
COMPOUNDS HAVING BQTH ANGIOTENSIN Il RECEPTOR
ANTAGONISM AND PPARy ACTIVATING ACTIVITIES BACKGROUND
OF THE INVENTION This invention relates to compounds
that have both angiotensin Il receptor antagonism and
PPARY activating activities. US Patent 5,338,740 and
Carpino et al., Bioorganic & Medicinal Chemistry
Letters, (1994). Vol. 4, No. 1, 93-8 disclose that
certain substituted [2-(1 H-tetrazol-5-yl)-
phenyl]-indan-1-yl}-3H-imidazo[4,5-b]pyridines are
angiotensin Il receptor antagonists (ARB). The
compounds are useful in the treatment of hypertension,
glaucoma, renal disease, congestive heart failure,
cognitive dysfunction, and other conditions in which
the action of angiotensin Il is implicated. US
Publication 2003/01 58090 discloses a method of
treating diabetes, which comprises administration of
an inhibitor of the angiotensin Il system and an
anti-diabetic agent. WO 2004/017896 discloses a method
of treating hypertension and type-2 diabetes mellitus,
metabolic syndrome or pre-diabetic condition
comprising administering a combination of a dual
PPARa/g (peroxisome proliferator-activated receptor
a/g ) agonist and an angiotensin Il type I receptor
antagonist. A dual PPARa/g agonist has both PPARa and
PPARy activity in comparison to the glitazones that
have only PPARY activity. WO 2004/014308 and US
Publication 2004/0127443 disclose a method of
treatment and compounds that are angiotensin Il type I
receptor antagonists (ARB) and can also increase the
activity of PPAR's. The diseases that these molecules
are used to treat are type-2 diabetes, metabolic
syndrome, insulin resistance, and inflammatory
disorders. Peroxisome proliferator-activated receptors
(PPARs) are members of the nuclear receptor
superfamily of ligand-activated transcription factors.
Three subtypes of PPARs have been cloned from the
mouse and human: i.e., PPARa, PPARy, and PPARd . The
PPARs are important regulators of carbohydrate and
lipid metabolism, cell growth and differentiation,
phenotype transition, apoptosis, neovascularization,
immunoregulation and the inflammatory response.
Compounds that activate PPARs are useful for the
treatment and prevention of a variety of clinical
disorders such as type 2 diabetes,insulin resistance,
hyperinsulinemia, hyperlipidemia,
hypertriglyceridemia, and metabolic syndrome. Type 2
diabetes is associated with a wide variety of
conditions such as hyperglycemia, insulin resistance,
hyperinsulinemia, excess weight, high blood pressure,
and dyslipidemia (hypertriglyceridemia and low levels
of high density lipoproteins), which can lead to the
deposition of plaque in the arteries. This cluster of
associated conditions has often been referred to as
metabolic syndrome, and is strongly associated with an
elevated risk for heart disease. Examples of known
compounds that can activate PPARs include
thiazolidinediones (e.g. rosiglitazone, pioglitazone,
MK 767 (KRP-297), MCC-555, netoglitazone,
balaglitazone, rivoglitazone) that primarily activate
PPARy, or PPARy and PPARa, and non-thiazolidinediones
that can activate any combination of PPARa, PPARY, and
PPARd are JTT-501 , LSN862, DRF 4832, LM 4 156, LY
510929, LY 51981 8, TY 5 1501 , X 334, certain
tyrosine-based derivatives such as GW1929, and GW7845,
phenylacetic acid-based derivatives, phenoxazine
phenyl propanoic acid derivatives such as DRF 2725,
DRF 2189, cinammic and dihydrocinammic acid-based
derivatives such as tesaglitazar (AZ 242)), and
3-Phenyl-7-propylbenzisoxazoles (Adams A D, et al.
Bioorg Med Chem Lett. (2003) 13:931-5), that can
activate PPARy in combination with PPARa or PPARd or
both PPARa and PPARd. Molecules with PPARy agonist
activity are used to treat type 2 diabetes and are
known to decrease insulin resistance, hyperglycemia,
hyperinsulinemia, and hypertriglyceridemia. PPARy
agonists, however, are not used for the treatment of
high blood pressure. Molecules with angiontensin Il
receptor antagonist activity are useful in the
treatment of high blood pressure. There is a need for
a molecule that has both angiontensin Il receptor
antagonist and PPARy agonist activities that can be
used to treat conditions such as type 2 diabetes,
insulin resistance, hyperinsulinemia, hyperlipidemia,
hypertriglyceridemia, metabolic syndrome, congestive
heart failure, or hypertension. There remains a need
for pharmaceutical agents that have both angiotensin
Il receptor antagonism and PPARy activating activities
and are useful in the treatment, prevention or
diminution of the manifestations of the maladies
described herein.SUMMARY OF THE INVENTION The present
invention is directed to a compound of the Formula I
Formula I wherein: R1 is (Ci - C4)alkyl or ethoxy; R2
is (Ci - C8)alkyl, (C2 - C8)alkenyl or (C2 -
C8)alkynyl, said (Ci - C8)alkyl, (C2 - C8)alkenyl or
(C2 - C8)alkynyl mono-, di- or tri- substituted
independently with hydroxyl, (CrC 5)alkylcarbonyloxy,
benzylcarbonyloxy, (CrC 3)alkoxy, halo,
trifluoromethyl, nitrile, oxo or a 3 to 8 membered
partially saturated, fully saturated or fully
unsaturated ring optionally having one to three
heteroatoms selected independently from one, two or
three N, one O or one S and said 3 to 8 membered ring
optionally mono-, di- or trisubstituted independently
with halo, (C2-C6)alkenyl, (CrC 6)alkyl, hydroxyl, (Cr
C jalkoxy, (CrC 4)alkylthio, amino, nitro, cyano, oxo,
carboxy, (CrC 6)alkyloxycarbonyl or mono-N- or
di-N,N-(Ci-C 6)alkylamino wherein said (Ci-C 6)alkyl
substituent is optionally mono-, di- or
tri-substituted independently with halo, hydroxyl,
(Ci-C 6)alkoxy, (Cr C )alkylthio, amino, nitro, cyano,
oxo, carboxy, (CrC 6)alkyloxycarbonyl or mono-N- or
di-N,N-(CrC 6)alkylamino and wherein said (d-C 6)alkyl
substituent is also optionally substituted with from
one to nine fluorines; and R3 is CH3, or a
pharmaceutically acceptable salt thereof. Another
aspect of this invention is directed to methods of
treating hypertension, obesity, overweight condition,
hypertriglyceridemia, hyperlipidemia,
hypoalphalipoproteinemia, Syndrome X (Metabolic
Syndrome), diabetes mellitus (especially Type II),
hyperinsulinemia, impaired glucose tolerance, insulin
resistance, a diabetic complication, atherosclerosis,
coronary heart disease, hypercholesterolemia,
inflammation, thrombosis or congestive heart failure
in a mammal (including a human being) which comprise
administering to said mammal a therapeutically
effective amountof a compound of Formula I a prodrug
of said compound, or a pharmaceutically acceptable
salt of said compound or prodrug. Also provided herein
are compositions comprising a pharmaceutically
effective amount of one or more of the compounds
described herein and a pharmaceutically acceptable
carrier or excipient. This invention is also directed
to pharmaceutical compositions for the treatment of
obesity, an overweight condition,
hypertriglyceridemia, hyperlipidemia,
hypoalphalipoproteinemia, Syndrome X, diabetes
mellitus (especially Type II), hyperinsulinemia,
impaired glucose tolerance, insulin resistance, a
diabetic complication, atherosclerosis, hypertension,
coronary heart disease, hypercholesterolemia,
inflammation, or congestive heart failure in a mammal
(including a human being) which comprise a
therapeutically effective amount of a compound of
Formula I , a prodrug thereof, or a pharmaceutically
acceptable salt of said compound or of said prodrug
and a pharmaceutically acceptable vehicle, diluent or
carrier. This invention is also directed to
pharmaceutical combination compositions comprising: a
therapeutically effective amount of a composition
comprising a first compound, said first compound being
a Formula I compound, a prodrug thereof, or a
pharmaceutically acceptable salt of said compound or
of said prodrug; a second compound, said second
compound being an anti-hypertensive agent; and/or
optionally a pharmaceutical vehicle, diluent or
carrier. Another aspect of this invention is methods
for treating hypertension in a mammal comprising
administering to a mammal suffering from hypertension
a first compound, said first compound being a Formula
I compound a prodrug thereof, or a pharmaceutically
acceptable salt of said compound or of said prodrug;
and a second compound, said second compound being an
antihypertensive agent wherein the amounts of the
first and second compounds result in a therapeutic
effect. Yet another aspect of this invention is kits
comprising: a. a first compound, said first compound
being a Formula I compound, a prodrug thereof, or a
pharmaceutically acceptable salt of said compound or
of said prodrug and a pharmaceutically acceptable
carrier, vehicle or diluent in a first unit dosage
form; b. a second compound, said second compound being
an anti-hypertensive agent and a pharmaceutically
acceptable vehicle, diluent or carrier in a second
unit dosage form; andc . means for containing said
first and second dosage forms wherein the amounts of
the first and second compounds result in a therapeutic
effect. This invention is also directed to
pharmaceutical combination compositions comprising: a
therapeutically effective amount of a composition
comprising a first compound, said first compound being
a Formula I compound, a prodrug thereof, or a
pharmaceutically acceptable salt of said compound or
of said prodrug; a second compound, said second
compound being a diabetic treating agent; and/or
optionally a pharmaceutical vehicle, diluent or
carrier. Another aspect of this invention is methods
for treating diabetes in a mammal comprising
administering to a mammal suffering from diabetes a
first compound, said first compound being a Formula I
compound a prodrug thereof, or a pharmaceutically
acceptable salt of said compound or of said prodrug;
and a second compound, said second compound being a
diabetic treating agent wherein the amounts of the
first and second compounds result in a therapeutic
effect. Yet another aspect of this invention is kits
comprising: a. a first compound, said first compound
being a Formula I compound, a prodrug thereof, or a
pharmaceutically acceptable salt of said compound or
of said prodrug and a pharmaceutically acceptable
vehicle, diluent or carrier in a first unit dosage
form; b. a second compound, said second compound being
a diabetic treating agent and a pharmaceutically
acceptable vehicle, diluent or carrier in a second
unit dosage form; and c . means for containing said
first and second dosage forms wherein the amounts of
the first and second compounds result in a therapeutic
effect. This invention is also directed to
pharmaceutical combination composition comprising: a
therapeutically effective amount of a composition
comprising a first compound, said first compound being
a Formula I compound, a prodrug thereof, or a
pharmaceutically acceptable salt of said compound or
of said prodrug; a second compound, said second
compound being an antiatherosclerotic agent; and/or
optionally a pharmaceutically acceptable vehicle,
diluent or carrier. Another aspect of this invention
is methods for treating atherosclerosis in a mammal
comprising administering to a mammal suffering from
atherosclerosis a first compound, said first compound
being a Formula I compound, a prodrug thereof, or a
pharmaceutically acceptable salt of said compound or
of said prodrug; anda second compound, said second
compound being an antiatherosclotic agent wherein the
amounts of the first and second compounds result in a
therapeutic effect. Yet another aspect of this
invention is kits comprising: a. a first compound,
said first compound being a Formula I compound, a
prodrug thereof, or a pharmaceutically acceptable salt
of said compound or of said prodrug and a
pharmaceutically acceptable carrier, vehicle or
diluent in a first unit dosage form; b. a second
compound, said second compound being an
antiatherosclerotic agent and a pharmaceutically
acceptable carrier, vehicle or diluent in a second
unit dosage form; and c . means for containing said
first and second dosage forms wherein the amounts of
the first and second compounds result in a therapeutic
effect. This invention is also directed to
pharmaceutical combination compositions comprising: a
therapeutically effective amount of a composition
comprising a first compound, said first compound being
a Formula I compound, a prodrug thereof, or a
pharmaceutically acceptable salt of said compound or
of said prodrug; a second compound, said second
compound being an anti-obesity agent; and/or
optionally a pharmaceutical vehicle, diluent or
carrier. Another aspect of this invention is methods
for treating obesity in a mammal comprising
administering to a mammal suffering from obesity a
first compound, said first compound being a Formula I
compound a prodrug thereof, or a pharmaceutically
acceptable salt of said compound or of said prodrug;
and a second compound, said second compound being an
anti-obesity agent wherein the amounts of the first
and second compounds result in a therapeutic effect.
Yet another aspect of this invention is kits
comprising: a . a first compound, said first compound
being a Formula I compound, a prodrug thereof, or a
pharmaceutically acceptable salt of said compound or
of said prodrug and a pharmaceutically acceptable
carrier, vehicle or diluent in a first unit dosage
form; b. a second compound, said second compound being
an anti-obesity agent or a pharmaceutically acceptable
vehicle, diluent or carrier in a second unit dosage
form; and c. a container for said first and second
dosage forms wherein the amounts of the first and
second compounds result in a therapeutic effect. All
patents and patent applications referred to herein are
hereby incorporated by reference.Other features and
advantages of this invention will be apparent from
this specification and the appendant claims which
describe the invention. Brief Description of the
Drawings FIG. 1 is a characteristic x-ray powder
diffraction pattern showing that the compound of
Example 10 Form A, (S)-1-(3-((1S)-5-(2-(1
H-tetrazol-5-yl)phenyl)-2,3- dihydro-1
H-inden-1-yl)-2-ethyl-7-methyl-3H-imidazo[4,5-b]pyridi
n-5-yl)-2-methylpropan- 1-ol, is crystalline.
(Vertical Axis: Intensity (CPS); Horizontal Axis: Two
theta (degrees)) FIG. 2 is a characteristic x-ray
powder diffraction pattern showing that the compound
of Example 10c Form B, (S)-1-(3-((1S)-5-(2-(1
H-tetrazol-5-yl)phenyl)-2,3-
dihydro-1H-inden-1-yl)-2-ethyl-7-methyl-3H-imidazo[4,5
-b]pyridin-5-yl)-2-methylpropan- 1-ol, is crystalline.
(Vertical Axis: Intensity (CPS); Horizontal Axis: Two
theta (degrees)) FIG. 3 is the characteristic x-ray
powder diffraction pattern of Example 16 Form A of
1-(3-((1S)-5-(2-(1
H-tetrazol-5-yl)phenyl)-2,3-dihydro-1
H-inden-1-yl)-2-ethyl-7-methyl-
3H-imidazo[4,5-b]pyridin-5-yl)-2-methylpropan-2-ol
Vertical Axis: Intensity (CPS); Horizontal Axis: Two
theta (degrees)) FIG. 4 is the characteristic x-ray
powder diffraction pattern of Example 16 Form B
1-(3-((1S)-5-(2-(1
H-tetrazol-5-yl)phenyl)-2,3-dihydro-1
H-inden-1-yl)-2-ethyl-7-methyl-3Hirnidazo[
4,5-b]pyridin-5-yl)-2-methylpropan-2-ol Vertical Axis:
Intensity (CPS); Horizontal Axis: Two theta (degrees))
FIG. 5 is the characteristic x-ray powder diffraction
pattern of Example 13 Form A,
2-Ethyl-5-(2-methoxy-ethyl)-7-methyl-3-{(S)-5-[2-(1
H-tetrazol-5-yl)-phenyl]-indan-1-
yl}-3H-imidazo[4,5-b]pyridine, Vertical Axis:
Intensity (CPS); Horizontal Axis: Two theta (degrees))
DETAILED DESCRIPTION OF THE INVENTION A preferred
group of compounds, designated the A Group, contains
those compounds having the Formula I as shown above
wherein R1 is (C2 - C4) alkyl; and R2 is (Ci -
Cs)alkyl, said (Ci - Cs)alkyl mono- or di- substituted
independently with hydroxyl, (Ci-C 5)alkylcarbonyloxy,
benzylcarbonyloxy, (d-C 3)alkoxy, halo, keto or a 



5 to 6 membered partially saturated, fully saturated
or unsaturated ring optionally having one or two N,
and said 5 to 6 membered ring optionally mono-, di- or
tri- substituted independently with hydroxy, halo, (Cr
C3)alkoxy, (Ci-C 4)alkyl or oxo; or a pharmaceutically
acceptable salt thereof.A group of compounds which is
preferred among the A Group of compounds designated
the B Group, contains those compounds wherein R2 is
(C2- C5)alkyl, said (C2- C5)alkyl mono- substituted
with hydroxyl or (Cr C5)alkylcarbonyloxy,
benzylcarbonyloxy, or a pharmaceutically acceptable
salt thereof. A group of compounds which is preferred
among the A Group of compounds designated the C Group,
contains those compounds wherein R2 is selected from
(C2- C4)alkyl, said (C2- C4)alkyl mono- substituted
with (Cr C3)alkoxy, or a pharmaceutically acceptable
salt thereof. A group of compounds which is preferred
among the A Group of compounds designated the D Group,
contains those compounds wherein R2 is selected from
(C2- Cs)alkyl, said (C2- C5)alkyl mono- substituted
with a 5 to 6 membered partially saturated, fully
saturated or unsaturated ring optionally having one or
two N, and said 5 to 6 membered ring optionally mono-,
di- or tri- substituted independently with hydroxyl,
halo, (d-C 3)alkoxy, (Cr C4)alkyl or oxo; or a
pharmaceutically acceptable salt thereof. A group of
compounds which is preferred among the A Group of
compounds designated the E Group, contains those
compounds wherein R2 is selected from (C2- C5)alkyl,
said (C2- C5)alkyl mono-substituted with hydroxyl,
(CrCs)alkylcarbonyloxy, benzylcarbonyloxy, or (CrC
3)alkoxy,and monosubstituted with a 5 to 6 membered
partially saturated, fully saturated or fully
unsaturated ring optionally having one or two N, and
said 5 to 6 membered ring optionally mono-, di- or
tri- substituted independently with hydroxy, halo, (Cr
C3)alkoxy, (CrC 4)alkyl or oxo; or a pharmaceutically
acceptable salt thereof. A group of compounds which is
preferred among the B Group of compounds designated
the F Group, contains those compounds wherein R1 is
ethyl; R2 is (C2-C5)alkyl, said (C2-C5)alkyl mono-
substituted with hydroxyl or (Cr C5)alkylcarbonyloxy,
benzylcarbonyloxy, or a pharmaceutically acceptable
salt thereof. A group of compounds which is preferred
among the C Group of compounds designated the G Group,
contains those compounds wherein R1 is ethyl;R2 is
selected from (C2- C4)alkyl, said (C2- C4)alkyl mono-
substituted with (C1- C3)alkoxy. Another aspect of
this invention is directed to the compounds a.
(S)-1-(3-((1S)-5-(2-(1
H-tetrazol-5-yl)phenyl)-2,3-dihydro-1H-inden-1-yl)-2-
ethyl-7-methyl-3H-imidazo[4,5-b]pyridin-5-yl)-2-methyl
propan-1-ol); b. 3-((1S)-5-(2-(1
H-tetra2ql-5-yl)phenyl)-2,3-dihydro-1H-inden-1-yl)-2-e
thyl-5-(2-
methoxyethyl)-7-methyl-3H-imidazo[4,5-b]pyridine; c.
1-(3-((1S)-5-(2-(1H-tetrazol-5-yl)phenyl)-2,3-dihydro-
1H-inden-1-yl)-2-ethyl-7-
methyl-3H-imidazo[4,5-b]pyridin-5-yl)-2-methylpropan-2
-ol; d. 2-(3-((1S)-5-(2-(1
H-tetrazol-5-yl)phenyl)-2,3-dihydro-1H-inden-1-yl)-2-e
thyl-7- methyl-3H-imidazo[4,5-b]pyridin-5-yl)ethanol;
or e. 2-(3-((1S)-5-(2-(1
H-tetrazol-5-yl)phenyl)-2,3-dihydro-1H-inden-1-yl)-2-e
thyl-7- methyl-3H-imidazo[4,5-b]pyridin-5-yl)ethyl
acetate or a pharmaceutically acceptable salt thereof.
An especially preferred compound is Another aspect of
this invention is the compound Another aspect of this
invention is the compoundAn especially preferred
compound is An especially preferred compound is
Another aspect of this invention is direct to
compounds of Formula MA Formula HA wherein: R1 is
selected from ethyl, n-propyl, iso-propyl,
cyclopropyl, n-butyl, s-butyl, isobutyl, and t-butyl;
R2 is n-butyl substituted by 1 or 2 groups selected
from OH, Cr C3 alkoxy, C(O)OR or C(O)NRaRb and C3-C6
cycloalkyl;Ra is selected from H, CrC 6 alkyl, -(CH
2)o-3-(C 3-C7 cycloalkyl), phenyl and benzyl; Rb is
selected from H and CrC 6 alkyl; and R3 is selected
from CH3; or a pharmaceutically acceptable salt
thereof. Another aspect of this invention is directed
to compounds of Formula HIA: Formula HIA wherein: R1
is selected from ethyl, n-propyl iso-propyl,
cyclopropyl, n-butyl, s-butyl, isobutyl, and t-butyl;
R2 is isobutyl substituted by 1 or 2 groups selected
from OH, C1-C3 alkoxy, C(O)OR or C(0)NR aRb and C3-C6
cycloalkyl; Ra is selected from H, C1-C6 alkyl, -(CH
2)o-3-(C3-C7 cycloalkyl), phenyl and benzyl; Rb is
selected from H and Ci-C 6 alkyl; and R3 is CH3; or a
pharmaceutically acceptable salt thereof. Another
aspect of this invention are the compounds (S,
S)-4-(2-Ethyl-7-methyl-3-{5-[2-(1
H-tetrazol-5-yl)-phenyl]-indan-1-yl}-3Himidazo[
4,5-b]pyridin-5-yl)-butan-2-ol;
(S)-1-(3-((1S)-5-(2-(1H-tetrazol-5-yl)phenyl)-2,3-dihy
dro-1 H-inden-1-yl)-2-ethyl-7-
methyl-3H-imidazo[4,5-b]pyridin-5-yl)propan-2-ol
(R)-1-(3-((1S)-5-(2-(1H-tetrazol-5-yl)phenyl)-2,3-dihy
dro-1 H-inden-1-yl)-2-ethyl-7-
methyl-3H-imidazo[4,5-b]pyridin-5-yl)propan-2-ol
(S)-1-(2-Ethyl-7-methyl-3-{(S)-5-[2-(1
H-tetrazol-5-yl)-phenyl]-indan-1-yl}-3Himidazo[
4,5-b]pyridin-5-yl)-2-methyl-propan-1-ol;
3-((1S)-5-(2-(1
H-tetrazol-5-yl)phenyl)-2,3-dihydro-1H-inden-1-yl)-2-e
thyl-5-(2-
methoxyethyl)-7-methyl-3H-imidazo[4,5-b]pyridine;
1-((S)-2-Ethyl-7-methyl-3-{5-[2-(1
H-tetrazol-5-yl)-phenyl]-indan-1-yl}-3Himidazo[
4,5-]pyridin-5-yl)-2-methyl-propan-2-ol;
3-((1S)-5-(2-(1H-tetrazol-5-yl)phenyl)-2,3-dihydro-1H-
inden-1-yl)-2-ethyl-5-(2-
methoxypropan-2-yl)-7-methyl-3H-imidazo[4,5-/?]pyridin
e; 3-((1 S)-5-(2-(1
H-tetrazol-5-yl)phenyl)-2,3-dihydro-1H-inden-1-yl)-2-e
thyl-7-
methyl-5-(pyridin-2-ylmethyl)-3H-imidazo[4,5-b]pyridin
e;
(S)-2-Ethyl-7-methyl-5-(2-pyridin-3-yl-ethyl)-3-{5-[2-
(1 H-tetrazol-5-yl)-phenyl]-
indan-1-yl}-3H-imidazo[4,5-b]pyridine;
(S)-2-ethyl--(5-ethyl-[1
,3,4]oxadiazo!-2-ylmethyl)-7-methyl-3-{5-[2-(1
H-tetrazol-5-
yl)-phenyl]-indan-1-yl}-3H-imidazo[4,5-b]pyridine;
(S)-(2-Ethyl-7-methyl-3-{5-[2-(1
H-tetrazol-5-yl)-phenyl]-indan-1-(S)-yl}-3Himidazo[
4,5-b]pyridin-5-yl)-(S)-phenyl-methanol;
(S)-(2-Ethyl-7-methyl-3-{5-[2-(1
H-tetrazol-5-yl)-phenyl]-indan-1-(S)-yl}-3Himidazo[
4,5-b]pyridin-5-yl)-(R)-phenyl-methanol;
2-(S)-(2-Ethyl-7-methyl-3-{5-[2-(1
H-tetrazol-5-yl)-phenyl]-indan-1-(S)-yl}-3Himidazo[
4,5-b]pyridin-5-ylmethyl)-cyclohexanone; and
2-(R)-(2-Ethyl-7-methyl-3-{5-[2-(1
H-tetrazol-5-yl)-phenyl]-indan-1-(S)-yl}-3Himidazo[
4,5-b]pyridin-5-ylmethyl)-cyclohexanone; or a
pharmaceutically acceptable salt form thereof. Formula
I intermediates include Formula L compounds wherein R1
is (Ci - C_i)alkyl or ethoxy; X is chloro, bromo,
cyano, CH2OH, CHO, COOMe, (d- C8)alkyl or - (CH2Vr(C 3
- C6)cycloalkyl: R3 is CH3; wherein m is 0 or 1; and
wherein the cycloalkyl in R1 and R2 may optionally be
substituted with 1 methyl group. Examples of useful
intermediate compounds of Formula L include:
(S)-3-(5-bromo-2,3-dihydro-1H-inden-1-yl)-5-chloro-2-e
thyl-7-methyl-3Himidazo[ 4,5-b]pyridine;
(S)-3-(5-bromo-2,3-dihydro-1
H-inden-1-yl)-5-bromo-2-ethyl-7-methyl-3Himidazo[
4,5-b]pyridine;
(S)-3-(5-bromo-2,3-dihydro-1H-inden-1-yl)-5-cyano-2-et
hyl-7-methyl-3Himidazo[ 4,5-b]pyridine;
(S)-3-(5-bromo-2,3-dihydro-1 H-inden-1
-yl)-5-hydroxymethyl-2-ethyl-7-methyl-3Himidazo[
4,5-b]pyridine; (S)-methyl 3-(5-bromo-2,3-dihydro-1
H-inden-1 -yl)-2-ethyl-7-methyl-3Himidazo[
4,5-b]pyridine-5-carboxylate;
(S)-3-(5-bromo-2,3-dihydro-1H-inden-1-yl)-7-methyl-3H-
imidazo[4,5-b]pyridine-5- carbaldehyde; and
(S)-5-allyl-3-(5-bromo-2,3-dihydro-1
H-inden-1-yl)-2-ethyl-7-methyl-3Himidazo[
4,5-b]pyridine. Other useful intermediates in the
preparation of the compounds of Formula I are
compounds of Formula LI and Formula LII. Formula LI
Formula LII wherein R1 is (Ci - C^alkyl or ethoxy; X
is Cl, Br, allyl, (C3 - Cs)alkyl or -(CH2)m-(C3 -
C6)cycloalkyl; R3 is CH3; wherein m is 0 or 1; and
wherein the cycloalkyl in R1 and R2 may optionally be
substituted with 1 methyl group. Examples of useful
intermediate compounds of Formula LI include:
N-(6-allyl-2-chloro-4-methylpyridin-3-yl)propionamide
N-(6-bromo-2-chloro-4-methylpyridin-3-yl)propionamide
Examples of useful intermediates of Formula LII
include:
5-chloro-2-ethyl-7-methyl-3H-imidazo[4,5-b]pyridine
5-bromo-2-ethyl-7-methyl-3H-imida o[4,5-b]pyridine
methyl
2-ethyl-7-methyl-3H-imidazo[4,5-b]pyridine-5-carboxyla
te
2-ethyl-7-methyl-3H-imidazo[4,5-b]pyridine-5-carbonitr
ile 5-allyl-2-ethyl-7-methyl-3H-imidazo[4,5-b]pyridine
2-ethyl-5-isobutyl-7-methyl-3H-imidazo[4,5-b]pyridine;
2-ethyl-5-cyclopropylmethyl-7-methyl-3H-imidazo[4,5-b]
pyridine;
2-ethyl-5-cyclobutylmethyl-7-methyl-3H-imidazo[4,5-b]p
yridine;
2-ethyl-5-cyclopentylmethyl-7-methyl-3H-imidazo[4,5-b]
pyridine;
2-ethyl-5-cyclohexylmethyl-7-methyl-3H-imidazo[4,5-b]p
yridine; Intermediate LIII is (R)-5-bro
imo-2,3-dihydro-1 H-inden-1-ol Intermediate LIV is
(S)-5-bromo-2,3-dihydro-1 H-inden-1 -amine
Pharmaceutically acceptable salts of the compounds of
Formula I include the acid addition and base salts
thereof. Suitable acid addition salts are formed from
acids which form non-toxic salts. Examples include the
acetate, adipate, aspartate, benzoate, besylate,
bicarbonate/carbonate, bisulphate/sulphate, borate,
camsylate, citrate, cyclamate, edisylate, esylate,
formate, fumarate, gluceptate, gluconate, glucuronate,
hexafluorophosphate, hibenzate,
hydrochloride/chloride, hydrobromide/bromide,
hydroiodide/iodide, isethionate, lactate, malate,
maleate, malonate, mesylate, methylsulphate,
naphthylate, 2-napsylate, nicotinate, nitrate,
orotate, oxalate, palmitate, pamoate,
phosphate/hydrogen phosphate/dihydrogen phosphate,
pyroglutamate, saccharate, stearate, succinate,
tannate, tartrate, tosylate, trifluoroacetate and
xinofoate salts. Suitable base salts are formed from
bases which form non-toxic salts. Examples include the
aluminium, arginine, benzathine, calcium, choline,
diethylamine, diolamine, glycine, lysine, magnesium,
meglumine, olamine, potassium, sodium, tromethamine
and zinc salts. Hemisalts of acids and bases may also
be formed, for example, hemisulphate and hemicalcium
salts. For a review on suitable salts, see Handbook of
Pharmaceutical Salts: Properties, Selection, and Use
by Stahl and Wermuth (Wiley-VCH, 2002). The compounds
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 solvateswherein the solvent of
crystallization may be isotopically substituted, e.g.
