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Abstract 

 

 In this research, the apical buds or exudate collected from the apical buds of 3 species 

of Thai Gardenia including G. obtusifolia, G. thailandica and G. collinsae were chosen for 

isolation, purification and characterization of their triterpene constituents. The chromatographic 

separation of apical buds of G. obtusifolia led to the isolation of three new cycloartane 

triterpenes, namely gardenoins E-H (41-44), together with five known compounds, secaubryenol 

(27), dikamakiartanes A, C and D (45-47), and 5�-cycloart-24-ene-3,16,23-trione (48). The 

similar treatment with G. thailandica yielded two additional new cycloartanes, namely 

gardenoins I and J (49-50), along with two known derivatives, sootepin E (34) -%" coronaloic 

acid (51), other than secaubryenol (27). Unlike other species, the isolation of G. collinsae apical 

buds provided two new dammarane triterpenes, (20R,24R)-epoxy-3-oxo-dammarane-25�,26-

diol (52) and (20R,24S)-epoxy-3-oxo-dammarane-25�,26-diol (53), as well as one known 

compound (20R,24R)-ocotillone (54). All isolated compounds were evaluated for their 

cytotoxicity toward five cancer cell lines. Generally, 3,4-seco-cycloartane type triterpenes with 

exomethylene �-lactone moiety displayed broad cytotoxicity on all cell lines tested. Chemical 

modification of C-1 and C-26 position of this type compound was further carried out. However, 

all semi-synthetic ester and amide analogs did not give any improved result, but they gave the 

better selectivity. In addition, some naturally occurring 3,4-seco-cycloartane triterpenes and 

semi-synthetic analogs were tested for their antiangiogenic activity on a rat aortic sprouting 

assay, an ex vivo model angiogenesis. Among these compounds, a naturally occurring 3,4-

seco-cycloartane triterpene, sootepin B (31) obtained from G. sootepensis, displayed the most 

potent activity in terms of the inhibition of microvessel sprouting from rat aortic rings in a dose-

dependent manner with IC50 value of 4.46 �M and the complete inhibition was observed at a 

dose of 20 �M. Its angiogenic effect was found to occur via suppression of endothelial cell 

(HUVEC) proliferation and tube formation, and was likely mediated by regulation (inhibition) of 

the Erk1/2 signaling pathway. 
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Gardenia #�N�+1�4�"�#�7#� 3 ���� 7��-'	 G. obtusifolia, G. thailandica -%" G. collinsae �+
��

7L��%�����#�7���#����������1��	 4 ������'
	
������& G. obtusifolia LON&1���)N�
	� Gardenoin E-

H (41-44) -%"
��'%�	�����
'(�#�N��'�����&����'	����' 5 ���� �)� secaubryenol (27), 

dikamakiartane A, C -%" D (45-47) -%" 5�-cycloart-24-ene-3,16,23-trione (48) -%"�(&7��
��7L

��%�����#�����1��	��'��L��#�N�'0+��'
	
������& G. thailandica  �)� Gardenoin I-J (49-50) -%"

7��
��#�N��'�����&����'	�����N���' 2 ���� �)� sootepin E (34) -%" coronaloic acid (51) ��	�&7�'0

���7�	�+
��7L��%�����#���'
	
������& G. collinsae -�	
����P-�'7��
��-�������7���#���

�������1��	 2 �����)� (20R,24R)-epoxy-3-oxo-dammarane-25�,26-diol (52) -%" (20R,24S)-
epoxy-3-oxo-dammarane-25�,26-diol (53) LON&�46� epimer '(� -%"����(�Q�#�N��'�����&����'	����' 

1 �����)� (20R,24R)-ocotillone (54) ��)N��,�
��#�N-�'7��#(3&�����#�
�+�
���46�����	�

�L%%��"��0& 5 ���� �+
	�
��7L��%�����#����� 3,4-seco-cycloartane #�N�����&
���&
	
�#�N�46� 

exomethylene �-lactone ring 1��*#Q�R��#�N
�� ��'�(3��O&#,�'��
(&����"������(�Q���
�#���-%"-�7���#�N

�,�-��	&#�N 1 -%" 26 ��&
��'%�	���3��)N����
��
(��(�Q���&���&
���&�	�'����'*#Q�R �+
	�����(�Q�#�N

7��7�	��*#Q�R��'
	�
���(3&�����	�&���(�
,��(S-�	���
���%)�'�,����"
�&�O3� ��'��'��3�(&7���,�
�� 3,4-

seco-cycloartane #�N-�'7��-%"����(�Q�'ON&
(&����"��#�N7����#�
�+'���(+�(3&'��
���&�%���%)��1��	 

LON&�46�'�"+
�'���)3����#�N
,��(S
,���(+'������S���+��-%"-��	'�"����(
��&�"��0&#�'���� �+
	� 

sootepin (31) LON&�46�
���%���(!W�Q�������#�N���-�'7����' G. sootepensis 1��*#Q�R'���(+�(3&#�N��

#�N
�����
����P�(+�(3&'��
���&�%���%)��1��	1� ex vivo model 7����	�&
�+��!�#�N�
��������� 20 

�M -%"���	� IC50 = 4.46 �M ���'���(+�(3&��3 �+
	��'���	��'���(+�(3& proliferation (IC50 = 1.20 �M) 

-%" tube formation (IC50 = 11.20 �M) -�	-#+7�	���%�	� migration ��& HUVEC �%� ��'��'��3�(&

�+
	� �+
	� sootepin B -
�&'����'*#Q�R�(+�(3&'��
���&�%���%)��1��	����	��'%7'�(+�(3&'�� 

phosphorylation ��& Erk ½ �46��%(' 

 

 

 

 

 

 

 

 

 



