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Abstract

Inspired by the intriguing structures and bioactivities of dimeric alkaloids, 11
new thalifaberine-type aporphine-benzylisoquinoline alkaloids thalicultratines A-K, a
tetrahydroprotoberberine-aporphine alkaloid thalicultratine L, and five known ones
were isolated from the roots of Thalictrum cultratum Wall. Their structures were
defined on the basis of NMR and HRESIMS data. The antiproliferative activities of
compounds 1-17 were evaluated against human leukemia HL-60 and prostate cancer
PC-3 cells. Most alkaloids showed potent cytotoxicity against selected cancer cells.
Preliminary SARs are discussed. The most active new compound 3 with an ICso value
of 1.06 uM against HL-60 cells was selected for mechanism of action studies. The
results revealed that compound 3 induced apoptosis and arrest the HL-60 cell cycle at
the S phase with the loss of mitochondria membrane potential. The nuclear
morphological Hoechst 33258 staining assay was also carried out and the results

confirmed apoptosis.



The spectra of all new compounds

Figure S1.1. IR spectrum of compound 1
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Figure S1.2. UV spectrum of compound 1
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Figure S1.3. "H NMR (600 MHz, CDCls) spectrum of compound 1
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Figure S1.5. HSQC (600 MHz, CDCl3) spectrum of compound 1
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Figure S1.6. HMBC (600 MHz, CDCls) spectrum of compound 1
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Figure S1.7. NOESY (600 MHz,
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Figure S1.8. HRESIMS of compound 1
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Figure S1.9. ECD spectrum of compound 1
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Figure S2.1. IR spectrum of compound 2
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Figure S2.2. UV spectrum of compound 2
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Figure S2.3.

'"H NMR (400 MHz, CDCls) spectrum of compound 2
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Figure S2.4. °C NMR (150 MHz, CDCl3) spectrum of compound 2
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Figure S2.5. HSQC (600 MHz, CDCl3) spectrum of compound 2
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Figure S2.7. HRESIMS of compound 2

Mass Spectrum Molecular Formula Report
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Figure S2.8. ECD spectrum of compound 2
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Figure S2.9. Key HMBC correlations of compound 2
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Figure S3.1. IR spectrum of compound 3
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Figure S3.2. UV spectrum of compound 3
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Figure S3.3. "H NMR (600 MHz, CDCls) spectrum of compound 3
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Figure S3.5. HSQC (600 MHz, CDCl3) spectrum of compound 3

