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ABSTRACT

Autotaxin is a circulating enzyme with a major role in the production of lysophosphatic acid
(LPA) species in blood. A role for the autotaxin/LPA axis has been suggested in many disease
areas including pulmonary fibrosis. Structural modifications of the known autotaxin inhibitor
lead compound 1, to attenuate hERG inhibition, remove CYP3A4 time-dependent inhibition and
improve pharmacokinetic properties, led to the identification of clinical candidate GLPG1690
(11). Compound 11 was able to cause a sustained reduction of LPA levels in plasma in vivo and
was shown to be efficacious in a bleomycin-induced pulmonary fibrosis model in mice, and in
reducing extra-cellular matrix deposition in the lung whilst also reducing LPA 18:2 content in
bronchoalveolar lavage fluid. Compound 11 is currently being evaluated in an exploratory phase

2a study in idiopathic pulmonary fibrosis patients.

INTRODUCTION

Autotaxin (ATX) is a secreted lysophophospholipase D (lysoPLD) that converts
lysophosphatidyl choline (LPC) into the bioactive phospholipid derivative lysophosphatidic acid
(LPA)." LPA consists of a glycerol backbone, a phosphate group and a fatty acyl chain of

varying length and saturation (Figure 1). LPA exerts its biological activities through activation of
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the LPA receptors: LPA1_6.2 The ATX/LPA axis has triggered considerable interest in the
pharmaceutical industry due to its involvement in numerous physiological and
pathophysiological processes.”* A role for LPA and LPA receptors has been claimed in various
pathologies such as cancer,’ pain,6 and cholestatic pruritus,’ as well as fibrotic, inﬂammatory,9
and cardiovascular diseases.'” We focused our research on lung diseases, more particularly on
idiopathic pulmonary fibrosis (IPF). Several lines of evidence suggest that, by modulating the
biology of lung epithelial cells, fibroblasts and smooth muscle cells, ATX/LPA signaling plays a
role in various pulmonary diseases.'"'? Studies related to IPF indicate an increase in LPA levels
in the bronchoalveolar lavage fluid (BALF) of patients, as well as increased ATX levels in the

Hel2¢ Fyrthermore LPA,| knock-out and inhibition studies revealed a key role for LPA in

lung.
fibrotic processes in lung. These studies were then complemented by studies using knock-out
mice lacking ATX expression specifically in bronchial epithelial cells and macrophages, in
which these mice were shown to be less sensitive to experimental models of lung fibrosis.''® The
role of LPA in lung remodeling relates to the effects of LPA on both lung fibroblasts (through
LPA)) and epithelial cells (through LPA;). LPA; was shown to play a key role in the activation
of TGF-P in epithelial cells under fibrotic conditions,'** and LPA, deficiency confers protection
against bleomycin (BLM)-induced lung injury and fibrosis in mice.'* By inhibiting ATX
mediated production of LPA, both LPA; and LPA; biology would be addressed suggesting an
additional benefit compared to the use of LPA; or LPA, antagonists alone. In this article we will

describe the discovery of 11 (GLPG1690)," a first in class ATX inhibitor currently evaluated in

an exploratory phase 2a study in IPF patients.
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13 Figure 1. Conversion of LPC into LPA by ATX.

16 RESULTS AND DISCUSSION

19 HTS efforts identified 2,3,6 trisubstituted imidazo[l,2-a]pyridine derivatives as ATX
2 inhibitors." Subsequent structure-activity relationship exploration led to the identification of
24 compound 1 as a potent ATX inhibitor in biochemical and rat plasma assays, with an ICsy of 27
26 nM and 22 nM respectively (Figure 2). However compound 1 showed limited oral exposure and
unsatisfactory clearance in rodents. In addition compound 1 inhibited the hERG channel with an
31 ICsp of 2.9uM in a hERG automated patch-clamp assay and showed CYP3A4 time-dependent
33 inhibition (TDI) in a human liver microsomes assay (Table 1); these properties were not

appropriate to initiate clinical development of compound 1.
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49 Imidazo[1,2-a]pyridine series ATX LPC IC;, = 27 nM
50 Rat Plasma ICs, = 22 nM
] Rat F = 15%

Figure 2. Hit series and Lead compound 1.
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We reasoned that hERG inhibition associated with compound 1 might be due to the presence of
the basic piperidine linker (calculated pKa of 7.9). As seen in Table 1 replacement of the
piperidine ring by a less basic piperazine ring at position 6 of the imidazo[1,2-a]pyridine scaffold
for compounds 2 and 4 resulted in a lowering of hERG inhibition while retaining similar potency
on ATX compared to compounds 1 and 3 respectively. However whereas hERG inhibition could
be mitigated by lowering basicity, compounds 1-4 were positive in the CYP3A4 TDI assay in
human liver microsomes. Variation of the substitution in position 6 of the imidazo[1,2-a]pyridine

core had no impact on CYP3A4 TDI therefore scaffold modification was investigated.

Table 1. hERG inhibition and CYP3A4 TDI profiles

F
HO
\E\N N '/\l \
TN N
o Q A S“ R
g M
N \N
Ring type ATXLPC ) l1111'2101'1q Calclgla:ed
Compound A R Inhibrion - cyp3A4 TDI pia
(A) (ICs0, 1M)
(ICs0, pM)
Piperidine o\
1 (CH) CN 27 29 Positive 7.8
2 Piperazine | 26 >11 Positive 5.9
(N)
Piperidine b e
3 (CH) H 246 5.6 Positive 7.8
4 Plp%rj)zme H 274 >33 Positive 5.9
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1

2

3 * pKa calculation of conjugated acid on basic nitrogen of piperidine and piperazine rings
g performed with ACD/Labs Percepta Platform (2014). ® data from hERG manual patch clamp
6 assay.