Executive Summary 

�������: ���������������������������
!������"#���$�%�������&��'�	�� Gardenia spp. 
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1) 
'(�-�'
��7L��%�����#�7���#��������'�)�
'�% Gardenia #�N�+1�4�"�#�7#� -%"

�,���#�
�+�
���46�����	��L%%��"��0&�����	�&Y ��'�(3�#,�'��4�(+�4%�N�����&
���&��&
��#�N-�'

7����
�4Z�'�����������)N��O'��PO&�
��
(��(�Q���&���&
���&�	�'����'*#Q�R 

2) �O'���('������&
��#�N-�'7��-%"����(�Q�#�N
(&����"��7���	�'���(+�(3&'��
���&�%���%)��

1��	 (anti-angiogenesis) LON&�46�'�"+
�'��
,��(S
,���(+'������S���+��-%"-��	'�"����(
��&

�"��0&#�'���� 

 

*����!+�������� 

1) 
����P-�'
��7���#������+��
�#Q�R7��#(3&��� 16 ���� �(&��3�)� 

- ��'
	
������& G. obtusifolia -�'7��
��7L��%�����#�7���#����������1��	 4 �����)� 

gardenoin E-H (41-44) -%"
��7L��%�����#�#�N��'�����&����'	����' 5 ���� 7��-'	 

dikamakiartane A, C -%" D (45–47), 5�-cycloart-24-ene-3,16,23-trione (48) -%" 

secaubryenol (27)  

- ��'��L��#�N�'0+��'
	
������& G. thailandica -�'7��
��7L��%�����#�7���#����������

1��	 2 ���� �)� gardenoin I -%" J (49-50) -%"
��'%�	�����
'(�#�N��'�����&����'	����' 3 

���� �)� secaubryenol (27), sootepin E (34) -%" coronaloic acid (51) 

- ��'
	
������& G. collinsae 7�	�+
��'%�	�7L��%�����#�7���#������ -�	
����P-�'7��


��7���#������'%�	�-������� (dammarane) ����1��	 2 ���� �)� (20R,24R)-epoxy-3-oxo-

dammarane-25�,26-diol (52) -%" (20R,24S)-epoxy-3-oxo-dammarane-25�,26-diol (53) 

LON&�46� epimer '(� -%"����(�Q�#�N��'�����&����'	����' 1 �����)� (20R,24R)-ocotillone 

(54) 

2) ��)N��,�
��#�N-�'7��#(3&�����#�
�+�
���46�����	��L%%��"��0&�����	�&Y #,�1��#��+
	� 
��7L

��%�����#����� 3,4-seco-cycloartane #�N�����&
���&
	
�#�N�46� exomethylene �-lactone ring -�	'��

��
& furan 1� side chain (C20-C27) �"#,�1��*#Q�R%�%&��	�&��' -%"��)N�#,�'���)��(����#,�

4Z�'�����'��������
���
�%���7\%�#�N exomethylene ��&
& �-lactone ring �+
	�����(�Q�#�N7��7�	-
�&

�
���46�����	��L%%��"��0&1�Y #�N#�
�+�%� LON&��31����0�
	� ���&
���&
	
�#�N�46� exomethylene �-
lactone ring ���
���,��46��	�'����'*#Q�R��&
��'%�	���3���#�N
(�������7
� 

3) '��
(&����"������(�Q� 3,4-seco-cycloartane #�N�����&
���&
	
�#�N�46� exomethylene �-lactone 

ring ����%)�'1�� coronalolide (11) -%" sootepin A (30) �46�
���(3&��� 7������(�Q���
�#���-%"-�



7����
�#(3&
�3� 27 ����(�Q� LON&1���%�
���46�����	��L%%��"��0&1'%�����&'(+
���(3&���#(3&
�&����-�	��

�
���,����"���"�&
�&�O3�  

4) 7���,�
�� 3,4-seco-cycloartane #�N-�'7����'�)� Gardenia #(3&���-%"����(�Q�'ON&
(&����"��+�&

�������(�'��&*#Q�R�(+�(3&'��
���&�%���%)��1��	��
� ex vivo model �+
	� sootepin  (31) LON&�46�


���%���(!W�Q�������#�N-�'7����' G. sootepensis 1��*#Q�R'���(+�(3&#�N��#�N
�����
����P�(+�(3&'��


���&�%���%)��1��	7����	�&
�+��!�#�N�
��������� 20 �M -%"���	� IC50 = 4.46 �M ���'���(+�(3&��3 

�+
	��'���	��'���(+�(3& proliferation (IC50 = 1.20 �M) -%" tube formation (IC50 = 11.20 �M) -�	

-#+7�	���%�	� migration ��& HUVEC �%� ��'��'��3�(&�+
	� �+
	� sootepin B -
�&'����'*#Q�R

�(+�(3&'��
���&�%���%)��1��	����	��'%7'�(+�(3&'�� phosphorylation ��& Erk ½ �46��%(' 
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Gardenia spp. 

