
SPIROKETONE ACETYL-COA CARBOXYLASE INHIBITORS FIELD OF
THE INVENTION This invention relates to substituted
1'-(benzoyl)spiro[chromene-2;4 l-piperidin]-4(3H)-one
compounds that act as inhibitors of acetyl-CoA
carboxylases and their use in treating obesity.
BACKGROUND OF THE INVENTION Extreme obesity is a major
illness in the United States and other countries. Its
complications include hypertension, diabetes, coronary
artery disease, stroke, congestive heart failure,
venous disease, multiple orthopedic problems and
pulmonary insufficiency with markedly decreased life
expectancy. Medical management including dietary,
psychotherapy, medications and behavioral modification
techniques have yielded extremely poor results in
multiple trials. Several surgical techniques have been
tried which have bypassed the absorptive surface of
the small intestine or have been aimed at reducing the
stomach size by either partition or bypass. These
procedures have been proven both hazardous to perform
in morbidly obese patients and have been fraught with
numerous life-threatening postoperative complications.
Moreover such operative procedures are often difficult
to reverse. Acetyl-CoA carboxylases (ACC) are a family
of enzymes found in most species and are associated
with fatty acid synthesis and metabolism through
catalyzing the production of malonyl-CoA from acetyl-
CoA. In mammals, two isoforms of the ACC enzyme have
been identified. ACC1 , which is expressed at high
levels in lipogenic tissues, such as fat and the
liver, controls the first committed step in the
biosynthesis of long-chain fatty acids. If acetyl-CoA
is not carboxylated to form malonyl-CoA, it is
metabolized through the Krebs cycle. ACC2, which is a
minor component of hepatic ACC but the predominant
isoform in heart and skeletal muscle, and catalyzes
the production of malonyl-CoA at the cystolic surface
of mitochondria, regulates how much fatty acid is
utilized in b-oxidation by inhibiting carnitine
palmitoyl transferase. Thus, by increasing fatty acid
utilization and by preventing increases in de novo
fatty acid synthesis, chronic administration of an
ACC-I may also deplete liver and adipose tissue TG
stores in obese subjects consuming a high or low-fat
diet, leading to selective loss of body fat.
Currently, no ACC1 or ACC2 inhibitors are being used
as anti-obesity medicaments. Therefore, there is a
continuing need for medicaments containing ACC 1 and
ACC2 inhibitors to respectively treat obesity by
inhibiting fatty acid synthesis and by increasing
fatty acid oxidation. SUMMARY OF THE INVENTION The
present invention relates to compounds having the
structure of Formula (1)or a pharmaceutically
acceptable salt thereof, wherein: (a) R1 is H, OH,
halo, cyano, C1-3 alkyl, Ci 3 alkoxy, C1-3 haloalkyl,
C1-3 haloalkoxy, C1-3 alkylsulfonyl-, - CO(O)H,
-C(O)OC 1-3 alkyl or phenyl, wherein said phenyl is
optionally substituted with one to five R10; (b) each
R10 is independently OH, halo, cyano, C1-3 alkyl, C1-3
alkoxy, C1-3 haloalkyl or Ci.3 haloalkoxy; (c) R2 and
R3 are each independently H, OH, halo, cyano, C1-3
alkyl, C1-3 alkoxy, C1-3 haloalkyl, C1 3 haloalkoxy,
C1-3 alkylsulfonyl-, -CO(O)H, -C(O)OC 1-3 alkyl,
-C(O)NR 11R12, or phenyl wherein said phenyl is
optionally substituted with one to five R10; (d) R11
and R12 are taken separately and are each
independently H or C1-3 alkyl, or R1 1 and R12 are
taken together, with the nitrogen to which they are
attached, to form a 4-7-membered heterocycloalkyl; (e)
R4 is H, halo, cyano, C1-3 alkyl or C1-3 haloalkyl;
(f) R6 is taken separately and is H1OH, halo, C1-3
alkyl, C1-3 alkoxy, C1-3 haloalkyl or C1-3 haloalkoxy;
(g) R7 is taken separately and is H, OH, halo, C1-3
alkyl, C1-3 alkoxy, C1-3 haloalkyl or C1-3 haloalkoxy;
(h) R5 is taken separately and is a 4-7-membered
heteroaryl optionally substituted with halo, C1-3
alkyl, C1-3 alkoxy, C1-3 alkyl-OH, C1-3 haloalkyl or
C1-3; or (i) R5 is taken together with R6 or R7, and
with the phenyl to which R5 and R6 or R7 are attached,
to form a polycyclic heterocyclic radical, with a
nitrogen-bearing ring wherein at least one nitrogen
atom is bound to a carbon atom of said phenyl, wherein
the nitrogen-bearing ring is optionally fused to
cyclohexene, 5,6-dihydro-pyridine or
5,6-dihydro-1H-pyridin-2-one, and wherein the
nitrogen-bearing ring is optionally substituted
independently with one to two oxo, halo, C1-3 alkyl,
C1-3 alkoxy, C1-3 alkyl-OH, Ci -3 haloalkyl, Ci-3
haloalkoxy, 4-7-membered heteroaryl, 4-7-membered
heterocycloalkyl or phenyl, wherein said phenyl is
optionally substituted with one to five R10, provided
that R5 is not taken together with R6 to form a
benzotriazolyl or a benzooxadiazolyl and provided that
R5 is not taken together with R7 to form a
benzooxadiazolyl; and (j) R8 and R9 are independently
H, OH, halo, C -3 alkyl, Ci -3 alkoxy, Ci -3 haloalkyl
or Ci-3 haloalkoxy, provided that said compound is not
I'^IH-I^.S-benzotriazol-S-ylcarbonyO-
d-methoxyspirofchromene- 2,4'-piperidin]-4(3H)-one,
6-chloro-7-methyl-1'-[3-(1H-pyrazol-4-yl)benzoyl]spiro
[chromene-2,4 l-piperidin]- 4(3H)-one, 6,7-dimethyl-1
f-[3-(1
H-pyrazol-4-yl)benzoyl]spiro[chromene-2,4'-piperidin]-
4(3H)-one or 6,7-
dimethyl-143-(1H-pyrazol-4-yl)benzoyl]spirotchromene-2
,4'-piperidin]-4(3H)-one, or a pharmaceutically
acceptable salt thereof. The present invention also
relates to a pharmaceutical composition comprising a
compound of Formula (1) or one of the compounds
1'-(1H-1,2,3-benzotriazol-5-ylcarbonyl)-5-methoxyspiro
[chromene- 2,4'-piperidin]-4(3H)-one;
6-chloro-7-methyl-1'-[3-(1H-pyrazol-4-yl)benzoyl]spiro
[chromene-2,4'-piperidin]- 



4(3H)-one;
6,7-dimethyl-r-[3-(1H-pyrazol-4-yl)benzoyl]spiro[chrom
ene-2,4'-piperidin]-4(3H)-one; and 6,7- dimethyl-1
'-[3-(1
H-pyrazol-4-yl)benzoyl]spiro[chromene-2,4'-piperidin]-
4(3H)-one, or a pharmaceutically acceptable salt of
the compound, and a pharmaceutically acceptable
carrier, vehicle, diluent or excipient. The present
invention further relates to a method of treating a
condition of being overweight in a mammal in need of
such treatment, which comprises administering to the
mammal a therapeutically effective amount of a
compound of Formula (1) or
1'-(1H-1,2,3-benzotriazol-5-ylcarbonyl)-5-
methoxyspiro[chromene-2,4'-piperidin]-4(3H)-one;
6-chloro-7-methyl-1 '-[3-(1 H-pyrazol-4-
yl)benzoyI]spiro[chromene-2,4'-piperidin]-4(3H)-one;
6,7-dimethyl-1 '-[3-(1 H-pyrazol-4-
yl)benzoyl]spiro[chromene-2,4'-piperidin]-4(3H)-one;
and 6,7-dimethyl-1'-[3-(1 H-pyrazol-4-
yl)benzoyl]spiro[chromene-2,4'-piperidin]-4(3H)-one,
or a pharmaceutically acceptable salt thereof.The
compounds, salts and pharmaceutical compositions of
the present invention are used to treat Type 2
diabetes, insulin resistance, metabolic syndrome,
atherosclerosis, hyperiipidemia, dislipidemia,
congestive heart failure, coronary heart disease,
stroke and cancer. Preferably, the compounds, salts
and pharmaceutical compositions of the present
invention are used to treat an overweight or obese
condition in a mammal. DETAILED DESCRIPTION The terms
used to describe the present invention have the
following meanings herein. The compounds and
intermediates of the present invention were generally
named herein according to the IUPAC (International
Union for Pure and Applied Chemistry) recommendations
on Nomenclature of Organic Chemistry and the CAS Index
rules. The carbon atom content of the various
hydrocarbon-containing moieties herein may be
indicated by a prefix designating the minimum and
maximum number of carbon atoms in the moiety, for
example, the prefixes (Ca-Cb)alkyl, and Ca.ball<yl,
indicate an alkyl moiety of the integer "a" to "b"
carbon atoms, inclusive. Thus, for example, (Cr
C6)alkyl and C^alkyl refer to an alkyl group of one to
six carbon atoms inclusive. The term "substituted"
means that a hydrogen atom on a carbon, nitrogen or
sulfur atom within the radical has been replaced with
a different atom or radical. The atom or molecule
replacing the hydrogen atom is denoted as a
"substituent." The term "radical" denotes a group of
atoms that behaves as a single reactant in a chemical
reaction, e. g., an organic radical is a group of
atoms that imparts characteristic properties to a
compound containing it, or which remains unchanged
during a series of reactions, or transformations. The
term "alkyl" denotes a straight or branched, saturated
chain of carbon atoms. Examples of alkyl groups
include, but are not limited to, methyl, ethyl,
propyl, isopropyl, butyl and terf-butyl. bonded to an
oxygen atom. Examples of alkoxy groups include
methoxy, ethoxy, propoxy, /so-butoxy, terf-butoxy, and
the like. The term "halo" refers to chloro, fluoro or
bromo. The term "haloalkyl" refers to an alkyl group
wherein one or more carbons are substituted with halo
groups. Examples of haloalkyl groups include, but are
not limited to, difluoromethyl, trifluoromethyl, and
1,2-difluoroethyl. The term, "4-7-membered
heterocycloalkyl" means a radical having a
non-aromatic ring containing four to seven ring atoms,
which include one nitrogen, and, optionally, one to
two additional heteroatoms selected from the group
consisting of O, N and S. Examples of said 4-7
membered heterocycloalkyl ring include, but are not
limited to, azetidine, pyrrolidine, piperidine,
azepane, pyrroline, imidazoline, imidazolidine,
pyrazolidine morpholine, thiomorpholine and
piperazine. The term "4-7-membered heteroaryl" refers
to a radical having a monocyclic aromatic ring
containing four to seven ring atoms consisting of
carbon and one to three heteroatoms each selected from
the group consisting of O, N and S. Examples of such
heteroaryls include, but are not limited to, pyrrole,
pyrazole, pyridine, imidazole, oxadiazole, pyrimidine,
oxazole, isoxazole, triazole, tetrazole, pyridazine,
pyrazine, thiazole and thiadiazole. A heteroaryl group
of the present invention can be optionally substituted
one totwo times with substituents independently
selected from halo, C1-3 alkyl, d -3 alkoxy, C1-3
alkyl-OH, C1-3 haloalkyl and C1-3 haloalkoxy. The term
"polycyclic heterocyclic radical" refers to a two or
three ring heterocyclic radical comprising a benzene
ring which is fused to an aromatic or non-aromatic
5-6-membered nitrogen-bearing ring wherein the
nitrogen-bearing ring contains one nitrogen atom which
is bound to a carbon atom on the benzene ring and
optionally contains an additional one to two
heteroatoms selected from N, O and S The
nitrogen-bearing ring of the polycyclic heterocycle
may optionally be fused to a third ring selected from
the group consisting of cyclohexene and 5,6-dihydro-1
H-pyridin-2-one. Examples of polycyclic heterocycle
groups include, but are not limited to, 1H-indazole,
1H-benzoimidazole, quinoline, 1,2,3,4-
tetrahydroquinoline, quinoxaline, 1H-indole,
2,3-dihydro-1 H-benzoimidazole and 1Hbenzo[
d][1,2,3]triazole, 6,7,8,9-tetrahydro-5H-carbazole,
2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indole and
benzooxazole. In a polycyclic heterocycle of the
present invention, the nitrogen-bearing ring is
optionally substituted with one to two substituents
independently selected from oxo, halo, Ci -3 alkyl,
C1.3 alkoxy, Ci -3 alkyl-OH, Ci -3 haloalkyl, Ci_3
haloalkoxy, phenyl, 4-7-membered heterocyclic ring. 



The phrase "related salts" as used herein means
pharmaceutically acceptable salts of compounds of the
present invention. The phrase "pharmaceutically
acceptable" indicates that the designated carrier,
vehicle, diluent, excipient(s), and/or salt is
generally chemically and/or physically compatible with
the other ingredients comprising the formulation, and
physiologically compatible with the recipient thereof.
The term "mammal" relates to an individual animal that
is a member of the taxonomic class Mammalia. Examples
of mammals include, but are not limited to, humans,
dogs, cats, horses and cattle. In the present
invention, the preferred mammals are humans, dogs and
cats. More preferably, the mammal is a human. The
phrase "therapeutically effective amount" means an
amount of a compound of the present
_inv-ention_that-(i.).tr.eats_or_p.revents.the
particular_di.s.ease.,.cDn-dttiQrj,.-OLdiao.rder.,_(ii
) attenuates, ameliorates, or eliminates one or more
symptoms of the particular disease, condition, or
disorder, or (iii) prevents or delays the onset of one
or more symptoms of the particular disease, condition,
or disorder described herein. The terms "treating",
"treated", or "treatment" as employed herein includes
preventing (e.g., prophylaxis), palliating, slowing
progressiori ~and curing a disease, such as obesity.
In one embodiment of the compounds of Formula ( 1) ,
and of the pharmaceutically acceptable salts thereof,
wherein R5 is taken together with R7, the optionally
substituted nitrogen-bearing ring optionally contains
a second N, O, or S heteroatom. Said nitrogen-bearing
ring is optionally fused to cyclohexene,
5,6-dihydro-pyridine or 5,6-dihydro-1 H-pyridin-2-one.
More preferably, for the compounds and salts wherein
R5 and R7 are taken together, said polycyclic
heterocyclic radical is 1H-indazolyl,
1H-benzoimidazolyl, quinolyl,
1,2,3,4-tetrahydroquinolyl, quinoxalyl, 1H-indolyl,
2,3-dihydro-1 H-benzoimidazolyl, 1H-benzo-[d][1
,2,3]triazolyl, 6,7,8,9-tetrahydro-5H-carbazolyl,
2,3,4,9-tetrahydro-1H-pyrido-[3,4-b]indolyl or
benzooxazolyl. The nitrogen-bearing ring of said
polycyclic heterocyclic radical is optionally
substituted. In this embodiment, even more preferably,
the polycyclic heterocyclic radical is optionally
substituted 1H-indazolyl, 1H-benzoimidazolyl,
1H-indolyl or 2,3,4,
9-tetrahydro-1H-pyrido[3,4-b]indolyl. Yet evenmore
preferably, for the compounds and salts wherein R5 and
R7 are taken together, R1 is H, halo, CH3 or OCH3; R3
is H, halo, CH3 or OCH3; and R4 is H. In another
embodiment of the compounds of Formula (1), and of the
pharmaceutically acceptable salts thereof, wherein R5
is taken together with R6, the optionally substituted
nitrogen-bearing ring optionally contains a second N,
O, or S heteroatom. Said nitrogen-bearing ring is
optionally fused to cyclohexene, 5,6-dihydro-pyridine
or 5,6-dihydro-1H-pyridin-2-one. More preferably, for
the compounds and salts wherein R5 and R6 are taken
together, said polycyclic heterocyclic radical is
1H-indazolyl, 1H-benzoimidazolyl, 1H-indolyl or
2,3-dihydro-1H-benzoimidazolyl. The nitrogen-bearing
ring of said polycyclic heterocyclic radical is
optionally substituted. In this embodiment, even more
preferably, the polycyclic heterocyclic radical is
optionally substituted 1H-indazolyl. Yet even more
preferably, for the compounds and salts wherein R5 and
R7 are taken together, R1 is H, halo, CH3 or OCH3; R3
is H, halo, CH3 or OCH3; and R4 is H. Wherein R5 is
taken separately, it is preferred that R5 is an
optionally substituted heteroaryl selected from the
group consisting of pyrazolyl, imidazolyl, oxadiazolyl
and pyrimidinyl. More preferably, R5 is an optionally
substituted heteroaryl selected from the group
consisting of pyrazolyl and imidazolyl. Even more
preferably, R1 is H, halo, CH3 or OCH3; R3 is H, halo,
CH3 or OCH3; and R4 is H. The compounds of the present
invention may contain stereogenic centers These
compounds may exist as mixtures of enantiomers or as
pure enantiomers. Wherein a compound includes a
stereogenic center, the compounds may be resolved into
the pure enantiomers by methods known to those skilled
in the art, for example by formation of
diastereoisomeric salts which may be separated, for
example, by crystallization; formation of
stereoisomeric derivatives or complexes which may be
separated, for example, by crystallization, gas-liquid
or liquid chromatography; selective reaction of one
enantiomer with an enantiomer-specific reagent, for
example enzymatic esterification; or gas-liquid or
liquid chromatography in a chiral environment, for
example on a chiral support for example silica with a
bound
-chiraLligand-or-inJheLp.r.esence-oLaxhir.al-Solvent..
J t wilLbe_appreciated that where the desired
stereoisomer is converted into another chemical entity
by one of the separation procedures described above, a
further step is required to liberate the desired
enantiomeric form. Alternatively, the specific
stereoisomers may be synthesized by using an optically
active starting material, by asymmetric synthesis
using optically active reagents, substrates, catalysts
or solvents, or by converting one stereoisomer into
the^Tfierby "lsymmelric transf drmatT6n. ~ ~ Certain
compounds of Formula (1) may exist in different stable
conformational forms which may be separable. Torsional
asymmetry due to restricted rotation about an
asymmetric single bond, for example because of steric
hindrance or ring strain, may permit separation of
different conformers. The compounds of the present
invention further include each conformational isomer
of compounds of Formula (1) and mixtures thereof. 



Pharmaceutically acceptable salts, as used herein in
relation to compounds of the present invention,
include pharmaceutically acceptable inorganic and
organic salts of said compound. These salts can be
prepared in situ during the final isolation and
purification of a compound, or by separately reacting
the compound or prodrug thereof, with a suitable
organic or inorganic acid and isolating the salt thus
formed. Representative salts include, but are not
limited to, the hydrobromide, hydrochloride,
hydroiodide, sulfate, bisulfate, nitrate, acetate,
trifluoroacetate, oxalate, besylate, palmitate,
pamoate, malonate, stearate, laurate, malate, borate,
benzoate, lactate, phosphate, hexafluorophosphate,
benzene sulfonate, tosylate,formate, citrate, maleate,
fumarate, succinate, tartrate, naphthylate, mesylate,
glucoheptonate, lactobionate and laurylsulphonate
salts, and the like. These may also include cations
based on the alkali and alkaline earth metals, such as
sodium, lithium, potassium, calcium, magnesium, and
the like, as well as non-toxic ammonium, quaternary
ammonium, and amine cations including, but not limited
to, ammonium, tetramethylammonium, tetraethylammonium,
methylammonium, dimethylammonium, trimethylammonium,
triethylammonium, ethylammonium, and the like. For
additional examples see, for example, Berge, et al.,
J. Pharm. Sci., 66, 1-19 (1977). The compounds and
salts of the invention may exist in both unsolvated
and solvated forms. The term 'solvate' is used herein
to describe a molecular complex comprising the
compound of the invention and one or more
pharmaceutically acceptable solvent molecules, for
example, ethanol. The term 'hydrate' is employed when
said solvent is water. Pharmaceutically acceptable
solvates include hydrates and other -- solvates
wherein the solvent of crystallization may be
isotopically substituted, e.g. D2O, d6-acetone, d6-
DMSO (dimethyl sulfoxide). Certain compounds of
Formula (1) and their salts may exist in more than one
crystal form. Polymorphs of compounds represented by
Formula (1) form part of this invention and may be
prepared by crystallization of a compound of Formula
(1) under different conditions. For example, using
different solvents or different solvent mixtures for
recrystallization; crystallization at different
temperatures; various modes of cooling, ranging from
very fast to very slow cooling during crystallization.
Polymorphs may also be obtained by heating or melting
a compound of Formula (1) followed by gradual or fast
cooling. The presence of polymorphs may be determined
by solid probe nuclear magnetic resonance (NMR)
spectroscopy, infrared (IR) spectroscopy, differential
scanning calorimetry, powder X-ray diffraction or such
other techniques. This invention also includes
isotopically-labeled compounds, which are identical to
those described by Formula (1), but for the fact that
one or more atoms are replaced by an atom having an
atomic mass or _JnassjDuin.berjdiffexe.nt frornJhejat
arai as j .mass numberjJsuaJJy.found in nature.
Examples of isotopes that can be incorporated into
compounds of the invention include isotopes of
hydrogen, carbon, nitrogen, oxygen, sulfur and
fluorine, such as 2H, 3H, 13C, 14C, 15N, 180 , 17O,
35S, 36CI, 1251, 129I, and 18F respectively. Compounds
of the present invention, and pharmaceutically
acceptable salts of the compounds which contain the
aforementioned isotopes and/or other isotopes of other
atoms are within the scope of this invention. Certain
isotopically-labeled compounds of the present
invention, for example those into which radioactive
isotopes such as 3H and 14C are incorporated, are
useful in drug and/or substrate tissue distribution
assays. Tritiated (i.e., 3H), and carbon-14 (i.e.,
14C), isotopes are particularly preferred for their
ease of preparation and detectability. Further,
substitution with heavier isotopes such as deuterium
(i.e., 2H), can afford certain therapeutic advantages
resulting from greater metabolic stability, for
example increased in vivo half-life or reduced dosage
requirements and, hence, may be preferred in some
circumstances. Isotopically labeled compounds of
Formula (1) of this invention and salts thereof can
generally be prepared by carrying out the procedures
disclosed in the schemes and/or in the Examples below,
by substituting a readily available isotopically
labeled reagent for a non-isotopically labeled
reagent. The compounds of the present invention may be
isolated and used perse or in the form of their
pharmaceutically acceptable salts. In accordance with
the present invention, compounds with multiplebasic
nitrogen atoms can form salts with varying number of
equivalents ("eq.") of acid. It will be understood by
practitioners that all such salts are within the scope
of the present invention. The present invention
further includes prodrugs of compounds of Formula (
1). A prodrug of a compound of Formula (1) may be one
formed in a conventional manner with a functional
group of the compound, such as with an amino, hydroxy
or carboxy group. The term "prodrug" means a compound
that is transformed in vivo to yield a compound of
Formula (1) or a pharmaceutically acceptable salt of
the compound. The transformation may occur by various
mechanisms, such as through hydrolysis in blood. A
discussion of the use of prodrugs is provided by T.
Higuchi and W. Stella, "Pro-drugs as Novel Delivery
Systems," Vol. 14 of the A.C.S. Symposium Series, and
in Bioreversible Carriers in Drug Design, ed. Edward
B. Roche, American Pharmaceutical Association and
Pergamon Press, 1987. For example, as many of the
compounds of the present invention incorporate an
amine functional group, a prodrug can be formed by the
replacement of a hydrogen atom in the amine group with
a group such as R-carbonyl, RO-carbonyl, NRR'-carbonyl
where R and R1are each independently (CrC 10)alky ,
(C3-C7)cycloalkyl, benzyl, or R-carbonyl is a natural
a-aminoacyl or natural a-aminoacyl-natural a-
aminoacyl, -C(OH)C(O)OY' wherein Y' is H, (Cr C6)alkyl
or benzyl, -C(OY 0)Y1 wherein Y0 is (C1-C4) alkyl 



and Y1 is (C-i-C Jalkyl, carboxy(C r C6)alkyl,
amino(CrC 4)alkyl or mono-N- or di-N, N-(C1-
C6)alkylaminoalkyl, -C(Y2)Ys wherein Y2 is H or methyl
and Y3 is mono-N- or di-N,N-(C r C6)alkylamino,
morpholino, piperidin-1-yl orpyrrolidin-1-yl.
Similarly, if a compound of the present invention
contains an alcohol functional group, a prodrug can be
formed by the replacement of the hydrogen atom of the
alcohol group with a group such as (C1-
C6)alkanoyloxymethyl, 1-((C1-C6)alkanoyloxy)ethyl,
1-methyl-1-((C r C6)alkanoyloxy)ethyl, (C1-
C6)alkoxycarbonyloxymethyl,
N-(C1-C6)alkoxycarbonylaminomethyl, succinoyl, (CrC
6)alkanoyl, a-amino(C-,-C4)alkanoyl, arylacyl and
a-aminoacyl, or a-aminoacyl- a-aminoacyl, where each
a- aminoacyl group is independently selected from the
naturally occurring L-amino acids, P(O)(OH)2, -
-^(O-XOtCrGeJalkylk-or-glycosyl^the-radical resulting
from-the removal .of-a-hydroxyl group of the
hemiacetal form of a carbohydrate). If a compound of
the present invention contains a carboxylic acid
functional group, a prodrug can comprise an ester
formed by the replacement of the hydrogen atom of the
acid group with a group such as (CrC 8)alkyl,
(C2-C12)alkanoyloxymethyl, 1-(alkanoyloxy)ethyl having
from 4 to 9 carbon atoms, 1-
methyl-1-(alkanoyloxy)-ethyl having from 5 to 10
carbon atoms, alkoxycarbonyloxymethyl having from 3 to
6 carbon atoms, 1-(alkoxycarbonyloxy)ethyl having from
4 to 7 carbon atoms, 1-methyl-1-
(alkoxycarbonyloxy)ethyl having from 5 to 8 carbon
atoms, N-(alkoxycarbonyl)aminomethy! having from 3 to
9 carbon atoms, 1-(N-(alkoxycarbonyl)amino)ethyl
having from 4 to 10 carbon atoms, 3-phthalidyl, 4-
crotonolactonyl, gamma-butyrolacton-4-yl, di-N,N-(CrC
2)alkylamino(C 2-C3)alkyl (such as b-
dimethylaminoethyl), carbamoyl-(Ci-C 2)alkyl, N,N-di(C
1-C2)alkylcarbamoyl-(C 1-C2)alkyl and piperidino-,
pyrrolidino- or morpholino(C 2-C3)alkyl. Synthesis In
general, the compounds of Formula (1) of this
invention may be prepared by methods that include
processes known in the chemical arts, particularly in
light of the description contained herein. Certain
processes for the manufacture of the compounds of
Formula (1) of this invention are illustrated by the
following reaction schemes. Other processes are
described in the experimental section. Some of
thestarting compounds for the reactions described in
the schemes and Examples are prepared as illustrated
herein. The compounds of Formula (1), wherein R11,R p
2, RD "33, RD "4 R05, RD, R 1 R and R are as defined
above, may be prepared, as shown below in Scheme A.
Scheme A In Scheme A, a compound of Formula (i) is
formed by coupling a spirocyclic ketone (2) with a
carboxylic acid (3) while in solution. The spirocyclic
ketone (2) and carboxylic acid (3) may be coupled by
forming an activated carboxylic acid ester, such as by
contacting the carboxylic acid (3) with a peptide
coupling reagent, such as 2-(7-aza-1 H-benzotriazole-1
-yl)-1 ,1 ,3,3-tetramethyluronium hexafluorpphosphate
(HATU), in the presence of an activating agent such as
N,N-diisopropylethylamine (DIEA) and then contacting
the activated carboxylic acid ester with the
spirocyclic ketone (2) to form a compound of Formula
(1). Alternately, compounds of Formula (1) can be
formed by first converting the carboxylic acid (3) to
an acid chloride, such as by reacting with thionyl
chloride, and then reacting the acid chloride with the
spirocyclic ketone (2) to form a compound of Formula
(1). The synthesis of compounds of Formula (2), and
their starting materials, may be prepared as described
in Schemes B through E.Scheme B To prepare spiroketone
(2), a solution of a substituted or unsubstituted
1-(2-hydroxyphenyl)ethanone (5), tert-butyl
4-oxopiperidine-i-carboxylate and pyrrolidine (1:1:1
molar ratio) in a solvent, such as methanol, is
stirred for 24 hours at a temperature ranging from
room temperature to reflux and evaporated to afford an
N-Boc-Spiro[chromene-2,4'-piperidin]-4(3H)-one (4). An
acid, such as HCI or trifluoroacetic acid is then
added to a solution of the
N-Boc-Spiro[chromene-2,4'-piperidin]-4(3H)-one (4) in
solvent, such as dichloromethane, isopropanol or
dioxane, with subsequent stirring, to deprotect the
amine by removing the Boc (f-butyloxycarbonyl) group
to form a spirocyclic ketone (2).Scheme C (54) -
-Alternatively, an
N-Boc-spiro[chromene-2-,4'-piperidin]-4(3H)-one may be
derivatized as shown in Scheme C. For instance,
treating a
N-Bc-spiro[chromene-2,4'-piperidin]-4(3H)-one wherein
one of R1, R2, R3 or R4 is a bromo-group (14), with
carbon monoxide in the presence of a suitable
catalyst, such as
dichlorobis(triphenylphosine)palladium II, a base such
as triethylamine and in the presence of an alcohol
solvent, such as methanol, provides the methyl ester
N-Boc-spiro[chrornene-2,4'-piperidin]-4(3H)-one
derivatives (24). An alternate preparation entails
subjecting a solution of a hydroxyl-N-Bocspiro[
chromene-2,4'-piperidin]-4(3H)-one (34) derivative
compound in an inert solvent, such as methylene
chloride, to triflic anhydride in the presence of a
suitable base, such as pyridine provides the desired
triflate
N-Boc-spiro[chromene-2,4'-piperidin]-4(3H)-one
derivative (44). Treating a solution of the triflate
in a solvent such as dimethylformamide with a suitable
catalyst mixture, such as palladium acetate and 1,1 -
bis(diphenylphosphino)ferrocene, in the presence of a
suitable base, such as triethylamine in the presence
of an alcohol, such as methanol, with carbon monoxide
affords the desired methyl ester (54).Spirocyclic
esters prepared via methods described in Schemes B and
C can be further derivatized to 



afford amides, esters and acids as shown in Scheme D.
Acid mediated removal of the N-Boc protecting group
from the methyl ester affords ester derivatized
spirocycle (12). Alternatively, saponification of the
NBoc protected spirocycle provide the carboxylic acid
intermediate (64). Amines can be coupled to the
carboxylic acid utilizing methods known to those
skilled in the art to provide amide derivatives (74)
which, when treated with acid, afford the desired
spirocyclic amines (22).- HCI Spirocyclic esters
prepared via methods described in Schemes B and C can
be further derivatized into the corresponding aldehyde
utilizing methods known to those skilled in the art as
shown in Scheme E. The aldehyde can be converted into
various five-membered heterocycles via methods
described in Tanaka, A.; et al., J. Med. Chenn. 1998,
41, 2390 - 2410. Alternatively, an aryl bromide can be
converted directly into a Weinreb amide utilizing a
known protocol (Buchwald, S. L., et al., Org. Lett.
2006, online preprint). The resulting Weinreb amide
can be converted into the desired ketone using methods
known to those..skj.ltedjrj.tbe art. The resultant
ketones can_be_ir;ansformed. into various
five-membered . heterocycles via methods described in
Tanaka, A.; et al., J . Med. Chem. 1998, 41, 2390-
2410. Scheme F (6) (5) To prepare
ortho-hydroxyacetophenone (5), an acetylation reagent,
such as acetyl chloride or acetic anhydride, is added
to phenol (6) and the reaction mixture stirred at a
temperature between room temperature and reflux.
Excess acetylation reagent is removed in vacuo, and
then the O-acetylatedphenol is treated with AICI3 and
heated to a high temperature, such as 180 C. The
reaction mixture is then cooled, quenched with aqueous
acid, such as dilute hydrochloric acid, and filtered
to afford the desired ortho-hydroxyacetophenone. A
pharmaceutical composition of the present invention
comprises a therapeutically effective amount of a
compound of Formula (1), or a pharmaceutically
acceptable salt of the compound, and a
pharmaceutically acceptable carrier, vehicle, diluent
or excipient. In one preferred embodiment of a
pharmaceutical composition of the present invention
wherein R5 and R7 are taken together, said polycyclic
heterocyclic radical is 1H-indazolyl,
1H-benzoimidazolyl, quinolyl,
1,2,3,4-tetrahydroquinolyl, quinoxlayl, 1H-indolyl,
2,3-dihydro-1H-benzoimidazolyl, 1H-benzo- [d][1
,2,3]triazolyl, 6,7,8,9-tetrahydro-5H-carbazolyl,
2,3,4,9-tetrahydro-1 H-pyrido-[3,4-b]indolyl or
benzooxazolyl. The nitrogen-bearing ring of said
polycyclic heterocyclic radical is optionally
substituted. In another preferred embodiment of a
pharmaceutical composition of the present invention
wherein R5 and R6 are taken together, said polycyclic
heterocyclic radical is 1H-indazolyl,
1H-benzoimidazolyl, 1H-indolyl or
2,3-dihydro-1H-benzoimidazolyl fused to cyclohexene,
5,6-dihydro-pyridine or 5,6-dihydro- 1H-pyridin-2-one.
The nitrogen-bearing ring of said polycyclic
heterocyclic radical is optionally substituted. In yet
another preferred embodiment of a pharmaceutical
composition of the present invention wherein R5 is
taken separately and is optionally substituted
pyrazolyl, imidazolyl, oxadiazolyl or pyrimidinyl. The
pharmaceutical compositions formed by combining the
compounds of this invention and the pharmaceutically
acceptable carriers, vehicles or diluents are then
readily administered in a variety of dosage forms such
as tablets, powders, lozenges, syrups, injectable
solutions and the like. These pharmaceutical
compositions can, if desired, contain additional
ingredients such as flavorings, binders, excipients
and the like. Thus, for purposes of oral
administration, tablets containing various excipients
such as sodium citrate, calcium carbonate and/or
calcium phosphate, may be employed along with various
disintegrants such as starch, alginic acid and/or
certain complex silicates, together with binding
agents such as polyvinylpyrrolidone, sucrose, gelatin
and/or acacia. Additionally, lubricating agents such
as magnesium stearate, sodium lauryl sulfate and talc
are often useful for tabletting purposes. Solid
compositions of a similar type may also be employed as
fillers in soft and hard filled gelatin capsules.
Preferred materials for thisl clde lactose oTrh l
sugar and high molecular weight p lyethylene glycols.
When aqueous suspensions or elixirs are desired for
oral administration, the active pharmaceutical agent
therein may be combined with various sweetening or
flavoring agents, coloring matter or dyes and, if
desired, emulsifying or suspending agents, together
with diluents such as water, ethanol, propylene
glycol, glycerin and/or combinations thereof. For
parenteral administration, solutions of the compounds
or compositions of this invention in sesame or peanut
oil, aqueous propylene glycol, or in sterile aqueous
solutions may be employed. Such aqueous solutions
should be suitably buffered if necessary and the
liquid diluent first rendered isotonic with sufficient
saline or glucose. These particular aqueous solutions
are especially suitable for intravenous,
intramuscular, subcutaneous and intraperitoneal
administration. In this connection, the sterile
aqueous media employed are all readily available by
standard techniques known to those skilled in the art.
For intranasal administration or administration by
inhalation, the compounds or compositions of the
invention are conveniently delivered in the form of a
solution or suspension from a pump spray containerthat
is squeezed or pumped by the patient or as an aerosol
spray presentation from a pressurized container or a
nebulizer, with the-use of a suitable propellant,
e.g., dichlorodifluoromethane, trichlorofluoromethane,
dichlorotetrafluoroethane, carbon dioxide or other
suitable gas. In the' case of a 



pressurized aerosol, the dosage unit may be determined
by providing a valve to deliver a metered amount. The
pressurized container or nebulizer may contain a
solution or suspension of a compound of this
invention. Capsules and cartridges (made, for example,
from gelatin) for use in an inhaler or insufflator may
be formulated containing a powder mix of a compound or
compounds of the invention and a suitable powder base
such as lactose or starch. Methods of preparing
various pharmaceutical compositions with a certain
amount of active ingredient are known, or will be
apparent in light of this disclosure, to those skilled
in this art. For examples of methods of preparing
pharmaceutical compositions, see Remington's
Pharmaceutical Sciences, Mack Publishing Company,
Easton, Pa., 19th Edition (1995). The present
invention also relates to therapeutic methods for
treating or preventing overweight or obese conditions
in a mammal, including a human, wherein a compound of
Formula (1) of this invention, or a salt thereof, is
administered as part of an appropriate dosage regimen
designed to obtain the benefits of the therapy. The
appropriate dosage regimen, the amount of each dose
administered and the intervals between doses of the
compound will depend upon the compound of Formula (1)
of this invention being used, the type of
pharmaceutical compositions being used, the
characteristics of the subject being treated and the
severity of the conditions. In general, an effective
dosage for the compounds, and salts, of the present
invention is in the range of 0.001
milligram(mg)/kg/day to 100 mg/kg/day, preferably 0.01
mg/kg/day to 10 mg/kg/day of active compound in single
or divided doses. Some variation in dosage will
necessarily occur, however, depending on the condition
of the subject being treated. The individual
responsible for dosing will, in any event, determine
the appropriate dose for the individual subject.
Practitioners will appreciate that "kg" _re_fersjo
the_weight_of the_patient measured in kilograms. Doses
currently envisaged for human use range from 10-300
mg/kg. Compounds with increased potency and or
improved pharmacodynamics would possess lower dose
requirements, typically 0.1 10 mg/kg. The compounds_or
compositions of this invention may be administered in
single (e.g., once daily) or multiple doses or via
constant infusion. The compounds of this invention may
also be administered alone or in combination with
pharmaceutically acceptable carriers, vehicles or
diluents, in either single or multiple doses. Suitable
pharmaceutical carriers, vehicles and diluents include
inert solid diluents or fillers, sterile aqueous
solutions and various organic solvents. The compounds
or compositions of the present invention may be
administered to a subject in need of treatment by a
variety of conventional routes of administration,
including orally and parenterally, (e.g.,
intravenously, subcutaneously or intramedullary).
Further, the pharmaceutical compositions of this
invention may be administered intranasally, as a
suppository, or using a "flash" formulation, i.e.,
allowing the medication to dissolve in the mouth
without the need to use water. EXEMPLIFICATION The
Examples set forth herein below are for illustrative
purposes only. The compositions, methods, and various
parameters reflected herein are intended only to
exemplify various aspects and embodiments of the
invention, and are not intended to limit the scope of
the claimed invention in any way.Unless noted
otherwise, all reactants were obtained commercially.
Flash chromatography was performed according to the
method described by Still et al., J. Org. Chem., 1978,
43, 2923. All Biotage(r) purifications, discussed
herein, were performed using either a 4OM or 4OS
Biotage(r) column containing KP-SlL silica (40-63 mM,
60 Angstroms) (Bioatge AB; Uppsala, Sweden). All
Combiflash(r) purifications, discussed herein, were
performed using a CombiFlash(r) Companion system
(Teledyne Isco; Lincoln, Nebraska) utilizing packed
RediSep(r) silica columns Mass Spectra were recorded
on a Waters (Waters Corp.; Milford, MA) Micromass
Platform Il spectrometer. Unless otherwise specified,
mass spectra were recorded on a Waters (Milford, MA)
Micromass Platform Il spectrometer. Proton NMR
chemical shifts are given in parts per million
downfield from tetramethylsilane and were recorded on
a Varian Unity 400 MHz (megaHertz) spectrometer
(Varian Inc.; Palo Alto, CA). NMR chemical shifts are
given in parts per million downfield from
tetramethylsilane (for proton) or
fluorotrichloromethane (for fluorine). The following
preparations were used in the synthesis of compounds
of the present invention which are further exemplified
in the following examples. Spirocvclic Ketones
Spirocyclic ketones, which were used to prepare
exemplified compounds of the present invention, were
prepared using the method of one of the following
Spirocyclic Ketone Preparations 1-25. Spirocvclic
Ketone Preparation 1
7-Methoxyspirofchromene-2,4'-piperidinl-4(3H)-one To a
solution of 1-(2-hydroxy-4-methoxyphenyl)ethanone
(Acros Organics USA, Morris Plains, NJ) (83 milligrams
("mg"), 0.5 millimoles ("mmol") in methanol (1_
milliliter ("mL")) was added tert-butyl 4-
oxopiperidine-1-carboxylate (1 1 1 mg, 0.56 mmol) and
pyrrolidine (42.5 microliters ("mL"), 0.51 mmol). 