; As seen in Table 2, replacement of the imidazo[1,2-a]pyridine core in 2 with an imidazo[1,2-
9

10 b]pyridazine backbone as in compound 5 led to comparable biochemical potency (27 nM vs 60
1

12 nM). In contrast replacement of the thiazole moiety by other heteroaromatic rings in position 3 as
13

:g in compounds 6 and 7 led to 3 to 5 fold loss of potency versus 5. Unfortunately exchanging the
16

17 imidazo[1,2-a]pyridine scaffold for an imidazo[1,2-b]pyridazine ring in compound 5 had no
18

19 impact on CYP3A4 TDI. Similarly the replacement of the thiazole ring by either a thiadiazole or
20

;; a pyridine ring (as shown in compounds 6 and 7 respectively) also resulted in no impact.
23

24 Remarkably, compound 8 bearing an imidazo[1,2-a]pyrazine scaffold displayed no CYP3A4
25

26 TDI. This marked improvement outweighed the 4-fold loss in activity of compound 8 versus 2.
27

28

gg Table 2. CYP3A4 TDI profile of analogs of 2 with alternative scaffolds

31
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33

34
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Compound Scaffold ATXLPC | CYP3A4TDI
(ICs0, nM)
5 Imidazo[1,2-b]pyridazine 60 Positive
6 Imidazo[1,2-b]pyridazine 297 Positive
7 Imidazo[1,2-b]pyridazine 192 Positive
8 Imidazo[1,2-a]pyrazine 102 Negative

When further derivatives with imidazo[1,2-a]pyrazine scaffold were prepared it appeared that
DMSO solutions of compound 8 and analogs thereof degraded upon storage. This chemical
instability prevented further progression of derivatives with this core. 'H NMR and LCMS
analysis of DMSO stock solutions of 8 and analogs suggested that oxidation of the imidazo[1,2-
a]pyrazine scaffold might occur, although the degradants were not isolated. The absence of
CYP3A4 TDI for compound 8 indicated the C;-Cg double bond of the imidazo[1,2-a]pyridine or
imidazo[ 1,2-b]pyridazine scaffolds might be responsible for the occurrence of CYP3A4 TDI for
compounds 1-7. As can be seen in Scheme 1, putative metabolic oxidation of the C7-Cg double
bond of the imidazo[1,2-a]pyridine ring leads to a reactive epoxide metabolite that can be
trapped by glutathione (GSH) or nucleophilic residues in CYPs."® Steric hindrance caused by a
methyl group on the C; or Cg position of the imidazo[l,2-a]pyridine scaffold presumably
disfavored this oxidative pathway in compounds 9 and 10, which displayed no CYP3A4 TDI
liability (Table 3). However introduction of the methyl substituent led to a 3 to 4-fold loss of

potency in the biochemical assay compared to 1 and 3 respectively.

Scheme 1. Formation and trapping of reactive metabolite on imidazo[ 1,2-a]pyridine scaffold

ACS Paragon Plus Environment

Page 8 of 39



Page 9 of 39 Journal of Medicinal Chemistry

b e b | j@& Q&

oNOYTULT D WN =

14 Table 3. Biochemical activity and CYP3A4 TDI profile of compounds 1, 3,9, 10

20 HO HO
21 \C\N N 5\] \ \C\N
\H/\N N/<S CN \g/\N

29 Compound 1 9 3 10

31 R1 or Rz R1:H R1=Me RzZH R2=Me

33 CYP3A4 TDI positive negative positive negative

35 ATX LPC (ICsp, nM) 27 103 246 811

Introduction of the methyl group on Cg of the imidazo[1,2-a]pyridine was combined with the
43 piperazine linker at C¢ to yield compound 11 (Figure 3). Compound 11 represented the optimum
45 combination of structural features to achieve desired ADMET properties and ATX inhibitory
activity. Several synthetic routes were envisaged for the preparation of compound 11, in
50 particular for the construction of the imidazo[1,2-a]pyridine core, which was usually prepared by
52 3-component Groebke-Blackburn-Bienaymé reaction using costly Walborsky’s reagent. In order

>4 to prepare larger amounts of material and avoid limitations on reagent availability, an alternative
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synthesis was developed from commercially available 5-bromo-3-methyl-pyridin-2-amine

(Scheme 2). Multicomponent reaction with potassium cyanide, benzotriazole and propanal

afforded the 3-amino imidazo[1,2-a]pyridine scaffold'® that was formylated to give compound

12. Methylation of 12 followed by deformylation led to intermediate 13. The preformed anion of

13 reacted via nucleophilic aromatic substitution with 17, which was synthesized by oxidative

cyclization of 4-fluorobenzoylacetonitrile with thiourea'” followed by Sandmeyer reaction. The

brominated derivative 14 obtained underwent Buchwald coupling reaction with boc piperazine

with subsequent removal of the protecting group to give intermediate 15. Finally alkylation of 15

with the chloroacetamide derivative 18, yielded compound 11 in 8 linear steps from 5-bromo-3-

methyl-pyridin-2-amine.

F
"o 7
\/—N\[/O N ”‘)_:\\\ )
N7 SR\
V\(% o N-— x
R | ——
N 1

Figure 3. Structural modifications from 1 to 11.

Scheme 2. Synthesis of 11*

L 53 / S CN
LN~

\

Decreases hERG inhibition L ::N\/ \

Removes CYP TDI (\Me/)
Improves PK properties

1
(GLPG1690)
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17 \

HN 7\
18 /\N N/<s CN

25 F F
N>,x HO k HO
27 —— \\ —— N_ _O
S T\NH \E
Y
29 N/ N/
30 16 (X= NH,)— 18

Cl

17 (X=Cl) <

35 "Reagents and conditions: (a) (1) EtCHO, benzotriazole, toluene, rt then KCN, EtOH, rt to
36 80°C, (2) AcCl, EtOH, rt, 29%; (b) HCO,H, 80°C, 95%; (c) K,CO3, Mel, acetone, 80°C, 93%;
37 (d) HCI, MeOH, 80°C, 98%; (e) (1) NaH, THF, reflux, (2) 17, 40°C to reflux, 73%; (f) boc-
38 piperazine, tBuONa, Pd,dbas, JohnPhos, toluene, 115°C, 82%; (g) HCI, MeOH, rt, 90%; (h) 18,
39 K,COs, MeCN, reflux, 81%; (i) pyridine, thiourea, iodine, EtOH, 70°C to rt, 65%; (j) CuCl,,
40 tBUONO, MeCN, rt, 62%; (k) Chloroacetyl chloride, K;COs, H,0, DCM, tt, 70%.

