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Table S1. Compound 31cross species PK data.

Rat
p.o. 10 mg/kg
i.v. 2 mg/kg

(n = 4)

Dog
p.o. 3 mg/kg
i.v. 2 mg/kg

(n = 3)

Pharmacokinetic

Properties

Compound 31 Mean (±SD)
Value

Mean (±SD)
Value

CL (mL/min/kg) 8.22±2.72 18.8 ± 2.7
iv

Vss (L/kg) 2.07±0.92 3.08± 0.03

Cmax (µM) 6.28±0.90 1.41±0.53

Tmax (hr) 2.0±0.0 1.2±0.8

AUC(0-inf) (µM·hr) 38.1±5.1 4.02±1.03
po

F (%) 63±20 55±21

IV formulation vehicle for rat: 15% DMA / 50%PEG / 35% D5W; for dog: 5% DMA / 
10%EtOH / 40% PEG400 / 45% D5W

PO formulation vehicle for mouse and rat: a suspension in 0.5% CMC / 0.25% Tween80, as a 
suspension; for dog: a suspension in 0.5% methyl cellulose / 0.25% Tween80   
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THLE-2 Cytotoxicity Assay: THLE-2 cells (ATCC, catalog #CRL-2706) were plated in LHC-8 
Media (Invitrogen, catalog #12679015) supplemented with fetal bovine serum (GE, catalog 
#SH30088.03), 70 ng/mL phosphoethanolamine (Sigma, catalog #P0503), 5 ng/mL EGF (Sigma, 
catalog #E9644), 1X penicillin/streptomycin (Gibco, catalog #15140148), and 1X glutamine 
(Invitrogen, catalog #25030024) in 384-well clear-bottom, black walled plates at a density of 
3750 cells/well (15μL/well).  After plating, cells were incubated overnight at 37°C in an 
incubator with 5% CO2 and 90% humidity.  Compounds were first serially diluted in dimethyl 
sulfoxide then diluted in LHC-8 media growth media to 2X concentration.  Cells were dosed 
with 15μL of each dose for final concentrations between 0.01 – 300 μM.  Cells were incubated 
with compounds for 24 or 72 hours.  Cytotoxicity was determined with Cell Titer Glo 
Luminescent ATP Assay (Promega, catalog #G7573) according to the manufacturer’s 
instructions.   Tamoxifen (Sigma, catalog #BC9353476) was used as a positive control.  ATP 
levels at each dose were normalized to that of cells dosed with dimethyl sulfoxide vehicle alone 
and IC50 values were calculated from non-linear regression fits of dose-response curves plotted 
in Graph Pad Prism.

Table S2. THLE data for select compounds

Compound THLE 
IC50* (M)

Compound THLE 
IC50* (M)

1 72.44* 49 18.3

2 >300* 48 8.3

10 38.2* 61 32.5

26 65.6* 54 6.1

11 >200*

19 120.6*

31 36.0*

32 0.8

28 7.7

12 5.2

35 2.3

30 17.5

25 3.2

50 7.4

*indicates 24hr timepoint
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Data S1. Onchocerca gutturosa adult male worms EC50 Curves

Plotted using Graph Pad Prism 7.03, least square original fit, sigmoidal, 4PL 
The measurement of mean worm motility every 24 h, terminating at 120 h, serial 1 in 4 drug dilutions to find 
activity endpoint and produce EC50 values (geomean, n=2) for motility reduction. (4 worms per drug 
concentration)
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Data S2. Compound 31, Reduction of adult worm burden in patent L. sigmodontis-infected jirds
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Plotted using Graph Pad Prism 7.03. Jirds have been naturally infected with L. sigmodontis for 12 weeks and then 

treated with vehicle for 7 days (7d) or subcutaneously once per day with 2.5mg/kg of 31 for 7 days or 2mg/kg 

flubendazole (FBZ) for 5 days. Percent reduction was determined from the mean of treatment groups and compared 

to mean of untreated controls. Analysis was done using unpaired 2 tailed t-test.
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Data S3. O. gutturosa motility and MTT viability inhibition EC50, hERG IC50, O. volvulus 

L5 % inhibition. MTT/formazan viability data.

Analog O. gutturosa 

EC50 (uM) 

motility 

inhibition

(SD)a

O. gutturosa 

EC50 (uM) 

MTT 

viability 

inhibition

(SD)a

measured 

logDb

Kinetic 

solubilityc 

(uM)

hERG 

IC50 

(uM)

O. 

volvulus 

L5 % 

inhibition 

of motility 

Day 21 

(1uM)

O. 

volvulus 

L5 % 

inhibition 

of 

viability 

Day 21 

(1uM)

LE LLE

1 0.27 (0.0) 0.94 (0.01) NA NA 0.45

2 1.70 (0.84) 1.5 (0.02) 62.7 0.39

3 0.03 (0.71) 0.24 (0.03) 2.2 7.3 19 0.40 5.37

4 >12.00 (0.43) 2.8 (0.02) 2.7 0.4 0.26 2.22

5 NA NA 2.15 182 0.00

6 0.07 (0.71) 4.1 (0.04) 1.7 57.5 0.37 5.44

7 0.94 (0.25) 6.5 (0.03) 1.55 12.8 0.32 4.48

8 0.01 (0.35) 0.004 (0.01) 2 201.7 0.42 6.05

9 0.16 (0.35) 1.1 (0.01) 1.8 8.2 0.52 5.01

10 0.06 (0.00) 0.01 (0.01) 2.88 3.2 >30 0.43 4.38

11 0.11 (0.91) 0.02 (0.02) 3.4 1.84 >30 100 100 0.41 3.57

12 0.39 (0.41) 0.03 (0.02) 2.1 13.08 0.20 0.29 4.31

13 5.80 (0.35) 20 (0.01) 2.75 0.55 0.34 2.49

14 3.10 (0.35) 4.5 (0.01) 2 2.55 0.36 3.51

15 1.37 (0.87) 0.71 (0.03) 2.3 0.3 >30 0.32 3.56

16 3.28 (0.35) 1.1 (0.02) 1.9 26.5 0.31 3.58

17 0.63 (0.35) 0.5 (0.02) 2.3 154.5 0.30 3.90

18 0.06 (0.87) 0.09 (0.03) 1.7 73.2 >30 0.41 5.51

19 0.06 (1.32) 0.19 (0.04) 3.3 3.05 3.46 0.34 3.89

20 0.24 (0.50) 0.3 (0.02) 2.8 NC >30 0.29 3.83

21 0.04 (0.35) 0.14 (0.02) 2.65 2.17 0.42 4.71

22 0.20 (0.35) 13.1 (0.02) 2 184.2 0.35 4.70

23 0.04 (0.96) 0.012 (0.03) 2.5 0.2 100 100 0.40 4.92

24 0.05 (0.55) 0.75 (0.02) 2.9 1.05 0.34 4.39

25 0.10 (0.87) 0.54 (0.04) 2.85 2.58 0.38 4.15

26 0.03 (0.35) 0.07 (0.01) 2.45 0.9 >30 0.45 5.09

27 0.01 (0.41) 0.07 (0.03) 2.5 1.6 0.44 5.50

28 0.08 (0.29) 0.62 (0.01) 1.7 7.25 0.40 5.42

29 0.12 (0.35) 0.88 (0.02) 2.1 26.5 0.45 4.82



Page S11 of S67

30 0.22 (1.00) 0.59 (0.05) 2.9 1.9 16 0.38 3.76

31 0.08 (0.61) 0.24 (0.01) 3.23 22.5 8 100 100 0.39 3.85

32 0.74 (0.50) 0.56 (0.04) 2.5 8.92 100 83 0.33 3.63

33 0.85 (0.00) 0.83 (0.04) 3 1.43 0.29 3.07

34 0.04 (1.19) 0.53 (0.03) 2.9 0 0.35 4.54

35 0.05 (1.04) 0.15 (0.04) 3 0 0.40 4.30

36 1.12 (0.00) 1.4 (0.01) 1.7 193.4 0.31 4.25

37 0.05 (1.06) 0.3 (0.03) 2.8 1 0.34 4.48

38 0.02 (0.00) <0.02 (0.01) 2.95 1.03 0.37 4.82

39 0.29 (0.79) 1.1 (0.02) 3.1 2.1 0.39 3.44

40 2.35 (0.61) 2.9 (0.02) 2.9 12.3 0.33 2.73

41 0.06 (0.87) <0.19 (0.01) 2.7 24.48 0.43 4.54

42 0.21 (0.61) 0.36 (0.01) 2.35 33.5 0.38 4.32

43 3.3 (0.25) 3.4 (0.02) 3.1 118.1 0.29 2.38

44 1.67 (0.35) 1.4 (0.02) 3 121 0.30 2.78

45 11.90 (0.5) 5.7 (0.01) 1.7 2.35 0.28 3.22

46 1.27 (0.61) 1.37 (0.02) 2.4 29.5 >30 0.31 3.50

47 1.07 (0.50) 1.9 (0.00) 1.62 109 >30 100 100 0.30 4.35

48 3.71 (0.50) 1.05 (0.02) 3.5 10.8 26 0.24 1.93

49 1.11 (0.35) 3.7 (0.04) 3.63 2.67 >30 0.25 2.32

50 0.56 (0.50) 2.3 (0.03) 2.4 2.71 100 100 0.29 3.86

51 0.49 (1.12) 0.46 (0.05) 2.2 15 0.31 4.11

52 1.73 (1.00) 1.95 (0.04) 2.7 9.95 0.25 3.06

53 0.05 (0.43) 0.15 (0.4) 2.2 4.05 0.37 5.13

54 0.14 (0.35) 0.15 (0.01) 3.13 13.14 >30 0.30 3.73

55 0.01 (0.25) 0.04 (0.02) 3 0.4 0.35 4.89

56 0.01 (0.00) 0.01 (0.01) 3.1 5.6 10 0.38 5.30

57 0.58 (0.00) 1.3 (0.05) 3.2 3.27 0.27 3.04

58 0.62 (0.00) 1.5 (0.01) 2.15 130.2 0.27 4.06

59 2.66 (0.87) 3.4 (0.02) 1.6 0.3 >30 0.30 3.98

60 0.67 (0.87) 2.4 (0.02) 1.8 10.15 0.32 4.37

61 0.36 (1.06) 2.1 (0.03) 2.1 100.7 >30 0.33 4.35
a Standard deviation, b LogD assay runs on 1M concentration range using 10 mM DMSO stock solutions c 

standard kinetic solubility assay runs on 200 mM concentration range using 10 mM DMSO stock 

solutions
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Methods Procedures S1

LogD Measurement: Measurement of octanol-water distribution coefficient of samples using a 
partition factor. Standard LogD assay runs on 1M concentration range using 10 mM DMSO 
stock solutions for plating. Aqueous Phase: 100mM Buffer, pH=7.4 (0.1M Potassium phosphate 
buffer, diluted from Sigma 1M P3619-1GA to 0.1 M with MilliQ water), pH=2.2 (0.1M- NaCl 
pH adjusted with 0.1N HCL), pH=6.8 (0.1M - KH2PO4/K2HPO4), pH=5 (4 .04g of NaOH 
(Pellets), 8.65g of Glacial Acetic Acid, 11.874g of NaCl. In in 1 liter water. Adjusted to pH to 5 
with either 1N NaOH or 1N HCl); Organic Phase: 1-Octanol (O021). Sample Concentration: 
1000uM, 25 ml 10 mM DMSO stock solution diluted in 112.5 ml of organic Phase and 112.5 ml 
of aqueous Phase. DMSO content: 10%. The controls were plated from the standard 10 mM 
DMSO stock and run on the standard concentration (1M) range of the assay. Incubation time: 
Sonication for 30 minutes followed by 24 hours shaking at 750 rpm in 96 deep well plate (VWR 
cat# 40002-009) at room temperature. After incubation, centrifugation of the assay plate at 3600 
rpm for 30 minutes.
Kinetic Solubility Measurement: The standard kinetic solubility assay runs on 200 mM 
concentration range using 10 mM DMSO stock solutions for plating. Single point calibration 
assay runs in duplicates. Concentration of standards: 100 mM, 100 mM DMSO solutions 
prepared by diluting 10 mM stock, solution with DMSO. Concentration of samples: 200 µM, 4 
µl 10 mM DMSO stock solution diluted with the appropriate buffer to 200 ml. DMSO content: 
2%. Buffers: pH=7.4 (0.1M Potassium phosphate buffer, diluted from Sigma 1M P3619-1GA to 
0.1 M with MilliQ water), pH=2.2 (0.1M- NaCl pH adjusted with 0.1N HCL), pH=6.8 (0.1M - 
KH2PO4/K2HPO4), pH=5 (4 .04g of NaOH (Pellets), 8.65g of Glacial Acetic Acid, 11.874g of 
NaCl. In in 1 liter water. Adjusted to pH to 5 with either 1N NaOH or 1N HCl). The controls 
were plated from the standard 10 mM DMSO stock and run on the standard concentration 
(200µM) range of the assay. Incubation time: 24 hours shaking at 4500 rpm in Millipore 
Multiscreen HTS filter plate for Aqueous Solubility Assay (MSSLBPC50), on room temperature. 
After incubation time filtration with positive pressure manifold was performed.
Liver S9 Metabolic Stability Assay: Incubations were performed at 37 °C in a Dubnoff 
Shaking water bath using 2 mL 96-well incubation plates. Rat and human S9 protein 
concentrations were 0.75 mg/ml and 1.2 mg/ml, respectively. The final concentrations of 
NADPH, UDPGA, and GSH were 1, 0.5, and 2.5 mM, and the final concentration of PAPS was 
0.05 mg/ml. Substrate concentrations were 3µM, incubation time was 60 minutes, and all tests 
were done in triplicate. The incubation was conducted in 200 mM Tris buffer containing 2 mM 
magnesium chloride, pH=7.4 and the total incubation volume was 0.5 ml. Samples were 
analysed via LC-MS/MS and reported as percentage remaining after incubation for 60 minutes.
Liver Microsome Metabolic Stability Assay: Incubations were performed at 37 °C in a 
Dubnoff Shaking water bath using 2 mL 96-well incubation plates. Liver microsome protein 
concentration was 0.3 mg/mL the final concentration of NADPH was 1 mM. Substrate 
concentrations are 3µM, incubation time is 30 minutes, and all tests are done in triplicate. The 
incubation was conducted in 200 mM Phosphate buffer containing 2 mM magnesium chloride, 
pH=7.4 and the total incubation volume was 0.5 mL.  Samples were analyzed via LC-MS/MS 
and reported as percentage remaining after 30minute incubation, which can then be converted to 
half-life and intrinsic clearance. 
MDCK-wt Permeability Assay: A ready-to use cell culture system that provides a 7-day cell 
barrier in integrated HTS Transwell®-96 plates purchased from ADMEcell were used for the 
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MDCK-wt assay.  Polarized cultures of MDCKII cells were provided on polycarbonate micro-
porous filters in HTS Transwell® plates (0.14 cm2 area and 0.4 µm pore diameter).  The 
transport medium used for the permeability studies was Hank’s balanced salt solution (HBSS) 
buffer containing 1% BSA and 25 mM HEPES.  Prior to the experiment, each monolayer was 
washed twice with warm buffer and treated for 30 minutes with elacridar at 2 µM to inhibit any 
efflux transporters.  The concentration of test compound in this assay was 10 µM and all 
measurements were performed in duplicate.  Lucifer yellow served as a quality control check for 
monolayer integrity of all wells and two control compounds were run with each assay (Atenolol 
and Metoprolol).  Studies were initiated by adding an appropriate volume of buffer containing 
test compound to either the apical or basolateral side of the monolayer.  The monolayers were 
placed into a standard cell culture incubator (5%CO2, 37°C) for two hours.  Samples were taken 
from both the apical and basolateral compartments at the end of the two-hour incubation and 
compound concentration was analyzed by LC-MS/MS.  Permeability of compounds was 
determined as the coefficient of apparent permeability (Papp, measured in cm/s) calculated 
according to the following formula: Papp = dQ/ (dt·A·C0), where dQ/dt is the amount of 
compound present in the receiver compartment as a function of time; A is the area of the 
Transwell (cm2); and C0 is the initial concentration of compound applied in the donor 
compartment.  

