
WO 031033528 PCT/AU02/01427 CYCLIC PEPTIDES AS G-PROTEIN-COUPLED RECEPTOR
ANTAGONISTS's APR 2006 FIELD OF THE INVENTION This invention relates to
novel cyclic compounds  5 which have the ability to modulate the activity
of G  protein-coupled receptors. The compounds preferably act as
antagonists. In preferred embodiments, the invention  provides cyclic
peptidic and peptidomimetic antagonists of  C5a receptors, which are active
against C5a receptors on 10 polymorphonuclear leukocytes and macrophages.
The  compounds of the invention are both potent and selective,  and are
useful in the treatment of a variety of  inflammatory conditions. 15
BACKGROUND OF THE INVENTION All references, including any patents or patent
applications, cited in this specification are hereby- incorporated by
reference. No admission is made that any  reference constitutes prior art.
The discussion of the 20 references states what their authors assert, and
the  applicants reserve the right to challenge the accuracy and  



pertinency of the cited documents. it will be clearly  understood that,
although a number of prior at  publications are referred to herein, this
reference does 25 not constitute an admission that any of these documents
forms part of the common general knowledge in the art, in  Australia or in
any other country. G protein-coupled receptors are prevalent  throughout
the human body, comprising approximately 60% of  30 known cellular receptor
types, and mediate signal transduction across the cell membrane for a very
wide range  of endogenous ligands. They participate in a diverse array  of
physiological and pathophysiological processes,  including, but not limited
to those associated with 35 cardiovascular, central and peripheral nervous
system, WO 03/033528 PCT/AU02/01427 13 APR 2006 - 2  reproductive,
metabolic, digestive, immunoinflammatory, and  growth disorders, as well as
other cell-regulatory and  proliferative disorders. Agents which
selectively modulate  functions of G protein-coupled receptors have
important 



5 therapeutic applications. These receptors are becoming  increasingly
recognised as important drug targets, due to  their crucial roles in signal
transduction (G protein- coupled Receptors, IBC Biomedical Library Series,
1996). One of the most intensively studied G protein-- 10 coupled receptors
is the receptor for C5a. C5a is one of  the most potent chemotactic agents
known, and recruits  neutrophils and macrophages to sites of injury, alters
their morphology; induces degranulation; increases calcium  mobilisation,
vascular permeability (oedema) and neutrophil 15 adhesiveness; contracts
smooth muscle; stimulates release  of inflammatory mediators, including
histamine, `PNF-a, IL- 1, IL-6, IL-8, prostaglandins, and leukotrienes, and
of  lysosomal enzymes; promotes formation of oxygen radicals;  and enhances
antibody production (Gerard and Gerard, 1994). 20 Overexpression or
underregulation of C5a is  implicated in the pathogenesis of immune
system-mediated  inflammatory conditions, such as rheumatoid arthritis,
adult respiratory distress syndrome (ARDS), systemic lupus  erythematosus,
tissue graft rejection, ischaemic heart 25 disease, reperfusion injury,
septic shock, psoriasis,  



gingivitis, atherosclerosis, Alzheimer's disease, lung  injury and
extracorporeal post-dialysis syndrome, and in a  variety of other
conditions (Whaley 1987; Sim 1993). Agents which limit the pro-inflammatory
actions  30 of C5a have potential for inhibiting chronic inflammation,  and
its accompanying pain and tissue damage. For these  reasons, molecules
which prevent C5a from binding to its  .receptors are useful for treating
chronic inflammatory  disorders driven by complement activation. Such
compounds WO 03/033528 PCT/AU02/01427 13 APR 2006 3 also provide valuable:
new insights into the mechanisms of  complement-mediated immunity. In our
previous application No. PCT/AU98/00490,  the entire disclosure of which is
incorporated herein by  5 this reference, we described the
three-dimensional structure. of some analogues of the C-terminus of human
C5a,  and used this information to design novel compounds which  bind to
the human C5a receptor (CSaR), behaving as either  



agonists or antagonists of C5a_ it had previously been 10 thought that a
putative antagonist might require both a C- terminal arginine and a
C-terminal carboxylate for receptor  binding and antagonist activity
(Aonteatis et al, 1994). In PCTIAU98/00490 we showed that in fact a
terminal  carboxylate group is not generally required either for high  15
affinity binding to CSaR or for antagonist activity. Instead we found that
a hitherto unrecognised structural  feature, a turn conformation, was the
key recognition  feature for high affinity binding to the human C5a
receptor  on neutrophils. We used these findings to design 20 constrained
structural templates which enable hydrophobic  groups to be assembled into
a hydrophobic array for  interaction with a CSa receptor. By investigating
the effect of varying the  structure at each amino acid residue in the most
potent  -25 compound identified in our previous application, we have now
developed further examples of cyclic antagonists of the  C5a receptor on
human neutrophils and have identified  potent CSaR antagonist activity for
a range of compounds.  These compounds each comprise a cyclic scaffold
which 



30 satisfies the general three-dimensional structural  requirements set out
in the earlier application No. PCT/AII98/00490, but we have now found that
certain  substituents attached to the cycle surprisingly lead to  most
unexpected results, producing both high and low 3S antagonist potencies
which were not accurately predicted in WO 03/033528 PCT/AU02/01427 18 APR
2006 - 4  the previous application No. PCT/AU98/00490. These  surprising
new findings allow us to refine and better  define the required
pharmacophore for antagonism of C5a  receptors. The unexpected
structure-activity relationships 5 described herein help to define a
refined structural  pharmacophore for active antagonism of C5a receptors on
human polymorphonuclear leukocytes (neutrophil  granulocytes). This
pharmacophore is expected to be  appropriate also for C5a receptors on
other human and  10 mammalian cells. StB4MZ RY OF THE MENTION 



According to a first Aspect, the invention  provides a compound which is an
antagonist of a G protein- 15 coupled receptor, which has substantially no
agonist activity, and which is a cyclic peptide or peptidomimetic  of
formula I: where A is H, alkyl, aryl, NH2, NH-alkyl,  20 N(alkyl)2,
NH-aryl, NH-acyl, NH-benzoyl, NHSO3, NHSO2 alkyl, NHS02-aryl, OH, 0-alkyl,
or 0-aryl; B is an alkyl, aryl, phenyl, benzyl, naphthyl or  indole group,
or the side chain of a D- or L-amino acid  such as L-phenylalanine or
L-phenylglycine, but is not the 25 side chain of glycine, D-phenylalanine,
L WO 03/033528 PCT/AU02/01427 .1 3 APR 2006 - 5  homophenylalanine,
L-tryptophan, L-homotryptophan, L- tyrosine, or L-homotyrosine; C is a
small substituent, such as the side chain  of a D-, L- or homo-amino acid
such as glycine, alanine, 5 leucine, valine, proline, hydroxyproline, or
thioproline,  



