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Abstract

CDKS8 is a cyclin-dependent kinase that forms pathe mediator complex, and modulates
the transcriptional output from distinct transdopt factors involved in oncogenic control.
Overexpression of CDK8 has been observed in varmansers, representing a potential
target for developing novel CDKS8 inhibitors in candherapeutics. In the course of our
investigations to discover new CDKS8 inhibitors, wesigned and synthesized tricyclic
pyrido[2,3-b][1,5]benzoxazepin-5(6H)-one derivatiye by introduction of chemical
complexity in the multi-kinase inhibitor Sorafertdiking into account the flexibility of the
P-loop motif of CDK8 protein observed after anadysif structural information of co-
crystallized CDKS8 inhibitorsin vitro evaluation of the inhibitory activity of the prepd
compounds against CDK8 led us to identify compoRiag the most potent inhibitor of the
series (IGyo = 8.25 nM). Co-crystal studies and the remarkatséectivity profile of
compound? are presented. Compou@dshowed moderate reduction of phosphorylation of
CDKS8 substrate STAT1 in cells, in line with otheported Type Il CDK8 inhibitors. We

propose herein an alternative to find a potentiatdpeutic use for this chemical series.

Keywords: CDK8, Type Il inhibitors, P-loop flexibility, Settivity, pyrido[2,3-

b][1,5]benzoxazepin-5(6H)-one scaffold.



Highlights:
» Design of novel type Il tricyclic CDK8 inhibitorsalsed on Sorafenib.
* Binding of inhibitors to CDK8 by filling an unexpled cavity via displacement of
its flexible P-loop.
* Potent and highly selective pyrido[2,3-b][1,5]berapepin-5(6H)-one based CDK8

inhibitors.
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1. Introduction

CDKS8 is a cyclin-dependent kinase that forms péithe mediator complex [1], which
itself regulates the transcriptional activity of RNpolymerase Il. There are numerous
studies showing that CDK8 modulates the transcmgati output from distinct transcription
factors involved in oncogenic control. These fastmclude the Wn@-catenin pathway,
Notch, p53, and TGPB-[2,3]. The means by which CDKS8 activity accomplishes the
regulation of these various pathways remains aweaetrea of investigation. However, it
has been found that CDK8 acts as a colon cancesgene [4] driving Wnt pathway
activity by mediating3-catenin transcriptional output. Moreover, CDK8 bagn related to
colorectal cancer [5], melanoma [6], and it hasnbdemonstrated that CDK8 and its
paralog CDK19 restrain increased activation of keyper-enhancer-associated genes in
acute myeloid leukaemia (AML) cells. Thus, CDK8/CDXinhibitor Cortistatin A (CA)
has anti-leukaemic activityn vitro and in vivo, and induces upregulation of super-
enhancers in CA-sensitive AML cell lines but not @A-insensitive cell lines [7].
Furthermore, the phosphorylation of STAT1 at seii@& by CDK8 is also suppressive of
natural Killers (NK) cells activity. STAT1-S727-nmated NK cells display increased
release of cytotoxic proteins such as granzyme & @erforin and higher cytotoxicity
toward cancer cells. It suggests that CDKS8 intobiticould play a role in cancer
immunotherapy [8].

Several CDK8 modulators have been reported s@afaong them Sorafenib [9], Senexin
A and B [10], CCT251545 [11] and Cortistatin A [1PJuring the last few years our group
has been immersed in this field applying severpt@gches for hit generation towards the

discovery of novel CDK8 inhibitors. Here we desertiur efforts to obtain highly selective



type 1l CDKS8 inhibitors based on Sorafenib, a knotype 1l promiscuous inhibitor. The
use of Sorafenib to design type Il CDK8 inhibitdras been recently reported by other
group although following a different strategy te tthescribed herein [13]. Type Il mode of
inhibition, generally shows a displaced Asp-Phe-EI#G) motif from a buried position in
the protein to a DFG-out position, opening a “demeket” that can be occupied by
inhibitors. In the case of CDK8, these three ressdare Asp-Met-Gly (DMG) as exception
to all other kinase family members [14]. In contr&s type | inhibitors that bind an
activated kinase conformation, the application rdfibitors with a deep pocket binding
mode is meant to target the inactive state of tizgme.

We used the structural information of Sorafenib+mbuCDKS8 structure [14] (PDB
3RGF) as a basis to design our novel series of CBi& Il inhibitors. In this X-ray
structure the distal 4-pyridyl ring (N-methylpicaéimide fragment) of Sorafenib occupies
the ATP adenine binding pocket of the kinase domiateracting with the hinge region in a
bidentate fashion via hydrogen bonds between thaelhylpycolinamide moiety with
Alal00 backbone. The lipophilic 3-trifluoromethyleflorophenyl ring inserts into the
deep pocket and establishes hydrophobic interactith Phel76. Moreover, the C=0
group of the urea functionality forms one hydrodemd with Asp173 in the DMG triad
and the corresponding NH groups form two hydrogends with the glutamate side chain
of Glu66, a residue that is absolutely conserveithéo C-helix of kinases. Additionallyr-
interactions are mapped between Sorafenib and PA&® binding mode of Sorafenib to
CDK8/CycC is in accordance to the classical featwkeDFG-out binders. Unfortunately

the P-loop of CDK8 is not completely solved in thigucture.



The analysis of the structural information from es&b type Il inhibitors co-crystallized
with CDK8 [15], where the P-loop have been solvad defined, allowed us to identify a
cavity in the ATP catalytic site flanked by sideagts of the P-loop residues Tyr32 and
Val35 and those of aminoacids Ala50 and Lys52.réséngly, the comparison of these
structures indicated the high flexibility of Tyr82pending on the nature of the inhibitor as
well as some degree of flexibility of the entirdd®p (Figure S1). As a matter of example,
protein structures from PDBs 4F7L and 4F6W werecitaland aligned together with

Sorafenib co-crystal structure 3RGF to illustrétese findings (Figure 1).

Figure 1. A close view of aligned structures 3RGF (lightlpi including Sorafenib (pink

C atoms), 4F7L (gold) and 4F6W (green).

We envisioned that introduction of additional cheahifunctionality in Sorafenib could
be an interesting approach to fill such cavity mey to access unexplored and therefore
novel type Il CDKS8 inhibitors. We designed protatypompoundd and 2 based on the

tricyclic scaffold pyrido[2,3-b][1,5]benzoxazepirfedl)-one. Compound. contained the



hinge binding moiety N-methylpycolinamide of Sor@fe while it was replaced by

pyridine in analogu@ (Figure 2).
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Figure 2. Design of novel type Il tricyclic CDK8 inhibitotsased on Sorafenib structure.

The simple alignment of the minimal energy confaiora[16] of designed compouril
with Sorafenib pointed to potential steric clashdth Val35, Lys52 and Tyr32 (inner
conformation) in CDK8 structures (Figure 3). Theref the proposed inhibitor would need
to induce a conformational change in this area DK8 in order to be accommodated, in
particular at the level of the P-loop. As mentiomedore, the observed flexibility of the P-
loop, Lys52 and Tyr32 side chains in several CDK8a}{ structures, suggested the
possibility of binding of compound in the catalytic site of the kinase by an inducid f
mechanismandthereforesupportechn experimental attempt to prove such hypothesis.

Furthermore, if the induced binding of compouhdas achieved, an additional H-bond
interaction could occur between the pyridine N tefscaffold and the Lys52 side chain,

which is not possible in Sorafenib.



Figure 3. Alignment of designed tricyclic prototype compdu2 (cyan C-atoms) with
Sorafenib (pink) using protein structures from 3R@Gght pink), 4F7L (gold) and 4F6W
(green). Potential steric clashes are detected negidues Val35, Lys52 and Tyr32 (inner

conformation).

