| aw0 2011/ 066184PCT/ US2010/ 057361 NOVEL COVPOUNDS AS RECEPTOR MODULATCORS
W TH THERAPEUTI C UTILITY 5By inventors: Todd M Hei del baugh and Phong X
Nguyen '®RO820RABGERENCE TO RELATED APPLI CATI ONS PCT/UBRO19/083p1 i cati on
clainms the benefit of U S. Provisional Application Serial No. 61/264, 038
filed on Novenber 24. 2009, which is hereb |nco orat ed by 10reference in
its entirety. FI NG V@'—@I@"PW d@ﬂﬁec BULATQRSr el ates to novel
ani ne derivatives, process®¥ITbTHRRAREUR, tWE!HT\f)har maceut i cal

conpositions containing themand their use as 15pharmaceutical s as

nodal at ors of sBhiingesiars: TFquthbpiHdide lbaught amd Phomg XnNgaoyenon r el at es
specifically to the use of these conpounds and their pharnmaceutical
conpositions to treat disorders_associated w th sphingosine-1-phosphate (S1

P) I‘ECE%BQiSSTBEMEtBENGE P R ERBABPHECATEONRVENTI ON Sphi ngosi ne- 1
phosphate is storgfli n@Atﬁswa@mg ﬂﬂ;e%brf‘e%smts awo%?omg)w@&ﬁ abghets,

whi ch | ack the enzyrre responsi I'ts catabolism an I's released

i nt o t hdo.l0 13264 668 dited ulpcblovemberélm @008f wpichss beoghyciatorporatetliby such as
growt h f%&'t ors .(t:g/toklp and receptor agonists and antigens. It may al so
havd a MSELPNEE LS PRYTEY - n' pl atel et aggregation and thrombosis and coul d
aggravat e cardi ovascul ar di seases. On the other hand the relatively high
concentration of the netabolite in high-density |ipoproteins (HDL) nay have
benef i IELD OF| TRRINYENTION at her ogenesi s. For exanple, there are recent

suggestions t hat hj 1- e, et her w h ther lysolipids
sk as. aphi noosyTBrGESRot Wenief RESER0 3o GLaTlIE e iAo S Bbhesiiir bl ¢
for therbpagid eiemh, ;ﬂiarma%éht@élfc%ﬁ’ﬁpﬁ)s(ﬁforid%rﬁé(nﬁrfgtﬁi‘éhﬁém@mélﬂﬁl@s@égduc'fI on of
the potent anti at her ogeni ¢ signaling nolecule nitric oxide % t he vascul ar

endbt hdhalimaceyticals psinpedulioks of §B@bﬁ@%ﬁﬂdtpfé@9cp%¢ mcqpttorss &rar ker for
certai t i d -

i vi o QAR BlaPESEEC oA RE Be dh oS ERBRLAR pid Tilifbfabihie
cancer ssonmpesstoras t© tBéaiMscﬂdedsyastsmmated matspmﬂr&gcssﬁrter-aqihdsghgreeam Pht er est
anongst nedi cal researchers, and I aw0 2011/ 066184PCT/ US2010/ 057361 t he
pot ent i"&8FERIGF MAH&Et i ¢ i ntervention in sphi ngosi ne- 1- phosphat e

nmet abolismis under active investigation. Journal of Medicinal Chemstry
2010, 53, 4412-4421 and Bioorganic & Medicinal Chemstry Letters 19 (2009)
5486- SZBACKE?.@UNE%EH)EI INVENTIION derivatives as 5- BHT2A receptor

ant agoi ni sts. Patent. ation US2009312315 CI’I bes phenyl - substituted
car boxyl | o aci d daIDaRSTE EASSBRRLE S SIpTEs Np TV SRR e SO PHAEOPRVENT! O
10 Ve hﬁ)ﬁﬁarﬁ‘ﬁl’étéb&cwrﬁ%cﬂ tHé @HR r‘hfas'?@é/p%ns%%@éat\é’ﬁbﬁé?naér‘id R®$ ent and
sel ective sphi ngosi ne-1-phosph ate modul ators. As such, the conpounds

descri U@tears@dentﬁ the blenckstrgammiponcaativatiom ohpaysivlagicet stiolidusbrager s

o AR SRS bR B AR

agoni stritiaalt @EPM SlhtelétitRjréGataPahd throhbossSenRBd Fe Ajgedvatd Spar t i al
agoni st, partial antagonist. This invention describes conpounds of Formula

|, whi cﬂ@r%@\\/és@}w Q'ig@@ﬁﬁe-oﬁ therbphaard the hatprelbhighagnegntration of the. The
conmpou C: [ in
ooy ERREHATReSaH] HbarDBIRE AT001 DU IRARER) M Bebat
condi t |aiherdgleatesnar EFcﬂtIdxemmé adem/ar%hlécendwggesuons tmatcspelr@netd 11 he
[ nventl [10\” des nﬁouh havi ng Formul a |
SB ate, toget er lysolipids such as sphmgosylphosphorylchollne and
30 Iysosulfatlde, are responsible for the beneficial clinical effects of HDL by stimulating
the production of the potent antiatherogenic signaling molecule nitric oxide by the
vascular endothelium. In addition, like lysophosphatidic acid, it is a marker for
certain types of cancer, and there is evidence that its role in cell division or
proliferation may have an influence on the development of cancers. These are

35 currently topics that are attracting great interest amongst medical researchers, and



pharmaceutically acceptable salt thereof or stereoisoneric forns thereof,
or the %eomet rical isoners, enantioners, diastereoisoners, tautoners,

zwi t t er'Pome 20nidvopisar maceuti cal |y acceptabl e salts ther e®CT/URBRB/05BER2
Formul g, | wherein: Rl is or, CGR10; . 182011/.066184PCT/ US2010/ 057361 R2 is
ar onat | eew&%}t@é%@?r%&@'ﬁﬂ%%ﬁn ohdn éP%‘EQB?'Q?'%QE?%%WeE QIS5 Senyl or
aryl; Rhde? detivdNirBbdtigtidxl2 or S, - CR13=CR14-, -0(0) or -CEQ-; R4 is H,
aromatic heterocycle, non-aromatic het erocléucl e, cycloal kyl, cycl oal kenyl or

aryl: SREMa aiMeditioge@hemainn2§10, 53d412-4424yand Biporganit SoMedicinlal kyl : R6

Re 15 RV esiely 1996000 YR B 00 o B rReB e A 5 e 858k
- S( 8) 204 ,-recEp e Bhtago(i®ts( H) OH 10or -OR16; Rl is H 01_6 al kyl, hal ogen,
hydroxyl or -001 3 alkyl; R11 is Hor 01-3 alkyl; R12 is H 01-3 al kyl,

hal ogerf’atapafpRigation 0RP3N2B 18 dessriBes phenyl-subrlitited caraexylimagdal ky| -

15R14 i Lk is Hor 01-3 alkyl; L is CHR16, O, S, NR17 or
20(0) - O;Sergaﬁ‘rée%‘,]"s’%ﬁi beb' or 5 bis O 1, 2, 3, 4or 5 20CiSO0 or
1, dis 0, 1, 2 or 3; RI6 is H, 01-3 alkyl, -001_3 al kyl, hal ogen, hydroxyl

N Ri2, SMBIARNOE THE WKENTTOMEN | i snot 0. S of NRL7: and when RO i
R A R W U St e
her ei n,seledtivess phingosing- dtphdsphateavatelatorer Adi suadhetie compounds described

herein are useful in treating a wide variety of disorders associated with modulation of

sphingosine-1-phosphate receptors. The term “modulator” as used herein, includes

but is not limited to: receptor agonist, antagonist, inverse agonist, inverse antagonist,

15 partial agonist, partial antagonist.

This invention describes compounds of Formula I, which have sphingosine-1-

phosphate receptor biological activity. The compounds in accordance with the

present invention are thus of use in medicine, for example in the treatment of
20  humans with diseases and conditions that are alleviated by S1P modulation.

In one aspect the invention provides a compound having Formula | or a

pharmaceutically acceptable salt thereof or stereoisomeric forms thereof, or the

geometrical isomers, enantiomers, diastereoisomers, tautomers, zwitterions and

pharmaceutically acceptable salts thereof:

25

Formula |

wherein:
R'is N or C-R';



hydr ocar bon noi eti es having linear or branched noieties or conbinations

t hereof and containing 1-6 carbon atom One nethylene (-CH2-) group, of the
al kyl c1§ﬁVbeorlﬂmbB€ted by oxygen, sul fur, sulfoxide, nitPogas20ioastsonyl ,
carboxyl,. sulfonyl, or by a divalent C 3-6 cycloal kyl . Al kyl groups can be
Stbst 1 1 By L sEREY g ardikproralc TaisTopiak. sap papb AR Elbehant

cycl oal ggyls, 0 aqipo, Cpp@?a(g,%ra_@@@@he{ogdgpe&r,_(ﬁqf_boxyl i c acid, phosphonic
aci d groups,’ sul phonic acid groups, phosphoric aci'd. The term "cycl oal kyl ",
as useRhierté arpnraticdreterooyeaennoneadraatic betelooyadiertycyatkyp, @yicldh kel or 8
carbon atoms, preferably 3 to 5 carbon atons derived froma saturated
cyclic 8rﬂj/ldrocar bon. Cycl oal kyl groups can be nonocyclic or polycyclic.
Cyckoal gy bt Y t .groups or 1 or 2

hal égen%.lk&gl{bé%ﬁrfiwgtdo% i@jr?%hae”%?@%%g?ylgs%e@%ég%ﬂycl opent ane. 10The term
"cycl odRkisryl Cys alkylbatbdess bydroxyledreQC t0allylponoval ent or dival ent group of
3to S@ﬂr?_i)n §to I_preferably 3 to 6 carbon atons derived from a

sat ur at'ed y8f éP%Biy’havi ng one doubl e bond. Cycl oal kenyl groups can be
nonocyqki i Hpbr 8oL uyel i c. Cycl oal kenyl groups can be substituted by 1 to 3
C 1-3 alkyl groups or 1 or 2 halogens. Cycloal kenyl group in the present
case i RNcige 22rfeO0H, -PHQ)(Q)m ‘QB&BI@@)@n”S(CﬁsOUséﬁ%NM@H,, -RENdNOH 0 an
at 9@1 forc_ftbﬁrsi. ne, brom ne, fluorine, iodine. The term"al kenyl", as used
herein, refers to a nonoval ent or dival ent hydrocarbon radical having 2 to
6 car baR'%a BTS¢ dkyil vetlodernryareat or a0 _adlkyll , having at | east 20one
double bgnd. C 2 6 al kenyl can be in the E or Z configuration. Al kenyl

gr oups Rars FeosGbselivlited by 1 to 2 01-3 al kyl . The term "al kynyl", as
used hggei; ref t gg)b% t. j hydr ocar bon radi cal having
2 to Gq?:arI%lo(%f?r@{L @%Jra?% fro hcgtg}'%rléﬁlgggm%’l, havi ng at | east 25o0ne
triple RBrsH dhe:.s elkyl;" het er ocycl e" as used herein, refers to a 3 to 10
menber eg,r.i @/ﬂi ch can be aromatic or non-aromatic, saturated or

nofk>sat ré?gg‘?r bhf&¥hi ng at | east one heteroatom selected formO or Nor S
or conijhnad i_p&sc%a@(w;l east two thereof, 30interrupting the carbocyclic
ring structure, e heterocyclic ring can be saturated or non-saturated.
The hetleisde§R'T, ©.,r$.gREa0r €40)nt errupt ed by a 0=0; the S heteroatom can be
oxi di zed, t cycl es can be nmonocyclic or polycyclic. Heterocyclic ring
noi etieas'scd(;ﬁ’?(r’-,\%s l%t%?tuted by hydroxyl, 1 to 2 C 1-3 alkyl or 1 to 2

hal ogensis (dJsua@l By4hkgetzerocyclic groups are 5 or 6 nenbered rings. Usually in
the present case | aw0 2011/ 066184PCT/ US2010/ 057361 heterocyclic groups
ar 80pyrG @ither 1pyrazol , pyrazolidine, pyrroline, pyrrolidine, inidazoline,
pyrazol | € 1t h)&z@l i ne, oxazoline, thiophene, dihydrothiophene, furan,

di hydr ot urdn, "pyrrol e, pyrroline, oxazole, thiazole, imdazole, pyrazole,
pyr azolRYes H, saxario} e-0OCs 9tatkyh 2wliegert, ¢lydengl er amiaslizncol e,

1, 2, 5-o0xgdi azol e, thiadiazole, 1,2,3- 5triazole, 1,2,4-triazole, imdazole,
i ni dazdRi neH ¢yerofikdlinone, pyrrol -2(3H-one, imdazolidin-2-one, or

1, 2, 4- kg ﬁr%gfé'd)s:'one' The term"aryl" as used herein, refers to an
organic nolety derived froman aromati c hydrocarbon consisting of a ring
conbai nimen BR*is0018-RY:; boS, andrsisifyor €itmaral ihob@eS10hNR Gged, whi ch can be

| SRR ke ST AP Bk ol S,

repr esangs gas mdk beandy radical . The group of formula "-CE as used
herein, represents, an al kynyl radical. 15The term "hydroxyl" as used
her ei n,whetpRéé®+DB hgnalis ret @il a "- OH'. The term "carbonyl " as used
herein, represents a group of fornula "-0=0". The term "carboxyl" as used

herein, represents a group of fornula "-0(0)0-". The term "sulfonyl" as
used hermd Rrmalyes asiused heréiHPredérsf torgaulrated, Ph&novaldre drerivalesul fate” as
used herein, represents a group of fornula "-O S(0)2-0-". 20The term

" car boXtydrecasepa meisties BaviRg lisear of kigneses moigties el .gorbinegpRs thereoic| 0) oH' .

The t N | e’ ' "-S=0".
The t ericBitefiiishFo GRoYd SaeOnE el TR CELE B2 4 i sl B B, v a -
P( 0) ( OHfeBlaced by o>§'y§ba, safun Syifeddsn oritregert icdtbarsyl Usedoker fulfonyl, @plbgsent s a

group of fornula "- :
divalent C 36 cycloalkyl. Alkyl groups can be substituted by halogen, hydroxyl,



25(0) P(0) (OH)2". The term "boronic acid", as used herein, represents a
group of fornmula "-B(OH)2". The term' suI phoni ¢ aci d” as used herein,
represeﬁfwoaongmmf formula "- S(0) 20H'. The formul a IHCT/UsaGSIOIDS’Bdl her ei n,

t d t Th d h t
e e AERs B el nelotYuSy epanit A hueshieNs 4T coen ©

atom KoniSacid dubS hetiBaclepresents a sul fur atom | awo
2011/ 0 18%!5319}%82010/ 05?36% g}%?m ly RLis Nor CGRLIO . Generally R2 is

aromatic heterocycle non-aromati c heterocycle cycloalkyl cycl oal kenyl or

Rl ol DobG PEEREDS nEAST s S BTG AR B A e

Preter g ¢xbdaratorpy] gretérabRy3 &¥ 8lcatbditatomyy dmvemefrormyar salursted @yclic
i m dazol i ne, Byr azol i ne, thiazoline, oxazoline, thiophene,

di hydr dlyﬁlir@fﬁﬁf ae, Cyelpalky! gjphparcamheaﬁonggyd@l% POIMEYEE. i Gucloalid £andoe

h I I
{11 220l 8501 LGS g BIEEEPL PO BGIIE  Biod R B L e
1, 2, 4- tpreset emseiigicgelppertanen dazol i ne, pyrrolidi none, pyrrol-2(3H)-one,

im'dazolidi n-2-one, or 1,2,4-triazol- 105(4H)-one. Cenerally R3 is O,
N-Rll CH-R12 S, -CR13=CR14-, -0(0) or -C=C-. Usually, in the present

cag t%rr‘?ﬁ B& k%hw %uée‘q hbrlﬁrﬁ Bférb@o B% hOFHEMEor dIPAeAT g?rg%b'cﬁ

het erocy e, cy oa kyf or ar In t e present case, is aryl
or H Ibteederndidnyatdfs, gre:ﬁeramy Bgetﬁ carbon _aBoraSIdyehyeMr@nm;slatwate(d 3 al ky.
Usual Iy th resent . c .. CGenerally R6.is H al kyl ,

nal ogervelaivd BoPnG oIS boR) LT eiBaeny SrBHPE £an femBheSEEsT Re | s
Cener ald ¥d%nd: SC%l@élerlyl%r@uﬂfé'ban Héts@lblsﬂtutéwby Raoly €SEMHIk@FSupSdr 1 orH.

20CGener al R8 is or 0 Usual Iy, in the present case, R8 is H
Genera|2 paIRgens @W@Hzenﬂwupmwﬂmaﬁ@ntweasayz@pent@(e@) 20H, -P(0)MeOH, -
gé(l—l)(]—l or -OR15. Usually, in the present case, RO is P(0)(O0OF)2.
rally RL is H 01_6 al kyl, hal ogen, hydroxyl or -001_3 alkyl. Usually,

i n the Treeremt “hargen” Ris isedhedhizasfiraltd wntdmic dHicned brémmlek fliorikgner al |y
R12 is Hor 01-3 al kyl CGenerally R13 is Hor 01-3 alkyl. Generally R14 is H

or 01_30@NRyl. Generally R15 is Hor 01-3 alkyl. 30Generally a is 0, 1, 2,

3, 4 orT%te@u% Jjeyw "l Bs ngd RFF&F{ %@%%8 ' ff\ohéyeﬁentzor dqﬁvalénpﬁyoargcg@bgl; aI4I. y b

is 0, 1 resent case
Gener alrhgical havifig cﬁtolﬁ czhjsls)oaldtgms; detiven fnomsatucateel alkyl) lsaving éeleaistl |y d is

0, 1, 2 or ual | e case,_d is 3. Cenerally L is OHR17,
0. 28 orONGHNIETIRM & 24 e BPEsaning e’ Z Conlowaes, AEnyigsoubs can
20111 06GIB4RCTHESRIO(PS tiGGineral 1y RIS s H 013 alkyl 0013 alkyl,

hal ogen, r oxy am no in the present case, R16 is H
General ly R17 is Hor CL_3 alkyl. 5In one enbodi nent of the invention

The term “alkynyl!”, as used herein, refers to a monovalent or divalent hydrocarbon
radical having 2 to 6 carbon atoms, derived from a saturated alkyl, having at least

25  one triple bond.

The term “heterocycle” as used herein, refers to a 3 to 10 membered ring, which can
be aromatic or non-aromatic, saturated or non-saturated, containing at least one
heteroatom selected form O or N or S or combinations of at least two thereof,

30 interrupting the carbocyclic ring structure. The heterocyclic ring can be saturated or
non-saturated. The heterocyclic ring can be interrupted by a C=0O; the S heteroatom
can be oxidized. Heterocycles can be monocyclic or polycyclic. Heterocyclic ring
moieties can be substituted by hydroxyl, 1 to 2 C 1.3 alkyl or 1 to 2 halogens. Usually
heterocyclic groups are 5 or 6 membered rings. Usually in the present case



Rl is Nor CGR10; R2 is aromatic heterocycle or cycloal kenyl; R3 is O,
N-R11, CH R12 or S, -CR13=0R14-, -0(0) or -CEG; R4 is H aromatic

het erocV&IVG 20ngwewiomat i ¢ het erocycl e, cycl oal kyI cycl GEIFRESQ@AJO/O@’:%ILOaryI
R5 is H,  hal oge dr ox 001 K dr ox or 01 lkyl; R6 is H,
033 alllgP OO Ry PatigeoPT a8 Dyrazaldine. pytrolie, AFroldng ai kyl - Re | s
H or Clrfigaddine; p)&{\)’é%hr\é thlgf&ﬁiézoxa%é thleIQéfﬁQ@lﬁydro%&eﬂeWﬁJran S(0) 20H,
- P(0) MeOH, - P( ) or - H, . hal ogen, "hydroxyl or
-001_3 chm@bfurm,lpyrsolei r@yrr@me:aoaamw,, thRﬂz@Ie smwlazo e @yaam,,pyﬁaz@g@m,

hydroxy 1.3alk m no; R13 | or 0 3 H or 01-3
o oy - oprs0te i GRS PR pdBigers spxadtangaeiangii 12,3 O 00
0, & ZriaZolet Or4-Hiazdhd) imidZolel, miﬂaz@hné‘ WrrcﬂldlrfbnleSperQFZGBH)d)né 0, 1, 2 or
3; RI6is H, 01-3 al kyl, -001 3 al kyl, hal ogen, hydroxyl or ‘am no; and

RL7 i s iMiGaZaljdins2-aney DF 1 Qonitridzol- RéA-oRe sos when R3 is 0, N-R12, or S, and
bis Oor 1then L is not 0, S, or NR17; and when RO is -0P0O3H2, - COOH,
-P(0)(OH) 2, -S(0)20H, -P(0)MOH or -P(O)(H)C]—I then d is not O; and when R9
I s - ORTEhd teem ‘@rylSasoked hereid, reférsa‘mﬂan@@;éh&ﬁﬁd:&@dﬁﬂ\k&ﬂdxm avaseatian

anot her enbodl ment of the invention Rl | S i's 5-nenber

ar omat i"yd ﬁ%@%beeyenélsamg & 8Ires JQmginIngsRip 1 Caroaq. alos yseagvaolgne |
- ORy3=Givtfoger, Ytlen £, @Ee,‘abstlﬁ‘iﬁi(%#’f to® H%@Fﬁ SR DY B 289k maLi €

het er oc e, cyc cycl oa
groups Usually aryI is phenyl.

The group of formula “-CR"=CR™- “, as used herein, represents an alkenyl radical.
The group of formula “-C=C-*, as used herein, represents an alkynyl radical.

15  The term “hydroxyl” as used herein, represents a group of formula “~OH".
The term “carbonyl!” as used herein, represents a group of formula “-C=0".
The term “carboxyl” as used herein, represents a group of formula “-C(O)O-“.
The term “sulfonyl” as used herein, represents a group of formula “-SOy”.
The term “sulfate” as used herein, represents a group of formula “-O-S(0),-O-".

20  The term “carboxylic acid” as used herein, represents a group of formula “-C(O)OH".
The term “sulfoxide” as used herein, represents a group of formula “-S=0".
The term “phosphonic acid” as used herein, represents a group of formula “-
P(O)(OH).".
The term “phosphoric acid” as used herein, represents a group of formula “-

25 (O)P(O)(OH).".
The term “boronic acid”, as used herein, represents a group of formula “-B(OH),".
The term “sulphonic acid” as used herein, represents a group of formula “-S(O),OH".
The formula “H “, as used herein, represents a hydrogen atom.
The formula “O “, as used herein, represents an oxygen atom.

30 The formula “N “, as used herein, represents a nitrogen atom.
The formula “S “, as used herein, represents a sulfur atom.



R5 is H hal ogen, hydroxyl, -001_3 al kyl, hydroxyl or 01 _3 alkyl; R6 is H,
01-3 al kéw hal ogen, hydroxyl or -001 3 alkyl; 10R7 is Hor 01 6 alkyl; R8
is Hor 0R0Hldoyl84s RO is -0PO3H2, -COOH, -P( 0)(C]—I)2 - @BTAIS201RPE7361

-S(0) 20 OH -P(O)(HOH or -OR15. RL is H 01 6 alkyl, hal ogen,
hydroxﬁé%?ra 'b@k%na?rk§1£&)15m1 i's Hor 01 3 alkyl; R2 is H 01-3 alkyl,
hal OgerGeﬁlé/r@Wth ar&ﬂéﬂé”ﬁéﬂé)‘écg&!e &f@nﬂé%on%l% He‘leﬂdcgéleoéyéoé‘l Ngl{ R14 is H
or 01-3 al kyl; R15 or 01 al kyl ; 20L | 7 or -0(0)- ;

ais ocyploaf«ertyl oriapyt. sl,Jsu:«aIIiyslrUhepreaentzase, l$ar0¢nats: fmeterocyclwon s 0 1, 2

3: 25R16 01-3 alk 01 3 .,al kyl h d
%57 s eSS Uy aibtic relraeiRufes %m?ﬁ%ﬁﬂrﬁege% T pesten8gR0, ane
- P( 0) (()rOa—rljé f ml yzrgZHﬂQ{Irl]D@(f yﬁ&lllaéo?ﬁ?@dIﬁ]ﬂbmgﬁﬂggﬁe%}&gzgsﬁ%ﬁyfa a%)o'@a@r?; when

RO is mgllm%éhlwhege{@ y@romlonheme] of Hahy@efanmeyroles PYwelinenvent i on RL

1 N 0o B0 ok 8 AR ORLOARCTL 5RO 053000 Reoth bl hopeniinc:

cycl opentene, pyraz I rr'o
pyr azoloxaeliadote,alz2)5-oveadiarcie, ahiatéazoldyi bzneumazolél maj:mmamm:@hmmzdeu an,

dlhydrofuran yrroI rrolin yrrolldlne zol e, oxazoli ne,
t hi azol'Bidazglig zBYréD“dﬂF? oyeol § G ! qz@BQ'ﬁz P8BS, 9%@12#} iAok
te 63203(@ %Q,?g adi azole, 1,2, 5-oxadi azole, 5thiadiazole, 1,2,3-triazole,
4-triazole, .imdazole, imdazoline, pyrrolidinone, pyrrol 2(3H) - one,
i m dazdbengmllp Rie O, N-Ri!, GH-R'F) az@R‘s”’e@R)”m@com iG=@, UsuRtly, in @i R12 or S,
CR13=CR14- ¢ 0%0 30 CEOG; R4 is H aromatic heterocycle, non-aromatic
heterochS?%h I'SkQ cycl oal kenyl or aryl; 10R5 isH, hal ogen, hydroxyl,

-001-3 @ér‘fé/rlall RFGE Wﬁ?orﬂétl@ﬁefér@éwé ndRBaioindtic r@étércﬁ,‘ytébé cyé]@bl‘k?l%‘ra ydr oxy
or -0013alkyI;R7|s H or @(}%PQHR&S Hor C-6alkyl; RO i's -0PO3H2,

- COOH, Usyally( oHpe, presad caseyR is -P(0) MeOH, -P(0)(H OH 150r - 0R16

15  Generally R®is H, halogen, -OC.3 alkyl, hydroxyl or Cy.3 alky. Usually, in the present
case, R%is H.

Generally R®is H, Cy.3 alkyl, halogen, hydroxyl or -OCj_3 alkyl. Usually, in the present
case, R®is H.
Generally R” is H or Cy.6 alkyl. Usually, in the present case, R’ is H.
20  Generally R%is H or Cy alkyl. Usually, in the present case, R%is H.
Generally R? is OPO3H,, COOH, P(O)(OH),, Css alkyl, -S(0).0H, -P(O)MeOH, -
P(O)(H)OH or —OR". Usually, in the present case, R® is P(O)(OH)s.
Generally R' is H, Cy alkyl, halogen, hydroxyl or -OC;_3 alkyl. Usually, in the
present case, R"%is H.
25  Generally R" is H or Cy.3 alkyl.
Generally R" is H or Cy.3 alkyl
Generally R" is H or Cy.3 alkyl.
Generally R™ is H or Cy.3 alkyl.
Generally R" is H or Cy.3 alkyl.

