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'"H NMR, “C NMR and HRESIMS spectrums of compound 1-17
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"H NMR (500 MHz) spectrum of compound 1 in CDCl3.
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3C NMR (125 MHz) spectrum.of compound 1 in CDCls.
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User Spectra

Fragmentor Voltage Collision Energy Ionization Mode
250 i} ESI
%10 3 | ¥ESI Sean (0.09 min) Frag=250.0V HCKO17.d Sublract
5 254.1169
. ([C16 H15 N Q21+H)+
7]
5
5
44
3 265.1208
2 ([C16 H15 N Q2]+H)+
N 2561212
{[C16 H1S N O2j+H)+
0 .
252.5 253 253.5 254 254.5 255 2555 256 256.5
Counts vs, Mass-to-Change (miz)
Peak List
mjz z [Abund Formula Ton
180.0794 3579.74
181.0875 1 |11528.31
182.0942 1 ]3539.19
192.08 3003.92
193.0874 1 |3884.09
205.083 8704.47
210.0502 1 |24065.34
238.0853 1 |35597
239.0912 1 |10833.75
254.1169 1 |&8176.08 C16 H15 N 02 [M+H)+
Formula Calculator Element Limits
[Element Min Max
C 3 60
H o 120
0 0 30
M 0 5
Formula Calculator Results
[Formula [CalculatedMass [CalculatedMz [Mz [Diff. {(mDa) [Diff. {(ppm) |DBE |
[cteHisnoz | 253.1103] 254.1176]  254.1169] 0.70] 2.75] 10.0000]

HRESI (+) MS spectrum of compound 1.
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C NMR (125 MHz) spectrum of compound 2 in CDCl3.
User Spectra
Fragmentor Voltage Collision Energy Ionization Mode
135 0 ESI
x10 9 | +ES| Scan (0008-0.10 min, 2 Scans) Frag=1350% HCKEZ d Subiract
2381229
254 {[C16 H15 N O+ H)+
2.254
2]
1.754
15
126
14
0.754 2301261
0.5 ([C18 H15 M O)eH)
“ 23 2403875
2345 256 2365 28 IXIGE 237 2375 23E 23ES 234 2356 240 2405 241 2416 242
Counls ve. Mass-io-Charge (miz)
Peak List
m/z z [Abund Formula Ton
79.0216 1 |533680.38
80.0245 1 |14673.11
81.0176 1 |18777.86
118.5081 1 |6143.02
120.5277 2 |5595.79
137.0015 2 |5016.08
139.0209 2 |5252.92
157.0349 1 |5778.03
238.1229 1 |236531.34 Cl6 H15 N O (M+H)+
239.1261 1 |39001.64 C16 HISN O (M+H)+
Formula Calculator Element Limits
[Element Min [Max
C 3 &l
H 0] 120
[#] [} 30
M [} 10
Formula Calculator Results
[Formula [CalculatedMass [CalculatedMz Mz [Diff. (mDa) [DifT. (ppm) |DBE |
[C16 HISN O | 237.1154| 238.1226]  238.1229] -0.30] -1.26 10,0000

HRESI (+) MS spectrum of compound 2.
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"H NMR (500 MHz) spectrum of compound 3 in CDCl3.
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3C NMR (125 MHz) spectrum.of compound 3 in CDCls.




User Spectra

Fragmentor Voltage Collision Energy Ionization Mode
135 0 ESIL
«10 5 |+ES| Scan (0.08-0.11 min, 2 Scans) Frag=136.0V HCK29.d Subtract (2)
240.1384
12 ([C16 H17 N OJH+
1
0.8
0.6
04
2411415
0 2301260 (IC16 H1T N OjrH)
: 2421445
1 (G168 HIT N O+ Hp+

2388 239 2302 239.4 2306 2398 240 240.2 2404 240.6 2408 247 2412 2474 241.6 2418 242 2422 2424
Counts vs, Mass-to-Charge (miz)

Peak List

miz Z [Abund Formula Ton
79.0215 1 [548429.56

80,0243 1 [13939.46

810174 1 [22588.8

118.508 2 |10863.11

137.0018 1 [10705.78

238.1227 1 [122233.65

239.126 1 [21061.25

240.1384 1 [117358.68  [cieHI7NO (M+H)+
241.1415 1 [18467.42  [ci6HIZNO (M+H)+
254.1175 1 [13652.38

mula r Elemen' m

emen' n ax

C 3| s0

H o] 120

0 o] 30

N of 3

Formula Calculator Results
[Formula CalculatedMass [CalculatedMz Mz . (m . (ppm
|ci6 Hi7 N O 239.1310| 240.1383]  240.1384) -0.10] -0.42] 9.0000

HRESI (+) MS spectrum of compound 3.

"H NMR (500 MHz) spectrum of compound 4 in CD30OD.
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C NMR (125 MHz) spectrum of compound 4 in CD3OD.

User Spectra

Fragmentor Voltage Collision Energy Ionization Mode

135 0 ESI
w10 % |-ES) Scan (0,10 min} Frag=135.0v HCKOS2.4
b 3261034

0.9 {IC18 H17 N O5]-H)-

0.4

0.74

06

05

0.4

021 327.1064

0.2 ([S18 H17 N Q5)-H)

014 28,1082

° [itsaEd HI'J‘N QB}-H)-
3245 ais 3255 326 326.5 327 327.5 328 3285
Counts ve. Mass-lo-Change (miz)

Peak List
miz z [Abund Formula Ton
112.5853 1 |22211.83
254.0822 1 |254755.22
255.0855 1 [|44261.14
282.1135 1 |86115.33
326.1034 1 |B8347.26 C18 H17 N O5 (M-H}-
675.1967 1 |21782.32
966,001 1 |84231.08
9B2.9898 1 |28748.19
1033.9885 1 |126847.33
10349907 1 |29190.7
Formula Calculator Element Limits
Element ___[Min___[Max
C 3 G0
H 0] 120
o L] 30
N 1] 5
Formula C;
[Formula [CalculatedMass [CalculatedMz ™Mz [Diff. (mDa) [Diff. (ppm) [DBE |
lcisHiznos | 327.1107) 326.1034] 3261034 0.00] 0.00] 11,0000

HRESI (-) MS spectrum of compound 4.
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"H NMR (500 MHz) spectrum of compound 5 in CDCls.
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BC NMR (125 MHZ) spectrum of compound 5 in CDCls.




User Spectra

Fragmentor Voltage Collision Energy Ienization Mode
135 0 ESI

«10 5 | *ES1 Scan (0,08-0.10 min. 2 Scans) Frag=135,00 HCK30.d Subtract (2)
226.1229
. (IC15 H15 N O]+H)+

1

0.8

0.6

o4 2271259

0.2 ({[C15 HIS N Of+H)+ 298 1280

) 224, 1076 2250105 (IC15 H15 N OJ+H)+
224 2245 225 255 226 2265 227 2275 28 2285
Counts vs. Mass-to-Charge (miz}

Peak List
243 Z [Abund Formula Ton
79.0214 1 [224453.22
80,0245 1 [5156.44
81.0175 1 [7981.73
1185082 1 [3935.15
126.4941 1 [4576.37
137.0017 2 |ss551.50
157.0355 3096.96
224,107 1 [7471.71
226.1229 1 [121178.08_ [CISHISNO (M+H)+
227.1259 1 [20205.18  [cisHISNO (M+H)+

mula r Elemen m

emen’ n ax
C 3| 60
H o] 120
0 o] 30
N of 3
Formula Calculator Results
ula CalculatedMass [CalculatedMz Mz ™ ~(ppm

[cisHis NG 225.1154] 226.1226]  226.1229] -0.30] -1.33] 9.0000]

HRESI (+) MS spectrum of compound 5.
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'"H NMR (500 MHz) spectrum of compound 6 in CDCIs
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3C NMR (125 MHz) spectrum of compound 6 in CDCls.
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User Spectra

Fragmentor Voltage Collision Energy Ionization Mode
135 0 ESI
%104 |+ESI Scan (0.08-0.11 min, 3 Scans) Frag=135.0v HEKE1.d Subtract (2}
12 3521158
{[C18 H16 F3 N O3]+H)+
1
08
0.6
04 263.1196
{18 H16 F3 N O3]+H)=
0.z
3516 351.8 352 3s2.2 524 35286 353 i - 534 3536
Couris ve. Mass-10-Charge (miz)
Peak List
73 z [Abund Formula Ton
79.0218 1 [360188.5
80.0247 1 [8136.17
810174 1 |14089.83
157.0356 954731
254.1181 1 [12004.03
274.2748 1 |15350.48
318.3012 1 [977169
351,1061 B455.11
352.1158 1054538 |CIBHI6 F3 N O3 (M+H)+
415.2122 7677.89
449.1044 8340.18
453.1681 7983.59
474.2607 8300.38
Formula Calculator Element Limits
men’ X
c 3| o
H o] 120
o M 30
N 0| 5
F of s
Formula Calculator Results
Formula [CalculatedMass [CalculatedMz ™Mz | A . (ppm
[ci8 Hi6 F3 N O3 | 351.1082[ 352.1155]  352.1158] -0.30] -0.85 10.0000|
HRESI (+) MS spectrum of compound 6.
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"H NMR (500 MHz) spectrum of compound 7 in CDCl3
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3C NMR (125 MHz) spectrum of compound 7 in CDCls.

