
3-DEAZAPURINE DERIVATIVES AS TLR7 MODULATORS The
invention relates to 3-deazapurine derivatives. The
invention further relates to processes for the
preparation of, intermediates used in the preparation
of, pharmaceutical compositions containing, and uses
of such 3-deazapurine derivatives. Toll-Like Receptors
(TLR) are primary transmembrane proteins characterized
by an extracellular leucinerich domain and a
cytoplasmic tail that contains a conserved region
named the Toll/IL-1 receptor (TIR) domain. They are
expressed predominantly on immune cells (for example
dendritic cells, T lymphocytes, macrophages, monocytes
and natural killer cells), which serve as a key part
of the innate immune system. They are a group of
pattern recognition receptors which bind to
pathogen-associated molecular patterns [for reviews,
see for example, Ulevitch, R. J., Nature Reviews:
Immunology, 4, 512-520, 2004 and Akira, S., Takeda,
K., and Kaisho, T., Annual Rev. Immunol., 21, 335-376,
2003]. Their name derives from sequence homology to
the Drosophila melanogaster gene Toll, which was found
in fruit flies to play a key role in protecting the
fly from fungal infections [Hoffmann, J. A., Nature,
426, 33-38, 2003]. There are 11 TLRs which have been
identified in mammalian systems, and other
non-mammalian TLRs have been found in other
vertebrates. All TLRs appear to function as either a
homodimer or heterodimer in the recognition of a
specific, or set of specific, molecular determinants
present on pathogenic organisms including bacterial
cell-surface lipopolysaccharides, lipoproteins,
bacterial flagellin, DNA from both bacteria and
viruses and viral RNA. The cellular response to TLR
activation involves activation of one or more
transcription factors, leading to the production and
secretion of cytokines and co-stimulatory molecules
such as interferons, TNF-, interleukins, MIP-1 and
MCP-1 which contribute to the killing and clearance of
the pathogenic invasion. Accordingly, there is an
ongoing need to provide TLR7 modulators, in particular
agonists. Preferably, such compounds should have one
or more of the following properties: they should bind
selectively to the TLR7 receptor, be well absorbed
from the gastrointestinal tract, be metabolically
stable and possess favourable pharmacokinetic
properties, demonstrate few side effects and be easily
formulated. We have now found a series of
3-deazapurine derivatives which are modulators, in
particular agonists, of the TLR7 receptor and have
utility in a variety of therapeutic areas in which
modulation, in particular agonism, of the TLR7
receptor is implicated, including the treatment of
viral infections (such as HCV or HBV), cancers and
tumours, and T2 Helper cell (TH2) mediated diseases.
According to a first aspect of the invention, there is
provided a compound of formula (I)or a
pharmaceutically acceptable salt or solvate of said
compound, wherein (a) Y is a direct bond, and R3 is
selected from aryl, (CrC 6)alkyl and -(C
1-C4)alkylene-O-(C 1-C4)alkyl; or (b) Y is (Cr
4)alkylene, and R3 is selected from aryl,
(C3-C7)cycloalkyl and a 3 to 10-membered heterocyclyl;
Z is an oxygen or is absent; R1 is selected from H,
halo, OH, CN, (Cr C6)alkyl, (C3-C7)cycloalkyl,
(C1-CeOaIkOXy, -NHSO2R6, -NR6R7, -C(O)R 6, -CO2R6,
-C(O)NR 6R7, -C(O)NR 6SO2R8, aryl and 3 to 10-membered
heterocyclyl; R2 is selected from H, halo, OH, (CrC
6)alkyl, (C3-C7)cycloalkyl, (CrC 6)alkoxy, -NR6R7,
-CO2R6, -C(O)NR 6R7, -C(O)NR 6SO2R8, and 3 to
10-membered heterocyclyl; or R1 and R2 may be joined
to form a (C2-C5)alkylene link, said link optionally
incorporating 1 or 2 heteroatoms each independently
selected from N, O and S; R5 is absent and R4 is
selected from H, (C3-C7)cycloalkyl, aryl, -(CH 2)aryl,
-C(O)R 9, -CO2R9, -(C1-C6)alkylene-O-C(O)R 9, -(C
1-C6)alkylene-O-CO 2R9)1-C(O)NR 9R10, -(Cr
C6)alkylene-O-C(O)NR 9R10 and -(Cr
C6)alkylene-O-P(O)(OH) 2; or R4 is absent and R5 is
selected from R9, -C(O)R9, -CO2R9, -(CrC
6)alkylene-O-C(O)R 9, -(CrC 6)alkylene-O-CO 2R9,
-C(O)NR 9R10, -(Cr C6)alkylene-O-C(O)NR 9R10 and
-(C1-C6)alkylene-O-P(O)(OH) 2; R6 and R7 are each
independently selected from H, (CrC 6)alkyl,
(C3-C7)cycloalkyl, and -(C1-C6)alkylene(C
3-C7)cycloalkyl; or R6 and R7 taken together with the
nitrogen to which they are attached form a 3 to 6
membered saturated heterocycle optionally containing a
further one or two heteroatoms selected from N, O and
S; R8 is selected from (Ci-C 6)alkyl,
(C3-C7)cycloalkyl and phenyl;R9 and R10 are each
independently selected from H, (CrC 6)alkyl,
(C3-C7)cycloalkyl, aryl, -(CH2)aryl and 3 to
10-membered heterocyclyl; or R9 and R10, taken
together with the nitrogen to which they are attached,
form a 3 to 10-membered heterocyclyl group; R1 1 and
R12 are independently selected from H and (CrCeJalkyl;
or R11 and R12 together with the N to which they are
attached form a 3 to 6 membered saturated heterocyclyl
optionally containing a further one or two heteroatoms
selected from N, O and S ; said alkyl, cycloalkyl,
alkoxy, aryl and heterocyclyl groups being optionally
substituted by one or more atoms or groups
independently selected from halo, OH, oxo, CF3, CN,
(CrC 6)alkyl, (C3-C7)cycloalkyl, (Cr C6)alkoxy,
-(C1-C6)alkylene-O-(C 1-C6)alkyl, -(d-Q^alkylene-OH,
-NR 11R12, -(Cr C6)alkylene-NR11R12 , aryl and 3 to
10-membered heterocyclyl; with the proviso that when
R1 and R2 are H, and Z and R5 are absent, then (a)R4
is not methyl when Y-R3 is ethyl; and (b)R4 is not H
or methyl when Y-R3 is methyl. Unless otherwise
indicated, alkyl and alkoxy groups may be straight or
branched and contain 1 to 6 carbon atoms and
preferably 1 to 4 carbon atoms. Examples of alkyl
include methyl, ethyl, n-propyl, isopropyl, n-butyl,
isobutyl, sec-butyl, pentyl and hexyl. Examples of
alkoxy include methoxy, ethoxy, isopropoxy and
n-butoxy. Cycloalkyl includes cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, cycloheptyl and
bicycloheptanes. Halo means fluoro, chloro, bromo or
iodo and is preferably fluoro or chloro. Aryl includes
phenyl, naphthyl, anthracenyl and phenanthrenyl and is
preferably phenyl. Unless otherwise stated, a
heterocycle may be saturated, partially saturated or
aromatic and contain one or more heteroatoms
independently selected fron N, O and S. For example,
the heterocyle may be a 5 to 6 membered saturated,
partially saturated or aromatic heterocycle. Examples
of saturated heterocyclic groups are
tetrahydrofuranyl, pyrrolidinyl, pyrrolinyl,
imidazolidinyl, imidazolinyl, dioxolanyl,
dihydropyranyl, tetrahydropyranyl, piperidinyl,
pyrazolinyl, dioxanyl, morpholinyl, dithianyl,
thiomorpholinyl, piperazinyl, azepinyl, oxazepinyl and
thiazepinyl. Examples of aromatic monoheterocyclic
groups are pyrrolyl, furanyl, thiophenyl, pyrazolyl,
imidazolyl, isoxazolyl, oxazolyl, isothiazolyl,
thiazolyl, triazoles (such as 1,2,3 triazolyl and
1,2,4-triazolyl), oxadiazoles (such as 1-oxa-
2,3-diazolyl, 1-oxa-2,4-diazolyl, 1-oxa-2,5-diazolyl
and 1-oxa-3,4-diazolyl), thiadiazoles (such as 1-thia-
2,3-diazolyl, 1-thia-2,4-diazolyl, 1-thia-2,5-diazolyl
and 1-thia-3,4-diazolyl), tetrazolyl, pyridinyl,
pyridazinyl,pyrimidinyl, pyrazinyl and triazinyl.
Examples of bicyclic aromatic heterocyclic groups are
benzofuranyl, benzothiophe pyl, indolyl,
benzimidazolyl, indazolyl, benzotriazolyl, quinolinyl
and isoquinolinyl. 



In the case where a plurality of substituents may be
selected from a number of alternative groups, the
selected groups may be the same or different. In one
embodiment, Z is oxygen such that N-oxides are formed.
In a futher embodiment of the invention, Z is absent.
In a yet further embodiment of the invention R1 is
selected from (a) H; (b) CN; (c ) halo (d ) (CrC
6)alkyl optionally substituted by one to three halo
atoms; (e) tetrahydrofuranoxy; (f) (Ci-C 6)alkyl
substituted by a 3 to 6 membered saturated heterocycyl
containing 1 to 3 hetero atoms independently selected
from N, O and S wherein said heterocyclyl is
optionally substituted by one to three groups
independently selected from CF3, (C1-C6JaIRyI, (CrC
6)alkoxy and -(Ci-C 6)alkylene-O-(CrC 6)alkyl; (g)
-(CrC 4)alkylene-O-(CrC 6)alkyl; (h) -(C
1-C4)alkylene-N(H)-(C 1-C4)alkylene-O-(C 1-C4)alkyl;
(i) (CrC 6)alkoxy optionally substituted by OH or
cyclopropyl; (j) (C3-C7)cycloalkyl; (k) -(C
1-C4)alkylene(C 3-C7)cycloalkyl; (I) -C(O)NR 6R7 ; (m)
-CO2R6; (n) -C(O) R6; (o) a 5 membered aromatic
heterocyclyl comprising (i) 1 to 4 nitrogen atoms, or
(ii) 1 to 2 nitrogen atoms and 1 oxygen or sulphur
atom, or (iii) 1 oxygen or sulphur atom; or a
6-membered aromatic heterocyclyl comprising 1 to 3
nitrogen atoms, said 5 and 6 membered aromatic
heterocyclyl being optionally substituted by one to
three atoms or groups independently selected from
halo, OH, CF3, (CrC 6)alkyl, (C1- C6)alkoxy,
-(CrCeJalkylene-O-^rCeJalkyl, -(CrC 6)alkylene-OH ,
-NR 11R12 and -(CrC 6)alkylene- NR11R12 ; (p) phenyl
optionally substituted by 1 to 3 halo atoms; (q)
-NR6R7; (r) -NH-(C 1-C4)alkylene-O-(C r C6)alkyl; (s)
or R1 and R2 may be joined to form a (C2-C5)alkylene
link; wherein R6, R7, R11 and R12 are as defined in
the first aspect of the invention. In a further
embodiment, R1 is selected from(a) H; (b) CN; (c )
halo (d ) (CrC 6)alkyl optionally substituted by one
to three halo atoms; (e) tetrahydrofuranoxy; (f)
(CrCeJalkyl substituted by morpholine, piperazine or
pyrrolodine which are optionally substituted by one or
two methyl groups; (h) -(C1-C4)alkylene-N(H)-(C
1-C4)alkylene-O-(C 1-C4)alkyl; (i) (CrC 6)alkoxy
optionally substituted by OH or cyclopropyl; G)
(C3-C7)cycloalkyl; (k) -(Ci-C 4)alkylene(C
3-C7)cycloalkyl; (I) -C(O)NR 6R7 ; (m) -CO2R6; (n)
-C(O) R6; (o) a 5 membered aromatic heterocyclyl
comprising (i) 1 to 4 nitrogen atoms, or (ii) 1 to 2
nitrogen atoms and 1 oxygen or sulphur atom, or (iii)
1 oxygen or sulphur atom; or a 6-membered aromatic
heterocyclyl comprising 1 to 3 nitrogen atoms, said 5
and 6 membered aromatic heterocyclyl being optionally
substituted by one to three atoms or groups
independently selected from halo, OH, CF3,
(C1-Cb)alkyl, (C1- C6)alkoxy, -(C1-C6)alkylene-O-(Ci-C
6)alkyl, -(Cr C6)alkylene-OH , -NR 11R12 and -(Cr
C6)alkylene- NR11R12; (p) phenyl optionally
substituted by 1 to 3 halo atoms; (q) -NR6R7; (r)
-NH-tCrC^alkylene-O-fd-QOalkyl; wherein R6, R7, R11
and R12 are as defined in the first aspect of the
invention. In a yet further embodiment, R1 is selected
from (CrC 4)alkyl optionally substituted by one to
three halo atoms; (C3-C7)cycloalkyl; or a 5 to 6
membered aromatic heterocyclyl optionally substituted
by one to three atoms or groups independently selected
from halo, OH, CF3, (CrC 6)alkyl, (CrC 6)alkoxy, -(C1-
C6)alkylene-O-(CrC 6)alkyl and -NH(CrC 6)alkyl. In a
yet further embodiment, R1 is selected from methyl or
ethyl substituted by one to three fluoro atoms;
cyclopropyl; -(CrC 2)alkylene-O-(CrC 2)alkyl;
(C1-C4JaIkOXy optionally substituted by OH or
cyclopropyl; -COCH3; -CH2OCH3; and -CO2CH3. In a yet
further embodiment, R1 is cyclopropyl or CF3. In a yet
further embodiment, R1 is a 5 membered aromatic
heterocyclyl comprising (i) 1 to 4 nitrogen atoms, or
(ii) 1 to 2 nitrogen atoms and 1 oxygen or sulphur
atom, or (iii) 1 oxygen or sulphur atom, said 5
membered aromatic heterocyclyl being optionally
substituted by one to three atoms or groups
independently selected from halo, OH, CF3, (Ci-C
6)alkyl, (d-CeJalkoxy,-(CrC 3)alkylene-O-(C r
C4)alkyl, -(C r C4)alkylene-OH , -NR 11R12 and -(C r
C3)alkylene-NR 11R12, wherein R11 and R12 are as
defined in claim in the first aspect of the invention.
In a yet further embodiment, R1 is selected from
imadazolyl, oxazolyl, oxadiazolyl, triazole, pyrazole
and thiazole, all of which are optionally substituted
by by one to three atoms or groups independently
selected from halo, OH, CF3, (CrC 6)alkyl, (CrC
6)alkoxy, -(C1-C3)alkylene-O-(C 1-C4)alkyl, -(C r
C4)alkylene-OH and -(CrC 3)alkylene-NR 1 1R12, wherein
R11 and R12 are as defined in the first aspect of the
invention. In a yet further embodiment, R1 is selected
from unsubstituted oxazolyl, triazole, pyrazole and
thiazole. In a yet further embodiment, R1 is oxazolyl.
In a yet further embodiment, R2 is selected from (a)
H; (b ) halo (c ) (CrC 6)alkyl optionally substituted
by one to three halo atoms; (d) tetrahydrofuranoxy; 



(e) (CrC 6)alkyl substituted by a 3 to 6 membered
saturated heterocycyl containing 1 to 3 hetero atoms
independently selected from N, O and S wherein said
heterocyclyl is optionally substituted by one to three
groups independently selected from CF3, (C1-CeJaIlCyI,
(C1-C6JaIkOXy and -(C 1-C6)alkylene-O-(C 1-C6)alkyl;
(f) -(C1-C4)alkylene-O-(C 1-C6)alkyl; (g) -(Cr
C4)alkylene-N(H)-(C r C4)alkylene-O-(CrC 4)alkyl; (h)
(C1-C6JaIkOXy optionally substituted by OH or
cyclopropyl; (i) (C3-C7)cycloalkyl; G)
-(Ci-C4)alkylene(C3-C7)cycloalkyl; (k) -C(O)NR 6R7 ;
(I) -CO2R6; (m) -C(O) R6; (n) a 5 membered aromatic
heterocyclyl comprising (i) 1 to 4 nitrogen atoms, or
(ii) 1 to 2 nitrogen atoms and 1 oxygen or sulphur
atom, or (iii) 1 oxygen or sulphur atom; or a
6-membered aromatic heterocyclyl comprising 1 to 3
nitrogen atoms, said 5 and 6 membered aromatic
heterocyclyl being optionally substituted by one to
three atoms or groups independently selected from
halo, OH, CF3, (Ci-C 6)alkyl, (C1- C6)alkoxy,
-(CrCeJalkylene-O-fCrQOalkyl, -(Cr C6)alkylene-OH ,
-NR 11R12 and -(Cr C6)alkylene- NR11R12; (o) phenyl
optionally substituted by 1 to 3 halo atoms; (P)
-NR6R7; (q) -NH-(C 1-C4)alkylene-O-(C 1-C6)alkyl;
wherein R6, R7, R11 and R12 are as defined in the
first aspect of the invention.In a yet further
embodiment, R2 is H or methyl. In a yet further
embodiment, R2 is H. In a yet further embodiment, Y is
methylene; and R3 is aryl, or a 5 to 6 membered
heterocyclyl containing one to three heteroatoms
independently selected from N, O and S, said aryl and
heterocyclyl being optionally substituted by one to
three atoms or groups independently selected from
halo, OH, oxo, CF3, CN, (Ci-C 6)alkyl,
(C3-C7)cycloalkyl, (CrC 6)alkoxy, -(Ci-C
6)alkylene-O-(CrC 6)alkyl, -NH(CrC 6)alkyl, -N Ct-Cb
alkyl , aryl and 3 to 10-membered heterocyclyl. In a
yet further embodiment, Y is methylene; and R3 is
selected from aryl; a 5 membered aromatic heterocyclyl
comprising (i) 1 to 4 nitrogen atoms, or (ii) 1 to 2
nitrogen atoms and 1 oxygen or sulphur atom, or (iii)
1 oxygen or sulphur atom; and a 6-membered aromatic
heterocyclyl comprising 1 to 3 nitrogen atoms; said
aryl and aromatic heterocycle being optionally
substituted by one to three atoms or groups
independently selected from halo, OH, oxo, CF3, CN,
(CrC 6)alkyl, (C3-C7)cycloalkyl, (C1-C6)^kOXy,
-(C1-C6)alkylene-O-(C 1-C6)alkyl, -(Cr C6)alkylene-OH,
-NR 11R12, -(CrC 6)alkylene-NR 11R12 , aryl and 3 to
10-membered heterocyclyl, wherein R11 and R12 are as
defined in the first aspect of the invention. In a yet
further embodiment, Y is methylene; and R3 is selected
from phenyl, pyridyl, pyrimidyl, pyridizinyl and
pyrazinyl each of which are optionally substituted by
one to three atoms or groups independently selected
from halo, (Ci-4)alkyl, (C1-C4)BIkOXy and CF3. In a
yet further embodiment, Y is methylene; and R3 is
selected from phenyl, pyridin-3-yl and
6-methylpyridin- 3-yl. In a yet further embodiment, Y
is methylene; R1 is selected from (CrC 4)alkyl
substituted by one to three halo atoms;
(C3-C7)cycloalkyl; and a 5 to 6 membered aromatic
heterocyclyl optionally substituted by one to three
groups independently selected from halo, OH, CF3, (CrC
6)alkyl, (Cr C6)alkoxy, -(C1-C6)alkylene-O-(C
1-C6)alkyl and -NH(d-C 6)alkyl; R2 is H; R3 is phenyl
or 3-pyridyl each of which are optionally substituted
by one to three atoms or groups independently selected
from halo, (C^alkyl and CF3; R4 is H; and R5 is
absent. In a yet further embodiment, Y is methylene;
R1 is selected from CF3; cyclopropyl; and oxazole; R2
is H;R3 is selected from phenyl, pyridin-3-yl and
6-methyl-pyridin-3-yl. R4 is H; and R5 is absent. in a
yet further embodiment, R5 is absent; and R4 is
selected from -(CrC 6)alkylene-O-C(O)R9,
-(d-CeJalkylene-OCCkR 9, -(Cr C6)alkylene-O-C(O)NR
9R10 and -(CrC 6)alkylene-O-P(O)(OH) 2, wherein Y, Z,
R1, R2, R3, R9 and R10 are as defined in the first
aspect of the invention, to give a compound of formula
(Ia): In a yet further embodiment, R4 is H and R5 is
absent. In a yet further embodiment, R4 is absent; and
R5 is selected from -(CrC 6)alkylene-O-C(O)R9,
-((VCeJalkylene-O-COaR9), -(Cr C6)alkylene-O-C(O)NR
9R10 and -(Cr C6)alkylene-O-P(O)(OH) 2, wherein Y, R1,
R2, R3, R9 and R10 are as defined hereinbefore, to
give a compound of formula (Ib): The examples of the
invention form a yet further embodiment of the
invention. Preferred compounds of the invention are
those of examples 1-4, 12, 15-18, 26, 27, 36-38, 4054,
60, 70, 76, 78, 82, 83, 86, 92-94, 96-98 and 100-102
and tautomers thereof and pharmaceutically acceptable
salts or solvates of said compound or tautomer. Yet
further preferred compounds are selected from:
4-Amino-1 -benzyl-6-cyclopropyl-1
,3-dihydro-imidazo[4,5-c]pyridin-2-one (example 1);
4-Amino-1 -benzyl-6-oxazol-2-yl-1
,3-dihydro-imidazo[4,5-c]pyridin-2-one (Example 12);
4-Amino-1 -benzyl-6-trifluoromethyl-1
,3-dihydro-imidazo[4,5-c]pyridine-2-one (Example 15);
and tautomers thereof and pharmaceutically acceptable
salts or solvates of said compound or tautomer.In a
further embodiment of the invention, there is provided
a compound of formula (Ic) wherein Y is methylene; R1
and R2 are each independently selected from H, halo,
OH, (C1-C6) kVl, (C3-C7)cycloalkyl, (Cr C6)alkoxy,
-NR6R7, -CO2R6, -C(O)NR6R7, -C(O)NR 6SO2R8, aryl and 3
to 10-membered heterocyclyl; or R1 and R2 may be
joined to form a (C2-C5)alkylene link, said link
optionally incorporating 1 or 2 heteroatoms each
independently selected from N, O and S; R3 is selected
from (Ci-C 6)alkyl, (C3-C7)cycloalkyl, aryl and 3 to
10-membered heterocyclyl; 



