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Starting from 2, several highly potent C5a receptor antagonists were synthesised through a-amide sub-
stitution. Attempts to increase the polarity of these compounds through the introduction of basic centres
or incorporation into weakly basic heterocycles is described.
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Figure 1. Project lead 1, and initial progress from the first phase of the project,
summarised in compound 2.
C5a is a 74-amino acid peptide cleaved from C5 at sites of
inflammation or infection during activation of the complement
system.1 Inappropriate activation of this mechanism can lead to
the C5a-mediated chemoattraction and activation of granulocytes
leading to the production of oxygen respiratory burst products
through degranulation, and ultimately tissue damage.2 C5a has
been implicated in a variety of inflammatory diseases, including
rheumatoid arthritis, and antagonists of the C5a receptor are of sig-
nificant therapeutic interest.

The two letters in this series describe our attempts to develop a
series of small, non-peptide C5a receptor antagonists with sub-
100 nM potency suitable for oral delivery. Several series of C5a
receptor antagonists are known in the literature,3 but there are
only isolated reports of orally active compounds being progressed
into the clinic.4

In the preceding letter,5 we described our efforts to improve the
potency and physical properties of a high-throughput screen-de-
rived lead compound 1 towards a profile commensurate with oral
dosing (Fig. 1). The targeted properties were IC50 <100 nM, a LogD
of below 4 and a molecular weight below 500, in a series devoid of
any potential toxicophores. While we were able to make progress
on all these fronts e.g., with compound 2, primarily by downsizing,
the compounds which emerged from this work were still quite
lipophilic and resisted all attempts at introducing more polar func-
tionality and retaining potency. They consequently suffered from
ll rights reserved.

).
unacceptable systemic clearance and short in vivo T1/2, unsuitable
for oral administration.

In this letter, we describe our attempts to take the learning ob-
tained en route to 2 and drive down lipophilicity further through
the synthesis of basic, i.e., charged, compounds. The syntheses of
1 and 2 have been described already.5 a-Substituted amides were
prepared according to Scheme 1 from readily available a-amino es-
ters, en route to the derivative imidazoles and imidazolines. Nota-
ble synthetic transformations in the sequence include the
ammonium acetate mediated cyclisation of a-amido aldehydes to
imidazoles,6 and the intramolecular cyclisation of an iminophos-
phorane derived from a b-azido amide to prepare imidazolines.7

Analogous benzimidazoles were synthesised (Scheme 2) by an ini-
tial fluoro displacement of a fluoro-nitro-benzene, followed by
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Scheme 1. Preparation of a-amido substituents, imidazoles and imidazolines: (a)
LiBH4, THF, rt, 6 h; (b) K2CO3, MeOH, H2O then carbonyl diimidazole, THF then
NaBH4, EtOH, H2O, rt, 4 h; (c) (COCl)2, DMSO, DCM, Et3N, �78 �C rt, 1 h; (d) R2NH,
Na(OAc)3BH, DCM, AcOH, rt, 16 h; (e) NH4OAc, AcOH, 85 �C, 16 h ; (f) MsCl, DCM,
Et3N, 0 �C, 1 h ; (g) LiN3, DMF, 100 �C, 16 h ; (h) Ph3P, THF, H2O, reflux, 1 h.
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Scheme 2. Preparation of benzimidazoles: (a) Et3N, MeCN, rt, 6 h; (b) Fe, CaCl2,
EtOH, H2O, reflux, 2 h; (c) RCOCl, DCM, Et3N, rt, 1 h; (d) AcOH, 85 �C, 16 h.
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amide formation, mild Fe-mediated nitro reduction8 and
cyclisation.

Triazole 22 was prepared by modification of a known literature
method,9 from a thioamide and cyclising with an acyl hydrazide
(Scheme 3).

Compound IC50 values were generated using a radiometric
binding assay in cyclic-AMP differentiated U937 cells.5 Two
screens were used to assess functional potency. The majority of
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Scheme 3. Preparation of triazoles: (a) Lawesson’s reagent, THF, rt, 5 h; (b) HgIIO,
nBuOH, reflux, 16 h.
compounds were assessed for their ability to inhibit C5a-induced
release of elastase from human neutrophils during degranulation
using a p-nitroanilide substrate.5 A more accurate estimate of the
functional potency of compounds in whole human blood was also
obtained from a second screen in which the concentrations of se-
lected compounds required to shift the dose–response curve by
10-fold for C5a-induced upregulation of the cell-surface integrin
CD11b in whole blood was measured.10

In the preceding letter, reducing the lipophilicity of the lead
compound 1 proved to be difficult in a neutral series through size
reduction or especially by the introduction of polar functionality.5

In the second phase of the project, we sought a region of the mol-
ecule where a full basic centre could be tolerated, to drive down
lipophilicity. In the Merck diaminoquinoline series, positively
charged ligands were tolerated,3a albeit weakly in what was be-
lieved to be the transmembrane region of the receptor where we
assumed our series bound, offering some evidence that this ap-
proach might work.

