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S1: Bio-chemical and cellular assay data for I-2 and I-3.

Table 1: Bio-chemical and cellular assay data for I-2 and I-3 from US2015005277.

H,N H2N
5 W o SN
HoN M o HN 0
o d (O
I-2 I3
Compound ID BTK EGFR (ICsy, | BTK pY223 (ICso,
(ICso, nM) nM)
nM)
1-2 0.17 0.21 1.0
I-3 0.80 33 3.8

number of determinations = 1

9

S3

EX2039.0003



Figure 1: (a) Binding mode of B43 in the ATP pocket of BTK from published crystal structure
(PDB ID: 3GEN). (b) Predicted binding pose of I-2 without warhead in the ATP pocket of BTK.
(c) Pose alignment between B43 and I-2 without warhead. BTK is shown as ribbon and colored in
orange. Compound B43, I-2 without warhead and the amino-acid residues of BTK interacting with
compounds are shown as stick and are colored in green, magenta and grey, respectively. The figure

is generated using Schrodinger software (Maestrol1.2 in Schrodinger Suite 2017-2).
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S2: Evaluation of the BTK occupancy capability of studied compounds in mouse.

Table 2: BTK occupancy and mice PK data for 8, 11, 16, 23a, 25a, 29a.

BTK occupancy (%) in Cmax (nM) AUCo.4n (WM)
Compoun splenocytes at 4 h mean+SD mean+SD
dID 3 mg 10 mg 3 mg 10 mg 3mg
8 12.49+15.22 21.68+8.12 0.01+0.01 0.01+0.01 0.02+0.00 | 0.03+0.00
11 8.26+2.39 39.93+3.48 0.01+0.01 0.15+0.03 0.03+0.01 0.32+0.02
16 7.84+12.46 55.72+14.37 0.02+0.01 0.05+0.03 0.04+0 0.15+0.02
23a 60.65+3.74 81.86+6.43 0.92+0.46 | 3.4+1.88 1.99+0.38 | 7.93+1.35
25a 61.86+8.28 77.56£12.89 0.05+0 0.12+0.04 | 0.13+0.01 0.26+0.1
29a 60.41£8.71 82.55+0.68 0.03+0.03 | 0.11+0.06 | 0.08+0.02 | 0.27+0.06
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S3: Fast dilution and protein precipitation experiment for 13/16/31a; Serine mutant assay for
13 and 16.

Both fast dilution experiment and protein precipitation experiment for 13/16/31a also confirmed
that these compounds are irreversible inhibitors against BTK.

Procedure for the fast dilution experiment: human BTK protein (100-fold of the concentration
required for the activity assay) were pre-incubated with the compounds (10-fold of ICso) to form
BTK/compound complexes at RT for 1 hour. The mixtures are diluted 100-fold into reaction buffer
containing 10-fold of ICsy compounds (10 X ICsy control), buffer (sample) or 0.1-fold of ICso
compounds (0.1 X ICso control), substrate and ATP to initiate reaction. The reaction is stopped at
different end points by the addition of the stop/detection solution. The stop/detection solution
contained Eu®* cryptate-conjugated mouse monoclonal antibody (PT66) anti-phosphotyrosine and
XL665-conjugated streptavidin in buffer containing 50 mM HEPES pH7.0, 800 mM KF, 20 mM
EDTA, and 0.1% BSA. Plates were sealed and incubated at room temperature for 1 hour, and the
TR-FRET signals (ratio of fluorescence emission at 665 nm over emission at 620 nm with
excitation at 337 nm wavelength) were recorded on a PHER Astar FS plate reader (BMG Labtech).
ICso values were derived from fitting the dose-response % inhibition data to the four-parameter
logistic model by Graphpad Prism software and was the one independent experiments

(1) The fast dilution experiment for 13 and 16.

The result of fast dilution experiment confirmed 13 and 16 are the irreversible inhibitors.
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Figure 2. The fast dilution experiment for 13 and 16.
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(2) Serine mutant assay for 13 and 16.

ICso values of 13 and 16 against BTK C481S are 333 nM and 7.5 nM at Km ATP respectively. The
dramatic decrease in binding potency of 13 and 16 against C481S mutant suggest that covalent
bonding between protein and the compounds is critical for the potent binding activity of the
compounds toward wild-type BTK.

Table 3: The ICso values of compounds against BTK C481S and WT

ICso nM (BTK C481S, nM ICs (BTK WT, nM

DO 5 i(mATP =2 . (KmATP’n :
13 333 1.98
16 75 0.07

(3) The fast dilution experiment for 31a.
The data shows 31a is an irreversible compound and is consistent with the result of protein

precipitation experiment (Figure 3):
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Figure 3: The fast dilution experiment result for 31a.

(4) Procedure for protein precipitation experiment: human BTK protein were pre-incubated
with 31a or B43 (a reversible BTK inhibitor without the reactive chemical group) to form
BTK/compound complexes (with BTK kinase in excess to ensure complete binding of compounds
by BTK protein). The human BTK protein was then denatured and precipitated by centrifugation.
The supernatants were analyzed for quantity of the original compound by LC-MS/MS or HPLC.

B43 remained in the supernatant regardless of presence or absence of BTK protein during pre-
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incubation, consistent with the reversible nature of its BTK binding (Figure 3B). In contrast, 31a
was only recovered in the supernatant when pre-incubated without BTK protein. Upon pre-
incubation with BTK, 31a largely disappeared from the supernatant (Figure 3A), consistent with
the notion that 31a bound covalently/irreversibly to BTK protein thereby was removed from
supernatant with precipitated BTK protein. The data also showed that the covalent bond formation

between BTK and 31a was largely completed within 5 minutes.
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Figure 4: Residual 31a (A) and B43 (B) in the supernatant after BTK kinase was denatured

and precipitated from the BTK/compound complexes.

The first two bars show the residual compound after pre-incubation with BTK for 5 min and 60

min, respectively; the third bar is compound control without BTK.
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S4: Bio-chemical data for 20-int and 21-int.

To exclude the possibility that the aforementioned compounds without warheads are potent on their

own, we tested 20-int and 21-int on BTK biochemical assay. As shown in the following table, these

two compounds are 322 and 212-fold less potent than 20 and 21.

Table 4: Bio-chemical data for 20-int and 21-int.

Compound ID Structure BTK (ICso,
nM)
20 0.62
20-int 200
21 4.7
21-int 1000

number of determinations = 1
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S5: In vitro data of 20a, 23a, 25a and 29a.
Table 5: In vitro properties of 20a, 23a, 25a and 29a.

Compound ID 20a 23a 25a 29a
Kinetic solubility 33.6 74.7 97.5 83.7

(MM atpH=74)

Clint (mL/min/kg) 115.0/362.7/ | 22.3/58.8/ | 20.3/41.3/ 59.1/76.4/
HLM/RLM/MLM/DLM 531.9/86.5 235.3/17.5 | 744.2/15.4 1050.1/27.4
PPB: Plasma f, % 2.2/2.2/ 11.0/11.6/ | 28.4/29.6/ 17.5/11.7/
(Human/Dog/Rat/Mouse) 1.5/0.8 7.9/4.0 21.6/28.3 15.7/16.5
MDCK Permeability, | A-B 10.76 5.61 3.09 6.79

Papp (107 cm/sec) B-A 23.52 16.74 10.78 17.98

Note: HLM: human liver microsomes; RLM: rat liver microsomes; MLM: mouse liver
microsomes; DLM: dog liver microsomes.
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S6: Second order rate constants (kinact/Ki) for 31a, 31b and Ibrutinib.
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Figure 5: Time-Dependent ICso values of Ibrutinb, 31a and 31b against BTK for deriving K; and
kinact according to the published method (Krippendorff, BF.; Neuhaus, R.; Lienau, P.; Reichel, A.;
Huisinga, W. Mechanism-based Inhibition: Deriving KI and Kinact Directly from Time-Dependent
1Cso Values. J. Biomol. Screen. 2009, 14, 913.)

Table 6: Kinetic Parameter base on TR-FRET assay with calculation of ICsy over time

Kinetic Ibrutinib 31a 31b
Parameter
Kinact/K; (M-'S) 6.74x10%+1.67x10* 5.80x10%+1.46x10* 1.85%10%+2.85x103
Kinact (S) 1.55%102£1.91x10* 7.66x102£1.46x1072 2.59x102+£1.07x1073
Ki(M) 2.30x108£8.56x101° 1.32x107+£2.85%108 1.42x10°°£1.61x107

Results are average + SD of 2 independent experiments
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S7: Cellular toxicity evaluation of 31a (HEK293 and Ramos Proliferation Assay): The growth-
inhibitory activity of compounds in HEK293 and Ramos was determined using CellTiter-Glo
luminescent cell viability assay (Promega). The number of cells seeded per well of a 96-well plate
was optimized for each cell line to ensure logarithmic growth over 6 days treatment period (1000
cells/well for HEK293 cells, 6000 cells/well for Ramos cells). Cells were treated in triplicate with
a 10-point dilution series. Following a 6-day exposure to the compound, a volume of CellTiter-Glo
reagent equal to the volume of cell culture medium present in each well was added. Mixture was
mixed on an orbital shaker for 5 minutes to allow cell lysis, followed by 10 minutes incubation at
room temperature to allow development and stabilization of luminescent signal, which
corresponded to quantity of ATP and thus the quantity of metabolically active cells. Luminescent
signal was measured using PHERAstar FS reader (BMG Labtech). ICsy values for cell viability

were determined with GraphPad Prism software.

Table 7: Potential Toxicity of 31a and Ibrutinib.

Cell Proliferation Ibrutinib 3la
Assay IC50 (nM) IC50 (nM)
HEK?293 58631658 >10000
Ramos >10000 >10000

number of determinations = 1

Note: The potential toxicity in HEK293 (which has no detectable endogenous BTK expression)
and Ramos (which has endogenous BTK expression but not BTK-addicted). The data showed no

significant cellular toxicity of 31a.
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S8: Co-crystal of 31a with BTK.

The cocrystal of human BTK3%6% with 31a diffracted to 1.25A and the structure was solved by

molecular replacement method. The statistics of structure determination and data processing are

shown in Table 8.

Table 8: Data collection and refinement statistics

Data collection

Beamline

Space group

Cell dimensions (A)
Angles (°)

Resolution (A)

Total number of reflections
Number of unique reflections
Completeness (%)
Average redundancy
Rmerge?

I/sigma (1)

Wilson B factor (A)

Refinement
Resolution (A)
Number of reflections
rmsd bond lengths (A)
rmsd bond angles (°)
Ryork” (%)
Riree € (%)
Average B-factors of protein
Ramachandran plot (%)
Favored
Allowed

Outliers

BL19U1

P22, 2

a=37.92 b=71.99 c=104.43
a=90.00 B=90.00 y=90.00
42.27-1.25 (1.27-1.25)

889830 (10934)

75073 (2203)

93.9 (56.2)

11.9 (5.0)

0.072 (0.263)

19.7 (4.1)

8.36

42.27-1.25
75004
0.005
0.939
15.74
16.37
14.40

99.25
0.75
0.00

Values in parentheses refer to the highest resolution shell.

*Rmerge=), ;| I(h); — ({(M)) /X X1 (h);|, where (I(h)) is the mean intensity of equivalent.
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® Ryok=X|Fo — Fc|/Y|Fo|, where Fo and Fc are the observed and calculated structure factor
amplitudes, respectively.
°Reee=)|Fo — Fc|/Y.|Fol, calculated using a test data set, 5% of total data randomly selected from

the observed reflections.
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S9: Single crystal structure determination.

A suitable single crystal was selected from the block-like crystal sample (CP ID: 810356-06-A7)
and analyzed by single-crystal X-ray diffractometry. The structure of the single crystal was
determined successfully. The crystal system of the single crystal is triclinicand the space group is
P1, the cell parameters are: a = 8.6537(3) A, b = 8.8678(3) A, ¢ = 16.7811(8) A, a = 77.756(4)°,
= 82.545(4)°, y = 68.655(3)°, V = 1170.20(9) A%. The formula weight is 471.55g-mol* with Z = 2,
resulting in the calculated density of 1.338 g-cm. Further crystallographic data and the refinement
parameters are listed in Table 9.

The asymmetric unit of the single crystal structure is comprised of two crystallographic-
independent 31a molecules as shown in Figure 6, which indicates that the crystal is an anhydrate

of 31a.

BGB-3111 molecule B

Figure 6: Asymmetric unit of the 31a single crystal structure.

