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Abstract 
We optimized our highly potent and cell-active chemical probe for phosphatidylinositol-3-
phosphate 5-kinase (PIKfyve), SGC-PIKFYVE-1, resulting in compounds with improved potency 
and demonstrated in vivo stability. Use of an in-cell, kinome-wide selectivity panel allowed for 
confirmation of excellent in-cell selectivity of our lead compound, 40, and another promising 
analogue, 46. Evaluation of the pharmacokinetic (PK) profiles of these two compounds revealed 
that both are well tolerated systemically and orally bioavailable. Coupled with its sub-nanomolar 
cellular potency and impressive selectivity in cells, the long half-life of 40 makes it an ideal 
candidate for the evaluation of the consequences of PIKfyve inhibition in vivo. PIKfyve inhibition 
has been investigated clinically for indications including rheumatoid arthritis, Crohn’s disease, 
COVID-19, and ALS using a single compound (apilimod), supporting the development of 
orthogonal PIKfyve inhibitors with in vivo stability.  
 
Introduction 
Interest in inhibition of phosphatidylinositol-3-phosphate 5-kinase (PIKfyve) as a therapeutic 
strategy has remained high since the seminal publication on apilimod, which touted it as a 
treatment for B-cell non-Hodgkin lymphoma.1 Apilimod (Figure 1) has since been used as an 
exquisitely selective tool to interrogate PIKfyve biology in vitro and in vivo. We and other groups 
have used apilimod to uncover roles of PIKfyve in diseases beyond cancer, including inflammatory 
and autoimmune diseases,2-10 ALS and motor neuron diseases,11-13 anti-viral infections,14-26 
myocardial interstitial fibrosis,27 and skin disorders.28, 29 Apilimod, however, may not be the best 
compound to be used clinically. Reports of unexpectedly low plasma levels, inactivation in cell 
culture, and failure to show efficacy in clinical trials for multiple indications further impress a need 
for a structurally unique PIKfyve inhibitor.7, 8, 25, 30 
 Other advanced PIKfyve inhibitors have been evaluated in vivo for various therapeutic 
endpoints. YM201636 (Figure 1) is another potent and selective chemical tool that has been used 
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to study PIKfyve-mediated pathways in cell- and animal-based systems. YM201636 reduces the 
proliferation of liver cancer cells and slows tumor growth in a murine hepatic cancer model 
through a proposed promotion of EGFR expression and resultant induction of autophagy.31 This 
inhibitor also suppresses neointima hyperplasia after vascular injury in vivo, suggesting it could 
be a treatment for vascular restenosis.32 YM201636 lacks the hydrazone functionality found in 
apilimod that has been suggested as responsible for its inactivation in cell culture. YM201636 does 
not demonstrate the same loss in efficacy when used for a prolonged period.30  

Additional PIKfyve inhibitors that have been evaluated in vivo, including PIK-001,33 
vacuolin-1,34, 35 HZX-02-059,36, 37 WX8,15 VRG50635, APY0201,38 and ESK981,39 have less 
associated public data that supports their potency and kinome-wide selectivity. While structures 
for some of these molecules remain unpublished, vacuolin-1, WX8, and APY0201 share the 
hydrazone liability that is also present in apilimod. Results obtained using antisense 
oligonucleotides (ASO) targeting PIKfyve, including AS-202 from AcuraStem, have also 
demonstrated in vivo efficacy, but, versus small molecules, suffer with challenges associated with 
delivery.40 

Here we present our efforts to optimize our potent and selective PIKfyve chemical probe, 
SGC-PIKFYVE-1 (Figure 1), to improve its cellular potency and deliver a molecule appropriate 
for in vivo studies. Medicinal chemistry optimization of PIKfyve potency was enabled using a 
PIKfyve NanoBRET cellular target engagement assay. A panel of 240 NanoBRET cellular target 
engagement assays was used to confirm the cellular selectivity of lead compounds prior to 
assessment of PK properties. Our best compound, 40, demonstrates improved potency and a non-
overlapping off-target kinase profile when compared to the parent, SGC-PIKFYVE-1, and robust 
in vivo stability in mice. Therefore, this compound can be used to interrogate the biological 
consequences of PIKfyve inhibition in vivo. 

 
Results and Discussion 
We previously reported a PIKfyve chemical probe, SGC-PIKFYVE-1, which has IC50 values of 
6.9 nM and 4.0 nM as determined by PIKfyve enzymatic and NanoBRET assays, respectively 
(Table 1).41 Intrigued by the perturbation of the endosomal and lysosomal systems and the lifecycle 
of β-coronaviruses elicited by SGC-PIKFYVE-1,41 we designed and synthesized a series of 
analogues to improve PIKfyve potency while also considering additional properties, including 
metabolic stability, toxicity, and kinetic solubility. Only through optimization of each of these 
properties in tandem would we deliver a molecule appropriate for in vivo use.  
 

Figure 1. Structures, potency, and selectivity values for published PIKfyve inhibitors. 
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Analogues with Enhanced Rotational Freedom 
Our initial efforts focused on exploring the importance of the seven-membered ring in 

SGC-PIKFYVE-1. To simplify synthesis and probe whether this ring system could be removed 
without major losses in potency or introducing other liabilities, ring-opened analogues were 
prepared that varied the group attached at the location of the pendant alkyne in SGC-PIKFYVE-
1. A single example, 2, had been previously exemplified41 and its evaluation supported that a ring-
opened analogue retains PIKfyve potency. This compound was resynthesized and evaluated once 
again, yielding similar results to what was previously observed. Next, the ring-opened analogue of 
SGC-PIKFYVE-1, 1 (Table 1), was synthesized and found to retain high cellular affinity for 
PIKfyve (IC50 = 3.7 nM in the PIKfyve NanoBRET assay). These examples encouraged us to make 
additional analogues and confirm whether the trend was observed for other matched pairs. Other 
alkynes that had been previously appended to ring-closed analogues were included in compound 
design. The propargylic alcohol analogues (3 and 4) and the biaryl analogue 6 maintained 
comparable, low nanomolar potency in the PIKfyve enzymatic and NanoBRET assays. The 
corresponding ring-closed analogues of 3, 4, and 6 had PIKfyve NanoBRET IC50 values of 4.05, 
12.7, and 11.4 nM,41 respectively. Although 5, which contains a 1-methylimidazole, displayed 
improved activity versus its six-membered congener that was inactive in the PIKfyve NanoBRET 
assay (IC50 >10000), its activity was still modest. These analogues demonstrated that PIKfyve is 
more tolerant of smaller groups at the alkyne terminus and that removal of the locking ring system 
generally results in analogues with comparable or improved PIKfyve affinity. To further profile 
the developability of these analogues, we determined their stability when incubated with mouse 
liver microsomes for 30 mins as well as their impact on the viability of cells in culture and kinetic 
solubility in aqueous buffer. Like SGC-PIKFYVE-1, 1 and 6 showed rapid metabolism when 
exposed to mouse liver microsomes (MLM) and did not impact the viability of treated cells.41 The 
propargyl alcohol analogues (2 and 3) demonstrated improved MLM stability and aqueous 
solubility, but resulted in diminished cellular viability. These initial results support that structural 
modification of the ring-opened series of analogues can improve metabolic stability while 
maintaining PIKfyve potency, but these changes can impact cellular viability. 
  
Table 1. PIKfyve enzymatic and in-cell binding, in vitro stability and viability, and kinetic 
solubility data for analogues with modified alkynes 

  

Compd  R1  PIKfyve enzymatic 
IC50 (nM)  

PIKfyve  
NB IC50 (nM)  

MLM stability 
@ 30 mina  

% Viability  
at 1 uMb  

Kinetic 
Solubility 

(μM)c  

SGC-
PIKFYVE-1    6.9 4.0 13 91 110 

1    21 3.7 8.8  96 120 

2  
  

3.3  11 82 51 150 

N

HO
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3  
  

6.7  8.0 70 47 160 

4  
  

5.1  12 45 90 140 

5  
  

NTd  220 86 88 86 

6  
  24 11 36 100 4.0 

a% remaining after 30 min. bMean of quadruplicate experiments. cKinetic solubility of a 10 mM DMSO stock solution in PBS at 
pH 7.4. dNT: not tested. 
 
Indole Core Modification to Address Metabolic Instability 

Due to the rapid in vitro metabolism observed for SGC-PIKFYVE-1 and 1, we next focused 
on enhancing the MLM stability. We first introduced different substituents at the 2-position of the 
indole ring, which is one of the metabolic sites predicted by the SMARTCyp in silico method 
(Table 2).42 The 2-methyl analogues 7 and 8 exhibited slightly decreased PIKfyve affinity and 
poor metabolic stability. Introduction of the t-butyl substituent improved metabolic stability and 
reduced adverse effects on viability but resulted in a complete loss of PIKfyve engagement in cells. 
We propose based on docking studies that the t-butyl group may prevent the coplanarity of the 
pyrimidine and indole rings, resulting in a clash with the hinge loop and inactivity. The amide 
substituent, which is more linear and flexible than a t-butyl group and bulkier than a methyl group, 
in 13 and 14 did not alter the coplanarity between the two aromatic rings. While 13 had slightly 
improved metabolic stability and similar PIKfyve potency when compared to SGC-PIKFYVE-1, 
14 demonstrated reduced PIKfyve cellular affinity and metabolic stability compared to the 
corresponding propargyl alcohol analogue 2. Furthermore, we prepared an indazole series of 
analogues as a strategy to reduce metabolism at the 2- and 3-positions of the indole ring. Evaluation 
of these analogues revealed that this modification did not significantly improve metabolic stability. 
Analogues with propargylic alcohol groups on the alkyne terminus and a 2-position 
carbon/nitrogen on the indole/indazole core (2, 3, 16, 17, 18) were observed to consistently elicit 
cellular toxicity when dosed at 1 µM. However, the potent inhibitory activity of these analogues 
coupled with the mitigation of toxicity when the 2-position was elaborated (14) suggested that 
further modification could result in both improved potency and metabolic stability without 
introducing toxicity.   
 
Table 2. PIKfyve enzymatic and in-cell binding, in vitro stability and viability, and kinetic 
solubility data for 2-position indole analogues 

   

OH

HO

N
N

F
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Compd  X  R1  R2  
PIKfyve 

enzymatic 
IC50 (nM)  

PIKfyve  
NB IC50 (nM)  

MLM 
stability  

@ 30 mina  
% Viability  

at 1 uMb  
Kinetic 

Solubility 
(μM)c  

7  C      52 5.4 4.5  96 100 

8  C  
    51 43 36 92  12  

9  C      NTd  >10000 46 95  130 

10  C  
    NT  >10000  76 100  110 

11  C  
  

  NT  2500 69 100  90  

12  C  
  

  NT  3500  45 100  140 

13  C      
110  6.2 26 100  130 

14  C  
    

11 41 61 79  31  

15  N    -  5.3  7.4 29 88  67  

16  N  
  -  2.2 53 72 41  65  

17  N  
  

-  2.0  44 53 41  65  

18  N  
  

-  3.4 15 57 30  78 
a% remaining after 30 min. bMean of quadruplicate experiments. cKinetic solubility of a 10 mM DMSO stock solution in PBS at 
pH 7.4. dNT: not tested. 
 
Aminopyrimidine Ring Modification 

Next, we explored the impact of modifying the proposed hinge binding aminopyrimidine 
ring within the indole and the indazole series (Table 3). While there are no co-crystal structures of 
inhibitors bound to PIKfyve, the co-crystal structure of structurally related compounds bound to 
TTBK1 support our proposed binding mode with the aminopyrimidine interacting with the hinge 
residues in the ATP site.43 The introduction of methoxy ethyl ether at the R2 position of the 
aminopyrimidine (Table 3) yielded analogues 19 and 20, which demonstrated high PIKfyve 
affinity but poor metabolic stability. Compound 20 once again elicited cellular toxicity, supporting 
our previous statement about propargyl alcohol analogues. Removal of the amino group (R4 
position) from the aminopyrimidine ring (21) led to a significant drop in PIKfyve potency, 
indicating that the amino group is important for PIKfyve binding. Regioisomeric N-linked indole 
and indazole analogues bearing a dimethyl amino group on the alkyne terminus (22 and 24) 
maintained the potency of SGC-PIKFYVE-1 but were rapidly metabolized when exposed to 
MLM. The regioisomeric N-linked indole and indazole pair bearing a propargyl alcohol on the 
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alkyne terminus (23 and 25) bound to PIKfyve with modest affinity but suffered from cellular 
toxicity, as was observed for structurally related analogues. Further modification of the 
aminopyrimidine ring to include a methoxy or methyl group (26–28) did not improve the potency 
or metabolic stability. In summary, our efforts to modify the aminopyrimidine ring did not result 
in analogues with increased PIKfyve affinity and metabolic stability.   
  
Table 3. PIKfyve enzymatic and in-cell binding, in vitro stability and viability, and kinetic 
solubility data for aminopyrimidine analogues  

     

Compd  Het 
Core  R1  R2  R3  R4  

PIKfyve 
enzymatic 
IC50 (nM)  

PIKfyve  
NB IC50 

(nM)  

MLM 
stability 

@ 30 
mina  

% 
Viability  
at 1 μMb  

Kinetic 
Solubility 

(μM)c  

19 A          46 11 33 99 88 

20  A  
        4.1 13 50 41 110 

21  A          NTd  150 2.3  100  120 

22  B          40 6.3 0 78 36 

23  B  
        10 76 53 31 110 

24  C          12 3.4 0 74 14 

25  C  
        2.1 18 78 31 8.8  

26  C          180  78 4.9 100 110 

27  C          68 8.9 0 100 14 

28  C          150  46 1.3  100 99 
a% remaining after 30 min. bMean of quadruplicate experiments. cKinetic solubility of a 10 mM DMSO stock solution in PBS at 
pH 7.4. dNT: not tested. 
 
Probing Alkyne Modification and Replacement 

To further refine structure–activity relationships for our chemical series of PIKfyve 
inhibitors, we investigated an additional series of analogues where we varied the alkyne (R1 in 
Table 4). That ring-opened analogues with an indole core bearing varied alkynes demonstrated the 
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most consistently potent PIKfyve affinity (Table 1) motivated synthesis of another series. We 
aimed to identify structural changes that do not elicit cytotoxicity and improve metabolic stability 
by designing and synthesizing further analogues. We first prepared and evaluated analogues with 
a nitrogen-containing substituent, including an amine, amide, pyrrolidine, or morpholine, at the 
alkyne terminus (29–36) in the PIKfyve NanoBRET target engagement assay. The dimethyl amine 
at the terminus of the alkyne on SGC-PIKFYVE-1 was a predicted site of metabolism by the 
SMARTCyp in silico method and thus we attempted to modify it and produce more stable 
analogues. While these analogues had improved metabolic stability, only the pyrrolidine analogue, 
35, demonstrated modest inhibition of and affinity for PIKfyve. While these structural changes 
were quite minimal when compared to SGC-PIKFYVE-1 and its ring-opened congener, 1, 
dramatic changes in PIKfyve binding were observed. These results support that the part of the ATP 
site where the dimethyl amine on SGC-PIKFYVE-1 and 1 projects is quite restricted, such that 
sterically bulky groups and extended linear groups are not tolerated. The significant loss in affinity 
of 30 when compared to 1, which differs only by a methyl group on the terminal amine, supports 
that a hydrogen bond donor is not as tolerated in the site that binds the pendant amine.  

Next, we evaluated whether nitrogen-containing heterocycles on the alkyne terminus were 
tolerated by PIKfyve. These analogues demonstrated a complete loss of PIKfyve affinity (37–39). 
Less bulky, linear hydrophobic groups were then appended at the alkyne terminus. Introduction of 
either a thioether or an aliphatic propyl group resulted in analogues with remarkable PIKfyve 
potency (40 and 41) but decreased metabolic stability. Notably, 40 exhibited sub-nanomolar 
activity in both PIKfyve enzymatic and NanoBRET assays with IC50 = 0.6 nM and 0.35 nM in each 
assay, respectively, and was not toxic when cells were treated at 1 µM. Finally, based on the 
potency of biaryl analogue 6 (Table 1, PIKfyve NanoBRET IC50 = 110 nM), we explored 
replacement of the alkyne with different phenyl rings. We found the ortho- and meta-fluorine 
substituted analogues (42 and 43) exhibited comparable PIKfyve affinity to 6 but with reduced 
metabolic stability and solubility. Although the introduction of the para-hydroxyl group (44) 
improved the stability and solubility while maintaining PIKfyve affinity, substitution with the 
para-trifluoromethyl ring (45) resulted in an analogue with reduced PIKfyve affinity. Next, a 
dimethyl amino group was introduced at the para-position of the pendant aryl ring, akin to the 
group that is found at the alkyne terminus of SGC-PIKFYVE-1. The resultant analogue (46) 
demonstrated significantly increased metabolic stability and maintained modest PIKfyve affinity 
(PIKfyve NanoBRET IC50 = 24.7 nM). Removal of a single methyl group from the amino group 
of 46 yielded mono-methylated analogue 47, which was more active than 46 and 6 but suffered 
from poor metabolic stability. Finally, insertion of a methylene group between the dimethyl amino 
group and phenyl ring of 46 yielded 48, which lacked PIKfyve affinity. Overall, modifications to 
the R1 group resulted in dramatic changes in PIKfyve affinity. Biological evaluation of this series 
of analogues led us to conclude that smaller and more hydrophobic R1 groups result in more high 
affinity binding within a tight back pocket of PIKfyve. Taken together, 40 and 46 were selected as 
potent and non-toxic PIKfyve inhibitor leads with orthogonal structures that warranted additional 
investigation.  
  
Table 4. PIKfyve enzymatic and in-cell binding, in vitro stability and viability, and kinetic 
solubility data for second generation analogues with modified alkynes  
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Compd  R1  
PIKfyve 

enzymatic IC50 
(nM)  

PIKfyve  
NB IC50 (nM)  

MLM stability 
@ 30 mina  

% Viability  
at 1 uMb  

Kinetic 
Solubility 

(μM)c  

29    NTd  2000 NT 100 NT 

30    NT  600 NT 91 NT  

31  
  NT  640 39 79 130  

32  
  

NT  4400 39 98 110  

33  
  NT  >10000 48 99 110  

34  
  NT  2000 78 100  110  

35    190  38 17 98 140  

36  
  NT  1200 29 100  130  

37  
  

NT  5200 NT 100  NT  

38  
  

NT  510 NT 100  NT  

39  
  

NT  >10000 NT 100  NT  

40    0.60  0.35 <1 83 73  

41    16  1.8 2.1  96 1.9 

42  
  13  14 16 100  5.1 

43  
  

14  33 <1  97 6.5 

N

HN

N

N

N

O

HN

O

N

N
O

OH
NO

OH
N

S

OH
N

N

S

F

F
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44  
  47  22 44 97 130 

45  
  NT  290 NT  100  NT 

46  
  

20  25 74 94 13  

47  
  

26  8.4 4.6  83 68  

48  
  NT  9500 32 100 130  

a% remaining after 30 min. bMean of quadruplicate experiments. cKinetic solubility of a 10 mM DMSO stock solution in PBS at 
pH 7.4. dNT: not tested. 
 
Molecular Docking and Structural Alignment Studies 

 
Figure 2. Docking models of 40 (left) and 46 (right) into active site of PIKfyve. The residue numbers from 
the PDB structure (7K2V, chain P) have been converted to the residue numbers corresponding with the full 
length PIKfyve protein. The ligand molecules are displayed in green. The main hydrogen bond and 𝜋–𝜋 
stacking interactions are represented by magenta and green dotted lines, respectively. 
 

To better understand the binding mode of compounds 40 and 46 to PIKfyve in the absence 
of co-crystal structures, we conducted a molecular docking study utilizing the reported cryo-EM 
structure of PIKfyve in complex with proteins Fig4 and Vac14 (PDB code: 7K2V, chain: P). As 
shown in Figure 2, both compounds exhibited a similar binding mode in top-ranked docking poses 
and displayed some coplanarity between the pyrimidine and indole rings. The aminopyrimidine 
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rings present in both compounds were found to form two hydrogen bonds with backbone residues 
Glu1938 and Leu1940 in the hinge region of PIKfyve, while the indole amines were positioned in 
a solvent-exposed region of the binding site. Docking models also indicated that the thioether 
group on the alkyne terminus of 40 inserts into a hydrophobic region of the binding pocket, and 
the benzene ring of 46 engages in a 𝜋–𝜋 stacking interaction with Tyr2037.  

