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lysosulfatide, are responsible for the beneficial clinical effects of HDL by stimulating

30 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
currently topics that are attracting great interest amongst medical researchers, and

35 the potential for therapeutic intervention in sphingosine-1-phosphate metabolism is

under active investigation.



20wherein: RLis Nor CRl1l; R2 is aromatic heterocycle, non-aromatic

het erocycl e, cycloal kyl, cycloal kenyl or aryl; R3is 0, NR12, CH R13, S,
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geometrical isomers, enantiomers, diastereoisomers, tautomers, zwitterions and

pharmaceutically acceptable salts thereof:

Formula |

20  wherein:

R'is N or C-R"";

R? is aromatic heterocycle, non-aromatic heterocycle, cycloalkyl, cycloalkenyl or aryl;

R%is O, N-R'?, CH-R"™, S, -CR"=CR"-, -C=C- or -C(0O)-;

R* is H, aromatic heterocycle, non-aromatic heterocycle, cycloalkenyl, cycloalkyl or
25  aryl,

R®is H, halogen, -OC.3 alkyl, C1.3 alkyl or hydroxyl;

R®is H, Ci.3 alkyl, halogen, hydroxyl or -OC.3 alkyl;

R”is H or C1 alkyl;



WO 2011/ 066179PCT/ US2010/ 057336 substituted by 1 to 3 C 1-3 al kyl groups or
1 or 2 halogens. Usually, in the present case, cycloal kyl group is
cycl opentwoesitfisel7?ver m "cycl oal kenyl ", as used herein, PeTAISIOSEB36
rmnovangfnt r%Tgr gi vahﬁ?t group of 53 to 8 carbon atons, preferably 3 to 6
car bon "at'®nsCder P PEY'f rom a saturated cycl oal kyl havi ng one doubl e bond.
Cycl oaIF@@;@;Hg{r(wps can be nonocyclic or polycyclic. Cycloal kenyl groups
can be substltut ed by 1 to 3 C 1-3 alkyl groups or 1 or 2 hal ogens.
Usual | yR ||$1QFP@3|1hzr ecsthuxytaseid, BHaaCkealkyl, gBupOH E’fz@)l‘dﬁ@h’( ene. 10The
term"” Id%ﬂgg? a ged herein, refers to an atom of chlorine, brom ne,
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al keny|RédsHyer €ns 8lal;E or Z configuration. Alkenyl groups can 15be
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structLHEsOTIhQ Beireflrocycl ic ring can be saturated or 25non-saturated. The
het ero cl¢|g gg cl\an be interrupted by a 0=0; the S heteroatom can be
oxi di z 'es can be nonocyclic or polycyclic. Heterocyclic ring
noi et i sisqpyr Pe substltuted by hydroxyl, 1 to 2 C 1-3 alkyl or 1 to 2
hal ogens. Usually, in the present case, heterocyclic groups are 5 or 6
menberedjiSrQ ags; UsuaIIy in the present case, heterocyclic groups are
Ldi ne e% e, pyrazolidine, pyrroline, 30pyrrolidine, imdazoline,
zolqﬁ Z]t Az | i ne, oxazoline, thiophene, dihydrothiophene, furan,
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t hi azol e, 1 mdazol e, pyrazole, pyrazoline, isoxazole, isothiazole,
tetrazd §,0.0x&0a%ol e, 1,2, 5-oxadi azol e, thiadiazole, 1,2, 3-triazole,
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hydrocarbon. Cycloalkyl groups can be monocyclic or polycyclic. Cycloalkyl can be



Generally RL is Nor GR11. Usually, in the present case, Rl is CR11 .
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di hydr ot hi ophene, ~ fur an ydrofuran, pyrrole, pyrroline, pyrrolidine, WD
2011/ 066179PCT/ US2010/ 057336 oxazol e, oxazoline, thiazole, imdazole,
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triazol -5(4H)-one. 5 Generally R3is 0, NR12, CHR13 or S; -CR14=CR15-,;
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Ueual 1 POy el GyseaRRv ardde B8 osiiadR 13B% o, ki Tilos & 180
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or -001_3 alkyl. Cenerally R6 is H, 01-3 al kyl, hal ogen, hydroxyl or -001_3
al kyl. Usually, in the present case, R6 is H GCenerally R7 is Hor C1 6

| Kyl . |
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or ual ent, case, ais 0, 1, 2, or 3. Cenerally b is 0,
1% $o?“%?f"%8§£yrﬁt°°??ﬂ?é Tesent case, bis 1, 2, or 3. Generally c is
Oor 1. Generally dis 0 or 1. Usually, in the present case, dis 0 or 1.

3OGeneraIIée is Oto 3. Usually, in the present case, eis 0 or 1.
Gener al The ferms’ aUWDM' 3as useheiein, refergdo grregeayalenlser, diyalest hydrosadosl | y gis

0to 3. y Usual |y,
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Usually, in the present case, R17 is Hor 01-3 alkyl. Generally R18 is H or

0128 al kyl .

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,
interrupting the carbocyclic ring structure. The heterocyclic ring can be saturated or

25 non-saturated. The heterocyclic ring can be interrupted by a C=0; 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,
in the present case, heterocyclic groups are 5 or 6 membered rings. Usually, in the
present case, heterocyclic groups are pyridine, azetidine, pyrazolidine, pyrroline,

30 pyrrolidine, imidazoline, pyrazoline, thiazoline, oxazoline, thiophene,
dihydrothiophene, furan, dihydrofuran, pyrrole, pyrroline, pyrrolidine, oxazole,
oxazoline, thiazole, imidazole, pyrazole, pyrazoline, isoxazole, isothiazole, tetrazole,

oxadiazole, 1,2,5-oxadiazole, thiadiazole, 1,2,3-triazole, 1,2,4-triazole, imidazole,



5 n one enbodi nent of the invention RL is Nor CRll; R2 is a 5-nmenber
aromati c heterocycle, or 5-rrenber cycloal kenyl; R3is 0, NR12, CH R13, S,

- CR14=CR1\§0©,2011@I66}79 Or -0(0) R4 is H aromatic hetpemrsymlomsn%
non-arqmati c hetero cle cycl pal kenyl or y R5 is H,
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hal 0gery4 hy%gxyl or -001_3 alkyl; R7 is Hor Cl-6 alkyl; R8 is H or
Cl-6 alkyl; 15R9 iS CH or N, Rl is OPO3H2, carboxylic aci d, -PO3H2, 01 6

al kyl , -S(0)20H -P(0)MeOH, - P(0)(HYOH or -OR16: RL1 is H, 01 6 al kyl,

hal h - - 20R13 H O01- 3
alkyl, T TSNy 88 ured ety Sbarp b En dahicnho R e i gLapifi | . Ory
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or 3 Mro@ero which zaaﬂoecau@tlttge@hveﬂﬁo @halggemraimérdrbw(‘ot,m Gyl s’ H,

01 3 al gen, hydroxyl or amino, and R18 is H or 01-3
al kyl ; %X{J[Rs.ﬂgéeugﬂy ?l pth%ﬂylomhen R3is 0, NR12, Sand bis 0 or 1 then L

is not O, S, NR18 WO 2011/ 066179PCT/ US2010/ 057336 I n anot her enbodi nent

of the invention Rl is N of, GRl1, R2 is a cyclopentane, iicl opent ene,
pyr azol 1 geuPRffesniiae; CByr'ICcﬁ i i 7S, Usesh Rereth. |r@fé’93§'b§$rae&%| eRd, ragigahz ol | ne,

0Xa50! | Re OB RNFHT B Ot QR VEAReeAIMALRTH ARy YOl

yrroline xazdl €, 0xazol pyrazol e,

pyr azolTheterinstyaaXye as ssdhered, eepﬁe@én@z@PmupooxﬁdrramI ‘e—OH’
1, 2, 5-oxadi azol e, thiadiazole, 1,2,3-triazo 2,4 trlazole i m dazol e,

i mi dazolentermpgartanydiasoveed Rgiein reprasenisna 9reun Gfaf'QHF‘UEﬁ nCOPne, or
1,2, 4- t'fHeWe?% eGP uskfFereth, FepisBit a FEURIGH formuraSRB GRS~ - CEC- or

-0(0)-
The term “sulfonyl” as used herein, represents a group of formula “-SO,”.

15 The term “sulfate” as used herein, represents a group of formula “-O-S(0),-O-".
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).".

20  The term “phosphoric acid” as used herein, represents a group of formula “-
(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.

25  The formula “O “, as used herein, represents an oxygen atom.
The formula “N “, as used herein, represents a nitrogen atom.

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

Generally R'is N or C-R'". Usually, in the present case, R'is C-R"".

30 Generally R? is aromatic heterocycle, non-aromatic heterocycle, cycloalkyl,
cycloalkenyl or aryl. Usually , in the present case, R? is aromatic heterocycle,
cycloalkyl, cycloalkenyl or aryl. Preferred R?groups are cyclopentane, cyclopentene,
pyrazolidine, pyrroline, pyrrolidine, imidazoline, pyrazoline, thiazoline, oxazoline,

thiophene, dihydrothiophene, furan, dihydrofuran, pyrrole, pyrroline, pyrrolidine,



R4 is H aromatic heterocycle, non-aromatic heterocycle, cycloalkyl,
cycl oal kenyl or aryl; R5 is H halogen, -001_3 alkyl, Cl1-3 alkyl or
hydroxyl ,wB@0i266479C1- 3 al kyl, hal ogen, hydroxyl or -O00PC3/uskikplos7336R7 is H

or 01-6 alk R8 H.or Cl-6 a I CHor N. Rl 0POH2
car boxma@écpaazolii%si@az% @mm@\g byaeaPoBaZole, BEHOe. BRI or

- 0OR16; el 61 al oxyl R12 is H
or 0O1- Sggﬁﬂél é)l(?éfjéa%e’l-ﬂ Qbél%kadlﬁ%le?% |§ch5€1§] 1(>2y3 ?[%(Z?@%%(A)fathggdilﬁyl or

ami no; iridazose, Hmigazoling, rayrkqlldlnone pyrroR263H)sone, amidzzofdiat Zphe, @5R2G-i s H or
C16a¥l%%|gl_%501230r4 bis 0, 1, 2, 3 or 4, cis Oor 1; dis
0 or 'Ef( f20r3fisO,1,20r3;gisO,1,20r3;Lis
OHRE7, O, S, NR18 or -0(0)- ; R17 is H 01-3 al kyl,-001_3 al kyl, hal ogen,
hydroxyl or am no, and WO 201 1/066179P§:T/ USZOlO/ 057336 R18 is H or 01-3

al kyl ; Generaip®’ns 64iNR '1, 1ait-Rif en SRICRY =GR N-RCEC-sUsnally, insthe psesantt hen L
Is not O, n anot her enbodi nent of the invention 5R is N R2 is
ar omat | €S ﬁeﬁeﬂ% , hon-aromati c heterocycle, cycloal kyl, cycl oal kenyl or

aryl; R3ehérafly R4&Aom&tit Rarosyicle, %%r@ﬁi‘a’irohe‘t&%@ycl@r c &69I)<en R4 is H,

aromati c heterocycle, non-aromatic heteroc% cycl oal kyl, cycloal kenyl or
aryl ayRDalkyl Br anal dgeally -iodhe gresery cas®R3isArklyl or hydroxyl; R6 is H,

O3 eibthaplFeoeD. ERIOCE, alRRere ARy, B T bR R 5 1S
C1_6 alig ¥, hatdgfe®) GODC - P4IRYIMEOH, -
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 alkyl.
15  Generally R®is H or C alkyl. Usually, in the present case, R%is H.
Generally R is CH or N.
Generally R' is OPO3H,, COOH, PO3H,, Cy.6 alkyl, -S(0).0H, -P(O)MeOH, -
P(O)(H)OH or OR'. Usually, in the present case, R'® is COOH.
Generally R" is H, Cy.3 alkyl, halogen, hydroxyl or -OC;_3 alkyl. Usually, in the
20 present case, R" is H.
Generally R" is H or Cy.3 alkyl
Generally R" is H, Cy.3 alkyl, halogen, hydroxyl, -OC1.3 alkyl or amino.
Generally R™ is H or Cy.3 alkyl.
Generally R" is H or Cy.3 alkyl.
25  Generally R is H or Cy alkyl.
Generallyais 0, 1, 2, 3 or 4. Usually, in the present case, ais 0, 1, 2, or 3.
Generally b is 0, 1, 2, 3 or 4. Usually, in the present case, b is 1, 2, or 3.
Generally cisOor 1.
Generally d is 0 or 1. Usually, in the present case, d is 0 or 1.
30 Generally e is 0 to 3. Usually, in the present case, eis 0 or 1.
Generally fis 0 to 3. Usually, in the present case, fis 1.
Generally g is 0 to 3. Usually g is 0.
Generally L is CHR', O, S, -C(O) or NR'®. Usually, in the present case, L is CHR'’
or O.



P(O)(H OH or -0OR16; R12 is Hor Cl1-3 alkyl; R13 is H, Cl-3 al kyl, hal ogen,
hydr oxyl, -0Cl1_3al kyl or am no; R14 is Hor C1_3 alkyl; 20R15 is H or
Cl- 3 al kywo Reb9H or C 1-6 alkyl; a is 0, 1, 2, 3 or P¢T/Us2018/08733d, 2, 3
or 4, c.is 0 or 1, 25d is 0 or 1; eis 0 1, r 3, f is 0,1, 2 or 3;
'S 0, emeaV R s Mol S0k Skt BalggehofufioxyT aratinor st Mo

al kyl, -1REbrSsettieuke, RE1i99LH: chydng@kyl or amno, and R18 is Hor Cl_3 alkyl;
with the provelmsq 'gﬁ’at V\ﬁen Rsl?lyskg NR12, Sand bis 0 or 1 then L is not
0, S, Neagerallyd'2E1H/065LZRET/ US2010/ 057336 I n anot her enbodi ment of the
invention RLis CGRL 1 ; and R2 is aromatic heterocycle, non-aromatic

het erocycl e or cycl oal kenyl ; and R3is 0Oor S and 5R4 is aryl; and RS

i SHs - QAbn2 éhbkydintuntbakOrNengéyl R6is H;, and R7 isH or 01-6 al kyl; and
R8is H,_and 10R9 js CHor N and Rl is COOH, and R11 is H and ais 0, 1, 2

or 3; dRdisNorQRi's 1,2 or 3: and 15CiS O or 1; and d is O or 1; and e is
0 or 1;Rzairg% é-nlnémﬂaér gr%(?natic heterocycle, or 5-member cycloalkenyl,
R%is O, N-R'?, CH-R"™, S, -CR"=CR"-, -C=C- or -C(0O)-;
R* is H, aromatic heterocycle, non-aromatic heterocycle, cycloalkyl, cycloalkenyl or
10 aryl;
R®is H, halogen, -OCy.3 alkyl, C1.3 alkyl or hydroxyl;
R®is H, Ci.3 alkyl, halogen, hydroxyl or -OC.3 alkyl;
R”is H or C1 alkyl;
R®%is H or C1 alkyl;
15 R%isCHorN;
R'® is OPO3H,, carboxylic acid, -POsH2, Cy alkyl, -S(O).0H, -P(O)MeOH, -
P(O)(H)OH or -OR';
R" is H, C1. alkyl, halogen, hydroxyl or -OCy.3 alkyl;
R is H or Cy. 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 C 14 alkyl;
ais0,1,2,3o0r4;
25 bis0,1,2,30r4,
cisOor1;
disOor1;
eis0,1,2or3;
fis0,1,2o0r3;
30 gis0,1,2o0r3;
L is CHR", 0, S, NR"™ or -C(O)- ;
R isH, Cys alkyl,—OC.3 alkyl, halogen, hydroxyl or amino, and
R™is H or Cy.3 alkyl;
with the proviso that when R%is O, N-R'?, S and bis 0 or 1 then L is not O, S, NR".



gis 0; and 20L is CHR17or O; and R17 is Hor C 1-3 alkyl; with the proviso
that when R3is O or Sand bis 1 then L is not 0. In another enbodi nent of
the i nverwoDami2BRI9is CRL 1 ; and R2 is aromati c het er @cyaiseqion087133@r omat i ¢
het erocycl e or cycloal kenyl; and R3 is 0; and R4 is aryl; and R5 isH,

-001-3 al kyl or hal ogen; and 30R6is H and R7 isH or 016 al kyl; and R8is H;

and R9 |hsan§tﬂ,er@ﬁbgg,meﬁt@qg—elmg@ﬁ!tloﬁm 2011/066179 R11 is H; and a is 0, 1,
20r3;an b|51,20r3; cis 1l and 5d is 1; and e is O or 1;

and f iR I$ N@nd)B ;s 0; and L is CHR17; and 10R17 is H PCT/US2010/ 057336
I n anot he invention R2 is aromatic

hat or odSels & CahBhe dyeldhankhs hrafbyng, By Taiteiimotie Taa Pl hog
R4 58 wézo|m@dtrﬁézmmeHoxaﬂﬂuhe?»trﬁd)myéné)Uumlr@mbheﬁ@d fif@n, gilydrefeerdy? is H

of py(#oll(e éyrrollne pyrrolidine, oxazole, oxazoline, thiazole, imidazole, pyrazole,

pyrazoline, isoxazole, isothiazole, tetrazole, oxadiazole, 1,2,5-oxadiazole,
thiadiazole, 1,2,3-triazole, 1,2,4-triazole, imidazole, imidazoline, pyrrolidinone, pyrrol-
2(3H)-one, imidazolidin-2-one, or 1,2,4-triazol-5(4H)-one;

10 R%is O,N-R'?, CH-R", S, -CR"=CR"-, -C=C- or -C(0)-;
R* is H, aromatic heterocycle, non-aromatic heterocycle, cycloalkyl, cycloalkenyl or
aryl;
R®is H, halogen, -OC1.3 alkyl, C1.3 alkyl or hydroxyl;
R®is H, Ci.3 alkyl, halogen, hydroxyl or -OC.3 alkyl;

15 R’is Hor Cig alkyl;
R®%is H or C1 alkyl;
R%is CHor N;
R'® is OPO3H,, carboxylic acid, -POsH2, Cy alkyl, -S(O).0H, -P(O)MeOH, -
P(O)(H)OH or -OR';

20 R"is H, Cy 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.s alkyl;
R is H or Cy.3 alkyl;

25  R'™isHor C 15 alkyl;
ais0,1,2,3o0r4,
bis0,1, 2,3 or4;
cisOorf;
disOor1;

30 eis0,1,20r3;
fis0,1,2o0r3;
gis0,1,2o0r3;
L is CHR", 0, S, NR"™ or -C(O)- ;
R"isH, Ci3 alkyl,—OC1.3 alkyl, halogen, hydroxyl or amino, and



20RBis H and RO is CHor N, and RL is COCH, and R11 is H and ais 0, 1,

2 or 3; and 25b is 1, 2 or 3; and c is Oor 1; and dis O or 1; and e is O
or 1; andwb2s/abs17and 30g is 0; and L is CHRL7 or 0; ana#CRIBA2018/057366 C 1 3
al kyl ; 8th5{ﬁr)1 procgﬁlothat when R3is Sand bis 1 then L is not O. In
anot herRerddbt®Pment a¥ it he i nvention RLis CRL 1 : and R2 is aromatic

het er ocyif] the BEVSBIATBNEN RELECOHR'E PBnE Xas GAPiEy | Ao SBis] R0, and R4
is aryl; I's H -001-3 alkyl al ogen; and s H and R7 i's H or

016a|ky| and10R8|sH andR9|sCHorN and RL is COOH, and R11 is H
and a is 15b is.1 2 or 3; and c is O or 1; and d is O or
1, and I@ qng’ﬂlfércﬁmti()d'm‘?@?Pg 'TVG%LRF 20g is 0; and L is CHRL7 or 0; and R17
is B orRGsIN3 al kyl; with the proviso that when R3 is 0 and b is 1 then L

is not O
R? is aromatic heterocycle, non-aromatic heterocycle, cycloalkyl, cycloalkenyl or aryl;

R%is O, N-R'?, CH-R"™, S, -CR"=CR"-, -C=C- or -C(0O)-;
R* is H, aromatic heterocycle, non-aromatic heterocycle, cycloalkyl, cycloalkenyl or
aryl;
10 R®is H, halogen, -OC1.3 alkyl, C1.3 alkyl or hydroxyl;
R®is H, Ci.3 alkyl, halogen, hydroxyl or -OC_3 alkyl;
R”is H or C1 alkyl;
R®%is H or C1 alkyl;
R%is CH or N;
15 R'"is OPOsH,, carboxylic acid, -POsH,, Cy alkyl, -S(O),0H, -P(O)MeOH, -
P(O)(H)OH or -OR';
R is H or Cy.3 alkyl;
R™ is H, C1.3 alkyl, halogen, hydroxyl, -OC1.salkyl or amino;
R™is H or Cy.s alkyl;
20 R"™is Hor Cys alkyl;
R'™is H or C 1.6 alkyl;
ais0,1,2,3o0r4;
bis0,1,2,3o0r4;
cisOor1;
25 disOor1;
eis0,1,2or3;
fis0,1,2o0r3;
gis0,1,2o0r3;
L is CHR", 0, S, NR"™ or -C(O)- ;
30 R"isH, Cy.3 alkyl,—OC.3 alkyl, halogen, hydroxyl or amino, and
R™is H or Cy.5 alkyl;
with the proviso that when R%is O, N-R'?, S and bis 0 or 1 then L is not O, S, NR".



251 n anot her enbodi nent of the invention RLis GRL 1 ; and R2 is aromatic
het erocycl e, aryl or cycloal kenyl; and R3is 0; and R4 is aryl; and 30R5 is
H, or halwgeni/@med9R6 is H and R7 is Hor 01 6 al kyl; aow/uRBoio®s5H36 and RO
is CHaqr N and V\D.201i/? 6179 I%@is COOH, and R11 is H and ais 0, 1, 2
or 3; aR@nothengmiodimentpl e INENUARN j s 0 or 1: and d is 0 or 1; and e is O
or 1; gpudsfcigtlgnpnd g is 0; and 10L is CHR17; and R17 is H In another
enbodi ment of the invention RL is CGRl11 ; and 15R2 is aromatic heterocycle
or cyclRaiskasagiatic heteraBydle, Monar@natinbeRIotycimoy tycloaiiemB; ant, - 001- 3 al kyl
or hal ci:ge.n;oan%z_ R6is H and 20RO iS N, and RL is COOH, and R11 is H;
and a i's §FPf agp 3; and bis 1,2 or 3; and 25CiS 0O; and d is 0O0; and
5 R*isaryl; and

R®is H, -OC.3 alkyl or halogen; and
R%is H; and
R”is H or Cy alkyl; and
R%is H; and
10 R%isCHorN; and
R'® is COOH; and
R' is H; and
ais0,1,2or3;and
bis 1, 2or3; and
15 cisOor1;and
disOor1;and
eisOor1;and
fis1; and
g is 0; and
20 Lis CHR" or O; and
R is H or C 1.3 alkyl;
with the proviso that when R®is O or S and b is 1 then L is not O.

