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DICARBOXYLIC ACID DERVATIVES AS 
S1P1 RECEPTORAGONSTS 

The present invention relates to new compounds of formula 

2 
SUMMARY OF THE INVENTION 

The present invention provides a novel class of 3-aryl or 
5-aryl-1,2,4-oxadiazole based dicarboxylic acid derivatives 

(I) possessing agonistic activity at sphingosine-1-phosphate 5 useful as S1P1 receptoragonists, represented by a compound 
(S1P) receptors, their process of preparation and their use as 
immunosuppressive agents. The invention is also directed to 
pharmaceutical compositions containing these compounds 
and use of these compounds for treatment/prevention of 
immune mediated diseases and conditions or inflammatory 
diseases and conditions. 
A class of 3-aryl or 5-aryl-1,2,4-oxadiazole based dicar 

boxylic acid derivatives has been found as potent spingosine 
1-phosphate (S1P1/Edg1) receptor agonists with minimal 
affinity for S1P3 (Edg3) receptor subtype. 
The lysophospholipids are recognized as components in 

the biosynthesis of cell membranes. The lysophospholipid 
S1P regulates diverse biological processes. Sphingosine-1- 
phosphate (S1P) is a bioactive lysolipid with pleiotropic func 
tions mediated through a family of G protein coupled recep 
tors, S1P1, S1P2, S1P3, S1P4 and S1P5. It regulates heart 
rate, coronary artery blood flow, endothelial integrity in lung 
and recirculation of lymphocytes (H. Rosen et al., The J. Bio. 
Chem., 2004, 279, 13839-13848). Among other effects, indi 
rect or direct S1P receptoragonists inhibit thymic egress and 
lymphocyte recirculation (Rosen et al. Immunol. Rev., 2003, 
195, 160). Inhibition of lymphocyte egress is associated with 
clinically useful immunosuppression or immuno-depression 
in both transplantation and autoimmune diseases. 
Agonism of S1P receptors induces accelerated homing of 

lymphocytes to lymph nodes and Peyer's patches and blood 
lymphopenia without lymphodepletion. Such immunosup 
pression/depression is desirable to prevent rejection after 
organ, tissue or cell transplantation and in the treatment of 
autoimmune and certain inflammatory disorders. The poten 
tial clinical indications identified through several animal 
models involving S1 Pagonists include Suppressed transplant 
rejection, multiple Sclerosis, coronary artery vasospasm, 
sinus tachycardia, restenosis after coronary artery angio 
plasty, asthma, breast and liver cancer, chemotherapy and 
radiation induced infertility etc. (J. Chun et al. Trends Mol. 
Med., 2006, 12(2), 65-75). 

FTY720, a synthetic analogue of the natural product 
myriocin, useful for the treatment of transplant rejection and 
human autoimmune diseases is currently in clinical trials for 
multiple sclerosis (J., Chun et al. Trends Mol. Med., 2006, 
12(2), 65-75). However, FTY720 is reported to have an 
adverse event of asymptomatic bradycardia (J. Am. Soc. 
Nephrol., 2002, 13, 1073) associated with non selective ago 
nism at the S1P3 receptor (Bioorg. & Med. Chem. Lett., 2004, 
14, 3501). 

There is potential interest in developing direct S1P receptor 
agonists displaying receptor selectivity, particularly com 
pounds with low relative activity at the S1P3 receptor subtype 
expressed in cardiac tissues and whose activation results in 
bradycardia and cardiac depression (S. Mandala et al., JPET, 
2004, 309, 758-768; H. Rosen et al., The J. Bio. Chem., 2004, 
279, 13839-13848). 
The object of the present invention is to provide novel 

compounds that are potent S1P1 receptor agonist with low 
affinity to S1P3/Edg3 receptor. 
EP 1 650 186, WO 2005/082 089, WO 2004/058 149, WO 

2003/105771 and Hale et al., J. Med. Chem., 47(27), 6662 
6665 disclose S1P1 agonists. 
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of formula (I): 

(I) 

(R-Y)-(D-Y-G) (R3) ar A R6 COR7 / 
N-Z 

COR8 
N 

wherein Ar1, X1, R1, Y1, Y2, R3, R4, R5, R6, Z, COR7 and 
COR8 are as defined below, 
as well as their enantiomers, diastereomers, mixtures thereof 
and pharmaceutically acceptable salts, hydrates and Solvates. 
The present invention also provides pharmaceutical com 

positions comprising a pharmaceutically acceptable carrier 
and a therapeutically effective amount of at least one of the 
compounds of formula (I), as well as their enantiomers, dias 
tereomers, mixtures thereof and pharmaceutically acceptable 
salts, hydrates and Solvates. 
The present invention also provides for use of the com 

pound of formula (I) for treating immune mediated diseases 
and conditions or inflammatory diseases and conditions. 

These and other objects, which will become apparent dur 
ing the following detailed description have been achieved by 
the inventor's discovery that compounds of formula (I) are 
potent S1P1 receptor agonist with low affinity for S1P3 
receptor. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention provides novel compounds repre 
sented by formula (I): 

(I) 

COR7 
N-Z 

COR8 
N 

as well as their enantiomers, diastereomers, mixtures thereof 
and pharmaceutically acceptable salts, hydrates and Solvates. 

represents 1,2,4-oxadiazole group, 
X1 is a mono-, bi- or tricyclic ring structure selected from 

aryl, heteroaryl, heterocyclic group or cycloalkyl group 
optionally comprising one or more unsaturations; 
R1 is selected from the group consisting of hydrogen, halo, 

perhaloalkyl, perhaloalkoxy, aryl, arylalkyl, alkylaryl, alkyl, 
alkenyl, alkynyl. —N(R2) and cycloalkyl optionally com 
prising one or more unsaturations; wherein the aryl group 
may be fused with a ring comprising 2 to 5 atoms selected 
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from carbon or heteroatoms; further wherein each R1 is 
optionally Substituted from one up to the maximum number 
of substitutable positions with a substituent independently 
selected from a group consisting of halo, alkyl, —Oalkyl, 
cycloalkyl, aryl, arylalkyl, alkylaryland perhaloalkyl; and 

each R2 is independently selected from, hydrogen, -alkyl, 
-cycloalkyl, —CO—(O)r-alkyl, —CO—(O)r-cycloalkyl, 
—O CO-alkyl, —O CO-cycloalkyl, wherein r is 0 or 1: 
Y 1 represents a bond or Y1 is selected from a group con 

sisting of -O-, -S(O), wherein q is 0, 1 or 2; and 
—C=Q-, wherein Q is O, S, N-R' or N OR', wherein R' is 
selected from hydrogen, -alkyl, -alkenyl, -alkynyl, -alkoxy, 
-cycloalkyl or -perhaloalkyl; 

each moiety R1-Y1, identical or different, represents a 
group that is attached to the cyclic ring structure X1 and m is 
an integer selected from 1 to 9, wherein m represents the 
number of positions on X1 substituted with a R1-Y1 moiety; 
Y2 represents a bond or Y2 is selected from a group con 

sisting of —O—; —CH2—, —C(O)O—; —C(O)NH : 
—S(O) , wherein q is 0, 1 or 2; and -C-Q-, wherein Q 
is O, S, N (R') or N OR', wherein each R" is indepen 
dently selected from hydrogen, -alkyl, -alkenyl, -alkynyl, 
-alkoxy, -cycloalkyl or -perhaloalkyl, 
R3 is selected from the group consisting of hydrogen, halo, 

-alkyl, —O-alkyl, perhaloalkyl and —N(R2), wherein R2 is 
as defined above; and p is an integer selected from 1 to 4: 
R4 and R5 are independently selected from the group con 

sisting of hydrogen, methyl and -cycloalkyl or R4 and R5 
together with the C atom to which they are attached form a 
-cycloalkyl group; 
R6 is selected from the group consisting of hydrogen, 

-alkyl, -alkenyl, -alkynyl and -cycloalkyl, 
Zrepresents a -cycloalkyl group, or R6 and Z form together 

with the Natom to which they are attached a 5 to 8-membered 
heterocyclic ring; 

the COR7 and—COR8 groups are attached to the same 
atom, wherein the —COR7 group represents a —COH 
group or an ester derivative thereof and the COR8 group 
represents a -COH group or an ester oran amide derivative 
thereof. 

Unless specified otherwise, the terms used hereabove or 
hereafter have the meaning ascribed to them below: 

"Halo’ or “halogen' refers to fluorine, chlorine, bromine 
or iodine atom. 

“Perhaloalkyl represents a C1-C9-alkyl moiety wherein 
one or more hydrogen atoms are substituted with same or 
different halogen atoms, for example, —CF, —CHF, 
CC1, —CFC1, —CHCl, —CHCF, CF. 
“Perhaloalkoxy' represents a perhaloalkyl linked via an 

oxygen atom, for example, —O—CF —O—CHF, 
—O CHCF. 

Alkyl represents an aliphatic-hydrocarbon group which 
may be straight or branched having 1 to 20 carbon atoms in 
the chain unless specified otherwise. Preferred alkyl groups 
have 1 to 12 carbonatoms, more preferably have 1 to 6 carbon 
atoms in the chain. Branched means that one or more lower 
alkyl groups such as methyl, ethyl or propyl are attached to a 
linear alkyl chain. Exemplary alkyl groups include methyl, 
ethyl, n-propyl, i-propyl. n-butyl, t-butyl, n-pentyl, 3-pentyl, 
octyl, nonyl, decyl. 

Alkenyl refers to an aliphatic hydrocarbon group con 
taining a carbon-carbon double bond and which may be 
straight or branched having 2 to 15 carbonatoms in the chain 
unless specified otherwise. Preferred alkenyl groups have 2 to 
12 carbonatoms in the chain; and more preferably about 2 to 
6 carbon atoms in the chain. Exemplary alkenyl groups 
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4 
include ethenyl, propenyl, n-butenyl, i-butenyl, 3-methylbut 
2-enyl, n-pentenyl, heptenyl, octenyl, nonenyl, decenyl. 

Alkynyl refers to an aliphatic hydrocarbon group con 
taining a carbon-carbon triple bond and which may be 
straight or branched having 2 to 15 carbonatoms in the chain 
unless specified otherwise. Preferred alkynyl groups have 2 to 
12 carbon atoms in the chain; and more preferably 2 to 4 
carbonatoms in the chain. Exemplary alkynyl groups include 
ethynyl, propynyl. n-butynyl, 2-butynyl, 3-methyl-1-butynyl, 
n-pentynyl, 4.4-dimethyl-2-pentynyl, heptynyl, octynyl and 
decynyl. 

“Cycloalkyl refers to a non-aromatic mono- or multicy 
clic hydrocarbon ring system of 3 to 10 carbon atoms, pref 
erably of 4 to 10 carbonatoms. Preferred ring sizes of rings of 
the ring system include 4 to 6 ring atoms. Exemplary mono 
cyclic cycloalkyl include cyclopropyl, cyclobutyl, cyclopen 
tyl, cyclohexyl, cycloheptyl, and the like. Exemplary multi 
cyclic cycloalkyl include 1-decalin, norbornyl, adamant-(1- 
or 2-)yl. 

Aryl refers to an aromatic monocyclic or multicyclic 
hydrocarbon ring system of 6 to 14 carbon atoms, preferably 
of 6 to 10 carbon atoms. Exemplary aryl groups include 
phenyl, naphthyl, indenyl, phenanthryl, biphenyl. 
The terms "heterocycle' or "heterocyclic” refer to a satu 

rated or partially unsaturated non aromatic stable 3 to 14. 
preferably 5 to 10-membered mono, bi or multicyclic rings 
wherein at least one member of the ring is a hetero atom. 
Typically, heteroatoms include, but are not limited to, oxy 
gen, nitrogen, Sulfur, selenium, and phosphorus atoms. Pref 
erable heteroatoms are oxygen, nitrogen and Sulfur. Suitable 
heterocycles are also disclosed in the Handbook of Chemistry 
and Physics, 76th Edition, CRC Press, Inc., 1995-1996, pages 
2-25 to 2-26, the disclosure of which is hereby incorporated 
by reference. 

Preferred non aromatic heterocyclic include, but are not 
limited to oxetanyl, tetrahydrofuranyl, dioxolanyl, tetrahy 
dropyranyl, dioxanyl, pyrrolidinyl, piperidyl, morpholinyl, 
imidazolidinyl, pyranyl. Preferred aromatic heterocyclic, 
herein called heteroaryl groups include, but are not limited to, 
pyridyl, pyridyl-N-oxide, pyrimidinyl, pyrrolyl, imidazoli 
nyl, pyrrolinyl, pyrazolinyl, furanyl, thienyl, imidazolyl, tria 
Zolyl, tetrazolyl, quinolyl, isoquinolyl, benzoimidazolyl, 
thiazolyl pyrazolyl, and benzothiazolyl groups. 
The term “heteroaryl” refers to a 5 to 14, preferably 5 to 10 

membered aromatic hetero, mono-, bi- or multicyclic ring. 
Examples include pyrrolyl pyridyl, pyrazolyl, thienyl, pyri 
midinyl, pyrazinyl, tetrazolyl, indolyl, quinolinyl, purinyl, 
imidazolyl, thienyl, thiazolyl, benzothiazolyl, furanyl, ben 
Zofuranyl, 1,2,4-thiadiazolyl, isothiazolyl, triazoyl, tetra 
Zolyl, isoquinolyl, benzothienyl, isobenzofuryl, pyrazolyl, 
carbazolyl, benzimidazolyl, isoxazolyl. 

“Alkyl”, “cycloalkyl”, “alkenyl”, “alkynyl”, “aryl”, “het 
eroaryl', "heterocycle” also refers to the corresponding 
“alkylene'. “cycloalkylene'. “alkenylene', 'alkynylene'. 
“arylene'. “heteroarylene'. “heterocyclene' which are 
formed by the removal of two hydrogen atoms. 

In particular, R7 may be chosen from: H. -Alkyl, -perha 
loalkyl, -Heterocycle, - Alkylheterocycle, -alkylaryl, -Alkyl 
O C(=O)-Alkyl, -Alkyl-O C(=O)—OAlkyl, -Alkyl-C 
(=O)-Alkyl, -Alkyl-O C(=O)—OCycloalkyl, where the 
Heterocycle is optionally substituted with —O, Alkyl. 

In particular, R8 may be chosen from: OH, - OAlkyl: 
—Oalkylaryl, —OHeterocycle; —OAlkylheterocycle, 
wherein the heterocycle is optionally substituted with =O or 
alkyl; —OAlkyl-O C(=O)-Alkyl; —OAlkyl-O C 
(=O)—OAlkyl; —OAlkyl-C(=O)-Alkyl; —OAlkyl-C 
(=O)-Aryl wherein the aryl group is unsubstituted or substi 
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tuted with one or more halogen oralkoxy groups; —OAlkyl 
C(=O)—Heteroaryl; –OAlkyl-C(=O) OAlkyl; 
–OAlkyl-C(=O)-Cycloalkyl; OAlkyl-C(=O) NTT 
where Tand T', identical or different, independently represent 
a hydrogenatom, an alkyl, a cycloalkyl, a hydroxycycloalkyl, 
a heteroaryl or a heterocyclic group, or T and T' form together 
with the Natom to which they are attached a N-containing 
Heterocycle optionally substituted with —O or alkyl: 
—OAlkyl-O C(=O)—OCycloalkyl: NR'R'', 
NROR', natural or synthetic amino acid, wherein each R" 

and R are independently selected from hydrogen, alkyl, 
hydroxyalkyl, —O-alkyl, alkenyl, perhaloalkyl, -C3 
C6cycloalkyl, heterocycle, heterocyclylalkyl and aryl, 
whereing wherein the heterocycle moiety may be unsubsti 
tuted or substituted with alkyl or RandR together with the 
Nitrogen atom to which they are attached, may form a 5-6 
membered heterocyclic ring containing 1-2 heteroatoms 
selected from O and N, wherein the ring is unsubstituted or 
substituted with hydroxy, hydroxyalkyl, hydroxyalcoxy 
alkyl, amino, alkylamino, dialkylamino, arylalcoxycarbony 
lamino, alcoxycarbonylamino. 

In one preferred embodiment, the invention provides a 
compound of formula (I) wherein: 

the -COR7 group represents a —COH group or an ester 
derivative thereof, wherein R7 represents a hydrogen or a 
C1-C3alkyl chain optionally comprising one or more unsat 
urations and optionally Substituted by: 

a) —O—CO(O),alkyl, 
b) —O CO(O)-cycloalkyl or 
c) heterocyclic group, 

whereint is 0 or 1, and the items a, b or cabove are optionally 
substituted by one or more halo. —C1-C5-alkyl, or —CO 
group; and 
R8 represents —OH, -O-alkyl, OAlkyl-C(=O)-Alkyl. 

Suitable ester derivatives of compound of formula (I) rep 
resented by —COR7 and COR8 groups, wherein R7 is an 
alkyl chain and R8 is —O-alkyl chain include the compounds 
wherein alkyl chain may be C1-C12alkyl. They are useful as 
prodrugs to provide compounds of the formula (I) wherein the 
—COH group is formed in vivo following administration. 
Such esters are also useful as intermediates for the prepara 
tion of dicarboxylic acid compounds of the formula (I). 

Examples of ester derivatives of a —COH group are alkyl, 
alkanoyloxyalkyl (including alkyl, cycloalkyl or aryl Substi 
tuted derivatives thereof), arylcarbonyl-oxyalkyl (including 
aryl substituted derivatives thereof), aryl, arylalkyl, indanyl 
and haloalkyl: wherein alkanoyl groups have from 2 to 12 
carbon atoms, alkyl groups have from 1 to 12 carbon atoms 
and aryl means phenyl or naphthyl, both of which may be 
optionally substituted by C1-C4alkyl, —O C1-C4alkyl 
or halo. Alkyl, alkanoyland alkoxy groups can, where appro 
priate, be straight- or branched-chain. 

Specific examples of ester derivatives of a -COH group 
are C1-C9alkyl (e.g. methyl, ethyl, n-propyl, isopropyl), ben 
Zyl, 1-(2,2-diethylbutanoyloxy)ethyl. (2-ethyl-propanoy 
loxy)methyl, 1-(2-ethylpropanoyloxy)ethyl, 1-(2,4-dimeth 
ylbenzoyloxy)-ethyl, (Oc-benzoyloxy)benzyl, 
1-(benzoyloxy)ethyl, 1-(2-methyl-1-propanoyloxy)-propyl. 
(2,4,6-trimethylbenzoyloxy)methyl, 1-(2,4,6-trimethyl-ben 
Zoyloxy)ethyl, (pivaloyloxy)methyl, phenethyl, phenpropyl. 
2.2.2-trifluoroethyl, 1- or 2-naphthyl, 2,4-dimethylphenyl, 
4-t-butylphenyl, 5-indanyl, axetil, cilxetil, mofetil, pivoxetil, 
proxetil, (tetrahydropyran-4-yloxycarbonyloxy)methyl, (di 
oxolan-5-yloxycarbonyl-oxy)methyl, 1-(tetrahydropyran-4- 
yloxycarbonyloxy)ethyl, 1-(dioxolan-5-yloxy-carbonyloxy) 
ethyl, medoxomil and Soproxil. 
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6 
Examples of amide derivatives of a -COH group are 

NHalkyl, NHcyclolkyl, NHalkenyl, NHalkynyl, NHalkaryl, 
NHheteroaryl, NHaryl, NH(natural or unnatural/synthetic 
amino acids as mono or oligopeptides). 

Specific examples of amide derivatives of a -COH group 
are NHMe, NHEt, NH-t-Bu, NHallyl, NHpropargyl, 
NHCHFuryl, NH(2-CF-Phenyl), NHFury1. 

Examples of natural or synthetic amino acids include 
lysine, Valine, phenylalanine, alanine, glycine, norvaline, 
cycloleucine and the like. 
The term “prodrug means a pharmacologically acceptable 

derivative, for example, an amide or ester (such as a biolabile 
ester derivative of a —COH group) that is biotransformed to 
the compound of the present invention. A general reference 
on prodrugs is Goodman and Gilmans, The Pharmacological 
Basis of Therapeutics, 8" Edition, McGraw-Hill, Int. Ed. 
1992, “Biotrans-formation of Drugs', p. 13-15. 
The term "solvate” refers to an aggregate that comprises a 

compound of the invention, with one or more molecules of 
solvent. The solvent may be water, in which case the solvate 
may be a hydrate. Alternatively, the solvent may bean organic 
Solvent. Thus, the compounds of the present invention may 
exist as a hydrate, including a monohydrate, dihydrate, hemi 
hydrate, sesquihydrate, trihydrate, tetrahydrate and the like, 
as well as the corresponding Solvated forms. 
The compounds herein described may have asymmetric 

centers. Compounds of the present invention containing an 
asymmetrically substituted atom may be isolated in optically 
active or racemic forms. It is well known in the art how to 
prepare optically active forms, such as by resolution of race 
mic forms or by synthesis from optically active starting mate 
rials. Geometric isomers of double bonds such as olefins and 
C—N can also be present in the compounds described here, 
all the stable isomers are contemplated here. All chiral, dias 
tereomeric, racemic forms and all geometric isomeric forms 
of a compound are intended, unless the stereochemistry or the 
isomeric form is specifically indicated. All processes used to 
synthesize the compounds of the present invention are con 
sidered as part of the present invention. 
The term “substituted as used herein means that any one 

or more hydrogens on the designated atom is replaced with a 
selection from the indicated group, provided that the desig 
nated atom’s normal valency is not exceeded and that the 
Substitution results in a stable compound. 
As used herein, the term “patient” refers to a warm 

blooded animal such as a mammal, preferably a human or a 
human child, which is afflicted with, or has the potential to be 
afflicted with one or more diseases and conditions described 
herein. 
As used herein, a “therapeutically effective amount” refers 

to an amount of a compound of the present invention which is 
effective in reducing, eliminating, treating or controlling the 
symptoms of the herein-described diseases and conditions. 
The term “controlling is intended to refer to all processes 
wherein there may be a slowing, interrupting, arresting, or 
stopping of the progression of the diseases and conditions 
described herein, but does not necessarily indicate a total 
elimination of all disease and condition symptoms, and is 
intended to include prophylactic treatment and chronic use. 
As used herein, the expression “pharmaceutically accept 

able' refers to those compounds, materials, compositions, or 
dosage forms which are, within the scope of Sound medical 
judgment, Suitable for contact with the tissues of human 
beings and animals without excessive toxicity, irritation, 
allergic response, or other problem complications commen 
Surate with a reasonable benefit/risk ratio. 
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As used herein, “pharmaceutically acceptable salts' refer 
to derivatives of the disclosed compounds wherein the parent 
compound is modified by making acid or base salts thereof. 
The pharmaceutically acceptable salts include the conven 
tional non-toxic salts or the quaternary ammonium salts of the 
parent compound formed, for example, from non-toxic inor 
ganic or organic acids. For example, Such conventional non 
toxic salts include those derived from inorganic acids such as 
hydrochloric, hydrobromic, Sulfuric, Sulfamic, phosphoric, 
nitric and the like; and the salts prepared from organic acids 
Such as acetic, propionic, Succinic, tartaric, citric, methane 
Sulfonic, benzenesulfonic, glucoronic, glutamic, benzoic, 
salicylic, toluenesulfonic, oxalic, fumaric, maleic, and the 
like. Further addition salts include ammonium salts such as 
tromethamine, meglumine, epolamine, etc., metal salts such 
as Sodium, potassium, calcium, Zinc or magnesium. 
The pharmaceutically acceptable salts of the present inven 

tion can be synthesized from the parent compound which 
contains a basic or acidic moiety by conventional chemical 
methods. Generally, such salts can be prepared by reacting the 
free acid or base forms of these compounds with a stoichio 
metric amount of the appropriate base or acid in water or in an 
organic solvent, or in a mixture of the two. Generally, non 
aqueous media like ether, ethyl acetate, ethanol, isopropanol, 
oracetonitrile are preferred. Lists of suitable salts are found in 
Remington’s Pharmaceutical Sciences, 17th ed., Mack Pub 
lishing Company, Easton, Pa., 1985, p. 1418 and P. H. Stahl, 
C. G. Wermuth, Handbook of Pharmaceutical salts—Prop 
erties, Selection and Use, Wiley-VCH, 2002, the disclosures 
of which are hereby incorporated by reference. 
The compounds of the general formula (I) having geo 

metrical and Stereoisomers are also a part of the invention. 
The present invention also embraces any of the following 

preferred embodiments or any of the combinations thereof: 
In one embodiment, the present invention provides a com 

pound of formula (I-A): 

(I-A) 

(R-Y)-(D-Y-G) ey" 
N COR7 

N COR8 

as well as their enantiomers, diastereomers, mixtures thereof 
and pharmaceutically acceptable salts, hydrates and Solvates, 
wherein: 
X1, R1, Y1, Y2, Arl, R3, R4, R5, m, p, R7, R8 are defined as 
in formula (I). 

