P B“%%t(r)sb‘Bf‘F‘tBtF REtnspes: phepy, ngqiﬁ ﬁ‘ﬂ‘i%&lm no"

i ncl udek) grth:amlylyxhemmomlyhanudamiylgeazcﬂylmetrmhﬂ,cpmmm ce:hzdlylaxsboﬂamiylal kyl 30
groups. ?yhﬁfnglﬁ gﬁ{a%gfgbmdazﬁ?g %n&’%@-hﬂlhﬂm @'9}11)5' %hﬁ&%x%@fé?&cl’éfﬁ@r ein the

nit rogen [ pectively. The

Ler m " al ky|sabspituted primsubsgipuigdpheny), krnaphthyh- @pbtbpﬂ #yli sPHEIAEZt 0 at | east
e al kyl giyarep ay:plyranyll F—@?ﬁaz&l?lﬁlzﬂﬁlidazcﬂypﬂlﬂmdai'dl bﬁ@ﬂnylaﬁ-léﬂﬁomaﬂ kyl™”

A1 kyl am no GG > PReolb e it R beedis unas or

35 noi et eshiaklgln2-damnt, difryd, 2athienyly drthienyd3-pyridyh 3ipyridslidepyridyl e car bon of a
car bonyl or @1&}1'41%:5:9&?}’ '5-&5%&9&0 ilgptﬁﬁgm tﬁﬁﬁﬁa‘xd&!&lyl "5%&“1?1 {0 an alkyl

group in one | been _repl ace an -N(R) -
group, \Aherléoqnmoylmwwéﬂ%? A Wy tquinoxginyud- %@fgﬂo?@%@m Iyl

1' CTI US200503914 | f an azaal kyl group includes two or nore N(R) groups,
any two N( R) groups are separated by one or nore carbon atons. The terns
"al kyl t hi 0" or 'Theiterel Iamilyé"orédmillg"ta@umdh&tckylrefgs@mmuﬁsabStingectaor suI t hydryl

group ajg a%sah&t Fledy ofTHi f'o?alﬂ ﬁkkwl Wﬁcﬂkom“ d%@leécég?%&ﬁ KR aving | to

5 about omns,, pr.e +£ 0 about . The term
t hi aal kyl "B ﬁ%a&)‘i °°gF'dﬁﬁarmWfﬁ ¢ keihtesetherittuthe pitpogen ni t s have
been repl aCﬂd‘n iy whtich thiefy\aFe 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
25  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

30 groups. The term “arylamine” 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

35 moieties which contain a nitrogen atom which is bound to the carbon of a carbonyl or a
thiocérbonyl 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;-Cy-alkyl.
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atom If a thiaalkyl group includes two br nor e sulfur atons, any two sul fur
atons are separated by one or nore carbon atons. The term' aI kyl car boxyl "
‘as used herein nmeans an al kyl group having a carboxyl 10 group attached
thereto. The term "al koxy" as used herein neans an al kyl group having an
oxygen at 4y 2bs/@bdsached thereto. Representative al KoXyp@f Qs dx4as ude groups
having 1 to about 12 carbon atons, preferably 1 to about 6 carbon atons,
e.g., nmethoxy, ethoxy, propoxy, tert-butoxy and the |ike. Exanples of

al koxy groups |nclude met hoxy, ethoxy, _15 isopropyl ox propoxy, butoxy, and
pent oxy gro ahey] groupinclygdes byssordpere DER) ﬁ?B@s%h@(ﬂ)ﬂP‘@Fé’@ps such as

al kenyl , al w&edﬁyainegemmmdfo@mwms al kyl car bonyl oxy aryl car bonyl oxy,

Z}Sf’éé?ﬁé_ﬁ??y' o o Btk BIRGR S bl AR ol Bl 1hBRRS ™
di al kyl am nedytdoyhgroup attiched thierstea rdustable alkylthiogpdups piwbslpmmws hmrmbwonat o,
phosphi nat o gbou?‘i’z Séfﬁ&?atoﬁ &ﬂé}’e&tﬁcﬂdﬁﬂr Elﬂab%h Ea:ﬁ&ﬂ di6ns. of tEﬂﬁ'u & aQrQ 1”

arylanrno |a%¥ am no, am no i_ncl % q
al kyl car bon¥afé# wawﬂwﬂw é’ﬁ?ﬂbm"fec aH%‘§SI haye, berenlenss by 2 sl

sul fhydryl, aﬁhk)lfﬁﬂir@lky&gbdupﬁmﬂhdei hrmaﬁd}exmhﬁtam@mhfmesalﬁu mﬁ(sldrsul finyl,

sul f onat o, sulf n itro, trifluoronethyl, cyano, azido,

het er ocycl y P a?%a fe %:”Bog E)Orr@ ic or heteroaromatic noieties. Exanples
of hal ogen Q 25 & CRuBbl P LN e BB AR chibBi o 1O

f | uor onet hoxy uor tho tri oronethoxy, 0 oxy,

di chl or dfet %&‘9 a“i‘th‘émeﬁﬁt%rret hoxy, etc., as well as perhal ogenated al kyl oxy
groups. Thetermr éﬂgl‘ refer to an aIk h&roug i.n which one or nore
ZCcHe- units have e ?’Q’C@ﬁ“ OpR Nafne PEIERABr oup

_I udes tmﬁ@hednhastmmmaatmtmlkoamgr@mlml@gmuwlmvmy}rb abegd2at ed 30 by
m)recgrg&pﬁ nd,éﬁ%rab@etota% 6c§ﬁ>\6h% Oegxgﬁnﬁdgﬁ%ﬂ@&?rgﬁ wherein an

am no nmoiety Is % no gr oup

an ac oup
i ncl udes al R%VTE‘&?WIW‘FF@ Exaﬁ‘?i}F alrﬂsarfudm FyFthend ur ei do
gr oups. 13he isopropBlox Al prepoy fl Buydxy, andqiehmkyxgmpalmelﬂkoap@rodphmﬁﬁekoxyal Kyl "

I ncl ude al k des vie t nclude oxygen,

ni trogen or ¥'I'§b5 1%‘gluerdq“é1 o%é“psaﬁc ag‘“’car negl;1 ylgﬁ Belkqest, h&%ox Pf{ a@?’{cﬁ% ¥|%Vr ocar bon

backbone. mlm@oz@bsm@ﬂmmmmsmﬂsxmmommerbpeylm allgiidadropyl, or
"carboxy" iggh gm%gnﬁngnmﬂdngﬁ aﬁi?n&%hﬁjrln a carbon connect ed

carbonyl i n br%&nﬁp%%r@ﬁgﬁ S Eresaeon, Shathamvestats pospiee prns, " 2
20  cyano, amino (including alkyl amino, d1a1kylammo arylamino, diarylamino, and
alkylarylamino), acylamino (including aikylcarbonylamino, arylcarbonylamino,
carbamoyl and ureido), imino, sulfhydryl, alkylthio, arylthio, thiocarboxylate, sulfates,
alkylsulfinyl, suifonato, sulfamoyl, suifonamido, nitro, trifluoromethyl, cyano, azido,

heterocyclyl, alkylaryl, or an aromatic or heteroaromatic moieties. Examples of halogen
25  substituted alkoxy groups include, but are not limited to, fluoromethoxy, ‘
e difluoromethoxy, trifluoromethoxy, chloromethoxy, dichloromethoxy, trichloromethoxy,
~ etc., as well as perhalogenated alkyloxy groups. The term “oxaalkyl” refers to an alkyl
~ group in which one or more —CH,- units have been replaced by an oxygen atom, If an
oxaalkyl group includes two or more oxygen atoms, any two oxygen atoms are separated
30 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, carbamoy! and ureido groups.

The terms “alkoxyalkyl”, “alkylaminoalkyl” and “thioalkoxyalkyl” include alkyl
35  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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. AR SN AR e ” S '
esters, anhydrides, etc. 5 The term"ether"” or "ethereal" includes conpounds
or noieties which contain an oxygen atom bonded to two carbon atons. For
exanpl e, an ether or ethereal group includes "al koxyal kyl" which refers to
an aIkyI al kenyl , or aIkynyI group substituted wi th an al koxy group. The

term"” nlthd@@mgﬂ , the term "hal ogen” or "hal ogepgT,%ng)d%ﬂ4 10
designates -F, -Cl, -Br or -1; the term"thiol," "thi capto nmeans

SH, and the term hydroxyl " or "hydroxy" means -CH. The term ‘acyl " refers
to a carbonyl group that is attached t,h_rough its carbon atomto a hydrogen
(i.e., a fornyl) Thaterml “‘crhenyl¢onicetppxy dngjudes gempounds apthmaiespsewhieh gr oup

(e. g benz Q¥hthin @dt@botl%ntécte@ withPdduBleBond H)baﬁmtdxty ére&oﬁcmmple@wdes acyl

groups where ane 1 nor e of N5 on onhe

atons are rdpPEHaSEH COPB‘tna Mf’em%gﬁg@?ﬁw 8?%&?? cazh ﬁﬂ’/f“" B‘B es’hal ogen,
hydr oxyl , alelstﬁfs(;at}iydﬂ&'dspety, aryl car bonyl oxy, al koxycar bonyl oxy,
aryloxycarbonyloxy car boxyl ate, al kyl carbonyl, aryl carbonyl,

al koxycasbonyl , e tesmdietheriydr “ethedegll” mﬁmtmmyds or mmetﬁdsyﬂmh agoeaydvony| ,

al kyl thi Ocardgggeﬂ acrrﬁ'blﬁﬂ&&\i'to W@&Wtﬁm Fﬁb?%i?e{?ﬁm@taﬂ1eﬂ{ép&5&ﬁér5@*gfbu 20 cyano,

amno (incluy J | am aryI di aryl.am no, and

al kyl aryl am‘ﬂ‘é)“gﬁsaélﬁ b ‘(’ﬁ“ﬁ]@:}’ ?ﬁ’gﬂﬂeﬂ jalicen HS/?IQHYF]STO“HF%SH%‘F%WI ami no,
car banoyl angitiuedliexy, group. no, sul fhydryl, al kyl thio, arylthio,

t hi ocarboxyl ate, sulfates, alkylsulfi nyI , sul fonato, sulfanoyl,

sul f onami do, nit ernp termi “nktredmosaes AY0;; theytemo’ halogenlogr “hblegey’ ocifwlly | al kyl aryl,
or an ar t t @0 t i »e binl. e ] i ed, the
el degtlgﬂzf ? QE 3 QPR ine éHh %18 4o Y ﬁ%rc%tbl %%?ﬁ?%gﬁfﬁfe

cheni cal noi et e conp oun s of_the 1nvention 0Sse groups
di scussed al&f’ Yﬁ‘ﬁy‘ybé’r Ryfseay mpgeas- Q- unsubstltut ed.” In some

Sretced on ¢ he. ol EJTEY AEN (e g crbaherehs et is aciBL frdugdd coBE) el ng o
tgg r olgg 2) . vitens ko ahydrogeni{ze. ,rmfoauull),elntabplmpfgmm(e gs agetyl) 1aul evboatio gtoupn.
bragghed al k@% ?pre%‘g %E%élgen&&?%gg{éﬁga gﬁ%‘?ﬁr g%ﬂ?%gE %%%a?koxy
(pref er Bl y ajmarg9f the v@agwtor(li)%wroamveer QuEAtoms FeRgWised byrer er abl v
C2-Co6), al kyd&utnprepareimyt@,b&m, ﬂley@gmubetawge@,mﬂmyl amylammym,, aryl (e.g.,
(g pheriTespmichy aRapsiyaf hyltesSodumy Gokas M abein
al kyl car bonydrylaartior3s, aékw(brwbmhwmmcmbom;augdmmaca}bowt oup,

heteroaryl Caﬂtgg%ﬁnno@ﬁgo CN o\ﬁrbgﬁ %xmoghéf%h te dﬁﬁsp?xgﬁtgz p\w%ﬁhﬁolq

9 % %N'gé) qaa&%eemr&gam&aa 4 igino, diefkiyjamiposyryienyiao stie v 5, -15

alkylarylamino), acylamino (including alkylcarbonylamino, arylcarbonylammo
carbamoyl and ureido), imino, sulfhydryl, alkylthio, arylthio, thiocarboxylate, sulfates,
alkylsulfinyl, sulfonato, sulfamoyl, suifonamido, nitro, iriflucromethyl, cyano, azido,

Br,

heterocyclyl, alkylaryl, or an aromatic or heteroaromatic moiety.

25 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

30 substituents include moieties selected from straight or branched alkyl (preferably C,-Cs),
cycloalkyl (preferably C3-Cg), alkoxy (preferably C,-Cs), thioalky! (preferably C,-Cg),
alkenyl (preferably C,-Cs), alkynyl (preferably C,-Cg), heterocyclic, carbocyclic, aryl
(e.g., phenyl), aryloxy (e.g., phenoxy), arylkyl (e.g., benzyl), aryloxyalky! (e.g.,

: phenylokya]kyl), arylacetamidoyl, alkylaryl, heteroaralkyl, alkylcarbonyl and

35  arylcarbonyl or other such acyl group, heteroarylcarbonyl, and heteroaryl groups, as well
as (CR’R")9aNR’R” (e.g., -NH3), (CR’R™) ¢.3CN (e.g., -CN), -NO,, halogen (e.g., -F,
-Cl, -Br, or -I), (CR’R”)o.3C(halogen)s (e.g., -CF3), (CR'R™)o.;CH(halogen),,
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WO 200670209571 M914 (CR®)0. 3CH2(hal ogen), (CR R’

)0.3CONR R', (CR R'")0-3(CNH)N (CRR')0-3S(O1.2NR R', (CR R' )o-3CHO,
(CRR')0a0(CR R')0-3H, (CR R )o SS(O)O 3R (e.g., -SABH), (CRR')o0-30(CR R
)0-3H(eg, -CHZOCHBad -OCR3), (CR R')o- BS(CR'R')O 3H (e.g., -SH and

- SCH3) @z H(e.g., -OH), 5 (CRR")o0-3COR, Cﬁ:ﬁ&?%ﬂégﬁgbstltuted
or unsubst ute enyl), (CR R')a3(C3-Cg cycl oal kyI)

(e.g., -C2 and (CR R')0-30R groups, wherein R and R' are each

H) .
independentlé drogen, a C1-C5 alkyl, C2-C5 al kenne/ C2- C5 al kynyl, or aryl
group; or tKeRK des aﬁpwﬂ),ﬁﬁ&lﬁ&tﬂm&d@&ﬁ GNERNRSRAci d. I n anot her

enbodi nment (@qulgégslf)” NRIQ’M(CRER’ eI, e0RY ﬁo{m{a}a Hor branched 10

e 07 SR, Sl PR g e i ORS00

(prefer abI y -OEI-E;GICR’R?Q@S(@EW DoiaEd, (egapﬂiidiagd:JrSC&ig,) a(EBI’R’()ea(@H (feph€®H) ), aryl oxy

éﬁegyl 059:{]86@1{” c%]ﬁk'ytg g’a(slubgﬁllﬂéy{)%urng SML oar él(§ 19)0.35(]?1<§ car bonyl
and aryl car Mﬁ?i‘ ﬂ? Gﬁh%r)u Qﬁ/ cﬁ?‘ﬂ’éﬂ‘y ereip,
het eroaryl g{’%@eachmeﬁ’eﬁd@ntlyﬂﬁﬂr@en,(ﬁcgcg alkplt@)-cs B CLE 1 AGhyv(,er &yl - CN)

(R R o- ‘i%%?gtﬁvap%gsﬁads ch%ﬁ%)naﬁr%mmr%a%ﬁs R R0 LocR R,

(R R o 00( O i%‘.ﬁ‘f B 1 sl ol £10m0 l if$ggnna

(CR R’ )01010@&@112(11:@ @bm @S gycloa laﬁ‘d-Csb@i@)ﬂy (Rreinrqhh)f%r@d& CR R')o- 3H
(

(

(e:R gR,)-ST & b teralﬂs:&&) Qﬂéﬂ@tbt ; xt@ﬁrmy (elzﬁﬁg})alk R
o- 1o stifuted or.unsybstitu
.@I oal kyl ) B (Wlﬁf g?%’éb“z ?%ggph elg(%ﬂ? ﬂf)lg pé?? %&W&ggroup, or
si de chdzenzyd)‘, aatgxyalhak(agalphw)quyalkﬂ),rﬁgylmﬁmd@d; zdkylmyb hetervafikyhnd R' are
each i ndepem%apygfdgﬂ% ér&ergﬁ%}?ic Vérouﬁe%&agyh{:‘elﬁléﬁeﬁ:{l of2- Cs al kynyl,

or aryl en _together are roup or a

- (CH2) 2 é}e'zeroagﬂ(ﬁ?}lps (CRE iorw’ﬁ% Rikagr NGBt )MOQ%étg -GN IHO2 or
"substi tut edaamgemtegmlmm@otn,e(cn’m WO(Ralggen)i(&@, TR}, such substitution is

d + h t t dth
Subst tuent AR HEPCREER R R BB aler Cm RS " o,
e.g., which (GBER’ ’)mm(CNﬁM%e&ERy)oun%@)ngRfR’éﬂ@R&”MbCHﬁ, such as by
rearrangeme thsﬁfy)g[ m@kq@% o] ¢ ’Rf%?gm S@;}gd herein, the term

st ol AR el ST B‘bééhéﬁu&;i LIRS, Shie eyl i o
and cyclic, (pzgrsiiend SCH:N(ORRONR/OH (egarOHYYCRIR)anpdORet er ocyclic, aromatic
and nonaro WB(E'R“R’*‘)HR,?&:E&&!&Q& Sr msuﬁjs'iim lﬁ'lenyl), (CR’R”)g10(C3-Cs cycloalkyl),
(CR’R)p10CO4R’ (e.g., -COzH), or (CR'R™)0.100R’ group, or the side chain of any
naturally occurring amino acidj wherein R* and R” are each independently hydrogen, a
_ 25 . Cy-Cs alkyl, C;-Cs alkenyl, C5-Cs alkynyl, or aryl group, or R’ and R” taken together are
@ a benzylidene group or a -(CH;);0(CH;),- group.

It will be understood that “substitution” or “substituted with” inciudes the
implicit proviso that such substitution is in accordance with the permitted valence of the
substituted atom and the substituent, and that the substitution resnlts in a stable

30 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

35 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,-Cs alkenyl, C,-Cs
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35 conpounds. The perm ssi ble substituents can be one or nore. In sone
enbodi nents, a "substituent” nmay be selected fromthe group consisting of,
for exanple, halogen, trifluoronmethyl, nitro, cyano, G -C6 al kyl, C2-C6

al kenyl, C2-C6 -16 WD 2006/ 020951 PCT/ US2005/ 028914 _al k nxl Cl-C6

al kyl car BENOH939951ar yi car bonyl oxy, C4-C6 al koxycar bonjf H¥§2005/028914

aryl oxycar bonyl oxy, C -C6 al kyl carbonyl, Cl1-C6 al koxycarbonyl, Cl-C6 al koxy,
Cl-C6 arkylthio, arylthio, heterocycl yI aral kyl, and aryl (including

het er oar yl )aligngl) @cﬁan@meundﬁy,quwmnym?mwmkdkyemwmgd| nment, the

I nvention pertaln t 0 : R R3/

R © R oNAEYiREYeatanylexy )%ﬂﬁdh@?“oara""ﬂ%l s RlEpR RyEed) ¢ ERARAG A o o

C4- C20- al lekylm @3thial ketorycychyl, aoalbd) 4l aryli(includingyhetesgarylhgravpsky | gr oup

having a chain length of from4 to 20 atons, a phenyl or substituted phenyl

group, a phenoxy or substituted phenoxy group, a substituted or

- unsubst ig ut@simpouriis VF Mlekveriiodup, a substituted or unsubstituted arylal koxy

group, a substituted or unsubstituted heteroarylal kyl group; or a

substituted or unsubstituted heteroaryl al koxy group; and the other is

hydrogen, hal ogdnonggmbrdiment, the itventionaieriaias, ableast dmpart, ¢ canmoupdsafl | st rai ght

chain or fo@ﬁp g G - C6- al koxy, straight chain or branched hal o- CI C6-

al kyl, strai Hal n or branched hal o-d - C6- al koxy,

Cr - C6- al koxy-C - C6-al kyl, 20 hydrdryl -d -C6-al kyl, carboxy-d - Cé6-al kyl,

C - C6-al kyl -S@2 or N( R)R' where R and R‘ are each | ndependent |y hydrogen

strai ght chain or branched ) Stralght chain or branched

Cl - C6- al koxy, straight chain or dhed hat o- d - 8- al kyl , straight chain or
ranched hal o-d - C6- al koxy, Cl- oxy Cll- C6- al k| hydr oxyl - O - C5- al kyl ,
boxy- d -C6-al kyl or d - : 3 and R5 are each

| ndependent ly sel ected fromthe grioup conS| stl(ngz’?)f hydr ogen, hal ogen,

cyano, straight chain or branched ey C6- al kgﬂ“;)antra| ght chain or

10 M,

wherein:

one of Ry and Ry is C4-Cyp-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

15  arylalkyl group, a substituted or unsubstituted arylatkoxy 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;-Cg-alkoxy, straight chain or branched halo-C;-Cs-
QJ‘ alkyl, straight chain or branched halo-C;-Cg-alkoxy, C,-Cg-alkoxy-C;-Cs-aikyl,
20 . 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;-Cs-alkyl, straight chain
or branched C;-Cg-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;-Cs-alkyl-SOs;

25 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;-Cg-alkyl, straight chain or
branched halo-C,-Cg-alkoxy, C;-Cg-alkoxy-C;-Ce-alkyl, hydroxyl-C,-Cs-alkyl, carboxy-
Cy-Cs-alkyl, Ci-Cg-alkyl-SO; or N(R)R’, where R and R’ are each independently

-17 -



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

hydr oxyl - C - C6- al kyl, carboxy- Cl-C6-al kyl, d-C6-alkyl-SO2 or N(R R, where
R and R are each independently -17 WD 2006(020951 PCT/ US2005/ 028914

hydr ogen, j chain or branched CrC6-al kyl, strai br anched
G -Co- al Eg({{/)?dﬂg?;}séi ght chain or branched hal o-Cl - C6- aﬁzﬁwﬁbﬁﬂ?gﬁéht chain
or branched hal o-d - C6-al koxy, Cl-C6-al koxy-Cl-C6-al kyl,

"ronr, - cRRpRety e Ry b dRay Qo spiipn BpBl bR 1)

-NRS02-, - S@kokip-streightvhiinron brapthedhlakr€,-Gs-alkylhstekigiy ehaio or bianchied halo{hal n or

P raigggigR'Cl- j-a@§%£§akoqy-c%@§%§@ﬁi ?_{(296 ﬂé’g v%‘r%;;b&%%@'} gr \Nher e X

i's hydroxyl rauakode 10 and Y is H or halide; or anal ogues of other
car boxyl at e, phosphate or phosphonate isosteres not limted to those shown

below, RS is H, &isaCHmMReHEHNRICHr, aNEHED)-CHCOINH) -KGD)- -G -8 stbst i t ut ed or
bstitut 0 t ht
gﬂ:uunsolr &?ﬁ’&new '-ai'ﬁkl ma&qerg%é]f%grteggﬁong %@tﬂ?@méﬁ :frrylS [:jflogp or

sel ect ed fr(hmnc]lmdtchmgakaflm ted to, the prodrugs listed below. O O _HzZC O-
-HzC, O~ J-H2C Qi 2 k ®loJ< Me 0 Me O
Me O Me O CH O-RYS ciii}g %P%Rem%g{ﬁah?%f%&l 8}’02@?‘“ FéPP JICH - N
G--N-~C \@HP@;?R‘Pﬁ“HZOP(BZs&Iﬁf’IHI oICLC(iﬁy(njﬁosR“‘RC‘édﬂh@féW {shyBoxdl detblidear yl , or

together with R8 form a al kyl ene or a al kenyl ene group; Rs is H

or Cl - C80al lepd Y iaHcprielide; aranalpeaesofothen carboialaye phesphrtg of Bhesphanalger from 0 to
3; ded I R3 d RS
P‘L?VI hgdr%g%%e %ﬁm % %4&%9% R9I %114 g EFeas ‘O%ﬁgheq BZ\QCG_ RzanR4

R5 is naikyhpdas@snmtedmdnmgumdaqﬁ gmapl b aml:B tapdbtagh swlependetiyygof ; - 18
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
e AL e A -H.C. )H/ EHiC, Jj<

e, L He 2 LA e Lk
R N T s $-H,C.

Me o Me éﬂ: Q é\.:‘_'
N N v \OJK,/ ¥ *F
l I |
E“CHZ/— NH, E—C H _—NH i\c/"“'N\ i\cﬂgi
15 Hz H,

R’isH, C;-Cg-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,-Cs-alkyl; and
20 m and n are each, independently, an integer from 0 to 3;
provided that when R? is C4-Cao-alkyl, at least one of R, R?, R® and R is not
hydrogen; and when Ris C4-Cag-alkyl, at least one of R, R, R* and R® is not hydrogen;

and pharmaceutically acceptable salts thereof;
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WD 20067020951 PCIT US2005/ 028914 provi ded that when Qis NH(C=O), 0, or
heteroaryl; R6 is OH nis 1-4; one of R, R2, R3, R4, and Rs is Cl-Cl18

al kyl, C2-C18 al kenyl, C2-C18 .al kynyl, C5-Cl15-al koxy, (CH2)1-10Q(CH2)I-10,
Cs-Cro(aryl), Cs-Cro(aryl)(Cil-Cloal kyl), C5-C o(heteroaryl), Cb5-

Cl o( heter oal kyl), Cs-Cl O cycl oal kyl, Cs-Cl O Cs
al k§/| ), Cgééyd(ﬁﬁlgéa?goxy( a?lyl)) , C5-C1 ogl koxy(éryl ) (g - g@‘/ﬁ @éé (
oal koxy(heteroaryl), C5- C oal koxy(heteroaryl)(Cl-Cro al kyl )

one of R, Ro. rebroviget e g NACCROK S BUEREN S i Ol o uflpry o1

al k0>r<]yOI Cl - @8, % & n‘?rmétmgs SIC, @5 alkily Co-ayetkengt, C@lclmkmﬂ @skﬁlmanm,hegs RSRI4 s
not hydrogen provi ded is 0 :
and R5 is al( 2)1-10QCllahyt Cs &a@% iC 'gwﬁrﬁﬂg:llﬁr ag@ésgf" 1 r@f’rrw’ Soptional |y

b d | kyl
Z trjyls; : L ;It e( o(:jo]ltﬁqhonall € gLsoﬁm? %009&@41@1 yéﬁ,tdyuamsh)qcxb} ancm >dsa y Rgr

is not Of eﬁndalmrﬂé:cﬁsﬂhmlkmém}’lﬁﬁl§1M1¥I13;@5*C15&1§/¢X§(1@$0%’1) 032 R3 R4

and Rs are nde or al kyl; then
Rs is not hf/@‘f’%‘gﬁﬁ"eﬁc’ﬁ@d?ﬂ%ﬂ@&%%f’r@h{xﬂ&ﬁ %yg I'n anot her
further enb(EhhiMy(cy%aﬂ@l)(m)@lbamgn,analohybebRZJ‘laal m,emdﬁtgxsg{, hafolgergr o, br ono,
chloro or iado). In anoth further e@rﬁ;ﬂdl men& i S subst qL%;éaed or
unsubsti t ut elﬁHan{ﬂﬁag?y Q} ey b -s Yamipge Etpkﬁllky B‘Lf'b y be
substitut ed mhiiAhen TERShdthy@REenhi ch 20 al lows the corrpound of Formul a
lto performits i ntended function, nodul at L Q| n905| ne 1-phosphate

e.g.,
recept orl0 Exanpl QEO‘OﬂedsIh%ihﬂ@Q&lSlhﬂ@m anaof BUR LRI, &jeand RirisialkHly dr oxy |

g”’“f.st ot ed BreRSHaByER oA HrEnRL AT bR s Rl B RREY, £ O v
sul f oxi o[eptnorﬁny btﬂishfumﬂ)dryl)a, rae&lﬁkﬁyd»rmuﬁﬁmm(bpmfmup subs@ifmtedrfargl)f R & her
errbodl ment , is a sub jggt ed g&p_x)’unsubst ituted al koxy or cycl oal koxy

group (e.g., Yéf‘lﬁen@'é al’ky In a further embodiment, the

substituted R3 aldn@pyovitled\itat whe Bs NH(GLOY RMid DHORE Iérkm‘eanamb%feéaeﬁ ed or
unsubstituted aryl groups. These aryl groups may further be substituted with

any substi t visfependangy halagéns hxdrogrn, eompounlieldhen Ras nohhidragen t o perf or m

their intended f tﬁl ?IQ: uj gﬁ“ ]

receptors. ExarrplLig% S S@R&is:%éflﬁt Sglkgrgg%lgclﬁgge al b e?n}%ﬁﬁ%%ﬂpguc as

met hoxy, et higidyogen kb orhaiogen (EzeSmond, ko, ghlo:m mmay f ur ther be .

substituted with an ubstjtuents suc al o roups, cyano

groups, and ot heP ﬂé?}ﬁgftffl{t%%ﬁ °‘§‘€‘§E‘P Eb “ﬂsé‘l“&g o Ung i )éyalky?

‘ cycloalkyl group. The alkyl R group may be substituted with any substituent which

20  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.

25 In a further embodiment, R? is a substituted or unsubstituted alkoxy or
cycloalkoxy group (e.g., a Cy1-Cyp 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 substifuted with any substituent which
allows the compounds of the invention to perform their intended function, e.g., modulate

30 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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WO 2006/ 020951 PCTI US20051028914 1 n anot her enbodi nent, R is a substituted
or unsubstituted aryloxy group, e.g., a substituted or unsubstituted
phenoxy group. Furthernore, the phenoxy group may further be substituted
with one or nore substituents which allow the conpound of the invention to
perform i iedi@psigd function. Exanples of such substli,étﬁggzﬁ di3sdide 5
substituted or unsubstituted al kyl or substituted or unsubstituted aryl
groups. Exanples of aryl groups which may be used to substitute the phenoxy

R3 groups includ sybstijut.ed orsunsubstituted Exarrpl es of
substituents forﬁ’tq‘\l«gg’grﬁrﬁé ent oﬁﬁfu Et é“t‘i“é‘ﬁ’&ﬁ‘é‘#é‘ %éfﬁp U fRuRy,  al kyl
groups, or gibstiRtedidi@naibestited @herioRl @roupUBGitihdrmer] the pRSXlY lg&ﬂnpimmyel n. 10 In
anot her enbadinent, R3 is a substitute unsubstituted ary het er oar yl

group. The Suihstbe sbsiituted yyithane e maresy gmmqn@ ‘@?lelwlmwemmf’%d 06818 |
substi tut ed jWehdbnd ffenle] RAGRD: E§h&ﬁﬂ1e§‘§f§ lf;yeﬁasﬂﬁemg hlefigkne, broni ne,

or iodine. It al soeﬁgy substituted wth any o he other substituents
descri be@ heubstituted ax uystbsumtﬁtihaqyl ordubditutechor, unRebstitited awlgsoupsuEsamples

unsubstituted al kyl am.no 15 car I ubt uted or substituted
aryl am no 8%%%1‘?8 %%g\aygﬁéﬁeﬂg S tﬂr@{e&ﬁe 3{:& érgu%“gdﬁ e[ Ituted or
unsubst i t ut egbseituydd &&hﬁﬁ@ﬁhted@h&%gtwpyt]ﬁdmples of Bstighitbits fdrelsksaplenihl car bonyl ,

substituted or upsubstituted aryl cal kyl carbonyl. In another enbodi nent, R4
i s hydr ogen groapgipsiide frigggns. a0 BUORY. I BT9HDS, ahauRfithe heEPosg | group, or

a substitut eghBhetRIERsbed Mgl al koxy group. In a further 20 ermbodinent, RS
I s hydrogen, a substituted or unsubstituted al kyl group or a hal ogen. R4 and

? may bdOsubst i t bt awther t:mb@dwlemf R{ Ise sybatittted eremsubstiwtadraryied httalo@iyh such

that the co able of e rform.n ntended
jancii on, HAE 6 ot of heloBn TR 846 it affie B Feiyle S e
ther fur tohﬁforeemmgénmm as@ubfine, Milofife, bfminé Or Mdine. |Iﬂa1s{ﬁ’ha58}5wt her 25
ituted or unsubstituted aryl group, e.g.,

furth nbod t
plﬁrenylerore EE&SQEF’E%V%%&H%U@“&P btipegts dsscibedgFiBups i ncl ude pyri dyl
indolyl, im dazolyle anétHér‘%H‘)b'odm%g Kmﬁ'&%ub@ﬁtut%d oﬁﬁk@ugstﬁlﬁgﬁ ﬁkﬁ'aﬁ‘ﬂncha eroaryls.

I n anot her enbodi nent, Qis a carbonyl or thiocarbonyl group n anot her
embodi meAt , c@bpeyl Ori2 Kibstitutad ez NR{UDS)tuted pFb@RINosArbogyl2 InRet aBGkhem anot her

nbodi |
erood rent ol e e feser s Bt AU Rl BRI, 21000 11
al kyl  gr oupnsuBstitory aiks] cdibiyi, tsuisaduw drhnsa.myntaub&fyltalkgMarm th allows the

resul ti ng conpound of fo la (1 performits intended function. In
anot her grrbogP e Mt anoghsr pa g(]f' o R) is hydrogen,acyano group, a substituted or

unsubstituted alkyl group, or a substituted or unsubstituted alkoxy group. In a further

20  embodiment, R® is hydrogen, a substituted or unsubstituted alky! 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

25  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.
30 In another embodiment, R® is hydrogen, an alkoxy group, or an alky! ether group.
In another further embodiment, Réisa 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, R%is a
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WO 2006/ 020951 PCI/ U 1028914 substituted or unsubstituted aryl oxy
group. Exanples of substituted or unsubstituted R6 aryl oxy group include
substituted or unsubstituted phenoxy group. These phenoxy groups may
further be substituted with, for exanple, one or nore substituted or
unsubsti t WoPHeddaliesh 9roups. 5 In yet anot her enbodi rren]%] /5%065% & phosphat e,
al kyl phosphate, cycloal kyl phosphate, phosphonate, thiophosp ate,

al kyl t hi ophosphat e, cycl oal kyl t hi ophosphat e, or thi ophosphonat e. O her

exanpl es of c] ude carboxyli.c acids nd u tltuted
al kyl esterg‘%gfﬂh‘teg%un L@fé@?éamoveqrmg)noﬁ%p ‘H)g tugg‘o |Sr‘r%‘¢?1{rgl§t

hydr ogen, Ol’ar)&owmﬁ ihcm&ammstlti:&duﬁﬁmh‘smtﬁteu ﬁd:n&:k)kgi’oulgr'ﬂwpe plenexp| es of
substituents for al R7 groups in de hydroxy grou .. In_yet anot her
further enb&RURERRY eFQ“ﬁSPG?‘B&éHV‘&‘hg’GFWIe O5F %R S giﬁt Gdé'

unsubsti t ut e enbodi nent, the invention provides conpounds
of Formul a @sﬁgdf%{edaﬁ(gléﬁuﬂ{'% (CFlL Zj mR5 (QA2)0 Re (Il). In a first set
of conpoénds of Eoysrahetheriembdiniet, Mlmpth}pMPmmaj’dl‘;ﬂﬂkﬂ t hi aal kyl

‘ | kyl h h I
20 aubet | L urbeRBRe NPt RarRmeRRg o RhicohaPhde dysinhiontufs Y
substi t ut ed tmbphuaﬁwﬁsfel Uﬂlﬁe@dxﬂﬁpib@dﬂﬁﬂm@ﬁd&@rboﬂy]ﬁdﬁtﬁslahﬂ‘mﬁdnmfedlaﬂdiUbSt i tuted

aryl al koxy group, bstltuted or unsubstituted heteroarylal kyl group; or
a substitut é’&s‘{?ﬁm&\‘?g { esters el arplessFoar yl al koxy group. R, R2, R3 and Rs

are each 'ndepenﬂ?pét'axotﬁéﬂfﬁﬁﬁ&@mfbwmehthg" lsqqryefb%eﬁwalsﬁﬁshaﬂem hydr ogen,
hal ogen, straight thain or branche C, - C6- al , strai ght 25 chain or
br anc heclOC ugsubalituted plkyl groyp gﬁxarmﬂ@ﬁ of S@bstlmeaiiﬂ(ﬁbreﬁt!kﬁ& gragps Dslude kydroxyst r ai ght
chain or %@ d hal o-C I -C6-al koxy, C, -C6-al koxy-C, -C6-alkyl,
al kyl, carboxy-C, -C6-al kyl, Cl-C6-al kyl-SO2 and N( R R,

mroxyl

Wweerein R and R sng&g [ t chain
or branched C, - ﬂ‘?lﬁ(‘?ﬁaﬁ’#ﬁgﬁg’e@ﬁ@%k or nch Eﬁ &ub o%,gpstral ght
chain or br aweyhs Yt C6-al kyl, straight chain or 30 branched

hal o- Cl - C6- al koxy, Cl - C6-al koxy-Cl -C6-al kyl, hydroxyl-C, -C6-al kyl, carboxy-
-21

15 In one embodiment, the mventlon provides compounds of Formula II:

ooty

© Hz)n

In a first set of compounds of Formula II, R, is C4-Cyg-alkoxy or an oxaalkyl,
(:,:/ thiaalkyl or azaalky] group having a chain length of from 4 to 20 atoms; a pheny! or
20  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. Ry, Ra, R3 and Rs are each independently selected from the
group consisting of hydrogen, halogen, straight chain or branched C,-Cg-alkyl, straight
25  chain or branched C;-Cg-alkoxy, straight chain or branched halo-C,-Cg-alkyl, straight
chain or Branched hale-C,-Cs-alkoxy, Cy-Cs-alkoxy-C,-Cs-alkyl, hydroxyl-C,-Ce-alkyl,
carboxy-C,-Cg-alkyl, C-Cg-alkyl-SO, and N(R)R’, wherein R and R’ are each
independently hydrogen, halogen, 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
30  branched halo-C,-Cs-alkoxy, C;-Cs-alkoxy-C;-Cg-alkyl, hydroxyl-C;-Cg-alkyi, carboxy-
221 -



WO 2006 TS 2o M oo Tt = Ch- al kyl or Q- C6- al kyl -S02. R6 is -COH,
- 02R9, -CH2=CH(CO) OR9, - OPO2R1IORtt, -OPO3R OR', -CH2PO3R OR',

-OPO2(S)R OR" or -C(Y)(X)PO3BR Rt, where X is hydroxyl or halide and Y is H
or halide; or anal ogues of other carboxylate, phosphate or phosphonate
1sosteres ed to those shown below;, RO is H s ight 5 chain or
branched @8%9@6/%%I or a substituted or unsubstitut eﬁéfng%"%ﬁ?ZB?}ﬁ; R10 and
R' are each |ndependently H, straight chain or branched Ct-C6-al kyl, a
substituted ti ryle e gout not limted
to, the pr ode@saLhPﬁ gd'ééé‘hﬂglsa I-édg ?’%Ig ﬁ?éi ﬁi 8H@®Q}ﬁ -H2C%® 0 H2
@ HoG Ox0~ 1o RIKT, AOPO,R HIC-HPOIIT I\A@mm@mveoro_c m@ﬂk@ 0~

k_ Cit9g / C ~ N~ C-CH2 E-CHZNHg H2 H2 10

Ct - 06- al kyl wmyﬂx@wdmxytedsahray kndsY ik halide; ereanpjogwesf othet @ﬁﬂkfywiatem and Rs
can also to f@,ﬁ YRE] to and
n are each, %%%gétgé)géms P%teﬁo@ﬁﬁéggpﬁ g%%qg&t%o {Bérig‘&% gﬁt’ gﬁ{? Wnen R4 is
C4- C20- aISkyIchalator bﬁﬁ&lted@]&?s-alﬁylﬂrasmstmml aﬂdlsﬂfsnttﬁedr‘wyl gfmdsl;ﬁ and RAhd when
R3 is C4-C20-al k one RS i no1 dr ogen; and
phar rraceuti@é??%‘? fe‘glssé‘ia’cggt‘fh‘i‘é‘r‘g&mchﬁ’ﬁ galkyls g sipstitted (?\?/ conpounds
of Formul a 'iknsﬂ;éﬂtu&d%yl%p% Eaé&e@ﬁoﬁwﬁ@ﬂméd,m thgpl%a}dgyhstaf bdgpal kyl

group having a chain |'ength from4 to atons; a ph eny substituted
phenyl group, a phenoxy @r substitubed ph noxy oup, subi ituted or

unsubstituted arylialgyl Mdroupi—acsulist tu ryI al koxy
group, a 20 substi tl:‘tée(?’g\ uﬁg‘s_ubst‘? ed heteroar IaI kyI grou

substituted or unsubstituted heteroaryl al koxy group RI R2, R4 and R5 are
each independently sel eot ed fromtm:e gr oupHgorml S n %ﬁlr gen, hal ogen,
f.ai ght chain or?/ —H,enc ‘g/Ct g@ J/\str/m Hztnr aa%hed

: -al koxy, strai ghtoch c; br a %hed al o 006 al kyl ; O s aj ght -22 WO
2006/ 020951  PCT/ US2005/ 028914 chal n or branched hal o- C1- C6- al koxy,
Cl- C6- al koxy- Cl- C6-al kyl, hydroxyl - C1- C6-al kyl, carboxy- Cl-C6-al kyl,
Cl- C6- al kyl - SO2 or N%R)R‘ V\,her |n P. and Riwears each M@deBendentIy

hydr ogen, hal ogen, ?al/@t chaC j\/ran% ch6 alékdfl,\, }L}r(al ght chain
“ o 0

|
o N §\C/—N\ o

§—cHy 2

10  Ryis H, C;-Cg-alkyl, hydroxy-C-Cg-alkyl or aryl. Rgis H or Ci-Cg-alkyl. R; and Rgcan
also together form a C,-Cs-alkylene or a C,-Cs-alkenylene group; m and n are each,
independently, an integer frdm 0 to 3; provided that when R* is C4-Cao-alkyl, at least one

Q of R', R%, R® and R® is not hydrogen; and when R? is C4-Cao-alkyl, at least one of R!, R%,
R*and R’ is not hydrogen; and pharmaceutically acceptable salts thereof.
15
In a second set of compounds of Formula II, R 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

20  substituted or unsubstituted heteroarylalkyl group; or‘ a substituted or unsubstituted
heteroarylalkoxy group. Ry, Ry, R4 and Rs 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;-Cg-alkyl, straight
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or branched CI-TB-arRoxy ST gnr—¢han or branched hal o- C1- C6- al kyl ,

straight chain or 5 branched hal o- C1- C6- al koxy, Cl1-C6-al koxy- Cl- C6- al kyI

hydr oxyl - C1- C6- al kyl, carboxy- Cl-C6-al kyl or Cl-C6-al kyl-S02. R6 is -C]—I,

- C02R9, - CH2=CH( CO 0?9 - OPO2R oR11, -OPO3R10R1lt, -CH2PO3R10R 1,

-OP02(S) Y) (X) PBR OR11, where X is hydrox or halide and Y is
d‘eﬁ}%(g&&tg | ogues of other carboxyl ate, phospﬁﬁ?’g Y5 H3RBephonat e

H or hali

i sost eres not I|mted to those shown below, RO is H, strai ght 10 chain or
branched Cd - or a ubstrtut ed or unsubstituted ar ou R 0 and
R o e e 4BAn R BRI G p HsPT g SRR S UPATOHE G By | | o
substitut ed gf tit @ a0, B FOor ﬁ&gﬁ@ﬁmﬁrﬁgb gut not Irmted
to, the prodru S Ilst%gwtljeel‘ovéjaﬁi f M w ) Qlk" 5- H2C, OaCHZC 0

1- H2C, 0) LOi mdapemtgntlrl?ﬂ;rbgens hmgeu,)smtght W@Imrm@hmca‘w@lkwl stepighiticiain p CH_ 0

o coal ky! STRAPISES e kS iaiEhs R biBrained iR wapbihsiieptchalier' 5 1 e
can al so 5t ogridehed Hadd-Th T @Reokch; @By dlRaG- QLC@a@ Bhirat jLOp0aile] Fatiry- M and n

are each, |ndependentl an_1nt eﬂer from0 tp pr ovr ded t hat when R4 is

C4- C20- al kylGi-Gedl l‘ﬂé&pl Kioealkyy SO HRS’C% Rgﬂz pogen; and when
R3 is CA4-QQy a}fdl) iRt atoﬂ(%ﬁgrRmneH% JﬁlquRZ,,O O(str?ﬁmil éggﬁg)l,p&gmgen and

phar maceuti-c y accept abl e sal t'’s t er eof’. athird onpounds of
Formula I, vﬂ&rexmlﬂydﬁmdathg}ideadeMHoRﬁahdéﬁomdlogm ofothepcrcboxyhtbependent | y

sel ected fro the istin al o ot ht chain or
br anched Cl- ﬁ?&l" pH%P$ S%‘P"Sé%%r‘}? ?1%54 &%ﬁ?ﬁgdﬁ °‘31§0‘§%}a A8 ght
chai n orygbr evhelheadbfw:m@. lela,susﬁlmmm@mnmtﬁr@rgm@hg& and R"!
hal o- Cl1- C6- al koxg Cl -23 WO 2006/ 020951 PCIn2005/ 028914

f

al koxy- C,argene pendﬁr}tbﬂéxammgd cleaumbk%nchedc%rseﬁlyylc&s‘éab@rq@nr
-al kyl @S@osﬂﬁned gﬁﬂxlp HREEGL & M n 11 %@g Eﬂ%@ﬁﬁdﬁ@w

hydrogen ogen, strai charn or  branc stral gh:t chai n

or br anched Cl1- C6- al koxyo strar ght ghar n hed haI o- @ - C6- al kyl
strai ght chain or fnaachéd g#jac -a -k*drﬁy - C6- al kyl
hydr oxyl - C, - C6- al kyl , rboxy Cf (93 -al kyl - S02, | provi ded that
at | east one of R, R2 R4 and R5 is not hydrogen RR is -C]—I - C2R9, -
CH2=CH( CO) OR9, - OPO2R10B', -ODO§|R' I@ll CHZI,?p3R5 , -OPQ2(¢p) R OR" or

-C(Y) (X) PO3R OR', $-wher e IX s r% gaozd,dl\ Y- Hg;\H,lb\r ,Ja‘\él i de; or
anal ogues of ot her ca‘?bo?yl at ‘Bho@phat orOthSphonate O s&t eres not
limted to those shown

(4

é CHz/_NHz g__CHz/——NH §\ N §\C/-—N

15 Ryis H, C;-Cg-alkyl, hydroxy-C,-Cg-alkyl or aryl. Rgis H or C;-Cg-alkyl. R; and Ry 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, R?, R* and R’ is not hydrogen; and when Rlis C4-Cyp-alkyl, at least one of RI, R?,
R* and R’ is not hydrogen; and pharmaceutically acceptable salts thereof.