In another embodiment of the invention
25  R'is C-R"; and

R? is aromatic heterocycle, non-aromatic heterocycle or cycloalkenyl; and

R?is O; and

R* is aryl; and

R®is H, -OC.3 alkyl or halogen; and
30 R%is H;and

R”is H or Cy.6 alkyl; and

R%is H; and

R® is CH; and

R'® is COOH; and

10



eis 1l and f is 1; and g is 0; and 30L is CHR17or 0; and R17 is Hor C 1-3
alkyl; with the proviso that when R3is O or Sand bis 1 then L is not O.
35 WO 20x0/20866¢@PCT/ US2010/ 057336 Conmpounds of the i nPemtusenoasms36 1

{3 (3- &HrgﬁP 4- [(5 phenyl pentyl ) oxy] benzyl | azetid i ne-3-carboxyl ic acid,

{3 negp%&y142h&53gﬂﬁpylpentyl)oxy] 5-(2-thienyl)benzyl | azeti di ne- 3- car boxy
lic acid,

-{4- [(6}§Hbﬁy®m@xyk)oxy]-3-(2-thienyl)benzylIazetidine-3-carboxy|ic aci d;
51 -{4- B:ﬁbenzyloxy)propoxy]-3-(2-thienyl)benzylIazetidine-3-carboxy|ic
acid; T

{45[3({@‘139hptylphenyl)propoxy] 3-(2-thienyl)benzyl |l azeti di ne- 3- car boxyl i
c acid;

44- ( 2- ﬁ?ﬁﬁbﬂyi;aDWIethoxy)-3-(2-thienyl)benzyl]azetidine-3-carboxy|ic aci d;
1 -{3- qé -[ (5-phenyl pentyl)oxy]-5-(2-th ienyl)benzyllazetid

i ne- 3- carbbxy ic acid; 1 -{3-chloro-4-[(5-phenyl pentyl)oxy]-5-(2-th

i enyl ) herayldrazetid i ne-3-carboxyl ic acid;, 10 1

-{4-1(3- neth 1- 5- phenyl pent yl ) oxy] - 3- ( 2- thlenyl)benzyllazetldlne 3- car boxyl
i c aci d:isiCH 3a@€wnethyl 2-th ienyl)-4-[(5-phenyl pentyl)oxy]benzyll azetid
i ngy3- gt ic acid; 1 -{3-(4-nethyl-2-th ienyl)-4-[(5-phenyl
pentyl)oxyfﬁ%nzyllazetid i ne-3-carboxyl ic acid; 1 -{3-(3-nmethyl-2-th
ienyl)-4-[(5-phenyl pentyl)oxy]benzyllazetid ine-3-carboxyl ic acid; 1

-{4-[ (5-phenyl pent
, 3-thi 39@”@%}’@%@%}'6‘\ g%&ﬁ’led'f‘ﬁ%nt?rbar boxylic acid; 151
{41 (v vegiy! ) oxy] -3 (1
, 3-thiazol -4-yl’)benzyl | azeti di ne-3-carboxylic acid; 1 -{3-cyclopent-1 -en-1
y1-4- [R?Sts;ﬂﬂeﬁyaltlcmtﬁrpbydgymmamambeiemqtm ar cyaloikenyli andici d; 1
-{%-[( -ph _yI ntyl ) oxy]-3-(2-thienyl)benzyll azeti di ne-3-carboxylic acid;
?4 ﬁ% pentyl)oxy] 3-(1
H-pyra4q155nwlhhgnzylIazetldlne 3-carboxylic acid; 1
5-phenyl pent yl -3-(1 Hpyrazol -4-yl benz | I azeti di ne-3-carboxylic
a{C| d[ ( j@sols H yo%1 -3 glk))l or¥1]aloge(n andon v Y Y
-{4-[(q?@ggﬁ ntyl ) oxy] - 3-pyridi n-4-yl benzyl | azeti di ne- 3-car boxylic acid;
1 -{4-] 5= enyl pentyl ) oxy] - 3-(3-thi enyl ) benzyl | azeti di ne- 3-carboxylic
acid; IR"is Hor Cys alkyl; and
36 [ ( -phe | pent yl ) oxy] pi phenyl-3-yl | net hyl )azeti di ne- 3-carboxylic acid;
P3- (@ ig it 4-1(5- phenylpentyl)oxy]benzylIazetid i ne-3-carboxyl ic
aC|d IR%; 4% Tﬁ hery! pentyl) oxy] -3-(1
, 3- thlazol yl ) benzyl | azeti di ne-3-carboxylic acid; 251 -{3-(1
, 3- oxaR?-i OAPH4apd5- phenylpentyl)oxy]benzylIazetld i ne- 3-carboxyl ic
aC|d ﬁ% {45E%p phenyl pentyl ) oxy]-3-(1 H pyrazol -
“yl) berByl$ Adi ne-3-carboxylic acid; 1
-{4- [(Q;@hgmybggquhiﬁhlo] 3-(2- thlenyl)benzyllazetldlne 3-carboxylic acid;
1 -{3-cyclopéent-1"-en-1 -yl1-4-[(5-phenyl pentyl)th |o]benzyllazet|d
i n853- daﬁbb%yor&dﬂutld 3-({4-[ (5-phenyl pentyl)oxy] - 3-(2-thi enyl)benzyl | am
i no) cycl Byé boxyl ic acid; 303-[(1
-{4- [( % 6 yl ) oxy] - 3-(2-thi enyl ) phenyl | et hyl ) am
ino]cyqi@hybamagqyboxyl ic acid. Preferred conpounds of the invention are:
351-{3-(3-fur 1) -[ (5- phenyl pentyl ) oxy] benzyl | azeti di ne- 3-carboxylic acid;
WO 2011 54527 9Fend US2010/ 057336
% {3- cﬁlgﬁ aﬁd[(S phenyl pentyl ) oxy] -5-(2-thi enyl )benzyl | azeti di ne- 3- car boxy
ic acid®
1- §4- [@ﬁsﬂhemwlpentyl)oxy]-3-(1 3-thi azol - 5-yl ) benzyl | azeti di ne- 3- car boxyl
c acid;
1-{4- [GSBd%@ﬁklﬁkgt9n§oxy] 3-(1, 3-thi azol - 4-yl ) benzyl | azeti di ne- 3- car boxyl i
¢ acidg or G gl
1-{3- cyclopent en-1-yl-4- [§5-phenylpentyl)oxy]benzylIazetidine-3-carboxy|
i ¢ aci dyith the provisio that when R isSand bis 1then L is not O.
51-{4-[ (5- phenyl pentyl)oxy]-3-(2-thienyl)benzyl| azeti di ne-3-carboxylic
aci d;
1-{4-[ (5- phenyl pentyl ) oxy] - 3- (1H pyrazol -5-yl ) benzyl | azeti di ne- 3- car boxylic
aci d;
1-{4-[ (5- phenyl pentyl)oxy]-3-(1H pyrazol -4-yl )benzyl | azeti di ne- 3-carboxylic
acid; 1-{4-[(5-phenyl pentyl)oxy]-3-(3-thienyl)benzyll azetidi ne-3-carboxylic
acid; 1-{3-(2-furyl)-4-[(5-phenyl pentyl)oxy]benzyl !l azeti di ne-3-carboxylic
aci d;



10

1-{4-[ (5- phenyl pentyl)oxy]-3-(1, 3-thiazol -2-yl)benzyl | azeti di ne- 3-car boxyl i
c acid; WO 2011/066179 PCT/US2010/057336
1-{3-(1, 3-oxazol -2-yl1)-4-[(5- phenyl pentyl ) oxy] benzyl | azeti di ne- 3-car boxylic
aci d;
1-{§-[qazmggﬂyhgﬁggmhﬁg%g}ﬂﬁ;mgghmy{azol-1-y|)benzy|Iazetidine-3-carboxy|ic
aci d;
3-({4-[R%B¢héﬁkhpuhtyl)oxy]-3-(2-thienyl)benzylIanino)cyclobutanecarboxylic
aci d; 2. . . )

3-[ (1- {7~ BEOPRUAYEHIREYFT 0397-28273¢ RPEROPYIMBRGYHRR!KGM 2 %o cycl obut anec
ar bgxylptisidagigl. Sone conpounds of Formula | and sone of their

internedj ates have at | east one stereogenic center in their structure. This
st er eof@nis@rgleAndr may be present in an Ror S configuration, said Rand S

not at i LSy U i rn d e wth the rules 20described in Pure
Appli.qghgz*'?ggf%¥5ﬁ3§fﬁﬁgﬂﬁhgﬂahe term "pharmaceutically acceptable
sal t s" R&&aéf:arido salts or conplexes that retain the desired biol ogica
activity, of the above identified conpounds and exhibit mnimal or no
undesi rfedStbHRT Cob GHfiYbaNdef f ect s. The "pharmaceutical |y acceptabl e salts”
25agcorghngy.to { he invention include therapeutically active, non-toxic base
or acid salt Tornms, which the conpounds of Formula | are able to form The
aci d adefl isi® cs&;tarfdor m of a compound of Formula | that occurs in its free
forn1aﬁ?@.b?g§ an ge obtained by treating the free base wth an
appr opriat'® “5PH: €0€h as an 30i norganic acid, for exanple, a hydrohalic
acid, gt6hsps ghydrochloric acid, hydrobromic acid, sulfuric acid,
phosphoric acid, nitric acid and the |ike; or an organic acid such as for
exanpl & isdgeh, i209r Fiyahdoxyaceti ¢, propanoic, lactic, pyruvic, nalonic,
fu rijéac_{'rg1 mglei acid, oxalic acid, tartaric acid, succinic acid, malic
rd, Corfi ¥ &G benzoic acid, tannic acid, panmoi ¢ acid, citric,
met hyl siisf®ot ¢, ad hanesul fonic, WO 2011/ 066179PCT/ US2010/ 057336
benzenesul fonic, formc and the |ike (Handbook of Pharmaceutical Salts,
P. Hei nrd SO St 4heM® Camille G Wernuth (Eds), Verlag Hel vetica Chenica Acta-
Zurich,e Q?8r1q;%3345). Compounds of Fornula | and their salts can be in
the formof "a solvate, which is 5included within the scope of the present
i nventifas1; &o¢h sol vates include for exanple hydrates, al coholates and the
like. Wth respect to the present invention reference to a conpound or
corBour$ 0;j@d nt ended to enconpass that conpound in each of its possible
I sonericif OB §NE- 1941 Xt ures thereof unless the particular isomeric form
is referred to specifically. Conpounds according to the present invention
may exiRY i$ M oti €f,aradhtl; pol ynor phic forms. Al though not explicitly indicated
in the ahove fornul such fsar are .intended to be included within the
scope. Tt e pRiEERet RUERA 0RO 3895 doRBBUHaTREt he i nvent | on are
indicated for use in treating or preventing conditions in which there is
likely to be a conmponent involving the sphingosine-1- phosphate receptors.
| n2anotihenogmyainbediment béthe iaveniiorovi ded pharmaceuti cal conpositions
i ncl udi g.qéggalea t one conpound of the invention in a pharnmaceutically
accept 8% i€l In a further enbodinent of the i nvention, there are
provi derf geirbedsicheterbtpeit] agl of spiesiken@saegi ated with nodul ation of
sphi ngosj ne- 1- phosphat e receptors. Such nethods can be perforned, for
exanpl €} BYOa@f ni stering to a subject in need 25thereof a pharnmaceuti cal
conposﬁgigqnﬁoghaining a therapeutically effective amount of at |east one
conpound oOf the Tnvention. These conpounds are useful for the treatnent of
magoal R°isilardiahggdmymads, with a range of conditions and di seases that are
al levigted by 51P nodul ation: not limted 30to the treatnment of diabetic
reti nopat'Ry? er retinal degenerative conditions, dry eye, angi ogenesis
and “Dq§Q§+1orCIQ%T efd c utilities related to the 51P receptors are
ocul ar di seases, such as but not limited to: wet and dry age-rel ated
naculaﬂ?%e@tn&mbtion, di abetic retinopathy, 35retinopathy of prematurity,

retinal_gedens, ogr aphi ¢ atrophy, glaucomatous optic WO
2011/Oé%lﬁég%ffg§28§€/057336 neur opat hy, chori oreti nopat hy, hypertensive
retinopathy, ocular ischem c syndronme, prevention of inflamration-induced
fibrosis in the back of the eye, various ocular inflammatory di seases
including uveitis, scleritis, keratiti3d, and retinal vasculitis; or

system c vascul ar barrier related di seases such as but not limted to:
vari ous



5infl ammat ory di seases, including acute lung injury, its prevention,

sepsis, tunor netastasis, atherosclerosis, pulnonary edenmas, and

venti | atiwo-20ndwed | ung i njury; or autoinmune di seasesPamasS2010/057336

i muno @pr§6§éﬂn ch as but not limted to: rheumatoid arthritis, Crohn's
di seas ease, inflamuatory bowel disease, nultiple sclerosis,
Nyasthqnﬂasg{%ﬁus Psoriasis, ulcerative colitis, antoinmune 10uveitis,
renal ischem'a/perfusion injury, contact hypersensitivity, atopic
derniti@iis0, AndooBygandt ranspl antati on; or allergies and other inflanmatory
diseasef.sfgﬁﬂgﬁwgﬁi not limted to: urticaria, bronchial asthma, and other
ai rway { i ncl udi ng pul nonary enphysema and chroni c obstructive
pul gonad i glbseas®s, or cardiac protection such as but not limted to:

i schemia reperfusion injury and atherosclerosis; 15or wound heal i ng such as
but notd isiPk édan®: scar-free healing of wounds from cosnetic skin surgery,
ocular(§gqg8% éa surgery, general surgery, oral injuries, various

mechani cal and burn injuries, prevention and treatnment of photoaging
and skwnsagen@g, and prevention of radiation-induced injuries; or bone
formati on such as but not limted to: treatnent of osteoporosis and vari ous
bone féh@ﬂhﬁﬁ@ including 20 hip and ankles; or anti-nociceptive activity
sugh ag t. Jjgm ted to: visceral pain, pain associated with diabetic
neur opat y, elmat oi d arthritis, chronic knee and joint pain, tendon itis,
osteoaﬂkﬁnsfis neur opat hi ¢ pains; or central nervous system neuronal
activity in Alzheiner's di sease, age-related neuronal injuries; or in organ
transpl ant such as renal, corneal, cardiac or adi pose tissue transplant. 25
In stiljh aa,@gté}egm@é@qﬁfgn%mhé),ﬁvé,nﬁod nvention, there are provided nethods
for treating disor ers associated wth nDduIation of
sphingd§|Bé3f1phﬂEbhate receptors. Such met hods can be perforned, for

2 by admi.nistering to a su need thereof a therapeutically

efiggti e£§ﬂ86ﬁ¥”$¥£§ﬁ”¥ §FC¥ﬂga@% SHQ of the invention, 30or any
combi naRY @O RS @Pll, or pharnaceutically acceptabl e salts, hydrates,
sol vat es crystal forms and individual isoners, enantioners, and
di ast erRoigeryl; 8A8r eof . The present invention concerns the use of a conpound
of For ca C y acceptable salt thereof, for the
nanufag%tseio 329%?5&%@&#} %hhmo 2011/ 066179PCT/ US2010/ 057336 t he
treatnﬂﬂhs¢{znmular di sease, wet and dry age-rel ated macul ar degenerati on
diabetiqaretino athy, retinopathy of prematurity, retinal edenma, geographic
at?@ph dﬂﬁﬁatous opti c neuropathy, chorioretinopathy, hypertensive
retinogamny gﬁﬂischenic syndronme, prevention of inflammation-induced
fibrosis in t of the 5eye, various ocular inflamatory di seases
|ncIud|m6|waehds scleritis, keratitis, and retinal vasculitis; or
systemc. v sc barrier related diseases , various inflammtory di seases,
includﬁnﬁ(i I%nﬂf njury, its prevention, sepsis, tunor netastasis,
atheroquerQ§b§3 and nonary edemas, and ventilation-induced lung injury; or
aut oi mune 'di seases and i mrunosuppression , rheumatoid arthritis, Crohn's
10dbseasis,0;@ngves’ di sease, inflammtory bowel disease, nultiple sclerosis,
Nyasth(g a% ravis, Psoriasis, ulcerative colitis, antoimmune uveitis, renal
i schem F sion injury, contact hypersensitivity, atopic dermtitis, and
or gan k;@nﬁg#@ntation or allergies and other inflammtory di seases ,
urticaria, bronchial ast hma, and other airway inflanmations including
pul nrondr§ 1eAPBysema and 15chronic obstructive pul monary di seases; or
Card'a%%BQ?Eﬁﬁf'on , ischem a reperfusion injury and atherosclerosis or

und ali'ng,” scar-free healing of wounds from cosmetic skin surgery,
ocabar IsisrQERY’ orGD; and gery, gener al surgery, oral injuries, various
nechanuﬁa hea rfgyg_urn injuries, prevention and treatnent of photoaging
and ski a%étn* a revention of radiation-induced injuries; or bone
f or mat i o r‘b@%b%ﬁfwﬂén‘?@ﬁ@@?@i‘g%rﬁt G Y pysnBone fractures including
hi p an an es; or anti-nociceptive activity , visceral pain, pain
associated wth diabetic neuropathy, rheumatoid arthritis, chronic knee and
joint pain, tendonitis, osteoarthritis, neuropathic pains; or central
nergous system neuronal activity in Al zheiner's di sease, age-rel ated
nedronal injuries; or in organ transplant such as renal, corneal, 25cardi ac
or adi pose tissue transplant. The actual amount of the conpound to be
adm ni stered in any given case wll bé3determ ned by a physician taking
into account the relevant circunstances, such as the severity of the
condition, the age and wei ght of the patient, the patient's general
30phy5|cal condition t he cause of the condition and the route of

I D —— T T I T 1 ' N Y T o N 1 e o



S5period of time, or to carefully control the anmount of drug released at a

given tine during the course of therapy. In another enbodi nent of the

i nvent i orwotzhewweeeree provi ded pharmaceutical conpositi oReTiused 10057336 at
the. invention in a pharmaceutically 10acceptabl e

| east qge co ﬁ%%;
carrier ?WBPQE& IBKEHAR anghar maceut i cal |y accept abl e” neans t he
car 1| ery.(alid-Ngoh. 405 PrenPiRRlyIBH5foehsy 52/BrRIridab Ranbdyi gt her i ngr edi ent s

of the for fon and n rious'to the recipl ént théreof.
Phar nacbcﬁ-mmommt%plnerm@erdyl)om ptEtéenyljoeneyliiazaiidies3isarbmedciacid; he

f f lid h, icelle,
21 postlCatevhe et e aMberrilsedidhie R EbauehRtn "cont af ns_ one
or HDr e f@[@@éﬁ%ld&&)ﬁrﬁﬁoﬂﬂﬂﬁ@lih|éﬁwwéhk9l?azét@|rféﬁ3%%ﬁ’bd>@/hb%@:Tdedl ent, in

adm xture with an organic or 1 norganic carrier or excipient swtable for

ent er al1-&4- [%%@@bétyéw emb)prmwybas(Z thwﬁbe@wl}@@@ﬁ@nﬁ CamPXyEC aeifbi ned,

o el oAy LES A SOOI e PURERA Bk SRR oDl e car i s

suspensi gnehloacmd [eﬂlphehi?lﬁentfyt)bny]swu«ﬂhéﬁylitmfnzyﬁ}azet'ﬂh@e-e%errbenﬂlcvavld:h can be
used include glucose, |actose %un1aca0|a gelatin, mannitol, starch paste,
magnesi Ufd-ERIPE A lEacphenylpeatyesylno-62-tiemy henzytipzetiding-Borataexyiciacidi, pot at o

t h, . _HI aN
cat? or sULTRmETe DRI R 3 ol e b L e e e R0 208"
se(rjn 50:1 -{B- (@mdthyi:ﬂ mlér?jyl)m [(51plaehi;|pemiyl)dﬁdbamiyl}aalzgtld|99633c:danbnxylg;da¢|d| ckeni ng
and co o an nve conpounds .
e acai iR Aeed PR S Dot ookt Cobriicar o
produce {élx% ?rﬁe‘%h\yleﬂtrﬁérﬁﬁfih [(-Hlﬁﬁer‘iﬁﬁerﬁ’cg%ﬁﬁ§eﬁ’iyl}%'z§ﬁé’1ﬁ§ &@Q@o&y%‘amd

Phar maceut i cal i t1ons cont i nventi’on conpounds may be in a form

sui t abl‘e{éf f(p- pheﬂylpméyl)dwi 3e(>1eﬁftlnl@zolésylb@ﬂﬂzat}azettdlmﬁe@arbow@rm aqueous

| har d
coff cptime e BB e A R b e s B Mhse oy
be pr epﬁ{@dy@@ﬁ@ﬁm -86- 1-9I-AN6-pRSiyAserit gy ben Ayt zétidiné B-cdrbexyrradiact ur e of

phar maceuti cal onposi tions and such conpositions nmay contain one or nore

agent s &&- Hét@tﬁwmﬂﬂw'mwadaﬂhIGV\M)QGITLZMMGNIQPQFPMYW 899336 consi sting

f

ocent o CEEAB AR ISR a3 PRI o BEh ATz RinaRE AR lc b o L 1O
and pr es&r-|(brghengiydnsylJoxypBdeH- pyrapolewm;berp)iga}razenemtat&ahﬂbpxszllcegadt and
palatabl eparations, Tahlets contalnlngélnventlon conpounds in adm xture

W A nohid- ﬁrﬁr explpgrid it Boandin dodeszylpeciios Ao Ao be
U act iR e ko TR RS, KhG XS HBI-ARIS SR Ao By Reacibor exampl e, (1)

i nert d| C|un1ca onat actose, cal ¢ium phosphate or
sodi ump{edrahenylpantyjoryibliphenyig3gitchelhy)aretiginet 3-cgrizmght aceluich as corn

tr agae b 2 by EiGheany Gertion BEngudadionend BAGIEE Bishr - eati ng. agent s
such asy. {mgawéamﬁem@;@wa (3 RN Shzy BbStaiTE-4RBbRYR JBRY, De

uncoated or th e coated by known techniques to delay disintegration

andsabsb{p(1, afoxaﬁot MI)gbié(ﬁrmmnymntﬁmxyﬂbeiwl}amtldlmn@ﬁecwbpxsgm afid;a |
such- ast GriiEa Ry R R P IR Gedt Lo D Penf RGeSty eV i gy e 151 n
sone Caﬁ?ﬁl\i}](ﬁmfdml;ﬂirity@ﬁﬁloﬂ-@t(ZOthﬁinyl)@@n YazZR€idine-3-aard dxgn@ gtighard gel atin

capsul es erein the invention conpounds are mxed with an inert solid

di | uent1-{3-6yCleremipl -€n-Tur ﬁ[@wf@%nmwéthI@W@Wg%@@ﬁa@@bwyh@a@mdn They

may al S tion
compoundd 1S BnbiERe A IRR:F & Py bery SRR Sro bR b bRy CAER, | °0;

| i qui d M {BE[(Fpbengpentgl)oky]-3- ez}’dfhenpnmem@zt}ethtyl)aailn@;oymolswttaneoarbnmyl|doe in
t he for(%gf a sterile injectable suspension. This suspension nay be

f or nul & according to known nethods using suitable dispersing or wetting
agents and suspendi ng agents. The sterile injectable preparation nmay al so
be a sterile injectable solution or suspension in a non-toxic
parenteral |l y-acceptable diluent or solvent, for exanple, as a solution in
1,3- 2 I:S’I&l[&ra&tbdd)mDOUQﬂ@of the, infentenh aiel s ar e conventl onal |y enpl oyed as a

sol vent For. this ose,an nd f xed oil may be
eniboy et el TGl S preRUREEb o s O FB AR AT s (1§ nct i ng
oleic acid), naturally occurring vegetable oils |ike sesane oi |, coconut
oil, peanut oil, cottonseed oil, etc.t4or synthetic fatty vehicles |like
ethyl oleate or the like. Buffers, preservatives, antioxidants, and the
| i ke 30can be incorporated as required. Invention conpounds may al so be
adm nistered in the formof suppositories for rectal admnistration of the



butter, synthetic glyceride esters of polyethylene glycols, which are solid
at ordinary tenperatures, but liquefy and/or dissolve in the rectal cavity
to rel easwotzbﬁ/mtﬁug Si nce i ndi vi dual subjects may presa.'mrllmmi()ﬂienvari ation

char aot b Hoi iyﬁeﬁgﬁﬂﬁgé’ et Teri s ae T ena-uoagtedsoyed f or
cach SUhieqb-irerRdniipns. (G!'éiﬁﬁélidli?ﬁ BerlABapsind 5LoBoxyIiEigoMOUnds

and phar ceutic co itions descrl ein are use as nedi canents
in rramfa[ds[(5rphﬂnymemyylmyhas( 3ttnazoiéaylbimnzyt}azeticﬁ@@félwrhmyl@racnd

10al | f dj ch b
P e B B R R g S AT o
furgherq {:znt(gcb ;fen@ﬂ)dxlgr}ast(awarynlygﬂen c}h‘ﬁz@tlé‘ih@ -Peanostglc agihods for

treating a disorder assoClated wif | ati on of sphingosine-1-phosphate

r ecept or§- [(Qcmwnym%ﬂpwha @BE- rps@azglr%abem@ﬂ}a@ﬁﬁwﬁeé caRpoxulie A¢idt ering to

her apeut LI GAE b 3B TRESL Bt ERERT R hEMRRTATRANNT *a
used her-g4-f(5- [iHmeynmyl)d)dyPBé(Béthtean)béryzﬁ}fafzet]d|hé€3 sampoxylic aeidns t he anmount

of the 1Johar maceutical conposition that wl| elicit the biological or
nedi cal T-{&&8#Y¥R- 40K5'£h§ﬂbﬁp§8¥y|PKVW@@@V'&W'@HTG s1earbexylis@ciky sought by the

Sl b L(?Vﬁei‘ry‘s%%ﬁw 3] a2 Dodiley P 2Naifo SR B dbic O™
enbodi mMefB-¢1,3tdhxa@zobyh4-{(5-phemyipentyl poxyl s eyt azenicme-Secarboxyd eracsd;al so
Formi o iR e et (R Ren LaNoBerfAzB L iog- SRareBisryd: o

conventy. gaqgs Bﬁémsémgﬁoqudﬁ(;&w@ﬁwbéﬁ y@aﬂwﬁ{oaeyru&futbhséaﬂbaxylkeaaat 2501

synthet | ani ¢’ che The nt hetrc schenes set forth” bel ow,

i 11 ust rf(é- {|4e[(16 pbﬂmﬂnﬁ@tfyl)amo?r R- ngm)d)uhe@yl}akmharrtmro]cmiolmetanad@boxwase
ski FI ed i.n the art will be able to routinely nodify and/ or adapt the

fo ovvlaf?éd schenme to synthesize any conpounds of the invention covered by
Formula 1. 30l n Schene 1, hydroxybenzal dehydes react w th hydroxyl ated
compounds in the presence of triphenyl phosphi ne and di et hyl

azodi cay@BR woaRPUNEsHIf FermuEa tang semerafitagr stesnediatesrhnvgi aitleastoiies

I nter ”"s‘ﬂé%‘oﬁeh&zc‘e%‘ﬂé’ ﬁqpé‘fr’st‘ruh*&f%e Clg'g'[ecregéérﬂc% n{%ﬁ BEMREERin BAR

corr espohdi Irve orres

2011/ o&ﬁlgaaﬁ@waﬁ@iwmmw Smcﬁamdisaisfed Ifﬁmoﬁireispbﬁdamﬁ witle theadés W th
azetidine-3-carboxylic acid in reductive am nation conditions to give a
derPvatd&aeried i PRE APP!- Cleme O 70) 845, Mo'2011/ 066179PCT/ US2010/ 057336 | n
Scheme 2, nercaptobenzal dehydes react with brom nated conpounds in the
presence of triethylamne to give the corresponding thio internediate. This
i nt er nelheateemi “‘phacuptadioally lactéetabler salist refersitocosaltsher cinapiaae e thaft retaen

corresppndj n .qroup, tQ. give the correspondi ng i nternedi ate., Thi.s
ot o nBe deatea DidlaSiER: 4y OF e oS LERRARY Foralhas FRA hiu T hal
am nat'&%&@rﬁﬂ’ééﬂe@ﬁéxfb@lo@id&eﬁeé@r TMat bN@rr’rﬁiceﬁ%ﬁW é‘cdeptétﬂe%%lt?o 25 30
Schene 2 reductive am nation

25 according to the invention include therapeutically active, non-toxic base or acid salt

forms, which the compounds of Formula | are able to form.