 

���+� 

�"��0&�46�
�������&'���
����
��#�N
,��(S#(3&1�4�"�#�#�N�(]��-%�
-%"4�"�#�#�N',�%(&�(]�� 

-%"��&��
��(��%����3��+
	� ����-�
�����"�46��"��0&��'�O3�#�'4^ ��	� 1��(&'*� �+
	� ����S�&
(�

'%�&���46��"��0&���N��O3���
 6,000 �� #�'4^ 1�4�"�#�7#�'0��	�'(� 1�4^ �.�. 2549 �+����
����
��

��'����"��0& 66,000 ��� ���1��������+�"��0&4��-%"�(+��'#�N
�� 
,���(+1�����S�&�)��"��0&4�'

��%�' 4�� -%"������ -��
	���#�N1��1�'���('���"��0&1�4`���+(������	�%������ -�	��)N�&��'�"��0&


����P�'���O3�7��'(+#�'
	
���&�	�&'��-%"�"��0&-�	%"����'0���
��-�'�	�&'(� �(&�(3���#�N1���O&���&

���
���%)�'�,����"�	��L%%��"��0&-�	%"���� -%"4`S��#�N
,��(S��'4�"'����ON& �)���
	
�1�S	#�N1���('

���%���&����&�	�����&��' �O&#,�1���('
��(��	�&Y �(&�&���&��������('���"��0&����1��	Y #�N��

4�"
�#Q����
�&-�	1���%���&����&#�N���� LON&���('���"��0&#�N1��7����
	
�1�S	7������'�%���(!W�

Q������� ��	� �)�
���7�� 
�N&����
��1�#"�% ��%��#���� �46���� -%"7�������&��
	� 4�"��! 60% ��&

������1��	#�N��#"�+���1��	
& �.�. 1981-2002 ��� FDA �)����('������"��0& 7��'�� -%"�
��

�(��%���
�& �46�
���%���(!W�Q���������)�
��#�N4�(+�4%�N�����&
���&����'
���%���(!W�Q������� 

�(&�(3����
��(��O&��0�
	� �)�
���7��7#��	��"�46�-�%	&�4|�����#�N
,��(S��'-�%	&��ON&
,���(+'������+

���('���"��0&����1��	 ��)N�&��'4�"�#�7#������7���4���+�����
������
�+��!���&�%���(!W�

Q�������-%"�
���%�'�%��#�&��
������	-%�
 

 

��''���O'�����&��'��
��(��	�&Y �+
	�
��'%�	�7���#�������46�
��#�N��*#Q�R#�&��
���#�N

�	�
�1� -%"
��'%�	���3�%������-
�&�
���46�����	��L%%��"��0&-%"�(+�(3&��)3� HIV 7���� ����}��"


��'%�	� seco-7L��%�����#�7���#������ LON&�+��'1��)�
'�% Gardenia �(
��	�&��	� 

4^ �.�. 2002 Patoomratana Tuchinda -%"�!"
1
 �O'��*#Q�R���� HIV -%"�
���46�����	�

�L%%��"��0&��&
��#�N-�'7����' G. obtusifolia �+ cycloartane triterpene 3 ���� (1-3) -%"\%��


����� 5 ���� (4-8) LON&
�� 33 ��*#Q�R�(+�(3& HIV ��#�N
���)� 99% #�N�
��������� 200 mg/mL 

 

 

 

 

 

 

 

 



4^ �.�. 2004 Vichai Reutrakul -%"�!"
2
 
'(�
����'1+-%"'�N&��& G. tubifera �+
�� 

cycloartane triterpene 4 ���� (9-12) -%"\%��
����� 6 ���� (13-18) ���
�� 9 -%" 10 �46�
��

����1��	 -%"�,�
����%	���3��#�
�+�
���46�����	��L%%��"��0&-%"*#Q�R���� HIV 

 

 

 

 

 

 

 

 

 

 

 

 

1�4^����
'(� Patoomratana Tuchinda -%"�!"
3
 �O'��
��
,��(S��''�N&-%"1+��& G. 

thailandica �+ cycloartane triterpene 4 ���� (19-22) -%"\%��
����� 4 ���� (23-26) -%"�,�
��

��%	���3��#�
�+*#Q�R���� HIV -%"�+
	�
�� 19-22 ��*#Q�R1��"�(+4��'%�&PO&�� 

 

 

 

 

 

 

 

 

 

 

 

4^ �.�. 2006 Raphal Grougnet -%"�!"
4
 �O'���&��4�"'�+#�&������& G. aubryi �+
�� 

seco-7L��%�����#�7���#����������1��	 3 ���� (27-29) -%"�,���#�
�+�
���46�����	�

�L%%��"��0&������ 4�'��%�' -%"�	��%�'���' �+
	� �}��"
�� 29 -
�&�
���46�����	�

�L%%��"��0&#�N#�
�+#�'���� 

 



 

 

 

 

 

 

 

 

 

 

 

�(&�(3�'%�	����
��(��O&
�1�#�N�"�,�
	
������)���L�� (exudate) #�N�'0+7����'
	
������&�)� 

Gardenia #�N�+1�7#���#,�'��
'(�-�'
�� 1��+)3�&���7��#,�'��
'(�-�'
����'
	
������& G. 
sootepensis -%" G. tubifera -%"�+
�� 3,4-seco-7L��%�����#�7���#����������1��	 5 ���� (30-

34) -%"
��'%�	�����
'(�#�N�����'����'	����' 4 ���� (35-38) ��' G. sootepensis -%"
�� 3,4-

seco-\%�����7L��%�����#�����1��	 3 ������' G. tubifera (39-41) LON&
�� 3,4-seco-7L��%�����#�

7���#������-
�&�
���46�����	��L%%��"��0&#�N#�
�+1��'!W���-%"�	�
�1� �!"#�N
��'%�	� 3,4-

seco-\%�����7L��%�����#�7�	-
�&�
���46�����	��L%%��"��0&#�N#�
�+�%�  ��'�(3����
��(��O&�,��)�


'�%��3��' 3 
���(�Q�� �)� G. obtusifolia, G. thailandica -%" G. collinsae ���O'���+)3�&�����
��#�

��'#�&
�4'�#�
�'4^ �+
	�#(3& 3 
���(�Q����3��
��'%�	�7L��%�����#�7���#������#�N�����&
���&

1'%�����&'(�-�	���
��-�'�	�&#�&���&
���&�	�� �(&�(3����
��(��O&��0�
	� ��)N��,�
��
'(����+��'
	