D2O, deacetone, Cl6-DMSO. Included within the scope of
the invention are complexes such as clathrates,
drug-host inclusion complexes wherein, in contrast to
the aforementioned solvates, the drug and host are
present in stoichiometric or non-stoichiometric
amounts. Also included are complexes of the drug
containing two or more organic and/or inorganic
components which may be in stoichiometric or
non-stoichiometric amounts. The resulting complexes
may be ionised, partially ionised, or non-ionised. For
a review of such complexes, see J Pharm Sci, 64 (8),
1269-1288 by Haleblian (August 1975). The compounds of
the invention include compounds of Formula I as
hereinbefore defined, polymorphs, and isomers thereof
(including optical, geometric and tautomeric isomers)
as hereinafter defined and isotopically-labelled
compounds of Formula I . The compounds of the present
invention may be administered as prodrugs. Thus
certain derivatives of compounds of Formula I which
may have little or no pharmacological activity
themselves can, when administered into or onto the
body, be converted into compounds of Formula I having
the desired activity, for example, by hydrolytic
cleavage. Such derivatives are referred to as
'prodrugs'. [Further information on the use of
prodrugs may be found in 'Pro-drugs as Novel Delivery
Systems, Vol. 14, ACS Symposium Series (T Higuchi and
W Stella) and 'Bioreversible Carriers in Drug Design',
Pergamon Press, 1987 (ed. E B Roche, American
Pharmaceutical Association).] Prodrugs can, for
example, be produced by replacing appropriate
functionalities present in the compounds of Formula I
with certain moieties known to those skilled in the
art as 'pro-moieties' as described, for example, in
"Design of Prodrugs" by H Bundgaard (Elsevier, 1985).
Some examples of such prodrugs include: i where the
compound of Formula I contains a carboxylic acid
functionality (-COOH), an ester thereof , for example,
replacement of the hydrogen with (C C8)alkyl; ii where
the compound of Formula I contains an alcohol
functionality (-OH), an ether thereof, for example,
replacement of the hydrogen with (CrC
6)alkanoyloxymethyl; and iii where the compound of
Formula I contains a primary or secondary amino
functionality (-NH2 or -NHR where R  H), an amide
thereof, for example, replacement of one or both
hydrogens with (d-Cio)alkanoyl. In addition, certain
compounds of Formula I may themselves act as prodrugs
of other compounds of Formula I.Compounds of Formula I
containing an additional asymmetric carbon atom to the
1-indane carbon atom can exist as two or more
stereoisomers. Where a compound of Formula I contains
an alkenyl or alkenylene group or a cycloalkyl group,
geometric cis/trans (or Z/E) isomers are possible.
Where the compound contains, for example, a keto or
oxime group or an aromatic moiety, tautomeric
isomerism ('tautomerism') can occur. It follows that a
single compound may exhibit more than one type of
isomerism. Included within the scope of the claimed
compounds present invention are all stereoisomers,
geometric isomers and tautomeric forms of the
compounds of Formula (I), including compounds
exhibiting more than one type of isomerism, and
mixtures of one or more thereof. Also included are
acid addition or base salts wherein the counterion is
optically active, for example, D-lactate or L-lysine,
or racemic, for example, DL-tartrate or DL-arginine.
The present invention includes all pharmaceutically
acceptable isotopicallylabelled compounds of Formula
(I) wherein one or more atoms are replaced by atoms
having the same atomic number, but an atomic mass or
mass number different from the atomic mass or mass
number usually found in nature. 



Examples of isotopes suitable for inclusion in the
compounds of the invention include isotopes of
hydrogen, such as 2H and 3H, carbon, such as 1 C, 13C
and 14C, chlorine, such as 36CI, fluorine, such as
18F, iodine, such as 123I and 125 I , nitrogen, such
as 13N and 15N, oxygen, such as 15O, 17O and 18O,
phosphorus, such as 32P, and sulphur, such as 35S.
Certain isotopically-labelled compounds of Formula
(I), for example, those incorporating a radioactive
isotope, are useful in drug and/or substrate tissue
distribution studies. The radioactive isotopes
tritium, i.e. 3H, and carbon-14, i.e. 14C, are
particularly useful for this purpose in view of their
ease of incorporation and ready means of detection.
Substitution with heavier isotopes such as deuterium,
i.e. 2H, may 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. Substitution with positron emitting
isotopes, such as 1 1C, 18F, 15O and 13N, can be
useful in Positron Emission Topography (PET) studies
for examining substrate receptor occupancy.
Isotopically-labelled compounds of Formula (I) can
generally be prepared by conventional techniques known
to those skilled in the art or by processes analogous
tothose described in the accompanying Examples and
Preparations using an appropriate
isotopically-labelled reagents in place of the
non-labelled reagent previously employed. Metabolic
Syndrome (Syndrome X) is an increasingly common
clinical disorder that refers to an array of risk
factors for cardiovascular disease including visceral
obesity, insulin resistance, hypertension, disordered
glucose metabolism and dyslipidemia. Generally, a
patient is deemed to have metabolic syndrome if three
of those risk factors are present. Metabolic syndrome
greatly increases the likelihood of developing type 2
diabetes and the risk of cardiovascular morbidity and
mortality. References herein to "treatment" include
curative, palliative and prophylactic treatment. As
used herein, the expressions "reaction-inert solvent"
and "inert solvent" refer to a solvent or a mixture
thereof which does not interact with starting
materials, reagents, intermediates or products in a
manner which adversely affects the yield of the
desired product. By "pharmaceutically acceptable" is
meant the carrier, diluent, excipients, and/or salt
must be compatible with the other ingredients of the
Formulation, and not deleterious to the recipient
thereof. The term "pharmaceutically effective amount",
as used herein, refers to an amount of the compound of
Formula I sufficient to treat, prevent onset of or
delay or diminish the symptoms and physiological
manifestations of the indications described herein.
The term "room temperature" means a temperature
between 18 to 25 0C, "HPLC" refers to high pressure
liquid chromatography, "MPLC" refers to medium
pressure liquid chromatography, "TLC" refers to thin
layer chromatography, "MS" refers to mass spectrum,
"NMR" refers to nuclear magnetic resonance
spectroscopy, "DCM" refers to dichloromethane, "DMSO"
refers to dimethyl sulfoxide, "DME" refers to
dimethsxyethane, "EtOAc" refers to ethyl acetate,
"MeOH" refers to methanol, "Ph" refers to the phenyl
group, "Pr" refers to propyl, "trityl" refers to the
triphenylmethyl group, "ACN" refers to acetonitrile,
"DEAD" refers to diethylazodicarboxylate, and "DIAD"
refers to diisopropylazodicarboxylate. Alkyl, alkenyl
and alkynyl groups and the alkyl portions of alkoxy
groups discussed herein include straight or branched
groups having the number of carbon atoms indicated
including, for example, methyl, methoxy, ethyl,
styrene, propyl, isopropyl, isopropyloxy, allyl,
n-butyl, t-butyl, isobutyl, pentyl, isopentyl, and 2-
methylbutyl groups. The terms halo or halogen refer to
F, Cl, Br or I.The 3 to 8 membered rings optionally
containing independently at least one to three
nitrogen ring atoms and optionally having from 1 to 3
additional ring heteroatoms N, one O, or one S include
as examples azetidine, oxazetidine, oxazole,
isoxazole, oxathiazole, oxadiazolone, isothiazole,
thiazole, thiadiazole, imidazole, pyrazole,
isopyrazole, 1,3,4-oxadiazole, 1,2,3-oxadiazole,
diazole, diazine, oxazine, dioxazine, oxadiazine,
thiadiazine, triazole, triazole, tetrazole, oxazine,
dioxazine, oxadiazine, thiadiazine, oxathiazole,
triazine, thiazine, dithiazine, tetrazine, pentazine,
pyrazolidine, tetrazine, triazine, morpholine,
thiazine, piperazine, pyrazine, pyridazine,
pyrimidine, piperidine and pyridine. It is to be
understood that if a carbocyclic or heterocyclic
moiety may be bonded or otherwise attached to a
designated substrate through differing ring atoms
without denoting a specific point of attachment, then
all possible points are intended, whether through a
carbon atom or, for example, a trivalent nitrogen
atom. For example, the term "pyridyl" means 2-, 3-, or
4-pyridyl, the term "thienyl" means 2-, or 3-thienyl,
and so forth. In general the compounds of this
invention can be made by processes which include
processes analogous to those known in the chemical
arts, particularly in light of the description
contained herein. Certain processes for the
manufacture of the compounds of this invention are
provided as further features of the invention and are
illustrated by the following reaction schemes. Other
processes may be described in the experimental
section. The compounds of Formula I may be synthesized
by methods similar to those disclosed in US Patent
5,338,740. Specific synthetic schemes for preparation
of the compounds of Formula I are outlined below. As
an initial note, in the preparation of the Formula I
compounds it is noted that some of the preparation
methods useful for the preparation of the compounds
described herein may require protection of remote
functionality (e.g., primary amine, secondary amine,
carboxyl in Formula I precursors). The need for such
protection will vary depending on the nature of the
remote functionality and the conditions of the
preparation methods. The need for such protection is
readily determined by one skilled in the art. The use
of such protection/deprotection methods is also within
the skill in the art. For a general description of
protecting groups and their use, see T.W. Greene,
Protective Groups in Organic Synthesis , John Wiley &
Sons, New York, 1991 . For example, certain compounds
contain primary amines or carboxylic acid
functionalities which may interfere with reactions at
other sites of the molecule if left unprotected.
Accordingly, such functionalities may be protected by
an appropriateprotecting group which may be removed in
a subsequent step. Suitable protecting groups for
amine and carboxylic acid protection include those
protecting groups commonly used in peptide synthesis
(such as N-t-butoxycarbonyl, benzyloxycarbonyl, and
9-fluorenylmethylenoxycarbonyl for amines and lower
alkyl or benzyl esters for carboxylic acids) which are
generally not chemically reactive under the reaction
conditions described and can typically be removed
without chemically altering other functionality in the
Formula I compound. SCHEME 1 The Formula Vl
imidazo[4,5b]pyridine intermediate compounds wherein
R1, R2 and R3 are as defined above may be prepared
from the appropriate Formula IV compounds wherein R2
and R3 are appropriate to achieve the desired Formula
Vl compound by a Hofmann rearrangement, cyclization
and conversion of the urea V to the imidazole ring
analogously to a procedure reported in Tetrahedron
Lett. 1994, 35, 5775-5778. For example, the Formula Vl
compounds may be prepared from the Formula V compounds
by treatment with a di-substituted anhydride, selected
to achieve the desired R1 substituent, (e.g.,
propionic anhydride) at a temperature of about 150C to
about 3O C, typically room temperature under an inert
atmosphere, followed by addition of an alkyl acid
e.g., propionic acid and an activating agent such as
magnesium chloride. The resulting slurry is heated at
temperatures of about 6O0C to about 180C for about six
hours to about twenty-four hours followed by addition
of a protic solvent such as methanol and continued
heating at temperatures of about 300C to about 9O0C
for about thirty minutes to about two hours resulting
in the desired Formula Vl 2, 5, 7 substituted
imidazo[4,5b]pyridine intermediate compounds.
Alternatively, the Formula Vl compounds may be
prepared from the Formula V compounds by treatment
with the appropriate alkyl acid such as propionic acid
in astrong inorganic acid such as hydrochloric acid at
elevated temperatures of about 150 C to about 25O0C
for about eight to about twenty-four hours in a sealed
reactor to yield the desired Formula Vl compound. The
Formula V compound may be prepared in two steps. A
suitable inorganic base such potassium hydroxide in a
protic solvent such as methanol is treated with the
Formula III 2-amidino-acetamide (i.e., malonamamidine
hydrochloride) at reduced temperatures of about O0C to
about 20C followed by warming to about 15C to about
250C for at least about five minutes to about one
hour. The desired Formula Il compound, (wherein R2 and
R3 are selected to yield the desired Formula Vl
compound), is added to the mixture at a temperature of
about ambient for about twenty-four to about
forty-eight hours resulting in the desired Formula IV
regioisomers. lodobenzene diacetate is added to the
resulting Formula IV regioisomers mixture subsequent
to the addition of more base e.g., potassium hydroxide
and cooling to temperatures of about -200C to about
O0C. Following this the mixture is maintained at
reduced temperatures for about one to about six hours
followed by warming to ambient temperatures for a
period of about eight to about twenty-four hours
resulting in the desired Formula V
imidazo-pyridin-one. SCHEME 2 The Formula IX
intermediate chiral compounds wherein R1, R2 and R3
are as defined above and R4 is bromine or 2-(1
-trityl-1 H-tetrazol-5-yl)phenyl)- may be prepared by
condensation of VII and VIII under Mitsunobu
conditions. The reaction of the appropriate compounds
of Formula VII wherein R1, R2 and R3 are appropriate
and the appropriately substituted (R)-indanol VIII
proceeds with inversion of stereochemistry on the
indane ring to achieve the desired Formula IX
corresponding imidazo[4,5b]pyridine intermediate with
the requisite (S)-configuration. The Formula VII
compounds are combined with triphenylphosphine and the
appropriate Formula VIII indanol, wherein R4 is
preferably bromo or 2-(1 -trityl-1 Htetrazol-
5-yl)phenyl)-, in an anhydrous, aprotic solvent such
as THF or toluene under nitrogen. The mixture is
cooled to a temperature below about 10C followed by
addition of diethylazodicarboxylate (DEAD) and warming
to a temperature of about 2O0C toabout 3O0C for about
eight to about twenty-four hours to provide the
desired Formula IX conjugate intermediate.
Alternatively, the Formula VII compounds are combined
with tributylphosphine, the appropriate Formula VIII
indanol, and DEAD in an anhydrous solvent such as
toluene or THF under nitrogen in the presence of an
amine base such as diisopropylethyl amine at a
temperature of about 5O0C to about 7O0C to yield the
Formula IX intermediate. SCHEME 3 The Formula XII
intermediate compounds wherein R5 is the 2, 5,
7-substituted 3H-imidazo[4,5-b]pyridine-1-yl moiety of
the desired Formula I compound may be prepared from
the corresponding Formula X bromo-compounds by a
palladium catalyzed Suzuki reaction with the Formula
Xl compound as the coupling partner.
Triphenylphosphine in an aprotic solvent such as DME,
toluene or DMF is deoxygenated with nitrogen for a
sufficient time period e.g., 30 minutes. Palladium
diacetate is added to the mixture and the mixture
stirred for about 10 minutes to about two hours
followed by addition of potassium carbonate, water and
the Formula Xl boronic acid. The mixture is exposed to
elevated temperatures of about 500C to about reflux,
preferably about 800C under an inert atmosphere for
about six to about twentyfour hours to provide the
desired Formula XII compound. As appropriate, the
triphenylmethyl (trityl) group may be removed from the
tetrazole ring by deprotection with aqueous acid
(e.g., sulfuric acid, hydrochloric acid) in a polar
solvent such as acetonitrile or acetone.
Alternatively, it can be removed by refluxing in a
protic solvent such as methanol, or by using a reagent
such as thmethylsilyl iodide in THF. The trityl
protecting group on the tetrazole may either be
attached to N-1 or N-2. In the final product, the
hydrogen may be attached to either N-1 or N-2. For
convenience, both the trityl group and H are shown as
attached to N-1 .SCHEME 4 Scheme 4 illustrates that
the C5 position of the imidazopyridi pe can be
modified by procedures known to those skilled in the
art. R4 in the Formula XIII compound is preferably
bromo, but may also be a 2-(1 -trityl-1
H-tetrazol-5-yl)-phenyl substituent derived from prior
Suzuki coupling. When both X and R4 are Br, coupling
reactions generally favor reaction at the X
substituent (e.g. ,Br) preferentially giving a single
product with the R4 substituent (e.g., Br) intact. For
example, for the Formula XIII compound wherein X is Br
(or Cl), carbonylation in the presence of methanol
yields compounds wherein X is COOMe, aryl cyanation
yields compounds wherein X is CN and Sonogoshira
coupling reactions with 2-substituted acetylenes yield
compounds wherein X is an R2 including an ethyne
linkage. Other coupling procedures include using
enolates as substrates to give compounds wherein X is
an R2 including a - CH2CHOH linkage (e.g.,
-CH2CHOH-alkyl). Thus, one may obtain a diversity of
Formula XIII intermediates wherein X is Br, Cl, COOMe,
CN, CHO, etc. that can be further modified into the
the compound XIV C5 R2 substitutions as defined above
by methods that are well known by those familiar with
the art. For some analogs it is preferred to have the
XIII intermediate R4 substituent as 2-(1 -trityl-1
H-tetrazol-5-yl)- phenyl prior to modification of the
X substituent into the final R2 moiety. Such
derivatives may be prepared according to Scheme 2.
Thus transformations from X to R2 may take multiple
steps to achieve the objective substitution. Further,
the Formula I compounds wherein R1, R2, and R3 are as
defined above (depicted as Formula XV compounds) may
be prepared from the Formula XIV compound, wherein R4
is either Br or 2-(1 -trityl-1 H-tetrazol-5-yl)-phenyl
and R1, R2, and R3 are appropriate to achieve the
desired Formula XV compound. When R4 is Br, various
coupling reactions known to those skilled in the art
such as Suzuki and StHIe couplings may be used to form
the biphenyl linkage and the final compound obtained
by deprotection of the tetrazole Alternatively, if the
Formula XIV compound R4 substituent is 2-(1 -trityl-1
H-tetrazol-5-yl)-phenyl, then removal of the trityl
group is all that is required to obtain the Formula XV
compound. Of course, although illustrated as one step
those skilled in the art understand that the
conversion can take several steps.SCHEME 4a The
Formula I compounds wherein R1 and R3 are as defined
above and R is an R2 which includes a
hydroxylmethylene linkage to the imidazopyridine core
(depicted as Formula XXIV compounds) may be prepared
from the Formula XXIII aldehyde, wherein R1 and R3 are
appropriate. The Formula XXIII aldehyde is reacted
with a Grignard reagent followed by a coupling
reaction, such as a Suzuki reaction, and cleavage of
the trityl group to give the Formula XXIV compounds
with the substituted hydroxymethylene moiety at C5.
The Formula XXIII aldehyde is dissolved in a polar,
aprotic solvent such as ether or THF at reduced
temperatures of about -78C to about O C for about one
hour to about six hours followed by reaction with the
appropriate alkyl- or arylmagnesium halide. The
resulting compound may be conjugated at the aryl
bromide with the tetrazolylphenyl moiety by a
palladium catalyzed Suzuki reaction. Thus, it is
treated with 2-(1-trityl-1 H-tetrazol-5-yl)-phenyl
boronic acid in the presence of a suitable catalyst
such as palladium Il acetate and triphenylphosphine in
the presence of an inorganic base such as potassium
carbonate. Specifically, triphenylphosphine in an
aprotic solvent such as DME is deoxygenated with
nitrogen for a sufficient time period e.g., 30
minutes. A suitable catalyst such as palladium
diacetate or palladium chloride is added to the
mixture and the mixture stirred for about 10 minutes
to about two hours followed by addition of potassium
carbonate, water and 2-(1-trityl-1
H-tetrazol-5-yl)-phenyl boronic acid. The mixture is
exposed to elevated temperatures of about 5O C to
about reflux, preferably 



about 800C under an inert atmosphere for about six to
about twenty-four hours. Thetrityl group is removed as
described in Scheme III by methods previously outlined
to provide the desired Formula XXIV compound. The
desired Formula XXIII aldehyde wherein R1 and R3 are
as defined above may be prepared from the desired
Formula XXII compound, wherein R1 and R3 are
appropriate to achieve the desired Formula XXIII
compound, by reduction followed by oxidation to the
corresponding aldehyde. The Formula XXII compound is
treated as a cooled solution with a strong reducing
agent such as lithium aluminum hydride in an
anhydrous, aprotic solvent such as THF or ether at
reduced temperatures of about -1O0C to about 15C for
about 10 minutes to about one hour. The resulting
alcohol is oxidized, for example by a Swern oxidation,
with an oxidizing agent such as oxalyl chloride in the
presence of an amine base such as triethylamine and
DMSO. The reaction is prepared in an inert solvent
such as dichloromethane at reduced temperatures of
about -78 0C to about ambient for about thirty minutes
to about two hours providing the Formula XXIII
aldehyde. The Formula XXII compound may be prepared
from the appropriate Formula XXI compound by
palladium-catalyzed carbonylation in the presence of
methanol.. The Formula XXI compound is mixed with a
palladium catalyst such as
bis(thphenylphosphine)palladium(ll) dichlohde in a
protic solvent such as methanol with an amine base
such as triethylamine at an elevated temperature of
about 5O0C to about reflux, preferably about 7O0C
under carbon monoxide atmosphere for about ten to
about two hundred fifty hours to provide the desired
Formula XXII ester. The Formula XXI compound may be
prepared from the appropriate Formula XX compound by a
Mitsunobu-like reaction. The appropriate Formula XX
compound, (R)-5-bromo-indan-1ol and tributylphosphine
is cooled to a temperature of about -1O0C to about
150C and treated with diethylazadicarboxylate (DEAD).
The mixture is allowed to warm to room temperature for
about 30 minutes to about two hours followed by
addition of a suitably selective amine base such as
di-isopropylethylamine (Hunig's Base) at elevated
temperatures of about 5O0C to about 1000C.SCHEME 4b 4
MeOH 1 reflux. 5 Chromatography to separate
diaslereomer e The Formula I compounds wherein R1 and
R3 are as defined above and R is an R2 which includes
a hydroxylmethylene linkage to the imidazopyridine
core (depicted as Formula XXVII compounds) may be
prepared from the Formula XXVI compound, wherein R1
and R3 are appropriate to achieve the desired Formula
XXVII compound by reaction with a Grignard reagent
followed by reduction of the resulting ketone and a
coupling reaction such as a Suzuki reaction, and
cleavage of the trityl group. The Formula XXVI cyano
compound is dissolved in an anhydrous solvent such as
toluene and reacted with an appropriate alkyl- or
arylmagnesium halide at an elevated temperatures of
about 4O0C to about 60 C. The resulting compound is
reduced with a hydride reducing agent such as sodium
borohydride in a protic solvent such as methanol or
lithium aluminum hydride in an aprotic solvent such as
THF. The product is then coupled with the
tetrazolphenyl moiety by a palladium catalyzed Suzuki
reaction. Thus, it is treated with 2-(1 -trityl-
1Htetrazol- 5-yl)-phenyl boronic acid in the presence
of a suitable catalyst such as palladium Il acetate
and triphenylphosphine in the presence of an inorganic
base such as potassium carbonate. Specifically,
triphenylphosphine in an aprotic solvent such as DME
is deoxygenated with nitrogen for a sufficient time
period e.g., 30 minutes. A suitable catalyst such as
palladium diacetate or palladium chloride is added to
the mixture and the mixture stirred for about 10
minutes to about two hours followed by addition of
potassium carbonate, water and
2-(1-trityl-1H-tetrazol-5-yl)-phenyl boronic acid. The
mixture is exposed to elevated temperatures of about
5O0C to about reflux, preferably about 800C under an
inert atmosphere for about six to about twenty-four
hours. As appropriate, the trityl group may be removed
as described in Scheme III to provide the desired
Formula XXVII compound.The Formula XXVI compounds
wherein R1 and R3 are as defined above may be prepared
from the Formula XXV compound, wherein R1 and R3 are
appropriate to achieve the desired Formula XXVI
compound by a conventional aromatic nucleophilic
substitution of a cyanide ion for the bromo
substituent. The Formula XXV bromo compound is mixed
with potassium cyanide and copper(l) cyanide in an
polar solvent such as DMF at elevated temperatures of
about 1000C to about 200DC, typically about 145C for
about twelve hours to about twentyfour hours to
provide the desired Formula XXVI cyano compound.