46 Compound 11 was co-crystallized with human ATX. Co-crystals diffracted with a maximum
48 resolution of 2.4A, enabling the construction of an experimental model of reasonably good
quality (Rfree = 24.5%). Apart from a slight rotation of the core moiety of about 10°, compound
53 11 adopts the same binding mode as previously observed for the imidazo[l,2-a]pyridine

55 derivative 19 (Figure 4A)."* Introduction of the methyl group in position 8 of the imidazo[1,2-

60 ACS Paragon Plus Environment
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a]pyridine core is deemed responsible for the positional shift which allows for a better fit in a
locally constrained region of the protein. The three major substituents on the imidazo[l,2-
a]pyridine core can be projected towards each of the 3 pockets of the T-shaped groove (Figure
4B). The short ethyl chain in position 2 of the imidazo[1,2-a]pyridine core points towards the
catalytic site but remains remote from the reactive Thr210 (more than 5.7 A for compound 11,
distance measured from the terminal methyl to the nucleophilic alcohol of Thr210). The 4-
fluorophenyl-thiazole substituent in position 3 of the imidazo[1,2-a]pyridine core occupies the
hydrophobic pocket and is positioned almost perpendicular to the imidazo[1,2-a]pyridine core
via the N-methyl linker. The 4-fluorophenyl moiety makes an aromatic interaction (T-shape)
with the side chain of Phe274. The nitrile group on the thiazole displaces a high energy water
molecule leading to potency gain.'* Finally, the substituted piperazine in position 6 of the
imidazo[1,2-a]pyridine core lies in the hydrophobic channel. Some notable interactions in that
region include a cation-pi interaction between the basic nitrogen of the piperazine and the indole
side chain of Trp255 and a hydrogen bond between the carbonyl group of the acetyl chain on the
piperazine and the indole NH of Trp261 possibly via a water molecule. Consequently the co-
crystal structure of compound 11 in ATX shows the molecule occupies both the hydrophobic
pocket, which otherwise accommodates the fatty acyl chain of LPA, and the hydrophobic
channel, which is proposed to play a key role for the transport and delivery of LPA to its target
receptors.'® This particular binding mode could provide a significant advantage over other ATX
inhibitors as it could prevent not only LPA formation but also ATX-mediated LPA delivery to its
target receptors. As is highlighted in Figure 4, introduction of a methyl on the imidazo[1,2-

a]pyridine core induces a scaffold rotation in order to fit within the protein. The requirement for

ACS Paragon Plus Environment
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this positional shift possibly explains the slight activity loss observed for compound 11 versus

the parent, non-methylated, analog 2 in the biochemical assay (ICsy of 131 nM versus 26 nM).

v i\,’
/ .
I%Q‘homc
1 channel

Figure 4. (A) Overlay of binding modes of compounds 11 (carbon atoms in light green) and 19

(carbon atoms in gray). The binding site carbon atoms and local backbone structures of ATX are
depicted in dark green or gray. The two zinc atoms of the catalytic site are depicted in magenta
in CPK mode. For clarity, the binding site surface has been clipped vertically. (B) Binding mode
of compound 11 co-crystallized with human ATX. Protein-ligand interactions are represented by
dashed lines (hydrogen bond in green, cation-pi interaction in orange and hydrophobic contacts
in pink). The surface is colored by residue hydrophobicity (from brown for hydrophobic to blue

for hydrophilic). For clarity, the surface has been clipped vertically.

Compound 11 was shown to inhibit ATX in a competitive manner versus the substrate (LPC)
with a K; of 15 nM (Table 4). Since ATX and LPC species are naturally present in plasma, the

ability of compound 11 to inhibit the production of LPA in plasma from mice, rats or healthy
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donors was evaluated by incubating plasma at 37°C for 2 h in the presence of a dose range of the
compound. LPA 18:2 is one of the major LPA species present in plasma and was chosen as a
representative species to monitor the reduction of LPA associated with ATX inhibition. The
formation of LPA 18:2 was measured by LC-MS/MS using LPA 17:0 as a standard. Compound
11 inhibited ATX-induced LPA 18:2 production in mouse, rat and healthy donor plasma in a
concentration-dependent manner, with ICsy values of 418 nM, 542 nM and 242 nM respectively.
In view of the comparable high binding of compound 11 to plasma proteins in human and
rodents (plasma protein binding higher than 99% was measured in human, dog, rat and mouse
plasma), the observed inter-species difference in potency was considered as not significant. The

high binding of compound 11 to plasma proteins does not seem to hamper the inhibition of ATX.

Table 4. Activity properties of compound 11

Compound 11
ATX LPC (ICsp, nM) 131
ATX LPC (Kj, nM) 15
Mouse plasma assay (ICsp, nM) 418
Rat plasma assay (ICsp, nM) 542
Human plasma assay (ICsy, nM) 242

With respect to ADMET properties compound 11 showed no CYP3A4 TDI and decreased hERG
inhibitory activity (ICso= 15 pM in manual patch clamp assay) compared to the lead compound
1 (Table 5). In addition, compound 11 displayed improved pharmacokinetic properties, with a

lower plasma clearance and higher bioavailability than compound 1 in mouse and rat. The good
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pharmacokinetic profile was further confirmed in dog, with compound 11 showing low plasma

clearance (0.12 L.h'l.kg'l) and a high bioavailability (63%).

Table 5. In vitro properties and in vivo pharmacokinetic parameters for 1 and 11"

Compound 1 11
hERG inhibition (ICso, pM)° 2.9 (APC) 15 (MPC)
CYP3A4 TDI positive negative
mouse i.v. C1 (Lh™ kg") 1.2 0.23
mouse p.o. F (%) 12 29
rativ. Cl (Lh" kg™ 3.1 0.69
rat p.o. F (%) 15 37
dogi.v. Cl(Lh' kg™") n.d.c 0.12
dog p.o. F (%) n.d. 63

*Mouse and rat oral bioavailability determined from 5 mg/kg p.o. (p.o. = per os) and 1 mg/kg
1.v. (i.v. = intravenous) doses. Dog oral bioavailability determined from 1 mg/kg p.o. and i.v.
doses. "APC: automated patch clamp assay, MPC: manual patch clamp assay. °n.d.: not
determined.

In order to evaluate the PK/PD relationship for compound 11, in vivo reduction of plasma LPA
upon administration of compound 11 was monitored. Conversion of LPC into LPA by ATX is
the major source of circulating LPA in blood." In vivo inhibition of this process can be evaluated
by quantification of LPA levels in plasma. Mice received a single dose of compound 11 (3, 10 or
30 mg/kg) under fasted conditions. Blood was sampled predose and 1, 3, 6 and 24 hours post-
dosing for the determination of the levels of both compound 11 and LPA 18:2 (the biomarker) in
plasma using LC-MS/MS. Mean plasma concentrations of 11 and mean percentage of LPA
reduction are displayed in Figure 5. Mean pharmacokinetic parameters of 11 and the maximum

reduction of LPA production are shown in Table 6. Following oral administration of compound
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11 at 3, 10 and 30 mg/kg, prolonged absorption was seen, and a roughly dose-proportional
increase of Cpax and AUC g.04n) Were observed. As seen in Figure 5, the decrease in plasma LPA
levels at 3, 10 and 30 mg/kg was concomitant with the increasing plasma concentration of
compound 11, thus demonstrating target engagement in vivo from a dose of 3 mg/kg onwards. At
3 mg/kg, compound 11 exposure in plasma covered the ICsy level, determined in the mouse
plasma assay, for approximately 6 hours which resulted in at least 50% reduction of LPA levels
for more than 6 hours. The higher compound exposure levels at 10 and 30 mg/kg led to a
stronger and more sustained reduction of LPA levels. The peak of compound activity was
detected at 3 hours post dosing whatever the dose, whereas ty,x for compound 11 in plasma was
reached between 1 and 3 hours post dosing depending on the dose. A maximal reduction in

plasma LPA levels of 84%, 91% and 95% was achieved at 3, 10 and 30 mg/kg respectively.

