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1. Regioselectivity analysis of our reaction

Scheme S1. The possible carbocationic intermediates produced by celastrol
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2. HPLC method for the determination of reaction yield in screening
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Scheme S2. The possible intermediates produced by indole
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Figure S2. The HPLC spectrum of 2 mg/mL 3a
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Figure S3. The HPLC spectrum of 1 mg/mL 3a
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Figure S4. The HPLC spectrum of 0.5 mg/mL 3a
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Figure S5. The HPLC spectrum of 0.25 mg/mL 3a
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Figure S6. The HPLC spectrum of 0.125 mg/mL 3a

Table S1. The summarized HPLC results of 3a with different concentrations

Retention Concentration Peak

Entry (min) (mg/mL) area
1 10.698 2 38402017
2 10.690 1 21957294
3 10.657 0.5 11976743
4 10.634 0.25 6564573
5 10.568 0.125 3479918

Concentration -- Peak area standard curve of 3ain scheme 1
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Figure S7. Concentration — Peak area standard curve of 3a
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Fitting formula:

y = 2E+07x + 4E+05 R?=0.9977
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3. HPLC spectra and results of reaction optimization in Table 1
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Figure S8 The HPLC spectrum of entry 1 in table 1
compound Retention time Peak area Amount (mg) Yield
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Figure S9 The HPLC spectrum of entry 2 in table 1
compound Retention time Peak area Amount (mg) Yield
2a 10.329 2835693 3.0 12 v
(]
la 11.815 17472578
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Figure S10 The HPLC spectrum of entry 3 in table 1
compound Retention time Peak area Amount (mg) Yield
2a 10.873 6370270 7.5 28 ¥,
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Figure S11 The HPLC spectrum of entry 4 in table 1
compound Retention time Peak area Amount of (mg) Yield
2a 1 2283680 2.3 XY
(1}
la 2 18204834
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Figure S12 The HPLC spectrum of entry 5 in table 1

compound Retention time Peak area Amount (mg) Yield
2a 10.599 196072 0
0 %
la 12.212 20075636
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Figure S13 The HPLC spectrum of entry 6 in table 1
compound Retention time Peak area Amount (mg) Yield
2a 10.615 2731047 2.9
11 %
la 12.197 17571454
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Figure S14 The HPLC spectrum of entry 7 in table 1
compound Retention time Peak area Amount (mg) Yield
2a 10.298 13256532 16.1 o
64 %
la 11.731 9065046
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Figure S15 The HPLC spectrum of entry 8 in table 1
compound Retention time Peak area Amount (mg) Yield
2a 10.330 16567238 20.2 o
80 %
la 11.694 2777750
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Figure S16 The HPLC spectrum of entry 9 in table 1
compound Retention time Peak area Amount (mg) Yield
2a 10.220 19187006 23.5
93 %
la 11.365 2675584
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Figure S17 The HPLC spectrum of entry 10 in table 1
compound Retention time Peak area Amount (mg) Yield
2a 10.271 20451588 25.0 o
99 %
la 11.655 1788668
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Figure S18 The HPLC spectrum of entry 11 in table 1
compound Retention time Peak area Amount (mg) Yield
2a 10.215 19462574 23.8 94 o,
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Figure S19 The HPLC spectrum of entry 12 in table 1
compound Retention time Peak area Amount (mg) Yield
2a 10.192 18035385 20.0 87 o,
(7
la 11.533 3064262
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Figure S20 The HPLC spectrum of entry 13 in table 1
compound Retention time Peak area Amount (mg) Yield
2a 10.237 17407930 21.2 84 v,
(7
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Figure S21 The HPLC spectrum of entry 14 in table 1
compound Retention time Peak area Amount (mg) Yield
2a 10.207 18476421 227 90 %
0
la 11.554 2671724
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Figure S22 The HPLC spectrum of entry 15 in table 1
compound Retention time Peak area Amount (mg) Yield
2a 10.224 19068636 233
92 %
la 11.570 3174177
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Figure S23 The HPLC spectrum of entry 16 in table 1
compound Retention time Peak area Amount (mg) Yield
2a 10.659 20688282 25.3
99 %
la 12.189 141309
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Figure S24 The HPLC spectrum of entry 17 in table 1
compound Retention time Peak area Amount (mg) Yield
2a 10.682 25348848 62.4 o
99 %
la 12.234 395423
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Figure S25 The HPLC spectrum of entry 18 in table 1
compound Retention time Peak area Amount (mg) Yield
2a 10.466 13688068 16.6 o
66 %
la 12.022 5789664
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Figure S26 The HPLC spectrum of entry 19 in table 1
compound Retention time Peak area Amount (mg) Yield
2a 10.502 11146326 13.4
53 %
la 12.150 9907367
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Figure S27 The HPLC spectrum of entry 20 in table 1
compound Retention time Peak area Amount (mg) Yield
2a 10.422 20854279 25.5 o
100 %
la 12.022 309109
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Figure S28 The HPLC spectrum of entry 21 in table 1
compound Retention time Peak area Amount (mg) Yield
2a 1 20375700 25.0 99 v,
la 2 336235
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Figure S29 The HPLC spectrum of entry 22 in table 1
compound Retention time Peak area Amount (mg) Yield
2a 10.440 20204459 24.7
la 12.045 898759 98 %
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Figure S30 The HPLC spectrum of entry 23 in table 1
compound Retention time Peak area Amount (mg) Yield
2a 10.857 25382996 124.9
99 %
la 12.290 558067
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Figure S31 The HPLC spectrum of entry 24 in table 1
compound Retention time Peak area Amount (mg) Yield
2a 10.657 25223888 310.3
98 %
la 12.270 21666