but is preferably not a bulky substituent such as  isoleucine,
phenylalanine, or cyclohexylalanine; D is the side chain of a neutral
D-amino acid  such as D-Leucine, D-homoleucine, D-cyclohexylalanine, D- 10
homocyclohexylalanine, D-valine, D-norleucine, f-homo norleucine,
D-phenylalanine, D-tetrahydroisoquinoline, D- glutamine, D-glutamate, or
D-tyrosine, but is preferably  not a small substituent such as the side
chain of glycine  or D-alanine, a bulky planar side chain such as D 15
tryptophan, or a bulky charged side chain such as D- arginine or D-Lysine;
E is a bulky substituent, such as the side chain  of an amino acid selected
from the group consisting of L- phenylalanine, L-tryptophan and
L-homotryptophan, or is L 20 1-napthyl or L-3-benzothienyl alanine, but is
not the side 25 chain of D-tryptophan, L-N-methyltryptophan,
L-homophenylalanine, L-2-naphthyl L-tetrahydroisoquinoline,
L-cyclohexylalanine, D-leucine, L-fluorenylalanine, or  L-histidine; F is
the side chain of L-arginine, L- 



homoarginine, L-citrulline, or L-canavanine, or a  bioisostere thereof, is.
a side chain in which the terminal  guanidine or urea group is restrained,
but the carbon backbone is replaced by a group which has different  30
structure, but is such that the side chain as a whole reacts with the
target protein in the same way as the  parent group; X is -(CH2),NH- or
(CH2)n s-, where n is an  integer of from 1 to 4, preferably 2 or 3;
-(CH2)20-; WO 03/033528 PCT/AU02/01427 18 APR 2006 - 6 - -(CH2)30-;
-(CH2)3-; -(CH2)4-; -CH2COCHRNH-; or  -CH2_CHCOCHRNH-, and where R is the
side chain of any  common or uncommon amino acid, with the proviso that the
compound is not  5 compound 2. referred to below. 'Xn c, both the cis and
trans forms of  hydroxyproline and thioproline may be used- Preferably A is
an acetamide group, an aminomethyl group, or a substituted or unsubstituted



10 sulphonamide group. Preferably where A is a substituted sulphonamide,
the substituent is an alkyl chain of x to 6, preferably 1  to 4 carbon
atoms, or a phenyl, or toluyl group. Preferably the G protein-coupled
receptor is a  25 C5a receptor. However; we have found that the leading 20
compound of our earlier application also has significant  binding affinity
at vasopressin and neurokinin receptors,  and therefore these receptors are
also within the scope of  the invention. In a particularly preferred
embodiment, the  compound has antagonist activity against CSaR, and has no
C5a agonist activity. The cyclic compounds of the invention are preferably
antagonists of C5a receptors on human, 25 mammalian cells including, but
not limited to, human  polymorphonuclear leukocytes and human macrophages.
The  compounds of the invention preferably bind potently and  selectively
to C5a receptors, and more preferably have  potent antagonist activity at
sub-micromolar 



30 concentrations. Even more preferably the compound has a  receptor
affinity 1050<2512M, and an antagonist potency  IC50<lpM. Still more
preferably the compound is selected  from the group consisting of compounds
2 to 6, 10 to 15,  35 17, 19, 20, 22, 25, 26, 28, 30, 31, 33 to 37, 39 to
45, 47 WO 03/033528 PCT/AU02/01427 18 APR 2006 - 7  to 50, 52 to 58 and 60
to 70 described herein. Most  preferably the compound is compound 33,
compound 60 or  compound 45. For the purposes of this -specification, the
term  5 "alkyl" is to be taken to mean a straight, branched, or  cyclic,
substituted or unsubstituted alkyl chain of 1 to 6,  preferably 1 to 4
carbons. Most preferably the alkyl group  is a methyl group. The term
"acyl" is to be taken to mean  a substituted or unsubstituted acyl of 1 to
6, preferably 1 10 to 4 carbon atoms. Most preferably the acyl group is
acetyl. The term "aryl" is to be understood to mean a  



substituted or unsubstituted homocyclic or heterocyclic  aryl group, in
which the ring preferably has 5 or 6  members. 15 A "common" amino acid is
a L-amino acid selected  from the group consisting of glycine, leucine,
isoleucine,  valine, alanine, phenylalanine, tyrosine, tryptophan.
aspartate, asparagine, glutamate, glutamite, cysteixie,  methionine,
arginine, lysine, proline, serine, threonine  20 and histidine. An
"uncommon- amino acid includes, but is not  restricted to, D-amino acids,
homo-amino acids, N-alkyl  amino acids, dehydroamino acids, aromatic amino
acids other  than phenylalanine, tyrosine and tryptophan, ortho-, meta 25
or para-aminobenzoic acid, ornithine, citrulline,  canavanine, norleucine,
S-glutamic acid, aminobutyric acid,  L-fluorenylalanine,
L-3-benzcthienylalanine, and  tX,a-dnsubstituted amino acids. According to
a second aspect, the invention 30 provides a composition comprising a
compound according to  the invention, together with a
pharmaceutically-acceptable  carrier or excipient. 



The compositions of the invention may be  formulated for use in oral,
parenteral, inhalational, 35 intranasal, transdermal or other topical
applications, but WO 03/033528 PCT/AU02/01427 - 8 - 18 APR 2006 oral or
topical formulations are preferred- For topical  administration, vehicles
such as dimethylsulphonate or  propylene glycol may be used. Other vehicles
may be  preferred depending on the tissue surface to be treated. 5 It is
expected that most if not all compounds of  the invention will be stable in
the presence of metabolic  enzymes such as those of the gut, blood, lung or
intracellular enzymes. Such stability can readily be  tested by routine
methods known to those skilled in the 10 art. Suitable formulations for
administration by any  desired route may be prepared by standard methods,
for  example by reference to well-known textbooks such as  Remington: The
Science and Practice of Pharmacy, Vol. II, 15 2000 (20th edition), A_R.
Gennaro (ed), Williams & Wilkins,  Pennsylvania. 



in a third aspect, the invention provides a  method of treatment of a
pathological condition mediated by  a G protein-coupled receptor,
comprising the step of 20 administering an effective amount of a compound
of the  invention to a mammal or vertebrate in need of such  treatment.
Preferably the condition mediated by a G protein- coupled receptor is a
condition mediated by a C5a receptor,  25 and more preferably involves
overexpression or underregulation of C5a. Such conditions include but are
not limited to rheumatoid arthritis, adult respiratory  distress syndrome
(ARDS), systemic lupus erythematosus,  tissue graft rejection, ischaemic
heart disease, 30 reperfusion injury, septic shock, gingivitis, fibrosis,
atherosclerosis, multiple sclerosis, Alzheimer's disease,  asthma,
dementias, central nervous system disorders, lung  injury, extracorporeal
post-dialysis syndrome, and dermal  inflammatory disorders such as
psoriasis, eczema and 35 contact dermatitis. WO 03/033528 - 9  