2. Results and discussion
2.1. Chemistry

We focused our efforts on the preparation of compeld and2 (Scheme 1 & 2). The
synthesis started from 2-hydroxynicotinic acid a&émino-5-nitrophenol as building
blocks. In the first place, 2-hydroxynicotinic acihs converted into the corresponding
acid chloride by treatment with oxalyl chloride.iFlmtermediate was then reacted with 2-
amino-5-nitrophenol to render the benzamsdé’0% yield for the two steps). Treatment
with NaOH in DMF led to the formation of the tridiec derivative 4 with good yield

(76%). Subsequent reduction of nitro group eithertrieatment with Fe in AcOH or by



hydrogenation with Pd/C as catalyst gave the kemaintermediatés in a straightforward
manner with good overall yield. The amino internag¢elb was then reacted with 4-chloro-
3-(trifluoromethyl) phenyl isocyanate under stamdaonditions giving the urefa in
moderate yield (29%). Finally, coupling of cyclism@e 6a, with 4-iodopyridine under
copper catalyzed conditions rendered the desiretbfype 2 albeit in low yield (9%).
Attempts to obtain compouridfrom 6a using similar coupling conditions using methyl 4-
bromo-N-methylpicolinamide failed in our hands. &wid any potential interference of the
urea moiety of compoungh in the coupling reaction step, we decided to perfda on the
intermediate 5. Thus, reaction of5 with 4-bromo-N-methylpicolinamide afforded
compound/a with good yield (45%) as depicted in Scheme 2.s8ghbent urea formation
by reaction with 4-chloro-3-(trifluoromethyl) phdngocyanate gave the desired compound

1 (52% yield).
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Scheme 1. Synthetic route for compoun@ and depicted analoguefeagents and
conditions: a) oxalyl chloride, Gi€l,, rt, 4 h, 100%; b) DIPEA, THF, 0 °C, 2 h, 70%; c)
NaOH, DMF, 130 °C, 90 min, 76%; d) Fe, AcOH, Et®HQO, 80 °C, 1 h, 72% or HPd/C
10 wt%, EtOH, rt, 16 h, 71%; e)Fsocyanate, 1,4-dioxane, 55 °C, 2 h, ~ 30%; f)'N,N
dimethylethylendiamine, Cul, }C0O;s, 4-halopyridine, 1,4-dioxane, 120 °C, 24 h, ~ 1@90;

4-(chloromethyl)pyridine hydrochloride, NaH, DMFE to 100 °C, 2 h, 16%.

To the best of our knowledge, there are not previgaports of pyrido[2,3-b]
[1,5]benzoxazepine-5(6H)-ones with this pattersudfstitution.
Next, we explored the fragment of designed compsuagdgeting the deep pocket of

CDK8. The urea derivatives (compounésll), amides 16-19) and sulfonamide 20)



were prepared. Originally, compouBdvas first synthesizettom 5 (Scheme 1) although
with rather low vyield (3%). However the synthesit ® was significantly improved
following Scheme 2 where coupling step was perfarpgor to the final urea formation
reaction (70% yield frond). Based on these results we decided to applyaime synthetic
procedure for the preparation of the other “deegkpbtargeting analogues”.

Starting from compoun8, the 4-pyridyl analogu@&b was obtained with 90% vyield using
the coupling conditions cited before. Subsequemttien with several isocyanates rendered
the final urea®-11 in moderate to good yield (49-89%). Sulfonamidevdgive 20 was
formed by reaction ofb with benzene sulfonyl chloride in good yield (88%#)d amide
derivatives16-19 were obtained in moderate yields under standardlitons with the
corresponding acid chlorides.

We also focused our efforts on the explorationhef pyridyl hinge targeting moiety. 2-
aminopyridinyl fragment was introduced by coppeumong reaction oba with 2-amino-
4-bromopyridine to give compourgl(Scheme 1) with low yield but in sufficient amount
for biological evaluation. Compourith was synthesized frob according to Scheme 1
by alkylation reaction with 4-(chloromethyl)pyriginin moderate yield. Other hinge
targeting heteroaromatic rings were prepared frotarmediate5 by coupling reactions
with 3-bromopyridine and 3-bromofurane to affortemmediate7c-d which rendered final

compoundd 2-13 after urea formation with phenyl isocyanate (Sca&hn



o

HZN\@[p a Z\CE;}\) b
N N
H o R, ©

7a, R;= 2-CONHMe-4-pyridyl, (Y: 45%)
7b, R,= 4-pyridyl (Y: 90%)
7c, R,= 3-pyridyl (Y: 90%)

7d, R,= 3-furyl

(Y: 80%)

R
1, R= 2—CONHMe—4—pyriéyI;
R,= 3-CF;-4-CI-Ph (Y: 52%)
9, R;=4-pyridyl; R,= Ph (Y: 78%)
10, R;= 4-pyridyl; R,= 2-F-Bn (Y: 40%)

11, R,= 4-pyridyl; R,= n-Pr (Y: 69%)

12, R,= 3-pyridyl; R,= Ph (Y: 89%)

13, R;= 3-furyl; R,= Ph (Y:65%)
cord e

l 7b ‘
H N=
R, (0] @\O\ H N=
ToCy RGBT
O N Io)
o
= &)

N

16, R,;= Ph (Y: 48 %)
17, Ry=Bn (Y: 77 %)

F3C7(-
OH

OH

20

18, Ry= (Y: 10%)

19.Rs= (Y: 18%)

Scheme 2. Synthetic route for depicted analoguBgagent and conditions. a)BR or Ryl,
Cul, N,N’-dimethylethylendiamine, G803, 1,4dioxane, 120 °C, 20 h; b) R,NCO, 1,4-
dioxane, 55 °C, 20 h; ¢) R3COCI, K,CO;s, 1,4-dioxane, rt, 2 h (falt6 and17); d) R3COH,
thionyl chloride, THF, DMAc, rt, 90 min, therb added, 70 °C, 3 h (fd8 and 19); e)

benzenesulfonyl chloride, pyridine, 0 °C, 1 h, 89%.

2.2. Biological evaluation
Next, we evaluated the inhibitory activity @€ value, half maximal inhibitory
concentration) of the prepared compounds againd8_MWe were pleased to find that

compound?2 displayed a potent inhibition of CDK8 with an siCin the single digit



nanomolar range (8.25 nM), about 4-fold better t8arafenib (36.6 nM in our hands, 32.5
nM in ref. [13]). This result is the experimentabpf that our hypothesis in designing this
tricyclic molecule as CDKS8 inhibitor was correctohover, it also supports the notion that
the tricyclic inhibitor2 should induce a displacement of the P-loop in iotdevoid steric
clashes mentioned above and to achieve its firamamodation in the proposed binding
site. Surprisingly, compountl displayed moderate CDK8 inhibition &= 361 nM). It
could be explained by minor changes in the orieabf these tricyclic inhibitors in
comparison with Sorafenib in the catalytic siteGIDK8 rendering a not fully paralleled
SAR for both classes of compounds.

Furthermore, we generated a concise SAR aroune th@gel tricyclic CDK8 inhibitors
by exploring the activity of deep pocket targetimgdifications (compound8-11) and
alternative hinge binding moieties (compoutgi42-14,). The results are summarized in
Table 1.

Compound9, with a phenyl urea fragment, demonstrated to petant CDK8 inhibitor
(ICs0=9.96 nM) in the range of compouBdindicating that the hydrophobic interactions
made by the 3-trifluoromethyl-4-chlorophenyl ringthv Phel76 in Sorafenib are still
achieved with the non-substituted phenyl urea dsagsehe bidentate interaction of the NH
groups with Glu66.

To check the size of the lipophilic cavity, the quound10 bearing aro-F-benzylic urea
was prepared resulting in a less potent compoutid Mz, value of 324 nM. This result
suggested that the position of phenyl ring in thesdecules is important to maintain a
strong inhibition against CDK8. The phenyl ringcoimpoundlO seems to be allocated in a

less optimal position to reach the lipophilic irtetion with Phel76. The aliphatic uréh



resulted in > 500-fold loss in potency corroborgtithe importance of the interactions

achieved by the phenyl ring.

