
PHARMACEUTICAL COMPOUNDS This invention relates to
compounds that inhibit or modulate the activity of the
heat shock protein Hsp90, to the use of the compounds
in the treatment or prophylaxis of disease states or
conditions mediated by Hsp90, and to novel compounds
having Hsp90 inhibitory or modulating activity. Also
provided are pharmaceutical compositions containing
the compounds and novel chemical intermediates.
Background of the Invention In response to cellular
stresses including heat, toxins, radiation, infection,
inflammation, and oxidants, all cells produce a common
set of heat shock proteins (Hsps) (Macario & de
Macario 2000). Most heat shock proteins act as
molecular chaperones. Chaperones bind and stabilize
proteins at intermediate stages of folding and allow
proteins to fold to their functional states. Hsp90 is
the most abundant cytosolic Hsp under normal
conditions. There are two human isoforms of Hsp90, a
major form Hsp90a and minor form Hsp90b. Hsp90 binds
proteins at a late stage of folding and is
distinguished from other Hsps in that most of its
protein substrates are involved in signal
transduction. Hsp90 has a distinct ATP binding site,
including a Bergerat fold characteristic of bacterial
gyrase, topoisomerases and histidine kinases. It has
been shown that ATP bound at the N-terminal pocket of
Hsp90 is hydrolysed. This ATPase activity results in a
conformational change in Hsp90 that is required to
enable conformational changes in the client protein. A
dimerization domain and a second ATP binding site,
which may regulate ATPase activity, is found near the
c-terminus of Hsp90. Dimerization of HSP90 appears
critical for ATP hydrolysis. Activation of Hsp90 is
further regulated through interactions with a variety
of other chaperone proteins and can be isolated in
complex with other chaperones including Hsp70, Hip,
Hop, p23, and p50cdc37. Many other co-chaperone
proteins have also been demonstrated to bind HSP90. A
simplified model has emerged in which ATP binding to
the amino terminal pocket alters Hsp90 conformation to
allow association with a multichaperone complex. First
the client protein is bound to an Hsp70/Hsp40 complex.
This complex then associates with Hsp90 via Hop. When
ADP is replaced by ATP, the conformation of Hsp90 is
altered, Hop and Hsp70 are released and a different
set of co-chaperones is recruited including p50cdc37
and p23. ATP hydrolysis results in the release of
these co-chaperones and the client protein from the
mature complex. Ansamycin antibiotics herbimycin,
geldanamycin (GA) and 17-allylamino-17-
desmethoxygeldanamycin (17-AAG) are ATP binding site
inhibitors that block the binding of ATP and prevent
conversion to the mature complex (Grenert et. al,
1997. J Biol Chem., 272:23834-23850). Despite Hsp90
being ubiquitously expressed, GA has a higher binding
affinity for Hsp90 derived from tumour vs. normal cell
lines (Kamal et. al, Nature 2003; 425: 407-410). GA
also shows more potent cytotoxic activity in tumour
cells and is sequestered at higher concentrations
within tumours in xenograft mouse models (Brazidec J.
Med. Chem. 2004, 47, 3865-3873). Furthermore the
ATP-ase activity ofHsp90 is elevated in cancer cells
and is an indication of the increased level of stress
in these cells. Hsp90 gene amplification has also been
reported to occur in the later stages of cancer (Jolly
and Morimoto JNCI Vol. 92, No. 19, 1564-1572, 2000).
Increased genetic instability associated with the
cancer phenotype leads to an increase in the
production of non-native or mutant proteins. The
ubiquitin pathway also serves to protect the cell from
non-native or misfolded proteins, by targeting these
proteins for proteasomal degradation. Mutant proteins
are by their nature not native and therefore have the
potential to show structural instability and an
increased requirement for the chaperone system.
(Giannini et al, MoI Cell Biol. 2004; 24(13):5667-76).
There is some evidence that Hsp90 is found primarily
within "activated" multichaperone complexes in the
tumour cells as opposed to "latent" complexes in
normal cells. One component of the multichaperone
complex is the cdc37 co-chaperone. Cdc37 binds Hsp90
at the base of the ATP binding site and could affect
the off rates of inhibitors bound to Hsp90 in the
"activated" state (Roe et. al, Cell 116, (2004), pp.
87-98). The client protein bound to the Hsp90-Hsp70
form of the chaperone complex is believed to be more
susceptible to ubiquitination and targeting to the
proteasome for degradation. E3 ubiquitin ligases have
been identified with chaperone interacting motifs and
one of these (CHIP) was shown to promote the
ubiquitination and degradation of Hsp90 client
proteins (Connell et al, 2001. Xu et al, 2002). Hsp90
client proteins The number of reported Hsp90 client
proteins now exceeds 100. Since many of its client
proteins are involved in cell signalling proliferation
and survival, Hsp90 has received major interest as an
oncology target. Two groups of client proteins, cell
signalling protein kinases and transcription factors,
in particular suggest Hsp90 regulation may have
potential benefit as an anticancer therapy. Hsp90
protein kinase client proteins implicated in cell
proliferation and survival include the following:
c-Src Cellular Src (c-Src) is a receptor tyrosine
kinase, required for mitogenesis initiated by multiple
growth factor receptors, including the receptors for
epidermal growth factor receptor (EGFR),
platelet-derived growth factor receptor (PDGFR),
colony stimulating factor-1 (CSF-IR), and the basic
fibroblast growth factor (bFGFR). C-Src is also
overexpressed and activated in many of the same human
carcinomas that overexpress EGFR and ErbB2. Src is
also required for the maintenance of normal bone
homeostasis through its regulation of osteoclast
function. p!85erbB2 ErbB2 (Her2/neu) is a receptor
tyrosine kinase overexpressed in a variety of
malignancies including breast, ovarian, prostate, and
gastric cancers. ErbB2 was originally identified as an
oncogene and inhibition of Hsp90 results in the
polyubiquitination and degradation of erbB2.Polo
mitotic kinase Polo-like kinases (Plks) are important
regulators of cell cycle progression during M-phase.
Plks are involved in the assembly of the mitotic
spindle apparatus and in the activation of CDK/cyclin
complexes. Plkl regulates tyrosine dephosphorylation
of CDKs through phosphorylation and activation of
Cdc25C. CDKl activation in turn leads to spindle
formation and entry into M phase. Akt CPKB') Akt is
involved in pathways that regulate cell growth by
stimulating cell proliferation and suppressing
apoptosis. Hsp90 inhibition by ansamycins results in a
reduction in the Akt half life through ubiquitination
and proteasomal degradation. Binding of cdc37 to Hsp90
is also required for the downregulation 



of Akt. Following ansamycin treatment cancer cells
arrest in the G2/M phase of the cell cycle 24 hours
after treatment and proceed to apoptosis 24-48 hours
later. Normal cells also arrest 24 hours after
ansamycin treatment, but do not proceed on to
apoptosis. c-Raf. B-RAF, Mek The RAS-RAF-MEK-ERK-MAP
kinase pathway mediates cellular responses to growth
signals. RAS is mutated to an oncogenic form in
approximately 15% of human cancers. The three RAF
genes are serine/threonine kinases that are regulated
by binding RAS. EGFR The epidermal growth factor
receptor (EGFR) is implicated in cell growth,
differentiation, proliferation, survival, apoptosis,
and migration. Overexpression of EGFR has been found
in many different cancers and activating mutations of
its kinase domain appear to be pathogenic in a subset
of adenocarcinoams of the lung. FJt3 FMS-like tyrosine
kinase 3 (FLT3) is a receptor tyrosine kinase involved
in cell proliferation, differentiation and apoptosis.
Flt3 activation also leads to the activation of
phosphatidylinositol 3-kinase (PI3K) and RAS
signal-transduction cascades. c-Met c-met is a
receptor tyrosine kinase which binds hepatocyte growth
factor (HGF) and regulates both cell motility and cell
growth, c-met is overexpressed in tumours, including
thyroid, stomach, pancreatic and colon cancer. HGF is
also detected around the tumours, including liver
metastases. This suggests that cmet and HGF play an
important role in invasion and metastasis. Cdkl. Cdk2.
Cdk4 . Cdk6Cdkl, Cdk2, Cdk4, and Cdk6 drive the cell
cycle. The activity of CDKs is regulated by their
binding to specific subunits such as cyclins,
inhibitory and assembly factors. The substrate
specificity and timing of CDK activities is dictated
by their interaction with specific cyclins.
Cdk4/cyclin D and Cdk6/cyclin D are active in the Gl
phase, Cdk2/cyclin E and Cdk2/cyclin A in S phase, and
Cdc2/cyclin A and Cdc2/cyclin B in G2/M phase.
Cyclin-dependent kinase type 4 (CDK4), plays a key
role in allowing cells to traverse Gl to S-phase
transition of the cell cycle and is constitutively
activated in many human cancers. The CDK4 activator,
cyclin Dl, is overexpressed and a CDK4 inhibitor, pi
6, is deleted in a variety of human tumours. Cdkl/Cdk2
inhibitors have been developed which reversibly block
normal cells in either the Gl/S-phase or at the G2/M
border. G2/M arrest is generally less well tolerated
by the cells and consequently, they undergo apoptotic
cell death. Since Hsp90 also is known to affect cell
survival pathways this effect may be further amplified
with an Hsp90 inhibitor. Wee-1 The Wee-1 protein
kinase carries out the inhibitory phosphorylation of
CDC2 on tyrosine 15 (Tyrl5). This is required for
activation of the G2-phase checkpoint in response to
DNA damage. Hsp90 transcription factors implicated in
cell proliferation and survival include the following:
Mutant p53 P53 is a tumour suppressor protein that
causes cell cycle arrest and induces apoptosis. P53 is
mutated in approximately half of all cancers. Mutant
p53 associates with Hsp90 and is down-regulated in
cancer lines treated with Hsp90 inhibitors, while wild
type p53 levels were unaffected. Progesterone
receptor/ Estrogen receptor/ Androgen receptor In the
absence of hormones, Progesterone and androgen
receptors are bound by Hsp90 in an inactive form. Upon
binding with their cognate hormones, the receptors
undergo conformational changes and dissociation from
hsp90. The ligand bound receptors are then capable of
dimerisation, phosphorylation, and nuclear
translocation. The activated receptors then bind to
hormone-response elements (HREs) within the regulatory
regions of target genes involved in maintaining cell
proliferation. Hif-la Hypoxia inducible factor-la
(HDOF-Ia) is a transcription factor that controls the
expression of genes which play a role in angiogenesis.
HIF-Ia is expressed in the majority of metastases and
is known to associate with Hsp90. Ansamycin treatment
of renal carcinoma cell lines leads to the
ubiquitination and proteasomal degradation of
HTF-Ia.Hsp90 inhibitors are capable of affecting a
large number of targets significant to signal
transduction in tumour cell proliferation. Signal
transduction inhibitors which regulate the activities
of a single target, may not be as efficacious due to
signalling pathway redundancy and the rapid
development of resistance. By regulating multiple
targets involved in cell signalling and cell
proliferation HSP90 inhibitors may prove beneficial in
the treatment of a wide spectrum of proliferative
disorders. hERG In the late 1990s a number of drugs,
approved by the US FDA, had to be withdrawn from sale
in the US when it was discovered they were implicated
in deaths caused by heart malfunction. It was
subsequently found that a side effect of these drugs
was the development of arrhythmias caused by the
blocking of hERG channels in heart cells. The hERG
channel is one of a family of potassium ion channels
the first member of which was identified in the late
1980s in a mutant Drosophila melanogaster fruitfly
(see Jan, L.Y. and Jan, Y.N. (1990). A Superfamily of
Ion Channels. Nature, 345(6277):672). The biophysical
properties of the hERG potassium ion channel are
described in Sanguinetti, M.C., Jiang, C , Curran,
M.E., and Keating, M.T. (1995). A Mechanistic Link
Between an Inherited and an Acquired Cardiac
Arrhythmia: HERG encodes the Ikr potassium channel.
Cell, 81:299-307, and Trudeau, M.C., Warmke, J.W.,
Ganetzky, B., and Robertson, G.A. (1995). HERG, a
Human Inward Rectifier in the Voltage-Gated Potassium
Channel Family. Science, 269:92-95. The elimination of
hERG blocking activity remains an important
consideration in the development of any new drug.
Prior Art EP 0474403 (Eli Lilly) discloses a class of
4-hydroxy benzamide derivatives for treating
inflammatory bowel disease. EP 0722723 (Eli Lilly)
discloses a class of 4-hydroxy benzamide derivatives
for treating multiple 