S17



NMR spectra of synthesized compounds

Normalized Irtensity

Mormalized Intensity

10
0s
08
07
06
05
04
03
02
o1 l\
° A ey 1 ‘
0931.00 1.06 1.101.04 1.06 1.070.97 092 23 4
== H H d - d d = o ]
T T T T T T T T T T e T e e e ey
o %0 5s 50 75 70 65 &0 55 0 s 40 B 30 2% 2 s 10 I ) 0
Chemical Shif (pem)
10
08
08
0T
06
0s -
o
o 8a
04 E] ;‘ |
| a
3
03 z
8 ~g 2 P T
0z H g8g58 8 T
1 ETT ! 5
01 b L]”
. | |
T e e e e e e[S s S e e e e e e ree e sy
216 208 200 192 184 176 168 160 152 144 136 128 120 12 104 9% 88 80 72 64 56 43 40 32 24 16 8 0 -2 -16
Chemical Shift (ppm)
XS0268 #2635 RT: 0.250.38 AV: 14 NL: 183E7 e
T: FTMS - p ESI Full ms [100.00-1000.00]
100 566.3276
50
30
8
g 704
2 &0
H] 550.2247
2 =0
s 569 2272
£ 0] 280,3238
= 304 6023051
20| 205.1571 349.1834 | 385 1055 4132683 12,3238
10 [s1a078s 57070 | 3881265 4652649 485.1129 L 8578556
e T T > A 448.2701 2 1129 5p50009  53sgpts 5591317 L | jesstsor er2azre 970
S e e e B B S e s e B B s s e s s B e e e e e ey e e
200 az0 240 280 2380 400 420 440 480 480 =00 =20 =40 =50 =50 200 520 €40 580 580 700
miz

HRMS spectrum of compound 3a

S18



Zv-143.001.001.1r.e8p
10 f
08
&
0s -
8
oo @
go7 cls
£
H "
Z s
H
T 0s
£ Protons Found = 0 / 47
© 04 g
03
io o
g sz |3 o
. 32 5323 (2202 || =
- s el T
01 o @
g i W
0 L At A h
0.1 os7 341 3322853103651 53 316
= ] o = 4 U U U
reeeT L AT s i s bt e s
130 E) 1.0 108 100 95 a0 85 85 50 45 40 35 30 25 20 15 1.0 0s o
Chemical Shift (ppm)
JZv-143.002.001 1resp
o
0.25 4 N o
=) 8 g
020 = z ]
g 8
] 2 Zos 5
z b H
i
3 1
2 1] 2
3 8
§ 2 7. @ @ 3w 2 8
z 2 g lg8 8 8oz 8 &
0104 = R R K $
= 1T eSS 38 it J
1 ER | L] Sg T%w
] i T 255
=
0.05
il L
T T T T T T e T T T T A
tez 184 176 fes 180 152 144 13 128 120 iz 104 96 = 20 72 & % 4 ) 2 24 16 H [)
Chemical Shift (ppm)
Zv-142 #35-108 RT: 0.88-105 AV: & NL 3.13ES G
T: FTMS + p ESI Full ms [100.00-1000.00]
€04.3387
100+
80305 1588
80
§ 70 580.3418
T 6o~
s
2 50 3803230
g ol |27 413.2654
E 349.1826 416.9616
& 07 3851048
20 338.9647 - S10-8128
' 3932087 s72.8372 |/ 5965981 8262483 872.3281
104 324.8480 430.9132 460.8238
|\_ | “ | : 4745380 4289003  528.9111 5429267 h 848 3205 8343078
Lol ot b 0 o b 1y Lol i I L I L il | H i I Ly
L L L e e B S
200 az0 249 260 280 400 420 440 480 480 500 520 540 560 580 600 620 840 880 830 700
miz