The mixture was heated at reflux overnight. The
mixture was cooled to room temperature, concentrated
and purified by Biotage chromatography (8%
acetone/heptane) to afford N-Boc-7-methoxyspiro-
[chromene-2,4'-piperidin]-4(3H)-one as a yeliow solid
(89 mg, 51%), 248(M-Boc, ES+). ~~To a soluti rrof
N-Boc-7-methoxyspiro[chrornene-2r4'-piperidin]-4(3H)-o
ne (58 mg, 0.17 mmol) in methanol ( 1 mL) was added 4
N HCI in dioxane (0.40 mL). The mixture was stirred at
room temperature for 3 hours. The mixture was
concentrated to afford
7-methoxyspiro[chromene-2,4'-piperidin]-4(3H)-one
hydrochloride which was used without further
purification (45 mg, 95%), 248 (ES+). Spirocvclic
Ketone Preparation 2
6-Methoxyspiro[chromene-2,4'-piperidin1-4(3H)-one To a
solution of 1-(2-hydroxy-5-methoxyphenyl)ethanone (831
mg, 5.0 mmol) in toluene (5 mL) was added tert-butyl
4-oxopiperidine-1-carboxylate (1.20 grams ("g"), 6.0
mmol) and pyrrolidine (356 mg, 5.0 mmol). The mixture
was heated at reflux overnight. The mixture was cooled
to room temperature, concentrated and purified by
Biotage chromatography (8% acetone/heptane) to afford
N-Boc-6-
methoxyspiro[chromene-2,4'-piperidin]-4(3H)-one as a
yellow solid ( 1 .27 g, 70%).1H NMR (CDCI3) d 7.27 (d,
J=3, 1H), 7.10 (dd, J=9, 3, 1H)1 6.91 (d, J=9, 1H),
3.84 (m, 2H), 3.78 (s, 3H), 3.18 (t, J=12, 2 H)1 2.68
(br s, 2H), 2.01 (d, J=13, 2H), 1.57 (m, 2H), 1.44 (s,
9H). To a solution of
N-Boc-6-methoxyspiro[chromene-2,4'-piperidin]-4(3H)-on
e (42 mg, 0.12 rmol) in methanol ( 1 mL) was added 4 N
HCI in dioxane (0.30 mL). The mixture was stirred at
room temperature for 90 minutes. The mixture was
concentrated to afford
6-chloro-7-methylspiro[chromene-2,4'-piperidin]-
4(3H)-one which was used without further purification
(34 mg, 100%). . - Spirocvclic Ketone Preparation 3
6-Chloro-7-methylspiro[chromene-2.4'-piperidin1-4(3H)-
one To a solution of
1-(5-chloro-2-hydroxy-4-methylphenyl)ethanone (371 mg,
2.0 mmol) in benzene (2 mL) was added tert-butyl
4-oxopiperidine-1-carboxylate. The mixture was heated
at reflux overnight. The mixture was cooled to room
temperature, concentrated and purified by Biotage
chromatography (10% acetone/heptane) to afford
N-Boc-6-chloro-7-methylspiro[chromene-2,4'-piperidin]-
4(3H)-one as a yellow solid (670 mg, 91%).
N-Boc-6-Chloro-7-methylspirotchromene-2,4'-piperidin]-
4(3H)-one, 91%, 1H NMR (CDCI3) d 7.79 (s, 1H), 6.87
(s, 1H), 3.88 (m, 2H), 3.17 (m, 2H), 2.66 (s, 2H),
2.42 (m, 1H), 2.36 (s, 3H), 1.98 (m, 2H), 1.58 (m,
2H), 1.44(s, 9H). To a solution of
N-Boc-6-chloro-7-methylspiro[chromene-2,4'-piperidin]-
4(3H)-one (60 mg, 0.16 mmol) in MeOH ( 1 mL) was added
4 N HCI in dioxane (0.40 mL). The mixture was stirred
at room temperature for 4 hours. The mixture was
concentrated to afford
6-chloro-7-methylspiro[chromene-2,4'-piperidin]-
4(3H)-one hydrochloride which was used without further
purification (50 mg, 100%), 266 (ES+) Spirocvclic
Ketone Preparation 4
5,6,7-Trimethoxyspirofchromene-2.4'-piperidin1-4(3H)-o
ne To a solution of
1-(6-hydroxy-2,3,4-trimethoxyphenyl)ethanone (452 mg,
2.0 mmol) in benzene (2 mL) was-added-terUbutyl
4-oxopiperidined-carboxylate (438_mg, 2.2 mmol) and
.pyrrolidine (0.2 mL, 2 mmol). The mixture was heated
at reflux overnight. The mixture was cooled to room
temperature, concentrated and purified by Biotage
chromatography (15% acetone/heptane) to afford
N-Boc-5,6,7-trimethoxyspiro-
[chromene-2,4'-piperidin]-4(3H)-one as a yellow-brown
solid (203 mg, 33%), 308 (ES+). To a solution of
N-Boc-5,6,7-trimethoxyspiro[chromene-2,4'-piperidin]-4
(3H)-one (60 mg, 0.15 mmol) irTmetr aridT(1 mil) was
acfded 4 NH CI irfdioxane (0.40 mC)7The mixture was
stirred at room temperature for 4 hours. The mixture
was concentrated to afford
5,6,7-trimethoxyspiro[chromene-2,4'-
piperidin]-4(3H)-one hydrochloride which was used
without further purification (53 mg, 100%), 308 (ES+).
Spirocvclic Ketone Preparation 5
6-Chloro-5-methoxyspirofchromene-2.4'-piperidin1-4(3H)
-one To a solution of 2-hydroxy-6-methoxyacetophenone
(500 mg, 3.0 mmol) in diethyl ether (4.5 mL) at 0 0C
was added sulfuryl chloride (0.27 mL, 3.4 mmol) drop
wise. The resulting mixture was heated at reflux for 4
hours before cooling to room temperature. The diethyl
ether solution was washed twice with water, the
organic phase was separated and concentrated. The
material was purified by Biotage chromatography (40 S
column, 6% acetone/heptane) to provide
1-(3-chloro-6-hydroxy-2- methoxyphenyl)ethanone as a
yellow liquid (563 mg, 93%). ES- m/z 199 (M-, 100%),
1H NMR (CDCI3) d 12.68 (s, 1H), 7.41 (d, J=9.2, 1H),
6.72 (d, J=9.2, 1H), 3.92 (s, 3H), 2.74 (s, 3H).To a
solution of 1-(3-chloro-6-hydroxy-2-methoxyphe
pyl)ethanone (563 mg, 2.8 mmol) in methanol (3 mL) was
added tert-butyl 4-oxopiperidine-i-carboxylate (623
mg, 3.13 mmol) and pyrrolidine (0.24 ml_, 2.9 mmol).
The mixture was heated at reflux overnight. The
mixture was cooled to room temperature, concentrated
and purified by Biotage chromatography (7 - 10%
acetone/heptane) to afford N-Boc-6-
chloro-5-methoxyspiro[chromene-2,4'-piperidin]-4(3H)-o
ne as a red solid (670 mg, 63%), 1H NMR (CDCI3) d 7.45
(d, J=9, 1H)16.74 (d, J=9, 1H), 3.88 (s, 3H), 3.18 (m,
3H), 2.68 (s, 3H), 2.43 (t, J=5, 1H), 1.97 (br d,
J=13, 2H), 1.60 (m, 4H), 1.44 (s, 9H). To a solution
of
N-Boc-6-chloro-5-methoxyspiro[chromene-2,4'-piperidin]
-4(3H)-one (64 mg, 0.17 mmol) in MeOH ( 1 mL) was
added 4 N HCI in dioxane (0.40 mL). The mixture was
stirred at room temperature for 3 hours. The mixture
was concentrated to afford
6-chloro-5-methoxyspiro[chromene-2,4'- 



piperidin]-4(3H)-one which was used without further
purification (56 mg; 100%), 282 (ES+). Spirocyclic
Ketone Preparation 6 Methyl
4-oxo-3,4-dihvdrospirorchromene-2,4'-piperidin1-6-carb
oxylate hydrochloride (Step 1) To a solution
1-(5-bromo-2-hydroxyphenyl)ethanone (2.0 g, 9.3 mmol)
in methanol (20 mL) was added pyrrolidine (0.8 mL, 9.6
mmol) and tert-butyl 4-oxopiperidine-1-carboxylate
(1.91 g, 9.6 mmol). The mixture was stirred at room
temperature overnight. The reaction mixture was
concentrated and purified by Biotage chromatography
(4OM column, 8% - 20% ethyl acetate/heptane gradient)
to provide tert-butyl 6-bromo-4-oxo-3,4-dihydro-1
H-spiro[chromene-2,4 -piperidine]-1 -carboxylate as a
yellow solid (3.09 g, 84%). 1H NMR (CDCI3) d 7.96 (d,
J=2.5, 1H), 7.56 (dd, J=8.7, 2.5, 1H), 6.89 (d, J=8.7,
1H), 2.70 (s, 2H), 1.44 (s, 9H). (Step 2) To a
solution of tert-butyl 6-bromo-4-oxo-3,4-dihydro-1
H-spiro[chromene-2,4 -piperidine]-1 - carboxylate (0.8
g, 2 mmol) in methanol (60 mL) was added triethylamine
(0.32 mL) and dichlorobis(triphenylphosphine)palladium
Il (144 mg, 0.21 mmol). The mixture was heated at 80
0C under --SO-psi-earbon-monQxide-for-2-days. -The
mixture was cooled to room temperature, filtered
through diatomaceous earth and purified by Biotage
chromatography (40 S column, 15% EtoAc/heptane) to
yield N-Boc Methyl
4-oxo-3,4-dihydrospiro[chromene-2,4'-piperidin]-6-carb
oxylate as a yellow solid (677 mg, 90%). 1H NMR
(CDCI3) d 8.55 (d, J=2.1, 1H), 8.16 (dd, J=8.8, 2.1,
1H), 7.04 (d, J=8.7, 1H), 3.90 (s, 3H), 2.76 (s, 2H),
1.46 (s, 9H). (Step 3) To a solution of N-Boc Methyl
^-oxo-S.^-dihydrospirotchromene^ '-piperidinJ-
-carboxylate (225 mg, 0.60 mmol) in methanol (4 mL)
was added 4 N HCI in dioxane (1.5 ml). The mixture was
stirred at room temperature for 3 hours, concentrated
to yield the title compound as a yellow solid (195 mg,
100%). MS (ACPI) m/z 276 (M+H)+, HPLC Retention Time
("RT") 1.0 minutes. Spirocyclic Ketone Preparation 7 1
-(Tert-butoxycarbonv
p-4-oxo-3.4-dihvdrospirofchromene-2,4'-piperidin]-6-ca
rboxylic acid To a solution of N-Boc methyl
4-oxo-3,4-dihydrospiro[chromene-2,4'-piperidin]-6-carb
oxylate, from Spiroketone Preparaton 6, (375 mg, 1.0
mmol) in methanol/water (1:1 ratio, 5 mL) was added
lithium hydroxide (49 mg). The mixture was heated at
50 0C for 2 hours before cooling to room temperature.
The mixture was concentrated, diluted with water and
acidified with KHSO4 to pH 3. The precipitate that
formed was extracted with EtOAc, dried over Na2SO4,
filtered and concentrated to provide the titlecompound
as a yellow solid (260 mg, 72%). MS (ACPI) m/z 360
(M-H)", HPLC RT 2.4 minutes. 1H NMR (CDCI3) d 8.63
(2.0, 1H), 8.20 (dd, J=8.7, 2.5, 1H), 6.69 (d, J=8.8,
1H), 2.76 (s, 2H), 1.45 (S19H). Spirocvclic Ketone
Preparation 8
6-(Pyrrolidin-1-ylcarbonyl)spirorchromene-2,4-piperidi
n1-4(3H)-one (Step 1) To a solution of 1
-(tert-butoxycarbonyO^-oxo-S^-dihydrospirofchromene^^'
-piperidinJ- d- carboxylate (54 mg, 0.15 mmol) in
CH2CI2 ( 1 mL) was added pyrrolidine (17 mg, 20 mL,
0.24 mmol), O-(7-
azabenzotriazol-i-yO-N.N.N'.N'-tetramethyluronium
hexafluorophosphate (HATU) (60 mg, 0.16 mmol) and
triethylamine (50 mL, 0.36 mmol). The mixture was
stirred at room temperature overnight. The mixture was
then concentrated and the crude material was dissolved
in EtOAc, washed with water and the organic extract
was concentrated to yield the title compound as a
sticky gum that was used as is without further
purification (79 mg)rMS (ACPI) m/z 415 (M+H)+, HPLC RT
2.3 minutes. (Step 2) To a solution of tert-butyl
4-oxo-6-(pyrrolidin-1-ylcarbonyl)-3,4-dihydro-1
H-spiro[chromene- 2,4 -piperidine]-1-carboxylate (62
mg, 0.15 mmol) in methanol (0.5 mL) was added 4 N HCI
in dioxane (0.15 mL). The mixture was stirred at room
temperature for 2 hr and triethylamine (80 mL) was
added to neutralize the acid and the mixture was
concentrated to provide the crude product which was
used without further purification. MS (ACPI) m/z 315
(M+H)+, HPLC RT 0.3 minutes. Spirocvclic Ketone
Preparation 9
N-lsopropyM-oxo-S^-dihydrospirorchromene^^-piperidinei
-e-carboxylate Following the procedure described in
Spirocyclic Ketone Preparation 8, substituting
isopropylamine, afforded tert-butyl 6-[(isopro
rylamino)carbonyl]-4-oxo-3,4-dihydro-1
H-spiro[chromene-2,4-piperidine]-1 - carboxylate as a
gum that was used without further purification (89
mg). MS (ACPI) m/z 403 (M+H)+, HPLC RT 2.5 minutes.
rhe-title-compound-was-prepared from-tert-butyl
6-[(isopropylamino)carbonyl]-4-oxo-3,4-dihydro-1
Hspiro[ chromene-2,4 -piperidine]-1 -carboxylate as
described in Spirocyclic Ketone Preparation 8(step 2).
MS (ACPI) m/z 303 (M+H)+, HPLC RT 0.6 minutes.
Spirocvclic Ketone Preparation 10 N.N-PimethyM-oxo-S
-dihvdrospirofchromene^ -piperidinel-e-carboxylate
hydrochloride Following the procedure described in
Spirocyclic Ketone Preparation 8, substituting
dimethylamine, afforded tert-butyl
6-[(dimethylamino)carbonyl]-4-oxo-3,4-dihydro-1
H-spiro[chromene-2,4-piperidine]-1 - carboxylate as a
yellow solid that was used without further
purification (58 mg). MS (ACPI) m/z 389 (M+H)+, HPLC
RT 2.2 minutes. The title compound was prepared from
tert-butyl
6-[(dimethylarnino)carbony!]-4-oxo-3,4-dihydro-1
Hspiro[ chromene-2,4 -piperidine]-1 -carboxylate as
described in Spirocyclic Ketone Preparation 8 (step
2), 



except no triethylamine was added. MS (ACPI) m/z 289
(M+H)+, HPLC RT 0.2 minutes. Spirocvclic Ketone
Preparation 11 6-fMorpholin-4 'lcarbonyl)spiro|
chrornene-2,4 -piperidin1-4(3H)-one Following the
procedure described in Spirocyclic Ketone Preparation
8, substituting morpholine, afforded tert-butyl
6-(morpholin-4-ylcarbonyl)-4-oxo-3,4-dihydro-1
H-spiro[chromene-2,4-piperidine]-1 -carboxylate as a
yellow solid that was used without further
purification (56 mg). MS (ACPI) m/z 431 (M+H)+, HPLC
RT 2.3 minutes. The title compound was prepared from
tert-butyl
6-(morpholin-4-ylcarbonyl)-4-oxo-3,4-dihydro-1 Hspiro[
chromene-2,4 -piperidine]-1 -carboxylate as described
in Spirocyclic Ketone Preparation 8 (step 2), except
no triethylamine was added. MS (ACPI) m/z 331 (M+H)+,
HPLC RT 0.3 minutes. Spirocvclic Ketone Preparation 12
N-Methyl^-oxo^^-dihydrospirorchromene^ -piperidinel-
-carboxylamide Following the procedure described in
Spirocyclic Ketone Preparation 8, substituting
methylamine, afforded tert-butyl
6-[(methylamino)carbonyl]-4-oxo-3,4-dihydro-1
H-spiro[chromene-2,4 -piperidine]-1 - carboxylate as a
yellow solid that was used without further
purification (52 mg). MS (ACPI) m/z 375 (M+H)+, HPLC
RT 1.8 minutes. The title compound was prepared from
tert-butyl
6-[(methylamino)carbonyl]-4-oxo-3,4-dihydro-1 Hspiro[
chromene-2,4 -piperidine]-1 -carboxylate as described
in Spirocyclic Ketone Preparation 8 (step 2). MS
(ACPI) m/z 275 (M+H)+, HPLC RT 0.3 minutes.
Spirocvclic Ketone Preparation 13
4-Oxo-3,4-dihydrospirorchromene-2,4-piperidine1-6-carb
oxylamide A vial was charged with N-Boc methyl
4-oxo-3,4-dihydrospiro[chromene-2,4'-piperidin]-6-carb
oxylate (56 mg, 0.15 mmol), prepared as described in
Spirocyclic Ketone Preparation 6 (step 2), and
ammonium hydroxide (1 mL). The mixture was heated at
65 0C overnight. The reaction mixture was cooled to
room temperature and concentrated to yield tert-butyl
6-(aminocarbonyl)-4-oxo-3,4-dihydro-1 Hspiro[
chromene-2,4-piperidine]-1 -carboxylate (56 mg, 100%).
MS (ACPI) m/z 361 (M+H)+. The title compound was
prepared from tert-butyl
6-(aminocarbonyl)-4-oxo-3,4-dihydro-1 Hspiro[
chromene-2,4 -piperidineM MS (ACPI) m/z 261 (M+H)+,
HPLC RT 1.1 minutes. .___ _ Spirocvclic Ketone
Preparation 14
6-lsopropoxyspirorchromene-2,4'-piperidin1-4(3H)-one
hydrochloride A solution of
1-(2,5-dihydroxyphenyl)ethanone (3.82 g, 25.1 mmol),),
tert-butyl 4-oxopiperidine-1- carboxylate (5.0 g, 25.1
mmol) and pyrrolidine (2.1 mL, 25.1 mmol) in methanol
(100 mL). The mixture was heated at 60 0C for 2 days
before concentrating and purifying by Biotage
chromatography to provide tert-butyl
6-hydroxy-4-oxo-3,4-dihydro-1'H-spiro[chromene-2,4'-pi
peridine]-1 '-carboxylate as a yellow solid (7.80 g,
93%). A mixture of tert-butyl
6-hydroxy-4-oxo-3,4-dihydro-1
'H-spiro[chromene-2,4'-piperidine]-1 '-carboxylate
(1.00 g, 3.00 mmol), acetone (5.0 mL), isopropyl
iodide (3.06 g, 1.80 mL, 18 mmol), and K2CO3 (1.24 g,
9.0 mmol) was heated in a sealed tube at 70 0C
overnight. The solids were removed by vacuum
filtration and the filtrate was concentrated. The
residue was purified by Biotage chromatography to
provide tertbutyl
6-isopropoxy-4-oxo-3,4-dihydro-1'H-spiro[chromene-2,4'
-piperidine]-1 '-carboxylate (890 mg, 79%). A mixture
of tert-butyl
6-isopropoxy-4-oxo-3,4-dihydro-1'H-spiro[chromene-2,4'
-piperidine]-1'- carboxylate (890 mg, 2.37 mmol),
methanol (5.0 mL), and cone. HCI was stirred at room
temperature overnight to provide
6-isopropoxyspiro[chromene-2,4'-piperidin]-4(3H)-one
hydrochloride (750 mg, 100%).Spirocyclic Ketone
Preparation 15 -Ethoxyspirorchromene-
^'-piperidinMOHVone hydrochloride . . ' . A mixture of
tert-butyl 6-hydroxy-4-oxo-3,4-dihydro-1
'H-spirofchromene^^'-piperidineH'-carboxylate (1.00 g,
3.00 mmol), prepared as described in Spirocyclic
Ketone Preparation 14, acetone (5.0 ml_), iodoethane
(2.81 g, 1.45 mL, 18 mmol), and K2CO3 (1.24 g, 9.0
mmol) was heated in a sealed tube at 70 0C overnight.
The solids were removed by vacuum filtration and the
filtrate was concentrated. The residue was purified by
Biotage chromatography to provide tert-butyl
6-ethoxy-4-oxo-3,4-dihydro-1'Hspiro[
chromene-2,4'-piperidine]-1'-carboxylate (1.00 g,
92%). A mixture of tert-butyl
6-ethoxy-4-oxo-3,4-dihydro-1 H
-spiro[chromene-2,4'-piperidine]-1 '-carboxylate (1.00
g, 2.77 mmol), methanol (5.0 mL), and cone. HCI was
stirred at room temperature overnight to provide
6-ethoxyspiro[chromene-2,4'-piperidin]-4(3H)-one
hydrochloride (830 mg, 100%). Spirocvclic Ketone
Preparation 16
5-Chloro-7-methoxyspirofchromene-2,4'-piperidin1-4(3H)
-one Hydrochloride To 3-chloro-5-methoxyphenol (4.00
g, 25.2 mmol) was added acetyl chloride (9.0 mL, 5.0
mmol) and the mixture was heated at 60 C overnight.
The acetyl chloride was removed under reduced pressure
and AICI3 (1.96 g, 14.7 mmol) was added and the
mixture was heated at 180 0C for 1 hour. The reaction
mixture was cooled to room temperature. To this was
slowly added 38% HCI/water (30 mL/100 mL) and stirred
vigorously for 4 h. The mixture was filtered to obtain
a mixture of 1-(2-chloro-6-hydroxy-4-
methoxyphenyl)ethanone and
1-(4-chloro-2-hydroxy-6-methoxyphenyl)ethanone (5.38
g). 



To a mixture of
1-(2-chloro-6-hydroxy-4-methoxyphenyl)ethanone and
1-(4-chloro-2-hydroxy-6- methoxyphenyl)ethanone (5.38
g, 26.8 mmol), tert-butyl
4-oxopiperidine-1-carboxylate (5.34 g, 26.8 mmol),
methanol (100 mL), pyrrolidine (1.9 g, 2.2 mL, 27
mmol). The mixture was heated at 60 0C overnight. The
solvents were removed under reduced pressure and
purified by CombiFlash(r) [Silica chromatography] to
obtain tert-butyl
7-chloro-5-methoxy-4-oxo-3,4-dihydro-1'H-spiro[chromen
e-2,4'- piperidine]-1'-carboxylate (2.32 g) and
tert-butyl
5-chloro-7-methoxy-4-oxo-3,4-dihydro-1'Hspiro[
chromene-2,4'-piperidine]-1'-carboxylate (1.40 g). A
mixture of tert-butyl
5-chloro-7-methoxy-4-oxo-3,4-dihydro-1
'H-spiro[chromene-2,4'-piperidine]-1 '- carboxylate
(500 mg, 1.31 mmol) in methanol (5.0 mL) and cone. HCI
(6.6 mL) was stirred at room temperature overnight.
The reaction mixture was concentrated to obtain the
title product (425 mg, 100%). Spirocvclic Ketone
Preparation 17
7-Chloro-5-methoxyspirofchromene-2.4'-piperidin1-4(3H)
-one A solution of tert-butyl
7-chloro-5-methoxy-4-oxo-3,4-dihydro-1 H
-spiro[chromene-2,4'-piperidine]-1 '- carboxylate
(prepared as described in Spirocyclic Ketone
Preparation 16) (500 mg, 1.31 mmol) in methanol (5.0
mL) containing concentrated HCI (6.6 mL) was stirred
at room temperature overnight. The reaction mixture
was concentrated to provide the title compound (420
mg, 100%).Spirocvclic Ketone Preparation 18
7-Methoxy-5-methylspirofcrtromene-2,4'-piperidinl-4(3H
)-one hydrochloride To a solution
1-(2-hydroxy-4-methoxy-6-methylphenyl)ethanone (0.81
g, 4.5 mmol) in methanol (15 mL) was added pyrrolidine
(0.38 mL, 4.5 mmol) and tert-butyl
4-oxopiperidine-T-carboxylate (896 mg, 4.5 mmol). The
mixture was stirred at 60 0C overnight. The solvents
were removed and the residue was purified by
CombiFlash(r) [Silica chromatography] to obtain
tert-butyl 7-methoxy-5-methyl-4-oxo-3,4-
dihydro-1'H-spiro[chromene-2,4'-piperidine]-1'-carboxy
late (960 mg, 59%). To a mixture of tert-butyl
7-methoxy-5-methyl-4-oxo-3,4-dihydro-1'H-spiro[chromen
e-2,4'-piperidine]- 1'-carboxylate (960 mg, 2.66 mmol)
in methanol (5.0 mL) was added 2 M HCI (13.3 mL). The
mixture was stirred at room temperature overnight and
then concentrated to obtain the title product (780 mg,
99%). Spirocvclic Ketone Preparation 19
Spirofchromene-2,4'-piperidin1-4(3H ')-one A solution
of 1-(2-hydroxyphenyl)ethanone (100 g, 0.74 mol),
tert-butyl 4-oxopiperidine-1-carboxylate (146 g, 0.74
mol) and.pyrrolidine (61 mL, 0.74 mol) in methanol
(600 mL) was stirred for 24 hours and evaporated. The
residue was subjected to chromatography (hexane/ethyl
acetate 100:0-" 90:10) on silica gel to afford
N-Boc-Spiro[chromene-2,4'-piperidin]-4(3H)-one in 97%
(225 g) yield, 218 (M-Boc; ES+). Neat trifluoroacetic
acid (80 mL) was added to a solution of
[N-Boc-Spiro[chromene-2,4'-piperidin]- 4(3H)-one
ortert-Butyl
4-Oxo-3,4-dihydro-1'H-spiro[chromene-2,4'-piperidine]-
1'-carboxylate] (40 g, 0.126 mol) in dichloromethane
(250 mL). The solution was then stirred overnight and
then evaporated. Water (about 300 mL) was added to the
residue, and the obtained solution was made alkaline
with 10 N NaOH to pH about 14. The product was then
extracted with chloroform. The extract was dried over
Na2SO4 and evaporated to give
spiro[chromene-2,4'-piperidin]-4(3H)-one in 93.7%
(25.6 g) yield, 218 (ES+) _ _-. Spirocvclic- Ketone
Preparation 20
7-Fluorospirorchromene-2,4'-piperidin1-4(3H)-one
Hydrochloride Hydrate A solution of
1-(4-fluoro-2-hydroxyphenyl)ethanone (200 g, 1.3 mol),
tert-butyl 4-oxopiperidine-1- carboxylate (258 g, 1.3
mol) and pyrrolidine (108 mL, 1.3 mol) in methanol
(800 mL) was stirred for 24 hours and then evaporated.
Next the residue was dissolved in ethyl acetate,
washed with water, 0.5 N HCI, NaH O3 s [ntioTi nd
s^tu7ate3 aqueous NaCI and passed through a thinTayef
f Siq 2 and Na2SO . The filtrate was evaporated, and
the residue was washed with hexane/ethyl acetate (9:1)
mixture and subjected to chromatography
(hexane/ethylacetate 90:10-" 80:20) to afford N-Boc-7-
Fluorospiro[chromene-2,4'-piperidin]-4(3H)-one in 33%
(144 g) yield, 236 (M-Boc; ES+). HCI (90 mL) was added
to a solution of
N-Boc-7-Fluorospiro[chromene-2,4'-piperidin]-4(3H)-one
] (44.2 g, 0.132 mol) in isopropanol (150 mL), and the
obtained mixture was refluxed for 3 hours. After this,
the mixture was evaporated, and the residue was
co-evaporated twice with isopropanol, washed with
ether and dried to give
7-fluorospiro[chromene-2,4'-piperidin]-4(3H)-one
hydrochloride hydrate in 99% (35.8 g) yield, 236
(API+). Spirocvclic Ketone Preparation 2 1
6-Methylspirofchrome ne-2.4'-piperidin1-4(3H)-oneA
solution of 1-(2-hydroxy-5-methylphenyl)ethanone (100
g, 0.67 mol), tert-butyl 4-oxopiperidine-1-
carboxylate (133 g, 0.67 mol) and pyrrolidine (55.8
mL, 0.67 mol) in methanol (600 mL) was stirred for 24
hours and filtered. The separated crystals were washed
with hexane/ethyl acetate (9:1) mixture, then refluxed
with hexane (150 mL) and separated by filtration
again. The crystals were finally dried to give
tert-butyl
e-methyl^-oxo-S^-dihydro-i'H-spirotchromene^^'-piperid
ineJ-i'-carboxylate in 89% (195.5 g) yield. 1H NMR
(DMSO-d6) d 7.48 (s, 1H), 7.36 (dd, J=3, 8, 1H), 6.94
(d, J=8, 1H)1 3.67 (m, 2H), 3.08 (m, 2H), 2.76 (s,
2H), 2.23 (s, 3H), 1.82 (m, 2H), 1.56 (m, 2H), 1.36
(s, 9H). Neat trifluoroacetic acid (80 mL) was added
to a solution of tert-butyl
6-methyl-4-oxo-3,4-dihydro-1'Hspiro[
chromene-2,4'-piperidine]-1'-carboxylate (40 g, 0.12
mol) in dichloromethane (300 mL). The 