sclerosis. EP 0500336 (University of Colorado
Foundation) discloses a class of 4-hydroxy benzamide
derivatives for treating type I diabetes. WO 00/59867
(Pharmacor) discloses hydroxyphenyl derivatives for
use as HTV integrase inhibitors. JP 09194450
(Fujirebio) discloses ort/r-hydroxybenzamide
derivatives as pharmaceutical intermediates. EP
0486386 discloses substituted benzoyl proline
derivatives. WO 2005/012297 (Janssen) discloses
4-hydroxy-3-fluorobenzoic acid piperidine amide as an
intermediate in the preparation of compounds having
LTA4 hydrolase modulating activity.WO 2005/000839
(Tanabe)) discloses 4-hydroxy-3-bromobenzoic acid
morpholine amide as an intermediate in the preparation
of acylaminobenzofuran compounds. The use of
hydroxybenzamide derivatives as synthetic
intermediates is disclosed in US 5310951, JP 49010506,
WO 01/36351, WO 98/45255 and WO 97/35999. EP 0347 168
(Ono Pharmaceutical Co.) discloses r-substituted
phenyl esters of pivalic acid as elastase inhibitors.
One particular compound disclosed in this document is
the 3-hydroxy-4-[(N-methyl- N-phenyl)carbamoyl phenyl
ester of pivalic acid. EP 0353753 (Takeda) discloses
substituted benzoic acid amide componds having
glutamate receptor inhibiting activity. US
2005/0037922 (Bayer Cropscience) discloses various
hydroxylated benzoic acid diethylamides and
diethylamides as crop safeners. WO 2005/009940 (Leo
Pharma) discloses aminobenzophenone compounds stated
to be useful in the treatment of inflammatory diseases
and cancers. WO 99/29705 (Glycomed et al) disclose a
class of glycomimetic compounds having a number of
possible uses including the treatment of cancer. One
compound specifically disclosed in WO 99/29705 is the
compound 2-(2-hydroxy-benzoy I)-1,2,3
,4-tetrahydro-isoquinoline-3-carboxy lie acid. Summary
of the Invention The invention provides compounds that
have Hsp90 inhibiting or modulating activity and which
it is envisaged will be useful in preventing or
treating disease states or conditions mediated by
Hsp90. Thus, for example, it is envisaged that the
compounds of the invention will be useful in
alleviating or reducing the incidence of cancer. In a
first aspect, the invention provides a compound of the
formula (I): or salts, tautomers, solvates and
N-oxides thereof; wherein: R1 is hydroxy or hydrogen;
R2 is hydroxy; methoxy or hydrogen; provided that at
least one of R1 and R2 is hydroxy; R3 is selected from
hydrogen; halogen; cyano; Ci-Shydrocarbyl and C s
hydrocarbyloxy; wherein the Ci-5 hydrocarbyl and C -5
hydrocarbyloxy moieties are each optionally
substituted by one or moresubstituents selected from
hydroxy, halogen, Ci- alkoxy, amino, mono- and di-C1-2
alkylamino, and aryl and heteroaryl groups of 5 to 12
ring members; R4 is selected from hydrogen; a group
-(O) n-R7 where n is 0 or 1 and R7 is an acyclic Ci-5
hydrocarbyl group or a monocyclic carbocyclic or
heterocyclic group having 3 to 7 ring members;
halogen; cyano; hydroxy; amino; and mono- or di-Ci-5
hydrocarbyl-amino, wherein the acyclic Ci-5
hydrocarbyl group and the mono and di-Ci-5
hydrocarbylamino moieties in each instance are
optionally substituted by one or more substituents
selected from hydroxy, halogen, Ci 2 alkoxy, amino,
mono- and di-Ci-2 alkylamino, and aryl and heteroaryl
groups of 5 to 12 ring members; or R3 and R4 together
form a monocyclic carbocyclic or heterocyclic ring of
5 to 7 ring members; R5 and R6 together with the
nitrogen atom to which they are attached form a
bicyclic heterocyclic group having 8 to 12 ring
members of which up to 5 ring members are heteroatoms
selected from oxygen, nitrogen and sulphur; wherein
the bicyclic heterocyclic group is optionally
substituted by one or more substituents R10 ; R8 is
selected from hydrogen and fluorine; and R10 is
selected from: halogen; hydroxy; trifluoromethyl;
cyano; nitro; carboxy; amino; mono- or di-Ci-4
hydrocarbylamino; carbocyclic and heterocyclic groups
having from 3 to 12 ring members; and a group Ra-Rb;
wherein: Ra is a bond, O, CO, X1C(X2), CQL2JX 1, X
1C(X2JX 1, S, SO, SO2, NR0, SO2NR0 or NR0SO2; and Rb
is selected from hydrogen; carbocyclic and
heterocyclic groups having from 3 to 12 ring members;
and C -I2 hydrocarbyl (such as Ci-I0 hydrocarbyl)
optionally substituted by one or more substituents
selected from hydroxy, oxo, halogen, cyano, nitro,
carboxy, amino, mono- or di-Ci-s non-aromatic
hydrocarbylamino (e.g. mono- or di-Q. 4
hydrocarbylamino), and carbocyclic and heterocyclic
groups having from 3 to 12 ring members and wherein
one or more carbon atoms of the Ci-I2 hydrocarbyl
group (or Ci-I0 hydrocarbyl group) may optionally be
replaced by O, S, SO, SO2, NR0, X1C(X2), C(X2)X
OrX1C(X X1; R is selected from Rb, hydrogen and Ci-
hydrocarbyl; and X1 is O, S or NR0 and X2 is =0, =S or
=NR;but excluding the compound
2-(2-hydroxy-benzoyl)-l,2,3,4-tetrahydro-isoquinoline-
3-carboxylic acid. The invention also provides inter
alia:  A compound of the formula (I), (II), (III),
(IV), (V), (VI), (Via), (VII), (Vila) or (VIIb) or any
sub-groups or examples thereof as defined herein for
use in the prophylaxis or treatment of a disease state
or condition mediated by Hsp90.  The use of a compound
of the formula (I), (II), (III), (IV), (V), (VI),
(Via), (VII), (Vila) or (VIIb) 



or any sub-groups or examples thereof as defined
herein for the manufacture of a medicament for the
prophylaxis or treatment of a disease state or
condition mediated by Hsp90.  A method for the
prophylaxis or treatment of a disease state or
condition mediated by Hsp90, which method comprises
administering to a subject in need thereof a compound
of the formula (I), (II), (III), (IV), (V), (VI),
(Via), (VH), (Vila) or (VIIb) or any sub-groups or
examples thereof as defined herein.  A compound of the
formula (I), (II), (III), (IV), (V), (VI), (Via),
(VII), (Vila) or (VIIb) or any sub-groups or examples
thereof as defined herein for use in alleviating or
reducing the incidence of a disease state or condition
mediated by Hsp90.  The use of a compound of the
formula (I), (II), (III), (IV), (V), (VI), (Via),
(VII), (Vila) or (VIIb) or any sub-groups or examples
thereof as defined herein for the manufacture of a
medicament for alleviating or reducing the incidence
of a disease state or condition mediated by Hsp90.  A
method for alleviating or reducing the incidence of a
disease state or condition mediated by Hsp90, which
method comprises administering to a subject in need
thereof a compound of the formula (I), (II), (III),
(IV), (V), (VI), (Via), (VII), (Vila) or (VIIb) or any
sub-groups or examples thereof as defined herein.  A
compound of the formula (I), (II), (III), (IV), (V),
(VI), (Via), (VII), (Vila) or (VIIb) or any sub-groups
or examples thereof as defined herein for use in
treating a disease or condition comprising or arising
from abnormal cell growth in a mammal.  The use of a
compound of the formula (I), (II), (Ul), (IV), (V),
(VI), (Via), (VII), (Vila) or (VIIb) or any sub-groups
or examples thereof as defined herein for the
manufacture of a medicament for treating a disease or
condition comprising or arising from abnormal cell
growth in a mammal.  A method for treating a disease
or condition comprising or arising from abnormal cell
growth in a mammal, which method comprises
administering to the mammal a compound of the formula
(I), (II), (III), (IV), (V), (VI), (Via), (VII),
(Vila) or (VIIb) or any sub-groups or examples thereof
as defined herein in an amount effective in inhibiting
abnormal cell growth. A compound of the formula (I),
(II), (HJ), (IV), (V), (VI), (Via), (VII), (Vila) or
(VIIb) or any sub-groups or examples thereof as
defined herein for use in alleviating or reducing the
incidence of a disease or condition comprising or
arising from abnormal cell growth in a mammal.  The
use of a compound of the formula (I), (H), (HI), (IV),
(V), (VI), (Via), (VII), (Vila) or (VIIb) or any
sub-groups or examples thereof as defined herein for
the manufacture of a medicament for for alleviating or
reducing the incidence of a disease or condition
comprising or arising from abnormal cell growth in a
mammal.  A method for alleviating or reducing the
incidence of a disease or condition comprising or
arising from abnormal cell growth in a mammal, which
method comprises administering to the mammal a
compound of the formula (I), (II), (III), (IV), (V),
(VI), (Via), (VII), (Vila) or (VIIb) or any sub-groups
or examples thereof as defined herein in an amount
effective in inhibiting abnormal cell growth.  A
method for treating a disease or condition comprising
or arising from abnormal cell growth in a mammal, the
method comprising administering to the mammal a
compound of the formula (I), (II), (III), (IV), (V),
(VI), (Via), (VH), (Vila) or (VIIb) or any sub-groups
or examples thereof as defined herein in an amount
effective to inhibit Hsp90 activity.  A method for
alleviating or reducing the incidence of a disease or
condition comprising or arising from abnormal cell
growth in a mammal, the method comprising
administering to the mammal a compound of the formula
(I), (II), (III), (IV), (V), (VI), (Via), (VII),
(Vila) or (VIIb) or any subgroups or examples thereof
as defined herein in an amount effective to inhibit
Hsp90 activity.  A compound of the formula (I), (II),
(III), (IV), (V), (VI), (Via), (VII), (Vila) or (VIIb)
or any sub-groups or examples thereof as defined
herein for use as an inhibitor of Hsp90.  A method of
inhibiting Hsp90, which method comprises contacting
the Hsp90 with an Hsp90- inhibiting compound of the
formula (I), (H), (III), (IV), (V), (VI), (Via),
(VII), (Vila) or (VIIb) or any sub-groups or examples
thereof as defined herein.  A compound of the formula
(I), (II), (III), (IV), (V), (VI), (Via), (VII),
(Vila) or (VIIb) or any sub-groups or examples thereof
as defined herein for use in modulating a cellular
process (for example cell division) by inhibiting the
activity of Hsp90.  A method of modulating a cellular
process (for example cell division) by inhibiting the
activity of Hsp90 using a compound of the formula (I),
(II), (III), (IV), (V), (VI), (Via), (VII), (Vila) or
(VIIb) or any sub-groups or examples thereof as
defined herein. A compound of the formula (I), (D),
(III), (IV), (V), (VI), (Via), (VII), (Vila) or (VIIb)
or any sub-groups or examples thereof as defined
herein for use in the prophylaxis or treatment of a
disease state as described herein.  The use of a
compound of the formula (I), (II), (IH), (IV), (V),
(VI), (Via), (WTl), (Vila) or (VIIb) or any sub-groups
or examples thereof as defined herein for the
manufacture of a medicament, wherein the medicament is
for any one or more of the uses defined herein.  A
pharmaceutical composition comprising a compound of
the formula (I), (II), (III), (IV), (V), (VI), (Via),
(VII), (Vila) or (VIIb) or any sub-groups or examples
thereof as defined herein and a pharmaceutically
acceptable carrier.  A pharmaceutical composition
comprising a compound of the formula (I), (II), (III),
(FV), (V), (VI), (Via), (Vp), (Vila) or (VIIb) or any
sub-groups or examples thereof as defined herein and a
pharmaceutically acceptable carrier in a form suitable
for oral administration.  A pharmaceutical composition
comprising a compound of the formula (I), (II), (III),
(IV), (V), (VI), (Via), (VII), (Vila) or (VIIb) or any
sub-groups or examples thereof as defined herein and a
pharmaceutically acceptable carrier in a form suitable
for parenteral administration, for example by
intravenous (i.v.) administration.  A pharmaceutical
composition comprising a compound of the formula (I),
(II), (III), (IV), (V), (VI), (Via), (VIL), (Vila) or
(VIIb) or any sub-groups or examples thereof as
defined herein and a pharmaceutically acceptable
carrier in a form suitable for intravenous (i.v.)
administration by 