User Spectra

Fragmentor Voltage Collision Energy Ionization Mode

135 0 ESI
%104 |+ESI Scan (010 min} Frag=1350v HCKO24.d Subtract (3)
1.1 60,0552 362.0571
i {[C1E HAE Br N O2]4H)p+ {18 H18 Br M D2]+H)+

0.9

0a

07

0.6

0.5

04

0.3 363.0604

E E ([C18 H18 Br N OZ]+H)+
g-? 358, 1484 (c1a Hiserm B?]«HJ'- I
o L |
3575 358 3585 359 3585 360 3605 361 3615 362 3625 363 3635 364 3645
Counls ve. Mass-to-Charge (miz)

Peak List
3 z [Abund Formula Ton
79.0214 1 [773002.75
80.0244 1 [19284.22
81.0173 1 [26284.11
118.5076 2 [12038.94
126,494 1 [11107.31
137.0015 2 |12762.64
157.0345 1 [12000.01
2409873 674739
3600592 1 |9907.59 C18 H18 Br N 02 (M+H)+
362.0571 1 [o825.67 C18 H18 Br N 02 (M+H)+
Formula Calculator Element Limits
Element [Min [Max
c 3| 60
H o] 120
0 o] 30
N o 3
Br o 3
Formula Calculator Results
Formula [CalculatedMass [CalculatedMz Mz [Diff. (mDa) [T, (ppm) DBE
[c18 HiB B N D2 | 359.0521] 360.0594]  360.0592] 0.20] 0.56] 10.0000|

HRESI (+) MS spectrum of compound 7.
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"H NMR (500 MHz) spectrum of compound 8 in CDCl3.
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3C NMR (125 MHz) spectrum of compound 8 in CDCls.
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User Spectra

Fragmentor Voltage Collision Energy Tonization Mode
135 o ESl

%104 |+ESI Scan (0.23-0.27 min, 3 Scans) Frag=1350V hek012.d Subtract

472 2710
a (28 H33 NS 03]+H)+

25
2
15 4732747
| ([C28 H33 NE D2]+H)+
05 474.2794
(1528 H33 NS DZ]H)»
|

4714 AT1E 4TIE 472 47232 4724 ATZE ATZE 4T3 4732 4734 4736 4738 474 4742 4744 4746
Counts ve. Mass-1o-Charge (miz)

Peak List
miz z [Abund Formula Ton
63.9982 72573

79.0217 1 [410113.88

800245 1 |11367.56

81.0174 1 [19100.03

97.995 2 |7893.07

109.0763 1 |6452.35

470,256 1 |s5268.95

471,2592 1 [17449.04

472,271 1 |30112.67 C28 H33 N5 02 (M+H)+
473.2747 1 |10034.47 (C28 H33 NS 02 (M+H )+
Formula Calculator Element Limits

men in X

[ 3| s

H o] 120

0 o| 30

N o] 10

Formula Calculator Results
[Formula [CalculatedMass [CalculatedMz [Pz [Diff. (mDa) JGift. (ppm) [GBE |
|28 H33 NS 02 | 4712634 4722707 472.2710] -0.30] -0.64] 15.0000]

HRESI (+) MS spectrum of compound 8.

15



4B C:\CHEM32\1\DATA\BIAOPIN\TEST 2021-89-18 15-15-086\202188260000001.

FEELZFR: 5057

BIEH : D-YI EFIT - 1
e RV E] & : &R 1
R H 1A 1 2021-9-18 15:16:09 EHERE 1
HREE ;2.8 w1l
HEF : C:\CHEM3Z\1\DATA\BIAOPIN\TEST 2821-89-18 15-15-86\YBJ_LC.M
=g : 2021-9-18 13:24:58 : D-YI
T : C:\CHEM32\1\DATA\TEST.M
=/EEE : 2021-9-18 15:82:17 : D-YI
(FAE1EH)
DAD1 A, Sig=254 4 Ref=360,100 (BIAOPINTEST 2021-08-18 15-15-061202108260000001.0)
mAl ] @
% o
400 5 b
350
300
250
200
150
100
50
] 3 5 g g
] el = & = s =
] D W i = - T
0 bz T =
] ==
T I T T T — T
WA B 7 iR
HF =5
FHETF: 1.0000
FRE T 1.0008
AR EARFETFHRER T

=5 1: DAD1 A, Sig=254,4 Ref=360,100

g {REGRE] A

o~ bk ow N

=0 5 1 AR 2 1 Liaksz

[min] [mAU*s ] [mAuU] %
S R |-neememeee | -onemene- |+2neeen |
2.8685 22.95609 5.1ee37 2.5832
2.8621 47.55928 11.53565 1.2e82
©2.2823 151.65434 9.10396 3.8527
2.1746 55.99206 4.01626 1.4224
@.0556  13.@5810 3.20206 ©.3317
@.0493 6.21444 2.09939  ©.1579
©.2338  53.40079 2.71866  1.3566
@.0937 8.22669 1.87043  ©.209@

%88 1 2021-9-18 15:35:09 D-YI

16

T 1/2




4B C:\CHEM32\1\DATA\BIAOPIN\TEST 2021-89-18 15-15-086\202188260000001.D

FEELZFR: 5057

i {REFEFE HER BT gk el I =5 I A
# [min] [min] [mAU*s ] [mau] %
e e [lssmmmcne | e |
9 12.299 BY 8.1367 3548.21826 410.13559 89.9368
19 12.798 W 8.1580  15.62767 1.19942 ©.3978
11 14.942 BV 8.0918 7.88112 1.18146 ©.2082
12 14.548 BB 8.1166  13.55042 1.91488  ©.3442
BE 3936.33925 453.27014
U N #R 5
=5 1: DAD1 A, Sig=254,4 Ref=360,100
B MAIIR &

=5 1: DAD1 A, Sig=254,4

%88 1 2021-9-18 15:35:09 D-YI

Ref=360,100

EEE ?&%%;ﬁ * gk

HPLC spectrum of compound 8.

17

T 2/2



| ILJULM_;U T | W

. A —_——— —
g £ = L] I g

0 TE T T4 T2 TO 68 64 &4 &2 &0 EE BE A4 B2 B0 4B 48 &4 42 40 X8 38 34 32 o0 2B 26 24 22 20 LB LE L4
£ (pgm)

"H NMR (500 MHz) spectrum of compound 9 in CDCl3.
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User Spectra

AZ3293
([C17 H18 M2 D3[+Ma)+

3E25 3E3 EERE]

Fragmentor Voltage Collision Energy Tonization Mode
250 o ESI
x10 3 |*ESI Scan (0.10 min) Frag=250.0¥ HCKE0.d Subtract (2)
5 3211210
45 (IC17 H18 NZ D3]oNa)r
4
18
3
25
&
1.5
1 32212
([G17 H18 M2 OafNa
05
320 3205 an 32 322
Counts vs. Mass-to-Charge (iniz)
Peak List
iz z [Abund Formula Ton
225.0658 4032.8
226.0736 3908.91
227.0812 1 10012.33
255.0767 1 |11088.55
256.0827 1 3001.08
270.1 21964.9
271.1067 1 |12749.53
321.121 1 |4429.8 IC17 H18 N2 03 (M+Na)+
355.1185 1 1157714
508.3127 2 |4567.79
908.6137 2 |6762.29
9093156 2 |6663.43
509.8164 2 |6250.32
Formula Calculator Element Limlts
IEIQIIIEI\‘ Min I“ﬂl
C 3| 60
H 0| 120
(9] 0| 3n
M 0 5

Formula Calculator Results

Formula CalculatedMass. [CalculatedMz Mz [Diff. (mDa Diff. (ppm DBE
|C1? HLE N2 03 | 298.1317] s21.1210]  321.1210] 0.00] 0.00) 10.0000]

—1.