The acid addition salt form of a compound of Formula | that occurs in its free form as
a base can be obtained by treating the free base with an appropriate acid such as an
30 inorganic acid, for example, a hydrohalic acid, such as hydrochloric acid,
hydrobromic acid, sulfuric acid, phosphoric acid, nitric acid and the like; or an organic
acid such as for example, acetic, hydroxyacetic, propanoic, lactic, pyruvic, malonic,
fumaric acid, maleic acid, oxalic acid, tartaric acid, succinic acid, malic acid, ascorbic
acid, benzoic acid, tannic acid, pamoic acid, citric, methylsulfonic, ethanesulfonic,

15



Formula I WD 2011/ 066179PCT/ US2010/ 057336 I n Schenme 3, ether or thio
I nt ermedi ates, obtained as described in Schenmes 1 or 2 react with ethyl
3-am nocywbabu’rltmnﬂear boxyl ate-HCl salt in the presence mtTSIsd(immms%

R RN i S bt PSP Sb e SR .
f are IstahbR @aﬂfﬂlelé bR (Eds), Wérl%ﬁﬂél@ 7@5’%6&&%0/2%3@3@0621 chem?

4, ether or thio I nternedi ates, 0Obtali escribed in Schenes
react V#2%34p). al kyl magne3| um bromi de derivative and et hyI 3-

am nocygl obut anecar box e- HCl in.the senc nesi um oxi de to

i ve s GRPPOUSHS BT ERTpars o 338 ratbean 8% R TLS, mRst IO G T

| NVENTIig®luded within the scope of the present invention. Such solvates include for example
hydrates, alcoholates and the like.

With respect to the present invention reference to a compound or compounds, is
intended to encompass that compound in each of its possible isomeric forms and
10 mixtures thereof unless the particular isomeric form is referred to specifically.
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.

15  The compounds of the invention are indicated for use in treating or preventing
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
20 least one compound of the invention in a pharmaceutically acceptable carrier.

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

25 thereof a pharmaceutical composition containing a therapeutically effective amount
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
30 to the treatment of diabetic retinopathy, other retinal degenerative conditions, dry

eye, angiogenesis and wounds.

Therapeutic utilities related to the S1P receptors are ocular diseases, such as but
not limited to: wet and dry age-related macular degeneration, diabetic retinopathy,
35  retinopathy of prematurity, retinal edema, geographic atrophy, glaucomatous optic

16



10It is to be understood that both the foregoi ng general description and
the follow ng detailed description are exenplary and explanatory only and
are not rwetwilasbwe of the invention clainmd. As used hecgiusomhsraee of

t he sm ul ar jncludes the plural unl ess s ecifjcall ted. otherwi se. It
W ety R ationen g st BB AalTaPahe aglar RaiTEio Ry NaroTRG

COWPOU"tﬁév@rﬁho*ﬁéﬂﬁﬂérﬂ%%%h%dﬂ@é’d fSAASR! iR tREBakk oftiefe giwmhé'o‘éu%‘?m ers,

such that the conpounds may exist In enantioneric as as in
di ast erlefbammatorfycmmsesnndsdlngtuw%t&ysetarrtlscberraytlmcarelorebnale\raacsbt)s tie scope

of the sent invention includes all 1/066179P /U82010/057336
ohants SIS yasEy EF b itk uBte FRedhes syt A8 Pt PSS - REOT mpounds of
t hesi NVRMdATAt ORI Q48sS ﬁJdlmmTz bbutehangweg st it§@ré\)}erﬂi@>ﬁe§é@§s quafdrds or
bases, and such pharnaceutlc y acceptable salts of the conpounds

descr i Heetastasis, mthereselesesis nu’qmﬁnaﬁee@%pe d vwllatwemumd legrinungr esent
| nvent | an, gl HES. Gl par IReRKLL 6aldore 806SRLERLS R pLORi Gl kLY. enr | ched
nmpounds ny comnpou I on nay ntain on nore i sot Opl C

at ons  gheusiatsid arrthdtis f €ratmt's tisensé f@renaetsumeéas@,tmmaramaftor«yaoaﬂmltd@sasm 2H (or
D) in place of protium1H (or H) or_use of 130 enriched material in place
of 120 NEHEPIEnCIeroRis, %ﬁhﬁﬂ@@r%ﬁsﬁr@ﬁ%h’?e&we&o'@ﬁp@'&@éﬂm%ﬁ N, 0 and

1phe d{/%?ls‘)frerﬂaﬁ‘?sdh%%a@‘fly%ﬁf |ﬁfy n%rbd?f?%éte gg?ééar%ﬁlv 'éﬁoﬁ& JHRTIAHRE WhiaC

aspects of the inventio rex ter Increase the in
Vi vo hajrgahltrfaesbkanmttoar ongller‘g&snmmbﬂﬂermﬂe(rmme&)rydisetalsescsump@m’uiﬂ not the

e B e P B P SRESES ADaE AR |
exanpl E‘p’%lﬁﬁbﬁg@l) mbh%é@hé%tn'dV&rBME%%%cﬁ\Vé Yuldishary Bist@kes ek Nor

shoul d 't hey construed as limting the invention in any manner. Those
sk| | | ecprotectine sach agi but nep pméed 40 aiscihemiavrgpedusionsnjandand @ttferoatiemsis;of t he

b f th
| ngant | S vSHE e Sho Apere DRt et . SE6ERS Peatitior Rbbhds Pombar by aoar |
| Sombr ldbsf’rﬁ?etiﬂfﬁsk(ﬁﬁguﬁg@ l_ybio@m@mr@yrys en_uAjdrprgatierai airyers ordianjgabs] n
(0]

conventi onal manner. r exa In the case of diasteroi soneric i|Isonmers,

chr onat\@@pugmnecfwémaheairan%@urbeméﬁpsweuentw anweatmenkofhaiRaging )
ge”erataﬁ& Xe\gﬁ% \éﬁaﬁiag\'/‘edﬁronfcgﬂso LiSh TR ﬁhﬁ%&BFBQ?QF%HPA?Bﬂlst%ﬂ in

t he exa evgene ware suc

ver si omaslutthadiniiedcoNrea it df vsteddorodiSaiid adioug bonSRactures dedlediag,
characteri zati on of the compounds i.s perforned accor di nt%dto t he 30f ol | owi ng

me£fodd1iP and ankles; or anNURCKISEEYS Ak SUSATIBU! Rt IBOIPCLRG/ GFOBOOME Var | an
and acqsin &sdiialed0W) BIRRLE N Rpdie THRRIMABIS dthfils?. HYRR KrBePhid

referenced erther to internal vent $ig
2011/ 0g6ih7 20T tesERMltE, 0SEREGthALS, méwopamgepalss arotardra ser\mlsadyys&m for

whi ch the synt hesi s Eot descri bed areeﬁ)%gﬁtﬂ ased from.chem.cal vendors
such ad'e8"grial agtiyity 5@2 PURE.,S BPEaE FEes” eurgY JRLres§r in Gigen
Lancas"tﬁ’éns'ea@h‘éﬂeﬁ as reAss cYiid0 Qﬂ@ﬁb‘b@'adlp%sfeatissﬁesd‘hﬁfspldmy bri dge,

Fronti er trix, Ukrorgsynth, Toronto, Ryan Scientific, SiliCycle, 5

And@spec, Syn Chem Chem I npex, MC-scientific, Ltd; however sonme known

e o R L PR R e AR AR Rt e

(Aut o- chéaraB)s asscdintdée vedymedlaGoh @@ sphingasinev -bRogpisdteiregestorsimm, unl ess
not ed ot herw se. 10 The foll ow nfg abbreviations are used in the exa Ies
aa

s, m MBudseesngs ¢ambe eerfaned. iRagxaNR G RYeHIRINSE NGO HPeEt ing
Pound RREAUAnEAEfC @gvgﬁé&{%%&mm%e%\é'%oh'e%o%;s&}n*ayéfftﬁé%n@.snmm

sodi u roxi
30 orany combination thereof, or pharmaceutically acceptable salts, hydrates, solvates,

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

17



20 CD30D deut erated net hanol NH3 amoni a HCl hydrochl oric acid Na2504 sodi um
sulfate Si-CBH Silica bonded cyanoborohydri de 25rt room tenperature My504
magnesi urweubfizice1 78t OAc et hyl acetate CDCl 3 deuterat ed ebirarsedions13BVEO d6

deut er af ed di nmet sul f oxi de 30Aut o- col umm tQqmated flash liquid
e e Treatonta ocilan Qe sk MeLAnaTY SHArelaer Ra doaan kR 0AC) 3
sodi umd; s h I i adi ] / 066179
e S N A R S S

bi s(t r igiheeorhalous sitiaaepiadpaidy weharioyetitdpathyl dypereTsiva cetinapadity, ®odEr03

bl or ;AR AIB it eenEbtoriel RleGeR PR PRdRe bR R BE s o
net By| rey@noafions et il akitkd B rf BisebséS el fidd Lwaifld O d&ta3 Reratfti§hand ol | owi ng

syntheti'c schenes illustrate how conpounds according to the invention can
be maddetimpogscylilis; oeb)istenigerasculafubarriaiaelaied disgpgeabrarious modi fy and/ or

2dant e Al Ml e AR TR0, SUHENBRL 19, SPTMHRS], SLpdibtubyent  on

cover ed

1- (3- ( InbrasyEs)s, Athérospleesyis prmnphaoxeddraag yaddaeeiti gioreindtucad g injuryaci d
Step-/: A solution gf 5-pheny|-pentan-1-ol [CAS 10521-91-2 4.50 nm., 26.6
mol ), OZSQUMVBW@-W%W%WH%WFF@@ ZQngin?ét%fj a(@'%‘%{? 6.7 mmol ),

t r i ghenylohos phiDgs i nﬁngml, -Qgéga( ; % in tol uene,
-1.9 eqrE\M/% [ n%h ?Slglgseh#\l/@é react eéogltgpglt or’ rﬂ?%‘?'%‘%ﬁ'?@\%ﬁﬂ by heating to
60 C f dvlyastdeyis.grévis| Paomgsis waseratide dobiis] ank@mealnacaveitisygesal enoved under
vacuum, r omat ogr aphy . on an Tel edyne- | Copbi. Fl ash with silica colum
(0t o ISCUPTEBIRAFS I DT, SoESHNGET oS TGRS ST GEIHOBRB A gave
| nt er maeh AR ntafor '@ BefiéS aRE VME - iREAH RNy dideasdaHeFia brendigar o |
that solidified upon standing, 5.38 g (58%.

asthma, and other airway inflammations including pulmonary emphysema and

15  chronic obstructive pulmonary diseases; or cardiac protection , ischemia reperfusion
injury and atherosclerosis; or wound healing, scar-free healing of 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,

20 treatment of osteoporosis and various bone fractures including hip and ankles; or
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,

25  cardiac or adipose tissue transplant.

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
30 physical condition, the cause of the condition, and the route of administration.

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

18



WD 2011/ 066179PCT/ US2010/ 057336 1H NMR (3 0 MHz, CDCI3): 69.83 (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. 96V()dl)11.3066178.4 Hz, 1H), 4.11 (t, J = 6 3 Hz 2H) PCT/ISTOI@IOSBSG— 7.2

Hz, 1.92-1.55 (m 6 5Ste I nter 0.87 mml) in
oo (LSO seation ,ttrarﬁgﬁﬁnabp@r%@ i RS 58550 Vi 5 105

, 1.7 I -11 nor/o) at
130 ¢ P8 e TR %ﬂ@%ﬁ&é&t@%&?ﬁﬁﬂ%ﬁﬂﬁ%ssgﬁe%.ator 2.5). “The
reactuontramnmsolulerm@amnmﬂseanmmtraraataémowﬁcbf@bedlvenyt e‘tddlinmaliwt’r@s) with 1:1

Et OAc: xane 200 The ers re l0wash t hree
i ooy TORAHERONS BEvitbEas O ed tERBES (PSE Rt Aot Sanesuty blets gifen'

Aut g- cqiesm dfinke XsHe Date bl P A6 trAaMe st et B dha) fel@asedt étfélgﬁ/@n?(rrb{é) 4-
((5-phenyl pentyl)oxy) benzal dehyde 230 ngy (29% 1H NWVR (300 MHz, CDCI3): 6
9.92 (duringthegoossg df therapy2. 4 Hz, 1H), 7.75-7.72 (m 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), 156.85 (d,
J=1.2 Hz, 1H), 4.14 (t, J = 6.3 Hz, 2H), 2.70-2.60 (m 2H), 2.01-1.50
(seri ednainother@boditregmt 3f the inoentioronhere ér@tp&bvfﬂddqih%rrﬂaéé&ﬁbam 0.66 mmol )
and azeti di ne-3-carboxylic acid [ CAS 36476-78-5] (66 0.65 mm|) in AcOH
(0. 2 m9PMpastiqns ipcldiigHatiensiony qqmﬁizyn%,ﬁétherI@&@@dpw%p@awutwy ca

b d I A d

£ a0 T hPRRRRE Bk oot OTHE phrach, PRl LE Ay B R e ) e
ont o sidarcer, geliersrat &)qu)iemilmesttbe/\asmpehbiee/dtmmdaemtheammﬂ|ev-‘N|stoJ‘ H{lo®l umm
2540% 2 | i the titl nd:

12 Ca- ( IoTtmztion andot BRETe Rt PegRo it 30 BBb ot | i ne- 3 car boxyl i ¢ 25 aci d
189 nmg (69% . 1H NWR (300 MHz, CD30D): 6 8.02 (s, 1H), 7.64 (d, J = 2.4 Hz,

(1 SD 5 %rmace&t'ca'%ogﬂ 'tlo'*ﬁ)@f tﬁe%@egerﬁ%\(éﬁﬁboﬁ@an e d8ed rrpth(arfbrrﬁlabr,a (7370?m
3. Smd]dsagglu(n@n alﬁ-l)emLﬂs@B adjspersion, 8 prich, gmplcet[e,gmhp_omh@ rﬁncmh)e

£ 158, b B B B B e 0 1o

si m | arpresemtanvéritionh @s pincgateriegieifat] inedin ixtUrs avpl n drdemiic @mﬁgmﬂc |. The
reagents used and the results are descri bed 35bel ow in Table 1.

2011/ 06RIFETPEBZON B WsRERr PAREl Or kBiepERIALARRIiPBEPNS UPNENHaRe Reagent (s)

o 1 MR OARB) oL IR0 orolel T BB EENL  pent an-1- (300

phenyl pEhEryiakeutically acceptable carriers for tablets, pellets, capsules, suppositories,

20  solutions, emulsions, suspensions, and any other form suitable for use. The carriers
which can be used include glucose, lactose, gum acacia, gelatin, mannitol, starch
paste, magnesium trisilicate, talc, corn starch, keratin, colloidal silica, potato starch,
urea, medium chain length triglycerides, dextrans, and other carriers suitable for use
in manufacturing preparations, in solid, semisolid, or liquid form. In addition

25 auxiliary, stabilizing, thickening and coloring agents and perfumes may be used.
Invention compounds are included in the pharmaceutical composition in an amount

sufficient to produce the desired effect upon the process or disease condition.

Pharmaceutical compositions containing invention compounds may be in a form
suitable for oral use, for example, as tablets, troches, lozenges, aqueous or oily

30 suspensions, dispersible powders or granules, emulsions, hard or soft capsules, or
syrups or elixirs. Compositions intended for oral use may be prepared according to
any method known in the art for the manufacture of pharmaceutical compositions

and such compositions may contain one or more agents selected from the group
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[ CAS 10521-91-2] (dd, J = 0.6, 4.8 Hz, 1H), 7.37 oxy]-5-(2- (d, J =0.9
Hz, 1H), 7.26-7.21 thienyl)benzyl 3-bronmo-4- (m 2H), 7.15-7.13 (m 3H),
}azeti di woe1igar7oxy-5- 7.08 (dd, J = 3.6, 4.8 Hz, 1H) pcTamsedoxyi3ze

TP ERE D ol Sl e a5 bl sy Sl (S ebbhagy 7 (4
3. 44- 3. 3bntdsudihs pépp8rmhint, oil STWiARIEREA rlehtrry, boBrifg -agkifts add 81-1. 72 (m
preserving agents in order to provide pharmaceutically elegant and palatable
preparations. Tablets containing invention compounds in admixture with non-toxic
5 pharmaceutically acceptable excipients may also be manufactured by known
methods. The excipients used may be, for example, (1) inert diluents such as
calcium carbonate, lactose, calcium phosphate or sodium phosphate; (2) granulating
and disintegrating agents such as corn starch, potato starch or alginic acid; (3)
binding agents such as gum tragacanth, corn starch, gelatin or acacia, and (4)
10 lubricating agents such as magnesium stearate, stearic acid or talc. The tablets may
be uncoated or they may be coated by known techniques to delay disintegration and
absorption in the gastrointestinal tract and thereby provide a sustained action over a
longer period. For example, a time delay material such as glyceryl monostearate or

glyceryl distearate may be employed.

15 In some cases, formulations for oral use may be in the form of hard gelatin capsules
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 olil, liquid paraffin or olive oil.

20  The pharmaceutical compositions may be in the form of a sterile injectable
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-

25  butanediol. Sterile, fixed oils are conventionally employed as a solvent or suspending
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

30 can be incorporated as required.

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

20



boronic acid 2H), 1.67-1.57 (m 2H), 1.49- [ CAS 13331-23-2] 1.39 (m 2H)
3 1-{4-[(6- 3-brono-4- (300 I\/Hz CDClI3): 6 7.72 (d, phenyl hexyl)o
hydr oxybeweabdalec79= 1. 8 Hz, 7.50 (d, J = xy]-3- (?CTMeom/(ﬁBHz, 1H),

[z dithet Bynthdlis yedig g gteél o ool Hjehe uaolS ARGk E07 oI ab AN o 1-
(d, J Fefpbrattrest But liqudtyahd?s digsdive M th(a%ct%'l"bav@ tefeade thBldrdd) -

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

5 each drug has its unique therapeutic characteristics, the precise mode of
administration and dosage employed for each subject is left to the discretion of the
practitioner.

The compounds and pharmaceutical compositions described herein are useful as
medicaments in mammals, including humans, for treatment of diseases and/or

10 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

15  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

20 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

25  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.

30 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
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[ CAS 2430-16-2] 2.60 (t, J = 7.8 Hz, 2H), 1.90- 1.80 (m 2H), 1.69-1.59
(m t hi ophen-2-y1 2H), 1.56-1.48 (m 2H), 1.44- boronic acid 1.37 (m
2H) . [ GN6 2083841723-2] 4 1-{4-[3- 3-brono-4- (300 Mz pCTDSR@PNOSB3IT. 73 (S,

b I . h o] | deh , ) .d, = 3.0 H, 1H), ! -3-(2-
e e Biate TR Mo auoR whols Wi AveiBbrrs FabexiGaed ik ety 15
6. 91 (dhmihafioR cOnbifions Y& &Rk SH88vative of Formula I.

22



1H), 4.49 (s, 2H), 4.16 (t, J = carboxylic 3- 6.3 Hz, 2H), 4.08-3.97 (m
WO 2011/ 066179PCT/ US2010/ 057336 aci d (benzyl oxy) propan -1-ol [ CAS

4799- 68- 2votzhilgphEn- 2-y1 boronic acid [ CAS 13331-23-2] @®Hr/us201805(38¢ J =
6.0 Hz, 2H), 3.44-3.36 (m 1H), 2.20-2.13 (m 2H) 5 1 -{443-(4- 3-brono-4-
(300 MHz, CDCI3): 6 7.74 (s, isobup$MgRerdy hydroxybenzal deh 1H), 7.52 (d,
J = 2.7 Hz, 1H), 1)propoxyke3- yde 7.29-7.22 (m 2H), 7.11-7.01 (2- [CAS
2973-78-6] (m 5H), 6.86 (d,| J = 8.7 Hz, é@@yﬁ)@gggﬁ 1H), 4.06-4.01

(m 8H) , 3.42- R5 CHO
DEAD, PPh3
HO THF, heat
/OH general coupling
R2—B\ ) R?—H
OH R*™—Sn(Bu)y K,COs, Cul
PdCl,(PPhs),

PdCIx(PPh3), 160 °C, 20m Cs,CO3, DMF
Na,COs3, 120 °C, ’
MWI, DMF \

Formula | fis 1
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}azetidine-3- 3-(4- 3.36 (m 1H), 2.82 (t, J = 7.8 carboxylic
i sobutyl phenyl)pro Hz, 2H), 2.43 (d, J = 6.9 Hz, acid pan-1-ol 2H),
2.22-2. 14W0rp112i6§179 1. 90- [ CAS 147598-21- 1.76 (m 1H) PC@/ISQO10L057336- 6.6

5 br ondhEchernd by PiercapBeatesdndesseagt wie areTinaied domebnas i tish 7 67 (a.