injection or infusion.  A compound of the formula (I),
(II), (III), (IV), (V), (VI), (Via), (VII), (Vila) or
(VIIb) or any sub-groups or examples thereof as
defined herein for use in medicine.  A compound as
defined herein for any of the uses and methods set
forth above, and as described elsewhere herein.  A
compound of the formula (I), (II), (III), (IV), (V),
(VI), (Via), (VII), (Vila) or (VIIb) or any sub-groups
or examples thereof as defined herein for use in
treatment or prophylaxis of a disease state or
condition in a patient who has been screened and has
been determined as suffering from, or being at risk of
suffering from, a disease or condition which would be
susceptible to treatment with a compound having
activity against Hsp90.  The use of a compound of the
formula (I), (II), (III), (IV), (V), (VI), (Via),
(VII), (Vila) or (VIIb) or any sub-groups or examples
thereof as defined herein for the manufacture of a
medicament for the treatment or prophylaxis of a
disease state or condition in a patient who has
beenscreened and has been determined as suffering
from, or being at risk of suffering from, a disease or
condition which would be susceptible to treatment with
a compound having activity against Hsp90.  A method
for the diagnosis and treatment of a disease state or
condition mediated by Hsp90, which method comprises
(i) screening a patient to determine whether a disease
or condition from which the patient is or may be
suffering is one which would be susceptible to
treatment with a compound having activity against
Hsp90; and (ii) where it is indicated that the disease
or condition from which the patient is thus
susceptible, thereafter administering to the patient a
compound of the formula (I), (II), (III), (IV), (V),
(VI), (Via), (VII), (Vila) or (VIIb) or any sub-groups
or examples thereof as defined herein. General
Preferences and Definitions In this section, as in all
other sections of this application, unless the context
indicates otherwise, references to a compound of
formula (I) includes all subgroups of formula (I) as
defined herein, including formulae (H), (III), (IV),
(V), (VI), (Via), (VII), (Vila) and (VIIb) and the
term 'subgroups' includes all preferences,
embodiments, examples and particular compounds defined
herein. Moreover, a reference to a compound of formula
(I), (II), (III), (IV), (V), (VI), (Via), (VII),
(Vila) or (VIIb) and sub-groups thereof includes ionic
forms, salts, solvates, isomers, tautomers, N-oxides,
esters, prodrugs, isotopes and protected forms
thereof, as discussed below:- preferably, the salts or
tautomers or isomers or N-oxides or solvates thereof:-
and more preferably, the salts or tautomers or
N-oxides or solvates thereof. The following general
preferences and definitions shall apply to each of R1
to R8, R10, Ra, Rb, Rc, X1 and X2 and their various
sub-groups, sub-definitions, examples and embodiments
unless the context indicates otherwise. Any references
to formula (I) herein shall also be taken to refer to
and any sub-group of compounds within formula (I) and
any preferences and examples thereof unless the
context requires otherwise. References to
"carbocyclic" and "heterocyclic" groups as used herein
shall, unless the context indicates otherwise, include
both aromatic and non-aromatic ring systems. Thus, for
example, the term "carbocyclic and heterocyclic
groups" includes within its scope aromatic,
non-aromatic, unsaturated, partially saturated and
fully saturated carbocyclic and heterocyclic ring
systems. In general, such groups may be monocyclic or
bicyclic and may contain, for example, 3 to 12 ring
members, more usually 5 to 10 ring members. Examples
of monocyclic groups are groups containing 3, 4, 5, 6,
7, and 8 ring members,more usually 3 to 7, for example
5 to 7, and preferably 5 or 6 ring members. Examples
of bicyclic groups are those containing 8, 9, 10, 11
and 12 ring members, and more usually 9 or 10 ring
members. The term "bicyclic" as used herein refers to
groups that have two rings joined together in such as
way that at least one ring member is shared by both
rings. Thus, the bicyclic group can be a fused ring
(two ring members shared by both rings), spirocyclic
(one ring member shared by both rings) or a bridged
ring (three or more ring members shared by both
rings). The carbocyclic or heterocyclic groups can be
aryl or heteroaryl groups having from 5 to 12 ring
members, more usually from 5 to 10 ring members. The
term "aryl" as used herein refers to a carbocyclic
group having aromatic character and the term
"heteroaryl" is used herein to denote a heterocyclic
group having aromatic character. The terms "aryl" and
"heteroaryl" embrace polycyclic (e.g. bicyclic) ring
systems wherein one or more rings are non-aromatic,
provided that at least one ring is aromatic. In such
polycyclic systems, the group may be attached by the
aromatic ring, or by a nonaromatic ring. The aryl or
heteroaryl groups can be monocyclic or bicyclic groups
and can be unsubstituted or substituted with one or
more substituents, for example one or more groups R10
as defined herein. The term "non-aromatic group"
embraces unsaturated ring systems without aromatic
character, partially saturated and fully saturated
carbocyclic and heterocyclic ring systems. The terms
"unsaturated" and "partially saturated" refer to rings
wherein the ring structure(s) contains atoms sharing
more than one valence bond i.e. the ring contains at
least one multiple bond e.g. a C=C, CC or N=C bond.
The terms "fully saturated" and "saturated" refer to
rings where there are no multiple bonds between ring
atoms. Saturated carbocyclic groups include cycloalkyl
groups as defined below. Partially saturated
carbocyclic groups include cycloalkenyl groups as
defined below, for example cyclopentenyl,
cycloheptenyl and cyclooctenyl. A further example of a
cycloalkenyl group is cyclohexenyl. Examples of
heteroaryl groups are monocyclic and bicyclic groups
containing from five to twelve ring members, and more
usually from five to ten ring members. The heteroaryl
group can be, for example, a five membered or six
membered monocyclic ring or a bicyclic structure
formed from fused five and six membered rings or two
fused six membered rings or, by way of a further
example, two fused five membered rings. Each ring may
contain up to about four heteroatoms typically
selected from nitrogen, sulphur and oxygen. Typically
the heteroaryl ring will contain up to 4 heteroatoms,
more typically up to 3 heteroatoms, more usually up to
2, for example a single heteroatom. In one embodiment,
the heteroaryl ring contains at least one ring
nitrogen atom. The nitrogen atoms in the heteroaryl
rings can be basic, as in the case of an imidazole or
pyridine, or essentially non-basic as in the case of
an indole or pyrrole 



nitrogen. In general the number of basic nitrogen
atoms present in the heteroaryl group, including any
amino group substituents of the ring, will be less
than five.Examples of five membered heteroaryl groups
include but are not limited to pyrrole, furan,
thiophene, imidazole, furazan, oxazole, oxadiazole,
oxatriazole, isoxazole, thiazole, isothiazole,
pyrazole, triazole and tetrazole groups. Examples of
six membered heteroaryl groups include but are not
limited to pyridine, pyrazine, pyridazine, pyrimidine
and triazine. A bicyclic heteroaryl group may be, for
example, a group selected from: a) a benzene ring
fused to a 5- or 6-membered ring containing 1, 2 or 3
ring heteroatoms; b) a pyridine ring fused to a 5- or
6-membered ring containing 1, 2 or 3 ring heteroatoms;
c) a pyrimidine ring fused to a 5- or 6-membered ring
containing 1 or 2 ring heteroatoms; d) a pyrrole ring
fused to a a 5- or 6-membered ring containing 1, 2 or
3 ring heteroatoms; e) a pyrazole ring fused to a a 5-
or 6-membered ring containing 1 or 2 ring heteroatoms;
f) a pyrazine ring fused to a 5- or 6-membered ring
containing 1 or 2 ring heteroatoms; g) an imidazole
ring fused to a 5- or 6-membered ring containing 1 or
2 ring heteroatoms; h) an oxazole ring fused to a 5-
or 6-membered ring containing 1 or 2 ring heteroatoms;
i) an isoxazole ring fused to a 5- or 6-membered ring
containing 1 or 2 ring heteroatoms; j ) a thiazole
ring fused to a 5- or 6-membered ring containing 1 or
2 ring heteroatoms; k) an isothiazole ring fused to a
5- or 6-membered ring containing 1 or 2 ring
heteroatoms; 1) a thiophene ring fused to a 5- or
6-membered ring containing 1, 2 or 3 ring heteroatoms;
m) a furan ring fused to a 5- or 6-membered ring
containing 1, 2 or 3 ring heteroatoms; n) a cyclohexyl
ring fused to a 5- or 6-membered ring containing 1, 2
or 3 ring heteroatoms; and o) a cyclopentyl ring fused
to a 5- or 6-membered ring containing 1, 2 or 3 ring
heteroatoms. One sub-group of bicyclic heteroaryl
groups consists of groups (a) to (e) and (g) to (o)
above. Particular examples of bicyclic heteroaryl
groups containing a five membered ring fused to
another five membered ring include but are not limited
to imidazothiazole (e.g. imidazo[2,l-b]thiazole) and
imidazoimidazole (e.g. imidazo[l,2-a] imidazole).
Particular examples of bicyclic heteroaryl groups
containing a six membered ring fused to a five
membered ring include but are not limited to
benzfuran, benzthiophene, benzimidazole, benzoxazole,
isobenzoxazole, benzisoxazole, benzthiazole,
benzisothiazole, isobenzofuran, indole, isoindole,
indolizine, indoline, isoindoline, purine (e.g.,
adenine, guanine), indazole, pyrazolopyrimidine (e.g.
pyrazolo[l,5-a]pyrimidine), triazolopyrimidine (e.g.
[l,2,4]triazolo[l,5-a]pyrimidine), benzodioxole and
pyrazolopyridine (e.g. pyrazolo[l,5-a]pyridine)
groups. Particular examples of bicyclic heteroaryl
groups containing two fused six membered rings include
but are not limited to quinoline, isoquinoline,
chroman, thiochroman, chromene, isochromene,
chroman,isochroman, benzodioxan, quinolizine,
benzoxazine, benzodiazine, pyridopyridine,
quinoxaline, quinazoline, cinnoline, phthalazine,
naphthyridine and pteridine groups. One sub-group of
heteroaryl groups comprises pyridyl, pyrrolyl,
furanyl, thienyl, imidazolyl, oxazolyl, oxadiazolyl,
oxatriazolyl, isoxazolyl, thiazolyl, isothiazolyl,
pyrazolyl, pyrazinyl, pyridazinyl, pyrimidinyl,
triazinyl, triazolyl, tetrazolyl, quinolinyl,
isoquinolinyl, benzfuranyl, benzthienyl, chromanyl,
thiochromanyl, benzimidazolyl, benzoxazolyl,
benzisoxazole, benzthiazolyl and benzisothiazole,
isobenzofuranyl, indolyl, isoindolyl, indolizinyl,
indolinyl, isoindolinyl, purinyl (e.g., adenine,
guanine), indazolyl, benzodioxolyl, chromenyl,
isochromenyl, isochromanyl, benzodioxanyl,
quinolizinyl, benzoxazinyl, benzodiazinyl,
pyridopyridinyl, quinoxalinyl, quinazolinyl,
cinnolinyl, phthalazinyl, naphthyridinyl and
pteridinyl groups. Examples of polycyclic aryl and
heteroaryl groups containing an aromatic ring and a
non-aromatic ring include tetrahydronaphthalene,
tetrahydroisoquinoline, tetrahydroquinoline,
dihydrobenzthiene, dihydrobenzfuran,
2,3-dihydro-benzo[l,4]dioxine, benzo[l,3]dioxole,
4,5,6,7-tetrahydrobenzofuran, indoline and indane
groups. Examples of carbocyclic aryl groups include
phenyl, naphthyl, indenyl, and tetrahydronaphthyl
groups. Examples of non-aromatic heterocyclic groups
include unsubstituted or substituted (by one or more
groups R10) heterocyclic groups having from 3 to 12
ring members, typically 4 to 12 ring members, and more
usually from 5 to 10 ring members. Such groups can be
monocyclic or bicyclic, for example, and typically
have from 1 to 5 heteroatom ring members (more usually
1,2,3 or 4 heteroatom ring members) typically selected
from nitrogen, oxygen and sulphur. When sulphur is
present, it may, where the nature of the adjacent
atoms and groups permits, exist as -S-, -S(O)- Or-S(O)
2-. The heterocylic groups can contain, for example,
cyclic ether moieties (e.g. as in tetrahydrofuran and
dioxane), cyclic thioether moieties (e.g. as in
tetrahydrothiophene and dithiane), cyclic amine
moieties (e.g. as in pyrrolidine), cyclic amide
moieties (e.g. as in pyrrolidone), cyclic thioamides,
cyclic thioesters, cyclic ester moieties (e.g. as in
butyrolactone), cyclic sulphones (e.g. as in
sulpholane and sulpholene), cyclic sulphoxides, cyclic
sulphonamides and combinations thereof (e.g.
morpholine and thiomorpholine and its S-oxide and
S,S-dioxide). Further examples of heterocyclic groups
are those containing a cyclic urea moiety (e.g. as in
imidazolidin-2-one), In one sub-set of heterocyclic
groups, the heterocyclic groups contain cyclic ether
moieties (e.g as in tetrahydrofuran and dioxane),
cyclic thioether moieties (e.g. as in
tetrahydrothiophene and dithiane), cyclic amine
moieties (e.g. as in pyrrolidine), cyclic sulphones
(e.g. as in sulpholane and sulpholene), cyclic
sulphoxides, cyclic sulphonamides and combinations
thereof (e.g. thiomorpholine).Examples of monocyclic
non-aromatic heterocyclic groups include 5-, 6-and
7-membered monocyclic heterocyclic groups. Particular
examples include morpholine, piperidine (e.g.
1-piperidinyl, 2- piperidinyl, 3-piperidinyl and
4-piperidinyl), pyrrolidine (e.g. 1-pyrrolidinyl,
2-pyrrolidinyl and 3- pyrrolidinyl), pyrrolidone,
pyran (2H-pyran or 4H-pyran), dihydrothiophene,
dihydropyran, dihydrofuran, dihydrothiazole,
tetrahydrofuran, tetrahydrothiophene, dioxane,
tetrahydropyran (e.g. 4- tetrahydro pyranyl),
imidazoline, imidazolidinone, oxazoline, thiazoline,
2-pyrazoline, pyrazolidine, piperazine, and N-alkyl
piperazines such as N-methyl piperazine. Further
examples include thiomorpholine and its S-oxide and
S,S-dioxide (particularly thiomorpholine). Still
further examples include azetidine, piperidone,
piperazone, and N-alkyl piperidines such as N-methyl
piperidine. 