100 ~ ~ 100000
[
0
— 10000
§ 7} === Compound 11 - 3 mg/kg
g - | % et Compound 11 - 10 mg/kg
)
‘_(G B 1000 < e Compound 11 - 30 mg/kg
a S 1 -
=8 v +me. Compound 11 - 3 mg/kg
pudg ©
5 e € «ceeee Compound1l - 10 mg/kg
S 100 3
b4 g. seeaes Compound 11 - 30 mg/kg
S
Qo §' mouse plasma ICs,
X <10
1

hours

Figure 5. Mean (+SEM) plasma exposure of 11 and LPA 18:2 reduction after single oral doses

of 3, 10 and 30 mg/kg in mice (n=3). Plasma exposure of 11 and LPA 18:2 reduction levels are
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15



Page 17 of 39

oNOYTULT D WN =

Journal of Medicinal Chemistry

represented by dashed lines and solid lines respectively. The horizontal black line corresponds to

the ICso (ng/mL) of 11 determined in the mouse plasma assay.

Table 6. Pharmacokinetic parameters of 11 and in vivo LPA reduction®

3 mg/kg p.o. 10 mg/kg p.o. 30 mg/kg p.o.
C . (ng/mL) 1,075 4,363 21,367
C_./Dose 358 436 712
t () 3 1 1
AUC  , y (ngh/mL) 5,553 20,786 101,225
AUC 02 4h)/Dose 1,851 2,079 3,374
C,,(ngmL) 1 4 295
t () 2.21 222 3.79
Max of LPA reduction 83.6% 90.9% 95.2%
Time at maximum 3 3 3
reduction (h)

*Mean pharmacokinetic parameters and mean percentage of LPA 18:2 reduction in mouse
plasma following a single oral administration of 11 in mice, at 3, 10 and 30 mg/kg (n=3).

As the BLM-induced pulmonary fibrosis model in rodents is the most commonly used animal
model to investigate the potential of compounds as novel therapies for IPF,'” the next step was
the evaluation of the efficacy of compound 11 in a 21-day model of BLM-induced pulmonary
fibrosis in mice. Compound 11 was evaluated in a prophylactic setting in comparison with the
reference substance pirfenidone, an approved treatment for IPF patients with anti-fibrotic and
anti-inflammatory effects.”” An intranasal challenge of BLM was administered to mice, and oral

treatment with pirfenidone (50 mg/kg) or compound 11 (10 or 30 mg/kg), twice a day, started
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16



oNOYTULT D WN =

Journal of Medicinal Chemistry

simultaneously for 21 days. The efficacy of compound 11 and pirfenidone were evaluated based
on the assessment of histopathological changes in lung architecture using Matsuse’s modification
of the Ashcroft score.”' Intranasal application of BLM induced diffuse epithelial damage,
pulmonary inflammation, fibrosis and occasionally severe focal distortion of the pulmonary
structure, as observed in the vehicle control group. Within 21 days, the reference substance
pirfenidone significantly reduced the Ashcroft score as compared to the vehicle-treated group
(Figure 6). Treatment with compound 11 at a dose of 10 mg/kg or 30 mg/kg twice a day resulted
in a significant reduction of the Ashcroft score. These effects were also reflected by lung weight
measurements (data not shown). In addition, the efficacy of compound 11 given at 30 mg/kg
twice a day was significantly better than that of pirfenidone based on the Ashcroft score.

The impact of compound 11 on LPA production in BALF was evaluated in the same BLM-
induced pulmonary fibrosis mouse model. After 21 days, LPA 18:2 content in the BALF of mice
challenged with PBS or BLM and treated with vehicle or compound 11 (30 mg/kg) was
quantified by LC-MS/MS analysis. As can be seen in Figure 7, LPA 18:2 levels were
significantly increased in the BLM group versus PBS-challenged animals and administration of
compound 11 twice daily at 30 mg/kg resulted in a significant reduction of the LPA 18:2 BALF
content in comparison to the diseased vehicle-treated group.”> This result clearly demonstrated

the ability of compound 11 to inhibit ATX mediated production of LPA 18:2 in BALF.
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Figure 6. Activity of compounds in mouse BLM model: Ashcroft score (Matsuse’s
modification) at day 21. The efficacy of pirfenidone and compound 11 was compared to that of
PBS-challenged and BLM-challenged groups that received vehicle as treatment. Total score for
each animal was calculated as mean of the score obtained for ten low-power fields selected from
the whole pulmonary area. Data are represented as group median. *p<0.05 vs. BLM-vehicle

control; 'p<0.05 vs. BLM-pirfenidone; non-parametric Mann Whitney test.
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Figure 7. Analysis of LPA 18:2 in BALF of PBS-challenged mice (n=9) or BLM-challenged
mice treated either with vehicle (n=6) or compound 11 (30 mg/kg twice daily, n=7) for 21 days.
BALF was collected 2 hours after administration of either vehicle or compound 11. Mean + sem,
*#%p<0.001 versus BLM-vehicle by one-way ANOVA followed by Dunnett's multiple

comparisons test.

CONCLUSION

The evolution of the potent autotaxin inhibitor lead compound 1 into clinical candidate 11 was
achieved by appropriate structural modifications to improve ADMET (hERG and CYP3A4 TDI)
and PK properties (bioavailability and clearance). Compound 11 was able to decrease LPA levels
in a sustainable manner, in mouse plasma, from a dose of 3 mg/kg onwards. In addition,

compound 11 demonstrated significant activity in the mouse BLM-induced fibrosis model at
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doses of 10 and 30 mg/kg twice a day, with an efficacy comparable or superior to that of the
reference compound pirfenidone. Compound 11 is currently being evaluated in an exploratory
phase 2a study in IPF patients. Additional safety, pharmacological, pharmacokinetic and clinical

data will be reported in due course.

