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Discovery of a potent, selective, and orally available PI3K6
inhibitor (LAS191954) for the treatment of inflammatory
diseases.
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ABSTRACT: The delta isoform of the Phosphatidylinositol 3-kinase (P13K3&) has been shown to have an essential role in specific
immune cell functions and thus represents a potential therapeutic target for autoimmune and inflammatory diseases. Herein, the
optimization of a series of pyrrolotriazinones as potent and selective PI3K3 inhibitors is described. The main challenge of the opti-
mization process was to identify an orally available compound with a good pharmacokinetic profile in pre-clinical species that
predicted a suitable dosing regimen in humans. Structure-activity relationships and structure-property relationships are discussed.

This medicinal chemistry exercise led the identification of LAS191954 as a candidate for clinical development.

The phosphatidylinositol-3-kinase (PI13K) signal transduction
pathway is central to a plethora of different cellular processes
involving metabolism, proliferation, differentiation or activa-
tion. Hence, manipulation of the PI3K pathway represents an
interesting approach for treatment of a number of different
pathological conditions such as cancer, where inhibitors of
class 1A PI3K with varying isoform selectivity profiles have
already been established as treatment options for different
indications.

In the immune system, the PI3K delta isoform plays a central
role in both innate and adaptive immune cell functions. Taking
advantage of the strong dependency of B cells on functional
PI3K&!, the oral PI3KS inhibitor Idelalisib has been success-
fully developed as a novel treatment for different types of B-
cell malignancies?. In addition, the involvement of PI3KS in
central immune functions suggests a therapeutic potential of
PI3K& inhibitors as novel broad-acting anti-inflammatory
agents for autoimmune diseases® and pathologies with an
allergic or inflammatory component such as allergic rhinitis?,
asthma®, or COPDE®. Apart from inhibiting B cell activation,
pharmacological inhibition of PI3K delta has been demon-
strated to attenuate T cell receptor induced cytokine produc-
tion’, degranulation of basophils and mast cells*® as well as
induction of oxidative burst by neutrophils®. In addition,
PI3K3 seems to be involved in corticosteroid resistance in-
duced by oxidative stress in macrophages??, thus indicating an
activity profile complementary to other currently treatments
such as corticosteroids.

The discovery of the propeller-shaped inhibitor 1 (IC87114,
ICOS) and the mechanisms by which & isoform selectivity can
be accomplished focused our attention'. Following this strat-
egy, our efforts toward the identification of new PI3K3§ inhibi-
tors were based on a pyrrolotriazinone scaffold as shown in

Scheme 1. Our initial lead 2 showed similar PI3K3 inhibitor
potency to 1C87114 (110 nM versus 130 nM) and also high
selectivity against the other class | PI3K isoforms. Moving the
methyl group from the phenyl ring in compound 2 to the linker
(compound 3), slightly improved the PI3K$ inhibitor potency
to 75 nM and removed the potential for atropisomerism??
present in ortho-substituted compounds 1 and 2. Taking into
account the stereochemistry of known PI3K3 selective inhibi-
tors in the clinic such as Idelalisib®® and Duvelisib', the S-
enantiomers were initially targeted.

Scheme 1. Pyrrolotriazinone scaffold
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Thus, an extensive structure-activity relationship (SAR) study
was then performed around compound 3 to improve the poten-
cy and modulate ADME properties.

Initially, an exploration of the hinge binder region was under-
taken and PI3K& inhibitory potency in both enzymatic and
cellular assays was assessed together with in vitro metabo-
lism® for each compound (Table 1). Introduction of other
purine-like hinge binders (4, 5) increased the in vitro potency
for PI3K3& considerably and the compounds showed low in
vitro metabolism. Other bicyclic rings (6-8) demonstrated
lower potency and decreased metabolic stability when com-
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pared to compounds 4 and 5. Monocyclic rings were then
studied and cyanopyrimidine 11 showed the best overall bal-
ance between potency and in vitro metabolism.

Table 1. SAR exploration of the hinge binder
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1

and 16 resulted in derivative 18 and 17 respectively, but only
compound 17 showed an improved microsomal stability whilst
maintaining good PI13K3 potency. In contrast, introduction of a
trifluoroethyl group (compound 19) was less tolerated. Cyclic
analogue 20 kept in vitro potency but was metabolically less
stable. Introduction of fluorine atoms in the cyclopentyl ring
of 20 with the aim of increasing metabolic stability led to a
less potent compound 21. Introduction of a spirocyclic ring
was also studied (compound 22) but a big drop off in potency
was observed.