obtained solution was stirred overnight and then
evaporated. Water (200 mL) and chloroform (200 mL)
were then added to the residue, and the obtained
solution was made alkaline with 19 N NaOH to about pH
12. The product was then extracted with chloroform.
The extract was passed through a layer of SiO2 and
Na2SO4 and evaporated to give
6-methylspiro[chromene-2,4 -piperidin]-4(3H)-one in
96% (26.7 g) yield, 232 (ES+). Spirocvclic Ketone
Preparation 22
6.7-Dimethylspirorchromene-2.4'-piperidin1-4(3H)-one
1-(2-Hydroxy-4,5-dimethylphenyl)ethanone (150 g, 0.914
mol) and pyrrolidine (76.3 mL, 0.914 mol) in methanol
( 1 L) were stirred for 15 minutes. Then tert-butyl
4-oxopiperidine-1-carboxylate (182.2 g, 0.914 mol) was
added and the mixture was stirred for 24 hours. The
formed precipitate was separated by filtration, washed
with hexane and dried to give 245 g of pure tert-butyl
6,7-dimethyl-4-oxo-3,4-dihydro-
1'H-spirofchromene-2,4'-piperidine]-1'-carboxylate.
The combined filtrates were evaporated, and the
residue was crystallized from some hexane to give an
additional portion (21 g) of product. The total yield
was 77.1% (266 g). 1H NMR (CDCI3) d 7.58 (s, 1H), 6.76
(s, 1H), 3.84 (br d, J=13, 2H), 3.18 (m, 2 H),
_2J64_(S,.2H),_Z25_(S,JH),
2J.9Js,AH),l,99Jbrji,JrJ2,_2H), 1.59.(m, 2H),. 1.44
(s, 9H), 344 (API-). Neat trifluoroacetic acid (80 mL)
was added under cooling with cold water to tert-butyl
6,7-dimethyl-4- oxo-3,4-dihydro-1 H
-spiro[chromene-2,4'-piperidine]-1'-carboxylate (50 g,
0.145 mol) in dichloromethane (300 mL). The mixture
was stirred at room temperature overnight and then the
volatiles were evaporated. The residue was dissolved
in water and the aqueous layer washed twice with
ether, then made alkaline Witl f NaOH to about pH 14.
The product was extracted with CHCI3, dried (Na2SO ),
and concentrated to afford the product (27.9 g;
78.6%). 1H NMR (DMSO-d6) d 7.49 (s, 1H), 6.94 (s, 1H),
3.34 (br s, 6 H), 3.95 (br d, J=12, 1H), 3.82 (t,
J=12, 1H), 2.82 (s, 1H), 2.24 (s, 2H), 2.18 (s, 2H),
2.59 (d, J=15, 1H), 2.34 (t, J=1 1, 1H). LC/MS API+
246 (MH+). Spirocvclic Ketone Preparation 23
6-Chlorospirorchromene-2,4'-piperidin1-4(3H)-one A
solution of 1-(5-chloro-2-hydroxyphenyl)ethanone (ASDI
Inc., Newark, DE) (103.9 g, 0.609 mol), tert-butyl
4-oxopiperidine-1-carboxylate (2; 121.2 g, 0.609 mol)
and pyrrolidine (50.8 mL, 0.609 mol) in methanol (500
mL) was stirred for 24 h, and then the precipitated
crystals were separated by filtration and washed with
hexane/ethyl acetate (9:1) mixture. Then hexane (150
mL) was added, and the obtained mixture was refluxed
and then filtered. The separated crystals were dried
to give N-Boc-6-chlorospiro-
[chromene-2,4'-piperidin]-4(3H)-one in 72% (153 g)
yield.Neat trifluoroacetic acid (80 mL) was added to a
solution of N-Boc-6-chlorospiro[chromene-2,4'-
piperidin]-4(3H)-one (50 g, 0.14 mol) in
dichloromethane (300 mL). The mixture was stirred for
24 hours and then evaporated. Water (200 mL) and
chloroform (200 mL) were added to the residue, and the
obtained mixture was made alkaline with 19 N NaOH to
about pH 12. The product was extracted with
chloroform. The extract was passed through a thin
layer of SiO2 and Na2SO4 to give 6-
chlorospiro[chromene-2,4'-piperidin]-4(3H)-one in 88%
(30.8 g) yield, 252/254 (ES+). Spirocyclic Ketone
Preparation 24
5-Methoxyspirofchromene-2.4'-piperidinl-4(3H)-one
1-(2-Hydroxy-6-methoxyphenyl)ethanone (40.5 g, 0.244
mol) and pyrrolidine (20.3 mL, 0.244 mol) in methanol
(250 mL) were stirred for 15 minutes, and then
tert-butyl 4-oxopiperidine-1-carboxylate (48.6 g,
0.244 mol) was added. The mixture was stirred for a
further 24 hours and filtered. The separated
precipitate was washed with hexane and dried to give
N-Boc-5-methoxyspiro[chromene-2,4'-piperidin]-
4(3H)-one in 83.5% (70.7 g) yield, 248 (M-Boc; ES+)
Neat trifluoroacetic acid (80 mL) was added to
N-Boc-5-methoxyspiro[chromene-2,4'-piperidin]-4(3H)-
one (50 g, 0.144 mol) in dichloromethane (200 mL), and
the mixture was stirred at room temperature ...
overnight and then evaporated. The residue was diluted
with water (500 mL) and made alkaline with 10 N NaOH
to pH 14. The product was extracted with chloroform,
and the extract was dried over Na SO4 and evaporated.
The residue was subjected to chromatography
(chloroform/rnethanol/triethylamine 100:0:0-" 91:9
0:86:14) on silica gel to give
5-methoxyspiro[chromene-2,4'-piperidin]-4(3H)-one in
84.7% (30 g) yield, 248 (ES+). Spirocvclic Ketone
Preparation 25 To a mixture of an
ortho-hydroxyacetophenone or 2-hydroxybenzamide and
pyrrolidine (0.75 to1 equivalents) in a suitable
solvent,- such-as-methanol, benzene or toluene, was
added tert-butyl 4- oxopiperidine-1-carbDxylate ( 1
equivalent) and the mixture stirred 18-48 hours at a
temperature between room temperature and reflux.
Product was isolated by filtration, optionally
purified via silica . chromatography following an
aqueous workup. At room temperature, a solution of
N-Boc-spiro[chrornene-2,4'-piperidin]-4(3H)-one in a
suitable solvent, such as dichloromethane, dioxane or
methanol, was treated with a suitable acid, such as
trifluoroacetic acid or 4 N HCI in dioxane, until the
reaction was complete. The volatiles were evaporated
to provide the salt of the desired product. The
product was carried on as the salt form or, when the
free base was prepared, it was done by dissolving the
residue in water washing the aqueous layer with ether,



rendering the aqueous phase basic with NaOH to pH
about 14. The product was extracted with CHCI3, dried
(Na2SO4) , and concentrated afford the free base of
the desired product. Using this method, spirocyclic
ketones were prepared from the following commercially
available orthohydroxyacetophenones:
2'-hydroxy-4'-methylacetophenone (Sigma-Aldrich, St.
Louis, MO), 1-(4-chloro-2- hydroxy-phenyl)ethanone
(Wako Pure Chemical Industries, Ltd., Osaka, Japan),
1-(3-hydroxy-biphenyl-4- yl)ethanone (Bradsher, C. K.;
et al, J. Am. Chem. Soc. 1954, 76, 2357-2362),
1-(2-hydroxy-3,5-dimethylphenyl) ethanone (Oakwood
Products, Inc., West Columbia, SC),
1-(2-hydroxy-5-trifluoromethoxyphenyl) ethanone
(Apollo Scientific Ltd., Cheshire, UK),
3-acetyl-4-hydroxy-benzonitrile (Ramidus AB, Lund,
Sweden), 4',5'-dimethoxy-2'-hydroxyacetophenone
(Indofine Chemical Company, Inc.,Hillsborough, NJ),
1-(3,5-dichloro-2-hydroxyphenyl)ethanone (ASDI Inc.,
Newark, DE), 3-acetyl-4- hydroxybenzoic acid
(Princeton BioMolecular Research Inc., Monmouth
Junction, NJ), 1-(2-hydroxy-5-
(methylsulfonyl)phenyl)ethanone (CiventiChem, Research
Triangle Park.NC), and 1-(2-hydroxy-5-
isopropylphenyl)ethanone (AstaTech, Inc., Bristol,
PA). In addition, the following
ortho-hydroxyacetophenones, which were prepared as
described below, were used to prepare spirocyclic
ketones, using the method of Spirocyclic Ketone
Preparation 25
4'-chloro-2'-hydroxy-5'-methylacetophenone,
4'-chloro-2'-hydroxyacetophenone, d'-dichloro^ 1-
hydroxyacetophenone, 4-acetyl-3-hydroxy-benzonitrile,
1-(2-hydroxy-5-trifluoromethyl-phenyl)ethanone,
1-(5-chloro-4-f luoro-2-hydroxyphenyl)ethanone,
1-(4-chloro-5-f luoro-2-hydroxyphenyl)ethanone, 1-(5-
bromo-2-hydroxy-4-methy!phenyl)ethanone,
1-(2,4-dichloro-6-hydroxyphenyl)ethanone,
1-(3-chloro-6- hydroxy-2,4-dimethylphenyl)ethanone,
and 1-(2-fluoro-6-hydroxy-3-methoxyphenyl)ethanone.
Ortho-Hydroxyacetophenones Ortho-hydroxyacetophenones,
which were used to prepare exemplified compounds of
the present invention, were prepared using the method
of one of the following Hydroxyacetophenone
Preparations 1- 6. Ortho-Hvdroxyacetophenone
Preparation 1
1-(4-chloro-2-hvdroxy-5-methylphenyl)ethanone To
3-chloro-4-methylphenol (1.97 g, 13.8 mmol) was added
acetyl chloride. (1.1 5 g, 1.04 mL, 14.6 mmol) and the
resulting mixture was heated at 60 C for 2 hours. To
this was added AICI3 (1.84 g, 13.8 mmol) and the
mixture was heated at 180 C for 30 minutes. The
reaction mixture was then cooled to room temperature
and slowly quenched with 38% HCI/water (8 mL/17 mL)
and stirred for 30 minutes. The solids were removed by
filtration, with water, concentrated and dried to
afford the title compound as a yellow _so|icL(1 .97 g,
77%). 1H NMR (CDCI 3) d 11.21 (s, 1 H), 7.54 (s, 1 H),
7.00 (s, 1 H), 2.59 (s, 3 H), . 2.32 (s, 3 H). .
Ortho-Hydroxyacetophenone Preparation 2
1-(2-Hvdroxy-5-trifluorornethyl-phenyl)ethanone A '
mixture~or4-trifluoromethyl-2 -bromophenol (T.OO g
4715 nfmol): toluene (20TnL), (1- .
ethoxyvinyl)tributyl stannane (1.65 g, 4.56 mmol) and
dichlorobis (triphenylphoshine)palladium (146 mg,
0.207 mmol) was heated at 100 0C overnight before
cooling to room temperature. T o this mixture was
added 1 N HCI (6 mL) and. the mixture was then
vigorously stirre for about 90 minutes. The organic
phase was washed with water (30 mL), saturated aqueous
NaCI, dried over Na2SO4, filtered and concentrated to
obtain a black oil. The product was purified by
Biotage chromatography (EtOAc/heptane gradient) to
obtain the title compound as a pale yellow oil (335
mg, 39.5%). Ortho-Hvdroxyacetophenone Preparation 3
1-(2-hvdroxy-6-methoxy-4-methylphenyl)ethanone To a
solution of 5-methyl-cyclohexane-1,3-dione (1.01 g,
8.0 mmol) in CH2CI2 (15 mL) was added . triethylamine
(1.2 mL, 8.6 mmol) followed by acetyl chloride (0.6
mL, 8.4 mmol). The mixture was stirred at room
temperature for 3 hours before washing with water
(2x). The aqueous phase was back extractedwith EtOAc.
The combined organic extracts were concentrated and
purified by Biotage (4OS column, 15% acetone/heptane)
to provide 5-methyl-3-oxocyclohex-1-enyl acetate (1.2
g, 89%). A mixture of -methyl-S-oxocyclohex-i-enyl
acetate (1.2 g, 7.1 mmol), CH3CN (15 ml_),
triethylamine (2.1 mL) and sodium cyanide (7 mg, 0.1
mmol) was stirred at room temperature overnight. The
mixture was concentrated, re-dissolved in EtOAc and
acidified with 1 N HCI. The organic phase was isolated
, concentrated and purified by Biotage chromatography
(4OS column, 8% acetone/heptane) to afford 2-
acetyl-5-methylcyclohexane-1 ,3-dione (0.96 g, 96%). A
solution of 2-acetyl-5-methylcyclohexane-1 ,3-dione
(0.96 g, 5.7 mmol) in methanol (28 mL) containing
iodine (2.90 g, 11.4 mmol) was heated at reflux
overnight. The mixture was cooled to room temperature
and concentrated. The material was dissolved in CH2CI2
and washed with aqueous Na S2O3 and the aqueous phase
was back extracted with CH2CI2 (2x). The combined
organic extracts were - concentrated and purified by
Biotage chromatography (40 M column, 10%
acetone/heptane) to provide the title compound as a
pale yellow solid (550 mg, 53%).
Ortho-Hvdroxyacetophenone Preparation 4
1-(2-fluoro-6-hvdroxy-3-methoxyphenyl)ethanone To a
-78 0C solution of 1,4-dimethoxy-2-fluorobenzene (1.56
g, 10 mmol) in THF (15 mL) was added 



n-BuLi (5.0 mL of 2.5 M hexanes solution, 12 mmol).
The mixture was stirred for 30 minutes before slow .
addition of acetaldehyde (0.79 mL, 14 mmol). The
reaction mixture was stirred for an additional 30
minutes before the reaction was quenched by addition
of methanol and saturated aqueous NH4CI. The reaction
mixture was warmed to room temperature and extracted
with EtOAc. The organic extract was concentrated and
purified by Biotage chromatography (40 S column, 15%
acetone/heptane) to afford 1- (2-flu
ro-3,6-dimethoxyphenyl)ethanol (1.57 g, 79%). To an
ice cooled solution of
1-(2-fluoro-3,6-dimethoxyphenyl)ethanol (1.57 g, 7.84
mmol) in acetone C23 i n )j .as_slo y j d_JLQDes
r_eagej3tjpjp_aj_ed_by addition ofjLdJ. CrO3 InJ .6 mL
of concentrated H SO4 to 4.7 mL of ice cold water).
The mixture was stirred for 30 minutes before the
cooling bath was removed and addition of isopropanol
(2 mL). The resultant green precipitate was removed by
filtration through djatomaceous earth, and the
diatomaceous earth was washed with ethyl acetate
("EtOAc"). The filtrate was concentrated and
redissolved in EtOAc, washed with saturated aqueous
NaHCO3, saturated aqueous NaCI, concentrated, and
purified by Biotage chromatography (40 S column, 8%
acetone/heptane) to provide the title compound as a
yellow oil (1.06 g, 68%). Ortho-Hvdroxyacetophenone
Preparation 5 To a phenol was added an acetylation
reagent, such as acetyl chloride (1.0-2.0) or acetic
anhydride, and the reaction mixture stirred for 2-18
hours at a temperature between room temperature and
reflux. Excess acetylation reagent was removed in
vacuo, then the O-acetylated phenol was treated with
AICI3 (1.0-1.25 eq) and heated to a high temperature,
such as 180 C for 30-60 minutes. The reaction mixture
was then cooled, quenched with aqueous acid, and
filtered to afford the desired
orthohydroxyacetophenone. Hydroxyacetophenones were
prepared, using the method of Hydroxyacetophenone
Preparation 5, from commercially available reagents as
follows: 4-Acetyl-3-hydroxy-benzonitrile from 3-
hydroxybenzonitrile,
1-(5-chloro-4-fluoro-2-hydroxyphenyl)ethanone from
4-chloro-3-fluorophenol,1-(4-chloro-5-fluoro-2-hydroxy
rhenyl)ethanone from 3-chloro-4-fluorophenol,
1-(5-bromo-2-hydroxy-4- methylphenyl)ethanone from
4-bromo-3-methylphenol 1
1-(2,4-dichloro-6-hydroxyphenyl)ethanone from
3,5-dichlorophenol,
1-(3-chloro-6-hydroxy-2,4-dimethylphenyl)ethanone from
4-chloro-3,5- dimethylphenol.
Ortho-Hvdroxyacetophenone Preparation 6
1-(4,5-Dichloro-2-hvdroxyphenyl)ethanone To
3,4-dichlorophenol (2.00 g; 12.3 mmol) was added
acetyl chloride (1.02 g, 13 mmol) at room temperature,
and after 30 minutes the reaction mixture was heated
to 60 C for 45 minutes. AICI3 (1.64 g, 12.3 mmol) was
then added and the reaction mixture heated at 180 C
for 30 minutes. The reaction mixture was allowed to
cool and slowly quenched with 38% HCI/H2O (30 mL/100
mL), then stirred for 2.5 hours. The resultant
precipitate was filtered, washed with water, and dried
under high vacuum to obtain the product as an
off-white solid (2.07 g; 82% yield). 1H NMR (CDCI3) d
12.16 (s, 1H), 7.78 (s, 1H) 7.11 (s, 1H), 2.61 (s,
3H); LC-MS m/z @ 203, 205, 207 (ES-). Carboxylic Acids
The following commercially available carboxylic acids
were used to prepare exemplified compounds of Formula
(1) of the present invention:
2-ethyl-1-(3-methoxy-phenyl)-1H-benzoimidazole-5-carbo
xylic acid (DiscoveryLab Ltd., Russia),
1H-lndazole-5-carboxylic acid (Tyger Scientific, Inc.,
Ewing, NJ), 1Hlndazole- 6-carboxylic acid (Sinova
Inc., Bethesda, MD), 1-Methyl-1H-indole-5-carboxylic
acid (ASDI Inc., Newark, DE),
1H-Benzoimidazole-5-carboxylic acid (Infarmatik, Inc.,
Newark, DE),
2-Pyridin-2-yl-1H-benzoimidazole-5-carboxylic acid
(Aurora Fine Chemicals Ltd., Graz, Austria), 2-
Trifluoromethyl-1H-benzoimidazole-5-carboxylic acid
(Oakwood Products, Inc., West Columbia, SC), 2-
methyl-1H-benzoimidazole-5-carboxylic acid (Acros
Organics USA, Morris Plains, NJ), 1H-indazole-4-
carboxylic acid; 1H-indole-7-c arboxvlic acid (J & W
PharrhLab LLC, Morrisville, PA),
1H-indole-6-carboxylic acid (Sigma-Aldrich, St. Louis,
MO), i-methyl-IH-indole-4-carboxylic acid (Maybridge,
Cornwall, UK),
2-Pyridin-4-yl-3H-benzoimidazole-5-carboxylic acid
(Infarmatik, Inc., Newark, DE),
2-hydroxymethyl-1H-benzoimidazole-4-carboxylic acid
(Matrix Scientific, Columbia, SC), 1Hbenzoimidazole-
4-carboxylic acid (Infarmatik, Inc., Newark, DE),
2-methyl-1H-benzoimidazole-4- carboxylic acid
(lnfarmatik, nc Newark; DE),
1-methyl-2-oxo-2,3-dihydro-1 H-benzoimidazole-5-
carboxylic acid (Chemstep, Carbon Blanc, France),
quinoline-6-carboxylic acid (Alfa Aesar, Ward Hill,
MA), 1H-benzotriazole-5-carboxylic acid
(Sigma-Aldrich, St. Louis, MO),
1-methyl-1H-benzotriazole-5- carboxylic acid (Ryan
Scientific, Mt. Pleasant, SC), 3-(1
H-pyrazol-3-yl)-benzoic acid (Maybridge. Cornwall,
UK), 3-pyrazol-1-yl-benzoic acid (ASDI Inc., Newark,
DE),-1 H-indole-4-carboxylic acid (Matrix Scientific,
Columbia, SC), i-methyl-IH-benzoimidazole- -carboxylic
acid (Ambinter Sari, Paris, France), 3-(5-methyl-[1
,2,4]oxadiazol-3-yl)-benzoic acid (ASDI Inc. Newark,
DE), 1-oxo-2,3,4,4a,9,9a-hexahydro- 1H-beta-carboline-
q-carboxylic acid (J & W PharmLab LLC, Morrisville,
PA), 2-phenyl-1H-benzimidazole- 6-carboxylic acid
(Fluorochem Ltd., Derbyshire, UK),
1-(2,3,4,9-tetrahydro-1H-carbazol-6-yl)ethanone
(Matrix Scientific, Columbia, SC),
IH-benzimidazole-6-carboxylic acid (ASDI Inc., Newark,
DE), 2,3- dimethyl-1 H-indole-5-carboxylic acid
(Matrix Scientific, Columbia, SC),
benzotriazole-5-carboxylic acid (Sigma-Aldrich, St.
Louis, MO), 2 ,3-dimethyl-1 H-indole-5-carboxylic acid
(Matrix Scientific, Columbia, 



SC), 5-carboxyindole (Apollo Scientific Ltd.,
Cheshire, UK), 1,2-dimethyl-1
H-benzoimidazole-5-carboxylicacid (Matrix Scientific,
Columbia, SC), 5-Benzimidazolecarboxylic acid
Sigma-Aldrich, St. Louis, MO)1 Benzotriazole-5 :
carboxylic acid (Sigma-Aldrich, St. Louis, MO),
i-iso-Propylbenzotriazole- d-carboxylic acid
(Fluorochem Ltd., Derbyshire, UK), 2-oxo-1
,2,3,4-tetrahydroquinoline-6-carboxylic acid (Aurora
Fine Chemicals Ltd., Graz, Austria) and
quinoxaline-6-carboxylic acid (Ryan Scientific, Inc.,
Mount Pleasant, SC). The following carboxylic acids,
which were used to prepare compounds of the present
invention as described in the Examples, were prepared
by previously published means: 2-methyl-1 H-indole-6-
carboxylic acid (Journal of Organic Chemistry (1980),
45(8), 1546-7, example 7, page 1547),
i-isopropyl-IH-benzoimidazole^-carboxylic acid (US
2005/020626, page 17, Preparation 11), 3-(1Himidazol-
2-yl)-benzoic acid (US 2003/0232860, page 14, example
14) and 1,3-benzoxazole-5-carboxylic acid (Sawada, Y.;
et al., Pest Management Science (2003), 59(1), 25-35).
In addition, carboxylic acids, which were used to
prepare compounds of the present invention as
described in the Examples, were prepared as described
in the following Acid Preparations: Acid Preparation 1
7-Methyl-1 H-indazole-5-carboxylic acid To a solution
of 5-bromo-7-methylindazole, (purchased from
PharmaLab, Morrisville, PA) (2.00 g, 9.47 mmol) in
anhydrous THF (50 ml) was added NaH (570 mg, 14.25
mmol; 60% suspension in mineral oil) at room
temperature. After 20 minutes the mixture was cooled
to -78 0C and sec-butyllithium (1.4 M in cyclohexane,
17 ml; 23.8 mmol) was added drop wise and the
resulting mixture was stirred for 4 hours. Dry CO2 was
then bubbled through the reaction mixture for 1 hour
while allowing warming to room temperature. It was
then stirred at room temperature overnight. 1 N HCI
was added and the solution extracted with EtOAc. The
organic layer was washed with saturated aqueous NaCI,
dried (MgSO4) , then filtered and concentrated. The
residue was re-dissolved in MeOH, filtered, then
concentrated to provide the product as a brown solid
(1.445 g, 86.6%). 1H NMR (DMSO-d6) d 8.23 (s, 1H),
8.17 (s, 1H), 7.65 (s, 1H), 2.46 (s, 3H). LC/MS ES+
177 (MH+). Acid Preparation 2 .
1H-lndazole-7-carboxylic acid A mixture of
2-amino-3-methylbenzoic acid (15.2 g, 0.10 mol),
dimethylformamide (333 mL) and CsCO3 (49 g, 0.1 5 mol)
was stirred at room temperature for about 40 minutes
before drop wise addition of iodomethane (14.2 g, 6.2
mL, 0.10 mol) in dimethylformamide ("DMF") (1 15 mL).
The mixture was stirred . at room temperature
overnight. The mixture was diluted with water ( 1 L),
and extracted with diethyl ether. The aqueous phase
was back extracted with diethyl ether. The combined
organic extracts were washed with saturated aqueous
NaCI, dried over MgSO4, filtered and concentrated. The
resultant material was dried at room temperature/0.5
mmHg to afford methyl 2-amino-3-methylbenzoate (17 g,
100%). To a solution methyl 2-amino-3-methylbenzoate
(16.5 g, 0.10 mol) in CHCI3 (286 mL) was added acetic
anhydride (23.5 g, 21.7 mL, 0.23 mol) so as to
maintain the internal temperature <40 0C. The mixture
was stirred at room temperature for 1 hour before
addition of potassium acetate (2.94 g, 30 mmol) and
isoamyl nitrite (25.8 g, 30 mL, 0.22 mol). The
resultant mixture was heated at reflux overnight. To
this was then added methanol (94 mL) and 6 N HCI (94
mL) and the mixture was stirred overnight. The
reaction mixture was concentrated to provide an orange
solid which was subsequently triturated with
ethylacetate and the solids were isolated by vacuum
filtration. The solids were dried at room
temperature/0.5 mmHg to afford methyl
1H-indazole-7-carboxylate (15.4 g, 88%). - A solution
of methyl 1H-indazole-7-carboxylate (14.96 g, 84.9
mmol) in methanol (180 ml_) was cooled to 0 0C before
addition of 29% aqueous potassium hydroxide (36 ml_).
The ice bath was removed and the reaction mixture was
stirred at room temperature overnight. The pH was
adjusted to 5.5 using concentrated HCI. The volatiles
were removed by vacuum filtration and the resultant
material was suspended in water (100 mL) and ethyl
acetate (200 mL). The resultant precipitate was
isolated by vacuum filtration and rinsed with ethyl
acetate. The solids were dried at room temperature/0.5
mmHg to afford the title compound (7.54 g, 55%). . .
Acid Preparation 3 .--- -- - - -
2-Methyl-2H-indazole-6-carboxylic acid Methyl
1H-indazole-6-carboxylate was prepared according to
the procedure disclosed in J. Med. Chem. 2000, 43 ( 1)
, 41-58 (example 12b, page 49). Alkylation under
standard conditions (sodium hexamethyldisilazide, THF,
iodomethane, reflux) provided methyl
2-methyl-2H-indazole-6-carboxylate (44%).
Saponification under standard conditions ( 1 N NaOH)
afforded the title product (53%).. Acid Preparation 4
3-(5-Trifluoromethyl-1 H-pyrazol-3-vD-benzoic acid
Sodium hydride (60% in oil, 2.20 g, 55 mmol) was
placed in an oven dried reaction flask under nitrogen
and washed twice with 10 mL portions of hexane,
removing the hexane by decantation. The sodium hydride
was then suspended in 30 mL of dry 1,2-dimethoxyethane
("DME") with stirring. A solution of 9.0 mL (75 mmol)
of purified ethyl trifluoroacetate and 3.63 g (25
mmol) of 3-cyanoacetophenone (Aldrich) in 40 mL of DME
was added drop wise over 40 minutes. The reaction 



mixture was stirred for an additional 60 minutes,
after which excess hydride was destroyed by addition
of methanol (about 3 mL). The volatile components were
removed by evaporation under vacuum and the residue
was suspended in 30 mL of water. The mixture was
acidified with 70 mL of 1 M hydrochloric acid and
extracted with ether. The ether was washed with water,
saturated aqueous NaCI, dried (MgSO4) and evaporated
to 7.02 g a solid residue of
3-(4,4,4-trifluoro-3-oxo-butyryl)-benzoic acid
containing some Tesiduali rifluoroacetic acid. The
product of Step 1 (3.71 g, 15 mmol) was dissolved in
30 mL of ethanol and heated to reflux, at which point
0.97 mL of anhydrous hydrazine (31 mmol) was added in
one portion. Heating was continued for 90 minutes,
after which the mixture was concentrated under vacuum.
The residue was treated with water and ether; the
ether was washed with 1 M hydrochloric acid, water,
saturated aqueous NaCI, dried' (MgSO4) and evaporated.
Acetonitrile was added and the evaporation was
repeated to afford a white solid, which was dissolved
in 15 mL of glacial acetic acid, heated at reflux for
20 minutes and concentrated under vacuum to afford
3.12 g of
3-(5-trifluoromethyl-2H-pyrazol-3-yl)-benzonitrile as
a white solid. The product of Step 2 (3.12 g, 13 mmol)
was dissolved in 20 mL of 1-propanol. A solution of
4.33 g of potassium hydroxide in 8 mL of water was
added and the mixture was heated at reflux for 2
hours. The mixture was cooled and evaporated under
vacuum. The residue was dissolved in 75 mL of water,
heated to boiling, and acidified with concentrated
hydrochloric acid. The mixture was allowed to cool and
theprecipitate was filtered, washed with water and
dried to afford 3.21 g of the title compound as a
white solid. Acid Preparation 5 7-Chloro-1
H-indazole-5-carboxylic acid , To a solution of
4-amino-3-chloro-5-methylbenzonitrile (3.00 g, 18.0
mmol) in CHCI3 (50 mL) was added acetic anhydride (3.9
mL, 41.4 mmol). The mixture was stirred at room
temperature overnight andthen heated at reflux for 5
hr. The reaction mixture was cooled to room
temperature and potassium acetate (530 mg, 5.40 mmol)
and isoamyl nitrite (5.28 mL, 39.6 mmol) were added.
The mixture was heated at reflux for 3 days. The
reaction mixture was washed with saturated aqueous
NaHCO 3, dried over Na2SO4 and concentrated. To this
was added methanol followed by water (25 mL) and 38%
HCI (25 mL). The mixture was stirred at room
temperature overnight. The reaction mixture was
concentrated and the pH was adjusted to about 7. The
solids were isolated by filtration and then washed
with water (2 x 30 mL) and heptane (2 x 30 mL). Purify
by Biotage chromatography (CH2CI2-heptane (1:1)/MeOH
gradient to afford 7-chloro-1H-indazole-5-carbonitrile
was isolated as a white solid (585 mg, 18%). To a
solution of 7-chloro-1H-indazole-5-carbonitrile (250
mg, 1.41 mmol) in etha o /water (3:1 ration, 15 mL)
was added potassium hydroxide (395 mg, 7.04 mmol) and
the mixture was heated at reflux. After 3 houra, the
majority of the ethanol was allowed to distill off,
additional potassium hydroxide (614 mg) was added and
heating was continued for overnight. The reaction
mixture was cooled to room temperature, washed with
Et2O (3 x 20 mL) and the organic extract was acidified
with 1 N HCI. The resultant precipitate was isolated
by vacuum filtration, washed with water (about 15 mL)
and heptane (about 15 mL), dried at room
temperature/0.5 mmHg to provide the title compound
(221 mg, 79.7%). Acid Preparation 6 5-Bromo-1
H-indazole-7-carboxylic acid To a solution of
2-amino-3-methylbenzoic acid (5.00 g, 33.1 mmol) in
acetic acid (110 mL) at 0 0C was added drop wise a
mixture of bromine (1.7 mL, 33 mmol) in acetic acid
(50 mL) over about 5 minutes. Following addition, the
cooling bath was removed and the mixture was stirred
at room temperature for 30 minutes before removal of
acetic acid under reduced pressure. The mixture was
diluted with CH2CI2 and washed with saturated aqueous
Na2CO3. The aqueous phase was back extracted with CH
CI2. The aqueoOs hrase was acidified-using
concentrated HCI to pH 7:2rwith intense foaming
observed. Copious amounts of precipitate formed and
were isolated by vacuum filtration . The filtrate was
further acidified with concentrated HCI to pH 6.3 and
a second crop of precipitate was collected. The
combined solids were dried at 65 0C /0.5 mmHg to
provide 2-amino-5-bromo-3-methylbenzoic acid (6.43 g,
85%). A solution of 2-amino-5-bromo-3-methylbenzoic
acid (6.43 g, 27.9 mmol) in DMF (93 mL) containing
cesium carbonate (13.7 g , 4 1.9 mmol) was stirred at
room temperature for 40 minutes before drop wise
addition of a solution of iodomethane (1.7 mL, 28
mmol) in DMF (21 mL). The mixture was stirred at room
temperature for 2 days. The mixture was diluted with
water (300 mL) and extracted with EtOAc (2 x 100 mL).
The combined organic extracts were dried over MgSO4,
filtered and concentrated to afford a brown oil that
solidified into a beige solid after drying at room
temperature/0.5 mmHg to provide methyl 2-amino-
5-bromo-3-methylbenzoate (5.45 g, 80%). To a solution
of methyl 2-amino-5-bromo-3-methylbenzoate (5.45 g ,
22.3 mmol) in CHCI3 (64 mL) was added acetic anhydride
(4.9 mL) at such rate as to maintain the internal
temperature below 40 0C. Theresulting mixture was
stirred at room temperature for 1 hour and then
potassium acetate (0.66 g, 6.7 mmol) and isoamyl
nitrite (6.6 ml_, 49 mmol) were added. The reaction
mixture was heated at reflux overnight and then cooled
to room temperature and concentrated. The residue was
dissolved in methanol (22 mL) and 6 N HCI (22 mL) and
stirred at room temperature for about 4 hours. A
yellow solid was 



isolated by vacuum filtration and rinsed with water.
The solids were dried at 65 C/0.5 mmHg to provide
methyl -bromo-IH-indazole^-carboxylate (4.90 g, 86%).
To a solution of -bromo-IH-indazole^-carboxylate (250
mg, 0.98 mmol) in methanol (2 mL) at 0 0C was added
30% aqueous KOH (0.15 g KOH in 0.5 mL water). The
mixture was stirred at room temperature for 2 days.
The resultant solids were isolated by vacuum
filtration and rinsed with MeOH. The solid material
was dried at 65 0C /0.5 mmHg to provide the title
compound as a light yellow solid (182 mg, 67 %). Acid
Preparation 7 . 3-Methyl-1 H-indazole-6-carboxylic
acid A solution of 2-fluoro-4-methoxyacetophenone (2.0
g, 12 mmol) in hydrazine (30 mL) was heated at reflux
for 2 days. The mixture was cooled to room
temperature, poured into water and extracted with
EtOAc (3x). The combined organic extracts were
concentrated, dissolved in a minimum amount of CH2CI2,
filtered to provide 6-methoxy-3-methyl-1 H-indazole as
a yellow solid (620 mg, 32%). To a solution of
6-methoxy-3-methyl-1 H-indazole (620 mg, 3.82 mol) in
CH2CI2 (25 mL) at 0 0C was added a dichloromethane
solution of boron tribromide (17 mL of 1 M solution).
The mixture was stirred at room temperature overnight.
The solution was carefully quenched by pouring slowly
into iced saturated aqueous NaHCO3. The phases were
separated and the aqueous phase was extracted with
EtOAc (3x). The combined organic extracts were
concentrated and the crude material was purified by
Biotage chromatography (4OS column, acetone/heptane
45% 500 mL and 60% 150 mL) to provide 3-methyl-1H- .
indazoJr6-ol as an orange solid (458 mg, 81%). A
solution of 3-methyl-1 H-indazol-6 l (458 mg73.1 mmol)
i THF (30 mL) was treated with sodium hydride (0.50 g
of 60% oil dispersion). After the initial
effervescence had subsided, the solution was heated to
50 0C for 1 hour before cooling to room temperature
and adding N-phenyltrifluoromethanesulphonimide (2.50
g, 7.0 mmol). The mixture was stirred at room
temperature for 2 hours before pouring into
water.TheraqueTjus phase was extracted with EtOAc
(3x). The combined organic extracts were concentrated
and the crude material was purified by Biotage
chromatography (4OM column, 12% acetone/heptane). To
provide
3-methyl-1-(trifluoromethylsulfonyi)-1H-indazol-6-yl
trifluoromethanesulfonate (1.13 g, 89%). A solution of
3-methyl-1-(trifluoromethylsulfonyl)-1H-indazol-6-yl
trifluoromethanesulfonate (0.61 g, 1.5 mmol) in DMF (6
mL) was flushed with carbon dioxide for 5 minutes. To
this was added palladium acetate (68 mg, 0.30 mmol),
1,1 -bis(diphenylphosino)ferrocene (167 mg, 0.30
mmol), triethylamine (0.33 g, 0.45 mL, 3.2 mmol), and
methanol (4 mL). The solution was stirred at room
temperature overnight under one atmosphere of CO. The
solution was poured into water and extracted with
EtOAc (3x). The combined organic extracts were
concentrated and purified by Biotage chromatography
(4OS column, 8% EtOAc/heptanes) to provide methyl
3-methyl-1-(trifluoromethylsulfonyl)-1H-indazole-6-car
boxylate (330 mg, 69%).To a solution of
3-methyl-1-(trifluoromethylsulfonyl)-1H-indazole-6-car
boxylate (590 mg, 1.83 mmol) in MeOH/water (3:1, 72
mL) was added potassium carbonate (1.01 g, 7.31 mmol)
and the mixture was heated at reflux for 2 hours. The
mixture was cooled to room temperature and methanol
was removed under reduced pressure. The aqueous
solution was acidified with KHSO4 to pH 3 - 3.5. The
white precipitate that formed was isolated by vacuum
filtration, dissolved in EtOAc and washed with water.
The organic extract was dried over MgSO4, filtered,
concentrated and dried to yield the title compound as
a white solid (259 mg, 80%). Acid Preparation 8 .
7-Ethyl-1 H-indazole-5-carboxylic acid To a solution
of 2-ethyl-6-methylaniline (2.03 g, 15 mmol) in DMF
(50 mL) at 0 C was added N-bromosuccinimide (2.66 g,
14.9 mmol). The mixture was stirred at room
temperature for 10 minutes before addition to
saturated aqueous NaCI. The mixture was extracted with
EtOAc, the organic phase was washed with sat aqueous
NaCI (2x), concentrated and the crude material was
purified by Biotage chromatography (4OM, 15%
EtOAc/heptane) to provide
4-bromo-2-ethyl-6-methylbenzenamine as a red brown
liquid (3.21 g, 100%). A solution of
4-bromo-2-ethyl-6-methylbenzenamine (3.21 g, 15 mmol)
in acetic acid (50 mL) was stirred for 3 hours before
addition of a 2 M solution of sodium nitrite ( 11 mL,
22.5 mmol). The resulting mixture was stirred
overnight at room temperature. The solution was
concentrated and the solid was dissolved in EtOAc and
washed with saturated aqueous NaCI (3x). The organic
extract was dried over Na2SO4, filtered and
concentrated the crude material was purified by
Biotage chromatography (4OM, 15- 30% EtOAc/heptane) to
provide 5-bromo-7-ethyl-1H-indazole (1.1 1 g, 33%) and
5-bromo-3,7-dimethyl- 1H-indazole (0.84 g, 25%). To a
solution of 5-bromo-7-ethyl-1H-indazole (225 mg, 1.00
mmol) in dioxane (1.5 mL), hexacarbonylmolybdenum (132
mg, 0.50 mmol), Herrmann's catalyst
(trans-Bis(acetato)bis[o-(di-otolylphosphino)
benzyl]dipalladium) (46.9 mg, 0.05 mmol) and a
solution of sodium carbonate (318 mg, 3.00 mmol) in
water (2 mL). The suspension was sealed and irradiated
in a microwave at 165 0C for 15 