To gain insight into the protein–ligand interaction patterns and their relationship to 
measured binding affinities, we performed a comparative analysis of the docking poses for the 
alkyne, indole, and aminopyrimidine analogues (Figure S1). SGC-PIKFYVE-1 and 1 were found 
to adopt very similar conformations with coplanarity of the aminopyrimidine and indole rings, 
supporting their nearly identical binding affinities for PIKfyve. Additionally, the docking model 
for our inactive compound 39 supports our hypothesis that a bulky group on the alkyne terminus 
is not tolerated by the back, buried portion of the PIKfyve pocket. Interestingly, our modeling 
suggests that the flexibility of the amide on the indole analogue bearing a 2-position alkyl amide, 
13, allows it to shift into the solvent while maintaining the coplanarity between the pyrimidine and 
indole rings. This finding explains its nearly equivalent PIKfyve binding affinity compared to that 
of compound 1. Finally, examination of the docking pose of aminopyrimidine analogue 26 
revealed that the methoxy group on the aminopyrimidine ring creates steric clash with hinge 
residues that is proposed to weaken the key hinge binding interaction. 

 

 
Figure 3. Structural comparison of TTBK1 bound to 2 (left, PDB ID: 7ZHO) and docked into PIKfyve 
(right, PDB ID: 7K2V) ATP-binding sites. 
 

To gain a better understanding of the docking models and their correlation with the 
measured binding data for the indolyl pyrimidinamine series and TTBK1, we conducted additional 
in silico studies. We performed a structural alignment of the kinase domains of PIKfyve (PDB 
code: 7K2V and AlphaFold DB: AF-Q9Y2I7-F1; residues 1822-2085) and the kinase domain of 
TTBK1 bound to 2 (PDB code: 7ZHO; residues 21-317) (Figure 3). This structural alignment 
allowed us to identify co-located residues in the binding sites of PIKfyve and TTBK1, despite the 
low amino acid sequence conservation between PIKfyve and other proteins, including TTBK1. 
Examination of the crystal structure of TTBK1 bound to 2 shows that Gln108 and Gln110 make 
key backbone hinge hydrogen bonds with the aminopyrimidine core.43 Our analyses suggested that 
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in PIKfyve, main chain atoms from residues Glu1938 and Leu1940 could support similar 
interactions to 2, indicating that ligands within this chemical series may have equivalent binding 
modes to these two non-homologous kinases. Furthermore, the deep, buried portion of the pocket 
in TTBK1, which accommodates binding of groups on the alkyne terminus, includes the residues 
Lys63, Glu77, Val105, Met107, and Phe177. Within this pocket, 2 engages TTBK1 via hydrogen 
bonds to the side chain of Glu77 and the main chain of Phe177. A structurally equivalent back 
pocket is found in PIKfyve, composed of Lys1877, Ile2038, Leu1935, Met1937, and Tyr2037. Our 
in silico analyses suggested that the main chain of Tyr 2037 in PIKfyve may engage 2 via hydrogen 
bonds, akin to the interaction facilitated by Phe177 in TTBK1. Nevertheless, the second hydrogen 
bond facilitated by the side chain of TTBK1 back pocket residue Glu77 would not be supported 
by the structurally equivalent residue in PIKfyve, Ile2038. The insertion of hydrophobic groups 
into the back pocket of TTBK143 resulted in enhanced binding, suggesting that the placement of 
the thioether in this pocket may help explain the high PIKfyve affinity of 40.  
 

 
Figure 4. In-cell selectivity profiles of 40 and 46. (A) In-cell selectivity profiling of 46 in K192, run at 
UNC; (B) In-cell selectivity profiling of 40 in K192, run at UNC; (C) In-cell selectivity profiling of 40 in 
K192, run at Promega; (D) In-cell selectivity profiling of 40 in K240, run at Promega; and (E) Summary 
table showing all kinases engaged with >30% occupancy in one or more selectivity panel runs and IC50 
value generated when the NanoBRET assay was run in dose–response format. 
 
Kinome-Wide Selectivity Evaluation  

Inspired by their potency and overall physicochemical properties, we chose to next evaluate 
the in-cell selectivity of 40 and 46 using panels of 192–240 kinase NanoBRET assays44 at a 
concentration of 1 µM. This concentration is well above the PIKfyve NanoBRET IC50 of these 
compounds and was selected to identify kinases that bind with weaker affinity, allowing us to 
define the selectivity window and appropriate in vitro dosing range for each compound. The 
results, which are expressed as percent occupancy of a kinase by the test compound at 1 µM, are 
summarized in Figure 4. Compound 40 bound to MYLK4, MKNK2, and CDK10 and compound 

Compound 40
(1 µM) K192 at  UNC

Compound 40
(1 µM) K192 at Promega

Compound 40
(1 µM) K240 at Promega

MYLK4
(33%)

MKNK2
(32%)

MYLK4
(38%)

MKNK2
(39%)

CDK10 +
cyclin L2

(38%)

MYLK4
(32%)

MKNK2
(33%)

CDK10 +
cyclin L2

(56%) PRKX
(31%)

LIPIDS
PIKfyve (96%)

PIP4K2C (77%)
PIP5K1B (43%)

NanoBRET IC50 (nM)Percent OccupancyKinaseCompound
0.3596PIKfyve40 20077PI5P4Kγ/PIP4K2C
170038–56CDK10 + Cyclin L2
190043PIP5K1B
220033–39MKNK2
300032–38MYLK4
320031PRKX

>1000034NEK346

Compound 46 
(1 µM) K192 at UNC

A B C D

E

NEK3
(34%)
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46 bound NEK3 when these compounds were profiled in the K192 NanoBRET assay panel 
(Figures 4A–C). There was excellent agreement amongst the two runs of the K192 NanoBRET 
assay panel when executed for compound 40 at UNC and at Promega (Figures 4B and 4C). These 
compounds did not bind to any other kinases in the 192-member panel with >30% occupancy at 1 
µM. Compound 40 was further profiled in a panel of 240 kinase NanoBRET assays, which 
generated similar percent occupancy for the kinases also in the K192 NanoBRET assay panel but 
also uncovered binding affinity for PIKfyve, PIP4K2C, PIP5K1B, and PRKX. While PRKX was 
present in the K192 NanoBRET assay panel, it fell below the 30% occupancy cutoff in these runs. 
Lipid kinases PIKfyve, PIP4K2C, PIP5K1B, on the other hand, were present only in the K240 
NanoBRET assay panel. Consequently, the respective NanoBRET assays were executed in dose–
response format to generate IC50 values for the binding of 40 and 46 to those kinases where >30% 
occupancy was observed in at least one in-cell selectivity screen. For 40, there is excellent 
correlation between the percent occupancy and NanoBRET IC50 values. The compound 
demonstrated weak binding (IC50 > 1700 nM) to all kinases except for PIP4K2C. Still, when 
considering the PIP4K2C IC50 = 200 nM, 40 has a >500-fold in-cell selectivity for PIKfyve versus 
the remainder of kinases in the 240-member NanoBRET panel. Similarly, 46 showed no binding 
to NEK3 (IC50 > 10000 nM) and thus has excellent in-cell selectivity versus the 192 kinases in the 
K192 NanoBRET assay panel. These IC50 values align with what we would expect given the low 
occupancy values at 1 µM and support that, in cells, both 40 and 46 bind with high affinity to 
PIKfyve and do not bind the other 192–240 kinases profiled.  

To supplement this data, we also sent 40 and 46 to be profiled in enzymatic assays for 
TTBK1 and TTBK2. These kinases were not included in the 192-member panel, and we have 
demonstrated binding of related indolyl pyrimidinamine analogues to TTBK1 and TTBK2.43 
When evaluated at 1 µM, both 40 and 46 demonstrated ≤8% inhibition of TTBK1 and TTBK2 and 
were thus considered to be inactive versus these two kinases. 
  
Preliminary pharmacokinetic profiling of lead compounds.   

Based on their in vitro potency and selectivity, 46 and 40 were selected for preliminary 
evaluation of pharmacokinetic (PK) properties in CD-1 mice over the course of five hours. Two 
routes of administration, intraperitoneal (IP) and oral (PO), were explored for a single dose (10 
mg/kg). Importantly, no treatment-related adverse effects were observed in the animals during the 
exposure period. As shown in Figure 5, 46 demonstrated decent exposure as reflected by the AUC 
values (6874 and 2349 h·nM for IP and PO) but was mostly consumed over the 5-hour exposure 
period and had similarly short half-lives (0.55 and 1.05 h for IP and PO). Plasma concentrations 
of 46 remained above its cellular target engagement IC50 value for PIKfyve when dosed orally. In 
comparison, 40 showed low exposure after IP and PO administrations (AUC values <75 h·nM) 
but remained at concentrations well above its PIKfyve cellular affinity, as assessed using the 
PIKfyve NanoBRET assay. The extrapolated half-life (T1/2 = 13.6 h) after oral administration 
suggests that increasing the dose of 40 should result in high plasma concentrations of this 
compound over an extended dosing period. 
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Figure 5. Preliminary pharmacokinetic profiles of 40 and 46 in CD-1 mice.  
  
Chemistry 

SGC-PIKFYVE-1 consists of three functional groups: alkyne, indole, and 
aminopyrimidine. We opened the cycloheptadiene ring of SGC-PIKFYVE-1 to enable more facile 
synthesis and optimization. Structure–activity relationships were established for this ring-opened 
series of analogues by introducing various functional groups at the alkyne, indole, and 
aminopyrimidine regions. 

The chemical syntheses of final compounds 1–48 are outlined in Schemes 1–3. As shown 
in Scheme 1, the alkyne region analogues were synthesized from commercially available indole 
49 using Sonogashira or Suzuki coupling conditions. 
 
Scheme 1. Synthesis of analogues 1−6, 29–48a  

  
aReagents and conditions: (a) alkyne R, Et3N, Pd(PPh3)4, CuI, N,N-dimethylformamide (DMF), 85 °C, 18–
22 h; (b) alkyne R, N,N-diisopropylamine (DIPA), PdCl2(PPh3)2, CuI, 1-propanol, 85 °C, 16–23 h; (c) 
boronic acid R or boronic ester R, Pd(PPh3)4, K2CO3, dioxane/water, 85 °C, 16–22 h  
 

Indole region analogues 7–18 were synthesized as shown in Scheme 2. Preparation of 55 
began from commercially available bromoindole 52, which was refluxed with Bredereck’s reagent 
and then cyclized to the corresponding aminopyrimidine 58. Similar routes were used to prepare 
intermediates 59 and 60 from indole 53 and carboxamide 54, respectively. As shown in the middle 
of Scheme 2, both 53 and 54 required a Fischer indole synthesis for their preparation. Final 
Sonogashira and Suzuki cross coupling reactions were conducted to obtain compounds 7–14.  
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Indazole analogues 15–18 were prepared following the procedure shown in the bottom of 
Scheme 2. Intermediate 62 was obtained from tosylation of 3-acetyl-5-bromo-1H-indazole 61. 
Treatment of 62 with DMF-DMA followed by cyclization afforded intermediate 63, which was 
converted to final analogues 15–18 via Sonogashira coupling conditions.  
  
Scheme 2. Synthesis of analogues 7−18a  

  
aReagents and conditions: (a) pinacolone, ZnCl2, 190 °C, 1 h; (b) 2-methoxyethylamine, EDC, DMAP, 
DCM, 25 °C,18 h; (c) AlCl3, Ac2O, DCM, 0 to 25 °C, 15 h; (d) Bredereck’s reagent, 105 °C, 17 h; (e) 
guanidine HCl, K2CO3, 2-methoxyethanol, 125 °C, 15–72 h; (f) alkyne R, Et3N, Pd(PPh3)4, CuI, DMF, 85 
°C, 16–22 h; (g) alkyne R, DIPA, PdCl2(PPh3)2, CuI, 1-propanol, 85 °C, 16–21 h; (h) Boronic acid R or 
boronic ester R, Pd(PPh3)4, K2CO3, dioxane/water, 85 °C, 17–22 h; (i) TsCl, Et3N, DMAP, DCM, 0 to 25 
°C, 2 h; (j) DMF-DMA, 80 °C, 16 h  
  

Next, we synthesized aminopyrimidine region analogues as shown in Scheme 3. Starting 
from 5-bromoindole 64, a Friedel–Crafts acylation reaction was employed to generate 65. A base-
mediated nucleophilic substitution reaction with 2-methoxyethanol provided 66, which was 
refluxed with Bredereck’s reagent and then cyclized to aminopyrimidine 67. Finally, Sonogashira 
coupling conditions were used to convert 67 to analogues 19–20.  

To prepare 21, a different route was employed, which is included in the middle of Scheme 
3. A dimethylamino alkyne group was installed on the indole using a Sonogashira coupling 
reaction to obtain 68. Bromination was accomplished using NBS, and the indole nitrogen was 
protected to yield intermediate 70. This intermediate was subsequently used in a Stille reaction 
with 4-(tributylstannyl)pyrimidine to provide 21.   

As shown in the bottom of Scheme 3, analogues 22−28 were synthesized from 
commercially available 6-bromo-1H-indole 71 or 6-bromo-1H-indazole 72. These starting 
materials were reacted with chloropyrimidineamines (73−76) in the presence of Cs2CO3 to provide 
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intermediates 77−81. Next, Sonogashira reaction conditions were employed to 
combine intermediates 77−81 with corresponding alkynes and afford the desired analogues. 
  
Scheme 3. Synthetic route for analogues 19−28a  

 
  
aReagents and conditions: (a) chloroacetyl chloride, AlCl3, DCM, 0 to 25 °C, 4 h; (b) 2-methoxyethanol, 
NaH, DMF, 0 to 25 °C, 6 h; (c) Bredereck’s reagent, 105 °C, 17 h; (d) guanidine HCl, NaOMe/MeOH, 1-
propanol, 95 °C, 42 h; (e) alkyne R, Et3N, Pd(PPh3)4, CuI, DMF, 85 °C, 16–21 h; (f) alkyne R, DIPA, 
PdCl2(PPh3)2, CuI, 1-propanol, 85 °C, 18–23 h; (g) NBS, DCM, 25 °C, 16 h; (h) Boc2O, Et3N, DMAP, 
DCM, 25 °C, 16 h; (i) 4-(tributylstannyl)pyrimidine, Pd(PPh3)2Cl2, dioxane, 85 °C, 17 h; (j) Cs2CO3, DMF, 
80 °C, 17–23 h  
 
Conclusions 
 Based on our results, 40 represents a potent and selective PIKfyve inhibitor with sufficient 
in vivo stability and oral bioavailability to be used in animal studies and which does not elicit 
adverse side effects when mice are treated. Our previously disclosed negative control compound16 
can be utilized alongside this second-generation PIKfyve chemical probe, 40, in efficacy studies. 
In summary, we provide an orthogonal scaffold to those that have been used to interrogate PIKfyve 
inhibition in vivo and which lacks a structural liability of the most advanced PIKfyve inhibitor, 
apilimod. The half-life of 40 (>5 hours) suggests that it may have optimal pharmacokinetic 
properties compared to apilimod, but more extensive studies are required to confirm this 
hypothesis. As a promising second-generation PIKfyve probe, compound 40 can be used to 
interrogate the effect of PIKfyve inhibition in vivo with the goal of identifying diseases that are 
responsive to this therapeutic approach. 
 
Experimental Section 
Chemistry. General Information. 
All reagents and solvents were purchased from verified commercial suppliers and used without 
further purification. No unexpected safety hazards were faced during chemical synthesis. 
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Temperatures are reported in degrees Celsius (°C), and reactions were run at room temperature 
(25 °C) where no temperature is listed. Reactions were carried out under a nitrogen atmosphere 
unless otherwise noted. Once reactions were complete and worked up, where necessary, solvent 
was removed via a rotary evaporator under reduced pressure. Purification via column 
chromatography was performed using pre-loaded silica gel cartridges on a Biotage automated 
purification system. The following abbreviations are used in schemes and/or experimental 
procedures: equiv (equivalent(s)), h (hours), mmol (millimoles), mg (milligrams), min (minutes), 
μmol (micromoles), and r.t. (room temperature). 1H NMR and additional microanalytical data was 
collected for intermediates and all final compounds to confirm their identity and assess their purity. 
1H and 13C NMR spectra were obtained in DMSO-d6, CD3OD, CDCl3, or CD3CN and recorded 
using Bruker instruments. The strength of the magnet on the spectrometer used is included in each 
line listing. Chemical shifts are reported in parts per million (ppm) and calibrated versus the shift 
of the deuterated solvent used. Coupling constants (J values) are reported in hertz (Hz) and spin 
multiplicities are listed as follows: singlet (s), doublet (d), doublet of doublets/triplets/quartets 
(dd/dt/dq), doublet of doublet of doublets (ddd), triplet (t), triplet of doublets/triplets (td/tt), quartet 
(q), quartet of doublets (qd), pentent (p), and multiplet (m). HRMS samples were analyzed at the 
UNC Department of Chemistry Mass Spectrometry Core Laboratory using a Q Exactive HF-X 
mass spectrometer. Preparative HPLC was performed using an Agilent 1260 Infinity II LC System 
equipped with a Phenomenex C18 Phenyl-Hexyl column (30 °C, 5 μm particle size, 75 x 30 mm) 
or an Agilent 1100 Series System equipped with a Phenomenex Luna Phenyl-Hexyl column (5 μm 
particle size, 100 Å pore size, 75 × 30 mm). LCMS analyses were executed using an Agilent 1290 
Infinity II LC System equipped with an Agilent Infinity Lab PoroShell 120 EC-C18 column (30 
°C, 2.7 μm particle size, 2.1 × 50 mm), eluent 5−95% CH3CN in water with 0.2% formic acid 
(v/v), and flow rate of 1 mL/min. All final compounds were determined to be >95% pure by HPLC 
analysis. 
  
General Procedure A 
A mixture of bromide (1 equiv), alkyne (1.5−5 equiv), and TEA (1−3 equiv) in DMF was degassed, 
followed by addition of Pd(PPh3)4 (0.1−0.2 equiv) and CuI (0.1−0.2 equiv). The reaction mixture 
was heated to 85 ℃ and stirred overnight. After completion of the reaction, the mixture was cooled 
to r.t., diluted with EtOAc, and passed through a thin pad of celite. The filtrate was concentrated 
in vacuo and the crude residue was purified by preparative HPLC (10−100% MeOH in H2O + 
0.05% TFA) to give the title compounds.  
  
General Procedure B 
A mixture of bromide (1 equiv), alkyne (1.5−5 equiv), and DIPA (1−3 equiv) in 1-propanol was 
degassed, followed by addition of PdCl2(PPh3)2 (0.1−0.2 equiv) and CuI (0.1−0.2 equiv). The 
reaction mixture was heated to 85 ℃ and stirred overnight. After completion of the reaction, the 
mixture was cooled to r.t., diluted with EtOAc, and passed through a thin pad of celite. The filtrate 
was concentrated in vacuo and the crude residue was purified by preparative HPLC (10−100% 
MeOH in H2O + 0.05% TFA) to give the title compounds.  
  
General Procedure C 
A mixture of bromide (1 equiv), boronic acid or boronic ester (1.2−2 equiv), and K2CO3 (2 equiv) 
in a mixture of dioxane and water (1.0−2.0 M) was degassed, followed by addition of Pd(PPh3)4 
(0.05−0.1 equiv). The reaction mixture was heated to 85 ℃ and stirred overnight. After completion 
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of the reaction, the mixture was cooled to r.t., diluted with EtOAc and water. The organic layer 
was washed with brine and concentrated in vacuo. The crude residue was purified by preparative 
HPLC (10−100% MeOH in H2O + 0.05% TFA) to give the title compounds. 
  
