
CHEMICAL COMPOUNDS The invention relates to pyrimidine
derivatives, or pharmaceutically acceptable salts or
in vivo hydrolysable esters thereof, which possess
cell-cycle inhibitory activity and are accordingly
useful for their anti-cell-proliferation (such as
anti-cancer) activity and are therefore useful in
methods of treatment of the human or animal body. The
invention also relates to processes for the
manufacture of said pyrimidine derivatives, to
pharmaceutical compositions containing them and to
their use in the manufacture of medicaments of use in
the production of an anti-cell-proliferation effect in
a warm-blooded animal such as man. The cell cycle is
fundamental to the survival, regulation and
proliferation of cells and is highly regulated to
ensure that each step progresses in a timely and
orderly manner. The progression of cells through the
cell cycle arises from the sequential activation and
de-activation of several members of the
cyclin-dependent kinase (CDK) family. The activation
of CDKs is dependent on their interaction with a
family of intracellular proteins called cyclins.
Cyclins bind to CDKs and this association is essential
for CDK activity (such as CDKl, CDK2, CDK4 and/or
CDK6) within the cell. Different cyclins are expressed
and degraded at different points in the cell cycle to
ensure that activation and inactivation of CDKs occurs
in the correct order for progression through the cell
cycle. Moreover, CDKs appear to be downstream of a
number of oncogene signalling pathways. Deregulation
of CDK activity by upregulation of cyclins and/or
deletion of endogenous inhibitors appears to be an
important axis between mitogenic signalling pathways
and proliferation of tumour cells. Accordingly it has
been recognised that an inhibitor of cell cycle
kinases, particularly inhibitors of CDKl, CDK2 and/or
CDK4 (which operate at the G2/M, G1/S-S-G2/M and Gl-S
phases respectively) should be of value as an active
inhibitor of cell proliferation, such as growth of
mammalian cancer cells. The inhibition of cell cycle
kinases is expected to be of value in the treatment of
disease states associated with aberrant cell cycles
and cell proliferation such as cancers (solid tumours
and leukemias), fibroproliferative and differentiative
disorders, psoriasis, rheumatoid arthritis, Kaposi's
sarcoma, haemangioma, acute and chronic nephropathies,
atheroma, atherosclerosis, arterial restenosis,
autoimmune diseases, acute and chronic inflammation,
bone diseases and ocular diseases with retinal vessel
proliferation.WO 02/20512, WO 03/076435, WO 03/076436,
WO 03/076434 and WO 03/076433 describe certain
2-anilino-4-imidazolylpyrimidine derivatives that
inhibit the effect of cell cycle kinases. The present
invention is based on the discovery that a novel group
of 2-(4-heterocyclylanilino)-4-imidazolylpyrimidines
surprisingly inhibit the effects of cell cycle kinases
showing activity against CDKl and CDK2, particularly
CDK2, and thus possess anti-cell-proliferation
properties. The compounds of the present invention are
not specifically disclosed in any of the above
applications and we have surprisingly found that these
compounds possess beneficial properties in terms of
one or more of their pharmacological activity
(particularly as compounds which inhibit CDK2) and /
or pharmacokinetic, efficacious, metabolic and
toxicological profiles that make them particularly
suitable for in vivo administration to a warm blooded
animal, such as man. In particular these compounds
show improved physical and metabolic properties
compared to those previously disclosed. Accordingly,
the present invention provides a compound of formula
(I): (I) 



wherein: Ring A is a nitrogen linked 4-7 membered
saturated ring which optionally contains an additional
nitrogen, oxygen or sulphur atom; wherein if Ring A
contains an additional . nitrogen atom that nitrogen
may be optionally substituted by R7; R1 is halo,
nitro, cyano, hydroxy, amino, carboxy, carbamoyl,
mercapto, C^alkyl, C1-OaIkOXy,C2-6alkenyl or
C2-6alkynyl; p is 0-4; wherein the values of R1 may be
the same or different; R2 is selected from halo,
nitro, cyano, hydroxy, trifluoromethoxy, amino,
carboxy, carbamoyl, mercapto, azido, sulphamoyl,
C1-6alkyl, C2-6alkenyl, C2-6alkynyl, C1- alkanoyl,
N-^C^ealkyrjcarbamoyl, ,N-(C1-6alkyl)2carbamoyl,
carbocyclyl-R 34-, heterocyclyl-R 35-, C1- aIlCyIS(O)
wherein a is 0 to 2, C1-6alkoxycarbonyl, N-
-ealkytysulphamoyl or,N-(C 1-6alkyl) 2sulphamoyl;
wherein R2 independently may be optionally substituted
on carbon by one or more R8; or R2 is -NHR9, -NR10R11
or -O-R 12; q is 0-2; wherein the values of R2 maybe
the same or different; R3 is halo, nitro, cyano,
hydroxy, trifluoromethyl, trifluoromethoxy, amino,
carboxy, carbamoyl, mercapto, sulphamoyl, C1-3alkyl,
C2-3alkenyl, C2-3alkynyl, C1-3alkoxy,
C1-3aUcanoyl,N-(C 1-3aUcyl)amino,N
N-(C1-3aUcyl)2amino, C1-3alkanoylamino,
N-(C1-3alkyl)carbamoyl, N,N-(C 1-3alkyl)2carbamoyl,
C1-3alkylS(O) a wherein a is 0 to 2, N-(C
1-3alkyl)sulphamoyl or N,7V-(C1-3alkyl)2sulphamoyl;
wherein R3 may be independently optionally substituted
on carbon by one or more R13; n is 0 to 2, wherein the
values of R3 may be the same or different; R4 is
hydrogen, C1-6alkyl, C2-6alkenyl, C2-6alkynyl,
carbocyclyl or a carbon-linked heterocyclyl; wherein
R4 may be optionally substituted on carbon by one or
more R14; and wherein if said heterocyclyl contains an
-NH- moiety that nitrogen may be optionally
substituted by a group selected from R15; R5 and R6
are independently selected from hydrogen, halo, nitro,
cyano, hydroxy, trifluoromethoxy, amino, carboxy,
carbamoyl, mercapto, sulphamoyl, C^alkyl, C2-6alkenyl,
C2-6alkynyl, C^alkoxy, C1- alkanoyl, C1 alkanoyloxy,
-(C i -6alkyi)amino, N,N-(C 1-6alkyl) 2amino,
C1-6alkanoylamino, N-(C 1-6alkyl)carbamoyl,
N,N-(C].6alkyl) 2carbamoyl, C1-6alkylS(O) a wherein a
is 0 to 2, C1-6aUcoxycarbonyl, (d - alky^sulphamoyl,
N,N-(C 1-6alkyl)2sulphamoyl, C1-6alkylsulphonylamino,
C3-8cycloalkyl or a 4-7 membered saturated
heterocyclic group; wherein R5 and R6 independently of
each other may be optionally substituted on carbon by
one or more R16; and wherein if a 4-7 membered
saturated heterocyclic group contains an -NH- moiety
that nitrogen may be optionally substituted by a group
selected from R17; R7, R9, R10, R11 and R12 are
independently selected from C1-6alkyl, C1-6alkanoyl,
C1-6alkylsulphonyl, C2-6alkenylsulphonyl,
C2-6alkynylsulphonyl, C1-6alkoxycarbonyl, carbamoyl, N
- alkytycarbamoyl, N,N-(C 1-6alkyl)carbamoyl,
carbocyclyl, heterocyclyl, carbocyclyl-R 18- or
heterocyclyl-R 19-; wherein R7, R9, R10, R11 and R12
may be independently optionally substituted on carbon
by a group selected from R20; and wherein if said
heterocyclyl contains an -NH- moiety that nitrogen may
be optionally substituted by R21; R14 and R20 are
independently selected from halo, nitro, cyano,
hydroxy, amino, carboxy, carbamoyl, mercapto,
sulphamoyl, C1-6alkyl, C2-6alkenyl, C2-6alkynyl,
C1-6alkoxy, C2-6alkenyloxy, C2-6alkynyloxy, C alkoxyC
i^alkoxy, C1-6alkoxyC 1-6alkoxyC
1-6alkoxy,C1-6alkanoyl, d - alkanoyloxy, N- C
alky^amino, iV;N-(C1-6alkyl) 2amino,
C1-6alkanoylamino, N-(C1-6alkyl)carbamoyl, N,N-(C
1-6alkyl)2carbamoyl, C1-6alkylS(O) a 



wherein a is 0 to 2, C1-6alkoxycarbonyl, -(C
1-6alkyl)sulphamoyl, , -(C 1-6alkyl) 2sulphamoyl, d -
alkylsulphonylamino, carbocyclyl, heterocyclyl,
carbocyclylC 1-6alkyl-R22-, heterocyclylC 1-6alkyl-R
23-, carbocyclyl-R 24- or heterocyclyl-R 25-; wherein
R14 and R20 may be independently optionally
substituted on carbon by one or more R26; and wherein
if said heterocyclyl contains an -NH- moiety that
nitrogen may be optionally substituted by a group
selected from R27; R18, R19, R22, R23, R24, R2S, R34
or R35 are independently selected from -O-, -N(R28)-,
-C(O)-, -N(R29)C(O)-, -C(O)N(R 30)-, -S(O) -,
-SO2N(R31)- or -N(R32)SO2-; wherein R28, R29, R30, R31
and R32 are independently selected from hydrogen or
C^alkyl and s is 0-2; R15, R17, R21 and R27 and are
independently selected from C1-6alkyl, C alkanoyl,
C1-6alkylsulphonyl, C^alkoxycarbonyl, carbamoyl,
N-(C1-6alkyl)carbamoyl, N,7V-(C1-6alkyl)carbamoyl,
benzyl, benzyloxycarbonyl, benzoyl and
phenylsulphonyl; wherein 1 1 7 1 7 R 5R 3R and R
independently of each other may be optionally
substituted on carbon by on or more R33; and R8, R13,
R16, R26 and R33 are independently selected from halo,
nitro, cyano, hydroxy, trifluoromethoxy,
trifiuoromethyl, amino, carboxy, carbamoyl, mercapto,
sulphamoyl, methyl, ethyl, methoxy, ethoxy, acetyl,
acetoxy, methylamino, ethylamino, dimethylamino,
diethylamino, N-methyl-N-ethylamino, acetylamino,
N-methylcarbamoyl, N-ethylcarbamoyl,
N,N-dimethylcarbamoyl, N,N-diethylcarbamoyl,
N-methyl-N-ethylcarbamoyl, methylthio, ethylthio,
methylsulphinyl, ethylsulphinyl, mesyl,
ethylsulphonyl, methoxycarbonyl, ethoxycarbonyl,
N-methylsulphamoyl, N-ethylsulphamoyl,
N,N-dimethylsulphamoyl, LzN-diethylsulphamoyl or
N-methyl-N-ethylsulphamoyl; or a pharmaceutically
acceptable salt or an in vivo hydrolysable ester
thereof. According to a further aspect of the
invention there is provided a compound of formula (I)
(as depicted above) wherein: Ring A is a nitrogen
linked 4-7 membered saturated ring which optionally
contains an additional nitrogen, oxygen or sulphur
atom; wherein if Ring A contains an additional
nitrogen atom that nitrogen may be optionally
substituted by R7; R1 is halo, nitro, cyano, hydroxy,
amino, carboxy, carbamoyl, mercapto, C1- alkyl, C -
alkoxy, C2-6alkenyl or C2-6alkynyl; p is 0-4; wherein
the values of R1 may be the same or different;R2 is
selected from halo, nitro, cyano, hydroxy,
trifluoromethoxy, amino, carboxy, carbamoyl, mercapto,
sulphamoyl, Ci ^alkyl, C2-6alkenyl, C2-6alkynyl,
C1-6alkanoyl, N-(C1-6alkyl)carbamoyl, N,N-(C 1-6alkyl)
2carbamoyl, C1-6alkylS(O) a wherein a is 0 to 2,
C1-6alkoxycarbonyl, N-(C 1-6alkyl)sulphamoyl or N,N-(C
1-6alkyl) 2sulphamoyl; wherein R2 independently may be
optionally substituted on carbon by one or more R8; or
R2 is -NHR9, -NR10R11 Or -O-R 12; q is 0-2; wherein
the values of R2 maybe the same or different; R3 is
halo, nitro, cyano, hydroxy, trifluoromethyl,
trifluoromethoxy, amino, carboxy, carbamoyl, mercapto,
sulphamoyl, C1-3alkyl, C2-3alkenyl, C2-3alkynyl,
C1-3alkoxy, C1-3alkanoyl, N-CC^alkyrjamino, N,
-(C1-3alkyl) 2amino, C1-3alkanoylamino,
N-(C1-3alkyl)carbamoyl, N -(C 1-3ahVyl)2carbamoyl,
C1-3atkylS(O) a wherein a is 0 to 2,
N-(C1-3alkyi)sulphamoyl or N,N-(C
1-3alkyl)2sulphamoyl; wherein R3 may be independently
optionally substituted on carbon by one or more R13; n
is 0 to 2, wherein the values of R3 may be the same or
different; 



R4 is hydrogen, C1-6alkyl, C2-6alkenyl, C2-6alkynyl,
carbocyclyl or a carbon-linked heterocyclyl; wherein
R4 may be optionally substituted on carbon by one or
more R14; and wherein if said heterocyclyl contains an
-NH- moiety that nitrogen may be optionally
substituted by a group selected from R15; R5 and R6
are independently selected from hydrogen, halo, nitro,
cyano, hydroxy, trifluoromethoxy, amino, carboxy,
carbamoyl, mercapto, sulphamoyl, d - alkyl,
C2-6alkenyl, C2-6alkynyl, C - alkoxy, C1-6alkanoyl,
C1- alkanoyloxy, N-(C i.6a1ky)ammo, N,N-(C 1-6alkyl)
2amino, C ealkanoylamino, N - alkytycarbamoyl, N,N-(C
1-6a -yl)2carbamoyl, C1-6alkylS(O) a wherein a is 0 to
2, C1-6alkoxycarbonyl, N-(C1-6aUcyl)sulphamoyl, N,N-(C
1-6alkyl) 2sulphamoyl, C1-6alkylsulphonylamino,
C3-8cycloalkyl or a 4-7 membered saturated
heterocyclic group; wherein R5 and R6 independently of
each other may be optionally substituted on carbon by
one or more R16; and wherein if a 4-7 membered
saturated heterocyclic group contains an -NH- moiety
that nitrogen may be optionally substituted by a group
selected from R17; R7, R9, R10, R11 and R12 are
independently selected from C1-6alkyl, C1-6alkanoyl,
C1-6alkylsulphonyl, C2-6alkenylsulphonyl,
C2-6alkynylsulphonyl, C^alkoxycarbonyl, carbamoyl,
N-(C i .6alkyl)carbamoyl, N N C ealkyrjcarbamoyl,
carbocyclyl, heterocyclyl, carbocyclyl-R 18- or
heterocyclyl-R 19-; wherein R7, R9, R10, R11 and R12
may be independentlyoptionally substituted on carbon
by a group selected from R20; and wherein if said
heterocyclyl contains an -NH- moiety that nitrogen may
be optionally substituted by R21; R14 and R20 are
independently selected from halo, nitro, cyano,
hydroxy, amino, carboxy, carbamoyl, mercapto,
sulphamoyl, C1-6alkyl, C2-6alkenyl, C2-6alkynyl, d -
alkoxy, C -ealkoxyQ - alkoxy, d - alkoxyd - alkoxyd
-ealkoxy, - alkanoyl, C1-6alkanoyloxy, N-(d
-6alkyl)amino, ,N-(C1-6alkyl) 2amino, d
-ealkanoylamino, N- d - alkyrjcarbamoyl, N,N-(C
1-6alkyl) 2carbamoyl, C1-6alkylS(0) a wherein a is 0
to 2, C1-6alkoxycarbonyl, N-(C 1-6alkyl)sulphamoyl,
N,N-(C 1-6aUcyl)2sulphamoyl, d -6alkylsulphonylamino,
carbocyclyl, heterocyclyl, carbocyclylC alkyl-R 22-,
heterocyclylC 1-6alkyl-R 23-, carbocyclyl-R 24- or
heterocyclyl-R 25-; wherein R14 and R20 may be
optionally substituted on carbon by one or more R26;
and wherein if said heterocyclyl contains an -NH-
moiety that nitrogen may be optionally substituted by
a group selected from R27; R18, R19, R22 R23, R24, R2S
are independently selected from -O-, -N(R28)-, -C(O)-,
-N(R29)C(O)-, -C(O)N(R 30)-, -S(O) -, -SO2N(R31)- or
-N(R32)SO2-; wherein R28, R29, R30, R31 and R32 are
independently selected from hydrogen or d -6alkyl and
s is 0-2; R15, R17, R21 and R27 and are independently
selected from C1-6alkyl, C1-6alkanoyl, d -
alkylsulphonyl, C1-6alkoxycarbonyl, carbamoyl, N d -
alkytycarbamoyl, N,N-(C 1-6alkyi)carbamoyl, benzyl,
benzyloxycarbonyl, benzoyl and phenylsulphonyl;
wherein R15, R17, R21 and R27 independently of each
other may be optionally substituted on carbon by on or
more R33; and R8, R13, R16, R26 and R33 are
independently selected from halo, nitro, cyano,
hydroxy, trifluoromethoxy, trifluoromethyl, amino,
carboxy, carbamoyl, mercapto, sulphamoyl, methyl,
ethyl, methoxy, ethoxy, acetyl, acetoxy, methylamino,
ethylamino, dimethylamino, diethylamino,
-methyl-N-ethylamino, acetylamino, N-methylcarbamoyl,
N-ethylcarbamoyl, N,N-dimethylcarbamoyl,
N,N-diethylcarbamoyl, N-methyl-N-ethylcarbamoyl,
methylthio, ethylthio, methylsulphinyl,
ethylsulphinyl, mesyl, ethylsulphonyl,
methoxycarbonyl, ethoxycarbonyl, N-methylsulphamoyl,
N-ethylsulphamoyl, N,N-dimethylsulphamoyl, 



N,N-diethylsulphamoyl or N-methyl-N-ethylsulphamoyl;
or a pharmaceutical^ acceptable salt or an in vivo
hydrolysable ester thereof. According to a further
aspect of the invention there is provided a compound
of formula (I) (as depicted above) wherein:Ring A is a
nitrogen linked 4-7 membered saturated ring which
optionally contains an additional nitrogen, oxygen or
sulphur atom; wherein if Ring A contains an additional
nitrogen atom that nitrogen may be optionally
substituted by R7; R1 is halo, nitro, cyano, hydroxy,
amino, carboxy, carbamoyl, mercapto, Ci^alkyl,
C1-6alkoxy, C2-6alkenyl or C2-6alkynyl; p is 0-4;
wherein the values of R1 may be the same or different;
R2 is selected from halo, nitro, cyano, hydroxy,
trifluoromethoxy, amino, carboxy, carbamoyl, mercapto,
sulphamoyl, C a cyl, C2-6alkenyl, C2-6alkynyl,
C1-6alkanoyl, N- C -ealky^carbamoyl, N N-(C1-6alkyl)
2carbamoyl, C1- aIlCyIS(O) wherein a is 0 to 2,
C1-6alkoxycarbonyl, N- -ealkytysulphamoyl or N,N-(C
1-6alkyl)2sulphamoyl; wherein R2 independently may be
optionally substituted on carbon by one or more R ; or
R is -NHR , -NR10R11 Or -O-R12; q is 0-2; wherein the
values of R2 maybe the same or different; R3 is halo,
nitro, cyano, hydroxy, trifluoromethyl,
trifluoromethoxy, amino, carboxy, carbamoyl, mercapto,
sulphamoyl, C1-3alkyl, C2.3alkenyl, C2-3alkynyl,
C1-3alkoxy, C -salkanoyl, N C aalkyrjamino, N,N-(C
1-3alkyl) 2amino, C1-3alkanoylamino, -(C
-aancy^carbamoyl, N N- ioalkyl^carbamoyl,
C1-3alkylS(O) a wherein a is 0 to 2, N -
alkytysulphamoyl or N,N-(C1-3alkyl) 2sulphamoyl;
wherein R3 may be independently optionally substituted
on carbon by one or more R13; n is 0 to 2, wherein the
values of R3 may be the same or different; R4 is
hydrogen, C1- alkyl, C2-6alkenyl,
C2-6aUcynyl,carbocyclyl or a carbon-linked
heterocyclyl; wherein R4 may be optionally substituted
on carbon by one or more R14; and wherein if said
heterocyclyl contains an -NH- moiety that nitrogen may
be optionally substituted by a group selected from
R15; R5 and R6 are independently selected from
hydrogen, halo, nitro, cyano, hydroxy,
trifluoromethoxy, amino, carboxy, carbamoyl, mercapto,
sulphamoyl, C1-6alkyl, C2-6alkenyl, C2-6alkynyl,
Ci^alkoxy, C1-6alkanoyl, C1-6alkanoyloxy, N
ealkyrjamino, ,N-(C 1-6alkyl) 2amino,
Q-ealkanoylamino, N- -ealkytycarbamoyl, N, -(C
1-6alkyl) 2carbamoyl, C1-OaIlCyIS(O) wherein a is 0 to
2, C1-6alkoxycarbonyl, N-(C 1 6alkyl)sulphamoyl, N,
-(C1-6alkyl) 2sulphamoyl, C1-6alkylsulphonylamino,
C3-8cycloalkyl or a 4-7 membered saturated
heterocyclic group; wherein R5 and R6 independently of
each other may be optionally substituted on carbon by
one or more R16; andwherein if a 4-7 membered
saturated heterocyclic group contains an -NH- moiety
that nitrogen may be optionally substituted by a group
selected from R17; R7, R9, R10, R11 and R12 are
independently selected from C1-6alkyl, C1-6alkanoyl,
C1- alkylsulphonyl, C2-6alkenylsulphonyl,
C2-6alkynylsulphonyl, C1-6alkoxycarbonyl, carbamoyl,
N- i - alky^carbamoyl, NN-(C1-6alkyl)carbamoyl,
carbocyclyl, heterocyclyl, carbocyclyl-R 18- or
heterocyclyl-R 19-; wherein R7, R9, R10, R11 and R12
may be independently optionally substituted on carbon
by a group selected from R20; and wherein if said
heterocyclyl contains an -NH- moiety that nitrogen may
be optionally substituted by R21; R14 and R20 are
independently selected from halo, nitro, cyano,
hydroxy, amino, carboxy, carbamoyl, mercapto,
sulphamoyl, C1- alkyl, C2-6alkenyl, C2-6alkynyl,
C^alkoxy, 



C2-6alkenyloxy, C2-6alkynyloxy, C -ealkoxyC^ alkoxy, C
alkoxyC^eaUcoxyd -ealkoxy, - alkanoyl,
C1-6alkanoyloxy, N - alkyrjamino, N
N-(Cu6alkyi)2amino, C alkanoylamino,
iV-(C1-6alkyl)carbamoyl, N,N-(C1-6alkyl)2carbamoyl, C
alkylS wherein a is 0 to 2, C1-6alkoxycarbonyl, -(C1-
alky^sulphamoyl, N, -(C1-6alkyl)2sulphamoyl,
C1-6alkylsulphonylamino, carbocyclyl, heterocyclyl,
carbocyclylC - alkyl-R22-, heterocyclyld - alkyl-R23-,
carbocyclyl-R 24- or heterocyclyl-R 25-; wherein R14
and R20 may be optionally substituted on carbon by one
or more R26; and wherein if said heterocyclyl contains
an -NH- moiety that nitrogen may be optionally
substituted by a group selected from R27; R18, R19,
R22, R23, R24, R25 are independently selected from
-O-, -N(R28)-, -C(O)-, -N(R29)C(O)-, -C(O)N(R30)-,
-S(O) -, -SO2N(R31)- or -N(R32)SO2-; wherein R28, R29,
R30, R31 and R32 are independently selected from
hydrogen or - alkyl and s is 0-2; R15, R17, R21 and
R27 and are independently selected from - alkyl,
alkanoyl, oalkylsulphonyl, C1-6alkoxycarbonyl,
carbamoyl, (C1- alky^carbamoyl, N N C alky carbamoy
benzyl, benzyloxycarbonyl, benzoyl and
phenylsulphonyl; wherein R 5R 5R and R independently
of each other may be optionally substituted on carbon
by on or more R33; and R8, R13, R16, R26 and R33 are
independently selected from halo, nitro, cyano,
hydroxy, trifluoromethoxy, trifluoromethyl, amino,
carboxy, carbamoyl, mercapto, sulphamoyl, methyl,
ethyl, methoxy, ethoxy, acetyl, acetoxy, methylamino,
ethylamino, dimethylamino, diethylamino,
N-methyl-JV-ethylamino,acetylamino, N-methylcarbamoyl,
N-ethylcarbamoyl, N,N-dimethylcarbamoyl, ,
-diethylcarbamoyl, N-methyl-N-ethylcarbamoyl,
methylthio, ethylthio, methylsulphinyl,
ethylsulphinyl, mesyl, ethylsulphonyl,
methoxycarbonyl,ethoxycarbonyl, N-methylsulphamoyl,
N-ethylsulphamoyl, N,N-dimethylsulphamoyl, N,
-diethylsulphamoyl or N-methyl-N-ethylsulphamoyl; or a
pharmaceutically acceptable salt or an in vivo
hydrolysable ester thereof. In this specification the
term "alkyl" includes both straight and branched chain
alkyl groups but references to individual alkyl groups
such as "propyl" are specific for the straight chain
version only. For example, "d - alkyl" and "C1-4alkyl"
include methyl, ethyl, propyl, isopropyl and
^-butyl.However, references to individual alkyl groups
such as 'propyl' are specific for the straight chained
version only and references to individual branched
chain alkyl groups such as 'isopropyl' are specific
for the branched chain version only. A similar
convention applies to other radicals, for example
"carbocyclylC alkyl-R20" includes carbocyclylmethyl-R
20, 1-carbocyclylethyl-R 20 and 2-carbocyclylethyl-R
20. The term "halo" refers to fluoro, chloro, bromo
and iodo. Where optional substituents are chosen from
"one or more" groups it is to be understood that this
definition includes all substituents being chosen from
one of the specified groups or the substituents being
chosen from two or more of the specified groups. A
"heterocyclyl" is a saturated, partially saturated or
unsaturated, mono or bicyclic ring containing 4-12
atoms of which at least one atom is chosen from
nitrogen, sulphur or oxygen, which may, unless
otherwise specified, be carbon or nitrogen linked,
wherein a -CH2- group can optionally be replaced by a
-C(O)-, a ring nitrogen atom may optionally bear a
C^alkyl group and form a quaternary compound or a ring
nitrogen and/or sulphur atom may be optionally
oxidised to form the N-oxide and or the S-oxides.
Examples and suitable values of the term
"heterocyclyl" are morpholino, piperidyl, pyridyl,
pyranyl, pyrrolyl, isothiazolyl, 



