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Abstract—Introduction of polar groups in a series of potent CCRS5 antagonists which are very likely to adversely affect the conduc-
tion system in the heart led to the identification of NIBR-1282 which did not show adverse effects when tested in an isolated rabbit
heart ex vivo model. Administration of NIBR-1282 in combination with a non-efficacious dose of CsA led to significant prolonga-

tion of kidney allograft survival in cynomolgus monkeys.
© 2008 Elsevier Ltd. All rights reserved.

The chemokine receptor CCRS5 interacts with several
high affinity ligands (i.e., RANTES, MIP-1a, MIP-1,
MCP-2) and plays an important role in inflammatory
and autoimmune disorders by affecting the trafficking
of effector T cells and monocytes to diseased tissues.'
In addition, CCRS5 can function as a co-receptor for
macrophage-infecting strains of HIV. A mutation in
the human CCRS5 gene (i.e., the CCR5A32 mutation)
which leads to CCRS deficiency in homozygous carriers
confers protection against HIV infection without being
associated with increased morbidity.>? Furthermore, it
has been demonstrated that renal transplant recipients
homozygous for CCR5A32 show significantly prolonged
graft survival compared to CCRS5 wild-type or heterozy-
gous individuals.*> As all patients have received full
immunosuppressive treatment this finding indicates that
a CCRS5 inhibitor on top of standard medication may re-
sult in an additional beneficial effect.

Recently, we have reported on the SAR of a new series
of highly potent and selective competitive CCRS antag-
onists.® While all compounds are inactive on both rat
and murine CCRS, this series includes examples, in con-
trast to CCRS inhibitors from other series,’ which cross-
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react with the cynomolgus monkey (cyno) receptor.
Compound 1 (Table 1) had good PK properties in cynos
and an overall favorable profile making it a potential
candidate for in vivo profiling in transplantation and
other disease models. However, to our disappointment
we found that most of these compounds even at concen-
trations below 1 pM showed adverse cardiac side-effects
(such as action potential duration prolongation, trian-
gulation, reverse use dependence, and instability) in an
ex vivo isolated rabbit heart model (SCREENIT).®
Antagonist 1 was safe up to 1.5 uM but this was consid-
ered insufficient for a development candidate in man.
Therefore, we decided not to evaluate compound 1 fur-
ther in cynos but rather to improve the cardiac safety
profile.’

Here we disclose NIBR-1282 (=18), a selective, compet-
itive CCRS antagonist with good oral bioavailability in
cynos and dogs, which did not show any potential for
cardiac side-effects even at 10 pM. The compound was
discovered by modifying the distribution of polar
groups within our series. In combination with a sub-
therapeutic dose of cyclosporine A it was efficacious in
a life-supporting kidney transplantation model in cynos.

Several representatives of our series (1-8) were tested in
the SCREENIT model (Table 1). With the exception of
1, all compounds with polar groups in the right-hand
portion but lacking polarity in the left-hand portion
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Table 1. CCRS antagonists

Compound Binding (CCR5) Rabbit heart model  Binding (hRERG)°  clogD
hu/cy ICso* [nM]  safe up to® [uM] ICsp [uM]
Q .
1 NCN N 2.9/12 1.5 1.2 23
o
N _/
Q ;
2 N CN @N 1.0/2.2 <0.5 nt. 2.9
N
O )
Q .
3 N—CN N 2.3/1.1 <0.5 0.57 3.8
O W
Q .
4 N —CN N 3.3/3.4 <0.5 n.t. 25
N\ +
\ /N'O

Q .
5 : N—CN @N 2.0/5.1 <0.5 0.55 2.4

O
6 N4<3N @Nj ; 2.6/0.7 1.0 0.15 4.9
O
7 : N —<:\/N {N :j ; 1.4/3.0 1.5 0.67 4.8

O
8 >: N —CN @N 0.6/2.8 1.0 1.3 1.9

0
9 N—<:\/N {N 0.5/1.1 <0.5 nt. 45
N:\ //>

(continued on next page)
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Table 1 (continued)

Compound Binding (CCRY5) Rabbit heart model Binding (hERG)® clogD
hu/cy ICso* [nM]  safe up to® [uM] ICso [uM]

e

o}
10 CN@Nj ; 2.0/9.8 <0.5 n.t. 45
\
\ //
& .
11 N—CN N O 1.3/3.6 1.0 n.t. 42
N ) W,
O .
12 N—CN@N 6.5/39 <0.5 0.41 24
— =N
Ny 7 N\ /
& .
13 NCN N Cl 0.8/3.2 <0.5 2.0 3.5
Ny 7 =\ N/
& )
N—CN N Cl
14 __ 1.0/4.2 1.0 4.4 2.3
Ny 7 c N'+
o
O .
15 NCN@N 1.8/12 1.0 n.t. 1.7
N= — 4+ _
N\ / \ NO
O .
16 N—CN N 0.9/0.8 1.0 >30 3.0
Ni\ //> NN
0
17 YN N—CNQN 1.7/107 5.0 12.2 1.4
s/ - Noo
N\
18 N 5.1/8.1 >10 >30 1.7

g
Q)
)

# Average of at least three independent measurements; for details on the assays see Ref. 7.

®See Ref. 8 for details on the SCREENIT model which measures adverse cardiac side-effects such as action potential duration prolongation,
triangulation, reverse use dependence and instability.