Preferably, the invention provides compound of formula 
(I-A) wherein: 

Ar1 is 

ONN s O 

(l O K 
X1 is phenyl: 
each R1, identical or different, is selected from the group 

consisting of hydrogen, halo, perhaloalkyl, perhaloalkoxy, 
aryl, arylalkyl, alkylaryl, alkyl, alkenyl, alkynyl, and 
cycloalkyl optionally comprising one or more unsaturations, 
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8 
wherein the aryl group may be fused with a ring comprising 2 
to 5 atoms selected from carbon or heteroatoms; further 
wherein each R1 is optionally substituted from one up to 
maximum number of substitutable positions with a substitu 
ent independently selected from a group consisting of halo, 
-alkyl, -O-alkyl, cycloalkyl, aryl, arylalkyl, alkylaryl and 
perhaloalkyl; 
Y 1 represents a bond or Y1 is selected from a group con 

sisting of -O-, -S(O) , wherein q is 0, 1 or 2; and 
—C-Q-, wherein Q is O or S; 

the moiety R1-Y 1 represents a group that is attached to the 
cyclic ring structure X1 and m is an integer selected from 1 to 
5, wherein m represents the number of positions on X1 avail 
able for attachment of R1-Y1 moiety; and wherein each 
R1-Y1 may be identical or different group: 
Y2 represents a bond or Y2 is —CH2—, or —C-Q-, 

wherein Q is N—OR', wherein each R" is independently 
selected from hydrogen, -alkyl, -alkenyl and -alkynyl: 
R3 is hydrogen and p is 4, 
R4 and R5 are independently selected from the group con 

sisting of hydrogen and methyl; 
the COR7 and COR8 groups are attached to the same 

atom, wherein the COR7 group represents a —COH 
group or an ester derivative thereof and the COR8 group 
represents a -COH group or an ester oran amide derivative 
thereof. 

In another embodiment, the present invention provides 
compound of formula (I-B): 

(I-B) 

(R-Y)-(3)-Y2–G) ey." R6 
COR7 

N-{ X 
COR8 

N 

as well as their enantiomers, diastereomers, mixtures thereof 
and pharmaceutically acceptable salts, hydrates and Solvates, 
wherein X1, R1, Y1, Y2, Ar1, R3, R4, R5, R6, m, p, R7, R8 are 
defined as in formula (I). 

In another embodiment, the present invention provides a 
compound of formula (I-C): 

(I-C) 

(R-Y)-(D-Y2–G) a COR7 
R6 COR8 

N N 

R4 RS 

as well as their enantiomers, diastereomers, mixtures thereof 
and pharmaceutically acceptable salts, hydrates and Solvates, 
wherein X1, R1, Y1, Y2, Ar1, R3, R4, R5, R6, m, p, R7, R8 are 
defined as in formula (I). 
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In another embodiment, the present invention provides a 
compound of formula (I-D): 

(I-D) 

R3 (R1 Y1)-(D-Y2 QE) a y p R6 
COR7 

N 
COR8 

R4 RS 

N 

as well as their enantiomers, diastereomers, mixtures thereof 
and pharmaceutically acceptable salts, hydrates and Solvates, 
wherein X1, R1, Y1, Y2, Arl, R3, R4, R5, R6, m.p., R7, R8 are 
defined as in formula (I). 

In yet another embodiment, the present invention provides 
compound of formula (I-E) and pharmaceutically acceptable 
salts thereof: 

(I-E) 

(R1 "é y Q 
R4 RS 

as well as their enantiomers, diastereomers, mixtures thereof 
and pharmaceutically acceptable salts, hydrates and solvates, 
wherein: 

R1, m. X1, Arl, R3, R4, R5, R6, R7, R8, pare defined as 
above. 

In another embodiment, the present invention provides a 
compound of formula (I-F): 

(I-F) 

(R-Y)-(D-Y2–G) (R3) COR7 SA COR8 

21 N 

R4 R5 

as well as their enantiomers, diastereomers, mixtures thereof 
and pharmaceutically acceptable salts, hydrates and Solvates, 
wherein: X1, R1, Y1, Y2, Arl, R3, R4, R5, R6, m, p, R7, R8 
are defined as in formula (I). 

Preferably, in anyone of formulae (I), (I-A). (I-B), (I-C), 
(I-D), (I-E) or (I-F), Arl represents 

ONN 7. 
{ O Kl 

Preferably, in anyone of formulae (I), (I-A). (I-B), (I-C), 
(I-D), or (I-F)Y2 represents a bond or —CH2—, more pref 
erably, Y2 represents a bond. 

Preferably, in anyone of formulae (I), (I-A). (I-B), (I-C), 
(I-D), (I-E) or (I-F), Y1 represents a bond or —O— —S(O) 
p-, —C-Q-, as defined above; more preferably,Y 1 represents 
a bond. 
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10 
Preferably, in anyone of formulae (I), (I-A). (I-B), (I-C), 

(I-D) or (I-F), X1 represents a phenyl group. 
Preferably, in anyone of formulae (I), (I-A). (I-B), (I-C), 

(I-D), (I-E) or (I-F), R3 represents a hydrogen. 
Preferably, in anyone of formulae (I), (I-A). (I-B), (I-C), 

(I-D), (I-E) or (I-F), R4 and R5 represent a hydrogen. 
Preferably, in anyone of formulae (I), (I-A). (I-B), (I-C), 

(I-D), (I-E) or (I-F), R6 represents a hydrogen or alkyl and Z 
represents a cycloalkyl, R6 and Z form together with the N 
atom to which they are attached a 6-membered heterocycle. 

Preferably, in anyone of formulae (I), (I-A). (I-B), (I-C), 
(I-D), (I-E) or (I-F), each R1, identical or different, is selected 
from a halo, an aryl, arylalkyl, -alkylaryl, alkyl, alkenyl, 
cycloalkyl, each being optionally substituted as defined 
above; more preferably, R1 is selected from an optionally 
Substituted aryl group and a halo as defined above. 
More preferred compounds are those of formula (I-A) 

wherein: 
Ar1 is 

Y1 is a bond; 
m=2; 
one of R1 is a halo atom and the other R1 is a phenyl group; 
each R3 is H: 
R4=R5=H; 
R7=H; and 
COR8 is COH or an ester or an amid thereof; including 

R8–OAlkyl or OAlkylC(=O)-Alkyl, 
as well as their enantiomers, diastereomers, mixtures 

thereof and pharmaceutically acceptable salts, hydrates and 
Solvates. 

In one preferred embodiment, the present invention pro 
vides a compound selected from the group consisting of: 
1-4-5-(4-isobutylphenyl)-1,2,4-oxadiazol-3-yl) 

benzylpiperidine-4,4-dicarboxylic acid 
1-(4-5-4-(3-methylbut-2-enyloxy)phenyl-1,2,4-oxadia 

Zol-3-yl)benzyl)piperidine-4,4-dicarboxylic acid 
1-4-5-(2-fluorobiphenyl-4-yl)-1,2,4-oxadiazol-3-yl) 

benzylpiperidine-4,4-dicarboxylic acid 
monomethyl 1-4-5-(2-fluorobiphenyl-4-yl)-1,2,4-oxadia 

Zol-3-ylbenzylpiperidine-4,4-dicarboxylate 
1-4-5-(4-cyclopropylmethylphenyl)-1,2,4-oxadiazol-3-yl) 

benzylpiperidine-4,4-dicarboxylic acid 
monomethyl 1-4-5-(4-cyclopropylmethylphenyl)-1,2,4- 

oxadiazol-3-ylbenzylpiperidine-4,4-dicarboxylate 
monomethyl 1-(4-5-4-(3-methyl-but-2-enyloxy)phenyl 

1,2,4-oxadiazol-3-yl)benzyl)piperidine-4.4-dicarboxy 
late 

monomethyl 1-4-5-(4-isobutylphenyl)-1,2,4-oxadiazol-3- 
yl)benzylpiperidine-4,4-dicarboxylate 

monomethyl 1-4-5-(2,2-dimethyl-2,3-dihydrobenzofuran 
5-yl)-1,2,4-oxadiazol-3-yl)benzylpiperidine-4.4-dicar 
boxylate 

1-4-5-(2,2-dimethyl-2,3-dihydro-1-benzofuran-5-yl)-1.2. 
4-oxadiazol-3-ylbenzylpiperidine-4,4-dicarboxylic acid 

1-4-5-(2',4'-difluorobiphenyl-4-yl)-1,2,4-oxadiazol-3-yl) 
benzylpiperidine-4,4-dicarboxylic acid 

1-4-5-(4'-fluorobiphenyl-4-yl)-1,2,4-oxadiazol-3-yl) 
benzylpiperidine-4,4-dicarboxylic acid 

  







US 8,809,539 B2 
15 

1-4-5-(2-Fluoro-biphenyl-4-yl)-1,2,4-oxadiazol-3-yl)- 
benzyl)-4-(morpholin-4-yl-carbonyl)piperidine-4-car 
boxylic acid 

4-Cyclobutylcarbamoyl-1-4-5-(2-fluoro-biphenyl-4-yl)- 
1,2,4-oxadiazol-3-yl)-benzyl-piperidine-4-carboxylic 
acid 

4-Cyclopentylcarbamoyl-1-(4-5-(2-fluoro-biphenyl-4-yl)- 
1,2,4-oxadiazol-3-yl)-benzyl-piperidine-4-carboxylic 
acid 

1-4-5-(2-Fluoro-biphenyl-4-yl)-1,2,4-oxadiazol-3-yl)- 
benzyl)-4-(4-hydroxy-cyclohexylcarbamoyl)-piperidine 
4-carboxylic acid 

1-4-5-(2-Fluoro-biphenyl-4-yl)-1,2,4-oxadiazol-3-yl)- 
benzyl)-4-(2-hydroxy-ethyl)-methyl-carbamoyl-piperi 
dine-4-carboxylic acid benzyl ester 

4-Cyclohexylcarbamoyl-1-4-5-(2-fluoro-biphenyl-4-yl)- 
1,2,4-oxadiazol-3-yl)-benzyl-piperidine-4-carboxylic 
acid benzyl ester 

4-Dimethyl carbamoyl-1-4-5-(2-fluoro-biphenyl-4-yl)-1, 
2,4-oxadiazol-3-yl)-benzyl-piperidine-4-carboxylic 
acid benzyl ester 

4-Bis-(2-hydroxy-ethyl)-carbamoyl-1-4-5-(2-fluoro-bi 
phenyl-4-yl)-1,2,4-oxadiazol-3-yl)-benzyl-piperidine 
4-carboxylic acid benzyl ester 

1-4-5-(2-Fluoro-biphenyl-4-yl)-1,2,4-oxadiazol-3-yl)- 
benzyl)-4-(2-hydroxy-ethyl)-methyl-carbamoyl-piperi 
dine-4-carboxylic acid 

1-4-5-(2-Fluoro-biphenyl-4-yl)-1,2,4-oxadiazol-3-yl)- 
benzyl)-4-(3-hydroxy-pyrrolidin-1-yl-carbonyl)-piperi 
dine-4-carboxylic acid 

1-4-5-(2-Fluoro-biphenyl-4-yl)-1,2,4-oxadiazol-3-yl)- 
benzyl)-4-4-2-(2-hydroxy-ethoxy)-ethyl-piperazin-1- 
yl-carbonyl-piperidine-4-carboxylic acid 

4-Bis-(2-hydroxy-ethyl)-carbamoyl-1-4-5-(2-fluoro-bi 
phenyl-4-yl)-1,2,4-oxadiazol-3-yl)-benzyl-piperidine 
4-carboxylic acid 

mono (isopropoxycarbonyloxy)methyl 1-4-5-(6-methox 
ynaphthalen-2-yl)-1,2,4-oxadiazol-3-yl 
benzylpiperidine-4,4-dicarboxylate 

monobenzyl 1-4-5-(2-fluorobiphenyl-4-yl)-1,2,4-oxadia 
Zol-3-ylbenzylpiperidine-3,3-dicarboxylate 

monoethyl 1-4-5-(2-fluorobiphenyl-4-yl)-1,2,4-oxadiazol 
3-ylbenzylpiperidine-3,3-dicarboxylate 

benzyl (isopropoxycarbonyloxy)methyl 1-4-5-(2-fluorobi 
phenyl-4-yl)-1,2,4-oxadiazol-3-yl)benzylpiperidine-4.4- 
dicarboxylate 

benzyl 5-methyl-2-oxo-1,3dioxol-4-ylmethyl 1-4-5-(2- 
fluorobiphenyl-4-yl)-1,2,4-oxadiazol-3-yl) 
benzylpiperidine-4,4-dicarboxylate 

(isopropoxycarbonyloxy)methyl methyl 1-4-5-(4-isobu 
tylphenyl)-1,2,4-oxadiazol-3-yl)benzylpiperidine-4.4- 
dicarboxylate 

mono-n-propyl 1-4-5-(2-fluorobiphenyl-4-yl)-1,2,4-oxa 
diazol-3-ylbenzylpiperidine-4,4-dicarboxylate 

mono-n-butyl 1-4-5-(2-fluorobiphenyl-4-yl)-1,2,4-oxadia 
Zol-3-ylbenzylpiperidine-4,4-dicarboxylate 

diethyl 1-4-5-(2-fluorobiphenyl-4-yl)-1,2,4-oxadiazol-3- 
ylbenzylpiperidine-4,4-dicarboxylate 

dibenzyl 1-4-5-(2-fluorobiphenyl-4-yl)-1,2,4-oxadiazol-3- 
ylbenzylpiperidine-4,4-dicarboxylate 

1-4-5-(2-Fluoro-biphenyl-4-yl)-1,2,4-oxadiazol-3-yl)- 
benzyl)-4-(pyridin-2-ylcarbamoyl)-piperidine-4-car 
boxylic acid benzyl ester 

4-Dimethylcarbamoyl-1-4-5-(2-fluoro-biphenyl-4-yl)-1, 
2.4 oxadiazol-3-yl)-benzyl-piperidine-4-carboxylic acid 
ethyl ester 
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16 
4-Dimethylcarbamoyl-1-(4-5-(2-fluoro-biphenyl-4-yl)-1, 

2.4 oxadiazol-3-yl)-benzyl-piperidine-4-carboxylic acid 
butyryloxymethyl ester 

1-4-5-(2-Fluoro-biphenyl-4-yl)-1,2,4-oxadiazol-3-yl)- 
benzyl)-4-(3-hydroxy-pyrrolidine-1-carbonyl)-piperi 
dine-4-carboxylic acid acetoxymethyl ester 

4-Dimethylcarbamoyl-1-(4-5-(2-fluoro-biphenyl-4-yl)-1, 
2.4 oxadiazol-3-yl)-benzyl-piperidine-4-carboxylic acid 
isopropoxycarbonyloxymethyl ester 

1-4-5-(2-Fluoro-biphenyl-4-yl)-1,2,4-oxadiazol-3-yl)- 
benzyl)-4-(3-hydroxy-pyrrolidine-1-carbonyl)-piperi 
dine-4-carboxylic acid isopropoxycarbonyloxymethyl 
ester 

4-Dimethylcarbamoyl-1-(4-5-(2-fluoro-biphenyl-4-yl)-1, 
2.4 oxadiazol-3-yl)-benzyl-piperidine-4-carboxylic acid 
3.3-dimethyl-2-oxo-butyl ester 

1-4-5-(2-Fluoro-biphenyl-4-yl)-1,2,4-oxadiazol-3-yl)- 
benzyl)-4-(pyridin-2-ylcarbamoyl)-piperidine-4-car 
boxylic acid 

1-4-5-(2-Fluoro-biphenyl-4-yl)-1,2,4-oxadiazol-3-yl)- 
benzyl)-4-(pyridin-4-ylcarbamoyl)-piperidine-4-car 
boxylic acid 

1-4-5-(2-Fluoro-biphenyl-4-yl)-1,2,4-oxadiazol-3-yl)- 
benzyl)-4-(3-hydroxy-pyrrolidine-1-carbonyl)-piperi 
dine-4-carboxylic acid 3.3-dimethyl-2-oxo-butyl ester 

4-Cyclohexylcarbamoyl-1-4-5-(2-fluoro-biphenyl-4-yl)- 
1.2.4 oxadiazol-3-yl)-benzyl-piperidine-4-carboxylic 
acid 3.3-dimethyl-2-oxo-butyl ester 

4-(3-Benzyloxycarbonylamino-piperidine-1-carbonyl)-1- 
{4-5-(2-fluoro-biphenyl-4-yl)-1,2,4-oxadiazol-3-yl)- 
benzyl-piperidine-4-carboxylic acid benzyl ester 

as well as their enantiomers, diastereomers, mixtures thereof 
and pharmaceutically acceptable salts, free forms, hydrates 
and Solvates. 

Preferred embodiments of the present invention provide a 
compound of formula (I) which possesses a selectivity for the 
S1P1 receptor over the S1P3 receptor of at least 10 fold, 
preferably 100 fold, more preferably 1000 fold as measured 
by the ratio of ECs at the S1P1 receptor to the ECs at the 
S1P3 receptor as evaluated in the S-GTPDS binding assay. 
Preferably said compound possesses an ECso for binding to 
the S1P1 receptor of 100 nM or less, more preferably 10 nM 
or less, still more preferably 5 nM or less as evaluated by 
the S-GTPYS binding assay in transfected cells expressing 
these receptors in high levels. 

Highly preferred embodiment of the present invention pos 
sess an ECs for binding to the S1P1 receptor of 1 nM or less 
as evaluated by the S-GTPYS binding assay. 

According to one aspect, the present invention also pro 
vides the process of preparation of the compound of formula 
(I). 
The compounds and process of the present invention may 

be prepared in a number of ways well known to those skilled 
in the art. The compounds can be synthesized, for example, by 
application or adaptation of the methods described below, or 
variations thereon as appreciated by the skilled artisan. The 
appropriate modifications and substitutions will be readily 
apparent and well known or readily obtainable from the sci 
entific literature to those skilled in the art. 

In particular, Such methods can be found in R. C. Larock, 
Comprehensive Organic Transformations, VCH publishers, 
1989 

It will be appreciated that the compounds of the present 
invention may contain one or more asymmetrically Substi 
tuted carbon atoms, and may be isolated in optically active or 
racemic forms. Thus, all chiral, diastereomeric, racemic 
forms and all geometric isomeric forms of a structure are 
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intended, unless the specific stereochemistry or isomeric 
form is specifically indicated. It is well known in the art how 
to prepare and isolate such optically active forms. For 
example, mixtures of stereoisomers may be separated by 
standard techniques including, but not limited to, resolution 
of racemic forms, normal, reverse-phase, and chiral chroma 
tography, preferential salt formation, recrystallization, and 
the like, or by chiral synthesis either from chiral starting 
materials or by deliberate synthesis of target chiral centers. 
Compounds of the present invention may be prepared by a 

variety of synthetic routes. The reagents and starting materi 
als are commercially available, or readily synthesized by 
well-known techniques by one of ordinary skill in the arts. All 
Substituents, unless otherwise indicated, are as previously 
defined. 

In the reactions described hereinafter, it may be necessary 
to protect reactive functional groups, for example hydroxy, 
amino, imino, thio or carboxy groups, where these are desired 
in the final product, to avoid their unwanted participation in 
the reactions. Conventional protecting groups may be used in 
accordance with standard practice, for examples see T. W. 
Greene and P. G. M. Wuts in Protective Groups in Organic 
Synthesis, John Wiley and Sons, 1991; J. F. W. McOmie in 
Protective Groups in Organic Chemistry, Plenum Press, 
1973. 
Some reactions may be carried out in the presence of a 

base. There is no particular restriction on the nature of the 
base to be used in this reaction, and any base conventionally 
used in reactions of this type may equally be used here, 
provided that it has no adverse effect on other parts of the 
molecule. Examples of suitable bases include: sodium 
hydroxide, potassium carbonate, triethylamine, alkali metal 
hydrides, such as sodium hydride and potassium hydride; 
alkyllithium compounds, such as methyllithium and butyl 
lithium; and alkali metal alkoxides, such as sodium methox 
ide and Sodium ethoxide. 

