
ARGININE DERIVATIVES WITH NP-I ANTAGONISTIC ACTIVITY
Field of the Invention This invention relates to
peptidomimetics which have NP-1 antagonist activity
and which have activity of potential benefit in
therapy. Background of the Invention A non-tyrosine
kinase transmembrane protein, neuropilin-1 (NP-1) is a
receptor for members of the VEGF family of angiogenic
cytokines, particularly VEGF-A 165, as wells as a
receptor for a family of molecules called semaphorins
or collapsins which play a key role in the guidance of
neuronal axons during mammalian development. In
particular, NP-1 is known to mediate the growth
cone-collapsing and chemorepulsive activity of
semaphorin 3A. NP-1 has been shown to play a role in
the primary T-cell immune response. There are a number
of conditions in which NP-1 may have a significant
role in pathology. Such conditions include stroke,
ischaemic eye disease, cancer and rheumatoid
arthritis. Summary of the Invention New compounds have
been discovered, which have NP-1 antagonist activity.
According to a first aspect, the present invention is
a compound of formula I or formula Il (I)wherein X is
CH2, C(O), NH, O or SO2; Y is a direct bond or
furanylene; Zi is an arylene or heteroaromatic group;
Z2 is a direct bond, a SO2NH, CONH or NHCONH group; Z3
is an aryl or heteroaromatic group; Z4 s CH2 Or NR1;
Z5 is H, OH, C(O)ORi or P(O)(ORi) 2; each R1 is
independently H or an alkyl group; each R2 is
independently H or a CN, OH or SO2CH3 group; and n is
0,1 or 2, or a pharmaceutically acceptable salt,
solvate or polymorph thereof. Description of Preferred
Embodiments Preferably, the compound is of formula I,
wherein X, Y, Z1-6, and Ri -2 are as defined above. It
will be appreciated that the compounds according to
the invention contain an asymmetrically substituted
carbon atom. The presence of this asymmetric centre in
a compound of formula (I) can give rise to
stereoisomers, and in each case the invention is to be
understood to extend to all such stereoisomers,
including enantiomers and diastereomers, and mixtures
including racemic and non-racemic mixtures thereof. It
will also be appreciated that tautomers of the
specific compounds of the invention exist, and these
are included within the scope of the invention. These
tautomers may be formed after the formal migration of
a hydrogen atom,and the switch of a single bond and an
adjacent double band. Methods of tautomerization will
be well known to those skilled in the art. As used in
this specification, alone or in combination, the term
"alkyl" refers to a straight or branched chain alkyl
moiety, including for example, methyl, ethyl, propyl,
isopropyl, butyl, te/t-butyl, pentyl, hexyl and the
like. The term "aryl" means an aromatic hydrocarbon
moiety and includes phenyl, biphenyl or naphthyl
group. The aryl ring may be substituted, for example
by an NO2 group. The term "arylene" means a divalent
aromatic hydrocarbon moiety and includes phenylene,
biphenylene or naphthylene. The arylene ring may be
substituted, for example by an NH2 group. The term
"heteroaromatic" refers to monovalent or divalent
aromatic ring systems, from which at least one ring
atom is selected from the group, O, N, or S and
includes for example benzofused furanyl,
thiophenylene, thiophenylene (phenyl), pyridyl,
indolyl, pyridazinyl, piperazinyl, pyrimidinyl,
thiazolylene and 



the like. The activity of the compounds of the
invention means that they may be useful in the
treatment of diseases in which NP-1 may have a
significant role in pathology. The compounds of the
invention may be useful for stimulating nerve repair,
for the treatment of neurodegeneration and for use in
anti-cancer therapy. They may also be useful in the
treatment of a disease where modulation of the immune
system is required, for example, following transplant
surgery. Yet other conditions that may be treated
using a compound of the invention include skin
diseases such as psoriasis, diseases requiring
immunomodulation, angiogenesis in the eye, diabetes,
macular degeneration, glaucoma and heart failure. For
therapeutic use, compounds of the invention may be
formulated and administered by procedures, and using
components, known to those of ordinary skill in the
art. The appropriate dosage of the compound may be
chosen by the skilled person having regard to the
usual factors such as the condition of the subject to
be treated, the potency of the compound, the route of
administration etc. Suitable routes of administration
include oral, intravenous, intramuscular,
intraperitoneal, intranasal and subcutaneous. A NP-1
antagonist may compete with semaphorin-3A for binding
to NP-1 , and thereby antagonise inhibitory effects of
semaphorin-3A on axonal outgrowthand migration in
nerve cells. Potential applications of this are in
promoting neurite outgrowth, in stimulating nerve
repair or treating neurodegeneration. Further, an NP-1
antagonist may promote the survival of
semaphorin-3Aresponsive neurones, an effect that would
confirm or enhance its utility in the applications
given above, and may extend these applications, e.g.
to treating neuronal death caused by episodes of
ischaemia as in stroke and some eye diseases. Recent
evidence suggests a role for NP-1 in angiogenesis. The
evidence shows that NP-1 may be essential for
VEGF-induced angiogenesis in cancer, eye disease,
rheumatoid arthritis and other diseases. Therefore,
NP-1 antagonists may have applications in the
inhibition of VEGF-dependent angiogenesis in disease.
