
NOVEL DICARBOXYLIC ACID DERIVATIVES AS SlPl RECEPTOR
AGONISTS The present invention relates to new
compounds of formula (I) possessing agonistic activity
at sphingosine-1 -phosphate (S1 P) 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
dicarboxylic acid derivatives has been found as potent
spingosine-1 -phosphate (S1 P1/Edg1 ) receptor
agonists with minimal affinity for S 1P3 (Edg3)
receptor subtype. The lysophospholipids are recognized
as components in the biosynthesis of cell membranes.
The lysophospholipid S 1P regulates diverse biological
processes. Sphingosine-1 -phosphate (S1 P) is a
bioactive lysolipid with pleiotropic functions
mediated through a family of G protein coupled
receptors, S 1P 1, S 1P2, S 1P3, S 1P4 and S 1P5. 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, indirect or
direct S 1P receptor agonists 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 S 1P receptors induces
accelerated homing of lymphocytes to lymph nodes and
Peyer's patches and blood lymphopenia without
lymphodepletion. Such immunosuppression/depression is
desirable to prevent rejection after organ, tissue or
cell transplantation and in the treatment of
autoimmune and certain inflammatory disorders. The
potential clinical indications identified through
several animal models involving S 1P agonists include
suppressed transplant rejection, multiple sclerosis,
coronary artery vasospasm, sinus tachycardia,
restenosis after coronary artery angioplasty, asthma,
breast and liver cancer, chemotherapy and radiation
induced infertility etc. (J, Chun et al, Trends MoI.
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 MoI. 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 agonism at the S 1P3 receptor {Bloorg. &
Med. Chem. Lett, 2004, 14, 3501 ) . There is potential
interest in developing direct S 1P receptor agonists
displaying receptor selectivity, particularly
compounds with low relative activity at the S 1P3
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 S 1P 1
receptor agonist with low affinity to S 1P3/Edg3
receptor. EP 1 650 186, WO 2005/082 089, WO 2004/058
149, WO 2003/1 05 771 and Hale et al., J . Med. Chem.,
47(27), 6662-6665 disclose S 1P 1 agonists. 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 useful as S 1P 1
receptor agonists, represented by a compound of
formula (I): wherein Ar1 , X 1, R 1, Y 1, Y2, R3, R4,
R5, R6, Z, CO2R7 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 compositions comprising a
pharmaceutically acceptable carrier and a
therapeutically effective amount of atleast one of the
compounds of formula (I), as well as their
enantiomers, diastereomers, mixtures thereof and
pharmaceutically acceptable salts, hydrates and
solvates. The present invention also provides for use
of the compound of formula (I) for treating immune
mediated diseases and conditions or inflammatory
diseases and conditions. These and other objects,
which will become apparent during the following
detailed description have been achieved by the
inventor's discovery that compounds of formula (I) are
potent S 1P 1 receptor agonist with low affinity for S
1P3 receptor. DETAILED DESCRIPTION OF THE INVENTION
The present invention provides novel compounds
represented by formula (I): as well as their
enantiomers, diastereomers, mixtures thereof and
pharmaceutically acceptable salts, hydrates and
solvates. represents 1,2,4-oxadiazole group, X 1 is a
mono-, bi- or tricyclic ring structure selected from
aryl, heteroaryl, heterocyclic group or cycloalkyl
group optionally comprising one or more unsaturations;



R 1 is selected from the group consisting of hydrogen,
halo, perhaloalkyl, perhaloalkoxy, aryl, arylalkyl,
alkylaryl, alkyl, alkenyl, alkynyl, -N(R2) 2 and
cycloalkyl optionally comprising one or more
unsaturations; wherein the aryl groupmay be fused with
a ring comprising 2 to 5 atoms selected from carbon or
heteroatoms; further wherein each R 1 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,
alkylaryl and 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 Y 1 is selected from a group
consisting of -O- ; -S(O)q, 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 R 1-Y1 , identical or different, represents a
group that is attached to the cyclic ring structure X
1 and m is an integer selected from 1 to 9, wherein m
represents the number of positions on X 1 substituted
with a R 1-Y1 moiety; Y2 represents a bond or Y2 is
selected from a group consisting of -O- ; -CH2- ;
-C(O)O-; -C(O)NH-; -S(O) q- , wherein q is O, 1 or 2;
and -C=Q-, wherein Q is O, S, N-(R')2 or N-OR',
wherein each R' is independently 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) 2 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
consisting 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;Z represents a -cycloalkyl
group, or R6 and Z form together with the N atom to
which they are attached a 5 to 8-membered heterocyclic
ring; the -CO2R7 and -COR8 groups are attached to the
same atom, wherein the -CO2R7 group represents a -CO
2H group or an ester derivative thereof and the -COR8
group represents a -CO 2H group or an ester or an
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 3, -CHF
2, -CCI 3, -CF2CI, -CH 2CI, -CH 2CF2-CF3.
"Perhaloalkoxy" represents a perhaloalkyl linked via
an oxygen atom, for example, -0-CF 3, -0-CHF 2, -0-CH
2CF3. "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 carbon atoms, 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 containing a
carbon-carbon double bond and which may be straight or
branched having 2 to 15 carbon atoms in the chain
unless specified otherwise. Preferred alkenyl groups
have 2 to 12 carbon atoms in the chain; and more
preferably about 2 to 6 carbon atoms in the chain.
Exemplary alkenyl groups include ethenyl, propenyl,
n-butenyl, i-butenyl, 3- methylbut-2-enyl, n-pentenyl,
heptenyl, octenyl, nonenyl, decenyl."Alkynyl" refers
to an aliphatic hydrocarbon group containing a
carbon-carbon triple bond and which may be straight or
branched having 2 to 15 carbon atoms in the chain
unless specified otherwise. Preferred alkynyl groups
have 2 to 12 carbon atoms in the chain; and more
preferably 2 to 4 carbon atoms 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 multicyclic hydrocarbon ring system of 3 to 10
carbon atoms, preferably of 4 to 10 carbon atoms.
Preferred ring sizes of rings of the ring system
include 4 to 6 ring atoms. Exemplary monocyclic
cycloalkyl include cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, cycloheptyl, and the like.
Exemplary multicyclic 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 saturated
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, oxygen, nitrogen, sulfur, 



selenium, and phosphorus atoms. Preferable heteroatoms
are oxygen, nitrogen and sulfur. Suitable heterocycles
are also disclosed in the Handbook of Chemistry and
Physics, 76th Edition, CRC Press, Inc., 1995-1 996,
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,
tetraydrofuranyl, dioxolanyl, tetrahydropyranyl,
dioxanyl, pyrrolidinyl, piperidyl, morpholinyl,
imidazolidinyl, pyranyl. Preferred aromatic
heterocyclic, herein called heteroaryl groups include,
but are not limited to, pyridyl, pyridyl-L/-oxide,
pyrimidinyl, pyrrolyl, imidazolinyl, pyrrolinyl,
pyrazolinyl, furanyl, thienyl, imidazolyl,triazolyl,
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, pyrimidinyl, pyrazinyl, tetrazolyl, indolyl,
quinolinyl, purinyl, imidazolyl, thienyl, thiazolyl,
benzothiazolyl, furanyl, benzofuranyl, 1,2,4-
thiadiazolyl, isothiazolyl, triazoyl, tetrazolyl,
isoquinolyl, benzothienyl, isobenzofuryl, pyrazolyl,
carbazolyl, benzimidazolyl, isoxazolyl. "Alkyl",
"cycloalkyl", "alkenyl", "alkynyl", "aryl",
"heteroaryl", "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, -perhaloalkyl,
-Heterocycle, -Alkylheterocycle, -alkylaryl,
-Alkyl-O-C(=O)-Alkyl, -Alkyl-O-C(=O)-OAIkyl, -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; -OAlkyl heterocycle,
wherein the heterocycle is optionally substituted with
=O or alkyl; -OAIkyl-O-C(=O)-Alkyl;
-OAIkyl-O-C(=O)-OAIkyl; -OAIkyl-C(=O)-Alkyl;
-OAIkyl-C(=O)-Aryl wherein the aryl group is
unsubstituted or substituted with one or more halogen
or alkoxy groups; -OAIkyl-C(=O)-Heteroaryl;
-OAIkyl-C(=O)-OAIkyl; -OAIkyl-C(=O)-Cycloalkyl;
-OAIkyl-C(=O)-NTT where T and T , identical or
different, independently represent a hydrogen atom, an
alkyl, a cycloalkyl, a hydroxycycloalkyl, a heteroaryl
or a heterocyclic group, or T and T' form together
with the N atom to which they are attached a
N-containing Heterocycle optionally substituted with
=O or alkyl; -OAIkyl-O-C(=O)-OCycloalkyl; -NR aRb, -NR
aORb, natural or synthetic amino acid, wherein each Ra
and Rb are independently selected from hydrogen,
alkyl, hydroxyalkyl, -O-alkyl, alkenyl, perhaloalkyl,
-C3-C6cycloalkyl, heterocycle, heterocyclylalkyl and
aryl, wherein gwherein the heterocycle moiety may be
unsubstituted or substituted with alkyl or Ra and Rb
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, hydroxyalcoxyalkyl, amino,
alkylamino, dialkylamino, arylalcoxycarbonylamino,
alcoxycarbonylamino. In one preferred embodiment, the
invention provides a compound of formula (I) wherein:
the -CO2R7 group represents a -CO2H group or an ester
derivative thereof, wherein R7 represents a hydrogen
or a C 1-C3alkyl chain optionally comprising one or
more unsaturations and optionally substituted by: a)
-O-CO(O) t-alkyl, b) -O-CO(O) t-cycloalkyl or c)
heterocyclic group, wherein t is 0 or 1, and the items
a, b or c above are optionally substituted by one or
more halo, -C1 -C5alkyl, or -CO group; and R8
represents -OH, -O-alkyl, OAIkyl-C(=O)-Alkyl. Suitable
ester derivatives of compound of formula (I)
represented by -CO2R7 and -COR8 groups, wherein R7 is
an alkyl chain and R8 is -O-alkyl chain include the
compounds wherein alkyl chain may be C1-C1 2alkyl.
They are useful as pro drugs to provide compounds of
the formula (I) wherein the -CO2H group is formed in
vivo following administration. Such esters are also
useful as intermediates for the preparation of
dicarboxylic acid compounds of the formula (I).
Examples of ester derivatives of a -CO2H group are
alkyl, alkanoyloxyalkyl (including alkyl, cycloalkyl
or aryl substituted derivatives thereof),
arylcarbonyloxyalkyl (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,alkanoyl and alkoxy groups
can, where appropriate, be straight- or branchedchain.
Specific examples of ester derivatives of a -CO 2H
group are C 1-C9alkyl (e.g. methyl, ethyl, n-propyl,
isopropyl), benzyl, 1-(2,2-diethylbutanoyloxy)ethyl,
(2-ethylpropanoyloxy) methyl,
1-(2-ethylpropanoyloxy)ethyl,
1-(2,4-dimethylbenzoyloxy)- ethyl,
(oc-benzoyloxy)benzyl, 1-(benzoyloxy)ethyl,
1-(2-methyl-1-propanoyloxy)- propyl,
(2,4,6-thmethylbenzoyloxy)methyl,
1-(2,4,6-trimethyl-benzoyloxy)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,
(dioxolan-5-yloxycarbonyloxy) methyl,
1-(tetrahydropyran-4-yloxycarbonyloxy)ethyl,
1-(dioxolan-5-yloxycarbonyloxy) ethyl, medoxomil and
soproxil. Examples of amide derivatives of a -CO H
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 -CO 2H group are NHMe, NHEt, NH-t-Bu, NHaIIyI,
NHpropargyl, NHCH2Furyl, NH(2-CF 3-Phenyl), NHFuryl.
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 -CO 2H 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, 8th Edition, McGraw-Hill, Int. Ed. 1992,
"Biotrans-formation of Drugs", p. 13-1 5 . 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, inwhich case the
solvate may be a hydrate. Alternatively, the solvent
may be an organic solvent. Thus, the compounds of the
present invention may exist as a hydrate, including a
monohydrate, dihydrate, hemihydrate, sesquihydrate,
thhydrate, 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 racemic forms or by synthesis from optically active
starting materials. 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, diastereomeric, 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 considered as part of the present
invention. The term "susbstituted" 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 designated 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 atotal elimination of all disease
and condition symptoms, and is intended to include
prophylactic treatment and chronic use. As used
herein, the expression "pharmaceutically acceptable"
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 commensurate with a reasonable
benefit/risk ratio. 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
conventional non-toxic salts or the quaternary
ammonium salts of the parent compound formed, for
example, from non-toxic inorganic 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, methanesulfonic,
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 invention 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 stoichiometric
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, or acetonithle are
preferred. Lists of suitable salts are found in
Remington's Pharmaceutical Sciences, 17th ed., Mack
Publishing Company, Easton, PA, 1985, 



