Supplementary Chemistry

1.

Materials and methods: All reagents and solvents were obtained from commercial
suppliers unless otherwise mentioned. Ibr-H (CAS 1022150-12-4) and N4-(3-chloro-
4-fluorophenyl)-7-methoxyquinazoline-4,6-diamine (afatinib-amine, CAS no. 179552-
75-1) were purchased from BLD pharmatech. Methyl(E)-3-(5-(((1r,3r,5R,7S)-
adamantan-2-ylidene)(methoxy)methyl)-3-chloro-2-hydroxyphenyl)acrylate and (5S)-
4-(6-fluoro-7-(2-fluoro-6-hydroxyphenyl)-1-(2-isopropyl-4-methylpyridin-3-yl)-2-
0x0-1,2-dihydropyrido[2,3-d]pyrimidin-4-yl)-5-methyl-2,3,4,5-tetrahydropyrazin-1-
ium (AMG-510 amine) were purchased from Enamine. Deuterated solvents were
purchased from Cambridge isotope laboratories and all other reagents are purchased
from Sigma Aldrich and used as such without further purification.

Aluminum-backed silica plates (Merck silica gel 60 F254) were used for thin layer
chromatography (TLC) to monitor solution phase reactions. The purification of
compounds was carried out on a combi flash chromatography and waters RP-HPLC
with Prep C18 column. The 'H-NMR and *CNMR spectra were recorded using a 400
MHz and 500 MHz Bruker advance spectrometers and were calibrated using residual
undeuterated solvent as the internal references (CDCls: 7.26 ppm; DMSO-d6: 2.50
ppm; D20: 4.79 ppm and CD3OD = 3.31 ppm). Chemical shifts are reported in ppm on
a 0 scale. The following abbreviations were used to explain NMR peak multiplicities:
s = singlet, d = doublet, t = triplet, q = quartet, p = pentet, m = multiplet, br = broad.
Most of the Ibrutinib derivatives appeared as a mixture of rotamers. The high-resolution
mass spectra were recorded on Waters Xevo G2-XS QTof mass spectrometer using
electrospray ionization time-of-flight (ESI-TOF) reflectron experiments.
Abbreviations.  Acetonitrile  (ACN),  dichloromethane (DCM), N,N'-
diisopropylethylamine (DIPEA), N,N'-dimethylformamide (DMF), Ethyl acetate
(EtOAc), dimethyl sulfoxide (DMSO), 1-Ethyl-3-(3-dimethylaminopropyl)
carbodiimide (EDC), 1-[bis(dimethylamino)methylene]-1H-1,2,3- triazolo[4,5-
b]pyridinium3-oxid hexafluorophosphate (HATU), methanol (MeOH), Phosphate
buffer saline (PBS), high-performance liquid chromatography (HPLC), trifluoroacetic
acid (TFA), 1,4-diazabicyclo[2.2.2]octane (DABCO), diisopropylethyl amine
(DIPEA)



3. Synthetic Procedures:
N-benzyl-2-(hydroxymethyl)acrylamide (1n):

paraformaldehyde

(@] (20 equiv) O OH
DABCO (1.1 equiv)
N - N
H || Phenol (25 mol %) H
1,4 dioxane:H,0 (3:1)
BnA 55 °C, 3 days, 54% 1n

To a stirred solution of acrylamide (644 mg, 4 mmol) in 1,4-dioxane:H,O (3:1 v/v, 12 mL)
were added DABCO (492.8 mg, 4.4 mmol), phenol (87 uL, 1 mmol) and paraformaldehyde
(2.4 g, 80 mmol) at 25 °C. The reaction mixture was stirred for 3d at 55°C. After
completion of the reaction (as monitored by LC-MS), 1,4-dioxane was evaporated under
vacuo and the aqueous layer was extracted with EtOAc (3 < 30 mL). The organic layer was
evaporated under vacuo and the crude product was purified by column chromatography
over silica gel using MeOH:EtOAc (1:9)/Pet. ether as eluent to give pure alcohol 1n as
colorless solid in 412 mg (yield = 54%).

'TH NMR (500 MHz, CDCl3):  ppm 3.17 (br. s., 1H), 4.26 (br. s., 2H), 4.41 (m, 2H), 5.43
(br. s., 1H), 5.84 (s, 1H), 7.09 (br. s., 1H), 7.23 (m, 5H): *C NMR (126 MHz, CDCls) &
ppm 43.5, 63.6, 122.0, 127.5, 127.6, 128.7, 137.9, 141.9, 167.4. ESI-MS (m/z): calculated
for C;1Hi3sNO, [M+H]": 192.10; found: [M+H]":192.24. The compound was previously
reported.!

N-benzyl-2-(bromomethyl)acrylamide (10):

PBr; (1 equiv)
DMF ( 1equw)

(0]
N Br
©/\ J\”) —— C ©/\HJ\H/\
1h, 82% 10

To a stirred solution of alcohol (191 mg, 1 mmol) in CH>Cl, (5 mL), PBr; (105 pL, 1.1
mmol) and DMF (77 pL, 1 mmol) were added at 0 °C under N, atmosphere. The reaction
mixture was stirred at room temperature for 1 h. After completion of the reaction (as

monitored by LC-MS), the reaction mixture was quenched with H>O (4 mL) at 0 °C. The



aqueous layer was extracted with CH>Cl> (3 x 8 mL) evaporated under vacuo. The crude
product was purified by column chromatography over silica gel using MeOH:EtOAc
(1:9)/Pet. ether as eluent to give bromo compound (10) as colorless solid in 207 mg (yield
= 82%).

'"H NMR (400 MHz, CDCl5): § 4.24 (s, 2H), 4.56 (d, J = 5.7 Hz, 2H), 5.70 (s, 1H), 5.81
(s, 1H), 6.28 (br. s., 1H), 7.35 (m, 5H); '3*C NMR (101 MHz, CDCl3): 6 30.5, 43.9, 122.1,
127.7, 127.8, 128.8, 137.7, 141.7, 166.0. ESI-MS (m/z): calculated for C;1Hi3:BrNO
[M+H]": 254.02; found: [M+H]":254.46

N-benzylmethacrylamide (1a)

©/\NH2 N o 0 EtGN (1 equiv)

\H)J\O)kﬂ/ CHzCIZ 25°C ©/\ J\ﬂ/

1h, 86%

To a stirred solution of benzyl amine (10.6 mg, 0.1 mmol) in anhydrous DCM (0.5 mL),
EtsN (13.9 uL, 0.1 mmol) and methacrylic anhydride (15.4 uL, 0.1 mmol) were added at
25 °C. The reaction mixture was stirred at room temperature for 1 h. After completion of
the reaction (as monitored by LC-MS), CH>Cl> was evaporated under vacuo. The crude
product was purified by preparative HPLC using water: ACN (0.1% TFA) solvent gradient
to afford methacrylamide (1a) as colorless solid in 15.1 mg (yield = 86 %).
'TH NMR (500 MHz, CDCls): 8 1.99 (s, 3H), 4.51 (d, J = 5.6 Hz, 2H), 5.36 (s, 1H), 5.73
(s, 1H), 6.12 (br. s., 1H), 7.27 - 7.38 (m, 5H); 3C NMR (125 MHz, CDCl;): § 18.7, 43.8,
119.7, 127.5, 127.8, 128.7, 138.2, 139.9, 168.3. ESI-MS (m/z): calculated for Ci1H14NO
[M+H]": 176.11; found: [M+H]":176.63. The compound was previously reported.'

N-benzyl-2-(piperidin-1-ylmethyl)acrylamide (1b):

1h, 78%

(0]
HN DIPEA (1 equw)
N Br *+
H CH,Cl,, 25 °C
10

To a stirred solution of N-benzyl-2-(bromomethyl)acrylamide (25.4 mg, 0.1 mmol) in
anhydrous DCM (0.5 mL) were added piperidine (9.9 pL, 0.1 mmol), and DIPEA (17.3

puL, 0.1 mmol) at 25 °C. The reaction mixture was stirred at room temperature for one hour.



After completion of the reaction (as monitored by LC-MS), CH,>Cl, was evaporated under
vacuo. The crude product was purified by HPLC using water: ACN (0.1% TFA) solvent
gradient to afford colorless solid 1b in 20.1 mg (yield = 78%).

'"H NMR (400 MHz, CDCls) 6 1.56 (br. s., 1H) 1.91 (br. s., 3H), 2.02 (d, J = 11.7 Hz, 2H),
2.81(t,J=11.3 Hz, 2H), 3.62 (d, /= 11.7 Hz, 2H), 4.05 (s, 2H), 4.69 (d, J= 5.9 Hz, 3 H),
6.21 (s, 1H), 6.35 (s, 1H), 7.35-7.59 (m, 5H), 7.78 (br. s., 1H); 3C NMR (100 MHz,
CDCl3) 621.7,22.7,43.9,53.2,56.7,127.6, 127.8, 128.7, 129.4, 133.8, 137.7, 167.0. ESI-
MS (m/z): calculated for Ci16H23N20 [M+H]": 259.18; found: [M+H]*:258.90

N-benzyl-2-((methyl(phenyl)amino)methyl)acrylamide (1c¢):

(0] Br
/U\H) /@ DIPEA (1 equiv) J\”/\
N + —_—
©/\H HN CH,Cly, 25 °C ©/\

1h, 80%

To a stirred solution of N-benzyl-2-(bromomethyl)acrylamide (25.4 mg, 0.1 mmol) in
anhydrous DCM (0.5 mL) were added N-methyl aniline (10.7 mg, 0.1 mmol) and DIPEA
(17.3 uL, 0.1 mmol) at 25 °C. The reaction mixture was stirred at room temperature for 1
h. After completion of the reaction (as monitored by LC-MS), CH>Cl, was evaporated
under vacuo. The crude product was purified by preparative HPLC using water: ACN (0.1%
TFA) solvent gradient to afford colorless solid 1¢ in 22.4 mg (yield = 80%)

TH NMR (500 MHz, CDCl5): § 3.06 (s, 3H), 4.28 (s, 2H), 4.42 (d, J = 5.64 Hz, 2H), 5.76
(s, 1H), 6.03 (s, 1H), 7.13-7.19 (m, 1H), 7.22 (t, J = 8.05 Hz, 4H), 7.30 (d, J = 7.02 Hz,
1H), 7.32 (s, 1H), 7.34 - 7.39 (m, 2H), 8.63 (br. s., 2H): 3C NMR (125 MHz, CDCls) &
41.7,43.7,57.8,118.2,124.7,125.8,127.6,127.7,128.7, 129.8, 136.6, 137.5, 145.0, 160.8,
161.1, 167.3. ESI-MS (m/z): calculated for Ci;sH21N.O [M+H]": 281.16; found:
[M+H]":281.66.