HSQC M-13a in CDC13

S s an
NAME M=-13-A
EXPRO 8
BROCNO 1
PPMopace_ 20130912
=3 Time 12.17
INSTI spect
PROBHD 5 mm PABBO BB=
PULPROG hsgcetgpsi2
- - E 20 ™ 1024
. - . SOLVENT coc13
— - i - NS B
E., Ds
30 8012.820 Hz
FIDRES 7.825020 Hz
AQ 0.0639476 se
— - = o E 40 =é 174 88
- ow 62.400 us
— o = bE 6.50 us
g E 15 9.9 K
=} - - . 50 Cisre 145.0000000
b0 0.00000300 se
D1 1.50000000 se:
e — E 60 o: 0.00172414 sa
f— L D11 0.03000000 se
n13 0.00000400 se
E 70 Dis 0.00020000 se
D24 000086207 se:
N0 0.00002000 se
- LGOPTHS
E 80
- m—— CHANNEL £] mmmme-
18
E, 12.85 usi
90 25.70 us
1000-00 usi
— P o OMe £100 256
— 150.9141 MH:
— - o) OMe 97_6520486 Bz
— - E110 165.650 poi
N FIMODE  Echo-Antiecho
- Me” OMe s1 1024
me ome M £120 5 o
= H O sss 2
LB 0.00 Hz
— E GE 0
p— i OMe 130 BC 1.40
s1 1024
o OMe MC2 echo-antiecho
— 140 5F 150.9028323 MH.
T T T T T T T T T T T T T T WM QSINE
558 2
85 8.0 75 70 65 60 55 50 45 40 35 30 25 20 ppm o -
GB o
.
Figure S3.6. HMBC (600 MHz, CDCl3) spectrum of compound 3
HMBC M-13a in CDC13
2013-09-12
J l I l ppm T
20130912
11.19
spect
5 PABBO BB-
— ] [} . - 40 gzhcqplpnd.qf
— . o'§ e zis
¢ coe13
pra—t NS 16
=] DS 16
oo ’ ’ Er 9014.423 Hz
D Hz
FIDRES 4.401574 H:
- — aate ~ 60 aQ 0.1136457 sec
[} i L] RG 174.88
= ° LK B P 552467 use:
DE 6.50 use
TE 299.8 K
CNST2 145.0000000
N— CNST1 10.0000000
- 80 Do 0.00000300 sec
Dl 1.50000000 sec
D2 0.00344828 sec
D& 0.05000000 sec
Dle 0.00020000 sec
INO 0.00001325 sec
— ° ['] —100 m=z=s=== CHANNEL fl ss=s===
1H
12.85 use
v ’ * 1 @ o 25.70 use:
AL 150.9202 MEz
FIDRES 294.761475 Hz
— a 120 249.996 ppm
! bl L] FrMODE oF
] § ) sI
R qu. ) 0 of «f =
558 0
i LB 0.00 Hz
— 9 0 ] Q ~140 ¢ [
) ? & PC 1.40
] " ' & sI 1024
MC2 QF
. SF 150.9028091 MHz
¢ o " WDW SINE
— s8B 0
7160 LB 0.00 Hz
GB o
T T T T T T T T T T T T T T
80 75 70 65 60 55 50 45 40 35 30 25 20 15 ppm

21



Figure S3.7. NOESY (600 MHz, CDCI3) spectrum of compound 3
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Figure S3.8. HRESIMS of compound 3

Mass Spectrum Molecular Formula Report
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Analysis Name  D:\Data\20130628\M-13-A.d
Method tune_wide_pos.m
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Scan Begin 50 m/z Set End Plate Offset  -500 V Set Dry Gas 4.0 /min
Scan End 3000 mfz Set Collision Cell RF 800.0 Vpp Set Divert Valve Source
Generate Molecular Formula Parameter
Formula, min. C41H46N208H
Formula, max.
Measured m/z 711.328 Tolerance 5 ppm Charge 1
Check Valence no Minimum 0 Maximum 0
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Figure S3.9. ECD spectrum of compound 3
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Figure S3.10. Key HMBC correlations of compound 3
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Figure S3.11. Key NOESY correlations of compound 3
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Figure S4.1. IR spectrum of compound 7
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Figure S4.2. UV spectrum of compound 7
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Figure S4.3.

"H NMR (600 MHz, CDCl5) spectrum of compound 7
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Figure S4.4. 3C NMR (150 MHz, CDCls) spectrum of compound 7
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Figure S4.5. HSQC (600 MHz, CDCl3) spectrum of compound 7
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Figure S4.6. HMBC (600 MHz, CDCl3) spectrum of compound 7
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Figure S4.7. HRESIMS of compound 7

Mass Spectrum Molecular Formula Report
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Figure S4.8. ECD spectrum of compound 7

Compound 7

> 13.0nm 234.0 nm

[\ ]

10

286.0 nm

B "SI0 ——==5%

10

=20

197.0 nm

T T T T T T T T T
190 210 230 250 270 280 3o 330 350 370 390
Wavelength (nm)

Bio-Kine Software V4.71 Date : 2014-3-7 Time : 14:28:30

COMMENTS :
File name : sav-golay
Savitzky-Golay Smoaoth of sav-golay
Window Points=15
Polynomial Order=3
Derivative=0