p. 141 8 and P.H. Stahl, CG. Wermuth, Handbook of
Pharmaceutical salts - Properties, Selection and Use,
Wiley-VCH, 2002, the disclosures of which are hereby
incorporated by reference.The compounds of the general
formula (I) having geometrical 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 compound
of formula (I-A): as well as their enantiomers,
diastereomers, mixtures thereof and pharmaceutically
acceptable salts, hydrates and solvates, wherein: X 1,
R 1, Y 1, Y2, Ar1 , R3, R4, R5, m, p, R7, R8 are
defined as in formula (I). Preferably, the invention
provides compound of formula (I-A) wherein: X 1 is
phenyl; each R 1, 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,
wherein the aryl group may be fused with a ring
comprising 2 to 5 atoms selected from carbon or
heteroatoms; further wherein each R 1 is optionally
substituted from one up to maximum number of
substitutable positions with a substituent
independently selected from a group consisting of
halo, -alkyl, -O-alkyl, cycloalkyl, aryl, arylalkyl,
alkylaryl and perhaloalkyl; Y 1 represents a bond or Y
1 is selected from a group consisting of -O-; -S(O)q-
, wherein q is 0, 1 or 2; and -C=Q-, wherein Q is O or
S;the moiety R 1-Y1 represents a group that is
attached to the cyclic ring structure X 1 and m is an
integer selected from 1 to 5, wherein m represents the
number of positions on X 1 available for attachment of
R 1-Y1 moiety; and wherein each R 1-Y1 may be
identical or different group; Y2 represents a bond or
Y2 is -CH 2- 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
consisting of hydrogen and methyl; the -CO2R7 and
-COR8 groups are attached to the same atom, wherein
the -CO2R7 group represents a -CO 2H group or an ester
derivative thereof and the -COR8 group represents a
-CO 2H group or an ester or an amide derivative
thereof. In another embodiment, the present invention
provides compound of formula (I-B): as well as their
enantiomers, diastereomers, mixtures thereof and
pharmaceutically acceptable salts, hydrates and
solvates, wherein X 1, R 1, Y 1, 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):as well as their
enantiomers, diastereomers, mixtures thereof and
pharmaceutically acceptable salts, hydrates and
solvates, wherein X 1, R 1, Y 1, 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-D): as well as their
enantiomers, diastereomers, mixtures thereof and
pharmaceutically acceptable salts, hydrates and
solvates, wherein X 1, R 1, Y 1, Y2, Ar1 , 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: as well as their
enantiomers, diastereomers, mixtures thereof and
pharmaceutically acceptable salts, hydrates and
solvates, wherein: R 1, m, X 1, Ar1 , R3, R4, R5, R6,
R7, R8, p are defined as above. In another embodiment,
the present invention provides a compound of formula
(I-F):as well as their enantiomers, diastereomers,
mixtures thereof and pharmaceutically acceptable
salts, hydrates and solvates, wherein : X 1, R 1, Y 1,
Y2, Ar1 , 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), Art
represents Preferably, in anyone of formulae (I),
(I-A), (I-B), (I-C), (I-D), or (I-F) Y2 represents a
bond Or -CH 2- ; more preferably, Y2 represents a
bond. Preferably, in anyone of formulae (I), (I-A),
(I-B), (I-C), (I-D), (I-E) or (I-F), Y 1 represents a
bond or -O-, -S(O)p-, -C=Q-, as defined above; more
preferably, Y 1 represents a bond. Preferably, in
anyone of formulae (I), (I-A), (I-B), (I-C), (I-D) or
(I-F), X 1 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 R 1, identical or different, is selected
from a halo, an aryl, arylakyl, -alkylaryl, alkyl,
alkenyl, cycloalkyl, each being optionally substituted
as defined above; more preferably, R 1 is selected
from an optionally substituted aryl group and a halo
as defined above. More preferred compounds are those
of formula (I-A) wherein: Y 1 is a bond; m=2; one of R
1 is a halo atom and the other R 1 is a phenyl group;
each R3 is H; R4=R5=H; R7=H; and COR8 is CO2H or an
ester or an amid thereof; including R8=OAIkyl or
OAIkylC(=O)-Alkyl, as well as their enantiomers,
diastereomers, mixtures thereof and pharmaceutically
acceptable salts, hydrates and solvates. In one
preferred embodiment, the present invention provides a
compound selected from the group consisting of: -
1-{4-[5-(4-isobutylphenyl)-1
,2,4-oxadiazol-3-yl]benzyl}pipehdine-4,4- dicarboxylic
acid - 1-(4-{5-[4-(3-methylbut-2-enyloxy)phenyl]-1
,2,4-oxadiazol-3-
yl}benzyl)piperidine-4,4-dicarboxylic acid -
1-{4-[5-(2-fluorobiphenyl-4-yl)-1
,2,4-oxadiazol-3-yl]benzyl}piperidine-4,4-
dicarboxylic acid - monomethyl
1-{4-[5-(2-fluorobiphenyl-4-yl)-1 ,2,4-oxadiazol-3-
yl]benzyl}pipehdine-4,4-dicarboxylate -
1-{4-[5-(4-cyclopropylmethylphenyl)-1
,2,4-oxadiazol-3-
yl]benzyl}piperidine-4,4-dicarboxylic acid- monomethyl
1-{4-[5-(4-cyclopropylmethylphenyl)-1
,2,4-oxadiazol-3-
yl]benzyl}piperidine-4,4-dicarboxylate - monomethyl
1-(4-{5-[4-(3-methyl-but-2-enyloxy)phenyl]-1
,2,4-oxadiazol-3-
yl}benzyl)piperidine-4,4-dicarboxyate - monomethyl
1-{4-[5-(4-isobutylphenyl)-1 ,2,4-oxadiazol-3-
yl]benzyl}pipehdine-4,4-dicarboxylate - monomethyl
1-{4-[5-(2,2-dimethyl-2,3-dihydrobenzofuran-5-yl)-1
,2,4-
oxadiazol-3-yl]benzyl}pipehdine-4,4-dicarboxylate -
1-{4-[5-(2,2-dimethyl-2,3-dihydro-1
-benzofuran-5-yl)-1 ,2,4-oxadiazol-3-
yl]benzyl}pipehdine-4,4-dicarboxylic acid -
1-{4-[5-(2',4'-difluorobiphenyl-4-yl)-1
,2,4-oxadiazol-3-yl]benzyl}pipehdine- 4,4-dicarboxylic
acid - 1-{4-[5-(4'-fluorobiphenyl-4-yl)-1
,2,4-oxadiazol-3-yl]benzyl}piperidine-4,4-
dicarboxylic acid -
1-{4-[5-(3',5'-difluorobiphenyl-4-yl)-1
,2,4-oxadiazol-3-yl]benzyl}piperidine-
4,4-dicarboxylic acid -
1-{4-[5-(4-trifluoromethylphenyl)-1
,2,4-oxadiazol-3-yl]benzyl}piperidine-
4,4-dicarboxylic acid - 1-[4-(5-biphenyl-4-yl-1
,2,4-oxadiazol-3-yl)benzyl]pipehdine-4,4- dicarboxylic
acid - 1-{4-[5-(4-trifluoromethoxyphenyl)-1
,2,4-oxadiazol-3-yl]benzyl}piperidine-
4,4-dicarboxylic acid - 1-{4-[5-(2,3-difluorophenyl)-1
,2,4-oxadiazol-3-yl]benzyl}pipehdine-4,4- dicarboxylic
acid - 1-{4-[5-(4-methanesulfonylphenyl)-1
,2,4-oxadiazol-3-yl]benzyl}piperidine-
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-
yl]benzyl}piperidine-4,4-dicarboxylic acid -
1-(4-{5-[4-(2,2,2-trifluoroethoxy)phenyl]-1
,2,4-oxadiazol-3-
yl}benzyl)piperidine-4,4-dicarboxylic acid-
1-{4-[5-(furan-2-ylmethoxyiminomethyl)-1
,2,4-oxadiazol-3- yl]benzyl}pipe
pdine-4,4-dicarboxylic acid -
1-{4-[5-(4-benzylphenyl)-1
,2,4-oxadiazol-3-yl]benzyl}piperidine-4,4-
dicarboxylic acid - 1-{4-[5-(4-isopropylcyclohexyl)-1
,2,4-oxadiazol-3-yl]benzyl}piperidine-4,4-
dicarboxylic acid - 1-{4-[5-(4-isopropenylcyclohex-1
-enyl)-1 ,2,4-oxadiazol-3-
yl]benzyl}piperidine-4,4-dicarboxylic acid -
1-{4-[3-(1 ,1-dimethyl-1
,3-dihydro-2-benzofuran-5-yl)-1 ,2,4-oxadiazol-5-
yl]benzyl}piperidine-4,4-dicarboxylic acid -
1-{4-[3-(2-fluorobiphenyl-4-yl)-1
,2,4-oxadiazol-5-yl]benzyl}piperidine-4,4-
dicarboxylic acid 



- 1-{4-[5-(6,6-dimethylbicyclo[3.1
.1]hept-2-en-2-ylmethyl)-1 ,2,4-oxadiazol-3-
yl]benzyl}piperidine-4,4-dicarboxylic acid -
1-{4-[5-(4-benzoylphenyl)-1
,2,4-oxadiazol-3-yl]benzyl}piperidine-4,4-
dicarboxylic acid -
1-{4-[5-(6-methoxynaphthalen-2-yl)-1
,2,4-oxadiazol-3-yl]benzyl}piperidine-
4,4-dicarboxylic acid -
1-{4-[5-(4-benzyl-2,3-difluorophenyl)-1
,2,4-oxadiazol-3-
yl]benzyl}piperidine-4,4-dicarboxylic acid -
1-{4-[5-(4-isobutyrylphenyl)-1
,2,4-oxadiazol-3-yl]benzyl}piperidine-4,4-
dicarboxylic acid -
1-(4-{5-[4-(2,3-difluorobenzyl)phenyl]-1
,2,4-oxadiazol-3-
yl}benzyl)piperidine-4,4-dicarboxylic acid -
1-{4-[5-(4-ethoxyphenyl)-1
,2,4-oxadiazol-3-yl]benzyl}piperidine-4,4-
dicarboxylic acid - 1-{4-[5-(4-terf-butylphenyl)-1
,2,4-oxadiazol-3-yl]benzyl}piperidine-4,4-
dicarboxylic acid - 1-{4-[5-(4-isopropoxyphenyl)-1
,2,4-oxadiazol-3-yl]benzyl}piperidine-4,4-
dicarboxylic acid - 1-{4-[5-(4-cyclohexylphenyl)-1
,2,4-oxadiazol-3-yl]benzyl}piperidine-4,4-
dicarboxylic acid- imono-1 -(acetyloxy)ethyl
1-{4-[5-(2-fluorobiphenyl-4-yl)-1 ,2,4-oxadiazol-3-
yl]benzyl}piperidine-4,4-dicarboxylate -
mono(2,2-dinnethylpropanoyloxy)nnethyl
1-{4-[5-(2-fluorobiphenyl-4-yl)-
1,2,4-oxadiazol-3-yl]benzyl}piperidine-4,4-dicarboxyla
te - mono-5-nnethyl-2-oxo[1 ,3]dioxol-4-ylnnethyl
1-{4-[5-(2-fluorobiphenyl-4-yl)-
1,2,4-oxadiazol-3-yl]benzyl}piperidine-4,4-dicarboxyla
te - mono(isopropoxycarbonyloxy)nnethyl
1-{4-[5-(2-fluorobiphenyl-4-yl)-1 ,2,4-
oxadiazol-3-yl]benzyl}piperidine-4,4-dicarboxylate -
mono-1 -(cyclohexyloxycarbonyloxy)ethyl
1-{4-[5-(2-fluorobiphenyl-4-yl)-
1,2,4-oxadiazol-3-yl]benzyl}piperidine-4,4-dicarboxyla
te - 1-(acetyloxy)ethyl methyl
1-{4-[5-(2-fluorobiphenyl-4-yl)-1 ,2,4-oxadiazol-3-
yl]benzyl}piperidine-4,4-dicarboxylate -
1-(acetyloxy)ethyl methyl 1-{4-[5-(4-isobutylphenyl)-1
,2,4-oxadiazol-3-
yl]benzyl}piperidine-4,4-dicarboxylate -
(isopropoxycarbonyloxy)methyl methyl
1-{4-[5-(2-fluorobiphenyl-4-yl)-
1,2,4-oxadiazol-3-yl]benzyl}piperidine-4,4-dicarboxyla
te - methyl 5-methyl-2-oxo-[1 ,3]dioxol-4-ylmethyl
1-{4-[5-(2-fluorobiphenyl-4- yl)-1
,2,4-oxadiazol-3-yl]benzyl}piperidine-4,4-dicarboxylat
e - di(isopropoxycarbonyloxy)methyl
1-{4-[5-(2-fluorobiphenyl-4-yl)-1 ,2,4-
oxadiazol-3-yl]benzyl}piperidine-4,4-dicarboxylate - -
^-isobutylphenyO-i
^^-oxadiazol-S-yllbenzylaminoJcyclobutane-
1,1-dicarboxylic acid -
3-{4-[5-(2-fluorobiphenyl-4-yl)-1 ,2,4-oxadiazol-3-
yl]benzylamino}cyclobutane-1 , 1 -dicarboxylic acid -
3-({4-[5-(4-isobutylphenyl)-1 ,2,4-oxadiazol-3-
yl]benzyl}methylamino)cyclobutane-1 , 1-dicarboxylic
acid - 3-({4-[5-(2-fluorobiphenyl-4-yl)-1
,2,4-oxadiazol-3- yl]benzyl}methylamino)cyclo-butane-1
, 1 -dicarboxylic acid - monomethyl
3-({4-[5-(2-fluorobiphenyl-4-yl)-1 ,2,4-oxadiazol-3-
yl]benzyl}methyl-amino)cyclobutane-1 , 1
-dicarboxylate - monomethyl
3-({4-[5-(4-isobutylphenyl)-1 ,2,4-oxadiazol-3-
yl]benzyl}methyl-amino)cyclobutane-1 , 1
-dicarboxylate- monomethyl
3-({4-[5-(4-isobutylphenyl)-1 ,2,4-oxadiazol-3-
yl]benzyl}methyl-annino)cyclobutane-1 , 1
-dicarboxylate - - ^-isobutylphenyO-i
^^-oxadiazol-S-yllbenzylannino cyclopentane-
1,1-dicarboxylic acid -
3-{4-[5-(4-cyclopropylmethylphenyl)-1
,2,4-oxadiazol-3- yl]benzylamino}cyclopentane-1 , 1
-dicarboxylic acid - 4-{4-[5-(4-isobutylphenyl)-1
,2,4-oxadiazol-3-yl]benzylamino}cyclohexane- 1,
1-dicarboxylic acid -
4-{4-[5-(2-fluorobiphenyl-4-yl)-1 ,2,4-oxadiazol-3-
yl]benzylamino}cyclohexane-1 , 1 -dicarboxylic acid -
4-({4-[5-(2-fluorobiphenyl-4-yl)-1
,2,4-oxadiazol-3-yl]benzyl}methylamino) cyclohexane-1
,1 -dicarboxylic acid; -
1-{4-[5-(2-fluoro-biphenyl-4-yl)-[1
,2,4]oxadiazol-3-yl]-benzyl}-piperidine-
4,4-dicarboxylic acid, 2-oxo-3,3-dimethylbutyl ester -
1-{4-[5-(2-Fluoro-biphenyl-4-yl)-[1
,2,4]oxadiazol-3-yl]-benzyl} piperidine-
4,4-dicarboxylic acid (2-oxo-2-phenyl-ethyl) ester
1-{4-[5-(2-Fluoro-biphenyl-4-yl)-[1
,2,4]oxadiazol-3-yl]-benzyl} piperidine-
4,4-dicarboxylic acid (2-oxo-propyl) ester
1-{4-[5-(2-Fluoro-biphenyl-4-yl)-[1
,2,4]oxadiazol-3-yl]-benzyl}-piperidine-
4,4-dicarboxylic acid (2-furan-2-yl-2-oxo-ethyl) ester
1-{4-[5-(2-Fluoro-biphenyl-4-yl)-[1
,2,4]oxadiazol-3-yl]-benzyl}-piperidine-
4,4-dicarboxylic acid
[2-(4-chloro-phenyl)-2-oxo-ethyl] ester 