HRMS spectrum of compound 3b

S19



ZV-133.001.001.1resp

Mormalized Intensity

239
137

0.98

.41
72

1045
479
478

La;
233

7.85

ZV-133.002.001.1r.esp
0.075

0.070
0.065
0.080
0.055
0.050
0.045
0.040

0.035

Mormalized Intensity

0.030

0.025

0.020

0015

0.010

0.005

Z¥-133_16

3114852 #95-106 RT: 0.95-1.05 AV: 11 NL: 2.

Chemical Shift (ppm)

The *H NMR spectrum of compound 3c

]
2228
1846

T T T T
75 70 65 6.0 55 50 45 40 35 30 25 20 15 10 05

108 %
Chemical Shift (ppm)

The 13C NMR spectrum of compound 3¢

SES

T: FTMS - p ESI Full ms [100.00-1000.00]

360
100+

o0205.1588
30
70
80
50

40
2451228

Relative Abundance

20
332.2919

316.9474 Biﬂ 9847
|
bt Ll b
hootludabiiled gl

20

10

3231

e 530.3417

365.1050 8043293

430.9133
392.2089 \

i ‘ﬂIA!IJIJ il

26,3435
444.9290 180 8239 488.8007 T TED 506.8832 || soe gsaa | L
n | e s I

&
1

672.3262
848.8907

PPN A | | L L . L o=
oLt 1 Ty

4.3078

200 220 340 360 280 400 420 440 480 480 500 520 540 560 580 &00 620 840 860 680
s

HRMS spectrum of compound 3c

S20

1
700




ZY-125.001.001.1resp

Normalized Intensity

| ST

[

479
478

179

1.32

110
7

085

ZY-125.002.001.1r.esp

010

008

0.08

007

0.06

Mormalized Intensity

005

180.00

©]
BE|

Chemical Shift (ppm)

The *H NMR spectrum of compound 3d

—12118

—119.03

5
2
|

0.04

—14881

126.33

—11173

18.48

2183
—1187

4431

g —ws
3
—13015
9 ~-12503
—108.77
i

LR A L) LA LS LA S AL AN AR R A LSRR ) A}
Mz e 98

Chemical Shift (ppm)

The 3C NMR spectrum of compound 3d

7v-125_161223113318 #52-84 RT: 0.51-0.83 AV: 13 NL: 3.37E6
T: FTMS - p ESI Full ms [100.00-1000.00]
£80.3479
1003051588
50

80

Relative Abundance

70

&0
50
0
20
20
10

360.3231

332.2918 349.1827 | 35,1050

316.9475
384.9351
AL

e

T A

413.26857 430 9133

452.9227
444.9289
L L

465.2641

435.5008

519.4379 533.4533

4851120 —
Ft 541.1198

T s

y iy

THIE

566.8878

804.2280
626.2485

615.1284 | 834.8749

672.3260
588.8975
/

843.3205
Lesﬁ.aasn 894.3076
L P

it
az0 280

‘LIIJ= ‘ M

=t
400

T T
420 440

460

L e
500 520

miz

T
480 540

T
560

T 1 L e e e BLE e |
580 800 860 700

HRMS spectrum of compound 3d

S21



ZY-130.001.001.1r.esp

Normalized Intensity

240

6.26
481

179

~110

95

—o07

—085

S —

J2v-130.00;

001 1resp

Mormalized Intensty

Chemical Shift (ppm)

The *H NMR spectrum of compound 3e

=T

~Tigay119.70

3569

18,47

ZY-130_161222114228 #60-80 RT: 0.53-0.79 AV: 21
T: FTMS - p ESI Full ms [100.00-1000.00]
305.1566
1004 |
20—

80 260.3230

3431827
3370743 |

240 260

292.2088

Chemical Shift (ppm)