4-(5-(3-(Dimethylamino)prop-1-yn-1-yl)-1H-indol-3-yl)pyrimidin-2-amine (1). 
The reaction was carried out according to general procedure A starting from 4-(5-bromo-1H-indol-
3-yl)pyrimidin-2-amine (40 mg, 0.14 mmol), N,N-dimethylprop-2-yn-1-amine (46 mg, 0.55 
mmol), TEA (28 mg, 0.28 mmol), Pd(PPh3)4 (16 mg, 14 μmol), and CuI (2.6 mg, 14 μmol) in 
DMF (1.5 mL) at 85 ℃ overnight to afford the title compound (13 mg, 23% yield) as a TFA salt. 
1H NMR (400 MHz, CD3OD) δ 8.88 (dd, J = 1.6, 0.8 Hz, 1H), 8.53 (s, 1H), 7.98 (d, J = 7.2 Hz, 
1H), 7.54 (dd, J = 8.4, 0.8 Hz, 1H), 7.46 (dd, J = 8.4, 1.6 Hz, 1H), 7.35 (d, J = 7.2 Hz, 1H), 4.34 
(s, 2H), 3.05 (s, 6H). 13C NMR (101 MHz, CD3OD) δ 170.53, 157.41, 143.79, 139.58, 136.42, 
128.51, 128.38, 126.66, 116.00, 114.66, 113.83, 106.71, 92.67, 76.51, 49.29, 42.79 (2C). HPLC 
purity: 100%. HRMS (ESI): m/z calculated for C17H18N5 [M + H]+: 292.1562. Found: 292.1555.  
  
4-(3-(2-Aminopyrimidin-4-yl)-1H-indol-5-yl)-2-methylbut-3-yn-2-ol (2). 
The reaction was carried out according to general procedure B starting from 4-(5-bromo-1H-indol-
3-yl)pyrimidin-2-amine (30 mg, 0.10 mmol), 2-methylbut-3-yn-2-ol (35 mg, 0.42 mmol), DIPA 
(21 mg, 0.21 mmol), PdCl2(PPh3)2 (7.3 mg, 10 μmol), and CuI (2.0 mg, 10 μmol) in 1-propanol (1 
mL) at 85 ℃ overnight to afford the title compound (5.0 mg, 16% yield). 1H NMR (400 MHz, 
CD3OD) δ 8.54 (dd, J = 1.6, 0.8 Hz, 1H), 8.10 (d, J = 5.6 Hz, 1H), 8.06 (s, 1H), 7.39 (dd, J = 8.4, 
0.8 Hz, 1H), 7.24 (dd, J = 8.4, 1.6 Hz, 1H), 7.04 (d, J = 5.6 Hz, 1H), 1.60 (s, 6H). 13C NMR (214 
MHz, CD3OD) δ 165.30, 164.65, 157.47, 138.40, 130.09, 127.03, 126.62, 126.52, 116.66, 115.49, 
112.86, 107.46, 92.75, 84.27, 66.06, 31.95 (2C). HPLC purity: 100%. HRMS (ESI): m/z calculated 
for C17H17N4O [M + H]+: 293.1402. Found: 293.1394.   
  
4-(3-(2-Aminopyrimidin-4-yl)-1H-indol-5-yl)but-3-yn-2-ol (3). 
The reaction was carried out according to general procedure B starting from 4-(5-bromo-1H-indol-
3-yl)pyrimidin-2-amine (30 mg, 0.10 mmol), but-3-yn-2-ol (22 mg, 0.31 mmol), DIPA (21 mg, 
0.21 mmol), PdCl2(PPh3)2 (7.3 mg, 10 μmol), and CuI (2.0 mg, 10 μmol) in 1-propanol (1 mL) at 
85 ℃ overnight to afford the title compound (4.5 mg, 16% yield). 1H NMR (400 MHz, CD3OD) 
δ 8.76 (dd, J = 1.6, 0.8 Hz, 1H), 8.47 (s, 1H), 7.95 (d, J = 6.8 Hz, 1H), 7.46 (dd, J = 8.4, 0.8 Hz, 
1H), 7.36–7.32 (m, 2H), 4.73 (q, J = 6.4 Hz, 1H), 1.53 (d, J = 6.4 Hz, 3H). 13C NMR (126 MHz, 
CD3OD) δ 170.63, 157.32, 143.45, 138.85, 136.09, 128.39, 127.44, 126.63, 118.45, 114.56, 
113.45, 106.68, 90.85, 85.37, 59.23, 24.94. HPLC purity: 100%. HRMS (ESI): m/z calculated for 
C16H15N4O [M + H]+: 279.1246. Found: 279.1238.   
  
1-(3-(2-Aminopyrimidin-4-yl)-1H-indol-5-yl)-3-ethylpent-1-yn-3-ol (4). 
The reaction was carried out according to general procedure B starting from 4-(5-bromo-1H-indol-
3-yl)pyrimidin-2-amine (30 mg, 0.10 mmol), 3-ethylpent-1-yn-3-ol (35 mg, 0.31 mmol), DIPA 
(21 mg, 0.21 mmol), PdCl2(PPh3)2 (7.3 mg, 10 μmol), and CuI (2.0 mg, 10 μmol) in 1-propanol (1 
mL) at 85 ℃ overnight to afford the title compound (7.5 mg, 23% yield). 1H NMR (400 MHz, 
CD3OD) δ 8.52 (dd, J = 1.6, 0.8 Hz, 1H), 8.11 (d, J = 5.6 Hz, 1H), 8.05 (s, 1H), 7.39 (dd, J = 8.4, 
0.8 Hz, 1H), 7.26 (dd, J = 8.4, 1.6 Hz, 1H), 7.04 (d, J = 5.2 Hz, 1H), 1.85 – 1.70 (m, 4H), 1.13 (t, 
J = 7.2 Hz, 6H). 13C NMR (101 MHz, CD3OD) δ 165.24, 164.63, 157.51, 138.38, 130.08, 127.13, 
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126.58, 126.36, 116.76, 115.50, 112.89, 107.56, 90.62, 86.74, 73.29, 35.56 (2C), 9.16 (2C). HPLC 
purity: >98%. HRMS (ESI): m/z calculated for C19H21N4O [M + H]+: 321.1715. Found: 321.1712.   
  
4-(5-((1-Methyl-1H-imidazol-5-yl)ethynyl)-1H-indol-3-yl)pyrimidin-2-amine (5). 
The reaction was carried out according to general procedure A starting from 4-(5-bromo-1H-indol-
3-yl)pyrimidin-2-amine (30 mg, 0.10 mmol), 5-ethynyl-1-methyl-1H-imidazole (44 mg, 0.42 
mmol), TEA (21 mg, 0.21 mmol), Pd(PPh3)4 (12 mg, 10 µmol), and CuI (2.0 mg, 10 µmol) in 
DMF (1 mL) at 85 ℃ overnight to afford the title compound (16 mg, 37% yield) as a TFA salt. 1H 
NMR (400 MHz, CD3OD) δ 8.96 (m, 1H), 8.95 (dd, J = 1.2, 0.8 Hz, 1H), 8.53 (s, 1H), 7.97 (d, J 
= 7.2 Hz, 1H), 7.83 (d, J = 1.6 Hz, 1H), 7.58 (dd, J = 8.4, 0.8 Hz, 1H), 7.53 (dd, J = 8.4, 1.6 Hz, 
1H), 7.33 (d, J = 7.2 Hz, 1H), 4.03 (d, J = 0.4 Hz, 3H). 13C NMR (126 MHz, CD3OD) δ 170.60, 
157.37, 143.73, 139.77, 137.85, 136.60, 128.34, 128.28, 126.76, 125.20, 120.25, 115.91, 114.74, 
114.02, 106.73, 101.27, 72.83, 34.44. HPLC purity: 100%. HRMS (ESI): m/z calculated C18H15N6 
for [M + H]+: 315.1358. Found: 315.1350.  
  
4-(5-(4-Fluorophenyl)-1H-indol-3-yl)pyrimidin-2-amine (6). 
The reaction was carried out according to general procedure C starting from 4-(5-bromo-1H-indol-
3-yl)pyrimidin-2-amine (20 mg, 69 µmol), (4-fluorophenyl)boronic acid (15 mg, 0.10 mmol), 
K2CO3 (19 mg, 0.14 mmol), and Pd(PPh3)4 (4.0 mg, 3.5 µmol) in a mixture of 1,4-dioxane (0.7 
mL) and water (0.1 mL) at 85 ℃ overnight to afford the title compound (9.3 mg, 44% yield). 1H 
NMR (400 MHz, CD3OD) δ 8.81 (dd, J = 1.6, 0.8 Hz, 1H), 8.46 (s, 1H), 7.93 (d, J = 6.8 Hz, 1H), 
7.76–7.71 (m, 2H), 7.58–7.52 (m, 2H), 7.33 (d, J = 6.8 Hz, 1H), 7.21–7.15 (m, 2H). 13C NMR 
(101 MHz, DMSO-d6) δ 167.80, 162.72, 160.30, 156.11, 137.71, 136.99, 135.08, 133.63, 129.08, 
129.00, 125.72, 122.61, 120.41, 115.56, 115.35, 112.99, 112.95, 105.19. HPLC purity: 100%. 
HRMS (ESI): m/z calculated for C18H14N4F [M + H]+: 305.1202. Found: 305.1196.   
  
5-Bromo-2-(tert-butyl)-1H-indole (53). 
The mixture of (4-bromophenyl)hydrazine (155 mg, 829 μmol), 3,3-dimethylbutan-2-one (664 
mg, 6.63 mmol), and zinc (II) chloride (452 mg, 3.31 mmol) was heated at 190 ℃ for 1 h. After 
the completion of the reaction as indicated by TLC, the reaction mixture was cooled to r.t., diluted 
with water, extracted with EtOAc. The combined organic phases were washed with brine and dried 
over Na2SO4. The residue was purified with column chromatography (SiO2, 0−5% EtOAc in 
hexane) to yield the title compound (84 mg, 40% yield). 1H NMR (400 MHz, CDCl3) δ 7.97 (s, 
1H), 7.65 (dt, J = 1.6, 0.8 Hz, 1H), 7.21–7.16 (m, 2H), 6.20 (dd, J = 2.0, 0.8 Hz, 1H), 1.39 (s, 9H). 
13C NMR (101 MHz, CDCl3) δ 150.30, 134.51, 130.49, 123.95, 122.59, 112.86, 111.88, 96.87, 
32.02, 30.36 (3C). HRMS (ESI): m/z calculated C12H15BrN for [M + H]+: 252.0388. Found: 
252.0382.  
  
5-Bromo-N-(2-methoxyethyl)-1H-indole-2-carboxamide (54). 
A mixture of 5-bromo-1H-indole-2-carboxylic acid (700 mg, 2.92 mmol), 2-methoxyethan-1-
amine (263 mg, 3.50 mmol), EDC (671 mg, 3.50 mmol), and DMAP (570 mg, 4.67 mmol) in 
DCM (15 mL) was stirred at r.t. for 18 h. The mixture was concentrated under reduced pressure 
and the residue was dissolved in EtOAc. The organic phase was washed with 2N HCl, water, and 
saturated aq. NaHCO3, dried over Na2SO4, and concentrated in vacuo. The residue was purified 
with flash column chromatography (SiO2, 0−3% MeOH in DCM) to obtain the title compound 
(477.2 mg, 55% yield). 1H NMR (400 MHz, DMSO-d6) δ 11.77 (s, 1H), 8.60 (t, J = 5.6 Hz, 1H), 
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7.83 (d, J = 2.0 Hz, 1H), 7.38 (d, J = 8.4 Hz, 1H), 7.28 (dd, J = 8.4, 2.0 Hz, 1H), 7.11 (d, J = 2.0 
Hz, 1H), 3.49–3.42 (m, 4H), 3.28 (s, 3H). 13C NMR (126 MHz, DMSO-d6) δ 160.76, 134.97, 
133.01, 128.88, 125.80, 123.64, 114.29, 112.11, 101.96, 70.52, 57.93, 38.64. HRMS (ESI): m/z 
calculated C12H14BrN2O2 for [M + H]+: 297.0239. Found: 297.0231.  
  
General Procedure D 
To a cooled (0 ℃) solution of aluminum chloride (3 equiv) in DCM was added dropwise acetic 
anhydride (3 equiv) for 30 min. To the cooled mixture was added a suspension of the 
corresponding bromo indole (1 equiv) in DCM at 0 ℃ and the mixture was stirred at r.t. overnight. 
The reaction mixture was poured into ice saturated NH4Cl, and the aqueous layer was extracted 
with DCM. The organic extracts were washed with brine and dried over Na2SO4, and the residue 
was purified with flash column chromatography (SiO2, 0−20% EtOAc in hexane or 0−10% MeOH 
in DCM) to obtain the title compounds.  
  
1-(5-Bromo-2-methyl-1H-indol-3-yl)ethan-1-one (55). 
The reaction was carried out according to general procedure D starting from 5-bromo-2-methyl-
1H-indole (1 g, 4.760 mmol), aluminum chloride (1.904 g, 14.28 mmol), and acetic anhydride 
(1.458 g, 14.28 mmol) in DCM (20 mL) at r.t. overnight to afford the title compound (780 mg, 
65% yield). 1H NMR (400 MHz, DMSO-d6) δ 12.14 (s, 1H), 8.19 (d, J = 2.0 Hz, 1H), 7.34 (d, J = 
8.4 Hz, 1H), 7.26 (dd, J = 8.8, 2.0 Hz, 1H), 2.69 (s, 3H), 2.49 (s, 3H). 13C NMR (101 MHz, DMSO-
d6) δ 192.94, 145.47, 133.43, 128.82, 124.30, 122.85, 114.12, 113.17, 113.11, 30.69, 15.03. HRMS 
(ESI): m/z calculated C11H11BrNO for [M + H]+: 252.0024. Found: 252.0018.  
  
1-(5-Bromo-2-(tert-butyl)-1H-indol-3-yl)ethan-1-one (56). 
The reaction was carried out according to general procedure D starting from 5-bromo-2-(tert-
butyl)-1H-indole (288 mg, 1.14 mmol), aluminum chloride (457 mg, 3.43 mmol), and acetic 
anhydride (350 mg, 3.43 mmol) in DCM (11 mL) at r.t. overnight to afford the title compound 
(119 mg, 35% yield). 1H NMR (400 MHz, CDCl3) δ 8.77 (s, 1H), 7.96 (d, J = 1.6 Hz, 1H), 7.32–
7.25 (m, 2H), 2.70 (s, 3H), 1.54 (s, 9H). 13C NMR (101 MHz, CDCl3) δ 195.06, 154.57, 131.98, 
129.85, 125.09, 123.30, 115.49, 113.90, 112.82, 34.29, 32.79, 28.49 (3C). HRMS (ESI): m/z 
calculated C14H17BrNO for [M + H]+: 294.0494. Found: 294.0486.  
  
3-Acetyl-5-bromo-N-(2-methoxyethyl)-1H-indole-2-carboxamide (57). 
The reaction was carried out according to general procedure D starting from 5-bromo-N-(2-
methoxyethyl)-1H-indole-2-carboxamide (393 mg, 1.32 mmol), aluminum chloride (529 mg, 3.97 
mmol), and acetic anhydride (405 mg, 3.97 mmol) in DCM (13 mL) at r.t. overnight to afford the 
title compound (421.7 mg, 94% yield). 1H NMR (400 MHz, DMSO-d6) δ 12.76 (s, 1H), 10.29 (s, 
1H), 8.23 (d, J = 2.0 Hz, 1H), 7.52 (dd, J = 8.4, 0.8 Hz, 1H), 7.45 (dd, J = 8.4, 2.0 Hz, 1H), 3.54–
3.52 (m, 4H), 3.30 (s, 3H), 2.65 (s, 3H). 13C NMR (126 MHz, DMSO-d6) δ 195.18, 160.32, 138.13, 
133.39, 127.85, 126.74, 124.23, 115.37, 114.97, 113.61, 70.16, 57.98, 39.13, 30.64. HRMS (ESI): 
m/z calculated C14H16BrN2O3 for [M + H]+: 339.0344. Found: 339.0339.  
  
General Procedure E 
Indole or indazole intermediates were treated neat with Bredereck’s reagent (2−3.5 equiv) at 105 
℃ under N2 overnight. After cooling, to this mixture was added 2-methoxyethanol or 1-propanol, 
anhydrous potassium carbonate (3.5 equiv) or sodium methoxide (3 equiv), and guanidine 
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hydrochloride (2.5−5 equiv). The reaction mixture was refluxed for 15−72 h. The solution was 
poured into water and then extracted with EtOAc. The organic layer was washed with brine and 
dried over Na2SO4, and the residue was purified with flash column chromatography (SiO2, 0−5% 
MeOH in DCM) to obtain the title compounds.  
  
4-(5-Bromo-2-methyl-1H-indol-3-yl)pyrimidin-2-amine (58). 
The reaction was carried out according to general procedure E starting from 1-(5-bromo-2-methyl-
1H-indol-3-yl)ethan-1-one (55) (227 mg, 0.9 mmol) and Bredereck’s reagent (314 mg, 1.8 mmol) 
at 105 ℃ overnight, and then anhydrous potassium carbonate (436 mg, 3.16 mmol) and guanidine 
hydrochloride (215 mg, 2.25 mmol) in 2-methoxyethanol (9 mL) at reflux to afford the title 
compound (213.2 mg, 78% yield). 1H NMR (400 MHz, CD3OD) δ 8.23 (dd, J = 1.6, 0.8 Hz, 1H), 
8.18 (d, J = 5.6 Hz, 1H), 7.25–7.20 (m, 2H), 6.87 (d, J = 5.2 Hz, 1H), 2.68 (s, 3H). 13C NMR (101 
MHz, CD3OD) δ 165.37, 164.44, 157.85, 141.19, 135.74, 130.05, 125.39, 123.65, 114.76, 113.35, 
111.26, 109.79, 14.23. HRMS (ESI): m/z calculated C13H12BrN4 for [M + H]+: 303.0245. Found: 
303.0239.  
  
4-(5-Bromo-2-(tert-butyl)-1H-indol-3-yl)pyrimidin-2-amine (59). 
The reaction was carried out according to general procedure E starting from 1-(5-bromo-2-(tert-
butyl)-1H-indol-3-yl)ethan-1-one (56) (167 mg, 568 μmol) and Bredereck’s reagent (198 mg, 1.14 
mmol) at 105 ℃ overnight, and then anhydrous potassium carbonate (274 mg, 1.98 mmol) and 
guanidine hydrochloride (135 mg, 1.42 mmol) in 2-methoxyethanol (5 mL) at reflux to afford the 
title compound (118 mg, 60% yield). 1H NMR (400 MHz, DMSO-d6) δ 11.15 (s, 1H), 8.24 (d, J = 
4.8 Hz, 1H), 7.38 (d, J = 2.0 Hz, 1H), 7.35 (d, J = 8.4 Hz, 1H), 7.18 (dd, J = 8.4, 2.0 Hz, 1H), 6.64 
(d, J = 4.8 Hz, 1H), 6.51 (s, 2H), 1.39 (s, 9H). 13C NMR (101 MHz, DMSO-d6) δ 163.86, 163.48, 
157.54, 146.85, 132.98, 129.82, 123.35, 120.00, 113.10, 111.82, 111.76, 110.32, 33.45, 30.45 
(3C). HRMS (ESI): m/z calculated C16H18BrN4 for [M + H]+: 345.0715. Found: 345.0707.  
  
3-(2-Aminopyrimidin-4-yl)-5-bromo-N-(2-methoxyethyl)-1H-indole-2-carboxamide (60). 
The reaction was carried out according to general procedure E starting from 3-acetyl-5-bromo-N-
(2-methoxyethyl)-1H-indole-2-carboxamide (57) (150 mg, 442 μmol) and Bredereck’s reagent 
(270 mg, 1.55 mmol) at 105 ℃ overnight, and then sodium methoxide (2.65 mL, 0.5 M in 
methanol, 1.32 mmol) and guanidine hydrochloride (211 mg, 2.21 mmol) in 1-propanol (2 mL) at 
reflux to afford the title compound (140 mg, 81% yield). 1H NMR (400 MHz, DMSO-d6) δ 12.33 
(s, 1H), 11.14 (s, 1H), 8.39 (d, J = 5.2 Hz, 1H), 8.04 (d, J = 1.6 Hz, 1H), 7.51 (d, J = 8.8 Hz, 1H), 
7.41 (dd, J = 8.8, 2.0 Hz, 1H), 7.00 (d, J = 5.2 Hz, 1H), 6.84 (s, 2H), 3.58–3.54 (m, 4H), 3.28 (s, 
3H). 13C NMR (126 MHz, DMSO-d6) δ 163.14, 160.85, 160.18, 160.02, 134.25, 133.03, 128.22, 
127.15, 123.38, 115.41, 114.33, 112.28, 110.24, 71.03, 58.26, 39.20. HRMS (ESI): m/z calculated 
C16H17BrN5O2 for [M + H]+: 390.0566. Found: 390.0558.  
  