°Test compounds compete for [*H] dofetilide binding to a preparation of HEK-293 cell membranes stably transfected with hERG channels.



G. Thoma et al. | Bioorg. Med. Chem. Lett. 18 (2008) 2000-2005 2003

(2-5) showed adverse effects below 0.5 uM whereas com-
pounds 6 and 7 without any polar groups appeared to be
superior. Compound 8 with polar groups in both por-
tions also showed an improved profile. To further ex-
plore the effects of polarity and distribution of polar
groups on the cardiac side-effect potential, we prepared
highly potent antagonists (9—18, Table 1) according to
the previously established procedures,® and tested them
in the SCREENIT model. Compounds 9-11 with polar
groups in the left-hand portion but lacking polarity in
the right-hand portion showed adverse effects at low
concentrations mirroring the properties of compounds
2-5 with a polar group only in the right-hand portion.
Compounds 12-18 with polar groups in both the left-
and right-hand portion gave mixed but best results.
Two representatives (12, 13) showed adverse effects be-
low 0.5 uM whereas compounds 14-16 were safe up to
1 uM. Antagonist 17 was safe up to 5 uM but showed
unsatisfying cross-reactivity with cyno CCRS5. Com-
pound 18 (NIBR-1282) was safe even at 10 uM and
was selected for further profiling both in vitro and
in vivo. Most compounds were also tested in a biochem-

3

2
20, 1.1 eqiv. 21

Qe o

94%

\N O
2 28, 1.1 equiv.
N N NH
N\ / 76A)

27

a
+ O:CNBOC A,
NH 88%

NH —_—
- ]
24

o YA
C; (quant)
A

ical assay measuring competitive inhibition of [*H] dof-
etilide binding to a preparation of HEK-293 cell
membranes stably transfected with hERG channels. As
the SCREENIT model is not solely dependent on hERG
inhibition, it is not unexpected that some compounds
showed a poor correlation between ex vivo model and
hERG binding assay (e.g., 6, 13, 16).'°

NIBR-1282 was prepared in seven steps in an overall
yield of 16.6% (Scheme 1). Intermediate 19 was obtained
from aniline (20) and the protected piperidone 21.
Aminoheteroarylation with bromopyridine 22 gave 23,
which was deprotected (— 24), reacted with 21 in the
presence of Ti(O-i-Pr); and, subsequently, with
Et,AICN to give 25. Treatment with CH;MgBr gave
26 which upon removal of the protecting group gave
27. Condensation of 27 with 28 yielded the final com-
pound 18 = NIBR-1282.!!

NIBR-1282 was tested in a series of CCRS5-dependent

in vitro assays (see Table 2). It was highly potent in
radioligand binding assays using membranes from

2 22, 1.0 equiv.
N NBoc _—
H b)

41%
19

O:CNBOC

21, 1.1 equiv

77%

O ‘
\_7/ 18= GT-1282

Scheme 1. Reagents and conditions: (a) NaBH(OAc);, AcOH (CH,Cl),, 25°C, 16 h; (b) Pd(OAc), (3 mol%), xantphos (4.5 mol%), NaOz-Bu
(4 equiv), toluene, 110 °C, 16 h; (c) TFA/CH,ClL,/H,0 (8:5:1), 25 °C, 2 h; (d) Ti(O-i-Pr), (1.1 equiv) (CH,Cl),, 25 °C, 16 h, then Et,AICN (2.2 equiv
1.0 M solution in toluene), 25 °C, 4 h; (e) CH3MgBr (5.0 equiv 3.0 M solution in ether), THF; (f) TFA/CH,CL,/H,O (8:5:1), 25°C, 2 h, HBTU
(1.1 equiv), DMF/EtN(i-Pr), (5:3).
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CHO cells transfected with human or cyno CCR5 and
human MIP-la as ligand but inactive on murine
CCRS5. In a functional assay it effectively inhibited ago-
nist-induced Ca”"-mobilization. Compound NIBR-1282
was also highly potent in CCRS5 mediated migration as-
says with CCRS5 transfected L1.2 cells. The Schild-Gad-
dum analysis with NIBR-1282 using the radioligand
binding assay indicated a competitive mode of inhibi-
tion.!> The compound did not inhibit cytochrome
P450 enzymes with ICs, values below 5300 nM indicat-
ing a low potential for drug—drug interactions which is
particularly important for an application in transplanta-
tion where generally several immunosuppressive drugs
are being applied at the same time. The compound
was highly stable when incubated with liver microsomes
(low intrinsic clearance), exhibited excellent aqueous sol-
ubility and was only weakly bound by human and rat
plasma proteins. NIBR-1282 is a selective antagonist
of CCRS5 and did not inhibit other chemokine receptors
(CCR1, CCR2, CCR3, CCR4, CCR6, CCR7, CXCRI,
CXCR2, CXCR3, CXCR4, CXCR6) when tested at
concentrations up to 1pM. Furthermore, screening
against a broad panel of non-chemokine GPCRs