EXPERIMENTAL SECTION

All reagents were of commercial grade and were used as received without further purification,
unless otherwise stated. Commercially available anhydrous solvents were used for reactions
conducted under inert atmosphere. Reagent grade solvents were used in all other cases, unless
otherwise specified. Column chromatography was performed on silica gel 60 (35-70 um). Thin
layer chromatography was carried out using pre-coated silica gel F-254 plates (thickness 0.25
mm). Microwave heating was performed with a Biotage Initiator apparatus. Celpure® P65 is a
filtration aid, commercial product (CAS number 61790-53-2). "H NMR spectra were recorded on
a Bruker DPX 400 NMR spectrometer (400 MHz) or a Bruker Advance 300 NMR spectrometer
(300 MHz). Chemical shifts (8) for '"H NMR spectra are reported in parts per million (ppm)
relative to tetramethylsilane (3 0.00) or the appropriate residual solvent peak, i.e. CHCl; (6 7.27),
as internal reference. Multiplicities are given as singlet (s), doublet (d), triplet (t), quartet (q),
quintuplet (quin), multiplet (m) and broad (br). Waters Acquity UPLC with Waters Acquity PDA
detector and SQD mass spectrometer was used to generate UV and MS chromatograms as well
as MS spectra. Columns used: UPLC BEH C18 1.7 um 2.1 x 5 mm VanGuard Pre-column with
Acquity UPLC BEH C18 1.7 um 2.1 x 30 mm column or Acquity UPLC BEH C18 1.7 um 2.1 x

50 mm column. LC—MS analyses were conducted using the following two methods. Method 1:
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solvent A, H,0O—0.05% NH4OH; solvent B, MeCN—0.05% NH4OH; flow rate, 0.8 mL/min; start
5% B, final 95% B in 1.55 min, linear gradient. Method 2: solvent A, H,O—0.1% HCO,H;
solvent B, MeCN—-0.1% HCO,H; flow rate, 0.8 mL/min; start 5% B, final 95% B in 1.55 min,
linear gradient. All final compounds reported were analyzed using one of these analytical
methods and were at least 95% pure. Autopurification system from Waters was used for LC-MS
purification. LC-MS columns used: Waters XBridge Prep OBD C18 5 pum 30 x 100 mm
(preparative column) and Waters XBridge BEH C18 5 pm 4.6 x 100 mm (analytical column).
All the methods used MeCN/H,0 gradients. MeCN and H,O contained either 0.1% formic acid
or 0.1% diethylamine. API5S500 QTRAP mass spectrometer from ABSciex was used for the
detection and quantification of compound and LPA in plasma. The hERG automated and manual
patch clamp assays were performed at BioFocus (now Charles River Laboratories). The
CYP3A4 TDI assay in human liver microsomes was performed at Fidelta and BioFocus;
compounds were evaluated using testosterone and midazolam as probe substrates. A compound
was considered positive in the CYP3A4 TDI assay when the 1Cs shift between with and without
pre-incubation conditions was higher than 2 fold. When ICsy could not be determined for both
conditions, the compound was considered positive when sigmoidal curves would show
misalignment. The BLM-induced pulmonary fibrosis model in mice was performed at Fidelta.
Biochemical and plasma assays, preparation of compound 18, protein production and
purification will be described separately.'*
2-[[2-Ethyl-6-[4-[2-(3-hydroxyazetidin-1-yl)-2-oxo-ethyl|piperazin-1-yl]-8-methyl-
imidazo[1,2-a]pyridin-3-yl]-methyl-amino]-4-(4-fluorophenyl)thiazole-5-carbonitrile (11).
To a solution of 2-[(2-ethyl-8-methyl-6-piperazin-1-yl-imidazo[1,2-a]pyridin-3-yl)-methyl-

amino]-4-(4-fluorophenyl)thiazole-5-carbonitrile (15) (18.05 g, 38 mmol) in MeCN (126 mL)
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were added potassium carbonate (10.49 g, 75.9 mmol) and 2-chloro-1-(3-hydroxyazetidin-1-
yl)ethanone (18) (7.38 g, 49.3 mmol). The reaction mixture was refluxed for 3.5 h then filtered
and the solid was washed with MTBE and MeCN. The collected precipitate was then suspended
in 300 mL of water, stirred for 1 h, filtered, and finally washed with water. The solid obtained
was dried in vacuo to afford 2-[[2-ethyl-6-[4-[2-(3-hydroxyazetidin-1-yl)-2-oxo0-ethyl]piperazin-
1-yl]-8-methyl-imidazo[1,2-a]pyridin-3-yl]-methyl-amino]-4-(4-fluorophenyl)thiazole-5-
carbonitrile (11) (18.0 g, 81%). 'H NMR (400 MHz, CDCl5) & ppm 8.20-8.12 (m, 2 H), 7.22-
7.13 (m, 2 H), 6.99 (s, 2 H), 4.75-4.66 (m, 1 H), 4.51-4.43 (m, 1 H), 4.34-4.26 (m, 1 H), 4.14-
4.05 (m, 1 H), 3.88 (dd, /= 10.9, 4.4 Hz, 1 H), 3.61 (s, 3 H), 3.14-3.02 (m, 6 H), 2.74 (q, J= 7.7
Hz, 2 H), 2.70-2.62 (m, 4 H), 2.59 (s, 3 H), 1.33 (t, J/ = 7.6 Hz, 3 H). LC-MS: m/z = 589.6
[M-+H].

N-(6-Bromo-2-ethyl-8-methyl-imidazo[1,2-a]pyridin-3-yl)formamide (12). (a) To a
suspension of 2-amino-5-bromo-3-methylpyridine (420 g, 2.24 mol, washed before use with an
aqueous saturated NaHCOjs solution) in toluene (1.5 L) under nitrogen atmosphere were added
propanal (248 mL, 3.36 mol) and benzotriazole (281 g, 2.36 mol). The resulting mixture was
stirred 4 h at room temperature. Then ethanol (3.5 L) and potassium cyanide (175 g, 2.70 mol)
were added. CAUTION! Potassium cyanide is highly toxic. The reaction mixture was further
stirred overnight at room temperature and refluxed for 2 h. After cooling to room temperature,
the mixture was quenched by addition of a 2.5M NaOH aqueous solution (3 L). This experiment
was performed in four batches with the same quantities of reagents, the crude mixtures were then
pooled together and concentrated in vacuo to low volume. The remaining oil was diluted with
EtOAc (15 L) and washed with a 2M NaOH aqueous solution (2 x 2 L). The aqueous layer was