N-benzyl-2-((benzylamino)methyl)acrylamide (1d):

H,N DIPEA (1 equw)
N +
H CH,Cly, 25 °C

1h, 72%



To a stirred solution of N-benzyl-2-(bromomethyl)acrylamide (25.4 mg, 0.1 mmol) in
anhydrous DCM (0.5 mL) were added benzyl amine (10.7 mg, 0.1 mmol) and DIPEA (17.3
puL, 0.1 mmol) at 25 °C. The reaction mixture was stirred at room temperature for 1 h. After
completion of the reaction (as monitored by LC-MS), CH>Cl» was evaporated under vacuo.
The crude product was purified by preparative HPLC using water:ACN (0.1% TFA)
solvent gradient to afford colorless solid 1d in 20.1 mg (yield =72%).

'H NMR (500 MHz, CDCL): & 3.84 (s, 2H), 4.20 (s, 2H), 4.46 (d, J = 5.5 Hz, 2H), 5.86
(s, 1H), 6.00 (s, 1H), 6.98 (br. s., 1H), 7.28-7.39 (m, 6H), 7.40 - 7.49 (m, 4H); 3C NMR
(125 MHz, CDCls): 6 43.9, 49.3, 51.0, 127.0, 127.9, 128.3, 128.9, 129.4, 129.8, 129.9,
130.1, 133.5, 137.0, 167.4. ESI-MS (m/z): calculated for CisH21N2O [M+H]*: 281.16;
found: [M+H]":281.35

2-(benzylcarbamoyl)-N,N,N-triethylprop-2-en-1-aminium (1e):

o] o)
AN CH,Cly, 25 °C C\
N Br t+ ) —— N N7
H 1h, 76% H K
10 1e

To a stirred solution of N-benzyl-2-(bromomethyl)acrylamide (25.4 mg, 0.1 mmol) in
anhydrous DCM (0.5 mL), EtsN (134 pL, 1 mmol) was added at 25 °C. The reaction
mixture was stirred at room temperature for 1 h. After completion of the reaction (as
monitored by LC-MS), CH2Cl, was evaporated under vacuo. The crude product was
purified by preparative HPLC using water:ACN (0.1% TFA) solvent gradient to afford
colorless solid 1e in 20.9 mg (yield =76%).

"H NMR (400 MHz, CDCls) § ppm 1.23 (t, J = 7.0 Hz, 9H), 3.25 (m, 2H), 3.25 (d, J= 7.3
Hz, 4H), 4.05 (s, 2H), 4.45 (d, J =5.9 Hz, 2H), 5.93 (s, 1H), 6.38 (s, 1H), 7.22 (m, 1H),
7.30 (m, 2H), 7.43 (d, J = 7.3 Hz, 2H), 9.46 (br. s., 1H): 3C NMR (100 MHz, CDCls) &
ppm 7.5, 43.8, 52.9, 57.4, 127.2, 128.4, 132.4, 132.8, 138.3, 167.5. ESI-MS (m/z):
calculated for C17H27N20 [M]*: 275.21; found: [M]":275.85.

1-(2-(benzylcarbamoyl)allyl)-4-(dimethylamino)pyridin-1-ium (1f):



(0] Br
N o CHyCl, 25 °C
N + % e
H "l‘ 1h, 57°/

10

To a stirred solution of N-benzyl-2-(bromomethyl)acrylamide (25.4 mg, 0.1 mmol) in
anhydrous DCM (0.5 mL) N,N Dimethyl amino pyridine (24.6 mg, 0.2 mmol) was added
at 25 °C. The reaction mixture was stirred at room temperature for 1 h. After completion
of the reaction (as monitored by LC-MS), CH,Cl» was evaporated under vacuo. The crude
product was purified by preparative HPLC using water: ACN (0.1% TFA) solvent gradient
to afford colorless solid 1f in 17 mg (yield = 57%)).

'H NMR (400 MHz, CDCLs): & ppm 3.21 (s, 6H), 4.38 (d, J = 5.9 Hz, 2H), 5.07 (s, 2H),
5.95 (s, 1H), 6.14 (s, 1H), 6.72 (m, J = 7.5 Hz, 2H), 7.23 (m, 5H), 8.20 (br. s., 1H), 8.24
(m, J = 7.5 Hz, 2H): *C NMR (101 MHz, CDCls) § ppm 40.2, 43.5, 59.2, 107.6, 126.1,
127.1, 127.9, 128.4, 137.7, 138.2, 142.5, 156.3, 165.9. ESI-MS (m/z): calculated for
C1sH2oN30 [M]*: 296.18; found: [M]*: 296.25.

N-benzyl-2-(phenoxymethyl)acrylamide (1g):

)
o Br K,CO3 (2 equiv) /©
N bt hhtg N o
@H HO DMF, 25 °C, 4 h H
10 19

54%

To a stirred solution of phenol (9.4 mg, 0.1 mmol) in anhydrous DMF (0.5 mL) was added
K>COs; (27.6 mg, 0.2 mmol) at 25 °C. After stirring for 5 min, N-benzyl-2-
(bromomethyl)acrylamide (25.4 mg, 0.1 mmol) was added at 25 °C under N, atmosphere.
The reaction mixture was stirred at room temperature for 4 h under N> atmosphere and
quenched with H,O (2 mL). The aqueous layer was extracted with EtOAc (3 x 3 mL). The
organic layer was washed with brine and evaporated under vacuo. The crude product was
purified by preparative HPLC using water:ACN (0.1% TFA) solvent gradient to afford
colorless solid 1g in 14.4 mg (yield = 53.9%)).

TH NMR (500 MHz, CDCls): § 4.56 (d, J= 5.6 Hz, 2H) 4.82 (s, 3H) 5.74 (s, 1H) 6.10 (s,
1H) 6.67 (br. s., 1H) 6.92 (d, J = 8.0 Hz, 2H) 7.00 (t, J = 7.3 Hz, 1H) 7.26-7.29 (m, 1H)
7.29-7.33 (m, 4H) 7.33-7.39 (m, 2H); ¥*C NMR (125 MHz, CDCl): & 43.7, 67.9, 114.9,



121.6, 123.1, 127.6, 127.7, 128.7, 129.6, 137.9, 139.2, 157.7, 166.3. ESI-MS (m/z):
calculated for C;7H1sNO2 [M+H]": 268.13; found: [M+H]":268.63.

N-benzyl-2-((4-nitrophenoxy)methyl)acrylamide (1h):

O Br

)Y @/NOZ KZCO3 (2 equiv) /©/
N +
@AH HO DMF, 25 °C, 4 h ©A)Y

64%

10

To a stirred solution of 4-nitrophenol (13.9 mg, 0.1 mmol) in anhydrous DMF (0.5 mL),
K>COs (27.6 mg, 0.2 mmol) was added at 25 °C under N, atmosphere. After stirring for 5
min, N-benzyl-2-(bromomethyl)acrylamide (25.4 mg, 0.1 mmol) was added to the reaction
mixture. The reaction mixture was stirred at room temperature for 4 h under N> atmosphere
and quenched with H,O (2 mL). The aqueous layer was extracted with EtOAc (3 x 3 mL).
The combined organic layer was washed with brine and evaporated under vacuo. The crude
product was purified by HPLC using water:ACN (0.1% TFA) solvent gradient to afford
colorless solid 1h in 20.2 mg (yield = 65%).

'H NMR (500 MHz, CDCL3): & 4.54 (d, J = 5.8 Hz, 2H), 4.92 (s, 2H), 5.76 (s, 1H), 5.96
(s, 1H), 6.46 (br. s., IH), 7.00 (d, J = 9.2 Hz, 2H), 7.29-7.40 (m, 5H), 8.19 (d, J = 9.2 Hz,
2H): 3C NMR (125 MHz, CDCl5): 6 43.7, 67.7, 114.8, 121.2, 125.9, 127.7, 128.8, 137.6,
139.0, 141.9, 162.9, 166.1. ESI-MS (m/z): calculated for Ci7H7N2O4 [M+H]": 313.12;
found: [M+H]":313.52.

N-benzyl-2-(((2-o0xo0-2H-chromen-7-yl)oxy)methyl)acrylamide (1i):

(@] Br 0 X
W HO 0.0 K,CO; (2 equiv) /@\/l
N + — N 0 o0 o
@AH % DMF, 25 °C, 4 h ©/\H
10 1i

54%

To a stirred solution of 7-hydroxy-2H-chromen-2-one (16.2 mg, 0.1 mmol) in anhydrous
DMEF (0.5 mL) was added K>CO3 (27.6 mg, 0.2 mmol) at 25 °C. After stirring for 5 min,
N-benzyl-2-(bromomethyl)acrylamide (25.4 mg, 0.1 mmol) was added at 25 °C under N>
atmosphere. The reaction mixture was stirred at room temperature for 4 h under N»

atmosphere and quenched with H,O (2 mL). The aqueous layer was extracted with EtOAc



(3 x 3 mL). The organic layer was washed with brine and evaporated under vacuo. The
crude product was purified by preparative HPLC using water:ACN (0.1% TFA) solvent
gradient to afford colorless solid 1i in 18.1 mg (54% yield).