HRESI (+) MS spectrum of compound 9.
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"H NMR (500 MHz) spectrum of compound 10 in CDCls.
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User Spectra
Fragmentor Voltage Colligion Energy Ionization Mode
135 0 ESI
%104 [+ESI Scan (0.06-0.11 min. 2 Scans) Frag=135.00 HCK111.0 Subtract {2)
4.5 4131710
4 (IC22 H24 M2 O6)+H)+
35
3
25
2
15 4141738
1 {IC22 H24 N2 OB+H)+
05 2152106
0 Al
4ns 412 4125 413 4135 414 4145 415 4155 416
Counls ve. Mags-o-Charge (miz)
Peak List
m/z z [Abund Formula Ton
76.0215 1 [574242.63
80.0243 1 [13763.79
51.0174 1 |22483 .95
137.0017 1 [10087.71
157.0349 10791.06
413.171 1 |39417.8 22 H24 N2 OB [M+H}+
414.1738 1 [osse.41 €22 H24 N2 0B (M+H)+
4351524 1 [20600.33
451.1267 1 |15604.35
847.3163 1 [15892.33
Formula Calculator Element Limits
men’ X
c 3| w0
H o 120
5] o| 30
N of 3
Formula Calculator Results
rmula = = [Calculatedz TFz [BWF (mbaj DA (ppm) [GBE 1
|22 H24 N2 06 | 412.1634] 413.1707]  413.1710] -0.30] -0.73| 12.0000|

HRESI (+) MS spectrum of compound 10.
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User Spectra

Fragmentor Voltage Collision Energy Ionization Mode
135 o Es1

%10 # |+ESI Scan (0,10 min} Frag=135.0v HOK105.d Sublract (4)

3411504
45 ([C19 H20 N2 O4]+H)=
I
35
3
25
2
186
1
ns

242.1522
(1519 H20 N Oaf+H)+

L
3404 3405 3408 341 3412 3414 3416 31E 342 3422 3424 26 M28 343 3432 3434
Courls v Mass-o-Charge (miz)

Peak List
miz z |Abund Formula Ton
79.0216 | [se486.42
80.0245 1 [3081.91
81.0172 5532.43
18,5085 2 [4106.84
126,435 2 [3322.92
137.0024 2 |8633.03
1390215 2 [a2319
144,9856 2 |2020.57
157.0356 1 [5327.9
157.514% 1 [4140.15
341.1504 1 [4331.65 C19 H20 N2 04 (M+H)+
4371942 1 |2221.47
453.1701 1 |2023.89
“Formula Calculator Element Limits
[Element  [Min __ [Max |
c 3| 60
H o] 120
0 of 30
N 0 5
Formula Calculator Results
[Formula [CalculatedMass [CalculstedMz L3 [OWF (mba)  |DWF. (ppm)  [DBE ]
|c19 H2o N2 04 | 340. 1423 3411496 3411504 -0.80] -2.35] 11.0000]
HRESI (+) MS spectrum of compound 11.
0
~o
y .
N - _ - _ (o)
T T ™ |
- E =B L : 3
.‘.Ié T.I; .2 1.0 EIE &IE 84 é:f &ID 58 LN ] ila E.I: F.Iﬂ 48 .'.Ié 4 4.2 -'.IO S.IE 18 34 !:: !.IC 2.8 :.Ié f.ll 22 20 l.IE l.IE
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"H NMR (500 MHz) spectrum of compound 12 in CDCls.
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13C NMR (125 MHz) spectrum of compound 12 in CDCls.

User Spectra
Fragmentor Voltage Collision Energy Tonization Made
135 a ESI
%10 & |+ESI Scan (0.08-0.10 min, 2 Scans) Frag=135.0v HEKE3.d Subibract (2}
285.1605
1.4 [G17 H2D N2 O2]+H)+
1.2
1
08
0.6
04 2861637
(IG1T H2D N2 ©2]+H)+
u.: 25‘-:““ e1r »ff; n‘agﬁgz]-m,
284 2845 285 2855 286 286.5 287 2875
Caums vs. Mass-ta-Charge (miz)
Peak List
m/z 2 [Abund Formula Ton
79.0217 1 [92969.3
80.0244 1 [a09357
51.0173 1 [6523.44
126.4947 2456.28
137.0022 2 [1391.71
139.0207 2 |1802.08
157.0353 2099.78
2831445 1 [33563.22
284.148 1 |B490.26
285.1605 1 [135977.28 |17 Hao M2 02 (M+H)+
286.1637 1 [2s069.22 |17 Hao Wz 02 (M+H}+
287.1668 1 [246139 €17 H20 N2 02 (M+H)+
343.1656 1 [2793.00
rmula =t r men’ mi
eme n ax
c 3| 60
H o] 120
o o] 30
N o s
rmula ICu| r ul
[Formula CalculatedMass CalculatedMz Mz [Bift. (mba) BT (ppm) [BBE
|c17 Hzo vz 02 I 2841525 285.1598)  285.1605] -0.70] -2.45] 9.0000]

HRESI (+) MS spectrum of compound 12.
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Hede Sk C:\CHEM32\1\DATA\BIAOPIN\TEST 2621-09-18 14-39-22\202108260000001.D
4T 5030

PAEE 1 D-YI FAAT 2 1
A % RIS frE PRI 1
HEREH : 2021-9-18 14:40:24 HEFFCE 1

HERER ¢ 2.0 pl
R THAIMAE SRR bl 1.0 pl

KAETT I : C:\CHEM32\1\DATA\BIAOPIN\TEST 2021-09-18 14-39-22\YBJ_LC.M
R 1 2021-9-18 13:24:58 : D-YI

iR WIS 1 C:\CHEM32\1\DATA\TEST.M

br /= T : 2021-9-18 14:35:44 : D-YI

[CUIERET'S)

DAD1 A, Sig=254 4 Ref=360,100 (BIAOPIN\TEST 2021-09-18 14-39-22\202108260000001.D)
mAU ] 2
700
600
500
400 -
300
200
@
B
100 ~
w_o 8 <+ © ) 5 2%
SRERER SR B t 8 3 g o
m444444444é¥£$$ﬂ#—4$¢ﬁJL——————JEHE L La\uiﬁgﬁlg,gA
T T i T T " " T 1 T i T T T " T | T T T ' i ' T '
0 4 6 8 10 12 min
MRE 27 Hedfe s
e : B
LR T : 1.0000
FREE T : 1.0008
WA b A FH SR R RN B R
f&% 1: DAD1 A, Sig=254,4 Ref=360,100
e CREART(E] 28T e TR 37} I i F
#  [min] [min] [mAU*s] [mAU] %
ORI ERCTEE |--en-meeee |<neeenees |-oemenes [-eemnees |
1 2.115 BB 0.1640 157.07436 12.37888  2.7089
2 2.311 BV 0.0566  22.60004 5.66219  ©.3898
3 2.530 W 9.1978 129.55679 8.13571  2.2343
4 2,713 W 9.1183  55.03342 6.04006  ©.9491
5 2.955 W 0.1432  47.47268 4.89617 ©.8187
6 3.084 W 0.0612 11.77315 2.68457  ©.2030
7 3.153 VB 9.0688 9.57563 1.72337  8.1651
{%#% 1 2021-9-18 15:01:07 D-YI Wo1/2
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B4 SCAF: C:\CHEM32\1\DATA\BIAOPIN\TEST 2021-09-18 14-39-22\202108260000001.D
P4 FR: 5030

W CREGRSIE] 2870 R UEE TR U 5 VAT AR
#  [min] [min] [mAU*s ] [mAU] %

.023 BB
.939 BV
.943 BB
.565 W
16 10.667 BV
17 11.3600 BV
18 11.481 VB

i
e

RN BENEENN. W NI NN
o)
o
i
@
<

.0875 4288.22754 763.95282 73.9543
.2304  30.70580 1.67113  0.5295
.0860 7.85068 1.34721 0.1354
.0845  37.00320 6.90287 0.6382

OO O OO0 OOOO®
=
»
o
N
[
)
N
=
[
o)}
=
()
[
N
N
n
0
<3
N
=
»
0
w
(%
N

5798.48036 919.06612

a3
i

xR e

{X#F 1 2021-9-18 15:01:07 D-YI

HPLC spectrum of compound 12
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4B C:\CHEM32\1\DATA\BIAOPIN\TEST 2021-89-18 13-58-12\202188260000001.D

FEELZFR: 5005

BIEH : D-YI EFIT - 1
e RV E] & : & 1
R H 1A : 2021-9-18 13:51:18 EHERE 1
HREE ;2.8 w1l
KR : C:\CHEM32\1\DATA\BIAOPIN\TEST 2021-@9-18 13-5€-12\YBJ_LC.M
ek : 2021-9-18 13:24:58 : D-YI
T : C:\CHEM32\1\DATA\TEST.M
=/EEE : 2021-9-18 15:82:17 : D-YI
(FAE1EH)
DAD1 A, Sig=254 4 Ref=360,100 (BIAOPINTTEST 2021-08-18 13-50-12202108260000001.0)
mAL 4 =z
1200 g
1000 —
800 —
600+
400
200
1 doer o Tepes 5 oz O 25§ S g £
4 [=arar [=1 Dm0 D00 [Te} = Fem o == ol s T 0
R Gl B R - R R AN B = =
0 =t T 1= - —— T T Tt fEseTen
T I I S T S 5 .
WA B 7 iR
HF =5
FHETF: : 1.0000
FRE T 1.0008
AT ERARFFE FHREREF
=5 1: DAD1 A, Sig=254,4 Ref=360,100
W {REERTE A B I I 7y L=giaps!
# [min] [min] [mAU*s ] [mAuU] %
s P e [recsamimiees itz [ [
1 3.002 VB 2.1334  37.78116 3.75387  ©.4785
2 3.115 BY 2.8462 35.35271 18.80508  ©.4478
33,206 W ©.1272  35.82769 3.62865 ©.4538
4 3,424 vB 2.8922 15.83@885  2.36@59  ©.2805
5 4,982 BY 2.1286 26.3093@  2.93482  .3332
6  6.674 W 2.8860 49.78949  8.80485 ©.6306
7  6.863 VB 2.1012  13.45195 1.88558  ©.1764
8 7.273 vB 2.0902  25.09378  4.29224  ©.3178
18§ 1 2021-9-18 15:04:08 D-YI W o1/2

HPLC spectrum of compound 12.
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"H NMR (600 MHz) spectrum of compound 13 in CDCls.
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13C NMR (150 MHz) spectrum of éompound 13 in CDCls.
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User Spectra