One preferred sub-set of non-aromatic heterocyclic
groups consists of saturated groups such as azetidine,
pyrrolidine, piperidine, morpholine, thiomorpholine,
thiomorpholine S,S-dioxide, piperazine, N-alkyl
piperazines, and N-alkyl piperidines. Another sub-set
of non-aromatic heterocyclic groups consists of
pyrrolidine, piperidine, morpholine, thiomorpholine,
thiomorpholine S,S-dioxide, piperazine and N-alkyl
piperazines such as N-methyl piperazine. One
particular sub-set of heterocyclic groups consists of
pyrrolidine, piperidine, morpholine and N-alkyl
piperazines (e.g. N-methyl piperazine), and optionally
thiomorpholine. Examples of non-aromatic carbocyclic
groups include cycloalkane groups such as cyclohexyl
and cyclopentyl, cycloalkenyl groups such as
cyclopentenyl, cyclohexenyl, cycloheptenyl and
cyclooctenyl, as well as cyclohexadienyl,
cyclooctatetraene, tetrahydronaphthenyl and decalinyl.
Preferred non-aromatic carbocyclic groups are
monocyclic rings and most preferably saturated
monocyclic rings. Typical examples are three, four,
five and six membered saturated carbocyclic rings,
e.g. optionally substituted cyclopentyl and cyclohexyl
rings. One sub-set of non-aromatic carboyclic groups
includes unsubstituted or substituted (by one or more
groups R10) monocyclic groups and particularly
saturated monocyclic groups, e.g. cycloalkyl groups.
Examples of such cycloalkyl groups include
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and
cycloheptyl; more typically cyclopropyl, cyclobutyl,
cyclopentyl and cyclohexyl, particularly cyclohexyl.
Further examples of non-aromatic cyclic groups include
bridged ring systems such as bicycloalkanes and
azabicycloalkanes although such bridged ring systems
are generally less preferred. By "bridged ring
systems" is meant ring systems in which two rings
share more than two atoms, see for example Advanced
Organic Chemistry, by Jerry March, 4th Edition, Wiley
Interscience, pages 131-133, 1992. Examples of bridged
ring systems include bicyclo[2.2.1]heptane,
aza-bicyclo[2.2.1]heptane, bicyclo[2.2.2]octane,
azabicyclo[2.2.2]octane, bicyclo[3.2.1]octane and
aza-bicyclo[3.2.1]octane. A particular example of a
bridged ring system is the
l-aza-bicyclo[2.2.2]octan-3-yl group. Where reference
is made herein to carbocyclic and heterocyclic groups,
the carbocyclic or heterocyclic ring can, unless the
context indicates otherwise, be unsubstituted or
substituted by one or more substituent groups R10
selected from halogen, hydroxy, trifiuoromethyl,
cyano, nitro, carboxy, amino, mono- or di-Ci.4
hydrocarbylamino, carbocyclic and heterocyclic groups
having from 3 to 12 ring members; a group Ra-Rb
wherein Ra is a bond, O5 CO, X1C(X2), C(X2)X , X1C(X
X1, S, SO, SO2, NRC, SO2NR0 or NR0SO2; and Rb is
selected from hydrogen, carbocyclic and heterocyclic
groups having from 3 to 12 ring members, and a C 2
hydrocarbyl group (such as a C 0 hydrocarbyl group)
optionally substituted by one or more substituents
selected from hydroxy, oxo, halogen, cyano, nitro,
carboxy, amino, mono- or di-Ci-8 non-aromatic
hydrocarbylamino (e.g. mono- or di-Q. 4
hydrocarbylamino), carbocyclic and heterocyclic groups
having from 3 to 12 ring members and wherein one or
more carbon atoms of the Ci-I2 hydrocarbyl group (or C
io hydrocarbyl group) may optionally be replaced by O,
S, SO, SO2, NR0, X1C(X2), C(X2)X* or X1C(X X1; R is
selected from Rb, hydrogen and C1.4 hydrocarbyl; and
X1 is O, S or NR0 and X2 is =0, =S or =NR. Where the
substituent group R10 comprises or includes a
carbocyclic or heterocyclic group, the said
carbocyclic or heterocyclic group may be unsubstituted
or may itself be substituted with one or more further
substituent groups R10. In one sub-group of compounds
of the formula (I), such further substituent groups
R10 may include carbocyclic or heterocyclic groups,
which are typically not themselves further
substituted. In another sub-group of compounds of the
formula (I), the said further substituents do not
include carbocyclic or heterocyclic groups but are
otherwise selected from the groups listed above in the
definition of R10. The substituents R10 may be
selected such that they contain no more than 20
non-hydrogen atoms, for example, no more than 15
non-hydrogen atoms, e.g. no more than 12, or 11, or
10, or 9, or 8, or 7, or 6, or 5 non-hydrogen atoms.
Where the carbocyclic and heterocyclic groups have a
pair of substituents on the same or adjacent ring
atoms, the two substituents may be linked so as to
form a cyclic group. Thus, two adjacent groups R10,
together with the carbon atoms or heteroatoms to which
they are attached may form a 5-membered heteroaryl
ring or a 5- or 6-membered non-aromatic carbocyclic or
heterocyclic ring, wherein the said heteroaryl and
heterocyclic groups contain up to 3 heteroatom ring
members selected from N, O and S. For example, an
adjacent pair of substituents on adjacent carbon atoms
of a ring may be linked via one or more heteroatoms
and optionally substituted alkylene groups to form a
fused oxa-, dioxa-, aza-, diaza- or oxa-aza-cycloalkyl
group. Examples of such linked substituent groups
include:Examples of halogen substituents include
fluorine, chlorine, bromine and iodine. Fluorine and
chlorine are particularly preferred. In the definition
of the compounds of the formula (I) above and as used
hereinafter, the term "hydrocarbyl" is a generic term
encompassing aliphatic, alicyclic and aromatic groups
having an allcarbon backbone and consisting of carbon
and hydrogen atoms, except where otherwise stated. In
certain cases, as defined herein, one or more of the
carbon atoms making up the carbon backbone may be
replaced by a specified atom or group of atoms.
Examples of hydrocarbyl groups include alkyl,
cycloalkyl, cycloalkenyl, carbocyclic aryl, alkenyl,
alkynyl, cycloalkylalkyl, cycloalkenylalkyl, and
carbocyclic aralkyl, aralkenyl and aralkynyl groups.
Such groups can be unsubstituted or, where stated,
substituted by one or more substituents as defined
herein. The examples and preferences expressed below
apply to each of the hydrocarbyl substituent groups or
hydrocarbyl-containing substituent groups referred to
in the various definitions of substituents for
compounds of the formula (I) unless the context
indicates otherwise. The prefix "Cx.y" (where x and y
are integers) as used herein refers to the number of
carbon atoms in a given group. Thus, a .4 hydrocarbyl
group contains from 1 to 4 carbon atoms, and a C3-6
cycloalkyl group contains from 3 to 6 carbon atoms,
and so on. The term "acyclic hydrocarbyl" (e.g. as in
"acyclic Ci-5 hydrocarbyl") as used herein refers to
non-cyclic 



hydrocarbyl groups and in particular to alkyl, alkenyl
and alkynyl groups as defined herein. The term "mono-
or di-Ci.5 hydrocarbylamino" as used herein refers to
a monosubstituted or disubsituted amine group bearing
either one or two hydrocarbyl substituent groups that
each contain from 1 to 5 carbon atoms. Preferred
non-aromatic hydrocarbyl groups are saturated groups
such as alkyl and cycloalkyl groups. Generally by way
of example, the hydrocarbyl groups can have up to ten
carbon atoms (and more typically up to eight carbon
atoms), unless the context requires otherwise. Within
the sub-set of hydrocarbyl groups having 1 to 10
carbon atoms, particular examples are Ci 8 hydrocarbyl
groups or .6 hydrocarbyl groups, such as .4
hydrocarbyl groups (e.g. Ci-3 hydrocarbyl groups or
Ci-2 hydrocarbyl groups or C - hydrocarbyl groups or
C2-4 hydrocarbyl groups), specific examples being any
individualvalue or combination of values selected from
C1, C2, C3, C4, C5, Ce, C7, C8, C9 and C1O hydrocarbyl
groups. The term "alkyl" covers both straight chain
and branched chain alkyl groups. Examples of alkyl
groups include methyl, ethyl, propyl, isopropyl,
n-butyl, isobutyl, tert-butyl, n-pentyl, 2-pentyl,
3-pentyl, 2- methyl butyl, 3-methyl butyl, and n-hexyl
and its isomers. Within the sub-set of alkyl groups
having 1 to 8 carbon atoms, particular examples are
alkyl groups, such as C1-4 alkyl groups (e.g. C alkyl
groups or Ci_2 alkyl groups or C2-3 alkyl groups or
C2.4 alkyl groups). Examples of cycloalkyl groups are
those derived from cyclopropane, cyclobutane,
cyclopentane, cyclohexane and cycloheptane. Within the
sub-set of cycloalkyl groups the cycloalkyl group will
have from 3 to 10 carbon atoms, more typically 3 to 8
carbon atoms, particular examples being C3.6
cycloalkyl groups. Examples of alkenyl groups include,
but are not limited to, ethenyl (vinyl), 1-propenyl,
2-propenyl (allyl), isopropenyl, butenyl,
buta-l,4-dienyl, pentenyl, and hexenyl. Within the
sub-set of alkenyl groups the alkenyl group will have
2 to 10 carbon atoms, more typically 2 to 8 carbon
atoms, particular examples being C2.6 alkenyl groups,
such as C2- alkenyl groups. Examples of cycloalkenyl
groups include, but are not limited to, cyclopropenyl,
cyclobutenyl, cyclopentenyl, cyclopentadienyl and
cyclohexenyl. Within the sub-set of cycloalkenyl
groups the cycloalkenyl groups have from 3 to 10
carbon atoms, more typically 3 to 8 carbon atoms, and
particular examples are C3.6 cycloalkenyl groups.
Examples of alkynyl groups include, but are not
limited to, ethynyl and 2-propynyl (propargyl) groups.
Within the sub-set of alkynyl groups having 2 to 10
carbon atoms, more typically 2 to 8 carbon atoms,
particular examples are C2-6 alkynyl groups, such as
C2-4 alkynyl groups. Examples of carbocyclic aryl
groups include substituted and unsubstituted phenyl
groups. Examples of cycloalkylalkyl,
cycloalkenylalkyl, carbocyclic aralkyl, aralkenyl and
aralkynyl groups include phenethyl, benzyl, styryl,
phenylethynyl, cyclohexylmethyl, cyclopentylmethyl,
cyclobutylmethyl, cyclopropylmethyl and
cyclopentenylmethyl groups. The terms CM 2
hydrocarbyl, Ci-I0 hydrocarbyl and C1-8 hydrocarbyl as
used herein encompasses alkyl, alkenyl, alkynyl,
cycloalkyl, cycloalkenyl, phenyl, benzyl and
phenylethyl groups wherein the preferences for and
examples of each of the aforesaid groups are as
defined above. Within this definition, particular
hydrocarbyl groups are alkyl, cycloalkyl, phenyl,
benzyl and phenylethyl (e.g. 1- phenylethyl or
2-phenylethyl) groups, one subset of hydrocarbyl
groups consisting of alkyl and cycloalkyl groups and
in particular Ci-4 alkyl and cycloalkyl groups such as
methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl,
tert-butyl, cyclopropyl and cyclobutyl.The term C1
hydrocarbyl as used herein encompasses alkyl, alkenyl,
alkynyl, cycloalkyl and cycloalkenyl groups wherein
the preferences for and examples of the aforesaid
groups are as defined above. Within this definition,
particular C1-4 hydrocarbyl groups are alkyl and
cycloalkyl groups, such as methyl, ethyl, n-propyl,
isopropyl, n-butyl, isobutyl, tert-butyl, cyclopropyl
and cyclobutyl. When present, and where stated, a
hydrocarbyl group can be optionally substituted by one
or more substituents selected from hydroxy, oxo,
alkoxy, carboxy, halogen, cyano, nitro, amino, mono-
or di-Ci.4 hydrocarbylamino, and monocyclic or
bicyclic carbocyclic and heterocyclic groups having
from 3 to 12 (typically 3 to 10 and more usually 5 to
10) ring members. Preferred substituents include
halogen such as fluorine. Thus, for example, the
substituted hydrocarbyl group can be a partially
fluorinated or perfluorinated group such as
difluoromethyl or trifluoromethyl. In one embodiment
preferred substituents include monocyclic carbocyclic
and heterocyclic groups having 3-7 ring members, more
usually 3, 4, 5 or 6 ring members. Where stated, one
or more carbon atoms of a hydrocarbyl group may
optionally be replaced by O, S, SO, SO2, NR0, X1C(X2),
C(X2)X or X1C(X X1 (or a sub-group thereof) wherein X1
and X2 are as hereinbefore defined, provided that at
least one carbon atom of the hydrocarbyl group
remains. For example, 1, 2, 3 or 4 carbon atoms of the
hydrocarbyl group may be replaced by one of the atoms
or groups listed, and the replacing atoms or groups
may be the same or different. In general, the number
of linear or backbone carbon atoms replaced will
correspond to the number of linear or backbone atoms
in the group replacing them. Examples of groups in
which one or more carbon atom of the hydrocarbyl group
have been replaced by a replacement atom or group as
defined above include ethers and thioethers (C
replaced by O or S), amides, esters, thioamides and
thioesters (C-C replaced by X1C(X2) or C(X2)X ),
sulphones and sulphoxides (C replaced by SO or SO ),
amines (C replaced by NRC) . Further examples include
ureas, carbonates and carbamates (C-C-C replaced by
X1C(X X1). Where an amino group has two hydrocarbyl
substituents, they may, together with the nitrogen
atom to which they are attached, and optionally with
another heteroatom such as nitrogen, sulphur, or
oxygen, link to form a ring structure of 4 to 7 ring
members, more usually 5 to 6 ring members. The term
"aza-cycloalkyl" as used herein refers to a cycloalkyl
group in which one of the carbon ring members has been
replaced by a nitrogen atom. Thus examples of
aza-cycloalkyl groups include piperidine and
pyrrolidine. The term "oxa-cycloalkyl" as used herein
refers to a cycloalkyl group in which one of the
carbon ring members has been replaced by an oxygen
atom. Thus examples of oxacycloalkyl groups include
tetrahydrofuran and tetrahydropyran. In an analogous
manner, the terms "diaza-cycloalkyl",
"dioxa-cycloalkyl" and "aza-oxa-cycloalkyl" refer
respectively to cycloalkyl groups in which two carbon
ring members have been replaced by two nitrogen atoms,
or by two oxygen atoms, 



