
0

Antiproliferative Dimeric Aporphinoid Alkaloids from the

Roots of Thalictrum cultratum

Da-Hong Li,†,‡, Jian-Yong Li,†,‡, Chun-Mei Xue,†,‡ Tong Han,†,‡ Chun-Mei Sai,†,‡

Kai-Bo Wang,‡ Jin-Cai Lu,‡ Yong-Kui Jing,† Hui-Ming Hua,†,‡ and Zhan-Lin Li*,†,‡

†Key Laboratory of Structure-Based Drug Design & Discovery, Ministry of

Education, and ‡School of Traditional Chinese Materia Medica, Shenyang

Pharmaceutical University, Shenyang 110016, People’s Republic of China.

* To whom correspondence should be addressed. Tel/Fax: +86-24-23986465. E-mail:

lzl1030@hotmail.com.



1

CONTENT
Abstract............................................................................................................................................... 4
The spectra of all new compounds......................................................................................................5

Figure S1.1. IR spectrum of compound 1...................................................................................5
Figure S1.2. UV spectrum of compound 1................................................................................. 6
Figure S1.3. 1H NMR (600 MHz, CDCl3) spectrum of compound 1.........................................7
Figure S1.4. 13C NMR (150 MHz, CDCl3) spectrum of compound 1....................................... 7
Figure S1.5. HSQC (600 MHz, CDCl3) spectrum of compound 1............................................ 8
Figure S1.6. HMBC (600 MHz, CDCl3) spectrum of compound 1........................................... 8
Figure S1.7. NOESY (600 MHz, CDCl3) spectrum of compound 1..........................................9
Figure S1.8. HRESIMS of compound 1................................................................................... 10
Figure S1.9. ECD spectrum of compound 1.............................................................................11
Figure S2.1. IR spectrum of compound 2.................................................................................12
Figure S2.2. UV spectrum of compound 2............................................................................... 13
Figure S2.3. 1H NMR (400 MHz, CDCl3) spectrum of compound 2.......................................14
Figure S2.4. 13C NMR (150 MHz, CDCl3) spectrum of compound 2..................................... 14
Figure S2.5. HSQC (600 MHz, CDCl3) spectrum of compound 2.......................................... 15
Figure S2.6. HMBC (600 MHz, CDCl3) spectrum of compound 2......................................... 15
Figure S2.7. HRESIMS of compound 2................................................................................... 16
Figure S2.8. ECD spectrum of compound 2.............................................................................17
Figure S2.9. Key HMBC correlations of compound 2.............................................................17
Figure S3.1. IR spectrum of compound 3.................................................................................18
Figure S3.2. UV spectrum of compound 3............................................................................... 19
Figure S3.3. 1H NMR (600 MHz, CDCl3) spectrum of compound 3.......................................20
Figure S3.4. 13C NMR (150 MHz, CDCl3) spectrum of compound 3..................................... 20
Figure S3.5. HSQC (600 MHz, CDCl3) spectrum of compound 3.......................................... 21
Figure S3.6. HMBC (600 MHz, CDCl3) spectrum of compound 3......................................... 21
Figure S3.7. NOESY (600 MHz, CDCl3) spectrum of compound 3........................................22
Figure S3.8. HRESIMS of compound 3................................................................................... 23
Figure S3.9. ECD spectrum of compound 3.............................................................................24
Figure S3.10. Key HMBC correlations of compound 3...........................................................24
Figure S3.11. Key NOESY correlations of compound 3..........................................................25
Figure S4.1. IR spectrum of compound 7.................................................................................26
Figure S4.2. UV spectrum of compound 7............................................................................... 27
Figure S4.3. 1H NMR (600 MHz, CDCl3) spectrum of compound 7.......................................28
Figure S4.4. 13C NMR (150 MHz, CDCl3) spectrum of compound 7..................................... 28
Figure S4.5. HSQC (600 MHz, CDCl3) spectrum of compound 7.......................................... 29
Figure S4.6. HMBC (600 MHz, CDCl3) spectrum of compound 7......................................... 29
Figure S4.7. HRESIMS of compound 7................................................................................... 30
Figure S4.8. ECD spectrum of compound 7.............................................................................31
Figure S5.1. IR spectrum of compound 8.................................................................................32
Figure S5.2. UV spectrum of compound 8............................................................................... 33
Figure S5.3. 1H NMR (600 MHz, CDCl3) spectrum of compound 8.......................................34
Figure S5.4. 13C NMR (150 MHz, CDCl3) spectrum of compound 8..................................... 34