'TH NMR (500 MHz, CDCls): § 4.54 (d, J = 5.6 Hz, 2H), 4.88 (s, 2H), 5.75 (s, 1H), 6.00
(s, H), 6.24 (d, J=9.5 Hz, 1H), 6.58 (br. s., 1H), 6.83 (d, /= 2.2 Hz, 1H), 6.85-6.88 (m,
1H), 7.28-7.32 (m, 3H), 7.34 (d, /= 7.2 Hz, 2H), 7.37 (d, /= 8.7 Hz, 1H), 7.62 (d, J=9.5
Hz, 1H); 3C NMR (125 MHz, CDCls) & 43.6, 67.8, 102.2, 112.6, 113.4, 121.8, 127.6,
127.7,128.7,128.8,137.7, 139.0, 143.2, 155.6, 161.0, 166.0. ESI-MS (m/z): calculated for
C20H1sNO4 [M+H]": 336.12; found: [M+H]":336.03.

N-benzyl-2-((benzyloxy)methyl)acrylamide (1j):

NJ\H) . Br/\@ NaH (2 equiv) )Y
©/\H DMF, 0°C 4 h g /\©
65%
To a stirred solution of alcohol 1k (19.1 mg, 0.1 mmol) in anhydrous DMF (0.5 mL) was
added NaH (8 mg (60% in mineral oil), 0.2 mmol)) at 0 °C under N> atmosphere. After
stirring for 5 min, benzyl bromide (13 pL, 0.11 mmol) was added. The reaction mixture
was stirred at room temperature for 4 h under N atmosphere and then quenched with H,O
(2mL) at 0 °C. The aqueous layer was extracted with EtOAc (3 x 3 mL). The organic layer
was washed with brine and evaporated under vacuo. The crude product was purified by
preparative HPLC using water: ACN (0.1% TFA) solvent gradient to afford colorless solid
1j in 18.4 mg (65.4 % yield).

TH NMR (500 MHz, CDCl): § 4.31 (s, 2H), 4.46-4.58 (m, 4H), 5.61 (s, 1H), 6.30 (d, J =
1.2 Hz, 1H), 7.18-7.25 (m, 2H), 7.25-7.38 (m, 10H). '3C NMR (125 MHz, CDCls):5 43.6,
70.5,72.0,125.7,127.4,127.8, 128.0, 128.0, 128.6, 128.7, 137.0, 138.1, 138.6, 166.3. ESI-
MS (m/z): calculated for CigH2oNO> [M+H]": 282.15; found: [M+H]":282.74. The

compound was previously reported.!

2-(benzylcarbamoyl)allyl (4-nitrophenyl) carbonate (1k):



O OH (i) DMAP (4 equiv)

NO2  EtoAc, 0°C 2 h
R e : Ho
H cl o (ii) MeOH, rt, 3 h

44% (over two steps)

To a stirred solution of N-benzyl-2-(hydroxymethyl)acrylamide (19.2 mg, 0.1 mmol) in
anhydrous ethyl acetate (1 mL) were added 4-nitrophenyl chloroformate (80.4 mg, 0.4
mmol) and 4-Dimethylaminopyridine (25.4 mg, 0.4 mmol) at 25 °C. The reaction mixture
was stirred at room temperature for 1 h. After completion of the reaction as monitored by
LC-MS, the reaction mixture is quenched with 0.1 N HCI (2 mL) and the aqueous layer
was extracted with EtOAc (3 x 3 mL). The organic layer was washed with brine and
evaporated under vacuo. The crude product was dissolved in methanol (0.5 mL) and stirred
for 3 h. After completion of the reaction, methanol was evaporated and the crude product
was purified by preparative HPLC using water: ACN (0.1% TFA) solvent gradient to afford
colorless solid 1k in 11.1 mg (yield = 44%).

TH NMR (500 MHz, CDCls): & 3.80 (s, 3H), 4.53 (d, J = 5.4 Hz, 2H), 4.93 (s, 2H), 5.70
(s, 1H), 5.98 (s, 1H), 6.37 (br. s., 1H), 7.31 (m, 3H), 7.36 (m, 2H): 13C NMR (125 MHz,
CDCl3) 6 43.8, 55.1, 66.7, 123.0, 127.6, 127.8, 128.8, 137.8, 138.8, 155.4, 165.8. ESI-MS
(m/z): calculated for C13HisNO4 [M+H]": 250.11; found: [M+H]":250.65

2-(benzylcarbamoyl)allyl benzoate (11):

o) o
J\”/\ DIPEA (1 equiv) J\”/\
N o)
©/\ CH,Cly, 25 °C ©/\H

1h, 65%
11

To a stirred solution of benzoic acid (12.2 mg 0.1 mmol) in anhydrous DCM (0.5 mL)
DIPEA (17.3 uL, 0.1 mmol) and N-benzyl-2-(bromomethyl)acrylamide (25.4 mg, 0.1
mmol) were added at 25 °C. The reaction mixture was stirred at room temperature for 1 h.
After completion of the reaction as monitored by LC-MS, CH>Cl> was evaporated under
vacuo. The crude product was purified by HPLC using water:ACN (0.1% TFA) solvent
gradient to afford colorless solid 11 in 19.4 mg (65.7% yield).



'H NMR (500 MHz, CDCl3):52.47 (br. s., 1H), 4.55 (s, 2H), 5.12 (s, 2H), 5.74 (s, 1H),
6.05 (s, 1H), 6.56 (br. s., 1H), 7.30 (s, 3H), 7.43 (t, J= 7.7 Hz, 2H), 7.58 (t, J = 7.4 Hz,
1H), 7.99 (d, J = 7.7 Hz, 1H); 3C NMR (125 MHz, CDCls) § 43.7, 63.8, 123.2, 127.5,
127.7, 128.4, 128.7, 129.5, 129.6, 133.2, 137.8, 139.1, 166.0. ESI-MS (m/z): calculated
for C1sH1sNOs [M+H]": 296.13; found: [M+H]*:296.50.

2-(benzylcarbamoyl)allyl (4-nitrophenyl) carbonate (1m):

NO
Q NO, o o 2
DMAP (4 equw) )j\
N + )J\ N 0~ "o
H EtOAc, 0°C 2 h H
1n 1m

52%

To a stirred solution of N-benzyl-2-(hydroxymethyl)acrylamide (19.2 mg, 0.1 mmol) in
anhydrous ethyl acetate (1 mL) were added 4-nitrophenyl chloroformate (80.4 mg, 0.4
mmol) and 4-Dimethylaminopyridine (25.4 mg, 0.4 mmol) at 25 °C. The reaction mixture
was stirred at room temperature for 1 h. After completion of the reaction as monitored by
LC-MS, the reaction mixture was quenched with 0.1 N HCI (2 mL) and the aqueous layer
was extracted with EtOAc (3 x 3 mL). The organic layer was washed with brine and
evaporated under vacuo. The crude product was purified by HPLC using water: ACN (0.1%
TFA) solvent gradient to afford colorless solid 1m in 18.6 mg (52.2% yield).

'TH NMR (400 MHz, CDCI3) & 4.66 (d, J = 5.5 Hz, 2H) 5.17 (s, 2H) 5.89 (s, 1H) 6.07 (s,
1H) 6.41 (br. s., 1H) 7.29-7.54 (m, 7H) 8.38 (d, J = 9.2 Hz, 2H); '*C NMR (100 MHz,
CDCl3) 6 43.9,67.9, 121.7,123.0, 125.3, 127.8, 127.9, 128.9, 138.4, 152.1, 155.3, 165.7.
ESI-MS (m/z): calculated for CisH7N20s [M+H]": 357.11; found: [M+H]":356.86.

N-(hex-5-yn-1-yl)-2-iodoacetamide (IA-alkyne)

o)
NH; .0 DIPEA (1 equiv H
/\/\/ . N \n/\l ( q ) H
o CHClp 25°C 2z~ 7 >y
o) 1h, 82% o}
IA-alkyne

To a stirred solution of 2,5-dioxopyrrolidin-1-yl 2-iodoacetate (28.3 mg, 0.1 mmol) in

anhydrous DCM (0.5 mL) were added hex-5-yn-1-amine.hydrochloride (13.4 mg, 0.1



mmol) and DIPEA (17.3 pL, 0.1 mmol) at 25 °C. The reaction mixture was stirred at room
temperature for 1 h. After completion of the reaction (as monitored by LC-MS), CH>Cl,
was evaporated under vacuo. The crude product was purified by preparative HPLC using
water:ACN (0.1% TFA) solvent gradient to afford colorless solid IA-alkyne in 21.7 mg
(yield =82%). The compound was previously reported.

'H NMR (500 MHz, CDCls) & 1.54-1.62 (m, 2H), 1.66-1.70 (m, 2H), 1.98 (t, J = 2.6 Hz,
1 H), 2.25 (td, J= 6.8, 2.6 Hz, 2H), 3.32 (q, J = 6.8 Hz, 2H), 3.71 (s, 2H), 6.09 (br. 5., 1H);
I3C NMR (125 MHz, CDCl3) -0.4, 18.1, 25.5, 28.3, 39.9, 68.9, 83.9, 166.6. ESI-MS (m/z):
calculated for CgH3INO [M+H]": 266.00; found: [M+H]": 266.42.