SCHEME 4c The Formula I compounds wherein R1 and R3
are as defined above and R4 is an R2 which includes an
ethyl linkage to the imidazopyridine core (depicted as
Formula XXXIII compounds) may be prepared via a
Sonogoshira coupling followed by hydrogenation. The
Formula XXXIII compounds wherein R1 and R3 are as
defined above and R4 is an R2 (which includes an ethyl
linkage to the imidazopyridine core) may be prepared
from the Formula XXXII compound, wherein R1, R3 and R4
are appropriate to achieve the desired Formula XXXIII
compound, by hydrogenation. The Formula XXXII compound
is treated with a hydride source (e.g., 1 to 10
atmospheres of hydrogen gas, cyclohexene or ammonium
formate) in the presence of a suitable catalyst (e.g.,
5-20% palladium on carbon, palladium hydroxide;
preferably 10% palladium on carbon) in a polar solvent
(e.g., methanol, ethanol or ethyl acetate; preferably
ethanol) at a temperature between about -78C and about
1000C, preferably ambient temperature, for 0.1 to 24
hours, preferably 1 hour. The Formula XXXII compounds
wherein R1 and R3 are as defined above and R4 is an R2
(which includes an ethyl linkage to the
imidazopyridine core) may be preparedfrom the Formula
XXXI compounds by deprotection using methods known to
those skilled in the art. Briefly, the Formula XXXI
compounds are heated at a temperature of about 300C
and about reflux with a suitable alcohol such as
methanol for about twelve hours to about 48 hours to
remove the triphenylmethyl (trityl) moiety protecting
group. The Formula XXXI compounds wherein R1 and R3
are as defined above and R4 is an R2 (which includes
an ethyl linkage to the imidazopyridine core) may be
prepared from the Formula XXX bromo-imidazopyridine
with the appropriate R4-acetylene compound by coupling
reactions known to those skilled in the art. For
example, the Formula XXX compound (in an anhydrous,
polar solvent such as THF) is treated with a coupling
catalyst such as bis(triphenylphosphine)palladium(ll)
dichloride and copper iodide in the presence of a base
such as an amine base e.g., triethylamine. The desired
R4-acetylene compound is added and the mixture is
heated at elevated temperatures of about reflux under
nitrogen for about two hours to about twelve hours.
Those skilled in the art will know that the reaction
sequence can be varied, for example, the trityl moiety
may be removed after hydrogenation of the alkyne.
SCHEME 4d Sonogoshira and subsequent Suzuki coupling
sequence This scheme provides an alternative to Scheme
4c in that the tetrazolylphenyl substituent is added
after the extension at the imidazopyridine C5 via
Sonogoshiracoupling. This alternative synthesis is a
complementary method that may be preferred on large
scale. For the Formula XXXIX compounds the
hydrogenation of the alkyne was generally performed
after the Sonogashira coupling step and followed by
the removal of the trityl group. The Formula XXXIX
compounds wherein R1 and R3 are as defined above and
R4 is an R2 (which includes an ethyl linkage to the
imidazopyridine core) may be prepared from the Formula
XXXVIII compound, wherein R1, R3 and R4 are
appropriate to achieve the desired Formula XXXIX
compound, by hydrogenation. The Formula XXXVIII
compound is treated with a hydride source (e.g., 1 to
10 atmospheres of hydrogen gas, cyclohexene or
ammonium formate) in the presence of a suitable
catalyst (e.g., 5-20% palladium on carbon, palladium
hydroxide; preferably 10% palladium on carbon) in a
polar solvent (e.g., methanol, ethanol or ethyl
acetate; preferably ethanol) at a temperature between
about -78C and about 1000C, preferably ambient
temperature, for 0.1 to 24 hours, preferably 1 hour.
The Formula XXXVIII compounds wherein R1 and R3 are as
defined above and R4 is an R2 (which includes an
alkyne linkage to the imidazopyridine core) may be
prepared from the Formula XXXVII compounds by
deprotection using methods known to those skilled in
the art. Briefly, the Formula XXXVII compounds are
heated at a temperature of about 3O0C and about reflux
with a suitable alcohol such as methanol for about
twelve hours to about 48 hours to remove the
triphenylmethyl (trityl) moiety protecting group. The
Formula XXXVII compounds wherein R1, R2, and R4 are as
defined above may be prepared from the Formula XXXVI
compounds, wherein R1, R2, and R4 are selected to
achieve the desired Formula XXXVII compounds, by
treatment with triphenylphosphine and 2-(1-trityl-1
H-tetrazol-5-yl)-phenyl boronic acid in the presence
of a suitable catalyst such as palladium (II) acetate,
and an inorganic base such as potassium carbonate.
Specifically, triphenylphosphine in an aprotic solvent
such as DME is deoxygenated with nitrogen for a
sufficient time period e.g., 30 minutes. A suitable
catalyst such as palladium diacetate or palladium
chloride is added to the mixture and the mixture
stirred for about 10 minutes to about two hours
followed by addition of potassium carbonate, water and
2-(1-trityl-1 H-tetrazol-5-yl)-phenyl boronic acid.
The mixture is exposed to elevated temperatures of
about 5O0C to about reflux, preferably about 800C
under an inert atmosphere for about six to about
twenty-four hours.The Formula XXXVI compounds wherein
R1 and R3 are as defined above and R4 is an R2 (which
includes an alkyne linkage to the imidazopyridine
core) may be prepared from the Formula XXXV
bromo-imidazopyridine with the appropriate
R4-acetylene compound by coupling reactions known to
those skilled in the art. For example, the Formula
XXXV compound (in an anhydrous, polar solvent such as
THF) is treated with a coupling catalyst such as
bis(triphenylphosphine)palladium(ll) dichloride and
copper iodide in the presence of a base such as an
amine base e.g., triethylamine. The desired
R4-acetylene compound is added and the mixture is
heated at elevated temperatures of about reflux under
nitrogen for about two hours to about twelve hours.
SCHEME S Tandem Suzuki/Cyclization to
Indanylimidazopyridine. The Formula I compounds
wherein R1, R2, and R3 are as defined above (depicted
as Formula XXXXII compounds) may be prepared by a
tandem Suzuki/cyclization procedure followed by
removal of the trityl group. Thus, the Formula XXXXII
compounds wherein R1, R2, and R3 are as defined above
may be prepared from the Formula XXXXI imidoylchloride
compounds, wherein R1, R2, and R3 are selected to
achieve the desired Formula XXXXII compounds, by
treatment with triphenylphosphine and 2-(1 -trityl-1
H-tetrazol-5-yl)-phenyl boronic acid in the presence
of a suitable catalyst such as palladium (II) acetate,
and an inorganic base such as potassium carbonate. The
components are combined in a suitable aprotic solvent
such as DME, under an inert gas such as nitrogen, with
catalytic amount of water at room temperature followed
by temperature elevation to about 40 C to about
reflux, preferably about 85 C for about one to about
six hours. S-Phos
(2-dicyclohexylphosphino-2',6'-dimethoxy- 1,1
'-biphenyl) and a suitable catalyst such as palladium
(II) acetate are then added tothe reaction mixture and
the reaction is heated at an elevated temperature of
about 40 C to about reflux, preferably about 85 C for
about 10 to about 24 hours The trityl protection may
be removed by methods such as those previously
described. The Formula XXXXI compounds wherein R1, R2,
and R3 are as defined above may be prepared from the
Formula XXXX 2, 3, 5, 6-subst ituted pyridines by
synthesis of an acyl halide followed by amination. The
Formula XXXX compound is mixed with phosphorous
pentachloride in an aprotic solvent such as DCM at an
elevated temperature of about reflux for about one to
about five hours to yield the intermediate
imidoylchloride The resulting imidoylchloride is
combined at a low temperature of about O0C to about
room temperature with the appropriate (S)-5-bromo-
indan-1-ylamine and a suitable base such as an amine
base e.g , triethylamine for about two to about 170
hours. The starting materials and reagents for the
above described Formula I compounds, are also readily
available or can be easily synthesized by those
skilled in the art using conventional methods of
organic synthesis. For example, many of the compounds
used herein, are related to, or are derived from
compounds in which there is a large scientific
interest and commercial need, and accordingly many
such compounds are commercially available or are
reported in the literature or are easily prepared from
other commonly available substances by methods which
are reported in the literature. Cis/trans isomers may
be separated by conventional techniques well known to
those skilled in the art, for example, chromatography
and fractional crystallisation Mixtures of
stereoisomers may be separated by conventional
techniques known to those skilled in the art [see, for
example, "Stereochemistry of Organic Compounds" by E L
Eliel (Wiley, New York, 1994).] Conventional
techniques for the preparation/isolation of individual
enantiomers include chiral synthesis from a suitable
optically pure precursor Alternatively, the racemate
(or a racemic precursor) may be reacted with a
suitable optically active compound, for example, an
alcohol, or, in the case where the compound of Formula
(I) contains an acidic or basic moiety, an acid or
base such as tartaric acid or 1-phenylethylam ine. The
resulting diastereome pc mixture may be separated by
chromatography and/or fractional crystallization and
one or both of the diastereoisomers converted to the
corresponding pure enantiomer(s) by means well known
to a skilled person.Chiral compounds of the invention
(and chiral precursors thereof) may be obtained in
enantiomehcally-enriched form using chromatography,
typically HPLC, on a resin with an asymmetric
stationary phase and with a mobile phase consisting of
a hydrocarbon, typically heptane or hexane, containing
from 0 to 50% isopropanol, typically from 2 to 20%,
and from 0 to 5% of an alkylamine, typically 0.1%
diethylamine. Concentration of the eluate affords the
enriched mixture. Pharmaceutically acceptable salts of
compounds of Formula I may be prepared by one or more
of three methods: (i) by reacting the compound of
Formula I with the desired acid or base; (ii) by
removing an acid- or base-labile protecting group from
a suitable precursor of the compound of Formula I or
by ring-opening a suitable cyclic precursor, for
example, a lactone or lactam, using the desired acid
or base; or (iii) by converting one salt of the
compound of Formula I to another by reaction with an
appropriate acid or base or by means of a suitable ion
exchange column. All three reactions are typically
carried out in solution. The resulting salt may
precipitate out and be collected by filtration or may
be recovered by evaporation of the solvent. The degree
of ionization in the resulting salt may vary from
completely ionized to almost non-ionized. The
compounds of this invention may also be used in
conjunction with other pharmaceutical agents (e.g.,
antihypertensive and antidiabetic agents) for the
treatment of the disease/conditions described herein.
The compounds of the present invention may be used in
combination with antihypertensive agents and such
antihypertensive activity is readily determined by
those skilled in the art according to standard assays
(e.g., blood pressure measurements). Exemplary
antihypertensive agents include calcium channel
blockers, angiotensin converting enzyme inhibitors
(ACE inhibitors), antiotensin Il receptor antagonists
(ARB antagonists), Beta-adrenergic receptor blockers
(beta- or b-blockers), Alpha-adrenergic receptor
blockers (alpha- or a-blockers), vasodilators such as 



cerebral vasodilators, coronary vasodilators and
peripheral vasodilators and diuretics. The compounds
of the present invention may be used in combination
with antidiabetic agents and such anti-diabetic
activity is readily determined by those skilled in the
art according to standard assays known in the art.
Examples of such antidiabetic agents include aldose
reductase inhibitors, glucocorticoid receptor
antagonists, glycogenosis inhibitors, glycogen
phosphorylase inhibitors, sorbitol dehydrogenase
inhibitors, insulin, insulin analogs, insulinotropin,
sulfonylureas and analogs, biguanides,imidazolines,
insulin secretagogues, linogliride, glitazones,
glucosidase inhibitors, acarbose, miglitol,
emiglitate, voglibose, camiglibose, b-agonists,
phosphodiesterase inhibitors, vanadate, vanadium
complexes (e.g. Naglivan ) , peroxovanadium complexes,
amylin antagonists, glucagon antagonists,
gluconeogenesis inhibitors, somatostatin analogs,
antilipolytic agents, nicotinic acid, acipimox,
pramlintide (Symlin(tm)). and nateglinide Preferred
antidiabetic agents include chlorpropamide,
glibenclamide, tolbutamide, tolazamide, acetohexamide,
Glypizide(r), glimepiride, repaglinide, meglitinide,
metformin, phenformin, buformin, midaglizole,
isaglidole, deriglidole, idazoxan, efaroxan,
fluparoxan, ciglitazone, pioglitazone, englitazone,
darglitazone, clomoxir or etomoxir. The compounds of
the present invention may be used in combination with
cholesterol modulating agents (including cholesterol
lowering agents) such as a lipase inhibitor, an
HMG-CoA reductase inhibitor, an HMG-CoA synthase
inhibitor, an HMGCoA reductase gene expression
inhibitor, an HMG-CoA synthase gene expression
inhibitor, an MTP/Apo B secretion inhibitor, a CETP
inhibitor, a bile acid absorption inhibitor, a
cholesterol absorption inhibitor, a cholesterol
synthesis inhibitor, a squalene synthetase inhibitor,
a squalene epoxidase inhibitor, a squalene cyclase
inhibitor, a combined squalene epoxidase/squalene
cyclase inhibitor, a fibrate, niacin, an ionexchange
resin, an antioxidant, an ACAT inhibitor or a bile
acid sequestrant. The compounds of the present
invention can be used in combination with antiobesity
agents. Such anti-obesity activity is readily
determined by those skilled in the art according to
standard assays known in the art. Suitable
anti-obesity agents include phenylpropanolamine,
ephedrine, pseudoephedrine, phentermine, b3 adrenergic
receptor agonists, apolipoprotein-B
secretion/microsomal triglyceride transfer protein
(apo-B/MTP) inhibitors, MCR-4 agonists,
cholecystokinin-A (CCK-A) agonists, monoamine reuptake
inhibitors (e.g., sibutramine), sympathomimetic
agents, serotoninergic agents, cannabinoid receptor
(CB-1) antagonists (e.g., rimonabant described in U.S.
Pat. No. 5,624,941 (SR-141 J16A), purine compounds,
such as those described in US Patent Publication No.
2004/0092520; pyrazolo[1 ,5-a][1 ,3,5]triazine
compounds, such as those described in US
Non-Provisional Patent Application No. 10/7631 05
filed on January 2 1 , 2004; and bicyclic pyrazolyl
and imidazolyl compounds, such as those described in
U.S. Provisional Application No. 60/518280 filed on
November 7, 2003), dopamine agonists (e.g.,
bromocriptine), melanocyte-stimulating hormone
receptor analogs, 5HT2c agonists, melanin
concentrating hormone antagonists, leptin (the OB
protein), leptin analogs, leptin receptor agonists,
galaninantagonists, lipase inhibitors (e.g.,
tetrahydrolipstatin, i.e. orlistat), bombesin
agonists, anorectic agents (e.g., a bombesin agonist),
Neuropeptide-Y antagonists, thyroxine, thyromimetic
agents, dehydroepiandrosterones or analogs thereof,
glucocorticoid receptor agonists or antagonists,
orexin receptor antagonists, urocortin binding protein
antagonists, glucagon-like peptide-1 receptor
agonists, ciliary neurotrophic factors (e.g.,
Axokine(tm)), human agouti-related proteins (AGRP),
ghrelin receptor antagonists, histamine 3 receptor
antagonists or inverse agonists, neuromedin U receptor
agonists, and the like. The compounds of this
invention may also be used in combination with a
lipase inhibitor. A lipase inhibitor is a compound
that inhibits the metabolic cleavage of dietary
triglycerides or plasma phospholipids into free fatty
acids and the corresponding glycerides (e.g. EL, HL,
etc.). Under normal physiological conditions,
lipolysis occurs via a two-step process that involves
acylation of an activated serine moiety of the lipase
enzyme. This leads to the production of a fatty
acid-lipase hemiacetal intermediate, which is then
cleaved to release a diglyceride. Following further
deacylation, the lipasefatty acid intermediate is
cleaved, resulting in free lipase, a glyceride and
fatty acid. In the intestine, the resultant free fatty
acids and monoglycerides are incorporated into bile
acid-phospholipid micelles, which are subsequently
absorbed at the level of the brush border of the small
intestine. The micelles eventually enter the
peripheral circulation as chylomicrons. Such lipase
inhibition activity is readily determined by those
skilled in the art according to standard assays (e.g.,
Methods Enzymol. 286: 190-231 ) . Pancreatic lipase
mediates the metabolic cleavage of fatty acids from
triglycerides at the 1- and 3-carbon positions. The
primary site of the metabolism of ingested fats is in
the duodenum and proximal jejunum by pancreatic
lipase, which is usually secreted in vast excess of
the amounts necessary for the breakdown of fats in the
upper small intestine. Because pancreatic lipase is
the primary enzyme required for the absorption of
dietary triglycerides, inhibitors have utility in the
treatment of obesity and the other related conditions.
Such pancreatic lipase inhibition activity is readily
determined by those skilled in the art according to
standard assays (e.g., Methods Enzymol. 286: 190-231 )
. Gastric lipase is an immunologically distinct lipase
that is responsible for approximately 10 to 40% of the
digestion of dietary fats. Gastric lipase is secreted
in response to mechanical stimulation, ingestion of
food, the presence of a fatty meal or by sympathetic
agents. Gastric lipolysis of ingested fats is of
physiological importance inthe provision of fatty
acids needed to trigger pancreatic lipase activity in
the intestine and is also of importance for fat
absorption in a variety of physiological and
pathological conditions associated with pancreatic
insufficiency. See, for example, CK. Abrams, et al.,
Gastroenterology, 92,125 (1987). Such gastric lipase
inhibition activity is readily determined by those
skilled in the art according to standard assays (e.g.,
Methods Enzymol. 286: 190-231 ). A variety of gastric
and/or pancreatic lipase inhibitors are known to one
of ordinary skill in the art. In combination therapy
treatment, both the compounds of this invention and
the other drug therapies are administered to mammals
(e.g., humans, male or female) by conventional
methods. The Formula I compounds of this invention,
their prodrugs and the salts of such compounds and
prodrugs are all adapted to therapeutic use as agents
that mediate angiotensin Il and PPARy activity in
mammals, particularly humans. Hence, these compounds
are useful for the treatment of the various conditions
in which the action of angiotensin Il is implicated as
described above. In addition, these compounds are
useful for the treatment of the various conditions in
which the action of PPARY agonist activity is
implicated such as are described above. Thus, by
virtue of their combined angiotensin Il activity and
their PPARy activity they are adapted to treat
conditions such as for example, hypertension, type 2
diabetes, insulin resistance, hyperinsulinemia,
hyperlipidemia, hypertriglyceridemia, metabolic
syndrome, ir congestive heart failure. It is believed
that the renin-angiotensin system acts as a crucial
regulatory mechanism in the control of homeostasis and
fluid/electrolyte balance in mammals, including
humans. Renin-angiotensin system activity has a direct
influence on blood pressure and has been found to play
an important role in congestive heart failure and in
the development and maintenance of hypertension.
Angiotensin II, an octapeptide hormone produced via
the cleavage of angiotensin I by angiotensin
converting enzyme, is a potent and direct arterial
vasoconstrictor which increases vascular resistance
and blood pressure and accordingly angiotensin Il
antagonists have a beneficial impact on such vascular
resistant and blood pressure mediated diseases as
hypertension and congestive heart failure and
complications due to those conditions. Angiotensin Il
mediates its physiological actions through activation
of two G-protein coupled receptors. The AT1 receptor
is the principle receptor for the vasoconstrictor,
proinflammatory, antinatriuretic and hypertrophic
actions of Angiotensin II. The AT2 receptor is less
wellcharacterized, but is believed to act as a
physiological regulator by opposing many of the AT1
mediated actions. Given the ability of the Formula I
compounds of this invention, their prodrugs and the
salts of such compounds and prodrugs to impact PPARg ,
they are of use in the treatment of type 2 diabetes
and to decrease insulin resistance, hyperglycemia,
hyperinsulinemia, and hypertriglyceridemia. The term
PPARg modulator refers to compounds which modulate
peroxisome proliferator activator receptor gamma
(PPARg ) activity in mammals, particularly humans. It
is believed the compounds of this invention, by
activating the PPARg receptor, stimulate transcription
of key genes involved in lipid and glucose metabolism
such as those in fatty acid oxidation and also those
involved in glucose transport and metabolism. Enhanced
glucose uptake into peripheral tissues in response to
insulin signaling as well as suppression of
inflammatory cytokines released from visceral adipose
tissues constitutes some of the pleiotropic effects of
this mechanistic class. By virtue of their activity,
these agents reduce the proinflammatory burden on the
vasculature and reduce atherosclerotic development and
macrovascular events in diabetic patients. Given the
positive correlation between triglycerides, LDL
cholesterol, and their associated apolipoproteins in
blood with the development of cardiovascular, cerebral
vascular and peripheral vascular diseases, the Formula
I compounds of this invention, their prodrugs and the
salts of such compounds and prodrugs, by virtue of
their pharmacologic action, are useful for the
prevention, arrestment and/or regression of
atherosclerosis and its associated disease states.
These include cardiovascular disorders (e.g., angina,
cardiac ischemia and myocardial infarction) and
complications due to cardiovascular disease. Thus,
given the ability of the Formula I compounds of this
invention, their prodrugs and the salts of such
compounds and prodrugs to reduce plasma glucose,
insulin and triglycerides, they are of use in the
treatment of diabetes. The utility of the Formula I
compounds of the invention, their prodrugs and the
salts of such compounds and prodrugs as medical agents
in the treatment of the above described
disease/conditions in mammals (e.g. humans, male or
female) is demonstrated by the activity of the
compounds of this invention in conventional in vitro
and in vivo assays described below. The in vivo assays
(with appropriate modifications within the skill in
the art) may be used to determine the activity of
other agents as well as the compounds of this
invention. Such assays also provide a means whereby
theactivities of the Formula I compounds of this
invention, their prodrugs and the salts of such
compounds and prodrugs (or the other agents described
herein) can be compared to each other and with the
activities of other known compounds. The results of
these comparisons are useful for determining dosage
levels in mammals, including humans, for the treatment
of such diseases. The following protocols may of
course be varied by those skilled in the art. PPARg
RECEPTOR AGONIST ACTIVITY IN VITRO ASSSAY PPARg
activity was determined in two in vitro assay formats.
Human 6x His tagged PPARg-LBD (aa 206-477, Genbank
accession number NM_138712.1 ) was prepared for use in
a scintillation proximity assay (SPA) to determine
binding affinity. This pure protein was incubated with
yttrium silicate SPA beads, various compound dilutions
and 3H-darglitazone as the competing radioligand and
incubated for 3 hours to allow equilibration. Total
binding was determined in the absence of compound and
non specific binding in the presence of 100 mM
rosiglitazone. Plates were read on a TopCount (Perkin
Elmer) and concentration-response curves constructed
using commercial curve fitting software. The Ki was
determined via interpolation and use of the
Cheng-Prussof equation. PPARg agonist activity may be
determined by a cell line transiently transfected with
PPAR g bound to a DNA binding domain that controls
luciferase expression. The degree of receptor agonism
is measured by the amount of luciferase activity after
compound treatment. The ratio of treated cells over
vehicle control cells provides a measure of fold
activation and allows an EC50 (shown in tables I and
Il as SPA EC50) and % activation to be calculated A
human hepatocellular carcinoma cell line (HepG2) was
subcultured into dishes and transiently transfected
with DNA to allow expression of human PPARg LBD bound
to Gal4DBD. Luciferase reporter gene and
b-galactosidase control genes were cotransfected to
enable activity to be measured. After 24 hours, cells
were exposed to compounds in the concentration range
of 0.1 nM - 100 mM and left for a further 24 hours.
Luciferase activity is determined by luminometry and
PPARg activation is expressed as a ratio of luciferase
activity to b-galactosidase activity to account for
transfection efficiency. Potency is described by an
EC50 defined as the concentration of compound
producing receptor activation equivalent to 50% of the
maximum for that compound (shown in Table I as
transfection EC50). The maximum fold activation is a
measure of efficacy and is expressed as a percentage
of a reference full agonist run inthe same assay.