31



Figure S5.1. IR spectrum of compound 8
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Figure S5.2. UV spectrum of compound 8
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Figure S5.3. "H NMR (600 MHz, CDCls) spectrum of compound 8
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Figure S5.5. HSQC (600 MHz, CDCl3) spectrum of compound 8
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Figure S5.6. HMBC (600 MHz, CDCl3) spectrum of compound 8
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Figure S5.7. NOESY (600 MHz, CDCls) spectrum of compound 8
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Figure S5.8. HRESIMS of compound 8

Mass Spectrum Molecular Formula Report

Analysis Info Acquisition Date  6/28/2013 3:56:51 PM
Analysis Name  D:\Data\20130628\M-20.d

Method tune_wide_pos.m Operator Bruker Customer
Sample Name  M-20 Instrument / Ser## micrOTOF-Q 125
Comment

Acquisition Parameter

Source Type ESI lon Polarity Positive Set Nebulizer 0.3Bar
Focus Active Set Capillary 4500 V Set Dry Heater 180 °C
Scan Begin 50 m/z Set End Plate Offset  -500V Set Dry Gas 4.0 l/min
Scan End 3000 m/z Set Collision Cell RF 600.0 Vpp Set Divert Valve Source
Generate Molecular Formula Parameter

Formula, min. C41H46N209H

Formula, max.

Measured m/z 711.328 Tolerance 5 ppm Charge 1

Check Valence no Minimum 0 Maximum 0

Nirogen Rule no Electron Configuration both

Filter H/C Ratio no Minimum 0 Maximum 3

Estimate Carbon yes
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e = BT e — :
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Sum Formula Sigma mfz Err [ppm] Mean Err [ppm] Err [mDa] rdb N Rule e
C41H47TN209 0.036 711.3276 -0.05 2.89 -0.04 19.50 ok even
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Figure S5.9. ECD spectrum of compound 8
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Figure S5.10. Key HMBC correlations of compound 8

Figure S5.11. Key NOESY correlations of compound 8
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Figure S6.1. IR spectrum of compound 9
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Figure S6.2. UV spectrum of compound 9
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Figure S6.3. 'H NMR (600 MHz, CDCls) spectrum of compound 9
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Figure S6.5. HSQC (600 MHz, CDCl3) spectrum of compound 9
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Figure S6.6. HMBC (600 MHz, CDCl3) spectrum of compound 9
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Figure S6.7. HRESIMS of compound 9

Mass Spectrum Molecular Formula Report
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Operator Bruker Customer
Instrument / Ser# micrOTOF-Q 125

Acquisition Parameter

Source Type ESI lon Polarity Positive Set Nebulizer 0.3 Bar
Focus Active Set Capillary 4500 V Set Dry Heater 180 °C
Scan Begin 50 m/z Set End Plate Offset -500 V Set Dry Gas 4.0 l/min
Scan End 3000 m/z Set Collision Cell RF 600.0 Vpp Set Divert Valve Source
Generate Molecular Formula Parameter
Formula, min. C42H48N209H
Formula, max.
Measured m/z 725.343 Tolerance 5 ppm Charge 1
Check Valence no Minimum 0 Maximum 0
Nirogen Rule no Electron Configuration both
Filter H/C Ratio no Minimum Maximum 3
Estimate Carbon yes
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C42H49N209 0.012 725.3433 0.09 2.98 0.07 19.50 ok even
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Figure S6.8. ECD spectrum of compound 9
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Figure S6.9. Key HMBC correlations of compound 9
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Figure S7.1. IR spectrum of compound 10
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Figure S7.2. UV spectrum of compound 10
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Figure S7.3. "H NMR (600 MHz, CDCls) spectrum of compound 10
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Figure S7.5. HSQC (600 MHz, CDCl3) spectrum of compound 10
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Figure S7.6. HMBC (600 MHz, CDCl3) spectrum of compound 10
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Figure S7.7. NOESY (600 MHz, CDClI3) spectrum of compound 10
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Figure S7.8. HRESIMS of compound 10