indolyl, quinolyl, thienyl, 1,3-benzodioxolyl,
thiadiazolyl, piperazinyl, thiazolidinyl,
pyrrolidinyl, thiomorpholino, pyrrolinyl,
homopiperazinyl, 3,5-dioxapiperidinyl,
tetrahydropyranyl, imidazolyl, pyrimidyl, pyrazinyl,
pyridazinyl, isoxazolyl, N-methylpyrrolyl, 4-pyridone,
1-isoquinolone, 2-pyrrolidone, 4-thiazolidone,
pyridine-N-oxide and quinoline-N-oxide. In one aspect
of the invention a "heterocyclyl" is a saturated,
partially saturated or unsaturated, mono or bicyclic
ring containing 5 or 6 atoms of which at least one
atom is chosen from nitrogen, sulphur or oxygen, it
may, unless otherwise specified, be carbon or nitrogen
linked, a -CH2- group can optionally be replaced by a
-C(O)-and a ring sulphur atom may be optionally
oxidised to form the S-oxides. A "carbocyclyl" is a
saturated, partially saturated or unsaturated, mono or
bicyclic carbon ring that contains 3-12 atoms; wherein
a -CH2- group can optionally be replaced by a-C(O)-.
Particularly "carbocyclyl" is a monocyclic ring
containing 5 or 6 atoms or a bicyclic ring containing
9 or 10 atoms. Suitable values for "carbocyclyl"
include cyclopropyl, cyclobutyl, 1-oxocyclopentyl,
cyclopentyl, cyclopentenyl, cyclohexyl, cyclohexenyl,
phenyl, naphthyl, tetralinyl, indanyl or 1-oxoindanyl.
A "4-7 membered saturated heterocyclic group" is a
saturated monocyclic ring containing 4-7 atoms of
which at least one atom is chosen from nitrogen,
sulphur or oxygen, which may, unless otherwise
specified, be carbon or nitrogen linked, wherein a
-CH2- group can optionally be replaced by a -C(O)- and
a sulphur atom may be optionally oxidised to form the
S-oxides. Examples and suitable values of the term
"4-7 membered saturated heterocyclic group" are
morpholino, piperidyl, 1,4-dioxanyl, 1,3-dioxolanyl,
1,2-oxathiolanyl, imidazolidinyl, pyrazolidinyl,
piperazinyl, thiazolidinyl, pyrrolidinyl,
thiomorpholino, homopiperazinyl and tetrahydropyranyl.
Ring A is a "nitrogen linked 4-7 membered saturated
ring which optionally contains an additional nitrogen,
oxygen or sulphur atom". A "nitrogen linked 4-7
membered saturated ring which optionally contains an
additional nitrogen, oxygen or sulphur atom" is a
saturated monocyclic ring containing 4-7 atoms linked
to the phenyl moiety of formula (I) via a nitrogen
atom contained in the ring, the ring optionally
contains an additional heteroatom selected from
nitrogen, sulphur or oxygen, wherein a -CH2- group can
optionally be replaced by a -C(O)-, and the optional
sulphur atom may be optionally oxidised to form the
S-oxides. Examples of"C 1-3alkyl" include methyl,
ethyl, propyl and isopropyl. An example of "C
alkanoyloxy" is acetoxy. Examples of"d alkoxycarbonyl"
include methoxycarbonyl, ethoxycarbonyl, n- and
-butoxycarbonyl. Examples of"C 1-6alkoxy" and
"C1-3alkoxy" include methoxy, ethoxy and propoxy.
Examples of "C1-6alkanoylamino" and "Q.salkanoylamino"
include formamido, acetamido and propionylamino.
Examples of "C1-6alkylS(O)a wherein a is 0 to 2" and
"C1-3alkylS(O)a wherein a is 0 to 2" include
methylthio, ethylthio, methylsulphinyl,
ethylsulphinyl, mesyl and ethylsulphonyl. Examples of
"C1-6alkylS(O)r wherein r is 1 to 2" include
methylsulphinyl, ethylsulphinyl, mesyl and
ethylsulphonyl. Examples of "C ealkanoyl" and
"C1-3alkanoyl" include propionyl and acetyl. Examples
of "N-C1-6alkylamino" and "N-C1-3alkylamino" include
methylamino and ethylamino. Examples of "N,N-(C1-6a
-yl)2amino" and "N N-(C1-3alkyl)2amino" include
di-N-methylamino, di-(N-ethyl)amino and
N-ethyl-N-methylamino. Examples of "C2-6alkenyl" and
"C2-3alkenyl" are vinyl, allyl and 1-propenyl.
Examples of "C2-6alkynyl" and "C2-3alkynyl" are
ethynyl, 1-propynyl and 2-propynyl. Examples of
"N-(C1-6alkyl)sulphamoyl" and"N-(C1-3alkyl)sulphamoyl"
are -(methyl)sulphamoyl and N-(ethyl)sulphamoyl.
Examples of "N,N-(C1-6alkyl)2sulphamoyl" and
"N,N-(C1-3alkyl)2sulphamoyl" are 



N,N-(dimethyl)sulphamoyl and
N-(methyl)-N-(ethyl)sulphamoyl. Examples of
"N-(C1-6alkyl)carbamoyl" and "N-(C1-3alkyl)carbamoyl"
are methylaminocarbonyl and ethylaminocarbonyl.
Examples of "N,N-(C1-6alkyl)2carbamoyl" and
"N,N-(C1-3alkyl)2carbamoyl" are dimethylaminocarbonyl
and methylethylaminocarbonyl. Examples of
"C3-8cycloalkyl" are cyclopropyl, cyclobutyl,
cyclopropyl and cyclohexyl. Examples of
"C1-6alkylsulphonylamino" include
methylsulphonylamino, isopropylsulphonylamino and
-butylsulphonylamino. Examples of
"C1-6alkylsulplionyl" include methylsulphonyl,
isopropylsulphonyl and -butylsulphonyl. Examples of
"C2-6alkenylsulphonyl" include vinylsulphonyl,
allylsulphonyl and 1-propenylsulphonyl. Examples of
"C2-6alkynylsulphonyl" include ethynylsulphonyl,
1-propynylsulphonyl and 2-propynylsulphonyl. Examples
of "C -ealkoxyC - alkoxy" include methoxyethoxy,
2-ethoxypropoxy and 2-isopropoxybutoxy. Examples of "C
ealkoxyd -ealkoxyC ealkoxy" include
methoxyethoxymethoxy, 2-ethoxypropoxymethoxy and
3-(2-isopropoxybutoxy)ethoxy. Examples of
"C2-6alkenyloxy" include vinyloxy and allyloxy.
Examples of "C2-6alkynyloxy" include etbynyloxy and
2-propynyloxy. A suitable pharmaceutically acceptable
salt of a compound of the invention is, for example,
an acid-addition salt of a compound of the invention
which is sufficiently basic, for example, an
acid-addition salt with, for example, an inorganic or
organic acid, for example hydrochloric, hydrobromic,
sulphuric, phosphoric, trifluoroacetic, citric or
maleic acid. In addition a suitable pharmaceutically
acceptable salt of a compound of the invention which
is sufficiently acidic is an alkali metal salt, for
example a sodium or potassium salt, an alkaline earth
metal salt, for example a calcium or magnesium salt,
an ammonium salt or a salt with an organic base which
affords a physiologically-acceptable cation, for
example a salt with methylamine, dimethylamine,
trimethylamine, piperidine, morpholine or
tris-(2-hydroxyethyl)amine. An in vivo hydrolysable
ester of a compound of the formula (I) containing
carboxy or hydroxy group is, for example, a
pharmaceutically acceptable ester which is hydrolysed
in the human or animal body to produce the parent acid
or alcohol. Suitable pharmaceutically acceptable
esters for carboxy include C1-6alkoxymethyl esters for
example methoxymethyl, C - aUcanoyloxymethylesters for
example pivaloyloxymethyl, phthalidyl esters, C
-scycloalkoxycarbonyloxyC 1- alkyl esters for example
1-cyclohexylcarbonyloxyethyl;l,3-dioxolen-2-onylmethyl
esters for example 5-methyl-l,3-dioxolen-2-onylmethyl;
and C - alkoxycarbonyloxyethyl esters for example
1-methoxycarbonyloxyethyl and may be formed at any
carboxy group in the compounds of this invention. An
in vivo hydrolysable ester of a compound of the
formula (I) containing a hydroxy group includes
inorganic esters such as phosphate esters and
a-acyloxyalkyl ethers and related compounds which as a
result of the in vivo hydrolysis of the ester
breakdown to give the parent hydroxy group. Examples
of a-acyloxyalkyl ethers include acetoxymethoxy and
2,2-dimethylpropionyloxy-methoxy. A selection of in
vivo hydrolysable ester forming groups for hydroxy
include alkanoyl, benzoyl, phenylacetyl and
substituted benzoyl and phenylacetyl, alkoxycarbonyl
(to give alkyl carbonate esters), dialkylcarbamoyl and
N-(dialkylaminoethyl)-N-alkylcarbamoyl (to give
carbamates), dialkylaminoacetyl and carboxyacetyl.
Examples of substituents on benzoyl include morpholino
and piperazino linked from a ring nitrogen atom via a
methylene group to the 3- or 4- position of the
benzoyl ring. 



Some compounds of the formula (I) may have chiral
centres and/or geometric isomeric centres (E- and Z-
isomers), and it is to be understood that the
invention encompasses all such optical,
diastereoisomers and geometric isomers that possess
CDK inhibitory activity. The invention relates to any
and all tautomeric forms of the compounds of the
formula (I) that possess CDK inhibitory activity. In
particular the skilled reader will appreciate that
when R4 is hydrogen, the imidazole ring as drawn in
formula (I) may tautomerise. It is also to be
understood that certain compounds of the formula (I)
can exist in solvated as well as unsolvated forms such
as, for example, hydrated forms. It is to be
understood that the invention encompasses all such
solvated forms which possess CDK inhibitory activity.
Particular values of variable groups are as follows.
Such values may be used where appropriate with any of
the definitions, claims or embodiments defined
hereinbefore or hereinafter. Ring A is a nitrogen
linked 4-7 membered saturated ring which optionally
contains an additional nitrogen or oxygen atom;
wherein if Ring A contains an additional nitrogen atom
that nitrogen may be optionally substituted by R7;
wherein R7 is selected from C - alkanoyl, d -
alkylsulphonyl, C2-6alkenylsulphonyl, carbocyclyl-R
18- or heterocyclyl-R 19-; wherein R7 may be
independently optionallysubstituted on carbon by a
group selected from R20; and wherein if said
heterocyclyl contains an -NH- moiety that nitrogen may
be optionally substituted by R21; R18 and R19 are
-C(O)-; R20 is selected from halo, cyano, hydroxy, C
alkoxy, C2-6alkynyloxy, C1-6alkanoyloxy, N,N-(C k
l)2annao,C1-6alkylS(0) a wherein a is 2 or
heterocyclyl; wherein R20 may be optionally
substituted on carbon by one or more R26; R21 is
C1-6alkyl; and R26 is hydroxy. Ring A is a nitrogen
linked 4 - 6 membered saturated ring which optionally
contains an additional nitrogen or oxygen atom;
wherein if Ring A contains an additional nitrogen atom
that nitrogen may be optionally substituted by R7;
wherein R7 is selected from C^alkanoyl,
C1-6alkylsulphonyl, C2-6alkenylsulphonyl,
carbocyclyl-R 18- or heterocyclyl-R 19-; wherein R7
may be independently optionally substituted on carbon
by a group selected from R20; and wherein if said
heterocyclyl contains an -NH- moiety that nitrogen may
be optionally substituted by R21; R18 and R19 are
-C(O)-; R20 is selected from halo, cyano, hydroxy, d -
alkoxy, C2-6alkynyloxy, C1-6alkanoyloxy,
N,N-(Ci.6alkyl)2amino, C1-6alkylS(0) a wherein a is 2
or heterocyclyl; wherein R20 may be optionally
substituted on carbon by one or more R26; R21 is
C1-6alkyl; and R26 is hydroxy. Ring A is a nitrogen
linked 4-7 membered saturated ring which optionally
contains an additional nitrogen, oxygen or sulphur
atom; wherein if Ring A contains an additional
nitrogen atom that nitrogen may be optionally
substituted by R7; wherein R7 is selected from
C1-6alk;anoyl,d^alkylsulphonyl, C2-6alkenylsulphonyl,
carbocyclyl-R 18- or heterocyclyl-R 19-; wherein R7
may be independently optionally 



substituted on carbon by a group selected from R20;
and wherein if said heterocyclyl contains an -NH-
moiety that nitrogen may be optionally substituted by
R21; R20 is selected from halo, cyano, hydroxy, C
ealkoxy, C2-6alkynyloxy, C alkanoyloxy,
N,N-(C1-6alkyl)2amino, C1-6alkylS(0) a wherein a is 2
or heterocyclyl; wherein R20 may be optionally
substituted on carbon by one or more R26; R18 andR 19
are -C(O)-; R21 is C1-6alkyl; andR26 is hydroxy. Ring
A is a nitrogen linked 6 membered saturated ring which
optionally contains an additional nitrogen atom;
wherein if Ring A contains an additional nitrogen atom
that nitrogen may be optionally substituted by R7;
wherein R7 is selected from C1-6alkanoyl,
C1-6alkylsulphonyl and C2-6alkenylsulphonyl; wherein
R7 may be optionally substituted on carbon by a group
selected from R20; wherein R20 is selected from
hydroxy, C1-6alkoxy, C1-6alkanoyloxy and
,N-(C1-6alkyl)2amino. Ring A is piperazin-1-yl,
morpholino, pyrrolidinyl or azetidinyl, ; wherein said
piperazin-1-yl may be optionally substituted on
nitrogen by R7; wherein R7 is selected from acetyl,
propionyl, 2,2-dimethylpropanoyl, 3-methylbutanoyl,
butyryl, isobutyryl, mesyl, ethylsulphonyl,
ethenylsulphonyl, cyclopropyl-R 18-,
tetrahydrofuranyl-R 19- or pyrrolidinyl-R 19-; wherein
R7 may be independently optionally substituted on
carbon by a group selected from R20; and wherein if
said heterocyclyl contains an -NH- moiety that
nitrogen may be optionally substituted by R21; R18
andR 19 are-C(O>; R20 is selected from fluoro, chloro,
cyano, hydroxy, methoxy, prop-2-yn-l-yloxy, acetoxy,
dimethylamino, diethylamino, mesyl, tetrazolyl,
pyrrolidinyl, morpholino, azetidinyl; wherein R20 may
be optionally substituted on carbon by one or more
R26; R21 is methyl; and R26 is hydroxy. Ring A is
piperazin-1-yl or morpholino; wherein said piperazinyl
may be optionally substituted on nitrogen by R7;
wherein R7 is selected from acetyl, propionyl,
2-methylpropionyl, 2,2-dimethylpropionyl, butanoyl,
3-methylbutanoyl, mesyl, vinylsulphonyl,
cyclopropyl-R18-, pyrrolidin-2-yl-R 19-,
tetrahydrofuran-2-yl-R 19- or tetrahydrofuran-3-yl-R
19-; wherein R7 may be independently optionally
substituted on carbon by a group selected from R20;
and wherein if said heterocyclyl contains an -NH-
moiety that nitrogen may be optionally substituted by
R21; R20 is selected from fluoro, chloro, cyano,
hydroxy, methoxy, 2-propynyloxy, acetoxy,
dimethylamino, diethylamino, mesyl, azetidin-1-yl,
pyrrolidin-1-yl, morpholino, tetrazol-1-yl or
tetrazol-5-yl; wherein R20 may be optionally
substituted on carbon by one or more R26; R18 andR 19
are -C(O)-; R21 is methyl; and R26 is hydroxy.Ring A
is morpholino or piperazin-1-yl; wherein if Ring A is
piperazin-1-yl the -NHmoiety may be optionally
substituted by R7; wherein R7 is selected from acetyl,
methylsulphonyl, ethylsulphonyl and vinylsulphonyl;
wherein R7 may be optionally substituted on carbon by
a group selected from R20; wherein R20 is selected
from hydroxy, methoxy, acetoxy and dimethylamino. Ring
A, R2 and q together form piperazin-1-yl, morpholino,
4-mesylpiperazin-l-yl, 4- 



acetylpiperazin-1-yl,
4-(2-acetoxyacetyl)piperazin-l-yl,
4-(2-hydroxyacetyl)pi rerazin-l-yl, 4-
(2-chloroacetyl)piperazin-l-yl,
4-(2-methoxyacetyl)piperazin-l-yl, (3- methoxypropanoy
l)piperazin- 1-yl,
(3-hydroxy-3-methylbutanoyl)piperazin- 1-yl,
(3-hydroxy- 2,2-dimethylpropanoyl)piperazin-l-yl,
((R)-3-methyl-2-hydroxybutanoyl)piperazin-l-yl, ((S)-
3-methyl-2-hydroxybutanoyl)piperazin-
1-y1,4-(2-dimethylaminoacetyl)piperazin- 1-yl, 4-[2-
(dimethylamino)ethylsulphonyl]piperazin- 1-yl,
4-[2-(methoxy)ethylsulphonyl]piperazin- 1-yl,
4-[2-(hydroxy)ethylsulphonyl]piperazin- 1-yl,
4-(cyclopropylcarbonyl)piperazin- 1-yl, 4-(1- hydroxy
cyclopropylcarbonyl)piperazin- 1-yl,
4-(1-cyanocyclopropylcarbonyl)piperazin- 1-yl,
4-(2-hydroxy-2-methylpropanoyl)piperazin- 1-yl,
4-((R)-2-hydroxypropanoyl)piperazin- 1-yl,
4-((S)-2-hydroxypropanoyl)piperazin- 1-yl,
4-((R)-2-methoxypropanoyl)piperazin- 1-yl, 4-
((S)-2-methoxypropanoyl)piperazin- 1-yl,
4-((R)-tetrahydrofuran-2-ylcarbonyl)piperazin- 1-yl,
4-((S)-tetrahydrofuran-2-ylcarbonyl)piperazin- 1-yl,
4-(isobutyryl)piperazin- 1-yl, 4-((R)-2-
hydroxybutanoyl)piperazin-l-yl, 4-((S)-2-
hydroxybutanoyl)piperazin-l-yl, (R)-3-
acetylaminopyrrolidm-1-yl,
(S)-3-acetylaminopyrrolidin-l-yl, (R)-2-
(cyclopropylaminocarbonyl)pyrrolidin- 1-yl, (R)-2-(
N-methylcarbamoyl)pyrrolidin- 1-yl, (S)- 2-(
,N-dimethylcarbamoyl)pyrrolidin- 1-yl, 4-(etheny
lsulphonyl)piperazin- 1-yl, 4-[2-(2- propyn-
1-yloxy)acetyl]piperazin- 1-yl, 4-(tetrahydrofuran-3
-ylcarbonyl)piperazin- 1-yl, 4-(3 -
dimethylaminopropanoyl)piperazin- 1-yl,
4-[2-(N-methyl-Nhydroxymethylamino)
acetyl]piperazin-l-yl, 4-[3-hydroxy-2-
(hydroxymethyl)propanoyl]piperazin- 1-yl, 4-[2-(1,2,3
,4-tetrazol- 1-yl)acetyl]piperazin- 1-yl,
4-[2-(l,2,3,4-tetrazol-5-yl)acetyl]piperazin-l-yl,
4-(l-methyl-L-prolyl)piperazin-l-yl, 4-[2-
(mesyl)acetyl]piperazin- 1-yl,
4-(2,2-difluoroacetyl)piperazin- 1-yl,
4-[2-(pyrrolidin- 1- yl)acetyl]piperazin- 1-yl,
4-[2-(mo f holino)acetyl]piperazin- 1-yl, 4-[2-
(diethylamino)acetyl]piperazin-l-yl,
4-(propionyl)piperazin-l-yl, 4-(3-
hydroxypropionyl)piperazin- 1-yl, 4-[2-(azetidin-
1-yl)acetyl]piperazin- 1-yl, (R)-3- amiopyrrolidin-
1-yl, (S)-3-aminopyrrolidin- 1-yl, (3R,5S)
-4-acetyl-3,5-dimethylpiperazin- 1- yl,
(2S,5i?)-4-acetyl-2,5-dimethylpiperazin- 1-yl,
(2i?1S',65'i?)-2,6-dimethylmorpholin-4-yl]phenyl,
3-hydroxyazetidin-l-yl, 3-acetylaminoazetidin-l-yl,
3-(2- hydroxyacetylamino)azetidin-l-yl,
3-mesylaminoazetidin-l-yl, 3-mesyloxyazetidin-l-yl, 3-
azidoazetidin-1-yl, 3-aminoazetidin-l-yl,
(3R)-3-{[(2S)-2- hydroxypropanoyl]amino}pyrrolidin-
1-yl, (3S) -3- {[(2S)-2-
hydroxypropanoyl]amino}pyrrolidin-l-yl,
(35)-3-(glycoloylamino)pyrrolidin-l-yl and (3R)-
3-(glycoloylamino)pyrrolidin-l-yl. Ring A is
[4-(2-acetoxyacetyl)piperazin-l-yl;
[4-(hydroxyacetyl)piperazin-l-yl; A-
((i?)-2-hydroxybutanoyl)piperazin- 1-yl;
4-((R)-2-hydroxypropionyl)piperazin- 1-yl; 4-((R)-2-
methoxypropionyl)piperazin- 1-yl;
4-((R)-3-methyl-2-hydroxybutanoyl)piperazin- 1-yl;
4-((R)- tetrahydrofur-2-ylcarbonyl)piperazin-l-yl;
4-((S)-2-hydroxybutanoyl)piperazin-l -yl; 4-((S)-2-
methoxypropionyl)piperazin-l-yl; 4-((S)
-3-methyl-2-hydroxybutanoyl)piperazin-l -yl; 4-((S) -
tetrahydrofur-2-ylcarbonyl)piperazin- 1-yl;
4-(1-cyanocycloprop- 1-ylcarbonyl)piperazin- 1-yl;
4-(l -hydroxy cycloprop- 1-ylcarbonyl)piperazin- 1-yl;
4-(1-methyl-L-prolylcarbonyl)piperazin- 1-y1;
4-(2-(R)-tetrahydrofur-2-ylcarbonyl)piperazin- 1-yl;
4-(2-(S)-2- hydroxypropionyl)piperazin-
1-yl)piperazin- 1-yl;
4-(2-(S)-tetrahydrofur-2-yl)piperazin- 1-yl;
4-(2,2-difluoroacetyl)piperazin- 1-yl; 4-(2-acetoxy
acetyl)piperazin- 1-yl; 4-(2-
dimethylaminoacetyl)piperazin- 1-yl;
4-(2-dimethylaminoethylsulphonyl)piperazin- 1-yl;
4-(2- hydroxy-2-methylpropionyl)piperazin- 1-yl;
4-(2-hydroxyacetyl)piperazin- 1-yl; 4-(2- 



hydroxy ethylsulphonyl)piperazin- 1-yl;
4-(2-hydroxypropionyl)piperazin- 1-yl; 4-(2-
mesylacetyl)piperazin- 1-yl; 4-(2-methoxy
acetyl)piperazin- 1-yl; 4-(2- methoxyethy
lsulphonyl)piperazin- 1-yl;
4-(2-methyl-2-hydroxypropionyl)piperazin- 1-yl; 4-(2-
methylpropionyl)piperazin- 1-yl; 4-(2-mo f
holinoacetyl)piperazin- 1-yl; 4-(2-pyrrolidin- 1-
ylacetyl)piperazin- 1-yl; 4-(3
-dimethyaminopropionyl)piperazin- 1-yl; 4-(3
-hydroxy-2,2- dimethylpropionyl)piperazin- 1-yl;
4-(3-hydroxypropionyl)piperazin- 1-yl; 4-(3-
methoxypropionyl)piperazin-l-yl;
4-(3-methyl-3-hydroxybutanoyl)piperazin-l-yl; 4-(4-
hydroxybutanoyl)piperazin-l-yl;
4-(acetoxyacetyl)piperazin-l-yl;
4-(acetyl)piperazin-l-yl; 4- (azetidin-
1-ylacetyl)piperazin- 1-yl; 4-(chloroacetyl)piperazin-
1-yl; 4-(cyclopropyl)piperazin- 1-yl;
4-(propionyl)piperazin-l-yl;
4-(tetrahydrofur-3-ylcarbonyl)piperazin-l-yl; 4-
(vinylsulphonyl)piperazin-l-yl; 4-[2-(l
H-tetrazol-5-yl)acetyl)piperazin-l-yl; 4-[2-(2-
propynyloxy)acetyl]piperazin-l-yl;
4-[2-(N-hydroxymethyl- N-methylamino)acetyl]piperazin-
1-yl; 4-[2-(tetrazol-l-yl)acetyl]piperazin-l-yl;
4-acetylpiperazin-l-yl; 4-mesylpiperazin-l-yl;
morpholino; andpiperazin-1-yl.Ring A is
4-methylsulphonylpiperazin-l-yl,
4-vinylsulphonylpiperazin-l-yl, 4-
acetylpiperazin-1-yl, 4-(acteoxyacetyl)piperazin-l-yl,
4-(hydroxyacetyl)piperazin-l-yl, 4-
(dimethylaminoacetyl)piperazin- 1-yl,
4-(2-dimethylaminoethylsulphonyl)piperazin- 1-yl, 4-
(2-methoxyethylsulphonyl)piperazin- 1-yl,
4-(2-hydroxyethylsulphonyl)piperazin- 1-yl, piperazin-
1-yl or morpholino . R1 is halo or C1-6alkyl. R1 is
fluoro, chloro or methyl. p is 0-2; wherein the values
of R1 may be the same or different, p is 0 or 1. p is
l . p is 0. R2 is selected from hydroxy, amino, azido,
C^aUcyl, N C -ealkytycarbamoyl, N,
-(C1-6alkyl)2carbamoyl, carbocyclyl-R 34-, -NHR9 or
-O-R12; R9 and R12 are independently selected from
C1-6alkanoyl or C1-6alkylsulphonyl; wherein R9 and R12
may be independently optionally substituted on carbon
by a group selected from R20; R20 is hydroxy; and R34
is -N(R29)C(O)-; wherein R29 is hydrogen. R2 is
selected from hydroxy, amino, azido, methyl,
iV-methylcarbamoyl, N, -dimethylcarbamoyl,
cyclopropyl-R 34-, -NHR9 or -O-R12; R9 and R12 are
independently selected from acetyl, propionyl or
mesyl; wherein R9 and R12 may be independently
optionally substituted on carbon by a group selected
from R20; R20 is hydroxy; and R34 is -N(R29)C(O)-;
wherein R29 is hydrogen. R2 is selected from hydroxy,
amino, azido, methyl, N-methylcarbamoyl,
,N-dimethylcarbamoyl, acetamido,
{[(25)-2-hydroxypropanoyl]amino}, glycoloylamino,
mesylamino, 2-hydroxyacetamido, mesyloxy or
N-cyclopropylcarbamoyl. q is 0 or 1. q is 2. q is l .
q is 0. 