20 In a third set of compounds of Formula II, R is C4-Cye-alkyl and R, Rz, Rs and
R; are each independently selected from the group consisting of hydrogen, halogen,
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;-C¢-alkoxy, C,-
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10 below; RO is H, straight chain or branched C, -C6-al kyl, or a substituted
or unsubstituted aryl group; RLO and R1' are each independently H, straight
chain or branched Cr-C6- alkyl, a substituted or unsubstituted aryl group or
selected from but not limted to, the prodrugs listed below |I-H2C, 0)

- ~-H2C. 0) W0 2006/020251pC. 0) J- H2C.0) -H2C. Oxe t CzOX0" ~PCI/ESMDKDI28934 H2c 010k
MOMOPLOMO CHO-g,CH Ot t CHOA/ FCHO/ -"NH2 $gi -CH2
f-CHNHR2 -N~ C2 per H2 H2 15 R7 is H, G -C6-al kyl, hydroxy-Cl-C6-al kyl
or aryl. R&€statkoby-dhi-{G1aliG8; Intdkoxtyl-CRC s-alkgl, m'bonncl-é‘:k-sahcﬁ alyeishadicy] 506 or a

mdependentiOIR AR FREC 87 Ry BhethD eaein b e B AR g or
C4- C20- al krancidd ¢, c0shlk@NGraigt chiin oftandRad @D@GB&okji, sﬁ@x tendinqgen; and when
R3 is C4-C20-al kyl, at least one of R 5 i s, not_ hydrogen;

and phar rra@@f’h“@éﬂ%rcagc@%b ireighaig of h’éﬁ@lﬁfl hallorp 1acﬂﬂi‘i”f5h CeE6-alkPXY-onpounds
f F | 5
0 or en t by Salﬂflgrl' dg}(iy (,a ah( car‘:&xy C B%f’ fﬁ?l B%algﬁoﬁ 01(1

|ndepe group “cons ogen
strai ght %tlcdai laasoondamfdhchgdh@nd Reisaloklyydrogenr R ¢ HE,heGOn S - br anc hed

or anched hb=EHCRIR T PPORRrR! T Ordie o ORRPERRIE, PO %‘Sﬁii?xy,
1
C1- 08 a1 Ky BB AOR B o B e pendCa Ty

hydr ogen, of p@pwqucnhﬁm pmspbatamgph@matwostaweﬁ ppt linsitadAp ghose gosinn or
b hed C b
s'[ ?relucgﬁlt(6 ckj?a]lggl R qzrfégrtlrg% 81139[{]& b@ﬁx@i&% mc%e%gt tlg%g()r - &ﬁs&@l t&?/ kyl ,

h dr oxyl - Cb:)ﬂl@rcﬁlbkmo,andallbamyadﬁlnﬁﬁemibw Hpstra(g’h{ &Emmbﬂdgrhncﬁémcl-ﬁg-ow ded t hat

oo o S USSR Bl s e o

C(Y)(X)PCI%,% S,hstemgr@_x is hydroxyl or halide and Y is H or halide; or

anal ogues of er carboxylate, 10 phosphate or phosphonate isosteres not
Ilmtedtothose shown below, RO i@ H, s rai gh chanor anched
Cl- C6-al kyl, or g-ssbstllt ut derge. usubst ’t"h? é; and R1 Care

each |ndependently H, Gt rai ght cthi n”or branched Cl aI kyl | a substituted
or unsubstituted aryl group or selected frrom but not limted to, the

pprodrugs listed bel owQ E- HZCHQ)/?E H2C 0. szo@ CO/ )IQiC/%k
—HC. AN E’C“O o~ /Co o $-H,C.

ve o o R
poh M e I ¥ \O,U\[/ i )H<
| | |
f— CHZ/—NHZ £ on, M g\cz——‘N\ i"‘c/-g‘i
Hp H,

15 _
Ryis H, C;-Cg-alkyl, hydroxy-C,-Ce-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 0 to 3; provided that when R* is C4-Cyp-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,
20 R*and R® is not hydrogen; and pharmaceutically acceptable salts thereof.
In a fourth set of compounds of Formula II, R4 is C4-Cpo-alkyl; Ry, Rz, 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;-Ce-alkoxy, straight chain or
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1-H2C.0)LO VCzO O ,,CGCOOL | H2C 0-~-0-1<, M O M O M O M 0O & &

g/ CHcOi CHOx _ pcF& 0/ -CH~NH2 -CHa NH E~CG -N~ F~Ci-(c)~ H2 H2 15
it, is H Cl-C6-al kyl, hydroxy-Cl-C6-alkyl or aryl. Rs is H or Cl-C6-alkyl.
R7 and Rs can also together forma C2-C5-al kyl ene or a C2-C5-al kenyl ene
group; i WOAYRSte each, independently, an integer ?‘F“Zﬁ?ﬁzéﬂst’“és%“ provi ded
that when R4 is C4- C20- aI kyI at least one of R, R2, R3 and R5 is not
hydrogen; and when R3 is - C20- al kyl, at |east one of R2, 20 R4 and R5
is not hydbogeed hahoclpﬁaﬁlﬂmle MIMahmlyorawé@ﬁ@%@le Csa@st%kqxare%es-alkmbr ef erred

W0 2006/ 026057 B ST 65RUTT: S RC- G D LR IRSLI0 SNV} oy m

(CH20 5 R&hereinB amhRt areach 1hdepsn®hﬂy)h);drogncmmnhalﬂnonlntan@ad)gt Ceut ed or

a1 Ky car bo R a AR B BARHBE BrSros HEr bpen PRed ST Lot bony! oxy.

or subsgi t yikor stefightRAatROF biatétrd hﬁl%t@l':@c,ail}léxy, ¢ -@}‘dlkﬁx?-t‘%-(%&ﬂ@ll ndependent |y

substituted or unSubstituted d% wherein Z a be lI'inked by a
¥

coval ent bomiroxdhstalkyleerraex &m@kﬂp&Eer@s-&llwyﬁoz,rmrPV@dktW@k&?asto
~ t hi oet her, o§eo g g?aram@%hsn&gg&gg%l hﬂ"}sn—‘b HC& z%yléﬁ;%c}ﬁtog Mear bonyl; 10

R, R, RS a y selected fro rod conS|st|ng
of hydr ogmoznk?Rb‘geOPO@wRB -@H&mﬂ"m edoaoz(ﬁakﬂagtmtm(vg(xamm‘ &‘ Jai ght

chain or r hai n r brapc alkoxy,
strai ght c t}g}s Wﬁﬁﬂ’fgﬁ@} ﬁé‘? %Pd%%ﬂ %hl%ﬂhg?flor WBYPET HF IS tﬁ’r anched
hal o- C0 %pﬁééﬁﬁéﬁ’ or pHosponaleksterdsnofinitdds khose shown below; Rg isH, stra1ght

chain or branched C;-Cg-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:

0 0 o 0
§_H2'C ‘O/LK ;-H;:_C \OJ‘K/ é—Hzc‘o)k( %"Hzc-. 0/“%

S S e L e Ik
“HL oo O oS / 0 -H.C. o 0

Me o Me g? Q éﬁ
E'CH\ )l\ % ’CH\O §/ \Olk( ;z )K’<
| I |
2 2

15
R7is H, C;-Cs-alkyl, hydroxy-C,-Cg-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 0 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', R?,
20  R*and R’ is not hydrogen; and pharmaceutically acceptable salis thereof:

A preferred subset of compounds of the invention are the compounds of Formula
Iv:
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hydr oxyl - C, - Co- al kyl, , C-C6-alkyl-S@ or N(RR,
wherein R and 15 R are each independently hydrogen, straight chain or
branched Cl-C6-al kyl, straight chain or branched Cl - C6-al koxy, straight
chain or branched hal o-C, - C6-al kyl, straight chain or branched

hal o-C - I | - C6- al koxy-Cl - C6-al kyl, hydroxyl - Gla{R>

car boxy- gsy%g@{%‘i?fpor C -C6-al kyl -S2; Qis -CH2NR-, %&%&@%{égn - NH( CO) -,
-(CONH, -(CO-, -0-, -5-, -SO, - 20 502-, -NRS02-, -SO2-NR- or

het eroaryl, where R is hydrogen or straight chain or branched Cl-C6-al kyl;
R6 is -OH -CO2R9, -CH2=CH(CO) OR9, -(QPO2R10R11l, -OPBRIOR 1|, - CH2PO3R1O0R',
-OPO2(S)R ORI | or -C(Y)(X) PBRLOR11,| where X is hydroxyl or halide and Y
is Hor halide; or anal ogues of oth ar heRyl at e, phosphate or phosphonat e
25 isosteres not linmited tg thg: own el ow; is H ®fraight chain or
branched Cl-C6- alkyl, or a suﬁpstltut ed |pr unsubstituted|aryl group; R10 and
R 1 are each independently H - WO 2006/ 020951 PCT/ L{%&OOS/ 028914
straight chain or branched Ct-C6-a . ' g(g_'r% unsubstituted aryl
group or selected from but not limjted to, the pr s listed bel ow -H2c
0)J J-H2CO -HZC-0)IT-, -HZC,0 L-H2Q. 00i c Ox(cH,)F -cZOxO- J-H2C. QAok Me O
Me O M O AXc CHL OL -CH k- 1/ NHRsp i -CH2 |-Cfg NHH2 H2 5 R7 is H,
Cl- C6- al kyl, hydroxy-GCi -C6-al kyl, aryl, or together with R8 forma C2-

C5- al kyl ene or a C2-Cs-al kenyl ene group; R8 is Hor Cl-C6-al@y); and mand n
are each, indﬁé)[e.nplently, an integer fromO to 3; provided that when Ris

C4- C26- al kyl W¥IF1% east one of R, R2, R3 and R5 is not hydrogen; 10 - and

when R3 is C4- C20r al dtixy, AdovhRASond Wbaftutel or &ubsﬁ&t@ﬂkﬁ&lﬁﬁcdﬂﬂi%byw ogen,;
and pharmaceutically acceptable salts thereof. In yet another enbodi nent,

t @ preseht thingther.iabkylsyHomylcadisyleashanylamiro, gikylaminqearbony, afkylpgycathenyl, R cH3
e 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;

10 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,-Cg-alkoxy, straight chain or branched halo-
C-Ce-alkyl, straight chain or branched halo-C;-Cg-alkoxy, C,-Cg-alkoxy-C;-Cy-alkyl,
hydroxyl-C,-Ce-alkyl, carboxy-C;-C¢-alkyl, C;-Cs-alkyl-SO; or N(R)R’, wherein R and

15 R’ are each independently hydrogen, straight chain or branched C,-Cs-alkyi, straight
chain or branched C;-C¢-alkoxy, straight chain or branched halo-C,-Cg-alkyl, straight
chain or branched halo-C;-C¢-alkoxy, C1-Cg-alkoxy-C,-Cg-alkyl, hydroxyl-C,-Cg-alkyl,
carboxy-Cq-Cs-alkyl or Cy-Ce-alkyl-SO;;

Q is ~CH;NR-~, -CH,NR{CO)-, -NH(CO)-, (CO)NH-, (CO)-, -O-, -§-, -80-, -

20 SO;-, -NRSO;-, -S0,-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'RY, -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

25  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,
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NH2 R4 RS 15 Rs (V) 'Ma TIrst set of conpounds of Fornula V, R3 is
C6- ¢ ral koxy or an oxaal kyl, thiaal kyl or azaal kyl group having a chain

|l ength of from6 to 12 atons; a phenyl or O - C6-aal kyl phenyl group, a
phenoxy or d -C6-al kyl phenoxy group, a substituted or 27 WD 2006/ 020951
PCT/ US20 unsubstituted aryl al kyl group,

unsubst|Sﬁ?g§%aryFalkoxy group, a substituted or unsubs ﬁ%ﬂ%@%ﬂg{

het er oaryl al kyl group; or a substituted or unsubstituted heteroaryl al koxy

group. RI, R4, and R5 ar h,i hdependent |y sel d fromthe group
consi sti ng g%dlm8"%’@;8¥1§aﬁ%€§&gﬁg‘a&yp’§isgﬁst“g‘g?fg?%nﬁlﬁmﬁﬁ“; RALFWPES al kyl
strai ght 5 gdited feom JHuahctNiited to, Oe prbéraxylistéd eddvght chain or branched

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

Cl - C6- al koxy- Cl - C6- al kylQ hydr oxyl -CCI - C6-:al kéll on CG al kyl ,
C - C6-al kyl - SO2 akbdrs(, , \Evhsgfﬁ %@bé%’a(dent ly
hydr ogen, strai ght chafn or branched C - CG aI ky stral ght chai n or

branched C - C6- al koxy, st rai ght chain or branched hal o- C - C6- al kyl, strai ght

chain or 10 br an hed h - C - Cosal Roxy, ,gllk y-.C - CGDaI yI
hydr oxyl - C - C6- Al hCL oboxy /ez: /aka ,@x %a 4tHegl R6 is - OH,
‘-002R9 - CH2=CH( CO) - Ri - CHZPCBF? -OPO2(S)R R

-C(Y)(X)PO3R R, wher e X is hydroxyl or hallde and Y is H or hal i de; or
anal ogues of other carboxylate, phosphate or phosphonate isosteres not
limted to those sh beI ow, R is H straleghty 15 chaime org branched
C -C6-al kyl, or gﬁ(m

uted g, MSU  otied Jary)  gg oHp; nd RI' are
’tﬂMI ght r bY ancledYCl - C5- al Ry substituted
or unsubstituted aryl group or sel ected from but not I|mt d to, the

each |ndependently

x»Qdrugs listed beloww OO Il Q-HC0,JL -HC 0 J-H2C. 0 |-H2C 0-1-f-_
wb2C. 0~0. f ¢ 0JLO~ c,%) 0 k I-H2CjOXx M ONe O Me,0 M |0 CH-O-

~ CHO'~ I_CH a0 N2 ENEH ~- NM @ ENINL O sz 20 In a
second set of conpounds of Formﬂ a 'V, R4 isH6-Cl2-al ko or an oxaal kyl ,

t hi aal kyl or azaal kyl group having a chain |l ength of from6 to 12 atons; a
phenyl or C 1 - C6-aal kyl phenyl group, a phenoxy or C -C6-al kyl phenoxy

group, assubstitytgqy @F s alkyl, hydroxy-Ci-Cs-alkyl, aryl, or together with RS form 2 Cp-
Cs-alkylene or a C;-Cs-alkenylene group;
R¥is H or C-Cg-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 R!, R?, R and R is not hydrogen;
10 - and when R? is C4-Cpo-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
Q Formula V:

Rz
R3 Ry
0
CHs
NH,
R§ ﬁ ’
15 Rs M)

In a first set of compounds of Formula V, R; is C4-Cyz-alkoxy or an oxaalkyl,
thiaalkyl or azaalkyl group having a chain length of from 6 to 12 atorus; a phenyl or C1-
C6-aalkylphenyl group, a phenoxy or C1-Cé-alkylphenoxy group, a substituted or

-7 -



unsubstituted aryTé1Ey| group, a substituted or unsubstituted aryl al koxy
group, a -28 WD 2006/ 020951 PCTI US2005/ 028914 substituted or unsubstituted
het er oaryl al kyl group; or a substituted or unsubstituted heteroaryl al koxy
group. R, R2, R3 and RS are each independently selected fromthe group

consi stin gen, hal ogen, straight chain or br | al kyl,
ﬂzo%oé?@ﬁgsfs? ; glflﬁlf}(gsgm% 05%6‘%1

straight "chain or branched Cl-C6-al koxy, straight ch
hal o- C1- C6- al kyl, straight 5 chain or branched hal o-Cl - C6- al koxy,

Cl - Co6-al ko I k h ar - C6-al kyl ,
& e al kyfx%wtewﬂk et B o s ael AU Eothdont 1y
hydrogen, skssiieiitd of hﬁduﬁstﬁﬁte@ hatBoBEhils] g@padrlﬁvshbstﬁﬁté@bgmsu&tiauéa or

branched Cl - C6-al koxy, straight chain or branched hal o- - al kyI st rai ght

chain or bh%t@r@wé'&aﬂwasmr@p- &5- B, Rogyd Rare ewhandepsydeayly @éecsﬁdléfgﬂm

" oore, - o8 Bl ting Sl i deen. SRl e R G AU gl P R o
or -C( IY) §X) El&&?ix(ﬂiixkhed C- g\h-aliqu strmg]ﬂwdiammybranchddﬁialod@l—ﬁmﬂkm , stmightor hal i de;
i ted bo. e shet BpSCosxe e ConRumgh Craikil AVBPaCragn s "

C - C6- al kyl car%xyaclsgflﬁﬁchl g-€q-afkdyl-S 05 MRBN{H)RE, Sehefdiy R 2818 RURGe dd) and R11 15

are each independent straight chain or branched d -C6-al kyl, a

substi t ut edn@ppqyﬁgnﬂyslwdmspwtr ﬂchgmdmbraaﬁh@éhééer@lwlf%rﬁht gh#n @fot | it ed

Ve O b 0 ChRd G Sty g i to gl O G i st niffer 1%, p 12

In a thiléd benclefl helreUsndioxi, Ordlmikoay- ‘(Z;1 -(Raalliyd, oareR¥RC alleyulkyl, Rirbox®2, R4 and

R5 20 are {,ndependent | el.acte he bSting of

ydr ogen, hﬁ?&é&‘ygﬁﬁb&grﬁl‘g‘?@ rﬁ °R é{jg &gﬁ(@gi strai ght chai n or
sednched Cl OPo,RIRIXYOPOLR 4RGN CH{PO;R! I“ —OP@ Fie‘ﬂkh@lr%@f)

strai ght chai nzor branchtéd hal o-d méG al oxy, 4% C6- al koxy- @P Co- aI k |,

hydr oxyl - Cl Wherea{ ighydroxylasdnlid @ndééméikwalldalorwlwpf@bgcetbommyR 229 WO

S0 20 PR o S B S AR

branched5C, ck@fn at tranohed £4Caiatiiyl, oc haibstimtedtor axmnhstdutladhm @;ouﬁjﬂ{"’ and®!’,

Ry or oxy - G, g TG s Ca ek of gl €t ROMERA B a1 east

one of R, unsubstltuted aryl group or selected from, but not limited to, the prodrugs listed below:

o] 0 1% o]
é_—H"’C‘O/LK §"_HZC\O/U\/ E—Hzc‘o’[kr g-HZC\OJ‘*

WS RS SO - U5 T 0
LGN O o™ §/°‘0J\0 g_H’fc‘o’lko

Me 0 h‘t]e o) Cht:‘_f O Ch:‘: 0
EJCH\O /[.K %’CH\O )l\/ ;z \OJH/ %f \O/U\‘F
_—NH, ’ : l ; |-
f—CH; §—cny  NH Se NS e BN
H, H;
20 In a second set of compounds of Formula V, Ry is C-Cj2-alkoxy or an oxaalkyl,

thiaalkyl or azaalkyl group having a chain length of from 6 to 12 atoms; a pheny! or C1-
C6-aalkylphenyl group, a phenoxy or C1-Cé6-alkylphenoxy group, a substituted or
unsubstituted arylalkyl group, a substituted or unsubstituted arylalkoxy group, a
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5 R, RA"and Rs Is not ﬁyarogen. R 1S -OH -CORR9, - CH2=CH( CO) OR9,
-OPO2R1R', -OPO3R1OR', -CH2PO3R V', -OP02(S)R OR" or -C(Y)(X)PO3R V 1,
where Xis hydroxyl or halide and Y is H or halide; or anal ogues of other
car boxyl at e, phosphate or phosphonate isosteres not limted to those shown
bel ow, ai ght chain or branched C, -C6-al ky, tituted or
unsubst??‘a,t egl ary {group R10 and R' are each 10 |ndep]lecr;ré'g§ﬁ?©0§%%strai ght
chain or branched C, -C6-al kyl, a substituted or unsubstituted aryl group or

selected from.. not i odr ugs ed bel ow.. E- H2C. 0)
S o o | BN °r“s“}2&’g‘tﬁgﬂ?terﬂ§‘éa@&%% ors E‘:Jzﬁﬁ EE o 1 o M 0
Me 1O Me O hétosdylaffidx PerdabC & RORE 8id Rs aZe gach ihde eﬁé&lﬁ&él&te@lﬂmi\ltﬁel G -N,
Cr(c)C H2 H2 provided that when R4 is - C20-al kyl , Ieast one of R1, Rz,

R3 and Rs i groRpeonsiptinggelydroges, WSMEWENSCW qslpr@ghﬁde@w-a v straighét one of

Ehér eR(ZJf . RI4n aq“ ourt hé':fe)ﬁ[h-g%’ co?}%ggﬁgﬁ}c&h?ﬁ%or nuﬁ?eu\baﬁ)aéll é%égle%{@gfkiﬁl ts’ ,
Sy T M R A A L
o)r/ brgnched la k%@geépﬁép‘akgo a‘?@gc mb'?gr%‘ﬂgda%aq e, - Cg al kyl ,

strai ght Chﬂid eﬁaed@lry&iyafb@én k@i tQhaiﬁ@ana'ﬁ&i@MCfC- 12dttaDRY chatn 0rCO- al kyl ,
-hydr oxyl - -allryl, car boxy@h ! Gmyk | -S02 and N(R) R,

wherein R ah@ﬂ‘ﬁ@e S iCoealleaxy; siaabt ﬂhiaﬂ??@ibﬁé%ﬁl’cstaﬂ%’ﬂ SHRIZhY RN %51 br anched

br anched hapraodil BRRKC, %P@W&%% oS e R G G F A G608
chain of0 brﬁ:nekralkyhai Or-Cy-alepl-30k ys—(QH Gagﬂl ke@gf@H(w)@R&w
hyr 0y G o R QBATRORY G L Bpolyo Ll SREp g, | 020t

@IZ =CH( CO) wk&e V\?Bi@ﬂir hllide m@%ﬁ@ﬂ-ﬁaﬁde ; oehiZ ARS8 Of bthercalBdyla R OR' or
C(Y)(X)PCBRlOR' ere X is 5 hydroxyl. or hal i de and Y ig H or halide; or

anal ogues oPhesphate H&B@W"ﬁt‘@“ﬁ?ﬁé@@ﬁ%"é to 03?)H19§151H19}9a’fa8 il s&t’@lkgéb not
limted to
CI C6- al kyl Eﬁ}%?&a su stl flﬁ?\eyg(yg?rhﬁus ot |tutg4§5 tﬁﬁ\‘]@&%ﬁgm 9’&0 an R are

each i hflepewdesitingependetly 3, ghigitichain oobrabcﬂ'ad @ifﬂi aﬁkyl C%suhttkytbd ol substituted
or unsubsti t 5 gsqxtuted aryl group or selected from, but not limited to, the prodrugs listed below:

0 O
oL e J RO J\,/ ~HeCs '“\g

§-Hc)ok gzi sz\J\§ )Lk
Lo 0" O™ %00 Lo
w» Me o Me o a0 Me o
| NP LN . \OJK’/ 1 OH_ )*
’ | | |
§—CH2/—N 2 %_'_CHZ/'"NH é\ﬁ/—"'N\ §\ﬁ/*gl)<
2 4

In a third set of compounds of Formula V, R is C-Cj2-alkyl; R), Ry, Rs and R
20 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;-Cs-alkyl, straight chain or branched halo-C;-Cg-alkoxy, C,-Cg-alkoxy-
C-Cs-alkyl, hydroxyl-C;-Cg-alkyl, carboxy-C,-Ce-alkyl, C;-Cs-alkyl-SO; or N(R)R’,

-29 -



aryl group or sel ect ed ?rom but not T1mted to, the prodrugs listed in the
bel ow. |-H2C,0) ~-HzZC, O 1-'2C-0-1T- I-HZC.O I t | Y-H2C 0'LOi p C20'O"
z/ C20~01-, I-H2C 010k M 0 HO p,CHe ~ Ox / ~,CHcO p,CHO ~~CH-O- Y IY
F-CH2 NH2 i-CH ZNH 1,,C ,-N 1~ E-1 10 H2 H2 The conpounds of Fornula | can

have t he LRSI stry shown below as Fornula V or F erein
R -Rs havzw?ﬁg megg%? ngs gi ven above for Formula I: m%@@oo&og9 CHy m 15

~Ra (V) -31 WD 20061020951 PCT/ US2005/025914 Ry RB R, Oie Rq HNH
(CH2) m Rs ( 1) 1 i f : Ja VI, R4
i s CH3(CH2) %&%@r (%’:ﬂﬁ%‘aﬁ‘ie}’%ﬁﬁﬁfgfﬂé”?’ ﬁ%ﬁj@g%&aﬁmﬁ%gﬁgﬁdem ly
sel ect ed f r oalikylhsrajght ahain br ranchied U 10-atkox ysthaiphechainnertbiraricheddaleCeCe-f | uOT O,
and et hoxy. a preferred enfhodi .~atl. | east _one of it,, , R3 and R5
2 ot hydr oBlkH B cBHE Shire R bRlodt o s CoPRRR RCA A PT =5 | <
CH3( CH2) 7- O- hﬁﬁoxﬂ@(@hﬁ]}ﬁ;&rﬁox?@-@a&ﬁgr CRéan-50,,308 ai 1BSeRRI TR | Y
selected fromthe group consi sting of "hydrogen, met hyl . chloro, {lyoro,
Uri 11 uor oret RylRaand Rest nnshydrogan. R0l SR o EmGIHRAR, RPGRER, one of
R, R2, R4 ar 181 N an. Wi g s, TP f Formul a
VI, R4 is G@ﬁ%? ‘or %E??%Eg) 701)6%(%)(#% %E%%%RRS é?}ggg%gpendent |y
sel ect ed fr ohydrbreyl gr balide @nd ¥1 is Hi ordratide; or analogues of other carboxylate, phosphate or

phosphonate isosteres not limited to those shown below; R¥isH, straight chain or

branched C;-Ce-alkyl, or a substituted or unsubstituted aryl group; R'® and R"" are each

10  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 : Q o]
g_HZC‘-O/k E_Hzc\o/k/ E—HZC\OJJ\y/ E_Hzc\o/kﬁ

S NS 'S S
—Hzc‘o’u\o" -Co o™ §/C“o’mo g"H"’C‘o/u\o

provided that when R* is C4-Cyo-alkyl, at least one of R', R%, R® and R® is not hydrogen;
15 and when R? is C,-Cpo-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¢-Cj2-alkyl; Ry, Ra, 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

20 branched hale-C,-Cg-alkyl, straight chain or branched halo-C,-Cg-alkoxy, C,-Cg-alkoxy-
Ci-Ce-alkyl, hydroxyl-C;-Cs-alkyl, carboxy-C;-Cs-alkyl, C1-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,-Cgs-alkoxy, straight chain or branched halo-C;-Cs-
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hydrogen, nethyl, chloro, fluoro, trifluoronethyl, and nethoxy, provided
that at least one of RL, R2, R3 and R5 is not hydrogen. 15 In a fourth
subset of conpounds of Formula VI, R3 is CH3(CH2)8- or CH3(CH2)7- ; and RI,
R2, R4 and R5 are independently seI ected fromthe gro consi sting of

hydr ogenWaAWH#951chi oro, fluoro, trifl uoromet hyl andPgﬁ'Pm%{ﬂzs%F ovi ded t hat
at least one of R, R2, R4 and R5 is not hydrogen. In a first subset of
conpounds of Fornmula VII, R4 is él_gCHZ )7-0- or 20 CH3(CH2)6-0-; and RI,
R2, R3 andalkyl, Sfaalehtwhaiepehdemeﬂylab ooy BrrCsfabkony-Sunseadomsi sti ng of

hyd ) d t,
0l east” ongtpne ek ol bl QLo ANTF CReAd B0, o8 8 84 Bk of]p 00 oI
conpounds &b, ot sds x\ﬂtlhydxﬁgen SR“G}-I%HHZ():GZK?- -GHZ d)erz{)" -@PORALRL, R2,

R4 d R5 i th t f
ydr ogen. RPRYE Ry oK RE, SORDitsiR o shehy bR aRe X i
preferraed Waeséymmhde%dheﬁﬁ m%ﬁd@for %\%13%839 o%e@@%ﬁ%‘@ms ﬂh@&phﬁﬁé@?ogen I'n

a third subSet of conpounds of For mil a CH?) 8 CH3(CH2) 7-
and R, R2p mhwmtaﬁ@qtm@émemsyowebel@w& Mbmrmaett:@mep consi sting

of h;drog% ot s BB ool G kbl QUL e el Provi ded

- subset of dmepmﬂeﬁtﬂrﬁfsuﬁtghntﬂam O Branch&BCi-€¢-0Md3l, CslhsHtutediror uﬁlﬁ&étﬁhtﬁil 7-; and

it,, R2, R4 are in dent seIectedfro royp consisting -32
WO 2006/ 02 Fqﬂm’i 1&0 et 4o 0%5%?‘:{]1“6% S f1 uoro,
trifluoronethyl and rret oxYy, pI’OVI ed that at peast one ob RI, R2, R4 and
R5 is not hydroggﬂu efer su set of-—ge unds g;IHZEor [11 includes
ompounds of For ful &0 N (CHB mYR3 NH ('O 5 R4 R5 Re

fﬂi.l,"X), wherein: R3 and R4 are each i ndependently C6-Cl12- al koxy or an
oxaal kyl, thiaal kyl or/%azaal kE group havij ngoa chain lenggh of from6 to 12
%

atoms; a phenyl jor, O ,[D?hé,{d gr ﬂp)l\a,l&h%nﬁw ar /l<

C - C6- al kyl phenoxy gioouig” a gﬂ Q@

Me o Me é‘f:_'e Q (I:lf-te
ngH\O/u\ %-« H\o E/ \O/u\‘/ %f JH<
| | |
f—cHy 2 f—chy N g“‘c/_ N §“c/—_ 3';

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

Ri._. Ry

In
15 Re V)
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unsubstituted arylal kyl group, a substituted or unsubstituted aryl al koxy
group, a substituted or unsubstituted heteroarylal kyl group; or a
substituted or unsubstituted heteroarylal koxy group; R, R2, and R5 are
each independently selected fromthe group consisting of 15 hydrogen,

hal ogen, s{pabg@booshai n or branched Cl-C6-al kyl, strai gl fBaisigefs branched
Cl- Co- al koxy, straight chain or branched hal o-C -C6-al kyl, straight chain or
branched hal o- Cl- C6-al koxy, Cl-C6-al koxy-Cl-C6-al kyl, hydroxyl -C - C6-al kyl
car boxy- Cl- C6- al kyl, Cl-C6-al kyk,-S02 and N(R) R, whérein R and R are each
i ndependent|y hydrogen, straight chain or branched Cl-C6-al kyl, straight
chain or branched Cl-C6-al Kos '@hto 20 chain or branched

hal o- d - C6-al kyl, straight ch braniched hal @ C1- C6- al koxy, Cl-

C6- al koxy- Cl - C6- al kyl , hydr oxy c6- allkyé, carHoxy- Cl- C6-al kyl or

O -C6-al kyl -S02; R6 is -OH/7-CRRI, ™N , - OPO2R10R11,

-OPO3R OR11, CH2PO3RIOR', -OP02(S)R1BR 1 ¢ (X) PBBR ORI ', where

Xi shydroxyl orhalide and Y is H%or halideg®®er anal ogues of ot her

car boxyl ate, phosphate or phosphonate 25 iso¥teres not IinmtE&@to those
shown below, RO is H, straight chain or branched Cl1-C6- alkyl, or a

substituted or unsubstituted, aryl oup. RJIO ?ggl?g_% ach i ndependently
H, straight chai'f? FS‘&PEWE%@“@?P%PE?&W&X’ 3% @i?g"@'rorunsubstitut ed
ag gl V\%rgupa)ﬁﬂﬂ@ﬂﬂg@@dmfkg?z,Rymdmatard indéperdently selédbel ﬁnmmdtw@zuﬂ\]i sHtZ gd Olg\(el oW,
J-HZC. O 0% %9%5’@%@%&%@% o, @rﬁz%b&%%%p%é&e O CH-O frCH O
CH~O CH~O | - smbodimegtpat lgast one of Ry, Roy-B3 and Rs igmeyhydrogen. ny ovi ded t hat when R4

i s C4- C20- al kyl , mta seeadtsubsReofonifoundsaf FiidnAnW], RS is SHY@H Wokregen;  and

ahe'5 phar eGSRl Koy apd Ao fRenassly s BoB T SR%a) 07 br ov des
conpounds of cangisting of XydsegeRomathiyk cidpro, fiwero RriflugrempthyRardrnethexy. In a
10  preferred embodiment, at least one of R;, R;, R4 and R is not hydrogen.
In a third subset of compounds of Formula VI, R4 is CH3(CHy)s- or CH3(CHy }-;
and R;, 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 Rs is not hydrogen.

15 - In a fourth subset of compounds of Formula VI, R; is CH3(CH)s- or CH3(CHjy);-
; and Ry, Ra, R4 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, R4 and Rs is not hydrogen.

In a first subset of compounds of Formula VII, R4 is CH3(CH;);-O- or

20 CH3(CHa)s-O-; and Ry, Ry, R; and R are independently selected from the group

C; consisting of hydrogen, methyl, chloro, fluoro, and methoxy. In a preferred
embodiment, at least one of Ry, Ry, R3 and R; is not hydrogen.
In a second subset of compounds of Fornmula VH, R; is CH3(CH;);-O- or
CH3(CH;)s-O-; and Ry, Rz, R4 and Rs are independently selected from the group

25  consisting of hydrogen, methyl, chloro, fluoro, trifluoromethyl and methoxy. In a
preferred embodiment, at least one of R;, Ry, Ry and R; is not hydrogen.,

In a third subset of compounds of Formula VIII, R4 is CH3(CHj)s- or CH3(CH;);-
; and Ry, R», R3 and Rs are independently selected from the group consisting of
hydrogen, methyl, chloro, fluoro, trifluoromethyl, and methoxy, provided that at least

30 oneof Ry, Rz, R; and R; is not hydrogen.

In a fourth subset of compounds of Formula VIII, R; is CH;(CH,)s- or
CH3(CHz)r-; and Ry, Ry, R4 and R; are independently selected from the group consisting

-32 -



/I R, O N=7 RA NHRe HNH2 z RS NH2CRs Hz\ Re X XI 10 wherein: R3
and R4 are selected fromthe group consisting of optionally substituted C6-
Clo- al koxy, optionally substituted aryl-Cl-C6-al koxy, optionally substituted
het er oaryl - Cl-C6-al koxy, optionally substituted cycl oal kyl - G - C6- al koxy,
opti onal | YW&8&920931t ed 15 aryl - G - C6-al kyl, optional | yPET/EEIPT26Yd

het eroaryl - G - C6-al kyl, optionally substituted cycloal kyl-d -C6-al kyl,
optionally substituted aryl, optionally substituted heteroaryl, optionally

substituted qgr h@gyn %’i\éﬂhﬁ '1(98%ﬁd&o,%@ﬁ&é&&ﬁﬁ%@ﬁ{eﬁ{oﬂ?w&ﬂ&éﬁ thE%'at et and RS
are each inde ep%rk@ég cted fromthe group consis of hal ogen,
trifluorometfyP §415“8 dE98eBs. al koxy: -34 WO 20061020951

PCT/ US2005/ 02891 A prE¥Erried subséilof Compdrlads oDiFarnmpla Ifrindledes kbypowidh pf Foramth R6 i S
-OH, -CO2R9, CHZ CH( CO OR9, -OPO2R10R11, -OPQ3RIOR11, -CH2PO3RIOR11,

- OP02(S) RlOIgl(l -C(Y) (X) PO3R1IR", where X is hydroxylggor halide and Y is H
or halide; or anal ogues of otFper caeroxyI at e, phosphat[e or phosphonate

i sosteres not limted to those3sho 5 bel ow, R9Rj s H,_net rai ght chain or
branched Cl-C6-al kyl, or a substitufed or Hnsubs [ umgd aryl group; R10 and
R' are each independently H, st QU anched Cl-C6- al kyl, a
substituted or unsubstitutgd [ sef ected from but not I|mted
to, the prodrugs listed bel ow \ rHZEGHAO - h2C. O -HZC. O

1-HZC, ol V VC20AO--- - E--C2-0x9' /1- HAC- 9A9 I\/E OjM 0 CH-~-OGYe Ol ~NH2
NH~1 15§ [-CH -CH ~C~ -N~-r3C R Rs ax,

wherein:
Rj and R, are each independently Cq¢-Ciz-alkoxy or an oxaalkyl, thiaalkyl or

azaalkyl group having a chain length of from 6 to 12 atoms; a phenyl or C-Cs-

10 alkylphenyl group, a phenoxy or C;-Cs-alkylphenoxy 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;

Ry, Ry, and R are each independently selected from the group consisting of

15 hydrogen, halogen, straight chain or branched C,-Cg-alkyl, straight chain or branched
Cy-Ce-alkoxy, straight chain or branched halo-C;-Cs-alkyl, straight chain or branched
halo-C;-Cg-alkoxy, C;-Cg-alkoxy-C;-Cg-alkyl, hydroxyl-C,-Cs-alkyl, carboxy-C;-Cg-

- 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

20  chain or branched halo-C;-Cs-alkyl, straight chain or branched halo-C,-C¢-alkoxy, C)-
Ce-alkoxy-C;-Cg-alkyl, hydroxyl-Cy-Cs-alkyl, carboxy-C;-Cs-alkyl or C,-Cg-alkyl-SO;;

R%is -OH, -CO,R’, -CH,=CH(CO)OR®, -OPO,R'’R", -OPO;R!’R"!, -
CHoPOSR™RY, -OPO, (SRR or ~C(Y)(X)PO:R!’R", where X is hydroxy! or halide

and Y is H or halide; or analogues of other carboxylate, phosphate or phosphonate

25  isosteres not limited to those shown below; R’ is H, straight chain or branched C;-Cq-
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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it Y ptap e salts, esters and prodrugs thereof. R3
and R4 are preferably biphenyl-Cl-C4-al koxy, where the biphenyl group
optionally includes one or nore substituents selected from Cl -C4-al kyl,
Cl - C4- al kenyl, C -C4-al koxy, cyano, hal ogen and trifl uoronethyl;

phenyl - Cl . CA- , Wherein the 15 phenyl group optio i es one or
nore substi zggéﬁ(iigﬁ%el ected fromC -C4-al kyl, Cl-C4-al @#ﬂ”’*@%& al koxy,
cyano, hal ogen, inethyl enedi oxy, and trifl uoronethyl;

napht hyl - Cl - C4- al koxy, wherein the Sapht hyl grogp optionally includes one or
more substituents sel ected forom ClyC4-al ¢. G- C4- aj kepy! I _CL- C4-al koxy,
‘cyano, hal ogen and™HeGfTwor éﬁ‘é‘b%d/!']\es- Cééé-”éycﬂ od ky?g- C,>- - af¥oxy:;
het er oaryl - C, - C4- al koxy, wherein the 20 heteroaryl group is imdazolyl; 2-,

3- or 4-pyridyl; or thigphene, optionally subsbitut ed by Qe or nore

C -C4-al kyl, C ?éi #keayl , C ?m cgzﬂm/qg,h ?al %8'?% ggngg; benzyl oxy
ortrifluoromethl"g p ”phérrl‘o MongtT'yos (I dobyodne or nore C, -
C4-al kyl, Cl-C4-al kenyl, d -C4-al koxy, cyano, hal ogen, nethyl enedi oxy,
benzyl, benzyloxy or trifluoronethyl groups; naphthyl, optionally
substituted by one or nore 25 Cl-4-al kyl, Cl-C4-al kenyl,, C -C4-al koxy,
cyano, hal ogen, net gﬁ engdi oxy,mbengyl , - e 2006/ 0249510

PCTI US20051028914 BRI - U65PC bemzyl bxy or} netgkﬁﬂxcglo‘@s; or
heteroaryl, such as% inPdazol yk; 2073~ or 4- pyridyl or thiophene; optionally
substituted by one or nore Cl-C4-al kyl, Cl-C4-al kenyl, C-C4-al koxy, cyan,
hal ogen, benzyl, benzyloxy or trifluoronethyl groups. In one set of
conmpounds of Forgul as.Xyand XI, R3 R4 is a group sel ectecé:S from but
not limted to, g}%@@e shgpvm GHMSIHOJ ﬁ?e«n/%lsz\ I\/aoéb‘:‘./"—, 0,-9 -36 WO
2806/ 020951 PCT/ US2005/ 028914 pCT/ UE 4, CcF3'0 p 0 -1~ He

provided that when R* is C;4-Cpo-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

5  pharmaceutically acceptable salts thereof;

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

- R2 R2

. R3 R1 R3 R1
t Rr

B N
R \ >—I—NH2 Ré H

Rg N H,G Rs

\
Rg
X X1

10

wherein:
R3 and R, are selected from the group consisting of optionally substituted Cs-

Cyo-alkoxy, optionally substituted aryl-C,-Cg-alkoxy, optionally substituted heteroaryl-
C,-Cs-alkoxy, optionally substituted cycloalkyl-C;-Cs-alkoxy, optionally substituted
15  aryl-C;-Cs-alkyl, optionally substituted heteroaryl-C,-Cq-alkyl, optionally substituted
cycloalkyl-C;-Cs-alkyl, optionally substituted aryl, optionally substituted heteroaryl,
optionally substituted aryloxy and optionally substituted heteroaryloxy;
Ry, Rz, and R; are each independently selected from the group consisting of
halogen, trifluoromethyl, C;-Cg-alkyl, and C;-Cg-alkoxy;
34~



IV TNV B0 T 0 E3C 0-=8peciTic compounds of the invention
i nclude, but are not limted to, those set forth below and their salts.

Wi |l e the conpounds bel ow are represented as al cohols (R6

i s hydroxy) or

phosphat es (R6 is -OP0O3H2), specific compounds of the invention further 5

i nclude d ﬁb\(,gﬁ of these conmpounds where R6 is car @%Eﬂaﬁﬁozwm
nmet hyl enep osp onate, thiophosphate hydroxynet hyl enephosphonat
fl uor onet hyl enephosphonate. x/~ ,tly NN NyN ; u3~~\JCJ\/ p\ CHp I 11f( \

| Q 34 38 39 ~ Q06/.020 CTN52005/ 028914
44 45 40 ~~eeyy Ry i€aer-fegliot sgth, pieleritly sty S B RO 038 02095, 02608
55 0 59 60 @H=CERCO)OR’, -OPOR'R!, -OPOR'R!, -CH,POR'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

5 below; R’is H, strai ght chain or branched C;-Cg-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:

0 0

0~ 0 £Cvo

T N U NP

2

10
and pharmaceutfically acceptable salts, esters and prodrugs thereof.

g—-HzC.. j?\ -~ e )OLO/\ § /gﬁo)LO/k -H,C. /LL /l<

Rj and R4 are preferably biphenyl-C,-Cs-alkoxy, where the biphenyl group

optionally includes one or more substituents selected from C;-Cg-alkyl, C;-Cs-alkenyl,

C;-Cy4-alkoxy, cyano, halogen and trifluoromethyl; phenyl-C;-C,-alkoxy, wherein the

15  phenyl group optionally includes one or more substituents selected from C,-Cy-alkyl,
Cy-Cy-alkenyl, C,-Cs-alkoxy, cyano, halogen, methylenedioxy, and triflucromethyl;

naphthyl-C,-Cs-alkoxy, wherein the naphthyl group optionally includes one or more

substituents selected from C;-Cg-alkyl, Cy-Cy-alkenyl, C;-Cs-alkoxy, eyano, halogen and
triflnoromethyl; Cs-Cs-cycloalkyl-C;-C;-alkoxy; heteroaryl-C;-Cy-alkoxy, wherein the
20  heteroaryl group is imidazolyl; 2-, 3- or 4-pyridyl; or thiophene, optionally substituted

by one or more C,-Cy-alkyl, C,-C4-alkenyl, C,-Cs-alkoxy, cyano, halogen, benzyl,

benzyloxy or triflucromethy! groups; phenyl, optionally substituted by one or more C,-

Cy-alkyl, Ci-Cy-alkenyl, C,-Cy-alkoxy, cyano, halogen, methylenedioxy, benzyl,

benzyloxy or trifluoromethyl groups; naphthyl, optionally substituted by one or more
25 Ci-Cy-alkyl, Ci-Cy-alkenyl, C;-Cj-alkoxy, cyano, halogen, methylenedioxy, benzyl,
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PPI-165PC

benzyloxy or trifluoromethyl groups; or heteroaryl, such as imidazolyl; 2-,3- or 4-
pyridyl or thiophene; optionally substituted by one or more C;-Cs-alkyl, C;-Cy-alkenyl,
C1-Cs-alkoxy, cyano, halogen, benzyl, benzyloxy or trifluoromethyl groups.
In one set of compounds of Formulas X and X1, R; or R, is a group selected
5 from, but not limited to, those shown below:

:
s
s
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Specific compounds of the invention include, but are not limited to, those set
forth below and their salts. While the compounds below are represented as alcohols (R4
is hydroxy) or phosphates (R is -OPO3Hy), specific compounds of the invention further

5  include derivatives of these compounds where Ry is carhoxylate, methylenephosphonate,
thiophosphate hydroxymethylenephosphonate, fluoromethylenephosphonate.

38
\,,O’g ®
41 A,

42
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d
1

N O-P-OHNCOON NHOHI1 ~~7 ~ o The invention also relates to salts of

t he conpounds of the invention and, in particular, to pharnaceutically
acceptabl e salts. A "pharnaceutically acceptable salt” includes a salt that
retains the desired biological activity of the parent conmpound and does not
i mpart anwwgnshesigesd toxicol ogical effects. The salts nggmsjgguexanple
salts 5 with a suitable acid, such as hydrochloric aC| hydro romc acid

sul furic acid, phosphoric acid, nitric acid, and the Ilke acetic acid,
oxalic acid, tartaric acid, succinic acid, nmalic acid, benzoic acid, pannic
acid, alginic acid, nethanesul fonic acid, naphthal enesulfonic acid, and the
like. Also included are salts of cations such as ammonium sodium
potassium lithium zinc, copper, barium bisnmuth, calcium and the 10 |ike;

or organic cation such as tetral kyl_anunoni up & rial kyl grgront cations.
Conbi nati ons of th above salts are?ﬂ}u%¢§éfkl Salts‘} s{ N7 detes and/ or
cations are also cl uded ch as salts th trifluordacetic acid,

chl oroaceti ¢ acid, éé%yii?‘ oroacetic acid -44 WD 2006/ 020951

PCTI US2005/ 028914 vention also includes differe crystal fornms,
hydr at es- and sol vat es ofl0¢ he conpounds of the invention, as | as

stereoi soners of the c un wOf the |nv tle I ncl uded are substantially
pure single stereoi Qﬁgﬁagr %oners In a further

enbodi nent, the ¢ nd of ornula s an nist of a 5 sphingosine

1- phosphate | receptor. [Breferred conpounds of Formulas I, Il Nand I X

i ncl ude conpounds whi ch are agonlstg?of the SIP receptor. Particularly
preferred are conpounds which are selFective for the Si Pl receptor conpared

to one or nore of the other | P receptorsiléFor exanple, one set of
gggterred conpound gﬁéﬁ&?&gﬁpounds whi ch are selective for the SIPI 10
sgeptor rel ative, receptor. Conpounds sel ective for the SiP1
receptor can be agonistiggof the SIN receptor, significantly weaker agonists
of one or nore other receptors and/or antagonists of one or re other
receptors. A conmpound is "selective" for the S1Pl regept ta?fve\to a
second receptor, if the 1C50 of the conpound for the/EgEQ ceptor is at
| east two-fold, preferably at Ieast 10- foId and nore preferably at 15 | east

100-fold greater than the | for the Si receptor. The IG§O o a
compound is deternlned 355— assay¢ Pbed in
WO 03/ 061567, the’VW\ ) /\/“\

121

m*ub@ Mﬁt“w ﬁ*@
O OO O
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136
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contents of which are incorporated herein by reference. The terns "agonist"
or "SI Pl receptor agonist" as used herein include the conpounds descri bed
herein which bind to and/or agonize the SIP1l receptor. In one 20

enbodi ment, the S 1P receptor agonists have an IC50 for the S 1 P 1 receptor
of about &- 25 nM about 50 nM- 0.25 nM abou - 5 nM

about 100%ﬁ%fo§%fess about 75 nMor |ess, about 50 nkF%&SQQ%gmggbout 40 nM
or |ess, about 30 nMor less, about 20 nMor |ess, about 10 nMor |ess,
about 5 nMor |less, about I nMor |ess, about 0.5 nMor |less, or about 0.25
nM or | ess. The conpounds' [1C50 for the SIP1 receptor 25 qﬁilgﬁ neasured
usi ng the binding assays described in Exanple 11 or those “bed in

03/ 061567. Ranges internediate to the above recited values are al so |ntended

to be part of this or exanpl e, usi bﬂtpﬂﬂi:ﬁg of
any of the above |ec te ﬂg; \upperxézja§§??2w§gﬂl ts are nded
to be included. ™ nta rther enbodi nent137t he SI P r&ceptor agoni st has an
| C50 value for the "™1P3 receptog~of about 10 nM - 10, 000 t M4labout 100 nM -
5000 nM about 100 nM - 3000 n about 10 nM or greater, about 20 nM or
greater, about 40 nMor 1gseater, about 50 nMor greater, about 75 nM or
greater, or about 100 nMor, grgater. In another enbodrnent the 9! onpound

of the invention binds t7s %ﬁﬁ%ir%ceptor with an |1 C50 of Ojg%ﬁbr
r, ¢3000 nM or greater, 500 ater, 10, 000
or of Si P3 receptor can be neas d using the

greater, 2000 nM cH
nM or greater. @ ’
bi ndi ng assays ¥esefi bed in Exanple | 1 or those described 44 WO 03/ 061567.
-45 WD 2006/ 020951 PCT/U$Q005/028914 Ranges internmediate to the above
recrted values are a so to be partho&Tﬂﬁ/ﬁ i nvention. For anpl e,

mges using a CQE:%/L of of the aeurecit val ue sﬁer

Jor lower |imtsl arfe |ntended t o eI NeMtided. In t™~a - enbodi nent ,
the SI P receptor agonlst§ descri bed herefn have an 5 | C50~alue for the S
i Pl receptor that is abogt 5- fold |ower, al¥dut 10-fo|d | ower }47about _ 20-fol d
| ower, about 50-fold Iomer,nab t . 100- fold | ( gLy
about  500-fold | ower qf §bo 0o | ' 3
SIN receptor. PILES ermecdi ate to the ove recrted valuesﬂpre al so
i ntended to be par this invention. Fofgexanpl e, ranges using a
conbi nati on of any the above recited 10 values as upper and/or | ower
limts are intended to Hézrncl ed. In a further enbodi nent , mhen :P¥

and

NH(C=O), 0, or heteroaryl 1- of R,
RS is Cl-Cl18 aIkyI ﬂ kenyl , nyI“ Eéij%fi,\

QONULK__M% GQ\,@’W*
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al koxy, (CH2)i-1oQ(CH2)t-to, C5-Cio(aryl), Cs-Co(aryl)(Cl-d oal kyl),
Co-Cio(heteroaryl), GCo-Cto(heteroaryl)(Cl-C oalkyl), C5-C o cycloal kyl,

C5- Clo(cycl oal kyl )-(C1-Cs al kyl), 15 Cs-Ci oal koxy(aryl),

C5- d oal koxy(aryl ) (C1-C10 al kyl), C5-d oal koxy(heteroaryl), C5-

G oal koxygeheingdsy! ) (CrC o al kyl), Cs- Cloalkoxy(cyclqﬁﬁﬂﬁﬁmyégmgb

Ci oal koxy(cycl oal kyl ) (Crd o al kyl); and one of R, Rz, 4, and R5 is H,
hal ogen, NH2, Cl-C6 al kyl, Cl1-C6 al koxy, CrC6 aIkyIanlno G C6 al kyl cyano,
or C1-C6 alkylthio, R8 is not hydrogen. 20 In another further enbodi nent,
when Qis heteroaryl; one of Rl, R2, R3, R4, and RS5 is abky|p@l kenyl,

al kenyl, optionally substltuted aryI optlonally substltuted Eeteroaryl,

al kyl (optionally substituted aryl), arylalkyl, or arylalkyl (optionally
substituted (aryl); R8 is hydrogen; nis 1, R6 is not OH Inganother further
enbodi nent, mhen.Q i s NH(C;C»mégg is 04 R, __25 and RSaare each
i ndependent |y éﬁ} Foger; Na yIT, \RE i¥s+4nC “gqﬁé

one enbodi nent, “The/Tonpodnds 6f T he |nve ] on do not™i e conpounds
described in WO 05/ 04189QA2, WO 04/010949 WO 04/ 024673 Auﬁgnd WO

02/ 064616; the entire contents.of a _of mhlch e hereby i rated
herein by refeFepcen ER0gS th unds of t \Eﬁ%ﬂfion I n
a further enbod n , f«e-tlﬂn ai at to a et hod

for treating a sph|n905|ne-l-phosphate a§§bC|ated di sorder 7h a subj ect.

The net hod i ncl udes adhﬁnlsterlng to a subject an SIP conpound descri bed

herein in an anpuy ) I aSSOC|ated i sorder.

The teen "sphingo? sorder Iud sorders,

di seases or condltlons AT th or caused by

isregul ation in SIP ré®eptor function angdor signalling ory7p1lP receptor
ggand funti on.

di seases, disor

A e tern1a|so M46 WO 0951 3RCT, 82005/0259} i ncl udes
i ,di sﬁjﬁﬁPEéﬁfbﬁ}%ﬁeat WTL;rng to a

subject an effectiv of a § ngosi ne ospha or “agoni st .

Such disorders incl de“dl orders that ararassociated wth amzinappropriate

i mrune response and cobiti qns associ at ed mnt .an overactive i mmne
response. 5 In ggg;EELgifgedﬁggg t he pre ntlgﬁ]prOV|des met hod
of treating a ssoci dt ed veractive T ﬁa,a jonse. An

"overactive inmune resppnse” is an de rabl e or inappropr¥atre inmune
response and in conditions 176 180

Vo
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associ ated with an overactive i mMmune response, the imune response is
deleterious to the subject. Included are conditions such as autoi mmune

di sorders, organ and tissue 10 transplants, including transplant rejection
and graftvw§g Yohqst disease, and chronic inflannatoré di sorders. The

met hod incl udes admi nistering to the subject a therapBGlFR2042UEf ective
anount of a conpound of the present invention, thereby treating the
condition associated with an overactive i mmune response in the subject.

The conpounds of the invention can be used to treat subjects under goi ng, or
who 15 have undergone, an organ, tissue or cell transplaﬁ?'ﬁﬁBﬁra donor. In
one enbodi nent, the transplanted tissue, organ or cell is bone marrow, stem
cell's, pancreatic cells, such as islet cells, or cornea. In another

enbodi ment, the transplante% ~§ a solid,organ, such ak? a liyer, a

kidney, a heart ,ar A | un Hinind. e sonde n b Wi th
Q @ }’gzon 20 i nck ‘ ten‘i\"cm t 6sus,

t he conpounds o

rheumatoid arthritis, tlple scl erosi s, 1s94ryast heni a gravi siggtype 1

di abet es, ankyl osing spond¥ tis, psorlarlc ar r|t|s scl er oder,

Kawasaki syndrone a%@e .Q»at - (S) thﬁ@jg%f on the
Rheumati ¢ Di seases, Edrti od 1Joh ppel ND hritis
Foundation: Atl a ! (1997)). 25 Q her d8% oi mune dlseasesmlhat can be
treated with th resent conpounds include active chronic hepatitis,

Addi son' s Di sease, antiyghospholipid syndrome, atopic allergy, autoimmune
at rophi c gastrliw', achlorhy a aut0| ne i.ac D sease, Crohy, s

Di sease, Cushi nty sy ‘i: i &% JyNUanOomey
%;?ve s Di sease, RS pte Ss° thyﬁbldltls |opath|c adren.;x. r ophy,

Tegi opat hi ¢ 30 thronbocyuﬂpenla Lanbert - Eé@bn Syndrone | upaiodd hepatitis,

per ni ci ous

m xed connectiv sue sﬁﬁ;e vulgarls
anenm a, phacoge pok’ S » % >
cirrhosis, prlnary scler@plng cholangltls' f Ray S Relter S

Syndr one, reIapsrng polychon r|t|s Schnr&? S Syndrone Sjogmen s Syndrone,

synpat heti c oph %ﬁm @ S ;ﬁ(é
thyrotOX|COS|s l1h Resi S erati ve g‘i gener'

gr anul omat osi s. As usedadzerein, the term %ggbject” i ncl e & m bl ooded
animals, preferably nannals including humans, cats, dogs, £glgrses bears,
€]

| ions, tigers, f S, - 47 MD 2006 951 PCTI USZ2005/ 914
mce, cows, shee g eboth 7efit). M ]
primate. In an even nn£e preferred nent Bt e
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As used herein, the term"adm nistering" to a subject includes dispensing,
delivering or applying a conpound of the invention in a pharmaceuti cal
formulation (as 5 described herein), to a subject by any suitable route for
delivery of the conpound to the desired location in the subject, including
delivery Ryo &loktiRbsit he parenteral or oral route, |ntr§gy§@ﬂh§&miﬂjectlon
subcutaneoustlntradernal i njection, intravenous injection, buccal

adm ni stration, topical delivery, transdermal delivery and adm nistration by

the rectal, colonic, vaginal, intranasal or respiratory tract route. 10 As
used herein, the term"effective amount” includes an anoungp efdppcti ve, at
dosages and for periods of tine necessary, to achieve the 553|red result,

e.g., sufficient to treat the condition in a subject. An effectlve amount

of a conpound of, ;hxxinve jng@iﬁg fined herein, Im ccofiding to
factors such as{tIe{ disedsd dtat& adelan of_lt he [Ecl, dnd the
ability of the conpound td.elicit a des resp6 se in the -]ect 15

Dosage regi nens may be adjusted to provi de22¢he optinum t her ap€utic response.
An effective anount is2a0so one in which any toxic or detrimental effects

(e.g., side effects) of thedompeund are ﬁﬁbqhed by the therapeutically
beneficial effects A ‘ fp-utié'lkyﬂeﬁfegﬁt e anount of a conpound of the
invention (i.e. ~p »-effeCflve dosage) may22ange from about 0.001 to 30
ng/ kg body meig!’ preferably 20 about 0.01 to 25 ng/kg body wei ght, nore
preferably about 0.1 to 228 ny/ kg body weight. The skilled artisan wll
appreci ate that ¢ r equisfeadiNice

g | nftmé i nfl ue@éﬁmﬁ? <5 SO of

effectively trea
the disease or dlsir Previ ous treat me¥s, the genera h %nd/ or age

e .
=~{ he subj ect, and otH@ﬁ dlseases resent. Moreover, treatg#int of a
§§ ée 2

sub) ect with a therapeutj 5°@g?QB. -, 0f a conpoundg

i nvention can i nelude.a. gl e breat diT BFa can ¢

series of treatnments. Iltzami || al so be apprgglated thgzxﬁzggg;g%F%Yve 'dosage
of the conpound used for treatnment may increase or dec er the course

of a particular treatnent. The nethods of the invention further include
adm ni stering to a subject a 30 therapeutically effective amgunt of a

conmpound of the invention |Qﬁgqugnatlon with  agmother pharnaceutl Iy
active conpound {kpeWmr—t 0 iti d f

(el o (tY € sease or
i munonodul at ory agent 6rLan antl-lg;nggfi gent . ﬁHCﬁﬁﬁ%@Wlly
active conpounds that nmay be used dep t he condi be treated,
but include as exanples cyclosporin, rapanycin, FK506, neth %gexate
et anercept, infliximb, 35 ad&llnunab non-steroi dal anti-infla

agents, cycl ooxygenase- 2- |n i ﬁ@;s such ™s cel ecoxj and rof
cortlcoster0|dséﬁ%651:\ keaconpounds can be foun ' i
Principles of Inte |ne Thirteenth Edition, Ed ™~

The invention also relates to salts of the compeunds of the invention and, in
particular, to pharmaceutically acceptable salts, A "pharmaceutically acceptable sait"
includes a salt that retains the desired biological activity of the parent compound and

Harri son et

does not impart any undesired toxicological effects. The salts can be, for example, salts

5  with a suttable acid, such as hydrochloric acid, hydrobromic acid, sulfuric acid,
phosphoric acid, nitric acid, and the like; acetic acid, oxalic acid, tartaric acid, suceinic

“acid, malic acid, benzoic acid, pamoic acid, alginic acid, methanesulfonic acid,
naphthalenesulfonic acid, and the like. Also included are salts of cations such as
arnmoniur, sodivm, potassium, lithium, zinc, copper, barium, bismuth, calcium, and the
10 like; or organic cations such as tetralkylammeonium and trizlkylammonium cations.