Tablel

CDK8 ICspdata for compound3-15

~7h0 NN
\_7 U YOR,
(0]
O ’\\l
Rl
CDK8 ICso
N/ \ Cl
8 N _ 57.5
H,N CFy
9 N N { W 9.96
10 N ‘S @m 324
11 N ' N 5060
7N
2 N g { W 4080
13 N /\—E/ { { W 593
(o]
14 N WV { W 1780
5 ¢ { W 1150




Since phenyl ure® displayed potent activity, we next focused ouroeff on the
replacement of its hinge binding moiety 4-pyridibg other heteroaryls (compoun8s
12-14, Table 1). The exchange of the distal 4-pyridyl3®pyridyl (12) or by a 4-pyridine
homologated with a methylene spacé#)(decreased significantly the activity to the
micromolar range (16 values of 4.08uM and 1.78 uM respectively). The 3-furyl
derivativel3, although was better tolerated showed also a dezigasctivity (IGo = 593
nM). The replacement by a bidentate moiety sucBasino-4-pyridyl resulted in a potent
compound 8) with an 1G, value of 57.5 nM. However, the comparison with poomd2
(ICs0 =8.25 nM) demonstrated a ~ 7-fold loss of potepointing to the impossibility of
compoundB to establish an additional interaction with theGCackbone group of Ala100.
Moreover the presence of the 2-amino group seemwet@ken the interaction of the
acceptor N of the pyridine moiety with the NH bagkb group of the same residue.

The increase in potency of compouhdith regard to Sorafenib and the docking studies
suggested that a new interaction could be estaulifirough the N of the fused pyridine of
the tricyclic scaffold and the catalytic Lys52 irDR8. To determine its contribution we
synthesized compourib (Scheme S1), where the pyridine was replaced logedf phenyl
ring. Interestingly, the CDK8 activity dropped teetmicromolar range (Table 1) indicating
that the pyridinéN atom of the tricyclic scaffold is playing an impanmt role for the CDK8
inhibitory activity in these pyrido[2,3-b][1,5]beozazepin-5(6H)-one derivatives and
pointed to the establishment of an additional exgon with the protein.

Finally, we decided to replace the urea functidpalresponsible for a bidentate
interaction with GIlu66 in Sorafenib) by other fuocialities that could keep at least one of

the NH groups for interaction with Glu166. The agsd6-19 were synthesized covering a



small range of substituents (Table 2). The benzadfcexhibited an 16, value of 2.4uM
against CDK8, which was approximately 250 fold Ipstent than its urea counterpad}. (
Similar inhibitory activity was obtained with thenade 17 which was designed with the
hope that the benzylic moiety could place the phenyg at the same distance as it is in the
potent urea9. We additionally incorporated a tertiary trifluonethyl-methyl alcohol
moiety previously reported as urea isostere [17,il&ompoundl8. The corresponding
methylated analogud9 was prepared as a control for comparison purpo3és
sulfonamide20 was also synthesized. Unfortunately all these freadions (8-20) led to
compounds with inhibitory activity in the micromolaange. All these results could be
rationalized by the loss of the bidentate intemactof the urea group of inhibit® with
Glu66 and/or the impossibility to achieve the lipoig interactions made by its phenyl ring

inside the deep pocket.

Table2

CDK8 ICspactivity of compound46-20
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2.3. Crystal Structure

After this SAR exploration the most potent CDKS ilitor 2 was selected for co-
crystallization studies with CDK8-CyC [19]. The stgl structure at a resolution of 2.8 A
confirmed the expected binding mode in CDKS8 (FigdrePDB: 6TPA). The tricyclic
inhibitor occupied the ATP binding site of CDK8 apiblonged the urea side chain to the
typical allosteric pocket induced by classical typmhibitors such as Sorafenib, where the
protein adopted the corresponding DMG-out confoiomatCDKS8 inhibitor2 established a
key H-bond between the N of its 4-pyridyl moietydathe backbone NH of Alal10 in the
hinge area of CDK8. Additionally, the urea portiointhis molecule interacted with CDK8
by the formation of H-bonds with Glu66 side chamdaspl173 NH-backbone residue in
the DMG area. On the other hand, the N of the fysgitine of the tricyclic scaffold
established another H-bond with the flexible Lystde chain. Moreover, &1tinteraction
between Phe97 and the fused aromatic ring of itydic scaffold were observed.
Additional pi-sigma, pi-anion and other hydropholnteractions between CDK8 and

inhibitor 2 are established (a full detailed diagram is pregtich Figure S2).



Figure 4. Close view of co-crystal structure of compouhénd CDK8 highlighting H-

bond interactions.

The co-crystal structure showed electron densitthen P-loop area which allowed the
resolution of its backbone as well as the orieatatof the flexible Tyr32 residue.
Unfortunately, the high flexibility of the P-loogdinot led to a clear electron density for
some side-chains, such as Val27, Arg29 and Thr3thaiere introduced as glycines for
crystal structure solution purposes. In spite @$,tthe main-chain was clear and well-
defined along the whole loop.

Importantly, the accommodation of inhibit@rin the pocket was achieved by tilting its
structure in comparison with Sorafenib to avoid pumential steric clashes suggested in
Figure 1 with residues Val35 and Lys52 and by tftiction of a clear displacement of the
whole P-loop substructure to open the binding pockwity. The flexible Tyr32 residue

was positioned towards the inner area of the ATiRlyi&c site roofing the inhibitor.



The displacement of the P-loop induced by CDKS8 hitbr 2 is remarkable in
comparison with the aligned structure 4F6W in whibke orientation of Tyr32 is also

similar. This effect can be visualized in Figure 5.

Figure 5. Close view of co-crystal structure of compouhdnd CDK8 (blue) and 4F6W
and its inhibitor (orange). Key residues are higftied to observe alignment of the proteins
and the induced displacement of the P-loop by cam@@ denoted by Tyr32 position in

each structure.

2.4. Selectivity
A potential effect of filling the cavity flanked bnesidues Tyr32-Val35-Ala50-Lys52 of
CDK8 and the observed P-loop displacement indugedhb designed type Il class of

tricyclic inhibitors could be an improvement of da-target selectivity in comparison with



Sorafenib. It is plausible that the additional fliseng systems of these compounds could
impair their binding to a wider number of kinaskart the more adaptable “monocyclic
Sorafenib”. In order to assess this hypothesis, pjamd 2 was screened at 1..0M
concentration (~150 fold higher than its;§@gainst CDK8) in a panel of 456 kinases using
a high-throughput competition binding assay (KINC$¢&1"). Compound? exhibited a
signal below 35% of the produced by the untreatadrols in this assay (a value widely
accepted for a significant binding in this platfgrfior only 13 kinases: CDK8 and its
paralog CDK19 (also named CDK11), CDK7, CLK2, CLKBDR1, ERKS, HIPK4,
IRAK1, IKKa, JNK2, LOK and PLK3. The complete data set is e in Table S1 in
supplementary material. The calculated selectigitpre S(35) of compound is 0.03,
indicating a high level of selectivity for a kinaséibitor [20].

To easily visualize these results, the TREESpanteraction map is given (Figure 6A),
which represents each kinase activity versus cbatter incubation with compourl

Furthermore, inhibitor2 was profiled internally against CDK19 and the ftaffgets
CDK7, CLK4 and DDR1 in dose response experimenisagusrthogonal assays for
validation purposes. As expected, compouhdiemonstrated a potent activity against
CDK19 (IG5 = 29 nM), due to the high homology degree betwéeih paralogs.
Interestingly, compound displayed negligible activity against CDK7 and GLKCsp > 10
uM) and moderated DDR1 inhibition (4= 0.180uM).

The promising kinase selectivity results of infobi2 prompted us to compare them with
those of Sorafenib. A similar broad kinase seld@gtiprofiling for Sorafenib using
KINOMEscarn™ platform was published using the inhibitor at|i concentration [21].