R3 is halo. R3 is fluoro or chloro.R3 is 5-fluoro or
5-chloro. R3 is 5-fluoro. R3 is 5-chloro. n is 0 or 1.
n is 1. n is 0. R4 is d - alkyl or carbocyclyl;
wherein R4 may be optionally substituted on carbon by
one or more R14; wherein R14 is carbocyclyl. R4 is
C1-4alkyl or cyclobutyl; wherein R4 may be optionally
substituted on carbon by one or more R14; wherein R14
is cyclopropyl. R4 is ethyl, isopropyl, isobutyl,
cyclobutyl or cyclopropylmethyl. R4 is isopropyl. R5
and R6 are independently selected from hydrogen or
C1-6alkyl; wherein R5 and R6 independently of each
other may be optionally substituted on carbon by one
or more R16; wherein R16 is selected from methoxy. R5
and R6 are independently selected from hydrogen
methyl, ethyl or propyl; wherein R5 and R6
independently of each other may be optionally
substituted on carbon by one or more R16; wherein R16
is selected from methoxy. R5 and R6 are independently
selected from hydrogen, methyl, ethyl, methoxymethyl,
propyl. R5 is C1-6alkyl; wherein R5 may be optionally
substituted on carbon by one or more R16; wherein R16
is methoxy. R5 is C1-4alkyl; wherein R5 may be
optionally substituted on carbon by one or more R16;
wherein R16 is methoxy. R5 is methyl, ethyl, propyl or
methoxymethyl. R5 is methyl. R6 is hydrogen.R4 is
isopropyl, R5 is methyl and R6 is hydrogen. Therefore
in a further aspect of the invention there is provided
a compound of formula (I) (as depicted above) wherein:
Ring A is a nitrogen linked 4-7 membered saturated
ring which optionally contains an additional nitrogen
or oxygen atom; wherein if Ring A contains an
additional nitrogen atom that nitrogen may be
optionally substituted by R7; R1 is halo or Q^alkyl; p
is 0 or 1; R2 is selected from hydroxy, amino, azido,
C1^aIkVl,N-(C1-6alkyl)carbamoyl, N,
-(C1-6alkyl)2carbamoyl, carbocyclyl-R 34-, -NHR9 or
-O-R12; q is 0-2; wherein the values of R2 maybe the
same or different; 



R3 is halo; n is 0 or 1; R4 is C1-6alkyl or
carbocyclyl; wherein R4 may be optionally substituted
on carbon by one or more R14; R5 and R6 are
independently selected from hydrogen or C^alkyl;
wherein R5 and R6 independently of each other may be
optionally substituted on carbon by one or more R16;
R7 is selected from d - alkanoyl, d - alkylsulphonyl,
C2-6alkenylsulphonyl, carbocyclyl-R 18- or
heterocyclyl-R 19-; wherein R7 may be independently
optionally substituted on carbon by a group selected
from R20; and wherein if said heterocyclyl contains an
-NH- moiety that nitrogen may be optionally
substituted by R21; R9 and R12 are independently
selected from C1- alkanoyl or d^alkylsulphonyl;
wherein R9 and R12 may be independently optionally
substituted on carbon by a group selected from R20;
R14 is carbocyclyl; R16 is selected from methoxy; R18
and R19 are -C(O)-; R20 is selected from halo, cyano,
hydroxy, C1-6alkoxy, C2-6alkynyloxy, C1-6alkanoyloxy,
N,N-(d -6alkyl)2amino, C1-6alkylS(O)a wherein a is 2
or heterocyclyl; wherein R20 may be optionally
substituted on carbon by one or more R26; R21 is
C1-balkyl; R26 is hydroxy; or R34 is -N(R29)C(O)-;
wherein R29 is hydrogen;or a pharmaceutical^
acceptable salt or an in vivo hydrolysable ester
thereof. Therefore in a further aspect of the
invention there is provided a compound of formula (I)
(as depicted above) wherein: Ring A, R2 and q together
form piperazin-1-yl, morpholino,
4-mesylpiperazin-l-yl, 4- acetylpiperazin-1-yl,
4-(2-acetoxyacetyl)piperazin-l-yl,
4-(2-hydroxyacetyl)piperazin-l-yl, 4- (2-chloroacetyl)
riperazin- 1-yl, 4-(2-methoxyacetyl)piperazin- 1-yl,
(3- methoxypropanoyl)piperazin- 1-yl,
(3-hydroxy-3-methylbutanoyl)piperazin- 1-yl,
(3-hydroxy- 2,2-dimethylpropanoyl)piperazin- 1-yl,
((R)-3-methyl-2-hydroxybutanoyl)piperazin- 1-yl, ((S)-
3-methyl-2-hydroxybutanoy l)piperazin- 1-yl,
4-(2-dimethylaminoacetyl)piperazin- 1-yl, 4-[2-
(dimethylamino)ethy lsulphonyl]piperazin- 1-yl,
4-[2-(methoxy)ethylsulphonyl]piperazin- 1-yl,
4-[2-(hydroxy)ethylsulphonyl]piperazin- 1-yl,
4-(cyclopropylcarbonyl)piperazin- 1-yl, 4-(1- hydroxy
cyclopropylcarbony l)piperazin- 1-yl,
4-(1-cyanocyclopropylcarbony l)piperazin- 1-yl,
4-(2-hydroxy-2-methylpropanoyl)piperazin- 1-yl,
4-((R)-2-hydroxypropanoyl)piperazin- 1-yl,
4-((S)-2-hydroxypropanoyl)piperazin- 1-yl,
4-((R)-2-methoxypropanoyl)piperazin- 1-yl, 4-
((S)-2-methoxypropanoyl)piperazin- 1-yl,
4-((R)-tetrahydrofuran-2-ylcarbonyl)piperazin- 1-yl,
4-((S)-tetrahydrofuran-2-ylcarbonyl)piperazin- 1-yl,
4-(isobutyryl)piperazin- 1-yl, 4-((R)-2-
hydroxybutanoyl)piperazin-l-yl, 4-((S)-2-
hydroxybutanoyl)piperazin-l-yl, (R)-3-
acetylaminopyrrolidin- 1-yl,
(S)-3-acetylaminopyrrolidin- 1-yl, (R)-2-
(cyclopropylaminocarbonyl)pyrrolidin- 1-yl,
(R)-2-(N-methylcarbamoyl)pyrrolidin- 1-yl, (S)- 2-(N,
-dimethylcarbamoyl)pyrrolidin- 1-yl,
4-(ethenylsulphonyl)piperazin- 1-yl, 4-[2-(2- propyn-
1-yloxy)acetyl]piperazin- 1-yl,
4-(tetrahydrofuran-3-ylcarbonyl)piperazin- 1-yl, 4-(3-
dimethylaminopropanoyl)piperazin- 1-yl,
4-[2-(N-methyl-Nhydroxymethylamino) acetyl]piperazin-
1-yl, 4-[3-hydroxy-2- 



(hydroxymethyl)propanoyl]piperazin- 1-yl, 4-[2-(1
,2,3,4-tetrazol- 1-yl)acetyl]piperazin- 1-yl,
4-[2-(l,2,3,4-tetrazol-5-yl)acetyl]piperazin-l-yl,
4-(l-methyl-L-prolyl)piperazin-l-yl, 4-[2-
(mesyl)acetyl]piperazin- 1-yl,
4-(2,2-difluoroacetyl)piperazin- 1-yl,
4-[2-(pyrrolidin- 1- yl)acetyl]piperazin- 1-yl,
4-[2-(mo f holino)acetyl]piperazin- 1-yl, 4-[2-
(diethylamino)acetyl]piperazin- 1-yl,
4-(propionyl)piperazin- 1-yl, 4-(3-
hydroxypropionyl)piperazin- 1-y1, 4-[2-(azetidin-
1-yl)acetyl]piperazin- 1-yl, (R)-3-
aminopyrrolidin-1-yl, (S)-3-aminopyrrolidin-l-yl,
(3i?,5<S)-4-acetyl-3,5-dimethylpiperazin-lyl,
(2S,5i?)-4-acetyl-2,5-dimethylpiperazin-l-yl,
(2i?5',65'i?)-2,6-dimethylmorpholm-4- yl]phenyl,
3-hydroxyazetidin-l-yl, 3-acetylaminoazetidin-l-yl,
3-(2- hydroxyacetylamino)azetidin-l-yl,
3-mesylaminoazetidin-l-yl, 3-mesyloxyazetidin-l-yl,
3-azidoazetidin-1-yl, 3-aminoazetidin-l-yl,
(3i?)-3-{[(2)-2-
hydroxypropanoyl]amino}pyrrolidin-l-yl, (35)-3-
{[(2S)-2- hydroxypropanoyl]amino}pyrrolidin-l-yl,
(3S)-3-(glycoloylamino)pyrrolidin-l -yl and (3R)-
3-(glycoloylamino)pyrrolidin- 1-yl; R1 is fluoro,
chloro or methyl; p is 0 or 1; R2 is selected from
hydroxy, amino, azido, methyl, N-methylcarbamoyl, N,
-dimethylcarbamoyl, acetamido,
{[(25)-2-hydroxypropanoyl]amino}, glycoloylamino,
mesylamino, 2-hydroxyacetamido, mesyloxy or
N-cyclopropylcarbamoyl. q is 0-2; wherein the values
of R2 maybe the same or different; R3 is 5-fiuoro or
5-chloro; n is Oor 1; R4 is ethyl, isopropyl,
isobutyl, cyclobutyl or cyclopropylmethyl; R5 and R6
are independently selected from hydrogen, methyl,
ethyl, methoxymethyl, propyl; or a pharmaceutically
acceptable salt or an in vivo hydrolysable ester
thereof. Therefore in a further aspect of the
invention there is provided a compound of formula (I)
(as depicted above) wherein: Ring A is a nitrogen
linked 4-7 membered saturated ring which optionally
contains an additional nitrogen, oxygen or sulphur
atom; wherein if Ring A contains an additional
nitrogen atom that nitrogen may be optionally
substituted by R7; wherein R3 is halo; R4 is C ealkyl
or carbocyclyl; wherein R4 may be optionally
substituted on carbon by one or more R14; wherein R5
and R6 are independently selected from hydrogen or C1-
alkyl; wherein R5 and R6 independently of each other
may be optionally substituted on carbon by one or more
R16; R7 is selected from - alkanoyl,
C^ealkylsulphonyl, C2-6alkenylsulphonyl, carbocyclyl-R
18- or heterocyclyl-R 19-; wherein R7 may be
independently optionally substituted on carbon by a
group selected from R20; and wherein if said
heterocyclyl contains an -NH- moiety that nitrogen may
be optionally substituted by R21; R14 is carbocyclyl;
R16 is selected from methoxy; R18 andR 19 are -C(O)-;
R20 is selected from halo, cyano, hydroxy, - alkoxy,
C2-6alkynyloxy, C^alkanoyloxy, N N- C .ealkyl^amino,
C1-6alkylS(O)a wherein a is 2 or heterocyclyl; wherein
R20 may be optionally substituted on carbon by one or
more R26; 



R21 is C1- alkyl; R26 is hydroxy; p is O; q is O; n is
0 or 1; or a pharmaceutical^ acceptable salt or an in
vivo hydrolysable ester thereof. Therefore in a
further aspect of the invention there is provided a
compound of formula (I) (as depicted above) wherein
Ring A is a nitrogen linked 6 membered saturated ring
which optionally contains an additional nitrogen atom;
wherein if Ring A contains an additional nitrogen atom
that nitrogen may be optionally substituted by R7;
wherein R7 is selected from d - alkanoyl,
C1-6alkylsulphonyl and C2-6alkenylsulphonyl; wherein
R7 may be optionally substituted on carbon by a group
selected from R20; wherein R20 is selected from
hydroxy, C all-oxy, C alkanoyloxy and
N,N-(C1-6alkyl)2amino; p is O; q is O; R3 is halo; n
is 0 or 1. R4 is C - alkyl or carbocyclyl; wherein R4
may be optionally substituted on carbon by one or more
R14; wherein R14 is carbocyclyl; R5 is C1-6alkyl;
wherein R5 may be optionally substituted on carbon by
one or more R16; wherein R16 is methoxy; and R6 is
hydrogen. or a pharmaceutically acceptable salt or an
in vivo hydrolysable ester thereof. Therefore in a
further aspect of the invention there is provided a
compound of formula (I) (as depicted above) wherein
Ring A is 4-methylsulphonylpiperazin-l-yl,
4-vinylsulphonylpiperazin-l-yl, 4-
acetylpiperazin-1-yl, 4-(acteoxyacetyl)piperazin-l-yl,
4-(hydroxyacetyl)piperazin-l-yl,
4-(dimethylaminoacetyl)piperazin-l-yl,
4-(2-dimethylaminoethylsulphonyl)piperazin-l-yl, 4-
(2-methoxy ethylsulphonyl)piperazin- 1-yl, 4-(2-hy
droxyethylsulphonyl)piperazin- 1-yl, piperazin-1-yl or
morpholino; p is O; q is O; R3 is halo; n is 0 or 1;
R4 is ethyl, isopropyl, isobutyl, cyclobutyl or
cyclopropylmethyl; R5 is methyl, ethyl, propyl or
methoxymethyl; and R6 is hydrogen; or a
pharmaceutically acceptable salt or an in vivo
hydrolysable ester thereof. In another aspect of the
invention, preferred compounds of the invention are
any one of the Examples or a pharmaceutically
acceptable salt or an in vivo hydrolysable ester
thereof. In another aspect of the invention, preferred
compounds of the invention are any one of Examples 18,
22, 87, 92, 94, 96, 104, 113, 118 or 121, or a
pharmaceutically acceptable 



salt or an in vivo hydrolysable ester thereof.
Preferred aspects of the invention are those which
relate to the compound of formula (I) or a
pharmaceutically acceptable salt thereof. Another
aspect of the present invention provides a process for
preparing a compound of formula (I) or a
pharmaceutically acceptable salt or an in vivo
hydrolysable ester thereof which process (wherein
variable groups are, unless otherwise specified, as
defined in formula (I)) comprises of: Process a)
reaction of a pyrimidine of formula (TI): (II) wherein
L is a displaceable group; with an aniline of formula
(I) :) or Process b) reacting a compound of formula
(TV): (IV) with a compound of formula (V): (V) wherein
T is O or S; Rx may be the same or different and is
selected from C1-6alkyl; or Process c) reacting a
pyrimidine of formula (VI): (VI)wherein X is a
displaceable group; with a heterocyclyl of formula
(VII): (VII) or Process d) for compounds of formula
(I); reacting a pyrimidine of formula (VIII) with a
compound of formula (IX) where Y is a displaceable
group; and thereafter if necessary: i) converting a
compound of the formula (I) into another compound of
the formula (I); ii) removing any protecting groups;
iii) forming a pharmaceutically acceptable salt or in
vivo hydrolysable ester. L is a displaceable group,
suitable values for L are for example, a halogeno or
sulphonyloxy group, for example a chloro, bromo,
methanesulphonyloxy or toluene-4-sulphonyloxy group. X
is a displaceable group, suitable values for X are for
example, a bromo or iodo group. Preferably X is bromo.
Y is a displaceable group, suitable values for Y are
for example, a halogeno or sulphonyloxy group, for
example a bromo, iodo or trifluoromethanesulphonyloxy
group.Preferably Y is iodo. Specific reaction
conditions for the above reactions are as follows.
Process a) Pyrimidines of formula (II) and anilines of
formula (I) may be reacted together: i) in the
presence of a suitable solvent for example a ketone
such as acetone or an alcohol such as ethanol or
butanol or an aromatic hydrocarbon such as toluene or
-methyl pyrrolidine, optionally in the presence of a
suitable acid for example an inorganic acid such as
hydrochloric acid or sulphuric acid, or an organic
acid such as acetic acid or formic acid (or a suitable
Lewis acid) and at a temperature in the range of0C to
reflux, preferably reflux; or ii) under standard
Buchwald conditions (for example see J. Am. Chem. Soc,
118, 7215; J. 



Am. Chem. Soc, 119, 8451; J. Org. Chem., 62, 1568 and
6066) for example in the presence of palladium
acetate, in a suitable solvent for example an aromatic
solvent such as toluene, benzene or xylene, with a
suitable base for example an inorganic base such as
caesium carbonate or an organic base such as
potassium-^-butoxide, in the presence of a suitable
ligand such as 2,2'-bis(diphenylphosphino)-
1,1'-binaphthyl and at a temperature in the range of
25 to 80C. Pyrimidines of the formula (II) where L is
chloro may be prepared according to Scheme 1: Scheme
1Anilines of formula (III) are commercially available
compounds, or they are known in the literature, or
they are prepared by standard processes known in the
art. Process b) Compounds of formula (TV)and compounds
of formula (V) are reacted together in a suitable
solvent such as -methylpyrrolidinone or butanol at a
temperature in the range of 100-200C, preferably in
the range of 150-170C. The reaction is preferably
conducted in the presence of a suitable base such as,
for example, sodium hydride, sodium methoxide or
potassium carbonate. Compounds of formula (V) may be
prepared according to Scheme 2: Scheme 2 Compounds of
formula (IV) and (Va) are commercially available
compounds, or they are known in the literature, or
they are prepared by standard processes known in the
art. Process c) Compounds of formula (VI) and amines
of formula (VII) may be reacted together under
standard Buchwald conditions (for example see J. Am.
Chem. Soc, 118, 7215; J. Am. Chem. Soc, 119, 8451; J.
Org. Chem., 62, 1568 and 6066) for example in the
presence of palladium acetate, in a suitable solvent
for example an aromatic solvent such as toluene,
benzene or xylene, with a suitable base for example an
inorganic base such as caesium carbonate or an organic
base such as potassium-/-butoxide, in the presence of
a suitable ligand such as
2,2'-bis(diphenylphosphino)-l,l'-binaphthyl and at a
temperature in the range of 25 to 8O0C. Compounds of
formula (VI) may be prepared according to the
procedures described in WO 02/20512.Heterocyclyls of
formula (VlI) are commercially available compounds, or
they are known in the literature, or they are prepared
by standard processes known in the art. Process d)
Compounds of formula (VIII) and amines of formula (IX)
may be reacted together under standard Buchwald
conditions as described in Process a. The synthesis of
compounds of formula (VIII) is described in Scheme 1.
Compounds of formula (IX) are commercially available
compounds, or they are known in the literature, or
they are prepared by standard processes known in the
art. Amines of formula (VI) are commercially available
compounds, or they are known in the literature, or
they are prepared by standard processes known in the
art. It will be appreciated that certain of the
various ring substituents in the compounds of the
present invention may be introduced by standard
aromatic substitution reactions or generated by
conventional functional group modifications either
prior to or immediately following the processes
mentioned above, and as such are included in the
process aspect of the invention. Such reactions and
modifications include, for example, introduction of a
substituent by means of an aromatic substitution
reaction, reduction of substituents, alkylation of
substituents and oxidation of substituents. The
reagents and reaction conditions for such 



procedures are well known in the chemical art.
Particular examples of aromatic substitution reactions
include the introduction of a nitro group using
concentrated nitric acid, the introduction of an acyl
group using, for example, an acyl halide and Lewis
acid (such as aluminium trichloride) under Friedel
Crafts conditions; the introduction of an alkyl group
using an alkyl halide and Lewis acid (such as
aluminium trichloride) under Friedel Crafts
conditions; and the introduction of a halogeno group.
Particular examples of modifications include the
reduction of a nitro group to an amino group by for
example, catalytic hydrogenation with a nickel
catalyst or treatment with iron in the presence of
hydrochloric acid with heating; oxidation of alkylthio
to alkylsulphinyl or alkylsulphonyl. It will also be
appreciated that in some of the reactions mentioned
herein it may be necessary/desirable to protect any
sensitive groups in the compounds. The instances where
protection is necessary or desirable and suitable
methods for protection are known to those skilled in
the art. Conventional protecting groups may be used in
accordance with standard practice (for illustration
see T.W. Green, Protective Groups in Organic
Synthesis, John Wiley and Sons, 1991). Thus, if
reactants include groups such as amino, carboxy or
hydroxy it may be desirable to protect the group in
some of the reactions mentioned herein.A suitable
protecting group for an amino or alkylamino group is,
for example, an acyl group, for example an alkanoyl
group such as acetyl, an alkoxycarbonyl group, for
example a methoxycarbonyl, ethoxycarbonyl or
7-butoxycarbonylgroup, an arylmethoxycarbonyl group,
for example benzyloxycarbonyl, or an aroyl group, for
example benzoyl. The deprotection conditions for the
above protecting groups necessarily vary with the
choice of protecting group. Thus, for example, an acyl
group such as an alkanoyl or alkoxycarbonyl group or
an aroyl group may be removed for example, by
hydrolysis with a suitable base such as an alkali
metal hydroxide, for example lithium or sodium
hydroxide. Alternatively an acyl group such as a
-butoxycarbonyl group may be removed, for example, by
treatment with a suitable acid as hydrochloric,
sulphuric or phosphoric acid or trifluoroacetic acid
and an arylmethoxycarbonyl group such as a
benzyloxycarbonyl group may be removed, for example,
by hydrogenation over a catalyst such as
palladium-on-carbon, or by treatment with a Lewis acid
for example boron tris(trifluoroacetate). A suitable
alternative protecting group for a primary amino group
is, for example, a phthaloyl group which may be
removed by treatment with an alkylamine, for example
dimethylaminopropylamine, or with hydrazine. A
suitable protecting group for a hydroxy group is, for
example, an acyl group, for example an alkanoyl group
such as acetyl, an aroyl group, for example benzoyl,
or an arylmethyl group, for example benzyl. The
deprotection conditions for the above protecting
groups will necessarily vary with the choice of
protecting group. Thus, for example, an acyl group
such as an alkanoyl or an aroyl group may be removed,
for example, by hydrolysis with a suitable base such
as an alkali metal hydroxide, for example lithium or
sodium hydroxide. Alternatively an arylmethyl group
such as a benzyl group may be removed, for example, by
hydrogenation over a catalyst such as
palladium-on-carbon. A suitable protecting group for a
carboxy group is, for example, an esterifying group,
for example a methyl or an ethyl group which may be
removed, for example, by hydrolysis with a base such
as sodium hydroxide, or for example a -butyl group
which may be removed, for example, by treatment with
an acid, for example an organic acid such as
trifluoroacetic acid, or for example a benzyl group
which may be removed, for example, by hydrogenation
over a catalyst such as palladium-on-carbon. 