minutes (high absorption setting). The vial was vented
, filtered through diatomaceous earth, washed with
EtOAc and concentrated to provide the title compound
(140 mg, 74%). Acid Preparation 9 3-Chloro-1
H-indole-5-carboxylic acid To a solution of
indole-6-carboxylic acid in dichloromethane (40 mL)
and DMF (4 mL) was added N-chlorosuccinimide and
allowed to stir at room temperature 3 hours. The
reaction mixture was then concentrated under reduced
pressure and the crude material was stirred in
dichloromethane (100 mL) for 2 hours, filtered dried
overnight to obtain the title compound (1.15 g, 95%).
Acid Preparation 10 3,7-Dimethyl-1
H-indazole-5-carboxylic acid To a reaction vessel
containing a re-purified solution of
5-bromo-3,7-dimethyl-1H-indazole (prepared as
described for Acid Preparation 8, 285 mg, 1.27 mmol)
in dioxane ( 1 .3 mL) was added hexacarbonylmolybdenum
(264 mg, 1.0 mmol), Herrmann's catalyst (93 mg, 0.1
mmol)and a solution ofNa2CO3 in water (636 mg in 2 mL
water). The suspension was heated in a microwave at
165 0C for 15 minutes (high absorption). The vial was
vented, acidified with 1 N HCI (to pH 2). The reaction
mixture was filtered through diatomaceous earth,
washed with EtOAc and the organic layer was washed
with saturated aqueous NaCI (3x). The organic extract
was concentrated to yield the title compound as a pink
solid (65 mg, 17%). Acid Preparation 11 1-methyl-1
H-indole-6-carboxylic acid To
N-methylindole-6-carboxylic acid methyl ester in 3 mL
1:1:1:1 acetonitrile/THF/water/MeOH was added LiOH and
allowed to stir at room temperature over the weekend.
The reaction mixture was concentrated under reduced
pressure before adding EtOAc and water. The organic
phase was separated and the water acidified with 1N
HCI and extracted into EtOAc (3x50 mL), washed with
water, saturated aqueous NaCI1dried over MgSO ,
filtered, and concentrated under reduced pressure. The
material was dried under reduced pressure to afford
the title product (0.16 g, 86%). Acid Preparation 12
i-Methyl^-pyrrolidin-i-yl-IH-benzimidazole-
d-carboxylic acid Methyl 3-nitro-4-chlorobenzoate
(72.01 g, 0.334 mol) was suspended in freshly
distilled acetonitrile (360 mL) under stirring.
Anhydrous sodium acetate (41.1 g, 0.5 mol) and 30%
aqueous solution of methylamine (69 mL, 0.67 mol) were
added to this suspension under vigorous stirring. The
obtained mixture was refluxed for 7 hours and then
kept overnight with TLC monitoring (chloroform/CCL,
1:2). The yellow precipitate was separated by
filtration and mixed with a solution of K2CO3 (25 g)
in water (500 mL). The mixture was stirred for 30
minutes and filtered. The yellow precipitate was
washed with water to attain pH 7. The filtrate was
concentrated under a reduced pressure to a volume of
about 200 mL and mixed with a solution_of K2CO3 (5 g)
in water (100 mL). The mixture was stirred for 30
minutes and filtered. The yellow precipitate was
washed with water to attain pH 7. Two above
precipitates were combined and dried to give methyl
4-(methylamino)-3-nitrobenzoate as a yellow powder in
(67.63 g, 96%). 4-(Methylamino)-3-nitrobenzoate (63.06
g, 0.3 mol) was suspended under vigorous stirring in
methanol (700 mL). A suspension of Raney nickel (15 g,
freshly prepared by treatment of nickelaluminum 50/50
alloy with the 2N NaOH solution) in methanol (30 mL)
was added to the suspension. The obtained mixture was
heated to 40 45 0C under vigorous stirring, and
hydrazine monohydrate (60 mL, 1.2 mol) was added drop
wise to the suspension for 3 hours at a temperature
below 55 0C. The mixture was stirred at 50 55 0C for 3
hours and kept overnight at room temperature. The
reaction mixture was heated again to 40 45 0C under
vigorous stirring, and an additional amount of
hydrazine hydrate (5 mL) was added to the mixture. The
suspension was refluxed for 2 hours under vigorous
stirring, cooled, and diluted with chloroform ( 1 L).
The mixture was passed through diatomaceous earth
(upper layer 2 cm, diameter 17 cm) and silica gel
(lower layer 5 cm) to remove Raney nickel. The layers
were washed with chloroform/methanol mixture (1:1, 5
600 mL). The filtrate was concentrated under a reduced
pressure. The residue was diluted with benzene (100
mL), and the mixture was concentrated under a reduced
pressure to remove water. This operation was repeated
to give methyl 3-amino-4-(methylamino)benzoateas a
brown crystalline solid in (53.6 g, 99%) which was
used in the next stage without additional
purification. Methyl 3-amino-4-(methylamino)benzoate
(53.6 g, 0.3 mol) was dissolved in anhydrous '
dichloromethane (700 ml_). 1,1 Carbonyldiimidazole
(CDI, 62.59 g, 0.386 mol) was added to this solution
in several small portions under stirring for 2 hours.
The reaction mixture was stirred at room temperature
overnight. The formed precipitate was separated by
filtration, washed with cold ether (3 50-mL), and
dried to give methyl 1-methyl-2-oxo-2,3-dihydro-1
H-benzimidazole-5-carboxylate as light-pink crystals
in (49.75 g, 81% ). Phosphoryl bromide (POBr 3, 102.4
g, 0.357 mol) was dissolved in dichloroethane (400
mL). Methyl 1-
methyl-2-oxo-2,3-dihydro-1H-benzimidazole-5-carboxylat
e (36.7 g, 0.178 mol) was added to this solution in
several small portions under stirring, and the
obtained suspension was refluxed with TLC monitoring 



(chloroform/1 ,2-dimethoxyethane 10:1). After the
reaction was completed (about 19 hour), the reaction
mixture was cooled in an ice-bath and carefully
neutralized for 3 hours with water (50 mL), and then
with a solution of Na2CO3 (100 g) in water (800 mL)
intense foaming observed. The quenched mixture was
extracted with chloroform (2 L). The layers were
separated, and the aqueous layer was extracted again
with chloroform (500 mL). The organic layers were
combined, washed with water (3 250 mL), and dried over
CaCI2. The organic solution was concentrated under a
reduced pressure. The resulting pale-gray solid was
recrystallized from acetonitrile to give methyl
2-bromo-1-methyl-1H-benzimidazole-5- carboxylate as a
white solid in (37.1 g, 77.5%). A mixture of methyl
2-bromo-1-methyl-1H-benzimidazole-5-carboxylate (40.0
g, 0.149 mol), pyrrolidine (25.37 g, 30 mL, 0.357
mol), cesium fluoride CsF (31.61 g, 0.208 ml), and
DMSO (240 mL) was placed into a microwave reactor
(MILESTONE Microwave Labstation; Shelton, CT). The
reaction . mixture was treated with microwave
radiation under stirring at an internal temperature of
115 0C for 8 h, cooled, and poured into ice-cold water
( 1 L). The formed precipitate was separated by
filtration, washed _withxold w_ater_(2 50 mL),
he.xane_(2 x 100 mL), and dried. The product was mixed
with ether (250 mL) and acetonitrile (20 mL), and the
mixture was placed into an ultrasonic bath for 1.5
hours. The precipitate was separated by
filtration.-washed with ether (2 50 mL), and dried to
give methyl 1-methyl-2-pyrrolidin- 1-yl-1
H-benzimidazole-5-carboxylate in (28.82 g, 75%). A
suspension of methyl 1-methyl-2-pyrrolidin-1-yl-1
H-benzimidazole-5-carboxylate (28.8 g, 0.1 11 mol) "
in methahof(200 mL) was rnixed with a solQtion f KOH
(12.4'4 g, 0:222 mol) in water (200 mL). The mixture
was refluxed for 3 hours and kept overnight at room
temperature. The reaction mixture was concentrated
under a reduced pressure to remove methanol. The
residue was mixed with a solution of KHSO4 (30.21 g,
0.222 mol) in water (200 mL), and the mixture was
stirred for 1 hours. The reaction mixture was
concentrated under a reduced pressure to dryness, and
the product was extracted from the solid residue with
a warm mixture of chloroform and isopropanol (1:1,
about 7 L). The obtained extract was concentrated
under a reduced pressure, and the residue was
dissolved in a boiling mixture of dichloromethane and
isopropanol (1:1, 500 mL). The solution was refluxed
for 30 minutes and cooled in a freezer. The formed
precipitate was separated by filtration and dried to
give 1-methyl-2-pyrrolidin-1-yl-1Hbenzimidazole-
5-carboxylic acid as a pale-yellow crystalline solid
in (18.3 g, 67%).Acid Preparation 13 3-chloro-1
H-indole-6-carboxylic acid To a solution of
1H-indole-5-carboxylic acid in dichloromethane (20 mL)
and DMF (2 mL) was added N-chlorosuccinimide and
allowed to stir at room temperature for 3 hours. The
reaction mixture was concentrated under reduced
pressure. The crude material was stirred in
dichloromethane (100 mL) overnight, filtered and dried
to provide the title compound (0.439 g, 72%). Acid
Preparation 14 1-Methyl-1 H-indazole-6-carboxylic acid
. . Methyl 1H-indazole-6-carboxylate was prepared
according to the procedure disclosed in J. Med. Chem.
2000, 43 (1), 41-58 (example 12b, page 49). Alkylation
was done under standard conditions (sodium
hexamethyldisilazide, THF, iodomethane, reflux)
provided methyl 1-methyl-1H-indazole-6- carboxylate
(43%). Saponification was done under standard
conditions ( 1 N NaOH) afforded the title product
(96%). Acid Preparation 15 1,3-Dimethyl-1
H-indazole-6-carboxylic acid Methanesulfonic acid
2-acetyl-5-bromophenyl ester was prepared as described
in International Application Publication Number WO
2005/090305 (Example 40a). Methanesulfonic acid
2-acetyl-5- bromophenyl ester was then treated with
methylhydrazine and ammonium acetate at reflux for 6
days to provided 6-bromo-1 ,3-dimethyl-1 H-indazole
(60%). A solution of 6-bromo-1,3-dimethyl-1 H-indazole
in THF was treated with n-BuLi followed by carbon
dioxide to afford the title compound (1.23 g, 60%).
Acid Preparation 16 3-Ethyl-1-methyl-1
H-indazole-6-carboxylic acid 5-bromo-2-propionylphenyl
methanesulfonate was treated with methylhydrazine and
ammonium acetate at reflux for 6 days provided
6-bromo-3-ethyl-1-methyl-1 H-indazole (33%). A
solution of 6- bromo-3-ethyl-1-methyl-1 H-indazole in
THF was treated with n-BuLi followed by carbon dioxide
to afford the title compound (66%). Acid Preparation
17 . . . 2-Fluoro-5-(1 H-pyrazol-3-vO-benzoic acid
5-Bromo-2-fluorobenzoic acid (100 g, 0.457 mol) was
added to a solution of HCI in methanol (400 mL; about
11%). The suspension was refluxed for 8 hours, and
then evaporated in vacuo. The residue was dissolved in
benzene (500 mL), and the solution was washed with
aqueous K2CO3 solution (2 x 50 mL) and water (3 x 100
mL), dried over Na2SO4 and evaporated in vacuo to give
methyl 5-bromo-2- fluorobenzoate as a yellow oil in
88% (93.7 g) yield. Methyl 5-bromo-2-fluorobenzoate
(154.2 g, 0.66 mol), dry benzene (450 mL),
ethynyl(trimethyl)silane 



(78.0 g, 0.79 mol), diisopropylamine (100 g, 0.99 mol)
and tetra(triphenylphosphine)palladium (20.0 g, 0.017
mol) were placed under an atmosphere of argon in a
three-necked round-bottomed 1 liter flask, equipped
with a magnetic stirrer and a thermometer. The mixture
was stirred for 30 minutes and then cooled to 10 0C.
Copper iodide (12.5 g, 0.066 mol) was added, and the
obtained suspension was stirredfor 2.5 hours at 20 C
and then at 60 0C for 3 hours and finally left to
stand at room temperature overnight. After this, the
mixture was diluted with ether (200 mL), and the
precipitate was separated by filtration and washed
with ether (2 x 100 mL). The obtained organic solution
(800 mL) was washed with saturated aqueous solutions
of NH4CI and NaCI, dried over Na2SO4 and evaporated.
The crude product was purified by chromatography
(hexane/ethylacetate 10:1) on a silica gel column to
give methyl 2-fluoro-
5-(2-trimethylsilyl)ethynyl)benzoate containing about
13% of methyl 5-bromo-2-fluorobenzQate, in about 80%
(148.1 g) yield. A suspension of
2-fluoro-5-(2-trimethylsilyl)ethynyl)benzoate (171.1
g, 0.684 mol), mercury(2+) diacetate (12.0 g, 0.051
mol) in THF (400 mL) and concentrated H2SO4 (74 mL,
1.37 mol) was stirred at 50-60 0C for 2 h. Then the
mixture was cooled, and THF (350 mL) was evaporated in
vacuo. The residue was diluted with ether (700 mL) and
filtered to remove mercury salts, which were washed
from acid. The ether solution was then dried OVeP-Na
SO4 and concentrated. The crude product (125 g) was
purified by chromatography on a silica gel column,
eluting at first with hexane/ethyl acetate (10:1)
mixture to remove admixture of methyl
5-bromo-2-fluorobenzoate, and then with hexane/ethyl
acetate (1:1) to give methyl 5-
acetyl-2-fluorobenzoate in 75% (90.0 g) yield.
(Dimethoxymethyl)dimethylamine (92 mL, 0.69 mol) was
added to a suspension of methyl 5-acetyl-2- .
fluorobenzoate (90.0 g, 0.46 mol) in toluene (90 mL).
The mixture was refluxed for 7 hours,. during which
time forming methanol was distilled off. The solution
was then concentrated in vacuo, and the residue (115.2
g) was purified by crystallization to give methyl
5-(3-(dimethylamino)acryloyl)-2-fluorobenzoate as
yellow prisms in 80% (93.9 g) yield. A mixture of
methyl 5-(3-(dimethylamino)acryloyl)-2-fluorobenzoate
(50 g, 0.2 mol), hydrazine hydrate ( 11.0 g, 0.22 mol)
in methanol (500 mL) was allowed to stand at 20 0C for
48 hours. Then solvent was evaporated, and the residue
was purified by chromatography (ethylacetate/hexane
1:2) on a silica gel column to afford 22.0 g of methyl
2-fluoro-5-(1H-pyrazol-3-yl)benzoate, containing an
impurity. The _ pcoduct was. purified by
crystallization from ethano.Lto.give methyl.
2-fluoro-5-(1 H-pyrazol-3-yl)benzoate as yellow prisms
in 45% (19.9 g) yield. A solution of methyl
2-fluoro-5-(-1 H-pyrazol-3-yl)benzoate (25.2 g, 0.115
mol) was refluxed for 2 hours in concentrated HCI (150
ml). Then the reaction mixture was cooled and
filtered. The separated precipitate was washed with
ethanol, dried and then refluxed in water (200 mL) for
30 minutes to remove traces of methyl ester and HCIf
cooled and filtered. The separated precipitate was
washed with water and dried to give the title compound
in 90.7% (21.4 g) yield. Acid Preparation 18
2-Chloro-5-(1 H-pyrazol-3-yl)-benzoic acid Ethyl
5-bromo-2-chlorobenzoate (100 g, 0.38 mol), dry
benzene (450 mL), ethynyl(trimethyl)silane (44.7 g,
0.45 mol), piperidine (38.3 g, 0.45 mol) and
tetra(triphenylphosphine)palladium (22.0 g, 0.019 mol)
were placed under an atmosphere of Ar in a
three-necked round-bottomed 1 liter flask, equipped
with a magnetic stirrer and a thermometer. The mixture
was stirred for 30 minutes and then cooled to 0 0C.
Copper iodide (7.23 g, 0.038 mol) was added, and the
obtained suspension was stirred for a further 2.5
hours at 30-35 0C and filtered. The separated
precipitate was washed with benzene, and the combined
filtrate was washed with saturated aqueous solutions
of NH4CI and NaCI, dried over Na2SO4and evaporated.
The crude product was purified by chromatography
(hexane/ethylacetate 10:1) on a silica gel column to
give ethyl
2-chloro-5-(2-(trimethylsilyl)ethynyl)benzoate in 95%
(101 g) yield. A suspension of ethyl
2-chloro-5-(2-(trimethylsilyl)ethynyl)benzoate (101 g;
0.36 mol), mercury(2+) diacetate (8.6 g, 0.027 mol) in
THF (250 mL) and concentrated H2SO4 (40 mL) was
stirred at 60 0C for 3 hours. Then the mixture was
cooled, diluted with ether (500 mL) and washed to
obtain neutral medium. Then the solution was dried
over Na2SO4 and evaporated. The residue was purified
by chromatography (hexane/ethylacetate 4:1) on a
silica gel column to give ethyl
5-acetyl-2-chlorobenzoate in 70% (57 g) yield.
(Dimethoxymethyl)dimethylamine (40 mL) was added to a
suspension of ethyl 5-acetyl-2- chlorobenzoate (57 g,
0.25 mol) in toluene (60 mL). The mixture was refluxed
for 9 hours, during which time forming methanol was
distilled off. The solution was then concentrated in
vacuo, and the residue was purified by chromatography
(ethyl acetate) on a silica gel column to afford ethyl
2-chloro-5-(3- (dimethylamino)acryloyl)benzoate as
yellow prismatic crystals in 80% (57.6 g) yield.
Hydrazine hydrate (5.5 g, 0.11 mol) was added to a
suspension of ethyl 2-chloro-5-(3-
(dimethylamino)acryloyl)benzoate (28 g, 0.1 mol) in
ethanol (100 mL). The reaction mixture was left to
stand at 20 0C overnight and then concentrated. The
residue was purified by chromatography
(ethylacetate/hexane 1:2) on a silica gel column to
afford ethyl 2-chloro-5-(1H-pyrazol-3-yl)benzoate in
94% (22.9 g) yield. A suspension of compound ethyl
2-chloro-5-(1H-pyrazol-3-yl)benzoate (22.9 g, 0.091
mol), sodium 



methylate (7.4 g, 0.14 mol) in ethanol (250 mL) was
refluxed for 10 minutes. The formed precipitate was
separated and dissolved in water ( 1 L). The obtained
aqueous solution was acidified with concentrated HCI
to pH about 2 that caused precipitation. The
precipitate was separated by filtration, washed with
water and dried to give
2-chloro-5-(1H-pyrazol-3-yl)benzoic acid as yellowish
crystals in 92% (18.9 g) yield. Acid Preparation 19
2-Hvdroxy-5- H-Pyrazol-3-yl)-benzoic acid A mixture of
methyl 5-acetyl-2-hydroxybenzoate (1; 20 g, 0.1341
mol), (chloromethyl)benzene (17.82 g, 0.1410 mol) and
Na2CO3 (17.1 g, 0.1613 mol) in DMF (50 mL) was heated
(110-115 0C) under stirring -for2 routs7Tl en the
reaction mixture was coOledt and the tesidue
was-removed by filtration and washed with DMF (15 mL).
The combined filtrate was evaporated in vacuo, and
water (100 mL) was added to the residue. The obtained
mixture was evaporated in vacuo to remove
(chloromethyl)benzene. Next water traces were removed
by co-evaporation with toluene (2 x 100 mL) in vacuo,
the residue was triturated with hexane (100 mL),
separated by filtration and dried to give methyl
5-acetyl-2-(benzyloxy)benzoate in 84.7% (27.17 g)
yield. (Dimethoxymethyl)dimethylamine (28.70 g, 32.0
mL, 0.241 mol) was added to a suspension of methyl
5-acetyl-2-(benzyloxy)benzoate (27.17 g, 0.1 135 mol)
in DMF (30 mL). The mixture was heated (110 - 115 0C)
under stirring for 8 hours, during which time the
forming methanol was distilled off. Next the solution
was concentrated in vacuo, and the residue was treated
with dry ether (150 mL), separated by filtration and
washed with dry ether (30 mL) again to give methyl
2-(benzyloxy)-5-(3-(dimethylamino)- acryloyl)benzoate
as yellow prisms in 82.1% (31.63 g) yield.A mixture of
methyl
2-(benzyloxy)-5-(3-(dimethyJamino)acryloyl)benzoate
(68.1 g, 0.20 mol) and hydrazine hydrate ( 11.0 g,
0.22 mol) in methanol (600 ml_) was left to stand at
room temperature for 48 hours. Then the solvent was
removed, and the residue was purified by
chromatography (ethylacetate) on a silica gel column
to afford methyl 2-(benzyloxy)-5-(1
H-pyrazol-3-yk)benzoate in 70% (43.0 g) yield. A
suspension of methyl
2-(benzyloxy)-5-(1H-pyrazol-3-yk)benzoate (43.0 g,
0.139 mol) was refluxed in concentrated HCI (250 mL)
for 2.5 hours, removing benzyl chloride. The reaction
mixture was then cooled, and the formed precipitate
was separated by filtration, washed with water and
dried to give the title compound in 75.4% (27.0 g)
yield. Acid Preparation 20 2-Chloro-5-(1 -methyl-
1H-pyrazol-3-yl)-benzoic acid A mixture of ethyl
2-chloro-5-(3-(dimethylamino)acryloyl)benzoate,
prepared as described in Preparation 15, (31.7 g, 0.13
mol), methylhydrazine (12.44 g, 0.32 mol) in methanol
(120 mL) was allowed to stand at room temperature for
24 hours. Then solvent was evaporated, and the residue
was purified by chromatography (ethylacetate/hexane
1:2) on a silica gel column to afford ethyl
2-chloro-5-(1- methyl-1H-pyrazol-3-yl)benzoate in 28%
(9.6 g) yield. A suspension of ethyl
2-chloro-5-(1-methyl-1H-pyrazol-3-yl)benzoate (9.6 g,
0.046 mol), sodium methylate (4.8 g, 0.07 mol) in
ethanol (150 mL) was refluxed for 30 minutes. The
precipitate was separated by filtration and dissolved
in water. The aqueous solution was acidified with
concentrated HCI to pH about 2 that caused
precipitation. The precipitate was separated by
filtration, washed with water and dried to give the
title compound as crystals in 92% yield. . Acid
Preparation 2 1 3-Pyrimidin-4-yl-benzoic acid Methyl
3-bromobenzoate ( 1 10 g, 0.51 mol), dry acetonitrile
(500 mL), ethynyl(trimethyl)silane (60.0 g, 0.61 mol),
diisopropylamine (62.0 g, 0.61 mol) and
tetra(triphenylphosphine)palladium (23.6 g, 0.02 mol)
were placed under an atmosphere of argon in a
three-necked round-bottomed 1 liter flask, equipped
with a magnetic stirrer and a thermometer. The mixture
was stirred for 30 minutes and then cooled to 10 0C.
Copper iodide (9.7 g, 0.06 mol) was added, and the
obtained suspension was stirred for a further 2.5
hours at 20 0C and finally for 3 hours at 60 0C. Then
the mixture was left to stand at room temperature
overnight and filtered. The precipitate of
hydrobromide was washed with ether, and the combined
filtrate was washed with saturated aqueous solutions
of NH4CI and NaCI, dried over Na2SO and evaporated.
The crude product was purified by chromatography
(hexane) on a silica gel column to give methyl 3-(2-
(trimethylsilyl)ethynyl)benzoate in 95% ( 1 12.8 g)
yield. A suspension of methyl
3-(2-(trimethylsilyl)ethynyl)benzoate (112.8 g, 0.48
mol), mercury(2+) diacetate (16.2 g, 0.005 mol) in THF
(350 mL) and concentrated H2SO4 (40 mL) was stirred at
60 0C for 3 hours. Then the mixture was cooled,
diluted with ether (500 mL), filtered to remove
precipitated mercury salts and washed to obtained
neutral medium. Then the solution was dried over
Na2SO4 and evaporated. The residue was purified by
chromatography (hexane/ethyl acetate 4:1) on a silica
gel column to give methyl 3-acetylbenzoate in 75%
(65.2 g) yield. (Dimethoxymethyl)dimethylamine (90 mL)
was added to a suspension of methyl 3-acetylbenzoate
(65.2 g , 0.27 mol) in toluene (90 mL). The mixture
was refluxed for 9 hours, during which time
formingmethanol was distilled off. The solution was
then concentrated in vacuo, and the residue was
purified from ether by crystallization to give methyl
3-(3-(dimethylamino)acryloyl)benzoate as yellow
prismatic 



crystals in 80% (68.1 g) yield. ' . lmidoformamide
acetate (20.3 g, 0.19 mol) was added to a suspension
of methyl 3-(3- (dimethylamino)acryloyl)benzoate (30.3
g, 0.13 mol) in toluene (300 mL). The reaction mixture
was refluxed for 20 hours, during which time toluene
and dimethylamine acetate were distilled off Then
imidoformamide acetate (6.7 g) and toluene (175 mL)
were added again, and after 8 hours the mixture was
evaporated in vacuo. The residue was purified by
chromatography (ethylacetate/hexane 3:1) on a silica
gel column to afford methyl 3-(pyrimidin-4-yl)benzoate
in 70% (19.5 g) yield. A suspension of methyl
3-(pyrimidin-4-yl)benzoate (19.5 g, 0.091 mol), sodium
methylate (7.6 g, 0.14 mol) in ethanol (250 mL) was
refluxed for 30 minutes. Then the reaction mixture was
cooled, and the formed-precipitate was separated by
filtration was dissolved in water. The obtained
solution was acidified with concentrated HCI to pH
about 2 that caused precipitation. The precipitate was
separated by filtration, washed with water and dried
to give the title compound as crystals in 94% (17.2 g)
yield. Acid Preparation 22
1-Methyl-2-pyrrolidin-1-yl-1H-benzimidazole-5-carboxyl
ic acid Methyl 3-nitro-4-chlorobenz ate (72.01 g,
0.334 mol) was suspended in freshly distilled
acetonitrile (360 mL) under stirring. Anhydrous sodium
acetate (41.1 g, 0.5 mol) and 30% aqueous solution of
methylamine (69 mL, 0.67 mol) were added to this
suspension under vigorous stirring. The obtained
mixture was refluxed for 7 hours and then kept
overnight with TLC monitoring (chloroform/CCI 4 1:2).
The yellow precipitate was separated by filtration and
mixed with a solution of K2CO3 (25 g) in water (500
mL). The mixture was stirred for 30 minutes and
filtered. The yellow precipitate was washed with water
to attain pH 7. The filtrate was concentrated under a
reduced pressure to a volume of about 200 mL and mixed
with a solution of K2CO3 (5 g) in water (100 mL). The
mixture was stirred for 30 minutes and filtered. The
yellow precipitate was washed with water to attain pH
7. Two above precipitates were . combined and dried to
give methyl 4-(methylamino)-3-nitrobenzoate as a
yellow powder in 96% ^67.63 g) yield.Methyl
4-(methylamino)-3-nitrobenzoate (63.06 g, 0.3 mol) was
suspended under vigorous stirring in methanol (700
mL). A suspension of Raney nickel (15 g, freshly
prepared by treatment of nickel-aluminum 50/50 alloy
with the 2N NaOH solution) in methanol (30 mL) was
added to the suspension. The obtained mixture was
heated to 40 45 0C under vigorous stirring, and
hydrazine monohydrate (60 mL, 1.2 mol) was added drop
wise to the suspension for 3 hours at a temperature
below 55 0C. The mixture was stirred at 50 55 0C for 3
hours and kept overnight at room temperature. The
reaction mixture was heated-again to 40 45 0C under
vigorous stirring, and an additional amount of
hydrazine hydrate (5 mL) was added to the mixture. The
suspension was refluxed for 2 hours under vigorous
stirring, cooled, and diluted with chloroform ( 1 L).
The mixture was passed through diatomaceous earth
(upper layer 2 cm, diameter 17 cm) and silica gel
(lower layer 5 cm) to remove Raney nickel. The layers
were washed with chloroform/methanol mixture (1:1, 5
600 mL). The filtrate was concentrated under a reduced
pressure. The residue was diluted with benzene (100
-mL), and the mixture was concentrated under a reduced
pressure to remove water. This operation was repeated
to give methyl 3-amino-4-(methylamino)benzoate as a
brown crystalline solid in 99% (53.6 g) yield. Methyl
3-amino-4-(methylamino)benzoate was used at the next
stage without additional purification. Methyl
3-amino-4-(methylamino)benzoate (53.6 g, 0.3 mol) was
dissolved in anhydrous dichloromethane (700 mL). 1,1
-Carbonyldiimidazole (GDI, 62.59 g, 0.386 mol) was
added to this solution in several small portions under
stirring for 2 h. The reaction mixture was stirred at
room temperature overnight. The formed precipitate was
separated by filtration, washed with cold ether (3 50
mL), and dried to give methyl
1-methyl-2-oxo-2,3-dihydro-1W-benzimidazole-5-carboxyl
ate as light-pink crystals in 81% (49.75 g) yield.
Phosphoryl bromide (POBr3, 102.4 g, 0.357 mol) was
dissolved in dichloroethane (400 mL). Methyl 1-
methyl-2-oxo-2,3-dihydro-1H-benzimidazole-5-carboxylat
e (36.7 g, 0.178 mol) was added to this solution in
several small portions under stirring, and the
obtained suspension was refluxed with TLC monitoring
(chloroform/1 ,2-dimethoxyethane 10:1). After the
reaction was completed (about 19 hours), the reaction
_mixture_w.as_cooled j n anice-bath and carefully
neutralized for 3 hours with water (50 mL), and then
with a solution of Na2CO3 (100 g) in water (800 mL)
with intense foaming observed. The obtained mixture
was extracted with chloroform (2 L). The layers were
separated, and the aqueous layer was extracted again
with chloroform (500 mL). The organic layers were
combined, washed with water (3 250 mL), and dried over
CaCI2. The organic solution was concentrated under a
reduced pressure. The resulting pale-gray solid was
recrystallized from acetonitrile to give methyl
2-bromo-1-methyl-1H-benzimidazole-5-carboxylate as a
white solid in 77.5% (37.1 g) yield. A mixture of
methyl 2-bromo-1-methyl-1H-benzimidazole-5-carboxylate
(40.0 g, 0.149 mol), pyrrolidine (25.37 g, 30 mL,
0.357 mol), cesium fluoride CsF (31.61 g, 0.208 mol),
and DMSO (240 mL) was placed into a microwave reactor.
The reaction mixture was treated with microwave
radiation under stirring at an internal temperature of
115 0C for 8 h, cooled, and poured into ice-cold water
( 1 L). The formed precipitate was separated by
filtration, washed with cold water (2*50 mL), hexane
(2 x 100 mL), and dried. The product was mixed with
ether (250 mL) and acetonitrile (20 mL), and the
mixture was 



placed into an ultrasonic bath for 1.5 hours. The
precipitate was separated by filtration, washed with
ether (2x50 mL), and dried to give methyl
i-methyl^-pyrrolidin-i-yl-IH-benzimidazole-
-carboxylate in 75% (28.82 g) yield. A suspension of
methyl
1-methyl-2-pyrrolidin-1-yl-1/-/-benzimidazole-5-carbox
ylate (28.8 g, 0.111 mol) in methanol (200 mL) was
mixed with a solution of KOH (12.44 g, 0.222 mol) in
water (200 mL). The mixturewas refluxed for 3 hours
and kept overnight at room temperature. The reaction
mixture was concentrated under a reduced pressure to
remove methanol. The residue was mixed with a solution
of KHSO (30.21 g, 0.222 mol) in water (200 ml_), and
the mixture was stirred for 1 hour. The reaction
mixture was concentrated under a reduced pressure to
dryness, and the product was extracted from the solid
residue with a warm mixture of chloroform and
isopropanol (1:1, about 7 L). The obtained extract was
concentrated under a reduced pressure, and the residue
was dissolved in a boiling mixture of dichloromethane
and isopropanol (1:1, 500 ml_). The solution was
refluxed for 30 minutes and cooled in a freezer. The
formed precipitate was separated by filtration and
dried to give
1-methyl-2-pyrrolidin-1-yl-1H-benzimidazole-5-carboxyl
ic acid as a pale-yellow crystalline solid in 67% (
18.3 g) yield. Acid Preparation 23
7-Chloro-4-methoxy-2-methyl-1
H-benzimidazole-5-carboxylic acid To concentrated
sulfuric acid (10 mL) cooled in an ice/acetone bath
was added commercially available methyl
4-(acetylamino)-5-chloro-2-methoxybenzoate (500 mg,
2.0 mmol) and stirred for 5 minutes. To this was added
drop wise fuming nitric acid (2 mL) over 10 minutes
while keeping the temperature below 10 0C. The
reaction mixture was stirred for stirred for an
additional 20 minutes at 0 0C. The reaction mixture
was carefully poured onto ice (30 mL), the resulting
solid was isolated by filtration and dried in vacuo to
provide methyl
4-(acetylamino)-5-chloro-2-methoxy-3-nitrobenzoate
(497 mg, 85%). A mixture of methyl
4-(acetylamino)-5-chloro-2-methoxy-3-nitrobenzoate
(5.53 g, 18.3 mmol) and Raney nickel (500 mg) in
ethanol (95 mL) and water (5 mL) was stirred under 30
pounds per square inch (psi) of hydrogen for 5 hours
at room temperature. The reaction mixture was filtered
through arbocel and the filtrate was concentrated in
vacuo to afford methyl 4-(acetylamin
)-3-amino-5-chloro-2- methoxybenzoate (4.60 g, 92%).
Methyl
4-(acetylamino)-3-amino-5-chloro-2-methoxybenzoate
(4.60 g, 16.9 mmol) and ptoluenesulfonic acid (290 mg,
1.69 mmol) was dissolved in toluene and heated at
reflux for 1 hour. The solvents were evaporated and
portioned between CH2CI2 and saturated aqueous NaHCO3.
The organic extract was concentrated to give methyl
7-chloro-4-methoxy-2-methy!-1
H-benzimidazole-5-carboxylate (4.21 g, 98%). A mixture
of methyl 7-chloro-4-methoxy-2-methyl-1
H-benzimidazole-5-carboxylate (2.00 g, 7.85 mmol) in
THF containing 1 M NaOH (12 mL) was heated at reflux
for 3 hours. The reaction was not complete, so
additional 1 M NaOH (6 mL) was added and the reaction
mixture was heated at reflux for an additional 4
hours. The THF was evaporated and the resulting
solution was carefully neutralized with concentrated
HCI (1.4 mL). A white precipitate appeared after
stirring for 10 minutes. Stirring continued at room
temperature for 10 minutes before collecting by vacuum
filtration and washing with water. The solid was dried
under vacuum, with residual water azeotroped with
methanol, to afford 7-chloro-4-methoxy-2-
methyl-1H-benzimidazole-5-carboxylic acid (1.89 g,
100%). Examples Preparation of Compounds of Formula
(1) The compounds of Formula (1) were prepared by one
of the following six methods using the appropriate
carboxylic acids and spiro ketones:Method A: To 10x75
mm culture tubes was added 500 mL ( 1 equivalent
("eq")) of a 0.2 M solution of the appropriate
carboxylic acid in anhydrous DMF. To this was added
500 mL (0.10 mmol) of a 0.2 M solution of spirocyclic
amine
6,7-dimethylspiro[chromene-2,4'-piperidin]-4(3H)-one
in anhydrous dimethylformamide (DMF). To this was
added 200 mL ( 1 eq) of a 0.5 M solution of
triethylamine in anhydrous DMF. To this was added 200
mL ( 1 eq) of a 0.5 M O-^-azabenzotriazoM-yO-N.N.N'.N
1- tetramethyluronium hexafluorophosphate (HATU)
solution in anhydrous DMF. The tubes were capped and
the reaction mixtures were stirred for 16 hours at
room temperature. The v latiles from the tubes were
removed using a rotary evaporator system at 55 0C for
4 hours. Dimethylsulfoxide (1540 mL containing 0.01%
2,6-di-t-butyl-4-methylphenol (BHT)) was added to each
tube (final theoretical concentration 0.05 M). The
tubes were covered with cellophane and agitated for 5
minutes or until the product in each tube was
dissolved. Product was analyzed by LC/MS. Alternately
in Method A, the following analysis and purification
method was used (hereinafter, "Method A1"). Throughout
Method A1, the solvents used were: A: water, B:
acetonitrile and C: 1% aqueous trifluoroacetic acid.,
[percent by volume] Pre-purification analysis was
conducted on a 4.6 x 30 mm Waters (Waters Corp.)
X-Bridge C18, 5mm column at a flow rate of 2.5
mL/minute in an injection volume of 2 mL in DMSO at
the following gradient: 5% acetonitrile/95% water to
95% acetonitrile/5% water over 3.0 minutes, 1% aq.
trifluoroacetic acid/99% water were held at 1%.
Detectors used included: diode array detector (DAD),
evaporative light scattering detector (ELSD), and time
of flight mass spectrometry: electrospray positive
mode (TOF MS: 