extracted twice with EtOAc (2 x 1 L). The combined organic layers were then dried over
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Na,SQOy, filtered and concentrated in vacuo. The crude mixture was dissolved in ethanol (2 L)
and carefully added to a solution of acetyl chloride (1 L, 14.0 mol, 1.6 eq.) in ethanol (6 L). The
resulting reaction mixture was stirred at room temperature overnight and then concentrated to
dryness. The residue was triturated in DCM (7 L) for 3 days, the precipitate formed was
collected, washed with DCM (2 x 500 mL) and dried to afford 6-bromo-2-ethyl-8-
methylimidazo[1,2-a]pyridin-3-amine as a hydrochloride salt (791g, 29%). 'H NMR (400 MHz,
DMSO-ds) 6 (ppm) 8.70 (s, 1 H), 7.75 (s, 1 H), 4.86 (br s, 3 H), 2.81 (q, J = 7.6 Hz, 2 H), 2.56
(s,3H), 1.25(t,J=7.6 Hz, 3 H). LC-MS: m/z = 254.0/256.0 [M+H].

(b) A suspension of 6-bromo-2-ethyl-8-methylimidazo[1,2-a]pyridin-3-amine as a
hydrochloride salt (785 g, 2.70 mol) in formic acid (713 mL) was heated at 80°C for 2 h. The
crude mixture was concentrated in vacuo to low volume (about 400 mL). The residue was
brought up in water (1 L) and a 3 M solution of NaOH (2 L), then further basified with a
saturated NaHCOj solution until foaming ceased and pH reached 8-9. After homogenization for
1 h, the precipitate was filtered, washed with water (2 x 300 mL), then dissolved in a mixture of
toluene and MeOH 3:1 (4 L) followed by concentration in vacuo. Trituration of the residue in a
mixture of 200 mL of MeOH and 5 L of diisopropyl ether, decantation and filtration of the
resulting  suspension  afforded  N-(6-bromo-2-ethyl-8-methyl-imidazo[1,2-a]pyridin-3-
ylhformamide (12) (724 g, 95%). 'H NMR (400 MHz, DMSO-dy), presence of 2 rotamers, &
(ppm) 10.2 (br s, 1 H), 8.51 (s, 1 H, one rotamer), 8.36 (s, 1 H, one rotamer), 8.23 (s, 1 H, one
rotamer), 8.11 (s, 1 H), 7.23 (s, 1 H, one rotamer), 7.21 (s, 1 H, one rotamer), 2.63-2.60 (m, 2 H),
2.58 (s, 3 H, one rotamer), 2.56 (s, 3 H, one rotamer), 1.24-1.17 (m, 3 H). LC-MS: m/z =

282.0/284.0 [M+H].
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6-Bromo-2-ethyl-N,8-dimethyl-imidazo[1,2-a]pyridin-3-amine (13). (a) To a suspension of
N-(6-bromo-2-ethyl-8-methyl-imidazo[1,2-a]pyridin-3-yl)formamide (78.2 g, 277 mmol) and
potassium carbonate (114.8 g, 831 mmol) in acetone (923 mL), iodomethane (25.9 mL, 416
mmol) was added at room temperature and the reaction mixture was stirred at 80°C overnight.
The solids were filtered off and rinsed with acetone and DCM. The filtrate was concentrated and
the obtained solid was triturated in Et,0, filtered and rinsed with Et,O and water. The solid was
collected and dried under vacuum to afford N-(6-bromo-2-ethyl-8-methyl-imidazo[1,2-a]pyridin-
3-yl)-N-methyl-formamide as a white solid (75.9 g, 93%). 'H NMR (400 MHz, CDCls), presence
of 2 rotamers, 6 (ppm) 8.49 (s, 1H, minor rotamer), 8.19 (s, 1 H, major rotamer), 7.78 (s, 1 H,
major rotamer), 7.65 (s, 1 H, minor rotamer), 7.15 (s, 1 H, major rotamer), 7.08 (s, 1 H, minor
rotamer), 3.36 (s, 3 H, minor rotamer), 3.24 (s, 3 H, major rotamer), 2.73-2.70 (m, 2 H), 2.59 (s,
3 H), 1.31(t,J=17.6 Hz, 3 H). LC-MS: m/z = 296.0/298.0 [M+H].

(b) A solution of HCI 1.25 M in methanol (35 mL, 43.8 mmol) was added to N-(6-bromo-2-
ethyl-8-methyl-imidazo[1,2-a]pyridin-3-yl)-N-methyl-formamide (5.0 g, 16.9 mmol) and the
reaction mixture was stirred for 4 h at 80°C (oil bath temperature). Another addition of HCI 1.25
M in methanol (14 mL, 17.5 mmol) was performed and the reaction mixture was stirred at 80°C
for 1 h then at 100°C overnight. Solvent was evaporated and the crude product was partitioned
between water and DCM. The aqueous layer was basified with NaHCO; and extracted with
DCM. Combined organic layers were washed with brine, dried over sodium sulfate, filtered and
evaporated to give 6-bromo-2-ethyl-N,8-dimethyl-imidazo[1,2-a]pyridin-3-amine (13) (4.44 g,
98%) that was used in the next step without further purification. 'H NMR (400 MHz, CDCl;) &
ppm 8.05 (s, 1 H), 7.04 (s, 1 H), 2.84-2.78 (m, 5 H), 2.60 (s, 3 H), 1.35 (t, /= 7.6 Hz, 3 H). LC-