NP-1 antagonists may also play a role in modulating
the immune system. Therefore, it may be useful to give
a compound of the invention before, during or after a
transplant. In addition, a NP-1 antagonist may compete
with VEGF for binding to NP- 1 in tumour cells and
promote cell death in NP-1 -expressing tumour cells.
Potential applications of this are in anti-cancer
therapy. Furthermore, a NP-1 antagonist has
anti-metastatic potential since it effectively
inhibits carcinoma cell adhesion to extra-cellular
matrix proteins and cell migration. The following
examples illustrate the invention. General schemes for
synthesising peptidomimetics of the invention are
provided. Experimental detail, for both the solid and
solution phase experiments, is also given.
Abbreviations Ar; aromatic, Arg, Arginine; Boc,
tert-butoxy carbonyl; Trt, trityl; tBu, tertbutyl;
Acm, acetamidomethyl; DIC, diisopropylcarbodiimide;
DIPEA, N1Ndiisopropylethylamine, Et, ethyl; Fmoc,
9-fluorenylmethoxy-carbonyl; HATU, 2- (7-aza-1
H-benzotriazole-1 -yl)-1 ,1,3,3-tetramethyluronium
hexafluorophosphate; HBTU, 2-(1 H-benzotriazol-1 -yl)-
1,1,3,3-tetramethyluronium hexaf luorophosphate;
HetAr; Heteroaromatic, HOBt, 1-hydroxybenzotriazole;
HPLC, high performance liquid chromatography; LC-MS,
liquid chromatography mass spectrometry; Me, methyl;
Pbf, 2,2,4,6,7-pentamethyldihydrobenzofuran-
5-sulfonyl; PG, protecting group; py, pyridine; PyBrOP
bromo-tris-pyrrolidinophosphonium hexafluorophosphate;
THF, tetrahydrofuran; TLC, thin-layer
chromatography.Solid Phase Definitions and final
compound characterisation General procedure for the
synthesis of sulfonamides
Methyl-S-aminothiophene^-carboxylate (100 - 500 mg, 1
eq) was stirred with the corresponding aromatic
sulfonyl chloride (1.1 eq) in pyridine (5 mL), 



under nitrogen, at 20 0C for 18 hours. The reaction
was monitored using TLC and, after this time, water
was added to the reaction mixture (approx. 1 mL) and
the solvents removed in vacuo. The resulting red/pink
coloured solids were partitioned between 1M
hydrochloric acid (aqueous solution, 20 mL) and ethyl
acetate (20 mL). The phases were separated and the
aqueous phase extracted with ethyl acetate (3 x 20
mL). The organic phases were combined and washed with
water (25 mL), brine (saturated aqueous solution, 25
mL), dried over magnesium sulfate, filtered and the
solvent removed in vacuo to typically afford a
red/brown oily solid. The solid was then purified
using flash column chromatography on silica gel
(eluent ethyl acetate:iso-hexane; 25:75.
Bromo-tris-pyrrolidino-phosphonium hexafluorophosphate
( 1 eq) was added to a stirred solution of the aniline
(1.5 mmol, 1 eq), the free acid ( 1.5 mmol, 1 eq) and
N,N-diisopropylethylamine (3 eq) in acetonitrile (5
mL). The reaction mixture was then stirred for 20 h at
85 0C. After this time the reaction solvent was
removed in vacuo and the residue dissolved in ethyl
acetate (15 mL). General procedure for the reaction of
thiophene amino acids with sulfonyl chlorides R o
fiThe amine ( 1 eq) was dissolved in 1,4-dioxane (7.5
ml_), sodium carbonate (5 eq) was dissolved in water
(7.5 ml_) and the two solutions combined and stirred
vigorously. Sulfonyl chloride (1.5 - 2.5 eq) was
added, portionwise over one hour, and the brown
reaction mixture stirred at room temperature for 48
hours. After this time the reaction solvent was
reduced to half the volume and diluted with water (15
ml). This phase was washed with diethyl ether (15 mL)
and then acidified with potassium hydrogen sulfate (10
% aqueous solution). The resultant precipitate was
extracted into ethyl acetate, the phases separated and
the solvent removed in vacuo to afford a brown semi
solid which was purified using flash column
chromatography on silica gel (eluent: ethyl acetate:
iso-hexane; 50:50 increasing to methanol/ethyl
acetate; 10:90) to afford the desired compound. Ester
building blocks/intermediates: general procedure for
solution-phase PyBroP coupling Carboxylic acid (20 -
250 mg, 1 eq) and bromo-tris-pyrrolidinophosphonium
hexafluorophosphate ( 1.1 eq) were suspended in
dichloromethane (5 mL) and the mixture was stirred at
20 0C for 10 minutes. N NDiisopropylethylamine (7 eq)
was added to the mixture and stirred for a further 10
minutes. The appropriate amine (1.1 eq) was added and
the reaction mixture was then stirred for 24-48 hours
at 20 0C. After this time the reaction solvent was
removed in vacuo and the residue partitioned between
hydrochloric acid (1M aqueous solution, 20 mL) and
ethyl acetate (20 mL). The phases were separated and
the aqueous phase extracted with ethyl acetate (3 x 20
mL). The organic phases were combined and washed with
brine (saturated, aqueous solution, 25 mL), dried over
magnesium sulfate, filtered and the solvent removed in
vacuo to afford the crude residue.General procedure
for removal of the Fmoc group from Fmoc-Arg-Wang resin
fmoc-Arg(Pbf)-Wang-^ H-Arg(Pbf)-Wang-^ The
Fmoc-Arg-Wang resin (typically 100 mg, 1 eq) was
swollen with N Ndirnethylformamide (2 ml_) for 30
minutes. The N,N-dimethylformamide was removed,
piperidine in N,N-dimethylformamide (2 ml_, 1:5) was
added and the resin agitated for 5 minutes. The
solvent was removed, and further piperidine in
N,N-dimethylformamide (2 ml_, 1:5) was added and
agitated for a further 15 minutes. The solvents were
removed and the resin was washed with dichloromethane
(5 mL), methanol (5 ml_), N,N-dimethylformamide (5
ml_) and dried in vacuo. A Kaiser test was performed
and, if positive (i.e., free amine present), the resin
was deemed suitable for further transformation.