Fragmentor Voltage Collision Energy Ionization Mode
250 [ ES1

%10 4 |+ESI| Scan (0.10 min} Frag=250.0v HCKO0G4.d Subtract

3251550
225 ([C19 H20 M2 D3 Hys

3261582
05 (1618 H20 NZ O3]=H)+
A2TAT00

225 323 3235 324 3245 325 3255 326 3265 3z 3275 328 3285
Couns ve. Mass-1o-Charge (miz)

Peak List
miz z |Abund Formula Ton
137.9873 1 |6913.56
2110855 1 |6363.12
239.0825 11894.25
240.0949 5776.55
254.105 11858.79
255.1128 1 |s9133.37
256.1173 1 |11167.7
279.1129 1 |22177.55
281.093 1 |7425.93
283.1445 1 |11973.04
285.1592 1 |g491.42
297.1235 1 |17422.19
325.155 1 |21644.42  [C19 H20 N2 O3 (M+H)+
“Formula Calculator Element Limits
men in_[Max__|
c i &0
H o] 130
o ] ED)
N 0 5
Formula Calculator Results
[Formula______ [CalculatedMass [CalculatedMz [DW (mba) __ |DWr(ppm] __ |DBE |
|C19 H20 N2 03 | 324.1474 325.1547)  325.1550] -0.30] -0.92] 11.0000]

HRESI (+) MS spectrum of compound 13.

_Jkl e PO N R S -u.M_n e L_._._ .

"H NMR (500 MHz) spectrum of compound 14 in CDCls.
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13C NMR (125 MHz) spectrum of compound 14 in CDCls.

User Spectra
Fragmentor Voltage Collision Energy Ionization Mode
135 0 ESI
410 4 [+E51 Scan (0.08 min) Frag=135.0v HCK74.d Subtract
12 341.1863
: ([C20 H24 N2 OF]+H)+
1
0.8
0.6
o4 3421903
([£20 H24 N2 D3]+H)+
oz 3431869
(20 H24 N2 D3]+H)+
3404 3406 DB 341 3412 3414 3416 413 342 3427 424 M26 3423 M3 32 3434
Counts ve. Mass-1o-Charge (miz)
Peak List
miz z |Abund Formula Ton
79.0216 1 |83940.84
B0.0246 1 |2629.93
81.0172 1 |4873.43
1000146 1472.98
1010037 248298
118.5087 2800.06
126.4943 1555.78
1370022 277941
2821491 1 |3605.11
339.17 1 [11716.73
3401731 1 |3225.81
341.1863 1 [10970.16 C20 H24 N2 03 (M+H)+
342.1903 1 |2408.18 C20 H24 N2 03 (M+H}+
Formula Calculator Element Limits
men X
C 3 ]
H 0] 120
1] 0 30
N o] s
Formula Calculator Results
Formula [CalculatedMass [CalculatedMz TG, (m . (ppm
|C20 H24 N2 03 | 340.1787 341.1860) 3411863 -0.30] -0.88]

HRESI (+) MS spectrum of compound 14.
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13C NMR (125 MHz) spectrum of compound 15 in CDCls.
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User Spectra

Fragmentor Voltage Collision Energy Ionkzation Mode
135 0 ESI
%10 % [+E5 Scan (0,08 min} Frag=138.0 HCKI2.d Subtract
355.2023
1.6 {IC21 H26 N2 O3+H )+
1.4
1.2
1
0.8
0.6 3562052
0.4 ([C21 H26 N2 O3]+H)+
ﬂ-: 354.:395 (=21 3?;538531**']-
354 3545 355 355.5 356 3565 357 3575
Counts ve. Mass-10-Charge (miz)
Peak List
miz z [Abund Formula Ton
79.0217 1 |117862.63
80.0242 1 [3772.56
81.0175 1 |5308.99
100,015 2 |3873.41
118,5086 2 815194
126.4948 1 29753
137.0021 2 [7013.4
139.0206 3996.73
353.1867 36857.39
354.1895 B612.55
355.2023 15310202 |C21 H26 N2 03 (M+H)+
356.2052 35562.73 C21 H26 N2 O3 (M+H)+
357.2087 4462.73 €21 H26 N2 03 (M+H)+
Formula Calculator Element Limits
[Element _ [Min___ [Max |
c 3| &0
H o] 120
o [ ED]
N 0 5
Formula Calculator Results
[Formula [CalculatedMass [CalculatedMz DT, (m [ (ppm
|21 H26 N2 03 | 354.1943] 355.2016)  355.2023] -0.70] -1.97| 10.0000]
HRESI (+) MS spectrum of compound 15.
.l e
|
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JIL R N U i 1, U DR, B I W S
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"H NMR (500 MHz) spectrum of compound 16 in CDCls.
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13C NMR (125 MHz) spectrum of compound 16 in CDCls.

7580

F NMR (125 MHz) spectrum of compound 16 in CDClI;.

32

T T T T T T T T T T T T T T T T T T T T
20 =30 -40 =50 60 =70 —80 =80 -100  -110 -120 -130 -0 -180  -180 -170  -180 -190  -200  -210



User Spectra

Fragmentor Voltage Collision Energy Tonization Mode
135 0 £sl
#10 % [+£51 Scan (0.08-0.10 mn. 2 Scans) Frag=135.0v HERT2d Subiract (2]
3811427
El ([C19 H19 F3 N2 O3]+H+
a
7
&
4
3 382 1462
2 {IC19 H19 F3 MZ 031H)
1 380.1300 383 1489
| (IC19 H19 F3 NZ O3]+H]»
380 3605 381 38 382 3825 383 3835
Couis ve. Mass-io-Charge (miz)
Peak List
w7z 7 [Abund Formula Ton
79.0218 1 |91160.74
B0.0247 1 |2724.77
81.0175 1 [4434
118.5088 2 [5275.65
1364947 4302.41
1370024 2 [s502.55
135.0211 2 |2546.96
157.5157 1 |2555.25
2821494 1 [7318.59
379.1273 1 |37916.16
380.13 1 |7315.82
381.1427 1 |ss0sa.79 C19 H19 F3 N2 03 (M+H)+
3B2.1462 1 |18376.33 C1% H19 F3 N2 O3 (M+H)+
Formula Calculator Element Limits
lemen in X
C 3 (1]
H 0] 120
[s] o
N o s
F 0) 5
Formula Calculator Results
Formula [CalculatedMass [CalculatedMz Mz [T (m - (ppm,
[clonarsmaos | 380.1348] 38Li421]  381.1427] -0.60] -1.57] 10.0000]

HRESI (+) MS spectrum of compound 16.
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4B C:\CHEM32\1\DATA\YBJ-1 2021-09-18 16-83-84\001-8101.D

FELAZFR: s012

BIEH : D-YI EFIT - 1
e RV E] & : & 1
R H 1A 1 2821-9-18 16:@4:11 EHERE 1
HREE ;4.8
KR : C:\CHEM32\1\DATA\YBJ-1 2021-@9-18 16-83-84\YBJ_LC.M
w=/afEek 1 2021-9-18 15:42:55 : D-YI
T : C:\CHEM32\1\DATA\YBJ-1 2021-29-18 16-83-84\601-8161.D\DA.M (YBI_LC.M,
B CF)
=iz 1 2021-9-18 16:19:16 : D-YI
(ERAEEM
DAD1 A, Sig=254 4 Ref=360,100 {YBJ-1 2021-08-18 16-03-041001-0101.0)
mAU S
1400;
1200
1000;
800;
600;
400—_
200; &
B oy — w5 20 o) o —]|
128 g g o= e SREIF 258 §J§ 2
045+ 7 R o 8 N e AN AL =
S ———— S — ‘
0 2 4 6 g 10 12 mi
MR B 7 iR
HF > (ER
FHETF: : 1.0008
wmRET: : 1.0008
A EARREFHRERE T
{25 1: DAD1 A, S5ig=254,4 Ref=360,100
W {REEETE EA EE W T AR 8 75 I EFH
# [min] [min] [mAU*s ] [mAU] %
SRRl EEEEEE [l R [ [-------- I
1  ©.143 8B ®.8477 29.82464  9.74186 ©.3891
2 9.479 BV ©.2087 56.26776 3.27111  @.5832
33,899 BY  ©.1434 68.40977  6.57391  @.7@9@
4 3.400 VB 2.1376  11.51176 1.02073  @.1193
5  6.225 BB 2.1120  13.11769 1.59464  ©.136@
6 6.819 VB ®.1363 15.30800  1.43634 ©.,1587
7 7.575 8V @.e916 9.73285 1.63094 ©.1009
8% 1 2021-9-18 16:19:41 D-YI W o1/2

34




4B C:\CHEM32\1\DATA\YBJ-1 2021-09-18 16-83-84\001-8101.D
FELAZFR: s012

g {REHTIE 2R EHE 11 TE 751 g i UETE R

# [min] [min] [mAU*s ] [mau] %
S [ — [ [ fromseezcs |
8 7.724 W 2.e7e3 63.62310 13.66659 2.6594
9 7.973 W ©8.1792 82.22714 6.890859 ©.8522
18 8.145 VB 2.16872 26.65921 3.56869 ©.2763
11 9.478@ BB 2.1644 86.87325 7.43017 2.900e4
1z 9.8@3 BB 2.1213 18.40181 2.35121 e.19e7
13 19.835 BV 2.e702 6.20205 1.38685 ©2.8643
14 19.162 VB 2.8941 31.34312 5.87455 ©.3248
15 18.441 BY 2.8673 5.59819 1.27219 ©.e58¢
16 19.796 BB 2.1674 16.04907 1.408584 ©.1042
17 11.192 BY @.1365 123.77792 12.39983 1.2829
18 11.479 W 2.8851 66.87772 11.83873 ©2.6848
19 11.632 VB 2.8764 76.87918 15.28432 ©.7885
20 12.223 BB 2.1e36 16.41424 2.28993 e.17e1
21 12.649 BY 2.8862 8734.36816 1588.40432 9¢.5243
22 13.028 vB 2.8783 84.52987 16.34697 e.8761
23 13.901 VvBA 2.89e3 12.24708 1.82472 2.1269

9648.64359 1716.62421

e
i

B ?&%%;ﬁ * gk

8% 1 2021-9-18 16:19:41 D-YI W o2/2

HPLC spectrum of compound 16.