30 Generallyais 0,1, 2, 3,4 or 5. Usually, in the present case, ais 1, 2, 3,4 or 5.
Generally b is 0,1, 2, 3, 4 or 5. Usually , in the present case, bis 1, 2, 3 or 4.
Generally cis 0 or 1. Usually, in the present case, cis 1.

Generallyd is 0, 1, 2 or 3. Usually , in the present case, d is 3.
Generally L is CHR'", O, S or NR'". Usually, in the present case, L is CHR™.



RlL is H 016 al kyl, hal ogen, hydroxyl or -001-3 alkyl; R11 is Hor 013
alkyl; R12 is H 013 al kyl, hal ogen, hydroxyl, -001 3alkyl or am no;

R13 is Iglwozﬂmamalskyl 20R14 is H or 013 al kyl; R15 is BCOAUSQWS/0&13KkY]; L is
CHR16, S, NRigor (0) is 0, 1 . 3,,.4 0or 5 . bis 0, .1 2,
5.4 o GnSBITS § ; Cio bl L Maslky bpldgenphaBivkamize Uk . 49 5

al kyl, d}@é&&%sehmd‘h@wl or amno, and R17 is Hor 013 alkyl; with the
provi sos: 30wh isO, NR12, or S, and bis 0 or 1 then L is not 0, S,
or NRlﬁe@@fally\RenISF@QF& 3031’bﬂH2 -COCH, -P(0)(OH) 2, -S(0)20H, -P(0)MeOH or
-P(O)(HHOH then d is not 0; and when RO is -OR16 then d is not 0 or 1. 1
aw0 2011/ 066184PCT/ US2010/ 057361 I n anot her enbodi nent of the invention Rl

i s N orinGrBldhb&Rincht of PeenadNMati ¢ heterocycl e or cycl oal kenyl; R3 is
0, NR11, CHRI2 of S, -CR13=CR14-, -0(0) or -CEG; 5R4 is H aromatic

het er odycisd\ OA6nRAronat i ¢ het erocycl e, cycloal kyl, cycloal kenyl or aryl: RS

is H, n@dg%ﬁn}aﬁx ?é*él:&cle%gjcyéloglk%éyl hydroxyl or 01_3 alkyl; R6 is H,

01-3 alk alkyl; R7 is Hor Cl-6 alkyl; 10R8

is H orRﬁgg NLFWICHE@%@rso.m@PECRé‘r- -(tj)(l'@)&;r R]Ec';.s H, 01_6 al kyl, hal ogen,
hydr oxyl , or ~001-3 al kyl; R11 is Hor 01-3 alkyl; R12 is H 01-3 al kyl,

hal ogerR’ IByirasegaticrtarogxalky nowarematie heteseale, cydasikybcyslagalkgnyl orR14 is H
or 81 3ar9ll, kyl; R15 is H or 01-3 al kyl;

R®is H, halogen, hydroxyl, -OCy.3 alkyl, hydroxyl or Cy.3 alkyl;
R®is H, Ci1.3 alkyl, halogen, hydroxyl or -OC;_3 alkyl;
R”is H or C1 alkyl;
R®%is H or C1 alkyl;

15  R%is -OPO3H,, -COOH, -P(O)(OH),, -Cs. alkyl, -S(0),OH, -P(O)MeOH, -P(O)(H)OH
or -OR'®;
R'is H, C1. alkyl, halogen, hydroxyl or -OC1.3 alkyl;
R" is H or Cy.3 alkyl;
R'is H, Cy.s alkyl, halogen, hydroxyl, -OC1.salkyl or amino;

20 R"™is Hor Cys alkyl;
R™is H or Cy.3 alkyl;
R is H or Cy.3 alkyl;
L is CHR'™, 0, S, NR" or -C(O)- ;
ais0,1,2,3,4o0r5;

25 bis0,1,2,3,4o0r5;
cisOor1;
dis 0,1, 2o0r 3;
R is H, C1.3 alkyl, =OC1.3 alkyl, halogen, hydroxyl or amino; and
R is H or Cy.3 alkyl;

30  with the provisos
when R%is O, N-R', or S, and b is 0 or 1 then L is not O, S, or NR""; and
when R? is -OPO3H;, -COOH, -P(O)(OH)2, -S(0),0H, -P(O)MeOH or -P(O)(H)OH
then d is not 0; and
when R® is -OR"™ then d is not 0 or 1.



Lis CHR16, 0, S, NR17 or -0(0)- ; ais 0, 1, 2, 3, 4o0rs; 20bis O,
1, 2, 3, 4or 5 cisOor 1, dis 1,2 or 3 R16|sH 013a|ky| -001-3
al kyl , ﬁ&wogen/%h;sdroxyl or am no, and R17 is H GCTH&@O@SWi;
25withthe provisos : when R3is 0, NR12, or S, and b is O or 1 then L is
not 0, S, or NR17; and when R9 is -OR15 then d is not 1. In another

enbodi ﬂﬁrﬁnoﬂ{erté}ﬁbéd]mttbpfhe’ﬁﬂ%nﬂ,&q N or GR10; R2 is 5-nenber aromatic
heteroc cI e or Cég kenyl; R3is 0, NNRll, CHR12 or S, -CR13=CR14-,
4 is

-0(0) lS@QrC H, aromatic het erocycl e, non-aromatic het erocycl e,
cycl oal cl . oal r 11 066184PCT/ US2010/ 057361 R5 is
H hal d?ﬁ %%(ﬁrg”yaé'ﬁ%%eagf%)@)? Oerg’Sﬁﬁ?P Yor 01 3 a! kyl: R6 is H, 01-3
al kyl, F'thub@em R1h)’QH0R3’2|or0$ dm_@Ra" kmﬁ O)RF doEdH cor 6 alkyl; R8 is H or
Cl-8 al ky BRI is -P(0)(OH) 2, -P(0)MeOH, ‘or -P(O)(H)O—I Rl is H 016

al kyl , alrsdgearpmgtldr@teynocwle 0011- ammakghetemquls, ayctoalkyl.- cslchuatlyerxyl P12 is H,
01 3 aI K | hal ogen, hydroxyl, -001_3alkyl or am no; R13 is H or
C1-3 aﬁ{%’ 10R14 is H or Cl-3 al kyl; R15 is Hor Cl1-3 alkyl; L is OHRL6,

0, S, N@Zwrha éh, hydrex soQ; lalky, hydrofyl®r Gpsalkyl; b is 0, 1, 2, 3, 4 or
5, 15C i S 0 SHeh, hydraiol, SO sfalkd ﬁ?/ 125 Alkyl, -001 3 alkyl |
hal ogerRR lﬁ)}'dir(éxyNkM'r, halﬁg@@; hﬁdf@xﬂqu 1Q$1Hs @iky|01 3 alkyl; with the proviso:

10 R’isHorCysalkyl;
R®%is H or Cy alkyl;
R? is -OPOsHy, -COOH, -P(O)(OH),, -Cs. alkyl, -S(0).OH, -P(O)MeOH, -P(O)(H)OH
or -OR'®;
R'is H, C1. alkyl, halogen, hydroxyl or -OC1.3 alkyl;
15 R"is Hor Cy3 alkyl;
R'is H, C1.3 alkyl, halogen, hydroxyl, -OC1.salkyl or amino;
R™is H or Cy.3 alkyl;
R™is H or Cy.3 alkyl;
R is H or Cy.3 alkyl;
20 LisCHR'™, 0O, S, NR" or -C(O)-;
ais0,1,2,3,4o0r5;
bis0,1, 2, 3,4 o0r5;
cisOor1;
dis 0,1, 2o0r 3;
25  R'is H, Cy.3 alkyl, —OC.3 alkyl, halogen, hydroxyl or amino, and
R is H or Cy.3 alkyl;
with the provisos:
when R%is O, N-R', or S, and b is 0 or 1 then L is not O, S, or NR""; and
when R? is -OPO3Hj, -COOH, -P(O)(OH)2, -S(0),0H, -P(O)MeOH or -P(O)(H)OH
30 thendis not 0; and
when R® is -OR"™ then d is not 0 or 1.

In another embodiment of the invention
R'is N or C-R';



20when R3is 0, NNR12, or S, and b is O or 1 then L is not 0, S, or NRL7.
I n anot her enbodi nent of the invention RL is Nor CR10O; R2 is 5-nenber
aronati@\ﬁetzerlﬂmytshe or cycl oaI kenyl 25R3 is 0, N R11, PCHAURI008736)

- CR13= rorratl het er ocycl e on-aronati c

het er o éfvcwﬁen@wﬁ e% ea&r R@@P'@Peawro ings Pyaolidingi mﬁw NRydr oxyl ,

-001-3 F?;Jrgz'dlmeh}fﬂé%we Qkaﬂﬂm% ﬁfhdfpfr\ené?@lHy%r&hlcfbhe%emfﬁbé'n dhﬂ)d%lﬁfhn
hydr oxyl” or - 00 R8 i a al kyl :

RO is -fOOCH, pya@pgowrrmlnes, qxazote examdwe tmamjgelmlda@@eowaz@e, 001 3

al kyl; R11 i,s Hor O 2011 057361 R12 is
V1 Pkrginet istkagdn: shti¥els, tuBgle SkiaEe0s T 2 aeaeRtgr S o, ol s
al kgl ; tRkdidld] 102 30thaaolél K>d4tﬂf§iole Snfrhéﬁol@lrrﬁdéﬂdﬁlﬂé; pyrtoliddetdRpgrrol, S,
NRl?or-OSO)-'als, 3, 5 bis 0, 1, 2, 3, 4or 5 cisO

or 1; R(BE)ong lﬁfr"dQZOUEbe?ﬁDn% aqT Z}ff tgamlka)D@m 3 al kyl, hal ogen,

hydroxllg gg(?alg\ﬁghgﬂnﬁ zl%lr7 1) F{IsO{%g?ALQ?@)k%rt _\%th the proviso: when R3 is

0, NR b'is S, or NR17. 151 n anot her
enbodi s 19f arbhfaticthegdiocofle Rioh-ardafic ﬁe@@cycﬁ’é‘%ﬁ%dl@l f@kéﬁyl or

heterocycl e, non-aronatic heterocycle or cycloal kenyl ; R3is’0; and R4
is arylargk H, and 20R5 is H and R6 is H and R7 is H; and

10 R®is H, halogen, hydroxyl, -OC1.s alkyl, hydroxyl or Cy.3 alkyl;
R®is H, Ci.3 alkyl, halogen, hydroxyl or -OC;_; alkyl;
R”is H or C1 alkyl;
R®%is H or C1 alkyl;
R? is -OPOsHy, -COOH, -P(O)(OH),, -Cs. alkyl, -S(0).OH, -P(O)MeOH, -P(O)(H)OH
15 or-OR'>;
R'is H, C1. alkyl, halogen, hydroxyl or -OC1.3 alkyl;
R" is H or Cy.3 alkyl;
R'is H, C1.3 alkyl, halogen, hydroxyl, -OC1.salkyl or amino;
R is H or Cy.5 alkyl;
20 R"is Hor Cys alkyl;
R is H or Cy.3 alkyl;
L is CHR'™, 0, S, NR" or -C(O)- ;
ais0,1,2,3,4o0r5;
bis0,1, 2, 3,4 o0r5;

25 cisOor1;
dis 0,1, 2o0r 3;

R is H, Cy.s alkyl, =OC.5 alkyl, halogen, hydroxyl or amino, and
R is H or Cy.3 alkyl;
with the provisos:

30 whenR%is O, N-R" orS,andbis0or1thenLisnotO,S, or NR"; and
when R? is -OPO3H;, -COOH, -P(O)(OH)2, -S(0),0H, -P(O)MeOH or -P(O)(H)OH
then d is not 0; and
when R® is -OR"™ then d is not 0 or 1.



R8is H and RO is P(O)(OH)2; and 25R1 is H, and ais 1, 2, 4 ors; and b is
120r4 and cis 1; and d is 3; and 30L is OHR16; andR16|sH I n
anot her! Ewbadlmmsmf t he |nvent|on R1L is N or CR10; amdT/US34¥0/057361

2011/0 6184|t3CT/U 2010/ Oz ﬁ] i s aromatic heterocycle, non-aromatic
het er od) ANQIYF" §NROYTARERY e QXA i s 0: and R4 is aryl; and R5 is H
and SRR1 g Nloreng'®7 is H and R8 is H and RO is P(O)(O—|)2 and Rl is

H. and 10a is 1or 2; and bis 1or 2; and cis 1; and dis 3; and L is
CHR16: Rnis S-8RIE0Grarpmatia fwh@pﬁwlemdloaﬁmybf the invention RL is N and

hors” i 08 anli-ey EECRYRTS ARTEERPL CPRETE e ana”S “RrTY 1 “and
5 R4 is H, aromatic heterocycle, non-aromatic heterocycle, cycloalkyl, cycloalkenyl or

aryl;
R®is H, halogen, hydroxyl, -OC,.s alkyl, hydroxyl or Cy.3 alkyl;
R®is H, Ci1.3 alkyl, halogen, hydroxyl or -OC;_3 alkyl;
R”is H or C1 alkyl;

10 RPis Hor Cys alkyl;
R® is -OPOsH,, or —OR'®;
R'is H, C1. alkyl, halogen, hydroxyl or -OC1.3 alkyl;
R" is H or Cy.3 alkyl;
R'is H, C1.3 alkyl, halogen, hydroxyl, -OC1.salkyl or amino;

15 R™is Hor Cy alkyl;
R™is H or Cy.3 alkyl;
R is H or Cy.3 alkyl;
L is CHR'™, 0, S, NR" or -C(O)- ;
ais0,1,2,3,4o0r5;

20 bis0,1,2,3,4o0r5;
cisOor1;
dis1,2o0r3;
R is H, Cy.s alkyl, =OC.5 alkyl, halogen, hydroxyl or amino, and
R is H or Cy.3 alkyl;

25  with the provisos :
when R%is O, N-R', or S, and b is 0 or 1 then L is not O, S, or NR""; and
when R? is -OR" then d is not 1.

In another embodiment of the invention
30 R'isNorC-R'";
R? is 5-member aromatic heterocycle or cycloalkenyl;
R%*is O, N-R", CH-R" or S, -CR"=CR™-, -C(0) or -C=C-;
R* is H, aromatic heterocycle, non-aromatic heterocycle, cycloalkyl, cycloalkenyl or

aryl;

10



25R8 is H and RO is P(O)(OH)2; and ais 1 or 2; and b is 1 or 2; and
cis 1 and 30d is 3; and L is CHRl16; and R16|s H. 1 awo
2011/ 068580REM/IEE®A10/ 057361 | n anot her enbodl nent of t IRETIUSRENFBA1 RL i S

C R10; i S ar t| c, het het er ocycl e or

cycl oaIFEEnﬁJ-’:\?1 ?@(yil aﬁi%ﬁSMr% ‘Q‘g is H and R6 is H and
R7 is 6 H 1 andelsH and ais 2, 3, 4
or 5; ;R ,@nqi 6&3 blfkgl haﬁi@;‘én E%’rdx?l & @(ﬁ@‘ﬁl@{l and 15d is 3; and L is CHRL6;

and RLER]is H-lOFCmHQHths of the invention are:

zzag[g ({Igg— g%—l PE)%’%)aTk%/'I'[w' phenyl pentyl ) oxy] benzyl | am no) pr opyl ] phosphoni c

[ 3- 6{ 3-KLisIPERFDM ), 2-P(O)MeOH, orpPeOyH)ERE Y| ) oxy] benzyl | ami no) pr opyl ] phospho

nic acid;

[ 3- ({4- W?@ bihEny 1I3ieht Ral9esy hysrexyl of t-RGzad kY: y1 ) benzyl | ami no) pr opyl ] phosph
onic a lis H or

[ 3-({3- 3 Tl ? e I[ke/% phenyl pent yl ) oxy] benzyl | am no) pr opyl ] phosphoni c
acid; R"Yis H C1 3 alkyl, halogen, hydroxyl -OC1.zalkyl or amino;

[3-({4 é&S I pgntyP/I ) oxy] - 3- (3-thi enyl ) benzyl | am no) propyl ] phosphoni c

aci d; 1-3

25 ({g[: tyl)oxy]-3-(2-thienyl)benzyl | anm no) propyl ] phosphoni c
hg Fé éﬁr&hewbw

[3 ({4- FB1§ -ig # orsGbyalkybhenyl ) propoxy] - 3- (2-t hi enyl ) benzyl | am no) propyl ] phosp
honi ¢ 3ci
[ 3- ({Sq'c dq;UBento’ls eNRl ?/rl CA{O[)'(S phenyl pent yl ) oxy] benzyl | am no) pr opyl ] phosp
honi c agisdy 1,2, 3 4
30{3-[({6-(3- furyl) [(5 phenyl pentyl ) oxy] pyri di n-2-yl | met hyl ) am no] propyl
| phosphoisi@ 1,2, 3,4 or 5;
15 cisOorf,

dis1, 2or3;

R is H, C1.3 alkyl, =OC1.3 alkyl, halogen, hydroxyl or amino, and

R is H or Cy.3 alkyl;

with the proviso:

20 whenR%isO,N-R"? orS,andbis0Oor1thenLisnotO,S, or NR".

In another embodiment of the invention
R'is N or C-R™;
R? is 5-member aromatic heterocycle or cycloalkenyl;

25  R%is O, N-R", CH-R" or S, -CR"*=CR"-, -C(O) or -C=C- ;
R* is H, aromatic heterocycle, non-aromatic heterocycle, cycloalkyl, cycloalkenyl or
aryl;

R®is H, halogen, hydroxyl, -OCy.3 alkyl, hydroxyl or Cy.3 alkyl;
R®is H, Ci1.3 alkyl, halogen, hydroxyl or -OC;_3 alkyl;
30 R’isHorCysalkyl;
R®%is H or Cy alkyl;
R’ is -COOH, -S(O),0H;
R'is H, C1. alkyl, halogen, hydroxyl or -OC1.3 alkyl;
R" is H or Cy.3 alkyl;

11



acid; {3-[({5-[(5-phenyl pentypoxy]-6-(2-thienyl)pyridin-2-
yl | met hyl ) am no] pr opyl | phosphoni ¢ aci d;
(3-{[4- Fwoybnwnsa- (2-thi enyl)benzyl]am nol propyl ) phosphoniseoianssslr 1 awd

2011/ 066484 US2010/ 05736 o

(3-{[ 4- dé%ﬁ?&y)ﬁ@(égpw@#m B2 S 55806 PHABPYPS) phosphoni ¢ aci d;

3- ({3- (Bfid pp6,06§3 tc-,m'zgnyl) -4-[ (5- phenyl pentyl ) oxy] benzyl | am no) propyl ] phosp
honi ¢ ac'4d; -({4-[ (5-phenyl pentyl)oxy]-3-(2-thienyl)benzyl | am no) et hyl
di hydr dgernis phosghaaksyl; _ _ _

Zgl g{ 4-|_JQ1(55|§ ppgrnéwgl%w ) oxy] - 3- (2-t hi enyl ) benzyl | am no) pr opane- 1-sul foni c
et By [1I3is(EAR'Y © b amR! pemnig(D)oxy] - 3- (2- t hi enyl ) benzyl | ami no) pr opyl ] phosphi
ni ¢ acid;

2- ({4- [ 5-PHeRyBpé®ryd; ) oxy] - 3- (2- t hi enyl ) benzyl | ani no) pr opan- 1- 01;

2-({4- [6 é—d)qer}ybpg%trysl.) oxy] - 3-(2-thi enyl)benzyl | am no) propane-1, 3-diol. 10
Some conpounds’of Forrula | and sonme of their internedi ates have at | east
one steriedgenic center in their structure. This stereogenic center nay be
present in an Ror S configuration, said Rand S notation is used in
correspgbiSderfc® %ith the rules described in Pure Appli. Chem (1976), 45,
11433. A6, r4fkyi Ph i F'CBIE*@ F ts,yrefers to salts or
corr%l exes I%-Egtd1§edtma¥ ’n@%@%&y’r@@l/ﬂd?@gl cdl Baggﬁ@’ta;/ndof t he above

i dent i fR¥ds tbopBundikybnd exhi bit nminimal or no undesired toxicol ogi cal
effects.. TE]% "pharmaceutically acceptable salts" according to the invention
i ncl udeVifth a‘ffg’ﬁﬂspcal ly active, non-toxic base or acid salt 20 forms, which
the conpeatpsih, RoRMIbAS! aflE® B 6r 1 hdrPL 18 ndihe, 8cheNgddi tion salt form of
a conpound of Formula’l that occurs inits free formas a base can be
obtained by treating the free base with an appropriate acid such as an

i norgani.c i d, . . ohalic acid such as hydrochloric acid,
hyggobghrﬂ@%aeéﬁ%d'%%k ﬁ? Iﬁ?f%t?&]ohosphori c acid, nitric acid and the
like; dR'@rNergar't apgi d such as for exanple, acetic, hydroxyacetic,
propanoig, lactic, pyruvic, malonic, fumaric acid, nmaleic acid, oxalic

aci d, tRrisarp@ageingterogrelennen-acematigraeiecocusiqior axderlserylaend, benzoic
acid, tgmpig. a¢id, pamoic acid, citric, nmethylsulfonic, ethanesulfonic,
benzenesul'fonic, formc and the |ike (Handbook of Pharmaceutical Salts,

P. Hei nrRtis 3QiSbratipdrdd Canmille G Wernuth (Eds), Verlag Hel vetica Chenica

Act a- ZI.T\,g.i rﬂ] 2002, 329-345). Conpounds of Fornula | and their salts can be
i n2Phe RdPH:@% sol vate, which is included within the scope of the present
i nvent ighg 1BUGly sol vates include for exanpl e hydrates, alcoholates and the
like. '|_awd 2011/ 066184PCT/ US2010/ 057361 Wth respect to the present

i nvent iRhistfandence to a conmpound or conpounds, is intended to enconpass
that c ound in each of its possible isoneric forms and m xtures thereof
unl ess H@*’Eaﬂ’ﬂncul ar isoneric formis referred to specifically. 5Conpounds
accor diRistmd)(GHpY; apgnt i nvention may exist in different polynorphic
forns. 0t_houg not explicitly indicated in the above formula, such forns
ar 85i ntRndeHl;®0dbe i ncl uded within the scope of the present invention. The
conpou f, the invention are indicated for use in treating or preventing
10condirad%oﬁsz’i4ngrv§1irégﬁnt here is likely to be a conponent involving the

sphi ngasisne-2ler #hmsphat e receptors. |In anot her enbodi nent, there are

provi ded pharmaceutical conpositions including at | east one conpound of the
i nvent i%i§ %;@"d phar maceutically acceptable carrier. 15 In a further

enbodi rHa@t3.cgndt he invention, there are provided nethods for treating

di sorders dssociated wi th nodul ati on of sphingosi ne-1-phosphate receptors.
Sugh nHt isc@idRGrande performed, for exanple, by administering to a subject

i n need, fhereof a pharmaceutical conposition containing a therapeutically
ef fectiVe "afbunt 200f at | east one conpound of the invention. These
conpounds are useful for the treatnent of mammual s, including humans, with a
range of conditions and di seases that are alleviated by 51P nodul ati on: not
| i mi t edntamother amizediment obthedina@etiorc r et i nopat hy, ot her reti nal

degenerati ve ¢ hd.ions, dry 25eye, angi ogenesis and wounds. Therapeutic
utili ti%s'sﬁ%%{;ﬂm@ﬂaators are ocul ar di seases, such as but not limted
to: wet and dry age-rel ated nmacul ar degeneration, diabetic retinopathy,

retinopat hy
12



of prematurity, retinal edema, geographic atrophy, glaucomatous optic
neur opat hy, 30chori oreti nopat hy, hypertensive retinopathy, ocular ischemc
syndroﬂ@ﬁNQRGMﬂMGﬁwn of inflammation-induced fibrosis i RCTRS2080K736f t he

eye, vard ous ocul ar .inflammatory di seases includin eitis, scleritis,

cor at | 1RsS SERAAENEEPoYdS CopT elmats NS FReeiie oL UAer ke erid or 1 el at od

di seases® gughg@p but not limted to: various inflammatory diseases,
including acute lung injury, its prevention, sepsis, tunor netastasis,