Table 9: Crystallographic data and refinement parameters.
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Identification code

810356-00-A7

Empirical formula C27H20N50;3

Formula weight 471.55

Temperature 150.01(10) K
Wavelength CuKa (.= 1.54178 A)

Crystal system, space group

Triclinic, Pl

Unit cell dimensions

a=8.6537(3) A
bh=8.8678(3) A
c=16.7811(8) A
a="77.756(4)°
[ =82.545(4y
y = 68.655(3)°

Volume 1170.20(9) A*
Z, Calculated density 2. 1.338 g/em’
Absorption coefficient 0.722 mm™”
F(000) 500.0

Crystal size

0.2 x0.15 x 0.15 mm’

2 Theta range for data collection

10.808 to 133.148

Limiting indices

-10<h <10
-8<k=<10
-19<1<19

Reflections collected/Independent reflections

12410/6162 [Rip = 0.0167. Rijgms = 0.00194]

Refinement method

Full-matrix least-squares on F*

Data / restraints / parameters

6162/6/676

Goodness-of-fit on F

1.031

Final R indices [I > 2sigma(T)]

R, =0.0288. wR, =0.0786

Final R indices [all data]

R; =0.0293. wR, =0.0789

Largest diff. peak and hole

0.16/-0.19 ¢ A

Flack parameter

0.08(7)

Bayesian statistics on Bijvoet differences’

Hooft v = 0.05(6). P2(true) = 1.000, P3(true) =
1.000. P3(rac-twin) = 0.2E-10. P3(false) =
0.1E-47. corr.coeff = 0.999
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Figure 7: Classic H-bonds in 31asingle crystal

Table 10: Classic H-bonds in 31a single crystal

Type D-H-A d(D-HY A d(H-A) A d(D--AYA  (D-H--A)/"
Intramolecular NI1A-HIA-OIA  0.85(3) 2.36(3) 2.886(3) 120(2)
Intramolecular NIA-HIA-O1B  0.85(3) 2.14(3) 2.858(3) 142(2)
Intermolecular N1B-H2B-Ol1A 0.88 2.25 2.967(3) 138
Intermolecular N1B-H2B-OIB 0.88 2.30 2.817(4) 118
Intermolecular N4B-H4BA-O3B™  0.90(4) 2.02(4) 2.912(2) 170(3)
Intermolecular N4A-H4AA-O3A%  0.87(3) 2.13(4) 2.983(3) 167(3)

Calculated by PLATON program (version: 290617). (Analysis of Potential Hydrogen Bonds with d(D--A) < R(D)}+R(AY0.50 Ang.. d(H+A) <
R(H)+R(A)-0.12 Ang.. D-H--A > 100.0 Deg). Symmetry operation code: *! (1+x. 14y, 2): ? (-1+x, -1+y. 2).
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S10: Kinase Panel Screen.

Table 11: Percent inhibition by 1 uM of 31a in screening of a panel of 342 kinases at

Reaction Biology Corp.

Kinase Inhibition (%) Kinase Inhibition (%) Kinase Inhibition (%)
TXK 96 PKCnw/PRKD3 18 NEK?7 6.2
BRK 99 WNK1 21 LIMK1 7.9
BLK 99 GSK3b 14 RSK1 6.8
BTK 98 MINK/MINK1 15 CK1g2 7.2
BMX/ETK 98 RIPK3 16 STK39/STLK3 8.2
ERBB4/HER4 96 TNK1 15 CDK4/cyclin D3 8.0
MEK?2 86 NEK1 23 MARKI1 7.3
EGFR 86 ALK6/BMPR1B 17 DCAMKI.2 7.1
TEC 79 DCAMKLI1 15 GLK/MAP4K3 5.1
FGR 76 IRR/INSRR 15 Aurora C 5.9
ITK 76 NEK11 19 TAOK3/JIIK 5.9
LCK 73 PKCmwPRKDI1 12 VRK2 7.7
FRK/PTKS 71 DLK/MAP3K12 9.1 ERK1 7.2
HCK 65 CAMKI1d 9.5 ZAP70 5.9
CSK 66 DDRI1 11 P38b/MAPK11 3.8
FLT3 61 CHK2 11 ¢-MER 7.1
MEK1 57 CLK3 15 PHKgl 6.3
YES/YESI 51 FGFR1 9.4 SIK2 7.0
FYN 50 PKD2/PRKD?2 11 SIK3 54
ACKl1 42 NEK3 7.0 STK33 6.6
ERBB2/HER2 40 FGFR3 10 MLK3/MAP3K11 4.7
LYNB 39 COT1/MAP3KS8 11 STK22D/TSSK1 4.6
JAK3 36 MSK2/RPS6K A4 7.9 PAKS 4.1
LYN 35 CKlepsilon 8.3 TNIK 8.3
SRMS 31 ARAF 9.8 BRSK1 43
c-Src 29 MEKK2 4.4 ¢-MET 43
NLK 29 CDK6/cyclin D1 9.9 NEK6 4.0
MYO3b 27 WNK?2 6.0 EPHA2 6.0
RET 20 PLK1 7.6 ERK2/MAPK1 52
WEE1 17 MSTI1/STK4 6.3 STK32B/YANK?2 5.2

Note: The biochemical inhibition of MEKs enzymes was not confirmed in in-house biochemical
and cellular assays, which consistently showed no inhibition of MEK enzymes by up to 10 uM of

31a.
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Kinase Inhibition (%) Kinase Inhibition Kinase Inhibition (%)
(%)
MSKI1/RPS6KAS 4.1 CAMKIb 2.6 TIE2/TEK 3.3
FMS 7.0 SNARK/NUAK?2 33 GRK6 1.5
LKBI1 7.4 PBK/TOPK 5.4 DYRKI/DYRKIA 1.4
MST2/STK3 1.1 WNK3 3.7 MEK3 1.5
STKI16 5.1 ARK3/NUAKI 35 CDKl1/cyelin A 2.4
CDKl1/cyclin E 23 MLCK2/MYLK2 3.7 STK25/YSK1 1.2
NEK4 6.1 SGK1 47 DYRK3 1.0
EPHAL 5.5 ABL2/ARG 3.9 CAMK2d 3.3
RSK2 3.2 NEKS 5.7 CDC7/DBF4 3.0
ALK 4.3 CDKl/cyelin B 4.1 Haspin -0.5
KHS/MAP4KS5 4.4 CAMK2g 3.8 TGFBR2 -4.2
MLK2/MAP3K10 4.9 DAPK?2 -1.5 CDK6/cyclin D3 -0.5
IKKe/IKBKE 1.0 MLCK/MYLK 0.1 PLK3 3.4
CDK9/eyclin K 3.2 RSK3 5.0 FGFR2 1.9
PAK4 44 TYKI/LTK 25 PKAcg 1.8
HPK1/MAP4K1 5.2 CKl1d 5.0 HIPK1 1.1
LATSI 6.4 TRKC 3.0 GCK/MAP4K2 3.5
¢-Kit 0.3 PKCb2 3.0 AKT3 -0.5
PKCeta 3.1 AKT2 6.1 CKlgl 1.7
LCK2/ICK 5.1 HIPK4 0.1 DYRK4 1.4
FAK/PTK2 45 AXL 3.7 CAMK4 2.3
PLK2 29 SIK1 5.1 PDGFRb 3.7
EPHB2 4.5 IRAK4 4.8 TYK2 1.4
SSTK/TSSK6 2.8 EPHB1 2.7 CKlgd -0.5
LOK/STKI10 4.2 JNK2 4.7 TAOKI1 34
TTBK1 1.8 PAK2 4.0 MARKA4 -1.0
GRK1 6.0 CK2a 45 p70S6Kb/RPS6KB2 -2.2
CDK9/cyelin T1 0.3 MNK1 3.7 HGK/MAP4K4 0.3
MELK 2.8 PKCa 35 SYK 33
MST4 4.6 Aurora B 3.1 CAMK2b 1.7
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Kinase Inhibition Kinase Inhibition Kinase Inhibition
(%) (%) (%)
MAPKAPKS/PRAK 29 TSSK2 -1.3 HIPK3 0.0
HIPK2 0.7 SRPK2 -2.7 ROCK?2 -2.3
Aurora A -3.8 STK32C/YANK3 -3.3 PIM3 -1.5
RSK4 1.5 MARK2/PAR-1Ba 1.7 P38a/MAPK 14 -1.1
CAMKK1 0.7 EPHAS 0.0 DMPK -0.6
CDK7/cyclin H -0.7 STK38L/NDR2 -1.7 EPHAG6 -1.0
JNK1 1.7 CDK2/cyelin A -0.6 TRKB -5.6
PAK6 -0.7 MSSK1/STK23 -1.2 BRAF -2.8
CAMK2a 0.4 PKGlb -2.3 TLK1 -2.5
EPHAS 1.0 FGFR4 -0.8 EPHA7 -4.0
CHK1 0.8 GRK3 -1.7 INK3 -3.0
CDK5/p35 1.3 PKCepsilon 0.1 PKCd -1.4
JAK2 0.5 IKKa/CHUK -1.4 TAKI1 -3.6
EPHB4 1.5 PLK4/SAK 0.2 TESK1 -2.3
LIMK?2 1.2 CAMKIla -1.0 ABLI1 -1.1
PKN2/PRK2 -0.7 DYRK?2 -1.2 GSK3a -1.1
FLT4/VEGFR3 -0.8 DRAKI1/STK17A -3.2 ROS/ROSI1 -0.7
GRK7 -0.2 CKlal -0.8 PKNI1/PRK1 -1.7
MRCKb/CDC42BPB -3.9 MAPKAPK3 -1.1 GRK2 -1.8
PIM1 0.6 MAPKAPK?2 -0.4 CK2a2 -0.9
MNK?2 0.5 ROCKI1 -1.3 STK38/NDRI -1.7
CAMKl1g -1.6 CDKl16/cyclin Y 2.1 P38g -6.5
(PCTAIRE)
MLK1/MAP3K9 2.1 IKKb/IKBKB 1.1 DDR2 -0.6
JAK1 1.2 PKCb1 -2.0 ULK3 -6.7
PAK3 4.1 ALKI1/ACVRL1 1.7 LRRK2 2.2
SLK/STK2 -0.5 TSSK3/STK22C -0.9 NEK9 -6.6
PKGla -2.2 CAMKK?2 -4.9 CDK5/p25 -3.7
RON/MSTIR 0.9 p70S6K/RPS6KB1 -2.1 MUSK -2.8
CDK2/cyclin E 2.0 FES/FPS -3.0 SRPK1 -2.1
EPHA4 -1.6 PAK1 2.2 PKAch -3.0
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Kinase Inhibition Kinase Inhibition Kinase Inhibition

(%) (%) (%)
ERK7/MAPK15 -4.7 AKTI1 -7.2 ASK1/MAP3KS5 -7.0
ALK2/ACVRI -4.1 PDGFRa -7.6 TAOK2/TAO1 -8.4
TRKA -3.2 IGFIR -2.9 TLK2 -11
MEKK1 -4.0 BMPR2 -8.3 [RAK1 -9.4
ZAK/MLTK -4.6 EPHA3 -6.9 FER -9.5
EPHB3 -1.5 MARK3 -2.6 MRCKa/CDC42BPA -11
MYLK3 -2.0 ALK3/BMPRIA -10 CDK3/cyclin E -8.6
GRKS5 -3.1 DYRKIB -6.7 P38d/MAPK13 -13
PKN3/PRK3 -4.2 DMPK?2 -11 BRSK2 -13
KDR/VEGFR2 -1.6 CLK4 -3.5 CLK2 -13
PHK g2 -3.5 NEK2 -12 ULK2 -18
FLT1/VEGFR1 -2.8 PYK2 -6.3 MST3/STK24 -38
OSR1/OXSR1 -5.8 PKA -9.0
IR -5.8 TTBK2 -3.9
CLK1 -4.2 RIPK2 -8.7
ZIPK/DAPK3 -3.0 PDK1/PDPK1 -5.3
PKG2/PRKG2 -8.8 PKCzeta -7.7
CDK4/cyclin D1 -7.1 SGK3/SGKL -6.9
PKCiota -0.6 PRKX -7.5
ALKS5/TGFBRI1 -5.1 PIM2 -9.5
RIPK3 -6.1 CTK/MATK -11
TBK1 -7.1 SGK2 -7.3
ERKS5/MAPK7 -5.5 CDK2/Cyclin Al -3.6
MKK4 -0.8 GRK4 -8.8
PKCtheta -6.1 RAF1 -11
ALK4/ACVRIB -4.5 MKK6 -3.4
TYRO3/SKY -5.5 PKCg -10
DAPK1 -6.8 MEKK3 -10
VRK1 -8.0 LATS2 -9.8
PASK -8.0 ULK1 -9.2
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S11: Experimental data.
7-Acrylamido-2-(4-phenoxyphenyl)-4H-benzo[4,5]imidazo[1,2-b]  pyrazole-3-carboxamide
(6).