Experimental Procedures S1

Scheme S1 Synthetic routes to prepare additional compounds of Table 1.

compounds of Table 1, core TDZ-3
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aReagents and Conditions: a) Pd(PPh3)4, 2 eq CuI, Dioxane, 20 °C, 16 h, 44% b) Brettphos-Pd-
G3, Cs2CO3,   Dioxane, 90 °C, 16 h, 13%.

N-(3-Methylpyridin-2-yl)-5-(5-((tetrahydro-2h-pyran-4-yl)oxy)pyridin-2-yl)-1,2,4-
thiadiazol-3-amine (5)

 5-((Tetrahydro-2H-pyran-4-y (l)oxy)-2-(tributylstannyl)pyridine. To a solution of 2-bromo-
5-((tetrahydro-2H-pyran-4-yl)oxy)pyridine (1. g, 3.87 mmol), tricyclohexylphosphine (108.65 
mg, 0.390 mmol) in 1,4-dioxane (10 mL) was added tris(dibenzylideneacetone)dipalladium(0) 
(177.39 mg, 0.190 mmol) under nitrogen. 1,1,1,2,2,2-hexabutyldistannane (3.14 g, 5.42 mmol) 
was added to the mixture dropwise under nitrogen and the mixture was stirred at 100 °C for 16 h. 
The mixture was poured into water and the aqueous phase was extracted with ethyl acetate. The 
combined organic phases were washed with brine, dried over anhydrous sodium sulfate, filtered 
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and concentrated under vacuum. The residue was purified by silica gel chromatography to give 
crude 5-((tetrahydro-2H-pyran-4-yl)oxy)-2-(tributylstannyl)pyridine (250 mg, 0.5339 mmol, 
13.8% yield). LCMS (ESI): m/z 470.2 [M+1]+

3-Bromo-5-(5-((tetrahydro-2H-pyran-4-yl)oxy)pyridin-2-yl)-1,2,4-thiadiazole. To a solution 
of 5-((tetrahydro-2H-pyran-4-yl)oxy)-2-(tributylstannyl)pyridine (1.4 g, 2.99 mmol) in 1,4-
dioxane (10 mL) was added 3-bromo-5-chloro-1,2,4-thiadiazole (596.34 mg, 2.99 mmol) 
followed by de-gassing with nitrogen for 3 min. Tetrakis[triphenylphosphine]palladium(0) 
(345.49 mg, 0.300 mmol) and CuI (1.14 g, 5.98 mmol) were added to the mixture and stirred at 
20 °C for 16 h under nitrogen. The mixture was concentrated under vacuum. The residue was 
purified by flash silica gel chromatography to give 3-bromo-5-(5-((tetrahydro-2H-pyran-4-
yl)oxy)pyridin-2-yl)-1,2,4-thiadiazole (500 mg, 1.30 mmol, 43.4% yield). LCMS (ESI): m/z 
341.8 [M+1]+

N-(3-Methylpyridin-2-yl)-5-(5-((tetrahydro-2H-pyran-4-yl)oxy)pyridin-2-yl)-1,2,4-
thiadiazol-3-amine. To a solution of 3-bromo-5-(5-((tetrahydro-2H-pyran-4-yl)oxy)pyridin-2-
yl)-1,2,4-thiadiazole (200 mg, 0.580 mmol) and 3-methylpyridin-2-amine (126.4 mg, 1.17 
mmol) in 1,4-dioxane (5 mL) were added methanesulfonato(2-dicyclohexylphosphino-3,6-
dimethoxy-2,4,6-tri-i-propyl-1,1-biphenyl)(2-amino-1,1-biphenyl-2-yl)palladium(II) (105.96 mg, 
0.120 mmol) and cesium carbonate (571 mg, 1.75 mmol) under nitrogen. The mixture was stirred 
at 90 °C for 16 h. and then filtered through a pad of silica gel (100-200 mesh). The filtrate was 
purified using prep-HPLC (column: Phenomenex Gemini-NX C18 75*30mm*3um;mobile 
phase: [water(0.225%FA) -ACN];B%: 12%-42%,10min ), and dried by lyophilization to give N-
(3-methylpyridin-2-yl)-5-(5-((tetrahydro-2H-pyran-4-yl)oxy)pyridin-2-yl)-1,2,4-thiadiazol-3-
amine (43.35 mg, 0.114 mmol, 19.4 % yield).  1H NMR (400 MHz, DMSO-d6) δ 9.65 (s, 1H), 
8.43 (d, J = 2.7 Hz, 1H), 8.16 (d, J = 3.5 Hz, 1H), 7.98 (d, J = 8.7 Hz, 1H), 7.67 (dd, J1 = 8.8, J2 
= 2.8 Hz, 1H), 7.60 (d, J = 6.6 Hz, 1H), 7.04 (dd, J1 = 7.3, J2 = 4.8 Hz, 1H), 4.83-4.78 (m, 1H), 
3.88-3.85 (m, 2H), 3.53-3.48 (m, 2H), 2.25 (s, 3H), 2.04-2.01 (m, 2H), 1.66-1.63 (m, 2H). LCMS 
(ESI): m/z 370.2 [M+1]+

2-(5-((3-Methylpyridin-2-yl)amino)-1,2,4-thiadiazol-3-yl)isonicotinonitrile (14)

Methyl 2-(imino(methoxy)methyl)isonicotinate. To a solution of methyl 2-cyanoisonicotinate 
(4 g, 24.7 mmol) in methanol (60 mL) was added sodium methanolate (400 mg, 7.40 mmol). The 
mixture was stirred at 25 °C for 16 h. and then used in the next step without workup or 
purification (4.60 g, crude) in methanol (60 mL).

Methyl 2-carbamimidoylisonicotinate hydrochloride. To the mixture of methyl 2-
(imino(methoxy)methyl)isonicotinate and 2-(imino-(methoxy)methyl)isonicotinic acid (4.60 g, 
crude) in methanol (60 mL) was added ammonium chloride (723 mg, 13.5 mmol) at 70 °C and 
stirred for 2 h. The mixture was then filtered and the filtrate was concentrated under reduced 
pressure to remove the solvent to give methyl 2-carbamimidoylisonicotinate hydrochloride (6.00 
g, crude, HCl).

Methyl 2-(5-((3-methylpyridin-2-yl)amino)-1,2,4-thiadiazol-3-yl)isonicotinate. To a solution 
of methyl 2-carbamimidoylisonicotinate hydrochloride (1.50 g, 6.96 mmol, HCl) in 
dichloromethane (20 mL) and acetone (20 mL) were added 2-isothiocyanato-3-methylpyridine 
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(2.09 g, 13.9 mmol) and triethylamine (2.11 g, 20.9 mmol) at 25 °C and stirred for 16 h. 
Triethylamine (1.41 g, 13.9 mmol) was then added to the reaction mixture and stirred at 25 °C 
for an additional 5 h. Triethylamine (3.52 g, 34.8 mmol) was added to the reaction mixture and 
stirred at 25 °C for 3 h. The reaction mixture was concentrated under reduced pressure to give a 
residue which was diluted with water and ethyl acetate. The mixture was filtered and the filter 
cake was dried to give 0.3 g of cyclized product methyl 2-(5-((3-methylpyridin-2-yl)amino)-
1,2,4-thiadiazol-3-yl)isonicotinate. The filtrate was extracted with ethyl acetate. The combined 
organic layers were washed with brine, dried over anhydrous sodium sulfate, filtered, and 
concentrated under reduced pressure to give a crude product. The crude product was purified by 
column chromatography to give 0.8 g of cyclized product methyl 2-(5-((3-methylpyridin-2-
yl)amino)-1,2,4-thiadiazol-3-yl)isonicotinate and coupling product methyl 2-(N-((3-
methylpyridin-2-yl)carbamothioyl)carbamimidoyl)isonicotinate (280 mg, 0.553 mmol, 8% yield, 
65% purity). The two portions of cyclized product were combined to give methyl 2-(5-((3-
methylpyridin-2-yl)amino)-1,2,4-thiadiazol-3-yl)isonicotinate (1.10 g, 2.69 mmol, 39% yield, 
80% purity).

2-(5-((3-Methylpyridin-2-yl)amino)-1,2,4-thiadiazol-3-yl)isonicotinamide. To a mixture of 
methyl 2-(5-((3-methylpyridin-2-yl)amino)-1,2,4-thiadiazol-3-yl)isonicotinate (320 mg, 0.978 
mmol) in dimethylsulfoxide (5 mL) was added ammonium hydroxide (4.55 g, 38.9 mmol, 5 mL, 
30% purity). The mixture was stirred at 50 °C for 16 h and then filtered. The filtered cake was 
triturated with methanol (5 mL) to give 2-(5-((3-methylpyridin-2-yl)amino)-1,2,4-thiadiazol-3-
yl)isonicotinamide (180 mg, 0.346 mmol, 35% yield, 60% purity).

2-(5-((3-Methylpyridin-2-yl)amino)-1,2,4-thiadiazol-3-yl)isonicotinonitrile. To a solution of 
2-(5-((3-methylpyridin-2-yl)amino)-1,2,4-thiadiazol-3-yl)isonico-tinamide (180 mg, 0.346 
mmol) in dichloromethane (5 mL) was added triethylamine (350 mg, 3.46 mmol, 0.480 mL) at 0 
°C followed by trifluoroacetic anhydride (363 mg, 1.73 mmol, 0.240 mL) under nitrogen. The 
mixture was stirred at 25 °C for 3 h. Saturated sodium bicarbonate was added to the reaction 
mixture and then diluted with water and dichloromethane. The organic phase was separated, 
washed with brine, dried over anhydrous sodium sulfate, filtered, and concentrated under 
reduced pressure to give a residue. The residue was triturated with acetonitrile (5 mL) and 
filtered. The filter cake was dried under reduced pressure and was diluted with acetonitrile (3 
mL) and water (20 mL) and dried by lyophilization to give 2-(5-((3-methylpyridin-2-yl)amino)-
1,2,4-thiadiazol-3-yl)isonicotinonitrile (89.76 mg, 0.293 mmol, 85% yield, 96.1% purity). 1H 
NMR (400MHz, DMSO-d6) δ 11.93 (s, 1H), 8.95 (dd, J1 = 5.0, J2 = 0.8 Hz, 1H), 8.53-8.50 (m, 
1H), 8.34 (dd, J1 = 5.0, J2 =0.9 Hz, 1H), 7.96 (dd, J1 = 4.9, J2 = 1.5 Hz, 1H), 7.73-7.67 (m, 1H), 
7.06 (dd, J1 = 7.3, J2 = 5.0 Hz, 1H), 2.41 (s, 3H); MS (ESI): m/z 295.2 [M+1]+.

5-Isopropoxy-2-(5-((3-methylpyridin-2-yl)amino)-1,2,4-thiadiazol-3-yl)isonicotinonitrile 
(15)

5-Isopropoxy-2-(5-((3-methylpyridin-2-yl)amino)-1,2,4-thiadiazol-3-yl)isonicotinonitrile. To 
a solution of 5-isopropoxy-2-(5-((3-methylpyridin-2-yl)amino)-1,2,4- thiadiazol-3-
yl)isonicotinamide (0.4 g, 0.864 mmol) and triethylamine (72.70 mg, 0.718 mmol, 0.1 mL) in 
dichloromethane (20 mL) was added trifluoroacetic anhydride (755.00 mg, 3.59 mmol, 0.5 mL) 
at 0 °C. The mixture was stirred at 25 °C for 4 h. and then at 40 °C for 2 h. To the mixture was 
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added saturate sodium bicarbonate and the aqueous phase was extracted with dichloromethane. 
The combined organic phase was concentrated under vacuum to give a residue and the residue 
was purified by prep-HPLC (column: Phenomenex Synergi C18 150*25*10um;mobile phase: 
[water(0.225%FA)-ACN];B%: 45%-75%,10min) follow by lyophilization to give 5-isopropoxy-
2-(5-((3-methylpyridin-2-yl)amino)-1,2,4-thiadiazol-3-yl)isonicotinonitrile (162.97 mg, 0.462 
mmol, 53.5% yield, 99.9% purity). 1H NMR (400MHz, DMSO-d6) δ 11.83 (s, 1H), 8.80 (s, 1H), 
8.41 (s, 1H), 8.32 (d, J = 4.0 Hz, 1H), 7.69 (d, J = 7.2 Hz, 1H), 7.05 (dd, J1 = 7.3, J2 = 5.1 Hz, 
1H), 5.15-5.04 (m, 1H), 2.40 (s, 3H), 1.40 (d, J = 6.0 Hz, 6H), MS (ESI): m/z 353.3 [M+1]+.

