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Abstract

Development of potent small molecule inhibitors of protein-protein interactions with optimized
drug-like properties represents a challenging task in lead optimization process. Here, we report
synthesis and structure-based optimization of new thienopyrimidine class of compounds, which
block the protein-protein interaction between menin and MLL fusion proteins that plays an
important role in acute leukemias with MLL translocations. We performed simultaneous
optimization of both activity and drug-like properties through systematic exploration of
substituents introduced to the indole ring of lead compound 1 (MI-136) to identify compounds
suitable for in vivo studies in mice. This work resulted in the identification of compound 27 (MI-
538), which showed significantly increased activity, selectivity, polarity and pharmacokinetic
profile over 1 and demonstrated a pronounced effect in a mouse model of MLL leukemia. This
study, which reports detailed structure-activity and structure-property relationships for the
menin-MLL inhibitors, demonstrates challenges in optimizing inhibitors of protein-protein

interactions for potential therapeutic applications.
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Introduction

The protein-protein interaction between menin and MLL (Mixed Lineage Leukemia) fusion
proteins plays a critical role in acute leukemias with translocations of the MLL gene.1 The MLL
leukemias constitute about 5-10% of acute leukemia cases in adults, both AML (acute myeloid
leukemia) and ALL (acute lymphoblastic leukemia),” and ~70% of acute leukemias in infants.’
Patients with MLL leukemias do not respond well to currently available treatments,*°
emphasizing the need for more effective therapies.

The MLL fusion proteins, which result from the chromosomal translocations of the MLL
gene, retain the N-terminal fragment of MLL (about 1400 amino acids)”® that is involved in the
protein-protein interaction (PPI) with menin."” Importantly, the menin-MLL interaction plays a
crucial role in the MLL-fusion protein mediated leukemogenic transformation."'® Menin is
required by MLL fusion proteins for enhanced proliferation and differentiation block of leukemic

1,11

cells.” We previously demonstrated that the N-terminal fragment of MLL binds with a high

affinity to the large central cavity on menin”'*"

and validated that this protein-protein
interaction is amenable to small molecule inhibition.'>'*'® All these findings imply that the
menin-MLL protein-protein interaction represents an attractive molecular target to develop new
targeted agents as a potential therapeutic strategy for MLL leukemia.

Despite an important role of protein-protein interactions (PPIs) in human diseases,
including cancer,'” targeting PPIs with small molecules is still considered a challenging task due
to large contact areas, lack of well-defined pockets and flexibility of residues at PPI

18,19

interfaces. ©~ Furthermore, development of cell-permeable and orally bioavailable PPI

inhibitors with optimized drug-like properties represents an additional challenge.”® Despite these

limitations, there are a number of successful examples of small molecules blocking PPIs.*' %
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More importantly, PPI inhibitors have been successfully advanced to clinical trials, including
small molecules activating apoptotic pathways, such as Bcl-2 inhibitors and p53 activators,”**’
providing evidence that PPI inhibitors might serve as novel therapeutics.

Our own work led to the identification of two distinct classes of menin-MLL inhibitors,
which demonstrated relatively potent activity in MLL leukemia cells,'*">** but were not
optimized for in vivo studies. More recently, we developed a new class of menin-MLL inhibitors
by linking the cyanoindole ring with the thienopyrimidine core through the aminopiperidine
linker, Figure 1a and compound 1 (MI-136) in Table 1.'"® However, this class, represented by
the lead compound 1 (ICsp =31 nM, Table 1), requires further improvement of cellular activity
and drug-like properties, including metabolic stability, selectivity and aqueous solubility, to
develop compounds with potential therapeutic value. In this study we report structure-based
optimization of compound 1 performed by systematic exploration of substituents introduced on
the indole ring of 1, together with extensive characterization of their in vitro potency, cellular
activity, selectivity, and microsomal stability to provide structure-activity and structure-property
relationships. For several selected compounds we also determined the pharmacokinetic profile
(PK) in mice. This work resulted in the identification of compound 27 (MI-538), which showed
significantly improved activity, selectivity, and PK profile over 1 and demonstrated a
pronounced effect in a mouse model of MLL leukemia. Interestingly, we discovered that
simultaneous incorporation of multiple substituents optimized for each site on the scaffold does
not always positively affects the activity or drug-like properties of these compounds, proving an
additional level of complexity in lead optimization. This study illustrates the difficulties and

challenges in optimizing drug-like properties of PPI inhibitors and emphasizes the need for
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extensive medicinal chemistry efforts combined with structural studies for successful

optimization of such compounds.

Results and Discussion

Compound 1 represents a valuable pharmacophore for development of menin-MLL
inhibitors.

We recently developed a new class of small molecule inhibitors of the menin-MLL interaction
represented by compound 1, Figure 1a, Table 1.'° This compound strongly binds to menin (Kq =
24 nM), potently inhibits menin interaction with MLL (ICsy = 31 nM), Table 1, Supplementary
Figure 1, and blocks proliferation of MLL leukemia cells at sub-micromolar concentrations
(Glso = 0.55 uM in the MLL-AF9 cells, Table 1), validating that it represents a valuable
pharmacophore for menin-MLL inhibitors. In addition, compound 1 did not show substantial off-
target activity when profiled on a panel of kinases and GPCRs, Supplementary Table 1 and 2.
Compound 1, however, requires further improvement of drug-like properties, including: (i)
potency and selectivity towards MLL leukemia cells (Selectivity Index for 1, SI < 6, Table 1),
(i1) metabolic stability (T, = 6.8 min in mouse liver microsomes), (iii) pharmacokinetic profile
(PK) and (iv) polarity (clogP = 4.3), implying the need for additional medicinal chemistry
efforts.

The crystal structure of the menin in complex with 1 revealed that it binds to the MLL
binding site on menin and occupies the F9 and P13 pockets, with the 2-cyanoindole ring
extending beyond the P13 pocket to form a hydrogen bond with the side chain of Trp341, Figure
1a. Based on the crystal structure we concluded that additional substitutions on the 2-

cyanoindole ring of 1 could be explored by introducing substituents at positions 1, 3, 4 and 6
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(substituents R1-R4, Figure 1b). Substitutions at R2 and R4 were not tested before, while only a
limited set of substituents at R1 and R3 were probed in our recent study,'® providing a good
rational for much more systematic structure-activity relationship (SAR) combined with structure-

property relationship studies.

Development of analogues with substitutions at indole nitrogen

The crystal structure of the menin in complex with compound 1 revealed that the indole
nitrogen in 1 is involved in a direct hydrogen bond with the side chain of Glu363 on menin
(Figure 1a). This nitrogen atom is partly solvent exposed, suggesting that substituents of
different size should be tolerable at this position. Furthermore, the close proximity of the side
chains of Glu363 and Glu366 (Figure 1a) supports exploration of polar groups at R1 for
hydrogen bond formation. To identify optimal R1 substituents we focused on introducing a
variety of substituents harboring hydrogen bond donor groups at R1, Table 1, with the goal to
improve polarity while retaining or improving the potency of the new analogues.

First, we tested the hydroxyethyl group at R1 (compound 2), which was designed to form
a hydrogen bond with one of the glutamic acid residues on menin, but no activity improvement
was observed as compared to 1 (Table 1). We next designed compounds with 1,2-propanediol
functional group or its derivatives (compounds 3-(RS) (MI-352), 3-(R), 3-(S), 4-(R), 4-(S), 5, 6),
Table 1), to further increase capabilities for hydrogen bond formation with Glu363 and/or
Glu366. We found that neither compound 3-(RS), which represents a racemic mixture, nor
individual enantiomers of this compound (3-(R) and 3-(S)), demonstrate better inhibitory activity
than 1, Table 1. To understand the molecular basis of inhibitory activity we determined the

crystal structure of menin in complex with 3-(RS), Figure 2a, Supplementary Table 3.
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Interestingly, we observed that both enantiomers of 3-(RS) bind to menin in the same manner
with the only difference being a distinct orientation of the secondary hydroxyl group, Figure 2a.
This hydroxyl group is solvent exposed in both enantiomers, but only in one of them (3-R) it
forms a hydrogen bond with Glu363, while the terminal hydroxyl group forms a hydrogen bond
with Glu366 in both enantiomers of 3-(RS) , Figure 2a. We next explored substitutions on the
secondary hydroxyl group (compounds 4-(R), 4-(S) and 6) and found almost no effect on the
inhibition of the menin-MLL interaction, as compared to 3-(RS), Table 1, while alkylation of the
terminal hydroxyl group (compound 5) resulted in ~3-fold reduced inhibitory activity. Overall,
the series of R1 substitutions with the 1,2-propanediol group or its derivatives did not improve
inhibitory activity over 1 despite the formation of additional hydrogen bonds with menin by
some of these compounds.

Incorporation of the acetamide group at R1 in compound 7 (MI-389), which results in
formation of hydrogen bonds with both Glu363 and Glu366 as validated by the crystal structure
of the complex (Figure 2b), also does not improve inhibition of the menin-MLL interaction
(Table 1). We then introduced the a-methylated acetamide group at R1 (compound 8), which
showed about 10-fold reduced inhibitory activity likely due to a limited space to accommodate
an additional methyl group at this region of the binding site, Table 1.

Out of aromatic substituents at R1 (compounds 9 and 10, Table 1), we have recently
explored a few 5S-member heterocycles harboring hydrogen bond donor groups, out of which the
4-methylpyrazole derivative (compound 10) showed best inhibitory activity (ICso = 23 nM)."°
Here, we followed up on these findings and introduced the 4-methyltriazole substituent at R1
(compound 9) to further increase polarity of these compounds. Importantly, we were able to

retain strong inhibitory activity of compound 9, while improving polarity represented by a
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significantly lower clogP value when compared to 1, Table 1. Overall, despite the fact we did
not improve substantially the in vitro inhibitory activity by substituting at R1 of 1, the majority
of these compounds represent very potent inhibitors of the menin-MLL interactions with the I1Csg
values at the range of 25 nM - 45 nM, Table 1. Importantly, these new analogues are more polar
than 1, reflected by the clogP values below 3.5 for most of them, which affects their cellular
activity and other drug-like properties (see below).

In the next step we assessed cellular activities and microsomal stabilities of the series of
menin-MLL inhibitors with various R1 substituents. Interestingly, despite similar in vitro
activity, these compounds demonstrate substantially different cellular activity in MLL leukemia
cells (ranging from 0.2 uM to 4 uM), Table 1, likely associated with differences in their polarity
(clogP values, Table 1) affecting cellular permeability, as assessed in the Caco-2 membrane
permeability studies (Supplementary Table 4). Likewise, compounds 1-10 exhibit different
level of selectivity towards MLL-AF9 cells over HM-2 control cell line (reported as selectivity
index, SI, ranging from 5 - 32), Table 1. Furthermore, the microsomal stability of these
compounds in mouse liver microsomes also varied substantially, Table 1. For example,
incorporation of the hydroxyethyl (2) or 1,2-propanediol (3-(RS), 3-(R), 3-(S)) substituents at R1
substantially increases polarity (clogP < 3.5) and metabolic stability (T, = 18-60 min), however
the effect of these compounds on proliferation of the MLL-AF9 cells (Glso > 1 uM) is weaker
than for 1, Table 1. Introduction of the methyl (4-(R)) or isopropyl (6) groups at the secondary
hydroxyl substantially improves Gls, values (e.g. Glsp = 0.18 uM for 6), however these
compounds are metabolically unstable (T}, < 3 min). Interestingly, 4-(R) has markedly
improved cellular permeability over 3-(RS), Supplementary Table 4, despite very small

difference in their structures, Table 1. The efflux ratio was >20-fold lower for 4-(R) as
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compared to 3-(RS) (Supplementary Table 4), with both apical to basolateral (A—B) and
basolateral to apical (B—A) permeability markedly improved for 4-(R). Accordingly, cellular
activity of 4-(R) is almost 10-fold increased over 3-(RS) despite similar ICs, values for these
compounds, Tablel, emphasizing that increased cellular permeability correlates with cell growth
inhibition. The analogue with the acetamide group at R1, compound 7, shows cellular activity
(Glso = 0.78 uM in MLL-AF?9 cells) similar to 1, however this compound has substantially
improved selectivity (SI = 34) and metabolic stability over 1, Table 1, both are likely associated
with its higher polarity. Compound 7 also showed low cellular permeability (efflux ratio > 90,
Supplementary Table 4) reflected by the modest cellular activity of this compound, Table 1.
Finally, similarly to the compound with 4-methylpyrazole at R1 (10), the analogue with 4-
methyltriazole (9) has improved cellular activity (Glso = 0.33 uM), selectivity (SI = 30),
microsomal stability as well as polarity when compared to 1, Table 1. Therefore, substitutions
on the indole nitrogen are very valuable to modulate both cellular activity and drug-like
properties for this class of menin-MLL inhibitors. Overall, we concluded that hydroxyethyl
(present in 2), acetamide (present in 7), 4-methylpyrazole (present in 10) and 4-methyltriazole
(present in 9) represent the most valuable substituents at R1 due to either superior effect in MLL

leukemia cells (9 and 10) or improved drug-like properties (e.g. polarity for 2 and 7).

Activity and property optimization of analogues substituted at positions 3, 4 or 6 of indole
Analysis of the crystal structure of the menin-compound 1 complex revealed that carbon

at position 3 of the indole ring (position R2, Figure 1b) approaches the backbone of menin,

which limits the possibility of substituting at this position. Nevertheless, since this position has

not been explored before, we introduced a few small substituents (R2 substituents) at this
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position, namely fluorine (compound 11), amino (compound 12) and methyl (compound 13),
Table 2. The inhibitory activity of these compounds was, however, 3-4 fold reduced as
compared to 1, Table2, consistent with their relatively weak cellular activity in the MLL-AF9
cells. These results support that position 3 on the indole ring of 1 should remain unsubstituted.

We have recently explored several substituents at position 4 of the indole ring (R3
substituent, Table 2) and concluded that small hydrophobic groups represent the best
substituents at this position,'® with the methyl group resulting in ~2-fold improved activity
(compound 14, MI-463, ICsy = 15 nM, Table 2), likely due to hydrophobic contacts with the
aromatic ring of Tyr323, Figure 1a. Here, we completed the series of R3 substituted analogues
by incorporating chorine (compound 15, Table 2) at this position to assess whether it might
represent an even more favorable substituent than a methyl group. The in vitro inhibitory activity
of 15 (ICsp = 22 nM) was slightly improved over 1, but the effect on proliferation of the MLL
leukemia cells was much weaker (GIso > 1 uM), Table 2. Therefore, we concluded that methyl
group represents the best substituent at position 4 of the indole ring.

Finally, we also probed position 6 on the indole ring (R4 substituents, Table 2), which
was not explored previously for substitutions. The crystal structure of the menin-compound 1
complex revealed that this position is partly solvent exposed and that relatively small polar
groups could likely enhance inter- and intramolecular interactions (Figure 1a, 1b). Indeed,
incorporation of the hydroxyl in compound 17 or methoxy group in compound 18 (MI-336) at
R4 resulted in about 1.5-fold improved inhibitory activity over 1, Table 2. More importantly,
these two substituents have led to a significant improvement of growth inhibition in the MLL
leukemia cells, in particular compound 17, which showed almost 3-fold better Glsy value (Glsy =

0.18 uM) than 1, Table 2. Further increase in the size of R4 (e.g. compound 19 with the ethoxy
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group) or introduction of fluorine (compound 16) resulted in the reduction of inhibitory activity,
Table 2.

To understand the molecular basis of the activity of these compounds we determined the
crystal structure of 18 with menin, Supplementary Table 3. The structure revealed an
intramolecular hydrogen bond between the oxygen of the methoxy group and nitrogen in the
piperidine ring, which likely stabilizes the conformation of 18 required for effective binding,
Figure 3a. The same interaction is expected for compound 17 harboring a hydroxyl group at R4.
In summary, based on the in vitro and cellular activity, we concluded that hydroxyl and methoxy
groups represent optimal substituents at R4, and we selected both of them for preparation of
multi-substituted derivatives of 1 (see below). The metabolic stability and polarity (particularly
for 18) still need to be improved for compounds with R4 substituents (Table 2), but these
liabilities may be compensated by the presence of other substituents on the indole ring (see

below).

Activity of analogues with multiple substitutions on indole ring

Having established the optimal substituents at different positions of the indole ring, we
then assessed whether simultaneous incorporation of these substituents into the scaffold would
provide further improvement of activity and drug-like properties. For this purpose, we prepared a
number of compounds to probe combinations of the best R1 substituents (hydroxyethyl,
acetamide, 4-methylpyrazole and 4-methyltriaozle) with the methyl group as an optimal
substituent at R3 and/or two best R4 substituents (hydroxyl or methoxy groups), Table 3. First,
we prepared the R3, R4 di-substituted analogues (compounds 20 and 21), Table 3. Although

neither compound showed improved in vitro inhibitory activity over 1, however, they
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demonstrate improved cellular activity in MLL-AF9 cells, Table 3, with compound 21 showing
over 5-fold improved cell growth inhibition (Glsy = 100 nM) as compared to 1, Table3.
Interestingly, both 20 and 21 showed relatively high to moderate cellular permeability in Caco-2
cells, Supplementary Table 4, which could contribute to strong growth inhibition in the MLL
leukemia cells, Table 3.

The subsequent set of analogues (compounds 22, 23, 24) contained a hydroxyethyl
substituent at R1, a methyl at R3 with R4 remaining either unsubstituted or substituted with
hydroxyl or methoxy groups, Table 3. None of these compounds, however, showed substantially
increased activity, either in vitro or in MLL leukemia cells, Table 3. Similarly, two analogues
with an acetamide group at the indole nitrogen (compounds 25 and 26) did not demonstrate
significantly improved in vitro or cellular activity over 1, Table 3. We next synthesized and
tested compounds with aromatic substituents at the indole nitrogen, either 4-methylpyrazole
(compounds 27-31) or 4-methyltriazole (compounds 32-34), Table 3. Notably, all these
compounds showed strong inhibitory activity, with the ICs, values for inhibition of the menin-
MLL interaction in the range of 12 - 24 nM, Table 3, representing an improvement over 1. We
solved the crystal structure of menin in complex with the most potent 31 (MI-574), which
harbors three substituents on the scaffold (Figure 3b). The structure shows that incorporation of
several substituents on the indole ring does not affect the binding mode of 31 to menin as
compared to 1. The structure also reveals two additional hydrogen bonds, one intramolecular
formed by the methoxy group of 31 and an additional intermolecular between the pyrazole ring
and Glu366, Figure 3b, which are likely responsible for ~2.6-fold improved activity of this

compound over 1.
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Importantly, simultaneous substitution at multiple sites of indole resulted in compounds
with a pronounced effect on the proliferation of MLL leukemia cells, with the most potent
compound 27 (MI-538), which showed Glsy = 83 nM in MLL-AF9 cells, representing almost 7-
fold improvement over 1, Table 3. Compound 27 binds to menin with low nanomolar affinity
(K4 = 6.5 nM), as assessed by Isothermal Titration Calorimetry (Figure 4a), representing ~3.6-
fold improvement in the binding affinity as compared to 1 (Kq = 23.6 nM).'® Therefore, potent
cellular activity of 27 originates from the improved binding affinity to menin and possibly
increased cell membrane permeability (e.g. improved permeability over 7 with a similar ICs
value), Supplementary Table 4. Interestingly, 27, which is a double substituted analogue with
methylpyrazole at R1 and hydroxyl at R4, has improved cellular activity by 2-3 fold over
monosubstituted compounds 10 or 17, which harbor only one of these substituents, Tables 1-3.
Further addition of the methyl group at R3 resulting in compound 30 leads to reduced activity in
MLL leukemia cells by more than 2-fold, Table 3. These results demonstrate that simultaneous
incorporation of multiple substituents to the scaffold can result in improved cellular activity over
monosubstituted analogues, however these substitutions are not fully additive as cellular activity

of triple substituted analogues is not improved over di-substituted analogues, Table 3.

Multi-substituted analogues demonstrate favorable drug-like properties

In addition to activity, other properties of the analogues of compound 1 were affected by
simultaneous introduction of multiple substituents. For example, substantial improvement in
selectivity towards MLL leukemia cells, reflected by increase in the SI index, was observed for
compounds with multiple substituents on the indole ring, Table 3. While 1 and the majority of

mono-substituted analogues have SI <30, Tables 1 and 2, additional substitutions on the indole
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led to increased selectivity, resulting in a number of compounds with SI > 50, Table 3. For
instance, compounds with no substituent at R1 but substituted at R3 and R4 (20 and 21),
analogues with acetamide at R1 (25 and 26) as well as 27 with 4-methylpyrazole at R1 and
hydroxyl at R4 showed best selectivity, Table 3. Increase in the selectivity index can be
attributed to both, the increase in cellular activity towards MLL leukemia cells as well as a
reduced effect in the control cell line HM-2 (e.g. for 25 and 26, Table 3). Although cellular
selectivity was rather difficult to predict upon a particular modification in the scaffold, in general
the presence of an additional polar group improves selectivity, Table 3. Exceptions are
compounds 33 and 34 due to their weaker effect in MLL-AF9 cells over 32.