2

Figure S5.5. HSQC (600 MHz, CDCl3) spectrum of compound 8.......................................... 35
Figure S5.6. HMBC (600 MHz, CDCl3) spectrum of compound 8......................................... 35
Figure S5.7. NOESY (600 MHz, CDCl3) spectrum of compound 8........................................36
Figure S5.8. HRESIMS of compound 8................................................................................... 37
Figure S5.9. ECD spectrum of compound 8.............................................................................38
Figure S5.10. Key HMBC correlations of compound 8...........................................................39
Figure S5.11. Key NOESY correlations of compound 8..........................................................39
Figure S6.1. IR spectrum of compound 9.................................................................................40
Figure S6.2. UV spectrum of compound 9............................................................................... 41
Figure S6.3. 1H NMR (600 MHz, CDCl3) spectrum of compound 9.......................................42
Figure S6.4. 13C NMR (150 MHz, CDCl3) spectrum of compound 9..................................... 42
Figure S6.5. HSQC (600 MHz, CDCl3) spectrum of compound 9.......................................... 43
Figure S6.6. HMBC (600 MHz, CDCl3) spectrum of compound 9......................................... 43
Figure S6.7. HRESIMS of compound 9................................................................................... 44
Figure S6.8. ECD spectrum of compound 9.............................................................................45
Figure S6.9. Key HMBC correlations of compound 9.............................................................45
Figure S7.1. IR spectrum of compound 10...............................................................................46
Figure S7.2. UV spectrum of compound 10............................................................................. 47
Figure S7.3. 1H NMR (600 MHz, CDCl3) spectrum of compound 10.....................................48
Figure S7.4. 13C NMR (150 MHz, CDCl3) spectrum of compound 10................................... 48
Figure S7.5. HSQC (600 MHz, CDCl3) spectrum of compound 10........................................ 49
Figure S7.6. HMBC (600 MHz, CDCl3) spectrum of compound 10....................................... 49
Figure S7.7. NOESY (600 MHz, CDCl3) spectrum of compound 10......................................50
Figure S7.8. HRESIMS of compound 10................................................................................. 51
Figure S7.9. ECD spectrum of compound 10...........................................................................52
Figure S7.10. Key HMBC correlations of compound 10.........................................................53
Figure S7.11. Key NOESY correlations of compound 10........................................................53
Figure S8.1. IR spectrum of compound 12...............................................................................54
Figure S8.2. UV spectrum of compound 12............................................................................. 55
Figure S8.3. 1H NMR (600 MHz, CDCl3) spectrum of compound 12.....................................56
Figure S8.4. 13C NMR (100 MHz, CDCl3) spectrum of compound 12................................... 56
Figure S8.5. HSQC (600 MHz, CDCl3) spectrum of compound 12........................................ 57
Figure S8.6. HMBC (600 MHz, CDCl3) spectrum of compound 12....................................... 57
Figure S8.7. NOESY (600 MHz, CDCl3) spectrum of compound 12......................................58
Figure S8.8. HRESIMS of compound 12................................................................................. 59
Figure S8.9. ECD spectrum of compound 12...........................................................................60
Figure S8.10. Key HMBC correlations of compound 12.........................................................61
Figure S8.11. Key NOESY correlations of compound 12........................................................61
Figure S9.1. IR spectrum of compound 13...............................................................................62
Figure S9.2. 1H NMR (400 MHz, CDCl3) spectrum of compound 13.....................................63
Figure S9.3. 13C NMR (100 MHz, CDCl3) spectrum of compound 13................................... 63
Figure S9.4. HSQC (600 MHz, CDCl3) spectrum of compound 13........................................ 64
Figure S9.5. HMBC (600 MHz, CDCl3) spectrum of the new compound 13......................... 64
Figure S9.6. NOESY (600 MHz, CDCl3) spectrum of compound 13......................................65