Step 1: 5-Amino-1-(2-bromo-5-nitrophenyl)-3-(4-phenoxyphenyl)-1H-pyrazole-4-carbonitrile
(37a). To a solution of 2-(Methoxy(4-phenoxyphenyl)methylene)malononitrile (392 mg, 1.42
mmol) in ethanol (30 mL) was added (2-Bromo-5-nitrophenyl)hydrazine (300 mg, 1.29 mmol) in
one portion, then the mixture was stirred at 70°C under N2 for overnight. The mixture was
concentrated to dryness and chromatographed on 5 g of silica gel using PE/EA (10/1 to 2/1) as
eluant to afford 128 mg (21%) of 5-Amino-1-(2-bromo- 5-nitrophenyl)-3-(4-phenoxyphenyl)-1H-
pyrazole-4-carbonitrile as a yellow solid. MS (ESI) m/e [M+H]* 476, 478.

Step 2: 5-Amino-1-(2-bromo-5-nitrophenyl)-3-(4-phenoxyphenyl)-1H-pyrazole-4- carboxamide
(38a). A mixture of 5-Amino-1-(2-bromo-5-nitrophenyl)-3-(4-phenoxyphenyl)-1H- pyrazole-4-
carbonitrile (137 mg, 0.287 mmol) in phosphorous acid (85 wt. % in H.O, 10 mL) was stirred at
100°C for 1 h, TLC and LCMS analysis showed that most of starting material was consumed. The
reaction was cooled to room temperature and partitioned between water (40 mL) and EA (40 mL).
Organic layer was separated from aqueous layer. The aqueous phase was then extracted with EA
(20 mL). The combined organic layers were washed with brine (50 mL), dried over Na,SO, and
concentrated to get the crude product (149 mg) which was used in next step without further
purification. MS (ESI) m/e [M+H]* 494, 496.

Step 3. 7-Nitro-2-(4-phenoxyphenyl)-4H-benzo[4,5]imidazo[1,2-b]pyrazole-3-carboxamide
(39a). A mixture of 5-Amino-1-(2-bromo-5-nitrophenyl)-3-(4-phenoxyphenyl)-1H-pyrazole-4-
carboxamide (149 mg, 0.3 mmol, crude), Cul (5.7 mg, 0.03 mmol), N!N2-dimethylethane-1,2-
diamine (3 mg, 0.03 mmol) and KsPO4 (64 mg, 0.3 mol) in 15 mL of DMF was stirred at 60°C
under N for 5 h, TLC analysis showed that most of starting material was consumed. The reaction
was cooled to RT. The solvent was removed under reduced pressure. The residue was purified by
column chromatography on silica gel using DCM/MeOH (200/1 to 20/1) to afford 62 mg (52%) of
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7-Nitro-2-(4-phenoxyphenyl)-4H-benzo[4,5]imidazo[1,2-b]pyrazole-3-carboxamide as a tan solid.
MS (ESI) m/e [M+H]* 414.

Step 4: 7-Amino-2-(4-phenoxyphenyl)-4H-benzo[4,5]imidazo[1,2-b] pyrazole-3-carboxamide
(5). To a solution of 7-Nitro-2-(4-phenoxyphenyl)-4H-benzo[4,5]imidazo[1,2-b] pyrazole-3-
carboxamide (9 mg, 0.022 mmol) in Acetic acid (3.0 mL) was added Zinc power (0.22 mol), the
mixture was stirred at RT for about 20 min. LCMS analysis showed that most of starting material
was consumed, the solid was filtered off, the filtrate was concentrated, the residual was suspended
in EA (10 mL) and filtered, the filtrate was concentrated to afford the desired product as white solid
in yield 50%. MS (ESI) m/e [M+H]* 384.

Step 5: 7-Acrylamido-2-(4-phenoxyphenyl)-4H-benzo[4,5]imidazo[1,2-b]pyrazole-3-
carboxamide (6). To a solution of 7-Nmino-2-(4-phenoxyphenyl)-4H-benzo[4,5]imidazo[1,2-b]
pyrazole-3-carboxamide (45 mg, 0.11 mmol) in 10 mL of DCM at 0°C was added TEA (36 mg,
0.35 mmol). Acryloyl chloride (11 mg, 0.12 mmol) in 2 mL of DCM was added dropwise over a
period of 20 min. The mixture was stirred until TLC and LCMS analysis showed that most of
starting material was consumed. The mixture was then partitioned between water (50 mL) and
DCM (20 mL), the aqueous extracted with DCM (20 mL). The combined organic layers were
washed with brine, dried over Na,SQO4, concentrated and purified by Pre-TLC (DCM/MeOH =
20/1) to give 4.0 mg (7.8%) of 7-Acrylamido-2-(4-phenoxyphenyl)-4H-benzo[4,5]imidazo[1,2-
b]pyrazole-3-carboxamide as a grey solid.
6-Acrylamido-2-(4-phenoxyphenyl)-4H-benzo[4,5]imidazo[1,2-b]pyrazole-3-carboxamide
()

Step 1: 6-Nitro-2-(4-phenoxyphenyl)-4H-benzo[4,5]imidazo[1,2-b]pyrazole-3-carboxamide (38b).
For general procedure please refer to 38a. 'H NMR (400 MHz, DMSO-de) & 12.78 (s, 1H), 8.29 (s,
1H), 8.14-8.08 (m, 1H), 8.04-7.96 (m, 1H), 7.91-7.81 (m, 2H), 7.49-7.39 (m, 2H), 7.19 (t, J = 7.6
Hz, 1H), 7.15-7.05 (m, 4H). MS (ESI) m/e [M+H]" 413.9.

Step 2: 6-Amino-2-(4-phenoxyphenyl)-4H-benzo[4,5]imidazo[1,2-b]pyrazole-3-carboxamide (39b).
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For general procedure please refer to 38b. '"H NMR (400 MHz, DMSO-d) & 11.64 (s, 1H), 8.24 (s,
1H), 7.73 (d, J = 8.8 Hz, 2H), 7.47-7.39 (m, 3H), 7.18 (t, J = 7.6 Hz, 1H), 7.12-7.05 (m, 4H), 6.69
(d, J=1.8 Hz, 1H), 6.50 (dd, J = 1.8, 8.8 Hz, 1H), 5.21 (br s, 2H). MS (ESI) m/e [M+H]" 383.9.
7-Acryloyl-2-(4-phenoxyphenyl)-5,6,7,8-tetrahydro-4H-pyrazolo [5',1":2,3]imidazo[4,5-
c]pyridine-3-carboxamide (8).

Step 1: tert-Butyl 3-cyano-2-(4-phenoxyphenyl)-5,6-dihydro-4H-pyrazolo[5',1":2,3] imidazo[4,5-
c]pyridine-7(8H)-carboxylate (44a). A mixture of 5-Amino-3-(4-phenoxyphenyl)-1H-pyrazole-4-
carbonitrile (1.5 g, 5.4 mmol) and K»,COs (2.24 g, 16.3 mmol) in 50 mL of DMF at 80°C was stirred
under N for 45 min before tert-Butyl 3-bromo-4-oxopiperidine-1-carboxylate (4.5 g, 16.3 mmol)
was added in one portion. Then the mixture was stirred at 80 °C for 1 hr. After cooling down to
RT, 150 mL of water and 150 mL of EA was added. Aqueous phase was further extracted with EA
(100 mL x 3). The combined organic layers were washed with brine, dried over Na,SO, and
concentrated to get crude product which was chromatographed on 15 g of silica gel using
DCM/MeOH (400/1 to 200/1) as eluant to afford 850 mg (35%) of tert-Butyl 3-cyano-2-(4-
phenoxyphenyl)-5,6-dihydro-4H-pyrazolo[5',1":2,3]imidazo[4,5-c]pyridine-7(8H)-carboxylate as
an off-white solid. MS (ESI) m/e [M+H]* 455.9.

Step 2: 2-(4-Phenoxyphenyl)-5,6,7,8-tetrahydro-4H-pyrazolo[5',1":2,3]imidazo[4,5-c] pyridine-
3-carboxamide trifluoroacetate (45a). The desired product was prepared from 44a using the
procedure similar as that for 6 (step 2). *H NMR (400 MHz, DMSO-ds) & 11.99 (s, 1H), 9.32 (s,
2H), 7.66 (d, J = 8.6 Hz, 2H), 7.43 (d, J = 7.6 Hz, 1H), 7.41 (d, J = 7.6 Hz, 1H), 7.18 (t, J = 7.6 Hz,
1H), 7.10-7.06 (m, 4H), 4.44 (s, 2H), 3.49 (m, 2H), 2.95-2.92 (m, 2H). MS (ESI) m/e [M+H]*
373.9.

Step 3: 7-Acryloyl-2-(4-phenoxyphenyl)-5,6,7,8-tetrahydro-4H-pyrazolo [5',1":2,3]imidazo[4,5-
c]pyridine-3-carboxamide (8). The desired product was prepared from 45a and acryloyl chloride

using the procedure similar as that for 6 (step 5).
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6-Acryloyl-2-(4-phenoxyphenyl)-5,6,7,8-tetrahydro-4H-pyrazolo[1',5":1,2]imidazo[4,5-c]-
pyridine-3-carboxamide trifluoroacetate (10).

Step  1: 5-Amino-1-(3-bromopyridin-4-yl)-3-(4-phenoxyphenyl)-1H-pyrazole-4-carbonitrile
(37c). A mixture of 2-(Methoxy(4-phenoxyphenyl)methylene)malononitrile (7.3 g, 0.026 mol) and
3-Bromo-4-hydrazinylpyridine (4.2 g, 0.022 mol) in ethanol (300 mL) was stirred at reflux under
N2 overnight. The reaction was cooled to RT slowly and stirred at RT for about 4 h till solid
precipitated. The solid was filtered, collected and washed with hexane to get 3.38 g (35%) of 5-
Amino-1-(3-bromopyridin-4-yl)-3-(4-phenoxyphenyl)-1H-pyrazole-4-carbonitrile as light yellow
solid. MS (ESI) m/e [M+H]* 431.8, 433.8.

Step 2: 5-Amino-1-(3-bromopyridin-4-yl)-3-(4-phenoxyphenyl)-1H-pyrazole-4- carboxamide
(38c). The desired compound was prepared from 5-Amino-1-(3-bromopyridin-4-yl)-3- (4-
phenoxyphenyl)-1H-pyrazole-4-carbonitrile according to the procedure similarly to step 3 for 6
(step 2). MS (ESI) m/e [M+H]* 449.8, 451.8.

Step 3: 2-(4-Phenoxyphenyl)-4H-pyrazolo[1',5":1,2]imidazo[4,5-c]pyridine-3- carboxamide
(39c). A mixture of 5-Amino-1-(3-bromopyridin-4-yl)-3-(4-phenoxyphenyl)-1H-pyrazole-4-
carboxamide (3.96 g, 8.8 mmol), Cul (836 mg, 4.4 mmol), N*,N2-dimethylethane- 1,2-diamine (77
mg, 0.88 mmol), KsPO4 (5.59 g, 26.4 mmol) in 100 mL of DMF was stirred at 100 °C under N, for
2 hr, until TLC showed that most of starting material was consumed. After cooling down to RT,
the mixture was filtered and concentrated. The residue was chromatographed on 30 g of silica gel
using DCM/MeOH (20/1 to 10/1) as eluant to afford 3.2 g (99%) of 2-(4-Phenoxyphenyl)-4H-
pyrazolo [1',5":1,2]imidazo[4,5-c]pyridine-3-carboxamide as a tan solid. 'H NMR (400 MHz,
DMSO-dg) & 12.63 (br s, 1H), 8.85 (s, 1H), 8.46 (s, 1H), 7.96 (d, J = 4.6 Hz, 1H), 7.81 (d, J = 8.6
Hz, 2H), 7.45 (d, J = 7.6 Hz, 1H), 7.43 (d, J = 7.6 Hz, 1H), 7.20 (t, J = 7.6 Hz, 1H), 7.14-7.09 (m,
4H). MS (ESI) m/e [M+H]" 369.9.