5-Isopropoxy-N,N-dimethyl-2-(5-((3-methylpyridin-2-yl)amino)-1,2,4-thiadiazol-3-
yl)isonicotinamide (17)

2-Bromo-5-isopropoxy-N,N-dimethylisonicotinamide.  To a mixture of 2-bromo-5-
isopropoxyisonicotinic acid (2 g, 7.69 mmol) and oxalyl chloride (2.17 g, 17.14 mmol, 1.50 mL) 
in DCM (30 mL) was added DMF (9.50 mg, 0.129 mmol, 0.01 mL) at 25 °C. The mixture was 
stirred at 25 °C for 1 h. and was concentrated under vacuum to give a residue.  To the residue in 
DCM (30 mL) was added TEA (2.33 g, 23.07 mmol, 3.21 mL) and dimethylamine hydrochloride 
(0.8 g, 9.81 mmol, 0.898 mL) at 0 °C, the mixture was stirred at 25 °C for 1 h and was 
concentrated under vacuum to give a residue.  The residue was purified by silica gel column 
chromatography to give 2-bromo-5-isopropoxy-N,N-dimethylisonicotinamide (2.1 g, crude).

2-Cyano-5-isopropoxy-N,N-dimethylisonicotinamide. To a mixture of 2-bromo-5-isopropoxy-
N,N-dimethylisonicotinamide (2 g, crude), zinccyanide (1.64 g, 13.93 mmol) and zinc (90.00 
mg, 1.38 mmol) in DMF (30 mL) was added tetrakis(triphenylphosphine)palladium (1.61 g, 1.39 
mmol), and the mixture was stirred at 120 °C for 14 h under nitrogen.  The mixture was filtered 
through a pad of celite and the filtrate was poured into water and extracted with EtOAc.  The 
combined organic phases were washed with brine, and concentrated under vacuum to give a 
residue.  The residue was purified by prep-HPLC (column: Phenomenex Synergi Max-RP 
250*50mm*10 µm;mobile phase: [water(0.225%FA)-ACN];B%: 25ACN%-55ACN%, 28min, 
60%min) and followed by lyophilization to give 2-cyano-5-isopropoxy-N,N-
dimethylisonicotinamide (0.8 g, 3.43 mmol, 49.2% yield).

2-Carbamimidoyl-5-isopropoxy-N,N-dimethylisonicotinamide. A mixture of sodium (47 mg, 
2.04 mmol) in MeOH (10 mL) was stirred at 25 °C for 10 min.  To the mixture was added 2-
cyano-5-isopropoxy-N,N- dimethylisonicotinamide (0.8 g, 3.43 mmol) at 25 °C, the mixture was 
stirred at 40 °C for 4 h.  Then to the mixture was added ammonium chloride (0.29 g, 5.42 mmol), 
the mixture was stirred at 70 °C for 1.5 h and was concentrated under vacuum to give a residue.  
The residue was triturated with MTBE (20 mL), the precipitate was collected by filtration and 
dried under high vacuum to give 2-carbamimidoyl-5-isopropoxy-N,N-dimethylisonicotinamide 
hydrochloride (0.98 g, 3.42 mmol, 99.6% yield).

5-Isopropoxy-N,N-dimethyl-2-(N-((3-methylpyridin-2-yl)carbamothioyl)carba- 
mimidoyl)isonicotinamide.  To a mixture of 2-carbamimidoyl-5-isopropoxy-N,N-
dimethylisonicotinamide (0.3 g, 1.05 mmol) and 2-isothiocyanato-3-methylpyridine (0.19 g, 1.14 
mmol) in acetone (30 mL) and DCM (30 mL) was added TEA (1.06 g, 10.46 mmol, 1.46 mL). 
The mixture was stirred at 25 °C for 3 h.  To the mixture was added 2-isothiocyanato-3-
methylpyridine (0.08 g, 0.53 mmol) and TEA (1.06 g, 10.46 mmol, 1.46 mL).  Then the mixture 
was stirred at 25 °C for 12 h. The mixture was then stirred at 40 °C for 6 h and concentrated 
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under vacuum to give a crude product.  The crude product was used directly in the next step. 5-
isopropoxy-N,N-dimethyl-2-(N-((3-methyl-pyridin-2-
yl)carbamothioyl)carbamimidoyl)isonicotinamide (0.7 g, crude).

5-Isopropoxy-N,N-dimethyl-2-(5-((3-methylpyridin-2-yl)amino)-1,2,4-thiadiazol-3-
yl)isonicotinamide.  To a mixture of 5-isopropoxy-N,N-dimethyl-2-(N-((3-methyl-pyridin-2-
yl)carb-amothioyl)carbamimidoyl)isonicotinamide (0.7 g, 1.75 mmol) in EtOH (40 mL)  was 
added iodine (88.00 mg, 346.72 μmol) and hydrogen peroxide (413.0 mg, 3.64 mmol, 0.35 mL, 
30% purity) at 0 °C.  The mixture was stirred at 25 °C for 40 min.  The mixture was quenched 
with saturate sodium sulfite (20 mL) and concentrated under vacuum to give an aqueous phase.  
The aqueous phase was extracted with DCM.  The combined organic phases were concentrated 
under vacuum to give a residue.  The product was isolated and purified by column 
chromatography to give 5-isopropoxy-N,N-dimethyl-2-(5-((3-methylpyridin-2-yl)amino)-1,2,4-
thiadiazol-3-yl)isonicotinamide (134.84 mg, 335.68 μmol, 19.2% yield, 99.2% purity). 1H NMR 
(400MHz, DMSO-d6) δ 11.73 (s, 1H), 8.54 (s, 1H), 8.31 (d, J = 4.0 Hz, 1H), 8.02 (s, 1H), 7.68 
(d, J = 6.6 Hz, 1H), 7.04 (dd, J1 = 7.3 Hz, J2 = 5.0 Hz, 1H), 4.94-4.88 (m, 1H), 3.01 (s, 3H), 2.81 
(s, 3H), 2.40 (s, 3H), 1.32 (d, J = 6.0 Hz, 6H). MS (ESI): m/z 399.1 [M+1]+.

3-(5-Methoxypyridin-2-yl)-N-(5-((tetrahydro-2H-pyran-4-yl)oxy)pyridin-2-yl)-1,2,4-
thiadiazol-5-amine (22)

1'-Methyl-1',2',3',6'-tetrahydro-[4,4'-bipyridine]-2-carbonitrile. To a mixture of 4-
bromopicolinonitrile (1 g, 5.46 mmol) and 1-methyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-
2-yl)-1,2,3,6-tetrahydropyridine (1.46 g, 6.55 mmol) in water (16 mL) and dioxane (80 mL) were 
added sodium carbonate (1.45 g, 13.7 mmol) and palladium triphenylphosphine (316 mg, 0.273 
mmol) under nitrogen. The mixture was stirred at 80 °C for 16 h. The mixture was poured into 
water (100 mL). The aqueous phase was extracted with ethyl acetate. The combined organic 
phase was washed with brine, dried over anhydrous sodium sulfate, filtered, and concentrated in 
vacuo. The residue was purified by silica gel chromatography to give 1'-methyl-1',2',3',6'-
tetrahydro-[4,4'-bipyridine]-2-carbonitrile (1.8 g, 9.03 mmol, 83% yield).

1'-Methyl-1',2',3',6'-tetrahydro-[4,4'-bipyridine]-2-carboximidamide hydrochloride. To a 
solution of 1'-methyl-1',2',3',6'-tetrahydro-[4,4'-bipyridine]-2-carbonitrile (1.30 g, 6.52 mmol) in 
methanol (65 mL) was added sodium methanolate (106 mg, 1.96 mmol). The mixture was stirred 
at 25 °C for 16 h under nitrogen. Ammonium chloride (698 mg, 13.0 mmol) was added into the 
mixture and stirred at 70 °C for 4 h. The mixture was concentrated in vacuo and the residue 
triturated with dichloromethane. The mixture was filtered, and the filter cake was dried in vacuo 
to give 1'-methyl-1',2',3',6'-tetrahydro-[4,4'-bipyridine]-2-carboximidamide (1.5 g, crude, HCl).

4-(1-Methylpiperidin-4-yl)picolinimidamide. To a solution of 1'-methyl-1',2',3',6'-tetrahydro-
[4,4'-bipyridine]-2-carboximidamide hydrochloride (1.90 g, 7.52 mmol) in methanol (50 mL) 
was added Pd/C (190 mg, 15% purity). The mixture was stirred at 50 °C for 6 h under hydrogen 
balloon (15psi) and then filtered through celite. The filtrate was concentrated in vacuo to give 4-
(1-methylpiperidin-4-yl)picolinimidamide hydrochloride (1.25 g, crude) 1H NMR (400 MHz, 
DMSO-d6) δ 8.76 (d, J = 5.0 Hz, 1H), 8.30 (s, 1H), 7.69 (d, J = 4.8 Hz, 1H), 3.16-2.92 (m, 5H), 
2.77 (s, 3H), 2.16-1.97 (m, 4H). The obtained compound in methanol (50 mL) was adjusted to 
pH ~10 by addition of AMBERLYST A 26 (CAS 39339-85-0). The mixture was stirred at 25 °C 
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for 3 h and then filtered. The filtrate was concentrated to give 4-(1-methylpiperidin-4-
yl)picolinimidamide (1.25 g, crude) which was used directly in the next step.

4-(1-Methylpiperidin-4-yl)-N-((3-methylpyridin-2-yl)carbamothioyl) picolinimidamide. To 
a mixture of 4-(1-methylpiperidin-4-yl)picolinimidamide (917 mg, 4.20 mmol) and triethylamine 
(4.25 g, 42.0 mmol) in acetone (15 mL) and dichloromethane (15 mL) was added 2-
isothiocyanato-3-methylpyridine (757 mg, 5.04 mmol). The mixture was stirred at 25°C for 16 h 
under nitrogen and then concentrated in vacuo. The residue was diluted with water and the 
aqueous phase was extracted with ethyl acetate. The combined organic phase was washed with 
brine, dried over anhydrous sodium sulfate, filtered, and concentrated in vacuo to give the crude 
product. The crude product was purified by prep-TLC to give a mixture of 4-(1-methylpiperidin-
4-yl)-N-((3-methylpyridin-2-yl)carbamothioyl) picolinimidamide and 3-(4-(1-methylpiperidin-4-
yl)pyridin-2-yl)-N-(3-methylpyridin-2-yl)-1,2,4-thiadiazol-5-amine (590 mg, 0.442 mmol, 21% 
yield, 55% purity).

3-(5-Methoxypyridin-2-yl)-N-(5-((tetrahydro-2H-pyran-4-yl)oxy)pyridin-2-yl)-1,2,4-
thiadiazol-5-amine. To a solution of 5-methoxy-N-((5-((tetrahydro-2H-pyran-4-yl)oxy)pyridin-
2 yl)carbamothioyl) picolinimidamide and 3-(5-methoxypyridin-2-yl)-N-(5-((tetrahydro-2H-
pyran-4-yl)oxy)pyridin-2-yl)-1,2,4-thiadiazol-5-amine (490 mg, 0.367 mmol) in ethanol (25 mL) 
was added hydrogen peroxide (83.1 mg, 0.733 mmol, 30% purity) and iodine (18.6 mg, 0.073 
mmol). The mixture was stirred at 25 °C for 3 h. The residue was diluted with water and 
saturated aqueous sodium sulfite and stirred at 25 °C for an additional 0.5 h. The reaction was 
checked by potassium iodide-starch test paper to determine hydrogen peroxide consumption. The 
aqueous phase was extracted with ethyl acetate and the combined organic phases were dried over 
anhydrous sodium sulfate, filtered, and concentrated under vacuum. The residue was purified by 
prep-HPLC to give 3-(4-(1-methylpiperidin-4-yl)pyridin-2-yl)-N-(3-methylpyridin-2-yl)-1,2,4-
thiadiazol-5-amine (277.82 mg, 0.645 mmol, 88% yield, 95.7% purity, FA). 1H NMR (400 MHz, 
CD3OD) δ 8.62 (d, J = 5.0 Hz, 1H), 8.54 (s, 0.4H), 8.38-8.27 (m, 2H), 7.65 (d, J = 7.3 Hz, 1H), 
7.43 (d, J = 5.0 Hz, 1H), 7.11-6.97 (m, 1H), 3.39-3.32 (m, 2H), 2.98-2.82 (m, 1H), 2.75-2.60 (m, 
5H), 2.44 (s, 3H), 2.14-2.05 (m, 2H), 2.03-1.85 (m, 2H); MS (ESI): m/z 367.1 [M+1]+.

3-(4-Isopropylpyridin-2-yl)-N-(3-(trifluoromethyl)pyridin-2-yl)-1,2,4-thiadiazol-5-amine 
(27)

4-(Prop-1-en-2-yl)picolinonitrile. To a mixture of 4-bromopicolinonitrile (2.00 g, 10.9 mmol) 
and potassium trifluoro(prop-1-en-2-yl)borate (3.23 g, 21.9 mmol) in 1,4-dioxane (20 mL) and 
water (2 mL) was added potassium carbonate (943 mg, 6.82 mmol) and dichloro(1,1'-
bis(diphenylphosphanyl)ferrocene)palladium(II) chloroform complex (800 mg, 1.09 mmol) 
under nitrogen. The mixture was stirred at 80 °C for 4 h. The mixture was poured into water. The 
aqueous phase was extracted with ethyl acetate and the combined organic phase was washed 
with brine, dried over anhydrous sodium sulfate, filtered, and concentrated in vacuo. The residue 
was purified by column chromatography to give 4-(prop-1-en-2-yl)picolinonitrile (1.44 g, 9.99 
mmol, 91.3% yield).