4-(5-(3-(Dimethylamino)prop-1-yn-1-yl)-2-methyl-1H-indol-3-yl)pyrimidin-2-amine (7). 
The reaction was carried out according to general procedure A starting from 4-(5-bromo-2-methyl-
1H-indol-3-yl)pyrimidin-2-amine (58) (40 mg, 0.13 mmol), N,N-dimethylprop-2-yn-1-amine (44 
mg, 0.53 mmol), TEA (27 mg, 0.26 mmol), Pd(PPh3)4 (15 mg, 13 µmol), and CuI (2.5 mg, 13 
µmol) in DMF (1.5 mL) at 85 ℃ overnight to afford the title compound (5.8 mg, 11% yield) as a 
TFA salt. 1H NMR (400 MHz, CD3OD) δ 8.56 (t, J = 1.2 Hz, 1H), 8.05 (d, J = 7.2 Hz, 1H), 7.43–
7.37 (m, 2H), 7.23 (d, J = 7.2 Hz, 1H), 4.32 (s, 2H), 3.04 (s, 6H), 2.82 (s, 3H). 13C NMR (126 
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MHz, CD3OD) δ 170.50, 156.96, 148.35, 144.76, 137.72, 128.20, 127.80, 126.73, 115.55, 112.91, 
111.02, 108.12, 92.82, 76.31, 49.11, 42.78 (2C), 15.85. HPLC purity: >98%. HRMS (ESI): m/z 
calculated C18H20N5 for [M + H]+: 306.1719. Found: 306.1711.  
  
4-(5-(4-Fluorophenyl)-2-methyl-1H-indol-3-yl)pyrimidin-2-amine (8). 
The reaction was carried out according to general procedure C starting from 4-(5-bromo-2-methyl-
1H-indol-3-yl)pyrimidin-2-amine (58) (20 mg, 66 μmol), (4-fluorophenyl)boronic acid (14 mg, 99 
μmol), K2CO3 (18 mg, 0.13 mmol), and Pd(PPh3)4 (3.8 mg, 3.3 µmol) in a mixture of 1,4-dioxane 
(0.7 mL) and water (0.1 mL) at 85 ℃ overnight to afford the title compound (5.8 mg, 28% yield). 
1H NMR (400 MHz, CD3OD) δ 8.45 (t, J = 1.2 Hz, 1H), 8.03 (d, J = 7.2 Hz, 1H), 7.72–7.67 (m, 
2H), 7.47 (d, J = 1.2 Hz, 2H), 7.31 (d, J = 7.2 Hz, 1H), 7.20–7.14 (m, 2H), 2.85 (s, 3H). 13C NMR 
(126 MHz, CD3OD) δ 164.58, 162.64, 156.74, 147.92, 144.30, 139.94, 136.85, 136.21, 130.23, 
130.17, 128.79, 123.62, 120.47, 116.41, 116.24, 112.87, 111.26, 108.21, 16.05. HPLC purity: 
>96%. HRMS (ESI): m/z calculated for C19H16N4F [M + H]+: 319.1359. Found: 319.1351.   
  
4-(2-(tert-Butyl)-5-(3-(dimethylamino)prop-1-yn-1-yl)-1H-indol-3-yl)pyrimidin-2-amine (9). 
The reaction was carried out according to general procedure B starting from 4-(5-bromo-2-(tert-
butyl)-1H-indol-3-yl)pyrimidin-2-amine (59) (30 mg, 87 μmol), N,N-dimethylprop-2-yn-1-amine 
(29 mg, 0.35 mmol), DIPA (18 mg, 0.17 mmol), PdCl2(PPh3)2 (12 mg, 17 μmol), and CuI (3.3 mg, 
17 μmol) in 1-propanol (1 mL) at 85 ℃ overnight to afford the title compound (11.3 mg, 28% 
yield) as a TFA salt. 1H NMR (400 MHz, CD3OD) δ 8.25 (d, J = 6.4 Hz, 1H), 7.82 (s, 1H), 7.50 
(dd, J = 8.4, 0.4 Hz, 1H), 7.35 (dd, J = 8.4, 1.6 Hz, 1H), 7.20 (d, J = 6.4 Hz, 1H), 4.30 (s, 2H), 
3.02 (s, 6H), 1.56 (s, 9H). 13C NMR (101 MHz, CD3OD) δ 171.53, 157.58, 153.87, 147.97, 136.79, 
129.01, 127.12, 123.84, 114.58, 113.21, 112.72, 110.32, 92.73, 76.13, 48.73, 42.72 (2C), 35.38, 
30.69 (3C). HPLC purity: 100%. HRMS (ESI): m/z calculated for C21H26N5 [M + H]+: 348.2188. 
Found: 348.2181.   
  
4-(3-(2-Aminopyrimidin-4-yl)-2-(tert-butyl)-1H-indol-5-yl)-2-methylbut-3-yn-2-ol (10). 
The reaction was carried out according to general procedure B starting from 4-(5-bromo-2-(tert-
butyl)-1H-indol-3-yl)pyrimidin-2-amine (59) (25 mg, 72 μmol), 2-methylbut-3-yn-2-ol (24 mg, 
0.29 mmol), DIPA (15 mg, 0.14 mmol), PdCl2(PPh3)2 (10 mg, 14 μmol), and CuI (2.8 mg, 14 
μmol) in 1-propanol (0.8 mL) at 85 ℃ overnight to afford the title compound (2.5 mg, 10% yield). 
1H NMR (400 MHz, CD3OD) δ 8.25 (d, J = 5.6 Hz, 1H), 7.51 (dd, J = 1.6, 0.8 Hz, 1H), 7.37 (dd, 
J = 8.4, 0.4 Hz, 1H), 7.18 (dd, J = 8.4, 1.6 Hz, 1H), 7.00 (d, J = 5.6 Hz, 1H), 1.55 (s, 6H), 1.49 (s, 
9H). 13C NMR (214 MHz, CD3OD) δ 167.40, 164.40, 158.46, 147.89, 135.77, 129.67, 125.96, 
122.73, 115.40, 114.36, 111.92, 111.56, 92.31, 84.23, 66.00, 34.78, 31.92 (2C), 31.17 (3C). HPLC 
purity: >95%. HRMS (ESI): m/z calculated for C21H25N4O [M + H]+: 349.2028. Found: 349.2022.   
  
4-(3-(2-Aminopyrimidin-4-yl)-2-(tert-butyl)-1H-indol-5-yl)but-3-yn-2-ol (11). 
The reaction was carried out according to general procedure B starting from 4-(5-bromo-2-(tert-
butyl)-1H-indol-3-yl)pyrimidin-2-amine (59) (25 mg, 72 μmol), but-3-yn-2-ol (20 mg, 0.29 
mmol), DIPA (15 mg, 0.14 mmol), PdCl2(PPh3)2 (10 mg, 14 μmol), and CuI (2.8 mg, 14 μmol) in 
1-propanol (0.8 mL) at 85 ℃ overnight to afford the title compound (1.7mg, 7% yield). 1H NMR 
(500 MHz, CD3OD) δ 8.27 (d, J = 5.0 Hz, 1H), 7.36 (dd, J = 1.5, 0.5 Hz, 1H), 7.32 (dd, J = 8.5, 
0.5 Hz, 1H), 7.15 (dd, J = 8.0, 1.5 Hz, 1H), 6.79 (d, J = 5.0 Hz, 1H), 4.66 (q, J = 6.5 Hz, 1H), 1.47 
(d, J = 6.5 Hz, 3H), 1.43 (s, 9H). 13C NMR (214 MHz, CD3OD) δ 167.36, 164.40, 158.46, 147.95, 
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135.83, 129.66, 125.98, 122.83, 115.29, 114.33, 111.94, 111.57, 89.57, 85.86, 59.19, 34.79, 31.16 
(3C), 24.97. HPLC purity: >95%. HRMS (ESI): m/z calculated for C20H23N4O [M + H]+: 
335.1872. Found: 335.1865.   
  
1-(3-(2-Aminopyrimidin-4-yl)-2-(tert-butyl)-1H-indol-5-yl)-3-methylpent-1-yn-3-ol (12). 
The reaction was carried out according to general procedure B starting from 4-(5-bromo-2-(tert-
butyl)-1H-indol-3-yl)pyrimidin-2-amine (59) (30 mg, 87 μmol), 3-methylpent-1-yn-3-ol (34 mg, 
0.35 mmol), DIPA (18 mg, 0.17 mmol), PdCl2(PPh3)2 (12 mg, 17 μmol), and CuI (3.3 mg, 17 
μmol) in 1-propanol (0.9 mL) at 85 ℃ overnight to afford the title compound (10 mg, 32% yield). 
1H NMR (400 MHz, DMSO-d6) δ 11.11 (s, 1H), 8.25 (s, 1H), 7.35 (dd, J = 8.4, 0.8 Hz, 1H), 7.27 
(d, J = 1.6 Hz, 1H), 7.08 (dd, J = 8.4, 1.6 Hz, 1H), 6.64 (d, J = 4.8 Hz, 1H), 6.51 (s, 2H), 5.21 (s, 
1H), 1.67–1.57 (m, 2H), 1.39 (s, 12H), 0.98 (t, J = 7.2 Hz, 3H). 13C NMR (101 MHz, CD3CN) δ 
165.58, 164.54, 158.62, 147.86, 134.90, 129.33, 125.84, 122.64, 118.30, 115.16, 112.13, 111.95, 
91.99, 84.81, 69.15, 37.60, 34.43, 30.76 (3C), 29.91, 9.52. HPLC purity: >95%. HRMS (ESI): m/z 
calculated for C22H27N4O [M + H]+: 363.2185. Found: 363.2179.   
  
3-(2-Aminopyrimidin-4-yl)-5-(3-(dimethylamino)prop-1-yn-1-yl)-N-(2-methoxyethyl)-1H-indole-
2-carboxamide (13). 
The reaction was carried out according to general procedure A starting from 3-(2-aminopyrimidin-
4-yl)-5-bromo-N-(2-methoxyethyl)-1H-indole-2-carboxamide (60) (30 mg, 77 μmol), N,N-
dimethylprop-2-yn-1-amine (26 mg, 0.31 mmol), TEA (16 mg, 0.15 mmol), Pd(PPh3)4 (8.9 mg, 
7.7 µmol), and CuI (1.5 mg, 7.7 µmol) in DMF (1 mL) at 85 ℃ overnight to afford the title 
compound (5.8 mg, 14% yield) as a TFA salt. 1H NMR (400 MHz, CD3OD) δ 8.34 (m, 1H), 8.30 
(d, J = 6.4 Hz, 1H), 7.59 (dd, J = 8.4, 0.8 Hz, 1H), 7.49 (dd, J = 8.4, 1.6 Hz, 1H), 7.26 (d, J = 6.0 
Hz, 1H), 4.33 (s, 2H), 3.70–3.64 (m, 4H), 3.42 (s, 3H), 3.04 (s, 6H). 13C NMR (101 MHz, CD3OD) 
δ 165.51, 162.95, 160.81, 153.93, 137.18, 136.24, 129.16, 127.57, 127.10, 115.77, 114.36, 113.48, 
110.94, 92.27, 76.86, 72.06, 58.75, 48.73, 42.82 (2C), 40.47. HPLC purity: >98%. HRMS (ESI): 
m/z calculated C21H25N6O2 for [M + H]+: 393.2039. Found: 393.2032.  
  
3-(2-Aminopyrimidin-4-yl)-5-(3-hydroxy-3-methylbut-1-yn-1-yl)-N-(2-methoxyethyl)-1H-indole-
2-carboxamide (14). 
The reaction was carried out according to general procedure B starting from 3-(2-aminopyrimidin-
4-yl)-5-bromo-N-(2-methoxyethyl)-1H-indole-2-carboxamide (60) (30 mg, 77 μmol), 2-
methylbut-3-yn-2-ol (26 mg, 0.31 mmol), DIPA (16 mg, 0.15 mmol), PdCl2(PPh3)2 (5.4 mg, 7.7 
μmol), and CuI (1.5 mg, 7.7 μmol) in 1-propanol (1 mL) at 85 ℃ overnight to afford the title 
compound (8 mg, 26% yield). 1H NMR (400 MHz, CD3OD) δ 8.24–8.22 (m, 2H), 7.51 (dd, J = 
8.8, 0.8 Hz, 1H), 7.38 (dd, J = 8.8, 1.6 Hz, 1H), 7.31 (d, J = 6.4 Hz, 1H), 3.70–3.64 (m, 4H), 3.42 
(s, 3H), 1.59 (s, 6H). 13C NMR (214 MHz, CD3OD) δ 167.30, 163.16, 158.90, 150.56, 136.92, 
136.51, 129.34, 127.49, 125.94, 118.73, 114.07, 112.74, 110.66, 94.10, 83.36, 71.96, 66.01, 58.75, 
40.49, 31.84 (2C). HPLC purity: 100%. HRMS (ESI): m/z calculated for C21H24N5O3 [M + H]+: 
394.1879. Found: 394.1871.  
  
1-(5-Bromo-1-tosyl-1H-indazol-3-yl)ethan-1-one (62). 
To a solution of 1-(5-bromo-1H-indazol-3-yl)ethan-1-one (500 mg, 2.09 mmol), DMAP (63.9 mg, 
523 μmol), and TEA (783 mg, 7.74 mmol) in DCM (20 mL) was added p-toluenesulfonyl chloride 
(598 mg, 3.14 mmol) at 0 ℃ and stirred at r.t. for 2 h. The reaction mixture was diluted with DCM, 
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and washed with saturated NaHCO3, water and brine. The combined organic layers were dried 
over Na2SO4 and concentrated in vacuo to afford the title compound (800 mg, 97% yield), which 
was used in the next step without further purification.   
  
4-(5-Bromo-1H-indazol-3-yl)pyrimidin-2-amine (63). 
A solution of 1-(5-bromo-1-tosyl-1H-indazol-3-yl)ethan-1-one (62) (800 mg, 2.03 mmol) in DMF-
DMA (10 mL) was stirred at 80 ℃ overnight and concentrated in vacuo. To this mixture was added 
guanidine hydrochloride (486 mg, 5.09 mmol), potassium carbonate (984 mg, 7.12 mmol), and 2-
methoxyethanol (20 mL). The reaction mixture was refluxed for 22 h, poured into water, and then 
extracted with EtOAc. The organic layer was washed with brine and dried over Na2SO4, and the 
residue was purified with flash column chromatography on SiO2 with 0−5 % MeOH in DCM to 
obtain the title compound (164 mg, 28% yield). 1H NMR (400 MHz, DMSO-d6) δ 13.72 (s, 1H), 
8.86 (dd, J = 1.6, 0.8 Hz, 1H), 8.29 (d, J = 5.2 Hz, 1H), 7.60 (dd, J = 8.8, 0.8 Hz, 1H), 7.53 (dd, J 
= 8.8, 1.6 Hz, 1H), 7.25 (d, J = 4.8 Hz, 1H), 6.80 (s, 2H). 13C NMR (101 MHz, DMSO-d6) δ 
163.69, 160.28, 158.39, 140.86, 140.18, 129.32, 125.33, 122.55, 114.39, 112.62, 105.15. HRMS 
(ESI): m/z calculated C11H9BrN5 for [M + H]+: 290.0041. Found: 290.0031.  
 
4-(5-(3-(Dimethylamino)prop-1-yn-1-yl)-1H-indazol-3-yl)pyrimidin-2-amine (15). 
The reaction was carried out according to general procedure A starting from 4-(5-bromo-1H-
indazol-3-yl)pyrimidin-2-amine (63) (30 mg, 0.10 mmol), N,N-dimethylprop-2-yn-1-amine (26 
mg, 0.31 mmol), TEA (21 mg, 0.21 mmol), Pd(PPh3)4 (12 mg, 10 µmol), and CuI (2.0 mg, 10 
µmol) in DMF (1 mL) at 85 ℃ overnight to afford the title compound (12 mg, 30% yield) as a 
TFA salt. 1H NMR (400 MHz, CD3OD) δ 8.91 (t, J = 1.2 Hz, 1H), 8.26 (d, J = 6.4 Hz, 1H), 7.73–
7.69 (m, 2H), 7.62 (dd, J = 8.4, 1.6 Hz, 1H), 4.36 (s, 2H), 3.06 (s, 6H). 13C NMR (101 MHz, 
CD3OD) δ 169.21, 158.06, 146.58, 143.27, 141.49, 131.69, 128.82, 123.11, 117.39, 112.62, 
107.07, 91.51, 77.66, 49.50, 42.85 (2C). HPLC purity: 100%. HRMS (ESI): m/z calculated 
C16H17N6 for [M + H]+: 293.1515. Found: 293.1507.  
  
4-(3-(2-Aminopyrimidin-4-yl)-1H-indazol-5-yl)-2-methylbut-3-yn-2-ol (16). 
The reaction was carried out according to general procedure B starting from 4-(5-bromo-1H-
indazol-3-yl)pyrimidin-2-amine (63) (25 mg, 86 μmol), 2-methylbut-3-yn-2-ol (29 mg, 0.34 
mmol), DIPA (17 mg, 0.17 mmol), PdCl2(PPh3)2 (6.0 mg, 8.6 μmol), and CuI (1.6 mg, 8.6 μmol) 
in 1-propanol (0.8 mL) at 85 ℃ overnight to afford the title compound (4.5 mg, 18% yield). 1H 
NMR (400 MHz, CD3OD) δ 8.75 (dd, J = 1.6, 0.8 Hz, 1H), 8.22 (d, J = 6.8 Hz, 1H), 7.75 (d, J = 
6.4 Hz, 1H), 7.63 (dd, J = 8.4, 0.8 Hz, 1H), 7.51 (dd, J = 8.8, 1.6 Hz, 1H), 1.61 (s, 6H). 13C NMR 
(214 MHz, CD3OD) δ 168.85, 158.69, 147.53, 142.74, 141.42, 131.81, 127.32, 123.18, 119.76, 
112.12, 107.17, 94.77, 82.84, 66.01, 31.81 (2C). HRMS (ESI): m/z calculated for C16H16N5O [M 
+ H]+: 294.1355. Found: 294.1348.   
  
4-(3-(2-Aminopyrimidin-4-yl)-1H-indazol-5-yl)but-3-yn-2-ol (17). 
The reaction was carried out according to general procedure B starting from 4-(5-bromo-1H-
indazol-3-yl)pyrimidin-2-amine (63) (25 mg, 86 μmol), but-3-yn-2-ol (24 mg, 0.34 mmol), DIPA 
(17 mg, 0.17 mmol), PdCl2(PPh3)2 (6.0 mg, 8.6 μmol), and CuI (1.6 mg, 8.6 μmol) in 1-propanol 
(0.8 mL) at 85 ℃ overnight to afford the title compound (4.0 mg, 17% yield). 1H NMR (400 MHz, 
CD3OD) δ 8.78 (t, J = 1.2 Hz, 1H), 8.22 (d, J = 6.4 Hz, 1H), 7.72 (d, J = 6.4 Hz, 1H), 7.62 (dd, J 
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= 8.8, 0.8 Hz, 1H), 7.51 (dd, J = 8.4, 1.6 Hz, 1H), 4.73 (q, J = 6.8 Hz, 1H), 1.53 (d, J = 6.8 Hz, 
3H). 13C NMR (214 MHz, CD3OD) δ 168.59, 158.94, 148.03, 142.76, 141.50, 131.70, 127.61, 
123.17, 119.58, 112.11, 107.17, 91.98, 84.43, 59.14, 24.84. HPLC purity: >97%. HRMS (ESI): 
m/z calculated for C15H14N5O [M + H]+: 280.1198. Found: 280.1193.   
 