1-{4-[5-(2-Fluoro-biphenyl-4-yl)-[1
,2,4]oxadiazol-3-yl]-benzyl} piperidine-
4,4-dicarboxylic acid (2-morpholin-4-yl -ethyl) ester
- 1-{4-[5-(2-Fluoro-biphenyl-4-yl)-[1
,2,4]oxadiazol-3-yl]-benzyl}-piperidine-
4,4-dicarboxylic acid ethoxycarbonylmethylester
1-{4-[5-(2-Fluoro-biphenyl-4-yl)-[1
,2,4]oxadiazol-3-yl]-benzylpiperidine-
4,4-dicarboxylic acid (3-methyl-2-oxo-butyl) ester
1-{4-[5-(2-Fluoro-biphenyl-4-yl)-[1
,2,4]oxadiazol-3-yl]-benzyl}-piperidine-
4,4-dicarboxylic acid
[2-(4-methoxy-phenyl)-2-oxo-ethyl] ester
1-{4-[5-(2-Fluoro-biphenyl-4-yl)-[1
,2,4]oxadiazol-3-yl]-benzyl}-piperidine-
4,4-dicarboxylic acid (2-cyclopropyl-2-oxo-ethyl)
ester1-{4-[5-(2-Fluoro-biphenyl-4-yl)[1
,2,4]-oxadiazol-3-yl]-benzyl}-piperidine-
4,4-dicarboxylic acid [2-oxo-2-(2-oxopyrrolidin-1
-yl)-ethyl] ester 1-{4-[5-(2-Fluoro-biphenyl-4-yl)-[1
,2,4]-oxadiazol-3-yl]-benzyl}-piperidine-
4,4-dicarboxylic acid dimethylcarbamoylmethyl ester -
1-{4-[5-(2-Fluoro-biphenyl-4-yl)-[1
,2,4]-oxadiazol-3-yl]-benzyl}-piperidine-
4,4-dicarboxylic acid benzyl ester
3,3-dimethyl-2-oxo-butyl ester
1-{4-[5-(2-Fluoro-biphenyl-4-yl)-[1
,2,4]-oxadiazol-3-yl]-benzyl}-piperidine-
4,4-dicarboxylic acid benzyl ester
3-methyl-2-oxo-butyl ester
1-{4-[5-(2-Fluoro-biphenyl-4-yl)-[1
,2,4]-oxadiazol-3-yl]-benzyl}-pipehdine-
4,4-dicarboxylic acid methylcarbamoylnnethyl ester
1-{4-[5-(2-Fluoro-biphenyl-4-yl)-[1
,2,4]-oxadiazol-3-yl]-benzyl}-pipehdine-
4,4-dicarboxylic acid (tert-butylcarbamoyl-methyl)
ester 1-{4-[5-(2-Fluoro-biphenyl-4-yl)-[1
,2,4]-oxadiazol-3-yl]-benzyl}-pipehdine-
4,4-dicarboxylic acid ethylcarbamoylmethyl ester -
1-{4-[5-(2-Fluoro-biphenyl-4-yl)-[1
,2,4]-oxadiazol-3-yl]-benzyl}-pipehdine-
4,4-dicarboxylic acid [2-oxo-2-(pyrrolidin-1
-yl)-ethyl) ester 1-{4-[5-(2-Fluoro-biphenyl-4-yl)-[1
,2,4]-oxadiazol-3-yl]-benzyl}-pipehdine-
4,4-dicarboxylic acid [2-oxo-(2-pipehdin-1-yl)-ethyl]
ester 1-{4-[5-(2-Fluoro-biphenyl-4-yl)-[1
,2,4]-oxadiazol-3-yl]-benzyl}-pipehdine-
4,4-dicarboxylic acid (isopropylcarbamoyl-methyl)
ester 1-{4-[5-(2-Fluoro-biphenyl-4-yl)-[1
,2,4]-oxadiazol-3-yl]-benzyl}-pipehdine-
4,4-dicarboxylic acid cyclopropylcarbamoylmethyl ester
1-{4-[5-(2-Fluoro-biphenyl-4-yl)-[1 ,2,4]
oxadiazol-3-yl]-benzyl}-pipehdine- 4,4-dicarboxylic
acid (isobutylcarbamoyl-nnethyl) ester -
1-{4-[5-(2-Fluoro-biphenyl-4-yl)-[1 ,2,4]
oxadiazol-3-yl]-benzyl}-pipehdine- 4,4-dicarboxylic
acid carbamoylmethyl ester
1-{4-[5-(2-Fluoro-biphenyl-4-yl)-[1 ,2,4]
oxadiazol-3-yl]-benzyl}-pipehdine- 4,4-dicarboxylic
acid butylcarbamoylmethyl ester
1-{4-[5-(2-Fluoro-biphenyl-4-yl)-[1 ,2,4]
oxadiazol-3-yl]-benzyl}-pipehdine- 4,4-dicarboxylic
acid cyclopentylcarbamoylmethyl ester
1-{4-[5-(2-Fluoro-biphenyl-4-yl)-[1 ,2,4]
oxadiazol-3-yl]-benzyl}-pipehdine- 4,4-dicarboxylic
acid (piperidin-i -ylcarbamoylmethyl)
ester1-{4-[5-(2-Fluoro-biphenyl-4-yl)-[1
,2,4]-oxadiazol-3-yl]-benzyl}-piperidine-
4,4-dicarboxylic acid cyclohexyIcarbamoyl methyl ester
1-{4-[5-(2-Fluoro-biphenyl-4-yl)-[1
,2,4]-oxadiazol-3-yl]-benzyl}-piperidine-
4,4-dicarboxylic acid cyclobutylcarbamoylmethyl ester
- 1-{4-[5-(2-Fluoro-biphenyl-4-yl)-[1
,2,4]oxadiazol-3-yl]-benzyl}-piperidine-
4,4-dicarboxylic acid butanoyloxymethyl ester
1-{4-[5-(2-Fluoro-biphenyl-4-yl)-[1
,2,4]-oxadiazol-3-yl]-benzyl}-piperidine-
4,4-dicarboxylic acid
[(4-hydroxy-cyclohexyl-carbamoyl)-methyl] ester
1-{4-[5-(2-Fluoro-biphenyl-4-yl)-[1
,2,4]-oxadiazol-3-yl]-benzyl}-piperidine-
4,4-dicarboxylic acid (pyridin-2-ylcarbamoylmethyl)
ester 1-{4-[5-(2-Fluoro-biphenyl-4-yl)-[1
,2,4]-oxadiazol-3-yl]-benzyl}-4- (piperidin-1
-ylcarbamoyO-piperidine^-carboxylic acid -
1-{4-[5-(2-Fluoro-biphenyl-4-yl)-[1
,2,4]-oxadiazol-3-yl]-benzyl}-4- (pyrrolidin-1
-ylcarbamoyO-piperidine^-carboxylic acid -
1-{4-[5-(2-Fluoro-biphenyl-4-yl)-[1
,2,4]oxadiazol-3-yl]-benzyl}-piperidine-
4,4-dicarboxylic acid pentyl ester
1-{4-[5-(2-Fluoro-biphenyl-4-yl)-[1
,2,4]-oxadiazol-3-yl]-benzyl}-piperidine-
4,4-dicarboxylic acid phenethyl ester -
1-{4-[5-(2-Fluoro-biphenyl-4-yl)-[1
,2,4]-oxadiazol-3-yl]-benzyl}-piperidine-
4,4-dicarboxylic acid (2,2,2-trifluoro-ethyl) ester
1-{4-[5-(2-Fluoro-biphenyl-4-yl)-[1
,2,4]oxadiazol-3-yl]-benzyl}-piperidine-
4,4-dicarboxylic acid (3-methyl-oxetan-3-ylmethyl)
ester 1-{4-[5-(2-Fluoro-biphenyl-4-yl)[1
,2,4]-oxadiazol-3-yl]-benzyl}-piperidine-
3,3-dicarboxylic acid - 1-{4-[5-(4-lsobutyl-phenyl)-[1
,2,4]-oxadiazol-3-yl]-benzyl}-piperidine-3,3-
dicarboxylic acid 1-{4-[5-(4-Cyclohexyl-phenyl)-[1
,2,4]-oxadiazol-3-yl]-benzyl}-piperidine-
3,3-dicarboxylic acid 1-[4-(5-Biphenyl-4-yl-[1
,2,4]-oxadiazol-3-yl)-benzyl]-piperidine-3,3-
dicarboxylic acid -
1-{4-[5-(2-Fluoro-biphenyl-4-yl)-[1
,2,4]-oxadiazol-3-yl]-benzyl}-4-
isobutylcarbamoyl-piperidine-4-carboxylic acid-
1-{4-[5-(2-Fluoro-biphenyl-4-yl)-[1
,2,4]-oxadiazol-3-yl]-benzyl}-4-(2- 



hydroxy-ethyl-carbamoyl)-piperidine-4-carboxylic acid
- 1-{4-[5-(2-Fluoro-biphenyl-4-yl)-[1
,2,4]-oxadiazol-3-yl]-benzyl}-4-
isopropylcarbamoyl-piperidine-4-carboxylic acid -
4-Cyclopropylcarbamoyl-1-{4-[5-(2-fluoro-biphenyl-4-yl
)-[1 ,2,4]-oxadiazol-
3-yl]-benzyl}-piperidine-4-carboxylic acid
4-tert-Butylcarbamoyl-1
-{4-[5-(2-fluoro-biphenyl-4-yl)-[1 ,2,4]-oxadiazol-3-
yl]-benzyl}-piperidine-4-carboxylic acid 4-[(1
-Ethyl-pyrrolidin-2-ylmethyl)-carbannoyl]-1
-{4-[5-(2-fluoro-biphenyl-4- yl)-[1
,2,4]oxadiazol-3-yl]-benzyl}-pipe pdine-4-carboxylic
acid 1-{4-[5-(2-Fluoro-biphenyl-4-yl)-[1
,2,4]-oxadiazol-3-yl]-benzyl}-4-(2-
hydroxy-i-hydroxymethyl-ethylcarbannoyO-pipe
pdine^-carboxylic acid
4-(2,3-Dihydroxy-propylcarbamoyl)-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-
methylcarbannoyl-pipepdine-4-carboxylic acid
4-Ethylcarbamoyl-1 -{4-[5-(2-fluoro-biphenyl-4-yl)-[1
,2,4]oxadiazol-3-yl]- benzyl}-piperidine-4-carboxylic
acid - 1-{4-[5-(2-Fluorc-biphenyl-4-yl)-[1
,2,4]-oxadiazol-3-yl]-benzyl}-4- (piperidine-i
-carbonyO-piperidine^-carboxylic acid -
1-{4-[5-(2-Fluorc-biphenyl-4-yl)-[1
,2,4]-oxadiazol-3-yl]-benzyl}-4-[4-(2-
hydroxy-ethyO-piperazine-i
-carbonylJ-piperidine^-carboxylic acid
4-Dimethylcarbannoyl-1
-{4-[5-(2-fluoro-biphenyl-4-yl)-[1 ,2,4]oxadiazol-3-
yl]-benzyl}-piperidine-4-carboxylic acid -
1-{4-[5-(2-Fluorc-biphenyl-4-yl)-[1
,2,4]-oxadiazol-3-yl]-benzyl}-4- (pyrrolidin-1
-yl-carbonyl)-piperidine-4-carboxylic acid
4-Cyclohexylcarbamoyl-1
-{4-[5-(2-fluoro-biphenyl-4-yl)-[1 ,2,4]oxadiazol-3-
yl]-benzyl}-piperidine-4-carboxylic acid -
1-{4-[5-(2-Fluorc-biphenyl-4-yl)-[1
,2,4]-oxadiazol-3-yl]-benzyl}-4-
(morpholin^-yl-carbonyO-piperidine^-carboxylic acid
4-Cyclobutylcarbamoyl-1
-{4-[5-(2-fluoro-biphenyl-4-yl)-[1 ,2,4]-oxadiazol-
3-yl]-benzyl}-piperidine-4-carboxylic
acid4-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]-piperidine-4-carboxyl
ic 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-Dimethylcarbannoyl-1-{4-[5-(2-fluoro-biphenyl-4-yl)-
[1 ,2,4]-oxadiazol-3-
yl]-benzyl}-pipehdine-4-carboxylic acid benzyl ester
4-[Bis-(2-hydroxy-ethyl)-carbamoyl]-1
-{4-[5-(2-fluoro-biphenyl-4-yl)- [ 1
,2,4]oxadiazol-3-yl]-benzyl}-pipehdine-4-carboxylic
acid benzyl ester -
1-{4-[5-(2-Fluoro-biphenyl-4-yl)-[1
,2,4]-oxadiazol-3-yl]-benzyl}-4-[(2-
hydroxy-ethyO-methyl-carbamoyll-piperidine^-carboxylic
acid - 1-{4-[5-(2-Fluoro-biphenyl-4-yl)-[1
,2,4]-oxadiazol-3-yl]-benzyl}-4-(3-
hydroxy-pyrrolidin-1
-yl-carbonyl)-piperidine-4-carboxylic acid -
1-{4-[5-(2-Fluoro-biphenyl-4-yl)-[1
,2,4]-oxadiazol-3-yl]-benzyl}-4-{4-[2-(2-
hydroxy-ethoxyj-ethyll-piperazin-i -yl-carbonyl
-piperidine^-carboxylic acid
4-[Bis-(2-hydroxy-ethyl)-carbamoyl]-1
-{4-[5-(2-fluoro-biphenyl-4-yl)- [ 1
,2,4]-oxadiazol-3-yl]-benzyl}-pipehdine-4-carboxylic
acid - mono(isopropoxycarbonyloxy)nnethyl
1-{4-[5-(6-methoxynaphthalen-2-yl)-
1,2,4-oxadiazol-3-yl]benzyl}piperidine-4,4-dicarboxyla
te - monobenzyl 1-{4-[5-(2-fluorobiphenyl-4-yl)-1
,2,4-oxadiazol-3-
yl]benzyl}pipehdine-3,3-dicarboxylate - monoethyl
1-{4-[5-(2-fluorobiphenyl-4-yl)-1 ,2,4-oxadiazol-3-
yl]benzyl}pipehdine-3,3-dicarboxylate - benzyl
(isopropoxycarbonyloxy)methyl
1-{4-[5-(2-fluorobiphenyl-4-yl)-
1,2,4-oxadiazol-3-yl]benzyl}piperidine-4,4-dicarboxyla
te - benzyl 5-methyl-2-oxo-[1 ,3]dioxol-4-ylnnethyl
1-{4-[5-(2-fluorobiphenyl-4- yl)-1
,2,4-oxadiazol-3-yl]benzyl}piperidine-4,4-dicarboxylat
e(isopropoxycarbonyloxy)methyl methyl
1-{4-[5-(4-isobutylphenyl)-1 ,2,4-
oxadiazol-3-yl]benzyl}piperidine-4,4-dicarboxylate -
mono-n-propyl 1-{4-[5-(2-fluorobiphenyl-4-yl)-1
,2,4-oxadiazol-3-
yl]benzyl}piperidine-4,4dicarboxylate - mono-n-butyl
1-{4-[5-(2-fluorobiphenyl-4-yl)-1 ,2,4-oxadiazol-3-
yl]benzyl}piperidine-4,4-dicarboxylate - diethyl
1-{4-[5-(2-fluorobiphenyl-4-yl)-1 ,2,4-oxadiazol-3-
yl]benzyl}piperidine-4,4-dicarboxylate - dibenzyl
1-{4-[5-(2-fluorobiphenyl-4-yl)-1 ,2,4-oxadiazol-3-
yl]benzyl}piperidine-4,4-dicarboxylate -
1-{4-[5-(2-Fluoro-biphenyl-4-yl)-[1
,2,4]oxadiazol-3-yl]-benzyl}-4-(pyridin-2- 