or by one nitrogen atom and one oxygen atom. Thus, in
an oxa-C4.6 cycloalkyl group, there will be from3 to 5
carbon ring members and an oxygen ring member. For
example, an oxa-cyclohexyl group is a
tetrahydropyranyl group. The definition "Ra-Rb" as
used herein, either with regard to substituents
present on a carbocyclic or heterocyclic moiety, or
with regard to other substituents present at other
locations on the compounds of the formula (T),
includes inter alia compounds wherein Ra is selected
from a bond, O, CO, OC(O), SC(O), NR0C(O), OC(S),
SC(S), NR0C(S), OC(NR0), SC(NR0), NR0C(NR0), C(O)O,
C(O)S, C(O)NR0, C(S)O, C(S)S, C(S) NR0, C(NR)0,
C(NR)S, C(NR)NR, OC(O)O, SC(O)O, NR0C(O)O, OC(S)O,
SC(S)O, NR C(S)O, 0C(NR)0, SC(NR)O, NRC(NR)0, OC(O)S,
SC(O)S, NR0C(O)S, OC(S)S, SC(S)S, NR0C(S)S, OC(NR)S,
SC(NR)S, NRC(NR)S, OC(O)NR0, SC(O)NR0, NR0C(O) NR0,
OC(S)NR0, SC(S) NR0, NR0C(S)NR0, OC(NRC)NR, SC(NR)NR0,
NR0C(NR0NR0, S, SO, SO2 , NR0 SO2NR0 and NR0SO2
wherein R is as hereinbefore defined. The moiety Rb
can be hydrogen or it can be a group selected from
carbocyclic and heterocyclic groups having from 3 to
12 ring members (typically 3 to 10 and more usually
from 5 to 10), and a Ci- hydrocarbyl group optionally
substituted as hereinbefore defined. Examples of
hydrocarbyl, carbocyclic and heterocyclic groups are
as set out above. When Ra is O and Rb is a Ci-I0
hydrocarbyl group, Ra and Rb together form a
hydrocarbyloxy group. Preferred hydrocarbyloxy groups
include saturated hydrocarbyloxy such as alkoxy (e.g.
C1 alkoxy, more usually - alkoxy such as ethoxy and
methoxy, particularly methoxy), cycloalkoxy (e.g. C3-6
cycloalkoxy such as cyclopropyloxy, cyclobutyloxy,
cyclopentyloxy and cyclohexyloxy) and cycloalkylalkoxy
(e.g. C3-6 cycloalkyl-Ci -2 alkoxy such as
cyclopropylmethoxy). The hydrocarbyloxy groups can be
substituted by various substituents as defined herein.
For example, the alkoxy groups can be substituted by
halogen (e.g. as in difluoromethoxy and
trifluoromethoxy), hydroxy (e.g. as in hydroxyethoxy),
Ci-2 alkoxy (e.g. as in methoxyethoxy), hydroxy-Ci.2
alkyl (as in hydroxyethoxyethoxy) or a cyclic group
(e.g. a cycloalkyl group or non-aromatic heterocyclic
group as hereinbefore defined). Examples of alkoxy
groups bearing a non-aromatic heterocyclic group as a
substituent are those in which the heterocyclic group
is a saturated cyclic amine such as morpholine,
piperidine, pyrrolidine, piperazine,
Ci.4-alkyl-piperazines, Cs^-cycloalkyl-piperazines,
tetrahydropyran or tetrahydrofuran and the alkoxy
group is a Ci-4 alkoxy group, more typically a Ci 3
alkoxy group such as methoxy, ethoxy or n-propoxy.
Alkoxy groups may be substituted by a monocyclic group
such as pyrrolidine, piperidine, morpholine and
piperazine and N-substituted derivatives thereof such
as N-benzyl, N-Q 4 acyl and N-C1.4 alkoxycarbonyl.
Particular examples include pyrrolidinoethoxy,
piperidinoethoxy and piperazinoethoxy. When Ra is a
bond and Rb is a C O hydrocarbyl group, examples of
hydrocarbyl groups Ra-Rb are as hereinbefore defined.
The hydrocarbyl groups may be saturated groups such as
cycloalkyl and alkyl andparticular examples of such
groups include methyl, ethyl and cyclopropyl. The
hydrocarbyl (e.g. alkyl) groups can be substituted by
various groups and atoms as defined herein. Examples
of substituted alkyl groups include alkyl groups
substituted by one or more halogen atoms such as
fluorine and chlorine (particular examples including
bromoethyl, chloroethyl and trifluoromethyl), or
hydroxy (e.g. hydroxymethyl and hydroxyethyl), C O
acyloxy (e.g. acetoxymethyl and benzyloxymethyl),
amino and mono- and dialkylamino (e.g. aminoethyl,
methylaminoethyl, dimethylaminomethyl,
dimethylaminoethyl and trt-butylaminomethyl), alkoxy
(e.g. C1-2 alkoxy such as methoxy - as in
methoxyethyl), and cyclic groups such as cycloalkyl
groups, aryl groups, heteroaryl groups and
non-aromatic heterocyclic groups as hereinbefore
defined). Particular examples of alkyl groups
substituted by a cyclic group are those wherein the
cyclic group is a saturated cyclic amine such as
morpholine, piperidine, pyrrolidine, piperazine,
Cwalkyl-piperazines, C - 7-cycloalkyl-piperazines,
tetrahydropyran or tetrahydrofuran and the alkyl group
is a C1.4 alkyl group, more typically a C1 alkyl group
such as methyl, ethyl or n-propyl. Specific examples
of alkyl groups substituted by a cyclic group include
pyrrolidinomethyl, pyrrolidinopropyl,
morpholinomethyl, morpholinoethyl, morpholinopropyl,
piperidinylmethyl, piperazinomethyl and N-substituted
forms thereof as defined herein. Particular examples
of alkyl groups substituted by aryl groups and
heteroaryl groups include benzyl and pyridylmethyl
groups. When Ra is SO2NR0, Rb can be, for example,
hydrogen or an optionally substituted Ci 8 hydrocarbyl
group, or a carbocyclic or heterocyclic group.
Examples of Ra-Rb where Ra is SO2NR0 include
aminosulphonyl, Ci- alkylaminosulphonyl and CU-C1-
alkylaminosulphonyl groups, and sulphonamides formed
from a cyclic amino group such as piperidine,
morpholine, pyrrolidine, or an optionally N -
substituted piperazine such as N-methyl piperazine.
Examples of groups Ra-Rb where Ra is SO2 include
alkylsulphonyl, heteroarylsulphonyl and arylsulphonyl
groups, particularly monocyclic aryl and heteroaryl
sulphonyl groups. Particular examples include
methylsulphonyl, phenylsulphonyl and toluenesulphonyl.
When Ra is NR0, Rb can be, for example, hydrogen or an
optionally substituted Ci-I0 hydrocarbyl group, or a
carbocyclic or heterocyclic group. Examples of Ra-Rb
where Ra is NR0 include amino, Ci-4 alkylamino (e.g.
methylamino, ethylamino, propylamino, isopropylamino,
tert-butylamino), di-Ci. 4 alkylamino (e.g.
dimethylamino and diethylamino) and cycloalkylamino
(e.g. cyclopropylamino, cyclopentylamino and
cyclohexylamino). Specific Embodiments of and
Preferences for R1 to R10 R 1 R2R1 is hydroxy or
hydrogen; and R2 is hydroxy, methoxy or hydrogen;
provided that at least one of R1 and R2 is hydroxy.
Preferably, R1 is hydroxy or hydrogen; and R2 is
hydroxy or hydrogen; provided that at least one of R1
and R2 is hydroxy. In one embodiment, R1 is hydroxy
and R2 is hydrogen or methoxy, preferably hydrogen. In
another embodiment, R1 is hydrogen and R2 is hydroxy.
In a further embodiment, R1 is hydroxy and R2 is
hydroxy or methoxy. In a preferred embodiment, R1and
R2 are both hydroxy. E! 