Step 4: 6-Benzyl-2-(4-phenoxyphenyl)-5,6,7,8-tetrahydro-4H-pyrazolo[1',5:1,2] imidazo[4,5-
c]pyridine-3-carboxamide  (41). To a suspension of  2-(4-Phenoxyphenyl)-4H-
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pyrazolo[1',5":1,2]imidazo[4,5-c] pyridine-3-carbox-amide (2.46 g, 0.0067 mol) in 150 mL of THF
was added Benzyl bromide (1.14 g, 0.0067 mol) dropwise, then the mixture was stirred at 65°C
overnight. After cooling down to RT, the mixture was concentrated, the residue was suspended in
150 mL of MeOH, NaBH4 (10 g, 0.26 mol) was added in portions. The mixture was stirred at RT
overnight. To the reaction was added 200 mL of water followed by 200 mL of DCM. The aqueous
phase was further extracted with 100 mL of DCM. The combined organic layers were washed with
brine, dried over Na.SO. and concentrated to get the crude product which was chromatographed
on 10 g of silica gel using DCM/MeOH (200/1 to 80/1) as eluant to afford 0.786 g (26%) of 6-
benzyl-2-(4-phenoxyphenyl)-5,6,7,8-tetrahydro-4H-pyrazolo[1',5":1,2]imidazo[4,5-c]pyridine-3-
carboxamide as a tan foam. MS (ESI) m/e [M+H]* 463.9.

Step 5: 2-(4-Phenoxyphenyl)-5,6,7,8-tetrahydro-4H-pyrazolo[1',5":1,2]imidazo[4,5-c] pyridine-
3-carboxamide (42). A mixture of 6-Benzyl-2-(4-phenoxyphenyl)-5,6,7,8-tetrahydro-4H-pyrazolo
[1',5"1,2]imidazo[4,5-c]pyridine-3-carboxamide (640 mg, 0.00138 mol) and 10% w/w Pd/C (700
mg) in MeOH (60 mL) was stirred at RT under 1 atm of H overnight. TLC and LCMS analysis
showed starting material was consumed. The reaction was filtered, filtrate was concentrated to get
397 mg (77%) of 2-(4-Phenoxyphenyl)- 5,6,7,8-tetrahydro-4H-pyrazolo[1',5":1,2]imidazo[4,5-
c]pyridine-3-carboxamide. *H NMR (400 MHz, CD3;0OD) § 7.65-7.55 (m, 2H), 7.43-7.33 (m, 2H),
7.18-7.12 (m, 1H), 7.11-6.99 (m, 4H), 4.18 (s, 2H), 3.44 (t, J = 5.8 Hz, 2H), 3.01 (t, J = 5.8 Hz,
2H). MS (ESI) m/e [M+H]* 373.9.

Step 6: 6-Acryloyl-2-(4-phenoxyphenyl)-5,6,7,8-tetrahydro-4H-pyrazolo [1',5":1,2]imidazo[4,5-
c]pyridine-3-carboxamide (10). The desired compound was prepared from 2-(4-Phenoxyphenyl)-
5,6,7,8-tetrahydro-4H-pyrazolo[1',5":1,2]imidazo[4,5-c]pyridine-3-carboxamide and Acryloyl
chloride according to the procedure similar to that for 6.
3-(3-Acrylamidophenyl)-6-(4-phenoxyphenyl)-1H-imidazo[1,2-b] pyrazole-7-carboxamide

(13).
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Step 1: 3-(3-Aminophenyl)-6-(4-phenoxyphenyl)-1H-pyrazolo[1,5-a] imidazole-7-carboxamide
(49a). The desired compound was separated as another isomer in the step 2 of 14. *H NMR (400
MHz, DMSO-ds) § 12.22 (d, J = 2.4 Hz, 1H), 8.03 (s, 1H), 7.89 (d, J = 2.4 Hz, 1H), 7.81-7.68 (m,
3H), 7.46-7.37 (m, 4H), 7.19 (t, J = 7.6 Hz, 1H), 7.13-7.08 (m, 5H), 6.98 (d, J = 7.6 Hz, 1H). MS
(ESI) m/e [M+H]*410.1.

Step  2:  3-(3-Acrylamidophenyl)-6-(4-phenoxyphenyl)-1H-imidazo[1,2-b]  pyrazole-7-
carboxamide (13). The desired product was prepared from 3-(3-Aminophenyl)-6-(4-
phenoxyphenyl)-1H-pyrazolo[1,5-a] imidazole-7-carboxamide and acryloyl chloride using the
procedure similar to 6.
2-(3-Acrylamidophenyl)-6-(4-phenoxyphenyl)-1H-imidazo[1,2-b]pyrazole-7-carboxamide
(14).

Step 1: 5-Amino-3-(4-phenoxyphenyl)-1H-pyrazole-4-carboxamide (47). The desired product
was prepared from 46 using the procedure similar as that for 6 (step 2). MS (ESI) m/e [M+H]*
295.1.

Step 2: 2-(3-Nitrophenyl)-6-(4-phenoxyphenyl)-1H-imidazo[1,2-b]pyrazole-7- carboxamide
(48b). A mixture of 5-amino-3-(4-phenoxyphenyl)-1H-pyrazole-4-carboxamide (29.4 mg, 0.1
mmol) and 2-bromo-1-(3-nitrophenyl)ethanone (24.4 mg, 0.10 mmol) in EtOH (2.0 mL) was stirred
at 80 °C for 16 h. The mixture was filtered to afford 5 mg of crude 2-(3-nitrophenyl)-6-(4-
phenoxyphenyl)-1H-imidazo[1,2-b]pyrazole-7-carboxamide as a yellow solid. MS (ESI) m/e
[M+H]* 440.0.

Step 3: 2-(3-Aminophenyl)-6-(4-phenoxyphenyl)-1H-imidazo[1,2-b]pyrazole-7-carboxamide
(49b). To a solution of 2-(3-nitrophenyl)-6-(4-phenoxyphenyl)-1H-imidazo[1,2-b] pyrazole-7-
carboxamide (600 mg, 1.37 mmol) in 10 mL of MeOH and 10 mL of DCM was added 10% w/w
Pd/C (100 mg). After stirring at RT under H, for 4 h, the mixture was filtered. The filtrate was
concentrated and purified by Pre-HPLC eluting from 30% to 90% CHsCN in 0.1% TFA in H,O.
Fractions containing the desired product were combined and lyophilized overnight to afford 73 mg
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(13%) of 2-(3-aminophenyl)-6-(4-phenoxyphenyl)-1H-imidazo[1,2-b]pyrazole-7-carboxamide as
a white solid. *H NMR (400 MHz, DMSO-ds) § 12.03 (d, J = 10.4 Hz, 1H), 8.14 (d, J = 8.0 Hz,
1H), 7.73 (d, J = 8.4 Hz, 2H), 7.47-7.40 (m, 2H), 7.38-7.26 (m, 3H), 7.18 (t, J = 7.6 Hz, 1H), 7.10
(d, J = 8.0 Hz, 2H), 7.03 (d, J = 8.4 Hz, 2H) and 6.98-6.86 (m, 2H). MS (ESI) m/e [M+H]* 409.9.

Step  4:  2-(3-Acrylamidophenyl)-6-(4-phenoxyphenyl)-1H-imidazo[1,2-b]  pyrazole-7-
carboxamide (14). The desired product was prepared from 49b using the procedure similar as that
for 6 (step 5).
7-(3-Acrylamidophenyl)-2-(4-phenoxyphenyl)pyrazolo[1,5-a] pyrimidine-3-carboxamide
7).

Step 1: 7-(3-Aminophenyl)-2-(4-phenoxyphenyl)pyrazolo[1,5-a] pyrimidine-3-carboxamide.
To a solution of 7-(3-aminophenyl)-2-(4-phenoxyphenyl)-4,5,6,7-tetrahydro pyrazolo[1,5-
a]pyrimidine-3-carboxamide (4 mg, 0.01 mmol) in DCE (2 mL) was added active MnO_ (100 mg,
1.15 mmol). The mixture was stirred at 75°C for 2 hr and filtered. The filtrate was purified by Pre-
TLC (DCM: CHsOH = 10: 1) to afford 2.0 mg (50%) of 7-(3-aminophenyl)-2-(4-
phenoxyphenyl)pyrazolo[1,5-a]pyrimidine-3- carboxamide as a yellow solid. *H NMR (400 MHz,
CD:0D and CDCls) § 8.62 (d, J = 4.4 Hz, 1H), 7.88 (d, J = 8.8 Hz, 2H), 7.41-7.39 (m, 2H), 7.31-
7.26 (M, 3H), 7.11 (d, J = 4.4 Hz, 1H), 7.10-7.04 (m, 1H), 7.01-6.97 (m, 4H), 6.90-6.86 (m, 1H).

Step 2: 7-(3-Acrylamidophenyl)-2-(4-phenoxyphenyl)pyrazolo[1,5-a] pyrimidine-3-
carboxamide. To a solution of 7-(3-Aminophenyl)-2-(4-phenoxyphenyl)pyrazolo[1,5-a]
pyrimidine-3-carboxamide (100 mg, 0.24 mmol) in DCM (10 mL) was added TEA (3 drops),
followed by acryloyl chloride (32 mg, 0.36 mmol). The mixture was stirred at RT for 1 min and
partitioned between DCM (50 mL) and brine (50 mL). The organic layer was separated from
aqueous layer, dried over Na;SO4, concentrated and purified by Pre-TLC (DCM/CH3OH = 10/1)
to afford 12 mg (11%) of 7-(3-acrylamido phenyl)-2-(4-phenoxyphenyl)pyrazolo[1,5-

a]pyrimidine-3-carboxamide as a white solid.
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7-(3-Acrylamidophenyl)-2-(4-phenoxyphenyl)-4,5,6,7-tetra hydropyrazolo[1,5-a]
pyrimidine-3-carboxamide (18, 18a, 18b).

Step 1: N-(3-(3-cyano-2-(4-phenoxyphenyl)pyrazolo[1,5-a]pyrimidin-7-yl)phenyl) acetamide
(57). To a solution of N-(3-(3-(dimethylamino)acryloyl)phenyl)acetamide (46 mg, 0.2 mmol) in
HOACc (5 mL) was added 5-Amino-3-(4-phenoxyphenyl)-1H-pyrazole- 4-carbonitrile (55 mg, 0.2
mmol). The mixture was stirred at 118°C for 4 h. Then the reaction mixture was concentrated to
give a residue which was partitioned between ethyl acetate (100 mL) and brine (100 mL). The
organic layer was separated, washed with brine (2 x 100 mL), dried over sodium sulfate and
concentrated to afford 80 mg (90%) of N-(3-(3-cyano-2-(4-phenoxyphenyl)pyrazolo[1,5-
a]pyrimidin-7-yl)phenyl)acetamide as a colorless oil. MS (ESI) m/e [M+H]* 446.

Step 2: (racemic/R/S) 7-(3-Aminophenyl)-2-(4-phenoxyphenyl)-4,5,6,7-tetrahydropyrazolo[1,5-
a] pyrimidine-3-carboxamide (71, 86, 88). To a solution of N-(3-(3-cyano-2-(4-
phenoxyphenyl)pyrazolo[1,5-a]pyrimidin-7-yl) phenyl)acetamide (285 mg, 0.64 mmol) in ethanol
(6 mL) was added HCI (37%, 3.0 mL). The mixture stirred at 75°C for 3 h. Concentrated to afford
250 mg (97%) of 7-(3-Aminophenyl)-2-(4-phenoxyphenyl)pyrazolo[1,5-a]pyrimidine-3-
carbonitrile as a yellow solid. *H NMR (400 MHz, DMSO-dg) & 8.90 (d, J = 4.4 Hz, 1H), 8.67 (br
s, 2H), 8.15 (d, J = 8.8 Hz, 2H), 8.06 (s, 1H), 7.87 (d, J = 8.0 Hz, 1H), 7.64 (t, J = 8.0 Hz, 1H), 7.57
(d, J = 4.4 Hz, 1H), 7.48-7.44 (m, 3H), 7.25-7.18 (m, 3H), 7.13 (d, J = 8.0 Hz, 2H). MS (ESI) m/e
[M+H]* 404.