Usually, reactions are carried out in a Suitable solvent. A 
variety of solvents may be used, provided that it has no 
adverse effect on the reaction or on the reagents involved. 
Examples of suitable solvents include: hydrocarbons, which 
may be aromatic, aliphatic or cycloaliphatic hydrocarbons, 
Such as hexane, cyclohexane, benzene, toluene and Xylene; 
amides, such as dimethyl-formamide; alcohols such as etha 
nol and methanol and ethers, such as diethyl ether and tet 
rahydrofuran. 
The reactions can take place over a wide range oftempera 

tures. In general, we find it convenient to carry out the reac 
tionata temperature of from 0°C. to 150°C. (more preferably 
from about room temperature to 100° C.). The time required 
for the reaction may also vary widely, depending on many 
factors, notably the reaction temperature and the nature of the 
reagents. However, provided that the reaction is effected 
under the preferred conditions outlined above, a period of 
from 3 hours to 20 hours will usually suffice. 
The compound thus prepared may be recovered from the 

reaction mixture by conventional means. For example, the 
compounds may be recovered by distilling off the solvent 
from the reaction mixture or, if necessary after distilling off 
the solvent from the reaction mixture, pouring the residue into 
water followed by extraction with a water-immiscible organic 
solvent and distilling off the solvent from the extract. Addi 
tionally, the product can, if desired, be further purified by 
various well known techniques, such as recrystallization, 
reprecipitation or the various chromatography techniques, 
notably column chromatography or preparative thin layer 
chromatography. 
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18 
According to one synthetic process, the compound of for 

mula (I) where R7 is Hand/or R8 is OH may be obtained from 
a corresponding compound of formula (I) wherein R7 and/or 
R8 represent(s) an ester function. 

Preferably, a Saponification is carried out, e.g. in the pres 
ence of a base, preferably a mineral base Such as OH, e.g. 
KOH or NaOH. 

According to another synthetic process, said compound of 
formula (I) wherein COR7 and/or COR8 represent(s) an 
ester function is obtained from a corresponding compound of 
formula (II): 

(II) 

- y(R) OH 
(R1-Y1)m- s -Y-O-\ 7. 

R4 R5 

wherein R1, Y1, m. X1, Y2, Ar1, R3, R4, R5 and pare defined 
as in formula (I). Generally, this reaction is conducted by 
forming, as an intermediate, the mesylate derivative of (II), by 
reacting a suitable Sulfonating reagent, such as methanesulfo 
nyl chloride. The mesylate derivative is then coupled with a 
compound of formula (III): 

(III) 
R6 COR 

/ 
N-2 

CORs 

where R6, Z, R7 and R8 are defined as in formula (I). 
Generally, this reaction is carried out in the presence of a 

base. Such as an organic base, preferably N.N-diisopropyl 
ethylamine, triethylamine or an inorganic base, preferably 
potassium, cesium or sodium carbonate orbicarbonate. 
The reaction from (II) may be conducted as a one step 

reaction or may comprise the step of isolating the mesylate 
intermediate which is formed. 

The above synthetic process may be illustrated by the 
scheme 1 below: 

- y(R) OH 
(R-Yin-GO-Y. GE) \ / 

R4 R5 

(II) 

1) mesylate formation 
2) base 

f yok 
+ N-Z 

H 
CORs 

(III) 
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-continued 

(R-Y-O-Y. GE) (R3) 2A COR7 
N N-Z 

COR8 
R4 RS 

According to yet another synthetic process, the compound 
of formula (I), wherein COR7 and/or COR8 represent(s) an 
ester function is obtained by reacting a corresponding com 
pound of formula (IV): 

(IV) 

- s H -GO- e. (R1-Y1)m Y2 \ / 

wherein R1, Y1, m. X1, Y2, Arl, R3 and p are defined as in 
formula (I) with a compound of formula (III) as defined 
above. Generally, this reaction is conducted in the presence of 
a hydride or hydrogen. Preferred hydrides are triacetoxyboro 
hydride and cyanoborohydride. When hydrogen is used, a 
catalyst is generally necessary, preferred catalysts are palla 
dium, nickel and platinum. Hydrogen can also be replaced 
with hydrogen donnors, preferably formic acid, formic acid 
triethylamine eutectic mixture, cyclohexene or cyclohexadi 
CC. 

The obtained product may then be (partly) hydrolyzed as 
above. 

According to another synthetic process, the compound of 
formula (I) may be obtained by reducing a corresponding 
compound of formula (V): 

wherein R1, Y1, m. X1, Y2, Arl, R3, R4, R5, p. R6, Z, R7 are 
defined as informula (I) and Pg represents a protective group 
of the COR8 group with R representing OH. 

Generally, when Pg is a benzyl group or a substituted 
benzyl group, this reaction is carried out by hydrogenation or 
transfer hydrogenation, in the presence of Pd/C or nickel or 
platinum, this reaction can also be carried out with a Lewis 
acid Such as aluminum trichloride and an electron rich aro 
matic Such as anisole, when Pg is a trimethylsilylethyl, this 
reaction is carried out with fluoride ion, when Pg is a mono or 
polymethoxybenzyl group, this reaction is carried out with an 
oxidant Such as cerium ammonium nitrate. 
The compound of formula (V) may be obtained by reacting 

the corresponding compound of formula (VI): 

(VI) 

R6 
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20 
wherein R1, Y1, m. X1, Y2, Ar1, R3, R4, R5, p. R6, Z are 
defined as informula (I) and Pg represents a protective group 
of the —COR8 function, with the compound of formula 
(VII): 

Hal-R7 (VII) 

where Hal represents a halogen atom and R7 is defined as in 
formula (I). 

Generally, this reaction is carried out in the presence of an 
inorganic base such as sodium, potassium or cesium carbon 
ate or bicarbonate or an organic base such as triethylamine, 
1,5-diazabicyclo4.3,0non-5-ene or 1,8-diazabicyclo[5.4.0] 
undec-7-ene in a polar solvent such as N,N-dimethylaceta 
mide or N,N-dimethylformamide. 
The compound of formula (VI) may be obtained by saponi 

fying the corresponding protected compound of formula 
(VIII): 

(VIII) 

= y. (R)p yoPs R-y-x-y-G-( Al 
R4 RS COOPg" 

wherein R1, Y1, m. X1, Y2, Ar1, R3, R4, R5, p. R6, Z are 
defined as in formula (I), Pg represents a protective group of 
the —COR8 function and Pg" represents a protective group of 
the COOR7 function, by reacting a base, such as sodium or 
lithium hydroxide. 
The compound of formula (VIII) may be obtained by cou 

pling the corresponding of formula (IX) 

(IX) 

—y (Rip total R-y-x-x-G-( A ( 
R4 R5 RHal 

with the compound of formula (X): 
CH(COPg)(COOPg") (X) 

where Hal represent a halogenatom and R9 and R10 are such 
that they form together with the Natom to which they are 
attached and carbonatom of (X) the desired ring formed by N. 
Z and R6. 

Generally, this reaction is carried out in basic conditions 
with an inorganic base Such as Sodium, potassium or cesium 
carbonate in the presence of a phase transfer catalyst Such as 
tetrabutylammonium bromide, triethylbenzylammonium 
chloride or aliquat. 
The process of the invention may also include the addi 

tional step of isolating the obtained product of formula (I). 
The starting products and/or reagents may be commer 

cially available, or may be readily prepared by the skilled 
person by applying or adapting the procedures disclosed in 
the experimental part below. 

According to a still further object, the present invention is 
also concerned with the use of a compound of formula (I) as 
defined above for the preparation of a medicament for 
decreasing circulating lymphocytes in blood in a human 
patient in the need thereof. 

According to a preferred aspect, such medicament is Suit 
able as immunosuppressive/depressive agent. More prefer 
ably, such medicament is particularly suitable for the treat 
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ment and/or prevention transplant rejection, tissue graft 
rejection, auto-immune diseases, inflammatory and chronic 
inflammatory conditions that include rheumatoid arthritis, 
asthma, pollinosis, psoriasis, myocarditis, atopic dermatitis, 
lymphocytic leukemias, lymphomas, multiple Sclerosis, 
lupus erythematosus, inflammatory bowel diseases, diabetes 
mellitus, glomerulonephritis, atherosclerosis, multiorgan 
failure, sepsis, pneumonia, optic neuritis, polymyalgia rheu 
matica, uveitis, vasculitis, osteoarthritis, respiratory distress 
syndrome, ischemia reperfusion injury, chronic obstructive 
pulmonary disease, infection associated with inflammation, 
viral inflammation, influenza, hepatitis, Guillian-Barre Syn 
drome, chronic bronchitis, restenosis, granulomatous dis 
ease, sarcoidosis, leprosy, Scleroderma, Alzheimer's disease 
as well as disorders related to impaired vascular integrity, 
cancer, disregulated angiogenesis, excessive neoangiogen 
esis, in particular in cancer metastasis or other disorders. 

Said disregulated angiogenesis or excessive neoangiogen 
esis is preferably selected from ocular angiogenic diseases 
selected from the group consisting of diabetic retinopathy, 
choroidal neovascularization, macular degeneration. 

Said cancer is selected in particular from the group con 
sisting of Solid tumors, hematopoietic cancers and tumor 
metaStaSeS. 

More preferably, said medicament is for treating and/or 
preventing tissue graft rejection. 

According to a still further object, the present invention is 
also concerned with the use of a compound of formula (I) for 
the preparation of a medicament interacting with sphingosine 
phosphate receptor, preferably acting selectively as agonist of 
human S1P1 receptor, to be administered to a patient in the 
need thereof. Preferably, such medicament is substantially 
inactive at S1P3 receptors. 

According to a still further object, the present invention 
also concerns the methods of treatment comprising adminis 
tering an effective amount of a compound of the invention for 
treating and/or preventing the above conditions or disorders. 

The present invention also provides methods for interact 
ing with S1P receptors, preferably acting as agonist, prefer 
ably interacting selectively with S1P1 receptors, comprising 
administering an effective amount of a compound of the 
invention to a patient in the need thereof. Preferably, such 
methods are devoid of any substantial interaction with S1P3 
receptors. 
The identification of those subjects who are in need of 

treatment of herein-described diseases and conditions is well 
within the ability and knowledge of one skilled in the art. A 
clinician skilled in the art can readily identify, by the use of 
clinical tests, physical examination and medical/family his 
tory, those subjects who are in need of Such treatment. 
A therapeutically effective amount can be readily deter 

mined by the attending diagnostician, as one skilled in the art, 
by the use of conventional techniques and by observing 
results obtained under analogous circumstances. In determin 
ing the therapeutically effective amount, a number of factors 
are considered by the attending diagnostician, including, but 
not limited to: the species of subject; its size, age, and general 
health; the specific disease involved; the degree of involve 
ment or the severity of the disease; the response of the indi 
vidual Subject; the particular compound administered; the 
mode of administration; the bioavailability characteristic of 
the preparation administered; the dose regimen selected; the 
use of concomitant medication; and other relevant circum 
Stances. 

The amount of a compound of formula (I), which is 
required to achieve the desired biological effect, will vary 
depending upon a number of factors, including the dosage of 
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22 
the drug to be administered, the chemical characteristics (e.g. 
hydrophobicity) of the compounds employed, the potency of 
the compounds, the type of disease, the diseased State of the 
patient, and the route of administration. 

In general terms, the compounds of this invention may be 
provided in an aqueous physiological buffer Solution contain 
ing 0.1 to 10% w/v compound for parenteral administration. 
Typical dose ranges are from 1 ug/kg to 0.1 g/kg of body 
weight per day; a preferred dose range is from 0.01 mg/kg to 
10 mg/kg of body weight per day. A preferred daily dose for 
adult humans includes 1, 5, 50, 100 and 200 mg, and an 
equivalent dose in a human child. The preferred dosage of 
drug to be administered is likely to depend on such variables 
as the type and extent of progression of the disease or disor 
der, the overall health status of the particular patient, the 
relative biological efficacy of the compound selected, and 
formulation of the compound excipient, and its route of 
administration. 
The compounds of the present invention are capable of 

being administered in unit dose forms, wherein the term “unit 
dose” means a single dose which is capable of being admin 
istered to a patient, and which can be readily handled and 
packaged, remaining as a physically and chemically stable 
unit dose comprising either the active compound itself, or as 
a pharmaceutically acceptable composition, as described 
hereinafter. As such, typical daily dose ranges are from 0.01 
to 10 mg/kg of body weight. By way of general guidance, unit 
doses for humans range from 0.1 mg to 1000 mg per day. 
Preferably, the unit dose range is from 1 to 500 mg adminis 
tered one to four times a day, and even more preferably from 
1 mg to 300 mg. once a day. Compounds provided herein can 
be formulated into pharmaceutical compositions by admix 
ture with one or more pharmaceutically acceptable excipi 
ents. Such compositions may be prepared for use in oral 
administration, particularly in the form of tablets or capsules; 
or parenteral administration, particularly in the form of liquid 
Solutions, Suspensions or emulsions; or intranasally, particu 
larly in the form of powders, nasal drops, or aerosols; or 
dermally, for example, topically or via trans-dermal patches 
or ocular administration, or intravaginal or intra-uterine 
administration, particularly in the form of pessaries or by 
rectal administration. 
The compositions may conveniently be administered in 

unit dosage form and may be prepared by any of the methods 
well known in the pharmaceutical art, for example, as 
described in Remington: The Science and Practice of Phar 
macy, 20" ed., Gennaro, A. R. Ed. Lippincott Williams & 
Wilkins: Philadelphia, Pa., 2000. Pharmaceutically compat 
ible binding agents and/or adjuvant materials can be included 
as part of the composition. Oral compositions will generally 
include an inert diluent carrier or an edible carrier. 
The tablets, pills, powders, capsules, troches and the like 

can contain one or more of any of the following ingredients, 
or compounds of a similar nature: a binder Such as microc 
rystalline cellulose, or gum tragacanth; a diluent Such as 
starch or lactose; a disintegrant such as starch and cellulose 
derivatives; a lubricant such as magnesium Stearate; a glidant 
Such as colloidal silicon dioxide; a Sweetening agent Such as 
Sucrose or Saccharin; or a flavoring agent such as peppermint, 
or methyl salicylate. Capsules can be in the form of a hard 
capsule or soft capsule, which are generally made from gela 
tin blends optionally blended with plasticizers, as well as a 
starch capsule. In addition, dosage unit forms can contain 
various other materials that modify the physical form of the 
dosage unit, for example, coatings of Sugar, shellac, or enteric 
agents. Other oral dosage forms syrup or elixir may contain 
Sweetening agents, preservatives, dyes, colorings, and flavor 
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ings. In addition, the active compounds may be incorporated 
into fast dissolve, modified-release or Sustained-release 
preparations and formulations, and wherein Such Sustained 
release formulations are preferably bi-modal. 

Preferred formulations include pharmaceutical composi 
tions in which a compound of the present invention is formu 
lated for oral or parenteral administration, or more preferably 
those in which a compound of the present invention is formu 
lated as a tablet. Preferred tablets contain lactose, cornstarch, 
magnesium silicate, croScarmellose sodium, povidone, mag 
nesium Stearate, or talc in any combination. It is also an aspect 
of the present disclosure that a compound of the present 
invention may be incorporated into a food productor a liquid. 

Liquid preparations for administration include sterile 
aqueous or non-aqueous solutions, Suspensions, and emul 
sions. The liquid compositions may also include binders, 
buffers, preservatives, chelating agents, Sweetening, flavor 
ing and coloring agents, and the like. Non-aqueous solvents 
include alcohols, propylene glycol, polyethylene glycol, 
acrylate copolymers, vegetable oils such as olive oil, and 
organic esters such as ethyl oleate. Aqueous carriers include 
mixtures of alcohols and water, hydrogels, buffered media, 
and saline. In particular, biocompatible, biodegradable lac 
tide polymer, lactide/glycolide copolymer, or polyoxyethyl 
ene-polyoxypropylene copolymers may be useful excipients 
to control the release of the active compounds. Intravenous 
vehicles can include fluid and nutrient replenishers, electro 
lyte replenishers. Such as those based on Ringer's dextrose, 
and the like. Other potentially useful parenteral delivery sys 
tems for these active compounds include ethylene-vinyl 
acetate copolymer particles, osmotic pumps, implantable 
infusion systems, and liposomes. 

Alternative modes of administration include formulations 
for inhalation, which include such means as dry powder, 
aerosol, or drops. They may be aqueous solutions containing, 
for example, polyoxyethylene-9-lauryl ether, glycocholate 
and deoxycholate, or oily solutions for administration in the 
form of nasal drops, or as a gel to be applied intranasally. 
Formulations for buccal administration include, for example, 
lozenges or pastilles and may also include a flavored base, 
Such as Sucrose or acacia, and other excipients such as gly 
cocholate. Formulations suitable for rectal administration are 
preferably presented as unit-dose Suppositories, with a solid 
based carrier, such as cocoa butter, and may include a salicy 
late. Formulations for topical application to the skin prefer 
ably take the form of an ointment, cream, lotion, paste, gel. 
spray, aerosol, or oil. Carriers which can be used include 
petroleum jelly, lanolin, polyethylene glycols, alcohols, or 
their combinations. Formulations suitable for transdermal 
administration can be presented as discrete patches and can 
be lipophilic emulsions or buffered, aqueous solutions, dis 
Solved and/or dispersed in a polymer or an adhesive. 

Alternative administrations include also solutions, oint 
ments or other formulations acceptable for ocular adminis 
tration. 

According to a particular aspect, the compound of the 
invention may be administered by the cutaneous, ocular or 
inhalation route as disclosed above. These formulations are 
particularly advantageous as they ensure a local treatment, 
without associated lymphopenia which may occur with sys 
temic administration routes. 

Other features of the invention will become apparent in the 
course of the following description of exemplary embodi 
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24 
ments that are given for illustration of the invention and not 
intended to be limiting thereof. 

Preparation of Intermediates 

Preparation of 2-fluorobiphenyl-4-carboxylic acid 

Scheme: 

Br 

CO2H 

Few crystals of iodine are added to tetrahydrofuran (1400 
mL) containing magnesium turnings (25.17 g, 1.035 mol). 
The mixture is heated at 60-70° C. A solution of 4-bromo-2- 
fluorobiphenyl (200 g, 0.797 mol) in tetrahydrofuran (600 
mL) is added dropwise to the reaction mixture and refluxed 
for 1 hr. Reaction mixture is brought to room temperature and 
then cooled to -20°C. Carbon dioxide gas is passed through 
the reaction mixture for 45 minutes. The reaction mixture is 
treated with 3N HCl (500 mL) and extracted with ethyl 
acetate (2x500 mL). Combined organic layer is dried over 
sodium sulphate. Removal of solvent under reduced pressure 
gives a solid which is washed with diethyl ether (2x200 mL) 
and then dried to furnish 2-fluorobiphenyl-4-carboxylic acid. 

Preparation of 4-(cyclopropylmethyl)benzoic acid 

Step-I 

Br Br 

OHC 

Solution of cyclopropyl magnesium bromide is prepared 
from cyclopropyl bromide (12 g, 0.099 mol) and magnesium 
turnings (3.0 g, 0.123 mol) in tetrahydrofuran (60 mL) by 
using standard Grignard reaction procedure. This reagent 
solution is cooled to 5° C. and a solution of 4-bromobenzal 
dehyde (15.0 g, 0.081 mol) in tetrahydrofuran (30 mL) is 
added to it over a period of 15 minute at 10-15° C. The 
reaction mixture is treated with aqueous ammonium chloride 
solution and extracted with ethyl acetate (50 mL). The 
organic layer is concentrated under reduced pressure and the 
residue is purified by column chromatography (silica gel 
230-400 mesh) to give (4-bromophenyl)-cyclopropylmetha 
nol. 

(4-Bromophenyl)cyclopropylmethanol (15.0 g) is treated 
with triethylsilane (30 mL) and trifluoroacetic acid (30 mL) 
and stirred at room temperature overnight. The reaction mix 
ture is concentrated under reduced pressure and the residue is 
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purified by column chromatography (silica gel 230-400 
mesh, ethyl acetate:n-hexane 3:97) to furnish 1-bromo-4- 
cyclopropylmethylbenzene. 
Step-II 

Br 

CO2H 

A solution of 1-bromo-4-cyclopropylmethylbenzene (10 
g, 0.047 mol) in tetrahydrofuran (20 mL) is added to magne 
sium turnings (2.5g, 0.1 mol) in tetrahydrofuran (20 mL) to 
generate the Grignard reagent which is cooled to 5° C. and 
N,N-dimethylformamide (8.0g, 0.109 mol) is added to it. The 
reaction mixture is stirred at 10°C. for 1 hour. It is then treated 
with aqueous ammonium chloride solution and extracted 
with ethyl acetate (50 mL). The organic layer is concentrated 
under reduced pressure. 

This residue is dissolved in tetrahydrofuran (240 mL), 
treated with chromic acid solution (25 mL) and stirred over 
night at room temperature. It is extracted with ethyl acetate 
(50 mL). The organic layer is concentrated under reduced 
pressure. The residue is purified by usual acid-base treatment 
to furnish 4-(cyclopropylmethyl)benzoic acid. 

Preparation of 4-isobutyrylbenzoic acid 

CO2H 

OHC 
CO2H 

O 

A solution of isopropylmagnesium bromide is prepared 
from isopropyl bromide (41.0 g, 0.33 mol) and magnesium 
turnings (10.0 g, 0.41 mol) in tetrahydrofuran (150 mL) by 
using standard Grignard reaction procedure. This solution is 
added to a solution of 4-formylbenzoic acid (5.0 g, 0.033 mol) 
in tetrahydrofuran (50 mL) at -20° C. over a period of 30 
minutes. It is then stirred at -20°C. for 1 hour and then treated 
with aqueous ammonium chloride solution (150 mL). The 
organic layer is separated and concentrated under reduced 
pressure. This residue is dissolved intetrahydrofuran (60 mL) 
and the solution is treated with an aqueous solution (8 mL) of 
sodium dichromate (1.5 g., 0.006 mol) and concentrated sul 
furic acid (2 mL). The reaction mixture is stirred overnight at 
room temperature. It is then extracted with ethyl acetate (50 
mL). The organic layer is dried and concentrated under 
reduced pressure. The residue is recrystallized from ethyl 
acetate:n-hexane mixture to give 4-isobutyrylbenzoic acid. 
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Preparation of the states acid 

Step I 

Scheme: 

Br 

F 

A solution of sodium carbonate (3.3g, 0.031 mol) in dem 
ineralized water (25 mL) is added to a solution containing 
4-fluorobromobenzene (4.55 g, 0.026 mol), phenylboronic 
acid (3.3 g 0.027 mol), Pd(II) acetate (18 mg) and triph 
enylphosphine (65 mg) in n-propanol (50 mL). The reaction 
mixture is stirred at 80-90° C. for 1 hour. It is allowed to cool 
back to room temperature. Demineralized water (100 mL) is 
added and the aqueous layer is extracted with ethyl acetate 
(200 mL). The organic layer is concentrated and the residue is 
purified by column chromatography (silica gel 230-400 
mesh, ethyl acetate:n-hexane 10:90) to furnish 4-fluorobi 
phenyl. 
Step II 

Scheme 

O Her 

COCH 

CO2H 

Anhydrous aluminum chloride (6.0 g, 0.045 mol) is added 
portionwise to a mixture of 4-fluorobiphenyl (4.0 g, 0.023 
mol) and acetyl chloride (4.0 g, 0.051 mol) in dichlo 
romethane (40 mL) at 5°C. The reaction mixture is stirred for 
3 hours at room temperature, then quenched with demineral 
ized water (20 mL) and dichloromethane. The organic layer is 
separated and concentrated under reduced pressure. Tetrahy 
drofuran (40 mL) is added to the residue. An aqueous solution 
(12 mL) of sodium hydroxide (4.0 g, 0.1 mol) followed by 
potassium permanganate (4.0 g, 0.025 mol) are added. The 
reaction mixture is stirred overnight at room temperature and 
filtered through celite bed. Filtrate is concentrated, Deminer 
alized water (20 mL) is added to the residue and pH is brought 
to -2 with 1N HC1. Aqueous layer is extracted with ethyl 
acetate (3x20 mL). Combined ethyl acetate layers are washed 
with brine (1x15 mL) and dried over sodium sulphate. 