MS: m/z =268.2/270.3 [M+H].
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2-[(6-Bromo-2-ethyl-8-methyl-imidazo[1,2-a]pyridin-3-yl)-methyl-amino]-4-(4-
fluorophenyl)thiazole-5-carbonitrile (14). To a solution compound 13 (4.4 g, 16.6 mmol) in
THF (44 mL) under argon was slowly added NaH (60% in oil suspension, 2.0 g, 50.0 mmol).
The reaction mixture was heated at 90°C (oil bath temperature) for 30 min then cooled to 40°C
before adding 2-chloro-4-(4-fluorophenyl)thiazole-5-carbonitrile (17) (4.74 g, 19.9 mmol). The
reaction mixture was stirred at 90°C overnight. After cooling to room temperature the mixture
was slowly quenched by addition of water and then diluted with EtOAc. The organic layer was
separated and the aqueous layer extracted with EtOAc. The combined organic layers were then
washed with water and brine, dried over Na,SOy, filtered and concentrated in vacuo. The residue
was triturated in Et,O, filtered and washed with Et;0 and MeCN. Recrystallization was
performed in MeCN (180 mL) to afford compound 14 as an orange solid (5.7g, 73%). '"H NMR
(400 MHz, CDCls) & (ppm) 8.21-8.15 (m, 2 H), 7.82 (s, 1 H), 7.25-7.18 (m 3 H), 3.66 (s, 3 H),
2.85-2.76 (m, 2 H), 2.68 (s, 3 H), 1.38 (t, /= 7.6 Hz, 3 H). LC-MS: m/z = 470.3/472.3 [M+H].
2-[(2-Ethyl-8-methyl-6-piperazin-1-yl-imidazo[1,2-a]pyridin-3-yl)-methyl-amino]-4-(4-

fluorophenyl)thiazole-5-carbonitrile (15). (a) To a solution of compound 14 (24.2 g, 51.5
mmol) in toluene under argon were successively added N-boc-piperazine (14.4 g, 77.3 mmol),
sodium fert-butoxide (9.9 g, 103 mmol), JohnPhos (1.54 g, 5.15 mmol) and Pd,(dba); (2.36 g,
2.58 mmol). The reaction mixture was heated at 115°C for 1 h. After cooling to room
temperature, the reaction was filtered on Celpure® P65 and the filtrate was evaporated. The
residue was dissolved in EtOAc and washed with water. The organic layer was further washed
with brine, dried over Na,SO,, filtered and concentrated in vacuo. The crude product was
purified by chromatography on silica gel to afford tert-butyl 4-[3-[[5-cyano-4-(4-

fluorophenyl)thiazol-2-yl]-methyl-amino]-2-ethyl-8-methyl-imidazo[ 1,2-a]pyridin-6-
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yl]piperazine-1-carboxylate (24.4 g, 82%). 'H NMR (400 MHz, CDCl;) & (ppm) 8.18-8.14 (m, 2
H), 7.21-7.16 (m, 2 H), 7.08-7.02 (m, 2 H), 3.62 (s, 3 H), 3.61-3.57 (m, 4H), 3.07-2.96 (m, 4H),
2.80 (q, J = 7.6 Hz, 2 H), 2.66 (s, 3 H), 1.47 (s, 9 H), 1.36 (t, J = 7.6 Hz, 3 H). LC-MS: m/z =
576.6 [M+H].

(b) To a solution of the latter compound (24.4 g, 42.4 mmol) in MeOH (100 mL) was added a
2 M HCI solution in Et;O (127 mL, 254 mmol). The reaction mixture was stirred at room
temperature for 3.5 h then concentrated in vacuo. The residue was partitioned between EtOAc
and water. The aqueous layer was extracted twice with EtOAc. A 2 M NaOH solution was added
to the aqueous layer until pH 8-9 was reached and further extraction with EtOAc was performed.
The combined organic layers were then washed with brine, dried over Na,SQO,, filtered and
concentrated in vacuo. The solid was stirred in heptane (100 mL) at room temperature
overnight, filtered off, washed with heptane and Et,0O, and dried to afford 2-[(2-ethyl-8-methyl-
6-piperazin-1-yl-imidazo[ 1,2-a]pyridin-3-yl)-methyl-amino]-4-(4-fluorophenyl)thiazole-5-
carbonitrile (15) (18.06 g, 90%). 'H NMR (400 MHz, CDCls) o (ppm) 8.23-8.16 (m, 2 H), 7.24-
7.16 (m, 2 H), 7.06-7.00 (m, 2 H), 3.61 (s, 3 H), 3.09-2.98 (m, 8 H), 2.75 (q, J = 7.6 Hz, 2 H),
2.61 (s,3 H), 1.34 (t,J=7.6 Hz, 3 H). LC-MS: m/z = 476.5 [M+H].

2-Amino-4-(4-fluorophenyl)thiazole-5-carbonitrile (16). To a solution of 4-
fluorobenzoylacetonitrile (50 g, 306 mmol) in EtOH (600 mL) was added pyridine (24.7 mL,
306 mmol). The resulting mixture was stirred at 70°C for 15 min then cooled to room
temperature. A previously stirred suspension of thiourea (46.7 g, 613 mmol) and iodine (77.8 g,
306 mmol) in EtOH (300 mL) was then slowly added. After 1 h at room temperature a cold 1 M
Na,S,0; solution (360 mL) was added under stirring. The resulting precipitate was filtered,

washed with water, and finally dried in vacuo to afford 2-amino-4-(4-fluoro-phenyl)-thiazole-5-
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carbonitrile (16) as a white solid (22 g, 65%). "H NMR (400 MHz, DMSO-ds) & (ppm) 8.26 (s, 2
H), 7.99-7.94 (m, 2 H), 7.36 (t, /=9.0 Hz, 2 H). LC-MS: m/z = 220.2 [M+H].

2-Chloro-4-(4-fluorophenyl)thiazole-5-carbonitrile (17). To a solution of copper (II)
chloride (36.8 g, 273 mmol) in MeCN (500 mL) was added dropwise fert-butyl nitrite (40.7 mL,
342 mmol). After stirring at room temperature for 30 min, 2-amino-4-(4-fluorophenyl)thiazole-5-
carbonitrile (50 g, 228 mmol) was introduced portionwise and stirring was continued for 1 h. The
reaction mixture was then carefully quenched by addition of a 1 N HCI solution (750 mL). After
15 min stirring, the organic phase was separated; the aqueous phase was further extracted with
EtOAc. The combined organic layers were washed with brine, dried over Na,SO,, filtered and
concentrated in vacuo. The crude product was filtered on a silica plug (250 g) and eluted with
DCM. Solvents were evaporated and the residue was finally triturated in heptane, filtered and
dried to afford compound 17 (33.95 g, 62%). 'H NMR (400 MHz, DMSO-dq) & (ppm) 8.10-8.03
(m, 2 H), 7.50-7.42 (m, 2 H). LC-MS: m/z = 239.2/241.3 [M+H].