General procedure for coupling of carboxylic acid
scaffolds to Arg-Wang resin Method A (DIC/HOBt) 



The scaffold (3 eq), 1-hydroxybenzotriazole hydrate (3
eq) and N N1- diisopropylcarbodiimide (3 eq) were
dissolved in N.N-dimethylformamide (2 mL) and added to
the resin. The reaction mixture was agitated for 3
hours at room temperature, however, some scaffolds
were agitated for 18 hours. The reagents were removed
from the resin and the resin was washed with
dichloromethane (5 mL), methanol (5 mL), and
N,N-dimethylformamide (5 mL). A Kaiser test was
performed and, if negative (i.e., no free amine
present), the resin was deemed suitable for further
transformation. Method B (HBTU/HOBt/DIPEA) The
scaffold (3 eq), 1-hydroxybenzotriazole hydrate (3
eq), and 2-(1 Hbenzotriazole- 1yl)-1 ,1
,3,3-tetramethyluronium hexafluorophosphate (3 eq)
were dissolved in N,N-dimethylformamide (2 mL) and
added to the resin. N,Ndiisopropylethylamine (9 eq)
was added and the reaction mixture was agitated for 3
hours at room temperature, however, some scaffolds
were agitated for 18hours. The reagents were removed
from the resin and the resin was washed with
dichloromethane (5 ml_), methanol (5 ml_), and
N.N-dimethylformamide (5 mL). A Kaiser test was
performed and, if negative (i.e., no free amine
present), the resin was deemed suitable for further
transformation. Method C (PyBrOP/DIPEA) The scaffold
(3 eq), bromo-tris-pyrrolidino-phosphonium
hexafluorophosphate (4 eq) were dissolved in
N,N-dimethylformamide (2 mL) or
dichloromethane/N-methyl-2-pyrrolidone (2 mL, 19:1)
and added to the resin. N,N-diisopropylethylamine (9
eq) was added and the reaction mixture was agitated
for 3 hours at room temperature, however, some
scaffolds were agitated for 18 hours. The reagents
were removed from the resin and the resin was washed
with dichloromethane (5 mL), methanol (5 mL), and N
Ndimethylformamide (5 mL). A Kaiser test was performed
and, if negative (i.e., no free amine present), the
resin was deemed suitable for further transformation.
The resulting resins were dried under vacuum prior to
deprotection/cleavage. General procedure for the
synthesis of sulfonamides on the solid-phase The
N-terminal aniline resin (typically 100 mg, 1 eq) was
washed with dichloromethane (3 x 5 mL), 4-nitrobenzene
sulfonyl chloride (5 eq) was added in anhydrous
dichloromethane (2 mL) followed by triethylamine (3
eq). The reaction mixture was then agitated for 16
hours at room temperature. The reagents were removed
and the resin was washed with dichloromethane (2 x 5
mL), methanol (2 x 5 mL) and N,N-dimethylformamide (2
x 5 mL). A chloranil test was performed and, if
negative (i.e., no free aniline present), the resin
was deemed suitable for further transformation.General
Procedure for the synthesis of ureas on the
solid-phase The N-terminal aniline resin (typically
100 mg, 1 eq) was washed with dichloromethane (3 x 5
ml_), 4-nitrophenyl isocyanate (5 eq) was added in
dichloromethane (2 mL) and the reaction mixture
agitated for 16 hours at room temperature. After this
time the reagents were removed and the resin was
washed with dichloromethane (2 x 5 mL), methanol (2 x
5 mL) and N1Ndimethylformamide (2 x 5 mL). A chloranil
test was performed and, if negative (i.e., no free
aniline present), the resin was deemed suitable for
further transformation. General Procedure for coupling
of acids to resin bound aniline compounds The aniline
resin (typically 100 mg, 1 eq) was swollen in the
minimum quantity of dichloromethane for 20 minutes,
meanwhile the acid (4 eq), bromotripyrrolidino-
phosphonium-hexafluorophosphate (4.8 eq) and 2,6