Combinations of the above salts are also nseful. Salts of other acids and/or cations are
also included, such as salts with trifluoroacetic acid, chloroacetic acid, and
trichloroacetic acid.



at MGawH Il NY., NY.; and the Physicians Desk Reference 50th Edition
1997, -48 WD 2006/ 020951 PCT/ US2005/ 028914 Oradell New Jersey, Medi cal
Econom cs Co., the conplete contents of which are expressly incorporated
herein by ref erence. The conmpound of the invention and the additional

phar rraceutw(ggdokgmafltlve conmpound may be administered tgc &M@zoﬁ%’ﬂs@ﬁt in the
sanme pharnmaceutical conposition or in different pharnmaceutical conpositions
(at the 5 same time or at different tines). Pharnmaceutical Conpositions of
the Conpounds of the Invention The present invention also provides

phar maceut i cal | y Hedention alse weldessuifersat crypid ferpiigudratessind selmey 9idherg one or
nor e conpoungspofindstvd theiedhtion s wellgs steﬁemaa@ d$ thelzempéurﬁe bfithk dnvientidn.

d f bl d of th
CompouNdS Ol SRS e AP 5RO S AL A ke FEARRYRG L 1o
amount, e.g., an Inarfm@membﬁfbmenw@etcotnpmdtofaomm g@slagemamﬁhosphate

associ at egd dé Yl Qﬁﬁel ﬁ{&thzRQer ptically acceptabl e for mul at ions typically

i ncl ude one or rrpou ? the i i gn._as as o nor e

phar maceuti cal Iy é 9 ifopraulas Q¥I§S'o?r’8rlxé?@ %pgun }H%lbﬂe herein,
'phar maceut i apahistg oﬁdﬁtﬂlﬁ’&b&e@tcﬁ aPatierlirly preferrdé areaompauntlls athichsaod sedstiss

a1 sper si on gl s PalL AP0 AAARChEE Ao R0 ARl P RREAS RSl O ©
SR Rl rogrepl

and absorption are siologically
conpati bl e. qmr@ew@refme%wmomu@plm c@ngmds wbwh;ame eaifor hgiSilPL act i ve
substancgs I&c%rrelktmmamersm%c fob.- CEMpARHS bdlsilve for Afe SUPH r6Rpioebid onal

medi a or agent |S|n hI ounds f the invention, use
thereof int ﬁ’ggﬁn&a‘&)&ﬁceﬁtﬁﬁﬁ dg{ﬂH w735§ P’é‘?@d‘.‘(’rgﬁ T enent ary
phar maceut [ cmbdpyoramd/mntagnmmn flendaravane bnhextmmutors rAmsmbaxmd 10V'seleatintedi m‘rune

dirsease, 1. ep, tﬂe@ﬁ”ﬂ? b 'ia‘?thoazBs%@(Slﬁi ofi'-rhtf eI&‘_fm' o?‘ﬁ{?éo uftPfol ihe:
% h{ the

crlbed above e | ncor por at 03| I ons O

i nvention. 2%cad I’P‘éﬂlﬂ% 1%&?&%@&?1%3‘13&?&%%1?@ &fﬁé@)@ﬁ@@qffﬁﬁfeﬁhi’lb’ #e used
can be fwndlemm@fdi@yeﬂaeﬁmaﬁ tHRITCRHELPRhe S1Pf reba:tt&r e IVR @ & bﬁlﬂg% gy a). A

W th TS | it GREEHROREE T SIAREAR B E O T RMERL o O G ae e o ¢

adni ni st r at | amtantscifondéch guaimeorperatdd heringby refen¢ncavenous, i ntrader mal ,
subcut aneous, or gfhe(ten& “a zgnéi’%latsmmeceﬁw oﬁﬂ?’%ﬁxﬁ@ﬂ hetdi Blefidk dhe

t ransmucosal recta m ni st.rat.i uti Qns or suspensi gns used for
parenteral , ?qmm&aésr%affﬂ eg hers iy Kishhbia pEIuES the S hPaJnrerruéwt%e

fol I owi ngp Cﬁﬂmﬂhﬁéﬁtsthe 81Bieeeptbeaglhikts Gite MUCK, fos theSti BT rdcetor dﬂaﬁsﬁtIIOO, sal i ne
o L3S st B! T 023500 8B 55 SR oo PTG 8P YOOI OF

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
25  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.
30 In a further embodiment, the S1P receptor agonist has an ICsy value for the S1P3
receptor of about 10 nM - 10,000 nM, about 100 nM — 5000 nM, about 100 nM — 3000
nM, about 10 oM 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 ICs of
35 1000 nM or greater, 2000 nM or greater, 3000 nM or greater, 5000 nM or greater,
10,000 nM or greater. The ICsp 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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anti bacterial agents Such. as BenzyT al cohol or nethyl parabens; antioxidants
such as 35 ascorbic acid or sodiumbisulfite; chelating agents such as

et hyl enedi am netetraacetic acid; buffers such as acetates, citrates or
phosphat es and agents for the adjustnent of tonicity such as sodium

chloride . pH can be adjusted with acids or JagaRSeosniden as
hydr ochl o%gqgtﬁogﬁgf sodi um hydr oxi de. The parenteral preparation can be -49

WO 2006/ 020951 PCT/ US2005/ 028914 encl osed in ampoul es, di sposabl e syringes

or multiple dose yjals.made of glass or | astic. Pharnpceuii cal

coNposi t| ons s aesflatﬁnmwé%%t@%gw&m&ﬁi e o “’E’SPﬂ; Phns
(where wat er thislinvishign. Hor ekiasiple; singessisingra ombiriatien pHauyef shefabove feeit .

ext enpor aneoysRE p@f rqgwétlgrgﬁ!aﬁa%wggﬁ@%%&mew i ons or di spersions.

For intravenous admrnistration, carriers 1nclude physi ol ogi cal
sal i ne, bact eri ostavetanotiar @nbodopaitihhdir eeepipr@asmssts desgrbedhisrsiy hawgan ) or
phOSDhaz ?'SbUfIC?d’\QﬁJeSBi{ 1he gllpPEeS& tor htﬂatliégiﬁouﬂ%ﬁﬁ_é éovgéa,axtbﬁmrmmu?bf ﬁﬂ;otut
conposi tion myst,be steri shou | 0 easy
oy ngabi |1t yiocldIpueh Bhbu So38i e arout gl iRk atalE 206 Bivsh dbdn ° 1o
manuf act ur e &id0-fekidowgreoraholitiige-fdé lowee then thed Ingaiahstfot the StBhresentorat i ng
action of —mcr OomgéssiHn%glﬁé&%ﬁe ﬂysthpﬁﬁvgfécf’t?@{?ﬂuéslé@:flso iﬁtkﬂglgft%g?ﬁré gan be a

sol vent or dispersiQ um contal ning, for e,xangﬁey, wa , nol ,

pol yol (for eRiaipieationyForetagple, rangesipingfeogivinagpn obany qfthe AAVHISFAS: heyl ene
gl ycgl, ayd tmlegh&%@peramoﬂ?méramwmmtandaistobtehmlma, The proper f} ui di L'y
can be nmi nt ai ned, [ .€Xa y u - oatin chs S ci thin,
by the nai ntenancgsgﬁ?ée@&ﬁwfgqﬁ%f??c e si@éﬁl’ﬁhﬁ%o%ggg (?)sf%%nslﬁgrsi on
and by the UseneofRuRS R} Rhasd RPishiefi atiwl, 6b-CinelkeryliGrCio ki Gofgani sns

e o A e - A o TR
the like. In Qﬁiﬂv(}@%‘é’g& -Cﬁ"aﬁqyl)bgs- FW&‘P%Eﬂe X 10??%9@1“%9‘@&‘@ 8l¥e: agent s,
for exanpls®e, Gugaikoxyjaly)CsChalkexyargD((G<Cipraliopl),tOFCoslkoyi(liaddroargl), @0 sodi um

hloride in t i 1] b ' t he-i nj ect abl
composi Li ons @@%%&@@*’%%féﬁgﬁ@:3‘68%@%?*r‘%e%ﬁ%&&dﬁ%ﬁ&ﬁﬁ?agtift Ton an agent
whi ch del ays GistkppeysioalkyDdri-en aliph candone af Rudk b Bstand RatsdLdulogenl at i n.

Sterile injecBEDI|-GURM ORSs ARSKYDE,-0f ARARADYT,-CpaRyRO&mRY, bQ-CHe conpound
of the |nventl%ﬁﬁ|l.| ?{8t he he&_w red amount in an appropriate solvent with one
or a conbi natIORNYE RS0 XAPEER: o di ent's enunerat ed above, as_requir ed,

fol l owed 2y filt erdpdnstherfitther zmbodimeBewheraQlishetetoapk osé of R', RF. RpREpad ed by

i ncor por at i ngpt;0eRCP dan'q%,p S0 LR aMER ShiContdbif s B aRh@i ns a basic
di spersi on nedi 1umlkgr’la t h’!g r eq |’rogté ,c?t gerlﬁflngr eaggl' % S é?}gsr% ?‘Eo@% enumer at ed
above. | n thehetaaylpplkyt(gptionally subghtutedrpl), arydalio s ardatkyl{optonglyr j | e
injectabl e  substituted (aryl); R® is hydrogen; n is 1; R® is not OH.
In another further embodiment, when Q is NH(C=0); RS is OH; R, Rz, R, R4,
25 . 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.

30
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
35 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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sol utions, the preferred met hods of preparatron are vacuum dryi ng and
freeze-drying 30 which yields a powder of the conpound plus any additional
desired ingredient froma previously sterile-filtered solution thereof.

Oral conpositions generally include an inert diluent or an edible carrier.
They can ypg606b@§ed i n gel atin capsul es or conpressegciiisSelaRbfit S- For

t he pur pose of oral therapeutic admnistration, the conpound of the
i'nvention’can be incorporated with 35 excipients and used in the form of

tabl ets, troches, or capsules. Oal conpgsitions can.  also. include an
enteric coatlrﬂgdese‘ssrsewsa&erq qrsRuditions ‘rgrr%caséve;sreetﬁébéa MEHSHGG 9 Ui d
carrier for subfctas effetivetdivsantiof 2dphingosine phwpldiorcochtorngbinst. fSuch d carrier is

compat i bl o SikgRtsiit 35 eR TR BREE Ol B A R R RRBRE L O Y

adj uvant matasdicanditionsrasteciatadovititmpvarscibvr imnyineresporssnposi ti on.  The tabl ets,

pills, capsules, Iﬁ%ﬂﬁﬁ@%n‘fb@ﬂuﬁéﬂ? the ﬂ?&eﬁﬁﬁv&%ﬁ ﬁio@xcféé‘h{nféihoﬁ'b?u%&inhqw ng
|ngred|ents 0 o a sim.|ar nature: bi nger such. a

r..C
o Gor yat al SoPLON BBPTAE] Bah 4 GRPBH G EHRTHrSPoTgE Ab L TS VBIBNWent such as
starch or | aetpoass” mmﬁnﬂrearableergrimpmgnatganmwmmbpme aldgnromditmisd, Pri nogel ,

o, Corr 2.t 8] e A e AR LRI B LAY

glidant such as co a swee suc

sucrose or sthegubigct ninclydedyarp r:@rvb'rqnsgucalgvé ﬁutoanr@hn%rbsqs@%@rsmrmd tigge hy |

sal i cyl ajee, @dnsﬂﬁxﬂé‘gﬁclﬁdlﬁgfﬁﬁﬂsﬂﬁnt xEjéE:tuﬂﬁHﬁH%kaﬁi VeRdus BBstAischseN@ldahtn t he
conpounds o rm.of an aerosol spr ay

h
froma pres sﬂﬁ%’gmétg’vﬁfe&ifﬂg‘?m oiﬁ%ﬁngtb}g‘x ﬁg%a;bgﬁnlét(?ﬂ?%roﬁge subregt Rt abl e
propel | ant, thergpsuticallyadfestinchanaaunt off dxompdinakofidhs prsentinvettion; thereby Syst eni ¢

ni strat 't?é?atlﬁ ﬁe@bﬁcﬁh&?as?&cdt&?ﬂﬁﬂﬁ?%ch% 1&&@1@1@ OB inTHPRBiect 0"

t ghsnmucosal ransder nal mnrstratron enetrants aﬁio rrate tO t he
barri er to'be : é?weaeeelralﬁe éwep%oqrrebrarmparﬁtéﬂ jeets apderaning, PRI ar e
general | 15 krﬁmrauhdbrgdme @ drgan] fissae dr ¢alicttaneieant fiom edeopl monfeembbdlmﬁr;mcos al

adm i St T ot ! 80 eSS, ol ; AR S Bthop] WEhilef ARl T LKLY

Tr ansnucosal an be acco hrou nasal
sprays or surplpb@ﬂllsmrrce@ea #@ﬂnqth@ﬁwe@mt thertansplantest organ 1srar$ehctmounds of

t he |nventr%cgﬁﬁaﬁ%,%égﬁﬂahmrqum%nts sal ves, gels, or creans as
osrtrons can

general ly known e arf ‘ﬁ‘f’ @ sent pharnpceutica

al so be prepared A‘HOW&IW G prshe;tsated vifhdhe,compgup ’é‘ﬁ“fq i8hal

supposi t20y ineladssysteniic pucargthambiosuserhemnatoidtanbritis, ghuftisle scﬂﬁesls or retention

enemas for r I e are prepared
ﬁ%}%ﬁk@% ‘[(seg?fae 1 d?%b%ﬂ:? SRDEYh F 5y A Ep S AMROMHRL s,

with carriers
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)).
25 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

30 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,

35 thyrotoxicosis, Type B Insulin Resistance, ulcerative colitis, and Wegener's
granulomatosis.

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

mammals, including humans, cats, dogs, horses, bears, lions, tlgers, ferrets, rabbits,
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t he conpound against rapid elimnation fromthe body, such as a controlled
rel ease 25 fornulation, including inplants and m croencapsul ated delivery
systens. Cl| Biodegradable bi oconpati bl e pol yners can be: used, such as

et hyl ene vin acetate, polyanhydrides, polyglycolic acid coIIa en,

pol yor t ho®8t2 éﬁ@mﬂghd pol ylactic acid. Methods for prdSArEeiBRz8id such
formulations will be apparent to those skilled in the art. The materials
can al so be obtained conmmercially from Al za Corporation and Nova 30

Phar maceut i sdescows)sheep,iphis et6Eh aprfpesisdntiodingea, the subjdoeis apeithatesIn an

h | I b d di
et hods. knowtneiess ARG Pafiin, R Hilmam?%f’ﬁ‘%exingl[fp:ai descri bed in-
2

U S. Pat. No. 4,&9psedhereinjits. tematadmmste@lgwsa ehject ing Spepging, No.
5,576, 018, adflelhgo r:iD fyin é}’conﬁ:oﬁﬁ@aﬁﬁ@mv&ﬁlﬁn@@Qbﬁﬁhﬁc&ﬁmﬁ'fbmﬁflaﬁ&ﬂ &h are

I ncor por ate herel ence u he inve n can al so
be i ncorgor gﬁséla quFEP‘ h*é’r E&ttqyc?é' S“‘(‘ﬁ?ﬁ"d‘(%tln? d{‘}’gv%f’g e&PT“BW"Q
sust ai ned d&ésurudetcmatufn ih e subjepoinchiding delivery by eithier therpagentepat or ol mhteat I east

sever al r ng&, rj:hed in
“publ i shed P app |ca %Jca)lr?ghsg 38%%%%%4‘?%?& u?{'egmﬂ &Ch y reference.
-51 WO 2006hezalcgimimeiatiosdopisaloirEvery, tramderrgalélgbw amd gdnaawﬁaﬁoadym to

formul ate ofegfal %loﬁi%r@%ﬁzﬁ‘aﬂémtrzﬁﬁmeﬁﬂe&mﬁ(b?&hﬂct@&&éige unit formfor ease of
adm ni sﬁéatlon and u nit form .as. used herein

tmty of a
refers physi cAfP &e‘é?b‘?’ &%e #@ %‘% W@é‘g‘g % 47 9’“8‘3’555@%“"?’0# t he
subj ect t oddsagésrand tfergieriedsodt timmd decessary b athigvesthepdasited susult,rgd sqffeient by of a

compound of ytf%hekohfiiBR i LRfRL Al ALt hbhOH U mtoBEnd SRS e APEUL ! ©

eﬁfect in aSSOCIa reqU|re arnaceu carrier
peci ficati é?ﬁﬁeéhemenemmwmd@%g@gﬂbfaﬁf@rwch acthe fisqase satonagsy dyvadghit ed by

?Ed di rectlﬁf@l@th é&%d?ﬂadbh Uﬂ@(h@?&n ﬂ@f}élﬁiﬂ%ddsﬁ@dﬁ%pohbfmtﬁﬂﬁbt eennd and
e par cuL.ar er.apeut | 0] cnl eve he I m t1ons

P ber an b DBfage Ao B ey hscaihre 5 Dot s oL cBRPetibesepiily Aot

i ndi vi dual seffecii@e Tmobentiisalsnénedn whs:hfanytdmondemmdteﬁ”ebtbgeg, feidefeffetteni ng
exanpl es, Weffh@c g&llnﬁ aﬂ%uhn @f}@ﬁ%‘é Herh ﬁ.ﬁmhl('lj)% A al %ﬂa@tscont ents of all

references pat ent pat.ent lons cit roughout this application
are i ncor por at ed ﬁbﬁrmmnwly @Wéﬁa@untfézwewqulmﬁm@zoos/ 028914

EXAVPLES Exaffedtioe aosa§wrﬁ1:i}&$h§e Bt BB DI0BTIST0 Fpp0UAYIScight profckey Tai |
Group 967t g0l 81 ks b Tha SRR RS ekt IIPS. 4650 HphiBog) L her the

met hod

weight. Thc skllled artisan will appreciate that certain factors may influence 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 therapentically effective
25  amount ofa 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

30 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,

35 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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S5 illustrated in Scheme | or the nmethod illustrated in Schene 2. In Schene
1, alkylation of the hydroxyl group of a substituted anttmophenol is

achi eved using alkyl brom de and a catalytic anount of Nal in the presence
of either Cs2COB in DVF (60 C) or KOBu in acetone (50 2& The ami no group
of the d&¥ %493 'er mediate is then acyl ated with BocPCHUSWE¥28%4ani no acid
using either N-ethylcarbodiimde (EDC), 1-hydroxybenzotriazole 10 (HOBt),
~and NN-diisopropyl ethylamne (DI PEA) in CH2Cl12 or O (7-azabenzotriazol -1 -

yl)-1,1,3, z)rhcmummseymakwﬂdamfck aey; aﬁhaﬁlptwd@n(emw)vmdua PEA in DWVF.

The final tatned i.n I el ds ction of the
|l ater CD i ngéj%%ng?% R‘eﬁyﬁ}’r}’ﬁgkeﬁnggﬁglg 8??8“%& (uﬂ?e nggg“%ltbgﬂ 2. Schene
2 provi des adgitiond] pharmacsuliealymstivaetmposnd yay he admginisterechto biestinftienal
conpound i @aM@EHJPmE&Eﬁu@emcﬂﬂ oﬁtﬁ)rﬂfr%@ifﬁfenﬁ ﬂ%%eﬂﬁ@ﬂ%osﬁt&n@@%t ed first,
foll oweqd by al kylation_ o E ydroxyl residue. Schene | al kyl brom de

N- Boc- a néa‘&?:?‘ e opgiRsnt iMe$) R EDC, HOBt ~ NH2 DMF NH2 DI PEA, CH2 HZCl 2
HO or Al kyl-0 or alkyl brom de N Soc-am no acid KO Bu, Nal HATU, DI PEA
acet one DMi’?r% HNI1 . .. 0~k I-OAIkyI O 20
Schene 2 C*E

R e —rE D R | N OH HO HATU,
DI PEA 0 KO Bu, Mhe present invention also provides phannaceutlcally acceptable formulations

and compositions comprising one or more compounds of the invention, e.g., compounds

10 of Formula I or compounds otherwise described herein. Preferably, the compound of the
invention is present in the formulation in a therapeutically effective amount, e.g., an
amount effective to treat a sphingosine 1-phosphate associated disorder.

Such pharmaceutically acceptable formulations typically include one or more

compounds of the invention as well as one or more pharmaceutically acceptable carriers
15  and/or excipients. As used herein, "pharmaceutically acceptable carrier” includes any
and all solvents, dispersion media, coatings, antibacterial and antifungal agents, isotonic
and absorption delaying agents, and the like that are physiologically compatible. The use
. of such media and agents for pharmaceutically active substances is well known in the
art. Except insofar as any conventional media or agent is incompatible with the
20 .compounds of the invention, use thereof in the pharmaceutical compositions is
contemplated.

Supplementary pharmaceutically active compounds known to treat transplant or
autoimmune disease, i.e., immunomodulatory agents and anti-inflammatory agents, as
described above, can also be incorporated into the compositions of the invention.

25  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 compatibie
with its intended route of administration, Examples of routes of administration include
parenteral, e.g., intravenous, intradermal, subcutaneous, oral (e.g., inhalation),

30 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 benzy! alcohol or methyl parabens; antioxidants such as

35  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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DMF HO acetone Boc. NHNHZ RHR NOHd R TFAICH2CI2 NOH 'Y 0 Al kyl-0O

Al kyl -O O -53 WD 2006/ 020951 PCTI US2005/ 028914 Al kyl ati on of hydroxyl
group To a solution of desired substituted am nophenol (0.50 g, 1.0 equivV)
and Nal (0.1 ecgui v) in acetone (10 nL) was added a 1.0 M solution of KO Bu
in tetraWNQ3PWAO8h 5 (THF) (1.1 equiv, 2.1 equiv was REFEF205/028Hhophenol was
a hydrochloride salt). To the reaction mxture was added the desired al kyl
brom de (1.1 equiv). The reaction was stirred and heated under an

at nospher eemefosed inrapgaled! dispdsdbld Bringed-o2 ultipld dose Vs middastiglassiomas t hen

di | uted Wiélgstﬁt OAc (25 nL) and washed with H20 (2 x 25 nL) and saturated
NaCll (1 x m.) . The organic | ayer was dried over anhydrous MySO4 then 10
the solvent re adentised ceropositieas suitable fprinigction ingludgterile pgugousi ng silica
gel _col umselg e (WhRSWaRkPYolibieyor BRBersbhY6r steffic pollER FortRxY) benzenani ne:  NHZ
15 The product was obtal ned as a _}/eljo%sh-bnom solid in_71% (0.47 g)

yi el d. TLCoXieRorppepuEprepRrytionggt steglenjectaplg gpuiionsor fpersienclsy s 6. 69-6. 74 (m
211), 6. 59%mbafsholsadminisiration, Sifitable cardiets idctude. phy$islogical sAlind, bactariostily , 1. 69- 1. 78
(m 2H), 1 -1.4 . Ty J= 40, . .

- out Y1 oxy ey kB @A Sr Fyrsipbany X STppPd Byt saine By 13, o,
thick oil #lhcBeyshephasnagputicaidompogition (gstbe stasile dcheyld beflaidgo the * H NVR (400

Mz, CDC133xtent $hab -s%%mmﬁéﬂists.%ﬁ&tﬁ}s@%e §tble uBddy theooRBitibhs of2H  J= 6.9
Hz), 3,41 élb 2H) - 1.69-1, 79 25.0.88 (t,

r s, m 2H),1.22-1.47 (m . 10H), .
311, J107, mapyfpcrure apd sigrage And MEHOSPEE iR HtahiioRg defioR B product was
obt ai ned amicoorpartiensssukch ds bastenid Ynd findi3 The cartied cdn bd b €olySnt br HispersivpiOAC) ,
medium containing, for example, water, ethanol, polyol (for example, glycerol,

propylene glycol, and liquid polyetheylene glycol, and the like), and suitable mixtures

thereof. The proper fluidity can be maintained, for example, by the use of a coating such

15 as lecithin, by the maintenance of the required particle size in the case of dispersion and
by the use of surfactants. Prevention of the action of microorganisms can be achieved by
varions antibacterial and antifungal agents, for example, parabens, chlorobutanol,
phenol, ascorbic acid, thimerosal, and the like. In many cases, it will be préferable to
include isotonic agents, for example, sugars, polyalcohols such as mannitol, sorbitol, or

20  sodium chloride in the composition. Prolonged absorption of the injectable compositions
can be brought about by including 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

25  the ingredients enumerated above, as required, followed by filtered sterilization.
Q‘ Generally, dispersions are pl_'epared by incorporating the compound into a sterile vehicle
] which contains a basic dispersion medium and the required othier 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
30  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

35  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 2 mouthwash, wherein the compound in the fluid carrier is applied
orally and swished and expectorated or swallowed. Pharmaceutically compatible
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30 Rf= 075; UM CIXCT3)"6 6. 74 (d, |H, J= 8.5 Hz), 6.72 (d, 1H,
J= 2.8 Hz), 6.50 (dd, 1H J—85Hz J= 2.8 Hz), 3.91 (t, 2H, J= 6.8 Hz),
3.44 (br s, 211), 1.73- 1.82 (m 211) 1.24-1.52 (m 8H), 0.89 (t, 3H, J=
6.8 Hz). -54 WD 2006/ 020951 PCTI US2005/ 028914

3-Chloro go%(tégoxy) benzenam ne: NHZ C The product was obtained as a

whi te solVQ200§0%85L 15 59 g) vield. TLC (3:1 Hex: Et QAcFCT/URRMOS/B288: 1 NVR (400

MHz, CDCl 3) 66.74(d 1H, J=8.4 Hz), 6.72 (d, 111, J= 2.8 5 Hz), 6.51 (dd,
IH, J= 8.4 Hz, J= 2.8 Hz), 3.91 (t, 211, J= 6.4 Hz), 3.44 (br s, 2H), 1.73-
1.81 (m 2H)indifig 8ents, &ikl/grradjularit aterihlsB@n bk incBiied aslpart of the ¢dmyposition.

3- Met hyl - t ai ned as a
yel | o sh o?‘%c‘%%‘eﬁé%‘)‘?g%ﬁﬁd%)%ﬁ s B ool BE UGS BRI %3P AR
(400 MHz, Omggedients, @ cgmppynds ﬂa signilagnatures,3 bméerﬂd(a; micmfwstaﬂmez 4 Hz), 6.45
(dd, 111, Jcellﬁloée pachnth dﬂ%g:ﬁ &ixéiblem?éhéh ag)starbh 8r lethse, 8- 40 (br s, 2H),

AN PN sipbiad st i Lok Pings O ear stirchs ‘“‘r‘Bg‘éc(“%ﬁ“ﬁ% Bon of i he

desired subsigresitmcsicatdtoonSttes pnglivantsach & @loigal dlid®nelipxiide) a seertenigor ot ect ed
am no acid ég]slflﬂsugl%g Qﬁ):ro'sé'o%%hgﬁlxg dFa)f1aVBn ﬁ%gﬁtqmal %éé’mqnteﬁ%y and HATU
tro e u

(1.2 equiv) reacti.on mxture€ was sti enpetatu nder an
at nospher e #icylpteresgrange favoringours. The reaction was then diluted with Et OAc

(2? rrL% 20 andl V!?ﬁ'a&ﬂnﬁ!ufahorl in’x'b:léh &En,ﬁ%c&nﬁ&ﬂﬂbbfth'é%d‘dﬁmd e(ié’lwéﬂeagn nm), and
satura e organi ri ed, oyer anhydrous
VosOn « Fbn BRcresEad afrosdlahisy B £POBtyd comber Y arebaet it ShudBphc 1 11 o

usi ng sil i caitgele poopellam, e g her gamuahgasap}byn d5idecorta-rghulyzer.

S)-2-(4-((hept [Q‘aém BARin

)NH (N (ﬁ/eep yé’%éék%lﬂm&%ct V\éiss;b.g%?glﬁ%s Fiar i roé%‘%ggﬁ%%g?ol n 78%

(0 29 g) yiEmgmugsel f(rimms eppEladmipstyationypengiragts aPPIORW loihe byrst todpc13) 8
9.40 (br s, pehhéted dre aded(ifl theXormulation. Such penetrants are generally known in the art,

15  and include, for example, for transmucosal administration, detergents, bile salts, and
fusidic acid derivatives. Transmucosal administration can be accomplished through the

use of nasal sprays or suppositories. For transdermal administration, the compounds of
the invention are formulated into ointments, salves, gels, or creams as generally known
in the art.

20 The present pharmaceutical compositions can also be prepared in the form of
suppositories (e.g., with conventional 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

25  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

30  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.

35 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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8.8 Hz), 6. 83 (0, Z2IL, Jo g8y =857 (br s, 1H), 4.02-4.12 (m 111), 3.91

(t, 2H, J= 6.4 30 Hz), 3.55 (br t, 111), 3.27 (br t, 111), 1.71-1.80 (m

2H) 1.55 (s, 311), 1.46 (s, 911), 1.23- 1.50 (m 811), 0.89 (t, 311, J= 7.2

. 55 WD 2006/ 020951 PCT/ US2005/ 028914 tert-Butyl

(S) 2- (4 phenyl car banoyl ) - 1- hydr oxypropan- 2- yl car bamate: O NH N
\%&h@ uct was obtained as a browni sh sol |%/31i’9§2ﬁ‘§(9&§964. 185 g)

y|eId TLC(l 1 5 Et OAc: Hex), Rf= 0.4;'H NWR (400 MHz, CDCl 3) 8 9.42 (br s,

1H), 7.36 (d, 2H, J= 9.0 Hz), 6.83 (d, 2H, J= 9.0), 5. 59 (br s, 1H),

4 03 4.13 (m 1Hkjs Sp&ilallytadvaitbgedus 16 fdrmuldtd oraBorardnbaralicompbition8i®6 (br t,

0 88 1t 71 1 d&?g& ‘%‘lbf%ﬁgé;gefg@?f(ﬁm“ﬁm@ﬁ an%ﬁmnﬁ%f dc;]sageo’ Dogag'éQmi(t ?armlo H,

(S) - 2- ( 3- chPoyssd hereisg, texsyyﬁwélm%ww%medfs HyitAry lgsesesdanthe subject

\}I’VLC?Y bamat gto be ti'ld%/eﬁl‘%ach unit boAvkinitg a@rédiefetmihBE qiting doapokd @ithed aSH GI\IIRROf f
ite soli 1N

(400 MHz? CFCS™ 0“8“"% 1322’% %g‘)"é&:ﬁ? des*/‘e‘gg‘%{aae“%ﬁtf eglin ai%’%*?“%l wﬁ’ﬂ*e? 28 (dd,

1H, J= 8. 8 quréd:plﬁmﬂaddnyqal Garfidr. Thie spebificdtionSor3the usit ddsagdbforms ofithy, 4. 02- 4. 10

(1m7 61i1)85 1@@11(%%3.1@{& Wﬁ? aﬂ% éctlﬁlegéb &R gn e]xﬁlique%hgfﬁg!(fﬂitlcg otétli_\‘)g? 0.89 (t,

‘3H, J= 7.2 p@)‘lpomé and fheparticular therapeutic ef! ect to be achieved, and the lumtatlons

(S)-2-(3- Chh@l’éﬂnﬁm(tﬁlﬂlry&mm)pbﬁﬁﬁﬂé 6idh bétipytinds for Bedfearivdnt oPiativitiuatd0

yl car baﬁr& OANH N Me OH Cl The pr oduct was obtained as a brownish
solid i 40%(0 158 g) vyi eId "TLC (1:1 EtOAc:Hex), Rf=0.4;"H NVR (400 WVHz,
CDCl 3) 6 9.50 ( bThisjnverijqn iF figthet dlustiated hy-the lewwi%)exaﬁm@& ‘vﬂdd‘; shonld 9t 8. 8 Hz,
J= 2.4 H), @ctﬁétrﬁéﬁ asjﬂﬁ'utn%g' The 8dntents oali(Bferehces Egten@%aén%pﬁcajcﬂmiéﬁedu('b

3,98 (t, 2H, J— 76-1
’" ( ughout ttns apphcatlon arg mcorporate@herem gy reference
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2H),1.53 (s, 3H), 1.47 (s, 9H), 1.23-1.53 (m 1CH), 0.88 (t, 3H, J= 6.8 Hz).
tert-Butyl (S)-2-(3-nethyl-4-(octyl oxy)phenyl carbanoyl)- 1-hydr oxypropan- 2-
yl carbamate: -56 WD 2006/ 020951 PCT/ US2005/ 028914 ~110 0 -NH NOH Me The
product was obtained as an off white solid in 93%(0.133 g) yield. TLC (1:3

Et OAC: HeXywo Johcinoibsé: ' H NMR (400 MHz, CDC13) 8 7.18-7.12&é‘g, osAbhorq 6- 70 (d,
1H, J = 8.0 Hz), 5.74 (br s, 1H), 3.94-4.08 (m 1H), 3.89 (t, 214, J= 6.4

Hz), 3.71-3.79 (br t, 5 111), 3.55-3.67 (br t, 1H), 2.19 (s, 311), 1.72-1.82
(m 2H), 1.55 (SPig’ 1.45 (s, 9H), 1.22-1.52 (m I1OH), 0.89 (t, 311, J=

6.8 Hz). Re oc protecting group: To a solution of the desired
starting material (65 ng) in dry CH2CI2 (2 M.) was 10 added trifl uoroacetic

ours. ¢ hen SRApRIST fnEER5 oy Rl ihieciipubh Wi ARbel PRTLAGEPE T re =
resi due was t henCgtiainof thsdargeticompaupiewerg synthesizadi usingitherntbemethod excess TFA
Iovc 153 JHOMER SR LBk ey Bl SR LR P CP
NG NEOH PR SRR MBaPbl 3 el wing 5] vimRegha el o
M5 (ESI, Mrld)catalytid@fhodimt cfNal in the presence of either Cs,COs in DMF (60 °C) or KOBuin
b o s, i) bl LA EINADE BN I podt
(ESI, MrH+) proteciodiagming geid using either N-ethylcarbodiimide (EDC), 1-hydroxybenzotriazole
(S) - 2- Anigno . G NINPdiisophpplciHy@aind(ISPEA) imCHYTH] v Zarmdbiiotrizeiprnan de:
NH2 N Ve CH yl)Ql, ,.L5,3-tetramethyluronium hexafluorophosphate (HATU) and DIPEA in DMF. The

final compound was obtained in good yields from Boc deprotection of the later

intermediate with 30% trifluoroacetic acid (TFA) in CH;Cl;. Scheme 2 provides an

alternative approach to synthesis of the desired final compound in which the amino
15  group of the aminophenol is acylated first, followed by alkylation of the hydroxyl

residue.
_ Scheme 1
alkyl bromide N-Boc-amino acid
R NH Cs2C03, Nal R NH EDC, HOBt
E\ SN 2 DMF E\ = 2 DIPEA, CH,Cl»
P PP o
HO or Alkyl—Q or
alkyl bromide N-Boc-amino acid
KO‘BU, Nal HATU, DIPEA
Boc acetone DMF
H “NH NH2
R .“Rl H .\R'
E\jN \"/LIOH TFA/CH,CI; R\ N N\FH'\/OH
Alkyl—0 Alkyl—0
20
Scheme 2
R N_H Boc. NH
ﬂ\i 2 N-Boc-amino acid R\ X Hj(‘@/cn-l alkyt bromide
o [ —
HG HATU, DIPEA l/:), 0 KO'Bu, Nal
DMF HO acetone
Boc.
y NHR NH,
R N ! H \R'
ﬂ\j/Nw/k/OH TFA/CHLCI, R\ N N\H/"‘\,OH
fF 0 E J o}
Alkyl—0O - Alkyl—0
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The product was obtained as a white solid in 24% (40 ng) yield. M5 (ESI,
MtH) _ 343.39 30

(S)-2-Am no-N-(3-chl oro-4-(octyl oxy)phenyl) - 3-hydroxy- 2- et hyl propanam de:
-57 WO 2%%%&5?%9% PCT/ US2005/ 028914 NH2 N .Me OH O g The product was

obt ai ned e solid in 81% (25 ng) yield M (ESITVUNNROI®Y14 357 98 5
(S)-2-Anti no- 3- hydr oxy- 2- net hyl - N- ( 3- net hyl - 4-(oct yl oxy) phenyl ) pr opanam de:
NH2 \ Me OH O Me The product was obtained as a white solid in 32% (40 np)
yield. M5 (ESI, MtH+) 337.56. 10

(S)-2- (4 ( noyl ) - 2-am nopropyl di hydrogen phosphate H, N
(S %ydtfau);npﬁa gﬁ;

Jield NB (ES!, TR Egliion olglsSed eou R RORIeRPIAO D OdE bR A0 L 11y
7.50 (d, 2H1m\3)=1n 8edfortdZ1 0 mfl.) Svas added aAk) MlohBiod oF K0 Bulin&trahgdrofubiy  J=12. 4 Hz
oy, 152 CEDYE 1(891%4) s g g antipbisiol s afbrqoiiotle So. o =51 ¢
7 2 Hz) ( Bpction(mixkirewasadiied dret desicsd Alloh bropidebieamin)) The raantion pras py |
di hydr ogengtipduomaheied tAdet & Smosphbtbtinitrdgen at 50 °C Br t¥l24 Bbhrs AheF
' reaction was then diluted with EtOAc (25 mL) and washed with H>O (2 x 25 mL) and
saturated NaCl (1 x 25 mL). The organic layer was dried over anhydrous MgSOj, then
10  the solvent removed in vacuo. The crude produce was purified using silica gel column
chromatography (3:1 Hex:EtOAc).

@ 4-(Heptyloxy)benzenamine:

\/\\/\/\.0

15  The product was obtained as a yellowish-brown solid in 71% (0.47 g) yield. TLC (3:1
Hex:EtOAc), 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= 6.8 Hz), 3.40 (br s, 2H), 1.68-1.78 (m, 2H), 1.21-1.48 (m, 8H), 0.88
(t, 3H, J= 6.8 Hz).

20 4-(Octyloxy)benzenamine:

o
N\/\'AO

The product was obtained as brownish thick oil in 59% (0.45 g) yield. TLC (3:1

Hex:EtOAc), R= 0.4; 'H NMR (400 MHz, CDCls) 8 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),
25 0.88(t,3H,J=17.1Hz).

3-Chloro-4-(heptyloxy)benzenamine:
NH,
NN
Cl
The product was obtained as a white solid in 51% (0.43 g) yield. TLC (3:1 Hex:EtOAc),
30 Rp=0.5; 'H NMR (400 MHz, CDCL) § 6.74 (d, 1H, J= 8.5 Hz), 6.72(d, 1H,J=2.8
Hz), 6.50 (dd, 1H, /= 8.5 Hz, J=2.8 Hz), 3.91 (t, 2H, J = 6.8 Hz), 3.44 (br 5, 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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The product was obtained as white solid in 42% (2.5 ng) yield. M5 (ESI, Mtr)
_421.17; 'H NWR (400 MHz, DMsO-d5) 8 10.19 (s, 1H), 7.52 (dd, 1H, J= 14.0
Hz, J= 2.4 Hz), 7.27 (dd,IH, J 10.0Hz, J= 1.2 Hz), 7.05 (t, 1H, J= 9.6Hz),
420(dd 14 J= 11.6 Hz, J 64Hz)403(dd 1H J = 11.6 Hz, J = 6.8
Hz), 3.93VQe006%830951) = 6 4 tp), 25 1.59-1.68 (m 2H), PETAB2005028%44)
1.14138(m 10H), 0.80 (t, 3H, J= 7.2 Hz). Exanple 2: Synthesis of

- Phenyl i m dazol e Conpounds with Al koxy Tail G oup 30 The desired conpounds
“wer e synt hesChido-dgoctghxy)beazenamiichenme 3. Substituted phenols were

al kyl ated wth the appropri NM;kyl brom de using KO Bu in acetone and a
catal ytic anount of Nal at C, or in a mcrowave at 80 C using KO Bu in
THE -58 WO 20067 020951 F S2005/ 028914 Friedel -Crafts acylation of the
correspondlng phenyl et her provides the desired bronnacetophenone

precursor. on of .t he bronpaceto h an aC| ve the
amino acid %W%[%Pht%{lf‘éf hiteso Wcégfg)/]@p?élyiﬁlﬁl g&/@ﬁ zation
iﬂ tlhe p& dﬁ,@m:l Q‘HfNMR((GG&NH{m@ﬂDGlm&&Ht(GIH-I mwumgcm:h@, ﬂﬂﬁl#eﬁ )
phenyl | 19 er 0 nove the
Boc gI‘Olrngp 3%8 @55@% lré‘AP ﬁ%?cﬁggﬁlzf?’%ztﬁ zpﬁoﬁﬁa%gf‘ﬁ |I£rq 157 rated in
Schene 4. ée 280, BcYbé (o BB, k@BLﬁH,I\k"ilI}D)Acetone R 0 |

Bronmpacetyl brom de R2.0 al kybm ee Rt KOBM Ty~ RlL / AIC 3, CHZCI 2 R Br
45rrin.chllz Boc. NH 3 ROr OOO (Cs2C03, DV R2 Boc.NH TFA R2 H
NN 3 N2 Z-Mefivkdcierilogyh e'léﬂ“‘“%;l“e'tol uene or xylenes NH R4 N R reflux 10

CGeneral net hod for phospha hesis This method is illustrated in Schene
4 below. To ution of l Boc-prot ected

10 The product was obtamed as a yellowish oil in 85% (0.81 g) yield. TLC (3:1
Hex:EtOAc), Ry=0.3; 'H NMR (400 MHz, CDCls)  6.62 (d, 1H, J= 8.4 Hz), 6.51 (d,
1H, J= 2.4 Hz), 6.45 (dd, 1H, J= 8.4 Hz, J=2.4 Hz), 3.85 (t, 2H, J= 6.8 Hz), 3.40 (br
s, 2H), 2.15 (s, 3H), 1.73-1.80 (m, 2H), 1.23-1.50 (m, 10H), 0.90 (t, 3H, J= 6.8 Hz).

15 Acylation of substituted alkoxy-benzenamines:

To a solution of the desired substituted alkoxy-benzenamines (0.20 g, 1.0 equiv)
and N-protected amino acid (1.0 equiv) in DMF (10 mL) was added DIPEA (3.0 equiv)
and HATU (1.2 equiv). The reaction mixture was stirred at room temperature under an
atmosphere of nitrogen 12-24 hours. The reaction was then diluted with EtOAc (25 mL)

20  and washed with 10% NH;Cl (2 x 25 mL), 5% NaHCO; (2 x 25 mL), and saturated
NaCl (1 x 25 mL). The organic layer was dried over anhydrous MgSQy then the solvent
removed in vacuo. The crude produce was purified using silica gel column

chromatography.

25  tert-Butyl (§)-2-(4-(heptyloxy)phenylcarbamoyl)-1-hydroxypropan-2-yicarbamate:

O m)\‘M/e"“
NN

The product was obtained as a brownish solid in 78% (0.29 g) yield. TLC (1:1
EtOAc:Hex), Ry= 0.3; '"H NMR (400 MHz, CDCl;) 8 9.40 (br s, 1H), 7.37 (d, 2H, J=
8.8 Hz), 6.83 (d, 2H, J=8.8), 5.57 (br 5, 1H), 4.02-4.12 (m, 1H), 3.91 (t, 2H, /= 6.4

30 Hz), 3.55(brt, 1H), 3.27 (brt, 1H), 1.71-1.80 (m, 2H), 1.55 (s, 3H), 1.46 (s, 9H), 1.23-
1.50 (m, 8H), 0.89 (1, 3H, /= 7.2 Hz).
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am noal cohol (1.0 equiv) in dry CH2CI Z at roomtenperature was added excess
di ethyl chl orophosphate (10-20 equiv) and triethylamne (2.5 equiv) and the
reaction stirred for 12-18 hours. The crude was then | oaded onto a silica
gel colum chromatography, as is, 15 to purify the desired phospho-diester.
The phoph nternedi ate was reacted with exce

bronntring?ﬁeﬁg??gﬁg (20 equiv) in dry CH2Cl Z at roon1?§%gg?%?ﬂ¥2g under an
at nrosphere of nitrogen, over a period of 6-10 hours afforded the final
phosphate which was purified by reverse-phase preparative HPLC. 20 Schene 4
O Il Boo, O~P-CEt Boo, H2N Er OBt NH, OTWMSBr R O OH O R Et3N, CH2Cl 2

Et 00Et CH2CI #rBntHS)-Saugoayloniphesidcdrbamaylkyigdrenypebpaind sichtbanede:phenol s
Procedure A: To a solut|?Q of desired substituted phenol (0.50 g, 1.0 equivV)
and Nal (0.1 25 equiv) igcetone (10 nm.) was added a 1.0 M sol ution

of KOBu in THE (1.1 eqU|v yro the reaction mxture is then added the
desired al kyl bronldeJE%E Hv) The reaction was stirred and heated

ti nder an at rogen at 50 C for 12-24 hours. The -59 WO

20061020951 PCTI US2005/ 28914 t t OAc (25 nL
and washed P“;@ 'as Qo %emgﬁ'ﬁ%ﬁsgéqlﬁﬁﬁf‘é@(ﬁﬁ%g 3116@ )@5&2{ Tﬁe(or ganl)c
Iaygr vvassd drEtﬂﬁmHex) &J#]Qf g;r (I)hﬁl\@@ﬂﬂl\:ﬂﬂrem)lclbé%«tﬂ @ea,?}ﬂ)e?rﬁ@éﬁZHnJv?gui The
crude produc r g

o £t Ongy  BOREY, (0, M0 S0018, 85 bl IR RS, LS OTE PEIPEEY | Vit e
phenol (0. 50Hg), 365 @ordglhDy 326 (b, KA d1d 80 (v, %dliﬁﬁSo}Hb? A, BED-I1R23THE (1.1

equiv). To thgo[rﬁamﬁ)omgmtxgmrp:wast)added the desired al kyl bromde (1.1
equiv). The reaction m xture was then mcrowaved at 80 C for 45 m nutes.

The reaction was then diluted with EtOAc (25 nL) and washed 10 with H20 (2 x
~1L) ab@ stertButybEs)eGichioroxd-(Spiyloxy)phienylcarhamioyDilalywsirowypopan-2d over

dr ous Wﬁ% H-fi'?ethe sol vent renoved in vacuo. The crude product was
purlfl ed ng silica col um chr omat ogr aphy (9: 1 Hex: Et CAc).
1- (Cctyl oxy) benzene J\

k‘.

\/\/\/\OQ o

Ct

The product was obtained as an off white solid in 47% (0.169 g) yield. TLC (1:1
EtOAc:Hex), R;=0.4; 'H NMR (400 MHz, CDCl) 6 9.52 (br s, 1H), 7.53 (d, 1H, J=

15 2.4Hz),7.28(dd, 1H,./=8.8 Hz, J=2.4 Hz), 6.84 (d, 1H, J=8.8), 5.75 (br 5, 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).

NH

tert-Butyl (5)-2-(3-ckloro-4-(octyloxy)phenylcarbamoyl)-1-hydroxypropan-2-
20  ylcarbamate:

ﬁm)-;“fiou

NN o
cl
The product was obtained as a brownish solid in 40% (0.158 g} vield. TLC (1:1
EtOAc:Hex), Ry= 0.4; 'H NMR (400 MHz, CDCl3) 8 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 s, 1H),
25 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, /= 6.8 Hz).

tert-Butyl (5)-2-(3-methyl-4-(octyloxy)phenylcarbamoyl)-1 -hydr&xypropan-z-
ylcarbamate:
-56-—



15 The product was obtained as an off white solid in 79% (1.0 g) yield. TLC
(1:3 EtQAc:Hex), Rf= 0.85; '"H NWR (400 MHz, CDC13) 8 7.24 (m 211), 6.89
(m 3H), 3.93 (t, 211, J= 6.4 Hz), 1.76-1.81 (m 2H), 1.42-1.48 (in, 2H),
1.20-1.38 (m 811), 0.89 (t, 3H, J= 6.8 Hz). 20 1-(Heptyl oxy)benzene The

product wWego faégesgd as brownish thick oil in 59% (0. 45(3?,1,8%5%2@91 TLC (1:3
Et OAc: Hex), Rf= 0.4;'H NMR (400 MHz, CDCl3) S 6.69-6.74 (m 2H), é.59-6. 63

(m 25 211), 3.86 (t, 211, J= 6.9 Hz), 3.41 (br s, 2H), 1.69-1.79 (m 211),
1.22-1.47 (in,10H, 0.88 (t, 311, J= 7.1 Hz). I|-Fluoro-3-(octyl oxy)benzene
Y F 30 The product was ained as a colorless oil in 84%(2.10 g) vyield.
TLC (1:9 Et OAc: Hex), Rfe ). 8, ' H NVR (400 Mz, CDC13) S 7.16-7.23 (in, 1H),
6.57-6.69 (m 3H), YO2H, J= 6.4 Hz), 1.73-1.82 (m 211),1.23-1.50
(m 1011), O~85ft~ J= 7.2 Hz). 35 1-Fluoro-2-(octyl oxy)benzene -60 WO
2006/ 020951 PCT/ 4JS200®/ 028914 F The product was obtained as a yell ow sh
ﬁ/l(zllz [ dcbglgil%hégrcﬁlactgbas)gbgﬂhﬁd ad biCoff Wihite sc?iﬁﬂ@t&ﬁﬁ()@hz%?ﬁ viefd. @(B,C ('1.43|1NI\/R S, 48(2) .
2 9= 6.0 EIgAC{ResL RO gy Nile ooty Eneld s 785056 Gy Mo iy By Oy
0.88 (t, 3H=86H8),8.Mpr s, CHNek24-4.0%(thdd)f DRI By 2BAEF 6 @HN 37128 fariton To a
sol uti on gof I I g A M)asl CH2Cl 2
P00 s E) _1&@?3C?ﬁ§.'6?§%t£§ﬁwﬁg%ﬁ? 1(B-Pg2 Gﬂﬁﬂfgﬂ??(ﬁgﬂjﬁd,zﬁs (6 9hY

¢
6?ivva ’s_added" AlI'C S17equiv)li'n“porti ons.
Bronpacet yl 1-2201-B% oo QB8 (LetfliiATy 08 HZ)-hen added dropwi se to the reaction

m xture over a period of 10 15 mn. The reaction was then allowed to warm up
to O C or r(}Pmte aturte and nmonitored by TLC (reaction tine generally
'4-12 hour s) NEHIRIL ROGPEOGHUE S M od with CH2O 2 (50 ni), washed with H20
(2 x 50 L), andTeatsalugivedf tha desited stertihg material feng)dn ganCdCla@enLiwies dri ed

0@5 anhydr %&ecﬂ\ffﬂﬁ%oﬁdéﬁﬂ aifl ?}‘P&J lvrﬁﬂ?. T‘ﬂ@?eaf:ﬁ‘dm%iﬁﬁu& Sray @t?rl’lﬁl- at roéo'_i_thh e crude
Pt NS B ratire 3-4 Bouls thon evaparatha to deyméss budet reduesd Brestire The obiained

residue was then azeotroped with CH,Cl; (2 x 2 mL) to remove any excess. TFA. The

final product was either used as is or purified by reverse phase prep HPLC.

15 (S)-2-Amino-N-(4-(heptyloxy)phenyl)-3-hydroxy-2-methylpropanamide:
NH,

n | \Ma
S ca o

The product was obtained as a white solid in 73% (30 mg) yield. MS (ESI, M+H") =
309.47 |

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

/@, n TH{":OH
AN N TN Ny °

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

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

2
ﬁ\n/‘d"jori
NNy o
cl
The product was obtained as a white solid in 24% (40 mg) yield. MS (ESI, M+H") =

343.39

30  (S)-2-Amino-N-(3-chloro-4-(octyloxy)phenyl)-3-hydroxy-2-methylpropanamide:
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Hex: Et OAc) . 2-Brono-1|-(4-(octyl oxy) phenyl)ethanone ~ Br 0 20 The product
was obtained as an off white solid in 59%(0.461 g) yield. TLC (1:3

Et OAc: Hex), Rf= 0.85; '"H NWR (400 MHz, CDC13) S 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. 75y(gm 58 (m 10H),1.17 (t, 3H, J= 6.8

2- Brono- | -(4- ?ﬁeptyl oxy) phenyl ) et hanone ~ sr 0 The procfg%%?o%"gg%bt ai ned as
an off white solid in 30%(0.93 g) yield. TLC (1:3 EtOAc:Hex), Rf= 0.68;'H
NVR (400 MHz, CDCl13) S 7.9k, (d, 2H, J= 7.2 Hz), 6.94 (d, 2H J= 8.8 Hz),
4.39 (s, 211), 4.03 ( Mg 6.8 Hz), 1.82 (m 2H), 1.45 (m 2H), 1.31 30
(m 6H), 0.9~ 3lJ=5.2 Hz).

2-Brono-1-(3-fluoro-4-{octyl oxy) phenyl )et hanone F Br O -61 WD 2006/ 020951
PCT/ US20051 I izg! 39% (0.1
o e s g%%?iloﬁuct% o%Ea@ngd% a%ﬁe@&fcﬁh%‘?gb@m&) Mggc '11»331(%@71147%% P

2H) , 700(t ?;FiJ-SOHz)437(s 2H) 4.11 (t, 2HJ—64Hz)
1.82188(m 2H), 1.44-1. 53(m 2H), 1.28-1.34 (m 8H), 0.88 (t, 3H, J=

aeid (10 oduroyiniocaenpondhiR Ry fabt bapebefitaBe s’ {C7 57 "0

m nut es then to the sol uty opvegas added the desired brono-ketone (0.77 mol,
1.0 equiv) then the mjxijurle was stirred at roomtenperature for 1 hour. The
10 reaction MXTUre #ay diluted with Et OAc (25 mL) and washed with H20 (2 x

25 m), d t ted ad (1 t DV CsB It.
The 02 gan?(r:] m%;éjc{ugwg%s @F&’F&(aé\#{é?h“ﬁﬁ?ﬂfiﬂ‘égs{"r Q%Bmgéi ﬁi@%ﬁ@ﬂl re:m\s;gd in

vacuo (the DB¥Fseoul d al so be renpved either under reduced pressure wthout
the necessity for the work-up). To the obtained ester was then added excess

(20 eq) ammoni um acetate, and the 15 mixture was suspended in either
sb-uene 16 X§)- Mm@xmﬂllem@rbamyulamapmmhd@wdmgen phosphate

HN Me
oo
O HG OH
/’\/WD

The product was obtained as white solid in 63% (24.9 mg) yield. MS (ESI, M+H") =
403.71; "H NMR (400 MHz, DMSQ-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, J = 6.8 Hz), 4.10 (dd, 1H, J=12.8 Hz, J

15 =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, /=72 Hz).