4-(Prop-1-en-2-yl)picolinimidamide hydrochloride. To a mixture of 4-(prop-1-en-2-
yl)picolinonitrile (1.65 g, 11.4 mmol) in methanol (15 mL) was added sodium methanolate (185 
mg, 3.43 mmol). The mixture was stirred at 30 °C for 16 h under nitrogen. Ammonium chloride 
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(796 mg, 14.9 mmol) was added into the above mixture. The mixture was stirred at 70 °C for 3 h. 
The mixture was concentrated in vacuo and the residue was diluted with ethanol (80 mL). The 
mixture was refluxed at 80 °C for 15 min. The mixture was filtered, and the filter cake was 
triturated with dichloromethane (30 mL). The filter cake was dried in vacuo to give 4-(prop-1-
en-2-yl)picolinimidamide hydrochloride (1.70 g, 8.60 mmol, 75% yield).

4-Isopropylpicolinimidamide hydrochloride. To a solution of 4-(prop-1-en-2-
yl)picolinimidamide hydrochloride (1.60 g, 8.09 mmol) in 2,2,2-trifluoroethanol (80 mL) was 
added Pd/C (480 mg). The mixture was stirred at 20 °C for 2.5 h under hydrogen balloon (15 
Psi). The mixture was filtered through celite and the filtrate was concentrated in vacuo to give 4-
isopropylpicolinimidamide hydrochloride (1.60 g, 8.01 mmol, 99.1% yield).

4-Isopropylpicolinimidamide. To a solution of 4-isopropylpicolinimidamide hydrochloride 
(1.80 g, 9.01 mmol) in acetonitrile (75 mL) and water (15 mL) was added AMBERLYST A 26 
(CAS 39339-850). The pH of the mixture was adjusted to 10-11 and stirred at 20 °C for 4 h. The 
reaction mixture was filtered and the filtrate was concentrated in vacuo followed by 
lyophilization to give 4-isopropylpicolinimidamide (1.40 g, 8.49 mmol, 94 % yield, 99% purity).

4-Isopropyl-N-((3-(trifluoromethyl)pyridin-2-yl)carbamothioyl)picolinimidamide. To a 
solution of 4-isopropylpyridine-2-carboxamidine (500 mg, 3.03 mmol) in dichloromethane (5 
mL) and acetone (5 mL) were added triethylamine (3.07 g, 30.30 mmol) and 2-isothiocyanato-3-
(trifluoromethyl)pyridine (635 mg, 3.03 mmol). The mixture was stirred at 15 °C for 1 h and 
then concentrated. The residue was poured into water, and aqueous phase was extracted with 
ethyl acetate. The combined organic phases were dried over anhydrous sodium sulfate, filtered, 
and concentrated under vacuum. The crude product 4-isopropyl-N-((3-(trifluoromethyl)pyridin-
2-yl)carbamothioyl)picolinimidamide (1.00 g, 1.90 mmol, 62.6% yield, 69.7% purity) was used 
in the next step without further purification.

3-(4-Isopropylpyridin-2-yl)-N-(3-(trifluoromethyl)pyridin-2-yl)-1,2,4-thiadiazol-5-amine. 
To a solution of 4-isopropyl-N-((3-(trifluoromethyl)pyridin-2-yl)carbamothioyl) 
picolinimidamide (1.00 g, 1.90 mmol) in ethanol (20 mL) was added iodine (96 mg, 0.379 
mmol) and hydrogen peroxide (129 mg, 3.79 mmol). The mixture was stirred at 15 °C for 1 h 
under N2. The mixture was diluted with water mL and saturated aqueous sodium sulfite and 
stirred at 0 °C for another 0.5 h. The aqueous phase was extracted with ethyl acetate and the 
combined organic phase was dried over anhydrous sodium sulfate, filtered, and concentrated 
under vacuum. The residue was purified by prep-HPLC to give 3-(4-isopropyl-2-pyridyl)-N-[3-
(trifluoromethyl)-2-pyridyl]-1,2,4-thiadiazol-5-amine (373.04 mg, 0.975 mmol, 51.3% yield, 
95.5% purity). 1H NMR (400MHz, DMSO-d6) δ 8.71 (d, J = 4.0 Hz, 1H), 8.58 (d, J = 5.0 Hz, 
1H), 8.19-8.11 (m, 2H), 7.38 (d, J = 3.7 Hz, 1H), 7.15 (s, 1H), 3.08-2.94 (m, 1H), 1.27 (d, J = 7.0 
Hz, 6H); MS (ESI): m/z 366.1 [M+1]+.

N2-(3-(5-isopropoxypyridin-2-yl)-1,2,4-thiadiazol-5-yl)-N3-methylpyridine-2,3-diamine 
(30).

tert-Butyl N-tert-butoxycarbonyl-N-(2-nitro-3-pyridyl)carbamate. To a solution of 2-
nitropyridin-3-amine (5 g, 35.94 mmol, 1 eq) in THF (150 mL) was added NaHMDS (1 M, 
53.91 mL) at 0 °C. The mixture was stirred at 20 °C for 1 h. Then di-tert-butyl dicarbonate (8.63 
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g, 39.54 mmol) was added at 0 °C. The mixture was stirred at 25 °C for 16 h. The mixture was 
poured into ice-water. The aqueous phase was extracted with ethyl acetate. The combined 
organic phase was dried over anhydrous sodium sulfate, filtered and concentrated under vacuum. 
The residue was purified by column chromatography to give tert-butyl N-tert-butoxycarbonyl-N-
(2-nitro-3-pyridyl)carbamate (7 g, 18.57 mmol, 51.65% yield, 90% purity).

tert-Butyl (2-nitropyridin-3-yl)carbamate. To a solution of tert-butyl N-tert-butoxycarbonyl-
N-(2-nitro-3-pyridyl)carbamate (7 g, 20.63 mmol, 1 eq) in THF (30 mL) was added sodium 
hydroxide/water (2 M, 100.05 mL). The mixture was stirred at 50 °C for 16 h. The mixture was 
poured into water (100 mL). The aqueous phase was extracted with dichloromethane. The 
combined organic phase was dried over anhydrous sodium sulfate, filtered and concentrated 
under vacuum. The residue was purified by column chromatography to give tert-butyl (2-
nitropyridin-3-yl)carbamate (3 g, 12.54 mmol, 60.8% yield).

tert-Butyl methyl(2-nitropyridin-3-yl)carbamate. To a solution of tert-butyl N-(2-nitro-3-
pyridyl)carbamate (2.2 g, 9.20 mmol) in DMF (25 mL) was added sodium hydrate (735 mg, 
18.39 mmol, 60% purity) at 0 °C in portions. The mixture was stirred at 25 °C for 0.5 h. Then 
methyl iodide (1.96 g, 13.79 mmol) was added at 0 °C. The mixture was stirred at 25 °C for 2.5 
h. The mixture was poured into ice-water (100 mL) .The aqueous phase was extracted with ethyl 
acetate. The combined organic phase was dried over anhydrous sodium sulfate, filtered and 
concentrated under vacuum. The residue was purified by silica gel chromatography to give tert-
butyl methyl(2-nitropyridin-3-yl)carbamate (2.3 g, 9.08 mmol, 98.8% yield).

tert-Butyl (2-aminopyridin-3-yl)(methyl)carbamate. To a solution of tert-butyl methyl(2-
nitropyridin-3-yl)carbamate (2.2 g, 8.69 mmol) in methanol (30 mL) was added Pd/C (300 mg, 
10% purity). The mixture was stirred at 25 °C for 1.5 h under hydrogen (15 psi). The mixture 
was filtered and the filtrate was concentrated to give tert-butyl (2-aminopyridin-3-
yl)(methyl)carbamate (2.1 g, 8.28 mmol, 95.28% yield, 88% purity). MS (ESI) m/z 224.1 
[M+1]+.

tert-Butyl (2-isothiocyanatopyridin-3-yl)(methyl)carbamate. To a solution of thiophosgene 
(1.81 g, 15.77 mmol, 1.21 mL) in dichloromethane (30 mL) was added a mixture of tert-butyl (2-
aminopyridin-3-yl)(methyl)carbamate (2 g, 7.88 mmol) in dichloromethane (20 mL) at -5 °C. 
The mixture was stirred at 5 °C for 1 h. The mixture was diluted with 50 mL of dichloromethane. 
The organic phase was washed with sodium bicarbonate (20 mL), dried over anhydrous sodium 
sulfate, filtered and concentrated under vacuum. The residue was purified by silica gel 
chromatography to give tert-butyl N-(2-isothiocyanato-3-pyridyl)-N-methyl-carbamate (1.8 g, 
6.78 mmol, 86.1% yield).

tert-Butyl (2-(3-(imino(5-isopropoxypyridin-2-yl)methyl)thioureido) pyridin-3-
yl)(methyl)carbamate. To a solution of tert-butyl (2-isothiocyanatopyridin-3-
yl)(methyl)carbamate (1.8 g, 6.78 mmol) and 5-isopropoxypyridine-2-carboxamidine (1.22 g, 
6.78 mmol) in dichloromethane (30 mL) and acetone (30 mL) was added triethylamine (2.06 g, 
20.35 mmol, 2.83 mL). The mixture was stirred at 25 °C for 3 h under nitrogen. The mixture was 
concentrated. The residue was poured into water (50 mL). The aqueous phase was extracted with 
ethyl acetate.The combined organic phase was dried over anhydrous sodium sulfate, filtered and 
concentrated under vacuum to give tert-butyl N-[2-[(5-isopropoxypyridine-2-
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carboximidoyl)carbamothioylamino]-3-pyridyl]-N-methyl-carbamate (3 g, 5.40 mmol, 79.58% 
yield, 80% purity). MS (ESI) m/z 445.2 [M+1]+.

tert-Butyl (2-((3-(5-isopropoxypyridin-2-yl)-1,2,4-thiadiazol-5-yl)amino) pyridin-3-
yl)(methyl)carbamate. To a solution of tert-butyl (2-(3-(imino(5-isopropoxypyridin-2-
yl)methyl) thioureido)pyridin-3-yl)(methyl)carbamate (3 g, 5.40 mmol, 1 eq) in ethanol (50 mL) 
were added iodine (274 mg, 1.08 mmol) and hydrogen peroxide (1.22 g, 10.80 mmol, 1.04 mL, 
30% purity). The mixture was stirred at 25 °C for 0.5 h. The reaction was quenched by 30 mL of 
saturated sodium sulfite. The mixture was concentrated to remove the organic solvent. The 
mixture was diluted with 100 mL of water, yellow solid formed. The mixture was filtered to give 
a solid. The solid was triturated with acetonitrile (20 mL) to give tert-butyl (2-((3-(5-
isopropoxypyridin-2-yl)-1,2,4-thiadiazol-5-yl) amino)pyridin-3-yl)(methyl)carbamate (1.7 g, 
3.69 mmol, 68.31% yield, 96% purity). 1H NMR (400MHz, DMSO-d6) 12.30 (s, 1H), 8.38 (s, 
1H), 8.32 (d, J = 2.7 Hz, 1H), 8.16 (d, J = 8.7 Hz, 1H), 7.79-7.72 (m, 1H), 7.51 (dd, J=2.7, 8.7 
Hz, 1H), 7.12 (dd, J1 = 7.3, J2 = 5.1 Hz, 1H), 4.81-4.74 (m, 1H), 3.33 (s, 3H), 3.10 (s, 3H), 1.57-
1.12 (m, 15H).

N2-(3-(5-isopropoxypyridin-2-yl)-1,2,4-thiadiazol-5-yl)-N3-methylpyridine-2,3-diamine. To 
a solution of tert-butyl (2-((3-(5-isopropoxypyridin-2-yl)-1,2,4-thiadiazol-5-yl) amino)pyridin-3-
yl)(methyl)carbamate (700 mg, 1.52 mmol) in ethyl acetate (15 mL) was added hydrochloride / 
ethyl acetate (4 M, 21.00 mL) at 0°C. The mixture was stirred at 25°C for 22h. The mixture was 
filtered and the filter cake was collected to give the crude product. The crude product was 
triturated with MTBE (30 mL) to give N2-(3-(5-isopropoxypyridin-2-yl)-1,2,4-thiadiazol-5-yl)-
N3-methylpyridine-2,3-diamine (433.5 mg, 1.11 mmol, 73.09% yield, 97% purity, HCl). 1H 
NMR (400MHz, CD3OD) 8.65 (d, J = 9.2 Hz, 1H), 8.45 (d, J = 2.4 Hz, 1H), 8.24 (dd, J1 = 9.1, J2 
= 2.5 Hz, 1H), 7.98 (d, J =4.9 Hz, 1H), 7.31 (d, J = 7.8 Hz, 1H), 7.14 (dd, J1 = 7.8, J2 = 5.3 Hz, 
1H), 5.02-4.97 (m, 1H), 2.99 (s, 3H), 1.47 (d, J = 6.0 Hz, 6H); MS (ESI) m/z 343.1 [M+1]+.

N2-(3-(5-cyclopropoxypyridin-2-yl)-1,2,4-thiadiazol-5-yl)-N3,N3-dimethylpyridine-2,3-
diamine (32)

N,N-Dimethyl-2-nitropyridin-3-amine. To a mixture of 3-fluoro-2-nitropyridine (30 g, 211.0 
mmol) and potassium carbonate (116.7 g, 8445 mmol) in acetonitrile (500 mL) was added 
dimethylamine hydrochloride (25.8 g, 317.0 mmol). The reaction mixture was stirred at 20 °C 
for 2 h. and then concentrated to remove acetonitrile and then diluted with water and ethyl 
acetate. The aqueous phase was extracted with ethyl acetate and the combined organic phase was 
dried with anhydrous sodium sulfate, filtered, and concentrated to give N,N-dimethyl-2-
nitropyridin-3-amine (34 g, 201.0 mmol, 95.2% yield, 98.8% purity).