The protecting groups may be removed at any convenient
stage in the synthesis using conventional techniques
well known in the chemical art. As stated hereinbefore
the compounds defined in the present invention
possesses anti-cell-proliferation activity such as
anti-cancer activity which is believed to arise from
theCDK inhibitory activity of the compound. These
properties may be assessed, for example, using the
procedure set out below:- Assay The following
abbreviations have been used :- HEPES is
-[2-Hydroxyethyl]piperazine-JV-[2-ethanesulfonic acid]
DTT is Dithiothreitol PMSF is Phenylmethylsulphonyl
fluoride The compounds were tested in an in vitro
kinase assay in 96 well format using Scintillation
Proximity Assay (SPA - obtained from Amersham) for
measuring incorporation of [g-33-P]-Adenosine
Triphosphate into a test substrate (GST-Retinoblastoma
protein; GSTRb). In each well was placed the compound
to be tested (diluted in DMSO and water to correct
concentrations) and in control wells either
roscovitine as an inhibitor control or DMSO as a
positive control. Approximately 0.2ml of CDK2/Cyclin E
partially-purified enzyme (amount dependent on enzyme
activity) diluted in 25ml incubation buffer was added
to each well then 20ml of GST-Rb/ATP/ATP33 mixture
(containing 0.5mg GST-Rb and 0.2mM ATP and 0.14mCi
[g-33- P]-Adenosine Triphosphate in incubation
buffer), and the resulting mixture shaken gently, then
incubated at room temperature for 60 minutes. To each
well was then added 150mL stop solution containing
(0.8mg/well of Protein A-PVT SPA bead (Amersham)),
20pM/well of Anti-Glutathione Transferase, Rabbit IgG
(obtained from Molecular Probes), 6ImM EDTA and
5OmMHEPES pH 7.5 containing 0.05% sodium azide. The
plates were sealed with Topseal-S plate sealers, left
for two hours then spun at 2500rpm, 1124xg., for 5
minutes. The plates were read on a Topcount for 30
seconds per well. The incubation buffer used to dilute
the enzyme and substrate mixes contained 5OmM HEPES
pH7.5, 1OmMMnCl2, ImM DTT, lOOmM Sodium vanadate,
lOOmMNaF, 1OmM Sodium Glycerophosphate, BSA (lmg/ml
final). Test substrate In this assay only part of the
retinoblastoma protein (Science 1987 Marl3; 235
(4794):1394-1399; Lee W.H., Bookstein R., Hong F.,
Young LJ., Shew J.Y., Lee E.Y.) was used, fused to a
GST tag. PCR of retinoblastoma gene encoding amino
acids 379-928 (obtained from retinoblastoma plasmid
ATCC pLRbRNL) was performed, and the sequencecloned
into pGEx 2T fusion vector (Smith D.B. and Johnson,
K.S. Gene 67, 31 (1988); which contained a tac
promoter for inducible expression, internal lac Iq
gene for use in any E.Coli host, and a coding region
for thrombin cleavage - obtained from Pharmacia
Biotech) which was used to amplify amino acids
792-928. This sequence was again cloned into pGEx 2T.
The retinoblastoma 792-928 sequence so obtained was
expressed in E.Coli (BL21 (DE3) pLysS cells) using
standard inducible expression techniques, and purified
as follows. E.coli paste was resuspended in 10ml/g of
NETN buffer (5OmMTris pH 7.5, 12OmM NaCl, ImM EDTA,
0.5%v/v NP-40, ImM PMSF, lug/ml leupeptin, lug/ml
aprotinin and lug/ml pepstatin) and sonicated for 2 x
45 seconds per 100ml homogenate. After 



centrifugation, the supernatant was loaded onto a 10ml
glutathione Sepharose column (Pharmacia Biotech,
Herts, UK), and washed with NETN buffer. After washing
with kinase buffer (5OmMHEPES pH 7.5, 1OmMMgCl2, ImM
DTT, ImM PMSF, lug/ml leupeptin, lug/ml aprotinin and
lug/ml pepstatin) the protein was eluted with
5OmMreduced glutathione in kinase buffer. Fractions
containing GST-Rb(792-927) were pooled and dialysed
overnight against kinase buffer. The final product was
analysed by Sodium Dodeca Sulfate (SDS) PAGE
(Polyacrylamide gel) using 8-16% Tris-Glycine gels
(Novex, San Diego, USA). CDK2 and Cvclin E The open
reading frames ofCDK2 and Cyclin E were isolated by
reverse transcriptase-PCR using HeLa cell and
activated T cell mRNA as a template and cloned into
the insect expression vector pVL1393 (obtained from
Invitrogen 1995 catalogue number: Vl 392-20). CDK2 and
cyclin E were then dually expressed [using a standard
virus Baculogold co-infection technique] in the insect
SF21 cell system (Spodoptera Frugiperda cells derived
from ovarian tissue of the Fall Army Worm -
commercially available). Example production of Cvclin
E/CDK2 The following Example provides details of the
production of Cyclin E/CDK2 in SF21 cells (in TClOO+
10% FBS(TCS) + 0.2% Pluronic) having dual infection
MOI 3 for each virus of Cyclin E & CDK2. SF21 cells
grown in a roller bottle culture to 2.33 x 106
cells/ml were used to inoculate 10 x 500 ml roller
bottles at 0.2 x 10E6 cells/ml. The roller bottles
were incubated on a roller rig at 280C.After 3 days
(72 hrs.) the cells were counted, and the average from
2 bottles found to be 1.86 x 10E6 cells/ml. (99%
viable). The cultures were then infected with the dual
viruses at an MOI 3 for each virus. The viruses were
mixed together before addition to the cultures, and
the cultures returned to the roller rig 280C. After 2
days (48 hrs.) post infection the 5 Litres of culture
was harvested. The total cell count at harvest was
1.58 x 10E6 cells/ml.(99% viable). The cells were spun
out at 2500rpm, 30 mins., 40C in Heraeus Omnifuge 2.0
RS in 250 ml. lots. The supernatant was discarded.
Partial co-purification of Cdk2 and Cyclin E Sf21
cells were resuspended in lysis buffer (5OmMTris pH
8.2, 1OmMMgCl2, ImM DTT, 1OmMglycerophosphate, O.lmM
sodium orthovanadate, O.lmM NaF, ImM PMSF, lug/ml
leupeptin and lug/ml aprotinin) and homogenised for 2
minutes in a 10ml Dounce homgeniser. After
centrifugation, the supernatant was loaded onto a
Poros HQ/M 1.4/100 anion exchange column (PE
Biosystems, Hertford, UK). Cdk2 and Cyclin E
were.coeluted at the beginning of a 0-1M NaCl gradient
(run in lysis buffer minus protease inhibitors) over
20 column volumes. Co-elution was checked by western
blot using both anti-Cdk2 and anti- Cyclin E
antibodies (Santa Cruz Biotechnology, California, US).
By analogy, assays designed to assess inhibition of
CDKl and CDK4 may be constructed. CDK2 (EMBL Accession
No. X62071) may be used together with Cyclin A or
Cyclin E (see EMBL Accession No. M73812), and further
details for such assays are contained in PCT
International Publication No. WO99/21845, the relevant
Biochemical & Biological Evaluation sections of which
are hereby incorporated by reference. 



Although the pharmacological properties of the
compounds of the formula (I) vary with structural
change, in general activity possessed by compounds of
the formula (I) may be demonstrated at IC 0
concentrations or doses in the range 250mM to InM.
When tested in the above in-vitro assay the CDK2
inhibitory activity of Example 8 was measured as IC50
= 0.181mM. The in vivo activity of the compounds of
the present invention may be assessed by standard
techniques, for example by measuring inhibition of
cell growth and assessing cytotoxicity. Inhibition of
cell growth may be measured by staining cells with
Sulforhodamine B (SRB), a fluorescent dye that stains
proteins and therefore gives an estimation of amount
ofprotein (i.e. cells) in a well (see Boyd, M.R.(1989)
Status of the NCI preclinical antitumour drug
discovery screen. Prin. Prac Oncol 10:1-12). Thus, the
following details are provided of measuring inhibition
of cell growth:- Cells were plated in appropriate
medium in a volume of 100ml in 96 well plates; media
was Dulbecco's Modified Eagle media for MCF-7,
SK-UT-IB and SK-UT-I . The cells were allowed to
attach overnight, then inhibitor compounds were added
at various concentrations in a maximum concentration
of 1% DMSO (v/v). A control plate was assayed to give
a value for cells before dosing. Cells were incubated
at 37C, (5% CO2) for three days. At the end of three
days TCA was added to the plates to a final
concentration of 16% (v/v). Plates were then incubated
at 40C for 1 hour, the supernatant removed and the
plates washed in tap water. After drying, 100ml SRB
dye (0.4% SRB in 1% acetic acid) was added for 30
minutes at 37C. Excess SRB was removed and the plates
washed in 1% acetic acid. The SRB bound to protein was
solubilised in 1OmMTris pH7.5 and shaken for 30
minutes at room temperature. The ODs were read at
540nm, and the concentration of inhibitor causing 50%
inhibition of growth was determined from a semi-log
plot of inhibitor concentration versus absorbance. The
concentration of compound that reduced the optical
density to below that obtained when the cells were
plated at the start of the experiment gave the value
for toxicity. Typical IC50 values for compounds of the
invention when tested in the SRB assay are in the
range ImM to InM. According to a further aspect of the
invention there is provided a pharmaceutical
composition which comprises a pyrimidine derivative of
the formula (I), or a pharmaceutical^ acceptable salt
or in vivo hydrolysable ester thereof, as defined
hereinbefore in association with a
pharmaceutically-acceptable diluent or carrier. The
composition may be in a form suitable for oral
administration, for example as a tablet or capsule,
for parenteral injection (including intravenous,
subcutaneous, intramuscular, intravascular or
infusion) as a sterile solution, suspension or
emulsion, for topical administration as an ointment or
cream or for rectal administration as a suppository.
In general the above compositions may be prepared in a
conventional manner using conventional excipients. The
compound of formula (I) will normally be administered
to a warm-blooded animal at a unit dose within the
range 5-5000 mg per square meter body area of the
animal, i.e. approximately 0.1-100 mg/kg, and this
normally provides a therapeutically-effective dose.A
unit dose form such as a tablet or capsule will
usually contain, for example 1-250mg of active
ingredient. Preferably a daily dose in the range of
1-50 mg/kg is employed. However the daily dose will
necessarily be varied depending upon the host treated,
the particular route 



of administration, and the severity of the illness
being treated. Accordingly the optimum dosage may be
determined by the practitioner who is treating any
particular patient. According to a further aspect of
the present invention there is provided a compound of
the formula (I), or a pharmaceutically acceptable salt
or in vivo hydrolysable ester thereof, as defined
hereinbefore for use in a method of treatment of the
human or animal body by therapy. We have found that
the compounds defined in the present invention, or a
pharmaceutically acceptable salt or in vivo
hydrolysable ester thereof, are effective cell cycle
inhibitors (anti-cell proliferation agents), which
property is believed to arise from their CDK
inhibitory properties. Accordingly the compounds of
the present invention are expected to be useful in the
treatment of diseases or medical conditions mediated
alone or in part by CDK enzymes, i.e. the compounds
may be used to produce a CDK inhibitory effect in a
warm-blooded animal in need of such treatment. Thus
the compounds of the present invention provide a
method for treating the proliferation of malignant
cells characterised by inhibition of CDK enzymes, i.e.
the compounds may be used to produce an
anti-proliferative effect mediated alone or in part by
the inhibition of CDKs. Such a compound of the
invention is expected to possess a wide range of
anti-cancer properties as CDKs have been implicated in
many common human cancers such as leukaemia and
breast, lung, colon, rectal, stomach, prostate,
bladder, pancreas and ovarian cancer. Thus it is
expected that a compound of the invention will possess
anti-cancer activity against these cancers. It is in
addition expected that a compound of the present
invention will possess activity against a range of
leukaemias, lymphoid malignancies and solid tumours
such as carcinomas and sarcomas in tissues such as the
liver, kidney, prostate and pancreas. In particular
such compounds of the invention are expected to slow
advantageously the growth of primary and recurrent
solid tumours of, for example, the colon, breast,
prostate, lungs and skin. More particularly such
compounds of the invention, or a pharmaceutically
acceptable salt or in vivo hydrolysable ester thereof,
are expected to inhibit the growth of those primary
and recurrent solid tumours which are associated with
CDKs, especially those tumours which are significantly
dependent on CDKs for their growth and spread,
including for example, certain tumours of the colon,
breast, prostate, lung, vulva and skin.Herein when
cancer is referred to, in particular this refers to
leukaemia, breast cancer, lung cancer, colon cancer,
rectal cancer, stomach cancer, prostate cancer,
bladder cancer, cancer of the pancreas, ovarian
cancer, liver cancer, kidney cancer, skin cancer and
cancer of the vulva. It is further expected that a
compound of the present invention will possess
activity against other cell-proliferation diseases in
a wide range of other disease states including
leukaemias, fibroproliferative and differentiative
disorders, psoriasis, rheumatoid arthritis, Kaposi's
sarcoma, haemangioma, acute and chronic nephropathies,
atheroma, atherosclerosis, arterial restenosis,
autoimmune diseases, acute and chronic inflammation,
bone diseases and ocular diseases with retinal vessel
proliferation. Thus according to this aspect of the
invention there is provided a compound of the formula
(I), or a pharmaceutically acceptable salt or in vivo
hydrolysable ester thereof, as defined hereinbefore
for use as a medicament; and the use of a compound of
the formula (I), or a pharmaceutically acceptable salt
or in vivo hydrolysable ester thereof, as defined
hereinbefore in the manufacture of a medicament for
use in the production of a cell cycle 



inhibitory (anti-cell-proliferation) effect in a
warm-blooded animal such as man. Particularly, an
inhibitory effect is produced by preventing entry
into, or progression through, the S phase by
inhibition of CDK2 and CDK4, especially CDK2, andM
phase by inhibition of CDKl. According to a further
feature of the invention, there is provided a compound
of the formula (I), or a pharmaceutically acceptable
salt or in vivo hydrolysable ester thereof, as defined
herein before in the manufacture of a medicament for
use in the treatment of cancers (solid tumours and
leukaemias), fibroproliferative and differentiative
disorders, psoriasis, rheumatoid arthritis, Kaposi's
sarcoma, haemangioma, acute and chronic nephropathies,
atheroma, atherosclerosis, arterial restenosis,
autoimmune diseases, acute and chronic inflammation,
bone diseases and ocular diseases with retinal vessel
proliferation, particularly in the treatment of
cancers. According to a further feature of the
invention, there is provided the use of a compound of
the formula (I), or a pharmaceutically acceptable salt
or in vivo hydrolysable ester thereof, as defined
herein before in the manufacture of a medicament for
use in the treatment of cancer. According to a further
feature of the invention, there is provided the use of
a compound of the formula (I), or a pharmaceutically
acceptable salt or in vivo hydrolysableester thereof,
as defined herein before in the manufacture of a
medicament for use in the production of a CDK
inhibitory effect. According to a further feature of
this aspect of the invention there is provided a
method for producing a cell cycle inhibitory
(anti-cell-proliferation) effect in a warm-blooded
animal, such as man, in need of such treatment which
comprises administering to said animal an effective
amount of a compound as defined immediately above.
Particularly, an inhibitory effect is produced by
preventing entry into, or progression through, the S
phase by inhibition of CDK2 and CDK4, especially CDK2,
andM phase by inhibition of CDKl. According to a
further feature of this aspect of the invention there
is provided a method for producing a cell cycle
inhibitory (anti-cell-proliferation) effect in a
warm-blooded animal, such as man, in need of such
treatment which comprises administering to said animal
an effective amount of a compound of formula (I) or a
pharmaceutically acceptable salt or in vivo
hydrolysable ester thereof as defined herein before.
Particularly, an inhibitory effect is produced by
preventing entry into, or progression through, the S
phase by inhibition of CDK2 and CDK4, especially CDK2,
andM phase by inhibition of CDKl . According to an
additional feature of this aspect of the invention
there is provided a method of treating cancers (solid
tumours and leukaemias), fibroproliferative and
differentiative disorders, psoriasis, rheumatoid
arthritis, Kaposi's sarcoma, haemangioma, acute and
chronic nephropathies, atheroma, atherosclerosis,
arterial restenosis, autoimmune diseases, acute and
chronic inflammation, bone diseases and ocular
diseases with retinal vessel proliferation, in a
warm-blooded animal, such as man, in need of such
treatment which comprises administering to said animal
an effective amount of a compound of formula (I) or a
pharmaceutically acceptable salt or in vivo
hydrolysable ester thereof as defined herein before.
Particularly there is provided a method of treating
cancer in a warm-blooded animal, such as man, in need
of such treatment which comprises administering to
said animal an effective amount of a compound of
formula (I) or a pharmaceutically acceptable salt or
in vivo hydrolysable ester thereof as defined herein
before. 



Particularly there is provided a method of producing a
CDK inhibitory effect in a warm-blooded animal, such
as man, in need of such treatment which comprises
administering to said animal an effective amount of a
compound of formula (I) or a pharmaceutically
acceptable salt or in vivo hydrolysable ester thereof
as defined herein before.In a further aspect of the
invention there is provided a pharmaceutical
composition which comprises a compound of the formula
(I), or a pharmaceutical^ acceptable salt or in vivo
hydrolysable ester thereof, as defined herein before
in association with a pharmaceutically-acceptable
diluent or carrier for use in the production of a cell
cycle inhibitory (anti-cell-proliferation) effect in a
warm-blooded animal such as man. In a further aspect
of the invention there is provided a pharmaceutical
composition which comprises a compound of the formula
(I), or a pharmaceutical^ acceptable salt or in vivo
hydrolysable ester thereof, as defined herein before
in association with a pharmaceutically-acceptable
diluent or carrier for use in the treatment of cancers
(solid tumours and leukaemias), fibroproliferative and
differentiative disorders, psoriasis, rheumatoid
arthritis, Kaposi's sarcoma, haemangioma, acute and
chronic nephropathies, atheroma, atherosclerosis,
arterial restenosis, autoimmune diseases, acute and
chronic inflammation, bone diseases and ocular
diseases with retinal vessel proliferation, in a
warm-blooded animal such as man. In a further aspect
of the invention there is provided a pharmaceutical
composition which comprises a compound of the formula
(I), or a pharmaceutical^ acceptable salt or in vivo
hydrolysable ester thereof, as defined herein before
in association with a pharmaceutically-acceptable
diluent or carrier for use in the treatment of cancer
in a warm-blooded animal such as man. In a further
aspect of the invention there is provided a
pharmaceutical composition which comprises a compound
of the formula (I), or a pharmaceutical^ acceptable
salt or in vivo hydrolysable ester thereof, as defined
herein before in association with a
pharmaceutically-acceptable diluent or carrier for use
in the production of a CDK inhibitory effect in a
warm-blooded animal such as man. Preventing cells from
entering DNA synthesis by inhibition of essential
S-phase initiating activities such as CDK2 initiation
may also be useful in protecting normal cells of the
body from toxicity of cycle-specific pharmaceutical
agents. Inhibition of CDK2 or 4 will prevent
progression into the cell cycle in normal cells which
could limit the toxicity of cyclespecific
pharmaceutical agents which act in S-phase, G2 or
mitosis. Such protection may result in the prevention
of hair loss normally associated with these agents.
Therefore in a further aspect of the invention there
is provided a compound of formula (I) as defined above
or a pharmaceutically acceptable salt or in vivo
hydrolysable ester thereof for use as a cell
protective agent.Therefore in a further aspect of the
invention there is provided a compound of formula (I)
as defined above or a pharmaceutical^ acceptable salt
or in vivo hydrolysable ester thereof for use in
preventing hair loss arising from the treatment of
malignant conditions with pharmaceutical agents.
Examples of pharmaceutical agents for treating
malignant conditions that are known to cause hair loss
include alkylating agents such as ifosfamide and
cyclophosphamide; antimetabolites such as
methotrexate, 5-fluorouracil, gemcitabine and
cytarabine; vinca alkaloids and analogues such as
vincristine, vinbalstine, vindesine, vinorelbine;
taxanes such as paclitaxel and docetaxel;
topoisomerase I inhibitors such as irintotecan and
topotecan; 



cytotoxic antibiotics such as doxorubicin,
daunorubicin, mitoxantrone, actinomycin-D and
mitomycin; and others such as etoposide and tretinoin.
In another aspect of the invention, the compound of
formula (I), or a pharmaceutically acceptable salt or
in vivo hydrolysable ester thereof, may be
administered in association with a one or more of the
above pharmaceutical agents. In this instance the
compound of formula (I) may be administered by
systemic or non systemic means. Particularly the
compound of formula (I) my may administered by
non-systemic means, for example topical
administration. Therefore in an additional feature of
the invention, there is provided a method of
preventing hair loss during treatment for one or more
malignant conditions with pharmaceutical agents, in a
warm-blooded animal, such as man, which comprises
administering to said animal an effective amount of a
compound of formula (I), or a pharmaceutically
acceptable salt or in vivo hydrolysable ester thereof.
In an additional feature of the invention, there is
provided a method of preventing hair loss during
treatment for one or more malignant conditions with
pharmaceutical agents, in a warm-blooded animal, such
as man, which comprises administering to said animal
an effective amount of a compound of fonnula (I), or a
pharmaceutically acceptable salt or in vivo
hydrolysable ester thereof in simultaneous, sequential
or separate administration with an effective amount of
said pharmaceutical agent. According to a further
aspect of the invention there is provided a
pharmaceutical composition for use in preventing hair
loss arising from the treatment of malignant
conditions with pharmaceutical agents which comprises
a compound offormula (I), or a pharmaceutically
acceptable salt or in vivo hydrolysable ester thereof,
and said pharmaceutical agent, in association with a
pharmaceutically acceptable diluent or
carrier.According to a further aspect of the present
invention there is provided a kit comprising a
compound of formula (I), or a pharmaceutically
acceptable salt or in vivo hydrolysable ester thereof,
and a pharmaceutical agent for treating malignant
conditions that is known to cause hair loss. According
to a further aspect of the present invention there is
provided a kit comprising: a) a compound of formula
(I), or a pharmaceutically acceptable salt or in vivo
hydrolysable ester thereof, in a first unit dosage
form; b) a pharmaceutical agent for treating malignant
conditions that is known to cause hair loss; in a
second unit dosage form; and c) container means for
containing said first and second dosage forms.
According to another feature of the invention there is
provided the use of a compound of the formula (I), or
a pharmaceutically acceptable salt or in vivo
hydrolysable ester thereof, in the manufacture of a
medicament for the prevention of hair loss during
treatment of malignant conditions with pharmaceutical
agents. According to a further aspect of the present
invention there is provided a combination treatment
for the prevention of hair loss comprising the
administration of an effective amount of a compound of
the formula (I), or a pharmaceutically acceptable salt
or in vivo hydrolysable ester thereof, optionally
together with a pharmaceutically acceptable diluent or
carrier, with the simultaneous, sequential or separate
administration of an effective amount of a
pharmaceutical agent for treatment of malignant
conditions to a warm-blooded animal, such as man. 



As stated above the size of the dose required for the
therapeutic or prophylactic treatment of a particular
cell-proliferation disease will necessarily be varied
depending on the host treated, the route of
administration and the severity of the illness being
treated. A unit dose in the range, for example, 1-100
mg/kg, preferably 1-50 mg/kg is envisaged. The CDK
inhibitory activity defined hereinbefore may be
applied as a sole therapy or may involve, in addition
to a compound of the invention, one or more other
substances and/or treatments. Such conjoint treatment
may be achieved by way of the simultaneous, sequential
or separate administration of the individual
components of the treatment. In the field of medical
oncology it is normal practice to use a combination of
different forms of treatment to treat each patient
with cancer. In medical oncology the other
component(s) of such conjoint treatment in addition to
the cell cycle inhibitory treatment defined
hereinbefore may be:surgery, radiotherapy or
chemotherapy. Such chemotherapy may cover three main
categories of therapeutic agent: (i) other cell cycle
inhibitory agents that work by the same or different
mechanisms from those defined hereinbefore; (ii)
cytostatic agents such as antioestrogens (for example
tamoxifen,toremifene, raloxifene, droloxifene,
iodoxyfene), progestogens (for example megestrol
acetate), aromatase inhibitors (for example
anastrozole, letrazole, vorazole, exemestane),
antiprogestogens, antiandrogens (for example
fiutamide, nilutamide, bicalutamide, cyproterone
acetate), LHRH agonists and antagonists (for example
goserelin acetate, luprolide), inhibitors of
testosterone 5a-dihydroreductase (for example
finasteride), anti-invasion agents (for example
metalloproteinase inhibitors like marimastat and
inhibitors of urokinase plasminogen activator receptor
function) and inhibitors of growth factor function,
(such growth factors include for example platelet
derived growth factor and hepatocyte growth factor
such inhibitors include growth factor antibodies,
growth factor receptor antibodies, tyrosine kinase
inhibitors and serine/threonine kinase inhibitors);
and (iii) antiproliferative/antineoplastic drugs and
combinations thereof, as used in medical oncology,
such as antimetabolites (for example antifolates like
methotrexate, fluoropyrimidines like 5-fluorouracil,
purine and adenosine analogues, cytosine arabinoside);
antitumour antibiotics (for example anthracyclines
like doxorubicin, daunomycin, epirubicin and
idarubicin, mitomycin-C, dactinomycin, mithramycin);
platinum derivatives (for example cisplatin,
carboplatin); alkylating agents (for example nitrogen
mustard, melphalan, chlorambucil, busulphan,
cyclophosphamide, ifosfamide, nitrosoureas, thiotepa);
antimitotic agents (for example vinca alkaloids like
vincristine and taxoids like taxol, taxotere);
topoisomerase inhibitors (for example
epipodophyllotoxins like etoposide and teniposide,
amsacrine, topotecan). According to this aspect of the
invention there is provided a pharmaceutical product
comprising a compound of the formula (I) as defined
hereinbefore and an additional anti-tumour substance
as defined hereinbefore for the conjoint treatment of
cancer. In addition to their use in therapeutic
medicine, the compounds of formula (I) and their
pharmaceutically acceptable salts are also useful as
pharmacological tools in the development and
standardisation of in vitro and in vivo test systems
for the evaluation of the effects of inhibitors of
cell cycle activity in laboratory animals such as
cats, dogs, rabbits, monkeys, rats and mice, as part
of the search for new therapeutic agents.In the above
other pharmaceutical composition, process, method, use
and medicament manufacture features, the alternative
and preferred embodiments of the compounds of the 



invention described herein also apply. Examples The
invention will now be illustrated by the following non
limiting examples in which, unless stated otherwise:
(i) temperatures are given in degrees Celsius (0C);
operations were carried out at room or ambient
temperature, that is, at a temperature in the range of
18-25C; (ii) organic solutions were dried over
anhydrous magnesium sulphate; evaporation of solvent
was carried out using a rotary evaporator under
reduced pressure (600-4000 Pascals; 4.5-30mmHg) with a
bath temperature of up to 6O0C; (iii) chromatography
means flash chromatography on silica gel; thin layer
chromatography (TLC) was carried out on silica gel
plates; (iv) in general, the course of reactions was
followed by TLC and reaction times are given for
illustration only; (v) final products had satisfactory
proton nuclear magnetic resonance (NMR) spectra and/or
mass spectral data; (vi) yields are given for
illustration only and are not necessarily those which
can be obtained by diligent process development;
preparations were repeated if more material was
required; (vii) when given,NMR data is in the form of
delta values for major diagnostic protons, given in
parts per million (ppm) relative to tetramethylsilane
(TMS) as an internal standard, determined at 300 MHz
using perdeuterio dimethyl sulphoxide (DMSO-d ) as
solvent unless otherwise indicated; 19F NMR is also
recorded in DMSOd 6 unless otherwise stated; (viii)
chemical symbols have their usual meanings; SI units
and symbols are used; (ix) solvent ratios are given in
volumervolume (v/v) terms; and (x) mass spectra were
run with an electron energy of 70 electron volts in
the chemical ionization (CI) mode using a direct
exposure probe; where indicated ionization was
effected by electron impact (EI), fast atom
bombardment (FAB) or electrospray (ESP); values for
m/z are given; generally, only ions which indicate the
parent mass are reported; and unless otherwise stated,
the mass ion quoted is (MH)+; (xi) unless stated
otherwise compounds containing an asymmetrically
substituted carbon and/or sulphur atom have not been
resolved;(xii) where a synthesis is described as being
analogous to that described in a previous example the
amounts used are the millimolar ratio equivalents to
those used in the previous example; (xvi) the
following abbreviations have been used: THF
tetrahydrofuran; DMF N,N-dimethylformamide; DMFDMA
dimethylformamide dimethylacetal; EtOAc ethyl acetate;
MeOH methanol; EtOH ethanol; DIPEA ,
-diisopropylethylamine; HATU
<9-(7-azabenzotriazol-1-yI)-1,1-3,3-tetramethyluronium
hexafluorophosphate; HOBt 1-hydroxybenzotriazole EDAC
l-ethyl-3-(3-dimethylaminopropyl)carbodi-imide
hydrochloride 



ether diethyl ether; TFA trifluoroacetic acid; DCM
dichloromethane; and DMSO dimethylsulphoxide. xvii)
where an Isolute SCX-2 column is referred to, this
means an "ion exchange" extraction cartridge for
adsorption of basic compounds, i.e. a polypropylene
tube containing a benzenesulphonic acid based strong
cation exchange sorbent, used according to the
manufacturers instructions obtained from International
Sorbent Technologies Limited, Dyffryn Business Park,
Hengeod, Mid Glamorgan, UK, CF82 7RJ; xviii) where an
Isolute amine column is referred to, this means an
"ion exchange" extraction cartridge for adsorption of
acidic compounds, i.e. a polypropylene tube containing
a amino silane covalently bonded to a silica particle
used according to the manufacturers instructions
obtained from International Sorbent Technologies
Limited, Dyffryn Business Park, Hengeod, Mid
Glamorgan, UK, CF82 7RJ; xix) where a Chemelut column
is referred to, this means an extraction cartridge for
removal of water, i.e. a polypropylene tube containing
diatomaceous earth used according to the manufacturers
instructions obtained from Varian, Harbor City,
California, USA; andxx) where HPLC was performed on a
Phenomenex column this refers to a Phenomenex 15Ox
21.2 mm Luna 10 micron Cl 8 column using a gradient of
5 to 95 of 0.2% TFA water - acetonitrile over lOmins
at 20 ml / minute flow rate; xxi) macroporous
polystyrene carbonate resin refers to, Argonaut
Technologies MP carbonate resin with the capacity 3.0
Mole equivalents per gram of resin available from
Argonaut Technologies , New Road, Hengoed, Mid
Glamorgan United Kingdom, CF82 8AU. Example 1
2-F4-(4-Mesylpiperazin-
1-yl)anilino1-4-(1-isopropyl-2-methyl-l
H-imidazol-5-yDpyrimidine
2-Amino-4-(l-isopropyl-2-methyl-l
H-imidazol-5-yl)pyrimidine (Method 39 of WO 03/076436;
220mg, lmmol), l-bromo-4-(4-mesylpi rerazinyl)benzene
(WO 2001062742; 319mg, lmmol),
tris(dibenzylideneacetone)dipalladium(0) (23mg,
2mol%), 2-(di-tertbutylphosphino) biphenyl (6mg, 2
mol%) and sodium tert-butoxide (135 mg, 1.4 mmol) in
anhydrous 1,4-dioxane (10ml) was evacuated and
refilled with nitrogen (3 times). The reaction was
heated under nitrogen at 950C overnight before
evaporating under reduced pressure. The residue was
triturated with EtOAc (20ml), filtered and
re-evaporated to give a gum. Chromatography on silica
gel with MeOH:DCM (2:98 to 5:95) gave the title
compound as a yellow solid. (70 mg 15%). NMR: 1.39 (d,
6H), 2.47 (s, 3H), 2.92 (s, 3H), 3.17 (m, 4H), 3.26
(m, 4H), 5.70 (septuplet, IH), 6.92 (d, 2H), 6.94 (d,
IH), 7.39 (s, IH), 7.48 (d, 2H), 8.32 (d, IH), 9.18
(s, IH); m/z 456. Example 2
2-[4-(4-Mesylpiperazin-l-yl
)anilinol-4-ri-isopropyl-2-methyl-l H-imidazol-5-y -5-
chloropyrimidine The title compound was prepared
according to the procedure of Example 1 using 2-
amino-5-chloro-4-(l-isopropyl-2-methyl-l
H-imidazol-5-yl)pyrimidine (Method 5) heating for 30
hours at 1000C. Chromatography on silica gel with
MeOH:DCM (2:98 to 6:94). NMR 1.36 (d, 6H), 2.46 (s,
3H), 2.80 (s, 3H), 3.16 (m, 4H), 3.23 (m, 4H), 4.79
(septuplet, IH), 6.91 (d, 2H), 7.22 (s, IH) 5 7.49 (d,
2H), 8.51 (d, IH), 9.49 (s, IH); m/z 490.Example 3
2-f4-('4-Mesylpiperazin-l-yl
)anilinol-4-('l-cvclobutyl-2-methyl-l
H-imidazol-5-vDpyrimidine 