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

_ \::?\M:D o
NV\/\O’Q/ HO O

20 F
The product was obtained as white solid in 42% (2.5 mg) yield. MS (ESI, M+H") =
421.17; '"H NMR (400 MHz, DMSO-dg) & 10.19 (s, 1H), 7.52 (dd, 1H, J= 14.0 Hz, J =
2.4 Hz), 7.27 (dd, 1H, J=10.0Hz, /= 1.2 Hz), 7.05 (t, 1H, J=9.6Hz), 4.20 (dd, 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),

25  1.59-1.68 (m, 2H), 1.41 (s, 3H), 1.14-1.38 (m, 10H), 0.80 (t, 3H, /= 7.2 Hz).

Example 2: Synthesis of Phenylimidazole Compounds with Alkoxy Tail Group

30 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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Dean- Stark conditions. The m xture was diluted with EtOAc (25 nL) and washed
wth H20 (2 x 25 nL), and saturated NaCl (1 x 25 nL). The organic | ayer was
dried over anhydrous MgSO and the sol vent renoved in vacuo. The crude
product was purified wusing silica gel colum chromatography. 20

tert - But ykyd Rhe/dapdiidr oxy- 2- (4- (4- (octyl oxy) phenyl ) - 1H p&f/E5n6d/52801¢ | ) Pr opan- 2
- ylcarbamate OY- % HO qg.t.. Me -OH The product was obtained as a
colorless foamin 35%(72 ng) yield. TLC (1:1 25 Et OAc: Hex), Rf= 0.3; '"H

NMR (400 3 10 40. ¢ br 1H., 7.6 2H,. J= 8 4 7.10 (br

s, ll(-i), GM%“(B%& aéwayftgls%%éswmww ether grovidss the deg! ,)4 31 (d(
1H, J = 11. drgmdac@6plienpnpieculsor. BeaBtidtz)f thBbrodofatiophihong withlah. agrindricid

§H73 Jf 5732 2( % gt'ﬂ%gmmjo L8 &r 288 intetméftaté SohicR dpondintdadiecifar CR1izAMDin 0- 89 (1,
tert-Butyl - GMPTQSGPQF?WXE%W"&M nsetey providep the; desipest phenylinyidazolsy dhgxy pr opan-
2- é' c?r l3a aaylﬁmmolews eltlv& de@d;lec@a tmnﬂﬁ}gﬁile@&?/ g%é%uﬁ@wﬁ) b A;?E?(lg 1The
roauc was I ne S S 0 I e

Bt OAc: Hex) | °%W“Srliiﬂﬁﬁ’é‘° A6 i %65%1 g‘%?mf%.es (dng2Hy J= 8.4 Hz), 7.09
(br s, 1H), 6. .90 (d, 2H, J— 8.4), 5.Sthefed s, 1H), 4 30 (d, 1H, J=11.2),
3.97 (t, 2H, J= 6.8 H %63 (d. 1H J=11.2 Hz), 1.74-1.83 (m 2H), 1.66

(s, 3H), 1.43n6s,9H), 1:¢Z#-1.50 5 8H), 0.90 (t, 3H, J=47.2 Hz).
tent-Butyl - (R) - (2 - (2-tluoro-4- (d%fty )pﬁémqacthmwadazﬁﬂ- )-1-
hydr oxypr opan- 2gi¥Car bafa.ar N HN F H $7The pregicd, g}%s obt ai ng Br
yel | owi sh- brown solid it (320 ny) yield. 10 'f’LC( -2 Et AP Hex)), Rf=

0.4; 1H NVR (400, CDCL3) 8 7.84 (br s, 1H), 7.25 (br

1 ) ':lR3
Q HO\[H“\/ R

O

0O
R2 = Boc. .
CszC0O3, DMF | HzN
2) ACONH, >'J\_
toluene or xylenes
reflux

10  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,
15 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.

20 Scheme 4
9
Boc., ~R-0Et Bac\ H.N
e G oEt TMSBr 3@0 o
R” M ’L/O cH,c, R "
EtsN, CH,Cl, AR HG OH
EtO

General methods for alkylation 0fsubstituted phenols

Procedure A: To a solution of desired substituted phenol (0.50 g, 1.0 equiv) and Nal (0.1
25  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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s, 1H), 6.73 (dd, IH J= 12.9 Hz, J= 2.4 Hz), 6.66 (dd, IH J= 12.9 Hz, J=
2.4 Hz), 5.68 (br s, IM 4.31 (d, IIl, J=11.2), 3.95 (t, 211, J= 6.4 Hz),
3.63 (d, IH J=11.2 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). 15 tert-Butyl
(R - 2 (4-Yrgrablaids 4- (octyl oxy) phenyl) I b i i dazol - 2- Yiordshiesid

propan-2-yl carbamate OY- ~/~/~/OONHN) F~ 1" e = The fi naI pr oduct
was obtained as a white solid in 31% (30 ng). TLC (1 3 20 Et OAc: Hex), Rf=

G T Bl endiea i EQAE L) s wthep win G KTl i, o1

J = 11.6 Hzjturated NeCL(1362% mL)ZFhe, ctgabte lager vakhiried ovbt adhydous Mz90,@hén, 0. 88 (t,

3H, J= 6.8 : I

(S) - 2- ((benz |oxy')w§a‘£’g‘%d{’1’%w%) I %'?lfed;t x%]%?}eﬁ?%“f‘mﬁﬂlw?ﬁﬂé"z’%fmz-

yl ) et hyl car shmmelerphme c)63 WO 2006/ 020951 PCTI US20051028914 The
product was obtained as a colorless oil in 64% (160 ng) yield. TLC (2:1

B v o) gk B ) oAb 9 b gD e BB o 10 B > (1
3H), 3.97 (twasaddedad Oﬂsﬁluﬂb)mfmmﬂfﬂﬁﬁ,l dadjv). 'Boﬂﬂre(adtionmixturéwa&6 4 Hz,
J= 7.2 Hz), 9&(&6&%2!’8@&4 :m(yl%lfgmldl% 81413 thﬁv)( The l%ligtlon%%%?bré'w%%héﬁ%w}gﬁjv):d 0. 89

(t, 3H, J= renpva rotecting group T

sol ution of at ¥’ Cfes#t minuiess The weactiontvas then dilied widnE tp#CQ-FZ’ESL?a‘( ##hgd was
added THA ( withlH,O Ehe25 @Byiridxatupdited NAE (waassﬁn)r Tﬂﬁonghmé DY waRRE aldtr e 2

hours then evapor to dr SS un reduce [ eSSULe, The.f | nal
bt oduct v “BETHE BEE) her Bp S0V Renet S g 17 il BRoR Sins KA
using silica gel column chromatography (9:1 Hex:EtOAc).
£
1-(Octyloxy)benzene
\/\/‘\/"\/0\@
15 '

The product was obtained as an off white solid in 79% (1.0 g) yield. TLC (1:3
EtOAc:Hex), Ry= 0.85; 'H NMR (400 MHz, CDCl;) § 7.24 (m, 2H), 6.89 (m, 3H), 3.93
{t,2H, J=6.4 Hz), 1.76-1.81 (m, 2H), 1.42-1.48 (m, 2H), 1.20-1.38 (m, 8H), 0.89 (1,
3H, J=6.8 Hz).

20
1-(Heptyloxy)benzene
/\/\/\/0\©
_ The product was obtained as brownish thick oil in 59% (0.45 g) vield. TLC (1:3
EtOAc:Hex), Ry= 0.4; 'H NMR (400 MHz, CDCl3) & 6.69-6.74 (m, 2H), 6.59-6.63 (m,
25 2H), 3.86 (t, 2H, J = 6.9 Hz), 3.41 (br 5, 2H), 1.69-1.79 (m, 2H), 1.22-1.47 (m, 10H),
0.88 (t, 3H, J=17.1 Hz).

1-Fluoro-3-(octyloxy)benzene
R VA

F

30 The product was obtained as a colorless oil in 84% (2.10 g) vield. TLC (1:9
EtOAc:Hex), Ry=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).

35 1-Fluoro-2-(octyloxy)benzene
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- Am no- 2- (4- (4- (octyl oxy) phenyl )-1Hi m dazol - 2-yl ) propan-1-ol N HpN
OH 15 The product was obtained as a white solid in 81 % (29 ny)
(ESI, Mtr) 346.30; 'H NWR (400 MHz, DMSO-d6) S 8 38 (br s, 2H),
d, H J= 8.4 Hz) 7.50 (br s, IH, 6.92 (d, 24, J= 8 5.82 (br S,
%(ZPWOZ?-?SIJ— 6.4 H), 3.75 (d, 1H, J= 11.6 r&‘;T’US}”@ﬁ’Z c‘!r* 1H, J=11.6
5-1.74 (m 2H), 1.55 (s, 3H),1.22- 1.45 (m 10H), 0.85 (t, 3H, J=

).
R) - 2- Ami nO>2<(4< y) phenyl ) - 1Hi m dazol - 2-yl ) propan-1-ol HZN
1..Me OH The product obta| ned as a white solid in 99% (58 ng)
ield. M8 (ESI, ; "H NWVR (400 MHz, DMSO-d6) 8 8.34 (br s, 2H),

el d.
61 H§d, 32Iﬁhe rodﬁstflvakiz)mamz Afowish sold id H% (€9D) field. Pt (UF 8. 21) 5.66 (br
42 SNl Ak ol o ol iy e
= 7. 0618836,88 (m, 1H), 402(t 2H,J=6.8 Hz), 176-1 82(m 2H), 1.42-1.48 (m, 2H), 1.20-
4 f henyl ) - 1H dazol - 2-yl -1-ol
1 NQ ~3§(1g.‘ Sggnésxp&a—ﬁh(gg‘; oxy) phenyl ) - 1Hi m dazol - 2-yl) pr opan o]

-2-

N ~1 duct was obtained as a white solid in 75%
ny) y|eId IVB(ESI M+HD = 364.60; 'H NVR (400 MHz, DVSO-d6) S 8.40 (br
H, 7. Qﬁnéﬁlm@tho&ﬁrFﬂe&BCr@ia cllbion)= 3.6 Hz), 6.81-6.70 (m 2H), 5.67

& ( 020051 020619 "‘%‘E_“Lg" f‘ﬂii‘ggg‘l&?@%&%‘é"ﬁ%’f ég“’l"i‘i?l o A g%oéﬁ’?ﬁm 1.75 (m
. 1.55 (20 mB}Myt-20 °Ciwatersalt bithhis addpd)AICh (88 eguiv) moruoﬂs BRmidagetyl
- 2- "Nﬁ n @r&nlﬁé&éﬁe@hﬂ% (et addes WopRRehe iR P ctiod iktiHed¥&0d petiod bl Pg-opan-1 - ol
| e reactiont was then allowed to warm up to 0 °C or room temperature and
monitored by TLC (reaction time generally 4-12 hours). The mixture was diluted with
CHCI; (50 mL), washed with H,O (2 x 50 mL), and saturated NaCl (1 x 50 mL). The
organic layer was dried over anhydrous MgSQ; then the solvent was removed in vacuo.

15 min

15  The crude product was purified using silica gel column chromatography (9:1
Hex:EtOAc).

2-Bromo-1-(4-(octyloxy)phenyl)ethanone

R N N N ¢
T

o
20 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, CDCls) & 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, /= 6.8 Hz).

25 2-Bromo-1-(4-(heptyloxy)phenyl)ethanone

PN P
L,

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, CDCL;) § 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
30 (m, 6H), 0.90 (t, 3H, J= 7.2 Hz).

2-Bromo-1-(3-fluoro-4-(octyloxy)phenyl)ethanone

R N N
Fmg/\ar

[n)
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‘The final product was obtained as a white solid in 31% (30 ng). 'H NVR (400
MHz, CDC13) 8 7.34-7.4 (m 2H), S 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, 111, J=11.6 Hz),
1.81-1.86 (m 2H), 1.66 (s, 314), 1.52-1.44 (in, 1CH), 0.88 (t, 3H J= 6.8

o) VS (bl = 3645 10
(R) - 2- Am no- 4- (octyl oxy) phenyl ) -1H i m dazol - 2-yl CTrﬂ(I)SZQ/qsmésgfl'uydrogen
phosphate ~ O | / HHyH Hgp-P HOB OH The product was obtained as white

solid in 69% (22 ; NVR (400 MHz,
DIVBOd ) S 7. 67 ?EFPN%@/WHS wtﬁn@iﬁza)‘”h“?%%’hggngélﬁﬂlgbqg& ' 2H, J= 8.6
4.16 (Eﬂ)Acl}Hex)JRféoﬁﬁlH-NMRl@OGI\&IHZ()DCH)&TB’?(QJdﬁ (tb-PH)] 4. ooxq 18, e, J= 6.8

1. 309353 s 37 ik, e bl Doy Wl (B gL L5 (O

Conpounds Wi 2B 1&43£m=$HDI0&§r(& J=%%Hehl bi phenyl s were synt hesi zed using
t he process described in Schene 5. M crowave assi sted Suzuki cross-coupling

of substituted ajyl bor nlc ci ds substituted anilines afforded good to
excel | ent y};gﬁ‘ﬂ'gi%f’#'? éfﬁ'ﬁleé’fﬁ Bi nternedi ates. Furthernore, the

acyl ati on of theAsniksiré d)ﬂ,dcachdbmang'hcldi(il hepivjiant G830y (03 dqamlwhesmre% '

Schers 5 - o1 OR 8B B0, Bmdsnalls uPHBoR S baNES i Ry IPmERERAL TS

R4 R NHa / (R mmlidd) eguiv) tenitey mixturgpes stirred/at pponpiempearatugy fochhovpiie H20 DIVF
m crovayed Afdctodlniknir® wad 8i&d With E1ABQC(2BlIrhIt) A washed with H,0 (2 x 25 mL),

and saturated NaCl (1 x 25 mL) to remove access DMF and CsBr salt. The organic layer
was dried over anhydrous MgSQO, and the solvent removed in vacuo (the DMF could
also be removed either under reduced pressure without the necessity for the work-up).

To the obtained ester was then added excess (~20 eq) ammonium acetate, and the
15  mixture was suspended in either toluene or xylenes and refluxed for 4-6 hours under
Dean-Stark conditions. The mixture was diluted with EtOAc (25 mL) and washed with
H,0 (2 x 25 mL), and saturated NaCi (1 x 25 mL). The organic layer was dried over
anhydrous MgSQy and the solvent temoved in vacuo. The crude product was purified
using silica gel column chromatography.
20
tert-Butyl-(R)-1-hydroxy-2-(4-(4-(octyloxy)phenyl)-1H-imidazol-2-yl)propan-2-
ylcarbamate

W\/\/O\Q\[ Yo
N‘. HN..\ Me
| H)—\_OH

Q The product was obtained as a colorless foam in 35% (72 mg) yield. TLC (1:1
25  EtOAc:Hex), Ry=0.3; 'H NMR (400 MHz, CDCl3) & 10.40 (br s, 1H), 7.63 (4, 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, SH), 1.24-1.52 (m, 10H), 0.89 (t, 3H, J=7.2 Hz).

30 tert-Butyl-(R) 2-(4-(4-(heptyloxy)phenyl)-1 H-imidazol-2-yl)-1- hydroxypropan-z-

ylcarbamate
P N P Q
=0
N HN Me
I » N
H>—\—OH
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HREHa3 R~ NRATFAR-NRA R ~0O\ Ov a R2 General nethod for
Suzuki cross-coupling To a m xture of a substituted bronpaniline (1.0
equiv), substituted aryl boronic acid (1.2 equiv), 10%d on carbon (0.1
equi v), tetrabutylammoniumchloride (0.1 5 equiv), and sodium carbonate (1.0
to 2.0 e m crowave tube was added a 1:1 Mgt . H20. The
m xture q\/\gg\é%)%édzn@ﬁgat ed to 60-120 C for 10-60 m nutes u5|sﬁgd%§gr¥1f%rovx/ave
The reaction is then diluted with EtOAc (25 nL) and washed with HO (2 x 25

m.) and saturated NaC (1 x 25 nlL). The organic, Ioayer was. dried over
anhydrous MySO4 Bircpredust wes opined @mhr@amﬁlhsq}l&emé’f “ heme) vl pE6dedt was

purified 1B10Md:Hex)sR}+03; @Nm@nmﬂm;mw@zﬁt@*sﬁt@momrreqw red.

oY BB RS, 5 e BERSS (8 PN TSR B aE Sy
S 7. 29- 7. 38HE)B.63 0, 1F JE21 [ 2/HzR 741 838 2H),HzG6, (s 53107 1.43 (s, QH) L24-B50 Hz),

3.60 (brgs 3 4- ('4 et hyl benzyl ) benzenam ne / NH2 20 The
pr oduct vvas(r%?ﬂgi ngget ﬁﬁ Jmhwl)zt%zasol idin 87% (200 nmg) vyield. TLC (2:1

Hex: Et QAc) ‘em-B“'oll-Q“)-}H fsRuqraghloctoxyimbenyy-1g-imidazol 201y 411), 7.24 (d,
2H, J = 8. ﬁ% Xyp &piﬁ-zjgdcarﬂhhlatb— 8.0 Hz), 3.40 (br s, 2H), 2.68 (g, 2H, J=
7.2 Hz), 25 4-(benzo[d) [1, 3)d| oxol - 6-yl ) benzenam ne
O O NH2 ThQ,p(prQLo obt%ed as a white solid in 75% (186 ng) vyield.
TLC (2:1 Hex: Et QAc), = H NVMR (400 MHz, CDC13) 8 7.53-7.58 (m 2H),
7.44-7.49 (m -66 WO 400 ®951 PCT/ US2005/ 028914 2H), 7.01-7.06 (m 2H),
6.86 (dd, 1H, J= 7.6 Hz, J¥1.2%Hz), 6.00 (s, 2H), 3.40 (br s, 2H).

tert-butyl (9)- 2’['1(e4pr£>fffdc’c wak Xﬁt&ﬁ@@&yd FRALRRARYdwn oA RONRNBEPREY iday ! car bamat e
10 TLC (1:2 EtOAc:Hex), Ry= 0.4; '"H NMR (400 MHz, CDCls)  7.84 (br s, 1H), 7.25 (br

s, 1H), 6.73 (dd, 1H, J = 12.9 Hz, J = 2.4 Hz), 6.66 (dd, 1H, J = 12.9 Hz, /= 2.4 Hz),

5.68 (brs, 1H), 4.31 (d, 1H, J=11.2), 3.95 (t, 2H, J= 6.4 Hz), 3.63 (d, 1H, J=11.2

Hz), 1.74-1.83 (m, 2H), 1.67 (s, 3H), 1.4 (s, 9H), 1.22-1.52 (m, 10H), 0.89 (t, 3H, J =

7.0 Hz).

15
tert-Butyl (R)-2-(4-(3-fluoro-4-(octyloxy)phenyl)-1H-imidazol-2-yl)-1-hydroxy
propan-2-ylcarbamate

P
e VYV
° HN)=0
F | N\ nMe
E‘l OH

The final product was obtained as a white solid in 31% (30 mg). TLC (1:3
20  EtOAc:Hex), Ry= 0.16; 'H NMR (400 MHz, CDCl;) 5 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, /=6.8
Hz). MS (ESI, M+H") = 364.5

25

tert-Butyl (S)-2-((benzyloxy)carbonyl)-1-(4-(4-(octyloxy)phenyl)-1H-imidazo)-2-
yl)ethylcarbamate
Yo

SO ]
)==o
N L o

ﬁ

. R&
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B BEGEE

-) ) OONH ,.M H \ \' | 05 The product was obtained as a white solid in
35% (104 ng) yield. TLC (1:1 Hex:EtOAc), Rf= 0.3;'H NWR (400 MHz, CDCl 3) 8
9.63 (s, IH, 7.43-7.53 (m 4H), 7.36-7.42 (m 2H), 7.15-7.25 (m 2H), 5.56
(br s, IN, 4.05 (br s, 1H), 3.49 (br s, 1H), 3.13 (br s, 1H), 2.32 (s,

3H), 1. 54wb300ehest- 44 (m 9H). 10 tert-butyl PCT/US2005/028914
(S)-2-(4-(4-ethyl benzyl) pbenyl car banoyl ) - 1- bydr oxypr opan-2-yl carbamate |1
~ 0 O--NN N .M \ ~I O The product was obtained as a white solid in 31%

oH

125 ield. TLC (1:1 15 Hex:EtOAc), Rf= 0. 4:'H NVR (4 . CDC13) 8
6170 (o) L O1 Ny Toe mybdiet wad ohsbtngrana cortesgoiringis™ (160 big iedPdslin P9
4.10 (br s, EOfeHE)ER, % b2; H NMR (408 MBz,DCls) 5 16§ (bra, 1), 78-7.3Hm, JH),7. 0 Hz) ,
1.55 (s, 3 4 . t = 7 t 2Byt -
(S)-25?4-(&‘3%%2?{’1@{859@% %%’o{m?) %%@@ ieh r(sz’a]r}@h&rr%%f? 2??%31358%%%%&%- 2- 20

yl car banat e69Hzp 3. m, 1 Hj43.Q5H(d I“EJ\"" 6-‘bH‘F:hé=ﬁrzd%@ckj%/vé@“&‘ﬂt%ﬁhédﬁas a
white sofi d(g gHgQ%B(ﬁﬁ;(lfﬁ)lo N8).8b (t, BEC 17 A Hzflex: Et OAc), Rf= 0.3; "H NMR (400
MHz, CDC13) 8 9.70 (s, H),Hg.‘SS-(7.58 (m 2H), 7.45-7.50 (m 2H), 7.01-7.05
m 2H), 6.86 (dd, IN, J = 7.6 Hz, J = 1.2 Hz), 6.00 (s, 25 2H), 5.62 (br s,
ElH),gEE 13((S )El‘e:tzté-al{ﬁbﬂzpd}’ar‘i@m@bﬂoﬁdepi)o;ecBnQ@m@Lr s, 1H§S 1.55 (H)s 3H),_é.48$
m . -Z- = = 5 o = nam de
267 WD 2006/ ozoggzigg‘&%‘{%%%t@%%%%%ﬁm%z ﬁlfngrmgﬁ@%@m@s (it R

added TFA (1 mL). The reaction mixture was stirred at room temperature 2 hours then

10  evaporated to dryness under reduced pressure. The final product was purified by reverse
phase preparative HPLC.

{R)-2-Amino-2-(4-(4-(octyloxy)phenyl)-1 Fl-imidazol-2-yl)propan-1-ol

N N N ‘ '
N HaN
I N L
N
H

Me
OH
15 The product was obtained as a white solid in 81% (29 mg) yield. MS (ESI,
M+H") = 346.30; 'H NMR (400 MHz, DMSO-ds) 5 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).

20
(R)-2-Amino-2-(4-(4-(heptyloxy)phenyl)-1 H-imidazol-2-yl)propan-1-ol
A0 y
N H2N
3 .wMa
N OH

The product was obtained as a white solid in 99% (58 mg) yicld. MS (ESL, M+H") =
332.60; '"H NMR (400 MHz, DMSO-de) 5 8.34 (br s, 2H), 7.67 (4, 2H, J = 8.4 Hz), 7.40

25 (brs, 1H), 6.92 (d, 2H, J=8.4), 5.66 (br s, 1H), 3.94 (1, 2H, /= 6.8 Hz), 3.74 (d, I1H, 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, §H),
0.86 (t, 3H, J= 7.0 Hz).

(R)-2-Amino-2-(4-(2-fluoro-4-(octyloxy)phenyl)-1 H-imidazol-2-yl)propan-1-ol

SO
[ ; HaN
l N\ z .wMe
F N
N OH

The product was obtained as a white solid in 75% (77 mg) yield. MS (ES],
M-+H") = 364.60; '"H NMR (400 MHz, DMSO-dg) & 8.40 (br s, 2H), 7.93 (br t, 1H), 7.38
(d, 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,

30
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NOH \ \ | O The product was obtained as a white solid in 98% (36 np)
yield. Ms (ESI, MH = 285.40; '"H NWR (400 MHz, DMSO-d6) 8 9.94 (br s, 1H),
8.16 (br s, 2H), 7.61-7.72 (m 4H), 7.54 (d, 2H, J= 7.6 Hz), 7.24 (d, 2H,
J=7.6 Hz), 5.78 (t, IH J=4.85 Hz), 4.00 (dd, 1H, J= 11.6 Hz, J= 4.8 Hz),
3.65 (dd,whhehizesdd 6 Hz, J= 5.2 Hz), 2.32 (s, 3H, b@fysobosodisle

(S)-2-Am no-N-(4-(4-ethyl benzyl) phenyl) - 3- hydr oxy- 2- net hyl propanam de H2N
NCH A The product was obtained as a white solid in 64% (28 ng) yield. M5
(ESI, 10 MtH) =.299.30; 1H NWR (40 : 0-d6) 8.9.95 (hr s. 1H), 8.18
(br 5, 2y i) 510558, 0156 GHJL 7 E0 ) L1 1o0p, 35S (o 38 131130 ' 5
8.2 Hz), 5.@6) 10H), 85 @ 3H, J=47.00zfd, 1H J = 11.6 Hz), 3.65 (d, 1H J = 11.6
Hz), 2.61 (q, 2H, J = 7.6 Hz), 1.50 (s, 311), 1.19 (t, 3H J =7.6 Hz). 15
(S)-2-am no-N-(4-(benzo[d][1, 3] dioxol -6-yl phenylsggB- hydr oxy- 2-

met hyl pr opatfra-AmingR-(4-(8-Ouora-H(origox)p )-Ud-dmisiszel-heliprepan-lvli t e solid in
47% (32 ng) “yiekth-Ms° ,  MrH+) = 315.40; 'H NMR (400 MHz, DVSO-d5) 8
9.93 (br s, 1 H, 8. 1;%&@%, 7.66 20 (d, 2H, J= 8.4 Hz), 7.59 (d, 2H,
J= 8.4 Hz), 7.22 (d, 1H J¥28\M), 7.12 (dd, 1H J= 6.8 Hz, J= 2.0 Hz),
6.97 (d,51H, J= 8.4 Hz), 6. ( 2H), 5.79 (br s, 1H), 4.00 (d, 1H, J =

L2 1)y o3 £0 (T i prld s Uokined syt ol Fammhy A p i 5 of
substi t ut edwﬁkzapémﬁﬁ?{é%ﬁ@ mﬁir@ﬁ?@ﬁi ﬁ?ée“r“ét'ég’g? ﬁégs‘f%}:lgés(mﬁt he
gener al net fied 1hokeB3i(f) 28; Herte8)H53.62 () 1H, JF=d e Hix)] B&l-1 84 iin, 24}, 1t &(d,] ask is
dded th t ' i A C i t at

[Cu( Oncy 2, 1 21 4 B JOBRIERRG i/ M MaS etV CBBIL° V) ¢ and
excess & 4A mol ecul ar sieves (0.6 -0.9 gin). Dry dichl oronethane (DCM is
tdfen 30 addggh. i ' IYRTAZEN2- iih hyd

en 30 o4 ko ioxt ool sl avesoiny cpbithangel anhyor ous

P p\/\/\/\/o
HaN

N
A .wMa
l N>—\—0
H 'P:,O
KO OR
The product was obtained as white solid in 69% (22.8 mg) vield. MS (ESI,
15 M+H") = 426.65; '"H NMR (400 MHz, DMSO-dg) & 7.67 (d, 2H, J = 8.6 Hz), 7.48 (s,
1H), 6.91 (d, 2H, /= 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 (1, 3H, J= 7.2 Hz).

20 Example 3: Synthesis of Phenylamide Compounds with Aryl Tail Groups
Several biphenyls were synthesized using the process described in Scheme 5.
Q:J 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

25 followed by deprotection of the Boc group afforded the final compounds.

Scheme 5
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Oxygen is then bubbl ed through the reaction m xture for approximately 2 mn
"and the reaction is stirred over night at roomtenperature under an

at nosphere of oxygen. The followi ng day the reaction mxture was filtered
using a plug of celite to renove the nolecular sieves, and the filtrate was
concent r ayadodsd2@sve a greeni sh solid. The crude 5 praoduais>e@sgouyified
using silica gel chromatography, EtQAc-Hexane gradient, (25% - 100% Et OAc
over 30 min.). The fractions corresponding to the product are pooled and
the sol vent renoved under vacupi t o give product as aBoghyte solid. Schene 6

Boc, OH NH 3 Boc, RA RRHNH 4 R ~0_QzNR HO HATU,
DIPEA HO ~ 0 1. & equ,m/ {@A DVF Mol RiSi ewes, e V. pyridine
Boc, NH HN R N 4 TEA J\IZRSRQ 10 [R2 O 1o vl R\ 1 OI1 O
tert-Butyl (S)gg hydr omxp&mwbcar ba ydr oXapu,@r&R- 2- vyl car bamat e
-41 oco OH Ho' | i 0O Thea£e: F oduch obt ai ned aBMfa white solid after

microwaved

silica gel purification usfg,rmgsgmﬁn °Et OAc- Hexane gradient (15% Et QAc to 80%
Et OAc over 25 min.), iBeQl%yield. 15 TLC (2:1 Et OAgI N€x), Rr (product)=
0.3; "H NWR (400 gvHz, HCDQIR3)_,8 8.01 (s, 1H), & 7 WAy 2H J = 8.8 Hz),

6.79 (d, 2H, J = §¥ R0 (A s, 1H), 400 : . 3.58 (d, IH J =
12), 1.58 (s, 460(5 OH)™~ il % 0
(S)-[2-Hydr " et hyI -1 -(4- phenoxy ph&fry rbanoyl ) -ethyl]-carbam c acid

20 tert-butyl ¥ster OY O HNHnNn N-I OH
General method for Suzuki cross-coupling

To a mixture of a substituted bromoaniline (1.0 equiv), substituted aryl boronic

acid (1.2 equiv), 10% Pd on carbon (0.1 equiv), tetrabutylammonium chloride (0.1

5  equiv), and sodium carbonate (1.0 to 2.0 equiv), in 2 microwave tube was added a 1:1
mixture of DMF:H»O. The mixture was then heated to 60-120 °C for 10-60 minutes
using a microwave. The reaction is then 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 MgSQ, and the solvent removed in vacuo. The crude product was purified

10  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
15 Hex:EtOAc), Ry=0.3; 'H NMR (400 MHz, CDCly) & 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-cthylbenzyl)benzenamine

N )

20 The product was obtained as a white solid in 87% (200 mg) yield. TLC (2:1
Hex:EtOAc), R;y= 0.5; 'H NMR (400 MHz, CDCly) § 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=72Hz).

25 4-(benzo[d]{l 3]d|oxol-6-yl)benzeuamme

The product was obtained as a white solid in 75% (186 mg) yield. TLC (2:1
Hex:EtOAc), Rr=0.4; 'H NMR (400 MHz, CDCls) 8 7.53-7.58 (m, 2H), 7.44-7.49 (m,
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0 OO0 The final product was obtained as white solid follow ng silica gel
purification, in 58% vyield, (0.08g), TLC (1:1 EtQAc:Hex), Rf= 0.2; M5 (ESI,
M+H ) 387.45; 'H NWR (400 MHz, CDC13) S 9.46 (s, 1H), S 7.48 (d 2H, J=
8.8 FE) 7.30 213), 7.07 25 (in, 111), 6.97 (in, 4. 16 , 111),
3.65 (s, Wﬂ%““ﬁ"g%é 3H) 1.46 (s, 9H). -69 WD 2006(6@%@@05/02891

PCTI US20051028914 (S) {

1-[ 4- (4- Et hyl - phenoxy) - phenyl car banmoyl ] - 2- hydr oxy- 1 - met hyl - et hyl } - car bani ¢
acid tert- buyl.oerne (mOxH), 6.86 W, THNXSH 6 HOU/= 4 T2g, 60078! 2HD] 940t shas
obtaineda |te solidfollovving S|I|ca gel purification, in 565%y|eld
(0.05g). (11EtOAc Hex), Rf= 0.3;'"H NWR (400 MHz, CDClI3) 8 8.6 (s,
1H), 747(d 2H, J= 8.0 Hz), 7.13 (d, 2H, J= 8.4 Hz), 6.92 (d, 2H J=10

Hz) , 688 A g, 2H, J =
i, et A gt ok s 01
(S) - {1 [4 (4-Butyl - phe phenyl car banmoyl | - 2- hydr oxy- | - net hyl - et hyl } -
carbamc acid tert- butyI %er otoic NH N OH The final product was obtained
as white solid foll ow nmwgg gel purification, in 45%yield, (0.092Q).
TLC (1: 2 Et OAc: Hex), H NVR (400 MHz, CDClI 3) 8 15956(5 1H),
7.45 (d, 2H, J= ?12(d 2H, J= 8.8 Hz), 6.96 (d, 2H, J= 8.8 Hz),
6.89 (ds 2H, J= Hz) 4.07 (m 1H), 3.59 (m IH), 2.58 (t, 2H, J=7.6

Hz), 1.51-1.62 Tﬁg]}roﬁlu'gt’waénﬁém(eﬁasQk’)uteguhﬁﬁngf% (?@mgﬁqgﬁ 'ffC(?’ﬁ J=17.6

(sg { 1- [ 4- Hex@OAL)y Roti s & PR 400 MEzHGRE) 963 K6 dHAAF- 1.8 (myAHet hyl - 20
carbani ¢ agiy-1.£nmkHy)] 7.65725 (&Ym),556lcbr,s 1941 4095@bt 5, P, LugTtaes,flipal  product
pas obt ai n%q:,‘a(grs hSeziod ﬂ—l 54?\/\%}9 18d4|(l cangI puri fication, in

10

tert-butyl (§)-2-(4-(4-ethylbenzyl)phenylearbamoyl)-1-hydroxypropan-2-yl
carbamate

A
OékNH

The product was obtained as a white solid in 31% (125 mg) yield. TLC (i:1
15  Hex:EtOAc), Rr= 0.4; 'H NMR (400 MHz, CDCl;) & 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).

Q tert-Butyl (S)-2-(4-(benzo[d])[1,3]dioxel-6-yl)phenylcarbamoyl)-1-hydroxypropan-2-
” 20 ylcarbamate

¢ HY‘V

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, CDCls) & 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,

25 2H), 5.62 (br s, 1H), 4.13 (br s, 1H), 3.57 {(br 5, 1H), 3.20 (br s, 1H), 1.55 (s, 3H), 1.48
(m, 9H).
(5)-2-Amino-N-(4-(4-tolyl)phenyi)-3-hydroxy-2-methylpropanamide
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25% vyield, (0.023g). TLC (1:1 Et OAc: Hex), Rf= 0.4;'H NWR (400 MHz, CDC13) 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 25 (in 1H), 3.93 (t, 2H, J= 7.6 Hz) 3.58 (m 114), 1.74-1.78
(m) 2\ wo Roeidaes S0 190 (mo211), 146 (s, 911), . 0r B8 (dimestht 9= 7+ 2

(S)-{1-[4-(4-chl oro- phenoxy) - phenyl car banoyl | - 2- hydr oxy- | - met hyl - et hyl } -
carbam c acid ten-butyl est 24 HNH GNOH 30 a0 .. 0 -70 WD 2006/ 020951

PCTI US2005/ 028914 The fnma peoduct was obtained as white solid foll ow ng
sili ca gel purificatige W?l eld, (0.107g). TLC (1:3 EtQAc: Hex), Rf=
0.2; "H NWR (400 M ) 6 7.49 (d, 2H, J= 9.2 Hz), 7.26 (d, 2H, J= 8.8
Hz), 6.97 (d, 2H, 8.8 Hz), 6.90 (d, 2H, J=8.8 Hz), 4.08 (m 1H), 3.60
(d, 1H J=11.2 1.59 (s, 3H), 1.47 (s, 911). 5

(S)-{1-[4-(4- fl'llihxrprqd enwzs pbipined ps @awlntenmmtid] n298% dB & ayz)| yietdt Mgl (ESﬂ,hyI }-
carbam c agj er y ﬁﬁﬁf 5'M!§O S

obt ai ned as %r?u g%%f}sj%:aép#{ SO 4(95"1ti ?Ia%ga- Jfgﬁbgfﬁ)? |cét| n, in 33%
yield, (0.363 g?} (m.dH).17.54 & e/ i) Z)R? 613 Xl qu)aéd id, J t@@ls) S

7.47 (ds 2IHz), 3009dd tH)J 61. 99&%&17—4%2);]365 di, i) 7 = almﬁﬁsémz)ém 4. 06

(mIH)34 (#Uli =10.4 Hz 1.58 (s H, 1.46 (s, 9H).

(S)-2-Amin é Q = met hyl - N- ( 3- et hyl - 4- phenoxy- phenyl ) - propi onam de \

N_ G _OH \ (5)-Z2Andind-V-{s(4Hdthylbeny) phenyllEhydimsy-Ghanethyplpsopmamidéi t € sol i d

after HPLC, in 35%yield, (®NQg). M5 (ESI, MrH) = 301.19; 'H NVR (400 Mz,

CDC13) 6 9.16 (s,IH), H5 X oHll11l), 6 7.2 (m 311, ), 6.95 (t, 1H, J=
7.6 Hz), 6.75 (d, 2H, ), 6.69 (d, IN J= 7.6), 4.13 (s, 1H), 3.92

' 111), 2.05 ‘ .52 (s, 3H). 20

-2- Ami no- 3-h v -N—[4 ( 3- net hoxy- phenoxy) - phenyl ] - 2- net hyl -

propionamde Ty product was obtained as a white solid in 64% (28 mg) yield. MS (ESL
10 M+H") = 299.30; 'H NMR (400 MHz, DMSO-g) § 9.95 (br s, 1H), 8.18 (br s, 2H),
7.61-7.72 (m, 4H), 7.55 (d, 2H, J = 8.2 Hz), 7.26 (d, 2H, J = 8.2 Hz), 5.80 (br s, 1H),
4.00 (4, 1H, J = 11.6 Hz), 3.65 (4, 1H, J = 11.6 Hz), 2.61 (g, 2H, J = 7.6 Hz), 1.50 (s,

3H), 1.19 (¢, 3H, J = 7.6 Hz).

15  (8)-2-amino-N-(4-(benzo[d][1,3]dioxol-6-yl)phenyl)-3-hydroxy-2-
methylpropanamide

N
N\r(ijOH
condh
o

The product was obtained as a white solid in 47% (32 mg) yield. MS (ES],

M+H") = 315.40; "H NMR (400 MHz, DMSO-dg) 5 9.93 (br s, 1H), 8.17 (br s, 2H), 7.66

20 (d,2H,J=8.4Hz),7.59(d, 2H,/=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 (br s, 1H), 4.00 (d, 1H, J
=11.2 Hz}, 3.65 (d, 1H, J=11.2 Hz), 1.50 (s, 3H).

Example 4: Synthesis of Substituted Biary! Ether Compounds
25  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
30 added to the reaction flask followed by the addition of anhydrous pyridine (5.0 equiv.).
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e- HNHp NOH ,0\ I Ol i O The final product was obtained as an off white
solid following HPLC 25 purification. 'H NVR (400 MHz, DIVISOd6) 8 9.95 (s,
1H), 8.18 (s, 2H), 763(d 2H, J = 8.8 Hz), 7.24 (t, IN J=8 4Hz) 7.02

d, 2H J= 668 111), 6.52 (t, 1H J = 2. 1
g 98 (d, "YLW“Oﬁ’ﬂzf&gls 3m71 (s) 3H) 3.(64 (d, 1H JPC’_{@S “Wf?“ 1(T8 (?)
3H). 30

(S) - 2- Ami no- 3- hydr oxy- N-[ 4- ( 3- pr opoxy- phenoxy) - phenyl ] - 2- et hyl - pr opi onam de
H NH2 N OH Okyideh 1s therebifbbled thiongitihe reasiien mbihae fiedpprexamtely £ mihabdthsol i d

f70|6|30\(N13| ", HPLT%"“ é%%""érﬁ’qgﬁ %t’mqﬁﬁ%g‘% ‘S@gﬁ%‘%ﬁgﬁp&é‘?ﬁ B%ﬁ%%sg@% 5/2 g')z 8914

J= 8. Hz) followingday thzmeacylan grgurgMyas fltemd using a piyg of geling tq femoyeghe 5. 79 (t
1H, J= 4. mblé):ulal%ie%s Gﬂ&ithe]fh‘lsraté waéeshcantfhielito %évf)é)gree%sﬁ@ol@d , Thetrudt= 6.8 Hz),

| \:])) _63 Lo |-E) 11|)_1|‘gduct was punfaga using sﬁlca ggl chroma%ogg'aphy, AclHexam(: gradm'ri? (% /9 3 (t, 3K

(S) - 2- Ami not @YD AcyveN3( irf. B- The fractjoys eqrivspandjng-tp erprdduclarapodiyd and

d DVSO-d6) S 9.93 :
propl gngg‘ (%‘ E@Mﬁe"uﬁg@ ﬁé")’g“‘%“‘!tggzvegr ﬁ&j‘%ﬁ%“j 7.03 &n 1H), 7.(81 (m
2H) 6.87 (t, 1H, J= 2.0 Hz), 6.74 (m 1H), 3.98 10 (dd, 1H, J= 4.4 and

11.2 Hz), 3.62 (dd, 1H, J = 4.4 and &uémék), 3.09 (g, 1H J = 7.6 and 14.8
Hz), 2.87 (m 1H), 1.478des, . 3H) 1.18 (d, 6H J= 6.0 Hz).

OH
(S) - 2- Ami no- 3- hydroxy N-[ 4Y4 11 71 uor omet Bed; ghenoxy) - hegMB 2- et hyl -
pr opi onam de NH \' I QO _H{H E@Mg% O-d6) S 9.98
(s, 1H), 7.70 ﬂ—in-QZHz) 7.

' kN , 7.14 (d, 2H,
J79.2 Hz), 4 dd, 4+H23=4—8 and [11.]
) 0 HATU,DIPEA  HO S 1 1 equiv. Cu(OAc)2
DM Mol sieves, 5 equiv. pyridine
Boc\

94 Jf:f
R2_
10

tert-Butyl (S)-2-(4-hydroxyphenylcarbamoyl)-1-hydroxypropan-2-ylcarbamate

0

o
How NH
N\“/'Q,OH

HO” : 0

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.
. 15 TLC (2:1 EtOAc:Hex), Ry (product)=0.3; 'HNMR (400 MHz, CDCl3) & 8.01 (s, 1H), &
Q; 7.34 (d, 2H, J = 8.8 Hz), 6.79 (d, 2H, J = 8.8 Hz), 5.60 (br. s, 1H), 4.06 (m, 1H), 3.58 (d,
1H, I =12), 1.58 (s, 3H), 1.46 (s, 9H).

(5)-[2-Hydroxy-1-methyl-1-(4-phenoxy-phenylcarbamoyl)-ethyl]-carbamic acid
20 tert-butyl ester

@L@f

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 (ESI, M+H") = 387.45; 'H
NMR (400 MHz, CDCl;) 8 9.46 (s, 1H), 8 7.48 (d, 2H, J = 8.8 Hz), 7.30 (m, 2H), 7.07
25  (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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J= 4.0 and 11.6 Hz), 1.51 (s, 3H). 20
(S)-2-Am no- N-[ 4- ( 3- benzyl oxy- phenoxy) - phenyl ] - 3- hydr oxy- 2- net hyl -
propionam’de HNHR / O\ " O, N/C]—I H NVR (400 MHz, DMSO-d6) S 9.93 (s,

1H), 8.17 7.64 (d, 2H, J = 9.2 Hz), 7.41 7.38 (m 1H),
7.35 (m % pios I;‘?Z?l 1H J= 8.0 Hz). 7.04 (d, 2H, JPCTE%Q@SIQZSP&‘) 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 J = 4.8 and 11.2

Hz) ,

1.49 (S)-{134}4-Ethyl-phenoxy)-phenylcarbamoyl]-2-hydroxy-1-methyl-ethyl}-

(S)-2- Ami no- §T§%&égéwi’ﬂ8ﬁ§“ lsopropoxy phenoxy) - phenyl ] - 2- et hyl - 30

prop| onam de

'"H NMR (400 MHz, DMSO- d6) 88 15 s?\i’ , 7.62 (d, 2H, J = 9.2

(t,

1H, J= 4.4 Hz), 4.

(dd, 1H, J = 4.8 and 12. 1.47 (s, 314), 1.23 (s, 3H), 1.
(S) - 2- Ami no- N- [ 4Tbeﬂbdmo@ucmama}r)edrﬁhmmtb ]soﬁdafoﬂywdhlgﬁilicagdmmiﬁbationdpi onani de

H N2 NO'S' 9550/'@181 e 'Mé%(l PHESM?I&)Y §3; @W4Oé MHZ, el
2

=72 WD 20061020951 PCTI US20051028914

Hz), 7.22 (t,

1H, J= 8.8 Hz), 7.03 6.65 (m 1H), 6.47 (m 2H), 5.76
H)ﬁ, 3. 98 (dd, 1H, J = 5.2 and 12.0 Hz), 3.62

21 (s, 3H).

.23 (t,
5.75

1H, J= 8 2
TR TR Y 74@( T, 080, 115 G2 25 e b o o J‘Bméin‘%)(tFDZH, ]
9.2 Hz), 3. &XR8((Eg2H}LH.05)(ns 19)3.60d, 1111,16=1M)),262(@&H,tn=mﬂz,11=843z15 3H),

5

1.39 (m 2
(S)-ZEAm' ngi)ll\?-g[(ﬁ%?’g(le‘tﬁn%k H)phg%g 315[ phggﬁz]) 3- hydr oxy- 2- et hyl - prop| onam de
HNHZ NOH ~O 0 CY 0 15 '"H NWR (400 MHz, DMSO-d6) S 7.62 (d, 2H, J 8.8

Hz) ,

7. %% ( t(S)-{']ith-fl-:Blﬁyﬁphenox'y)-phenylcarbamoyl]-2-hydroxy-1-methyl-ethyl}-
carbamic acid zert-butyl ester

OYO\F
0O
o)

The final product was obtained as white solid following silica gel purification, in
45% yield, (0.092g). TLC (1:2 EtOAc:Hex), Ry=0.2; '"H NMR (400 MHz, CDCl3) &
15  9.56(s, 1H), 7.45 (d, 2H, J=9.2 Hz), 7.12 (d, 2H, J= 8.8 Hz), 6.96 (d, 2H, J = 8.8 Hz),
6.89 (d, 2H, J= 8.4 Hz), 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).

(5)-{1-[4-(4-Butoxy-phenoxy)-phenylcarbamoyl]-2-hydroxy-1-methyl-ethyl}-

20  carbamic acid tert-butyl ester
OYO

H % NH
O N\\(Q,OH
T

The final product was obtained as white solid following silica gel purification, in
25% yield, (0.023g). TLC (1:1 EtOAc:Hex), Ry= 0.4; 'H NMR (400 MHz, CDCls) §
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
25  (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).

(5)-{1-[4-(4-chloro-phenoxy)-phenylcarbamoyl]-2-hydroxy-1-methyl-ethyl}-

carbamic acid tert-butyl ester

| Tﬂ<
2 peVen o
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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, 311),
1.28 (t, 3H, J=7.2 Hz). Exanple 5: Synthesis of Phenyl am de Conpounds with

Aryl al ko cl oal kyl al koxy Tail G oups (A)
(S)-2- amxﬁg?z@&ﬁoéggﬁgy- 2- met hyl - N- (4- ( bi phenet hyl oxy) pﬁe%@%zonsﬁ)rzzf?ﬂ)ﬁnam de
Qrifluoroac~etic acid salt NH2,~ 1\ \ nl i OOH 25

1- (2- (4-ni trophenoxy) et hyl ) bi phenyl 2-bi phenyl ethanol (1 g, 5 mmol),
4-ni trophenol ( 8Bk imp) p@dnstovas obamgd as whihsotiviifpllayeipgsiliea gel pBdfigatio inmmol ) was

di ssol ved i i [ 0 Ac: Qlo. ENR 460 WA ' n
i ce-wat er bg%%zg)éﬁ:(g?ﬂ??)i Eg@gggﬁ}iégﬁ?%?)’ﬁetdﬁgl Igzodi z(gr hox z}angﬁ) g949 1, 6

mol ). The ¢é8&Gi2EnTfidk2 HRbA-26t(r2Eh d =R HA) Q7 (dedtl 17188 Hzd O @r 2Hhat n
slowy 30 WAEBSiHE 4108 ¢ 1P S0adurs J =iz 1 6d¢s; BHNaSs4 Py 9H). ed by flash
chromat ography to yield 640 ng crystalline solid. 1H NVR (400 MHz, DMSO d6)
881(d), 7.6 (m, 7.47- 7.41 (m, 7.34 (m, 7.17 (m, 4.39 %t, 2H), 3.13
(t, 2H) . - 76MD[2¢oEu0LBpBENRYTPIDY BB rR 1 2-hydeaxy-1omethiyl-ethyl}-

(S) - 2. (4- ( PREBIhYAGX YorRh v EEgdrcar banoyl ) - 1- hydr oxypr opan- 2- yl car bamat e

1- (2- (4-ni trophenoxy) et hyldfnphenyl (300 ng, 0.94 mmol) was dissolved in a
m xture of absol ute ethapaclyand ethyl acetate. The m xture was purged with
nitrogen gas 5 b’@;ﬁ@"fﬁe‘"&ddi tion of 150 ngy 10% Pd on carbon. The

reacti on was capp & septumand stirred under 1 atmH2 (g) overni ght.

Reaction was j ud’gﬁéﬂﬁmgg?ld_ﬁ&t&vd@bbfﬁhﬁd aé Rﬁgéﬁésﬁdpi@ fsolid fllowiry silicd gel

cvapor atba ERASEOR e Wb s, FLRUF2 ROREHE R o £ AR, St

evapor at ed BRSPS, Y
as, conbi ne¥Hd, CQ) G54 ([da2Bipl w9128, 1% (d221, Jrg 8,0 HINTE92-864 (mgdH), Dl PEA (416

84), and 1Qcih, B3 cTME 130U {ONmIRT S8 BESA R s temperature for 3

hrs. Sol vent © was’ renove y rotary evaporat or ude product purified
by flash chromatography to yield 240 ng yellow liquid, 52%vyield. C

2- ani no- 3- hys)mKynio-0hydydxye-frktyNe(3cinbthly P4 sphiengiyephenyl)prppioaamide 15

trifluoroacetic acid salf = N

tert-butyl (S)-2- @\( H@‘I@W%"xy) bi phenyl car banoyl ) - 1- hydr oxypr opan- 2-
o
15

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, CDCL) § 9.16 (s, 1H), 8 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).
20
(8)-2-Amino-3-hydrexy-N-[4-(3-methoxy-phenoxy)-phenyl]-2-methyl-
propionamide

H NH;
QT
~o 0 °

The final product was obtained as an off white solid following HPLC
25  purification. "H NMR (400 MHz, DMSO-dg) 8 9.95 (s, 1H), 8.18 (s, 2H), 7.63 (d, 2H, J
= 8.8 Hz), 7.24 (t, 1H, /= 8.4 Hz), 7.02 (d, 2H, J = 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).

30  (S)-2-Amino-3-hydroxy-N-|4-(3-propoxy-phenoxy)-phenyl)-2-methyl-propionamide

H %, NH2
Qo
g 0 o

The final product was obtained as an off white solid following HPLC. '"H NMR
(400 MHz, DMSO-d¢) & 9.93 (s, 1H), 8.14 (s, 2H), 7.63 (d, 2H, J=9.2 Hz), 7.23 (t, 1H,
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yl carbamate (80 ng) was dissolved in a 1:1 mxture of 2 nL DCM TFA for 3
hours. The title conpound was purified by reverse phase chromatography and
29.6 ng white solid isolated as the TFA salt (in sone cases reverse phase

purifi cat t 20 necessary) Ms (ESI, M+H ) (400 M—Iz
DVEO- d6) @3;50@%3‘(9%) 7.60 7.52-7.40 (m), 6.93 (3@9&’%’3‘5&?2%

(bm 1H), 3.5 (bm 1H), 306(t 2H), 1.38 (s, 3H). (B)

(S)-2-(4-(bi phenet hyl oxy) phenyl car banoyl ) - 2- am ‘nopr o di h rogen 25
phosphat e HO=@.4 BON7.ORKD, 2Fk v't=HRHg), 6.67 (m, 1H), 6.48 (m 2H 579(t 1 ,J=4.38

(S)-2-(4- (phgmts;hxh@m pheny her106AR) BB6 kt, der byls A0SR ald, dbl peapan- 2-

)2/I ;ﬁ]r ﬁgm;t ﬁ?rdi(rj%ﬂél’ llrélsi(% 2%—)’(]44% ﬁhgilr)eq %ﬁt’o'ﬁ;)fm —bﬂéﬁ}l ) pr opanani de

trifluoroacetic acid salt (116 ng), diethylchloridophosphite (171 pl, 5 eq),

and DI P 3 1 14 N2 at rmsphere

Af ter SEﬁou@%‘égﬁ@%?sﬁa%wg" %lljsc%;{)mrpgngl negwghng@qmgs judged by TLC
(Rf-0.2 in BospiomEmide : hexanes) l\/bre di et hyl chl ori dophosphite (171 |, 5 eq)
and DI PEA (8eq) wereg 35 add(ﬁ k ‘ohhe reaction mxture and the sol ution
stirred overnight. , Ing TLC -74 WD 2006/ 020951

PCT/ US2005/ 028914 aet- 10 %converS| on to product. Flash chromatography
yi el ded 10 ny of1 pure  product (20%yvyield). M5 (ESI, MtNa+) = 649.
(S)-2-(4-(bi phenﬁ%@@@ﬁﬁnﬁ%%ﬁ@?ﬂ)(ﬂiﬂmw&wJ’dﬁﬁm),obﬁl(t
phosphat e. 551(389:8%12()47 Mﬁmﬁ)b’fb%ﬂ)ﬂhﬁ%b%\/p@@f@zr izl @ GRRKOPYds di ethy!

phosphate (1 I Ce_bath, and

excess 19rj ﬁdélbWi 'ﬂ)ﬁ"’é‘gé a%}ﬁ%@d(%Jeqﬁ"‘%mé&’éﬂ Gk JohPt or ed by

liquid chr emmtmﬁapmmr(aﬁms)pem (spBEE) 1.8 (d, GNR) = 6@oHpl et e di sappear ance of
‘twe starting material occurred overnight while stirring at room

tenperature. Solvent was evaporated 10 and the crude product purified by

reverse ph aﬁﬁ-’khn@ﬁ&ﬁd’g’ﬂ it Gritniflepremethyd-phenaxy-phenyll-2megound (16%
yleld) M5 pEsHisndii® = 471.1; 'H NVR (400 Mz, DMBO-d5) S 7.66-7.63 (in),
7.60-7.40 (N, 736(m) 4H3»(+m 1H), 4.20 (t, 2H), 4.05 (bm 111), 3.051

(t, 2H), 1.48 (s) @@02@’

(S)-N-(45(4-(thia 1) Hut oxy) phenyl ) - 2- am no- 3- hydr oxy- 2-

met hyl propang iR (ddd ¥iuobRAeshh § 935 @ 138! 7.70 (d, 2H, 7= 9.2 Hz), 7.47 (m, 1H),
7.26 (m, 2H), 7.14 (d, 2H, /= 9.2 Hz2), 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).