N3,N3-Dimethylpyridine-2,3-diamine. To a mixture of N,N-dimethyl-2-nitropyridin-3-amine 
(30 g, 180 mmol) in methyl alcohol (200 mL) and glycol dimethyl ether (200 mL) was added 
Pd/C (3 g, 180 mmol, 10% purity) under N2. The reaction was degassed under N2 and purged 
with H2 three times. The reaction mixture was then stirred at 30°C under H2 (50 psi) for 5 h. and 
then filtered, concentrated and purified by silica gel chromatography to give N3, N3-
dimethylpyridine-2,3-diamine (24 g, 169.5 mmol, 94.46% yield, 96.9% purity).
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2-Isothiocyanato-N,N-dimethylpyridin-3-amine. To mixture of thiophosgene (7.54 g, 65.6 
mmol) in dichloromethane (50 mL) was added N3,N3-dimethylpyridine-2,3-diamine (3 g, 21.9 
mmol) at 0 °C under N2. The mixture was stirred at 20 °C for 3 h. The mixture was poured into 
saturated sodium bicarbonate and extracted with dichloromethane. The combined organic phase 
was washed with saturated sodium bicarbonate, dried with anhydrous sodium sulfate, filtered and 
concentrated in vacuum to give 2-isothiocyanato-N,N-dimethylpyridin-3-amine (2.3 g, crude).

N2-(3-(5-Cyclopropoxypyridin-2-yl)-1,2,4-thiadiazol-5-yl)-N3,N3-dimethylpyridine-2,3-
diamine. To a mixture of 2-isothiocyanato-N,N-dimethylpyridin-3-amine (1.01 g, 5.64 mmol 
and diisopropylethylamine (1.46 g, 11.29 mmol) in dichloromethane (20 mL) and acetone (20 
mL) was added 5-cyclopropoxypicolinimidamide (1 g, 5.64 mmol) under N2. The mixture was 
stirred at 20 °C for 10 h. and then poured into water and extracted with dichloromethane. The 
combined organic phase was washed with water, dried with anhydrous sodium sulfate, filtered 
and concentrated. The residue was purified by prep-HPLC to give N2-[3-[5-(cyclopropoxy)-2-
pyridyl]-1,2,4-thiadiazol-5-yl]-N3,N3-dimethyl-pyridine-2,3-diamine (277 mg, 0.709 mmol, 
12.6% yield, 100% purity, HCl). 1H NMR (400MHz, DMSO-d6) δ 10.33 (s, 1H), 8.33 (d, J = 2.8 
Hz, 1H), 8.07 (d, J = 8.8 Hz, 1H), 7.61 (dd, J1 = 2.8 Hz, J2 = 8.8 Hz, 1H), 7.25 (dd, J1 = 6.8 Hz, 
J2 = 8.4 Hz, 1H), 6.92-6.87 (m, 2H), 4.01-3.98 (m, 1H), 2.72 (s, 6H), 0.86-0.72 (m, 2H), 0.72 (m, 
2H). MS (ESI): m/z 372.1 [M+1]+.

N2-(3-(5-isopropoxy-4-(trifluoromethyl)pyridin-2-yl)-1,2,4-thiadiazol-5-yl)-N3,N3-
dimethylpyridine-2,3-diamine (34)

Methyl 5-chloro-4-(trifluoromethyl)picolinate. To a mixture of 2,5-dichloro-4-
(trifluoromethyl)pyridine (5 g, 23.15 mmol) in methanol (100 mL) were added 
bis(diphenylphosphino)ferrocene]dichloropalladium (846.9 mg, 1.16 mmol) and triethylamine 
(7.03 g, 69.45 mmol, 9.67 mL) under nitrogen. The mixture was stirred at 60 °C for 3 h under 
carbon monoxide (50 psi). The mixture was filtered and the filtrate was concentrated. The 
residue was purified by silica gel chromatography to give methyl 5-chloro-4-
(trifluoromethyl)picolinate (4.5 g, 18.78 mmol, 81.14% yield).

5-Chloro-4-(trifluoromethyl)picolinamide.  To a mixture of methyl 5-chloro-4-
(trifluoromethyl)picolinate (4.5 g, 17.78 mmol) in methanol (100 mL) was added ammonia / 
methanol (29 M, 45.34 mL) at 0 °C. The mixture was stirred at 15 °C for 16 h. and then 
concentrated to give 5-chloro-4-(trifluoromethyl)picolinamide (4 g, 17.81 mmol, 94.8% yield).  

5-Chloro-4-(trifluoromethyl)picolinonitrile.  To a mixture of 5-chloro-4-
(trifluoromethyl)picolinamide (4 g, 17.81 mmol) and triethylamine (9.01 g, 148.06 mmol) in 
dichloromethane (200 mL) was added trifluoroacetic anhydride (18.66 g, 88.84 mmol) at 0 °C. 
The mixture was stirred at 25 °C for 3 h. The mixture was poured into ice-water (150 mL). The 
organic phase was separated, and the aqueous phase was extracted with dichloromethane. The 
combined organic phases were concentrated under vacuum and the residue was purified by silica 
gel chromatography to give 5-chloro-4-(trifluoromethyl)picolinonitrile (3.6 g, 17.43 mmol, 
97.9% yield).

5-Isopropoxy-4-(trifluoromethyl)picolinonitrile. To a mixture of sodium hydride (1.74 g, 
43.57 mmol, 60% purity) in DMF (40 mL) was added propan-2-ol (2.09 g, 34.86 mmol) at -20 
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°C under nitrogen. The mixture was stirred at -10 °C for 0.5 h under nitrogen. Then 5-chloro-4-
(trifluoromethyl)picolinonitrile (3.6 g, 17.43 mmol) in DMF (10 mL) was added into the above 
mixture at -20 °C. The mixture was stirred at -20 °C for 1 h. The mixture was poured into cold 
saturated ammonium chloride (100 mL) slowly and then diluted with 300 mL of ethyl acetate. 
The organic phase was washed with brine, dried over anhydrous sodium sulfate, filtered and 
concentrated under vacuum. The residue was purified by silica gel chromatography to give 5-
isopropoxy-4-(trifluoromethyl)picolinonitrile (3 g, 12.38 mmol, 71.0% yield).

5-Isopropoxy-4-(trifluoromethyl)picolinimidamide hydrochloride.  Sodium (25 mg, 1.09 
mmol) was added into methanol (10 mL) followed by5-isopropoxy-4-
(trifluoromethyl)picolinonitrile (0.5 g, 2.17 mmol). The mixture was stirred at 15 °C for 3 h. and 
then ammonium chloride (174.28 mg, 3.26 mmol) was added and stirring continued at 70 °C for 
2 h. The hot mixture was filtered and the filtrate was concentrated to give a residue. The residue 
was triturated with petroleum ether/ ethyl acetate (2/1, 15 mL) to give 5-isopropoxy-4-
(trifluoromethyl)picolinimidamide hydrochloride (0.6 g, crude).

N-((3-(dimethylamino)pyridin-2-yl)carbamothioyl)-5-isopropoxy-4- 
(trifluoromethyl)picolinimidamide.  To a mixture of 2-isothiocyanato-N,N-dimethylpyridin-3-
amine (0.38 g, 2.12 mmol) and 5-isopropoxy-4-(trifluoromethyl)picolinimidamide hydrochloride 
(601 mg, crude) in dichloromethane (15 mL) and acetone (15 mL) was added triethylamine (2.15 
g, 21.20 mmol, 2.95 mL). The mixture was stirred at 15 °C for 16 h under nitrogen and then 
concentrated and the residue was poured into water. The aqueous phase was extracted with ethyl 
acetate and the combined organic phases were dried over anhydrous sodium sulfate, filtered and 
concentrated under vacuum to give N-((3-(dimethylamino)pyridin-2-yl) carbamothioyl)-5-
isopropoxy-4-(trifluoromethyl)picolinimidamide (1 g, 1.34 mmol, 63.1% yield).

N2-(3-(5-isopropoxy-4-(trifluoromethyl)pyridin-2-yl)-1,2,4-thiadiazol-5-yl)- N3,N3-
dimethylpyridine-2,3-diamine.  To a mixture of N-((3-(dimethylamino)pyridin-2-
yl)carbamothioyl)-5-isopropoxy-4-trifluoromethyl)picolinimidamide (1g, 1.34 mmol, 57% 
purity) in ethanol (20 mL) were added iodine (67.85 mg, 0.267 mmol) and hydrogen peroxide 
(454.57 mg, 4.01 mmol, 30% purity) at 0 °C. The mixture was stirred at 15 °C for 0.5 h. The 
mixture was quenched with saturated sodium sulfite (30 mL). The mixture was concentrated to 
remove the organic solvent. The aqueous phase was diluted with water (100 mL) and extracted 
with ethyl acetate. The combined organic phases were dried with anhydrous sodium sulfate, 
filtered and concentrated. The residue was purified by prep-HPLC (column: Phenomenex 
Synergi C18 150*30mm*4um;mobile phase: [water(0.225%FA)-ACN];B%: 60%-90%,10min) 
followed by lyopilization to give N2-(3-(5-isopropoxy-4-(trifluoromethyl)pyridin-2-yl)-1,2,4-
thiadiazol-5-yl)-N3,N3-dimethylpyridine-2,3-diamine (431.76 mg, 1.01 mmol, 75.9% yield, 
99.77% purity) as a solid; 1H NMR (400MHz, DMSO-d6) 11.50 (br s, 1H), 8.82 (s, 1H), 8.39 (s, 
1H), 8.15 (dd, J1 =5.0, J2 =1.2, 1H), 7.64-7.55 (m, 1H), 7.09 (dd, J1 =7.7, J2 =4.9, 1H), 5.15-5.08 
(m, 1H), 2.68 (s, 6H), 1.37 (d, J = 6.0 Hz, 6H); MS (ESI) m/z 425.1 [M+1]+.

3-(5-Isopropoxy-2-pyridyl)-N-[5-isopropyl-4-(trifluoromethyl)-2-pyridyl]-1,2,4-thiadiazol-
5-amine (37)

5-Bromo-4-(trifluoromethyl)pyridin-2-amine. To a mixture of N-bromosuccinimide (45 g, 250 
mmol) in THF (350 mL) was added a solution of 4-(trifluoromethyl)pyridin-2-amine (38.7 g, 
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239 mmol) in THF (200 mL) at 0 °C over a period of 0.5 h. The mixture was stirred at 25 °C for 
1 h. The reaction mixture was filtered and the filtrate was concentrated. The residue was purified 
by column chromatography to give 5-bromo-4-(trifluoromethyl)pyridin-2-amine (34 g, 141 
mmol, 59.1% yield) and 5-bromo-4-(trifluoromethyl)pyridin-2-amine (21 g, 66 mmol, 27.7% 
yield, 76% purity). 1H NMR (400MHz, DMSO-d6) δ 8.18 (t, J = 3.3 Hz, 1H), 6.86 (s, 1H), 6.73 
(br s, 2H), 4.05-3.96 (m, 2H), 1.96 (t, J = 2.9 Hz, 3H), 1.19-1.12 (m, 3H).

5-(Prop-1-en-2-yl)-4-(trifluoromethyl)pyridin-2-amine. To a mixture of 5-bromo-4-
(trifluoromethyl)pyridin-2-amine (22 g, 69 mmol), potassium trifluoro(prop-1-en-2-yl)borate 
(15.40 g, 104 mmol) and cesium carbonate (45 g, 139 mmol) in dioxane (400 mL) and water (40 
mL) was added Pd(dppf)Cl2 (2.5 g, 3.5 mmol) under nitrogen. The mixture was then stirred at 80 
°C for 5 h. and then filtered and the filtrate was concentrated. The residue was purified by 
column chromatography to give 5-isopropenyl-4-(trifluoromethyl)pyridin-2-amine (14 g, crude).

5-Isopropyl-4-(trifluoromethyl)pyridin-2-amine. To a mixture of 5-isopropenyl-4-
(trifluoromethyl)pyridin-2-amine (14 g) in methanol (180 mL) was added Pd/C (1 g, 10% purity) 
and Pd(OH)2 (1 g, 7 mmol) under nitrogen. The reaction mixture was degassed under vacuum 
and purged with hydrogen for 3 times. The reaction mixture was then stirred at 25 °C under 
hydrogen for 16 hr. and then filtered and the filtrate was concentrated. The residue was purified 
by column chromatography to give 5-isopropyl-4-(trifluoromethyl)pyridin-2-amine (7.8 g, 38.2 
mmol). 1H NMR (400MHz, CDCl3) δ 8.28-8.16 (m, 1H), 6.72-6.62 (m, 1H), 4.58 (br s, 2H), 
3.21-3.10 (m, 1H), 1.27 (d, J = 6.9 Hz, 6H), MS (ESI): m/z 205.1[M+1]+

5-Isopropyl-2-isothiocyanato-4-(trifluoromethyl)pyridine. To a solution of thiophosgene 
(4.50 g, 39 mmol, 300 mL) in dichloromethane (30 mL) was added 5-isopropyl-4-
(trifluoromethyl)pyridin-2-amine (4 g, 19.6 mmol) in dichloromethane (30 mL) at 0 °C. The 
mixture was stirred at 0 °C for 1 h. and then diluted with sodium bicarbonate (50 mL). The 
resulting mixture was extracted with ethyl acetate, and the organic phase was concentrated. The 
residue was purified by column chromatography to give 5-isopropyl-2-isothiocyanato-4- 
(trifluoromethyl)pyridine (0.7 g, 2.7 mmol, 13.8% yield, 95% purity) and 5-isopropyl-2-
isothiocyanato-4-(trifluoromethyl)pyridine (3 g, 8 mmol, 41.1% yield, 66% purity).