Efficacy is described by % activation of receptor
relative to a standard thiazolidinedione (TZD) full
agonist. ANGIOTENSIN Il TYPE 1 RECEPTOR ANTAGONIST
ACTIVITY IN VITRO ASSAY Angiotensin Il receptor
antagonist activity may be determined using
commercially available flashplates coated with the AT1
or AT2 receptor which provide a rapid and high
throughput means to evaluate compounds compared to
traditional filtration based assays (Regina M Van Der
Hee et al , Journal of Biomolecular Screening 10(2);
2005; 118-126) AT1 receptor affinity was determined in
a radioligand binding format using commercially
available flashplate technology. Human recombinant AT1
receptor were coated on the wells of a 96 well
flashplate and test compounds were diluted and added
to wells at a final concentration range of 50 pM to 1
mM Total binding was determined in the absence of
compound and non-specific binding in the presence of
10 mM cold Angiotensin II. 125 I labeled Sar1, lie8-
Angiotensin Il was added to all wells at Kd
concentration and left for 2 hours at room temperature
to equilibrate Plates were read on a TopCount (Perkin
Elmer) and concentration-response curves constructed
using commercial curve fitting software. The Ki was
determined via interpolation and the use of the
Cheng-Prussof equation. Table 1. In Vitro assays for
AT1 antagonist activity (IC50) and PPARg activity
(EC50 and % activation compared to full agonist
response).NICOTINIC ACETYLCHOLINE RECEPTOR MODULATORS
Related applications The present application claims
the benefit of priority of prior-filed United States
patent application serial number 60/880,629, filed
January 16, 2007, the entire contents of which is
incorporated herein by reference. Field of the
invention The present invention relates to compounds
with a7 nicotinic acetylcholine receptor (a7 nAChR)
agonistic activity, processes for their preparation,
pharmaceutical compositions containing the same and
the use thereof for the treatment of neurological,
psychiatric, inflammatory diseases. Background of the
invention Agents that bind to nicotinic acetylcholine
receptors have been indicated as useful in the
treatment and/or prophylaxis of various diseases and
conditions, particularly psychotic diseases,
neurodegenerative diseases involving a dysfunction of
the cholinergic system, and conditions of memory
and/or cognition impairment, including for example,
schizophrenia, anxiety, mania, depression, manic
depression, Tourette's syndrome, Parkinson's disease,
Huntington's disease, cognitive disorders (such as
Alzheimer's disease, Lewy Body Dementia, Amyotrophic
Lateral Sclerosis, memory impairment, memory loss,
cognition deficit, attention deficit, Attention
Deficit Hyperactivity Disorder), and other uses such
as treatment of nicotine addiction, inducing smoking
cessation, treating pain (e.g. analgesic use),
providing neuroprotection, and treating jetlag. See
for example WO 97/30998; WO 99/03850; WO 00/42044; WO
01/36417; Holladay et al., J. Med. Chem., 40:26,
4169-94 (1997); Schmitt et al., Annual Reports Med.
Chem., Chapter 5, 41-51 (2000); 



Stevens et al., Psychopharmatology, (1998) 136:
320-27; and Shytle et al., Molecular Psychiatry,
(2002), 7, pp. 525-535.Different heterocyclic
compounds carrying a basic nitrogen and exhibiting
nicotinic and muscarinic acetylcholine receptor
affinity or claimed for use in Alzheimer disease have
been described, e.g 1/i-pyrazole and
pyrrole-azabicyclic compounds (WO2004013137);
nicotinic acetylcholine agonists (WO2004039366);
ureido-pyrazole derivatives (WOOl 12188); oxadiazole
derivatives having acetylcholinesterase-inhibitory
activity and muscarinic agonist activity (WO93 13083);
pyrazole-3-carboxylic acid amide derivatives as
pharmaceutical compounds (WO2006077428);
arylpiperidines (WO2004006924); ureidoalkylpiperidines
(US6605623); compounds with activity on muscarinic
receptors (WO9950247). In addition, modulators of
alpha7 nicotinic acetylcholine receptor are disclosed
in WO06008133, in the name of the same applicant.
Summary Among other things, the invention provides
novel compounds acting as full or partial agonists at
the a7 nicotinic acetylcholine receptor (a7 nAChR),
pharmaceutical compositions containing the same
compounds and the use thereof for the treatment of
diseases that may benefit from the activation of the
alpha 7 nicotinic acetylcholine receptor such as
neurological, neurodegenerative, psychiatric,
cognitive, immunological, inflammatory, metabolic,
addiction, nociceptive, and sexual disorders, in
particular Alzheimer's disease, schizophrenia, and/or
others. Brief description of the drawing Figure 1:
X-ray patterns of various crystal forms of hyrochloric
salt. Figure 2: DSC scan of various crystal forms of
hydrochloric salt. Figure 3 : TGA of various crystal
forms of hydrochloric salt. Figure 4: DVS of mono-HCl
salt (NO form change after DVS test). Figure 5 : DVS
of hydrochloric salt (crystal II) (NO form change
after DVS). Figure 6 : DVS of hydrochloric salt
(crystal III) (data from pre-selection minute); Figure
7 : DVS of hydrochloric salt (crystal V).Figure 8:
Effect of pH and HCl equivalence on HCl salt
formation. Figure 9: Effect of pH and HCl equivalence
on HCl salt formation. Figure 10: Conversion of higher
salts to mono-HCl crystal I 259 mg di-HCl salt was
slurried in 4 volumes acetone + 0.5 volume ethanol
ASDQ at room temperature. The resulting slurry gave a
pH of ~2. To increase the pH, 0.02 mL NaOH 30% was
added which increased the pH to 5-5.5. The slurry was
stirred overnight and converted to mono-HCl. 173 mg
monoHCl was obtained. Figure 11: Conversion of
mono-HCl to Form II by decreasing the pH (slurried
overnight). Figure 12: DSC scan of
5-(4-acetyl-l,4-diazepan-l-yl)-N-(5-(4-
methoxyphenyl)-lH-pyrazol-3-yl)pentanamide
hydrochloric salt Form I. Figure 13: TGA thermogram of
5-(4-acetyl-l,4-diazepan-l-yl)-N-(5-(4- methox3f
henyl)-lH-pyrazol-3-yl)pentanamide hydrochloric salt
Form I. Figure 14: X-ray diffraction pattern of
5-(4-acetyl-l,4-diazepan-l-yl)-N-(5-
(4-methoxyphenyl)-lH-pyrazol-3-yl)pentanamide
hydrochloric salt Form I. Figure 15: DVS isothermal
analysis of 5-(4-acetyl-l,4-diazepan-l-yl)-N-(5-
(4-methoxyphenly)-lH~pyrazol-3-yl)pentanamide
hydrochloric salt Form I. Figure 16: DSC scan of
5-(4-acetyl-l,4-diazepan-l-yl)-N-(5-(4-
methoxyphenyl)-lH-pyrazol-3-yl)pentanamide
hydrochloric salt Form II. Figure 17: TGA thermogram
of 5-(4-acetyl-l,4-diazepan-l-yl)-N-(5-(4-
methoxyphenyl)-lH-pyrazol-3-yl)pentanamide
hydrochloric salt Form II. Figure 18: X-ray
diffraction pattern of
5-(4-acetyl-l,4-diazepan-l-yl)-N-(5-
(4-methoxyphenly)-lH-pyrazol-3-yl)pentanamide
hydrochloric salt Form II. Figure 19: DVS isothermal
analysis of 5~(4-acetyl-l,4-diazepan-l-yl)-N-(5-
(4-methoxyphenyl)-lH-pyrazol-3-yl)pentanamide
hydrochloric salt Form II.Description of Certain
Particular Embodiments Compounds In a first aspect,
the invention provides a compound of Formula (I):
wherein T is a (C3-C5) alkane-a,w-diyl or
alkene-a,w-diyl, optionally carrying an oxo group and
optionally substituted with one or more halogens;
hydroxy groups; (C1-C5) alkyl, alkoxy, fluoroalkyl,
hydroxyalkyl, alkylidene, fluoroalkylidene groups;
(C3-C6) cycloalkane-l,l-diyl, oxacycloalkane-l,l-diyl
groups; (C3-C6) cycloalkane-l,2-diyl,
oxacycloalkane-l,2-diyl groups, where the bonds of the
1,2-diyl radical form a fused ring with the T chain;
and with the proviso that when T carries an oxo group
this is not part of an amide bond; z is CH2, N5O, S,
S(=O), or S(=O)2: q and q' are, independently from one
another, integers from 1 to 4, with the proviso that
the sum of q + q' is no greater than 6; p is 0, 1, or
2; R', independently from one another for p = 2, is
selected from the group consisting of mono- or di-
[linear, branched or cyclic (C1-C6)
alkyljaminocarbonyl; linear, branched or cyclic
(C1-C6) alkyl, alkoxy, acyl; Q is a group of Formula
R" is Cl-C3 alkyl; j is 0 or 1; R is a 5- to 10-member
aromatic or heteroaromatic ring;m is 0, 1, 2, or 3; Y
represents, independently from one another when m is
greater than 1, halogen; hydroxy; mercapto; cyano;
nitro; amino; linear, branched or cyclic (C1-C6)
alkyl, trihaloalkyl, di- or trihaloalkoxy, alkoxy, or
alkylcarbonyl; (C3-C6) cycloalkyl-(Cl-C b) alkoxy;
(C3-C6) cycloalkyl-(Cl-C6) alkyl; linear, branched, or
cyclic (C1-C6) alkylcarbonylamino; mono- or di-,
linear, branched, or cyclic (C1-C6)
alkylaminocarbonyl; carbamoyl; linear, branched, or
cyclic (C1-C6) alkylsulphonylamino; linear, branched,
or cyclic (C1-C6) alkylsulphonyl; mono- or di-,
linear, branched, or cyclic (C1-C6) alkylsulphamoyl;
linear, branched or cyclic (C1-C6) alkoxy-(Cl-C6)
alkyl; or, when m=2, two Y substituents, together with
the atoms of the R group they are attached to, may
form a ring. In a first preferred embodiment, the
invention provides compounds of Formula (I) wherein: T
is butane- 1,4-diyl optionally substituted with one or
more (C1-C3) alkyl, halogen; z is N or O; R\
independently from one another for p = 2, is selected
from the group consisting of mono- or di- [linear,
branched or cyclic (C1-C6) alkyljaminocarbonyl;
linear, branched or cyclic (C1-C6) alkyl, alkoxy,
acyl; p, q, q', R", j , R, Y and m being as defined
under Formula (I); In this embodiment, particularly
preferred compounds of Formula (I) are those in which:
T is butane- 1,4-diyl; z is N or O; R' is selected
from the group consisting of linear, branched or
cyclic (C1-C6) alkyl, alkoxy, acyl;j is 0; R is a 5-
to 10-member aromatic or heteroaromatic ring; q, q',
R, Y and m are as defined under Formula (I); Another
group of particularly preferred compounds are those in
which: T is butane- 1,4-diyl; z is N; p is 1; R' is
(Cl-C6) acyl; j is O; R is phenyl, pyridyl, thienyl;
indolyl; m is 0, 1 or 2; Y represents, independently
from one another when m is greater than 1, halogen;
hydroxy; linear, branched or cyclic (C1-C6) alkyl,
trihaloalkyl, di- or trihaloalkoxy, alkoxy;(C3-C6)
cycloalkyl-(Cl-C6) alkyl; q, q' are as defined under
Formula (I); In a further preferred embodiment, the
invention provides compounds, hereafter referred to as
Gl of Formula (I), wherein: T is propane-l,3-diyl
optionally substituted with (C1-C3) alkyl, halogen; z
is CH2, N, O; Q is a group of Formula R\ p, q q\ R", j
, R Y and m being as defined under Formula (I);Within
Gl, particularly preferred compounds of Formula (I)
are those in which T is propane- 1,3-diyl optionally
substituted with (C1-C3) alkyl, halogen; q and q' are,
independently from one another, 1 or 2; p is 0 or 1;
R' is selected from the group consisting of linear,
branched or cyclic (C1-C6) alkyl, alkoxy, acyl; j is
O; R, Y and m are as defined under Formula (I); Within
Gl, another group of particularly preferred compounds
are those, in which: T is propane-l,3-diyl; z is CH2;
q and q' are, independently from one another, 1 or 2;
p is 0 or 1; R' is selected from the group consisting
of linear, branched or cyclic (C1-C6) alkyl; Q is j is
O; R is phenyl, pyi dyl, naphthyl; m is 1 or 2; Y
represents, independently from one another when m is
greater than 1, halogen; hydroxy; linear, branched or
cyclic (C1-C6) alkyl, trihalo alkyl, di- or
trihaloalkoxy, alkoxy; (C3-C6) cycloalkyl-(Cl-C )
alkoxyl.Within this group, certain inventive compounds
are those in which Q-R is Within Gl falls another
group of preferred compounds of formula(I) in which T
is propane- 1,3-diyl optionally substituted with
(C1-C3) alkyl, halogen; z is CH ; Q is q and q' are,
independently from one another, 1 or 2; p is 0 or 1;
R' is selected from the group consisting of linear,
branched or cyclic (C1-C6) alkyl, alkoxy, acyl; j is
0; R, Y and m are as defined under Formula (I); A
fourth group of preferred compounds under Gl are those
in which T is propane-l,3-diyl; z is CH2; q and q'
are, independently from one another, 1 or 2; p is 0 or
1; R' is selected from the group consisting of linear,
branched or cyclic (C1-C6) alkyl; j is 0; R is phenyl,
pyridyl, naphthyl; m is 1 or 2; Y represents,
independently from one another when m is greater than
1, halogen; hydroxy; linear, branched or cyclic
(C1-C6) alkyl, trihaloalkyl, di- ortrihaloalkoxy,
alkoxy; (C3-C6) cycloalkyl-(Cl-C6) alkoxyl. Within
this group, utmost preferred compounds are those in
which Q-R is As will be readily apparent to one
skilled in the art, the unsubstituted ring nitrogen
pyrazoles and imidazoles, as in the compounds of the
present invention, are known to rapidly equilibrate in
solution, as mixtures of both tautomers: in the
following description therefore, where only one
tautomer is indicated for compounds of Formula (I),
the other tautomer is also intended as within the
scope of the present invention. Compounds of the
invention can be in the form of free bases or acid
addition salts, preferably salts with pharmaceutically
acceptable acids. The invention also provides
separated isomers and diastereoisomers of compounds of
Formula (I), or mixtures thereof (e.g. racemic and
diastereomeric mixtures), as well as isotopic
compositions. Pharmacological activity of a
representative group of compounds of Formula (I) was
demonstrated in an in vitro assay utilising cells
stably transfected with the alpha 7 nicotinic
acetylcholine receptor and cells expressing the alpha
1 and alpha 3 nicotinic acetylcholine receptors and
5HT3 receptor as controls for selectivity. Compounds
of Formula (I) may be provided according to the
present invention in any of a variety of useful forms,
for example as pharmaceutically acceptable salts, as
particular crystal forms, etc. In some embodiments,
prodrugs of one or more compounds of Formula (I) are
provided. Various forms of prodrugs are known in the
art, for example as discussed in Bundgaard (ed.).
Design of Prodrugs, Elsevier (1985); Widder et al.
(ed.), Methods in Enymology, vol. 4, Academic
Press(1985); Kgrogsgaard-Larsen et al. (ed.); "Design
and Application of Prodrugs", Textbook of Drug Design
and Development, Chapter 5, 113-191 (1991); Bundgaard
et al., Journal of Drug Delivery Reviews, 8:1-38
(1992); Bundgaard et al., J. Pharmaceutical Sciences,
77:285 et seq. (1988); and Higuchi and Stella (eds.),
Prodrugs as Novel Drug Delivery Systems, American
Chemical Society (1975). Uses Agents that bind to
nicotinic acetylcholine receptors have been indicated
as useful in the treatment and/or prophylaxis of
various diseases and conditions, particularly
psychotic diseases, neurodegenerative diseases
involving a dysfunction of the cholinergic system, and
conditions of memory and/or cognition impairment,
including, for example, schizophrenia, anxiety, mania,
depression, manic depression, Tourette's syndrome,
Parkinson's disease, Huntington's disease, cognitive
disorders (such as Alzheimer's disease, Lewy Body
Dementia, Amyotrophic Lateral Sclerosis, memory
impairment, memory loss, cognition deficit, attention
deficit, Attention Deficit Hyperactivity Disorder),
and other uses such as treatment of nicotine
addiction, inducing smoking cessation, treating pain
(i.e., analgesic use), providing neuroprotection, and
treating jetlag. See, e.g., WO 97/30998; WO 99/03850;
WO 00/42044; WO 01/36417; Holladay et al, J . Med.
Chem., 40:26, 4169-94 (1997); Schmitt et al., Annual
Reports Med. Chem, Chapter 5, 41-51 (2000); Stevens et
al, Psychopharmatology, (1998) 136: 320-27; and Shytle
et al. Molecular Psychiatry, (2002), 7, pp. 525-535.
Thus, in accordance with the invention, there is
provided a method of treating a patient, especially a
human, suffering from any of psychotic diseases,
neurodegenerative diseases involving a dysfunction of
the cholinergic system, and/or conditions of memory
and/or cognition impairment, including, for example,
schizophrenia, anxiety, mania, depression, manic
depression, Tourette's syndrome, Parkinson's disease,
Huntington's disease, and/or cognitive disorders (such
as Alzheimer's disease, Lewy Body Dementia,
Amyotrophic Lateral Sclerosis, memoryimpairment,
memory loss, cognition deficit, attention deficit,
Attention Deficit Hyperactivity Disorder) comprising
administering to the patient an effective amount of a
compound according to Formula (I). Neurodegenerative
disorders whose treatment is included within the
methods of the present invention include, but are not
limited to, treatment and/or prophylaxis 



of Alzheimer's diseases, Pick's disease (Friedland,
Dementia, (1993) 192-203; Procter, Dement Geriatr Cogn
Disord. (1999) 80-4; Sparks, Arch Neurol. (1991)
796-9; Mizukami, Acta Neuropathol. (1989) 52-6;
Hansen, Am J Pathol. (1988) 507-18), diffuse Lew)'
Body disease, progressive supranuclear palsy (Steel-
Richardson syndrome, see Whitehouse, J Neural Transm
Suppl. (1987) 24:175-82; Whitehouse, Arch Neurol.
(1988) 45(7):722-4; Whitehouse, Alzheimer Dis Assoc
Disord. 1995;9 Suppl 2:3-5; Warren, Brain. 2005 Feb;
128(Pt 2):239-49), multisystem degeneration
(Shy-Drager syndrome), motor neuron diseases including
amyotrophic lateral sclerosis (Nakamizo, Biochem
Biophys Res Commun. (2005) 330(4), 1285-9; Messi, FEBS
Lett. (1997) 4 11(l):32-8; Mohammadi, Muscle Nerve.
(2002) Oct;26(4):539-45; Hanagasi, Brain Res Cogn
Brain Res. (2002) 14(2):234- 44; Crochemore, Neurochem
Int. (2005) 46(5):357-68), degenerative ataxias,
cortical basal degeneration, ALS-Parkinson's-Dementia
complex of Guam, subacute sclerosing panencephalitis,
Huntington's disease (Kanazawa, J Neurol Sci. (1985)
151-65; Manyam, J Neurol. (1990) 281-4; Lange, J
Neurol. (1992) 103-4; Vetter, J Neurochem. (2003)
1054-63; De Tommaso, Mov Disord. (2004) 1516-8; Smith,
Hum MoI Genet. (2006) 3 119-31; Cubo, Neurology.
(2006) 1268-71), Parkinson's disease,
synucleinopathies, primary progressive aphasia,
striatonigral degeneration, Machado-Joseph
disease/spinocerebellar ataxia type 3,
olivopontocerebellar degenerations, Gilles De La
Tourette's disease, bulbar, pseudobulbar palsy, spinal
muscular atrophy, spinobulbar muscular atrophy
(Kennedy's disease), primary lateral sclerosis,
familial spastic paraplegia, Werdnig-Hoffmann disease,
Kugelberg- Welander disease, Tay-Sach's disease,
Sandhoff disease, familial spastic
disease,Wohlfart-Kugelberg-Welander disease, spastic
paraparesis, progressive multifocal
leukoencephalopathy, prion diseases (such as
Creutzfeldt- Jakob, Gerstmann- Straussler-Scheinker
disease, Kuru and fatal familial insomnia), and
neurodegenerative disorders resulting from cerebral
ischemia or infarction including embolic occlusion and
thrombotic occlusion as well as intracranial
hemorrhage of any type (including, but not limited to,
epidural, subdural, subarachnoid and intracerebral),
and intracranial and intravertebral lesions
(including, but not limited to, contusion,
penetration, shear, compression and laceration). In
addition, aJnACh receptor agonists, such as the
compounds of the present invention can be used to
treat age-related dementia and other dementias and
conditions with memory loss including age-related
memory loss, senility, vascular dementia, diffuse
white matter disease (Binswanger's disease), dementia
of endocrine or metabolic origin, dementia of head
trauma and diffuse brain damage, dementia pugilistica,
alcoholism related dementia (Korsakoff Syndrome) and
frontal lobe dementia. See, e.g., WO 99/62505.,
Tomimoto Dement Geriatr Cogn Disord. (2005), 282-8;
Tohgi - J Neural Transm. (1996), 121 1-20; Casamenti,
Neuroscience (1993) 465-71, Kopelman, Br J Psychiatry
(1995) 154-73; Cochrane, Alcohol Alcohol. (2005)
151-4). Amyloid precursor protein (APP) and Ab
peptides derived therefrom, e.g., Abl-42 and other
fragments, are known to be involved in the pathology
of Alzheimer's disease. The Abl-42 peptides are not
only implicated in neurotoxicity but also are known to
inhibit cholinergic transmitter function. Further, it
has been determined that Ab peptides bind to a7nACh
receptors. The inflammatory reflex is an autonomic
nervous system response to an inflammatory signal.
Upon sensing an inflammatory stimulus, the autonomic
nervous system responds through the vagus nerve by
releasing acetylcholine and activating nicotinic a7
receptors on macrophages. These macrophages in turn
release cytokines. Dysfunctions in this pathway have
been linked to human inflammatory diseases including
rheumatoidarthritis, diabetes and sepsis. Macrophages
express the nicotinic a7 receptor and it is likely
this receptor that mediates the cholinergic
anti-inflammatory response. See for example Czura, C J
et al., J.Intern. Med., (2005) 257(2), 156-66; Wang,
H. et al Nature (2003) 421 : 384-388; de Jonge British
Journal of Pharmacology (2007) 151, 915-929. The
mammalian sperm acrosome reaction is an exocytosis
process important in fertilization of the ovum by
sperm. Activation of an a7 nAChR on the sperm cell has
been shown to be essential for the acrosome reaction
(Son, J .-H. and Meizel, S. Biol. Reproduct. 68:
1348-1353, 2003). In addition, nicotinic receptors
have been implicated as playing a role in the body's
response to alcohol ingestion. a7nACh receptor
agonists such as compounds provided herein, therefore,
are also usedul in the treatment of these disorders,
diseases, and conditions. For example, agonists for
the a7nACh receptor subtypes can also be used in the
treatment of nicotine addiction, inducing smoking
cessation, treating pain, and treating jetlag,
obesity, diabetes, sexual and fertility disorders (eg.
Premature ejaculation or vaginal dryness, see
US6448276), drug abuse (Solinas, Journal of
Neuroscience (2007) 27(21), 5615-5620), and
inflammation (Wang H et al. (2003) Nature 421
:384-388). A number of recent observations point to a
potential neuroprotective effect of nicotine in a
variety of neurodegeneration models in animals and in
cultured cells, involving excitotoxic insults
(Prendergast, M. A., et al. Med. Set. Monit. (2001),
7, 1153-1 160; Garrido, R., et al. (2001),
J.Neurochem. 76, 1395-1403; Semba, J., et al. (1996)
Brain Res. 735, 335-338; Shimohama, S., et al.(1996),
Ann.N. Y.Acad.Sci. Ill, 356-361 ; Akaike, A., et al.
(1994) Brain Res. 644, 181-187), trophic deprivation
(Yamashita, H., Nakamura, S. (1996) Neurosci.Lett.
213, 145-147), ischemia (Shimohama, S. (1998) Brain
Res. 119, 359-363), trauma (Socci, D. J., Arendash, G.
W. (1996) Mol.Chem.Neuropathol. 27, 285-305),
Ab-mediated neuronal death (Rusted, J . M., et al.
(2000) Behav.Brain Res. 113, 121-129; Kihara, T., et
al. (1997) Ann.Neurol 42, 159-163; Kihara, T., et al.
(2001) J.Biol.Chem. 276,13541-13546) and
protein-aggregation mediated neuronal degeneration
(Kelton, M. C. et al.(2000) Brain Cogn 43, 274-282).
In many instances where nicotine displays a
neuroprotective effect, a direct involvement of
receptors comprising the a7 subtype has been invoked
(Shimohama, S. et al. (1998) Brain Res. 779, 359-363;
Kihara, T., et al. (2001) J.Biol.Chem. 276,
13541-13546; Kelton, M. C , et al. (2000) Brain Cogn
43, 274-282; Kern, W. R. (2000) Behav. Brain Res. 113,
169-1 81; Dajas-Bailador, F. A., et al. (2000)
Neuropharmacology 39, 2799-2807; Strahlendorf, J . C ,
et al. (2001) Brain Res. 901, 71-78) suggesting that
activation of a7 subtype-containing nicotinic
acetylcholine receptors may be instrumental in
mediating the neuroprotective effects of nicotine.
Available data suggest that the a7 nicotinic
acetylcholine receptor represents a valid molecular
target for the development of agonists/positive
modulators active as neuroprotective molecules.
Indeed, a7 nicotinic receptor agonists have already
been identified and evaluated as possible leads for
the development of neuroprotective drugs (Jonnala, R.
R., et al.(2002) Life Sci. 70, 1543-1554; Bencherif,
M., et al. (2000) Eur.J.Pharmacol. 409, 45-55;
Donnelly-Roberts, D. L., et al. (1996) Brain Res. 719,
36-44; Meyer, E. M., et al. (1998) J. Pharmacol. Exp.
Ther. 284, 1026-1032; Stevens, T. R., et al. (2003) J.
Nenroscience 23, 10093-10099). Compounds described
herein can be used to treat such diseases. In
accordance with the invention, there is provided a
method of treating a patient, especially a human,
suffering from age-related dementia and other
dementias and conditions with memory loss comprising
administering to the patient an effective amount of a
compound according to Formula (I). The present
invention includes methods of treating patients
suffering from memory impairment due to, for example,
mild cognitive impairment due to aging, Alzheimer's
disease, schizophrenia, Parkinson's disease,
Huntington's disease, Pick's disease, Creutzfeldt-
Jakob disease, depression, aging, head trauma, stroke,
CNS hypoxia, cerebral senility, multiinfarct dementia
and other neurologicalconditions, as well as HIV and
cardiovascular diseases, comprising administering an
effective amount of a compound according to Formula
(I). In accordance with an embodiment of the invention
there is provided a method of treating and/or
preventing dementia in an Alzheimer's patient which
comprises administering to the subject a
therapeutically effective amount of a compound
according to Formula (I) to inhibit the binding of an
amyloid beta peptide (preferably, Abl-42) with nACh
receptors, preferable a7nACh receptors, most
preferably, human a7nACh receptors (as well as a
method for treating and/or preventing other clinical
manifestations of Alzheimer's disease that include,
but are not limited to, cognitive and language
deficits, apraxias, depression, delusions and other
neuropsychiatric symptoms and signs, and movement and
gait abnormalities). The present invention also
provides methods for treating other amyloidosis
diseases, for example, hereditary cerebral angiopathy,
nonneuropathic hereditary amyloid, Down's syndrome,
macroglobulinemia, secondary familial Mediterranean
fever, Muckle- Wells syndrome, multiple myeloma,
pancreatic- and cardiac-related amyloidosis, chronic
hemodialysis anthropathy, and Finnish and Iowa
amyloidosis. In addition, nicotinic receptors have
been implicated as playing a role in the body's
response to alcohol ingestion. Thus, agonists for
a7nACh receptors can be used in the treatment of
alcohol withdrawal and in anti-intoxication therapy.