ylcarbamoyl)-piperidine-4-carboxylic 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 -
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)-piperidine-4-carboxylic acid acetoxymethyl
ester - 4-Dimethylcarbannoyl-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)-piperidine-4-carboxylic acid
isopropoxycarbonyloxymethyl ester -
4-Dimethylcarbamoyl-1
-{4-[5-(2-fluoro-biphenyl-4-yl)-[1 ,2,4]oxadiazol-3-
yl]-benzyl}-pipehdine-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-carboxylic acid
1-{4-[5-(2-Fluoro-biphenyl-4-yl)-[1
,2,4]-oxadiazol-3-yl]-benzyl}-4-(pyridin-4-
ylcarbamoyO-piperidine^-carboxylic acid -
1-{4-[5-(2-Fluoro-biphenyl-4-yl)-[1
,2,4]-oxadiazol-3-yl]-benzyl}-4-(3-
hydroxy-pyrrolidine-1
-carbonyl)-pipehdine-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-fluorobiphenyM- ylHi
^^oxadiazol-S-yll-benzylJ-piperidine^-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 S 1P 1 receptor over the S 1P3
receptor of at least 10 fold, preferably 100 fold,
more preferably 1000 fold as measured by the ratio of
EC50 at the S 1P 1 receptor to the EC50 at the S 1P3
receptor as evaluated in the 35S-GTPDS binding assay.
Preferably said compound possesses an EC5Ofor binding
to the S 1P 1 receptor of 100 nM or less, more
preferably 10 nM or less, still more preferably 5 nM
or less as evaluated by the 35S-GTPgS binding assay in
transfected cells expressing these receptors in high
levels. Highly preferred embodiment of the present
invention possess an EC50 for binding to the S 1P 1
receptor of 1 nM or less as evaluated by the 35S-GTPgS
binding assay. According to one aspect, the present
invention also provides 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 scientific literature
to those skilled in the art. In particular, such
methods can be found in R.C. Larock, Comprehensive
Organic Transformations, VCH publishers, 1989It will
be appreciated that the compounds of the present
invention may contain one or more asymmetrically
substituted 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 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 chromatography, 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 materials 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 butyllithium; and alkali
metal alkoxides, such as sodium methoxide 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 thereagents 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
ethanol and methanol and ethers, such as diethyl ether
and tetrahydrofuran. The reactions can take place over
a wide range of temperatures. In general, we find it
convenient to carry out the reaction at a temperature
of from O to 150 (more preferably from about room
temperature to 100O). 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. Additionally, 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. According to one synthetic process,
the compound of formula (I) where R7 is H and/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 presence 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 CO2R7 and/or COR8 represent(s) an ester
function is obtained from a corresponding compound of
formula (II):wherein R 1, Y 1, m, X 1, Y2, AM, R3, R4,
R5 and p are 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
methanesulfonyl chloride. The mesylate derivative is
then coupled with a compound of formula (III): 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 L/,L/-diisopropylethylamine, thethylamine
or an inorganic base, preferably potassium, cesium or
sodium carbonate or bicarbonate. 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:According to yet another synthetic process, the
compound of formula (I), wherein CO2R7 and/or COR8
represent(s) an ester function is obtained by reacting
a corresponding compound of formula (IV): wherein R 1,
Y 1, m, X 1, Y2, Ar1 , 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 triacetoxyborohydhde and
cyanoborohydride. When hydrogen is used, a catalyst is
generally necessary, preferred catalysts are
palladium, nickel and platinum. Hydrogen can also be
replaced with hydrogen donnors, preferably formic
acid, formic acid triethylamine eutectic mixture,
cyclohexene or cyclohexadiene. 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 R 1, Y 1, m, X 1, Y2, AM, R3,
R4, R5, p, R6, Z, R7 are defined as in formula (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 aromatic such as anisole, when Pg is a
trimethylsillylethyl, 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 (Vl): wherein R
1, Y 1, m, X 1, Y2, Ar1 , R3, R4, R5, p, R6, Z are
defined as in formula (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 carbonate or
bicarbonate or an organic base such as thethylamine,
1,5-diazabicyclo[4,3,0]non-5-ene or 1,8-
diazabicyclo[5,4,0]undec-7-ene in a polar solvant such
as L/,L/-dimethylacetamide or L/,L/-dimethylformamide.
The compound of formula (Vl) may be obtained by
saponifying the corresponding protected compound of
formula (VIII): wherein R 1, Y 1, m, X 1, Y2, AM, 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 coupling the corresponding of formula
(IX)with the compound of formula (X):
CH2(COPg)(COOPg') (X) where Hal represent a halogen
atom and R9 and R 10 are such that they form together
with the N atom to which they are attached and carbon
atom 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
additional step of isolating the obtained product of
formula (I). The starting products and/or reagents may
be commercially 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
suitable as immunosuppressive/depressive agent. More
preferably, such medicament is particularly suitable
for the treatment 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, multiplesclerosis,
lupus erythematosus, inflammatory bowel diseases,
diabetes mellitus, glomerulonephritis,
atherosclerosis, multiorgan failure, sepsis,
pneumonia, optic neuritis, polymyalgia rheumatica,
uveitis, vasculitis, osteoarthritis, respiratory
distress syndrome, ischemia reperfusion injury,
chronic obstructive pulmonary disease, infection
associated with inflammation, viral inflammation,
influenza, hepatitis, Guillian-Barre syndrome, chronic
bronchitis, restenosis, grnulomatous disease,
sarcoidosis, leprosy, scleroderma, Alzheimer's disease
as well as disorders related to impaired vascular
integrity, cancer, disregulated angiogenesis,
excessive neoangiogenesis, in particular in cancer
metastasis or other disorders. Said disregulated
angiogenesis or excessive neoangiogenesis 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 consisting 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 S 1P 1 receptor, to be
administered to a patient in the need thereof.
Preferably, such medicament is substantially inactive
at S 1P3 receptors. According to a still further
object, the present invention also concerns the
methods of treatment comprising administering 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 interacting with S 1P receptors, preferably acting
as agonist, preferably interacting selectively with S
1P 1 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 S 1P3
receptors.The identification of those subjects who are
in need of treatment of hereindescribed 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 history, those
subjects who are in need of such treatment. A
therapeutically effective amount can be readily
determined 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 determining 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 involvement or the
severity of the disease; the response of the
individual 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
circumstances. 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 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 containing 0.1 to 10% w/v compound for
parenteral administration. Typical dose ranges are
from 1 mg/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 disorder, 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 administered to a patient, and which can be
readily handled andpackaged, 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
administered 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 admixture with one or more
pharmaceutically acceptable excipients. 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, particularly 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-utehne
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 Pharmacy, 20th
ed.; Gennaro, A. R., Ed.; Lippincott Williams &
Wilkins: Philadelphia, PA, 2000. Pharmaceutically
compatible 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
microcrystalline 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 gelatin 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 formssyrup or elixir
may contain sweetening agents, preservatives, dyes,
colorings, and flavorings. 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 compositions in
which a compound of the present invention is
formulated for oral or parenteral administration, or
more preferably those in which a compound of the
present invention is formulated as a tablet. Preferred
tablets contain lactose, cornstarch, magnesium
silicate, croscarmellose sodium, povidone, magnesium
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 product or a liquid. Liquid preparations
for administration include sterile aqueous or
non-aqueous solutions, suspensions, and emulsions. The
liquid compositions may also include binders, buffers,
preservatives, chelating agents, sweetening, flavoring
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
lactide polymer, lactide/glycolide copolymer, or
polyoxyethylene-polyoxypropylene copolymers may be
useful excipients to control the release of the active
compounds. Intravenous vehicles can include fluid and
nutrient replenishers, electrolyte replenishers, such
as those based on Ringer's dextrose, and the like.
Other potentially useful parenteral delivery systems
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 assucrose or
acacia, and other excipients such as glycocholate.
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 salicylate. Formulations for topical
application to the skin preferably 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, dissolved and/or
dispersed in a polymer or an adhesive. Alternative
administrations include also solutions, ointments or
other formulations acceptable for ocular
administration. 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 systemic
administration routes. Other features of the invention
will become apparent in the course of the following
description of exemplary embodiments 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: Few crystals of iodine are added to
tetrahydrofuran (1400 ml_) containing magnesium
turnings (25.1 7 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 1hr. Reactionmixture is brought to room
temperature and then cooled to -20O. Carbon dioxide
gas is passed through the reaction mixture for 45
minutes. The reaction mixture is treated with 3N HCI
(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
^(cvclopropylmethvDbenzoic acid Step-I Scheme 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 Ghgnard reaction procedure.
This reagent solution is cooled to 5 and a solution of
4-bromobenzaldehyde ( 15.0 g, 0.081 mol) in
tetrahydrofuran (30 ml_) is added to it over a period
of 15 minute at 10-1 5 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)-cyclopropylmethanol.
(4-Bromophenyl)cyclopropylmethanol ( 15.0 g) is
treated with thethylsilane (30 ml_) and
trifluoroacetic acid (30 ml_) and stirred at room
temperature overnight. The reaction mixture is
concentrated under reduced pressure and the residue is
purified by column chromatography (silica gel 230-400
mesh, ethyl acetate:nhexane 3:97) to furnish
i-bromo-4-cyclopropylmethylbenzene. Step-ll SchemeA
solution of i -bromo-4-cyclopropylnnethylbenzene ( 10
g, 0.047 mol) in tetrahydrofuran (20 ml_) is added to
magnesium turnings (2.5 g, 0.1 mol) in 



tetrahydrofuran (20 ml_) to generate the Grignard
reagent which is cooled to 50C and
/V,/V-dimethylfornnannide (8.0 g, 0.1 09 mol) is added
to it. The reaction mixture is stirred at 100C 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 overnight 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- (cyclopropyl methyl )benzoic acid.
Preparation of 4-isobutyrylbenzoic acid Scheme A
solution of isopropylmagnesium bromide is prepared
from isopropyl bromide (41 .O 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 -20C over a period of 3 0
minutes. It is then stirred at - 20 for 1 hour and
then treated with aqueous ammon ium chloride solution
(15O mL). The organic layer is separated and
concentrated under reduced pressure. This residue is
dissolved in tetrahydrofuran (60 ml_) and the solution
is treated with an aqueous solution (8 ml_) of sodium
dichromate ( 1 .5 g, 0.006 mol) and concentrated
sulfuric 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.Preparation
of 4'-fluorobiphenyl-4-carboxylic acid Step I Scheme:
A solution of sodium carbonate (3.3 g, 0.031 mol) in
demineralized 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 triphenylphosphine (65 mg) in n-propanol
(50 ml_). The reaction mixture is stirred at 80-90O
for 1 hour. It is allowed to cool back t o 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:nhexane 10:90) to
furnish 4-fluorobiphenyl. Step Il Scheme 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
dichloromethane (40 ml_) at 5C. The reaction mixture
is stirred for 3 hours at room temperature, then
quenched with demineralized water (20 ml_) and
dichloromethane. The organic layer is separated and
concentrated under reduced pressure. Tetrahydrofuran
(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, Demineralized water (20 ml_)
is added to the residue and pH is brought to ~2 with
1N HCI. Aqueous layer is extracted with ethyl acetate
(3x20 ml_). Combined ethyl acetatelayers are washed
with brine (1x1 5 ml_) and dried over sodium sulphate.
Removal of ethyl acetate gives crude material which is
purified by column chromatography (silica gel 230-400
mesh, ethyl acetate:n-hexane) to give
4'-fluorobiphenyl-4- carboxylic acid. Preparation of
2,2-dimethyl-2,3-dihvdro-1-benzofuran-5-carboxylic
acid Step-I Scheme 3-Chloro-2-methylpropene (2.1 ml_,
0.021 mol) is added to a stirred N,Ndimethylformamide
solution (30 ml_) of ethyl 4-hydroxybenzoate (3 g,
0.01 8 mol). Potassium carbonate (3.2 g, 0.023 mol) is
introduced and the mixture is heated at 900C for one
hour. The reaction mixture is cooled to room
temperature and filtered to remove inorganic salts.
L/,L/-dimethylformamide is removed under reduced
pressure, Demineralized 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 (2x1 5 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 chromatography (silica gel
230-400 mesh, n-hexane:ethyl acetate, 90:1 0) to give
4-(2-methylprop-2-enyloxy)benzoic acid ethyl ester.
Step-ll Scheme: 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 aqueoussodium hydroxide solution. The aqueous
layer is washed with toluene (2x20 ml_) 



and then made acidic (pH ~2) with 2N HCI. The aqueous
layer is extracted with ethyl acetate (3x20 ml_).
Combined organic layers are washed with brine (1x1 5
ml_) and dried over sodium sulphate. Removal of
solvent 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. Step-Ill Scheme A mixture of formic acid ( 12
ml_) and 4-hydroxy-3-(2-methylprop-2- enyl)benzoic
acid ethyl ester (4.8 g, 0.022 mol) is heated at 1100C
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 (3x1 5 ml_). Combined organic layers
are washed with demineralized water (1x15 ml_)
followed by brine (1x1 5 ml_) and dried over sodium
sulphate. Removal of solvent gives a viscous liquid
which is purified by column chromatography (silica gel
230-400 mesh, nhexane: ethyl acetate, 90:1 0) to give
2,2-dimethyl-2,3-dihydro-1 -benzofuran-5- carboxylic
acid ethyl ester. Step-IV Scheme An aqueous solution (
10 ml_) of sodium hydroxide (0.78 g, 0.01 95 mol) is
added to an ethanolic solution (30 ml_) of
2,2-dimethyl-2,3-dihydrobenzofuran-5- carboxylic acid
ethyl ester (3.9 g, 0.01 8 mol). The reaction mixture
is heated at750C 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
N HCI. Solid thus obtained is filtered, washed with
demineralized water and dried under reduced pressure
to give
2,2-dimethyl-2,3-dihydrobenzofuran-5-carboxylic acid.
Preparation of
1,1-dimethyl-1,3-dihvdro-2-benzofuran-5-carboxylic
acid Step-I & Step-ll Scheme: 5-Cyano-1
-oxo-2-benzofuran (75.0 g, 0.47 mol) is added to in
situ prepared Ghgnard solution of methylmagnesium
iodide (470.5 g, 2.83 mol) in tetrahydrofuran at -300C
and stirred for one hour at -300C. The reaction
mixture is quenched with ammonium chloride solution
and aqueous layer is extracted with ethyl acetate.
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)benzonitrile. A mixture of
orthophosphoric acid (147.5 ml_) and demineralized
water (29.5 ml_) is added to a stirred toluene
solution (300 ml_) of 3-hydroxymethyl-4-(1 - hydroxy-1
-methylethyl)benzonithle (29.5 g, 0.1 54 mol) at 0-5O.
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_) followed 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-Ill
Scheme: 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- carbonithle ( 1 .5 g,
0.0087 mol). The reaction mixture is heated at 850C
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 1N HCI and extracted with ethyl
acetate (3x15 ml_). Combined organic layers are washed
with demineralized water (1x1 0 ml_) followed by brine
(1x1 0 ml_) and finally dried over sodium sulphate.
Removal of ethyl acetate gives 1, 1 -dimethyl-1 ,3-
dihydro-2-benzofuran-5-carboxylic acid. General method
of preparation of 4-(3-substituted-1,2,4-oxadiazol-5-
vDphenylmethanol derivatives Preparation of
4-r.3-(2-fluorobiphenyl-4-yl)-1,2,4-oxadiazol-5-
yliphenylmethanol Step I Scheme Copper (I) cyanide (
10.69 g, 0.1 2 mol) and potassium iodide (6.21 g,
0.037 mol) are added to a stirred pyridine solution
(10 ml_) of 4-bromo-2-fluorobiphenyl (10 g, 0.040
mol). The reaction mixture is heated at 150-1 52O, 5
ml_ pyridine is distilled out and heating is continued
at 150-152O for 24 hrs. The reaction mixture is cooled
to 95-1 00 C, toluene ( 100 ml_) is added to it. It is
cooled to 35-40O andan 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 demineralized water
(3x1 00 ml_). The toluene layer is charcoalized and
concentrated to give 2-fluorobiphenyl-4-carbonithle. 