US 8,809,539 B2 
27 

Removal of ethyl acetate gives crude material which is puri 
fied by column chromatography (silica gel 230-400 mesh, 
ethyl acetate:n-hexane) to give 4'-fluorobiphenyl-4-carboxy 
lic acid. 

Preparation of 
2,2-dimethyl-2,3-dihydro-1-benzofuran-5-carboxylic 

acid 

Step-I 

Scheme 

COC2H5 

-e- 

HO 
COC2H5 

O 

3-Chloro-2-methylpropene (2.1 mL, 0.021 mol) is added 
to a stirred N,N-dimethylformamide solution (30 mL) of 
ethyl 4-hydroxybenzoate (3 g, 0.018 mol). Potassium carbon 
ate (3.2g, 0.023 mol) is introduced and the mixture is heated 
at 90° C. for one hour. The reaction mixture is cooled to room 
temperature and filtered to remove inorganic salts. N,N-dim 
ethylformamide is removed under reduced pressure, Dem 
ineralized water (20 mL) is added to the residue and the 
aqueous layer is extracted with ethyl acetate (3x20 mL). 
Combined organic layers are washed with demineralized 
water (2x15 mL) followed by brine and dried over sodium 
sulphate. Removal of ethyl acetate under reduced pressure 
gives a viscous liquid which is purified by column chroma 
tography (silica gel 230-400 mesh, n-hexane:ethyl acetate, 
90:10) to give 4-(2-methylprop-2-enyloxy)benzoic acid ethyl 
ester. 
Step-II 

Scheme: 

COC2H5 

COCHs 

HO 

A mixture of 4-(2-methylprop-2-enyloxy)benzoic acid 
ethyl ester (15 g) and 1-methyl-2-pyrrolidinone (150 mL) is 
heated at reflux for nine hours. The reaction mixture is cooled 
to room temperature and made basic (pH~10) by using aque 
ous Sodium hydroxide solution. The aqueous layer is washed 
with toluene (2x20 mL) and then made acidic (pH~2) with 
2N HC1. The aqueous layer is extracted with ethyl acetate 
(3x20 mL). Combined organic layers are washed with brine 
(1x15 mL) and dried over sodium sulphate. Removal of sol 
vent gives a dark brown liquid which is purified by column 
chromatography (silica gel 230-400 mesh, n-hexane:ethyl 
acetate, 80:20) to give 4-hydroxy-3-(2-methylprop-2-enyl) 
benzoic acid ethyl ester. 
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Step-III 

Scheme 

COC2H5 

He 

HO 
COC2H5 

O 

A mixture of formic acid (12 mL) and 4-hydroxy-3-(2- 
methylprop-2-enyl)benzoic acid ethyl ester (4.8g, 0.022 mol) 
is heated at 110° C. for 15 minutes. The reaction mixture is 
cooled to room temperature and formic acid is removed under 
reduced pressure. Demineralized water is added to the residue 
and the aqueous layer is extracted with dichloromethane 
(3x15 mL). Combined organic layers are washed with dem 
ineralized water (1x15 mL) followed by brine (1x15 mL) and 
dried over sodium sulphate. Removal of solvent gives a vis 
cous liquid which is purified by column chromatography 
(silica gel 230-400 mesh, n-hexane:ethyl acetate, 90:10) to 
give 2,2-dimethyl-2,3-dihydro-1-benzofuran-5-carboxylic 
acid ethyl ester. 
Step-IV 

Scheme 

COC2H5 

O 
CO2H 

An aqueous solution (10 mL) of sodium hydroxide (0.78g. 
0.0195 mol) is added to an ethanolic solution (30 mL) of 
2,2-dimethyl-2,3-dihydrobenzofuran-5-carboxylic acid ethyl 
ester (3.9 g, 0.018 mol). The reaction mixture is heated at 75° 
C. for four and an half hours. Ethanol is removed under 
reduced pressure. Demineralized water is added to the residue 
and pH is brought to ~3 with 1 NHC1. Solid thus obtained is 
filtered, washed with demineralized water and dried under 
reduced pressure to give 2,2-dimethyl-2,3-dihydrobenzofu 
ran-5-carboxylic acid. 

Preparation of 
1,1-dimethyl-1,3-dihydro-2-benzofuran-5-carboxylic 

acid 

Step-I & Step-II 

Scheme: 

NC 
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NC 

OH 

OH Ho 

H3C CH3 
NC 

O 

HC CH 

5-Cyano-1-oxo-2-benzofuran (75.0 g, 0.47 mol) is added 
to in situ prepared Grignard solution of methylmagnesium 
iodide (470.5g, 2.83 mol) in tetrahydrofuran at -30°C. and 
stirred for one hour at -30° C. The reaction mixture is 
quenched with ammonium chloride solution and aqueous 
layer is extracted with ethylacetate. Combined organic layers 
are washed with demineralized water (1x40 mL) followed by 
brine (1x30 mL) and finally dried over sodium sulphate. 
Removal of ethyl acetate under reduced pressure gives a 
Viscous liquid which is purified by column chromatography 
(silica gel 230-400 mesh, n-hexane:ethyl acetate, 80:20) to 
give 3-hydroxymethyl-4-(1-hydroxy-1-methylethyl)ben 
Zonitrile. 

A mixture of orthophosphoric acid (147.5 mL) and dem 
ineralized water (29.5 mL) is added to a stirred toluene solu 
tion (300 mL) of 3-hydroxymethyl-4-(1-hydroxy-1-methyl 
ethyl)benzonitrile (29.5g, 0.154 mol) at 0-5°C. The reaction 
mixture is stirred at room temperature for 3.0 hrs. The toluene 
layer is separated and the aqueous layer is extracted with 
toluene (3x50 mL). Combined organic layers are washed 
with saturated sodium bicarbonate solution (1x40 mL) fol 
lowed by demineralized water (1x40 mL). Evaporation of the 
toluene layer under reduced pressure gives a viscous liquid 
which is purified by column chromatography (silica gel 230 
400 mesh.) to give 1,1-dimethyl-1,3-dihydro-2-benzofuran 
5-carbonitrile. 

Step-III 

Scheme: 

NC HOC 

An aqueous solution (15 mL) of sodium hydroxide (0.09 
mol) is added to a stirred ethanolic solution (10 mL) of 1,1- 
dimethyl-1,3-dihydro-2-benzofuran-5-carbonitrile (1.5 g. 
0.0087 mol). The reaction mixture is heated at 85°C. for one 
and an half hour. Ethanol is removed under reduced pressure. 
Demineralized water (15 mL) is added to the residue and the 
aqueous layer is washed with ethyl acetate. The aqueous layer 
is made acidic (pH~3) by using 1 NHCl and extracted with 
ethyl acetate (3x15 mL). Combined organic layers are 
washed with demineralized water (1x10 mL) followed by 
brine (1x10 mL) and finally dried over sodium sulphate. 
Removal of ethyl acetate gives 1,1-dimethyl-1,3-dihydro-2- 
benzofuran-5-carboxylic acid. 
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General method of preparation of 4-(3-substituted-1, 

2,4-oxadiazol-5-yl)phenylmethanol derivatives 

Preparation of 4-3-(2-fluorobiphenyl-4-yl)-1,2,4- 
oxadiazol-5-yl)phenylmethanol 

Step I 

Br 

CN 

Copper (I) cyanide (10.69 g, 0.12 mol) and potassium 
iodide (6.21 g, 0.037 mol) are added to a stirred pyridine 
solution (10 mL) of 4-bromo-2-fluorobiphenyl (10g, 0.040 
mol). The reaction mixture is heated at 150-152 C., 5 mL 
pyridine is distilled out and heating is continued at 150-152 
C. for 24 hrs. The reaction mixture is cooled to 95-1000, 
toluene (100 mL) is added to it. It is cooled to 35-40°C. and 
an aqueous ammonia solution (25%, 100 mL) is added. After 
stirring for half an hour, toluene layer is separated and washed 
with aqueous ammonia Solution (2x50 mL), then demineral 
ized water (3x100 mL). The toluene layer is charcoalized and 
concentrated to give 2-fluorobiphenyl-4-carbonitrile. 
Step II 

CN 

NH2 

OH 

A solution of 2-fluorobiphenyl-4-carbonitrile (1.97g, 0.01 
mol), hydroxylamine hydrochloride (2.09 g, 0.03 mol) and 
sodium hydrogen carbonate (4.2g, 0.05 mol) in methanol (50 
mL) is heated to reflux for 7hrs. The reaction mixture is then 
cooled to room temperature and filtered. The solid is washed 
with methanol (20 mL). The combined methanol solution is 
concentrated to dryness to get 2-fluoro-N-hydroxybiphenyl 
4-carboxamidine which is used as such for the next step 
without further purification. 



US 8,809,539 B2 
31 

Step III 

1-Hydroxybenzotriazole hydrate (1.35 g, 0.01 mol) and 
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide HCl (1.95 
g, 0.01 mol) are added to a stirred N,N-dimethylformamide 
solution (20 mL) of 4-hydroxymethylbenzoic acid (1.52 g, 
0.01 mol). 2-Fluoro-N-hydroxybiphenyl-4-carboxamidine 
(2.3.g., 0.01 mol) is added to the reaction mixture which is then 
heated at 130-140°C. for 4 hrs. The reaction mixture is cooled 
to room temperature, Demineralized water (60 mL) is added 
and the aqueous layer is extracted with ethyl acetate (3x20 
mL). Combined organic layers are washed with demineral 
ized water (2x10 mL) followed by brine (1x20 mL) and 
finally dried over sodium sulphate. Removal of ethyl acetate 
under reduced pressure gives a crude liquid which is purified 
by column chromatography (silica gel 230-400 mesh, ethyl 
acetate:n-hexane 30:70) to furnish 4-3-(2-fluorobiphenyl 
4-yl)-1,2,4-oxadiazol-5-yl)phenyl)methanol. 

General method of preparation of 4-(5-substituted-1, 
2,4-oxadiazol-3-yl)phenylmethanol derivatives 

Preparation of 4-5-(4-trifluoromethylphenyl)-1,2,4- 
oxadiazol-3-ylphenylmethanol 

CO2H 

3C 

O \ N 

FC 

A mixture of 4-trifluoromethylbenzoic acid (6 g., 0.032 
mol), 1-(3-dimethylaminopropyl)-3-ethyl-carbodiimide 
(6.05 g, 0.0315 mol) and 1-hydroxy-benzotriazole hydrate 
(4.82 g, 0.032 mol) in N,N-dimethylformamide (30 mL) is 
stirred at room temperature for 30 minutes. N-Hydroxy-4- 
hydroxymethylbenzamidine (6.97 g, 90%, 0.038 mol) is 
added and the reaction mixture is heated at reflux for 3 hrs, 

OH 
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32 
then allowed to come to room temperature and solvent is 
removed under reduced pressure. An aqueous solution (100 
mL) of sodium bicarbonate is added to the residue and the 
aqueous layer is extracted with ethyl acetate (2x100 mL). 
Combined organic layers are dried over anhydrous sodium 
Sulphate and concentrated under reduced pressure. The resi 
due is purified by column chromatography (silica gel 230-400 
mesh, n-hexane:ethyl acetate, 65:35) to give 4-5-(4-trifluo 
romethylphenyl)-1,2,4-oxadiazol-3-ylphenylmethanol. 

Preparation of (Z)-4-5-(furan-2-yl)methoxyiminom 
ethyl-1,2,4-oxadiazol-3-ylbenzaldehyde 

Step-I 
(Z)-Furan-2-yl-3-(4-hydroxymethyl phenyl)-1,2,4-oxa 

diazol-5-yl)methanone-O-methyl oxime is prepared by fol 
lowing the same general method as described earlier using 
(furan-2-yl)methoxyiminoacetic acid and N-hydroxy-4-hy 
droxy-methylbenzamidine. 
Step-II 

OH 

CHO 

Dimethylsulfoxide (1.1 g, 0.014 mol) is added to a solution 
of oxalyl chloride (1.0g, 0.0079 mol) in dichloromethane (10 
mL) at -78° C. over a period of 15 minutes. A solution of 
(Z)-furan-2-yl-3-(4-hydroxymethylphenyl)-1,2,4-oxadia 
Zol-5-yl)methanone-O-methyl oxime (1.0 g, 0.003 mol) in 
dichloromethane (10 mL) is added to the reaction mixture at 
-78°C. over a period of 15 minutes followed by the addition 
of N,N-diisopropylethylamine (3 mL). The reaction mixture 
is allowed to come to room temperature over a period of 1 to 
2 hrs. The reaction mixture is then treated with a saturated 

aqueous solution (5 mL) of ammonium chloride. Dichlo 
romethane layer is separated and concentrated under reduced 
pressure to give the product, which is purified by column 
chromatography (silica gel 230-400 mesh, n-hexane:ethyl 
acetate, 70:30) to furnish (Z)-4-5-(furan-3-yl)methoxy-imi 
nomethyl)-1,2,4-oxadiazol-3-ylbenzaldehyde. 
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Preparation of piperidine-4,4-dicarboxylic acid 
diethyl ester 

Step I 

COEt 

COEt 

Potassium carbonate (79.22 g, 0.572 mol) and tetrabuty 
lammonium bromide (6.16 g., 0.019 mol) are added to a 
solution of benzyl-bis-(2-chloroethyl)amine (47.5 g., 0.205 
mol) and diethyl malonate (30.62 g, 0.191 mol) in N.N- 
dimethylformamide (450 mL). The reaction mixture is heated 
at 80° C. for 1.5 hours and then concentrated under reduced 
pressure. The residue is treated with demineralized water 
(200 mL) and the aqueous layer is extracted with ethyl acetate 
(3x100 mL). Combined organic layers are washed with brine 
(1x40 mL) and dried over sodium sulphate. Removal of sol 
vent gives a viscous liquid which is purified by column chro 
matography (silica gel 230-400 mesh, n-hexane:ethylacetate 
80:20) to give 1-benzylpiperidine-4,4-dicarboxylic acid 
diethyl ester. 
Step II 

Scheme 

N HN 
COEt - - COEt 

COEt COEt 

To a solution of benzylpiperidine-4,4-dicarboxylic acid 
diethyl ester (21.5g, 0.067 mol) in ethanol (300 mL) is added 
5% Pd/C (25 g, 50% wet). The reaction mixture is stirred 
under 40 psi pressure of hydrogen for 3 hrs, then filtered 
through a celite bed and the filtrate is concentrated to give a 
crude Viscous liquid which is purified by column chromatog 
raphy (silica gel 230-400 mesh, methanol:dichloromethane 
10:90) to furnish piperidine-4,4-dicarboxylic acid diethyl 
ester as pale yellow liquid. 

Alternative Method of Preparation of 
piperidine-4,4-dicarboxylic acid diethyl ester 

Step I 

COEt COEt 

CO2H 
BOCN BOCN 
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Lithium diisopropylamide (6.5 mL 25% solution in tet 

rahydrofuran, 0.013 mol) is added to a solution of N.N.N',N'- 
tetramethylethylenediamine (4.5 mL, 0.030 mol) and piperi 
dine-1,4-dicarboxylic acid 1-tert-butyl 4-ethyl ester (3 g, 
0.0117 mol) in dry tetrahydrofuran (40 mL) at -70° C. After 
stirring for 30 minutes the temperature is raised to -40°C. 
The reaction mixture is again cooled to -70° C. and carbon 
dioxide gas is bubbled through it. The reaction mixture is 
slowly allowed to come to 0°C. and is treated with a saturated 
aqueous ammonium chloride solution (10 mL). The organic 
layer is separated and concentrated. The residue is treated 
with an aqueous sodium hydrogen carbonate solution (20 
mL). The aqueous layer is washed with n-hexane (2x10 mL), 
then acidified to pH-5 with 2N HCl and extracted with ethyl 
acetate (2x20 mL). Combined organic layers are dried over 
anhydrous Sodium Sulphate and concentrated to give piperi 
dine-1,4,4-tricarboxylic acid 1-tert-butyl 4-ethyl ester. 
Step II 

CO2H COEt 

--- COEt COEt 
BOCN 

Ethanolic HCl (40 mL) is added to piperidine-1,4,4-tricar 
boxylic acid 1-tert-butyl 4-ethyl ester (2.35 g, 0.0078 mol) 
and the reaction mixture is heated under reflux for 5 hrs. The 
reaction mixture is concentrated under reduced pressure to 
give piperidine-4,4-dicarboxylic acid diethyl ester as hydro 
chloride salt. 

Preparation of Dicarboxylic Acids 

Method-A 

Preparation of 1-4-5-(4-trifluoromethylphenyl)-1, 
2,4-oxadiazol-3-yl)benzylpiperidine-4.4-dicarboxy 

lic acid 

Step-I 

Scheme 

p 
N 
N He 

OH 
FC 

O-N 

hou COCH 
N 2V-2Ills 

COCHs 
N 

FC 
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Methanesulfonyl chloride (1.07 g., 0.009 mol) is added a 
stirred solution of 4-5-(4-trifluoromethylphenyl)-1,2,4-oxa 
diazol-3-yl)phenylmethanol (2 g, 0.0062 mol) and triethy 
lamine (1.25 g, 0.0124 mol) in dichloromethane (30 mL) at 
O-5°C. The reaction mixture is stirred at 10° C. for 20 min 
utes, then treated with demineralized water (10 mL). The 
dichloromethane layer is separated and the aqueous layer is 
extracted with dichloromethane (2x15 mL). Combined 
organic layers are dried over Sodium Sulphate and concen 
trated to furnish the crude mesylated product. 

To a stirred solution of this mesylate in N,N-dimethylfor 
mamide (20 mL), N,N-diisopropylethylamine (1.2g, 0.009 
mol) and piperidine-4,4-dicarboxylic acid diethyl ester (1.7 
g, 0.007 mol) are added. The reaction mixture is heated at 80° 
C. for 1 hour and then concentrated under reduced pressure. 
Demineralized water (15 mL) is added to the residue and the 
aqueous layer is extracted with ethyl acetate (2x30 mL). 
Combined organic layers are concentrated under reduced 
pressure and the residue is purified by column chromatogra 
phy (silica gel 230-400 mesh, n-hexane:ethyl acetate 75:25) 
to furnish 1-4-5-(4-trifluoromethylphenyl)-1,2,4-oxadia 
Zol-3-ylbenzylpiperidine-4,4-dicarboxylic acid diethyl 
ester. 

Step-II 

Scheme 

O-N 

Sn \ COCHs 
N 

COC2H5 
N 

FC 

He 

O-N 

N \ CO2H 
N 

CO2H 
N 

An aqueous solution (10 mL) of sodium hydroxide (0.86g, 
0.0215 mol) is added to a stirred solution of 1-4-5-(4- 
trifluoromethylphenyl)-1,2,4-oxadiazol-3-yl) 

FC 

benzylpiperidine-4,4-dicarboxylic acid diethyl ester (2.3 g, 
0.004 mol) in a mixture of ethanol (50 mL) and tetrahydro 
furan (10 mL). The reaction mixture is refluxed for 20 hrs, 
then is concentrated under reduced pressure. The residue is 
acidified with 3N HCl to pH -2. The solid thus formed is 
filtered, washed with a mixture of methanol:ether (30 mL. 
10:90), then tetrahydrofuran (20 mL) and dried to furnish 
1-4-5-(4-trifluoromethylphenyl)-1,2,4-oxadiazol-3-yl) 
benzyl-piperidine-4.4-dicarboxylic acid (e.g. 14). 
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Method-B 

Preparation of 1-4-5-(furan-2-yl)methoxyiminom 
ethyl-1,2,4-oxadiazol-3-yl)benzylpiperidine-4.4- 

dicarboxylic acid diethyl ester 

Step-I 

CHO 

(Z)-4-5-(Furan-2-yl)methoxyiminomethyl)-1,2,4-Oxa 
diazol-3-ylbenzaldehyde (0.7 g., 0.0023 mol) is added to a 
solution of diethylpiperidine-4,4-dicarboxylate (0.5g, 0.002 
mol) in a mixture of acetic acid (1 mL) and methanol (30 mL). 
The reaction mixture is stirred at room temperature for 1 hour. 
A solution of sodium cyanoborohydride (0.1 g, 0.0016 mol) 
in methanol (10 mL) is added to the reaction mixture portion 
wise over a period of 30 minutes at room temperature and 
stirred overnight at room temperature. The reaction mixture is 
concentrated under reduced pressure, the residue is treated 
with ammonium hydroxide (3 mL) and extracted with dichlo 
romethane (50 mL). The organic layer is concentrated and the 
residue is dissolved in a tetrahydrofuran (5 mL) and ethanol 
(10 mL) mixture. An aqueous solution (10 mL) of Sodium 
hydroxide (1.0 g, 0.025 mol) is added to the mixture and 
allowed to stir overnight at room temperature. It is then con 
centrated under reduced pressure. The residue is acidified 
with 3N HCl to pH -2 to give an off white solid which is 
filtered, washed with ethyl acetate (3x5 mL) and dried to 
furnish (Z)-1-4-5-(furan-2-yl)methoxyiminomethyl-1,2,4- 
oxadiazol-3-ylbenzyl-piperidine-4,4-dicarboxylic acid 
diethyl ester. 

This diethyl ester derivative is hydrolysed to the corre 
sponding diacid as described in the previous procedure (e.g. 
22). 

Partial hydrolysis of diesters can be performed to result in 
the formation of mono acid esters (e.g. 52). 