Table 2. Properties of compound NIBR-1282 (18)

Assay Result

hu CCRS5 (binding) ICsp=5.1%£1.7nM
cy CCRS5 (binding) IC5p=8.1%£1.5nM
MIP-1a-induced ICs50=43.6 £3.2nM
Ca*"-mobilization (hu)
MIP-1la-induced
Ca®"-migration (cy)
MIP-1a-induced migration
of transfectants (hu)

ICso = 64 + 7.7 nM

ICsp= 162 +3.1 nM

CYPIA2 ICso > 10,000 nM
CYP2C9 ICso > 10,000 nM
CYP2C19 ICs > 10,000 nM
CYP2D6 ICso > 10,000 nM
CYP3A4 ICso = 5300 nM

hERG (binding)
hERG (patch clamp)

1Csp > 30,000 nM
23% inh. at 22,000 nM

pKa 83,55
logP 2.2
logD (pH 6.8) 0.8

1

Intrinsic clearance (hu) <15 pL min~! mg~

(including muscarinic acetylcholine receptors) and vari-
ous ion channels did not show inhibition of any of these
receptors or channels at 1 pM.

The oral exposure of NIBR-1282 in rats was not favor-
able (Table 3). However, satisfactory PK profiles were
obtained both in cynos (F 43%; MRT 6 h) and dogs (F
56%; MRT 8 h) making NIBR-1282 an interesting can-
didate for further in vivo evaluation.

NIBR-1282 was tested in a model of life-supporting kid-
ney transplantation in cynomolgus monkeys.'? In this
model, untreated recipients rejected their graft within
7-10 days (entry 1 in Table 4) and high doses of cyclo-
sporine A (CsA; 100 mg/kgd, po) were required to
achieve long term survival (>100 q.d.). A lower dose
of CsA (20 mg/kg q.d., po) did not affect graft survival
(entry 2 in Table 4). NIBR-1282 as monotherapy was
also non-efficacious (entry 3 in Table 4). However, the
combination of non-efficacious doses of CsA and
NIBR-1282 led to statistically significant prolongation
of graft survival (entries 4, 5 in Table 4; p <0.05).
Importantly, combining NIBR-1282 and CsA did not re-
sult in significant increase in CsA exposure, as revealed
by monitoring the CsA blood levels that all varied with-
in 30-140 ng/ml, strongly indicating that the efficacy of
the CsA/NIBR-1282 combination was due to a pharma-
codynamic interaction between both drugs rather than a
pharmacokinetic interaction.

In conclusion, NIBR-1282 is a selective, competitive
CCR5 antagonist with promising oral bioavailability
in dogs and cynos. It did not show adverse effects when
tested in an isolated rabbit heart ex vivo model. It was
discovered modifying both the polarity (log D) and the
distribution of polar groups within a series of potent
CCRS antagonists which were very likely to adversely
affect the conduction system in the heart. Administra-
tion of NIBR-1282 in combination with a non-effica-
cious dose of CsA led to significant prolongation of

Table 4. NIBR-1282 tested in a kidney transplantation model in
cynomolgus monkeys'>

Intrinsic clearance (rat) <15 uL min~' mg~! Entry NIBR-1282 CsA Graft survival
Solubility (water) 1.0 g/L (mg/kg) (mg/kg, po) (days)
Solubility (pH 7.4) >12.5¢/L 1 — — 7-10*
Caco?2 Efflux 2 — 20 q.d. 7,7,7,7, 11

Pap pr: 4 x 107> cm/min 3 20 b.i.d.; sc — 6,6

Pgr_ap: 65X 107> cm/min 4 20 b.i.d.; sc 20 q.d. 8, 37, 66, >100
Protein binding (hu) Free fraction: 62% 5 40 q.d.; po 20 q.d. 9, 20, 36, 39
Protein binding (rat) Free fraction: 48% a

Range.
Table 3. Pharmacokinetic parameters of NIBR-1282 (18) following po administration

Species AUC? [ng/ml h] Crnax” [ng/ml] Trnax [h] Ty [h] F %)
Rat 41+£9.2 58%+1.7 0.4-4.0° 8.1 22
Cyno 503 £ 208 93 +38 0.5-4.0° 6.3 43
Dog 278 £ 79 84 + 35 09+0.6 7.9 56

# Area under the curve normalized to a dose of 1 mg/kg.
® Maximal concentration normalized to a dose of 1 mg/kg.
“Range.

4 Oral bioavailability obtained from ratio AUC (oral administration)/AUC (iv administration).
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For reviews on the role of chemokines and their receptors
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