3

Figure S9.7. HRESIMS of compound 13................................................................................. 66
Figure S9.8. ECD spectrum of compound 13...........................................................................67
Figure S9.9. Key HMBC correlations of compound 13...........................................................67
Figure S10.1. IR spectrum of compound 14.............................................................................68
Figure S10.2. UV spectrum of compound 14........................................................................... 69
Figure S10.3. 1H NMR (600 MHz, CDCl3) spectrum of compound 14...................................70
Figure S10.4. 13C NMR (100 MHz, CDCl3) spectrum of compound 14................................. 70
Figure S10.5. HSQC (600 MHz, CDCl3) spectrum of compound 14...................................... 71
Figure S10.7. NOESY (600 MHz, CDCl3) spectrum of compound 14....................................72
Figure S10.8. HRESIMS of compound 14............................................................................... 73
Figure S10.9. ECD spectrum of compound 14.........................................................................74
Figure S10.10. Key NOESY correlations of compound 14..................................................... 75
Figure S11.1. IR spectrum of compound 15.............................................................................76
Figure S11.2. 1H NMR (400 MHz, CDCl3) spectrum of compound 15...................................77
Figure S11.3. 13C NMR (100 MHz, CDCl3) spectrum of compound 15..................................77
Figure S11.4. NOESY (600 MHz, CDCl3) spectrum of compound 15....................................78
Figure S11.5. HRESIMS of compound 15............................................................................... 79
Figure S11.6. ECD spectrum of compound 15.........................................................................80
Figure S12.1. IR spectrum of compound 16.............................................................................81
Figure S12.2. UV spectrum of compound 16........................................................................... 82
Figure S12.3. 1H NMR (600 MHz, CDCl3) spectrum of compound 16...................................83
Figure S12.4. 13C NMR (100 MHz, CDCl3) spectrum of compound 16................................. 83
Figure S12.5. HSQC (600 MHz, CDCl3) spectrum of compound 16...................................... 84
Figure S12.6. HMBC (600 MHz, CDCl3) spectrum of compound 16..................................... 84
Figure S12.7. NOESY (600 MHz, CDCl3) spectrum of compound 16....................................85
Figure S12.8. HRESIMS of compound 16............................................................................... 86
Figure S12.9. ECD spectrum of compound 16.........................................................................87



4

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 IC50 value

of 1.06 μM 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.
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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. 1H NMR (600 MHz, CDCl3) spectrum of compound 1

Figure S1.4. 13C NMR (150 MHz, CDCl3) spectrum of compound 1
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Figure S1.5. HSQC (600 MHz, CDCl3) spectrum of compound 1

Figure S1.6. HMBC (600 MHz, CDCl3) spectrum of compound 1
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Figure S1.7. NOESY (600 MHz, CDCl3) spectrum of compound 1
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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. 1H NMR (400 MHz, CDCl3) spectrum of compound 2

Figure S2.4. 13C NMR (150 MHz, CDCl3) spectrum of compound 2
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Figure S2.5. HSQC (600 MHz, CDCl3) spectrum of compound 2

Figure S2.6. HMBC (600 MHz, CDCl3) spectrum of compound 2
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Figure S2.7. HRESIMS of compound 2
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Figure S2.8. ECD spectrum of compound 2

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. 1H NMR (600 MHz, CDCl3) spectrum of compound 3

Figure S3.4. 13C NMR (150 MHz, CDCl3) spectrum of compound 3
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Figure S3.5. HSQC (600 MHz, CDCl3) spectrum of compound 3

Figure S3.6. HMBC (600 MHz, CDCl3) spectrum of compound 3
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Figure S3.7. NOESY (600 MHz, CDCl3) spectrum of compound 3
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Figure S3.8. HRESIMS of compound 3
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Figure S3.9. ECD spectrum of compound 3