1-(3-(2-Aminopyrimidin-4-yl)-1H-indazol-5-yl)-3-methylpent-1-yn-3-ol (18). 
The reaction was carried out according to general procedure B starting from 4-(5-bromo-1H-
indazol-3-yl)pyrimidin-2-amine (63) (25 mg, 86 μmol), 3-methylpent-1-yn-3-ol (34 mg, 0.34 
mmol), DIPA (17 mg, 0.17 mmol), PdCl2(PPh3)2 (12 mg, 17 μmol), and CuI (3.3 mg, 17 μmol) in 
1-propanol (0.9 mL) at 85 ℃ overnight to afford the title compound (11 mg, 42% yield). 1H NMR 
(400 MHz, CD3OD) δ 8.71 (dd, J = 1.6, 0.8 Hz, 1H), 8.21 (d, J = 6.8 Hz, 1H), 7.72 (d, J = 6.8 Hz, 
1H), 7.62 (dd, J = 8.8, 0.8 Hz, 1H), 7.50 (dd, J = 8.8, 1.6 Hz, 1H), 1.88–1.74 (m, 2H), 1.56 (s, 3H), 
1.13 (t, J = 7.2 Hz, 3H). 13C NMR (100 MHz, CD3OD) δ 169.29, 158.14, 146.50, 142.73, 141.24, 
131.93, 127.17, 123.18, 119.89, 112.17, 107.10, 93.78, 84.10, 69.68, 37.73, 29.56, 9.52. HPLC 
purity: 100%. HRMS (ESI): m/z calculated for C17H18N5O [M + H]+: 308.1511. Found: 308.1505.   
  
1-(5-Bromo-1H-indol-3-yl)-2-chloroethan-1-one (65). 
To stirred ice-cooled suspension of aluminum chloride (1.360 g, 10.20 mmol) in DCM (10 mL) 
was slowly added chloroacetyl chloride (864.1 mg, 7.651 mmol). To this solution was added 5-
bromo-1H-indole (64) (1 g, 5.101 mmol) in DCM (10 mL) and the resulting mixture was stirred 
at 0 ℃ for 10 min and at r.t. for 4 h. The mixture was poured into stirred ice water and extracted 
with EtOAc, and the combined organic layers were washed with brine and dried over Na2SO4. The 
residue was purified with flash column chromatography (SiO2, 0−40% EtOAc in hexane) to obtain 
the title compound (823 mg, 59% yield). 1H NMR (400 MHz, DMSO-d6) δ 12.31 (s, 1H), 8.48 (s, 
1H), 8.29 (dd, J = 2.0, 0.4 Hz, 1H), 7.49 (dd, J = 8.4, 0.4 Hz, 1H), 7.38 (dd, J = 8.4, 2.0 Hz, 1H), 
4.89 (s, 2H). 13C NMR (126 MHz, DMSO-d6) δ 186.28, 135.87, 135.35, 127.15, 125.82, 123.24, 
114.92, 114.48, 113.05, 46.36. HRMS (ESI): m/z calculated for C10H8NOClBr [M + H]+: 
271.9478. Found: 271.9471.   
  
1-(5-Bromo-1H-indol-3-yl)-2-(2-methoxyethoxy)ethan-1-one (66). 
To a stirred ice-cooled suspension of NaH (242 mg, 6.05 mmol) in DMF (2mL) was added 
dropwise 2-methoxyethanol (419 mg, 5.50 mmol). The resulting mixture was stirred at 0 ℃ for 10 
min before the ice bath was removed and a solution of 1-(5-bromo-1H-indol-3-yl)-2-chloroethan-
1-one (65) (750 mg, 2.75 mmol) in DMF (1 mL) was added. The resulting mixture was stirred at 
r.t. for 6 h. The mixture was poured into ice and saturated NH4Cl aqueous solution and extracted 
with EtOAc, and the combined organic layers were washed with brine and dried over Na2SO4. The 
residue was purified with flash column chromatography (SiO2, 0−5% MeOH in DCM) to obtain 
the title compound (420 mg, 49% yield). 1H NMR (400 MHz, DMSO-d6) δ 8.42 (s, 1H), 8.31 (d, 
J = 2.0 Hz, 1H), 7.46 (d, J = 8.4 Hz, 1H), 7.35 (dd, J = 8.8, 2.0 Hz, 1H), 4.03 (s, 1H), 3.67–3.65 
(m, 2H), 3.53–3.50 (m, 2H), 3.27 (s, 3H). 13C NMR (214 MHz, DMSO-d6) δ 195.38, 138.26, 
138.09, 130.46, 128.62, 126.47, 117.77, 117.39, 116.34, 77.11, 74.34, 73.05, 61.19. HRMS (ESI): 
m/z calculated for C13H15BrNO3 [M + H]+: 312.0235. Found: 312.0226.   
  
4-(5-Bromo-1H-indol-3-yl)-5-(2-methoxyethoxy)pyrimidin-2-amine (67). 
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The reaction was carried out according to general procedure E starting from 1-(5-bromo-1H-indol-
3-yl)-2-(2-methoxyethoxy)ethan-1-one (66) (150 mg, 481 μmol) and Bredereck’s reagent (293 
mg, 1.68 mmol) at 105 ℃ overnight, and then sodium methoxide (2.88 mL, 0.5 M in methanol, 
1.44 mmol) and guanidine hydrochloride (229 mg, 2.40 mmol) in 1-propanol (2 mL) at reflux to 
afford the title compound (44 mg, 25% yield).1H NMR (400 MHz, CD3OD) δ 8.92 (dd, J = 1.6, 
0.4 Hz, 1H), 8.47 (s, 1H), 7.93 (s, 1H), 7.33 (dd, J = 8.4, 0.4 Hz, 1H), 7.28 (dd, J = 8.4, 2.0 Hz, 
1H), 4.16–4.14 (m, 2H), 3.78–3.76 (m, 2H), 3.43 (s, 3H). 13C NMR (101 MHz, CD3OD) δ 159.77, 
155.68, 144.24, 143.07, 136.51, 134.43, 129.45, 126.72, 126.22, 115.12, 113.89, 111.47, 72.38, 
70.56, 59.09. HRMS (ESI): m/z calculated C15H16BrN4O2 for [M + H]+: 363.0457. Found: 
363.0446.  
  
4-(5-(3-(Dimethylamino)prop-1-yn-1-yl)-1H-indol-3-yl)-5-(2-methoxyethoxy)pyrimidin-2-amine 
(19). 
The reaction was carried out according to general procedure A starting from 4-(5-bromo-1H-indol-
3-yl)-5-(2-methoxyethoxy)pyrimidin-2-amine (67) (25 mg, 69 μmol), N,N-dimethylprop-2-yn-1-
amine (23 mg, 0.28 mmol), TEA (14 mg, 0.14 mmol), Pd(PPh3)4 (8.0 mg, 6.9 µmol), and CuI (1.3 
mg, 6.9 µmol) in DMF (0.7 mL) at 85 ℃ overnight to afford the title compound (4 mg, 12% yield) 
as a TFA salt. 1H NMR (400 MHz, CD3OD) δ 9.04 (dd, J = 1.6, 0.8 Hz, 1H), 8.91 (s, 1H), 7.84 (s, 
1H), 7.54 (dd, J = 8.4, 0.8 Hz, 1H), 7.46 (dd, J = 8.4, 1.6 Hz, 1H), 4.33 (s, 2H), 4.30–4.28 (m, 2H), 
3.90–3.87 (m, 2H), 3.49 (s, 3H), 3.06 (s, 6H). 13C NMR (214 MHz, CD3OD) δ 161.97, 154.21, 
143.40, 139.55, 138.49, 129.06 (2C), 128.47, 127.64, 115.77, 113.51, 111.89, 92.98, 76.35, 71.85, 
70.61, 59.15, 48.98, 42.83 (2C). HPLC purity: 100%. HRMS (ESI): m/z calculated C20H24N5O2 
for [M + H]+: 366.1930. Found: 366.1922.  
  
4-(3-(2-Amino-5-(2-methoxyethoxy)pyrimidin-4-yl)-1H-indol-5-yl)-2-methylbut-3-yn-2-ol (20). 
The reaction was carried out according to general procedure B starting from 4-(5-bromo-1H-indol-
3-yl)-5-(2-methoxyethoxy)pyrimidin-2-amine (67) (17 mg, 47 μmol), 2-methylbut-3-yn-2-ol (16 
mg, 0.19 mmol), DIPA (9.5 mg, 94 μmol), PdCl2(PPh3)2 (3.3 mg, 4.7 μmol), and CuI (0.9 mg, 4.7 
μmol) in 1-propanol (0.6 mL) at 85 ℃ overnight to afford the title compound (4 mg, 23% yield). 
1H NMR (400 MHz, CD3OD) δ 8.88 (dd, J = 1.6, 0.8 Hz, 1H), 8.87 (s, 1H), 7.77 (s, 1H), 7.46 (dd, 
J = 8.4, 0.8 Hz, 1H), 7.35 (dd, J = 8.4, 1.6 Hz, 1H), 4.28–4.26 (m, 2H), 3.89–3.86 (m, 2H), 3.49 
(s, 3H), 1.61 (s, 6H). 13C NMR (214 MHz, CD3OD) δ 162.60, 153.69, 143.25, 139.60, 137.67, 
128.48, 127.91, 127.58, 125.92, 118.49, 113.16, 111.79, 93.51, 84.01, 71.82, 70.55, 66.13, 59.16, 
31.90 (2C). HPLC purity: >98%. HRMS (ESI): m/z calculated for C20H23N4O3 [M + H]+: 
367.1770. Found: 367.1766.   
  
3-(1H-Indol-5-yl)-N,N-dimethylprop-2-yn-1-amine (68). 
The reaction was carried out according to general procedure A starting from 5-bromo-1H-indole 
(500 mg, 2.55 mmol), N,N-dimethylprop-2-yn-1-amine (636 mg, 7.65 mmol), TEA (516 mg, 5.10 
mmol), Pd(PPh3)4 (295 mg, 255 μmol), and CuI (48.6 mg, 255 μmol) in DMF (7 mL) at 85 ℃ 
overnight to afford the title compound (102 mg, 20% yield). 1H NMR (400 MHz, CDCl3) δ 8.43 
(s, 1H), 7.73 (dt, J = 1.6, 0.8 Hz, 1H), 7.29–7.22 (m, 2H), 7.17 (dd, J = 3.2, 2.4 Hz, 1H), 6.48 (m, 
1H), 3.46 (s, 2H), 2.36 (s, 6H). 13C NMR (126 MHz, CD3OD) δ 138.01, 129.31, 127.30, 126.02, 
125.83, 112.59, 112.12, 102.73, 93.58, 75.17, 48.95, 42.74 (2C). HRMS (ESI): m/z calculated 
C13H15N2 for [M + H]+: 199.1235. Found: 199.1227.  
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3-(3-Bromo-1H-indol-5-yl)-N,N-dimethylprop-2-yn-1-amine (69). 
To a solution of 3-(1H-indol-5-yl)-N,N-dimethylprop-2-yn-1-amine (68) (97 mg, 0.49 mmol) in 
DCM (3 mL) was added NBS (87 mg, 0.49 mmol). The mixture was stirred at r.t. overnight and 
the solvent was evaporated. The residue was taken up in EtOAc and washed with water and dried 
over Na2SO4. The residue was purified with flash column chromatography (SiO2, 0−40% EtOAc 
in hexane) to obtain the title compound (82 mg, 60% yield). 1H NMR (850 MHz, CD3OD) δ 7.67 
(dd, J = 1.6, 0.7 Hz, 1H), 7.42 (dd, J = 8.4, 0.7 Hz, 1H), 7.40 (s, 1H), 7.32 (dd, J = 8.4, 1.6 Hz, 
1H), 4.32 (s, 2H), 3.04 (s, 6H). 13C NMR (214 MHz, CD3OD) δ 137.51, 127.98, 127.04, 126.93, 
124.13, 113.35, 113.27, 92.74, 91.05, 75.93, 48.99, 42.78 (2C). 
  
tert-Butyl 3-bromo-5-(3-(dimethylamino)prop-1-yn-1-yl)-1H-indole-1-carboxylate (70). 
To a solution of 3-(3-bromo-1H-indol-5-yl)-N,N-dimethylprop-2-yn-1-amine (69) (82 mg, 0.30 
mmol), TEA (90 mg, 0.89 mmol), and DMAP (3.6 mg, 30 μmol) in DCM (2 mL) was added di-
tert-butyl dicarbonate (77 mg, 0.36 mmol) at 0 oC and the mixture was stirred at r.t. for 16 h. The 
reaction mixture was diluted in DCM, washed with water and brine, and dried over Na2SO4. The 
residue was purified with flash column chromatography (SiO2, 0−40% EtOAc in hexane) to obtain 
the title compound (95.6 mg, 86% yield). 1H NMR (400 MHz, CD3OD) δ 8.12 (d, J = 8.4 Hz, 1H), 
7.76 (s, 1H), 7.55 (dd, J = 1.6, 0.8 Hz, 1H), 7.45 (dd, J = 8.8, 1.6 Hz, 1H), 3.52 (s, 2H), 2.41 (s, 
6H), 1.68 (s, 9H). 13C NMR (214 MHz, CD3OD) δ 149.92, 135.53, 130.65, 129.92, 127.21, 123.62, 
119.39, 116.39, 98.17, 86.52, 86.19, 84.13, 49.02, 44.31 (2C), 28.25 (3C). HRMS (ESI): m/z 
calculated C18H22BrN2O2 for [M + H]+: 377.0865. Found: 377.0853.  
  
N,N-dimethyl-3-(3-(pyrimidin-4-yl)-1H-indol-5-yl)prop-2-yn-1-amine (21). 
A mixture of tert-butyl 3-bromo-5-(3-(dimethylamino)prop-1-yn-1-yl)-1H-indole-1-carboxylate 
(70) (30 mg, 80 μmol), 4-(tributylstannyl)pyrimidine (44 mg, 0.12 mmol), and PdCl2(PPh3)2 (5.6 
mg, 8.0 μmol) in 1,4-dioxane (0.8 mL) was degassed and then stirred at 85 ℃ for 17 h. After 
completion of the reaction, the mixture was cooled to r.t., diluted with EtOAc, and passed through 
a thin pad of celite. The filtrate was concentrated in vacuo and the crude residue was purified by 
preparative HPLC (10−100% MeOH in H2O + 0.05% TFA) to give the title compound (6.2 mg, 
20% yield) as a TFA salt. 1H NMR (400 MHz, CD3OD) δ 9.18 (s, 1H), 8.79 (dd, J = 1.6, 0.8 Hz, 
1H), 8.62 (s, 1H), 8.52 (s, 1H), 8.06 (d, J = 6.0 Hz, 1H), 7.54 (dd, J = 8.4, 0.8 Hz, 1H), 7.44 (dd, 
J = 8.4, 1.6 Hz, 1H), 4.35 (s, 2H), 3.05 (s, 6H). 13C NMR (101 MHz, CD3OD) δ 166.47, 156.26, 
151.66, 139.56, 134.39, 128.04, 127.95, 126.65, 117.40, 115.51, 114.86, 113.84, 92.69, 76.44, 
49.29, 42.79 (2C). HRMS (ESI): m/z calculated for C17H17N4 [M + H]+: 277.1453. Found: 
277.1448.   
  
General Procedure F 
To a solution of 6-bromo-1H-indole (1 equiv) or 6-bromo-1H-indazole (1 equiv) in DMF was 
added cesium carbonate (3 equiv) and chloropyrimidineamine (1.2 equiv), and the mixture was 
stirred at 80°C for 17–23 h. The mixture was poured into water and then extracted with EtOAc. 
The organic layer was washed with brine and dried over Na2SO4, and the residue was purified with 
flash column chromatography (SiO2, 0−100% EtOAc in hexane) to give the title compounds.  
  
4-(6-bromo-1H-indol-1-yl)pyrimidin-2-amine (77). 
The reaction was carried out according to general procedure F starting from 6-bromo-1H-indole 
(71) (200 mg, 1.02 mmol), cesium carbonate (997 mg, 3.06 mmol), and 4-chloropyrimidin-2-
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amine (73) (159 mg, 1.22 mmol) in DMF (5 mL) at 80 ℃ for 19 h to afford the title compound 
(286 mg, 97% yield). 1H NMR (400 MHz, DMSO-d6) δ 8.97 (d, J = 1.6 Hz, 1H), 8.28 (d, J = 5.6 
Hz, 1H), 8.08 (d, J = 3.6 Hz, 1H), 7.58 (d, J = 8.4 Hz, 1H), 7.35 (dd, J = 8.4, 2.0 Hz, 1H), 6.98 (s, 
2H), 6.94 (d, J = 5.6 Hz, 1H), 6.79 (d, J = 3.6 Hz, 1H). 13C NMR (101 MHz, DMSO-d6) δ 163.31, 
159.87, 158.60, 135.37, 129.45, 126.61, 124.91, 122.30, 118.80, 116.39, 106.78, 97.72. HRMS 
(ESI): m/z calculated for C12H10BrN4 [M + H]+: 289.0089. Found: 289.0077.  
  
4-(6-bromo-1H-indazol-1-yl)pyrimidin-2-amine (78). 
The reaction was carried out according to general procedure F starting from 6-bromo-1H-indazole 
(72) (200 mg, 1.02 mmol), cesium carbonate (992 mg, 3.05 mmol), and 4-chloropyrimidin-2-
amine (73) (158 mg, 1.22 mmol) in DMF (5 mL) at 80 ℃ for 18 h to afford the title compound 
(131.4 mg, 45% yield). 1H NMR (400 MHz, DMSO-d6) δ 9.14 (dt, J = 1.6, 0.8 Hz, 1H), 8.49 (d, J 
= 0.8 Hz, 1H), 8.30 (d, J = 5.6 Hz, 1H), 7.85 (dd, J = 8.4, 0.8 Hz, 1H), 7.51 (dd, J = 8.4, 1.6 Hz, 
1H), 7.09 (d, J = 5.6 Hz, 3H). 13C NMR (214 MHz, DMSO-d6) δ 163.13, 159.92, 159.59, 138.85, 
138.76, 126.52, 125.03, 123.05, 122.26, 118.35, 97.20. HRMS (ESI): m/z calculated for 
C11H9BrN5 [M + H]+: 290.0041. Found: 290.0033.  
  
4-(6-bromo-1H-indazol-1-yl)-5-methoxypyrimidin-2-amine (79). 
The reaction was carried out according to general procedure F starting from 6-bromo-1H-indazole 
(72) (100 mg, 508 μmol), cesium carbonate (496 mg, 1.52 mmol), and 4-chloro-5-
methoxypyrimidin-2-amine (74) (97.2 mg, 609 μmol) in DMF (3 mL) at 80 ℃ for 17 h to afford 
the title compound (95.3 mg, 59% yield). 1H NMR (400 MHz, DMSO-d6) δ 8.44 (d, J = 1.2 Hz, 
1H), 8.37 (s, 1H), 8.34 (dt, J = 2.0, 0.8 Hz, 1H), 7.84 (dd, J = 8.4, 0.8 Hz, 1H), 7.46 (dd, J = 8.4, 
1.6 Hz, 1H), 6.71 (s, 2H), 3.75 (s, 3H). 13C NMR (126 MHz, DMSO-d6) δ 158.68, 150.52, 148.46, 
139.81, 137.48, 136.91, 125.79, 123.69, 122.76, 121.23, 116.26, 59.30. HRMS (ESI): m/z 
calculated for C12H11BrN5O [M + H]+: 320.0147. Found: 320.0140.  
  