PCT/AU02/01427 In one preferred embodiment the condition is  rheumatoid
arthritis. In a second preferred embodiment the condition is  reperfusion
injury. In this second embodiment it will be  5 clearly understood that the
proviso to formula i does not  apply. While the invention is not in any way
restricted  to the treatment of any particular animal or species, it is
particularly contemplated that the compounds of the 10 invention will be
useful in medical treatment of humans,  and will also be useful in
veterinary treatment,  particularly of companion animals such as cats and
dogs,  livestock such as cattle, horses and sheep, and zoo  animals,
including non-human primates, large bovids, 15 felids, ungulates and
canids. Other species which may be amenable to treatment include reptiles,
fishes or  amphibians. The compounds may be administered at any suitable
dose and by any suitable route. Oral, topical, transdermal 20 or intranasal
administration is preferred, because of the  



greater convenience and acceptability of these routes.'  Topical
applications could also include the use of  formulations such as pessaries
or suppositories for vaginal  or rectal administration or the use of
aqueous drops for 25 topical administation to ears or eyes. The effective
dose  will depend on the nature of the condition to be treated,  and the
age, weight, and underlying state of health of the  individual treatment.
This Will. be at the discretion of  the attending physician or
veterinarian. Suitable dosage  30 levels may readily be determined by trial
and error experimentation, using methods which are well known in the  art.
For the purposes of this specification it will be  clearly understood that
the word "comprising" means WO 03/033528 PCT/AU02/01427 - 10 - [18 APR 2006
"including but not limited toe, and that the word  "comprises" has a
corresponding meaning. BRIEF DESCRIPTION OF THE FIGURES 5 Figure 1 shows
the inhibition of the vascular  



leakage associated with a derma]. Arthus reaction by  intravenous (A), oral
(B) and topical (C) AcF--[OPdchaWR),  and appropriate controls (D). Figure
2 shows the inhibition of the rise in 10 circulating TNFa associated with a
dermal Arthus reaction  by intravenous (A), oral (B) and topical (C) AcF-
[OPdChaWRI, and appropriate topical controls-(D). Figure 3 shows the
reduction of the pathology  index associated with a dermal Arthus reaction
by 15 intravenous, oral and topical AcF-[OPdChaWR). Figure 4 shows the
effect of a C5a antagonist on  gut ischemia-reperfusion induced intestinal
edema. Figure 5 shows the effect of a C5a antagonist on  gut
ischemia-reperfusion induced neutropenia. 20 Figure 6 shows the effect of a
C5a antagonist on  gut ischemia-reperfusion induced serum TNFa elevation.
Figure 7 shows the effect of a C5a antagonist on gut ischemia-reperfusion
induced serum haptoglobin  elevation. 25 Figure 8 shows the effect of a C5a
antagonist on  gut ischemia-reperfusion induced aspartate  



aminotransferase. Figure 9 shows the effect of a C5a antagonist on
histopathology of gut ischemia-reperfusion. 30 Figure 10 shows the
inhibition of arthritic right  knee joint swelling by AcF-[OPdChaWR] given
orally on Days  2 to +14. Figure 11 shows the inhibition of right knee
joint TNF-a and IL-6 levels in joint lavage. "Untreated"  35 refers to
animals not treated with AcF-(OPdChaWRI but with WO 03/033528 - 11
PCT/AU02/01427 J 3 APR 2006 the right knee challenged with antigen
following  Sensitisation. Figure 12 shows that dermal application of 3D53
in DMSO/distilled H2O or PG/E20 results in the appearance  S of the C5a
antagonist in the circulating plasma within 15 minutes, and that
significant levels persist for at least  four hours. 'Points represent the
mean + SEM in each group  (n-6-8), 



Figure 13 shows the inhibition of C5a-induced  10 neutropenia by topical
administration of C5a antagonists. The results are expressed as percentage
change from a zero  time baseline. Figure 14 shows that topical
administration of  C5a antagonists inhibits systemic, effects of
intravenously  15 administered LPS in rats. The data show that
administration of various C5a antagonists, either i.v. (1  mg/kg), or
topically by dermal application (50 mg/kg total  applied dose: solvent
vehicle 50% DMSO/50% H20), inhibits  the neutropenia caused by i.v. LPS
(lmg/kg). 20 (a) 3D53. (compound 1); (b) compound 45; (c) compound 17.
Figure 15 shows the effects of the c5a antagonist  AcF-[OPdChaWR] on
increases in serum levels of (A) creatine  kinase (CX) and (B) lactate
dehydrogenase (LDH) during  reperfusion in rats.. Data represent the mean t
SEM (n = 6 25 10). *P<0.05 all drug-treated groups vs.
ischemia/reperfusion (I/R)-only; tPcO.05 all drug-treated  groups vs.
sham-operated. Figure 16 shows the effects of the C5a  



antagonist, AcF-[OPdChaWR], on increases in serum levels of  30 (A) alanine
aminotransferase (ALT) and (B) aspartate aminotransferase (AST) following
2, 3 and 4 hours  reperfusion in rats. Data represent the mean  SEM (n =
10). *P<0.05 all drug-treated groups vs.  ischemia/reperfusion (I/R)-only;
tP<0.05 all drug-treated  35 groups vs. sham-operated. WO 03/033528 - 12
PCT/AU02/01427 4 8 APR 2006 Figure 17 shows the levels of (A) circulating
PMNs, (B) muscle myeloperoxidase (MPO), (C) lung MPO and  (D) liver MPO in
rats. Levels were measured in rats at the  completion of the experiment-
Data represent the mean  5 SEM (n = 4-10). *P<0.05 vs. ischemia/reperfusion
(I/R)- only; tP<0.05 vs. sham-operated. Figure 18 shows the levels of
tumour necrosis  factor-a (TNF-a) in rat liver homogenate samples taken at
the completion of the experiment. Data represent the mean 10 t SEM (n
4-10). *Pc0.05 vs. ischemia/reperfusion (I/R)- 



only; tP<0.05 vs. sham-operated. Figure 19 shows the amount of edema
(wet-to-dry  ratio) in the hindlimb muscle of rats at the completion of
the experiment. Data represent the mean  SEX (n = 4-10) 15 *P<0.05 vs.
ischemia/reperfusion (T/R)-only; tP<0.05 vs.  sham-operated. DETAILED
DESC].2IPTION OF THE INVENTION Generally, the terms "treating", "treatment"
and  20 the like are used herein to mean affecting a subject,  tissue or
cell to obtain a desired pharmacological and/or  physiological effect. The
effect may be prophylactic in  terms of completely or partially preventing
a disease or  sign or symptom thereof, and/or may be therapeutic in terms
25 of a partial or complete cure of a disease. "Treating" as  used herein
covers any treatment of, or prevention of  disease in a vertebrate, a
mammal, particularly a human,  and includes: preventing the disease from
occurring in a  subject who may be predisposed to the disease, but has not
30 yet been diagnosed as having it; inhibiting the disease,  ie., arresting
its development; or relieving or  ameliorating the effects of the disease,
ie., cause  