lutidine (15 eq) were stirred at room temperature for
15 minutes and added to the pre-swollen resin. The
reaction mixture was then agitated at room temperature
for 24 hours to effect coupling and then washed with
N,N-dimethylformamide (3 x 10 ml),
N,N-dimethylformamide:N,N-diisopropylethylamine (1:1,
3 x 10 ml), further N,Ndimethylformamide (3 x 10 ml),
dichloromethane (3 x 10 ml), methanol (3 x 10 ml) and
diethyl ether (3 x 10 ml). A chloranil test for
anilines was carried out and, if negative (i.e., no
free amine present), the resin was deemed suitable for
cleavage.General procedure for the reduction of
resin-bound aromatic nitro compounds 



The nitro-containing resin (typically 100 mg, 1 eq)
was swollen with N,Ndimethylformamide (2 ml_) for 30
minutes. The N,N-dimethylformamide was removed, tin
chloride dihydrate (10 eq) was added to the resin in
N1Ndimethylformamide (2 rnL) and the reaction mixture
was agitated for 3 hours followed by 18 hours (with
fresh reagents), at room temperature. The reagents
were removed and the resin was washed with
N,N-dimethylformamide (5 mL), 20% pyridine in
N,N-dimethylformamide (5 mL), dichloromethane (5 mL),
methanol (5 mL) and N,N-dimethylformamide (5 mL). A
chloranil test for anilines was carried out and, if
positive (i.e., free amine present), the resin was
deemed suitable for cleavage. The resulting resins
were dried under vacuum prior to
deprotection/cleavage. General procedure for reductive
aminations on the solid phase The 3 and 4-aminophenyl
containing resin (typically 100 mg, 1 eq) was washed
with dichloromethane (2 x 5 mL). The aldehyde (10 eq)
was added to the washed resin in a solution of acetic
acid in 1,2-dichloroethane (2 mL, 98:2), the reaction
mixture was agitated for 3 hours at 20 0C. Sodium
triacetoxyborohydride (20 eq) was added and the
reaction mixture was agitated for 2 days at 20 0C. The
reagents were removed and the resin was washed with
dichloromethane (2 x 5 mL), methanol, (2 x 5 mL),
N,N-dimethylformamide (2 x 5 mL), and dichloromethane
(2 x 5 mL). The resulting resins were dried under
vacuum prior to deprotection/cleavage.General
procedure for Sonogashira reactions on the solid phase
The bromine containing resin (typically 100 mg, 1 eq),
alkyne (5 eq) and copper iodide (0.2 eq) were
suspended in degassed N,N-dimethylformamide and
tetrahydrofuran (5 ml_, 1:1). Triethylamine (5 eq) was
added, the reaction mixture was further degassed,
tetrakis(triphenylphosphine)palladium(0) (0.1 mg) was
added and the reaction mixture was stirred for 18
hours at 90 0C. After this time the resin was filtered
and washed with N1Ndimethylformamide/ tetrahydrofuran
(1:1 , 15 ml_), N,N-dimethyiformamide/water (2 x 15
ml_), N,N-dimethylformamide (15 ml_), dichloromethane
(15 mL), methanol (15 mL) and diethyl ether (14 mL).
The resulting resins were dried under vacuum prior to
deprotection/cleavage. General procedure for Suzuki
reactions on the solid phase The bromine-containing
resin (typically 100 mg, 1 eq), boronic acid ( 1 - 5
eq) and sodium carbonate (10 eq, 2M, aqueous solution)
were suspended in degassed
N,N-dimethylformamide:tetrahydrofuran (1:1, 4 mL).
[1,1'- Bis(diphenylphosphino)
ferrocene]dichloropalladium(ll) (complex with
dichloromethane, approx. 5 mg) was added and the
solution further degassed. The reaction mixture was
gently stirred at 100 0C for 18 hours. After this time
the resin was filtered and washed with
N,N-dimethylformamide (15 mL), N,Ndimethylformamide/
water (15 mL), N,N-dimethylformamide (15
mL),dichloromethane (15 ml_), methanol (15 ml_) and
diethyl ether (14 ml_). The resulting resins were
dried under vacuum prior to deprotection/cleavage.