35



jasSos4 Enn ERRERzaE IuzE
DAL AN L Wy Rk

e — et -
8 = = 8 = 5 g ]

78 T8 74 T2 0 68 &8 H4 B2 &0 68 B 54 B2 50 4B 48 44 42 &0 & 36 4 32 20 28 26 24 22 20 L8 L& 14 L2 1.0
£ lpemi

"H NMR (500 MHz) spectrum of compound 17 in CDCl3.
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13C NMR (125 MHz) spectrum of compound 17 in CDCls.
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1 L
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10 4] =10 —20 =30 -40 =50 =1l =70 =80 -850 -100 -110 -120  -130 -0 -150 -180  -170 —-180 =180 -Zo0 -210 -
£1 (ppm)
19 :
F NMR (125 MHz) spectrum of compound 17 in CDCl3
User Spectra
Fragmentor Voltage Collision Energy Tonization Mode
135 a ESI
w10 4 |+ESI Scan (0.09 miny Frag=135.0% HOKT6.4 Subtract
4 3671633
(19 H21 F3 M2 O2]+H)+
35
3
25
2
15
368, 1666
1 {IC18 H21 F3 N2 02]+H)+
05 369 1633
66,1485 ([C19 H21 F3 N2 D2
36575 366 366.25 3I66.5 G675 IGT 36T 25 IEVS5 36775 368 36B25 IG5 3IGETS 360 316025 IGOS
Caunts vs. Mass-ta-Charge (miz)
Peak List
73 z |[Abund Formula Ton
79.0217 1 |59457.6
80.0244 1 |2064.65
118.5085 2 |2079.85
132.1021 1439.86
137.0018 1 [2308.7
2009873 1 |1508.35
282.1406 1 |2098.28
284.1645 1 420911
365.146 1 |4457.27
367.1633 1 |35396.29  [C19 H21 F3 N2 O2 (M+H)+
368.1666 1 [r429.386 C19 H21 F3 M2 02 (M+H)+
399.1521 2188.59
409.1738 1 |2237.31
rmula Calculator Element Limits
emel n ax
c 3| 60
H of 120
o o 30
N o s
F o s
Formula Calculator I
[Formula [CalculatedMass [CalculatedMz Mz [Diff, (mDa) O (ppm) |DBE
[cigHaimnzo2 | 366.1555 367.1628]  367.1633] -0.50] -1.36] _9.0000|

HRESI (+) MS spectrum of compound 17.
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4B C:\CHEM32\1\DATA\BIAOPIN\TEST 2021-89-18 13-58-12\202188260000001.D

FEELZFR: 5005

BIEH : D-YI EFIT - 1
e RV E] & : & 1
R H 1A : 2021-9-18 13:51:18 EHERE 1
HREE ;2.8 w1l
KR : C:\CHEM32\1\DATA\BIAOPIN\TEST 2021-@9-18 13-5€-12\YBJ_LC.M
ek : 2021-9-18 13:24:58 : D-YI
T : C:\CHEM32\1\DATA\TEST.M
=/EEE : 2021-9-18 15:82:17 : D-YI
(FAE1EH)
DAD1 A, Sig=254 4 Ref=360,100 (BIAOPINTTEST 2021-08-18 13-50-12202108260000001.0)
mAL 4 =z
1200 g
1000 —
800 —
600+
400
200
1 doer o Tepes 5 oz O 25§ S g £
4 [=arar [=1 Dm0 D00 [Te} = Fem o == ol s T 0
R Gl B R - R R AN B = =
0 et T 1= - —— T T T fEseTen T
IR I S A T ST i .
WA B 7 iR
HF =5
FHETF: : 1.0000
FRE T 1.0008
AT ERARFFE FHREREF
=5 1: DAD1 A, Sig=254,4 Ref=360,100
W {REERTE A B I I 7y L=giaps!
# [min] [min] [mAU*s ] [mAuU] %
s P e [recsamimiees itz [ [
1 3.002 VB 2.1334  37.78116 3.75387  ©.4785
2 3.115 BY 2.8462 35.35271 18.80508  ©.4478
33,206 W ©.1272  35.82769 3.62865 ©.4538
4 3,424 vB 2.8922 15.83@885  2.36@59  ©.2805
5 4,982 BY 2.1286 26.3093@  2.93482  .3332
6  6.674 W 2.8860 49.78949  8.80485 ©.6306
7  6.863 VB 2.1012  13.45195 1.88558  ©.1764
8 7.273 vB 2.0902  25.09378  4.29224  ©.3178
18§ 1 2021-9-18 15:04:08 D-YI W o1/2
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4B C:\CHEM32\1\DATA\BIAOPIN\TEST 2021-89-18 13-58-12\202188260000001.D

FEELZFR: 5005
i {REFEFE HER BT

# [min] [min]
9 7.637 BV 2.1186
18 7.831 VB 2.8715
11 8.597 BB 2.1690
1z 9.491 VB 2.1584
13 19.122 BY 2.8839
14 19.719 VB 2.1e36
15 11.137 BY 2.8995
16 11.429 vB 2.8857
17 12.264 BY 2.8951
18 12.826 BB 2.8823
19 13.866 BB 2.8852
28 13.386 BY 2.8740
21 13.532 vB 2.8624
22 14.661 vB 2.8861
23 15.156 BY 2.8962

s
i

=Ygl I 1

[mAU*s ] [mau]
9.56527 1.13223
7.11381 1.44280
11.34892 1.48797
12.9143@ 1.10434
52.46339 9.89437
8.99609 1.89836
33.73194 4.94880
97.32494 17.81621
7192.69775 1214.54956
56.06676 12.49434
37.60786 6.94115
9.35492 1.81879
15.65128 3.76991
46.62008 8.48431
64.13522 12.88231

.@2861 1333.53112

9
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=5 1: DAD1 A, Sig=254,4 Ref=360,100

B INAR &
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HPLC spectrum of compound 17.
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Preparation of intermediates

Synthesis of amide substrates

O (0] 0]
g H q H H
(0] Br (0] Br Br
Amide 1 Amide 2 Amide 3
(0] 0]
O
o Br ~o Br
Amide 4 Amide 5

Synthetic procedures for these amides were already reported in the previous reports'.
2-bromo-4,5-dimethoxybenzoic acid, 2-bromo-4,5-dimethoxybenzoic acid,
2-bromo-5-methoxybenzoic acid, 2-bromo-4,5-dimethoxybenzoic acid or
2-bromo-4-methoxybenzoic acid (10 mmol) was dissolved in DCM (20 mL)
respectively, to which SOCI2 (10 mL) was added. The reaction solution was stirred for
6 h at 50°C, and then concentrated to remove DCM. The residue was then added to a
solution of methylamine or ethylamine in water at 0°C and filtered. The cake was
purified by column chromatography to give Amide 1-5 as a pale yellow solid (yield
80-90%).
Synthesis of intermediates 1a-1e

By referencing the synthesis method of 6-Phenanthridinones?, amide substrates were
coupled to 1-iodo-2-ethylbenzene or 1-iodo-2-methylbenzene to afford compound
la-le. A flask was charged under nitrogen with Pd(OAc)2 (0.5 mmol), tri(2-furyl)
phosphine (1.1 mmol), K2CO3 (20 mmol), the amides 1-5 (10 mmol), a solution of
norbornene (12 mmol) in anhydrous DMF (20 mL), and 1-iodo-2-methylbenzene or
I-iodo-2-ethylbenzene(11 mmol). The reaction mixture was heated with stirring at
105 °C for 8 h and then cooled to r.t. After the addition of saturated NH4ClI (50 mL)
and extraction with EtOAc (3x50 mL), the combined organic extracts were washed
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with brine (30 mL) and dried over NaxSO4. Removal of the solvent under reduced
pressure gave the crude product, which was purified by flash chromatography on
silica gel to furnish 1a-1e as a colorless solid. (yield 75-85%).