The 3C NMR spectrum of compound 3e

NL: 2,

400

35E6

700

£04.3391
580.3420
£10.9137
413.2656 626.3486

4309131 R 672.3283

4443748 438.8005 842.3305 683.3906

== 1118 458 523.4536 sec.asss ||588.8877 : | ﬁ
! 1 ‘h. A F N b | | seesges | L
ol L L L e R e e e
20 440 480 s00 520 540 560 580 600 620 640 €0 680

miz

HRMS spectrum of compound 3e

S22



Z¥-169.001.001.1r.esp

025 4

020

Normalized Intensity
L

10.38

941
888

181
138

110
088

Zv-169.002.001.1r.e5p

0.08

0.07

0.08

0.05

Normalized Intensity

0.04

The *H NMR spectrum of compound 3f

T LRAMLLARAS At
192 184 178 188 180

Z¥-169 #30-50 RT: 0.30-0.43 AV: 21 NL: Z31ET
T: FTMS - p ESI Full ms [100.00-1000.00]

100+
20
80
70
80
50
407 360.3230
204

Relative Abundance

20

10-{205.1585

i

T
52

T T T T
144 136 128 120 12 104 % 88 80 72 B4
Chemical Shift (ppm)

The 13C NMR spectrum of compound 3f

408,

582.3218

4443745 5722508

3077
L.l

608.3179

585.3328

610.2168
628.3275

690.3892

| 2431828 || 276.2871
LI e
300 320 240 360 380

T
400

437.1828 | 4492893 4851118 5194375 5334631 5594308 "\
—— ———

T T T T T
420 440 460 480 500 520 540 560 580
m

HRMS spectrum of compound 3f

S23



ZY-126.001.001.1R ESP §
10
08
08
8
% 0
g
E
T 05
£
S o0s
03
2 ElrS &
02 ] o | @8 @
h 8 5 J23 loa am
o) A |as I3
01 2 P ~ =
2 2
© <
‘ ] |
0 PSP LY
057 054 080 0.970.35098035085 033 0.4
| e— g 4Jd 4d ouudou u
13.0 12'5 12.0 115 1.0 105 100 j 95 BID 85 EID 75 j 70 j 5‘5 E‘I} 5'5 50 4'5
Chemical Shift (ppm)
011 Z¥-126.002.001.1RESP
0.10
o.08
8
0.08 ] %
& = =
2 K
L oor 87 &
§ &
£ 006 & 8
E % E
g ~ =
g oos 5
2 E
004 &
0.03 ¢
0.02
0.01
R e e e e MM s Ry e
200 192 184 176 168 160 152 144 136 128 120 2 104 96 88 80 72 64 56 45 40 32
Chemical Shift (ppm)
Z¥-126_161223113626#48-62 RT: 0.47-0.61 AV: 15 NL: 3.17E6 =
T: FTMS - p ESI Full ms [100.00-1000.00]
100 206.1567 300.3231 596.3372
50
80-{ 620.3338
8 704
L] 842.3437
E = 385.1050
2 5o 413.2658
@
-.E 40 932 2920 349.1828
2 20 | 2189278 4309124 548.8912
3829351 403.2080 588.8976
20+ = == 4528227 4885008 688.3213
393,2090 s12g91g7 534538 500.8384 802.9131
10| H‘I ) ], L I 486.9380 495 1124 N | o 2705005
| aoidl bl ULl 1l W Loy o 1] brad ’ s
L o e e e e L e L A s e s s e e e e e f
300 320 240 380 380 400 420 440 480 480 500 520 540 580 €20 840 860 880 700
miz

HRMS spectrum of compound 3h

S24



ZY-141.001.001.1resp

1,38

304

011

010

0.09

0.08

0.07

0.06

Normalized |rtensty

0.05

1054
782
8
o

.96

5 5.
Chemical Shift (ppm)

The *H NMR spectrum of compound 3i

0.085 § 7v-141.002.001.1r.e5p
0.060
0.055
0.050
0.045

0.040

2180
18.04

—3141

g
I

0.035

0.030

3248
~—30.21

Normalized Irfensity
5
1188

—4302
36,

0.025

8

12058
12004
11927
96 98
ra8s2
18

0.020

15425
14554
~-137.88
12882
3
Bl e
f,m 60
t
Ly
—108.28
—105.04
3008
30,02
20,50

14056

t

17061

0015

0.010

0.005

el Ll e e L il b b e I‘I\L\Luh“m Gl )
2 te4 178 1es | 1e0  1s2 144 1% 128 120 112 104 96 2 20 2 a4 % 4 kS 24 & 0
Chemical Shift (ppm)