However, for a direct comparison with compout)dwe screened Sorafenib at the same



concentration (M) in the same platform against a panel of 468 $@sa(Figure 6B, Table
S2). Sorafenib exhibited a selectivity score S@50.1 and 41 kinases (including CDK8
and CDK19) showed a signal below 35% of the produnethe untreated controls in this
assay. Two of these kinases were not included énattiginal panel of 456 kinases of
compound2. After a comparative analysis, it was reasonablednclude that inhibito?

was significantly more selective for CDK8/19 thaar&enib, the origin of its design.
Therefore, the presence of the tricyclic pyridofB]R.,5]benzoxazepin-5(6H)-one scaffold
had a beneficial impact for its selectivity, altighucontributions of the hinge binding

moieties in2 (4-pyridyl) and Sorafenib (2-picolinamide) cannetroled out.

A) B)
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Figure 6. Selectivity profile of A) compoun@ andB) Sorafenib. Kinases found to bind
(percent of control <35) are marked with red ciclehere larger circles indicate higher-
affinity binding. CDK8 and CDK19 are highlighted biue color. Image generated using
TREEspot™ Software Tool and reprinted with permission frofNRMEscar®, a division

of DiscoveRx Corporation, © DISCOVERX CORPORATIOR1D.

2.5. Cellular activity

Next, we examined the modulation of phospho-STATY' in cells as anin vivo
biomarker for CDK8 inhibition [22], by our inhibite 2, 8 and9) and Sorafenib. We only
observed modulation of STAT1 phosphorylation in S/@ells following 8 h treatment
with compound2, showing moderate inhibition (§¢= 1.3 uM; maximum inhibition of ~
60% at 10uM ) whereas compoun8 9 and Sorafenib showed negligible activity @&
10 uM) (Figure S3).

In spite of the good biochemical activity, thesempounds and Sorafenib presented
disappointing CDK8 cellular activity. Our resultsesg in line with those reported
previously for other type II CDKS8 inhibitors [11,L3vhere a similar and strong
disconnection between biochemical and cellular CDKBibition was observed. The
explanation of this behavior was based on the notimt the inactive form of CDK8
targeted by this type of inhibitors was poorly dadale in cells. A very recent article [23]
describes the molecular mechanism by which CDK8lasked in its DMG in (active)
conformation when is part of the mediator complar tb its association with MED12. The

preference for a DMG-in conformation of the actsite disfavors type Il kinase inhibitors



from binding and inhibiting CDK8 in ternary CDK8/€in C/MED12 complexes, which
are present in cells [23].

We alternatively determined the cellular inhibitiofh the off-target DDR1 kinase by
compound 2. Interestingly, 2 was able to block collagen induced DDR1
autophosphorylation in transfected HEK293T cellhvidDR1 (1Go p-DDR1 value of 170
nM, Figure S4). This result triggered the posdpilof positioning the pyrido[2,3-
b][1,5]benzoxazepin-5(6H)-one derivatives as sigrppoints to develop novel cell active
DDRL1 inhibitors. As a matter of information, DDRIih&se is involved in several diseases
such as cancer (tumor progression and metastasis)g and liver fibrosis,

glomerulonephritis and atheroesclerosis among st2d.

3. Conclusions

Tricyclic  pyrido[2,3-b][1,5]benzoxazepin-5(6H)-onederivatives were designed,
synthesized and evaluated for their activity towa@dDK8. This led to the identification of
the most potent inhibitor of the series, compo@ndith ICso of 8.25 nM, 4-fold more
potent than Sorafenib, the compound used for issgde Moreover, compoun? showed a
remarkable selectivity over a panel of 456 kinasés-crystal studies showed similar
binding mode than Sorafenib, with the induction displacement of P-loop to
accommodate compoun® in the ATP cavity. It has been demonstrated tlaiomal
modifications of the scaffold of the multi-kinasehibitor Sorafenib leading to tricyclic
pyrido[2,3-b][1,5]benzoxazepin-5(6H)-one derivasyexemplified by compound, is an
attractive strategy to improve its CDK8 kinase dttiand selectivity. Unfortunately, and
in line with other reported type 1l CDK8 inhibitgrhe novel compounds were unable to

strongly modulate the activity of CDK8 in cells. dtabut not least, the promising



biochemical and cellular activity against DDR1 epresentative compourtwould allow

its use as starting point to develop new DDRL1 iibib.

4. Experimental section
4.1. General Procedures

All reagents and solvents were purchased from cawcialesources and were used
without further purification®H NMR spectra were recorded at 300 or 700MHz &
NMR at 75MHz using Bruker instruments operatingiraticated frequencies. Chemical
shifts are given in ppm relative to DMSQ+@sidual peak'f, 2.50 ppm; **C, 39.51 ppm).
The following abbreviations are used for the dedgmn: br = broad, s = singlet, d =
doublet, dd = doublet of doublets, t = triplet, qgeartet, m = multiplet. Purification by
silica flash chromatography was performed usingmated Biotage systems with pre-
packed cartridges. Chemical purities for final conmnpds were > 95% measured by LC/MS
analysis at UV (254 nm), GemihX C18 (100 x 2.0 mm; 5um), Solvent A: water with
0.1% formic acid; Solvent B: acetonitrile with 0.1% formic acid. Gradient: 5% of B to
100% of B within 8 min at 50 °C on Agilent 1200/61Quadrupole system. Purifications
by preparative HPLC were performed on Agilent 1100; HT Zorbax SB-C18 (100 x 2.12
mm; SPm) with appropriate gradient (solvent A: water with 0.1% formic acid; Solvent B:
acetonitrile with 0.1% formic acid). Other abbrdioas used along the document: rt =
room temperature, DCM = dichloromethane, DMAc = elinylacetamide, DMF = N,N-
dimethylformamide, THF = tetrahydrofuran, Ar = Argoeq = equivalent, Rt = retention
time, TLC = thin layer chromatography.

4.1.1. Synthesis of compounds following Scheme 1.



4.1.1.1. 2-Chloro-N-(2-hydroxy-4-nitro-phenyl)-nic@amide B)

2-Hydroxynicotinic acid (4 g, 17.97 mmol) was susped in dichloromethane (115 mL)
and DMF (1.15 mL) and then oxalyl chloride (2M itH4CI, solution, 3 eq, 43 mL) was
added slowly under Ar flow (gas evolved). The migtwas stirred at rt till completion of
reaction by LC-MS, 4 h. The reaction mixture waaantrated under vacuum and further
dried in vacuum pump. The crude product, 2-chlarotimoyl chloride, was used in next
step assuming quantitative yield. A suspensionciil@ronicotinoyl chloride (3.16 g, 17.95
mmol) in THF (72 mL) was added to a mixture of 2xamr5-nitrophenol (1.15 eq, 3.18 Q)
and DIPEA (1.7 eq, 5.3 mL) in THF (72 mL) at O %e reaction mixture was stirred at O
°C for 2 h and then allowed to get rt. The solidsuspension were filtered out and washed
with ethyl acetate. The filtrate was washed withevand brine. The organic layer was
dried (NaS(O,) and concentrated to render a solid that wagatiéd with CHCI, affording
3 (brownish solid, 3.76 g, 70%); *H NMR (700 MHz, DMSO)S 8.68 (dd, J = 4.7, 2.0 Hz,
1H), 8.64 (m, 1H), 8.10 (d, J = 2.5 Hz, 1H), 7.8@,(J = 9.1, 2.5 Hz, 1H), 7.67 (m, 1H),
6.85 (M, 3H). LCMS (ESI): m/z 212 [M+ H]Rt: 4.05 min.
4.1.1.2. 7-Nitro-10H-5-0xa-4,10-diaza-dibenzo[aydjlmhepten-11-onel{

Intermediate3 (3.74 g, 12.74 mmol) was dissolved in DMF (85 nabd NaOH (1.5 eq,
2.76 g, powdered pellets) was added. The mixtupressure tube was heated at 120 °C for
90 min. The reaction mixture was poured into icéenalhe solid was filtered, washed
with water and triturated with methanol,Etto render compound (off-white solid, 2.1 g,
pure required product). From the mother liquor,thaobatch of product precipitated which
was filtered and washed with water affording 400ahgure compound (total amount 2.5

g, 76%); *H NMR (700 MHz, DMSO0)5 11.30 (s, 1H), 8.57 (dd, J = 4.7, 2.0 Hz, 1H)18.3