Another important property we attempted to optimize was the polarity of these
compounds, as the clogP value for the parent compound 1 is about 4.3, implying that it might
need further improvement. Indeed, the majority of compounds with multiple substitutions on
indole had lower clogP values than 1, Table 3, including the compound with the most potent
activity in MLL leukemia cells, 27 (clogP = 3.7), which harbors the hydroxyl group at R4. This
demonstrates that it is possible to simultaneously improve polarity, cellular activity and
selectivity for this class of menin-MLL inhibitors.

Finally, one liability of the lead compound 1 is its relatively poor metabolic stability in
the murine liver microsomes (T}, = 6.8 min), Table 1, reflected by unsatisfactory PK profile
(see below). By introducing multiple substituents to the indole ring, we were able to substantially
improve metabolic stability of analogues of compound 1, with a number of compounds showing
increase in Ty, to over 30 min, Table 3. This includes compounds 20, 21, 31, which also
demonstrated strong effect on cell proliferation (Glsy of ~200 nM or better in MLL-AF9 cells)

and good selectivity (SI > 50). The analogue with the most potent cellular activity, compound 27,
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has about two fold increase in microsomal stability (T, = 14 min) over 1, Table 3.
Nevertheless, due to its strongest activity in MLL leukemia cells, high selectivity to MLL
leukemia cells (SI> 100) and improved polarity (clogP = 3.7), 27 was chosen for

pharmacokinetic studies in mice together with several other compounds.

Pharmacokinetic studies of menin-MLL inhibitors in mice

We selected 27 and several other compounds (20, 21, 31), which showed the best cellular
activity in MLL-AFO cells (Glso < 0.2 pM), high level of selectivity to MLL leukemia cells (SI >
50) and good microsomal stability (T, > 30 min) and performed in vivo pharmacokinetic (PK)
studies in mice. The PK studies were also performed for the parent compound 1. Table 4
summarizes the PK parameters for all compounds tested using both intravenous (iv, 15 mg/kg
dose) and oral (po, 30 mg/kg dose) administration. Importantly, these studies demonstrate
substantially improved PK profile for 27 over 1 and other compounds tested, Table 4.
Compound 27 demonstrated markedly improved exposure (area under the curve, AUC, values),
Chax (maximum compound concentration) in the blood plasma as well as the lowest value of
clearance (Clgps), Table 4. The half-life (T, ;) for 27 was reduced as compared to 1, but still
remained relatively long (~1.6 h). To investigate the possible reason for reduced half-life for 27,
we investigated phase Il metabolism and found that this compound undergoes glucuronidation,
consistent with the presence of the hydroxyl group in the structure (Supplementary Figure 2).
Importantly, 27 has also high oral bioavailability (~50%), similarly to 1 and 21, Table 4. Out of
the other compounds tested in PK studies, 31 with the tri-substituted 2-cyanoindole ring
demonstrated good exposure, but this compound had very poor oral bioavailability, Table 4.

Two other compounds, 20 and 21, with R3, R4 di-substitutions on the 2-cyanoindole ring did not
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show substantial improvement in the PK profile over parent compound 1, and 20 had even
reduced exposure and increased clearance, Table 4. These results demonstrate that not all
substitutions on the 2-cyanoindol ring of 1 result in additive effects on drug-like properties,
including PK profile, and multiple combinations of substituents need to be tested to identify
compounds with the desired activity and properties. These studies also showed a lack of
correlation between in vitro microsomal stability and in vivo PK profile, as exemplified for
compound 20 when compared to 1 and for 27 with superior PK but relatively short Ty, in mouse

liver microsomes, Tables 3 and 4

Compound 27 demonstrates on target mechanism of action in MLL leukemia cells

Based on strong effect on proliferation of the MLL-AF9 leukemia cells (Glsy = 83 nM),
excellent selectivity and best PK profile (Table 4), 27 was selected for further characterization in
MLL leukemia models. First, we assessed the effect of this compound in human MLL leukemia
cell lines, MV4;11 and MOLM13, harboring two different MLL translocations (MLL-AF4 and
MLL-AF9, respectively), and observed a pronounced inhibition of cell growth (Glso = 170 - 270
nM), Figure 4b. Importantly, 27 showed no effect (up to 6 uM) on growth of the control cell
lines HL-60 and HM-2, which do not harbor MLL translocations, demonstrating good selectivity
towards MLL fusion protein transformed cells (Figure 4b). Inhibition of the menin-MLL
interaction is expected to result in the differentiation of MLL leukemia cells and downregulation

of MLL fusion target genes.l’14

Indeed, we observed pronounced differentiation of MLL-AF9
cells upon treatment with 27 as reflected by cell morphology change (decreased nuclei to

cytoplasm ratio, multi-lobed nuclei and highly vacuolated cytoplasm) we well as marked

increase in the expression level of /tgam, a differentiation marker of myeloid cells (Figure 4c,
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d). Finally, treatment with 27 resulted in strong downregulation of expression of Hoxa9 and
Meis1 genes, the downstream targets of MLL fusion proteins required for their leukemogenicity,
Figure 4e. About 100 nM of 27 was sufficient to reduce by ~50% Hoxa9 expression in MLL-
AF9 cells and even more pronounced effect was seen on Meis/ expression, consistent with the
strong effect of this compound on proliferation of these cells, Figure 4b. All these findings
further confirm on-target effects and specific mechanism of action of 27 menin-MLL inhibitor,
suggesting that it represents a valid candidate for in vivo studies in a mouse model of MLL

leukemia.

Compound 27 demonstrates in vivo efficacy in a xenograft model of MLL leukemia
Encouraged by the favorable PK profile as well as the pronounced and specific effect of 27 in
MLL leukemia cells, we selected this compound for in vivo efficacy studies in a mouse xenograft
model utilizing MV4;11 human MLL leukemia cells injected subcutaneously into CB17 SCID
mice. Treatment with 27 (45 mg/kg, once daily via ip) was initiated when tumor size reached
~100 mm’ and was continued for two weeks, Figure 5. Importantly, treatment with 27 resulted
in a pronounced, about 80% reduction in the MV4;11 tumor volume (Figure 5), without causing
substantial signs of toxicity reflected by less than 10% reduction of the body weight (not shown).
These results validate that 27 is not only a potent inhibitor of MLL leukemia cell proliferation
but can also effectively inhibit the growth of MV4;11 tumors in mice. These data demonstrate a
strong potential for this class of menin-MLL inhibitors for further development towards

therapeutically useful compounds.

Chemistry
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All inhibitors 1-34 contain the N-(piperidin-4-yl)-6-(2,2,2-trifluoroethyl)thieno[2,3-d]pyrimidin-
4-amine moiety (39) that was synthesized in five steps starting from the 4-
trifluorobuteraldehyde, Scheme 1, with the key step of Gewald thiophene synthesis.”
Condensation of thiophene with triethyl orthoformate gave pyrimidinone 37, which was then
converted to 38. Nucleophilic substitution of 38 with Boc-protected aminopiperidine and
subsequent deprotection provided 39 as hydrochloride salt. The process was optimized to
provide high yields of 39 with no chromatography purification, resulting in overall yield of 45%
over 5 steps after recrystallization of the final product.

Synthesis of 1 and 11 started from commercially available 5-methylindole-2-carboxylic
acid, Scheme 2. The 3-substituted indole was obtained by reaction of 40a with 1-chloromethyl-
4-fluoro-1,4-diazoniabicyclo[2.2.2]octane bis(tetrafluoroborate) as a source of electrophilic
fluorine, providing 40b. The carboxylic acid functional group in 40a and 40b was then converted
to nitrile by dehydratation of amide obtained from acid chloride. The Boc protection of indole
nitrogen smoothly gave 42a,b that were subjected to free-radical bromination. Bromo-derivatives
were used for coupling reaction with 39 followed by Boc group deprotection resulting in 1 and
11, Scheme 2.

For preparation of 7 and 8, we explored the possibility of introducing substituents on
indole nitrogen using compound 1 as a substrate, Scheme 2. Indeed, indole 1 was deprotonated
using Cs,COj; as a weak base and directly alkylated with bromoacetamide or 2-
bromopropionamide to form 7 and 8, respectively, although in moderate to poor yields.
Interestingly, similar conditions with other alkylating reagents did not yield the desired products.
Therefore we applied other methodology to afford compounds 2-6, 9, 10, 23-34 as described

below.
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Synthesis of 2 was performed according to Scheme 3. Alkylation of indole 41a
proceeded efficiently with NaH as a base producing the hydroxyethyloindole 44, which was then

subjected to free-radical bromination, followed by alkylation and deprotection reactions to afford

©CoO~NOUTA,WNPE

final product 2. Similar approach was employed for synthesis of 1,2-propanediol derivatives of 3,
13 where starting materials were either racemic mixture or enantiomerically pure alcohols 45,

15 Scheme 4. After protection of hydroxyl groups in diol 45 with fert-butyldimethylsilyl ethers

18 (TBS) the resulting intermediates reacted with indole 41a to obtain alkylated compound 46.

20 Further bromination, alkylation and deprotection reactions provided racemic compound 3 as well
as its enantiomers, Scheme 4. Synthesis of individual enantiomers of 4 required selective

25 methylation of secondary hydroxy group, which was accomplished by removal of both TBS

27 protecting groups from 46 followed by exclusive protection of primary hydroxyl group with a
bulky tert-butyldiphenylsilyl ether (TBDPS) and methylation of a secondary alcohol to afford

32 47. Subsequently, the bromination, alkylation and deprotection reactions were performed to yield
34 enantiomerically pure 4-(S) and 4-(R).

37 To synthesize compound 12, the carboxylic acid 48 was used as a starting material,

39 Scheme 5. The carboxylic group of 48 was converted to nitrile via standard amidation and
dehydration reactions, followed by reduction of the nitro group with tin chloride (II) to afford 49
a4 in four steps. By heating 49 with paraformaldehyde and KCN in the presence of zinc chloride

46 (IT), the N-cyanomethyl compound 50 was obtained, which was subjected to Boc protection with
four equivalents of Boc,O and simultaneous cyclization to afford 51. Free-radical bromination
51 followed by nucleophilic substitution with building block 39 and deprotection resulted in

53 compound 12, Scheme 5.

60 19
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Inhibitors bearing methyl groups at positions 3 or 4 of indole required different synthetic
procedure, in which reductive amination was employed to couple aldehydes 60a-d with 39,
Scheme 6. Synthesis of 13 started from reaction of 2-oxobutyric acid and hydrazine 52 to
produce 53, which after hydrolysis was converted to nitrile via amide to obtain indole derivative
59a. To synthesize aldehydes 60b-d we used Hemetsberger indole synthesis.”® First, acids 56a,b
were converted to azidoacrylates 57a,b. To obtain 57¢, direct iodination of phenol 54 at para
position was performed after protection of the hydroxyl group followed by conversion of the
intermediate to aldehyde with simultaneous deprotection of phenol, which was then alkylated to
yield 55 and further converted to afford 57¢. Compounds 58a-¢ were obtained by refluxing of
azidoacrylates 57a-c, resulting in products that precipitated out upon cooling. Subsequently, the
2-cyanoindole compounds 59a-d were obtained after conversion of esters 53 or 58a-c to nitriles,
Scheme 6. Aldehydes 60a,c,d were synthesized by adapting the procedure described by Moyer
et. al.’" while aldehyde 60b was prepared by free-radical dibromination and hydrolysis of halo-
derivative in the presence of silver carbonate. Reductive amination with 39 went efficiently to
produce 14, 15, 21 with good yields except for 13 (28% yield). Subsequently compound 20 was
obtained from 21 by demethylation, while 25 and 26 were produced by direct alkylation of 14
and 21, respectively.

Compounds 16-19 were synthesized using the procedure shown in Scheme 7. First, the
azidoacrylates 62a,b were synthesized from commercially available aldehydes 61a,b. Then, the
rhodium trfluoroacetate catalyzed reaction was adapted as a cyclization method,*” resulting in
63a,b, which were subsequently converted to nitriles and protected with Boc group. Synthesis of

compounds 16 and 18 was performed by bromination followed by nucleophilic substitution with
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39 and removal of Boc protecting group. Compound 17 was obtained after demethylation of 18
with boron tribromide that was further alkylated with ethyl iodide to get final product 19.

The synthesis of compounds 23, 24, 27-34, with multiple substituents on indole ring is

©CoO~NOUTA,WNPE

depicted in Scheme 8. To prepare alcohol 24, the hydroxyethyl substituent was introduced by
13 alkylation of 60c¢ with trityl protected bromoethanol to afford 69. Pyrazole derivatives 27-31

15 were synthesized from commercially available ester 65, which was first protected with trityl

18 group, then reduced to alcohol 66 and transformed to bromide 67 which was used immediately
20 for alkylation of aldehydes 60a, 60c or 68b, resulting in 70, 71 and 72. The triazol moiety was
introduced through alkylation of 60¢ via click chemistry to obtain 73. Reductive amination and
25 subsequent deprotection afforded the desired products 24, 28, 29, 31 and 34, Scheme 8. Finally

27 demethylation of 24, 28, 31 and 34 resulted in 23, 27, 30 and 33, respectively.

32 Conclusions

34 Development of very potent small molecule inhibitors of protein-protein interactions with

37 optimized drug-like properties, including cellular permeability and pharmacokinetic profile, is
39 considered a challenging task due to the increased molecular weight of such compounds often

1820 Here, we report optimization of a thienopyrimidine class of

required to achieve high potency.
a4 compounds, which block the protein-protein interaction between menin and MLL fusion proteins
46 as a potential therapeutic strategy for MLL leukemia.' The difficulty in developing menin-MLL
inhibitors partly arises from the large size of the MLL binding site on menin (over 5,000 A*),"

51 implying that compounds with a relatively large molecular weight might be required to

53 effectively block this PPI, complicating the optimization of their drug-like properties.
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In this study, we focused on structure-based optimization of our new class of menin-MLL
inhibitors, represented by the lead compound 1,'® with the goal to identify compounds with
improved activity and drug-like properties and to select compound(s) for characterization in
biological experiments. Based on the crystal structure of the menin-compound 1 complex, we
designed, synthesized and extensively evaluated series of novel analogues, by systematic
exploration of substituents on the cyanoindole ring of 1. The most potent mono- and multi-
substituted analogues demonstrated up to a few fold increase in in vitro activity over the lead
compound 1. Furthermore, we discovered that incorporation of substituents at least at two
positions of the 2-cyanoindole ring was required to substantially increase both cellular activity
and metabolic stability (e.g. compounds 20, 21, 27, 29, 32, Table 3), with ~7-fold increased Glsg
value for 27. Interestingly, favorable substituents introduced simultaneously at three positions of
the cyanoindole ring did not have an additive effect on cellular activity, and in fact we observed
a reduced effect on proliferation of the MLL leukemia cell for such compounds (e.g. tri-
substituted compound 30 has weaker cellular activity than di-substituted compounds 20 or 27)
and on their metabolic stability (e.g. compound 30 as compared to 20). Furthermore, we found
that poor cellular permeability (e.g. high efflux ratio) for some of the compounds reported here
(e.g. for 7, 3-(RS) and 25) likely leads to the discrepancy in their in vitro and cellular activity.
Other effects, including possible variations in the binding kinetics, stability in cells and solubility
of compounds as well as the need to compete with the full length MLL or MLL fusion proteins
in cells might also contribute to the observed differences between in vitro and cellular activity.
Overall, these results highlight difficulties in lead optimization process, in particular for

inhibitors targeting protein-protein interactions.
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Our efforts led to the discovery of several menin-MLL inhibitors with greatly improved
potency and drug-like properties, out of which 27 displayed: (1) strong in vitro inhibition of the

menin-MLL interaction, ICso = 21 nM, and the most potent binding affinity to menin (K4 = 6.5

©CoO~NOUTA,WNPE

nM) obtained for small molecule menin-MLL inhibitor reported to date; (2) high potency in

13 inhibiting proliferation of MLL-AF9 transformed cells (Glsp = 83 nM), demonstrating the best
15 cellular activity observed for any menin-MLL inhibitor reported to date; (3) specific mechanism
18 of action in MLL leukemia cells; (4) superior, over 100-fold, selectivity to the MLL leukemia

20 cells over control cell line; (5) improved polarity as compared to parent compound 1 (clogP = 3.7
for 27); (6) greatly improved PK profile, including high oral bioavailability; (7) pronounced

25 efficacy in vivo in mice model of MLL leukemia. Overall, the development of 27 represents a

27 great achievement for this new class of menin-MLL inhibitors. In fact this compound
demonstrates a significant improvement over our recently reported MI-463 and MI-503'° in

32 terms of cellular activity in MLL-AF9 cells, selectivity to MLL leukemia cells and polarity

34 (clogP value), Tables 2 and 3, making it an excellent candidate for development of a

37 therapeutically useful compound. Furthermore, 27 has a favorable ligand efficiency index (LE =
39 0.28), which is above the average value of 0.24 reported for PPI inhibitors.*> Compound 27
discovered in this study constitutes a valuable addition to our menin-MLL inhibitor toolbox to
a4 investigate the role of menin-MLL interaction in physiological and disease state and for potential
46 therapeutic applications. Overall, this study demonstrates that property optimization of inhibitors
targeting protein-protein interactions represents a complex and multidimensional problem, with
51 an outcome difficult to predict when a particular set of substituents is explored. The difficulties
53 in optimizing PPI inhibitors are at least partly associated with the relatively large molecular

weight of these compounds (e.g. most of the compounds reported here have M,, > 500 Da) and
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rather high hydrophobicity often required for potent binding to the PPI interfaces.*” Extensive
medicinal chemistry efforts strongly supported by structure-based design are required to
successfully conduct such studies to identify potent PPI inhibitors with optimized

physicochemical properties and for advancing such compound to future potential therapeutics.

Experimental Section

Expression and purification of menin

The expression and purification of menin have been described previously.”'?

Biochemical characterization of menin-MLL inhibitors

Inhibition of the menin-MLL interaction by small molecules was assessed by fluorescence
polarization (FP) assay using the protocol described previously.”'* Briefly, the fluorescein-
labeled MLL (MBM1) peptide at 10 nM, menin at 100 nM and varying concentrations of
compounds were used for ICsy determination in the FP buffer (50 mM Tris, pH 7.5, 50 mM
NaCl, 1 mM DTT). Compounds (5% final DMSO concentration) were added to the menin-MLL
peptide complex and incubated for 1 h before changes in fluorescence polarization were
measured using the PHER Astar microplate reader (BMG).

Isothermal Titration Calorimetry

Menin was extensively dialyzed at 4 °C against ITC buffer (50 mM phosphate, pH 7.5, 50 mM
NaCl, ImM B-mercaptoethanol) and degassed prior to measurement. Compound 27 was
dissolved in DMSO and diluted with the ITC buffer to final concentration (60 uM, 5% DMSO).

Protein solution (6 M) was adjusted to contain 5% DMSO final concentration. The titrations

were performed using a VP-ITC titration calorimetric system (MicroCal) at 25 °C. The
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calorimetric cell, containing menin was titrated with 27 injected in 10 pl aliquots. Data was
analyzed using Origin 7.0 (OriginLab) to obtain K4 and stoichiometry.

Crystallization of menin complexes with small molecule inhibitors

©CoO~NOUTA,WNPE

For co-crystallization experiments 2.5 mg/mL menin was incubated with small molecule

13 inhibitors at 1:3 molar ratio. Crystals were obtained using the sitting drop technique at 10 °C by
15 applying the procedure described previously.'? Prior to data collection, crystals were transferred
18 into a cryo-solution containing 20% PEG550 MME and flash-frozen in liquid nitrogen.

20 Crystallographic data collection and structure determination

Diffraction data for menin and menin complexes were collected at the 21-ID-D and 21-ID-F

25 beamlines at the Life Sciences Collaborative Access Team at the Advanced Photon Source. Data
27 were processed with HKL-2000.** Structures of the complexes were determined by molecular
replacement using MOLREP with the apo-structure of human menin (PDB code: 4GPQ) as a

32 search model in molecular replacement. The model was refined using REFMAC,35 COOT?® and
34 the CCP4 package.’’ Validation of the structures was performed using MOLPROBITY"® and

37 ADIT.* Details of data processing and refinement are summarized in Supplementary Table 3.
39 Coordinates and structure factors for menin-inhibitor complexes have been deposited in the

41 Protein Data Bank under the following codes: SDB0 (menin-compound 3-(RS)), SDB1 (menin-
a4 compound 18), SDB2 (menin-compound 7) and SDB3 (menin-compound 31).

