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1. Water solubility measurement.

Compound 15a and its hydrochloride form 15aHCI (0.1, 1, 10 mg) were
dissolved in deionized water (pH = 2.0, 7.0, and 7.4) until the solution was clear. The
assays were measured at least in duplicate.

2. Pharmacokinetics assays.

6 male Sprague Dawley rats were randomly divided into 2 groups, which was
performed to tail vein injection (2 mg-kg') and oral administration (10 mg-kg™),
respectively. The solution of compound 15a HCI was prepared by dissolving in a
mixture of PEG400/normal saline (70/30, V/V). Blood samples of the intravenous
group were collected from the retrobulbar vein is into heparinized centrifugation tubes
at 5 min, 15 min, 30 min, 1 h, 2 h, 4 h, 8 h and 12 h after dosing, and blood samples of
the oral administration group were collected at 15 min, 30 min, 1 h, 2 h,4 h, 8 h, 10 h,
and 12 h after dosing. All the samples were centrifuged at 8000 rpm for 8 min to
separate plasma. LC-MS/MS analysis was used to determine the concentration of
15a HCI in plasma. Briefly, 50 xL of plasma was added to 50 uL of internal standard
and 300 L of methanol in a 5 mL centrifugation tube, which was centrifuged at 3000g
for 10 min. The supernatant layer was collected and a 20 uL aliquot was injected for

LC-MS/MS analysis. Standard curves for 15a HCI in blood were generated by the



addition of various concentrations of 15a HCI together with internal standard to blank
plasma. Then all samples were quantified with an Agilent 1200 LC/MSD (Agilent,
USA).

3. Acute toxicity experiment.

Twenty Kunming mice (18-20 g) were purchased from the animal experimental
center of Shandong University and divided into two groups. Compound 15a HCI was
suspended in PEG-400/normal saline (70/30, V/V) and normal saline at concentrations
of 100 mg-mL!. After the mice had been fasted for 12 h, they were administered
intragastrical by gavage (2000 mg/kg).

4. Subacute toxicity experiment.

A batch of eight Kunming mice (purchased from the animal experimental center
of Shandong University) was randomly divided into four groups (n = 4): control group
and test group. All mice were deprived of feed for 12 h and then the mice in the test
groups were given 50 mg-kg ! p.o. of 15a HCl every two days for 14 days, while the
mice in control groups received the same volume of vehicle solution. The mice were
weighed before each dosing. All the mice were killed and dissected at Day 14, and the
heart, liver, spleen, lung, and kidney were extracted. These organs were examined by

HE staining.

5. Experimental details, "H and '3C NMR spectra, and HRMS spectra.
4-((2-((1-(4-(dimethylphosphoryl)benzyl)piperidin-4-yl)amino)thieno/3,2-

d[pyrimidin-4-yl)oxy)-3,5-dimethylbenzonitrile (9a)
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dimethyl (4-((4-((4-(4-cyano-2,6-dimethylphenoxy)thieno[3,2-d]pyrimidin-2-
yhamino)piperidin-1-yl)methyl)phenyl)phosphonate (9b)

Compound Spects - b.d ]
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diethyl (4-((4-((4-(4-cyano-2,6-dimethylphenoxy)thieno[3,2-d]pyrimidin-2-

yhamino)piperidin-1-yl)methyl)phenyl)phosphonate (9c)

Compound Spectra - 8od I
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dibutyl (4-((4-((4-(4-cyano-2,6-dimethylphenoxy)thieno[3,2-d]pyrimidin-2-

yhamino)piperidin-1-yl)methyl)phenyl)phosphonate (9d)

Compound Spectra - 9d.d
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bis(2,2,2-trifluoroethyl) (4-((4-((4-(4-cyano-2,6-dimethylphenoxy)thieno[3,2-

d]pyrimidin-2-yl)amino)piperidin-1-yl)methyl)phenyl)phosphonate (9¢)

Compound Spectra - Be.d I
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diisopropyl

yhamino)piperidin-1-yl)methyl)phenyl)phosphonate (9f)

(4-((4-((4-(4-cyano-2,6-dimethylphenoxy)thieno[3,2-d]pyrimidin-2-
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di-tert-butyl

yhamino)piperidin-1-yl)methyl)phenyl)phosphonate (99)

Compaund Spectra - 3g2.d
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diisobutyl (4-((4-((4-(4-cyano-2,6-dimethylphenoxy)thieno[3,2-d]pyrimidin-2-

yhamino)piperidin-1-yl)methyl)phenyl)phosphonate (9h)