To a solution of 7-(3-Aminophenyl)-2-(4-phenoxyphenyl)pyrazolo[1,5-a]pyrimidine-3-
carbonitrile (150 mg, 0.372 mmol) in ethanol (10 mL) was added NaBH. (70 mg, 1.86 mmol). The
mixture was stirred at rt for 16 h and 60 °C for 2 h. Then the reaction mixture was concentrated to
a residue and partitioned between EA (50 mL) and brine (40 mL). Organic layer was separated
from aqueous layer, washed with brine (50 mL x 2), dried over Na,SO4 and concentrated to afford
135 mg (crude) of 7-(3-aminophenyl)-2-(4-phenoxyphenyl)-4,5,6,7-tetrahydropyrazolo[1,5-
a]pyrimidine-3-carbonitrile as a yellow solid. MS (ESI) m/e [M+H]* 408.
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To a solution of 7-(3-Aminophenyl)-2-(4-phenoxyphenyl)-4,5,6,7-tetrahydro pyrazolo[1,5-
a]pyrimidine-3-carbonitrile (130 mg, 0.32 mmol) in DMSO (2.0 mL) and ethanol (2.0 mL) was
added a solution of 5 N NaOH aqueous solution (1 mL) and H20, (30% in water, 1 mL). The
mixture was stirred at 60°C for 30 min, concentrated and partitioned between EA (100 mL) and
brine (100 mL). Organic layer was separated, washed with brine (3 x 100 mL), dried over Na;SO4
and purified by column chromatography on silica gel eluting with PE/EA to afford 35 mg (26%)
of 7-(3-aminophenyl)-2-(4-phenoxyphenyl)-4,5,6,7-tetrahydropyrazolo[1,5-a]pyrimidine-3-
carboxamide as a yellow solid. *H NMR (400 MHz, DMSO-ds) & 7.50 (d, J = 8.4 Hz, 2H), 7.40-
7.33 (M, 2H), 7.16 (t, 3 = 7.6 Hz, 1H), 7.06 (d, J = 8.0 Hz, 2H), 7.03 (d, J = 8.4 Hz, 2H), 6.97 (t, J
= 7.6 Hz, 1H), 6.76 (s, 1H), 6.44 (d, J = 8.4 Hz, 1H), 6.23-6.21 (m, 2H), 5.30-5.25 (m, 1H), 5.09
(s, 2H), 3.30-3.28 (m, 1H), 3.12-3.02 (m, 1H), 2.34-2.26 (m, 1H), 2.05-2.01 (m, 1H). MS (ESI)
m/e [M+H]" 426.

Compound 71 was separated into two enantiomeric stereoisomers 86 (peak 1, R or S, retention
time at 8.94 min in chiral analysis), and 88 (peak 2, S or R, retention time at 10.11 min in chiral
analysis) by chiral prep-HPLC.

The chiral separation conditions are shown below.

Column CHIRALCEL AS-H
Column size 2 cm % 25 cm
Injection 2 mL
Mobile phase CO,/MeOH = 70/30
Flow rate 45 mL/min
Wave length UV 210 nm
Temperature 35°C
Sample solution 6 mg/mL in mobile phase
Prep-SFC equipment DAICEL-SFC
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The chiral analysis conditions are shown below.

Column

CHIRALPAK AD-H

Column size
Injection
Mobile phase
Flow rate

Wave length

046 cmID.x15cmL, 5 um

2ulL

n-Hexane/EtOH (0.1% triethyl amine) = 50/50 (v/v)

1.0 mL/min

UV 214, 254 nm

Step 3:  7-(3-Acrylamidophenyl)-2-(4-phenoxyphenyl)-4,5,6,7-tetra

hydropyrazolo[1,5-a]

pyrimidine-3-carboxamide (18). To a solution of 7-(3-aminophenyl)-2-(4-phenoxyphenyl)-4,5,6,7-

tetrahydro pyrazolo[1,5-a]pyrimidine-3-carboxamide (30 mg, 0.071 mmol) in DCM (2 mL) was

added pyridine (0.2 mL). Then acryloyl chloride (6 mg, 0.084 mmol) was added dropwise. The

mixture was stirred at RT for 0.5 hr and partitioned between DCM (20 mL) and brine (20 mL).

Organic layer was separated from aqueous layer, washed with brine (2 x 20 mL), dried over Na;SO4

and purified by Pre-TLC (DCM/CHs:OH = 10/1) to afford 1.82 mg (5.38%) of 7-(3-

acrylamidophenyl)-2-(4-phenoxyphenyl)-4,5,6,7-tetrahydropyrazolo[1,5-a]pyrimidine-3-

carboxamide as a white solid. Compound 18a (peak 1, R or S, retention time at 4.45 min) and 18b

(peak 2, R or S, retention time at 7.41 min) was prepared from 86 and 88 according to the procedure

similar to those for 18.

The chiral analysis conditions are shown below.

Column

CHIRALPAK AD-H

Column size
Injection
Mobile phase

Flow rate

0.46cm I.D.x I5cm L, 5 um

2ulL

n-Hexane/EtOH (0.1% triethyl amine) = 50/50 (v/v)

1.0 mL/min
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Wave length

UV 254 nm

7-(2-Acrylamidophenyl)-2-(4-phenoxyphenyl)-4,5,6,7-tetrahydro pyrazolo[1,5-a]pyrimidine-

3-carboxamide (20).

Step 1: Racemic/R/S 7-(2-Aminophenyl)-2-(4-phenoxyphenyl)-4,5,6,7-tetrahydropyrazolo [1,5-

a]pyrimidine-3-carboxamide (73, 85, 87). The desired product was prepared from 1-(2-

nitrophenyl)ethanone and 5-amino-3- (4-phenoxyphenyl)-1H-pyrazole-4-carbonitrile according to

the procedures similar to those for 18 (step 1), 14 (step 3) and 18 (step 2, chiral separation part).

Compound 73 was separated into two enantiomeric stereoisomers 85 (peak 1, R or S, retention time

at 7.30 min in chiral analysis), and 87 (peak 2, S or R, retention time at 9.68 min in chiral analysis)

by chiral prep-HPLC.

The chiral separation conditions are shown below.

Column

CHIRALCEL OD-H

Column size
Injection
Mobile phase
Flow rate

Wave length
Temperature
Sample solution

Prep-SFC equipment

3cm x 25 cm

8 mL

Hexane/IPA = 50/50

20 mL/min

UV 254 nm

35°C

4 mg/mL in mobile phase

DAICEL-YMC

The chiral analysis conditions are shown below.

Column

CHIRALPAK IC

Column size

046 cmID.x15cmL
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Injection 2ul

Mobile phase MeOH = 100 (v/v)
Flow rate 1.0 mL/min
Wave length UV 254 nm

Step  2:  Racemic/R/S  7-(2-Acrylamidophenyl)-2-(4-phenoxyphenyl)-4,5,6,7-tetrahydro
pyrazolo[1,5-a]pyrimidine-3-carboxamide (20, 20a, 20b). The desired compound was prepared
from 73, 85, 87 and acryloyl chloride according to the procedure similar to that for 6 (step 5).
Compound 20a (peak 1, R or S, retention time at 4.02 min) and 20b (peak 2, R or S, retention time
at 6.68 min) was prepared from 85 and 87 according to the procedure similar to that for compound
6.

The chiral analysis conditions are shown below.

Column CHIRALPAK AD-H

Column size 046 cm ILD.x 15cmL, 5 um

Injection 2ul

Mobile phase n-Hexane/EtOH (0.1% triethyl amine) = 70/30 (v/v)
Flow rate 1.0 mL/min

Wave length UV 214, 254 nm

7-(2-(N-methylacrylamido)phenyl)-2-(4-phenoxyphenyl)-4,5,6,7-tetrahydropyrazolo[1,5-
a]pyrimidine-3-carboxamide (21).

Step  1: N-(2-(3-cyano-2-(4-phenoxyphenyl)pyrazolo[1,5-a]pyrimidin-7-yl)phenyl)-2,2,2-
trifluoroacetamide. To a solution of 7-(2-Aminophenyl)-2-(4-phenoxyphenyl)pyrazolo[1,5-
a]pyrimidine-3-carbonitrile (60 mg, 0.15 mmol) in 5.0 mL of DCM was added three drops of DIEA
and three drops of trifluoroacetic anhydride. The reaction mixture was stirred at rt for 2 h, then

partitioned between water (20 mL) and DCM (20 mL). The organic layer was concentrated to give
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the product as a yellow solid (50 mg, yield: 67%), which was used in the next step without further
purification.

Step 2: 7-(2-(Methylamino)phenyl)-2-(4-phenoxyphenyl)pyrazolo[1,5-a]pyrimidine-3-
carbonitrile. To a solution of N-(2-(3-cyano-2-(4-phenoxyphenyl)pyrazolo[1,5-a]pyrimidin-7-yl)
phenyl)- 2,2,2-trifluoroacetamide (50 mg, 0.10 mmol) in 5.0 mL of acetone was added KOH (11.2
mg, 0.20 mmol) and CHal (0.50 mL). The reaction mixture was stirred at rt for 15 h, then
concentrated to remove acetone. The residue was partitioned between 20 mL of water and 20 mL
of EA. The organic layer was concentrated and purified by pre-TLC (PE/EA = 2/1) to give the
product as a white solid (15 mg, yield: 37%). 'H NMR (400 MHz, DMSO-ds) & 8.82 (d, J = 4.4
Hz, 1H), 7.97 (d, J = 8.8 Hz, 2H), 7.47-7.38 (m, 4H), 7.31 (dd, J = 1.6, 7.2 Hz, 1H), 7.23-7.17 (m,
3H), 7.11 (d, J = 8.8 Hz, 2H), 6.77-6.69 (m, 2H), 5.35-5.31 (m, 1H), 2.68 (d, J = 4.8 Hz, 3H). MS
(ESI) m/e [M+H]* 417.9.

Step 3. 7-(2-(Methylamino)phenyl)-2-(4-phenoxyphenyl)-4,5,6,7-tetrahydropyrazolo  [1,5-
a]pyrimidine-3-carbonitrile. To a  solution of  7-(2-(Methylamino)phenyl)-2-(4-
phenoxyphenyl)pyrazolo[1,5-a] pyrimidine-3-carbonitrile (250 mg, 0.6 mmol) in 10 mL EtOH was
added NaBH.4 (100 mg). The reaction mixture was stirred at rt for 15 h, and then concentrated to
remove EtOH. The residue was partitioned between 30 mL of water and 30 mL of EA. The organic
layer was concentrated. The residue was dissolved in 10 mL of MeOH, followed by 10% w/w Pd/C
(50 mg). The reaction mixture was stirred at rt under 1 atm. of H, for 15 hr. Then, the mixture was
filtered. The filtrate was concentrated and purified by the flash chromatography (PE/EA = 1/1) to
give the product as a white solid (144 mg, yield: 56.5%). MS (ESI) m/e [M+H]* 421.9.

Step 4:  7-(2-(Methylamino)phenyl)-2-(4-phenoxyphenyl)-4,5,6,7-tetrahydropyrazolo  [1,5-
a]pyrimidine-3-carboxamide. The desired product was prepared from 7-(2-(Methylamino)phenyl)-
2-(4-phenoxy  phenyl)-4,5,6,7-tetrahydropyrazolo[1,5-a]pyrimidine-3-carbonitrile  using the
procedure similar to step 2 for 18 (step 2, hydrolyzation part). *H NMR (400 MHz, DMSO-dg) &
7.49 (d, J = 8.8 Hz, 2H), 7.44-7.35 (m, 2H), 7.18-7.01 (m, 6H), 6.76 (s, 1H), 6.58 (d, J = 7.6 Hz,
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2H), 6.54 (t, J=7.6 Hz, 1H), 6.28 (dd, J = 1.2, 7.6 Hz, 1H), 5.60-5.57 (m, 1H), 5.50-5.49 (m, 1H),
3.29-3.24 (m, 1H), 2.98-2.93 (m, 1H), 2.76 (d, J = 4.8 Hz, 3H), 2.24-2.18 (m, 1H), 2.06-2.03 (m,
1H). MS (ESI) m/e [M+H]* 439.8.

Step 5: 7-(2-(N-methylacrylamido)phenyl)-2-(4-phenoxyphenyl)-4,5,6,7-tetrahydropyrazolo-
[1,5-a]pyrimidine-3-carboxamide (21). The desired product was prepared from 7-(2-
(Methylamino)phenyl)-2-(4-phenoxy phenyl)-4,5,6,7-tetrahydropyrazolo [1,5-a]pyrimidine-3-
carboxamide and acryloyl chloride using the procedure similar to that for 6.
7-(2-Acrylamidophenyl)-2-(4-(cyclopentyloxy)phenyl)-4,5,6,7-tetra hydropyrazolo[1,5-
a]pyrimidine-3-carboxamide (22).

Step 1: 2-(4-(Benzyloxy)phenyl)-7-(2-nitrophenyl)pyrazolo[1,5-a]pyrimidine -3-carbonitrile (89).
The desired product was prepared from 1-(2-Nitrophenyl)ethanone and 5-Amino-3-(4-
(benzyloxy)phenyl)-1H-pyrazole-4-carbonitrile according to the procedures similar to those for N-
(3-(3-cyano-2-(4-phenoxyphenyl) pyrazolo[1,5-a]pyrimidin-7-yl)phenyl)acetamide.

Step 2: 7-(2-Aminophenyl)-2-(4-hydroxyphenyl)-4,5,6,7-tetrahydropyrazolo [1,5-a]pyrimidine-
3-carbonitrile (90). The desired product was prepared from 89 using the procedure similar as that
for 14 (step 3). MS (ESI, m/e) [M+H]* 331.9.