�

�����&�)�#(3&
��������3��#,�'��-�' �"
����P7��
��'%�	�7L��%�����#�7���#������#�N�����&
���& 

#�N�%�'�%�� -%"�"�46�4�"�������N&1�'���,�74�O'���
��
(��(�Q��"�
	�&���&
���&��&
����%	���3

�	�'����'*#Q�R�(+�(3&�L%%��"��0& �
�PO&'��4�(+�4%�N�����&
���&���4Z�'����������"#,�1��7��
��'%�	�

��3#�N�����&
���&�%�'�%����'�O3� LON&�����%�	�&Y #�N7���"��4�"������	�'���,�
����%	���374�(]���46�

��1������ 
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��� 

1) 
'(�-�'
��7L��%�����#�7���#��������'�)�
'�% Gardenia #�N�+1�4�"�#�7#� -%"

�,���#�
�+�
���46�����	��L%%��"��0&�����	�&Y ��'�(3�#,�'��4�(+�4%�N�����&
���&��&
��#�N-�'

7����
�4Z�'�����������)N��O'��PO&�
��
(��(�Q���&���&
���&�	�'����'*#Q�R 

2) �O'���('������&
��#�N-�'7��-%"����(�Q�#�N
(&����"��7���	�'���(+�(3&'��
���&�%���%)��

1��	 (anti-angiogenesis) LON&�46�'�"+
�'��
,��(S
,���(+'������S���+��-%"-��	'�"����(
��&

�"��0&#�'���� 

 

����!��� 


%����� 1: ���
�
!���
��	���,-
�)� Gardenia 

 1�&��
��(���3 7��#,�'��
'(�-�'
����'
	
������)���L��#�N�'0+��'
	
������&�)�
'�% 

Gardenia 3 ���� 7��-'	 G. obtusifolia, G. thailandica -%" G. collinsae ��
��#���'��%(������

���#'��\^ -%"#,�'����
����#��+���&
���&������(��#���' NMR -%" mass spectroscopy 

 

1.1 ���
�
!���
��	��
%����!/�� G. obtusifolia 

 7���,�
	
����
� (fresh apical bud) ��& G. obtusifolia 400 '�(� ��
'(���
���Q���% (2 

%��� x 2, ��(3&%" 2 
(�) -%�
�"����(
#,�%"%����' ��'�(3��,�
	
�
'(�#�N7��������#��(��"�
	�&�3,� 

(300 ��%%�%���) '(+��Q�%-�L��## (300 ��%%�%��� x 3) 7��
	
�
'(����+ EtOAc 80 '�(� LON&7���,���#,�

'��-�'��
�-\%���%(���������#'��\^ (L�%�'���%) ���1�� hexane-EtOAc -%" EtOAc-MeOH -++

�'������#��46��(
�" -%"#,�'���
� fraction ������(�'�����&��4�"'�+#�N�%���'(���
��#���' thin-

layer chromatography (TLC) 7��#(3&��� 13 
	
� (1-13) 

 �,�
	
�#�N 5 ��#,�'��-�'�	���
��#���'��%(���������#'��\^ (L�%�'���%) -%"1�� acetone-

hexane 1��(���
	
��(3&-�	 1:9 PO& 1:4 �46��(
�" 7��
��+��
�#Q�R 4 �����)� 
�� 8 (53.9 ��%%�'�(�), 


�� 1 (17.4 ��%%�'�(�), 
�� 2 (37.8 ��%%�'�(�) -%"
�� 4 (10.5 ��%%�'�(�) -%"��)N��,�
	
�#�N 6 ��#,�

'��-�'�	���
��#���'����
'(����1�� acetone-hexane 1��(���
	
��(3&-�	 1:9 PO& 3:7 �46��(
�" 7��


�� 9 (22.6 ��%%�'�(�) 

 �,�
	
�#�N 9 ��#,�'��-�'��
��#���'��%(���������#'��\^ (L�%�'���%) -%"1�� acetone-

hexane 1��(���
	
��(3&-�	 1:4 PO& 1:1 �46��(
�" 7��
	
��	��#(3&��� 14 
	
� (9.1-9.14) -%"�+
	�


	
��	��#�N 8 -%" 14 �46�
��+��
�#Q�R�)� 
�� 7 (10 ��%%�'�(�) -%"
�� 6 (55 ��%%�'�(�) ��'�(3�7���,�


	
��	��#�N 9.11 ��#,�1��+��
�#Q�R��
��#���'����
'(����1�� MeOH-CH2Cl2 (1:99) �46��(
�" 7��
�� 3 

(70 ��%%�'�(�) 

 �,�
	
�#�N 11 ��#,�'��-�'�	���
��#���'��%(���������#'��\^ (L�%�'���%) -%"1�� MeOH-

CH2Cl2 1��(���
	
��(3&-�	 3:97 PO& 8:92 �46��(
�" 7��
��+��
�#Q�R��' 1 �����)�
�� 5 (748.5 

��%%�'�(�) 



 '��
'(�-�'
��+��
�#Q�R��'
	
������& G. obtusifolia 7��
��47
��(&-
�&1�-�����#�N 1  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

�*�;����� 1 -
�&'��
'(�-�'
����'
	
������& G. obtusifolia 
 

1.2 ���
�
!���
��	�������/�� G. thailandica 

 �,���L�� (exudate) #�N�'0+��'
	
������& G. thailandica 10 '�(� ��%"%��1��(
#,�%"%��

�
��"�
	�&��Q���%'(+7��%������#�1��(���
	
� 1:1 (20 ��%%�%���) ��'�(3�
��%"%��#�N7����#,�

'��-�'��'�46�
	
�Y ��
��#���'��%(���������#'��\^ (L�%�'���%) ���1�� acetone-hexane 1�

�(���
	
��(3&-�	 1:4 PO& 1:0 �46��(
�" -%"#,�'���
� fraction ������(�'�����&��4�"'�+#�N�%���'(�

��
��#���' TLC 7��#(3&��� 11 
	
� (1-11) 

 �,�
	
�#�N 3 ��#,�'��-�'�	���
��#���'��%(���������#'��\^ (L�%�'���%) -%"1�� acetone-

hexane 1��(���
	
��(3&-�	 1:4 �46��(
�" 7��
��+��
�#Q�R 1 �����)� 
�� 10 (53.0 ��%%�'�(�) -%"��)N��,�


	
�#�N 6 ��#,�'��-�'�	���
��#���'����
'(����1���"++�(
�"-++����
'(��)� acetone-hexane 1�



�(���
	
��(3&-�	 1:4 7��
��+��
�#Q�R��'��ON&�����)�
�� 12 (22.6 ��%%�'�(�) 
	
�#�N 5 ��#,�'��-�'�	�

��
��#���'����
'(����1�� acetone-hexane 1��(���
	
��(3&-�	 1:9 PO& 3:7 �46��(
�" 7��
�� 10 (22.6 

��%%�'�(�) 

 �,�
	
�#�N 6 ��#,�'��-�'�	���
��#���'��%(���������#'��\^ (L�%�'���%) -%"1�� acetone-

hexane 1��(���
	
��(3&-�	 1:2 �46��(
�" 7��
��+��
�#Q�R 2 �����)�
�� 9 (255.6 ��%%�'�(�) 

��	�����
'(+#�N�+1�
	
������& G. obtusifolia -%"
�� 13 (29.2 ��%%�'�(�) 

 ��)N��,�
	
�#�N 7 ��#,�'��-�'�	���
��#���'��%(���������#'��\^ (L�%�'���%) -%"1�� 

acetone-hexane 1��(���
	
��(3&-�	 1:3 �46��(
�" 7��
��+��
�#Q�R��'��ON&�����)�
�� 11 (10.0 

��%%�'�(�) 

 '��
'(�-�'
��+��
�#Q�R��'
	
������& G. thailandica 7��
��47
��(&-
�&1�-�����#�N 2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

�*�;����� 2 -
�&'��
'(�-�'
����'��L�� (exudate) ��'
	
������& G. thailandica 

 

1.3 ���
�
!���
��	��
%����!/�� G. collinsae 

 �,�
	
����
� (fresh apical bud) ��& G. collinsae 53 '�(� ��
'(���
���Q���% (500 

��%%�%��� x 2, ��(3&%" 1 
(�) -%�
�"����(
#,�%"%����' ��'�(3��,�
	
�
'(�#�N7��������#��(��"�
	�&�3,� 

(200 ��%%�%���) '(+��Q�%-�L��## (200 ��%%�%��� x 3) 7��
	
�
'(����+ EtOAc 11 '�(� LON&7���,���#,�

'��-�'��
���%(���������#'��\^ (L�%�'���%) ���1�� hexane-EtOAc -++�'������#��46��(
�" -%"



#,�'���
� fraction ������(�'�����&��4�"'�+#�N�%���'(���
��#���' thin-layer chromatography 

(TLC) 7��#(3&��� 25 
	
� (1-25) 

 �,�
	
�#�N 10 -%" 11 ���
�'(���)N�&��'���&��4�"'�+�%('���)��'(� ��'�(3��,����'�%O'

��
��(
#,�%"%���
��"�
	�& acetone '(+ hexane 1��(���
	
� 1:4 7��
��7���#������4�"��# 

dammarane +��
�#Q�R 1 �����)� 
�� 16 (950 ��%%�'�(�) -%"
	
�#�N 21 �+
	���'���'�"'����'��

�46���&-�0&
���
 LON&��)N�#,�'��'��&-%"%��&��
��(
#,�%"%�� 7��
��+��
�#Q�R4�"��#����
'(���'��ON&

�����)�
�� 14 (35.2 ��%%�'�(�)  

�,�
	
�#�N 22 ��#,�'��-�'�	���
��#���'��%(���������#'��\^ (L�%�'���%) -%"1�� acetone-

hexane 1��(���
	
��(3&-�	 1:3 �46��(
�" 7��
��7���#������4�"��# dammarane +��
�#Q�R 1 �����)�


�� 15 (8.0 ��%%�'�(�) 

 '��
'(�-�'
��+��
�#Q�R��'
	
������& G. collinsae 7��
��47
��(&-
�&1�-�����#�N 3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

�*�;����� 3 -
�&'��
'(�-�'
����'
	
������& G. collinsae 

 




%����� 2: ���

�����&<���)�
�=�/��
�� 3,4-seco-�������������������!@ 

2.1 "B�������/�� 3,4-seco-�������������
����������C�����-��! 

 2.1.1 "B�������/�� tubiferolide methyl ester (35) �
�
��"�&����
��C�����&����� 

%"%�� tubiferolide methyl ester (35) 20.0 mg, 0.04 mmol) -%"����(�Q�L(%�\�����)�-���� (2-

mercaptoethanol ��)� morpholine, 0.04 mmol) 1���#���% (0.5 mL) -%" CH2Cl2 (2.0 mL) 

��'�(3���#�N��!��������& 24 �(N
��& �"����(
#,�%"%����' -%�
�,���
�����"����
��#���' 
1
H NMR 

 

2.2 ���

�����&<���)�
�=� 3,4-seco-�������������%��H 

 2.2.1 ���

�����&<���)�
�=���)%���� 1 /�� coronalolide (11) 