35at herRsislasyloend, pul nonary edemas, and ventil ation-induced |ung injury;
or 1 3%9 38%%&p66184PCT/U82010/057361 aut oi mune di seases and

i nmuno pﬁ on such as but not [imted to: rheumatoid arthritis, Crohn's
di seaseR® igHaverf di sease, inflammatory bowel disease, nmultiple sclerosis,
Myasthenj a gravis, Psoriasis, ulcerative colitis, antoimmne uveitis, renal
i scheniR/ipdF.fansi on injury, contact hypersensitivity, atopic dernmititis, and
Sorgan pe;an Q*Eptation; or allergies and other inflammuatory di seases such
as but nof Iimted to: urticaria, bronchial asthma, and other airway

i nf | ammt isd©){@E)ydndg pul monary enphysenma and chronic obstructive

pul nonary .di seases; or cardiac protection such as but not |limted to:

i schenif H%b@@ﬁgsion injury and at heroscl erosis; or wound healing such as
buﬁonoQakLﬂBdea&93 scar-free healing of wounds from 10cosnetic skin
surgery, ocular surgery, G surgery, general surgery, oral injuries,

vari ous isetbafj aad , heat and burn injuries, prevention and treatnent of
photoagpnq_and skin agei ng, and prevention of radiation-induced injuries;
or boné o on such as but not limted to: treatnment of ost eopor osi s and
vari ougy Rongyrdgr act ures including hip and ankl es; or anti-nociceptive
activity.such1 S but not limted to: visceral pain, 15 pain associated
with dilalse€HR ri@ndopat hy, rheumatoid arthritis, chronic knee and joint
pagg, tﬁﬁﬂgﬁhitis’ osteoarthritis, neuropathic pains; or central nervous
systemne al activity in Al zheiner's disease, age-rel ated neuronal
injuries; or in organ transplant such as renal, corneal, cardiac or adipose
tissue transplant. 20In still another enbodi nent of the invention, there
are prdoianetherambediment of tealnvartian sor ders associ ated with nodul ation of
sphingq§i%q¢%%ﬁposphate receptors. Such nethods can be perforned, for
exanpl e, ‘adm nistering to a subject in need thereof a therapeutically

ef f ect i Rieisaarommatic dleterbcyelashomasmatiphetetonyicld becyavakengnandr any
conbingéjpn thereof, or pharmaceutically acceptable salts, hydrates,

soPfat €3, 1553c3R&t al forms and individual isoners, enantioners, and

di ast ergogey|- hRgreof . The present invention concerns the use of a conpound
of Fornmula |”or a pharnmaceutically acceptable salt thereof, for the

manuf addliséd;@nda nedi canent for the treatnent of ocul ar di sease, wet and
dry agesd.el ated macul ar degeneration, 30di abetic retinopathy, retinopathy
of pre Uﬁ#ﬁﬁ?@ retinal edema, geographic atrophy, glaucomatous optic

neur opghy H:GHer i oreti nopat hy, hypertensive retinopathy, ocular ischemc
syndronme, prevention of inflammation-induced fibrosis in the back of the
ey85 vdriigds ansul ar i nfl ammat ory di seases including uveitis, scleritis,
keratit'§$Fa§ﬂ(gﬁ§}g%E vasculitis; or system c vascular barrier related

di seases | r‘ ’ aw0 2011/ 066184PCT/ US2010/ 057361 i nfl ammat ory

di seasespis 1 ocPughdig acute lung injury, its prevention, sepsis, tunor

net astasi s, atherosclerosis, pulnonary edemas, and ventilation-induced | ung
i nj ury:b 61 QL2oMune di seases and i munosuppressi on , rheunatoi d
arthrikggq.ghahn's di sease, Graves' disease, inflammuatory bowel disease,
mul ti pl'e sc¢lerosis, 5Myasthenia gravis, Psoriasis, ulcerative colitis,
antoi naige3;wanei tis, renal ischem a/perfusion injury, contact

hyperSﬁgsiéh 4y, atopic dermtitis, and organ transplantation; or

al l ergite® ¢} r inflanmmatory di seases , urticaria, bronchial asthms,
and ot gt @iy way inflammations including pul monary enphysema and chronic
obstructive pul nonary di seases; or cardiac protection , ischema
reperfusion 10injury and atherosclerosis; or wound healing, scar-free
heal i ng of wounds from cosnetic skin surgery, ocular surgery, G surgery,
general surgery, oral injuries, various nmechanical, heat and burn injuries,
prevention and treatnent of photoagi ng and skin ageing, and prevention of
radi ation-induced injuries; or bone formation, treatnment of osteoporosis
and various bone fractures including h8p and ankles; or 15anti-nociceptive
activity , visceral pain, pain associated with diabetic neuropathy,
rheumatoid arthritis, chronic knee and joint pain, tendonitis,
osteoarthritis, neuropathic pains; or central nervous system neuronal
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25 The patient will be adm nistered the conpound orally in any acceptable
form such as a tablet, liquid, capsule, powder and the |ike, or other
rout es 1r%byotmlldmsisnabI e or necessary, particularly if tReTA®RIGO573sUTTers

from ngusea, Such other routes i ncl ude, wi thout exception, transdernal
par ent PéWP“EHB%U?%%EEﬁ%P?HHEW&%@%§1, via an 30i npl ant stent, intrathecal,
intravigrpat.R'®.oifal to the eye, back to the eye, intramuscular,
intravenous, and intrarectal nodes of delivery. Additionally, the

f or nul &R’ iSrAsOM@YICIheterosyclacaon-ararehtiy heterecyste of cydiealkenylyendonpound over a
gi ven qggfq?_onjtine, or to carefully control the amount of drug rel eased
at a gi et 11 HE during the course of therapy. 1 aw0

201%/ 068184P@GEHdJS2010/ 057361 I n anot her enbodi nent of the invention, there
are provided pharmaceutical conpositions including at |east one conpound of
t he i nBBnBitbrdNth a pharmaceutical |y acceptable carrier therefore. The
phraselﬁng;q?ﬁgutically accept abl e" neans the 5carrier, diluent or
exci pi ent ~nus e conpatible with the other ingredients of the fornul ation
and notRTelHtaerd ous to the recipient thereof. Pharmaceutical compositions
of the present jnvention can be used in the formof a solid, a solution, an
enul si on,'SabdApersion, a micelle, a |iposome, and the |ike, wherein the
resyl tim; it 1. cont ai ns one or nore conpounds of the present
10?§veg??gﬁ%%§§§g%’gggive ingredient, in adm xture with an organic or

i norgarR€ ighk mndr or excipient suitable for enteral or parenteral
applicatia | nvention conpounds nmay be conbi ned, for exanple, with the
usual ﬁbﬁjgg&ﬁé” ceutically acceptable carriers for tablets, pellets,
capsul agjs Z3WRASI §:Q4iges, sol utions, enulsions, suspensions, and any other
formsuitable for use. The carriers which can be used 15i nclude gl ucose,

| act oses isgir@ndcaci a, gelatin, mannitol, starch paste, magnesi um
trggilkggQﬁ,r$ | c, corn starch, keratin, colloidal silica, potato starch,
ur ea, iUf"Chai n |l ength triglycerides, dextrans, and other carriers

sui t ablleisfOHRI&endn manuf acturing preparations, in solid, semsolid, or
liquid farm In addition auxiliary, stabilizing, thickening and coloring
agent s Rnds per f umes may be used. Invention conpounds 20are included in the
phar maceuti cal conposition in an amount sufficient to produce the desired
effect upon the process or disease condition. Pharmaceutical conpositions
cont ai rCogpounenof thie invent@mmale: may be in a formsuitable for oral use, for

I bl hes, | , il i ,

A N ST
25 (95 (RIS CARASLAA | : ar ed
oo dng B (F31dkalzdl 2 YRRAS ANy nc it RORierl Y a R oK IBRY s Htorie SER! ©
phar mada({4-f(atpremyjesity jaxy 38 dB-thiazol Coyhzesizyiteménaypsomtiphasphanie aoid; nor e

t d f th i Sti f t eni ng. t h
caen s SELEE S0 Elb LB SRR b Bt MBI v 2
Wi nt er Q[Bf(ﬁg[(gfphéﬂﬁlﬂéhh(lWgPBl(BQhWngnﬂn}én%ﬂ@)pﬁéﬁyl}ﬂrf&@pﬁgﬁiata%id;n order to

provi de pharmaceuti cal egant an alat abl e preparations. Tablets

codbai MBr{f-{(Avhrenyientd)pyirdde-thierybreszyiraeninbidiopyiphosrhenigtagidiaceut i cal |y

accept ahl | RI 0 : t The

oot pi L BLReE b e By eV By Y Bo i eREEon? 2o
2011/ 06l®4PCT/ US2010/ 057361 cal ci um car bonate, | actose, cal ci um phosphate
or sodi um phosphate; (2) granul ating and di sintegrating agents such as corn
st ar ch, [3b1-av@orentr LRNot- Vet ionpRenydpentyljaybeiwyiag i RepreRyehesrRanigum
tragac%ﬂﬁp, corn starch, gelatin or acacia, and (4) lubricating agents such
as magnesi’'um stearate, stearic acid or talc. The tablets may 5 be uncoated
or 30hey(3rtB-[Befund pb(5-plyetyipemtyhexfipyridie2-yimdelyprinclpramgpabsporad
absorption in the gastrointestinal tract and thereby provide a sustained
action 3&r a | onger period. For exanple, a tinme delay material such as

gl ycer yth_ 3 V€ 2P Yhia @ rabe may be enpl oyed. In some
cases, gg%ﬂ?%?ﬁgﬁgb?ggbgggﬁ§ggghﬁalﬁﬁgﬂrﬁéthe formof hard gelatin

capsul egimétivieamino]propyi}plvespionic adidpounds are mixed with an inert solid

di | uent rex e, calcium carbonat C iu hosphate or kaolin. They
my a1 GBI B Ben 2 P p roRMTAB AR The i nvent i on
conmpounds are mxed with water or an oil nedium for exanple, peanut oil,
liquid paraffin, or olive oil. The pharmaceutical conpositions may be in
the formof a sterile injectable 15sudpension. This suspensi on may be

formul ated according to known net hods using suitable dispersing or wetting
agents and suspendi ng agents. The sterile injectable



preparation may also be a sterile injectable solution or suspension in a
non-toxi ¢ parenterally-acceptable diluent or solvent, for exanple, as a
sol uti o'¥5wo 2011%661sut anedi ol . Sterile, fixed oils are C omCEMISR@Ab13¢1

I t di 20 t hi bl and
i xed” dorErgp A GBS RBRTar R B R RO rgheD Ao ol yoer | dis., Tatty
aci ds_(3-nal(digonl sichyard o- pﬁ‘éﬁyﬁﬁéﬂti/lyom&é{{zrygﬁﬁw|N&)%?é@}ﬂ'pﬂo§brhc§1|b' ke

sesane oll, coconut oil’,” peanut oil, tottonse ,etc., or synthetic
fatty \agfidicl es | i ke ethyl oleate or the |like. Buffers, preservatives,

oo BB L P B RS e B R R LT

adnmgni 3-({at[(®phehylps gﬂbk‘ﬂ -3-(Mesen@WEreyiihmaipropanee! BURRHE @diddy m Xi ng
the invention conpounds wth a suitable non-irritating excipient, such as
cocoa butter, synthetic glyceride esters of polyethylene glycols, which are

lid | t al
ool 1 et s HHFIRRRI KSR CubichHE N AR SrOh AR YEn T S0, oct 2
vari at i D4H(b- pbeaylpéyty@bxy])@rmmnm‘mérﬂgt}hrrmo)grdm 10§ uni que therapeutic
characteristics w0 2011/ 066184PCT/ US2010/ 057361

se
i nt A AR aRP RS GR o éH-B) Sy sz B aRaNer LOrRh Lo t he
di ggretion of the practitioner. The conpounds and pharnmaceuti cal
conpositions described herein are useful as nedicanents in mamal s,
i ncl udi$gma weamundsrof thoesiuree hana Somniesaf dseis irden ediates| haae attleastonsf
condlthns whi ch ive t re?tnent by a nIStB or fuqctioqgl
ant agor R8N CLsiJBIRRE ST HES AT S(BRarRBre Ty B pressTi fapn

embodi rgY gomlfig drBﬁ»‘oh RN R i Strﬂﬂét%rﬁfs%slérd%'dé%sﬁﬁh@@rﬁ’o‘e Witk the AABE NG @
di sor der assom ated wth nodulation of sphingosi ne-1-phosphate receptors.

Such metasetbed dmPoee pepl.dehen, (TH10)ek&aril-83. by adninistering to a subject

geed t hereof a pharmaceutical 10conposition containing a therapeutically
11 ctive amobunt of at |east one invention conpound. As used herein, the

er m " they @pmutphgﬁhbaelﬁfdaﬁwabu@ptammfs nefanstd swtsasrdgmipleked that retain
phar maceuti cal nposition that will elicit the biological or nedical

r espondbe slesised @ngl%fzah aptwé)é@f theealeve deatified compagndsagd exbipit mmimal
eocet it el A ek, 98- BlaRa LR s o

enbodi nmen e su
enbodi reotbsding In@theamwahtlorswia:iu&wtheﬁdmalmcaﬂgeactmenmenttbmln baseaeratid aalso

processes for p aring th ounds of The conpounds of

P ful dormacuaEh e coBPeHSs o ERTTIBR TR 4508 B3 ko d anal ogous!y to
conventlonal met hods as understood by the person skilled in the art 20o0f
synthetic organic chem stry. The synthetic schenes set forth bel ow,

i |l ust retesatidvadddinposaitformef @ compourd oﬁEonimuIedtthaimcmrs reitsvirde formhase

killed h bl | di d/
o1 ouenhPss fein Deoptipre B gl e th paka i BN anbr AR ek SR a0 8a by

For mul gnbrgadit Aci€clor @Rampld) ¥ifIrBREINZ A¢id S0EH @S HyRREEhIBHE Bcﬂ}’ﬁ?%ﬂ&h%d

conmpounds |n t he presence of tri phenyl phosphi ne "and di et hyl
az@di cadibeulfarie acsl, phoephorc aodr Rispadd enddhadke] ot @7 aEgANE 8CidTHICH

i nter 0 o t he
cor r cogonfat w5 e HREHC. W PrirtenE bisprbeBe ko fiss hEED duflarie
i nt er nesbigitraaleRastid, ondlic atidithnane apyl phespievid; mgliicdadie, gdovebia acid,
30derivative of Formula |I. Schene 1= H2NR9 O OH H2N OH .
benzoic acid, tannic acid, pamoic acid, citric, methylsulfonic, ethanesulfonic,
benzenesulfonic, formic and the like (Handbook of Pharmaceutical Salts, P.Heinrich
30 Stahal& Camille G. Wermuth (Eds), Verlag Helvetica Chemica Acta- Zurich, 2002,
329-345).
Compounds of Formula | and their salts can be in the form of a solvate, which is
included within the scope of the present invention. Such solvates include for example

hydrates, alcoholates and the like.

15



0 R2-5n(Bu) 3 Pd012(PPh3)2 16000 20m Rl is CHR3is 0O cis 1dis 3 R2
Formula | In Schenme 2, picolinaldehydes react with brom nated conpounds in
t he pre@&‘\ﬁoeouff%pmttassi um carbonate to give the corresp@adiusgoioesssned at e.
This internediate is coupled with the boronic acid of the correspondi ng R2
group to give the corresponding internediate, which reacts with

3- am NORRtAR¥S ISP A besdht fveAtich V@‘e?brﬁ%rtb\éaédbrpgo%d EPwﬂfhkﬁéuhds, iScheme 2
OH R2-B/ \OH PdCl12(PPh3)2 Na2CO3, 120 C, MA, R2- Srl (Bu) 3
PdC12( PPeByed 16 @ncpmpags that compayigre each of its possible isomeric forms and
mixtures thereof unless the particular isomeric form is referred to specifically.
5 Compounds according to the present invention may exist in different polymorphic
forms. Although not explicitly indicated in the above formula, such forms are

intended to be included within the scope of the present invention.

The compounds of the invention are indicated for use in treating or preventing
10 conditions in which there is likely to be a component involving the sphingosine-1-
phosphate receptors.

In another embodiment, there are provided pharmaceutical compositions including at
least one compound of the invention in a pharmaceutically acceptable carrier.
15
In a further embodiment of the invention, there are provided methods for treating
disorders associated with modulation of sphingosine-1-phosphate receptors. Such
methods can be performed, for example, by administering to a subject in need
thereof a pharmaceutical composition containing a therapeutically effective amount
20 of at least one compound of the invention.

These compounds are useful for the treatment of mammals, including humans, with
a range of conditions and diseases that are alleviated by S1P modulation: not limited
to the treatment of diabetic retinopathy, other retinal degenerative conditions, dry

25  eye, angiogenesis and wounds.

Therapeutic utilities of S1P modulators are ocular diseases, such as but not limited
to: wet and dry age-related macular degeneration, diabetic retinopathy, retinopathy
of prematurity, retinal edema, geographic atrophy, glaucomatous optic neuropathy,
30 chorioretinopathy, hypertensive retinopathy, ocular ischemic syndrome, prevention of

inflammation-induced fibrosis in the back of the eye, various ocular inflammatory
diseases including uveitis, scleritis, keratitis, and retinal vasculitis; or systemic
vascular barrier related diseases such as but not limited to: various inflammatory
diseases, including acute lung injury, its prevention, sepsis, tumor metastasis,

35  atherosclerosis, pulmonary edemas, and ventilation-induced lung injury; or

16



orOH H2ZN\/\ 11 OH, | O RBR7 R1Lis NR3is O cis 1dis 3 Formula |l I
aw0 2011/ 066184PCT/ US2010/ 057361 DETAI LED DESCRI PTI ON OF THE | NVENTI ON |t
is to béwoderswond t hat both the f oregoi ng general des®ciratsSean/0a73d1 t he

BRI o e L R

si ngul aheliRkaId@Fthiifs, OfdHAd didBhES SGRRRS! disEade YnfdrphRiforgidtWeMddfeaskt Wi | |
be readi lkt:i apparent to those skilled in the art that song of the conpounds
of the muNiplet salerosisy My@sthgnia graviarPsasiasisasioanetive eolitisnartonmemen t hat t he
10conpounds exi,st _.lp enantiqneric well as in.di astereoneric farns.
Uni o5t TR, PEA i R PR R R e et B AP RS PR, ohd

| nvent igrgah eindgiedtation; enaméigiesrsd other MRINGPERITG ditéisb8 e bh GisrBut ek es.

Some of the conpounds of the invention may formsalts with pharmaceutically

accept disnitechior yeticer iabamhiaéﬁétm%m%ahh@aamvd@ﬂarpm@B@%ierén@ alts of

the co ' ' ; W 1 hil t e

i nvent {BéﬁMBﬂ%@p%rrﬁgég%%q? %@@ﬁ‘i&%ﬁ‘ﬁ"@%hﬁ@é‘@ Q?'prrf?g}’ ﬁgsce%%?lg’c%ﬁaﬁ%gcept abl e

| sot opipretdcyioruch Eedut mop Himitdd .to Asgherizpepedusiontihigry ane atherosciesosisynt ai n

one or nore isotopic atons enriched or different than the natural ratio
h%ﬁf@l—? U'H?S%f

such aOT KNS} Ycrahut nptiiyted:le: searires NEAING-O{ WP PMuse of 13C

enrihch rd i I f”],&&s,a [ i 471 1 thki ons can
beﬁgnpﬁdg)f@t?o%m@u@e@/ﬁ?%@fhe u é@(g?hfg?g%’o@serminrgg@’ ?@?ﬁ“@ﬁgw ytical as
wel |  asvarioes apechdnicalsipeattanddiurntisjurias goreiventiorFand éneatrpért, ofys®tadgidgut er i um

i the. i i half-1ife by alt ing th t abol | rat f th
o ouATE S elginn b ereh e S BB indicanl i es B BS e i MetaBien b t n°
t he 25Epanatiigfieddss gehbeshtds 0@%@“0&@ @h@Wa@i@hélﬁoﬁ@rﬂeﬁﬂﬂ%Sﬁ%%ﬂbs- The

followi ng exanples are for illustrative purposes only and are not intended,
nor shdup @ndranklase oc antitnogingpsive lactivity surch aebuineidinited fon \dsceraepaier . Those

F ol Fovihirl axef e Win, igBREE REL B vio e B Bl A e TR i Barels oo of
t he i nygint pain, tésionitld, oeczvihAas ndWwopadscpsikis] breskritral heevouistsystdgrdi vi dual

i someric forms can be obtained by separation of mxtures thereof in
conventnesianalagiisy in Agheimerripiscass, agerataied neurenaldnidries <ymeorgan soner s,

chr omat aphy rafl : I

2011/ odtErbttUESBE0Pban STl rdRE B dssB¥kansnlant i 11 AcD versi on
8, and Internediates and reagent names used in the exanples were generated
W t28 S%tstl ra%oﬁhue(l:’hem Sodcl:rhneeWt of the invention, there are provided methods for treating

disorders associated with modulation of sphingosine-1-phosphate receptors. Such
methods can be performed, for example, by administering to a subject in need
thereof a therapeutically effective amount of at least one compound of the invention,
or any combination thereof, or pharmaceutically acceptable salts, hydrates, solvates,

25  crystal forms and individual isomers, enantiomers, and diastereomers thereof.

The present invention concerns the use of a compound of Formula | or a
pharmaceutically acceptable salt thereof, for the manufacture of a medicament for
the treatment of ocular disease, wet and dry age-related macular degeneration,

30 diabetic retinopathy, retinopathy of prematurity, retinal edema, geographic atrophy,
glaucomatous optic neuropathy, chorioretinopathy, hypertensive retinopathy, ocular
ischemic syndrome, prevention of inflammation-induced fibrosis in the back of the
eye, various ocular inflammatory diseases including uveitis, scleritis, keratitis, and

retinal vasculitis; or systemic vascular barrier related diseases , various

17



Bio Draw Utra version 12.0 or Auto Nom 2000 fromMDL I1SIS Draw 2.5 SP1.
5In general characterization of the conpounds is perforned according to
the foll 8wmngnmsm@ds NMVR spectra are r ec @CHAS2@9/03061 and/ or

600 WVHz t t | hift
e B e e, g SRR LR ARTue: 1S PreeTiony sepsi ir Y So 1 C"

the re%ét%%?as@%tl’#@r@‘séler@s’#é %o{ﬁlbﬁaﬁpédé’m%r&aﬁd“@erﬂ}{é‘t‘id?ﬁﬁid%céé Iu’]&} m‘ﬂﬁ?c“ bed
are purchased from chem cal vendors such as Sigma Al drich,

Bi o- Bl carkayto@orivingl digeasestand inywenosugnrassien , rfmlma@w arrhatnﬁs Gmhncs

Cheni ca ent Sci entd LLC Fi sher, Nayprid Frontier, Matrix,
Ok or g dysedve. Tples Soedsen Maankiplory powe] fiRghse SRRl SN chom

Chent | ragsthdhie- g?rav|gnpsén|§sus Lilgeralibd ovRtiLe mnt@ifen lioweitisitrengedi at es, were
prepared according to publi shed procedures. Usually the corrpounds of t he

i nvent umhen@naéoqymsllqn @wrtzsyc%aqmynﬂ@mtu\&yr alomic demmititis @ndnergasn an
Tel ed I
1oL o SRR AR b B TS M oY S0

oW ng revia ns are use econd,

m nut e,astlomg, ad@pt%&umamnﬂm@iﬁ@daamtloduhprﬂdlmoaéﬁ&mpbmnaamdsquar e inch
DCIVIdlchI oromet hane DVF N, N-di net hyl f or mani de NaOH sodi um h drOX|de MeOH
n”et handihrapic ebsticiva PEMAnaly HiSERsAS Ogasdiagrsaiestive EBUAreReriusiRn d

2011 od o, B RISt QR A, B réealing of wounds fom - < fat e

Et 0AC eldsmeth:csicurasmg@DﬁlcﬁzubBafLmJeg@ﬂyefﬁl shrgary),f gﬂrmrél%@e% odaumjeries.ed
chr

di rrethyl sul f oxi,de . Ayt automat ed f d omat ogr aphy TFA
Cri T o e Gt iet e B dGrTEs cirexe gt Al YeSutrhERT protbading
tri acetguydan %géﬁ'f o, ARd e cﬂ*rﬂMiah@ﬁQﬁd&%ﬁﬁWie@t 6r DBRE Rt iedidhum
carbonat e 052003 cési um carbonate M nol ar PdCL12( PPh3) 2
bi s(t ritpraimenphbegirppenasid andvangus pore freciuges [[E|Wctr¢9-lhkpc@td anigdes dor
15 anti-nociceptive activity , visceral pain, pain associated with diabetic neuropathy,
rheumatoid arthritis, chronic knee and joint pain, tendonitis, osteoarthritis,
neuropathic pains; or central nervous system neuronal activity in Alzheimer’s
disease, age-related neuronal injuries; or in organ transplant such as renal, corneal,

cardiac or adipose tissue transplant.