Extensive modification of the acyl substituent or the piperidine
group in 1 afforded some improvements in potency and some
small reductions in lipophilicity.5 The chlorophenethyl region of
1, however, appeared to offer a useful handle for diverse modifica-
tion. Introducing conformational locks produced gains in potency.
One such lock was an a-ester function, which offered excellent po-
tency, viz. compounds 3 and 5. Both compounds were still lipo-
philic, but it became apparent that a range of functionality could
be tolerated in this position (Table 1). Reduction of the esters to
the hydroxymethyl 4 lost all potency, while hydrolysis to the car-
boxylic acid 6 retained some activity at 350 nM. Ester isosteres
such as the oxadiazole 7 and the methoxymethyl analogue 8 were
equipotent with the esters. The methyl ketone 9 was slightly less
potent than the original esters. This early SAR was very promising
in delivering several sub-15 nM compounds, including several with
sub-50 nM activity in the functional screen. However, these potent
compounds remained lipophilic, and we had not made inroads into
reducing the overall LogD of the series, which the early results
taught us was crucial for an acceptable oral agent. Several amines
were synthesised in the a-amido position in an attempt to drive
LogD down. The first amines 10 and 11 were encouragingly active
in binding and almost equipotent in the functional assay. However,
we were surprised to find that both compounds had higher than
expected measured LogDs. Upon measuring the pKas for 10 and
11, they had a much lower than expected basicity, at pKa only
7.4, due to steric crowding of the N atom (cf. values in Table 2).

Greater basicity would be needed if the strategy of polarity
through basicity were to be successful. Extending the basic group
away by a methylene to provide a more basic N atom, viz. 12, lost
all potency. This potency drop was somewhat ameliorated by alter-
ation of the basicity through incorporation into a morpholine ring
13, but even here, the potency was only 200 nM. Table 2 shows the
pKas for a range of compounds from Table 1. We began to explore
other regions where a full (pKa > 8) basic centre would be tolerated.
From our earlier work,5 ethers were known to be tolerated in the
ortho position of a benzoyl substituent, and this seemed a likely
area to incorporate a more exposed amine. The best of these was
compound 14, which did show the expected basicity and encum-
bent drop in LogD to 3.3, but again, this polarity had compromised
potency, suggesting that a pKa of 8 and above was poorly tolerated.

Also shown in Table 2 are some human plasma protein binding
data for selected compounds, which illustrates the highly bound
nature of these lipophilic bases. Non-specific membrane binding
was one possible explanation for the variable drop in functional
activity seen for many of the compounds. This would be expected
to be particularly pronounced in a whole blood environment,
where high plasma protein binding would reduce free drug levels
available for receptor binding even further. In an alternative



Table 1
Binding affinity for a-amido analogues of 2 and related compounds

O O

N

Cl
O

R

X

Compound R Xb 125I binding affinity IC50
a (nM) Elastase release functional activity IC50

a (nM) CLogP (LogDc)

3 1-Naphthyl CO2Et 3 32 5.6
4 3-Benzo-thiophene CH2OH >1000 nd 4.4
5 3-Benzo-thiophene CO2Me 15 172 5.0
6 2-Ethyl-phenyl CO2H 350 nd 4.8

7 2-Ethyl-phenyl

N
ON

Me

8 40 3.9 (>5)

8 3-Benzo-thiophene CH2OMe 12 27 5.0
9 3-Benzo-thiophene C(O)Me 45 nd 4.8
10 1-Naphthyl CH2NMe2 13 22 5.1 (4.6)
11 2-Ethyl-phenyl CH2NMe2 27 25 5.0 (>5)
12d 2-Ethyl-phenyl (S)-CH2CH2NMe2 >1000 nd 3.5

13

d

2-Ethyl-phenyl

(S)- 

O
N

200 nd 3.8 (3.4)

14 2-(2-Dimethylaminomethyl)-phenyl H 500 nd 3.6 (3.3)

a Values are means of at least two experiments.
b Compounds are racemates unless indicated otherwise.
c LogD measured at pH 7.4 in octanol/neutral buffer. nd, not determined.
d These compounds were made in the des-chloro-phenyl series. The S enantiomers are approximately two orders of magnitude more potent than the R.