5-(3-Dimethylaminoprop-2-en-l-oyl)-l-cyclobutyl-2-meth
ylimidazole (Method 37 of WO 03/076435; 233 mg 1 mmol)
andN-{4-[4-(methylsulphonyl)piperazin-l-yl]phenyl}
guanidine (Method 1; 390 mg 1.3mmol) in
2-niethoxyethanol (8 ml) was stirred and heated for 18
hours at H O0C. The reaction mixture was evaporated
under reduced pressure and the residue purified by
chromatography on silica gel with MeOH:DCM (3:97 to
8:92). After evaporation and trituration with ether,
the title compound was obtained as a yellow solid.
(227 mg 48.5%). NMR: 1.60 - 1.71 (2xm, 2H), 2.36 (m,
4H), 2.49 (s, 3H), 2.91 (s, 3H), 3.18 (m, 4H), 3.25
(m, 4H), 5.51 (quintet, IH), 6.91 (d, IH), 6.97 (d,
2H), 7.30 (s, IH), 7.54 (d, 2H), 8.33 (d, IH), 9.23
(s, IH); m/z 468. Examples 4-17 The following
compounds were prepared by the procedure of Example 3
using the appropriate imidazole and
N-{4-[4-(methylsulphonyl)piperazin-l-yl]phenyl}guanidi
ne (Method 1) or
iV-[4-(4-acetylpiperazin-l-yl)phenyl]guanidine
bicarbonate salt (Method 2).Counter for use with a
medicament dispenser Technical field The present
invention relates to a counter for use in a medicament
dispenser for dispensing individual doses of
medicament. Background to the invention The use of
inhalation devices in the administration of
medicaments, for example in bronchodilation therapy is
well known. Such devices generally comprise a body or
housing within which a medicament carrier is located.
Known inhalation devices include those in which the
medicament carrier is a blister strip containing a
number of discrete doses of powdered medicament. Such
devices usually contain a mechanism of accessing these
doses, usually comprising either piercing means or
means to peel a lid sheet away from a base sheet. The
powdered medicament can then be accessed and inhaled.
Other known devices include those in which the
medicament is delivered in aerosol form, including the
well known metered dose inhaler (MDI) delivery
devices. Liquid-based inhaler devices are also known.
It is advantageous to provide the patient with a dose
counter for counting the number of doses of medicament
dispensed or still remaining. For flexibility, the
dose counter should also be suitable for use with
various types of medicament dispenser including those
suitable for dispensing medicament in powder or
aerosol form. It is also desirable that any counter be
configured to register a count only when medicament is
provided to the patient for inhalation, and in
particular that opportunities for false counts and/or
tampering are minimised. It is further desirable that
the count be clearly visible by the patient.The
Applicants have now devised a dose counter that meets
some or all of the above criteria. In embodiments, the
dose counter may be provided to the medicament
dispenser as a separable unit, which enables ready
re-use and recycling thereof. The latter benefit is
particularly important where the counter comprises
components, which are readily re-usable and
potentially expensive to remanufacture. United States
Patent No. 5,988,496 describes a dose counter
comprising a first count wheel and second count wheel
arranged to rotate about a common axis of rotation.
The first count wheel includes a drive tongue that is
movable between a rest position, in which it does not
co-operate with the second count wheel and a drive
position, in which it co-operates with the second
count wheel to cause it to rotate 



about the common axis of rotation. The drive tongue is
forced into position by action of a cam. Summary of
the invention According to one aspect of the invention
there is provided a dose counter for use with a
medicament dispenser, said dose counter comprising a
first count wheel arranged to rotate about a first
axis of rotation, said first count wheel including a
set of primary drive teeth arranged annularly thereon
for drivable rotation of the first count wheel about
said first axis of rotation; a second count wheel
arranged to rotate about the first axis of rotation,
said second count wheel including a set of secondary
drive teeth arranged annularly thereon; and a kick
wheel arranged to rotate about a second axis of
rotation offset from the first axis of rotation, said
kick wheel including a set of kick teeth arranged
annularly thereon and in meshed relationship with the
set of secondary drive teeth of thesecond count wheel
such that rotary motion of the kick wheel results in
rotary motion of the second count wheel, wherein said
first count wheel further includes a fixed index tooth
arranged for intermittent meshing with the kick teeth
of the kick wheel such that rotary motion of the kick
wheel results from rotary motion of the first count
wheel only when said intermittent meshing occurs. By
'arranged annularly' herein it means arranged about a
common radius (i.e. defining an annular arrangement).
Suitably, the dose counter includes a housing, which
in aspects includes a bezel / lens cover for the count
wheels and through which indicia are generally
visible. The dose counter herein comprises a first
count wheel arranged to rotate about a first axis of
rotation. The first count wheel may for example, take
the form of a disc or a ring. The first count wheel
includes a set of primary drive teeth arranged
annularly, preferably circumferentially thereon. The
primary drive teeth are therefore arranged in annular
fashion at or about the circumference of the first
count wheel. The primary drive teeth are arranged for
drivable rotation of the first count wheel about the
first axis of rotation. Typically, the drive teeth are
in meshed relationship with a drive wheel provided to
the medicament dispenser in which the counter is
located, wherein the drive wheel is drivable in
response to user action (e.g. manual). The dose
counter also includes a second count wheel arranged to
rotate about the first axis of rotation. That is to
say, both the first and second count wheels rotate
about the same (i.e. common) first axis of rotation.In
aspects, the first and second wheels may be arranged
to rotate in the same direction or in opposing
directions (i.e. one clockwise and one
anti-clockwise). The second count wheel includes a set
of secondary drive teeth arranged annularly (e.g.
circumferentially) thereon. The secondary drive teeth
are therefore arranged in annular fashion at or about
the circumference of the second count wheel. In
aspects, the second count wheel is arranged concentric
to the first count wheel. In one aspect, the first
count wheel takes the form of a ring and the second
count wheel (e.g. disc or ring shape) is sized and
shaped for receipt within the ring. The diameter of
the second count wheel is therefore typically slightly
less than that of the inner diameter (i.e. the ring
hole diameter) defined by the ring-shaped first count
wheel. 



In one aspect, the first and second count wheels are
arranged concentrically and at the same level (i.e.
they share the same plane of rotation). In another
aspect, the first and second count wheels are arranged
concentrically and at different levels (i.e. with
different planes of rotation). Suitably, the plane of
rotation of the second counter wheel is slightly
raised relative to that of the first counter wheel. In
one aspect, the second count wheel is provided with a
protrusion that in use, extends over and above part of
the first count wheel and that may therefore function
to shutter off part of the first count wheel. The dose
counter further includes a kick wheel arranged to
rotate about a second axis of rotation offset from the
first axis of rotation. Preferably, the second axis of
rotation is spaced from the first axis of rotation at
spacing equivalent to less than the radius of the
first count wheel such that the path of rotation
defined by the kick teeth of the kick wheel is
enclosed by (i.e. within) the path of rotation defined
by the primary drive teeth of the first counter
wheel.The kick wheel includes a set of kick teeth
arranged annularly, preferably circumferentially
thereon. The kick teeth are therefore arranged in
annular fashion at or about the circumference of the
kick wheel. The kick teeth are in meshed relationship
with the set of secondary drive teeth of the second
count wheel such that rotary motion of the kick wheel
results in rotary motion of the second count wheel.
That is to say, as the kick wheel is rotated the
meshing of the kick teeth thereof with the secondary
drive teeth of the second count wheel results in
rotation of the second count wheel. The first count
wheel further includes a fixed index tooth arranged
for intermittent meshing with the kick teeth of the
kick wheel. That is to say, the index tooth is fixed
to the first count wheel and may be brought into
meshed relationship with the kick teeth of the kick
wheel on an intermittent basis. Rotary motion of the
kick wheel results from rotary motion of the first
count wheel only when said intermittent meshing of the
index tooth with the kick teeth occurs. When meshing
occurs, a contact ratio of 1 between the index tooth
and the kick teeth is preferred, although other whole
integer (2, 3, ...) contact ratios may be used.
Typically, the index tooth is fixed at a point at or
about the circumference of the first count wheel.
Rotation of the first count wheel is then arranged to
bring the index tooth into meshed relationship with
the kick teeth of the kick wheel at a particular point
of the rotary cycle of the first count wheel. It may
be therefore be appreciated that in this case, meshing
occurs once during each complete rotation of the first
count wheel. In aspects, either one or both counter
wheels interact with a ratchet mechanism to prevent
reverse movement of the counter wheels. This is
particularly advantageous when the wheels are
contra-rotating in close proximity to one another. The
ratchetmechanism may be located on the body of a
medicament dispenser within which the counter locates.
In one aspect, the ratchet comprises a cam surface
arranged to interact with a cam follower provided to
one or both of the count wheels. The cam surface may
also be shaped to assist correct alignment of the
indicia on the count wheels to provide a clear count
reading. In aspects, a ratchet element is provided on
either the first or second count wheels 



and interacts with a ratchet (e.g. cam) surface
locating on the housing. Suitably, the ratchet surface
is provided on a lens /bezel provided to the housing
and suitably locating above the first and second count
wheels. Suitably, some or all gear teeth of some or
all of the toothed parts herein have flanged form to
enable effective meshing together thereof. The dose
counter herein is in one aspect, suitable for use with
a medicament dispenser of any suitable type and may be
provided as an insert thereto. Suitably, the
medicament dispenser has a body, which acts as a
housing for the dose counter thereby preventing
ingress of dirt or fluid to the mechanism thereof. The
housing suitably includes a viewing window through
which the count may be viewed. In one aspect, a
shutter is provided to close off the viewing window at
a predetermined point, particularly at the 'end of
life' of the medicament product, which typically
corresponds to the point at which all doses in the
normal delivery cycle have been provided. In aspects,
the shutter may be provided as a separate element of
the dose counter or medicament dispenser or be formed
as an integral part of the second counter wheel, as
described hereinbefore.The counter herein is in one
aspect, suitable for use with a medicament dispenser
for use with a medicament carrier (e.g. having
multiple distinct medicament doses carried thereby),
said dispenser having an internal mechanism for
dispensing the distinct medicament doses carried by
said medicament carrier, said mechanism comprising, a)
a receiver for receiving the medicament carrier; b) a
releaser for releasing a distinct medicament dose from
the medicament carrier on receipt thereof by said
receiver; c) an outlet, positioned to be in
communication with the medicament dose releasable by
said releaser; d) an indexer for individually indexing
the distinct medicament doses of the medicament
carrier; and e) a dose counter as described
hereinbefore for counting each time a distinct
medicament dose of the medicament carrier is indexed
by said indexer. Thus, the registration of a count by
the dose counter is responsive to indexation by the
indexer of a distinct medicament dose from the
medicament carrier. In one aspect, the medicament
dispenser is shaped to receive an elongate form
medicament carrier. Suitably, the elongate form
medicament carrier is in the form of a strip or tape.
The term medicament carrier is used to define any
suitable carrier. In a preferred aspect, the carrier
has a blister pack form, but it could also, for
example, comprise a carrier onto which medicament has
been applied by any suitable process including
printing, painting and vacuum occlusion. The
medicament carrier has multiple distinct (i.e.
separate) medicament doses carried thereby.The
dispenser has an internal mechanism for dispensing the
distinct medicament doses carried by the medicament
carrier for administration for inhalation by the
patient. The mechanism comprises a receiver (e.g. a
receiving station) for receiving the medicament
carrier. The mechanism further comprises a releaser
for releasing a distinct medicament dose from the
medicament carrier on its receipt by the receiving
station. The releaser 



can have any suitable form. Where the elongate carrier
is in the form of a blister strip, the releaser may
for example, be a mechanism to rupture or otherwise
access the blister. In a particular preferred aspect,
where the blister strip is peelably accessible, the
releaser comprises a mechanism for peeling apart the
blister strip. An outlet is positioned to be in
communication with the distinct medicament doses
releasable by said releaser. The outlet may have any
suitable form. In one aspect, it has the form of a
mouthpiece and in another, it has the form of a nozzle
for insertion into the nasal cavity of a patient. The
outlet is preferably a single outlet, which
communicates with the distinct medicament dose
releasable by said releaser via a common air
channelling means (e.g. formed as an air-pipe or
common manifold). The patient may therefore breathe in
through a single outlet, and that breath be
transferred through the common channelling means to
the released medicament dose, thereby enabling its
inhalation. Baffles or other mechanical aids to break
up released medicament powder may be incorporated.
Venturi channelling of the air flow is also envisaged
in embodiments. Helical form channels are envisaged.
The mechanism also comprises an indexer for
individually indexing the distinct medicament doses
carried by the medicament carrier. Said indexing
typicallyhappens in sequential fashion, for example
accessing dose portions sequentially arranged along
the length of the elongate carrier. The medicament
dispenser comprises a counter for counting each time a
distinct medicament dose of the medicament carrier is
indexed by said indexer. Suitably, indexing by means
of the indexer results either directly or indirectly
in drivable rotation of the first count wheel of the
dose counter herein. The medicament dispenser may
further by provided with means to manipulate, and in
particular magnify, an analogue count indicium. The
means may in one embodiment, comprise a magnifying
window. In another embodiment, the means comprises a
prismatic viewer capable of acting on an indicium and
causing it to be displayed in manipulated form at a
desired viewing position. In a preferred aspect, the
medicament dispenser is suitable for use with a
medicament carrier comprising a peelable blister strip
having a plurality of pockets for containing
medicament wherein said pockets are spaced along the
length of and defined between two peelable sheets
secured to each other. The respective peelable sheets
are generally in the form of a base sheet and a lid
sheet of a pocket. In this aspect, the releaser
comprises a peeler for peeling apart a base sheet and
lid sheet to open a pocket. Suitably, the peeler
includes a lid driver for pulling apart a lid sheet
and a base sheet of a pocket that has been received at
the opening station. In one aspect, there is provided
a medicament dispenser for use with a medicament
carrier having multiple distinct pockets for
containing medicament doses, wherein said pockets are
spaced along the length of and defined between two
peelable sheets secured to each other, said dispenser
having an internal mechanism for dispensing the
medicament doses contained within said medicament
carrier, said mechanism comprising, a) an opening
station for receiving a pocket of the medicament
carrier;b) a peeler positioned to engage a base sheet
and a lid sheet of a pocket which has been received in
said opening station for peeling apart such a base
sheet and lid 



sheet, to open such a pocket, said peeler including a
lid driver for pulling apart a lid sheet and a base
sheet of a pocket that has been received at said
opening station; c) an outlet, positioned to be in
communication with an opened pocket through which a
user can access a medicament dose from such an opened
pocket; d) an indexer for individually indexing the
distinct pockets of the medicament carrier; and e) a
dose counter as described hereinbefore for counting
each time a distinct medicament dose of the medicament
carrier is indexed by said indexer. Suitably, the
indexer comprises a rotatable index wheel having
recesses therein, said index wheel being engageable
with a medicament carrier in use with said medicament
dispenser such that said recesses each receive a
respective pocket of the base sheet of a blister strip
in use with said medicament dispenser. Suitably, the
rotatable index wheel additionally comprises a series
of indentations located at its base and spaced in
between the recesses. Suitably, the indexer
additionally comprises an interlock coupling to couple
actuation of the dispenser to the index wheel. The
interlock coupling reversibly locks the index wheel in
place. Preferably, said interlock coupling comprises a
foot portion having a toe and a heel, and a tail
section. Preferably, said interlock coupling is
pivotally mountable to the dispenser at its foot
portion. Preferably, said toe fits into one of the
indentations on the rotatable index wheel. Preferably,
the interlock coupling is sprung to bias it towards
location of the toe in one of the
indentations.Alternatively, the indexer comprises a
gear and sprocket wherein teeth on the wheel fit into
apertures or holes formed on one or both edges of a
medicament carrier. The mechanism therefore resembles
that of photographic film being advanced through a
camera. Alternatively, the indexer comprises an index
ratchet which is moveable between a locked position
whereby said ratchet engages a pocket on said
medicament carrier and prevents further peeling
thereof, and a release position allowing free movement
of said medicament carrier. In this embodiment,
actuation of said medicament dispenser actuates said
lid driver and releases said index ratchet from a
medicament carrier to allow peeling thereof. Suitably,
said lid driver comprises a wheel on which the lid
sheet is wound up, said wheel having a winding surface
which decreases in diameter when tension in the lid
sheet increases. Preferably, said wheel comprises a
plurality of resiliently flexible arms each extending
therefrom at an angle with respect to a radius. The
leading end of the lid sheet is looped over one of
said resiliently flexible arms to secure the lid sheet
to the wheel initially. In one aspect, the lid driver
comprise a mangle. The lid sheet passes through two
rotating wheels which act as a mangle and is gripped
at the point of contact with the wheels. The used
portion of the lid sheet is collected in a chamber
after it has passed through the mangle. In another
aspect, the lid driver comprise a roller. Preferably
said roller is composed of a polymeric rubber and is
positioned next to a guide wall. Preferably said
roller has a smooth surface. Alternatively said roller
has a knurled surface. The roller grips the lid sheet
as it passes from the point at which it is separated
from the base 



sheet through the space between the roller and the
guide wall and the used portion of the lid sheet is
then collected in a chamber. The roller has the
advantage over the mangle described above in that a
greater degree of contact between the roller wheeland
the lid sheet occurs- the lid sheet is squeezed
through the roller and may pass around about 1/3 of
the roller wheel. This provides a higher level of grip
and pulling force than with a mangle. The force
required to turn the roller is constant throughout the
use of the device and does not vary according to how
much of the lid sheet has been peeled away from the
base sheet. This is in contrast to the wheel described
above where the forces required to turn the wheel may
vary due to the fact that the lid sheet is wound
around the wheel. The lid sheet is not wound around
the roller. The roller also has the advantage that the
lid sheet does not have to be looped around or fixed
to the roller before use of the device, therefore
simplifying assembly of the device and reducing costs.
In a further aspect, the lid driver comprise a lid
spool. The lid spool comprises a toothed wheel with a
central upward cylindrical projection on which the lid
sheet may be wound when it has been separated from the
base sheet. The lid spool may have a mechanical
gearing mechanism which is driven on actuation of the
dispenser; the lid sheet is pulled away from the base
sheet and wound onto the lid spool, causing the
rotatable indexing wheel to turn and index the base
sheet by one dose. An interlock coupling, as described
supra, may be moved along the base of the rotatable
indexing wheel until it fits into the next base
recess. The positioning of the interlock coupling in
this recess limits the movement of the lid spool to
the distance between two pockets on the base sheet and
therefore prevents the amount of lid sheet which is
wound around the lid spool from increasing as the
diameter of the lid spool is increased. Suitably, said
lid driver comprises a wheel on which the lid sheet is
wound up. Typically, said lid sheet wheel has an
effective winding surface, the diameter of which
increases after every use of the dispenser as the lid
sheet winds around the wheel. In order to ensure that
the same dose is dispensed every time, that is, only a
defined number of medicament pocket are opened for
every actuation of the dispenser, theremay be provided
an electronic control system comprising means to limit
the extent of movement of said lid driver, in order to
control the length of medicament carrier peeled by
said peeler. Hence, the medicament carrier is indexed
by the same amount each time and a uniform, consistent
dose is always dispensed. The dispenser may further
comprise compensating means positioned between said
opening station and said lid sheet wheel for reducing
the length of said lid sheet therebetween to
compensate for any increase in the diameter of the
effective winding surface of the lid sheet wheel
during use of the dispenser. Typically, the
compensating means takes the form of a flexible
member. The flexible member may take the form of a
flexible elongate arm about which the lid sheet is
fed. The arm may flex inwards as tension in the lid
sheet increases, and thus shorten the length of lid
sheet between the opening station and the lid driver.
Suitably, the compensating means takes the form of a
spring which reduces in length as tension increase in
the lid sheet between the opening station and the lid
driver. Typically a piston head is mounted on one end
of the spring about which the lid 



sheet is fed. The other end of the spring may be
fixed. As tension in the lid sheet increases the
piston is driven down onto the spring. Suitably, the
compensating means takes the form of a sprung-loaded
tensioner. Suitably, the flexible member is resilient
so that on removal of tension from the lid sheet, the
flexible member will return to its rest position.
Thus, the internal mechanism can be reloaded with a
new medicament carrier after the used carrier is
removed. Alternatively, or in addition, the dispenser
may comprise a clutch means to adjust for any increase
in the diameter of the effective winding surface of
the lid driver during use of the dispenser. In one
aspect, the clutch means communicates with theindexer
and the lid driver, and comprises a gearing surface
defining plural gear engagement positions; and plural
gear teeth for engaging said plural gear engagement
positions, wherein the plural gear teeth are arranged
such that at any one time only a single gear tooth
engages a single gear engagement position. It will be
appreciated that, in use, the clutch means acts to
compensate for the increase in diameter of said
effective winding surface of the lid driver. The
clutch means allows for slippage when the tension in
the lid sheet is greater than the force required to
peel apart the lid sheet and the base sheet. It will
be appreciated that in total, the clutch means
effectively defines a number of individual gear
positions which is greater than the number of gear
engagement positions. This is therefore advantageous
over a traditional slipping clutch arrangement
comprising intermeshing gear wheels, where the
effective number of individual gear positions defined
is either equal to, or no more than, the number of
gear engagement positions defined by one of the gear
wheels. The clutch means herein is also typically more
compact than traditional slipping clutch arrangements
e.g. because it enables smaller gearing surfaces to be
employed. Suitably, the gearing surface and plural
gear teeth are arranged such that the number of
individual gear positions defined is equal to the
number of gear engagement positions multiplied by the
number of gear teeth. In one example, if the gearing
surface defines 60 gear engagement positions and there
are 6 gear teeth, then up to 360 individual gear
positions are definable (e.g. 1 resolution on a
rotating gear system). Suitably, the gearing surface
defines from 20 to 100, preferably from 40 to 80 gear
engagement positions. Suitably, the number of gear
teeth is from 2 to 20, preferably from 3 to 10.In one
aspect, the gear engagement positions are equally
spaced (e.g. equidistantly spaced) and the gear teeth
are offset (e.g. non-equidistantly spaced) relative
thereto. Such offset arrangement maximises the number
of effective individual gear positions which are
capable of definition. An example of this aspect, is a
Vernier spring arrangement. In another aspect, the
gear engagement positions are also equally spaced
(e.g. equidistantly spaced) and the gear teeth are
located on a wobbling element capable of wobbling the
gear teeth to plural offset (e.g. non-equidistantly
spaced) positions. Such a wobbling offset arrangement
also maximises the number of effective individual gear
positions which are capable of being defined. An
example of this aspect, is the wobbling wheel
arrangement described herein. 