46 Compound profiling

Profiling of compound 1 was outsourced to the Contract Research Organizations (CROs). Kinase
51 profiling was performed by Nanosyn (http://www.nanosyn.com/productsandservices/screening-
53 and-profiling/) and GPCR profiling was performed by Millipore

(http://www.emdmillipore.com/).
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Caco-2 studies

The Caco-2 membrane permeability studies were performed at Cyprotex (www.cyprotex.com).
Viability assays

The MLL-AF9 transformed murine bone marrow cells (BMCs) were prepared as described
previously.*® MV4;11, MOLM-13 and HL-60 cells were cultured in RPMI-1640 medium with
10% FBS, 1% penicillin/streptomycin and NEAA (Non-essential amino acid) solution. For
viability assay, MOLM-13 (1x10°/mL), MV4;11 (1x10°/mL), HL-60 (2x10°/mL) human
leukemia cells as well as MLL-AF9 and HM-2 murine bone marrow cells (2.5x104/mL) were
plated (1 mL/well), treated with compounds or 0.25% DMSO and cultured at 37 °C for 7 days.
Media were changed at day four with viable cell number restored to the original concentration
and compounds were re-supplied. 100 pL of cell suspension were transferred to 96 well plates
for each sample in quadruplicates. A Vybrant MTT cell proliferation assay kit (Molecular
Probes) was employed. Plates were read for absorbance at 570 nm using a PHERAstar BMG
microplate reader. The experiments were performed 2-3 times in quadruplicated with calculation
of mean and standard deviation for each condition.

Real-Time PCR

Effect of menin-MLL inhibitors on expression level of Hoxa9 and Meis! was assessed by Real-
time quantitative PCR (qQRT-PCR) using the protocol described previously.'
Cytospin/Wrigth-Giemsa staining

Mouse bone marrow cells transduced with MLL-AF9 were plated in 12-well plates (1 mL/well)
at an initial concentration of 3x10°/mL cells, treated with compounds or 0.25% DMSO and
incubated at 37 °C in a 5% CO, incubator. Cytospins were prepared as described previously'* at

designated time points.
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Microsomal stability studies

The metabolic stability was assessed using CD-1 mouse liver microsomes. 1 pM compounds
were incubated with 1.3 mg/mL microsomes and 1.7 mM cofactor NADPH in 0.1 M phosphate
buffer (pH =7.4) containing 3.3 mM MgCl, at 37 °C. The DMSO concentration was less than
0.1% in the final incubation system. At 0, 3, 5, 10, 15, 30, 45 and 60 min of incubation, the
reactions were stopped by adding 3-fold excess of acetonitrile containing 100 ng/mL of internal
standard for quantification. The collected fractions were centrifuged at 3000 g for 20 min to
collect the supernatant for LC-MS/MS analysis, from which the amount of compound remaining
was determined. The natural log of the amount of compound remaining was plotted against time
to determine the disappearance rate and the half-life of tested compounds.

Pharmacokinetic studies in mice

All animal experiments in this study were approved by the University of Michigan Committee on
Use and Care of Animals and Unit for Laboratory Animal Medicine (ULAM).

The pharmacokinetics of menin-MLL inhibitors was determined in female C57BL/6 mice
following intravenous (iv) dosing at 15 mg/kg and oral dosing (po) at 30 mg/kg. Compounds
were dissolved in the vehicle containing 25% (v/v) DMSO, 25% (v/v) PEG-400 and 50% (v/v)
PBS. Serial blood samples (50 pL) were collected over 24 h, centrifuged at 15,000 rpm for 10
min and saved for analysis. Plasma concentrations of the compounds were determined by the
LC-MS/MS method developed and validated for this study. The LC-MS/MS method consisted of
an Agilent 1200 HPLC system and chromatographic separation of tested compound was
achieved using an Agilent Zorbax Extend-C18 column (5 cm x 2.1 mm, 3.5 um; Waters). An AB
Sciex QTrap 3200 mass spectrometer equipped with an electrospray ionization source (ABI-

Sciex, Toronto, Canada) in the positive-ion multiple reaction monitoring (MRM) mode was used
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for detection. All pharmacokinetic parameters were calculated by noncompartmental methods
using WinNonlin® version 3.2 (Pharsight Corporation, Mountain View, CA, USA). Similar
procedure was applied for detection of glucuronidation of compound 27 in blood plasma after iv
administration of the compound (15 mg/kg).

In vivo efficacy studies

Freshly thawed MV4;11 cells (ATCC) were cultured in RPMI-1640 medium with 10% FBS and
Penicillin/Streptomycin. On the day of injection, cells were resuspended in serum free medium at
1x10® cells/mL and mixed 1:1 with Matrigel. 5x10° cells (100 uL) were injected into the right
flank of 4-6 week old female BALB/c nude mice. Treatment started when tumor size has reached
~100 mm”’. Mice were randomly grouped with each group containing 8 mice. Vehicle or
compounds were administrated once daily at designated doses using ip injections for two weeks.
Body weight and tumor sizes were monitored three times a week. The tumor size was calculated
as: tumor volume = a x b*/2 (a, long diameter; b, short diameter). All animal studies were
performed under the guidelines of the University of Michigan Committee for Use and Care of

Animals.

General Chemistry

All solvents and reagents were used as obtained from commercial sources unless otherwise
indicated. The "H NMRs were taken on Bruker Avance III 600 MHz or Varian MR400.
Chemical shifts are reported in ppm relative to tetramethylsilane or residual solvent signal. The
mass measurements were determined on a Micromass LCT time-of-flight mass spectrometer
using positive mode and electrospray ionization. The exact mass measurements were determined
on Agilent Q-TOF time-of-flight mass spectrometer using positive ion mode and electrospray
ionization. The melting points were determined on Perkin-Elmer DSC-7 differential scanning
calorimeter and are not corrected. Analytical TLC was performed on Merck TLC aluminum

plates precoated with F;s4 silica gel 60 (UV, 254 nm, and iodine). Infrared (IR) spectra were
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1

2

2 recorded on Perkin-Elmer FT-IR Spectrum BX on neat powder. The purity analysis of final

2 compounds was determined on Shimadzu Prominence HPLC system (20 series: binary pump,

7 UV/Vis at 254 nm, heated column compartment 30 °C), using Restek Ultra C18 (5 um) 150 x

g 4.6 mm column. The solvents were programmed to run at gradient starting 20% CH3;CN in water
12 to 80% during 8 min run. If not indicated, the purity of all final compounds was >95% as

ig determined by HPLC via integration of UV spectra at 254 nm. All target compounds 1-34 were
ig tested as hydrochloride salts unless otherwise stated. The standard procedure for HCI salt

16 formation included: dissolving in minimum volume of methanol, addition of 1 eq of 1 M HClI in
g water, and thorough drying. Hydrochloride salts of inhibitors exist as a mixture of rotamers in
:zlg solution of either DMSO or MeOH with approximate ratio of 10:1, NMR is reported for the

g; major rotamer.

23 6-(2,2,2-trifluoroethyl)thieno|2,3-d]pyrimidin-4(3H)-one (37). 4,4,4-trifluorobuteraldehyde 20
gg g (158 mmol), cyanoacetamide 13.44 g (158 mmol), sulfur 5.12 g (158 mmol) and 27 mL (190
g? mmol) of Et;N were stirred in 160 mL of DMF for 24 h. Solvent was evaporated under reduced
;g pressure. The 2-amino-5-(2,2,2-trifluoroethyl)thiophene-3-carboxamide intermediate was

32 obtained as an oil, which was dissolved in a mixture of 110 mL of triethylorthoformate and 80
32 mL of acetic acid and refluxed for 4 h (monitored by TLC, EtOAc). Excess of volatiles was

22 removed under reduced pressure to form oily solid. 200 mL of hexane:EtOAc (1:1) was added.
gg After stirring for 30 min the precipitate was filtered off, washed with 100 mL of hexane:EtOAc
g; (1:1) and dried on filter affording 28 g of 37, 76% yield. 'H NMR CD;0D (600 MHz): & 12.6
zg (brs, 1H), 8.14 (s, 1H), 7.42 (s, 1H), 4.07 (g, J = 11.0 Hz, 2H). °C NMR CD;0D (150 MHz): &
41 164.5, 157.01, 146.1, 128.4, 124.6, 123.5, 33.6 (q, J = 31.5 Hz).

jé 4-chloro-6-(2,2,2-trifluoroethyl)thieno[2,3-d]pyrimidine (38). 28 g (119 mmol) of 37 was

jg added to 70 mL of POCl; with 2 drops of DMF. The heterogeneous mixture was refluxed until
jg all solid dissolved and no starting material was observed on TLC (3 h) and then evaporated to
48 remove the excess of phosphorus oxychloride. The residue was quenched carefully with ice and
gg saturated ammonia solution with additional external cooling (CAUTION: highly exothermic

g; reaction). 300 mL of chloroform was added and the mixture was transferred in a separatory

gj funnel. Water phase was extracted with additional 100 mL of chloroform. Combined organic

22 extracts were evaporated (no drying) and the residual material was used in the next step without
g; further purification, 28 g of 38, 92% yield. 'H NMR CDCl; (600 MHz): & 8.86 (s, 1H), 7.39 (s,
2(9) 29
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1H), 3.76 (q, J = 9.9 Hz, 2H). >C NMR CDCl; (150 MHz): & 169.0, 154.7, 153.2, 129.9, 125.3,
123.5,121.3,35.9 (q, /= 33.0 Hz).
N-(piperidin-4-yl)-6-(2,2,2-trifluoroethyl)thieno[2,3-d]pyrimidin-4-amine hydrochloride
(39). 28 g (111 mmol) of 4-chloro-6-(2,2,2-trifluoroethyl)thieno[2,3-d]pyrimidine 38, 26.64 g
(133 mmol) 1-Boc-4-aminopiperidine and 40 mL (228 mmol) N,N-diisopropylethylamine were
stirred under reflux in 400 mL of IPA for 24 h. Reaction mixture was evaporated to dryness and
then 500 mL of water was added resulting in precipitation of the crude product. After stirring for
12 h product was filtered off, washed with 1 L of water and dried on filter overnight. Solid was
transferred to a flask and stirred with 200 mL of diethyl ether for 12 h. The product was filtered
off, washed with 50 mL of hexane:EtOAc (1:1) and 50 mL of hexane:EtOAc (3:1). Thorough
drying afforded 31 g of Boc-protected intermediate, 64% yield. "H NMR CD3;CN (600 MHz): &
8.34 (s, 1H), 7.35 (s, 1H), 6.16 (br s, 1H), 4.29 (m, 1H), 4.05 (m, 2H), 3.82 (q, /= 9.9 Hz, 2H),
2.91 (m, 2H), 1.97 (m, 2H), 1.47 (m, 2H), 1.44 (s, 9H). Boc protected intermediate was dissolved
in 60 mL of mixture DCM:MeOH 10:1. 100 mL of 4 M HCI solution in dioxane was added and
biphasic mixture was stirred overnight (no staring material was observed on TLC). The reaction
mixture was evaporated to dryness, dissolved in 200 mL of MeOH and evaporated again forming
an oily residue. Oil was dissolved in 100 mL of MeOH and stored in freezer overnight. The
precipitated product was filtered off, dried on funnel for several hours to afford 27 g of 39. Free
base 'H NMR CDCl; (600 MHz): & 8.47 (s, 1H), 7.13 (s, 1H), 5.32 (d, J= 7.7 Hz, 1H), 4.32 (m,
1H), 3.64 (q, J = 10Hz, 2H), 3.19 (m, 2H), 2.83 (m, 2H), 2.57 (br s, 1H), 2.14 (m, 2H), 1.55 (m,
2H). *C NMR CDCl; (150 MHz): § 166.9, 156.0, 154.3, 128.1, 126.6 (q, J = 276 Hz), 118.7,
116.5,48.0, 45.3, 35.6 (q, /= 31.5 Hz), 33.1. ESIMS [M + H'] m/z: 317.2.
3-fluoro-5-methyl-1H-indole-2-carboxylic acid (40b). The mixture of 790 mg (4.5 mmol) of
40a and 1.76 g (5 mmol) of 1-chloromethyl-4-fluoro-1,4-diazoniabicyclo[2.2.2]octane
bis(tetrafluoroborate) was refluxed in 10 mL of CH3CN for 12 h. Mixture was diluted with
saturated NH4Cl and extracted with chloroform. Organic phase was concentrated and purified
using preparative TLC (silica gel, hexane:EtOAc:AcOH (10:1:1) to afford 150 mg of 40b, 17%
yield. "H NMR CDCl; (400 MHz): & 10.03 (brs, 1H), 7.29 (s, 1H), 7.22 (d, J = 8.4 Hz, 1H), 7.02
(d, J=8.4 Hz, 1H), 6.35 (br s, 1H), 2.33 (s, 3H).

5-methyl-1H-indole-2-carbonitrile (41a). A mixture of 0.5 g (2.9 mmol) of 5-methylindole-2-
carboxylic acid, 0.25 mL of thionyl chloride (3.4 mmol), 5 mL of chloroform and small drop of
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1

2

2 DMF were refluxed for 2 h. The reaction mixture was cooled to rt, poured into a mixture of 5 g
2 of'ice and 5 mL of 25% ammonia solution, and then stirred for 2 h. The precipitated product was
7 filtered off, washed with water and dried to yield 350 mg of 5-methylindole-2-carboxamide. It

g was added to 1.5 g (9.75 mmol) of phosphorus oxychloride and 8 mL of chloroform refluxed for
ig 2 h. Then cooled solution was poured into 20 mL of water and stirred for 1 h. After separation
ig the organic layer was dried over sodium sulfate and concentrated. The residue was purified by
14 column chromatography (silica gel, hexane:EtOAc 5:1) to afford 245 mg of 5-methyl-1H-indole-
ig 2-carbonitrile (41a), 55% yield. '"H NMR CDCl; (600 MHz): & 8.61 (br s, 1H), 7.44 (s, 1H), 7.30
g (d, J=8.4 Hz, 1H), 7.21 (d, J = 8.4 Hz, 1H), 7.11 (s, 1H), 2.44 (s, 3H). *C NMR CDCl; (150
_’ztg MHz): 6 135.3, 131.3, 128.3, 126.5, 121.3, 114.4, 114.0, 111.4, 106.1, 21.4.

g; 3-fluoro-5-methyl-1H-indole-2-carbonitrile (41b). To obtain 41b a similar procedure as

gi described for 41b was used, but starting with 150 mg (0.78 mmol) of 40b. Isolated 60 mg, 44%
25 yield. "H NMR CDCl; (600 MHz): & 9.02 (br s, 1H), 7.56 (s, 1H), 7.37 (d, J= 8.4 Hz, 1H), 7.24
g? (d, J=8.4 Hz, 1H), 7.15 (s, 1H), 2.46 (s, 3H).

;g Tert-butyl 2-cyano-5-methyl-1H-indole-1-carboxylate (42a). To a solution of 245 mg (1.6

32 mmol) of 5-methyl-1H-indole-2-carbonitrile in 5 mL of acetonitrile 0.434 mL (1.9 mmol) of

gé Boc,0 and 29 mg (0.24 mmol) of DMAP were added and stirred at room temperature for 1 h.

34 The solvent was removed in vacuo, and the resultant crude product was purified by column

gg chromatography (silica gel, hexane:tOAc, 10:1) to afford 334 mg of 42a, 83% yield. 'H NMR
g; CDCl; (600 MHz): 6 8.10 (d, J= 8.8 Hz, 1H), 7.39 (s, 1H), 7.31 (d, J = 8.8 Hz, 1H), 7.26 (s,

Zg 1H), 2.45 (s, 3H), 1.72, (s, 9H). >C NMR CDCl; (150 MHz): & 148.2, 134.9, 133.8, 129.9,

g 121.6,121.2, 115.5, 113.5, 108.8, 85.6, 28.1, 21.2.

43 Tert-butyl 2-cyano-3-fluoro-5-methyl-1H-indole-1-carboxylate (42b). To obtain 42b a similar
j,g procedure as described for 41b was used, but starting with 60 mg (0.34 mmol) of 41b. Isolated
jg 74 mg, 79% yield. "H NMR CDCl; (600 MHz): & 9.02 (br s, 1H), 7.56 (s, 1H), 7.37 (d, J = 8.4
jg Hz, 1H), 7.24 (d, J = 8.4 Hz, 1H), 7.15 (s, 1H), 2.46 (s, 3H).

gg 5-((4-((6-(2,2,2-trifluoroethyl)thieno[2,3-d]pyrimidin-4-yl)amino)piperidin-1-yl)methyl)-

52 1H-indole-2-carbonitrile (1). To a stirred solution of 334 mg (1.3 mmol) of zert-butyl 2-cyano-
gj 5-methyl-1H-indole-1-carboxylate in carbon tetrachloride (5 mL), 232 mg (1.3 mmol) of N-

gg bromosuccinimide and 11 mg (0.065 mmol) of AIBN were added. The mixture was refluxed for
g; 1 h, then cooled, concentrated, and the residue was filtered through silica gel column using
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hexane:EtOAc (10:1) to give crude fert-butyl 2-cyano-5-bromomethyl-1H-indole-1-carboxylate.
340 mg (1.06 mmol) of zert-butyl 2-cyano-5-bromomethyl-1H-indole-1-carboxylate and 375 mg
(1.06 mmol) of N-(piperidin-4-yl)-6-(2,2,2-trifluoroethyl)thieno[2,3-d|pyrimidin-4-amine
hydrochloride were dissolved in 12 mL of DCM. 820 mg (3.2 mmol) of DIEA was added to that
solution and reaction mixture was stirred for 18 h. Then reaction mixture was directly loaded on
silica gel column and the product was eluted with DCM-MeOH (30:1). After evaporation of
solvent, the Boc-protected intermediate was dissolved in 10 mL of CH3CN and 1.27 mL (11
mmol) of SnCl; was added. The homogenous reaction mixture was stirred for 1 h and then all
volatiles were removed in vacuo. The residue was quenched with ammonia solution and
extracted with ethyl acetate. Combined organic fractions were dried over MgSO, and
concentrated. The residue was purified by column chromatography (silica gel,
hexane:EtOAc:MeOH, 1:1:0.1) to afford 331 mg of 5-((4-((6-(2,2,2-trifluoroethyl)thieno[2,3-
d]pyrimidin-4-yl)amino)piperidin-1-yl)methyl)-1H-indole-2-carbonitrile, 1. Its
monohydrochloride salt was obtained by adding 1 equivalent of 1 M HCI solution in diethyl
ether to a solution of compound in ethanol and thorough drying to afford 1 in 53% yield. 'H
NMR DMSO-ds (600 MHz): 6 12.62 (s, 1H), 10.74 (br s, 1H), 8.33 (s, 1H), 8.07 (d, /=7 Hz,
1H), 7.93 (s, 1H), 7.70 (s, 1H), 7.62 (d, J = 12 Hz, 1H), 7.56 (d, J = 12 Hz, 1H), 7.45 (s, 1H),
4.36 (s, 2H), 4.30 (m, 1H), 4.03 (q, /= 11 Hz, 2H), 3.41 (m, 2H), 3.11 (m, 2H), 2.12 (m, 2H),
1.98 (m, 2H). *C NMR DMSO-ds (150 MHz): & 165.9, 155.7, 153.8, 137.2, 128.4, 127.0, 125.8,
125.4 (q,J=276 Hz), 125.4,122.2, 121.3, 116.1, 114.2, 113.4, 112.5, 106.8, 59.3, 50.4, 45.5,
33.7 (q, J= 33 Hz), 28.2. HRMS (ESI): [M+H] calculated 471.1573; found 471.1579.
3-fluoro-5-((4-((6-(2,2,2-trifluoroethyl)thieno[2,3-d]pyrimidin-4-yl)amino)piperidin-1-
yl)methyl)-1H-indole-2-carbonitrile (11). To prepare 11, a similar procedure as for 1 but
starting was applied using 74 mg (0.26 mmol) of 42b. Isolated 43 mg, 34% yield. '"H NMR
CD;0OD (600 MHz): 6 8.71 (s, 1H), 7.95 (s, 1H), 7.84 (s, 1H), 7.65 (d, J=7 Hz, 1H), 7.53 (d, J =
7 Hz, 1H), 4.65 (m ,1H), 4.53 (s, 2H), 4.00 (q, /= 11 Hz, 2H), 3.65 (m, 2H), 3.34 (m, 2H), 2.37
(m, 2H), 2.15 (m, 2H). *C NMR CD;0D (150 MHz): § 157.4, 153.0, 151.2, 149.6, 136.0, 133.0,
130.7, 1253 (q, J=276 Hz), 123.3, 122.8, 118.7, 115.8, 115.8, 114.7, 111.7, 94.0, 61.6, 48.0,
35.2(q, J = 33 Hz), 29.5. HRMS (ESI): [M+H"] calculated 489.1479; found 489.1484.
2-(2-cyano-5-((4-((6-(2,2,2-trifluoroethyl)thieno[2,3-d]pyrimidin-4-yl)amino)piperidin-1-
yl)methyl)-1H-indol-1-yl)acetamide (7). 760 mg (1.5 mmol) of 1 (free base) and 207 mg (1.5

32

ACS Paragon Plus Environment



Page 33 of 81 Journal of Medicinal Chemistry

©CoO~NOUTA,WNPE

mmol) of bromoacetamide were dissolved in 3.6 mL of dry DMF. Then 1.96 g (6 mmol) of
cesium carbonate was added and reaction mixture was stirred for 4 h. The reaction was quenched
with 50 mL of water and extracted with DCM-MeOH (10:1). Combined organic extracts were
evaporated with silica gel and purified by column chromatography (silica gel, DCM:MeOH
10:1). The solvent was evaporated and recrystallized from MeOH to produce 319 mg of 2-(2-
cyano-5-((4-((6-(2,2,2-trifluoroethyl)thieno[2,3-d]pyrimidin-4-yl)amino)piperidin- 1 -yl )methyl)-
1H-indol-1-yl)acetamide (7), which was converted to hydrochloride salt by dissolving in 5 mL of
MeOH and adding 1 eq of I M HCI in water. After evaporation and drying hydrochloride was
obtained as white crystalline material (7), 40% yield. 'H NMR CD;OD (600 MHz): & 8.44 (s,
1H), 7.91 (s, 1H), 7.57 (m, 2H), 7.41 (s, 1H), 5.10 (s, 2H), 4.53 (m, 2H), 4.47 (s, 1H), 3.89 (q, J
= 10.3 Hz, 2H), 3.62 (m, 2H), 3.24 (m, 2H), 2.35 (m, 2H), 1.93 (m, 2H). *C NMR CD;0D (150
MHz): 6 171.1, 157.7, 153.6, 140.7, 130.8, 129.6, 128.00, 127.1, 126.6 (q, J =276 Hz), 123.5,
121.9,118.3,114.8, 113.7, 113.5, 112.6, 62.0, 52.7, 49.6, 48.00, 47.4, 35.5 (q, J = 33 Hz), 30.0.
HRMS (ESI): [M+H ] calculated 528.1788; found 528.1783.
2-(2-cyano-5-((4-((6-(2,2,2-trifluoroethyl)thieno[2,3-d]pyrimidin-4-yl)amino)piperidin-1-
yl)methyl)-1H-indol-1-yl)propanamide (8). Similar procedure as for 7, but starting with 50 mg
(0.11 mmol) of 1. Isolated 16 mg, 27% yield. 'H NMR CD;0D (600 MHz): & 8.33 (s, 1H), 8.04
(s, 1H), 7.74 (m, 1H), 7.62 (m, 2H), 7.53 (s, 1H), 5.22 (q, J = 9.8 Hz, 1H), 4.50 (m, 3H), 3.85 (q,
J=10.3 Hz, 2H), 3.62 (m, 2H), 3.26 (m, 2H), 2.33 (m, 2H), 2.02 (m, 2H), 1.56 (d, J = 9.8 Hz,
3H). *C NMR CD;0D (150 MHz): § 167.0, 161.6, 157.7, 154.8, 140.27, 139.1, 130.0, 129.2,
128.6, 128.2, 126.6 (q,J =276 Hz), 123.9, 122.5, 121.8, 118.2, 113.0, 111.0, 107.01, 54.1, 52.8,
47.1,35.6 (q, J= 33 Hz), 30.0, 15.8. HRMS (ESI): [M+H"] calculated 542.1944; found
542.1937.