The 13C NMR spectrum of compound 3i

ZV-141 #2046 RT: 0.20-0.45 AV: 17 ML 4.31EE o
T: FTMS - p ESI Full ms [100.00-1000.00]
360.3230

100
30
80
70 596.3372
&0
50
205.1585 6203336

40
20+ 4132656

Relative Abundance

632.3148

B42.3434

|I £59.2857
T y T

204 408.3078
2 2494328 | 265 1048 N 437.1929 4608235 EEES
031 332.2917 ‘ [ L ‘
A Ay
1

09 k 430.9131 l ‘ 473.2658 5334536 553.3889
MR TR IR T T Tl Loy 1 I
L T e B e B o e S o T e . e e Y
200 az0 240 380 as0 400 420 440 480 480 500 520 540 se0 580 €00 620 @40 eeo 80 700

miz

393.2968

498.9008 ssosozs ) £97.0509
T T L

HRMS spectrum of compound 3i

S25



| Z¥-132.001.001.1r.esp E
1.0
0s
8
08 - s
T e
07
%DG
g
E
T 05
E
S 0e
03 -
2 o p B
7 = - SE oo
0z - - 3
I < =~ o]
01 = =
o |
|
¢ =
088 083 1.00 86 1.00 1.0: 1.00
5] = J 4 U u o
13‘\] j 12'5 '\Z‘D j 11'5 j 11‘\] j ‘H]‘S j 1II‘D j 9‘5 j B‘I} j B‘S j 7‘5 j T‘D j 5‘5 j EID j 5‘5 j 5'\] j 4‘5 j AID j 3‘5
Chemical Shift (ppm)
1.0 32v-132.002.001 1resp
094
084
07 4
£ 06
2
g
B o5
&
R
£
Z 043 -
] sl Baz o5
034 2 g lgsy b o
E| 3 ., 3% = [ R 2
024 E fgfzy ®lzeni i o Lhle i
< ER-A EBagny sne § é e ww
3 [ 5 13Ty fze 8 3 MIEEE
E i r ‘ “ )N | A ‘
L “ ‘ ‘ \ |
ey AR b e A0 s s
182 184 176 168 160 152 144 136 128 120 1z 104 96 a8 80 7z 64 56 48 40 2 24 16 8
Chemical Shift (ppm)
Z¥-132_181223114545 #44-51 RT: 0.44-0.51 AV: 8 NL: 488E6 o
T: FTMS - p ESI Full ms [100.00-1000.00])
5823212
100
S0 3803230 £08.2181
80
3
En
E
2 go{305.1508 ©628.3277
2 585.2320
£ 40 622.2918
E =0 489.2606
4122888 £33 1485
20 214305 3491827 485.2842 EETTT
10 285.1048 4309132 444.3747 850.3085 574 3051
3322918 ‘ 393.208 L 232 ‘ BT 519.43g0 5324535 5733121 W ‘ 680.3683
S 1 I VU0 PRSP VRS SN NSO VYO PSSR '™ PR WO APV vl DY PSRN NPt NS 1/ NIV X VAPV NS "y
200 320 340 360 380 400 420 440 460 480 500 520 540 560 580 800 620 840 860 &80 700
m'z

HRMS spectrum of compound 3;j

S26



o
ZY-123.001.001.Iresp &
10
08
!g g2
03 2
07
05
05
04
=
03 o s
0o TRa | o
0z s ]2 |RRgeeze £8
g2 9 Py ey =
E | oA © o
” ~ G ﬂ J ‘F_J 5
0 J‘ ;) = 8
088 052 087 1.00 1.02 1.070881.031.02 100 288 0
[ o [ U W uuwwuu u U u
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
120 M5 10 105 100 95 9.0 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05
Chemical Shift (ppm)
ZY123.002.001.1r.esp
0.13
012 A,
011
0.10
0.08 = 5 2
008 f
0.07 b
005 5 g - |
a 3 - - o
g = o g
005 g T B7g o hon OF - 1
S | < o o dge 5 iggE 8
= == = e =/ a - L
004 h V7 2RIl ogrE B
2 0 . g
003 ~ Vi
0.02
0.01 l
. "l ) A Lagid
e e L L e e i et e
192 184 176 168 160 152 144 136 128 120 112 104 % 83 80 72 64 % 3 16 8
Chemical Shift (ppm)
Z¥-123_181223112705 #32-52 RT: 0.31-0.51 AV: 21 NL: 518E6 Q
T: FTMS - p ESI Full ms [100.00-1000.00]
5563370
100
o0 620.3338
20
3
g o
£ 807305 1587
2 5o 523.4537
2 40 2481228 513.4380 6331488
2 30 337.0745 8423437
4132858
2o s 588.8975 || 6029130 e aIEace
485.1121 496.8007 cracEn i
10 =5 547.4895 555 /ea4.3255 888.3214
o4
200 320 240 360 380 400 420 440 460 480 500 520 540 560 580 600 620 840 660 &80 700
miz