2-(((2-ox0-2H-chromen-7-yl)oxy)methyl)acrylic acid (2d)

+
HO)YBr HO (0] (0] DMF rt, 25 °C )Y

76%

To a stirred solution of 7-hydroxy coumarin (92 mg, 0.56 mmol) in DMF (3 mL) were
added NaH (44.8 mg, 1.12 mmol) and bromo methacrylic acid (90.1 mg, 0.56 mmol) and
the reaction mixture stirred at 25°C for 2 h under nitrogen atmosphere. After completion
of the reaction, monitored by TLC, the reaction mixture was quenched with water and
extracted with EtOAc (3x10 mL). The combined organic layer was washed with brine
solution (3X15) and the organic layer was dried in Na>SO4 and then evaporated under
reduced pressure to give the crude acid which was purified using silica gel chromatography

using hexane: ethyl acetate as eluent to obtain colorless solid 2d in 105 mg (yield = 76%)

'H NMR (500 MHz, METHANOL-ds) & ppm 6.00 (d, J= 1.4 Hz, 1 H), 6.26 (d, J = 9.5
Hz, 1H), 6.39 (d, J = 1.0 Hz, 1H), 6.95 (d, J= 2.3 Hz, 1H), 6.99 (dd, J = 8.6, 2.4 Hz, 1H),
7.56 (d, J = 8.7 Hz, 1H), 7.89 (d, J = 9.5 Hz, 1H): 3C NMR (125 MHz, CDCls) 5 66.5,
102.0,112.9,113.3,127.9, 128.9, 135.1, 143.5, 155.8, 161.3, 163.0, 168.0. HR-MS (m/z):
Calculated for C13H110s [M+H]": 247.06; Found: [M+H]" : 247.75

N-(but-3-yn-1-yl)-2-(((2-0x0-2H-chromen-7-yl)oxy)methyl)acrylamide (2a):



H2 CH,Cly, 25 °C
1h, 54%

m HATU (1.2 equiv)
)Y \/\ DIPEA 12equw \/\ J\”/\ /@\/l

To a solution of carboxylic acid (24.7 mg, 0.1 mmol) in CH>Cl, (1 mL), HATU (45.6 mg,
0.12 mmol), DIPEA (21.5 pL, 0.12 mmol) and but-3-yn-1-amine hydrochloride (12.6 mg,
0.12 mmol) were added at 25 °C. The reaction mixture was stirred at room temperature for
1 h. After completion of the reaction (as monitored by LC-MS), water was added. the
aqueous layer was extracted with CH>Cl» (3 x 3 mL). The organic layer was evaporated
under vacuo and the crude product was purified by preparative HPLC using water: ACN

(0.1% TFA) solvent gradient to afford colorless solid 2a in 16.14 mg (yield = 54%).

H NMR (400 MHz, CDCL): 6 2.01 (t, J= 2.5 Hz, 1H), 2.48 (td, J = 6.4, 2.6 Hz, 2H), 3.52
(q,J = 6.3 Hz, 2H), 4.86 (s, 2H), 5.76 (s, 1H), 6.03 (s, 1H), 6.27 (d, J = 9.5 Hz, 1H), 6.57
(br. s., 1H), 6.85-6.95 (m, 2H), 7.40 (d, J = 8.4 Hz, 1H), 7.64 (d, J=9.5 Hz, 1H); 3C NMR
(100 MHz, CDCls): § 19.3, 38.0, 67.9, 70.3, 81.3, 102.3, 112.7, 113.1, 113.6, 122.3, 128.9,
138.8, 143.3, 155.7, 161.0, 166.2. HR-MS (m/z): Calculated for C17H;sNNaO4 [M+Na]":
320.0899; Found: [M+Na]" : 320.0896.

2-(but-3-yn-1-ylcarbamoyl)allyl benzoate (2b)

0 (i) DIPEA (1 equiv) o) 0

(i) HATU (1.2 equiv) H

DIPEA (1.2 equiv)

but-3-yn-1-amine 2b

(1.2 equiv), CH,ClI,,

25°C, 1h,37%
To a stirred solution of benzoic acid (10.7 mg, 0.1 mmol) in anhydrous DCM (1 mL),
DIPEA (17.9 pL, 0.1 mmol) and 2-(bromomethyl)acrylic acid (16.1 mg, 0.1 mmol) were
added at 25 °C. The reaction mixture was stirred at room temperature for 1 h. After

completion of the reaction (as monitored by LC-MS), CH,>Cl» was evaporated under vacuo

to obtain the crude carboxylic acid.

To a solution of crude carboxylic acid in CH>Cl, (0.5 mL), HATU (45.6 mg, 0.12 mmol),
DIPEA (21.5 puL, 0.12 mmol) and but-3-yn-1-amine hydro chloride (12.6 mg, 0.12 mmol)



were added at 25 °C. The reaction mixture was stirred at room temperature for 1 h. After
completion of the reaction (as monitored by LC-MS), water was added. the aqueous layer
was extracted with CH>Cl> (3 x 3 mL). The organic layer was evaporated under vacuo and
the crude product was purified by HPLC using water:ACN (0.1% TFA) solvent gradient
to afford colorless solid 2b in 9.8 mg (37% yield).

'TH NMR (500 MHz, CDCl3): § 1.92 (t,J=2.6 Hz, 1H), 2.47 (td, J = 6.3, 2.6 Hz, 2H), 3.52
(q,J=6.2 Hz, 2H), 5.11 (s, 2H), 5.76 (s, 1H), 6.07 (s, 1H), 6.52 (br. s., 1H), 7.42-7.50 (m,
2H), 7.55-7.64 (m, 1H), 8.07 (dd, J = 8.3, 1.1 Hz, 2H); '3C NMR (125 MHz, CDCIs)
5 19.3, 38.1, 63.8, 70.2, 81.3, 123.4, 128.5, 129.7, 133.3, 139.1, 166.2. HR-MS (m/z):
Calculated for C1sHisNNaOs [M+Na]*": 280.0950; Found: [M+Na]* : 280.0950.

N-(but-3-yn-1-yl)-2-((methyl(phenyl)amino)methyl)acrylamide (2¢)

R T sV e
. s S22 LN
HOJ\ﬂ) @ (i) HATU (1.2 equiv) \AHJ\HAT
DIPEA (1.2 equiv)
but-3-yn-1-amine 2c
(1.2 equiv), CH,Cly,
25°C, 1h,45%
To a stirred solution of N-methyl aniline (10.3 mg, 0.1 mmol) in anhydrous DCM (1 mL),
DIPEA (17.9 pL, 0.1 mmol) and 2-(bromomethyl)acrylic acid (16.1 mg, 0.1 mmol) were
added at 25 °C. The reaction mixture was stirred at room temperature for 1 h. After

completion of the reaction (as monitored by LC-MS), CH,>Cl, was evaporated under vacuo

to obtain the crude carboxylic acid.

To a solution of crude carboxylic acid in CH>Cl, (1 mL), HATU (45.6 mg, 0.12 mmol),
DIPEA (21.5 puL, 0.12 mmol) and but-3-yn-1-amine hydro chloride (12.6 mg, 0.12 mmol)
were added at 25 °C. The reaction mixture was stirred at room temperature for 1 h. After
completion of the reaction (as monitored by LC-MS), water was added. the aqueous layer
was extracted with CH2Cl> (3 x 3 mL). The organic layer was evaporated under vacuo and
the crude product was purified by HPLC using water:ACN (0.1% TFA) solvent gradient
to afford colorless solid 2¢ in 10.9 mg (45.0% yield over two steps).



'TH NMR (400 MHz, CDCl3) & 1.95 (t, J = 2.6 Hz, 1 H), 2.31-2.38 (m, 2H), 3.37 (q, J =
6.2 Hz, 2H), 4.27 (s, 2H), 5.92 (s, 1H), 6.06 (s, 1H), 6.96 (br. s., 1H), 7.16-7.23 (m, 1H),
7.33 (d, J = 7.9 Hz, 2H), 7.40 (t, J = 7.9 Hz, 2H); '3C NMR (125 MHz, CDCl3) § 19.1,
38.2,43.0,57.9,70.3, 81.0, 120.0, 127.2, 128.0, 130.0, 135.3, 143.1, 167.0. HR-MS (m/z):
Calculated for C1sHisN>NaO [M+Na]*: 265.1317; Found: [M+Na]* : 265.1319.

(R)-3-(4-phenoxyphenyl)-1-(piperidin-3-yl)-1H-pyrazolo[3,4-d]pyrimidin-4-amine
(Ibrutinib):

e e

EDC (1.5 equiv)
o DIPEA (1.5 equiv)

H,N =N HO)H CH,Cly, 25 °C, 4 h H,N =N 0
Nt aeh
Ibr-H Ibrutinib

To a stirred solution of acrylic acid (1.02 mL, 15 mmol) in anhydrous CH>Cl, (50 mL), N-
(3-dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride (EDC.HCI) (2.88 g, 15
mmol), N,N-Diisopropylethylamine (2.60 mL, 15 mmol) and amine (3.87 g, 10 mmol)
were added at 0 °C under N atmosphere. The reaction mixture was stirred at room
temperature for 4 h. After completion (as monitored by LC-MS), of the reaction, HO (30
mL) was added. The organic layer was extracted with CH>Cl, (3 x 50 mL) and evaporated
under vacuo. The crude product was purified by column chromatography over silica gel
using EtOAc:MeOH (9:1)/Pet. ether as eluent to give pure Ibrutinib as colorless solid 3.47
g (yield = 78%). This compound is reported in the literature.?

'"H NMR (500 MHz, CD30D) (as a mixture of rotamers) 6 1.67-1.78 (m, 1H), 2.04-2.15
(m, 1H), 2.26 (dd, J=12.7, 3.6 Hz, 1H), 2.33-2.44 (m, 1H), 3.26 (t, ] =10.4, 0.4H) (t, J =
11.3 Hz, 0.6H), 3.58 (dd, J = 12.2, 10.2 Hz, 0.6H), 3.88 (m, 0.4H), 4.05 (d, J = 13.6 Hz,
0.6H), 4.23 (m, 0.8H), 4.56 (d, J=12.0 Hz, 0.6H), 4.88 (m, 1H), 5.76 (d, J=10.7 Hz, 1H),
6.11-6.23 (m, 1H), 6.81 (dd, J=16.7, 10.7 Hz, 1H), 7.10 (d, J = 7.7 Hz, 2H), 7.15 (d, J =
8.7 Hz, 2H), 7.18 (t,J = 7.4 Hz, 1H), 7.41 (t, J/=8.0 Hz, 2H), 7.68 (d, /= 8.7 Hz, 2H), 8.37-
8.46 (m, 1H); 3C NMR (126 MHz, CD30D) (as a mixture of rotamers) & 24.2, 25.7, 30.5,
30.7, 43.5, 47.1, 47.1, 50.9, 54.4, 55.0, 98.1, 120.0, 120.7, 125.2, 127.1, 128.9, 131.1,



131.3, 147.9, 148.3, 153.3, 154.5, 157.7, 160.5, 167.9. HR-MS (m/z): Calculated for
C25H24N6O> [M+H]": 441.2039; Found: [M+H]" : 441.2030
(R)-1-(3-(4-amino-3-(4-phenoxyphenyl)-1H-pyrazolo[3,4-d]pyrimidin-1-
yDpiperidin-1-yl)-2-(hydroxymethyl)prop-2-en-1-one (3m):

Q\ O
0
DABCO (1.1 equiv)
Phenol (25 mol %)

_ =

(HCHO)n (20 equiv) H,

N =N (0}
N =N o 1,4 dioxane:H,0 (3:1) N
o 7N
N\ N N 55 °C, 3 days, 61% N N OH
N \Q | =N
=N
3m

Ibrutinib

Ha

To a stirred solution of acrylamide (440 mg, 1 mmol) in 1,4-dioxane:H,O (3:1 v/v, 12 mL)
were added DABCO (123.2 mg, 1.1 mmol), phenol (21.8 pL, 0.25 mmol) and
paraformaldehyde (600 mg, 20 mmol) at 25 °C. The reaction mixture was stirred at room
temperature for 3d. After completion of the reaction (as monitored by LC-MS), 1,4 dioxane
was evaporated under vacuo and the aqueous layer was extracted with EtOAc (3 x 30 mL).
The combined organic layer was evaporated under vacuo and the crude product was
purified by column chromatography over silica gel using EtOAc:MeOH (9:1)/Pet. ether as
eluent to give pure alcohol as colorless solid 3m in 286.7 mg (yield = 61%).