5-methyl-1-(2-(trityloxy)ethyl)-1H-indole-2-carbonitrile (44). 2.5 g (19.5 mmol) of 2-
bromoethanol, 6 g (21.5 mmol) of trityl chloride, 95 mg (0.78 mmol) of DMAP and 4.6 mL (33
mmol) of triethyl amine were stirred in 20 mL of DCM for 24 h. Reaction mixture was diluted
with water, washed with brine, dried over sodium sulfate and concentrated to produce 6.9 g of
crude 1-tritoxy-2-bromoethane that was used without purification. 468 mg (3 mmol) of 41a was
dissolved in 6 mL of DMF and 240 mg (6 mmol) of sodium hydride (60% suspension in oil) was
added. After stirring for 5 minutes 1.32 g (3.6 mmol) of 1-tritoxy-2-bromoethane was added and

reaction mixture was heated in a sand bath at 60 °C overnight. Reaction mixture was carefully
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quenched with ice and extracted with ethyl acetate. Organic fractions were evaporated with silica
gel purified by column chromatography (silica gel, hexane:EtOAc 5:1) to afford 1.07 g of 44,
81% yield. "H NMR CDCl; (600 MHz): & 8.02 (d, J = 8.8 Hz, 1H), 7.23 (m, 16H), 7.12 (d, J =
8.8 Hz, 1H), 7.03 (s, 1H), 4.32 (t,J = 5.3 Hz, 2H), 3.45 (t, /= 5.3 Hz, 2H), 2.43 (s, 3H).
1-(2-hydroxyethyl)-5-((4-((6-(2,2,2-trifluoroethyl)thieno[2,3-d]pyrimidin-4-
yl)amino)piperidin-1-yl)methyl)-1H-indole-2-carbonitrile (2). Bromination and alkylation
were carried out as described for 1, starting with 1 g (2.4 mmol) of 44 to yield 1.6 g of trityl
protected intermediate, which was dissolved in 2 mL of MeOH and 0.5 mL of 12 M HCI was
added. After 30 min the mixture was quenched with 1 mL of 30% NHj3-H,0, diluted with 50 mL
of DCM and evaporated with silica gel. The product was purified by column chromatography
(silica gel, hexane:EtOAc:MeOH 0.5:1:0.1) to afford 580 mg, 42% of pure 2, that was converted
to hydrochloride salt. "H NMR CD;0D (600 MHz):  8.75 (s, 1H), 7.96 (s, 1H), 7.88 (d, 1H, J =
8.8 Hz), 7.74 (d, 1H, J = 8.8 Hz), 7.64 (s, 1H), 7.37 (s, 1H), 4.67 (m, 1H), 4.51 (m, 3H), 4.03 (q,
2H, J=10.6 Hz), 3.93 (m, 2H), 3.65 (m, 2H), 3.30 (m, 2H), 2.36 (m, 2H), 2.18 (m, 2H). "*C
NMR CD;OD (150 MHz): 6 164.9, 139.7, 133.3, 129.2, 128.0, 127.1, 127.1, 126.4 (q, J = 275
Hz), 125.5,123.1, 122.8, 122.8, 118.7, 114.2, 113.1, 113.0, 63.0, 62.0, 52.3, 49.6, 48.5, 35.1 (q,
J =133 Hz), 29.5. HRMS (ESI): [M+H"] calculated 515.1835; found 515.1828.
(8)-1-(2,3-bis((tert-butyldimethylsilyl)oxy)propyl)-5-methyl-1H-indole-2-carbonitrile (46-
(8)). 331 mg (3 mmol) of (R)-3-chloropropane-1,2-diol and 530 mg (7.8 mmol) of imidazole
were dissolved in 5 mL of dry DCM. Then 7.2 mL of 1 M TBSCI in DCM was added. Reaction
mixture was stirred overnight and then diluted with 20 mL of water. After separation the organic
layer was dried over sodium sulfate and concentrated to produce 850 mg of (R)-5-
(chloromethyl)-2,2,3,3,8,8,9,9-octamethyl-4,7-dioxa-3,8-disiladecane, 84% yield, which was
used in the next step. To a solution of 39 mg (0.25 mmol) of 5-methyl-1H-indole-2-carbonitrile
in 0.5 mL of DMF 15 mg (0.375 mmol) of NaH (60% suspension in oil) was added and mixture
was stirred for 30 min. Then 170 mg (0.5 mmol) of (R)-5-(chloromethyl)-2,2,3,3,8,8,9,9-
octamethyl-4,7-dioxa-3,8-disiladecane was added and stirring continued for 24 h. The reaction
mixture was diluted with 10 mL of water and extracted with DCM. Combined organic extracts
were dried over sodium sulfate, concentrated and purified by column chromatography (silica gel,
hexane:EtOAc 50:1) to afford 56 mg of (S)-1-(2,3-bis((tert-butyldimethylsilyl)oxy)propyl)-5-
methyl-1H-indole-2-carbonitrile (46-(S)), 49% yield. '"H NMR CDCl; (600 MHz): & 8.09 (d, 1H,
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2 J=8.8 Hz), 7.35 (s, 1H), 7.24 (d, 1H, J = 8.8 Hz), 7.18 (s, 1H), 4.04 (m, 1H), 3.82 (m, 1H), 3.77
2 (m, 2H), 3.68 (m, 1H), 2.43 (s, 3H), 1.08 (m, 18H), 0.26 (m, 12H).

7 (8)-1-(3-((tert-butyldiphenylsilyl)oxy)-2-methoxypropyl)-5-methyl-1H-indole-2-carbonitrile
g (47-(5)). 824 mg (1.8 mmol) of 46-(S) was dissolved in 2 mL of MeOH, and 1 mL of 4 M HCl in
ig dioxane was added. After 4 h TLC indicated no starting material and reaction mixture was

ig evaporated to dryness. The residue was dissolved in 20 mL of DCM and 0.78 mL (3 mmol) of
14 TBDPSCI was added followed by 218 mg (3.2 mmol) of imidazole. After 1 h reaction was

ig washed with saturated sodium bicarbonate solution, dried over sodium sulfate and concentrated
g to dryness. Crude mixture was dissolved in 4 mL of THF and 220 mg (5.5 mmol) of NaH (60%
:zlg suspension in mineral oil) was added. After stirring for 5 min, 0.34 mL (5.5 mmol) of Mel was
g; added. Reaction mixture was carefully quenched with ice after 4 h and diluted with water. The
23 product was extracted with diethyl ether, organic fractions were evaporated with silica gel and
gg the product was purified by column chromatography (silica gel, hexane:EtOAc). The product
g? containing fractions were concentrated to afford 95 mg of 47-(S), 11% yield. '"H NMR CDCl;
gg (600 MHz): 6 8.11 (d, J = 8.8Hz, 1H), 7.71(m, 4H), 7.45 (m, 2H), 7.38 (m, 4H), 7.34 (s, 1H),
32 7.24 (d, J=8.8Hz, 1H), 7.19 (s, 1H), 4.04 (m, 1H), 3.82 (m, 1H), 3.77 (m, 2H), 3.68 (m, 1H),
32 3.43 (s, 3H), 1.13 (s, 9H).

22 (5)-1-(2,3-dihydroxypropyl)-5-((4-((6-(2,2,2-trifluoroethyl)thieno[2,3-d|pyrimidin-4-

gg y)amino)piperidin-1-yl)methyl)-1H-indole-2-carbonitrile (3-(5)). To a stirred solution of 55
g; mg (0.12 mmol) of 47-(S) in 0.5 mL of carbon tetrachloride was added 21.3 mg of (0.12 mmol)
39 NBS and 1.1 mg (0.0065 mmol) of AIBN. The mixture was refluxed for 1 h, then cooled,

22 concentrated and filtered through short silica gel plug using hexane:EtOAc (10:1) to give crude
jé bromide. Bromide was then dissolved in 0.2 mL of DCM; 36 mg (0.12 mmol) of 39 and 52 mg
j’é (0.4 mmol) of DIEA was added to that solution and reaction mixture was stirred for 18 h. Then
46 reaction mixture was directly purified by column chromatography (silica gel, DCM:MeOH,

jf; 30:1). After evaporation of solvent TBS-protected intermediate was dissolved in 0.2 mL of

gg MeOH and 0.02 mL of 12 M HCI was added. The homogenous reaction mixture was stirred

g; overnight and then all volatiles were removed in vacuo. The residue was quenched with

gj concentrated ammonia solution and extracted with ethyl acetate. Combined organic fractions

55 were dried over MgSO4 and concentrated. The residue was purified by column chromatography
g? (silica gel, DCM:MeOH, 20:1) to afford 15.9 mg of 5-((4-((6-(2,2,2-trifluoroethyl)thieno[2,3-
58
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d]pyrimidin-4-yl)amino)piperidin-1-yl)methyl)-1H-indole-2-carbonitrile, 3-(:S), 24% yield. Its
monohydrochloride salt was obtained by adding 1 equivalent of 1 M HCI solution in diethyl
ether to a solution of compound in ethanol. 3-(RS) and 3-(R) were synthesized in the same
manner but starting with 45-(RS) and 45-(S) respectively, analytical data matches to that
reported for 3-(S). 'H NMR CD;0OD (600 MHz): § 8.63 (s, 1H), 7.95 (s, 1H), 7.78 (s, 1H), 7.77
(d,/J=8.6 Hz, 1H), 7.63 (d, J = 8.6 Hz, 1H), 7.37 (s, 1H), 4.57 (m, 1H), 4.56 (m, 1H), 4.50 (s,
2H) 4.37 (m, 1H), 4.04 (m, 1H), 3.99 (q, /= 10.3 Hz, 2H), 3.65 (m, 2H), 3.60 (d, /= 5.5 Hz,
2H), 3.29 (m, 2H), 2.37 (m, 2H), 2.12 (m, 2H). >C NMR CD;O0D (150 MHz): § 157.5, 151.0,
139.9,132.3,129.2, 127.9, 127.4, 127.0, 126.4 (q, J 275 Hz), 125.5, 123.1, 122.5, 118.6, 114.3,
114.3,113.4, 113.3, 72.4, 64.9, 62.0, 52.4, 49.8, 48.1, 35.3 (q, /= 33 Hz), 29.6. HRMS (ESI):
[M+H"] calculated 545.1941; found 545.1950.
(5)-1-(3-hydroxy-2-methoxypropyl)-5-((4-((6-(2,2,2-trifluoroethyl)thieno[2,3-d]|pyrimidin-4-
yl)amino)piperidin-1-yl)methyl)-1H-indole-2-carbonitrile (4-(S)). To obtain 4-(S) a similar
procedure was used as for 3-(S), but starting with 95 mg (0.2 mmol) of 47-(S), and 65 mg of 4-
(S) was isolated, 58% yield. 4-(R) was synthesized in the same manner but starting with 45-(S).
Analytical data matches to that reported for 4-(S). "H NMR CD;OD (600 MHz): & 8.44 (s, 1H),
7.92 (s, 1H), 7.74 (d, J= 8.6 Hz, 1H), 7.62 (s, 1H), 7.59 (d, J = 8.6 Hz, 1H), 7.36 (s, 1H), 4.54
(m, 2H), 4.47 (s, 2H), 4.44 (m, 1H), 3.89 (q, /= 10.3 Hz, 2H), 3.61 (m, 5SH), 3.24 (m, 2H), 3.21
(s, 3H), 2.36 (m, 2H), 2.02 (m, 2H). *C NMR CD;0D (150 MHz): & 157.6, 153.4, 139.8, 130.9,
129.3,127.9, 126.4 (q, J =275 Hz), 123.3, 122.0, 118.34, 114.44, 114.2, 113.4, 113.3, 82.3, 62.0,
61.8, 58.6, 54.8, 52.7, 47.8, 47.5, 35.5 (q, J = 33 Hz), 29.9. HRMS (ESI): [M+H"] calculated
559.2098; found 559.2091.

2-amino-5-methylbenzonitrile (49). A mixture of 905 mg (5 mmol) of 48, 1 mL of thionyl
chloride (12 mmol), 8 mL of chloroform and small drop of DMF were refluxed for 2 h. The
reaction mixture was cooled to rt, poured into a mixture of 10 g of ice and 10 mL of 25%
NHj3-H,O, and then stirred for 2 h. The precipitated product was filtered off, washed with water
and dried. It was added to 2.6 g (17 mmol) of phosphorus oxychloride and 8 mL of chloroform
and then refluxed for 2 h. Cooled solution was poured into 20 mL of water and stirred for 1 h.
After separation the organic layer was dried over sodium sulfate and concentrated. The residue
was dissolved in 7 mL of ethanol and 4.1 g (22 mmol) SnCl, was added. The mixture was

refluxed for 1 h and the silica gel was added followed by 2 mL of 25% NH;3-H,O. All volatiles
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were removed and residue was purified by column chromatography (silica gel, hexane:EtOAc,
1:1) to afford 120 mg of 49, 18% yield. HRMS (ESI): [M+H'] calculated 133.0760; found
133.0769.

2-((cyanomethyl)amino)-5-methylbenzonitrile (50). 120 mg (0.93 mmol) of 49, 42 mg (1.4
mmol) of paraformaldehyde, 506 mg (3.7 mmol) of ZnCl,, 90 mg (1.4 mmol) of potassium
cyanide and 5 uL of conc. H,SO4 were dissolved in 2.8 mL of acetic acid heated to 60 °C for 6 h.
Reaction mixture was diluted with water, neutralized with solid sodium bicarbonate and
extracted with EtOAc. Organic phase was dried over sodium sulfate and evaporated. The residue
was purified by column chromatography (silica gel, hexane:EtOAc) to afford 63 mg of 50, 33%
yield. "H NMR CDCl; (600 MHz): & 7.30 (m, 2H), 6.73 (d, J = 8.6 Hz, 1H), 4.95 (br s, 1H), 4.19
(d, J=6.6 Hz, 2H), 2.27 (s, 3H).

Tert-butyl 3-((1-bis(tert-butoxycarbonyl)amino)-2-cyano-5-methyl-1H-indole-1-carboxylate
(51). 126 mg (0.46 mmol) of 50, 22 mg (0.16 mmol) of DMAP were dissolved in 2 mL of
CH;CN and 0.42 mL (1.84 mmol) of Boc,O was added. After stirring for 4 h the reaction
mixture subjected to purification by preparative TLC (silica gel, hexane:EtOAc, 7:1). Obtaining
53 mg (25% yield) of 51, along with 87 mg (25% yield) of di-Boc intermediate. "H NMR CDCl;
(600 MHz): 6 8.11 (d, J=8.6 Hz, 1H), 7.32 (d, /= 8.6 Hz, 1H), 7.22 (s, 1H), 2.45 (s, 3H), 1.72
(s, 9H), 1.45 (s, 18H).
3-amino-5-((4-((6-(2,2,2-trifluoroethyl)thieno[2,3-d]pyrimidin-4-yl)amino)piperidin-1-
yl)methyl)-1H-indole-2-carbonitrile (12). Similar procedure was used as for 1, but starting with
47 mg (0.1 mmol) of 51. Isolated 9.2 mg, 19% yield. '"H NMR CD;OD (600 MHz): & 8.55 (s,
1H), 7.91 (s, 1H), 7.72 (s, 1H), 7.50 (d, J =9 Hz, 1H), 7.39 (d, /=9 Hz, 1H), 4.55 (m, 1H), 4.44
(s, 2H), 3.94 (q, J = 11 Hz, 2H), 3.62 (m ,2H), 3.25 (m, 2H), 2.34 (m, 2H), 2.08 (m, 2H). °C
NMR CD;OD (150 MHz): 8 157.4, 151.6, 138.7, 136.4, 131.9, 130.1, 127.4 (q, J= 276 Hz),
124.6, 122.4,120.9, 120.4, 118.5, 115.2, 113.9, 93.0, 62.2, 52.4, 35.4 (q, J = 33 Hz), 29.7.
HRMS (ESI): [M+H'] calculated 486.1682; found 486.1678.
5-bromo-3-methyl-1H-indole-2-carboxylic acid (53). 892 mg (4 mmol) of 53 hydrochloride
and 408 mg (4 mmol) of 2-oxobutyric acid were refluxed in 6.5 mL absolute ethanol in the
presence of 2.4 g of H,SO4. After 8 h the reaction mixture was cooled in the freezer and the

precipitate was filtered off to afford 655 mg of 53, 58% yield. '"H NMR CDCl; (600 MHz): &
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9.19 (brs, 1H), 7.79 (s, 1H), 7.38 (d, /=9.0 Hz, 1H), 7.29 (d, J = 9.0 Hz, 1H), 4.41 (q,/=7.3
Hz, 2H), 2.57 (s, 3H), 1.43 (t,J=7.3 Hz, 3H).

3-bromo-4-methoxy-2-methylbenzaldehyde (55). 5 g (26 mmol) of 54 was dissolved in 200
mL of DCM and 10.4 mL (40 mmol) of TBDPSCI was added followed by 3.5 g (52 mmol) of
imidazole. After 1 h reaction was evaporated to dryness and the product was purified by column
chromatography (silica gel, hexane:EtOAc, 50:1). Crude intermediate was dissolved in 130 mL
of CH;CN:DCM 1:1 and 9.65 g (39 mmol) of NIS, 1.99 mL of TFA were added. The reaction
mixture was heated at 50 °C for 12 h. Then it was diluted with 100 mL of DCM, washed with
saturated NaHCO; and Na,S,0s, evaporated with silica gel and purified by column
chromatography (silica gel, hexane:EtOAc, 50:1)to afford 13.5 g (2-bromo-4-iodo-3-
methylphenoxy)(tert-butyl)diphenylsilane. '"H NMR CDCl; (600 MHz): & 7.71 (m, 4H), 7.45 (m
2H), 7.38 (m, 4H), 7.27 (d, overlaps with solvent residual signal, 1H), 6.02 (d, /= 8.8 Hz, 1H),
2.68 (s, 3H), 1.13 (s, 9H).