General procedure for cleaving from Arg-Wang The
peptidomimetic resin (approx. 100 mg) was washed
thoroughly with dichloromethane (3 x 5 ml_) and dried
with nitrogen, then a solution of trifluoroacetic acid
( 1 .9 ml_), triisopropyl silane (50 ml_) and water
(50 ml_) was added and the cleavage mixture was
agitated for 90 minutes. The cleavage mixture was
removed and the resin was further washed with
dichloromethane ( 1 ml_). The cleavage/dichloromethane
mixtures were combined, further agitated for 90
minutes, and added drop-wise to cold diethyl ether (30
mL, -78 0C). A white solid precipitated and was
pelleted by centrifugation, the diethyl ether was
decanted and another portion of cold diethyl ether (20
mL) was added, thoroughly mixed, centrifuged, and
decanted. This process was repeated once more. The
crude final compound was dried under vacuum and
purified either by elution through a 2 g C-18 column
(eluent: acetonitrile/water) or by (massdirected)
preparative LC-MS using a preparative C-18 column
(Phenomenex Gemini, 50 x 2 1.2 mm, 5Jm) and a linear
AB gradient of 5 - 95 % for B over 15 min at a flow
rate of 20 mLAninute, where eluent A was 0.1% formic
acid/water and eluent B was 0.1 % formic
acid/acetonitrile. The purified peptidomimetics 



were then lyophilized (-54 0C, 0.08 mbar) and analysed
by reverse-phase LCMS (analytical C-18 column, Thermo
Betabasic, 100 x 4.6 mm, 5 mm) and an AB gradient of 5
- 95 % for B, over 11 minutes, at a flow rate of 1
mLLninute, where eluent A was 0.1% formic acid/water
and eluent B was 0.1% formic acid/acetonitrile. All
final compounds were isolated as trifluoroacetate
salts. Table 1 summarises the final compounds
constructed using these methods.Table 1 ino)-A BENDING
TOOL The present invention relates to bending tools
and more particularly to bending tools utilised in a
press forming arrangement in order to achieve bending
and forming of typically sheet materials. Press
forming of components is a well known technique and a
standard press brake tooling arrangement comprises an
upper moving tool and a lower static tool. The upper
tool is profiled to have a simple radius along its
bottom edge with a top edge shaped to fit the clamping
mechanism of a press tool such as a guillotine beam.
The lower tool is shaped so that the bottom face
interlocks with a robust mounting and is such that an
upper forming face of the static lower tool presents
typically a symmetrical open "V" centralised on the
radius of the bottom of the upper tool. Thus, the
lower tool is fixed to the base of the machine whilst
the upper tool moves vertically up and down with the
line of action of the centre of the nose radius
bisecting the angle of the opening of the lower
forming "V" in the press tool . It will be appreciated
that the materials formed by the above described press
tool arrangement are generally of a sheet form and the
desired angle of bends formed into the process can
vary greatly. In order to create bends greater than 90
the minimum possible angle at the base of forming "V"
is typically around 28. This limits the bending angle
capacity to no more than about 150 maximum dependent
upon the spring back nature of the material to be
formed. By use of special parallel sided tools it is
possible to increase this limit beyond 150  but
generally even then due to spring back of the formed
material the maximum sustained bend angle will be less
than 180. It will be understood that 180 is also
typically a maximum bend angle in view of the entrant
nature of the upper tool engaging the lower tool.Fig.
1 illustrates a typical forming "V" press tool
arrangement in a pre-form state in Fig. Ia and
generally towards the end of the forming process in
Fig. Ib. Thus, as can be seen, an upper moving tool 1
includes a profile 2 with a forming end 3 . The
profile 2 is secured upon a press beam 4 to engage a
material such as a metal sheet . A press tool 6 is
provided incorporating a forming profile 7 which, as
indicated previously, is generally "V" shaped. The
profile 7 as described above in the prior arrangement
depicted in Fig. 1 typically has a minimum angle 8 of
about 28 resulting in a maximum bending range of up to
about 150  dependent upon material 5 spring back. The
lower press tool 6 is static and secured to a robust
base 7 . Fig. Ib illustrates a situation where the
sheet material 5 has been bent by the press tool
arrangement. As can be seen, the sheet 5 is bent by a
downward motion of the 



profile 2 in the direction of arrowhead A . As
indicated, the bend angle 9 is typically limited by
the "V" profile 7 created in the lower tool and
entrant aspects with regard to the end 3 of the
profile 2 . In order to approach 180 bend angles as
depicted in Fig. 2 an alternative parallel sided press
tool is used. This tool has a substantially zero
degree "V" aperture profile 17 in a lower tool 16. In
other respects the arrangement is similar to that
depicted in Fig. 1 . Thus, the lower tool 16 is
secured to a robust base to present the aperture 17 to
a material in the form of a sheet 15 to be formed by
the process. An upper tool profile 11 is secured to a
press beam 14 such that a forming end 13 engages the
material 15 and bends that material into the aperture
17 . In such circumstances as depicted in the formed
state by Fig. 2b it will be noted that the material 15
is bent to substantially adopt a 180  turn by pressing
action of the upper moving tool formed by the profile
11 moving in the direction of arrowhead B in the
aperture profile 17. Nevertheless, it will be
appreciated it is necessary for the end 13 and the
profile 11 to be removed from the formed material 15
and therefore there is a limitation upon the bend
angle achievable. The final bendachievable will be
further diminished typically by the spring back nature
of press formed materials particularly when cold
formed. In view of the above it will be appreciated
that achievement of bend angles approaching and
exceeding 180 is difficult with prior press tool
arrangements. In accordance with aspects of the
present invention there is provided a bending tool
comprising a press recess to receive a material for
forming, the tool characterised in that the press
recess is formed by a plurality of actuators having a
respective shaped receiving aperture and supported
upon a deflector, these shaped receiving apertures in
adjacent actuators alternatively slanted to define a
recess opening for the material to be formed, the
actuators deflectable about the respective deflector
to receive the material to be formed upon pressing
about the receiving opening to form the press recess .
Typically, edges of the shaped receiving aperture have
a low friction feature. Possibly, the low friction
feature comprises a roller. Generally, the low
friction feature comprises a bearing surface for the
material to be formed. Generally, the deflector
comprises a spring bias to a pre-press configuration.