J = 1. §rEendddf triétBamink! tBidi e @Urfe?s’po\ﬁ@%gﬁhﬁ?m@éﬂmé&ﬁte. Thit/-7.41 (m

intermediate is coupled with the boronic acid or the stannate of the corresponding R?
group to give the corresponding intermediate. This intermediate reacts with
5 azetidine-3-carboxylic acid in reductive amination conditions to give a derivative of
Formula I.
10
15
20

25

30
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t hi enyl ) benzyl [CAS 2973-78-6] 3H), 7.38-7.32 (m 4H), 7.27 ]azetidi ne-3-
(d, J =8.7 H, 1H), 7.07-7.04 carboxylic 2-(biphenyl-4- (m 1H), 6.99 (d,
J = 8.1 Hxo20ma6ai7yl ) et hanol 1H), 4.34 (t, J = 6.9 Hz, PHIUS201002836
37729-18-3] 4.15-4.10 9m 4H), 3.95 (t, J = 9.3 Hz, 2H), 3.30-3.24 (m

t hi ophen-2-y1 boronic acid 3H). SCHeM&213331-23-2] 7 1 -{3-chl oro- 4-
3-brono-5-chloro- (300 WHz, CDCI3): 6 7.66 (d,

R6
R4/€\)\ /H\B
RS CHO a’l” pbBr
AN
R NEt
/ 3
HS
Br R6
R2 CHO
B
R1
R4/(3\L/(7b\8 Z
Br
/OH general coupling
RZ_B\ R2 RZ_H
—Sn(Bu)

OH 3 K,CO-, Cul
. PACl,(PPha), 2~ Vg MU
Ng CZ(() 1%200 160 °C, 20m Cs,CO3, DMF

2 3 y
MWI, DMF \J Y
RG
R2 CHO
X

R1
R4/(;)\ ,_/(’7b\s yZ

2
HN or HN<}COOH reductive amination

R3is S
R%is N
c,d gisO
fis1

Formula |
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[(5- 4-hydroxy- J = 2.1 Hz, 1H), 7.54 (d, J = WO

2011/ 066179PCT/ US2010/ 057336 phenyl pentyl) oxy]-5-(2- benzal dehyde [ CAS

2973- 78- 6Vvo201A/a6g1791H), 7.51 (d, J = 4.8 Hz, 1H), 7.45 @dT/ub2610/0873Biz,

t hi enyl )hbenzyl _1H), 7.26-7.21 2H) , . 7. 16- azeti di ne- 3-

5- phen%- raﬁ.?»é?hﬁrfé%a'eﬂnt@mgg]@ﬁq% qbéemgﬁ?oa? Je@awe%&gn Sehemes 1092, o (m

14H) , . _ i i ; _ f

I 2 810 Vi s SRl GosbRegsyitle 310 il e e §odines. 1 s
triacetoxyborohydride to give a derivative of Formula .

5
R5
R4/(}L/(%\R3
reductive amination
HCl H2N{>—COOEt NaBH(OAC):
1M NaOH
RS R’
R10
R5
Xy ¢ Nd/ége\RQ—M/g R%isSorO
| Ly | f R” is H
N AN N RS R®is H
, R%is CH
R c,d, fare1
Formula | gis0
10
15

26



boronic acid (m 2H), 1.53-1.45 (m 2H). [ CAS 13331-23-2] 8
1-(3-chloro-4- 3-brono-5-chloro- (300 Mz, CD30D): 6 7.74 (d, [(5-
4- hydroxyWOJZOH/OZB6ﬁ9Hz 1H), 7.45 (d, J = phenyl pent yl ) Poerusadidemsde, 3. 6

E71 toh S slher et tHisiihieHhedigtes; obiained 2 describty It SeACBES 4 Gie? 5.
2- (4- 7re9c7,t‘\ﬁrtr9?n(df'?<2yh%5bne§1uﬁ5bﬁm|dél o%rlvﬁf?\yé)ﬁﬁd'e'tlﬁll ksobut yl phenyl)eth 6.9
Hz, 2H), 4.27 (s, 2H), "4.13 acid

aminocyclobutanecérboxylate—HCI salt in the presence of magnesium oxide to give

a derivative of Formula I.

5
Scheme 4
R6
R2 CHO
[
R1
R L/()b\R3
R2
1) alkyl addion ~ R’MgBr NEt,
2) oxidation MnO, Ti(OEt),
NaBH,
NaOH

3) HCI HyN /\> COOEt
R

R a R3is S or O
R8is H

R?is CH
c,d, e fare1
gisO0

Formula |

DETAILED DESCRIPTION OF THE INVENTION

10 Itis to be understood that both the foregoing general description and the following
detailed description are exemplary and explanatory only and are not restrictive of the
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

15 the invention may contain one or more asymmetric centers, such that the
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
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J

nol (d, J = 8.4 Hz, 4H), 3.45-3.34 [CAS 36039-35-7] (m 1H), 3.15 (t,
6.9 Hz, 2H), 2.43 (d, J = 7.2 Hz, 2H), t hi ophen-2-y1 1.87-1.77 (m
H), 0.88v0ap11d6s179 boronic acid 6.6 Hz, 6H). [ CAS 13B8TAR3018)057396
-(4-1(3 br ono-.5-chl or o- CD30D): 6 7.77 (d, nethyl-5-

hydr cﬁ&ﬁn%@mer% qaﬂfreqm&r%@ﬁr%c&mw fnixtur e§9m§e?ftt9fg)coﬁé?%ﬂ\éé?@a%, 0.9,
6

10

15

20

25

30

HZ ,inddftion'm3$ féith sditswitR*PRaratéatically acceptable acids or bases, and such

pharmaceutically acceptable salts of the compounds described herein are also within
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
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
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
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
employed.

Compound names were generated with ACD version 8; and Intermediates and
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.

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.

28



[ CAS
1H),

2973-78-6] 5.1 Hz, 1H), 7.32 (dd, J = 2.1, thienyl)benzyl 8.4 Hz,
7.23-7.18 (m }azetidine-3- 3-nethyl-5- 2H), 7.14-7.04 (m 5H), 4.26

car boxyl iwophamgbpent an- 1-ol (s, 2H), 4.17-4.11 (m 6H) PCTE[ISiZ(ﬂO{O@Sﬁ

55066
t hi op

Al Bl G608 SolsMlentalaiysts Bragiiah e sVBhednIs naLIePTHRIAT 1 bo (d.

= 6. &urhasefiraMIcHePiBA ARAebrSEEH 85 EgrAd AldridtEATRuRE Hld-Bldekd, Comhoi-

10

15

20

25

30

blocks, TCI, VWR, Lancaster, Oakwood, Trans World Chemical, Alfa, Fisher,
Maybridge, Frontier, Matrix, Ukrorgsynth, Toronto, Ryan Scientific, SiliCycle,
Anaspec, Syn Chem, Chem-Impex, MIC-scientific, Ltd; 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.

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

CHsCN  acetonitrile

PSI  pound per square inch

DCM dichloromethane

DMF  N,N-dimethylformamide

NaOH sodium hydroxide

MeOH methanol

CDsOD  deuterated methanol

NHs ammonia

HCIl  hydrochloric acid

Na SOs sodium sulfate

Si-CBH  Silica bonded cyanoborohydride
rt  room temperature

MgSO4 magnesium sulfate

EtOAc ethyl acetate

CDCI; deuterated chloroform

DMSO-ds deuterated dimethyl sulfoxide
Auto-column automated flash liquid chromatography
TFA  trifluoroacetic acid

THF  tetrahydrofuran

NaHB(OAc)s sodium triacetoxyborohydride
DEAD diethyl azodicarboxylate

29



10 1-{3-(5- Internmediate 1 (300 MHz, CD30D): 6 7.70 (d, nmethyl-2- J = 2.1
Hz, 1H), 7.34 (d, J = thienyl)-4-[(5- (5-nethylthiophen- 3.3 Hz, 1H),
7.29-7. 20wormpi/gebenyl pentyl ) 2-yl )boroni c acid 3H), 7.l1l@cTak201005732¢), 7.07
oxy] ber}\ig/zrq}zg S 162607- 20- (d, J 8.4 Hz, 1H), 6.73 (d, J etidine-3-

= 3 §pfiuMyCFHOnate 2H) carboxylic 4.14-4.08 (m 6H), 3.42-3.33

aC| d (¢8,C) cediufdcdrbondte= 7- 5 Hz, 2H), 2.47 (s, 3H), 1.94-1.86

M molar
PdClx(PPhs)2 bis(triphenylphosphine)palladium(ll) chloride

5  AcOH acetic acid
K2COs potassium carbonate
Cul copper iodide
MnO;, magnesiunm oxide
MgClz, magnesium chloride

10 NaCl sodium chloride

Ti(OEt)s titanium ethoxide
MeMgBr methylmagnesium bromide
CHClIs chloroform

15 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.

20 Example 1
Compound 1

1-{3-(3-furyl)-4-[(5-phenylpentyl)oxy]benzyl}azetidine-3-carboxylic acid

Step-1: A solution of 5-phenyl-pentan-1-ol [CAS 10521-91-2] (4.50 mL, 26.6 mmol),

25  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.
Chromatography on an Teledyne-ISCO CombiFlash with a silica column (auto-

30 column) with 9.5 Hexanes/0.5 EtOAC to 9 Hexanes/1 EtOAc gave Intermediate1:
3-bromo-4-(5-phenyl-pentyloxy)-benzidehyde as a clear oil that solidified upon
standing, 5.38 g (58%).
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(m 2H), 1.76-1.66 (m 2H), 1.62-1.52 (m 2H) 11 1-{3-(4- Internediate 1
(300 MHz, CD30D): 67.74 (d, methyl-2- J =2.1 Hz, 1H), 7.39 (s, 1H),
t hi enyl) -Wo20B/066w9net hyl t hi ophen- 7.29 (dd, J = 2.1, 8P&THS2010/657336

henyl pent - ' id 7, 25-7. 2 . 16:.7 benzyl
Peas” 165BOHIR o WHSGoe )-8 ot (5 Tl B9 o ko o ] 73 Wy Yo7 (A%
1H, 4.26 29 HZHH), 7928-PP8Y(n BSHY 6106 b, 98 8 HEHIH), 3. BY (1( I = 8.3THz, 2H),

2.67 (t, J = 7.2 Hz, 2H), 1.92-1.55 (m, 6H).

5  Step-2: 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) NaxCOs3 (2.8 mL, 2M)
and PdCIy(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 water, and
extracted (two times) with 1:1 EtOAc:Hexanes (200 mL). The organic layers were

10 washed with water (three times), dried over MgSOs., filtered and concentrated onto
silica gel. Auto-column (9 Hexanes/1 EtOAc) gave Intermediate 2: 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,
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),

15 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).

Step-3: A solution of Intermediate 2 (230 mg, 0.66 mmol) and azetidine-3-carboxylic
acid [CAS 36476-78-5] (66 mg, 0.65 mmol) in AcOH (0.2 mL), THF (2 mL) and

20  MeOH (10 mL) was treated with Si-CBH, silica bonded cyanoborohydride
(0.71 g, 0.93 mmol/g on silica gel support) and the mixture was reacted at rt for ~16-
18 h. The mixture was concentrated onto silica gel and the solvent was removed
under vacuum. Auto-column (25>40% MeOH: CH2Cl2) gave a white solid of the title
compound: 1-{3-(3-furyl)-4-[(5-phenylpentyl)oxy]benzyl}azetidine-3-carboxylic

25 acid 189 mg (69%).
"H NMR (300 MHz, CD30OD): 5 8.02 (s, 1H), 7.64 (d, J = 2.4 Hz, 1H), 7.53 (t, J= 1.8
Hz, 1H), 7.30-7.20 (m, 3H), 7.16-7.0 (m, 3H), 7.06 (d, J = 8.7 Hz, 1H), 6.90 (d, J =
1.2 Hz, 1H), 4.26 (s, 2H), 4.14-4.07 (m, 6H), 3.40-3.33 (m, 1H), 2.63 (t, J = 7.8 Hz,
2H), 1.94-1.84 (m, 2H), 1.75-1.65 (m, 2H), 1.58-1.48 (m, 2H).

30

Compounds 2-21 were prepared from the corresponding benzaldehyde, and

azetidine-3-carboxylic acid in a similar manner to the procedure described in

Example 1 for Compound 1. The reagents used and the results are described
35 below in Table 1.
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aci d

2H),

7.8 Hz,

2H)
1.62-1.57 9m 2H).
met hyl - 2-wo2otiloeed9 J H)

( 3- net hyl t hi ophen- H) ,
2-yl)boronic acid (d, J = 5.1 Hz, 1N?H,ée71124-7.2o

2.26 (s,

1.8,

7.35 (d, J

3H),
12 1-{3-(3-
8.1 Hz, 1

1. 94-

= 2.1

1.85 (m 2H),
Internmediate 1 (300 MHz, CD30D):
t hi enyl) - 4- [ PET/US2010/057336

1.72-1.65 (m

7.28 phenyl pentyl)
oxy] benzyl }az [ CAS

6

1

T34 Ggnriating? WP AE Warfie V%] REag@hits) ubEd MR NMFPS (B fofl 7 = >
number Compound

2 1-{3-methoxy- | 5-phenyl-pentan-1- | (300 MHz, CD;OD): & 7.52
4-[(5- ol (dd, J = 0.9, 3.6 Hz, 1H), 7.43
phenylpentyl) | [CAS 10521-91-2] | (dd, J = 0.6, 4.8 Hz, 1H), 7.37
oxy]-5-(2- (d, J = 0.9 Hz, 1H), 7.26-7.21
thienyl)benzyl | 3-bromo-4- (m, 2H), 7.15-7.13 (m, 3H),
}azetidine-3- | hydroxy-5- 7.08 (dd, J = 3.6, 4.8 Hz, 1H),
carboxylic methoxybenzaldeh | 7.04 (d, J = 1.8 Hz, 1H), 4.28
acid yde (s, 2H),4.17 (d, J = 8.4 Hz,

[CAS 2973-76-4] | 4H), 3.96-3.83 (m, 2H), 3.8 (s,

3H), 3.44-3.34 (m, 1H), 2.58 (t,
thiophen-2-yl J=7.8 Hz, 1H), 1.81-1.72 (m,
boronic acid 2H), 1.67-1.57 (m, 2H), 1.49-
[CAS 13331-23-2] | 1.39 (m, 2H)

3 1-{4-[(6- 3-bromo-4- (300 MHz, CDCl3): 07.72 (d,
phenylhexyl)o | hydroxybenzaldeh | J=1.8 Hz, 1H), 7.50 (d, J =
xy]-3-(2- yde 2.7 Hz, 1H), 7.28-7.24 (m,
thienyl)benzyl | [CAS 2973-78-6] | 4H), 7.18-7.15 (m, 3H), 7.01
}azetidine-3- (dd, J = 3.9, 5.1 Hz, 1H), 6.87
carboxylic 6-phenylhexan-1- | (d, J = 8.7 Hz, 1H), 4.05-3.96
acid ol (m, 8H), 3.40-3.35 (m, 1H),

[CAS 2430-16-2] | 2.60 (t, J = 7.8 Hz, 2H), 1.90-
1.80 (m, 2H), 1.69-1.59 (m,

thiophen-2-yl 2H), 1.56-1.48 (m, 2H), 1.44-

boronic acid 1.37 (m, 2H).

[CAS 13331-23-2]

4 1-{4-[3- 3-bromo-4- (300 MHz, CDCl3): 0 7.73 (s,
(benzyloxy)pr | hydroxybenzaldeh | 1H), 7.47 (d, J = 3.0 Hz, 1H),
opoxy]-3-(2- yde 7.30-7.24 (m, 7H), 7.01-6.98
thienyl)benzyl | [CAS 2973-78-6] (m, 1H), 6.91 (d, J = 8.4 Hz,
}azetidine-3- 1H), 4.49 (s, 2H), 4.16 (t,J =
carboxylic 3- 6.3 Hz, 2H), 4.08-3.97 (m,
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carboxylic (s, 2H), 4.14 (d, J = 8.1 Hz, acid 4H) 3.98 (t, J = 6.0 Hz,
2H) , 3.42-3.36 (m 1H), 2.54 (t, J = 7.8 Hz, 2H), 2.08 (s, 3H), 1.76-
1.67 (m WH)2p1120666391. 53 (m WO 2011/ 066179PCT/ U82010/ 05@33&2010/02‘1—3}36
1.44-1-36(m2Hy 13 1-{4-[(5 |ntermediate 1 {3 8-93 (s,
ohenyllnentyl ] 115oida 33 (.  REENEYOBORERaTS | SFloRy 0 ol 7 60 H2, ZH),

-1-ol 3.44-3.36 (m, 1H), 2.20-2.13

[CAS 4799-68-2] (m, 2H)

thiophen-2-yl

boronic acid

[CAS 13331-23-2]

5 1-{4-[3-(4- 3-bromo-4- (300 MHz, CDCl3): 8 7.74 (s,
isobutylpheny | hydroxybenzaldeh | 1H), 7.52 (d, J = 2.7 Hz, 1H),
l)propoxy]-3- | yde 7.29-7.22 (m, 2H), 7.11-7.01
(2- [CAS 2973-78-6] (m, 5H), 6.86 (d, J = 8.7 Hz,
thienyl)benzyl 1H), 4.06-4.01 (m, 8H), 3.42-
}azetidine-3- | 3-(4- 3.36 (m, 1H),2.82 (t,J=7.8
carboxylic isobutylphenyl)pro | Hz, 2H), 2.43 (d, J = 6.9 Hz,
acid pan-1-ol 2H), 2.22-2.14 (m, 2H), 1.90-

[CAS 147598-21- |1.76 (m, 1H), 0.89(d, J =6.6
8] Hz, 6H).

thiophen-2-yl

boronic acid

[CAS 13331-23-2]

6 1-[4-(2- 3-bromo-4- (300 MHz, CDCIs-CD3s0OD): 0
biphenyl-4- hydroxybenzaldeh | 7.67 (d, J = 1.8 Hz, 1H), 7.59-
ylethoxy)-3-(2- | yde 7.53 (m, 4H), 7.47-7.41 (m,
thienyl)benzyl | [CAS 2973-78-6] | 3H), 7.38-7.32 (m, 4H), 7.27
Jazetidine-3- (d, J = 8.7 Hz, 1H), 7.07-7.04
carboxylic 2-(biphenyl-4- (m, 1H), 6.99 (d, J = 8.1 Hz,
acid yl)ethanol 1H), 4.34 (t, J = 6.9 Hz, 2H),

[CAS 37729-18-3] | 4.15-4.10 9m, 4H), 3.95 (t, J =
9.3 Hz, 2H), 3.30-3.24 (m,

thiophen-2-yl 3H).

boronic acid

[CAS 13331-23-2]

7 1-{3-chloro-4- | 3-bromo-5-chloro- | (300 MHz, CDCl3): 0 7.66 (d,
[(5- 4-hydroxy- J=21Hz, 1H),7.54 (d,J =

33



5-(4,4,5,5- 1.8 Hz, 1H), 7.37 (dd, J = 2.1, thiazol-5- tetramethyl-1,3,2-
8.4 Hz, 1H), 7.25- 7 20 (m yl)benzyl }azet di oxaborolan-2- 2H), 7.16-7.11
(m 4H), wWod11(uase179i di ne- 3- yl )t hiazol e J = 6. 3 Hz 2H) PCZE/IIS@M(WSBZH)
car boxyli-e—[CAS- 1086111~ 3.98-3. 84 9m 3 aci-d—09 M 1H),
2.63 (t, 3 = 7.5 phenylpepyl) - 1b%zaia%'d(em 3H2- 7Yz g, 757 (ergrﬁ 82H) ,
1.76-1.66 (m Sx)1-54261- 1. S AdpoZslre- 8 1 HAH)>7.45 (d, J =1.8 Hz,
thienyl)benzyl 1H), 7.26-7.21 (m, 2H), 7.16-
}azetidine-3- 5-phenyl-pentan-1- | 7.10 (m, 4H), 4.17 (s, 2H),
carboxylic ol 4.09-3.98 (m, 14H), 3.82 (t, J =
acid [CAS 10521-91-2] | 6.3 Hz, 2H), 3.42-3.34 (m,
1H), 2.61 (t, J = 7.8 Hz, 2H),
thiophen-2-yl 1.85-1.76 (m, 2H), 1.68-1.58
boronic acid (m, 2H), 1.53-1.45 (m, 2H).
[CAS 13331-23-2]

8 1-{3-chloro-4- | 3-bromo-5-chloro- | (300 MHz, CD;0OD): & 7.74 (d,
[(5- 4-hydroxy- J=1.8Hz, 1H),7.45(,J =
phenylpentyl) | benzaldehyde, 3.6 Hz, 1H), 7.38 (d, J=8.7
oxy]-5-(2- [CAS 2973-78-6] | Hz, 1H), 7.20 (d, J = 8.1 Hz,
thienyl)benzyl 2H), 713 (d, J = 8.7 Hz, 1H),
Jazetidine-3- | 2-(4- 7.07-7.03 (m, 3H),4.35 (t, J =
carboxylic isobutylphenyl)eth | 6.9 Hz, 2H), 4.27 (s, 2H), 4.13
acid anol (d, J = 8.4 Hz, 4H), 3.45-3.34

[CAS 36039-35-7] | (m, 1H), 3.15 (t, J = 6.9 Hz,
2H), 2.43 (d, J = 7.2 Hz, 2H),

thiophen-2-yl 1.87-1.77 (m, 1H), 0.88 (d, J =

boronic acid 6.6 Hz, 6H).

[CAS 13331-23-2]

9 1-{4-[(3- 3-bromo-5-chloro- | (300 MHz, CDsOD): 0 7.77 (d,
methyl-5- 4-hydroxy- J=2.1Hz, 1H) 7.54 (dd, J =
phenylpentyl) | benzaldehyde, 0.9, 3.6 Hz, 1H), 7.38 (d, J =
oxy]-3-(2- [CAS 2973-78-6] | 5.1 Hz, 1H), 7.32 (dd, J = 2.1,
thienyl)benzyl 8.4 Hz, 1H), 7.23-7.18 (m,
}azetidine-3- | 3-methyl-5- 2H), 7.14-7.04 (m, 5H), 4.26
carboxylic phenylpentan-1-ol | (s, 2H), 4.17-4.11 (m, 6H),
acid [CAS 55066-48-3] | 3.42-3.33 (m, 1H), 2.72-2.52

(m, 2H), 2.04-1.91 (m, 1H),
thiophen-2-yl 1.85-1.63 (m, 3H), 1.56-1.44
boronic acid (m, 1H), 1.00 (d, J = 6.6 Hz,

34



Internediate 1 (300 MHz, CD30D): 6 8.98 (d, phenylpentyl) J = 1.5 Hz,
1H), 8.23 (d, J = oxy]-3-(1,3- 4-(4,4,5,5- 1.8 Hz, 1H), 7.99 (d, J = 1.8,
t hi azol - awotetw@meebhyl - 1, 3, 2- 1H) 7.39 (dd, J = 2.1, 8PETHZB2010/057336
yl ) benzyl}azet—di-oxaberol-an-2 7 26-7 20 (m—2H)—7-15 di-ne-3
yl Ythilazol e 7.09 (m 4H), 4. 27[%$ 13881232 bt i ¢ [CAS 1083180- 00-
4.16-4.10 (m 6H), 3.42-3.33 |acid 0] (m 1H)|, 2.62 (t, J = 7.5 Hz, 2H)
1.95-1.85 (m 2H), 1.74-

10 1-{3-(5- Intermediate 1 (300 MHz, CD3;0D): 6 7.70 (d,
methyl-2- J=21Hz 1H),7.34 (d,J =
thienyl)-4-[(5- | (5-methylthiophen- | 3.3 Hz, 1H), 7.29-7.20 9m,
phenylpentyl) | 2-yl)boronic acid 3H), 7.16-7.12 (m, 2H), 7.07
oxylbenzyl}az | [CAS 162607-20- | (d, J = 8.4 Hz, 1H),6.73 (d, J
etidine-3- 7] = 2.4 Hz, 1H), 4.25 (S, 2H),
carboxylic 4.14-4.08 (m, 6H), 3.42-3.33
acid (m, 1H), 2.63 (t, J = 7.5 Hz,

2H), 2.47 (s, 3H), 1.94-1.86
(m, 2H), 1.76-1.66 (m, 2H),
1.62-1.52 (m, 2H)

11 1-{3-(4- Intermediate 1 (300 MHz, CD3;0D): 8 7.74 (d,
methyl-2- J=2.1Hz, 1H), 7.39 (s, 1H),
thienyl)-4-[(5- | (4-methylthiophen- | 7.29 (dd, J = 2.1, 8.4 Hz, 1H),
phenylpentyl) | 2-yl)boronic acid 7.25-7.20 (m, 2H), 7.16-7.12
oxylbenzyl}az | [CAS 162607-15- | (m, 3H), 7.08 (d, J = 8.7 Hz,
etidine-3- 0] 1H), 6.97 (s, 1H), 4.26 (s, 2H),
carboxylic 4.14-4.08 (m, 6H), 3.37 (t, J =
acid 7.8 Hz, 2H), 2.26 (s, 3H), 1.94-

1.85 (m, 2H), 1.72-1.65 (m,
2H), 1.62-1.57 9m, 2H).