Mass Spectrum Molecular Formula Report

Analysis Info Acquisition Date  10/28/2013 6:37:50 PM
Analysis Name D:\Data\20131028-CEYANG\M-26_1-b,6_01_1901.d

Method 20131026_ceyang.m Operator Bruker Customer
Sample Name  M-26 Instrument / Ser# micrOTOF-Q 125
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Acquisition Parameter
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Focus Active Set Capillary 4500 V Set Dry Heater 180 °C
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Figure S7.9. ECD spectrum of compound 10

231.5 nm Compound 10
° 281.0 nm
;| 209.5nm 1335 0
196.5 nm

Wavelength (nm)

Bio-Kine Software V4.71 Date : 2014-3-7 Time : 14:09:03

COMMENTS :
File name : sav-golay
Savitzky-Golay Smooth of sav-golay
Window Points=15
Polynomial Order=3
Derivative=0

52



Figure S7.10. Key HMBC correlations of compound 10

Figure S7.11. Key NOESY correlations of compound 10
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Figure S8.1. IR spectrum of compound 12
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Figure S8.2. UV spectrum of compound 12
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Figure S8.3. 'H NMR (600 MHz, CDCls) spectrum of compound 12
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Figure S8.4. *C NMR (100 MHz, CDCl5) spectrum of compound 12
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Figure S8.5. HSQC (600 MHz, CDCls) spectrum of compound 12
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Figure S8.6. HMBC (600 MHz, CDCl3) spectrum of compound 12
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Figure S8.7. NOESY (600 MHz, CDClI3) spectrum of compound 12
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Figure S8.8. HRESIMS of compound 12
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Figure S8.9. ECD spectrum of compound 12
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Figure S8.10. Key HMBC correlations of compound 12

Figure S8.11. Key NOESY correlations of compound 12
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Figure S9.1. IR spectrum of compound 13
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Figure S9.2. '"H NMR (400 MHz, CDCl5) spectrum of compound 13
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Figure S9.4.

HSQC (600 MHz, CDCI3) spectrum of compound 1
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Figure S9.5. HMBC (600 MHz, CDCls) spectrum of the new compound 13
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Figure S9.6. NOESY (600 MHz, CDClI3) spectrum of compound 13
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Figure S9.7. HRESIMS of compound 13
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Figure S9.8. ECD spectrum of compound 13
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Figure S10.1. IR spectrum of compound 14
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Figure S10.2. UV spectrum of compound 14
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Figure S10.3. 'H NMR (600 MHz, CDCls) spectrum of compound 14
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Figure S10.4. *C NMR (100 MHz, CDCls) spectrum of compound 14
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Figure S10.5. HSQC (600 MHz, CDCI3) spectrum of compound 14
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Figure S10.6. HMBC (600 MHz, CDCl3) spectrum of compound 14
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Figure S10.7. NOESY (600 MHz, CDCl3) spectrum of compound 14
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Figure S10.8. HRESIMS of compound 14