In aspects, the clutch means is non-integral with
either of the lid driver or the indexer, but forms a
separate interconnecting component. Suitably, the
gearing surface comprises a gear wheel. As used
herein, the term gear wheel encompasses, for example,
a wheel, spindle or spool. Suitably, the gear teeth
may be arranged to be in ratchet form (i.e. enabling
movement in one direction only). Suitably, the gearing
surface and gear teeth are in biased (e.g. sprung)
engagement. In one aspect, the lid driver comprises a
spiked wheel. As the spiked wheel turns, the lid sheet
is pulled over it and the spikes perforate parts of
the lid sheet to improve the grip on the lid sheet.
The lid sheet then passes out into a chamber where it
collects. In another aspect, the lid driver comprises
a clamp system. The clamp system comprises at least
one angled spring which is pivotable at one end and
grips the lidsheet at the other end. The clamp system
is moved in the direction that the lid sheet is to be
pulled and grips the lid sheet, pulling it and
therefore peeling it away from the base sheet. The
clamp system is then moved back to its rest position.
This results in the spring pivoting and clamping the
lid sheet, therefore preventing the lid sheet from
being further peeled from the base sheet. In another
aspect, the used portion of the lid sheet may be
passed around rollers and fed back onto the used
portion of the base sheet after the medicament has
been accessed to join back onto the base sheet. The
lid sheet may be coated with a sticky substance to aid
resealing. The use of this mechanism saves space as
the used portions of the blister strip will be
collected in the same area. In another aspect, the
coil comprising an unused medicament carrier (e.g.
blister strip) may be surrounded by a constant force
spring. Alternatively, the coil comprising the unused
blister strip may be surrounded by an elastomeric band
or band comprising a contractible material. The
constant force spring, elastomeric band or band
comprising a contractible material contracts as the
coil reduces in size. Suitably, said peeler
additionally comprise a guide for guiding the lid
sheet and base sheet along separate paths at the
opening station. The lid sheet is passed around the
guide portion onto the lid driver. Alternatively, the
guide comprises a roller mechanism. The lid sheet is
fed over the rollers onto the lid driver. Suitably,
the internal mechanism additionally comprises a first
chamber in which at least one strip is initially
housed and from which it is dispensed and a second
chamber to receive the used portion of the base sheet
after it has been indexed around the index wheel and
separated from the lid sheet. Suitably, said first
chamber and said second chamber are separated by a
wall.Suitably, said wall is movable to adjust the size
of said first and second chambers. In one aspect, the
wall is pivotally mountable. Alternatively the wall is
slidably mountable. Suitably, the internal mechanism
further comprises a third chamber to receive the used
portion of the lid sheet and a fourth chamber which
houses the index ratchet. The fourth chamber may
communicate via a slit, which in turn extends upwardly
within a mouthpiece and communicates with air inlets.
Suitably, the internal mechanism additionally
comprises a crushing wheel to crush 



the medicament pockets after the medicament has been
removed from them. The crushing wheel therefore
reduces the space which the used portion of the base
sheet takes up. Typically, the internal mechanism for
accessing said medicament contained within said
medicament carrier is housed within a cassette. Thus,
in another embodiment, there is provided a medicament
dispenser for dispensing medicament comprising: a
body; a holder, shaped to fit within said body and
movable relative to said body; and receivable by said
holder, said cassette containing the medicament
carrier. Suitably, the medicament dispenser or
cassette insert therefor comprises a mouthpiece. The
medicament dispenser may also be designed for nasal
inhalation of a powdered medicament and may therefore
incorporate a nosepiece as an alternative to a
mouthpiece. If the medicament is in solid form, the
dispenser may incorporate an exit channel for tablet
release.Suitably, the body covers the mouthpiece and
an indexer (e.g. lever) when the cassette is in the
non-dispensing position. This avoids the need for a
separate cover and protects the mouthpiece from the
ingress of dirt and contaminants during storage.
Suitably, the medicament dispenser additionally
comprises an electronic data management system. The
electronic data management system has input/output
capability and comprises a memory for storage of data;
a microprocessor for performing operations on said
data; and a transmitter for transmitting a signal
relating to the data or the outcome of an operation on
the data. Suitably, the electronic data management
system is arranged to be responsive to or activated by
the voice of a user. Thus, for example the system may
be switched on or off in response to a voice command.
The electronic data management system may be integral
with the body. Alternatively, the electronic data
management system forms part of a base unit which is
reversibly associable with the body. Suitably, the
medicament dispenser additionally comprises a data
input system for user input of data to the electronic
data management system. Preferably, the data input
system comprises a man machine interface (MMI)
preferably selected from a keypad, voice recognition
interface, graphical user interface (GUI) or
biometrics interface. Energy may be conserved by a
variety of means to enable the device to operate for
longer on a given source of energy, such as a battery.
Energy conservation or saving methods have additional
advantages in terms of reducing the size requirements
of the power source (e.g. battery) and thus the weight
and portability of the medicament dispenser.A variety
of energy saving methods is available which generally
involve reducing power consumption. One such method is
to use a clock or timer circuit to switch the power on
and off at regular or predetermined intervals. In
another method the system can selectively switch
on/off specific electronic devices, such as visual
display units or sensors, in order to power these
devices only when they are required to perform a
particular sequence of events. Thus different
electronic devices may be 



switched on and off at varying intervals and for
varying periods under control of the system. The power
sequencing system may also respond to a sensor, such
as a motion or breath sensor, which is activated on
use of the device. Low power or "micropower"
components should be used within the electronics where
possible and if a high power device is required for a
particular function this should be put into a low
power standby mode or switched off when not required.
Similar considerations apply in the selection of
transducers. Operation at low voltage is desirable
since power dissipation generally increases with
voltage. For low power digital applications
complementary metal oxide semi-conductor (CMOS)
devices are generally preferred and these may be
specially selected by screening for low quiescent
currents. Clock speeds of processors and other logic
circuits should be reduced to the minimum required for
computational throughput as power consumption
increases with frequency. Supply voltages should also
be kept at minimal values consistent with reliable
operation because power dissipation in charging
internal capacitance's during switching is
proportional to the square of the voltage. Where
possible, supply voltages should be approximately the
same throughout the circuit to prevent current flowing
through input protection circuits. Logic inputs should
not be left floating and circuits should be arranged
so that power consumption is minimised in the most
usual logic output state. Slow logic transitions are
undesirable because they can result in relatively
large class-A currents flowing. Resistors may be
incorporated in the power supply to individual devices
in order to minimise current in the event of
failure.In some control applications, devices that
switch between on and off states are preferred to
those that allow analog (e.g. linear) control because
less power is dissipated in low resistance on states
and low current off states. Where linear components
are used (e.g. certain types of voltage regulators)
then types with low quiescent currents should be
selected. In some circuit configurations it is
preferable to use appropriate reactive components
(i.e. inductors and capacitors) to reduce power
dissipation in resistive components. Suitably, the
system additionally comprises a visual display unit
for display of data from the electronic data
management system to the user. The display may for
example, comprise a screen such as an LED or LCD
screen. More preferably the visual display unit is
associable with the body of the medicament dispenser.
Suitably, the medicament dispenser additionally
comprises a datalink for linking to a local data store
to enable communication of data between the local data
store and the electronic data management system. The
datastore may also comprise data management, data
analysis and data communication capability. The
datastore may itself form part of a portable device
(e.g. a handheld device) or it may be sized and shaped
to be accommodated within the patient's home. The
datastore may also comprise a physical storage area
for storage of replacement cassettes. The datastore
may further comprise a system for refilling medicament
from a reservoir of medicament product stored
therewithin. The datastore may further comprise an
electrical recharging system for recharging any
electrical energy store on the medicament dispenser,
particularly a battery recharging system. The datalink
may for example enable linking with a docking station,
a personal 



computer, a network computer system or a set-top box
by any suitable method including a hard-wired link, an
infrared link or any other suitable wireless
communications link.Suitably, the medicament dispenser
additionally comprises an actuation detector for
detecting actuation of the dispensing mechanism
wherein said actuation detector transmits actuation
data to the electronic data management system. The
medicament dispenser may additionally comprise a
safety mechanism to prevent unintended multiple
actuations of the dispensing mechanism. The patient is
thereby protected from inadvertently receiving
multiple doses of medicament in a situation where they
take a number of short rapid breaths. More preferably,
the safety mechanism imposes a time delay between
successive actuations of the releaser. The time delay
is typically of the order of from three to thirty
seconds. Suitably, the medicament dispenser
additionally comprises a release detector for
detecting release of medicament, wherein said release
detector transmits release data to the electronic data
management system. Suitably, the medicament dispenser
additionally comprises a shake detector for detecting
shaking of the medicament container (e.g. prior to
actuation of the dispensing mechanism), wherein said
shake detector transmits shake data to the electronic
data management system. Suitably, any actuation
detector, release detector, or shake detector
comprises a sensor for detecting any suitable
parameter such as movement. Any suitable sensors are
envisaged including the use of optical sensors. The
release detector may sense any parameter affected by
release of the medicament such as pressure,
temperature, sound, moisture, carbon dioxide
concentration and oxygen concentration. Suitably, the
medicament dispenser additionally comprises a breath
trigger for triggering the dispensing mechanism, said
breath trigger being actuable in response to a trigger
signal from the electronic data management system.
Preferably, the electronic data management system
includes a predictive algorithm or look-up tablefor
deriving from the breath data when to transmit the
trigger signal. For example, a real-time analysis of
the patient breath waveform may be made and the
trigger point derived by reference to that analysed
waveform. Suitably, the electronic data management
system includes a predictive algorithm or look-up
table for calculating the optimum amount of medicament
to dispense. Suitably, the memory on the electronic
data management system includes a dose memory for
storing dosage data and reference is made to the dose
memory in calculating the optimum amount of medicament
to dispense. Suitably, the medicament dispenser
additionally comprises a selector for selecting the
amount of medicament to dispense from said dispensing
mechanism. In one aspect, the selector is manually
operable. In another aspect, the selector is operable
in response to a signal from the transmitter on the
electronic data management system. Suitably, the
medicament dispenser comprises in association with a
body or housing thereof, a first transceiver for
transmitting and receiving data and in association
with the medicament container, a second transceiver
for transmitting and receiving data, wherein data is
transferable in two-way fashion from the first
transceiver to the 



second transceiver. The data is preferably in digital
form and suitable for transfer by electronic or
optical means. One advantage of embodiments of this
type is the ability to store many types of information
in different parts of the memory structure of the
transceivers. The information is furthermore stored in
a form which is readily and accurately transferable.
The information could for example, include
manufacturing and distribution compliance information
written to the memory at various points in the
manufacturing or distribution process, thereby
providing a detailed and readily accessible product
history of the dispenser. Such product history
information may,for example, be referred to in the
event of a product recall. The compliance information
could, for example, include date and time stamps. The
information could also include a unique serial number
stored in encrypted form or in a password protectable
part of the memory which uniquely identifies the
product and therefore may assist in the detection and
prevention of counterfeiting. The information could
also include basic product information such as the
nature of the medicament and dosing information,
customer information such as the name of the intended
customer, and distribution information such as the
intended product destination. In the event that the
supply of medicament within the container becomes
exhausted, or that the shelf life of the medicament
has expired, or that the first transceiver does not
recognise the batch code on the second transceiver,
activation of the dispenser may be prevented to
safeguard the user. Activation may also be prevented
if the medicament has been exposed to extreme
environmental conditions for periods outwith the
manufacturer's guidelines. Data may be transferred to
and from any transceiver during the period of use of
the medicament dispenser by the patient. For example,
the medicament dispenser may include an electronic
data management system having various sensors
associated therewith. Any data collected by the
sensors or from any data collection system associated
with the electronic data management system including a
clock or other date/time recorder is transferable.
Data may be transferred each time the patient uses the
device. Or alternatively, data may be stored in a
database memory of the electronic data management
system and periodically downloaded to any transceiver.
In either case, a history of the usage of the device
may be built up in the memory of a transceiver. In one
embodiment herein, a history of the usage of the
medicament dispenser is transferred to the second
transceiver. When the medicament carriers in the
cassette are exhausted it is exchanged by the patient
for a new refill cassette. At the point ofexchange,
which will typically occur at the pharmacy, data may
be transferred from the exhausted cassette to the
refill and vice-versa. Additionally, usage history
data may be read from the refill and transferred to a
healthcare data management system for example
comprising a network computer system under the control
of a healthcare data manager. Suitably, the first and
second transceiver each comprise an antenna or
equivalent for transmitting or receiving data and
connecting thereto a memory. The memory will typically
comprise an integrated circuit chip. Either
transceiver may be configured to have a memory
structure which allows for large amounts of
information to be stored thereon. The memory structure
can be arranged such that parts of the memory are 



read-only, being programmed during/after manufacture,
other parts are read/write and further parts are
password protectable. Initial transfer of information
(e.g. on manufacture or on dispensing) to or from any
transceiver can be arranged to be readily achievable
by the use of a reader which is remote from the
medicament dispenser, thereby minimising the need for
direct product handling. In further aspects, the
reader can be arranged to simultaneously read or write
to the memory of multiple transceivers on multiple
medicament dispensers. A suitable power source such as
a battery, clockwork energy store, solar cell, fuel
cell or kinetics-driven cell will be provided as
required to any electronic component herein. The power
source may be arranged to be rechargeable or
reloadable. Suitably, data is transferable in two-way
fashion between the first and second transceiver
without the need for direct physical contact
therebetween. Preferably, data is transferable
wirelessly between the first and second transceiver.
Suitably, the first transceiver is an active
transceiver and the second transceiver is a passive
transceiver. The term active is used to mean
directly-powered and the term passive is used to mean
indirectly-powered.Suitably, the second transceiver
comprises a label or tag comprising an antenna for
transmitting or receiving energy; and an integrated
circuit chip connecting with said antenna, and the
first transceiver comprises a reader for said label or
tag. In this case the label or tag is a passive
transceiver and the reader is an active transceiver.
Preferably, the reader will not need to be in direct
contact with the tag or label to enable the tag or
label to be read. The tag may be used in combination
and/or integrated with other traditional product
labelling methods including visual text,
machine-readable text, bar codes and dot codes.
Suitably, the integrated circuit chip has a read only
memory area, a write only memory area, a read/write
memory area or combinations thereof. Suitably, the
integrated circuit chip has a one-time programmable
memory area. More preferably, the one-time
programmable memory area contains a unique serial
number. Suitably, the integrated circuit chip has a
preset memory area containing a factory preset,
non-changeable, unique data item. The preset memory
item is most preferably in encrypted form. Suitably,
the integrated circuit chip has plural memory areas
thereon. Suitably, any memory area is password
protected. Suitably, any memory area contains data in
encrypted form. Electronic methods of checking
identity, error detection and data transfer may also
be employed. In one aspect, the integrated circuit has
plural memory areas thereon including a read only
memory area containing a unique serial number, which
may for example be embedded at the time of
manufacture; a read/write memory area which can bemade
read only once information has been written thereto;
and a password protected memory area containing data
in encrypted form which data may be of
anticounterfeiting utility. Suitably, the tag is on a
carrier and the carrier is mountable on the body or
holder of the medicament dispenser or on the cassette.
In one aspect, the carrier is a flexible label. In
another aspect, the carrier is a rigid 



disc. In a further aspect, the carrier is a
rectangular block. In a further aspect, the carrier is
a collar ring suitable for mounting to the neck of an
aerosol container. Other shapes of carrier are also
envisaged. Suitably, the carrier is mouldable or
weldable to the cassette or housing. Suitably, the
carrier encases the tag. More preferably, the carrier
forms a hermetic seal for the tag. In one aspect, the
carrier comprises an insulating material such as a
glass material or, a paper material or an organic
polymeric material such as polypropylene.
Alternatively, the carrier comprises a ferrite
material. The energy may be in any suitable form
including ultrasonic, infrared, radiofrequency,
magnetic, optical and laser form. Any suitable
channels may be used to channel the energy including
fibre optic channels. In one aspect, the second
transceiver comprises a radiofrequency identifier
comprising an antenna for transmitting or receiving
radiofrequency energy; and an integrated circuit chip
connecting with said antenna, and the first
transceiver comprises a reader for said radiofrequency
identifier. In this case the radiofrequency identifier
is a passive transceiver and the reader is an active
transceiver. An advantage of radiofrequency identifier
technology is that the reader need not be in direct
contact with the radiofrequency identifier tag or
label to be read.The radiofrequency identifier can be
any known radiofrequency identifier. Such identifiers
are sometimes known as radiofrequency transponders or
radiofrequency identification (RFID) tags or labels.
Suitable radiofrequency identifiers include those sold
by Phillips Semiconductors of the Netherlands under
the trade marks Hitag and Icode, those sold by Amtech
Systems Corporation of the United States of America
under the trade mark Intellitag, and those sold by
Texas Instruments of the United States of America
under the trade mark Tagit. Suitably, the antenna of
the RFID tag is capable of transmitting or receiving
radiofrequency energy having a frequency of from 100
kHz to 2.5 GHz. Preferred operating frequencies are
selected from 125 kHz, 13.56 MHz and 2.4 GHz. In one
aspect, the second transceiver comprises a magnetic
label or tag comprising an antenna for transmitting or
receiving magnetic field energy; and an integrated
circuit chip connecting with said antenna, and the
first transceiver comprises a reader for said magnetic
label or tag. In this case the magnetic label or tag
is a passive transceiver and the reader is an active
transceiver. A suitable magnetic label or tag
comprises plural magnetic elements in mutual
association whereby the magnetic elements move
relative to each other in response to an interrogating
magnetic field. A magnetic label or tag of this type
is described in U.S. Patent No. 4,940,966. Another
suitable magnetic label or tag comprises a
magnetorestrictive element which is readable by
application of an interrogating alternating magnetic
field in the presence of a magnetic bias field which
results in resonance of the magnetorestrictive
elements at different predetermined frequencies. A
magnetic label of this type is described in PCT Patent
Application No. WO92/12402. Another suitable magnetic
label or tag comprising plural discrete magnetically
active regions in a linear array is described in PCT
Patent Application No. WO96/31790. Suitable magnetic
labels and tags include those making use of 



Programmable Magnetic Resonance (PMR) (trade name)
technology.In another aspect, the second transceiver
comprises a microelectronic memory chip and the first
transceiver comprises a reader for said
microelectronic memory chip. The microelectronic
memory chip may comprise an Electrically Erasable
Programmable Read Only Memory (EEPROM) chip or a SIM
card-type memory chip. In this case the
microelectronic memory chip is a passive transceiver
and the reader is an active transceiver. Any
transceiver herein, particularly a passive transceiver
may be mounted on or encased within any suitable inert
carrier. The carrier may comprise a flexible sheet
which may in embodiments be capable of receiving
printed text thereon. In one aspect, the first
transceiver is integral with the body such that a
single unit is comprised. The first transceiver may
for example be encased within or moulded to the body.
In another aspect, the first transceiver forms part of
a base unit which is reversibly associable with the
body. The base unit may for example, form a module
receivable by the body such as a snap-in module.
Suitably, the medicament dispenser additionally
comprises a communicator for wireless communication
with a network computer system to enable transfer of
data between the network computer system and the
electronic data management system. Suitably, the data
is communicable between the network computer system
and the electronic data management system in encrypted
form. All suitable methods of encryption or partial
encryption are envisaged. Password protection may also
be employed. Suitably, the communicator employs
radiofrequency or optical signals.In one aspect, the
communicator communicates via a gateway to the network
computer system. In another aspect, the communicator
includes a network server (e.g. a web server) such
that it may directly communicate with the network. In
a further aspect, the communicator communicates with
the gateway via a second communications device.
Preferably, the second communications device is a
telecommunications device, more preferably a cellular
phone or pager. Preferably, the communicator
communicates with the second communications device
using spread spectrum radiofrequency signals. A
suitable spread spectrum protocol is the Bluetooth
(trade mark) standard which employs rapid (e.g. 1600
times a second) hopping between plural frequencies
(e.g. 79 different frequencies). The protocol may
further employ multiple sending of data bits (e.g.
sending in triplicate) to reduce interference. In one
aspect, the network computer system comprises a public
access network computer system. The Internet is one
suitable example of a public access network computer
system, wherein the point of access thereto can be any
suitable entrypoint including an entrypoint managed by
an Internet service provider. The public access
network computer system may also form part of a
telecommunications system, which may itself be either
a traditional copper wire system, a cellular system or
an optical network. In another aspect, the network
computer system comprises a private access network
computer system. The private access network system may
for example, comprise an Intranet or Extranet which
may for example, be maintained by a health service
provider or medicament manufacturer. The network may
for example include 



password protection; a firewall; and suitable
encryption means. Preferably, the communicator enables
communication with a user-specific network address in
the network computer system.The user-specific network
address may be selected from the group consisting of a
web-site address, an e-mail address and a file
transfer protocol address. Preferably, the
user-specific network address is accessible to a
remote information source such that information from
said remote information source can be made available
thereto. More preferably, information from the
user-specific network address can be made available to
the remote information source. In one aspect, the
remote information source is a medicament prescriber,
for example a doctors practice. Information
transferred from the medicament prescriber may thus,
comprise changes to prescription details, automatic
prescription updates or training information.
Information transferred to the medicament prescriber
may comprise compliance information, that is to say
information relating to the patient's compliance with
a set prescribing programme. Patient performance
information relating for example, to patient-collected
diagnostic data may also be transferred to the
medicament prescriber. Where the dispenser is an
inhaler for dispensing medicament for the relief of
respiratory disorders examples of such diagnostic data
would include breath cycle data or peak flow data. The
dose counter herein is suitable for use with a
medicament dispenser. In one aspect, the dose counter
is supplied as an assembly for insertion into a
medicament dispenser. The 'drive' for the dose counter
is typically coupled to the 'drive' for the
advancement / release of dose within the medicament
dispenser. Suitably, the dose counter assembly is
received by the housing of a medicament dispenser such
that it may move (e.g. float) slightly therewithin to
assist effective meshing of the geared components
thereof with those of the medicament dispenser. Other
aspects and features of the invention are contained in
the appended claims as well as in the description of
exemplary embodiments of the invention made with
reference to the accompanying drawings.Brief
Description of the Drawings The invention will now be
described with reference to the accompanying drawings
in which: Figure 1 shows an exploded view of a dose
counter in accord with the present invention; Figure 2
shows a perspective view from the underside of part of
the dose counter of Figure 1; Figure 3 shows an
exploded view of a first medicament dispenser part
assembly incorporating the dose counter of Figure 1;
Figure 4 shows an exploded view of a second medicament
dispenser part assembly incorporating the dose counter
of Figure 1; Figure 5 shows a part exploded, detailed
view of the shutter assembly of the second medicament
dispenser part assembly of Figure 4; Figure 6 shows a
cut away, detailed view of a ratchet arm assembly of
the second medicament dispenser part assembly of
Figure 4; Figure 6a shows a perspective, part-exploded
view of a dry powder inhaler incorporating an assembly
comprising a dose counter according to the present 



invention; Figure 7 shows an exploded view of a second
dose counter in accord with the present invention;
Figure 8 shows a view from above of the first and
second counter wheels of the second dose counter of
Figure 7; Figure 9 shows a perspective view from the
underside of part of the second dose counter of Figure
7; Figure 10a to 10i show a sequence for assembling
the second dose counter of Figure 7 within the housing
of a dry powder inhaler device; Figures 11a to 11f
shows usage steps for using the dry powder inhaler
device with second counter as assembled by the
sequence of Figures 10a to 10i; Figure 12 shows an
exploded view of a third dose counter in accord with
the present invention; Figure 13a shows a plan view
from above of the count wheels of the third dose
counter of Figure 12; and Figure 13b shows a plan view
from below of the count wheels of the third dose
counter of Figure 12. Detailed Description of the
Drawings Figure 1 shows a dose counter assembly 1
herein and Figure 2 shows the underside of the first
20 and second 30 count wheels and kick wheel 40 parts
thereof. The dose counter comprises a housing 10
provided with first 12, second 14 and third 16 spindle
mountings, each capable of defining an axis of
rotation and a circumferential wall 18 defining a
circular retainer 19. First, ring-shaped count wheel
20 has 'units' count indicia 22 provided at spaced
intervals on a top face thereof anda set of primary
drive teeth 24 arranged circumferentially on the
underside thereof. Second, circular form count wheel
30 also has 'tens of units' count indicia 32 provided
at spaced intervals on a top face thereof and a set of
secondary drive teeth 34 provided in annular
arrangement to the underside thereof (only visible on
Fig 2). Kick wheel 40 has kick teeth 44 provided in
annular arrangement at the top face thereof. When
assembled, first count wheel 20 is received for
rotation within circular retainer and second count
wheel 30 is received within the inner ring void 25
defined by ringshaped first count wheel 20 and by
first spindle 12. Thus, the first 20 and second 30
count wheels are in concentric relationship and both
are rotatable about common axis of rotation defined in
combination by the axis of first spindle 12 and the
shape of the circular retainer 19. Kick wheel 40 is
received by second spindle 14 for rotation thereabout
(i.e. at a second axis of rotation defined by the
second spindle 12 and therefore offset from the first
axis of rotation). The set of kick teeth 44 of the
kick wheel are in meshed relationship with the set of
secondary drive teeth 34 of the second count wheel 30
such that rotary motion of the kick wheel 40 will
result in rotary motion of the second count wheel 30.
In turn, gear teeth 54 of step up gear wheel 50 (only
visible on Fig. 1) mesh with the primary drive teeth
24 of the first count wheel 20 for drivable rotation
of the first count wheel 20. The step up gear wheel 50
is in turn, drivable by index wheel 60 that is
rotatable in response to user action e.g. in indexing
a dose within a medicament dispenser (not shown). In
an assembled medicament dispenser, index wheel 60
typically couples to a transport or 



drive mechanism (e.g. a drive gear) for advancing
medicament dose to a use position. First count wheel
20 may also be seen to be provided at its underside
(see Fig 2) with a fixed index tooth 28 arranged for
intermittent meshing with the kick teeth 44 of the
kick wheel 40 such that rotary motion of the kick
wheel 40 results from rotary motion of the first count
wheel 20 only when said intermittent meshing occurs.In
a first use operation, index wheel 60 is rotated in
response to user action e.g. in indexing a dose within
a medicament dispenser (not shown) thereby also
causing step up gear wheel 50 to rotate. In turn,
rotation of step up gear wheel 50 results in rotation
of the first count wheel 20. The gearing of index
wheel 60, step up gear wheel 50 and first count wheel
20 is arranged such that when a single dose is indexed
by actuation of the index wheel 60, first count wheel
20 rotates by 36 such that a single indicium 22
thereon is advanced (i.e. the 'units' count moves on
one unit). Where the previous visible count was x9
(e.g. 09 or 19 or 29), the counting action resulting
from the use operation is subtly different. Once
again, index wheel 60 is rotated in response to user
action causing step up gear wheel 50 to rotate and in
rotation of the first count wheel 20 by 36 such that
the 'unit' indicium 22 moves on from '9' to '0'. This
rotation of the first count wheel 20 however, also
brings the index tooth 28 into meshed relationship
with the kick teeth 44 of kick wheel 40 such that the
kick wheel 40 rotates and in turn, the second count
wheel 30 rotates. As shown in Figure 1, the gearing of
the relevant wheels 20, 30, 40 is arranged such that
the second count wheel 30 rotates by 360/7 (that is to
say by 360/n wherein n is the number of number
spacings, where in this case n = 7) such that a single
indicium 32 thereon is advanced (i.e. the 'tens' count
moves on exactly one unit). It will be appreciated
that the above usage has been described in terms of a
counter 1 assembly arranged to count upwards (i.e. to
count on from 'n' to 'n + V on indexing), but that the
counter assembly may be straightforwardly modified to
count downwards (i.e. instead to count on from 'n' to
'n - 1' on indexing). Figure 3 shows a first
medicament dispenser part assembly including the dose
counter 1 of Figure 1. The part assembly is suitably
incorporated as part of a medicament dispenser
suitable for the dispensing of medicament from
individual blisters of an elongate, blister form
medicament carrier.The medicament dispenser assembly
comprises the dose counter 1 of Figure 1 comprising
housing 10 provided with first 12, second (not
visible) and third 16 spindle mountings, each capable
of defining an axis of rotation and a circumferential
wall 18 defining a circular retainer 19. First,
ring-shaped count wheel 20 has 'units' count indicia
22 provided at spaced intervals on a top face thereof
and a set of primary drive teeth 24 arranged
circumferentially on the underside thereof. Second,
circular form count wheel 30 also has 'tens of units'
count indicia 32 provided at spaced intervals on a top
face thereof and a set of secondary drive teeth
provided in annular arrangement to the underside
thereof (not visible). Kick wheel 40 has kick teeth 44
provided in annular arrangement at the top face
thereof. In the part assembly, housing 10 is mounted
on chassis 70 and enclosed by outer housing comprising
top cover 72 and bottom cover 74, which are held
together by screws 76. The top cover 72 is provided
with viewing window 73 through which 