(dd, J = 7.5, 1.9 Hz, 1H), 8.15 (dd, J = 8.8, 225 HH), 8.11 (d, J = 2.5 Hz, 1H), 7.53 (dd, J
=17.5,4.8 Hz, 1H), 7.40 (d, J = 8.8 Hz, 1H); LCMS (ESI): m/z 258 [M+ H , Rt: 3.48 min.
4.1.1.3. 7-Amino-10H-5-oxa-4,10-diaza-dibenzo[ayd]chepten-11-ones)

Intermediated (2.05 g, 7.97 mmol) was suspended in ethanol (Bpand Pd/C 10% wt
(400 mg) was slowly added. Then, hydrogen balloas wonnected to the reaction mixture
and it was stirred at rt. After 3 h more Pd/C waddead (100 mg) and the mixture was stirred
overnight. The reaction mixture was diluted withatol and refluxed for 2 h (in order to
dissolve maximum amount of product) and then it Wilésred through Watsman® paper.
The filtrate was concentrated to afford pure conmadbl (pale brown solid, 1.29 g, 74d);

H NMR (300 MHz, DMSO)5 10.30 (s, 1H), 8.46 (dd, J = 4.8, 2.0 Hz, 1H)18@ad, J =
7.6, 2.1 Hz, 1H), 7.42 (dd, J = 7.6, 4.8 Hz, 1HB26(d, J = 8.5 Hz, 1H), 6.51 (d, J = 2.4
Hz, 1H), 6.39 (dd, J = 8.5, 2.4 Hz, 1H), 5.24 (s, 2H); LCMS (ESI): m/z 228 [M+ H]", Rt;
0.8 min. When the reaction was performed at scalewb 1 g, the next conditions also
worked well: Intermediatd (1 eq, 400 mg, 1.55 mmol) was suspended in EtQ8-H1
(15 mL) and then Fe (5 eq, 434 mg) and acetic €kl eq, 0.14 mL) were added. The
mixture was heated at 80 °C for 1 h. The reactiodure was filtered through Celite® and
rinsed thoroughly with methanol. The filtrate wascentrated and triturated with methanol
rendering the compoun8l (255 mg, 72%). Removal of iron salts from the Isaluble
required product was difficult and messy at scaygdr than 1 g.

4.1.1.4. 1-(4-Chloro-3-trifluoromethyl-phenyl)-31¢bxo-10,11-dihydro-5-oxa-4,10-diaza-
dibenzo[a,d]cyclohepten-7-yl)-ureéd)

Intermediate5 (550 mg, 2.42 mmol) was suspended in 1,4-diox&fteniL) and 4-

chloro-3-(trifluoromethyl)phenyl isocyanate (536 n&42 mmol) was added. The mixture



under Ar atmosphere was heated at 55 °C for 2 & nikture was concentrated on Celite®
and loaded into flash silica column. Elution wittadient c-Hex-EtOAc 25-100% of EtOAc
afforded compouna (white solid, 315 mg, 29%); *H NMR (300 MHz, DMSO)5 10.65
(s, 1H), 9.22 (s, 1H), 9.02 (s, 1H), 8.51 (m, 1817 (m, 1H), 8.10 (s, 1H), 7.63 (s, 3H),
7.46 (dd, J= 7.5, 4.9 Hz, 1H), 7.21 (d, J = 8.8 Hz, 1H), 7.10 (d, J = 8.7 Hz, 1H); LCMS
(ESI): m/z 449 [M+ H], Rt: 4.48 min.

4.1.1.5. 1-(11-Ox0-10,11-dihydro-5-oxa-4,10-diazi@edzo[a,d]cyclohepten-7-yl)-3-
phenyl-urea §b)

Intermediate5 (32 mg, 0.141 mmol) was suspended in dichloronmeth@d.5 mL) and
phenyl isocyanate (1.1 eq, UL) was added. The mixture was stirred at rt forn28nd
then more isocyanate (1.5 eq, |2B) was added stirring for additional 96 h. The met
was concentrated and purified by HPLC to afford pound6b (15 mg, white solid, 30%);

H NMR (700 MHz, DMSO)5 10.62 (s, 1H), 8.94 (s, 1H), 8.81 (s, 1H), 8.5d, @= 4.7,
2.0 Hz, 1H), 8.26 (dd, J = 7.5, 2.0 Hz, 1H), 7.66) = 2.2 Hz, 1H), 7.46 (m, 3H), 7.28 (t, J
= 7.9 Hz, 2H), 7.16 (dd, J = 8.6, 2.3 Hz, 1H), 7(89J = 8.6 Hz, 1H), 6.97 (t, J = 7.3 Hz,
1H); LCMS (ESI): m/z 347.2 [M+ H]", Rt: 4.27min.

4.1.1.6. 1-(4-Chloro-3-trifluoromethyl-phenyl)-31i¢bxo-10-pyridin-4-yl-10,11-dihydro-5-
oxa-4,10-diaza-dibenzo [a,d]cyclohepten-7-yl)-u(@a

Intermediateéba (75 mg, 0.167 mmol), 4-iodopyridine (1.5 eq, 51)ragd KCO; (2.0 eq,
46 mg) were suspended in 1,4-dioxane (2 mL). Angas bubbled into the suspension for
several minutes and then, Cul (0.1 eq, 2mg) and-btijNethylethylenediamine (0.2 eq,
4uL, one drop of glass pipette) were added. The i@achixture, in pressure tube, was

degassed and filled with Ar before heating at 120After 6 h, more reactants were added



(4-iodopyridine, 20 mg; K,COs, 20 mg, Cul, 2 mg, dimethylethylenediamine, 1 drapd
heating was continued up to 15 h. The reactionumixtvas concentrated into Celite® and
loaded into flash silica column. Elution with gradi EtOAc and MeOH from 0-5% of
MeOH afforded compoun@ still impure, which was purified by preparative HPLlo
render pure compour (white solid, 8 mg, 9%); *H NMR (300 MHz, DMSO)3 9.55 (s,
1H), 9.47 (s, 1H), 8.72 (s, 2H), 8.54 (dd, J = 28 Hz, 1H), 8.34 (dd, J = 7.6, 1.9 Hz,
1H), 8.10 (d, J = 2.2 Hz, 1H), 7.80 (d, J = 2.3 HiH), 7.64 (m, 2H), 7.52 (m, 3H), 7.16
(dd, J = 8.9, 2.4 Hz, 1H), 6.77 (d, J = 8.8 Hz, .1 NMR (75 MHz, DMSO)5 163.42,
163.10, 152.36, 152.27, 152.11, 151.04, 148.61,1743.39.06, 138.76, 132.04, 127.30,
126.24, 123.34, 123.25, 123.03, 122.66, 120.64,5816.11.36. LCMS (ESI): m/z 526.1
[M+ H]", Rt: 5.03 min.

4.1.1.7. 1-[10-(2-Amino-pyridin-4-yl)-11-oxo0-10, @ikydro-5-oxa-4,10-diaza-dibenzo[a,d]
cyclohepten -7-yl]-3-(4-chloro-3-trifluorome- thghenyl)-urea §)

Intermediatesa (50 mg, 0.111 mmol), 2-amino-4-bromopyridine (&dy 0.167 mmol, 29
mg), K:CO; (2.5 eq, 38mg) and Cul (0.2 eq, 4 mg) were susgema dioxane (1 mL).
Argon was bubbled and then N,N’-dimethylethylenedige (0.5 eq, §L) was added. The
reaction mixture, in pressure tube, was degassddiléed with Ar before heating at 120
°C. After 6 h more reactants were added bromopyeidi5 mg), KCO; (20 mg) and Cul
(2 mg) stirring the reaction up to 24 h. The reactmixture was concentrated into Celite®
and loaded into flash silica column. Elution wittadient EtOAc and MeOH from 0-10%
of MeOH afforded compoun8 still impure, which was purified by preparative HPIto
render pure compoursi(white solid, 5 mg, 9%); *H NMR (300 MHz, DMSO)5 10.39 (s,

1H), 10.27 (s, 1H), 8.51 (dd, J = 4.8, 2.0 Hz, 18429 (dd, J = 7.6, 2.0 Hz, 1H), 8.13 (d, J



= 2.4 Hz, 1H), 8.00 (d, J = 4.4 Hz, 1H), 7.78 (& 2.4 Hz, 1H), 7.74 — 7.66 (m, 1H), 7.60
(d, J = 8.8 Hz, 1H), 7.50 (dd, J = 7.6, 4.8 Hz, 1H»2 (dd, J = 8.9, 2.3 Hz, 1H), 6.85 (d, J
= 8.9 Hz, 1H), 6.53 (dd, J = 5.4, 1.8 Hz, 1H), 6(@dBJ = 1.5 Hz, 1H), 6.16 (s, 2H). LCMS
(ESI): m/z 541.1 [M+ H], Rt: 4.62 min.