"TH NMR (500 MHz, CD30D) (as a mixture of rotamers) 8 1.73 (d, J = 13.5 Hz, 1H), 2.02
(d, /J=12.9 Hz, 1H), 2.20 (m, 1H), 2.34 (br. s., 1H), 2.99 (br. s., 0.5H), 3.37 (br. s., 0.5H)
3.57-3.73 (br. s., 1H), 4.07 (d,J=11.1 Hz, 1 H), 4.24 (br. s., 3H), 4.44-4.53 (bs, 1H), 5.18-
5.24 (br. s., 1H), 5.38-5.46 (br. s., 1H), 7.13 (m, SH), 7.39 (t, /= 8.0 Hz, 2H), 7.66 (d, J =
8.3 Hz, 2H), 8.23 (s, 1H): 3C NMR (100 MHz, DMSO-ds): (as a mixture of rotamers) &
25.1, 304, 46.0, 47.7, 53.0 , 62.9, 98.4, 115.1, 120.0, 120.1, 125.2, 128.2, 131.1, 131.3,
144.8, 144.9, 154.3, 156.6, 156.9, 158.5, 159.0, 170.8. HR-MS (m/z): Calculated for
C26H27N6O3 [M+H]": 471.2145; Found: [M+H]" : 471.2142

(R)-1-(3-(4-amino-3-(4-phenoxyphenyl)-1H-pyrazolo[3,4-d]pyrimidin-1-
yDpiperidin-1-yl)-2-(bromomethyl)prop-2-en-1-one (3n)



T v

PBrz (1.1 equiv)

=N DMF (1 equiv)
CH,Cly, 25 °C Ha

N
NNy on 2h.80% J NJYBF
\=N \=N
3m 3n

H;

To a stirred solution of alcohol 3m (235 mg, 0.5 mmol) in CH>Cl; (5 mL) were added PBr3
(52.5 uL, 0.55 mmol) and DMF (37.5 pL, 0.5 mmol) at 0 °C under N, atmosphere. The
reaction mixture stirred at 25 °C for 1 h under nitrogen atmosphere and quenched with H,O
(5 mL) at 0 °C. The aqueous layer was extracted with CH>Cl, (3 x 8 mL) and evaporated
under vacuo. The crude product was purified by column chromatography over silica gel
using MeOH:EtOAc (1:9)/Pet. ether as eluent to give pure bromo compound as colorless
solid 3n in 213 mg (yield = 80%).

TH NMR (500 MHz, CDsOD) (as a mixture of rotamers) § 1.85 (br. s., 1H), 2.11 (br. s.,
1H), 2.29 (d, J=12.8 Hz, 1H), 2.35-2.49 (m, 1H), 3.05 (br. s. 0.3H), 3.43-3.60 (m, 0.6H),
3.68-3.80 (m, 1H), 3.80-3.90 (m, 1H), 4.05-4.13 (m, 0.6H), 4.25 (m, 2H), 4.52 (br. s., 1.4
H), 5.02 (br. s., 1H), 5.29-5.40 (m, 1H), 5.68 (br. s., 1H), 7.13 (d, J = 8.7 Hz, 2H), 7.16-
7.26 (m, 3H), 7.44 (t, J= 8.0 Hz, 2H), 7.72 (d, J = 8.5 Hz, 2H), 8.43 (br. s., IH); 3C NMR
(125 MHz, CD30D) (as a mixture of rotamers) & 24.4, 29.5, 41.5, 45.2, 53.2, 62.5, 97.8,
113.6, 118.6, 119.1, 123.7, 127.5, 129.7, 129.9, 144.5, 144.7, 153.7, 155.3, 156.5, 158.5,
158.5, 170.5. HR-MS (m/z): Calculated for Co¢H26BrNsO> [M+H]": 533.1301; Found:
[M+H]" : 533.1311.

(R)-1-(3-(4-amino-3-(4-phenoxyphenyl)-1H-pyrazolo[3,4-d]pyrimidin-1-
yDpiperidin-1-yl)-2-methylprop-2-en-1-one (3a)



a9 a2

EtsN (1 equiv)
H,N =N \H)J\ J\H/ CH,Cl,, 25 °C, HoN =N o)

N;:‘ NUH 2h, 76% N;: NUJ\”/

Ibr-H 3a

To a stirred solution of Ibrutinib amine (38.7 mg, 0.1 mmol) in anhydrous DCM (0.5 mL)
were added Et;N (13.9 pL, 0.1 mmol) and methacrylic anhydride (15.4 pL, 0.1 mmol) at
25 °C. The reaction mixture was stirred at room temperature for 1 h. After completion of
the reaction (as monitored by LC-MS), CH>Cl> was evaporated under vacuo. The crude
product was purified by preparative HPLC using water: ACN (0.1% TFA) solvent gradient
to afford colorless solid 3a in 36.1 mg (yield = 76%).
TH NMR (500 MHz, CDCl3) (as a mixture of rotamers) 8 1.66-1.79 (m, 1H), 1.98 (s, 3H),
2.06 (d, J= 14 Hz, 1H), 2.22-2.32 (m, 1H), 2.38 (d, /=11 Hz, 1H), 3.24 (br. s., 1H), 3.54
(br. s., 1H), 4.03 (br. s., 1H), 4.69 (br. s., 1H), 4.91 (br. s., 1H), 5.12 (s, 1H), 5.23 (br. s.,
1H), 6.34 (br. s., 1H), 7.12 (d, /=8 Hz, 2H), 7.19 (m, J = 8 Hz, 2H), 7.23 (t, /=7 Hz, 1H),
7.44 (t, J = 8 Hz, 2H), 7.60 (m, J = 8 Hz, 2H), 8.28 (s, 1H), 11.55 (br. s., 1H); *C NMR
(125 MHz, CDCls) (as a mixture of rotamers) 0 20.5, 24.9, 30.2, 45.3, 46.9, 53.4, 97.1,
114.7, 115.9, 117.0, 119.2, 119.9, 124.6, 125.1, 129.7, 130.1, 140.0, 145.8, 147.0, 151.5,
153.6, 155.7, 159.8, 163.4, 163.7, 171.8. HR-MS (m/z): Calculated for CisH27NsO:
[M+H]": 455.2195; Found: [M+H]" : 455.2190

(R)-1-(3-(4-amino-3-(4-phenoxyphenyl)-1H-pyrazolo[3,4-d]pyrimidin-1-
yDpiperidin-1-yl)-2-((diethylamino)methyl)prop-2-en-1-one (3b):

o an

N _ DIPEA (2.2 equiv)
+ NH, cf ——

HN =N o _ CHoCl, 25°C,2h

=N o]
‘ 1.1 equiv 64% ‘
NN N Br NN N NT >
N N
=N =N K
3b



To a stirred solution of bromo compound 3n (26.5 mg, 0.05 mmol) in anhydrous DCM (1
mL) were added diethylamino hydrochloride (5.9 mg, 0.055 mmol) and DIPEA (19.1 puL,
0.11 mmol) at 25 °C. The reaction mixture was stirred at room temperature for one hour.
After completion of the reaction (as monitored by LC-MS, CH>Cl» was evaporated under
vacuo. The crude product was purified by preparative HPLC using water: ACN (0.1%
TFA) solvent gradient to afford colorless solid 3b in 16.8 mg (yield = 64%).

TH NMR (500 MHz, DMSO-ds) (as a mixture of rotamers) & 1.22 (t, J = 7.08 Hz, 6H),
1.71 (br. s., 1H), 1.95 (d, J = 12.65 Hz, 1H), 2.10-2.22 (m, 1H), 2.24-2.40 (m, 1H), 2.96
(br. s., 0.5H), 3.13 (br. s., 4H), 3.29 (br. s., 1H), 3.66 (br. s., 0.5H), 3.95 (br. s., 2H), 4.19
(br. s., H), 4.32 -4.49 (br. s., 1H), 4.80-4.91 (m, 1H), 5.80 (br. s., 1H), 5.87-6.04 (m, 1H),
7.14 (d, J=8.25 Hz, 2H), 7.17 (d, J = 8.53 Hz, 2H), 7.21 (t,J=7.70 Hz, 1H), 7.45 (t, J =
7.77 Hz, 2H), 7.67 (d, J = 8.39 Hz, 2H), 8.35 (br. s., 1H), 9.18 (br. s., 1H); 13C NMR (125
MHz, DMSO-dp) (as a mixture of rotamers) o 8.8, 8.9, 9.1, 11.5, 29.7, 29.9, 44.0, 47.0,
47.1,54.0,97.7,115.5,117.9,119.4,119.5,124.4,127.8, 127.9, 130.6, 130.6, 144.5, 153.9,
156.7, 157.8, 158.5, 158.8, 167.9. HR-MS (m/z): Calculated for C3oH3sN70> [M+H]":
526.2930; Found [M+H]": 526.2916

(R)-1-(3-(4-amino-3-(4-phenoxyphenyl)-1H-pyrazolo[3,4-d]pyrimidin-1-
yDpiperidin-1-yl)-2-(piperidin-1-ylmethyl)prop-2-en-1-one (3¢)

o an

DIPEA (1.1 equiv)
{ NH ——
CH,Cl,, 25 °C, 2 h H,

Jr
N =N o N =N o
N 70% N
N NJ\HABr N N N
=N =N
3n 3c

Ha

To a stirred solution of bromo compound 3n (26.5 mg, 0.05 mmol) in anhydrous DCM (1
mL), piperidine (5.43 pL, 0.055 mmol) and DIPEA (9.8 uL, 0.055 mmol) were added at
25 °C. The reaction mixture was stirred at room temperature for one hour. After completion
of the reaction (as monitored by LC-MS), CH>Cl» was evaporated under vacuo. The crude
product was purified by preparative HPLC using water: ACN (0.1% TFA) solvent gradient
to afford colorless solid in 3¢ in 18.8 mg (yield = 70%).