indicia 22, 32 on first and second 20,30 count wheels
are visible to show the 'current dose count'. The dose
counter 1 is also provided at the second count wheel
30 with the additional feature of non-return arm 36,
which simply functions to prevent reverse rotation
thereof. When assembled, first count wheel 20 is
received for rotation within circular retainer and
second count wheel 30 is received within the inner
ring void 25 defined by ringshaped first count wheel
20 and by first spindle 12. Thus, the first 20 and
second 30 count wheels are in concentric relationship
and both are rotatable about common axis of rotation
defined in combination by the axis of first spindle 12
and the shape of the circular retainer 19. Kick wheel
40 is received by second spindle 14 for rotation
thereabout (i.e. at a second axis of rotation defined
by the second spindle 12 and therefore offset from the
first axis of rotation). The set of kick teeth 44 of
the kick wheel are in meshed relationship with the set
of secondary drive teeth of the second count wheel 30
such that rotary motion of the kick wheel 40 will
result in rotary motion of the second count wheel 30.
In turn, gear teeth 54 of step up gear wheel 50 (only
visible on Fig. 1) mesh with the primary drive teeth
24 of the first count wheel20 for drivable rotation of
the first count wheel 20. The step up gear wheel 50 is
in turn, drivable by index wheel 60 that is rotatable
in response to user action. It may also be seen that
index wheel 60 is mounted to hub 62. In the medicament
dispenser as a whole, the hub 62 receives the leading
end of an elongate form blister strip (not shown) for
pulling the blister strip through the medicament
dispenser and individually indexing blisters
containing medicament dose for dispensing thereof. The
mode of usage of the part assembly of Figure 3 closely
follows that of those use operations already described
for the dose counter of Figures 1 and 2. It may be
appreciated that, in the first step of a typical usage
operation, rotation of the index wheel 60 arises as a
result of hub 62 rotation as the blister strip is
indexed by an indexing operation within the medicament
dispenser. Figure 4 shows a second medicament
dispenser part assembly including the dose counter 1
of Figure 1. The part assembly is suitably
incorporated as part of a medicament dispenser
suitable for the dispensing of medicament from
individual blisters of an elongate, blister form
medicament carrier. The medicament dispenser assembly
comprises the dose counter 1 of Figure 1 comprising
housing 10 provided with first 12, second 14 and third
16 spindle mountings, each capable of defining an axis
of rotation and a circumferential wall 18 defining a
circular retainer 19. First, ring-shaped count wheel
20 has 'units' count indicia 22 provided at spaced
intervals on a top face thereof and a set of primary
drive teeth 24 arranged circumferentially on the
underside thereof. Second, circular form count wheel
30 also has 'tens of units' count indicia 32 provided
at spaced intervals on a top face thereof and a set of
secondary drive teeth provided in annular arrangement
to the underside thereof (not visible). Kick wheel 40
has kick teeth 44 provided in annular arrangement at
the top face thereof. In the part assembly, housing 10
is mounted on chassis 70 having top element 71 and
enclosed by outer housing comprising top cover 72 and
bottom cover (notshown). The top cover 72 is provided
with viewing window 73 through which indicia 22, 32 on
first and second 20,30 count wheels are normally
visible to show the 'current counts'. Shutter 80 is
provided for selectively closing off the viewing
window 



73. More detail relating to the action of a suitable
shutter 80 mechanism is provided at Figure 5 and
description thereof. Bezel 76 retains the shutter 80
to the top cover 72. The top cover 72 is also provided
with a ratchet arm 36, which functions to prevent
reverse rotation thereof. More detail relating to the
action of ratchet arm 36 is provided at Figure 6 and
description thereof. When assembled, first count wheel
20 is received for rotation within circular retainer
and second count wheel 30 is received within the inner
ring void 25 defined by ringshaped first count wheel
20 and by first spindle 12. Thus, the first 20 and
second 30 count wheels are in concentric relationship
and both are rotatable about common axis of rotation
defined in combination by the axis of first spindle 12
and the shape of the circular retainer 19. Kick wheel
40 is received by second spindle 14 for rotation
thereabout (i.e. at a second axis of rotation defined
by the second spindle 12 and therefore offset from the
first axis of rotation). The set of kick teeth 44 of
the kick wheel are in meshed relationship with the set
of secondary drive teeth of the second count wheel 30
such that rotary motion of the kick wheel 40 will
result in rotary motion of the second count wheel 30.
In turn, gear teeth 54 of step up gear wheel 50 (only
visible on Fig. 1) mesh with the primary drive teeth
24 of the first count wheel 20 for drivable rotation
of the first count wheel 20. The step up gear wheel 50
is in turn, drivable by index wheel 60 that is
rotatable in response to user action. As in Figure 3,
the index wheel 60 may itself be mounted to hub 62
such that in the medicament dispenser as a whole, the
hub 62 receives the leading end of an elongate form
blister strip (not shown) for pulling the blister
strip through the medicament dispenser and
individually indexing blisters containing medicament
dose for dispensing thereof. Usage operations of the
part assembly of Figure 4 closely follow those already
described for the dose counter of Figures 1 and 2. It
may be appreciated that, in thefirst step of such
operations, rotation of the index wheel 60 may be
configured to arise as with the part assembly of
Figure 3 as a result of hub 62 rotation as a blister
strip is indexed by an indexing operation within the
medicament dispenser. Figure 5 shows a detailed view
of the shutter assembly 80 for use with the second
medicament dispenser part assembly of Figure 4. In
more detail, top cover 72 is provided with viewing
window 73 through which indicia 22, 32 on first 20 and
second 30 count wheels are normally visible to show
the 'current dose count'. Shutter 80 is also provided
for selectively closing off the viewing window 73, as
will now be described. Shutter 80 has inner cut out
ring portion 82 sized for receipt by circular mounting
78 about which the shutter 80 may rotate. The shutter
80 is formed of transparent material, but is also
provided with printed blocking portion 84. The
underside of the shutter 80 is provided with a
protruding dog 86, which at the 'start of life'
protrudes into first, cut out nick 77 and at the 'end
of life' (as shown in Figure 5) protrudes into second,
cut out nick 79, wherein both nicks 77, 79 are
provided to top cover 72 and locate just above the
position of second ('tens of units') count wheel 30.
That second count wheel is provided with drive
projection 38 located as shown, between the number 6
and number 0 printed thereon. Action of the shutter 80
is now described in relation to a dose counter that is



arranged to 'count down' (in this case from '60' to
'00'). During the count down from '60' to OO'the
shutter is arranged such that dog 86 locates in first
nick 77 and the indicia 22, 32 on both count wheels
20,30 is visible through the transparent shutter 80
body and viewing window 73. On moving from count OO'to
(what would be) count '69' dog 86 on shutter 80 is
engaged by drive protrusion 38 on the 'tens of units'
count wheel 30 thereby causing the shutter 80 to be
rotated (clockwise, as shown) to drag the printed
portion 84 thereof over the viewing window 73, which
is therebyblocked off. This corresponds to the 'end of
life' point where the count is no longer visible. The
dog 86 may be adapted to lock the second count wheel
30 against further rotation when the shutter 80 is
closed by preventing the drive protrusion 38 from
passing by it. This also locks the kick wheel 40 in
place and prevents the first count wheel 20 from
further rotation when the index tooth 28 meshes with
the kick teeth 44 at the end of the next revolution of
the first count wheel 20 around the second count wheel
30. In variations, the shutter 80 may be sprung to
prevent undesirable reverse movement thereof e.g. to
again reveal the indicia 22, 32 below the viewing
window 73 after the 'end of life' point has been
reached. As an alternative or addition to the shutter
80, it is possible to have the protrusion 38 on the
second counter wheel 30 run in a channel in the top
cover 72. When the indicium 32 on the second counter
wheel reaches '0' the protrusion 38 reaches the end of
the channel, thereby preventing it from turning any
further. This also locks the kick wheel 40 in place
and prevents the first counter wheel 20 from advancing
as the index tooth 28 attempts to drive the kick wheel
40. In this embodiment, and the other lock-out
embodiment described above, the top of the index wheel
60 would be split into two components with one section
driven by the lower index wheel and a friction drive
to a separate gear mounted on top. As the count wheels
20, 30 lock, the gear on top of the index wheel 60
would slip thereby permitting the blister strip to
advance in the medicament dispenser but not allowing
the count to change. Alternatively, the lock-out of
the dose counter 1 may prevent further operation of
the medicament dispenser by locking its operating
mechanism. Figure 6 shows a cut away, detailed view of
a ratchet arm assembly suitable for use with the
second medicament dispenser part assembly of Figure
4.In more detail, dose counter 1 comprises housing 10
for housing concentrically arranged first 20 and
second 30 count wheels, each having count indicia 22,
32 provided at spaced intervals on a top face thereof.
Kick wheel 40 and index wheel 60 are also visible in
Figure 6. Housing 10 mates with top cover 72, which is
provided 5 with viewing window 73 through which
indicia 22, 32 on first and second 20,30 count wheels
are normally visible to show the 'current count'. The
top cover 72 is also provided with a ratchet arm 36,
which engages cam profile 35 of flared star element 33
provided to the top face of second ('tens of units')
count 10 wheel 30. The cam profile 33 (which in
effect, acts as pawl to the ratchet arm 36) acts in
combination with the ratchet arm 36 such as to ensure
correct alignment of the indicia 22, 32 and also to
prevent reverse rotation of the second count wheel 30
as a result e.g. of patient tampering or due to the
effects of undesirable vibration or impact. 



15 Figure 6a shows a medicament dispenser 470 which
incorporates a dose counter 401 which is a modified
version of the dose counter 1 of Figures 4 to 6 with
like features being assigned like numerals (as
elsewhere in the description of the drawings). Thus,
the dose counter 401 operates in like manner to the
dose counter 20 1 of Figures 4 to 6, including
operating in the same way to move the shutter 480 from
a viewing position, in which the count indicia of the
count wheels 420, 430 in the viewing window 473 of the
medicament dispenser 470 are visible through the
seethrough portion 481 of the shutter 480, to a
shuttering position, in which the non-seethrough
portion 484 (printed, opaque etc.) of the shutter 480
shutters the viewing 25 window 473. In more detail,
the medicament dispenser 470 as shown in Figure 6a
comprises a bottom cover 474 holding first and second
elongate, peelable blister strips 491a, 491b, each
defining a series of blisters, each containing
individual doses of inhalable 30 medicament in dry
powder form. The strips 491a, 491b are movable within
the bottom cover 474 by means of first and second
drive hubs 493a, 493b, respectively,that allow for
sequential opening (i.e. by peeling off action) of
each blister to allow the contents thereof to be made
available at manifold 494 for inhalation by a patient
at mouthpiece 492. In turn, first drive hub 493a is in
coupled relationship (e.g. via complex gear train, not
shown) with a first base take-up drive 460a such that
drivable rotation of first drive hub 493a results in
rotation of the base take-up drive 460a, thereby
resulting in both advancement of the first blister
strip 491a, as described above, and advancement of the
counter 401 via drive wheel 450 and its interaction
with base take-up drive 460a and the count mechanism.
The second drive hub 493a is also in coupled
relationship with a second base takeup drive 460b such
that drivable rotation of the second drive hub 493b
results in rotation of the second base take-up drive
460b and advancement of the second blister strip 491b.
In yet more detail, the base spool drives 460a, 460b
both rotate in response to user actuation of the
medicament dispenser to advance a medicament dose from
the first and second blister strips 491a, 491b to a
use position at which the medicament doses, for
instance being doses of different medicaments, are
inhaled by the user inhaling at the mouthpiece 492.
The rotation of the base spool take-up drive 460a of
the medicament dispenser 470 drives rotation of the
drive wheel 450. This in turn results in rotation of
one, or both, of the count wheels 420, 430, depending
on where the dose counter 401 is in its count
sequence, as previously described with reference to
Figures 4 to 6. So, the dose counter display is
updated to reflect the advancement of the medicament
doses from each strip 491a, 491b to the use position
(and subsequent simultaneous or sequential inhalation
by the patient through the mouthpiece 492). In other
words, the "dose" for the purposes of the "dose count"
recorded by the dose counter 401 in this instance
means a combined dose from each strip 491a, 491b.The
counter sub-assembly 401 is provided with a locking
pin 451, which protrudes through an aperture 452 of
the drive wheel 450 and an aperture (not shown) of the
base plate 410 to lock the drive wheel 450, thereby
preventing any counts being 



recorded during transit of the counter sub-assembly
401 . In a typical manufacturing operation, the
sub-assembly 401 is therefore assembled and locking
pin 451 inserted to lock drive wheel 450. The locked
sub-assembly 401 is then transported for loading into
the medicament dispenser 470 for use therewith. After
loading, the locking pin 451 is removed such that the
drive wheel 450 is now responsive to the base take-up
drive 460. Figure 7 shows a second dose counter
assembly 101 herein; Figure 8 shows a top view of the
first 120 and second 130 count wheel parts thereof;
and Figure 9 shows the underside of the first 120 and
second 130 count wheels and kick wheel 140 parts
thereof. It may be appreciated that the second dose
counter assembly is a variation of that shown in
Figures 1 and 2. The dose counter comprises a housing
110 provided with first 112, second 114 and third 116
spindle mountings, each capable of defining an axis of
rotation and a circumferential wall 118 defining a
circular retainer 119. First, ring-shaped count wheel
120 has 'units' count indicia 122 provided at spaced
intervals on a top face thereof and a set of primary
drive teeth 124 arranged circumferentially on the
underside thereof. Second, circular form count wheel
130 also has 'tens of units' count indicia 132
provided at spaced intervals on a top face thereof and
a set of secondary drive teeth 134 provided in annular
arrangement to the underside thereof (only visible on
Figure 9). It may be noted that at stop position 138,
one of the secondary drive teeth 134 has been removed.
The reason for this will become clear from the later
description. The second count wheel 130 is also
provided with coloured portion 184 and protruding
shutter 180, which in this embodiment is of the same
colour as the coloured portion, for instance red. Kick
wheel 140 has kick teeth 144 provided in annular
arrangement at the top face thereof.When assembled,
first count wheel 120 is received for rotation within
circular retainer and second count wheel 130 is
received within the inner ring void 125 defined by
ring-shaped first count wheel 120 and by first spindle
112 such that clearance exists between the first 120
and second 130 count wheels. Thus, the first 120 and
second 130 count wheels are in concentric relationship
with the level of the second count wheel 130 slightly
raised relative to that of the first count wheel 120
to enable shutter 180 to protrude over and above the
first count wheel 120. Both wheels 120, 130 are
rotatable about a common axis of rotation defined in
combination by the axis of first spindle 112 and the
shape of the circular retainer 119. Kick wheel 140 is
received by second spindle 114 for rotation thereabout
(i.e. at a second axis of rotation defined by the
second spindle 114 and therefore offset from the first
axis of rotation). The set of kick teeth 144 of the
kick wheel are in meshed relationship with the set of
secondary drive teeth 134 of the second count wheel
130 such that rotary motion of the kick wheel 140
results in rotary motion of the second count wheel
130. In turn, gear teeth 154 of step up gear wheel 150
(only visible on Figures 7 and 9) mesh with the
primary drive teeth 124 of the first count wheel 120
for drivable rotation of the first count wheel 120.
The step up gear wheel 150 is in turn, drivable by
index wheel 160 having teeth 164 that is rotatable in
response to user action e.g. in indexing a dose within
a medicament dispenser (not shown). In an assembled
medicament dispenser, index wheel 160 typically
couples to a transport or drive mechanism (e.g. 



a drive gear) for advancing medicament dose to a use
position. First count wheel 120 may also be seen to be
provided at its underside (see Figure 9) with a fixed
index tooth 128 arranged for intermittent meshing with
the kick teeth 144 of the kick wheel 140 such that
rotary motion of the kick wheel 140 results from
rotary motion of the first count wheel 120 only when
said intermittent meshing occurs. The housing 110 may
also be seen to be provided with a ratchet arm 136,
which engages cam profile 135 of flared star element
133 (see Figure 9) provided to theunderside of second
('tens of units') count wheel 130. The cam profile 133
(which in effect, acts as pawl to the ratchet arm 136)
acts in combination with the ratchet arm 136 such as
to ensure correct alignment of the indicia 122, 132
and also to prevent reverse rotation of the second
count wheel 130 as a result e.g. of patient tampering
5 or due to the effects of undesirable vibration or
impact. In a subtle aspect, it may be seen that the
profile of all teeth 124, 134, 144, 154, 164 has a
flanged form, which is selected to optimise the
various toothed engagements necessary for effective
gearing and inter-operability of the wheels 120, 130,
140, 10 150, 160 of the counter. As shown, the second
counter 101 is arranged to count down. Thus, in a
first use operation, index wheel 160 is rotated in
response to user action e.g. in indexing a dose within
a medicament dispenser (not shown) thereby also
causing step up gear 15 wheel 150 to rotate. In turn,
rotation of step up gear wheel 150 results in rotation
of the first count wheel 120. The gearing of index
wheel 160, step up gear wheel 150 and first count
wheel 120 is arranged such that when a single dose is
indexed by actuation of the index wheel 160, first
count wheel 120 rotates by 36 such that a single
indicium 122 thereon is advanced (i.e. the 'units'
count moves down one unit). 0 Where the previous
visible count was xq (e.g. 40 or 30 or 20), the
counting action resulting from the use operation is
subtly different. Once again, index wheel 160 is
rotated in response to user action causing step up
gear wheel 150 to rotate and in rotation of the first
count wheel 120 by 36 such that the 'unit' indicium
122 moves on 5 from '0' to '9'. This rotation of the
first count wheel 120 however, also brings the index
tooth 128 into meshed relationship with the kick teeth
144 of kick wheel 140 such that the kick wheel 140
rotates and in turn, the second count wheel 130
rotates. As shown in Figure 7, the gearing of the
relevant wheels 120, 130, 140 is arranged such that
the second count wheel 130 rotates by 360/8 (that is
to say by 360/n 0 wherein n is the number of number
spacings, where in this case n = 8 because there are
six indicia 132; one coloured portion 184; and one
shutter portion 180) such thata single indicium 132
thereon is advanced (i.e. the 'tens' count moves down
exactly one unit). Where the previous visible count
was 10 (i.e. x=1), the counting action resulting from
the use operation is again subtly different in that
the kick wheel 140 action, as described above, results
in the coloured (e.g. red) portion 184 of the second
count wheel 130 being advanced into place such that
the next display is 'red 9' (i.e. coloured portion
184; and indicia 122 is number 9). Where the previous
visible count was 'red 0' (i.e. x=0), the counting
action resulting from the use operation is still again
subtly different in that the kick wheel 140 action, 



as described above, results in the shutter portion 180
of the second count wheel 130 being advanced into
place such that the next display is fully shuttered
off (i.e. no indicia 122, 132 visible at all).
Additionally, the stop position 138 in the set of
secondary drive teeth 134 is brought into opposed
relation with the kick teeth 144 whereby the kick
teeth 144 and the secondary drive teeth 134 no longer
mesh. Thus, if the first count wheel 120 continues to
rotate, e.g. in response to continued user operation
of a medicament dispenser into which the dose counter
101 is incorporated, notwithstanding that all
medicament doses have been dispensed, the index tooth
128 of the first count wheel 120 will still
intermittently mesh with the kick teeth 144 to cause
the kick wheel 140 to rotate. However, this rotation
of the kick wheel 140 will not be transmitted to the
second count wheel 130, due to the stop position 138,
and the shutter 180 remains in the shuttering
position. It will be appreciated that the above usage
of the second counter has been described in terms of a
counter assembly 101 arranged to count downwards (i.e.
to count on from 'n +1' to 'n' on indexing), but that
the counter assembly may be straightforwardly modified
to count upwards (i.e. instead to count on from 'n' to
'n + 1' on indexing).In this embodiment of the
invention, the second count wheel 130 is integrally
formed with the shutter portion 180. Figures 10a to
10i show a sequence for assembling the second dose
counter of Figure 7 within the housing of a dry powder
inhaler device. For simplicity, only the parts
involved in each assembly step are labelled on each
relevant Figure. In a first assembly step of Figure
10a, index wheel 160 having teeth 164 is mounted for
rotation on downwardly protruding spindle mounting 115
of housing 110. A series of snap arms 161 (one only
visible) hold the index wheel 160 in engagement with
its mounting 115 on the housing 110. In the next
assembly step of Figure 10b, step up gear wheel 150
having teeth 154 is mounted for rotation on spindle
116 of the housing 110. In the next assembly step of
Figure 10c, top cover 172 is snap-fitted to the
subassembly of Figure 10b. The top cover 172 may be
seen to define an airflow tube 190 for receipt of a
mouthpiece (not yet visible) in the finished inhaler.
In the next assembly step of Figure 10d, kick wheel
140 having teeth 144 is mounted for rotation on its
spindle 114 within well 118 of the housing 110. In the
next assembly step of Figure 10e, first, ring-shaped
counter wheel 120 having teeth 124 is placed into the
well 118 of the housing 110 such that its teeth 124
may mesh with those teeth 154 of the step up gear
wheel 150. The teeth 144 of the kick gear wheel 140
are not engaged. In the next assembly step of Figure
10f, second counter wheel 130 is mounted for rotation
on spindle 112 such that when in place it stands
slightly proud from the level of the first counter
wheel 120 (as in Figure 8). Ratchet arm 136, engages
cam profile135 of flared star element 133 (not visible
in Figure 1Of, but see Figure 9) provided to the
underside of second ('tens of units') count wheel 130
to prevent back running. In the next assembly step of
Figure 10g, fascia 171 and mouthpiece 192 are applied
to the sub-assembly of Figure 10f. The fascia 171,
which acts as a 'mouthpiece cover' is mounted for
rotation relative to the top cover 172. In the next
assembly step of Figure 10h, a clear plastic bezel 194
is applied to the 



fascia 171 of the sub-assembly of Figure 10g. In the
final assembly step of Figure 10i, the counter and top
cover 172 sub-assembly of Figure 10h is married up
with a dry powder inhaler sub-assembly defined within
a bottom cover 174. The top 172 and bottom 174 covers
fixedly engage each other (e.g. in snap-fit or
heat-sealed fashion). The dry powder inhaler
sub-assembly comprises an elongate, peelable blister
strip 191 defining a series of blisters, each
containing individual doses of inhalable medicament in
dry powder form. The strip 191 is movable within the
bottom cover 174 by means of a drive hub 193 that
allows for sequential opening (i.e. by peeling off
action) of each blister to allow the contents thereof
to be made available at manifold 194 for inhalation by
a patient at mouthpiece 192. When assembled, it may be
appreciated that drive hub 193 is in meshed
relationship with index wheel 160 such that drivable
rotation of the drive hub 193 results in rotation of
the index wheel 160, thereby resulting in both indexed
advancement of the blister strip, as described above
and advancement of the counter via step up gear 150
and interaction with the count mechanism, as described
previously. The dry powder sub-assembly is of a type
generally known in the art and for example, described
by US Patents Nos. 5,860,419, 5,873,360 and 5,590,645
in the name of Glaxo Group Ltd.It will be appreciated
that the assembly steps described above may either be
carried out wholly at one location or be performed at
separate locations. In one preferred aspect, the
counter and top cover sub-assembly (assembled as shown
in Figures 10a to 1Oh) is prepared in one location and
supplied for marrying up with the bottom cover / dry
powder inhaler sub-assembly at another location.
Figures 11a to 11e shows usage steps for using the dry
powder inhaler device with second counter as produced
by the assembly sequence of Figures 10a to 10i. Figure
11a shows a first priming step, in which fascia 171
and bezel 194 carried thereby are rotated with respect
to the top 172 and bottom (not visible) covers to
reveal the mouthpiece 192. This rotation is also
geared (via index wheel 160 not visible) to both
advance a blister pocket of the blister strip, thereby
making a dry powder dose available and to advance the
counter (via step up gear 150 not visible). As shown,
the count, as represented by indicia 22, 32, is
decreasing from '11' to '10', wherein in this case the
count represents the number of doses remaining. The
patient will then inhale through the mouthpiece 192 to
receive the medicament dose. After patient use, and as
shown at Figure 11b, the fascia 171 is rotated in
reverse fashion. Such reverse rotation results in no
movement of either the blister strip or counter, which
therefore does not count on. Figure 11c shows the next
priming step, in which fascia 171 and bezel 194
carried thereby are again rotated with respect to the
top 172 and bottom (not visible) covers to reveal the
mouthpiece 192. Again, this rotation both causes
advancement of a blister pocket of the blister strip,
thereby making a dry powder dose available and
advances the counter. As shown, the count, as
represented by coloured portion 180 and 'units'
indicium 122, now decreasing from '10' to 'red 9'. The
red colour gives the patient an early warning that
only a few doses remain in the inhaler. Again, the
patient will then inhale through the mouthpiece 192 to
receive the medicament dose.Figure 11d shows the
ultimate priming step, in which fascia 171 and bezel
194 