20  (8)-2-Amino-N-[4-(3-benzyloxy-phenoxy)-phenyl}-3-hydroxy-2-methyl-
propionamide
NHz

\I(k,OH
o Sasact

"H NMR (400 MHz, DMSO-dg) & 9.93 (s, 1H), 8.17 (s, 2H), 7.64 (d, 2H, ] =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 =
25 9.2 Hz), 6.78 (m, 1H), 6.61 (t, 1H, J= 2.4 Hz), 6.52 (m, 1H), 5.80 (t, 1H, /= 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).

($)-2-Amino-3-hydroxy-N-[4-(3-isopropoxy-phenoxy)-phenyl]-2-methyl-
30 propionamide

ISelonnn
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OHO o-, 1~ s NH2 tert-butyl (S)-2-(4-(4-(thiophen-2
yl ) but oxy) phenyl car banoyl ) - 1- hydr oxypr opan-2- 20 yl carbamate Thi s conpound
was synt hesi zed from 2-(4-(4-nitrophenoxy)butyl)thiophene (280 ng),

N- ( Boc rine (205 HATU (442 and DI P foll owi n
thfa précgwgﬁé&é@@gh bed(l n Exrrgirpl e 5(A§ to ;r?)el d 280 @%%@%89%%2% )
yield). "H NW (400 MHz, DVMsO-d6) 8 9.24 (s, 1H), 7.44 (m 2H), 7.29 (in,
111),6925(mIH) 6.84-6.81 (in, 3H), 5.00 (t, IH, 3.93 (t, 2H), 3.61
(m 2H), 2.84 (tHEMR(QDQM{Z,(DMS@I-@&)S&1&&,(2H\),é’r6?a(|dp2ﬂ,g1 %9&@121}{7522(9,!-!)

S)-N-(4- (411t -
3(/I gbut (()xy§ phgnju_@l% g?n?m « 2}1-]I ir dr gxngQ & &m IH) S, 21-<Ia)’5t7‘r5|(t| b Jroacetl C
Lol say) P4g Hal 45 Gapdt e T b B e 4 158

(S)-2-(4- (4H(z§ hmnﬂesm})zrzs (s 3H), 1.21 (s, 3H).

yl ) but oxy) phenyl car banoyl ) - 1- hydr oxypr opan- 2-yl car bamat e (140 ng) according
to the rocedure provided in Exanple 5(A) to yield 31 ng white solid title
‘conmpound. I\/B')-X-&ﬂinO-Ml-ﬂ‘ﬂ-f(}i-hﬂt@q@PEe,noxﬂ-ml(]@bymy-zmﬁm)ﬂpim@nﬁﬁe (bs,

1H), 7.48 (in, 2H), 29 (m 1H) 6”9@ 8 (in, 5H), 5.6 (bs, 1H), 3.95+3.8

(overl appi ng signals, @Q@( 2.84 (in, 2H, 1.73 (m

4H),1.41(a, 3H). ~UIby CT/ US2005/ 028914 (D)
S)-2-(4-(4-(thigphen- 2 I utox enyl car banmo 2-am no I di hydr ogen
e ohate to 0 RENBHqob )i )a¥62(d RIL95 f P T AP APy g 1 PO

(S) - N-(4- (4], WBRHGZH 392 DIZD W)(ﬂﬁ@Hw@*S?(nﬁHHDLC&EWﬂ UX%’4 QHZ}? 3.97

i 1 oopr aayi Wb Al o (%é' pl{ 31236 453 s 1502 s Sea Ly S Y ) e

conbi ned i Mz} M5 maﬂklhirldﬂisﬁilﬁ ll-ﬂﬁlém 2‘1@ 0.99 (tadld, £t 72(H8). over ni ght . LCMS

sh d leftover starting material and nore di(tert-butyl)

di i sopropyl hosphj t 43 , 163 1), d 1 etrazole (108 ) were

added to th rg F‘B‘Eﬂ*ﬁ'ét"&ﬁ .'%“1‘8‘ Lﬂi\' %?ﬁgdrfgyé &%""Hg"t“é!‘“'g‘gveral

days stirring at roomterrperaturek}l 2, 19:!4 of 30% aq H202 was then added to
an additional 2.5 hours prior to

the solution and the t|o
quenching with 1h/m\ dignthiosulfite soln. The resulting mxture
was diluted wt POAC an@ t ie organic | ayer collected, concentrated, and
purifiedsby flastH NMR (400 MHz, DMSO-d) & 7.62 (d, 2H, J = 8.8 Hz), 7.24 (t, 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, /= 7.2 Hz).

Example 5: Synthesis of Phenylamide Compounds with Arylalkoxy and
20 Cycloalkylalkoxy Tail Groups

(A)  (S)-2-amino-3-hydroxy-2-methyl-N-(4-(biphenethyloxy)phenyl)

g:/ propanamide trifluoroacetic acid salt
W2 cHy

N

OO O

25  1-(2-{4-nitrophenoxy)ethyl) biphenyl
2-biphenyl ethanol (1 g, 5 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
30  warmed to room temperature. Crude product was purified by flash chromatography to

yield 640 mg crystalline solid. 'H NMR (400 MHz, DMSO-dg) 5 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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chromat ogr aphy yielding 45 ng tert-butyl (S)-2-(4-(4-(thiophen-2 15

y] ) but oxy) phenyl car banoyl )-1-di -tert-butyl phosphati dyl propan-2-yl car banat e.
The purified sanple was then dissolved in 2 m, 25% TFA: DCM and stirred for
-1 hour. The_  sol utlon was concentrated to yield 24 ny t|tIe conpound.
VS (ESI, MAA4po/20%159 2. ' H NMR (400 MHz, DMBO-d6) 5 9P§T’P%’é’35’ 7.48 (m
2H) , 729(m 1H), 6.9-68(m 5H) 425(m 1H), 4.05 (m 1H) 3.95(bt,
3H), 3.55 (m 1H), 2.84 (m 2H), 73 20 (m 4H), 1.41 (s, 3H). (E

(S)- N (4- (4en(tdmm!ﬂﬁb&%mmwm)bmmmgnmym-hyimmpw 2-

net hyl pr opafaph#igater i f | uoroacetic acid salt OOH JoO HH\ I / O z 25

1-(4-(4-nitro X, t hox zen 470 nverted to 305
ng(tegt but yI Phé?"‘ Y‘%’gh é ‘%)ﬁth}ﬁlg'? %@@2 @3‘3 8’;?981)2%&%6 H’Fgéﬁﬁ)yl )-1-

hydr oxypr opaintu?e of absolina rthiarolfand kihyd zmgtatché‘hgenmnad wasrpuegedowith ipirogengtesd i n |
Exanmples 5 [ JL:A{ 360 , an
DI PEA (gao%f ?’rmﬁl\@ﬁ t&%ldhﬁﬁﬂi‘?% ?%B@X#ﬁ(ﬂ{rhlgﬁgéafcég%%éec ?g%w“ﬁ vas. :
depr ot ect e@entsmwadﬁtw@edﬂwéeebatm r@) ayenight. %W@QMS@P@FH‘F‘%)’M ng of
the title qryposRd~ oMSn(IESEION HeRanes). $HSsodtiohiwas filtered through celite and

fﬂ]ygr ggeﬁ‘ﬁ%%?é‘i?ﬁé?h‘%ﬁg‘%%@% %%C‘)‘)E(}%z/o@gﬁ n‘%@%@éﬁbﬁ“ﬁ%&%ﬁ?ﬁ%’g&g 00 HO H

~ ~ ' Nhyasldomhined eithpo(Bret)-werscthylsirive £2 Wetlg)l HATU G4 hg) ADTPEA( (416

e hoe O R T ) SR B RSB 1 2

ng solid 5 Wasaepeved rrptﬂmvem;eto § pygifig: st(fbgh mmat?g@pl(yd 2H)
7.16 (d, 2Hp yichi BOm skllo'ﬂ'ﬁquuﬁsa%ﬁéld 2H), 4 21 (m 1H, 4.11 (m 1H, 3.92
3H) 3.75 (s, 3 2.55 (m 1.65 (m 4H), 1.42 (s, 3H). (G

«®) - N-(4-(3-(trifl uororret hyl )phenet hyI oxy) phenyl ) - 2- am no- 3- hydr oxy-2- 10

' rret hyl pr op&saminge3-hydroky-3roethyl-Ne(4-dphahethylaxy)biphenyl)propanamide
15  trifluoroacetic acid salt
tert-butyl(S)-2-(4-(phenethyloxy)biphenylcarbamoyl)- I-hydroxypropan—i!—

ylcarbamate (80 mg) was dissolved in a 1:1 mixture of 2 mL DCM:TFA for 3 hours.
The title compound was purified by reverse phase chromatography and 29.6 mg white
solid isolated as the TFA salt (in some cases reverse phase purification was not

20  necessary). MS (ESI, M+H") = 391.2; "H NMR (400 MHz, DMSO-d¢) & 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
25 phosphate

Ho8

Ho"osﬁ\u@"

tert-butyl (S)- 2-(4-(phenethyloxy)phenylcarbamoyl) I-diethyl phosphatidylpropan-2-
ylcarbamate

30 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

35  added to the reaction mixture and the solution stirred overnight. The next moming TLC
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OHO\ ~ O2H CF3 1-(3-(trifluoronethyl)phenethyl oxy)-4-nitrobenzene (470

ng) was converted to 290 ng tert-butyl

(S)-2-(4-(3-(trifluoromethyl)phenet hyl oxy) phenyl car bam)yl )-1-

hydr oxypropan- 2-yl carbamate foll ow ng the general pr ogedure row ded in
Exanpl e H92024p1 oyi ng N (Boc) - a- met hyl seri ne (210 ﬁf{}f 1#360 ny),

and DI PEA (900 pl). Ms (ESI, MtW = 483.4. The carbamate (145 ng) was
deprotected following the procedure in Exanple 5(A) yielding 143 ng of the
title conpchosed MOOYESInvestohlto prod@83Fthsh clirdmbivErapdpPickibd 10 DBOpee) 8 9. 8

(Dbs, 1H),17%@“%.;@@%%%1%,(%5&%%@__élgibjrg?., 5.67 (bs, 1H), 4.18 (t, 3H),

3.91 (m 1.41 (s, 3H). 20 (H
(S)-2-(4-(3-(trifluoronmethyl)phenet hyl oxy) phenyl car banoyl ) - 2- am nopr opyl

di hydr ogen d(EﬁE—?’&m‘bkéneM@o Ben,btédnb@n@zv 2-atiioprofolf dikjiogercshvpsharel Was
synt hesi fro

(triflucronet hy%éﬁﬁ%ﬂﬁt %QMHW?P%%H'%M%%RM&?W%PW 5 8panani de

- trifl uor oaceg) wasaktssolvedint3 i PEMyginmarsed| msnricdleath,fapd efoesipl e 5(D) to yield 50

ng solid H)?stlylmnﬁgosﬁd eMtf@c fﬁ@reﬁohon'ﬁ'dy%rﬁtéﬁeﬁ D'VSO d6) 8 9.95
E? > 3]1'H)15 Ro;rﬂgqat{ggpglg h'?m)at::o[ L MS) l_(l,)omlﬁete d1sappcaran € of the s?arg 3. 11

(S)- f :\P (4- (%m&ﬁﬂlwbdweamyém tyhile Sindug /a[t@ocgn bayiieeatiyre 2 Solvert iak pvappﬁmlm de W o
tri u ace

t e A5 SRt il 0 AR BRSSO DA e L | 1
nmy tert butt}tle compound e/ 6% yleld) MS (ESI M+H) =471.1; HNMR(400 MHz, DMSO ds)

(S) 2- (4- (43 Ph&nysh kb, or60- PAS (), 7 36 ANV dm, hﬂgf FYZIESP@@B(tﬁnyl'IQaI Hsymat e

«oh| owi ng t&?f@ﬂ {21%%(31 procedure provided in errpl oyl ng N-(Boc)-a
Swtret hyl ser , HATU (360 ng), and Dl PEA (860 I) M5 (ESI, MtNa) _

15 (C) (S)-N-(4-(4-(thiophen-2-yl)butoxy)phenyl)-2-amino-3-hydroxy-2-
methylpropanamide trifluoroacetic acid salt

OH O /@/0_\_\4\?
tert-butyl (S)-2-(4-(4-(thiophen-2-yl)butoxy)phenylcarbamoyl)-1-hydroxypropan-2-

20  ylcarbamate .

' This compound was synthesized from 2-(4-(4-nitrophenoxy)butyl)thiophene (280
mg), N-(Boc)-o-methylserine (205 mg), HATU (442 mg), and DIPEA (506 ul)
following the procedure described in Example 5(A) to yield 280 mg product (62%
yield). "H NMR (400 MHz, DMSO-dg) 6 9.24 (s, 1H), 7.44 (m, 2H), 7.29 (m, 1H), 6.9

25  (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—Z-methylpropanamzde
trifluoroacetic acid salt.

30 This compound was synthesized from tert-butyl (8)-2-(4-(4-(thiophen-2-
yhbutoxy)phenylcarbamoyl)-1-hydroxypropan-2-ylcarbarnate (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) 8 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,

35 1H), 2.84 (m, 2H), 1.73 (m, 4H), 1.41 (s, 3H).
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465.5. The carbamate (152 ng) was deprotected foll ow ng the procedure in
AS1-C vyielding 111 ng of the title conpound. Ms (ESI, MtH) = 343.9. (J)
(S)-2-(4-(4-phenyl but oxy) phenyl car banoyl ) - 2- am nopr opyl di hydrogen 10
phosphate 0_ od 0 NH2 This conpound was synthesiz rom

T (S)- N (4N Z%P{Q?%lbut oxy) phenyl ) - 2- ani no- 3- hydr oxy- 23 ﬁypﬁﬁf’f’?ﬁ?%‘énam de
‘trifluoroacetic acid salt (120 ng) in a manner simlar to that provided in
Exanple 5(D) to yield 40 ng solid product. M5 (ESI, 15 MtH ) = 423.7; 'H NWR
(400 MHz, [RBO {B)r2-G1-Gi-@biopben-2iyDbutbxyiphenylcafipmoyl)27aminvpropyly 5H), 6. 88

2H), 4. 6 1H), 3.94 (t, 2H), 2.64 2H), 1.7
Elm)’ 5044 (ﬁiyérbe,ﬂﬁgspﬂat@ (m 1H) ( H) (m 2H) (m

(S)- N (4-(5nphenyl oxy) phenyl ) - 2- am no- 3- hydr oxy-2- 20 '
met hyl pr opanan i fluoghcetic acid salt off o 0O NH2
1- (5- phenyl pent"yl oxy) - 4- ni t r obenzene (560 ng) was converted to 260 ny tert-

but yl (S)-N-(4- (4 (th1ophen—z-yl)butoxy)phenyl)—Z-ammo -3-hydroxy-2-

S) - 2- 2-yl b t
ol ow g, tRLIGRopREC GRRRARRE oA 1K N SR “enpl oy1 ng - (Boc) -
25 net hyl semsmomémdngbospwwwenmgw anth bl ytpeple (W8ome) yere penbips] | M-Na+)
= 35|7 8. S(Thgrﬁl R @rmiﬁﬁdm dﬁﬁﬁd&t@ﬁﬁ L@Mswoa@dlaaev@r ocedug §7| g

anpl e ie | e =
30 ?E) (S) -~ ?’3“’5 g’ﬂ‘é WG@H@‘H@RT& lﬁl\/g}éfxgﬁ’r%kgl hydr ogen
phosphat e -ai8 1V¥Be@ G (ﬂﬂ&ﬁ@lm@ddd@@@ﬁd ﬁﬂﬁ@mmlxﬁtrd-lcrherez@nom O NN NKz This
2
;%nﬁgugfbh;\g&n@%z %%Pdproﬁar&nlgﬁgﬁ 2%}5?%0‘%11 I'n agr?pl e 5(D) to
gjl d 66 ngth%tb# dadmtbﬁﬁf&?hon\?s actmﬁnlfe Oama@ﬂmnﬂ Aoy paonipy,  DVBO- d6)

quenching with 1 mL saturated sodium thiosulfite soln. The resulting mixture was

diluted with EtOAc and the organic layer collected, concentrated, and purified by flash
chromatography yielding 45 mg tert-butyl (S)-2-(4-(4-(thiophen-2-

15  yDbutoxy)phenylcarbamoyl)-1-di-tert-butyl phosphatidylpropan-2-ylcarbamate. The
purified sample was then dissolved in 2 mL 25% TFA:DCM and stirred for 1 hour. The
solution was concentrated to yield 24 mg of the title compound. MS (ESI, M+H") =
429.2; "H NMR (400 MHz, DMSO-dg) 5 9.8 (bs, 1H), 7.48 (m, 2H), 7.29 (m, 1H), 6.9-
6.8 (m, SH), 4.25 (m, 1H), 4.05 (m, 1H), 3.95 (bt, 3H), 3.55 (m, 1H), 2.84 (m, 2H), 1.73

20 (m, 4H), 1.41 (s, 3H).

(E) (S)-N-(4-(4-(4-methoxyphenyl)butoxy)phenyl)-2-amino-3-hydroxy-2-
methylpropanamide trifluoroacetic acid salt

SO
0
. N
2

25 1-(4-(4-nitrophenoxy)butyl)-4-methoxybenzene (470 mg) was converted to 305
mg tert-butyl (5)-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

30  procedure in Example 5(A) yielding 108 mg of the title compound. MS (ESI, M+H") =
373.9.

()  (S)-2-(4-(4-(4-methoxyphenyl)butoxy)phenylcarbamoyl)-2-aminopropy!
dihydrogen phosphate '

- 76—



59.95 (s, 1H), 7.48 (m 2H), 7.23 (m 2H), 7.16 (m 2H), 6.88 (m 21-1),

4.27 (t,1H, 4.07 (m 1H), 3.92 (t, 2H), 2.57 (t, 2H), 1.7 (m 2H), 1.65

Eg}) ﬁLH%h 1215(Si ﬁH)’léAz (;nhZH)i)(zM no- 3- hydr hyl i d
- - (4- cycl ohexyl but oxy) phenyl ) - 2- am no- 3- hydr oxy- 2- ropanam de

trifluor PR 0 salt R OOHO N alONR H ¥CrusB R

1- (4-cycl ohexyl but oxy) - 4-ni trobenzene (1 g) was converted to 260 ng

tert-butyl

(S)- 2-(4-(4ﬁ?:§LgI ghE@, ot oxy) phenyl car banoyl ) - 1- hydr oxypr opan- 2-yl car bamat e

foll owi ng tHE g-?ﬂql procedUneoout lined in Exanple 5(A) enploying N-(Boc)-a
15 met hyl seri némg210 ng), HA (\360 ng), and DI PEA (860 I). M5 (ESI, MtNa) _
449. The carbamat.g_ (87 {9L1owing the procedure in

Exanpl e 5(A) ﬁ?‘%ué?%’g‘g@h g %f“ﬁfﬁ%%%ﬁg‘}’gg%%ég% M5 (ESI, MeHH) = 349. 5.

'H NMR (400mKthexyp thay) phemyF2-amngno-3thydrogy- 2 methylpropgnamgless (m 2H), 5.65

(5Irp|) 1?) 1 4. GifubR%EScARRI AR (1 15 rEiF)as QescAbld inExBmbB 5B ho el Bhg fhild. 1.4 (M

. 6
0912} (a8 g o TR ABATEHRMSOD B D B SRS P S
phosphat e Hd, pH),®.82qdHPIINA. 2NKinHIF R B4 1 $anid)) 8d2\(ms 3HY, 3t7A5d(s,i 32H 2.5 3 (uin
S)-N-(4-(4 | t 1)-2- 25
<(51m') no- g hgd%%xglﬁgﬁﬁﬁégﬁgﬁb%%’;n Sran'née) trifluoroacetic acid salt (173 ng) as
described in Exanple 5(D) to yield 27 ng solid product. M5 (ESI, MtH) =

429; ' H NVR(GH0 SEM(%%&Q)neﬁ:ﬁ)p&eﬁ&ﬁylm)thu (2-aifline?$hydox$d- (M 2H),
4,15 1 4 e 3. 90 (T, , 1.68 6H), 1.4 5H), 1.15
(m 6I(-|)n‘§lo0%ﬂ’(ymmg%ﬂrgmé%éﬂﬂF‘émé?eté)?ﬁ{fffg’ltr s of Ca;nboxl;l) i c Aci fijoml;?)unds 30

zeneral nethod f&F Sac ti OF substituted 4-am nophenol To a solution

3N\ ( Boc) - a- et hy 'me (1.0 equiv) in DMF (10 nL) was added DI PEA (3.0
equi v) and HATU (¥%:2 equiv), fo _T owed by the addition of 4-am nophenol (1.0
equi v.). The reat{3-arflidrsingthel)paacthiloky)etnitbbéens Uepg) ahsicemverfedas an

at mospher e 29(7 r%g tert-butyl (8)-2-(4-(3-(trifluoromethyl)phenethyloxy)phenylcarbamoyl)-1-
hydroxy;iropan—Z—ylcarbamate following the general procedure provided in Example
15  5(A) employing N-(Boc)-o-methylserine (210 mg), HATU (360 mg), and DIPEA (900
ul). MS (ESI, M+H") = 483.4. The carbamate (145 mg) was deprotected following the
procedure in Examplie 5(A) yielding 143 mg of the title compound. MS (ESI, M+H") =
383.1. 'H NMR (400 MHz, DMSO-d¢) 5 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).

20
(H) (S)-2-(4-(3-(trifluoromethyl)phenethyloxy)phenylcarbamoyl)-2-aminopropyl
dihydrogen phosphate,
0
HO‘B o)
» "aS U
Nes
H CFa

This compound was synthesized from (S)-N-(4-(3-

25  (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) 6 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).

30

(D  (8)-N-(4-(4-phenylbutoxy)phenyl)-2-amino-3-hydroxy-2-
methylpropanamide trifluoroacetic acid salt
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WO 20061020951 PCTI US20051025914 of nitrogen for 12-24 hours. The reaction
was then diluted with EtOAc (25 nL) and washed with 10% NH4ACl (2 x 25 nL),
5% NaHCO3 (2 x 25 nlL), and saturated Nal (1 x 25 nL). The organic |ayer

was drie r drous MgSXA then the sol vent renov The crude
" pr oduct %@gﬁ]ﬁﬁo?@%d using silica gel colum chromat og)ggﬂl%““g@&?grt But yl
(S)-2-((benzyl oxy) carbonyl)-1-(4 (octyl oxy)phenyl - carbanoyl) et hyl carbamat e
TIO JINN O The product w8 obt ai ned as a yellow solid in 94% (2.34 g)

yield. TLC (1:2 tiﬂ He = 0.6; "H NWR (400 MHz, CDCI3) 8 8.31 (br
s, 114), 7.30-7. d 2H, J = 9.0 Hz), 5.80 (br s, 1H), 5.18
(d,lH,J:125lez)513(d 1HJ:125 Hz), 4.62 (br s, 1H), 3.92 (t,
2H, J = 6.6 Hz), . - m

2.1 23-1, (m (31 @ btl‘t%xg)'@ 111%5% e1§e(77§0 %&?%aé Eanéljcéd to 3@)5 E’%]_t‘zgrt %&t{f
tert-Butyl =& (erp *W%WB*E&YI% aa xl)xlMdrewrwaas%rylﬁrréﬁwear banoy! )
propyl car bamubem daefiNproceduldD r&?hdecpinmmblevﬂm ehpiing W-Eocpayel | ow solid

in 94% I TL 00
CDC13) 3’18&1“% (9]101‘2'1‘ F 1@9@(3;‘5@3\ AF&%”@ %%I%ﬁ - 8.9 Hr),
5. 30 (br s 46134) Tig. cmamql%mgm)w de@r@@te( Il@wmglﬂ)e pracegmre(ig ASHE J = 6.7
Hz), 2.60- 2y1 ﬁxr(%m 1%fthc2m‘fe5co¥np%§nd nMsﬂféér) MAr93328 (m 1H), 1.95-2. 06
(m 114) 1772 80 (m 214), 1.23-1.48 (m 1011), 1.45 (s, 914), 0.89 (t,
314, J 6.9 Hz). GCeneral nethod for deprotection of Cbz-am no acids 25 To
a sol uti on (¥) Ba@)P+(di(¢phenylhutory)phenydearbimoyl)-2-aniaopropy] dihyddogih at room
terrperaibrre ﬁﬁ‘éded 10% Pd on carbon (0.1 equiv by mass) and stirred under
H2 at m)sph Por06 18 hours. The solution was then filtered through Celite
@r enove Pd an vl;‘@r Qo filtrated was evaporated to dryness. The
i due was then d| |n ]2 and TFA (2:1) and stirred at room

tenperature 2 hours Aremove th oc 30 protecting group. The sol vent was
t hen evapor at ed nes und e aI oduct was
purified by pr ep’h-‘._lnx_,i g@g}}esﬁgy ﬁ'glgl (g)r ﬁs(ﬁl'(&— heny]i:u?oxy') enylPﬁ
(S) - 3- ami noaBinEB-iirgxy -meﬂwgp)rmeamidy riflworgagttireacisd salt-(120 mglopanwinperaci d: - 80

similar to that provided in Example 5(D) to yield 40 mg solid product. MS (ESI,

15  M+H")=423.7; 'H NMR (400 MHz, DMSO-dg) & 9.95 (s, 1H), 7.47 (d, 6H), 7.27-7.13
(m, 5H), 6.88 (m, 2H), 4.21 (t, 1H), 4.06 (m, 1H), 3.94 (t, 2H), 2.64 (m, 2H), 1.7 (m,

4H), 1.44 (5, 3H).

(K) (S)-N-(4-(5-phenylpentyloxy)phenyl)-2-amino-3-hydroxy-2-
20 methylpropanamide trifluoroacetic acid salt

C %”Q\b

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)-a-
25  methylserine (210 mg), HATU (360 mg), and DIPEA (860 ul). 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.

30

(L)  (S)-2-(4-(5-phenylpentyloxy)phenylcarbamayl)-2-aminopropy! dikydrogen
phosphate
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WO 2006/ 020951 PCT/ US2005/ 028914 NH2 H OH The product was obtained as a
white solid in 95% (65 ng) yield. M5 (ESI, M+H) = 360.17; 'H NWVR (400 MHz,
DVMSO-d6) S 8.42 (br s, 3H), 7.64 (d, 2H, J =8.8 Hz), 7.48 (s, 1H), 6.93
(d, 2H, 4.64 (br t, 1H J = 6.4 Hz), 3.94 ( = 6.8 5 Hz),
3.12 (ddq“l%?%“’gg"”ll?.z Hz, J = 6.8 Hz), 2.94 (dd, 1H, EST”E’E&“‘}%‘?S@, J =68
Hz), 1.64- 1.75 (m 2H), 1.20-1.45 (in, 10H), 0.85 (t, 3H, J = 7.2 Hz).
(S)-3-(4-(octyl oxylphenyl car banoyl ) - 3- am nopropanoic acid: H NH2 O NOH The
product was obt arr“lbrécj3 as bt solid in 99% (175 ng) yield. MS (ESI, 10
MtH) 337. 36; I-*I‘ON O d6) 610.30 (br s, 1H), 8.26 (br s, 3H),
7.45 (d, 2H, J = ﬁ 6.88 (d,y8H, J = 9.0 Hz), 4.18-4.24 (br s, 1H),
3.90(t,2HJ:63Hz)2742 (m2|—l)160176(m2H) 1.16-1.45

1 0. 85 -
Eg) 40(_21 (octyl gg S%%ﬂiﬁ car% %llyth%_g)ﬁﬁﬁ ﬁ;g% (r§ 48 ﬁ)henylgentylox%henyl&mz / 101
0 The produ@fm% 2 éeptbgprapwd@ (db{ mg) asrf?egme@ys@xqﬂale%[mta Ms (ESI,

MFH) 351. 44dd 66-mbiVRid FoAudvHELS BFBOIEBY) 643105; 360 XIMR @00 Mz, DMIG-df)  2H, J

= 2 ), 9 5 2H, J =
7.0 k). 31 858 a%é* Z@Fiﬁanﬁ%%ﬂﬁaé?wﬁ%ﬁaﬁés% %f*f%ﬂzinc?ﬁf 8 0. 4
(t, 3H, J -(ﬁl. IH]—|Z)92(t ZH) 2.57 (t, 2H), 1.7 (m, 2H), 1.65 (m, 2H), 1.5 (s, 3H), 1.42 (m, 2H).
(S)-2-am no- N5- hydr oxy- N - (4-(octyl oxy) phenyl ) pentanedi am de: NH2 N,OH O
The Boc-protected carboxylate internedi ate_from previ ous_step was coupl ed
with 25 hyd¥Bxy (Bt Gsysiehexybatoxxphenyiy2qunap-2rhydxexy-2oupl i ng conditi ons.
After TFA aeqhivlpAgianamidd iriflaorgicetipadidsalf i nal conpound was purified by prep
HPLC as a white o580 i g~ 0% (12 ng) yield. M5 (ESI, M:H) = 366.48; 'H NWR
400 MHz, DMSO-d @@WM 0.5H), 10.31 (br s, 0.5H), 9.86 (br s,
=BH), §¢80 (br s 5H), 8.22-Chr 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

1-(4-cyclohexylbutoxy)-4-nitrobenzene (1 g) was converted to 260 mg tert-butyl
(S)-2-(4-(4-cyclohexylbutoxy)phenylcarbamoyl)- 1 -hydroxypropan-2-ylcarbamate
following the general procedure outlined in Example 5(A) employing N-(Boc)-a.-

15  methylserine (210 mg), HATU (360 mg), and 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,
DMSOQ-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, SH), 1.15 (m, 6H), 0.85 (m, 3H).

20
(N)  (S)-2-(4-(4-cyclohexylbutoxy)phenylcarbamoyl)-2-aminopropyl dihydrogen
phosphate

g Q \—\M

This compound was synthesized from (8)-N-(4-(4-cyclohexylbutoxy)phenyl)-2-

25  amino-3-hydroxy-2-methylpropanamide triflnoroacetic 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-dg) 8 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
30  General method for acylation of substituted 4-aminophenol
To a solution of N-(Boc)-o-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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30 (m 2H), 1.80-2.25 (in, 4H), 1.54-1.74 (m 2H), 1.18-1.45 (in, | OH),
0.86 (t, 3H J = 6.6 Hz). -81 WD 2006/ 020951 PCT/ US2005/ 028914 Exanple 7:
General Procedure for Synthesis of Aryl-Al koxy Ethers Under M tsunobu

Condi tions Phenol (1.2 equiv) and triphenyl phosphine &HZ equi v% wer e added
to an i c¥BPMPE uti on of the substituted phenyl al BoHBYRIEBB equiv) in
~DCM To this nmixture on ice 5 was added DEAD or DI AD drop-wi se while

mai ntai ning the tenperature of the reaction mxture under 5 C. The reaction
m xt ur e wasf hinegernfok d242d hbarsgTiaeduatiby waathen tidutedoith Bt@Ap ESahLy smdand stirred

overnl Ot L RTE BV YB6 DY LOBSARONS Rotkspa R P

brine. The conbi ned organic layer vent

evapor at ed XA%dak). dbeloxeanic fayes way &ricdoves apbydrens MeSeh thenhechlvaptaepareds i ed by
10 sili ca- gelacub! THE-GE Rt wh Soiifreliaxag S1ied 24 ciinn chivthatdgagihlyons
corresp%ndlng to the product were pooled and the solvent renoved in vacuo
to give“the desired product. |-Phenoxy-4-phenyl butane: 15 The fi nal

product waderiBuayln(8)24eneylbxyicarbbnyd)-1€4 (ccttloxppldmybnat ogr aphy, in 67%

%fS'e;d'(t:H%a&'i‘%e a{@%%) S 7.28 (m 4H), 7.18 (m 3H), 6.91 (m 3H),

8 (t, 2H, J=6.8 Hz), 1.82 (m 4H).
1- Phenoxy- 5- phenyl ne: 20 \l o~~ The final product was obtained as oil
after columm chromatography, in 37%yield. 'H NWR (400 MHz, CDC13) 8 7.27
(m 4H), 7.18 (d, 3K~ . ), 6.93 (dd, 1H, J= 1.0 and 6.8 Hz), 6.88
(m 213), 3948 ftroZ¥ F = 6.412), 2.64 (t, 2H J =8.0 Hz), 1.81 (m 25

2H), 1.69 2 ! s 4 10 049 . .

2!_DBrom)- 1- (1T p%ﬁiﬂ% ﬁtt\g?o}) e%ﬁ?yggbﬁasr%geu?94?&%?4\g)¥el'{llh'r%cﬂ'%al pr oduct
m obt i ndHOAEHExIRred G 0P NME(} ME GRE1 RBot bty ABpMS0-738 ofyi el d. ' H
WR (400 Mdze3 @PEHI)= 8.0 HA15.§0br 2HH)J5.18 @, #HHr> 12,3 1B3-5112@, (M 415 6. 87-

: (t8 ,Z_Z\AD ? Oc:i'?%? %Qié’)%?’Pl%gl’rgg'%?t?g’é&z@ﬁ.%i-lz;,%e@{;&é?‘(r&@ %#2533 A%“S 11D ‘3. 97

1.72-1.81 (m, 2H), 1.23-1.50 (m, 10H), 1.47 (s, 9H), 0.89 (t, 35, J = 7.0 Hz).

15 - tert-Butyl (S)-3-((benzyloxy)carbonyl)-1-(4-(octyloxy)phenylcarbamoyl)
propylearbamate:

' o]
. OJ\NH
N
JUUNN o4 oo na
The product was obtained as a yellow solid in 94% (2.28 g) yield. TLC (1.2
EtOAc:Hex), Re= 0.6; "H NMR (400 MHz, CDCl;) & 8.43 (br s, 1H), 7.31-7.40 (m, 7H),
20 6.84(d, 2H, Y= 8.9 Hz), 5.30 (br 5, 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-amine acids

25 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 fo remove the Boc

30 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:
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2- Brono- 1- [ 4- (5- phenyl - pent yl oxy) phenyl ] - et hanone: t sr

was obtained as a white solid after colum chromat ography,

NVR (400 Mz, CDClS) 8 7.90 (d, 2H, J = 8.4 Hz), 7.24-7.3
(d, 214, J = Hz), 6.86-6.89 (m 2H), 4.43 (s, 2H)

5 The final p
in 61% vyie
0O (m 4H, 7.

2H, J

t
Hz), 2. 71"‘{%“"6’022?511 = 7.6 Hz), 2.64 (t, 1H J = 7.6 ?ES"USZB"%“ES%% oH)

(m 2H), 1.51 (m 2H) 10

(R) - (2-Hydroxy-1-nmethyl -1 -{S-[ 4- (4- phenyl - but oxy) - phenyl ] -
MB ert-butyl ester: oto NNH 1|i H>COH O The fi nal

yl} et hyl) - car banttc
product was obtai ned as#yety oprqj| after col um chronmat og
yield. '"H NWR (400 MHz, CB@I3§ 7.22-7.26 (m 4H), 7.21
1H), 6.87-6.94 (m 2H), 4”33((9H1HJ:116H2)397

Hz), 3.35 (d, lhhe groductWasQbldined a?a Ghité §oliddm9s% (65 mg¥ yidkd MSPESE (s,

1H-i m azol -

r oduct

ld. 'H

18

= 6.4
1.69

raphy, in 63% 15

(m 2H), 7.17

(t, 2H J = 5.
2H),

(s,
6

(1 i%? 2 ((2fn wgﬁﬁi 61179‘9(1?@}}?%&{@l\&ﬁtp@gﬁ%de&ﬁﬁ%%}%ﬂﬁﬁi2}}H,%ﬁazm 2 20

yl }et hyl ) - Ha)lb4f 6, HE), 6.98 ¢d,2H i=8.8)eb 64 (br t, 1T =64 He),3.94 (O2H, TH6.& i nal

- product S‘A’a%ﬁ%bst o) @ﬁd Yy %B}é % 86}15)92' 943@1“1'@ ﬂhfﬁgﬁ'zoﬂé BJ%;I—?)

yield. "HN

L o DS o 28 i) 55 na a0 85 Gy TG 20 (b5
4.27 (d, 1Kg)-3-(4(oktyléxydphénglcarbarfidylf-3-amikbprdpandic deidiz) , 3.
=11.6 Hz), f(g) 62(% Etfc?yzx)% é@c’ar MX -f? 81 (rm%mZH)l 1.69
3H), 1.42 (s, 9H), 1.

(R) - 2- Am noz2-4£5- emyl-butoxy) phenyl ] - 1H—im'azo|

uNHZ \ | | Wﬁe compound was. obt ai.ned as

per i fi cation. YF@PB‘OdB@W/%S 0%

5.77 (s, 11

63%
S REIETY

1),

64 (d, | H J

(m 2H), 1.66

2-yl }-propan-
e solid after

fgy 2 White gqhd)in 9%6175 mg}sﬂeldsMSé@ ho
2006/ 021@951\4 I=USr8%5 110 RS, 4400 MHz, DMSO-dg) 5 10.30 (br s, 1H), 8.26 (br s, 3H),

(s,

| -ol:
HPLC

(R -2 At oy 2 oSt & 05 ¥ks QERS O3 kiR ETE ba ) (R3S iy Pr opan- 1-0

6.3 Hz), 2.74-2.98 (m, 2H), 1.60-1.76 (m, 2H), 1.16-1.45 (m, 10H), 0.85
Hz).

15  (S)-4-(d-(octyloxy)phenylcarbamoyl)-4-aminobutanoic acid:
no N
N OH

Y

The product was obtained as a white solid in 99% (150 mg)
M+H") = 351.40; '"H NMR (400 MHz, DMSO-dg) § 10.30 (br s, 1H),

(t,3H,J=17.0

yield. MS (ESL,
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, ] = 7.0 Hz), 1.96-2.06
20 (m, 2H), 1.62-1.72 (m, 2H), 1.18-1.43 (m, 10H), 0.84 (t, 3H, J = 7.0 Hz).

(S)-2-amino-N>-hydroxy-N'-(4-(octyloxy)phenyl)pentanediamide:

The Boc-protected carboxylate intermediate from previous step was coupled with

25  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) vield. MS (ESIL, M+H") = 366.48; 'H NMR (400 MHz, DMSO-dg)
§ 10.53 (br s, 0.5H), 10.31 (br s, 0.5H), 9.86 (br s, 0.5H), 8.80 (br s, 0.5H), 8.22 (brs,
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
30 (m, 2H), 1.80-2.25 (m, 4H}), 1.54-1.74 (m, 2H), 1.18-1.45 (m, 10H), 0.86 (t, 3H, )= 6.6

Hz).
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Ni N Ns-OH O The conpound was obtained as a white solid after HPLC
purification. Yield: 49 % 5 (60ng). Ms (ESI, M+H+) = 380.3

(R) - 2- Ami no- 2- (5- (4- ( bi phenyl et hyl oxy) phenyl ) -1H i m dazol - 2-yl ) propan-1 -ol :
| Fy NH,NN C1 N OH 10 Ms (ESI, MtH) = 414; 'H NVR (400 MHz, DVMBO-d6) S 8.4

bs, 2 7.5 4H), 7.3 (d, 3H), 6. 7 (b
Ag.is P\gazgﬂﬁﬁ)h@ﬁ(d 1H) , 3.£3m(d,l_|)1l—|), 3.(()4(t,H) Zm%’c(lﬁgls%@d(ﬁ%zsgﬁ (bs),

(R -2- Ami no-2-{4-[4-(4- propoxy phenoxy) phenyl] 1Him azol -2-yl }- propan | - ol

 VNH2 ~ 20 we a te solid
after HPLC I \leca;’t‘l gﬁ““ﬂ é& r(?"e%e 0)%" ng H‘Eﬁ' “I%/BR sm“’m%s“‘“ ng? >o

( R) - PhosphoMitsumobd Gondition®- am no- 2- { 5- [ 4- (4- phenyl - but oxy) - phenyl ] -1 H 20
imd | -2-yl}- d

Whi to S0l i o af tor eiol [ £ERED) a@%?ﬁ’oh%’"ﬁeﬁ’%ﬂam%mﬁ“‘ﬁ%‘%ﬁ@e‘%’%ﬁ? i el
446.4 (R) - pﬁg@g%pf the g&qsﬂtuted phenyl alcohols (1.0 equiv) m 1s mixture on ice

noNo- ( 2- 3M Reks ddddd-HEAD 4T DIADYro WﬁHer@é)‘ﬂmtﬁﬁiﬁﬂMﬂ)e téiriperafure of the reaction

ot nedl as I SBAHIG G T eagoRaR ety pataTeNied & Baftn) JanitRRl o
(ESI, MrH) <zemp@atlre and stirred overnight. The organic layer was extracted with water 10%
NH,Cl and then brine. The combined organic layer was dried with MgSOy and the
solvent evaporated under reduced pressure to give yellow oil which was purified by
10 silica-gel chromatography, FtOAc-Hexane gradient. The fractions corresponding to the
product were pooled and the solvent removed in vacuo to give the desired product.

5

(;:a 1-Phenoxy-4-phenyl butane:

15 The final product was obtained as yellow oil after column chromatography, in 67%
yield. "H NMR (400 MHz, CDCl3) & 7.28 (m, 4H), 7.18 (m, 3H), 6.91 (m, 3H), 3.96 (t,
2H, J= 6.0 Hz), 2.68 (t, 2H, J= 6.8 Hz), 1.82 (m, 4H).

1-Phenoxy-5-phenyl pentane:

@/\/\/o

20 ©
The final product was obtained as oil after column chromatography, in 37% yield. 'H
NMR (400 MHz, CDCl;) 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 (i, 2H, J = 8.0 Hz), 1.81 (m,
2H), 1.69 (m, 2H), 1.52 (m, 2H).

25

30
2-Bromo-1-[4-(phenyl-butoxy)phenyl]-ethanone:
o

The final product was obtained as a white solid afier column chromatography, in 25%
yield. '"H NMR (400 MHz, CDCls) 8 7.91 (d, 2H, J = 8.4 Hz), 7.33-7.25 (m, 4H), 6.87-

-82 -



~284 WD 20067020051 PCT/ US2005/ 028914

(R) - 2- Ami no- 2- (5- (4- (bi phyl enet hyl oxy) pbenyl ) - 1Hi m dazol - 2-yl ) pr opy

di hydr ogen phosphat e:
(bi phenylwh%dmi)henyl ) - 1Hi m dazol -

tert-buty
yield 9.
S 9.4 (s)

2H), 5.7 (b
g (P5g8)s

(t, 2H),

(R) - 1- hydroxy-2-(5-(4- 5

Sy Ao, B oG AT (B2Bnay 16 B an i cn

ds)

O NH HCH HO'OH This conmpound was synt hesized from

2-yl )propan 2 ylﬁ,@@mhgsgm6 ng) to
ng solid product. MsS (ESI, MtH) 494; 'H NWR (400 , DVBO

8.2 (s, 1H), 7.7 (m 6H) 7.5 m511) 73(m 1H) 69(d

'_\

Several bi phtEnyl s were synthesized using the process described in Scheme 7.
M crowave assisted Suzuki cross-coupling of substituted aryl boronic acids
with substituted anilines afforded good to excellent yields of the biaryl
am ne i nt er 2ditomoeks{4-(Srphenyikbpentyloxy)phenydlesthandnen of t he substituted biaryl
am nes vmthe desi red headpi ece 15 fol |l owed by deprotection of the Boc

group affor
PCTI US2005/ 028914
C,

Pd/C, T

=3

ded e &

NH i R2 B OH HO Ra RNH2R\ NH2 O Br ti

for 10-60 mThe finalmyedugtwrs pbiningl RS a white splid afy qalumn chyomptagraphy, in 61%

10

15

20

25

30

yield. "H NMR (400 MHz, CDCL) § 7.90 (d, 2H, J = 8.4 Hz), 7.24-7.30 (m, 4H), 7.18
(d, 2H, ] = 6.4 Hz), 6.86-6.89 (m, 2H), 4.43 (s, 2H), 3.94 (t, 2H, T = 6.4 Hz), 2.71 (t,
1H, J = 7.6 Hz), 2.64 (t, 1H, ] = 7.6 Hz), 1.81 (m, 2H), 1.69 (m, 2H), 1.51 (m, 2H).

(R)-(2-Hydroxy-1-methyl-1- {5—[4-(4-phenyl-butoxy)-phenyl]-lH—imiazol-z-
yl}ethyl)-carbanuc acid tert-butyl ester:

oS

The final product was obtained as yellow oil after column chromatography, in 63%
yield. "H NMR (400 MHz, CDCL) & 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, ] = 5.6 Hz), 3.35(d, iH, ] =
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-
yliethyl)-carbamic acid tert-butyl ester:

J@I FC';H

The final product was obtained as yellow oil after column chromatography, in 63%
yield. "H NMR (400 MHz, CDCl;) 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), 427 (d, 1H, J = 11.2
Hz), 3.94 (t, 2H, ] = 6.4 Hz), 3.64 (d, 1H, J = 11.6 Hz), 2.63 (1, 2H, J = 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}-1 H-imiazol-2-yl}-propan-1-ol:

;B{)EQHz
o _

The compound was obtained as a white solid after HPLC purification. Yield: 50 %,
(60mg). MS (ESL, M+H") = 366.3
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O % O General procedure for Suzuki cross-coupling: To a m xture of a
substituted bronoaniline (1.0 equiv), substituted aryl boronic 5 acid (1.2
equiv), 10% Pd on carbon (0.1 equiv), tetrabutylanmmonium chloride (0.1
equiv), and sodium carbonate (1.0 equiv), in a mcrowave tube was added a
1:1 mixtyg H20. The m xture was then heated 20- 60

m nut es us?%%og{gz@gzcromve The reaction was then dil E)'?"g \%\A‘ﬁts@]ﬁ t4OAc (25 m.)
~and washed with H2O (2 x 25 nlL) then the solvent renoved in vacuo. The
crude product was purified by silica 10 gel columm chronmatography using
Combi - Fl ash system (Hex: Et QAc) as required.

(S) - 2- Am no-(R)-2 ikl s @qsyﬁlﬁh 4ncb£y) i enyi] - FCESIE 3012= agrieglanam de:
H2N N k()H-(N)O VB (ESI{!p ] ?pgn)éﬁ f%P—IWNI\/RS?EIMOO VHz, Dﬁl\/}as—ic)} 6) 8 10.96 (br
s, 1H), 8.18 (br s, H,75»463774(m4l—l) 741751(m2H) 7.35 (t,
1H, J:76 IH J=7.6 Hz), 5.79 (t, 1H,J:4.8Hz),4.00
(dd, 1H, J- 16Hz J-48Hz) 3.65 (dd, 1H, J = 11.6 Hz, J= 5.2 Hz),
2.86-3.02 (g ( 9
(S)-2-Am no- N—(4- %égﬁéﬁég%l%%p&gﬁyﬁgl?%ﬂ%gﬁié -2- mst%y g;ecl)(}o;r?aé de:
H2N N~ MEOH (09mgk MS (BN, MAH b5 3853 (Eg | mw = 301.7; 'H NWR (400 Mz,
DIVISOd6)81098(brs 8.19 brs ,755764(m 4H) , 734(t,

(o, 1n 5= G2 1%-2}@@-@%@*&“Y§BW?@“%% igor g bmtpnyiiofy 160, 02

5.2 Hz), 1.50 ( T8 V\Q|20061020951 PCTI USZOOS/ 028914

(S)-2-Am no- X3- et ~~. : T')tpbenyl ) - 3- hydr oxy- 2- net hyl propanam de: H2N
NOH ~"00 ESI, M+H+) 34/5. ;04 H NMR (400 MHz, DMSO-d6) S 9.97 (br s,
1H), 8.18 (br s, 5 2H), 7.64-7.73 (m 4H), 7.33 (t, 1H, J= 7.6 Hz),

7 -7.23 (m 2H), 6.86-6.91 (m 1H), 5.80 (br s, IM 4.08 (g, 2H, J= 7.2
=, 4. 00 (A4S ESHMAH}=1145 HNMRI(460 MHz, BMSOS)EHS.4 (bs, 2H), 7.7 (m, 4H), 7.5

(m, 4H), 7.3 (d, 3H), 6.9 (d, 2H), 5.7 (bs), 4.18 (1, 2H), 3.7 (d, 1H), 3.6 (d, 1H), 3.04 (t,
2H), 1.45 (s, 3H).

(R)-2-Amino-2-{4-[4- (4-propoxy-phenoxy)—phenyl]-lH-lmlazol—Z-yl}-propau-l -ol:

N
y @ /@/&NH on

The compound was obtained as a white solid after HPLC purification. Yield: 60 %,
(10mg). MS (ESI, M+H") = 367.5

(R)-Phesphoric acid mono-(2-amino-2-{5-[4-(4-phenyl-butoxy)-phenyl]-1H-
20 mudazol-z-yl}-propyl) ester

% NH; 9

The compound was obtained as a white solid after HPLC purification. Yield: 32 %,

(25mg). MS (BESI, M+H") = 446.4

(R)-Phosphoric acid mono-(2-amino-2-{5-[4-(4-phenyl-pentyloxy)-phenyl}-1H-
25 imidazol—z-yl}-propyl) ester

NHz 9
O—P-OH

The compound was obtained as a white solid aﬁer‘HPLC purification. Yield: 39 %,
(41mg). MS (ESI, M+H") =459.2

84—



(dd, 1H, IKJ= 11Hz, J= 5.2 Hz), 1.50 (s, 3H), 1.33 (t, 3H J= 7.2 Hz).
(S)-2-Am no- N-(4-(3- pr opoxyphenyl ) phenyl ) - 3- hydr oxy- 2- net hyl pr opanam de:
HZNN. M OH ""'0 11011 10 M5 (ESI, MrH ) = 329.7; '"H NWR (400 WMHz,
DVSO- d6) 9.96 (hbr s, 1H), 818(br s, 2H), 7.64-7.74 733(t
IH, J = ?‘g%z"fl&@z“?‘ 13-7.22 (m 2H), 6.86-6.92 (in, |$CT[E§Q°%‘B%’HF 1H, J=
45Hz) 4.00 (dd, 1H, J = 11.6 Hz, J= 4.8 Hz), 3.98 (t, 2H, J—72 Hz),
3.65 (dd, 1H, J=11.6 Hz, J= 5.2 Hz), 1.68-1.80 (m 2H), 1.50 (s, 3H), 1.00
(t, 3H,  15(R)=2-Xoidnd42x5- (4—(blphylenethyloxy)phenyl)—lH—lmldazol-Z-yl)propyl
(S) 2- Am ”Oéh"y‘ﬁ oxyphenyl )phenyl ) - 3- hydr oxy- 2- et hyl pr opanam de:
H2N YOI { 329.8; 'H NVR (400 MHz, DVMSO-d6) S 9.96 (br
s, 1H), 8.18 (JJ Zh*')z“c 62773(m 4H), 7.32 (t, 1H, J= 7.6 Hz),
7.11-7.20 (§J2F), 6.86-1 aeﬁ_’ 1H) 5.80 (br t, 1H J = 4.5 Hz),
4.55-4.80(m 1H). 4.00 (dd, = 11.6 Hz, J 48Hz) 3.65 (dd, IH J=
11. 6 Hz, 1..50 8 (d, 6H J—
(S) - 2- Ani no %—(4°?%99?n5ut W%?ph%ﬁl—%eflﬁ?ﬁﬁ o 3_ %’Vch”(%y ZR)E@’W}"P’& it de:
H2N . M5 OH(biphenylethiioxPphériyl) BBimidhdH2)ylprépaf-25ylcdrbhndiR(46408) thiiield VSO d6) 8
‘ 9 97 (br s ( 4§41 ( I J=7.6
7.13- 7'“5?1’ ‘?r?‘%ﬁﬁ‘ %SZESIGZ%%% 4 1157“\%5 &ﬁz BM%Q“SM bz
4 03 (t, 2%213, 1)o7 fifm, GH)obS(radS )||1+3 (mhjli!)@ﬂid 2 a7gbrﬂz§25§, 8¥).(dd, iH,

J=11.6 Hz, 4¥5@ 2H th, OH), 8.9/Q, (M), 34K, 213, I Gs3HBH), 1.49-1.52 30 (m
2H), 0.92 (t, 3H, jf)o75(2 Hz§ %7%2(%6/ 2095% P /U82005/028914

(S)-2-Am no- N (4-(3-benzyl oxyphenyl ) phenyl) - 3- hydr oxy- 2- et byl pr opanam de:
H2N N_r k6-~- Ekhmple Bi SfxitheSs {tEiphedfl\Wmide 8¢riess; | H NVR (400 MHz, DMSO-d6) S

.,_ 96 (br s, 1H), s&eﬂaﬁbﬁyﬂény‘fs were synthesized using the process described in Scheme 7.
Microwave assisted Suzuki cross-coupling of substituted aryl boronic acids with

substituted anilines afforded good to excellent yields of the biaryl amine intermediates.
Furthermore, the acylation of the substituted biaryl amines with the desired headpiece
15 followed by deprotection of the Boc group afforded the final compounds.