Step Il Scheme A solution of
2-fluorobiphenyl-4-carbonitrile ( 1 .97 g, 0.01 mol),
hydroxylamine hydrochloride (2.09 g, 0.03 mol) and
sodium hydrogen carbonate (4.2 g, 0.05 mol) in
methanol (50 ml_) is heated to reflux for 7 hrs. 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-
L/-hydroxybiphenyl-4-carboxamidine which is used as
such for the next step without further purification.
Step III Scheme 1-Hydroxybenzothazole hydrate ( 1 .35
g, 0.01 mol) and 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide HCI ( 1 .95
g, 0.01 mol) are added to a stirred
L/,L/-dimethylformamide solution (20 ml_) of
4-hydroxymethylbenzoic acid ( 1 .52 g, 0.01 mol).
2-Fluoro- L/-hydroxybiphenyl-4-carboxamidine (2.3 g,
0.01 mol) is added to the reaction mixture which is
then heated at 130-1 40 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 demineralized water
(2x1 0 ml_) followed by brine(1x20 imL) 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-
vDphenylmethanol derivatives Preparation of
4-r5-(4-trifluoromethylphenyl)-1 ,2,4-oxadiazol-3-
yliphenylmethanol Scheme A mixture of
4-trifluoromethylbenzoic acid (6 g, 0.032 mol), 1-(3-
dimethylaminopropyl)-3-ethyl-carbodiimide (6.05 g,
0.031 5 mol) and 1-hydroxybenzotriazole hydrate (4.82
g, 0.032 mol) in L/,L/-dimethylformamide (30 ml_) is
stirred at room temperature for 30 minutes.
L/-Hydroxy-4-hydroxymethylbenzamidine (6.97 g, 90%,
0.038 mol) is added and the reaction mixture is heated
at reflux for 3 hrs, 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 (2x1 00 ml_).
Combined organic layers are dried over anhydrous
sodium sulphate and concentrated under reduced
pressure. The residue is purified by column
chromatography (silica gel 230-400 mesh,
n-hexane:ethyl acetate, 65:35) to give
4-[5-(4-thfluoromethylphenyl)-1
,2,4-oxadiazol-3-yl]phenylmethanol. Preparation of
(Z)-4-r5-(furan-2-yl)methoxyiminomethyl-1
,2,4-oxadiazol- 3-ylibenzaldehvde Step-I
(Z)-Furan-2-yl-[3-(4-hydroxymethylphenyl)-1
,2,4-oxadiazol-5-yl]methanone- O-methyl oxime is
prepared by following the same general method as
describedearlier using (furan-2-yl)methoxyiminoacetic
acid and L/-hydroxy-4-hydroxymethylbenzamidine.
Step-ll Scheme Dimethyl sulfoxide ( 1 .1 g, 0.014 mol)
is added to a solution of oxalyl chloride ( 1 .0 g,
0.0079 mol) in dichloromethane ( 10 ml_) at -780C over
a period of 15 minutes. A solution of
(Z)-furan-2-yl-[3-(4-hydroxymethylphenyl)-1
,2,4-oxadiazol-5- yl]methanone-O-methyl oxime ( 1 .0
g, 0.003 mol) in dichloromethane (10 ml_) is added to
the reaction mixture at -78C over a peri od of 15
minutes followed by the addition of
L/,L/-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. Dichloromethane 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)methoxyiminomethyl)- 1
,2,4-oxadiazol-3-yl]benzaldehyde. Preparation of
piperidine-4,4-dicarboxylic acid diethyl ester Step I
Scheme Potassium carbonate (79.22 g, 0.572 mol) and
tetrabutylammonium bromide (6.1 6 g, 0.01 9 mol) are
added to a solution of benzyl-bis-(2-chloroethyl)amine
(47.5 g, 0.205 mol) and diethyl malonate (30.62 g, 0.1
9 1 mol) in H,Hdimethylformamide (450 ml_). The
reaction mixture is heated at 80 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 (3x1 00
ml_). Combined organic layers are washed with brine
(1x40 ml_) and dried over sodium sulphate. Removal of
solvent gives a viscous liquid which is purified by
column chromatography (silica gel 230-400 mesh,
n-hexane:ethyl acetate 80:20) to give
1-benzylpiperidine-4,4-dicarboxylic acid diethyl
ester. Step Il Scheme 



To a solution of benzylpiperidine-4,4-dicarboxylic
acid diethyl ester (21 .5 g, 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
chromatography (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
Scheme Lithium diisopropylamide (6.5 ml_ 25% solution
in tetrahydrofuran, 0.01 3 mol) is added to a solution
of /V,/V,/V,/V-tetramethylethylenediamine (4.5 ml_,
0.030 mol) and pipehdine-1 ,4-dicarboxylic acid
1-terf-butyl 4-ethyl ester (3 g, 0.01 17 mol) indry
tetrahydrofuran (40 ml_) at -70O. After stirrin g for
30 minutes the temperature is raised to -40O. The
reaction mixture is again c ooled to -700C and carbon
dioxide gas is bubbled through it. The reaction
mixture is slowly allowed to come to O0C 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 (2x1 0 ml_),
then acidified to pH ~ 5 with 2N HCI and extracted
with ethyl acetate (2x20 ml_). Combined organic layers
are dried over anhydrous sodium sulphate and
concentrated to give piperidine-1 ,4,4-tricarboxylic
acid 1-tert-butyl 4-ethyl ester. Step Il Scheme
Ethanolic HCI (40 ml_) is added to piperidine-1
,4,4-thcarboxylic acid 1-tertbutyl 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
hydrochloride salt. Preparatiori of dicarboxvlic acids
Method-A Preparation of
1-{4-r5-(4-trifluoromethvlphenvl)-1 ,2,4-oxadiazol-3-
g llbenzg l}piperidine-4,4-dicarbox g lic acid Step-I
SchemeMethanesufonyl chloride ( 1 .07 g, 0.009 mol) is
added a stirred solution of 4-
[5-(4-trifluoronnethylphenyl)-1
,2,4-oxadiazol-3-yl]phenylnnethanol (2 g, 0.0062 mol)
and triethylamine ( 1 .25 g, 0.01 24 mol) in
dichloromethane (30 ml_) at 0-5O. The reaction mixture
is stirred at 10 for 20 minutes, then treated with
demineralized water ( 10 ml_). The dichloromethane
layer is separated and the aqueous layer is extracted
with dichloromethane (2x1 5 ml_). Combined organic
layers are dried over sodium sulphate and concentrated
to furnish the crude mesylated product. To a stirred
solution of this mesylate in L/,L/-dimethylformamide
(20 ml_), N,Ndiisopropylethylamine ( 1 .2 g, 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 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
chromatography (silica gel 230-400 mesh,
n-hexane:ethyl acetate 75:25) to furnish
1-{4-[5-(4-thfluoromethylphenyl)-
1,2,4-oxadiazol-3-yl]benzyl}piperidine-4,4-dicarboxyli
c acid diethyl ester. Step-ll Scheme An aqueous
solution ( 10 ml_) of sodium hydroxide (0.86 g, 0.021
5 mol) is added to a stirred solution of
1-{4-[5-(4-thfluoromethylphenyl)-1 ,2,4-oxadiazol-3-
yl]benzyl}piperidine-4,4-dicarboxylic acid diethyl
ester (2.3 g, 0.004 mol) in a mixture of ethanol (50
ml_) and tetrahydrofuran ( 10 ml_). The reaction
mixture is refluxed for 20 hrs, then is concentrated
under reduced pressure. The residue is acidified with
3N HCI 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-thfluoromethylphenyl)-1
,2,4-oxadiazol-3-yl]benzyl}-piperidine-
4,4-dicarboxylic acid (e.g. 14).Method - B Preparation
of 1-(4-r5-(furan-2-yl)methoxyiminomethyl-1
,2,4-oxadiazol-3-
yllbenzyl)piperidine-4,4-dicarboxylic acid diethyl
ester Step-I Scheme
(Z)-4-[5-(Furan-2-yl)methoxyiminomethyl)-1
,2,4-oxadiazol-3-yl]benzaldehyde (0.7 g, 0.0023 mol)
is added to a solution of diethyl
piperidine-4,4-dicarboxylate (0.5 g, 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, 0.001 6 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 dichloromethane
(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 concentrated under reduced
pressure. The residue is acidified with 3N HCI 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-yl]benzyl}-
piperidine-4,4-dicarboxylic acid diethyl ester. This
diethyl ester derivative is hydrolysed to the
corresponding 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.Manufacture of
dichloropropanol The present patent application claims
the benefit of the French Patent application FR
07/56125 filed on 28 June 2007 and of the United
States Provisional Patent Application USP 61/013710
filed on 14 December 2007, the content of both of
which is incorporated herein by reference. The present
invention relates to a process for manufacturing
dichloropropanol, more specifically to a process for
manufacturing dichloropropanol from a product based on
glycerol (1,2,3-propanetriol). The invention also
relates to a process for the purification of the
glycerol-based product. The invention finally relates
to the use of the glycerol-based product and of the
purified product in the manufacture of
dichloropropanol and of derived products such as
epichlorohydrin and epoxy resins. Dichloropropanol,
for example, is a reaction intermediate in the
manufacture of epichlorohydrin and epoxy resins
(Kirk-Othmer Encyclopedia of Chemical Technology,
Fourth Edition, 1992, Vol. 2, page 156, John Wiley &
Sons, Inc.). According to known processes,
dichloropropanol can be obtained in particular by
hypochlorination of allyl chloride, by chlorination of
allyl alcohol and by hydrochlorination of glycerol.
The latter process exhibits the advantage that the
dichloropropanol can be obtained starting from
renewable raw materials. It is known that
petrochemical natural resources, from which the fossil
materials originate, for example oil, natural gas or
coal, available on Earth are limited. The process of
hydrochlorination of glycerol has a selectivity which
leaves much to be desired, which results in the
formation of by-products that are difficult to
eliminate. This requests eventually also an extensive
purification of the starting raw materials. The
invention aims to solve this problem by providing a
new process for manufacturing dichloropropanol, the
dichloropropanol being suitable for further uses, as
for example the manufacture of epichlorohydrin. The
invention therefore relates in a first embodiment to a
process for manufacturing dichloropropanol wherein a
glycerol-based product that comprisesat least one diol
containing at least 3 carbon atoms other than
1,2-propanediol, is reacted with a chlorinating agent.
One of the essential characteristics of the present
invention resides in the identification of glycerol
impurities which although they interfere with the
operations for separation and treatment of the
effluents from the processes employing glycerol, the
said glycerol can nevertheless be used as raw material
in the manufacture of dichloropropanol. In the rest of
the document, and except where mentioned otherwise,
the term "diol" will represent a diol containing at
least 3 carbon atoms other than 1,2- propanediol. In
the process according to the invention, the diol
comprised in the glycerol-based product may be
1,3-propanediol, butanediol, or a mixture of the two,
and is often 1,3-propanediol. The butanediol may be
1,2-butanediol, 2,3-butanediol, 1,4-butanediol or a
mixture of at least two of them. 2,3-butanediol,
1,4-butanediol and mixtures thereof are often
encountered and 1,4-butanediol is encountered more
often. In the process according to the invention, the
glycerol-based product may also contain, in addition,
1,2-ethanediol (ethylene glycol), 1,2-propanediol
(propylene glycol), or a mixture of these two
compounds. These compounds may come from the glycerol
manufacturing processes such as the fermentation of
mono- and polysaccharides derived from biomass or the
hydrogenation of monosaccharides and derived alcohols.
In the process according to the invention, the
glycerol content of the glycerol-based product is
generally greater than or equal to 500 g of glycerol
per kg of product, usually greater than or equal to
750 g/kg, commonly greater than or equal to 900 g/kg,
in most cases greater than or equal to 950 g/kg, often
greater than or equal to 990 g/kg, frequently greater
than or equal to 995 g/kg, particularly greater than
or equal to 999 g/kg and specifically greater than or 



equal to 999.5 g/kg. A glycerol content greater than
or equal to 999.9 g/kg is convenient. In the process
according to the invention, the diol content of the
glycerolbased product is generally less than or equal
to 100 g/kg of product, usually less than or equal to
90 g/kg, commonly less than or equal to 50 g/kg, in
many cases less than or equal to 10 g/kg, often less
than or equal to 5 g/kg, frequently less than or equal
to 1 g/kg, particularly less than 0.7 g/kg,
specifically less than or equal to 0.5 g/kg and often
less than or equal to 0.2 g/kg. This amount is
usuallygreater than or equal to 0.001 g/kg, generally
greater than or equal to 0.005 g/kg, commonly greater
than or equal to 0.01 g/kg, in many cases greater than
or equal to 0.04 g/kg and particularly greater than or
equal to 0.1 g/kg. In the process according to the
invention, the ethylene glycol content of the
glycerol-based product is generally less than or equal
to 100 g/kg of product. This content is usually less
than or equal to 90 g/kg, commonly less than or equal
to 50 g/kg, in many cases less than or equal to 10
g/kg, particularly less than or equal to 1 g/kg,
specifically less than or equal to 0.5 g/kg and often
less than or equal to 0.2 g/kg. This amount is usually
greater than or equal to 0.001 g/kg of product,
generally greater than or equal to 0.005 g/kg,
commonly greater than or equal to 0.01 g/kg, in many
cases greater than or equal to 0.04 g/kg and often
greater than or equal to 0.1 g/kg. In the process
according to the invention, the propylene glycol
content of the glycerol-based product is generally
less than or equal to 100 g/kg of product. This
content is usually less than or equal to 90 g/kg,
commonly less than or equal to 50 g/kg, in many cases
less than or equal to 10 g/kg, particularly less than
or equal to 1 g/kg, specifically less than or equal to
0.5 g/kg and often less than or equal to 0.2 g/kg.
This amount is usually greater than or equal to 0.001
g/kg of product, generally greater than or equal to
0.005 g/kg, in many cases greater than or equal to
0.01 g/kg, commonly greater than or equal to 0.04 g/kg
and often greater than or equal to 0.1 g/kg. In the
process according to the invention, the glycerol-based
product generally contains glycerol alkyl ethers such
as described in Application WO2007/144335 in the name
of Solvay SA, more specifically from page 2, line 6 to
page 3, line 25, and the content of which is
incorporated here by reference. The content of
glycerol alkyl ethers of the glycerol-based product is
generally less than or equal to 90 g/kg of product,
usually less than or equal to 50 g/kg, in many cases
less than or equal to 10 g/kg, commonly less than or
equal to 5 g/kg, particularly less than or equal to 1
g/kg, specifically less than or equal to 0.5 g/kg and
often less than or equal to 0.2 g/kg. This amount is
usually greater than or equal to 0.001 g/kg, generally
greater than or equal to 0.005 g/kg, commonly greater
than or equal to 0.01 g/kg, in many cases greater than
or equal to 0.04 g/kg and often greater than or equal
to 0.1 g/kg. The glycerol alkyl ethers are generally
selected from methyl, ethyl, propyl, butyl ethers and
any mixtures of at least two of them, usually from
methyl ethers,- A - and in many cases from monomethyl
ethers. Such ethers are for examples 2-
methoxy-l,3-propanediol, 3-methoxy-l,2-propanediol,
and mixtures thereof. In the process according to the
invention, the glycerol-based product may also
comprise monoalcohols, such as the monoalcohols
described in Application WO2007/144335 in the name of
Solvay SA, more specifically from page 3, lines 26 to
31, and the content of which is incorporated here by
reference. These monoalcohols can be present in an
amount generally greater than or equal to 0.001 g/kg
of product, usually greater than or equal to 0.01
g/kg, commonly greater than or equal to 0.1 g/kg, in
many cases greater than or equal to 0.5 g/kg, and
often greater than or equal to 1 g/kg. This amount is
generally less than or equal to 20 g/kg of product,
usually less than or equal to 10 g/kg, commonly less
than or equal to 5 g/kg and in many cases less than or
equal to 2 g/kg. These monoalcohols are usually
selected from methanol, ethanol, npropanol,
isopropanol, butanol, and any mixture of at least two
of them, generally from methanol, ethanol, and
mixtures thereof, and the monoalcohol is often
methanol. In the process according to the invention,
the glycerol-based product may also comprise water in
an amount generally greater than or equal to 0.01 g/kg
of product and less than or equal to 100 g/kg. This
amount is usually less than or equal to 50 g/kg,
commonly less than or equal to 40 g/kg, in many cases
less than or equal to 30 g/kg, particularly less than
or equal to 20 g/kg, specifically less than or equal
to 10 g/kg, often less than or equal to 5 g/kg and
frequently less than or equal to 2 g/kg. This amount
is usually higher than or equal to 0.05 g/kg, commonly
higher than or equal to 0.1 g/kg, in many cases higher
than or equal to 0.5 g/kg, and particularly higher
than or equal to 1 g/kg. In the process according to
the invention, the glycerol-based product according to
the invention may also comprise ketones, aldehydes,
alkyl esters of fatty acids, glycerol esters,
carboxylic acids, glycerol oligomers and salts such as
described in Application WO2007/1 44335 in the name of
Solvay SA, more 