Examples 1-37 are prepared either by method A or by 
method B. 
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-continued 

Compound 

R2 O-N 

R1 N \ 
N 

N 
R R3 

R4 

Ex. R R R2 R R 

33 F H H H H 

F 

34 HCO H H H H 
35 (CH3)3C H H H H 

36 CH H H H H 

H3 --- 

37 C H H H H 

M. ESI negative ion mode. 

Preparation of Dicarboxylic Acid Ester Derivatives 

Preparation of 1-4-5-(2-fluorobiphenyl-4-yl)-1,2,4- 
oxadiazol-3-ylbenzylpiperidine-4,4-dicarboxylic 
acid mono (2,2-dimethylpropionyl-oxymethyl)ester 

Step-I 

Scheme 

p 
N 
N 

O OH 
O F 

O-N 

N 
N 

O C 
O F 

Thionyl chloride (20 mL, 0.274 mol) and N,N-dimethyl 
formamide (2 mL) are added to a stirred solution of 4-5-(2- 
fluorobiphenyl-4-yl)-1,2,4-oxadiazole-3-ylphenylmethanol 
(32 g, 0.092 mol) in dichloromethane (150 mL) at 0°C. The 
reaction mixture is heated at 80° C. for 1 hour and then 
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CORs 

COR 

Rs R. MS(ESI) 

OH OH 534.1 

OH OH 452.19 
OH OH 46422 

OH OH 46399 
(M) 

OH OH 490.1 

concentrated under reduced pressure. The residue is neutral 
ized with a Saturated aqueous sodium bicarbonate Solution 
(150 mL) to furnish a solid which is filtered and washed with 
n-hexane (150 mL) to give 3-(4-chloromethylphenyl)-5-(2- 
fluorobiphenyl-4-yl)-1,2,4-oxadiazole. 
Step-II 

Scheme 

O-N 

N 

O - 
Ori 

O-N 

o 
Diisopropylethylamine (23.5 mL, 0.136 mol) and dietha 

nolamine (14.2g, 0.135 mol) are added to a stirred solution of 
3-(4-chloromethylphenyl)-5-(2-fluorobiphenyl-4-yl)-1,2,4- 
oxadiazole (33 g, 0.090 mol) in N,N-dimethyl-formamide 
(200 mL). The reaction mixture is heated at 90° C. for 2.5 hrs, 
the solvent is removed under reduced pressure and the residue 
is treated with demineralized water (200 mL) to get a solid 
which is filtered and washed with n-hexane (150 mL) and 
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diethyl ether (100 mL) to furnish. 2-(4-5-(2-fluorobiphenyl 
4-yl)-1,2,4-oxadiazole-3-ylbenzyl-(2-hydroxyethyl) 
aminoethanol. 
Step-III 

C 

Thionyl chloride (52 mL, 0.716 mol) is added drop wise to 
a stirred solution of 2-4-5-(2-fluoro-biphenyl-4-yl)-1,2,4- 
oxadiazole-3-ylbenzyl}(2-hydroxyethyl)-aminoethanol 
(31 g, 0.0715 mol) in dichloromethane (150 mL) at 0° C. 
N,N-Dimethylformamide (2 mL) is added and the reaction 
mixture is heated at 80°C. for 1 h. Excess thionyl chloride is 
removed under reduced pressure and the residue is made 
alkaline (pH -9) by the addition of an aqueous sodium 
hydroxide solution (4N, 150 mL) at room temperature. The 
aqueous layer is extracted with ethyl acetate (2x100 mL) and 
combined organic layers are dried over Sodium Sulphate. 
Removal of Solvent under reduced pressure gives a viscous 
liquid, which is purified by column chromatography (silica 
gel 230-400 mesh, n-hexane:ethyl acetate 7:3) to give bis-(2- 
chloroethyl)-4-5-(2-fluorobiphenyl-4-yl)-1,2,4-oxadiaz 
ole-3-ylbenzyl)amine. 
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Step-IV 

Scheme 

O-N 

o 
c? 
Potassium carbonate (22.4g, 0.162 mol) and tetrabutylam 

monium bromide (30.5 g., 0.095 mol) are added to a stirred 
solution of bis-(2-chloroethyl)-4-5-(2-fluorobiphenyl-4- 
yl)-1,2,4-oxadiazole-3-ylbenzylamine (28 g., 0.059 mol) and 
dibenzyl malonate (15.3 g, 0.054 mol) in N,N-dimethylfor 
mamide (250 mL). The reaction mixture is heated at 100° C. 
for 4 hrs and concentrated under reduced pressure. The resi 
due is treated with demineralized water (200 mL) followed by 
brine (25 mL) and the aqueous layer is extracted with tetrahy 
drofuran (2x150 mL). Combined organic layers are dried 
over Sodium Sulphate and concentrated under reduced pres 
Sure to give a viscous liquid, which is purified by column 
chromatography (silica gel 230-400 mesh, n-hexane:ethyl 
acetate 70:30) to give 1-4-5-(2-fluoro-biphenyl-4-yl)-1.2. 
4-oxadiazole-3-ylbenzylpiperidine-4,4-dicarboxylic acid 
dibenzyl ester. 
Step-V 

CO2CH2Ph 

CO2CH2Ph 

CO2H 
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An aqueous solution (50 mL) of sodium hydroxide (1.7g, 
0.043 mol) is added to a stirred solution of 1-4-5-(2-fluo 
robiphenyl-4-yl)-1,2,4-oxadiazole-3-ylbenzylpiperidine 
4,4-dicarboxylic acid dibenzyl ester (18.3 g 0.027 mol) in 
tetrahydrofuran (150 mL). The reaction mixture is stirred 
overnight at room temperature and then concentrated under 

48 
reduced pressure. The residue is acidified to pH -6 with 
diluted hydrochloric acid to give a solid which is filtered and 
washed with diethylether (100 mL) to furnish 1-4-5-(2- 
fluorobiphenyl-4-yl)-1,2,4-oxadiazole-3-yl 
benzylpiperidine-4,4-dicarboxylic acid mono benzyl ester. 
Step-VI 

CO2H 

CH3 
CH3 

O O 
N1 CH3 

N 
O O 
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Sodium carbonate (0.125 g, 0.0012 mol) is added to a 
solution of 1-4-5-(2-fluorobiphenyl-4-yl)-1,2,4-oxadiaz 
ole-3-ylbenzylpiperidine-4,4-dicarboxylic acid mono ben 
Zyl ester (0.35 g, 0.00059 mol) in N,N-dimethylacetamide 
(3.5 mL). The reaction mixture is stirred for 30 minutes at 
room temperature. Chloromethyl pivalate (0.187 g., 0.0012 
mol) is added to the reaction mixture which is then heated at 
65° C. for 4 hrs. The reaction mixture is treated with dem 
ineralized water (5 mL) and extracted in ethyl acetate (2x5 
mL). Sodium chloride (0.25 g) is added to the ethyl acetate 

50 
layer and stirred for 15 minutes. Demineralized water (5 mL) 
is added to the ethyl acetate layer and the layers are separated. 
The ethyl acetate layer is dried over sodium sulphate. 
Removal of Solvent under reduced pressure gives a viscous 
liquid, which is purified by column chromatography (silica 
gel 230-400 mesh, n-hexane:ethyl acetate 70:30) to furnish 
1-4-5-(2-fluorobiphenyl-4-yl)-1,2,4-oxadiazol-3-ylben 
Zyl-piperidine-4,4-dicarboxylic acid benzyl ester (2,2-dim 
ethylpropanoyloxymethyl) ester. 
Step-VII 

CH 
CH3 

O O 
N1 CH 

N 
O O 
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To a solution of 1-4-5-(2-fluorobiphenyl-4-yl)-1,2,4- 
oxadiazol-3-ylbenzyl-piperidine-4,4-dicarboxylic acid 
benzyl ester (2,2-dimethyl-propanoyl-oxymethyl) ester (0.37 
g, 0.00052 mol) in a mixture of ethanol and ethyl acetate (20 
mL, 1:1) is added 5% Pd/C (0.133 g). The reaction mixture is 
stirred at room temperature and hydrogen gas is bubbled 
through it. This process is continued for 2.5 hours. The reac 
tion mixture is filtered through a celite bed, washed with 
tetrahydrofuran (2x30 mL) and the filtrate is concentrated 
under reduced pressure to give a solid mass which is purified 
by column chromatography (silica gel 230-400 mesh, metha 
nol:dichloromethane 15:85) to give 1-4-5-(2-fluorobiphe 
nyl-4-yl)-1,2,4-oxadiazol-3-yl)benzyl-piperidine-4,4-di 
carboxylic acid (2.2-dimethyl-propanoyloxymethyl)ester 
(e.g. 39). 

Alternate preparations of 1-4-5-(2-fluorobiphenyl-4-yl)- 
1,2,4-oxadiazol-3-ylbenzylpiperidine-4,4-dicarboxylic 
acid benzyl ester (2.2-dimethylpropanoyl-oxymethyl) ester. 

N,N-Bis(2-chloroethyl)carbamic acid tert-butyl ester 

To a mixture of di-tert-butyldicarbonate (6.2 g 0.28 mol) 
and bis(2-chloroethyl)amine, hydrochloride (5.5 g 0.31 mol) 
in dichloromethane (40 mL) is added triethylamine (4.2 mL 
0.3 mol). pH is then adjusted to 9-9.5 by further addition of 
triethylamine (0.5 mL) and the mixture is stirred for 2 hat 
room temperature, diluted with dichloromethane, washed 
with water, dried over magnesium sulfate and concentrated 
under reduced pressure to give crude N,N-bis(2-chloroethyl) 
carbamic acid tert-butyl ester used without further purifica 
tion in the next step. 

Piperidine-1,3,3-tricarboxylic acid 1-tert-butyl 
3.3-dibenzyl ester 

> -o- -- C 

O 
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-continued 

O 

> us O 
O N 

Bn 
o1 
Bn 

O o1 

A mixture of N,N-bis(2-chloroethyl)carbamic acid tert 
butyl ester (1.22 g 5 mmol), dibenzyl malonate (1.42 g 5 
mmol), potassium carbonate (1.38 g 10 mmol) and tetrabu 
tylammonium bromide (0.5 g 1.55 mmol) in toluene (20 mL) 
is heated under reflux. Additional portion of tetrabutylammo 
nium bromide (0.5 g 1.55 mmol) is added after 2 h reflux 
(twice). After further heating for 2 h (overall 6 h heating) the 
mixture is cooled back to room temperature and diethyl 
oxyde is added (50 mL). The organic phase is washed with 
water, dried and concentrated under reduced pressure. Puri 
fication by column chromatography affords piperidine-1,3,3- 
tricarboxylic acid 1-tert-butyl 3,3-dibenzyl ester as an oil. 

Piperidine-1,3,3-tricarboxylic acid 1-tert-butyl 
3-benzyl ester 

> --> 

To a solution of piperidine-1,3,3-tricarboxylic acid 1-tert 
butyl 3,3-dibenzyl ester (3.59 g 7.9 mmol) in N,N-dimethyl 
formamide (100 mL) cooled with a waterfice bath, is added 
dropwise a solution of potassium hydroxyde (0.68 g 85% 10 
mmol) in water (29 mL). The mixture is further stirred with 
cooling for 2 h, then allowed to warm to room temperature 
and acidified with acetic acid (1.05 eq). After concentration 
under reduced pressure, the crude product is dissolved in 
diisopropyl oxyde, washed with water, dried over magnesium 
Sulphate and concentrated under reduced pressure to give 
piperidine-1,3,3-tricarboxylic acid 1-tert-butyl 3-benzyl 
ester as an oil. 

Piperidine-1,3,3-tricarboxylic acid 1-tert-butyl 
3-benzyl 3-(3.3-dimethyl-2-oxobutyl)ester 

> --> 
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-continued 
O 

> us O O N 
Bn 

o1 

O O 

O 

A mixture of piperidine-1,3,3-tricarboxylic acid 1-tert-bu 
tyl 3-benzyl ester (2.85g 7.85 mmol), potassium carbonate 
(1.4g 10 mmol) and bromopinacolone (1.73 mL 17 mmol) in 
butan-2-one is stirred at room temperature for 6 h. The mix 
ture is washed with water, dried over magnesium Sulphate and 
concentrated under reduced pressure. After purification by 
column chromatography, the product is crystallized in hep 
tane to give piperidine-1,3,3-tricarboxylic acid 1-tert-butyl 
3-benzyl 3-(3.3-dimethyl-2-oxobutyl)ester melting at 60° C. 

Piperidine-3,3-dicarboxylic acid 3-benzyl 
3-(3.3-dimethyl-2-oxobutyl)ester 

> --> 
Bn HCI 

o1 PrOH 
AcOEt 

O O 

O 
O 

HN 
Bn 

O1 

O O , HCI 

O 

To a solution of piperidine-1,3,3-tricarboxylic acid 1-tert 
butyl 3-benzyl 3-(3.3-dimethyl-2-oxobutyl)ester (250 mg 
0.54 mmol) in ethyl acetate (3 mL) is added a solution of 
hydrogen chloride in isopropanol (3 mL 5-6N). The mixture 
is stirred at room temperature for 3 h, then concentrated under 
reduced pressure. The solid is triturated in diisopropyl oxide 
to give piperidine-3,3-dicarboxylic acid 3-benzyl 3-(3.3-dim 
ethyl-2-oxobutyl)ester, hydrochloride melting at 1500. 

Bis(2-chloroethyl)benzylamine 

OH 
N 

Nuo 
CI, HCI 

N 

N 

SOCl 
He 

CHNO 
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To a solution of bis(2-hydroxyethyl)benzylamine (19.5 g. 

0.1 mol) in nitromethane (150 mL) cooled with a waterfice 
bath is added thionyl chloride (60 mL). The mixture is stirred 
at room temperature for 2 h, then at 80°C. for 1 h 30. After 
cooling again with a waterfice bath, diisopropyl oxyde (350 
mL) is added, causing the hydrochloride to precipitate. This is 
filtrated, rinsed with diisopropyl oxide and dried to give bis 
(2-chloroethyl)benzylamine hydrochloride. 

1-Benzylpiperidine-3,3-dicarboxylic acid 
3.3-dibenzyl ester 

C 

N He 

N 

A solution of bis(2-chloroethyl)benzylamine, hydrochlo 
ride (3.4 g 12.6 mmol) in iced water (10 mL) is made alcaline 
with a 5Naqueous solution of sodium hydroxyde. Extraction 
with ethyl acetate, drying of the organic phase over magne 
sium Sulphate and evaporation under reduced pressure 
affords bis(2-chloroethyl)benzylamine. 

Part of the latter (2.5 g) is dissolved in ethylacetate/DMSO 
(1/125 mL). Dibenzylmalonate (5.3 g 18.6 mmol) and potas 
sium carbonate (5 g, 36 mmol) are added followed by a 
solution of tetrabutylammonium bromide in ethyl acetate/ 
DMSO (1/125 mL), and the mixture is heated under reflux for 
3 h. Solvents are evaporated under reduced pressure. The 
residue is dissovled in diethyl oxyde, washed with water, 
dried over magnesium Sulfate and concentrated under 
reduced pressure. Purification of the residue by column chro 
matography gives 1-benzylpiperidine-3,3-dicarboxylic acid 
3.3-dibenzyl ester. 

Piperidine-1,3,3-tricarboxylic acid 
1-(2.2.2-trichloroethyl) 3.3-dibenzyl ester 

O 
N 

Bn 
O1 - 
Bn 

O o1 
O 

C us O 
>1 N C Bn 
C o1 

Bn 
O o1 

To a mixture of 1-benzylpiperidine-3,3-dicarboxylic acid 
3.3-dibenzyl ester (19.6 g 41.8 mmol) and sodium carbonate 
(5.1 g, 48.1 mmol) in chloroform cooled with a waterfice 
bath, is added 2.2.2-trichloroethyl chloroformate (11 g, 51.8 
mmol). The mixture is stirred overnight at room temperature 
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and concentrated under reduced pressure. The residue is dis 
solved in diethyl oxide, washed with water, dried over mag 
nesium Sulphate and concentrated under reduced pressure to 
give piperidine-1,3,3-tricarboxylic acid 1-(2.2.2-trichloroet 
hyl) 3.3-dibenzyl ester which cristallizes upon standing. 

Melting point 76° C. 

Piperidine-1,3,3-tricarboxylic acid 1-tert-butyl 
3-benzyl ester 

O 

C ul O 
><> N C Bn 
C o1 He 

Bn 
O o1 

O 

C ls O 
> -o N C Bn 
C o1 

O OH 

To a solution of piperidine-1,3,3-tricarboxylic acid 1-(2.2, 
2-trichloroethyl) 3.3-dibenzyl ester (5.5 g 15 mmol) in N.N- 
dimethylformamide (200 mL) cooled with a water/ice bath, is 
added potassium hydroxyde (0.9 g 85%. 14 mmol) dissolved 
in water (40 mL). The mixture is stirred with cooling for 2 h, 
allowed to warm to room temperature, acidified with acetic 
acid (1.05 ew) and concentrated under reduced pressure. 
Addition of water cristallizes the crude which is filtered, 
dissolved in ethyl acetate, washed with water, dried over 
magnesium Sulphate and concentrated under reduced pres 
sure. Cristallisation with heptane affords piperidine-1,3,3- 
tricarboxylic acid 1-(2.2.2-trichloroethyl) 3-benzyl ester. 

Piperidine-1,3,3-tricarboxylic acid 1-(2.2.2-trichloro 
ethyl) 3-benzyl 3-(3.3-dimethyl-2-oxobutyl)ester 

Bn 
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-continued 

O 

C ul O 
> -o N C Bn 

C o1 

O O 

O 

A mixture of piperidine-1,3,3-tricarboxylic acid 1-(2.2.2- 
trichloroethyl) 3-benzyl ester (3.9 g 8.8 mmol), potassium 
carbonate (1.83 g 13 mmol) and bromopinacolone (2.31 g 13 
mmol) in N,N-dimethylformamide (55 mL) is heated at 60° 
C. for 2 h. The mixture is cooled back to room temperature, 
neutralized with acetic acid (13 mmol) and concentrated 
under reduced pressure. the residue is dissolved in ethyl 
acetate, washed with water and concentrated. Cristallization 
in diethyl oxide gives piperidine-1,3,3-tricarboxylic acid 
1-(2.2.2-trichloroethyl) 3-benzyl 3-(3.3-dimethyl-2-oxobu 
tyl)ester melting at 114°C. 

Piperidine-3,3-dicarboxylic acid 3-benzyl 
3-(3.3-dimethyl-2-oxobutyl)ester 

O 

C ls O 
>1 N C Bn 
C O1 -- 

O O 

O 

O 
HN 

Bn 
o1 

O O 

O 

A mixture of piperidine-1,3,3-tricarboxylic acid 1-(2.2.2- 
trichloroethyl) 3-benzyl 3-(3.3-dimethyl-2-oxobutyl)ester 
(1.6 g 3 mmol) and zinc (10.5 g 0.16 mol) in a mixture of 
tetrahydrofurane (25 mL) and 1 Maqueous solution of ammo 
nium acetate (13 mL) is stirred overnight at room tempera 
ture, diluted with tetrahydrofurane (20 mL) and filtrated over 
clarcel. The filtrate is diluted with dichloromethane, washed 
with water dried over magnesium sulfate and concentrated 
under reduced pressure to give piperidine-3,3-dicarboxylic 
acid 3-benzyl 3-(3,3-dimethyl-2-oxobutyl)ester as an oil 
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Example 57 in the Free Form 

"H NMR: (CDC1,+CDOD+TFA: 400.13 MHz: 8 ppm) 
0.95 (d. J=6.58 Hz, 6H); 1.64-1.80 (brm, 4H); 1.94 (septet, 

J=6.72 Hz, 1H); 2.12-2.18 (brd, 2H); 2.50-2.57 (brd, 2H): 
2.58 (d. J=7.19 Hz, 2H); 3.06–3.16 (brm, 1H); 4.22 (s. 2H): 
7.35 (d. J=8.12 Hz, 2H); 7.58 (d. J=8.15 Hz, 2H); 8.11 (d. 
J=8.12 Hz, 2H); 8.19 (d. J=8.16 Hz, 2H) Three exchangeable 
protons. 

Example 58 in the Free Form 

"H NMR: (CDC1: 400.13 MHz: 6 ppm) 
1.63-1.80 (brm, 4H); 2.15 (d. J=9.60 Hz, 2H); 2.53 (d. 

J=10.84 Hz, 2H); 3.04-3.14 (brm, 1H); 4.23 (s. 2H); 7.42 
7.54 (m, 3H): 7.57-7.64 (brm, 4H); 7.67 (t, J=7.85 Hz, 1H): 
8.01 (d. J=10.63 Hz, 1H); 8.08 (d. J=8.15 Hz, 1H); 8.23 (d. 
J=8.10 Hz, 2H) Three exchangeable protons. 

Example 59 in the Free Form 

"H NMR: (CDC1,+CDOD+TFA: 400.13 MHz: 8 ppm) 
1.68-1.90 (brt, 4H); 2.07-2.24 (brd, 2H); 2.53-2.64 (brs, 

2H); 2.71 (s.3H); 3.28-3.38 (brs, 1H); 4.18 (d. J=12.51 Hz, 
1H); 4.45 (d. J=12.85 Hz, 1H); 7.42-7.54 (m, 3H): 7.57-7.63 
(brm, 4H); 7.66 (t, J–7.81 Hz, 1H); 8.01 (d. J=11.40 Hz, 1H): 
8.07 (d. J=8.17 Hz, 1H); 8.25 (d. J=7.90 Hz, 2H) Two 
exchangeable protons. 

Preparation of Intermediates 

Preparation of 2-fluorobiphenyl-4-carboxylic acid 

Scheme: 

Br 

Few crystals of iodine are added to tetrahydrofuran (1400 
mL) containing magnesium turnings (25.17 g, 1.035 mol). 
The mixture is heated at 60-70° C. A solution of 4-bromo-2- 
fluorobiphenyl (200 g, 0.797 mol) in tetrahydrofuran (600 
mL) is added dropwise to the reaction mixture and refluxed 
for 1 hr. Reaction mixture is brought to room temperature and 
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72 
then cooled to -20°C. Carbon dioxide gas is passed through 
the reaction mixture for 45 minutes. The reaction mixture is 
treated with 3N HCl (500 mL) and extracted with ethyl 
acetate (2x500 mL). Combined organic layer is dried over 
sodium sulphate. Removal of solvent under reduced pressure 
gives a solid which is washed with diethyl ether (2x200 mL) 
and then dried to furnish 2-fluorobiphenyl-4-carboxylic acid. 

Preparation of the 4-(5-substituted-1,2,4-oxadiazol 
3-yl)phenylmethanol derivatives 

Preparation of 4-5-(2-fluorobiphenyl-4-yl)-1,2,4- 
oxadiazol-3-ylphenylmethanol 

HO 

HN 

OH 

100g of 2-fluorobiphenyl-4-carboxylic acid, 93 g of N-hy 
droxy-4-hydroxymethylbenz-amidine, 85 g of N-hydroxy 
benzotriazole, 115 g of N,N'-dicyclohexylcarbodiimide are 
introduced into a round bottomed flask containing 800 mL of 
N,N-dimethylformamide. The reaction mixture is heated 
under stirring to 130-140°C. for 2-3 hrs, then cooled back to 
20-25°C., filtered and washed with 500 mL dichloromethane. 
The filtrate is evaporated under vacuum. To the resultant thick 
slurry are added 200 mL isopropyl alcohol and 800 mL dem 
ineralized water under stirring at room temperature. The 
slurry is filtered and washed with 1000 mL demineralized 
Water. 