'TH NMR (500 MHz, CD3;0D): 61.50-1.55 (m, 1H), 1.77-1.85 (m, 4H), 1.97 (m, 2H), 2.09
(br. s., 1H), 2.27-2.31 (m, 1H), 2.41 (br. s., 1H), 2.88-2.92 (m, 2H), 3.23 (br. s., 0.4H), 3.
45 (br. s., 0.6H) 3.55-3.57 (br. s, 2H), 3.71 (br. s., 0.6H), 3.83 (br. s., 0.4H), 3.88-3.91 (m,
2H), 4.00 (br. s., 0.6H), 4.30 (br. s., 0.8H), 4.47 (br. s., 0.6H), 5.03 (br. s., 1H), 5.85 (s,
1H), 5.92 (br. s., 1H), 7.11 (d, J= 7.8 Hz, 2H), 7.19 (d, J = 8.7 Hz, 2H), 7.21-7.25 (t, J =
7.4 Hz, 1H), 7.42 (t,J = 8.0 Hz, 2H), 7.69 (d, J = 8.5 Hz, 2H), 8.41 (s, 1H); 3C NMR (125
MHz, CD3;0D) 6 22.8, 24.3, 25.5, 30.8, 34.2,43.3,47.0, 52.3, 54.2, 54.6, 60.7, 98.5, 120.2,
120.9, 125.5, 127.5, 128.9, 131.3, 131.5, 133.3, 148.3, 153.7, 155.3, 157.8, 160.8, 162.6,
162.9, 170.0. HR-MS (m/z): Calculated for C3iH3sN7O> [M+H]": 538.2930; Found
[M+H]": 538.2938

(R)-1-(3-(4-amino-3-(4-phenoxyphenyl)-1H-pyrazolo[3,4-d]pyrimidin-1-
yDpiperidin-1-yl)-2-((methyl(phenyl)amino)methyl)prop-2-en-1-one (3d)

oy av

N~ DIPEA (1.1 DIPEA (1.1 equiv)

/\ N\QJY @ gﬂ’ZCIZ%CW /\ N\Q)Y /@

To a stirred solution of bromo compound 3n (26.5 mg, 0.05 mmol) in anhydrous DCM (1
mL) were added N-methyl aniline (5.95 pL, 0.055 mmol) and DIPEA (9.8 puL, 0.055 mmol)
at 25 °C. The reaction mixture was stirred at room temperature for one hour. After
completion of the reaction (as monitored by LC-MS), CH>Cl» was evaporated under vacuo.
The crude product was purified by HPLC using water: ACN (0.1% TFA) solvent gradient
to afford colorless solid 3d in19.8 mg (yield = 71%)).

'H NMR (500 MHz, CD:0D) & 1.49-1.62 (br. s., 1H), 1.98 (br. s., 1H), 2.19 (br. s., 1H),
2.24 (br. s., 1H), 3.02 (br. s., 3H), 3.66 (dd, J= 13.1, 9.4 Hz, 1H), 3.82 (br. s., 1H), 4.08-
4.18 (m, 1H), 4.19-4.29 (m, 1H), 4.39 (br. s., 1H), 5.24-5.34 (m, 1H), 5.41 (br. s., 1H),
6.79-6.87 (m, 3H), 7.10 (m, 3H), 7.19-7.25 (m, 4H), 7.42 (t, J = 7.9 Hz, 2H), 7.69 (d, J =
8.3 Hz, 2H), 8.37-8.46 (m, 1H); 3C NMR (125 MHz, CD;OD) & 25.4, 30.8, 40.1, 46.9,
52.3,54.4,57.8,98.5, 114.8, 120.4, 121.0, 124.1, 125.6, 127.4, 130.6, 131.6, 132.6, 141.7,



148.3, 148.6, 149.8, 153.5, 158.0, 161.0, 172.2. HR-MS (m/z): Calculated for C33H34N70,
[M+H]": 560.2774; Found [M+H]": 560.2782.

(R)-1-(3-(4-amino-3-(4-phenoxyphenyl)-1H-pyrazolo[3,4-d]pyrimidin-1-
yDpiperidin-1-yl)-2-((benzylamino)methyl)prop-2-en-1-one (3e):

e o

Ha  DIPEA (1.1 equiv.)

H2 H2

N
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=N =N H
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To a stirred solution of bromo compound 3n (26.5 mg, 0.05 mmol) in anhydrous DCM (1
mL) were added benzyl amine (6.0 uL, 0.055 mmol) and DIPEA (9.8 uL, 0.055 mmol) at
25 °C. The reaction mixture was stirred at room temperature for one hour. After completion
of the reaction (as monitored by LC-MS), CH>Cl» was evaporated under vacuo. The crude
product was purified by preparative HPLC using water: ACN (0.1% TFA) solvent gradient
to afford colorless solid 3e in 18.7 mg (yield = 67%).

'H NMR (500 MHz, CD;0OD): & 1.82-1.93 (m, 1H), 2.16 (br. s., 1H), 2.36-40 (m, 1H),
2.50 (br. s., 1H), 3.24-3.32 (br. s., 0.4H), 3.50 - 3.58 (m, 0.6H), 3.80 (br.s., 1H), 3.96 (br.
s, 2H), 4.12 (br. s., 0.6H), 4.30 (s., 2H), 4.41 (br. s., 0.8H), 4.57 (br. s., 0.6H), 5.11-5.44
(m, 1H), 5.87 (s, 1H), 5.96 (br. s., 1H), 7.19 (d, J= 7.8 Hz, 2H), 7.25 - 7.27 (m, 3H), 7.29-
7.31(m, 1H), 7.51 (t, J = 8.4 Hz, 2H ), 7.55-7.60 (m, 5H), 7.77-7.80 (d, J = 8.8 Hz, 2H)
8.35 (br. s., 1H); *C NMR (125 MHz, CD;0D) & 25.6, 30.9, 43.3, 47.0, 50.8, 51.9, 54.2,
98.5, 120.2, 120.9, 125.5, 126.4, 127.6, 130.5, 131.0, 131.2, 131.3, 131.5, 132.4, 134.6,
148.2, 149.6, 153.8, 155.6, 157.8, 160.8, 170.2. HR-MS (m/z): Calculated for C33H34N70;
[M+H]": 560.2774; Found [M+H]": 560.2786.

(R)-1-(2-(3-(4-amino-3-(4-phenoxyphenyl)-1H-pyrazolo[3,4-d]pyrimidin-1-
yDpiperidine-1-carbonyl)allyl)-4-(dimethylamino)pyridin-1-ium (3f):
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To a stirred solution of bromo compound 3n (26.5 mg, 0.05 mmol) in anhydrous CH>Cl»
(1 mL) were added N,N-dimethylaminopyridine (6.7 mg, 0.055 mmol) at 25 °C. The
reaction mixture stirred at room temperature for one hour. After completion of the reaction
(as monitored by LC-MS), CH>Cl, was evaporated under vacuo. The crude product was
purified by preparative HPLC using water: ACN (0.1% TFA) solvent gradient to afford
colorless solid 3f in 15.8 mg (yield = 55%).

'H NMR (500 MHz, CD;0D): § 1.61 (m, 1H), 2.03 (br. s., 1H), 2.22 (m, 1H), 2.34 (br. s.,
1H), 3.05 (br. s., 0.4H) 3.26 (s, 6H), 3.40 (br. 5., 0.6H), 3.69 (br. s., 1H), 3.93 (br. 5., 0.5H),
434 (br. s., 1.5H), 4.98 (br. s., 2H), 5.61 (br. s., 2H), 7.01 (d, J= 7.6 Hz, 2H), 7.09 (m, J =
8.1 Hz, 2H), 7.15-7.19 (m, 3H), 7.41 (t, J= 7.8 Hz, 2H), 7.68 (m, J=8.5 Hz, 2H), 8.06-8.21
(m, 2H), 8.39 (s, 1H); 3C NMR (125 MHz, CD;0D) § 24.0, 29.3, 32.7, 39.0, 41.6, 45.4,
52.5,59.1,97.1,107.6, 118.6, 119.2, 120.8, 123.9, 126.3, 129.7, 137.7, 141.9, 146.3, 149.1,
152.4, 156.4 156.7, 159.1, 167.8. HR-MS (m/z): for C33H3sNsO, [M]*: 575.2883; Found
[M]*: 575.2908.

(R)-1-(3-(4-amino-3-(4-phenoxyphenyl)-1H-pyrazolo[3,4-d]pyrimidin-1-
yDpiperidin-1-yl)-2-((triethyl-14-azaneyl)methyl)prop-2-en-1-one (3g):

a a

J CH,Cl,, 25 °C
—_—

N
/ N N\Q%ﬁ ‘\ 4, 67% / N N\QJJ\[(\ /\

To a stirred solution of bromo compound 3n (26.5 mg, 0.05 mmol) in anhydrous DCM (1
mL) triethyl amine (69.5 pL, 0.5 mmol) was added at 25 °C. The reaction mixture was



stirred at room temperature for 4 hours. After completion of the reaction (as monitored by
LC-MS), CH,Cl> was evaporated under vacuo. The crude product was purified by
preparative HPLC using water: ACN (0.1% TFA) solvent gradient to afford colorless solid
3g in 19.1 mg (yield = 67%).