regression of the effects of the disease. The invention includes various
pharmaceutical  35 compositions useful for ameliorating disease. The WO
03/033528 - 13  PCT/AU02/01427 Pharmaceutical compositions according to one
embodiment of  the invention are prepared by bringing a compound of
formula I, analogues, derivatives or salts thereof and one  or more
pharmaceutically-active agents or combinations of 5 compound of formula I
and one or more pharmaceutically- active agents into a form suitable for
administration to a  subject using carriers, excipients and additives or
auxiliaries. Frequently used carriers or auxiliaries include  10 magnesium
carbonate, titanium dioxide, lactose, mannitol  and other sugars, talc,
milk protein, gelatin, starch,  vitamins, cellulose and its derivatives,
animal and  vegetable oils, polyethylene glycols and solvents, such as
sterile water, alcohols, glycerol, and polyhydric alcohols.. 15 Intravenous
vehicles include fluid and nutrient  



replenishers. Preservatives include antimicrobial, anti- oxidants,
chelating agents and inert gases. Other  pharmaceutically acceptable
carriers include aqueous  solutions, non-toxic excipients, including salts,
20 preservatives, buffers and the like, as described,. for  instance, in
Remington's Pharmaceutical Sciences, 20th'ed.  Williams & Wilkins (2000)
and The British National  Formulary 43rd ed. (British Medical Association
and Royal  Pharmaceutical Society of Great Britain, 2002; 25
http://bnf.rhn.net), the contents of which are hereby  incorporated by
reference. The pH and exact 'concentration  of the various components of
the pharmaceutical composition  are adjusted according to routine skills in
the art. See Goodman and Gilman's The Pharmacological Basis for  30
Therapeutics (7th ed., 1985). The pharmaceutical compositions are
preferably  prepared and administered in dosage units. Solid dosage  units
include tablets, capsules and suppositories. For  treatment of a subject,
depending on activity of the 35 compound, manner of administration, nature
and severity of WO 03/033528 PCT/AU02/01427 



d.9 APR 2006 - 14  the disorder, age and body weight of the subject,
different  daily doses can be used. Under certain circumstances,  however,
higher or lower daily doses may be appropriate.  The administration of the
daily dose can be carried out 5 both by single administration in the form
of an individual  dose unit or by administration of several smaller dose
units, and also by multiple administration of subdivided  doses at specific
intervals. The pharmaceutical compositions according to the  10 invention
may be administered locally or systemically in a  therapeutically effective
dose. Amounts effective for this  use will, of course, depend on the
severity of the disease  and the weight and general state of the subject.
Typically, dosages used in vitro may provide useful 15 guidance in the
amounts useful for in situ administration  of the pharmaceutical
composition, and animal models may be  used to determine effective dosages
for treatment of the  cytotoxic side effects. Various considerations are
described, eg., in Langer, Science, 249; 1527, (1990). 



20 Formulations for oral use may be in the form of hard  gelatin capsules,
in which the active ingredient is mixed  with an inert solid diluent, for
example, calcium  carbonate, calcium phosphate or kaolin. They may also be
in the form of soft gelatin capsules, in which the active 25 ingredient is
mixed with water or an oil medium, such as  peanut oil, liquid paraffin or
olive oil. Aqueous suspensions normally contain the active  materials in
admixture with excipients suitable for the  manufacture of aqueous
suspensions. Such excipients may be 30 suspending agents such as sodium
carboxymethyl cellulose,  methyl cellulose, hydroxypropylmethylcellulose,
sodium  alginate, polyvinylpyrrolidone, gum tragacanth and gum  acacia;
dispersing or wetting agents, which may be (a) a  naturally occurring
phosphatide such as lecithin; (b) a 35 condensation product of an alkylene
oxide with a fatty WO 03/033528 - 15  PCT/AU02/01427 18 APR 2006 acid, fox'
example, polyoxyethylenestearate; (c) a  



condensation product of ethylene oxide with a long chain  aliphatic
alcohol, for example, heptadecaethylenoxycetanol;  (d) a condensation
product of ethylene oxide with a partial 5 ester derived from a fatty acid
and hexitol such as  polyoxyethylene sorbitol monooleate, or (e) a
condensation  product of ethylene oxide with a partial ester derived from
fatty acids and hexitol anhydrides, for example polyoxyethylene sorbitan
monooleate. 10 The pharmaceutical compositions may be in the  form of a
sterile injectable aqueous or oleaginous  suspension. This suspension may
be formulated according to  known methods using suitable dispersing or
wetting agents  and suspending agents such as those mentioned above. The 15
sterile injectable preparation may also be a sterile  injectable solution
or suspension in a non-toxic  parenterally-acceptable diluent or solvent,
for example, as  a solution in 1,3-butanediol. Among the acceptable,
vehicles and solvents which may be employed are water, 20 Ringer's
solution, and isotonic sodium chloride solution.  In addition, sterile,
fixed oils are conventionally  employed as a solvent or suspending medium.
For this  



purpose, any bland fixed oil may be employed, including  synthetic mono-or
diglycerides. in addition, fatty acids 25 such as oleic acid may be used in
the preparation of  injectables. Compounds of formula I may also be
administered  in the form of liposome delivery systems, such as small
unilamellar vesicles, large unilamellar vesicles, and 30 multilamellar
vesicles. Liposomes can be formed from a  variety of phospholipids, such as
cholesterol,  stearylamine, or phosphatidyicholines. Dosage levels of the
compound of formula I of the  present invention will usually be of the
order of about 35 0.5mg to about 20mg per kilogram body weight, with a WO
03/033528 - 16  PCT/AU02/01427 k.3 APR 2006 preferred dosage range between
about 0-5mg to about 10mg  per kilogram body weight per day (from about
0.5g to about  3g per patient per day). The amount of active ingredient
which may be combined with the carrier materials to produce 



5 a single dosage will vary, depending upon the host to be  treated and the
particular mode of administration. For  example, a formulation intended for
oral administration to  humans may contain about 5mg to 1g of an active
compound  with an appropriate and convenient amount of carrier 10 material,
which may vary from about 5 to 95 percent of the  total composition. Dosage
unit forms will generally  contain between from about 5mg to 500mg of
active  ingredient. It will be understood, however, that the specific  15
dose level for any particular patient will depend upon a  variety of
factors including the activity of the specific  compound employed, the age,
body weight, general health,  sex, diet, time of administration, route of
administration,  rate of excretion, drug combination and the severity of
the 20 particular disease undergoing therapy. in addition, some of the
compounds of the  invention may form solvates with water or common organic
solvents. Such solvates are encompassed within the scope  of the invention.
2S The compounds of the invention may additionally  



be combined with other compounds to provide an operative  combination. it
is intended to include any chemically  compatible combination of
pharmaceutically-active agents,  of the compound of formula I of this
invention. 30 it will be clearly understood that the foregoing  comments
regarding pharmaceutical formulations,routes of  administration, dosage
levels and the like are equally  applicable to compound 1. Abbreviations
used herein are as follows: WO 03/033528 - 17  PCT/AU02/01427 BOP
benzotriazole-l-yl-oxy-tris-(dimethylamino)  phosphonium
hexafluorophosphate CScR C5a receptor  dH20 distilled water 5 D-Cha
D-cyclohexylamine  DIPEA diisopropylethylamine  D1P N,X-dimethylformamide
DMSO dimethylsulphoxide HBTU O-benzotriazole N',N',N',N'-tetramethyluronium