Table 2. Linker SAR exploration

e
& N

Compd R1 PI3K3 M-CSF p- | % Metabo-
(HTRF)? AKt® ICso | lism
I1Cs0 (NM) (nM) (rat/human)®
4 ::"‘ N\ﬁ 10 7 18/30
LNH
5 3 NGANH2 31 6.5 30/26
9
N
\_NH
6 N 60 - 100/ 86
NN
N\\j
7 :H‘I N\j 52 150 44149
N
\ NH
8 ¥ N\W 9 47 48/58
F : N
\ NH
9 NS 73 210 -
(A
NH,
10 }#l Nﬁ 12 - 51/43
FsC N
NH,
11 ;4“ N\j 4.3 4.7 15/24
ne N
NH,
12 }ﬁ/“\\(“*ﬁ 91 76 25/ 33
N.__N
13 PRERIN 1200 - -
)
NH,

8P|3K3 activities were measured with an ATP concentration fixed at
the Km of PI3K3& by HTRF, where the PIP3 product is detected by
displacement of biotin-PIP3 from an energy transfer complex. "THP-1
cells were treated with compounds for 30 min., stimulated with M-
CSF at ECgo for 3 minutes and then lysed to measure (by ELISA)
pAkt (Thr308) produced through PI3KS3. ¢ % metabolism expressed as
disappearance of parent compound after microsomal incubation for 30
min (1 mg/ml protein and 5 uM compound at 37 °C).

Optimization of the linker was then explored as shown in
Table 2. An ethyl group was well tolerated giving a compound
(14) of similar potency to the methyl derivative 4 but poorer
microsomal stability. The corresponding (R)-enantiomer of 14
was synthesized (compound 15) and the resultant drop off in
potency confirmed the preference of PI3K& for the (S)-
enantiomer. Replacing the hinge binder of compound 14 for
the cyanopyrimide (16) slightly improved potency and in vitro
metabolism. Appending a hydroxyl group onto compounds 11
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3PI3KS activities were measured with an ATP concentration fixed at
the Km of PI3K& by HTRF, where the PIP3 product is detected by
displacement of biotin-PIP3 from an energy transfer complex. °THP-1
cells were treated with compounds for 30 min., stimulated with M-
CSF at ECgo for 3 minutes and then lysed to measure (by ELISA)
pAkt (Thr308) produced through PI3K3. ¢ % metabolism expressed as
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disappearance of parent compound after microsomal incubation for
30min (1 mg/ml protein and 5 uM compound at 37 °C).

Compounds 11 and 17 were then profiled in a rat in vivo
pharmacokinetic (PK) experiment. However, for both com-
pounds, in vivo clearance in rat was higher than expected from
the microsomal stability data, resulting in moderate systemic
exposure and short half-lives (Table 3).

Table 3. Rat PK profiles of compounds 11 and 17

Compd twz (h)* | AUC Cl Vss
(ng*h/ml)® [ (ml/min/kg)? (/kg)?

11 0.9 386 435 1.9

17 11 450 36.8 1.6

8Mean values (n=2) in Wistar rat after an administration of 1mg/kg
i.v.. Parameters calculated from plasma samples: ti2 = half-life, Cl =
clearance, AUC = area under the curve, Vss = volume of distribution
at steady state.

To better understand the binding mode of the ligands an X-ray
co-crystal of human PI3K3 in complex with compound 11 was
performed. The structure was solved at a resolution of 2.85A,
revealing the detailed binding mode of the ligand. Like
1C87114, compound 11 adopted a propeller-shaped confor-
mation where the pyrrolotriazinone moiety was sandwiched
into the induced hydrophobic specificity pocket between
Trp760 and Met752. The cyanopyrimidine ring of 11 served as
the hinge binder and formed two specific hydrogen bonds to
the main chain atoms of Val828 and Glu826. The following
residues were found in the vicinity of the ligand with a maxi-
mum distance of 3.9A: Met752, Pro758, Trp 760, lle777,
Tyr813, 11e825, Glu826, Val827, Val828, Ser831, Asp832,
Met900, 11e910, and Asp911. A closer look at the binding
pocket surface (Figure 1) suggested that the pyrrolotriazinone
core ring could be substituted at the 5,6 or 7-position to further
modulate potency.

Figure 1. X-ray co-crystal structure of the binding pocket
surface of human PI3K8§ containing compound 11

Thus, several analogues with different substitutions on the
pyrrolo ring were synthesized and tested. A methyl group was
well tolerated in different positions (compounds 23 and 29)
but the resultant derivatives were metabolically unstable.

ACS Medicinal Chemistry Letters

Appending a hydroxyl group onto the methyl group of 23
resulted in a compound 24 with reasonable PI3K3 inhibitor
potency and improved metabolic stability. After further study
it was found that placement of other substituents at position 5
(25, 26 and 27) gave rise to compounds with excellent poten-
cies and good metabolic stability. Further characterization of
compound 25 showed the formation of GSH adducts following
incubation of 25 with microsomes in presence of glutathione
(GSH) and as such was not further profiled. Finally, the imid-
azotriazinone 32 showed a substantially diminished PI3K3&
inhibitor potency in comparison to the corresponding pyr-
rolotriazinone 11.