R4 is selected from R9, -C(O)R9, -CO2R9 and -C(O)NR
9R10, and R5 is absent; or R5 is selected from R9
-C(O)R9, -CO2R9 and -C(O)NR 9R10, and R4 is absent; R6
and R7 are each independently selected from H and (d-C
6)alkyl; R8 is selected from (CrC bJalkyl,
(C3-C7)cycloalkyl and phenyl; R9 and R10 are each
independently selected from H, (Ci-C b)alkyl,
(C3-C7)cycloalkyl, aryl, -(CH2)aryl and 3 to
10-membered heterocyclyl; or R9 and R10, taken
together with the nitrogen to which they are attached,
form a 3 to 10-membered heterocyclyl group; said
alkyl, cycloalkyl, alkoxy, aryl and heterocyclyl
groups being optionally substitued by one or more
groups independently selected from halo, OH, oxo, CF3,
CN, (Ci-C 6)alkyl, (C3-C7)cycloalkyl, (Cr C6)alkoxy,
(Ci-C 6)alkoxy(CrC 6)alkyl, NH(C1-C6)alkyl, N((CrC
6)alkyl)2, aryl and 3 to 10-membered heterocyclyl; or
a pharmaceutically acceptable salt or solvate of said
compound; with the proviso that when R1 and R2 are
H,and Z and R5 are absent, then (a)R4 is not methyl
when Y-R3 is ethyl; or (b)R4 is not H or methyl when
Y-R3 is methyl. A yet further embodiment of the
invention, comprises compounds of formula (Ic) wherein
R4 is selected from R9, -C(O)R9, -CO2R9 and
-C(O)NR9R10; R5 is absent; and Y, R1, R2, R3, R9 and
R10 are as defined in the second aspect of the
invention, to give the compound of formula (Ia) as
shown hereinbefore. A yet further embodiment of the
invention, comprises compounds of formula (Ic)
whereinY is methylene; R1 and R2 are each
independently selected from H, (Ci-C 6)alkyl,
(C3-C7)cycloalkyl, -CO2H, - CO2(C1-C6)alkyl and
-C(O)NH(C r C6)alkylene(C 3-C7)cycloalkyl; or R1 and
R2 may be joined to form a (C2-C5)alkylene link; R3 is
phenyl, which is optionally substitued by one or more
groups independently selected from halo, OH, CF3, CN,
(Cr C6)alkyl, (C3-C7)cycloalkyl, (Cr C6)alkoxy, NH(C
1-C6)alkyl and N((Cr C6)alkyl) 2; R5 is absent; and R4
is H. A yet further embodiment of the second aspect of
the invention, comprises compounds of formula (Ic)
wherein Y is methylene; R1 and R2 are each
independently selected from H, (C1-C6)alkyl,
(C3-C7)cycloalkyl, -CO2H, - CO2(Cr C6)alkyl and
-C(O)NH(CrC 6)alkylene(C 3-C7)cycloalkyl; or R1 and R2
may be joined to form a (C2-C5)alkylene link; R3 is
phenyl, which is optionally substitued by one or more
groups independently selected from halo and CF3; R5 is
absent; and R4 is H. A yet further embodiment of the
second aspect of the invention, comprises compounds of
formula (Ic) wherein R5 is selected from R9, -C(O)R 9,
-CO2R9 and -C(O)NR 9R10 ; R4 is absent; and Y, R1, R2
and R3 are as hereinbefore defined, to give the
compound of formula (Ib) as shown hereinbefore. A yet
further embodiment of the second aspect of the
invention, comprises compounds of formula (Ic) wherein
R1 and R2 are each independently selected from H,
(Ci-C b)alkyl, (C3-C7)cycloalkyl, -CO2R6, - C(O)NR6R7
and -C(O)NR 6SO2R8; or R1 and R2 may be joined to form
a (C2-C5)alkylene link, said link optionally
incorporating 1 or 2 heteroatoms each independently
selected from N, O and S. A yet further embodiment of
the second aspect of the invention, comprises
compounds of formula (Ic) wherein R1 and R2 are each
independently selected from H, (CrC 6)alkyl,
(C3-C7)cycloalkyl, -CO2H, - CO2(C1-C6)alkyl and
-C(O)NH(C 1-C6)alkylene(C 3-C7)cycloalkyl; or R1 and
R2 may be joined to form a (C2- C5)alkylene link. A
yet further embodiment of the second aspect of the
invention, comprises compounds of formula (Ic) wherein
R1 and R2 are each independently selected from H,
(C1-C3JaIkVl, cyclopropyl, -CO2H, -CO2CH3 and
-C(O)NH(CH 2)cyclopropyl; or R1 and R2 may be joined
to form a C5-alkylene link. A yet further embodiment
of the second aspect of the invention, comprises
compounds of formula (Ic) wherein, R1 is selected from
H, methyl, n-propyl, isopropyl, cyclopropyl, -CO2H,
-CO2CH3 and -C(O)NH(CH 2)cyclopropyl; and R2 is
selected from H and methyl; or R1 and R2 may be joined
to form a C5-alkylene link. A yet further embodiment
of the second aspect of the invention, comprises
compounds of formula (Ic) wherein R3 is aryl, which is
optionally substitued by one or more groups
independently selected from halo, OH, oxo, CF3, CN,
(CrC 6)alkyl, (C3-C7)cycloalkyl, (CrC 6)alkoxy, (Ci-C
6)alkoxy(CrC 6)alkyl, NH(C1-C6)alkyl, N((CrC 6)alkyl)
2, aryl and 3 to 10-membered heterocyclyl. A yet
further embodiment of the second aspect of the
invention, comprises compounds of formula (Ic) wherein
R3 is phenyl, which is optionally substitued by one or
more groups independently selected from halo, OH, CF3,
CN, (Cr C6)alkyl, (C3-C7)cycloalkyl, (C1-CfOaIkOXy,
NH(Cr C6)alkyl and N (C1-C6)alkyl) 2. Yet more
preferably, R3 is phenyl, which is optionally
substitued by one or more groups independently
selected from halo and CF3. A yet further embodiment
of the second aspect of the invention, comprises
compounds of formula (Ic) wherein R3 is selected from
2-fluorophenyl, 3-fluorophenyl, 4-fluorophenyl and
3-trifluoromethylphenyl. Unless otherwise indicated,
reference to compounds of the invention includes
compounds of formula (I), (Ia) 1(Ib) and (Ic). It is
to be understood that the invention covers all
combinations of particular embodiments of the
invention as described hereinabove, consistent with
the definition of the compounds of formula (I). In a
third aspect of the invention, there is provided a
process for preparing a compound of formula (Ic)
wherein in each of formulae Ia, XVIII, XVIIIa, XIX,
XIXa, XXa, XXb, XIV, XV, LIV and LXIII, Y-R3 is as
defined in claim 14, R1 is as defined in claim 2, R2
is as defined in claim 10, PG1and PG2 are nitrogen
protecting agents and R13 is (C^alkyl, said process
comprising (a) Reaction of a compound of formula
(XVIII) or (XVIIIa) with a carbonyl donating agentto
form a corresponding compound of formula (XIX) or
(XIXa) then subsequent deprotection of the compound of
formula (XIX) or (XIXa); or (b) reduction of a
compound of formula (XXa) to form a compound of
formula (XXb)and then cyclisation of the compound of
formula (XXb) by treatment with a protic acid; or (C)
reduction of a compound of formula (XIV) to form a
compound of formula (XV) and then cyclisation of a
compound of formula (XV) in the presence of a carbonyl
moiety; or (e) cyclisation of a compound of formula
(LIV) in the presence of diphenylphosphonyl azide to a
corresponding compound of formula (XIXA) hereabove and
then subsequent deprotection of the amino 



protection group ; or(f) hydrolysis of a compound of
formula (LXIII) (LXIII) In a fourth aspect of the
invention there is provided intermediates of formulae
XVIII, XVIIIa, XIX, XIXa, XXa, XXb, XIV, XV, LIV and
LXIII, wherein Y-R3 is as defined in claim 14, R1 is
as defined in claim 2, R2 is as defined in claim 10,
PG1and PG2 are nitrogen protecting agents and R3 is
(d^)alkyl. Pharmaceutically acceptable salts of the
compounds of formula (I) comprise 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, Weinheim,
Germany, 2002). 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)
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 ionisation in the resulting
salt may vary from completely ionised to almost
non-ionised. 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. A currently
accepted classification system for organic hydrates is
one that defines isolated site, channel, or metal-ion
coordinated hydrates - see Polymorphism in
Pharmaceutical Solids by K. R. Morris (Ed. H. G.
Brittain, Marcel Dekker, 1995), incorporated herein by
reference. Isolated site hydrates are ones in which
the water molecules are isolated from direct contact
with each other by intervening organic molecules. In
channel hydrates, the water molecules lie in lattice
channels where they are next to other water molecules.
In metal-ion coordinated hydrates, the water molecules
are bonded to the metal ion. When the solvent or water
is tightly bound, the complex will have a well-defined
stoichiometry independent of humidity. When, however,
the solvent or water is weakly bound, as in channel
solvates and hygroscopic compounds, the water/solvent
content will be dependent on humidity and drying
conditions. In such cases, non-stoichiometry will be
the norm. The compounds of the invention may exist in
a continuum of solid states ranging from fully
amorphous to fully crystalline. The term 'amorphous'
refers to a state in which the material lacks long
range order at the molecular level and, depending upon
temperature, may exhibit the physical properties of a
solid or a liquid. Typically such materials do not
give distinctive X-ray diffraction patterns and, while
exhibiting the properties of a solid, are more
formally described as a liquid. Upon heating, a change
from solid to liquid properties occurs which is
characterised by a change of state, typically second
order ('glass transition'). The term 'crystalline'
refers to a solid phase in which the material has a
regular ordered internal structure at the molecular
level and gives a distinctive X-ray diffraction
pattern with defined peaks. Such materials when heated
sufficiently will also exhibit the properties of a
liquid, but the change from solid to liquid is
characterised by a phase change, typically first order
('melting point'). Also included within the scope of
the invention are multi-component complexes (other
than salts and solvates) wherein the drug and at least
one other component are present in stoichiometric or
nonstoichiometric amounts. Complexes of this type
include clathrates (drug-host inclusion complexes) and
co-crystals. The latter are typically defined as
crystalline complexes of neutral molecular
constituents which are bound together through
non-covalent interactions, but could also be a complex
of a neutralmolecule with a salt. Co-crystals may be
prepared by melt crystallisation, by recrystallisation
from solvents, or by physically grinding the
components together - see Chem Commun, Y7_, 1889-1896,
by O. Almarsson and M. J. Zaworotko (2004),
incorporated herein by reference. For a general review
of multicomponent complexes, see J Pharm Sci, 64 (8),
1269-1288, by Haleblian (August 1975), incorporated
herein by reference. The compounds of the invention
may also exist in a mesomorphic state (mesophase or
liquid crystal) when subjected to suitable conditions.
The mesomorphic state is intermediate between the true
crystalline state and the true liquid state (either
melt or solution). Mesomorphism arising as the result
of a change in temperature is described as
Ihermotropic' and that resulting from the addition of
a second component, such as water or another solvent,
is described as 'lyotropic'. Compounds that have the
potential to form lyotropic mesophases are described
as 'amphiphilic' and consist of molecules which
possess an ionic (such as -COO Na+, -COO K+, or -SO3
Na+) or non-ionic (such as -N N+(CH3)3) polar head
group. For more information, see Crystals and the
Polarizing Microscope by N. H. Hartshorne and A.
Stuart, 4th Edition (Edward Arnold, 1970),
incorporated herein by reference. Hereinafter all
references to compounds of formula (I) include
references to salts, solvates, multicomponent
complexes and liquid crystals thereof and to solvates,
multi-component complexes and liquid crystals of salts
thereof. The compounds of the invention include
compounds of formula (I) as hereinbefore defined,
including all polymorphs and crystal habits thereof,
prodrugs and isomers thereof (including optical,
geometric and tautomeric isomers) as hereinafter
defined and isotopically-labeled compounds of formula
(I). As indicated, so-called 'pro-drugs' of the
compounds of formula (I) are also within the scope of
the invention. 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
in accordance with the invention 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 prodrugs in accordance with the invention
include (i) where the compound of formula I contains a
carboxylic acid functionality, an ester thereof, for
example, a compound wherein the hydrogen of the
carboxylic acid functionality of the compound of
formula (I) is replaced by (C1-C8)alkyl; and(N) where
the compound of formula (I) contains a primary or
secondary amino functionality, an amide thereof, for
example, a compound wherein, as the case may be, one
or both hydrogens of the amino functionality of the
compound of formula (I) is/are replaced by
(CVCioJalkanoyl. Further examples of replacement
groups in accordance with the foregoing examples and
examples of other prodrug types may be found in the
aforementioned references. Moreover, certain compounds
of formula (I) may themselves act as prodrugs of other
compounds of formula (I). Specifically, compounds of
the present invention of formula (I) wherein R4 is as
herein defined, other than H, and R5 is absent (i.e
compounds of formula (Ia)), may be converted into
compounds of formula (I) wherein R4 is H and R5 is
absent via metabolic actions or solvolysis.
Additionaly, compounds of the present invention of
formula (I) wherein R4 is absent and R5 is as herein
defined, other than H (i.e compounds of formula (Ib)),
may be converted into compounds of formula (I) wherein
R4 is absent and R5 is H via metabolic actions or
solvolysis. Also included within the scope of the
invention are metabolites of compounds of formula (I),
that is, compounds formed in vivo upon administration
of the drug. Some examples of metabolites in
accordance with the invention include (i) where the
compound of formula (I) contains a methyl group, an
hydroxymethyl derivative thereof (-CH3 -> -CH2OH):
(ii) where the compound of formula (I) contains an
alkoxy group, an hydroxy derivative thereof (-OR ->
-OH); (iii) where the compound of formula (I) contains
a tertiary amino group, a secondary amino derivative
thereof (-NR1R2 -> -NHR1 or -NHR2); (iv) where the
compound of formula (I) contains a secondary amino
group, a primary derivative thereof (-NHR1 -> -NH2);
(v) where the compound of formula (I) contains a
phenyl moiety, a phenol derivative thereof (-Ph >
-PhOH); (vi) where the compound of formula (I)
contains an amide group, a carboxylic acid derivative
thereof (-CONH2 -> COOH). Compounds of formula (I)
containing one or more asymmetric carbon atoms can
exist as two or more stereoisomers. Where a compound
of formula (I) contains an alkenyl or alkenylene
group, geometric cis/trans (or Z/E) isomers are
possible. Where structural isomers are
interconvertible via a low energy barrier, tautomeric
isomerism ('tautomerism') can occur. This can take the
form of proton tautomerism in compounds of formula (I)
containing, for example, a keto group, or so-called
valence tautomerism in compounds which contain an
aromatic moiety. It follows that a single compound may
exhibit more than one type of isomerism. For example
and for explanation of the dotted line in formula (I),
the compound of formula (Ia) wherein R4 is H is the
tautomer of the compound of formula (Ib) wherein R5 is
H:Included within the scope of the present invention
are all stereoisomers, geometric isomers and
tautomeric forms of the compounds of formula (I)1
including compounds exhibiting more than one type of
isomerism, and mixtures of one or more thereof. Also
included are acid addition salts wherein the
counterion is optically active, for example, d-lactate
or l-lysine, or racemic, for example, dl-tartrate or
dl-arginine. Cis/trans isomers may be separated by
conventional techniques well known to those skilled in
the art, for example, chromatography and fractional
crystallisation. Conventional techniques for the
preparation/isolation of individual enantiomers
include chiral synthesis from a suitable optically
pure precursor or resolution of the racemate (or the
racemate of a salt or derivative) using, for example,
chiral high pressure liquid chromatography (HPLC).
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, a base or acid such as
1-phenylethylamine or tartaric acid. The resulting
diastereomeric 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
enantiomericallyenriched form using chromatography,
typically HPLC, on an asymmetric resin with a mobile
phase consisting of a hydrocarbon, typically heptane
or hexane, containing from 0 to 50% by volume of
isopropanol, typically from 2% to 20%, and from 0 to
5% by volume of an alkylamine, typically 0.1%
diethylamine. Concentration of the eluate affords the
enriched mixture. The present invention includes all
crystal forms of the compounds of formula (I)
including racemates and racemic mixtures
(conglomerates) thereof. Stereoisomeric conglomerates
may be separated by conventional techniques known to
those skilled in the art - see, for example,
"Stereochemistry of Organic Compounds" by E. L. ENeI
and S. H. Wilen (Wiley, New York, 1994). The present
invention includes all pharmaceutically acceptable
isotopically-labelled compounds of formula (I) wherein
one or more atoms are replaced by atoms having the
same atomic number, but anatomic mass or mass number
different from the atomic mass or mass number which
predominates 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 1C, 13C and 14C, chlorine, such as
36CI, fluorine, such as 18F, iodine, such as 123I and
125I, 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-labeled compounds of formula (I) can
generally be prepared by conventional techniques known
to those skilled in the art or by processes analogous
to those described in the accompanying Examples and
Preparations using an appropriate isotopically-labeled
reagent in place of the non-labeled reagent previously
employed. Pharmaceutically acceptable solvates in
accordance with the invention include those wherein
the solvent of crystallization may be isotopically
substituted, e.g. D2O, d6-acetone, d6-DMSO. Also
within the scope of the invention are intermediate
compounds as hereinafter defined, all salts, solvates
and complexes thereof and all solvates and complexes
of salts thereof as defined hereinbefore for compounds
of formula (I). The invention includes all polymorphs
of the aforementioned species and crystal habits
thereof. When preparing compounds of formula (I) in
accordance with the invention, it is open to a person
skilled in the art to routinely select the form of
intermediate which provides the best combination of
features for this purpose. Such features include the
melting point, solubility, processability and yield of
the intermediate form and the resulting ease with
which the product may be purified on isolation.
Compounds of the invention intended for pharmaceutical
use may be administered as crystalline or amorphous
products or may exist in a continuum of solid states
ranging from fully amorphous to fully crystalline.
They may be obtained, for example, as solid plugs,
powders, or films by methods such asprecipitation,
crystallization, freeze drying, spray drying, or
evaporative drying. Microwave or radio frequency
drying may be used for this purpose. They may be
administered alone or in combination with one or more
other compounds of the invention or in combination
with one or more other drugs (or as any combination
thereof). Generally, they will be administered as a
formulation in association with one or more
pharmaceutically acceptable excipients. The term
'excipient' is used herein to describe any ingredient
other than the compound(s) of the invention. The
choice of excipient will to a large extent depend on
factors such as the particular mode of administration,
the effect of the excipient on solubility and
stability, and the nature of the dosage form.
Pharmaceutical compositions suitable for the delivery
of compounds of the present invention and methods for
their preparation will be readily apparent to those
skilled in the art. Such compositions and methods for
their preparation may be found, for example, in
"Remington's Pharmaceutical Sciences", 19th Edition
(Mack Publishing Company, 1995). Suitable modes of
administration include oral, parenteral, topical,
inhaled/intranasal, rectal/intravaginal, and
ocular/aural administration. The compounds of the
invention may be administered orally. Oral
administration may involve swallowing, so that the
compound enters the gastrointestinal tract, or buccal
or sublingual administration may be employed by which
the compound enters the blood stream directly from the
mouth. Formulations suitable for oral administration
include solid formulations such as tablets, capsules
containing particulates, liquids, or powders, lozenges
(including liquid-filled), chews, multi- and
nano-particulates, gels, solid solution, liposome,
films, ovules, sprays, liquid formulations and
buccal/mucoadhesive patches.. Liquid formulations
include suspensions, solutions, syrups and elixirs.
Such formulations may be employed as fillers in soft
or hard capsules and typically comprise a carrier, for
example, water, ethanol, polyethylene glycol,
propylene glycol, methylcellulose, or a suitable oil,
and one or more emulsifying agents and/or suspending
agents. Liquid formulations may also be prepared by
the reconstitution of a solid, for example, from a
sachet. The compounds of the invention may also be
used in fast-dissolving, fast-disintegrating dosage
forms such as those described in Expert Opinion in
Therapeutic Patents, H (6), 981-986, by Liang and Chen
(2001). For tablet dosage forms, depending on dose,
the drug may make up from 1 weight % to 80 weight % of
the dosage form, more typically from 5 weight % to 60
weight % of the dosage form. In addition to the drug,
tablets generally contain a disintegrant. Examples of
disintegrants include sodium starch glycolate, sodium
carboxymethyl cellulose, calcium carboxymethyl
cellulose, croscarmellose sodium, crospovidone,
polyvinylpyrrolidone, methyl cellulose,
microcrystalline cellulose, lower alkyl-substituted
hydroxypropylcellulose, starch, pregelatinised starch
and sodium alginate. Generally, the disintegrant will
comprise from 1 weight % to 25 weight %, preferably
from 5 weight % to 20 weight % of the dosage form.
Binders are generally used to impart cohesive
qualities to a tablet formulation. Suitable binders
include microcrystalline cellulose, gelatin, sugars,
polyethylene glycol, natural and synthetic gums,
polyvinylpyrrolidone, pregelatinised starch,
hydroxypropyl cellulose and hydroxypropyl
methylcellulose. Tablets may also contain diluents,
such as lactose (monohydrate, spray-dried monohydrate,
anhydrous and the like), mannitol, xylitol, dextrose,
sucrose, sorbitol, microcrystalline cellulose, starch
and dibasic calcium phosphate dihydrate. Tablets may
also optionally comprise surface active agents, such
as sodium lauryl sulfate and polysorbate 80, and
glidants such as silicon dioxide and talc. When
present, surface active agents may comprise from 0.2
weight % to 5 weight % of the tablet, and glidants may
comprise from 0.2 weight % to 1 weight % of the
tablet. Tablets also generally contain lubricants such
as magnesium stearate, calcium stearate, zinc
stearate, sodium stearyl fumarate, and mixtures of
magnesium stearate with sodium lauryl sulphate.
Lubricants generally comprise from 0.25 weight % to 10
weight %, preferably from 0.5 weight % to 3 weight %
of the tablet. Other possible ingredients include
anti-oxidants, colourants, flavouring agents,
preservatives and taste-masking agents. Exemplary
tablets contain up to about 80% drug, from about 10
weight % to about 90 weight % binder, from about 0
weight % to about 85 weight % diluent, from about 2
weight % to about 10 weight % disintegrant, and from
about 0.25 weight % to about 10 weight % lubricant.
Tablet blends may be compressed directly or by roller
to form tablets. Tablet blends or portions of blends
may alternatively be wet-, dry-, or melt-granulated,
melt congealed, or extruded before tabletting. The
final formulation may comprise one or more layers and
may be coated or uncoated; it may even be
encapsulated. The formulation of tablets is discussed
in "Pharmaceutical Dosage Forms: Tablets", Vol. 1, by
H. Lieberman and L. Lachman (Marcel Dekker, New York,
1980). Consumable oral films for human or veterinary
use are typically pliable water-soluble or
water-swellable thin film dosage forms which may be
rapidly dissolving or mucoadhesive and typically
comprise a compound of formula (I), a film-forming
polymer, a binder, a solvent, a humectant, a
plasticiser, a stabiliser or emulsifier, a
viscosity-modifying agent and a solvent. Some
components of the formulation may perform more than
one function. The compound of formula (I) may be
water-soluble or insoluble. A water-soluble compound
typically 