 �
� coronalolide (11) (50 mg, 0.10 mmol), -�%'���%���)�-���� (0.16 mmol), DCC 

(25.0 mg, 0.12 mmol), HOBt (17.0 mg, 0.13 mmol) -%" triethylamine (100 �L, 0.60 mmol) %&1� 

CH2Cl2 (3.0 mL) ��'�(3���#�N��!��������&�46��
%� 1 �)� ���� CH3CN ��0�%&74�"7���"'���'

��'�� '��&�"'����'-%�
�,�
	
�1
���"����(
#,�%"%����' �,�
	
�#�N7����#,�1��+��
�#Q�R��
��#�

��'��%(���������#'��\^��
�L�%�'���%LON&�"��
��(
#,�%"%���
��"�
	�&��Q�%-�L��##'(+��'�L�

��)��"�
	�&�"L��#�'(+��'�L� 

 ��)�
�=� 56 : 
(&����"����' coronalolide '(+ phenol 7�� 30.3 mg; 54% yield; 
1
H NMR 

(400 MHz, CDCl3); �H 9.42 (s, 1H), 7.41 (t, J = 7.7 Hz, 2H), 7.28 (m, 1H), 7.92 (d, J = 7.7, 2H), 

6.51 (t, J = 7.2, 1H), 6.38 (br s, 1H), 5.81 (br s, 1H), 4.80 (dd, J = 14.4, 7.4 Hz, 1H), 3.33 (d, J 

= 8.2, 1H), 2.84-1.90 (m, 11H), 1.86-1.20 (m, 15H), 0.97 (m, 9H), 0.49 (d, J = 5.2 Hz, 1H), 0.27 

(d, J = 5.2 Hz, 1H); 
13

C NMR (100 MHz, CDCl3); �C 195.3, 171.5, 170.6, 155.2, 150.5, 

139.2�2, 129.5�2, 126.0, 123.2, 121.4�2, 74.4, 51.4, 48.6, 45.7, 39.1, 38.3, 36.0, 34.8, 34.7, 

33.0, 31.6, 30.9, 28.2, 27.8, 27.2, 26.6, 26.0, 25.2, 24.9,  23.4, 20.1, 18.2, 9.1; HRESIMS m/z 

[M+Na]
+
 calcd for C36H46O5Na, 581.3243, found 581.3234 

 ��)�
�=� 59 : 
(&����"����' coronalolide '(+ L-phenylalanine methyl ester 7�� 14.0 mg; 

21% yield; 
1
H NMR (400 MHz, CDCl3); �H 9.39 (s, 1H), 7.27 (m, 3H), 7.07 (d, J = 7.2 Hz, 2H), 

6.49 (t, J = 7.1 Hz, 1H), 5.92 (d, J = 7.4 Hz, 1H), 5.73 (br s, 1H), 4.88 (dd, J = 13.2, 6.0 Hz, 

1H), 4.71 (dd, J = 14.3, 7.3 Hz, 1H), 3.74 (s, 3H), 3.22 (m, 1H), 2.42-1.80 (m, 10H), 1.78-1.20 

(m, 16H), 0.92 (m, 9H), 0.40 (d, J = 5.0 Hz, 1H), 0.16 (d, J = 5.0 Hz, 1H); 
13

C NMR (100 MHz, 

CDCl3) �C 195.4, 172.2, 171.7, 170.8, 155.3, 139.2, 139.1, 135.8, 129.2�2, 128.6�2, 127.2, 

123.3, 74.5, 53.0, 52.5, 51.4, 48.6, 45.8, 39.0, 38.3, 37.8, 36.0, 34.8, 34.7, 33.9, 33.0, 31.3, 

28.4, 27.8, 27.3, 26.6, 26.0, 25.1, 23.4, 20.1, 18.3, 16.0, 9.2; HRESIMS m/z [M+Na]
+
 calcd for 

C40H53NO6Na, 666.3771, found 666.3811 



 ��)�
�=� 60 : 
(&����"����' coronalolide '(+ benzylamine 7�� 12.2 mg; 22% yield; 
1
H 

NMR (400 MHz, CDCl3) �H 9.39 (s, 1H), 7.29 (m, 5H) 6.49 (t, J = 7.0 Hz, 1H), 6.33 (s, 1H), 

5.86 (s, 1H), 5.78 (s, 1H), 4.71 (dd, J = 14.6, 7.8 Hz, 1H), 4.44 (m, 2H), 2.44-1.26 (m, 24H), 

3.26 (d, J = 8.2 Hz, 1H), 0.94-0.90 (m, 9H), 0.41 (d, J = 5.0 Hz, 1H), 0.19 (d, J = 5.0 Hz, 1H); 
13

C NMR (100 MHz, CDCl3) �C 195.4, 171.9, 170.8, 155.3, 139.2�2, 138.1, 128.8�2, 128.0�2, 

127.7, 123.3, 74.5, 51.4, 48.7, 45.8, 43.8, 39.2, 38.4, 36.0, 34.8, 34.8, 33.6, 33.0, 31.6, 28.5, 

27.8, 27.3, 26.6, 26.0, 25.1, 23.3, 20.2, 18.3, 16.0, 9.2; HRESIMS m/z [M+H]
+
 calcd for 

C37H50NO4, 572.3740, found 572.3755 

 ��)�
�=� 61 : 
(&����"����' coronalolide '(+ decylamine 7�� 10.0 mg, 16% yield; 
1
H NMR 

(400 MHz, CDCl3); �H 9.39 (s, 1 H), 6.48 (t, J = 7.2 Hz, 1H), 6.33 (s, 1H), 5.78 (s, 1H), 5.48 

(m, 1H), 4.73 (q, J=7.4, 7.6 Hz, 1H), 3.24 (m, 3H), 2.41-1.25 (m, 40H)   0.94-0.86 (m, 12H), 