carried thereby are again rotated with respect to the
top 172 and bottom (not visible) covers to reveal the
mouthpiece 192. This rotation causes advancement of
the final blister pocket of the blister strip, thereby
making the final dry powder dose available and
advances the counter. As shown, the count, as
represented by coloured portion 180 and 'units'
indicium 122, now decreasing to 'red 0'. Again, the
patient will then inhale through the mouthpiece 192 to
receive the medicament dose. The inhaler is now empty.
Figure 11e shows what happens if the patient continues
trying to prime the inhaler after the final dose has
been made available. Rotation of the fascia 171 and
bezel 194 carried thereby with respect to the top 172
and bottom (not visible) causes shutter 180 (herein
marked with a prominent '0' indicium) on the second
count wheel 130 to be drawn into a 'count obscured'
position of Figure 11f. However, as a result of the
missing drive tooth at the stop position 138 of the
second count wheel 130, any further rotation of the
fascia 171 and bezel 194 has no effect on the second
count wheel 130, and therefore once in place, the
shutter 180 remains so. Any 'count' resulting from
movement of the first counter wheel 120 is therefore
obscured by the shutter. The blister strip may be
further advanced within the inhaler a few more
increments, but no medicament is made available
because the final blister has already been opened.
Figure 12 shows a third dose counter assembly 201
herein suitable for provision in sub-assembly form to
a medicament dispenser for use therewith. In the
following, the dose counter assembly 201 will be
described as if used in conjunction with the
medicament dispenser 470 shown and described with
reference to Figure 6a, although this is not to be
taken as limiting as the counter 201 could as easily
be used with other suitable medicament dispensers.
Figures 13a and 13b respectively show top and bottom
views view of the first 220 and second 230 count wheel
parts of the assembly of Figure 12.In more detail, the
dose counter assembly 201 comprises a base plate 210
provided with first 212, second 214 and third 216
spindle mountings, each capable of defining an axis of
rotation and a circumferential wall 218 defining a
circular retainer 219. 5 First, ring-shaped count
wheel 220 has 'units' count indicia 222 provided at
spaced intervals on a top face thereof and a set of
primary drive teeth 224 arranged circumferentially on
the underside thereof (only visible on Figure 13b).
Second, circular form count wheel 230 also has three
'tens of units' count indicia 232 provided at spaced
intervals on a top face thereof and a set of secondary
drive teeth 10 234 provided in annular arrangement to
the underside thereof (again, only visible on Figure
13b). It may be noted that at stop position 238, the
secondary drive teeth 234 are removed. The reason for
this will become clear from the later description. The
second count wheel 230 is also provided with coloured
portion 284 and protruding shutter 280, which in this
embodiment is of the same colour as the coloured
portion, 15 for instance red. Kick wheel 240 has kick
teeth 244 provided in annular arrangement at the top
face thereof. When assembled, first count wheel 220 is
received for rotation within circular retainer 219 and
second count wheel 230 is received within the inner
ring void 225 defined 20 by ring-shaped first count
wheel 220 and by first spindle 212 such that clearance



exists between the first 220 and second 230 count
wheels. Thus, the first 220 and second 230 count
wheels are in concentric relationship with the level
of the second count wheel 230 slightly raised relative
to that of the first count wheel 220 to enable shutter
280 to protrude over and above the first count wheel
220. Both wheels 220, 25 230 are rotatable about a
common axis of rotation defined in combination by the
axis of first spindle 212 and the shape of the
circular retainer 219. As shown, the first 220 and
second 230 wheels rotate counter to each other (i.e.
one clockwise, the other anti-clockwise). Kick wheel
240 is received by second spindle 214 for rotation
thereabout (i.e. at a second axis of rotation defined
by the second spindle 214 and 30 therefore offset from
the first axis of rotation). The set of kick teeth 244
of the kick wheel are in meshed relationship with the
set of secondary drive teeth 234 of thesecond count
wheel 230 such that rotary motion of the kick wheel
240 results in rotary motion of the second count wheel
230. In turn, gear teeth 254 of drive wheel 250 mesh
with the primary drive teeth 224 of the first count
wheel 220 for drivable rotation of the first count
wheel 220. When the dose counter 201 is used with the
5 medicament dispenser 470 of Figure 6a, the drive
wheel 250 is drivable by base spool take-up drive 460a
as described previously. The counter sub-assembly 201
is provided with a locking pin 251, which protrudes
through one of a pair of apertures 252 in the drive
wheel 250 to lock the drive wheel 10 250, thereby
preventing any counts being recorded during transit of
the counter subassembly 201. In a typical
manufacturing operation, the sub-assembly 201 is
therefore assembled and locking pin 251 inserted to
lock drive wheel 250. The locked sub-assembly 201 is
then transported for loading into a suitable
medicament dispenser for use therewith. After loading,
the locking pin 251 is removed such that 15 the drive
wheel 250 is now responsive to a suitable drive of the
medicament dispenser. First count wheel 220 may also
be seen to be provided at its underside (see Figure 9)
with a fixed index tooth 228 arranged for intermittent
meshing with the kick teeth 20 244 of the kick wheel
240 such that rotary motion of the kick wheel 240
results from rotary motion of the first count wheel
220 only when said intermittent meshing occurs.
Locating above the counter wheels 220, 230 there is
provided a bezel / lens unit 294. 25 The bezel 294 is
provided with a plurality of downwardly protruding,
cammed sections 235 that selectively interact with a
ratchet element 236 of the second count wheel 230. The
cammed sections 235 (which in effect, act as pawls to
the ratchet element 236) act in combination with the
ratchet element 236 such as to prevent reverse
rotation of the second count wheel 230 as a result
e.g. of patient tampering 30 or due to the effects of
undesirable vibration or impact.The bezel 294 is
further provided with a see-through region, or viewing
window, 245 in which the count wheels 220, 230 display
the count indicia 222, 232 representing the dose
count. The locking pin 251 is also comprised in the
bezel 294. As shown in Figures 12 and 13a, the ratchet
element 236 is configured as a resilient arcuate
finger disposed at the outer circumference of the
second count wheel 230. The ratchet element 236 has an
upwardly-directed ratchet tooth 236a at the tip of the
finger. The ratchet tooth 236a selectively interacts
with the cammed sections 235 as the second count wheel
230 rotates to prevent reverse rotation thereof. 



The second count wheel 236 in this embodiment is
integrally formed with the ratchet member 236 and the
shutter 280. As shown, the third counter assembly 201
is arranged to count down. Thus, in a first use
operation of the medicament dispenser 470 of Figure
6a, base spool take-up drive 460a is rotated in
response to user action in indexing a dose within the
medicament dispenser 470 thereby causing the drive
gear 250 to rotate which, in turn, results in rotation
of the first count wheel 220. The gearing of base
take-up drive 460a, step up gear wheel 250 and first
count wheel 220 is arranged such that when a single
dose from first strip 491a is indexed by actuation of
the base take-up drive 460a, first count wheel 220
rotates by 36 such that a single indicium 222 thereon
is advanced (i.e. the 'units' count in the window 245
moves down one unit). Where the previous visible count
in the window 245 was xq (e.g. 30 or 20), the counting
action resulting from the use operation is subtly
different. Once again, base take-up drive 460a is
rotated in response to user action causing drive gear
250 to cause rotation of the first count wheel 220 by
36 such that the 'unit' indicium 222 in the window 245
moves on from '0' to '9'. This rotation of the first
count wheel 220 however, also brings the index tooth
228 into meshed relationship with the kick teeth 244
of kick wheel 240 such that the kick wheel 240 rotates
and in turn, the second count wheel 230 rotates. As
best seen in Figure 13a, the gearing of the
relevantwheels 220, 230, 240 is arranged such that the
second count wheel 230 rotates by 360/7 (that is to
say by 360/n wherein n is the number of relevant
spacings) such that a single indicium 232 thereon is
advanced (i.e. the 'tens' count in the window 245
moves down exactly one unit). It will be noted that
the third counter assembly 201 is arranged to count
down from '30' to '0' and then for the count to be
blocked out. Where the previous visible count was 10
(i.e. x=1), the counting action resulting from the use
operation is again subtly different in that the kick
wheel 240 action, as described above, results in the
coloured (e.g. red) portion 284 of the second count
wheel 230 being advanced into place in the window 245
such that the next display is 'red 9' (i.e. coloured
portion 284; and indicia 222 is number 9). Where the
previous visible count was 'red 0' (i.e. x=0), the
counting action resulting from the use operation is
still again subtly different in that the kick wheel
240 action, as described above, results in the shutter
portion 280 of the second count wheel 230 being
advanced into place such that the next display in the
window 245 is fully shuttered off (i.e. no indicia
222, 232 visible at all). Additionally, the stop
position 238 in the set of secondary drive teeth 234
is brought into opposed relation with the kick teeth
244 whereby the kick teeth 244 and the secondary drive
teeth 234 no longer mesh. Thus, if the first count
wheel 220 continues to rotate, e.g. in response to
continued user operation of a medicament dispenser
into which the dose counter is incorporated,
notwithstanding that all medicament doses have been
dispensed, the index tooth 228 of the first count
wheel 220 will still intermittently mesh with the kick
teeth 244 to cause the kick wheel 240 to rotate.
However, this rotation of the kick wheel 240 will not
be transmitted to the second count wheel 230, due to
the stop position 238, and the shutter 280 remains in
the shuttering position. It will be appreciated that
the above usage of the second counter has been 



described in terms of a counter assembly 201 arranged
to count downwards (i.e. to count on from 'n +1' to
'n' on indexing), but that the counter assembly may
bestraightforwardly modified to count upwards (i.e.
instead to count on from 'n' to 'n + 1' on indexing).
The components of the counter and any assemblies and
sub-assemblies described above may be made from any
suitable materials such as plastic polymer materials
(e.g. acetal or ABS). Whilst the dose counter herein
has been mainly illustrated for use with a medicament
dispenser in which an elongate form blister strip is
advanced to enable release of medicament from the
individual blisters thereof the dose counter is also
suitable for use with other types of medicament
dispenser. Thus, the dose counter is also suitable for
use with metered dose inhaler (MDI) type devices in
which, generally actuation is responsive to an
actuating movement (e.g. push down the MDI canister)
relative to its housing; reservoir dry powder inhalers
(RDPI) and reservoir liquid spray inhalers (RLSI) in
which, generally metering is responsive to an metering
movement (e.g. bring metering cavity into
communication with the bulk reservoir) relative to the
bulk reservoir; and other types of multi-dose dry
powder inhalers (MDPI) in which, generally dose
advancement to a delivery position is responsive to a
dose advancement movement (e.g. advancing a blister
pack to move the next blistered dose to the delivery
position) relative to a housing. Suitable medicament
dispensers herein are for the dispensing of
medicament, particularly for the treatment of
respiratory disorders such as asthma and chronic
obstructive pulmonary disease (COPD), bronchitis and
chest infections. Appropriate medicaments may thus be
selected from, for example, analgesics, e.g., codeine,
dihydromorphine, ergotamine, fentanyl or morphine;
anginal preparations, e.g., diltiazem; antiallergics,
e.g., cromoglycate (e.g. as the sodium salt),
ketotifen or nedocromil (e.g. as the sodium salt);
antiinfectives e.g., cephalosporins, penicillins,
streptomycin, sulphonamides, tetracyclines and
pentamidine; antihistamines, e.g., methapyrilene;
anti- inflammatories, e.g., beclomethasone (e.g. as
the dipropionateester), fluticasone (e.g. as the
propionate ester), flunisolide, budesonide,
rofleponide, mometasone e.g. as the furoate ester),
ciclesonide, triamcinolone (e.g. as the acetonide) or
6a, 9a-difluoro-1 1b-hydroxy-16a-methyl-3-oxo-17
a-propionyloxyandrosta- 1 ,4-diene-17b-carbothioic
acid S-(2-oxo-tetrahydro-furan-3-yl) ester;
antitussives, e.g., noscapine; bronchodilators, e.g.,
albuterol (e.g. as free base or sulphate), salmeterol
(e.g. as xinafoate), ephedrine, adrenaline, fenoterol
(e.g. as hydrobromide), formoterol (e.g. as fumarate),
isoprenaline, metaproterenol, phenylephrine,
phenylpropanolamine, pirbuterol (e.g. as acetate),
reproterol (e.g. as hydrochloride), rimiterol,
terbutaline (e.g. as sulphate), isoetharine,
tulobuterol or Ahydroxy-
7-[2-[[2-[[3-(2-phenylethoxy)propyl]sulfonyl]ethyl]ami
no]ethyl-2(3H)- benzothiazolone; adenosine 2a
agonists, e.g.
2R,3R,4S,5R)-2-[6-Amino-2-(1Shydroxymethyl-
2-phenyl-ethylamino)-purin-9-yl]-5-(2-ethyl-2H-tetrazo
l-5-yl)- tetrahydro-furan-3,4-diol (e.g. as maleate);
a4 integrin inhibitors e.g. (2S)-3-[4-({[4-
(aminocarbonyl)-1-piperidinyl]carbonyl}oxy)phenyl]-2-[
((2S)-4-methyl-2-{[2-(2- methylphenoxy)
acetyl]amino}pentanoyl)amino] propanoic acid (e.g. as
free acid or potassium salt), diuretics, e.g.,
amiloride; anticholinergics, e.g., ipratropium (e.g.
as bromide), tiotropium, atropine or oxitropium;
hormones, e.g., cortisone, 



hydrocortisone or prednisolone; xanthines, e.g.,
aminophylline, choline theophyllinate, lysine
theophyllinate or theophylline; therapeutic proteins
and peptides, e.g., insulin or glucagon; vaccines,
diagnostics, and gene therapies. It will be clear to a
person skilled in the art that, where appropriate, the
medicaments may be used in the form of salts, (e.g.,
as alkali metal or amine salts or as acid addition
salts) or as esters (e.g., lower alkyl esters) or as
solvates (e.g., hydrates) to optimise the activity
and/or stability of the medicament. Preferred
components of the combinations comprise medicaments
selected from albuterol, salmeterol, fluticasone
propionate and beclomethasone dipropionate and salts
or solvates thereof, e.g., the sulphate of albuterol
and the xinafoate of salmeterol.Preferred components
of combinations of active ingredients contain
salbutamol (e.g., as the free base or the sulphate
salt) or salmeterol (e.g., as the xinafoate salt) or
formoterol (eg as the fumarate salt) in combination
with an anti-inflammatory steroid such as a
beclomethasone ester (e.g., the dipropionate) or a
fluticasone ester (e.g., the propionate) or
budesonide. A particularly preferred combination of
components comprises fluticasone propionate and
salmeterol, or a salt thereof (particularly the
xinafoate salt). A further combination of components
of particular interest is budesonide and formoterol
(e.g. as the fumarate salt). Generally, powdered
medicament particles suitable for delivery to the
bronchial or alveolar region of the lung have an
aerodynamic diameter of less than 10 micrometers,
preferably less than 6 micrometers. Other sized
particles may be used if delivery to other portions of
the respiratory tract is desired, such as the nasal
cavity, mouth or throat. The medicament may be
delivered as pure drug, but more appropriately, it is
preferred that medicaments are delivered together with
excipients (carriers) which are suitable for
inhalation. Suitable excipients include organic
excipients such as polysaccharides (i.e. starch,
cellulose and the like), lactose, glucose, mannitol,
amino acids, and maltodextrins, and inorganic
excipients such as calcium carbonate or sodium
chloride. Lactose is a preferred excipient. Particles
of the powdered medicament and/or excipient may be
produced by conventional techniques, for example by
micronisation, milling or sieving. Additionally,
medicament and/or excipient powders may be engineered
with particular densities, size ranges, or
characteristics. Particles may comprise active agents,
surfactants, wall forming materials, or other
components considered desirable by those of ordinary
skill. The excipient may be included with the
medicament via well-known methods, such as by
admixing, co-precipitating and the like. Blends of
excipients and drugs are typically formulated to allow
the precise metering and dispersion of the blend into
doses. A standard blend, for example, contains 13000
micrograms lactose mixedwith 50 micrograms drug,
yielding an excipient to drug ratio of 260:1 . Dosage
blends with excipient to drug ratios of from 100:1 to
1:1 may be used. At very low ratios of excipient to
drug, however, the drug dose reproducibility may
become more variable. It will be understood that the
present disclosure is for the purpose of illustration
only and the invention extends to modifications,
variations and improvements thereto. The present
application claims priority from UK patent application
Nos. 0 403 394.0 and 0 418 264.8 filed, respectively,
on 16 February 2004 and 16 August 2004, the 



entire contents of each of which are incorporated
herein by reference. The application of which this
description and claims form part may be used as a
basis for priority in respect of any subsequent
application. The claims of such subsequent application
may be directed to any feature or combination of
features described therein. They may take the form of
product, method or use claims and may include, by way
of example and without limitation, one or more of the
following claims:Claims 1. A dose counter for use with
a medicament dispenser, said dose counter comprising a
first count wheel arranged to rotate about a first
axis of rotation, said first count wheel including a
set of primary drive teeth arranged annularly thereon
for drivable rotation of the first count wheel about
said first axis of rotation; a second count wheel
arranged to rotate about the first axis of rotation,
said second count wheel including a set of secondary
drive teeth arranged annularly thereon; and a kick
wheel arranged to rotate about a second axis of
rotation offset from the first axis of rotation, said
kick wheel including a set of kick teeth arranged
annularly thereon and in meshed relationship with the
set of secondary drive teeth of the second count wheel
such that rotary motion of the kick wheel results in
rotary motion of the second count wheel, wherein said
first count wheel further includes a fixed index tooth
arranged for intermittent meshing with the kick teeth
of the kick wheel such that rotary motion of the kick
wheel results from rotary motion of the first count
wheel only when said intermittent meshing occurs. 2.
The dose counter of claim 1 configured and arranged so
that said intermittent meshing is able to occur a
plurality of times. 3. The dose counter of claim 1 or
2, wherein at least one of the first and second count
wheels has the form of a disc or a ring. 4. The dose
counter of claim 1, 2 or 3, wherein the set of primary
drive teeth are arranged circumferentially on the
first count wheel.5. The dose counter of any one of
claims 1 to 4, wherein the primary drive teeth are in
meshed relationship with a drive wheel. 6. The dose
counter of claim 5, wherein the drive wheel is adapted
in use to couple with an operating mechanism of a
medicament dispenser whereby actuation of the
operating mechanism is transmitted to the dose
counter. 7. The dose counter of claim 5 or 6, wherein
the drive wheel is drivable in response to user action
of the medicament dispenser. 8. The dose counter of
any one of the preceding claims, wherein the secondary
drive teeth are arranged circumferentially on the
second count wheel. 9. The dose counter of any one of
the preceding claims, wherein the second count wheel
is arranged concentric to the first count wheel. 10.
The dose counter of any of the preceding claims,
wherein the first count wheel takes the form of a ring
and the second count wheel is disposed within the
ring. 11. The dose counter of any of the preceding
claims, wherein the second axis of rotation is spaced
from the first axis of rotation at a spacing such that
the path of rotation defined by the kick teeth of the
kick wheel is enclosed by the path of rotation 



defined by the primary drive teeth of the first
counter wheel. 12. The dose counter of any one of the
preceding claims, wherein the kick teeth are arranged
circumferentially on the kick wheel. 13. The dose
counter of any one of the preceding claims, wherein
the index tooth is fixed at a point at or about the
circumference of the first count wheel and rotation of
the first count wheel is arranged to bring the index
tooth into meshed relationshipwith the kick teeth of
the kick wheel at a particular point of the rotary
cycle of the first count wheel such that meshing
occurs once during each complete rotation of the first
count wheel. 14. The dose counter of any one of the
preceding claims, having a ratchet mechanism for
interacting with either one or both counter wheels to
prevent reverse movement thereof. 15. The dose counter
of claim 14, wherein the ratchet comprises a cam
surface arranged to interact with a cam follower
provided to one or both of the count wheels. 16. The
dose counter of claim 15, wherein the cam surface is
shaped to assist correct alignment of the indicia on
the count wheels to provide a clear count reading. 17.
The dose counter of any one of the preceding claims
adapted for use with a medicament dispenser as an
insert thereto. 18. The dose counter of any one of the
preceding claims having a housing which includes a
viewing window through which the count may be viewed.
19. The dose counter of claim 18 having a shutter to
close off the viewing window at a predetermined point
in the dose counter operation. 20. The dose counter of
any one of the preceding claims, wherein the first and
second count wheels are adapted in use to
contra-rotate about the first axis. 21. The dose
counter of any one of the preceding claims having a
display region through which the first and second
count wheels are rotatable and a shutter which is
movable to a shuttering position in which it shutters
the display region.22. The dose counter of claim 21
which is so configured and arranged that the shutter
is only movable to the shuttering position when the
first and second count wheels are in predetermined
angular positions about the first axis. 23. The dose
counter of claim 21 or 22 configured and arranged so
that the shutter is only able to be moved to the
shuttering position when the first count wheel has
rotated through a plurality of revolutions about the
first axis. 24. The dose counter of any one of claims
21 to 23 configured and arranged such that the shutter
moves to its shuttering position in response to
movement of at least one of the count wheels. 25. The
dose counter of any one of claims 21 to 24, wherein
the shutter is moved to its shuttering position by the
at least one count wheel. 26. The dose counter of
claim 25, wherein the shutter is carried to the
shuttering position by the at least one count wheel.
27. The dose counter of any one of claims 24 to 26,
wherein the at least one count wheel is the second
count wheel. 28. The dose counter of any one of claims
24 to 27, wherein the at least one count wheel and the
shutter have cooperating parts through which, in use,
the at least one count wheel moves the shutter to its
shuttering position. 29. The dose counter of any one
of claims 21 to 28 configured and arranged to 



display a count sequence with the count wheels and to
cause the shutter to move to its shuttering position
at the end of the count sequence. 30. The dose counter
of any one of the preceding claims having count
indicia on the count wheels.31. The dose counter of
any one of claims 21 to 30, wherein the shutter is
comprised in one of the count wheels. 32. The dose
counter of claim 31, wherein the count wheel is
integrally formed with the shutter. 33. The dose
counter of claim 31 or 32, wherein the shutter
overlies the other count wheel. 34. The dose counter
of any one of claims 31 to 33, wherein the shutter is
comprised in the second count wheel. 35. The dose
counter of any one of the preceding claims configured
and arranged to sequence from a count mode of
operation, in which the first count wheel is able to
drive rotation of the second count wheel through the
kick wheel, to a non-count mode of operation, in which
the first count wheel is unable to drive rotation of
the second count wheel through the kick wheel. 36. The
dose counter of claim 35 configured and arranged to
sequence from the count mode to the non-count mode
when the first count wheel has completed a
predetermined number of revolutions about the first
axis. 37. The dose counter of claim 35 or 36 which is
adapted to sequence from the count mode to the
non-count mode when the second count wheel is disposed
in a predetermined angular orientation about the first
axis. 38. The dose counter of any one of claims 35 to
37 configured and arranged such that in the non-count
mode meshing of the kick teeth with the index tooth
and/or the secondary drive teeth is unable to
occur.39. The dose counter of claim 38, wherein a gap
is provided in the set of kick teeth or the secondary
drive teeth to disable meshing in the non-count mode.
40. The dose counter of any one of the preceding
claims provided with a lock-out mechanism for locking
the dose counter at an end point of its operation. 41.
The dose counter of claim 40, wherein the lock-out
mechanism is adapted to cause the first count wheel to
be locked against rotation. 42. A dose counter for use
with a medicament dispenser comprising a rotatably
mounted count wheel, count indicia provided on the
count wheel, and a display region in which the count
indicia are presentable through rotation of said count
wheel, and a shutter movable to a shuttering position
in which it shutters the display region, wherein the
dose counter is configured and arranged such that the
shutter is movable to the shuttering position in
response to movement of the count wheel. 43. The dose
counter of claim 42, wherein the shutter is moved to
its shuttering position by the count wheel. 44. The
dose counter of claim 43, wherein the shutter is
carried to the shuttering position by the count wheel.
45. The dose counter of any one of claims 42 to 44,
wherein the count wheel and the shutter have
cooperating parts through which, in use, the count
wheel moves the shutter to its shuttering position.
46. The dose counter of any one of claims 42 to 45
configured and arranged to 



display a count sequence and to cause the shutter to
move to its shuttering position at the end of the
count sequence.47. The dose counter of any one of
claims 42 to 46, wherein the count wheel is a second
one of two rotatably mounted count wheels of the dose
counter, the first count wheel provided with count
indicia presentable in the display region on rotation
thereof. 48. The dose counter of claim 47, wherein the
count wheels are arranged for rotation about a common
axis. 49. The dose counter of claim 48, wherein the
count wheels are concentrically arranged. 50. The dose
counter of claim 49, wherein the first count wheel is
an inner count wheel and the second count wheel is an
outer count wheel. 51. The dose counter of any one of
claims 47 to 50, wherein the shutter is comprised in
the second count wheel. 52. The dose counter of claim
51, wherein the second count wheel is integrally
formed with the shutter. 53. The dose counter of claim
51 or 52, wherein the shutter is configured and
arranged to overlie the first count wheel. 54. A
medicament dispenser incorporating a dose counter
according to any one of the preceding claims. 55. A
medicament dispenser for use with a medicament carrier
having multiple distinct medicament doses carried
thereby, said dispenser having an internal mechanism
for dispensing the distinct medicament doses carried
by said medicament carrier, said mechanism
comprising,a) a receiver for receiving the medicament
carrier; b) a releaser for releasing a distinct
medicament dose from the medicament carrier on receipt
thereof by said receiver; c) an outlet, positioned to
be in communication with the medicament dose
releasable by said releaser; d) an indexer for
individually indexing the distinct medicament doses of
the medicament carrier; and e) a dose counter
according to any one of the preceding claims for
counting each time a distinct medicament dose of the
medicament carrier is indexed by said indexer. 56. The
medicament dispenser of claim 55 for use with plural
such medicament carriers. 57. The medicament dispenser
of any one of claims 54 to 56, wherein the dose
counter forms a sub-assembly thereof. 58. A count
wheel for a dose counter having count indicia for
presentation, in use, at a count location of the dose
counter and further having a shutter for shuttering
the count location. 59. The count wheel of claim 58,
wherein the shutter is comprised in a protrusion to
enable the shutter to overlie another count wheel of
the dose counter. 60. A count wheel for a dose counter
having count indicia and a shutter which is adapted
for overlying count indicia of another count wheel of
the dose counter.61. The count wheel of claim 60,
wherein the shutter is comprised in a protrusion. 62.
The count wheel of claim 59 or 61, wherein the
protrusion protrudes in a radial 



direction with respect to an axis of rotation of the
wheel. 63. A dose counter for a medicament dispenser
substantially as hereinabove described with reference
to, and illustrated by, the accompanying FIGURES of
drawings. 


