
Supporting Information

New antiproliferative germacranolides from Carpesium divaricatum 

Tao Zhang,1# Qiu-Bo Zhang,1# Lu Fu,1, 2 Ling-Yu Li,1 Li-Yan Ma,1 Jin-Guang Si,1 

Hong-Wu Zhang,1 Jian-He Wei,1 Shi-Shan Yu,3 and Zhong-Mei Zou1*

1 Institute of Medicinal Plant Development, Chinese Academy of Medical Sciences 

and Peking Union Medical College, Beijing 100193, P. R. China.

2 School of Pharmacy, Henan University of Traditional Chinese Medicine, Zhengzhou 

450008, P. R. China.

3 Institute of Materia Medica, Chinese Academy of Medical Sciences and Peking 

Union Medical College, Beijing 100150, P. R. China.

# These authors contributed equally to this study.

* Corresponding Author

Zhong-Mei Zou, Tel/Fax: 86-10-57833290,

E-mail address: zmzou@implad.ac.cn.

Electronic Supplementary Material (ESI) for RSC Advances.
This journal is © The Royal Society of Chemistry 2019

mailto:zmzou@implad.ac.cn


Contents of Supplementary Information
contents

Fig.C1 CD spectra of compounds 1–2
Fig.C2 CD spectra of compounds 3–6

Fig. S1.1 1H NMR spectrum (500 MHz) of compound 1 in CD3OD
Fig. S1.2 13C NMR spectrum (125 MHz) of compound 1 in CD3OD
Fig. S1.3 1H-1H COSY spectrum (500 MHz) of compound 1 in CD3OD
Fig. S1.4 HSQC spectrum (500 MHz) of compound 1 in CD3OD
Fig. S1.5 HMBC spectrum (500 MHz) of compound 1 in CD3OD
Fig. S1.6 ROESY spectrum (500 MHz) of compound 1 in CD3OD
Fig. S1.7 HRESIMS spectrum of compound 1
Fig. S1.8 CD spectrum of compound 1
Fig. S1.9 X-ray ORTEP drawing of 1
Fig. S2.1 1H NMR spectrum (600 MHz) of compound 2 in CD3OD
Fig. S2.2 13C NMR spectrum (150 MHz) of compound 2 in CD3OD
Fig. S2.3 1H-1H COSY spectrum (600 MHz) of compound 2 in CD3OD
Fig. S2.4 HSQC spectrum (600 MHz) of compound 2 in CD3OD
Fig. S2.5 HMBC spectrum (600 MHz) of compound 2 in CD3OD
Fig. S2.6 NOESY spectrum (600 MHz) of compound 2 in CD3OD
Fig. S2.7 UV spectrum of compound 2
Fig. S2.8 IR spectrum of compound 2
Fig. S2.9 HRESIMS spectrum of compound 2
Fig. S2.10 CD spectrum of compound 2
Fig. S3.1 1H NMR spectrum (600 MHz) of compound 3 in CD3OD
Fig. S3.2 13C NMR spectrum (150 MHz) of compound 3 in CD3OD
Fig. S3.3 1H-1H COSY spectrum (600 MHz) of compound 3 in CD3OD
Fig. S3.4 HSQC spectrum (600 MHz) of compound 3 in CD3OD
Fig. S3.5 HMBC spectrum (600 MHz) of compound 3 in CD3OD
Fig. S3.6 ROESY spectrum (600 MHz) of compound 3 in CD3OD
Fig. S3.7 UV spectrum of compound 3
Fig. S3.8 IR spectrum of compound 3
Fig. S3.9 HRESIMS spectrum of compound 3
Fig. S3.10 CD spectrum of compound 3
Fig. S3.11 X-ray ORTEP drawing of 3
Fig. S4.1 1H NMR spectrum (500 MHz) of compound 4 in CD3OD
Fig. S4.2 13C NMR spectrum (125 MHz) of compound 4 in CD3OD
Fig. S4.3 1H-1H COSY spectrum (500 MHz) of compound 4 in CD3OD
Fig. S4.4 HSQC spectrum (500 MHz) of compound 4 in CD3OD
Fig. S4.5 HMBC spectrum (500 MHz) of compound 4 in CD3OD
Fig. S4.6 NOESY spectrum (600 MHz) of compound 4 in CD3OD
Fig. S4.7 UV spectrum of compound 4
Fig. S4.8 IR spectrum of compound 4