10 hexafluorophosphate; HT,PES N-[2-hydroxyethyl]piperazine-N'--[2-ethane
sulfonic acid] RPLC high performance liquid chromatography  RP-HPLC reverse
phase high performance liquid 15 chromatography  i . v. intravenous LPS
lipopolysaccharide PNN polymorphonuclear granulocyte  po oral 20 RMSD root
mean square deviation rp-HPLC reverse phase-high performance liquid
chromatography TVA trifluoroacetic acid; 25 Throughout the specification
conventional single- letter and three-letter codes are used to represent
amino  acids. 30 The terms "3D53" and "PMX53" are synonymous, and
represent the compound Ac-Phe-[Orn-Pro-dCha-Trp-Arg]; The terms "LP-10" and
"PMX-.201" are synonymous,  



and represent the compound Ac-Phe-[orn-Pro-dCha-Trp-Cit); and The terms
"LP-16" and "IM-205" are synonymous,  and represent the compound
HC-[Orn-Pro-dCha-Trp-Arg], in  35 which "HC" indicates hydrocinnamate. WO
03/033528 18  PCT/AU02/01427 The invention will now be described by way of
reference only to the following general methods and  experimental examples.
We have found that all of the compounds of  5 formula I which have so far
been tested have broadly  similar pharmacological activities, which are
similar to  those of compound 1 (also referred to herein as 3D53 or
PMX53), although the physicochemical properties, potency,  and
bioavailability of the individual compounds varies 10 somewhat depending on
the specific substituents. Thus we  expect that results obtained in vitro
or in vivo with  compound I will be reasonably predictive of activity of
the  compounds of formula I in corresponding assays. 



15 General methods Protected amino acids and resins were obtined  from
Novabiochem. TFA, DIPEA and DMF (peptide synthesis  grade) were purchased
from Auspep. All other materials  were reagent grade unless otherwise
stated. Preparative 20 scale reverse-phase HPLC separations were performed
on a  Vydac C18 reverse-phase column (2.2 x 25 cm), and  analytical
reverse-phase HPLC separations were performed on  a Waters Delta-Pak
PrepPak C18 reverse-phase column (0.8 x 10 cm), using gradient mixtures of
solvent 25 A = water/0.1% TFA and solvent B = water 10%/acetonitrile  90%,
0.09% TFA. The molecular weight of the peptides was  determined by
electrospray mass spectrometry, recorded on a  triple quadrupole mass
spectrometer (PE SCIEX API 11I), as  described elsewhere (Haviland et al,
1995). 1H-NMR spectra 30 were recorded on either a Bruker ARx 500 MHz or a
Varian  Unity 400 spectrometer. Proton assignments were determined  by 23D
NMR experiments (DFCOSY, TOCSY, NOESY). Compounds were analysed by mass
spectrometry and  by reversed phase analytical HPLC. 35 



WO 03/033528 - 19  PCT/AU02/01427 ;18 APR 2006 Compound Synthesis Linear
peptide sequences were assembled by manual  step-wise standard solid-phase
peptide synthesis (SPPS)  techniques well known to those skilled in the
art. The 5 amino acids or peptide termini were activated with HBTt7  with
DIEA in situ neutralisation. Couplings were monitored  by the standard
quantitative ninhydrin test. Boo chemistry  was employed for temporary
Na-protection of amino acids  with two 1 minute treatments with TFA for
13oc group 10 removal. Peptides were synthesised on a Novabiochem Boc-D-
Arg(Tos)-PAM or Boc-L-Arg(Tos)-PAM resin with a  substitution value of
approx.0.2-0.5 mmol/g. The peptides  were fully deprotected and cleaved by
treatment with liquid  HP (10 mL), p-cresol (1 mL) at -5C for 1-2 hrs.
Peptides 15 were purified by reversed phase HPLC (e.g_ gradient: 0% B  to
75% B over 60 min) and analysed by electrospray mass  spectrometry. 



Alternatively, the linear peptides can be  synthesised by Pmoc chemistry,
using HBTU/DIEA activation  20 on an Fmoo-D-Arg(Mtr)-Wang resin. Fmoc group
removal-was effected using two 1 min treatments with 50%  piperidine/DMF.
Cleavage and deprotection using 95% TFA/2.5% TIPS/2.5% H2O gives the
Mtr-protected peptide,  which can be purified by RP-HPLC. 25 A general
procedure for cyclisation of linear peptides  involves dissolving the
peptide (1 equiv.) and BOP (5  equiv.) in DMF (10 mM peptide concentration)
and stirring  vigorously, followed by the addition of DIEA (15 equiv.).
Solutions are generally allowed to stir at room temperature 30 overnight,
although in most cases the reaction was complete  within 2 hrs. DMF is
removed under high vacuum at 30C on  a rotary evaporator and then purified
by RP-APLC. For  cyclic peptides containing a free N-terminus, an Fmoc
group  was used as the temporary N-terminal protecting group 35 during the
cyclisation step. DMF was removed under high WO 03/033528 PCT/AU02/01427 -
20  b.8 APR 2006 



vacuum at 30C on a rotary evaporator, and then the peptide  was treated
with 30% piperidineIDMF for 1 hr at room  temperature to remove the Fmoc
group. This was followed by  solvent removal under high vacuum, and
purification by RP 5 HPLC. Representative examples of the synthesis of the
cycles are described below. MM Structure Determination 1H-MM spectra were
recorded for test compounds  10 (3 mg in 750 pl d6-DMSO, 8 2.50) referenced
to solvent on a  Varian Unity 400 spectrometer at 24C. Two-dimensional
1H-NtR NOESY (relaxation delay 2.0s, mix time 50-300 ms),  DFQ- COSY and
TOCSY (mixing time 75ms) experiments were  acquired and recorded in phase
sensitive mode. Acquisition 15 times = 0.186 s, spectral width = 5500Hz,
number of complex  points (tl dimension) = 1024 for all experiments. Data
was  zero-filled and Fourier transformed to 1024 real points in  both
dimensions. NMR data for compound 2 was processed using TRIAD  20 software
(Tripos Assoc.) on a Silicon Graphics Irdy work  station. 2D NOE cross
peaks were integrated and  characterised into strong (1.8-2.5A), medium
(2'.3-3.5A) and  



weak (3.3-S.OA). Preliminary three-dimensional structures  were calculated
from upper and lower distance limit files 25 using Diana 2.8 (69 distance
constraints, including 27 for  adjacent residues and 6 further away) with
the redundant  dihedral angle constraints (REDAC) strategy. Upper and
lower distance constraints were accurately calculated using  MARDIGRAS. At
this stage the peptide was examined for 30 possible hydrogen bonds, and
these were added as distance  constraints. The 50 lowest energy Diana
structures were  subjected to restrained molecular dynamics (RMD) and
energy  minimisation (REM). Initially, REM consisted of a 50 step  steepest
descent followed by 100 step conjugate gradient 35 minimisation. RMD was
performed by simulated heating of WO 03/033528 - 21  PCTIAU02/01427 d.3 APR
2006 the structures to 300K for lps, followed by 500K for fps.  The
temperature was gradually lowered to 300K over 2ps and  finally for 2ps at
2001(. REM was performed again with a 50  step steepest descent, 200 step
conjugate gradient followed 