HRMS spectrum of compound 3k

S27




ZY-121.001.001.1resp

133

045

0.96

110

040

035

030

787

025

Nommalized Intensity

020

—8.96
—760
732
S
643
4.82
481

2
=
|

7.04
7.02
7.02

9 057 087
uoou
T T
65 €0
Ghemical Shift (ppm)

The 'H NMR spectrum of compound 3|

u

u o

Jcin
EL=ym

Z¥-121.002.001.1r.esp

010
008

0.08

—1847

007

—20.08

008

Mormalized Itensity
1189

005

18000

8
T

2
g
A

0.04

12802
123.83
12333

————————————————12113

—119.22

“r1a50

—108.83

by

0.03

fF——————— 11345

f————— 13512
-

T T
120 112

Chemical Shift (ppm)

The 3C NMR spectrum of compound 3l

ZY-121 #24-40 RT: 0.22-0.38 AV: 17 NL 9.57ET
T: FTMS - p ESI Full ms [100.00-1000.00]
533.4536
100~
20—

20
519.4380
70
50
50
800 2871
40

20+

Relative Abundance

204
10+

316 9476 3629259

384.9352

430.9135

4529228

491.4067 505.4225

|

547.4881 566.8881 588.8976 | 6042908 348752 @5e.8851

235 3053 3528972 | 3748084
LA e e e
380

283 2970
T

3z0 340 380 400

™1
420

421.3113 | 422 8y
__h o

T
440

u
450

33[ 489.3285
uik
Lo

L .“e

TT
480

o

520

6228914 154’5-35‘35 I ©08.8690 650.8790
i e i L
e e L S

T 1
800 620 &40 850 880 700

HRMS spectrum of compound 3|

S28



ZY-122.001.001.1r.esp

0ss T
0.50
0.45 ~
0.40 = =
= e
E 035
E
§ o030
&
T 2
E oz g
2
020 . 4
5 =
0415 g a L“ SL."” EE .
E 2= 55 28
010 Pc 22 g
a8 - -
005 S
|
0 T
097 099 098 101089 101098 101 089 098 1.00
— o o dJ u 4 d o ] ] o
13‘[) j 12'5 j WZ‘D j 11‘5 j 11‘“ j 1Il‘5 " 1II‘D j 9‘5 j B‘D j B‘E- j ‘I} j 7‘5 j 7ID j 5'5 j G‘ﬂ j 5‘5 j S‘I} j 4'5 j AID j
Chenical Shift (ppm)
o1 ZY-122.002.001 1r.esp
0.10
0.08
0.08
z
w B
L 007 @ = o
1 e |88 g
£ oo Bag
H _|Ew 5
g & [a B
T o0s 5|,
§ s o, {
g 8 Yy g e - -
002 2 T Iz 8 & . fo " <
1787 Tassgss 82 e
b 5 28272 ot
0.03 ] I 8187 -T7%
b ks
0.02
0.01
| | i
e kL1t e e e At
192 184 168 160 152 144 136 128 120 12 104 96 88 80 72 64 56 43 40 32 24 16 8 o
Chemical Shift {ppm)
Z¥-122_181223112226 #30-52 RT: 0.290.52 AV: 24 NL: 5.32E6 o
T: FTMS - p ESI Full ms [100.00-1000.00]
533.4538
100
50
L 519.4382
8 704
z 844.2386
T e~
£ 50
2 an
2 304
20-] 4209133 489.2608 505.4224 47 2584 EnenT
4371937 093285 560.8885 870.2319
10 H 7 HI J | BBBESTE g7 gpgy BI4ATSS 0922418 7071880 7332182 770.8500
it Liad b ol T | T 1 e - Ly o i, T
e L B B e
400 420 440 480 430 500 520 540 560 580 800 820 640 [ ] 00 720 740 780 780 800
miz
Z¥-122_181223112226 #3457 RT: 0.23-0.56 AV: 24 NL: 3.18E6 o
T: FTMS - p ESI Full ms [100.00-1000.00]
6442367  ©46.2340
100
50
20
a
8 704
HEE
H
£ 50
2 a0 8452399 | B47.237%
= a0
20 T o 643.2264
10 633.1491 842.2224 6e8.2a12 656.8850 650.2868
20,2448 | ©35.1480 £38.4748 ©41.1479 1 | | 8482435 £51.8690 6528696 655.1595 | i
- ¥ttt
830 832 634 €36 €38 840 64z 844 830 643 850 852 654 = es8 860
m'z