R8 is selected from hydrogen and fluorine. Preferably
R8 is hydrogen. E R3 is selected from hydrogen,
halogen, cyano, Ci-5 hydrocarbyl and C1-S
hydrocarbyloxy; wherein the Ci-5 hydrocarbyl and Ci-5
hydrocarbyloxy moieties are each optionally
substituted by one or more substituents selected from
hydroxy, halogen, C1-2 alkoxy, amino, mono- and
di-Ci_2 alkylamino, and aryl and heteroaryl groups of
5 to 12 ring members. In one sub-group of compounds,
R3 is selected from hydrogen, halogen, cyano, Ci-5
hydrocarbyl and Ci-5 hydrocarbyloxy; wherein the C]-5
hydrocarbyl moiety in each instance is optionally
substituted by one or more substituents selected from
hydroxy, halogen, C\ . alkoxy and amino. In another
sub-group of compounds, R3 is selected from halogen
(e.g. chlorine or bromine), Ci-5 alkyl and C3.4
cycloalkyl. More typically, R3 is selected from
hydrogen, chlorine, C1-5 hydrocarbyl and Ci-5
hydrocarbyloxy. Particular groups R3 include hydrogen,
Ci-5 alkyl, C2-5 alkenyl and C3.4 cycloalkyl groups,
preferably secondary alkyl and alkenyl groups such as
isopropyl, sec-butyl, -butyl, 1,2-dimethylallyl and
1,2- dimethylpropyl, or cycloalkyl groups such as
cyclopropyl. A further sub-group of substituents R3
consists of Ci-5 alkyl, C2-5 alkenyl and C3-4
cycloalkyl groups, preferably secondary alkyl and
alkenyl groups such as isopropyl, sec-butyl,
1,2-dimethylallyl and 1,2-dimethylpropyl, or
cycloalkyl groups such as cyclopropyl. When only one
of R1 and R2 is hydroxy, R3 may be other than
hydrogen. In one particular embodiment, R1 and R2 are
both hydroxy and R3 is hydrogen. In a further
particular embodiment, R3 is selected from isopropyl
and tert-bxxtyl. In one general embodiment, R3 is
other than halogen.In another general embodiment, R3
may be other than fluorine. In a further general
embodiment, R3 may be other than fluorine or methoxy.
In one embodiment, R4 is selected from hydrogen; a
group -(O) n-R7 where n is 0 or 1 and R7 is an acyclic
Ci-5 hydrocarbyl group or a monocyclic carbocyclic or
heterocyclic group having 3 to 7 ring members;
halogen; cyano; hydroxy; amino; and mono- or di-Ci-5
hydrocarbylamino, wherein the acyclic Ci 5 hydrocarbyl
group and the mono and di-Ci-5 hydrocarbylamino
moieties in each instance are optionally substituted
by one or more substituents selected from hydroxy,
halogen, C1 alkoxy, amino, mono- and di-Ci
2alkylamino, and aryl and heteroaryl groups of 5 to 12
ring members. In one sub-group of compounds, R4 is
selected from hydrogen; a group -(O) n-R7 where n is 0
or 1 and R7 is an acyclic Ci-5 hydrocarbyl group or a
monocyclic carbocyclic or heterocyclic group having 3
to 7 ring members; halogen; cyano; hydroxy; amino; and
mono- or di-Ci-5 hydrocarbylamino, wherein the Ci-5
hydrocarbyl moiety in each instance is optionally
substituted by one or more substituents selected from
hydroxy, halogen, Ci-2 alkoxy and amino. Within this
sub-group, R4 is more typically selected from
hydrogen, methoxy, halogen (e.g. fluorine or
chlorine), cyano; hydroxy; amino and C3_6 cycloalkyl.
More particularly, R4 can be selected from a sub-set
R4a wherein the sub-set R4a consists of hydrogen,
methoxy, fluorine and chlorine. Preferably R4 is
hydrogen. In another embodiment, R3 and R4 together
form a carbocyclic or heterocyclic ring of 5 to 7 ring
members.The carbocyclic and heterocyclic groups can be
any of the groups listed above in General Definitions
and Preferences section but one particular group is a
group wherein R3 and R4 together with the phenyl ring
form a dihydrobenzofuran group. Particular examples of
the phenyl ring containing the moieties R1, R2, R3 and
R4 are as set out in Table 1. The point of attachment
to the carbonyl group is indicated by means of an
asterisk. Table 1In one embodiment, the phenyl moiety
is selected from groups Al to A21. In another
embodiment, the phenyl moiety is selected from groups
Al to Al 8. Preferred phenyl moieties include groups
A5, A7, All, A13, A14, A15, A16, A17 and A18.
Particularly preferred phenyl moieties are A5, A7,
A13, A14 and A17. Particularly preferred phenyl
moieties are Al 1 and A13. One particularly preferred
phenyl moiety is group A13.R5 & R6 R5 and R6 together
with the nitrogen atom to which they are attached form
a bicyclic heterocyclic group having up to 12 ring
members of which up to 5 ring members are heteroatoms
selected from oxygen, nitrogen and sulphur. The
bicyclic groups can be any of the groups listed above
in the General Preferences and Definitions section or
listed below in the Particular and Preferred
Sub-groups section, and such groups may be
unsubstituted or substituted by one or more
substituents R10 as defined herein. The bicyclic
heterocyclic group is typically a fused ring bicyclic
group or a spirocylic group and more typically is a
fused ring bicyclic group. Particular fused ring
systems of interest in the context of the invention
are 5.6 and 6.6 fused ring systems. In the bicyclic
heterocyclic groups, one of the rings may be a
heterocyclic ring and the other may be a carbocyclic
ring, or both rings may be heterocyclic. In one
sub-group of compounds, one of the rings of the
bicyclic heterocyclic group is non-aromatic and other
is aromatic. Preferably the nitrogen atom of the group
NR5R6 forms part of the non-aromatic ring. Particular
examples of such groups are dihydroindole,
dihydroisoindole, tetrahydroquinoline and
tetrahydroisoquinoline groups. More particular
examples of such groups are dihydroindole,
dihydroisoindole, tetrahydroquinoline and
tetrahydroisoquinoline groups, but wherein the
tetrahydroisoquinoline group bears no substituent
groups on the non-aromatic ring thereof. The bicyclic
heterocyclic rings are optionally substituted by one
or more substituent groups R10 as defined herein. In
one embodiment, the bicyclic heterocyclic ring is
subsitituted by 1, 2 or 3 substituent groups R10 as
defined herein. In another embodiment, the bicyclic
heterocyclic ring is subsitituted by 1 or 2
substituent groups R10 as defined herein. 



The substituent group or groups R10 may be attached to
either or both of the two rings making up the bicyclic
heterocyclic group. In one embodiment, the ring
containing the nitrogen atom of the group NR5R6 does
not bear any substituents R10. In another embodiment,
the ring containing the nitrogen atom of the group
NR5R6 bears a substituent R10 but the substituent is
other than a carboxylic acid group. In one sub-group
of compounds, the bicyclic heterocyclic group is
unsubstituted or is substituted by one, two or three
(preferably one or two) substituents selected from a
group R1Oa consisting of halogen, hydroxy, amino and a
group Ra-Rb where Ra is selected from a bond, O, CO,
C(O)O3 C(O)NR0, NR0C(O), NR0C(O)O, NR0, SO, SO2,
SONR0, and SO2NR0; and Rb is selected from hydrogen;
carbocyclic and heterocyclic groups having 5 or 6 ring
members; and C1-I0 hydrocarbyl (e.g. C1-8 hydrocarbyl
such as Ci 8alkyl or C3.7 cycloalkyl) optionally
substituted by one or more substituents selected from
hydroxy, oxo, amino, mono- or di-Q. 8 non-aromatic
hydrocarbylamino, (e.g. mono- or di-Ci. 4
hydrocarbylamino), carboxy, and carbocyclic and
heterocyclic groups having from 3 to 7 ring members,
and wherein one or more of the carbon atoms of the Ci
hydrocarbyl group may optionally be replaced by O, S,
C(O)O, C(O)NR orNR c. Within this sub-group of
compounds and sub-groups, preferences and examples
thereof, where it is stated that one or more of the
carbon atoms of the C1 hydrocarbyl group may
optionally be replaced by O, S, C(O)O, C(O)NR 0 or
NR0, the orientation of the ester and amide groups may
be in either direction unless indicated to the
contrary. In the above sub-groups, when Rb is a
carbocyclic or heterocyclic group, the carbocyclic or
heterocyclic group may be substituted by one or more
substituents R10 as defined herein. For example, when
Rb is a carbocyclic or heterocyclic group, the
carbocyclic or heterocyclic group may be substituted
by one or more substituents selected from CO2R14
wherein R14 is hydrogen or C1.6 alkyl; Ci-4 alkyl
optionally substituted by hydroxy or Ci-2 alkoxy; Ci_4
alkoxy optionally substituted by hydroxy or C1.2
alkoxy; or a group [sol], CH2[sol], C(O)[sol],
OCH2CH2[sol] or OCH2CH2CH2[SoI] where [sol] is as
defined below. In a more particular sub-group, the
bicyclic heterocyclic group is unsubstituted or is
substituted by one, two or three (preferably one or
two) substituents selected from a group R10b
consisting of halogen, OH, NH2, CH2OH, CH2NH2, O-Ci
-6-alkyl 5 NH-Ci -6 alkyl, aryl, heteroaryl, C3-7
cycloalkyl, heterocyclyl, Oheteroaryl, 0-C 3-7
cycloalkyl, O-heterocycloalkyl, C(K))Ci -6 alkyl,
C(=O)OCi -6 alkyl, C(=0)NH 2, C(=O)NHC alkyl, C(K))N(C
alkyl)* NH(Ci 6 alkyl), N(C 1-6 alkyl) 2, NC(K))Ci -6
alkyl, C6 aryl, OC6 aryl, C(=O)C 6aryl, C(=O)OC 6aryl,
C(K))NH 2, C(=O)NHC 6aryl, C(=O)N(C 6 aryl) 2, NH(C 6
aryl), N(C6 aryl)2, NC(=0)C 6 aryl, C5-6 heterocyclyl,
OC5-6 heterocyclyl, C(=O)C 5-6 heterocyclyl, C(=O)OC
5-6 heterocyclyl, C(=O)NHC 5-6 heterocyclyl, C(K))N(C
5-6 heterocyclyl) 2, NH(C 5 6 heterocyclyl), N(C 5-6
heterocyclyl) 2, NC(K))C 5-6 heterocyclyl, C(K))NHCi
-6 alkyl, C5-6 aryl, S(K))Ci 6 alkyl, S(K))N-Ci -6
alkyl and SO2N-Ci -6 alkyl; and a group [sol],
CH2[sol] or OCH2CH2[sol] where [sol] is selected from
the following groups[sol] = -NH2 -NMe 2 -OH - N - N -
N \ \ H -N. \ - o - o - o - O - Q OH O- NH2 NH, NH2 -N
NH -N N- -N 7O -r(_) NJ -H. In another sub-group of
compounds, the bicyclic ring is unsubstituted or is
substituted by 1, 2 or 3 (e.g. 1 or 2, for example 1)
groups R1Oc where R1Oc is a group [sol], CH [SoI] or
OCH2CH2[SoI] where [sol] is selected from the
following groups [SOl] = -NH2 -NMe2 -OH - - Q - ON - o
- O / _Q OH O- NH '2 NH NH2 and wherein (i) R1Oc is
optionally further selected from a group
OCH2CH2CH2[SoI] and/or (ii) [sol] is further selected
from NHR 11 wherein Rp is COR12 or R12 and R12 is C1-4
alkyl, aryl or aryl-Cu alkyl. In another sub-group of
compounds, the bicyclic ring is unsubstituted or is
substituted by one or two substituents R10 where R1Occ
is selected from: halogen; CO2R14 wherein R14 is
hydrogen or C1 alkyl;Ci-4 alkyl optionally substituted
by hydroxy or C]-2 alkoxy; Ci-4 alkoxy optionally
substituted by hydroxy or C1-2 alkoxy; or a group
[sol], CH2[sol], C(O)[sol], OCH 2CH2[SoI] or
OCH2CH2CH2[sol] where [sol] is selected from the
following groups [sol] = -NH, -NMe, -OH - N - - O - O
- Q - Q - Q OH O- NH2 NH2 NH2 O U 0 H X0H -O 0H -O OH
H O -NHR 1 1 -O-(CH2)-NHR11 -O-(CH2)-OR 13 wherein X4
is NH or O, m is Oor 1, n is 1, 2 or 3, R11 is
hydrogen, COR 12, C(O)OR 12 or R12 ; R12 is C1-6
alkyl, C3.6 cycloalkyl, aryl, aryl-Ci -6 alkyl or
CH2R15; and R15 is selected from hydrogen, Ci-6 alkyl,
C3-6 cycloalkyl, hydroxy-Ci -6 alkyl, piperidine, N-Ci
- alkylpiperazine, piperazine, morpholine, COR 13 or
C(O)OR 13 ; and R13 is Ci-6 alkyl. In a further
sub-group of compounds, the bicyclic ring is
unsubstituted or is substituted by one or two
substituents R10oco where R1Occc is selected from: a
group [sol] or CH2[sol] where [sol] is selected from
the following groups: -N NH - N N-Me X (CH2) N R11 - V
R15wherein X4 is NH or O, m is 0 or 1, n is 1, 2 or 3,
R11 is hydrogen, COR 12, C(O)OR 12 or R12 ; R12 is
Ci-6 alkyl, C3-6 cycloalkyl, aryl, aryl-Ci -6 alkyl or
CH2R15 ; and R15 is selected from hydrogen, Ci- alkyl,
C3-6 cycloalkyl, hydroxy-Ci -6 alkyl, piperidine, N-Ci
6 alkylpiperazine, piperazine, morpholine, COR13 or
C(O)OR 13 ; and R13 is C -6 alkyl. 