Table 4. Distal core SAR exploration
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8P|3K3 activities were measured with an ATP concentration fixed at
the Km of PI3K& by HTRF, where the PIP3 product is detected by
displacement of biotin-PIP3 from an energy transfer complex. °THP-1
cells were treated with compounds for 30 min., stimulated with M-
CSF at ECgo for 3 minutes and then lysed to measure (by ELISA)
pAkt (Thr308) produced through PI3K3. ¢ % metabolism expressed as
disappearance of parent compound after microsomal incubation for 30
min (1 mg/ml protein and 5 UM compound at 37 °C).
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From this set of compounds, 26 and 27 were further profiled in
a rat in vivo PK experiment (Table 5) to determine if the in
vitro metabolism results were, in these cases, predictive of the
in vivo clearance values. These results were compared with
Idelalisib, the most advanced compound in clinical develop-
ment at that moment.

Table 5. Rat PK profiles of compounds 26 and 27 in com-
parison with Idelalisib

Compd tu2 AUC Cl Vz F
(h)? | (ng*h/ml)? (ml/min/kg)? (k) | (%)°

Idelalisi | 0.8 512 32.8 2.2 68

b

26 3.1 1729 9.6 2.6 101

27 33 2040 8.6 24 113

aMean values (n=2) in Wistar rat after an administration of 1mg/kg
i.v. PMean values (n=2) in Wistar rat after an administration of
1mg/kg p.o.

As seen in Table 5, compounds 26 and 27, with substituents at
position 5 of the pyrrolo ring, showed increased plasma expo-
sure compared to unsubstituted compounds 11 and 17, excel-
lent oral bioavailability and reduced clearance in rat, which
was more consistent with the observed microsomal stability
values.

Additionally, the PK properties of both compounds 26 and 27
were studied in dog as a second preclinical species to allow for
prediction of the probable posology in humans based on al-
lometric scaling. The dog in vivo PK data are shown in Table
6. Both compounds 26 and 27 displayed a superior PK profile
to Idelalisib in the two preclinical species. Compound 26
(LAS191954), with excellent oral bioavailability and low
clearance in the two species, gave a superior predicted half-life
in humans and was further profiled.

Table 6. Dog PK profiles of compounds 26 and 27 in com-
parison with Idelalisib

Compd tu2 AUC Cl Vz F
(h)? (ng*h/ml)? | (ml/min/kg)? (I/kg)® | (%)°

Idelalisi | 1.6 924 215 25 -

b

26 10.2 | 9441 14 1.2 98

27 4.2 3937 4.2 15 -

primary PI3K3-dependent cellular assay based on M-CSF-
induced AKT phosphorylation, a downstream effector of
PI3KS3, in the human monocytic cell line THP-1. An ICso of
7.8 nM was obtained indicating that the compound had excel-
lent permeability and cellular activity. To evaluate the cellular
inhibition of PI3Kf, an assay based on stimulation of HUVEC
cells with sphingosine-1-P was employed?®. The results (ICso =
295 nM) indicated that the enzymatic selectivity between &
and B isoforms (36-fold) was maintained at the cell-based
level (38-fold). The compound was also selective against an
extensive panel of protein and lipid kinases and GPCRs.

PI3K3$ kinase is involved in the activation of B cells upon
antigen binding to the B cell receptor (BCR)" and thus inhibi-
tors of PI3K3 are expected to inhibit BCR activation. The
effect of LAS191954 on the function of human B cells was
assessed in vitro by crosslinking the B-cell receptor with anti-
1gD antibodies and assessing the early activation marker CD69
in the CD19+ B cell subset by flow cytometry. On isolated
PBMC, compound 26 showed an ICso of 4.6 nM. Similar assay
performed in human whole blood yielded an ICso of 47 nM.

From an ADME perspective, further in vitro characterization
of compound 26 was performed as summarized in Table 7.
Plasma protein binding® was low in preclinical species (60-
65% in mouse/rat/dog) in contrast to human (95%). Plasma
protein binding may be the major factor accounting for the
difference in potency between the isolated human PBMC and
whole blood assays previously described. The compound
showed a good PAMPA?® value as expected by the cellular
potencies obtained. Moreover, compound 26 did not present
any signs of instability in plasma. The potential capacity of
compound 26 to inhibit the main human CYP450 isoforms
(CYP1A2, 3A4, 2D6, 2C9 and 2C19) was investigated in
human liver microsomes. Compound 26 displayed ICso > 25
UM for the five CYP isoforms assayed. No differences were
observed after 15 min of preincubation time, suggesting that
compound 26 is not a mechanism-based inhibitor. In addition,
the potential capacity of the compound to induce CYP1A and
3A4 isoforms was assessed in cultured human cryopreserved
hepatocytes and compound 26 did not increase neither CYP1A
nor 3A4 activity at concentrations up to 50 puM. Taking into
account the results of these studies, drug-drug interactions due
to induction or inhibition of human CYP450 isoforms are not
expected in a clinical setting. Furthermore, no formation of
GSH-adducts was observed following incubation of compound
26 with rat and human liver microsomes in the presence of
glutathione (GSH).