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. 1H NMR (600 MHz, CDCl3) spectrum of compound 7

Figure S4.4. 13C NMR (150 MHz, CDCl3) spectrum of compound 7
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Figure S4.5. HSQC (600 MHz, CDCl3) spectrum of compound 7

Figure S4.6. HMBC (600 MHz, CDCl3) spectrum of compound 7
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Figure S4.7. HRESIMS of compound 7
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Figure S4.8. ECD spectrum of compound 7
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Figure S5.1. IR spectrum of compound 8
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Figure S5.2. UV spectrum of compound 8



34

Figure S5.3. 1H NMR (600 MHz, CDCl3) spectrum of compound 8

Figure S5.4. 13C NMR (150 MHz, CDCl3) spectrum of compound 8
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Figure S5.5. HSQC (600 MHz, CDCl3) spectrum of compound 8

Figure S5.6. HMBC (600 MHz, CDCl3) spectrum of compound 8
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Figure S5.7. NOESY (600 MHz, CDCl3) spectrum of compound 8
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Figure S5.8. HRESIMS of compound 8
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Figure S5.9. ECD spectrum of compound 8



39

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. 1H NMR (600 MHz, CDCl3) spectrum of compound 9

Figure S6.4. 13C NMR (150 MHz, CDCl3) spectrum of compound 9
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Figure S6.5. HSQC (600 MHz, CDCl3) spectrum of compound 9

Figure S6.6. HMBC (600 MHz, CDCl3) spectrum of compound 9
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Figure S6.7. HRESIMS of compound 9
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Figure S6.8. ECD spectrum of compound 9

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. 1H NMR (600 MHz, CDCl3) spectrum of compound 10

Figure S7.4. 13C NMR (150 MHz, CDCl3) spectrum of compound 10
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Figure S7.5. HSQC (600 MHz, CDCl3) spectrum of compound 10

Figure S7.6. HMBC (600 MHz, CDCl3) spectrum of compound 10
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Figure S7.7. NOESY (600 MHz, CDCl3) spectrum of compound 10
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Figure S7.8. HRESIMS of compound 10
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Figure S7.9. ECD spectrum of compound 10
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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. 1H NMR (600 MHz, CDCl3) spectrum of compound 12

Figure S8.4. 13C NMR (100 MHz, CDCl3) spectrum of compound 12
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Figure S8.5. HSQC (600 MHz, CDCl3) spectrum of compound 12

Figure S8.6. HMBC (600 MHz, CDCl3) spectrum of compound 12
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Figure S8.7. NOESY (600 MHz, CDCl3) 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. 1H NMR (400 MHz, CDCl3) spectrum of compound 13

Figure S9.3. 13C NMR (100 MHz, CDCl3) spectrum of compound 13
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Figure S9.4. HSQC (600 MHz, CDCl3) spectrum of compound 13

Figure S9.5. HMBC (600 MHz, CDCl3) spectrum of the new compound 13
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Figure S9.6. NOESY (600 MHz, CDCl3) 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

Figure S9.9. Key HMBC correlations of compound 13



68

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. 1H NMR (600 MHz, CDCl3) spectrum of compound 14

Figure S10.4. 13C NMR (100 MHz, CDCl3) spectrum of compound 14
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Figure S10.5. HSQC (600 MHz, CDCl3) spectrum of compound 14

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
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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. 1H NMR (400 MHz, CDCl3) spectrum of compound 15

Figure S11.3. 13C NMR (100 MHz, CDCl3) 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
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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. 1H NMR (600 MHz, CDCl3) spectrum of compound 16

Figure S12.4. 13C NMR (100 MHz, CDCl3) spectrum of compound 16
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Figure S12.5. HSQC (600 MHz, CDCl3) spectrum of compound 16

Figure S12.6. HMBC (600 MHz, CDCl3) spectrum of compound 16



85

Figure S12.7. NOESY (600 MHz, CDCl3) spectrum of compound 16
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Figure S12.8. HRESIMS of compound 16
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Figure S12.9. ECD spectrum of compound 16
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