20
The actual amount of the compound to be administered in any given case will be
determined by a physician taking into account the relevant circumstances, such as
the severity of the condition, the age and weight of the patient, the patient’s general
physical condition, the cause of the condition, and the route of administration.

25

The patient will be administered the compound orally in any acceptable form, such
as a tablet, liquid, capsule, powder and the like, or other routes may be desirable or
necessary, particularly if the patient suffers from nausea. Such other routes may
include, without exception, transdermal, parenteral, subcutaneous, intranasal, via an
30 implant stent, intrathecal, intravitreal, topical to the eye, back to the eye,
intramuscular, intravenous, and intrarectal modes of delivery. Additionally, the
formulations may be designed to delay release of the active compound over a given
period of time, or to carefully control the amount of drug released at a given time

during the course of therapy.
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K2003 pot assi um carbonate Cul copper iodide Mi02 magnesi unm oxi de MyCl12
magnesi um chl ori de 20NaCl sodiumchloride Ti(OEt)4 titanium ethoxi de MeMyBr
nmet hyl r?é&)wesmuvmbmm de CHCI 3 chl or of orm TBAH t et r abut ylPamtisa010/0513¢tr oxi de
25 The follow ng synthetic schemes illustrate how conmpounds according to
the invention can be nade. Those skilled in the art will be routinely able
to ”Dd'lﬁlén%ﬂ‘k‘rcem@&@ﬁ{enft B?tﬁ@lh\/@ﬁ‘ﬂl&ﬁ tﬁ@ﬁé%%rb@idéd%%%bé@uw conpound of
the invention covered by Fornula |I. 30Some conpounds of this iInvention can
gener aIqumﬁltmr@plaﬁbldIﬁgﬁtdﬁéStserﬂoCQmDﬁw@d) efithecingentjorainza phatmeaceauticaly ur e

tart rials. .l 2011/ 066184BCT/ US20 57361 Co d
T 1o ( ChePBletlis faen i BR e AN ETF O TR Ko Bt B RS o o
aci d SeRér, dﬂuémlcutempleﬁt rﬁuﬂmdémpanblerwlﬂh% dtﬁéﬁln PsdénBlofdhe (4. 50 ni,
26. 6 mmol ), 3-brono-4-hydroxybenzal dehyde [ CAS 2973-78-6] (5.36 g, 26.7

mol ), f@Fmﬁe'ﬁéﬁQIaﬁﬁdpéme efieUs tothezecipiantidngreahd DEAD, (14.5 ml, 40%in
t ol uene, -1 2 eqv) in THF (100 nL) was reacted at rt for 1 h, foIIovved by

heat i n H%%e& iEQ cotnGi¥ifons %f'th %r@fént%?erﬁ‘ﬂﬂ%narﬁéjuée@ﬁt‘ﬁ%‘fﬁﬂﬁ%f‘éere

rermve rvacuum ‘Aut o- chr omat ography on an yne-1 SCO

Conbi Flsmdnd aisbhutiens ah iecaulsiohpandispiers$iod, & niieslen @ I(pdsokteNaddttbe Sikeéfexanes/ 1

Et OAc q,(ve ln rmedl ate 1 as.a clear. oil that solidifi sqd)%u]p%n standl ng,
ReIe4N t

5.38 g rS?HHBQZFO(@OéHWO%%'H?)ﬂnW)mB@ Ty e presqii NvR
(399 M‘Hver@%ﬁ' %)slebnﬁa&rvgané@dle?fﬂ) in a%nQ&tJrg fwn‘h an 8J§an"gor I%H}gar?c Egrrfeﬂ(ﬂ)r J =

1 (t, J
= 6 3 r@gmme{)t suitable for enteral ar. Qarelzteralmpplmama BEye(tion eemposnéenzay

di d h
e but g1t rernahest (A Bkl seh gkt sphpm o Bar SEEeRtnR 4n
20PdO1Z{rRérd)ter (b8 /pdlets, %d@@fe’s%u@éosh@@ie@ $Q0tidrignemdiSioNsY (m crowave

irradiation: Biotage Initiator 2.5). The reaction m xture was diluted with
2 1 Et GASPeEBRiIaResarnd asyoter fomgfné@iolwf@mu&et’éhe@emersmmfsareaemd My504,

%er Eiﬁiclaag Ig%%‘ég%ﬁ%gcis%qgﬁm chc!ie,i é:eefat%,lmam{o?,'sctg}clﬁ%s(tg;rﬁaaﬁeﬁﬂﬁ( 0.5

gave
3 furar’tr|§|+|ctéie4teﬂd§ qmlmeB;drem)ekﬁrailrmmo)llohﬁlhsmbaleﬁmdm starch, \whed enédisanl thtkin0. 44 ¢
(70 % . 1H NMR (300 MHz, 0DO013): H, 8.37 (d, J = 2.1 Hz, 1H),

7.77-7. Iqagtbr%{lglyp&ﬂdes Agxjrgns, jarid qth@rﬂarrlemﬁu'tablgdovuqewWﬁnsﬁfturmgm 6. 90
2 i 10- 1. 50
E?eng) r?r? r%._boﬁgrléssmoé %erﬁg%ﬁgﬁ §1’opy olgp gn%ﬁ%@?%?&%ﬁ}i%@ 33-5] (225

ny, 1. SHickening dand ddortihg aﬁenlts)arfd)ﬂ)enﬁwmds byat le¢ vaddit yrivemionicompgoudidexi de
(TBAH) ( 2 ternedi ate

mmol , .1.0M i \VeO 0 Cfor - .
T BAu 45 Gudad it P RGEURG G e B ALt SEciElLEProBHEE ATt or 30

m at 5QnE delRelieNbrl GodRtheCHOBss bPdiskasSeBhdbROr ohydri de (120 ng, 3.17
nmol ) was added and the reaction I aw0 2011/ 066184PCT/ US2010/ 057361 was

continued until conplete (1-2 h). [Aternative procedure: use of
tetr abﬁhﬂrmntlmhqwmqetﬁw @ taiging) inventianeeryPaunds By Rennd sy dri de

(1.5 e T V, uum and
wat er \c/]%{j 't)aQ%dfgl%r% ?{SFO (e&%nﬂ}_% {'%Qfec% tﬁ?{%he H?o{eﬁ@@%, %‘g)gjgous ayer was
ext r acts@pehgont] dispersivié bomeksaop@mnme§ epiusions| hdrd Brkbft cBpsulisgani c

| ayers were dried over MgS, filtered and concentrated onto am ne-silica

ge[2 S( 1 SEYPS wuelaor@olQemppelﬁpmmemql%foggra seumAy berrepreasi-acepsdingsteraa 2,
(o2 rur v T B REA [ e PR B e g% ebp R e RLSOIRO 0 o as o
whi t e sid slch3ddmpositid¢ifday contain one or more agents selected from the group
consisting of a sweetening agent such as sucrose, lactose, or saccharin, flavoring
agents such as peppermint, oil of wintergreen or cherry, coloring agents and
30 preserving agents in order to provide pharmaceutically elegant and palatable
preparations. Tablets containing invention compounds in admixture with non-toxic
pharmaceutically acceptable excipients may also be manufactured by known

methods. The excipients used may be, for example, (1) inert diluents such as
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101H NMVR (600 MHz, CF3002D): 67.58 (d, J = 1.8 Hz, 1H), 7.45 (brs, 2H),
7.39 (dd, J = 1.8 8.4 Hz, 1H), 7.36 (s, 1H, 7.31 (t, J = 7.8 Hz, 2H),
7.23 (d®wo=08/066t82, 2H), 7.19 (d, J = 8.4 Hz, 2H), 4. 4PCUUS2A045768 Hz,

2 4.2 -3.48 2H) . 2.70 . = 7.8 .Hz, 2H),
2H2°,6 2. %agcé’%caépﬁ?”atﬁ E’g%dfelg%@rmm pﬁat@éorpfogwrﬂrﬂ%oﬁpb‘éttei(%l@”b}'ﬁt'?% 2E)|),
L. 59- 1.2l digintedibting doERRPAIhss é’orﬁ"s(iar%h"‘gbt%t@é%%rﬁ 6flaldi el (3)

correspondi ng benzal dehyde, stannate and Am nopr opyl p osphonl c acid in a
si m | arbingingégents $Utfdﬂ @guwm@ammrqq@@@tarnhfg%{am er acagia, @athphund |. The

e o g S R B TSRS M T ol e BATERAE

[ 3- 6{ 3-Heludcoated bHHEYRNGO R dddzed W%@%)techm&aéglto aemf/)m§ntegratlon and

(o]

(tributyl stannyl)oxa 68.10 (d, J = 1. 1H), 94 (5- zole (d, J = 1.
Hz, 1H)absprition i, the gaﬁﬁém%@ﬁi {ragt q@@e@@aw@@asug amqqkactmove;r #}7 (d,

7 o G%ré&%ﬁ' r#&%#%?@%hﬁéba ]nﬁl?e dglagl%étgrlar]such 2 dghReryl FdMOLRIRRE 4 1H),

glyceryl distearate may be employed.

In some cases, formulations for oral use may be in the form of hard gelatin capsules

10 wherein the invention compounds are mixed with an inert solid diluent, for example,
calcium carbonate, calcium phosphate or kaolin. They may also be in the form of
soft gelatin capsules wherein the invention compounds are mixed with water or an oil
medium, for example, peanut oil, liquid paraffin, or olive oil.
The pharmaceutical compositions may be in the form of a sterile injectable

15 suspension. This suspension may be formulated according to known methods using
suitable dispersing or wetting agents and suspending agents. The sterile injectable
preparation may also be a sterile injectable solution or suspension in a non-toxic
parenterally-acceptable diluent or solvent, for example, as a solution in 1,3-
butanediol. Sterile, fixed oils are conventionally employed as a solvent or suspending

20 medium. For this purpose any bland fixed oil may be employed including synthetic
mono- or diglycerides, fatty acids (including oleic acid), naturally occurring vegetable
oils like sesame oil, coconut oil, peanut oil, cottonseed oil, etc., or synthetic fatty
vehicles like ethyl oleate or the like. Buffers, preservatives, antioxidants, and the like
can be incorporated as required.

25
Invention compounds may also be administered in the form of suppositories for
rectal administration of the drug. These compositions may be prepared by mixing
the invention compounds with a suitable non-irritating excipient, such as cocoa
butter, synthetic glyceride esters of polyethylene glycols, which are solid at ordinary

30 temperatures, but liquefy and/or dissolve in the rectal cavity to release the drug.

Since individual subjects may present a wide variation in severity of symptoms and

each drug has its unique therapeutic characteristics, the precise mode of

20



6.90 (m 3H), 4.26-4.24 (m acid 4H), 3.30 (brs, 2H), 2.44 (t, J = 7.
H, 2.11-2.07 (m oH), 1.98-1.94 (m 2H), 1.81-  1.76 (m 2H),
1.56- 1. Biwormpiiose@u) , 1.31-1.27 (m 2H). | awo PCT/US2010/057361

ggé%?%éﬁmgfn gr% s Oéo%SaZJ%Gelmployeg f(LrBe_éc{hA's_Jb(jeSét is ot IR BTG MR o Fe3002D) ¢

10

15

20

25

30

practitioner.

The compounds and pharmaceutical compositions described herein are useful as
medicaments in mammals, including humans, for treatment of diseases and or
alleviations of conditions which are responsive to treatment by agonists or functional
antagonists of sphingosine-1-phosphate receptors. Thus, in further embodiments of
the invention, there are provided methods for treating a disorder associated with
modulation of sphingosine-1-phosphate receptors. Such methods can be performed,
for example, by administering to a subject in need thereof a pharmaceutical
composition containing a therapeutically effective amount of at least one invention
compound. As used herein, the term "therapeutically effective amount" means the
amount of the pharmaceutical composition that will elicit the biological or medical
response of a subject in need thereof that is being sought by the researcher,
veterinarian, medical doctor or other clinician. In some embodiments, the subject in

need thereof is a mammal. In some embodiments, the mammal is human.

The present invention concerns also processes for preparing the compounds of
Formula I. The compounds of formula | according to the invention can be prepared
analogously to conventional methods as understood by the person skilled in the art
of synthetic organic chemistry. The synthetic schemes set forth below, illustrate how
compounds according to the invention can be made. Those skilled in the art will be
able to routinely modify and/or adapt the following scheme to synthesize any
compounds of the invention covered by Formula I.

In Scheme 1, hydroxybenzaldehydes react with hydroxylated compounds in the
presence of triphenylphosphine and diethyl azodicarboxylate to give the
corresponding ether intermediate. This intermediate is coupled with the boronic acid
or the stannate of the corresponding R? group to give the corresponding
intermediate. This intermediate reacts with 3-aminopropylphosphonic acid to give a

derivative of Formula I.

21
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68.38 (brs, 1H), 8.19 (q, J = oxy]-3-(1,3- (tributylstannyl)thia 1.8 Hz,
1H), 8.01-7.99 (m thiazol-2- zoie 2H), 7.51 (dd, J = 1.8, 9.0 Hz,

yl ) benZ\fwanb1106s@4121359- 48- 1H), 7.41-7.38 (m 2H), 7P8a/USa@pPsBEY| | pho
6] (d, J = 7.8 Hz, 2H), 7 32 7.29 IBé)honlc acid (m 1H), 4.62 (brs, 2H),

4.58 (t, J = 6.0 Hz, 3. 675¢RpEe Top) | 2.86 (t, J = 6.61 Hz, 2H),
2. 50- 2.46 (m 2H), 23,@2 33 (m

R4/€;)\L/Hb\OH

DEAD, PPh3

THF, heat

general coupling

) /OH
R=B_ R2—sn(Bu)s
OH PdCl,(PPhs),
PdCl,(PPhs3), 160 °C, 20m
Na,COj, 120 °C, 'y Y
MWI, DMF

R'is CH
R3is O
cis1
dis 3

Formula |

In Scheme 2, picolinaldehydes react with brominated compounds in the presence of

potassium carbonate to give the corresponding intermediate. This intermediate is
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2H), 2.23-2.19 (m 2H), 1.99- 1.94 (m 2H), 1.79-1.74 (m 2H) .

Exanpl e 2 Conpound 4

[ 3-({3- 1(8§V0ur)yﬂ@661:84[(5 phenyl pentyl ) oxy] benzyl } am no) pr Gﬁymsmw@p‘hﬂm c acid
5 SteD-/ re of lLnter iate in DVF (12 nl)
vas. r egaptedivith the piemic SPRGT She comertonand e szoid i Blre 88 my. 1. 74 miol)
Na2003 dotreoBhoinghietHbaRIEIARERTEES (A Brinddony gh@gpn@n.é%@.c%or 20 m
with MN (mcrowave irradiation: Biotage Initiator 2. he reaction

m xt ur egives dérivatieelohFemmulevat er, and extracted (two tines) with 1:1

Et OAc: Hexanes (200 nL). The or gani c layers were washed with water (three
tinmes), dried over MPJSO4, filtered and concentrated onto silica gel.

Aut o- col um (9 hexane/1 Et OAc) gave Internediate 3:
3-(furan-3-yl)-4-((5-phenyl pentyl)oxy) benzal dehyde 230 ng (29% . 1H NWR
(300 MHz, CDCI3): 6 9.92 (s, 1H), 8.03 (d, J = 2.4 Hz, 1H), 7.75-7.72 (m
151H), 7.48 (s, 15H), 7.30-7.16 (m 3H), 7.19-7.16 (m 3H), 7.02 (d, J =
8.7 Hz, 1H), 6.85 (d, J= 1.2 Hz, 1H), 4.14 (t, J = 6.3 Hz, 2H), 2.70-2.60
(m 2H), 2.01-1.50 (series of m 6H). | aw0 2011/ 066184PCT/ US2010/ 057361
Step-2: Internediate 3 (230 ng, 0.66 nmol) used in the appropriate steps of
Exanpl e 1 produced the title conpound: [3-({3-(3-furyl)-4-[(5-

phenyl pent yl ) oxy] benzyl }am no) propyl] phosphonic acid 1H NVR (600 MHz,
CF3002D): 67.66 (d, J = 1.8 Hz, 1H), 7.56-7.50 (m 2H), 7.40- 5 7.35 (m
3H), 7.30 (d, J =7.8 Hz, 2H), 7.25 (t, J = 7.2 Hz, 1H), 7.20 (d, J = 8.4
Hz, 1H), 6.85-6.83 (m 1H), 4.47 (brs, 2H), 4.28 (t, J = 6.6 Hz, 2H), 3.56
(brs, 2H), 2.79 (t, J =7.2 Hz, 2H), 2.42-2.36 (m 2H), 2.31-2.25 (m 2H),
2.09-2.05 (m 2H), 1.88- 1.84 (m 2H), 1.71-1.68 (m 2H). 10 Conpounds 5,
6, 7 and 8 were prepared fromthe correspondi ng benzal dehyde, boronic acid
and 3-am nopropyl phosphonic acid in a simlar nmanner to the procedure
described in Exanple 2 for Conpound 4. The reagents used and the results
are described belowin Table 2. 15Table 2 Conmpound nunber | UPAC nane
Reagent (s) used 1H NVR 6 (ppm) for Conpound 5 [3-({4-[(5- thiophen-3-yl

23



1H NVR (600 MHz, CF3002D):

phenyl pentyl) boronic acid 6 7.58 (d, J

1.8

24

Hz, 1H), oxy]-3-(3- [CAS 5552-70-0] 7.45 (brs, 2H), 7.39 (dd, J =
t hi enyl Pheozgitoea1s3, 8.4 Hz, 1H), 7.36 (s, 1H), }am nopPpTAI10/07738L (t,
= 7.2 Hz, 2H), 7.23 ]phosphonic (d, J = 8.4 Hz, 2H), 7.19 (d, J acid
8.4 Hz, 2H), 4.41 (t, J = 5.4 Schgmezy) 4.20 (t, J = 6.0 HZ, 2H)
3.54-3.48 (m 2H), 2.7 (t,
R4/H\ /H\B
RS CHO at bH
\ N
‘ R'I -
HRS 4 K,CO3, DMF
Br RS
R2 CHO
[
R'I
R4/(g\|_/(7b\R3 S
Br general coupling
OH
RZ—B/
N\ R2—Sn(Bu),
OH PACI,(PPhs),
PdClx(PPhs), 160 °C, 20m
Na,CO3, 120 °C,
MWI, DMF \ Y
R6
R2 CHO
[
1
R4/(3\L/(Z)\R3 R
//Xﬁ\\ R
H,N”  d “RO
or /OH
HzN/\/\P\
/ OH
o)
RS R’
R5
| ) P N///ki;\Rg
R’ |
R4/Ha\L/(A)b\R3 R® R'is N
R3is O
R? .
cis1
dis3
Formula |
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J=7.2Hz 2H), 2.35-2.30 (m 2H), 2.25-2.20 (m 2H), 1.94- 1.91 (m
2H) 1.77-1.74 (m 2H), 1.58-1.55 (m 2H). 6 [3-({4-[(5- 1H NWR (300
6@2011|zjhelsyl pentyl) thiophen-2-y1 6 7.83 (s, 1HpPCTUS2@0/05561 (m

(2))6)1/]1/ oéé@ﬁﬁ%ﬁ@@?ﬁ% Iggaf.)lﬁs?': Tﬁ&ém@@ﬂ/ }am7n§§s|-or o:t)yﬁw]ophosphoni c acid

[CA813331232]720(m 2H), 7.17-7.05 (m B5H), 4.14-4.10 (m 4H), 3.10

(En téfg[dgz%?%tofﬁ tﬁ%t §(§th tHeTorég% Hg)zlgi;%r?éf%l &&@lp%oﬁ%nﬁ%e%@owﬂgm 1.56

met hyl
detalled description are exemplary and explanatory only and are not restrictive of the

5 invention claimed. As used herein, the use of the singular includes the plural unless
specifically stated otherwise.

It will be readily apparent to those skilled in the art that some of the compounds of
the invention may contain one or more asymmetric centers, such that the

10 compounds may exist in enantiomeric as well as in diastereomeric forms. Unless it
is specifically noted otherwise, the scope of the present invention includes all
enantiomers, diastereomers and racemic mixtures. Some of the compounds of the
invention may form salts with pharmaceutically acceptable acids or bases, and such
pharmaceutically acceptable salts of the compounds described herein are also within

15 the scope of the invention.

The present invention includes all pharmaceutically acceptable isotopically enriched
compounds. Any compound of the invention may contain one or more isotopic
atoms enriched or different than the natural ratio such as deuterium ?H (or D) in

20  place of protium "H (or H) or use of "* C enriched material in place of '“C and the like.
Similar substitutions can be employed for N, O and S. The use of isotopes may
assist in analytical as well as therapeutic aspects of the invention. For example, use
of deuterium may increase the in vivo half-life by altering the metabolism (rate) of the
compounds of the invention. These compounds can be prepared in accord with the

25  preparations described by use of isotopically enriched reagents.

The following examples are for illustrative purposes only and are not intended, nor

should they be construed as limiting the invention in any manner. Those skilled in the

art will appreciate that variations and modifications of the following examples can be
30 made without exceeding the spirit or scope of the invention.

As will be evident to those skilled in the art, individual isomeric forms can be
obtained by separation of mixtures thereof in conventional manner. For example, in
the case of diasteroisomeric isomers, chromatographic separation may be

35 employed.
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1H NMR (300 MHz, CD30D): isobutyl pheny benzenepropanol] 6 7.84 (d, J =
Hz, 1H), 1)propoxy]-3- [CAS 147598-21- 7.64 (dd, J = 0.9, 3.6 Hz, 1H),

(2- 8] twe 20006018 4.8 Hz, 1H), 7.35 thienyl)benzyl @duUSIO®B0Z738] 8. 4

Hz, 1H), 7.11- }am no)propyl thiophen-2-y1 7.00 (m 6H), 4.07-4.00 (m
] phosphoni ¢ boronic acid 4H), 3.03 (t, J = 6.3 Hz, 2H), acid [CAS

%3%_1'2?@1%@1)0%@%3(1{98 were derferbted with AGD ¢édrsion §dand Infe@n&dibtes 2Hd)

reagent names used in the examples were generated with software such as Chem
Bio Draw Ultra version 12.0 or Auto Nom 2000 from MDL ISIS Draw 2.5 SP1.

5 In general, characterization of the compounds is performed according to the
following methods:

NMR spectra are recorded on 300 and/or 600 MHz Varian and
acquired at room temperature. Chemical shifts are given in ppm referenced either to
internal TMS or to the solvent signal.

10 All the reagents, solvents, catalysts for which the synthesis is not described are
purchased from chemical vendors such as Sigma Aldrich, Fluka, Bio-Blocks, Combi-
blocks, TCI, VWR, Lancaster, Oakwood, Trans World Chemical, Alfa,
AscentScientific LLC., Fisher, Maybridge, Frontier, Matrix, Ukrorgsynth, Toronto,
Ryan Scientific, SiliCycle, Anaspec, Syn Chem, Chem-Impex, MIC-scientific, Ltd;

15  however some known intermediates, were prepared according to published
procedures.

Usually the compounds of the invention were purified by column chromatography
(Auto-column) on an Teledyne-ISCO CombiFlash with a silica column, unless noted
otherwise.