20

25

Scheme 7.
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52H), 7.64-7.74 (m 4H), 7.44-7.82 (m 2H), 7.29-7.42 (m 6H), 6.96-7.00
(m 1H, 5.79 (br t, 1H, J= 4.5 Hz), 5.17 (s, 2H), 4.00 (dd, 1H, J= 11.6
Hz, J= 4.8 Hz), 3.64 (dd, 1H, J= 11.6 Hz, J= 5.2 Hz), 1.50 (s, 3H). Exanple
9: GCeneral Procedure for Synthesis of Substltuted Bi aryl FEther/Thi oether 10
Anal ogs YRS'%/428/§bphenyl - 4- ni t rophenoxy ethers were s’iﬁi’wq by reacting
4- i odophenol with 4-fluoro-nitrobenzene in the presence of a base KOBu in
THE at 50 C (Schene 2). The nioHro group was reduced usigg SnCl2 in Et OH at
P

70 C, followedSuzuki cross- co ing then acylation of t 'rh ne with
L- (Boc) - a- Me- Ser - OH 15 u ©oH The Bee- group can tmgz ER r@gnoved using
TFA i n DCM or t ter| al is used ﬁ\ Kithesi fle the phosphate
bef ore depr ot e;ﬁ ene 8. -88[\W0j|2006/020951
PCT/ US2005/ 0 X+ F hooNpdickeddy, THE 2, EtfylpipER X=OHor SH
B(OH2 X\ R X HANd,c®) EﬂFfH;yF I d( OAc) 2, TBACpmPPha NH2 HO
NH( OBHc) DWF O X N! m&ro»@va:eommsoc TFA”_ R-r, HNH2 Ou 1) d-P-OM
OEt Et3N, DCM 2) TMSBr, DoMe0min\' | / |l /~ O NO- P- CH

Boc\

General procedure for Suzuki cross-coupling:
To a mixture of a substituted bromoaniline (1.0 equiv), substituted aryl boronic
5  acid (1.2 equiv), 10% Pd on carbon (0.1 equiv), tetrabutylammonium chloride (0.1
equiv), and sodium carbonate (1.0 equiv), in a microwave tube was added a 1:1 mixture
of DMF:H;0O. The mixture was then heated to 70 °C for 20-60 minutes using a
microwave. The reaction was then diluted with EtOAc (25 mL) and washed with H;0O
(2 x 25 mL) then the solvent removed in vacuo. The crude product was purified by silica
10 gel column chromatography vsing Combi-Flash system (Hex:EtOAc) as required.

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

MS (ESI, M+H") = 313.6; '"H NMR (400 MHz, DMSO-dg) & 10.96 (br s, 1H), 8.18 (brs,

15 2H), 7.63-7.74 (m, 4H), 7.41-7.51 (m, 2H), 7.35 (t, 1H, J = 7.6 Hz), 7.21 (d, 1H,J=17.6
Hz), 5.79 (t, 1H, J = 4.8 Hz), 4.00 (dd, 1H, J=11.6 Hz, /= 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).

(.S')—Z-Amino-N-(4~(3-methoxyphenyl)phenyl)-3-hydroxy-z-methylpropanamide:

/o WOH

MS (BSI, M+H") = 301.7; "H NMR (400 MHz, DMSO-d) & 10.98 (br s, 1H), 8.19 (brs,
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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R/ H C2 16H General procedure forthe synthesis of

4- (4-i odophenoxy)-ni trobenzene: To a THE sol ution of 4-iodophenol (1.Qg,
1.0equiv) is added K OBu (1.OMin 5 THE, 1.0 equiv). The solution is
stirred at roomtenperature for approximately 5 mnutes and then a sol ution
of 4-fl uoyo2nisii@benzene (1.1 equiv) is added dropw Secthidooshgseed | on

m xture is then heated to 50 C using an oil bath and the reaction progress
nonitored by TLC (Et OAc : Hexane, 0.5:9.5). The reaction is conplete when no
nore 4-iodophenol is detected by TLC. The reaction is then cooled to room
tenperature and 10 put in an ice bath. Water is added slowy to quench the
unreact ed bd8k2-AminogViet(Isethoxyphenypitenph)-3dfy drovy-EmesdhydprapanamiteOnc.  The
organic layer is then Wﬁ?&;wth 10% NHACl1 and brine, dried over MySO4,
and then sol vent rengv PHreduced pressure. The crude product is
purified usi-ugoCogbi as;m silica gel colum chromatography, wusing a
Hexane/ Et OAc grnt The fractions corresponding to the product are pool ed
15 and the sol ve rem)ved in vacuo to give a yellow solid (Schene 2). Gen
eral procediM8 (ESk MsyH) redis $; G NWIR 400 MBedDMS0-dg) 155%97 Gonis) 1H)e8.18 (bras, DIVF

ol ut 1 0n 5o Jehje7 82,608 @AY 03 AN lJ 29 ¢(Ho) W?ﬂ%iﬁ)(nﬁgﬁ),%%ébf efipar y!

‘boronic acid I'h a m crovvave (}i) equl_ v t 'l phenyl
phosphi ne  Z08Q &r 8, B, (qc%%’l{lm%%ﬁ%ﬁ&péd‘éll 5= 1 8¢t )= 48 Zf-Bﬁ@(O 1
equi v) . The (dgad, yen WeHzLhep 2384/ 1e5h @Biheas @d3H]s#0.2G1d)or 3- 18 hours using
an oil bath. The reaction mxture was filtered through a bed of Celite and
then diluted with EtOAc (25 nL), washed with water (2 x 10 nlL) and then
brine (1 x X8)-2HAmMint¥-(4fprdpexypheoyl)phenyifebydiokye-2-methylprom@andiie20061020951
PCT/ US2005/ 028914 I\/gSO4,H st hen was sol vent renpved under reduced
sure The crude p H purified using Conbi-Flash silica gel
c6tumm chr onpt oo 3k g a Hexane/ EtOAc gradient. 5
4-(4-Iodophenoxy)trobenzene 1 NOy \I1O-/ The final product was obtai ned
as a yeli1¥ow solid after purification in 73%yie 1H NWR (400 WVHz, CDd 3)
S 8.21(d, ZMSIESBWPH:)F&?JY?@MI(&OQJMH&EK/lSi)-ds)b'SD%(hds 1E){3.13 4013, 2 Hz),
6.86 (d, 2Ho1)77.849 7%, 489, 734 d; 112000 RS03Y7 1 REOOY IR IHN®.86-6.92 {m, 1H), | ~ NHy

5.80 (br t, 1H, J= 4.5 Hz), 4.00 (dd, 1H, J=11.6 Hz, J= 4.8 Hz), 3.98 (t, 2H, /= 7.2

Hz), 3.65 (dd, 1H, J=11.6 Hz, J = 5.2 Hz), 1.68-1.80 (m, 2H), 1.50 (s, 3H), 1.00 (t, 3H,

15 J=7.2Hz).

(5)-2-Amino-N-(4-(3-isopropoxyphenyl)phenyl)-3-hydroxy-2-methylpropanamide:
HaN

\ro“zf‘\”””

MS (ESI, M+H") = 329.8; "H NMR (400 MHz, DMSO-dg) 5 9.96 (br s, 1H), 8.18 (brs,

20  2H), 7.62-7.73 (m, 4H), 7.32 (¢, 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, /= 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:
HaN

, g

MS (ESL, M+H') = 343.5; 'H NMR (400 MHz, DMSO-dg) § 9.97 (br s, LH), 8.18 (brs,

2H), 7.64-7.74 (m, 4H), 7.33 (t, 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, /= 11.6 Hz, J= 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
30 (m, 2H), 0.92 (t, 3H, J = 7.2 Hz).
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f fI The final product was obtained as a brown solid after purification in
45% vyield. '"H NWR (400 MHz, CDC13) S 7.54 (d, 2H, J= 8.8 Hz), 6.84 (d, 2H,
J= 8.4 Hz), 6.66-6.70 15 (m 4H).

4- (4' - Met hoxy- bi phenyl - 4-yl oxy) - phenyl ami ne: o NH2 The final product was
obt ai ned %ﬁw@fg white solid after purification in 95@@,%2@65%28911—1 20 NMR
(400 MHz, CDCl13) 6 7.44-7.48 (m 4H), 6.94-6.98 (in, 4H), 6.9 2H, J =
8.4 Hz), 6.69 (d, 211, J= 8.8 Hz), 3.84 (s, 3H).

‘4-(4' - Chl or o- bi phenyl -4-yl oxy) - phenylamne: M2 0 25 The final product was
obtained as an off white solid after purification in 90%vyield. IH NWR (400
MHz, CDd s) @%—mmm-M4((B-rbpnzbﬂt)xypﬂenfﬂ)p(ldnyl)&thydroxy&-metw)proﬁalﬁﬁ‘niaet, 2H, J
:8.8Hz),690(d 2H, §,8Hz)670(d 2H, J= 8.8 Hz).

4-(4' -tert- -bip I"oxy) phenylamine: | \ NNy 30 ol' -90 WO
2006/ 020951 028914 The final pr oduct was obtai ned as an off
white solid after rlflcatlonln 60%yield. "H NWR (400 MHz, CDC13) S

(7d432L 59_( rTM =(31l77 52H1 NMVIR @409 Mgy, DIISOLAS) §.9.98Hbr 8] 11, BteQpHe) . 6. 70

WTERTI % {01 Y 32 B 2D, T204742 (o PR G967 00 (ol .78,

product vvas (i:lot diH)dd s Ha) 5A171(s, @)1 e06@H) BH,af=+ &).6 plzy J +dddiz)oho4 (ld4lid yi el d.
HNI\/R40 1HJ—72H2 7.77 (d, 2H J= 8.0 He),
7.70 (d, ( NSH Iggﬁ%ﬁzglgg(ggﬂ (in, 7. ?55 (d, 2|(4 J = 8.4 H), )
701(d 2HJ = 8.8 Hz), 10 6.92 (d, 2HJ—88Hz)671(d oH, J= 8.8

Exam le 9: General Procedure for Synthesis of Substituted Biaryl Etherl’l‘hmether

(S) {2- I—%birm '32 44 (4' - met hoxy- bi phenyt - 4-yl oxy) - phenyl car banoyl | - 1- net hyl -
ethyl}ca 8d tert- butyl ester: O
i The 4-iodophenyl-4-nitrophenoxy ethers were synthesized by reacting 4-

iodophenol with 4-flucro-nitrobenzene in the presence of a base K‘OBu in THF at 50 °C
{Scheme 2). The nitro group was reduced using SnCl; in EtOH at 70 °C,
followedSuzuki cross-coupling then acylation of the amine with L-(Boc)-a-Me-Ser-OH

15  using HATU. The Boc- group can then be removed using TFA in DCM or the protected
material is used to synthesize the phosphate before deprotection.

20

25

30

Scheme 8.
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{ NHOH Oi 0 15 The final product was obtained as a white solid after
HPLC, in 94%yield. 'H NI\/R (400 MHz, CDC13) b 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).

(S)-{1- f"ﬂo(zﬂf0 9br o- bi phenyl - 4-yl oxy) - phenyl car banDy‘T(]T/@ZWQ?Q?%/ | - met hyl -

20 ethyl }carbamc acid tert-butyl ester: o'f< GN ~, NH C | ~ ~ The
final product vvai obt ai ned,as an off white SO|Id after purlflcatlon in 40%
yield. 'H rd\@( 00 3)K=@au7m43 7. 5 ), g,az(Eng 2H, J = 8.8
Hz)690(|,HfJ @ .s,lH)
3.57 (br.s 15!135156 : 144 25 (l

(S)-{1-[4- ( R EPY But yl 2> 4-yl oxy) - phenyl carbam)yl] 2- hydr oxy-1-meth
yl - et hyl } carQamt Ci butyl ester: NH NGy, @k, oMrO - 91 WO
2006/ 020951/@U SIOSE;Z ET&_LL_Q obtai ned as _an off white
solid aften INBID Flg %Aw@hp rAHY (4 Nz, CDCL )1(8&:)7 49-7.53
(m 6H), 7.44-7.46 (m 211 M926(dd L J = 24and*§’3§‘az?408(br

s, 1H), 3.62 (br.s, 111,), 1.59 (s, 3H), 1.47 (s, 91}) (s, 911). 5

(S)-{2-Hydroxy-|I
- ethyl}carb

- [&f- (1,1',4',1"]terphen -y@;y)ophenyl car banoyl ]

| | dlgghy Jhutyl ester: x NH / J&,A?/qsg\m/o
~ The final gfodlict” was obt 4 witrt eJsol i d afterd gpuiNHi i cation in

25% yield. 1 NI\/I§(4OO Mz, CDCl\)S) S 7.63-7.68 (m 611), 7.59 (d, 2H, J=
8.8 Hz), 7.52 (g p2dd | J

OFt
EtN, DCM
2) TMSBr, DCM

T2
7 ’U>/\ ~P-OH
R - NH, OH

General procedure 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
5 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

10  putinanice 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%
NH4C1 and brine, dried over MgS04, 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

15 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
20 (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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10 8.8 Hz), 7.45 (t, 2H, J =7.6 Hz), 7.36 (m 111), 7.05 (dd, 411, J = 2.4
and 8.8 Hz), 3.62 (br. s, 111), 3.40 (br.s,1H),1.60 (s, 311), 1.47 (s, 9H
1.47 (s, 911).

(S)-2-Am no- N—[4 (benzo[l 3] di oxol - 5-yl oxy) - phenyl ] - 3- hydr oxy- 2- net hyl -
proplonanip‘;g,e:t0 < Hc" NH 15\ o The final product d as a
white sol ?ter PLC, in 35%vyield. 1H NVR (400 P&@%Bgﬁ%ﬂ% 37 (d,
2H, 3 = 8.8 Ft) 6 86 (d, 211, J= 8.8 Hz), 6.66 (d, 1H, J- 8 4 Hz), 6.48
(d, 111 J=_2. 6. 38 111 Si 211) 4.13
(s, 111), ¥a§94(a§ld thepyas sgfivs&tgereevedelﬂsr rid@gfgwc:gsurgﬁ? cm%vfe =
331.1 20 ( Spurzfictinising-Qénibi-Rldzh pitien gél cdhuprinachygmedbigraptly] using aHexane/EtOAc

3- hydr oxy- Zggg I-prop| onanmide: NH2 ~ N iC COH I / The conpound was

obt ai ned as I'te solid after HPLC purification. Yield: 30 % (33ng). M5
(EST, MtH ) = 362.2 25

(S)-2- Ansnoni‘mhmrﬂiéxo Lﬂtr&lﬂeuz@iﬁt hoxy- bi phenyl - 4-yl oxy) - phenyl ] - 2-met hy! -

pr opi onam de | HO11 o J o The conpound was obtained as a

whi te sol i d @ purlflcatlon. Yield: 90 % 30 (25mg). MS (EST, MW
393.7

(S) 2- Am nOTﬁ *magr Modi-orab &lﬁaénéahisoé EJIKB;@B@I/EWhﬂ& PHidFetonPRETRE ket TRt RlyIOH o
propionar gt z%%%&msas gt T e T
Yiel d: 80 %’ZH J=9.2 Hz), 6.86 (d, 2H, J = 8.8 Hz).

10

4-(4-Iodophenoxy)-phenylamine:

The final product was obtained as a brown solid after purification in 45% yield. 'H
NMR (400 MHz, CDC],;) & 7.54 (d, 2H, J = 8.8 Hz), 6.84 (d, 2H, J = 8.4 Hz}, 6.66-6.70

15  (m, 4H).

4-(4’-Methoxy-hiphenyl-4-yloxy)-phenylamine:

The final product was obtained as an off white solid after purification in 95% yield. 'H
20 NMR (400 MHz, CDCl3) 8 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-blphenyl—4—yloxy)—phenylamme

25 The final product was obtained as an off white solid after purification in 90% vield. 'H
NMR (400 MHz, CDCl5) 8 7.44-7.47 (m, 4H), 7.37 (d, 2H, J = 6.4 Hz), 6.97 (4, 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:

" of::r"”*
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. _
(23ng). M5 (ESI, MtH) = 396.1 5
(S)-2-Am no- N 14- (benzol I, 3] di oxol - 5-yl oxy) phenyl ] - 3- hydr oxy- 2- net hyl -
propionamide: H, NH2 mo/ \ NOH \ I OI/ O The conpound was obtai ned as
a white solid after HPLC purification. Yield: 10 % (10ng). M5 (ESI, MtH =
331.7 010

(S)-I\I-(4-zvé)l—fﬂg%0rzggéol 2-yl oxy) phenyl ) - 2- am no- 3- hydroxl))/c 8200 49 SB‘rtopanam de:
H2~CH, O/ 0 OH N H The title conpound was synthe5|zed from

2- (4-ni trophenoxy) - 9H car bazol e. M5 (ESI 'H NVR (400 NHz,

DVBO- d6) S dhgfinalproducy was gbtained gy alsoff yipite Selld)arﬁe(rwﬂmﬁcaﬂomsn 6Q%)vield. ‘Bl (br s,
2H), 7.44 (NMRI) 00M}ﬁ4cD€13)3W4377ﬂ(31 §HJ,n6.92 ), 2H7 JC- .8 Hzl 991 @, B, (s, 1H),

(9N (- (4 BERSTD P IBhl st B SRERy ) - 21 2 no- 3- hydr oxy- -

met hyl propanam de: HH2N CH C 0 OH 20 The title conpound was synt hesi zed

f 4- h I .M5 (ESI, MrH) = 388;'H NWR (400
Ve, DV oL o o bR eh Rikbnfsg 7 T2 (& Dk, 786 (o 211)

7.75 (d, 2H 7. 67 (d, 2H), 7.12 (m 4H). 5. Ve (s, 1H), 3.99 (d. 1H), 3.64
(d, 1H), 1.50 (3 . 25 (§),- Phosphoric acid

nono- { 2- am no- 2- Y4-¢Dby ph -4-yl oxy) - phenyl car banoyl ] - 30 propyl) ester:
-93 WD 2006/ 020951 P& 05/028914 i HO \ I , \ NOP-CH

The final product was obtained as an off white solid after purification in 40% yield. 'H

NMR (400 MHz, CDCl;) 8 7.81 (d, 1H, J= 7.2 Hz), 7.77 (d, 2H, J = 8.0 Hz), 7.70 (d,

2H, J= 7.2 Hz), 7.63-7.64 (m, 4H), 7.55 (4, 2H, J = 8.4 Hz), 7.01 (d, 2H, J = 8.8 Hz),
@ 10  6.92(d,2H,/=8.8 Hz), 6.71 (d, 2H, J= 8.8 Hz).

(5)-{2-Hydroxy-1-[4-(4’-methoxy-biphenyl-4-yloxy)-phenylcarbamoyl]-1-methyl-
ethyl}carbamic acid tert-butyl ester:

o]
O O qﬁmQW(
15  The final product was obtained as a white solid after HPLC, in 94% yield. "H NMR (400

MHz, CDCl;) & 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, T =11.2 Hz), 1.59 (s, 3H), 1.47 (s, 9H).

(5)-{1-[4-(4’-Chloro-biphenyl-4-yloxy)-phenylcarbamoyl]-2-hydroxy-1-methyl-
20  ethyljcarbamic acid tert-butyl ester:
0.

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
25 (s, SH).

(S)-{1-[4-(4’-tert-Butyl-biphenyl-4-yloxy)-phenylcarbamoyl]-2-hydroxy-1-methyl-
ethyl}carbamic acid tert-bntyl ester:

WP,
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O OH The conpound was obtained as a white solid after HPLC purification.

Yield: 15 9% (2.5rrg). M5 (ESI, MrH) = 443.4 5 (S)-Phosphoric acid

nono- {2 am' no 2-[4-(4' - met boxy- bi phenyl - 4-yl oxy) - phenyl car banoyl ] - propyl }

ester: O c OH The conmpound was obtained as a white solid after HPLC

purufucaWP&H““’“Wé’rd 30% (1 QO Omg) M5 (ESI, MrH) 2005¢45914

(S) - Phosphoric acid nono-{2-am no-2-[4-(4' -chI or o- bi phenyl - 4-yl oxy)

phenyl car banoyl J-propyl} ester: C / HNHz - 9 ~/ OP-OH utv ~\ , OCH
The corrpour’iale\mgl m‘gdmtmadoamradmw effodiiieciold afer nﬂﬁlﬁ@atpmrmfﬁﬁ%awﬁldnfi Yi el d:

ﬁg?o {%5a§n Mno 3VI+7H;9y)7 53 dﬂ;mb (ﬁﬂ?h@%ﬂh@ﬁm@%l@d 4H, J=

phenyl car b%’ﬂ)@q%gl%ﬁéb@%ﬁﬁ gﬁ %6&@%5 3\ )d 476 98,18 @ IBound was
obtained as a white solid after HPLC purlflcatlon Yield: 40% (38ng). M5
ESI H+ P by

gmno {IWS )(%{éﬁ%ﬂro&&-ﬁimegﬁigqglf ﬁéncll ﬂﬁrp °BY 3'“0 yﬁng e B%arrl%%yll]j- propyl }
ester: 3, mh!d}w@mc@ﬁidt‘el‘ﬂ-bml@fﬂQS The corrpound vvas obtained as a white

solid afterHPLC purifi C&tl@#ﬁ\gl eld: 35% (7ng). M5 (ESI, MtHt) = 519.2
(S)-2-(4-(2>Phgityl napht haIHe,nt | oxy) phenyl car banmoyl ) - Z- am nopr opy!

QY

The final product was obtained as an off white solid after purification in 25% yield. 'H
NMR (400 MHz, CDCl;3) 6 7.63-7.68 (m, 6H), 7.59 (4, 2H, J= 8.8 Hz), 7.52 (d, 2H, J =

10 8.8 Hz), 7.45 (1, 2H, J= 7.6 Hz), 7.36 (m, 1H), 7.05 (dd, 4H, J = 2.4 and 8.8 Hz), 3.62
(br. s, 1H), 3.40 (br.s, 1H,), 1.60 (s, 3H), 1.47 (s, 9H), 1.47 (s, 9H).

(8)-2-Amino-N-[4-(benzo[1,3]dioxol-5-yloxy)-phenyl}-3-hydroxy-2-methyl-
propionamide:

:DT':'OK
" Thefi nal product was obtained as a white solid after HPLC, in 35% yield. '"H NMR (400
MHz, CDCl;) 6 7.37 (d, 2H, J = 8.8 Hz), 6.86 (d, 2H, J= 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 (ESI, M+H") =331.1
20
(S)-Z—Ammo-N-[4-(b1phenyl-4—yloxy)-phenyl] 3-hydroxy-2-methyl-propionamide:

Q ﬂ .,‘ o

The compound was obtained as a white solid after HPLC purification. Yield: 30 %,
(33mg). MS (BSI, M+H") = 362.2

25
(5)-2 -Ammo-S-hydroxy-N-[4-(4’-methoxy-b1phenyl-4—yloxy)-phenyl]-z-methyl-
proplonamlde

R <¥ossa

The compound was obtained as a white solid after HPLC purification. Yield: 90 %,

30 (25mg). MS (ESI, M+H") =393.7
($)-2-Amino-3-hydroxy-/N-[4-(4’-chloro-biphenyl-4-yloxy)-phenyl]-2-methyl-
propionamide;
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30 di hydrogen phosphate: -94 WD 2006/ 020951 PCTI US2005/028914 HH3 I \ _/ \
OOQPO / HOOH'H NWR (400 MHz, DVMBO-d6) 8 10.15 (s, 1H), 9.4 (bs, 2H), 8.2
(d, 1H, 8.0 (d, 1H), 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, 1H), 4.0 (t, 1H), 1.50 (s, 3H. 5

4- (4- B r opo2e0s0siy| sul fanyl ) -nitrobenzene: | S | Br piigRisidegoisonnal product
was obtained as pale yellow oil after columm chromatography, in 80% vyield.
"H NVR (400 MHz, CDClS) $808 (d, 2H J =9.2 Hz ), 7.58 (d, 2H, J = 8.8 Hz
), 10 7.39c{d~ 2H, J 8.8 H ), 7.2 (d, 2H, J = 9.2 Hz).

- 4- (4- Brono- phls Ifan I)Hp? N?fy,],am ne: ~s ~ Br | I " The final product
was obt ai ned as a] pd w solid after columm chromatography, in 15 90%
yield. '"H NVR (400 93)8728732(|n 411), 6.96 (d, 2H, J = 8.8

:42) NH26288Tfﬂla co oluxlndweé - dhtdiked: as4a[) ?ﬂt@?ﬁﬂyﬁﬁé EYPI?G'bﬁﬁiI??ﬂn)m phf;agl e(]grrxme |I~ s

~ alned as a pale yellow soll arter colum

“chromat ogr a 9‘8 nM“%ﬁ?@T‘bM?’%H NVR (400 MHz, CDC13) 8 7.53 (d, 2H, J =

8.4 H ), 7.45 (d, 2H, J’ =8.4 H ), 7.40 (d, 2H, J =7.6 Hz ), 7.3 5 (d
J =

AT 8(ﬁ52—kmlno-ﬁ1[4§(ﬂin]ﬂdh fufoxbfs-Sidxyhpnesyits i atoxySr-fduyt  2H 7.2

Hz) .
(S)-(1-{4- 1nrqpmmd§kl | sul fanyl ) - phenyl car banoyl j - 2- hydr oxy- | - met hyl - et h

yl}- carbam fCIdf ¥l ester: I~ 51. o NOM I/ HNH

The compound was obtained as a white solid after HPLC purification. Yield: 10 %,
(10mg). MS (ESI, M+H") =331.7

10

(5)-N-(4-(9H-Carbazol-2-yloxy)phenyl)-2-amino-3-hydroxy-2-methylpropanamide:

o@ ﬁu

The title compound was synthesized from 2-(4-nitrophenoxy)-9H-carbazole, MS (ESI,
M+H")=376; '"H NMR (400 MHz, DMSO-dg) 5 9.92 (s, 1H), 8.17 (br s, 1H), 8.07 (br s,

15 1H), 7.64 (brs, 2H), 7.44 (s, 1H), 7.34 (s, 1H), 7.2-7.1 (m, 2H), 7.0 (s, 1H), 6.9 (5, 1H),
5.79 (s, 1H), 3.99 (m, 1H), 3.64 (m, 1H), 1.50 (s, 3H).

(5)-N-(4-(4-Carbonitrilephenylphenoxy)phenyl)-2-amino-3-hydroxy-2-
methylpropanamide:

2
N
o =0T
The title compound was synthesized from 4-(4-hydroxyphenyl)phenylcarbonitrile. MS
(ESL, M+H") = 388; '"H NMR {400 MHz, DMSO-dg) 8 9.95 (s, 1H), 8.18 (br 5, 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 (4, 1H), 1,50 (s, 3H).

25

(S)-Phosphoric acid mono-{2-amino-2-[4-(biphenyl-4-yloxy)-phenylcarbamoyl]-
30 propyl} ester:

.93~



O 'cO The final product was obtained as a pale yellow solid after colum
chromat ography, in 73%yield. 'H NWR (400 MHz, CDC13) 8 7.51 (d, 2H, J =
8.4 H ), 7.44 (m 4H), 7.39 -95 WD 2006/ 020951 PCT/ US20051028914 (d, 2H, J
:76Hz d 2H J =8.8H ), 7.31 (m 1H), 7.19 (d, 2H J = 8.4 Hz -
, 4. OBW%)@P‘?%O%%J? , 3.67 (br. s, 1H), 1.58 (s, 3H), PICTA%S(Z?@OZ@M Exanpl e
10 Synt hesis of a-Methyl-d utamate Anal ogs A nunber of a-nethyl-glutamate
anal ogs werg synthesi zed as potentlal 5 phosphate m mcs using the process

@ ) ?< |-nof the al cohol in a-methyl-serine
pr ot ect ed precHt 3 3 a Wttig ol efination provided conjugated
net hyl ester a$ lesi Ped |nterrredi ate. The nethyl ester internedi ate was
t hen eithe rote ted dro I g oduct or was
t aken thri{ﬁ ‘3?"3%8 WFoﬁs%gﬁ‘&Sgh%g%%el}ﬁ?sifg tgcaPﬁ s%{oe@?rﬁe) *product. 10
Schene 9. @a’imgaH%cﬁSI(M@*)@%N MQOH DVMSO, (COCI N NW6 Ph3P O Me n\ O
EtgN, CHzClz R~/ ODBU, CHClz Op Boc,NHBoc,NH HHJ." \ N %O M Hz,
Pd/ C Me_R 0, McOH J/ QO O TFA 1 \2) TFATFAl)
LioH }° 1~(~?? PMS&BOW'W“N{}*W“ [ﬁd PR OXis iﬂhwﬂ-ylpxs@; R ,,/ Il HR
0, R / O—bh@yﬁaﬁbﬁn@/lppfblﬁrl} ésterer t - But yl
(S)-1-(4-(of oxy) phen¥ll cgg bamoyl ) - 1-fornyl et hyl carbamate: O NH , MeO

/©, 0 F’-'OH

The compound was obtained as a white solid after HPLC purification. Yield: 30%,
(10.0mg). MS (ESI, M+H") =443.4

10

(5)-Phosphoric acid mono-{2-amino-2-[4-(4’-chloro-biphenyl-4-yloxy)-
phenylcarbamoyl]—propyl} ester:

Cl
%, NHz
/@, 0 P DH

The compound was obtained as a white solid after HPLC purification. Yield: 50%,
15 (60.0mg). MS (ESI, M+H') =477.4

(S)-Phosphoric acid mono-{2-amino-2-[4-(4’-tert-butyl-biphenyl-4-yloxy)-
phenylcarbamoyl]-propyl} ester:

20 The compound was obtamed 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:

Ha n
O-P—OH

The compound was obtained as a white solid after HPLC purification. Yield: 35%,
(7mg). MS (ESI, M+H")=519.2

(5)-2-(4-(2-Phenylnaphthalen-6-yloxy)phenylcarbamoyl)-2-aminopropyl
30 dihydrogen phosphate:
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15 To a solution of DMSO (0.28 nL, 3.3 equiv) in dry CHzZCI2 (10 nL) at -78 C
was added oxalyl chloride (0.95 nL, 1.6 equiv) drop wise then stirred for 10
m nutes before addition of the desired al cohol (0.50 g, 1.0 equiv) in
CH2C12 (g, @H%ﬁ)@gg m xture was stirred at -78 C for 4 hours, then
triethyl SRA%RH83 ni, 5 equiv) was added. The 20 r HHVHIONREE4) | oned to
warmup to roomterrperature and | oaded directly on a silica gel colum for
purification using Conbi- ,l,ash system(Hex Et OAc). The product was obtained
as a yell ow SO|Id in ® nmg) yield, 'H NWR (400 MHz, CDC13) S 9.67 (s,
1H), 850(brs fﬁA o 2H, J—76Hz) 6.85 (d, 2H, J= 7.6 Hz), 5.89
g 00610208534 PCT/ US2005/ 028914 3.94 (t, 2H, J= 6.8 Hz),

1.67 1.46 , 1.22-1.48 1 0. 88 ,
3H J_ 6. 8 HNMR (4@MH&}§M|SO—(T§SIO 15 (s, (IH) 94|_?bs 2H), 8.2 (4, lH)(SO(d 1ICI])_|) (1

(S B -2- (47(99%% y)s_pl(ﬁﬁm '@P]?}")sén(zmthQKYxﬁaZIlPP'?MBXﬂBUﬁH)?’#@r(t2 5

yl car bamat i on’of
(car bornet h t]rg?)%egﬁ ‘phosphoni um chloride (160 ng, 1.0 equiv) in

dry CH2E12 (3 nl) at room tenperature was added DBU (64 L, 1.2 equiv) then

stirred foy g of the desired aldehyde (150 ngy, 1.2
10 equiv) |4 yl?rﬂmy$h§ﬂﬁ1b£ zgir?% was stirred at roomtenperature for

2 hours then ec | oaded on a silica gel colum for purification using
- Conbi - Fl ash sygtem XoEt OAc). The product was obtained as colorless oil

in 74%(12 yield. IF NMR (400 MHz, CDC13) 8 8.38 (br s, 1H), 7.37 (d,

2H, J= 8 Thznygmal@r@igct(‘ﬂas obtainedl as pgle gellow yil afer@alumn chioraatogyapty, , 5.30

(Lbr s, é.)iﬁ G2 NMR (40 MPz, @D@léﬁ)sosi’(ﬂﬁ{(ﬁ?Q@ 0) i58?dt B8 ;l 83, 211),
3

Rent - B§9y gﬁ#ﬁa Sso%ﬁ?b 136k I 6.8 ),

4
gn{ﬁ@&r@rmyl) 4- (et hoxycar bonyl ) but an- 2-
yl carbarrate D~NH 01 20| 0 0 To a solution of the olefin (90 ng, 1.0 equivV)

in MeOH (44 ﬁﬁ@?‘ .on carbon (9 ng in EtOAc (1 nl). The
reaction vvarstk)Brm ?gagenﬁat nosphere overnight. The reaction was
filtered th yer of Celite to remove the Pd and carbon. The product
was obt ai ned a I'Ng; solid in 93% (84 ng) yield. "H
The final product was obtained as a pale yellow solid after column chromatography, in
15  90% yield. "H NMR (400 MHz, CDCl;)  7.28-7.32 (m, 4H), 6.96 (d, 2H, ] = 8.8 Hz),

6.68 (d, 2H, J = 8.4 Hz).

4-(Biphenyl-4-ylsulfanyl)-phenylamine:

SO O

20  The final product was obtained as a pale yellow solid after column chromatography, in
73% yield. 'H NMR (400 MHz, CDCl3) 6 7.53 (d, 2H, I=8.4 Hz ), 7.45 (d, 2H, ] = 8.4
Hz),740(4,2H,J=7.6Hz),7.35(d, 2H,J=8.8 Hz ), 7.31 (mm, 1H), 7.19(d, 2H, ] =
84Hz),6.73 (d, 2H, J = 7.2 Hz).

25 (8)-(1-{4-[2-(Biphenyl-4-ylsulfanyl)-phenylcarbamoyl]-2-hydroxy-1-methyl-ethyl}-
carbamic acid tert-butyl ester:

.I‘CL&\OH
2

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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25 NWR (400 MHz, CDC13) 8 8.86 (br s, 1H), 7.39 (d, 2H, J= 8.8 Hz), 6.85 (d,
2H, J= 8.8 Hz), 5.42 (br s, 111), 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 (in, 211),
1.57 (s, 3H), 1.45 (s, 9H), 1.22-1.54 (m 10H), 0.89 (t, 3H J= 6.8 Hz). 30
(S, E) - Met g 209s/é260sa0Ct Yyl oxy) phenyl car banoyl ) - 4- am nopepérgsRpppkhs NH2Z N i
AO/ 0 D -97 WO 2006/ 020951 PCT/ US2005/ 028914 The product was obt ai ned as
colorless thick oil in 97% (14 ng) yield. M5 (ESI, 377.7; "H NMR (400

b D0, R g 276 Sl A0, S g %(dé%ﬂ TEAL) 16 o)

Hz) 3.91 (t4081bﬂ§,IBI;;EEBS’B(szs)1HB1$$((§H)3I—96(5,19}B)2 1.72 (m 2H) 1. 47 (s,
1.22 5 &ﬂ@ S%Eh?es Qr §‘Méﬁ1 1§mtad.a¢e%41 )
(BFlox) y

(S E) 4-(4- enyl car banmo m nope enoic aci,d: NH2 N OH
The product was Sutimbseaf gancthylsiutandiesn EFWGW‘(}’EW?%SWF%F%] MS (ESI, 10

MrH ) = 363 pRosphide MlRids49ig Wprod@hﬂasdﬂied& ScHme(Ob OxfatibrtDf thdalbsho{ B,  2H, J=

3216.0° ?42) " Uglélgéﬁjrl’-s(eﬂi'ﬁe pirechdt ieciby o‘ﬁm%Zd]ﬁy g}&l Igﬁ%g%%p%%d 6.15 (d, 111,
211), 1. 22- 1 cogjugatgd mehiyl estr githe ties:@t_l mterm:edla@ 'Shﬁ-mpthyllﬁta@- B)teﬂmdiagclwas

4- (4- (octyl quen)dnh fb?é’c%@lﬁ}r %%&R@d@tﬁ@&éﬁr@d/pmﬁh@o\-dﬂsi\ﬁrﬂ 0 0 The
product was obt al ne as col qrl.ess rrg) yield. M5 (ESI,

MrH') = 3794 %&@@Wﬁ%@%}o @wgle%@ (Ppdugt. | 8.26 (br s,
211), 7.104 (d 2H J= 8.8 Hz), 6.90 (d, 2H J= 8.8 Hz), 391(t 2H, J= 6.8

Hz), 3.56 (s, 3H), 2.10 20 2.40 (in, sgli%mé&&ln(m 2H), 1.41 (s, 3H),
1.20-1.42 (m 1011), 0.84 (t, 3H, J=

(§‘;-4-(4- (Cctyl oxy) B‘T‘fmml car bnms \ - 4-am nopent%?ﬁmﬁc aC|Pc;I' gc H2

’y /@ I EtN, CH,Cly @’ DBU, GH,Cly
NH
R Mo Hz, PIC O M
IS *
Reg 0 o

MeOH °

\1 ) LIOH |

2) TFA 1)LiOH

TFA l TF‘/ ] 2) TFA
NH NH

NHDZI,I . ' NHls%l Me Me

» o € . .Y e ¥ N . ot

R MO‘MB RMOH R 2 O‘Me R - OH
o] 0 Q 0 o O o} o]

tert-Butyl (§)-1-(4-(octyloxy)phenylcarbamoyl)-1-formylethyicarbamate:

0
g
N, Az
15 /\/\/\/\0@/ o
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
20  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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M OH M™"OI / 0 0 25 The product was obtained as a white solid in 95% (19
ng) yield. Ms (ESI, MH) = 365.8;, "H NWR (400 MHz, DVSO-d6) 8 9.88 (br s,
111), 7.39 (d, 211, J=8.8 Hz), 6.84 ( (d, 2H J =8.8 Hz), 3.86 (t, 211, J
= 6.8 Hz), 1.92-2.30 (m 4H), 1.57-1.67 (m 2H), 1.49 (s, 311), 1.15-1.38
(m 1011) waroBdo20ds: 3H, J= 6.8 Hz). 30 Linker nodifi capecfoszofsawsiper of

bi phenyl -tail analogs with different |inker |engths were synthesized using
t he process described in Schenme 10. Under Sonogashira conditions various

al kynol s wer,g, & 1 wi -Rr | f V4l tionto
Srora - oo b GobkronsED b BB BRI gl TSy S ERERR

i nt er medi at d§H),RB&(.i 3k Jof 6.8 B&)al cohol with substituted 4-fl uoro-

ni trobenzene under WIIlianmson ether synthesis conditions followed by

A conol i crrRS (S TR Pl be b iR R ey

product. 55 Sddaehamife: R2Z R Br "~ OHn OH Pd(PPh3)a, CU R R Hz, Pd/C\ OH

| EIAMNMOH | ~ R Rk 1 \ R\ N® i Boe, F I 1) N2, Pd/C, MaOH R3 H e
NaH THE\ \ | Rn F\ | 2) 8a aM& R2 1 f~ ~T N OH HATU, DIPEA, O OWF n
OA ,CEt TFA OEt 3N, o

N A 2 O
/\/\/\/‘o@’ 0 o
To a solution of (carbomethoxymethyl)triphenylphosphonium chloride (160 mg,
1.0 equiv) in dry CH,Cl; (3 mL) at room temperature was added DBU (64 pl, 1.2
equiv) then stirred for 15 minutes before addition of the desired aldehyde (150 mg, 1.2
10 equiv) in CH,Cl; (2 mL). The mixture was stirred at room temperature for 2 hours then
directly loaded on a silica gel column for purification using Combi-Flash system
(Hex:EtOAc). The product was obtained as colorless oil in 74% (125 mg) yield. 'H
NMR (400 MHz, CDCl;) § 8.38 (br s, 1H), 7.37 (d, 2H, J= 8.6 Hz), 6.85 (d, 2H, J=8.6
Hz), 6.04 (d, 1H, J= 16.0 Hz), 5.30 {(br s, 1H), 3.92 (t, 2H, J= 6.8 Hz), 3.78 (s, 3H),
15 1.70-1.82 (m, 2H), 1.64 (s, 3H), 1.43 (s, 9H), 1.23-1.48 (m, 10H), 0.89 (t, 3H, J=6.8
Hz).

tert-Butyl (S)-2-(4-(octyloxy)phenylcarbamoyl)-4-(inethoxycarbonyl)butan-2-
ylcarbamate: ‘
A,

Py

. HMo\
20 /\/\/\/\O/O 0 o
' Q 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

25 NMR (400 MHz, CDCl3) 6 8.86 (br s, 1H), 7.39 (d, 2H, /= 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).

30
{5, E)-Methy! 4-(4-(octyloxy)phenylcarbamoyl)-4-aminopent-2-enoate:
NH,

H
A o
P W ’@
o 0 0
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At %yOH 2 ' |, 2, RZNHme n O\ I / | R R RBI Ny1."OH \ OAIl n
CGener al procedur ef or Sonogashira cross-coupling: 10 To a m xture of a

4- br onobi phenyl (1.0 equiv), Pd(PPh3)4 (0.02 equiv) and Cut (0.04 equiv) in
MeCN was added the al kynol (1.5 equiv) and Et3N (1.5 equiv). The reaction
m xture we® 26dsiobdoed for 2-16 hours at refiux, then thecalseasigeenoved in
vacuo. The crude product was purified by silica gel colum chromatography
using the Conbi- Flash system (Hex: Et OAC) as required. 15 General procedure
for WIIlianson her t he I N.,Qf y hoI (1.0
equiv) in d 3@‘3LP58§'¥°? Nt ‘?btgmed &act% H%fsg S‘rL1ﬁ’fr° g O%Ngn 9%3{;@%&%%1? UI V) in

portions. H pa377.3n FiMRI (480 WeHz, rD-MS o) $9.93 CbrisoFH)L 8.78i(brs 2H), 7t4l4en
4-f our o- ni §g L OReNZQEeHL) 793 @d;qﬂ\/)r—%% @ﬂd@do a1 gut e skl 50p (RAnsyrred for

cuencned i IROHESY! Get e EREM B Lt Do IR AR TR B oH A heched i

guenched w
HO (2 %), 1.3 UKHBD40.84 (4 )H, nd.3d)urated Nad (1 x). The product was
either carried forward as is or it was purified by silica gel columm
chromat ography using the Conbi - Flash system (Hex: Et OAc). -99 WO 2006/ 020951
PCTI US2005/ @é}aﬂﬂl-( ctylpxpinhe ylparr@nmoybﬂommpelﬁﬁ-em auid: product was

obt ai ned as a yel |l ow soli q |'%, 57%(0 56 g) yield. "H NWR (400 MHz, CDCl13) S
7.55-7.60 (m 2H), 7. OH2H), 7.39-7.45 (m 2H), 7.30-7.35(m | H),
57.25-7.30/(\m'\2‘l-4)/\0ﬁ : 2P1 J=6.8 Hz), 2.76 (t, 2H, J—68Hz)

1.88-1.98 (in P u |
/[ 10 The pgoduct m&"&éé’ %19%}“% as@vmm{ S()ﬂa I{]?% ﬁéﬁ %)19 éﬁ]é%‘l eI d. 1H NI\/R
(400 MHIQ NDELIDF 363.7; Nmmo()rhﬁla@MS@—deBS%Mbr(SniHB 54 (. 2319#84% (m 2H),
‘_:,_,_.29 7.35 (i), ¥t4.(q, 1H, J = 16.0 Hz), 6.97 (d, 2H, J = 8.8 Hz), 6.15 (d, 1H, J = 16.0 Hz), 3.98
 (t,2H,J=6.8 Hz), 1.74 (s, 3H), 1.65-1.78 (m, 2H), 1.22-1.50 (m, 10H), 0.94 (t, 3H, J =

6.8 Hz).

15  (§)-Methyl 4-(4-(0ctyloxy)pheuylcarbamoyl)-4—ammopentanoate
\rH\M}\Yr

The product was obtained as colorless thick oil in 93% (13 mg) yield. MS (ESI,
M+H") =379.6; "H NMR (400 MHz, DMSO-dg) & 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-
20  2.40 (m, 4H), 1.62-1.72 (m, 2H), 1.41 (s, 3H), 1.20-1.42 (m, 10H), 0.84 (t, 3H, /= 6.8

Hz).
Q (5)-4~(4-(Octyloxy)phenylcarbamoyl)-d-aminopentanoic acid:
ﬂ\rﬁ&}\ﬁon
O@ 0 o
25 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) 5 9.88 (br s, 1H), 7.39 (d, 2H, /= 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).

30
Linker modification:
A number of biphenyl-tail analogs with different linker lengths were synthesized
using the process described in Scheme 190. Under Sonogashira conditions various
alkynols were reacted with 4-bromobiphenyls followed by hydrogenation to afford
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7.23-7.28 (m 2H), 3.70 (t, 211, J= 6.8 Hz), 2.71 (t, 2H, J= 6.8 Hz),
1.60-1.80 (m 4H), 1.22.(br s, 1H). 15 tert-Butyl

(S)-2-(4-(4-(4-phenyl phenyl ) but an- 2-yl oxy) phenyl car banoyl ) - 1-

hydr oxypr opan-2-yl carbamate: O-NH N ..M H i OOtH NWR (400 WHz, CDCl 3)
S 9.48 (bwoxposhbiesi 8. 11 (br s, 2H), 7.60-7.64 (m 2H) epctns3e0508912H, 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),
20 6.84 (d, 2H, J= 8.8 Hz), 5.61 (br s, 111), 4.30-4.38 (m 1H), 4.10 (br s,

1. 3 50 (Bondiyjafth ilcgg%@meg%cs hugich FUaibbhol Pun iy felnderdd (M 16
(S) - N- ( 4- ( 3viirRbageneymeraWylamsanshey symssiy conditions fatoveed iy divdsagenation 5
net hyl pr opag@dodftingWith drdro aad\prdw&d\thd desirdEprofetied alvblrbx)wmcm& 5, 'H NW\R

757 (d, orpesp d@lgtewsgepyéta fgoriiy Sy odyf: *i (o 53* oo W

2006/ 020951 PCT/ US2005/ 028914 = 8.6 Hz), 7.28-7.35 (m 2H), 6.92 (d. 2H, J=
8.8 Hz), 3.95 (t, 2H, J—68Hz) %ghg,g 1H, J=12.0 Hz, J= 4.8 Hz), 3.61
(dd I'H J= 12.0 Hz, RzQ.Hz) 2. 7eEMe N Il 5.8 hz), 1.98-2.08 (m

1.47 (br s, IH)

OH
(S) N-(4-(4-(4- Fiyl phenyl ) but oxy) phers PAL- am no- 3- hydr oxy- 2-
met hyl propa N—ﬁhﬁ@% \OIVB (ESH2Riw = 4 '
Mz, DMVBO- d 8973(15%“'?0'“1H),1 )
(d, 2H, J= 8.8 Hz), 7.40-7.49 (m¥4H), 10 6.91 (d, 2H,

J='8.8 Hz), 3.95 (t, 211, J= 6.8 Hz), 3.94 (dd 111, J=12.0 Mz, J= 4.8 H).
3.60 (dd, 1HpJ=,02.0 Hz, J= 5.2 Hz), 2.62- 70(m oH), 1.68-1.77 (m 4H),

lﬁ‘46 (br s, /@’ O Boc.,

E At t NO; 1)H2 Pd/C, MeQOH j‘)\/OH
NaH, THF O O 2 BocaMosSer R? R‘
o
(11

HATU, DIPEA, DMF

/ cr’ﬁ ~OF! l TFA
Et;M, CHzCIz

R3 ‘M
O w2 R /@, \r\\/ 2) TMSBr, CH,Cly
Q‘ N HO OH O - HHZN“MGOH
n 2 @1
R R \“/‘\/
O Kj )

O
n

OH
%, NVR (400
4 (m 211), 7.56

General procedure for Sonogashira cross-coupling:

10 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 columnn chromatography using the Combi-
y 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

20  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 chrbmatography using the Combi-
Flash system (Hex:EtOAc).
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IH). (S)-2-(4-(3-(4-Phenyl phenyl) propoxy) phenyl car banoyl ) - 2- am nopr opyl

di hydrogen 15 phosphate: H2N / N. J~~MeOP O\ | O HOSOH \ | / The
product vvas obtai ned as a white solid in 25% (7.0 ng) yield over two steps.
VB 2 = 485.6. 20

(5)- 2 (Z}V?am’f/a 0I%llenyl phenyl ) but oxy) phenyl car banmoyl ) - Q’PEHSHQ?E{P%S’B% di hydr ogen
phosphate: mkmb F' o O Ho off The product was obtained as a white solid in
43% (12.0 ng) yield over two steps. Ms (ESI, MHH ) = 499.6. 25

(S) - 2- (4- (I-4-Bhédlytphenphpropapdiudlan- 2- yl oxy) phenyl car banoyl ) - 2- ani nopr opy!

di hydr ogen ph b/ N H=Meo.P,O 11l ~O1 O~ OH The product was

obt ai ned ag}f@mafsolid in 30% (9.0 ng) yield over two steps. M5 30 (ESI,
M-H+) = 49 -101 WD 2006/ 020951 PCTI US20051028914 One carbon | ength

Li nker: | “emg%@ Qﬁ%i zed using
t he process escrwgg Qﬁl&m&gg&ﬁé ?@BYP&‘ﬁ%{ﬁ ﬁ@@g@@f&,@ﬁp of § enol ,
benzyl et hePChyAt7HSsT-60 (s2Hh d P ehAdny 2y 739174 a(Fk?f%ﬂ%Qﬁéér@@r iﬁb The

bi phenys .taps- 7%5(1115213?]?3‘5‘151'(1621«1 ,USt 68 HH),| 2765(t, UL, Wkt 6 8IHRHST.BRWPR I(IMY2MET N
phenyl bor OES aci e obtained protected al cohol was then further
nodi fied t %ﬂ’é@p rylate or deprotected to produce the desired final
product. Schene 11 Boo, N~H Br Boc,NH ~Me ', 8

4-(4-Phenylphenyl)butan-1-oi:

OH

10  The product was obtained as a white solid in 62% (0.62 g) yield. 'H NMR (400 MHz,
CDCl;) 8 7.55-7.60 {m, 2H), 7.48-7.54 (m, 2H), 7.39-7.45 (m, 2H), 7.29-7.35 (m, 1H),
7.23-7.28 (m, 2H), 3.70 (1, 2H, J = 6.8 Hz), 2.71 (t, 2H, J = 6.8 Hz), 1.60-1.80 (m, 4H),
1.22 (br s, 1H).

15  tert-Butyl (5)-2-(4-(4-(4-phenylphenyl)butan-2-yloxy)phenylcarbamoyl)-1-
hydroxypropan-Z-ylcarbamate

@w’

'H NMR (400 MHz, CDCL) § 9.48 (br s, 1H), 8.11 (br s, 2H), 7.60-7.64 (m, 2H), 7.58
(d, 2H, J= 8.8 Hz), 7.51 (d, 2H, J = 8.6 Hz), 7.37-7.48 (m, 4H), 7.32 (t, 14, J = 8.6 Hz),

20  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 (br s,
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, SH), 1.31 (d, 3H, J= 7.0 Hz).

(S5)-N-(4-(3-(4-Phenylphenyl)propoxy)phenyl)-2-amino-3-hydroxy-2-
25 methylpropanamide;

el
NNOH
O o

sadi

MS (ESI, M+H") = 405.5; 'H NMR (400 MHz, DMSO-dg) 5 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 (1, 2H, J
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\ NHZ\ NIl OH1 I / \ N OH Boc-aMaSer Il HO/ HATDWMFPEA HO |l / 0 KO BU,
THE1 I \ O/ 0 Boc '"NHe HZNMH ""Me OH PPh3 \ FI OHTFA\ N OH ,
Cs2COOVFB(OHh I\ O1/ O\ OO\N I/ 1) & OCEt ¢ OEt Et3N, CH2C42 2) TMSBr,
CH2Cl2 HRNHN OPO I\ OI/ OHO'OH 10 tert-Butyl

(S) - 2- (4N2OFEIBENzyI oxy) phenyl car banoyl ) - 1- hydr oxyp%gygﬁzoﬂs-’mﬁ?léar bamat e:
To a solution of N-acylated 4-am nophenol (300 ng, 1.0 equiv) in dry THE (6
m.) at 15 roomtenperature was added a 1.0 Msolution of KOBu in THE (0. 97
niL, 1.0 egu8 6)—12)67!123 .85 (meIH) 662 () 2Hi, Met8SHbp BOS €, aHdiI#iGcﬁﬂz)ffsas {diddobenyl
brom de (293 12“19?( eﬁ'“'zt"s)}iz)F i@?\gﬁf)hﬁtﬂﬁz‘bﬁ% %56%& @zgﬁw—wd

subsequentl 't he d 1h vacuo The cr ct was

purified byH®Bi{.9&3.0§4m, 2H). 4 (Bt dHAt ogr aphy usi ng Corrbl -FI ash system
(Hex: Et OAc). The product was obtained as a white foamin 40% (203 ng) yield.

>40 0- [ .11 - 20951 PCTI US2005/ 028914
"H NWR (40&5%(4%‘*“%‘1’5"@@%‘1”?9‘°E¥1ﬂ§',%' apin (%O‘H’do 2 8.6 Hz), 7.41 (d,
2H J = 8tﬁetux;;);n-oﬁanhm:(m 2H, 8.6 Hz), 6.90 (d 2H, "1 =286 Hz), 5.60 (br
S, 2H), 4.08 Q* rMes, 1H), 3.55 (br s, 111), 3 22 (br s, 1H),
1. 58 (s 6 (s h@ﬂ
tert- Butyl (S) | ®enzyl oxy) pbenyl car banoyl ) - 1- hydr oxypr opan- 2-
MS (ESI, M+H*) = 419.5; "H NMR (400 MHz, DMSO0-de)  9.73 (br s, 1H), 8.11 (br s,
2H), 7.60-7.64 (m, 2H), 7.56 (d, 2H, J = 8.8 Hz), 7.40-7.49 (m, 4H), 7.27-7.35 (m, 3H),
10 691 (d, 2H, J=8.8 Hz), 3.95 (t, 2H, J= 6.8 Hz), 3.94 (dd, 1H, /= 12.0 Hz, /= 4.8 Hz),
3.60 (dd, 1H, J=12.0 Hz, J= 5.2 Hz), 2.62-2.70 (m, 2H), 1.68-1.77 (m, 4H), 1.46 (br s,
1H).