4-(6-bromo-1H-indazol-1-yl)-5-methylpyrimidin-2-amine (80). 
The reaction was carried out according to general procedure F starting from 6-bromo-1H-indazole 
(72) (200 mg, 1.02 mmol), cesium carbonate (992 mg, 3.05 mmol), and 4-chloro-5-
methylpyrimidin-2-amine (75) (175 mg, 1.22 mmol) in DMF (5 mL) at 80 ℃ for 22 h to afford 
the title compound (182.7 mg, 59% yield). 1H NMR (400 MHz, DMSO-d6) δ 8.71 (dt, J = 1.6, 0.8 
Hz, 1H), 8.45 (d, J = 0.8 Hz, 1H), 8.26 (d, J = 0.8 Hz, 1H), 7.84 (m, 1H), 7.48 (dd, J = 8.4, 1.6 Hz, 
1H), 6.83 (s, 2H), 2.33 (s, 3H). 13C NMR (126 MHz, DMSO-d6) δ 162.69, 161.85, 156.80, 139.80, 
137.08, 126.09, 123.84, 122.74, 121.47, 117.62, 108.33, 16.52. HRMS (ESI): m/z calculated for 
C12H11BrN5 [M + H]+: 304.0198. Found: 304.0191.  
  
4-(6-bromo-1H-indazol-1-yl)-6-methylpyrimidin-2-amine (81). 
The reaction was carried out according to general procedure F starting from 6-bromo-1H-indazole 
(72) (200 mg, 1.02 mmol), cesium carbonate (992 mg, 3.05 mmol), and 4-chloro-6-
methylpyrimidin-2-amine (76) (175 mg, 1.22 mmol) in DMF (5 mL) at 80 ℃ for 23 h to afford 
the title compound (162 mg, 53% yield). 1H NMR (400 MHz, DMSO-d6) δ 9.13 (t, J = 0.8 Hz, 
1H), 8.47 (d, J = 0.8 Hz, 1H), 7.85 (d, J = 8.8 Hz, 1H), 7.50 (dd, J = 8.4, 2.0 Hz, 1H), 7.01 (s, 1H), 
6.98 (s, 2H), 2.31 (s, 3H). 13C NMR (126 MHz, DMSO-d6) δ 169.28, 162.97, 159.89, 138.92, 
138.45, 126.37, 124.92, 122.99, 122.12, 118.34, 96.10, 23.95. HRMS (ESI): m/z calculated for 
C12H11BrN5 [M + H]+: 304.0198. Found: 304.0191.  
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4-(6-(3-(dimethylamino)prop-1-yn-1-yl)-1H-indol-1-yl)pyrimidin-2-amine (22). 
The reaction was carried out according to general procedure A starting from 4-(6-bromo-1H-indol-
1-yl)pyrimidin-2-amine (77) (30 mg, 0.10 mmol), N,N-dimethylprop-2-yn-1-amine (26 mg, 0.31 
mmol), TEA (21 mg, 0.21 mmol), Pd(PPh3)4 (12 mg, 10 µmol), and CuI (2.0 mg, 10 µmol) in 
DMF (1 mL) at 85 ℃ overnight to afford the title compound (11 mg, 27% yield) as a TFA salt. 1H 
NMR (400 MHz, CD3OD) δ 9.04 (dt, J = 1.2, 0.8 Hz, 1H), 8.22 (d, J = 7.2 Hz, 1H), 8.08 (d, J = 
4.0 Hz, 1H), 7.66 (dd, J = 8.0, 0.8 Hz, 1H), 7.48 (dd, J = 8.0, 1.6 Hz, 1H), 7.25 (d, J = 7.2 Hz, 1H), 
6.94 (dd, J = 4.0, 0.8 Hz, 1H), 4.35 (s, 2H), 3.06 (s, 6H). 13C NMR (101 MHz, CD3OD) δ 162.91, 
158.09, 148.41, 136.40, 134.25, 129.07, 128.49, 122.66, 122.40, 118.46, 112.09, 100.20, 92.03, 
77.73, 48.69, 42.85 (2C). HPLC purity: 100%. HRMS (ESI): m/z calculated C17H18N5 for [M + 
H]+: 292.1562. Found: 292.1556.  
  
4-(1-(2-aminopyrimidin-4-yl)-1H-indol-6-yl)-2-methylbut-3-yn-2-ol (23). 
The reaction was carried out according to general procedure B starting from 4-(6-bromo-1H-indol-
1-yl)pyrimidin-2-amine (77) (30 mg, 0.10 mmol), 2-methylbut-3-yn-2-ol (35 mg, 0.42 mmol), 
DIPA (21 mg, 0.21 mmol), PdCl2(PPh3)2 (7.3 mg, 10 μmol), and CuI (2.0 mg, 10 μmol) in 1-
propanol (1 mL) at 85 ℃ overnight to afford the title compound (17 mg, 56% yield). 1H NMR 
(400 MHz, CD3OD) δ 8.89 (dt, J = 1.2, 0.8 Hz, 1H), 8.20 (d, J = 7.2 Hz, 1H), 8.01 (d, J = 4.0 Hz, 
1H), 7.59 (dd, J = 8.0, 0.8 Hz, 1H), 7.36 (dd, J = 8.0, 1.2 Hz, 1H), 7.26 (d, J = 7.6 Hz, 1H), 6.91 
(dd, J = 3.6, 0.8 Hz, 1H), 1.61 (s, 6H). 13C NMR (101 MHz, CD3OD) δ 162.83, 157.69, 147.58, 
136.48, 133.02, 128.98, 127.62, 122.31, 121.51, 121.01, 112.28, 100.16, 94.97, 83.41, 66.11, 31.80 
(2C). HPLC purity: >98%. HRMS (ESI): m/z calculated for C17H17N4O [M + H]+: 293.1402. 
Found: 293.1395.   
  
4-(6-(3-(dimethylamino)prop-1-yn-1-yl)-1H-indazol-1-yl)pyrimidin-2-amine (24). 
The reaction was carried out according to general procedure A starting from 4-(6-bromo-1H-
indazol-1-yl)pyrimidin-2-amine (78) (25 mg, 86 μmol), N,N-dimethylprop-2-yn-1-amine (21 mg, 
0.26 mmol), TEA (17 mg, 0.17 mmol), Pd(PPh3)4 (10 mg, 8.6 µmol), and CuI (1.6 mg, 8.6 µmol) 
in DMF (0.9 mL) at 85 ℃ overnight to afford the title compound (6.5 mg, 19% yield) as a TFA 
salt. 1H NMR (400 MHz, CD3OD) δ 9.09 (s, 1H), 8.52 (s, 1H), 8.27 (d, J = 6.8 Hz, 1H), 7.93 (d, J 
= 8.4 Hz, 1H), 7.60 (dd, J = 8.4, 1.6 Hz, 1H), 7.57 (d, J = 6.8 Hz, 1H), 4.39 (s, 2H), 3.07 (s, 6H). 
13C NMR (101 MHz, CD3OD) δ 163.47, 159.96, 151.59, 142.44, 139.80, 129.22, 128.98, 123.18, 
123.11, 121.33, 100.36, 90.95, 79.65, 48.50, 42.97 (2C). HPLC purity: 100%. HRMS (ESI): m/z 
calculated C16H17N6 for [M + H]+: 293.1515. Found: 293.1512.  
  
4-(1-(2-aminopyrimidin-4-yl)-1H-indazol-6-yl)-2-methylbut-3-yn-2-ol (25). 
The reaction was carried out according to general procedure B starting from 4-(6-bromo-1H-
indazol-1-yl)pyrimidin-2-amine (78) (25 mg, 86 μmol), 2-methylbut-3-yn-2-ol (29 mg, 0.34 
mmol), DIPA (17 mg, 0.17 mmol), PdCl2(PPh3)2 (6.0 mg, 8.6 μmol), and CuI (1.6 mg, 8.6 μmol) 
in 1-propanol (0.9 mL) at 85 ℃ overnight to afford the title compound (15 mg, 59% yield). 1H 
NMR (400 MHz, CD3OD) δ 8.96 (m, 1H), 8.28 (d, J = 0.8 Hz, 1H), 8.24 (d, J = 5.6 Hz, 1H), 7.77 
(dd, J = 8.4, 0.8 Hz, 1H), 7.35 (dd, J = 8.4, 1.2 Hz, 1H), 7.26 (d, J = 5.6 Hz, 1H), 1.62 (s, 6H). 13C 
NMR (214 MHz, DMSO-d6) δ 163.18, 159.82, 159.80, 138.63, 137.96, 126.55, 125.44, 122.66, 
121.65, 118.34, 97.44, 97.22, 80.93, 63.75, 31.60 (2C). HPLC purity: >98%. HRMS (ESI): m/z 
calculated for C16H16N5O [M + H]+: 294.1355. Found: 294.1352.   
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4-(6-(3-(dimethylamino)prop-1-yn-1-yl)-1H-indazol-1-yl)-5-methoxypyrimidin-2-amine (26). 
The reaction was carried out according to general procedure A starting from 4-(6-bromo-1H-
indazol-1-yl)-5-methoxypyrimidin-2-amine (79) (30 mg, 94 μmol), N,N-dimethylprop-2-yn-1-
amine (31 mg, 0.37 mmol), TEA (19 mg, 0.19 mmol), Pd(PPh3)4 (22 mg, 19 µmol), and CuI (3.6 
mg, 19 µmol) in DMF (1 mL) at 85 ℃ overnight to afford the title compound (6 mg, 15% yield) 
as a TFA salt. 1H NMR (400 MHz, CD3OD) δ 8.71 (s, 1H), 8.49 (s, 1H), 8.23 (s, 1H), 7.93 (dd, J 
= 8.4, 0.8 Hz, 1H), 7.56 (dd, J = 8.4, 1.2 Hz, 1H), 4.38 (s, 2H), 3.91 (s, 3H), 3.06 (s, 6H). 13C NMR 
(214 MHz, CD3OD) δ 158.71, 154.40, 145.05, 141.97, 141.89, 140.14, 129.53, 128.64, 124.11, 
123.41, 121.26, 92.36, 80.54, 61.22, 49.79, 44.21 (2C). HPLC purity: 100%. HRMS (ESI): m/z 
calculated C17H19N6O for [M + H]+: 323.1620. Found: 323.1611.  
  
4-(6-(3-(dimethylamino)prop-1-yn-1-yl)-1H-indazol-1-yl)-5-methylpyrimidin-2-amine (27). 
The reaction was carried out according to general procedure A starting from 4-(6-bromo-1H-
indazol-1-yl)-5-methylpyrimidin-2-amine (80) (30 mg, 99 μmol), N,N-dimethylprop-2-yn-1-
amine (33 mg, 0.39 mmol), TEA (20 mg, 0.20 mmol), Pd(PPh3)4 (23 mg, 20 µmol), and CuI (3.8 
mg, 20 µmol) in DMF (1 mL) at 85 ℃ overnight to afford the title compound (4.5 mg, 11% yield) 
as a TFA salt. 1H NMR (400 MHz, CD3OD) δ 8.97 (s, 1H), 8.50 (d, J = 1.2 Hz, 1H), 8.18 (s, 1H), 
7.93 (dd, J = 8.4, 0.8 Hz, 1H), 7.59 (dd, J = 8.4, 1.2 Hz, 1H), 4.38 (s, 2H), 3.07 (s, 6H), 2.60 (s, 
3H). 13C NMR (214 MHz, CD3OD) δ 161.92, 158.27, 152.95, 141.03, 140.89, 129.00, 127.93, 
122.89, 122.52, 121.45, 112.50, 91.11, 79.39, 48.53, 42.96 (2C), 18.48. HPLC purity: 100%. 
HRMS (ESI): m/z calculated C17H19N6 for [M + H]+: 307.1671. Found: 307.1661.  
  
4-(6-(3-(dimethylamino)prop-1-yn-1-yl)-1H-indazol-1-yl)-6-methylpyrimidin-2-amine (28). 
The reaction was carried out according to general procedure A starting from 4-(6-bromo-1H-
indazol-1-yl)-6-methylpyrimidin-2-amine (81) (30 mg, 99 μmol), N,N-dimethylprop-2-yn-1-
amine (33 mg, 0.39 mmol), TEA (20 mg, 0.20 mmol), Pd(PPh3)4 (23 mg, 20 µmol), and CuI (3.8 
mg, 20 µmol) in DMF (1 mL) at 85 ℃ overnight to afford the title compound (13.8 mg, 33% yield) 
as a TFA salt. 1H NMR (400 MHz, CD3OD) δ 9.10 (q, J = 1.2 Hz, 1H), 8.50 (d, J = 0.8 Hz, 1H), 
7.93 (dd, J = 8.0, 0.8 Hz, 1H), 7.59 (dd, J = 8.0, 1.2 Hz, 1H), 7.48 (s, 1H), 4.39 (s, 2H), 3.07 (s, 
6H), 2.54 (s, 3H). 13C NMR (214 MHz, CD3OD) δ 163.86, 161.30, 158.65, 142.95, 139.93, 129.49, 
129.08, 123.33, 123.24, 121.41, 99.58, 90.83, 79.81, 48.47, 42.96 (2C), 19.84. HPLC purity: 
100%. HRMS (ESI): m/z calculated C17H19N6 for [M + H]+: 307.1671. Found: 307.1661.  
  
4-(5-(3-(Diethylamino)prop-1-yn-1-yl)-1H-indol-3-yl)pyrimidin-2-amine (29). 
The reaction was carried out according to general procedure A starting from 4-(5-bromo-1H-indol-
3-yl)pyrimidin-2-amine (49) (30 mg, 0.1 mmol), N,N-diethylprop-2-yn-1-amine (46 mg, 0.42 
mmol), TEA (21 mg, 0.21 mmol), Pd(PPh3)4 (12 mg, 10 μmol), and CuI (2.0 mg, 10 μmol) in 
DMF (1 mL) at 85 ℃ overnight to afford the title compound (4.3 mg, 10% yield) as a TFA salt. 
1H NMR (400 MHz, CD3OD) δ 8.86 (dd, J = 1.6, 0.8 Hz, 1H), 8.54 (s, 1H), 7.99 (d, J = 6.8 Hz, 
1H), 7.54 (dd, J = 8.4, 0.8 Hz, 1H), 7.46 (dd, J = 8.4, 1.6 Hz, 1H), 7.36 (d, J = 7.2 Hz, 1H), 4.39 
(s, 2H), 3.43 (q, J = 7.2 Hz, 4H), 1.43 (t, J = 7.2 Hz, 6H). 13C NMR (101 MHz, CD3OD) δ 170.56, 
157.40, 143.84, 139.59, 136.48, 128.59, 128.28, 126.65, 116.01, 114.67, 113.87, 106.77, 92.44, 
76.02, 49.29, 43.11 (2C), 9.68 (2C). HPLC purity: 100%. HRMS (ESI): m/z calculated for 
C19H22N5 [M + H]+: 320.1875. Found: 320.1866.  
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4-(5-(3-(Methylamino)prop-1-yn-1-yl)-1H-indol-3-yl)pyrimidin-2-amine (30). 
The reaction was carried out according to general procedure A starting from 4-(5-bromo-1H-indol-
3-yl)pyrimidin-2-amine (49) (30 mg, 0.1 mmol), N-methylprop-2-yn-1-amine (29 mg, 0.42 mmol), 
TEA (21 mg, 0.21 mmol), Pd(PPh3)4 (12 mg, 10 μmol), and CuI (2.0 mg, 10 μmol) in DMF (1 
mL) at 85 ℃ overnight to afford the title compound (8 mg, 20% yield) as a TFA salt. 1H NMR 
(400 MHz, CD3OD) δ 8.85 (dd, J = 1.6, 0.8 Hz, 1H), 8.52 (s, 1H), 7.97 (d, J = 6.8 Hz, 1H), 7.52 
(dd, J = 8.4, 0.8 Hz, 1H), 7.42 (dd, J = 8.4, 1.6 Hz, 1H), 7.34 (d, J = 7.2 Hz, 1H), 4.18 (s, 2H), 
2.86 (s, 3H). 13C NMR (101 MHz, CD3OD) δ 170.66, 157.22, 143.41, 139.46, 136.51, 128.44, 
128.27, 126.65, 116.40, 114.60, 113.78, 106.70, 90.92, 77.87, 39.74, 32.69. HPLC purity: 100%. 
HRMS (ESI): m/z calculated C16H16N5 for [M + H]+: 278.1406. Found: 278.1398  
  
4-(5-(3-(Dimethylamino)but-1-yn-1-yl)-1H-indol-3-yl)pyrimidin-2-amine (31). 
The reaction was carried out according to general procedure B starting from 4-(5-bromo-1H-indol-
3-yl)pyrimidin-2-amine (49) (30 mg, 0.1 mmol), N,N-dimethylbut-3-yn-2-amine 2,2,2-
trifluoroacetate (66 mg, 0.31 mmol), DIPA (21 mg, 0.21 mmol), PdCl2(PPh3)2 (15 mg, 21 μmol), 
and CuI (4.0 mg, 21 μmol) in 1-propanol (1 mL) at 85 ℃ overnight to afford the title compound 
(8.8 mg, 21% yield) as a TFA salt. 1H NMR (400 MHz, CD3OD) δ 8.85 (dd, J = 1.6, 0.8 Hz, 1H), 
8.53 (s, 1H), 7.98 (d, J = 6.8 Hz, 1H), 7.54 (dd, J = 8.4, 0.8 Hz, 1H), 7.46 (dd, J = 8.4, 1.6 Hz, 
1H), 7.35 (d, J = 6.8 Hz, 1H), 4.69 (q, J = 6.8 Hz, 1H), 3.03 (s, 6H), 1.73 (d, J = 6.8 Hz, 3H). 13C 
NMR (214 MHz, CD3CN) δ 169.44, 157.87, 144.35, 138.65, 135.42, 127.96, 127.93, 126.21, 
115.84, 114.01, 113.91, 106.25, 91.00, 80.94, 55.25, 41.45, 39.02, 17.32. HPLC purity: 100%. 
HRMS (ESI): m/z calculated for C18H20N5 [M + H]+: 306.1719. Found: 306.1711. 
  
4-(5-(4-(Dimethylamino)but-1-yn-1-yl)-1H-indol-3-yl)pyrimidin-2-amine (32). 
The reaction was carried out according to general procedure A starting from 4-(5-bromo-1H-indol-
3-yl)pyrimidin-2-amine (49) (30 mg, 0.1 mmol), N,N-dimethylbut-3-yn-1-amine (30 mg, 0.31 
mmol), TEA (21 mg, 0.21 mmol), Pd(PPh3)4 (12 mg, 10 μmol), and CuI (2.0 mg, 10 μmol) in 
DMF (1 mL) at 85 ℃ overnight to afford the title compound (13 mg, 31% yield) as a TFA salt. 1H 
NMR (400 MHz, CD3OD) δ 8.76 (dd, J = 1.6, 0.8 Hz, 1H), 8.46 (s, 1H), 7.94 (d, J = 7.2 Hz, 1H), 
7.46 (dd, J = 8.4, 0.8 Hz, 1H), 7.36 (dd, J = 8.4, 1.6 Hz, 1H), 7.30 (d, J = 6.8 Hz, 1H), 3.44 (t, J = 
6.8 Hz, 2H), 3.02–2.98 (m, 8H). 13C NMR (214 MHz, CD3OD) δ 170.41, 157.54, 143.95, 138.92, 
135.99, 128.34, 127.68, 126.62, 117.97, 114.55, 113.49, 106.71, 85.78, 82.56, 57.34, 43.70 (2C), 
16.76. HPLC purity: 100%. HRMS (ESI): m/z calculated C18H20N5 for [M + H]+: 306.1719. Found: 
306.1712.  
  