comprises from 1 weight % to 80 weight %, more
typically from 20 weight % to 50 weight %, of the
solutes. Less soluble compounds may comprise a greater
proportion of the composition, typically up to 88
weight % of the solutes. Alternatively, the compound
of formula (I) may be in the form of multiparticulate
beads.The film-forming polymer may be selected from
natural polysaccharides, proteins, or synthetic
hydrocolloids and is typically present in the range
0.01 to 99 weight %, more typically in the range 30 to
80 weight %. Other possible ingredients include
anti-oxidants, colorants, flavourings and flavour
enhancers, preservatives, salivary stimulating agents,
cooling agents, co-solvents (including oils),
emollients, bulking agents, anti-foaming agents,
surfactants and taste-masking agents. Films in
accordance with the invention are typically prepared
by evaporative drying of thin aqueous films coated
onto a peelable backing support or paper. This may be
done in a drying oven or tunnel, typically a combined
coater dryer, or by freeze-drying or vacuuming. Solid
formulations for oral administration may be formulated
to be immediate and/or modified release. Modified
release formulations include delayed-, sustained-,
pulsed-, controlled-, targeted and programmed release.
Suitable modified release formulations for the
purposes of the invention are described in US Patent
No. 6,106,864. Details of other suitable release
technologies such as high energy dispersions and
osmotic and coated particles are to be found in
"Pharmaceutical Technology On-line", 25(2), 1-14, by
Verma et al (2001). The use of chewing gum to achieve
controlled release is described in WO 00/35298. The
compounds of the invention may also be administered
directly into the blood stream, into muscle, or into
an internal organ. Suitable means for parenteral
administration include intravenous, intraarterial,
intraperitoneal, intrathecal, intraventricular,
intraurethral, intrasternal, intracranial,
intramuscular and subcutaneous. Suitable devices for
parenteral administration include needle (including
microneedle) injectors, needle-free injectors and
infusion techniques. Parenteral formulations are
typically aqueous solutions which may contain
excipients such as salts, carbohydrates and buffering
agents (preferably to a pH of from 3 to 9), but, for
some applications, they may be more suitably
formulated as a sterile nonaqueous solution or as a
dried form to be used in conjunction with a suitable
vehicle such as sterile, pyrogen-free water. The
preparation of parenteral formulations under sterile
conditions, for example, by lyophilisation, may
readily be accomplished using standard pharmaceutical
techniques well known to those skilled in the art. The
solubility of compounds of formula (I) used in the
preparation of parenteral solutions may be increased
by the use of appropriate formulation techniques, such
as the incorporation of solubilityenhancing agents.
Formulations for parenteral administration may be
formulated to be immediate and/or modified release.
Modified release formulations include delayed-,
sustained-, pulsed-, controlled-, targeted and
programmed release. Thus compounds of the invention
may be formulated as a solid, semisolid, or
thixotropic liquid for administration as an implanted
depot providing modified release of the
activecompound. Examples of such formulations include
drug-coated stents and poly(dl-lactic-coglycolic)acid
(PGLA) microspheres. The compounds of the invention
may also be administered topically to the skin or
mucosa, that is, dermally or transdermally. Typical
formulations for this purpose include gels, hydrogels,
lotions, solutions, creams, ointments, dusting
powders, dressings, foams, films, skin patches,
wafers, implants, sponges, fibres, bandages and
microemulsions. Liposomes may also be used. Typical
carriers include alcohol, water, mineral oil, liquid
petrolatum, white petrolatum, glycerin, polyethylene
glycol and propylene glycol. Penetration enhancers may
be incorporated - see, for example, J Pharm Sci, 88
(10), 955-958, by Finnin and Morgan (October 1999).
Other means of topical administration include delivery
by electroporation, iontophoresis, phonophoresis,
sonophoresis and microneedle or needle-free (e.g.
Powderject(tm), Bioject(tm), etc.) injection.
Formulations for topical administration may be
formulated to be immediate and/or modified release.
Modified release formulations include delayed-,
sustained-, pulsed-, controlled-, targeted and
programmed release. The compounds of the invention can
also be administered intranasally or by inhalation,
typically in the form of a dry powder (either alone,
as a mixture, for example, in a dry blend with
lactose, or as a mixed component particle, for
example, mixed with phospholipids, such as
phosphatidylcholine) from a dry powder inhaler or as
an aerosol spray from a pressurised container, pump,
spray, atomiser (preferably an atomiser using
electrohydrodynamics to produce a fine mist), or
nebuliser, with or without the use of a suitable
propellant, such as 1,1,1,2-tetrafluoroethane or
1,1,1,2,3,3,3-heptafluoropropane. For intranasal use,
the powder may comprise a bioadhesive agent, for
example, chitosan or cyclodextrin. The pressurised
container, pump, spray, atomizer, or nebuliser
contains a solution or suspension of the compound(s)
of the invention comprising, for example, ethanol,
aqueous ethanol, or a suitable alternative agent for
dispersing, solubilising, or extending release of the
active, a propellant(s) as solvent and an optional
surfactant, such as sorbitan trioleate, oleic acid, or
an oligolactic acid. Prior to use in a dry powder or
suspension formulation, the drug product is micronised
to a size suitable for delivery by inhalation
(typically less than 5 microns). This may be achieved
by any appropriate comminuting method, such as spiral
jet milling, fluid bed jet milling, supercritical
fluid processing to form nanoparticles, high pressure
homogenisation, or spray drying. Capsules (made, for
example, from gelatin or
hydroxypropylmethylcellulose), blisters and cartridges
for use in an inhaler or insufflator may be formulated
to contain a powder mix of the compound of the
invention, a suitable powder base such as lactose or
starch and a performance modifier such as l-leucine,
mannitol, or magnesium stearate. The lactose may be
anhydrous or in the form of the monohydrate,
preferably the latter. Other suitable excipients
include dextran, glucose, maltose, sorbitol, xylitol,
fructose, sucrose and trehalose.A suitable solution
formulation for use in an atomiser using
electrohydrodynamics to produce a fine mist may
contain from 1mg to 20mg of the compound of the
invention per actuation and the actuation volume may
vary from 1ml to 100ml. A typical formulation may
comprise a compound of formula (I), propylene glycol,
sterile water, ethanol and sodium chloride.
Alternative solvents which may be used instead of
propylene glycol include glycerol and polyethylene
glycol. Suitable flavours, such as menthol and
levomenthol, or sweeteners, such as saccharin or
saccharin sodium, may be added to those formulations
of the invention intended for inhaled/intranasal
administration. Formulations for inhaled/intranasal
administration may be formulated to be immediate
and/or modified release using, for example, PGLA.
Modified release formulations include delayed-,
sustained-, pulsed-, controlled-, targeted and
programmed release. In the case of dry powder inhalers
and aerosols, the dosage unit is determined by means
of a valve which delivers a metered amount. Units in
accordance with the invention are typically arranged
to administer a metered dose or "puff" containing from
1mg to 100mg of the compound of formula (I). The
overall daily dose will typically be in the range 1mg
to 200mg which may be administered in a single dose
or, more 



usually, as divided doses throughout the day. The
compounds of the invention may be administered
rectally or vaginally, for example, in the form of a
suppository, pessary, microbicide, vaginal ring or
enema. Cocoa butter is a traditional suppository base,
but various alternatives may be used as appropriate.
Formulations for rectal/vaginal administration may be
formulated to be immediate and/or modified release.
Modified release formulations include delayed-,
sustained-, pulsed-, controlled-, targeted and
programmed release. The compounds of the invention may
also be administered directly to the eye or ear,
typically in the form of drops of a micronised
suspension or solution in isotonic, pH-adjusted,
sterile saline. Other formulations suitable for ocular
and aural administration include ointments,
biodegradable (e.g. absorbable gel sponges, collagen)
and non-biodegradable (e.g. silicone) implants,
wafers, lenses and particulate or vesicular systems,
such as niosomes or liposomes. A polymer such as
crossed-linked polyacrylic acid, polyvinylalcohol,
hyaluronic acid, a cellulosic polymer, for example,
hydroxypropylmethylcellulose, hydroxyethylcellulose,
or methyl cellulose, or a heteropolysaccharide
polymer, for example, gelan gum, may be incorporated
together with a preservative, such as benzalkonium
chloride. Such formulations may also be delivered by
iontophoresis. Formulations for ocular/aural
administration may be formulated to be immediate
and/or modified release. Modified release formulations
include delayed-, sustained-, pulsed-, controlled-,
targeted, or programmed release. The compounds of the
invention may be combined with soluble macromolecular
entities, such as cyclodextrin and suitable
derivatives thereof or polyethylene glycol-containing
polymers, in order to improve their solubility,
dissolution rate, taste-masking, bioavailability
and/or stability for use in any of theaforementioned
modes of administration. Drug-cyclodextrin complexes,
for example, are found to be generally useful for most
dosage forms and administration routes. Both inclusion
and non-inclusion complexes may be used. As an
alternative to direct complexation with the drug, the
cyclodextrin may be used as an auxiliary additive,
i.e. as a carrier, diluent, or solubiliser. Most
commonly used for these purposes are alpha-, beta- and
gamma-cyclodextrins, examples of which may be found in
International Patent Applications Nos. WO 91/1 1172,
WO 94/02518 and WO 98/55148. Inasmuch as it may
desirable to administer a combination of active
compounds, for example, for the purpose of treating a
particular disease or condition, it is within the
scope of the present invention that two or more
pharmaceutical compositions, at least one of which
contains a compound in accordance with the invention,
may conveniently be combined in the form of a kit
suitable for coadministration of the compositions.
Thus the kit of the invention comprises two or more
separate pharmaceutical compositions, at least one of
which contains a compound of formula (I) in accordance
with the invention, and means for separately retaining
said compositions, such as a container, divided
bottle, or divided foil packet. An example of such a
kit is the familiar blister pack used for the
packaging of tablets, capsules and the like. The kit
of the invention is particularly suitable for
administering different dosage forms, for example,
oral and parenteral, for administering the separate
compositions at different dosage intervals, or for
titrating the separate compositions against one
another. To assist compliance, the kit typically
comprises directions for administration and may be
provided with a so-called memory aid. For
administration to human patients, the total daily dose
of the compounds of the invention is typically in the
range 1mg to 1Og, such as 10mg to 1g, for example 25mg
to 500mg depending, of course, on the mode of
administration and efficacy. For example, oral
administration may require a total daily dose of from
50mg to 100mg. The total daily dose may be
administered in single or divided doses and may, at
the physician's discretion, fall outside of the
typical range given herein. These dosages are based on
an average human subject having a weight of about 60kg
to 70kg. The physician will readily be able to
determine doses for subjects whose weight falls
outside this range, such as infants and the elderly.
In order to improve dissolution properties, a solid
amorphous spray-dried dispersion (SDD) of 4-Amino-1-
benzyl-6-trifluoromethyl-1
,3-dihydro-imidazo[4,5-c]pyridine-2-one (example 15
hereinafter) and hydroxypropyl methyl cellulose (HPMC
E3 Prem LV, Methocel(r), available from Dow Chemical
Company, Midland, Ml) was prepared as follows. First,
a spray solution was formed containing 2.97 g water,
16.83 g methanol, and 250 ml_ 1M KOH (containing 9.8
mg potassium cations), to which was added 5 1.27 mg of
the crystalline neutral form of
4-Amino-1-benzyl-6-trifluoromethyl-1,3-dihydro-imidazo
[4,5-c]pyridine-2- one. Next, 140.4 mg HPMC was added
to the solution and the solution was stirred for 5
minutes and sonicated for 2 minutes. The solution was
pumped via a Cole Parmer 74900 series rate-controlling
syringe pump at a rate of 1.1 ml/min into a
small-scale spray-drying apparatus consisting of an
11-cm diameter stainless steel chamber. The solution
was atomized through a two-fluid nozzle (Spraying
Systems Co., Wheaton, Illinois, Model No. SU1 A) using
a heated stream of nitrogen at a flow rate of 1
standard ffVmin. The heated gas entered the chamber at
an inlet temperature of 85C and exited at anoutlet
temperature of 22C. The resulting solid amorphous
dispersion was collected on Whatman # 1 microcellulose
filter media ( 11 mm pore size, 11 cm outer diameter),
dried under vacuum, and stored in a desiccator. The
dispersion contained 25.4 wt%
4-Amino-1-benzyl-6-trifluoromethyl-1,3-dihydroimidazo[
4,5-c]pyridine-2-one, 4.9 wt% potassium cations, and
69.7 wt% HPMC. The yield was about 60%. For the
avoidance of doubt, references herein to "treatment"
include references to curative, palliative and
prophylactic treatment. The following schemes
illustrate general methods for the preparation of
compounds of formula (I), and intermediates thereto.
It will be appreciated by those skilled in the art
that certain of the procedures described in the
schemes for the preparation of compounds of formula
(I) or intermediates thereto may not be applicable to
some of the possible substituents. It will be further
appreciated by those skilled in the art that it may be
necessary or desirable to carry out the
transformations described in the schemes in a
different order from that described, or to modify one
or more of the transformations, to provide the desired
compound of formula (I). It will be still further
appreciated by those skilled in the art that, as
illustrated in the schemes that follow, it may be
necessary or desirable at any stage in the synthesis
of compounds of formula (I) to protect one or more
sensitive groups in the molecule so as to prevent
undesirable side reactions. In particular, it may be
necessary or desirable to protect amino groups. The
protecting groups used in the preparation of compounds
of formula (I) may be used in conventional manner.
See, for example, those described in 'Protective
Groups in Organic Synthesis' by Theodora W Green and
Peter G M Wuts, third edition, (John Wiley and Sons,
1999), in particular chapter 7, pages 494-653
("Protection for the Amino Group"), incorporated
herein by reference, which also describes methods for
the removal of such groups. The amino protecting
groups boc, benzyloxycarbonyl, benzyl and acetyl are
of particular use in the preparation of compounds of
formula (I) and intermediates thereto. Unless
otherwise indicated, R1 to R7 and Y in the schemes are
as defined herein. PG1 and PG2 are nitrogen protecting
groups. The compounds of formula (I) may be prepared
as depicted in Scheme 1, and preparations 1 to 27 