ES (+)). . . . . Preparative chromatography was
conducted on a 19 x 50 Waters X-Bridge C-18, 5mm at a
flow rate of 25 mL/minutes in an injection volume of
900 mL in DMSO (10 -30 mg) using a gradient that was
determined based upon the retention time in
pre-purification analyses using DAD, MS: ES (+)
detectors with fraction collection triggered by
selection ion recording MS; one tube per injection. -
Pre-Purification- Purification Method- Retention Time
(min) 0.4- 0.7 Focused Gradient 1 0.7 - 1.0 Focused
Gradients - ~  .O - 1.4 Focused Gradierit 3~~ 1.4 -
1.8 Focused Gradient 4 1.8 - 2.4 Focused Gradient s .
2.4 - 3.0 Focused Gradient 6 Time (min) % A / B / C
0.0 90 / 5 / 5 ed Gradient 1 2.0 85 / 10 / 5 4.0 5 /
90/5 0.0 90 / 5 / 5 ed Gradient 2 2.0 70 / 25 / 54.0 5
/90/5 0.0 85 / 10/ 5 Focused Gradient 3 2.0 55 / 40 /
5 4.0 5/ 90 / 5 0.0 70 / 25 / 5 Focused Gradient 4 2.0
40/ 55/5 4.0 5/ 90 / 5 0.0 55 / 40 / 5 Focused
Gradient 5 2.0 25 170 / 5 4.0 5/ 90 / 5 0.0 40 / 557 5
Focused Gradient 6 2.0 10 / 85 / 5 4.0 5/ 90 / 5
Post-purification analysis was conducted on a 4.6 x 30
mm Waters X-Bridge C8, 5mm column at a flow rate of
2.5 mL/minutes using an injection volume of 2 ml_ in
DMSO using a gradient of 4% B to 95% B over 3.0
minutes, C held at 1%. Detectors used included: DAD,
ELSD, TOF MS: ES (+) mode. Method B: To a flask was
added the appropriate amine or amine hydrochloride ( 1
equivalents), DMF or CH2CI2 (about 0.1 M), carboxylic
acid, N,N-diisopropylethylamine (DIEA) (4-6
equivalents) or triethylamine (TEA) (4-6 equivalents)
and HATU (1-1.3 equivalents). The mixture was stirred
at room temperature until the reaction was complete as
determined by LC/MS. The mixture was diluted with
ethyl acetate and washed with saturated aqueous NaHCO3
(2x) and then saturated aqueous NaCI. The organic
extract was dried over MgSO4, filtered and
concentrated. The crude material was purified by
liquid chromatography to afford product. Alternately,
(hereinafter, "Method B1"), the crude reaction mixture
was concentrated and d1rectiy~purifled by
chromatography as ^described in Method A1. Method C:
To a solution of a spiro ketone, made by Method B, in
MeOH/water (about 0.1 M; V:V 2:1), was added LiOH (1-5
eq.). The solution was heated at 50-0C for 3hours. The
reaction mixture was then cooled, concentrated, and
purified by column chromatography. Method D: Into 1
dram vials was added 260 mL of 0.25 M solution of
amines dissolved in a 1 M triethylamine solution in
CH2CI2. Into this was added 260 mL of a 0.25 M
solution of the carboxylic acid in CH2CI2. The mixture
was vortexed and into this mixture was added 260 mL of
HATU in CH2CI2. The vial was vortexed and then shaken
at room temperature for 16 hours. The crude reaction
mixture was purified by liquid chromatography to
provide the desired product. Method E: Into a 2.2 mL
well in a 96 deep-weli plate was added a solution of
the carboxylic acid (0.5 mL of 0.5 M DMF solution), a
solution of the amine (0.5 mL of 0.5 M DMF solution),
and a solution of HATU (0.5 mL of 0.5 M DMF solution).
To this was added triethylamine (3 equivalents). The
plate was sealed and agitated for 16 hours. The
solvents were removed by centrifugal evaporation at
reduced pressure. The residues were dissolved in
CH2CI2 ( 1 mL), and washed sequentially with K2CO3 (2
x 0.7 mL of 0.5 M solution) and water (0.7 mL) before
being transferred to a collection plate. The final
aqueous waste was re-extracted with CH2CI2 (0.5 mL),
combined with the first CH2CI2 extract and evaporated
to dryness.Method F: To a solution of a spiro ketone
in MeOH/water (about 0.1 M; V:V 2:1), was added LiOH
(1-5 eq.). The solution was heated at 50 0C for 3
hours. The reaction mixture was then cooled down, 



concentrated, and purified by column chromatography.
Trifluoroacetic acid salts were obtained for the final
products upon HPLC chromatography using an aqueous
phase that contained TFA. Examples A1-A35 ' - n is the
number of times the assay was performed.Ex. A1: Method
B 1 was used to form
6,7-dimethyl-1'-[(7-rnethyl-1H-indazol-5-yl)carbonyl]s
piro- [chromene-2,4'-piperidin]-4(3H)-one as follows.
A solution of 6,7-dimethylspiro[chromene-2,4
-piperidin]- 4(3H)-one (300 mg, 0.83 mmol) in CH2CI2
(5 ml_) was treated with triethylamine (0.70 ml_, 5.0
mmol) and
O-(7-azabenzotriazol-1-yl)-N,N,N',N'-tetramethyluroniu
m hexafluorophosphate ("HATU") (317 mg, 0.84 mmol).
The mixture was stirred at room temperature for 6
hours before removing the solvents under reduced
pressured and purified by chromatography to afford the
titled compound (50 mg, 48,%). 1H NMR (CDCI3) d 8.24
(brs, 1H), 7.71 (s, 1H), 7.59 (s, 1H), 7.33 (s, 1H),
6.80 (s, 1H), 2.66 (m, 3H), 2.26 (s, 3H), 2.20 (s,
3H). Ex. A2: Method A was used to form
6,7-dimethyl-1'-[(7-methyl-1H-indazol-5-yl)carbonyl]sp
iro- [chromene-2,4'-piperidin]-4(3H)-one
trifluoroacetic acid salt as follows. To 10x75 mm
culture tubes was added 400 mL (0.08 mmol) of a 0.2 M
solution of
6,7-dimethylspiro[chromene-2,4'-piperidin]-4(3H)-one
in anhydrous dimethylformamide (DMF) followed by a
stir bar. To this was added 400 mL ( 1 eq) of a 0.2 M
solution of the appropriate carboxylic acid in
anhydrous DMF. To this was added 160 mL ( 1 eq) of a
0.5 M solution of triethylamine in anhydrous DMF. To
this was added 160 mL (1 eq) of a 0.5 M HATU solution
in anhydrous DMF. The tubes were covered with
cellophane and the reaction mixtures were stirred for
16 hours. The volatiles from the tubes were removed
using a rotary evaporator system with medium heating.
Dimethylsulfoxide (1540 mL containing 0.01%
2,6-di-t-butyl-4-methylphenol (BHT)) was added to each
tube (final theoretical concentration 0.05 M). The
tubes were covered with cellophane and agitated for 5
minutes or until the product in each tube was
dissolved. MS(ACPI) m/z 404 (M+H) +, HPLC RT 1.56
minutes, 1H NMR (CDCI3) d 8.24 (br s, 1H), 7.71 (s,
1H), 7.59 (s, 1H), 7.33 (s, 1H), 6.80 (s, 1H), 2.66
(m, 3H), 2.26 (s, 3H), 2.20 (s, 3H). Ex. A3:
6-isopropoxy-1'-[(7-methyl-1H-indazol-5-yl)carbonyl]sp
iro[chromene-2,4'-piperidin]-4(3H)-one, MS(ACPI) m/z
(M+H)+ 434, HPLC RT 2.4. 1H NMR (CDCI3) d 8.14 (s,
1H), 7.69 (s, 1H), 7.32 (d, 1H), 7.27-7.28 (m, 2H),
7.10-7.12 (dd, 1H), 6.94-6.96 (d, 1H), 4.49-4.54 (m,
1H), 2.75 (brs, 2H), 2.59 (s, 3H), 1.32-1.33 (d, 6H)
Ex. A4: 6-ethoxy-1 '-[(7-methyl-1
H-indazol-5-yl)carbonyl]spiro[chromene-2,4'-piperidin]
-4(3H)-one, MS(ACPI) m/z (M+H)+ 420 HPLC RT 2.4. 1H
NMR (CDCI3) d 8.14 (s, 1H), 7.69 (s, 1H), 7.30-7.31
(d, 1H), 7712-7.14 (dayiH), 6.95-6.97 (dPlFI),
4T0f2R)51m, '2H), 2.75 (br s,~2H), 2.60 (s73H),
T30-1.43 (t, 3H) Ex. A5: N-methyl-1 '-[(7-methyl-1
H-indazol-5-yl)carbonyl]-4-oxo-3,4-dihydrospiro[chrome
ne-2,4'- piperidineJ-6-carboxamide, MS(ACPI) m/z
(M+H)+ 433 HPLC RT 1.7 Ex. A6: 5-chloro-7-methoxy-1
'-[(7-methyl-1
H-indazol-5-yl)carbonyl]spiro[chromene-2,4'-piperidin]
- 4(3H)-one, MS(ACPI) m/z (M+H)+ 440. 1H NMR (CDCI3) d
8.13 (s, 1H), 7.68 (s, 1H), 7.25 (s, 1H), 6.68 (m,
1H), 6.53-6.54 (d, 1H), 3.91 (s, 3H), 2.73 (s, 2H),
2.58 (s, 3H) Ex. A7: 6-methoxy-1 '-[(7-methyl-1
H-indazoi-5-yl)carbonyl]spiro[chromene-2,4'-piperidin]
-4(3H)-one trifluoroacetic acid salt, MS(ACPI) m/z 406
(M+H)+, 1H NMR (CDCI3) d 8.24 (s, 1H), 7.76 (s, 1H),
7.35 (s, 1H), 7.32 (d, J=3, 1H), 7.15 (dd, J=3, 8.8,
1H), 6.96 (d, J=8.8, 1H), 2.77 (br s, 2H), 2.63 (s,
3H) Ex. A8: 6-bromo-7-methyl-1 '-[(7-methyM
H-indazol-5-yl)carbonyl]spiro[chromene-2,4'-piperidin]
-4(3H)- one, MS(ACPI) m/z 486(M+H)\ HPLC RT 2.64
minutes Ex. A9: 5-fluoro-6-methoxy-1 '-[(7-methyl-1
H-indazol-5-yl)carbonyl]spiro[chromene-2,4'-piperidin]
- 4(3H)-one, MS(ACPI) m/z 424 (M+H)+, HPLC RT 2.1
minutes Ex. A10:
1'-[(7-methyl-1H-indazol-5-yl)carbonyl]-4-oxo-3,4-dihy
drospiro[chromene-2,4'-piperidine]-6- carboxamide,
MS(ACPI) m/z (M+H)+ 419 HPLC RT 1.6Ex. A11: methyl
I'-^Z-methyl-IH-indazol-S-yOcarbonyll-^oxo-S.
dihydrospirotchromene^^ 1- piperidine]-6-carboxylate,
MS(ACPI) m/z 434 (M+H)+, HPLC RT 2.15 minutes Ex. A12:
1'-[(7-methyM H-indazol-5-yl)carbonyl]-6-(trif
luoromethoxy)spiro[chromene-2,4'-piperidin]-
4(3H)-one, MS(ACPI) m/z 460 (M+H) +, HPLC RT 2.5
minutes , 1H NMR (CDCI3) d 8.13 (s, 1H), 7.69-7.74 (m,
2H) 1 7.38 (dd, J=2.6, 9.3, 1H)1 7.07 (d, J=8.8, 1H),
2.80 (s, 2H), 2.59 (s, 3H) Ex. A13:
6-chloro-7-methyl-1'-[(7-methyl-1H-indazol-5-yl)carbon
yl]spiro[chromene-2,4'-piperidin]- 4(3H)-one, MS(ACPI)
m/z 424 (M+H) +, HPLC RT 2.5 minutes, 1H NMR (CDCI3) d
9.40 (s, IH), 8.25 (s, 1H)1 7.79-7.81 (m, 1H)1 7.72
(s, 1H), 7.34 (s, 1H), 6.91 (s, 1H)12.72 <s, 2H) Ex.
A14: 6,7-dichloro
-1'-[(7-methyl-1H-indazol-5-yl)carbonyl]spiro[chromene
-2,4'-piperidin]-4(3H)- one,, MS(ACPI) m/z 444 (M+H)+,
HPLC RT 2.6 minutes, 1H NMR (CDCI3) d 8.20 (s, 1H)1
7.95 (s, 1H)1 7.72 (s, 1H)17.32 (s, 1H)1 7.22 (s, 1H),
2.78 (s, 2H), 2.65 (s, 3H) Ex. A 15:
6-methyl-1'-[(7-methyl-1H-indazol-5-yl)carbonyl]spiro[
chromene-2,4'-piperidin]-4(3H)-one, MS(ACPI) m/z 390
(M+H)+, 1H NMR (CDCI3) d 8.13 (s, 1H), 7.68-7.69 (m,
2H), 7.34 (dd, J=2.6, 8.3, 1H)1 7.27 (s, 1H)16.93 (d,
J=8.8), 2.75 (s, 2H), 2.60 (s, 3H)12.32 (S13H) Ex. A
16: 6-methoxy-1'-[(7-methyl-1
H-indazol-5-yl)carbonyl]spiro[chromene-2,4'-piperidin]
-4(3H)-one 1 MS(ACPI) m/z 406 (M+H)+, HPLC RT 2.1
minutes, 1H NMR (CDCI3) d 8.13 {s, 1H), 7.74 (s, 1H),
7.27 (d, 



J=3.1, 1H), 7.25 (s, 1H), 7.18 (d, J=3.3, 1H), 7.16
(d, J=3.1, 1H), 7.04 (s, 1H), 7.02 <s, 1H)14.91 (s,
2H) 1 3.78 (s, 3H), 2.60 (s, 3H) Ex. A17: 7-chloro-1
'-[(7-methyl-1
H-indazol-5-yl)carbonyl]spiro[chromene-2,4'-piperidi
p]-4(3H)-one, MS(ACPI) m/z 410 (M+H)+, 1H NMR (CDCI3)
d 8.13 (s, 1H), 7.82 (d, J=8.2, 1H), 7.69 (s, 1H),
7.26 (s, 1H), 7.07 (s, 1H), 7.02-7.03 (m, 1H), 2.77
(s, 2H), 2.58 (s, 3H) Ex. A18:
6-chloro-5,7-dimethyl-1'-[(7-methyl-1H-indazol-5-yl)ca
rbonyl]spiro[chromene-2,4 l-piperidin]- 4(3H)-one,
MS(ACPI) m/z 438(M+H) +, HPLC RT 2.7 minutes Ex. A 19:
7-chloro-5-methoxy-1 '-[(7-methyl-1
H-indazol-5-yl)carbonyl]spiro[chromene-2,4'-piperidin]
- 4(3H)-one, MS(ACPI) m/z (M+H)+ 440. 1H NMR (CDCI3) d
8.13 (s, 1H), 7.69 (s, 1H), 7.26 (s, 1H), 6.64 (m 1H),
6.43-6.44 (m, 1H)73.86ls, "3H), 2.76 (s, 2H), 2 59 (s,
3H) " " Ex. A20: 1'-[(7-methyl-1
H-indazol-5-yl)carbonyl]-6-(trifluoromethyl)spiro[chro
mene-2,4'-piperidin]- 4(3H)-one, MS(ACPI) m/z 444
(M+H) +, HPLC RT 2.5 minutes, 1H NMR (CDCI3) d 8.18
(s, 1H), 8.13 (s, 1H), 7.76 (dd, J=2.0, 8.8, 1H), 7.70
(s, 1H), 7.27 )s, 1H), 7.15 (d, J=8.8, 1H), 2.83<s,
2H), 2.59 <s, 3H) Ex. A21 : 6-chloro-7-fluoro-1
'-[(7-methyl-i H-indazol-5 :
yl)carbonyl]spiro[chromene-2,4'-piperidin]-4(3H)- one,
MS(ACPI) m/z 426 (M-H) , HPLC RT 2.4 minutes, 1H NMR
(CDCI3) d 8.13 (s, 1H), 7.95 (d, J=8.3, 1H), 7.69 (s,
1H), 7.27 (s, 1H), 6.85 (d, J=3.1, 1H), 2.77 (s, 2H),
2.59 (s, 3H) Ex. A22: 7-chloro-6-fluoro-1
'-[(7-methyl-1
H-indazol-5-yl)carbonyl]spiro[chromene-2,4'-piperidin]
-4(3H)- one, MS(ACPI) m/z 428 (M+H) +, HPLC RT 2.4
minutes, 1H NMR (CDCI3) d 8.17 (s, 1H), 7.71 (s, 1H),
7.62 (d, J=8.3, 1H), 7.30 (s, 1H), 7.14 (d, J=5.7,
1H), 2.78 (s, 2H), 2.62 (s, 3H) Ex. A23: 6-isopropyl-1
'-[(7-methyl-1
H-indazol-5-yi)carbonyl]spiro[chrornene-2,4'-piperidin
]-4(3H)-one, MS(ACPI) m/z 4 18(M+H) +, HPLC RT 2.5
minutes Ex. A24:
7-methoxy-14(7-methyl-1H-indazol-5-yl)carbonyl]spirotc
hromene-2,4'-piperidin]-4(3H)-one, MS(ACPI) /77/Z406
(M+H)+, HPLC RT 2.0 minutes, 1H NMR (CDCI3) d 8.14 (s,
1H), 7.82 (d, J=8.8, 1H), 7.69 (s, 1H), 7.27 (s, 1H),
6.59 (dd, J=8.8, 2.6, 1H), 6.47 (dd, J=2.0, 1H), 3.87
(s, 3H), 2.73 (s, 2H), 2.60 (s, 3H)Ex. A25:
5-methoxy-1 '-[(7-methyl-1
H-inda2ol-5-yl)carbonyl]spiro[chromene-2,4'-piperidin]
-4(3H)-one, MS(ACPI) m/z 406 (M+H)+, HPLC RT 1.9
minutes, 1H NMR (CDCI3) d 8.15 (s, 1H), 7.69 (s, 1H),
7.41 (t, J=8.3, 1H), 6.62 (cl, J=8.8, 1H), 6.53 (d,
J=8.3, 1H), 3.92 (s, 3H), 2.75 (s, 2H), .2.60 (s, 3H)
. Ex. A26:
6-chloro-1'-[(7-methyl-1H-indazol-5-yl)carbonyl]spiro[
chromene-2,4'-piperidin]-4(3H)-One MS(ACPI) m/z 410
(M+H)+, , 1H NMR (CDCI3) d 8.16 (s, 1H), 7.84 (d,
J=2.6, 1H), 7.70 (s, 1H), 7.46 (dd, J=8.8, 3.1, 1H),
7.00 (d, J-8.8, 1H), 2.78 (s, 2H), 2.61 (s, 3H) Ex.
A27:
N,N-dimethyl-1'-[(7-methyl-1H-indazol-5-yl)carbonyl]-4
-oxo-3,4-dihydrospiro[chromene-2,4'-
piperidine]-6-carboxamide, MS(ACPt) m/z (M+H)+ 447
HPLC RT 1.7. Ex. A28: 7-methoxy-5-methyi-1
'-[(7-methyl-1
H-indazol-5-yl)carbonyl]spiro[chromene-2,4'-piperidin]
- 4(3H)-one, MS(ACPI) m/z (M+H)+ 420 HPLC RT 2.3. 1H
NMR (CDCI3) d 8.13 (s, 1H), 7.69 (s, 1H), 7.27 (s,
1H), 6.36-6.38 (m, 2H), 3.85 (s, 3H), 2.71 (s, 2H),
2.62 (s, 3H), 2.59 (s, 3H) Ex. A29: 5,7-dimethyl-1
'-[(7-methyl-1
H-indazol-5-yl)carbonyl]spiro[chromene-2,4'-piperidin]
-4(3H)-one, MS(ACPI) m/z 404 (M+H)+, HPLC RT 2.5
minutes Ex. A30: 5,7-dichloro-1 '-[(7-methyl-1
H-indazol-5-yl)carbonyl]spiro[chromene-2,4'-piperidin]
-4(3H)-one, MS(ACPI) m/z AAA (M+H)+, HPLC RT 2.5
minutes Ex. A31 : 1'-[(7-methyl-1 H-indazol-
-yOcarbonyl^-oxo-S^-dihydrospirolchrornene-
^'-piperidineJ-ecarbonitrile, MS(ACPI) m/z 401 (M+H)
+, HPLC RT 1.9 minutes, 1H NMR (CDCI3) d 8.21-8.23 (m,
2H), 7.77 (dd, J=8.8, 1H), 7.74 (s, 1H), 7.34 (s, 1H),
7.15 (d, J=8.8, 1H), 2.85 (s, 2H), 2.66 (s, 3H) Ex.
A32: 1'-[(7-methyl-1
H-indazol-5-yl)carbonyl]-4-oxo-3,4-dihydrospiro[chrome
ne-2,4'-piperidine]-7- carbonitrile, MS(ACPI) m/z 401
(M+H)+, HPLC RT 2.3 minutes, 1H NMR (CDCI3) d 8.17 (s,
1H), 7.97 (d, J=7.7, 1H), 7.71 (s, 1H), 7.38 (m, 1H),
7.30-7.32 (m, 1H), 2.84 (s, 2H), 2.62 (s, 3H) Ex. A33:
Method C was used to prepare
1'-[(7-methyl-1H-indazol-5-yl)carbonyl]-4-oxo-3,4-
dihydrospiro[chrornene-2,4'-piperidine]-6-carboxylic
acid trifluoroacetic acid salt. To a solution of
methyl
1'-[(7-methyl-1H-indazol-5-yl)carbonyl]-4-oxo-3,4-dihy
drospiro[chromene, prepared by Method B, in MeOH/water
( 1 .4 mL, 2:1), was added LiOH (7.5 mg). The solution
was heated at 50 0C for 3 hours. The reaction mixture
was then cooled down, concentrated, and purified by
column chromatography. MS(ACPI) m/zA2Q (M+H)+, HPLC RT
2.0 minutes. MS(ACPI) m/z 420 (M+H)\ HPLC RT 1.85
minutes. Ex. A34: 1'-[(7-methyl-1
H-indazol-5-yl)carbonyl]-7-phenylspiro[chromene-2,4'-p
iperidin]-4(3H)-one, MS(ACPI) O7/Z452 (M+H)+, HPLC RT
2.6 minutes Ex. A35: 1'-[(7-methyl-1
H-indazol-5-yl)carbonyl]-6-(methylsulfonyl)spiro[chrom
ene-2,4'-piperidin]- 4(3H)-one, MS(ACPI) m/z 454
(M+H)+, HPLC RT 1.85 minutes, 1H NMR (CDCI3) d 8.47
(d, J=2.6, 1H), 8.15 (S1 1H), 8.07 (dd, J=1.3, 8.8,
1H)17.70 (s, 1H), 7.27 (s, 1H), 7.22 (d, J=8.8, 1H),
3.08 (s, 3H), 2.86 (s, 2H), 2.60 (s, 3H) . . .Examples
B1-B14 * - n is the number of times the assay was
performed. Ex. B1:
1'-[(7-chloro-1H-indazol-5-yl)carbonyl]-6,7-dimethylsp
iro[chromene-2,4 l-piperidin]-4(3H)-one 1H NMR (CDCI3)
d 8.16 (s, 1H), 7.75 (s, 1H), 7.59 (s, 1H), 7.48 (s,
1H), 6.80 (s, 1H), 5.29 (s, 1H), 2.70 (s, 2H), 2.26
(s, 3H), 2.20 (s, 3H) 



Ex. B2: 1'-[(7-chloro-1
H-indazol-5-yl)carbonyl]-6-isopropoxyspiro[chromene-2,
4'-piperidin]-4(3H)-one 1H NMR (CDCI3) d 8.18 (s, 1H),
7.78 (s, 1H), 7.50 (s, 1H), 7.32-7.33 (d, 1H),
7.10-7.12 (dd, 1H), 6.94-6.96 (d, 1H), 4.49-4.54 (m,
1H), 2.84 (br s, 2H), 2.75 (br s, 2H), 1.32-1.34 (d,
6H) Ex. B3:
1I-[(7-chloro-1H-indazol-5-yl)carbonyl]-6-ethoxyspiro[
chromene-2,4'-piperidin]-4(3H)-one 1H NMR (CDCI3) d
8.18 (s, 1H)1 7.78 (s, 1H), 7.50 (s, 1H), 7.30-7.31
(d, 1H), 7.12-7.15 (dd, 1H), 6.95-6.97 (d, 1H),
4.01-4.05 (q, 2H), 2.84 (s, 2H), 2.75 (s, 2H),
1.40-1.43 (t, 3H) Ex. B4: 6-chloro-7-methyl-1
'-[(7-chloro-1
H-indazol-5-yl)carbonyl]spiro[chromene-2,4'-piperidin]
-4(3H)- one 1H NMR (CDCI3) d 8.16 (s, 1H), 7.81 (s,
1H), 7.74 (s, 1H), 7.47 (s, 1H), 6.91 (s, 1H), 2.72
(s, 2H), 2.38 (s, 3H) Ex. B5: 1'-[(7-chloro-1
H-indazol-5-yl)carbonyl]-6-methoxyspiro[chromene-2,4'-
piperidin]-4(3H)-one 1H NMR (CDCI3) d 8.16 (s, 1H),
7.75 (m, 1H), 7.48 (m, 1H), 7.28-7.30 (m, 1H),
7.10-7.14 (m, 1H), 6.91-6.95 (m, 1H), 3.79 (s, 3H),
2.73 (s, 2H)Ex. B6: 1'-[(7-chloro-i
H-indazol-5-yl)carbonyl]-5-mettioxyspiro[chromene-2,4'
-piperidin]-4(3H)-one 1H NMR (CDCI3) d 8.19 (s, 1H),
7.78 (s, 1H), 7.51 (s, 1H), 7.41-7.44 (m, 1H), 6.63
(d, J=8.3, 1H), 6.54 (d, J=8.3, 1H), 3.93 (s, 3H),
2.75 (s, 2H) Ex. B7: 1'-^-chloro-IH-indazol-
d-ylJcarbonyll^-methoxyspirotchromene^^'-piperidinHCSH
)- 0116. 1 NMR (CDCI3) d 8.18 (s, 1H), 7.83 (d, J=5.2,
1H), 7.78 (s, 1H), 7.50 (s, 1H), 6.59-6.62 (m, 1H),
6.47-6.48 (m, 1H), 3.87 (s, 3H), 2.73 (s, 2H) Ex. B8:
6-chloro-1 '-[(7-chloro-1
H-indazol-5-yl)carbonyl]spiro[chromene-2,4'-piperidin]
-4(3H)-one, 1H NMR (CDCI3) d 8.19 (s, 1H), 7.85 (d,
J=3.1, 1H), 7.78 (s, 1H), 7.51 (s, 1H), 7.47 (dd,
J=8.8, 2.5, 1H), 7.00 (d, J=8.8, 1H), 2.78 (s, 2H) Ex.
B9: 5,7-dichloro-1'-[(7-chloro-1
H-indazol-5-yl)carbonyl]spiro[chromene-2,4'-piperidin]
-4(3H)-one, 1H NMR (CDCI3) d 8.18 (s, 1H), 7.77 (s,
1H), 7.50 (s, 1H), 7.08 (d, J=2.1, 1H), 7.01 (d,
J=1.5, 1H), 2.81 (s, 1H) Ex. B10:
7-chloro-1'-[(7-chloro-1H-indazol-5-yl)carbonyl]-6-flu
orospiro[chromene-2,4'-piperidin]-4( 3 H)- one, 1H NMR
(CDCI3) d 8.18 (s, 1H), 7.78 (s, 1H), 7.63 (d, J =
8.3, 1H), 7.50 (s, 1H)17.15 (d, J=5.7, 1H), 2.78 (s,
2H) Ex. B11: 1'-[(7-chloro-1 H-indazol- -ylJcarbopy
-d-fluoro-e-methoxyspiroIchromene^^'-piperidin]-
4(3H)-one Ex. B12:
1l-[(7-chloro-1H-indazol-5-yl)carbonyl]-6-(trifluorome
thyl)spiro[chromene-2,4'-piperidin]-4(3H)- one, 1H NMR
(CDCI3) d 8.19 (s, 2H), 7.79 (s, 1H), 7.76 (dd, J=8.3,
2.1, 1H), 7.51 (s, 1H), 7.16 (d, J=8.9, 1H), 2.84 (s,
2H) Ex. B13: 6-chloro-1 '-[(7-chloro-1
H-indazol-5-yl)carbonyl]-7-fluorospiro[chromene-2,4'-p
iperidin]-4(3H)- one, 1H NMR (CDCI3) d 8.15 (s, 1H),
7.90-7.93 (m, 1H)17.75 (d, J=1.2, 1H), 7.47 (d, J=1.2,
1H), 6.83 (d, J=9.6, 1H), 2.75 (s, 2H) Ex. B14:
1'-[(7-chloro-1H-indazol-5-yl)carbonyl]-4-oxo-3,4-dihy
drospirofchromene-2,4'-piperidine]-6-
carbonitrileExamples C1-C5 * - n is the number of
times the assay was performed. Ex. C1:
1'-[(7-ethyl-1H-indazol-5-yl)carbonyl]-6,7-dimethylspi
ro[chromene-2,4 I-piperidin]-4(3H)-one Ex. C2:
1'-[(7-ethyl-1H-indazol-5-yl)carbonyl]-6-methoxyspiro[
chromene-2,4'-piperidin]-4(3H)-one Ex. C3:
1l-[(7-ethyl-1H-indazol-5-yl)carbonyl]-5-methoxy-7-met
hylspiro[chromene-2,4'-piperidin]-4(3H)- one Ex. C4:
6-chloro-1 '-[(7-ethyl-1
H-indazol-5-yl)carbonyl]-7-methylspiro[chromene-2,4'-p
iperidin]-4(3H)- one Ex. C5: methyl 1'-[(7-ethyl-1
H-indazol-d-yOcarbonyO^-oxo-S^-dihydrospirotchromene^^
'-piperidine]- 6-carboxylateExamples D1-D3 * - n is
the number of times the assay was performed. Ex. D1:
6,7-dimethyl-r-t(1-methyl-1H-inda2ol-5-yl)carbonyl]spi
ro[chromene-2,4'-piperidin]-4(3H)-one Ex. D2:
6-methoxy-1'-[(1-methyl-1H-indazol-5-yl)carbonyl]spiro
[chromene-2,4'-piperidin]-4(3H)-one Ex. D3:
e-chloro^-methyl-i'-KI-methyl-IH-indazol-
-yOcarbonyOspiroIchromene^^'-piperidi p H)-
oneExamples E1-E4 * - n is the number of times the
assay was performed. Ex. E1:
1'-(1H-indazol-5-ylcarbonyl)-6
7-dimethylspiro[chromene-2,4 l-piperidin]-4(3H)-one l
MS(ACPI) m/z 390 (M+H)+, HPLC RT 2.2 minutes Ex. E2:
6-chloro-T-(1H-indazol-5-ylcarbonyl)-7-methylspiro[chr
omene-2,4'-piperidin]-4(3H)-one, MS(ACPI) m/z 410
(M+H)+, HPLC RT 2.3 minutes Ex. E3:
1'-[(3,7-dimethyl-1
H-indazol-5-yl)carbonyl]-6,7-dimethylspiro[chromene-2,
4'-piperidin]-4(3H)- one, MS(ACPI) m/z (M+H)+ 418,
HPLC RT 2.4Ex. E4: methyl 1'-[(3,7-dimethyl-1
H-indazol-5-yl)carbonyrj-4-oxo-3,4-dihydrospiro[chrorn
ene-2,4'- piperidine]-6-carboxylate, MS(ACPI) m/z
(M+H)+ 448 HPLC RT 2.3 Examples F1-F5 * - n is the
number of times the assay was performed. Ex. F1:
6,7-dimethyl-1'-[(3-methyl-1H-indazol-6-yl)carbonyl]sp
iro[chromene-2,4'-piperidin]-4(3H)-one 