Mass Spectrum Molecular Formula Report

Analysis Info Acquisition Date  4/12/2014 4:33:40 PM
Analysis Name  DAData\20140412CEYANGIM-28_2-d,7_01_3124.d
Method 20131026_ceyang.m Operator Bruker Customer
Sample Mame M-28 Instrument / Ser# micrOTOF-Q 125
Comment
Acquisition Parameter
Source Type ESl lon Polarity Positive Sat Nebulizer 1.2 Bar
Focus Active Sel Capillary 4500 W Sat Dry Heater 180 °C
Scan Begin 50 mfz Sel End Plate Offsat 500V Set Dry Gas 8.0 Umin
Scan End 1000 miz Sat Collision Cell RF 300.0 Vpp Set Divert Valve Source
Generate Molecular Formula Parameter
Formula, min. C4TH4BN2010H
Formula, max.
Measured miz 729 337 Tolerance 5 ppm Charge 1
Check Valence no Minimum 0 Maximum 1]
Mirogen Rule no Electron Configuration both
Filter H/C Ratio no Minkmum 0 Maximum 3
Estimate Carbon yes
Intens. +MS, 0.9min #52
x OMe
1.0 OH OMe
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Sum Formula Sigma miz Err [ppm] Mean Err [ppm] Err [mDa) rdb N Rule e
C41H49N2010 0026 7293382 089 475 065 1850 ok aven
Bruker Daltonics DataAnalysis 3.4 printed:  4/12/2014 4:37:37 PM Page 1 of 1
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Figure S10.9. ECD spectrum of compound 14
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Figure S10.10. Key NOESY correlations of compound 14
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Figure S11.1. IR spectrum of compound 15
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Figure S11.2. 'H NMR (400 MHz, CDCls) spectrum of compound 15
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Figure S11.3. °C NMR (100 MHz, CDClI3) spectrum of compound 15
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Figure S11.4. NOESY (600 MHz, CDCl3) spectrum of compound 15
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Figure S11.5. HRESIMS of compound 15

Mass Spectrum Molecular Formula Report

Analysis Info
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Method 20131026_ceyang.m
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Comment

Operator Bruker Customer
Instrument / Ser# micrOTOF-Q 125

Acquisition Parameter

Source Type ESI lon Polarity Positive Set Nebulizer 1.2 Bar
Focus Active Set Capillary 4500V Set Dry Heater 180 °C
Scan Begin 50 m/z Set End Plate Offset -500 v Set Dry Gas 8.0 I/min
Scan End 1000 m/z Set Collision Cell RF 300.0 Vpp Set Divert Valve Source
Generate Molecular Formula Parameter
Formula, min. C41H48N2010H
Formula, max.
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Bruker Daltonics DataAnalysis 3.4 printed:  4/24/2014 3:19:39 PM Page 1 of 1
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Figure S11.6. ECD spectrum of compound 15
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Figure S12.1. IR spectrum of compound 16
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Figure S12.2. UV spectrum of compound 16
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Figure S12.3. 'H NMR (600 MHz, CDCls) spectrum of compound 16
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Figure S12.4. 3C NMR (100 MHz, CDCl5) spectrum of compound 16
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Figure S12.5. HSQC (600 MHz,
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Figure S12.6. HMBC (600 MHz, CDCI3) spectrum of compound 16
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Figure S12.7. NOESY (600 MHz, CDCl3) spectrum of compound 16
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Figure S12.8. HRESIMS of compound 16

Mass Spectrum Molecular Formula Report

Analysis Info

Analysis Name  D:\Data\20131028-CEYANG\M-25A_1-b,8_01_1903.d
Method 20131026_ceyang.m

Sample Name  M-25A
Comment

Acquisition Date  10/28/2013 6:46:10 PM

Operator Bruker Customer

Instrument / Ser# micrOTOF-Q

Acquisition Parameter

Source Type ESI lon Polarity Positive Set Nebulizer 0.3 Bar
Focus Active Set Capillary 4500 V Set Dry Heater 180 °C
Scan Begin 50 m/z Set End Plate Offset  -500 V Set Dry Gas 4.0 I/min
Scan End 1000 m/z Set Collision Cell RF 300.0 Vpp Set Divert Valve Source
Generate Molecular Formula Parameter
Formula, min. C42H44N2010H
Formula, max.
Measured mfz 737.31 Tolerance 10 mDa Charge 1
Check Valence no Minimum 0 Maximum 0
Nirogen Rule yes Electron Configuration both
Filter H/C Ratio yes Minimum 0 Maximum 3
Estimate Carbon yes
Intens +MS, 0.8min #45
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L R e e R : p—r et o e e s e e Bt - e
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Sum Formula Sigma m/z  Err[ppm] MeanErr [ppm] Err[mDa] rdb N Rule
C42H45N2010 0.244 737.3068 -4.00 -3.99 -2.85 21.50 ok even
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Figure S12.9. ECD spectrum of compound 16
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