20
The following abbreviations are used in the examples:
s,mh,d second, minute, hour, day
NHs ammonia
CHsCN  acetonitrile

25 PSI pound per square inch
DCM dichloromethane
DMF  N,N-dimethylformamide
NaOH sodium hydroxide
MeOH methanol

30 CDsOD deuterated methanol
NHs ammonia
HCIl  hydrochloric acid
Na SOs sodium sulfate

rt  room temperature

26
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(m 2H), 2.10-2.19 (m 2H), 1.85-1.75(m 1H), 1.71-1.61 (m 2H), 0.87
(d, J = 6 6 Hz, 6H. 8 [3-({3- cyclopent-1- en-1-yl-4-[(5- phenyl pentyl)
oxy] ben paomlmsol)smopyl ] p hosphonic acid cycl opent enyl PodusRé10/08B36d [ CAS

850036- VB 457.35 9 2404(5- Internediate 1 1H NMR (600 MHz,
phenyl dﬁ'ﬁfy di @&‘g/(l\b'%ﬁg%m'%e 7.70 (d, J = 2.4 oxy]-3-(2- thiophen-2-yl Hz,
1H), 7. Mésbgrsmgdﬁesuﬁn:ggﬁaﬁehi enyl ) benzyl
EtOAc ethyl acetate
CDCIs deuterated chloroform
5 DMSO-ds deuterated dimethyl sulfoxide
Auto-column automated flash liquid chromatography
TFA  trifluoroacetic acid
THF  tetrahydrofuran
NaHB(OAc)s sodium triacetoxyborohydride
10 DEAD diethyl azodicarboxylate
Na2COs3 sodium carbonate
Cs2CO3 cesium carbonate
M molar
PdClx(PPhs)2 bis(triphenylphosphine)palladium(ll) chloride
15  AcOH acetic acid
KoCOs potassium carbonate
Cul copper iodide
MnO2 magnesiunm oxide
MgClz, magnesium chloride
20  NaCl sodium chloride
Ti(OEt)s titanium ethoxide
MeMgBr methylmagnesium bromide
CHClIs chloroform
TBAH tetrabutylammonium hydroxide
25
The following synthetic schemes illustrate how compounds according to the
invention can be made. Those skilled in the art will be routinely able to modify and/or
adapt the following schemes to synthesize any compound of the invention covered
by Formula I.
30 Some compounds of this invention can generally be prepared in one step from

commercially available literature starting materials.
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(dd, J

2011/ 0

1

= 1.8, 8.4 Hz, 1H), 7.22- }amno)ethyl boronic acid 7.20 (m 2H),
7.15 (d J=7.2 di hydrogen Hz, 2H), 7.12-7.09 (m 2H), phosphate
2-am no@f\ﬁplzoﬂ/@ms@s 1H), 4.51-4.48 (m | aw0 PCT/US2010/057361

184PCT/ US2010/ 057361 di hydrogen phosphate 2H), 4.40 (d, J =
J"lﬂ& J =6.6 Hz, 2H), 3.58- 3.52 (m 2H), 2.63 (t, J

95-1.92 (m 2H), 1.712-1. 58ofiPoi@ 4 1.59-1.55 (m 2H). 10 3404

Intermedl ate 1 1H NWR (600 MHz, phenylpentyl) CF3000D): 6 7.65 (brs,
oxy] - 3- ( [B-({BHRdivingh-42L(§ phergdpentyd) oxyihenzyIiznine)propylIpkiosphwricyacidenz

10

15

20

25

30

Step-1: A solution of 5-phenyl-pentan-1-ol [CAS 10521-91-2] (4.50 mL, 26.6 mmol),
3-bromo-4-hydroxybenzaldehyde [CAS 2973-78-6] (5.36 g, 26.7 mmol),
triphenylphosphine (9.1 g, 34.6 mmol) and DEAD, (14.5 mL, 40% in toluene, ~1.2
eqv) in THF (100 mL) was reacted at rt for 1 h, followed by heating to 60 °C for 2
days. Silica gel was added and the solvents were removed under vacuum. Auto-
column: chromatography on an Teledyne-ISCO CombiFlash with a silica column with
9.5 hexane/0.5 EtOAC to 9 Hexanes/1 EtOAc gave Intermediate 1 as a clear oil that
solidified upon standing, 5.38 g (58%): 3-bromo-4-(5-phenyl-pentyloxy)-be
nzldehyde.

"H NMR (300 MHz, CDCl3): 8 9.83 (s, 1H), 8.07 (d, J = 2.1 Hz, 1H), 7.78 (dd, J =
8.7, 2.1 Hz, 1H), 7.28-7.18 (m, 5H), 6.96 (d, J = 8.4 Hz, 1H), 4.11 (t, J = 6.3 Hz, 2H),
2.67 (t, J = 7.2 Hz, 2H), 1.92-1.55 (m, 6H).

Step-2: Intermediate 1 (0.65 g, 1.87 mmol) in DMF (14 mL) was reacted with
tributyl(furan-2-yl)stannane [CAS 118486-94-5] (1.2 mL, 3.70 mmol) and
PdCI,(PPhs), (0.197 g, ~15 mol%) at 160 °C for 15m with MWI (microwave
irradiation: Biotage Initiator 2.5). The reaction mixture was diluted with 2:1
EtOAc/Hexanes (~150 mL), washed with water (3x), and dried over MgSOs., filtered
and concentrated onto silica gel. Auto-column (9.5 hexane/0.5 EtOAc) gave
Intermediate 2: 3-furan-2-yl-4-(5-phenyl-pentyloxy)-benzaldehyde as a white
solid, 0.44 g (70 %).

"H NMR (300 MHz, CDCl3): 5 9.94 (s, 1H), 8.37 (d, J = 2.1 Hz, 1H), 7.77-7.74 (m,
1H), 7.49 (d, J = 1.2 Hz, 1H), 7.30-7.10 (m, 5H), 7.04-6.90 (m, 2H), 6.50 (brs, 1H),
4.21-4.05 (m, 2H), 2.70-2.60 (m, 2H), 2.10-1.50 (series m, 6H).

Step 3: 3-Aminopropylphosphonic acid [CAS 13138-33-5](225 mg, 1.57 mmol) in
MeOH (15 mL) followed by tetrabutylammonium hydroxide (TBAH) (12.8 mL, ~12.8
mmol, 1.0M in MeOH) at 50 °C for ~1 h. Intermediate 2 (440 mg, 1.31 mmol) in
THF (3 mL) and MeOH (6 mL) was added, and after 30 m at 50 °C the mixture was
cooled to rt. Sodium borohydride (120 mg, 3.17 mmol) was added and the reaction
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boronic acid Hz, 1H), 7.20-7.18 (m 2H), }am no)propa 7.13-7.12 (m 2H),

7.10-7.05 ne-1-sulfonic 3-am nopropane- (m 2H), 7.01 (s, 1H), 4.30 (t, J

aci d 1-'woanitweasitd = 5.4 Hz, 2H), 4.13 (t, J = 6.6, PCRRS2018/05868. 50 (m
2H), 2.46-2.40

(m " 2kjivas Cbrinyediung Spmpigey(F A0y TAlegiptive Riapddlp: s 8.1 53 (m 2r) . 11
tetrabutylammonium hydroxide (3 eqv.) following with sodium borohydride (1.5 eqv.)
at rt for ~16-18 h.] The solvent was removed under vacuum and water was added,
followed by HCI (2M) until pH 2-4. The aqueous layer was extracted (two times) with

5 chloroform:isopropanol (~3:1). The organic layers were dried over MgSOQy, filtered
and concentrated onto amine-silica gel (ISCO). Auto-column (amine-silica gel
column) (70% MeOH, 29.5% CHxClz, 0.5 % AcOH) gave the title compound [3-({3-
(2-furyl)-4-[(5-phenylpentyl)oxy]benzyl}amino)propyl]phosphonic acid as a
white solid. 310 mg, (52%)

10 "H NMR (600 MHz, CFsCO,D): & 7.58 (d, J = 1.8 Hz, 1H), 7.45 (brs, 2H), 7.39 (dd, J
=1.8, 8.4 Hz, 1H), 7.36 (s, 1H), 7.31 (t, J = 7.8 Hz, 2H), 7.23 (d, J = 8.4 Hz, 2H),
7.19(d, J = 8.4 Hz, 2H), 4.41 (t, J = 4.8 Hz, 2H), 4.20 (t, J = 6.6 Hz, 2H), 3.55-3.48
(m, 2H), 2.70 (t, J = 7.8 Hz, 2H), 2.36-2.30 (m, 2H), 2.25-2.19 9m, 2H), 1.95-1.90 (m,
2H), 1.78-1.74 (m, 2H), 1.59-1.54 (m, 2H).

15
Compounds 2 and 3 were prepared from the corresponding benzaldehyde,
stannate and 3-Aminopropylphosphonic acid in a similar manner to the procedure
described in Example 1 for Compound 1. The reagents used and the results are
described below in Table 1.

20 Table 1

Compound | IUPAC name Reagent(s) used | 'H NMR & (ppm) for
number Compound
2 [3-({3-(1,3- 2- "H NMR (600 MHz, CF3CO,D):
oxazol-2-yl)-4- | (tributylstannyl)oxa | 8 8.10 (d, J = 1.8 Hz, 1H), 7.94
[(5- zole (d,J=1.8Hz, 1H),7.72 (d, J
phenylpentyl) | [CAS 145214-05- | =9.0Hz, 1H),7.47 (d,J=1.8
oxylbenzyl}a | 7] Hz, 1H), 7.16 (d, J = 9.0 Hz,
mino)propyl]p 1H), 7.01-6.98 (m, 2H), 6.93-
hosphonic 6.90 (m, 3H), 4.26-4.24 (m,
acid 4H), 3.30 (brs, 2H), 2.44 (t, J =
7.2 Hz, 2H), 2.11-2.07 (m,
2H), 1.98-1.94 (m, 2H), 1.81-
1.76 (m, 2H), 1.56-1.51 (m,
2H), 1.31-1.27 (m, 2H).
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met hyl [ 3-({4- Internmediate 1 1H NVR (600 MHz
= 2.4 phenyl pentyl) thiophen-2-y1l Hz, 1H),
4

, [(5- CF3000D): 6 7.67 (d, J
7.45 (brs, 2H), 7.28

oxy] - 3-'Cwolorississaci d (dd, J = 2.4, 8.4 Hz, 1H), 7.23PCTiUs2@nps)poEnzYl
7.21 (m—2H—FA6—F+ 5 m—Famhrerprop—3—2H-—F313-—+088{m—2H, 7. 04
] phosghi ni ¢ am nppropyl ) (meth (s, 1H), 4.26-4.33 (m 2H), acid

= 6. 0FZ, 2F), §#PNMR (600MHATCR0D,D%: b4 (1,

yl )pgogpnl g C acI@.dad(c{t. J

)T phenylpentyl) | 2- 5 8.38 (brs, 1H), 8.19 (q, J =
oxy]-3-(1,3- (tributylstannyl)thia | 1.8 Hz, 1H), 8.01-7.99 (m,
thiazol-2- zole 2H), 7.51 (dd, J = 1.8, 9.0 Hz,
yl)benzyl}ami | [CAS 121359-48- | 1H), 7.41-7.38 (m, 2H), 7.34
no)propyl]pho | 6] (d,d =7.8 Hz, 2H), 7.32-7.29
sphonic acid (m, 1H), 4.62 (brs, 2H), 4.58 (t,

J = 6.0 Hz, 2H), 3.67 (brs, 2H),
2.86 (t, J = 6.61 Hz, 2H), 2.50-
2.46 (m, 2H), 2.38-2.33 (m,
2H), 2.23-2.19 (m, 2H), 1.99-
1.94 (m, 2H), 1.79-1.74 (m,
2H).

Example 2
Compound 4

[3-({3-(3-furyl)-4-[(5-phenylpentyl)oxy]benzyl}amino)propyl]phosphonic acid

Step-1: A mixture of Intermediate 1 (290 mg, 0.87 mmol) in DMF (12 mL) was
reacted with furan-3-yl boronic acid [CAS 5552-70-0] (195 mg, 1.74 mmol) NaxCOs
(2.8 mL, 2M) and PdCIx(PPhs), (69 mg, ~11 mol%) at 120 °C for 20 m with MWI
(microwave irradiation: Biotage Initiator 2.5). The reaction mixture was diluted with
10 water, and extracted (two times) with 1:1 EtOAc:Hexanes (200 mL). The organic
layers were washed with water (three times), dried over MgSOs., filtered and
concentrated onto silica gel. Auto-column (9 hexane/1 EtOAc) gave Intermediate 3:
3-(furan-3-yl)-4-((5-phenylpentyl)oxy)benzaldehyde 230 mg (29%).
"H NMR (300 MHz, CDCl3): 5 9.92 (s, 1H), 8.03 (d, J = 2.4 Hz, 1H), 7.75-7.72 (m,
15 1H), 7.48 (s, 15H), 7.30-7.16 (m, 3H), 7.19-7.16 (m, 3H), 7.02 (d, J = 8.7 Hz, 1H),
6.85 (d, J= 1.2 Hz, 1H), 4.14 (t, = 6.3 Hz, 2H), 2.70-2.60 (m, 2H), 2.01-1.50 (series
of m, 6H).
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Hz, 2H) 3.00-2.24 (m 2H), 2.13-2.08 (m 2H), 1.97-1.92 (m 2H),
1.75-1.69 (m 5H), 1.61-1.56 (m 2H). 12 2404(5- Intermediate 1 1H NVR
(600 mewsls@ phenyl pentyl) 7.60 (d, J = 1.8 HZPCIHB)SQOIWOS’OM

20117 oodfesaanilERsigiE eiing Aramirebiss ThbFaRaie YRS - 1.2, 5.4
Hz, 1H)Exafmglé 1 produced the title compound: [3-({3-(3-furyl)-4-[(5-
phenylpentyl)oxy]benzyl}amino) propyl]phosphonic acid
"H NMR (600 MHz, CF3CO.D): & 7.66 (d, J = 1.8 Hz, 1H), 7.56-7.50 (m, 2H), 7.40-
5 7.35(m, 3H),7.30 (d, J = 7.8 Hz, 2H), 7.25 (t, J = 7.2 Hz, 1H), 7.20 (d, J = 8.4 Hz,
1H), 6.85-6.83 (m, 1H), 4.47 (brs, 2H), 4.28 (t, J = 6.6 Hz, 2H), 3.56 (brs, 2H), 2.79
(t, J = 7.2 Hz, 2H), 2.42-2.36 (m, 2H), 2.31-2.25 (m, 2H), 2.09-2.05 (m, 2H), 1.88-
1.84 (m, 2H), 1.71-1.68 (m, 2H).

10 Compounds 5, 6, 7 and 8 were prepared from the corresponding benzaldehyde,
boronic acid and 3-aminopropylphosphonic acid in a similar manner to the
procedure described in Example 2 for Compound 4. The reagents used and the
results are described below in Table 2.

15 Table 2
Compound | IUPAC name Reagent(s) used | 'H NMR & (ppm) for
number Compound
5 [3-({4-[(5- thiophen-3-yl "H NMR (600 MHz, CF3CO,D):

phenylpentyl) | boronic acid 07.58 (d,J =1.8 Hz, 1H),
oxy]-3+(3- [CAS 5552-70-0] | 7.45 (brs, 2H), 7.39 (dd, J =
thienyl)benzyl 1.8, 8.4 Hz, 1H), 7.36 (s, 1H),
}amino)propyl 7.31(t,J=7.2Hz, 2H),7.23
lphosphonic (d,J=8.4Hz 2H), 719 (d, J
acid =8.4Hz 2H),4.41(t,J=54

Hz, 2H), 4.20 (t, J = 6.0 HZ,
2H), 3.54-3.48 (m, 2H), 2.70 (t,
J = 7.2 Hz, 2H), 2.35-2.30 (m,
2H), 2.25-2.20 (m, 2H), 1.94-
1.91 (m, 2H), 1.77-1.74 (m,
2H), 1.58-1.55 (m, 2H).

6 [3-({4-[(5- "H NMR (300 MHz, CD3;OD):
phenylpentyl) | thiophen-2-yl 0 7.83 (s, 1H), 7.59-7.56 (m,
oxy]-3-(2- boronic acid 1H), 7.40-7.35 (m, 2H), 7.26-
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}am no)propa (t, J 7.8 Hz, 2H), 7.20-7.17 n-1-ol 2-am nopropan-1- (m
4H) 707(dd J=36 48 ol H, 1H), 6.91 (d, J = 8.4 Hz, 1H), 4.06
(4 3 " owommiaty. | 386 (4. I = 12.6 M, 1M, 3. 72rcTusdiammet? 6 b,
(m1H)|. 2.65 (t ﬁ'l\i'e_'r’lylj'l'géril&ji' [CAS™13331:23-2]"1 7.20 (m; 2R), 717-7.05 (m, ~ [

}amino)propyl 5H), 4.14-4.10 (m, 4H), 3.10 (t,

]Jphosphonic J=6.6Hz 2H),263(t,J=7.8

acid Hz, 2H) 2.06-1.88 (m, 4H),

1.76-1.56 (m, 6H).

7 [3-({4-[3-(4- 4-(2-methylpropyl)- | "H NMR (300 MHz, CDsOD):
isobutylpheny | benzenepropanol] | 6 7.84 (d, J = 1.8 Hz, 1H),
l)propoxy]-3- | [CAS 147598-21- | 7.64 (dd, J = 0.9, 3.6 Hz, 1H),

(2- 8] 743 (d,J =4.8Hz, 1H),7.35

thienyl)benzyl (dd, J = 2.1, 8.4 Hz, 1H), 7.11-

Yamino)propyl | thiophen-2-yl 7.00 (m, 6H), 4.07-4.00 (m,

]Jphosphonic boronic acid 4H), 3.03 (t, J = 6.3 Hz, 2H),

acid [CAS 13331-23-2] | 2.81 (t, J = 7.8 Hz, 2H), 2.41
(d, J = 6.9 Hz, 2H), 2.18-2.10
(m, 2H), 2.10-2.19 (m, 2H),
1.85-1.75 (m, 1H), 1.71-1.61
(m, 2H), 0.87 (d, J = 6.6 Hz,
6H).

8 [3-({3- cyclopentenyl MS (M+H)" 457.35
cyclopent-1- boronic acid
en-1-yl-4-[(5- | [CAS 850036-28-
phenylpentyl) | 1]
oxy]benzyl}a
mino)propyl]p
hosphonic
acid

9 2-({4-[(5- Intermediate 1 "H NMR (600 MHz,
phenylpentyl) CF3;COO0OD): 67.70(d,J=24
oxy]-3-(2- thiophen-2-yl Hz, 1H), 7.41 (brs, 2H), 7.33
thienyl)benzyl (dd, J = 1.8, 8.4 Hz, 1H), 7.22-
}amino)ethyl | boronic acid 7.20(m, 2H),7.15(d,J=7.2
dihydrogen Hz, 2H), 7.12-7.09 (m, 2H),
phosphate 2-aminoethyl 7.03 (s, 1H), 4.51-4.48 (m,
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2H), 1.94-1.89 (m 2H), 1.74- 1.69 (m 2H), 1.60-1.55 (m 2H), 1.11
(d, J = 6.6 Hz, 3H) 13 2404(5- Intermediate 1 1H NVR (600 MHz, CDCI3): 6
phenyl péﬁwwz)mmmphen 2-y17.62 (d, J = 2.1 Hz, 1H), 7PEL/USOappsBe(2-

bor OI’]I o ah| rl (rlrl1 J _‘_. 1_1 3 7 21 h| Dh\l I Z\II é — 1 21
5.4 HA, 1H), 7.28- }anino) pro‘ﬂihy(irogﬁﬁnopropclr%l ; 4@5@(% %ﬁ)H 72]'@2 7. 17
(m ne-1,3-diol|1,3-diol phosphate 4.16 (t, J = 6.6 Hz, 2H), 3.58-

3.52 (m, 2H), 2.63 (t, J = 7.8
Hz, 2H), 1.95-1.92 (m, 2H),
1.712-1.58 (m, 2H), 1.59-1.55

(m, 2H).

10 3-({4-[(5- Intermediate 1 "H NMR (600 MHz,
phenylpentyl) CF3;COQOD): 6 7.65 (brs, 1H),
oxy]-3-(2- thiophen-2-yl 7.36 (brs, 2H),7.25(d,J=7.8
thienyl)benzyl | boronic acid Hz, 1H), 7.20-7.18 (m, 2H),
}amino)propa 7.13-7.12 (m, 2H), 7.10-7.05
ne-1-sulfonic | 3-aminopropane- (m, 2H), 7.01 (s, 1H), 4.30 (t, J
acid 1-sulfonic acid =54 Hz 2H),4.13 (t, J = 6.6,

2H), 3.52-3.50 (m, 2H), 3.42 (t,
J = 6.6 Hz, 2H), 2.61 (t, J = 7.8
Hz, 2H), 2.46-2.40 (m, 2H),
1.84-1.89 (m, 2H), 1.72-1.67
(m, 2H), 1.58-1.53 (m, 2H).

11 methyl[3-({4- | Intermediate 1 "H NMR (600 MHz,

[(5- CFsCOOD): 67.67(d,J=24
phenylpentyl) | thiophen-2-yl Hz, 1H), 7.45 (brs, 2H), 7.28
oxy]-3-(2- boronic acid (dd,J =2.4,8.4 Hz, 1H), 7.23-
thienyl)benzyl 7.21 (m, 2H), 7.16-7.15 (m,
}amino)propyl | (3- 2H), 7.13-7.08 (m, 2H), 7.04
Iphosphinic aminopropyl)(meth | (s, 1H), 4.26-4.33 (m, 2H),
acid yl)phosphinic acid | 4.17 (t, J = 6.0Hz, 2H), 3.46-

3.39 (m, 2H), 2.64 (t, J = 7.2
Hz, 2H), 3.00-2.24 (m, 2H),
2.13-2.08 (m, 2H), 1.97-1.92
(m, 2H), 1.75-1.69 (m, 5H),
1.61-1.56 (m, 2H).

12 2-({4-[(5- Intermediate 1 "H NMR (600 MHz, CDCl3): &
phenylpentyl) 7.60 (d, J = 1.8 Hz, 1H), 7.50
oxy]-3-(2- thiophen-2-yl (dd, J = 1.2, 4.2 Hz, 1H), 7.31
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4H), 7.07 (dd, J = 3.6, 5.1 Hz, 1H), (
(t, 3 =6.3 H, 2H. 3.84 (s, 2H), -3.7
2H), 2. §§m 23&/06618(”7] 1H), 2.65 (t, .2 He, 2H) PETAS2(100ST36BH)

J
1. 96 1 (m 75 1 6 {m 2 62 EXYVa)

2011/ 066184PCT/ Usg'ﬂé_@y : WJI boronic acid’ (66 JL \5 4 |-TZ & H), 7 27
}amino)propa (t, J =7.8 Hz, 2H), 7.20-7.17

n-1-ol 2-aminopropan-1- | (m, 4H), 7.07 (dd, J = 3.6, 4.8
ol Hz, 1H), 6.91 (d, J = 8.4 Hz,
1H), 4.06 (t, J = 6.6 Hz, 2H),
3.86 (d, J =12.6 Hz, 1H), 3.72
(d,J =12.6 Hz, 1H), 3.63-3.61
(m, 1H), 3.49 (s, 2H), 3.31-
3.28 (m, 1H), 2.89-2.86
(m,1H), 2.65 (t, J = 7.8 Hz,
2H), 1.94-1.89 (m, 2H), 1.74-
1.69 (m, 2H), 1.60-1.55 (m,
2H), 1.11 (d, J = 6.6 Hz, 3H)
13 2-({4-[(5- Intermediate 1 "H NMR (600 MHz, CDCl3): &
phenylpentyl) | thiophen-2-yl 7.62(d, J = 2.1 Hz, 1H), 7.51
oxy]-3-(2- boronic acid (dd, J =1.2, 3.6 Hz, 1H), 7.31
thienyl)benzyl (dd, J =1.2,5.4 Hz, 1H), 7.28-
}Yamino)propa | 2-aminopropane- | 7.25(m, 2H), 7.22-7.17 (m,
ne-1,3-diol 1,3-diol 4H), 7.07 (dd, J = 3.6, 5.1 Hz,
1H), 6.91 (d, J = 8.1 Hz, 1H),
4.06 (t, J = 6.3 Hz, 2H), 3.84
(s, 2H), 3.78-3.73 (m, 2H),
3.65-3.60 (m, 2H), 2.88-2.83
(m, 1H), 2.65 (t, J = 7.2 Hz,
2H), 2.19 (brs, 3H), 1.96-1.87
(m, 2H), 1.75-1.66 (m, 2H),
1.62-1.54 (m, 2H).

d, J =8.1 Hz, 1H), 4.06
3 (m 2H)), 3.65-3.60 (m
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Exanpl e 3 Conpound 14
(3-[({6-(3-furyl)-5-[(5-phenyl pentyl)oxy] pyridin-2-yl}nmethyl)am no]
propyl } ophurice1saci d 5 Step-/: A sol ution of PCT/US2010/057361

2- br onqg: 6- h}/d oxynet hyl ) pyridin-3-ol [CAS 168015-04-1](-1g, -5 nmmmol) in

di oxani’@!ﬁ@—eé) was treated wwth Mn02 (3.0 g, 29.3 mmol, 85% at 100 C for
16-18 h. The mxture was filteregompaupagentrated onto silica gel.