The solid is added to around bottomed flask containing 500 
mL cyclohexane. The resultant slurry is stirred at room tem 
perature for 10-15 mins and filtered, washed with 500+300 
mL of cyclohexane and dried by suction. The product is then 
dried at 40-50° C. to yield 4-5-(2-fluorobiphenyl-4-yl)12, 
4loxadiazol-3-yl)phenyl)-methanol. 

  



US 8,809,539 B2 
73 

The above crude product is purified from ethyl acetate and 
dichloromethane mixture. 

Alternative procedure of preparing 4-5-(2-fluoro 
biphenyl-4-yl)-1,2,4-oxadiazol-3-yl) 

phenyl)methanol 

OH 
O N1 

N 
H Her 

OH 

O F 
O-N 

N 
N 

OH 

Triethylamine (52 mL, 0.373 mol) is added to a stirred 
solution of 2-fluorobiphenyl-4-carboxylic acid (40 g, 0.185 
mol) in tetrahydrofuran (800 mL). The reaction mixture is 
cooled to 5-15°C., iso-butyl chloroformate (36.5 mL, 0.28 
mol) is added over a period of 20 minutes and stirred for 2 hrs 
at 15-20°C. A solution of N-hydroxy-4-hydroxymethylben 
Zamidine (36.9 g, 0.22 mol) in tetrahydrofuran (400 mL) is 
added to the reaction mixture and stirred for 2 hrs at 20-25°C. 
The reaction mixture is concentrated under reduced pressure, 
demineralized water (400 mL) is added to the residue and 
stirred for one hour at 5-10°C. The slurry is filtered, washed 
with demineralized water (400 mL) and dried under reduced 
pressure. The solid is stirred in 5% aqueous sodium bicarbon 
ate solution (600 mL), filtered, washed with demineralized 
water and dried under reduced pressure. Finally the solid is 
washed with cyclohexane (600 mL) and dried under reduced 
pressure at 40-50° C. to give 2-fluorobiphenyl-4-carboxylic 
acid hydroxyimino(4-hydroxy-methylphenyl)methyl 
amide. 

p-Toluenesulfonic acid (0.6 g) is added to a stirred solution 
of 2-fluoro-biphenyl-4-carboxylic acid hydroxyimino(4-hy 
droxymethylphenyl)methylamide (60 g, 0.164 mol) in a 
mixture of toluene and N,N-dimethylacetamide (10:1, 660 
mL) and heated at 105-115° C. for 2-3 hrs. Iso-Propyl alcohol 
(240 mL) is added to the reaction mixture which is then 
concentrated under reduced pressure. The residue is sus 
pended in a mixture of iso-propyl alcohol and demineralized 
water (1:3, 1200 mL), cooled to 10-15°C., filtered and was 
held with demineralized water (600 mL). The solid is dried 
under reduced pressure at 50-60° C. to yield 4-5-(2-fluoro 
biphenyl-4-yl)1,2,4-oxadiazol-3-ylphenyl)methanol. 
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74 
Preparation of Dicarboxylic Acid Ester Derivatives 

Preparation of 1--4-5-(2-fluorobiphenyl-4-yl)-1.2, 
4-oxadiazol-3-ylbenzylpiperidine-4,4-dicarboxylic 
acid mono (2,2-dimethylpropionyl-oxymethyl)ester 

Step-I 

Scheme 

p 
N 
N 

O OH 
O F 

O-N 

CC 
Thionyl chloride (20 mL, 0.274 mol) and N,N-dimethyl 

formamide (2 mL) are added to a stirred solution of 4-5-(2- 
fluorobiphenyl-4-yl)-1,2,4-oxadiazole-3-ylphenylmethanol 
(32 g, 0.092 mol) in dichloromethane (150 mL) at 0°C. The 
reaction mixture is heated at 80° C. for 1 hour and then 
concentrated under reduced pressure. The residue is neutral 
ized with a Saturated aqueous sodium bicarbonate Solution 
(150 mL) to furnish a solid which is filtered and washed with 
n-hexane (150 mL) to give 3-(4-chloromethylphenyl)-5-(2- 
fluorobiphenyl-4-yl)-1,2,4-oxadiazole. 
Step-II 

Scheme 

p 
N 
N 

C 

F 

O-N 

Diisopropylethylamine (23.5 mL, 0.136 mol) and dietha 
nolamine (14.2g, 0.135 mol) are added to a stirred solution of 
3-(4-chloromethylphenyl)-5-(2-fluorobiphenyl-4-yl)-1,2,4- 
oxadiazole (33 g, 0.090 mol) in N,N-dimethyl-formamide 
(200 mL). The reaction mixture is heated at 90° C. for 2.5 hrs, 
the solvent is removed under reduced pressure and the residue 
is treated with demineralized water (200 mL) to get a solid 
which is filtered and washed with n-hexane (150 mL) and 
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diethyl ether (100 mL) to furnish. 2-(4-5-(2-fluorobiphenyl 
4-yl)-1,2,4-oxadiazole-3-ylbenzyl-(2-hydroxyethyl) 
aminoethanol. 
Step-III 

Scheme 

O-N 

Sn \ OH 

N /-/ O \- 
O F OH 

O-N 

o 
Thionyl chloride (52 mL, 0.716 mol) is added drop wise to 

a stirred solution of 2-4-5-(2-fluoro-biphenyl-4-yl)-1,2,4- 
oxadiazole-3-ylbenzyl}(2-hydroxyethyl)-aminoethanol 
(31 g, 0.0715 mol) in dichloromethane (150 mL) at 0° C. 
N,N-Dimethylformamide (2 mL) is added and the reaction 
mixture is heated at 80°C. for 1 h. Excess thionyl chloride is 
removed under reduced pressure and the residue is made 
alkaline (pH -9) by the addition of an aqueous sodium 
hydroxide solution (4N, 150 mL) at room temperature. The 
aqueous layer is extracted with ethyl acetate (2x100 mL) and 
combined organic layers are dried over Sodium Sulphate. 
Removal of Solvent under reduced pressure gives a viscous 
liquid, which is purified by column chromatography (silica 
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gel 230-400 mesh, n-hexane:ethyl acetate 7:3) to give bis-(2- 
chloroethyl)-4-5-(2-fluorobiphenyl-4-yl)-1,2,4-oxadiaz 
ole-3-ylbenzyl)amine. 
Step-IV 

Scheme 

N 

Potassium carbonate (22.4g, 0.162 mol) and tetrabutylam 
monium bromide (30.5 g., 0.095 mol) are added to a stirred 
solution of bis-(2-chloroethyl)-4-5-(2-fluorobiphenyl-4- 
yl)-1,2,4-oxadiazole-3-ylbenzylamine (28 g., 0.059 mol) and 
dibenzyl malonate (15.3 g, 0.054 mol) in N,N-dimethylfor 
mamide (250 mL). The reaction mixture is heated at 100° C. 
for 4 hrs and concentrated under reduced pressure. The resi 
due is treated with demineralized water (200 mL) followed by 
brine (25 mL) and the aqueous layer is extracted with tetrahy 
drofuran (2x150 mL). Combined organic layers are dried 
over Sodium Sulphate and concentrated under reduced pres 
Sure to give a viscous liquid, which is purified by column 
chromatography (silica gel 230-400 mesh, n-hexane:ethyl 
acetate 70:30) to give 1-4-5-(2-fluoro-biphenyl-4-yl)-1.2. 
4-oxadiazole-3-ylbenzylpiperidine-4,4-dicarboxylic acid 
dibenzyl ester. 
Step-V 

--- 

CO2H 
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An aqueous solution (50 mL) of sodium hydroxide (1.7g, 
0.043 mol) is added to a stirred solution of 1-4-5-(2-fluo 
robiphenyl-4-yl)-1,2,4-oxadiazole-3-ylbenzylpiperidine 
4,4-dicarboxylic acid dibenzyl ester (18.3 g 0.027 mol) in 
tetrahydrofuran (150 mL). The reaction mixture is stirred 
overnight at room temperature and then concentrated under 
reduced pressure. The residue is acidified to pH -6 with 
diluted hydrochloric acid to give a solid which is filtered and 
washed with diethylether (100 mL) to furnish 1-4-5-(2- 

O 
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45 
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78 
fluorobiphenyl-4-yl)-1,2,4-oxadiazole-3-yl 
benzylpiperidine-4,4-dicarboxylic acid mono benzyl ester. 

Preparation of 1-4-5-(2-fluoro-biphenyl-4-yl)-1.2, 
4loxadiazol-3-yl)-benzyl-piperidine-4,4-dicarboxy 

lic acid (2-oxo-3,3-dimethylbutyl)ester 

Step-I 

Scheme 

N O OH 

O Ph 
N1 

--- 

N 
O 

O 

O N O O 

s O 
n Bn 

N 
O 

F 

50 mL N,N-dimethylformamide, 5g of 1-4-5-(2-fluoro 
biphenyl-4-yl)1.2.4 oxadiazol-3-ylbenzylpiperidine-4.4- 
dicarboxylic acid benzyl ester, 1.8g of anhydrous potassium 
carbonate and 2.3 mL of 1-bromo-3,3-dimethylbutan-2-one 
are added into a 3 neck round bottomed flask. The reaction 
mixture is heated to 55-60° C. and stirred for 20-60 min. After 
completion of reaction, the mixture is cooled to 25-30°C. and 
100 mL of ice water are added. The slurry is stirred at 25-30° 
C. for about 30 min and filtered. The product is washed with 
50 mL demineralized water, then by 20 mL isopropyl alcohol 
and suck dried for about 30 mins. Finally the product is dried 
at 35-40°C. under vacuum to yield 1-4-5-(2-fluorobiphe 
nyl-4-yl) 1.2.4 oxadiazol-3-yl)benzylpiperidine-4,4-dicar 
boxylic acid benzyl ester 3.3-dimethyl-2-oxobutyl ester. 
Step-II 

N 

O 

O O 

s O e 
n Bn 

N 
O 
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-continued 

O 

F 

2 g of 1-4-5-(2-fluorobiphenyl-4-yl)1.2.4 oxadiazol-3- 
yl)benzylpiperidine-4,4-dicarboxylic acid benzyl ester 3.3- is 
dimethyl-2-oxobutyl ester are added into round bottomed 
flask containing a solvent mixture of ethylacetate?tetrahydro 
furan 1/0.5 and stirred at room temperature to get a clear 
solution. Then 40 mL of ethanol are added followed by 0.6 g. 
Pd/CaCO. The mixture is stirred under hydrogen gas. After 2 
30 mins 0.2 g of Pd/CaCOs are added to the above reaction 
mixture and stirring under hydrogen is continued. Once the 
reaction gets completed 4 g of silica gel are added and the 
mixture stirred at RT for 10 mins, cooled to 0-5°C. and stirred 

N-methylglucamine 

80 

O 

N O O 

N 
N OH 

N 
O 

for 20-30 mins. The slurry is filtered and washed with 40 mL 
ethyl acetate. The product along with Pd/CaCO on the funnel 
was leached with 200 mL, then 250 mL of a dichloromethane/ 
methanol 2:1 mixture at RT and filtered. The product con 
taining filtrate is concentrated and dried under vacuum at 
35-40° C. to yield 1-4-5-(2-fluorobiphenyl-4-yl)12.4 

0 oxadiazol-3-ylbenzyl-piperidine-4,4-dicarboxylic acid 
(3.3-dimethyl-2-oxobutyl)ester (62). 
The following salts were also prepared according to con 

ventional methods starting from the free form of example 62: 

tris 

HO O 

O 
N 

OH N OH 
21 

NH2 
O O 

OH 

Arginine 
O F 

NH2 O 
HO N 

N OH 
NH 21 

l N O O 
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Erbumine 

Sodium 

Potassium 

Lithium 

HO 

Na" 

Li" 
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-continued 

NH2 O 
N 

N OH 
21 

O N O O 

O 

F 

O 
N 

NH2 N OH 
21 

O N O r 
O 

O N O O 

O 

F 

O 
N 

N O 
2 

O N O O 

O 

F 

O 
N 

N O 
2 
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Examples 60, 61 and 63-90 are prepared in a similar man 
. 

Compound 

R2 O-N 

R1 N \ CORs 
N 

COR 
N 

R R3 

R4 

Ex. R. R. R. R. R. Rs R6 MS(ES") 

60 P. F. H. H. H. OH O 620.25 

1. 

61 P. F. H. H. H. OH O SS8.18 

CH3 

62 P. F. H. H. H. OH O 600.26 

CH 
1. 3 

CH3 
CH 

63 P. F. H. H. H. OH O 609.97 

O 

1. \ / 

64 P. F. H. H. H. OH 6S4O7 

O 
1. 

C 

6S P. F. H. H. H. OH O 61514 
1'N-1S 

Nul 
66 P. F. H. H. H. OH O 588.13 

OEt 

67 P. F. H. H. H. OH O 586.14 

CH 
1. 3 

CH3 

68 P. F. H. H. H. OH 650.10 

O 

OMe 
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Step-II 

Scheme 

96 

O-N 

N 
N 

NN Ho 
N 

O 

F 

N 

cor \ 
A solution of lithium hydroxide monohydrate (0.031 g, 

0.000735 mol) in demineralized water (2 mL) is added to a 
solution of 1-4-5-(2-fluoro-biphenyl-4-yl)-1,2,4-oxadia 
Zol-3-yl-benzyl)-4-(piperidine-1-ylcarbamoyl)-piperidine 
4-carboxylic acid benzyl ester (0.165 g, 0.000245 mol) in 
tetrahydrofuran (10 mL). The reaction mixture is heated at 
70° C. for 2 hrs. Tetrahydrofuran is removed under reduced 
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CO2H 

NN 
N 

O 

pressure and the residue is acidified with 2N HCl (pH~5). 
The solid mass thus formed is filtered and washed with 
acetone (5 mL) to furnish 1-4-5-(2-fluoro-biphenyl-4-yl)- 
1.2.4 oxadiazol-3-yl)-benzyl)-4-(piperidine-1-ylcarbam 
oyl)-piperidine-4-carboxylic acid 91, MS (ES)=584.23. 

Following compound (92) is prepared using the same pro 
cedure. 

Compound MS(ES") 

570.27 

Example 91 in the Free Form 

H NMR: (CDC1+TFA: 400.13 MHz: 6 ppm) 
1.4.6-1.70 (brm,2H); 1.89-2.16 (brm, 4H); 2.35-2.65 (brs, 

4H); 3.16-3.39 (brs, 2H); 3.39-3.55 (brs, 2H); 3.55-3.71 (br 
s, 2H); 3.75-3.92 (brs, 2H); 4.39 (s. 2H): 743-7.54 (m, 4H); 
7.54-7.60 (brid, 1H): 7.60-7.66 (brid, 2H): 7.69 (t, J=7.70 Hz, 
1H); 8.01 (d. J=10.33 Hz, 1H); 8.08 (d. J=7.91 Hz, 1H); 8.25 
(d. J–7.38 Hz, 2H) Two exchangeable protons 

Example 92 in the Free Form 

H NMR (CDC1+CDOD+tert-butylamine; 400.13 MHz: 
6 ppm) 

1.77-1.92 (brs, 4H); 1.96-2.23 (brm, 4H); 2.34-2.49 (brs, 
2H); 2.54-2.69 (brs, 2H); 2.75-2.93 (brs, 4H); 3.59 (s. 2H): 
7.40-7.58 (brm, 5H); 7.58-7.72 (brs, 3H); 7.98-8.18 (brm, 
4H); Two exchangeable protons 
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Compound 

R2 O-N 

R1 N \ CORs 
N 

COR6 
N 

R R3 

R4 

Ex. R R. R. R. R Rs R6 MS(ES") 

93 Ph F H. H. H OH OC5H1 572.17 

94 Ph F H. H. H OH O 606.12 
1. 

95 Ph F H. H. H OH OCHCF S84.07 

96 Ph F H. H. H OH S86.21 O 

-O 
CH3 

Example 93 in the Free Form 

H NMR (Pyridine-ds; 400.13 MHz: 6 ppm) 
0.76 (t, J=7.23 Hz, 3H); 1.15-1.35 (m, 4H); 1.58-1.67 (m, 

2H); 2.58-2.69 (brm, 6H); 2.75-2.85 (brt, 2H); 3.57 (s. 2H): 
4.31 (t, J=6.54 Hz, 2H): 743-748 (brt, 1H): 7.50-7.55 (brt, 
2H); 7.64-7.72 (m, 5H); 8.10-8.12 (brid, 1H); 8.13-8.15 (brt, 
1H); 8.42 (d. J=8.16 Hz, 2H) One exchangeable proton 

Example 94 in the Free Form 

H NMR: (Pyridine-ds; 400.13 MHz: 6 ppm) 
2.45-2.53 (brm, 2H); 2.55-2.62 (brt, 4H); 2.71-2.78 (brm, 

2H); 3.01 (t, J=6.81 Hz, 2H);3.51 (s. 2H); 4.57 (t, J=6.81 Hz, 
2H); 7.31 (d. J=3.21 Hz, 2H); 7.32 (s. 2H); 7.42-7.48 (brm, 
1H): 7.50-7.55 (m, 2H): 7.64-7.72 (m, 6H); 8.10-8.12 (brid, 
1H); 8.13-8.15 (br t, 1H); 8.42 (d. J=8.16 Hz, 2H) One 
exchangeable proton 

Example 95 in the Free Form 

"H NMR: (Pyridine-ds; 400.13 MHz: 6 ppm) 
2.45-2.56 (brs, 2H); 2.58-2.65 (brs, 4H); 2.79-2.86 (brm, 

2H); 3.53 (s.2H);5.04 (q, J=8.77 Hz, 2H): 743-748 (m. 1H): 
7.50-7.55 (m, 2H): 7.62-7.72 (m, 5H); 8.09-8.12 (m, 1H): 
8.13 (t, J=1.62 Hz, 1H); 8.41 (d. J=8.19 Hz, 2H) One 
exchangeable proton 

Example 96 in the Free Form 

"H NMR: (Pyridine-ds; 400.13 MHz: 6 ppm) 
1.27 (s, 3H); 2.55-2.69 (brs, 6H); 2.75-2.85 (brd, 2H): 

3.57 (s. 2H); 4.33 (d. J=5.80 Hz, 2H); 4.42 (s. 2H); 4.65 (d. 
J=5.80 Hz, 2H); 7.45-749 (m. 1H): 7.50-7.56 (brt, H); 7.64 
7.72 (m, 5H); 8.11 (d. J=3.43 Hz, 1H); 8.13 (s, 1H); 8.42 (d. 
J=8.04 Hz, 2H) One exchangeable proton 
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Preparation of 1-4-5-(4-cyclohexylphenyl)-1.2.4 
oxadiazol-3-ylbenzylpiperidine-3,3-dicarboxylic 

acid 

Step-I 

Scheme 

COEt COEt 

C Hess CC 
N 
BOC Soc 

n-Butyl lithium (2.38g, 0.0372 mol) is added to a solution 
of diisopropylamine (5.65 mL, 0.04.04 mol) in tetrahydrofu 
ran (60 mL) at -70° C. The reaction mixture is allowed to 
stirred at -70° C. for 30 minutes. A solution of piperidine-1, 
3-dicarboxylicacid 1-tert-butyl ester 3-ethyl ester (8g, 0.031 
mol) in tetrahydrofuran (40 mL) is added to the reaction 
mixture followed by tetramethylene ethylene diamine (12 
mL, 1.5 vol) at -70° C. The reaction mixture is allowed to stir 
at -40° C. for 10 minutes and then carbon dioxide gas is 
purged through the reaction mixture at -70° C. for 30 min 
utes. The reaction mixture is quenched with Saturated aque 
ous ammonium chloride Solution (40 mL). Organic layer is 
separated and washed with Saturated Sodium bicarbonate 
solution (2x50 mL). The aqueous layer is acidified with 3N 
HCl to pH -2 and extracted with ethyl acetate (2x80 mL). 
Organic layer is separated and dried over Sodium Sulphate. 
Removal of solvent under reduced pressure yields piperidine 
1,3,3-tricarboxylic acid 1-tert-butyl ester 3-ethyl ester. 



US 8,809,539 B2 
99 

Step-II 

Scheme 

COEt COEt 

CC He- CC 
N N 
BOC H 

Piperidine-1,3,3-tricarboxylic acid 1-tert-butyl ester 
3-ethyl ester (5.2g, 0.017 mol) is added to a ethanolic hydro 
chloride (70 mL) solution and heated at reflux for 2.5 hrs. 
Ethanol is removed under reduced pressure, demineralized 
water (70 mL) is added to the residue and aqueous layer is 
washed with diethyl ether (40 mL). Aqueous layer is made 
basic (pH ~10) with 5N sodium hydroxide solution and 
extracted with dichloromethane (4x100 mL). Combined 
organic layer is dried over Sodium Sulphate and concentrated 
under reduced pressure to yield piperidine-3,3-dicarboxylic 
acid diethyl ester. 
Step-III 

Scheme 

O-N 

N 
N 

OH 

O-N EtOC COEt 

Methanesulfonylchloride (0.157 mL, 0.0020 mol) is added 
to a stirred solution of 4-5-(4-cyclohexyl phenyl)-1.2.4 
oxadiazole-3-yl-phenyl-methanol (0.45g, 0.0013 mol) and 

10 

15 

25 

30 

35 

40 

triethylamine (0.376 mL, 0.0027 mol) in dichloromethane 45 
(10 mL) at 5° C. Reaction mixture is stirred at 5° C. for 30 
minutes, then treated with demineralized water (10 mL). 

100 
Dichloromethane layer is separated and aqueous layer is 
extracted with dichloromethane (2x15 mL). Combined 
organic layer is dried over Sodium Sulphate and concentrated 
under reduced pressure to yield methanesulfonic acid 4-5- 
(4-cyclohexyl-phenyl) 1.2.4 oxadiazol-3-yl-benzyl ester. 

Piperidine-3,3-dicarboxylic acid diethyl ester (0.37 g. 
0.0016 mol) is added to a stirred solution containing the above 
mentioned mesylate derivative (10 mL) and N,N-diisopropy 
lethylamine (0.35 mL, 0.002 mol) in N,N-dimethyl forma 
mide. Reaction mixture is heated at 80° C. for 30 minutes. 
N,N-Dimethylformamide is removed under reduced pres 
Sure, and the crude residue is purified by column chromatog 
raphy (silica gel 230-400 mesh, n-hexane:ethyl acetate (80: 
20) to get 1-4-5-(4-cyclohexyl-phenyl)-1,2,4-oxadiazol 
3-yl)-benzyl-piperidine-3,3-dicarboxylic acid diethyl ester 
Step-IV 

Scheme 

O-N EtOC COEt 

co) --- 
O-N HOC CO2H 

N 
N 

N 

An aqueous solution (4 mL) of sodium hydroxide (0.074g. 
0.0019 mol) is added to a stirred solution of 1-4-5-(4- 
cyclohexyl-phenyl)-1,2,4-oxadiazol-3-yl)-benzyl-piperi 
dine-3,3-dicarboxylic acid diethyl ester (0.2g, 0.0004 mol) in 
ethanol. Reaction mixture is heated at reflux for 6 hrs. Ethanol 
is removed under reduced pressure, demineralized water is 
added to the residue and it is acidified (pH -2) with 2N HCl 
solution. White solid mass thus obtained is filtered, washed 
with dichloromethane (2x3 mL) and dried under reduced 
pressure to get 1-4-5-(4-cyclohexyl-phenyl)-1,2,4-oxadia 
Zol-3-yl)-benzyl-piperidine-3,3-dicarboxylic acid hydro 
chloride (99). 