Fig. S4.9 HRESIMS spectrum of compound 4 
Fig. S4.10 CD spectrum of compound 4
Fig. S5.1 1H NMR spectrum (500 MHz) of compound 5 in CD3OD
Fig. S5.2 13C NMR spectrum (125 MHz) of compound 5 in CD3OD
Fig. S5.3 1H-1H COSY spectrum (500 MHz) of compound 5 in CD3OD
Fig. S5.4 HSQC spectrum (500 MHz) of compound 5 in CD3OD
Fig. S5.5 HMBC spectrum (500 MHz) of compound 5 in CD3OD
Fig. S5.6 ROESY spectrum (500 MHz) of compound 5 in CD3OD
Fig. S5.7 UV spectrum of compound 5
Fig. S5.8 IR spectrum of compound 5
Fig. S5.9 HRESIMS spectrum of compound 5 
Fig. S5.10 CD spectrum of compound 5
Fig. S6.1 1H NMR spectrum (500 MHz) of compound 6 in CD3OD
Fig. S6.2 13C NMR spectrum (125 MHz) of compound 6 in CD3OD
Fig. S6.3 1H-1H COSY spectrum (500 MHz) of compound 6 in CD3OD
Fig. S6.4 HSQC spectrum (500 MHz) of compound 6 in CD3OD
Fig. S6.5 HMBC spectrum (500 MHz) of compound 6 in CD3OD
Fig. S6.6 ROESY spectrum (500 MHz) of compound 6 in CD3OD
Fig. S6.7 UV spectrum of compound 6
Fig. S6.8 IR spectrum of compound 6
Fig. S6.9 HRESIMS spectrum of compound 6 
Fig. S6.10 CD spectrum of compound 6
Fig. S7.1 1H NMR spectrum (500 MHz) of compound 7 in CD3OD
Fig. S7.2 13C NMR spectrum (125 MHz) of compound 7 in CD3OD
Fig. S7.3 1H-1H COSY spectrum (500 MHz) of compound 7 in CD3OD
Fig. S7.4 HSQC spectrum (500 MHz) of compound 7 in CD3OD
Fig. S7.5 HMBC spectrum (500 MHz) of compound 7 in CD3OD
Fig. S7.6 ROESY spectrum (600 MHz) of compound 7 in CD3OD
Fig. S7.7 UV spectrum of compound 7
Fig. S7.8 IR spectrum of compound 7
Fig. S7.9 HRESIMS spectrum of compound 7 
Fig. S7.10 CD spectrum of compound 7



Fig.C1 CD spectra of compounds 1–2

Fig.C2 CD spectra of compounds 3–6



Fig. S1.1 1H NMR spectrum (500 MHz) of compound 1 in CD3OD

Fig. S1.2 13C NMR spectrum (125 MHz) of compound 1 in CD3OD



Fig. S1.3 1H-1H COSY spectrum (500 MHz) of compound 1 in CD3OD

Fig. S1.4 HSQC spectrum (500 MHz) of compound 1 in CD3OD



Fig. S1.5 HMBC spectrum (500 MHz) of compound 1 in CD3OD

Fig. S1.6 ROESY spectrum (500 MHz) of compound 1 in CD3OD



Fig. S1.7 HRESIMS spectrum of compound 1

Fig. S1.8 CD spectrum of compound 1



Fig. S1.9 X-ray ORTEP drawing of 1



Fig. S2.1 1H NMR spectrum (600 MHz) of compound 2 in CD3OD

Fig. S2.2 13C NMR spectrum (150 MHz) of compound 2 in CD3OD



Fig. S2.3 1H-1H COSY spectrum (600 MHz) of compound 2 in CD3OD

Fig. S2.4 HSQC spectrum (600 MHz) of compound 2 in CD3OD



Fig. S2.5 HMBC spectrum (600 MHz) of compound 2 in CD3OD

Fig. S2.6 NOESY spectrum (600 MHz) of compound 2 in CD3OD



Fig. S2.7 UV spectrum of compound 2 

Fig. S2.8 IR spectrum of compound 2 



m/z
100 200 300 400 500 600 700 800 900 1000 1100

%

0

100
201710200010 316 (4.108) 1: TOF MS ES+ 

7.13e3459.1992

227.1068

199.1121

171.1178

145.1003

375.2145

245.1183

419.2073

895.4088464.1782

!
464.6794

!
465.1779 !