1-(5-Isopropoxypyridine-2-carboximidoyl)-3-[5-isopropyl-4-(trifluoromethyl)-2-
pyridyl]thiourea. To a solution of 5-isopropyl-2-isothiocyanato-4-(trifluoromethyl)pyridine (0.4 
g, 1.6 mmol) and 5-isopropoxypyridine-2-carboxamidine (290 mg, 1.6 mmol) in 
dichloromethane (10 mL) and acetone (10 mL) was added triethylamine (492 mg, 4.8 mmol). 
The mixture was stirred at 25 °C for 3 h. and then concentrated to give 1-(5-isop ropoxypyridine-
2-carboximidoyl)-3-[5-isopropyl-4-(trifluoromethyl)-2-pyridyl]thiourea (0.6 g, 1.4 mmol, 87.1% 
yield). MS (ESI): m/z 426.0[M+1]+

3-(5-Isopropoxy-2-pyridyl)-N-[5-isopropyl-4-(trifluoromethyl)-2-pyridyl]-1,2,4-thiadiazol-
5-amine. To a mixture of 1-(5-isopropoxypyridine-2-carboximidoyl)-3-[5-isopropyl- 4-
(trifluoromethyl)-2-pyridyl]thiourea (0.6 g, 1.4 mmol) in ethanol (10 mL) were added iodine 
(71.6 mg, 0.282 mmol) and hydrogen peroxide (96 mg, 0.846 mmol, 30% purity). The mixture 
was stirred at 25 °C for 12 h. and then quenched with saturated sodium sulfite, concentrated, and 
extracted with ethyl acetate. The organic phase was dried with anhydrous sodium sulfate, filtered 
and concentrated to give crude product. The crude product was triturated with acetonitrile (5 mL) 
to give 3-(5-isopropoxy-2-pyridyl)-N-[5-isopropyl-4-(trifluoromethyl)- 2-pyridyl]-1,2,4-
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thiadiazol-5-amine (387.83 mg, 0.870 mmol, 61.7% yield, 95% purity). 1H NMR (400MHz, 
DMSO-d6) δ 12.55 (br s, 1H), 8.80 (s, 1H), 8.34 (d, J = 2.8 Hz, 1H), 8.14 (d, J = 8.7 Hz, 1H), 
7.51 (dd, J1 = 8.8, J2 = 2.9 Hz, 1H), 7.37 (s, 1H), 4.83-4.74 (m, 1H), 3.21-3.10 (m, 1H), 1.32 (d, J 
= 6.0 Hz, 12H); MS (ESI): m/z 424.1 [M+1]+

3-(5-Isopropoxypyridin-2-yl)-N-isopropyl-N-(3-methylpyridin-2-yl)-1,2,4-thiadiazol-5-
amine (43)

N-Isopropyl-3-methylpyridin-2-amine. To a solution of 3-methylpyridin-2-amine (3 g, 27.7 
mmol) in THF (60 mL) was added butyl lithium (2.5 M, 13.3 mL) slowly at -70 °C under 
nitrogen. The mixture was stirred at 0 °C for 30 min. Then 2-iodopropane (5.19 g, 30.5 mmol) in 
THF (5 mL) was added slowly at 0 °C and the mixture was stirred at 25 °C for 16 h. The mixture 
was quenched with saturated ammonium chloride (50 mL) at 0 °C and the resulting mixture was 
extracted with ethyl acetate. The combined organic phase was washed with brine, dried over 
sodium sulfate, filtered and concentrated at reduced pressure. The residue was purified by silica 
gel chromatography to give N-isopropyl-3-methyl-pyridin-2-amine (1.3 g, 8.65 mmol, 31.20% 
yield). 1H NMR (400 MHz, CDCl3) δ 8.02-8.01 (m, 1H), 7.20-7.18 (m, 1H), 6.50-6.47 (m, 1H), 
4.32-4.28 (m, 1H), 3.91 (brs, 1H), 2.06 (s, 3H), 1.28 (s, 3H), 1.25 (s, 3H).

O-Phenyl isopropyl(3-methylpyridin-2-yl)carbamothioate. To a mixture of N-isopropyl-3-
methyl-pyridin-2-amine (1.20g, 7.9 mmol) and potassium carbonate (3.3 g, 23.9 mmol) in THF 
(20 mL) was added O-phenyl carbonochloridothioate (2.7 g, 15.9 mmol) which was dissolved 
with THF (5 mL) slowly at 0°C under nitrogen. The mixture was filtered and the filtrate was 
concentrated at reduced pressure. The residue was purified by silica gel chromatography to give 
O-phenyl isopropyl(3-methylpyridin-2-yl)carbamothioate (2.2 g, 7.37 mmol, 92.3% yield, 96% 
purity).

5-Isopropoxy-N-(isopropyl(3-methylpyridin-2-yl)carbamothioyl) picolin- imidamide and 
O-phenyl isopropyl(3-methylpyridin-2-yl)carbamothioate.  To a mixture of O-phenyl 
isopropyl(3-methylpyridin-2-yl)carbamothioate (1.5 g, 5.4 mmol) and 5-
isopropoxypicolinimidamide (1.15 g, 6.4 mmol) in anhydrous dimethyl sulfoxide (15 mL) was 
added potassium tert-butoxide (1 M, 6.4 mL) slowly. The mixture was stirred at 25 °C for 16 h. 
and then poured into water (100 mL).  The resulting mixture was extracted with ethyl acetate and 
the combined organic phase was washed with brine, dried over sodium sulfate, filtered and 
concentrated at reduced pressure. The residue was purified by silica gel chromatography to give 
5-isopropoxy-N-(isopropyl(3-methylpyridin-2-yl)carbamothioyl)picolinimidamide (0.42 g, 1.13 
mmol, 21% yield) and and O-phenyl isopropyl(3-methylpyridin-2-yl)carbamothioate (1 g, 3.5 
mmol, 65% yield).

3-(5-isopropoxypyridin-2-yl)-N-isopropyl-N-(3-methylpyridin-2-yl)-1,2,4-thiadiazol-5-
amine. To a mixture of 5-isopropoxy-N-(isopropyl(3-methylpyridin-2-yl)carbamothioyl) 
picolinimidamide (0.42 g, 1.13 mmol) and hydrogen peroxide (256 mg, 2.26 mmol, 30% purity) 
in ethanol (10 mL) was added iodine (57.39 mg, 0.226 mmol). The mixture was stirred at 25 °C 
for 1 h. The mixture was quenched with saturated sodium sulfite at 0 °C and the resulting 
mixture was concentrated at reduced pressure. The residue was diluted with water and the 
aqueous phase was extracted with ethyl acetate, the combined organic phase was washed with 
brine, dreid over sodium sulfate, filtered and concentrated at reduced pressure to give a residue. 
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The residue was purified by prep-HPLC (column: Phenomenex Synergi C18 
150*30mm*4um;mobile phase: [water(0.225%FA)-ACN];B%: 48%-78%,10.5min) to give 3-(5-
isopropoxypyridin-2-yl)-N-isopropyl-N-(3-methylpyridin-2-yl)-1,2,4-thiadiazol-5-amine (254.92 
mg, 0.61 mmol, 54% yield, 99% purity, formic acid). 1H NMR (400 MHz, DMSO-d6) δ 8.47 (d, 
J = 3.2 Hz, 1H), 8.31 (d, J = 2.8 Hz, 1H), 8.17 (s, 1H), 8.04 ( d, J = 8.8 Hz, 1H), 7.48-7.45 (m, 
2H), 4.79-4.73 (m, 1H), 4.57-4.52 (m, 1H), 2.27 (s, 3H), 1.37 (s, 3H), 1.35 (s, 3H), 1.32 (s, 3H), 
1.30 (s, 3H); MS (ESI): m/z 370.1 [M+1]+.

N-(2-((3-(5-isopropoxypyridin-2-yl)-1,2,4-thiadiazol-5-yl)amino)pyridin-3-yl)acetamide (46)

2-Isothiocyanato-3-nitropyridine. To a mixture of thiophosgene (8.27 g, 71.88 mmol, 5.51 mL) 
in dichloromethane (50 mL) was added a solution of 3-nitropyridin-2-amine (5 g, 35.94 mmol) in 
dichloromethane (50 mL) at 0 °C under nitrogen. The mixture was stirred at 0 °C for 1 h. and 
additional thiophosgene (8.27 g, 71.88 mmol, 5.51 mL) was added and  stirred at 20 °C for 
another 16 h. The reaction mixture was filtered and the filtrate was quenched with saturated 
sodium bicarbonate at 0 °C. The organic phase was separated and dried over anhydrous sodium 
sulfate, filtered and concentrated under reduced pressure to give a residue. The residue was 
purified by column chromatography to give 2-isothiocyanato- 3-nitro-pyridine (1.6 g, 8.83 
mmol, 24.6% yield). 1H NMR (400MHz, CDCl3) 8.68 (dd, J1 = 4.8, J2 = 1.7 Hz, 1H), 8.41 (dd, 
J1 = 8.1, J2 =1.7 Hz, 1H), 7.41 (dd, J1 = 8.1, J2 = 4.7 Hz, 1H).

3-(5-Isopropoxypyridin-2-yl)-N-(3-nitropyridin-2-yl)-1,2,4-thiadiazol-5-amine. To the 
mixture 5-isopropoxypicolinimidamide (791.37 mg, 4.42 mmol) and 2-isothiocyanato-3-
nitropyridine (800 mg, 4.42 mmol) in dichloromethane (5 mL) and acetone (5 mL) was added 
triethylamine (1.34 g, 13.26 mmol, 1.84 mL). The mixture was stirred at 20 °C for 2 h. and then 
concentrated under reduced pressure.The residue was diluted with water , saturated sodium 
bicarbonate (10 mL) and the resulting mixture was extracted with ethyl acetate. The combined 
organic phase was dried over sodium sulfate, filtered and concentrated at reduced pressure to 
give a residue. The residue was purified by column chromatography to give 3-(5-
isopropoxypyridin-2-yl)-N-(3-nitropyridin-2-yl)-1,2,4- thiadiazol-5 -amine (0.5 g, 1.40 mmol, 
31.6% yield). 1H NMR (400MHz, CDCl3) 11.47 (s, 1H), 8.79 (dd, J1 =4.8, J2 = 1.6 Hz, 1H), 8.71 
(dd, J1 = 8.3, J2 = 1.6 Hz, 1H), 8.44 (d, J=2.7 Hz, 1H), 8.28 (d, J = 8.8 Hz, 1H), 7.31 (dd, J1 =8.7, 
J2 =2.9 Hz, 1H), 7.23 (dd, J1 = 8.3, J2 = 4.7 Hz, 1H), 4.73-4.66 (m, 1H), 1.41 (d, J = 6.1 Hz, 6H).

N2-(3-(5-isopropoxypyridin-2-yl)-1,2,4-thiadiazol-5-yl)pyridine-2,3-diamine. To the mixture 
3-(5-isopropoxypyridin-2-yl)-N-(3-nitropyridin-2-yl)-1,2,4- thiadiazol-5-amine (470 mg, 1.31 
mmol) in methanol (30 mL) and THF (15 mL) was added dry palladium on carbon (100 mg, 
10% purity) and hydroxide palladium on carbon (100 mg, 20% purity) under nitrogen. The 
solution was degassed under vacuum and purged with hydrogen several times. The mixture was 
stirred under hydrogen (15 psi) at 20 °C for 1 hour. The mixture was stirred under hydrogen (15 
psi) at 20 °C for another 2 hours. and then under hydrogen (15 psi) at 20 °C for another 2 h. The 
reaction mixture was filtered and filtrate was concentrated to give a mixture of 3-(5-
isopropoxypyridin-2-yl)-N-(3-nitropyridin-2-yl)-1,2,4-thiadiazol-5-amine and N2-(3-(5-
isopropoxypyridin-2-yl)-1,2,4-thiadiazol-5-yl)pyridine-2,3-diamine (425 mg crude).

N2-(3-(5-isopropoxypyridin-2-yl)- 1,2,4-thiadiazol-5-yl)pyridine-2,3-diamine. To a mixture 
of 3-(5-isopropoxypyridin- 2-yl)-N-(3-nitropyridin-2-yl)-1,2,4-thiadiazol-5-amine and N2-(3-(5-
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isopropoxy- pyridin-2-yl)1,2,4-thiadiazol-5-yl)pyridine-2,3-diamine (425 mg, crude) in methanol 
(30 mL) and THF (15 mL) was added dry palladium on carbon (200 mg, 10% purity) and 
hydroxide palladium on carbon (200 mg, 20% purity) under nitrogen. The solution was degassed 
under vacuum and purged with hydrogen several times and stirred under hydrogen (15 psi) at 20 
°C for 1 h. The reaction mixture was filtered and filtrate was concentrated. The residue was 
purified by column chromatography to give N2-(3-(5-isopropoxypyridin-2-yl)- 1,2,4-thiadiazol-
5-yl)pyridine-2,3-diamine (230 mg, 0.7 mmol). 1H NMR (400MHz, DMSO-d6) 11.61 ( s, 1H), 
8.32 ( d, J = 2.6 Hz, 1H), 8.14 (d, J = 8.7 Hz, 1H), 7.72 (d, J = 4.0 Hz, 1H), 7.50 (dd, J1 = 8.7, J2 
= 2.7 Hz, 1H), 7.06 (d, J =7.6 Hz, 1H), 6.87 (dd, J1 = 7.5, J2 = 5.0 Hz, 1H), 5.55 (s, 2H), 4.79-
4.75 (m, 1H), 1.32 (d, J = 5.9 Hz, 6H).