Synthesis of intermediates 3a-3¢

By referencing the synthesis method of dihydrophenanthridines®, compounds 3a-3¢
were synthesized through the reduction of compounds la-lc¢ in the presence of
BHs-THF. To a stirred solution of 1a-1c (I mmol) in THF (2 ml) was added 1M
BH3-THF (2 mL, 2 mmol) dropwise. After an 6 h stirring in an 60 ‘C oil bath and then
quenched using H20 (5 mL), phases were separated and aqueous phase was extracted
with EtOAc (2x20 mL). The combined organic phases were washed with brine, dried
over MgSO0s, filtered, and concentrated in vacuum. Crude product was purified by
flash chromatography on silica gel to give 3a-3c¢ as colorless oil.(yield 10-80%).
Compounds 3b and 3¢ could also be prepared through the reduction of compounds 1
and 2. To a stirred solution of 1 or 2 (1 mmol) in MeOH (2 ml) was added NaBHa4 (5
mmol). After an 2 h stirring at r.t. and then quenched using H2O (5 mL), the solvent
was removed by evaporation. The residue was added H2O and extracted with (2x20
mL). The combined organic phases were washed with brine, dried over MgSOx,
filtered, and concentrated in vacuum. Crude product was purified by flash
chromatography on silica gel to give 3b or 3¢ as colorless oil. (yield 55-60%).
Synthesis of intermediates Sa

Compound 3a (1 mmol) was dissolved in CH2Cl2 (5 ml). The reaction solution was
then cooled to -78 ‘C and BBr3 (0.4 mL, 4 mmol) was added dropwise. After an 6 h
stirring at room temperature and then quenched using saturated aqueous NaHCO3 (10
mL), phases were separated and aqueous phase was extracted with CH2Cl2 (2%20 mL).
The combined organic phases were washed with brine, dried over MgSOa, filtered,
and concentrated in vacuum. Crude product was purified by flash chromatography on

silica gel to give 5a as a a yellow solid.(yield 65%).

Characterization data of intermediates

8,9-dimethoxy-4-methylphenanthridin-6(5H)-one (1a)
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s 4
NH
~o

(o)
'H NMR (500 MHz, CDCLs) u 8.69 (s, 1H), 7.98 (d, J = 8.1 Hz, 1H), 7.89 (s, 1H),
7.62 (s, 1H), 7.29 (dd, J = 10.0, 4.6 Hz, 1H), 7.19 — 7.12 (m, 1H), 4.08 (s, 3H), 4.04 (s,
3H), 2.48 (s, 3H). 3C NMR (125 MHz, CDCls) oc 161.4 (C), 153.7 (C), 149.8 (C),
133.7 (C), 130.0 (CH), 129.9 (C), 123.0 (C), 122.3 (CH), 120.6 (CH), 119.3 (C),
118.3 (C), 108.4 (CH), 103.2 (CH), 56.3 (CH3), 56.2 (CHs), 17.0 (CHs). ESI' m/z:

270 [M+H]".
4-ethyl-9-methoxyphenanthridin-6(SH)-one (1b)

_0O O
NH

o

"H NMR (500 MHz, CDCls) Ju 8.59 (s, 1H), 8.44 (d, J = 8.8 Hz, 1H), 8.04 (d, J = 8.0
Hz, 1H), 7.66 (t, J = 7.6 Hz, 1H), 7.36 (dd, J = 9.5, 4.3 Hz, 1H), 7.25 — 7.21 (m, 1H),
7.16 (dd, J = 8.8, 2.4 Hz, 1H), 4.00 (s, 3H), 2.89 — 2.76 (m, 2H), 1.35 (t, 7.4 Hz, 3H).
B3C NMR (125 MHz, CDCl3) dc 163.4 (C)), 162.0 (C), 137.2 (C), 134.0 (C), 130.5
(CH), 129.0 (CH), 128.8 (C), 122.4 (CH), 121.1 (CH), 119.1 (C), 118.4 (C), 115.7
(CH), 105.3 (CH), 55.6 (CH3), 23.6 (CHa), 13.6 (CH3). ESI" m/z: 254 [M+H]".
4-ethyl-8,9-dimethoxy-5-methylphenanthridin-6(5H)-one (1c)

'H NMR (500 MHz, CDCls) éu 7.98 (d, J = 7.1 Hz, 1H), 7.89 (s, 1H), 7.56 (s, 1H),
7.35(d, J=6.8 Hz, 1H), 7.31 — 6.93 (m, 2H), 4.07 (s, 3H), 4.04 (s, 3H), 3.79 (s, 3H),
3.02 (q, J = 7.5 Hz, 2H), 1.50 — 1.06 (m, 3H). *C NMR (125 MHz, CDCl3) éc 163.9
(©), 153.3 (O), 149.7 (C), 138.7 (C), 132.8 (C), 131.1 (CH), 128.9 (C), 122.9 (CH),
121.3 (C), 120.3 (CH), 119.4 (C), 108.7 (CH), 102.9 (CH), 56.3 (CH3), 56.1 (CH3),
38.6 (CHs), 28.3 (CH2), 15.6 (CHs). ESI" m/z: 298 [M+H]".
8-methoxy-4,5-dimethylphenanthridin-6(5H)-one (1d)
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"H NMR (500 MHz, CDCl3) 51 8.07 — 8.04 (m, 1H), 7.96 — 7.93 (m, 1H), 7.87 (t, J =
2.7 Hz, 1H), 7.27 - 7.23 (m, 1H), 7.21 (dd, /= 7.4, 0.7 Hz, 1H), 7.14 (dd, J = 9.7, 5.6
Hz, 1H), 3.92 (s, 3H), 3.78 (s, 3H). 2.62 (s, 3H). *C NMR (125 MHz, CDCl3) dc
163.8 (C), 159.2 (C), 138.3 (C), 132.6 (CH), 127.4 (C), 126.5 (C), 125.9 (C), 123.6
(CH), 122.7 (CH), 122.1 (CH), 121.2 (C), 120.3 (CH), 108.7 (CH), 55.5 (CH3), 38.3
(CH3), 23.5 (CH3). ESI' m/z: 254 [M+H]".
5-ethyl-8,9-dimethoxy-4-methylphenanthridin-6(5H)-one (le)

"H NMR (500 MHz, CDCI3) 8 8.04 (t, J = 7.5 Hz, 1H), 7.89 (s, 1H), 7.56 (s, 1H),
7.28 (dt, J=8.8,4.4 Hz, 1H), 7.19 (t, J = 7.6 Hz, 1H), 4.50 (q, /= 7.0 Hz, 2H), 4.07 (s,
3H), 4.03 (s, 3H), 2.70 (s, 3H), 1.36 (t, J = 7.0 Hz, 3H). *C NMR (125 MHz, CDCls)
oc 163.7 (C), 153.3 (C), 149.7 (C), 137.9 (C), 133.4 (CH), 128.8 (C), 126.0 (C), 122.5
(CH), 121.6 (C), 120.9 (CH), 119.7 (C), 108.8 (CH), 102.9 (CH), 56.2 (CH3), 56.1
(CH3), 42.5 (CH2), 24.0 (CH3), 15.0 (CHs). ESI" m/z: 298 [M+H]".
4-ethyl-8,9-dimethoxy-5-methyl-5,6-dihydrophenanthridine (3a)

'H NMR (500 MHz, CDCL3) 1 7.56 (dt, J= 8.7, 4.4 Hz, 1H), 7.26 (d, J = 5.4 Hz, 1H),
7.22 - 7.07 (m, 2H), 6.75 (s, 1H), 4.02(s,2H), 3.97 (s, 3H), 3.93 (s, 3H), 2.81 (q, J =
7.5 Hz, 2H), 2.48 (s, 3H), 1.43 — 1.16 (m, 3H). '3C NMR (125 MHz, CDCL) 5¢ 148.9
(C), 148.5 (C), 145.6 (C), 139.6 (C), 129.3 (C), 127.7 (CH), 125.4 (C), 125.0 (C),
124.6 (CH), 120.9 (CH), 109.9 (CH), 106.6 (CH), 56.1 (CHz), 56.0 (CHz), 55.0 (CHa),

41.3 (CH3), 23.2 (CH2), 14.9 (CH3). ESI" m/z: 284 [M+H]".
8,9-dimethoxy-4-methyl-5,6-dihydrophenanthridine (3b)
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'H NMR (500 MHz, CDCI3) éu 7.47 (d, J= 7.9 Hz, 1H), 7.19 (s, 1H), 6.97 (d, J = 7.4
Hz, 1H), 6.76 (t, J= 7.6 Hz, 1H), 6.64 (s, 1H), 4.38 (s, 2H), 3.94 (s, 3H), 3.90 (s, 3H),
2.18 (s, 3H). *C NMR (125 MHz, CDCl3) éc 148.6 (C), 148.4 (C), 143.0 (C), 129.4
(CH), 125.1 (C), 125.1 (C), 121.9 (C), 121.5 (C), 120.8 (CH), 118.3 (CH), 109.1 (CH),
106.3 (CH), 56.1 (CH3), 56.0 (CH3), 46.0 (CH2), 17.1 (CHs). ESI" m/z: 256 [M+H]".
4-ethyl-9-methoxy-5,6-dihydrophenanthridine (3¢)

_0O O
NH

'H NMR (500 MHz, CDCL3) u 7.56 (dd, J = 7.8, 1.1 Hz, 1H), 7.23 (d, J = 2.5 Hz,
1H), 7.06 (s, 1H), 7.04 (s, 1H), 6.86 — 6.80 (m, 1H), 6.80 — 6.73 (m, 1H), 4.34 (s, 2H),
3.85 (s, 3H), 2.54 (q, J = 7.6 Hz, 2H), 1.26 (t, J = 7.6 Hz, 3H). 3C NMR (125 MHz,
CDCL) é¢ 159.3 (C), 143.5 (C), 143.3 (C), 133.7 (C), 128.2 (CH), 126.7 (CH), 125.3
(C), 121.7 (C), 121.7 (CH), 118.6 (CH), 112.5 (CH), 108.3 (CH), 55.4 (CHs), 45.8
(CHz), 23.9 (CHo), 13.2 (CH3). ESI* m/z: 240 [M+H]".