hereinafter further illustrate scheme 1. It will be
appreciated that the amino protected group N(PGI)(PG
2) in formulae (XVII) to (XIX) is some instances may
be N(H)PG1.Scheme 1 Scheme 1 depicts a variety of
means of accessing compounds of formula (I).a) A
commercially available nitrile (II), or nitrile (II)
prepared by any of the standard methods described in
the chemical literature, is reacted with a halo
acetate (III), such as ethylbromoacetate for example,
in the presence of a source of Zn. Tet. Letts, 1997,
38, 443-446 describes this conversion to afford an
enamine of general structure (IV) provided basic
conditions are applied to isolate the product. b) If
acidic conditions are applied to Step a) above, the
ketoester (V) is produced, which may then be
reconverted to enamine (IV) in a separate step using a
source of ammonia, for example ammonium acetate. In
this way, a variety of ketoesters of general structure
(V) can intercept the above synthetic route at
intermediate (IV). c) The enamine (IV) may then be
reacted with a dialkyl malonate (VIl) under basic
conditions such as sodium ethoxide, sodium hydride or
potassium tert-butoxide to give (VIII). J. Org. Chem.,
1981 , 46 (15), 3040-3048 describes examples of this
transformation, d) Alternatively, the enamine (IV) may
be reacted with malonyl dichloride (Vl) to give the
amidated form (IX) in the presence of a suitable base
such as potassium carbonate or triethylamine. e) (IX)
may then be reacted with a suitable base in a separate
step to ring close to the pyridine (VIII). Suitable
bases include sodium ethoxide, sodium hydride or
potassium tert-butoxide. f) (VIII) is then saponified
under either acidic or basic conditions to provide the
corresponding acid, for example HCI, HBr, sulfuric
acid, sodium hydroxide or lithium hydroxide which
under the influence of heat, spontaneously
decarboxylates to give the pyridine (X). An example of
this transformation is described in WO01 10 1949. g)
(X) may be nitrated using any literature conditions
known to those skilled in the art, for example using
mixtures of nitric and sulfuric acid or mixtures of
acetic and nitric acid to provide the nitro pyridine
(Xl). For example, Bioorg. Med. Chem. Lett., 1996, 6
(2), 173-178, describes such a transformation. h) (Xl)
may be chlorinated using a variety of conditions which
convert hydroxyl groups to chlorines, such as thionyl
chloride or phosphorus oxychloride to give (XII). It
will be appreciated by those skilled in the art that
the two hydroxyl groups may be chlorinated separately,
or converted to an alternative leaving group such as
another halogen atom, or an activated ester such as a
methane sulfonate ester or a trifluorom ethyl
sulfonate ester. Examples of all of these processes
are included in the sections below. i) (XII) is
reacted with an amine of general formula R3YNH2 which
preferentially reacts at the 4- chloro group to give
(XIII). Dependent on the nature of the R3Y grouping,
some displacement of both chlorine groups or a minor
amount of displacement at the 2-chloro group can
occur, but does not detract from the ability to secure
predominantly (XIII). j) (XIII) is then reacted with
ammonia or an ammonia equivalent such as ammonium
acetate to give (XIV). k) (XIV) may then be reduced
under any of the conditions known in the literature to
reduce a nitro aromatic compound to an amine using for
example iron or tin in HCI, hydrogenation in the
presence of a transition metal catalyst such as
palladium, platinum or nickel or a chemical reductant
such as lithium aluminium hydride to give (XV).I) (XV)
may then be reacted with a source of C=O such as
1,1-carbonyldiimidazole or phosgene to give mixtures
of the imidazolones (XVI) and (I), from which (I) may
be obtained by careful chromatographic purification.
m) Alternatively, (XIII) may be reacted with a
protected form of ammonia, in which two of the
hydrogen atoms are replaced with two groups which can
later removed under mild conditions, such as
dibenzylamine or diallylamine. See, for example, those
groups described in 'Protective Groups in Organic
Synthesis' by Theodora W Green and Peter G M Wuts,
third edition, (John Wiley and Sons, 1999), in
particular chapter 7, pages 494-653 ("Protection for
the Amino Group"), for alternatives to these examples.
n)-o) See steps k)-l). p) (XlX) is then deprotected
under a variety of conditions suitable for removal of
the protecting groups PG1 and PG2 to give (I). See,
for example, those groups described in 'Protective
Groups in Organic Synthesis' by Theodora W Green and
Peter G M Wuts, third edition, (John Wiley and Sons,
1999), in particular chapter 7, pages 494-653
("Protection for the Amino Group"), and the conditions
for their removal. q) Alternatively, (XIII) can be
protected as an alkyl carbamate, R13CO2X where R13 is
a Ci.6 alkyl X is halo, preferably using a strong base
such as sodium hydride, potassium tert-butoxide or
lithium diisopropylamide in combination with an
appropriate acylating agent such as ethylchloroformate
or any other alkyl or aryl chloroformate, cyanoformate
or anhydride, to form (XX). r) Steps j) and k) may be
applied to (XX) as above, and the products from this
sequence can then be regioselectively cyclised to (I)
by simple treatment with a protic acid such as acetic
or formic acid. An alternative version of the
intermediate (XVII) in which a halogen atom is present
at the C2 position, and forms a suitable intermediate
(XXVII in scheme 2) for further manipulation can also
be used according to scheme 2 below to prepare
compounds of general formula (I).Thus, a commercially
available dihalopyridine (e.g. dibromo, XXI), can be
taken through a number of steps to provide a range of
analogues of general formula (I). a)-e) Commercially
available dibromopyridine (XXI) can be manipulated
according to a modified literature procedure
(described in WO2005026164) to give the intermediate
(XXVI). Many of the steps between (XXI) and (XXVI)
rely on either thermally hazardous reagents or
generate potentially thermally hazardous products and
should therefore be handled with caution. f) (XXVI) is
reacted using a variety of conditions which are known
to generate a diazonium species from an amino group,
for example nitrous acid, generated in situ from HCI
and sodium nitrite, conditions which replace the
diazonium species with a Cl atom. The transformation
of (XXVI) to the pivotal intermediate (XXVII) may then
be completed by addition of an excess of an amine to
the crude chloride, for examplebenzylamine. This step
replaces both the C2 and the C4 halogen atoms with the
amine group. Any primary or secondary amine groups are
suitable for this transformation. g)-i) The C2 halogen
atom in (XXVII) can then be reacted under a variety of
conditions to replace the C2 halogen group with a
variety of functional groups, to allow access to a
range of substituted products (I). For example, a
heterocyclic coupling to (XXVII) using a range of
organometallic reagents such as boronic acids,
zincates, magnesium reagents, cuprates, stannanes etc.
gives (XXVIII), a vinyl organometallic reagent such as
vinyl tributyl stannane and a palladium catalyst such
as Pd(PPh3)4 gives the vinyl species 



(XXX) and a carbonylation reaction, in which (XXVII)
is treated with CO gas under pressure in the presence
of a base such as triethylamine and a palladium
catalyst to give acyl products of general structure
(XXIX). Compounds of structure (XXVIII) and (XXIX) can
then be coverted to compounds of formula (I) in
accordance with steps n, o, and p of scheme 1. j)-l)
(XXX) can then be manipulated by oxidation to give the
aldehyde (XXXII) and then either (XXXII) or (XXXI) can
be treated with an amine in the presence of a base
such as triethylamine or a reducing agent such as
sodium triacetoxyborohydride respectively to give the
products (I) (following steps n, o and p of schmeme
1). An alternative version of intermediate (XIII) can
be prepared according to Scheme 3 and then taken
through to compounds of formula (I) as follows. Scheme
3 d) (XXXXI) (I)a)-e) Steps a)-e) are similar in
nature to those described for Scheme 1, except that
the monohalide (XXXIV) is prepared to ensure
regiochemical integrity of the C6 and the C4
substituents in (XXXVl). f) (XXXVIII) may be
brominated under a variety of conditions known to
those skilled in the art, such as bromine water in a
non-polar solvent such as DCM or MeCN to give the
C3-bromide (XXXIX). g) (XXXIX) may then be
carbonylated using CO gas under pressure in the
presence of a base such as triethylamine, an alcohol
such as methanol and a palladium catalyst such as
Pd(PPh3 4 to give the ester (XXXX). h)-i) (XXXX) may
then be reacted with an amine NR6R7 to give the amides
(XXXXI), which may be deprotected as above to give the
products (I). An alternative synthesis of the
intermediate (Xl) is shown in Scheme 4 below. Scheme 4
(XXXXIII) (XXXXIV a) Any nitrile (XXXXII) which
possesses a methylene group adjacent to the nitrile
function may be reacted with malonyl dichloride
(XXXXIII) to provide the pyridines (XXXXIV). This
transformation is described in Synthesis, 1984,
765-766. b) The pyridines (XXXXIV) may then be
nitrated using any literature conditions known to
those skilled in the art, for example using mixtures
of nitric and sulfuric acids or mixtures of acetic and
nitric acid to provide the nitro pyridine (XXXXV). c)
The chlorine atom in (XXXXV) can then be coupled under
a variety of conditions in which a reactive
organometallic reagent can be treated with (XXXXV) in
the presence of a transition metal catalyst, for
example a stannane, zincate or boronic acid in the
presence of a palladium catalyst,to give the
substituted pyridine (Xl). In the cases where R1=H, a
simple hydrogenation in the presence of a suitable
catalyst such as palladised charcoal or palladium
hydroxide is effective. A further alternative
synthesis of the intermediate (X) is shown in Scheme 5
below. Scheme 5 In this method, a malonyl ester,
preferably a diphenyl ester (XXXXVI) is reacted with a
Schiff's base (XXXXVII) and heated to produce the
pyridine of general formula (X). A further alternative
means of accessing compounds of general formula (X) is
shown in Scheme 6. Scheme 6 (XXXXVIII) (XXXXIX) c)
NHa) Ketoacids of general formula (XXXXVIII), which
are either available commercially or can be made
directly by saponification of ketoesters of formula
(V) are reacted with a source of C=O, such as
1,1-carbonyldiimidazole in a suitable solvent at
elevated temperature to produce the cyclised pyranones
(XXXXIX). b) (XXXXIX) is treated with a strong mineral
acid such as sulfuric acid or hydrochloric acid to
eliminate the C3-acyl substituent and give the
pyranones (L). c) (L) may be reacted with a source of
ammonia such as concentrated aqueous ammonium
hydroxide under heating to convert the pyranone ring
into the pyridines (X), to intercept the same
intermediate described in Scheme 1. Alternatively,
several pyranones of general formula (L) are available
from commercial sources, which can be applied directly
to Step c. Conversion of compounds of general formula
(L) to those of general formula (X) is described in
several sources, for example WO9504730. An alternative
means of accessing compounds of general formula (XIX)
is shown in Scheme 7. Scheme 7 a) Commercially
available dichloropyridines of general formula (Ll)
can be reacted with an amine of formula R3YNH2 to
selectively displace the 4-chloro group to give the
pyridines (LII). b) (LII) can then be reacted with a
protected form of ammonia PG1NH2 or PG1PG2NH to
displace the 2-chloro group, in which two of the
hydrogen atoms are replaced with two groups which can
later removed under mild conditions, such as
benzylamine, allylamine, dibenzylamine or
diallylamine. See, for example, those groups described
in 'Protective Groups in Organic Synthesis' by
Theodora W Greene and Peter G M Wuts, third edition,
(John Wiley and Sons, 1999), in particular chapter 7,
pages 494-653 ("Protection for the Amino Group"), for
alternativesto these examples. If an excess of the
amine group from Step a, R3YNH2 is used, this group
can displace both the 2 and the 4-chloro groups. c)
The ester of (LIIl) may be hydrolysed under a variety
of conditions which are known to deprotect esters, for
example sodium hydroxide or lithium hydroxide to give
the acid (LIV). See, for example, those conditions
described in 'Protective Groups in Organic Synthesis'
by Theodora W Greene and Peter G M Wuts, third
edition, (John Wiley and Sons, 1999), in particular
chapter 5, pages 373-441 ("Protection for the Carboxyl
Group"), for alternatives to these reagents. d) (LIV)
may then be reacted with a reagent which is known to
convert an acid into an acyl azide, for example
diphenylphosphoryl azide. Under the influence of heat,
the intermediate acyl azide undergoes a rearrangement
in which an isocyanate is produced and is trapped
internally by 4- amino substituent to give the
imidazolones (XIX), thereby intercepting the same
intermediate described in Scheme 1. An alternative
means of accessing compounds of general formula (I) is
shown in Scheme 8. Scheme 8 (LIX) a) (LVI), prepared
according to Org. BioMol. Chem., 2003, 1, 1354-1365,
may be halogenated by reaction of the amino group in
(LVI) with an activating reagent, for example isoamyl
nitrite and a halogenating agent such as diiodo or
dibromomethane to give the halogenated material
(LVII). b) (LVII) may then undergo a variety of
transition metal-mediated coupling reactions in which
the 



iodo group is selectively reacted with, for example, a
terminal alkyne. For examples of this transformation
on an imidazole template, see J. Med. Chem., 34(2),
1991, 778-786c) (LVIII) may then be reacted with
ammonia, to cyclise the alkynyl-nitrile to a pyridine
ring. For examples of this transformation on an
imidazole template, see for example Tetrahedron,
49(3), 1993, 557-570. d) The bromine atom in (LIX) may
then be hydrolysed under either strongly acidic
conditions, for example hydrochloric acid or sulfuric
acid, or reacted with a nucleophilic source of OH,
such as sodium hydroxide or sodium methoxide, followed
by a milder acidic hydrolysis to give (I). The
intermediate (LVIII) can also be used according to
Scheme 9 below to prepare compounds of general formula
(I). Scheme 9 e) (LVIII) may be reacted with an
alcohol, for example methanol, ethanol, propanol, or
any other alcohol, to form the acetal (LX) under mild
heating. f) The acetal (LX) may then undergo
hydrolysis under any conditions which are known to
hydrolyse acetals or ketals to ketones, for example
aqueous hydrochloric acid. See, for example, those
conditions described in 'Protective Groups in Organic
Synthesis' by Theodora W Green and Peter G M Wuts,
third edition, (John Wiley and Sons, 1999), in
particular chapter 4, pages 297-347 ("Protection for
the Carbonyl Group"), for alternatives to these
conditions. g) The ketone (LXI) may then be alkylated
in the presence of a suitable base such as sodium
hydride, potassium tert-butoxide or potassium
carbonate and an alkylating agent such as an alkyl
halide, alkyl sulfonate or alkyl trifluoromethane
sulfonate to give (LXII). h) (LXII) may then be
reacted with ammonia, to cyclise the keto-nitrile to a
pyridine ring.i) The bromine atom in (LXIII) may then
be hydrolysed under either strongly acidic conditions,
for example hydrochloric acid or sulfuric acid, or
reacted with a nucleophilic source of OH, such as
sodium hydroxide or sodium methoxide, followed by a
milder acidic hydrolysis to give (I). During the
alcoholysis Step e, elevated temperature can lead to
the bromine atom being displaced with an alcohol,
which will then introduce an alternative means of
introducing the oxo group in (I). Schemes 8 and 9 are
illustrated using bromo (which is preferred), but it
will be appreciated that other halo atoms can also be
used. An alternative synthesis of the intermediate
(XVII) is shown in Scheme 10 below. Scheme 10 (LXIV)
(LXV) (LXVI) a) (LXIV) may be treated under any
nitration conditions known to those skilled in the
art. It is known that transformations of this type
proceed through an intermediate N-nitro analogue. For
example, see the analogous chemistry described in
WO2005026164. b) (LXV) is treated with HBr to convert
the chlorine atoms to bromines (LXVI). c) (LXVI) is
then treated with any conditions known to those
skilled in the art which convert an amino group to an
N-nitroso or diazonium group, which is then treated
with HCI to produce the chloride (LXVII). d) (LXVII)
is treated with an amine PG1NH, for example
benzylamine to displace both the 4-chloro and the
2-bromo groups to give (LXVIII). e) The remaining
6-bromo group can then be used to introduce a variety
of substituents using transition metal-mediated
methods, for example Pd-catalysed carbonylation,
organometallic cross-coupling reactions via Sn, Zn, or
B reagents or with Li or Mg reagents using Fe or Ni
ascatalysts. In the example shown, a carbonylation
produces the particular analogue (LXIX) shown. This
can then be converted to a compound of formula (I) in
accordance with steps n, o and p of scheme 1. . An
alternative means of accessing compounds of general
formula (XIX) is shown in Scheme 11. Scheme 11 (LXX )
- ') (LXXIl) (LXXIlI) a) (LXX) is sequentially
halogenated to give the dihalopyridine (LXXI) under a
variety of conditions which can introduce a halogen
atom, for example NCS, NBS, NIS, bromine water etc. b)
(LXXI) is then treated with an amine of general
structure R3YNH2 to give a mixture of the two
compounds (LXXII) and (LXXIII). c)-e) The desired
compound, (LXXII) may then be cyclised, the remaining
halogen displaced and then final deprotection may give
(I). A further method of preparing compounds of
general formulae (X), (Xl) and (I) is shown in Scheme
12.Scheme 12 (I) a) Thus, a commercially available
amide of formula (LXXV) may be reacted with a malonyl
diester, for example a
dialkyl-1,3-acetonedicarboxylate in the presence of a
strong base, under conditions which lead to the in
situ formation of a nitrile, via dehydration of the
starting amide, for example using a common dehydrating
agent such as POCI3, SOCI2, PPA or triflic anhydride.
These conditions lead directly to the formation of the
dihydroxypyridine (X). b) (X) may be nitrated
according to the methods described in Scheme 1 to give
(Xl). c) (X) may be saponified and decarboxylated
according to the methods described in Scheme 1. d and
e) (X) or (Xl) can then be converted to compounds of
formula (I) using any of the methods described in
Scheme 1. Methods to prepare prodrug derivatives of
(I) are shown in Scheme 13 below. (D Scheme 13
Reaction of active parent compounds with a reagent
which features the group R4 or R5 attached to a
suitable leaving group in the presence of a suitable
base provides prodrug derivatives of (I). Suitable
reagents include but are not limited to alkyl halides,
acid chlorides, chloroformates and carbamoyl chlorides
shown below.Suitable bases include triethylamine,
diisopropylethylamine, potassium carbonate, cesium
carbonate, sodium hydride and n-butyllithium. A range
of solvents can also be used to effect this
transformation, including but not limited to THF,
acetonitrile, dimethylformamide, dichloromethane and
diethyl ether. The specific choice of both solvent and
base can influence the regioselectivity of the
alkylation/acylation reaction i.e. whether the
reacting group is appended to the O atom (R5) or the N
atom (R4). For example, the reaction of a parent
molecule with ethyl chloroformate in the presence of
triethylamine in DCM will give predominantly O
acylation. All of the above reactions and the
preparations of novel starting materials disclosed in
the preceding methods are conventional and appropriate
reagents and reaction conditions for their performance
or preparation as well as procedures for isolating the
desired products will be well known to those skilled
in the art with reference to literature precedents and
the examples and preparations hereto. The compounds of
the invention are useful because they have
pharmacological activity in mammals, including humans.
More particularly, they are useful in the treatment of
a disorder in which the 