683.2141511.1601 747.3323890.4589

896.4157

!
897.4080

!
1029.0477

!
1142.3185

Fig. S2.9 HRESIMS spectrum of compound 2

Fig. S2.10 CD spectrum of compound 2



Fig. S3.1 1H NMR spectrum (600 MHz) of compound 3 in CD3OD

Fig. S3.2 13C NMR spectrum (150 MHz) of compound 3 in CD3OD



Fig. S3.3 1H-1H COSY spectrum (600 MHz) of compound 3 in CD3OD

Fig. S3.4 HSQC spectrum (600 MHz) of compound 3 in CD3OD



Fig. S3.5 HMBC spectrum (600 MHz) of compound 3 in CD3OD

Fig. S3.6 ROESY spectrum (600 MHz) of compound 3 in CD3OD



Fig. S3.7 UV spectrum of compound 3 

Fig. S3.8 IR spectrum of compound 3 



ZT_JWE_34_4

m/z
100 200 300 400 500 600 700 800 900 1000 1100

%

0

100
20141102_037 501 (6.512) Cm (500:503) 1: TOF MS ES+ 

8.88e5489.2101

478.4079
261.111383.0481

349.1647

490.2134

719.9618505.1872
711.5580 720.9512

955.4266790.9803 1017.4047 1177.7251

Fig. S3.9 HRESIMS spectrum of compound 3

Fig. S3.10 CD spectrum of compound 3



Fig. S3.11 X-ray ORTEP drawing of 3

Fig. S4.1 1H NMR spectrum (500 MHz) of compound 4 in CD3OD



Fig. S4.2 13C NMR spectrum (125 MHz) of compound 4 in CD3OD

Fig. S4.3 1H-1H COSY spectrum (500 MHz) of compound 4 in CD3OD



Fig. S4.4 HSQC spectrum (500 MHz) of compound 4 in CD3OD

Fig. S4.5 HMBC spectrum (500 MHz) of compound 4 in CD3OD



Fig. S4.6 ROESY spectrum (500 MHz) of compound 4 in CD3OD



Fig. S4.7 UV spectrum of compound 4

Fig. S4.8 IR spectrum of compound 4



Fig. S4.9 HRESIMS spectrum of compound 4

Fig. S4.10 CD spectrum of compound 4



  Fig. S5.1 1H NMR spectrum (500 MHz) of compound 5 in CD3OD

  Fig. S5.2 13C NMR spectrum (500 MHz) of compound 5 in CD3OD



Fig. S5.3 1H-1H COSY spectrum (500 MHz) of compound 5 in CD3OD

Fig. S5.4 HSQC spectrum (500 MHz) of compound 5 in CD3OD



Fig. S5.5 HMBC spectrum (500 MHz) of compound 5 in CD3OD

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.5

f2 (ppm)

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

f
1
 
(
p
p
m
)

JWE-H-67.2.ser

JWE-H-67        MeOD          ROESY

Fig. S5.6 ROESY spectrum (500 MHz) of compound 5 in CD3OD



Fig. S5.7 UV spectrum of compound 5

Fig. S5.8 IR spectrum of compound 5



Fig. S5.9 HRESIMS spectrum of compound 5

Fig. S5.10 CD spectrum of compound 5



Fig. S6.1 1H NMR spectrum (500 MHz) of compound 6 in CD3OD

Fig. S6.2 13C NMR spectrum (125 MHz) of compound 6 in CD3OD



Fig. S6.3 1H-1H COSY spectrum (500 MHz) of compound 6 in CD3OD

Fig. S6.4 HSQC spectrum (500 MHz) of compound 6 in CD3OD



Fig. S6.5 HMBC spectrum (500 MHz) of compound 6 in CD3OD

0.51.01.52.02.53.03.54.04.55.05.56.06.57.07.5

f2 (ppm)

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

f
1
 
(
p
p
m
)

JWE-H-57.2.ser

JWE-H-57        MeOD          ROESY

Fig. S6.6 ROESY spectrum (500 MHz) of compound 6 in CD3OD



Fig. S6.7 UV spectrum of compound 6

Fig. S6.8 IR spectrum of compound 6



Fig. S6.9 HRESIMS spectrum of compound 6

Fig. S6.10 CD spectrum of compound 6



Fig. S7.1 1H NMR spectrum (500 MHz) of compound 7 in CD3OD

Fig. S7.2 13C NMR spectrum (125 MHz) of compound 7 in CD3OD



Fig. S7.3 1H-1H COSY spectrum (500 MHz) of compound 7 in CD3OD

Fig. S7.4 HSQC spectrum (500 MHz) of compound 7 in CD3OD



Fig. S7.5 HMBC spectrum (500 MHz) of compound 7 in CD3OD

Fig. S7.6 ROESY spectrum (500 MHz) of compound 7 in CD3OD



Fig. S7.7 UV spectrum of compound 7

Fig. S7.8 IR spectrum of compound 7 



ZT_JWZ_52_1

m/z
100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000 1050 1100 1150

%

0

100
20150326_008 729 (4.775) Cm (729:734) 1: TOF MS ES+ 

1.41e5279.1237

261.1132

215.1074

165.0664

389.1575

367.1756

280.1273

349.1649 390.1617
755.3263503.2245 569.3969 690.5771646.7799 1070.9512840.2835 985.7111902.3283 1099.0784 1193.7119

Fig. S7.9 HRESIMS spectrum of compound 7 

Fig. S7.10 CD spectrum of compound 7