Thus, in accordance with an embodiment of the
invention there is provided a method of treating a
patient for alcohol withdrawal or treating a patient
with anti-intoxication therapy comprising
administering to the patient an effective amount of a
compound according to Formula (I). Agonists for the
a7nACh receptor subtypes can also be used for
neuroprotection against damage associated lvith
strokes and ischemia and glutamateinduced
excitotoxicity. Thus, in accordance with an embodiment
of the invention there is provided a method of
treating a patient to provide for neuroprotection
against damage associated with strokes and ischemia
and glutamate-inducedexcitotoxicity comprising
administering to the patient an effective amount of a
compound according to Formula (I). Agonists for the
a7nACh receptor subtypes can also be used in the
treatment of nicotine addiction, inducing smoking
cessation, treating pain, and treating jetlag,
obesity, diabetes, sexual and fertility disorders (eg.
Premature ejaculation or vaginal dryness, see US
6448276), drug abuse (Solinas, Journal of Neuroscience
(2007) 27(21), 5615-5620), and inflammation. Thus, in
accordance with an embodiment of the invention there
is provided a method of treating a patient suffering
from nicotine addiction, pain, jetlag, obesity and/or
diabetes, or a method of inducing smoking cessation in
a patient comprising administering to the patient an
effective amount of a compound according to Formula
(I). The inflammatory reflex is an autonomic nervous
system response to an inflammatory signal. Upon
sensing an inflammatory stimulus, the autonomic
nervous system responds through the vagus nerve by
releasing acetylcholine and activating nicotinic a7
receptors on macrophages. These macrophages in turn
release cytokines. Dysfunctions in this pathway have
been linked to human inflammatory diseases including
rheumatoid arthritis, diabetes and sepsis. Macrophages
express the nicotinic oc7 receptor and it is likely
this receptor that mediates the cholinergic
anti-inflammatory response. Therefore, compounds with
affinity for the a7nACh receptor on macrophages may be
useful for human inflammatory diseases including
rheumatoid arthritis, diabetes and sepsis. See, e.g.,
Czura, C J et al., J . Intern. Med., (2005) 257(2),
156-66, Wang, H. et al Nature (2003) 421 : 384-388; de
Jonge British Journal of Pharmacology (2007) 151,
915-929. Thus, in accordance with an embodiment of the
invention there is provided a method of treating a
patient (e.g., a mammal, such as a human) suffering
from an inflammatory disease, such as, but not limited
to, rheumatoid arthritis, diabetes or sepsis,
comprising administering to the patient an effective
amount of a compound according to Formula (I).The
mammalian sperm acrosome reaction is an exocytosis
process important in fertilization of the ovum by
sperm. Activation of an a7 nAChR on the sperm cell has
been shown to be essential for the acrosome reaction
(Son, J.-H. and Meizel, S. Biol, Reproduct. 68:
1348-1353 2003). Consequently, selective a7 agents
demonstrate utility for treating fertility disorders.
In addition, due to their affinity to a7nACh
receptors, labeled derivatives of the compounds of
Formula (I) (for example CI l or Fl S labeled
derivatives), can be used in neuroimaging of the
receptors within, e.g., the brain. Thus, using such
labeled agents in vivo imaging of the receptors can be
performed using, for example PET imaging. The
condition of memory impairment is manifested by
impairment of the ability to learn new information
and/or the inability to recall previously learned
information. Memory impairment is a primary symptom of
dementia and can also be a symptom associated with
such diseases as Alzheimer's disease, schizophrenia,
Parkinson's disease, Huntingdon's disease, Pick's
disease, Creutzfeldt-Jakob disease, HIV,
cardiovascular disease, and head trauma as well as
age-related cognitive decline. Thus, in accordance
with an embodiment of the invention there is provided
a method of treating a patient suffering from, for
example, mild cognitive impairment (MCI), vascular
dementia (VaD), age-associated cognitive decline
(AACD), amnesia associated w/open-heart-surgery,
cardiac arrest, and/or general anesthesia, memory
deficits from early exposure of anesthetic agents,
sleep deprivation induced cognitive impairment,
chronic fatigue syndrome, narcolepsy, AIDS-related
dementia, epilepsy- related cognitive impairment,
Down's syndrome, Alcoholism related dementia
(Korsakoff Syndrome), drug/substance induced memory
impairments, Dementia Puglistica (Boxer Syndrome), and
animal dementia (e.g., dogs, cats, horses, etc.)
comprising administering to the patient an effective
amount of a compound according to Formula (I).Dosage
of the compounds for use in therapy may vary depending
upon, for example, the administration route, the
nature and severity of the disease. In general, an
acceptable pharmacological effect in humans may be
obtained with daily dosages ranging from 0.01 to 200
mg/kg. In some embodiments of the present invention,
one or more compounds of formula (I) are administered
in combination with one or more other other
pharmaceutically active agents. The phrase "in
combination", as used herein, refers to agents that
are simultaneously administered to a subject. It will
be appreciated that two or more agents are considered
to be administered "in combination" whenever a subject
is simultaneously exposed to both (or more) of the
agents. Each of the two or more agents may be
administered according to a different schedule; it is
not required that individual doses of different agents
be administered at the same time, or in the same
composition. Rather, so long as both (or more) agents
remain in the subject's body, they are considered to
be administered "in combination". For example,
compounds of Formula (I), in forms as described
herein, may be administered in combination with one or
more other modulators of a7 nicotinic acetylcholine
receptors. Alternatively or additionally, compounds of
Formula (I), in forms as described herein, may be
administered in combination with one or more other
anti-psychotic agents, pain relievers,
antiinflammatories, or other pharmaceutically active
agents. Effective amounts of a wide range of other
pharmaceutically active agents are well known to those
skilled in the art. However, it is well within the
skilled artisan's purview to determine the other
pharmaceutically active agent's optimal effective
amount range. The compound of Formula (I)and the other
pharmaceutically active agent can act additively or,
in some embodiments, synergistically. In some
embodiments of the invention, where another
pharmaceutically active agent is administered to an
animal, the effective amount of the compound of
Formula (I)is less than its effective amount would be
where the other pharmaceutically activeagent is not
administered. In this case, without being bound by
theory, it is believed that the compound of Formula
(I) and the other pharmaceutically active agent act
synergistically. In some cases, the patient in need of
treatment is being treated with one or more other
pharmaceutically active agents. In some cases, the
patient in need of treatment is being treated with at
least two other pharmaceutically active agents. In
some embodiments, the other pharmaceutically active
agent is selected 



from the group consisting of one or more
anti-depressant agents, anti-anxiety agents,
anti-psychotic agents, or cognitive enhancers.
Examples of classes of antidepressants that can be
used in combination with the active compounds of this
invention include norepinephrine reuptake inhibitors,
selective serotonin reuptake inhibitors (SSRIs), NK-I
receptor antagonists, monoamine oxidase inhibitors
(MAOs), reversible inhibitors of monoamine oxidase
(RIMAs), serotonin and noradrenaline reuptake
inhibitors (SNRIs), corticotropin releasing factor
(CRF) antagonists, a- adrenoreceptor antagonists, and
atypical antidepressants. Suitable norepinephrine
reuptake inhibitors include tertiary amine tricyclics
and secondary amine tricyclics. Suitable tertiary
amine tricyclics and secondary amine tricyclics
include amitriptyline, clomipramine, doxepin,
imipramine, trimipramine, dothiepin, butriptyline,
iprindole, lofepramine, nortriptyline, protriptyline,
amoxapine, desipramine and maprotiline. Suitable
selective serotonin reuptake inhibitors include
fluoxetine, citolopram, escitalopram, fluvoxamine,
paroxetine and sertraline. Examples of monoamine
oxidase inhibitors include isocarboxazid, phenelzine,
and tranylcypromine. Suitable reversible inhibitors of
monoamine oxidase include moclobemide. Suitable
serotonin and noradrenaline reuptake inhibitors of use
in the present invention include venlafaxine,
nefazodone. milnacipran, and duloxetine. Suitable CRF
antagonists include those compounds described in
International Patent Publication Nos. WO 94/13643, WO
94/13644, WO 94/13661, WO 94/13676 and WO 94/13677.
Suitable atypical anti-depressants include bupropion,
lithium, nefazodone, trazodone and viloxazine.
Suitable NK-I receptor antagonists includethose
referred to in International Patent Publication WO
01/77100. Anti-anxiety agents that can be used in
combination with the compounds of Formula (I) include
without limitation benzodiazepines and serotonin IA
(5-HT IA) agonists or antagonists, especially 5-HT1A
partial agonists, and corticotropin releasing factor
(CRF) antagonists. Exemplary suitable benzodiazepines
include alprazolam, chlordiazepoxide, clonazepam,
chlorazepate, diazepam, halazepam, lorazepam,
oxazepam, and prazepam. Exemplary suitable 5-HT JA
receptor agonists or antagonists include buspirone,
flesinoxan, gepirone and ipsapirone. Anti-psychotic
agents that are used in combination with the compounds
of Formula (I) include without limitation aliphatic
phethiazine, a piperazine phenothiazine, a
butyrophenone, a substituted benzamide, and a
thioxanthine. Additional examples of such drugs
include without limitation haloperidol, olanzapine,
clozapine, risperidone, pimozide, aripiprazol, and
ziprasidone. In some cases, the drug is an
anticonvulsant, e.g., phenobarbital, phenytoin,
primidone, or carbamazepine. Cognitive enhancers that
are used in combination with the compounds of Formula
(I) include, without limitation, drugs that modulate
neurotransmitter levels (e.g., acetylcholinesterase or
cholinesterase inhibitors, cholinergic receptor
agonists or serotonin receptor antagonists), drugs
that modulate the level of soluble Ab, amyloid fibril
formation, or amyloid plaque burden (e.g., g-secretase
inhibitors, b- secretase inhibitors, antibody
therapies, and degradative enzymes), and drugs that
protect neuronal integrity (e.g., antioxidants, kinase
inhibitors, caspase inhibitors, and hormones). Other
representative candidate drugs that are
co-administered with the compounds of the invention
include cholinesterase inhibitors, (e.g., tacrine
(COGNEX(r)), donepezil (ARICEPT ). rivastigmine
(EXELON(r)) galantamine (REMINYL(r)), metrifonate,
physostigmine, and Huperzine A), N-methyl-D-aspartate
(NMDA) antagonists and agonists (e.g.,
dextromethorphan, memantine, dizocilpine maleate
(MK-801), xenon, remacemide, eliprodil, amantadine,
D-cycloserine,felbamate, ifenprodil, CP-1 0 1606
(Pfizer), Delucemine, and compounds described in U.S.
Patent Nos. 6,821,985 and 6,635,270), ampakines (e.g.,
cyclothiazide, aniracetam, CX-516 (Ampalex(r)),
CX-717, CX-516, CX-614, and CX-691 (Cortex
Pharmaceuticals, Inc. Irvine, CA),
7-chloro-3-methyl-3-4-dihydro-2H- 1,2,4-
benzothiadiazine S,S-dioxide (see Zivkovic et al.,
1995, J. Pharmacol. Exp. Therap., 272:300-309;
Thompson et al, 1995, Proc. Natl. Acad. Sci. USA,
92:7667-7671),
3-bicyclo[2,2,l]hept-5-en-2-yl-6-chloiO-3,4-dihydro-2H
-l,2,4-benzothiadiazine-7- sulfonamide-l,l-dioxide
(Yamada, et al, 1993, J. Neurosc. 13:3904-3915);
7-fluoiO-3-methyl-5-ethyl-l,2,4-benzothiadiazine-S,S-d
ioxide; and compounds described in U.S. Patent No.
6,620,808 and International Patent Application Nos. WO
94/02475, WO 96/38414, WO 97/36907, WO 99/51240, and
WO 99/42456), benzodiazepine (BZD)/GABA receptor
complex modulators (e.g., progabide, gengabine,
zaleplon, and compounds described in U.S. Patent No.
5,538,956, 5,260,33 1, and 5,422,355); serotonin
antagonists (e.g., 5HT receptor modulators, 5HT1A
antagonists or agonists (including without limitation
lecozotan and compounds described in U.S. Patent Nos.
6,465,482, 6,127,357, 6,469,007, and 6,586,436, and in
PCT Publication No. WO 97/03982) and 5-HT6 antagonists
(including without limitation compounds described in
U.S. Patent Nos. 6,727,236, 6,825,212, 6,995,176, and
7,041,695)); nicotinics (e.g., niacin); muscarinics
(e.g., xanomeline, CDD-0 102, cevimeline,
talsaclidine, oxybutin, tolterodine, propivei ne,
tropsium chloride and darifenacin); monoamine oxidase
type B (MAO B) inhibitors (e.g., rasagiline,
selegiline, deprenyl, lazabemide, saf namide,
clorgyline, pargyline,
N-(2-aminoethyl)-4-chlorobenzamide hydrochloride, and
N-(2-aminoethyl)-5(3-
fluorophenyl)-4-thiazolecarboxamide hydrochloride);
phosphodiesterase (PDE) IV inhibitors (e.g.,
roflumilast, arofylline, cilomilast, rolipram,
RO-20-1724, theophylline, denbufylline, ARIFLO,
ROFLUMILAST, CDP-840 (a tri-aryl ethane) CP80633 (a
pyrimidone), RP 73401 (Rhone-Poulenc Rorer),
denbufylline (SmithKline Beecham), arofylline
(Almirall), CP-77,059
(Pfizer),ryrid[253d]pyridazin-5-ones (Syntex),
EP-685479 (Bayer), T-440 (Tanabe Seiyaku), and
SDZ-ISQ-844 (Novartis)); G proteins; channel
modulators; immunotherapeutics (e.g., compounds
described in U.S. Patent Application Publication No.
US 2005/0197356 and US 2005/0197379); anti-amyloid or
amyloid lowering agents (e.g., bapineuzumab and
compounds described in U.S. Patent No. 6,878,742 or
U.S. Patent Application Publication Nos. US
2005/0282825 or US 2005/0282826); statins and
peroxisome proliferators activated receptor (PPARS)
modulators (e.g., gemfibrozil (LOPID(r)), fenofbrate
(TRICOR(r)), rosiglitazone maleate (AVANDIA ),
pioglitazone (Actos(tm)), rosiglitazone (Avandia(tm)),
clofibrate and bezafibrate); cysteinyl protease
inhibitors; an inhibitor of receptor for advanced
glycation endproduct (RAGE) (e.g., aminoguanidine,
pyridoxaminem carnosine, phenazinediamine, OPB-9195,
and tenilsetam); direct or indirect neurotropic agents
(e.g., Cerebrolysin(r), piracetam, oxiracetam, AIT-082
(Emilieu, 2000, Arch. Neurol. 57:454)); beta-secretase
(BACE) inhibitors, a-secretase, immunophilins,
caspase-3 inhibitors, Src kinase inhibitors, tissue
plasminogen activator (TPA) activators, AMPA
(alpha-amino-3-hydroxy-5-methyl-4-isoxazolepropionic
acid) modulators, M4 agonists, JNK3 inhibitors, LXR
agonists, H3 antagonists, and angiotensin IV
antagonists. Other cognition enhancers include,
without limitation, acetyl- 1- carnitine, citicholine,
huperzine, DMAE (dimethylaminoethanol), Bacopa
monneiri extract, Sage extract, L-alpha glyceryl
phosphoryl choline, Ginko biloba and Ginko biloba
extract, Vinpocetine, DHA, nootropics including
Phenyltropin, Pikatropin (from Creative Compounds,
LLC, Scott City, MO), besipirdine, linopirdine,
sibopirdine, estrogen and estrogenic compounds,
idebenone, T-588 (Toyama Chemical, Japan), and FK960
(Fujisawa Pharmaceutical Co. Ltd.). Compounds
described in U.S. Patent Nos. 5,219,857, 4,904,658,
4,624,954 and 4,665,1 83 are also useful as cognitive
enhancers as described herein. Cognitive enhancers
that act through one or more of the above mechanisms
are also within the scope of this invention.In some
embodiments, the compound of Formula (I) and cognitive
enhancer act additively or, in some embodiments,
synergistically. In some embodiments, where a
cognitive enhancer and a compound of Formula (I) of
the invention are co-administered to an animal, the
effective amount of the compound or pharmaceutically
acceptable salt of the compound of the invention is
less than its effective amount would be where the
cognitive enhancer agent is not administered. In some
embodiments, where a cognitive enhancer and a compound
of Formula (I) are co-administered to an animal, the
effective amount of the cognitive enhancer is less
than its effective amount would be where the compound
or pharmaceutically acceptable salt of the invention
is not administered. In some embodiments, a cognitive
enhancer and a compound of Formula (I)of the invention
are co-administered to an animal in doses that are
less than their effective amounts would be where they
were no co-administered. In these cases, without being
bound by theory, it is believed that the compound of
Formula (I) and the cognitive enhancer act
synergistically. In some embodiments, the other
pharmaceutically active agent is an agent useful for
treating Alzheimer's disease or conditions associate
with Alzheimer's disease, such as dementia. Exemplary
agents useful for treating Alzheimer's disease
include, without limitation, donepezil, rivastigmine,
galantamine, memantine, and tacrine. In some
embodiments, the compound of Formula (I) is
administered together with another pharmaceutically
active agent in a single administration or
composition. In some embodiments, a composition
comprising an effective amount of the compound of
Formula (I) and an effective amount of another
pharmaceutically active agent within the same
composition can be administered. In another
embodiment, a composition comprising an effective
amount of the compound of Formula (I) and a separate
composition comprising an effectiveamount of another
pharmaceutically active agent can be concurrently
administered. In another embodiment, an effective
amount of the compound of Formula (I) is administered
prior to or subsequent to administration of an
effective amount of another pharmaceutically active
agent. In this embodiment, the compound of Formula (I)
is administered while the other pharmaceutically
active agent exerts its therapeutic effect, or the
other pharmaceutically active agent is administered
while the compound of Formula (I) exerts its
preventative or therapeutic effect. Thus, in some
embodiments, the invention provides a composition
comprising an effective amount of the compound of
Formula (I)of the present invention and a
pharmaceutically acceptable carrier. In some
embodiments, the composition further comprises a
second pharmaceutically active agent. In another
embodiment, the composition further comprises a
pharmaceutically active agent selected from the group
consisting of one or more other antidepressants,
anti-anxiety agents, anti-psychotic agents or
cognitive enhancers. Antidepressants, anti-anxiety
agents, anti-psychotic agents and cognitive enhancers
suitable for use in the composition include the
antidepressants, anti-anxiety agents, anti-psychotic
agents and cognitive enhancers provided above. In
another embodiment, the pharmaceutically acceptable
carrier is suitable for oral administration and the
composition comprises an oral dosage form. In some
embodiments, one or more compounds of Formula (I) is
administered in combination with antidepressant drug
treatment, antipsychotic drug treatment, and/or
anticonvulsant drug treatment. In certain embodiments,
a compound of Formula (I) is administered in
combination with one or more selective serotonin
reuptake inhibitors (SSRIs) (for example, fluoxetine,
citalopram, escitalopram oxalate, fluvoxamine maleate,
paroxetine, or sertraline), tricyclic antidepressants
(for example, desipramine, amitriptyline, amoxipine,
clomipramine, doxepin, imipramine, nortriptyline,
protriptyline, trimipramine, dothiepin, butriptyline,
iprindole, or lofepramine).aminoketone class compounds
(for example, bupropion); in some embodiments, a
compound of Formula (I) is administered in combination
with a monoamine oxidase inhibitor (MAOI) (for
example, phenelzine, isocarboxazid, or
tranylcypromine), a serotonin and norepinepherine
reuptake inhibitor (SNRI) (for example, venlafaxine,
nefazodone, milnacipran, duloxetine), a norepinephrine
reuptake inhibitor (NRI) (for example, reboxetine), a
partial 5-HTi A go ist (for example, buspirone), a
5-HT2A receptor antagonist (for example, nefazodone),
a typical antipsychotic drug, or an atypical
antipsychotic drug. Examples of such antipsychotic
drugs include aliphatic phethiazine, a piperazine
phenothiazine, a butyrophenone, a substituted
benzamide, and a thioxanthine. Additional examples of
such drugs include haloperidol, olanzapine, clozapine,
risperidone, pimozide, aripiprazol, and ziprasidone.
In some cases, the drug is an anticonvulsant, e.g.,
phenobarbital, phenytoin, primidone, or carbamazepine.
In some cases, the compound of Formula (I) is
administered in combination with at least two drugs
that are antidepressant drugs, antipsychotic drugs,
anticonvulsant drugs, or a combination thereof.
Pharmaceutical Compositions In yet a further aspect,
the invention refers to a pharmaceutical composition
containing one or more compounds of Formula (I), in
association with pharmaceutically acceptable carriers
and excipients. The pharmaceutical compositions can be
in the form of solid, semi-solid or liquid
preparations, preferably in form of solutions,
suspensions, powders, granules, tablets, capsules,
syrups, suppositories, aerosols or controlled delivery
systems. The compositions can be administered by a
variety of routes, including oral, transdermal,
subcutaneous, intravenous, intramuscular, rectal and
intranasal, and are preferably formulated in unit
dosage form, each dosage containing from about 1 to
about 1000 mg, preferably from 1 to 600 mg of the
active ingredient. The compounds of the invention can
be in the form of free bases or as acid addition
salts, preferably salts with pharmaceutically
acceptable acids. The invention also includes
separated isomersand diastereomers of compounds I, or
mixtures thereof (e.g. racemic mixtures). The
principles and methods for the preparation of
pharmaceutical compositions are described for example
in Remington's Pharmaceutical Science, Mack Publishing
Company, Easton (PA). When administered to an animal,
one or more compounds of Formula (I), in any desirable
form (e.g., salt form, crystal form, etc)., can be
administered neat or as a component of a
pharmaceutical composition that comprises a
physiologically acceptable carrier or vehicle. Such a
pharmaceutical composition of the invention can be
prepared using standard methods, for example admixing
the compound(s) and a physiologically acceptable
carrier, excipient, or diluent. Admixing can be
accomplished using methods well known for admixing a
compound of Formula (I)and a physiologically
acceptable carrier, excipient, or diluent. Provided
pharmaceutical compositions (i.e., comprising one or
more compounds of Formula (I), in an appropriate form,
can be administered orally. Alternatively or
additionally, provided pharmaceutical compositions can
be administered by any other convenient route, for
example, parenterally (e.g., subcutaneously,
intravenously, etc., by infusion or bolus injection,
etc), by absorption through epithelial or
mucocutaneous linings (e.g., oral, rectal, vaginal,
and intestinal mucosa, etc.), etc. Administration can
be systemic or local. Various known delivery systems,
including, for example, encapsulation in liposomes,
microparticles, microcapsules, and capsules, can be
used. Methods of administration include, but are not
limited to, intradermal, intramuscular,
intraperitoneal, intravenous, subcutaneous,
intranasal, epidural, oral, sublingual, intracerebral,
intravaginal, transdermal, rectal, by inhalation, or
topical, particularly to the ears, nose, eyes, or
skin. In some instances, administration will result of
release of the compound (and/or one or more
metabolites thereof) into the bloodstream. The mode of
administration may be left to the discretion of the
practitioner.In some embodiments, provided
pharmaceutical compositions are administered orally;
in some embodiments, provided pharmaceutical
compositions are administered intravenously. In some
embodiments, it may be desirable to administer
provided pharmaceutical compositions locally. This can
be achieved, for example, by local infusion during
surgery, topical application, e.g., in conjunction
with a wound dressing after surgery, by injection, by
means of a catheter, by means of a 



suppository or edema, or by means of an implant, said
implant being of a porous, non-porous, or gelatinous
material, including membranes, such as sialastic
membranes, or fibers. In certain embodiments, it can
be desirable to introduce a compound of Formula (I)
into the central nervous system, circulatory system or
gastrointestinal tract by any suitable route,
including intraventricular, intrathecal injection,
paraspinal injection, epidural injection, enema, and
by injection adjacent to the peripheral nerve.
Intraventricular injection can be facilitated by an
intraventricular catheter, for example, attached to a
reservoir, such as an Ommaya reservoir. Pulmonary
administration can also be employed, e.g., by use of
an inhaler or nebulizer, and formulation with an
aerosolizing agent, or via perfusion in a fluorocarbon
or synthetic pulmonary surfactant. In certain
embodiments, the compound of Formula (I) can be
formulated as a suppository, with traditional binders
and excipients such as triglycerides. In some
embodiments, one or more compounds of Formula (I) can
be delivered in a vesicle, in particular a liposome
(see Langer, Science 249: 1527-1533, 1990 and Treat et
a , Liposomes in the Therapy of Infectious Disease and
Cancer 317-327 and 353-365, 1989). In some
embodiments, one or more compounds of Formula (I) can
be delivered in a controlled-release system or
sustained-release system {see, e.g., Goodson, in
Medical Applications of Controlled Release, vol. 2,
pp. 115-138, 1984).Other controlled or
sustained-release systems discussed in the review by
Langer, Science 249:1527-1533, 1990 can be used. In
some embodiments, a pump can be used (Langer, Science
249:1527-1533, 1990; Sefton, CRC CHt Ref. Biomed. Eng.
14:201, 1987; Buchwald et al, Surgery 88:507, 1980;
and Saudek et al., N. Engl. J Med. 321 :574, 1989). In
another embodiment, polymeric materials can be used
(see Medical Applications of Controlled Release
(Langer and Wise eds., 1974); Controlled Drug
Bioavailability, Drug Product Design and Performance
(Smolen and Ball eds., 1984); Ranger and Peppas, J.
Macromol. Sci. Rev. Macromol. Chem. 2:61, 1983; Levy
et al, Science 228:190, 1935; During et al, Ann.