5 by a 300 step Powell minimisation. The final structures  were examined to
obtain a mean pairwise rms difference over  the backbone heavy atoms (N, Ca
and C). Twenty of the 50  structures had a mean rmsd c 0.5 A for all
backbone atoms  (0, N, C). 10 Receptor-Binding Assay Assays were performed
with fresh human PMNs,  isolated as previously described (Sanderson et al,
1995),  using a buffer of 50 mM HEPES, 1 MM CaC12, 5 mM MgC12, 0-5% 15
bovine serum albumin, 0.1% bacitracin and 100 UM  phenylmethylsulfonyl
fluoride (PMSF). in assays performed  at4C, buffer, unlabelled human
recombinant C5a (Sigma) or  peptide, Hunter/Bolton labelled 1251-C5a (- 20
pM) (New  England Nuclear, MA) and PMNs (0.2 x 106) were added 20
sequentially to a Millipore Multiscreen assay plate (HV  0.45) having a
final, volume of 200 pL/well. After  incubation for 60 min at 4C, the
samples were filtered and the plate washed once with buffer. Filters were
dried,  punched and counted in an LKB gamma counter. Non-specific 25
binding was assessed by the inclusion of 1mM peptide or 100  



nM C5a, which typically resulted in 10-15% total binding.  Data was
analysed using non-linear regression and statistics with Dunnett post-test.
30 Myeloperoxidasa Release Assay for Antagonist Activity  Cells were
isolated as previously described (Sanderson et al, 1995) and incubated with
cytochal.asin B  (Sag/m1,, 15 min, 37C). Hank's Balanced Salt solution
containing 0.15% gelatin and peptide was added on to a 35 96 well plate
(total volume 100 uL/well),. followed by 25 pL WO 03/033528 - 22
PCT/AII02/01427 [18 APR 2006 cells (4x106/mL). To assess the capacity of
each peptide  to antagonise CSa, cells were incubated for 5 min at 37C
with each peptide, followed by addition of CSa (100 nM) and  further
incubation for 5 min. Then 50 }1L of sodium 5 phosphate (0.1M, pH 6.8) was
added to each well, the plate  was cooled to room temperature, and 25 p1,
of a fresh  mixture of equal volumes of dimethoxybenzidine (5.7 mg/mL)  and
H202 (0.51%) was added to each well. The reaction was  



stopped at 10 min by addition of 2% sodium azide. 10 Absorbances were
measured at 450 nm in a Bioscan 450 plate  reader, corrected for control
values (no peptide), and  analysed by non-linear regression. .In Vivo
Assays of Anti-Iuflammatory Activity 15 The following well-known in vivo
assay systems  are used to assess the anti-inflammatory activity of
compounds of the invention. All assay data are analysed  using non-linear
regression analysis and student's t-test,  analysis of variance, with
pc0.05 as the threshold level of  20 significance. (a) Carrageenan. Paw
Oedema Anaesthetised (i.p. ketamine & xylazine) Wistar  rats (150-200g) or
mice are injected with sterilised air  25 (20m1 day 1, lOml day 4) into the
subcutaneous tissue of the back. The cavity can be used after 6 days,
whereupon  carrageenan (2m1, 1% w/w in 0.9% saline) is injected into  the
air pouch, and exudate is collected after 10 hr. Test  compounds are
administered daily after Day 6, and their 30 anti-inflammatory effects
assayed by differential counting  of cells in the air-pouch exudate.
Animals are killed at  



appropriate times after injection, and 2m1 0.9% saline is  used to lavage
the cavity; lavage fluids are transferred to  heparinised tube and cells
are counted with a WO 03/033528 23 PCT/AU02/01427 ( J APR 2006
haemocytometer and Diff-Quik stained cytocentrifuged  preparation.
Alternatively, a routine carrageenan paw oedema  developed in Wistar rats
by administering a pedal injection  5 of carrageenan may be used to elicit
oedema which is visible in 2h and maximised in 4h. Test compounds are
given 40 min before inflammagen and evaluated by  microcaliper measurements
of paws after 2 & 4 hr. See  Fairlie,b.p. et al (1987). Also see Walker and
Whitehouse  10 (1978) (b) Adjuvant Arthritis. Adjuvant arthritis is induced
in rats (3 strains)  either immunologically (injection of heat-killed 15
Mycobacterium Cuberculosis) or chemically (with avridine)  



by inoculation with the arthritogenic adjuvant co- administered with oily
vehicles, such as Freund's adjuvants  in the tail base (See Whitehouse, M.
w., Handbook of Animal  Models for the Rheumatic Diseases, Eds. Greenwald,
It. A.; 20 Diamond, H. S.; Vol_ 1, pp. 3-16, CRC Press).  Within 13 days
the adjuvant arthritis is  manifested by local inflammation and ulceration
in the  tail, gross. swelling of all four paws, inflammatory lesions  in
paws and ears, weight loss and fever. These symptoms, 25 which are similar
to those of Inflammatory disease in  humans (winter and Nuss, 1966), can be
alleviated by agents  such as indomethacin or cyclosporin, which also show
beneficial effects in man (eg. Ward and Cloud, 1966).  Without drug
treatment at Day 14, arthritic rats had 30 hypertrophy of the paws, reduced
albumin but raised acute  phase reaction proteins in serum, and depressed
hepatic  metabolism of xenobiotics as indicated by prolonged
barbiturate-induced sleeping times. To assess activity, compounds are
administered  35 for 4 days orally (r10mg/kg/day) or intraperitoneally WO
03/033528 PCT/AU02/01427 