3-Isopropylpyridin-2-amine. To a solution of N2-(3-(5-isopropoxypyridin-2-yl)-1,2,4-
thiadiazol-5-yl)- pyridine-2,3-diamine (210 mg, 0.64 mmol) and acetic anhydride (65.28 mg, 
0.64 mmol) in acetonitrile (20 mL) was added triethylamine (647.09 mg, 6.39 mmol, 0.89 mL). 
The mixture was stirred at 60 °C for 16 h. To the mixture was added acetic anhydride (65.28 mg, 
0.64 mmol) and the mixture was stirred at 60 °C for another 16 h. and acetic anhydride (65.28 
mg, 0.64 mmol) was added. and stirred at 60 °C for another 5 h. The mixture was concentrated to 
give crude product which was purified by flash silica gel chromatography (column: Luna C18 
150*25 5u;mobile phase: [water(0.225%FA)-ACN];B%: 33%-53%,7.8min) to give 200 mg 
crude product. The 200 mg of crude product was further purified by prep-TLC to give N-[2-
[acetyl-[3-(5-isopropoxy-2-pyridyl)-1,2,4-thiadiazol-5-yl] amino]-3-pyridyl]acetamide or N-[2-
[(Z)-[4-acetyl-3-(5-isopropoxy-2-pyridyl)-1,2,4- thiadiazol-5-ylidene]amino]-3-
pyridyl]acetamide (37.5 mg, 0.039 mmol, 6.97% yield, 98% purity) 70.0 mg of crude desired 
product. The 70.0 mg desired product was purified by prep-HPLC (column: Phenomenex 
Synergi C18 150*30mm*4um;mobile phase: [water(0.225%FA)-ACN];B%: 35%-59%,10min) 
to give N-[2-[[3-(5-isopropoxy-2-pyridyl)-1,2,4 -thiadiazol-5-yl] amino]-3-pyridyl] acetamide 
(57.18 mg, 0.150 mmol, 11.8% yield, 98% purity). 1H NMR (400MHz, CDCl3) 9.63 (s, 1H), 
8.21 (s, 1H), 8.10-8.04 (m, 2H), 7.74 (s, 1H), 7.16 (dd, J1 = 8.7, J2  = 2.4 Hz, 1H), 7.00 (dd, J1 = 
7.3, J2  = 5.3 Hz, 1H), 4.50-4.47 (m, 1H), 1.91 (s, 3H), 1.29 (d, J = 5.9 Hz, 6H); MS (ESI): m/z 
371.3 [M+1]+.

N-(2-((3-(5-isopropoxy-4-(trifluoromethyl)pyridin-2-yl)-1,2,4-thiadiazol-5-
yl)amino)pyridin-3-yl)-n-methylacetamide (48)

tert-Butyl methyl(2-nitropyridin-3-yl)carbamate. To a mixture of tert-butyl methyl(2-
nitropyridin-3-yl)carbamate (8.5 g, 35.53 mmol) in DMF (100 mL) was added sodium hydride 
(2.13 g, 53.30 mmol, 60% purity)  at 0 °C and the mixture was stirred at 20 °C for 30 min under 
nitrogen. To the mixture was added iodomethane (5.55 g, 39.08 mmol) at 0°C and stirred at 20 
°C for 2 h under nitrogen. The mixture was cooled to 0 °C and poured into ice-water. 
The resulting mixture was extracted with ethyl acetate. The combined organic phase was washed 
with brine, dried with anhydrous sodium sulfate, filtered and concentrated in vacuum. The 
residue was purified by silica gel chromatography to give tert-butyl methyl(2-nitropyridin-3-
yl)carbamate (8.5 g, 33.56 mmol, 94.5% yield). 1H NMR (400MHz, CDCl3) 8.44 (d, J = 3.7 Hz, 
1H), 7.83 (d, J = 7.8 Hz, 1H), 7.64 (dd, J1 = 7.9, J2 = 4.5 Hz, 1H), 3.33 (s, 3H), 1.55-1.30 (m, 
9H).
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tert-Butyl (2-aminopyridin-3-yl)(methyl)carbamate. To a solution of tert-butyl methyl(2-
nitropyridin-3-yl)carbamate (8.5 g, 33.56 mmol) in methanol (100 mL) were added 
palladium/carbon (0.4 g, 10 %) and hydroxide palladium /carbon (0.4 g, 20 %). The mixture was 
stirred at 20 °C for 3 h under hydrogen (15 psi) and then the reaction mixture was filtered and the 
filtrate was concentrated under vacuum to give tert-butyl (2-aminopyridin-3-
yl)(methyl)carbamate (7.3 g, 32.7 mmol, 97.4% yield). 1H NMR (400 MHz, CDCl3) δ7.98 (dd, 
J1 = 5.0, J2 = 1.5 Hz, 1H), 7.33 - 7.18 (m, 1H), 6.66 (dd, J1 = 7.5, J2 = 5.0 Hz, 1H), 4.62 (br s, 
2H), 3.13 (s, 3H), 1.40 (br s, 9H).

tert-Butyl (2-isothiocyanatopyridin-3-yl)(methyl)carbamate. To a solution of thiocarbonyl 
dichloride (3.40 g, 29.56 mmol) in dichloromethane (30 mL) was added a solution of tert-butyl 
(2-aminopyridin-3-yl)(methyl)carbamate (3.3 g, 14.78 mmol) in dichloromethane (30 mL) 
dropwise at 0 °C. The mixture was stirred at 0 °C for 1 h. To the mixture was added saturated 
sodium bicarbonate aqueous and the layers were separated. The aqueous phase was extracted 
with dichloromethane and the combined organic phases were concentrated under vacuum to give 
a residue. The residue was purified by silica gel column chromatography to give tert-butyl (2-
isothiocyanatopyridin-3-yl)(methyl)carbamate (3 g, 10.85 mmol, 73.4% yield, 96% purity).

tert-Butyl (2-(3-(imino(5-isopropoxy-4-(trifluoromethyl)pyridin-2-
yl)methyl)thioureido)pyridin-3-yl)(methyl)carbamate. To a solution of tert-butyl (2-
isothiocyanatopyridin-3-yl)(methyl)carbamate (1.2 g, 4.34 mmol) and 5-isopropoxy-4-
(trifluoromethyl)picolinimidamide (1.23 g, 4.34 mmol, HCl) in dicholomethane (30 mL) and 
acetone (30 mL) was added triethylamine (4.39 g, 43.42 mmol). The mixture was stirred at 20 °C 
for 3 h under nitrogen. The mixture was concentrated under vacuum. The residue was poured 
into water and the aqueous phase was extracted with ethyl acetate. The combined organic phase 
was dried over anhydrous sodium sulfate, filtered and concentrated under vacuum to give tert-
butyl (2-(3-(imino(5-isopropoxy-4-(trifluoromethyl)pyridin-2-yl)methyl)thioureido)pyridin-3-
yl)(methyl)carbamate (2.4 g, crude). 

tert-Butyl (2-((3-(5-isopropoxy-4-(trifluoromethyl)pyridin-2-yl)-1,2,4-thiadiazol-5-
yl)amino)pyridin-3-yl)(methyl)carbamate. To a solution of tert-butyl (2-(3-(imino(5-
isopropoxy-4-(trifluoromethyl)pyridin-2-yl)methyl)thioureido)pyridin-3-yl)(methyl)carbamate 
(2.4 g, crude) in ethanol (40 mL) were added iodine (237.69 mg, 0.936 mmol) and hydrogen 
peroxide (1.59 g, 14.05 mmol, 1.35 mL, 30% purity) at 0 °C. The mixture was stirred at 15 °C 
for 0.5 h. The mixture was quenched with saturated sodium sulfite (50 mL) at 0 °C. The mixture 
was concentrated to remove the organic solvent. The aqueous phase was diluted with water and 
extracted with ethyl acetate. The combined organic phase was dried with anhydrous sodium 
sulfate, filtered and concentrated under vacuum. The residue was purified by silica gel 
chromatography to give tert-butyl (2-((3-(5-isopropoxy-4-(trifluoromethyl)pyridin-2-yl)-1,2,4-
thiadiazol-5-yl)amino)pyridin-3-yl)(methyl)carbamate (2.2 g, 3.96 mmol, 84.7% yield, 92% 
purity). 1H NMR (400MHz, CDCl3) 8.54 (s, 1H), 8.48 (s, 1H), 8.39 (dd, J1 = 5.0, J2 = 1.5 Hz, 
1H), 7.56 (d, J = 7.3 Hz, 1H), 7.07 (dd, J1 = 7.7, J2 = 5.0 Hz, 1H), 4.95-4.85 (m, 1H), 3.22 (s, 
3H), 1.50-1.37 (m, 15H).

tert-Butyl (2-((3-(5-isopropoxy-4-(trifluoromethyl)pyridin-2-yl)-1,2,4-thiadiazol-5-
yl)amino)pyridin-3-yl)(methyl)carbamate. To a solution of tert-butyl (2-((3-(5-isopropoxy-4-
(trifluoromethyl)pyridin-2-yl)-1,2,4-thiadiazol-5-yl)amino)pyridin-3-yl)(methyl)carbamate (2.2 
g, 3.96 mmol) in ethyl acetate (15 mL) was added hydrochloride/ ethyl acetate (4 M, 15 mL) at 0 
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°C. The mixture was stirred at 25 °C for 2 h. and then concentrated under vacuum to give N2-(3-
(5-isopropoxy-4-(trifluoromethyl)pyridin-2-yl)-1,2,4-thiadiazol-5-yl)-N3-methylpyridine-2,3-
diamine (1.7 g, 3.69 mmol, 93.1% yield, 97% purity, HCl).

N-(2-((3-(5-Isopropoxy-4-(trifluoromethyl)pyridin-2-yl)-1,2,4-thiadiazol-5-
yl)amino)pyridin-3-yl)-N-methylacetamide. To a solution of N2-(3-(5-isopropoxy-4-
(trifluoromethyl)pyridin-2-yl)-1,2,4-thiadiazol-5-yl)-N3-methylpyridine-2,3-diamine (0.25 g, 
0.543 mmol, HCl, two batches) in acetonitrile (20 mL) were added ethylamine (549.11 mg, 5.43 
mmol) and acetic anhydride (66.48 mg, 0.651 mmol). The mixture was stirred at 30 °C for 16 h. 
The mixture was concentrated under vacuum. The residue was purified by prep-HPLC (column: 
Phenomenex Synergi C18 150*30mm*4um;mobile phase: [water(0.225%FA)-ACN];B%: 50%-
80%,10min) followed by lyophilization to give N-(2-((3-(5-isopropoxy-4-
(trifluoromethyl)pyridin-2-yl)-1,2,4-thiadiazol-5-yl)amino)pyridin-3-yl)-N-methylacetamide 
(129.76 mg, 0.287 mmol, 26.4% yield, 99.9% purity). 1H NMR (400MHz, DMSO-d6) δ 12.69-
11.96 (m, 1H), 8.81 (s, 1H), 8.51-8.35 (m, 2H), 7.93-7.71 (m, 1H), 7.20-7.14 (m, 1H), 5.16-5.06 
(m, 1H), 3.28 (s, 1.3H), 3.09 (s, 1.8H), 2.23 (s, 1.1H), 1.70 (s, 1.9H), 1.36 (d, J = 6.0 Hz, 6H); 
MS (ESI): m/z 453.1 [M+1]+.

N-(6-((3-(5-Isopropoxypyridin-2-yl)-1,2,4-thiadiazol-5-yl)amino)-5-methylpyridin-3-yl)-N-
methylacetamide (51)

tert-Butyl (6-bromo-5-methylpyridin-3-yl)carbamate. This reaction was paralleled for two 
batches: To a solution of 6-bromo-5-methylpyridin- 3-amine (9.5 g, 50.79 mmol) and di-tert-
butyl dicarbonate (11.09 g, 50.79 mmol, 11.67 mL) in acetonitrile (120 mL) was added N,N-
dimethylpyridin-4-amine (6.21 g, 50.79 mmol) and triethylamine (10.3 g, 101.58 mmol, 14.14 
mL). The mixture was stirred at 80 °C for 12 h. Two batches of parallel reactions were 
combined. The mixture was concentrated and purified by flash silica gel chromatography to give 
tert-butyl (6-bromo-5-methylpyridin-3-yl)carbamate (22.3 g, crude).

tert-Butyl (6-bromo-5-methylpyridin-3-yl)(methyl)carbamate. This reaction was paralleled 
for two batches: To a solution of tert-butyl (6-bromo-5-methylpyridin-3-yl)carbamate (7.75 g, 
crude) in DMF (100 mL) was added sodium hydride (1.51 g, 37.78 mmol, 60% purity) at 0 °C 
and the mixture was stirred at 25 °C for 0.5 h. Iodomethane (4.98 g, 35.09 mmol, 2.18 mL) was 
added at 0 °C and the mixture was stirred at 25 °C for 1 h. Two batches of parallel reactions were 
combined and the mixture was diluted with cold saturated ammonium chloride and extracted 
with ethyl acetate. The combined organic layers were washed with brine, dried over anhydrous 
sodium sulfate and filtered. The filtrate was concentrated under reduced pressure and purified by 
column chromatography to give tert-butyl (6-bromo-5-methylpyridin-3-yl)(methyl)carbamate 
(20.4 g, crude). MS (ESI): m/z 301.0 [M+1]+.

tert-Butyl (6-((ethoxycarbonyl)amino)-5-methylpyridin-3-yl)(methyl)carbamate. This 
reaction was paralleled for two batches: A mixture of tert-butyl (6-bromo-5-methylpyridin-3-
yl)(methyl)carbamate (2.5 g, 8.30 mmol), ethyl carbamate (1.85 g, 20.75 mmol), sodium 2-
methylpropan-2-olate (2 M, 8.30 mL) in THF (50 mL) was degassed and purged with nitrogen 3 
times. To the mixture was added [2-(2-aminophenyl)phenyl]-methylsulfonyloxy-
palladium;dicyclohexyl-[3,6-dimethoxy-2- (2,4,6-triisopropylphenyl)phenyl]phosphane (376.23 
mg, 0.42 mmol) and  the mixture was stirred at 100 °C for 12 h under nitrogen atmosphere. Two 
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batches of parallel reactions were combined and the mixture was diluted with water and 
extracted with ethyl acetate. The combined organic layers were washed with brine, dried over 
anhydrous sodium sulfate and filtered. The filtrate was concentrated under reduced pressure and 
purified by flash silica gel chromatography to give tert-butyl (6-((ethoxycarbonyl)amino)-5-
methylpyridin-3-yl)(methyl)carbamate (3.5 g, crude). MS (ESI): m/z 310.1 [M+1]+.