HRMS spectrum of compound 3m

S29



Normalized Irtensity

Mormalized Intensity

178

| Zv-134.001.001 1r.esp

132

1124
491

8
<

i

—1208

110
100

[

098 100

u

TrrTTTT
55 5

o
T
70 5. 60 ]

Chemical Shift (ppm)

The 'H NMR spectrum of compound 3n

Z¥-134.002.001.1r.esp

012
011

010

009

_~37.60

008

8
-3
=

.

5
8
g
J

4430

8
&8
7

18000
—147 51
2671
12563
—113.25
—108.91
10070

18.49

11.89

T LR AN L) B Ly LARAS LA L A LA A R RS S AR LA LA AR LA R AR
1z 104 %
Chemical Shift (ppm)

The 3C NMR spectrum of compound 3n

Zv-124_161222115157 #30-42 RT: 0.20-0.42 AV: 12 NL: 4.14E6

T: FTME - p ESI Full ms [100.00-1000.00]
615.23183

100

20
581.3220

807 360.3229
70
80
50

40— 305.1585

621.3328

637.3281
5803413 || €08.3278 5453224
435[“20 498.9002 533 4530 582 WBDB \\ \
L iy

408.3077

20
413.2655

Relative Abundance

207 349.1825

3Dgzng| EE n743
i e

4443747
430.9130

104 3932086 | RS
A | i

“654 2181

£85.3685
|

‘3&5m47
1
" S T Tl

520 54D 5GD 580 800

T bl
4DD 420 440 460 480 500
miz

32D 34D D 64D

200 BED GGD

HRMS spectrum of compound 3n

S30

1
G20 700



ZY-128.001.001.1resp
08 4
07
06 3
2 053
E
E E|
2 043
£ ]
2
03 4
0z 3
01 4 o
E| o
o 3 |
0.40
[
Bakabadsi bt aus s
125 120 115
| ZY-128.002.001.1r.esp
0.13
0.12 Noem
o1
0.10
0.08
51
£ 008 2 =
z = 5
£ 8 =
< oo7 T
8
3 B
£ 5 &
2 S =
0.05 - I8 ] = s |
= al3 @ 3_ & =
004 2 b EN R &g Z
1 P b4 S i1 H
& Nk S le g
003 5 8!l |2 Joan
1 g - 885 22
oz & | | oeg =2
| Ay
| N L
) ’ ' ' ¥
AR AL A Skl e LD A A At A RALAS e s At A AR ARAERRA Sk dae N e RALRARALA AL A L s R A A A A AR A e AR ekt b
192 18« 176 168 160 15z 144 136 1@ 120 112 104 % & 80 72 & % 4 a0 32 24 16 8 0
Chemical Shift (ppm)
ZY-128_161223113933 #40-52 RT: 0.40-058 AV: 20 NL: 4.48E8 =
T: FTMS - p ESI Full ms [100.00-1000.00]
584.3169
100
20
80|
o 360.3230
& 7o
2
£ 072051508
2 s 6023141
2 a0 £30.3235
=
= 304
349.1827 ROE LT 615.1382
27 | 2092081 sea1048 430.9132 533.4538 5888976 o3t praz 678.3013
309.: 337.0744 - - -
10 I “r’ 2849352 “ k 4443748 498.9007 519.4380 L 566.5884 / \ 6523053 L rnETEy
I L | T N T I R b SRS i i il L
e e e L L e e e e e e e e e L B B s
200 320 340 260 80 400 420 440 460 480 500 520 540 560 580 00 @20 840 &80 @80 700
m'z