Ex. F2: 6-methoxy-1 '-[(3-methyl-1
H-indazol-6-yl)carbonyl]spiro[chromene-2,4'-piperidin]
-4(3H)-one Ex. F3: 6-chloro-7-methyl-1 '-[(3-methyl-1
H-indazol-6-yl)carbonyl]spiro[chromene-2,4'-piperidin]
-4(3H)- one Ex. F4: methyl
1'-[(3-methyl-1H-indazol-6-yl)carbonyl]-4-oxo-3,4-dihy
drospiro[chromene-2,4'- piperidine]-6-carboxylate Ex.
F5: Method C was used to form
1'-[(3-methyl-1H-indazol-6-yl)carbonyl]-4-oxo-3,4-
dihydrospiro[chromene-2,4'-piperidine]-6-carboxylic
acid trifluoroacetic acid salt. Method B was used to
prepare methyl 1-[(3-methyl-1
H-indazol-6-yl)carbonyl]-4-oxo-3,4-dihydrospiro[chrome
ne-2,4 -piperidine]- 6-carboxylate. To a solution of
methyl
1-[(3-methyl-1H-indazol-6-yl)carbonyl]-4-oxo-3,4-
dihydrospiro[chromene-2,4 -pipei dine]-6-carboxylate
in MeOH/water (1.4 mL, 2:1), was added LiOH (7.5 mg).
The solution was heated at 50 0C for 3hrs. The
reaction mixture was then cooled down, concentrated,
and purified by column chromatography (16.6 mg,
33%).Examples G1-G5 * - n is the number of times the
assay was performed. Ex. G1:
1'-(1H-indazol-6-ylcarbonyl)-6,7-dimethylspiro[chromen
e-2,4'-piperidin]-4(3H)-one trifluoroacetic acid salt
Ex. G2:
6,7-dimethyl-1'-[(1-methyl-1H-indazol-6-yl)carbonyl]sp
iro[chromene-2,4'-piperidin]-4(3H)-one Ex. G3: 1'-[(1
,3-dimethyl-1
H-indazol-6-yl)carbonyl]-6,7-dimethylspiro[chromene-2,
4'-piperidin]-4(3H)- one Ex. G4:
1'-[(3-ethyl-1-methyl-1
H-indazo!-6-yl)carbonyl]-,7-dimethylspiro[chromene-2,4
'-piperidin]- 4(3H)-one Ex. G5:
1'-[(7-bromo-1H-indazol-6-yl)carbonyl]-6-chlorospiro[c
hromene-2,4'-piperidin]-4(3H)-oneExamples H1-H24 * - n
is the number of times the assay was performed. Ex.
H1: Method D was used to form
T-(1H-indazol-7-ylcarbonyl)-6,7-dimethylspiro[chromene
-2,4'- piperidin]-4(3H)-one. Specifically, into a 1
dram vial was added 260 ml_ of 0.25 M solution of 6,7-
dimethylspiro[chromene-2,4 -piperidin]-4(3H)-one
dissolved in a 1 M triethylamine solution in CH2CI2.
Into this was added 260 mL of a 0.25 M solution of
IH-indazole-7-carboxylic acid in CH2CI2. The mixture
was vortexed and into this mixture was added 260 mL of
HATU in CH2CI2. The vial was vortexed and thenshaken
at room temperature for 16 hours. The crude reaction
mixture was purified by liquid chromatography to
provide the title product. Ex. H2: 7-chloro-1 '-(1
H-indazol-7-ylcarbonyl)-6-methylspiro[chromene-2,4'-pi
peridin]-4(3H)-one Ex. H3:
6-bromo-1'-(1H-indazol-7-ylcarbonyl)-7-methylspiro[chr
omene-2,4'-piperidin]-4(3H)-one Ex. H4:
1'-(1H-inda2ol-7-ylcarbonyl)-5-methoxy-7-methylspiro[c
hromene-2,4'-piperidin]-4(3H)-one Ex. H5:
6-chloro-1'-(1H-indazol-7-ylcarbonyl)-7-methylspiro[ch
romene-2,4'-piperidin]-4(3H)-one Ex. H6: 5-fluoro-1
'-(1
H-indazol-7-ylcarbonyl)-6-methoxyspiro[chromene-2,4'-p
iperidin]-4(3H)-one Ex. H7:
1'-(1H-indazol-7-ylcarbonyl)-6-methoxyspiro[chromene-2
,4'-piperidin]-4(3H)-one Ex. H8: 6-chloro-1 '-(1
H-indazol-7-ylcarbonyl)-5,7-dimethylspirotchromene-2,4
'-piperidin]-4(3H)-one Ex. H9: 1'-(1
H-indazol-7-ylcarbonyl)-6-methylspiro[chromene-2,4'-pi
peridin]-4(3H)-one Ex. H10:
^-(IH-indazol^-ylcarbonylJ-
d-isopropylspiro^hromene^^'-piperidinJ^CSHJ-one Ex.
H11:
1'-(1H-indazol-7-ylcarbonyl)-5,6,7-trimethoxyspiro[chr
omene-2,4'-piperidin]-4(3H)-.one Ex. H12:
1'-(1H-indazol-7-ylcarbonyl)-7-methylspiro[chromene-2,
4'-piperidin]-4(3H)-one Ex. H13: Method E was used to
form
1'-(1H-indazol-7-ylcarbonyl)-6,8-dimethylspiro[chromen
e-2,4 1- piperidin]-4(3H)-one. Into a 2.2 ml. well in
a 96 deep-well plate was added a solution of
1H-indazole-7- carboxylic acid (0.5 ml_ of 0.5 M DMF
solution), a solution of
6,8-dimethylspiro[chromene-2,4 -piperidin]- 4(3H)-one
(0.5 mL of 0.5 M DMF solution), and a solution of HATU
(0.5 mL of 0.5 M DMF solution). To this was added
triethylamine (3 equivalents). The plate was sealed
and agitated for 16 hours. The solvents were removed
by centrifugal evaporation at reduced pressure. The
residues were dissolved in CH2CI2 (1 mL), and washed
sequentially with K2CO3 (2 x 0.7 mL of 0.5 M solution)
and water (0.7 mL) before being transferred to a
collection plate. The final aqueous waste was
re-extracted with CH2CI2 (0.5 mL), combined with the
first CH2CI2 extract and evaporated to dryness.
MS(ACPI) m/z 39O.(M+H) , HPLC RT 3.4 minutes. Ex. H14:
6-chloro-1'-(1H-indazol-7-ylcarbonyl)spiro[chromene-2,
4'-piperidin]-4(3H)-one Ex. H15:
5,7-dichloro-1'-(1H-indazol-7-ylcarbonyl)spiro[chromen
e-2,4'-piperidin]-4(3H)-one Ex. H16:
1'-(1H-indazol-7-ylcarbonyl)-5-methoxyspiro[chromene-2
,4'-piperidin]-4(3H)-one Ex. H17:
6-chloro-1'-(1H-indazol-7-ylcarbonyl)-5-methoxyspiro[c
hromene-2,4'-piperidin]-4(3H)-one Ex. H18T1 '-(1 H:
indazoR-ylcWBonyl)-7 : pl^nylspirotchr drriene:2;4
'-piperidin^SHJ-one Ex. H19:
7-fluoro-1'-(1H-indazol-7-ylcarbonyl)spiro[chromene-2,
4'-piperidin]-4(3H)-one Ex. H20:
1'-(1H-indazol-7-ylcarbonyl)-5-methoxyspiro[chromene-2
,4'-piperidinH(3H)-one, 1H NMR (CDCI3) d 8.11 (S, 1H),
7.85 (d, J=7.9, 1H)1 7.37-7.42 (m, 2H), 7.14-7.18 (m,
1H), 6.61 (d, J=8.3, 1H), 6.52 (d, J=8.3, 1H), 3.90
(s, 3H), 2.72 (s, 2H) Ex. H21 : 1'-(1
H-indazol-7-ylcarbonyl)-7-methoxyspiro[chromene-2,4'-p
iperidin]-4(3H)-one Ex. H22: 6,8-dichloro-1 '-(1
H-indazol-7-ylcarbonyl)spiro[chromene-2,4'-piperidin]-
4(3H)-one Ex. H23: 1'-[(1
H-indazol-7-yl)carbonyl]-6-chloro-7-methylspiro[chrome
ne-2,4'-piperidin]-4(3H)-one 



Ex. H24: 1'-[(1
H-indazol-7-yl)carbonyl]-6-chloro-7-methylspiro[chrome
ne-2,4'-piperidin]-4(3H)-oneExamples J1-J3 * - n is
the number of times the assay was performed. Ex. J 1:
1'-[(5-bromo-1
H-indazoi-7-yl)carbonyl]-6-chloro-7-methylspiro[chrome
ne-2,4'-piperidin]-4(3H)- one, MS(ACPI) m/z 488
(M+H)+, HPLC RT 2:8 minutes Ex. J2:
6-chloro-1'-(1H-indazol-4-ylcarbonyl)-7-methyispiro[ch
romene-2,4'-piperidin]-4(3H)-one, MS(ACPI) /77/Z410
(M+H)+, 1H NMR (CDCI3) d 8.14 (s, 1H), 7.83 (s, 1H),
7.59 (d, J=8.3, 1H), 7.44-7.47 (m, 1H), 7.23 (d,
J=6.8, 1H), 6.95 (s, 1H), 2.75 (s, 2H), 2.40 (s, 3H)
Ex. J3:
6,7-.dimethyl-1'-[(2-methyl-2H-indazol-6-yl)carbonyl]s
piro[chromene-2,4'-piperidin]-4(3H)-one, MS(ACPI) m/z
404 (M+H)+, HPLC RT 2.4 minutesExamples K1-K3 * - n is
the number of times the assay was performed. Ex. K 1:
6,7-dimethyl-1'-[(1-oxo-2,3,4,9-tetrahydro-1
H-beta-carbolin-e-yOcarbonylJspirofchromene^^ 1-
piperidin]-4(3H)-one Ex. K2: d-methoxy-i'-KI-oxo^.S^.
-tetrahydro-IH-beta-carbolin-e-yOcarbonyllspirotchrome
ne^^'- piperidin]-4(3H)-one Ex. K3:
6-chloro-1'-[(1-oxo-2,3,4,9-tetrahydro-1H-beta-carboli
n-6-yl)carbonyl]spiro[chromene-2,4'-
piperidin]-4(3H)-oneExamples L1-L48MODIFIED SOLUBLE
FGF RECEPTOR Fc FUSIONS WITH IMPROVED BIOLOGICAL
ACTIVITY Field of the Invention and Introduction The
invention relates to modified soluble FGF receptor Fc
fusions comprising a fusion of a soluble fragment or
domain of the FGF receptor with an Fc region of an
immunoglobulin, having improved biological activity,
compositions containing them, and method of producing
such modified soluble FGF receptor Fc fusion
molecules. Particularly, the modified soluble FGF
receptor Fc fusions have improved antiangiogenic
activity and anti-tumoral antibody-dependent cell
mediated cytotoxicity activities, namely ADCC
(antibody-dependent cellular cytotoxicity) and/or CDC
(complement-dependent cytotoxicity ) , and are thus
useful in the treatment of cancer, metastatic tumors
and for reducing tumor growth in a subject. The
invention further relates to methods of inhibiting
tumor growth and methods for the treatment or
prevention of pathological situations including, but
not limited to, breast cancer, melanoma, leukemia,
brain metastases, renal cancer, primary melanoma,
primary colon cancer, primary bladder cancer,
infantile hemangioma, ovarian cancer, prostate cancer
and lung cancer. Background of and Relevance of the
Invention Angiogenesis, Le., the formation of new
blood vessels from pre-existing ones, involves a
complex coordination of endothelial cell
proliferation, migration, basement membrane
degradation and neovessel organization (Ji et al.,
1998, FASEB J. 12:1731-1738). The local, uncontrolled
release of angiogenic growth factors and/or
alterations of the production of natural angiogenic
inhibitors, with a consequent alteration of the
angiogenic balance (Hanahan et al, 1996, Cell. 86:
353-64) are responsible for the uncontrolled
endothelial cell proliferation that takes place during
tumor neovascularization and in angiogenesis-dependent
diseases (Folkman, 1995, Nat. Med. 1:27-31). Numerous
natural inducers of angiogenesis have been identified,
including members of the vascular endothelial growth
factor (VEGF) family, angiopoietins, transforming
growth factor-a and -b (TGF-a and -b) ,
platelet-derived growth factors (PDGF), tumor necrosis
factor- a (TNF- a) , interleukins, chemokines, and the
members of the fibroblast growth factor (FGF) family.
These potent angiogenic factors are often
overexpressed by tumor tissues (Presta, 2005, Cytokine
& Growth Factors Reviews. 16: 159-178; Grose, 2005,
Cytokine & Growth Factors Reviews. 16: 179-186).
Indeed, FGFs, and more specially FGF2, are
over-expressed in numerous human cancer including
melanoma (Halaban, 1996, Semin Oncol. 23:673-81;
Hanada, 2001, Cancer Res. 61: 551 1-5516), leukemia
(Krejci et al, 2001 Leukemia. 15:228-37, Bieker et al,
2003, Cancer Res. 63: 7241-7246) renal cancer (Hanada,
2001, Cancer Res. 61: 551 1-5516), colon cancer
(Tassi, 2006, Cancer Res. 66:1 191-1 198), ovarian
cancer (Whitworth et al, 2005, Clin Cancer Res.
11:4282-4288, Gan et al, 2006, Pharm Res. 23:1324-31),
prostate cancer (Aigner et al, 2002 Oncogene,
21:5733-42; Kwabi-Addo et al, 2004, Endocr Relat
Cancer. 11:709-24) and lung cancer (Takanami et al,
1996, Pathol Res Pract. 192:1 113-20; VoIm et al,
1997, Anticancer Res. 17:99-103; Brattstrom et al,
1998, Anticancer Res. 18: 1123-1127). In addition,
FGF2 overexpression can be correlated with a
chemoresistance in certains cancers including bladder,
breast, head and neck cancers (Gan et al, 2006, Pharm
Res. 23:1324-31). With respect to FGF family members,
as FGFs secreted by tumor cells have affinities 



for the glycosaminoglycan side-chains of cell surface
and matrix proteoglycans, these secreted FGFs are most
likely sequestered nearby tumor cells forming FGF
reservoirs. This particularity makes FGF addressing a
good strategy to direct an active molecule that needs
a target molecule stably expressed and easily
accessible. Various antibody-based products are
currently used as therapeutic drugs and several
monoclonal antibodies (mAbs) are now approved in
various therapeutic areas such as oncology,
inflammation, infectious disease and cardiovascular
disease. These mAbs induce tumor cells killing by
multiple mechanisms including recruitment of immune
system (Harris, 2004, Lancet Oncol, 5: 292-302). The
Fc moiety of mAbs is responsible for these
immune-mediated effector functions that include two
major mechanisms: Antibody-Dependent Cell-mediated
Cytotoxicity (ADCC) and Complement-Dependent
Cytotoxicity (CDC). ADCC occurs when an mAb first
binds via its antigen-binding site to its target on
tumor cells, and then the Fc portion is recognized by
specific Fc receptors (FcR) on effector cells (i.e.
NK, neutrophiles, macrophages...) that attack the
target cell. CDC is a process where a cascade of
different complement proteins become activated when an
mAb binds to C1q leading to formation of C3b on the
surface of antibody-coated tumor cells near the site
of complement activation. The presence of C3b controls
formation of the C5-C9 membrane attack complex that
can insert into the membrane to lyse tumor cells
(Sharkey, 2007, CA Cancer J CHn, 56: 226-243). The
ability of mAbs to stimulate ADCC depends on their
isotype. IgGI and lgG3 antibodies bind highly to FcRs,
while lgG4 and lgG2 antibodies bind weakly.
CDCcapacitity of mAb also depends on mAb isotype. lgG3
and, to a lesser extent, IgGI are the most effective
isotypes for stimulating the classic complement
cascade. lgG2 mAbs are less efficient in activating
the complement cascade, whereas lgG4 is unable to do
so (Strome, 2007, The Oncologist, 12:1084-1095). The
use of a fusion protein that can have, as antibodies,
a dual functionality with a binding part exhibiting a
specific targeting and an effector part able to induce
the lysis of target cells by recruitment of immune
system, is one aspect of these therapeutic strategies.
In addition, to be useful in therapy, this molecule
would need to have advantageous pharmacokinetic
properties PK. The Fc moiety can detectably increase
the serum half life of the modified soluble FGF
receptor Fc fusion, but there is still a need for
fusion protein with a longer serum half life. Finally,
if this fusion protein is to be used as a drug, it is
necessary that it is produced reliably, efficiently
and with appropriate productivity. Thus there is a
need for a fusion protein with ADCC and/or CDC
activities targeting FGF for treatment of cancer,
metastatic tumors and for reducing tumor growth in a
subject, with improved PK features, and which can be
produced efficiently. The applicants have now
discovered that soluble fusion proteins between
soluble FGF receptor part (binding or targeting
moiety) and Fc part (effector function moiety)
(sFGFR-Fc) that are modified to have a particular
glycan profile have in fact substantially improved
biological activities, including ADCC and/or CDC
activities, and may thus be used as efficacious
anti-angiogenic and anti-tumoral drugs, for the
treatment of uncontrolled cell growth or cancer. These
modified soluble fusion proteins have advantageous PK
properties due to their sialylation rate, and can be
produced with appropriate productivity and minimal
aggregation because of their glycosylation pattern.
Summary of the Invention The present invention is thus
directed to a modified soluble FGF receptor Fc
comprising a fusion of a soluble fragment or domain of
a FGF receptor with an Fc region of an immunoglobulin,
wherein at least the 5th N-glycosylation site of the
FGF receptor moiety is occupied, and wherein at most
45% of the N-glycans of the FGF receptor moiety have
no sialyl group. In addition, according to a further
preferredembodiment of the invention, the 3rd, 4th,
6th and 7th N-glycosylation sites of the FGF receptor
moiety are occupied. Preferably, all N-glycosylation
sites are occupied. In a further preferred embodiment,
the average number of sialic acid per N-glycan in the
FGF receptor moiety of the fusions of the invention is
at least 0.9; even more preferably, it is at least
1.2. Each N-glycan molecule of the modified soluble
FGF receptor Fc fusion according to the present
invention comprises 3 mannose residues, on average 1.5
to 3.0 galactose residues, 3.5 to 5 of
N-acetylglucosamine, and 0.6 to 1 fucose residues. The
present invention is also directed to modified soluble
FGF receptor Fc fusions comprising a fusion of a
soluble fragment or domain of a FGF receptor with an
Fc region of an immunoglobulin, wherein all
N-glycosylation sites are occupied, and 



wherein at most 45% of the N-glycans of the FGF
receptor moiety have no sialyl group and wherein the
N-glycan of the Fc region is 60 to 100% fucosylated.
In one embodiment, the soluble fragment or domain of
the FGF receptor is the soluble or extracellular
domain of FGF receptor 1 (sFGFRI ) or of FGF receptor
2 (sFGFR2). In another embodiment, the soluble
fragment or domain of the FGF receptor is the soluble
or extracellular domain of FGF receptor 1 isotype or
variant MIc (sFGFRI (HIc)) or of FGF receptor 2
isotype IHc (sFGFR2(lllc)). According to a preferred
embodiment, the modified soluble FGF receptor Fc
fusion is encoded by a polynucleotide having the
nucleotide sequence as set forth in the SEQ ID NO: 1,
or a polynucleotide having at least 80% identity with
the nucleotide sequence of SEQ ID NO: 1. In a further
preferred embodiment, the modified soluble FGF
receptor Fc fusion of the invention has the amino acid
sequence as set forth in the SEQ ID NO : 2 or a
sequence having at least 95%, 97%, 98%, or 99%
identity with the sequence as set forth in SEQ ID NO:
2. The modified soluble FGF receptor Fc fusion of the
invention has ADCC and/or CDC activity and is thus
useful for the treament of diseases such as cancer.
The present invention also relates to pharmaceutical
compositions comprising such modified soluble FGF
receptor Fc fusions. The present invention further
relates to the combination of the modified soluble FGF
receptor Fc fusion with a chemotherapeutic agent or a
biotherapeutic agent with antitumoral and/or
anti-angiogenic properties. Another object of the
present invention is a method of treatment of cancer,
or a method of preventing or reducing tumor growth and
volume and metastatic tumors comprising administering
to a subject the modified soluble FGF receptor Fc
fusion of the present invention in a therapeutically
effective amount.Brief Description of the Figures
Figure 1A and B show maps of the expression vectors
for SIAT6 (ST3GAL3) and B4GT1(B4GALT1), respectively.
Figure 2 A and B show the nucleic acid (SEQ ID No. 9)
and amino acid (SEQ ID No. 10) sequences of
B4GT1(B4GALT1) for expression from pXL4551 Figure 3 A
and B show the nucleic acid (SEQ ID No. 11) and amino
acid (SEQ ID No. 12) sequences of SIAT6 (ST3GAL3) for
expression from pXL4544 Figure 4 A corresponds to the
nucleic acid sequence of sFGFR2-Fcfor expression from
pXL4410, pXL4429 or pXL4636 (SEQ ID N 1), Fig 4 B to
the amino acid sequence of sFGFR2-Fc (the
N-glycosylation sites are indicated in bold type)
encoded by pXL441 0 pXL4429 or pXL4636 (SEQ ID N 2),
Fig 4 C to the amino acid sequence of sFGFR2 (SEQ ID N
4), Fig 4 D to the amino acid sequence of Fc (SEQ ID N
6), Fig 4 E to the amino acid sequence of the linker,
and Fig 4F to the amino acid sequence of the signal
peptide (SEQ ID N 8). It is the signal peptide
described for interleukin-2. It was observed that
fusion of this peptide upstream of the sequence
represented by SEQ ID No.2 leads to a secreted protein
with a homogeneous Nterminal amino acid sequence.
Figure 5 is a schematic representation of the strategy
used for constructing pXL4636, encoding sFGFR2-Fc and
Glutamine Synthetase Figure 6 A and B show maps of the
expression vectors pXL4429 for sFGFR2-Fc and DHFR and
pXL4417 encoding neomycin resistance gene Figure 7 is
a graph showing the correlation between the average
number of sialic acid per sFGFR2 N-glycan and
clearance of sFGFR2-Fc in blood - Optimal ratio > 1.2.
preferred ratio > 0.9. Figure 8 shows SDS-PAGE (non
reducing conditions) of 1 mg of sFGFR2-Fc incubated in
the absence (-) or in the presence (+) of PNGase F. M:
molecular weight markerFigure 9 shows the N-glycan
position and numbering in sFGFR2-Fc dimer. The
numbering starts from the N-terminal amino acid
sequence of FGFR2 (FGFR2_HUMAN ) such that position N
1 correspond to Asn83, N2 to Asn123, N3 to Asn228, N4
to Asn241 , N5 to Asn 265, N6 to Asn 297, N7 to
Asn318, N8 to Asn331 . Position N297 correspond to the
Asn position on human Fc (IgGI). Figure 10 is a graph
showing the kinetics of disappearance of protein
sFGFR2-Fc (squares) in blood over time up to 72 hours.
Figure 11 shows the amount of recoveries of protein
sFGFR2-Fc in plasma and liver expressed in % of
injected dose. Figure 12 is a graph of the A549 tumor
volume analysis after treatment up to day 40 (100
mg/mouse/admin: triangles; 300 mg/mouse/admin:
squares; 500 mg/mouse/admin: closed circles; PBS
control: open circles). 



Figure 13 is a graph of the A549 tumor weight analysis
after treatment at day 40. Figure 14 is a graph of the
H460 tumor volume analysis after treatment up to day
22 (treated group: closed circles; PBS control group:
open circles). Figure 15 is a graph of the H460 tumor
weight analysis after treatment at day 22. Figure 16
is a graph of the evaluation of the in vitro ADCC
activity of sFGFR2-Fc on H460 and A549 tumor cells.
Figure 17 shows graphs of the A549 tumor volume
analysis when implanted in three mouse strains, i.e.
SCID (Fig. 17A), NOD/SCID (Fig. 17B), and SCID/bg
(Fig. 17C), up to day 4 1 (sFGFR2-Fc 100
mg/mouse/admin: diamonds; PBS control: open circles).
Figure 18 shows graphs of the H460 tumor volume
analysis when implanted in three mouse strains, i.e.
SCID (Fig. 18A), NOD/SCID (Fig. 18B), and SCID/bg
(Fig. 18C), up to day 22 (sFGFR2-Fc 100
mg/mouse/admin: diamonds; PBS control: open circles).
Figure 19A shows a map of the plasmid encoding
sFGFR2-Fc (A265 in Fc), and Fig. 19B shows the protein
sequence of sFGFR2-Fc (A265 in Fc) (SEQ ID No.
14).Position 392 is the position of the mutation in
the Fc domain (Asp265Ala) and is represented in bold
type. Figure 20 is a graph showing the H460 tumor
volume analysis when implanted in nude mouse strains
up to day 23 (open circles: PBS control; diamonds:
sFGFR2-Fc 500 mg/mouse/admin; open square: sFGFR2-Fc
(A265Fc) 500 mg/mouse/admin). * * : p<0.01 vs control
Anova & Newman-Keuls post test) Detailed Description
Throughout this disclosure, applicants refer to
journal articles, patent documents, published
references, web pages, sequence information available
in databases, and other sources of information. One
skilled in the art can use the entire contents of any
of the cited sources of information to make and use
aspects of this invention. Each and every cited source
of information is specifically incorporated herein by
reference in its entirety. Portions of these sources
may be included in this document as allowed or
required. However, the meaning of any term or phrase
specifically defined or explained in this disclosure
shall not be modified by the content of any of the
sources. The description and examples that follow are
merely exemplary of the scope of this invention and
content of this disclosure. One skilled in the art can
devise and construct numerous modifications to the
examples listed below without departing from the scope
of this invention. The present invention relates to
soluble protein fusions comprising domains of FGF
receptors. The invention generally encompasses FGF
receptor fragments, domains, and especially soluble or
extracellular domains. The extracellular domain of the
FGF receptor is linked to an appropriate fusion
partner, such as an immunoglobulin Fc unit. Therefore,
in the broadest sense, the modified soluble FGF
receptor fusions of the invention can be FGF receptor
(FGFR) proteins, fragments, domains, extracellular
domains, soluble domains, and any of these linked to a
fusion partner, especially an Fc region fusion
partner. This applicant has found that a modified
soluble FGF receptor Fc fusion comprising a fusion of
a soluble domain of a FGF receptor with an Fc region
of an immunoglobulin wherein at most 45% of the
N-glycans have no sialyl group have
advantageousproperties. Advantages of the sialylation
pattern of the modified soluble FGF receptor Fc fusion
of the invention include a better pharmacokinetic
profile and an improved resistance to cleavage in
vivo. Typically N-glycans are attached
cotranslationally through specific asparagine (Asn)
residues. The consensus sequence Asn-X-Ser/Thr (where
X is any amino acid except Pro) is essential but not
sufficient in that local secondary structure may
determine addition (Jefferis et a/., 2006, Nature
Biotechnology 24:1241). Several factors are believed
to account for unoccupied N-glycosylation sites (Jones
et a/., 2005, Biochimica et Biophysica Acta 1726:
121). Several N-glycosylation sites are present within
the soluble FGF receptors of the invention. For
example, there are 8 Nglycosylation sites in the
extracellular domain of FGFR2lllc (see Fig. 9). The
N-glycans contain a conserved oligosaccharide core
linked to Asn. This core is composed of three mannose
(Man) and two N-acetylglucosamine (GlcNAcs)
monosaccharide residues. Additional GlcNAcs are
normally linked to b1,2-linked to the a6 Man or a3
Man, while the N-acetylneuraminic acid (NeuAca2,6),
galactose (Galb1,4), fucose (Fuca1,6) and bisecting
GIcNAc (b1,4) can be present or absent (Jefferis ef
a/., 2006, Nature Biotechnology 24: 1241 ) . The
applicant has demonstrated that the presence of a
N-glycan on the 5th Nglycosylation site from the
N-terminus of the FGFR moiety confers advantageous 



properties for productivity and low aggregation, as
shown in the Experimental Examples. In particular, in
the absence of glycosylation on this particular site,
productivity drops dramatically, while aggregation is
increased. In addition, the presence of this N-glycan
was found to be necessary for FGF binding. The present
invention is thus directed to a modified soluble FGF
receptor Fc fusion comprising a fusion of a soluble
domain of a FGF receptor with an Fc region of an
immunoglobulin, wherein at least the 5th
N-glycosylation site of the FGF receptor moiety is
occupied, and at most 45% of the N-glycans of said FGF
receptor moiety have no sialyl group. According to a
further embodiment of the invention, the 3rd , 4th,
6th and 7th Nglycosylation sites of the FGF receptor
moiety are occupied. When at least 7 of the
Nglycosylation sites of the FGF receptor moiety are
glycosylated, the fusion of theinvention has even
better properties as regards productivity and low
aggregation. Thus, in another aspect, the invention is
directed to a fusion of a soluble fragment or domain
of a FGF receptor with an Fc region of an
immunoglobulin, wherein at least 7 Nglycosylation
sites are occupied and at most 45 % of the N-glycans
of the FGF receptor Fc fusion have no sialyl group. In
a specific embodiment of the invention, all the
Nglycosylation sites are occupied. In another aspect,
the modified soluble FGF receptor Fc fusion of the
invention has an average number of sialic acid per
N-glycan of the FGF receptor moiety is at least 0.9,
i.e. this number can be 0.9 or any value above 0.9. In
a preferred embodiment, the modified soluble FGF
receptor Fc fusion of the invention has an average
number of sialic acid per N-glycan of at least 1.2.
Such a ratio was found by the applicant to ensure a
maximized concentration in the blood of the soluble
FGF receptor fusion of the invention, that would be
comparable to the optimal concentration in the blood
found for Fc molecules. The present invention is
further directed to a modified soluble FGF receptor Fc
fusion comprising a fusion of a soluble fragment or
domain of a FGF receptor with an Fc region of an
immunoglobulin, wherein all N-glycosylation sites are
occupied, and wherein at most 45% of the N-glycans of
the FGF receptor moiety have no sialyl group and
wherein the N-glycans of the Fc region are not
fucosylated. In another embodiment, the modified
soluble FGF receptor Fc fusion of the invention is
partially fucosylated, e.g., 0 to 60 % fucosylated. In
yet another embodiment, the modified soluble FGF
receptor Fc fusion of the invention is entirely
fucosylated. In a preferred embodiment, the modified
soluble FGF receptor Fc fusion of the invention is 60
to 100 % fucosylated. In a further preferred
embodiment, each N-glycan molecule of the modified
soluble FGF receptor Fc fusion according to the
present invention further comprises 3 mannose
residues, and a mean of 1.5 to 3.0 galactose residues,
3.5 to 5 of Nacetylglucosamine per molecule of glycan,
and 0.6 to 1 fucose residues. According to the
invention, the modified soluble FGF receptor Fc fusion
binds FGF ligand with high affinity. For example, said
fusion binds FGF2 with a K value measured by
Biacore(tm) comprised between 1 and 5 nM. In a
preferred embodiment of the invention, the K value of
said fusion for FGF2 measured by Biacore(tm) is around
1.5 nM. Such modified fusions as described above are
useful as potent and therapeutically effective
inhibitors of tumor growth. Indeed the applicant has
demonstrated that the modified soluble FGF receptor Fc
fusions of the invention are capable of
inhibitingtumor growth in vivo. Moreover, said
modified soluble FGF receptor Fc fusions of the
invention are capable of triggering ADCC and/or CDC
responses both in vitro and in vivo. As effective ADCC
and/or CDC mediating molecules, these compounds are
especially useful to treat FGF-overexpressing
cancerous tumors. The FGFR sequences used for the FGFR
compounds, full length or fragments of an FGFR 1
synthetic FGFR sequences, extracellular domains,
soluble domains, or fusions of these, can be selected
from any available or known sequences. FGFR belongs to
the tyrosine kinase family of receptors and to the
immunoglobulin (Ig) supergene family. In transmembrane
forms of the receptor, the tyrosine kinase domain is
intracellular and the Ig-like domains are
extracellular. Both transmembrane and secreted forms
bind FGF. There are at least four genes that encode
FGFRs that have a common structure of two or three
extracellular immunoglobulin (Ig)-like loops
(IgIIgIII) and one intracellular tyrosine kinase
domain. Alternative splicing products are also known,
from exons encoding the extracellular region,
resulting in multiple receptor forms. The third
Ig-like loop leads to at least three receptor variants
and two membrane-spanning forms are produced by
alternative splicing of two exons (HIb and 



IHc) encoding the second half of loop III. For
example, a selective polyadenylation site preceding
exons HIb and IHc is used to produce a soluble form of
FGFR1 (HIa). In humans and mice, the IgIIIa splice
variant of FGFR1 encodes a protein that apparently has
no hydrophobic membrane-spanning domain and may
therefore be a secreted or soluble form of the
receptor. The FGFR compounds may also utilize
sequences from FGFR1 (Protein locus on NCBI,
NP_075598); FGFR2 (Protein locus on NCBI, NP_000132);
FGFR3 (Protein locus on NCBI, P22607); and FGFR4
(Protein locus on NCBI, NP_002002) (Kiefer et al.,
1991 , Growth Factors 5:1 15-127). Soluble forms of
FGF receptors, comprising the extracellular domains,
have also been discussed in U.S. Pat. Nos. 5,288,855;
6,656,728; WO 91/00916; WO 92/00999; WO 00/46380; WO
2005/016966; WO 2005/1 13295; WO 2006/1 13277; WO
2007/014123; and European Patent 529 076. The FGFR
fragments, domains, or soluble or extracellular
domains as used in the invention may include the
fragment of an FGFR that is extracellular in its
native form or consists of all or part of the
naturally secreted form. Furthermore, the FGFR
sequences as used in this invention can be those
specifically described or listed and sequences having
about 98%, 97%, 96%, 95%, 94%, 93%, 92%, 91%, or 90%
amino acid sequence identity over the full length of
the polypeptide sequence described or depicted, or
having about 95%, 90%, 85%, 80%, or75% nucleic acid
sequence identity over the polypeptide encoding region
for nucleic acids encoding the FGFR sequences of the
invention. The fragment or domain could also include
additional amino acids or other regions of the FGFR as
long as these additional amino acids or regions do not
prevent or significantly reduce the ability of the
FGFR compound to be used as described in this
invention. A polypeptide or fusion protein consisting
essentially of a FGFR domain or fragment may contain
other amino acids as long as the ability to be
expressed in a mammalian cell and bind to FGF are
retained, and optionally, in addition, as long as the
ability to reduce cell growth or reduce
vascularization is retained. In one embodiment, the
soluble fragment or domain of the FGF receptor is the
soluble or extracellular domain of FGF receptor 1
(sFGFRI) or FGF receptor 2 (sFGFR2). The fragments of
FGFR1 and FGFR2 selected can have one or more of the
following mutations, an N-terminal deletion; of 1-7
amino acids; or N-term substitution; a deletion of the
loopi sequence; a deletion of the acidic box sequence.
Polynucleotides encoding amino acid sequence mutants
can be prepared by a variety of methods known in the
art, including, but not limited to,
oligonucleotide-mediated (or sitedirected)
mutagenesis, PCR mutagenesis and cassette mutagenesis
of an earlier prepared mutant or a non-mutant version
of the molecule of interest (see, e.g., Kunkel, 1985,
Proc Natl Acad Sci USA 82:488). In another embodiment,
the soluble fragment or domain of the FGF receptor is
the soluble or extracellular domain of FGF receptor 1
isotype IHc (sFGFRI (HIc)) and FGF receptor 2 isotype
IHc (sFGFR2(lllc)). Preferred embodiments include
soluble fragment or domain of the FGF receptor 2
isotype or variant HIc encoded by a polynucleotide
having the sequence of SEQ ID NO: 3, and/or having the
amino acid sequence of SEQ ID NO: 4 or a sequence with
at least 95%, 97%, 98%, or 99% identity with the SEQ
ID NO: 4. According to this latest embodiment, the
modified soluble FGF receptor Fc fusion (sFGFR2-Fc) of
the present invention advantageously has a high
affinity for its natural ligand FGF2 or high K0 value
of the order of the nanomolar, comprised between 1 and
5 nM and more precisely around 1.5 nM. Specific
examples of immunoglobulin domains include, but are
not limited to, the Fc region of an immunoglobulin
molecule; the hinge region of an immunoglobulin
molecule; the CH1 region of an immunoglobulin
molecule; the CH2 region of an immunoglobulin
molecule; the CH3 region of an immunoglobulin
molecule; the CH4region of an immunoglobulin molecule;
and the light chain of an immunoglobulin molecule, and
humanized variants of any of these. The sequences for
these regions are also available to one of skill in
the art (see, for example, Huck et al., 1986, Nucleic
Acids Res. 14:1779). As used in the specification and
claims, "immunoglobulin Fc region or Fc" means the
carboxyl-terminal portion of an immunoglobulin heavy
chain constant region. The Fc regions are particularly
important in determining the biological functions of
the immunoglobulin and these biological functions are
termed effector functions. As known in the art, the
heavy chains of the immunoglobulin subclasses comprise
four or five domains: IgM and IgE have five heavy
chain domains, and IgA, IgD and IgG have four heavy
chain domains. The Fc region of IgA, IgD and IgG is a
dimer of the hinge-CH2-- 