12 1-{3-(3- Intermediate 1 (300 MHz, CD30OD): &
methyl-2- 7.41(dd, J =138, 8.1 Hz, 1H),
thienyl)-4-[(5- | (3-methylthiophen- | 7.35 (d, J = 2.1 Hz, 1H), 7.28
phenylpentyl) | 2-yl)boronic acid (d, J = 5.1 Hz, 1H), 7.24-7.20
oxylbenzyl}az | [CAS 177735-09- | (m, 2H), 7.14-7.08 (m, 4H),
etidine-3- 0] 6.88 (d, J = 5.1 Hz, 1H), 4.28
carboxylic (s,2H),4.14 (d, J = 8.1 Hz,
acid 4H) 3.98 (t, J = 6.0 Hz, 2H),

3.42-3.36 (m, 1H), 2.54 (t, J =
7.8 Hz, 2H), 2.08 (s, 3H), 1.76-
1.67 (m, 2H), 1.63-1.53 (m,
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zyl }az

1.65 (m 2H), 1.56-1.46 (m 2H). 15 1-{3- Internmediate 1 (300 MHz,
CD30D): 6 7.33 (d, «cyclopent-1- J =2.1 Hz, 1H), 7.26-7.20 (m
en- 1-y1l- &Wp(bt1/wycbopent - 1- en- 1 3H), 7.16-7. 10 (m 3H) pC®/1S8010/057336
phenyl penrtyH—yl boronic—aci-d J =8 7 Hz 640 (brs nvy] hen
[ CAS 850036- 28- [IH), 4.23 (s, 2H) 4.12 (d, RN o (o 2H)-'8 4 He
4.01 (t, J = 6.3| carboxylic | Hz, 2H), 3.42-3.33 (m 1H), acid
13 1-{4-[(5- Intermediate 1 (300 MHz, CD3;0OD): 0 8.93 (s,
phenylpentyl) 1H), 8.33 (s, 1H), 7.80 (d, J =
oxy]-3-(1,3- 5-(4,4,5,5- 1.8 Hz, 1H), 7.37 (dd, J = 2.1,
thiazol-5- tetramethyl-1,3,2- | 8.4 Hz, 1H), 7.25-7.20 (m,
yl)benzyl}azet | dioxaborolan-2- 2H), 7.16-7.11 (m, 4H), 4.14 (t,
idine-3- yl)thiazole J = 6.3 Hz, 2H), 4.06 (s, 2H),
carboxylic [CAS 1086111- 3.98-3.84 9m, 4H), 3.38-3.30
acid 09-2] (m, 1H), 2.63 (t, J = 7.5 Hz,
2H), 1.95-1.86 (m, 3H), 1.76-
1.86 9m, 2H), 1.76-1.66 (m,
2H), 1.61-1.53 (m, 2H).
14 1-{4-[(5- Intermediate 1 (300 MHz, CD3;OD): 6 8.98 (d,
phenylpentyl) J=15Hz 1H),8.23 (d,J =
oxy]-3-(1,3- 4-(4,4,5,5- 1.8 Hz, 1H), 7.99 (d, J = 1.8,
thiazol-4- tetramethyl-1,3,2- | 1H), 7.39 (dd, J = 2.1, 8.4 Hz,
yl)benzyl}azet | dioxaborolan-2- 1H), 7.26-7.20 (m, 2H), 7.15-
idine-3- yl)thiazole 7.09 (m, 4H), 4.27 (s, 2H),
carboxylic [CAS 1083180-00- | 4.16-4.10 (m, 6H), 3.42-3.33
acid 0] (m, 1H), 2.62 (t, J = 7.5 Hz,
2H), 1.95-1.85 (m, 2H), 1.74-
1.65 (m, 2H), 1.56-1.46 (m,
2H).
15 1-{3- Intermediate 1 (300 MHz, CD30OD): 0 7.33 (d,
cyclopent-1- J=2.1Hz, 1H), 7.26-7.20 (m,
en-1-yl-4-[(5- | cyclopent-1-en-1- | 3H), 7.16-7.10 (m, 3H), 6.98
phenylpentyl) | ylboronic acid (d, J = 8.7 Hz, 1H), 6.40 (brs,
oxylbenzyl}az | [CAS 850036-28- | 1H), 4.23 (s, 2H), 4.12 (d, J =
etidine-3- 1] 8.4 Hz, 4H), 4.01 (t, J=6.3
carboxylic Hz, 2H), 3.42-3.33 (m, 1H),
acid 2.75-2.69 (m, 2H), 2.62 (t, J =
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2.75-2.69 (m 2H), 2.62 (t, J = WD 2011/066179PCT/ US2010/ 057336 7.8 Hz,
2H), 2.51-2.45 (m 2H), 1.97-1.79 (m 4H), 1.74- 1.64 (m 2H), 1.56-1.46
(m 2H). W6 20t1(0661705- I nternediate 1 (300 MHz, CD30D) @cT/U‘s701()L057336
pheny| pnnfyl\ J =21 I—II7_1 1 _ 754 (d1 J = oxvl -2 thi-ophepn-2 .3
Hz, 1H), 7.38 (d, J = 4.5 thienyl)benzyl yltJr%HZc?'a‘Qq%ﬁlrzZ 436, 7.30 (dd,
J = 2|1, 87 Japetidine -3- [CAS 13331-23-2] 7.1 703, & 7@ 2H),
carboXylic 7.15+7.12 9m 3H)|, 7.08-7.04 aci ?ﬁ) 2H) 4 ZAHI)(S 3H) |,
4. 13- 164(m 2H)156146( ,
2H).
16 1-{4-[(5- Intermediate 1 (300 MHz, CDsOD): & 7.77 (d,
phenylpentyl) J=21Hz 1H),7.54 (d,J =
oxy]-3-(2- thiophen-2- 3.3Hz, 1H),7.38 (d, J=4.5

thienyl)benzyl

ylboronic acid

Hz, 1H), 7.30 (dd, J = 2.1, 8.7

Yazetidine-3- | [CAS 13331-23-2] | Hz, 1H), 7.24-7.19 (m, 2H),

carboxylic 7.15-7.12 9m, 3H), 7.08-7.04

acid (m, 2H), 4.24 (s, 3H), 4.13-
4.06 (m, 6H), 3.43-3.33 (m,
1H), 2.60 (t, J = 7.2 Hz, 2H),
1.94-1.82 (m, 2H), 1.73-1.63
(m, 2H), 1.62-1.51 (m, 2H).

17 1-{4-[(5- Intermediate 1 (300 MHz, CD30OD): 6 7.79 (d,
phenylpentyl) J=2.1Hz 1H),7.60 (d,J =
oxy]-3-(1H- (1H-pyrazol-5- 2.1 Hz, 1H), 7.37 (dd, J = 2.1,
pyrazol-5- yl)boronic acid 8.7 Hz, 1H), 7.24-7.20 (m,
yl)benzyl}azet | [CAS 1239363-47- | 2H), 7.15-7.09 (m, 4H), 6.73
idine-3- 3] (d, J =2.1 Hz, 1H), 4.23 (s,
carboxylic 2H), 4.12-4.07 9m, 6H), 3.43-
acid 3.33(m, 1H), 260 (t,J=7.5

Hz, 2H), 1.92-1.82 (m, 2H),
1.73-1.62 (m, 2H), 1.55-1.44
(m, 2H).

18 1-{4-[(5- Intermediate 1 (300 MHz, CD3;0OD): 0 8.07 (s,
phenylpentyl) 2H), 7.69 (d, J = 2.4 Hz, 1H),
oxy]-3-(1H- (1H-pyrazol-4- 7.24-7.04 (m, 7TH), 4.23 (s,
pyrazol-4- yl)boronic acid 2H), 4.12-4.06 (m, 6H), 3.42-
yl)benzyl}azet | [CAS 763120-58- | 3.30 (m, 1H), 2.62(t, J = 7.2,
idine-3- 7] 2H), 1.95-1.85 (m, 2H), 1.75-
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4.06 (m 6H), 3.43-3.33 (m 1H, 2.60 (t, J =7.2 Hz, 2H), 1.94-1.82
(m 2H), 1.73-1.63 (m 2H), 1.62-1.51 (m 2H). 17 1-(4-[(5- Internediate
1 (300 MRz 20D36R)79 6 7.79 (d, phenyl pentyl) J = 2.1 Per/usk)1oo3360 (d, J
= Oxy] 3 (lH_ /1|—Ln\lr azol -5 2 1 7 7 37 /rld1 J 2 l razol - 5-

yl ) borloni ¢ acid peathexylieny = 7. 24-7. 20 (rn T 65k fioy PH PO &M 30363 47-
2H), 7.15-7.09 (myeigH) . 6.73 2H).

19 1-{4-[(5- Intermediate 1 (300 MHz, CD3;0OD): 0 8.48
phenylpentyl) (dd, J =1.5,4.5 Hz, 2H), 7.55
oxy]-3- pyridin-4-ylboronic | (dd, J = 1.8, 4.5 Hz, 2H), 7.50-
pyridin-4- acid 7.48 (m, 2H), 7.26-7.19 (m,
ylbenzyl}azeti | [CAS 1692-15-5] | 2H), 7.15-7.10 (m, 4H), 4.26
dine-3- (s, 2H), 4.13-4.10 (m, 4H),
carboxylic 4.03 (t, d = 6.3 Hz, 2H), 3.49-
acid 3.33(m, 2H),2.56 (t, J=7.2

Hz, 2H), 1.79-1.69 (m, 2H),
1.66-1.56 (m, 2H), 1.45-1.35
(m, 2H).

20 1-{4-[(5- Intermediate 1 (300 MHz, CD3;OD): 07.66
phenylpentyl) (dd, J =1.2,3.0 Hz, 1H), 7.60
oxy]-3+(3- thiophen-3- (d, J = 1.2 Hz, 1H), 7.44 (dd, J
thienyl)benzyl | ylboronic acid =1.2,5.1 Hz, 1H), 7.38 (dd, J
}azetidine-3- | [CAS 5552-70-0] |=3.0,4.8 Hz, 1H), 7.32 (dd, J
carboxylic =21, 8.4 Hz, 1H), 7.25-7.20
acid (m, 2H), 7.14 (d, J = 6.9 Hz,

3H), 7.08 (d, J = 8.7 Hz, 1H),
4.23 (s,2H),4.13 (d,J=8.4
Hz, 4H), 4.05 (t, J = 6.6 Hz,
2H), 3.42-3.33 (m, 1H), 2.60 (t,
J=75Hz 2H),260(t,J=7.5
Hz, 2H), 1.87-1.78 (m, 2H),
1.71-1.61 (m, 2H), 1.53-1.43
(m, 2H).

21 1-({6-[(5- Intermediate 1 (300 MHz, CD3;0OD): 6 7.46
phenylpentyl) (dd, J = 1.8, 8.1 Hz, 2H), 7.34-
oxy]biphenyl- | phenylboronic acid | 7.28 (m, 5H), 7.25-7.19 (m,
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idine-3- 3] (d, J = 2.1 Hz, 1H), 4.23 (s, carboxylic 2H), 4.12-4.07 9m
6H), 3.43- acid 3.33 (m 1H), 2.60 (t, J = 7.5 Hz, 2H), 1.92-1.82 (m

2H) WORM@BRIem 2H), 1.55-1.44  (m 2H). 18 1-(#ckSmnsssered ate
1 (30 !VHZ, (‘I’Y)ﬂ )_- R Q ﬂ7 /c nhanvl nent \II 7 60 I‘IZ,
1H), |oxy] - 3- (1H 37 1H pyrazol | BAS 9828C6ha” (1 2H7)H? 1447 98 QTb 4"T) i
yl}methyl)azet (s, 2H), 4.14 (d, J = 8.1 Hz,
idine-3- 4H), 3.98 (t, J = 6.0 Hz, 2H),
carboxylic 3.36 (pentet, J = 7.8 Hz, 1H),
acid 2.54 (t, J = 7.8 Hz, 2H), 1.76-
1.68 (m, 2H), 1.61-1.53 (m,
2H), 1.43-1.36 (m, 2H).

Example 2
Compound 22

1-{3-(2-furyl)-4-[(5-phenylpentyl)oxy]benzyl}azetidine-3-carboxylic acid

Step-1: 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 15 m with MWI (microwave
irradiation: Biotage Initiator 2.5). The reaction mixture was diluted with 2:1

10 EtOAc/Hexanes (~150 mL), washed with water (three times), and dried over MgSQOy,
filtered and concentrated onto silica gel. Auto-column (9.5 Hexanes/0.5 EtOAc) gave
Intermediate 3: 3-furan-2-yl-4-(5-phenyl-pentyloxy)-benzaldehyde as a white
solid, 0.44 g (70 %).

15 "H NMR (300 MHz, CDsOD): & 9.94 (s, 1H), 8.37 (d, J = 2.1Hz, 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 2: Intermediate 3 reacted with azetidine-3-carboxylic acid as described in the
20  procedure for Example 1 to produce the title compound: 1-{3-(2-furyl)-4-[(5-

phenylpentyl)oxy]benzyl}azetidine-3-carboxylic acid.

"H NMR (300 MHz, CDsOD): & 7.90 (s, 1H), 7.53 (s, 1H), 7.28 (t, J = 8.1 Hz, 1H),

7.21 (d, J = 6.9 Hz, 2H), 7.16-7.12 (m, 3H), 7.06 (d, J = 8.7 Hz, 1H), 6.92 (d, J = 3.3

Hz, 1H), 6.48 (s, 1H), 4.28 (s, 2H), 4.15-4.07 (s, 2H), 3.40-3.33 (m, 1H), 2.62 (t, J =
25 7.2 Hz, 2H), 1.93-1.84 (m, 2H), 1.75-1.65 (m, 2H), 1.58-1.48 (m, 2H).
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pyr azol

[ CAS 763120-58- 3.30 (m 1H),
(m 2H), WODBBH/06§2011/ 066179PCT/ US2010/ 057336

-4- yl)boronic acid 2H),

2.62 (t, J =

4.12-4.06 (m 6H),
7.2,

3. 42-
I dine-3- 7] 2H),

oheny | HeARTOpinds R anli24iwee Brebared Tofh fhe.coptsSoBRU SR EMA GRS 4. y1 bor oni ¢
Eg}d jlabzeerl:ggve ﬂ;bggrt?&fyh@'é%ld i -2P8milaPHidrite téHtheASiotedutBaddBringin 7. 26- 7. 19
Example 2 for Compound 22. The reagents used and the results are described
below in Table 2.
5
Table 2
23 1-{4-[(5- Intermediate 1 (300 MHz, CD3;0OD): & 8.36 (d,
phenylpentyl)o J=21Hz 1H),7.88 (d,J =
xy]-3-(1,3- 2- 3.3 Hz, 1H),7.58 (d, J = 3.3
thiazol-2- (tributylstannyl)thia | Hz, 1H), 7.49 (dd, J = 1.8,8.4
yl)benzyl}azeti | zole Hz, 1H), 7.25-7.10 (m, 6H),
dine-3- [CAS 121359-48- |4.32(s,2H),4.23 (t,J=8.4
carboxylic acid | 6] Hz, 4H), 3.34-3.42 (m, 1H),
2.64 (t, J = 7.2 Hz, 2H), 2.02-
1.93 (m, 2H), 1.76-1.68 (m,
2H), 1.65-1.58 (m, 2H).
24 1-{3-(1,3- Intermediate 1 (300 MHz, CD3s0OD): & 7.91-
oxazol-2-yl)-4- 7.90 (m, 2H), 7.56 (dd, J = 2.1,
[(5- 2- 8.4 Hz, 1H), 7.28 (s, 1H), 7.24-
phenylpentyl)o | (tributylstannyl)oxa | 7.10 (m, 6H), 4.29 (s, 2H),
xy]benzyl}azeti | zole 4.19-4.09 (m, 6H), 3.42-3.33
dine-3- [CAS 145214-05- | (m, 1H), 2.60 (t, J = 7.5 Hz,
carboxylic acid | 7] 2H), 1.88-1.79 (m, 2H), 1.71-
1.62 (m, 2H), 1.55-1.45 (m,
2H).
10 Example 3

Compound 25

1-{4-[(5-phenylpentyl)oxy]-3-(1H-pyrazol-1-yl)benzyl}azetidine-3-carboxylic

acid

15 Step 1: A solution of Intermediate 1 (0.41 g, 1.18 mmol), KoCOs3 (0.49 g, 3.54
mmol), Cul (0.23 g, 2.39 mmol), pyrazole [CAS 288-13-1] (0.18 g, 2.64 mmol) and
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[ CAS 1692-15-5] 2H), 7.15-7.10 (m 4H), 4.26 dine-3- (s, 2H), 4.13-4.10
(m 4H), carboxylic 4.03 (t, J =6.3 Hz, 2H), 3.49- acid 3.33 (m 2H),
2.56 (t, Wo=20i/@6179 Hz, 1.79-1.69 (m 2H), 1. 66 PLTAB2¢ 10705384 ,

2H),
L gy £ ST LIRS iy b el 208 BT ©°
°C for 16-18 h. To the mixture was added Cs,COs3 (1.0 g, 3.07 mmol) Cu-Sn alloy
(500 mg, 200 mesh) and DMF (~15 mL) and heating at 160 °C was continued for 16-
18 h. The mixture was cooled to rt and subjected to a standard aqueous work-up.

5  The crude material was purified on auto-column (8:2 Hexanes/EtOAc) to give
Intermediate 4 as a white solid, 4-(5-phenylpentyloxy)-3-(1H-pyrazol-1-
yl)benzaldehyde 120 mg (51%).

"H NMR (300 MHz, CD3;0OD): & 9.94 (s, 1H), 8.31 (d, J = 1.8Hz, 1H), 8.05 (d, J =1.8
Hz, 1H), 7.84-7.80 (m, 1H), 7.79 (s , 1H), 7.29-7.24 (m, 2H), 7.78-7.11 (m, 4H), 6.42
10 (s,1H),4.14 (t,J = 6.3 Hz, 2H), 2.63 (t, J = 7.8 Hz, 2H), 1.83-1.39 (series of m, 6H).

Step 2: Intermediate 4 reacted with azetidine-3-carboxylic acid as described in the
procedure for Example 1 to produce the title compound: 1-{4-[(5-
phenylpentyl)oxy]-3-(1H-pyrazol-1-yl)benzyl}azetidine-3-carboxylic acid.

15 "H NMR (300 MHz, CD3;0OD): & 8.01 (d, J =2.1 Hz, 1H), 7.68 (dd, J = 2.1, 7.8 Hz,
2H), 7.43 (dd, J = 2.1, 8.4 Hz, 1H), 7.25-7.20 (m, 3H), 6.44 (t, J = 2.4 Hz, 1H), 4.26
(s, 2H), 4.16-4.04 (m, 6H), 3.40-3.32 (m, 1H), 2.58 (t, J = 7.5 Hz, 2H), 1.83-1.74 (m,
2H), 1.68-1.58 (m, 2H), 1.47-1.39 (m, 2H).

20 Example 4
Compound 26

1-{4-[(5-phenylpentyl)thio]-3-(2-thienyl)benzyl}azetidine-3-carboxylic acid

Step-1: A mixture of 3-bromo-4-fluorobenzaldehyde [CAS 77771-02-9] (5.1 g, 24.6
25 mmol) in DMF (25 mL) was treated with sodium sulfide Na,S9H,0 (6.80 g, 27.7
mmol) and the mixture was stirred at rt for 9 d. After an acidic workup and extraction
with Hexanes/EtOAc (1:1) the pooled organic layers were washed with water (three
times) and dried over MgSOQy, filtered and concentrated onto silica gel. Auto-column
(9:1 hexane/EtOAc) gave Intermediate 5 as a solid 3.07 g (58%) 3-bromo-4-
30 mercaptobenzaldehyde.
"H NMR (300 MHz, CD3;0D): & 9.86 (s, 1H), 7.98 (d, J = 1.5Hz, 1H), 7.64 (d, J =1.8
Hz, 1H), 7.47 (d, J = 7.8 Hz, 1H), 4.31 (s, 1H).
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t hi ophen-3- (d, J = 1.2 Hz, 1H), 7.44 (dd, J thienyl)benzyl vyl boroni c acid
=1.2, 5.1 Hz, 1H), 7.38 (dd, J }azetidine-3- [CAS 5552-70- 0] 3.0, 4.8
Hz, 1H), wo2Bi1{we79J carboxylic = 2.1, 8.4 Hz, 7P2$fUE2®®/05'BGGd (m

7 o8 o B Feppociy s G880l ) o @0[55 BEPTIRE TR A
(M IH)broddpeniyiYbenzene [CAS 14469-83-1] (2.61 g, 11.5 mol) with triethylamine (3.1

mL) in THF (30 mL) was stirred at rt for 18 hr. The solvent was removed under
vacuum and the residue was dissolved in EtOAc/Hexanes (200 mL, 1:1), washed

5  with water, dried over MgSOy, filtered and concentrated onto silica gel. Auto-column
(9.5 Hexanes/0.5 EtOAc) gave Intermediate 6 an oil, 1.74 g (42%) 3-bromo-4-((5-
phenylpentyl)thio)benzaldehyde.
"H NMR (300 MHz, CDCls): & 9.86 (s, 1H), 7.98 (d, J = 1.8 Hz, 1H), 7.72 (dd, J =
8.4, 1.2 Hz, 1H), 7.28-7.15 (m, 6H), 2.97 (t, J = 7.5 Hz, 2H), 2.63 (t, J = 7.5 Hz, 2H),

10 1.79-1.54 (series of m, 6H).

Step-3: Intermediate 6 and thiophen-2-ylboronic acid reacted with azetidine-3-
carboxylic acid as described in the procedure for Example 1 to produce the title
compound: 1-{4-[(5-phenylpentyl)thio]-3-(2-thienyl)benzyl}azetidine-3-carboxylic
acid.

15 "H NMR (600 MHz, CD3sOD): & 7.48-7.47 (m, 1H), 7.46-7.45 (m, 2H), 7.36 (dd, J =
2.4,8.4 Hz, 1H), 7.26-7.25 (m, 1H), 7.23-7.21 (m, 2H), 7.13-7.11 (m, 3H), 7.10 (dd, J
=4.2,5.4 Hz, 1H), 4.26 (s, 2H), 4.14-4.08 (m, 4H), 3.39-3.34 (m, 1H), 2.86 9t, J =
7.8 Hz, 2H), 2.56 (t, J = 7.8 Hz, 2H), 1.64-1.56 (m, 4H), 1.44-1.39 (m, 2H).