HRMS spectrum of compound 30

S31



ZY-124.001.001.1r.esp
®
1.0 ~
0s
08 E}
< &
07 z! o
g R’
2 0s
:
% oos
E
3 oe
o
3 5 8
03 ~ | o
! g
e 2 | ny M N
02 S S oa 128 @8
[ L F ]
0.1 E =2
¢ 7
0 L i
050 1.01 079 098095 097098 098 0.98 1.00
| — =] | — = u v U u U U o
R e A A M o
130 125 120 ns 1o 108 100 95 80 85 80 75 7o 65 6.0 55 50 45 40 35
Chemical Shift (ppm) &
ZY-124.002.001 1resp
0.13
012
011
0.10
0.08
£ 008 n3 2
z 58 g =
E 0.07 8 g
8 2 b=
= 0.08
£
z 3
005 < o
8T, g 8
_ oz 25 Bgwe agyg K
004 =1 2% 8p 85% Too 38 .
2 15T il f2e 23
0.03 | i i T_
S !
002
o001
T T T T T T T T T T T T T T .\ T T T T \‘ T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
192 184 176 168 160 152 144 136 128 120 12 104 96 88 80 72 64 56 48 40 32 24 16 8 o
Chemical Shift {ppm)
7v-124_161223113012#38-51 RT: 0.37-0.50 AV: 14 NL: 2.43E6 =
T: FTMS - p ESI Full ms [100.00-1000.00]
305.1566
100722 337.0745
50 £00.2879
2™ 3322918
2 7o 360.3231 546.2540
&
El 411.0831
2 |
2 = 385.1051 2a 2547
2 a0 4309132
£ 09 2491828 485.1122
a 39
L3 284.9251 498.9007 532.4538 568.8883 B58.8847
20 RS 519.4379 534.2752 5922714
104 g 4443750 | 4go gnge 588 8978 [1615.1381 | 8882782
| | 5430882 | 6788770
TR h Loty 575
L o e Ty LB e e
300 320 240 360 330 400 420 440 460 480 500 520 540 560 580 @00 620 &40 880 680 700

HRMS spectrum of compound 3p

S32



0.40 {22p-3.001.001.1r.esp
0354
8
0304 ©
8
025
5
E o204
3
£
20153 = 2
;‘ ~
E I ©
010 _
E E 58 0c 88 Tzo
S ©©
0053 ! (] L4 [
j JI J&‘
o P U
095 085 0.96 0.950.96 0980.950.96 095095
5] o H H d dd Y H d
LR b M S s
120 s 1.0 108 10.0 95 2.0 85 80 78 70 65 6.0 55
Chemical Shift (ppm)
22p-3.002.001 1r esp
030
025
£ 020
2
]
® ]
E 015 _
2 8 g B
1 828 3 a5 g
o R ERRE LS Llds
010 - 2 3 - i}g |
9 e 0 ~
N 235,08 1 2 i I I
E = S=IB8 8 g @ zlllgza |B
227c° 2 53
. TT1E0 £83 B AIEEERR
: s [ |
A Ao B R e e M s i et e e A e e R N A A N
192 184 176 168 160 152 144 136 128 120 12 104 9% 88 80 72 64 56 48 40 32 24 16 8 0
Chemical Shift {ppm}
ZY-166 428-47 RT: 0.28-0.46 AV: 20 NL: 7.84E8 o
T: FTMS - p ESI Full ms [100.00-1000.00]
5543578
100
30
80
3
] ™7 360.3228
T e
E 818 3540
2 &0+
@
£ 40 £30.3353
2 303051564 8402839
20 36/5/-‘046 408.3075 455.2335 6109132
349.1825 386.1255
10 | 202 [ “ 4371920 | 5194379 532.4530 L 657 3542 es7.e585
i .4370 - .. 576.4951 T
‘J‘ Ly L, I bl l‘ 1, I L L ety e ul o e L Il\ I\ 876.3613 L
e L e o L e o e e o LA A e s e e e e e et e
300 320 340 360 350 400 420 440 480 480 500 520 540 580 580 800 820 840 860 880 700
miz

HRMS spectrum of compound 1a2b

S33



xsoss0.1% esp

oy .
M

R

ChemicalShit gpm)

okl

040

Apsuan pozsewon

010
005
0

The 'H NMR spectrum of compound 1a2c

XS0490.C3% esp.

50 6

ET ELA

wig———3

w01 ———3

wesi—

L i A S M 2 S S M A S S A )

0

028

02

020

019

o8

017

Tz ¥ 282858838835 .

016
018

fsuoppozieuION

Chemical Shif (opm)

The 13C NMR spectrum of compound 1a2c

S34