4.1.1.8. 1-(11-Ox0-10-pyridin-4-yl-10,11-dihydroe%sa-4,10-diaza-
dibenzo[a,d]cyclohepten-7-yl)-3-phenyl-uré (

Intermediatera (30 mg, 0.087 mmol), 4-iodopyridine (1.25 eq, 28)rand KCO; (2.0
eq, 24 mg) were suspended in 1,4-dioxane (1 mlgoAmwas bubbled into the suspension
for several minutes and then, Cul (0.1 eq, 2 mg) HN’-dimethylethylenediamine (0.1
eq, F2uL) were added. The reaction mixture, in pressuletwas degassed and filled
with Ar and then it was heated at 120 °C for 1%He reaction mixture was filtered though
Celite® and washing with ethyl acetate. The fikratas concentrated and purified by silica
flash chromatography (EtOAc-MeOH from®% of MeOH) affording required product
that needed second purification by HPLC to rendee gompound® (white solid, 4 mg,
10%); *H NMR (700 MHz, DMSO)3 9.09 (s, 1H), 8.82 (d, J = 17.1 Hz, 1H), 8.71J¢&
5.2 Hz, 2H), 8.54 (m, 1H), 8.34 (m, 1H), 7.82 (& 2.3 Hz, 1H), 7.53 (m, 3H), 7.44 (d, J =
8.0 Hz, 2H), 7.28 (t, J = 7.8 Hz, 2H), 7.08 (d&; 8.9, 2.3 Hz, 1H), 6.98 (t, J = 7.3 Hz, 1H),
6.77 (d, ] = 8.9 Hz, 1H); LCMS (ESI): m/z 424.0 [M+ H]*, Rt: 3.91min.

4.1.1.9. 1-(11-Ox0-10-pyridin-4-ylmethyl-10,11-dihy-5-oxa-4,10-diaza-
dibenzo[a,d]cyclohepten-7-yl)-3-phenyl-urel)

To intermediate6b (48 mg, 0.139 mmol) in DMF (1.4 mL) was added N&0%
dispersion oil, 3 eq, 17 mg). After 15 min stirrirg rt, 4-(chloromethyl)pyridine

hydrochloride (1.5 eq, 34 mg) was added and théumaxvas heated at 100 °C for 2 h. The



mixture at rt was partitioned in ethyl acetate avater. Layers were separated and the
agueous phase was extracted twice with ethyl acetée combined organic layers were
dried (NaSQOy) and concentrated to render the crude produetast purified by flash silica
chromatography (c-Hex-EtOAc 50-100% of EtOAc, thHetOAc-MeOH 95:5). Further
purification by HPLC afforded pure compoutd (white solid, 9 mg, 15%); *H NMR (700
MHz, DMS0) & 9.06 (s, 1H), 8.88 (s, 1H), 8.51 (m, 3H), 8.28 (), 7.71 (d, J = 2.4 Hz,
1H), 7.49 (m, 1H), 7.44 (d, J = 7.9 Hz, 2H), 7.85J = 8.9 Hz, 1H), 7.30 (d, J = 5.7 Hz,
2H), 7.27 (t, J = 7.9 Hz, 2H), 7.15 (dd, J = 8.9 Bz, 1H), 6.97 (t, J = 7.3 Hz, 1H), 5.35
(s, 2H); LCMS (ESI): m/z 438.2 [M+ H]", Rt: 3.28min.
4.1.2. Synthesis of compounds following Scheme 2
4.1.2.1. General procedure for N-arylation of intexdiate5 to generate intermediat@s-d
Intermediates (1 eq), corresponding bromo or iodoheteroaryl<€2.8q) and GE£0O; (2
eq) were suspended in 1,4-dioxane (0.1M). Argon tualsbled into the suspension for
several minutes and then Cul (0.1 eq) and N,N’-tlrylethylenediamine (0.2 eq) were
added. The reaction mixture in pressure tube wgas$ed and filled with Ar and then it
was heated at 120 °C for 284 h. The reaction mixture was filtered through i@l
washing with ethyl acetate. The filtrate was com@ad and purified by silica flash
chromatography.
4.1.2.2. 4-(7-Amino-11-oxo-11H-5-oxa-4,10-diazaedio[a,d]cyclohepten-10-yl)-
pyridine-2-carboxylic acid methylamidéa)
From intermediate5 (40 mg, 0.176 mmol) and 4-bromo-pyridine-2-carbmxyacid
methyl amide following the general procedure (24 h; purification gradient: c-Hex-EtOAc

40-80% of EtOAc), compounda was got (white solid, 60 mg, 94%); *H NMR (300 MHz,



DMSO0) 88.85 (d, J = 4.8 Hz, 1H), 8.70 (d, J = 5.3 Hz, 1850 (dd, J = 4.8, 2.0 Hz, 1H),
8.33 (dd, J = 7.6, 2.0 Hz, 1H), 8.00 (d, J = 1.8 H4), 7.65 (dd, J = 5.3, 2.2 Hz, 1H), 7.50
(dd, J = 7.6, 4.8 Hz, 1H), 6.62 (d, J = 2.4 Hz, 16{54 (d, J = 8.7 Hz, 1H), 6.34 (dd, J =
8.7,2.5 Hz, 1H), 5.59 (s, 2H), 2.82 (t, ] = 7.7 Hz, 3H); LCMS (ESI): m/z 362 [M+ H]", Rt:
3.24 min.

4.1.2.3. 7-Amino-10-pyridin-4-yl-10H-5-oxa-4,10-tkadibenzo[a,d]cyclohepten-11-one
(7b)

From intermediates (250 mg, 1.1 mmol) and 4-iodopyridine followingetlgeneral
procedure (24 h; purification gradient: c-Hex-EtOAc 56-100% of EtOAc), compoundb
was got (white solid, 300 mg, 90%); "H NMR (300 MHz, DMSO0)3 8.65 (d, J = 4.5 Hz,
2H), 8.49 (s, 1H), 8.30 (d, J = 7.6 Hz, 1H), 7.d47J = 10.3 Hz, 1H), 7.43 (d, J = 4.3 Hz,
2H), 6.60 (s, 1H), 6.51 (d, J = 6.5 Hz, 1H), 6.34 (d, J = 8.8 Hz, 1H), 5.55 (s, 2H); LCMS
(ESI): m/z 305 [M+ HJ, Rt: 0.46min and 0.96 min.
4.1.2.3. 7-Amino-10-pyridin-3-yl-10H-5-oxa-4,10-tkadibenzo[a,d]cyclohepten-11-one
(70)

From intermediatés (50 mg, 0.22 mmol) and 3-bromopyridine followingetgeneral
procedure (20 h; purification gradient: c-Hex-EtOAc 25100% of EtOAc) compoundc
was got (pale yellow solid, 60 mg, 90%); LCMS (ESI): m/z 305 [M+ H]", Rt: 2.0 min.
4.1.2.4. 7-Amino-10-furan-3-yl-10H-5-o0xa-4,10-dialibenzo[a,d]cyclohepten-11-one
(7d)

From intermediate5 (50 mg, 0.22 mmol) and 3-bromofuran following theneral
procedure (20 h; purification gradient: c-Hex-EtOAc G-80% of EtOAc) the compoundd

was got (pale gllow solid, 52 mg, 80%); LCMS (ESI): m/z 294 [M+ H]", Rt: 3.59 min.