20 Example 5
Compound 27

1-{3-cyclopent-1-en-1-yl-4-[(5-phenylpentyl)thio]benzyl}azetidine-3-carboxylic

acid

25  The title compound was synthesized according to the procedure described in
Example 4; wherein Intermediate 6 reacted with cyclopent-1-en-1-ylboronic acid in
Step 3.
"H NMR (600 MHz, CDsOD): & 7.34 (d, J = 8.4, 1H), 7.26-7.21 (m, 4H), 7.14-7.11
(m, 3H), 5.91 (pentet, J = 2.4 Hz, 1H), 4.23 (s, 2H), 4.13-4.08 (m, 4H), 3.39-3.33 (m,
30 1H),2.90 (t, J = 7.8 Hz, 2H), 2.73-2.70 (m, 2H), 2.58 (t, J = 7.2 Hz, 2H), 2.54-2.50
9m, 2H), 2.03-1.98 (m, 2H), 1.66-1.59 (m, 4H), 1.48-1.43 (m, 2H).
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J=7.5Hz, 2H, 2.60 (t, J =7.5 Hz, 2H), 1.87-1.78 (m 2H),
1.71-1.61 (m 2H), 1.53-1.43 (m 2H). 21 14{64(5- Internediate 1 (300
VHz, CD30®p:206/066¥W6 phenyl pentyl) (dd, J = 1.8, 8.1 HepCTAINPY10/05B46

oxy] bi ggenél - Ehenyl boronic acid 7.28 (m 5H), 7.25-7.19 (m WO
2011/ 0 US2010/ 057336 3- [CAS 98-80-6] 2H), 7.14-7.06 (m 4H), 4.28

yl }methyl)azet (s, 2H), 4.14 (dcompo@ind 2
3-({4-[(5-phenylpentyl)oxy]-3-(2-thienyl)benzyl}amino)cyclobutanecarboxylic
acid

Step-1: A solution of Intermediate 7: 4-((5-phenylpentyl)oxy)-3-(thiophen-2-
yl)benzaldehyde [as produced during the synthesis of Compound 16, from
Intermediate 1 and thiophen-2-yl boronic acid] (230 mg, 0.66 mmol) and ethyl 3-
aminocyclobutanecarboxylate—HCI salt [CAS 957793-35-0] (150 mg, 0.84 mmol) in

10 THF (11 mL), acetic acid (1.2 mL) and EtOH (6 mL) was stirred at rt for 1 h.
Intermediate 7: "H NMR (300 MHz, CDCls): 8 9.92 (s, 1H), 8.17 (d, J = 2.1 Hz, 1H),
7.75(dd, = 9.9, 2.1 Hz, 1H), 7.56 (dd, J = 3.6, 1.2 Hz, 1H), 7.37-7.02 (series of m,
8H), 4.16 (t, J = 6.6 Hz, 2H), 2.66 (t, = 7.2 Hz, 2H), 2.01-1.54 (series of m, 6H).
NaBH(OAc)s (320 mg, 1.43 mmol) was added and the mixture was stirred at rt for 18

15 h. Solvents were removed under vacuum and the mixture was treated with NaOH (1
M) to adjust pH > 7. The mixture was extracted with EtOAc, and the organic layers
were combined, dried over MgSOy, filtered and concentrated onto silica gel. Auto
column (EtOAc) gave Intermediate 8 as a clear oil, ethyl 3-((4-((5-
phenylpentyl)oxy)-3-(thiophen-2-yl)benzyl)amino)cyclobutanecarboxylate.

20 'H NMR (300 MHz, CDCl3): 57.57 (d, J = 1.8 Hz, 1H), 7.50 (dd, J = 0.9, 2.7 Hz,
1H), 7.31-7.14 (m, 7H), 7.06 (dd, J = 3.9, 1.5 Hz, 1H), 6.90 (d, J = 8.4 Hz, 1H), 4.15-
4.03 (m, 4H), 3.69 (s, 2H), 3.29-3.18 (m, 1H), 2.78-2.46 (m, 5H), 2.01-1.49 (series of
m, 8H), 1.24 (t, J = 6.9 Hz, 3H).

25  Step-2: Intermediate 8 (200 mg, 0.42 mmol) in dioxane (10 mL) was treated with
NaOH (3.5 mL, 1M) at rt for 1h. Solvent was removed under vacuum and the pH
was adjusted to 3-4 with HCI (1M). The solution was extracted with CHClIs:
isopropanol (3:1). The organic solvent was removed under vacuum to give the title
compound: 3-({4-[(5-phenylpentyl)oxy]-3-(2-thienyl)benzyl}amino)

30 cyclobutanecarboxylic acid.

"H NMR (300 MHz, CDsOD): 5 7.83 (d, J = 2.1 Hz, 1H), 7.58 (dd, J = 0.9, 3.9 Hz,
1H), 7.41 (d, J = 5.4 Hz, 1H), 7.35 (dd, J = 2.1, 8.4 Hz, 1H), 7.25-7.20 (m, 2H), 7.16-
7.13 (m, 3H), 7.10-7.06 (m, 2H), 4.15-4.09 (m, 4H), 3.77 (pentet, J = 8.4 Hz, 1H),
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idine-3- 4H), 3.98 (t, J = 6.0 Hz, 2H), <carboxylic 3.36 (pentet, J = 7.8
Hz, 1H), acid 2.54 (t, J =7.8 Hz, 2H), 1.76- 1.68 (m 2H), 1.61-1.53
(m 2Hy0 201148617936 (m 2H). Exanple 2 Conpound 22 PCT/US2010/057336

St cp- | 5 PAiERkit S ANE0T8E LoSL Ny 445 Es [madil G Blne v

tribut r I 12]43)486- 94-5] (1.2 nm., 3.70 mml) and
PdClZ(g&%??@é%@g@??ﬂﬁﬁ’at 16000 for 15 mwith MN (m crowave

irradiation: Biotage Initiator 2.5). The reaction mxture was diluted with
2:1 10ELOAc/ anes (-150 nL), washed with water (three tines), and dried
over Mtered and concentrated onto silica gel. Auto-colum (9.5
Hexanes/ 0.5 Et 0Ac) gave I ntermedigdmpdund 29

3-furan-2-yl-4-(5-phenyl - pentyl oxy)- enzal dehyde as a white solid, 0.44 ¢
(70 % . 151H Nm[(ad&d(gnm,enamuy.)oesyb.?»ghle(rw,lym%yl}se.tbyl)@m,mg] = 2.1Hz, 1H),
7.77-7.74 (m 1H), 7.49 (d, = . 7.30-7.10 (m 5H), 7.04-6.90
(m 2H), 6.50 (brs, 1H), 4. ‘z'i‘fg?.b%'%g?%]gar?l]??}’"ﬁ.afg‘?z. 60 (m 2H), 2.10-1.50
(series m 6H). Step 2: Internmediate 3 reacted with

azetidi ne-3-carboxylic acid as described in the 20procedure for Exanple 1
to prodfea-t:emixtuieotintemnegiate 7(800 mg. t.¢4 yomol) (s THF (15 mL) at -78 °C

DI S o WA B0 1% B endh g werf N (OB 4,
= 6.9 He, TR&Mixiord 6as. duncired 3h watedbarfdl THF ren®vedHmdetpcubmOZTHed, J =
210 "% sy Sapebtlued i End bre bl Binionile wdid ks (™
1.58-1.4% MgSOa!")iltereM\;oa@@Eéﬁ@&ﬁﬂ&@@%fd@ﬁ@é@épﬁ%‘jcolumn (8.5 hexane/1.5
EtOAc) gave Intermediate 9, as an oil, 450 mg (72%): 1-(4-((5-phenylpentyl)oxy)-
15  3-(thiophen-2-yl)phenyl) ethanol.
"H NMR (600 MHz, CDCls): 5 7.63 (d, J = 4.2 Hz, 1H), 7.49 (dd, J = 1.2, 4.2 Hz,
1H), 7.29-7.16 (series of m, 7H), 7.05 (dd, J = 3.6, 4.8 Hz, 1H), 6.87 (d, J = 9.0 Hz,
1H), 4.83 (g, J = 6.0 Hz, 1H), 4.02 (d, J = 6.0 Hz, 2H), 2.63 (t, J = 7.8 Hz, 2H), 1.91-
1.54 (series of m, 6H), 1.48 (d, J = 6.6 Hz, 3H).
20
Step-2: A mixture of Intermediate 9 (450 mg, 1.23 mmol) and MnO. (1.1 g, 10.7
mmol (85%)) in dioxane (20 mL) was heated at 100 °C for 18 h. The mixture was
filtered and solvent removed under vacuum. The residue was dissolved in
chloroform and concentrated onto silica gel under reduced pressure. Auto-column (9
25 hexane: 1 EtOAc) gave Intermediate 10, as a white solid 350 mg (78%) 1-(4-((5-
phenylpentyl)oxy)-3-(thiophen-2-yl)phenyl)ethanone. MS [M+23]" 387.19

Step-3: 3-Aminocyclobutanecarboxylate—HCI salt (260 mg, 1.45 mmol) in THF (8
mL) was treated with triethylamine (0.185 mL, 1.33 mmol) for 1 h at rt. Ti(OEt)4 (0.32
30 mlL) was added followed by Intermediate 10 (350 mg, 0.96 mmol) in THF (6mL) at rt
for 2.5 h. Sodium borohydride (190 mg) was added and the mixture was stirred at rt
for ~18 h. Agqueous ammonium hydroxide (2.5 mL) was added and the mixture
stirred for 1 h at rt. The solvent was removed and the mixture was diluted with
EtOAc, water, and filtered through celite. The organic layer was separated and the
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Compounds 23 and 24 were prepared fromthe correspondi ng stannate, and
azetidine-3-carboxylic acid in a simlar manner to the procedure descri bed
i n Exanplwo2ofiawe@onpound 22. The reagents used and t hePC&4Iska19/087386

d i bed bel i Tabl . 5. | 2 23 1-{4-[(5- ph | {

TS h. (udup v raesxiadea il FITA: The heddhit s Mel Slieh dfrer modi at e
1 2- tnai : i i 9 _ o ~=\08. 36
(o 5t GBS YR8 Btu)doicnf el dred'S) kg it T Abto-cOLnin (PEbRe: SHERRhes)O8

7. 49 (dghvelnterma@iate 411ds,a ¢lefpr oif 106-179,1@ 10 etbyh 3-(A-GR((Bs, 2H), 4.23 (t, J

2y, 1 BerdTbaniesalis Calener-By el oo™ (5 (T 0" i er e ate 1
220 Marhdaedmongagy - L9002 S (90 0 S
i1 but'y BR800 Mz, 101 v 7638 (0, 4 284 Gz o), 75y a5biamy ] HhTed1725 e
T & e (7 3HY, 7597 13 (F k)77 06l 0 E 36763 AZPT E280 (4D = 8B A, (1 Y
4.11-4.05 (m, 4H), 3.08 (m, 1H), 2.66-2.62 (m, 3H), 2.60-2.30 (series of m, 2H),
1.94-1.22 (series of m, 12H)
10
Step-4: A mixture of Intermediate 11 was hydrolyzed according to the procedure
described in Example 6 Step 2 and gave 81 mg of the title compound 3-[(1-{4-[(5-
phenylpentyl)oxy]-3-(2-thienyl)phenyl}ethyl) amino] cyclobutanecarboxylic
acid
15 "HNMR (600 MHz, CD30OD): 5 7.76 (d, J = 2.4 Hz, 1H), 7.56 (dd, J = 1.2, 4.2 Hz,
1H), 7.41 (dd, J = 1.2, 5.4 Hz, 1H), 7.31 (dd, J = 2.4, 9.0 Hz, 1H), 7.23 (t, J = 7.8 Hz,
2H), 7.16 (d, J = 7.8 Hz, 2H), 7.14-7.12 (m, 2H), 7.08 (dd, J = 3.6, 5.4 Hz, 1H), 4.32
(q,J =7.2 Hz, 1H), 4.14 (t, J = 6.0 Hz, 2H), 3.50 (t, J = 7.8 Hz, 1H), 2.81-2.75 (m,
1H), 2.64 (t, J = 7.8 Hz, 2H), 2.56-2.53 (m, 1H), 2.35-2.27 (m, 2H), 2.14-2.11 (m,
20  1H), 1.93-1.89 (m, 2H), 1.74-1.66 (m, 2H), 1.65 (d, J = 6.6 Hz, 3H), 1.61-1.57 (m,
2H).

Example 8

Biological Data
25  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.
GTP y*S binding was measured in the medium containing (mM) HEPES 25, pH 7.4,
30 MgCl; 10, NaCl 100, dithitothreitol 0.5, digitonin 0.003%, 0.2 nM GTP v>°S, and 5 Mg
membrane protein in a volume of 150 ul. Test compounds were included in the
concentration range from 0.08 to 5,000 nM unless indicated otherwise. Membranes
were incubated with 100 uM 5’-adenylylimmidodiphosphate for 30 min, and
subsequently with 10 uM GDP for 10 min on ice. Drug solutions and membrane were

45



carboxylic acid 7] 2H), 1.88-1.79 (m 2H), 1.71- 1.62 (m 2H), 1.55-1.45
(m 2H). 10 Exanple 3 Conpound 25
1- {4-[ (5-wbenylgermyl ) oxy] - 3- (1H pyrazol - 1- yI )benzyl } az eCraisee0851336 boxyl iC

(6 4o grigBsanc i reaations piess THAS0 By Hrring CTE S and pomBuesyons01] (o. 18
9, 2.64nmmld5 @dRe\ﬁ@clgﬁHkﬂﬁ&lmP&ﬁﬁé@aw Wé’{%%n GF/B filters under

N, N- di et hyI et hane- 1, 2-di am ne .1 m, 0.93 mmol di oxane was heated to
105 C fyaculsy, wdh/vasrteotﬂheeertlm@ar\mth/\amladﬂ@a @Mboﬁet((l-lEJPES 25, H7dpl ) Cu- Sn

For 16 Mglzn10 2R Natiob Hifle SNiereuriacitq iltes Sibseiuons 87 GPfialra "

aqueousogadtivity AR §F%&rﬂ@* %@E@Als%éu@éd deeqpssrbmhgm oeRine?: 2

Hexanes/ Et 0Ac) to give Internmediaie 4 as a white solid,

4- (5- pwm@ﬁvgé&%méw abseyeabaganisty | Bindingadaie meate analyzeg usinge

%“:T.”EQ fefPdreq SRR gl 48 ot o ochi ey o rhaBlfy g & 05 (¢
7.78-7. cbhtdlmad 4B)nM B 12inliBepredéce d&f tédt dtitagdnist &t Sortdentratibns 2arfiing t , =

7.8 Hz, 1.39 (series of m 6H). Step 2: Interrredlate4reacted
W th azf&m&%t@ﬁ%Q B¥kyl i c acid as described in the procedure for Exanple

1 pr n 35

onety ! oS By Bt ac Ry PR B P BRI oy OTR i e (BB i ¢ aci o

151H N\n{BslorvHz, CD30D): 68.01 (d, J = 2.1 Hz, 1H), 7.68 (dd, J = 2.1,

7.8 Hz, 2H) 7.43 (dd, J = 2.1, 8.4 Hz, 1H), 7.25-7.20 (m 3H), 6.44 (t, J

:24Hz 4.26 (s, 2H), 4.16-4.04 (m 6H), 3.40-3.32 (m 1H), 2.58 (t,
= 7. %&ﬁw f%teri‘cﬁ%@ﬂ(’ec%ﬁlor%@m GTE§h: d,(ECH) . 1.47-1.39 (m 2H).

20 Exampl e nmpound

1- (4-[ (5- phenyl pentyl)thio]-3-(2-thienyl)benzyl}azetidi ne-3-carboxylic acid

St ﬁg-/: A m xture of 3-brono-4-fl uoioggenénal dehyde [CAS 77771-02-91(5.1 g,

76 25mml) in DMF (25 nmL) was tre f ith sodium sul fide Na25 9H20 (6. 80
9, 277 @Bhpoand the mxture was stirred at rt for 9 d.[ Aftegqpq acidjc
wor kup and extraction with HexaneHJPBAGAvarpé: 1) the pool ed organic |ayefs
wer e Wwas hatumiben vvater (three times) and dr| ed over lVgSO GaodnW) and

concemnttrated Ato—stHH—ca gcl tHh S—t—hexarerEt /-\\.,} gg¥¢e
Int er fedi at 1% as a fsol id 3 8‘7[?6 Qﬁgg/&p Dl 342- 75

thienyl)benzyl}azetidine-3-carboxylic acid

28 3-({4-[(5-phenylpentyl)oxy]-3-(2-thienyl) 15
benzyl}amino)cyclobutanecarboxylic acid
26 1-{4-[(5-phenylpentyl)thio]-3-(2- 182

thienyl)benzyl}azetidine-3-carboxylic acid
15 1-{3-cyclopent-1-en-1-yl-4-[(5-phenyl 13
pentyl)oxy]benzyl}azetidine-3-carboxylic acid
25 1-{4-[(5-phenylpentyl)oxy]-3-(1H-pyrazol-1- 22
yl)benzyl}azetidine-3-carboxylic acid
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3 0 nercaptobenzal dehyde. 1H NVR (300 MHz, CD30D): 6 9.86 (s, 1H), 7.98 (d,
J = 1.5Hz, 1H), 7.64 (d, J =1.8 Hz, 1H), 7.47 (d, J = 7.8 Hz, 1H), 4.31 (s,
1H) . WO WwO0211086IFOPCT/ US2010/ 057336 Step-2: A sol uti orcofuskewastseeli ate 5
(2.80 gnnl) and (5- brornopentyl)benzene [CAS 14469-83-1] (2.61 g,
11.5 ngﬁ&lﬂﬂﬁh—trlethylanlne (3.1 nm) in THF (30 nm.) was stirred at rt for
18 hr. The solvent was renoved under vacuum and the residue was dissol ved

i n Et 0Ac/ Hexanes (200 nmL, 1:1), washed 5with water, dried over MySO4,
filtered and concentrated OLWMphb\deﬁi?a g‘gga{/}ﬁm@ol um (9.5 Hexanes/ 0.5

Et 0OAc) gave Internmediate 6 an oil, 1.74 g (42% 3-brono-4-((5-
pheﬁylpentyl)thlo)benzaldehyde 1H NWR (300 WMHz, CDCI3): 6 9.86 (s,

0 ot °, pstick delitepdihn b Fhuldlfondariyly by dufy Pty 15
(seri excyefodextriHHPECE)add 1 % BMBUitabdingl apncdritatiohesi-12mylrhipaadi ¢ aci d

reacted with azetidi ne-3- carboxylic acid as described in the procedure for
Exanpl eSUPCtJE?”&PHé\Yd@JePF?@' o female Sl:Rdnice (CHARLES RIVERS) weighing 20-

ot o BRI P50 10 WelgrafBed oAy Serbianey ditadigpinon Lo

7. 36 (cabndandiluldr sifin4vitiza Gdilenrad 26HMablianCet atld)24, 48232, 7arxd 96 inrs pbist,

(7m134|7_|)d1rug(a@9h@a%11 él,q %collgc@é 6 ozm‘bcrovqtr%s @%%@DZFS %@tadqllﬁ%‘ﬁ[ﬁ‘fl' 4-4 08

2H), 1. tﬁﬂot%s@ﬁn( 8hlt. {?}npﬁoci{’esllnetﬁo&dnsa% es #@ detmidd Bsifg LAERMAET 27 1
-{3-cycl opent-1 -en- (5- phenyl pentyl)th |o]benzyl}azet|d
i ne- 3- d4ulbspgtics I-tﬁlsmaiowvwsmml, elEAbEB UV 9e0F S yiRtave Scendifiadeo).ding to the

proced de iLpbgd in 4. i diate 6 reacted with
cyclopgkﬁjer-grc?if?@\%&go%@% E\{}F ke @.Ob%g%'(fsoo MHz, CD30D): 67.34
(dgsd = 8.4, 1H), 7.26-7.21 (m 4H), 7 14-7.11 (m 3H), 5.91 (pentet, J =
2.4 Hz, 1H), 4.23 (s, 2H), 4.13-4.08 (m 4H), 3.39-3.33 (m 301H), 2.90 (t,
J =7.8 H, 2H), 2.73-2.70 (m 2H), 2.58 (t, J = 7.2 Hz, 2H), 2.54-2.50 9m
2H), 2.03-1.98 (m 2H), 1.66-1.59 (m 4H), 1.48-1.43 (m 2H). WO

2011/ 066179PCT/ US2010/ 057336 Exanple 6

Conmpound 28

3-({4-[(5-phenyl pentyl)oxy]-3-(2-thienyl)benzyl }am no) cycl obut anecar boxyl i c
acid 5 Step-/: A solution of Internediate 7:

4- ((5- phenyl pentyl ) oxy)-3-(thi ophen-2- yl)benzal dehyde [as produced during
the synthesis of Conpound 16, fromInternediate 1 and thi ophen-2-yl boronic
acid] (230 ng, 0.66 mmol) and ethyl 3- am nocycl obut anecar boxyl ate- HCl salt
[ CAS 957793-35-0] (150 ng, 0.84 mol) in 10THF (11 nlL), acetic acid (1.2
m.) and EtOH (6 nmL.) was stirred at rt for 1 h. Internediate 7: 1H NVR (300
MHz, CDCI3): 6 9.92 (s, 1H), 8.17 (d, J = 2.1 Hz, 1H), 7.75 (dd, J = 9.9,
2.1 Hz, 1H), 7.56 (dd, J = 3.6, 1.2 Hz, 1H), 7.37-7.02 (series of m 8H),
4.16 (t, J = 6.6 Hz, 2H), 2.66 (t, J =7.2 Hz, 2H), 2.01-1.54 (series of m
6H) . NaBH(OAc)3 (320 ng, 1.43 mmol) was added and the m xture was stirred
at rt for 18 15 h. Solvents were renmoved under vacuum and the m xture was
treated with NaOH (1 M to adjust pH > 7. The m xture was extracted with

Et 0OAc, and the organic |ayers were conbined, dried over My504, filtered and
concentrated onto silica gel. Auto colum (EtOAc) gave Internediate 8 as a
clear oil, ethyl 3-((4-((5-

phenyl pentyl ) oxy) - 3- (t hi ophen- 2-yl ) benzyl ) am no) cycl obut anecar boxyl at e.
201H NWR (300 Mz, CDC13): 67.57 (d, J = 1.8 Hz, 1H), 7.50 (dd, J = 0.9,
2.7 Hz, 1H), 7.31-7.14 (m 7H), 7.06 (dd, J = 3.9, 1.5 Hz, 1H), 6.90 (d, J
= 8.4 Hz, 1H), 4.15- 4.03 (m 4H), 3.69 (s, 2H), 3.29-3.18 (m 1H)),
2.78-2.46 (m 5H), 2.01-1.49 (series of m 8H), 1.24 (t, J = 6.9 Hz, 3H).
25Step-2: Internediate 8 (200 ng, 0.42 mml) in dioxane (10 nL) was treated
with NaOH (3.5 nL, 1M at rt for | h. Solvent was renoved under vacuum and
the pH was adjusted to 3-4 with HC (1M. The solution was extracted with
CHCl 3: isopropanol (3:1). The organic solvent was renoved under vacuumto
give the title conpound:

3-({4-[(5-phenyl pentyl)oxy]-3-(2-thienyl)benzyl }am no)
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30 cycl obut anecar boxylic acid. 1H NVR (300 MHz, CD30D): 67.83 (d, J = 2.1

Hz, 1H), 7.58 (dd, J = 0.9, 3.9 Hz, 1H), 7.41 (d, J = 5.4 Hz, 1H), 7.35

(dd, J =wolp11Bed17blz, 1H), 7.25-7.20 (m 2H), 7.16- 7.18CtruS2@bh57336 10-7. 06
4H) ,

(m 2H), 4.15-4.09 77 entef, J =84 Hz, 1H), .