specifically, from page 5, lines 12 to 20, and the
content of which is incorporated here by reference.
The ketone can be selected from acetone,
hydroxyacetone and dihydroxy acetone . These ketones
are generally present in an amount greater than or
equal to 0.001 g/kg of product and usually greater
than or equal to 0.005 g/kg. Thisamount is generally
less than 10 g/kg of product, usually less than or
equal to 5 g/kg of product, commonly less than or
equal to 1 g/kg of product, in many cases less than or
equal to 0.5 g/kg of product, particularly less than
or equal to 0.1 g/kg of product and specifically less
than or equal to 0.01 g/kg of product. The aldehyde
can be selected from acetaldehyde, propionaldehyde,
butyraldehyde, acrolein, glyceraldehyde and any
mixture of at least two of them. These aldehydes are
generally present in an amount greater than or equal
to 0.001 g/kg of product and usually greater than or
equal to 0.005 g/kg. This amount is generally less
than 10 g/kg of product, usually less than or equal to
5 g/kg of product, commonly less than or equal to 1
g/kg of product, in many cases less than or equal to
0.5 g/kg of product, particularly less than or equal
to 0.1 g/kg of product and specifically less than or
equal to 0.01 g/kg of product. The esters can be
selected from alkyl esters of fatty acids, glycerol
esters, such as, for example, mono- and diglycerides,
and any mixture thereof. Alkyl esters of fatty acids
may be selected from alkyl palmitate, alkyl oleate,
alkyl linoleate, alkyl stearate, and any mixture of at
least two of them. Methyl esters are more often
encountered. Glycerol esters may be selected from
glycerol acetate, glycerol mono palmitate, mono
oleate, mono linoleate, mono linolenate, mono stearate
and any mixture of at least two of them. These esters
are generally present in an amount greater than or
equal to 0.001 g/kg of product, usually greater than
or equal to 0.1 g/kg, commonly greater than or equal
to 0.5 g/kg, in many cases greater than or equal to 1
g/kg and often greater than or equal to 2 g/kg. This
amount is generally less than 50 g/kg of product,
usually less than or equal to 30 g/kg of product,
commonly less than or equal to 20 g/kg of product, in
many cases less than or equal to 15 g/kg of product,
particularly less than or equal to 10 g/kg of product
and specifically less than or equal to 5 g/kg of
product. The carboxylic acids are usually fatty acids.
They can be selected from palmitic, oleic, linoleic,
linolenic, stearic acid, and any mixture of at least
two of them. These acids are generally present in an
amount greater than or equal to 0.001 g/kg of product,
usually greater than or equal to 0.1 g/kg, commonly
greater than or equal to 0.5 g/kg, in many cases
greater than or equal to 1 g/kg and often greater than
or equal to 2 g/kg. This amount is generally less than
50 g/kg of product, usually less than or equal to 30
g/kg of product, commonly less than or equal to 20
g/kg of product, in many cases less than or equal to15
g/kg of product, particularly less than or equal to 10
g/kg of product and specifically less than or equal to
5 g/kg of product. In the process according to the
invention, the glycerol-based product according to the
invention may also comprise glycerol oligomers, such
as described in Patent Application FR 08/52206 in the
name of Solvay SA, more specifically from page 2, line
6 to page 3, line 20, and the content of which is
incorporated here by reference. By glycerol oligomers,
one intends to denote compounds resulting from
condensation reactions between at least two glycerol
molecules. In the process according to the invention
the glycerol oligomer which can be present in the
glycerol-based product results generally from
condensation reactions between at least two glycerol
molecules (dimer of glycerol) and at most seven
glycerol molecules (heptamer of glycerol), usually at
most six glycerol molecules (hexamer of glycerol),
commonly at most five glycerol molecules (pentamer of
glycerol), in many cases at most four glycerol
molecules (tetramer of glycerol), and often at most
three glycerol molecules (trimer of glycerol). The
glycerol oligomer is frequently a compound resulting
from the condensation of two glycerol molecules. The
glycerol oligomer can be selected from oligomers
exhibiting a linear structure, a branched structure, a
cyclic structure, and any mixture of at least two of
them. By oligomers exhibiting a linear structure, one
intends to denote oligomers in the molecule of which
all the carbon atoms are located in only one atoms
chain, which does not constitute a cycle. By oligomers
exhibiting a branched structure, one intends to denote
oligomers in the molecule of which the carbon atoms
are located in at least two atoms chains. By oligomers
exhibiting a cyclic structure, one intends to denote
oligomers in the molecule of which at least one part
of the carbon atoms are located in at least one cycle.
The number of carbon atoms constituting the cycle is
generally higher than or equal to 6, usually higher
than or equal to 7, and commonly higher than or equal
to 8. The number of carbon atoms constituting the
cycle is 



generally lower than or equal to 20, usually lower
than or equal to 15, and commonly lower than or equal
to 10. The cycle comprises generally at least 2 oxygen
atoms. The oligomers of glycerol with a cyclic
structure, comprisingonly one cycle containing 6, 7 or
8 atoms, of which 2 atoms are oxygen atoms are often
encountered. The glycerol oligomer is often chosen
from dimers of glycerol, trimers of glycerol,
tetramers of glycerol, and any mixture of at least two
of them. The glycerol oligomer is often a dimer of
glycerol. The dimer of glycerol is generally a mixture
of dimers of glycerol, comprising one dimer with a
linear structure, at least one dimer with a branched
structure and at least one dimer with a cyclic
structure. The dimer with the cyclic structure
comprises generally at least one cycle and usually
only one cycle. That cycle comprises generally 6
atoms, usually 7 atoms and commonly 8 atoms, of which
2 atoms are oxygen atoms, the others atoms being
carbon atoms. The glycerol oligomer is generally a
mixture of 3-(2,3-dihydroxy-propoxy)-
propane-l,2-diol,
3-(2-hydroxy-l-hydroxymethyl-ethoxy)-propane-l,2-diol,
2-(2-
hydroxy-l-hydroxymethyl-ethoxy)-propane-l,3-diol), of
cis- and trans-2,5-bishydroxymethyl- l,4-dioxane, of
cis- et trans-2,6-bis-hydroxymethyl-l,4-dioxane, de
cis- et trans-6-hydroxy-2-hydroxymethyl-l,4-dioxepane,
and of cis- et trans- 3,7-dihydroxy-l,5-dioxocane. The
glycerol oligomer is usually a glycerol oligomer with
a cyclic structure. The glycerol oligomer can be
selected from dimers of glycerol with a linear
structure, dimers of glycerol with a branched
structure, and any mixture thereof. In the following
description, glycerol oligomers will also be named
polyglycerols and dimers, trimers and tetramers of
glycerol will also be named diglycerols, triglycerols
and tetraglycerols. In the glycerol based product used
in the process according to the invention, the
polyglycerol content is generally lower than or equal
to 10 g/kg of glycerolbased product, usually lower
than or equal to 5 g/kg, commonly lower than or equal
to 2.5 g/kg, in many cases lower than or equal to 1
g/kg, particularly lower than or equal to 0.1 g/kg.
This content is usually higher than or equal to 0.05
g/kg. In the glycerol based product used in the
process according to the invention, the diglycerol
content is generally lower than or equal to 10 g/kg of
glycerolbased product, usually lower than or equal to
5 g/kg, commonly lower than or equal to 2.5 g/kg, in
many cases lower than or equal to 1 g/kg, particularly
lower than or equal to 0.1 g/kg. This content is
usually higher than or equal to 0.05 g/kg.In the
glycerol based product used in the process according
to the invention, the content of
3-(2,3-dihydroxy-propoxy)-propane-l,2-diol is
generally lower than or equal to 10 g/kg of
glycerol-based product, usually lower than or equal to
5 g/kg, commonly lower than or equal to 2.5 g/kg, in
many cases lower than or equal to 1 g/kg, particularly
lower than or equal to 0.1 g/kg. This content is
usually higher than or equal to 0.05 g/kg. In the
glycerol based product used in the process according
to the invention, the sum of the contents of
3-(2-hydroxy-l-hydroxymethyl-ethoxy)-propane-l,2- diol
and
2-(2-hydroxy-l-hydroxymethyl-ethoxy)-propane-l,3-diol
is generally lower than or equal to 10 g/kg of
glycerol-based product, usually lower than or equal to
5 g/kg, commonly lower than or equal to 2.5 g/kg, in
many cases lower than or equal to 1 g/kg, particularly
lower than or equal to 0.1 g/kg. This content is
usually higher than or equal to 0.05 g/kg. In the
glycerol based product used in the process according
to the invention, the sum of the contents of cis- et
trans-2,5-bis-hydroxymethyl-l,4-dioxane, cis- et
trans-2,6-bis-hydroxymethyl-l,4-dioxane, cis- et
trans-6-hydroxy-2- hydroxymethyl-l,4-dioxepane, et
cis- et trans-3,7-dihydroxy-l,5-dioxocane is generally
lower than or equal to 10 g/kg of glycerol-based
product, usually lower than or equal to 5 g/kg,
commonly lower than or equal to 2.5 g/kg, in many
cases lower than or equal to 1 g/kg, particularly
lower than or equal to 0.1 g/kg. This content is
usually higher than or equal to 0.05 g/kg. In the
glycerol based product used in the process according
to the invention, the salts can be chosen from
alkaline metal chlorides, alkaline metal sulfates,
alkaline metal phosphates, alkaline-earth metal
chlorides, alkaline-earth metal sulfates,
alkaline-earth metal phosphates, and any mixtures of
at least two of them. The alkaline metal is generally
sodium, usually potassium and commonly a mixture
thereof. The alkaline-earth metal is generally
calcium, usually magnesium and commonly a mixture
thereof. Mixtures of sodium and potassium chlorides
and/or sodium and potassium sulfates are generally
encountered. The salt can be present in an amount
generally greater than or equal to 0.0005 g/kg of
product, usually greater than or equal to 0.001 g/kg
and commonly greater than or equal to 0.01 g/kg. This
amount is generally less than or equal to 10 g/kg of
product, usually less than or equal to 1 g/kg of
product, and commonly less than or equal to 0.1 g/kg
of product.The glycerol-based product used in the
process for manufacturing dichloropropanol according
to the invention may contain a nitrogen compound. 



In the process according to the invention, the
glycerol-based product according to the invention may
also comprise contain a nitrogen compound, such as
described in Patent Application FR 07/59891 in the
name of Solvay SA, more specifically from page 2, line
17 to page 3, line 20, and the content of which is
incorporated here by reference. Molecular nitrogen is
not considered as a nitrogen compound. The nitrogen
compound can be an inorganic or an organic compound.
By inorganic compound, one intends to designate
compound the molecule of which does include neither a
carbon-carbon bond, nor a carbon-hydrogen bond. By
organic compound, one intends to designate a compound
the molecule of which includes at least one
carbon-carbon bond or one carbon-hydrogen bond. The
nitrogen inorganic compound can be selected from
ammonia, hydrazine, chlroramines, ammonium inorganic
salts, nitrates, nitrites, cyanates, isocyanates,
isothiocyantes of metals or ammonium, and any mixture
of at least two of them. The nitrogen organic compound
can be selected from nitrogen compounds present in
cells of plant origin, generally among amines, urea,
proteins, peptides, aminoacids,glucosinolates and
their degradation products (isothiocyantes,
thiocyanates, nitriles, oxazolidinethiones),
phospholipids containing nitrogen, chlorophyll,
sinapine, and any mixtures of at least two of them.
Examples of phospholipids conatining nitrogen are
phospatidyl chloline, phosphatidyl serine and
phosphatidyl ethanolamine. Aminoacids free or able to
be included in peptides or proteins cane be selected
from alanine, arginin, aspartic acid, cystein,
glutamic acid, glycin, histidin, isoleucin, leucin,
lysin, methionin, phenylalanin, prolin, serin,
threonin, trytptophane, tyrosin, valin, and any
mixture of at least two of them. Glucosinolates can be
selected from sinigri, gluconapin, glucobrassicanapin,
glycorucin, glucoberteroin, glucoraphanin,
glucoalyssin, gluconasturtiin, progoitrin,
napoleiferin, glucobrassicin, neoglucobrassicin, and
any mixture of at least two of them. In the glycerol
based product used in the process according to the
invention, the total content of nitrogen compound
expressed as elemental nitrogen is generally lower
than or equal to 1 g of N/kg, usually lower than or
equal to 0.5 g of N/kg, commonly lower than or equal
to 0.1 g of N/kg, in many cases lowerthan or equal to
0.05 g of N/kg, particularly lower than or equal to
0.03 g of N/kg and specifically lower than or equal to
0.01 g of N/kg. This content is usually higher than or
equal to 0.1 mg N/kg. The glycerol based product used
in the process according to the invention can also
contain metallic and non-metallic elements chosen from
Al, As, Be, Ca, Cd, Co, Cr, Cu, Fe, Hg, Na, Ni, P, Pb,
S, Sb, Se, Sn, Te, Ti, V, Zn, and any mixture thereof.
The total content of those elements is usually lower
than or equal to 0.05 g/kg, generally lower than or
equal to 0.035 g/kg, commonly lower than or equal to
0.025 g/kg, in many cases lower than or equal to 0.015
g/kg and particularly lower than or equal to 0.005
g/kg. That total content is usually higher than or
equal to 0.1 mg/kg. The glycerol alkyl ethers,
monoalcohols, water, alkyl esters of fatty acids,
fatty acids, glycerol esters, glycerol oligomers and
salts may be by-products of glycerol manufacturing
processes such as, for example, the processes for
conversion of oils or fats of vegetable or animal
origin via transesterification, saponification or
hydrolysis reactions. The glycerol-based product used
in the process for manufacturing dichloropropanol
according to the invention may be manufactured by
conversion of saccharides and polysaccharides derived
from biomass such as, for example, fermentation and/or
hydrogenation processes, carried out under conditions
such that the diol was formed and was not separated
from the glycerol. Biomass comprises harvest products,
trees, grass, harvest residues, forest residues,
animal waste and solid municipal waste. The invention
therefore also relates to a process for manufacturing
a glycerol-based product comprising at least one diol
containing at least 3 carbon atoms except for
1,2-propanediol, in which a saccharide or a
polysaccharide is reacted with a fermentation agent
under conditions such that the diol is formed and is
not separated from the glycerol. Alternatively, the
glycerol-based product used in the process for
manufacturing dichloropropanol according to the
invention may also be obtained when glycerol is heated
under a pressure greater than or equal to 1 bar
absolute, at a temperature greater than or equal to
15O0C, in the presence of a reducing agent, such as a
metal sulphite or phosphite for example. The invention
also relates to a process for manufacturing the
glycerol-based product used in the process for
manufacturing dichloropropanol according to the
invention, wherein the glycerol-based product
comprising at least one diolcontaining at least 3
carbon atoms except for 1,2-propanediol is subjected
to a heating operation under a pressure greater than
or equal to 1 bar absolute, at a temperature greater
than or equal to 15O0C, in the presence of a reducing
agent. The glycerol may have been obtained starting
from fossil raw materials 