Neural. 25:35 1, 1989; and Howard et al., J .
Neurosurg. 7 1:105, 1989). As noted above, provided
pharmaceutical compositions can optionally comprise a
suitable amount of a physiologically acceptable
excipient. Exemplary physiologically acceptable
excipients can be liquids, such as water and oils,
including those of petroleum, animal, vegetable, or
synthetic origin, such as peanut oil, soybean oil,
mineral oil, sesame oil and the like. For example,
useful physiologically acceptable excipients can be
saline, gum acacia, gelatin, starch paste, talc,
keratin, colloidal silica, urea and the like.
Alternatively or additionally, auxiliary, stabilizing,
thickening, lubricating, and coloring agents can be
used. In some embodiments, a physiologically
acceptable excipient that is sterile when administered
to an animal is utilized. Such physiologically
acceptable excipients are desirably stable under the
conditions of manufacture and storage and will
typically be preserved against the contaminating
action of microorganisms. Water is a particularly
useful excipient when a compound of Formula (I) is
administered intravenously. Saline solutions and
aqueous dextrose and glycerol solutions can also be
employed as liquid excipients, particularly for
injectable solutions. Suitable physiologically
acceptable excipients also include starch, glucose,
lactose, sucrose, gelatin, malt, rice, flour, chalk,
silica gel, sodium stearate, glycerol monostearate,
talc, sodium chloride, dried skim milk, glycerol,
propylene,glycol, water, ethanol and the like.
Provided pharmaceutical compositions, if desired, can
also contain minor amounts of wetting or emulsifying
agents, or pH buffering agents. Liquid carriers may be
used in preparing solutions, suspensions, emulsions,
syrups, and elixirs. A compound of Formula (I) can be
dissolved or suspended in a pharmaceutically
acceptable liquid carrier such as water, an organic
solvent, a mixture of both, or pharmaceutically
acceptable oils or fat. Such a liquid carrier can
contain other suitable pharmaceutical additives
including solubilizers, emulsifiers, buffers,
preservatives, sweeteners, flavoring agents,
suspending agents, thickening agents, colors,
viscosity regulators, stabilizers, or osmo-regulators.
Suitable examples of liquid carriers for oral and
parenteral administration include water (particularly
containing additives as above, e.g., cellulose
derivatives, including sodium carboxymethyl cellulose
solution), alcohols (including monohydric alcohols and
polyhydric alcohols, e.g., glycols) and their
derivatives, and oils (e.g., fractionated coconut oil
and arachis oil). For parenteral administration the
carrier can also be an oily ester such as ethyl oleate
and isopropyl myristate. Sterile liquid carriers are
used in sterile liquid form compositions for
parenteral administration. The liquid carrier for
pressurized compositions can be halogenated
hydrocarbon or other pharmaceutically acceptable
propellant. Provided pharmaceutical compositions can
take the form of solutions, suspensions, emulsion,
tablets, pills, pellets, capsules, capsules containing
liquids, powders, sustained-release formulations,
suppositories, emulsions, aerosols, sprays,
suspensions, or any other form suitable for use. In
some embodiments, pharmaceutical compositions in the
form of a capsule are provided. Other examples of
suitable physiologically acceptable excipients are
described in Remington 's Pharmaceutical Sciences
1447-1676 (Alfonso R. Gennaro, ed., 19th ed. 1995). In
some embodiments, a compound of Formula (I) (in an
appropriate form) is formulated in accordance with
routine procedures as a composition adapted for
oraladministration to humans. Compositions for oral
delivery can be in the form of tablets, lozenges,
buccal forms, troches, aqueous or oily suspensions or
solutions, granules, powders, emulsions, capsules,
syrups, or elixirs, for example. Orally administered
compositions can contain one or more agents, for
example, sweetening agents such as fructose, aspartame
or saccharin; flavoring agents such as peppermint, oil
of wintergreen, or cherry; coloring agents; and
preserving agents, to provide a pharmaceutically
palatable preparation. In powders, the carrier can be
a finely divided solid, which is an admixture with the
finely divided compound or pharmaceutically acceptable
salt of the compound. In tablets, the compound or
pharmaceutically acceptable salt of the compound is
mixed with a carrier having the necessary compression
properties in suitable proportions and compacted in
the shape and size desired. The powders and tablets
can contain up to about 99% of the compound or
pharmaceutically acceptable salt of the compound.
Capsules may contain mixtures of one or more compounds
of Formula (I) with inert fillers and/or diluents such
as pharmaceutically acceptable starches (e.g., corn,
potato, or tapioca starch), sugars, artificial
sweetening agents, powdered celluloses (such as
crystalline and microcrystalline celluloses), flours,
gelatins, gums, etc. Tablet formulations can be made
by conventional compression, wet granulation, or dry
granulation methods and utilize pharmaceutically
acceptable diluents, binding agents, lubricants,
disintegrants, surface modifying agents (including
surfactants), suspending or stabilizing agents
(including, but not limited to, magnesium stearate,
stearic acid, sodium lauryl sulfate, talc, sugars,
lactose, dextrin, starch, gelatin, cellulose, methyl
cellulose, microcrystalline cellulose, sodium
carboxymethyl cellulose, carboxymethylcellulose
calcium, polyvinylpyrrolidine, alginic acid, acacia
gum, xanthan gum, sodium citrate, complex silicates,
calcium carbonate, glycine, sucrose, sorbitol,
dicalcium phosphate, calcium sulfate, lactose, kaolin,
mannitol, sodium chloride, low meltingwaxes, and ion
exchange resins.) Surface modifying agents include
nonionic and anionic surface modifying agents.
Representative examples of surface modifying agents
include, but are not limited to, poloxamer 188,
benzalkonium chloride, calcium stearate, cetostearl
alcohol, cetomacrogol emulsifying wax, sorbitan
esters, colloidal silicon dioxide, phosphates, sodium
dodecylsulfate, magnesium aluminum silicate, and
triethanolamine. Moreover, when in a tablet or pill
form, provided pharmaceutical compositions can be
coated to delay disintegration and absorption in the
gastrointestinal tract, thereby providing a sustained
action over an extended period of time. Selectively
permeable membranes surrounding an osmotically active
driving compound are also suitable for orally
administered compositions. In these latter platforms,
fluid from the environment surrounding the capsule can
be imbibed by the driving compound, which swells to
displace the agent or agent composition through an
aperture. These delivery platforms can provide an
essentially zero order delivery profile as opposed to
the spiked profiles of immediate release formulations.
A time-delay material such as glycerol monostearate or
glycerol stearate can also be used. Oral compositions
can include standard excipients such as mannitol,
lactose, starch, magnesium stearate, sodium saccharin,
cellulose, and magnesium carbonate. In some
embodiments, the excipients are of pharmaceutical
grade. In some embodiments, one or more compounds of
Formula (I) (in an appropriate form) can be formulated
for intravenous administration. Typically,
compositions for intravenous administration comprise
sterile isotonic aqueous buffer. Where necessary, the
compositions can also include a solubilizing agent.
Compositions for intravenous administration can
optionally include a local anesthetic such as
lignocaine to lessen pain at the site of the
injection. Generally ., the ingredients are supplied
either separately or mixed together in unit dosage
form, for example, as a dry lyophilized powder or
water-free concentrate in a hermetically sealed
container such as an ampule or sachette indicating the
quantity of activeagent. Where a compound of Formula
(I)is to be administered by infusion, it can be
dispensed, for example, with an infusion bottle
containing sterile pharmaceutical grade water or
saline. Where a compound of Formula (I)is administered
by injection, an ampule of sterile water for injection
or saline can be provided so that the ingredients can
be mixed prior to administration. In some embodiments,
one or more compounds of Formula (I) (in an
appropriate form) can be administered transdermally
through the use of a transdermal patch. Transdermal
administrations include administrations across the
surface of the body and the inner linings of the
bodily passages including epithelial and mucosal
tissues. Such administrations can be carried out using
the present in lotions, creams, foams, patches,
suspensions, solutions, and suppositories (e.g.,
rectal or vaginal). Transdermal administration can be
accomplished through the use of a transdermal patch
containing one or more compounds of Formula (I) (in an
appropriate form) and a carrier that is inert to the
compound or pharmaceutically acceptable salt of the
compound, is non-toxic to the skin, and allows
delivery of the agent for systemic absorption into the
blood stream via the skin. The carrier may take any
number of forms such as creams or ointments, pastes,
gels, or occlusive devices. The creams or ointments
may be viscous liquid or semisolid emulsions of either
the oil-in-water or water-in-oil type. Pastes
comprised of absorptive powders dispersed in petroleum
or hydrophilic petroleum containing the active
ingredient may also be suitable. A variety of
occlusive devices may be used to release the compound
or pharmaceutically acceptable salt of the compound
into the blood stream, such as a semi-permeable
membrane covering a reservoir containing a compound of
Formula (I) with or without a carrier, or a matrix
containing the active ingredient. One or more
compounds of Formula (I) (in an appropriate form) may
be administered rectally or vaginally in the form of a
conventional suppository.Suppository formulations may
be made from traditional materials, including cocoa
butter, with or without the addition of waxes to alter
the suppository's melting point ., and glycerin.
Water-soluble suppository bases, such as polyethylene
glycols of various molecular weights, may also be
used. One or more compounds of Formula (I) (in an
appropriate form) can be administered by
controlled-release or sustained-release means or by
delivery devices that are known to those of ordinary
skill in the art. Such dosage forms can be used to
provide controlled- or sustained-release of one or
more active ingredients using, for example,
hydropropylmethyl cellulose, other polymer matrices,
gels, permeable membranes, osmotic systems, multilayer
coatings, microparticles, liposomes, microspheres, or
a combination thereof to provide the desired release
profile in varying proportions. Suitable controlled-
or sustained-release formulations known to those
skilled in the art, including those described herein,
can be readily selected for use with the active
ingredients of the invention. The invention thus
encompasses single unit dosage forms suitable for oral
administration such as, but not limited to, tablets,
capsules, gelcaps, and caplets that are adapted for
controlled- or sustainedrelease. In some embodiments a
controlled- or sustained-release composition comprises
a minimal amount of a compound of Formula (I) to treat
or prevent one or more disorders, diseases or
conditions associated with activity of a7 nicotinic
acetylcholine receptors. Advantages of controlled- or
sustained-release compositions include extended
activity of the drug, reduced dosage frequency, and
increased compliance by the animal being treated. In
addition, controlled- or sustained-release
compositions can favorably affect the time of onset of
action or other characteristics, such as blood levels
of the compound or a pharmaceutically acceptable salt
of the compound, and can thus reduce the occurrence of
adverse side effects. Controlled- or sustained-release
compositions can initially release an amount of one or
more compounds of Formula (I) that promptly produces a
desiredtherapeutic or prophylactic effect, and
gradually and continually release other amounts of the
compound to maintain this level of therapeutic or
prophylactic effect over an extended period of time.
To maintain a constant level of the compound a body,
the compound can be released from the dosage form at a
rate that will replace the amount of the compound
being metabolized and excreted from the body.
Controlled- or sustained-release of an active
ingredient can be stimulated by various conditions,
including but not limited to, changes in pH, changes
in temperature, concentration or availability of
enzymes, concentration or availability of water, or
other physiological conditions or compounds. In
certain embodiments, provided pharmaceutical
compositions deliver an amount of a compound of
Formula (I) that is effective in the treatment of one
or more disorders, diseases, or conditions associated
with activity (or inactivity) of a7 nicotinic
acetylcholine receptors. According to the present
invention, in vitro or in vivo assays can optionally
be employed to help identify optimal dosage ranges.
The precise dose to be employed can also depend on the
route of administration, the condition, the
seriousness of the condition being treated, as well as
various physical factors related to the individual
being treated, and can be decided according to the
judgment of a health-care practitioner. Equivalent
dosages may be administered over various time periods
including, but not limited to, about every 2 hours,
about every 6 hours, about every 8 hours, about every
12 hours, about every 24 hours, about every 36 hours,
about every 48 hours, about every 72 hours, about
every week, about every two weeks, about every three
weeks, about every month, and about every two months.
The number and frequency of dosages corresponding to a
completed course of therapy will be determined
according to the judgment of a health-care
practitioner. Effective dosage amounts described
herein typically refer to total amounts administered;
that is, if more than one compound of Formula (I) is
administered, the effective dosage amounts correspond
to the total amount administered.The effective amount
of a compound of Formula (I) for use as described
herein will typically range from about 0.001 mg/kg to
about 600 mg/kg of body weight per day, in some
embodiments, from about 1 mg/kg to about 600 mg/kg
body weight per day, in another embodiment, from about
10 mg/kg to about 400 mg/kg body weight per day, in
another embodiment, from about 10 mg/kg to about 200
mg/kg of body weight per day, in another embodiment,
from about 10 mg/kg to about 100 mg/kg of body weight
per day, in another embodiment, from about 1 mg/kg to
about 10 mg/kg body weight per day, in another
embodiment, from about 0.001 mg/kg to about 100 mg/kg
of body weight per day, in another embodiment, 



from about 0.001 mg/kg to about 10 mg/kg of body
weight per day, and in another embodiment, from about
0.001 mg/kg to about 1 mg/kg of body weight per day.
In some embodiments, pharmaceutical compositions are
provided in unit dosage form, e.g., as a tablet,
capsule, powder, solution, suspension, emulsion,
granule, or suppository. In such form, the composition
is sub-divided in unit dose containing appropriate
quantities of the active ingredient; the unit dosage
form can be packaged compositions, for example,
packeted powders, vials, ampoules, pref lled syringes
or sachets containing liquids. A unit dosage form can
be, for example, a capsule or tablet itself, or it can
be the appropriate number of any such compositions in
package form. Such unit dosage form may contain, for
example, from about 0.01 mg/kg to about 250 mg/kg, and
may be given in a single dose or in two or more
divided doses. Variations in the dosage will
necessarily occur depending upon the species, weight
and condition of the patient being treated and the
patient's individual response to the medicament. In
some embodiments, the unit dosage form is about 0.01
to about 1000 mg. In another embodiment, the unit
dosage form is about 0.01 to about 500 mg; in another
embodiment, the unit dosage form is about 0.01 to
about 250 mg; in another embodiment, the unit dosage
form is about 0.01 to about 100 mg; in another
embodiment, the unit dosage form is about 0.01 to
about 50 mg; in anotherembodiment, the unit dosage
form is about 0.01 to about 25 mg; in another
embodiment, the unit dosage form is about 0.01 to
about 10 mg; in another embodiment, the unit dosage
form is about 0.01 to about 5 mg; and in another
embodiment, the unit dosage form is about 0.01 to
about 10 mg; A compound of Formula (I) can be assayed
in vitro or in vivo for the desired therapeutic or
prophylactic activity prior to use in humans. Animal
model systems can be used to demonstrate safety and
efficacy. Synthesis and Preparation The compounds of
Formula (I) or their precursors can be prepared
through a number of synthetic routes amongst which the
ones illustrated in Schemes 1-5 below: Scheme 1
According to Scheme 1, an w-haloalkanoylchloride 1
(hereby exemplified by a co-bromoalkanoyl chloride) is
reacted with a suitable heterocyclic amine 2 in a
solvent such as for example but not limited to
dichloromethane, dimethylformamide, dimethylacetamide,
tetrahydrofurane, ethyl acetate and the like, or
mixtures thereof, in the presence of a base such as
for example but not limited to triethylamine, Hunig's
base (diisopropylethylamine) or an inorganic base such
as for example potassium carbonate, to afford the
coupling amide product 3 which may or may be not
isolated and purified. Amide 3 is then reacted in a
suitable solvent such as but not limited to
dichloromethane, dimethylformamide, or
dimethylacetamide with an amine X, which may be or may
not be used in excess, in the presence or absence of
an additional base such as triethylamine or Hunig's
base to afford subject matter compounds of Formula
(I).Scheme 2 According to Scheme 2, an w-haloalkanoic
acid is suitably activated using an agent such for
example but not limited to as l,l
'-carbonyldiimidazole in a solvent such as for example
dichloromethane, dimethylformamide or mixtures thereof
and reacted with a suitable heterocyclic amine to
afford the intermediate w-haloalkanoic acid amide 3,
which may or may be not isolated and purified. Amide 3
is then reacted in a suitable solvent such as but not
limited to dichloromethane, dimethylformamide, or
dimethylacetamide with an amine X, which may be or may
not be used in excess, in the presence or absence of
an additional base such as triethylamine or Hunig's
base to afford subject matter compounds of Formula
(I). Scheme 3 According to Scheme 3, an
w-aminoalkanoic acid is suitably activated using an
agent such for example but not limited to as
l,r-carbonyldiimidazole in a solvent such as for
example dichloromethane, dimethylformamide or mixtures
thereof and reacted with a suitable heterocyclic amine
to afford subject matter compounds of Formula (I). d)
Scheme 4According to Scheme 4, an w-aminoalkanoic acid
5 is suitably activated using an agent such for
example but not limited to as l,r-carbonyldiimidazole
in a solvent such as for example dichloromethane,
dimethylformamide or mixtures thereof and reacted with
a suitable bromoheterocyclic amine to afford
bromoheteroarylamides of formula 7, which are then
reacted further under crosscoupling conditions, for
example Suzuki conditions, to afford subject matter
compounds of Formula (I). Scheme 5 shows one possible
route towards the synthesis of chain-substituted acids
5, precursors to compounds of Formula (I) According to
Scheme 5, an alkyl-substituted malonic acid diester it
treated with base, such as for example but not limited
to sodium hydride in a solvent such as
tetrahydrofurane or dimethylformamide and reacted with
an a,w-dihaloalkane. The disubstituted malonic acid
diester thus obtained is hydrolysed and
mono-decarboxylated by treatement with a strong acid,
such as for example hydrobromic acid. Esterification
is then carried out, for example by treatement with
methanol and a catalytic amount of acid. Substitution
of the co-halogen may be accomplished by the use of a
suitable amine heating in a solvent like toluene, but
not limited to this solvent. Finally, hydrolysis of
the ester function with an aqueous base affords
intermediates of formula 5 which can be activated as
described to afford compounds of Formula (I). The
compounds of Formula (I), their optical isomers or
diastereomers can be purified or separated according
to well-known procedures, including but not limitedto
chromatography with a chiral matrix and fractional
crystallisation. Exemplification Experimental
Procedures - Synthesis of compounds General Unless
otherwise specified all nuclear magnetic resonance
spectra were recorded using a Varian Mercury Plus 400
MHz spectrometer equipped with a PFG ATB Broadband
probe. HPLC-MS analyses were performed with a Waters
2795 separation module equipped with a Waters
Micromass ZQ (ES ionisation) and Waters PDA 2996,
using a Waters XTerra MS CIS 3.5mm 2.1x50mm column.
Preparative HLPC was run using a Waters 2767 system
with a binary Gradient Module Waters 2525 pump and
coupled to a Waters Micromass ZQ (ES) or Waters 2487
DAD, using a Supelco Discovery HS Cl 8 5.0mm 10x2
1.2mm column Gradients were run using 0.1% formic
acid/water and 0.1% formic acid/acetonitrile with
gradient 5/95 to 95/5 in the run time indicated in the
Examples. All column chromatography was performed
following the method of Still, C ; J . Org Chem 43,
2923 (1978). All TLC analyses were performed on silica
gel (Merck 60 F254) and spots revealed by UV
visualisation at 254 nm and KMnO4 or ninhydrin stain.
When specified for array synthesis, heating was
performed on a Buchi Syncore(r) system. All microwave
reactions were performed in a CEM Discover
oven.Abbreviations used throughout the Experimental
Procedures AcOEt ethyl acetate DCM dichloromethane DCE
1,2-dichloroethane DMEA /V,iV-dimethylethylamine DMF
iV,iV-dimethylformamide DMSO, dmso dimethylsulphoxide
DAM A V-dimethylacetamide SCX strong cation exchanger
TEA triethylamine TFA trifluoroacetic acid THF
tetrahydrofuran TLC thin layer chromatography LC-MS
liquid chromatography - mass spectrometry HPLC high
performance liquid chromatography General
3-amino-5-aryl/heteroaryl pyrazole synthesis The
3-amino-5-aryl/heteroaryl pyrazoles used in the
Examples were either commercially available or
synthesised using the routes shown in the scheme
below: General procedure for aryl/heteroaryl
b-ketonitrile synthesis (Al): Aryl or heteroaryl
methyl carboxylate were commercially available or were
synthesized according to the following standard
procedure: the aryl or heteroaryl carboxylic acid (32
mmol) was dissolved in MeOH (40 niL) and sulfuric acid
(ImL) was added. The mixture was refluxed overnight,
after which the solvent wasevaporated under reduced
pressure; the crude was dissolved in DCM and washed
with saturated aqueous NaHCO3 solution. The organic
phase was dried and evaporated under reduced pressure,
and the crude was used without further purification.
To a solution of an aryl or heteroaryl methyl
carboxylate (6.5 mmol) in dry toluene (6 mL) under N ,
NaH (50-60% dispersion in mineral oil, 624 mg, 13
mmol) was carefully added. The mixture was heated at
800C and then dry CH CN was added dropwise(1 .6 mL,
30.8 mmol). The reaction was heated for 18 hours and
generally the product precipitated from the reaction
mixture as Na salt. The reaction was then allowed to
cool down to room temperature and the solid formed was
filtered and then dissolved in water. The solution was
then acidified with 2N HCl solution and at pH between
2-6 (depending on the ring substitution on the
aryl/heteroaryl system) the product precipitated and
was filtered off. If no precipitation occurred, the
product was extracted with DCM. After work-up, the
products were generally used in the following step
without further purification. The general yield was
between 40 and 80%. General procedure for
aryl/heteroaryl b-ketonitrile synthesis (route Al
bis): Aryl- or heteroaryl-carboxylic acid methyl
esters are commercially available or were synthesized
under the standard procedure, as described in general
procedure Al . To a solution of dry alkanenitrile in
toluene ( 1 mmol/niL, 5 eq.) cooled down to -78C under
nitrogen, a solution of /?-butyllithium in /z-hexane
(1.6 N, 3.5 eq) was added dropwise. The mixture was
left stirring at -78 0C for 20 minutes and then a
solution of the aryl or heteroaryl methyl carboxylate
in toluene (0.75 mmol/mL, 1 eq.) was added and the
reaction allowed to reach room temperature. Upon
reaction completion, after about 20 minutes, the
mixture was cooled down to O0C and HCl2N was added to
pH 2. The organic phase was recovered, dried over Na
SO4 and concentrated under reduced pressure, affording
the title product which was generally used without
further purification. General procedure for aryl
aminopyrazole synthesis (route A2): To a solution of
the b-ketonitrile (7.5 mmoL), in absolute EtOH (15 mL)
hydrazine monohydrate (0.44 mL, 9.0 mmol) was added
and the reaction was heated at reflux for 18 hrs. The
reaction mixture was allowed to cool to room
temperature and the solvent was evaporated under
reduced pressure. The residue was dissolved in DCM and
washed with water. The organic phase was concentrated
under reduced pressure to give a crude product that
was purified by SiO2 column or by precipitation from
Et2O. Yields were generally between 65 and 90%.
Hydroxy-aryl- or hydroxy-heteroaryl-carboxylic acid to
methyl ester- General procedure 4-hydroxy-benzoic acid
(usually 24.0 mmol) was dissolved in MeOH (50 mL) and
sulfuric acid ( 1 mL/g substrate) was added. The
mixture was refluxed overnight, after which the
solvent was evaporated under reduced pressure; the
crude was dissolved in DCM and washed with saturated
NaHCO to basic pH. The organic phase was dried and
evaporated under reduced pressure, and the product was
used without further purification. The yields were
between 80 and 90%. Hydroxy-aryl- or
hydroxy-heteroaryl-carboxylic acid methyl ester to
F2CHOaryl- or heteroarylcarboxylic acid methyl ester-
General procedure Under a N atmosphere,
4-hydroxy-benzoic acid methyl or ethyl ester (1.0 eq)
and sodium chlorodifluoroacetate (1.2 eq) were
dissolved in DMF (20-25 mL) in a two neck round bottom
flask; potassium carbonate (1.2 eq) was added and
themixture was heated at 125C until complete
conversion of the starting material was observed by
LC-MS. The mixture was then diluted with water and
extracted with DCM; the organic phase was dried and
removed under reduced pressure, and the crude was
purified through Si column to obtain the product
(Yields from 20 to 70%). The following Table 1 reports
yields and analytical data obtained in the preparation
of a series of F CHO-aryl- or F CHO
-heteroaryl-carboxylic acid methyl esters prepared
according to the general procedures described above
Table
13-Imidazo[l,2-a]pyridin-6-yl-3-oxo-propionitrile The
product was obtained starting from
imidazo[l,2-a]pyridine-6-carboxylic acid methyl ester
according to general procedure Al Yield 39% C10H7N3O
Mass (calculated) [185]; (found) [M+H+]=1 86 [M-H]=1
84 LC Rt=0.23, 100% (3 min method) IH-NMR: (dmso-d6):
4.72 (2H,s) 5 7.61-7.65 (2H, m), 7.70 (IH 5 m), 8.07
(IH, s), 9.40 (s, IH).