CH3 domains, and in IgM and IgE it is a dimer of the
hinge-CH 2--CH3-CH 4 domains. Further the CH3 domain
of IgM and IgE is structurally equivalent to the CH2
domain of IgG, and the CH4 domain of IgM and IgE is
the homolog of the CH3 domain of IgG (see, W. E. Paul,
ed., 1993, Fundamental Immunology, Raven Press, New
York, New York). Any of the known Fc regions would be
useful as the Fc region in the modified soluble FGF
receptor Fc fusions of the invention. In one
embodiment, the gene encoding the Fc region of human
IgG (Fqg) is obtained by reverse transcription and PCR
using RNA prepared from human leukocytes and
appropriate 5' and 3' primers. The resulting DNA
fragments contain complete sequences of the hinge,
CH2, and CH3 domains of IgG and can be used as the
template to generate variants in which certain amino
acids are substituted, as known in the art. A primer
encoding a peptide linker, including an optional
restriction enzyme site, can be incorporated into the
PCR process. The resulting DNA fragments are inserted
into a holding vector and confirmed by DNA sequencing.
Preferably, the Fc region of immunoglobulin gamma-1 is
used, which includes at least part of the hinge
region, CHi region, CH2 region, and CH3 region. In
addition, the Fc region of immunoglobulin gamma-1 can
be a CHr deleted -Fc or a CH2-deleted-Fc, and includes
a part of a hinge region and a CH3 region wherein the
CH1 and/or CH2 region has been deleted. A
CH2-deleted-Fc has been described by Gillies era/.,
(1990, Hum. Antibod. Hybridomas, 1:47). Most
preferably, the Fc region of IgGI comprises the
sequence encoded by apolynucleotide having the
sequence of SEQ ID NO: 5, and/or the amino acid
sequence as set forth in SEQ ID NO: 6 or a sequence
with at least 95% identity with SEQ ID NO: 6. However,
Fc regions from the other classes of immunoglobulins,
IgA, IgD, IgE, and IgM, would also be useful as the Fc
region. Further, deletion constructs of these Fc
regions, in which one or more of the constant domains
are deleted, may be prepared. One of ordinary skill in
the art could prepare such deletion constructs using
well known molecular biology techniques. In addition,
the Fc region used can be one that has about 99%, or
about 98%, or about 95%, or about 90%, or about 85%,
or about 80%, or about 75% amino acid identity to that
shown in SEQ ID NO:6. Specific mutations as compared
to SEQ ID NO: 6 that can be selected from and used
individually or in any combination are: a deletion or
substitution of one of the Cys within the first 20
N-term amino acids; a deletion of Cys at position 5 in
SEQ ID NO: 6; or a substitution of Cys at position 5.
The Fc region sequence chosen can detectably increase
the serum half life of the modified soluble FGF
receptor Fc fusion. The modified soluble FGF receptor
Fc fusion of the invention may comprise a hinge or a
spacer region can be used between the soluble receptor
part and the Fc region, (Ashkenazi et al., 1997,
Current Opinion in Immunology, 9:195-200). Examples
include a flexible peptide linker of about 20 or fewer
amino acids in length. More preferably, the peptide
linker may be at least three amino acids in length,
and/or a peptide linker comprising two or more of the
following amino acids: glycine, serine, alanine, and
threonine. In a preferred embodiment, the peptide
linker does not include a protease cleavage site. Most
preferred linker is SAL (Ser-Ala-Leu). The present
invention also provides for the construction of
polynucleotides encoding the modified soluble FGF
receptor Fc fusion according to the present invention
as well as a vector capable of expressing the modified
soluble FGF receptor Fc fusion when introduced into an
appropriate host cell. According to the preferred
embodiment, the polynucleotide encoding the modified
soluble FGF receptor Fc fusion has the sequence of SEQ
ID NO: 1, or a sequence sharing at least 80% identity
with SEQ ID NO: 1. As used herein, "vector" is
understood to mean any nucleic acid comprising a
nucleotide sequence of interest and capable of being
incorporated into a host cell, and optionally to
express an encoded protein or polypeptide. Vectors
include linear nucleic acids,plasmids, phagemids,
cosmids and the like, all within the knowledge of a
person skilled in the art. Polynucleotides encoding
the FGFR or fusion compound of the invention, as well
as vectors containing these nucleic acids and host
cells wherein these vectors have been introduced, are
also specifically incorporated into the scope of the
invention. Most preferably, the fusion molecules of
the invention are encoded by DNA comprising an
extracellular domain of an FGFR fused at the C
terminus to the Fcg 1 region of the human
immunoglobulin g 1 gene. The Fcg 1 region of the
immunoglobulin g 1 gene includes at least a portion of
the hinge domain and CH3 domain, or at least a portion
of the hinge domain, CH2 domain and CH3 domain. The
DNA encoding the chimeric polypeptide molecules
according to the present invention can be in its
genomic 



configuration or its cDNA configuration. Signal
peptides may be used to efficiently initiate the
transport of a protein across the membrane of the
endoplasmic reticulum. Signal sequences have been well
characterized in the art and are known typically to
contain 16 to 30 amino acid residues, although other
sizes are possible. A detailed discussion of signal
peptide sequences is provided by von Heijne (1986,
Nucleic Acids Res., 14:4683). According to a preferred
embodiment, the signal peptide is taken from
lnterleukin-2 signal peptide (SEQ ID No. 8) as known
in the art. The applicant has observed that fusing
this peptide to an extracellular domain of an FGFR
leads to a secreted protein with a homogenous
N-terminal amino acid sequence, which is not the case
when the endogenous FGFR signal peptide is used. An
expression vector containing the coding sequences of
the modified soluble FGF receptor Fc fusion of the
invention placed under the control of appropriate
transcriptional and translational regulatory sequences
can be constructed by recombinant DNA technology as
known in the art. Such expression vector is introduced
into a host cell by any technique known to the person
skilled in the art. The resulting vector-containing
cell is then grown to produce a modified soluble FGF
receptor Fc fusion or fragment thereof, using any
technique known to the person skilled in the art.
According to the invention, a variety of expression
systems may be used to express the modified soluble
FGF receptor Fc fusion molecules. In one aspect, such
expression systems represent vehicles by which the
coding sequences of interest may be produced and
subsequently purified, but also represent cells which
may, when transiently transfected with the appropriate
nucleotide coding sequences, express a modified
soluble FGF receptor Fc fusion molecule of the
invention in situ. Mammaliancells are commonly used
for the expression of a recombinant modified soluble
FGF receptor Fc fusion molecule, especially for the
expression of whole recombinant modified soluble FGF
receptor Fc fusion molecule. For example, mammalian
cells such as HEK293 or CHO cells, in conjunction with
a vector, containing the expression signal such as one
carrying the major intermediate early gene promoter
element from human cytomegalovirus, are an effective
system for expressing the modified soluble FGF
receptor Fc fusions of the invention (Foecking etal.,
1986, Gene 45:101; Cockett etal., 1990, Bio/Technology
8:2). In addition, a host cell is chosen which
modulates the expression of the inserted sequences, or
modifies and processes the gene product in the
specific fashion desired. Such modifications (e.g.,
glycosylation) and processing of protein products may
be important for the function of the protein.
Different host cells have features and specific
mechanisms for the post-translational processing and
modification of proteins and gene products.
Appropriate cell lines or host systems are chosen to
ensure the correct modification and processing of the
expressed modified soluble FGF receptor Fc fusion of
interest. Hence, eukaryotic host cells which possess
the cellular machinery for proper processing of the
primary transcript, glycosylation of the gene product
may be used. Such mammalian host cells include, but
are not limited to, CHO, COS, HEK293, 3T3 or myeloma
cells. The host cell may be co-transfected with two or
more expression vectors, including the vector
expressing the protein of the invention. For example,
a host cell can be transfected with a first vector
encoding a modified soluble FGF receptor Fc fusion
polypeptide, as described above, and a second vector
encoding a glycosyltransferase polypeptide.
Alternatively, the second vector could express a small
interfering RNA against a glycosyltransferase. For
long-term, high-yield production of recombinant
proteins, stable expression is preferred. In one
embodiment of the invention, cell lines which stably
express the modified soluble FGF receptor Fc fusion
molecule may be engineered. Rather than using
expression vectors which contain viral origins of
replication, host cells are transformed with DNA under
the control of the appropriate expression regulatory
elements, including promoters, enhancers,
transcription terminators, polyadenylation sites, and
other appropriate sequences known to the person
skilled in art, and a selectable marker. Following the
introduction of the foreign DNA, engineered cells may
be allowed to grow for one to two days in an enriched
media, and then are moved to a selective media. The
selectable marker on the recombinant plasmid confers
resistanceto the selection and allows cells to stably
integrate the plasmid into a chromosome and be
expanded into a cell line. A number of selection
systems may be used according to the invention,
including but not limited to the Herpes simplex virus
thymidine kinase (Wigler et al., 1977, Cell 11:223),
hypoxanthine-guanine phosphoribosyltransferase
(Szybalska et al., 1992, Proc Natl Acad Sci USA
48:202), glutamate synthase selection in the presence
of 



methionine sulfoximide (Adv Drug Del Rev, 2006, 58:
671 , and website or literature of Lonza Group Ltd.)
and adenine phosphoribosyltransferase (Lowy et al.,
1980, Ce// 22:817) genes in tk, hgprt or aprt cells,
respectively. Also, antimetabolite resistance can be
used as the basis of selection for the following
genes: dhfr, which confers resistance to methotrexate
(Wigler et al., 1980, Proc Natl Acad Sci USA 77:357);
gpt, which confers resistance to mycophenolic acid
(Mulligan et a/., 1981 , Proc Natl Acad Sci USA
78:2072); neo, which confers resistance to the
aminoglycoside, G-418 (Wu et al., 1991, Biotherapy
3:87); and hygro, which confers resistance to
hygromycin (Santerre et al., 1984, Gene 30:147).
Methods known in the art of recombinant DNA technology
may be routinely applied to select the desired
recombinant clone, and such methods are described, for
example, in Ausubel et al., eds., Current Protocols in
Molecular Biology, John Wiley & Sons (1993). The
expression levels of a modified soluble FGF receptor
Fc fusion molecule can be increased by vector
amplification. When a marker in the vector system
expressing a modified soluble FGF receptor Fc fusion
is amplifiable, an increase in the level of inhibitor
present in the culture will increase the number of
copies of the marker gene. Since the amplified region
is associated with the gene encoding the modified
soluble FGF receptor Fc fusion of the invention,
production of said modified soluble FGF receptor Fc
fusion will also increase (Crouse ef al., 1983, MoI
Cell Biol 3:257). A number of factors are known to the
person skilled in the art to influence the
glycosylation level of a glycoprotein. For example,
modified mammalian host cells can be used to alter the
glycosylation profile of modified soluble FGF receptor
Fc fusion by increasing or diminishing the expression
of glycosyltransferase. Such modified mammalian host
cells include, but are not limited to, CHO, COS,
HEK293, PER.C6, 3T3, YB2/0 and myeloma cells (Stanley
et al., 1986, Archives of Biochemistry and Biophysics,
249:533; Mori et al., 2006, Biotechnology and
Bioengineering 94:68; Chitlaru et al., 1998, Biochem.
J. 336:647; Umana etal., 1999 Nature Biotechnology
17:176). It is also known to the person skilled in the
art that bioprocess factors affectglycoprotein
oligosaccharide biosynthesis (Goochee et al., 1994,
CurrOpin Biotechnol. 5:546). The effect of cell
culture conditions, such as glucose or ammonium ions
concentration, pH, serum, and the effects of other
bioprocess factors, such as cell growth rate,
cultivation time, influence N-linked glycosylation
(Biotechnol. Bioeng. 39:327 ( 1993); Biotechnol.
Bioeng. 68:370 (2000); Bio/technology 11:720 ( 1993);
Cytotechnology 17:13 (1995); Biochem J. 272:333
(1990)). It is also known that in addition to the host
cells and the bioprocess factors, the oligosaccharide
processing is influenced by the local environment at
each N-glycosylation site pending on the local
glycoprotein environment. Site-to-site differences may
be extensive as was observed with t-PA or may involve
more subtle differences in branching and terminal
processing as observed for the three N-glycosylation
sites of EPO (Goochee et al, 1991 , Bio/Technology 9:
1347). After it has been produced, a modified soluble
FGF receptor Fc fusion of the invention may be
purified by any method known in the art for
purification of an immunoglobulin molecule, for
example, by chromatography (e.g., ion exchange,
affinity, particularly by Protein A affinity for Fc
after and so on), centrifugation, differential
solubility or by any other standard technique for the
purification of proteins. Quantitative sialic acid
identification (N-acetylneuraminic acid residues),
carbohydrate composition analysis and quantitative
oligosaccharide mapping of N-glycans in the purified
modified soluble FGF receptor Fc fusion proteins can
be performed essentially as described previously
(Saddic et al. Methods MoI. Biol. 194:23-36 (2002) and
Anumula et al. Glycobiology 8:685-694 (1998)). Fusion
proteins incorporating soluble FGF receptor domains
can be produced by methods familiar to those in the
art for any other mammalian, expressable or
biologically active fusion, mutatis mutandis. For
example, methods reported to combine the Fc regions of
IgG with the domains of cytokines and soluble
receptors can be adopted to design and produce the
FGFR compounds of the invention (see, for example,
Capon et al., Nature, 337:525-531 (1989); Chamow et
al., Trends Biotechnol., 14:52-60 (1996); U.S.
5,116,964, 5,349,053 and 5,541,087). Other examples of
receptor-lg fusion proteins that can be adopted
include those of U.S. 5,726,044; 5,707,632; and
5,750,375. Because FGF receptor extracellular domains
share a significant degree of homology to the
immunoglobulin gene family and the FGFR extracellular
domain contains Ig-like segments, the use of Fc
regions is especially preferred. In one example, the
fusion is a homodimeric protein linked through
cysteineresidues in the hinge region of IgG Fc,
resulting in a molecule with similar 



characteristics to an IgG molecule. One advantage to
using an Fc region is extended circulating half-life.
In addition, the glycosylation modifications of the
modified soluble FGF receptor Fc fusion proteins of
the invention lead to improved pharmacokinetic
properties, as the fusions of the invention exhibit in
vivo pharmacokinetic profiles comparable to human IgG
of a similar isotype. A further embodiment of the
present invention provides a method for making a
modified soluble FGF receptor Fc fusion protein
comprising a FGFR fragment or domain, a flexible
peptide linker, and a human IgG Fc variant, which
method comprises: (a) generating a CHO-derived cell
line; (b) growing the cell line under conditions such
that the recombinant fusion protein is expressed; and
(c) purifying the expressed protein from step (b). In
this case, preferably, the flexible peptide linker
comprising at least about 3 amino acids between the
soluble FGF receptor and the human IgG Fc variant
comprises two or more amino acids selected from the
group consisting of glycine, serine, alanine, and
threonine. In additional and related embodiments, the
linker peptide is not present or is only one amino
acid in length. In a preferred embodiment, the peptide
linker does not include a protease cleavage site. The
most preferred linker is SAL (Ser-Ala-Leu).
Preferably, the modified soluble FGF receptor fusion
protein is produced in CHO cells in a suspension mode
as described in the Examples herein. As shown in the
Examples herein, the modified soluble FGF receptor Fc
fusions of the present invention have anti-tumoral
activity, at least through induction of ADCC and/or
CDC responses, and are thus useful in the treatment of
metastatic tumors and diseases such as cancer. One
aspect of the invention is thus directed to a modified
soluble FGF receptor Fc fusion as described above with
ADCC and/or CDC activities. Of special interest are
modified soluble FGF receptor Fc fusions with enhanced
ability to mediate cellular cytotoxic effector
functions such as ADCC. Such proteins may be obtained
by making single or multiple substitutions in the Fc
region of the molecule, thus altering its interaction
with the Fc receptors. Methods for designing such
mutants can be found for example in Lazar et a/.
(2006, Proc. Natl. Acad. Sci. U.S.A. 103(1 1):
4005-4010) and Okazaki et al. (2004, J. MoI. Biol.
336(5): 1239-49). See also WO 03/074679, WO
2004/029207, WO 2004/099249, WO2006/047350, WO
2006/019447,WO 2006/105338, WO 2007/041635. It is also
possible to use cell lines specifically engineered for
production of improved modified soluble FGF receptor
Fc fusions. In particular, these lines have altered
regulation of the glycosylation pathway, resulting in
modified soluble FGF receptor Fc fusions which are
poorly fucosylated or even totally defucosylated. Such
cell lines and methods for engineering them are
disclosed in e.g. Shinkawa et at. (2003, J. Biol.
Chem. 278(5): 3466-3473), Ferrara et a/. (2006, J.
Biol. Chem. 281(8): 5032-5036; 2006, Biotechnol.
Bioeng. 93(5): 851-61), EP 1331266, EP 1498490, EP
1498491, EP 1676910, EP 1792987, and WO 99/54342.
Methods of inhibiting tumor growth in a subject, and
methods for the treatment or prevention of metastasis
in a subject, comprising administering an efficient
amount of such modified soluble FGF receptor Fc
fusions as described above, are an aspect of the
invention. The invention thus also relates to the
modified soluble FGF receptor Fc fusion as described
above as a medicament. The present invention also
relates to the use of the modified soluble FGF
receptor Fc fusion as described above for the
preparation of a medicament for treating or inhibiting
tumor growth in a subject. Another aspect of the
invention relates to pharmaceutical compositions of
the modified soluble FGF receptor Fc fusion of the
invention. The pharmaceutical compositions of the
invention typically comprise the modified soluble FGF
receptor Fc fusion of the invention and a
pharmaceutically acceptable carrier. As used herein,
"pharmaceutically acceptable carrier" includes any and
all solvents, buffers, salt solutions, dispersion
media, coatings, antibacterial and antifungal agents,
isotonic and absorption delaying agents, and the like
that are physiologically compatible. The type of
carrier can be selected based upon the intended route
of administration. In various embodiments, the carrier
is suitable for intravenous, intraperitoneal,
subcutaneous, intramuscular, topical, transdermal or
oral administration. Pharmaceutically acceptable
carriers include sterile aqueous solutions or
dispersions and sterile powders for the extemporaneous
preparation of sterile injectable solutions or
dispersion. The use of media and agents for
pharmaceutically active substances is well known in
the art. As detailed herebelow, additional active
compounds can also be incorporated into the
compositions, such as anti-cancer and/or
anti-angiogenesis agents; in particular, the
additional active compound can be an anti-angiogenic
agent, a chemotherapeutic agent, or a lowmolecular 



weight agent. A typical pharmaceutical composition for
intravenous infusion could be made up to contain 250
ml of sterile Ringer's solution, and 100 mg of the
combination. Actual methods for preparing parenterally
administrable compounds will be known or apparent to
those skilled in the art and are described in more
detail in forexample, Remington's Pharmaceutical
Science, 17th ed., Mack Publishing Company, Easton,
Pa. (1985), and the 18th and 19th editions thereof,
which are incorporated herein by reference. The
modified soluble FGF receptor Fc fusion of the
invention can also be prepared with carriers and
controlled-release formulations, including implants
and microencapsulated delivery systems. Biodegradable
and biocompatible polymers can be used, such as
ethylene vinyl acetate, polyanhydrides, polyglycolic
acid, collagen, polyorthoesters, polylactic acid and
polylactic, polyglycolic copolymers (PLG). Many
methods for the preparation of such formulations are
generally known to those skilled in the art. The
modified soluble FGF receptor Fc fusion in the
composition preferably is formulated in an effective
amount. An "effective amount" refers to an amount
effective, at dosages and for periods of time
necessary, to achieve the desired result, such as
modulation of FGF and/or FGFR activities and induction
of ADCC and/or CDC responses. A "therapeutically
effective amount" means an amount sufficient to
influence the therapeutic course of a particular
disease state. A therapeutically effective amount is
also one in which any toxic or detrimental effects of
the agent are outweighed by the therapeutically
beneficial effects. For therapeutic applications, the
modified soluble FGF receptor Fc fusions of the
invention are administered to a mammal, preferably a
human, in a pharmaceutically acceptable dosage form
such as those discussed above, including those that
may be administered to a human intravenously as a
bolus or by continuous infusion over a period of time,
by intramuscular, intraperitoneal, intracerebrospinal,
subcutaneous, intraarticular, intrasynovial,
intrathecal, oral, topical, or inhalation routes. The
modified soluble FGF receptor Fc fusions also are
suitably administered by intratumoral, peritumoral,
intralesional, or perilesional routes, to exert local
as well as systemic therapeutic effects. The
intraperitoneal route is expected to be particularly
useful, for example, in the treatment of ovarian
tumors. Dosage regimens may be adjusted to provide the
optimum response. For example, a single bolus may be
administered, several divided doses may be
administered over time, or the dose may be
proportionally reduced or increased. The compositions
of the invention can be administered to a subject to
effect cell growth activity in a subject. As used
herein, the term "subject" is intended to include
living organisms in which an FGFdependent cell growth
exists and specifically includes mammals, such as
rabbits, dogs, cats, mice, rats, monkey transgenic
species thereof, and humans. The modified soluble FGF
receptor Fc fusions and the pharmaceutical
compositions of the invention are useful in the
treatment or prevention of a variety of cancers,
including (but not limited to) the following:
carcinoma, including that of the bladder, breast,
colon, head and neck, kidney, including renal cell
carcinoma, liver, lung, ovary, pancreas, stomach,
cervix, thyroid and skin; including squamous cell
carcinoma ; hematopoietic tumors of lymphoid lineage,
including leukemia, acute lymphocytic leukemia, acute
lymphoblastic leukemia, B-cell lymphoma, T-cell
lymphoma, Burkitt's lymphoma ; hematopoietic tumors of
myeloid lineage, including acute and chronic
myelogenous leukemias and promyelocytic leukemia;
tumors of mesenchymal origin, including fibrosarcoma
and rhabdomyoscarcoma; other tumors, including
melanoma, seminoma, tetratocarcinoma, neuroblastoma
and glioma; tumors of the central and peripheral
nervous system, including astrocytoma, neuroblastoma,
glioma, and schwannomas; tumors of mesenchymal origin,
including fibrosarcoma, rhabdomyosarcoma, and
osteosarcoma; and other tumors, including melanoma,
xeroderma pigmentosum, keratoactanthoma, seminoma,
thyroid follicular cancer and teratocarcinoma, and
other cancers yet to be determined which are caused by
FGF overexpression. In a preferred embodiment, the
modified soluble FGF receptor Fc fusion of the
invention is used to treat melanoma, leukemia, renal
cancer, colon cancer, ovarian cancer, prostate cancer,
lung cancer, bladder cancer, breast cancer, or head
and neck cancer. The present invention thus relates to
the use of the modified soluble FGF receptor Fc fusion
described above for the preparation of a medicament
for treating or inhibiting cancer-related diseases in
a subject. It is an aspect or object of the present
invention to provide a method of treating diseases and
processes that result from cancer cell proliferation,
and a composition for treating or repressing the
growth of a cancer. Yet another aspect of the
invention is to provide compositions and methods
useful for gene 



therapy for the modulation of cancer. The method of
the present invention may be used in particular for
the treatment of melanoma, leukemia, renal cancer,
colon cancer, ovarian cancer, prostate cancer, lung
cancer, bladder cancer, breast cancer, or head and
neck cancer. The effectiveness of the modified soluble
FGF receptor Fc fusion in preventing or treating
disease may be improved by administering said fusion
serially or incombination with another agent that is
effective for those purposes, such as tumor necrosis
factor (TNF), an antagonist capable of inhibiting or
neutralizing the angiogenic activity of acidic or
basic fibroblast growth factor (FGF), platelet-derived
growth factor (PDGF), or hepatocyte growth factor
(HGF), an antagonist capable of inhibiting or
neutralizing the coagulant activities of tissue
factor, protein C, or protein S (see WO 91/01753), an
antagonist such as an antibody capable of binding to
HER2 receptor (see US 5,772,997), or one or more
conventional therapeutic agents such as, for example,
alkylating agents, folic acid antagonists,
anti-metabolites of nucleic acid metabolism,
antibiotics, pyrimidine analogs, 5-fluorouracil,
cisplatin, purine nucleosides, amines, amino acids,
triazol nucleosides, or corticosteroids. In another
aspect of the invention, the administration is
combined with an administration of therapeutically
effective amount of chemotherapeutic agent, such as
for example, taxol (paclitaxel) ortaxotere
(docetaxel). Chemotherapeutic agents include without
any limitations, anti-microtubule agents such as
diterpenoids and vinca alkaloids; platinum
coordination complexes; alkylating agents such as
nitrogen mustards, oxazaphosphorines, alkylsulfonates,
nitrosoureas, and triazenes; antibiotic agents such as
anthracyclins, actinomycins and bleomycins;
topoisomerase Il inhibitors such as
epipodophyllotoxins; antimetabolites such as purine
and pyrimidine analogues and antifolate compounds;
topoisomerase I inhibitors such as camptothecins;
hormones and hormonal analogues; signal transduction
pathway inhibitors; non-receptor tyrosine kinase
angiogenesis inhibitors; immunotherapeutic agents;
proapoptotic agents; and cell cycle signaling
inhibitors. In addition, the methods of the invention
can be combined with another anti-cancer treatment,
anti-angiogenic agent, or chemotherapeutic agent or
radiation therapy. A preferred example is docetaxel or
taxotere. Other examples include, gemcitabine,
cisplatin diterpenoids and vinca alkaloids,
paclitaxel, vinblastine, vincristine, and vinorelbine,
carboplatin, cyclophosphamide, melphalan, and
chlorambucil, busulfan, carmustine, dacarbazine,
cyclophosphamide, melphalan, chlorambucil, busulfan,
carmustine, dacarbazine, anti neoplastic agents
including, but not limited to, actinomycins such as
dactinomycin, anthrocyclins such as daunorubicin and
doxorubicin, bleomycins, epipodophyllotoxins,
etoposide and teniposide; antimetabolite neoplastic
agents, 5-fluorouracil, methotrexate, cytarabine,
mecaptopurine, thioguanine, camptothecins, irinotecan
HCI, and topotecan HCI.A variety of different
chemotherapeutic agents or anti-cancer polypeptides
can also be selected. Information sources such as
www.clinicaltrials.gov, www.ncbi.nlm.nih , and
www.druqs.com . include references to polypeptides and
agents that can be selected. Such other agents, e.g.
anti-angiogenic agents or chemotherapeutic agents may
be present in the composition being administered or
may be administered separately. In one aspect of the
invention, the administration is performed with the
other active principle, either simultaneously,
separately or sequentially over time. When the
administration is performed simultaneously, the two
active principles may be combined in a single
pharmaceutical composition, comprising the two
compositions, such as a tablet or a gel capsule. On
the other hand, the two active principles may, whether
or not they are administered simultaneously, be
present in separate pharmaceutical compositions. To
this end, the combination may be in the form of a kit
comprising, on the one hand, the modified soluble FGF
receptor Fc fusion as described above and, on the
other hand, the second active principle, the modified
soluble FGF receptor Fc fusion as described above and
the second active principle being in separate
compartments and being intended to be administered
simultaneously, separately, or sequentially over time.
The combination according to the present invention can
be administered especially for tumor therapy in
combination with chemotherapy, protein therapy ( i.e.
using a therapeutic agent such as an antibody or
recombinant protein), gene therapy, radiotherapy,
immunotherapy, surgical intervention, or a combination
of these. Longterm therapy is equally possible as is
adjuvant therapy in the context of other treatment
strategies, as described above. The examples that
follow are merely exemplary of the scope of this
invention and 



content of this disclosure. One skilled in the art can
devise and construct numerous modifications to the
examples listed below without departing from the scope
of this invention.Examples Example 1: Production in
HEK293 of sFGFR2-Fc with a high sialic acid content
and low blood clearance. cDNAs encoding human
a-1,4-galactosyltransferase (B4GT1) (SEQ ID No. 9) or
human b-2,3-sialyltransferase (SIAT6) (SEQ ID No. 11)
were retrieved from clone collection (Invitrogen) and
cloned into the mammalian expression vector pXL4214
from which expression is driven from the CMV promoter.
The same expression vector was also used to clone the
protein fusion sFGFR2-Fc and generate pXL4410. Map of
plasmids pXL4551 encoding B4GT1, pXL4544 encoding
SIAT6 and pXL4410 encoding the modified soluble
FGFR2IIIc-Fc fusion (herein designated as sFGFR2-Fc)
are presented on Fig. 1 and 5 as well as the nucleic
acid and corresponding amino acid sequence of B4GT1
(Fig. 2), SIAT6 (Fig. 3) and sFGFR2-Fc (Fig.4 A and
B). sFGFR2- Fc was produced in adherent HEK293 EBNA
cells (Invitrogen) by transient transfection of one to
three expression plasmids encoding sFGFR2-Fc, B4GT1or
SIAT6 complexed with JET PEI (Q-Biogen). Plasmid ratio
was 90/5/5 for pXL4410/pXL4544/pXL4551. Plasmid ratio
had to be optimized to ensure optimal productivity and
quality of the sFGFR2-Fc polypeptide. Secreted
proteins were harvested eight days post-transfection
and centrifuged. Proteins were purified by affinity
chromatography on Protein G Sepharose (Amersham
Biosciences) after elution from the column with 100 mM
glycine/HCI pH 2.7. The sFGFR2-Fc proteins were
formulated in PBS and 0.22 mm filtered. Protein
concentration was determined by the microBC Assay
(Interchim). Quantitative sialic acid identification,
carbohydrate composition analysis and quantitative
oligosaccharide mapping of N-glycans in the sFGFR2-Fc
purified proteins were performed essentially as
described previously (Saddic et al. 2002. Methods MoI.
Biol. 194:23-36 and Anumula et a/.1998. Glycobiology
8:685-694). First, sialic acid residues were released
after mild hydrolysis of sFGFR2-Fc and fluorescently
labeled with ortho-phenylenediamine and separated by
reversed-phase HPLC. Individual peaks were detected by
fluorescence detection (excitation, 230 nm; emission,
425 nm), identified and quantitated by comparison with
N-acetylneuraminic and Nglycolylneuraminic acid
standards. Second, the carbohydrate composition was
determined after acid hydrolysis of sFGFR2-Fc samples
to release the individual monosaccharides. After
hydrolysis, the monosaccharides (neutral and amino
sugars) were derivatized with anthranilic acid and
then separated by reversed-phase HPLC anddetected by
fluorescence detection (excitation, 360 nm; emission,
425 nm). Individual peaks were identified and
quantitated by comparison with monosaccharide
standards.Third, oligosaccharides were enzymatically
released with PNGase F and fluorescently labeled with
anthranilic acid before separation according to their
number of sialic acid residues by normal phase-anion
exchange HPLC on an Asahipak-NH2P (Phenomenex) column.
Labeled glycans were detected and quantitated by
fluorescence detection (excitation, 360 nm; emission,
425 nm). The average number of sialic acid per
N-glycan in the FGFR2 domain was calculated based on
the total amount of moles of N-glycan per mole of
FGFR2-Fc and the moles of N-glycan per Fc mole
obtained after release of the Fc by papain. The
purified sFGFR2-Fc proteins were injected in the tail
of Swiss Nude mice (Charles River). A total of three
mice were used per protein batch. Blood was collected
6-hour post injection of 500 mg of sFGFR2-Fc, plasma
was obtained and FGFR2-Fc concentration was determined
by ELISA utilizing the sandwich method with an
antihuman FGFR2 monoclonal antibody (R&D system) and
an anti-human IgG-HRP conjugate polyclonal antibody
(Pierce) (2 analysis at 2 dilutions in triplicate). In
the control experiments mice were pretreated with
fetuin and asiolofetuin one hour prior to injection of
sFGFR2-Fc. Table 1 summarizes the condition of
production of the different sFGFR2-Fc batches, the
N-glycan profile and monosaccharide composition of
each batch and the plasma concentration of sFGFR2-Fc
6-hour post intravenous injection in mice.Table 1-
N-Glvcan content and pharmacokinetic of FGFR2-Fc
produced in HEK293 Improved sialylation pattern of
sFGFR2-Fc fusion proteins produced in HEK293EBNA has
been demonstrated by transient co-expression of the
fusion protein with human a- 1,4-galactosyltransferase
or human b-2,3-sialyltransferase. This large
improvement of sialylation status was evidenced by a
2-fold reduction of the percentage of nonsialylated
glycans, a 2-fold increase in the total sialic acid
content per mol of proteinand a 2.5-fold increase in
the average number of sialic acid per N-glycan. Of
note the monosaccharide content was not affected (see
Table 1). 