modulation, especially agonism, of TLR7 is implicated.
In a further aspect, the invention further provides a
compound of formula (I) or a pharmaceutically
acceptable salt or solvate thereof for the treatment
of a disorder or condition where modulation of TLR7
receptor is implicated. Thus the invention provides a
compound of formula (I) or a pharmaceutically
acceptable salt or solvate thereof for the treatment
of a disorder or condition where modulation of TLR7
receptor is known, or can be shown, to produce a
beneficial effect. In a yet further aspect, the
compounds of the invention are useful in the treatment
of viral infections , scuh as infections caused by an
adenovirus, a herpesvirus (e.g., HSV-I, HSV-II, CMV,
or VZV), a poxvirus (e.g., an orthopoxvirus such as
variola or vaccinia, or molluscum contagiosum), a
picornavirus (e.g., rhinovirus or enterovirus), an
orthomyxovirus (e.g., influenzavirus), a paramyxovirus
(e.g., parainfluenzavirus, mumps virus, measles virus,
or respiratory syncytial virus (RSV)), a coronavirus
(e.g., SARS), a papovavirus (e.g., papillomaviruses,
such as those that cause genital warts, common warts,
or plantar warts), a hepadnavirus (e.g., hepatitis B
virus), a flavivirus (e.g., hepatitis C virus or
Dengue virus), a retrovirus (e.g., a lentivirus such
as HIV) or a filovirus (e.g., ebola virus or marbug
virus).In a further aspect, the compounds of the
invention are useful in the treatment of Hepatitis C
viral infection. In a yet further aspect, the
compounds of the invention are useful to treat tumors
or cancers including but not limited to carcinomas,
sarcomas, and leukemias, e.g. squamous cell carcinoma,
renal cell carcinoma, Kaposi's sarcoma, melanoma,
renal cell carcinoma, myelogeous leukemia, chronic
lymphocytic leukemia, multiple myeloma, non- Hodgkin's
lymphoma. In a yet further aspect, the compounds of
the invention are useful to treat bacterial, fungal,
and protozoal infections including but not limited to
infections caused by bacteria of the genus
Escherichia, Enterobacter, Salmonella, Staphylococcus,
Klebsiella, Proteus, Pseudomonas, Streptococcus,
Chlamydia; or fungal infections such as candidiasis,
aspergillosis, histoplasmosis, cryptococcal
meningitis. In a yet further aspect, the compounds of
the invention are useful to treat T- helper cells
(Th2) mediated diseases (see e.g. Dabbagh et al., Curr
Opin Infect Dis 2003, 16: 199-204, incorporated herein
by reference), including but not limited to atopic
diseases, such as atopic dermatitis or eczema,
eosinophilia, asthma, allergy, allergic rhinitis. In a
yet further aspect, the compounds of the invention are
useful for the treatment of damaged or ageing skin
such as scarring and wrinkles. In a yet further
aspect, the compounds of the invention are useful in
the treatment of autoimmune diseases, such as Crohns
disease and inflammatory bowel disease. The compounds
of formula (I) and the pharmaceutically acceptable
salts or solvates hereof, may be administered alone or
as part of a combination therapy. Thus included within
the scope of the present invention are embodiments
comprising co-administration of, and compositions
which contain, in addition to a compound of the
invention, one or more additional therapeutic agents.
In one embodiment, combinations of the present
invention include treatment with a compound of formula
(I) or a pharmaceutically acceptable salt or solvate
thereof, and one or more additional agents having
anti-HCV activity, i.e. agents which can inhibit a
target such as, but not limited to, HCV NS3 protein,
HCV NS5A protein, HCV NS4B protein, HCV polymerase,
HCV metalloprotease, HCV serine protease, HCV
helicase, p7 protein. Examples of such agents include,
but are not limited to, interferons, pegylated
interferons (e.g. peginterferon alfa-2a and
peginterferon alfa-2b), long-acting interferons (e.g.
albumininterferon alfa), lamivudine, ribavarin,
emtricitabine, viramidine, celgosivir, valopicitabine,
HCV-086, HCV-796, EMZ702, BILN2061, IDN6566, NM283,
SCH 6 and VX-950.In a further embodiment, combinations
of the present invention include treatment with a
compound of formula (I) or a pharmaceutically
acceptable salt or solvate thereof, and one or more
TLR agonists e.g. agonists of TLR3, TLR7, TLR8 or TLR9
receptors. In a further embodiment, combinations of
the present invention include treatment of HCV-HIV
co-infection with a compound of formula (I) or a
pharmaceutically acceptable salt or solvate thereof,
and one or more additional antiviral agents selected
from HIV protease inhibitors (PIs), non-nucleoside
reverse transcriptase inhibitors (NNRTIs),
nucleoside/nucleotide reverse transcriptase inhibitors
(NRTIs), CCR5 antagonists, agents which inhibit the
interaction of gp120 with CD4, agents which inhibit
the entry of HIV into a target cell (such as fusion
inhibitors), integrase inhibitors, prenylation
inhibitors , RNaseH inhibitors and maturation
inhibitors. Examples of NNRTIs include, but are not
limited to, efavirenz, HBY-097, nevirapine, TMC-120
(dapivirine), TMC-125, etravirine, delavirdine,
DPC-083, DPC-961, capravirine, rilpivirine,
5-{[3,5-Diethyl-
1-(2-hydroxyethyl)-1H-pyrazol-4-yl]oxy}isophthalonitri
le or pharmaceutically acceptable salts, solvates or
derivatives thereof; GW-678248, GW-695634, MIV-150,
calanolide, and tricyclic pyrimidinone derivatives as
disclosed in WO 03/062238. Examples of CCR5
antagonists include, but are not limited to, TAK-779,
SC-351125, ancriviroc (formerly known as SCH-C),
vicriviroc (formerly known as SCH-D), maraviroc,
PRO-140, aplaviroc (also known as GW-873140, Ono-4128,
AK-602), AMD-887 CMPD-167, methyl
1-endo-{8-[(3S)-3-(acetylamino)-3-(3-
fluorophenyl)propyl]-8-azabicyclo[3.2.1]oct-3-yl}-2-me
thyl-4,5,6,7-tetrahydro-1H-imidazo[4,5-c]pyridine-5-
carboxylate or pharmaceutically acceptable salts,
solvates or derivatives thereof, methyl
3-endo-{8-[(3S)-
3-(acetamido)-3-(3-fluorophenyl)propyl]-8-azabicyclo[3
.2.1]oct-3-yl}-2-methyl-4,5,6,7-tetrahydro-3Himidazo[
4,5-c]pyridine-5-carboxylate or pharmaceutically
acceptable salts, solvates or derivatives thereof,
ethyl
1-endo-{8-[(3S)-3-(acetylamino)-3-(3-fluorophenyl)prop
yl]-8-azabicyclo[3.2.1]oct-3-yl}-2-methyl-
4,5,6,7-tetrahydro-1H-imidazo[4,5-c]pyridine-5-carboxy
late or pharmaceutically acceptable salts, solvates or
derivatives thereof, and
N-{(1S)-3-[3-endo-(5-lsobutyryl-2-methyl-4,5,6,7-tetra
hydro-1H-imidazo[4,5-
c]pyridin-1-yl)-8-azabicyclo[3.2.1]oct-8-yl]-1-(3-fluo
rophenyl)propyl}acetamide) or pharmaceutically
acceptable salts, solvates or derivatives thereof.
Examples of entry and fusion inhibitors include, but
are not limited to, BMS-806, BMS-488043, 5-{(1S)-2-
^RJ^-Benzoyl^-methyl-piperazin-i-ylJ-i-methyl^-oxo-eth
oxyM-methoxy-pyridine^-carboxylic acid methylamide and
4-{(1 S)-2-[(2R)-4-Benzoyl-2-methyl-piperazin-1 -yl]-1
-methyl-2-oxo-ethoxy}-3-methoxy- N-methyl-benzamide,
enfuvirtide (T-20), sifuvirtide SP-01A, T1249, PRO
542, AMD-3100, soluble CD4, compounds disclosed in JP
2003171381, and compounds disclosed in JP 2003119137.
Examples of inhibitors of HIV integrase include, but
are not limited to, L000870810, GW-810781, 1,5-
naphthyridine-3-carboxamide derivatives disclosed in
WO 03/062204, compounds disclosed in WO 03/047564,
compounds disclosed in WO 03/049690, and
5-hydroxypyrimidine-4-carboxamide derivativesdisclosed
in WO 03/035076, MK-0518
(5-(1,1-dioxo-1,2-thiazinan-2-yl)-N-
(4-fluorobenzyl)-8-hydroxy-1 ,6-
naphthyridine-7-carboxamide- disclosed in WO
03016315), GS-9137 (JTK-303). Examples of prenylation
inhibitors include, but are not limited to, HMG CoA
reductase inhibitors, such as statins (e.g.
atorvastatin). Examples of maturation inhibitors
include 3-O-(3'3'-dimethylsuccinyl) betulic acid
(otherwise known as 



PA-457) and alphaHGA. In yet a further embodiment,
combinations of the present invention include
treatment with a compound of formula (I), or a
pharmaceutically acceptable salt, solvate or polymorph
thereof, and one or more additional agents such as,
but not limited to, antifungals, e.g. fluconazole,
fosfluconazole, itraconazole or voriconazole;
antibacterials e.g. azithromycin or clarithromycin;
interferons, daunorubicin, doxorubicin, and paclitaxel
for the treatment of AIDS related Kaposi's sarcoma;
and cidofovir, fomivirsen, foscarnet, ganciclovir and
valcyte for the treatment of cytomegalovirus (CMV)
retinitis. In yet a further embodiment, combinations
of the present invention include treatment with a
compound of formula (I), or a pharmaceutically
acceptable salt or solvate thereof, and one or more
additional therapeutic agents that enhance the body's
immune system, including low-dose cyclophosphamide,
thymostimulin, vitamins and nutritional supplements
(e. g., antioxidants, including vitamins A, C, E,
betacarotene, zinc, selenium, glutathione, coenzyme
Q-10 and echinacea), and vaccines, e.g., the
immunostimulating complex (ISCOM), which comprises a
vaccine formulation that combines a multimeric 5
presentation of antigen and an adjuvant. Further
combinations for use according to the invention
include combination of a compound of formula (I), or a
pharmaceutically acceptable salt or solvate thereof
with a CCR1 antagonist, such as BX-471 ; a beta
adrenoceptor agonist, such as salmeterol; a
corticosteroid agonist, such as fluticasone
propionate; a LTD4 antagonist, such as montelukast; a
muscarinic antagonist, such as tiotropium bromide; a
PDE4 inhibitor, such as cilomilast or roflumilast; a
COX-2 inhibitor, such as celecoxib, valdecoxib or
rofecoxib; an alpha-2-delta ligand, such as gabapentin
or pregabalin; a TNF receptor modulator, such as a
TNFalpha inhibitor (e.g. adalimumab); or an
immunosuppressant, such as cyclosporin or a macrolide
such as tacrolimus. There is also included within the
scope the present invention, combinations of a
compound of formula (I), or a pharmaceutically
acceptable salt or solvate thereof, together with one
or more additional therapeutic agents which slow down
the rate of metabolism of the compound of the
invention, thereby leading to increased exposure in
patients. Increasing the exposure in such a manner is
known as boosting. This has the benefit of increasing
the efficacy of the compound of the invention or
reducing the dose required to achieve the same
efficacy as an unboosted dose. The metabolism of the
compounds of the invention includes oxidative
processes carried out by P450 (CYP450) enzymes,
particularly CYP 3A4 and conjugation by UDP
glucuronosyl transferase and sulphating enzymes. Thus,
among the agents thatmay be used to increase the
exposure of a patient to a compound of the present
invention are those that can act as inhibitors of at
least one isoform of the cytochrome P450 (CYP450)
enzymes. The isoforms of CYP450 that may be
beneficially inhibited include, but are not limited
to, CYP1A2, CYP2D6, CYP2C9, CYP2C1 9 and CYP3A4.
Suitable agents that may be used to inhibit CYP 3A4
include, but are not limited to, ritonavir, saquinavir
or ketoconazole. In the above-described combinations,
the compound of formula (I) or a pharmaceutically
acceptable salt or solvate thereof and other
therapeutic agent(s) may be administered, in terms of
dosage forms, either separately or in conjunction with
each other; and in terms of their time of
administration, either simultaneously or sequentially.
Thus, the administration of one component agent may be
prior to, concurrent with, or subsequent to the
administration of the other component agent(s). It is
to be appreciated that all references herein to
treatment include curative, palliative and
prophylactic treatment. It will be appreciated that
the invention includes the following aspects. (i) A
compound of formula (I) or a tautomer thereof or a
pharmaceutically acceptable salt or solvate of said
compound or tautomer; (ii) A pharmaceutical
composition comprising a compound of formula (I) as
defined in any one of the preceding claims,or a
tautomer thereof or a pharmaceutically acceptable salt
or solvate of said compound or tautomer, together with
one or more pharmaceutically acceptable excipients;
(iii) A compound of formula (I) or a tautomer thereof
or a pharmaceutically acceptable salt or solvate of
said compound or tautomer for use as a medicament;
(iv) A compound of formula (I) or a tautomer thereof
or a pharmaceutically acceptable salt or solvate of
said compound or tautomer for the treatment of a
disorder or condition in which modulation of the TLR7
receptor is implicated; (v) Use of a compound of
formula (I) or a tautomer thereof or a
pharmaceutically acceptable salt or solvate of said
compound or tautomer in the preparation of a
medicament for the treatment of a disorder or
condition in which modulation of the TLR7 receptor is
implicated; (vi) A pharmaceutical composition
including one or more additional therapeutic agents;
(vii) A pharmaceutical product (such as in the form of
a kit) comprising a compound of formula (I) or a
tautomer thereof or a pharmaceutically acceptable salt
or solvate of said compound or tautomer, together with
an additional therapeutically active agent as a
combined preparation for simultaneous, separate or
sequential use in the treatment of a disorder in which
modulation of the TLR7 receptor is implicated. (viii)
use of a compound of formula (I) or a tautomer thereof
or a pharmaceutically acceptable salt or solvate of
said compound or tautomer in the preparation of a
medicament for use in combination with an additional
therapeutically active agent for simultaneous,
separate or sequential use in the treatment of a
disorder in which modulation of the TLR7 receptor is
implicated. (ix) A method of treatment of a disorder
or condition where modulation of TLR7 receptor is
implicated in a mammal, comprising administering to
said mammal a therapeutically effective amount of a
compound offormula (I) a tautomer thereof or a
pharmaceutically acceptable salt or solvate of said
compound or tautomer. (x) a process for the
preparation of a compound of formula (I) or a tautomer
thereof or a pharmaceutically acceptable salt or
solvate of said compound or tautomer. (xi) certain
novel intermediates disclosed herein. The invention is
illustrated by the following non-limiting examples in
which the following abbreviations and definitions are
used: Arbocel(r) Filtration agent, from J. Rettenmaier
& Sohne, Germany APCI+ Atmospheric Pressure Chemical
lonisation (positive scan) Bn Benzyl br Broad d
Doublet dd Doublet of doublets DMSO Dimethylsulfoxide
ELSD Evaporative Light Scattering Detection ES+
Electrospray ionisation positive scan. ESI
Electrospray ionisation (positive or negative scan) eq
Equivalent 



HRMS High Resolution Mass Spectroscopy 1H NMR Proton
Nuclear Magnetic Resonance Spectroscopy LC-MS Liquid
Chromatography - Mass Spectrometry LRMS Low Resolution
Mass Spectroscopy m Multiplet m/z Mass spectrum peak
Reacti-VialTM Reaction Vial available from Fisher
Scientific, US q Quartet s Singlet t Triplet D
Chemical shift denotes the point of attachment Example
1
4-Amino-1-benzyl-6-cvclopropyl-1.3-dihvdro-imidazor4,5
-c1pyridin-2-one4-Allylamino-1-Benzyl-6-cyclopropyl-1
,3-dihydro-imidazo[4,5-c]pyridin-2-one (70mg, 0.2mmol)
was dissolved in ethanol (2mL) and 10% Pd-C (70mg,
w/w) was added followed by dropwise addition of BF3OEt
2 (27Dl, 0.2mmol). The mixture was heated at reflux
under N2 overnight. The mixture was allowed to cool to
room temperature and filtered through arbocel, rinsing
with fresh EtOH and the filtrate was concentrated in
vacuo to give the crude (150mg). Column chromatography
through silica eluting with 98:2(r) 95:5 DCM:MeOH gave
the title compound (17mg) as an off white solid. 1H
NMR (CD3OD) D 7.35-7.27 (m, 5H), 6.26 (s, 1H), 5.00
(s, 2H), 1.89-1.82 (m, 1H), 0.85-0.80 (m, 2H),
0.77-0.73 (m, 2H); HRMS for C16H16N4O calculated
281.1397, found 281.1395. Example 2
4-Amino-1-benzyl-6-methyl-1,3-dihvdro-imidazo
f4,5-c1pyridin-2-one
1-Benzyl-4-dibenzylamino-6-methyl-1,3-dihydro-imidazo[
4,5-c]pyridin-2-one (34mg, 0.08mmol) was suspended in
ethanol (5mL) and hydrogenated over 10% Pd(OH)2 (7mg)
at room temperature, 60psi for 6 hours. The reaction
mixture was filtered through a short plug of Arbocel
and the filtrate was then evaporated in vacuo to an
opaque gum. The gum was dissolved in methanol and
preabsorbed onto silica gel and was then purified by
column chromatography, eluting with 5% methanol in
EtOAc. Appropriate fractions were combined and
evaporated in vacuo to give the title compound as a
white solid, 7mg. 1H NMR (CD3OD) D 2.31 (s, 3H), 5.01
(s, 2H), 6.40 (s, 1H), 7.31 (m, 5H). LRMS (ES+) m/z
255 (MH+). Example
31-Benzyl-4-amino-6,7-dimethyl-1,3-dihvdro-imidazof4,5
-clpyriclin-2-one
1-Benzyl-4-diallylamino-6,7-dimethyl-1,3-dihydro-imida
zo[4,5-c]pyridin-2-one (358mg, 1mmol) was taken up in
water (1OmL) and acetonitrile (25ml_) and RhCI(PPh3)3
(286mg, 0.3mmol) was added in one portion and the
mixture then heated at reflux for 16h. The mixture was
allowed to cool to room temperature, and then
concentrated in vacuo, and the residue purified by
column chromatography on silica gel using a gradient
of 95:5-"85:15 DCMrMeOH to afford the title compound
as a pale brown solid (77mg, 29%). 1H NMR (DMSO) D
1.98 (s, 3H), 2.14 (s, 3H), 5.13 (s, 2H), 5.34 (s,
2H), 7.03-7.31 (m, 5H), 10.38 (s, 1H). LRMS (ES+) m/z
269 [MH]+ Example 4
4-Amino-1-benzyl-2-oxo-2,3-dihvdro-1H-imidazor4,5-clpy
ridine-6-carboxylic acid methyl ester
1-Bepzyl-4-benzylamino-2-oxo-2,3-dihydro-1
H-imidazo[4,5-c]pyridine-6-carboxylic acid methyl
ester (0.02g) was taken up in sulfuric acid (2mL), and
stirred rapidly for 15mins. The reaction mixture was
cooled to OC, and water was added, which resulted in a
precipitate which was filtered and dried in vacuo to
give the title compound (10mg) as a white solid. 1H
NMR (d6-DMSO, 400MHz) D 3.75 (s, 3H), 4.95 (s, 2H),
7.20-7.50 (m, 6H), 10.20 (s, 1H). LRMS (ES+) m/z 299
[MH]+Example 5
4-Amino-1-benzyl-6-pyrazin-2-yl-1,3-dihvdro-imidazor4.
5-ciPyricline-2-one
N-2,N-4-Dibenzyl-6-pyrazin-2-yl-pyridine-2,3,4-triamin
e (100mgs / 0.261 mmols) was dissolved in DMF (5mIs)
and CDI (95.3mgs / 0.523mmols) added, heated at 600C
for 5 hours then concentrated in vacuo. The reaction
mixure was then dissolved in cone, sulfuric acid
(3mls) and stirred at room temperature for 30mins. Ice
was then added ice to reaction and quenched by pouring
onto K2CO3 (8g) in water (5mls). It was then extracted
with EtOAc, dried over sodium sulphate and
concentrated in vacuo. The residue was purified by
column chromatography. More particularly, EtOAc then
95:5 EtOAc:MeOH was used to separate the two
regioisomers to give the title compound (15mgs) as a
pale orange solid. 1H NMR (CD3OD, 400MHz) D 5.10(s,
2H), 7.20-7.40 (m, 5H), 7.55 (s, 1H), 8.45 (d, 1H),
8.55 (d, 1H), 9.4 (s, 1H) Example 6
4-amino-1-benzyl-6-morpholin-4-ylmethyl-1,3-dihvdro-im
idazolof4,5,c1pyridine-2-one
N-2,N-4-dibenzyl-6-morpholin-4-yl-methyl-pyridine-2,3,
4-triamine (240mg, 0.59mmol) was dissolved in 2OmL of
dichlororomethane then 1,1'-carbonyldiimidazole was
added (91 mg, 1.77mmol) and the reaction was stirred
at room temperature for 48 hours. 2OmL of water was
added and the organic layer was isolated, dried over
magnesium sulfate and the solvent was removed in
vacuo. The crude residue waspurified by column
chromatography on silica gel using 4% methanol in
dichloromethane to give 140mg of a mixture of 2
isomers. 60mg of this mixture of the 2 isomers was
dissolved in 2mL of concentrated sulfuric acid and
stirred at room temperature for 30 minutes. Water
(5mL) was carefully added followed by potassium
carbonate (5.2g untilpH~7).The mixture was extracted
with ethyl acetate, the organic layer was isolated,
dried over magnesium sulfate and the solvent was
removed in vacuo. The crude residue was purified by
column chromatography on silica gel using 1% ammonia
and 10% methanol in dichloromethane to give 10mg of
the title compound and 6 mg of the other isomer. 1H
NMR (CD3OD) : 7.38-7.2 (m, 5H), 6.58 (s, 1H), 5.05 (d,
2H), 3.65 (m, 4H), 3.4 (s, 2H), 2.4 (m, 4H). LRMS
(ES+) m/z 340 [MH]+ Example 7 4-amino-1
-benzyl-2-oxo-2,3-dihvdro-1
H-imidazof4.5,cipyridine-7-carboxylic acid
cvclopropylmethylamide
1-benzyl-4-dibenzylamino-2-oxo-2,3-dihydro-1
H-imidazo[4,5,c]pyridine-7-carboxylic acid
cyclopropylmethyl-amide (10mg, 0.02mmol) was dissolved
in 1mL of concentrated sulphuric acid and the mixture
was stirred at room temperature for 30 minutes. Once
completed, the mixture was diluted in 5mL of water and
potassium carbonate was added portion wise until
pH~12. The mixture was then extracted with ethyl
acetate (2x50mL). The organic layers were combined,
dried over MgSO4 and the solvent removed in vacuo. The
residue was purified by column chromatography on
silica gel using 20% of methanol in ethyl acetate to
give 1mg of the title compound. LRMS (ES+) m/z 338
[MH]+ Example 8
4-amino-1-benzyl-7-bromo-6-methyl-1.3-dihvdro-imidazor
4,5,c1pyridine-2-one4-Annino-1-benzyl-6-methyl-1,3-dih
yciro-imida2o[4,5-c]pyridin-2-one (20mg, O.Odmmol) was
suspended in 5mL of acetic acid then sodium acetate
(5mg, O.Odmmol) was added followed by bromine (4DL, 