2011/ oMQé@PU@G@%@%&@%?ﬂ@é&Héiﬁ Ht fnlge.:'ﬁg]q)cwfséfﬁq mSV\ﬂéS-'E). 56 (m
4H), 2.45-2.35 (m 2H), 1.95-1.86 %r_n 2H), 1.75-1.65 (m 2H), 1.62-1.52 (m
2H) . Exanfit{é-[(5-phesyheemntyl)2xyl-3-(2-thienyl)benzyl}azetidine-3-carboxylic acid
3-[(1-{4-[(5-phenyl pentyl)oxy]-3-thienyl)phenyl }ethyl)am noj

cycl obut anecarboxylic acid SteD-/: A mxture of Internmediate 7 (600 ng,
1.71 mmol) in THF (15 nL) at -78 C 10 was reacted with MeMgBr (2.0 nm., 3.0
Min diethyl ether) and warned to 0 C for 3 h. The m xture was quenched
with water, and THF renoved under va @mﬂtgous | ayer was extracted
w th Et 0Ac. The pool ed organic extra r'e F ove MgSHA4, filtered, and
concentrated onto skji_ca gel. Auto-c s (B4 3+heane/ 1. 5 Et 0Ac) gave
Internediate 9, as gn oi |, 450 ny (7%: 1-‘%%@@n§enyl pentyl ) oxy) -
153- ('t hi ophen-2-yl ) phenyl) ethanol . d8deomMis; CDCI3): 67.63 (d, J =
4.2 Hz, 1H), 7.49 (dd,|J = 1.2, 4.2 , ‘H)_b 7.29-7.16 (series of m 7H),
7.05 (dd, J = 3.6, 4.8 Hz, 1H. 6. 87NN\ £2djQLHE 1H), 4.83 (q, J = 6.0
Hz, 1H), 4.02 (d, J = 6.0 Hz,-2H), 2.63 (t, J = 7.8 Hz, 2H), 1.91- 1.54
(series of n¥¥6H), 1.48 (d, J = 6.6 Hz, 3H). 20 Step-2: A mixture of

| nt er medi at e4¢ (450&1@, 1.23 npol ) and Mi02 (1.1 g, 10.7 nmol (85%) in

di oxane (20 ) was hefted § 10000 for 18 h. The mixture was filtered and
sol vent renoikd under vacuur’@ The residue was dissolved in chlorof orm and
concentrat edCdntg silica g § inder reduced pressure. Auto-colum (9
25hexane: 1 04g) gave Int ediate 10, as a white solid 350 ng (78%
1-(4-((5- ph@i-yl@entyl oxy) N t hi ophen-2-yl) phenyl)et hanone. M5 [ M 1-23]+
387.19 St epE:. - Am npcycl anecar boxyl ate-HCl salt (260 ng, 1.45 mmol)
in THF (8 nmli}w t‘g_gated I’§triethylam'ne(0.185 m., 1.33 nmmol) for 1 h

at rt. Ti(O ﬁ_o 30 s added.fol l owed by Internediate 10 (350 ny,
0.96 mmol ) i B (6nL) at or 2.5 h. Sodi um borohydride (190 ng) was
added and thg Tlxture mas s

\ \
3 §ed at rtf for -18 h. Aqueous ammoni um
hydr oxi de (24% 1) was| add

\dthe ngxture stirred for 1 h at rt. The
sol vent was _g#gnbved and th ture-waf-di luted with EtOAc, water, and
filtered thrgugh celite. T

gani c 'I;;‘§yer was separated and the WD
2011/ 066179P&/ US2040/ 0573 ueous [:§§5:§yer was extracted with EtOAc. The
or gani ¢ was _gbnbi ne#, dri ed 4 filtered and concentrated onto
silica gel. «futo-colu (8 nes) gave Internediate 11 as a
clear oil 100 ny, (21% et

phenyl pentyl ) oxy)-3-(thiop
am no) cycl obut anecar boiyl at

|) ethyl) 5
0 MHz, CDCI3): 67.56 (d, J = 2.4
Hz, 1H), 7.51-7.50 (m| 1H), m 3H), 7.19-7.15 (m 4H), 7.06 (dd,
J =3.6, 5.4 Hz, 1Hy PB.89 ; : Hz, 1H), 4.11-4.05 (m 4H), 3.08 (m
1H), 2.66-2.62 (m ¥H), 2.60-'2.30 (sefires of m 2H), 1.94-1.22 (series of
m 12H) 10 Step-4: A m xturgsof Internediate 11 was hydrol yzed according to
t he procedure descri bed in_ig;("arrple 6 Step 2 and gave 81 ng of the title
conpound 3-[(1-{4-[(5- phetyl pentyl)oxy]-3-(2-thienyl)phenyl}ethyl) anino]
cycl obut anecar boxylic agitd 151H NMR (600 MHz, CD30D): 67.76 (d, J = 2.4 Hz,
1H), 7.56 (dd, J = 1.2,74.2 Hz, 1H), 7.41 (dd, J = 1.2, 5.4 Hz, 1H), 7.31
(dd, J = 2.4, 9.0 Hz, 1H), 7.23 (t, J = 7.8 Hz, 2H), 7.16 (d, J = 7.8 Hz,
2H), 7.14-7.12 (m 2H), 7.08 (dd, J = 3.6, 5.4 Hz, 1H), 4.32 (q, J =7.2
,e1H), 4.14 (t, J = 6.0 Hz, 2H), 3.50 (t, J =7.8 Hz, 1H), 2.81-2.75 (m
20 EH), 1H, 2H). 2.64 (t, J =7.8 Hz, 2H), 2.56-2.53 (m 1H), 2.35-2.27
(m 2H), 1.93-1.89 (m 2H), 1.74-1.66 (m 2H), 1.65 (d, J = 6.6 Hz, 3H),

IR
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2.14-2.11 (m 1.61-1.57 (m Exanple 8 Biological Data 25 Conpounds were
synt hesi zed and tested for 51P1 activity using the GIP y355 bindi nhg assay.
These compountenEry be assessed for their ability to actcratseoionssBeck
activatiop, of the hunman 51P1 receptor in cells stably expressing the 51P1
recept or . '§/§@ﬁ“ﬁgaﬂﬁii ng was neasured in the medium containing (mV) HEPES
25, pH 7.4, 30MyCl2 10, NaCl 100, dithitothreitol 0.5, digitonin 0.003%
0.2 nM GIR y355, Rpdmbobfd RVHERE RISl StdlehdntdrvésUdRstirediaBmilrs, Test
conpounds were included in the concentration range fromO0.08 to 5,000 nM
unl ess i nbydrates] sotMatesmicsystalMorhs andsnaiidsial iIsOUTRIS clauiaroersi@a® pMm

5' -adenyl y| | nn dodi pho t.e far 1n, and subsequently with 10 pM GDP
for 10 m ﬁh%%%ﬁm%wégggqtg?lleosr%ﬁgﬁgéoﬁ’enbrane were WO

2011/ 066179PCT/ US2010/ 057336 n]'f;geed, ap@ then reactions were initiated by
addi ng GIP y35S and conti nued fjor 30 n at 25 C. Reaction m xtur eg vere

filtered over Wat nan B filtlers under vacuu and ed threeRtPrres
with 3 nL of ice-cold H7. 4
Filters were dried and m x i inti | TANht, ard c

Cy” 100) .

: 5S
activity using a n-counter.|/Agoni st-i nducec’ &P y35S bitydi ng was™ obt ai ned
by subtracmhat Lh the erof agonifst. Binding daft a were anal yzed
using a AN s8si o od. In cg8e of antagonist assay, the
reaction Wi xtfre-conti'ned 10 (M S1P in the presence of test antagonist at
concentrations ranging fromO. to 5000 nM 10 Table 3 shows activity
potency: SI1Pl1 receptor from GIR“y35S: nM (ECK), %stinulation. Activity
potency: Si Pl receptor from GIP y%—%gfnu (ECK), 15Table 3 Conmpound nunber
| UPAC nane S1P1 EC50 (nM 16 1-{4-[(5-phenyl pentyl)oxy]-3-(2-

t hi enylwhemeiryl | azeti di ne-3-carboxylic acid 15 28

3-({4-[{p-Rphenyl pentyl)oxy] -3-(2-thienyl)

benzyl IanPridPE 'ﬁobut anecar boxylic acid 15 26

;Z:i{ 3' [lggl i%fsb%bHaﬂe MeYdrbbti8] noh-bfombtid RN ERIZ ykraRlyl dyeRrafkerl 8PXMA;T C
10 R%is O,N-R'?, CH-R", S, -CR"=CR"-, -C=C- or -C(0)-;

R* is H, aromatic heterocycle, non-aromatic heterocycle, cycloalkyl, cycloalkenyl or

aryl;
R®is H, halogen, -OCy.3 alkyl, C1.3 alkyl or hydroxyl;

R®is H, Ci.3 alkyl, halogen, hydroxyl or -OC_3 alkyl;
15 R’is Hor Cyi alkyl;
R®%is H or C1 alkyl;
R%is CH or N;
R'® is OPO3H,, carboxylic acid, -POsH,, Cy alkyl, -S(O),0H, -P(O)MeOH, -
P(O)(H)OH or -OR';
20 R"is H, Cy 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;
R™is H or Cy.3 alkyl;
R is H or Cy.3 alkyl;
25  R'™isHor C 15 alkyl;
ais0,1,2,3o0r4;
bis0,1,2,3o0r4;
cisOor1;
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1-{3-cycl opent - 1-en-1-y1-4-[(5-phenyl
pentyl)oxy] benzyl | azeti di ne-3-carboxylic acid 13 25

1- {4-[ (5-wbenylgermyl ) oxy] - 3- (1H pyrazol - 1- PCT/US2010/057336

yl ) benzy] | zea_i di ne-3-carboxylic acid 22 Exanple 9 Lynphopenia Assay in
Mce 5 st Obfugs are prepared in a solution containing 3% (wv) 2-hydroxy
pr opyl 4%0, 19%(%)pﬂextri n (HPBCD) and 1°)/0 DMSO to a final concentration of
1 ng/m, and subcutaneously injected to fenmale C57BL6 m ce (CHARLES RI VERS)
wei ghi rfgs 201, 2®r@; at t he dose of 10 ngy/ Kg. Bl ood sanpl es are obtai ned by
puncturin tp%%ubn&ndi bul ar skin with a Gol denrod aninmal |ancet at 5,
24, 48,9 %2 "aftd'98 hrs post drug application. Blood is collected into

m ceovat saSHRIARSTEINR 'comnicrO)i ng EDTA tripotassiumsalt. Lynphocytes in

bl ood sajnpl es are counted using a HEMAVET Ml tispeci es Hematol ogy System
HEMAVETR 0 5@k diwHei-eatkyh ﬁalogﬁa. hydromll @, arginoe@nd| Bi oorg. & Med.
Chem ety Hlélr éé??l@l;?’%l) . 15 Lynphopeni a i nduced by S1P1 agonists in

m ce: Time cours ng/ Kg ip)

1- (4- [ (Withptrempriopottiih) whgh 8- 2, NREH)S hhe bz 10} @zetHat D& Fota@y HoNR'E.c aci d
5 hats 24 hours 48 hours 72houis WO 2011/ 066179PCT/ US2010/ 057336 Wat i s
claimed is: 1. A conpound having Fornmula I, its enantioners,

di agt ereoi soners, : st,alrdiqr M8 and i ndi vi dual isoners,
ta%t%orrezﬁs or a ph%?%‘rg{ggtdﬁlaggﬁﬁr;d{@%?égltagﬁ%ﬁé@gfélﬂt hereof, R6R7 5 Fornula |
wher ei rR' BN ios NRSE, G R11;

R? is a 5-member aromatic heterocycle, or 5-member cycloalkenyl;
R%is O, N-R'?, CH-R"™, S, -CR"=CR"-, -C=C- or -C(0O)-;
R* is H, aromatic heterocycle, non-aromatic heterocycle, cycloalkyl, cycloalkenyl or
15  aryl;
R®is H, halogen, -OC1.3 alkyl, C1.3 alkyl or hydroxyl;
R®is H, Ci.3 alkyl, halogen, hydroxyl or -OC.3 alkyl;
R”is H or C1 alkyl;
R®%is H or Cy alkyl;
20 R%isCHorN;
R'® is OPO3H,, carboxylic acid, -POsH2, Cy alkyl, -S(O).0H, -P(O)MeOH, -
P(O)(H)OH or -OR';
R" is H, C1s alkyl, halogen, hydroxyl or -OC.3 alkyl;
R is H or Cy.3 alkyl;
25 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 C 1.6 alkyl;
ais0,1,2,3o0r4;
30 bis0,1,2,30r4;
cisOor1;
disOor1;
eis0,1,2or3;
fis0,1,2o0r3;
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R2 is aromatic heterocycle, non-aromatic heterocycle, cycloal kyl,

cycl oal kenyl or aryl; 10R3 is 0, NR12, CHR13, S, -CR14=CR15-, -CEO or
-0(0)-; RHoiilHecErPOMALi C het erocycl e, non-aromati c het ecoapedo/057336

cycl oal k?/l CycC ogl kenyl or aryl; R5 is H, halogen, -001_3 alkyl, Ci1-3
alkyl &Sdr@Q13 R6 is H 01-3 alkyl, halogen, hydroxyl or -001 3 alkyl:

15R7 i 9 |d OHRCL 6 @I 4ils oRE (9. H or Cl-6 alkyl; RO is CHor N Rl is
OPO3H2, carboxyli'c acid, -PéSHZ’, 01 6 al kyl, -S(0)20H, -P(0)MOH, -

P(0) ( HRY ioH, (REskyl 2015 alkylHhaloges, aydepky! dradroigenanélydr oxyl or -001_3

al kyl ; 2 | or 01-3 alkyl; R13 is H, 01_3 al kyl, hal ogen, hydroxyl,
-om_sﬁ%ﬁ%’ﬁ&ﬁﬂ YUR14 is Hor 01-3 al kyl: R15 is H or 01-3

al kyl ; Wi providothalwhe® REIK YD, N-R'# B Bnd bis D or31 Herd. iPndtsO0s, UR'E, 3 or
4, cis 0 or 1; WD 2011/066179PCT/US2010/057336 d is O or 1; eis O, 1, 2
or 3; fisO, 1, 2 or 3; gis 0, 1, 2 or 3; 5L is CHRL7, O, S, NR18 or

-0(0) - q—l 5}70;_33%F§@Ep§uﬁm5%l:?rhog%to3dg|rhwf Wg'té?év\i,ﬁgen’ hydr oxyl or am no, and

R18 is rovi so en RBis 0, NR12, S and b
is 0 orRMisthhenC:Ri''s not 0, S, NR18. 102. A conpound according to claim1,

wherein., RL is Nor CRl1l; R2 is a 5-nmenber aromatic heterocycle, or
5- menbeR @yﬂ:ﬂ(ﬁé‘?@@ﬁ%‘?, CF&@‘Q%”@?”W@ZP"éIquRPXFFOE‘J?e,-RYﬁPJﬂQMHD'F‘aZ@E@, or

cosPhairpgreo B e PRI, DEhSRER S SRARATT ISR,
al kyl qsyrnfwei,rp_gm;dlineHﬁ;_/rirdidH;e,Qik-a_aoml, loyazolma, ﬁg’azolehi;mdaz«;lé, oyrazélel 3 al kyl ;
R71s |_;|)y0rrgnzo%1et,3iszc%)lxlé%cl)l’e, isothiag\ge,I tsetrlgzglre, g'xat?ia%lléﬂ ,2,5-oxadiazole,
thiadiazole, 1,2,3-triazole, 1,2,4-triazole, imidazole, imidazoline, pyrrolidinone, pyrrol-
2(3H)-one, imidazolidin-2-one, or 1,2,4-triazol-5(4H)-one;
15 R%is O, N-R'?, CH-R", S, -CR™=CR">-, -C=C- or -C(0)-;
R* is H, aromatic heterocycle, non-aromatic heterocycle, cycloalkyl, cycloalkenyl or
aryl;
R®is H, halogen, -OC1.3 alkyl, C1.3 alkyl or hydroxyl;
R®is H, Ci.3 alkyl, halogen, hydroxyl or -OC_3 alkyl;
20 R’isHor Cisalkyl;
R®%is H or C1 alkyl;
R%is CHor N;
R'® is OPO3H,, carboxylic acid, -POsH,, Cy alkyl, -S(O),0H, -P(O)MeOH, -
P(O)(H)OH or -OR';
25 R"is H, Cy. 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;
R™is H or Cy.3 alkyl;
R is H or Cy.3 alkyl;
30 R™isHorC s alkyl;
ais0,1,2,3or4;
bis0,1, 2,3 or4;
cisOor1;
disOor1;
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20RO is CHor N, RL is OPO3H2, carboxylic acid, -PO3H2, 01_6 al kyl,

-S(0) 20H, -P(0) MeOH, - P(O)(H)O—| or -OR16; R11 is H, 01 6 al kyl, haI ogen,
hydr oxyl wo20006639al kyl ; R12 is H or 01-3 al kyl; 25R13PC$‘/US201®[D5‘B36.| kyl ,
hal ogen, . hydr %x%& -001_3a1ky1 or amno; Rl4 is H or 01-3 alkyl; R15 is H
or 01 £#8%y12%% is Hor C1-6 alkyl; ais 0, 1, 2, 3 or 4 30bis 0, 1,
2, 3 0r1idp § Hpr@:-0or 1; dis Oor 1; eis 0, 1, 2 or 3; f is 0, 1, 2 or 3;
WO 2011/ 0661'79PCT/ US2010/ 057336 g is 0, 1, 2 or 3; L is CHR17, 0, S, NR18
or -O(Q)lSQ 1R1270n3; H, 01-3 alkyl,-0Cl1_3 al kyl, hal ogen, hydroxyl or am no,

and R1 hek ththe prowsothat when R3 is 0, N-R12, S
and b ﬁs OC%B IC?]%'SN% ér r‘&(?’\% S, NR18. 3. A conmpound according to claim
1, wherring HRE,i 3SanN/|moc§ Faikyl, Réldgenahgdrekrsidming, asycl opent ene,

pyrazol i di ne, aérro I ne, pyrrol i dirne, 1mdazoline, 10pyrazoline,

t hi azoIRnéS HosaG ot Bl t hi ophene, di hydrot hi ophene, furan, di hydr of uran,
pyrrol %trPM{er;S’Hok/[é‘B thB%’an8Jn 'é*'%‘% I\Pﬁaﬂé Snd B8 B 'herd E"isaﬁ&' azol e,

pyrazol'e, pyra t’hi azol'e, tetrazol e,” oxa iaZo

1, 2, 5- oxadi azol e, t hi ad| azole 1, 2 3 triazole, 1,2,4-triazole, |mdazol e,

i i dazol i ne, pyrrolidinone, pyrrol 2(3H) one, im dazol i di n-2-one, or
1,2,4-t4-i azol - 5( AMpoEReUNd SrEOTdINg o lam A, Whareds, S, - CR14=CR15-, - CEO- or
-0¢Q) - m.s H, aromatic heterocycle, non-aromatic heterocycle,

cycC oal k}/ ‘cycl oal kenyl or aryl; R5 is H halogen, -001_3 alkyl, 01-3

al kyl |Is;a1tomajz|b heIREfocchH, n@i a&raiakqhetelrmtyn@myclmﬂ«ydpqyblcaﬁkedwar arygl kyl ;
20R7|53Hor Olga %IB, 5 C1-6_al kyl ; is CHor N Rl is
0PO3H2, Risr®oNyR i cChe SP@EHTC& -6 G kyPr C(@()o) 20H, -P(0)MeOH, -

0 i, R bl bRt o ISR Ny ety B
-001_3akiyl or am no;

15 R®is H, halogen, -OC.3 alkyl, Cy.3 alkyl or hydroxyl;
R®is H, Ci.3 alkyl, halogen, hydroxyl or -OC.3 alkyl;
R”is H or C1 alkyl;
R®%is H or C1 alkyl;
R%is CH or N;

20 R is OPO3H,, carboxylic acid, -POsH2, C1 alkyl, -S(O).0H, -P(O)MeOH, -
P(O)(H)OH or -OR';
R is H or Cy.3 alkyl;
R™ is H, Cy_s alkyl, halogen, hydroxyl, -OC1.salkyl or amino;
R™is H or Cy.3 alkyl;

25 R"™is Hor Cy.3 alkyl;
R'™is H or C 1.6 alkyl;
ais0,1,2,3o0r4;
bis0,1,2,3o0r4;
cisOor1;

30 disOor1;
eis0,1,2or3;
fis0,1,2o0r3;
gis0,1,2o0r3;
L is CHR", 0, S, NR"™ or -C(O)- ;
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R14 is H or 01-3 al kyl; R15 is H or 01-3 alkyl; 30R16 is Hor C 1-6
alkyl; ais 0, 1, 2, 3 or 4, bis 0, 1, 2, 3 or 4, cis Oor 1; dis 0 or
1, WO 20M0Q661068RCT/ US2010/ 057336 e is 0, 1, 2 or 3; fPCI/UB012/05B30r 3; ¢
is O, 2 3; S Riz, 0, S, NR18 or -0(0)- ; 5R17 is H 01-3

al kyl , 1%1618 ;S?u@yﬂlfky'ﬁ&?%{g%ﬂky'hbamﬁ{)ﬁ%mmm%@%Qﬁdaﬁﬁs is Hor 01-3 al kyl;
Wt h th@189§pw),s@1§g g| when R3 is 0, NNR12, Sand bis O or 1 then L |s not
0, S, NR18. 4. A conpound accordl ng to clalml wherein: 10Rl is N is

ar omat i withtteeprovisol that wben & dsrax, iNe RiatS:a0d o @ orcly Hlavell. ksynot @y NR %enw or
aryl; R3is 0, NR12, CHR13, S, -CR14=CR15-, -CEO or -0(0)-; R4 is H,
aromati c heterocycle, non-aronatic het erocycl e, cycloal kyl, cycl oal kenyl or
aryk; 15R5 is H, halogen, -001_3 alkyl, 01 _3 alkyl or hydroxyl; R6 is H,
01-3 al kyl, hal ogen, hydroxyl or -001_3 alkyl; R7 is Hor Cl1-6 alkyl; R8 is
Hor CL-6 al kyl; RO is CHor N 20Rl is 0P03H2 car boxylic acid, -P03H2

01 6 a|5<y| - 5 0y26PMpopnd aeeoiding taeglgy Ky whesein: OR16: R12 is H or 01-3

al kyl ; ?;QlH r{ql 3 aI kyl, hal ogen, hydroxyl, -001_3alkyl or am no;

R4 i s Hor 3a Ky 25R15|s H or 013a|ky| R16 is Hor C 1-6 al kyl;
a is 0,R4is a?orr&tlomelﬂerobymle Mon-drorRatiGheterdcyote oscﬁ:lmlkénylsﬁmidl s 0 or 1;

R%*is OorS; and
10 R*isaryl; and
R®is H, -OC.3 alkyl or halogen; and
R%is H; and
R”is H or Cy.6 alkyl; and
R%is H; and
15 R%isCHorN; and
R'® is COOH; and
R' is H; and
ais0,1,2or3;and
bis 1, 2or3; and
20 cis0Oor1;and
disOor1;and
eisOor1;and
fis1; and
g is 0; and
25 Lis CHR" or O; and
R is H or C 1.3 alkyl;
with the provisio that when R®is O or S and b is 1 then L is not O.

6. A compound according to claim 1, wherein:
R'is C-R'"; and
30 R?is aromatic heterocycle, non-aromatic heterocycle or cycloalkenyl; and
R%is O; and
R* is aryl; and
R®is H, -OC.3 alkyl or halogen; and

53



eis 0, 1, 2or 3, fisO 1, 2 or 3; gis 0, 1, 2 or 3; Lis CHRL7, 0, S
NR18 or -0(0) ;WD 2011/ 066179PCT/ US2010/ 057336 R17 is H, 01-3
al kyl , - 0G¥020nldeyi79 hal ogen, hydroxyl or amino, and R18PCS/US2a10/0£838 al kyl ;
with tﬂi%lgwwso that when R3 is O, NNR12, Sand bis O or 1 then L is not

gl corrpound according to clal m 1, wherein: Rl is CGRl1 ; and
|s q:ﬂng.] bPChgtaﬁ(gP non-aromatic heterocycl e or cycloal kenyl; and
is or S; an R4 i's aryI and R5 is H, -001-3 al kyl or hal ogen; and
|s I-IR iadtl @Rt is H or 01_6 aIkyI and R8 is H, and 15R9 is CH or N; and
R1 %—{Q}_alndRﬂlsHandalsOlZWS and bis 1,2 or 3;
and20 o?qt and d is Oor 1; and eis O or 1; and f is 1; and g is
0; and RBLs cOGHRAAdor 0; and R17 is Hor C1-3 alkyl; with the provisio
that whep R3is 0 or Sand b is 1 then L is not 0. 6. Acorrpound accordi ng
to claiff 1SHM&IQ ein: Rl is CRI1; and 30R2 is aromatic heterocycle,
non- ar q t rzgére‘f Ie or cycloalkenyl; and R3is 0; and R4 is aryl; and
R5 is 01 hal ogen; and

b|s1 20r3; and

cis 1; and

%28%9

10 dis1;and
eisOor1; and

fis1; and
g is 0; and
L is CHR'’; and
15  RYisH.
7. A compound according to claim 1, wherein:
R'is C-R'"; and

R? is aromatic heterocycle, non-aromatic heterocycle or cycloalkenyl; and
20 R’isS;and
R* is aryl; and
R®is H, -OC.3 alkyl or halogen; and
R%is H; and
R”is H or Cy alkyl; and
25 R%is H; and
R%is CH or N; and
R'® is COOH; and
R' is H; and
ais0,1,2or3;and
30 bis1,20r3; and
cisOor1;and
disOor1;and

eisOor1; and
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WD 2011/066179 R6 is H and R7 isH or 016 alkyl; and R8is H, and RO is CH
and 5 R18 is COOH, and R11 is H and ais O, 1, 2 or 3; and bis 1,2 or 3;
and woizs1iloeerrad 10d is 1; and e is 0 or 1; and f i ®cIjusand/iogr3de 0; and
L is OHR17; and 15R17 is H PCT/US2010/ 057336 7. A conpound according to
claim1,SWh8P€in: RL is GRL1; and R2 is aromatic heterocycle, non-aromatic
het er oqy@l® g cycl oal kenyl; and 20R3 iS S, and R4 is aryl; and R5 isH,
-001- 3 Tal kyl or hal ogen; and R6is H, and R7 isH or 016 al kyl; and 25R8is H;
and RO Li is @HR)TomD; andl R1L is COOH; and R11 is H, and ais 0, 1, 2 or 3; and

30b isr%W.ZEPr é; arlld cis Oor 1, and dis Oor 1; and e is 0 or 1; and
8. A cor ound 4c dracﬂWé’ to claim1l, wherein: Rl is GRl1; and R2 is
ar ogat i\with#ieeprovisid that MHeNaR OIS badteker #evdl B wst gycl oal kenyl ; and 10R3 is
0; and R4 is aryl; and

8. A compound according to claim 1, wherein:
R'is C-R'"; and
R? is aromatic heterocycle, non-aromatic heterocycle or cycloalkenyl; and
10 R%isO;and
R* is aryl; and
R®is H, -OC.3 alkyl or halogen; and
R%is H; and
R”is H or Cy.6 alkyl; and
15 R%isH; and
R%is CH or N; and
R'® is COOH; and
R' is H; and
ais0,1,2or3;and
20 bis1,2o0r3; and
cisOor1;and
disOor1;and
eisOor1;and
fis1; and
25 gis0;and
L is CHR' or O; and
R is H or C 1.3 alkyl;

with the provisio that when R®is O and b is 1 then L is not O.