This 2.5-fold increase in sialylated N-glycan is
directed correlated with the significantly improved
pharmacokinetic parameters of sFGFR2-Fc. In particular
a 100-fold increase of the sFGFR2-Fc presence in the
plasma has been measured 6-hour post iv injection in
mice. The pharmacokinetic was also improved by
100-fold when mice were pretreated with asialofetuin
compared to the pretreatment with fetuin.
Asialofetuin, but not fetuin, is known to bind to the
hepatic asialoglycoprotein receptor (ASGPR) (Webster
et a/., 2003, Xenobiotica 33:945) Taken together,
these results indicate that specific binding to
asialoglycoprotein receptor via exposed terminal
galactose residues from N-glycan are responsible for
clearance of sFGFR2-Fc whereas the presence of one
sialic acid per N-glycan on sFGFR2-Fc decreased
significantly this clearance. Example 2: Screening of
CHO stable clones expressing sFGFR2-Fc protein with an
average number of sialic acid residues per FGFR2
N-glycan greater than 1.2 for optimal pharmacokinetics
Mammalian expression plasmid pXL4636 for stable
expression of sFGFR2-Fc in CHO cells was generated
from plasmid pEE14.4 encoding glutamine synthetase
selection marker (Lonza) and plasmid pXL4410
containing the cDNA sequence encoding sFGFR2-Fc, Fig
5. Plasmid pXL4636 was introduced into CHO K1 cells by
nucleofection utilizing AMAXA cell line Nucleofactor
kit as recommended by the supplier. Transfected cells
were transferred into selective medium and after cell
amplification the seven best producer CHO/GS
semi-clones (SC# 9, 11, 26, 58, 112, 118, 170) were
screened for the sialic acid content of the purified
sFGFR2-Fc molecules. The two semi-clones with the
highest sialic acid content (SC # 1land 118) were
selected for cloning and up-scale production; in
particular clone from SC# 118 was further described as
GC1 11. Although sFGFR2-Fc molecules produced from all
the semi-clones had a high sialic acid content, they
did not lead to the same pharmacokinetics.
Interestingly, it was observed that from two
semi-clones (SC#1 1 and 118), sFGFR2-Fc with the
highestsialic acid content led to the highest
sFGFR2-Fc concentration in the blood 6-hour post iv
injection in mice, as described on Table 2. And from
the two clones (SC# 9 and 170) sFGFR2-Fc with the
lowest sialic acid content had the lowest sFGFR2-Fc
concentration in the blood 6-hour post iv injection in
mice. Table 2- CHO stable clones expressing sFGFR2-Fc
protein with a ratio of sialic acid residues per
sFGFR2 N-glvcan greater than 1.2 for optimal
pharmacokinetics The screening of clones based on high
sialylated N-glycan of sFGFR2-Fc is predictive of
optimal pharmacokinetics parameters of sFGFR2-Fc.
Example 3: Correlation between the average number of
sialic acid per sFGFR2- Fc N-glycan and the clearance
of sFGFR2-Fc in blood In other experiment similar to
the experiment described in Example 2, stable CHO/DHFR
clones expressing sFGFR2-Fc were generated using the
DHFR selectionand amplification system with the
appropriate mammalian expression plasmids pXL4429 and
plasmid pXL4417 (Fig. 6). These CHO-DHFR clones have
also been screened for the content of sialic acid per
sFGFR2-Fc molecule and the clearance of sFGFR2-Fc
produced by these clones was also assayed. The average
number of sialic acid per N-glycan in the FGFR2 domain
was calculated based on the total amount of moles of
N-glycan per mole of FGFR2-Fc and the moles of
N-glycan per Fc mole obtained after release of the Fc
by papain. The results presented on Fig. 7 showed that
a ratio of sialic acid residues per FGFR2 N-glycan
greater than 1.2 ensured optimal sFGFR2-Fc
concentration in the blood as compared to the optimal
concentration in the blood found for Fc molecules.
Only the selected clones reached this optimal ratio.
Therefore screening clones by the ratio of sialic acid
residues per FGFR2 N-glycan allows the skilled person
to predict the low clearance of sFGFR2-Fc in blood.
Example 4: Amino acid sequence of the sFGFR2-Fc fusion
protein The protein sFGFR2-Fc encoded by plasmid
pXL4410 or pXL4636 or pXL4429 (Figure 5 and 6) is a
fusion protein of the soluble FGFR2 human sequence
with the Fc fragment derived from the human IgGI
sequence. The sequence of the polynucleotide encoding
sFGFR2-Fc is set forth in SEQ ID NO: 1 and in Figure 4
A. Likewise, the full amino acid sequence of the
sFGFR2-Fc protein is set forth in SEQ ID NO: 2 in
Figure 4B. Amino acids from positions 1 to 350
correspond to the FGFR2IIIC isotype (see Fig 4 C SEQ
ID; NO: 4) and are the amino acids from position 27 to
376 described in SwissProt (FGFR2JHUMAN). Amino acids
from 



positions 354 to 584 are amino acids of IgGI from
position 99 to 329 as described in SwissProt
(IGHG1_HUMAN); see Fig 4 D and SEQ ID NO: 6. Amino
acids from posi tions 351 to 353 are amino acids of a
synthetic linker: SAL (Ser Ala Leu) see Fig 4 E.
Example 5: Defined N-glycan content of sFGFR2-Fc
produced in CHO stable clone GC1 11 Conditions have
been optimized to produce sFGFR2-Fc such that the
ratio of sialic acid residues per sFGFR2 N-glycan
would be higher than 1.2. This example provides
conditions to reach this condition.A 5-L Celligen
bioreactor (New Brunswick) filled with 4.4 L of CD-CHO
protein-free media, supplemented with 100 mM MSX and
1X GS supplements was seeded at an initial cell
density of 3.5 x 105 cells/mL of clone GC1 11 and
cultured at 37C. Sparger aeration was employed using a
mixture of oxygen, nitrogen, air and carbon dioxide or
pur oxygen, and dissolved oxygen was maintained at 30
% of air saturation. The pH was maintained at 7.2 by
addition of carbon dioxide and injection of 1 M sodium
bicarbonate in the culture medium. The agitation rate
used was 110 rpm using a Cell Lift Impeller. The feed
solution (450 g/L glucose) was continuously fed to
maintain the glucose at a target level of 2-3 g/L.
Feeding was started at day 5 when residual glucose
concentration reached 2.5 g/L. Continuous nutrient
feeding was based on the predicted cell growth and
glucose consumption with a nutrient feeding rate equal
to the glucose consumption rate. The glutamate
concentration was maintained at 1-3 mmol/L by pulse
addition following daily off-line control. The cell
culture was monitored for cell count, viability and
metabolites (glucose, lactate, glutamine, ammonia and
glutamate) and for product concentration during the
production phase. The culture was stopped when cell
viability dropped down to 55%, and the culture harvest
was collected. The cell culture harvest was clarified
and sFGFR2-Fc was purified by affinity chromatography
(ProsepvA, Millipore) and two ion-exchange
chromatography steps then filtered sterile and stored
in phosphate buffer saline before further analysis and
in vivo testing. The apparent molecular mass of
sFGFR2-Fc obtained from SDS-PAGE analysis under
non-reducing conditions was 180 kDa. This was in
contrast with the theoretical molecular mass of 130
kDa calculated based on the amino acid sequence of the
sFGFR2-Fc homodimer. This large difference between
apparent and calculated molecular masses was
attributed to the additional presence of about 30 % of
N-glycans, see Table 3. Indeed upon digestion of the
sFGFR2-Fc by Peptide-N-glycosidase F (PNGase F, Roche)
followed by analysis by SDS-PAGE under non-reducing
conditions, the molecular mass of deglycosylated
sFGFR2-Fc was around 160 kDa (Fig. 7). The
carbohydrate composition and the N-glycan profile of
sFGFR2-Fcwas analyzed as described on Example 1 and
reported on Table 3. Table 3 Carbohydrate composition
and N-glycan profile of sFGFR2-Fc produced in optimal
conditionsCompared to the results obtained on Table 2,
sFGFR2-Fc, produced from clone GC111 in the optimal
conditions, had more sialylated N-glycan than
sFGFR2-Fc produced from the semi-clone SC#1 18, parent
of clone GC1 11 produced in standard conditions. For
example the % of non-sialylated species decreased from
43% to 30%. Based on the total amount of moles of
N-glycan per mole of FGFR2-Fc and the moles of
N-glycan per Fc mole obtained after release of the Fc
by papain, it was measured that there were seven
N-glycans per FGFR2. Therefore most the sites of the
FGFR2 domain are almost all fully occupied. Example 6:
N-glycosylation sites important for FGF affinity and
productivity The sFGFR2-Fc fusion protein has eight
N-glycosylation sites in the FGFR2 domain and one in
the Fc domain, see Fig 8 and Table 5 for definition of
N-glycan positions N 1 to N8. Proteins 4493 and 4565,
two variants of sFGFR2-Fc no longer having Ig-like
domain 1, were produced. 4493 exhibited
characteristics similar to wild type FGFR2-Fc derived
from pXL4636 in terms of productivity and binding to
FGF-2 or heparin. In contrast, 4565 in which all
glycosylation sites in the sFGFR2 domain were mutated
(Nto Q substitution) could not be characterized due to
the more than 50-fold reduction in productivity of the
mutant, see Table 4.Table 4. Physico-chemical
characteristics of sFGFR2-Fc variants ** Binding to
FGF-2 was determined on a BIAcore(tm) instrument
utilizing a "two-state reaction with conformation
change" model as described by Gamsjaeger et al.,
Biochem. J. 7 Apr. 2005 / BJ20050156. In brief,
integration was performed on the entire sensogram
except in the "bulk effect" areas. Concentration range
was selected between 1 to 8 nM. The simultaneous ka/kd
kinetics method allows the measurements of two ka and
two kd assuming the following equations: 



ka1 and kdi forA+B : AB ka2 and kd2 for AB AB* that
may represent dimerization of (FGF - FGFR2-Fc)
complexes The dissociation constant KD was calculated
from the following formula: 1 (Ka1 / kdO x ( 1 + ka2/
kd2) According to the two competing models reported
(the symetric two-end model from Mohammadi and the
asymmetric model from Pellegrini), sites N3 to N7
could potentially interact with amino acid residues of
either FGF1 or FGFR2c and/or interactwith heparin,
whereas site N8 is unlikely to be involved in
interactions in all crystal structures (Pellegrini et
al. 2000. Nature 407: 1029; lbrahimi et al. 2005 MoI.
Cell. Biol. 25 : 671). Based on the above information,
it was relevant to study the N-glycosylation sites at
positions N3 to N7 by substitution of the
corresponding Asn to GIn and by keeping position N8
unchanged to allow for significant productivity. The
positional influence of N-glycans on physico-chemical
characteristics of sFGFR2-Fc was evaluated
statistically with a two-level fractional factorial
experiment. Five variables (glycosylation site
occupancy at positions N3 to N7) were selected and 16
independent constructs were studied. The experimental
25 1 fractional design and data analysis were
performed as described (Statistics for Experimenters,
G. Box Ed., Willey, 1978). Fractional Factorial Design
Site-specific N-glycosylation variants were designed
based on 4493 and the factorial design at two levels
with five variables (N3 to N7) that could either be at
a plus level (N) or a minus level (Q). The design was
fractional with 16 constructs (2 5 , i.e. resolution V
design), allowing the identification of the main
effects and of 2-factor interactions but confounding
2-factor with 3-factor interactions. The 16 plasmid
constructs were obtained by sequencial PCR and cloning
to generate the N to Q substitution at position N3,
N4, N5, N6 or N7 but keeping position N8 and the
N-glycosylation site of the Fc domain unchanged. These
protein variants only differed from 4493 by the 2- or
4-point mutations listed on Table 5.Table 5. Design
matrix The 16 designed constructs were tested for
production at small scale. Two variants (4572 and
4574) were very low producers (around 2 mg/L). The
remaining 14 constructs were produced at liter-scale
and purified in parallel under standard conditions
with reasonable product recovery. They were then
analyzed by SDS-PAGE, gel filtration, BIAcore(tm).
Results were analyzed with the statistical fractional
factorial resolution- 25 1 DOE. Productivity
N-glycosylation at N3, N4, N5, N6, N7 had a positive
contribution on productivity. There was a similar
quantitative effect for all the positions studied
(i.e. N3, N4, N5, N6 and N7) and no significant effect
of two-factor interactions.Table 6. Productivit
Aggregation Purified proteins were analyzed by gel
filtration (Superdex 2000) to quantitate the
percentage of high molecular weight species (HMW; %)
in purified preparations. The highest value
(worst-case) of 80.2 % HMW was obtained for 4587 and
was used in the DOE analysis for the two constructs
(4572 and 4574) that could not be produced (the mean
percentage of HMW value obtained from the 14
constructs was also used for comparison, giving a
similar conclusion). N-glycosylation at position N5
and to a lesser extent at position N6 disfavored the
appearance of HMW species. The N5-N6 interaction
exhibited a similar effect on aggregation.Table 7.
Aggregate formation Binding to FGF-2 The binding
affinity to FGF-2 was determined with BIAcore(tm) for
each construct. Dissociation constant (KD) values
between 0.49 and 2.31 nM were obtained for constructs
showing measurable affinity. For constructs that did
not bind to FGF-2 or could not be produced, a value of
10 nM was used for the DOE analysis. Nglycosylation at
positions N5 and to a lower extent at positions N6 and
N3 had a positive effect on binding to FGF-2.
Interactions N3-N5 & N5-N6 had a significant positive
effect on binding whereas interactions N3-N6 and N4-N7
had a negative effect on binding.Table 8. Binding to
FGF-2 This resolution-V 25 1 D.O.E. revealed that
N-glycosylation had a positive contribution on
productivity, at positions N3, N4, N5, N6, N7; had a
positive impact on binding to FGF-2, at positions N5 "
N6 and N3; and disfavored the appearance of high
molecular-weight molecules at all positions,
especially N5 > N6. 



Therefore N-glycan occupancy is mandatory at position
N5, and recommended at positions N3, N4, N6 and N7
respectively (position 265, 228, 241, 297and 318
respectively on FGFR2_HUMAN (Swissprot). Example 7:
Pharmacokinetics of sFGFR2-Fc fusion protein In
example 7, sFGFR2-Fc is the fusion protein
corresponding to amino acid sequence SEQ ID N0 2 with
an average number of sialic acid per sFGFR2 N-glycan
of 1.3. Three mice per time point were injected with
500 mg of the fusion protein in the tail vein. At
various time points after injection of the product,
blood was collected, Figure 10 showsprotein
concentration in plasma and liver. Figure 11 shows the
amount of protein recovery at early time points in
plasma and liver expressed in percentage of injected
dose. Pharmacokinetic parameters were calculated using
non-compartmental analysis. Elimination half-life was
calculated with the last 6 data points that provided
the best fit of the log-linear terminal phase (Table
9). Table 9 Parameter Units sFGFR2-Fc Iy2 hr 70.1
Tlast hr 72.0 Clast mg/mL 27.6 AUCIast hr* mg/mL 3138
Clobs mL/hr/kg 4.2 Vss mUkg 406 Area under the curve
from the time of dosing to the last AUCIast measurable
concentration. Cl obs Total body clearance for
extravascular administration Clast Concentration
corresponding to Tlast t1/2 Terminal half-life Tlast
Time of last measurable (non-zero) concentration. Vss
an estimate of the volume of distribution at steady
state Following intravenous administration, sFGFR2-Fc
showed a favorable pharmacokinetic profile with a long
elimination half-life (almost 3 days) and a reduced
total body clearance. The volume of distribution was
limited and lower than total body water volume,
suggesting limited tissue distribution. At 72 h,
sFGFR2-Fc plasma concentration stays at a very high
concentration and clearance is also good.
Pharmacokinetic parameters of sFGFR2-Fc are very
compatible with the use of this fusion protein as a
therapeutic. In effect as shown in the Examples,
plasma concentration after intravenous injection in
mice is substantially high, and clearance stays very
low at 72 h after injection. Importantly, the kinetics
of sFGFR2-Fc cleavage in vivo is also very low, since
the sFGFR2-Fc was only partially cleaved (40% after
18h) and the full-length molecule concentration
remained unchanged until 72 h.Therefore, the fusion
molecule, as listed in SEQ ID NO: 2 and an average
number of sialic acid per sFGFR2 N-glycan of 1.3,
showed a favorable pharmacokinetic profile with a long
elimination half-life (almost 3 days) and a
satisfactory total body clearance. Example 8: Efficacy
of the sFGFR2-Fc fusion protein in A549 subcutaneous
tumor model In this example, sFGFR2-Fc is the fusion
protein corresponding to amino acid sequence SEQ ID N
2 with an average number of sialic acid per sFGFR2
N-glycan of 1.3. A549 subcutaneous tumor model A549
cells line had been identified as a tumor cell line to
assess the efficacy of sFGFR2-Fc. It has been
demonstrated in vitro by the Applicant that this cell
line expresses FGF2 and also that sFGFR2-Fc can
abrogate autocrine proliferation of these cells. A
subcutaneous A549 tumor model was set up by the
Applicant in Balb/c nude mice. Moreover the tumor in
vivo expresses FGF2. In this experiment, the efficacy
of sFGFR2-Fc molecule was assessed on A549 tumor
growth model. Products were injected subcutaneously
twice a week. Different doses, i.e. 25, 15, and 5
mg/kg of the sFGFR2-Fc were assessed. After overall
analysis of tumor volume evolution of the three
treated group with sFGFR2-Fc were statically different
to the tumor evolution of the group treated with PBS.
sFGFR2-Fc is efficient on tumor growth in this model
at the dose of 5 mg/kg twice a week. Experimental
Design 



5.10s A549 cells in 200 ml were injected subcutaneous
in Balb/c nude mice at day 0. After cell injection the
same day, mice were randomized per block of 4 in four
groups based on body weight. The treatments started
after randomization the day after cell injection. Each
group received subcutaneously 500, 300 or 100
mg/mouse/administration corresponding respectively to
25, 15 and 5 mg/kg, two times per week: Monday and
Friday, during 39 days.Results Tumor volume analysis
As shown in Figure 12, the volume of the tumor was
analyzed up to day 40. The groups 100 mg (triangle),
300 mg (squares) and 500 mg/mouse/administration
(closed circles) were statistically different from
group PBS (open circles). We concluded that sFGFR2-Fc
decreased tumor growth at the dose 25, 15 and 5 mg/kg.
Tumor weight at day 40 As shown in Figure 13, the
tumors were harvested and weighed at the end of the
experiment. The groups 100 mg, 300 mg and 500
mg/mouse/administration were statically different to
group PBS. We concluded that sFGFR2-Fc according to
the present invention decreased tumor weight at the
dose 25, 15 and 5 mg/kg. Evolution of tumor growth of
sFGFR2-Fc_100, sFGFR2-Fc _300 and sFGFR2-Fc _500
groups were statistically different to the evolution
of the group treated with PBS. The sFGFR2-Fc fusion
protein according to the present invention (amino acid
sequence SEQ ID N0 2 with an average number of sialic
acid per sFGFR2 N-glycan of 1.3, is able to
substantially decrease tumor growth at the dose of 5
mg/kg. Example 9: Efficacy of sFGFR2-Fc fusion protein
in H460 subcutaneous tumor model In example 9,
sFGFR2-Fc is the fusion protein corresponding to amino
acid sequence SEQ ID N 2 with an average number of
sialic acid per sFGFR2 N-glycan of 1.6. H460
subcutaneous tumor model H460 cells line had been
identified as a tumor cell line to assess the efficacy
of sFGFR2-Fc. It has been demonstrated in vitro that
this cell line expresses FGF2. In this experiment the
efficacy of sFGFR2-Fc was assessed on tumor growth.
Products were injected subcutaneously twice a week at
the dose of 25 mg/kg. After overall analysis of tumor
volume evolution, sFGFR2-Fc decreased tumor
growth.Experimental Design 5.1O6 H460 cells in 200 ml
were injected subcutaneous in right flank of Balb/c
nude mice at day 0. After cells injection, on the day
of cell inoculation (Day 0) mice were randomized on
the body weight measured and will be allocated to the
treatments groups. Treatments were administered twice
a week by subcutaneously injections (200 ml) for 3
consecutive weeks (Monday and Friday). The first
administration was performed on Day 1 after cell
inoculation to maximize the exposure of the cells to
the treatment. Results Tumor volume analysis Figure 14
shows the tumor volume analysis up to day 22. We
concluded that sFGFR2- Fc substantially decreased the
tumor growth. Tumor weight analysis Figure 15 shows
the tumor weight analysis at day 22. We concluded that
sFGFR2-Fc substantially decreased the tumor weight.
Evolution of tumor growth of sFGFR2-Fc group was
statically different of evolution of group treated
with PBS. We clearly concluded that the fusion protein
according to the present invention (amino acid
sequence SEQ ID N 2 with an average number of sialic
acid per sFGFR2 N-glycan of 1.6 is able to
substantially decrease H460 tumor growth at the dose
of 25 mg/kg. Example 10: Evaluation of in vitro ADCC
activity of sFGFR2-Fc fusion protein on A549 and H460
cell lines In this example sFGFR2-Fc is the fusion
protein corresponding to amino acid sequence SEQ ID N0
2 with an average number of sialic acid per sFGFR2
N-glycan greater than 1.6. The capacity of sFGFR2-Fc
to mediate an in vitro ADCC activity has been
evaluated in both selected models H460 and A549 tumor
cells (see examples 8 and 9).Experimental Design Tumor
cells (A549 and H460) in PBS 2% BSA ( 1 million/mL)
have been incubated 30 min at 4C with 500 ng/mL of
FGF2 (R&DSystems) and 2 mg/mL of sFGFR2-Fc or control
human IgGI (Sigma). Tumor cells have been diluted in
RPMI 1% FBS and incubated in 96-well plate at 5000
cells per well. Purified NK have been added in ratio
NK/tumor cells 20/1 and 6/1. Plates have been
incubated 4 hours at 37C, then 



centrifuged and lactate dehydrogenase has been
titrated in the supernatant (kit ROCHE). 100% lysis
was obtained using triton X100 0.2%. Specific
sFGFR2-Fc induced ADCC was calculated as required by
the manufacturer. Results The results illustrated on
Figure 16, show a tumor cell lysis mediated by natural
killer cells (NK) in the presence of sFGFR2-Fc on both
A549 and H460 tumor cells close to 25 % in the 20/1
(NK/tumor cell) conditions, indicating that sFGFR2-Fc
is able to mediate ADCC effect on these tumor cells.
Example 11: Evaluation of in vivo ADCC and CDC
activities of sFGFR2-Fc fusion protein in A549
subcutaneous tumor model In this example, sFGFR2-Fc is
the fusion protein corresponding to amino acid
sequence SEQ ID N 2 with an average number of sialic
acid per sFGFR2 N-glycan greater than 1.6. A549
subcutaneous tumor model A549 cell line has been
identified as a tumor cell line to assess the efficacy
of sFGFR2- Fc, since these cells expressed high level
of FGF2 in vivo and were sensitive to in vitro
sFGFR2-Fc-mediated-ADCC. Mouse strains Three different
mouse strains (SCID, NOD/SCID and SCID/bg mice) were
selected to evaluate the capacity of sFGFR2-Fc to
mediate in vivo ADCC and/or CDC activities. SCID mice
kept NK and complement functions and are able to
develop ADCC and CDC responses and were selected as
positive control. NOD/SCID mice have neitherNK
function nor the ability to stimulate complement
activity and were unable to develop neither ADCC nor
CDC activities. SCID/bg mice have no NK function and
were unable to develop ADCC activity. In this
experiment, the efficacy of sFGFR2-Fc molecule line
was assessed on A549 tumor subcutaneously implanted in
three different mouse strains. sFGFR2-Fc was injected
subcutaneously twice a week at the dose of 5 mg/kg
during the entire study course. Experimental Design
A549 was subcutaneously implanted in SCID, NOD/SCID
and SCID/bg mice as previously described (see example
8). The treatments have been administered twice a week
by subcutaneously injections for 6 consecutive weeks.
During the study course, the body weight and the tumor
volume have been measured twice a week. Results As
shown in Figure 17, the volume of the tumor was
analyzed up to day 4 1 in the 3 experiments. In SCID
mice, the group treated by sFGFR2-Fc at 5 mg/kg
(diamonds) was statistically different from group
control (open circles) and showed a tumor inhibition
(calculated as 100 - (Treated group volume / Control
group volume x 100)) of 39%. In the NOD/SCID mice,
sFGFR2-Fc at 5 mg/kg exhibited no activity. In the
SCID/bg mice, sFGFR2-Fc at 5 mg/kg recovered partially
its activity (tumor inhibition = 18%). According to
these results, CDC and ADCC mechanisms were involved
in sFGFR2-Fc efficacy. Example 12: Evaluation of in
vivo ADCC and CDC activities of sFGFR2-Fc fusion
protein in H460 subcutaneous tumor model In this
example sFGFR2-Fc is the fusion protein corresponding
to amino acid sequence SEQ ID N 2 with an average
number of sialic acid per sFGFR2 N-glycan greater than
1.6. H460 subcutaneous tumor model H460 cell line has
been identified as a tumor cell line to assess the
efficacy of sFGFR2- Fc, these cells expressed high
level of FGF2 in vivo and were sensitive to in vitro
sFGFR2-Fc mediated-ADCC.Mouse strains As previously
described in example 11, three mouse strains with
different immune functions (SCID, NOD/SCID and SCID/bg
mice) were selected to evaluate the capacity of
sFGFR2-Fc to mediate in vivo ADCC and/or CDC
activities in H460. In this experiment, the efficacy
of sFGFR2-Fc molecule was assessed on H460 tumor
subcutaneously implanted in the three different mouse
strains. sFGFR2-Fc was injected subcutaneously twice a
week at the dose of 25 mg/kg during the entire study
course. Experimental Design H460 was subcutaneously
implanted in SCID NOD/SCID and SCID/bg mice as
previously described (see example 9). The treatments
have been administered twice a 



week by subcutaneously injections for 3 consecutive
weeks. During the study course, the body weight and
the tumor volume have been measured twice a week.
Results As shown in Figure 18, the volume of the tumor
was analyzed up to day 22 in the 3 experiments. In
SCID mice, the group treated with sFGFR2-Fc at 25
mg/kg (diamonds) was statistically different from
group control (open circles) and showed a tumor
inhibition of 29%. In the NOD/SCID mice, sFGFR2-Fc at
5 mg/kg exhibited a lost of activity with a tumor
inhibition of 14%. In the SCID/bg mice, sFGFR2-Fc at 5
mg/kg recovered all its activity (tumor inhibition =
32%). In these studies, as observed in the A549 tumor
model (see example 11), CDC and ADCC mechanisms were
involved in sFGFR2-Fc efficacy. Example 13 Evaluation
of in vivo efficacy of sFGFR2-Fc compared to sFGFR2-Fc
(A265 Fc) in H460 subcutaneous tumor model Shields at
al. described a point mutation Asp265Ala in the Fc
domain of human IgGI named (A265 Fc) that conferred
reduced binding to all FcyR receptors and very low
antibody-dependent cell cytotoxicity (2001 J. Biol.
Chem 276:6591). This point mutation was introduced
into the Fc domain of sFGFR2-Fc coding DNA sequence of
plasmid pXL4547 (Fig. 19), resulting in the
polynucleotide sequence represented by SEQ ID No. 13.
Stable CHO/DHFR clones expressing sFGFR2-Fc (A265 Fc)
(SEQ ID NO. 14)were generated using the DHFR selection
and amplification system with the appropriate
mammalian expression plasmids pXL4547 and plasmid
pXL4417 as described in Example 3. The protein
sFGFR2-Fc (A265 Fc) was then produced and purified for
in vivo studies. It was verified that its glycan
content was similar to the glycan content found for
sFGFR2-Fc produced in Examples 3 or 5. 460
subcutaneous tumor model H460 cell line has been
identified as a tumor cell line to assess the efficacy
of sFGFR2- Fc; these cells expressed high level of
FGF2 in vivo and were sensitive to in vitro
sFGFR2-Fc-mediated-ADCC. In this experiment, the
efficacy of sFGFR2-Fc molecule and the modified
sFGFR2-Fc (A265 Fc) molecule was assessed on H460
tumor subcutaneously implanted in nude mice.
Experimental Design H460 was subcutaneously implanted
in nude Balb/C mice as previously described (see
example 9). The treatments have been administered
twice a week during the entire study course. During
the study course, the body weight and the tumor volume
have been measured twice a week.Results As shown in
Figure 20, the volume of the tumor was analyzed up to
day 23. The group treated by sFGFR2-Fc at 25 mg/kg
(diamonds) was statistically different from the
control group (open circles) and showed a tumor
inhibition of 50%. The modified sFGFR2-Fc (A265 Fc) at
25 mg/kg exhibited a lost of activity with only a
tumor inhibition of 25% (NS). The mutation within the
Fc of sFGFR2-Fc (A265 Fc) induced a decrease of the
activity. Since this modification was shown to
decrease antibody-dependent cell cytotoxicity, example
13 provides an indirect evidence that sFGFR2-Fc acted
in vivo by a mechanism involving ADCC.CLAIMS 1. A
modified soluble FGF receptor Fc fusion comprising a
fusion of a soluble fragment or domain of a FGF
receptor with an Fc region of an immunoglobulin,
wherein at least the 5th N-glycosylation site of the
FGF receptor moiety is occupied, and at most 45% of
the N-glycans of said FGF receptor moiety have no
sialyl group. 2. The modified soluble FGF receptor Fc
fusion of claim 1, wherein, in addition, the 3rd, 4th,
6th and 7th N-glycosylation sites of the FGF receptor
moiety are occupied. 3. The modified soluble FGF
receptor Fc fusion of claim 2 , wherein at least 7
N-glycosylation sites of the FGF receptor moiety are
occupied. 4. The modified soluble FGF receptor Fc
fusion of claim 3, wherein all Nglycosylation sites of
the FGF receptor moiety are occupied. 5. The modified
soluble FGF receptor Fc fusion of any of the previous
claims wherein the average number of sialic acid per
N-glycan of the FGF receptor moiety is 0.9 or above.
6. The modified soluble FGF receptor Fc fusion of
claim 5, wherein the average number of sialic acid per
N-glycan of the FGF receptor moiety is 



1.2 or above. 7. The modified soluble FGF receptor Fc
fusion of any of the previous claims, wherein the KD
value of said fusion for FGF2 measured by Biacore(tm)
is comprised between 1 and 5 nM 8. The modified
soluble FGF receptor Fc fusion of claim 7, wherein the
K value of said fusion for FGF2 measured by
Biacore(tm) is around 1.5 nM. 9. The modified soluble
FGF receptor Fc fusion of any of the previous claims
wherein said fusion possesses ADCC and/or CDC
activities. 10. The modified soluble FGF receptor Fc
fusion of any of the previous claims, wherein the
N-glycans of said fusion are 60-100 % fucosylated. 11.
The modified soluble FGF receptor Fc fusion of any of
the previous claims, wherein said modified soluble FGF
receptor Fc fusion comprises 3 mannose residues, a
mean of 1.5 to 3.0 galactose residues, a mean of 3.5
to 5 of Nacetylglucosamine residues, and a mean of 0.6
to 1 fucose residues per molecule of glycan. 12. The
modified soluble FGF receptor Fc fusion of any of
claims 1 to 9 wherein the N-glycans of said fusion are
0-60 % fucosylated.13. The modified soluble FGF
receptor Fc fusion of any of the previous claims ,
wherein the FGF receptor is selected among FGF
receptor 1 (FGFR1) or FGF receptor 2 (FGFR2). 14. The
modified soluble FGF receptor Fc fusion of any of the
previous claims, wherein the FGF receptor is selected
among FGF receptor 1 isotype IMc and FGF receptor 2
isotype INc. 15. The modified soluble FGF receptor Fc
fusion of any of the previous claims, wherein the FGF
receptor soluble domain has a sequence as set forth in
SEQ ID NO: 4, or a sequence having an identity of at
least 95% with the SEQ ID NO: 4. 16. The modified
soluble FGF receptor Fc fusion of any of the previous
claims, wherein the Fc portion has a sequence as set
forth in SEQ ID NO: 6, or a sequence having an
identity of at least 95% with the SEQ ID NO: 6. 17.
The modified soluble FGF receptor Fc fusion of any of
the previous claims, wherein said modified soluble FGF
receptor Fc fusion further comprises a linker sequence
of at least 3 amino acid residues. 18. The modified
soluble FGF receptor Fc fusion of claim 17, wherein
the linker sequence is SAL (Ser-Ala-Leu). 19. The
modified soluble FGF receptor Fc fusion of any of the
previous claims, wherein modified soluble FGF receptor
Fc fusion has a polypeptide sequence as set forth in
SEQ ID NO: 2, or a sequence having an identity of at
least 95% with the SEQ ID NO: 2. 20. The modified
soluble FGF receptor Fc fusion of any of the previous
claims, wherein modified soluble FGF receptor Fc
fusion further comprises the signal peptide of SEQ ID
NO: 8. 21. A polynucleotide encoding the modified
fusion FGF receptor of any of the previous claims. 22.
The polynucleotide of claim 2 1 wherein said
polynucleotide comprises a nucleotide sequence having
at least 80 % identity with the nucleotide sequence of
SEQ ID NO: 1. 23. A vector comprising a polynucleotide
of any of claims 2 1 and 22. 24. A cell comprising a
vector of claim 23. 25. The modified soluble FGF
receptor Fc fusion of any one of claims 1 to 20 as a
medicament. 26. A pharmaceutical composition
comprising a modified fusion FGF receptor of any one
of claims 1 to 20.27. The pharmaceutical composition
of claim 26, wherein said composition contains a
further therapeutic agent. 28. The pharmaceutical
composition of claim 27, wherein said further
therapeutic agent is an anti-angiogenic agent or a
chemotherapeutic agent. 29. The pharmaceutical
composition of claim 28, wherein said anti-angiogenic
agent is a tumor necrosis factor, or an antagonist of
an acidic or basic fibroblast growth factor (FGF)
hepatocyte growth factor (HGF), tissue factor (TF),
protein C, protein S, platelet-derived growth factor
(PDGF), or HER2 receptor. 30. The pharmaceutical
composition of claim 28, wherein said 



chemotherapeutic agent is selected from the group:
anti-microtubule agents; platinum coordination
complexes; alkylating agents; antibiotic agents;
topoisomerase Il inhibitors; antimetabolites;
topoisomerase I inhibitors; hormones and hormone
analogues; signal transduction pathway inhibitors;
non-receptor tyrosine kinase angiogenesis inhibitors;
immunotherapeutic agents; pro-apoptotic agents; and
cell cycle signaling inhibitors. 31. The
pharmaceutical composition of claim 28, wherein said
chemotherapeutic agent is selected from the group of
taxol and taxotere. 32. The use of a modified soluble
FGF receptor Fc fusion of any one of claims 1 to 20
for the preparation of a medicament for treating
cancer. 33. The use of claim 32, comprising the use of
a further therapeutic agent in the manufacture of the
same or different composition. 34. The use of claim
33, wherein said further therapeutic agent is an
antiangiogenic agent or a chemotherapeutic agent. 35.
The use of claim 34, wherein said anti-angiogenic
agent is a tumor necrosis factor, or an antagonist of
an acidic or basic fibroblast growth factor (FGF),
hepatocyte growth factor (HGF), tissue factor (TF),
protein C, protein S, platelet-derived growth factor
(PDGF), or HER2 receptor. 36. The use of claim 34,
wherein said chemotherapeutic agent is selected from
the group: anti-microtubule agents; platinum
coordination complexes; alkylating agents; antibiotic
agents; topoisomerase Il inhibitors; antimetabolites;
topoisomerase I inhibitors; hormones and hormone
analogues; signal transduction pathway inhibitors;
non-receptor tyrosine kinase angiogenesis inhibitors;
immunotherapeutic agents; pro-apoptotic agents; and
cell cycle signaling inhibitors.37. The use of claim
34, wherein said chemotherapeutic agent is selected
from the group of taxol and taxotere. 38. The use of
claim 32, wherein said cancer is selected from the
group of carcinoma, including that of the bladder,
breast, colon, head and neck, kidney, including renal
cell carcinoma, liver, lung, ovary, pancreas, stomach,
cervix, thyroid and skin; including squamous cell
carcinoma ; hematopoietic tumors of lymphoid lineage,
including leukemia, acute lymphocytic leukemia, acute
lymphoblastic leukemia, B-cell lymphoma, T-cell
lymphoma, Burkitt's lymphoma ; hematopoietic tumors of
myeloid lineage, including acute and chronic
myelogenous leukemias and promyelocytic leukemia;
tumors of mesenchymal origin, including fibrosarcoma
and rhabdomyoscarcoma; other tumors, including
melanoma, seminoma, tetratocarcinoma, neuroblastoma
and glioma; tumors of the central and peripheral
nervous system, including astrocytoma, neuroblastoma,
glioma, and schwannomas; tumors of mesenchymal origin,
including fibrosarcoma, rhabdomyoscarama, and
osteosarcoma; and other tumors, including melanoma,
xeroderma pigmentosum, keratoactanthoma, seminoma,
thyroid follicular cancer and teratocarcinoma. 39. The
use of claim 38, wherein said cancer is selected from
the group of melanoma, leukemia, renal cancer, colon
cancer, ovarian cancer, prostate cancer, lung cancer,
bladder cancer, breast cancer, and head and neck
cancer 