Typically, the shaped receiving apertures have a
rounded bottom. Generally, the shaped receiving
apertures have an actuator ramp below the receiving
opening. Typically, the shaped receiving apertures in
adjacent actuators slant alternately left and right .
Generally, the shaped receiving apertures are
symmetrical about the receiving opening. Typically,
the actuators abut each other. Alternatively, the
actuators have a space between each other. Possibly,
the space between actuators includes an anti buckle
feature for the actuator in use. Typically, the shaped
receiving apertures are arranged 



to define a virtual "V" between a bottom overlap
junction and side edges of the aperture. Possibly, the
side edges incorporate the low friction feature as
described above.Also in accordance with aspects of the
present invention there is provided a bending tool as
described above and a press tool to press a material
to be formed into the recess opening. Typically, the
press tool is tear drop shaped. Generally, the
actuators are arranged to embrace the press tool
through the material to be formed to facilitate a
greater than 180 bend in the material to be formed.
Generally, the actuators are aligned along an axis
consistent with the principal axis of a press tool.
Generally, the actuators bend about the deflection
member relative to the principal axis. Embodiments of
the present invention will now be described by way of
example and with reference to the accompanying
drawings in which: - Fig. 3 is a front view of an
actuator in accordance with aspects of the present
invention; and, Fig. 4 is a pictographic depiction of
a press forming process with a press forming
arrangement in accordance with aspects of the present
invention. As indicated above it is difficult to bend
material such as sheet materials with a bend angle
beyond or even approaching 180  in view of the
constraints of prior press tooling arrangements as
well as with regard to the entrant nature of the press
tool engaging a bending tool in operation. A principal
problem relates to the static nature of the lower tool
which generally incorporates a press recess within
which a press tool operates in order to bend the
material to be formed. By aspects of the present
invention dynamic components are utilised in order to
interact with the downward progress of an upper press
tool in operation. In accordance with aspects of the
present invention a number of actuator elements are
utilised in order to define a press recess within
which material is formed. By such an approach the
dynamic movement of the actuators provides a
capability to bend a material to be formed through
elastic deformation into the desired shape. The
actuators are elastically deformed themselves
duringthe press forming process but at other times are
relatively fixed components. Fig. 3 illustrates a
typical actuator component in accordance with aspects
of the present invention. The actuator 31 comprises a
base 32 which enables the actuator to be secured to a
robust mounting. Extending from the base 32 is a
deflector member 33 in the form of a beam spring.
Extending from the deflector member 33 is an actuator
head including an actuator surface 34 and a drive arm
35 to define a shaped receiving aperture 36. As will
be described later, typically edges of the shaped
receiving aperture 36 will have a low friction bearing
function. In such circumstances as depicted in Fig. 3
in the arrangement rollers 37 are provided on roller
seats 38. The rollers 37 will be axially continuous in
an assembly of actuators 31 in a bending tool in
accordance with aspects of the present invention. It
will be appreciated that these rollers 37 will be
driven by the action of engagement with a material to
be formed in use respectively in clockwise and anti 



clockwise directions to envelope the material as it is
shaped and formed. As indicated above, a number of
actuators 31 will be assembled to form a bending tool
in accordance with aspects of the present invention.
These actuators 31 will be arranged such that a slant
angle for the respective shaped receiving apertures
will alternate in opposite directions. The actuator 31
depicted in Fig. 3 is of a left hand nature and
adjacent actuators in a bending tool in accordance
with aspects of the present invention will have an
opposite right hand slant. In such circumstances
respective adjacent actuators will have a reversed
pair in relation to each other. In use it will be
appreciated that the actuator will be rotated by the
engagement action with the material to be formed. With
regard to the left hand actuator 31 depicted in Fig. 3
this rotation will be in the direction of arrowhead C
. This rotation and deflection will be accommodated by
the deflector member 33 . It will be understood that
this deflection is as a result of abutmentand contact
by the material, that is to say the work piece in
engagement with the actuator slope 34 . Each actuator
31 is typically formed from a sheet material. As
indicated, this sheet material will be cut to define
the elements of the actuator and in particular the
base 32, the deflection member 33 and the actuator
head including an aperture 36 as depicted in Fig. 3 .
The size and general configuration of each actuator 31
will be arranged such that there is an appropriate
deflection response by the deflection member 33 and
the aperture 36 is sized to define a press recess in
use. The respective actuator surfaces 34 in adjacent
actuators 31 will cross at an intermediate position to
define an actuator surface junction. The edges
incorporating rollers 38 or other non friction
surfaces for bearing of the material to be formed will
define other points in a general virtual forming "V"
press recess. This recess will be adjusted as the
material to be formed is pressed into the press recess
opening defined by the adjacent apertures 36. As
indicated above, the actuator heads in adjacent
actuators will be deflected as result of the pressing
action and through engagement with the surfaces 34
such that with left hand actuators there will be
displacement in the direction of arrowhead C whilst
right hand actuators either side of the actuator as
depicted in Fig. 3 will be deflected in the opposite
direction to arrowhead C . In such circumstances the
apertures 36 will envelop a press tool in order to
bend and form about the material to be formed. As
indicated, the actuators 31 are generally left hand or
right hand and it will be appreciated in such
circumstances the actuators formed will be
substantially the same but alternately configured
along the axial length of the bending tool in
accordance with aspects of the present invention. In
such circumstances the apertures 36 and deformation
members 33 will mirror each other along a principal
axis X-X. Deflection will be either side of the
principal axis X-X and generally the actuator surface
34 junction, that is to say the apertures 36 also
overlap along the principal axis X-X.In use it will be
appreciated that the stack of actuators will have
sufficient axial length to provide the 



desired bending of the material to be formed.