tert-Butyl (6-amino-5-methylpyridin-3-yl)(methyl)carbamate. To a solution of tert-butyl (6-
((ethoxycarbonyl)amino)-5-methylpyridin-3-yl)(methyl) carbamate (3.85 g, crude) in ethanol (40 
mL) and water (8 mL) was added lithium hydroxide hydrate (2.61 g, 62.23 mmol). The mixture 
was stirred at 90 °C for 2 h. and then concentrated. The reaction mixture was diluted with water 
and extracted with ethyl acetate. The combined organic layers were washed with brine, dried 
over anhydrous sodium sulfate and filtered. The filtrate was concentrated under reduced pressure 
and purified by flash silica gel chromatography to give tert-butyl (6-amino-5-methylpyridin -3-
yl)(methyl)carbamate (1.57 g, 6.62 mmol, 53.2% yield). 1H NMR (400 MHz, CDCl3) δ 7.83 (s, 
1H), 7.24-7.19 (m, 1H), 4.43-4.27 (m, 2H), 3.20 (s, 3H), 2.13 (s, 3H), 1.44 (s, 9H). MS (ESI): 
m/z 238.1 [M+1]+

tert-Butyl (6-isothiocyanato-5-methylpyridin-3-yl)(methyl)carbamate. To a solution of 
thiophosgene (1.99 g, 17.32 mmol, 1.33 mL) in dichloromethane (20 mL) was added tert-butyl 
(6-amino-5-methylpyridin-3-yl)(methyl)carbamate (1.37 g, 5.77 mmol) in dichloromethane (15 
mL) at 0 °C. The mixture was stirred at 25 °C for 12 h and then poured into saturated sodium 
bicarbonate aqueous at 0 °C. The mixture was extracted with dichloromethane, combined 
organic layers were concentrated under reduced pressure and purified by column 
chromatography  to give tert-butyl (6-isothiocyanato-5-methylpyridin-3-yl)(methyl)carbamate 
(1.08 g, crude) and recovered tert-butyl (6-amino-5-methylpyridin-3-yl)(methyl)carbamate (170 
mg, crude). MS (ESI): m/z 280.1 M+1]+.

tert-Butyl (6-(3-(imino(5-isopropoxypyridin-2-yl)methyl)thioureido)-5-methylpyridin-3-
yl)(methyl)carbamate. To a solution of tert-butyl (6-isothiocyanato-5-methylpyridin-3-
yl)(methyl)carbamate (857.31 mg, 3.07 mmol) and 5-isopropoxypicolinimidamide (500 mg, 2.79 
mmol) in dichloromethane (50mL) and acetone (50 mL) was added triethylamine (1.41 g, 13.95 
mmol, 1.94 mL). The mixture was stirred at 25 °C for 12 h and concentrated to give tert-butyl (6-
(3-(imino(5-isopropoxypyridin-2-yl)methyl) thioureido)-5-methylpyridin-3-
yl)(methyl)carbamate (1.28 g, crude). MS (ESI): m/z 459.2 [M+1]+.

tert-Butyl (6-((3-(5-isopropoxypyridin-2-yl)-1,2,4-thiadiazol-5-yl)amino)-5-methylpyridin-
3-yl)(methyl)carbamate. To a solution of tert-butyl (6-(3-(imino(5-isopropoxypyridin-2-
yl)methyl) thioureido)-5 -methylpyridin-3-yl)(methyl)carbamate (1.28 g, 2.79 mmol) in ethanol 
(20 mL) was added iodine (141.69 mg, 0.56 mmol) and hydrogen peroxide (632.96 mg, 5.58 
mmol, 0.54 mL, 30% purity) at 0 °C. The mixture was stirred at 25 °C for 40 min and then 
quenched by addition of saturated sodium sulfite aqueous at 0 °C. The mixture was concentrated 
and the aqueous phase was extracted with ethyl acetate. The combined organic phase was 
washed with brine, dried with anhydrous sodium sulfate, filtered and concentrated to give the 
residue under vacuum. The residue was triturated with petroleum ether : ethyl acetate (10 : 1, 50 
mL) for 10 min, then filtered and the filter cake was collected and concentrated under reduced 
pressure to give tert-butyl (6-((3-(5-isopropoxypyridin-2-yl)-1,2,4-thiadiazol-5-yl) amino)-5-
methylpyridin -3-yl)(methyl)carbamate (855 mg, crude). MS (ESI): m/z 457.1 [M+1]+.
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N2-(3-(5-isopropoxypyridin-2-yl)-1,2,4-thiadiazol-5-yl)-N5,3-dimethylpyridine-2,5-diamine. 
To a solution of tert-butyl (6-((3-(5-isopropoxypyridin-2-yl)-1,2,4-thiadiazol -5-yl)amino)-5-
methylpyridin-3-yl)(methyl)carbamate (805 mg, crude) in ethyl acetate (10 mL) was added 
hydrogen chloride/ethyl acetate (20 mL,4 M) and the mixture was stirred at 25 °C for 2 h. The 
mixture was concentrated to give N2-(3-(5-isopropoxypyridin-2-yl)-1,2,4-thiadiazol-5-yl)-N5,3-
dimethylpyridine-2,5-diamine (692 mg, crude, hydrochloride). MS (ESI): m/z 357.1 [M+1]+.

N-(6-((3-(5-isopropoxypyridin-2-yl)-1,2,4-thiadiazol-5-yl)amino)-5-methylpyridin-3-yl)-N-
methylacetamide. To a solution of N2-(3-(5-isopropoxypyridin-2-yl)-1,2,4-thiadiazol-5-yl)-
N5,3- dimethylpyridine-2,5-diamine (692 mg, 1.76 mmol, hydrochloride) in DMF (15 mL) was 
added triethylamine (891.10 mg, 8.81 mmol, 1.23 mL) and acetic anhydride (233.74 mg, 2.29 
mmol, 0.21 mL). The mixture was stirred at 40 °C for 12 h and then concentrated and purified by 
prep-HPLC (column: Phenomenex Luna PFP(2) 150*21.2mm 5u;mobile phase: 
[water(0.2%FA)-ACN];B%: 30%-60%,10min) to give N-(6-((3-(5-isopropoxypyridin-2-yl)-
1,2,4-thiadiazol-5-yl)amino)-5-methylpyridin-3- yl)-N-methylacetamide (249.2 mg, 0.621 mmol, 
35.3% yield, 99.3% purity). 1H NMR (400 MHz, DMSO-d6) δ 11.93 (s, 1H), 8.34-8.33 (m, 2H), 
8.17 (d, J = 8.8 Hz, 1H), 7.75 (s, 1H), 7.52 (dd, J1 =8.9, J2 = 2.9 Hz, 1H), 4.82-4.76 (m, 1H), 
3.15 (s, 3H), 2.42 (s, 3H), 1.80 (s, 3H), 1.33 (d, J = 6.0 Hz, 6H). MS (ESI): m/z 399.1 [M+1]+.

2-((3-(5-Isopropoxypyridin-2-yl)-1,2,4-thiadiazol-5-yl)amino)-n,n-dimethyl-5-
(trifluoromethyl)nicotinamide (57)

Lithium 2-amino-5-(trifluoromethyl)nicotinate. To a solution of methyl 2-amino-5-
(trifluoromethyl)nicotinate (3.8 g, crude) in methanol (40 mL) and water (4 mL) was added 
lithium hydroxide monohydrate (759.93 mg, 18.11 mmol),  and the mixture was stirred at 25 °C 
for 16 h. The mixture was concentrated under high vacuum to give lithium 2-amino-5-
(trifluoromethyl)nicotinate (3.7 g, crude). The crude product was used directly in the next step.

2-Amino-N,N-dimethyl-5-(trifluoromethyl)nicotinamide. To a mixture of lithium 2-amino-5-
(trifluoromethyl)nicotinate (3.7 g, 17.45 mmol) and dimethylamine hydrochloride (2.85 g, 34.90 
mmol) in DMF (40 mL) was added HATU (8.67 g, 22.79 mmol) and diisopropylethylamine 
(9.02 g, 69.79 mmol, 12.16 mL) at 0 °C, the mixture was stirred at 25 °C for 16 h. To the 
mixture was added water (100 mL) and ethyl acetate (50 mL), the aqueous phase was extracted 
with ethyl acetate, the combined organic phase was washed with brine and concentrated under 
vacuum to give a residue. The residue was purified by silica gel column chromatography to give 
2-amino-N,N-dimethyl-5- (trifluoromethyl)nicotinamide (4.5 g, crude); 1H NMR (400MHz, 
DMSO-d6) δ 8.31 (d, J = 1.3 Hz, 1H), 7.65 (d, J = 2.3 Hz, 1H), 6.76 (s, 2H), 2.93-2.89 (m, 6H).

2-Isothiocyanato-N,N-dimethyl-5-(trifluoromethyl)nicotinamide. To a solution of 
thiophosgene (5.25 g, 45.66 mmol, 3.5 mL) in dichloromethane (40 mL) was added a solution of 
2-amino-N,N-dimethyl-5-(trifluoromethyl)nicotinamide (4.5 g, crude) in dichloromethane (20 
mL) at 0 °C. The mixture was stirred at 0 °C for 2 h under nitrogen and then saturated sodium 
bicarbonate was added. The aqueous phase was extracted with dichloromethane and the 
combined organic phase was concentrated under vacuum to a residue which was purified by 
silica gel column chromatography  to give 2-isothiocyanato-N,N-dimethyl-5-
(trifluoromethyl)nicotinamide (1 g, 3.63 mmol, 18.8% yield) and 2-amino-N,N-dimethyl-5-
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(trifluoromethyl)nicotinamide (1 g, crude). 1H NMR (400MHz, CDCl3-d) δ 8.71 (dd, J1 = 2.3 Hz, 
J2 = 0.7 Hz, 1H), 7.95 (d, J = 2.0 Hz, 1H), 3.18 (s, 3H), 2.95 (s, 3H).

2-(3-(Imino(5-isopropoxypyridin-2-yl)methyl)thioureido)-N,N-dimethyl-5-
(trifluoromethyl)nicotinamide. To a solution of 5-isopropoxypicolinimidamide (0.27 g, 1.51 
mmol) in dichloromethane (40 mL) and acetone (40 mL) was added triethylamine (2.18 g, 21.55 
mmol, 3 mL) and 2-isothiocyanato-N,N-dimethyl-5-(trifluoromethyl) nicotinamide (0.4 g, 1.45 
mmol). The mixture was stirred at 25°C for 3 h under nitrogen and then concentrated under 
vacuum to give 2-(3-(imino(5-isopropoxypyridin-2-yl)methyl)thioureido)-N,N- dimethyl-5-
(trifluoromethyl)nicotinamide (0.7 g, crude) which  was used directly in the next step.

2-((3-(5-Isopropoxypyridin-2-yl)-1,2,4-thiadiazol-5-yl)amino)-N,N-dimethyl-5-
(trifluoromethyl)nicotinamide. To a solution of 2-(3-(imino(5-isopropoxypyridin-2-
yl)methyl)thioureido)- N,N-dimethyl-5-(trifluoromethyl)nicotinamide (0.7 g, crude) in ethanol 
(20 mL) was added hydrogen peroxide (0.4 g, 3.53 mmol, 0.338 mL, 30% purity) and a solution 
of iodine (90 mg, 0.354 mmol) in ethanol (5 mL) at 0 °C. The mixture was stirred at 25 °C for 2 
h and then saturated sodium sulfite was added. and the mixture was concentrated under vacuum. 
the remaining aqueous phase was extracted with dichloromethane, the combined organic phase 
was concentrated under vacuum to give a residue. The residue was purified by prep-HPLC 
(column: Shim-pack C18 150*25*10um;mobile phase: [water(0.225%FA)-ACN];B%: 42%-
72%,10min) followed by lyophilization to give 2-((3-(5-isopropoxypyridin-2-yl)-1,2,4-
thiadiazol-5-yl)amino)-N,N-dimethyl-5-(trifluoromethyl)nicotinamide (141.3 mg, 0.309 mmol, 
20.1% yield, 99.2% purity) as white solid; 1H NMR (400MHz, DMSO-d6) δ 12.55 (s, 1H), 8.94 
(s, 1H), 8.34 (d, J = 2.8 Hz, 1H), 8.21-8.13 (m, 2H), 7.53 (dd, J1 = 8.7 Hz, J2 = 2.9 Hz, 1H), 4.83-
4.77 (m, 1H), 3.04 (s, 3H), 2.89 (s, 3H), 1.34 (d, J = 6.0 Hz, 6H); MS (ESI): m/z 453.1 [M+1]+.

Experimental Procedures for Synthesis of Compound 1 1.

1-(5-Methoxypyridin-2-yl)thiourea : A mixture of benzoyl isothiocyanate (3 g, 1.0 mol) and 5-
methoxypyridin-2-amine (2.2 g, 1.0 mol) in ethanol (50 mL) under nitrogen atmosphere was 
stirred at 80 °C for 12 h. After that reaction mixture was cool to 25 °C, poured into ice/water, 
and stirred for an additional 30 min. The benzoyl thiourea precipitate was collected by filtration 
and washed with water. The crude material was dissolved in MeOH and treated with 1 N NaOH 
and the reaction mixture was refluxed for 1 h. After cooling to 25 °C the reaction mixture was 
poured into ice/water and aqueous 1 N HCl was added to produce pH of 3-4. The reaction was 
stirred for 30 min and then basified to pH of 8-9 using saturated Na2CO3 to give a precipitate that 
was collected via filtration. The obtained solid was washed with water and dried to give the title 
compound 1-(5-methoxypyridin-2-yl)thiourea (2.5 g, 74%). LC-MS (ESI): m/z 184.2 [M+H]+.

N-(5-Methoxypyridin-2-yl)-4-(pyridin-2-yl)thiazol-2-amine: To a mixture of 1-(5-
methoxypyridin-2-yl)thiourea (2 g, 1.0 mol) and 2-bromo-1-(pyridin-2-yl)ethanone (2.18 g, 1.0 
mol) in ethanol (40 mL) under nitrogen atmosphere was stirred at 80 °C for 3 h. The mixture was 
cool to 25 °C and precipitate was collected by filtration, washed with ethanol, and dried to give 
the title compounds (1.6 g, 74%). 1H NMR (400 MHz, DMSO-d6) δ 8.59-8.57 (m, 1H), 8.05-
8.04 (m, 1H), 7.99-7.97 (d, 1H), 7.91-7.87 (t, 1H), 7.58 (m, 1H), 7.47-7.44 (dd, 1H), 7.34-7.31 (t, 
1H), 7.13-7.11 (d, 1H), 3.81 – 3.79 (s, 3H). LC-MS (ESI): m/z 285.3 [M+H]+.
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