Mouse PK/PD with compound 11. Female C57BL/6Rj mice, 4-5 weeks old (Janvier, Le
Genest St Isle, France) were maintained in controlled environment and dosed with compound 11
formulated in PEG 200 / MC 0.5% (25 / 75; v/ v) as a single oral gavage with a dose level of 3,
10 or 30 mg/kg (0.3, 1 or 3 mg/mL of 11 respectively). A control group received vehicle only.
Blood samples were collected by intra-cardiac sampling under gaseous anaesthesia with
isoflurane according to protocols approved by the GALAPAGOS Ethical Committee for animals
welfare with the agreement of the Ministere de I’Enseignement Supérieur et de la Recherche and
the Direction Départementale de la Protection des Populations, at the following time points: 1, 3,
6, 24 h after dosing and placed into tubes containing Li-heparin as anticoagulant. LPA 18:2

plasma peak areas and compound 11 plasma concentrations were assayed by LC-MS/MS.
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Plasma concentrations of compound 11 were measured against a calibration curve consisting of
eight levels with a 3-Log amplitude. Back-calculated values of the QCs (three levels prepared in
duplicate) were used for accepting or rejecting the whole batch. The lower limit of quantification
was 4 ng/mL for compound 11, using a plasma volume of 25 pL. Plasma proteins were
precipitated with an excess of methanol containing the internal standard and the corresponding
supernatant was injected on a C18 column. Analytes were eluted out the HPLC system by
increasing the percentage of the organic mobile phase. An API5500 QTRAP mass spectrometer
(ABSciex™) was used for the detection and quantification of compound 11. Pharmacokinetic
parameters were calculated after averaging individual plasma concentrations, by non-
compartmental analysis using WinNonlin® software (Pharsight, version 5.2): maximum plasma
concentration, Cmax (ng/mL) with the corresponding time, tn,x (h) for p.o. treatment; area under
the plasma concentration versus time curve up to 24 h, AUC g4 ny (ng.h/mL), calculated according

to the log linear up/log down trapezoidal method; apparent terminal elimination half-life, t , (h)

which was only reported if three or more time points were used for linear regression, and if r°
>0.90. Plasma levels were compiled (average of the plasma levels of the 3 mice at each sampling
time) and the corresponding plasma exposure-time profiles were plotted. Mean values may be
below the limit of quantification. SEM were tabulated only if more than two values were above
the limit of quantification.

For the analysis of LPA 18:2 plasma peak areas, plasma proteins from a 10 pL aliquot were
precipitated with an excess of methanol containing the internal standard, LPA 17:0. After
centrifugation, the corresponding supernatant was diluted and injected on a C18 column.
Analytes were eluted out of the column under isocratic conditions. An APIS500 QTRAP mass

spectrometer (ABSciex™) was used for the detection of LPA 18:2. No calibration curve was
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prepared for LPA 18:2 and all quantifications were performed based on peak area ratios (LPA
18:2 / LPA 17:0). LPA data were finally expressed as percentage of reduction (% reduction)
using the formula: 100-[((LPA value at time point t)/(mean of LPA value at the same time point
t, in vehicle group))*100].

Mouse 21-day BLM-induced pulmonary fibrosis model. An intranasal challenge of BLM,
30 pg/ 50 pL was administered to anesthetized C57Bl/6 male mice (Charles River, Italy), 11
weeks old at delivery. Control animals received a challenge of PBS. Pirfenidone formulated in
0.5% CMC was given by oral route at 50 mg/kg twice a day. Compound 11 was dissolved in
PEG 200/ 0.5% MC (25 / 75, v/ v) and orally administered at 10 or 30 mg/kg twice a day. The
volume of administration was 10 mL/kg and a 7.5 h interval was observed between two daily
dosings. Control groups received vehicle. Treatments started on day of intranasal instillations of
BLM and were performed for 21 days. At initiation, 14 to 24 mice were allocated to the different
groups. At necropsy, lungs were removed, weighed, formalin-fixed, paraffin-embedded in foto
and stained according to Mallory method for connective tissue. The efficacy of compound 11
and pirfenidone was essentially evaluated via histopathological changes in lungs using Matsuse’s
modification of the Ashcroft score.?' This score was defined as follows: 1 for normal tissue (no
fibrosis), 2 for minimal fibrotic thickening of alveolar or bronchial walls (network of fine
collagen fibrils), 3 for moderate fibrotic thickening of walls without obvious damage to lung
architecture, 4 for fibrosis with damage of pulmonary structure (coarse fibrous bands or small
fibrous masses, intra-alveolar collagen fibrils), 5 for large fibrous area with severe distortion of
lung structure. Total score for each animal was calculated as mean of ten low-power fields
covering whole pulmonary area. Statistical analysis was performed using group median and non-

parametric Mann-Whitney test. In addition, broncho-alveolar lavages consisting in two
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instillations of 0.5 mL ice cold saline were performed in satellite groups in order to assess LPA
species concentration. BALF was collected 2 hours after administration of 30 mg/kg of
compound 11. LPA 18:2 was quantified by LC-MS/MS in the BALF of PBS + vehicle, BLM

exposed and treated mice after 21 days of experiment.

AUTHOR INFORMATION

Corresponding Authors

*B.H.: phone, +33-1-4942-4700; e-mail, bertrand.heckmann@glpg.com

*N.D.: phone, +33-1-4942-4820; e-mail, nicolas.desroy@glpg.com

Notes

The authors declare the following competing financial interest(s): N. Desroy, C. Housseman, X.
Bock, A. Joncour, N. Bienvenu, L. Cherel, V. Labeguere, C. Peixoto, O. Picolet, D. Annoot, N.
Triballeau, A. Monjardet, E. Wakselman, V. Roncoroni, S. Le Tallec, R. Blanque, C. Cottereaux,
P. Mollat, M. Auberval and B. Heckmann are employees of Galapagos SASU, France. N.
Vandervoort, T. Christophe, L. Oste, E. van der Aar and R. Brys are employees of Galapagos

NV, Belgium.

ACKNOWLEDGMENT

The authors thank Florence Bonnaterre for her contribution to the writing of the manuscript.

Intermediate 12 was synthesized at Mercachem.

ABBREVIATIONS

ACS Paragon Plus Environment

30



oNOYTULT D WN =

Journal of Medicinal Chemistry Page 32 of 39

ATX, autotaxin; BALF, bronchoalveolar lavage fluid; BLM, bleomycin; CYP3A4, cytochrome
P450 3A4; Cl, clearance; hERG, human ether-a-go-go-related gene; IPF, idiopathic pulmonary
fibrosis; 1i.v., intravenous; JohnPhos, (2-biphenyl)di-tert-butylphosphine; LC-MS, liquid
chromatography mass spectrometry; LPA, Lysophosphatidic acid; LPC, Lysophosphatidyl
choline; MC, methyl cellulose; PBS, phosphate-buffered saline; PEG, polyethylene glycol; p.o.,

per os; QC, quality control; t;,, half-life; TDI, time-dependent inhibition.
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