Table 7. In vitro ADME profile of compound 26

aMean values (n=2) in Beagle dog after an administration of 1mg/kg
i.v. ®Mean values (n=3) in Beagle dog after an administration of
1mg/kg p.o.

For the assessment of selectivity, the enzymatic potency of
compound 26 on the four class | PI3K recombinant human
isoforms was determined by HTRF with a compound pre-
incubation time of 30 min. Compound 26 showed a potency
on the target of 2.6 nM, with the highest selectivity versus
PI3Ka (8.2 uM) and the lowest versus PI3Ky and PI3Kp (72
and 94 nM respectively). The compound was then tested in a

Human PPB | PAMPA Py | Plasma stabil- | CYP450
(% bound)? (10 cm/s)° ity (24h)° inhibition

Page 4 of 7

95.4 28 100% > 25uM

aMean PPB values determined by equilibrium dialysis at a plasma
concentration of 1 uM at 37°C. ®Permeability values at RT in PBS
(containing 2% DMSO), compound concentration in donor com-
partment: 20 uM. °Compound 26 stability at 37°C at 2 pg/ml in
plasma (anticoagulant: sodium heparin) 9CYP450 in HLM with
and without preincubation for CYP1A2, 3A4, 2D6, 2C9 and 2C19
isoforms.

In terms of cardiac safety, compound 26 did not show any
activity on the hERG channel up to 10 uM.

ACS Paragon Plus Environment




Page 5 of 7

©CoO~NOUTA,WNPE

As a consequence of these encouraging results, the compound
was further characterized in different in vivo models.

PI3K3 has been implicated in T-cell proliferation in vitro and
in vivo. Cytokine production induced by concanavalin A (con
A) or anti-CD3 antibody activation of naive CD4+ T cells in
mice is blocked by PI3K$ inhibition?. To assess the effect of
LAS191954 on T cell cytokine production in vivo, a rat model
of con A induced IL2 production was employed in which the
compound was administered orally one hour prior to an intra-
venous con A challenge (10 mg/kg) and IL2 levels were
measured 90 minutes later. LAS191954 inhibited IL2 produc-
tion with an 1Dso of 0.13 mg/kg as compared to an IDso of 1.6
mg/kg of Idelalisib as shown in Figure 2.

Figure 2. Inhibition of ConA induced increase in IL-2

levels in rat plasma of LAS191954 vs reference compound
Idelalisib

4 )

% inhibition
means & SEM

dose [mgl/kg] p.o.

—- idelalisib (ID g, = 1.6 mg/kg)

k @~ LAS191954 (IDy,=0.13 mglkg) /

PI3KS& participates in the proliferation, differentiation, migra-
tion and cytokine production of T lymphocytes; in the migra-
tion and release of ROS and proteases by neutrophils as well
as in the migration, alternative M2 activation and loss of ster-
oid sensitivity of macrophages. PI3Kd additionally regulates
Fce mediated mast cell and basophil degranulation. Thus, the
anti-inflammatory efficacy of LAS191954 was assessed in an
airway allergic inflammation model characterized by infiltra-
tion of eosinophils to the alveolar compartment in response to
ovalbumin challenge in previously sensitized Brown Norway
rats.

A twice daily administration of LAS191954 1h prior to and
6h post ovalbumin (OVA) challenge dose-dependently re-
duced the number of eosinophils in the bronchoalveolar lavage
(BAL) at 24h in rat with an IDso of 0.16 mg/kg. The refer-
ence compound ldelalisib, administered also twice daily, dis-
played a considerably lower potency with an I1Dso of 15 mg/kg.

Figure 3. Inhibition of OVA BAL cell accumulation in BN
rats at 24h by twice daily doses of LAS191954 and
Idelalisib
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In both in vivo models LAS191954 showed efficacy at signifi-
cantly lower doses than Idelalisib. These results could not be
explained by differences in in vitro potency as Idelalisib ex-
hibited a similar cellular PI3K3 inhibitor potency with an 1Cso
of 7.6 nM, but they are in accordance with a superior PK pro-
file (higher systemic exposure and longer half-life) of
LAS191954 in rat.

In summary, a new series of potent and selective PI3K3 in-
hibitors has been identified. The SAR exercise focused on
optimizing both the in vitro potency and the ADME profile of
the compounds in order to find a potentially once-a-day drug.
This culminated in the identification of LAS191954 as a can-
didate for clinical development.
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