Normally, the axial length of the bending tool will be
longer than the width of the work piece. In terms of
the axial density, that is to say the number of
actuators per unit length, this may be varied
dependent upon the expected magnitude of workloads
presented during the press forming process . Actuators
may abut each other with appropriate lubrication to
allow flexing and bending as indicated about the
deformation member 33. Alternatively the actuators 31
may be spaced relative to each other where workloads
allow. In such circumstances the actuators 31 will not
form a continuous stack but will have gaps and spaces
between actuators along the axial length of the
bending tool . Where spaces are provided it will
normally be necessary to provide an anti buckling
device at least in the region of the deformation
member 33 . It will be understood that the deformation
member 33 will typically incorporate a bias force to
return the actuator to its initial pre pressing
configuration relative to the principal axis X-X. This
bias force will create the necessary forming pressures
through the drive arm 35 to engage and envelope a
press tool to achieve bending of the material to be
formed beyond a 180 bending angle. Fig. 4 illustrates
a typical sequence with regard to achieving bending of
a work piece material to be formed beyond a 180
bending angle. Consistent nomenclature has been
transposed from previous Fig. 3 for comparison and
clarity. Fig. 4a illustrates press forming
arrangements in accordance with aspects of the present
invention just prior to a press forming. Thus, as can
be seen, a material 40 generally in the form of a
sheet is located above a receiving opening defined
between edges of shaped receiving apertures 36 in
respective adjacent actuators. These actuators are
stacked alternately left hand and right hand as
described previously such that the actuator surfaces
34a, 34b define a "V" about a junction 41 between
thesurfaces 34a, 34b and upper bearing edges 37. In
use a press tool 42, is arranged to move in the
direction of arrowhead D to descend initially into
contact with the material to be formed 40 and then to
bend that material 40 into the "V" formed virtual
press recess between the junction 41 and the edges 37.
This descent in the direction of arrowhead D is
initially depicted in Fig. 4b. In Fig. 4b the material
to be formed 40 is initially bent until there is
engagement between this material and the actuator
surfaces 34a, 34b. This is the initial bending and
formation of the material 40. In Fig. 4c further
downward movement of the press tool 42 forces the
actuator surfaces 34a, 34b apart and so adjusts the
distance between the edges 37 to accommodate
deflection and bend forming of the material 40. As the
tool 42 descends further in the direction of arrowhead
D the separation of the actuator surfaces 34a is
arranged to allow the edges 38 to wrap around a
teardrop or bulbous shaped end 43 of the tool 42. In
such circumstances the material 40 begins to bend
beyond a 180 bend angle . In Fig. 4e further descent
of the tool 42 in the 



direction of arrowhead D causes further bending of the
material 40 to be formed to a desired bend angle.
Again the edges 37 wrap around the end 43 of the tool
42 to achieve this bend angle. It will be appreciated
once the press tool 42 has achieved the desired bend
penetration, that is to say bending of the material
40, its motion is typically immediately reversed. In
such circumstances due to the nature of spring back,
the tool 42 can be removed from the material 40.
Alternatively, when the tool 24 is reversed, that is
to say is lifted in the opposite direction of
arrowhead D the actuators in accordance with aspects
of the present invention will recover their original
pre press configuration and automatically
release/eject the material 40 now bent and press
formed to a desired shape. If the degree of permanent
bend in the material 40 is greater than 180 it will be
appreciated that the material 40 thenremains attached
to the tool end 43 . In this situation typically the
material as a formed work piece will be slid sideways
off the end 43 . Once the work piece has been removed
it will be appreciated that the arrangement as
outlined in Fig. 4 is ready for a repeat process with
further material 40. It will be appreciated by aspects
of the present invention that it is possible to form
material with a bend angle greater than 180 in a
single controlled operation. Thus, it is not necessary
to utilise prior art unreliable and practically
limited forming techniques . The actuators as
indicated, are typically formed from sheet material
and designed and manufactured by cutting, possibly
through a laser cutting process, appropriate shapes.