-24 18 APR 2006 (i.p.) from Days 10-13 following inoculation with
arthritogen (Day 0). If the compound is active, the  inflammation is either
not visible, or is very  significantly reduced in rear or front paws, as
assessed by 5 microcaliper measurements of paw thickness and tail volume,
as well as by gross inspection of inflammatory lesions.  Animals are
sacrificed by cervical dislocation on Day 18  unless arthritis signs are
absent, whereupon duration of  observations is continued with special
permission from the 10 Ethics Committees. Experiments are staggered to
maximise  throughput and allow early comparisons between compounds.  This
routine assay is well-accepted as identifying anti- inflammatory agents for
use in humans 15 Pharmacokinetics Female and male Wistar rats (200-250g)
were  anaesthetized with 1mL of zoleti], (50mg/kg) and xylazine  (10mg/kg;
I,yppard, Australia), which was injected  intraperitoneally. An area of 5 x
10cm was shaved and 20 marked on the lower abdominal area of the rat, on to
which  



the dose of drug was applied. A stock solution containing  10 mg/ml of C5a
antagonist was dissolved in solvents  propylene glycol or dimethylsulfoxide
at varying  concentrations with water and smeared evenly on the shaved 25
abdominal area of the rat with a spatula. A heating pad  was used to
maintain the body temperature of the rats and  blood samples were taken at
15 min intervals for the first  hour, and after that at 1 hr intervals for
a total period  of 3 hours. 30 Blood samples were immediately added to
tubes  containing heparin (500 Units/L) and centrifuged (11000 x  g). The
plasma layer of each sample was removed and stored  at -202C. A deuterated
internal standard, 2H3CO-F  [OPdChaWR] 50W, 5g/mL in 50% acetonitrile
/water), was 35 added and vortexed. The samples were further diluted 1:3 WO
03/033528 PCT/AU02/01427 - 25  with high performance liquid chromatography
(HPLC) grade  acetonitrile and rapidly vortexed (20sec), then centrifuged
(11000 x g). This process resulted in precipitation of  large plasma
proteins in the samples, and allowed the 



5 complete extraction of the drug from the plasma. The fluid  portions of
the samples were placed in lmL Eppendorf tubes  and , stored until
analysed. These samples were transferred to 96 well plates  and evaporated
to dryness using a GeneVac centrifugal 10 evaporator, then reconstituted in
the wells with mobile  phase (20 p.L). Analysis of samples was performed by
liquid  chromatography (LCMS) using an Agilent 1100 series HPLC  equipped
with a well plate autosampler coupled with a PE  Sciex Qatar Pulsar ESI-TOF
mass spectrometer. 15 Concentrations were determined from a standard curve
of  .drug: internal standard peak area ratios. Standards were  prepared by
adding an appropriate amount of the drug and  internal standard to plasma
from an untreated rat, and were  extracted and prepared by the same method
as the 20 experimental samples. Example 1: Synthesis of cyclic compounds
Synthesis of cycle ACF-(OPdChaWR] (X). The linear peptide
Ac-Phe-Orn-Pro-dCha-Trp--Arg was synthesised  25 by Boc chemistry on a 0.20
mmole scale using HBTU/DIBA  activation and in situ neutralisation on a
Boc-L-Arg(Tos)- 



PAM resin (338 mg, SV=O.591 mmol/g). Cleavage and  deprotection of the
resin (457 mg) was achieved by treating  the resin with HE (10 ml) and
p-cresol Cl ml) at -5 to 0'C 30 for 1-2 hrs, to give crude peptide (160 mg,
90%).  Cyclisation involved stirring the crude peptide (41mg, 45  7amol),
SOP (126 mg, 0.28 mmol) and DIEA (158 pL, 0.9 mmol)  in DMF (57 mL) for i5
hrs. The solvent was removed in  vacuo and the cyclic peptide purified by
rpHPLC (18-8 rag, 35. 47%) Rt = 10.8 min (gradient : 70%A/30%B to OVA/100%B
over WO 03/033528 PCT/AU02/01427 -26 j13 APR 2006 30min). MS : [M+H]+
(calc.) = 896.5, [M+H]+ (expet'.) _  896.5. Synthesis of cycle
ACF-[OPdPheWR1 (33). The  linear peptide Ac-Phe-Orn-Pro-dPhe-Trp-Arg was
synthesised 5 by Boc chemistry using HBTU/DIEA activation and in situ
neutralisation on a Boc-L-Arg(Tos)-PAM resin. Cleavage and  deprotection of
the resin was achieved by treating the  resin with HF (10 ml) and p-cresol
(1 ml) at -5 to 0C for  1-2 hrs, to give crude peptide. Cyclisation
involved 



10 stirring the crude peptide (85mg), BOP (200mg) and DIEA  (222 pL) in DMF
(10 mL) for 15 hrs. The solvent was  removed in vacuo and the cyclic
peptide purified by rpHPLC  (31 mg) Rt = 16.7 min (gradient . 70%A/30%B to
O%A/100%B  over 30min). MS : [M+H]+ (calc_) = 890.5, [M+H]+ (exper.)  15 =
890.5. Synthesis of cycle AcF-[OPdChaFR1 (60). The  linear peptide
Ac-Phe-Orn-Pro-dCha-Phe-Arg was synthesised  by Boc chemistry using
HBTU/DIFA activation and in situ  neutralisation on a Boc-L-Arg(Tos)-PAM
resin. Cleavage and 20 deprotection of the resin was achieved by treating
the  resin with HF (10 ml) and p-cresol (1 ml) at -5 to 0'C for  1-2 hrs,
to give crude peptide. Cyclisation involved  stirring the crude peptide
(104mg), BOP (57mg) and DIEA  (103 PL) in DMF (1 mL) for 15 hrs. The
solvent was removed 25 in vacuo and the cyclic peptide purified by rpHPLC
(52 mg)- Rt = 11.37 min (gradient . 70%A/30%B to OVA/100%B over 15  min).
MS . [M+H]+ (caic.) = 857.5, (M+H]+ (exper.) _  857.4. Synthesis of cycle
ACF-[OPdCha(N-Me-Phe)R) (64).  30 The linear peptide
Ac-Phe-Orn-Pro-dCha-(N-Me-Phe)-Arg-OH  



was synthesised by Fmoc chemistry using HBTtJ/DIEA activation and in situ
neutralisation on a Fmoc-L-Arg(pbf)- Wang resin (0.35mmol/g) from
Novabiochem using methyl-L-Phe  (281 mg, 2equiv), Fmoc-dCha (275 mg,
2equiv), Fmoc-Pro (472 35 mg, 4 equiv), Fmoc-Orn(Boc) (477mg, 3 equiv),
Fmoc-Phe WO 03/033528 - 27  PCT/AU02/01427 (542mg, 4equiv) and Ac20 (4
equiv. Cleavage and  deprotection of the resin was achieved by treating the
resin with 95% TFA (15 mL) for 1 h to give crude peptide  (150 mg) after
precipitation with diethyl ether 5 Cyclisation involved stirring the rpHPLC
purified peptide  (100mg), BOP (200mg) and DIEA (222 uL) in DMF (2 mL) for
4  hrs. The solvent was removed in vacua and the cyclic  peptide purified
by rpHpLC (50 mg) Rt = 33 min (gradient:  70%A/30%5 to OVA/].00%B over
30min). MS : [M+H3+ (caic.) 10 871.5, [M+H]+ (exper.) _ 871.5. Synthesis of
cycle ACF-[{Orn-(5N-,Me)}PdC12a-RJ  (66)_Boc-(8N-Me-Orn)-OH was synthesized
as reported (Pol.  Y. Chem. 1988, 62, 257-261). The linear peptide Ac-Phe- 