'H NMR (400 MHz, CD:0D) & 1.32 (t, J=7.2 Hz, 9 H), 1.79 (br. s., 1H), 2.16 (br. 5., 1H),
2.33 (br. s., 1H), 2.40 (br. s., 1H), 3.08 (br. s., 0.3H), 3.29 (br. s., 6H), 3.61 (br. s., 0.7H),
3.81 (br. s., 1H), 3.97 (br. s., 0.5H), 4.20 (br. s., 2H), 4.41 (m, 1.5H), 5.04 (br. s., 1H), 6.03
(s, 1H), 6.10 (br. s., 1H), 7.11 (d, J = 7.7 Hz, 2H), 7.17 (d, J = 8.6 Hz, 2H), 7.21 (m, 1H),
7.42 (m, 2H), 7.69 (d, J = 8.6 Hz, 2H), 8.4 (br. s., 1H): 3C NMR (101 MHz, CD;0D) §
6.4,23.6,29.1,41.9, 45.5, 50.8, 53.0, 57.9, 97.0, 118.6, 119.3, 123.9, 125.8, 129.8, 131.5,
147.1, 152.0, 153.5, 156.3, 159.3, 160.3, 167.8. HR-MS (m/z): Calculated for C3:Ha1 N0,
[M]": 554.3243; Found [M]": 554.3251.

(R)-2-(3-(4-amino-3-(4-phenoxyphenyl)-1H-pyrazolo[3,4-d]pyrimidin-1-
yDpiperidine-1-carbonyl)allyl acetate (3h)

@ o

9) DIPEA (2.2 equiv.
N A (2.2 equiv.)
H2N =N 0 Cl CH20|2, 25°C,2h H2N =N o) 0
| o, |
NN " NN AL
SRR Sgeas
3m 3h

To a stirred solution of alcohol 3m (22 mg, 0.05 mmol) in anhydrous DCM (0.5 mL) were
added acetyl chloride (4.25 pL, 0.06 mmol) and DIPEA (10.6 uL, 0.06 mmol) at 25 °C.
The reaction mixture was stirred at room temperature for 1 h. After completion of the
reaction (as monitored by LC-MS), CH>Cl, was evaporated under vacuo. The crude
product was purified by Preparative HPLC using water: ACN (0.1% TFA) solvent gradient
to afford colorless solid 3h in 16.3 mg (yield = 64%).



'H NMR (400 MHz, CD;0D): 5 1.85 (d, /= 10.3 Hz, 1H), 2.17 (br. s., 4H), 2.27-2.42 (m,
1H), 2.50 (d, J= 9.2 Hz, 1H), 3.19 (br. s., 0.4H), 3.58 (br. s., 0.7H), 3.84 (br. 5., 1H), 4.08
(br. s., 0.6H), 4.40 (br. s., 0.4H), 4.49 (br. s., 1H), 4.84 (br. s., 2H), 5.08 (br. s., 1H), 5.48
(br. s., 1H), 5.59 (br. s., 1H), 5.65 (br. s., 1H), 7.15-7.34 (m, 5H), 7.44-7.59 (m, 2H), 7.79
(d, J= 8.6 Hz, 2H), 8.50 (s, 1H); *C NMR (100 MHz, CD;0D) § 20.8, 24.0, 30.8, 43.0,
46.8,54.2,65.9,98.5, 119.1, 120.2, 120.9, 125.4, 127.4, 131.2, 131.5, 140.9, 148.4, 155.8,
157.9, 159.7, 160.8, 170.9, 172.4. HR-MS (m/z): Calculated for CasHaoN¢Os [M+H]":
513.2250; Found [M+H]": 513.2252.

(R)-2-(3-(4-amino-3-(4-phenoxyphenyl)-1H-pyrazolo[3,4-d]pyrimidin-1-
yDpiperidine-1-carbonyl)allyl acetate (3i)
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To a stirred solution of alcohol 3m (23.5 mg, 0.05 mmol) in ethyl acetate (0.5 mL) were
added 4-nitrophenyl chloroformate (40.8 mg, 0.2 mmol) and 4-Dimethylaminopyridine
(24.4 mg, 0.2 mmol) at 0 °C. The reaction mixture was stirred at room temperature for 2 h.
After completion of the reaction (as monitored by LC-MS, the reaction mixture is quenched
with 0.1 N HCI (2 mL) and the aqueous layer was extracted with EtOAc (3 x 3 mL). The
organic layer was evaporated under vacuo and dissolved in MeOH (0.5 mL). The reaction
is further stirred for 1 hour at room temperature. After completion of the reaction, methanol
was concentrated and the crude product was purified by HPLC using water:ACN (0.1%
TFA) solvent gradient to afford colorless solid 3i in 14.2 mg (yield = 51%)).

'"H NMR (400 MHz, CDs0OD): § 1.80-1.91 (m, 1H), 2.15-2.23 (m, 1H), 2.33-2.40 (m, 1H),
2.50 (br. s., 1H), 3.56 (br. s., 1H), 3.87 (br. s., 3H), 3.99-4.17 (m, 1H), 4.46-4.60 (m, 1H),
4.87 (d, J=12.1 Hz, 2H), 5.04-5.15 (m, 1H), 5.51 (br. s., 1H), 5.68 (br. s., 1H), 7.12-7.37
(m, 5H), 7.48-7.56 (m, 2H), 7.79 (d, J = 8.6 Hz, 2H), 8.50 (s, 1H); '3C NMR (100 MHz,
CD30D) 6 28.9, 30.8, 43.0 46.8, 54.2, 55.7, 69.2, 98.4 119.6, 120.2, 120.8, 125.4, 127.5,



131.3, 131.5, 133.2, 140.5, 148.4, 149.0, 157.0, 157.9, 160.8, 170.7. HR-MS (m/z):
Calculated for C2gH20NsOs [M+H]": 529.2199; Found [M+H]": 529.2212.

(R)-1-(3-(4-amino-3-(4-phenoxyphenyl)-1H-pyrazolo[3,4-d]pyrimidin-1-
yDpiperidin-1-yl)-2-(phenoxymethyl)prop-2-en-1-one (3j)
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To a stirred solution of bromo compound 3n (26.5 mg, 0.05 mmol) in dry DMF (1 mL),
phenol (4.7 uL, 0.055 mmol) and K>COs3 (15.2 mg, 0.11 mmol), were added at 25 °C under
N> atmosphere. The reaction mixture was stirred at room temperature for 4 h. After
completion (as monitored by LC-MS), the reaction mixture was quenched with H,O (2
mL). The aqueous layer was extracted with EtOAc (3 x 3 mL). The organic layer was
washed with brine and evaporated under vacuo. The crude product was purified by
preparative HPLC using water: ACN (0.1% TFA) solvent gradient to afford colorless solid
3j in 16.6 mg (yield = 61%).

'"H NMR (400 MHz, CD30D) 6 1.84 (br. s., 1H), 2.33 - 2.41 (m, 1H), 2.46 (d, J=11.4 Hz,
1H), 3.00 (br. s., 1H), 3.25 - 3.48 (m, 1H), 3.68 (br. s., 1H), 3.86 (br. s., 1H), 4.66 - 4.84
(m, 2H), 4.88 (br. s., 1H), 4.99 - 5.11 (m, 1H), 5.48 (br. s., 1H), 5.72 (br. s., 1H), 6.47 (br.
s., 1H), 6.96 - 7.12 (m, 2H), 7.21 (m, J=7.7 Hz, 2H), 7.27 (d, J/=8.1 Hz, 1H), 7.32 - 7.43
(m, 3H), 7.46 - 7.59 (m, 2H), 7.67 (m, J=8.4 Hz, 2H), 8.40 (br. s., 1H), 10.56 (br. s., 1H);
13C NMR (100 MHz, CD3OD): & 24.6, 30.2, 45.6, 47.3, 53.3, 68.8, 96.9, 114.6, 118.1,
119.2, 120.0, 121.4, 124.7, 129.5, 129.7, 130.2, 139.7, 145.0, 147.2, 151.4, 153.0, 155.5,
158.1, 160.0, 169.7. HR-MS (m/z): Calculated for C3;H31N¢O3 [M+H]": 547.2458; Found
[M+H]": 547.2452.

(R)-7-((2-(3-(4-amino-3-(4-phenoxyphenyl)-1H-pyrazolo[3,4-d|pyrimidin-1-
yDpiperidine-1-carbonyl)allyl)oxy)-2H-chromen-2-one (3Kk):
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To a stirred solution of bromo compound 3n (26.5 mg, 0.05 mmol) in dry DMF (1 mL), 7-
hydroxy coumarin (8.9 mg, 0.055 mmol) and K>COs3 (15.2 mg, 0.11 mmol) were added at
25 °C under an N> atmosphere. The reaction mixture was stirred at room temperature for 4
h. After completion (as monitored by LC-MS), the reaction mixture was quenched with
H>O (2 mL). The aqueous layer was extracted with EtOAc (3 x 3 mL). The organic layer
was washed with brine and evaporated under vacuo. The crude product was purified by
preparative HPLC using water: ACN (0.1% TFA) solvent gradient to afford colorless solid
3k in 14.8 mg (yield = 48%).