4-ethyl-5-methyl-5,6-dihydrophenanthridine-8,9-diol (5a)

'H NMR (400 MHz, CDCl3) u 7.46 (d, J = 7.1 Hz, 1H), 7.27 (d, J = 2.7 Hz, 1H),
7.17 (dt, J = 15.0, 7.5 Hz, 1H), 7.00 (s, 1H), 6.75 (s, 1H), 3.96 (s, 2H), 2.82-2.76 (m,
2H), 2.31 (s, 3H), 1.28 (dd, J = 14.7, 7.1 Hz, 3H); 3C NMR (100 MHz, CDCls) 8¢
143.8 (C), 143.0 (C), 141.2(C), 139.4 (C), 128.8 (C), 127.6 (CH), 126.3(C), 125.1 (C),
124.6 (CH), 120.7 (CH), 113.8 (CH), 110.4 (CH), 53.6 (CHz), 40.2 (CH3), 23.3 (CHa),

14.9 (CH3).

Amino acid and nucleotide sequences in this study

>Amino acid_Hiss-Wild type
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MSDNGPQNQRNAPRITFGGPSDSTGSNQNGERSGARSKQRRPQGLPNNTASW
FTALTQHGKEDLKFPRGQGVPINTNSSPDDQIGY YRRATRRIRGGDGKMKDLS
PRWYFYYLGTGPEAGLPYGANKDGITWVATEGALNTPKDHIGTRNPANNAAI
VLQLPQGTTLPKGFYAEGSRGGSQASSRSSSRSRNSSRNSTPGSSRGTSPARMA
GNGGDAALALLLLDRLNQLESKMSGKGQQQQGQTVTKKSAAEASKKPRQK
RTATKAYNVTQAFGRRGPEQTQGNFGDQELIRQGTDYKHWPQIAQFAPSASA
FFGMSRIGMEVTPSGTWLTYTGAIKLDDKDPNFKDQVILLNKHIDAYKTFPPT
EPKKDKKKKADETQALPQRQKKQQTVTLLPAADLDDFSKQLQQSMSSADST
QAHHHHHH

> Amino acid_ Hisc-Mutant A
MSDNGPQNQRNAPRITFGGPSDSTGSNQNGERSGARSKQRRPQGLPNNTASW
FTALTQHGKEDLKFPRGQGVPINTNSSPDDQIGY YRRATRRIRGGDGKMKDLS
PRWAFYYLGTGPEAGLPYGANKDGIIWVATEGALNTPKDHIGTANPANNAAIV
LQLPQGTTLPKGFYAEGSRGGSQASSRSSSRSRNSSRNSTPGSSRGTSPARMAG
NGGDAALALLLLDRLNQLESKMSGKGQQQQGQTVTKKSAAEASKKPRQKRT
ATKAYNVTQAFGRRGPEQTQGNFGDQELIRQGTDYKHWPQIAQFAPSASAFF
GMSRIGMEVTPSGTWLTYTGAIKLDDKDPNFKDQVILLNKHIDAYKTFPPTEP
KKDKKKKADETQALPQRQKKQQTVTLLPAADLDDFSKQLQQSMSSADSTQA
HHHHHH

> Amino acid_ Hise-Mutant B
MSDNGPQNQRNAPRITFGGPSDSTGSNQNGERSGARSKQRRPQGLPNNTASW
FTALTQHGKEDLKFPRGQGVPINTNSSPDDQIGYYRRATRRIRGGDGKMKDLS
PRWAFYYLGTGPEAGLPYGANKDGIWVATEGALNTPKDHIGTRNPANAAAIV
LQLPQGTTLPKGFYAEGSRGGSQASSRSSSRSRNSSRNSTPGSSRGTSPARMAG
NGGDAALALLLLDRLNQLESKMSGKGQQQQGQTVTKKSAAEASKKPRQKRT
ATKAYNVTQAFGRRGPEQTQGNFGDQELIRQGTDYKHWPQIAQFAPSASAFF
GMSRIGMEVTPSGTWLTYTGAIKLDDKDPNFKDQVILLNKHIDAYKTFPPTEP
KKDKKKKADETQALPQRQKKQQTVTLLPAADLDDFSKQLQQSMSSADSTQA
HHHHHH

> Amino acid_ Hise-Mutant C
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MSDNGPQNQRNAPRITFGGPSDSTGSNQNGERSGARSKQRRPQGLPNNTASW
FTALTQHGKEDLKFPRGQGVPINTNSSPDDQIGY YRRATRRIRGGDGKMKDLS
PRWYFYYLGTGPEAGLPYGAAADGIAWVATEGALNTPKDHIGTRNPANNAAI

VLQLPQGTTLPKGFYAEGSRGGSQASSRSSSRSRNSSRNSTPGSSRGTSPARMA
GNGGDAALALLLLDRLNQLESKMSGKGQQQQGQTVTKKSAAEASKKPRQK

RTATKAYNVTQAFGRRGPEQTQGNFGDQELIRQGTDYKHWPQIAQFAPSASA

FFGMSRIGMEVTPSGTWLTYTGAIKLDDKDPNFKDQVILLNKHIDAYKTFPPT

EPKKDKKKKADETQALPQRQKKQQTVTLLPAADLDDFSKQLQQSMSSADST

QAHHHHHH

>Nucleotide Hisc-Mutant A
ATGTCAGATAATGGACCCCAAAACCAGAGGAACGCACCGCGTATCACCTT
CGGCGGCCCGTCCGATTCTACGGGTTCCAACCAGAATGGTGAACGTTCCG
GTGCGCGTTCCAAGCAGAGACGTCCGCAGGGCCTGCCAAATAACACCGCA
AGCTGGTTTACCGCGTTAACCCAGCATGGTAAAGAAGATTTAAAATTCCC
GCGTGGTCAAGGTGTGCCGATTAACACCAATTCCTCGCCAGATGATCAGA
TCGGGTATTACCGCCGCGCAACCCGTCGTATCCGTGGCGGTGACGGCAAG
ATGAAAGACCTGAGCCCGCGTTGGGCTTTCTACTACCTGGGTACTGGTCC
GGAGGCCGGCCTGCCTTATGGTGCGAATAAGGACGGTATTATCTGGGTTG
CAACGGAAGGTGCTTTGAACACCCCGAAAGACCACATTGGTACTGCCAAC
CCGGCGAACAACGCCGCCATCGTGCTGCAGCTCCCGCAAGGCACGACCTT
GCCGAAGGGCTTTTATGCAGAGGGCAGCCGCGGTGGTTCTCAGGCGTCTT
CTCGCTCTAGCAGCAGATCACGCAACAGCTCTCGCAACAGCACCCCGGGT
AGCAGCCGTGGTACGAGCCCGGCGCGTATGGCTGGTAACGGTGGCGACGC
CGCTCTGGCTTTGTTGCTGCTGGATCGTCTGAATCAGCTGGAAAGCAAGAT
GTCCGGTAAAGGCCAACAACAACAGGGACAGACCGTCACCAAGAAAAGC
GCGGCGGAGGCGAGCAAGAAGCCGCGTCAAAAGCGCACCGCGACCAAAG
CGTACAATGTTACCCAAGCGTTTGGCCGTCGTGGCCCGGAGCAGACCCAG
GGCAACTTCGGCGATCAAGAACTGATTCGTCAGGGCACGGACTACAAACA
TTGGCCGCAGATTGCACAGTTTGCTCCGTCGGCGAGCGCGTTTTTCGGTAT
GTCCCGCATCGGCATGGAAGTTACCCCAAGTGGCACCTGGCTGACTTATA
CCGGAGCTATCAAACTGGACGATAAAGACCCGAATTTTAAGGACCAAGTT
ATTCTGCTGAACAAACACATCGATGCTTACAAAACCTTCCCTCCGACCGA

GCCGAAAAAGGACAAAAAGAAAAAGGCGGACGAGACGCAAGCCTTGCCC
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CAACGTCAGAAAAAGCAACAGACGGTGACGCTGTTGCCGGCGGCCGATCT
CGACGACTTCAGCAAGCAGCTTCAGCAAAGCATGAGCAGCGCGGATAGC
ACCCAAGCTCATCATCATCATCATCATTAA