The deformation members 35 will typically be arranged
to provide sufficient force for movement of the
actuator heads and in particular the ends 37 about the
press tool 42 to define the bending action. Aspects of
the present invention allow a forming arrangement
which can achieve greater than 180  magnitude bend
processes which will allow an actual bend approaching
180  when taken into account high spring back
qualities of the material to be formed such as
titanium. By provision of a single press tool action
prior multi operational staged processes are
eliminated. Furthermore, component quality is enhanced
through the use of a single operation as a cold
process rather than prior multi staged or high
temperature processing techniques. It will be
understood in use typically the arrangement will be
combined with an automatic feed process for delivery
of the material 40 to be formed. As indicated above,
it is important that the edges 37 of the actuators
have a bearing feature as these will engage the
material 40 to be formed. Although other techniques
will be used it is most convenient if rollers are
provided at the edges 37 to allow the bearing function
as well as allowing the edges 37 to conveniently wrap
around the press tool 42 . As can be seen, the
actuator surfaces are generally relatively straight to
engage the material and causedeflection of the press
recess in use. Other parts of the shaped recess
aperture are generally round bottomed to avoid
impingement with the work material . Normally, the
actuator surfaces 34 are arranged to be 



directly below a receiving opening defined between the
edges 38 in order that the actuator surface will
engage the material as a work piece in use to cause
the desired initial deformation and then wrap around
of the edges to achieve the desired opening action. It
will be understood that the actuators 31 as indicated,
are located together in a stack. If rollers are used
these will extend from roller seats at the edges 38 in
each actuator along the axial length of the bend tool
formed by a stack of actuators in accordance with
aspects of the present invention. However, the rollers
will not integrate the actuators together and
generally, as indicated above, a base 32 will be
provided for each actuator to allow the actuator to be
mounted in a robust surface. Other means for
association of the actuators may also be provided. As
indicated above it is engagement by the material to be
formed with the actuator surface or ramp which causes
deflection of the edges 38 in order to envelope the
press tool with the material between the anvil
effectively forced by the actuator surfaces 34 and the
press tool. In such circumstances specific shaping,
sizing and configuration of the shaped receiving
aperture 36 will be chosen to achieved the desired
engagement for such deflection about the deflection
member 33 as well as to constitute an appropriate
press recess in accordance with aspects of the present
invention. Each individual actuator will generally be
formed from a sheet material which will normally be a
metal but in certain circumstances, and where the
material to be formed will not present significant
loads, it may be possible to form the actuators from a
plastics material or to reinforce or stiffen parts of
the shaped receiving aperture appropriately.
Alterations and modifications to aspects of the
present invention as described above will be
understood bythose skilled in the technology. In such
circumstances, as indicated, the edges 38 are provided
with rollers in order to allow slide bearing as the
material to be formed is pressed into the press recess
formed by the shaped receiving apertures 36. These
rollers, as indicated, are there to generally allow
the material to move relative to these edges 38 and
therefore may be replaced by other low friction
bearing surfaces such as a plastics material. Whilst
endeavouring in the foregoing specification to draw
attention to those features of the invention believed
to be of particular importance it should be understood
that the Applicant claims protection in respect of any
patentable feature or combination of features
hereinbefore referred to and/or shown in the drawings
whether or not particular emphasis has been placed
thereon.Claims I . A bending tool comprising a press
recess to receive a material (5, 15, 40) for forming,
the tool characterised in that the press recess is
formed by a plurality of actuators (31) having a
respective shaped receiving aperture (36) and
supported upon a deflector (33), the shaped receiving
apertures (36) in adjacent actuators (31)
alternatively slanted to define a recess opening for
the material to be formed, the actuators (31)
deflectable about the respective deflector (33) to
receive the material to be formed upon 



pressing about the receiving opening to form the press
recess . 2 . A tool as claimed in claim 1 wherein
edges (37) of the shaped receiving aperture have a low
friction feature. 3 . A tool as claimed in claim 2
wherein the low friction feature comprises a roller
(37) . 4 . A tool as claimed in claim 2 or claim 3
wherein the low friction feature comprises a bearing
surface for the material to be formed. 5 . A tool as
claimed in any preceding claim wherein the deflector
comprises a spring bias to a pre-press configuration .
6 . A tool as claimed in any preceding claim wherein
the shaped receiving apertures have a rounded bottom.
7 . A tool as claimed in any preceding claim wherein
the shaped receiving apertures have an actuator ramp
below the receiving opening. 8 . A tool as claimed in
any preceding claim wherein the shaped receiving
apertures in adjacent actuators slant alternately left
and right. 9 . A tool as claimed in any preceding
claim wherein the shaped receiving apertures are
symmetrical about the receiving opening. 10 . A tool
as claimed in any preceding claim wherein the
actuators abut each other. II . A tool as claimed in
any of claims 1 to 9 wherein the actuators have a
space between each other.12 . A tool as claimed in
class 11 wherein the space between actuators includes
an anti buckle feature for the actuator in use. 13 . A
tool as claimed in any preceding claim wherein the
shaped receiving apertures are arranged to define a
virtual "V" between a bottom overlap junction (41) and
side edges of the aperture. 14 . A tool as claimed in
claim 13 wherein the side edges incorporate the low
friction feature as described above. 15. A bending
tool arrangement comprising a bending tool as claimed
in any preceding claim and a press tool to press the
material to be formed into the recess opening. 16. An
arrangement as claimed in claim 15 wherein the press
tool is tear drop shaped. 17. An arrangement as
claimed in claim 15 or claim 16 wherein the actuators
are arranged to embrace the press tool through the
material to be formed to facilitate a greater than 180
bend in the material to be formed. 18 . An arrangement
as claimed in any of claim 15 to 17 wherein the
actuators are aligned along an axis (X-X) consistent
with the principal axis of a press tool . 19 . An
arrangement as claimed in claim 18 wherein the
actuators bend about the deflection member relative to
the principal axis. 