In another sub-group of compounds, where R1Ob or R1Oc
or RIOco is a group [sol], CH2[sol], OCH2CH2[sol] or
OCH2CH2CH [SoI] and [sol] contains a primary or
secondary amine group, the primary or secondary amine
group can be derivatised to form an acyl derivative
such as an amide, carbamate or urea. For example, the
amine group can be derivatised to form a carbamate
such as a group, or a benzyloxycarbonylamino group. In
one sub-group of compounds, R5 and R6 together with
the nitrogen atom to which they are attached form an
optionally substituted dihydroisoindole group wherein
the optional substituents are selected from groups
R10, R1Oa, R1Ob, R1Oc and R10co and sub-groups and
examples thereof as defined herein. Particular
examples of the group NR5R6 are shown in Table 2. The
point of attachment to the carbonyl group is shown by
means of an asterisk. Table 2Non Lethal Projectile The
present invention relates to a non-lethal projectile
the design of which produces energy attenuating
properties that reduce the force imparted to the
target on impact. The invention is of particular
relevance to the work of the police and security
services, where there is often a need to control
social disturbances. The Authorities dealing with
these events require a method of stopping dangerous
individuals and deterring them from committing violent
acts, without causing serious or permanent injury. The
teachings of the prior art provide a number of
possible methods of achieving this objective, in
particular they disclose the use of non-lethal
projectiles that are fired at the agitators or
perpetrators in order to incapacitate them and
dissuade them from further offences. The requirements
for projectiles of this type are that they must
provide a real and effective deterrent, that they must
be capable of being delivered with a high degree of
accuracy and they must not cause serious or permanent
injury to the target. All of the projectiles disclosed
by the prior art fail to adequately meet at least one
of these requirements. Chief among these non-lethal
projectile technologies are plastic bullets, or baton
rounds, which are fired from guns or other launching
devices at insurgents in order to incapacitate them
and prevent unlawful behaviour. These baton rounds
consist of solid polymer or rubber projectiles, and
may be fired from conventional firearms whist
providing reduced impact force and target penetration
in comparison with conventional metal rounds. These
existing rounds provide an effective deterrent, since
they cause a significant amount of pain in the target
and they can also be fired with a high degree of
accuracy thereby avoiding accidental contact with
innocent bystanders. However there is a significant
drawback to the prior art in that the baton rounds can
still cause serious injury and can be fatal,
particularly if the shot is off target and strikes a
protagonist in the head.Another solution offered by
the prior art is a frangible projectile, which absorbs
some of the kinetic energy of the projectile by
spreading out or breaking into fragments on impact.
However this system also presents problems in that it
introduces fragments which may in themselves cause an
increased risk of injury to the target. It is not
possible to control the motion of these fragments
therefore there is a risk of causing unintended injury
to persons nearby. Frangible rounds are also less
durable than the baton rounds. The problem to be
solved by the invention is therefore to provide a
projectile that delivers enough force to provide an
effective deterrent, and that can be fired accurately
and consistently over the required range, but which
does not cause serious injury or death. The present
invention achieves this by providing a compressible
"crush zone" at the nose of the projectile, which
deforms and deflects on striking the target, this
distortion absorbs a significant amount of the kinetic
energy possessed by the projectile and/or delays the
release of said kinetic energy, thus reducing the
force transmitted to the target. The projectile does
not rupture therefore its performance is more
predictable. The invention is a further improvement on
the prior art in that all of the energy attenuating
deformation in the preferred embodiment is elastic.
The elastic nature of the collision ensures that the
projectile will not be damaged and it will regain its
original shape after rebounding from the target. Since
the projectile remains in one piece throughout its use
there is no danger of fragments breaking off and
introducing additional risks of injury in the target
individual or others nearby. The invention consists of
a projectile that advantageously may be shaped
substantially like a bullet and which is formed from a
resilient material. Preferably said resilient material
will be a polymer or a rubber. The properties of this
material must be carefully selected in order to obtain
optimum performance from the projectile. The most
critical of these material properties are hardness and
resilience. For the present invention the most
effective results are obtained when the hardness of
the projectile lies in the range 85 IRHD to 100 IRHD
(International Rubber Hardness Degrees), preferably in
the range of from 92 to 95 IRHD and the resilience of
the material lies in the range 35% to 70%, preferably
in the range of from 48% to 60 %. A suitablematerial
may be further defined as having a specific gravity of
1 - 2g/cm . In the most preferred embodiment of the
invention the resilient material selected shall be a
polymer such as a polyurethane. A suitable
polyurethane is advantageously produced from toluene
diisocyanate polyester or polyether prepolymer cured
with methylene bis ortho chloroaniline (MOCA) for a
suitable curing time and at a suitable curing
temperature, which results in a polyurethane of
hardness and resilience in the ranges mentioned above.
Such curing times and temperatures can be routinely
determined by those skilled in the art. The crushable
zone at the nose of the projectile may consist of
easily deformable material or may advantageously be
created by producing a void adjacent to its leading 



edge. Thus when the projectile strikes a target the
nose area is crushed, absorbing kinetic energy by
distorting the resilient material and producing heat.
This crushable zone also increases the time period
over which the energy of the projectile is delivered,
by providing what is effectively a cushioned rather
than a rigid impact. Due to extension of this time
period the delivery of energy remains more constant,
therefore the peak forces upon impact are reduced in
comparison with standard plastic baton rounds. Since
it is these peak forces that are most likely to cause
a serious injury in the target individual, such as
serious head or thoracic injury, the invention
provides a significant improvement over the prior art
systems in terms of injury prevention. The rate of
onset of the forces is also reduced by the extended
impact, which further lowers the risk of producing
shock injuries in the target. Where the crushable zone
at the nose of the projectile is provided by a void,
it is possible to control the force required to
distort the nose by precisely controlling the wall
thickness surrounding the hollow area. The material,
the wall thickness and the size of the void can
therefore be tuned to adjust the apparent stiffness of
the projectile so that it performs differently
depending on the resilience of the target or part of
the body it strikes. For example, if the projectile
strikes a very hard, rigid part of the body, such as
the skull, the nose of the projectile will distort,
providing significant energy attenuation and thus
reducing the force of the impact. However, should the
projectile strike soft tissue, such as the abdomen,
which is the preferred target, theprojectile will
remain rigid and the body will distort around it thus
absorbing the kinetic energy of the round. It will be
appreciated that the thickness of the nose wall is
critical for this application. If the wall is too
thick the nose will not be deflected enough to produce
sufficient energy attenuation, however if the wall is
too thin then the nose will be squashed during firing
from the gun barrel, adversely effecting performance.
In order to achieve the desired effects, it is
preferable that the wall thickness is between 2% and
15% of the overall diameter of the nose section or
between lmm and 5mm for a 37mm calibre projectile.
Advantageously the wall thickness is between 4% and 8%
of the overall diameter of the nose section. As
indicated above the second critical element of the
design of the invention is the size of the crushable
void in the nose. The volume enclosed by this void is
critical to both the energy attenuating performance of
the projectile, and its aerodynamic/ballistic
performance. The greater the size of this volume the
more energy attenuation is possible, however as the
nose of the projectile is hollow the centre of gravity
is moved towards the rear of the projectile which
causes stability problems if the void is too large. It
is therefore necessary to strictly control the volume
in order to produce the correct balance. In the
preferred embodiment the void is controlled to extend
between 10% and 30% of the length of the projectile or
approximately 10mm to 30mm for a 37mm calibre round of
104mm length. Advantageously the void will extend for
approximately 20% of the projectile length. When the
round strikes the abdomen area of the body, which is
the intended target area, the objective is to cause
severe, internal, visceral pain by stimulating
visceral receptors in the subject disabling them
temporarily. In order to produce this visceral pain
deflection or intrusion of the body wall of the
subject is required and this is dependent on the
momentum of the projectile. The momentum of the
projectile proposed by the current invention has been
shown in tests to be substantially the same as that of
a conventional solid rubber baton round of equivalent
calibre; therefore significant body wall deflection
can be achieved. In this way the invention ensures
that the projectile delivers enough pain to provide an
effective deterrent to the targetedindividual, whilst
effectively reducing the risk of serious injury or
death arising from a wayward shot striking the head or
face. The distortion of the nose of the projectile
also allows the invention to reduce the risk of the
projectile penetrating the body of the target, hi a
preferred embodiment, the risk of penetration is
further reduced by making the diameter of the
projectile relatively large, preferably greater than
35mm. Additionally, this embodiment is likely to
significantly reduce the risk of damage to the
target's eyes. However, it will be recognised that the
invention is not dependent on size and is suitable for
use over a large range of projectile sizes. A further
advantage of the present invention is the preferred
use of a resilient material with elastic performance.
The prior art discloses the use of either frangible or
plastic materials to provide energy attenuation,
however this is disadvantageous in terms of accuracy
and stability. Materials that deform plastically or
shatter on impact are unpredictable by nature and
introduce fragments and uneven surfaces, which can
provide additional, unwanted injury mechanisms both
for the targeted individual and any other person
nearby. Since in the preferred embodiment the present
invention uses fully elastic deformation it behaves in
a much more consistent way and does not produce any
fragments, thus reducing the risks to bystanders.
Whilst the prior art projectiles may only be used
once, there is no physical reason why the invented
projectile may not be reused by loading the fired
projectiles into new cartridges. In a preferred
embodiment the invention comprises two major parts.
The exterior portion of the projectile body is formed
of a hollow tube made of resilient material, having
one open end and one closed end which is formed into
an ogival shape and forms the leading edge of the
projectile. Into this projectile body is inserted a
cylindrical plug. This plug is shorter than the
projectile body and incorporates a retaining flange
that connects with the diameter of the trailing edge
of the projectile 



body and prevents the plug from extending to the end
of the body, thus producing a void that creates the
crushable zone in the projectile nose. This flange has
the addedfunction of preventing the plug from moving
forwards within the tube to fill the crushable zone
when the projectile strikes a target. In an
alternative preferred embodiment, the exterior portion
of the projectile is formed of a hollow tube made of a
resilient material, said hollow tube having one open
end and one closed end which is formed into an ogival
shape, such that the closed end forms the leading edge
of the projectile. A plug may be inserted through the
open end of the tube to separate a region at the
closed end of the projectile from the main body of the
hollow chamber creating a void at the nose. The
remaining cylindrical volume is then filled with a
resilient material to form a continuous body of the
projectile. It is preferable that an adhesive is also
used between the plug and the tube to ensure that
there is no relative movement between them. Suitable
adhesives include any commercially available adhesives
for bonding the type of polymer used to manufacture
the round. For example, epoxy resins may be suitable
for bonding polyurethanes. In a preferred option, the
commercially available adhesive, ARALDITE (Registered
Trade Mark) may be used. Typically, any adhesive which
provides a bond strength that is greater than 500N (as
measured using conventional destructive bond strength
test apparatus) would be suitable. Assembly of the
plug into the projectile body may be aided by
including flutes in the surface of the plug in order
to contain the adhesive. The plug can then be rotated
as it is inserted in order to spread the adhesive
around the diameter of the plug to provide an
effective seal. In either of the preferred embodiments
described above, it is preferred that the rear of the
plug is tapered towards its rear edge in order to
provide greater aerodynamic stability and reduce the
friction with the cartridge casing and the gun barrel.
The plug should be made of a resilient material,
having similar properties to that used for the
projectile body. It is desirable that the materials
comprising the projectile body and plug have matching
properties of thermal expansion and contraction to
ensure consistent performance. This provides that when
exposed to variations in temperature, the components
behave in the same way, leading to a reduced risk of
separationcaused by differential expansion and/or
contraction. In order to achieve this synergy in the
preferred embodiment of the invention the projectile
body and the plug are made of the same material. This
affords the possibility that the projectile body and
plug may be formed in one piece. Nevertheless it will
be recognised that any suitable material may be used
for the components provided they have similar thermal
properties. The use of a plug of different material
composition to the projectile body would enable the
forces transmitted by the projectile to be varied. It
is also advantageous for the thermal properties of the
bonding adhesive to be matched with those of the
projectile components to further reduce the risk of
the plug and body separating and to optimise the
energy attenuating performance of the projectile. It
is of further benefit that the exterior of the
projectile body also incorporates one or more driving
bands. These are raised bands or platforms that run
radially around the diameter of the projectile
perpendicular to the firing direction and provide a
localised increase in the cross sectional area of the
projectile. These bands provide a seal between the
projectile and the cartridge wall so that the maximum
amount of energy from the charge is contained to be
utilised in driving the projectile forwards. The
driving bands also engage any rifling in the barrel of
the launching device to enable it to impart spin to
the projectile. In the preferred embodiment the
projectile has two driving bands, one substantially
towards the front of the projectile and one
substantially towards the rear of the projectile,
adding greater stability to its flight. It is further
preferred that the whole of the exterior of the
projectile including the driving bands is comprised of
the same homogenous material. These driving bands may
advantageously also be coated in a lubricant of any
known type to reduce heat build up and the wear on the
inside of the gun barrel. In a preferred embodiment of
the invention this lubricant shall be a dry film
lubricant, for example a dry silicone film. The
projectile hereinbefore described may advantageously
be fired from a conventional firearm, easing the
transition from traditional baton rounds to energy
attenuating rounds. The ammunition will then consist
of a cartridge, size-matched tothe calibre of the
projectile, for example 37mm calibre, in which the
solid projectile is replaced by the energy-attenuating
projectile described above. In another aspect, this
invention provides a modified cartridge case, which is
suitable for holding any type of baton round but which
is optimised for and provides further advantages when
used with an attenuating energy projectile of the type
described herein. The cartridge case advantageously
consists of a cylindrical metal envelope having one
closed end containing the propellant assembly and one
open end into which the projectile is substantially
inserted. The projectile is not inserted into the
cartridge completely, ensuring that a gap or chamber
is maintained between the projectile and the
propellant assembly. The purpose of the chamber is
threefold, first it enables the desired pressure to
build up within the cartridge casing during firing,
prior to the separation of the casing and projectile,
secondly the gap allows complete combustion of the
propellant to occur, and thirdly, the gap prevents the
projectile from being burnt or scorched following
ignition of the propellant. In known cartridges this
chamber is maintained by producing a crimp or
indentation in the cartridge wall to hold the
projectile and prevent over insertion. The
disadvantage of this method is that when the cartridge
heats up, expands and then contracts at lower
temperatures the projectile can 