11.9 g (21.5 mmol) of (2-bromo-4-iodo-3-methylphenoxy)(tert-butyl)diphenylsilane was
dissolved in dry 86 mL of THF, the flask was flushed with argon cooled to -78 °C degrees
(internal temperature, cooling bath EtOAc/N;(lig.)) and 9.5 mL of 1.6 M butyl lithium (26
mmol) was slowly added to maintain the temperature. After stirring for 0.5 h 5 ml of DMF (75
mmol) was added dropwise and stirring was continued for 30 minutes at the same temperature.
Then 100 mL of 1 M HCI was added and the reaction mixture was allowed to warm to rt.
Organic fraction was evaporated with silica gel and the product was purified by column
chromatography (silica gel, hexane:EtOAc, 1:1) to afford 4 g of 3-bromo-4-hydroxy-2-
methylbenzaldehyde. It was dissolved in 60 mL of acetone, 15.5 g (112 mmol) of K,CO; and
13.7 mL (222 mmol) of methyl iodide were added. The reaction was refluxed overnight, then
filtered off and concentrated to afford 4.3 g of 55, 88% vield over 4 steps. '"H NMR CDCl; (600
MHz): 6 10.08 (s, 1H), 7.81 (s, 1H), 7.68 (d, J = 8.3 Hz, 1H), 6.96 (d, J 8.3 = Hz, 1H), 3.22 (s,
3H), 2.75 (s, 3H).

Methyl 2-azido-3-(3-bromo-2-methylphenyl)acrylate (57a). 30 g (139 mmol) of 3-bromo-2-
methylbenzoic acid was dissolved in 180 mL of THF, cooled to 0 °C and 9.5 g (250 mmol) of
LAH was added in small portions. After stirring for 3 h no starting material was observed by
TLC. Reaction mixture was carefully quenched with 20 mL of ethyl acetate and 20 mL of water.

Silica gel was added and mixture was evaporated to dryness and the product was purified by
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2 column chromatography (silica gel, hexane:EtOAc, 1:1) resulting in 24 g of pure alcohol

g intermediate. '"H NMR CDCl; (600 MHz): § 7.50 (d, J = 8.1 Hz, 1H), 7.29 (d, J = 8.1 Hz, 1H),

7 7.04 (t,J= 8.1 Hz, 1H), 4.68 (s, 2H), 2.40 (s, 3H), 1.90 (br s, 1H). *C NMR CDCl; (150 MHz):
g 140.6, 135.8, 132.0, 127.1, 126.7, 126.1.

12 24 g (119 mmol) of (3-bromo-2-methylphenyl)methanol was dissolved in 240 mL of

ig dichloromethane and 103 g (1.2 mole) of manganese (IV) oxide was added. After stirring

ig overnight TLC showed no starting material. Reaction mixture was evaporated with silica gel and
16 the product was purified by column chromatography (silica gel, hexane:EtOAc, 10:1) to afford
g 18.6 g of pure aldehyde intermediate. "H NMR CDCl; (600 MHz): & 10.25 (s, 1H), 7.78 (m, 2H),
;g 7.23 (t,J = 7.7 Hz, 1H), 2.75 (s, 3H). >C NMR CDCl; (150 MHz): 191.8, 137.7, 130.9, 130.2,
- 127.6, 127.4,126.8, 18.1.

22 To the mixture of 18.6 g (93 mmol) of 3-bromo-2-methylbenzaldehyde and 26.8 g (233 mmol)
25 of methyl azidoacetate in 130 mL of MeOH was added to 43 mL of 5.4 M MeONa over 30

g? minute at -10 °C. After addition the mixture was stirred for additional hour at the same

gg temperature and then transferred to cold room (+4 °C) and stirred overnight. The reaction

32 mixture was then poured in 1 L mixture of ice and saturated ammonium chloride solution, stirred
gg for 10 min and filtered off. The solid was washed with plenty of ice cold water and then moved
34 to ambient temperature. After air drying for 1 h the solid was dissolved in 100 mL of DCM,

32 dried over magnesium sulfate and passed through short silica gel plug. Evaporation of solvent
g; gave 21.1 g of 57a, 76% yield, which was used in the next step without further purification. 'H
Zg NMR CDCl; (600 MHz): 6 7.72 (d, J= 7.7 Hz, 1H), 7.53 (d, J=7.7 Hz, 1H), 7.10 (s, 1H), 7.07
j; (t,J=7.7 Hz, 1H), 3.93 (s, 3H), 2.42 (s, 3H). ?C NMR CDCl; (150 MHz): 163.6, 136.7, 133.9,
43 133.1, 129.3, 128.8, 126.8, 125.8, 123.6, 53.1, 20.0.

j,g Methyl 2-azido-3-(2-chloro-3-methylphenyl)acrylate (57b). Similar procedure was used as for
jg 57a, but starting with 10 g (57 mmol) of 56b. Isolated 4.6 g, 63% yield (3 steps). 'H NMR

jg CDCl; (600 MHz): 6 7.95 (m, 1H), 7.35 (s, 1H), 7.21 (m, 2H), 3.94 (s, 3H), 2.40 (s, 3H).

gg Methyl 2-azido-3-(3-bromo-4-methoxy-2-methylphenyl)acrylate (57¢). Similar procedure

52 was used as the last step for 57a, but starting with 4.89 g (21 mmol) of 55. Isolated 5.72 g, 83%
gj yield (3 steps). '"H NMR CDCl; (600 MHz): & 7.87 (d, J= 8.8 Hz, 1H), 7.11 (s, 1H), 6.80 (d, J =
22 8.8 Hz, 1H), 3.93 (s, 3H), 3.92 (s, 3H), 2.48 (s, 3H).

57

58

0 39

ACS Paragon Plus Environment



©CoO~NOUTA,WNPE

Journal of Medicinal Chemistry Page 40 of 81

Methyl 5-bromo-4-methyl-1H-indole-2-carboxylate (58a). 21.1 g (71 mmol) of 57a was
dissolved in 700 mL of xylene. The mixture was refluxed for 10 min. Reaction mixture was
cooled to rt and kept at -20 °C overnight. The precipitated product was filtered off and dried on
funnel to produce 10.0 g of 58a, 50% yield. '"H NMR CDCl; (600 MHz): & 8.98 (br s, 1H), 7.44
(d, J=8.4 Hz, 1H), 7.24 (s, 1H), 7.14 (d, J = 8.4 Hz, 1H), 3.96 (s, 3H), 2.60 (s, 3H). *C NMR
CDClIs (150 MHz): 6 162.1, 135.4, 131.6, 129.5, 129.0, 127.4, 115.9, 110.8, 107.7, 52.2, 19.0.
Methyl 4-chloro-5-methyl-1H-indole-2-carboxylate (58b). Similar procedure was used as for
57a, but starting with 4.6 g (18 mmol) of 57b. Isolated 3.0 g, 74% yield. '"H NMR CDCl; (600
MHz): § 9.01 (br s, 1H), 7.28 (s, 1H), 7.23 (d, /= 8.4 Hz, 1H), 7.17 (d, J = 8.4 Hz, 1H), 3.96 (s,
3H), 2.46 (s, 3H).

Methyl 5-bromo-6-methoxy-4-methyl-1H-indole-2-carboxylate (58c). Similar procedure was
used as for 57a, but starting with 5.7 g (17 mmol) of 57¢. Isolated 4.2 g, 81% yield. '"H NMR
CDCl; (600 MHz): 6 8.83 (br, 1H), 7.20 (s, 1H), 6.74 (s, 1H), 3.93 (s, 6H), 2.62 (s, 3H).
5-bromo-4-methyl-1H-indole-2-carbonitrile (59a). 10.0 g (38 mmol) of 58a was refluxed in a
solution of 10.6 g (190 mmol) KOH in 130 mL of methanol for 1h. Reaction mixture was then
concentrated and acidified with 12 M HCI in water. Precipitated product was filtered off. After
drying the 5-bromo-4-methyl-1H-indole-2-carboxylic acid was added to solution of 6.5 mL (76
mmol) of oxalyl chloride in 200 mL of dichloromethane with 0.6 mL of DMF. After stirring for
1 h reaction mixture was cooled in ice-water bath and 40 mL of conc. Ammonia solution in
water was added dropwise. The heterogeneous mixture was stirred for another 3 h and filtered
off to obtain amide. A mixture of 5-bromo-4-methyl-1H-indole-2-carboxamide from previous
step, 36 mL (380 mmol) of phosphorus oxychloride and 120 mL of chloroform was refluxed for
5 h. Then reaction mixture was evaporated to dryness and quenched with ice and conc. Ammonia
solution in water (about 40 mL). The formed precipitate was filtered off, washed with water and
dissolved in 100 mL of THF. The solution was evaporated with silica gel and the product was
purified by column chromatography (silica gel, hexane:EtOAc, 2:1) affording 7.4 g of pure
nitrile 59a, 82% yield. '"H NMR (CD3),CO (600MHz): & 11.42 (brs, 1H), 7.49 (d, J = 8.8Hz,
1H), 7.42 (s, 1H), 7.32 (d, J= 8.8 Hz, 1H), 2.59 (s, 3H). >C NMR (CD;),CO (150 MHz): &
137.5,132.0, 131.0, 129.3, 117.2, 114.9, 113.7, 113.0, 108.5, 19.6.

40

ACS Paragon Plus Environment



Page 41 of 81

©CoO~NOUTA,WNPE

Journal of Medicinal Chemistry

4-chloro-5-methyl-1H-indole-2-carbonitrile (59b). Similar procedure was used as for 59a, but
starting with 3.0 g (13 mmol) of 58b. Isolated 1.5 g, 60% yield. "H NMR CDCl; (600 MHz): &
8.79 (brs, 1H), 7.42 (d, 1H, J 8.4 Hz), 7.34 (s, 1H), 7.28 (d, 1H, J 8.4 Hz), 2.61 (s, 3H).
5-bromo-6-methoxy-4-methyl-1H-indole-2-carbonitrile (59¢). Similar procedure was used as
for 59a, but starting with 4.2 g (13 mmol) of 58c¢. Isolated 3.3 g, 96% yield. '"H NMR (CD5),CO
(600 MHz): 6 10.24 (br s, 1H), 7.13 (s, 1H), 6.80 (s, 1H), 3.93 (s, 3H), 2.61 (s, 3H).
5-bromo-3-methyl-1H-indole-2-carbonitrile (59d). Similar procedure was used as for 59a, but
starting with 655 mg (2.32 mmol) of 53. Isolated 300 mg, 56% yield. "H NMR CDCl; (600
MHz): § 9.35 (br s, 1H), 7.81 (s, 1H), 7.39 (d, /= 9.0 Hz, 1H), 7.32 (d, J 9.0 = Hz, 1H), 2.62 (s,
3H).

5-formyl-4-methyl-1H-indole-2-carbonitrile (60a). 2.35 g (10 mmol) of 5-bromo-4-methyl-
1H-indole-2-carbonitrile 59a was dissolved in 100 mL of THF, the flask was flushed with argon
and 3.2 g (24 mmol) of potassium hydride was added (30% suspension in oil), after stirring for 5
min the reaction mixture was cooled to -90 °C (internal temperature with probe, ethanol/N,(liq.))
and 11.8 mL of zert-butyl lithium (20 mmol) was slowly added to maintain the temperature at the
range -95 °C to -90 °C. After stirring for 1 h 3.8 ml (50 mmol) of DMF was added dropwise and
reaction mixture was allowed to warm to -70 °C and kept 30 min at this temperature. The
reaction mixture was quenched with 2.9 mL (50 mmol) of acetic acid and warmed to rt. After
addition of 100 mL of brine organic phase was separated, evaporated with silica gel and the
product was purified by column chromatography (silica gel, hexane:THF, 1:1). After
evaporation, 1.11 g of pure aldehyde 60a was obtained, 60% yield. '"H NMR CD3;CN (600 MHz):
8 10.39 (s, 1H), 7.82 (d, J= 8.4 Hz, 1H), 7.51 (s, 1H), 7.43 (d, J = 8.4 Hz, 1H), 2.86 (s, 3H). °C
NMR CDsCN (150 MHz): 6 191.2, 138.9, 137.2, 127.3, 126.9, 126.6, 113.7, 113.1, 110.0, 107.2,
13.4.

4-chloro-5-formyl-1H-indole-2-carbonitrile (60b). To a solution of 702 mg (3.7 mmol) of 59b
in 5 mL of acetonitrile 1.0 mL (4.4 mmol) of Boc,O and 45 mg (0.37 mmol) of DMAP were
added and stirred at room temperature for 1 h. The solvent was removed in vacuo, and the crude
product was filtered through silica gel column using hexane: EtOAc (10:1) as an eluent to afford
1.03 g of Boc-protected intermediate, 96% yield. The intermediate (3.5 mmol) was dissolved in
35 mL of carbon tetrachloride and 1.45 g (8.2 mmol) of N-bromosuccinimide along with 60 mg

(0.37 mmol) of AIBN were added. The mixture was refluxed for 2 h, then cooled to room
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temperature and evaporated to dryness. Then it was dissolved in 70 mL of acetone/water mixture
(1:1) and 1.17 g (4.2 mmol) of silver carbonate was added. The mixture was stirred for 24 h, then
concentrated and diluted with 50 mL of EtOAc. Mixture was filtered off through celite, organic
phase was evaporated with silica gel and the product was purified by column chromatography
(silica gel, hexane:DCM, 1:2) to afford 641 mg of Boc-protected intermediate 60b, 60% yield. It
was dissolved then in 4 mL of DCM:TFA (1:1) and stirred for 1 h. The mixture was evaporated
and partitioned in EtOAc and saturated with NaHCOj; solution. Organic phase was evaporated
with silica gel and the product was purified by column chromatography (silica gel,
DCM:acetone, 40:1) to afford 330 mg of 60b, 81%. 'H NMR CD;CN (600 MHz): 8 11.63 (br s,
1H), 10.56 (s, 1H), 7.92 (d, J= 8.6 Hz, 1H), 7.47 (d, /= 8.6 Hz, 1H), 7.43 (s, 1H).
5-formyl-6-methoxy-4-methyl-1H-indole-2-carbonitrile (60c). Similar procedure was used as
for 60a, but starting with 1.06 g (4 mmol) of 59c¢. Isolated 766 mg, 89% yield. "H NMR CD;CN
(600 MHz): 6 10.57 (s, 1H), 9.89 (br s, 1H), 7.24 (s, 1H), 6.92 (s, 1H), 3.90 (s, 3H), 2.71 (s, 3H).
5-formyl-3-methyl-1H-indole-2-carbonitrile (60d). Similar procedure was used as for 60a, but
starting with 93 mg (0.4 mmol) of 59d. Isolated 23 mg, 32% yield. "H NMR CD;CN (600 MHz):
5 10.96 (brs, 1H), 10.06 (s, 1H), 8.19 (s, 1H), 7.90 (d, J = 8.8Hz, 1H), 7.53 (d, J = 8.8 Hz, 1H),
2.57 (s, 3H).
4-methyl-5-((4-((6-(2,2,2-trifluoroethyl)thieno[2,3-d|pyrimidin-4-yl)amino)piperidin-1-
yl)methyl)-1H-indole-2-carbonitrile (14). 800 mg (4.35 mmol) of 5-formyl-4-methyl-1H-
indole-2-carbonitrile, 1.83 g (5.22 mmol) of N-(piperidin-4-yl)-6-(2,2,2-trifluoroethyl)thieno[2,3-
d]pyrimidin-4-amine hydrochloride and 1.2 mL (8.7 mmol) of triethylamine were mixed in 43
mL of dry dichloromethane. 1.84 g (8.7 mmol) of sodium triacetoxyborohydride was added to it
in one portion. After stirring overnight TLC showed no presence of starting material. The
reaction mixture was transferred to a separatory funnel and washed with 50 mL of 1 M NaOH.
Organic phase was evaporated with silica gel and the product was purified by column
chromatography (silica gel, DCM:MeOH:NHj3(aq.) 40:1:0.1 to 15:1:0.1). Evaporation of solvent
gave 2.08 g of oily product, which was dissolved in 5 mL of diethyl ether and crystallized upon
standing. The product was filtered off, washed with additional 10 mL of ether and thoroughly
dried to afford 1.95 g of product, 93% yield. The compound was converted to hydrochloride salt
by dissolving in 5 mL of MeOH followed by addition of 4.4 mL of 1M HCI in water (4.4 mmol)
and drying to afford 14. 'H NMR CD;0D (600 MHz): & 8.35 (s, 1H), 7.53 (brs, 1H), 7.48 (d, J =
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j 8.4 Hz, 1H), 7.41 (d, J = 8.4 Hz, 1H), 7.40 (m, 2H), 4.51 (s, 2H), 4.46 (m, 1H), 3.86 (q, J = 10.5
g Hz, 2H), 3.60 (m, 2H), 3.33 (m, 2H), 2.70 (s, 3H), 2.33 (m, 2H), 1.95 (m, 2H). *C NMR CD;OD
7 (150 MHz): 6 167.1, 157.7, 154.9, 138.9, 134.5, 130.4, 130.0, 128.9, 126.6 (q, J = 275 Hz),

3 121.7, 1182, 114.9, 113.6, 111.7, 108.4, 59.1, 52.9, 49.6, 47.2, 35.7 (q, J = 32 Hz), 30.1, 15.9.
10

11 HR MS (ESI): [M+H '] calculated 485.1730; found 485.1733.

ig 3-methyl-5-((4-((6-(2,2,2-trifluoroethyl)thieno[2,3-d|pyrimidin-4-yl)amino)piperidin-1-

ig yl)methyl)-1H-indole-2-carbonitrile (13). Similar procedure was used as for 14, but starting

16 with 29 mg (0.16 mmol) of 60d. Isolated 21 mg, 28% yield. "H NMR CD;0D (600 MHz): & 8.36
1573 (s, 1H), 7.89 (s, 1H), 7.55 (s, 1H), 7.52 (m, 2H), 4.47 (s, 2H), 4.45 (m, 1H), 3.86 (q, /= 10.5 Hz,
;g 2H), 3.61 (m, 2H), 3.24 (m, 2H), 2.51 (s, 3H), 2.35 (m, 2H), 1.98 (m, 2H). *C NMR CD;0OD

g% (150 MHz): 6 164.8, 156.1, 153.0, 137.7, 128.7, 127.8, 126.5, 125.0 (q, J = 275 Hz), 123.7,

gi 123.5,120.7, 120.3, 116.7, 113.0, 112.4, 106.0, 60.7, 51.2,45.7, 35.4 (q, J = 32 Hz), 28.5, 7.9.
25 HR MS (ESI): [M+H"] calculated 485.1730; found 485.1724.

g? 4-chloro-5-((4-((6-(2,2,2-trifluoroethyl)thieno[2,3-d]pyrimidin-4-yl)amino)piperidin-1-

;g yl)methyl)-1H-indole-2-carbonitrile (15). Similar procedure was used as for 14, but starting

32 with 29 mg (0.16 mmol) of 60d. Isolated 21 mg, 28% yield. "H NMR CD;0D (600 MHz): & 8.42
gg (s, 1H), 7.86 (s, 1H), 7.59 (s, 1H), 7.55 (m, 2H), 4.48 (s, 2H), 4.44 (m, 1H), 3.87 (q, J=10.5 Hz,
34 2H), 3.62 (m, 2H), 3.26 (m, 2H), 2.54 (s, 3H), 2.31 (m, 2H), 1.99 (m, 2H). *C NMR CD;0D

gg (150 MHz): 6 164.3, 155.9, 152.7, 138.1, 129.1, 127.6, 126.3, 125.4 (q, J = 275 Hz), 123.4,

g; 123.2,121.0, 120.4, 115.9, 113.6, 112.7, 106.6, 60.4, 51.1, 45.3, 35.4 (q, J = 32 Hz), 28.9.

s HRMS (ESI): [M+H'] calculated 505.1184; found 505.1183.

j; 6-methoxy-4-methyl-5-((4-((6-(2,2,2-trifluoroethyl)thieno[2,3-d]pyrimidin-4-

43 yl)amino)piperidin-1-yl)methyl)-1H-indole-2-carbonitrile (21). Similar procedure was used as
j,g for 14, but starting with 107 mg (0.5 mmol) of 60c. Isolated 227 mg, 87% yield. 'H NMR

j? CD;0OD (600 MHz): 6 8.70 (s, 1H), 7.86 (s, 1H), 7.32 (s, 1H), 6.96 (s, 1H), 4.64 (m, 1H), 4.54 (s,
jg 2H), 4.00 (s, 3H), 3.99 (q, /= 10.5 Hz, 2H), 3.68 (m, 2H), 3.43 (m, 2H), 2.68 (s, 3H), 2.32 (m,
22 2H), 2.21 (m, 2H). >*C NMR CD;0D (150 MHz): & 159.3, 159.1, 150.0, 139.90, 139.85, 135.8,
gg 135.6, 133.0, 126.0 (q, J =275 Hz), 122.9, 118.8, 115.4, 114.2, 112.9, 106.6, 92.5, 56.8, 55.0,

54 53.5,50.4,35.3 (q, J = 32 Hz), 29.6, 16.5. HRMS (ESI): [M+H'] calculated 515.1835; found