Examples 97.98 and 100 are prepared in a similar manner. 

Ex. 

97 

98 

Compound 

R2 O-N COR5 COR6 

R1 N \ 
N 

N 
R R3 

R4 

R R R2 R R Rs R6 MS(ES") 

Ph F H H H OH OH SO2.14 

CH3 H H H H OH OH 

-N- 
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1-Hydroxybenzotriazole (0.183 g, 0.0012 mol) is added to 
a stirred solution of 1-4-5-(2-fluoro-biphenyl-4-yl)-1.2.4 
oxadiazol-3-yl)-benzyl-piperidine-4,4-dicarboxylic acid 
benzyl ester (0.6 g., 0.0010 mol) in tetrahydrofuran (20 mL). 
Reaction mixture is stirred for 30 minutes at room tempera 
ture. Morpholine (0.13 mL, 0.0015 mol) and 1-(3-dimethy 
laminopropyl)-3-ethyl carbodiimide hydrochloride (0.288 g. 
0.0015 mol) are added to the reaction mixture and stirred for 
over night at room temperature. Demineralized water (10 
mL) is added to the reaction mixture, tetrahydrofuran layer is 
separated and the aqueous layer is extracted with ethyl acetate 

10 

40 

45 

50 

104 
(2x15 mL). Combined organic layer is dried over sodium 
Sulphate and concentrated under reduced pressure to yield a 
crude Viscous liquid, which is purified by column chromatog 
raphy (silica gel 230-400 mesh, ethyl acetate) to get 1-4-5- 
(2-fluoro-biphenyl-4-yl)-1,2,4-oxadiazol-3-yl)-benzyl-4- 
(morpholine-4-carbonyl)-piperidine-4-carboxylic acid 
benzyl ester. 

Method-A 

Step-II 

N O -e- 

N \ / 

Pd/C (0.13 g) is added to a solution of 1-4-5-(2-fluoro 
biphenyl-4-yl)-1,2,4-oxadiazol-3-yl)-benzyl)-4-(morpho 
line-4-carbonyl)-piperidine-4-carboxylic acid benzyl ester 
(0.43 g, 0.0006 mol) in a mixture of ethyl acetate:tetrahydro 
furan:ethanol (3:2:3, 45 mL). Hydrogen gas is bubbled 
through the reaction mixture under stirring at room tempera 
ture for 2 hrs. The reaction mixture is filtered through a celite 
bed, washed with MDC:MeOH (80:20, 100 mL) and the 
filtrate is concentrated under reduced pressure to get Solid 
mass, which is purified by column chromatography (silica gel 
230-400 mesh, MDC:MeOH 8:2) to get 1-4-5-(2-fluoro 
biphenyl-4-yl)-1,2,4-oxadiazol-3-yl)-benzyl)-4-(morpho 
line-4-carbonyl)-piperidine-4-carboxylic acid. 

Method-B 

Preparation of 1-4-5-(2-fluorobiphenyl-4-yl)-1.2, 
4loxadiazol-3-ylbenzyl)-4-isopropylcarbamoyl 

pyridine-4-carboxylic acid 

\ CO2CH2Ph 
N H 
N N CH3 

N N 
O CH3 

F 
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-continued 

An aqueous Solution (2 mL) of lithium hydroxide mono 
hydrate (0.0497 g., 0.00118 mol) is added to the solution of 
1-4-5-(2-fluoro-biphenyl-4-yl)-1,2,4-oxadiazol-3-yl)- 
benzyl)-4-isopropyl carbamoyl-piperidine-4-carboxylic 
acid ethyl ester (0.3 g, 0.000474 mol) in tetrahydrofuran (10 
mL). The reaction mixture is heated for 2 hrs at 70° C. 
concentrated under reduced pressure and then treated with 
demineralized water (8 mL). Aqueous layer is acidified to pH 

H 
N Or O 

15 

R2 

106 

COH 

t 
CH3 

-5 with 2N HC1. The solid thus formed is filtered, washed 
with ethyl acetate (2x4 mL) and dried under reduced pressure 
to furnish 1-4-5-(2-fluoro-biphenyl-4-yl)-1,2,4-oxadia 
Zol-3-yl)-benzyl)-4-isopropylcarbamoyl-piperidine-4-car 
boxylic acid (103). 

Following compounds (101, 102 & 104-127) are prepared 
either by method-A or Method-B. 

Compound 

O-N 

R1 N \ CORs 
N 

COR C. R R3 

R4 

Ex. R. R. R. R. R. Rs R6 MS(ES") 

101 P F H H H OH N CH 557.23 
N 
H 

CH 

102 P. F. H. H. H. OH N OH 545.19 1S-1 
H 

103 P F H H H OH CH3 543.22 

s’s 
104 P. F. H. H. H. OH a 541.20 

N 
H 

10S P F H H H OH CH 557.23 

YN CH 
106 P. F. H. H. H. OH C2H5 612.26 

N N 
N 
H 

107 P. F. H. H. H. OH OH 575.21 

N 
OH 
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R2 O-N 

R1 N \ COOR, 
N 

CORs 
N 

R R3 

R4 

R R. R. R. R. R7 Rs 

129 Ph F H H H H - OCHPh 
130 Ph F H H H H —OCH2CH 

131 Ph F H H H CHPh O CH 

n-s-s 
132 Ph F H H H CHPh HC 

W O 

s 
133 CH3 H H H H CH, O CH 

H3 --- n-s-s 
134 Ph F H H H H CH 

N1)n- 3 

135 Ph F H H H H 1n 1 No CH 

136 Ph F H H H – CHs —OC2H5 
137 Ph F H H H CHPh - OCHPh 

Preparation of 1-4-5-(2-fluoro biphenyl-4-yl)-1,2, oxalyl chloride (0.343 g, 0.0027 mol) is added slowly at 0-50 
4-oxadiazol-3-yl)benzy1}-4-(Pyridin-2-ylcarbamoyl) C. A few drops of N,N-dimethyl formamide is added into it. 

piperidine-4-carboxylic acid benzyl ester 40 The reaction mixture is stirred at room temperature for 1.5 
Scheme hrs. It is then concentrated under reduced pressure to get 
To a stirred solution of 1-4-5-(2-fluorobiphenyl-4-yl)-1, 4-chlorocarbonyl-1-(4- (5 -(2 -fluorobiphenyl-4 -yl)-1 2.4 

2.4 oxadiazol-3-yl)benzylpiperidine-4.4-dicarboxylic acid oxadiazol-3-ylbenzylpiperidine-4-carboxylic acid benzyl 
benzyl ester (0.8 g., 0.0014 mol) in dichloromethane (20 mL), ester. 

N 
N 

CO2H -- 
N 

O-N 
\ CO2CH2Ph 

N N 
N n 

N 

O 21 

F 
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To a stirred solution of triethylamine (0.34g, 0.0034 mol) 
in dichloromethane (20 mL), 2-amino pyridine (0.152 g, 
0.0016 mol) is added. A solution of 4-chlorocarbonyl-1-(4- 
5-(2-fluorobiphenyl-4-yl)-1,2,4-oxadiazol-3-ylbenzyl 
piperidine-4-carboxylic acid benzyl ester indichloromethane 5 
(10 mL) is added slowly into the reaction mixture at 0-50 C. 
It is then stirred at room temperature for 1 hr. Demineralized 
water (15 mL) is added to the reaction mixture, organic layer 
is separated and the aqueous layer is extracted with (1x20 
mL) dichloromethane. Combined organic layer is dried over 10 
Sodium Sulphate and concentrated under reduced pressure to 
get the crude material, which is purified by column chroma 
tography (silica gel 230-400 mesh, n-hexane:ethyl acetate 
60:40) to furnish 1-4-5-(2-fluorobiphenyl-4-yl)-1.2.4 
oxadiazol-3-yl)benzyl)-4-(pyridin-2-ylcarbamoyl)piperi 
dine-4-carboxylic acid benzyl ester (138) (BS6.555). 

Further example prepared accordingly. 

15 

Compound 

118 
ester 4-ethyl ester (0.5 g) and 1-hydroxybenzotriazole (0.38 
g). Allowed to stir the reaction mixture at 25-300 C for 30 
mins. Dimethylamine (0.75 mL) followed by EDC HCl (0.38 
g) was added in to the above reaction mixture at 25-300 C. 
Allowed the reaction mixture to stir at 25-300 C for 1-2 hrs. 

Reaction is followed by TLC. The reaction mixture concen 
trated under vacuum using rota Vapour and the product slurry 
obtained is suspended in D M Water (5 mL). The product 
extracted into ethyl acetate (2x5 mL). The combined product 
layer dried with sodium Sulphate and concentrated under 
vacuum to yield crude product which in turn purified by a 
column chromatography to yield pure 4-dimethylcarbamoyl 
piperidine-1,4-dicarboxylic acid 1-tert-butyl ester 4-ethyl 
ester. 

COR6 

R 

Ex. R. R1 R2 R3 R4 RS R6 

138 Ph F H H H OCHPh H 
N N 

1. n 

21 

139 Ph F H. H. H. OEt CH 

-N 

CH3 

Alternative process of preparing 
4-dimethylcarbamoyl-piperidine-1,4-dicarboxylic 

acid 1-tert-butyl ester 4-ethyl ester 
45 

Step-I 
50 

Scheme 

EtOC, COH EtOC, CONCH3)2 55 

N N 60 

BOC BOC 

65 

THF (5 ml) charged in to a R B flask followed by the 
addition of piperidine-1,4,4-tricarboxylic acid 1-tert-butyl 

O-N 

R1 \ COR N 5 
N 

N 
R R3 

4 

MS(ES") 

668.30 

557.22 

Step-II 

Scheme 

EtOC, CONCH3)2 EtOC CONCH3)2 

N N 
H 

Boc 

4-Dimethylcarbamoyl-piperidine-1,4-dicarboxylic acid 
1-tert-butyl ester 4-ethyl ester (0.45 g) was added to a RB 
flask containing Ethanolic HCl (5 mL). The reaction mixture 
stirred at RT for 1-2 hrs. Reaction followed by TLC. Solvent 
is removed under vacuum and D M Water (7 mL) was added 
in to the product residue. pH of the product solution was 
adjusted to 8-9 by using 5N NaOH solution (app. 2 mL). The 
product containing aq. layer was extracted with dichlo 
romethane (3x10 mL). 
The combined organic layer dried with sodium sulphate 

and concentrated under vacuum at 35-400 C to and dried 
under vacuum for 1-2 hrs to yield 4-dimethylcarbamoyl-pip 
eridine-4-carboxylic acid ethyl ester. 
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Step-III 

5 
Scheme 

EtOC, CONCH3)2 

Hess- 10 

N 
H 

O F 

O F 
40 

-continued 
O-N 

\ COEt CH3 
Sn N N 

V 
N CH3 

O 

F 

4-5-(2-Fluoro-biphenyl-4-yl)-1,2,4-oxadiazol-3-yl)- 
phenyl-methanol (0.39 g) was added in to a R B flask con 
taining THF (5 mL) followed by the addition of Triethy 
lamine (0.3 mL). The reaction mixture cooled to 0-50 Cand 
methanesulfonyl chloride (0.13 mL) was added. The reaction 
mixture warmed to 15-200 C and stirred for 15-30 mins. The 
reaction was monitored by TLC. The reaction mixture 
quenched by adding brine solution (10 mL) at 15-200 Cand 
the product extracted with 1:1 Ethyl acetate & THF mixture 
(2x10 mL). Combined organic layer dried with sodium sul 
phate and concentrated under vacuum. The product obtained 
is dissolved in dimethylformamide (5 mL), followed by the 
addition of diisopropyl ethylamine (0.56 mL) and 4-dimeth 
ylcarbamoyl-piperidine-4-carboxylic acid ethyl ester. The 
reaction mixture was heated to 75-850C and stirred for 0.5 to 
1 hr. The reaction was followed by TLC. The reaction mixture 
concentrated under vacuum at 55-600 C and the product 
residue suspended in D M Water (10 mL) and extracted with 

45 

50 

55 

60 

65 
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ethyl acetate (3x10 mL). The combined organic layer con 
taining the product dried over sodium Sulphate and concen 
trated under vacuum to yield the crude product. 
The crude product purified by a column chromatography 

(ethyl acetate & hexane system) to yield pure product of 
1-4-5-(2-fluoro-biphenyl-4-yl)-1,2,4-oxadiazol-3-yl)- 
benzyl-4,4-dimethyl-piperidine. 

Preparation of 4-dimethylcarbamoyl-1-4-5-(2- 
fluorobiphenyl-4-yl)-1,2,4-oxadiazol-3-yl)-benzyl 
piperidine-4-carboxylicacid butyryloxymethyl ester 

Scheme 

o-N 
N N 

s CO2H 
CONMe2 

He 

o-N 
N N 

s CO2CH2OCOCH7 

Potassium carbonate (0.092 g, 0.0007 mol) is added to a 
solution oft-butylamine salt of 4-dimethyl carbamoyl-1-(4- 
5-(2-fluorobiphenyl-4-yl)-1,2,4-oxadiazol-3-yl)-benzyl 
piperidine-4-carboxylic acid (0.200 g, 0.0003 mol) in tet 
rahydrofuran (10 mL). This solution is stirred at room 
temperature for 10 minutes and then is concentrated under 
reduced pressure. The residue is dissolved in N,N-dimethyl 
formamide (5 mL) and stirred at room temperature for 5 
minutes. Chloromethyl butyrate (0.068 g., 0.0005 mol) is 
added to the solution, which is then heated at 800 C for 30 
minutes. Reaction mixture is concentrated under reduced, 
demineralized water (6 mL) is added to the residue and the 
aqueous layer is extracted with ethyl acetate (2x10 mL). 
Combined organic layer are concentrated under reduced pres 
Sure and the residue is purified by column chromatography 
(silica gel 230-400 mesh, n-hexane:ethyl acetate 1.5:8.5) to 
furnish 4-dimethylcarbamoyl-1-4-5-(2-fluorobiphenyl-4- 
yl)-1,2,4-oxadiazol-3-yl)-benzyl-piperidine-4-carboxyli 
cacid butyryloxy methyl ester 
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Example 144 7.54 (m, 5H): 7.59-7.68 (m, 3H); 8.02 (d. J=10.66 Hz, 2H): 
8.05-8.14 (m, 2H). 

1H NMR: (CDC13: 400.13 MHz: 6 ppm) 
1.20 (s.9H); 2.15-2.30 (m, 4H); 2.49-2.58 (brt, 2H); 2.63- Further examples were prepared according to the methods 

2.71 (m, 2H); 2.99 (s, 6H); 3.56 (s. 2H); 4.92 (s. 2H); 7.40- described. 

E Structure MS(ES+) X 

145 578.20 
F 

O 21 
N 

N 
N N N 

21 H 

O N O OH 

146 578.14 
F 

O 21 NN 
N 

N N N 
21 H 

O OH O N 

147 669.23 
F 

O 
N 

N O 
21 

O 
O N 

OH 
O N 

148 681.22 

149 808.27 

  



US 8,809,539 B2 
125 

The following compounds are also of interest: 

Preparation of Monocarboxylic Acids 

Preparation of 1-4-5-(4-fluorobiphenyl-4-yl)-1.2, 5 
4-oxadiazol-3-ylbenzylpiperidine-4-carboxylic 

acid 

Step-I 
10 

Scheme 

O-N 

N He O hou. Cri 
O-N 

Sn \ COEt 
N O Or Cri 

Methanesulfonylchloride (0.20 mL, 0.0026 mol) is added 
to a stirred solution of 4-5-(2-fluoro-biphenyl-4-yl)-1.2.4 
oxadiazole-3-yl-phenyl-methanol (0.60g, 0.0017 mol) and 
triethylamine (0.482 mL, 0.0035 mol) in dichloromethane 
(20 mL) at 5° C. Reaction mixture is stirred at 5° C. for 30 
minutes and then treated with demineralized water (10 mL) at 
5°C. Dichloromethane layer is separated and aqueous layeris 
extracted with dichloromethane (2x10 mL). Combined 
organic layer is dried over Sodium Sulphate and concentrated 
to furnish the crude mesylated product. 

To a stirred solution of this mesylate derivative in N.N- 
dimethylformamide (10 mL), N,N-diisopropylethylamine 
(0.45 mL, 0.0026 mol) and piperidine-4-carboxylic acid ethyl 

30 

35 

40 

126 
ester (0.326g, 0.0021 mol) are added and reaction mixture is 
heated at 80° C. for 30 minutes. N,N-dimethylformamide is 
removed under reduced pressure, demineralized water (15 
ml) is added to the residue and the aqueous layer is extracted 
with ethyl acetate (2x20 mL). Combined organic layer is 
concentrated under reduced pressure and the residue is puri 
fied by column chromatography (silica gel 230-400 mesh, 
n-hexane:ethyl acetate 65:35) to furnish 1-4-5-(2-fluoro 
biphenyl-4-yl)-1,2,4-oxadiazol-3-yl)-benzyl-piperidine-4- 
carboxylic acid ethyl ester. 
Step-II 

An aqueous solution (2 mL) of sodium hydroxide (0.099 g, 
0.0024 mol) is added to a stirred solution of 1-4-5-(2- 
fluoro-biphenyl-4-yl)-1,2,4-oxadiazol-3-yl)-benzyl-pip 
eridine-4-carboxylic acid ethyl ester (0.4g, 0.0008 mol) in a 
mixture of ethanol (4 mL) and tetrahydrofuran (4 mL). Reac 
tion mixture is refluxed for 6 hrs at 85°C., concentrated under 
reduced pressure and then treated with demineralized water 
(15 mL). Aqueous layer is acidified to pH -2 with 2N HC1. 
The solid thus formed is filtered, washed with a mixture of 
methanol:ether (10 mL, 10:90) and dried under reduced pres 
sure to furnish 1-4-5-(2-fluoro-biphenyl-4-yl)-1,2,4-oxa 
diazol-3-yl)-benzyl-piperidine-4-carboxylic acid hydro 
chloride. 

R4 

Examples R 

XXVIII Ph 
XXIX CF 
XXX Ph 

XXXI CH 

H3 -- 
XXXII OCHs 
XXXIII OCF 
XXXIV C(CH) 
XXXV OCH(CH3)2 

MS(ES") 

458.1 
432.2 
440.2 

H H 

4082 
448-12 
420.20 
422.18 
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Example XXXVII as HCl 

"H NMR: (CDC1+CDOD+TFA: 400.13 MHz: 6 ppm) 
0.91 (d. J=6.79 Hz, 6H); 1.1-1.22 (br, 4H); 1.45-1.55 (br. 

1H); 1.6-1.74 (brm, 2H); 1.87-197 (brid, 2H); 2.15-2.29 (br 
d,5H), 2.3-2.54 (br. 1H); 2.78-3.07 (brm,3H); 3.34-3.61 (m, 
2H); 4.25, 4.30 (s.2H); 7.71 (t, J=7.96 Hz, 2H); 8.11-8.18 (m, 
2H) Two exchangeable proton 

Example XXXVIII as HCl 

"H NMR: (DMSO-d+TFA: 400.130 MHz: 8 ppm) 
0.94 (d. J=6.61 Hz, 6H); 1.44-1.57 (m, 1H); 1.74-1.90 (br 

m, 1H); 1.90-2.03 (m, 2H); 2.05-2.14 (brid, 1H); 2.63 (d. 
J=7.15 Hz, 2H); 2.81-3.15 (brm, 3H); 3.38-3.48 (brd, 1H): 
3.57 (d. J=10.60 Hz, 1H); 4.49 (s. 2H); 7.51 (d. J=8.18 Hz, 
2H); 7.82 (d. J=8.15 Hz, 2H); 8.16 (d. J=8.17 Hz, 2H); 8.24 
(d. J=8.16 Hz, 2H) Two exchangeable protons 

Example XIL as HCl 

"H NMR: (DMSO-d+TFA: 400.13 MHz: 6 ppm) 
0.94 (d. J=6.57 Hz, 6H); 1.44-1.57 (m, 1H); 1.73-1.87 (n, 

1H); 1.91-2.03 (m, 2H); 2.06-2.14 (brid, 1H); 2.64 (d. J=7.12 
HZ, 2H); 2.80-3.14 (m, 3H); 3.39-3.48 (brid, 1H); 3.58 (d. 
J=11.09 Hz, 1H); 4.50 (s. 2H); 7.52 (d. J=8.15 Hz, 2H); 7.82 
(d. J=8.17 Hz, 2H); 8.17 (d. J=8.12 HZ, 2H); 8.25 (d. J=8.14 
Hz, 2H). Two exchangeable protons. 

Example XL as HCl 

"H NMR: (DMSO-d+TFA: 400.13 MHz: 6 ppm) 
1.44-1.59 (m. 1H); 1.80-2.00 (m,2H); 2.07-2.14 (bra, 1H): 

2.85-3.23 (m,3H); 3.43 (d. J=11.20 Hz, 1H); 3.57 (d. J=11.07 
HZ, 1H); 4.50 (s. 2H); 7.49-7.55 (m, 1H); 7.60 (t, J=7.28 Hz, 
2H); 7.83-7.89 (m, 4H); 8.05 (d. J=8.14 Hz, 2H); 8.27 (d. 
J=8.12 Hz, 2H); 8.34 (d. J=8.39 Hz, 2H). Two exchangeable 
protons. 