(,S)-Z-(ei-(S-(4-Phenylphenyl)propoxy)phenylcarbamoyl)-z-aminopropyl dihydrogen
15 phosphate:

" HzN
Y
5 OH
o 0 H

The product was obtained as a white solid in 25% (7.0 mg) yield over two steps. MS
(ESL, M+H") = 485.6.

20  (S)-2-(4-(4-(4-Phenylphenyl)butoxy)phenylcarbamoyl)-2-aminopropy! dihydrogen
phosphate:

Yo oTEL

The product was obtained as a white solid in 43% (12.0 mg) yield over two steps. MS
(ESI, M+H") = 499,6.

25
(S)—2-(4-(4-(4—Phenylphenyl)hutan-z—yloxy)phenylcarba:iloyl)-z-aminopropyl
dihydrogen phosphate:

HgN
0~ z

‘rAO o

The product was obtained as a white solid in 30% (9.0 mg) yield over two steps. MS
30 (ESI, M+H")=4996.
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yl carbamate: To a m xture of a substituted aryl iodide (120 ng, 1.0 equivVv),
phenyl boronic acid (35 ngy, 1.2 equiv), Pd(OAc)2 (5 ng, 0.1 equiv),

tri phenyl phosphine (12 ng, 0.2 equiv), and cesium carbonate (74 ng, 1.0
equi v) dd (4 nmL). The m xture was heated at 0 r an hour.
The reaﬁB%@R&gﬂS‘?hen diluted with EtOAc (20 nL) and \ﬁ&iﬁéo%’%ﬁﬁ H20O (2 x
25 nL) then the solvent was rempved in vacuo. The crude product was
purified by silica gel colum chromatography using Conbi-Flash system

(Hex: Et QAc) OnecarbewigngthdLinkere product was obtained as a white solid in 79%
584516@% yi el g Cond tardda- etl\er%ngﬂ eh all ahaloy slv%re T zé&@ﬂnzé\ﬂﬂégro%l?’i 8
6798 (d oHdesshied Sy Sepapied. affe amﬂ#“ %me@éh[%m by cignfigeataty g
'3.56 (br s, achidved God2¥ mildralkylatibhiponditicaB The bipBédly] tail whig s{nﬁh&&)@d usmg mild

(S)-N (4 (4 onam de:
H2N H yis O—F Eﬁ&ﬁf&@%ﬁ@g@}% r@bﬁ%#lﬂor&ué‘%ﬂorl% o agiegﬁ%t 16 ?92 solid in
45% (9. 0 nythey fusthgr mpgifiedty phomhq)'ﬂ@? or doprotegtadyir profyoe mzieSI 6) 8 9.76
(br s, 1H),p@ddet (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=
25 4.7 Hz), 1.46 (s, 3H. 30 Scheme 11

(S) - 2- (4- (4-Phenyl benzyl oxy) phenyl c&thanoyl ) i-nopr opyl di h§PBgpgen
phosphate: - ,@/Nw\q,ogp,@a%ozo%l P(ﬁT‘rLJ%@DgOS/ 914 H2N1 M H it pMR,, O O

HO HATU, DIPEA HO KO'Bu, THE o °
DMF
i

=“\
i’ Boe,
NH HziN

Me H Me
Pd(OAcC);, PPhs /@,n\(k,OH TFA /@,N\H\JOH
: o © o o

Cs,C03, PhB(OH);
DMF O O
fé) OFt
" 6" ogt

EtaN, CHoCl
2) TMSBr, CH,Cly

HzN
Me

o 0
Q HO “oH

!

tert-Butyl ($)-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

15 room temperature was added a 1.0 M solution of KOsBu 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.

0 A7
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/ 0 _Hp 'OH The product was obtained as a white solid in 36%(18.0 ng) yield

over two steps. M5 (ESI, MrH+) = 457.1. 5 Thiazole |inker: The

t hi azol e- bi phenyl anal ogs were synt hesi zed using the process described in

Schenme 12, Substituted benzam de was converted to thiobenzam de using

Lanesson’ V9 206020951 Reaction of thioanide with bronokECHNE2UIBHed t he

thi azole internedi ate. Reduction of the nitro group followed by acyl ation

provi ded an orthogonally protected 10 internedi ate, which was further

mr)]dlfled by dHMNME B0¢ Mz, OGS ER6P{brisgl Ky, 708, 215itvg 8.6d12)) 7.6b(dBHES aci d. ;

The protectin oxa S r e 04 Bg (sJSOH an
0610 A8 b Bhor o e B Ry BRI s A

t he product wa ai’n the C)duct

Schene 12 N@),G)O&@W&sb}é}5§5 laslﬂ)ﬁaﬂcﬁormﬂv, 1|53\ﬁs+23H)eédé|ﬁﬁ;9ﬁ)l NH2 Br /N
SnCiz Br THF, reflux B, 7HF, heal ~'\S EtO—IIEtOAC heat /NH, Br / \ NI/

R L v RO s N e Wt e S

THF H2N NOH/1&rbainatdé2 OH Br /\ NI i OOOSS' O Ca'~ "Oet | H2N 4,, CEt

N BN rRidifre or BlalMReifohetny & 128 Tngf1.0%4uil Y pREny: bbRRf: it (35 © FO 2)

TMSBr, CH2C ) ) i )
mg, 1.2 equiv), PA(OAc); (5 mg, 0.1 equiv), triphenylphosphine (12 mg, 0.2 equiv), and

cesium carbonate (74 mg, 1.0 equiv) was added DMF (4 mL). The mixture was heated at
10 50°C for an hour. The reaction was then diluted with EtOAc (20 mL) and washed with

H>0 (2 x 25 mL) then the solvent was removed in vacuo. The crude product was

purified by silica gel column chromatography using Combi-Flash system (Hex:EtOAc)

as required. The product was obtained as a white solid in 79% (85 mg) yield.

o NH

H Me

NYL,OH
/©’ Q

o

15 'H NMR (400 MHz, CDCL) 8 9.46 (br s, 1H), 7.57-7.63 (m, 4H), 7.40-7.52 (m, 6E),
7.32-7.38 (m, 1H), 6.98 (d, 2H, J = 8.6 Hz), 5.61 (br s, 1H), 5.09 (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-ammo-3 -hydroxy-2-methylpropanamide:
/@, \’H\,OH

20

The product was obtained as a white solid in 45% (9.0 mg) yield. MS (ESL, M+H") =

377.4; "H NMR (400 MHz, DMSO-ds) 6 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 =
25  4.7Hz), 1.46 (s, 3H).

30  (5)-2-(4-(4-Phenylbenzyloxy)phenylcarbamoyl)-Z-aminopropyl dikydrogen
phosphate:
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12 QPP Br NO H‘'OHR-\ / \ OHOOH SI , 15

4- (2-(4-Bronophenyl )t hi azol - 4-yl ) benzenam ne: -104 WO 2006/ 020951

PCT/ U82005/ 028914 NHc Br \ SN 1I-C, To a m xture of Lawesson's reagent

6. 07 equi v) and 4-bronobenzam de (2.00 g, 1.0 equiv) was added dry
THE (20 rﬁf?z"“?’ﬂ@? action mxture was refluxed over nPGRUSENFIBEINH; t r ogen

at nosphere. The reaction was allowed to cool to roomb5 tenperature, then
diluted with Et QAc (50 m_§( and washed with 5% NaHC®3 (2 x 50 nL) and
saturated NaCl (1 x 25 nik Ma'he organic layer was dried over anhydrous
MySO4 then the solv @r dP\I vacuo. The crude product was purified by
silica gel col rra?ogr“&p?‘uy usi ng Conbi - Fl ash system (Hex: Et OCAc). The
. product was ned as white solid in 99% (2.16 g) yield. 10 To a m xture
of 4-br ormt benzam de (2.16 g, 1.0 equiv) and 4-nitro- bronoacet ophenone
(2.43 g, equi. v dded dry .TH dat 60, C for 3
hours. The g‘bﬂ%&ﬂ‘f&m@% gé‘ﬁ 1(755‘3 rh%%}t(hég 53 ‘EPB‘HJE(PSWB% rified
by silica g(éZiSI,d\tﬂl'H‘h)lFmbnat ography usi ng Combi - Fl ash system (Hex: Et OAc) .
The product was obtained as yellow solid in 84% (3.00 g) yield. 15 To a

m xture of the nitro internediate (1.10 g, 1.0 equiv) and SnClzZ (3.02 g, 5.0
equi v) WAS MW@E’@"{(% m.) then heated at 80 C for 3 hours. The reaction

m xture vmhe:kuﬂau&l%lpmﬁﬁ afid6ps(éte Biqithetsfzemuéi@gsmé pﬁiieés(ﬁeﬂiﬁbé@m&hé}ﬁe sat ur at ed

NaO—I | ut tI t t t th E 2 100
The or GamesR el FEENER o Kl et BInbramBrL Rk EOutiebs Bel, (e

pr od uct wasRengtipr pfthioamidsi wittchrogeket@® afordedhecthiaoote igepmediate. Bedustjon

Conbi - Fl ash,g | lid

D SR A Pl Spogtbgoagar o1l on 11 11

(& 2H, 19 —mmedlﬁz)w igh was %Jamcrzppdlﬁed tyy &mild Suzuki owsy-gpupking procespuging ;) | 6. 75

(d, 2H, J= f&ybbdriznic a83d.Che(pbdstectihg Bdkhnd thb ok Holitline Erddps were removed using p-

4- (4- (2- (4~ DLOARRI Gty P Shen pobRREN 5 ¥bBAMY Fharphosshate product.

Scheme 12
J/@ Sn ch
@‘{, [ EtOHiEIDAc

NO,
Lawasson's
/@/‘LNHZ reagent /@)\ NH,
Br THF, reflux Br 11-|F heat

NH,
H Me, Nw(/
X j\,(°“ é§°§,{q’% ‘n’k"’ ’ puohcy pPry R

O~

p-TsOH, THF

m)\"’“
~DEt
» cu”’
EtsN, cu,m

2) TMSB, cv-uzm ‘rfk’ 0

O

15

4-(2-(4-Bromophenyl)thiazol-4-yl)benzenamine:
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C5,C0,, AB{OH};
8 DMF, 50 °C

Bog,
ﬂ Me, "‘{’
O‘Q{/ ¥
p-TsOH, THF HN
\"*/OH
Q‘Q{‘ I
~OE1
g c1"g
EtN, cHzt;l2
2) TMSBr, CHCl;
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~trinmetbyl oxazol i di ne-3-carboxylate: o Of HM , N NycO &/ N O To a
solution of (S)-3-(tert-butoxycarbonyl)-2,2,4-trinethyl oxazolidine-4 30
carboxylic acid (100 ng, 1.0 equiv) in dry THE (5 nL) was added a 2.0 M

sol uti on 0 xg’lér chloride in CH2C12 (0.23 nm_, 1.2 egw v and catal ytic
anount of ops). The reaction was all owed t o PTG 0B m

t enperat ure for 30 mnutes. To the reaction mxture was then added the
desired aniline (solid gr solution in THF, 128 ng, 1.0 equiv). The reaction
was allowed tg_stir &rii ght. The sol vent renoved in vacuo and - 105 WD
2006/ 020952 @ 53005/ 025914 the crude product was purified by silica gel
col um chromatogr &phy usi ng Conbi - Fl ash system (Hex: Et OAc). The product was
obt ai ned as a WTotaanixairé of Laweésbi 1k £eenn@)07)g, ¢l5cquiviaddViRbioAidBeddanideCDC13) 8

(7br88 S ,7 97 ((E!BO ég‘? ? ggulg’)Gw%_%%%ecgg\cg &4-}(_1%)@0 Zn]ﬁ&}:éesregcu]ogl letuge \%Qs rgﬁﬁxeﬁ 2H), 1.70
(S)-2- Am nGWNn(gllI urdet nittogemamieenhere) The waciionsvagallpwediip cpol3omgamm oxy - 2-
”EE gly ngoggtaﬁ Gieétﬂg%lldﬂﬁ%lthl EtAc rﬁ’L) &d washed with 5%%1'@6 Nﬁi_)lf)d uct 42’35 6
and 434 1. 1) Fubreug Nt m@&%@ﬁﬂ prgioyeiytas ied et sEownr s, 24y
8.14 (s, 1H)gS@,thdn ’(hd solRdrit ,rexﬂewe& iBvdday., The G6dd prodittiwas mnﬁieﬁ biizlica gel70- 7. 76
(3. bt o i i i (1
yl )phenyl) anm@éesm\m Ef‘/ﬂ‘?l g) yield.
10 To a mixture of 4-bromothiobenzamide (2.16 g, 1.0 equiv) and 4-nitro-

bromoacetophenone (2.43 g, 1.0 equiv) was added dry THF (20 mL) and heated at 60 °C

for 3 hours. The solvent was removed in vacuo and the crude product was purified by

silica gel column chromatography using Combi-Flash system (Hex:EtOAc). The product

was obtained as yellow solid in 84% (3.00 g) yield.
15 To a mixture of the nitro intermediate (1.10 g, 1.0 equiv) and SnCl, (3.02 g, 5.0

equiv) was added EtOH (30 mL) then heated at 80 °C for 3 hours. The reaction 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
20  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, CDCls) 8 7.90 (d, 2H, J = 8.6 Hz), 7.79 (4, 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).

25
(S)-tert-Butyl 4-(4-(2-(4-bromophenyl)thiazol-4-yl)phenylcarbamoyl)-2,2,4-
trimethyloxazolidine-3-carboxylate:

To a solution of (S)-3-(tert-butoxycarbonyl)-2,2,4-trimethyloxazolidine-4-
30  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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/"\/ \ N/ ff0l1 S The product was obtained as a white solid in 58% (15.0
ng) yield over two steps. Ms (ESI, MrH) = 430.4; '"H NVR (400 MHz, DMSO- d6)
S 10.01 (br s, 1H, 8.18 (br s, 2H), 8.04-8.14 (m 5H), 7.84 (d, 2H J= 8.6
Hz), 7.72-7.78 S 4H), 7.50 (t, 2H, J= 8.6 20 Hz), 7.37-7.47 (in, 211),
5.80 (brWO2044420954 01 (br d, 1H), 3.65 (br d, 1H), 1. 51P¢EUS293028924

(S)-2-Am no-N-(4-(2-(4-(benzo[d]

(1, 3] di oxol -6-yl ) phenyl)thiazol -4-y1) phenyl)-3- hydroxy-2-net hyl propanani de:
H2N O '/ I!hd\ctrﬂ)iel-[brodﬁci was purified b¥ kilica gé oMb dhromhisegrapieysinig tCombée-dlaals a Whi te

solid in 4 "H NMR
(400 Mz, E&?‘ e E‘%‘%{w taﬁ‘ge%%g "BMSS%% Vi ok iy ikl (m 5H,
7.76-7.82 (m 4HH NMRE4 HCDEk) B, 688797 n 98),(He6-7-81(my 4H), §.43 (i, .
Hz), 7.04 (e, 340 bd5 28021 1 r SSSE01 69 (ordt B, 3.50%(Homy, 1K), 3.78 (br d,
1H), 3.30 (br) d, qx] f }@9 Sb % ® A
(S)-2-(4-(2-(4- Brom)phenyl )th| azol 4 yl ) phenyl car banoyl ) - 2- am nopr opyl
di hydr ogen (§l2-apiiat-N-(4-20@-biomoph&lIEhiazd-4djphed ) Cayde@502-4 H2N N OO
e0.Pr O Br éng!}lpl_\},p]a ém?dHO OH S The product was obtained as a white solid
in 83% (5. " P two steps. M (ESI, MFW = 512.6 and 514.3. 5
(S)-2-(4-(2-(4-Pheny Pt hi azol - 4-yl )phenyl car banoyl ) - 2- am nopr opyl
dlhydrogenph p,%" \ N°NO"'0 / \/ \ N1/ OHOOH ' ' The
product was ‘ned as a white solid in 65% (3.0 ng) yield over two steps.
MS (ESI, M+H) =510 2.
The product was obtained as a white solid in 75% (20.0 mg) yield. MS (ESI,
10 M+H" = 432.6 and 434.1; '"H NMR (400 MHz, DMSO-dg) & 10.01 (br s, 1H), 8.18 (br
s, 2H), 8.14 (s, 1H), 8.04 (d, 2H, J= 8.6 Hz), 7.96 (d, 2H, J = 8.6 Hz), 7.70-7.76 (m,

4H), 5.60 (br s, 1H), 4.00 (br d, 1E), 3.65 (br d, 1H), 1.50 (s, 3H).

(5)-2-Amino-3-hydroxy-2-methyl-N-(4-(2-(4-phenylphenyl)thiazol-4-
15  yDphenyl)propanamide:
HaN

jﬁfw

~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-dg) 6 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
20  Hz), 7.37-7.47 (m, 2H), 5.80 (br s, H), 4.01 (br 4, 1H), 3.65 (br 4, 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-z-methylpropanamlde

0T

25 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 {br d,
1H), 3.30 (br d, 1H), 1.20 (s, 3H).

30
(S5)-2-(4-(2-(4-Bromophenyl)thiazol-4-yl)phenylcarbamoyl)-2-aminopropyl
dihydrogen phosphate:
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‘OL0 (S)-2-(4-(2-(4-(Benzo[d]
[1,3]dioxol-6-yl)phenyl)thiazol-4-y|)pheny|carbanDyI)-Z- am nopr opyl

di hydrogen phosphate: HZN 0 N ~"MaO'P O O/ \ / \ N 101 HO OH The
product Wesn Agkadegd as a white solid in 45% (3.0 ng) YERUS 0B SRl WO St eps.
15 Ms (ESI, ?H-554 1. Acet ophenone-based |inker:" Synthesis of the
acetophenone based | i nker was achi eved using the process described in
Schenme 13. Reaction of pmotected 4- am nobenzoyl chloride with 4 20

et hynyl bi phenyl foII e -y drogenation of the al kyne provided the

Boc- pr ot ect af.# zaGet@ﬁHEnone Acyl ation of the am no group after
renoval of the protecting group afforded an orthogonally protected

oxazol i di ne i nt erpediusy wa%nﬁ%'advlﬁ@ so]i&mxﬂpﬁ 29 RielB&¥er tldhisteds! €€
al cohol coubﬂ§E€§: ?b% SES §g8¥§rted into the final™ "phosphate product.

25 30 Sch 568 951 PCT/ US2005/ 028914 qq 1) (COOOz. DMWF
\/H\NBocTHE/ \' N Hz, PtI/CBOG HO/ -/ 2)Cul, Et,N\ \ { / sac

v THE S PGt *’%v?rﬁéhcsﬁ%&%@f’ﬁé%%aﬁﬁwﬁ%’%ﬂﬁm% "0 rash

dlhydrogen phosphate

OO T

The product was obtained as a white solid in 65% (3.0 mg) yield over two steps.
MS (ESI, M+H") = 510.2.

10

(5)-2-(4-(2-(4-(Benzof[d}[1,3]dioxol-6-yl)phenyl)thiazol-4-yl)phenylearbamoyl)-2-
aminopropyl dlhydrogen phosphate.

\(‘\,o pe
Do Y
The product was obtained as a white solid in 45% (3.0 mg) yield over two steps.
15 MS (BSI, 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-
20  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.

25

30

Scheme 13.
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1)-Cet MOOR CAS ~OEt HH2N Me / HN NNN Ma EUN, CH2C12 \ / I I NGO O/ 1 1\
NOH 2) TwMsBr, CH2Cl12 0 HO CH O 0 OH tert-Butyl

4- (3- (4- pbenyl pbenyl ) propanoyl ) pbenyl carbamate: 0 5 The product was
obtained as a yellow solid in 25% (185 ng) yield over three steps. |H NWR
(400 MHz,wODREHKARR0S1 7. 90 (d, 2H, J= 8.6 Hz), 7.50-7.60 KowUusAbds/0286140- 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). 10

(S)-N-(4-(3- (4 Phenyl QE%WM pr &t yI ) phenyl ) - 2- am no- hydr oxy- 2-

met hyl pr opana Nes t wag paot { te solid
in 66% (111w i el d._orwenn four B CES| eV HH) 3 T HNVR (400
15 7.80 (d, 2H, 8. 6 Hz) ,

MHz, DVBO d6)%8 7. 95, () J=
7.52-7.63 (m 4H), 7.43(, 2H J= 8.6 Hz), 7.29-7.38 (m 3H), 4.99 (br t,
‘IH, J= 5.1 H), 3.72 (dd, ™, J= 10.2 Hz, J= 5.2 Hz), 3.35 (t., 2H, J= 6.8
Hz), 3.20 (dd, 1H, J= mmsz J= 5.2 Hz), 296(t 2H, J = 6.8 Hz), 1.15
(s, 311). 20 e N

(S)-2-(4-(3- (%phgﬁ%ﬁrph @ panoyl)phe reué'hba ) SRYb
di hydr ogen phggph PUSBUOS/ l@ N M\ /\
N O (y0 OHOO—| OThe pr oduct fled as a white sdlid in 62% (5.0

ng) yield over two steps. M5 (ESI, l\/PrH+) 483.5. 5
(S) - 2- Am no- 3- hydr oxy- N- (4- (1 hydroxy 3- (4- phenyl phenyl )rpsm pyl ) phenyl) - 2-
nmet hyl propanaﬁq,ﬂ@é H2N NE "OH

HZN Me HIN.-ME
_EGNCHCL O\Pgo @ O \r‘\,on
2 TMISEr, CHgCly CH,Cly O O HO oH o
OH

tert-Butyl 4-(3-(4-phenylplienyl)propan oyl)phenylearbamate:

q o
e
0
5 The product was obtained as a yellow solid in 25% (185 mg) yield over three
steps. 'H NMR (400 MHz, CDCls) 8 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
=7.0Hz), 1.54 (s, 9H).

10 (S)-NV-(4-(3-(4-Phenylphenyl)propanoyl)phenyl)-2-amino-3-hydroxy-2-

methylpropanamide:
1 HaN o

g
sU¥s
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-dq) 8 7.95 (d, 2H, J = 8.6 Hz),
15 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, /= 5.2 Hz), 3.35 (t, 2H, /= 6.8
Hz), 3.20 (dd, 1H, J=10.2 Hz, /= 5.2 Hz), 2.96 (t, 2H, J = 6.8 Hz), 1.15 (s, 3H).

20
(5)-2-(4-(3-(4-Phenylphenyl)propanoyl)phenylecarbamoyl)-2-aminopropyl
dihydrogen phosphate:
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"\ I/ O OH The product was obtained as a white solid in 80% (5.0 ng) yield.
M5 (ESI, C M+H) =405.2. 10 Thi oet her Linker. Synthesis of the thioether,

sul foxi de and sul fone |linkers was achi eved using the process described in
Schene 1 R .on of biphenyl acetic acid to al coh

conver si @P@gﬁqglal cohol to brono | eaving group all oﬁgwg%'ﬂ%% on of t he
15 functional group to a thioether. The nitro group was then reduced and
acylated to_afford oxazolidine internmediate. The thioether could then be
further fu [ opal i zed bﬁfH &, gdeprotection of the Boc and oxazolidine
protecting gro. Thr e q.Jd"oéﬂhol was then converted into the desired _
final phosphate™p . Schenme 14 / i)BHs, THE NOZ \I \Il off CH, \I \lI HB
I\ No, 0 %"S 21 CBr4, PPh, Br Et3N, THE C/ HZN Me 7) Bndl, . EtC]—IHMe

" PTSOH \ ( / ~The pooduciowas abtained\as m viiileRokd ot §298(2000) Yidldyveokwo Steis. BOC

7) MCPBA( 7. Gag %Mmﬁ%g_g_ Cequiv) CMe N~ 2) p HdO Is\2) pTsOH MeCH
HO ~C p 2) DIS 0T\ NH~J~MoH\ NHZ_ JLMeoH R5/ O R/ 020 O

O 4-(2-(4-Nitrophenyl thio)ethyl)biphenyl: -109-, WO 2006/ 020951
PCT/ US2305 (SR 3 Andino’9Kydroxy-N-(4-(1-hydroxy-3-(4-phenylphenyl)propyl)phenyl)-2-
methylpropanamide

The product was obtained as a white solid in 80% (5.0 mg) yield. MS (ESI,
M-+H") = 405.2. '

10
Thioether Linker:

Synthesis of the thioether, sulfoxide and sulfone linkers was achieved using the
process described in Scheme 14. Reduction of biphenyl acetic acid to alcohol followed
by conversion of the alcohol to bromo leaving group allowed conversion of the

15 functional 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

J ot
@ o 1) BHy, THF g] Hs .\.\/\ Q,
OH g’Hf:g{;- PPhy Br £y, THF

HaN e
1)snc:|2 EtOH e, N*k pTSOH ‘\‘/\ n\")R,OH
o LA
o Rog

2xcoch,
DMF. TH
Bﬂc 1) mCF'BA {1.0 equiv) 1) mé:;'BA {2.0 equiv)
Mg
HO. Me, 2) stOH MeOH 2) pTsOH, MeOH
) i HaN e H BN ma
JOR! o (j N Ao
RAﬁ
20 &

4-(2-(4-Nitrophenylthio)ethyl)biphenyl:
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/1 \' 1 \'' I The product was obtained as a yellow solid in 73% (0.72 g) yield
over three steps. '"H NWR (400 MHz, CDC13) 8 8.14 (d, 2H, J= 8.6 Hz),
7.53-7.62 (m 6H), 7.44 (t, 2H, J=8.6 Hz), 7.28-7.38 (m 3H), 3.32 (t, 2H,
J=7.4 H 2H, J= 7.4 Hz). 5 (S)-rerl-Butyl

4- ( 4- ( 4- \?ihé’r?ﬂﬁ 8??af1et hyl t hi 0) phenyl car banoyl ) - 2, 2, 4- FCT/US2005028914

trimet hyl oxazol i di ne- 3-carboxyl ate: oho MeN H\ Il / \ N O The product was
obt ai ned a white solid in 42% (160 ng) yield over three 10 steps. 'H NWR

(400 Mz, 13) 8 7. 4'- 52 (m 211), 7.45 (d, 2H, J= 8.6 Hz), 7.41 (d,

2H, J= 8.8 Hz) . 36 2H, J=8.6 Hz), 7.22-7.32 (m 3H), 7.29-7.38 (m

3H), 7.12 (d, 8 Hz), 3.70 (br s, 2H), 3.08 (t, 2H, J= 7.0 Hz),

2 86 g d432Hb I=THe Srobtiot was2ot¥findd as 2 Kellobr s@iBin73% (8.78 %) (8sld GWhr, thiee49 (S,
r.s =

(SN (4 (45 NI (DB AR SR BB 1 286 S L5792 fm. 61, 744

met hyl pr opé&nzifi.te8.6 Hz), Neg27.38 Ghi, 3H), 3.35(t) 21, &= THdz)r Dbkt 2Hals= Dhta).ned as a

vvhite splid in 42% (160 ng) yi eId over three steps MS (ESI, M+H) = 407. 3;

"H NVR (400 MHz, DMBO- d6) S 9 nygll])r S Q20 (br s, 2H),

7.54-7.64 (&temwlﬂ-u44(menzlnhe Jétbaomt)nyicﬂwnwl)rész(@n 5H), 5.76 (br s,

%;D 33 298fﬂ|?|12h)etﬁ§lox3iﬂldzlﬁ-ﬁ3al(bbiylﬁﬁ 1H), 3.22 (t, 2H J= 7.0 Hz), 2.87 (t,

(2S) - N-(4- (4- Phenyl phenet hyl syl finyl) phenyl)-2-amn no- 3- hydr oxy-2- 25

met hyl propapam de: H, N~~~~I\ﬂ$ﬁa ~OH 111 31 / O O The product was obtai ned

as a white lid in 90%(4@“‘- yield over two steps. M (ESI, MtH) =

423.7; 'H §ONeB) 8 10.23 (br s, 1H), 8.23 (br s, 2H), 7.88

@ 2H, J= 8.6 (® 2H J= 8.6 Hz), 761(dd, 2H, J= 8.6 Hz, J=1.6

- The product was obtained as a white solid in 42% (160 mg) yield over three

10 steps. 'H NMR (400 MHz, CDCl3) & 7.48-7.52 (m, 2H), 7.45 (d, 2H, J= 8.6 Hz), 7.41
(d, 2H, J= 8.8 Hz), 7.36 (t, 2H, J= 8.6 Hz), 7.22-7.32 (m, 3H), 7.29-7.38 (m, 3H), 7.12
(d, 2H, J= 8.8 Hz), 3.70 (br s, 2H), 3.08 (t, 2H, /= 7.0 Hz), 2.86 (d, 2H, J= 7.0 Hz),
2.96 (t, 2H, J= 6.8 Hz), 1.62 (s, 6H), 1.48 (s, 3H), 1.43 (br s, SH).

15  (S)-N-(4-(4-Phenylphenethylthio)phenyl)-2-amino-3-hydroxy-2-
methylpropanamide:

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-dg) & 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, /= 6.8 Hz),
1.49 (s, 3H).

(25)-N-(4-(4-Phenylphenethylsulfinyl)phenyl)-2-amino-3-hydroxy-2-
25 methylpropanamide:
N

Yo o

The product was obtained as a white solid in 90% (40 mg) vield over two steps.
MS (BSI, 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, /=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 (br s,
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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 (br s, -110 WD 2006/ 020951 PCTI US2005/ 028914 1H), 4.05 (br d, 2H),
3.53 (br d, 1H), 3.20-3.43 (m 1H), 2.90-3.10 (m 2H), 2.67-2.78 (m 1HO

1.48 (s,
(S)- N(4Wg§%‘l§(‘?é??§} phenet hyl sul fonyl ) phenyl ) - 2- am no- SPqW%())wzs?“
met hyl propananide: HZ, M e HNOH ~f ~f S' i \ , OO o The product was

obt ai ned as a white solid in 91% (52 ng) yield over two steps. M (EST,
I\/HrH') = 439H% 4.05HbNWVRH) 4063 (drid, 1HDYVBQ2-G6IE (6, 1H),2190C0hi0 ém, ZH)) 2.68278 (br s,
786 759(d 2H, J= 8.6 Hz), 7.52 (d, 2H, J= 8.6 Hz),
7 42 (t, 2#9@{ 314815')3‘61) 7.32 (tt, 1H, J=8.4 Hz, J= 1.2 Hz), 7.27 (d,
2H, J= 8.6 Hz), 580(brt 111) 4.06 (dd, IH J=11.6 Hz, J= 4.7 Hz),
3.58-3.69 (RN 4-Pﬂe WenBthy Eﬁlfoﬁlﬂpheﬂylﬁ?—aﬁﬁno-ﬁﬁi;)j xy-2-
(S)-2-(4-(4- Ph?nly % engt hyl t hi o) phenyl car banoyl ) ani nopropyl di hydrogen
15 phosf)ha H e IIOI HO OH The product was obtained as a white
solid in 6(6 0 ngy Ew?\my r two steps. M (ESI, MtH ) = 487.3. 20
(S)-2-(4-(4= '@, | phﬁ;Z i nyl ) phenyl car banoyl ) - 2- am nopr opyl
di hydr ogen MHEVE MO yOP, \ SI OHOOH O

o0

The product was obtained as a white solid in 91% (52 mg) yield over two steps.
MS (ESI, M+H") = 439.4; 'H NMR (400 MHz, DMSO-ds) 5 10.41 (br s, 1H), 8.25 (br s,
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
10 =8.6Hz),7.32(tt, 1H,J=84Hz,J=12Hz),7.27(d, 2H, J= 8.6 Hz), 5.80 (br t, 1H),
4.06 (dd, 1H, J=11.6 Hz, J= 4.7 Hz), 3.58-3.69 (m, 3H), 2.85-2.93 (m, 2H), 1.52 (s,
3H).

(S)-2-(4-(4-Phenylphenethylthio)phenylcarbamoyl)-2-aminopropyl dihydrogen
15 phosphate:

Yo o

The product was obtained as a white solid in 65% (6.0 mg) yield over two steps.
MS (ESI, M+H") = 487.3.

20  (5)-2-(4-(4-Phenylphenethylsulfinyl)phenylcarbamoyl)-2-aminopropyl dihydrogen
phosphate:

Yoot

The product was obtained as a white solid in 45% (1.5 mg) yield over two steps.
MS (ESL, M+H") = 503.1.

25
(8)-2-(4-(4-Phenylphenethylsulfonyl)phenylearbamoyl)-2-aminopropy! dihydrogen
phosphate:

‘k,@r

I;\\

The product was obtained as a white solid in 65% (15.0 mg) yield over two steps.
30  MS (ESI, M+H") =519.7.
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The product was obtained as a white solid in 45% (1.5 ng) yield over two
steps. M5 (ESI, MtH) = 503.1. 25

(S)-2-(4-(4-Phenyl phenet hyl sul fonyl ) phenyl car banoyl ) - 2- am nopr opyl

di hydrogen phosphate: HZN \ , \ N M O O o OHO OH OS O The product
was obt aiwedosas2easmhite solid in 65% (15.0 ng) yield ocerostowsombaps. 30 MS
(BSI, MtH) = 519.7. - 111 WO 2006/ 020951 PCT/ US2005/ 028914 Bnzami de |i nker:
The benzam de |inker based compounds were synthesized as described in

Schene 15. ?Mﬁ ' . 4-phenyl benzyl am ne foll owed by a one-pot, two step
acylation o th’gidggil?'((?'fﬁe I nternmedi ate afforded ort hogonal |y protected

oxazol i di ne 5 i nkhebsemnidelinkepbased compovadsikere synthesized as desgigbsdimen convert ed
into free atdpemelsanéidtion ofnm@mwwwmlwa oglelgﬁf}w&&e@oc =1 M
- "

O \ NH2 H .H ~\.1' NH . El H2 TU .\ " DWW O Ba
/ HN\ J I-?C%RP‘E@PM? mi“ﬁilF ot @R“e‘%{’%°%ﬁy R“’W“'RIF?"%" B\ NI i O
. 5 intermediate. The oxazolidine intermediate was then converted into free alcohol and its
phosphate respectively.

Scheme 15

a]

NH, ’
Ho\'(@ @ COGl),
- n " =
g NHz  HATy, DIPEA ‘(@
DMF fs}

8ot

HO\[&Q
{

0

w Pl e
N\rH'\,OH
0
) o
B.OE

~DEt
Ve Nog
EtgN, CHoCly
2) TMSB, CH,Cly

HyN Me

O ﬂ N Y

uY@ L
0

N-(4-Phenylbenzyl)-4-aminobenzamide:

np .

The product was obtained as a yellow solid in 60% (0.49 g) yield. "H NMR (400

MHz, CDCls) § 7.64 (d, 2H, J = 8.6 Hz), 7.55-7.60 (m, 4H), 7.40-7.47 (m, 4H), 7.35 (tt,

15 1H,J=8.6Hz, /=12 Hz), 6.66 (d,2H, J= 8.6 Hz), 6.25 (br t, 1H), 4.67 (d, 2H, J=5.9
Hz), 3.95 (brs, 2H). '

10

(8)-tert-Butyl 4-(4-(4-phenylbenzylcarbamoyl)phenylearbamoyl)-2,2,4-
trimethyloxazolidine-3-carboxylate;

'

0

20
-112-



OO0 1)g-'O -0Et Et,N CH2Cl2 2) TwmsBr, CH2ClI2 ~' ~ H2NMe \ NOP o | N
I I OHOOH O 10 N (4-Phenyl benzyl)-4-am nobenzamde: ~I NH2 \ | N O The
product was obtained as a yellow solid in 60% (0.49 g) yield. 'H NWR (400
"MHz, CDCl13) S 7.64 (d, 2H, J = 8.6 Hz), 7.55-7.60 (m 4H), 7.40-7.47 (m

4H), 7. 35v@bdoso208H1 | H, J= 8.6 Hz, J=1.2 Hz), 6.66 (d, peihusdms/basbiaHz), 6. 25
(br t, IH, 4.67 (d, 2H, J=5.9 Hz), 3.95 (br s, 211).
(S)-teri-Butyl 4- (4 (4 phenyl benzyl car banoyl ) phenyl car banoyl ) - 2, 2, 4-

trinmet hyl oxazol i -carbaoxyl ate: .oho j.,| -1 20 3
2006/ 020051 PCT/AOEHRBFOTEPRIn 25 aﬁ"r"B@&éﬂ’d % nedad AR e, g in
43% (105 noyiHgi @Dﬂls) 6 A.79NR, THL00= 883 z),CLIDE3H3 Gny6tR 7¢4d;7.49MHm, JH) 8.3 {#z) |

7.55-7.63. {gns 6 = 1.2
s (%}m '8')6'HZJ44‘172142 B@W(ﬂﬁ) HE@@&MH JUJssi{zfﬁZ%H% 1-i)69 2

[ 78 (br
6H). 1.59 (‘s69é§+§ﬁ)Hi52é s, OhD: 1348é’ﬂf 9%*3 (S) N (brs
(4- (N - (#4- Phenyl benzyl ) f or mam do) pbenyl ) - 2- am no- 3- hydr oxy- 2-

met hyl pr Opa&%} &E‘(' ’1?4-%%]11"M)en%yl)*on'\lllgl—'nido)phenyl)-2-amin0-3-hydroxy—2—
methylpropanamlde

Yo o7

The product was gbtained as a white solid in 61% (35 mg) yield. MS (ES],
10 M+H+) = 404.3; "H NMR (400 MHz, DMSO-dg) 5 8.98 (br 1, 1H, J= 5.8 Hz), 7.87 (d,
@ 2H, J=8.6 Hz), 7.77 (d, 2H, J = 8.6 Hz), 7.60-7.66 (m, 4H), 7.32-7.48 (m, 5H), 7.10 (br
d, 1H), 5.02 (br t, 1H), 4.50 (d, 2H, J= 5.8 Hz), 3.75 (dd, 1H, J=10.5 Hz, J= 5.5 Hz),
3.22 (44, 1H, J=10.5 Hz, J=5.1 Hz), 1.17 (s, 3H).

HZN Ms

15  (§)-2-(4-(V’-(4-Phenylbenzylformamido)phenylcarbamoyl)-2-aminopropyl
dihydrogen phosphate:

Yo o

The product was obtained as a white solid in 30% (7.0 mg) yield over two steps.
MS (ESI, M+H") = 484.7.

Hzl"l Me

20
Biphenyl ethanol linker:
A number of substituted biphenyl ethanols were synthesized using a Suzuki
cross-coupling protocol a described in Scheme 16.

25  Scheme 16.
R _
/g\,OH Bor, PUOAC), PPy, CsCOs R O
Br + DMF/H,0 O
Reaction of the substituted biphenyl ethanol with substituted 4-fluoro-
nitrobenzene under Williamson ether synthesis (scheme 17) conditions followed by

hydrogenation and coupling with amino acid provided the Boc protected amino-alcohol
30  which was further phosphorylated or deprotected to obtain the desired final product.

OH
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\~ N)/ OO The product was obtained as a white solid in 61% (35 ng) vyield.
M5 (ESI, 10 M+H) = 404.3;'H NWR (400 MHz, DMSO-d6) S 8.98 (br 1, 1H, J= 5.8
Hz), 7.87 (d, 2H, J=8.6 Hz), 7.77 (d, 2H, J= 8.6 Hz), 7.60-7.66 (m 4H),
7.32-7.48 (m 5H), 7.120 (br d, 1H), 5.02 (br t, 1H), 4.50 (d, 2H, J= 5.8
Hz), 3. 75¢aheattos)=10.5 Hz, J= 5.5 Hz), 3.22 (dd, 1crdRifsmmsbia J= 5.1
Hz), 1.17 (s, 3H). 15

(S)-2-(4-(N -(4- Phenyl benzyl ) f or mam do) phenyl car banoyl ) - 2- am nopr opyl

di hydr ogen é’ﬁowﬁ'i? H \ NF zN MO dP ~. | g~~ O HO OH The product was
obt ai ned as e sol [ dR3| n 30% (7.0 ng) yield over two steps. M5 (ESI,

MtH ) = 484.7. 20 Bi pheny I\ "anol |inker: A nunber of substituted biphenyl

et hanol s weg'e SR nt he5| z ing a Suzqkl cross coupl | ng) protocol a
descri bed in *16._25 Bcheme @% NeH R HBPEEYSHPd( 0AC)y, PPh3,
CsCa3 Br -'I WHMHO Rewg.tifon of t ,tLJ\ ted 13 ¢r et hanol with
substituted 4-fl Boro- nitrobenzene undés I 1R’ ams oVt e 'Di@i/nt hesi s (schene

~17) conditions followed by hydrogenation and coupling with amno acid
provi ded the Boc protectgd am no- alfpohol 30 which was gcurther phosphoryl at ed

or deprotected 1,0 obfai ngt M@Iegi aebdos | naI p 2oduc Vg) 2006/ 020951
PCTI US2005/ B 4Qa RS YRTi‘é 3 NERe, R2 iﬁga "Rz Re RS R~ \
NOzZ 1) Hz, P g;l, NaH,z)mlg‘lﬁc{,C, TWo Q_fj| PEA, DWF

R?
l TFA

HoN
2 R? H Me
=4 ' \/‘R RﬁRsﬁNj])\JOH
- A7 &)
8]
R? K

General procedure for synthesis of substituted biaryl ethanol:
5 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 {1.0-1.5 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
10 (1 x 10 mL). The organic layer was then dried over MgSO,, 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:

15 OH

The final product was obtained as a white solid after column chromatography, in
85% yield. "H NMR (400 MHz, CDCl;3) & 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 (5, 3H).

20 2—(2’-Chloro—blphenyl-4-yl)-ethanol

L

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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R7 BOC. Cet BOCC NHR R2,.., eHCO~-b OBt R Rz R3_ ~, "K0O 'r Rg RS
Et3N. CH2Clz | RSRSr\ \ v\OHY )4 Ra O2) TMSBr, CH2CO2 ORa R7 R7 1
TFA R RBRHHNR ~(y RYSRSN_OH T O\RO R7 Gener al procedure for
synthesis of substituted biaryl ethanol: 5 To a DVF sol ution of the

4 (hal o' 9128%7P%hi | i ne (1.0 equiv) and substituted FGHUSZHSOBRIL acid in a
m crowave tube, was added Pd(OAc)2 (0.1 equiv), triphenyl phosphine (0.2
equiv), cesium carbonate (1.0-1.5 equiv) and TBAC (0.1 equiv). The reaction
was then 24€%Cydnabipheepit4gl)athan0l:70 C for 3-18 hours using an oil bath. The
reaction ngxt pre-waSHdi luted with Et OAc (25 nlL), washed with water (2 x 10
m.) and t hen ge 10 (1 x 10 nL). The organic | ayer was then dried over
MySO™4, and en solvent renoved under reduced pressure. The crude product
was purified using the Conbi-Flash silica gel colum chronatography, using
a Hexane/ Et OAc 'ﬂl@ﬁiiaéptoductzvaszbtatvbd hya whiteérdid\aiftericoln eitbmatoprapi(iin 15 \ The

final prod er raphy, in
o5 yi o] . THNR AT, e caa e S‘?S’%“{ 1w 15 8@%‘*‘% 0 gRRRT SENY
2H, J S6. 2149'#253(@,3@@ 143t H)y7.36 g 4H, L5 02H@8 P3 (¢, FyT =68 Hz), 2.95

2- (2" - Cnl opiozmiJehenHzy4- yl ) - ethanol G . of The final product was obtai ned
as a white solid after colum chronat ography, in 85%yield. '"H NWVR (400
MHz, CDC13) S 7.45-7.48 (m 111), 7.405 (d, 2H, J =8.0 Hz), 7.28-7.33 (m
411), 3. 932{Methpy’ {2 (4=nirosphetnpxy)etbyl]-bipheayl; J = 6.4 Hz). - 114 WO
20061020951 | PGS 028914

@

10 The final product was obtained as a yellow solid after column chromatography,
in 88% yield. '"H NMR (400 MHz, CDCl5) & 8.20 (d, 2H, ] = 9.2 Hz), 7.2-7.316 (m,
8H), 6.97 (d, 2H, ] = 8.8 Hz), 4.32 (t, 2H, I = 7.2 Hz), 3.19 (1, 2H, J = 6.8 Hz), 2.27 (s,
3H).

15  2-Chloro4’{ 2—(4-mtro-phenoxy)-ethyl]-blphenyl

W L,

The final product was obtained as a yellow solid after column chromatography,
in 88% yield. '"H NMR (400 MHz, CDCls) 8 8.20 (d, 2H, J = 9.2 Hz), 7.41-7.48 (m,
3H), 7.27-7.36 (m, 4H), 7.24 (5, 1H), 6.97 (d, 2H, I = 9.2 Hz), 4.32 (t, 2H, J = 6.8 Hz),
20 3.20(t, 2H,J=6.8 Hz).
4’-[2-(4-N|tro-phenoxy)-ethyl]-blphenyl-z-carbomtrlle

SO0,

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),

25 7.76(dd, 1H, T =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 (1, 2H, ] = 6.8 Hz), 3.21 (t, 2H, J = 6.8 Hz).

4-[2-(2-Chloro-4-nitro-phenoxy)-ethyl]biphenyl:

e

30 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 =
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- 2-(2-Cyano-

white soli

CDC13) S 7.

3H), 7.43

NOz Q 10 The final

chr omat ogr
9.2 Hz), 7.
Hz), 3.19
2- Chl oro-4'
vvas obt ain
"H NVR (40
7.27-7. 36
6 8 Hz),

d after colum chromatography, in 97%yield. 'H NVR (400

(m 1H . 7.36 (d, 211, J = 8.0 Hz), 3.93 (t, 2H J = 6.8 Hz),
(t, 2H Jy&20eM200k) - 2- Methyl - 4" [2-(4-nitro- phenoxy) peihibdosiispiaeny! :

product was obtained as a yellow solid after colum

aphy, in 88%vyield. 'HNWR (400 Mz, CDCI3) 8 8.20 (d, 2H, J

(8 a3 Tl . 00 0- 6 g, 95 . e, E3 Tl 4210

12); 4.35 (i 2O -pEETDNY) 2%, H, T <6.pHepyl :  NOz |~ The fi nal

(4“1‘{2-@1M)3thﬂ-4’z!ﬁtl‘03’henﬂ§3’)-eﬂlY‘ﬂbll(h!fﬂy12H J =9.2 H), 4.32 (t,
20 3. J = 6.8 Hz).

—

= 7.

9
/

2

pr oduct
ed as a yellow solid after colum chromat ography, in 88%yield.
0 MHz, CDC13) S 8.20 (d, 2H, J = 9.2 Hz) 7.41-7.48 (m 3H),
2H, J

-[2-(4-Ni Nox ,Ja '] - b| phenyl - 2-carbonitrile: 6fl The final

'product
81% yi e|§éva

1H, J 8.

6.8 Hz).
product wa
yield. "H
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tained as an off white soI | d after coI umm  chr omat ogr aphy,
. 5 7.76 (dd,
0 andlﬁ‘ef)“appf"%t?’ mye E?ﬂh C?WF‘ 3% g;@p% 146 (m

3H), 6 96 1(1(3’8‘%.23hb1d.1 FENBIR (400 MHZ CTICIHS, SBBLBOQ(m,aH& H5)-7.58 (13, 4H); 7.48H, J

in

4220 3900079740, 34f 5SRO (B Ly PN o Slly 3 The 11 nal

in 50%

ai né ter’col’unm
NNR: 3406, BT = @@@1@)22:7@*32@ (d, 1H J
2006/ 020951 PCT/ US2005/ 028914 2.8 and

(‘g'kz él#hez%jgle&r%y)g% o-pl?en(y?dnn%g-' J =92 H), 435 (t,

togr aphy,

nwi

2@2 (2- I\/bt@\henoxy) et hyl } bi phenyl: o
O ci NH;z

15

20

25

30

The final product was obtained as a brown oil after column chromatography, in
79% yield. "H NMR (400 MHz, CDCly) § 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, ] = 7.6 Hz), 3.15 (t, 2H, ] = 7.2 Hz).

4-(2-Blphenyl-4-yleth0xy)-3-methyl-phenylamme

./.’VJ@L

The final product was obtained as an off white solid after column
chromatography, in 84% vield. 'H NMR (400 MHz, CDCls) & 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, Y = 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:

SO0
Ao

The final product was obtained as an off white solid afiter column
chromatography, in 73% yield. "H NMR (400 MHz, CDCly) 8 7.41 (dd, 2H, I = 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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30Hz) 8.13 (dd, 1H, J
2 Hz), 7.57-7.60 (m 4H),
2H,

J

bi phenyl et hanol -GN OH The final w'f;r“oduct was obtained as a
MHz,

76 (dd, 1H, J = 8.0 and 1.2), 7.64 (in, 111), 5 7.49-7.53 (m
2.
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-/ The fin

Il 1 NO 5 The final proauct was obtained as a yellow solid after colum

chromat ography, in 78%yield. 'H NWVR (400 MHz, CDC13) 3 8.03-8.09 (m 2H),

7.55-7.59 (m 4H), 7.44 (t, 2H, J =8.0), 7.37 (d, 2H, J = 8.4 Hz), 6.84

(d, 2H, J =9.2 Hz), 4.30 (t, 2H, J =6.4 Hz), 3.20 (t, 2H, J = 6.8 Hz),

1 2.27 (s, - (2- Bi phenyl - 4-yl et hoxy) - 3-chl oro-p Lhe.., |~ Cl NH2
@F%B?%%a%t was obtained as a brown oil afterggg‘?@a%‘%%/c sr'I(‘)‘mat ogr aphy,

in 79%yield. "H NVR (400 MHz, CDCI3) 8 7.54-7.60 (m 5H), 7.46-7.38 (in,

4H), 6.75 15 (?t?-l 2H£, 6.52 (dd, 1H, J = 2.8 and 8.8), 4.17 (t, 2H, J = 7.6
Hz), 3.15 (42 (3 J[r=22Hz2), 348 (d, 1H, I =12.0 Hz), 3.56 (d, 1H, J = 10.8 Hz), 3.13 (t, 2H,J

4- (2- Bi phenyl241y) 2219@)3H); 3:58%4, By - 1468 m ne: o NHZ The final product was
obtai ned as an off V\%Qte );oli a?ltber co%gl}r!;)nm 20 chromat ography, in 84%yield.
'H NMR (400 MHz, CDCl13) 8 7.51-7.58 (m 4H), 7.39- 7.43 (m 2H), 7.34 (d,
3H, J = 8. 41+HM[2-(¥’-CllofetbiphienylH-y)-etldxilphen§l &Orbaohoyl}2-hyliroxy1-metiyl; 6. 50
(dd, 1H5J é_thﬁ)- 3 ‘«gaéﬁteﬁ-bﬁﬂr!@terzz"" J =7.2 H), 3.09 (t, 2H, J =7.2

Hz), 2.13 (Sc| ,.

(2- Hydr oxy- | yI -1 - [R- (2' - met hyl - bi phenyl - 4-yl) - et hoxy} - phenyl
carbarmyl}-y Y-carbam® Agid tert-butyl ester: NOH H NH o O- The final
product was "Obtai ned as an cgﬁ—fo white solid after colum chronmat ography, in

73%vyield. 'H NVR (400 Mz, CDJI3) 8 7.41 (dd, 2H, J = 6.4 and 30 9.4 Hz),

7.31-7.33 (in, , : - 7 £ J=28.8
oy "2 Mo Bl eplBiale watileindo B sty o ath botufin throhfroghlny
4.2(t, 2H, J=n 83Wryield. R (400 Mbz, §GL)D. 366 oy I 246 (dbidH, 3=FRandB§ 5 = 7.2
Hz), 2.28 (8z), 357-7.48. @834 .7.50.35 &=, 480)(£26 &MHH), 6.88 (4, 2H, 1 =9.2 Hz), 4.21

Lo § A 455 e e 1) 6L R R p e bt o

1.58 (s, 3H), 1.46 (s, 9H).

{1-(4-(2-Biphenyl-4-yl-ethoxy)-3-chloro-phenylcarbamoyl]-2-hydroxy-1-methyl-
ethyl}-carbamic acid tert-butyl ester:

15
The final product was obtained as an off white solid after column
chromatography, in 85% yield. '"H NMR (400 MHz, CDCl3) § 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, ] = 8.8 Hz), 4.21 (t, 2H, J
=17.2 Hz), 4.06 (br.s, 1H), 3.6 (s, 1H), 3.17 (1, 2H, J = 7.2 Hz), 1.56 (s, 3H), 1.44 (s, 9H).
20 '

{1-[4-(2-Biphenyl-4-yl-ethoxy)-3-methyl-phenylcarbamoyl])-2-hydroxy-1-methyl-
ethyl}-carbamic acid tert-butyl ester:

% B

_ The final product was obtained as an off white solid after column
25  chromatography, in 81% yield. 'H NMR (400 MHz, CDCl;) 8 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. 5, 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, ] = 6.8 Hz), 2.19 (s,

3H), 1.57 (s, 3H), 1.46 (s, 9H).