4.1.3. General procedure for urea formatidn 9-13)

Intermediate7a—d (1 eq) and corresponding isocyanate (1.5 eq)4ndipxane (0.1M)
were heated at 60 °C until no starting material detected either by TLC or by LC-MS
analysis. The reaction mixture was concentratecCelite® to be purified by silica flash
chromatography or the solid in suspension wasrditteand washed to render required
product.
4.1.3.1. 4-{7-[3-(4-Chloro-3-trifluoromethyl-phenylireido]-11-oxo-11H-5-oxa-4,10-
diaza-dibenzo [a,d]cyclohepten-10-yl}-pyridine-2dsaxylic acid methylamidel)

From intermediateéra (20 mg, 0.055 mmol) and 4-chloro-3-(trifluoromejphenyl
isocyanate following the general procedure (4 h; purification gradient: c-Hex-EtOAc 10-
100% of EtOAc), the compouridwas isolated (white solid, 17 mg, 52%); 'H NMR (300
MHz, DMSO0)& 1H NMR (300 MHz, DMSO) d 9.27 (s, 1H), 9.21 (s,)1B.91 (d, J = 4.8
Hz, 1H), 8.75 (d, J = 5.3 Hz, 1H), 8.54 (dd, J 8,4..9 Hz, 1H), 8.37 (dd, J = 7.6, 1.9 Hz,
1H), 8.12 — 8.03 (m, 2H), 7.81 (d, J = 2.3 Hz, 1HE8 (dd, J = 5.3, 2.1 Hz, 1H), 7.61 (dd,
J=17.1,8.2 Hz, 2H), 7.54 (dd, J = 7.6, 4.8 H),77.14 (dd, J = 8.9, 2.4 Hz, 1H), 6.80 (d,
J=8.9 Hz, 1H), 2.84 (d, J = 4.8 Hz, 3H); LCMS (ESI): m/z 583.1 [M+ H]", Rt: 5.72 min.
4.1.3.2. 1-(11-Ox0-10-pyridin-4-yl-10,11-dihydros%a-4,10-diaza-dibenzo[a,d]
cyclohepten-7-yl)-3-phenyl-ure8)(

From intermediat&b (90 mg, 0.296 mmol) and phenyl isocyanate follagine general
procedure (2 h; purification by filtration of the solid in suspension and rinsed with water),
the compound was isolated (white solid, 98 mg, 78%); 'H NMR (300 MHz, DMSO)
58.97 (s, 1H), 8.73 (s, 1H), 8.70 (dd, J = 4.6,Hz 2H), 8.53 (dd, J = 4.8, 2.0 Hz, 1H),

8.33 (dd, J = 7.6, 2.0 Hz, 1H), 7.82 (d, J = 2.4 H4), 7.51 (ddd, J = 5.4, 4.5, 3.2 Hz, 3H),



7.44 (dd, J = 8.6, 1.1 Hz, 2H), 7.33 — 7.23 (m,,ZH)7 (dd, J = 8.9, 2.5 Hz, 1H), 6.98 (t, J
= 7.3 Hz, 1H), 6.76 (d, J = 8.9 Hz, 1H); LCMS (ESI): m/z 424.1 [M+ H]", Rt: 3.73 min.
4.1.3.3. 1-(2-Fluoro-benzyl)-3-(11-ox0-10-pyridiry410,11-dihydro-5-oxa-4,10-diaza-
dibenzo[a,d] cyclohepten-7-yl)-ureaq)

From intermediat&b (18 mg, 0.059 mmol) and 2-fluorobenzyl isocyarfat®wing the
general procedure (24 h; purification by silica column, gradient c-Hex-EtOAc 20-100% of
EtOAc), the compoundO was obiined (white solid, 11 mg, 40%); *H NMR (300 MHz,
DMSO0) 4 8.93 (s, 1H), 8.72 (brs, 2H), 8.51 (dd, J = 4.8,12z, 1H), 8.32 (dd, J = 7.6, 2.0
Hz, 1H), 7.78 (d, J = 2.4 Hz, 1H), 7.51 (m, 3HBZ(m, 2H), 7.18 (m, 2H), 7.01 (dd, J =
8.9, 2.4 Hz, 1H), 6.71m, 2H), 4.33 (d, J = 5.8 Hz, 2H); LCMS (ESI): m/z 456.2 [M+ H]",

Rt: 3.7 min.

4.1.3.4. 1-(11-Ox0-10-pyridin-4-yl-10,11-dihydros%a-4,10-diaza-dibenzo[a,d]
cyclohepten-7-yl)-3-propyl-uredl)

From intermediate/b (50 mg, 0.164 mmol) and n-propyl isocyanate (s@vextra
additions of isocyanate were needed) following the general procedure (24 h; purification by
silica column, gradient DCM-MeOH from-6% of MeOH), the compounil was got
(white solid, 44 mg, 69%); *H NMR (300 MHz, DMSO) 8.70 (m, 3H), 8.52 (dd, J = 4.8,
2.0 Hz, 1H), 8.32 (dd, J = 7.6, 2.0 Hz, 1H), 7.@8J = 2.5 Hz, 1H), 7.51 (dd, J = 6.8, 4.1
Hz, 1H), 7.49 (dd, J = 4.6, 1.5 Hz, 2H), 6.99 (dd& 8.9, 2.5 Hz, 1H), 6.70 (d, J = 8.9 Hz,
1H), 6.21 (t, J = 5.7 Hz, 1H), 3.03 (dd, J = 189, Hz, 2H), 1.43 (m, 2H), 0.86 (t, J = 7.4
Hz, 3H); °C NMR (75 MHz, DMSO)d 163.46, 163.22, 154.90, 152.32, 150.90, 148.75,
143.10, 140.27, 126.15, 125.93, 123.14, 122.96,7920115.41, 110.11, 40.87, 22.91,

11.31. LCMS (ESI): m/z 390.6 [M+ H] Rt: 3.10 min.



4.1.3.5. 1-(11-Ox0-10-pyridin-3-yl-10,11-dihydroe%a-4,10-diaza-dibenzo[a,d]
cyclohepten-7-yl)-3-phenyl-ure&?)

From intermediat&c (50 mg, 0.163 mmol) and phenyl isocyanate (2 etipwing the
general procedure (24 h; purification by silica column, gradient c-Hex-EtOAc from
20-100% of EtOAc), the compourl® was got (white solid, 62 mg, 89%); *H NMR (700
MHz, DMSO0) & 8.96 (s, 1H), 8.74 (s, 1H), 8.68 (d, J = 2.4 H4),18.61 (d, J = 3.6 Hz,
1H), 8.54 (dd, J = 4.7, 2.1 Hz, 1H), 8.34 (dd, 2.5; 2.0 Hz, 1H), 7.93 (m, 1H), 7.82 (d, J =
2.4 Hz, 1H), 7.58 (dd, J = 8.1, 4.8 Hz, 1H), 7.68 LH), 7.44 (d, J = 7.9 Hz, 2H), 7.28 (t, J
= 7.9 Hz, 2H), 7.06 (dd, J = 8.9, 2.4 Hz, 1H), 6(88 = 7.3 Hz, 1H), 6.73 (d, J = 8.9 Hz,
1H); LCMS (ESI): m/z 424.1 [M+ HJ, Rt: 4.62 min.
4.1.3.6. 1-(10-Furan-3-yl-11-0x0-10,11-dihydro-5ae%,10-diaza-dibenzo[a,d]
cyclohepten-7-yl)-3-phenyl-urea3)

From intermediaté’d (50 mg, 0.17 mmol) and phenyl isocyanate (2 etdpviong the
general procedure (24; tpurification by silica column, gradient c-Hex-EtOAc from
20-75% of EtOAc), the compount was got (pale yellow solid, 46 mg, 65%); *H NMR
(700 MHz, DMSO)3 8.99 (s, 1H), 8.75 (s, 1H), 8.52 (dd, J = 4.7,1220 1H), 8.34 (dd, J =
7.5, 2.0 Hz, 1H), 8.21 (s, 1H), 7.78 (dd, J = 1@4, Hz, 1H), 7.74 (m, 1H), 7.51 (dd, J =
7.5, 4.8 Hz, 1H), 7.45 (d, J = 7.9 Hz, 2H), 7.28,(@ = 17.8, 9.9 Hz, 2H), 7.16 (dd, J = 8.9,
2.2 Hz, 1H), 7.12 (dd, J = 9.8, 4.5 Hz, 1H), 6.8@,(J = 20.5, 13.2 Hz, 1H), 6.46 (d, J = 1.7
Hz, 1H); LCMS (ESI): m/z 413.5 [M+ H]", Rt: 5.12 min.