2‘2 515.1833.
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6-hydroxy-4-methyl-5-((4-((6-(2,2,2-trifluoroethyl)thieno[2,3-d]pyrimidin-4-
yl)amino)piperidin-1-yl)methyl)-1H-indole-2-carbonitrile (20). 26 mg (0.05 mmol) of 21 was
added to 0.5 mL of 1 M BBr3; in DCM at 0 °C and the reaction mixture was brought to rt. After
24 h ice was added to the reaction mixture in the presence of sodium bicarbonate. Volatile
organic was evaporated and the residue was partitioned between water and EtOAc-MeOH (10:1).
Organic layer was evaporated with silica gel and the product was purified by column
chromatography (silica gel, hexane:EtOAc:MeOH, 1:1:0.1) , to afford 17 mg of 20, 68% yield.
'H NMR CD;OD (600 MHz): & 8.45 (s, 1H), 7.64 (s, 1H), 7.28 (s, 1H), 6.84 (s, 1H), 4.55 (m,
1H), 4.53 (s, 2H), 4.00 (s, 3H), 3.90 (q, J = 10.5 Hz, 2H), 3.67 (m, 2H), 3.40 (m, 2H), 2.65 (s,
3H), 2.31 (m, 2H), 2.05 (m, 2H). *C NMR CD;0D (150 MHz): § 157.6, 157.0, 153.4, 140.1,
135.3, 135.1, 130.8, 126.2 (q, J= 275 Hz), 122.6, 122.1, 118.3, 115.4, 114.2, 114.1, 112.3,
106.2,95.2, 55.1, 53.4, 47.5, 35.0 (q, J = 32 Hz), 29.8, 16.1. HRMS (ESI): [M+H'] calculated
501.1679; found 501.1674.
2-(2-cyano-4-methyl-5-((4-((6-(2,2,2-trifluoroethyl)thieno|2,3-d]pyrimidin-4-
yl)amino)piperidin-1-yl)methyl)-1H-indol-1-yl)acetamide (25). Similar procedure was used as
for 7, but starting with 13 mg (0.025 mmol) of 14. Isolated 5 mg, 37% yield. "H NMR CD;0D
(600 MHz): 6 8.37 (s, 1H), 7.57 (d, J= 8.4 Hz, 1H), 7.52 (s, 1H), 7.45 (d, J = 8.4Hz, 1H), 5.09
(s, 2H), 4.62 (m, 1H), 4.53 (s, 2H), 3.88 (q, /= 10.5 Hz, 2H), 3.61 (m, 2H), 2.72 (s, 3H), 2.34
(m, 2H), 1.96 (m, 2H). °C NMR CD;OD (150 MHz): 171.2, 167.1, 157.7, 154.9, 139.8, 130.0,
129.4, 128.7, 126.6 (q, J =275 Hz), 121.8, 118.2, 114.0, 113.9, 112.6, 110.2, 58.9, 54.8, 52.9,
48.0, 35.6 (q, J =32 Hz), 30.1, 15.8. HRMS (ESI): [M+H"] calculated 542.1944; found
542.1949.
2-(2-cyano-6-methoxy-4-methyl-5-((4-((6-(2,2,2-trifluoroethyl)thieno[2,3-d]pyrimidin-4-
yl)amino)piperidin-1-yl)methyl)-1H-indol-1-yl)acetamide (26). Similar procedure was used as
for 7, but starting with 26 mg (0.05 mmol) of 21. Isolated 7 mg, 25% yield. 'H NMR CD;0D
(600 MHz): 6 8.64 (s, 1H), 7.79 (s, 1H), 7.43 (s, 1H), 7.00 (s, 1H), 5.05 (s, 2H), 4.62 (m, 1H),
4.53 (s, 2H), 4.02 (s, 3H), 3.98 (q, /= 10.5 Hz, 2H), 3.66 (m, 2H), 3.41 (m, 2H), 2.67 (s, 3H),
2.32 (m, 2H), 2.15 (m, 2H). *C NMR CD;0D (150 MHz): & 171.4, 159.7, 150.8, 141.0, 136.3,
132.5,126.2 (q, J =275 Hz), 123.2, 122.7, 122.6, 118.7, 114.6, 114.3, 113.4, 110.9, 110.8, 91.5,
57.0, 54.8, 53.4, 48.03, 35.4, (q, J = 32 Hz), 29.6, 16.2. HRMS (ESI): [M+H ] calculated
572.2050; found 572.2055.
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2 Methyl 2-azido-3-(4-fluoro-3-methylphenyl)acrylate (62a). Similar procedure was used as for
2 57a, but starting with 0.83 mL (5 mmol) of 61a. Isolated 723 mg, 60% yield. '"H NMR CDCl;

7 (400 MHz): 6 7.66 (m, 2H), 7.01 (m, 1H), 6.85 (s, 1H), 3.91 (s, 3H), 2.30 (s, 3H).

g Methyl 2-azido-3-(4-methoxy-3-methylphenyl)acrylate (62b). Similar procedure was used as
12 for 57a, but starting with 1.46 mL (10 mmol) of 61a. Isolated 1.6g, 65% yield. "H NMR CDCl;
ig (400 MHz): 6 7.65 (d, J = 8.8 Hz, 1H), 7.05 (s, 1H), 7.14 (s, 1H), 6.92 (d, J= 8.8 Hz, 1H), 3.91
1;‘ (s, 3H), 3.89 (s, 3H), 2.45 (s, 3H).

16 Methyl 6-fluoro-5-methyl-1H-indole-2-carboxylate (63a). 376 mg (1.6 mmol) of 62a was

g dissolved in 1.5 mL of toluene. 45 mg (0.075 mmol) of rhodium (II) trifluoroacetate dimer was
;g added and the reaction mixture was heated at 50 °C for 24 h. Then solvent was evaporated and
g; residue was the product was purified by column chromatography (silica gel, hexane:EtOAc,

gi 10:1). 110 mg (33% yield) of compound 63a was obtained. 'H NMR (600 MHz, CDCls): & 8.81
32 (brs, 1H), 7.56 (s, 1H), 7.34 (s, 1H), 7.14 (s, 1H), 3.92 (s, 3H), 2.56 (s, 3H).

27 Methyl 6-methoxy-5-methyl-1H-indole-2-carboxylate (63b). Similar procedure was used as
;g for 63a, but starting with 250 mg (1.05 mmol) of 62a. Isolated 156 mg, 75% yield. "H NMR

32 CDCl; (400 MHz): 6 8.73 (br s, 1H), 7.39 (s, 1H), 7.10 (s, 1H), 6.77 (s, 1H), 3.92 (s, 3H), 3.88
gg (s, 3H), 2.28 (s, 3H).

g;‘r 6-fluoro-5-methyl-1H-indole-2-carbonitrile (64a). Similar procedure was used as for 59a, but
36 starting with 65 mg (0.31 mmol) of 63a. Isolated 31 mg, 58% yield. '"H NMR CDCl; (400 MHz):
g; 8 7.56 (s, 1H), 7.34 (s, 1H), 7.15 (s, 1H), 3.90 (s, 1H), 2.52 (s, 3H).

Zg 6-methoxy-5-methyl-1H-indole-2-carbonitrile (64b). Similar procedure was used as for 59a,
j; but starting with 203 mg (1 mmol) of 63b. Isolated 116 mg, 62% yield. '"H NMR CDCl; (400

ji MHz): & 7.37 (s, 1H), 7.06 (s, 1H), 6.76 (s, 1H), 3.88 (s, 1H), 2.35 (s, 3H).

45 6-fluoro-5-((4-((6-(2,2,2-trifluoroethyl)thieno[2,3-d]pyrimidin-4-yl)amino)piperidin-1-

j? y)methyl)-1H-indole-2-carbonitrile (16). Similar procedure was used as for 1, but starting with
jg 16 mg (0.1 mmol) of 64a. Isolated 25 mg, 50% yield. "H NMR CD;0D (600 MHz): & 8.70 (s,
22 1H), 8.04 (s, 1H), 7.87 (s, 1H), 7.36 (s, 1H), 7.32 (s, 1H), 4.65 (m, 1H), 4.55 (s, 2H), 4.01 (q, J =
gg 10.5 Hz, 2H), 3.70 (m, 2H), 3.35 (m, 2H), 2.36 (m, 2H), 2.17 (m, 2H). *C NMR CD;0D (150
54 MHz): § 162.5, 160.9, 157.3, 149.5, 139.8, 133.2, 128.9, 126.5 (q, J = 275 Hz), 124.8, 123.0,

gg 118.8,114.9, 114.6, 112.4, 109.9, 99.7, 55.6, 52.5, 35.3 (q, J = 32 Hz), 29.6. HRMS (ESI):

g; [M+H"] calculated 489.1479; found 489.1484.
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6-methoxy-5-((4-((6-(2,2,2-trifluoroethyl)thieno[2,3-d|pyrimidin-4-yl)amino)piperidin-1-
yl)methyl)-1H-indole-2-carbonitrile (18). Similar procedure was used as for 1, but starting with
116 mg (0.62 mmol) of 64b. Isolated 287 mg, 77% yield. '"H NMR CD;0D (600 MHz): & 8.71
(s, 1H), 7.87 (s, 1H), 7.86 (s, 1H), 7.24 (s, 1H), 7.12 (s, 1H), 4.66 (m, 1H), 4.49 (s, 2H), 4.03 (m,
5H), 3.69 (m, 2H), 3.34 (m, 2H), 2.36 (m, 2H), 2.18 (m, 2H). °C NMR CD;0D (150 MHz): &
158.7, 149.7, 140.9, 133.1, 128.2, 127.8, 127.3, 126.4 (q, J = 275 Hz), 123.4, 122.8, 121.7,
118.7, 115.1, 114.8, 114.6, 107.5, 94.6, 57.7, 56.6, 52.7, 35.2 (q, J = 33 Hz), 29.5. HRMS (ESI):
[M+H'] calculated 501.1679; found 501.1674.
6-hydroxy-5-((4-((6-(2,2,2-trifluoroethyl)thieno[2,3-d|pyrimidin-4-yl)amino)piperidin-1-
yl)methyl)-1H-indole-2-carbonitrile (17). Similar procedure was used as for 20, but starting
with 50 mg (0.1 mmol) of 18. Isolated 27 mg, 56% yield. '"H NMR CD;0D (600 MHz): & 8.70
(s, 1H), 7.81 (s, 1H), 7.77 (s, 1H), 7.21 (s, 1H), 6.98 (s, 1H), 4.64 (m, 1H), 4.48 (s, 2H), 4.01 (q,
J=10.3 Hz, 2H), 3.66 (m, 2H), 3.35 (m, 2H), 2.37 (m, 2H), 2.12 (m, 2H). °*C NMR CD;0D
(150 MHz): 6 157.6, 156.6, 153.9, 141.1, 130.5, 127.8, 127.5, 126.4 (q, J = 275 Hz), 125.7,
122.0, 121.6, 118.3, 115.2, 114.9, 114.0, 107.1, 97.5, 57.8, 52.9, 47.9, 35.5 (q, J = 33 Hz), 30.0.
HRMS (ESI): [M+H"] calculated 487.1522; found 487.1519.
6-ethoxy-5-((4-((6-(2,2,2-trifluoroethyl)thieno[2,3-d|pyrimidin-4-yl)amino)piperidin-1-
yl)methyl)-1H-indole-2-carbonitrile (19). 14 mg (0.029 mmol) of 17 was dissolved in 0.1 mL
of CH3CN. 12 mg (0.087 mmol) of K,CO3 and 4.7 uL (0.058 mmol) of Etl were added and the
mixture was stirred for 24 h. Then reaction mixture was directly subjected to purification by
preparative TLC (silica gel, hexane:EtOAc:MeOH, 1:1:0.2) the product was extracted from silica
gel with methanol to afford 9 mg of 19, 61% yield. "H NMR CD;OD (600 MHz): & 8.65 (s, 1H),
7.84 (s, 1H), 7.80 (s, 1H), 7.28 (s, 1H), 7.25 (s, 1H), 4.60 (m, 1H), 4.47 (s, 2H), 4.29 (m, 2H),
3.99 (q,J=10.3 Hz, 2H), 3.67 (m, 2H), 3.58 (m, 2H), 2.35 (m, 2H), 2.10 (m, 2H), 1.55 (t,J=7
Hz, 3H). *C NMR CD;OD (150 MHz): § 157.9, 157.4, 150.4, 132.6, 128.3, 126.2 (q, J = 275
Hz), 122.6,121.3, 118.6, 114.8, 114.6, 111.5,94.8, 65.7, 57.4, 52.8, 43.8, 35.5 (q, /=33 Hz),
29.6, 15.0. HRMS (ESI): [M+H"] calculated 515.1835; found 515.1834.
(1-trityl-1H-pyrazol-4-yl)methanol (66). 5 g of ethyl 1H-pyrazole-4-carboxylate (35.7 mmol)
was dissolved in 70 mL of DMF, and 4.8 g (42.8 mmol) of potassium tert-butoxide was added.
After stirring for 30 minutes 13.9 g (50 mmol) of trityl chloride was added in small portions.

TLC indicated no starting material after 1 h of stirring and the reaction mixture was diluted with
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300 ml of water and extracted with 3 x 50 ml of DCM. Organic extracts were evaporated and
then dissolved in 300 mL of THF. 2.03 g (53.6 mmol) of lithium aluminohydride was added in
small portions. After 1 h the reaction mixture was carefully quenched with 10 mL of ethyl
acetate followed by addition of 5 mL of water. 15 g of silica gel was added and the solvent was
evaporated. The product was purified by column chromatography (silica gel, hexane:EtOAc, 1:1)
resulting 11.75 g of 66, 97% yield. 'H NMR CDCl; (600 MHz): § 7.67 (s, 1H), 7.38 (s, 1H), 7.31
(m, 9H), 7.14 (m, 6H), 4.55 (s, 2H), 1.47 (s, 1H). *C NMR CDCl; (150 MHz): & 143.2, 139.1,
131.4, 130.1, 127.8, 120.0, 78.7, 56.3.

4-(bromomethyl)-1-trityl-1H-pyrazole (67). To a solution of 11.75 g (34.5 mmol) of 66, 9.04 g
(34.5 mmol) triphenylphosphine in 90 mL of DCM was added 6.14 g (34.5 mmol) of N-
Bromosuccinimide at 0 °C. Then mixture was stirred for 30 minutes and transferred to a
separatory funnel, washed with saturated sodium bicarbonate solution and brine, dried over
sodium sulfate. After evaporation, the product was purified by column chromatography
(neutralized silica gel, hexane:EtOAc, 10:1). Silica gel neutralization (for 50 g of silica gel):
washed with 500 mL of 0.05% of ammonia (25% in water) in EtOAc, 500 mL of pure EtOAc
and 500 mL of hexane. 11.09 g of 67 was obtained and it was used in subsequent step
immediately (decomposes upon standing), 79% yield.
5-formyl-6-methoxy-1H-indole-2-carbonitrile (68b). Similar procedure was used as for 60b,
but starting with 744 mg (4 mmol) of 64b. Isolated 300 mg, 38% yield. '"H NMR CD;CN (600
MHz): 6 10.46 (s, 1H), 9.78 (br s, 1H), 7.33 (s, 1H), 7.15 (s, 1H), 6.99 (s, 1H), 3.92 (s, 3H).
5-formyl-6-methoxy-4-methyl-1-(2-(trityloxy)ethyl)-1H-indole-2-carbonitrile (69). The
mixture of 44 mg (0.21 mmol) 60c, 113 mg (0.31 mmol) of 1-tritoxy-2-bromoethane (see 44 for
preparation) and 197 mg (0.6 mmol) of Cs,COs3 in 0.4 mL of DMF were heated at 40 °C for 3 h.
The reaction mixture was diluted with water and extracted with DCM. Organic phase was
evaporated with silica gel and loaded on silica gel column. The product was purified with
Hexane-EtOAc 1:1 to afford 50 mg of 69, 50% yield. 'H NMR CD;CN (600 MHz): 10.65 (s,
1H), 7.32 (s, 1H), 7.17 (m, 15H), 6.65 (s, 1H), 4.41 (t, 5.3 Hz, 2H), 3.90 (s, 3H), 3.50 (t, 5.3 Hz,
2H), 2.81 (s, 3H).
5-formyl-4-methyl-1-((1-trityl-1H-pyrazol-4-yl)methyl)-1H-indole-2-carbonitrile (70). 11.09
g (27.5 mmol) of 67, 2.53 g (13.8 mmol) 5-formyl-4-methyl-1H-indole-2-carbonitrile and 13.6 g

(41.4 mmol) of cesium carbonate were stirred in 28 mL of DMF for 30 min. Then the reaction
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mixture was diluted with 300 mL of water and 200 mL of diethyl ether. After stirring for 4 h the
precipitate was filtered off, washed with additional 100 ml of water and 100 mL of diethyl ether
and dried to afford 6.4 g of 70, 92% yield. '"H NMR DMSO-ds (600 MHz): § 10.02 (s, 1H), 7.85
(s, 1H), 7.82 (d, J= 8.4 Hz, 1H), 7.77 (d, J= 8.4 Hz, 1H), 7.58 (s, 1H), 7.50 (s, 1H), 7.36 (m,
9H), 7.00 (m, 6H), 5.47 (s, 2H), 2.83 (s, 3H). ). *C NMR DMSO-d; (150 MHz): § 191.1, 162.3,
142.7, 142.6, 138.5, 132.1, 129.7, 129.6, 127.9, 127.8, 127.1, 126.6, 115.6, 114.9, 109.8, 109.4,
78.5,78.1, 14.1.
5-formyl-6-methoxy-1-((1-trityl-1H-pyrazol-4-yl)methyl)-1H-indole-2-carbonitrile (71).
Similar procedure was used as for 70, but starting with 300 mg (1.5 mmol) of 68b. Isolated 642
mg of 71, 82% yield. '"H NMR DMSO-ds (600 MHz): & 9.89 (s, 1H), 7.56 (s, 1H), 7.51 (s, 1H),
7.44(s, 1H), 7.34 (m, 9H), 7.23 (s, 1H), 7.15 (s, 1H), 7.02 (m, 6H), 5.43 (s, 2H), 2.72 (s, 3H).
5-formyl-6-methoxy-4-methyl-1-((1-trityl-1H-pyrazol-4-yl)methyl)-1H-indole-2-carbonitrile
(72). Similar procedure was used as for 70, but starting with 535 mg (2.5 mmol) of 60c. Isolated
1.30 g, 94% yield. '"H NMR CDCl; (600 MHz): 10.63 (s, 1H), 7.57 (s, 1H), 7.42 (s, 1H), 7.30
(m, 9H), 7.10 (m, 6H), 6.57 (s, 1H), 5.24 (s, 2H), 3.84 (s, 3H), 2.76 (s, 3H).
(4-((2-cyano-5-formyl-6-methoxy-4-methyl-1H-indol-1-yl)methyl)-1H-1,2,3-triazol-1-
yl)methyl pivalate (73). Similar procedure was used as for 69, but starting with 180 mg (0.84
mmol) of 60c and 0.14 mL (1.26 mmol) of propargyl bromide (80% in toluene). Crude
intermediate, 0.13 mL (0.84 mmol) of ~-BuCO,CH;N3;, 50 mg (0.25 mmol) of sodium ascorbate
and 6.7 mg (0.042 mmol) of CuSO4 were dissolved in 2.5 mL of --BuOH:H,0 (1:1) and the
reaction mixture was heated at 60 °C for 4 h. The reaction mixture was then diluted with water
and extracted with DCM. Organic phase was evaporated with silica gel and loaded on silica gel
column. The product was purified by column chromatography (silica gel, hexane:EtOAc, 1:1) to
afford 307 mg of 73, 90% yield. 'H NMR CDCl; (600 MHz): 8 10.56 (s, 1H), 7.78 (s, 1H), 7.39
(s, 1H), 6.58 (s, 1H), 5.27 (s, 2H), 4.98 (s, 2H), 3.83 (s, 3H), 2.74 (s, 3H), 1.89 (s, 9H).
1-(2-hydroxyethyl)-6-methoxy-4-methyl-5-((4-((6-(2,2,2-trifluoroethyl)thieno[2,3-
d]pyrimidin-4-yl)amino)piperidin-1-yl)methyl)-1H-indole-2-carbonitrile (24). Similar
procedure was used as for 14 for reductive amination and for 2 for deprotection, but starting with
100 mg (0.2 mmol) of 69. Isolated 80 mg, 72% yield. "H NMR CD;0D (600 MHz): & 8.53 (s,
1H), 7.70 (s, 1H), 7.39 (s, 1H), 7.08 (s, 1H), 4.56 (m, 1H), 4.43 (s, 2H), 4.43 (t, J= 5.1 Hz, 2H),
4.03 (s, 3H), 3.92 (m, 4H), 3.65 (m, 2H), 3.40 (m, 2H), 2.67(s, 1H), 2.33 (m, 2H), 2.09 (m, 2H).

48

ACS Paragon Plus Environment



Page 49 of 81 Journal of Medicinal Chemistry

©CoO~NOUTA,WNPE

*C NMR CD;0D (150 MHz): & 159.4, 157.7, 152.5, 140.5, 136.1, 135.9, 131.6, 129.4, 126.6 (q,
J=275Hz), 122.7,122.6, 122.4, 118.6, 114.8, 114.1, 113.2, 110.4, 91.9, 61.9, 56.9, 54.9, 53.5,
50,4, 47.9, 35.5 (q, J = 33 Hz), 29.8, 16.2. HRMS (ESI): [M+H"] calculated 559.2098; found
559.2092.