fall through the crimp to the propellant assembly
beneath. This problem is particularly pronounced
where, as in the current invention, the projectile is
produced from a resilient material such as a polymer
or elastomer because of the different expansion rates
of the cartridge and projectile materials. The present
invention solves this problem and prevents the
projectile from being inserted to the very bottom of
the casing by incorporating an increase in the wall
thickness of the casing, such that its internal
diameter is smaller than the rearward diameter of the
projectile. The projectile then rests on this step in
the inner wall of the cartridge effectively
eliminating the problems of the prior art with regard
to expansion. The walls of the open end of the
cartridge casing may also be crimped slightly inwards
to form a seal with the projectile so that it may be
handled as a single unit, and so that the gas pressure
caused by firing is contained, such that it may be
usedefficiently to propel the projectile forward.
Advantageously this crimping of the open end against
the projectile also provides a water-tight seal, which
makes the rounds easier to store and handle in wet or
humid environments. By way of illustration only, a
number of examples of the invention will now be
described with reference to the following drawings.
Figure 1 shows the exterior of a hollow nose
non-lethal projectile. Figure 2 shows an exterior view
of the projectile contained within a firing cartridge.
Figure 3 shows an axial cross section through the
cartridge and projectile. Figure 4 shows a graph of
time versus acceleration illustrating the impact
forces of both a conventional round and a round
according to the invention, when impacting against a
stiff surface. Trace A shows the performance of a
solid baton round according to the prior art, and
Trace B shows the performance of a round according to
the invention. Referring to figure 3: an
energy-attenuating projectile comprises an external
projectile body (1) that is substantially cylindrical,
substantially hollow, and produced from a resilient
material. This projectile body has one rounded closed
end and one open end into which a plug (2) is
inserted. Said plug is also produced of a resilient
material having similar properties of thermal
expansion and contraction to the projectile body (1).
The plug (2) is of shorter length than the projectile
body (1) and is shaped to closely fit its internal
cavity. The plug (2) has a retaining flange (3) which
makes contact with the rim of the open end of the
projectile body (1), and prevents the plug (2) from
reaching the top of the projectile body (1). This
produces a void (4) in the nose of the projectile
between the plug (2) and the front wall of the
projectile body (1). An adhesive (not shown) is used
to bond the plug (2) to the projectile body (1).The
projectile body (1) further incorporates two driving
bands (5), being raised platforms running around the
circumference of the body. The projectile is housed in
cartridge casing (6) having one closed end containing
a propellant assembly (7) and one open end into which
the projectile assembly described above is inserted.
The projectile is prevented from being inserted to the
bottom of the cartridge by a step (8) formed by an
increase in the wall thickness of the cartridge. As
the projectile may only be inserted as far as the
step, a void is formed between the projectile and the
propellant assembly (7). This void forms part of a
chamber (9) that surrounds the propellant assembly.
The walls of the casing are crimped at its open end
(10) to contain the projectile. When the ammunition
above is fired from a conventional firearm, the firing
pin strikes the propellant assembly (7) causing the
propellant, which may be of any known type, to ignite,
pressure then builds up in the chamber (9) forcing the
projectile out of the cartridge. The void between the
projectile and the propellant assembly allows complete
combustion of the propellant, provides control over
the peak pressure at which the projectile is ejected
and prevents the projectile from being burnt or
scorched. Once the projectile has left the cartridge
the driving bands (5) engage the rifling in the gun
barrel and spin is imparted to the projectile in order
to stabilise the projectile in flight. When the
projectile strikes a hard, unyielding surface, such as
a human head, the front of the projectile body (1)
collapses to fill the void in the nose (4), the plug
(2) then strikes the front wall of the projectile body
(1), delivering the remainder of the kinetic energy to
the target. The retaining flange (3) and the adhesive
prevent the plug (2) from moving forward within the
projectile body (1). The projectile then rebounds away
from the target, remaining in one piece. Since the
projectile is produced from a resilient material the
deformation at the nose is elastic so the projectile
returns to its original shape. By way of further
example and without limitation to the foregoing a
specific embodiment of the invention will now be
described.The following description concerns a 37mm
calibre embodiment of the invention for use with a
conventional firearm of the type that is presently
used to fire the solid baton rounds described by the
prior art. In this example the projectile is
constructed as shown in figure 3. The projectile body
(1) and plug (2) are both produced from the same
composition of polyurethane so that they have matching
thermal properties as explained above. The
polyurethane used is produced from toluene
diisocyanate polyester (or polyether prepolymer) cured
with MOCA. The hardness of this material was found to
lie between 92 and 95 degrees IRHD and its resilience
between 48% and 60%. A reference value for the
specific gravity of the polyurethane is l.lg/cm 3.
Although their material properties were the same the
two components were produced in different colours by
the addition of pigment. 



In the present example the thickness used for the nose
wall is approximately 2mm or approximately 6% of the
overall diameter of the projectile, which was 34mm at
the nose. The projectile incorporates two driving
bands and the diameter of these is 37mm. The length of
the projectile is 104mm and the length of the energy
attenuating void at its nose is 21mm or approximately
20% of the overall projectile length. The overall
weight of the projectile is approximately 10Og. This
embodiment of the invention has undergone strict
testing to prove that it is effective in reducing the
potential risk of injuries to targeted individuals. To
prove the effectiveness of the invention in reducing
the injury potential of the projectile when it hits a
hard target, a projectile according to this embodiment
of the invention was fired from a conventional firearm
at a rigid target and its deceleration on impact was
measured. The data from these tests is plotted on a
chart at figure 4, together with data from a
traditional solid baton round for comparison. It will
be seen that the very high peak force provided by the
prior art system (A) has been replaced in the present
invention by two substantially equal forces of a much
lower magnitude which are delivered one after the
other (B). These forces are produced when
theprojectile nose hits the body and crumples and when
the plug follows through to deliver the remaining
kinetic energy respectively. It will also be seen that
this more than doubles the duration of the impact
reducing not only the peak force delivered but also
the rate of onset of that force, thus greatly reducing
the risk of causing serious injury. These tests
clearly show that the invented projectile carries a
much lower risk of skull bone fracture when compared
to a solid round. The effectiveness of the invented
projectile as a deterrent when striking soft tissue
was then shown by firing the rounds at an abdominal
simulant and measuring its displacement. This showed
that the rounds according to the invention produced a
similar amount of body wall displacement in the target
to the prior art rounds, and as such would produce a
comparable amount of pain. These test results were
validated and confirmed by firing the test rounds
against a body wall simulant. It will be appreciated
that the above is just an example of one specific
embodiment of the invention and as such should not be
taken as limiting the scope of the invention in any
way. Although of most use to police or security
services in situations where behaviour modification of
an individual or individuals is necessary, the
invention may also find application in the control of
wildlife or farm animals, or any other field in which
a non-lethal deterrent or projectile is desirable.
Therefore it the context of this specification the
term individual should be interpreted as including
animals and wildlife. The impact response of the
projectile may be tuned in each case to suit the
intended target.Claims 1. A non-lethal projectile made
of resilient material, wherein a substantial portion
at the leading edge or nose of the projectile forms a
crushable zone, such that the nose of the projectile
deforms without rupturing on impact with a target
attenuating the kinetic energy of the projectile and
reducing the impact force on the target. 2. A
non-lethal projectile as claimed in claim 1 wherein
the crushable zone at the nose of the projectile
behaves differently depending on the type of target
struck, such that should the projectile hit a hard
part of the body such as the head the crushable area
deforms absorbing kinetic energy and reducing the
impact force, however should the projectile hit an
area of soft tissue such as the abdomen the projectile
remains rigid delivering the maximum amount of kinetic
energy to the target body. 3. A non-lethal projectile
as claimed in either of claims 1 and 2, wherein the
projectile deforms elastically and regains its
original shape after impact so that it may be used
again. 4. A non-lethal projectile as claimed in any of
claims 1 to 3, wherein the crushable zone at the nose
of the projectile consists of a hollow area. 5. A
non-lethal projectile as claimed in any of claims 1 to
4 wherein the resilient material used is polyurethane.
6. A non-lethal projectile as claimed in claim 5
wherein the polyurethane is produced from a toluene
diisocyanate polyester or polyether prepolymer.7. A
non-lethal projectile as claimed in claim 6 wherein
the polyurethane is cured with MOCA. 8. A non-lethal
projectile as claimed in any preceding claim in which
the crushable zone at the nose of the projectile
comprises a hollow area, wherein the projectile is
constructed of two major parts, a first part forming
the exterior of the projectile being a hollow tube of
resilient material having one open end and one closed
end which forms the nose of the projectile, and a
second being a plug that is shaped to closely fit
inside the of tube of the first part and being
inserted therein such that a hollow space remains at
the nose of the projectile. 9. A non-lethal projectile
as claimed in claim 8 wherein the plug is made from a
material having similar thermal properties to the
material used for the external projectile body to
avoid separation caused by differential thermal
expansion. 10. A non-lethal projectile as claimed in
claims 8 or 9 in wherein the plug is made from the
same material as the external projectile body. 11. A
non-lethal projectile as claimed in any of claims 8 to
10 wherein both the plug and the external projectile
body are made from polyurethane. 



12. A non-lethal projectile as claimed in any of
claims 8 to 11 wherein the plug is retained within the
exterior tube by means of an adhesive thus preventing
the two components from separating. 13. A non-lethal
projectile as claimed in claim 12 wherein the adhesive
used has similar properties of thermal expansion and
contraction to those of the materials comprising the
plug and the external projectile body. 14. A
non-lethal projectile as claimed in claims 12 or 13
wherein the adhesive used is an epoxy resin.15. A
non-lethal projectile as claimed in any of claims 8 to
14 wherein the plug is retained by means of a
retaining flange at the rear end of the plug which
abuts the rear diameter of the exterior tube
preventing the plug from moving forward within the
tube when the projectile makes contact with the
target. 16. A non-lethal projectile as claimed in any
of the preceding claims in which the projectile has a
substantially cylindrical shape wherein the projectile
incorporates one or more raised driving bands running
radially around the cylinder perpendicular to the
firing direction such that these driving bands can
engage the rifling inside a gun barrel in order to
impart spin to the projectile. 17. A non-lethal
projectile as claimed in claim 16 wherein the driving
band surfaces are covered in a lubricant, to reduce
friction with the cartridge and gun barrel. 18. A
non-lethal projectile as claimed in claim 17 wherein
the lubricant used is a dry silicone film. 19. A
non-lethal projectile according to any preceding claim
wherein the diameter of the projectile is
advantageously greater than 35mm in order to minimise
the risk of body wall penetration. 20. A non-lethal
projectile as claimed in claim 19 above wherein the
diameter of the projectile is 37mm or 40mm. 2 1. A
non-lethal projectile according to any preceding claim
in which the crushable zone at the projectile nose
comprises a hollow area wherein the wall thickness of
the hollow nose portion lies in the range of 2% to 15%
of the overall projectile diameter.22. A non-lethal
projectile according to claim 2 1 wherein the wall
thickness of the hollow nose portion advantageously
lies in the range lmm to 5mm for a 37mm round. 23. A
non-lethal projectile according to claim 2 1 or 22
wherein the wall thickness of the hollow nose portion
is in the range of 4% to 8% of the overall projectile
diameter. 24. A non-lethal projectile as claimed in
any of the preceding claims wherein the hardness of
the resilient material lies in the range 85 to 100
IRHD. 25. A non-lethal projectile as claimed in claim
24 wherein the hardness of the resilient material is
in the range of from 92 to 95 IRHD. 26. A non-lethal
projectile as claimed in any of the preceding claims
wherein the resilience of the resilient material lies
in the range 35 % to 70%. 27. A non-lethal projectile
as claimed in claim 26 wherein the resilience of the
resilient material is in the range of from 48 % to
60%. 28. A non-lethal projectile as claimed in any of
the preceding claims wherein the specific gravity of
the resilient material lies in the range 1- 2g/cm3.
29. A non-lethal projectile according to any preceding
claim in which the crushable zone at the projectile
nose comprises a hollow area, wherein the hollow
portion in the nose of the projectile extends for 10 -
30% of the overall projectile length in the firing
direction. 30. A non-lethal projectile according to
claim 29 wherein the length of the hollow portion in
the projectile nose is approximately 20% of the
overall length of the projectile in the direction of
travel.31. A non-lethal projectile as claimed in any
of the preceding claims which is designed to be fired
from a conventional firearm, wherein the projectile is
incorporated into a firing cartridge comprising a
cartridge body and a propellant assembly. 32. A
non-lethal projectile cartridge wherein the projectile
is separated from the propellant assembly by a void in
order to prevent scorching. 33. A non-lethal
projectile cartridge as claimed in claim 32 wherein
the gap between the projectile and the propellant
assembly is produced by incorporating a step in the
internal wall of the cartridge upon which the
projectile rests. 34. Use of a non-lethal projectile
as claimed in any preceding claim wherein the
projectile is fired accurately at targeted individuals
in order to cause sufficient pain to incapacitate them
and deter them from undesirable behaviour without
causing serious injury or death. 35. A non-lethal
projectile, substantially as described in the
foregoing description with reference to the
accompanying drawings. 36. A non-lethal projectile
cartridge, substantially as described in the foregoing
description with reference to the accompanying
drawings. 