5-Imidazo[l,2-a]pyridin-6-yl-lH-pyrazol-3-ylamine The
title compound was synthesized according to general
procedure A2 starting from
3-imidazo[l,2-a]pyridin-6-yl-3-oxo-propionitrile
Yield: 84% C10H9N5 Mass (calculated) [199]; (found)
[M+l]= 200 LCMS, (5min method, RT=0.21 min, NMR (IH 5
400MHz, MeOH-d4) 3,34 (s, 2H), 5,90 (br s, IH) 5 7,57
(s, IH) 5 7,63 (br s, IH), 7,86 (s, IH), 8,73 (s, IH)
Chlorocynnamonitrile synthesis (route Bl) POCl (2 eq
with respect to the aryl/heteroaryl acetophenone) were
added dropwise to 4 molar equivalents of anhydrous DMF
cooled down to O0C, at such a rate that the
temperature did not exceed 1O0C. The acetophenone ( 1
eq) was then added dropwise and the reaction was
allowed to reach room temperature. The reaction was
then stirred for further 30' and then 0.4 mmol
ofhydroxylamine hydrochloride were added. The reaction
was then heated up to 50C, after which heating was
removed and additional 4 eq. of hydroxylamine
hydrochloride were added portionwise (at such a rate
that the temperature never exceeded 120C). The
reaction was then stirred until the temperature of the
mixture spontaneously decreased to 25C. Water (100 mL)
were then added and the mixture was extracted with
diethyl ether. The organic phase was dried over Na2SO4
and concentrated under reduced pressure. The crude
product was used for the next step without further
purification. Aryl aminopyrazole synthesis (route B2)
To a solution of the chlorocynnamonitrile (0.5
mmol/mL, 1 eq) in absolute EtOH 2 eq of hydrazine
monohydrate were added and the reaction was heated at
reflux for 4 hrs. The reaction mixture was allowed to
cool to room temperature and the solvent was
evaporated under reduced pressure. The residue was
triturated with Et O, allowing to recover the title
compound which was generally used without further
purification. 5-(2-Trib
noromethyl-phenyl)-2H-pyrazol-3-ylamine a)
3-Oxo-3-(2-trifluoromethyl-phenyl)-propionitrile The
product was prepared according to the general
procedure for aminopyrazole synthesis (route Al) from
2-trifluoromethyl -benzoic acid methyl 



ester (3.1 g, 14.0 mmol, 1.0 eq). The crude was
precipitated from HCl to give the title product as a
yellow solid (2.8 g, yield: 94%). C10H6F3NO 1H-NMR
(CD3OD): 4.90 (2H, br s); 7.52-7.86 (4H, m). b)
5-(2-Trifliioromethyl-phenyl)-2H-pyrazol-3-ylamine The
product was prepared according to general procedure
for aminopyrazolesynthesis (route A2). The crude was
purified through Si column (eluent: DCM) and dried to
give the title product (0.6 g, 20% Yield). C10H8F3N3
5-(2,6-Dimethyl-phenyl)-2H-pyraol-3-ylamine a) 3-(2,
6-Dimethyl-phenyl)-3-oxo-propionitrile The product was
prepared according to the general procedure for
aminopyrazole synthesis (route Al), refluxing the
mixture overnight and then for 2 h at 110C. The crude
product was extracted with DCM and used in the
following step without further purification (2.2 g
yield: 76%). Cl lHl lNO b)
5-(2,6-Dimethyl-phenyl)-2H-pyvazol-3-ylamine The
product was prepared according to general procedure
for aminopyrazole synthesis (route A2). The crude was
purified through Si column (eluent: DCM) and washed
with water, extracted and dried to give the title
product (0.25 g yield 10%). C 11H13N3 1H-NMR (CD3OD):
2.09-2.23 (6H, m); 7.04-7.12 (2H, m); 7.18-7.26 (2H,
m). 5-(2-Chloro-4-fluoro-phenyl)-2H-pyrazol-3-ylamine
a) 3-(2-Chloro-4-biiovo-phenyl)-3-oxo-propionitrile
The product was prepared according to the general
procedure for aminopyrazole synthesis (route Al) from
2-chloro-4-fluoiO-benzoic acid methyl ester (0.7 g,
3.7 mmol, 1.0 eq). The crude product was extracted
with DCM and used in the following step without
further purification (0.4 g, yield: 60%). C9H5C1FNO b)
5-(2-Chloro-4-fluoro-phenyl)-2H-pyrazol-3-ylamine The
product was prepared according to general procedure
for aminopyrazole synthesis (route A2). The crude was
dissolved in DCM, washed with sat NaHCO3, extracted
and dried to give the title product (0.12 g, yield
26%). C9H7C1FN31H-NMR (dmso-d6): 7.03-7.53 (4H5 m).
5-(5-tert-Biityl-thiophen-2-yl)-2H-pyrazol-3-ylamine
a) 3-(5-tert-Biityl-thiophen-2-yl)-3-oxo-propionitrile
The product was prepared according to the general
procedure for aminopyrazole synthesis (route Al) from
5-tert-Butyl-thiophene-2-carboxylic acid methyl ester
(3.0 g, 15.0 mmol, 1.0 eq). The crude product was
extracted with DCM and used in the following step
without further purification (2.7 g, yield: 86%). C
11H13NOS b)
5-(5-tevt-Biityl-thiophen-2-yl)-2H-pyrazol-3-ylamine
The product was prepared according to general
procedure for aminopyrazole synthesis (route A2). The
crude was washed with water and precipitated to give
the title product (2.7 g, yield 91%). C 11H1 5N3S Mass
(calculated) [221]; (found) [M+H+] =222. LC Rt = 2.53
min, 94% (10 min method) 1H-NMR (dmso-d6): 1.26-1.29
(9H, m); 4.87 (2H5 br s); 5.47 (IH, br s); 6.66-6.79
(IH 5 m); 6.97-7.02 (IH 5m)
5-(3-Chloro-2-methyl-phenyl)-2H-pyrazol-3-ylamine a)
2-Ethyl-benoic acid methyl ester 2-Ethyl-benzoic acid
(3.0 g, 17.6 mmol) was dissolved in MeOH (20 mL) and
sulfuric acid (ImL) was added. The mixture was
refluxed overnight, after which the solvent was
evaporated under reduced pressure; the crude was
dissolved in DCM and washed with saturated Na2CO3 to
basic pH. The organic phase was dried and evaporated
under reduced pressure, and the product (3.1 g5 yield
96%) was used without further purification. C9H9C1O2
1H-NMR (dmso-d6): 2.48 (3H5 br s); 3.82 (3H, s); 7.3 1
(IH 5 t, J=7.6 Hz); 7.63-7.67 (2H5 m).b)
3-(3-Chloro-2-methyl-phenyl)-3~oxo-propionitrile The
product was prepared according to the general
procedure for aminopyrazole synthesis (route Al) from
3-Chloro-2-methyl-benzoic acid methyl ester (3.1 g,
16.8 mmol, 1.0 eq). The crude product was precipitated
form water and used in the following step without
further purification (2.4 g, yield: 74%). C10H8C1NO
1H-NMR (dmso-d6): 2.31 (3H, br s); 4.64 (2H, br s);
7.27-7.36 (2H, m); 7.54-7.77 (IH, m). c)
5-(3-Chloro-2-methyl-phenyl)-2H-pyrazol-3-ylamine The
product was prepared according to general procedure
for aminopyrazole synthesis (route A2). The crude
product was purified through SiO column (20 g) with
gradient elution from 100% EtOAc to EtOAc-MeOH 80:20.
The title product (1.3 g, yield 50%) was obtained.
C10H10C1N3 Mass (calculated) [207]; (found) [M+H+]
=208. LC Rt = 1.96 min, 85% (10 min method) 1H-NMR
(CDCl3) : 2.41 (3H, s); 5.74 (IH, s); 7.16 (IH, t,
J=8.0 Hz); 7.20-7.26 (TH, m); 7.38-7.40 (IH, m).
5-(2-Ethyl-phenyl)-2H-pyrazol-3-yl-amine a)
2-Ethyl-benzoic acid methyl ester 2-Ethyl-benzoic acid
(3.0 g, 20.0 mmol) was dissolved in MeOH (20 mL) and
catalytic quantity of sulfuric acid (ImL) was added.
The mixture was refluxed overnight, after that the
solvent was evaporated under reduced pressure; the
crude was dissolved in DCM and washed with saturated
Na2CO3 to basic pH. The organic phase was dried and
evaporated under reduced pressure, and the product
(2.9 g, yield 88%) was used without further
purification C10H12O2 1H-NMR (dmso-d6): 1.12 (3H, t,
J=7.2 Hz); 2.86 (2H, q, J=7.2 Hz); 3.81 (3H,s);
7.27-7.34 (2H, m); 7.46-7.51 (IH, m); 7.73-7.75 (IH,
m). b) 3-(2-Ethyl-phenyl)-3-oxo-propionitrile The
product was prepared according to the general
procedure for aminopyrazole synthesis (route Al) from
2-ethyl-benzoic acid methyl ester (2.9 g, 17.6 mmol,
1.0 eq). The crude product was extracted with DCM as a
yellow oil and used in the following step without
further purification (2.8 g, yield: 92%). Cl IHl INO
IH-NMR (dmso-d6): 1.10-1 .18 (3H, m); 2.78 (2H, q,
J=7.2 Hz); 4.67 (IH, s); 7.23-7.53 (3H, m); 7.73-7.78
(IH m). c) 5-(2-Ethyl-phenyl)-2H-pyrazol-3-yl-amine
The product was prepared according to general
procedure for aminopyrazole synthesis (route A2). The
crude product was purified through SiO2 column (20 g)
with gradient elution from 100% EtOAc to EtOAc-MeOH
80:20. The title product (1.2 g, yield 40%) was
obtained C 11H13N3 Mass (calculated) [ 187]; (found)
[M+H+] = 188. LC Rt = 1.58 min, 90% (10 min method)
1H-NMR (CDCl3) : 1.15 (3H, t, J=7.6 Hz); 2.71 (2H, q,
J=7.6 Hz); 5.72 (IH, s); 7.20-7.26 (IH, m); 7.29-7.35
(3H5 m).
5-(4-Methoxy-phenyl)~4-methyl-2H-pyrazol-3-ylamine a)
3-(4-Methoxy-phenyl)-2-methyl-3-oxo-propionitvile The
product was prepared according to the general
procedure for aminopyrazole synthesis (route Al) from
4-methoxy-benzoic acid methyl ester (3.0 mL, 18.0
mmol, 1.0 eq), NaH ( 1.4 g, 36.0 mmol, 2.0 eq) and
propionitrile (6.1 mL, 84.9 mmol, 4.7 eq). The crude
was purified through Si-column (eluent exane/ethyl
acetate) to give 2.1 g of title product (yield: 62%).
C 11H1 1NO2 b)
5-(4-Methoxy-phenyl)-4-methyl-2H-pyrazol-3-ylamineThe
product was prepared according to general procedure
for aminopyrazole synthesis (route A2). The crude
product was washed with basic water and dried, and the
title product ( 1.8 g, yield 80%) was used without
further purification C 11H13N3O Mass (calculated)
[203] .; (found) [M+H+] =204. LC Rt = 1.34 min, 91%
(10 min method) 1H-NMR (CDCl3) : 2.03 (3H, s); 3.84
(3H5 s); 6.96-6.98 (2H5 m); 7.37-7.39 (2H, m).
4-Methyl-5-(4-tribiioromethyl-phenyl)-2H-pyvazol-3-yla
mine a)
2-Methyl-3-oxo-3-(4-tribiioromethyl-phenyl)-propionitr
ile The product was prepared according to the general
procedure for aminopyrazole synthesis (route Al) from
4-trifluoromethyl~benzoic acid methyl ester (3.0 g,
14.7 mmol, 1.0 eq), NaH ( 1.2 g, 29.4 mmol, 2.0 eq)
and propionitrile (4.9 niL, 69.4 mmol, 4.7 eq). The
crude product was extracted with DCM and used in the
following step without further purification (3.2 g,
yield: 96%) C 11H8F3NO b)
4-Methyl-5-(4-trifluoi'omethyl-phenyl)-2H-pyrazol-3-yl
amine The product was prepared according to general
procedure for aminopyrazole synthesis (route A2). The
crude product was washed with basic water and dried,
and the title product (2.8 g, yield 84%) was used
without further purification C 11H10F3N3 Mass
(calculated) [241]; (found) [M+H+] =242. LC Rt = 2.34
min, 92% (10 min method) 1H-NMR (CDCl3) : 2.05 (3H,
s); 7.56 (2H, d, J=8.4 Hz); 7.64 (2H, d, J=8.4 Hz).
5-(4-Cyclopropylmethoxy-2-methyl-phenyl)-2H-pyrazol-3-
ylamine a) 4-Hydroxy-2-methyl-benzoic acid methyl
ester 4-Hydroxy-2-methyl-benzoic acid (4.8 g, 32.0
mmol) was dissolved in MeOH(40 mL) and catalytic
quantity of sulfuric acid ( 1 mL) was added. The
mixture was refluxed overnight, after which the
solvent was evaporated under reduced pressure; the
crude was dissolved in DCM and washed with saturated
NaHCO 3 to basic pH. The organic phase was dried and
evaporated under reduced pressure, and the product
(5.0 g, yield 95?/o) was used without further
purification. C9H10O3 1H-NMR (dmso-d6): 2.43 (3H, s);
3.72 (3H, s); 6.62-6.64 (2H, m); 7.71-7.73 (IH, m);
10.10 (IH, s). b)
4-Cyclopropylmethoxy-2-methyl-benzoic acid methyl
ester 4-Hydroxy~2-methyl-benzoic acid methyl ester
(1.0 g, 6.0 mmol, 1.0 eq) was dissolved in acetone (14
mL), NaI (0.45 g, 3.0 mmol, 0.5 eq) and K2CO ( 1.66 g,
12.0 mmol, 2.0 eq) were added ad the mixture was
stirred at room temperature for 20 min.
(Bromomethyl)cyclopropane (0.53 mL, 5.4 mmol, 0.9 eq)
was added, and the mixture was refluxed for 2 days.
The solvent was concentrated under reduced pressure,
NaOH 10% was added, and the crude was extracted with
DCM and dried. 0.42 g of title product (yield 32%)
were recovered and used without further purification.
C13H16O3 1H-NMR (CDCl 3) : 0.23-0.34 (2H 5 m);
0.52-0.64 (2H, m); 1.15-1.24 (IH, m); 2.52 (3H, s);
3.75 (2H, d J=7.2 Hz); 3.77 (3H, s); 6.64-6.66 (IH,
m); 7.83-7.85 (2H, m). c)
3-(4-Cyclopropylmethoxy-2-methyl-phenyI)-3-oxo-propion
itrile The product was prepared according to the
general procedure for aminopyrazole synthesis from
4-cyclopropylmethoxy-2-methyl-benzoic acid methyl
ester (route Albis), 0.54 g of the title product was
extracted from water and dried (yield 69%) and used
directly for the next step. C14H15NO2 d)
5-(4-Cyclopropylmethoxy-2-methyl-phenyl)-2H-pyrazol-3-
ylamineThe product was prepared according to general
procedure for aminopyrazole synthesis (route A2). The
crude product was purified through SiO column with
gradient elution from 100% EtOAc to EtOAc-MeOH 90:10.
The title product (206 mg, yield 36%) was obtained.
C14H17N3O 1H-NMR (CD3OD): 0.29-0.36 (2H, m); 0.54-0.63
(2H, m); 1.1 8-1.28 (IH, m); 2.33 (3H, s); 3.81 (2H,
d, J=7.2 Hz); 5.67 (lH,s); 6.74-6.80 (2H m); 7.25 (IH,
d, J=8.8 Hz).
5-(3-Chloro-4-cyclopropyhnethoxy-phenyl)-2H-pyrazol-3-
yl amine a) 3-Chloro-4-cyclopropylmethoxy-benoic acid
methyl ester 3-Chloro-4-hydroxy-benzoic acid methyl
ester ( 1. 1 g, 6.0 mmol, 1.0 eq) was dissolved in
acetone (14 mL), NaI (0.45 g, 3.0 mmol, 0.5 eq) and
K2CO (1.66 g, 12.0 mmol, 2.0 eq) were added ad the
mixture was stirred at room temperature for 20 min.
(Bromomethyl)cyclopiOpane (0.53 mL, 5.4 mmol, 0.9 eq)
was added, and the mixture was refluxed for 2 days.
The solvent was concentrated under reduced pressure,
NaOH 10% was added, and the crude was extracted with
DCM and dried. The title product (0.88 g, yield 32%)
was recovered and used without further purification.
C12H13C1O3 1H-NMR (dmso-d6): 0.33-0.37 (2H, m);
0.55-0.60 (2H, m); 1.25-1 .27 (IH, m); 3.80 (3H, s);
3.99 (2H, d, J=7.2 Hz); 7.21 (IH, s, J=8.8 Hz);
7.85-7.91 (2H, m). b)
3-(3-Chloro-4-cyclopropylmethoxy-phenyl)-3-oxo-propion
itrile The product was prepared according to the
general procedure from 3-Chloro-
4-cyclopropylmethoxy-benzoic acid methyl ester (route
Albis). 0.74 g of the title product was extracted from
water and dry (yield 81%) and used directly for the
next step. C13H12C1NO2 c)
5-(3-Chloro-4-cyclopropylmethoxy-phenyl)-2H-pyrazol-3-
ylamineThe product was prepared according to general
procedure for aminopyrazole synthesis (route A2). The
crude product was purified through SiO2 column
(gradient elution from 100% EtOAc to EtOAc-MeOH
90:10). 521 mg of the title product (yield 67%) were
obtained. C13H14C1N3O Mass (calculated) [263]; (found)
[M+H+] =264. LC Rt 2.51 min, 90% (10 min method)
1H-NMR (CD3OD): 0.25-0.29 (2H, m); 0.52-0.55 (2H, m);
1.10-1 .18 (IH, m); 3.81 (2H5 d, J=6.8 Hz); 5.74 (IH,
s); 6.95-6.99 (IH, m); 7.24-7.30 (2H, m).
5-(4-Cyclopropylmethoxy-2-trifliioromethyl-phenyl)-2H-
pyrazol-3-ylamine a)
4-hydroxy-2-trifluoromethyl-benzoic acid methyl ester
4-hydiOxy-2-trifluoiOmethyl-benzoic acid (5.0 g, 24.0
mmol) was dissolved in MeOH (50 mL) and a catalytic
quantity of sulfuric acid was added. The mixture was
refluxed overnight, after which the solvent was
evaporated under reduced pressure; the crude was
dissolved in DCM and washed with saturated NaHCO3. The
organic phase was dried and evaporated under reduced
pressure, and the product was used without further
purification. C9H7F3O3 b)
4-Cyclopropylmethoxy-2-trifluoromethyl-beiizoic acid
methyl ester 4-hydroxy-2-trifluoromethyl-benzoic acid
methyl ester ( 1. 1 g, 4.8 mmol, 1.0 eq) was dissolved
in acetone (14 mL), NaI (0.5 eq) and K2CO3 ( 1.04 g,
2.0 eq) were added and the mixture was stirred at room
temperature for 30 min. (BiOmomethyl)cyclopropane
(0.42 mL, 4.3 mmol, 0.9 eq) was added, and the 



mixture was refluxed for 2 days. The solvent was
concentrated under reduced pressure, NaOH 10% was
added, and it was extracted with DCM and dried. The
title product (1.21 g, yield 92%) was recovered and
used without further purification. C13H13F3O3
c)3-(4-Cyclopropylmethoxy-2-trifluoromethyl-phenyl)-3-
oxo-propionitrileThe product was prepared according to
the general procedure (route AIbis). The mixture was
acidified with HCl IM and the organic phase separated
and dried, to give 1.2 g of the title product (yield
94%) which was used directly for the next step.
C14H12F3NO2 Mass (calculated) [283]; (found) [M+H+]
=284 LC Rt = 3.86 min, 98% (10 min method) d)
5-(4-Cyclopropylmethoxy~2-triflnoromethyl-phenyl)-2H-p
yrazol-3-ylamine The product was prepared according to
general procedure for aminopyrazole synthesis (route
A2). The crude product was purified through SiO2
column (gradient elution from Ethyl Acetate-cycloexane
1:1 to Ethyl Acetate-MeOH 90:10). 650 mg of the title
product (yield 52%) were obtained. C14H14F3N3O Mass
(calculated) [297]; (found) [M+H+] =298. LC Rt = 2.78
min, 59% (10 min method) 1H-NMR (CDCl3) : 032-0.44
(2H, m); 0.64-0.62 (2H, m); 1.22-1 .37 (IH, m);
3.80-3.92 (2H, m); 5.78 (IH, s); 7.04-7.07 (IH, m);
7.24-7.26 (IH, m): 7.38-7.40 (IH, m)
5-(4~Cyclopropylmethoxy-2,3-difluoro-phenyl)-2H-pyraol
-3-ylamine a) 4-hydroxy-2,3-difluoro-benzoic acid
methyl ester 4-hydroxy-2,3-difluoro-benzoic acid (2.0
g, 11.5 mmol) was dissolved in MeOH (20 mL) and
catalytic quantity of sulfuric acid was added. The
mixture was refluxed overnight, after that the solvent
was evaporated under reduced pressure; the crude was
dissolved in DCM and washed with saturated NaHCO3. The
organic phase was dried and evaporated under reduced
pressure, and the product was used without further
purification. C8H6F2O3 b)
4-Cyclopropylmethoxy-2,3-difluoro-benzoic acid methyl
ester4-Hydroxy-2,3-difluoro-benzoic acid methyl ester
(0.9 g, 4.8 mmol, 1.0 eq) was dissolved in acetone (14
mL), NaI (0.5 eq) and K2CO3 ( 1.03 g, 2.0 eq) were
added and the mixture was stirred at room temperature
for 30 min. (Bromomethyl)cyclopropane (0.42 mL, 0.9
eq) was added, and the mixture was refluxed for 2
days. The solvent was concentrated under reduced
pressure, NaOH 10% was added, and it was extracted
with DCM and dried. The title product (0.97 g, yield
84%) was recovered and used without further
purification. C12H12F2O3 c)
3-(4-Cyclopropylmethoxy~2,3-difluoro-phenyl)-3-oxo-pro
pionitrile The product was prepared according to the
general procedure (route AIbis). The mixture was
acidified with HCl IM and the organic phase separated
and dried, to give 0.79 g of the title product (yield
79%) which was used directly for the next step. C13H1
1F2NO2 Mass (calculated) [251]; (found) [M+H+] =252.
LC Rt = 3.53 min, 82% (10 min method) d)
5-(4-Cyclopvopylmethoxy-2,3-dib
novo-phenyl)-2H-pyrazol-3-ylamine The product was
prepared according to general procedure for
aminopyrazole synthesis (route A2). The crude product
was purified through SiO column (gradient elution from
EtOAc-cycloexane 1:1 to EtOAc MeOH 90:10). 810 mg of
the title product (yield 97%) were obtained.
C13H13F2N3O Mass (calculated) [265]; (found) [M+H+]
=266. LC Rt = 2.59 min, 75% (10 min method) 1H-NMR
(CDCl3) : 032-0.47 (2H5 m); 0.64-0.75 (2H, m);
1.19-1.38 (IH, m); 3.67-4.15 (4H m); 5.95 (IH, s);
6.74-6.88 (IH, m); 7.17-7.26 (IH, m);
5-(3,5-Dichloro-4-cyclopropylmethoxy-phenyl)-2H-pyrazo
l-3ylamine a)
3,5-Dichloro-4-Cyclopropylmethoxy-benzoic acid methyl
ester3,5-DichloiO-4-hydroxy-benzoic acid ethyl ester (
1.0 g, 4.5 mmol, 1.0 eq) was dissolved in acetone (14
mL), NaI (0.5 eq) and K2CO3 (0.98 g, 9.0 mrnol, 2.0
eq) were added ad the mixture was stirred at room
temperature for 30 min. (Bromomethyl)cyclopropane
(0.39 mL, 4.1 mmol, 0.9 eq) was added, and the mixture
was refluxed for 2 days. The solvent was concentrated
under reduced pressure, NaOH 10% was added, and it was
extracted with DCM and dried. The title product (0.98
g, yield 79%) was recovered and used without further
purification. C12H12C12O3 b) 3(3,
5-Dichloro-4-cyclopropylmethoxy-phenyl)-3-oxo-propioni
trile The product was prepared according to the
general procedure (route Albis). The mixture was
acidified with HCl IM and the organic phase separated
and dried, to give 0.91 g of the title product (yield
90%) which was used directly for the next step.
C13H13C12N3O Mass (calculated) [283]; (found) [M+H+]
=284. LC Rt = 4.06 min, 99% (10 min method) c)
5-(3,5-Dichloro-4-cyclopropylmethoxy-phenyl)-2H-pyrazo
l-3ylamine The product was prepared according to
general procedure for aminopyrazole synthesis (route
A2). The crude product was purified through SiOo
column (gradient elution from EtOAc-cycloexane 1: 1 to
Ethyl Acetate:MeOH 90:10). 750 mg of the title product
(yield 79%) were obtained. C13H13C12N3O Mass
(calculated) [297]; (found) [M+H+] =298. LC Rt = 3.23
min, 93% (10 min method) 1H-NMR (CDCl3) : 023-0.46
(2H, m); 0.64-0.74 (2H, m); 1.30-1.48 (IH, m);
3.60-4.04 (4H, m); 5.86 (IH, s); 7.48 (2H5 s)
5~(4-Cyclopropylmethoxy-3-methoxy-phenyl)-2H-pyrazol-3
-ylamine a) 4-Cyclopropyhnethoxy~3-methoxy-benzoic
acid methyl ester4-hydroxy-3-methoxy-benzoic acid
methyl ester (1.0 g, 5.5 mmol, 1.0 eq) was dissolved
in acetone (14 mL), NaI (0.5 eq) and K2CO3 (1.0 g, 2.0
eq) were added and the mixture was stirred at room
temperature for 30 min. (Bromomethyl)cyclopropane
(0.53 mL, 0.9 eq) was added, and the mixture was
refluxed for 2 days. The solvent was concentrated
under reduced pressure, NaOH 10% was added, and it was
extracted with DCM and dried. The title product (1.21
g, yield 93%) was recovered and used without further
purification. C13H16O4 b)
3(4-Cyclopvopylmethoxy-3-methoxy-phenyl)-3-oxo-propion
itrile The product was prepared according to the
general procedure (route AIbis). The mixture was
acidified with HCl IM and the organic phase separated
and dried, to give 1.24 g of the title product (yield
99%) which was used directly for the next step.
C14H15NO3 Mass (calculated) [245]; (found) [M+H+]
=246. LC Rt = 3.03 min, 100% (10 min method) c)
5-(4-Cyclopropylmethoxy-3-methoxy-phenyl)-2H-pyrazol-3
-ylamine The product was prepared according to general
procedure for aminopyrazole synthesis (route A2). The
crude product was purified through SiO column
(gradient elution from EtOAc-cycloexane 1:1 to Ethyl
Acetate:MeOH 90:10). 220 mg of the title product
(yield 50%) were obtained. C14H17N3O2 Mass
(calculated) [259]; (found) [M+H+] =260. LC Rt = 1.86
min, 93% (10 min method) 1H-NMR (CDCl3) : 027-0.43
(2H, m); 0.56-0.72 (2H, m); 1.23-1 .40 (IH 5 m); 348
(2H, m); 3.87 (3H, s); 3.98 (2H, br s); 5.82 (IH, s);
6.85-6.89 (IH, m); 7.05- 7.10 (2H, m);
3-Amino-5-(3-fluoro-phenyl)-pyraole-l-carboxylic acid
tert-butyl ester3-Amino-5-(3-fluoro-phenyl)-pyrazole
(5.0 g, 28.0 mmol, 1.0 eq) and KOH 4.5 M (50 niL, 226
mmol, 8 eq) were dissolved in DCM (200 mL), and
di-tert-butyl dicarbonate (6.5 g, 30.0 mmol, 1.1 eq)
was added; the mixture was stirred at room temperature
until complete conversion was observed by LC-MS
analysis. The organic phase was washed with saturated
brine and evaporated; the crude was crystallized with
MeOH, to give 7.4 g of title product (yield 95%).