(Orn-(6N-MeCbz)]-Pro-dCha,-Trp-Arg-OH was synthesised by Boc 15 chemistry
using HETU/DIEA activation and in situ  neutralisation on
Boc-L-Arg(tosyl)Pam resin (0.41 nnol/g)  from Novabiochem. Cleavage and
deprotection of the resin  was achieved by treating the resin with
HF/pCresol for 2 h  to give crude peptide after precipitation with diethyl.
20 ether- Cyclisation involved stirring the RP-HPLC purified  peptide
(100mg), 13OP (200mg) and DIEA (222 itL) in DMF (2  mL) for 4 hrs. The
solvent was removed in vacuo and the  cyclic peptide purified by rphPLC. Rt
= 11.5 min (35%B).  MS : [M+H]+ (caic.) = 910.5, [M+H]+ (exper.) = 910.5.
25 Purification and Characterisation. Crude peptides were purified using
preparative  rp-HPLC using a Vydac C18 reverse-phase column (2.2 x 25  cm).
Gradients of 1rL/min of solvent A to solvent B were 30 employed and
monitored at 214 nm. Fractions were collected  and tested by ion spray mass
spectrometry (ISMS) for the  correct molecular weight, and purity was
checked by  analytical rp-HPLC on a Waters Delta-Pak PrepPak C18
reverse-phase column (O.Bxlpcm) (varying gradients such as 



WO 03/033528 PCT/AU02/01427 -28 .13 APR 2006 : 0 to 75%B over 60 min) . The
acetonitrile was HPLC grade  (BDH Laboratories) and TEA was synthesis grade
(Auspep) Table l shows examples of reactions used to  prepare cyclic
compounds 1-70, and their characterisation  5 by electrospray mass
specrometry (Mass Spec Found) and reversed phase HPLC (rp-HPLC) retention
times (Rt mins)  under specified elution conditions. Table 2 depicts the
structures of the respective  compounds, and lists their respective
receptor binding 10 affinities and antagonist potencies for the C5a
receptor on  human polymorphonuclear leukocytes (neutrophils), as  measured
by myeloperoxidase assay. WO 03/033528 If1 c0 N  F o N N H  p141 O O H N m
O H  Co M (n 
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PCT/AU02/01427 113 APR 2006 - 32  Example 2: Antagonist activity of cyclic
compounds  Table 2 shows the structures of the compounds synthesised in
Example 1, as well as their respective  receptor binding affinities and
antagonist potencies for  5 the C5a receptor on human polymorphonuclear
leukocytes (neutrophils), as measured by the myeloperoxidase assay.  



Compounds 1-9, 16-18, 20, 21, 23, 24, 27-32, 36, 38, 44, 51, and 59 are
within the broad scope of the  general structure set out in our earlier
patent 10 application No.PCT/At798/00490. However, Table 2  demonstrates
that in fact, of these compounds, only 1-6, 17, 20, 28, 30, 31, 36 and 44
have appreciable antagonist  potency (IC50 < 1 pH) against the CSa receptor
on human  neutrophils. The other compounds, 7-9, 16, 18, 21.; 23, 15 24,
27, 29, 32, 38, 51, and 59, do not show appreciable  antagonist potency
and/or receptor affinity, with IC50 > 1  pM in all cases. On the other
hand, compounds 10-15, 19, 22, 25,  26, 33-35, 37, 39-43, AS, 47-50, 52-58,
and 60-70 are not  20 included within the scope of PCT/AU98/00490, although
they do involve the same or similar cyclic scaffolds to those  disclosed
therein. Table 2 shows that of these new  compounds, 10-12, 14, 15, 25, 33,
35, 40, AS, 48, 52, 58,  60, 66, and 68-70 have appreciable antagonist
potency 25 (ICSO c 1pM). However, the other compounds (13, 19, 22,  26, 34,
37, 39, 41-43, 47, 49, 50, 53-57, 61-65, and 67)  do not show appreciable
antagonist potency and/or receptor  



affinity, with IC50 > 1 pm in all these cases. The results shown in Table 2
enable us to define  30 further and to refine the limitations on the active
pharmacophore for C5a receptor antagonist activity, in  order to obtain or
predict sub-micromolar antagonist  potency. WO 03/033525 t - 33
PCT/AU02/01427 ;i 3 APR 2006 Table 2: Structures and Activities of 70
Examples of  Cyclic Antagonists of CSa Receptors on Human Polymorphcnucleas
Leukocytes.  Examples of C5afl Antagonists I  CSaxaSIiiulfs0: fl4$Qd  MR
AwaBBn4fIfX0:?AnM 4  CSA B indlag ICSO; 035pM  



CSRMgganl9fxsa:= 7  C35RBindm4ice $IOOgpd 5 z  C+RRB7ading 1050: L1pM
CsfitAa udiufl50f IloaM s  CSaRBiadMnBJC5O aA4BM  CSRAamynW IC50:3AnM 6
f5ARk,Tmsfi56: D:ND  C3RAmBBBBlICIO:ND 3  CkRIkWgICMO,IS4BM  CsaMMU3o
IC50.3NM 6  C5 RDinding IC50:OAMM  CMKAW-S..V IC50:79nM 4  CSaRBg6NB
xsG:YJlat  



C3RAMwwICS0:ta1 WO 03/033528 1s  C$nR Bhuting lVSa a.47pM
CSakAnmgvaistlC3a 240M 23  CSaRgindrnglc5a37pM  CSatAnbgouiniCSUiNO 16
csaR aindi~ IC50:19.]M  C.SrRAabgonin 1V00 NO 34  Li csSR 1lindiuA Rya
o941M  CS4R Ant oatIC5il P11kM F6. 14  4SAR srndrag ICri  r152pM  CS
kMNgOnu!IC50:3bM 17  CsaASinoTng LCs'g: Q2opM  



MRADIMMis1IC50:31nM PCT/AU02/01427 8 APR 2006 12  CS&R sind0lAICSa a7"
C1.KARLVMIUIM Islam IS  G'aR Ainding 1CSa 0.79M  CSa1t MNAnabL]CSa Nu 1s
CSaa Rrdd641 ICS. 9.91tM  CSaRMngnn4r1CS0:N0 WO 03/033528 as BiodkgtSOt
I6.1 m  CsaRAmn(!oditiCSUND n  CB Bit6ingICSG:24M  CSs Antagonin'ICSD:Nil -
35  20  CUR Diu0ag:cs0: DAM 11f  



C3sRAni.p o acso ND 23  CIA Binding l(3U: Z.4pM  CsaR Amm~utia IcSlltND
PCT/AU02/01427 [1 $ APR 2006 ZI  Csalt RO dinglWLtZ.911M  CSaR AgIl odit
K'*ND 24  CSaI EladinglC50: ait100RM  CS2R AoxganiN ICS: ND 25 Zd S/  CSR
slndlvgicl k 057I1M CUR Si.&S )CM 75.511M csaR Hinplnp ILSO: 1440M  CSa
MmCod-TC ;I'lo CSsRAnmganrst IC505 ND CSaRAnmgoniftICSli; ND 