O.Odmmol) dropwise. The mixture was stirred at room
temperature for 30 minutes. The mixture was diluted in
water (5OmL) and extracted with ethyl acetate (5OmL),
the organic layer was separated, dried over magnesium
sulfate and the solvent was removed in vacuo. The
residue was purified by column chromatography on
silica gel using 10% of methanol in ethyl acetate to
give 15mg of the title compound as a brown solid. 1H
NMR (d6 DMSO) D: 7.40-7.10 (m, 5H), 6.85 (s, 2H), 5.30
(s, 2H), 2.35 (s, 3H). LRMS (ES+) m/z 333, 335 [MH]+
Example 9
4-amino-1-benzyl-6-methyl-5-oxy-1,3-dihvdro-imidazof4,
5,clpyridine-2-one
4-Amino-1-benzyl-6-methyl-1,3-dihydro-imidazo[4,5-c]py
ridin-2-one (20mg, 0.08mmol) was dissolved in 1OmL of
dichloromethane then 3-chloroperoxybenzoic acid (15mg,
0.09mmol) was added and the mixture stirred at room
temperature for 2 hours. The mixture was washed with
water, dried over magnesium sulfate and the solvent
was removed in vacuo to give 5mg of the title
compound. 1H NMR (CD3OD) D: 7.40-7.20 (m, 5H), 6.59
(s, 1H), 5.05 (s, 2H), 2.45 (s, 3H). LRMS (ES+) m/z
271 [MH]+ Example 10
4-Amino-1-benzyl-6-(2-methoxy-ethyl)-1.3-dihvdro-imida
zor4.5-c1pyridine-2-one1-Benzyl-4-benzylamino-6-(2-met
hoxy-ethyl)-1 ,3-dihydro-imidazo[4,5-c]pyridine-2-one
(32mg, 0.082mmol) was stirred in concentrated
sulphuric acid (2ml) for 30minutes. Water (5ml) was
added and the mixture added drop-wise to a stirred
solution of saturated NaHCO3 to achieve a basic pH.
The aqueous was extracted with 2 x EtOAc and the
combined organics dried and concentrated to afford a
yellow solid. The mixture of isomers was separated by
column chromatography on silica, eluting with
DCM:MeOH, 97:3 with increasing gradient to DCM:MeOH:NH
3 95:5:0.5 to afford the title compound as a pale
yellow solid, (3.1mg, 13%) 1H NMR (MeOD) D
2.82-2.85(t, 2H), 3.66-3.69(t, 2H), 5.08(s, 2H),
6.36(s, 1H), 7.19-7.34(m, 5H); LRMS (ES) m/z 299 [MH]+
Example 11
4-Amino-1-benzyl-6-f2-(2-methoxy-ethylamino)-ethylM.3-
dihvdro-imidazof4,5-cipyridine-2-one
[2-(1-Benzyl-4-benzylamino-2-oxo-2,3-dihydro-1H-imidaz
o[4,5-c]pyridine-6-yl)-ethyi]-(2-methoxy-ethyl)-
carbamic acid tert-butyl ester (64mg, 0.12mmol) was
stirred in concentrated sulphuric acid (2ml) for
30rninutes. Water (5ml) was added and the mixture
added drop-wise to a stirred solution of saturated
NaHCO3 to achieve a basic pH. The aqueous was
extracted with 2 x EtOAc and the combined organics
dried and concentrated to afford a yellow solid. The
mixture of isomers was separated by column
chromatography on silica, eluting with DCM:MeOH, 98:2
with increasing gradient to DCM:MeOH:NH3 90:10:1 to
afford the title compound as a yellow solid, (4.2mg,
11%).1H NMR (MeOD) D 2.84-2.86 (t, 2H), 3.02-3.05(t,
2H), 3.27 (s, 3H), 3.45-3.48(t, 2H), 5.09(s, 2H),
6.34(s, 1H), 7.20-7.34(m, 5H); LRMS (ES) m/z 342 [MH]+
Example 12
4-Amino-1-benzyl-6-oxazol-2-yl-1,3-dihvdro-irnidazor4,
5-clpyridin-2-one GDI (821 mg, 5.06 mmol) was added to
a solution of N*2* ,N*4*
-Dibenzyl-6-oxazol-2-yl-pyridine-2,3,4- triamine (940
mg, 2.53 mmol) in THF (15 ml). The solution was heated
at 60 0C for 18 hrs under nitrogen. The reaction
mixture was allowed to cool then concentrated in
vacuo. The crude mixture was then dissolved in
concentrated H2SO4 (15 ml) and left for 30 minutes at
room temperature. The dark brown solution was added
drop-wise onto crushed ice. The pH was adjusted to ~9
by addition of a saturated aqueous solution of K2CO3
then the mixture was filtered. The solid was washed
with EtOAc (200 ml) then the organic and aqueous
filtrates were transferred to a separating funnel. The
layers were separated and the aqueous was re-extracted
with EtOAc (200ml). The organics were combined, dried
(MgSO4) and evaporated to an orange gummy solid. The
crude material was triturated with EtOAc and toluene.
The solid obtained was filtered and washed with EtOAc
to give an off-white solid. This material was purified
by HPLC on a Phenomenex Gemini 5 mm column (150 x 21.2
mmid), eluted with 0.05% formic acid (aq) and 0.05%
formic acid in MeCN at a flow rate of 15 ml/min. The
gradient was isocratic at 5 % organic for 0.6 minutes,
then increased linearly from 5 % to 80 % organic over
12 minutes. The filtrate from the trituration was
evaporated then columned on lsco Companion on a silica
column (12 g, Redisep). The resultant material was
then eluted with EtOAc:MeOH, increasing the gradient
linearly from 95:5 to 98:2 over 8 column volumes. The
desired fractions were combined and evaporated to an
orange gummy solid. This material was purified by HPLC
as above. The desired fractions from both HPLC columns
were combined and evaporated to yield the title
compound as a white solid (26 mg, 3 %). 1H NMR (CD3OD)
D 5.07 (s, 2H) 7.17 - 7.36 (m, 7H) 7.92 (s, 1H) LCMS
Rt = 2.15 m/z 308 [MH]+ An alternative means of
accessing Example 12 is described below.
4-Amino-1-benzyl-6-ozazol-2-vl-1.3-dihvdro-imidazo| 4
5-c1pvridin-2-oneButyl lithium solution in hexane
(1.6M, 183ul, 0.29mmol) was added drop wise to a
solution of oxazole (16ul, 0.24mmol) in THF (1ml) at
-78C under N2. The solution was stirred at -780C for
10 minutes then a solution of zinc chloride (100mg,
0.73mmol) in THF (1ml) was added drop wise. The
solution was stirred at -78C for 15 minutes then
allowed to warm to room temperature. The solution was
then added via a syringe to a pre-sealed, nitrogen
purged microwave vial (Biotage, 0.5-2.OmI) containing
4-Amino-1-
benzyl-6-bromo-1,3-dihydro-imidazo[4,5-c]pyridin-2-one
(13mg, 0.04mmol) and palladium bis(triphenylphosphine)
dichloride (12mg, 0.02mmol). The vial was heated under
microwave irradiation (Biotage, Initiator 8) for 15
minutes at 1100C. The reaction mixture was partitioned
between ethyl acetate (20ml) and saturated NH4CI (aq)
(10ml). The mixture was filtered through celite,
washing through with ethyl acetate (20ml). The layers
were separated and the organics were washed with water
(10ml) and brine (10ml), dried over MgSO4 and
concentrated in vacuo to give the crude. The sample
was dissolved in a mixture of acetonitrile:water:DMSO
(2:1:1) and purified by preparative HPLC
(FractionLynx) to give the title compound (2mg) as a
white solid. 1H NMR (d6-DMSO) D 10.60 (brs, 1H), 8.10
(s, 1H), 7.36-7.27 (m, 6H), 7.19 (s, 1H), 6.01 (br s,
2H), 5.04 (s, 2H); LRMS (APCI and ES) m/z 308 [MH]+.
Example 13 4-Amino-1 -benzyl-6-(1 -methyl-1
H-imidazol-2-yl)-1
,3-dihvdro-imidazor4,5-clpyridine-2-one CDI (184 mg,
1.13 mmol) was added to a solution of the
N*2*,N*4*-Dibenzyl-6-(1-methyl-1H-imidazol-2-
yl)-pyridine-2,3,4-triamine (218 mg, 0.567 mmol) in
DMF (3 ml) in a ReactiVial. The vial was flushed with
nitrogen then sealed and heated in an aluminium block
at 60 0C (block temperature). The dark brownsolution
was left to stir at this temperature for 16 hrs. The
solution was concentrated under high-vacuum then
dissolved in concentrated sulphuric acid (5 ml). The
brown solution was left to stir at room temperature
for 30 minutes then poured onto crushed ice (-20 ml).
A saturated aqueous solution of potassium carbonate
was added drop-wise until pH ~ 8. The aqueous solution
was decanted from the solid that had precipitated out
during neutralisation, then extracted with EtOAc (2 x
50 ml). The combined organics were dried (MgSO4) and
evaporated to a yellow solid (106 mg). 



A sample (58 mg) by HPLC on a Phenomenex Gemini 5 mm
column (150 x 21.2 mmid). Eluted with 0.05% DEA (aq)
and 0.05% DEA in MeCN at a flow rate of 18 ml/min. The
gradient was isocratic at 5 % organic for 0.6 minutes,
then increased linearly from 5 % to 100 % organic over
15 minutes. The desired fractions were combined and
evaporated to yield the title compound as a white
solid (10 mg, 6 %). 1H NMR (CD3OD) Q3.94 (s, 3H) 5.08
(s, 2H) 6.91 - 6.95 (m, 1H) 7.00 (s, 1H) 7.07 - 7.10
(m, 1H) 7.16 - 7.38 (m, 5H). LRMS (ES+) m/z 321 [MH]+
Example 14
4-Amino-1-benzyl-6-(3-methyl-ri.2.4loxadiazol-5-yl)-1.
3-dihvdro-imidazor4,5-clpyridin-2-one
1-Benzyl-4-benzylamino-2-oxo-2,3-dihydro-1
H-imidazo[4,5-c]pyridine-6-carboxylic acid (
1-hydroxyiminoethyl)- amide was suspended in toluene
and sealed in a microwave vial (Biotage, 0.5-2.0 ml).
The vial was sealed and heated under microwave
irradiation (Biotage Initiator 8) for 15 minutes at
150 0C. Sample heated in microwave for a further 30
minutes at 150 0C, and again for a further 30 minutes
at 150 0C. The mixture was evaporated then partitioned
between EtOAc (10ml) and water (5 ml). The aqueous was
extracted twice more with EtOAc (2 x 10 ml) then the
combined organics were dried (MgSO4) and evaporated.
The residue was suspended in acetonitrile (2 ml) and
this mixture was sealed in a microwave vial then
heated under microwave irradiation for 30 minutes at
170 0C, then at 190 0C for a further 30 minutes. The
reaction mixture was concentrated in vacuo then
dissolved in concentrated H2SO4 (2 ml). The solution
was left to stir for 30 minutes then poured onto
crushed ice. A saturated aqueous K2CO3 solution was
added drop-wise until pH was ~8. The aqueous was
decanted from the solid into aseparating funnel then
extracted with EtOAc (3 x 15 ml). The combined
organics were dried (MgSO4) and evaporated. The
mixture of isomers was purified by HPLC on a Luna 10
micron C18(2) column (150 x 21.2 mmid). Eluted with
0.1% formic acid (aq) and 0.1% formic acid in MeCN at
a flow rate of 25 ml/min. The gradient was isocratic
at 5 % organic for 0.6 minutes, then increased
linearly from 5 % to 90 % organic over 8.50 minutes.
The desired fractions were evaporated to give the
title compound as a white solid (0.5 mg, 1 %). LCMS Rt
= 2.46 m/z 323 [MH]+ Example 15
4-Amino-1-benzyl-6-trifluoromethyl-1.3-dihvdro-imid
azof4,5-cipyridine-2-one
1-Benzyl-4-benzylamino-6-trifluoromethyl-1,3-dihydro-i
midazo[4,5-c]pyridine-2-one (2.63g, 6.60mmol) was
dissolved in CH2SO4 (50ml) and the reaction mixture
was stirred at room temperature for 30 minutes. The
reaction mixture was cooled to 00C and ice was added.
K2CO3 (15Og) was dissolved in water (700ml) and the
reaction mixture was added dropwise. The aqueous was
extracted with EtOAc (6x500ml). The combined organics
were washed with brine (200ml), dried over MgSO4 and
concentrated in vacuo to give the title compound (1
.2Og) as a white solid. 1H NMR (CDCI3) D 10.77 (br s,
1H), 7.36-7.25 (m, 5H), 7.01 (s, 1H), 6.20 (br s, 2H),
5.04 (s, 2H); LRMS (APCI and ES) m/z 309 [MH]+, 307
[MH] . Found C.54.55 H.3.60 N.18.17%. CuH 11F3N4O
requires %C.54.36 H.3.61 N.17.86 An alternative
synthesis of Example 15 is described below;
Ethyl-[2,3-diamino-6-(trifluoromethyl)-pyridin-4-yl]-b
enzylcarbamate (35gm, 99mmol) was dissolved in glacial
acetic acid (30OmL) at room temperature. Filtered to
remove any insoluble material and then the clear
yellow filtrate was heated with stirring to 8O0C.
Within 10 minutes a white precipitate began to form.
Heating was continued for a total of 40 minutes. The
reaction mixture was allowed to cool to ambient
temperature and the precipitate was collected by
filtration, washed with acetic acid and dried in vacuo
at 500C for 3 hours to give the title compound
(26.4gm, 86% yield) as a white solid. Example 16
4-Amino-1-(6-methyl-pyridin-3-ylmethv
-6-oxazol-2-yl-1,3-dihvdro-imidazof4.5-cipyridine-2-on
eCDI (272 mg) was added to a solution of
N2,N2-dibenzyl-N4-(6-methyl-pyridin-3-ylmethyl)-6-oxaz
ol-2-ylpyridine- 2,3,4-triamine (400 mg) in THF (10
ml). The solution was left to stir under N2 at 60 0C
for 5h. A further 3 equivalents of CDI (408 mg) were
added and the reaction heated at reflux for 16h. The
reaction mixture was allowed to cool then concentrated
in vacuo. The crude mixture was then dissolved in
concentrated H2SO4 (5 ml) and left for 30 minutes at
RT. The dark brown solution was added drop-wise onto
crushed ice. The pH was adjusted to ~8 by addition of
a saturated solution of K2CO3 then the mixture was
filtered. The solid obtained was washed with EtOAc (50
ml) then the organic and aqueous filtrates were
transferred to a separating funnel. The layers were
separated and the aqueous was reextracted with EtOAc
(50 ml). The organics were combined, dried (MgSO4) and
evaporated to provide a gummy solid. This was
triturated with Et2O and the solid collected by
filtration and washed with Et2O, giving the title
compound as an off-white solid (30 mg). 1H NMR (CDCI3,
400MHz) D 2.45 (s, 3H), 5.09 (s, 2H), 7.21-7.28 (m,
2H), 7.30 (s, 1H), 7.70 (dd, 1H), 7.95 (s, 1H), 8.42
(d, 1H). LCMS R = 2.29 m/z 323 [MH]+ Example 17
4-Amino-1-benzyl-6-(2-methoxy-ethoxy)-1,3-dihvdro-imid
azor4.5-clpyridin-2-one
[2-Amino-6-(2-methoxy-ethoxy)-3-nitro-pyridin-4-yl]-be
nzyl- carbamic acid ethyl ester (118 mg) was dissolved
in ethanol (5 ml) and 10% Pd on carbon (15 mg) added.
The reaction was stirred under a hydrogen atmosphere
(50 psi) for 1h at RT. The reaction mixture was then
filtered through a Celite pad and evaporated. The
crude was dissolved in glacial acetic acid (2 ml) and
transferred to a microwave vial (Biotage, 0.5-2.0 ml).
The vial was sealed and heated under microwave
irradiation at 100 0C for 5minutes. The resultant
brown mixture was evaporated then solid loaded on
silica and columned on lsco Companion on a silica
column (4 g, Redisep), eluting with EtOAc:heptane,
increasing the gradient linearly from 60:40 to 100 %
EtOAc over 8 column volumes (CVs) then isocratic at
100 % EtOAc for 8 CVs. The desired fractions were
combined and evaporated to provide the title compound
as a white solid (50 mg). 1H NMR (CDCI3, 400MHz) G
3.35 (s, 3H), 3.62 (t, 2H), 4.20 (t, 2H), 4.95 (s,
2H), 5.80 (s, 1H), 7.20-7.38 (m, 5H). LCMS Rt = 2.13
m/z 315 [MH]+ Example 18
4-Amino-1-(6-methyl-pyridin-3-ylmethyl)-6-trifluoromet
hyl-1,3-dihydro-imidazor4,5-cipyridine-2-one
(2-Amino-3-nitro-6-trifluoromethyl-pyridin-4-yl)-(6-me
thyl-pyridin-3-ylmethyl)-carbamic acid ethyl ester
(27mg, 0.07mmol) was stirred in glacial acetic acid
(5ml) and the solution stirred at ambient temperature,
40psi H2, in the presence of 10% Pd/C (5.4mg, 20%wt)
for 4h. The suspension was filtered through an Arbocel
pad, washed with 2 x 3ml AcOH and the filtrate
concentrated in vacuo. Acetonitrile (5ml) was added to
the residue and the material triturated, the resulting
solid removed by filtration and dried in vacuo to
afford 10.6mg of the title compound as a white solid.
1H NMR (d6-DMSO): d 8.45(s, 1H), 7.57-7.55(d, 1H),
7.20-7. 18(d, 1H), 7.10(s, 1H), 6.20(bs, 2H), 5.01 (s,
2H), 2.40(s, 3H); LRMS (APCI) m/z 324 [MH]+ An
alternative means of accessing Example 18 is described
below.
4-amino-1-(6-methyl-pyridvin-3-ylmethyl)-6-trifluorome
thyl-1,3-dihvdro-imidazo(4.5-c)pyridine-2-one4-benzyla
mino-1-(6-methyl-pyridyin-3-ylmethyl)-6-trifluoromethy
l-1,3-dihydro-imidazo(4,5-c)pyridine-2- 