C14H16FN3O2 1H-NMR (dmso-d6): 1.57 (9H, s), 5.80 (IH 5
s), 6.43 (2H, br s), 7.16-7.21 (IH, m), 7.41-7.47 (IH,
m); 7.50-7.54 (IH, m); 7.58-7.60 (IH m).
3~Amino-5-o-toIyI-pyraole-l-carboxylic acid tert-butyl
ester 3-Amino-5-o-tolyl-pyrazole (0.5 g, 2.89 mmol,
1.0 eq) and KOH 4.5 M (5.1 niL, 23. 1 mmol. 8.0 eq)
were dissolved in DCM (20 mL), and Di-tert-butyl
dicarbonate (0.66 g, 3.0 mmol, 1.1 eq) was added; the
mixture was stirred at room temperature until complete
conversion was observed by LC-MS analysis. The organic
phase was washed with saturated brine and evaporated,
to give 0.6 g of title product (yield 76%). C15H19N3O2
Mass (calculated) [273]; (found) [M+H+] =274. LC Rt =
2.34 min, 96% (5 min method)
3-Amino-5-(4-trifluoromethyl-phenyl)-pyrazole-l-carbox
ylic acid tert-butyl ester
3-Amino-5-(4-trifluoiOmethyl-phenyl)-pyrazole (2.0 g,
8.8 mmol, 1.0 eq) and KOH 4.5 M (15.7 mL, 70.5 mmol,
8.0 eq) were dissolved in DCM (70 mL), and ditert-
butyl dicarbonate (2.02 g, 9.2 mmol, 1. 1 eq) was
added; the mixture was stirred at room temperature
until complete conversion was observed by LC-MS
analysis. The organic phase was washed with saturated
brine and evaporated; the crude was crystallized with
CH3CN, to give 1.9 g of title product (yield 69%).
C15H16F3N3O2Mass (calculated) [327]; (found) [M+H+]
=328. LC Rt = 2.59 min, 100% (5 min method) 1H-NMR
(dmso-d6): 1.57 (9H, s), 5.83 (IH, s), 6.46 (2H, s),
7.74 (2H, d J = 8.4 Hz)5 7.95 (2H, d, J 8.8 Hz)
5-Pyridin-2-yl-2H-pyrazol-3-ylamine a)
Oxo-pyridin-2-yl-acetonitrile The product was prepared
according to the general procedure for aminopyrazole
synthesis (route Al) from pyridine-2-carboxylic acid
methyl ester (3.0 g, 2 1.9 mmol, 1.0 eq). The crude
was precipitated from HCl to give the title product as
a solid (2.2 g, yield: 69%) which was used directly
for the next step. C8H6N2O b)
5-Pyridin-2-yl-2H-pyrazol-3-ylamine The product was
prepared according to general procedure for
aminopyrazole synthesis (route A2). The crude product
was dissolved in EtOAc, washed with NaHCO , dried and
evaporated. NMR analysis showed that a major portion
of the crude mixture was still in the opened form: the
mixture was then dissolved in CH COOH and heated at
8O0C overnight, to allow for ring closure of the
opened form. The product was then recovered as the
acylated form, which was de-acylated stirring with HCl
6N at 6O0C overnight obtaining the title product
(0.816 g, yield 60%). C8H8N4 1H-NMR (dmso-dq) : 4.81
(2H, bs), 5.92 (IH, s), 7.21-7.24 (IH, m), 7.76 (2H,
d), 8.5 1 (IH, d), 11.96 (IH, bs)
5-(3-Diflnoromethoxy-phenyl)-2H-pyrazol-3-ylamine a)
3-Difliioromethoxy-bemoic acid methyl ester
Difluoromethoxy-benzoic acid (2.0 g, 10.6 mmol, 1.0
eq) was dissolved in MeOH (15 mL) and a catalytic
quantity of sulfuric acid was added. The mixture was
refluxed overnight, after which the solvent was
evaporated under reduced pressure;the crude was
dissolved in DCM and washed with saturated NaHCO3 to
basic pH. The organic phase was dried and evaporated
under reduced pressure, and the title product was used
without further purification (1.9 g, yield 90%).
C9H8F2O3 1H-NMR (dmso-d6): 3.86 (3H, s), 7.33 (IH, t,
J = 73.6 Hz), 7.46-7.50 (IH, m), 7.59 (IH, t, J=S.0
Hz)5 7.67 (IH, s); 7.82 (IH, d, J=7.6 Hz). b)
3-(3-Difluoromethoxy-phenyl)-3-oxo-propionitrile The
product was prepared according to the general
procedure for aminopyrazole synthesis (route Al bis)
from 3-difluoromethoxy-benzoic acid methyl ester (1.5
g, 7.4 mmol, 1.0 eq). The crude was precipitated by
addition of aqueous HCl to give the product which was
used directly for the next step. C10H7F2NO2 c)
5-(3-Difluoromethoxy-phenyl)-2H-pyrazol-3-ylamine The
product was prepared according to general procedure
for aminopyrazole synthesis (route A2). The crude
product was purified through Si-column with gradient
elution from 100% EtOAc to EtOAc-MeOH 90:10. 1.45 g of
title product (yield 87%) was obtained. C10H9F2N3O
1H-NMR (dmso-d6): 4.89 (2H, br s), 5.75 (IH, s), 7.02
(IH, d), 7.25 (IH, t, J= 74.0 Hz), 7.36-7.42 (2H, m),
7.48-7.50 (IH, d), 11.76 (IH, br s)
5-Pyrazolo[L5-a]pyridin-3-yl-2H-pyrazol-3-ylamine a)
3-Oxo-3-pyrazolo[l,5-a]pyridin-3-yl-propionitrile To a
solution of dry acetonitrile in toluene (0.66 mL, 13
mmol, 5 eq) cooled down to -78C under nitrogen, a
solution of /z-butyllithium in -hexane (5.2 mL, 13
mmol, 5 eq) was added dropwise. The mixture was left
stirring at -780C for 20 minutes and then a solution
of pyrazolo[l,5-a]pyridine-3-carboxylic acid methyl
ester (0.46 g, 2.6 mmol, 1 eq, prepared according to
the reported procedure (Anderson et al. Journal of
Heterocyclic Chemistry 1981, 18, 1149-1 152) in
toluenewas added and the reaction allowed to reach
room temperature. Upon reaction completion, after
about 20 minutes, the mixture was cooled down to O0C
and HCl 2N lvas added to pH 2. The organic phase was
recovered, dried over Na2SO4 and concentrated under
reduced pressure, affording the title product which
was used without further purification in the following
step. C10H7N3O b)
5-Pyrazolo[l,5-a]pyridin-3-yl-2H-pyrazol-3-ylamine To
a solution of the
3-oxo-3-pyrazolo[l,5-a]pyridin-3-yl-propionitrile
(0.66 g, 3.6 mmol), in absolute EtOH (25 mL) hydrazine
monohydrate (0.44 niL, 9.0 mmol) was added and the
reaction was heated at reflux for 18 hours. The
reaction mixture was allowed to cool to room
temperature and the solvent was evaporated under
reduced pressure. The residue was dissolved in DCM and
washed with water. The organic phase was concentrated
under reduced pressure to give a crude product that
was purified by SiO2 column (DCM to DCM:MeOH 95:5 to
85:15 gradient), yielding the title compound in 41%
Yield (0.29 g, 1.48 mmol). C10H9N5 1H-NMR (dmso-d6):
8.68 (s, IH); 8.21 (s, IH); 7.92 (s, IH); 7.28 (s,
IH); 6.90 (s, IH); 5.75 (s, IH); 5.10 (s, 2H). Mass
(calculated) [199]; (found) [M+H+] =200. LC Rt = 0.86
min, 92% (5 min method).The following Table 2 shows
analytical data obtainedfor a series of aminopyrazoles
synthesisedfollowing procedures A1/A2 outlined in the
general section Table 2"Multilayer structure and its
fabrication process" Technical field and prior art The
present invention relates to a process for 



fabricating multilayer composite structures making it
easier to integrate electronic, optoelectronic and/or
power components/functionalities. The production of
structures for integrating, on one and the same
platform, electronic components of the MOS type (for
example CMOS circuits) and electronic, optoelectronic
and/or power components of the III-V type (for example
transistors or optical sources/detectors) relies on
the capability of combining, on the same substrate: -
single-crystal silicon layers of high crystalline
quality, allowing the production of MOS electronic
components ; and - III-V materials (GaAs, InP and
alloys thereof) for the production of III-V
electronic, optoelectronic and/ or power components.
Many techniques have been experimented by research
teams in order to find a satisfactory methodology for
fabricating these layers. The direct epitaxial growth
of III-V materials (for example GaAs, InP, alloys,
etc.) on silicon by the CVD (Chemical Vapor
Deposition) technique or the MBE (Molecular Beam
Epitaxy) technique has been studied over recent
decades without, however, obtaining good results in
terms of crystalline quality (problems of emergent
dislocations, antiphase domains, point defects, etc. )
. According to another known technique, it is possible
to physically transfer thin single-crystal films of
InP or GaAs material on to a silicon substrate
without_ o _ significantly impairing the intrinsic
crystalline quality of these films, as for example
described in the document by Jalaguier: "Transfer of 3
in GaAs film on silicon substrate" , Electronics
Letters, February 19, 1998, Vol. 34, No. 4 , pp.
408-409) . This film transfer is carried out using the
well-known Smart -Cut(tm) technology, an
implementation example of which is in particular
described in the document US 5 374 564 or in the
article by A.J. Auberton-Herve et al . entitled "Why
can Smart-Cut change the future of microelectronics?"
, International Journal of High-Speed Electronics and
Systems, Vol. 10, No. 1 , 2000, pp. 131-146.
Furthermore, it has been demonstrated that it is
possible to combine the growth techniques with film
transfer techniques in order to integrate silicon and
III-V materials on the same mechanical platform.
According to a first method of implementation, one way
of obtaining GaAs on a 200 mm diameter silicon wafer,
without having a GaAs donor substrate, consists in
growing GaAs on a single-crystal germanium (Ge)
substrate. Growing GaAs on germanium makes it possible
to obtain very high-quality thin films owing to the
very small lattice parameter mismatch between these
two materials. However, because of the cost and
mechanical fragility of these bulk substrates, it is
more advantageous to transfer a thin germanium film on
silicon (such as GaAs and InP) and then carry out
crystalline growth of GaAs. The GaAs thus obtained has
a quality equivalent to GaAs grown epitaxially on a
bulk GaAs substrate. GeOI structure (germanium on
silicon with an intermediate insulating film) has been
demonstrated on large diameters, that is to say up to
200 mm in diameter. To date, this is the most direct
methodology for combining silicon and GaAs.However,
for the intended application in the present invention,
namely the integration of microelectronic,
optoelectronic and/or power functions on silicon and
III -V materials, this structure is not the best
possible. This is because with an epitaxially grown
GaAs/Ge transferred structure, it is difficult to
produce CMOS components on the silicon support
substrate because it is firstly necessary to locally
expose the silicon in order to fabricate the circuit
thereon. In addition to the problem of specific
thermal budget during the fabrication, there is a
topology that makes it tricky, or impossible, for the
circuit to be electrically connected to the optical
component. According to a second method of
implementing this technique, structures with a silicon
active layer for the surface CMOS components and an
optically active layer beneath the silicon layer have
thus been developed for overcoming these drawbacks.
Documents US 6 645 829 and US 6 677 655 thus describe
the fabrication of structures that include buried
active optical layers, such as: - [Si substrate/oxide
(SiO2)/Ge layer/Si layer] or else [Si substrate/oxide
(SiO2)/Si layer/Ge layer/oxide (SiO2)/Si layer] .
However, in such structures of this type, the
optically active layer is always in direct contact
with a silicon layer of better or lesser quality
depending on the method of fabrication (epitaxy or
bonding) used for producing this silicon layer.
Moreover, document US 2004/0252931 proposes forming
multilayer structures by bonding a multilayer
monolithic electronic device, which includes an
electrically active layer and an optically
activelayer, on to another layer, the electrical and
optical layers possibly being SOI layers transferred
on to a support substrate . Summary of the invention
To avoid the aforementioned drawbacks, the present
invention proposes a solution for producing a
multilayer structure that homogeneously integrates
III-V materials and silicon active layers, while at
the same time simplifying the number of steps needed,
so as to improve the fabrication yield. For this
purpose, the invention relates to a process for
fabricating a multilayer structure, comprising at
least the following steps: a ) epitaxial growth of a
growth layer on a silicon substrate; b ) formation of
at least one pattern in the growth layer; c )
deposition of an oxide layer on the silicon substrate;
d ) transfer of a silicon layer onto the oxide layer;
e ) formation of a cavity in the silicon layer and in
the oxide layer above each pattern; and f ) growth in
the cavity of a III-V material from each exposed
pattern of the growth layer. The process of the
invention proposes a structure comprising, directly on
the surface, both an active silicon layer for MOS
components and one or more islands of III-V materials
for electronic, optoelectronic and/or power
components. This structure is furthermore produced
more simply than with the prior processes, in
particular owing to the fact that the process of the
invention involves only a single layer transfer
through the entire fabrication cycle.According to one
aspect of the invention, in step b ) , each pattern is
produced by chemically etching the growth layer
through a first aperture mask applied on said growth
layer. The number and form of the patterns may vary.
In the case of forming a plurality of patterns, these
are preferably uniformly spaced apart from each other.
According to another aspect of the invention, in step
e ) , the cavity is produced by chemically etching the
silicon active layer and the oxide layer through a
second aperture mask applied on said silicon active
layer, said mask being aligned with respect to each
pattern of the growth layer. In step d ) , the silicon
active layer may be transferred by bonding an SOI
structure onto the oxide layer, the base substrate of
the SOI structure being removed after bonding . The
silicon substrate is preferably but not exclusively a
misoriented silicon substrate. The growth layer may be
a germanium layer and the III -V material may be a
material chosen from at least gallium arsenide (GaAs),
AlGaAs and InGaAs. Moreover, the growth layer may also
be an aluminum, nitride layer (AlN) . In this case,
the IH-V material may be a material chosen from at
least GaN, AlGaN, InGaN and ZnGaN. The process may
furthermore include, after step b ) and before step c
) , at least one heat treatment step so as to allow
the dislocations to migrate toward the edges of each
pattern and to be annihilated. The present invention
also relates to a multilayer structure comprising:a
silicon substrate; at least one pattern in a growth
layer of a III-V material; an oxide layer on the
silicon substrate; and - a silicon active layer on the
oxide layer, the oxide layer and the silicon active
layer having a cavity above each pattern of the growth
layer, said .cavity being filled with a III-V
material. Brief description of the figures The
features and advantages of the present invention will
become more clearly apparent from the following
description, given by way of nonlimiting indication,
in conjunction with the appended drawings in which: -
figures IA to IK are schematic sectional views showing
the fabrication of a multilayer structure according to
one method of implementing the invention; and - figure
2 is a flowchart of the steps implemented in figures
IA to IK. Detailed description of embodiments of the
invention The present invention applies in general to
the production of multilayer structures, preferably in
the form of wafers, allowing easy integration of
electronic components (for example FET, MOSFET or HBT
transistors) , optoelectronic components (for example
light sources/detectors) and/or power components (for
example an HEMT (high electron mobility transistor) )
based on III-V materials on a microelectronic circuit
based on silicon technology. This type of circuit may
comprise all the components usually encountered in
silicon technology, such as those for producing logic
and/or analog functions, memory functions, etc. For
this purpose, the multilayer structure of the present
invention includes an active silicon surfacelayer and
one or more islands of III -V material emerging from
this silicon layer. One process for fabricating a
multilayer structure according to one embodiment of.
the invention will now be described with reference to
figures IA to IK and figure 2 . The first step
consists in forming, by epitaxial growth, a germanium
layer 2 on a silicon substrate 1 (step Sl, figure IA)
. The germanium layer 2 corresponds to a growth layer,
that is to say a growth nucleation or seed layer, from
which a III-V material will subsequently be formed by
selective epitaxial regrowth. Epitaxial growth is a
well-known technique and will consequently not be
described in greater detail. The germanium layer 2
thus formed has a thickness of between approximately
100 nanometers and 10 microns and has a dislocation
density of between approximately lxioVcm 2 and
lxlO8/cm2 . The silicon substrate 1 may be formed from
an oriented silicon substrate (the crystal axis and
the (100) surface normal being aligned) or a
misoriented silicon substrate (there being an angle,
also called "miscut" 



or "of fcut" , between the crystal axis and the (100)
surface normal) . The substrate 1 is preferably, but
not necessarily, a misoriented silicon substrate as it
allows an epitaxial growth layer to be obtained with
very few defects. The second step consists in forming
one or more germanium patterns from the germanium
layer 2 . In the example described here, a mask 10 is
applied on the germanium layer 2 , for example by
lithography (step S2, figure IB) and then those parts
of the germanium layer 2 that are exposed through the
apertures in the mask 10 are chemically etched (step
S3, figure 1C) . Once the_ Q etching has been
completed and the mask removed, a germanium pattern 20
remains on the silicon substrate 1 , as shown in
figure 1C. In the example described here, only a
single germanium pattern is formed. However, according
to the present invention, several patterns may be
formed from the growth layer. Likewise, each pattern
is not limited to a particular shape . The patterns
may be of any type of shape (square, round, annular,
etc.), depending on the requirements . The formation
of one or more patterns may furthermore be obtained
using other etching techniques, such as for example
plasma etching or ion etching. When several patterns
are formed, these are preferably uniformly spaced
apart on the silicon substrate 1 . The silicon
substrate 1 with the germanium pattern 20 may
furthermore undergo a thermal cycling for removing
practically all the dislocations at the pattern 20 by
the dislocations migrating toward the edges of the
pattern followed by annihilation (step S4) . Such
thermal cycling is for example described in the
document by Luan et al. , "High-quality Ge epilayers
on Si with low threading-dislocation densities" , APL
75 No. 19, November 1999, pp. 2909-2911) . This
cycling is carried out at temperatures of around 800
to 1000 0C for a time ranging from a few tens of
minutes to a few hours. Several thermal cycles may
sometimes be necessary. Next, a thick oxide bonding
layer 3 is deposited on the silicon substrate 1 and on
the germanium pattern 20 (step S5, figure ID) . The
oxide bonding layer is for example an SiO2 layer with
a thickness of a few hundred nanometers if the
germanium layer 2 is unpatterned (i.e. no patterns
formed) . Otherwise, the SiO2 layer has a thickness of
about three times the height of the germanium pattern
(s) formed. The surface of the oxidebonding layer 3 is
planarized (step S6) , for example by CMP (chemical
-mechanical polishing) . An SOI structure 4 is then
bonded on to the surface of the oxide bonding layer 3
(step S7, figure IE) . The SOI structure 4 comprises,
as is well known per se, a silicon substrate 43, a
buried oxide (SiO2) layer 42 and a silicon active
layer 41, that is to say a singlecrystal silicon layer
of high crystalline quality, allowing the production
of MOS electronic components. Such an SOI
(silicon-on-insulator) structure may be produced, in a
known manner, using the Smart Cut(tm) technology,
which comprises the following steps: implantation of
gaseous species (H, He, etc., separately or in
combination) in an oxidized silicon first substrate in
order to form a weakened zone in said substrate,
defining a donor silicon wafer; bonding, for example
by molecular adhesion, the first silicon substrate to
a second silicon substrate corresponding to the
support substrate prepared as described above;
splitting (thermally and/or mechanically) the donor
silicon wafer at the zone weakened by the
implantation; and, optionally, - finishing by chemical
etching, polishing/planarization and/or heat
treatment. An SOI structure (identical to structure
4), comprising a silicon support substrate with a
buried oxide layer (identical to the silicon substrate
43 with the buried oxide (SiO2) layer 42) and a
silicon film obtained by transferring the donor
silicon wafer (corresponding to the silicon active
layer 41) , is thus obtained. The SOI structure 4 is
bonded to the oxide bonding layer 3 by means of very
low- temperature bonding, which can be achieved for
example with molecular adhesion bonding via plasma
activation (oxygen plasma, nitrogen plasma, etc.).
Annealing in a temperature range betweenapproximately
600 0C and 1100 0C may be applied so as to reinforce
the bonding interface between the oxide bonding layer
3 and the SOI structure 4 (step S8) , but also to
restore the initial properties of the silicon. Next,
the silicon substrate 43 is removed by wafer grinding,
by polishing (CMP) and by chemical etching (step S9,
figure IF) . The buried oxide layer is also removed
(step SlO, figure IG), for example by dry chemical
etching (e.g. plasma etching) or wet chemical etching,
or else by selective etching using TMAH
(tetramethylammonium hydroxide) . A s shown in figure
IG, what is thus obtained is a bilayer structure of
the SOI on silicon substrate type containing a
germanium pattern 20. The next two steps consist in
forming a cavity for opening the structure above the
germanium pattern 20. A s during step S3, an aperture
mask 11 is applied on the silicon active layer 41
(step SIl, figure IH), for example by lithography, and
then those parts of the silicon active layer 41 which
are exposed through the aperture of the mask 11 are
chemically etched (step S12, figure II) . The aperture
mask 11 must be aligned so as to open the layer 41
above the germanium pattern 20. The mask 11
corresponds to the countertype of the mask 10 used in
step S3 . Once the etching has been completed and the
mask removed, the silicon active layer 41 has a cavity
12 that lies above the germanium pattern 20, as shown
in figure II. Next, the part of the oxide layer 3
lying between the germanium pattern 20 and the cavity
12 is removed, by dry chemical etching (e.g. plasma
etching) or wet etching, so as to extend said cavity
down to the pattern 20 (step S13, figure IJ) . Once
the germanium pattern has been exposed, a selective
epitaxial regrowth of gallium arsenide (GaAs)is
carried out (step S14, figure IK) . This regrowth
allows the cavity 12 to be filled with a GaAs island
or pattern 5 , consisting here of gallium arsenide
(GaAs) emerging level with the surface of the silicon
active layer 41. GaAs is not the only III -V material
that can be formed on a germanium layer or pattern by
epitaxial regrowth. For example, AlGaAs or InGaAs may
also be formed from a germanium growth layer.
Moreover, the material of the growth layer is not only
limited to germanium. The growth layer may also be an
aluminum nitride (AlN) layer formed on a (110) or
(100) silicon substrate and from which it is possible
to form III-V materials such as GaN and/or AlGaN
and/or InGaN and/ or ZnGaN. The fabrication process of
the present invention makes it possible for III-V
materials and silicon to be homogeneously integrated
on one and the same mechanical support, irrespective
of the size of the wafers to be produced, such as for
example 200 mm or 300 mm diameter wafers . Many
advantageous applications are possible with the
multilayer structure of the present invention. In
particular, the island (s) of III-V materials formed
may be used to produce optoelectronic components of
the source or detector type, which can be used as
connection means. The electronic chips fabricated from
such a structure may then be connected to external
devices via optical links (for example connection to
optical fibers or waveguides) and benefit from larger
bandwidths and datarates than with electrical
connections and links. According to another
advantageous application, the structure of the
invention may be used for placing,within a silicon
circuit, a set of transistors based on III -V material
of greater intrinsic performance (switching speed,
through- current, etc.) than MOS transistors.CLAIMS 1
. A process for fabricating a multilayer structure,
comprising at least the following steps: a ) epitaxial
growth of a growth layer (2) on a silicon substrate
(1) ; b ) formation of at least one pattern (2 0 ) in
the growth layer (2) ; c ) deposition of an oxide
layer (3) on the silicon substrate (1) ; d ) transfer
of a silicon active layer (41) onto the oxide layer
(3) ; e ) formation of a cavity (12) in the silicon
active layer (41) and in the oxide layer (3) above
each pattern (20) ; and f ) growth in the cavity (12)
of a III -V material (5) from each exposed pattern
(20) of the growth layer (2) . 2 . The process as
claimed in claim 1 , wherein, in step b ) , each
pattern (20) is produced by chemically etching the
growth layer (2) through an aperture mask (10) applied
on said growth layer. 3 . The process as claimed in
claim 1 or 2 , wherein, in step e ) , the cavity (12)
is produced by chemically etching the silicon active
layer (41) and- the oxide layer (3) through an
aperture mask (11) applied on said silicon active
layer, said mask being aligned with respect to each
pattern (20) of the growth layer (2) . 4 . The process
as claimed in any one of claims 1 to 3 , wherein, in
step d ) , the silicon active layer (41) is
transferred by bonding an SOI structure (4) onto the
oxide layer (3) , the base substrate (43) of the SOI
structure (4) being removed after bonding.5 . The
process as claimed in any one of claims 1 to 4 ,
wherein the silicon substrate (1) is a misoriented
silicon substrate. 6 . The process as claimed in any
one of claims 1 to 5 , wherein the growth layer (2) is
a germanium layer. 7 . The process as claimed in claim
6 , which furthermore includes, after step b ) and
before step c ) , at least one heat treatment step so
as to allow the dislocations to migrate toward the
edges of each pattern (20) and to be annihilated
thereat. 8 . The process as claimed in claim 6 or 7 ,
wherein the III -V material (5) is chosen from at
least one of the following materials: gallium arsenide
(GaAs), AlGaAs and InGaAs . 9 . The process as claimed
in any one of claims 1 to 5 , wherein the growth layer
is an aluminum nitride layer . 10. The process as
claimed in claim 9 , wherein the III-V material is
chosen from at least one of the following materials:
GaN, AlGaN, InGaN and ZnGaN. 11. A multilayer
structure comprising: a silicon substrate (1) ; at
least one pattern (20) in a growth layer (2) of a
III-V material; an oxide layer (3) on the silicon
substrate (1) ; and a silicon active layer (41) on the
oxide layer (3), the oxide layer (3) and the silicon
active layer (41) having a cavity (12) above each
pattern (20) of the growth layer (2) , said cavity
being filled with a III-V material (5) . 