Step 3: 7-(2-Aminophenyl)-2-(4-(cyclopentyloxy)phenyl)-4,5,6,7-tetrahydro  pyrazolo[1,5-
a]pyrimidine-3-carboxamide (92a). The desired product was prepared from 90 using the procedure
similar as that for 8 (step 1) and 18 (step 2, hydrolyzation part). *H NMR (400 MHz, DMSO-ds) &
7.37 (d, J = 8.8 Hz, 2H), 6.97-6.92 (m, 3H), 6.74 (br s, 1H), 6.67 (d, J = 7.6 Hz, 1H), 6.49 (t, J =
7.6 Hz, 1H), 6.27 (d, J = 7.6 Hz, 1H), 5.58-5.53 (m, 1H), 5.15 (s, 2H), 4.86-4.80 (m, 1H), 3.24-
3.27 (m, 1H), 3.02-2.93 (m, 1H), 2.22-2.16 (m, 1H), 2.14-2.08 (m, 1H), 1.98-1.85 (m, 2H), 1.91-
1.70 (m, 4H), 1.64-1.54 (m, 2H). MS (ESI) m/e [M+H]* 418.0.

Step 4: 7-(2-Acrylamidophenyl)-2-(4-(cyclopentyloxy)phenyl)-4,5,6,7-tetra hydropyrazolo[1,5-
a]pyrimidine-3-carboxamide (22). The desired product was prepared from 92a and acryloyl
chloride using the procedure similar to that for 6 (step 5).
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7-(2-Acrylamidophenyl)-2-(4-(cyclopropylmethoxy)phenyl)-4,5,6,7-tetrahydropyra-zolo[1,5-
a]pyrimidine-3-carboxamide (23).

Step 1: 7-(2-Aminophenyl)-2-(4-(cyclopropylmethoxy)phenyl)-4,5,6,7-tetrahydropyrazolo[1,5-
a]pyrimidine-3-carbonitrile (91b). To a solution of 7-(2-Aminophenyl)-2-(4-hydroxyphenyl)-
4,5,6,7-tetrahydropyrazolo[1,5-a]pyrimidine-3-carbonitrile (331 mg, 1.0 mmol) in acetone (15 mL)
was added (bromomethyl)cyclopropane (135 mg, 1.0 mmol) and K.CQOs3 (276 mg, 2.0 mmol). After
stirring at 56°C for 16 h, the mixture was filtered. The cake was washed with acetone (20 mL x 2).
The filtrate was concentrated to afford 300 mg of desired product (78%) as a yellow solid. MS
(ESI) m/e [M+H]* 386.0.

Step 2: 7-(2-Aminophenyl)-2-(4-(cyclopropylmethoxy)phenyl)-4,5,6,7-tetrahydropyrazolo[1,5-
a]pyrimidine-3-carboxamide  (92b). To a solution of  7-(2-Aminophenyl)-2-(4-
(cyclopropylmethoxy)phenyl)-4,5,6,7-tetrahydropyrazolo[1,5-a]pyrimidine-3-carbonitrile (350
mg, 0.91 mmol) in EtOH (4.0 mL) and DMSO (4.0 mL) was added NaOH aqueous solution (5 N,
2.0 mL) and H20; (2.0 mL). After stirring at 60°C for 3 h, the mixture was partitioned between 100
mL of H>O and 100 mL of EA. The organic layer was separated from aqueous layers, washed with
saturated brines (100 mL x 2), dried over Na,SO. and concentrated. The residue was purified by
chromatography column on silica gel (elution with DCM/MeOH) to afford 150 mg (41%) of
desired product as a white solid. *H NMR (400 MHz, DMSO-ds) & 7.37 (d, J = 8.8 Hz, 2H), 6.97-
6.92 (m, 3H), 6.75 (br s, 1H), 6.67 (d, J = 8.0 Hz, 1H), 6.49 (t, J = 7.6 Hz, 1H), 6.27 (d, J = 7.6 Hz,
1H), 5.58-5.54 (m, 1H), 5.16 (s, 2H), 3.83 (d, J = 7.2 Hz, 2H), 3.27-3.24 (m, 1H), 3.01-2.92 (m,
1H), 2.23-2.13 (m, 1H), 2.13-2.07 (m, 1H), 1.24-1.18 (m, 1H), 0.59-0.54 (m, 2H) and 0.34-0.30
(m, 2H). MS (ESI) m/e [M+H]* 404.0.

Step 3: 7-(2-Acrylamidophenyl)-2-(4-(cyclopropylmethoxy)phenyl)-4,5,6,7- tetrahydropyrazolo
[1,5-a]pyrimidine-3-carboxamide (23). The desired product was prepared from 92b and acryloyl
chloride according to the procedure similar to that for 6 (step 5). *H NMR (400 MHz, DMSO-ds) &
9.83 (s, 1H), 7.45 (d, J = 8.0 Hz, 1H), 7.37 (d, J = 8.4 Hz, 2H), 7.30 (t, J = 7.6 Hz, 1H), 7.21 (t, J
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= 7.6 Hz, 1H), 6.96 (d, J = 8.4 Hz, 2H), 6.81 (s, 1H), 6.64 (d, J = 8.0 Hz, 1H), 6.53 (dd, J = 10.2,

16.7 Hz, 1H), 6.27 (d, J = 16.7 Hz, 1H), 5.80-5.77 (m, 2H), 3.83 (d, J = 7.2 Hz, 2H), 3.27-3.23 (m,

1H), 3.03-2.93 (m, 1H), 2.36-2.25 (m, 1H), 2.02-1.91 (m, 1H), 1.23-1.14 (m, 1H), 0.59-0.53 (m,

2H), 0.34-0.29 (m, 2H). MS (ESI) m/e [M+H]* 457.9.

Compound 23 was separated into two enantiomeric sterecisomers 23a (peak 1, R or S, retention

time at 3.03 min in chiral analysis), and 23b (peak 2, S or R, retention time at 3.82 min in chiral

analysis) by chiral prep-HPLC.

The chiral separation conditions are shown below.

Column

CHIRALPAK IC-3

Column size
Injection
Mobile phase
Flow rate

Wave length
Temperature
Sample solution

Prep-SFC equipment

2 cm X 25 cm

3mL

MeOH/ACN = 50/50

10 mL/min

UV 254 nm

35°C

2.5 mg/mL in mobile phase

DAICEL-YMC

The chiral analysis conditions are shown below.

Column

CHIRALPAK IC

Column size
Injection
Mobile phase
Flow rate

Wave length

046 cmID.x15cmL, 5 um
3ulL

MeOH/ACN = 50/50 (v/v)
1.0 mL/min

UV 214, 254 nm
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7-(2-Acrylamidophenyl)-2-(4-(2-methoxyethoxy)phenyl)-4,5,6,7-tetrahydropyrazolo[1,5-
a]pyrimidine-3-carboxamide (24).

Step 1: 7-(2-Aminophenyl)-2-(4-(2-methoxyethoxy)phenyl)-4,5,6,7- tetrahydropyrazolo[1,5-
a]pyrimidine-3-carboxamide (92c). The desired product was prepared from 7-(2-Aminophenyl)-2-
(4-hydroxyphenyl)-4,5,6,7-tetrahydropyrazolo[1,5-a]pyrimidine-3-carbonitrile and 1-bromo-2-
methoxyethane using the procedures similar to 8 (step 1) and 18 (step 2, hydrolyzation part). H
NMR (400 MHz, DMSO-ds) & 7.38 (d, J = 8.6 Hz, 2H), 7.00-6.94 (m, 3H), 6.75 (br s, 1H), 6.69
(d, J = 7.6 Hz, 1H), 6.51 (t, J = 7.6 Hz, 1H), 6.28 (d, J = 7.6 Hz, 1H), 5.59-5.54 (m, 1H), 5.21 (br
s, 1H), 4.11 (t, J = 4.0 Hz, 2H), 3.66 (t, J = 4.0 Hz, 2H), 3.30 (s, 3H), 3.28-3.25 (m, 1H), 3.02-2.92
(m, 1H), 2.24-2.16 (m, 1H) and 2.13-2.05 (m, 1H). MS (ESI) m/e [M+H]" 407.9.

Step 2: 7-(2-Acrylamidophenyl)-2-(4-(2-methoxyethoxy)phenyl)-4,5,6,7-tetrahydropyrazolo-
[1,5-a]pyrimidine-3-carboxamide (24). The desired product was prepared from 92c¢ and acryloyl
chloride according to procedure similar to that for 6 (step 5).
7-(1-Acryloylpiperidin-4-yl)-2-(4-phenoxyphenyl)-4,5,6,7-tetrahydropyrazolo[1,5-
a]pyrimidine-3-carboxamide (31), (S)-7-(1-acryloylpiperidin-4-yl)-2-(4-phenoxyphenyl)-
4,5,6,7- tetrahydropyrazolo[1,5-a]pyrimidine-3-carboxamide (31a) and (R)-7-(1-
acryloylpiperidin-4-yl)-2-(4-phenoxyphenyl)-4,5,6,7-tetrahydropyrazolo[1,5-a]pyrimidine-3-
carboxamide (31b). Compound 31 were prepared by using the similar procedure as 18 (step 1 and
2) and 6 (step 5). Compound 31 was separated into two enantiomeric stereoisomers 31a (peak 1, S,
retention time at 6.49 min in chiral analysis), and 31b (peak 2, R, retention time at 8.03 min in
chiral analysis) by chiral prep-HPLC.

The chiral separation conditions are shown below.

Column CHIRALPAK IC

Column size 2cm X 25 cm
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Injection
Mobile phase
Flow rate
Wave length
Temperature

Sample solution

2 mL
MeOH/ACN=60/40
15 mL/min

UV 254 nm

35°C

0.5 mg/mL in mobile phase

Prep-SFC equipment

DAICEL-YMC

The chiral analysis conditions are shown below.

Column CHIRALPAK IC

Column size 046 cmID.x15cmL, S um
Injection 2ul

Mobile phase MeOH/ACN = 60/40 (v/v)
Flow rate 1.0 mL/min

Wave length UV 214, 254 nm

7-(1-Acryloylazetidin-3-yl)-2-(4-phenoxyphenyl)-4,5,6,7-tetrahydropyrazolo[1,5-

a]pyrimidine-3-carboxamide

(32), (S)-7-(1-acryloylazetidin-3-yl)-2-(4-phenoxyphenyl)-

4,5,6,7-tetrahydropyrazolo[1,5-a]pyrimidine-3-carboxamide (assumed, 32a) and (R)-7-(1-

acryloylazetidin-3-yl)-2-(4-phenoxyphenyl)-4,5,6,7-tetrahydropyrazolo[1,5-a]pyrimidine-3-

carboxamide (assumed, 32b).

Step 1: 7-(Azetidin-3-yl)-2-(4-phenoxyphenyl)-4,5,6,7-tetrahydropyrazolo [1,5-a]pyrimidine-3-

carboxamide (81). The desired product was prepared from 67 using the procedure similar as that

for 18 (step 1 and 2). *H NMR (400 MHz, DMSO-ds) 5 8.70 (br s, 1H), 8.44 (br s, 1H), 7.50 (d, J

= 8.6 Hz, 2H), 7.45-7.40 (m, 2H), 7.18 (t, J = 7.6 Hz, 1H), 7.08 (d, J = 7.4 Hz, 2H), 7.06 (d, J =
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8.6 Hz, 2H), 6.72 (br s, 1H), 4.46-4.38 (m, 1H), 4.24-4.15 (m, 1H), 4.07-3.94 (m, 3H), 3.29-3.24
(m, 2H), 3.19-3.10 (m, 1H), 2.13-2.04 (m, 1H), 1.78-1.69 (m, 1H). MS (ESI) m/e [M+H]* 390.0.

Step 20 7-(1-Acryloylazetidin-3-yl)-2-(4-phenoxyphenyl)-4,5,6,7-tetrahydropyrazolo[1,5-
a]pyrimidine-3-carboxamide (32), (S)-7-(1-acryloylazetidin-3-yl)-2-(4-phenoxyphenyl)-4,5,6,7-
tetrahydropyrazolo[1,5-a]pyrimidine-3-carboxamide (assumed, 32a) and (R)-7-(1-
acryloylazetidin-3-yl)-2-(4-phenoxyphenyl)-4,5,6,7-tetrahydropyrazolo[1,5-a]pyrimidine-3-
carboxamide (assumed, 32b). The desired product was prepared from 81 using the procedure
similar as that for 6 (step 5). Compound 32 was separated into two enantiomeric sterecisomers 32a
(peak 1, R or S, retention time at 10.54 min in chiral analysis), and 32b (peak 2, S or R, retention
time at 13.98 min in chiral analysis) by chiral prep-HPLC.