and/or renewable raw materials, preferably starting
from renewable raw materials, such as defined in
Application WO 2006/100312 in the name of Solvay SA,
from page 4, line 18 to page 5, line 24, the content
of which is incorporated here by reference. Glycerol
obtained starting from renewable raw materials is, for
example, glycerol obtained in processes for conversion
of animal or vegetable oils and/or fats, such as
hydrolysis, saponification, transesterification,
aminolysis or hydrogenation processes and enzymatic
rupture processes, such as transesterification or
hydrolysis with lipase-type enzymes, such as described
in "Medium and Long-Term Opportunities and Risks of
the Biotechnological Production of Bulk Chemicals from
Renewable Resources, The Potential of White
Biotechnology, The BREW Project, Final report Prepared
under the European Commission's GROWTH Programme (DG
Research), Utrecht, September 2006, pp. 29-31".
Glycerol obtained starting from renewable raw
materials is, for example, glycerol obtained in
processes for conversion of monoand polysaccharides
and derived alcohols, such as fermentation, and
thermochemical process such as hydrogenation and
hydrogenolysis, as described in "Industrial
Bioproducts: Today and Tomorrow, Energetics,
Incorporated for the U.S. Department of Energy, Office
of Energy Efficiency and Renewable Energy, Office of
the Biomass Program, July 2003, pages 49, 52 to 56".
The mono- and polysaccharides, such as for example,
starch, cellulose and hemicellulose may themselves be
obtained from biomass. The invention also relates to a
process for the purification of the glycerolbased
product in which the product is subjected to at least
one treatment, optionally under reduced pressure,
chosen from evaporative concentration, evaporative
crystallization, distillation, fractional
distillation, stripping or liquid/liquid extraction
operations. The term "evaporative concentration" is
intended to denote a process of partial evaporation of
the product which makes it possible to concentrate the
residual product to less volatile entities. The term
"evaporative crystallization" is intended to denote a
process resulting in the crystallization of a compound
by removing, by evaporation, a compound which promotes
its dissolution in themedium. These processes are
described in "Perry's Chemical Engineers' Handbook" in
the 11th section of the 7th edition. The term
"distillation" is intended to denote the type of
separation conventional in chemical engineering and
described, for example, in "Perry's Chemical
Engineers' Handbook" in the 13th section of the 7th
edition. The term "fractional distillation" is
understood to mean a series of distillations where the
distillate is withdrawn batchwise. The term
"stripping" is intended to denote the separation of a
substance by entrainment using the vapour of a pure
material. In the process according to the invention,
this material can be any compound which is inert with
respect to glycerol, such as, for example, steam, air,
nitrogen and carbon dioxide. The term "liquid/liquid
extraction" is understood to mean bringing into
contact with an appropriate completely or partially
immiscible solvent which makes it possible to
selectively extract the desired compounds, optionally
according to a countercurrent process, such as
described in "Perry's Chemical Engineers' Handbook" in
the 15th section of the 7th edition. The stripping,
evaporative concentration, evaporative
crystallization, liquid/liquid extraction and
distillation treatments may be combined, for example
in a stripping column surmounted by a distillation
section or in a partial evaporator supplying a
distillation column or by combining a liquid/liquid
extraction, stripping of the residual solvent
contained in the glycerol-enriched stream and
distillation of the solvent enriched with extracted
compounds. The diols, monoalcohols and the glycerol
alkyl ethers are recovered in the distilled,
evaporated or stripped fraction and the purified
glycerol-based product constitutes an intermediate cut
from the distillation, evaporation or stripping
treatment. When the treatment consists of a partial
evaporation of the product, the temperature of the
glycerol-rich zone is generally greater than or equal
to O0C, often greater than or equal to 8O0C and
frequently greater than or equal to 1000C. This
temperature is generally less than or equal to 28O0C,
often less than or equal to 25O0C, and frequently less
than or equal to 2000C. The temperature in the
glycerol-depleted zones is generally greater than or
equal to -2O0C, preferably greater than or equal to
-1O0C, particularly preferably greater than or equal
to O0C. This temperature is generally at most equal to
the temperature of the glycerol-rich zone, preferably
at least 50C below this temperature, particularly
preferably at least 1O0C below this temperature.When
the treatment is carried out by liquid/liquid
extraction, the temperature is generally greater than
or equal to 2O0C, preferably greater than or equal to
4O0C, more particularly greater than or equal to 5O0C.
This temperature is generally less than or equal to
2000C, preferably less than or equal to 15O0C and more
particularly preferably less than or equal to 12O0C.
The treatment pressure is generally greater than or
equal to 0.001 mbar. This pressure is generally less
than or equal to 1 bar, often less than or equal to 



0.5 bar, frequently less than or equal to 0.3 bar and
more specifically less than or equal to 0.25 bar. When
the treatment comprises a separate evaporation step,
the latter is generally carried out at a pressure less
than or equal to 2 bar absolute, preferably at a
pressure less than or equal to 1 bar absolute,
particularly preferably at a pressure less than or
equal to 0.5 bar absolute. It is generally carried out
at a pressure greater than or equal to 0.1 mbar,
preferably at a pressure greater than or equal to 0.2
mbar. When the evaporation step is combined with a
distillation or fractional distillation step, it is
carried out at a pressure at least equal to the
pressure of the step carried out at the lowest
pressure, preferably at a pressure at least 10 mbar
greater than the pressure of the step carried out at
the lowest pressure. The stripping step is generally
carried out at a pressure less than or equal to 5 bar,
preferably less than or equal to 2 bar. In the
distillation treatments with or without stripping, the
reboiler ratio is generally greater than or equal to
1%, often greater than or equal to 5% and frequently
greater than or equal to 10%. This reboiler ratio is
less than or equal to 99% and often less than or equal
to 50%. The expression " reboiler ratio" is understood
to mean, for a continuous distillation, the flow of
the vaporized fraction to the reboiler over the flow
of the residue. The expression "reboiler ratio" is
understood to mean, for a batchwise, fractional
distillation, the ratio of the amount vaporized
relative to the final residue. The amount of the
fraction distilled is generally less than or equal to
300 g/kg, often less than or equal to 100g/kg of the
glycerol-based product. The distillation, fractional
distillation or stripping treatment may be preceded or
followed by an operation which may, for example, be a
settling, centrifugation, filtration, adsorption or
ion-exchange operation. When it is a settling
operation, the operation can be improved by passing
through a coalescer. The adsorption operation is
preferably an operation for adsorption on activated
carbon.After the treatment, a purified glycerol-based
product that comprises at least one diol containing at
least 3 carbon atoms other than 1,2-propanediol is
obtained, in an amount generally less than or equal to
1 g/kg of purified product. This amount is usually
less than 0.7 g/kg, commonly less than or equal to 0.5
g/kg, in many cases less than or equal to 0.1 g/kg of
purified product, specifically less than or equal to
0.01 g/kg and particularly less than or equal to 0.001
g/kg. This content is generally greater than or equal
to 0.01 mg/kg. The invention also relates to a
glycerol-based product that comprises at least one
diol containing at least 3 carbon atoms other than
1,2-propanediol. The amount of the diol is usually
less than 0.7 g of diol/kg of product. This amount is
commonly less than or equal to 0.5 g/kg, in many
cases, in many cases less than or equal to 0.1 g/kg of
product, specifically less than or equal to 0.01 g/kg
and particularly less than or equal to 0.001 g/kg.
This amount is generally greater than or equal to 0.01
mg/kg. This product may be obtained by the
purification process described above. The diol may be
1,3-propanediol, butanediol, or a mixture of the two,
and is frequently 1,3-propanediol. The purified
glycerol-based product can also contain, in addition,
at least one compound selected from glycerol alkyl
ethers, monoalcohols, water, ketones, aldehydes, alkyl
esters of fatty acids, glycerol esters, carboxylic
acids, glycerol oligomers, salts, compounds containing
nitrogen, metallic elements, non-metallic elements,
and any mixture of at least two of them. The nature of
those compounds and their content in the purified
glycerol-based product are as described above for the
glycerol-based product. The invention also relates to
a process for manufacturing dichloropropanol starting
from glycerol, in which a glycerol-based product that
comprises at least one diol containing at least 3
carbon atoms other than 1,2-propanediol is subjected
to at least one treatment, optionally under reduced
pressure, chosen from evaporative concentration,
evaporative crystallization, distillation, fractional
distillation, stripping or liquid/liquid extraction
operations, so as to reduce the diol content and to
obtain a purified product which is reacted with a
chlorinating agent. The chlorinating agent generally
comprises hydrogen chloride. The hydrogen chloride can
be gaseous hydrogen chloride, an aqueous hydrogen
chloride solution or a mixture of the two.The
chlorinating agent is such as described in Patent
Applications WO 2007/144335, from page 12, line 18 to
page 13, line 35, WO 2005/054167, from page 4, line 32
to page 5, line 19, andWO 2006/106153, from page 2,
line 10 to page 3, line 20, in the name of Solvay SA,
the contents of which are incorporated here by
reference. The reaction with the chlorinating agent
may be carried out in the presence of a catalyst,
preferably a carboxylic acid or a carboxylic acid
derivative, such as described in Patent Application WO
2005/054167, from page 6, line 24 to page 7, line 35
in the name of Solvay SA, and in Application WO
2006/020234, from page 8, line 24 to page 9, line 10,
and from page 13, line 1 to page 18, line 3, the 



contents of which are incorporated here by reference.
The chlorination reaction is preferably carried out in
a liquid reaction medium. The chlorination reaction
may be carried out in the presence of a solvent. The
dichloropropanol formed can be separated from the
other constituents of the reaction medium by any
separation treatment, for example by distillation,
stripping, extraction or adsorption. After this
treatment, the other constituents of the reaction
medium can be subjected to additional separation
treatments, such as, for example, a filtration where
fatty acid salts can be separated. When the separation
treatment is a distillation and when a glycerol-based
product according to the process of the invention is
used for manufacturing dichloropropanol, the
dichloropropanol separated can be contaminated by
various isomers of chloropropanol, chlorobutanol,
dichloropropane and/or dichlorobutanes. These isomers
can be selected from chloropropanols,
dichloropropanes, and any mixtures thereof. These
isomers can be selected from 3-chloro-l-propanol,
1,3-dichloropropane, and any mixture thereof. These
isomers of chloropropanol, chlorobutanol,
dichloropropane and/or dichlorobutanes may have
boiling points close to the dichloropropanol and/or
form azeotropes with water that have a boiling point
close to that of the dichloropropanol/water azeotrope,
making it difficult to separate them from the
dichloropropanol. The treatment of the glycerol-based
product used in the process for manufacturing
dichloropropanol according to the invention exhibits
the advantage of reducing the contamination of the
dichloropropanol by these isomers. The invention also
relates to a process for manufacturing epichlorohydrin
in which dichloropropanol, at least one part of which
is obtained in the process formanufacturing
dichloropropanol according to the invention, is
subjected to a dehydrochlorination reaction. In the
process for manufacturing epichlorohydrin, another
part of the dichloropropanol may be obtained by a
process other than glycerol chlorination. This process
may be chosen from allyl chloride hypochlorination,
allyl alcohol chlorination processes, and any
combination thereof. When the dichloropropanol is
contaminated by various isomers of chloropropanol,
chlorobutanol, dichloropropane and/or dichlorobutane,
the epichlorohydrin may be contaminated by
dichloropropanes and/or dichlorobutanes, usually by
dichloropropanes and commonly by 1,3- dichloropropane.
These dichloropropanes, and in particular
1,3-dichloropropane, have boiling points very close to
that of epichlorohydrin and it is therefore very
difficult to separate them from epichlorohydrin. This
contamination by chlorinated impurities can be
particularly troublesome, for example, when
epichlorohydrin is used in applications requiring the
absence of hydrolysable chloro compounds such as the
manufacture of epoxy resins for the electronics
industry. This contamination can be reduced by using a
dichloropropanol manufactured according to the process
of the invention, in particular wherein the purified
glycerol-based product described above is used. The
invention finally relates to a process for
manufacturing epoxy derivatives such as epoxy resins,
glycidyl ethers, glycidyl esters, glycidyl amides and
imides, of products which will be used in food and
drink applications such as coagulants and wet-strength
resins, of cationization agents, of flame retardants,
of products which will be used as detergent
ingredients, and of epichlorohydrin elastomers, in
which epichlorohydrin, at least one part of which was
obtained in the process for manufacturing
epichlorohydrin according to the invention, is used.
The epichlorohydrin is usually subjected to a reaction
with at least one compound containing at least one
active hydrogen atoms. These compounds comprise
polyphenols, monoamines and diamines, aminophenols,
heterocyclic imides and amides, diols including
ethylene glycol and propylene glycol and aliphatic
polyols, and fatty acid dimers. In the process for
manufacturing epoxy derivatives such as epoxy resins,
glycidyl ethers, glycidyl esters, glycidyl amides and
imides, of products which will be used in food and
drink applications such as coagulants and wet-strength
resins, of cationization agents, of flame retardants,
of products which will be used as detergent
ingredients, and of epichlorohydrin elastomers,
another part of the epichlorohydrin may be obtained by
a processother than the dehydrochlorination of
dichloropropanol derived from the chlorination of
glycerol, such as a process for dehydrochlorination of
dichloropropanol derived from hypochlorination of
allyl chloride, a process for dehydrochlorination of
dichloropropanol derived from chlorination of allyl
alcohol, or an allyl chloride epoxidation process. The
epoxy resins thus obtained may be used in coating
applications and in structural applications. The
coating applications relate to the fields of maritime
transport and of industrial maintenance (anticorrosion
primer paints for metal and concrete structures), of
coatings for metallic containers (food preserves, cans
for drinks, drums, buckets and aerosol bottles) and
for windings, of motor vehicle coatings (primers), of
inks and masks for electronic circuits. The structural
applications relate to the fields of structural
composites (epoxy resin composites 