Table 2
Potency and physical property data for selected compounds

Compound 125I binding
affinity
IC50

b (nM)

pKa Human
ppb (%)

CD11b upreg.
functional
activity (free)b,c

(nM)

Binding/
functional
translationb,d

(free) (nM)

10 13 Est. 7.4a nd nd nd
11 27 7.4 99.6 4800 (17) 178 (0.63)
12 >1000 Est. 8.5a nd nd nd
13 200 Est. 7.1a 97.3 4400 (119) 22 (0.60)
14 500 8.4 99.6 >10,000 (>40) nd

a Estimated using ACD labs prediction software.
b Values are means of at least two experiments.
c Expressed as both the total and free drug concentrations required to produce a

10-fold shift in the C5a-induced CD11b upregulation dose–response curve.
d Based on the CD11b upregulation functional potency. nd, not determined.
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assessment of functional potency, a small subset of compounds
from Table 2 were assessed in a complementary assay in which
the concentrations of compound required to shift the dose–re-
sponse curve for the C5a-induced upregulation of the neutrophil
cell-surface integrin CD11b in human whole blood by a factor of
10 was measured.10 The CD11b potency of compounds 11, 13
and 14 expressed as total drug showed a common large drop off
from binding activity. Expressing these functional potencies as free
drug levels gives an excellent correlation with binding and elastase
release data.

If only mildly basic centres were tolerated, our next plan was to
attempt to cyclise some of the a-amido compounds from Table 1 to
form a series of more compact, and weakly basic heterocyclic
cores. Through cyclising and reducing rotational freedom, it was
hoped that gains in potency could also be made. This strategy
would also provide the option to explore substitution at the equiv-
alent of the a-amide position, which we already knew tolerated
much functionality. Table 3 shows the key data for a selection of
heterocycles based on this premise, the majority of which were
imidazoles or benzimidazoles. Pleasingly, the naphthyl imidazole
15 had good activity at 90 nM, and equally gratifyingly, the LogD
had come down to 4.1. Surprisingly, the benzothiophene analogue
16 was significantly less active, but the replacement of chloro-
phenyl with cyclohexylmethyl 17 restored potency.

A more polar 2-imidazo substituent such as 3-OMe phenyl 18
was inactive, consistent with our earlier findings. Similarly, the
benzimidazoles 20 and 19 were quite weak binders, and suffered
from very poor aqueous solubility. Interestingly, insertion of a
methyl group in the 4-position of the imidazole ring in 21 gave a
>5-fold improvement in binding potency, albeit with the LogD of
this compound creeping above 4.5 again.
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Table 3
Activity and lipophilicity data for heterocyclic templates

O O

N

N

Y

X

R

Compound R X Y 125I binding affinity IC50
a (nM) Functional activity IC50

a (nM) LogDb

15 1-Naphthyl H CH2(p-Cl-phenyl) 90 877 4.1c

16 3-Benzo-thiophene H CH2(p-Cl-phenyl) 500 nd >4
17 3-Benzo-thiophene H CH2-cyclo-hexyl 47 850 3.8d

18 3-Methoxy-phenyl H CH2(p-Cl-phenyl) >1000 nd 4.0
19 3-Benzo-thiophene 3,4-diCl-phenyl 790 nd >5
20 3-Benzo-thiophene 3-Cl-phenyl 325 nd nd
21 3-Benzo-thiophene Me CH2(p-Cl-phenyl) 90 nd 4.6

a Values are means of at least two experiments.
b LogD measured at pH 7.4 in octanol/neutral buffer.
c pKa estimated as 6.9 using the ACD Labs prediction software.
d pKa estimated as 7.3 using the ACD Labs prediction software. nd, not determined.
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Both the triazole 22 and the much more basic imidazoline 23 were

inactive. The heterocyclic core compounds were not as potent as
hoped for, and the only way to install higher potency into them
would be to increase their size and lipophilicity. We had obtained
no encouragement that a basic centre could rescue the physical
properties of the compounds and achieve our target goal of LogD
<4. The compounds which came closest to meeting these criteria
were 13 and 15. The payoff in installing polarity into these struc-
tures was only modest potency. Sub-10 nM potency was only
achieved in compounds which had a LogD >4. Our conclusions from
this piece of work were similar to those after the initial investiga-
tions described in the previous paper, that the C5a receptor did
not tolerate strong polarity or basicity in the transmembrane region
where we assumed our molecules were binding. As such, it would
be difficult to achieve an appropriate balance of potent C5a receptor
binding potency and physical properties commensurate with oral
dosing in this series.

Our studies and conclusion on this series of C5a receptor antag-
onists provides another case to support the increasingly popular
view11 that development candidates and drugs often closely
resemble the starting point for the programme and the counter-
point that it is very difficult to turn a fundamentally flawed lead
into a quality development candidate.
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