The chiral separation conditions are shown below.

Column CHIRALCEL OJ-H

Column size 2 cm % 25 cm

Injection 3ml

Mobile phase CO»/(MeOH70%ACN30%) = 75/25
Flow rate 45 ml/min

Wave length UV 220 nm

Temperature 35°C

Sample solution 3 mg/ml in mobile phase

Prep-SFC equipment DAICEL-SFC

The chiral analysis conditions are shown below.

Column CHIRALPAK AD
Column size 0.46cm I.D.x I5cm L, 5 um
Injection 3ulL
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Mobile phase n-Hexane/EtOH (0.1% triethyl amine) = 70/30 (v/v)
Flow rate 1.0 mL/min

Wave length UV 214, 254 nm

7-(Acrylamidomethyl)-2-(4-phenoxyphenyl)-4,5,6,7-tetrahydro pyrazolo[1,5-a]pyrimidine-3-
carboxamide (33).

Step 1: 7-((1,3-Dioxoisoindolin-2-yl)methyl)-2-(4-phenoxyphenyl)pyrazolo[1,5-a] pyrimidine-
3-carbonitrile (68). A mixture of 2-(4-(Dimethylamino)-2-oxobut-3-enyl)isoindoline-1,3-dione
(600 mg, 2.33 mmol) and 5-Amino-3-(4-phenoxy phenyl)-1H-pyrazole-4-carbonitrile (642 mg,
2.33 mmol) in 20 mL of HOAc was stirred and heated to 120°C for 15 h. The mixture was
concentrated and suspended in 30 mL of solvent (PE/EA = 4/1). The mixture was filtered and the
solid was purified by pre-TLC (DCM/EA =50/1) to give 430 mg (40%) of 7-((1,3-dioxoisoindolin-
2-yl)methyl)-2-(4-phenoxyphenyl)pyrazolo [1,5-a]pyrimidine-3-carbonitrile as a solid. *H NMR
(400 MHz, DMSO-ds) & 8.74 (d, J = 4.4 Hz, 1H), 8.05 (d, J = 8.8 Hz, 2H), 7.96-7.90 (m, 1H), 7.88-
7.85 (m, 2H), 7.50 (d, J = 4.4 Hz, 1H), 7.46-7.37 (m, 2H), 7.21-7.09 (m, 5H), 5.32 (s, 2H). MS
(ESI) m/e [M+H]* 472.1.

Step 2: 7-(Aminomethyl)-2-(4-phenoxyphenyl)-4,5,6,7-tetrahydropyrazolo[1,5-a] pyrimidine
-3-carboxamide (82). Step (a): 7-(Aminomethyl)-2-(4-phenoxyphenyl)pyrazolo[1,5-a]pyrimidine-
3- carbonitrile. To a solution of 7-((1,3-dioxoisoindolin-2-yl)methyl)-2-(4-phenoxyphenyl)
pyrazolo[1,5-a]pyrimidine-3-carbonitrile (290 mg, 0.62 mmol) in 5.0 mL of MeOH and 5.0 mL of
dioxane was added 12 drops of hydrazine hydrate. The reaction mixture was stirred and heated to
60°C for 3 h. The mixture was concentrated and suspended in 20 mL of solvent (DCM/MeOH =
10/1). The mixture was filtered and the filtrate was concentrated and purified by the flash
chromatography eluting with EA followed by DCM/MeOH (10/1) to give 150 mg (71%) of 7-
(aminomethyl)-2-(4-phenoxyphenyl) pyrazolo[1,5-a]pyrimidine-3-carbonitrile as a solid. MS
(ESI) m/e [M+H]* 342.1. Step (b): 7-(Aminomethyl)-2-(4-phenoxyphenyl)-4,5,6,7-
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tetrahydropyrazolo[1,5-a] pyrimidine-3-carbonitrile. To a solution of 7-(Aminomethyl)-2-(4-
phenoxyphenyl)pyrazolo[1,5-a]pyrimidine- 3-carbonitrile (150 mg, 0.44 mmol) in 20 mL of EtOH
was added NaBH4 (200 mg). The reaction mixture was stirred at rt for 15 hr. The mixture was
concentrated to remove the solvent. The residue was partitioned between EA (20 mL) and water
(20 mL). The organic layers were concentrated to give 150 mg (100%) of crude 7-(Aminomethyl)-
2-(4-phenoxyphenyl)-4,5,6,7-tetrahydropyrazolo[1,5-a]pyrimidine-3-carbonitrile as a solid, which
was used in the next step without further purification. MS (ESI) m/e [M+H]* 346.0. Step (¢): 7-
(Aminomethyl)-2-(4-phenoxyphenyl)-4,5,6,7-tetrahydropyrazolo[1,5-a] pyrimidine -3-
carboxamide (82). To a solution of 7-(Aminomethyl)-2-(4-phenoxyphenyl)-4,5,6,7-
tetrahydropyrazolo [1,5-a]pyrimidine-3-carbonitrile (15 mg, 0.043 mmol) in 2 mL of EtOH was
added 1 mL of DMSO, 0.5 mL of NaOH (5N) and 0.5 mL of H,O, (30% aqueous solution). After
stirring at 60°C for 2 h, the mixture was concentrated to remove EtOH. The residue was partitioned
between water (30 mL) and EA (20 mL). The organic phase was concentrated and purified by pre-
HPLC eluting from 20% to 40% CH3CN in 0.1% TFA in H2O. Fractions containing the desired
product were combined and lyophilized overnight to give the product as a TFA salt (10 mg, 64%).
IH NMR (400 MHz, DMSO-ds) & 8.07 (br s, 3H), 7.62 (d, J = 8.8 Hz, 2H), 7.43-7.35 (m, 2H), 7.25
(t,J = 7.6 Hz, 1H), 7.15-7.12 (m, 4H), 6.77 (br s, 1H), 4.38-4.30 (m, 1H), 3.40-3.20 (m, 4H), 2.16-
2.06 (m, 1H), 2.00-1.80 (m, 1H). MS (ESI) m/e [M+H]* 364.0.

Step 5: 7-(Acrylamidomethyl)-2-(4-phenoxyphenyl)-4,5,6,7-tetrahydropyrazolo[1,5-
a]pyrimidine-3-carboxamide (33). To a solution of 7-(Aminomethyl)-2-(4-phenoxyphenyl)-
4,5,6,7-tetrahydropyrazolo [1,5-a]pyrimidine-3-carboxamide (125 mg, 0.344 mmol) in 5.0 mL of
DCM was added EtsN (four drops) and acryloyl chloride (46.5 mg, 0.52 mmol). After stirring at rt
for 30 mins. The mixture was partitioned between water (10 mL) and DCM (5.0 mL). The organic
layer was concentrated and purified by pre-TLC (DCM/MeOH = 20/1) to give 40 mg (28%) of

product. Compound 33 was separated into two enantiomeric sterecisomers 33a (peak 1, R or S,
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retention time at 6.04 min in chiral analysis), and 33b (peak 2, S or R, retention time at 8.87 min

in chiral analysis) by chiral prep-HPLC.

The chiral separation conditions are shown below.

Column

CHIRALCEL AD-H

Column size
Injection
Mobile phase
Flow rate

Wave length
Temperature
Sample solution

Prep-SFC equipment

3cm x 25 cm

SmL

CO»/MeOH = 75/25

65 mL/min

UV 220 nm

35°C

4.5 mg/mL in mobile phase

DAICEL-SFC

The chiral analysis conditions are shown below.

Column

CHIRALPAK AD-H

Column size
Injection
Mobile phase
Flow rate

Wave length

046 cmID.x15cmL, 5um
1ul

n-Hexane/EtOH (0.1% triethyl amine) = 70/30 (v/v)

1.0 mL/min

UV 214, 254 nm

(R)-1-(1-acryloylpiperidin-3-yl)-5-amino-3-(4-phenoxyphenyl)-1H-pyrazole-4-carboxamide

(1-2)

QL

(0]
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The general procedure please see the reference of US20150005277al. 'H NMR (400 MHz,
DMSO-dg) & 7.55-7.46 (m, 2H), 7.46-7.38 (m, 2H), 7.22-7.13 (m, 1H), 7.12-7.02 (m, 4H), 6.92-
6.74 (m, 1H), 6.41 (br s, 2H), 6.18-6.03(m, 1H), 5.75-5.60 (m, 1H), 4.58-4.46 (m, 0.5H), 4.30-4.29
(m, 0.5H), 4.29-4.00 (m, 2H), 3.53-3.36 (m, 0.5H), 3.15-2.95 (m, 1H), 2.80-2.65 (m, 1H), 2.05-
1.90 (m, 2H), 1.90-1.78 (m, 1H), 1.55-1.40 (m, 1H). 3C NMR (100 MHz, DMSO-ds) 5166.21,
164.65 and 164.53, 156.88, 156.43, 150.27, 150.20, 147.67, 130.58, 130.15, 128.95, 128.67 and
128.42, 127.55 and 127.07, 123.76, 118.95, 118.44, 94.59 and 94.51, 51.77 and 51.10, 49.10 and
45.44, 4514 and 41.49, 29.88 and 29.70, 25.05 and 23.60. HRMS: calcd for C27H21NsO3 [M + H]*,
432.2036; found, 432.2039.
N1-(2-(4-((E)-4-(4-((S)-3-carbamoyl-2-(4-phenoxyphenyl)-4,5,6,7-tetrahydropyrazolo[1,5-
a]pyrimidin-7-yl)piperidin-1-yl)-4-oxobut-2-en-1-yl)piperazin-1-yl)ethyl)-N5-(15-0x0-19-
((3aR,4R,6aS)-2-oxohexahydro-1H-thieno[3,4-d]imidazol-4-yl)-4,7,10-trioxa-14-

azanonadecyl)glutaramide trifluoroacetate (P-1)

9

(0]

0
o
et 9 o
: HN\J CNJ{;\/r‘\INHMN/\/\

N . IR NN | H

o

TFA HJK/\/%N(\NI//HO

SN

Compound P-1was prepared according to the below scheme and general procedures (WO
2008054827, May 08, 2008).

o

° ™ O>< Ho)i N @ Qo
EtsN, THF ‘
HoP B KN A, BN THE NS Q
H rt, 15h
- L-2

L Step 1

HATU DIEA, DMF TFA, DCM

|

—————————» HyN
T HN NN r, 15h
Q ’% @ﬁﬁm B @Q
Boc N, N’\'NH

Step 4.

1. L-DBTA, MeOH/H,0= 3: 1 TFA
_ 50°Ct 48h.
HN N
2. THF/H,0= 1: 1 [,
70°Crt, 48 h N

% Step 2 HN\) "'CNH

Q
N-BIOTINYL-NH-(PEG)2-COOH-
DIEA, HATU, Et3N, DMF
o
40°C, 15 h M NN Q N0
o,
Step 5 HoN \ N f\ NH N 0 \AOMNM/,, BYand
N H '@NH
S~/ H

P
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Step 1: (E)-4-(4-(2-((tert-butoxycarbonyl)amino)ethyl)piperazin-1-yl)but-2-enoic acid (L-3)

H
N
Boc™ " "N o}

K/N\/\AOH
A mixture of (E)-4-bromobut-2-enoic acid (500 mg, 3.03 mmol), tert-butyl (2-(piperazin-1-

yDethyl)carbamate (694 mg, 3.03 mmol) and EtsN (612 mg, 6.06 mmol) in 20 mL of THF was
stirred at RT for 15 h. The mixture was concentrated and used in the next step without further
purification. MS (ESI) m/e [M+H]* 314.0.