Aut o- col um (7: 3 hexane/ Et 0OAc gave Internediate 4: 6-bronp-5-

10hydr oxypi c&i[ﬂé+(§éhyﬂé—5ﬂ5wwyllplemﬂogy]mawin-a-lyll}mﬂhw)aminali, CDC13): 6
9.91 (s, 1H), 7.92 (d, 4.2 Iﬂm ﬁg} Hz, 1H) Step-2: Reaction
of Internediate 4 (0.59 g, 2 Qp o %ac onopent yl ) benzene

[ CA§14469-83-1] (0.80 g, 3.52 mmol) and K2003 (0.8 g, 5.79 15 mml) in DVF

(15 nmL) at 10000 for 4 h followed by a standard aqueous wor k-up and
aut o- cableRn!: fupeltienof amrgwﬁhxedrgxw@&wl)pml@nr%el [£1AS 468@1 @ﬁ&nﬂ(ﬁq 5-

W, obond) o ylpssioe PRI s3fefed yRRMALL (5,420 el st Al ety
4. 12 (t1,00J Gfdr. 1B5-18'h. 2Fe mixtbre Whs filtered! addibncéhirated. &o billed desepugs of m
6H. 20 Step-3: Intermediate 5 §0 335 g, 0.96 nmol) and furan-3-yl boronic

aC| d [ CaBIBB%2:3 hexaue/Ei®Aa gaye rmegnemﬁieﬁ 6rbrwue-3-2.8 nl, 2M in DV (12

01 oATSKPLOATHA et B o SNl TPD Yoo, "N BS0MR, EOCENTY e ves

d| I ut ed.o (& WY, Fro2 @hd. 2Kzl aHl)eﬁ4Bt(dj,r¢2 RotiHEes) with 1:1 Et OAc: Hexanes.
The organic |ayers were dried over MgSO4, filtered and concentrated onto
silica gel. Auto-colum (9 hexane/1l Et0Ac) gave Internedi ate 6:

oDo13) Brep:d Rearioh PriftepdiReA |PRULD2 phRfaRa g6 L MR (500 BF%,
1H), 7.@8mbpeityjbenzese (CASH4269- ,8341]](6 8(0tg, 352 némal) land PQJQO;@S@,@[?,QJ =
9.0 Hz, é\lgb 301.99-1.55 (serjes I—gbese of Internediate 6 in the

appPoprm @t@YJE (6P MtboAfpI QO @fﬁ(fdt]cf%lﬂw by aigtandayAsiequs work-up |

34({6-

U as o adblchl g lumEARS LRGN MesNEOeABa e 5 R DO AR 1°1 P EY,
( ?003 M;qur@?ﬁéﬁ&h)xy)@ﬁc&l‘r’ndldehyd’k aSa@led. 0’3Iq0(67l g 266%) 7."EBNUIR (309 . 6703,&2
St a3 MBzceDCHE B0 856, 101705 BT ob 1 Bz hl g 267 g eHh e 42 45 0En bop
2 31 2@6 HZD S@’f?- 1gl§ 2212, (On 3@31%52@%%@%@ 1.69-1.65 (m

2H) . Conpoun and 17 vver prepare romt rrespondl ng staring
makeri al s and 3-am nopropyl phosphonic acid in a simlar manner to the

P oe O e TSl rhinla S0 5. B B B ol e
?aaﬁlﬁgté%g]oe@ﬁmzﬁ ég@ggﬁg@d N%(e:?glr(zmogw id DMB (14 i) Wiy PECILgPPeY); 2- Y1
(74mg, ~11 mol%) at 120 °C for 20 m with MWI (microwave irradiation: Biotage
Initiator 2.5). The reaction mixture was diluted with water, and extracted (three
25 times) with 1:1 EtOAc:Hexanes. The organic layers were dried over MgSQ,, filtered
and concentrated onto silica gel. Auto-column (9 hexane/1 EtOAc) gave
Intermediate 6: 6-(furan-3-yl)-5-((5-phenylpentyl)oxy)picolinaldehyde. 'H NMR
(300 MHz, CDClI3): 6 10.0 (s, 1H), 8.21 (s, 1H), 7.84 (d, J = 8.4 Hz, 1H), 7.50 (brs,
1H), 7.28-7.17 (series of m, 7H), 4.16 (t, = 6.3 Hz, 2H), 2.67 (t, J = 9.0 Hz, 2H),

30 1.99-1.55 (series of m, 6H).

Use of Intermediate 6 in the appropriate steps of Example 1 produced the title
compound; {3-[({6-(3-furyl)-5-[(5-phenylpentyl)oxy]pyridin-2-
yl}methyl)amino]propyl} phosphonic acid 0.17 g (53 %)
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boronic acid 6 8.29 (d, J = 3.6 Hz,
8.14-8.09 (m 3H),

(

Af—f'l

m

7.50 (t, J
n-"Swo2ph1/0671835- 7. 30 (m

6.0 Hy

(,

1H),

= thienyl)pyridi

3H),

HNyRESSR 2 Boe gty 8% B b el Sebbiad thecfiny safS . §.

oxy] - 6-( 2-

[ CAS 13331-23- 2]

4.81 Hz, 1H),

M 2H)¢, =98 4z94H), 7.21-7.18 (m, 2H), 4.95 (s, 2H), 4.46 (t, J = 6.0 Hz, 2H), 3.68 (t, J
= 6.6 Hz, 2H), 2.75 (t, J = 7.8 Hz, 2H), 2.45-2.40 (m, 2H), 2.31-2.27 (m, 2H), 2.15-

10

2.12 (m, 2H), 1.87-1.84 (m, 2H), 1.69-1.65 (m, 2H).

Compounds 15, 16 and 17 were prepared from the corresponding staring materials

and 3-aminopropylphosphonic acid in a similar manner to the procedure described

in Example 3 for Compound 14. The reagents used and the results are described

below in Table 3.

7.42-7. 38
5.06 yl}nethyl)am PCFUS2HPO05SBSH7 (t,
cid

-2.23

Table 3
Compound | IUPAC name Reagent(s) used | 'H NMR & (ppm) for
number Compound
15 {3-[({5-[(5- thiophen-2-yl "H NMR (600 MHz, CF3CO,D):
phenylpentyl) | boronic acid 08.29 (d, J = 3.6 Hz, 1H),
oxy]-6-(2- [CAS 13331-23-2] | 8.14-8.09 (m, 3H), 7.50 (t, J =
thienyl)pyridi 4.81 Hz, 1H), 7.42-7.38 (m,
n-2- 2H), 7.35-7.30 (m, 3H), 5.06
yl}methyl)ami (s, 2H), 4.57 (t, J = 6.0 Hz,
no]propyl}pho 2H), 3.79 (t, 6.6 Hz, 2H), 2.86
sphonic acid t(, J = 6.6 Hz, 2H), 2.55-2.50
(m, 2H), 2.41-2.36 (m, 2H),
2.55-2.23 (m, 2H), 1.98-1.94
(m, 2H), 1.70-1.60 (m, 2H).
16 (3-{[4- 3-bromo-4- "H NMR (600 MHz, CF3CO,D):
(nonyloxy)-3- | hydroxybenzaldeh | d 7.68 (s, 1H), 7.51-7.38 (m,
(2- yde 2H), 7.29 (d, J = 3.9 Hz, 1H),
thienyl)benzyl | [CAS 2973-78-6] 7.13(dd, J = 1.2, 8.4 Hz, 1H),
Jamino}propyl 7.07 (d,J =1.8 Hz, 1H), 4.35
)phosphonic 1-bromononane (s, 2H), 4.20-4.18 (m, 2H),
acid [CAS 693-58-3] 3.44 (s, 2H), 2.30-2.22 (m,
2H), 2.20-2.10 (m, 2H), 1.93 (t,
tributyl(thiophen-2- | J = 6.0 Hz, 2H), 1.56-1.53 (m,
yl)stannane 2H), 1.40-1.29 (m, 10H), 0.87-
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(m 2H), 1.70-1.60 (m 2H). 16 (3-{[4- 3-brono-4- 1H NWR (600 MHz,
CF3002D (nonyl oxy) - 3- hydroxybenzal deh 67.68 (s, 1H), 7.51-7.38 (m (2-
yde 2H) W02911(1166184 = 3.9 Hz, 1H), thienyl)benzyl [CASPEMIS-Z(YIS/OS']%F 13

(dd = 1.’) 8 I_l-l1 1I_l)1 lam nol nranvl 7 N7 (A 1 — Ll» |_]\ 35

)Phbsphonl C 1- br pnononane (s, §5%6§5y7§4l]8 @#5§H)3H)a5|5 [LCAS 693- 58- 3]
3.44 (|s, 2H), 2.B0-2.22 (m 2H), 2.20-2.10 (m 2H), 1.93 (t,

—

17 (3-{[4- 3-bromo-4- "H NMR (600 MHz, CF3CO.D):
(decyloxy)-3- | hydroxybenzaldeh | 7.74 (s, 1H), 7.35(d, J = 8.4
(2- yde Hz, 1H), 7.19 (d, J = 8.4 Hz,
thienyl)benzyl | [CAS 2973-78-6] 1H), 7.13 (s, 1H), 4.40 (s, 2H),
Jamino}propyl 4.25 (t, J = 6.6 Hz, 2H), 3.49
)Jphosphonic | 1-bromodecane (t, J = 6.6 Hz, 2H), 2.35-2.29
acid [CAS 112-29-8] (m, 2H), 2.23-2.18 (m, 2H),

2.01-1.97 (m, 2H), 1.62-1.58
tributyl(thiophen-2- (m, 2H), 1.47-1.34 (m, 2H),

yl)stannane 0.92 (t, J = 7.2 Hz, 3H).
[CAS 54663-78-4]

Example 4
Compound 18 3-({3-(5-fluoro-2-thienyl)-4-[(5-
phenylpentyl)oxy]benzyl}amino)propyllphosphonic acid
5 The following experimental describes methods used for preparation of
3-(5-fluorothiophen-2-yl)-4-((5-phenylpentyl)oxy)benzaldehyde (Intermediate
10)
Proton NMR (nuclear magnetic resonance) spectra were taken either
at 60 MHz on a Varian T-60 spectrometer or at 300 MHz on a Varian Inova system.
10 The spectra of all products were consistent with their structures. Reverse-phase
HPLC analyses of products were performed on an Agilent 1100 instrument using an
Zorbax SB-phenyl column (250 X 4.6 mm), with a flow rate at 1.0 mL/min. The
elution was isocratic at 40 °C using a mixture of A1 (700 mL of water, 300 mL of
methanol, and 3 mL of EtsN adjusted to pH 3.4 with HsPO4), and methanol.
15 Conditions: A1:CH3OH (10:90). The retention times were as follows: 4,4,5,5-
tetramethyl-2-(4-((5-phenylpentyl)oxy)-3-(thiophen-2-yl)phenyl)-1,3-dioxolane, 5.36
min; 2-(3-(5-fluorothiophen-2-yl)-4-((5-phenylpentyl)oxy)phenyl)-4,4,5,5-tetramethyl-
1,3-dioxolane, 5.54 min; and for 3-(5-fluorothiophen-2-yl)-4-((5-
phenylpentyl)oxy)benzaldehyde, 5.0 min. Thin layer chromatography (TLC) made
20 use of E. Merck Kieselgel PF60 plates. TLC solvent systems are indicated in the
text.
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tributyl (thiophen-2- J = 6.0 Hz, 2H), 1.56-1.53 (m yl ) stannane 2H),
1.40-1.29 (m 10H), O0.87- | aw0 2011/ 066184PCT/ US2010/ 057361 [ CAS
54663- 78D 201186618y 3H). 17 (3-{[4- 3-bronp-4- 1H NVR @60MSM0/05BEB002D) :
(decyl oxy) - 3- hydroxybenzal deh 6 7.74 (s, 1H), 7.35 (d, J = 8.4 (2- yde
Hz, 1H), 7.19 (d, J = 8.4 Hz, thienyl)benzyl [CAS 2973-78-6] 1H), 7.13 (s,

1H), 4.1Atemedidtd-1 andaRIgHPERLRPYborofticZecid [CAB T383£.2822] Wi used4f the

appropriate procedural steps of Example 2 for Compound 6 to produce 4-((5-
phenylpentyl)oxy)-3-(thiophen-2-yl)benzaldehyde (Intermediate 7).

Step-1: In a 500 mL 3-necked flask equipped with a stir-bar and condenser was
placed 4-((5-phenylpentyl)oxy)-3-(thiophen-2-yl)benzaldehyde (Intermediate 7)
(4.9 g, 1.4 mmol), pinacol (6.6 g, 5.6 mol) and p-toluenesulfonic acid (0.8 g, 4.2
mmol) in benzene (125 mL). The resulting mixture was refluxed for 1 h. TLC

10 analysis (EtOAc: hexane; 1:1) showed the reaction was complete. The reaction was
cooled to room temperature, washed with saturated NaHCO3 (2x75 mL), brine (1x75
mL), filtered through 1PS filter paper and concentrated under reduced pressure to
give a brown oil. The oil was flash chromatographed over silica gel (100 g) with
anhydrous sodium sulfate (20 g) on top packed with hexane. The column was eluted

15  with 12x50 mL of 15% EtOAc in hexane. The product was eluted to give 5.1 g (81%)
4,4,5,5-tetramethyl-2-(4-((5-phenylpentyl)oxy)-3-(thiophen-2-yl)phenyl)-1,3-
dioxolane (Intermediate 8) as a yellow oil. HPLC analysis showed a purity of
~97%. NMR (CDCls) 6 7.8(s, 1H), 7.55(d, 1H), 7.1-7.4(m, 8H), 6.95(d, 1H), 6.0(s,
1H), 4.1(t, 2H), 2.7(t, 2H), 1.95(m, 2H), 1.7(m, 2H), 1.6(m, 2H), 1.35(d, 12H).

20  Step-2: In a 500 mL 3-necked flask equipped with a stir-bar, dropping funnel, and
thermometer was placed 4,4,5,5-tetramethyl-2-(4-((5-phenylpentyl)oxy)-3-
(thiophen-2-yl)phenyl)-1,3-dioxolane (Intermediate 8) (4.95 g, 1.1 mmol) in
tetrahydrofuran (100 mL) under argon. The resulting solution was cooled to -78 °C.
n-BuLi (8.8 mL, 2.2 mmol of 2.5 M in hexane) was added over 30 min. The mixture

25  was stirred for 90 m and then N-fluorobenzenesulfonimide (7.5 g, 2.4 mmol) was
added as powder in one portion. To the reaction mixture was added saturated
ammonium chloride (75 mL), water (25 mL) and ethyl acetate (100 mL) after stirring
for 90 m at -78 °C. The reaction mixture was warmed to room temperature. The
organic layer was separated, washed with brine (1x75 mL), filtered through 1PS filter

30 paper and concentrated under reduced pressure to give 11.5 g of a green residue.
The residue was triturated with 10% EtOAc in hexane (50 mL). The insoluble
material was filtered and filtrate concentrated under reduced pressure to give 6.5 g
of a green residue. The residue was flash chromatographed repeatedly over silica
gel with anhydrous sodium sulfate on top; the columns were eluted with either
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) Phosphoni ¢ 1- bronodecane (t, J = 6.6 Hz, 2H), 2.35-2.29 acid [CAS

112- 29- 8% (m 2H), 2.23-2.18 (m 2H) 2.01-1.97 (m 2H), 1.62-1.58
trlbutyl wboizopiess2- (m 2H), 1.47-1.34 (m 2H), yl) sPa@mABAE005381 (t, J =
7.2 Hz

663- 78- |
3- ({3- (I%taqujfaggﬂ[r@stqﬂ ﬂry §x7a£1e§](%H25X?g8|vee 249 @9}5 dle?S -(5-
phenyl ﬁﬁ%ﬁdth@ﬁﬂ W A%{Bhgggﬁgfsﬁgzg}t*lwah@ﬂyﬂ -£4! ﬂsﬁ@ﬂsnféihyp’mﬂg

experinmental describés ne reparation

3- ( 5- f Idioxotanegntennedjate ) 4 eolpress/dibe Q@&w%@h@w@lrﬂ/ﬂwﬂmoﬁ ermedi at e
10) ~98% Proton NMR (nucl ear magnetic resonance) spectra were taken
ei t her a% 80 MHz on a Varian T-60 spectrometer or at 300 MHz on a Varian

I noga Wt&’e(fBDCﬂg,Qé'Ph'ﬁS(gp¢H?_‘rﬁzqf4(@ﬂ1|6I-H’)V qdlES(tSII-QEES@&@nﬁH)SWB(tWH)h their
structures. Reverse-phase HPLC anal yses of ucts were perforned on an
Agi | ont6-QE00 )bt Blmeb. AZ(tndHr 9B RHSE. THENAH)e bBun 2 DD IS, 6 .

wth a fJowrate at 1.0 nL/mn. The elution was isocratic at 40 C using a
m xture of " Al (700 nmL of water, 300 nL of nethanol, and 3 nL of Et3N

adj ustesi‘ep pHsbIlﬁlomaﬂTZ (—Bmﬂllloraﬂﬂophehaiyl)4«500nditions Al CH3OH
(10:90). ret nt_ysﬁtlrres were as follaq

t et r ameRSM) Ee'('W Regydehoyn s%me@x'ﬂh?’m%%ﬁnz (ntepmediate 9 3-d
oot T 28T8) FAPbRaoh RO ROk BRI L o Sy o,
3- (5- f laveroight. oph éime Geactipn 4nik(Use \Apamgutexémttnletbydye)demmﬁﬂ@tﬂy)omjd waterm n.
ol at s (50l L o R ARG Rlat WS sePac edr s wil brine (1xBb Fil), Aifered
through 1PS filter paper and concentrated under reduced pressure to give 1.6 g of
an oil. The oil was dissolved in boiling hexane (20 mL) and after standing for 2 h, a
15  white crystalline solid was collected; and dried under vacuum to give 1.15 g (73%) of
Intermediate 10: 3-(5-fluorothiophen-2-yl)-4-((5-
phenylpentyl)oxy)benzaldehyde, HPLC analysis showed a purity of ~99%.
"F NMR showed a quartet at -131.201, -131.209, -131.215 and -131.223.
Use of Intermediate 10 in the procedure of Example 1 produced the title compound
20  [3~({3-(5-fluoro-2-thienyl)-4-[(5-
phenylpentyl)oxy]benzyl}amino)propyl]phosphonic acid.
"H NMR (600 MHz, CF3sCO.D): & 7.57 (d, J = 1.8 Hz, 1H), 7.23-7.18 (m, 3H), 7.14
(d,J =6.6 Hz, 2H), 7.08 (t, J = 7.2 Hz, 1H), 7.03-7.01 (m, 2H), 6.38-6.37 (m, 1H),
4.30 (t,d = 5.4 Hz, 2H), 4.13 (t, J = 6.6 Hz, 2H), 3.44-3.36 (m, 2H), 2.63 (t,J=7.8
25 Hz, 2H), 2.25-2.22 (m, 2H), 2.15-2.10 (m, 2H), 1.95-1.92 (m, 2H), 1.74-1.68 (m, 2H),
1.58-1.55 (m, 2H).

Example 5
Biological Data

30 Compounds were synthesized and tested for S1P1 activity using the GTP y*°S
binding assay. These compounds may be assessed for their ability to activate or
block activation of the human S1P1 receptor in cells stably expressing the S1P1

receptor.
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text. | aw0 2011/ 066184PCT/ US2010/ 057361 I nternedi ate-1 and
t hi ophen-2-yl boronic acid, [CAS 13331-23-2] were used in the appropriate
procedu1r88\woszt)ﬁm618ﬁ Exanple 2 for Conpound 6 to produceP¢T(US2610/057361

e R SRR A RS 8
pl aced Mg@(zﬁmmm%@nh}th&&hvéutoﬁo(é @ugﬂ%ﬂﬁ@%ﬂ%‘% @Qm defpy ges( bRg ey [igedi at e

7) (4 mrol ), pi nacol nol ) and p-tol uenesul fonic acid
(0.8 g, membraﬁﬁ)puoteln lb@mme(oI250rn) Testmnnré@mota wigreninghuded inile r ef | uxed

conpl et@NCREAVAR GG o D 8o B sutestl i RRIRL Pl RRolsBR Bl e
sat gr atvpgreNatliBed UF0100-uM Fradenyidixnthidetiphosphaer e 30miaughd 1PS fil ter

paper and concentrated under reduced pressure to give a brown oil. The oil

was f | EPserventiyt Wik 40Hed GNBfosT0 mia agdre(R0m $9lUlipnsant AR asesReum

| h
s L S LT,
4, 4, 5, miredtr2a@ hiRba2tiod niiktor e eeyd bleeTbyjldvexWhﬁfT(arhGﬂBleer% uridephenyl) -1, 3

-dloxolane(lnterrredlaeB as a 'l ow oil. HPL n IS shwe a purity
of - 9796ACKNR. @RSy ashest rh 'mfﬁ)w'ﬂ%?@%l( af icergold buter Fﬁ%‘%‘f— B5(d, 1H),

v 380 M5, %@%sﬁﬁﬁ'.”?oﬁﬁ%"ss%%% rieghad 5@'@%&?@%@" %°9ﬁ @ 2.
Stl r - baor ° dirammltygjsfngmékcomher tAmmsinredeced\@él' Py Xi8eainding was obtalned

(i ot S B Yt Yie SheRCR PGS v, iR dhita weye enabgeq USNG 2 ol ) i
tetr ah%@ﬁh@éﬁeér&gldﬁr}wewrlnﬁa@@w a'ﬁhé?gdrﬁ’éilés%laygthé%bléﬂlcﬂﬂrrﬁﬁérec00' ed to

-78 C. n-BuLi (878 ni, .5 M1n hexane) was added over 30 nin.
The m mﬁ%nea\i{@sﬂéﬁﬂ @dhﬁcnfewcm gfriéstmtﬁgunrst abewmenatiessrangingi de (7.5

as powder in one portion. To the reaction m xture
J%Qa?%a?@ﬁ&mm umchloride (75 nL), water (25 nL) and et hyl
acet at eT4bloa gnowsAédtivity Ploteridyn @ 1ParreB8ptar fom @'F(?y35$hﬂl\/r €BCLJ)o% M xture was

warnmed to roomtenperature. The organic | ayer was separated, washed with
brine (Stikydatign. filtered through 1PS filter 30paper and concentrated under

reduce Lesi .y The residue was
tritur g‘t‘%‘ﬁ%fph?%‘& qﬁmﬁc I'n Hg{g%g?ﬁ%?ﬁ% .nmh(g!q%%ol uble material was
filtered and filtrate concentrated under reduced pressure to give 6.5 g of
a reen residue. The residue was fl?sgeggromat ographed repeatedly over
Pca gel with anhydrous sodi um sul pRl&2on top; the columms were el uted
W th WO 20117/ 066184PCT/ US2Z010/ 057361 Etr OACT hexanep akdpar
hexanes%&ogn ogive 2.9 g (57% 1WPAL hanme5- S1P1
f 1 uor ot hi mypimdier 2- y|1) - 44( 5- phenyl pent yl ) oxy) phenyl) - 4, 4, 5, 5- t ptEGgEhM)1; 1, 3-

di oxol iate-9) _as colorless ol HPLC analysis showed a pufity
of -98% 6 " B-({41(5-phenyipentyl)oxy]-3-{2-~ 1
thienyl)benzyl}amino)propyllphosphonic acid
7 [3-({4-[3-(4-isobutylphenyl)propoxy]-3-(2- 15
thienyl)benzyl}amino)propyllphosphonic acid
8 [3-({3-cyclopent-1-en-1-yl-4-[(5- 3
phenylpentyl)oxy]benzyl}amino)propyl]phosphonic
acid
10 {3-[({5-[(5-phenylpentyl)oxy]-6-(2-thienyl)pyridin-2- 1
yl}methyl)amino]propyl}phosphonic acid
12 (3-{[4-(decyloxy)-3-(2- 294

thienyl)benzyllamino}propyl)phosphonic acid
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5NNR(CDCI3) 67.75(s, 1H), 7.2-7.4(m 6H), 7.15(t, 1H), 6.95(d, 1H),
6.45(t, 1H), 6.0(s, 1H), 4.15(t, 2H), 2.7(t, 2H), 1.95(m 2H), 1.75(m 2H),
1.6(m BHyp 20186684 12H). Step-3: A sol ution of PCT/US2010/057361
2-(3-(5-fluorothiophen-2-y1)-4-((5-

phenyl pentyl ) oxy) phenyl) -4, 4,5, 5-tetranet hyl-1, 3-di oxol ane (Internediate 9)
10( 2. OJgample3g ol ) in tetrahydrofuran (50 nL) and 3 M HCl (50 nlL) was
stirredat rt, overnight. To the reaction m xture was diluted with ethyl
acetate (50 nL) and water (50 nlL). The organic | ayer was separated, washed
with brine (1x50 nL), filtered through 1PS filter paper and concent r at ed
undér reduced pressure to giviaphopegiaAsgaydnMicehe oi| was di ssol ved in
boi li ng hexane (20 nL) and after standing for 2 h, a 15white crystalline
solid was coll ected; and dried under vacuumto give 1.15 g (73% of

| ntermedi at @ eéﬂdrl@s(eﬁfefdrelmredhn apduntich gontadind 3% (w/v) 2-hydroxy propyl B-