4.1.4. Synthesis of amid&s-19
4.1.4.1. N-(11-Ox0-10-pyridin-4-yl-10,11-dihydros%sa-4,10-diaza-dibenzo[a,d]

cyclohepten-7-yl)-2-phenyl-acetamid®)



To intermediate’b (40 mg, 0.131 mmol) in 1,4-dioxane (1.5 mL) wedeled KCO; (3
eq, 54 mg) and benzoyl chloride (1.5 eq,;,23. The mixture was stirred at rt for 1 h. The
reaction mixture was partitioned in ethyl acetatd water. Layers were separated and the
agueous layer was extracted with ethyl acetate. chimbined organic layers were dried
(N&SQOy) and concentrated to render the crude productwiaat purified by silica flash
chromatography (c-Hex-EtOAc from 10-80% of EtOAe)afford 16 (white solid, 26 mg,
48%); 'H NMR (300 MHz, DMSO) 10.48 (s, 1H), 8.72 (s, 2H), 8.55 (dd, J = 4.8,1z,
1H), 8.35 (dd, J = 7.6, 2.0 Hz, 1H), 8.10 (d, J.4 Bz, 1H), 7.93 (m, 2H), 7.64-7.51 (m,
7H), 6.86 (d, J = 8.9 Hz, 1H); LCMS (ESI): m/z 409.2 [M+ H]*, Rt: 3.69 min.
4.1.4.2. N-(11-Ox0-10-pyridin-4-yl-10,11-dihydros%sa-4,10-diaza-dibenzo[a,d]
cyclohepten-7-yl)-benzamid&7|

To intermediat&b (56 mg, 0.184 mmol) in 1,4-dioxane (2 mL) were edi#COs (3 eq,
76 mg) and phenylacetyl chloride (1.5 eq, 43 m@pe Mmixture was stirred at rt for 2 h. The
reaction mixture was partitioned in ethyl acetatel avater. Layers were separated. The
organic phase was dried (}$0,) and concentrated to render the crude productvilast
purified by silica flash chromatography (c-Hex-EtOfiom 26-100% of EtOAc) to render
17 (white solid, 60 mg, 77%); *H NMR (300 MHz, DMSO)5 10.42 (s, 1H), 8.70 (m, 2H),
8.51 (dd, J = 4.8, 2.0 Hz, 1H), 8.32 (dd, J = 2.6,Hz, 1H), 7.93 (d, J = 2.3 Hz, 1H), 7.50
(m, 3H), 7.27 (m, 6H), 6.80 (d, J =88Hz, 1H), 3.63 (s, 2H); LCMS (ESI): m/z 423.1 [M+
H]*, Rt: 3.78 min.
4.1.4.3. 3,3,3-Trifluoro-2-hydroxy-2-methyl-N-(12ee10-pyridin-4-yl-10,11-dihydro-5-

oxa-4,10-diaza-dibenzo[a,d]cyclohepten-7-yl)-pro@mide (8)



To 2-(trifluoromethyl)-2-hydroxypropionic acid (1€g, 39 mg, 0.246 mmol) in THF (1.5
mL) and DMAc (16pL) at 0 °C was added thionyl chloride (1.7 eq,.29. The mixture
(white suspension) was stirred at rt for 90 min #meh intermediat@b (50 mg, 0.164
mmol) in THF (1.5 mL) was added. The reaction migtwas stirred at rt for 20 h and then
it was heated at 70 °C for 3 h. The reaction m&iuas concentrated and the crude product
was purified by silica flash chromatography (c-Het®Ac from 26-100% of EtOAc). A
second chromatography (DCM-MeOH from1%% of MeOH) was needed to render pure
compoundi8 (yellowish solid, 12 mg, 16%); *H NMR (300 MHz, DMSOY 10.27 (s, 1H),
8.77 (brs, 2H), 8.53 (dd, J = 4.8, 1.9 Hz, 1H)48@&d, J = 7.6, 2.0 Hz, 1H), 8.04 (d, J= 2.4
Hz, 1H), 7.54 (m, SH), 6.81 (d, J = 8.9 Hz, 1H), 1.56 (s, 3H); LCMS (ESI): m/z 445.3 [M+
H]*, Rt: 3.45 min.
4.1.4.4. 2-Hydroxy-2-methyl-N-(11-ox0-10-pyridinA410,11-dihydro-5-oxa-4,10-diaza-
dibenzo[a,d]cyclohepten-7-yl)-propionamidk)

To 2-hydroxyisobutyric acid (12 mg, 0.118 mmol)TiIHF (1 mL) and DMAc (1QuL) at
0 °C was added thionyl chloride (1.5 eq,). The mixture (cloudy aspect) was stirred at
rt for 90 min and then intermediafa (30 mg, 0.099 mmol) in THF (1 mL) was added. The
reaction mixture was stirred at rt for 20 h andnititevas heated at 70 °C for 3 h. The solid
in suspension was filtered and washed with ethgtae to render required product not
pure. It was further purified by silica flash chratography (c-Hex-EtOAc from 2200%)
yielding purel9 (white solid, 4 mg, 10%) and a second batch less pure (15 mg); "H NMR
(700 MHz, DMSO)3 9.90 (s, 1H), 8.70 (dd, J = 7.9, 3.9 Hz, 2H), 8§d@® J = 4.7, 2.0 Hz,

1H), 8.33 (dd, J = 7.5, 2.0 Hz, 1H), 8.08 (d, 13Kz, 1H), 7.52 (m, 2H), 7.49 (dd, J = 4.7,



1.5 Hz, 2H), 6.78 (d, J = 8.9 Hz, 1H), 5.75 (s, 1H), 1.33 (s, 6H); LCMS (ESI): m/z 391.1
[M+ H]", Rt: 2.70 min.

4.1.5. Synthesis of N-(11-Oxo0-10-pyridin-4-yl-16didydro-5-oxa-4,10-diaza-dibenzo[a,d]
cyclohepten-7-yl) -benzenesulfonamid@) (

Intermediate7b (50 mg, 0.164 mmol) in pyridine (1.6 mL) at 0 °Gawtreated with
benzenesulfonyl chloride (1.5 eq, BL). The orange reaction mixture was stirred at 0 °C
for 1 h. Ethanol (2 mL) was added and then cone&sdr The crude product was purified
by flash chromatography (c-Hex-EtOAc from-1@0% of EtOAc and then EtOAc-MeOH
0-15% since the product tended to precipitate inraaluto rendef0 (white solid, 65 mg,
89%); 'H NMR (300 MHz, DMS0)5 10.70 (s, 1H), 8.77 (brs, 2H), 8.52 (dd, J = 2.8,
Hz, 1H), 8.29 (dd, J = 7.6, 2.0 Hz, 1H), 7.76 (H)27.56 (m, 3H), 7.47 (br s, 2H), 7.30
(m, 1H), 7.14 (d, J = 2.5 Hz, 1H), 6.91 (dd, J = 8.9, 2.5 Hz, 1H), 6.72 (d, J = 8.8 Hz, 1H);

LCMS (ESI): m/z 445.2 [M+ H], Rt: 3.62 min.
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