Step 2: (S)-2-(4-phenoxyphenyl)-7-(piperidin-4-yl)-4,5,6,7-tetrahydropyrazolo[1,5-

a]pyrimidine-3-carboxamide (S-2)

Q

(9}

0]

H,N

[N
HN\\;W
CNH

A solution of 2-(4-phenoxyphenyl)-7-(piperidin-4-yl)-4,5,6,7-tetrahydropyrazolo  [1,5-
a]pyrimidine-3-carboxamide (2.0 g, 4.8 mmol) in MeOH/H,0 = 3/1 (110 mL) was warmed to 50°C
and stirred for about 20 min until all starting material dissolved, then to solution was added a
solution of L-DBTA (600 mg, 1.6 mmol) in MeOH/H,0 = 3/1 (10 mL), the solution was stirred at
50°C for about 30 min, then slowly cooled to 40°C (about 2 h). To the solution was added crystal
seed (10 mg). The mixture was stirred at 40°C for 2 h, then slowly cooled to ambient temperature
and stirred for about 48 h. Filtered, the solid was washed with MeOH/H,O = 3/1 (5.0 mL), dried
under reduced pressure to give the product as a white solid about 1.1 g (38% yield, 93% ee value).
The solid (500 mg) was added to the solvent of THF/H.O = 1/1 (20 mL), the solution was warmed
to 70 °C and stirred for about 1 h until all solid dissolved, then slowly cooled to 40 °C (3 h) and
added crystal seed (10 mg), after stirring for about 2 h, the solution was slowly cooled to ambient
temperature and stirred for about 48 h. Filtered, solid was washed with water (4.0 mL), dried under
reduced pressure to give the product as a white solid about 330 mg (65% yield, >99.5% ee value)
as its L-DBTA salt. Suitable single crystal of this L-DBTA salt was obtained by slow cooling in
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MeOH/H20 (1:1, v/v). Configuration of chiral carbon in freebase was determined to be S. The
DBTA salt was converted to the free base by using aqueous NaOH solution and extracting with
DCM.

The chiral analysis conditions for the chiral resolution are shown below.

Column CHIRALPAK IC

Column size 046 cmID.x15cmL, S um

Injection 2ulL

Mobile phase n-Hexane/EtOH(0.1% triethylamine) = 50/50 (v/v)
Flow rate 1.0 mL/min

Wave length UV 214, 254 nm

Step 3: (S,E)-tert-butyl (2-(4-(4-(4-(3-carbamoyl-2-(4-phenoxyphenyl)-4,5,6,7-
tetrahydropyrazolo[1,5-a]pyrimidin-7-yl)piperidin-1-yl)-4-oxobut-2-en-1-yl)piperazin-1-
yl)ethyl)carbamate (S-3)

O

(e}

SN 0
N NN [N
DO e

A mixture of (S)-2-(4-phenoxyphenyl)-7-(piperidin-4-yl)-4,5,6,7-tetrahydropyrazolo[1,5-

‘Boc

a]pyrimidine-3-carboxamide (1.26 g, 3.03 mmol), (E)-4-(4-(2-((tert-butoxycarbonyl)-
amino)ethyl)piperazin-1-yl)but-2-enoic acid (948.4 mg, 3.03 mmol), HATU (1.21 g, 3.18 mmol),
DIEA (782 mg, 6.06 mmol) in DMF (30 mL) was stirred at RT for 15 h. The mixture was poured
into water (300 mL) and extracted with EA (100 mL). The organic phase was washed with water
(100 mL x 3), dried over anhydrous and concentrated to give 1.25 g (58%) of product as a yellow
solid. *H NMR (400 MHz, DMSO-ds) 5 7.50 (d, J = 8.4 Hz, 2H), 7.42 (t, J = 8.4 Hz, 2H), 7.17 (t,
J=7.4 Hz, 1H), 7.12-7.02 (m, 4H), 6.67 (br s, 1H), 6.64-6.53 (m, 3H), 4.53-4.40 (m, 1H), 4.14-
4.05 (m, 1H), 3.32-3.25 (m, 2H), 3.10-2.91 (m, 5H), 2.45-2.15 (m, 11H), 2.10-2.00 (m, 1H), 1.96-
1.84 (m, 1H), 1.78-1.65 (m, 1H), 1.62-1.50 (m, 1H), 1.37 (s, 9H), 1.31-1.10 (m, 3H). MS (ESI) m/e
[M+H]* 713.0.

Step 4: (S,E)-7-(1-(4-(4-(2-aminoethyl)piperazin-1-yl)but-2-enoyl)piperidin-4-yl)-2-(4-
phenoxyphenyl)-4,5,6,7-tetrahydropyrazolo[1,5-a]pyrimidine-3-carboxamide trifluoroacetate (S-
4)
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To a solution of (S,E)-tert-butyl (2-(4-(4-(4-(3-carbamoyl-2-(4-phenoxyphenyl)-4,5,6,7-
tetrahydropyrazolo[1,5-a]pyrimidin-7-yl)piperidin-1-yl)-4-oxobut-2-en-1-yl)piperazin-1-yl)ethyl)
-carbamate (150 mg, 0.21 mmol) in DCM (10 mL) was added 2 mL of TFA. The reaction mixture
was stirred at RT for 15 h and concentrated to remove the solvent. The residue was used in the next
step without further purification. MS (ESI) m/e [M+H]* 613.0.

Step 5: N1-(2-(4-((E)-4-(4-((S)-3-carbamoyl-2-(4-phenoxyphenyl)-4,5,6,7-tetrahydropyrazolo-
[1,5-a]pyrimidin-7-yl)piperidin-1-yl)-4-oxobut-2-en-1-yl)piperazin-1-yl)ethyl)-N5-(15-0x0-19-
((3aR,4R,6aS)-2-oxohexahydro-1H-thieno[3,4-d]imidazol-4-yl)-4,7,10-trioxa-14-

azanonadecyl)glutaramide trifluoroacetate (P-1)

e

[}

o
) %N o
RN\ N C P M
" N NH
HN\J /<,\/N/'\NI u/\/\o/\/o\/\ o .
/ TFA o/\/\u//k/\/@ H N\fo
| NH
s
H

A mixture of (S,E)-7-(1-(4-(4-(2-aminoethyl)piperazin-1-yl)but-2-enoyl)piperidin-4-yl)-2-(4-
phenoxyphenyl)-4,5,6,7-tetrahydropyrazolo[1,5-a]pyrimidine-3-carboxamide trifluoroacetate (129
mg, 0.21 mmol, crude), N-BIOTINYL-NH-(PEG),-COOH-DIEA (118 mg, 0.21 mmol), HATU
(80 mg, 0.21 mmol), TEA (63.6 mg, 0.63 mmol) in 5 mL of DMF was stirred at 40°C for 15 hr.
The mixture was concentrated and purified by Pre-HPLC to afford 160 mg (60%) of product as a
white solid. *H NMR (400 MHz, DMSO-dg) & 8.04 (t, J = 5.2 Hz,1H), 7.80 (t, J = 5.6 Hz,1H), 7.76
(t,J = 5.6 Hz, 1H), 7.50 (d, J = 8.5 Hz, 2H), 7.42 (t, J = 8.5 Hz, 2H), 7.18 (t, J = 7.6 Hz, 1H), 7.12-
7.03 (m, 4H), 6.89-6.77 (M, 1H), 6.62-6.51 (m, 1H), 6.44 (s, 1H), 4.55-4.40 (m, 1H), 4.35-4.27 (m,
1H), 4.17-3.95 (m, 3H), 3.74-3.60 (m, 2H), 3.55-3.44 (m, 9H), 3.41-3.27 (m, 10H), 3.14-3.02 (m,
9H), 2.82 (dd, J = 12.4, 5.0 Hz, 1H), 2.65-2.53 (m, 3H), 2.36-2.18 (m, 1H), 2.13-2.00 (m, 7H),
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1.96-1.85 (m, 1H), 1.80-1.67 (m, 3H), 1.66-1.55 (m, 6H), 1.55-1.40 (m, 3H), 1.38-1.21 (m, 4H).
MS (ESI) m/e [M+H]* 1155.0, [M+23]* 1176.9.
N1-(2-(4-((E)-4-((R)-3-(4-amino-3-(4-phenoxyphenyl)-1H-pyrazolo[3,4-d]pyrimidin-1-
yl)piperidin-1-yl)-4-oxobut-2-en-1-yl)piperazin-1-yl)ethyl)-N5-(15-0x0-19-((3aR,4R,6aS)-2-
oxohexahydro-1H-thieno[3,4-d]imidazol-4-yl)-4,7,10-trioxa-14-azanonadecyl)glutaramide

trifluoroacetate (P-2)

: o
HN
VST
N
B Ol
o
N TFA
J<:¥ — o o 0 HHN“‘/<
PPN NH
N N~y N NP N NN N N
— H H H s/ H

The desired compound was prepared according to the reference (WO 2008054827, May 08, 2008)
and the procedure of P-1. *H NMR (400 MHz, DMSO-ds) & 8.48 (s, 1H), 8.10-8.00 (m, 1H), 7.82-
7.72 (m, 2H), 7.69-7.62 (m, 2H), 7.48-7.40 (m, 2H), 7.24-7.09 (m, 5 H), 7.00-6.85 (m, 2H), 6.84-
6.73 (m, 2H), 6.68-6.51 (m, 3H), 6.50-6.20 (M, 3H), 4.85-4.66 (M, 1H), 4.64-4.50 (m, 0.5H), 4.34-
4.27 (m, 1H), 4.27-4.18 (m, 0.5H), 4.16-4.09 (m, 1H), 4.09-4.00 (m, 0.5H), 3.80-3.65 (M, 1.5H),
3.65-3.54 (m, 1H), 3.54-3.42 (m, 7H), 3.42-3.30 (m, 7H), 3.30-3.16 (M, 3H), 3.15-2.90 (m, 9H),
2.81 (dd, J = 4.8, 12.4 Hz,1H), 2.57 (d, J = 12.8 Hz,1H), 2.35-2.20 (m, 1H), 2.20-2.00 (m, 6H),
2.00-1.85 (m, 1H), 1.78-1.66 (m, 2H), 1.66-1.55 (M, 5 H), 1.55-1.40 (m, 3H), 1.37-1.22 (m, 2H).

MS (ESI) m/e [M+H]* 1124.0, [M+Na]* 1146.0.
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S12: PK conditions

Pharmacokinetics (PK) study in rats: Sprague-Dawley rats were purchased from Beijing Vital
River Laboratory Animal Technology Co., Ltd. (Beijing, China). The animals were housed in
temperature (20-25°C) and humidity (40-70%) controlled facility with 12-hour light/dark cycle.
The rats were supplied with rodent feed (Shanghai SLAC Laboratory Animal Co., Ltd.) and
sterilized water. The studies were approved by the Institutional Animal Care and Use Committee
(IACUC) of 3D BioOptima Co., Ltd. The animals were fasted overnight prior to dosing until 4
hours post dosing. Water was not restricted during the study. Blood samples (0.15 mL) were
collected via jugular vein cannula into dry heparinized (coated with 0.25% heparin in saline) tubes.
For the IV administered groups, the sampling time points were pre-dose, 5, 15, 30, 45 min, 1, 2, 3,
4 and 6 h post-dose. For the oral administered groups, the sampling time points were pre-dose 15,
30 min, 1, 2, 3, 4, 6, 8, 12, and 24 h post-dose. Plasma samples were separated via centrifugation
at 5500 rpm for 10 min, and stored in -30°C freezer until analysis. The plasma samples were
analysis using LC-MS/MS with low limit of quantification (LLOQ) at 1 ng/mL. All PK parameters
were calculated with non-compartment analysis using Phoenix WinNonlin 6.3 (St. Louis, USA).
Plasma protein binding: The plasma protein binding of compounds was measured using
equilibrium dialysis with HTDialysis equilibrium dialysis chamber apparatus (Gales Ferry, USA).
In brief, an aliquot of compounds spiked plasma was added to the donor side of each designated
well. An equal volume of phosphate buffer (0.002% Tween 80) was added to the receiver side. The
plate was covered with adhesive sealing film to prevent evaporation and placed in a water bath at
37°C for 5-8 h with a shaking speed at 80 rpm to reach protein binding equilibrium. Samples were
taken from both sides, and analyzed using LC-MS/MS. The value of unbound fraction (f,) was
determined by dividing the compounds concentration on the buffer side of the equilibrium dialysis
chamber by the compounds concentration on the plasma side.

Microsome intrinsic clearance: Compounds (1 uM) were incubated in the liver microsomes (BD
Biosciences, Woburn, USA) at protein concentration of 0.5 mg/mL. The reactions were terminated
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at 0,2, 6, 10, 20, 30 min for human and 0, 5, 10, 20, 40, 60 min for dog, rat and mouse after the
reactions were initiated. Compounds were analyzed using LC-MS/MS. Natural log of percentage
remaining of compounds was plotted against the incubation time. The intrinsic clearance (CLin)
was calculated with the following equation, where Cprotein Was the microsomal protein concentration
in the incubation system.

CLin = -slope/Cprotein

Cytochrome P450 Inhibition: The human CYPs inhibition potential of compounds was evaluated
based on the measurement of ICso values in pooled human liver microsomes (BD Biosciences,
Woburn, USA) using 8 CYP probe substrates along with sample analysis by LC-MS/MS methods.
Serial concentrations of compounds were incubated with each probe substrate in pooled human
liver microsomes. Selective inhibitors were used as the positive controls to validate the incubation

systems. Formation rate of the probe metabolites was monitored to calculate the ICso values.
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