TH NMR (500 MHz, CD;0D) & 1.73 (m, 1H), 2.13 (br. s., 1H), 2.30 (br. s., 1H), 2.38 (br.
s., IH),3.15 (br. s., 0.5H) 3.60 (br. s., 0.5H), 3.88 (dd, J=12.8, 9.2 Hz, 1H), 3.93-3.97 (m,
0.4H), 4.34-4.37 (m, 1H), 4.40-4.42 (m, 1H), 4.74-4.81 (m, 1H), 4.88-5.02 (s, 2H, merged
with solvent peak), 5.49 (s, 1H), 5.71 (br. s., 1H), 6.24-6.28 (m, 1H), 7.02 (br. s., 2H), 7.11
(br. s., 3H), 7.15-7.23 (m, 2H), 7.42 (t, J = 7.6 Hz, 2H), 7.54 (br. s., 1H), 7.68 (d, J = 8.7
Hz, 2H), 7.85-7.90 (m, 1H), 8.43 (s, 1H); 3C NMR (125 MHz, CD30D) 6 23.1, 29.0, 45.2,
50.6, 54.0, 69.0,96.8,101.4,112.4,112.7,113.1, 118.7, 119.3, 125.7, 129.2, 129.7, 129.9,
139.3,144.2,146.5, 147.0, 151.8, 152.9, 155.5, 156.3, 159.2, 161.5, 169.5. HR-MS (m/z):
Calculated for C3sH31NsOs [M+H]": 615.2356; Found [M+H]": 615.2418

methyl (E)-3-(5-(((1r,3r,5R,7S)-adamantan-2-ylidene)(methoxy)methyl)-2-((2-((R)-3-
(4-amino-3-(4-phenoxyphenyl)-1H-pyrazolo[3.,4-d|pyrimidin-1-yl)piperidine-1-
carbonyl)allyl)oxy)-3-chlorophenyl)acrylate (30):
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To a stirred solution of phenol (4.83 uL, 0.055 mmol) in dry DMF (1 mL), K,COs (15.2
mg, 0.11 mmol) and bromo compound 3n (26.5 mg, 0.05 mmol) were added at 25 °C under
N> atmosphere. The reaction mixture was stirred at room temperature for 4 h. After
completion (as monitored by LC-MS), the reaction mixture was quenched with H,O (2
mL). The aqueous layer was extracted with EtOAc (3 x 3 mL). The organic layer was
washed with brine and evaporated under vacuo. The crude product was purified by
preparative HPLC using water: ACN (0.1% TFA) solvent gradient to afford colorless solid
30 in 23.1 mg (yield = 55%).

'"H NMR (400 MHz, CD30D) & 1.83 (br. s., 2H), 1.86 - 2.00 (m, 7H), 2.04 (br. s., 4H),
2.15 (br. s., 2H), 2.35 (br. s., 1H), 2.48 (q, /=9.7 Hz, 1H), 3.34 (br. s., 3H), 3.77-3.85 (br.
s., 3H), 3.97-4.19 (br. s., 2H), 4.41-4.61 (m, 2H), 4.77 (br. s., 1H), 4.86 (br. s., 1H), 5.10 -
5.21 (m, 1H), 5.57 (br. s., 1H), 5.79-5.87 (br. s., 1H), 6.58 (d, /= 16.1 Hz, 1H), 7.11-7.34
(m, 6H), 7.48-7.57 (m, 2H), 7.72 (br. s., 3H), 7.82 (d, /= 16.3 Hz, 1H), 7.99 (d, /= 15.2
Hz, 1H), 8.21 (br. s., 1H); *C NMR (125 MHz, CD;0D) § 29.8, 29.9, 31.3, 34.6, 38.2,
39.7, 39.8, 40.2, 40.3, 43.1, 46.8, 52.4, 54.3, 55.2, 57.7, 75.6, 75.8, 98.2, 120.1, 120.9,
125.4,126.9, 129.6, 130.7, 131.3, 131.4, 139.6, 141.1, 141.4, 148.4, 153.4, 154.7, 155.0,
157.8, 160.7, 168.6, 170.9. HR-MS (m/z): Calculated for CisHsoCIN¢Os [M+H]":
841.3480; Found [M+H]": 841.3475.

Methyl (E)-3-(2-((2-((R)-3-(4-amino-3-(4-phenoxyphenyl)-1H-pyrazolo|[3.,4-
d]pyrimidin-1-yl)piperidine-1-carbonyl)allyl)oxy)-3-chloro-5-((1r,3r,5R,7R)-4'-
methoxyspiro[adamantane-2,3'-[1,2]dioxetan]-4'-yl)phenyl)acrylate (31):
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To a stirred solution of enol ether 30 (8.4 mg, 0.01 mmol) in dry DCM (1 mL), methylene
blue was added at 25 °C and in the presence of yellow light. The reaction mixture was
bubbled with oxygen and stirred for 20 min. After completion (as monitored by LC-MS),
the DCM was evaporated under vacuo. The crude product was purified by preparative
HPLC using water:ACN (0.1% TFA) solvent gradient to afford colorless solid 31 in 3.31
mg (yield = 38%).

'"H NMR (500 MHz, CD30D) & 1.55-1.74 (m, 6H), 1.75-1.87 (m, 5H), 1.96 (s, 2H), 2.05
(br. s., 1H), 2.13-2.30 (m, 2H), 2.38 (br. s., 2H), 3.20 (s, 3H), 3.67 (br. s., 3H), 3.79 (br. s.,
1H), 3.92 (br. s., 1H), 4.27-4.50 (m, 2H), 4.65 (br. s., 1H), 5.06 (br. s., 2H), 5.50 (br. s.,
1H), 5.72 (br. s., 1H), 5.79 (br. s., 1H), 6.49-6.63 (m, 1H), 7.13 (br. s., SH), 7.18-7.25 (m,
1H), 7.44 (t,J=17.2 Hz, 2H), 7.64 (t, J = 8.5 Hz, 2H), 7.80 (br. s., 1H), 7.93 (d, J= 8.3 Hz,
1H): 3C NMR (125 MHz, CDs;0D) § 27.6, 28.0, 28.9, 33.0, 33.4, 34.6, 35.1, 37.9, 38.7,
49.9, 50.3, 52.7, 52.7, 53.5, 75.8, 97.5, 113.1, 119.1, 119.6, 120.3, 121.0, 125.6, 127.4,
127.6, 131.4, 131.5, 131.6, 134.9, 137.0, 138.8, 141.4, 150.0, 158.0, 160.8, 162.4, 168.5,
171.3. HR-MS (m/z): Calculated for C4sHsoCINsOg [M+H]": 873.3379; Found [M+H]":
873.3362.

N-(4-((3-chloro-4-fluorophenyl)amino)-7-methoxyquinazolin-6-yl)-2-(((2-oxo-2H-
chromen-7-yl)oxy)methyl)acrylamide (4b):
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afatinib amine 2d 1h, 46% 4b

To a stirred solution of carboxylic acid 2d (12.3 mg, 0.05 mmol) in CH>Cl, (1 mL) were
added SOCI (18.1 pL, 0.25 mmol) and DMF (3.9 uL, 0.05 mmol) and the reaction mixture



was stirred at 25 °C for 4 h. After completion (as monitored by LC-MS), the reaction
mixture was evaporated under vacuo. The crude acid chloride was dissolved in CH>Cl, and
slowly to the solution of afatinib amine (0.05 mmol, 15.9 mg) and DIPEA (17.8 uL, 0.1
mmol) was treated with purified by preparative HPLC using water:ACN (0.1% TFA)
solvent gradient to afford colorless solid 4b in 12.5 mg (yield = 46%).

'"H NMR (500 MHz, DMSO-ds) 6 3.97 (br. s., 3H), 5.03 (br. s., 2H), 6.03 (br. s., 1H), 6.27-
6.39 (m, 2H), 7.06 (d, J = 6.5 Hz, 1H), 7.12 (br. s., 1H), 7.32 (br. s., 1H), 7.37-7.46 (m,
1H), 7.69 (d, J = 8.3 Hz, 1H), 7.80 (br. s., 1H), 8.02 (d, J=9.1 Hz, 1H), 8.56 (br. s., 1H),
8.82 (br. s., 1H), 9.59 (br. s., 1H), 9.85 (br. s., 1H); 13C NMR (125 MHz, DMSO-ds) &
56.4, 67.6, 101.7, 106.9, 108.8, 112.8, 112.8, 112.8, 113.0, 116.4, 116.5, 117.1, 122.4,
123.5, 124.9, 126.8, 129.6, 136.8, 138.6, 144.3, 149.5, 154.1, 155.3, 155.9, 156.8, 160.2,
160.9, 164.4. HR-MS (m/z): Calculated for C2sH21CIFN4Os [M+H]": 547.1185; Found
[M+H]": 547.1184.

6-fluoro-7-(2-fluoro-6-hydroxyphenyl)-1-(2-isopropyl-4-methylpyridin-3-yl)-4-((S)-
2-methyl-4-(2-(((2-0x0-2H-chromen-7-yl)oxy)methyl)acryloyl)piperazin-1-
yDpyrido[2,3-d]pyrimidin-2(1H)-one (5a):
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To a stirred solution of carboxylic acid 2d (1.23 mg, 0.005 mmol) in CH>Cl> (200 uL) were
added SOCI, (1.81 uL, 0.025 mmol) and DMF (1.9 uL, 0.025 mmol) and the reaction
mixture was stirred at 25 °C for 4 h. After completion (as monitored by LC-MS), the
reaction mixture was evaporated under vacuo. The crude acid chloride was dissolved in
CH>Cl; and slowly added to the solution of Amg-510 amine (0.005 mmol, 2.53 mg) and
DIPEA (1.78 puL, 0.01 mmol) and stirred at 25 °C under N> atmosphere. After completion

(as monitored by LC-MS), the reaction mixture was evaporated under vacuo and purified



(1)

2

3)

by preparative HPLC using water: ACN (0.1% TFA) solvent gradient to afford colorless
solid 5a in 1.7 mg (yield = 42%).

'"H NMR (500 MHz, CD3;0D) & 1.15 (t, J= 7.1 Hz, 4H), 1.24-1.35 (m, 6H), 1.37-1.44 (m,
4H), 2.22 (d, J = 7.7 Hz, 3H), 3.02-3.11 (m, 3H), 4.47 (d, J = 19.8 Hz, 1H), 4.53 (br. s.,
1H), 4.96 (br. s., 2H), 5.52-5.59 (m, 1H), 5.81 (s, 1H), 6.29 (d, J=9.5 Hz, 1H), 6.63 (t, J
=8.9 Hz, 1H), 6.68 (s, 1H), 7.04 (s, 1H), 7.18 (d, J= 8.5 Hz, 1H), 7.26 (d, J= 7.3 Hz, 2H),
7.41-7.48 (m, 1H), 7.59 (d, J = 8.5 Hz, 1H), 7.64-7.73 (m, 2H), 7.91 (d, J = 9.5 Hz, 1H),
8.40 (d, J = 8.9 Hz, 1H), 8.54-8.60 (m, 1H). HR-MS (m/z): Calculated for C40H37F2NsOs
[M+H]": 735.2743; Found [M+H]": 735.2747.
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