with glass, boron, carbon and aromatic polyamide
fibres), of civil engineering, of floor covering
(paints for coating floors, parquet, paving, tiling,
self-levelling coatings, roughcast floors, tempered
floors, floor coverings for cold rooms), of
construction, of electrical equipment (sealing of
electrical and electromechanical devices such as
battery housings, resistors, fuses, thermal circuit
breakers, cable joints, windings) and of electronic
equipment (coatings and laminated sheets for printed
circuits and encapsulation of printed circuits), of
adhesives (bonding of different materials such as
metals, glass, ceramics, wood, concrete, plastics) and
of tooling (prototypes, master patterns, moulds and
other parts) for the aerospace, automotive, foundry
and maritime construction industries. Epoxy resins
also find applications in the fields of energy (wind
energy), of aeronautics (honeycomb sandwich panels,
helicopter rotor blades, cowls and engine nacelles,
flaps, ailerons, rudders) and of fluid (gas, oil)
transport. Glycidyl esters and ethers are generally
used for applications such as coatings, adhesives and
reactive diluents. Glycidyl amines and imides are
usually used for applications such as outdoor powder
coatings with polyesters, or in applications in which
a nonyellowing epoxy resin is desirable. Coagulants
can be used for treatment of raw water for conversion
to drinking water, for recycling paper of water in
Pulp & Paper Industry, for paint detackification, for
breaking oil emulsions, for oil and grease removal,
and for sludge dewatering. They can also be used for
sugar refining. Wet-strength resins can be used in
papers that will get wet such as paper towels, tea
bags, coffee filters, milk cartons, meat wrapping, and
wallpaper. Theycan also be used in the production of
high fructose corn syrup and to prevent wool from
shrinking. Cationization agents are mainly used in the
cationization of starch to be utilized by the paper
industry for processing of high quality paper grades
or for cationization of textile for dye fixing. Flame
retardants are usually used to inhibit the evolution
of combustible gases in various materials such as
polymers, in particular in polyurethane foams.
Examples of detergent ingredients are surfactants or
surface deposition enhancing materials. They are
usually used as components of cleaning compositions
for instance dishwashing, laundry compositions,
shampoos and synbars. The epichlorohydrin elastomers
are generally used in specialty applications, like for
instance automotive components ( fuel pump diaphragms,
emission control hoses, motor mounts, gaskets, seals
and portable fuel tanks), in the aircraft industry,
for specialty roofing membranes, coated fabrics,
solvent storage containers, paper mill and printing
roll and in a variety of oil specialties. The examples
below are intended to illustrate the invention
without, however, limiting it. Example 1 A reactor has
been fed continuously with glycerol containing 1.5 g
of 1,3- propanediol per kg and 30 g of adipic acid per
kg, at a rate of 14.3 g/h/1 of reactor, with gaseous
hydrogen chloride at rate of 11.3 g/h/1 of reactor.
The reactor has been operated at a temperature of 117
0C and at a pressure of 1.14 bar. The reactor was
surmounted by a distillation column from which
dichloropropanol containing water has been withdrawn.
The liquid reaction mixture has been withdrawn from
the reactor and has been sent to a distillation unit
to recover dichlororopanol. The dichloropropanol which
has been recovered from both withdrawals contained
1.67 g of 3-chloro-l-propanol and 0.44 g of
1,3-dichloropropane per kg of dichloropropanol.
Example 2 The procedure of example 1 has been followed
except that the glycerol contained 0.005 g of
1,3-propanediol per kg. A reactor has been fed
continuously with glycerol containing 0.005 g of
1,3-propanediol per kg and 12 g of adipic acid per kg,
at a rate of 21.5 g/h/1 of reactor, with gaseous
hydrogen chloride at rate of 17 g/h/1 of reactor.
Thereactor has been operated at a temperature of 119
0C and at a pressure of 1.19 bar. The reactor was
surmounted by a distillation column from which
dichloropropanol containing water has been withdrawn.
The liquid reaction mixture has been withdrawn from
the reactor and has been sent to a distillation unit
to recover dichlororopanol. The dichloropropanol which
has been recovered from both withdrawals contained
0.011 g of 3-chloro-l-propanol and less than 0.010 g
of 1,3- dichloropropane per kg of dichloropropanol.
Example 3 A well stirred reactor has been fed
continuously with dichloropropanol containing 0.223 g
of 1,3-dichloropropane and 2.93 g of
3-chloro-l-propanol per kg of dichloropropanol at a
rate of 5.07 kg/h/1 of reactor, with a sodium
hydroxide solution containing 500 g of NaOH per kg at
rate of 2.83 kg/h/1 of reactor and with recycled water
at a rate of 6.23 kg/h/1 of reactor . The reactor 



has been operated at a temperature of 45 0C and at a
pressure of 1 bar. The reactor was fitted with an
overflow system for withdrawal of the liquid reaction
medium. The liquid reaction medium was biphasic. The
lighter phase which contained the salt and a small
quantity of organics has been stripped with steam and
the condensate has been recycled to the reactor. The
heavier phase which contained the major part of the
epichlorohydrin formed in the reactor has been
submitted continuously to a first distillation
operation under vacuum in a packed column to separate
epichlorohydrin, water and the low boiling point
byproducts at the top of the column and the excess of
dichloropropanol and the heavy b y products at the
bottom of the column. The top fraction, collected at a
temperature of 60.80C under a pressure of 150 mbar,
has been submitted continuously to a second
distillation in a packed column to eliminate water and
the low boiling b y products. The bottom product has
been collected at normal pressure at a temperature of
115.20C; it contained 0.35 g of 1,3-dichloropropane
per kg. This product has been purified by a third
operation of distillation that has been realized in a
batchwise manner in a glass plate distillation column
under vacuum at a pressure of 790 mbar. The
epichlorohydrin which has been recovered as the main
distillation fraction collected between 107.4 -
107.60C contained 0.34 g of 1,3- dichloropropane per
kg and is named ECH 2. Example 4 A well stirred
reactor has been fed continuously with
dichloropropanol containing 0.013 g of
1,3-dichloropropane and 0.0026 g of
3-chloro-l-propanolper kg of dichloropropanol at a
rate of 5.93 kg/h/1 of reactor, with a sodium
hydroxide solution containing 500 g of NaOH per kg at
rate of 2.67 kg/h/1 of reactor and with recycled water
at a rate of 5.83 kg/h/1 of reactor. The reactor has
been operated at a temperature of 45 0C and at a
pressure of 1 bar. The reactor was fitted with an
overflow system for withdrawal of the liquid reaction
medium. The liquid reaction medium was biphasic. The
lighter phase which contained the salt and a small
quantity of organics has been stripped with steam and
the condensate has been recycled to the reactor. The
heavier phase which contained the major part of the
epichlorohydrin formed in the reactor has been
submitted continuously to a first distillation
operation in a packed column to separate
epichlorohydrin, water and the low boiling point
byproducts at the top of the column and the excess of
dichloropropanol and the heavy by-products at the
bottom of the column. The top fraction, collected at a
temperature of 62.40C under a pressure of 150 mbar,
has been submitted continuously to a second
distillation in a packed column to eliminate water and
the low boiling by-products as the top product and
some heavy impurities at the bottom of the column. The
epichlorohydrin has been collected by condensation of
a gas phase collected from the middle of the column at
normal pressure and at a temperature of 116.4 0C ; it
contained 0.03 g of 1,3-dichloropropane per kg and is
named ECH 5. The complete composition of
epichlorohydrins ECH 2 and ECH 5 and of three other
epichlorohydrin samples (ECH 1, ECH 3 and ECH 4) are
presented in Table 1. Their compositions obtained by
gas chromatography analysis. Table 1n.d. : not
detected, n.m. : not measured*: l-chloro-2,
3-epoxypropane amount calculated on the basis of the
total content of other organic components Examples 5
to 14 (homopolymerization of ECH) The tests have been
carried out according to the following procedure with
epichlorohydrin sample ECHl (examples 5 to 7), ECH 2
(examples 8 to 10) and ECH 3 (examples 11 to 14). The
quantities of chemicals are indicated in Table 2. The
polymerization of epichlorohydrin (ECH) has been
carried out in the presence of the system
tetraoctylammonium bromide (Noct4Br)/triisobutyl
aluminium (TiBA). The epichlorohydrin has been dried
over calcium hydride under vacuum for 24 h at 25 0C
and further distilled. The polymerization reactions
have been carried out in pyrex vessels fitted with
polytetrafluorethylene valves. The vessels have been
evacuated under flame heating to remove residual
moisture. After cooling to room temperature, the
vessels have been cooled to - 30 0C (ethanol/liquid
nitrogen cooling bath) and toluene and
epichlorohydrin, have been added under vacuum. After
those additions, argon has been introduced in the
vessel and tetraoctylammonium bromide and triisobutyl
aluminium have been added to the vessel. This addition
constituted the time zero of the reaction. After a
given time under magnetic stirring at - 30 0C, the
reaction has been stopped by adding 1-2 ml of ethanol
to the vessel. Half of the volume of the reaction
medium has then been submitted to evaporation after
which the polymer has been recovered from the vessel.
The conversion has been obtained by comparing the
weight of recovered polymer with the weight of added
epichlorohydrin. The theoretical molar weight (Mn th.)
has been calculated on the basis of the quantity of
tetraoctylammonium bromide. The measured polymer molar
weight (Mn exp) and the molar weight dispersion have
been obtained by Gel Permeation Chromatography. 



The tacticity of the polymer has been obtained by 13C
and 1H NMR. The results of the tests are summarized in
Table 3.Table 2 Table 3 n.m. : not measured Examples
15 to 17 (homopolymerization of ECH) The tests have
been carried out according to the following procedure
with epichlorohydrin sample ECHl (example 15), ECH 2
(example 16) and ECH 3 (example 17). The quantities of
chemicals are indicated in Table 4. The polymerization
of epichlorohydrin (ECH) has been carried out in the
presence of the system water/triethyl aluminium (TEA).
The procedure of example 1 has been followed except
that TEA in solution in toluene and water have been
added under argon to the vessel first evacuatedand
dried, left under magnetic stirring under vacuum for
30 min, before ECH in toluene has been added (time
zero of the reaction). The polymerization has been
carried out at a temperature of 25 0C for 12 h. The
results have been summarized in Table 5 Table 4 Table
5 n.m. : not measured Example 18 Preparation of a
product consisting predominantly in diglycidyl diether
of Bisphenol A according to US 2,81 1,227 The
apparatus employed was a thermostatised flask equipped
with a mechanical stirrer, with a jacket containing a
thermocouple and with a Dean- Stark separator
surmounted by a water-cooled condenser. A pump was
used to inject a caustic soda aqueous solution at a
constant rate in the flask. The reaction flask was
initially charged with a mixture of bisphenol A (68.4
g, 0.3 mol) and the epichlorohydrin sample ECH4 coming
from a propylene-chlorine plant (277.5 g, 3.0 mol).
The analysis of the epichlorydrin is given in Table 1.
The mixture was heated at reflux under stirring to a
temperature of 111 0C. A 40 % aqueous solution of
caustic soda (60.8 g, 0.6 mol) was introduced at a
rate of 12 ml/h during 3.5 hour. The temperature of
the mixture in the flask was maintained in the range
100 0C - 115 0C in order to assure a constant reflux.
The epichlorohydrin rich organic phase decanted during
the reaction as a lower phase in the separator was
recycled regularly in the reaction flask and the
aqueous rich phase collected as an upper phase in the
separator was regularly drawn off. The heating was
maintained for 15 min after the total introduction of
the caustic soda solution to achieve the collect of
thewater phase in the decantor. 29.7 g of aqueous
phase was collected with a composition given in Table
6. The epichlorohydrin in excess was removed from the
reaction mixture by distillation under a vacuum of 30
mbar and by a progressive heating of the mixture to
1090C. 156.1 g (1.7 mol) of epichlorohydrin was
recovered in this step. The composition of the
distillate is given in Table 6. The salt was separated
from the crude product (45.5 g) after addition of
567.2 g of toluene under agitation and by filtration.
The cake of filtration was washed with 124.4 g of
toluene. The toluene solutions were mixed and
evaporated at 1850C under a pressure of 1 mbar. 659.4
g of toluene was recovered as the condensate of the
evaporated fraction with a composition given in Table
6. The residual product of the evaporation (100.5 g)
contained the diglycidyl ether of bis-phenol A as a
major product and no trace of unconverted bis-phenol A
(< 5 mg/kg). The residue contained 4.98 mol epoxy per
kg and 1.52 % of hydrolysable chlorine. Example 19 The
trial was realized in the apparatus described in
example 18. The reaction flask was initially charged
with a mixture of bisphenol A (68.4 g, 0.3 mol) and
epichlorohydrin sample ECH 5 (277.5 g, 3.0 mol). The
analysis of the epichlorydrin is given in Table 1. The
mixture was heated at reflux under stirring to a
temperature of 1190C. A 40 % aqueous solution of
caustic soda (60.8 g, 0.6 mol) was introduced at a
rate of 12 ml/h during 3.5 hour. The temperature of
the mixture in the flask was maintained in the range
102 0C - 119 0C in order to assure a constant reflux.
The epichlorohydrin rich organic phase decanted during
the reaction as a lower phase in the separator was
recycled regularly in the reaction flask and the
aqueous rich phase collected as an upper phase in the
separator was regularly drawn off. The heating was
maintained for 15 min after the total introduction of
the caustic soda solution to achieve the collect of
the water phase in the decantor. 54.5 g of aqueous
phase was collected with a composition given in Table
6. The epichlorohydrin in excess was removed from the
reaction mixture by distillation under a vacuum of 30
mbar and by a progressive heating of the mixture to
1180C. 148.2 g (1.5 mol) of epichlorohydrin was
recovered in this step. The composition of the
distillate is given in Table 6. The salt was separated
from the crude product (47.8 g) after addition of
228.4 g of toluene under agitation and by filtration.
The cake of filtration waswashed with 97.3 g of
toluene. The toluene solutions were mixed and
evaporated 



at 18O0C under a pressure of 1 mbar. 305.0 g of
toluene was recovered as the condensate of the
evaporation with a composition given in Table 6. The
residual product of the evaporation (99.8 g) contained
the diglycidyl ether of bis-phenol A as a major
product and no trace of unconverted bis-phenol A (< 5
mg/kg). The residue contained 4.93 mol epoxy per kg
and 0.49 % of hydrolysable chlorine. The High
Performance Liquid Chromatography analyses of the
residual products obtained in examples 18 and 19 are
similar.Table 6OO n.d. : not detected, n.m. : not
measuredC L A I M S 1. Process for manufacturing
dichloropropanol wherein a glycerol-based product
comprising at least one diol containing at least 3
carbon atoms other than 1,2-propanediol, is reacted
with a chlorinating agent. 2. Process according to
Claim 1, wherein the diol is chosen from 1,3-
propanediol, butanediol, and mixtures thereof. 3.
Process according to Claim 1 or 2, wherein the
glycerol-based product comprises, in addition,
1,2-ethanediol and/or 1,2-propanediol. 4. Process
according to any of Claims 1 to 3, wherein the
glycerol-based product comprises, in addition, at
least one compound selected from glycerol alkyl
ethers, monoalcohols, water, ketones, aldehydes, alkyl
esters of fatty acids, glycerol esters, carboxylic
acids, glycerol oligomers, salts, compounds containing
nitrogen, and any mixture of at least two of them. 5.
Process according to any one of Claims 1 to 4, wherein
the glycerol content of the glycerol-based product is
greater than or equal to 500 g/kg of product, the
content of diol containing at least 3 carbon atoms
other than 1,2- propanediol of the glycerol-based
product is greater than or equal to 0.001 g/kg of
product and less than or equal to 100 g/kg of product,
and the content of 1,2- ethanediol and/or
1,2-propanediol of the glycerol-based product, when
present, is greater than or equal to 0.001 g/kg of
product and less than or equal to 100 g/kg of product.
6. Process according to any one of Claims 1 to 5,
wherein the glycerolbased product is subjected to at
least one treatment, optionally under reduced
pressure, chosen from evaporative concentration,
evaporative crystallization, distillation, fractional
distillation, stripping or liquid/liquid extraction
operations, in order to obtain a purified
glycerol-based product, prior to the reaction with the
chlorinating agent. 7. Process according to Claim 6,
wherein the purified glycerol-based product comprises
at least one diol containing at least 3 carbon atoms
other than 1,2-propanediol, in an amount less than 0.7
g diol/kg of purified product.8. Process according to
any of Claims 1 to 7, wherein the chlorinating agent
comprises hydrogen chloride. 9. Process for
manufacturing epichlorohydrin, in which
dichloropropanol, at least one part of which was
obtained according to the process of any of Claims 1
to 8, is subjected to a dehydrochlorination reaction.
10. Process for manufacturing epoxy resins or glycidyl
esters or glycidyl ethers or glycidyl amides or
glycidyl imides or coagulants or wet-strength resins
or cationization agents or flame retardants or
detergent ingredients or epichlorohydrin elastomers,
in which epichlorohydrin, at least one part of which
was obtained according to the process from Claim 9, is
subjected to a reaction with at least one compound
containing at least one active hydrogen atom. 11. Use
of a glycerol-based product comprising at least one
diol containing at least 3 carbon atoms other than
1,2-propanediol, in the manufacture of
dichloropropanol. 12. Glycerol-based product that
comprises at least one diol containing at least 3
carbon atoms other than 1,2-propanediol. 13.
Glycerol-based product according to Claim 12 wherein
the diol is in an amount of less than 0.7 g of diol/kg
of product. 14. Glycerol-based product according to
Claim 12 wherein the diol is in an amount of less than
0.5 g of diol/kg of product. 