>Nucleotide Hisc-Mutant B
ATGTCAGATAATGGACCCCAAAACCAGAGGAACGCACCGCGTATCACCTT
CGGCGGCCCGTCCGATTCTACGGGTTCCAACCAGAATGGTGAACGTTCCG
GTGCGCGTTCCAAGCAGAGACGTCCGCAGGGCCTGCCAAATAACACCGCA
AGCTGGTTTACCGCGTTAACCCAGCATGGTAAAGAAGATTTAAAATTCCC
GCGTGGTCAAGGTGTGCCGATTAACACCAATTCCTCGCCAGATGATCAGA
TCGGGTATTACCGCCGCGCAACCCGTCGTATCCGTGGCGGTGACGGCAAG
ATGAAAGACCTGAGCCCGCGTTGGGCTTTCTACTACCTGGGTACTGGTCC
GGAGGCCGGCCTGCCTTATGGTGCGAATAAGGACGGTATTATCTGGGTTG
CAACGGAAGGTGCTTTGAACACCCCGAAAGACCACATTGGTACTCGCAAC
CCGGCGAACGCTGCCGCCATCGTGCTGCAGCTCCCGCAAGGCACGACCTT
GCCGAAGGGCTTTTATGCAGAGGGCAGCCGCGGTGGTTCTCAGGCGTCTT
CTCGCTCTAGCAGCAGATCACGCAACAGCTCTCGCAACAGCACCCCGGGT
AGCAGCCGTGGTACGAGCCCGGCGCGTATGGCTGGTAACGGTGGCGACGC
CGCTCTGGCTTTGTTGCTGCTGGATCGTCTGAATCAGCTGGAAAGCAAGAT
GTCCGGTAAAGGCCAACAACAACAGGGACAGACCGTCACCAAGAAAAGC
GCGGCGGAGGCGAGCAAGAAGCCGCGTCAAAAGCGCACCGCGACCAAAG
CGTACAATGTTACCCAAGCGTTTGGCCGTCGTGGCCCGGAGCAGACCCAG
GGCAACTTCGGCGATCAAGAACTGATTCGTCAGGGCACGGACTACAAACA
TTGGCCGCAGATTGCACAGTTTGCTCCGTCGGCGAGCGCGTTTTTCGGTAT
GTCCCGCATCGGCATGGAAGTTACCCCAAGTGGCACCTGGCTGACTTATA
CCGGAGCTATCAAACTGGACGATAAAGACCCGAATTTTAAGGACCAAGTT
ATTCTGCTGAACAAACACATCGATGCTTACAAAACCTTCCCTCCGACCGA
GCCGAAAAAGGACAAAAAGAAAAAGGCGGACGAGACGCAAGCCTTGCCC
CAACGTCAGAAAAAGCAACAGACGGTGACGCTGTTGCCGGCGGCCGATCT
CGACGACTTCAGCAAGCAGCTTCAGCAAAGCATGAGCAGCGCGGATAGC
ACCCAAGCTCATCATCATCATCATCATTAA

>Nucleotide Hiss-Mutant C
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ATGTCAGATAATGGACCCCAAAACCAGAGGAACGCACCGCGTATCACCTT
CGGCGGCCCGTCCGATTCTACGGGTTCCAACCAGAATGGTGAACGTTCCG
GTGCGCGTTCCAAGCAGAGACGTCCGCAGGGCCTGCCAAATAACACCGCA
AGCTGGTTTACCGCGTTAACCCAGCATGGTAAAGAAGATTTAAAATTCCC
GCGTGGTCAAGGTGTGCCGATTAACACCAATTCCTCGCCAGATGATCAGA
TCGGGTATTACCGCCGCGCAACCCGTCGTATCCGTGGCGGTGACGGCAAG
ATGAAAGACCTGAGCCCGCGTTGGTATTTCTACTACCTGGGTACTGGTCCG
GAGGCCGGCCTGCCTTATGGTGCGGCCGCAGACGGTATTGCATGGGTTGC
AACGGAAGGTGCTTTGAACACCCCGAAAGACCACATTGGTACTCGCAACC
CGGCGAACAACGCCGCCATCGTGCTGCAGCTCCCGCAAGGCACGACCTTG
CCGAAGGGCTTTTATGCAGAGGGCAGCCGCGGTGGTTCTCAGGCGTCTTC
TCGCTCTAGCAGCAGATCACGCAACAGCTCTCGCAACAGCACCCCGGGTA
GCAGCCGTGGTACGAGCCCGGCGCGTATGGCTGGTAACGGTGGCGACGCC
GCTCTGGCTTTGTTGCTGCTGGATCGTCTGAATCAGCTGGAAAGCAAGAT
GTCCGGTAAAGGCCAACAACAACAGGGACAGACCGTCACCAAGAAAAGC
GCGGCGGAGGCGAGCAAGAAGCCGCGTCAAAAGCGCACCGCGACCAAAG
CGTACAATGTTACCCAAGCGTTTGGCCGTCGTGGCCCGGAGCAGACCCAG
GGCAACTTCGGCGATCAAGAACTGATTCGTCAGGGCACGGACTACAAACA
TTGGCCGCAGATTGCACAGTTTGCTCCGTCGGCGAGCGCGTTTTTCGGTAT
GTCCCGCATCGGCATGGAAGTTACCCCAAGTGGCACCTGGCTGACTTATA
CCGGAGCTATCAAACTGGACGATAAAGACCCGAATTTTAAGGACCAAGTT
ATTCTGCTGAACAAACACATCGATGCTTACAAAACCTTCCCTCCGACCGA
GCCGAAAAAGGACAAAAAGAAAAAGGCGGACGAGACGCAAGCCTTGCCC
CAACGTCAGAAAAAGCAACAGACGGTGACGCTGTTGCCGGCGGCCGATCT
CGACGACTTCAGCAAGCAGCTTCAGCAAAGCATGAGCAGCGCGGATAGC
ACCCAAGCTCATCATCATCATCATCATTAA
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Figure S1: Two dimensional (2D) of binding modes of the six model moleculars
(M1-6) with SARS-CoV-2 N-NTD. The estimated binding free energies are: -6.2
kcal/mol (M1), -5.6 kcal/mol (M2), -5.7 kcal/mol (M3), -5.8 kcal/mol (M4), -5.9

kcal/mol (MS5), -5.2 kcal/mol (M6).
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Figure S2: SARS-CoV-2 Npro binding level screening of compounds 1-17. Binding
curves of immobilized SARS-CoV-2 Npro. Data are shown as red lines. Top four

compounds were chosen as the hits.
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Figure S3: Docking modes of compound 12 (left) and 16 (right) with three potential
pockets of SARS-CoV-2 Npro.
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Figure S4: The analysis data of mutant A-C after purification. A: SDS-PAGE results.
Lane M: Marker. Lane 1: purified protein. B: Western Blot results. Lane M: Marker
(M00521, Genscript). Primary antibody: His-Tag Mouse Monoclonal Antibody
(abs137964, absin). Second antibody: Goat Anti-Mouse (115-035-146, Jackson). (a):
mutant A. (b): mutant B. (¢): mutant C.
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Figure S5: The affinity fitting curves of mutant A-B with compound 12 or 16. A:
Fitting curves of immobilized mutant A. B: Fitting curves of immobilized mutant B.
When the affinity of the small molecule is weak, there is no kinetic curve, and the
affinity model is used to fit, When the small molecule with strong affinity, the kinetics
model is used to fit. (according to the GE Healthcare Laboratory Guideline).
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Table S1. The SPR RU values of Phenanthridine Compounds.

Mean SD Mean SD
Compound 1 29.45 2.05 Compound 10 13.14 1.14
Compound 2 30.7 4 Compound 11 17.71 1.11
Compound 3 34.9 53 Compound 12 144.9 11.35
Compound 4 33.45 3.85 Compound 13 14.3 1.5
Compound 5 34.95 0.25 Compound 14 10.6 0.9
Compound 6 57.5 4.8 Compound 15 11.85 1.05
Compound 7 22 2.5 Compound 16 101 7.5
Compound 8 210.7 10.58 Compound 17 125.1 6.4

Compound 9 23.14 0.96

54



Table S2. The Viability of SARS-Cov-2 Infected Cell After Treatment of
Phenanthridine Compounds

Compound 12 Compound 16 Remdesivir
Consentration
(M)
Mean SD Mean SD Mean SD

0.064 42.07 0.5515 49.07 2.164 16.557 7.279
0.32 44.04 3.567 6695 28.14 22283 4497

1.6 69.61 23.35 84.14  36.77 56.674 20.297

8 73.32 22093 82.36  20.35 103.720 2.962

40 87.56 1.682 87.41 6.437 97.265 0.155

200 97.85  2.289 99.6  6.335 81.893  8.897
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Table S3 The Inhibition of Phenanthridine Compounds on SARS-Cov-2

Compound 12 Compound 16
Concentration
(M)
Mean SD Mean SD
3.125 45.99 17.76 56.23 24.35
6.25 53.79 23.2 54.85 18.31
12.5 61.27 32.45 68.79 13.71
50 76.41 15.07 68.9 1.378
100 72.33 12.93 97.83 2.39
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Table S4. The ECso

Value of Compound 12 and 16.

ECso (uM) CCso (uM) *SI

Compound 12 3.69 >200 >50
Compound 16 2.18 >200 >90
Remdesivir 1.21 >200 >150

o SI= CC50 / EC50
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