one (30mg, 0.07mmol) was dissolved in 1mL of
concentrated sulfuric acid and the reaction mixture
was stirred at room temperature for 1h. The mixture
was poured into water (10OmL) and potassium carbonate
was added portionwise until pH~basic. It was then
extracted with ethyl acetate (10OmL). The organic
layer was separated, dried over magnesium sulfate and
the solvent was removed in vacuo to give 16mg of the
title compound as a white solid. 1H NMR (d6-DMSO): d
8.45(s, 1H), 7.57-7.55(d, 1H), 7.20-7.1 8(d, 1H), 7.1
0(s, 1H), 6.20(bs, 2H), 5.01 (s, 2H), 2.40(s, 3H);
LRMS (APCI) m/z 324 [MH]+ Example 19
4-Amino-6-(4-methyl-oxazol-2-yl)-1-(6-methyl-pyridin-3
-ylmethyl)-1.3-dihvdro-imidazor4.5-clPyridin-2-on e A
mixture of Raney nickel (5 mg) and
[2-amino-6-(4-methyl-oxazol-2-yl)-3-nitro-pyridin-4-yl
]-(6-methylpyridin- 3-ylmethyl)-carbamic acid ethyl
ester (69 mg) in acetic acid (3 ml) was stirred under
a hydrogen atmosphere (80 psi) for 1 hour. Arobcel was
added onto the top of a sulphonic acid cation-exchange
cartridge (Bakerbond, 1g), and the reaction mixture
loaded onto the top and allowed to filter through. The
catalyst and Arbocel were removed with a spatula then
the cartridge was washed with methanol (5 ml) to
remove impurities. The product was released from the
cartridge by eluting with methanolic ammonia (2M, 2 x
5 ml). The crude solution was evaporated, and then IPA
(3 ml) was added, causing precipition of solids that
were collected by filtration and washed with IPA. The
off-white solid obtained was dried under high-vacuum
to provide the title compound (16 mg). 1H NMR (400
MHz, DMSOd 6) d ppm 2.13 (s, 3 H) 2.42 (s, 3 H) 5.05
(s, 2 H) 5.98 (s, 2 H) 7.21 (d, J=7.90 Hz, 1 H) 7.25
(s, 1 H) 7.56 (dd, J=7.90, 2.44 Hz, 1 H) 7.80 (s, 1 H)
8.47 (d, J=2.44 Hz, 1 H) 10.68 (br. s., 1 H), LRMS
(ESI) m/z 337 [MH]+, 335 [MH]"Example 20
4-Amino-6-(4-ethyl-oxazol-2-yl)-1-(6-methyl-pyridin-3-
ylmethyl)-1.3-dihvdro-imidazor4,5-cipyridin-2-one
[2-amino-6-(4-ethyl-oxazol-2-yl)-3-nitro-pyridin-4-yl]
-(6-methyl-pyridin-3-ylmethyl)-carbamic acid ethyl
ester (74 mg) was dissolved in acetic acid (2 ml) and
zinc powder (113 mg, Aldrich, 99 %) was added to the
reaction. The mixture was left to stir at room
temperature under nitrogen for 16 hours. The reaction
mixture was filtered directly onto a cation exchange
cartridge (Bakerbond SCX, sulphonic acid bondedphase,
1 g). The SCX cartridge was washed with methanol (2 x
4 ml) to remove impurities, then the product released
with ammonia in methanol (2 M, 4 ml). The desired
fractions were combined and evaporated to an off-white
solid that was triturated with isopropanol, filtered,
and then washed with isopropanol, providing the title
compound (32 mg) as a white solid. 1H NMR (400 MHz,
DMSO-cfe) d ppm 1.16 (t, J=7.42 Hz, 3 H) 2.40 (s, 3 H)
2.44 - 2.56 (m, 2 H) 5.04 (s, 2 H) 5.98 (s, 2 H) 7.19
(d, J=8.02 Hz, 1 H) 7.23 (s, 1 H) 7.54 (dd, J=8.02,
2.34 Hz, 1 H) 7.79 (s, 1 H) 8.45 (d, J=2.34 Hz, 1 H)
10.65 (s, 1 H), LCMS R4= 1.73 m/z 351 [MH]+ Example 2
1 4-Amino-1 -benzyl-6-(1 H-imidazol-2-yl)-1
,3-dihvdro-imidazor4,5-clpyridin-2-one The title
compound was prepared following the method of Example
20 using {2-amino-3-nitro-6-[1-(2-
trimethylsilanyl-ethoxymethyl)-1H-imidazol-2-yl]-pyrid
in-4-yl}-benzyl-carbamic acid ethyl ester (174 mg) and
Raney nickel (5 mg) in acetic acid (3 ml). This gave
initially the SEM protected imidazole compound.
Hydrogen chloride in dioxane (4 M, 1 ml) was then
added drop-wise and the solution left to stir at room
temperature for 24 hours. The reaction mixture was
then transferred to a microwave vial (Biotage, 2-5 ml)
and heated under microwave irradiation for 10 minutes
at 110 0C (Biotage, Initiator 8). The reaction mixture
was evaporated then re-dissolved in methanol and the
solution loaded onto a cation-exchangecartridge
(Bakerbond, sulphonic acid bonded-phase, Ig). The
cartridge was washed with methanol (2 x 5 ml) to
remove impurities and then the product released by
eluting with ammonia in methanol (2 M, 5 ml). The
desired fractions were combined and evaporated to a
brown solid. This was triturated with isopropanol and
the solid collected by filtration then washed with
more isopropanol, providing the title compound (28 mg)
as a pale brown solid. 1H NMR (400 MHz, DMSOcZ6) d ppm
5.02 (s, 2 H) 5.58 (s, 2 H) 6.91 (s, 1 H) 7.06 (s, 1
H) 7.11 (s, 1 H) 7.25 - 7.36 (m, 5 H) 10.53 (s, 1 H)
11.99 (s, 1 H), LCMS R1= 1.52 m/z 307 [MH]+ Example 22
4-Amino-1-benzyl-6-(2-fluoro-phenyl)-1,3-dihvdro-imida
z oF4.5-clpvridin-2-one
[2-Amino-6-(2-fluoro-phenyl)-3-nitro-pyridin-4-yl]-ben
zyl-carbamic acid ethyl ester (31 mg) was dissolved in
acetic acid (1 ml). Zinc powder (Aldrich, 99 %, 20 mg)
was added and the mixture left to stir at room
temperature under nitrogen for 2 hours. Additional
zinc powder (30 mg) was added and mixture left to stir
for a further 1 hour. The reaction mixture was diluted
with methanol (2 ml) then filtered directly onto a
cation exchange cartridge (Bakerbond SCX, sulphonic
acid bonded-phase, 1 g). The SCX cartridge was washed
with methanol (2 x 5 ml) to remove impurities and then
the product was released with ammonia in methanol (2
M, 5 ml). The desired fraction was evaporated to a
pale brown solid. This was triturated with ethyl
acetate then filtered and washed with more ethyl
acetate to yield the title compound (8 mg) as a pale
purple solid. 1H NMR (400 MHz, DMSO-c/6) d ppm 4.99
(s, 2 H) 5.82 (s, 2 H) 6.87 (d, J=1.95 Hz, 1 H) 7.15 -
7.29 (m, 3 H) 7.29 - 7.39 (m, 5 H) 7.81 (td, J=8.01 ,
1.95 Hz, 1 H) 10.51 (s, 1 H), LCMS R = 2.21 m/z 335
[MH]+ The following examples 23 to 119 can be or were
prepared in an analogous manner to Examples 1 -22 from
analogous intermediates described within the
Preparation section using analogous chemistry.
Examples 23-28 were prepared following the method of
Example 1, Examples 54-60, 65-72 and 107-1 10 were all
prepared following the method described for Examples
15 and 18, Examples 3 1 and 6 1 were prepared
following the method described for Example 3, Examples
42-49, 83-95 and 101-102 were all prepared following
the method described for Example 17, Examples 73-78,
96-99, 103-106 and 111-1 12 were all prepared
following the method described for Example 19,
Examples 79-81 were preparedfollowing the method
described for Example 22, Examples 34-35 and 40 were
prepared following the method described for Example 6,
Examples 29-30, 36-39, 4 1 and 50-53 were prepared
following the method described for Example 4, Examples
32-33 were prepared following the method described for
Example 5 was prepared following the method described
for Example 14. Examples 62-64 can be prepared
following the method described for Examples 15 and 18,
example 82 can be prepared following the method
described for Example 14 and example 100 can be
prepared following the method described for Example
17. In the following table of examples, the asterisk
indicates the point of attachment.6.34 (s, 1H), (s,
1H), 2H), 5.02 (s, 1H), 6.55 H) 4.98 (s, 2H), (s, 2H)
1H).FLUID TRANSFER MECHANISM BACKGROUND OF THE
INVENTION Field of the Invention 



[0001] The present invention relates generally to
fluid transfer mechanisms. Examples of particular
embodiments of the invention relate to medical fluid
testing mechanisms. Related Art [0002] The design of
some sensor strips requires two or more chambers
wherein fluid can be introduced into one chamber then
transferred to a second chamber or additional chambers
after a pre-determined time. In particular,
immunoassay strips as disclosed in US Patent
Application Nos. 10/830,841 and 11/284,097 had at
least two chambers, a first reaction chamber and a
second detection chamber hi use, the liquid was first
introduced into the reaction chamber and held there
for a predetermined time while immuno-binding
reactions proceeded, then transferred to the detection
chamber. This timed transfer was achieved by having
the detection chamber opening to the reaction chamber
but unvented initially, such that when the reaction
chamber filled, the opening to the detection chamber
was closed off by the liquid. This trapped air in the
detection chamber prevented it from filling with
liquid. When it was desired to fill the detection
chamber, a vent was opened at the end of the detection
chamber remote from the reaction chamber, usually by
puncturing a layer, whereupon liquid transferred from
the reaction chamber to the detection chamber either
partially emptying the reaction chamber or drawing
sample from a filling reservoir. [0003] The method
given above has a number of potential disadvantages.
It can be difficult to close the entrance to the
detection chamber in a reliable manner across the
range of viscosities of samples encountered when
testing whole blood. This means that differing
amountsof liquid can enter the detection chamber
during filling of the reaction chamber, which can add
to the variability of the response. Also, the
reliability of a puncturing method can be difficult to
guarantee over the life of a meter, with the potential
for a needle or blade to become blunt with repeated
use. It would therefore be desirable to develop a
method for affecting a timed liquid transfer that
overcomes these difficulties. BRIEF SUMMARY OF THE
INVENTION [0004] An example of an embodiment of the
invention seeks to provide a reliable and robust
method for transferring small volumes of liquid
between chambers utilizing passive transfer forces.
The method involves providing a porous wall between
the chambers between which the liquid is to be
transferred. The porous wall has pores that are large
enough to be substantially filled with the liquid to
be transferred, but small enough such that the surface
tension of the liquid interface with the second
chamber prevents the liquid leaking out of the pores
into the second chamber until an initiation step is
performed. [0005] Liquid is introduced into a first
chamber such that it wets the porous wall and at least
partially fills the pores. The liquid does not,
however, enter the second chamber at this point as
surface tension prevents it from exiting the opposite
face of the porous wall into the second chamber. When
it is desired to transfer liquid to the second
chamber, an initiation step is performed which
overcomes or breaks the surface tension and allows
liquid to flow out of the pores and into the second
chamber. [0006] The initiation step is such that it
overcomes the surface tension holding the liquid in
the pores in the wall and allows the liquid to enter
the second chamber. This initiation step can be
provided by supplying a pressure pulse to the liquid
in the first chamber, creating avacuum in the second
chamber, vibrating the strip, touching a surface to
the surface of the porous wall facing the second
chamber, or any other method that breaks or overcomes
the surface tension. [0007] Multiple second chambers
can be filled from a single first chamber at the same
or at different times by inducing the initiation
mechanism in the desired second chamber(s) at the
desired time(s). In addition, a third chamber could be
filled from the second chamber by having at least a
portion of a wall of the second chamber porous and in
common with the third chamber, with the initiation
step being performed on the third chamber when the
transfer is required. This can of course be repeated
for a subsequent string of chambers in parallel or
series. [0008] Particular embodiments of the invention
provide a fluid transfer device for transferring
liquid from a first chamber to a second chamber. The
device has a first chamber; a second chamber; and a
barrier between the first chamber and the second
chamber, the barrier having at least one opening
fluidly connecting the first chamber to the second
chamber, the at least one opening being sized such
that a retention force keeps the liquid in the first
chamber. The fluid is transferred from the first
chamber to the second chamber when an initiation input
is introduced to the liquid that is sufficient to
overcome the retention force. [0009] Other embodiments
of the invention provide methods of transferring
liquid from a first chamber to a second chamber. The
methods include providing a first chamber; providing a
second chamber; providing a barrier between the first
chamber and the second chamber, the barrier having at
least one opening fluidly connecting the first chamber
to the second chamber, the at least one opening being
sized such that a retention force keeps the liquid in
the first chamber; and transferring the liquid from
the first chamber to the second chamber.The
transferring takes place when an initiation input is
introduced to the liquid that is sufficient to over
come the retention force. BRIEF DESCRIPTION OF THE
DRAWINGS [00010] The foregoing and other features and
advantages of the invention will be apparent from the
following, more particular description of particular
embodiments of the invention, as illustrated in the
accompanying drawings wherein like reference numbers
generally indicate identical, functionally similar,
and/or structurally similar elements. [00011] Figure 1
shows an example of a first embodiment of the
invention; [00012] Figure 2 is a sectional view along
section line A-A' of the embodiment shown in Figure 1;
' [00013] Figure 3 is a sectional view along section
line B-B1of the embodiment shown in Figure 1; [00014]
Figure 4 shows an example of a second embodiment of
the invention; [00015] Figure 5 is a sectional view
along section line A-A' of the embodiment shown in
Figure 4; [00016] Figure 6 is a sectional view along
section line B-B' of the embodiment shown in Figure 4;
[00017] Figure 7 shows an alternate embodiment of the
invention; [00018] Figure 8 shows an example of a
third embodiment of the invention; [00019] Figure 9 is
an exploded view of the embodiment shown in Figure 8;
[00020] Figure 10 is a graph showing current as a
function of time of a first example of the invention;
and[00021] Figure 11 is a graph showing current as a
function of time of a second 



example of the invention. DETAILED DESCRIPTION OF THE
INVENTION [00022] The invention will now be described
with reference to a specific two chamber embodiment
with a specific initiation step. This embodiment
relates to a disposable immunoassay strip using
electrochemical detection of the results of an
immuno-binding reaction. Note that the terms upper and
lower are used for convenience only in the following
description, they do not imply anything about the
preferred orientation of the device during use, which
can in fact be used in any orientation. [00023] The
strip comprises three chambers, a filling chamber, a
reaction chamber and a detection chamber. The filling
chamber serves to receive the sample and act as a
sample reservoir, the reaction chamber contains
reagents whereby a probe is selectively immobilized in
the reaction chamber to differing extents dependent
upon the presence or concentration of an analyte in
the sample. The detection chamber contains electrodes
and reagents so as to be able to detect the amount of
probe transferred with liquid from the reaction
chamber and thus detect or quantify the amount of
analyte in the original sample. An example of such a
strip is shown in Figures 1-3. The strip 100 has a
number of layers which are laminated together using
adhesives. The strip has three chambers, a filling
chamber 1, a reaction chamber 2, and a detection
chamber 3. Layers 10 and 70 are sealing layers that
serve to close the faces of chamber 1to help to form a
capillary space. Layer 20 is a layer carrying an
electrically conductive upper surface which serves as
an electrode in detection chamber 3. Layers 30 and 50
are spacer layers whichhave adhesive upper and lower
faces. Layers 30 and 50 serve to hold the laminate
together and to define the height of the detection and
reaction chambers, respectively. A region cut-out of
layer 30 shown in Figures 2 and 3 defines the area of
detection chamber 3 and the area of the detection
chamber electrodes. A region cut-out of layer 50 shown
in Figures 2 and 3 defines the area of reaction
chamber 2. Layer 40 is a layer containing pores which
serve as pores that connect reaction chamber 2 to
detection chamber 3. Layer 40 has an electrically
conductive coating on its lower surface that serves as
the second electrode in detection chamber 3. Layer 60
serves to close reaction chamber 2 and filling chamber
1. Optionally, layer 60 can carry an electrically
conductive coating on its lower surface to serve as an
electrode to detect when liquid fills reaction chamber
2. With this option, liquid fills reaction chamber 2
and the pores in 40, thus bridging the electrode on
the lower face of 40 and that on the lower face of 60.
This bridging can be detected to tell the meter to
initiate the test sequence. Layers 10 and 70 can be
secured to layers 20 and 60, respectively, by any
suitable method. A preferred method is to use
adhesive. In one embodiment, the adhesive can be
applied to the lower surface of layer 20 and the upper
surface of layer 60, layers 10 and 70 can then be
laminated to these adhesive layers. Alternatively,
adhesive can be coated on to layers 10 and 70 and then
those layers laminated to 20 and 60. [00024] Figures
4-6 show an alternative embodiment where the cut-out
in layer 50 to form reaction chamber 2 is such that
the walls of the cut-out fully surround the cut-out to
form an enclosed area. This embodiment has the
advantage of preventing liquid from reaction chamber 2
wetting around the open edge of reaction chamber 2 to
fill detection chamber 3 from its open edge, rather
than through the porous wall connecting the two
chambers. In this embodiment, the air that is
displaced as liquid fills reaction chamber 2 can vent
through theholes in the porous wall, allowing the
chamber to fill until all the pores in the wall are
filled with liquid or reaction chamber 2 is fully
filled. Note that it is not necessary for reaction
chamber 2 to be completely filled for correct
operation, just that there is a sufficient volume of
liquid in contact with the reagents in reaction
chamber 2 to fill detection chamber 3. [00025] Also
shown in Figures 4-6 is an embodiment where layers 10
and 70 are not required and instead layers 20 and 60
are extended to form the end walls of filling chamber
1. Optionally, in this embodiment the conductive layer
on the upper surface of 20 can be extended into
filling chamber 1. If this is done, when liquid fills
reaction chamber 2 and the pores of layer 40,
electrical connection is made via the liquid between
the conductive layer on 20 in filling chamber 1 and
the conductive layer on the lower surface of layer 40.
This can be detected electrically as a drop in the
resistance or a change in the voltage, or current
flowing or capacitance between the conductive layers
on 20 and 40. This can serve as a signal to the meter
that liquid has filled detection chamber 3 and thus
automatically initiate a pre-determined test sequence.
Note that an advantage of this method is that the
signal won't be detected until the liquid in filling
chamber 1 is of sufficient volume to touch the opening
of reaction chamber 2 and start to fill the pores of
layer 40. Similar to the method disclosed in US
6,571,651, herein incorporated by reference, the
capillary dimension of filling chamber 1 is greater
than that of reaction chamber 2, thus filling chamber
1 can empty to fill reaction chamber 2. So if filling
chamber 1 is sized so as to have a volume at least
equal to and preferably slightly greater than reaction
chamber 2, then the signal indicating that liquid has
been introduced into the device will not be detected
until there is sufficient liquid introduced for the
device to function as intended. An additional
advantage of this is that if at first not enough
liquid is introduced into filling chamber 1, more can
be added until enough is present without affecting the
intended operationof the device. When the fluid
transfer is initiated between reaction chamber 2 and
detection chamber 3, a second change in the electrical
conditions between the conductive surfaces on 20 and
40 will occur, due to the wetting of the conductive
layer on 20 in the area of detection chamber 3. This
change can be used to confirm to the meter that the
fluid transfer has been successfully accomplished.
Note that in general the current signal arising from
the area of the conductive layer on 20 exposed in
filling chamber 1 will be small compared to that
generated by the area of the conductive layer exposed
in detection chamber 3, so it will not interfere
significantly with the signal from detection chamber
3. This is so as, in general, there are low
concentrations of, or no significant amount of,
electroactive species in the native sample that can
generate current at the voltages normally applied
between the electrodes in detection chamber 3. Also,
the relatively long liquid path between the conductive
layer exposed in filling chamber 1 and the conductive
layer on 40 gives a relatively high electrical
resistance, which tends to reduce the current signal
produced. [00026] An advantage of this embodiment is
that only two electrical connections are required to
detect all the electrical signals from the strip to
complete the test, one connection to the conductive
layer on 20 and the second to the conductive layer on
40. Suitable connectors for this are disclosed in US
Patent Nos. 6,379,513 and 6,946,067, and in US Patent
Application No. 11/284,136, which are incorporated by
reference in this disclosure. [00027] An alternative
electrical connection method for this device is shown
in Figure 7. The connection device 200 is illustrated
with reference to the present invention, however it is