N-(3-(3-(2-Aminopyrimidin-4-yl)-1H-indol-5-yl)prop-2-yn-1-yl)-N-methylacetamide (33). 
The reaction was carried out according to general procedure B starting from 4-(5-bromo-1H-indol-
3-yl)pyrimidin-2-amine (49) (30 mg, 0.1 mmol), N-methyl-N-(prop-2-yn-1-yl)acetamide (35 mg, 
0.31 mmol), DIPA (21 mg, 0.21 mmol), PdCl2(PPh3)2 (7.3 mg, 21 μmol), and CuI (2.0 mg, 10 
μmol) in 1-propanol (1 mL) at 85 ℃ overnight to afford the title compound (9.0 mg, 27% yield) 
as an inseparable mixture of isomers. major: 1H NMR (400 MHz, CD3CN) δ 10.40 (s, 1H), 8.68 
(s, 1H), 8.28 (d, J = 3.2 Hz, 1H), 7.88 (d, J = 6.4 Hz, 1H), 7.52 (d, J =8.4, 1H), 7.36 (dd, J = 8.4, 
2.0 Hz, 1H), 7.16 (d, J = 6.8 Hz, 1H), 4.41 (s, 2H), 3.14 (s, 3H), 2.08 (s, 3H). minor: 1H NMR (400 
MHz, CD3CN) δ 10.40 (s, 1H), 8.68 (s, 1H), 8.29 (d, J = 3.2 Hz, 1H), 7.90 (d, J = 6.4 Hz, 1H), 
7.53 (d, J =8.4, 1H), 7.37 (dd, J = 8.4, 2.0 Hz, 1H), 7.18 (d, J = 6.8 Hz, 1H), 4.35 (s, 2H), 3.00 (s, 
3H), 2.17 (s, 3H). 13C NMR (126 MHz, CD3OD) δ 173.40, 173.17, 170.74, 157.13, 143.19, 143.12, 
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139.07, 138.95, 136.36, 136.28, 128.62, 128.55, 127.85, 127.59, 126.64, 126.61, 118.13, 117.76, 
114.58, 114.54, 113.62, 113.50, 106.69, 106.64, 86.64, 85.55, 83.31, 82.65, 41.99, 37.91, 35.98, 
33.74, 21.58, 21.38. HPLC purity: 100%. HRMS (ESI): m/z calculated for C18H18N5O [M + H]+: 
320.1511. Found: 320.1503.   
  
N-(3-(3-(2-Aminopyrimidin-4-yl)-1H-indol-5-yl)prop-2-yn-1-yl)acetamide (34). 
The reaction was carried out according to general procedure B starting from 4-(5-bromo-1H-indol-
3-yl)pyrimidin-2-amine (49) (50 mg, 0.17 mmol), N-(prop-2-yn-1-yl)acetamide (50 mg, 0.52 
mmol), DIPA (35 mg, 0.35 mmol), PdCl2(PPh3)2 (12 mg, 17 μmol), and CuI (3.3 mg, 17 μmol) in 
1-propanol (1 mL) at 85 ℃ overnight to afford the title compound (7.8 mg, 15% yield). 1H NMR 
(400 MHz, CD3OD) δ 8.73 (dd, J = 1.6, 0.8 Hz, 1H), 8.43 (s, 1H), 7.91 (d, J = 7.2 Hz, 1H), 7.44 
(dd, J = 8.4, 0.8 Hz, 1H), 7.33 (dd, J = 8.4, 1.6 Hz, 1H), 7.26 (d, J = 6.8 Hz, 1H), 4.21 (s, 2H), 
2.01 (s, 3H). 13C NMR (214 MHz, CD3OD) δ 173.02, 170.34, 157.59, 144.01, 138.85, 135.81, 
128.31, 127.76, 126.64, 118.18, 114.57, 113.41, 106.67, 84.63, 84.37, 30.47, 22.46. HPLC purity: 
>99%. HRMS (ESI): m/z calculated for C17H16N5O [M + H]+: 306.1355. Found: 306.1348.   
  
4-(5-(3-(Pyrrolidin-1-yl)prop-1-yn-1-yl)-1H-indol-3-yl)pyrimidin-2-amine (35). 
The reaction was carried out according to general procedure A starting from 4-(5-bromo-1H-indol-
3-yl)pyrimidin-2-amine (49) (50 mg, 0.17 mmol), 1-(prop-2-yn-1-yl)pyrrolidine (76 mg, 0.69 
mmol), TEA (35 mg, 0.35 mmol), Pd(PPh3)4 (20 mg, 17 μmol), and CuI (3.3 mg, 17 μmol) in 
DMF (1.5 mL) at 85 ℃ overnight to afford the title compound (10 mg, 14% yield) as a TFA salt. 
1H NMR (400 MHz, CD3OD) δ 8.85 (dd, J = 1.6, 0.8 Hz, 1H), 8.50 (s, 1H), 7.96 (d, J = 6.8 Hz, 
1H), 7.52 (dd, J = 8.4, 0.8 Hz, 1H), 7.43 (dd, J = 8.4, 1.6 Hz, 1H), 7.32 (d, J = 7.2 Hz, 1H), 4.38 
(s, 2H), 3.71 (bs, 2H), 3.40 (bs, 2H), 2.17 (s, 4H). 13C NMR (214 MHz, CD3OD) δ 169.97, 158.14, 
145.17, 139.49, 135.80, 128.36, 128.30, 126.65, 115.92, 114.74, 113.75, 106.80, 91.45, 77.33, 
54.63 (2C), 45.29, 24.47 (2C). HPLC purity: 100%. HRMS (ESI): m/z calculated C19H20N5 for [M 
+ H]+: 318.1719. Found: 318.1711.  
  
4-(5-(3-Morpholinoprop-1-yn-1-yl)-1H-indol-3-yl)pyrimidin-2-amine (36). 
The reaction was carried out according to general procedure A starting from 4-(5-bromo-1H-indol-
3-yl)pyrimidin-2-amine (49) (50 mg, 0.17 mmol), 4-(prop-2-yn-1-yl)morpholine (87 mg, 0.69 
mmol), TEA (35 mg, 0.35 mmol), Pd(PPh3)4 (20 mg, 17 μmol), and CuI (3.3 mg, 17 μmol) in 
DMF (1.5 mL) at 85 ℃ overnight to afford the title compound (4.4 mg, 6% yield) as a TFA salt. 
1H NMR (400 MHz, CD3OD) δ 8.88 (dd, J = 1.6, 0.8 Hz, 1H), 8.53 (s, 1H), 7.98 (d, J = 6.8 Hz, 
1H), 7.53 (dd, J = 8.4, 0.8 Hz, 1H), 7.45 (dd, J = 8.8, 1.6 Hz, 1H), 7.35 (d, J = 6.8 Hz, 1H), 4.37 
(s, 2H), 3.98 (bs, 4H), 3.48 (bs, 4H). 13C NMR (214 MHz, CD3OD) δ 170.29, 157.74, 144.44, 
139.45, 136.09, 128.44, 128.23, 126.66, 116.34, 114.70, 113.75, 106.79, 92.01, 77.42, 65.67 (2C), 
52.77 (2C), 48.23. HPLC purity: 100%. HRMS (ESI): m/z calculated C19H20N5O for [M + H]+: 
334.1668. Found: 334.1659.  
  
4-(3-(2-Aminopyrimidin-4-yl)-1H-indol-5-yl)-2-(5-methylisoxazol-3-yl)but-3-yn-2-ol (37). 
The reaction was carried out according to general procedure A starting from 4-(5-bromo-1H-indol-
3-yl)pyrimidin-2-amine (49) (32 mg, 0.11 mmol), 2-(5-methylisoxazol-3-yl)but-3-yn-2-ol (67 mg, 
0.44 mmol), TEA (22 mg, 0.22 mmol), Pd(PPh3)4 (13 mg, 11 µmol), and CuI (2.1 mg, 11 µmol) 
in DMF (1.5 mL) at 85 ℃ overnight to afford the title compound (11.6 mg, 29% yield). 1H NMR 
(400 MHz, DMSO-d6) δ 11.85 (s, 1H), 8.59 (d, J = 1.6 Hz, 1H), 8.24 (d, J = 2.8 Hz, 1H), 8.12 (d, 
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J = 5.6 Hz, 1H), 7.43 (dd, J = 8.4, 0.8 Hz, 1H), 7.20 (dd, J = 8.4, 1.6 Hz, 1H), 7.01 (d, J = 5.2 Hz, 
1H), 6.45 (s, 2H), 6.41 (s, 1H), 6.39 (d, J = 0.8 Hz, 1H), 2.41 (d, J = 1.2 Hz, 3H), 1.83 (s, 3H). 13C 
NMR (101 MHz, DMSO-d6) δ 169.27, 168.44, 163.57, 162.29, 157.17, 136.71, 129.39, 125.60, 
125.51, 125.03, 113.90, 113.64, 112.26, 105.49, 100.42, 89.99, 84.69, 63.80, 29.97, 11.85. HPLC 
purity: 100%. HRMS (ESI): m/z calculated C20H18N5O2 for [M + H]+: 360.1460. Found: 360.1450.  
  
4-(3-(2-Aminopyrimidin-4-yl)-1H-indol-5-yl)-2-(thiazol-2-yl)but-3-yn-2-ol (38). 
The reaction was carried out according to general procedure A starting from 4-(5-bromo-1H-indol-
3-yl)pyrimidin-2-amine (49) (30 mg, 0.10 mmol), 2-(thiazol-2-yl)but-3-yn-2-ol (64 mg, 0.42 
mmol), TEA (21 mg, 0.21 mmol), Pd(PPh3)4 (12 mg, 10 µmol), and CuI (2.0 mg, 10 µmol) in 
DMF (1.5 mL) at 85 ℃ overnight to afford the title compound (15.2 mg, 41% yield). 1H NMR 
(400 MHz, DMSO-d6) δ 11.86 (s, 1H), 8.58 (m, 1H), 8.24 (d, J = 2.8 Hz, 1H), 8.12 (s, 1H), 7.77 
(d, J = 3.2 Hz, 1H), 7.68 (d, J = 3.2 Hz, 1H), 7.43 (dd, J = 8.4, 0.8 Hz, 1H), 7.20 (dd, J = 8.4, 1.6 
Hz, 1H), 7.00 (d, J = 4.8 Hz, 1H), 6.93 (s, 1H), 6.44 (s, 2H), 1.92 (s, 3H). 13C NMR (101 MHz, 
DMSO-d6) δ 176.38, 163.58, 162.27, 157.18, 142.47, 136.74, 129.41, 125.53, 125.51, 125.03, 
120.34, 113.93, 113.55, 112.30, 105.51, 90.26, 84.89, 67.95, 31.66. HPLC purity: 100%. HPLC 
purity: >95%. HRMS (ESI): m/z calculated C19H16N5OS for [M + H]+: 362.1076. Found: 
362.1071.  
  
4-(3-(2-Aminopyrimidin-4-yl)-1H-indol-5-yl)-2-(pyrazin-2-yl)but-3-yn-2-ol (39). 
The reaction was carried out according to general procedure A starting from 4-(5-bromo-1H-indol-
3-yl)pyrimidin-2-amine (49) (47 mg, 0.16 mmol), 2-(pyrazin-2-yl)but-3-yn-2-ol (96 mg, 0.65 
mmol), TEA (33 mg, 0.33 mmol), Pd(PPh3)4 (19 mg, 16 µmol), and CuI (3.1 mg, 16 µmol) in 
DMF (1.5 mL) at 85 ℃ overnight to afford the title compound (13 mg, 22% yield). 1H NMR (400 
MHz, CD3OD) δ 9.11 (d, J = 1.6 Hz, 1H), 8.72 (dd, J = 1.6, 0.8 Hz, 1H), 8.63 (dd, J = 2.8, 1.6 Hz, 
1H), 8.58 (d, J = 2.8 Hz, 1H), 8.39 (s, 1H), 7.95 (d, J = 6.8 Hz, 1H), 7.45 (dd, J = 8.4, 0.8 Hz, 1H), 
7.36 (dd, J = 8.4, 1.6 Hz, 1H), 7.24 (d, J = 6.8 Hz, 1H), 1.96 (s, 3H). 13C NMR (101 MHz, CD3OD) 
δ 169.80, 160.76, 158.25, 145.31, 144.77, 144.69, 142.91, 138.96, 135.32, 128.25, 127.40, 126.59, 
117.50, 114.71, 113.47, 106.76, 91.02, 87.19, 70.45, 31.37. HPLC purity: >98%. HRMS (ESI): 
m/z calculated C20H17N6O for [M + H]+: 357.1464. Found: 357.1455. 
  
4-(5-(3-(Methylthio)prop-1-yn-1-yl)-1H-indol-3-yl)pyrimidin-2-amine (40). 
The reaction was carried out according to general procedure B starting from 4-(5-bromo-1H-indol-
3-yl)pyrimidin-2-amine (49) (30 mg, 0.10 mmol), methyl(prop-2-yn-1-yl)sulfane (27 mg, 0.31 
mmol), DIPA (21 mg, 0.21 mmol), PdCl2(PPh3)2 (15 mg, 21 μmol), and CuI (4.0 mg, 21 μmol) in 
1-propanol (1 mL) at 85 ℃ overnight to afford the title compound (5.3 mg, 17% yield). 1H NMR 
(400 MHz, CD3OD) δ 8.69 (m, 1H), 8.41 (s, 1H), 7.90 (d, J = 6.8 Hz, 1H), 7.43 (dd, J = 8.4, 0.8 
Hz, 1H), 7.32 (dd, J = 8.4, 1.6 Hz, 1H), 7.26 (d, J = 6.8 Hz, 1H), 3.53 (s, 2H), 2.29 (s, 3H). 13C 
NMR (214 MHz, CD3OD) δ 170.61, 157.33, 143.48, 138.79, 136.05, 128.53, 127.43, 126.64, 
118.70, 114.56, 113.46, 106.70, 84.83, 84.78, 22.88, 15.32. HPLC purity: >97%. HRMS (ESI): 
m/z calculated for C16H15N4S [M + H]+: 295.1017. Found: 295.1014.   
  
4-(5-(Pent-1-yn-1-yl)-1H-indol-3-yl)pyrimidin-2-amine (41). 
The reaction was carried out according to general procedure B starting from 4-(5-bromo-1H-indol-
3-yl)pyrimidin-2-amine (49) (30 mg, 0.10 mmol), pent-1-yne (21 mg, 0.31 mmol), DIPA (21 mg, 
0.21 mmol), PdCl2(PPh3)2 (15 mg, 21 μmol), and CuI (4.0 mg, 21 μmol) in 1-propanol (1 mL) at 
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85 ℃ overnight to afford the title compound (15.8 mg, 55% yield). 1H NMR (400 MHz, CD3OD) 
δ 8.64 (d, J = 1.6 Hz, 1H), 8.39 (s, 1H), 7.89 (d, J = 6.8 Hz, 1H), 7.40 (dd, J = 8.4, 0.8 Hz, 1H), 
7.28 (dd, J = 8.4, 1.2 Hz, 1H), 7.25 (d, J = 7.2 Hz, 1H), 2.41 (t, J = 7.2 Hz, 2H), 1.65 (h, J = 7.2 
Hz, 2H), 1.08 (t, J = 7.2 Hz, 3H). 13C NMR (214 MHz, CD3OD) δ 170.55, 157.24, 143.22, 138.42, 
135.88, 128.48, 127.04, 126.59, 119.70, 114.48, 113.27, 106.63, 89.09, 82.71, 23.51, 22.19, 13.96. 
HPLC purity: 100%. HRMS (ESI): m/z calculated for C17H17N4 [M + H]+: 277.1453. Found: 
277.1443.   
  
4-(5-(3-Fluorophenyl)-1H-indol-3-yl)pyrimidin-2-amine (42). 
The reaction was carried out according to general procedure C starting from 4-(5-bromo-1H-indol-
3-yl)pyrimidin-2-amine (49) (20 mg, 69 µmol), (3-fluorophenyl)boronic acid (15 mg, 0.10 mmol), 
K2CO3 (19 mg, 0.14 mmol), and Pd(PPh3)4 (4.0 mg, 3.5 µmol) in a mixture of 1,4-dioxane (0.7 
mL) and water (0.1 mL) at 85 ℃ overnight to afford the title compound (14.6 mg, 69% yield). 1H 
NMR (400 MHz, CD3OD) δ 8.80 (t, J = 1.2 Hz, 1H), 8.43 (s, 1H), 7.89 (d, J = 7.2 Hz, 1H), 7.56–
7.53 (m, 3H), 7.48–7.46 (m, 1H), 7.45–7.42 (m, 1H), 7.29 (d, J = 6.8 Hz, 1H), 7.08–7.02 (m, 1H). 
13C NMR (101 MHz, CD3OD) δ 170.74, 165.86, 163.43, 157.15, 145.94, 142.95, 139.09, 136.13, 
131.30, 127.25, 124.43, 122.20, 115.20, 114.98, 114.35, 114.14, 113.76, 106.66. HPLC purity: 
100%. HRMS (ESI): m/z calculated for C18H14N4F [M + H]+: 305.1202. Found: 305.1192.   
  
4-(5-(2-Fluorophenyl)-1H-indol-3-yl)pyrimidin-2-amine (43). 
The reaction was carried out according to general procedure C starting from 4-(5-bromo-1H-indol-
3-yl)pyrimidin-2-amine (49) (20 mg, 69 µmol), (2-fluorophenyl)boronic acid (19 mg, 0.14 mmol), 
K2CO3 (19 mg, 0.14 mmol), and Pd(PPh3)4 (8.0 mg, 6.9 µmol) in a mixture of 1,4-dioxane (0.7 
mL) and water (0.1 mL) at 85 ℃ overnight to afford the title compound (14.6 mg, 69% yield). 1H 
NMR (400 MHz, CD3OD) δ 8.74 (dt, J = 2.0, 0.8 Hz, 1H), 8.47 (s, 1H), 7.92 (d, J = 6.8 Hz, 1H), 
7.59–7.54 (m, 2H), 7.46 (dt, J = 8.4, 1.6 Hz, 1H), 7.39–7.34 (m, 1H), 7.32 (d, J = 7.2 Hz, 1H), 
7.27 (td, J = 7.2, 1.2 Hz, 1H), 7.19 (ddd, J = 10.8, 8.0, 1.2 Hz, 1H). 13C NMR (101 MHz, CD3OD) 
δ 170.66, 162.46, 160.02, 157.23, 143.25, 138.78, 135.86, 132.68, 131.93, 129.81, 126.89, 126.35, 
125.51, 124.24, 116.91, 114.85, 113.14, 106.70. HPLC purity: 100%. HRMS (ESI): m/z calculated 
for C18H14N4F [M + H]+: 305.1202. Found: 305.1193.   
  
4-(3-(2-Aminopyrimidin-4-yl)-1H-indol-5-yl)phenol (44). 
The reaction was carried out according to general procedure C starting from 4-(5-bromo-1H-indol-
3-yl)pyrimidin-2-amine (49) (40 mg, 0.14 mmol), (4-hydroxyphenyl)boronic acid (29 mg, 0.21 
mmol), K2CO3 (38 mg, 0.28 mmol), and Pd(PPh3)4 (16 mg, 14 µmol) in a mixture of 1,4-dioxane 
(1.4 mL) and water (0.2 mL) at 85 ℃ overnight to afford the title compound (6.3 mg, 15% yield). 
1H NMR (400 MHz, CD3OD) δ 8.54 (dd, J = 1.6, 0.8 Hz, 1H), 8.11 (d, J = 5.6 Hz, 1H), 8.03 (s, 
1H), 7.55–7.52 (m, 2H), 7.46 (dd, J = 8.4, 0.8 Hz, 1H), 7.41 (dd, J = 8.4, 1.6 Hz, 1H), 7.08 (d, J = 
5.6 Hz, 1H), 6.89–6.86 (m, 2H). 13C NMR (101 MHz, CD3OD) δ 165.64, 164.57, 157.43 (2C), 
137.98, 135.88, 135.49, 129.74, 129.42 (2C), 127.24, 123.01, 120.33, 116.49 (2C), 115.59, 112.93, 
107.64. HPLC purity: >99%. HRMS (ESI): m/z calculated for C18H15N4O [M + H]+: 303.1246. 
Found: 303.1237.   
  