KR Sh IR0 RO ang5] 7B HSU 158 tmbboondeitiasen o naid 89ga.  Lse of
| nter ’T‘Déiub?h?aﬂje%u‘s @ré%heﬁf t%cf%ﬁr‘rglé’ %&B%WQC]—I/H’QEQS%WE@ Wighfgesgpound

20[ 3- ({3- uor I enyl
phaayl p&ng vl )he<§k]>$feofzw mego)aiomqbyaﬂan&ssammbtamadmy purteétinvig (€00 MHz,

CF?OOZD qjgisletﬂlgr §k|n vsytr‘za &okgq_ri_'?d a;mrag?len@et %tré %'@D g27 149%%@ RPgtlg) 6

?t 303( tdrgé apgﬁcé’tldﬂz ,Blé’d'd) is (fbllé@teﬁt|?toJmmr@v&téézgﬁa#@TE@Tﬁ}%oﬁta?n‘ﬁné 'ED'I%%Z (2m63
2H), 1.tipotassign aalt. Mmeaeqmetﬁoqdrﬁamﬁjes mazqunéecsu&eg(ﬂk%&MfWEﬁat a 30

oi noi ng A4BES e RARBIER S kBN ER Ve ST St P [ o Y7

actisvat(elats, JoleoakBrokd \@Meaxh GHert h_eethmmv(rzomm%epeptor incells stabl y
expressing the 51P1 receptor. | aw0 2011/ 066184PCT/ US2010/ 057361 GIP y355

bi ndi ng was neasured in the nedium containing (mM HEPES 25, pH 7.4, MCl2
10, NaCl hLpmpheinenia induesd by S1R! agppists in miceodame course i GMRINIBS5, and 5

Phe conCEnerky R Peg e idmd ey iRHinelER M T B R s "

Menbranes Swere incubated with 100 pM 5' -adenyl yl i mm dodi phosphate for 30
m n, and subsequently w,th 1 n on ice. Drug solutions and
menbrane were m xed, an&"m‘i%ﬁ%ﬁ% Sg n| tiated by adding GIP y355
and continued forbyoSiR agonistsAddmeiK g indMicawre filtered over
Whatman G-/ B filters under o gg@}edthreetlrres with 3 nL of

i ce-col d buffer (HEPES 25, %ﬁ,{lﬁa’ﬂ}igfﬁ% 0 and NaCl 100). Filters were
dried and m xed with scintillant, and counted for 35S activity using a
8-counter. Agonist-induced GIP y3,: I i N Was obt ai ned by subtracting
that in the absence of agonist. Bj s data were anal yzed using a
non-|inear regressi onh yret hod. In CASE ei gmagonl st assay, the reaction

m xture contained 10 nM S1R in the presence ‘of test antagonist at
concentrations gangi ng 15 m 0.08 to 5000 nM Table 1 shows activity

pot ency: 51P1 re:cept@r fro P y355:. nM (ECK), %stinulation. Activity
potency: 51P1 r%cgpt ori fro P y355:. nM (ECK), 20Table 2 Conpound nunber
| UPAC nane Sl Pr =

Mg of /rr’

W]

i‘} ,,,,,,,
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EC50 (nM 6 [3-({4-[(5-phenyl pentyl)oxy]-3-(2-

t hi enyl1) benzyl } am no) propyl ] phosphonic acid 1 7

[ 3- ({ 4435020 isatsy| phenyi ) pr opoxy] - 3- ( 2- PCT/US2010/057361
t hi enyl.) bepzyl }.am no) propyl ] phosphonic acid 15 8

[3-({ 3-%6{]6&%‘{“@ Li8n-1-y1-4-[ (5-

phenyl pentyl ) oxy] benzyl } am no) pr opyl ] phosphoni ¢ acid 3 10

(34({5- [ (% phenyl pestnpolifd Havhir Rorhilgnyits &antbinferd: diastereoisomers,

yl } met hyl ) am no] pr opyl } phosphonic acid 1 12 (3-([4-(decyl oxy)-3-(2-
t hi enyl ) beydratesBohsLes. Spyata iR pleodiiadixisiual momers, tgwpmers or a

2011/ 0661 / 5L h ia As in M Test
drugs ar eéﬁgﬁéﬁ%éﬁg%lﬁ)y géé%qé?l%ﬁ%%%ﬂni néng%og)\?v?i/;i Z-E%ri);]y p(r:gpyfs(s-

cycl odextrin (HPBCD) and 1% DMSO to a fg®al co ntration of 1 ng/m, and
subcut aneously injected to femal e C57BLG m ce RLES RI VERS) wei ghi ng 20-
1 025 g at the dose of 10 ng/Kg._ Bl ood qanpl es [are obtained by puncturing
the submandi bul ar skin with a GdReenr i nceifah 5,, 24, 48, 72, and
96 hrs post drug application. BloodY Cte@ i Nfo milcRSvettes

( SARSTEDT) cont ai ni ng EDTA tri potassjlum sal{. Lynphocytes in bl ood sanples
are counted using a VET | tispeki tol ogy System HEMAVET HVI950FS
(Drew Scientific ghac.')! i_&(f-(ﬁjé\ . i oorg. R8\ed. Chem Lett. 14
(2004) 3351). Lyn%hope%i i ndced by S1|P 1 agonists in mice: Tine course
(10 no/ Kg)

[ 3- 6{4-[ (5- phenyl pentyl ) oxy]-3-(2-thi enﬁz) benzyl } am no) propyl i phosphoni c
acid Lynphopenia ini iced Formula |

wherein:

R'is N or C-R™;

R? is aromatic heterocycle, non-aromatic heterocycle, cycloalkyl, cycloalkenyl or aryl;
10 R%is O,N-R", CH-R"™or S, -CR"*=CR"-, -C(O) or -C=C- ;
R* is H, aromatic heterocycle, non-aromatic heterocycle, cycloalkyl, cycloalkenyl or
aryl;
R®is H, halogen, hydroxyl, -OCy.3 alkyl, hydroxyl or Cy.3 alkyl;
R®is H, Ci.3 alkyl, halogen, hydroxyl or -OC;_; alkyl;
15 R’is Hor Cyi alkyl;
R®%is H or C1 alkyl;
R? is -OPOsHy, -COOH, -P(O)(OH),, -Cs. alkyl, -S(0).OH, -P(O)MeOH, -P(O)(H)OH
or —-OR'%;
R'is H, C1. alkyl, halogen, hydroxyl or -OC1.3 alkyl;
20 R"is Hor Cy. alkyl;
R'is H, C1.3 alkyl, halogen, hydroxyl, -OC1.salkyl or amino;
R is H or Cy.5 alkyl;
R™is H or Cy.3 alkyl;
R is H or Cy.3 alkyl;
25 Lis CHR'™, O, S, NR" or -C(O)-;
ais0,1,2,3,4o0r5;
bis0,1,2,3,4o0r5;
cisOor1;
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by SIN agonists (10ng/Kg) in Mce (24, 48, 72 hours) 24 48 hQUT$ 12 . h
ours 24 48 /72h -A COVPOUND | aw0 2011/ 066184PCT/ US2010/ 057361 What is
cl ai med'®fwo 2011A66pound having Fornula |, its enanti omPCS/US2010/057361

di aster ol(iom;r hydrates, solvates, crystal forns and individual isoners,
tauto Har maceut i cal Iy acceptable salt thereof, R6R7 5R2 Formula

| wher grti:is Rl 0,3 k@ -6k @ikyl, halo i d?é)@/'l'BF!aﬁnHﬁt?taﬁfoOCyde non-aromatic
heteroc gl e, cQ?I oa}ﬂ R%yc yoaI keér?iln h?ﬁlr aryl OR3 is 0, NNRL1, CH R12 or

S, dwRihor C+Q@tbi)/?/or -CEO-; R4 is H ar omatl ¢ heterocycle, non-aromatic
het er ocvgﬁ]( I kyl , cycl oal kenyl or aryl; R5 is H, hal ogen, hydroxyl,
-001_3 &1 xyI or 01 3 alkyl; R6 is H, 01 _3 alkyl, hal ogen,

hy dsoxyWhen Rf’(a)@ R- |a!2kysks L&D 6D & PEhdhlL 6 Abk®! S, BBNRST; hﬁn@r Cl-6 al kyl;
RO i's -0PO3HR, - &5% -036alké 'f’éo ) 20H, (0) MeOH
-P(O)(Hymm&lsc@&‘?sHmQ H OBk yS(Oh H)gB )M9@kb$<ry1P(@a(H)6bi 3

| kyl Cl-3 al kyl: R12 H, 01-3 al kyl, hal hyd l,
ii003{ 3a§%ﬁ’l‘s ”%tgig'f‘)d R13 ?s ﬁor 01_ I3Sa| kyl ; a 2 ogen, Aoy

when R® is OR'" then disnotQor1.

10 2. A compound according to claim 1, wherein:
R"is N or C-R";
R? is aromatic heterocycle or cycloalkenyl;
R%*is O, N-R", CH-R" or S, -CR"=CR™-, -C(0) or -C=C-;
R* is H, aromatic heterocycle, non-aromatic heterocycle, cycloalkyl, cycloalkenyl or
15  aryl;
R®is H, halogen, hydroxyl, -OCy.3 alkyl, hydroxyl or Cy.3 alkyl;
R®is H, Ci1.3 alkyl, halogen, hydroxyl or -OC;_3 alkyl;
R”is H or C1 alkyl;
R®%is H or Cy alkyl;
20 R%is -OPOsHy, -COOH, -P(O)(OH)2, -Cs.6 alkyl, -S(0)0H, -P(O)MeOH, -P(O)(H)OH
or -OR'®;
R'is H, C1. alkyl, halogen, hydroxyl or -OC1.3 alkyl;
R" is H or Cy.5 alkyl;
R'is H, C1.3 alkyl, halogen, hydroxyl, -OC1.salkyl or amino;
25  R"™is Hor Cy.3 alkyl;
R™is H or Cy.3 alkyl;
R is H or Cy.3 alkyl;
L is CHR'™, 0, S, NR" or -C(O)- ;
ais0,1,2,3,4o0r5;
30 bis0,1,2,3,40r5;
cisOor1;
dis 0,1, 2o0r 3;
R is H, C1.3 alkyl, =OC1.3 alkyl, halogen, hydroxyl or amino, and
R is H or Cy.3 alkyl;

43



R14 is Hor 01-3 alkyl; R15 is Hor 01-3 alkyl; 25L is OHR16, 0O, S, NR17 or
-0(0);a|5012340r5 b|501234or5 cis O0or 1; |
aw0 201'Pfw6RIBAREIRAUS2010/ 057361 d is 0, 1, 2 or 3; RLE6PCIUS01005B6nl kyl
-001_3 a& ., _hal o en, hydroxyl or amino, and R17 is H or Cl1_3 al kyl; vvlth
theprd’\"/r%ﬁ? R3isO NR12, or S, and b is O or 1 then L is notO

S, or Neh R& rsdoV\NeR 2R8r88an8%0|§*02or1@%ﬁi|si?610®§§“v2>|2NR15(aQ1)d20H - P(0) MeOH
or -P(O)(H)C]githen is not O; whe hen d is not 0 or 1.

102. A cumpoRads e@B@BUE n@@@Hci%ﬁQﬂ@H)mgf@h@H RE(@W&DMO@H@O(H)% is
aromatlﬁf[h%t gra é ﬁ or cycloal kenyl; R3 is 0, NRll, CH R12 or S,
CR13= d - ? q R4 is H aromatic heterocycl e,

nonsar Gomdn i;{ghgt@Réfcmgthsmlo@ylkyl, cycl oal kenyl or 15aryl; R5 is H,
hal ogen, hydroxyl, -001_3 al kyl, hydroxyl or 01_3 alkyl; R6 is H, 01-3
al kyl, haI ogen hydroxyl or -001_3 alkyl; R7 is Hor Cl-6 alkyl; R8 is H or

G _6 al 20R9 r%ﬁg‘t ( -03_6 al kyl, -S(0)20H,
-P( O)IVE -P( 0) (A 83%59%%’&58 oclgfq% ?F%? kyI hal ogen, hydroxyl or
-001_3 R |Is3N prBIR'G:s H or 01_3 al kyl; R12 |s H, 01- 3 al kyl, hal ogen,

hydroxyl 001 3alkyl or. am no; 25R13 is or 01-3 al kyl; R14 is Hor 01-3
aI kyl ; RS F-EemRRr er@tlgmgﬁrocxclpgr@yﬂpglke@y S, NR17 or -0(0)- ; ais

0,13 R3ZBOMNK"ICH-R"Z or S, -CR3=CR™-, -C(O) or -C=C- :

R* is H, aromatic heterocycle, non-aromatic heterocycle, cycloalkyl, cycloalkenyl or
aryl;
R®is H, halogen, hydroxyl, -OCy.3 alkyl, hydroxyl or Cy.3 alkyl;
R®is H, Ci1.3 alkyl, halogen, hydroxyl or -OC;_3 alkyl;

15 R’is Hor Cig alkyl;
R®%is H or C1 alkyl;
R? is -OPOsHy, -COOH, -P(O)(OH),, -Cs. alkyl, -S(0).OH, -P(O)MeOH, -P(O)(H)OH
or —-OR'%;
R'"is H, Cy alkyl, halogen, hydroxyl or -OCy.3 alkyl;

20 R"is Hor Cy. alkyl;
R'is H, C1.3 alkyl, halogen, hydroxyl, -OC1.salkyl or amino;
R™is H or Cy.3 alkyl;
R™is H or Cy.s alkyl;
R is H or Cy.3 alkyl;

25 Lis CHR'™, O, S, NR" or -C(O)-;
ais0,1,2,3,4o0r5;
bis0,1,2,3,4o0r5;
cisOor1;
dis0,1,2o0r3;

30 R"isH, Cy.3 alkyl, —OC1.3 alkyl, halogen, hydroxyl or amino, and
R is H or Cy.5 alkyl;
with the provisos:
when R%is O, N-R'?, or S, and bis 0 or 1 then L is not O, S, or NR'’; and
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30bis 0, 1, 2, 3, 4or 5 cisOor 1, dis 0, 1, 2 or 3; RI6is H 01-3
al kyl, -001 3 al kyl, hal ogen, hydroxyl or amno, and R17 is H or 01-3
al kyl ; '8fwew01128404066184PCT/ US2010/ 057361 with the proPCIAS20MI08736R3 i s O,

N B2, e S ik, Seon, ts‘?@é‘éﬁ)z, SRRt P (IVEH on FREERER & & not

0; and {RuhensRBt 05an@R15 then d is not 0 or 1. 3. A conpound according to
claim1l, vvhereln is N or C—RlO R2 is 5-nmenber aromatic heterocycle or
cycloalvkhmyR is 6B then d InMRLD, OFGH R12 or S, - CRL3=CR14-, -0(0) or -CEO;
R4 is H aromatic heterocycle, non-aromatic heterocycle, cycloalkyl,

cycl oal kenyl or aryl; R5 is H, halogen, hydroxyl, -001 3 al kyl, hydroxyl or

01_3 al4<yl R6 lsqbbrr@buadaic&wdm@ai eaen 1, @keiy! or -001_3 alkyl; 15R7 is
H or 01 aIkyI RB is Hor Cl-6 al kyl; RO i s -0PO3H2, - COOH, -P(O)(O—I)Z

_03_6 aﬁﬁkwNor@(B)mH _P(0) MeOH, -P(0)(H)OH or -OR15: Rl is H, 01 6 alkyl,

) SO AR A, OBbodRBE) by BRipe! b oA g e 1 O 2

is H orpﬁézo’dunel kyfazoliﬁb5oxazdﬂner trﬂdph’brw IdWydrdtﬁlopk&n@Hﬁl@n dihy8roftRin or
cisOor 1; dis

00( 2) zpydsrrol% pyémhme Plé"q’h'd'rdﬁ-%aépl@y PXGZ@W @'ﬁ?@é?i 'mlﬂﬁif%ewraﬁ?'&r oxyl or
amlgo 6{%}?9766%% !Os%é:é&&é % z”clhéyt'ﬁtraE%ﬂeh g&%a%‘%\{ﬁ 305. Oé%%20|'83 is 0, NRILZ,
thiadiazole, 1,2,3-triazole, 1,2,4-triazole, imidazole, |m|dazoI|ne pyrrolidinone, pyrrol-
2(3H)-one, imidazolidin-2-one, or 1,2,4-triazol-5(4H)-one;
R%*is O, N-R", CH-R" or S, -CR"=CR™-, -C(0) or -C=C-;
R* is H, aromatic heterocycle, non-aromatic heterocycle, cycloalkyl, cycloalkenyl or
15  aryl;
R®is H, halogen, hydroxyl, -OCy.3 alkyl, hydroxyl or Cy.3 alkyl;
R®is H, Ci1.3 alkyl, halogen, hydroxyl or -OC;_3 alkyl;
R”is H or C1 alkyl;
R®%is H or Cy alkyl;
20 R%is -OPOsHy, -COOH, -P(O)(OH)2, -Cs.6 alkyl, -S(0)0H, -P(O)MeOH, -P(O)(H)OH
or -OR'®;
R'is H, C1. alkyl, halogen, hydroxyl or -OC1.3 alkyl;
R" is H or Cy.5 alkyl;
R'is H, C1.3 alkyl, halogen, hydroxyl, -OC1.salkyl or amino;
25  R"™is Hor Cy.3 alkyl;
R™is H or Cy.3 alkyl;
R is H or Cy.3 alkyl;
L is CHR'™, 0, S, NR" or -C(O)- ;
ais0,1,2,3,4o0r5;
30 bis0,1,2,3,40r5;
cisOor1;
dis 0,1, 2o0r 3;
R is H, C1.3 alkyl, =OC1.3 alkyl, halogen, hydroxyl or amino, and
R is H or Cy.3 alkyl;
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| aw0 2011/ 066184PCT/ US2010/ 057361 when R9 is -0PO3H2, -COOH, -P(0)(CH) 2,
-S(0)20H -P(0) MeOH or -P(0)(HOH then d is not 0; and when R9 is -0R15
then d |§W0a'0110)6®1841 54. A compound according to cl ai m PCTMise018i06736R1 i s N
or CR10; EIZ IS cI opent ane, cyclopentene, pyrazolidine, pyrroline,

pyrrol i'%ith F?rﬁ’iv 8§0I ine, pyrazoline, thiazoline, oxazoline, thiophene,

di hydrq,t,mrpRﬁ%n@ NthQaBr Sd‘aHM(U @fdléraﬂthéW[ iOh6t OPW!’)PNRné ri@iy”oI i di ne,
oxazol e, oxazoline, thiazole, imdazole, yrazo azoI i ne, isoxazol e,

i sot hi a/zhﬁreR i®tQBoHs, -CEO@UI RENKOHI, 25 h@értil Bt@)l\éeg radf(@201)OH

1,2,3-t -triazole, imdazole, imdazoline, pyrrolidinone,
pyrrol f%%ﬁ)d 8rl?é’t 6! ﬂ’i‘ azolidin-2-one, or 1,2,4-triazol-5(4H)-one; R3 is O,

N-RE1, WHerRR2 i9rGR'> BBAIFEMA 0.0r0(0) or - CEO; R4 is H aromatic
het er ocycl e, non-aromatic heterocycle, cycloal kyl, cycloal kenyl or 15aryl;
R5 i sH, halogen hydr oxyl, -001-3 al kyl, hydroxyl or 01-3 alkyl; R6 is H,

013 al , hal oge k is Hor G-6alkyl; R8is H
or G aI kyl : Fégc?ﬁ%%ﬁé%ﬁ?&rd' |§ ’ﬁ( c»wf‘ﬁﬁﬁ 036 al kyl, -S(0)20H,
- P(0) MRHs N B(Q‘.)-Rl-ﬁ) OH or - OR15; Rl is H 016 al kyl, hal ogen, hydroxyl or

-001-3 alkyl; R11 is or 013 al kyl; s H 013 al kyl, hal ogen,
hydr oxy®, S @U@W@?n@t'cé}ﬁtWQCyggIQ[@YP'@aMeBVr 013 alkyl; R14 is Hor 013

al LPSI Fgfllg d)sNIﬁ%nrgglglg %MIJCngLg ]é(‘?) NR17o0r -0(0) ; ais

0, 3,4 or s 0,1 ‘or 1; dis 0,1, 2 or 3;

R16 is Rt istd.darehiatic, het@@byaeﬁhdﬂﬂarorhéh@@éf&romdié wyloatiyl ayictualkenyfloRL7 is H
or 013 al kyI | 8w0 2011/ 066184PCT/ US2010/ 057361 with the provisos:
aryl;

R®is H, halogen, hydroxyl, -OC1.3 alkyl, hydroxyl or Cy.s alkyl;
R®is H, Ci1.3 alkyl, halogen, hydroxyl or -OC;_3 alkyl;
15 R’is Hor Cig alkyl;
R®%is H or C1 alkyl;
R® is -OPOsH,, or —OR'®;
R'is H, C1. alkyl, halogen, hydroxyl or -OC1.3 alkyl;
R" is H or Cy.5 alkyl;
20 R"is H, Cy.3 alkyl, halogen, hydroxyl, -OC;.salkyl or amino;
R™is H or Cy.3 alkyl;
R™is H or Cy.3 alkyl;
R is H or Cy.3 alkyl;
L is CHR'™, 0, S, NR" or -C(O)- ;
25 ais0,1,2,3,4o0r5;
bis0,1, 2, 3,4 or5;
cisOor1;
dis1,2o0r3;
R is H, C1.3 alkyl, =OC1.3 alkyl, halogen, hydroxyl or amino, and
30 RYisHorCysalkyl;
with the provisos:
when R%is O, N-R', or S, and b is 0 or 1 then L is not O, S, or NR""; and
when R? is -OR" then d is not 1.
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when R3 is 0, NNR12, or S, and bis O or 1 then L is not 0, S, or NRl7; and
when RO is -0PO3H2, - COOH, -P(O)(O—|)2 -S(0)20H - P(0) MeOH or -P(O)(H)O—|
then d |§W00rt)11m666nd 5when RO is -0OR15 then d is not 0 ®CTAIS2B0A5B6npound

according to claim 1, wherein N.or, CCR10: R2 is 5-nenber aromatic
het ero&ycl e or cy{n %\WEH&’@CC%E@Q tosd@'mNPWffre'&H R12 or S, -CRL13=CR14-,

-0(0) ' sGEerc-R®;is H aromatic heterocycle, non-aromatic heterocycle,
cycloal kyl', cycl oal'kenyl or aryl; R5 is H hal ogen, hydroxyl, -001_3 alkyl,
hydr oxyR I§r5 UIBn:BDeIIa(pmatlme't@oﬂydeDrIEyalIOIaqunyhal ogen, hydroxyl or -001_3

| kyl ; 1 1 | kyl is - , 0
iEIOR{5 ﬁ@ogéb'oé Q1S #ﬁ 5@#‘%?&@&@ & ’0%1 3R2| Ilqsu Ogngizs H or
01_3 a'Fkﬁ’l%H?é}Bﬂr?atl'c%éfbroQ?filél ﬁb@f‘r@maﬁé H@?é?ocméjr% alky RWOEE 2

amino; R13 i's H or - is Hor 01-3 _
al kyl ; aryis CHR16 0, S, NR17 or -0(0)- ; 25a is O, 1 2, 3, 4or 5 bis

o, 1, cls 1; i 2 or 3; _is H, 01-3 al kyl,
001 3 |'E>H 4‘32 %@Hdr 3@% Ey'aﬁﬁrq%BXy'aQ‘iﬁsﬂcﬂ%g is Hor 01-3 al kyl;
with theﬁgrfq)vgspgmywhg@glga h§dr@»x NorREG, Palky; and b is 0 or 1 then L is not
0, S, or, NR17; i5 -OR15 then d 15 not 1. | aw0

2011/ od%llsatbm’r@uszd%/ 057361 6. A conpound according to claimi1, wherein: Rl
is or 5-menber aromatic heterocycle or cycloal kenyl; R3 is
lhlk RIT, sBBrgss 8'”%’&

- CR13=CR14-, -0(0) or -CEO;
RY is -P(O)(OH),, -P(O)MeOH, or -P(O)(H)OH;
R'is H, C1. alkyl, halogen, hydroxyl or -OC1.3 alkyl;
R" is H or Cy.3 alkyl;
R'is H, C1.3 alkyl, halogen, hydroxyl, -OC1.salkyl or amino;
15 R™is Hor Cy alkyl;
R™is H or Cy.3 alkyl;
R is H or Cy.3 alkyl;
L is CHR'™, 0, S, NR" or -C(O)- ;
ais0,1,2,3,4o0r5;
20 bis0,1,2,3,4o0r5;
cisOor1;
dis1,2o0r3;
R is H, Cy.s alkyl, =OC.5 alkyl, halogen, hydroxyl or amino, and
R is H or Cy.3 alkyl;
25  with the proviso that when R%is O, N-R'? or S, and bis 0 or 1 then L is not O, S, or

NR'".
7. A compound according to claim 1, wherein:
R'is N or C-R";

30 R?%is 5-member aromatic heterocycle or cycloalkenyl;
R%*is O, N-R", CH-R" or S, -CR"=CR™-, -C(0) or -C=C-;
R* is H, aromatic heterocycle, non-aromatic heterocycle, cycloalkyl, cycloalkenyl or
aryl;
R®is H, halogen, hydroxyl, -OCy.3 alkyl, hydroxyl or Cy.3 alkyl;
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5R4 is H aromatic heterocycle, non-aromatic heterocycle, cycloal kyl,
cycl oal kenyl or aryl; R5 is H, halogen, hydroxyl, -001_3 al kyl, hydroxyl or
01 3 al @WQZR&/G@BH 01 3 al kyl, hal ogen, hydroxyl or -@0T/UB2@blyi3p1 R7

is Hor {1 | k S Hor 01 RO is -P(0)(CH)2, -P(0)MOH,
or P((ﬁ('ﬁ)'%—& Pg”%*l‘ 961, Bydriogyl or- 12%‘?@%1% Yl hydroxyl or -001_3 alkyl: R11
is H oqugﬁoabl%Ia]klez is H 01-3 alkyl, hal ogen, hydroxyl, -001 3a1ky1 or
am no; or 01 3 alkyl; R14 is H or 01-3 al kyl; R15 is Hor 01-3

al kyl : R°iss orR162lKy); S, NR17 or -0(0)- : ais 0, 1, 2, 3, 4 ors; 20b
is O, isOor 1; dis 1,2 or 3; R16is H, 01_3 al kyl,
-001_3 |'l§yP%3(R§r Ec)%fé:ﬁzoﬁg/droxyl or amno, and R17 is H or 01-3 al kyl;
25vv|5th Rﬁq&s BIr Oy Is Skl e logdre ydostys of . -O¢ Rldkylor S, and b is 0 or 1 then L
is not O, S ~or NR 7. 7.A conmpound accor di ng to claim1, wherein: RLis N

or 30RR] ésﬂ%@beﬁlkﬂ omatic heterocycle or cycloal kenyl; R3 is 0, N R1l,

CH R12 o ,ﬁ:ﬁjr? I ) aromati c heterocycl e,
non- arorratl C h«;J\terkcyc4|09e c‘%a&yldéc?a”f flelre’rﬂ@({;‘ or aryl; R5 is H,

hal ogerR"’hy 8 ox@|.; alkPD1_3 aI kyl, hydroxyl or C1_3 alkyl; | aw0
2011/ 06611,84PCT%182018{ 057361 R6 is H, 01-3 al kyl, hal ogen, hydroxyl or
-001_3 RIK§H oG53 8kM:or C1-6 alkyl: R8 is H or G 6 alkyl; R9 is -000H,

- 5(0) 20445 SRl 8. %"alk(ﬁl 6 al kyl, hal ogen, hydroxyl or -001_ 3 al kyl ;

L is CHR'™, 0, S, NR" or -C(O)- ;
ais0,1,2,3,4o0r5;
bis0,1,2,3,4o0r5;
cisOor1;

15 dis1,2o0r3;
R is H, Cy.s alkyl, =OC.5 alkyl, halogen, hydroxyl or amino, and
R is H or Cy.3 alkyl;
with the proviso that when R%is O, N-R', or S, and b is 0 or 1 then L is not O, S, or
NR".