to be understood that this aspect of the invention is
applicable to any device when it is desired that
connection be made to surfaces that are in close
proximity and face one another. The numbered elements
in Figure 7 with numbers common to the other figures
denote the sameelement in the present illustration. In
this embodiment of this aspect of the invention,
Figure 7 shows the end of the strip opposite to the
end onto which filling chamber 1 opens. According to
this embodiment, layer 20 is extended beyond spacer
layer 30 and layer 40. Layer 20 carries an
electrically conductive layer 70 on its upper surface
and layer 40 carries an electrically conductive layer
90 on its lower surface. It is desired to make
separate electrical connection to layers 70 and 90.
Layer 40 is extended beyond spacer layer 30. An
additional layer 110 is introduced into the space
between layers 20 and 40 that extends beyond 30.
Preferably the thickness of layer 110 plus a
conductive layer 80 and any adhesive layers that may
be present is to equal to or slightly greater than the
thickness of layer 30. Layer 110 is electrically
conductive at least on its upper surface 80 however is
not electrically conductive through its full
thickness, such that electrical connection can be made
between 80 and 90 but not between 90 and 70 via 110.
Layer 110 and conductive layer 80 carried thereupon
extend beyond the edge of 40, thus by bringing 80 and
90 into electrical connection, electrical connection
can be made to 90 via 80 in the area of 80 that
extends beyond 40. Preferably an adhesive layer is
present between the lower surface of 110 and 70 to fix
layer 110 in position. A conductive adhesive can
optionally be placed between layers 90 and 80, in at
least a portion of where they overlap, to help ensure
good electrical connection. Alternatively the port
containing the pins or similar devices to connect the
strip to an external electrical circuit can be
configured such that when the strip is inserted into
the port, a face or faces of the port push against the
upper surface of 40 to push 90 into connection with
80. [00028] An embodiment of the invention using a
device with three active chambers is shown in Figures
8 and 9. Figure 8 shows a top view of a device with
three active chambers and a filling chamber. Figure 9
shows an exploded view of this embodiment showing the
variouslayers. The strip 700 comprises a filling
chamber 800, a first reaction chamber 510, a transfer
and reaction chamber 310 and a second reaction chamber
520. Perforations 410 in layer 400 serve to connect
first reaction chamber 510 with transfer and reaction
chamber 310. Perforations 420 in layer 400 serve to
connect transfer and reaction chamber 310 with second
reaction chamber 520. In use, sample is added to
filling chamber 800 until it fills to the opening to
510 at the end of filling chamber 800, whereupon the
sample fills first reaction chamber 510. The air that
is necessarily displaced during this filling process
will vent through the open ends of second reaction
chamber 520, via perforations 410 and 420. One or more
reagents and reagent layers can be dried into first
reaction chamber 510 to do a sample pre-treatment
step, for example. After the desired time in first
reaction chamber 510, the transfer of fluid to
transfer and reaction chamber 310 can be initiated by
the means disclosed, such as pushing on layer 200 from
below until it contacts the lower surface of layer 300
at the perforated area 410. When this is initiated,
treated sample will flow from first reaction chamber
510 to fill transfer and reaction chamber 310 until
perforations 420 are blocked with liquid sample such
that air can no longer vent through perforations 420.
Optionally, a second set of reagents can be dried into
transfer and reaction chamber 310 if desired to
perform a second reaction of the sample, such as a
binding reaction as discussed below. Note that is it
advantageous, but not necessary, for reactions to take
place in all chambers. For example, first reaction
chamber 510 could correspond to the reaction chamber
of the embodiment shown in Figures 1-7 and second
reaction chamber 520 could function as the detection
chamber. In this case, transfer and reaction chamber
310 acts purely as a transfer chamber which separates
first reaction chamber 510 and second reaction chamber
520 laterally as well as by perforated area 420. This
can be advantageous in some applications inminimizing
vapor from the fluid in first reaction chamber 510,
when filled, from diffusing to second reaction chamber
520 and wetting the reagents prematurely. [00029]
After the sample fluid is present in transfer and
reaction chamber 310 for the desired time, a further
transfer of sample from transfer and reaction chamber
310 to second reaction chamber 520 can occur via
perforations 420. This transfer can be initiated, for
example, by pushing on the upper surface of layer 600
above perforations 420 such that the lower surface of
layer 600 conies into contact with at least some of
perforations 420. Further reagents can be dried into
second reaction chamber 520 to further treat or react
with components of the sample. For example, the
results of any reactions carried out in transfer and
reaction chamber 310 and first reaction chamber 510
can be detected in second reaction chamber 520 and
converted into a usable signal, either optical,
electrochemical or for some other suitable method.
[00030] Figure 9 gives more detail of how the various
chambers in this embodiment are formed. Layers 200 and
600 are the lower and upper closing layers,
respectively, whose functions are to close faces of
the capillary spaces in the strip, provide layers to
contact the perforated layer to initiate fluid
transfer if initiation is performed in this manner,
and to serve as supports on to which one or more other
layers may be placed. Examples of other layers are
layers of conductive material to form electrodes and
electrical connection tracks and dried reagent layers
that may be required to process the sample in the
various chambers. [00031] Layer 500 is an upper spacer
layer. Portions of layer 500 are either cut away or
otherwise formed to define the area of first and
second reaction chambers 510, 520. Layer 500 can be
formed from a substrate with adhesive coated on both
sides or may be just a layer of adhesive that has been
formed or laid down with the areas that will
correspond to first and second reaction chambers 510,
520 left free of adhesive. If an adhesive coated
substrate is used,the areas corresponding to first and
second reaction chambers 510, 520 could be formed by
punching or otherwise removing those areas. [00032]
Layer 400 is a layer that acts as a barrier between,
and comprises the perforations necessary to complete
the fluid transfers between, first reaction chamber
510 and transfer and reaction chamber 310 and transfer
and reaction chamber 310 and second reaction chamber
520 when required. The perforations can be formed as
described elsewhere in this disclosure. Layer 300 is a
second spacer layer with an open area that serves to
define transfer and reaction chamber 310. This can be
constructed by the methods given above for layer 500.
Filling chamber 800 can be formed by first laminating
or otherwise joining layers 300, 400 and 500 with
areas 310, 510 and 520 and perforations 410 and 420
pre-formed in the respective layers, and then punching
through the tri-laminate to form the cut-out for
filling chamber 800. Alternatively, the regions of
300, 400 and 500 that correspond to filling chamber
800 can be formed separately in the layers and then
the layers laminated such that the cut-out regions
align to form the side walls of filling chamber 800.
The end faces of filling chamber 800 are closed when
200 and 600 are laminated to the upper and lower
surfaces of the tri-laminate comprising 300, 400 and
500. 



[00033] Referring to the embodiment illustrated in
Figures 1-6, to function as a dry strip immunoassay,
reagents can be dried into reaction chamber 2 and
detection chamber 3 during fabrication. The reagents
in reaction chamber 2 comprise a probe linked to a
binding agent (hereafter termed the conjugate) and a
binding target to which the binding agent can bind,
where the species carrying the binding target, or the
binding target itself, can be prevented from entering
detection chamber 3. For example, the conjugate can
consist of an enzyme such as PQQ dependent glucose
dehydrogenase (GDHpqq) linked to an antibody to an
analyte ofinterest. The target binding site can then
be the analyte of interest tethered to magnetic beads.
The magnetic beads can be prevented from entering the
detection chamber by means of a magnet confining them
to reaction chamber 3. Alternatively, the beads need
not be magnetic but be large enough such that they
cannot fit through the pores in layer 40, such that
this prevents them from entering detection chamber 3.
When there is analyte in the sample, the free analyte
can bind to the binding site on the conjugate and
therefore block the conjugate from binding to the
immobilized target sites. The conjugate therefore
remains free in solution and so able to transfer to
detection chamber 3. hi this embodiment it is
desirable that the conjugate and the target binding
site are not mixed before the sample contacts the
reagents. To achieve this, the conjugate can be dried
onto the lower face of 60 and the species carrying the
target binding sites onto the upper face of 40. If the
target binding sites are located on magnetic beads a
permanent or electromagnet placed next to the upper
face of 60 can draw the beads up to mix with the
conjugate after sample has filled reaction chamber 2
and freed the magnetic beads from the initially dry
layer hi addition, the magnet serves to prevent the
beads entering detection chamber 3. [00034] Detection
chamber 3 also contains reagents dried down during
strip fabrication. These reagents are those necessary
to translate the presence of the probe into a current
that can flow between the electrodes in detection
chamber 3. In this embodiment of the invention where
the probe is an enzyme, a substrate and
electrochemically active mediator for the enzyme can
be incorporated. Alternatively, the substrate for the
enzyme can be incorporated into reaction chamber 2.
,This has advantages where the substrate can take some
time to become active. When the probe is GDH, glucose
is a suitable substrate, however the GDHpqq is only
active with b-D-glucose. D-glucose in the dried state
is predominately in the form of a-Dglucose, which
proceeds to mutarotate to b-D-glucose once it
dissolves. Thus it is advantageous to dissolve the
glucose in the sample in reaction chamber 2 so that it
can mutarotate while the binding reactions are taking
place. [00035] Any fluid containing a probe that
enters the detection chamber will dissolve the dried
chemicals and the chemicals and the probe begin to
react. In the case of GDHpqq as the probe, glucose is
a suitable substrate and fep cyanide is a suitable
mediator. When GDHpqq, glucose and ferricyanide are
mixed the GDHpqq will oxidize the glucose and be
reduced in the process, the GDHpqq will then be
reoxidised by ferricyanide, which forms ferrocyanide
in the process. The ferrocyanide can then be oxidized
at the anode in the detection chamber to produce a
measurable current. This current can be related to the
rate of production of ferrocyanide, which in turn can
be related to the concentration of GDHpqq in the
detection chamber, which in turn can be related to the
concentration of analyte originally in the sample.
[00036] Optimally, the chemistry dried into the
detection chamber should be dried onto the upper
surface of 20. This prevents liquid filling the pores
of 40 coming into contact with the dried reagents
prematurely. Additionally, the dissolving of the
chemistry on 20 in the reacted sample liquid when the
chemistry contacts the liquid filled pores of 40 (as
set out below) helps to encourage the transfer of
liquid into the detection chamber. [00037] In order
for the GDHpqq to be detected in the detection chamber
liquid from the reaction chamber must be transferred
to the detection chamber after a pre-determined time
when the binding reactions in the reaction chamber
have proceeded to the desired point. When the liquid
fills the reaction chamber, the hydrophilicity of the
pores in 40 are such that they also fill with liquid
at this point. However, for the liquid to exit the
pores at the face of 40 facing the detection chamber
it would have to increase the area of the air/liquid
interface, which the liquidsurface tension opposes.
Therefore the liquid tends to fill to the base of the
pores and stop. In this embodiment, in order to break
the surface tension layer 20 is pushed from below in
the region of the detection chamber. This distorts 20
such that its upper surface comes into contact with
the lower surface of 40. At the point(s) of contact,
the liquid can now exit the pores in 40 without
increasing the air/liquid interface area by directly
wetting the upper face of 20. However, as the pushing
mechanism is withdrawn and the upper face of 20 moves
away from the lower face of 40, the solution that
wetted 20 moves away with it and draws more liquid
through the pores of 40 in order to minimize the ratio
of air/liquid interface to liquid volume as the
surfaces move apart. This process draws liquid through
the pores until eventually the detection chamber is
completely filled. Note that both the reaction chamber
and the detection chamber should be open to the
atmosphere when they are being filled for correct
function, so that air can be displaced and vented
during the filling processes. In the embodiment shown
in Figures 1-3, a venting function is provided by the
reaction and detection chambers opening to the sides
of the strip 100. hi the embodiment shown in Figures
4-6, the detection chamber is vented through its
openings to the sides of the strip and the reaction
chamber is vented through the open sides of the
detection chamber via the pores in 40. [00038] Also,
in order for this embodiment to function optimally it
is desirable that the filling of the detection chamber
does not result in the emptying of a chamber with
similar capillary dimensions, as the two forces can
oppose one another and create a slow or incomplete
fill. In the strip 100 shown, the filling chamber has
a larger capillary dimension than either the reaction
or the detection chamber. Thus when the detection
chamber fills, the filling chamber will empty if there
is no excess liquid attached to the filling chamber.
Since the filling chamber has a larger capillary
dimension than the detection chamber, the filling of
the detection chamberwill b e less impeded.
Alternatively, if the filling chamber has the same
capillary dimensions as the detection chamber then the
detection chamber should b e more hydrophilic than the
filling chamber in order to affect the transfer of
liquid. In general, the value Of(Yd SL-Yd SA) DAd +
(gt;sAf S L) DAf should b e considered, where g is the
surface tension, DA is the change in the wetted area
of a chamber, the subscripts d and f refer to the
detection and filling chambers, respectively, SL
refers to the solid-liquid interface and SA refers to
the solid-air interface. [00039] The invention has a
number of advantages over the related art. A pusher
mechanism rather than a piercing mechanism can b e
used to initiate fluid transfer, which should add
robustness to the system. Also, the chambers can be
stacked one upon the other, leading to miniaturization
and manufacturing advantages. Also, multiple chambers
can b e stacked and offset, with multiple pusher
mechanisms, as exemplified in Figures 8 and 9, thus
allowing 



multiple chambers in either parallel or series to b e
filled as desired times, increasing flexibility. Also,
electrode areas in the detection cell can b e more
conveniently defined since a cut-out region in 30 can
entirely define the electrode areas. [00040] Examples
1 and 2, below, are given as examples of embodiments
of the invention and should not b e considered as
limiting in any way. [00041] Example 1 [00042] 0.007
inch thick Melinex 329 was sputter coated with a thin
layer of palladium to give an electrical resistance of
10 Ohms/sq to form layer 20. 0.002 inch thick Melinex
329 was coated with ca. 22 microns of heat activated
adhesive ARCare-90503 (Adhesives Research me) on both
sides to serve as layers 30 and 50. The adhesive tape
was supplied with siliconised PET release liners on
both faces.[00043] A 0.004 inch thick web of PET was
perforated by laser cutting through holes in lines in
the down-web direction. The holes were conical in
shape with the larger end being 150 micron diameter
and the smaller end being 45 microns in diameter. The
average hole density was 8.2 holes/mm2. After
perforation, one side of the web was sputter coated
with gold to give an electrical resistance of 10
Ohms/sq. [00044] The double sided adhesive tape was
laminated to both sides of the perforated PET leaving
the gaps as shown in Figure 1 which would form the
reaction chamber 2 and the detection chamber 3. The
palladium coated Melinex was then laminated to the
lower face of layer 30 to form layer 20. Clear PET
film was laminated to the upper face of layer 50 to
form layer 60. Filling chamber 1 was then formed by
punching through layers 20 to 60 and laminating
adhesive coated PET film layers 10 and 70 to close the
faces of filling chamber 1. [00045] Conjugate and
derivatised magnetic beads were prepared as per US
Patent Application Publication No. US-2006-0134713-A1,
herein incorporated by reference. The conjugate
comprised an antibody to CRP (C-Reactive Protein)
joined to at least one GDHpqq. The surface of the
magnetic beads were modified to comprise CRP. This CRP
served as the immobilized binding site for the
conjugate. The magnetic beads were prevented from
entering the detection chamber by a permanent magnet
placed near the reaction chamber. [00046] The
conjugate was dried onto the lower face of layer 60.
hi some strips beads were dried on the upper face of
layer 40. A mixture of potassium ferricyanide, glucose
and buffer was dried on the upper surface of layer 20.
During testing a permanent magnet was placed adjacent
to the upper face of layer 60. This served the dual
purpose of preventing beads (if present) entering the
detection chamber and attracting the beads towards the
layer ofconjugate to promote mixing of the two once
the sample was introdmced into the reaction chamber.
[00047] In use, sample was introduced into filling
chamber 1 until it filled across to touch the entrance
to reaction chamber 2, whereupon reaction chamber 2
also filled with sample. Sixty seconds was then
allowed to elapse. After sixty seconds, a metal rod
was pressed against the lower surface of 20 such that
20 was deflected up until the upper surface of 20 came
into contact with liquid filling the holes in layer
40, whereupon liquid flowed through the holes in 40 to
completely fill detection chamber 3. When liquid
bridged the space between the electrode on the upper
face of 20 and that on the lower face of 40 the meter
initiated an electrochemical test sequence, where it
made the lower electrode +300 mV relative to the upper
electrode for 16 seconds. [00048] Figure 10 shows
plots of the typical current response for strips
filled with 0.1 M HEPES buffer in water with and
without the presence of CRP labeled beads in the test
solution. When no beads are present, maximal conjugate
should be transferred to detection chamber 3. When an
excess of CRP labeled beads over conjugate is present
in the solution the conjugate is substantially
immobilised on the beads leading to a minimal transfer
of conjugate to detection chamber 3. In this case the
lower electrode was at +300 mV with respect to the
upper electrode during the sixteen seconds the
potential was applied. [00049] Figure 11 shows typical
current responses for strips with conjugate and beads
dried into them when tested blood serum containing
either zero or 250 micrograms/milliliter of CRP. In
this case the upper electrode was at +300 mV with
respect to the lower electrode. [00050] Example
2[00051] The invention is also pertinent to a sensor
with a single, larger punched hole in layer 40 rather
than a series of small, laser formed holes. For
example, a 1.5 mm diameter male/female punch was used
to create a hole in layer 40. When liquid filled
chamber 2, it stopped just past the edge of the hole.
When layer 20 was pushed against the hole, the liquid
entered chamber 3. [00052] The invention is not
restricted to the number of holes per sensor or the
range of hole diameters described in Examples 1 and 2.
[00053] The invention is not limited to the
above-described exemplary embodiments. It will be
apparent, based on this disclosure, to one of ordinary
skill in the art that many changes and modifications
can be made to the invention without departing from
the spirit and scope thereof.WHAT I S CLAIMED IS: 1. A
fluid transfer device for transferring liquid from a
first chamber to a second chamber, the device
comprising: a first chamber; a second chamber; and a
barrier between the first chamber and the second
chamber, the barrier having at least one opening
fluidly connecting the first chamber to the second
chamber, the at least one opening being sized such
that a retention force keeps the liquid in the first
chamber, wherein the fluid is transferred from the
first chamber to the second chamber when an initiation
input is introduced to the liquid that is sufficient
to overcome the retention force. 2. The device of
claim 1, wherein the retention force is surface
tension of the liquid at the at least one opening. 3.
The device of claim 2, wherein the initiation input is
fluid pressure applied to the liquid in the at least
one opening and in a direction from the first chamber
to the second chamber. 4. The device of claim 2,
wherein the second chamber has an inner surface and an
outer surface, and the initiation input is pressure
applied to the outer surface of the second chamber
such that the inner surface of the second chamber
contacts the 



liquid in the at least one opening and causes the
liquid to flow through the at least one opening into
the second chamber.5. The device of claim 1, wherein
the device is a sensor strip, the first chamber is a
reaction chamber of the sensor strip, and the second
chamber is a detection chamber of the sensor strip. 6.
The device of claim 1, further comprising a third
chamber; and a second barrier between the second
chamber and the third chamber, the second barrier
having at least one opening fluidly connecting the
second chamber to the third chamber, the at least one
opening in the second barrier being sized such that a
second retention force keeps the liquid in the second
chamber, wherein the fluid is transferred between the
second chamber and the third chamber when a second
initiation input is introduced to the liquid that is
sufficient to over come the second retention force. 7.
The device of claim 6, wherein the second retention
force is surface tension of the liquid at the at least
one opening in the second barrier. 8. The device of
claim 7, wherein the second initiation input is fluid
pressure applied to the liquid in the at least one
opening in the second barrier and in a direction from
the second chamber to the third chamber. 9. The device
of claim 7, wherein the third chamber has an inner
surface and an outer surface, andthe second initiation
input is pressure applied to the outer surface of the
third chamber such that the inner surface of the third
chamber contacts the liquid in the at least one
opening in the second barrier and causes the liquid to
flow through the at least one opening in the second
barrier into the third chamber. 10. The device of
claim '6, wherein the device is a sensor strip, the
first chamber is a reaction chamber of the sensor
strip, the second chamber is a transfer and reaction
chamber of the sensor strip, and the third chamber is
a reaction chamber of the sensor strip. 11. A method
of transferring liquid from a first chamber to a
second chamber, comprising: providing a first chamber;
providing a second chamber; providing a barrier
between the first chamber and the second chamber, the
barrier having at least one opening fluidly connecting
the first chamber to the second chamber, the at least
one opening being sized such that a retention force
keeps the liquid in the first chamber; and
transferring the liquid from the first chamber to the
second chamber, wherein the transferring takes place
when an initiation input is introduced to the liquid
that is sufficient to over come the retention force.
12. The method of claim 11, wherein the retention
force is surface tension of the liquid at the at least
one opening.13. The method of claim 12, wherein the
initiation input is fluid pressure applied to the
liquid in the at least one opening and in a direction
from the first chamber to the second chamber. 14. The
method of claim 12, wherein the initiation input is
pressure applied to an outer surface of the second
chamber such that an inner surface of the second
chamber contacts the liquid in the at least one
opening and causes the liquid to flow through the at
least one opening into the second chamber. 15. The
method of claim 11, wherein the first chamber is a
reaction chamber of a sensor strip, and the second
chamber is a detection chamber of the sensor strip.
16. The method of claim 11, further comprising
providing a third chamber; providing a second barrier
between the second chamber and the third chamber, the
second barrier having at least one opening fluidly
connecting the second chamber to the third chamber,
the at least one opening in the second barrier being
sized such that a second retention force keeps the
liquid in the second chamber; and transferring the
liquid from the second chamber to the third chamber,
wherein the transferring between the second chamber
and the third chamber takes place when a second
initiation input is introduced to the liquid that is
sufficient to over come the second retention force.17.
The method of claim 16, wherein the second retention
force is surface tension of the liquid at the at least
one opening in the second barrier. 18. The method of
claim 17, wherein the second initiation input is fluid
pressure applied to the liquid in the at least one
opening in the second barrier and in a direction from
the second chamber to the third chamber. 19. The
method of claim 17, wherein the second initiation
input is pressure applied to an outer surface of the
third chamber such that an inner surface of the third
chamber contacts the liquid in the at least one
opening in the second barrier and causes the liquid to
flow through the at least one opening in the second
barrier into the third chamber. 20. The method of
claim 16, wherein the first chamber is a reaction
chamber of a sensor strip, the second chamber is a
transfer and reaction chamber of the sensor strip; and
the third chamber is a reaction chamber of the sensor
strip. 