30
tert-Butyl (§)-2-(4-(4-phenylphenethyloxy)-3-(methylformyl)phenylcarbamoyl)-1-
hydroxypropan-2-ylecarbamate:
-117-



al i i O of N0 r"oduét”'Wéwgmabt'ai ned as an off white oil
after columm chronmat ography, in 83%yield. '"HNW (400 MHz, CDCI3) S 7.55
(m 1H), 7.46 (dd, IH, J =7.2 and 8.8 Hz), 7.37-7.43 (m 3H), 7.27-7.35

(m 4H), 7.26 (s, 1H), 6.88 (d, 2H, | =9.2 Hz), 4.21 10 (t, 2H, | = 7.2
?.Z?%’s ?'SO 06@;0 1%’5 39505? (d, 111, J =10.8 H2), 3. 18 fhactthasths™ 72 )
{1-[4-(2-Bi phenyl - 4-yl - et hoxy) - 3- cbl or o- phenyl car banoyl } - 2- hydr oxy- | - et hyl -
ethyl}-carbam c acid terit-butyl ester: | ~~o N1 "~ ¢l HI " Y 'OH ~ F1

11 ~~"NH 15 0 0)'Z~ T cﬁlnal product was obtai ned as an off white solid

~after colu chromatogr , in 85%vyield. "H NVWVR (400 MHz, CDCI 3) 5 7.63
(s, 1H, 59 238744(m 4H) 7.30-7.35 (m 2H), 6.84 (d,
1H, J-88Hz ,02H J =7.2 Hz), 4.06 (br.s, 1H, 3.6 (s, 1H),
3.17 (t, 2H, J 1.56 (s, 3H), 1.44 (s, 9H). 20

{1-[4-(2-Bi phenyl -Qet boxy) - 3- et hyl - phenyl car banoyl ) - 2- hydr oxy- I-rret hyl -

bk }n'eéa;?ag"n“ W}#@@%@%ébg‘?s?ée’rggﬁdé%f%ﬁﬂﬁioié{@' B ER HE S o,
yield 'H NVR2{AD), N60-7.600000 3H),.28-546 (n53H) 38348 1H, WaSSI@z),SQSH(br}, = 7.6

2'2)18 (7t36 (fii) 35 £l ﬁi%zést 9H.- 29 6(PH1y 387% 3@3%662(@ " (:H?sg 8. 4 HZ)

801y 5 s S P TESIE G 1884 ). LT, 30 ) ert Bty
(S)-2-(4-(4-phenyl phenet hyl oxy) - 3- (et hyl forrryl ) phenyl ear banoyl ) - 1-

hydr oxypr ORgH- B%lt% (S')qﬁ-?f Ifgipﬁtanyl)plllene\/ﬁgrl S)@/ ul?r%m%%l) p%lze(l)l?fﬁar Za%%%r

1- hydroxypropan-z-ylcarbamate.

Yoo *“““

10 The product was obtained as a thick colorless oil in 45% (300 mg) yield over two
steps from 2-biphenylethanol. 'H NMR (400 MHz, CDCl) & 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 (mn,
1H), 3.50-3.60 (m, 1H), 3.17 (t, 2H, J= 6.8 Hz), 1.57 (s, 3H), 1.47 (s, 9H).

15
tert-Butyl (S)-2-(4-(4-phenylphenethyloxy)-3-bromophenylcarbamoyl)-1-
hydroxypropan-2-ylcarbamate:

The product was obtained as a thick colorless o0il in 40% (385 mg) yield over two
20  steps from 2-biphenylethanol. "H NMR (400 MHz, CDCls) & 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). '

25

2-Amino-3-hydroxy-2-methyl-V-{4-[2-(2’-methyl-biphenyl-4-yl)-ethoxy]-phenyl}-
propionamide:

- 118~



O~NH~1 NOH 11011 0 'H NWR (400 MHz, CDC13) 8 7.87 (d, 1H, J= 2.7 Hz),
7.65 (dd,1H, J= 8.8 Hz, J= 2.7 Hz), 7.50-7.60 (m 4H), 7.28-7.46 (m 5H),
6.83 (d, IH J= 8.8 Hz), 5.59 (br s, 1H), 4.53 (br t, IH), 4.25 (t, 2H, J=
6.8 Hz), 3.87 (s, 3H), 3.53-3.62 (m 1H), 3.18 (t, 5 211, J= 6.8 Hz),

3. 16- 3. 18yOmochddbss 1.57 (s, 3H), 1.47 (s, 911). tert -gBajkhoos/n28o14
(S)-2-(4-(4-phenyl) phenet byl oxy)-3-(trifuoronethyl) phenyl carbanoyl) -

1- hydr oxypr opan- | 2- yI carbamate: Jo HHO--NH MOON DnO CF3 10 The product
was obtai ned a oI orless oil in 45% (300 ny) yield over two steps
from 2-bi ph@m TR (400 MHz, CDC13) 5 9.70 (br s, 1H), 7.70 (d,
IH J= 2. 764(d J=8.8 Hz, J= 2.7 Hz), 7.52-7.60 (m 4H),
730746(m J, = 8.8 (1, 2H,
J = 6.8 H), 4. gﬁq AF°E3P°P’PH(“’“1‘?%@ ned as g ‘%‘“Eﬁo‘“’i %ag?rg%ﬁg p‘ﬁf‘iabgg ‘ﬁ‘el‘g% 6.8 Hz),
1. 57 (s, 3H, (F2mg). WS, (ESEIM+HY = 40dtd But y|

(S)-2-(4-(4-pbenyl phenet hyl oxy) 3 brom)phenyl car bam)yl) 1-

hydr oxypr opan- 2-yl car bamate: -~ product was_obt ai ned as a
t hi ck col orz@g@nm-m-w-mmm-a@enywﬂ)mm nhmyl}édlyﬁlr@fys -medml-

2- bi pheny! epfvpistlamidéd NMR (400 MHz, CDC13) 6 9.60 (br s, 1H), 7.7 8 (d, 1H,
J= 2.3 Hz), 4. 5355 ooH, 7.30-7.46 (m 5H), 6.83 (d, 1H, J= 8.8 Hz),
5.60 (br s, ‘O 2284 an= 6.8 Hz), 4.06-4.12 (m 1H), 3.58 (br d,
H, 3.20 ((J20 1= 6.8 Aa 1.58 (s, 3H), 1.46 (s, OH). 25

2- Ami no- 3- hydro met h N- t hyl, - Ri e phenyl }
- propi onam de: X’f(heicfg]pomYcl was ébtaliled ::gs white sofid aRerp[%f ﬁt}gmzm 1&’ oI %11
%, (68mg). MS (ESI, M+H") =425.7

. 10
@ (1-{4-[2~(2’-Cyano-biphenyl-4-yI)-ethoxy]-phenylcarbamoyl}-2-hydroxy-1-methyl-
‘ ethyl)-carbamlc acid tert-butyl ester:

SO0

The final product was obtained as an off white oil after column chromatography,
15 in 80% yield. MS (ESI, M+H") = 416.6, '"H NMR (400 MHz, CDCl;) 8 7.55-7.63 (m,
3H), 7.53 (br. s, 2H), 7.48-7.51 (m, 4H), 6.97 (d, 2H, J=9.2Hz), 5.77 (t, 1H,1=5.2
Hz), 4.24 (t, 2H, J = 6.8 Hz), 3.96 (dd, 1H, T = 12.0 and 5.2 Hz), 3.628 (dd, I1H,J=11.6
and 4.8 Hz), 3.12 (t, 2H, ] = 6.8 Hz), 1.47 (s, 3H).

20  ($)-NV-(4-(4-Phenylphenethyloxy)-3-(trifluoromethyl)phenyl)-2-amino-3-hydroxy-2-
methylpropanamide:
N

O N, Mgy
Yo o'
CF;
The product was obtained as a white solid in 70% (66 mg) vield. MS (ESI,

M+H") = 459.7; '"H NMR (400 MHz, DMS0Q-ds) 8 10.01 (br s, 1H), 8.180 (br s, 2H),
25 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).

30
(S)-N-(4-(4-phenylphenethyloxy)-3-bromophenyl)-2-amino-3-hydroxy-2-
methylpropanamide:
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WO 2006/ 020951 PCT/ US2005/028914 \ O I~ 1~wCH | , H'NHZ The conpound
was obtained as a white solid after HPLC purification. Yield: 93 % (92ny).
M5 (ESI, MtHt+) = 404.4 5

2- Ami no- N- (4-[ 2-(2' - Chl or o- bi phenyl - 4-yl) - et hoxy] - phenyl ) - 3- hydr oxy- 2- net hyl
- propi onyiy Ae6n26951! QJot / / OH The conpound was obt ap@gdssassasofpi te solid
after HPLC purification. Yield: 84 9% (68ng). M5 (ESI, MrH*) = 425.7 10
(1-(4-[2-(2' - Cyano- bi phenyl - 4-yl) - et hoxy] - phenyl car banoyl ) - 2- hydr oxy- | - met hy
|- ethyl)-c am ¢ acid trart butyl ester: CNI \ I \ ~OH Y OH / "NH2 The
final produ%bt e an off white oil after colum chromat ography,
15 in 80%yi el HESl 0 MHHY) = 416.6,' H NVR (400 MHz, CDC13) 8 7.55-7.63
(m 3H), 7.53 (br. s,&2H), 748751(m 411), 6.97 (d, 2H, J = 9.2 Hz),
5.77 (t, 1H J =The Emdﬁaowaéo%nea as whie S0l & m), (58, Zneg?tﬁaa,mmsx- 12.0

and 5.2 Hz 28 = and 4 6.8 Hz
1.47 (s, ) 3‘58 a4 4] .

(S)-N(4- (4 Phenyl phenet hyl oxy)-3-(trifl uoromet hyl) phenyl)-2-am no- 3- hydr oxy

bt ai neq® ae CPIRAERdyiph y%@w@u@m@&qmgggm 1) s
NVR (400 M-metiylsopagamileio 01 (br s, 8.180 (br s, 2H) 25 7.89 (d,

IH, J= 2.4 H), 7.82 (dd Jnfl"g}nzsst J= 2.4 Hz), 7.58-7.67 (m 4H), 7.30
7.49 (m 6H), 5.80 (br ~© ), 4.32 (t, 2H J= 6.7 Hz), 3.95 (br d, 1H),

362(brd(t oH "J=6.7 Hz), 1.48 (s, 3H).

MS (ESI, M+H") = 419; 'H NMR (400 MHz, DMSO-dg) § 9.74 (bs, 1H), 8.1 (bs,

1H), 7.55 (m, 4H), 7.47 (4, 2H), 7.37 (4, 2H), 7.26 (d, 2H), 6.93 (d, 2H), 5.74 (bs, 1H),

10 4.16 (t, 2H), 3.95 (bd, 1H), 3.6 (bd, 1H), 3.04 (t, 2H), 2.6 (q, 2H), 1.73 (m, 4H), 1.45 (s,
3H), 1.19 (¢, 3H).

(S)-NV-(4-(4-(4-Trifluoromethylphenyl)phenethyloxy)phenyl)-2-amino-3-hydroxy-2-
methylpropanamide:

H
;
MS (ESL, M+H') = 459; 'H NMR (400 MHz, DMSO-dg) 5 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 ¢,
2H), 3.95 (m, 1H), 3.6 (m, 1H), 3.04 (, 2H), 2.6 (q, 2H), 1.45 (s, 3H).

N cu;

20 (S)-N-(4-(4-(4-ethoxyphenyl)phenethyloxy)phenyl)-2-aminc-3-hydroxy-2-
methylpropanamide:

{l HaN coHs
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,
25 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).

30  (S)-N-(4-(4-(4-Chlorophenyl)phenethyloxy)phenyl)-2-amino-3-hydroxy-2-
methylpropanamide trifluoroacetic acid salt
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30 (S)-N-(4-(4-phenyl phenet hyl oxy) - 3- br omophenyl ) - 2- am no- 3- hydr oxy- 2-

met hyl propanami de: -119 WD 2006( 020951 PCT/ US2005/028914 9% N /OOH 1O Br
The product was obtained as a white solid in 60% (50 ng) yield. M5 (ESI,
M+H ) =469. 4and471.4. 5

(). N (4-Wbikuisdy | pheny!) phenet hy! oxy) pheny| ) -2 ari ngridgie 2

“met hyi pr opanam de: ~ OOH M5 (ESI, MrHt) 419; 'H NWR (400
MHz, DMSO d6) 8 9. 74 (bs 1H) 8.1(bs, 111), 7.55 (m 4H) 7.47 (d, 2H),
7.37 (d, 211), 7.26 (d, 2|—I),H &3 (d, 2H), 5.74 (bs, 1H), 10 4.16 (t, 211),
3.95 (bd, 1@@_@%&@/ 4(t 2H), 2.6 (g, 2H), 1.73 (m 4H), 1.45
(s, 3H), 1°1

I hvd -

5 et byt éfoé;‘nlﬂrﬁsa@ﬂ?rﬁﬁfﬁh%ééﬁ‘e@@ﬁﬁéﬂﬁé Mg, DROTRY % S Cah g

NMVR (400 MHbs, ms@@e()n @1, 741 (HAHY, 7.-4%m, B 7881, dH), B3P (m 71f@55€14r](d,ZH)

7.68 (m 314?1) 5775;3, ()N 428, 2}% 934 (4, rEH)ZWBE()é 714) (3bs1 @n, 11—9)3%&1.9.}1 50 2H),
X

I

3.95 1H), :“Z 114), 4°(t,
(S)- N—(45(4 3 % yphenyl ) phenet hy! oxy)phenyl) 2 am no 3- hydroxy 2-
met hyl propanam de: HHH 0 04 M5 (ESI, M+H+t) 435; 'H NWR (400 MHz,

a\/BOl %3) S gs)?,? r‘ﬁ‘ P‘ﬁﬂf ﬂslﬁ%rogilp}]gnyli[afene@'i%y)gapgfgy]f.ﬂlanﬂﬁﬂ_g_h}dﬂ&y(in oH) . 7.32

methylpropanamide:
wHMN

m—\,@

10 MS (ESI, M+H+) = 433; 'H NMR (400 MHz, DMSO-dg) 5 9.73 (s, 1H), 8.11 (br
s, 2H), 7.59 (d, 1H), 7.41-7.34 (m, 3H), 7.2 (d, 1H), 6.9 (d, 2H), 5.65 (br s, 1H), 4.18 (t,
2H), 3.93 (d, 1H), 3.61 (d, 1H), 3.04 (t, 2H), 2.95 (q, 1H), 1.45 (s, 3H), 1.24 (d, 6H).

cu,

(5)-N-(4-(2-(4-Phenyl-3-fluorophenyl)propoxy)phenyl)-2-amino-3-hydroxy-2-
15 methylpropanamide:

Jog o
OO

MS (ESI, M+H") = 423; 'H NMR (400 MHz, DMSO-dg) § 9.74 (br s, 1H), 8.1
(brs, 1H), 7.5 (m, 6H), 7.40 {m, 2H), 7.28 (m, 2H), 6.93 (d, 2H), 5.74 (br 5, 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).
20°
(8)-N-(4-(4-(Thiophen-2-yl)phenethyloxy)phenyl)-2-amino-3-hydroxy-2-

methylpropanamide:
HzN CHg

E>_©—\_/©,OOH

MS (ESI, M+H") = 397; 'H NMR (400 MHz, DMSO-dg) & 9.74 (br s, 1H), 8.1
25  (brs, 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 (1, 2H), 3.95 (br d, 1H), 3.6 (br d, 1H), 3.04 (t, 2H), 1.45 (s, 3H).

30 (S)-MV-(4-(4-(3,5-Dimethylisoxazol-4-yl)phenethyloxy)phenyl)-2-amino-3-hydroxy-2-
methylpropanamide:

4 0 O

O-—Z
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25 IH), 4.19 (t, 2H), 4.04 (q, 2H), 3.93 (m 1H), 3.61 (m IH), 3.07 (t,

2H), 1.45 (s, 3H), 1.32 (t, 3H). 30 :

(S)-N-(4-(4-(4-Chl orophenyl ) phenet hyl oxy) phenyl ) - 2- am no- 3- hydr oxy- 2-

met hyl propanam de trifluoroacetic acid salt - 120 V\D 20061020951

PCT/ US200%/PAdQiktesaH HN CH3 0 ON M5 (ESI, MrH+) = 424PCT,'[7§M2§9<}90 VHz,

DVSO-d6) 6 9.73 (s, 1H), 8.10 (bs, 2H), 7.69 (m 2H), 7.61 (s, 1H), 7. 49
(m 3H), 7.37 (t, 1H), 7.33 (m 1H), 6.94 (d, 2H), 5.75 (t, 1H), 4.20 (t,

S 404 (9 2y sty 2o, i Rbat BooNibe, Sh8B-49 8 o or s, Taa '3
(S) - N- (4- (4-(rs; RER LSOl AR MALBSBNET AYE,GHD) 69 €hy2H); L2251 ) IMYErIeny - 2-

met hyl pr opa MrH ) = 433; 'H NWR
(400y ; p&?&%‘*?@“‘#?“? P s %M §@f%¥mol l@(s(ﬁﬂm) 7. %39 (d, 1H),
7.41-7.34 (m 3H), 7.2 (d, 1H), 6.9 (d, 211), 5.65 (br s, 1H), 4.18 (t,

EH)24 ?d93 ( ¢8)-Atx-(43F@ran( 3y phdnethy1ddg)phienylptdamiBo-3hydRoxyl2) , 1.45 (s, 3H),
(S)- N (4- (ZT%hﬂﬂ’é%“a?'quuor opheny! ) pr opoxy) pheny! ) - 2- ami no- 3- hydr oxy- 2- 15
et hyI propary N E@B ~~1101. 1. //~~1I O\I Ocr CH3 F M (ESI MHH) =
423; 'H NMWR dﬁ) S 9.74 (br s, (br s, 75(m

6H), 7.40 2 4 1-4.0
(rknl) 2H), 3(31( #Eﬁé‘"%g')( @ﬁﬁﬁﬁéﬂ?ﬁﬁ%gﬁ%# 33(%@})311%T(d
3H). 20 (S) -sNeH} 762G 2HY P (s, 2H)] .M emeH)yT.8% ¢t) e B0 Xm2 1 Hpi6r9d-(8-2H)dr oxy - 2-
met hyl prigpanayl dq e «P2m), #08 (q.219), 3.9 @m! 1)) 5.61 (m, 150), 3.08 ¢, 2H), 1.45 (s,

3H).

(8)-N-(4-(4-(3-Phenyl)phenethyloxy)phenyl)-2-amino-3-hydroxy-2-
methylpropanamlde

MS (ESL, M+H") = 391; 'H NMR (400 MHz, DMSO-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 (¢, 2H), 1.45 (s, 3H).

20 (S)-N-(4-(4-(Pyridin-4-yl)phenethyloxy)phenyl)-2-amino-3-hydroxy-2-
methylpropanamide:

MS (ESI, M+W) =392, "H NMR (400 MHz, DMSO-dg) 6 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,
25 2H), 5.74 (brs, 1H), 4.2 (t, 2H), 3.95 (br d, 1H), 3.04 (t, 2H), 1.45 (s, 3H).

(5)-N-(4-(4-(Pyridin-3-yl)phenethyloxy)phenyl)-2-amino-3-hydroxy-2-

methylpropanamide:
pyHaN CHa

O—Qx @ o on

30 MS (ESI, M+H") = 392; 'H NMR (400 MHz, DMSO-d¢) 5 9.69 (s, 1H), 9.0 (s,
1H), 8.65 (m, 1H), 8.3 (d, 2H), 8.07 (br s, 2H), 7.75 (i, 2H), 7.50 (m, 4H), 6.95 (d, 2H),
4.2 (t, 2H), 3.95 (d, 1H), 3.6 (d, 2H), 3.1 (¢, 2H), 1.45 (s, 3H).
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i OOH M5 (ESI, MtH) = 397; 'H NWR (400 MHz, DMSO-d6) 8 9.74 (br s, IH, 8.1
25 (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). 30

(S) - N- (4-h2008/030051 Met hyl i soxazol - 4-yl ) phenet hyl oxy)pl'y@:kyllj % A0- 3- hydr ox
y-2- net hyl propanam de: H HEN CHI p/ O bi OOCH-121 W 2006 020951

- PCTI U82005/ 028914 M5B (ESI MtH' ) 410; 'H NWVR (400 MHz, DVBO-d6) 8 9.75

br s, 8..13 : 2 d, 2 6 9
Ed, 2H) 4 | (5 Wsélmq,c acgi g:gn? (gz-am.éo-z-{ F%(Z(ﬂnethy}g-bnpgergz}--ft();)-etg y]- H)

3H), 2.2 (Sph&iﬁlcarﬂarﬂﬂyll-grop&ﬂ)est&

(S)-N-(4-(4-(F hguet hyl oxy) phenyl ) - 2- am no- 3- hydr oxy- 2-

net hyl pr opananildet , , , Q OH M5B (ESI, M+H) = 424; 1H NMR (400 Mz,
DVSO-d6) S 3 (s, 1H, 8. Oref | S, 2H) 7 69 (m 2H), 7.61 (s, IH, 7.49
(m 3H), 7.3 4. 20
(t, 2H), 4.04 (thezgﬂ?mP%“ng?ﬂémb‘aiW as @ %11“6( Fﬂhd| *’ge’f P?%&Pwi?ca‘(z% %415 (s,
3H) . (S)5 N 63%%( @1 Mmg). MS(ES), Mg t=g5Sxy) phenyl ) - 2- ani no- 3- hydr Oxy- 2-

met hyl propanamde: N9 HNH3 oi o off 15 d IVB (ESI NHH) 391; "H NWR
(400 Mz, DMSO-d6) 8 9.73 (s, 1H), 8.10 (br s, , 7.66 (d, 2H), 7.61 (s,
1H), 7.55- 7{DPhosphari¢) acidmono-(2ranney-2- {&IZ;-GZ’(cb!promhenal-é-wl)(qthoxth) 3.93 (d,
1H), 3.65 (geaywarbﬁn }phon Whstek: 45 (s, 3H). 20

(S)-N-(4-(4- @ ghenet hyI oxy) phenyl ) - 2- am no- 3- hydr oxy- 2-
met hyl propan i 38 t' F~Nr / O/ OCH
O H"%NHOBP

2 OH
10 The compound was obtained as a white solid after HPLC purification. Yield: 79
%, (25mg). MS (ESI, M+H") =505.2

(S)-Phosphoric acid mono-(2-amino-2-{4-[2-(2’-cyano-biphenyl-4-yl)-ethoxy]-
phenylcarbamoyl} -propyl) ester:

15 2 OH

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-
20 phenylcarbamnyl]—propyl} ester:

¢ o et

The compound was obtained as a white solid after HPLC purification. Yield:
30%, (70mg). MS (ESI, M+H") = 504.9

25  (S)-Phosphoric acid mono-(2-amine-2-{4-(2-biphenyl-4-yl-ethoxy)-3-methyl-
phenylcarbamoyl]-propyl} ester:

O-P-OH
./‘\’ 'N“z OH

The compound was obtained as a white solid afier HPLC purification. Yield:
10%, (28mg). MS (ESI, M+H") = 484.2
30
(5)-2-(4-(4-Phenylphenethyloxy)-3-(methylformyl)phenylcarbamoyl)-2-
aminopropyl dihydrogen phosphate:
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M5 (ESI, MPH) = 392; 'H NVR (400 MHz, DMSO-d6) S 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, 25 2H), 5.74 (br s, 1H), 4.2 (t, 2H), 3.95 (br d, 1H), 3.04 (t,
2H), 1.45 51!8’ 3H) .

(S) - N- (4AWP2O(EHYISHI n- 3- yl ) phenet hyl oxy) phenyl ) - 2- ari RETRUSFYFOTRIA 2-

met hyl propanani de: NH 1. CI—|3NOI O OH 30 M5 (ES!, MrH+) = 392; 'H NVR (400

Mz, DMSO-d6) 8 9.69 (s, 9.0 (s, 1H, 8.65 (m 1H, 8.3 (d, 211), 8.07
(br s, 2m%m 2I—ﬂ 5Q,(m 4H), 6.95 (d, 2H), 4.2 (t, 2H), 3.95 (d,
1H), 3.6 (d; Wi 145 (s, 3H). -122 WO 2006/ 020951

PCT/ US2005/ 028Y91 osphorlc acid

nono- ( 2- am no- 2-{4-[§ -C(2 - met hyl - bi phenyl -4-yl) - et hoxy] -

2o a vt o ol Mf?@%t hat BbEied s LR 1 O R FROR g 02 B
MrH) = 485M8 (ESJ.- MHIYFhEI G aci d
nono- ( 2- am no-2-{4-[2-(2' -chl or o- bi phenyl -4-yl) -etboxy] -

phenyl car banmoyl ) - propyl ) este 10 The conpound was
by el AETRR R lehanath ok i e e tststamor D Ghmnopgeby (Do) . v
(ESI, MrH) dinydpdgenr phdsphal@sphoric acid
nono- ( 2- anyho- 2-{ 4- [Zn"("%e cyano- bi phenyl - 4-yl ) - et hoxy] -
phenyl carg% ynrj)’ ter N O~ 15 i H H The conpound was obtai ned as
a white solid-after HPLC" purification. Yield: 22 % (4ng). MsS (ESI, MtH =

496.6 (9S)- Phosphorl c® acid
nmono- ( 2- ani no- 2Thelprodudy wah ebipined ay 4 wite solid)in 90UN(64) wg) vield over two steps.

@enyl car bafpysh-MEapH jispter: 0 1\ / C1 HJ JOP-OH
10

{S)-2-(4-(4-Phenylphenethyloxy)-3-{(carbamoyl)phenylcarbamoyl)-2-aminopropyl

dihydrogen phospha;:en'

e

HzN o
The product was obtained as a white solid in 20% (1.0 mg) vield over four steps.

15 MS (ESL, M+H") =514.6

(5)-2-(4-(4-Phenylphenethyloxy)-3-(methylcarbamoyl)phenylcarbamoyl)-2-
aminopropyl dlhydrogen phosphate:

oL, ot

HO OH

HN
) [¢]
20 The product was obtained as a white solid in 25% (1.0 mg) yield over four steps.
MS (ESI, M+H") = 528.6

25
(8)-2-(4-(4-Phenylphenethyloxy)-3-(trifluoromethyl)phenylcarbamoyl)-2-
aminopropyl dlhydrogen phosphate:

oot

CF3
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/| E OH The conmpound was obtained as a white solid after HPLC purification.
Yield: 30% (70mg). Ms (ESI, MtH) = 504.9 25 (S)-Phosphoric acid

nono- ( 2- am no- 2-[ 4- ( 2- bi phenyl - 4-yl - et hoxy) - 3- net hyl -

phenyl car banoyl ] -propyl} ester: / HO-OH OH The conpound was obtained as a
whi t e solyd 2afsio8dostiPLC purification. Yield: 10% (28Mypord\Guosfmors M- H) =
484.2 30

(S)-2-(4-(4-Phenyl phenet hyl oxy) - 3- (et hyl f or nyl ) phenyl car banoyl ) - 2-

“am nopropyl di hydr ogen phosphate: -123 WO 2006/ 020951 PCT] US2005/ 028914 HzN
O O Hd 'OH O 0 Therpradpgt gwscabiaiped #nt a‘ihﬁséola% i 70 (68-0s8e} dieldovepdpyr10. 0 ny)
yi el d over ktegs, MSESI, MM )ES19.7 MrH+) = 529.1. 5

(S)-2-(4-(4-Phenyl phenet hyl oxy)-3-(for rryl ) phenyl car banoyl ) - 2- am nopr opyl

di hydr ogen phosphate: H2ZN O HO OH HO O The product was obtained as a white
sol i d i n 908)¢2s(de(4rifienyipbenkthylexy):3sbromopbenylcazbymoy E2-amiviepyopyl 515. 0 10
(S)-2- (45(4dﬂ eﬂ?ﬁﬂﬁh‘ﬁi’é oxy) 3 (car banmoyl ) phenyl car banoyl ) - 2- am nopr opyl
di hydrogen pA ~~~ NIOQOP O ~ T Hd OH H2N o The product
was obt ai ned a3 J,on 20%(1 0 ng) yield over four steps.

Hd OH

Br
The product was obtained as a white solid in 69% (65.0 mg) yield over four
steps. MS (ESI, M+H") = 548.9 and 550.9

10 (8)-2-(4-(4-(4-Ethylphenyl)phenethyloxy)phenylcarbamoyl)-2-aminopropyl

dihydrogen phosphate:
HHZN £H5

Ak
This compound was synthesized from tert-butyl (S)-2-(4-(4-(4-
ethylphenyl)phenethyloxy)phenylcarbamoyl)-1-hydroxypropan-2-ylcarbamate (65 mg)
15  toyield 21 mg solid product over two steps. MS (ESL, M+H") = 499; 'H NMR (400
MHz, DMSO-d;) & 9.98 (br s, 1H), 7.54 (m, 6H), 7.37 (4, 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 (g, 2H), 1.45
(s, 3H), 1.17 (t, 3H).

20 (S)-2-(4-(4-(4-Trifluoromethylphenyl)phenethyloxy)phenylcarbamoyl)-2-
aminopropyl dihydrogen phosphate:

N o,
. N

Hor R

This compound was synthesized from tert-butyl (S)-2-(4-(4-(4-
trifluoromethylphenyl)phenethyloxy)phenylcarbamoyl)- 1-hydroxypropan-2-ylcarbamate
25 (70 mg) to yield 27 mg solid product over two steps. MS (ESI, M+H") = 539; 'H NMR
(400 MHz, DMSO-dg) 5 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).
(5)-2-(4-(4-(4-Ethoxyphenyl)phenethyloxy)phenylcarbamoyl)-2-aminopropyl
30 dihydrogen phosphate:

OO O ff;.w
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15 M5 (ESI, MtH) = 514.6
(S)-2-(4- (4 Phenyl phenet hyl oxy) - 3- (et hyl car banoyl ) pbenyl car banoyl ) - 2-

am nopropyl di hydrogen phosphate: HHN~ ~/ / N--e@,O \ OOHd OH ON i
20 The product was obtained as a white solid in 25% (1.0 ng) yield over four
steps.  Mypo(hslozesstH ) = 528.6 25 PCT/US2005/028914

(S)-2-(4-(4-Phenyl phenet hyl oxy)-3-(trifluoronethyl)pbenyl car banoyl) - 2-
am nopropyl di hydrogen phosphate: HZN O HO CH CF3 - 124 WD 2006/ 020951

o oo A LRSS AR B4 55 030
(S)-2-(4- (4(rmh?éﬁy17§ﬂéne2 );Wéwyn, ZH) 6B ERY b SAh 3HdA.3-48- (EnPHbgri0dyl 5

di hydr ogen piospl 0 H.6dVe, 1 8O, 19 ([Repproduct was obtained as a
white solid |jr)1 r@2(6% drtrrg’)1’3;;))|el¢g)(over four Ia{%teps MS (ESI, MtH) = 548.9

and 550.9 10
(s e 2 A s Db Mot e 0
corr%oung vvagki' @éi"‘%@ﬁé tert-butyl (S)-2-(4-(4-(4-

et hyl phenyl )pWeugl OXW ¢ar banoyl ) - 1- hydr oxypr opan- 2- yl car bamat e (65
ny) “ O Q o o Q“FI%H
HO

MS (ESI, M+H") = 505.7; 'H NMR (400 MHz, DMSO-ds) 5 9.95 (s, 1H), 7.69
(m, 2H), 7.61 (s, 1H), 7.49 (m, 3H), 7.37 (t, 1H), 7.33 (m, 1H), 6.94 (d, 2H), 4.3-4.0 (m
10  overlapping signals, 4H), 3.08 (t, 2H), 3.00 (m, 2H), 1.45 (s, 3H).

(5)-2-(4-(2-(4-Phenyl-3-fluorophenyl)propoxy)phenylcarbamoyl)-2-aminopropyl
dihydrogen phosphate:

n HZN_..CH;

[on oV
o K
JRel]

15 This compound was synthesized from tert-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-dg) & 9.98 (br s, 1H), 8.6 (br s, 2H), 7.54-7.26 (m, 10H), 6.92 (d, 2H), 4.28 (1,
1H), 4.1-3.9 (m, 3H), 4.1 {m, 1H), 3.28 (m, 2H), 1.49 (s, 3H), 1.35 (d, 3H).

20
($)-2-(4-(4-(Thiophen-3-yl)phenethyloxy)phenylcarbamoyl)-2-aminopropyl

dihydrogen phosphate:
H N CH;

I:>—<_:_\>_\_ 0 0 °*P’~0H

The starting material, 2-{4-(thiophen-3-yl)phenyl)ethanol, was synthesized as

25 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), K»CO; (207 mg), catalytic
Pd(PPhy)s, 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

30  product. 80 mg tert-butyl (S)-2-(4-(4-(thiophen-3-yl)phenethyloxy)phenylcarbamoyl)-i-
hydroxypropan-2-ylcarbamate was synthesized following the general procedure
employing 2-(4-(thiophen-3-yl)phenyl)ethanol (200 mg), N-(Boc)-o-methylserine (175
mg), HATU (375 mg), and DIPEA (430 uL). MS (ESI, M+Na") = 519. 2.6 mg of the
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15 to yield 21 ng solid product over two steps. M5 (ESI, MrH+) = 499; 'H NWR
(400 MHz, DMSO-d6) S 9.98 (br s, 114), 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, 211), 2.58 (q, 2H), 1.45 (s, 3H), 1.17 (t, 3H). 20

(S) - 2- (4wa200d/0Ips1f | uor onet hyl phenyl ) phenet hyl oxy) phergiraszdosoasyis) - 2-

am nopropyl di hydrogen phosphate H H2OH3 F F ~-NF O O OPO HOB CH This
conmpound was synthesized fromtert-butyl (S)-2-(4- (4 (4-

ints A A O SR T R a2
= 539; "? déﬁﬁ%@r%léﬁ I%IDHBH)H) 7.69 (d,
4H), 7.5 (d7652dfﬁ ,3H3 A5 (rﬂ,BH)ZV'm(mGZIQ),G@ls)nQQM) 44282&11 mg 407 (928D 0PI ng

I 1.45
?IS)(‘:IHZ1 ?4 (4= Aﬁk%h%@pqé%ﬁ éhgﬁIat hyl oxy) phenyl car barmyl) 2-am nopropyl 30
di hydr ogen phosphat e: UCH, -AOf HO -125 WO 2006/ 020951
S e S Lo, 8 2
2H) | 4 2'4 hx%ogmhosnhm (t. 2H), 3.1 (m 2H, 3.0 (m 2H,1.45 (s, 3H),
1.32 (t,

2N (CHs
S)-2-(4- t hyl h I b | ) -2-am I
G Iydrége(n{p%‘@&os t@'@ 0 1pol RO NS (ESI, MHT) = 505 7 H AR
400 MHz, DWMSO-
gH) 7. 37 (t, CI )NMRS@gng‘IIﬁ‘T ﬂéﬂé@ Cbhggt?s(@iﬁ Zlﬁi %641%5(%)’%40@9“%@@ ng

si gnal si0 4H).65 BnOﬂ-IXt? 5220, ,3H3, 086 (dn2DHH.9 (4, 2I), @21 (8¥Brlapping signals, 3H),
( .- 2- (4-( 24.1%‘@5,’*1%1}}/4.0:?&3‘iﬂﬁ?ﬁ%%ﬁrﬂﬂ))ﬁ{so@ﬂ'ﬁﬁ phenyl car banoyl ) - 2- am nopr opyl

(S)-Z-(4-(3-Phenylphenethyloxy)phenylcarbamoyl)-Z-ammopropyl dihydrogen

phosphate:
Q o’g © O"F’:%H
15 Q

'H NMR (400 MHz, DMSO-dg) 5 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).

20  (8)-2-(4-(4-(Pyridin-4-yD)phenethyloxy)phenylcarbamoyl)-2-aminopropyl
dihydrogen phosphate:

4
NMOQ 0 ?g’-’-%,.,
"H NMR (400 MHz, D,0 + CD50D) 8 8.7 (m), 8.2 (m), 7.84 (d, 2H), 7.55 (4,

2H), 7.4 (d, 2H), 6.9 (d, 2H), 4.30 (t, 2H), 4.05 (m, 1H), 3.92 (m, 1H), 3.15 (¢, 2H), 1.42
25 (s, 3H).

(S)-2-(4-(4-(Pyridin-3-yl)phenethyloxy)phenylcarbamoyl)-2-aminopropyl
dikydrogen phosphate:

H;N CH;

30 'H NMR (400 MHz, DMSO-ds) § 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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di hydr ogen phosphate: ? 3 o. o0 0.dP / \ \ HOOH - - CH 15 This conpound
was synthesized fromtert-butyl (S)-2-(4-(2-(4-phenyl-

fl uor ophenyl ) pr opoxy) phenyl car banoyl ) - 1- hydr oxypr opan- 2-yl car barrat e (135 nmg)
to yield 72 ng solid product over two steps. M5 (ESI, MtH) = 503; 'H NWR

(400 Mz, wolbfef2686) S 9.98 (br s, 1H), 8.6 (br s, 2|'|),Pc7m5ﬁ00§/02861a(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). 20

(S)-2-(4-(4-(Thi ophen-3-yl ) phenet hyl oxy) phenyl car banoyl ) - 2- am nopr opyl

di hydrogen phosphate: HN I~ \ NI OO0-FJ OHH6 The starting material,
2-(4-(thi opﬁnmﬁle)m)bmmwpeaﬁmAmbr was synthesized as 25 follows: In a

seal ed vesseI aﬂmﬁégmﬁg&ﬁapa&mﬁh%m@&r@@mhméiﬂn Rle)abit fb 55
0)

t et t hyl - 207
catalyiic Pdusmphopeniadn fider ale SR Bicors R vide o B9LR OIS hbat od TN
ando iDICMbﬁtT Eccﬁitroﬁ@‘oﬁi) reevieediihg 386 BIh&chicle ohiyo Theotict rouptrsceivddut smglem th water
an
5 (4- (t hi opfeoBeier a ﬁf")“e‘%"ﬁa‘?ﬁgﬂg “J"%?%g"éh%l‘y ‘ﬁ‘l‘g‘s\/ﬁ%""t"ra@o@&)oduct
ny tert-but Me(@yno@s,(thamwe(wem mstbwzs'dw psodzanp phdsyrrprimaiglyc2idpdrmiy | ) - 1-
‘ gﬁglr 8; IVﬁrgOFZ)E 233:%4& %oﬁgdf&% t}ﬂ\@l%ng%ﬂtﬂgfdﬁi st édﬂb&t@&\dm EIeA 9888 afer,Pr OCedur e
N- ( Boc) - a, - bty *1‘1‘8"‘(35‘?%“ %)Pla%ﬁak %”IWI c‘g%%"etﬁlbfﬁ@ﬂ coud §CBE) |
( ESI : hMtNaﬁmaalys&l Figuze 6 sityvsathe febelts-ofilihﬁm\iﬁlg ﬂﬁ@ét@ﬂ@ﬂ@ﬁod?)fé‘l’dohﬁ%ﬂw 028 %ﬂ
0s ate | Ite
o a0, e el Ry S oottt o i 3, Thp SAUE el o Wy BE ety 1)
7.81 (m 1llwhen dopedsrally argpple tonn@w@dwnmqpemaru@n(cwelm)e to gorgrolm  2H) 4 28
m) 1H), 4.17 (m 2H), 4.06 (m 1H), 3.04 (t, 211), 1.48 (s, 3H). 5

- 2- (4 (A T0E RS Bk PO M pPRAGGHY!| car bamoy!) - 2- ami nopr opy|

15 The ability of several of the compounds described herem to bind to the S1P1 or

S1P3 receptor was also tested as follows.

For the membrane preparation, plasmid DNA was transfected into HEK 293 T
celis using the FuGENE 6 transfection protocol (publicly available by Roche). Briefly,
subconfluent monolayers of HEK 293 T cells were transfected with the DNA mixture

20  confaining FuGENE 6 (using a 1:3 ratio). The dishes containing the cells were then
placedina 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

25 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

30 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/m! 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

35  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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di hydrogen phosphate: H H2ZN N 3
MHz, DMSO-d6) 6 9.98 (br s, 1H), 8.64 (br s, 3H), 7.84 (s, IH, 10 7.65
(in, 3H, 7.52 (m 3H), 7.36 (d, 2H), 6.9 (d, 2H), 4.21 (overl apping
signals, 3H, 4.17 (m 1H), 3.04 (t, 2H), 2.58 (q, 2H), 1.45 (s, 311).
(S) - 2- (4-wad2beBessphenet hyl oxy) phenyl car banmoyl ) - 2- am [RRTGEYsosH Y dr ogen
phosphate: 11 H2] G483 a OO {"' 15 Ho 'H NWR (400 MHz, DM5O-d6) 8 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). 20
(S)-2-(4-(4-(Pyridin-4-yl)phenet hyl oxy) phenyl car banoyl ) - 2- am nopr opy!

di hydr ogen 'piisie phEI38 VAluEsHdr Biiding t0.S101/orQ183 HeCeptols HO ' H NVR (400 MHz,
D20 + CD3CD) 6 8.7 (m, 8.2 (m, 7.84 (d, 214), 7.55 (d, 2H), 7.4 (d, 2H),

Lt o

Sgg(gf”eﬁ,)“?ﬂ’ *COMPOURD N, 1P1 1Cso (nM) ff?slpfslfcfzofnf@ ?f%a 142
(S)-2-(4- (4 (PyridiA0B-yl)phenet hyl oxy}d¥8enyl car banmoyl ) - 21880 nopr opyll
di hydr ogen jphosphat 8020 0-f (Nt H 30 24 NVR (4000 MHz, DVB@ d6) 6 9.]95 (s,
1H), 8.95 ( 8055 (br s,] 1M, B8.2% (d, 20| 7.75 (Mo 2H), 7.40 (m
1H), 7.5 (t 3 . L 4. 2 (MgegH) . 3. 99 (M 1HL1p008- L0 (my 2H),
1.45 (s, 3 305 250 5000

306 240 8000

307 : 32 1000

308 23 5000

309 8.7 511

310 23 2150

311 15 164

312 105 1100

313 2.2 135

314 56 59

315 2000 10000

- 316 3000 >10000

317 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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- ARG e i e ¥ RS
WO 2006/ 020951 PCT/ US2005/ 028914 Exanpl e 10: Lynphopeni a Assay Several of
t he conpounds descri bed herein were evaluated for the ability to induce
| ynphopenia in mce. Male C57B1/6 mice were divided into groups of three. A
5 control group received the 3% BSA vehicle only. The other groups received
a singl e‘gigmm@;oggither a specified dose of test conmp@iqfishibsyabi«C! €
adm ni stered orally (PO. After 6 hours, the mce were anesthesized with
i sof | urane and apprOX| mat el y 250 L of blood was renoved from the

retroorbitdj 1d| nel,>déb6€0 W an

ant i coagul —egnrptete uzgfaLevu“r* (CBC) 10
ana| yS| S. cJ -S 'F oL Ly i Ocyt e
count for ghow t hat

all three m)ounds;545when do ed oral 1990 are abld to indB’d@OQ ymphopdni a in
mce relatijve to coBt#gol . Exanple 11: Bénding to |[SIP1 or Bb0P3 Receftors 15
The ability of sevengf of the corrpoundp‘o@escrl bed herern>igyoh! nd tofthe SIP1
or S1P3 rgreptor V\@k arso tesred as 1 gis ' g@ne e ration,
pl asm d ot : < ]

transfecti dafarot-ocdlfoubl l.clh a0y lalile by Pochla) B ety syl ! ‘nfl uent
nonol ayers of HEK 293 T cells were transfected wth the DNA m xture 20
~containing FUGENE 6 (using a 1:3 ratio). The dishes containing the cells
were then B3 a tissue cul ture incubator (5% C02, 37C). The cells
wer e harvest ed 4Bhososkilied iaftheoart widldietdgnize,ofr be lableDNAschiyais osingpnmpporerthadVE buf f er
(in mvt 20 }ngEé%xt %{Eﬁht,on ﬁe&uﬁ’ﬁl&uﬂo sghéxﬁéfﬁiﬁ%ocﬁﬁgﬁtebm@%v%&@ns ucrose

on ice, and ISru usin unc Izer. After centri ation at
800 x g, théesg%h?érhﬁmrarﬁucwssmmlﬂm 8 IW’tdﬁngg’s b HEOMPISERA Y t&%\fﬂﬂeg@gand

e€nt rifugedeclaimsl7, 000 x g for 1 hour. This crude nenbrane pellet was
réSuspended in 11ME with sucrose, aliquoted, and snap-frozen by i mersion
in liquid nitrogen. The nmenbranes were stored at -70 C. Protein
concentration was determ ned spectroscopically by Bradford protein assay.
For the binding assay, [33P]sphingosine 1-phosphate (obtained from Anerican
30 Radi ol abel ed Chem cals, Inc) was added to nenbranes in 200 Al in 96-wel |
plates with assay concentrations of 2.5 pM|[33P] sphi ngosi ne 1-phosphate, 4
nmg/ M BSA, 50 mM HEPES, pH 7.5, 100 mM NaCl, 5 nM MyCl2, and 5 gg of
protein. Binding was perfornmed for 60 mnutes at roomtenperature with
gentle mxing and term nated by collecting the nenbranes onto GFB filter

pl ates. After drying the filter plates for 10 35 m nutes, 50 gi of

M croscint 40 was added to each well, and filter-bound radionuclide was
measured on a Packard Top Count. Nonspecific binding was defined as the
anmount
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of radioactivity remaining in the presence of excess of unlabeled SIP. The

results fo the foregoing binding assays are.presented in Table | provided
bel ow. -128 WD 20061020951 PCTI US2005/ 028914 Table 1: 1C50 Val ues for
Binding to SIP! or SIP3 Receptors COMPOUND No. S1P1 IC o n S1P3IC o n 301
1000 >10000 302 2.4 343 303 3.5 50 304 2000 >10000 305 250 5000 306 240
8000 307 32 1000 308 23 5000 309 8.7 511 310 23 2150 311 15 164 312
105 1100 313 2.2 135 314 56 59 315 2000 10000 316 3000 >10000 317 90
>10000 318 0.84 160 319 650 >10000 320 218 833 321 17.9 6333 322 0.65
50 323 @0APAs>10000 324 114 1200 325 167 3500 326 2.5 220 327 4000
>10000 328 22.1 2500 329 8 315

1. A compound of Formula IV:

av)
Ry
Ry
S O
~NH
~ Q (CHa)mm
(CHZ)n
Rs 'y
wherein:

L is alkoxy, a covalent bond, substituted or unsubstituted
alkyl, alkylcarbonyl, thioether, alkylsulfonyl, alkylcar-
bonylamino, alkylaminocarbonyl, alkyloxycarbonyl,
alkylcarbonyloxy, or substituted or unsubstituted het-
eroaryl;

Z and A are each independently substituted or unsubsti-
tuted aryl, wherein Z and A may be linked by a covalent
bond, substituted or unsubstituted alkyl, NH, alkyloxy,
O, thioether, S, aminocarbonyl, carbonylamino, carbo-
nyloxy, or oxycarbonyl,; :

R', R2, R® and R!? are each independently selected from
the group consisting of hydrogen, halogen, cyano,
substituted or unsubstituted aryl, straight chain or
branched substituted or unsubstitited C,-—C,-alkyl,
straight chain or branched substituted or unsubstituted
C,—Cg-alkoxy, straight chain or branched halo-C,—C-
alkyl, straight chain or branched halo-C,—Cg-alkoxy,
C,—Cg-alkoxy-C,—Cgs-alkyl, hydroxyl-C,—Cgs-alkyl,
carboxy-C,-Cgs-alkyl, C,—C;-alkyl-SO, or N(R)R/,
wherein R and R' are each independently hydrogen,
straight chain or branched substitated or unsubstituted
C,—Cs-alkyl, straight chain or branched substituted or
unsubstituted C, —C,-alkoxy, straight chain or branched
halo-C,—Cg,-alkyl, straight chain or branched halo-
C,~Cg-alkoxy, C,—Cg-alkoxy-C,~Cgs-alkyl, hydroxyl-
C,—Cgs-alkyl, carboxy-C,—Cs-alkyl or C,—Cg;-alkyl-
SO,;

Q is ——NH(CO)—;
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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 -129 WD 2006/020951
PCT(US2005( 025914 342 >10000 >10000 343 0.8 285 344 150 >1000 345 500
>1000 346 6 3250 347 1000 >10000 348 6.5 500 349 3.5 50 Equivalents
Those skilled in the art wll recognize, or be able to ascertain using no
nore than routine experinmentation, many equivalents to the specific
enbodi mrents of the invention 5 described herein. Such equivalents are
intended R be_eRsPNRISR} byvhidie ROPlM BRI ScAbi®h indd30 CLAIMS 1. A
conpound of yepidamlin, B/ stﬂii\éht dMHaifi- o branchedRéuBstitiled orNH Q / (CH2) m

unsubstituted C,—Cg-alkyl, a substituted or unsubsti-

tuted aryl group or selected from the prodrugs listed

below:

%HZC\ /ﬁ\ %HZC\ j\/

%Hzc /IJ\ P %C\ -
%E‘LOJLOJ\ el A

Me

l O l\lda O
LI Lo 1
%/ \O % \O

I\Iri[e O 1\14 e O
CH

—— NH; ——NH
%-CH; CH>
| |-
(oM N\ C @\
H Hp
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(CH2)a TS R6 wherern. LTS a koxy, a coval ent bond, substituted or
unsubstituted al kyl, alkylcarbonyl, thioether, alkylsulfonyl, alkylcar-
bonyl am no, al kyl am nocar bonyl, al kyl oxycar bonyl, al kyl carbonyl oxy, or
substituted or unsubstituted het- eroaryl; Z and A are each independently
substituted or unsubsti- tuted aryl, wherein Z and A may be |inked by a
coval ent bond, substituted or unsubstituted al kyl, NH, alkyloxy, O,

t hi oether, S, am nocarbonyl, carbonyl am no, carbo- nyl oxy, or oxycarbonyl;
R, R2, R5 and R12 are each independently selected from the group

consi sting o hydr en hal ogen, cyano, . substitu r unsubstituted aryl,
strai ght cha %g 1 ¢ s S@tm‘i?asué ﬁ%ﬁﬁ’t kil.a os-al kyl,

strai ght chai nhy)drdx’jaﬁfqhé‘d; alidyd; anylt edtagetberswhtt REuben adl - C6- al koxy,
strai ght chai nc Id rgem he@ bakoe g:@dk@d )éhe ot ght chain or branched
hal o- C - C6- gdg 9' %ﬁlacz gc }kl %:yb? I-C C6- al kyl

car boxy- Cl- |OF mbs@éu ug@bg; R and R are each

I ndege?dtent | xgl Bﬁdrlpgﬁle%clﬁtﬁﬂlegbhdﬁ rhmﬁntbgaﬂﬁtﬁdh@gbst Lt ;Jt tedt 08
unsupstitute I I ed supstitutea or
unsubsti tuted %ﬁgggrﬁl oéyflcmtl al gE%’ta%Ealsﬁhgth ranched hal o-C, - C6-al kyl ,
strai ght chaZnThe ¢srapensd oatlgimd, w@ﬂmlraoRy lscl;tyd@egamkoxy Cl- C6 al kyi,
hydroxyl - d 30?[1:@'&%1 oﬁﬁ&QﬁXé’lai%Rmmﬁ% RF 1§JJ:R@F$&K>’| - S2; Qis

-NH(CO) -; - 131 [ are each inde-
pendent |y H, si{hﬁlf@mpeﬁaﬁi@fdﬂaﬁﬁa%c‘ﬂbﬁméﬁ&t % Qne@sﬁ]kylunsubst ituted O

G6-al kyl, a sulFpkl ddthfeufd MNElASE 1 wherein R? is a halogen.
6. The compound of claim 1, wherein R is hydrogen.

7. The compound of claim 1, wherein R® is a substituted
or unsubstituted C,—Cg-alkyl group or a halogen.

8. The compound of claim 1, wherein R” is hydrogen, or
a substituted or unsubstituted C,-C4-alkyl group.

9. The compound of claim 1, wherein R® is a substituted
or unsubstituted C,—Cg-alkyl.

10. The compound of claim 1, wherein R*? is meta to Q.

11. The compound of claim 10, wherein R'? is cyano,
hydrogen, trifluoroalkyl, or halogen.

12. The compound of claim 1, wherein R'? is para to Q.

13. The compound of claim 12, wherein R'? is hydrogen.

14. The compound of claim 1, wherein L is Ci—CS alkoxy.

15. The compound of claim 1, wherein Z is substituted or
unsubstituted phenyl.

16. The compound of claim 1, wherein A is selected from
the group consisting of substituted or unsubstituted phenyl
and a substituted or unsubstituted heteroaryl.

17. The compound of claim 1, wherein A is linked to Z
through a single covalent bond.
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tuted aryl group or selected fromthe prodrugs listed below F 112CH2c\' O
0O 00 x2c HZc ~ x2 1l FO H2CC HRC~ F Hc~X~ 0000 M O M 0O CH
CHo M OMO CHICH/- NIZ7CHR CH kH~\ C H C-132 R7 is H,
substituted or unsubstituted Cl-C6 al kyl, hydroxy-Cl-C6-al kyl, aryl, or
together with R forma C2-C5-alkylene or a CZ C5-al kenyl ene group; R$ is H
or substituted or unsubstituted C-C6 alkyl; and mand n are each,

i ndependently, an integer fromO to 3; and pharmaceutically acceptable
salts thereof. J ct al rein.:R. s hydrogen. 3. The
conmpound of cl éll%m ?8#@%%9%8{69 %%“rn%%@eﬁw‘%foﬁﬁgl% r?pﬂ;und of claiml1,
wherein R2 is Cl-C6-al kyl. 5. The conpound of claiml1l, wherein R2 is a

hal ogen. 6. The compound of claim1l, wherein RS is hydrogen. 7. The
conmpound of claim1l, wherein RS is a substituted or unsubstituted

Cl- C6- al kyl gr oPp or a hal ogen. H:N, CH;
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8. The compound of claim1l, wherein R7 is hydrogen, or a substituted or
unsubstituted Cl-C6-al kyl group. 9. The conpound of claiml1l, wherein R is a
substituted or unsubstituted Cl1-C6 al kyl. 10. The compound of claiml1,
wherein R12 is nmeta to Q 11. The conpound of claim 10, wherein R12 is
cyano, hydrogen, trifluoroal kyl, or halogen. 12. The conpound of claim1,
wherein R12 is para to Q 13. The conpound of claim 12, wherein R12 is
hydrogen. 14. The conpound of claim1l, wherein L is Cl1-C5 al koxy. 15. The
compound of claim1, wherein Z is substituted or unsubstituted phenyl. 16.
The compound of claim 1, wherein Ais sel e¢kBd £rpm the group consisting of
substituted or unsubstituted phenyl andHa S Stth$ed or unsubstituted

het eroaryl. 17. The conpound of 3 el KOs nked to z t hrough a
singl e coval ent bond. -133 18. A dund gkl ected from the group consi sting
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HO OH O 19. Apharnmaceutical conposition conprising at
effective anmount of a conpound of claim1l and a pharnma

carrier.
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19. A pharmaceutical composition comprising a therapeu-
tically effective amount of a compound of claim 1 and a

pharmaceuntically acceptable carrier.
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