30 9. A compound according to claim 1, wherein:
R'is C-R'"; and
R? is aromatic heterocycle, aryl or cycloalkenyl; and
R%is O; and
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R5 is H -001_3 alkyl or halogen; and R6 is H and R7 is Hor Cl_6 alkyl;
and 15R8 is H and RO is CHor N, and RL is COOH and R11 is H, and a is O,
1, 2 or woand/@etr9is 1, 2 or 3; and c is 0 or 1; and dpPCc¥I/B2@0/03733@nd e i S
Oor 1,_and f is 1; and 259 is O; and L is CHR17 or O; and R17 is Hor C
1-3 al Ky1'S ¥k ANfhe provisio that when R3 is 0 and b is 1 then L is not O.
309. A WWWW@%’&G to claiml, wherein: RLis GRI1; and R2 is
aromati c_heterocycle, aryl or cycloal kenyl; and R3 is 0; and WO

2011/ 06®L3H;Rd s aryl; and R5 is H, or halogen; and R6 is H and R7 is
H or Cﬁﬁﬁ ﬂkyb; ag(d_SRB is H and RO is CHor N, and R1 is COOH, and R11
is H dsho érslay,anij,ZOr 3; and 10b is 1, 2 or 3; and c is 0 or 1;
andsd ig®i@Hprany and e is 0 or 1; and f is 1; and 15g is O; and

R%is CH or N; and
R'® is COOH; and
R' is H; and
ais0,1,2or3;and
10 bis1,2o0r3;and
cisOor1;and

disOor1;and
eisOor1;and
fis1; and
15 gis0; and
L is CHR'"; and
R' is H.
10. A compound according to claim 1, wherein:
R'is C-R'"; and

20 R?is aromatic heterocycle or cycloalkenyl; and
R%*is OorS; and
R* is aryl; and
R®is H, -OC.3 alkyl or halogen; and
R%is H; and
25 R%is N; and
R'® is COOH; and
ais0,1,2or3;and
bis 1, 2or3; and
cis 0; and
30 disO0;and
eis 1; and
fis1; and
g is 0; and
L is CHR' or O; and
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L is OHRL7; and R17 is H 10. A conpound according to claim11, wherein: Rl
Is CGRL1l;, and 20R2 is aromatic heterocycle or cycloal kenyl; and R3 is 0 or
S; and R4WbSZOHVOﬁlSI79and R5 is H -001_3 al kyl or hal ogenpCani$2010/0573%6 i s H,
and25|§17'.srgl 1 is COOH, and ais 0, 1, 2 or 3; and b is 1,2 or 3;
and ¢s 1é|19dl3é0d|so and e is 1, andflsl and gis O0; and L is

CHRLY %ut@th@%vus\@k%@%e%@%%%?’é@?@ﬂa%Qﬁﬁéﬁ”@ i§hotis Hor C1-3 alkyl;

with the provisio that when R3 and is 1then L is not 0. 11.A
conpound according to claim1l sel ect ed from 51
-{3-(3-furyl)-4-[(5-phenyl pentyl)oxy] benzyl | azetid i ne-3-carboxyl ic acid,

1{ 3- rret1f10xy 4- [(SAﬁﬂ@HQPBgrﬁcﬁPsdé% 0 %latni tﬁﬁ'%‘f{?? rt%?{zyl | azeti di ne- 3- car boxy

I'i csacig{3-{3-furyl 5-phenylpentyl)oxy]benz azetldlne 3-carboxylic acid;
{4[(6{ g)nylw H( yg ﬁl)thlye enz IIazet|d|r¥e30arbox lic acid; 1

{4 [31( gﬂz%@wlp@tybox% tWanﬂi@qt@i%B@a&m igPci% aci d;

{4 [ 3- (LA' {(60% etny,heﬁ(g 35 Szthi?/r]‘y'%b-e(‘%Y't}%Z.et'd' %ge arb?)fyela'ge S%Gi ne- 3- car boxyl i
c aci d;1-{BB- (benzyloxy)propoxy] -3-(2-thienyl)benzyl}azetidine-3- carboxyllc acid;

;Jc.‘%( Zlﬁzﬁ’ﬂfé‘%.sepHYyZSﬁq“@%m%gr@ﬁ PONHETRE R e YA
ngp3- Oﬁﬁbqp gzhbﬁ}/la&'yféthéx ﬂyb%n&g@aﬁmmé -DRAHNAKBLiP- (2-th

|enyl)be I'ne- 3 |c ac
-{4-[ (3 {fbchlpro-g [pﬁ}ehgzh}dpamtyl)pmydyq-(zaimenylybeafuyl};awrdzm meowmeacid car boxyl

% St R D g

pentyl )p{w Baféyl 52;ﬂfén«}|¢lerhg>§ WPBQQ&MIenVF}bé‘?ﬁ;ﬂ’}azétld|ﬁ§ =4-8ak{Nd add! h1

I enyl) - 5 pheny pent enzyl | azétid ine-3-carboxyl ic acid;
{4 [ ( 5L mqﬁ@yitgrtr)@%g} 43(5( Q nyIpentyl)oxy]benzyl}azetld|ne -3-carboxylic acid;

%P'( 212&11 &4§ W’ét%ﬂ ﬁ' %rl\@fg § #fiﬂgn)?fp&’?twgﬁbéﬁzﬁ}%'zgtld|P1e -3-carboxylic acid;

3 thl az{:a(aimétwd@wémﬁ)zet[ Biplﬁ@nﬁp@lﬂyb@?]be@zﬂ}(alzdtldlﬂne -3 BaoRypecit: 1 -en-1
4-[ (5- phenyl pentyl)oxy] benzyl | azet 3-carboxyl ic acid; 201
4 a3 2 e yianzy Tp et ety b0 | ¢ aci d:

e pyr azbl B %@fﬁ%&“x BT e el Y ing 3 carboxyic aci

{4 [(51- -fBrensiOpemtt y-ehotcyl4 -3 dhdhyiyardyiddxydbsiyianatidiheBetarborgic3addr boxyl i ¢
aci d

~{49]( 51 -BhERRNSEMRANEIGY-8- (G5t ey hbanzy g R EgiNe a3 6RTOHIE 8CiEar boxyl i ¢ aci d;
1-{4-[(5-phenylpentyl)oxy]-3-(1H-pyrazol-5-yl)benzyl}azetidine-3-carboxylic acid;

1-{4-[(5-phenylpentyl)oxy]-3-(1H-pyrazol-4-yl)benzyl}azetidine-3-carboxylic acid;
1-{4-[(5-phenylpentyl)oxy]-3-pyridin-4-ylbenzyl}azetidine-3-carboxylic acid;
1-{4-[(5-phenylpentyl)oxy]-3-(3-thienyl)benzyl}azetidine-3-carboxylic acid;

25  1-({6-[(5-phenylpentyl)oxy]biphenyl-3-yl}methyl)azetidine-3-carboxylic acid;
1-{3-(2-furyl)-4-[(5-phenylpentyl)oxy]benzyl}azetidine-3-carboxylic acid;
1-{4-[(5-phenylpentyl)oxy]-3-(1,3-thiazol-2-yl)benzyl}azetidine-3-carboxylic acid;
1-{3-(1,3-oxazol-2-yl)-4-[(5-phenylpentyl)oxy]benzyl}azetidine-3-carboxylic acid;
1-{4-[(5-phenylpentyl)oxy]-3-(1H-pyrazol-1-yl)benzyl}azetidine-3-carboxylic acid;

30  1-{4-[(5-phenylpentyl)thio]-3-(2-thienyl)benzyl}azetidine-3-carboxylic acid;
1-{3-cyclopent-1-en-1-yl-4-[(5-phenylpentyl)thio]benzyl}azetidine-3-carboxylic acid;
3-({4-[(5-phenylpentyl)oxy]-3-(2-thienyl)benzyl}amino)cyclobutanecarboxylic acid;
3-[(1-{4-[(5-phenylpentyl)oxy]-3-(2-thienyl)phenyl}ethyl)amino]cyclobutanecarboxylic

acid.
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1 -{4-[(5-phenyl pentyl)oxy]-3-(3-thienyl)benzyll azetidi ne-3-carboxylic
acid; 251

-({6-[ (5-wbeanylgermyl ) oxy] bi pheny1-3-yl | nmet hyl ) azeti di nec3AsasriboxIBBé c aci d,
1 -{3-(2-furyl)-4-[(5-phenyl pentyl)oxy] benzyl | azetid ine-3-carboxyl ic
acid; 1 -{4-[(5-phenyl pentyl)oxy]-3-(1

, 3-thiazol - 2-yl ) benzyl | azeti di ne-3-carboxylic acid; 1 -{3-(1

ag oxaz {i %/(1)5 g%gémpggﬁa ngg%xéé) 'élmﬁpiﬁ?f %tsé?tl d ine-3-carboxyl ic
-yl )be“?-?h RRE F S'p%eﬁ I;D@ M’)‘okfr]nb%ﬁk az%%hne 3-carboxylic acid;

-{4-[(5- nyl I)th| i en )benzy [azet 1 di ne- 3-carboxylic acid;
1 -$3-ch3- oblem4ﬂ(5®heaylp?nty@omai -Lhrérignyl frenzlylaretidil e8reaybdxdietaaid;

75 P gL R S L Gl o

4- (5t- 1 -t | h |
0]yl bt ANCeal bO L AC 0. 2oLt DA roBut CSBTONGE AL 15 A

conpounﬁ{?aéhf@ial@l@rﬂ@ €0 kv|a41ﬁﬁ51p@%1ydmréw)C?Wd)b@nzw}azetldlne -3-carboxylic acid;

T s ST S
i neo3- Cla{40{(1§ herglpimt)d)oxy] 3- (1 H- pyrazol -5- yI)benzyI}azetldlne -3-carboxylic acid;

1-{4- [(54{) a/ ] f—l yl)b nzyIIazetldlne3carboxyI|
¢ aci d:1-{4-[(5 henylpentyl)oxy 3- (1 pyrazol 4 yI)benzyI}azetldlne -3-carboxylic acid;

1-{4- 3- b I
(4 LRSI BB bbenaedrepiel ne: - car bocy!
i ne- 3- db{&}(ﬁ(—ﬁjryi)eﬂfﬁmp@;enylpentyl)oxy]benzyl}azetld|ne 3 carboxyllc acid,;
1-{4- - I t -th 3- boxyl d;
01 {5( EE BV R R 1 S e S 28 o e s by H085- car boxyi
' 0190' {3 (1,3-0xazol-2- yI) 4 [ phen Ipentyl)oxyﬂbenzyl}azetld|ne -3-carbox I|c acid;

henyl penty i/ razo Iy benzyl 'azet i di ne- 3-'car boxyl i c

aC| d 11 {Aﬁ{(p(qumwm B)(dkiy@yrazolsiwhb@mwl})azehdmm?azemboewhma@dcar boxyl i c
aci & 1y {2 Rl nbsT PRI B RS Rrbb ARRbL S bRgticacar byl i

aci d;

1-{4- [(5 e R8IV by bx -thiémyI preiny Bethly)) BRIToIL) G8ielitale 683 xgiRy boxyl |
c acid; q? lg1 Sw(:))xa)zﬂc?l )g %2 Wgﬁ@ gﬁyl I|%/ent yl )o%/<y] benzyl | azetyl d
ine-3-c€i§r| oxyI ic acid,

1-§ -[ (5- phenyl pent yl )oxy] -3-(1H pyrazol -1-yl ) benzyl | azeti di ne- 3-carboxylic
acid; 3-({4-[(5-phenyl pentyl)oxy]-3-(2-thienyl)benzyllam

i no) cycl obut anecar boxyl i c aci d;

3-[(1-{m.[ (5- phewgﬁgnhyéémm] c&ansﬁ@h%@Wp)ri@h@Wé héfiveyingesdient a

i no] cyc| obut anecar boxylic acid. 20 13. phar maceut i cal conp05|t|on
conpr i happgstigalty @féeqt'Ngraé@@lérﬁtOf@ Q%P@M@?Qﬁiﬂlr@ terglaigt 1 @a@d@punt of a
compou t | 'y acceptabl e adj uvant,
di | uen{@ag&%gég{r@gly é&f&b@fﬁé é@@ﬁgﬁﬁﬁ@%ﬁtﬁ%&%‘éﬂ%ﬁpos‘ tion according to
cl aem 10 wherein the corrpound is sel ect ed from

1-{3-(3-furyl)-4- he bIItd3bI d;
113 mebhoxy- 4. [ (5 PPRERGSRe) pYBRGF 1D EBcsiE A SIBER P HER Wene. 3. car box

ylic a | t f
301- {46('[0?1%00 d s Sﬁeexc or>(<)y -3-(2-thienyl)benzyl | azeti di ne-3-carboxylic
acid; 1-{3- (3 furyI) -4-[(5- phenylpentyl)oxy]benzyl}azetld|ne -3-carboxylic acid;

im{ g (3 % I¥(|)>?yXX )[&; Sﬁgﬁ())féerﬁyl()oxyt] tg &q % gny )be zyl?azetldgr%eng cartg&ry c):(a%d’ ¢
1 {36 [ 3r (A1) BOX R RRREMN jodnzgh ATetRIME-BRhemBatylidzrid; di ne- 3- car boxy!
144 (2 biﬁbﬁ’emﬂmwmrnmw] -B(2-thiemyl peprybezetidinea2«arkpndc aciskr boxyl i ¢

aci d;

1-{ 3- ch F B SOBY BIRIRNVDBRRAY b5/ P- Bl PRI BIAZPEERS 1 FAPOYY I AEY5- car boxy

lic aCI’d[1 -(2- blphenyl -4-ylethoxy)-3-(2-thienyl benzyl%azetldlne -3-carboxylic acid;
351-{3-chl or o- 4- g Bhenyl pent yl )ox% t hi enyl ) benzyl | azet i di ne- 3- car bo
xyl i c acl¥chipre-2diproeslperanoset msl'mﬁ#@nizyl}azetldlne -3-carboxylic acid;

-{4=[ ( 753 .car boxyl
SRR R i S Lt R e M e
i ne-3-carboxyl ic acid; 1 -{3-(4-methyl-2-th ienyl)-4-[(5-phenyl
pentyl)oxy]benzyllazetid i ne-3-carboxy$ ic acid; 1 -{3-(3-nmethyl-2-th
i enyl)-4-[(5-phenyl pentyl)oxy]benzyllazetid ine-3-carboxyl ic acid; 51
-{4-[ (5- phenyl pentyl)oxy]-3-(1
, 3-thiazol -5-yl)benzyl | azeti di ne-3-carboxylic acid; 1



203- ({4-[ (5- phenyl pentyl ) oxy] - 3-(2-t hi enyl ) benzyl | am
I no) cycl obut anecar boxyl ic acid; 3-[(1
-{4-[ (5- phonyipsnt7y| )oxy] 3- (2 t hi enyl )phenyl | et hyl ) am PCT/US2010/057336

acsoc oA DR YRR s o332 h ey e B e R e oGPt | on, |
whi ch
Compos! Lok TonAZESIEE CPhenp caP“§* e R R e

conpourid{®{4-Fathylt2thieRe RF-[(5-pieeR0pantgbetyjoeaay lagridioc B zadexrir atida |
tic het non- ar mati c

het er o By (6 pap ity BPAPoS 1S BE Yo foailt 885,
- CRE4=CRib1(6- pt%@tpeﬂh&yl)da&yma =(1 32141|aﬁ>|}5y|yd@f@1}a,@etttﬁﬁ@m§af§bﬁy|ucw aronatic

het erocycl e, cycl oal kenyl', cycl oal or ary is H halogen, -001_3

al kyl ,1-€&l(5- rmewlpmtylmi a;« 13- th:@qus4 yh)beajlzyt%amt@me 3rearbgedic agidr oxyl or

00k, Bt ol ORTLoR H Ok (Bl Ak SEghendiygtofding ity Pdg, S or
P(0) (H)1X4-f(6- ;iﬁ%h@lpewk)bky] 3 (EI threhyf)pehm}lazehahegeozaonyglr@atyu or -001_3

alkyl; R12 is or is H 01-3 al kyl, hal ogen, hydroxyl
- 001 3érwm5d?heéwmﬁ51tylm<a] 65(1H rayraéql ayhbryzyllazetidine-Jegroxylis a¢id 01

a! ';‘%5' ' gﬁg@ 5{%nglﬁ¥ntygjo1xly?%a(l1 Eiybyra’z‘ol' @y@be%zyo}%’zgﬁdlﬁé fc%llboﬁlngac@ 3 93| gr

0, 1, 21-64-[(8: pHenyH)mHFR)bky] -G;pyBidinNRhbenzyilagedine-3Riatbosylid, addd- 3 al kyl

) 001—3 FMY(LS -ph eny? ntyl)oxwg éythlenryl)genzy }azepglne-ﬁéarboxyn: aC|d01 3 alkyl;
1-({6-[(5-phenylpentyl)oxy]lbiphenyl-3-yl}methyl)azetidine-3-carboxylic acid;
1-{3-(2-furyl)-4-[(5-phenylpentyl)oxy]benzyl}azetidine-3-carboxylic acid;

15 1-{4-[(5-phenylpentyl)oxy]-3-(1,3-thiazol-2-yl)benzyl}azetidine-3-carboxylic acid;
1-{3-(1,3-oxazol-2-yl)-4-[(5-phenylpentyl)oxy]benzyl}azetidine-3-carboxylic acid;
1-{4-[(5-phenylpentyl)oxy]-3-(1H-pyrazol-1-yl)benzyl}azetidine-3-carboxylic acid;
1-{4-[(5-phenylpentyl)thio]-3-(2-thienyl)benzyllazetidine-3-carboxylic acid;
1-{3-cyclopent-1-en-1-yl-4-[(5-phenylpentyl)thio]benzyl}azetidine-3-carboxylic acid;

20  3-({4-[(5-phenylpentyl)oxy]-3-(2-thienyl)benzyl}amino)cyclobutanecarboxylic acid;
3-[(1-{4-[(5-phenylpentyl)oxy]-3-(2-thienyl)phenyl}ethyl)amino]cyclobutanecarboxylic

acid.

15. A method of treating a disorder associated with sphingosine-1-
25 phosphate (S1P) receptor modulation, which comprises administering to a mammal
in need thereof, a pharmaceutical composition comprising a therapeutically effective

amount of at least one compound of Formula |
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with the proviso that when R3 is 0, NNR12, or S, and b is O or 1 then L is
not 0, S, NR18. WD 2011/066179PCT/ US2010/ 057336 16. A nethod of claim 12,
wher ei n twe 2phzoseEgeut i cal conposition is adm ni stered PoTiUsSe0WMATSAS t O
treat ocul ar disease, wet and dry e-rel ated nmacul ar degenerati on,

di abetic retinopathy, retinopathy r’ﬁWﬁﬁrEt urity, retinal edema, geographic
at r ophyynd&refficomat ous opti c neuropat hy, chorioretinopathy, Shypertensive
retinopat hy, ocular ischem c syndrone, prevention of inflammation- induced
fibrosiR'isNoh€-Badck of the eye, various ocul ar inflanmmtory di seases
includifg uveiti.s, scleritis, keratjtis, and, retina asculitis: or

syot emR s AL neTpRl e, Sonp Bl ol hitestd, EkbRlol AR RARE 9 P beases,
i nckudipisas Ul R PUBH-RM, U L.CRTSCRICVEMEEGOf,: -(esi s, tunor netastasis,

at heroscl erosi's, pulnonary edemas, and 10ventil ation-induced |ung injury;
or aut dRhistheardhstiadeieracyclermonasopptie Sstevocycle, eyt knyl, aycloaikyi s
Crohn's dli_sease, Graves' disease, inflanmmtory bowel disease, nmultiple

scl er od¥’; Myast heni a gravis, Psoriasis, ulcerative colitis, antoinmune

uveiti 5 ié@ﬂ%{aléééme@(ﬁrlg%qwllﬂ%i&%ll{yﬂbklhydro&ﬁlr;“ act hypersensitivity, atopic
dermatitis, and organ transplantati'on; or allergies and other inflammatory
di seasdys, isdttGcalky, halbgeonbydrakylast-Rie;s alkd; ot her airway i nfl ammati ons

i ncl.udi nar, nphysena and chronic obstructive pul nonary di seases;
orgbar ﬂé%b@é‘é?hﬁ , ischem a reperfusion injury and atherosclerosis; or
wound IRAEkiHEr Csgalkyl;r ee heal ing of wounds from cosnetic skin surgery,

ocul ar surgery, G surgery, general surgery, oral injuries, various
nechaniRals,CH& tN;and burn injuries, prevention and treatment of

20phot qami; ski L ng: revenfi,pn i athan=hHnduced i njuries;
or bonceﬁf 6??&%?%& lé?ﬁbgg(?ﬁr%%?'db?egytgégﬁ%r%@?ssgéab\?gr ?&92‘”%‘3&@ fractures
i ncl udiP@)tiOKd GRKL es; or anti-nociceptive activity , visceral pain,

i di abetic npeurop umatoid arthritis, chronic

Eﬁlég 2 Qﬁl%ﬁmﬂﬁ\%”m hIAgeMi de‘?xﬂﬁrgég%%rﬂhfh is, neuropathic pains. 25 17.
The net@edg Pfor%ﬁ& gpkg,ﬁs wherein the mammal is a human.
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;
20 R"™isHor C 15 alkyl;
ais0,1,2,3o0r4;
bis0,1,2,3o0r4;
cisOor1;
disOor1;
25 eis0,1,2o0r3;
fis0,1,2o0r3;
gis0,1,2o0r3;
L is CHR", 0, S, NR"™ or -C(O)- ;
R"isH, Ci3 alkyl , —OC1.3 alkyl, halogen, hydroxyl or amino, and
30 R™isHorCysalkyl;
with the proviso that when R*is O, N-R', or S, and bis 0 or 1 then L is not O, S,
NR'.
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16. A method of claim 12, wherein the pharmaceutical composition is
administered to the mammal to treat ocular disease, wet and dry age-related
macular degeneration, 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 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
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
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
ankles; or anti-nociceptive activity , visceral pain, pain associated with diabetic
neuropathy, rheumatoid arthritis, chronic knee and joint pain, tendonitis,

osteoarthritis, neuropathic pains.

17. The method of claim 13 wherein the mammal is a human.
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