0.41 (d, J = 5.1 Hz, 1H), 0.19 (d, J = 5.1 Hz, 1H); 
13

C NMR (100 MHz, CDCl3) �C 195.4, 172.0, 

170.8, 155.2, 139.3, 139.2, 123.3, 74.6, 51.5, 48.7, 45.8, 39.7, 39.2, 38.4, 36.1, 34.8, 34.8, 

33.7, 33.0, 31.9, 31.6, 29.6, 29.5�2, 29.3�2, 28.5, 27.8, 27.4, 26.9, 26.6, 26.0, 25.2, 23.4, 

22.7, 20.2, 18.3, 16.0, 14.1, 9.2; HRESIMS m/z [M+H]
+
 calcd for C40H64NO4, 622.4835, found 

622.4812 

 ��)�
�=� 62 : 
(&����"����' coronalolide '(+ heptylamine 7�� 11.0 mg, 19% yield; 
1
H 

NMR (400 MHz, CDCl3); �H 9.40 (s, 1 H), 6.49 (t, J = 6.5 Hz, 1H), 6.34 (s, 1H), 5.79 (s, 1H), 

5.45 (m, 1H), 4.74 (q, J = 6.5, 6.4 Hz, 1H), 3.25 (m, 3H), 2.41-1.30 (m, 34H), 0.95-0.88 (m, 

12H), 0.42 (d, J = 4.0 Hz, 1H), 0.20 (d, J = 4.0 Hz, 1H); 
13

C NMR (100 MHz, CDCl3); �C 195.3, 

172.0, 170.8, 155.2, 139.3, 139.2, 123.3, 74.6, 51.5, 48.8, 45.8, 39.8, 39.3, 38.4, 36.1, 3495, 

34.8, 33.7, 33.1, 31.7, 31.6, 29.7, 28.9, 28.5, 27.8, 27.4, 26.9, 26.6, 26.1, 25.2, 23.4, 22.6, 

20.2, 18.3, 16.1, 14.1, 9.2; HRESIMS m/z [M+H]
+
 calcd for C37H58NO4, 580.4366, found 

580.4298 

 ��)�
�=� 63 : 
(&����"����' coronalolide '(+ n-butylamine 7�� 10.0 mg, 19% yield; 
1
H 

NMR (400 MHz, CDCl3); �H  9.40 (s, 1H), 6.49 (t, J = 6.9 Hz, 1H), 6.33 (br s, 1H), 5.79 (br s, 

1H), 4.74 (m, 1H), 3.26 (m, 3H), 2.47-1.67 (m, 14H), 1.66-1.16 (m, 17H), 0.97-0.89 (m, 9H), 

0.41 (d, J = 3.6 Hz, 1H), 0.19 (d, J = 3.6 Hz, 1H); 
13

C NMR (100 MHz, CDCl3) �C 195.3, 172.0, 

170.8, 155.2, 139.3, 139.2, 123.3, 74.6, 51.5, 48.7, 45.8, 39.4, 39.3, 38.4, 36.1, 34.9, 34.8, 

33.7, 33.0, 31.7, 31.6, 28.5, 27.8, 27.4, 26.6, 26.1, 25.2, 23.4, 20.2, 20.1, 18.3, 16.0, 13.7, 9.2 ; 

HRESIMS m/z [M+H]
+
 calcd for C34H52NO4, 538.3896, found 538.3844 

 ��)�
�=� 64 : 
(&����"����' coronalolide '(+ sec-butylamine 7�� 12.0 mg, 22% yield; 
1
H 

NMR (400 MHz, CDCl3); �C 9.39 (s, 1H), 6.48 (t, J = 6.8 Hz, 1H), 6.33 (br s, 1H), 5.78 (br s, 



1H), 5.52 (m, 1H), 4.73 (dd, J = 14.6, 7.8 Hz, 1H), 3.27 (d, J = 7.8 Hz, 1H), 3.07 (t, J = 6.0 Hz, 

2H), 2.39-1.44 (m, 25 H), 0.92 (m, 15H), 0.48 (d, J = 5.4 Hz, 1H), 0.18 (d, J = 5.4 Hz, 1H); 
13

C 

NMR (100 MHz, CDCl3) �C ; 195.4, 172.1, 170.8, 155.3, 139.3, 139.2, 123.3, 74.6, 51.5, 48.7, 

47.0, 45.8, 39.2, 38.4, 36.1, 34.8, 34.8, 33.7, 33.0, 31.7, 29.7, 28.5, 27.8, 27.3, 26.6, 26.1, 

25.2, 23.4, 20.2, 20.2, 20.1, 18.3, 16.0, 9.2; HRESIMS m/z [M+H]
+
 calcd for C34H52NO4, 

538.3896, found 538.3842 

��)�
�=� 65 : 
(&����"����' coronalolide '(+ tert-butylamine 7�� 14.0 mg, 16% yield; 
1
H 

NMR (400 MHz, CDCl3); �H  9.40 (s, 1H), 6.49 (t, J = 7.4 Hz, 1H), 6.34 (br s, 1H), 5.80 (br s, 

1H), 5.30 (br s, 1H), 5.26 (br s, 1H), 4.74 (dd, J =  14.7, 7.6 Hz, 1H), 3.27 (d, J = 9.0 Hz, 1H), 

2.41 (m, 1H), 2.35-1.87 (m, 7 H), 1.82-1.45 (m, 12H), 1.41-1.18 (m, 12 H), 0.94 (m, 9H), 0.41 

(d, J = 5.1 Hz, 1H), 0.19 (d, J = 5.1 Hz, 1H); 
13

C NMR (100 MHz, CDCl3); �C 195.3, 171.4, 

170.8, 155.2, 139.24, 139.20, 123.3, 74.5, 51.5, 51.4, 48.7, 45.8, 39.3, 38.4, 36.1, 34.9, 34.8, 