6-hydroxy-1-(2-hydroxyethyl)-4-methyl-5-((4-((6-(2,2,2-trifluoroethyl)thieno|[2,3-
d]pyrimidin-4-yl)amino)piperidin-1-yl)methyl)-1H-indole-2-carbonitrile (23). Similar
procedure was used as for 20, but starting with 50 mg (0.089 mmol) of 24. Isolated 22 mg, 46%
yield. '"H NMR CD;0D (600 MHz): & 8.38 (s, 1H), 7.58 (s, 1H), 7.34 (s, 1), 6.88 (s, 1H), 4.61
(m, 1H), 4.53 (s, 2H), 4.32 (t,J = 5.1 Hz, 2H), 3.87 (m, 4H), 3.66 (m, 2H), 3.39 (m, 2H), 2.64 (s,
3H), 2.32 (m, 2H), 2.04 (m, 2H). *C NMR CD;0D (150 MHz): § 166.6, 158.2, 157.7, 154.9,
141.1, 136.4, 136.3, 130.8, 128.1, 126.5 (q, J= 275 Hz), 122.8, 122.5, 118.8, 115.4, 114.8,
114.6, 113.1, 110.5, 94.8, 63.5, 62.1, 55.5, 54.0, 47.7, 36.3 (q, J = 33 Hz), 30.4, 16.5. HRMS
(ESI): [M+H] calculated 545.1941; found 545.1941.
1-((1H-pyrazol-4-yl)methyl)-6-methoxy-4-methyl-5-((4-((6-(2,2,2-trifluoroethyl)thieno(2,3-
d]pyrimidin-4-yl)amino)piperidin-1-yl)methyl)-1H-indole-2-carbonitrile (28). Similar
procedure was used as for 14 for reductive amination and 2 for deprotection, but starting with
642 mg (1.23 mmol) of 71. Isolated 430 mg, 60% yield. "H NMR CD;0D (600 MHz): & 8.46 (s,
1H), 7.83 (s, 1H), 7.66 (s, 1H), 7.64 (s, 2H), 7.30 (s, H), 7.28 (s, 1H), 5.47 (s, 2H), 4.49 (m, 1H),
4.44 (s, 2H), 4.06 (s, 3H), 3.90 (q, J = 10.3 Hz, 2H), 3.62 (m, 2H), 3.28 (m, 2H), 2.32 (m, 2H),
2.04 (m, 2H). >C NMR CD;0D (150 MHz): 8 164.5, 159.0, 157.5, 152.9, 140.6, 134.2, 131.0,
128.7,126.4 (q, J=275 Hz), 122.4,122.2, 121.4, 121.2, 118.3, 117.7, 115.2, 115.0, 114.6,
110.2,93.6, 61.0, 57.4, 56.8, 56.2, 52.9, 52.7, 47.5, 40.3, 35.5 (q, /= 33 Hz), 29.8. HRMS (ESI):
[M+H"] calculated 581.2053; found 581.2059.
1-((1H-pyrazol-4-yl)methyl)-6-hydroxy-5-((4-((6-(2,2,2-trifluoroethyl)thieno|2,3-
d]pyrimidin-4-yl)amino)piperidin-1-yl)methyl)-1H-indole-2-carbonitrile (27). Similar
procedure was used as for 20, but starting with 580 mg (1 mmol) of 28. Isolated 253 mg, 45%
yield. '"H NMR CD;0D (600 MHz): & 8.35 (s, 1H), 7.77 (s, 1H), 7.58 (s, 2H), 7.35 (s, 1H), 7.24
(s, 1H), 7.07 (s, 1H), 5.35 (s, 2H), 4.44 (m, 3H), 3.86 (m, 2H), 3.64 (m, 2H), 3.27 (m, 2H), 2.32
(m, 2H), 1.98 (m, 2H). ?C NMR CD;0D (150 MHz): & 176.4, 166.6, 157.7, 156.9, 154.6, 140.8,
130.0, 128.5, 126.5 (q, J 275 Hz), 121.8, 121.4, 118.2, 117.6, 151.2, 114.6, 114.4, 110.0, 96.4,
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57.5,52.9,47.0, 40.4, 35.6 (q, J = 33 Hz), 30.0. HRMS (ESI): [M+H"] calculated 567.1897;
found 567.1892.
1-((1H-pyrazol-4-yl)methyl)-4-methyl-5-((4-((6-(2,2,2-trifluoroethyl)thieno|2,3-
d]pyrimidin-4-yl)amino)piperidin-1-yl)methyl)-1H-indole-2-carbonitrile (29). Similar
procedure was used as for 14 for reductive amination and 2 for deprotection, but starting with 5.5
g (10.8 mmol) of 70. Isolated 3.7 g, 58% yield. '"H NMR CD;0OD (600 MHz): '"H NMR CD;0D
(600 MHz): 6 8.36 (s, 1H), 7.63 (m, 5H), 7.43 (s, 1H), 5.45 (s, 2H), 4.53 (s, 2H), 4.46 (m, 1H),
3.86 (q,J=10.5 Hz, 2H), 3.63 (m, 2H), 3.34 (m, 2H), 2.67 (s, 3H), 2.32 (m, 2H), 2.03 (m, 2H).
C NMR CD;0D (150 MHz): § 165.72, 157.61, 154.23, 138.70, 135.18, 134.22, 130.91,
130.30, 128.73, 126.60 (q, J = 289.5 Hz), 122.71, 121.99, 121.12, 118.22, 114.39, 114.04,
111.04, 110.61, 58.83, 52.87, 47.25, 40.50, 35.61 (q, J = 32 Hz), 29.90, 27.34, 15.89. HRMS
(ESI): [M+H'] calculated 565.2104; found 565.2107.
1-((1H-pyrazol-4-yl)methyl)-6-methoxy-4-methyl-5-((4-((6-(2,2,2-trifluoroethyl)thieno(2,3-
d]pyrimidin-4-yl)amino)piperidin-1-yl)methyl)-1H-indole-2-carbonitrile (31). Similar
procedure was used as for 14 for reductive amination and for 2 for deprotection, but starting with
1053 mg (3 mmol) of 72. Isolated 890 mg, 50% yield. '"H NMR CD;OD (600 MHz): & 8.39 (s,
1H), 7.62 (s, 2H), 7.60 (s, 1H), 7.39 (s, 1H), 7.17 (s, 1H), 5.46 (s, 1H), 4.52 (s, 2H), 4.48 (m,
1H), 4.05 (s, 3H), 3.87 (q, 2H, J=10.3 Hz), 3.64 (m, 2H), 3.39 (m, 2H), 2.65 (s, 3H), 2.32 (m,
2H), 2.05 (m, 2H). >C NMR CD;0D (150 MHz): 165.7, 159.8, 157.9, 154.4, 139.9, 136.5,
136.3, 134.4, 130.7, 126.8 (q, J= 275 Hz), 122.3, 118.5, 118.0, 115.0, 114.8, 113.6, 109.6, 91.8,
57.2,54.9,53.8,47.5, 40.6, 35.8 (q, J = 33 Hz), 30.07, 16.4. HRMS (ESI): [M+H"] calculated
595.2210; found 595.2217.
1-((1H-pyrazol-4-yl)methyl)-6-hydroxy-4-methyl-5-((4-((6-(2,2,2-trifluoroethyl)thieno[2,3-
d]pyrimidin-4-yl)amino)piperidin-1-yl)methyl)-1H-indole-2-carbonitrile (30). Similar
procedure was used as for 20, but starting with 36 mg (0.06 mmol) of 31. Isolated 17 mg, 49%
yield. '"H NMR CD;0D (600 MHz): 8.36 (s, 1H), 7.56 (s, 2H), 7.49 (s, 1H), 7.36 (s, 1H), 6.94 (s,
1H), 5.34 (s, 2H), 4.52 (s, 2H), 4.45 (m, 1H), 3.86 (m, 2H), 3.65 (m, 2H), 3.40 (m, 2H), 2.32 (m,
2H), 2.01 (m, 2H). >C NMR CD;0D (150 MHz): 166.8, 157.8, 154.8, 154.2, 140.0, 135.9,
130.2, 126.4 (q, J =275 Hz), 125.1, 122.5, 122.0, 118.8, 117.8, 115.6, 114.6, 112.9, 112.3,
109.2,94.3, 55.1, 53.7,47.2, 42.2, 40.5, 35.7 (q, J = 33 Hz), 30.0, 16.1. HRMS (ESI): [M+H']
calculated 581.2053; found 581.2046.
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1-((1H-1,2,3-triazol-4-yl)methyl)-6-methoxy-4-methyl-5-((4-((6-(2,2,2-
trifluoroethyl)thieno|2,3-d]pyrimidin-4-yl)amino)piperidin-1-yl)methyl)-1H-indole-2-
carbonitrile (34). Reductive amination was completed using a similar procedure as for synthesis
of 13, starting with 307 mg (0.75 mmol) of 73. Protected intermediate was dissolved in 2 mL of
MeOH, and 530 mg (9.3 mmol) of KOH was added. After 30 min the reaction mixture was
diluted with water and the product was extracted with EtOAc. Organic phase was evaporated
with silica gel and the product was purified by column chromatography (silica gel, DCM:MeOH,
10:1) to afford 390 mg of 34, 87% yield. "H NMR CD;OD (600 MHz): & 8.35 (s, 1H), 7.57 (s,
1H), 7.40 (s, 1H), 7.18 (s, 1H), 5.63 (s, 2H), 4.51 (s, 2H), 4.45 (m, 1H), 4.04 (s, 3H), 3.86 (q, J =
10.3 Hz, 2H), 3.63 (m, 2H), 3.36 (m, 2H), 2.65 (s, 3H), 2.31 (m, 2H), 2.04 (m, 2H). °C NMR
CD;0OD (150 MHz): 8 166.6, 159.7, 157.8, 154.7, 140.1, 136.3, 130.2, 126.5 (q, /= 275 Hz),
122.7,122.0, 118.3, 114.9, 114.6, 113.6, 109.7, 91.9, 57.0, 54.8, 53.7,47.2,41.2,35.7 (q, J =33
Hz), 30.0, 16.2. HRMS (ESI): [M+H'] calculated 596.2162; found 596.2157.
1-((1H-1,2,3-triazol-4-yl)methyl)-6-hydroxy-4-methyl-5-((4-((6-(2,2,2-
trifluoroethyl)thieno[2,3-d]pyrimidin-4-yl)amino)piperidin-1-yl)methyl)-1H-indole-2-
carbonitrile (33). Similar procedure was used as for 20, but starting with 100 mg (0.17 mmol) of
34. Isolated 17 mg, 17% yield. 'H NMR CD;0OD (600 MHz): & 8.35 (s, 1H), 7.72 (br s, 1H), 7.56
(s, 1H), 7.38 (s, 1H), 6.95 (s, 1H), 5.52 (s, 2H), 4.51 (s, 2H), 4.45 (m, 1H), 3.86 (q, J = 10.5 Hz,
2H), 3.64 (m, 2H), 3.37 (m, 2H), 2.63 (s, 3H), 2.31 (m, 2H), 2.01 (m, 2H). *C NMR CD;0D
(150 MHz): 6 166.7, 157.8, 157.5, 154.8, 140.3, 136.2, 130.2, 126.7 (q, J = 277.3 Hz), 122.4,
122.0, 118.3,114.9, 114.7, 113.1, 109.5, 94.5, 55.0, 53.6, 47.2,41.2, 35.8 (q, /= 31.9 Hz), 30.0,
16.1. HRMS (ESI): [M+H'] calculated 582.2006; found 582.2011.

Compounds 5, 6, 9, 10, 22 and 32 were obtained from synthesis on demand, with all compounds
provided with the certificate of analysis and in addition fully characterized in house by HRMS
and NMR. Characterization of compounds 5, 6, 9, 10, 22 and 32:
1-(2-hydroxy-3-methoxypropyl)-5-((4-((6-(2,2,2-trifluoroethyl)thieno[2,3-d|pyrimidin-4-
yDamino)piperidin-1-yl)methyl)-1H-indole-2-carbonitrile (5). "H NMR DMSO-d (600
MHz): 6 10.90 (br s, 1H), 8.48 (br s, 1H), 8.39 (s, 1H), 7.89 (s, 1H), 7.73 (s, 1H), 7.65 (m, 1H),
7.47 (s, 1H), 4.38 (m, 1H), 4.32 (s, 2H), 4.27 (m, 1H), 4.21 (m, 1H), 4.04 (q, J=10.5 Hz, 2H),
3.92 (m, 1H), 3.36 (m, 2H), 3.29 (m, 1H), 3.26 (s, 3H), 3.06 (m, 2H), 2.07 (m, 2H), 1.98 (m,
2H). °C NMR DMSO-d; (150 MHz): & 155.4, 137.8, 128.4, 127.2 (q, J = 277.3 Hz), 125.6,
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125.5,124.6,122.4,121.6,116.3, 113.6, 113.2, 111.8, 111.1, 74.1, 68.2, 59.1, 58.5, 50.3, 48.8,
45.9,33.6 (q,J=31.9 Hz), 31.3,29.0, 28.1, 22.1, 14.0. HRMS (ESI): [M+H"] calculated
559.2098; found 559.2093.
1-(3-hydroxy-2-isopropoxypropyl)-5-((4-((6-(2,2,2-trifluoroethyl)thieno[2,3-d|pyrimidin-4-
yDamino)piperidin-1-yl)methyl)-1H-indole-2-carbonitrile (6). "H NMR DMSO-d (600
MHz): 6 11.09 (br, 1H), 8.76 (br, 1H), 8.48 (s, 1H), 7.94 (s, 1H), 7.82 (s, 1H), 7.71 (m, 2H), 7.51
(s, 1H), 4.52 (m, 1H), 4.37 (s, 2H), 4.34 (m, 1H), 4.22 (m, 1H), 4.08 (q, /= 10.5 Hz, 2H), 3.61
(m, 1H), 3.50 (m, 1H), 3.39 (m, 2H), 3.24 (m, 1H), 3.10 (m, 1H), 2.10 (m, 4H), 0.95 (d, J=6.2
Hz, 3H), 0.53 (d, J = 6.2 Hz, 3H). >C NMR DMSO-ds (150 MHz): § 151.8, 137.6, 128.4, 125.4
(q,J =277.3 Hz), 125.7, 125.6, 122.5, 121.7, 116.5, 113.6, 113.1, 111.7, 111.3, 76.5, 70.9, 61.6,
59.1,50.3, 47.6, 47.0, 46.2, 33.6 (q, J = 31.9 Hz), 28.0, 22.8, 21.4. HRMS (ESI): [M+H]
calculated 587.2411; found 587.2416.
1-((1H-1,2,3-triazol-4-yl)methyl)-5-((4-((6-(2,2,2-trifluoroethyl)thieno|[2,3-d]pyrimidin-4-
yl)amino)piperidin-1-ylymethyl)-1H-indole-2-carbonitrile (9). "H NMR DMSO-d; (600
MHz): 8 11.1 (brs, 1H), 8.83 (br s, 1H), 8.50 (s, 1H), 7.94 (s, 1H), 7.92 (br s, 1H), 7.87 (s, 1H),
7.85 (s, 1H), 7.83 (brs, 1H), 7.72 (m, 2H), 7.57 (s, 1H), 5.68 (s, 2H), 4.36 (s, 2H), 4.10 (q, J =
10.5 Hz, 2H), 3.41 (m, 2H), 3.08 (m, 2H), 2.08 (m, 2H), 2.04 (m, 2H). *C NMR DMSO-d; (150
MHz): 6 137.3, 128.9, 125.3 (q,J = 277.3 Hz), 125.8, 125.6, 122.8, 121.7, 116.5, 114.0, 113.3,
111.7,110.1, 59.0, 50.2, 46.2, 33.7 (q, J = 31.9 Hz), 28.0. HRMS (ESI): [M+H] calculated
552.1900; found 552.1909.
1-((1H-pyrazol-4-yl)methyl)-5-((4-((6-(2,2,2-trifluoroethyl)thieno[2,3-d] pyrimidin-4-
yl)amino)piperidin-1-ylymethyl)-1H-indole-2-carbonitrile (10). 'H NMR DMSO-d; (600
MHz): 6 10.89 (br s, 1H), 8.61 (br s, 1H), 8.45 (s, 1H), 7.93 (s, 1H), 7.79 (s, 1H), 7.70 (m, 1H),
7.64 (m, 2H), 7.55 (s, 1H), 5.46 (s, 2H), 4.36 (s, 2H), 4.32 (m, 1H), 4.90 (q, J = 10.5 Hz, 2H),
3.40 (m, 2H), 3.08 (m, 2H), 2.10 (m, 2H), 2.02 (m, 2H). *C NMR DMSO-ds (150 MHz): &
137.0, 128.8, 125.8, 125.6, 125.2 (q, J = 277.3 Hz), 122.7, 121.6, 116.4, 115.7, 113.9, 113.5,
111.7,109.5, 59.1, 50.3, 46.0, 33.6 (q, J = 31.9 Hz), 30.7, 28.1. HRMS (ESI): [M+H"] calculated
551.1948; found 551.1957.
1-(2-hydroxyethyl)-4-methyl-5-((4-((6-(2,2,2-trifluoroethyl)thieno[2,3-d]pyrimidin-4-
yDamino)piperidin-1-yl)methyl)-1H-indole-2-carbonitrile (22). "H NMR DMSO-d (600
MHz): 6 10.90 (br s, 1H), 9.10 (br s, 1H), 8.57 (s, 1H), 7.90 (m, 1H), 7.76 (d, J = 8.2 Hz, 1H),

52

ACS Paragon Plus Environment

Page 52 of 81



Page 53 of 81 Journal of Medicinal Chemistry

1

2

2 7.60 (s, 1H), 7.56 (d, J = 8.2 Hz, 1H), 4.40 (m, 3H), 4.12 (q, J = 10.5 Hz, 2H), 3.72 (m, 2H), 3.42
2 (m, 2H), 3.25 (m, 2H), 2.64 (s, 3H), 2.16 (m, 2H), 2.09 (m, 2H). *C NMR DMSO-d; (150

7 MHz): 6 137.2, 133.3, 129.8, 126.7, 125.3 (q, J = 277.3 Hz), 121.9, 120.1, 116.6, 113.8, 112.6,
8

9 110.0, 109.3, 59.8, 56.1, 50.4, 48.0, 46.5, 33.6 (9, J = 31.9 Hz), 27.9, 22.5, 15.4. HRMS (ESI):
10

11 [M+H"] calculated 515.1835; found 515.1829.

ig 1-((1H-1,2,3-triazol-4-yl)methyl)-4-methyl-5-((4-((6-(2,2,2-trifluoroethyl)thieno[2,3-

ig d]pyrimidin-4-yl)amino)piperidin-1-yl)methyl)-1H-indole-2-carbonitrile (32). 'H NMR

16 DMSO-ds (600 MHz): 6 10.61 (br s, 1H), 8.70 (br s, 1H), 8.48 (s, 1H), 7.90 (br s, 1H), 7.82 (m,
17

18 1H), 7.76 (m, 1H), 7.68 (m, 2H), 5.66 (s, 2H), 4.39 (s, 2H), 4.37 (m, 2H), 4.09 (q, /= 10.5 Hz,
19

20 2H), 3.41 (m, 2H), 3.32 (m, 2H), 2.62 (s, 3H), 2.08 (m, 4H). *C NMR DMSO-ds (150 MHz): &
g; 137.0, 133.5, 130.2, 126.7, 125.3 (q, J = 277.3 Hz), 121.7, 120.5, 116.4, 113.6, 113.4, 109.3,
gi 109.2, 56.1, 50.5, 46.1, 33.6 (q, J = 31.9 Hz), 30.7, 28.1, 15.5. HRMS (ESI): [M+H] calculated
25 515.1835; found 515.1829.
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Figure legend

Figure 1. Compound 1 represents a good pharmacophore for development of menin-MLL
inhibitors. a) Binding mode of 1 to menin from the crystal structure of 1 bound to menin (4X5Z
in PDB). Protein is shown in ribbon representation and key menin residues involved in
interactions with 1 are shown as sticks. Compound 1 is shown in stick representation with colors
corresponding to the atom type (green: carbons, dark blue: nitrogens, yellow: sulfur, light blue:
fluorine). Dashed lines represent hydrogen bonds between 1 and menin. Water molecules are
represented as red spheres. P9 and P13 pockets are marked as pink spheres. b) The crystal
structure of menin-compound 1 (green carbons) with substitution sites on indole of 1 explored
for optimization marked as R1, R2, R3 and R4. Menin is shown in surface representation with
atoms colored according to the atom type (red: oxygens, blue: nitrogens, yellow: sulfur, gray:
carbons).