20
8. A compound according to claim 1, wherein:
R"is N or C-R'; and
R? is aromatic heterocycle, non-aromatic heterocycle or cycloalkenyl; and
R?is O; and

25  R*is aryl or H; and
R%is H; and
R%is H; and
R’is H; and
R%is H; and

30 R%is P(O)(OH)z; and
R'% is H; and
ais1,2,4or5;and
bis1,2or4;and
cis 1;and
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R11 is Hor C1-3 alkyl; R12 is H Cl1-3 al kyl, hal ogen, hydroxyl,

-0Cl1_3al kyl or amno; R13 is Hor 01 3 alkyl; R14 is H or 01-3

al kyl; 'PORoOZ0igekser 01-3 alkyl: L is OHRLG, 0, S, NRL7PCH/USO{IONS73s1a i s O,
1, 2, 3,.4o0or 5 bis 0, 1, 2, 3, 40or 5 cisOor 1; 15d is 1, 2 or 3
R16 is HS $P™ alkyl, -001 3 alkyl, halogen, hydroxyl or anino, and RL7 is
H or 03-3 @HkY%:angi th the proviso that when R3 is O, NNR12, or S, and b is
Oor 1then L is not 0, S, or NRL7. 20 8. A conpound according to claiml1,
wherei R°RAH.s N or C-RIO; and R2 is aromatic heterocycle, non-aromatic
het er ocycl e or cycloal kenyl; and R3 is 0; and 25R4 is aryl or H and R5 is

H and is H [ : LS H RO is P(O)(OH)2; and RlL is
H, and d§6i s 1, Z%gorﬁ)\ghﬁg?&cﬁ%ﬁnﬁ ggbr}rﬁzl%%rréﬂt is 1, and |8w0
2018/ OGR1BAPETORMEPH057361 d is 3; and L is CHRL6; and R16 is H 9.A
conpound, according to claim1, wherein: 5Rl is N or G- R10;, and
R* is aromatic heterocycle, non-aromatic heterocycle or cycloalkenyl; and
R%is O; and
R* is aryl; and
R®is H; and
10 R®is H;and
R”is H; and
R%is H; and
R? is P(O)(OH),; and
R is H; and
15 ais1or2;and
bis 1or2;and
cis 1; and
dis 3; and
L is CHR'; and
20 R'isH.

10. A compound according to claim 1, wherein:
R'is N; and
R? is aromatic heterocycle, non-aromatic heterocycle or cycloalkenyl; and
R?is O; and
25  R*is aryl; and
R%is H; and
R%is H; and
R’is H; and
R%is H; and
30 R%is P(O)(OH)z; and
ais1or2;and
bis 1o0r2;and

cis 1; and
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R2 is aromatic heterocycle, non-aronatic heterocycle or cycloal kenyl; and
R3is 0; and R4 is aryl; and RS is H and 10R6 is H and R7 is H, and
R8 is H8woaoﬁg)6m:s4p( 0) (OH) 2: and Rl is H, and 15aPcs/us2aw/ogi36and b is
1 or ;gcwl and d is 3; and L is CHR16; and 20R16 is H 10.A
corrpourﬂj @6\dd|ngto claiml1, wherein: RLis N, and R2 is aromatic

het er oqygl @R omati ¢ heterocycle or cycloal kenyl; and R3 is 0; and
25R4 is y and R5 is H and R6 is H, and R7 is H andR8|sH and 30R9
is P(O)R%ﬁt’r and ais 1l or 2; and bis 1 or 2; and c is 1; and | aw0
2011/ 066184PCT/ US2010/ 057361 d i s 3; and L is CHR16; and R16 is H 11. A

corrpounp] accor di %c&ﬁ‘np%h% rgcg:orﬂlgefoeélgimql?&/hie%i% R10; and
5 R'is C-R'"; and

R? is aromatic heterocycle, non-aromatic heterocycle or cycloalkenyl; and
R?is O; and
R*is H; and
R%is H; and

10 R®isH;and
R’is H; and
R%is H; and
R? is P(O)(OH),; and
R'% is H; and

15 ais2,3,4o0rb5;and
bis 2, 3,4 or5; and

cis 1; and
dis 3; and
L is CHR': and
20 R"isH.
12. A compound according to claim 1 selected from:

[3-({3-(2-furyl)-4-[(5-phenylpentyl)oxy]benzyl}amino)propyllphosphonic acid;
[3-({3-(1,3-oxazol-2-yl)-4-[(5-phenylpentyl)oxy]benzyl}amino)propyl]phosphonic acid;
[3-({4-[(5-phenylpentyl)oxy]-3-(1,3-thiazol-2-yl)benzyl}amino)propyl]lphosphonic acid;

25  [3-({3-(3-furyl)-4-[(5-phenylpentyl)oxy]benzyl}amino)propyl]phosphonic acid;
[3-({4-[(5-phenylpentyl)oxy]-3-(3-thienyl)benzyl}amino)propyl]phosphonic acid;
[3-({4-[(5-phenylpentyl)oxy]-3-(2-thienyl)benzyl}amino)propyl]phosphonic acid;
[3-({4-[3-(4-isobutylphenyl)propoxy]-3-(2-thienyl)benzyl}amino)propyl]phosphonic
acid;

30  [3-({3-cyclopent-1-en-1-yl-4-[(5-phenylpentyl)oxy]benzyl}amino)propyl]phosphonic
acid;
{3-[({6-(3-furyl)-5-[(5-phenylpentyl)oxy]pyridin-2-yl}methyl)amino]propyl}phosphonic

acid;
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R2 is aromatic heterocycle, non-aromatic heterocycle or cycl oal kenyl; and

R3is 0; and R4 is H, and RS is H and 10R6 is H and R7 is H and RS

is H, aﬁEWRQOUﬂMP(SQ)(C]-l)Z and RL is H, and 15a is 2, 3PC#/useo1/05zad b is
and is CHR16; and 20R16 is H 12.A

2 omound lisdis AheeTios Nardng (S igadvy einse:

[3- ({3-(néHyydblbiopyRBRESHARS ¥bboxy] benzy! | ani no) propyl ] phosphoni ¢

[3 ({3 -(BH{[B{ronyimiy)-3-(21hienyi osnpyiiamnginpieropy hhaspbenioyadidin no) pr opyl ] phospho
a2 (P RSP ISy DS pAIA P RIREOBY Q5P BRI AR Y ami no) pr opyl ] phosph

oni ¢ agd-gr3- 5-fluoro-2-thienyl)-4-[(5-phenylpentyl)oxylbenzyl}amino)propyl]phosphonic
25[ 3- ({3% 3( furyl)-4- [(5) ptg(enF))/I peyney ())xy]]benzyy}l I am)r?o)%yr]gpyl phosphoni c
aci d; acl

[ 3' ( { 4-3 {2 PEBA%A BB D RYIY-1 2 tidnd Y hARFIA¥H I B sy A ddphasshoni ¢
[3 ({4 3-({8-[phrehghyipentyl)prylyd-{ Bi{ienyl joemzyl}aimara)pidpamenbspifepy lakh os phoni ¢
[3 ({4 T@th(VL{%(%BétRheab{WMMbés@]th@nwb%rﬂﬁy&@w REWRIRYIIPERSRBI S 3591 1 phosp

Fgc( { 3: C)}é? 8h ¥Ip?nté/r?oxy] :?L(24tT ?nylz)thenzyparenmo))f) Oc?x;?] Lenzyl | am no) pr opyl ] pho
sphonl Q-gdi[(b- phenylpentyl)oxy] -3-(2-thienyl)benzyltamino)propane-1,3-diol.

{3-1({6-(3-furyl)-5-[(5-phenyl pentyl)oxy] pyridin-2-yll| methyl)am no] propyllp
hosphonic acid; 1 aw0 2011/ 066184PCT/ US2010/ 057361

§/|3| ||:‘n(3i ﬁ §g}np2§]”§§$ BEntrﬁggéﬁggﬁgpér%ptgg |§rr1“c/:lo?‘r1pp¥|smg as actlve ingredient a

(31%[ 4- th@ﬁﬁﬁéhﬂéé(l)y @ﬁé&wb*ﬁn@&%ﬂd?%"@dfﬁ%&%d‘@béﬁr@%'tbFH‘&ﬁPJP‘éHbI% aci d,
(3-{[4- (decyl oxy) (2-thi enyl)benzyl | am nol propyl ) phosphoni ¢ aci d;

53- ({ 3-grermageviicatlytaticepiabje adjuyeniplddugntsartoarierxy] benzyl | ami no) pr opyl ] phos
phoni c acid 2-({4-[(5-phenyl pentyl)oxy]-3-(2-thienyl)benzyl|am no) et hyl

di hydrogen phosphat e;

3- ({4- [1&- phenyl peph¥maeadticat EdmpbsiaoN labberg toaeThn® FRvsgrerethd- sul f oni c

d;
?rglt hy!| [MRQUITY i§5-SeHRGI§H i8Rt y1 ) oxy] - 3- (2- t hi enyl ) benzy! | ani no) propy! | phosphi
1039 {45t EE TN SRS T Ao OB SRopY PR SPERBIAR: 1. of -
2 ({4 [[35{3*0’9355@30[ 2ly) Jexy(b- @"fe(l’@’*ﬁdmﬁMV]MWMEM)D®W]9hmmIQGdﬁO|

phar maceuti cal conposition conprising as active mgre I ent

Tot hor Aaa( 1 SaNap eI b St TSl 2y eAnF LA B RRARROERNi AR and
[3-({3-(3-furyl)-4-[(5-phenylpentyl)oxy]benzyl}amino)propyl]phosphonic acid;
[3-({4-[(5-phenylpentyl)oxy]-3-(3-thienyl)benzyl}amino)propyl]phosphonic acid;

25  [3-({4-[(5-phenylpentyl)oxy]-3-(2-thienyl)benzyl}amino)propyl]phosphonic acid;
[3-({4-[3-(4-isobutylphenyl)propoxy]-3-(2-thienyl)benzyl}amino)propyl]phosphonic
acid;
[3-({3-cyclopent-1-en-1-yl-4-[(5-phenylpentyl)oxy]benzyl}amino)propyl]phosphonic
acid;

30  {3-[({6-(3-furyl)-5-[(5-phenylpentyl)oxy]pyridin-2-yl}methyl)amino]propyl}phosphonic

acid;
{3-[({5-[(5-phenylpentyl)oxy]-6-(2-thienyl)pyridin-2-
yl}methyl)amino]propyl}phosphonic acid;
(3-{[4-(nonyloxy)-3-(2-thienyl)benzyl]Jamino}propyl)phosphonic acid;

35  (3-{[4-(decyloxy)-3-(2-thienyl)benzyllamino}propyl)phosphonic acid;
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pharmaceutical Iy acceptabl e adjuvant, diluents or carrier. 14. A
phar maceuti cal conposition according to claim7 wherein the conpound is

sel ect e1(§ Woaml/066184 PCT/US2010/057361
32,[ (‘;’ 635 ot hid Iy D S I e SR K e B R RUL hRdigg phoni ¢

[ 3- ({3-dgld 3- oxazol - 2-y1) - 4-[ (5- phenyl pent yl ) oxy] benzyl | am no) propyl | phospho
ni c acid;

[ 3- ({ 4-3-{{8-[(fohgnyeanty)puxyd-(Btiiend)hemzatamim)gthybdinygragen presphetssl ] phosph
onic a . . : .

[ 3- ({3%(&%[&? PheOUPE YRR S EHE Y YRS BRRRAIPIRANE; BEBEYN T 55 phoni ¢

aci g, methyl[3-({4-[(5 phenylpent oxy]-3-(2 th|enyl)benzyl}ammo)propyl]phos hinic acid;
L [E’s*‘SReLwSQﬁ?yl)oxy]-ﬁ-(Sté.Sn§|S‘se%“le}%%?n“o%'rép%w nojpropyl I phosphoni

250 3- ({5 PREMYbBRIHBIIA e e 5 R4imsproiahant kg opy! ] phosphoni ¢

[3-({4-[3-(4-isobutyl phenyl) propoxy] - 3-(2-thienyl)benzyl | am no) propyl ] phosp
honi ¢ aci d;

[3 ({3- 1(ﬁ/cl opent -AMmgibad QthrQaW%am%'b%ﬁ% 3tgd Wihe3RRINIQHI®dY pr opy! | phosp
300 Ja( (8PS (1P)ecpomo osaton, whieh camprives aCRIierag s A TAMTS . ooy
phos phanineeddhereof,3 [Ahebpteutidet opmposttippaonprsit@ atthempeulipgily effactize
| I met hyl 1 | | ph honj id:
)(/3 ?1[94 % %ﬁ”&‘%%ﬁ”%%ef%os Orgo(gfrﬁch%%l nol propyl ) phosphoni ¢ aci d;

35(3-{[4- (decyl oxy) - 3-(2- thlenyl)benzylh@nlnol@ippyl)phosphonlc aC|d
aw0 2011/ 066184PCT/ US2010/ 057361
3-({3-(5-fluoro-2-thienyl)-4-[(5-phenyl
honi ¢ acid 2- ({4-[(5-phenyl pent R
di hydr ogen phosphat e;

3-({4-[ (5-phenyl pentyl)oxy]-3-(2-thi gnyl ) benzyl | amino) pr opane- 1-sul foni c
aci d;

Srret hy! [3- ({4- [ (GepéiihqenyPyoesr”3>
i nic acid;

2- ({4-[ (5-phenyl pentyl)oxy] - 3-(2-thi enyll) benzyl | am no) pr opan- 1- 01;

2-({4-[ (5-phenyl pentyl)oxy]-3-(2-thi enyFszenzyI | am no) pr opane- 1, 3-di ol .

15. A nethod of treating a disorder F%iﬁ]%%\ﬁt ed with sphingosine- 1-
10phosphate (Si P) receptor nodul ati ich conprises adm nistering to a
mangal whereged t hereof, a pharmaceutical conposition conprising a
therapeufl cal | Jectl ve anmount of at | east one conmpound of Fornula I R6R7
R2 ForrRil i@ No1SwRerein: Rl is Nor CGR10; R2 is aromatic heterocycle,

wégqﬁ%éo%% ?%g@h?eleC%%%%rjﬁéﬂl%g%é%%lé(ec%l‘oaﬂ{yll_'ad lﬁloall@%y\ Sr Qry1;N- RLL,

heteroq&ﬁnbea N achrRid or $etGR'6egR'E, -Cy®) sraldad-,; cycl oaI kenyl or 20aryl;
R5 is hal ogen, hydroxyl, -001_3 al kyl, hydroxyl or 01_3 alkyl; R6 is H,
01_3 a|F?<ylrs H rR{pBsie, Nagi@cysie) Nom- ar@mtlghgtazgo;yclﬁwwcpauﬁyd)rcy@w%{mkyr RS is

H 95 CJar9|,aI kyl ;
R®is H, halogen, hydroxyl, -OCy.3 alkyl, hydroxyl or Cy.3 alkyl;

ent yI ) axy] benzyl | am no) propyl ] phosp

I?zenyl ) bRSzy! | ami no) pr opy! ] phosph

R®is H, Ci.3 alkyl, halogen, hydroxyl or -OC;_; alkyl;
R”is H or C1 alkyl;
R®%is H or C1 alkyl;
25  R%is -OPOsHy, -COOH, -P(O)(OH)2, -Cs.6 alkyl, -S(O)0H, -P(O)MeOH, -P(O)(H)OH
or -OR'®;
R'is H, C1. alkyl, halogen, hydroxyl or -OC1.3 alkyl;
R" is H or Cy.3 alkyl;
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25R9 is -0PO3H2, -COCH, -P(0)(OH 2, -03_6 alkyl, -S(0)20H, -P(0)MeOH,
- P( 0)(I—1|) OH or -0OR15; R1is H 01 6 al kyl, hal ogen, hydroxyl or -001_3
al kyl ; RiWOi261146618401- 3 al kyl; 1 aw0 2011/ 066184PCT/ USPOTQA/SOBPBEB6RL2 i S

H 01- 3, al.ky] ,. hal ogen, hydroxyl, - _3alkyl or. amno; R13 is Hor 01-3
al kyl ;%143&%3@%38’1[%03%%)?@%%’ &%ﬁ@fylfﬁi?ém%?’kyl; 5L is CHR16, 0, S,
NR17 orr®Gé @ or 61_§aik§l;01 1, 2, 3, 4or 5 bisO, 1, 2, 3, 4or 5 cisO
or 1; d le 0, 1, of 3; 10R16 is H, 01-3 alkyl, -001_3 al kyl, hal ogen,
hydr oxyR "d$ Hoori Go; alld R17 is H or 01-3 alkyl; with the proviso: when R3 is
0, N—R%%,sio SCang b.is Oor 1then L is not 0, S, or NRL7; and when R9 is
-0P03HZY -OHS Crpelyliom) 2, - S(0)20H, - P(0) MeOH or - P(0) (H OH 15then d is
not 50; lapdCMREh A% IRORIS.G(gn; d is not O or 1. 16.A method of claim9,
wherein the pharmaceutical conposition is adm nistered to the mammal to
treat ti§l@rl. & Sed8 5 wet and dry age-rel ated 20macul ar degenerati on,
di abet it?isr t1i r}o%ahw,5.reti nopat hy of prematurity, retinal edema, geographic
at rophy, "gl’aucomat ous’ opti ¢ neur opat hy, chori oretinopathy, hypertensive
reti nopaistyor dcul ar i schem ¢ syndronme, prevention of inflamrmation-induced
fibr osiqs;_ in the back of the eye, various ocular inflanmatory diseases
i ncl udihi§ Uvleid9's3 scleritis, keratitis, and retinal vasculitis: or
SY§hem gIeyascd aralbar LHe’, , 2Rp! HiHSBRSES or aMtfid, Qs | nf | ammatory
di seases, ?nél u%i ng acute’l ur@ ﬁf‘% y’,h§/iet S “pr eventcls’on, sepsi s, tunor
met ast dR1'ds Haoh@roalkyker osi s, pul monary edemas, and ventil ation-induced | ung
injury; .&rt aut oi mune di seases and i nmunosuppression , rheumatoid
art hri t¥'s) r@erﬁP{!Sg' di sease, Graves' disease, inflammtory bowel disease,
mul ti plygn&tReIOS! fi-RMBEENARHS i9T0AYH 5 thdrPRlid At O, SUbERRATiamy col i ti's,
ant oi mmune 3Quveitis, renal ischem a/perfusion injury, contact
hyper sem3en Rviis yOP@sOpi-€ @ik (Q)N(OH)and(QLkhh -P(@deDaheaf (O)(H)eH
al Lerqgi er L nflammatory di seases, urticaria, bronchial asthma, and
otfl’li r atﬁé()&?glng# %r?rgti ons including pul nonary enphysema and chronic
obst r uathereRPE ORiAterdigsieae®;oror, cardi ac protection , ischenia
reperfusion injury and at herosclerosis; or wound healing, scar-free healing
of | aw0 2011/ 066184PCT/ US2010/ 057361 wounds from cosneti c skin surgery,
ocul ar rgery, ur.ger g UL VALl Ous
rrechaniﬁéJal , heat Cﬂéﬁ?%ﬁ@@?'ﬁ?ﬁ%@e%megrﬁ%?gﬁggén%‘dtyrl gét'tnﬁéﬁw&gflé phot oagi ng
and skiaumigpatergd tartde praveal toireaf ocudal disease, iwetlanelddny rggerietestedor bone
formati on, treatnment of qsteoporosis, and variogus bone fractures including
hi BOandnaGHIRT dSgensration diRbRICEHNPRE e [ 1PEPPNY Qi REERIAM MeiaiNapai n
associ gy Jdbgiahebrophy, glaucomatous optic neuropathy, chorioretinopathy,
hypertensive retinopathy, ocular ischemic syndrome, prevention of inflammation-
induced fibrosis in the back of the eye, various ocular inflammatory diseases
including uveitis, scleritis, keratitis, and retinal vasculitis; or systemic vascular barrier
25 related diseases , various inflammatory diseases, including acute lung injury, its
prevention, sepsis, tumor metastasis, atherosclerosis, pulmonary edemas, and
ventilation-induced lung injury; or autoimmune diseases and immunosuppression ,
rheumatoid arthritis, Crohn’s disease, Graves’ disease, inflammatory bowel disease,
multiple sclerosis, Myasthenia gravis, Psoriasis, ulcerative colitis, antoimmune
30 uveitis, renal ischemia/perfusion injury, contact hypersensitivity, atopic dermatitis,
and organ transplantation; or allergies and other inflammatory diseases , urticaria,
bronchial asthma, and other airway inflammations including pulmonary emphysema
and chronic obstructive pulmonary diseases; or cardiac protection , ischemia

reperfusion injury and atherosclerosis; or wound healing, scar-free healing of
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neur opat hy, rheumatoid arthritis, chronic knee and joint pain, tendonitis,
osteoarthritis, neuropathic pains. 17. A nethod of claim 10, wherein the
manmal  B&wea 2numseiss PCT/US2010/057361

wounds from cosmetic skin surgery, ocular surgery, Gl surgery, general surgery, oral
injuries, various mechanical, heat and burn injuries, prevention and treatment of
photoaging and skin ageing, and prevention of radiation-induced injuries; or bone
formation, treatment of osteoporosis and various bone fractures including hip and

5 ankles; or anti-nociceptive activity , visceral pain, pain associated with diabetic
neuropathy, rheumatoid arthritis, chronic knee and joint pain, tendonitis,

osteoarthritis, neuropathic pains.

17. A method of claim 10, wherein the mammal is a human.
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