4-(5-(4-(Trifluoromethyl)phenyl)-1H-indol-3-yl)pyrimidin-2-amine (45). 
The reaction was carried out according to general procedure C starting from 4-(5-bromo-1H-indol-
3-yl)pyrimidin-2-amine (49) (20 mg, 69 µmol), (4-(trifluoromethyl)phenyl)boronic acid (26 mg, 
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0.14 mmol), K2CO3 (19 mg, 0.14 mmol), and Pd(PPh3)4 (8.0 mg, 6.9 µmol) in a mixture of 1,4-
dioxane (0.7 mL) and water (0.1 mL) at 85 ℃ overnight to afford the title compound (6.2 mg, 25% 
yield). 1H NMR (400 MHz, CD3OD) δ 8.93 (m, 1H), 8.50 (s, 1H), 7.95–7.92 (m, 3H), 7.75 (d, J = 
8.4 Hz, 2H), 7.65–7.60 (m, 2H), 7.35 (d, J = 7.2 Hz, 1H). 13C NMR (101 MHz, CD3OD) δ 170.73, 
157.35, 147.24, 143.39, 139.32, 136.18, 135.77, 129.84 (2C), 129.52, 129.02, 127.38, 126.60, 
126.56, 124.47, 122.60, 115.00, 113.92, 106.72. HPLC purity: >99%. HRMS (ESI): m/z calculated 
for C19H14N4F3 [M + H]+: 354.1171. Found: 355.1163.   
  
4-(5-(4-(Dimethylamino)phenyl)-1H-indol-3-yl)pyrimidin-2-amine (46). 
The reaction was carried out according to general procedure C starting from 4-(5-bromo-1H-indol-
3-yl)pyrimidin-2-amine (49) (30 mg, 0.10 mmol), (4-(dimethylamino)phenyl)boronic acid (34 mg, 
0.21 mmol), K2CO3 (29 mg, 0.21 mmol), and Pd(PPh3)4 (12 mg, 10 µmol) in a mixture of 1,4-
dioxane (0.8 mL) and water (0.1 mL) at 85 ℃ overnight to afford the title compound (11.2 mg, 
33% yield). 1H NMR (400 MHz, CD3OD) δ 8.55 (dd, J = 1.6, 0.8 Hz, 1H), 8.10 (d, J = 5.6 Hz, 
1H), 8.02 (s, 1H), 7.59–7.55 (m, 2H), 7.47–7.41 (m, 2H), 7.07 (d, J = 5.6 Hz, 1H), 6.89 – 6.85 (m, 
2H), 2.94 (s, 6H). 13C NMR (214 MHz, DMSO-d6) δ 163.54, 162.71, 157.01, 149.24, 135.93, 
133.12, 129.67, 128.65, 127.38 (2C), 125.90, 120.71, 118.79, 113.91, 112.86 (2C), 112.04, 105.44, 
40.26 (2C). HPLC purity: >98%. HRMS (ESI): m/z calculated for C20H20N5 [M + H]+: 330.1719. 
Found: 330.1711.   
  
4-(5-(4-(Methylamino)phenyl)-1H-indol-3-yl)pyrimidin-2-amine (47). 
The reaction was carried out according to general procedure C starting from 4-(5-bromo-1H-indol-
3-yl)pyrimidin-2-amine (49) (30 mg, 0.10 mmol), N-methyl-4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)aniline hydrochloride (56 mg, 0.21 mmol), K2CO3 (29 mg, 0.21 mmol), and 
Pd(PPh3)4 (12 mg, 10 µmol) in a mixture of 1,4-dioxane (0.8 mL) and water (0.1 mL) at 85 ℃ 
overnight to afford the title compound (5.3 mg, 16% yield). 1H NMR (400 MHz, CD3OD) δ 8.89 
(t, J = 1.6 Hz, 1H), 8.50 (s, 1H), 7.95 (d, J = 7.2 Hz, 1H), 7.92–7.88 (m, 2H), 7.60 (d, J = 1.2 Hz, 
2H), 7.48–7.44 (m, 2H), 7.36 (d, J = 6.8 Hz, 1H), 3.09 (s, 3H). 13C NMR (214 MHz, CD3OD) δ 
170.86, 157.17, 143.03, 138.96, 136.28, 136.20, 130.05 (2C), 127.38, 124.91, 124.33, 123.69, 
121.99, 120.54, 114.92, 113.83, 113.31, 106.76, 35.80. HPLC purity: 100%. HRMS (ESI): m/z 
calculated for C19H18N5 [M + H]+: 316.1562. Found: 316.1559.   
  
4-(5-(4-((Dimethylamino)methyl)phenyl)-1H-indol-3-yl)pyrimidin-2-amine (48). 
The reaction was carried out according to general procedure C starting from 4-(5-bromo-1H-indol-
3-yl)pyrimidin-2-amine (49) (30 mg, 0.10 mmol), (4-((dimethylamino)methyl)phenyl)boronic 
acid (56 mg, 0.31 mmol), K2CO3 (29 mg, 0.21 mmol), and Pd(PPh3)4 (12 mg, 10 µmol) in a 
mixture of 1,4-dioxane (0.8 mL) and water (0.1 mL) at 85 ℃ overnight to afford the title compound 
(17.8 mg, 50% yield). 1H NMR (400 MHz, CD3OD) δ 8.88 (t, J = 1.2 Hz, 1H), 8.46 (s, 1H), 7.92–
7.86 (m, 3H), 7.62–7.57 (m, 4H), 7.31 (d, J = 7.2 Hz, 1H), 4.37 (s, 2H), 2.90 (s, 6H). 13C NMR 
(126 MHz, CD3OD) δ 170.66, 157.34, 145.33, 143.33, 139.15, 136.08, 136.06, 132.38 (2C), 
129.38 (2C), 129.19, 127.35, 124.39, 122.29, 114.95, 113.87, 106.71, 61.98, 42.86 (2C). HPLC 
purity: 100%. HRMS (ESI): m/z calculated for C21H22N5 [M + H]+: 344.1875. Found: 344.1867. 
 
Biological Evaluation. 
 
NanoBRET Assays. 
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Human embryonic kidney (HEK293) cells from ATCC were cultured in Dulbecco’s Modified 
Eagle’s medium (DMEM, Gibco) supplemented with 10% (v/v) fetal bovine serum (FBS, 
Corning). These cells were incubated at 37 °C in 5% CO2 and passaged every 72 hours with trypsin 
(Gibco) and never allowed to reach confluency.   
 
Constructs for NanoBRET measurements of PIKfyve (PIKfyve-NLuc), PIP4K2C (PIP4K2C-
NLuc), CDK10 + Cyclin L2 (CDK10-NLuc + Cyclin L2), PIP5K1B (PIP5K1B-NLuc), MKNK2 
(MKNK2-NLuc), MYLK4 (MYLK4-NLuc), PRXK (PRXK-NLuc), and NEK3 (NEK3-NLuc) 
included in Tables 1–4, and Figures 4, S3, and S4 were kindly provided by Promega. The NLuc 
orientation used in each assay is indicated in parentheses after the listed construct. The NanoBRET 
assays were executed in dose–response format (11-pt curves) as described previously.16, 45, 46 
Assays were carried out as recommended by the manufacturer using 0.13 μM of tracer K8 for 
PIKfyve, 0.063 μM of tracer K8 for PIP4K2C, 0.5 μM of tracer K10 for CDK10/Cyclin L2, 0.25 
μM of tracer K8 for PIP5K1B, 0.5 μM of tracer K10 for MKNK2, 0.13 μM of tracer K10 for 
MYLK4, , 0.5 μM of tracer K5 for PRXK, and 0.25 μM of tracer K10 for NEK3. Titration curves 
for PIP4K2C, CDK10 + Cyclin L2, PIP5K1B, MKNK2, MYLK4, PRXK, and NEK3 are included 
in Figure S3. The PIKfyve NanoBRET curve for 40 is included in Figure S4. 
 
Enzymatic Assays. 
SignalChem previously developed an ADP-Glo assay (Promega) to evaluate the enzymatic 
inhibition of PIKFYVE in dose–response format (10-pt curve).16 This assay was executed in 
duplicate allowed for calculation of IC50 values. 
 
Eurofins kinase enzymatic radiometric assays were executed at the Km value for ATP in duplicate 
using a single concentration (1 μM) to generate PoC values for TTBK1 (accession number: 
NM_032538.1, 1–479 recombinant construct) and TTBK2 (accession number: BC071556.1, 1–
333 recombinant construct). TTBK1/2 was incubated with the substrate (2 mg/mL casein) and 
tracer (γ-33P ATP) in 8 mM MOPS (pH 7.0), 0.2 mM EDTA, and 10 mM magnesium acetate. The 
reaction was started by adding the Mg/ATP mix. After incubating at room temperature for 40 min, 
the reaction was stopped by adding phosphoric acid (0.5%). The reaction mixture was then spotted 
onto a filter, washed four times with phosphoric acid (4 min in 0.425%) and once with methanol, 
and dried prior to scintillation counting. Staurosporine was used as a positive control compound 
for the assay. Further information for these two kinase assays is available on the Eurofins website: 
https://www.eurofinsdiscoveryservices.com. 
 
Kinetic Solubility. 
Analiza, Inc quantified the aqueous kinetic solubility of an aliquot of a 10 mM DMSO stock of 
each test compound dissolved in phosphate buffered saline solution (PBS) at pH 7.4 as previously 
described.16, 47 The reported solubility values have been corrected for background nitrogen present 
in the DMSO and media. 
 
Microsomal Stability Analysis. 
Analiza, Inc analyzed the mouse microsomal stability using an aliquot of a 10 mM DMSO stock 
solution of each test compound. Stock solutions were diluted with DMSO upon arrival to a 
concentration of 0.5 mM, and diluted again to with acetonitrile (ACN) to yield final solutions 
containing 0.1 mM of test compounds in 20/80% DMSO/ACN as described previously.16, 47 The 
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stability of the compound was calculated as the percent remaining of the parent compound at T = 
30 min relative to the peak area at T= 0 min. 
 
Cell Viability Assay. 
A549–ACE2 cells were plated in DMEM high-glucose, 10% fetal bovine serum, 1X non-essential 
amino acids, and 2 mM L-glutamine on a 384-well plate at a seeding density of 2000 cells/well 
and allowed to adhere overnight. Cells were treated with 1 or 10 µM of a PIKfyve inhibitor, 0.01% 
DMSO (negative control), or 10% DMSO (positive control) for 48 hours. CellTiter-Glo reagent 
(Promega) was added to each well and luminescence was detected using a GloMax plate reader 
(Promega). Two biological replicates of each treatment in quadruplicate were analyzed. Raw data 
was used to calculate cell viability according to the following formula: ((raw RLU value - average 
of positive control wells)/(average of negative control wells - average of positive control 
wells))*100. GraphPad Prism was used to generate all plots, and the data included in Tables 1–4 
and Figure S2. 
 
Selectivity Profiling Using K192 Assay at UNC.   
The NanoBRET Target Engagement K192 Kinase Selectivity assay was performed as previously 
published with modifications detailed below.44, 48, 49 Kinases are grouped according to K10 tracer 
concentrations. A top control well (tracer and DMSO control) defined the maximum BRET/0% 
fractional occupancy, and a sample well (tracer and compound) was prepared for each kinase. 
Bottom control wells (expressing NanoLuc control vector pNL1.1.CMV[Nluc/CMV]) defined 
zero BRET/100% fractional occupancy. Reagents were provided by Promega (Promega 
#NP4060). 

DNA plate preparation: NanoBRET Target Engagement K192 vector plates A and B (Promega 
#NP401) containing DNA were prepared by addition of TE buffer (Promega #V6231, 250 µL) to 
each well.  

Assay plate preparation: For each kinase, 10 µL of transfection ready working DNA from plates 
A and B was transferred into 96-well assay plates (Corning #3917), with one well corresponding 
to a top control well and one to a sample well. This was followed by addition of Fugene HD 
transfection reagent (Promega #E2311), 30 µL of 20 µL/mL stock in each well containing DNA. 
Assay plates were mixed on an orbital shaker for 15 seconds at 300 rpm and incubated at room 
temperature for 30 min. HEK293 cells at 2.5 x 105 cells/mL in Opti-MEM without phenol red 
(Gibco #11058-021) containing 1% FBS (Avantor Seradigm #97068-085) were added to the assay 
plate (60 µL per well) and incubated for 20–24 hours at 37°C and 5% CO2. Prior to tracer and 
inhibitor addition, the assay plates were equilibrated at room temperature for 15 min.  

Tracer addition: 20X K10 tracer (Promega #N264B) in tracer dilution buffer (Promega #N219B) 
was prepared from 100X of K10 in DMSO to yield final assay concentrations of 25 nM, 100 nM, 
250 nM, and 1 µM for the respective kinases. 20X K10 (5 µL) was added to each well, excluding 
background wells and the bottom control wells (zero BRET). Assay plates were mixed on an 
orbital shaker for 15 seconds at 300 rpm.  

Inhibitor addition: 10 µL of 10X each test compound (46 or 40) in Opti-MEM without phenol red 
was added to sample wells for a final assay concentration of 1 µM, and 10X DMSO in Opti-MEM 
without phenol red was added to the top control wells. Assay plates were mixed on an orbital 
shaker for 15 seconds at 300 rpm and incubated for 2 hours at 37°C and 5% CO2.  
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BRET measurement: Assay plates were equilibrated at room temperature for 15 min. A 3X 
solution of complete substrate plus inhibitor was prepared with NanoGlo substrate (1:166 dilution, 
Promega #N157D) and extracellular NanoLuc inhibitor (1:500 dilution, Promega #N235C) in 
Opti-MEM without phenol red. For one 96-well assay plate, this consists of 30 µL of NanoGlo 
substrate and 10 µL of extracellular NanoLuc inhibitor in 4,960 mL of Opti-MEM without phenol 
red. 3X complete substrate plus inhibitor (50 µL) was added to each well and the plates mixed on 
an orbital shaker for 15 seconds at 300 rpm. The plates were read on a GloMax Discover 
luminometer (Promega) containing a 450 nm BP filter (donor) and a 600 nm LP filter (acceptor) 
at a 0.3 s integration time. Raw BRET values were calculated as a ratio of acceptor (600 nm) to 
donor (450 nm) emissions.  

Fractional occupancy calculation: The fractional occupancy of each kinase was determined based 
on the following formula: 

 
X = BRET values for sample wells (containing tracer and compound), Y = BRET value for the top 
controls (containing tracer and DMSO control), and Z = average BRET values for the bottom 
control wells. This assay was performed as a single replicate. 
 
Molecular Docking 
The initial structure of PIKfyve (PDB code: 7K2V, chain P) was prepared using the Schrödinger 
Protein Preparation Wizard.50 We used the standard settings in this program: adding and 
optimizing the positions of hydrogen atoms and adjusting residue ionization and tautomer states 
using PROPKA at pH 7,51, 52 removing water molecules located more than 3 Å away from 
heteroatoms, performing restrained structural minimization using the OPLS4 force field,53 and 
converging the heavy atoms to a root mean square deviation (RMSD) of 0.3 Å. The 3D ligand 
structures were generated using Schrödinger LigPrep tool to sample all possible conformational 
models during the docking protocol. The Induced Fit Docking54, 55 protocol was used to produce 
the initial model for the binding pose of 1 in the PIKfyve active site. To further refine the structural 
model of the protein–ligand complex, we performed molecular dynamics (MD) simulations using 
pmemd.cuda in Amber 22.56-58 

We used a similar MD simulation protocol to that reported in our previous work.59 Briefly, 
the initial simulation system was set up with AmberTools (tleap and antechamber)60, 61 and Amber 
forcefields (ff14SB, gaff2 and tip3p).62-65 The protein–ligand complex structure was solvated in a 
rectangular box and the minimum distance between box edges and complex was set to 12 Å. The 
total system charge was neutralized by adding chlorine ions. After initial energy equilibration, the 
system temperature was increased to 298 K using NVT ensemble over 100 ps with 10.0 
kcal/(mol∙Å2) harmonic restraints added to the heavy atoms of the protein–ligand complex. The 
restraints were then gradually released over 1 ns in NPT ensembles. An additional 100 ns 
simulation was performed under a constant temperature (298 K) and constant pressure (1 bar) 
regulated by Langevin thermostat and Monte Carlo barostat, respectively. The simulation timestep 
was 2.0 fs and the SHAKE algorithm66 was applied to constrain bonds involving hydrogens. The 
cutoff of nonbonded interactions was set to 10 Å and long-range electrostatic interactions were 
calculated with Particle mesh Ewald (PME) methods.67 The average structure of the 100 ns 
simulation was computed with cpptraj package68 and the simulation frame with the lowest RMSD 
from the averaged structure was selected as the refined model for further docking study. 

https://doi.org/10.26434/chemrxiv-2024-39b71 ORCID: https://orcid.org/0000-0001-9840-2996 Content not peer-reviewed by ChemRxiv. License: CC BY 4.0

https://doi.org/10.26434/chemrxiv-2024-39b71
https://orcid.org/0000-0001-9840-2996
https://creativecommons.org/licenses/by/4.0/


The refined complex model then was used to generate a docking grid file using the 
Schrödinger Receptor Grid Generation tool. We used the Glide69, 70 SP mode to produce and score 
the ligand binding poses. All protein and ligand preparation, grid generation, and ligand docking 
were implemented using the Schrödinger Maestro graphical user interface. The complex structure 
and protein–ligand interactions were visualized using PyMol and Schrödinger Maestro interfaces. 
Results are included in Figures 2 and S1. 
  
Structural Comparison between TTBK1 and PIKfyve ATP-Binding Sites. 
The low amino acid sequence identity between PIKfyve and TTBK1 precluded the use of sequence 
alignment to identify structurally equivalent residues within the ATP-binding sites of both 
proteins. To overcome this challenge, we combined three rigid (jFATCAT-rigid, jCE, TM-align) 
and one flexible (jFATCAT-flexible) pairwise structure alignment method through the Pairwise 
Structural Alignment Tool in the RCSB PDB website - https://www.rcsb.org/alignment.71 Pairwise 
structural alignments were executed with default parameters (jFATCAT-rigid: RMSD Cutoff: 3; 
AFP Distance Cutoff: 1600; Fragment Length: 8 / jCE: Maximum Gap Size: 30; Gap Opening 
Penalty: 5; Gap Extension Penalty: 0.5; Fragment Size: 8; RMSD Threshold: 3; Maximum RMSD: 
99 / jFATCAT-rigid: RMSD Cutoff: 3; AFP Distance Cutoff: 1600; Fragment Length: 8; Max 
Number of Twists: 8). Inputs for these analyses were the co-crystal structure of TTBK1 kinase 
domain (residues 21–317) bound to 2 (PDB ID 7ZHO chain A)43 and the Cryo-EM structure of 
the kinase domain of PIKFYVE (residues 1822–2085) in complex with Fig4 and Vac14 (PDB ID 
7K2V chain A).72 Similar analyses were also performed using the AlphaFold2-computed structure 
model of the kinase domain of PIKfyve (residues 1822–2085; AlphaFold DB: AF-Q9Y2I7-F1, 
last modified 2022-09-30).73-75 
 
Pharmacokinetic (PK) Studies 
Preliminary snapshot PK studies were executed at Pharmaron as previously described.47 Male CD-
1 mice (6–8 weeks, 20–30 grams) were dosed with a test compound via intraperitoneal (IP) or oral 
(PO) administration. A single dose of the compound (10 mg/kg) was administered to two mice as 
a 1 mg/mL solution in NMP/solutol/PEG-400/normal saline (v/v/v/v, 10:5:30:55). Mice had free 
access to food and water throughout the study. Blood (0.03 mL) was collected from the dorsal 
metatarsal vein at 0.5, 1, 3, and 5 h time points. Blood from each sample was transferred into a 
plastic microcentrifuge tube containing EDTA-K2 and then centrifuged at 4000 g for 5 min at 4 °C 
to separate and collect plasma. Samples were preserved at −75 °C prior to analysis. Compound 
concentration in the plasma samples was determined using a Prominence LC-30AD, AB Sciex 
Triple Quan 5500 LC-MS/MS instrument fitted with a YMC-Triart C18 column (3 µm, 2.1 x 33 
mm), eluting with a mobile phase of 5–95% acetonitrile in water with 0.1% formic acid. PK 
parameters were calculated from the mean plasma concentration versus time and a non-
compartmental model that relied on WinNonlin 8.3 (Phoenix). 
 
Associated Content 
The Supporting Information is available free of charge at http://pubs.acs.org.  

Molecular Formula Strings file (CSV), additional docking poses, cellular viability data and 
plots for 46 and 40, NanoBRET curves, K192/K240 percent occupancy data, purity 
chromatograms, and NMR spectra are included (PDF). 
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