Figure 2. Structure-based optimization of polar interactions with menin. a) Crystal structure
of the menin-compound 3-(RS) complex (PDB code 5SDB0) demonstrating binding of both
enantiomers of 3-(RS) to menin. Hydrogen bonds with Glu363 and Glu366 are marked. b)
Crystal structure of menin-compound 7 complex (PDB code 5DB2) showing the interactions of
the amide group of 7 with Glu363 and Glu366 on menin. The side chain of Glu366 exists in two
conformations.

Figure 3. Structure-based optimization of R1 and R4 substituents. a) Crystal structure of
menin-compound 18 complex (PDB code SDB1) demonstrating intramolecular hydrogen bond
between the methoxy group and nitrogen in the piperidine ring of 18. b) Binding mode of triple
substituted compound 31 to menin based on the crystal structure of the complex (PDB code

5DB3).
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Figure 4. Binding to menin and cellular activity of compound 27. a) Binding isotherm from
the ITC experiment for 27 showing its direct binding to menin. b) Titration curves from the MTT
cell viability assay performed for 27 after 7 days of treatment of MLL-AF9 or Hoxa9/Meisl
(HM-2) transformed murine bone marrow cells as well as human MLL leukemia cell lines
(MV4;11 and MOLM-13) and control cell line HL-60 (non-MLL leukemia cell line). Cell
growth inhibition (Glsy) values are provided for MLL leukemia cell lines. Data represent mean
values of quadruplicates &= SD. The experiments were performed 3 times. ¢) Wright-Giemsa-
stained cytospins for MLL-AF9 transformed murine bone marrow cells (BMCs) after 7 days of
treatment with 27. Black line represents the scale bar (50 pum). d) Quantification of Itgam
expression in MLL-AF9 transformed murine bone marrow cells after 6 days of treatment with
27 as detected by quantitative real-time PCR (qQRT-PCR), mean £ SD, n = 2. Expression of
Itgam was normalized to 18S rRNA and referenced to DMSO-treated cells. e) qRT-PCR
performed in MLL-AF9 transformed BMCs after 6 days of treatment with27. Expression of
Hoxa9 and Meis] was normalized to -actin and referenced to DMSO-treated cells, mean + SD,

n=2.

Figure S. In vivo inhibition of tumor growth by compound 27. 27 inhibits tumor growth in
MV4;11 subcutaneous model of MLL leukemia developed in CB17 SCID mice after injecting
0.5x 10" MV4;11 cells, n =9 per group. Mice were treated once daily with 27 (45 mg/kg) or
vehicle via ip, resulting in substantial reduction of the tumor volume (p < 0.001). Error bars

represent SEM.
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Figure 2
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Figure 3
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Figure 4
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Figure 5
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Scheme 1. Synthesis of Compound 39“

CONH, CF; H

r . i i S FCFs i
CN OHC - Nl( W —
10 35 36

©CoO~NOUTA,WNPE

24 “Reagents and conditions: (i) S, Et;N, DMF, rt, 24 h; (ii) AcOH, (EtO);CH, reflux, 4 h, 76% (2
26 steps); (iii) POCls, reflux, 3 h, 92%; (iv) tert-butyl 4-aminopiperidine-1-carboxylate, DIEA, IPA,
28 reflux, 12 h; (v) HCI, dioxane, rt, overnight, 64% (2 steps).
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Scheme 2. Synthesis of compounds 1, 7, 8 and 11°

2

Rz
mooz _i-iv \©\/\$*CN m Vi-viii
N
H

Boc
. 40a, R, = 42a, b
i 2= 41ab
,: 40b, R, = F
N -S CF3 NS CF3

l% ix or x f% R’ ki
HN\C‘\/©127—> HN\C\/Q/\)7

1,Ry=H 7R
11,R,=F 8 R

H
Me

“Reagents and conditions: (i) 1-chloromethyl-4-fluoro-1,4-diazoniabicyclo[2.2.2]octane
bis(tetrafluoroborate), CH3CN, reflux, 12 h, 17%; (ii) SOCl,, CHCls, reflux, 2 h; (iii) NH3-H,O,
rt, 2 h; (iv) POCl;, CHCl3, reflux, 4 h, 44-55% (3 steps); (v) Boc,O, DMAP, CH3CN, rt, 1 h, 79-
83%; (vi) NBS, AIBN, CCly, reflux, 2 h; (vii) 39, DIEA, DCM, 18 h; (viii) SnCls, CH3CN, 0 °C
—1t, 0.5 h, 34-53% (3 steps); (ix) 2-bromoacetamide, Cs,COs, DMF, tt, 4 h, 40% of 7; (x) 2-
bromopropionamide, Cs;CO3;, DMF, rt, 4 h, 27% of 8.
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Scheme 3. Synthesis of compound 2*

| / OH

Br i, ii NN v N~ H
OH N

10 43 HN N
11 N Y CN
12 OTr
44 2

©CoO~NOUTA,WNPE

16 “Reagents and conditions: (i) TrCl, DMAP, Et;N, DCM, rt, 24 h, 96%; (ii) 41a, NaH, DMF, rt -
18 60 °C, overnight, 81%; (iii) NBS, AIBN, CCly, reflux, 2 h; (iv) 39, DIEA, DCM, 5 h; (v) HCI,
20 MeOH, rt, 1 h, 42% (3 steps).
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Scheme 4. Synthesis of compounds 3-(RS), 3-(R), 3-(S), 4-(R) and 4-(S)"

HO OH i’ ch iii-v ch _Vi-viii

(R) PGO TBDPSO
45‘(3) 46-(SR) R
_ 46-(R) '
PG = TBDMS 4615, 47-(S) |

lvi-viii Ne S CF HO
D= N
NS CFs HO_ N-# f{
l\g/\)_/ //{ HN N 97
HN N O 0@7 o
UVQ/\/% N 4(R

4-(S)

“Reagents and conditions: (i) TBSCI, imidazole, DCM, rt, overnight, 84%; (ii) 41a, NaH, DMF,

rt, 2 h, 49%; (iii) HCI, MeOH, 1t, 4 h; (iv) TBDPSCI, imidazole, DCM, rt, 1 h; (v) NaH, Mel,
THF, rt, 1 h, 11% (3 steps); (vi) NBS, AIBN, CCly, reflux, 2 h; (vii) 39, DIEA, DCM, 5 h; (vii)
HCI, MeOH, rt, 1 h, 24-58% (3 steps).
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Scheme 5. Synthesis of compound 12°
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19 m HN N

20 Boc \@ CN

21 Nv©/\/27

22 NH

23 51 12 2

24

25

26

27

28 “Reagents and conditions: (i) SOCl,, CHCls, reflux, 3 h; (ii) NH3-H,O, rt, 2 h; (iii) POCl;,

ég CHCl;, reflux, 4 h; (iv) SnCl,, EtOH, reflux, 1 h, 18% (4 steps); (v) paraformaldehyde, KCN,

g; ZnCl,, AcOH, 60 °C, 6 h, 33%; (vi) Boc;O, DMAP, DMF, tt, 4 h, 25% (2 steps); (vii) NBS,

% AIBN, CCly, reflux, 2 h; (viii) 39, DIEA, DCM, 5 h; (ix) SnCly, CH;CN, 0 °C —1t, 0.5 h, 19% (3
35 steps).
25 ps)
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Scheme 6. Synthesis of compounds 13-15, 20, 21, 25 and 26

B
\ COLE
NHNH2

Rs Rs R,
R' COzH _Vi-viii HC
x". \ CoMe XIV or xv-xviii N N
002|v|e N
Re H
56a,b S7ac sac 58a,R, =H, Ry = Me Re=H, R =Br 60a-d
56-58a, R' = Br, R; =Me, R, = H 59b, R, =H,R; =Cl, Ry, =H,R'=Me
56-58b, R' = Me, Ry = Cl, R, =H, R' = Me 59¢, R; =H, R; =Me, R, = OMe, R' = Br Xix
57-58¢, R' = Br, R; = Me, Ry = OMe 59d,R;=Me, Ry =H, Ry =H,R'=Br
N s CF
vii NS o S :
N = Y
XX
HN Ry N -~ HN\C R4
CN
B CHO /
Brjﬁj ixexi rji:]/ \Q‘l J N &
HO MeO R3
54 55 25 Ry =Me, Ry =H 13,R;=Me, R; =H, R4—H
26, R3 Me, R, = OMe 14, Ro=H,R3=Me, R4 = H

15 R,=H,Ry=Cl, Ry =
21,Ry =H, Ry=Me, Ry = OMe

i 21, R, = OMe
XXI ’
. 20,R, = OH

“Reagents and conditions: (i) 2-oxobutyric acid, H,SO4, EtOH, reflux, 8 h, 58%; (ii) KOH,
MeOH, reflux, 3 h; (ii1) oxalyl chloride, DCM, tt, 1 h; (iv) NH3-H;O, rt, 2 h; (v) POCl;, CHCls;,
reflux, 4 h, 56-96% (4 steps); (vi) LAH, THF, 0 °C —rt, 3 h, 80-97%; (vii) PCC, DCM, tt, 5 h,
78-86%:; (viii) methyl azidoacetate, MeONa, MeOH, - 15 to 4 °C, overnight 73-83%; (ix)
TBDPSCI, imidazole, DCM, rt, 2 h; (x) NIS, TFA, CH;CN, 50 °C, 12 h, 92% (2 steps); (xi)
BuLi, DMF, THF, -78 - 0 °C, 2 h; (xii) Mel, Me,CO, reflux, 2 h, 87% (2 steps); (xiii) (synthesis
of 60a,c,d) xylene, reflux, 0.2 h, 50-81%; (xiv) KH, ~-BuLi, DMF, THF, -90 - 0 °C, 2 h, 32-89%;
(xv) (synthesis of 60b) Boc,O, DMAP, CH;CN, rt, 1 h, 96%; (xvi) 2.2 eq NBS, AIBN, CCly,
reflux, 5 h; (xvii) Ag,COs, Me;CO/H,0, 1t, 24 h, 60% (2 steps); (xviil) TFA, DCM, rt, 1 h, 81%;
(ix) 39, EtsN, NaBH(OAc)3;, DCM, rt, overnight, 28-93%; (xx) 2-bromoacetamide, Cs,COs3,
DMEF, tt, 4 h, 25-37%; (xxi) BBr3, DCM, rt, 24 h, 68%.
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Scheme 7. Synthesis of compounds 16-19“

N
CO,Me
R6 R6 2

10 61a,Rg=F 62a,b
11 61b, Rz = OMe

15 iii-vi ii-
17 Re N Re N

18 63a,b 64a,b

20 N F

o NS CF;

22 N A xi [ 18Re=OMe
17, Rg = OH

H
24 AN m 17, Rs = OH
25 CN xii ' Re =
26 \Q\‘ / L. 19, Rg = OEt

28 16, Rg=F
29 18, Rg = OMe

©CoO~NOUTA,WNPE

35 “Reagents and conditions: (i) methyl azidoacetate, MeONa, MeOH, - 15 to 4 °C, 60-65%; (ii)

37 Rhy(CF35CO,)4, toluene, 50 °C, 24 h, 33-75%; (ii1) KOH, MeOH, reflux, 3 h; (iv) oxalyl chloride,
DCM, 1t, 1 h; (v) NH3-HO, rt, 2 h; (vi) ) POCl;, CHCl;, reflux, 4 h, 58-62% (4 steps); (vii)

40 Boc,0, CH3CN, 1t, 1 h; (viii) NBS, AIBN, CCly, reflux, 2 h; (ix) 39, DIEA, DCM, 5 h; (x)

42 SnCly, CH3CN, 0 °C —1t, 0.5 h, 50-77% (4 steps); (x1) BBr;, DCM, rt, 24 h, 56%; (xii) Etl,

44 K,COs, CH;CN, 1t, 24 h, 61%.
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Scheme 8. Synthesis of compounds 23, 24, 27-31, 33 and 34°

OH & Br
HN}CO g il Trl\‘l:\>J i TrN}J
Nx Nx
66 67

S
~N
 OHC i /
mCN e Ny ——» i, xii NW R,
MeO |

60a, R; = Me, R, =H :

68b, R; = H, Ry = OMe 70, Ry = Me, R, = H

60c, R; = Me, Ry = OMe 71,R; = H, Ry = OMe
72, R, = Me, Ry = OMe

OHC \ Ri R R
24, R, = OMe >—CN OH
E 23, R, = OH MeO N 24 \(\/ Me OMe

7 "N oPiv =N
=N

Xii, xiv

28 \ H OMe

28R, = OMe
v, 27,R, = 73

29 \ NH Me H
XV E 31, Ry = OMe

30, R, = \(_CN

31 \_NH Me OMe
xv E 34, Ry = OMe

33, R, = /~NH
34 ,N Me OMe
N

“Reagents and conditions: (i) z-BuOK, TrCl, DMF, rt, 2 h; (ii) LAH, THF, 0 °C —rt, 2 h, 97% (2
steps); (ii1) NBS, PPh;, DCM, 1t, 0.5 h, 79%; (iv) Boc,O, DMAP, CH3;CN, rt, 1 h; (v) 2.2 eq
NBS, AIBN, CCly, reflux, 5 h; (vi) Ag,CO3, Me,CO/H;0, rt, 24 h (2 steps); (vii) TFA, DCM, tt,
1 h, 38% (4 steps); (viii) BrCH,CH,OTr, Cs,CO3, DMF, rt, 2 h, 50%; (ix) 67, Cs,CO;, DMF, rt,
0.5 h, 82-94%; (x) propargyl bromide, Cs,CO3;, DMF, rt, 4 h; (x1) ~-BuCO,CH;N3, CuSOs,,
sodium ascorbate, --BuOH/H,0, 60 °C, 4 h, 90%; (xii) 39, Et;N, NaBH(OAc);, DCM, rt, 15 h;
(xii1) HCI, MeOH, rt, 1 h, 50-72% (2 steps); (xiv) KOH, MeOH, rt, 1 h, 87% (2 steps); (xv)
BBr;, DCM, rt, 24 h, 17-49%.

74

ACS Paragon Plus Environment



Page 75 of 81

©CoO~NOUTA,WNPE

Journal of Medicinal Chemistry

Table 1. SAR and properties of analogues of lead compound 1 with substitutions on indole

nitrogen.
WN\ S CFs
N
HN N
Glso (LM)” T,
Compound R, ICso (nM)* SI¢ .4  cLogP®
MLL-AF9 HM-2 (min)
1 (MI-136) H 31+£35 0.55 3.0 5.5 6.8 4.3
OH
2 YN 35428 11 62 5.6 18 35
3-(RS) Y o 37+28 3.4 >12 >3.5 60 31
(MI-352) OH
3-(R) Y\A?OH 46+2.8 1.7 >40 >24 48 3.1
3-(8) Y\(%HAOH 42+0.7 3.8 ND ND >60 3.1
4-(R) WOH 40+ 14 036 9.7 27 <3 3.9
~
4-(S) WOH 37+ 6.0 0.66 6.9 11 52 3.9
O\
~
5 mo 101 + 13 2.1 ND ND 3 3.4
WOH
6 o\( 23+ 14 0.18 35 19 <3 4.6
NH,
7 (MI-389) W 25+49 0.78 25 32 54 3.0
o)
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244 £ 57 ND ND ND ND 33
NH,

=
W\NH 27428 033 10 30 11 35
=
\\/\E\,NH 23+ 40 0.26 6.9 27 8.3 3.9
N

“ 1Csop values were measured by fluorescence polarization assay, average values from 2-3
independent measurements + SD are provided. b Growth inhibition (GIsp values) measured in the
MTT cell viability assay in MLL-AF9 or Hoxa9/Meisl (HM-2) transformed murine bone
marrow cells after 7 days of treatment with compounds. Activity in HM-2 cells was measured for
compounds with best activity in MLL-AF9 cells. © SI, selectivity index calculated as a ratio of
Glso values measured in HM-2 cells (control cell line) and MLL-AF9 transformed cells. 4 Half-
life of compounds in mouse liver microsomes. ¢ Calculated with ChemBioDraw Ultra 14.0./ ICsg
values reported before.'® ND — not determined.
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Table 2. SAR and properties of analogues with substitutions at positions 3, 4 or 6 of indole.

WN\ S, CFs

N~

HN Rs H

Ry R

Compound R, R, R, ICsy (NM)* MLSIX’;;‘ Mg;/lz ST¢ (r;lg)d cLogP*
1(MI-136) H _H H 31£35 0.55 3.0 55 68 43
1 F H H 96 + 0.7 1.7 ND ND 57 45
12 NH, H H 124+ 30 52 ND ND 27 33
13 CH, H H 1116 26 ND ND 48 49
14MI463) H CH, H 15+ 1.4 0.2 5.6 28 14 47
15 H ¢ H 2+35 11 1 10 28 50
16 H H F 109+ 5.6 3.0 12 4.0 9 45
17 H H OH 20+5.0 018  >10 >56 66 3.7
18(MI336) H H  OCH, 22207 0.34 16 47 37 43
19 H H  OE 47+42 0.45 53 12 11 48

“ 1Csop values were measured by fluorescence polarization assay, average values from 2-3
independent measurements + SD are provided. b Growth inhibition (GIsp values) measured in the
MTT cell viability assay in MLL-AF9 or Hoxa9/Meisl (HM-2) transformed murine bone
marrow cells after 7 days of treatment with compounds. Activity in HM-2 cells was measured for
compounds with best activity in MLL-AF9 cells. © SI, selectivity index calculated as a ratio of
Glso values measured in HM-2 cells (control cell line) and MLL-AF9 transformed cells. 4 Half-
life of compounds in mouse liver microsomes. ¢ Calculated with ChemBioDraw Ultra 14.0. ! 1Cs
values reported before.'® ND — not determined.
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Table 3. SAR and properties of analogues with multiple substitutions on indole.

Page 78 of 81

WN\ S CFs
N
R1
HN R4 N
R3
ICsy Glso (HM)b % Tin e
Compound R, R; Ry (nM)’ MLL-AFO HM2 SI (min) cLogP
1 (MI-136) H H H 31+3.5 0.55 3.0 5.5 6.8 43
20 H CH, OH 27+ 14 0.22 12 55 56 4.1
21 H CH; OCH; 40+09 0.10 11 110 39 4.7
i~ H{\/OH CH, H 44 + 8.4 0.44 5.6 13 23 3.9
23 WOH CH, OH 27405 0.40 10 25 11 3.7
24 WOH CH;  OCH, 16£2.0 0.36 15 69 7.8 4.1
NH
25 W 2 CH, H 27+5.6 0.47 >25 >33 59 3.4
o)
2 ‘{\WNHZ CH; OCH; 37+35 042  >25 >60 >60 3.5
o)
27 \(\E\NH H OH 21+ 14 0.083 9 108 14 3.7
(MI-538) =\
N \\/\f\/NH H OCH;  24+3.0 0.29 6.7 23 35 4.1
=N
29 \(\E\NH CH, H 14+217 022 >5 >23 21 4.4
(MI-503) =\
“ \/\f\/NH CH; OH 18+ 1.4 0.27 13 48 25 42
=N
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31 \(\f\
NH 0.18
(MI-574) =\ CH, OCHj; 12+2.0 4.2 23 55 4.5

32 O\ CHs H 23+20 025 8§ 32 59 40

©CoO~NOUTA,WNPE

11
o 33 P\ O OH 1714 042 10 24 25 38

15
e 34 O W O OCH;  16£14 041 9 22 32 4.1

20 “ ICso values were measured by fluorescence polarization assay, average values from 2-3
2 independent measurements = SD are provided. b Growth inhibition (GIsp values) measured in the
23 MTT cell viability assay in MLL-AF9 or Hoxa9/Meisl (HM-2) transformed murine bone
marrow cells after 7 days of treatment with compounds. © SI, selectivity index calculated as a
26 ratio of Glsy values measured in HM-2 cells (control cell line) and MLL-AF9 transformed cells. d
27 Half-life of compounds in mouse liver microsomes. ¢ Calculated with ChemBioDraw Ultra 14.0.
S ICs¢ value reported before.'®
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Table 4. PK parameters for menin-MLL inhibitors.

Page 80 of 81

Compound Route of Dose Tnax Crnax AUCqps  Tin (m(lj,l/ﬁin / . F
P admin. (mg/kg) (h) (ng/mL) (h*ng/mL) (h) ke) (mL/kg) (%)
1 iv 15 - - 6576 3.1 38.1 6516 -

po 30 1 1516 7509 3.1 - - 57
20° iv 15 - - 5666 1.7 44.1 4454 -
po 30 2 649 3846 4 - - 34
21 iv 15 - - 9397 1.8 26.6 3698 -
po 30 0.5 2113 8717 2 - - 46
27 v 15 - - 17897 1.6 14.0 2347 -
po 30 2 4572 18090 1.6 - - 51
31 v 15 - - 16235 1.4 15.0 1837 -
po 30 2 101 383 NA® - - 1

“24 h experiments, 8 h experiment. “ Not available due to compound concentration below
detection level; Cpax (maximum compound concentration) in blood plasma, AUCs (area under
the curve), Clgys (Clearance), Ty, (half-life), Vg (volume of distribution), F' (oral bioavailability).
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