Compound Spectrs - Sh.d
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(4-((4-((4-(4-cyano-2,6-dimethylphenoxy)thieno[3,2-d]pyrimidin-2-

yh)amino)piperidin-1-yl)methyl)phenyl)phosphonic acid (10)

Compound Spectra - 10.d
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(E)-3-(4-((2-((1-(4-(dimethylphosphoryl)benzyl)piperidin-4-yl)amino)thieno[ 3,2-

d]pyrimidin-4-yl)oxy)-3,5-dimethylphenyl)acrylonitrile (15a)

Compound Spectra - 15a.d
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dimethyl (E)-(4-((4-((4-(4-(2-cyanovinyl)-2,6-dimethylphenoxy)thieno|[ 3,2-
d]pyrimidin-2-yl)amino)piperidin-1-yl)methyl)phenyl)phosphonate (15b)

Cornpound Spectra - 15b.d |
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diethyl (E)-(4-((4-((4-(4-(2-cyanovinyl)-2,6-dimethylphenoxy)thieno|[ 3,2-

d]pyrimidin-2-yl)amino)piperidin-1-yl)methyl)phenyl)phosphonate (15c¢)
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dibutyl (E)-(4-((4-((4-(4-(2-cyanovinyl)-2,6-dimethylphenoxy)thieno|[ 3,2-
d]pyrimidin-2-yl)amino)piperidin-1-yl)methyl)phenyl)phosphonate (15d)

Cornpaund Spectra - 1542.4
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bis(2,2,2-trifluoroethyl) (E)-(4-((4-((4-(4-(2-cyanovinyl)-2,6-
dimethylphenoxy)thieno[3,2-d]pyrimidin-2-yl)amino)piperidin-1-

yl)methyl)phenyl)phosphonate (15¢)

Compaund Spectra - 15e.d

Intens, § £ME, 0.2-3, 1min #12-181
=0 7402207
&4 I
5] 712.3403
45 B71.2571
3§
2 35,2718
1 L — ¥ \ l ‘ 63,2968
0:||.I||m||l L || hall Wl y ||L. I, I . ||
I &30 700 720 740 750 80 mje
=Eg =2 g2 zE= 2 %3 ==zz2g =3 Z EEZEE=
e e e P B -
NSNSy W Sl [l =
i [~7000
|
‘ [-6500
/
r |
] | (6000
| /
| i
f [ | ‘ |
/ | | (] 5500
[/ / J |
[-5000
4300
I{d [ (s) |L (w
644 [ LEz| L0 [
¢ X (dt) It P (s) Q (o) .
6.80 4.12 3.0 2.08 14 s
oo — = H HI— —
[-3000
2500
[-2000
| 1500
1 ]
ﬂ (1000
i
|| [Fsa0
1 [
1 w N " |
S : SN — Lo
Lol T T T I T L3
2 EEEE 2 2 E 2 z 222 =0
L o B ] — — = =] 4 = = =
T T T T T T T T T T T T T T T
2.5 .0 8. L) 5 o &3 6.0 3.3 5.0 4. 4.9 0 20 1 Lo 0.5 0.0 0.5



— 156, T

— 214

—a

4000

1000

170 160 150 120 110 100 ko 0 o
LT eI o T T
=
-
-
800-|
o]
o
L
] 5§ ¥ H
. = s e
#
1 4.071 243 6.3 0.0632
2 4.22 2.8 9.1 0.0504
3 5.147 17.2 5.5 0.0486
4 5.609 3867.4 1264.4 0.0475
[ ] 6.591 814 15.6 0.0683




diisopropyl (E)-(4-((4-((4-(4-(2-cyanovinyl)-2,6-dimethylphenoxy)thieno|[ 3,2-

d]pyrimidin-2-yl)amino)piperidin-1-yl)methyl)phenyl)phosphonate (15f)

Compound Spectra - 152.d
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di-tert-butyl (E)-(4-((4-((4-(4-(2-cyanovinyl)-2,6-dimethylphenoxy)thieno|[ 3,2-

d]pyrimidin-2-yl)amino)piperidin-1-yl)methyl)phenyl)phosphonate (15g)

Campaund Spectrs - 1g.d ]
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diisobutyl

(E)-(4-((4-((4-(4-(2-cyanovinyl)-2,6-dimethyl

phenoxy)thieno[3,2-

d]pyrimidin-2-yl)amino)piperidin-1-yl)methyl)phenyl)phosphonate (15h)

Compound Spectra - 15h2.4
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(E)-(4-((4-((4-(4-(2-cyanovinyl)-2,6-dimethylphenoxy)thieno[3,2-d]pyrimidin-2-

yh)amino)piperidin-1-yl)methyl)phenyl)phosphonic acid (16)

Compound Spectra - 16.d
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