Example XLI as HCl 

"H NMR: (DMSO-d6+TFA+D2O: 400.130 MHz: 6 ppm) 
1.45-1.60 (brm, 1H), 1.67-1.83 (brm, 1H); 1.91-2.02(brd, 

1H); 2.05-2.16 (brid, 1H); 2.72-2.86 (brm, 1H); 2.92-3.20 (br 
m, 2H); 3.36-3.49 (brid, 1H); 3.56 (d. J=11.38 Hz, 1H); 4.47 
(s. 2H); 7.49-7.61 (m,3H); 7.68 (d. J–7.57 Hz, 2H); 7.76-7.82 
(brid, 2H); 7.87 (t, J=7.91 Hz, 1H); 8.10 (d. J=11.16 Hz, 1H): 
8.15 (d. J=8.08 Hz, 1H); 8.24 (d. J=8.03 Hz, 2H): Two 
exchangeable protons 
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Example XLII as HC1 

H NMR: (DMSO-d+TFA+D2O: 400.130 MHz: 6 ppm) 
1.45-1.60 (brm, 1H), 1.69-1.85 (brm, 1H); 1.91-2.02(bird, 

1H); 2.02-2.15 (brid, 1H); 2.71-2.87 (brm, 1H); 2.92-3.20 (br 
m, 2H); 3.37-3.50 (brid, 1H); 3.50-3.61 (brm, 1H); 4.47 (s, 
2H); 7.49-7.61 (m, 3H): 7.68 (d. J=7.59 Hz, 2H); 7.76-7.83 
(brid, 2H); 7.87 (t, J=7.91 Hz, 1H); 8.11 (d. J=10.80 Hz, 1H): 
8.15 (d. J=8.13 Hz, 1H); 8.23 (d. J=8.10 Hz, 2H): Two 
exchangeable protons 

Example XLIII as HCl 

H NMR: (DMSO-d6+TFA: 400.130 MHz: 6 ppm) 
1.25-1.38 (brm, 2H); 1.38-1.60 (brm, 4H); 1.72-2.00 (br 

m, 7H); 2.06-2.15 (brid, 1H); 2.64-2.77 (brt, 1H); 2.83-3.16 
(brm, 3H); 3.36-3.48 (brd, 1H); 3.56 (d. J=10.95 Hz, 1H): 
449 (s. 2H); 7.58 (d. J=8.07 Hz, 2H); 7.84 (d. J=7.85 Hz, 2H): 
8.16 (d. J=8.03 Hz, 2H); 8.24 (d. J=7.87 Hz, 2H) Two 
exchangeable protons 
Biological Testing: 
Human S1P1-5 receptor subtypes were stably expressed in 

high levels in HEK 293 or CHOK1 cells following transfec 
tion with corresponding plasmid constructs. Although the 
native cells somewhat respond to S1P, the level of expression 
and responsiveness of the antibiotic-resistant transfected cell 
lines that were selected is much higher. 

When cultivated cells reached 80% confluence, they were 
collected and, after lysis, cell membranes were collected by 
centrifugation and washed in buffer containing antiproteases. 

Ligand binding assays were performed using 5-20 ug of 
cell membranes suspended in 20 mM tris-HCl pH 7.4 con 
taining 15 mM NaF and 2.5 mM deoxypyridoxine in a final 
volume of 250 ul. The radioligand was 0.5 nM H-D-erythro 
dihydro-S1P incubated in the presence of bovine serum albu 
min for 1 h after or 2 h-preincubation. Non specific binding 
was defined from incubations in the presence of 5 uM S1P. 
GTP-Y-S binding was performed using ~5ug protein of 

cell membranes suspended in 50 mM tris-HCl pH 7.5 con 
taining 10 mM MgCl, 100 mM NaCl and 10 uMGDP. The 
radioligand was 0.025 nM SIGTP-Y-S and non specific 
binding determined in the presence of 10 uM non-radioactive 
GTP-Y-S. S1P and receptor agonists enhance the specific 
binding whereas inverse agonists reduce it. The maximal 
stimulation elicited by S1P was taken as a reference to define 
full or partial agonism and calculate the intrinsic activity (i.a.) 
of compounds. 

Typical results shown in Table 1 indicate that compounds 
of the invention are able to activate S1P1 receptors with a 
potency similar to that of S1P itself (i.e. with full intrinsic 
activity and at nanomolar concentrations) without affecting 
significantly S1P3 receptor. 
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TABLE 1 

Agonist activity of selected compounds 

In-Vitro potency 
EC50 (nM) 

Compound Edg1 Edg3 Edg5 

O 
N 

N OH 
21 

HCI 
O N O OH 

O O 2.2 >1OOO >1000 
1N N 

OH 

HCI 
N O OH 

1.7 

, CH O 
N 

N OH 
2 

O OH O N 

O O 11.8 

6.3 

O N 

O 
N 

N OH 
21 

O O 

O 
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Lymphopenia was assessed in vivo. Experiments were 
done in Swiss mice strain (n=5 per condition). Compounds 
were administered orally in Suspension in methyl-cellulose 
1% from 1 h 30 until 48 hours before the experiments. Blood 
was taken on anesthetized animal (4% isoflurane) and 5 
samples collected in EDTA-containing vacuum tubes. After 5 
minutes stirring, cells were counted using ABC vet hemocy 
tometer (Scil vet animal Care) 

Typical results shown in Table 2 indicate that compounds 
of the invention are able to activate S1P1 receptors in vivo. 

TABLE 2 

in vivo activi 

136 
X1 is a mono-, or bi-cyclic aryl; a monocyclic heteroaryl; 

a mono or bicyclic non-arylheterocyclic; or a mono or 
bicyclic cycloalkyl comprising one or more unsatura 
tions; 

R1 is selected from the group consisting of hydrogen, halo, 
perfluoro(c1-c6)alkyl, perfluoro(C1-C6)alkoxy, aryl, 
optionally substituted with halo, arylalkyl, optionally 
substituted with halo, alkylaryl, alkyl, optionally substi 

of selected compounds 

ExN Compound Lymphopenia 

ED50 = 3.5 mg/kg at 24h 8 O 
N 

N o1 
2 

O N O OH 

49 O OH at 10 mg/kg 86% lymphopenia 
after 24h 

F 
CH OH 

N O 
N 

2 

O N 

62 ED50 = 0.03 mg/kg at 24h 
F 

The invention claimed is: 45 

1. A compound of formula (I): 

(I) 50 

(R3) or O-O-, . 
S NZ 55 

COR8 
R4 RS 

wherein 
60 

65 

represents a 1,2,4-oxadiazole group; 

O 
N 

N OH 
21 

O N O O 

O 

tuted with alkyl or (C3-C6) cycloalkyl, alkenyl, and 
cycloalkyl optionally comprising one or more unsatura 
tions; 

Y 1 represents a bond or Y1 is selected from a group con 
sisting of O—: —SO , and —C(-Q)-, wherein Q is 
O; 

each moiety R1-Y1, identical or different, represents a 
group that is attached to the cyclic ring structure X1 and 
m is an integer selected from 1 to 2, wherein m repre 
sents the number of positions on X1 substituted with a 
R1-Y1 moiety: 

Y2 represents a bond or Y2 is selected from a group con 
sisting of —O—; —CH2—, —C(O)O—; —C(O) 
NH = S(O) , wherein q is 0, 1 or 2; and C(=Q)-. 
wherein Q is O, S, N-(R') or N OR', wherein each R' 
is independently selected from hydrogen, -alkyl, -alk 
enyl, -alkynyl, -alkoxy, -cycloalkyl or perfluoro(C1-C6) 
alkyl: 

R3 is hydrogen and p is 4, 
R4 and R5 are independently selected from the group con 

sisting of hydrogen, methyland—(C3-C6)cycloalkyl or 
R4 and R5 together with the C atom to which they are 
attached form a —(C3-C6)cycloalkyl group; 
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R6 is selected from the group consisting of hydrogen, 
-alkyl, -alkenyl, -alkynyl and —(C3-C6)cycloalkyl; 

Z represents a —(C3-C6)cycloalkyl group, or R6 and Z 
form together with the Natom to which they are attached 
a 5 to 8 membered heterocyclic ring, wherein the alkyl is 
a C1-C6 linear or branched alkyl; the alkenyl is a C2-C6 
linear or branched alkenyl, and aryl is mono- or bicyclic 
C6-C10: 

the COR7 and—COR8 groups are attached to the same 
atom, wherein the —COR7 group represents a 
—COH group or an ester derivative thereof and the 
—COR8 group represents a —COH group or an ester 
or an amide derivative thereof, 

or enantiomers, diastereomers, mixtures and pharmaceuti 
cally acceptable salts, or hydrates or solvates thereof. 

2. A compound of formula (I) according to claim 1, 
wherein it is of formula (I-A): 

(I-A) 

COR7 
COR8 

N 

(R3) 
(R1-Y1) Y2 21 7. 

Sn 

R4 RS 

and enantiomers, diastereomers, mixtures, and pharmaceuti 
cally acceptable salts, hydrates and Solvates thereof, wherein: 

X1, R1, Y1, Y2, Ar1, R3, R4, R5, m, p, R7, R8 are defined 
as in claim 1. 

3. A compound according to claim 1, wherein it is of 
formula (I-B): 

(I-B) 

(R3) 
(R1-Y1) Y2 47 Rg 

COR7 
Sn O Scors 

R4 RS 

and enantiomers, diastereomers, mixtures, and pharmaceuti 
cally acceptable salts, hydrates and Solvates thereof, wherein 
X1, R1, Y1, Y2, Ar1, R3, R4, R5, R6, m, p, R7, R8 are defined 
as in claim 1. 

4. A compound according to claim 1, wherein it is of 
formula (I-C): 

(I-C) 

COR7 (R3) 
(R1-Y1) Y2 ay R6 

N COR8 

R4 R5 

and enantiomers, diastereomers, mixtures, and pharmaceuti 
cally acceptable salts, hydrates and Solvates thereof, wherein 
X1, R1, Y1, Y2, Ar1, R3, R4, R5, R6, m, p, R7, R8 are defined 
as in claim 1. 
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5. A compound according to claim 1, wherein it is of 

formula (I-D): 

(I-D) 

R6 
COR7 

N 
COR8 

R4 RS 

(R3) (R-Y)-(D-Yi GE) a % 
N 

and enantiomers, diastereomers, mixtures, and pharmaceuti 
cally acceptable salts, hydrates and Solvates thereof, wherein 
X1, R1, Y1, Y2, Ar1, R3, R4, R5, R6, m, p, R7, R8 are defined 
as in claim 1. 

6. A compound according to claim 1, wherein it is of 
formula (I-E): 

(I-E) 

(R-Y)4 \ O 2/ COR7 

COR8 

and enantiomers, diastereomers, mixtures, and pharmaceuti 
cally acceptable salts, hydrates and solvates thereof wherein: 

R1, m. X1, Ar1, R3, R4, R5, R6, R7, R8, pare defined as in 
claim 1. 

7. A compound according to claim 1, wherein it is of 
formula (I-F): 

(I-F) 

(R3) COR7 
(R-Y)-(D-ya G.) SA COR8 

1 - 
R4 RS 

and enantiomers, diastereomers, mixtures, and pharmaceuti 
cally acceptable salts, hydrates and Solvates thereof, wherein: 
X1, R1, Y1, Y2, Ar1, R3, R4, R5, R6, m, p, R7, R8 are defined 
as in claim 1. 

8. A compound according to claim 1, wherein: 
Ar1 is 

ONN NNo 

(l O (l 
X1 is phenyl: 
R1 is defined as in claim 1: 
Y 1 represents a bond or Y1 is selected from a group con 

sisting of O——SO , and —C(=O)-, wherein Q is 
O; 

each moiety R1-Y1, identical or different, represents a 
group that is attached to the cyclic ring structure X1 and 
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in is an integer selected from 1 to 2, wherein m repre 
sents the number of positions on X1 substituted with a 
R1-Y1 moiety 

Y2 represents a bond or Y2 is —CH2—, or —C(=O)-. 
wherein Q is N OR', wherein each R" is independently 
Selected from hydrogen, -alkyl, -alkenyl and -alkynyl: 

R3 is hydrogen and p is 4: 
R4 and R5 are independently selected from the group con 

sisting of hydrogen and methyl; 
the COR7 and—COR8 groups are attached to the same 

atom, wherein the —COR7 group represents a 
—COH group or an ester derivative thereof and the 
—COR8 group represents a —COH group or an ester 
or an amide derivative thereof, wherein the alkyl is a 
C1-C6 linear or branched alkyl; the alkenyl is a C2-C6 
linear or branched alkenyl, and aryl is mono- or bicyclic 
C6-C10. 

9. A compound according to claim 1, wherein Y2 repre 
sents a bond or —CH2—. 

10. A compound according to claim 1, wherein Y2 repre 
sents a bond. 

11. A compound according to claim 1, wherein Y1 repre 
sents a bond or —O. —SO , or —C(=O)—. 

12. A compound according to claim 1, wherein Y1 repre 
sents a bond. 

13. A compound according to claim 1, wherein X1 repre 
sents a phenyl group. 

14. A compound according to claim 1, wherein R3 repre 
sents a hydrogen. 

15. A compound according to claim 1, wherein R4 and R5 
represent a hydrogen. 

16. A compound according to claim 1, wherein R6 repre 
sents a hydrogen or alkyl and Z represents a (C3-C6)cy 
cloalkyl or R6 and Z form together with the Natom to which 
they are attached a 5 to 8 membered heterocycle. 

17. A compound according to claim 1, wherein each R1, 
identical or different, is selected from the group of a halo, an 
aryl, arylalkyl, alkylaryl, alkyl, alkenyl, (C3-C6)cycloalkyl, 
with alkyl, aryland cycloalkyl each being optionally Substi 
tuted as defined in claim 1. 

18. A compound according to claim 1, wherein R1 repre 
sents an optionally Substituted aryl group as defined in claim 
1. 

19. A compound according to claim 1, wherein R7 is cho 
sen from H. -Alkyl, perfluoro(C1-C6)alkyl, -Heterocycle, 
-Alkylheterocycle, -alkylaryl, -Alkyl-O C(=O)-Alkyl, 
-Alkyl-O C(=O)—OAlkyl, -Alkyl-C(=O)-Alkyl, -Alkyl 
O C(=O) O(C3-C6)Cycloalkyl, where the Heterocycle 
is optionally substituted with =O or Alkyl. 

20. A compound according to claim 1, wherein R8 is cho 
sen from OH, - OAlkyl; —Oalkylaryl —OHeterocycle: 
—OAlkylheterocycle, wherein the heterocycle is optionally 
substituted with —O or alkyl; —OAlkyl-O C(=O)-Alkyl; 
—OAlkyl-C(=O)-Alkyl; —OAlkyl-O C(=O)—Oalkyl: 
—OAlkyl-C(=O)-Aryl wherein the aryl group is unsubsti 
tuted or substituted with one or more halogen or alkoxy 
groups: —OAlkyl-C(=O)-Heteroaryl; —OAlkyl-C(=O)— 
OAlkyl: —OAlkyl-C(=O)—(C3-C6)Cycloalkyl: 
–OAlkyl-C(=O) NTT where Tand T, identical or differ 
ent, independently represent a hydrogen atom, an alkyl, a 
cycloalkyl, a hydroxycycloalkyl, a heteroaryl or a heterocy 
clic group, or Tand T form together with the Natom to which 
they are attached a N-containing Heterocycle optionally Sub 
stituted with =O or alkyl; —OAlkyl-O C(=O)—OCy 
cloalkyl: —NR'R'', NROR', natural or synthetic amino 
acid, wherein each RandR are independently selected from 
hydrogen, alkyl, hydroxyalkyl, -O-alkyl, alkenyl, perha 
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loalkyl, —C3-C6cycloalkyl, heterocycle, heterocyclylalkyl, 
heteroaryl, and aryl, wherein the cycloalkyl may be substi 
tuted by one or more of hydroxyl, wherein the heterocycle 
moiety may be unsubstituted or substituted with alkyl or R' 
and R together with the Nitrogen atom to which they are 
attached, may form a 5-6 membered heterocyclic ring con 
taining 1-2 heteroatoms selected from O and N, wherein the 
ring is unsubstituted or substituted with hydroxy, hydroxy 
alkyl, hydroxyalcoxyalkyl, amino, alkylamino, dialky 
lamino, arylalcoxycarbonylamino, alcoxycarbonylamino. 

21. A compound according to claim 1, selected from: 
1-4-5-(4-isobutylphenyl)-1,2,4-oxadiazol-3-yl) 

benzylpiperidine-4,4-dicarboxylic acid 
1-(4-5-4-(3-methylbut-2-enyloxy)phenyl-1,2,4-oxa 

diazol-3-yl)benzyl)piperidine-4,4-dicarboxylic acid 
1-4-5-(2-fluorobiphenyl-4-yl)-1,2,4-oxadiazol-3-yl) 

benzylpiperidine-4,4-dicarboxylic acid 
monomethyl 1-4-5-(2-fluorobiphenyl-4-yl)-1,2,4-oxa 

diazol-3-ylbenzylpiperidine-4,4-dicarboxylate 
1-4-5-(4-cyclopropylmethylphenyl)-1,2,4-oxadiazol-3- 

ylbenzylpiperidine-4,4-dicarboxylic acid 
monomethyl 1-4-5-(4-cyclopropylmethylphenyl)-1,2,4- 

oxadiazol-3-ylbenzylpiperidine-4,4-dicarboxylate 
monomethyl 1-(4-5-4-(3-methyl-but-2-enyloxy)phe 

nyl-1,2,4-oxadiazol-3-yl)benzyl)piperidine-4.4-dicar 
boxyate 

monomethyl 1-4-5-(4-isobutylphenyl)-1,2,4-oxadiazol 
3-ylbenzylpiperidine-4,4-dicarboxylate 

monomethyl 1-4-5-(2,2-dimethyl-2,3-dihydrobenzofu 
ran-5-yl)-1,2,4-oxadiazol-3-yl)benzylpiperidine-4.4- 
dicarboxylate 

1-4-5-(2,2-dimethyl-2,3-dihydro-1-benzofuran-5-yl)-1, 
2,4-oxadiazol-3-ylbenzylpiperidine-4,4-dicarboxylic 
acid 

1-4-5-(2',4'-difluorobiphenyl-4-yl)-1,2,4-oxadiazol-3- 
ylbenzylpiperidine-4,4-dicarboxylic acid 

1-4-5-(4-fluorobiphenyl-4-yl)-1,2,4-oxadiazol-3-yl) 
benzylpiperidine-4,4-dicarboxylic acid 

1-4-5-(3',5'-difluorobiphenyl-4-yl)-1,2,4-oxadiazol-3- 
ylbenzylpiperidine-4,4-dicarboxylic acid 

1-4-5-(4-trifluoromethylphenyl)-1,2,4-oxadiazol-3-yl) 
benzylpiperidine-4,4-dicarboxylic acid 

1-4-(5-biphenyl-4-yl-1,2,4-oxadiazol-3-yl)benzylpip 
eridine-4,4-dicarboxylic acid 

1-4-5-(4-trifluoromethoxyphenyl)-1,2,4-oxadiazol-3- 
ylbenzylpiperidine-4,4-dicarboxylic acid 

1-4-5-(2,3-difluorophenyl)-1,2,4-oxadiazol-3-yl) 
benzylpiperidine-4,4-dicarboxylic acid 

1-4-5-(4-methanesulfonylphenyl)-1,2,4-oxadiazol-3-yl) 
benzylpiperidine-4,4-dicarboxylic acid 

1-(4-5-4-(4-chlorophenyl)cyclohexyl-1,2,4-oxadiazol 
3-yl)benzyl)piperidine-4,4-dicarboxylic acid 

1-4-5-(1,1-dimethyl-1,3-dihydro-2-benzofuran-5-yl)-1, 
2,4-oxadiazol-3-ylbenzylpiperidine-4,4-dicarboxylic 
acid 

1-(4-5-4-(2.2.2-trifluoroethoxy)phenyl-1,2,4-oxadia 
Zol-3-ylbenzyl)piperidine-4,4-dicarboxylic acid 

1-4-5-(furan-2-ylmethoxyiminomethyl)-1,2,4-oxadia 
Zol-3-ylbenzylpiperidine-4,4-dicarboxylic acid 

1-4-5-(4-benzylphenyl)-1,2,4-oxadiazol-3-yl) 
benzylpiperidine-4,4-dicarboxylic acid 

1-4-5-(4-isopropylcyclohexyl)-1,2,4-oxadiazol-3-yl) 
benzylpiperidine-4,4-dicarboxylic acid 

1-4-5-(4-isopropenylcyclohex-1-enyl)-1,2,4-oxadiazol 
3-ylbenzylpiperidine-4,4-dicarboxylic acid 
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(III) 

yok 
N-Z 
H \ 

CORs 

where R6, Z, R7 and R8 are defined as in claim 1. 
25. A process of preparation of a compound of formula (I) 

according to claim 1, comprising reducing a corresponding 
compound of formula (V): 

(V) 

wherein R1, Y1, m. X1, Y2, Arl, R3, R4, R5, p. R6, Z, R7 are 
defined as informula (I) and Pg represents a protective group 
of the COR8 group. 

26. Process according to claim 22, which further comprises 
the additional step of isolating the compound of formula (I). 

27. A pharmaceutical composition comprising a com 
pound of formula (I) according to claim 1 with a pharmaceu 
tically acceptable excipient or carrier. 

28. Method for providing a compound which acts as an 
agonist at human S1P1 receptors selectively comprising 
administering to a patient in the need thereof a compound of 
formula (I) as defined in claim 1. 

29. Method according to claim 28, wherein said method is 
for decreasing circulating lymphocytes in blood in a patient in 
the need thereof. 
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30. Method according to claim 28, wherein the patient is in 

need of treatment for transplant rejection, tissue graft rejec 
tion, immune disorders, autoimmune disorders, inflamma 
tory and chronic inflammatory conditions selected from the 
group consisting of rheumatoid arthritis, asthma, pollinosis, 
psoriasis, myocarditis, atopic dermatitis, lymphocytic leuke 
mias, lymphomas, multiple Sclerosis, lupus erythematosus, 
inflammatory bowel diseases, diabetes mellitus, glomerulo 
nephritis, atherosclerosis, multiorgan failure, sepsis, pneu 
monia, optic neuritis, polymyalgia rheumatica, uveitis, vas 
culitis, osteoarthritis, respiratory distress syndrome, ischemia 
reperfusion injury, chronic obstructive pulmonary disease, 
infection associated with inflammation, viral inflammation, 
influenza, hepatitis, Guillain-Barre Syndrome, chronic bron 
chitis, restenosis, granulomatous disease, sarcoidosis, lep 
rosy, Scleroderma, Alzheimer's disease, disorders related to 
impaired vascular integrity, cancers, disregulated angiogen 
esis or excessive neoangiogenesis. 

31. Method according to claim 30, wherein said disregu 
lated angiogenesis or excessive neoangiogenesis is selected 
from ocular angiogenic diseases selected from the group con 
sisting of diabetic retinopathy, choroidal neovascularization, 
macular degeneration. 

32. Method according to claim 30, wherein said cancer 
selected from the group consisting of Solid tumors, hemato 
poietie cancers and tumor metastases. 

33. Method according to claim 28, for topical, cutaneous, 
ocular, intravaginal, intra-uterine or inhalation administra 
tion. 

34. Process according to claim 23, which further comprises 
the additional step of isolating the compound of formula (I). 

35. Process according to claim 24, which further comprises 
the additional step of isolating the compound of formula (I). 

36. Process according to claim 25, which further comprises 
the additional step of isolating the compound of formula (I). 

k k k k k 