34.5, 33.0, 31.7, 29.7, 28.8�3, 28.6, 27.8, 27.4, 26.6, 25.2, 23.4, 20.2, 18.3, 16.0, 9.2; 

HRESIMS m/z [M+H]
+
 calcd for C34H52NO4, 538.3896, found 538.3850 

��)�
�=� 70 : 
(&����"����' coronalolide '(+ pyrrolidine 7�� 12.3 mg, 23% yield; 
1
H NMR 

(400 MHz, CDCl3); �H 9.38 (s, 1H), 6.48 (t, J = 7.2 Hz, 1H), 6.31 (s, 1H), 5.79 (s, 1H), 4.75 

(dd, J = 12.5, 6.3 Hz, 1H), 3.45 (s, 4H), 3.30 (d, J = 7.7 Hz, 1H), 2.47-1.19 (m, 28H), 0.94 (m, 

9H), 0.39 (d, J = 5.0 Hz, 1H), 0.20 (d, J = 5.0 Hz, 1H); 
13

C NMR (100 MHz, CDCl3) �C 195.4, 

171.1, 170.9, 155.3, 139.3, 139.2, 123.2, 74.6, 51.5, 48.7, 46.8, 46.0, 45.8, 39.2, 38.5, 36.1, 

34.9, 34.8, 33.0, 31.8, 31.0, 28.6, 27.8, 27.4, 26.6, 26.1, 25.2, 24.4, 24.4, 23.6, 20.2, 18.3, 

16.1, 9.2; HRESIMS m/z [M+H]
+
 calcd for C34H50NO4, 536.3740, found 536.3725 

 ��)�
�=� 71 : 
(&����"����' coronalolide '(+ piperidine 7�� 12.0 mg, 22% yield; 
1
H NMR 

(400 MHz, CDCl3) �H 9.40 (s, 1H), 6.49 (t, J = 7.2 Hz, 1H), 6.33 (s, 1H), 5.78 (s, 1H), 4.76 (dd, 

J = 14.3, 7.3 Hz, 1H), 3.56 (m, 2H), 3.41 (m, 2H), 3.30 (d, J = 8.0 Hz, 1H), 2.49-1.22 (m, 30H), 

0.95 (m, 9H), 0.41 (d, J = 5.1 Hz, 1H), 0.22 (d, J = 5.1 Hz, 1H); 
13

C NMR (100 MHz, CDCl3) �C 

195.4, 170.9, 170.5, 155.3, 139.3, 139.2, 123.2, 74.6, 51.5, 48.7, 46.8, 45.8, 42.8, 39.3, 38.5, 

36.1, 34.9, 34.8, 33.0, 31.6, 30.4, 28.6, 27.8, 27.4, 26.7, 26.6, 26.0, 25.5, 25.2, 24.5, 23.6, 

20.2, 18.3, 16.1, 9.2; HRESIMS m/z [M+H]
+
 calcd for C35H52NO4, 550.3896, found 550.3903 

 

2.2.2 ���

�����&<���)�
�=���)%���� 2 /�� coronalolide (11) 

�
� coronalolide (11) (50 mg, 0.10 mmol), N-hydroxysuccinimide (17.4 mg, 0.15 mmol), 

EDC�HCl (31.5 mg, 0.15 mmol) %&1� CH2Cl2 (2.0 mL) ��'�(3���1��#(N
 -%�
����
��%"%����&-�

��� (0.15 mmol) -%" K2CO3 (100 mg, 0.80 mmol) 1��3,� (2.0 mL) ��	�&���Y ��#�N��!��������&�46�



�
%� 3 �(N
��& ��'�(3�����4Z�'�������
� 1N HCl �#
	
�
��%"%��%&1�'�
�-�'-%�

'(���
� 

EtOAc (x2) -%"%��&��
� sat. NaHCO3 -%" brine ��'�(3�#,�1��4�����'�3,���
� MgSO4 '��&-%"

�"����(
#,�%"%����' �,�
	
�#�N7����#,�1��+��
�#Q�R��
��#���'��%(���������#'��\^��
�L�%�'���%LON&

�"��
��(
#,�%"%���
��"�
	�&��Q�%-�L��##'(+��'�L���)��"�
	�&�"L��#�'(+��'�L� 

��)�
�=� 57 : 
(&����"����' coronalolide '(+ N-hydroxysuccinimide 7�� 17.5 mg, 30% 

yield; 
1
H NMR (400 MHz, CDCl3); �H 9.40 (s, 1H), 6.49 (t, J = 6.8 Hz, 1H), 6.35 (br s, 1H), 5.75 

(br s, 1H), 4.77 (m, 1H), 3.26 (d, J = 7.7 Hz, 1H), 2.93-2.67 (m, 6H), 2.47-2.24 (m, 2H), 2.16-

1.87 (m, 2H), 1.85-1.43 (m, 14H), 1.41-1.16 (m, 4H), 0.95 (m, 9H), 0.47 (d, J = 5.0 Hz, 1H), 

0.27 (d, J =5.0 Hz, 1H); 
13

C NMR (100 MHz, CDCl3) �C 195.3, 170.5, 169.0, 168.2, 155.2, 

139.2, 139.1, 123.2, 74.4, 51.5, 48.6, 45.7, 39.1, 39.2, 38.2, 36.0, 34.9, 34.8, 33.0, 30.8, 28.4, 

28.1, 27.8, 27.2, 26.6, 26.0, 25.6�2, 25.3, 23.8, 20.1, 18.3, 16.2, 9.2; HRESIMS m/z [M+H]
+
 

calcd for C34H46NO7, 580.3274, found 580.3336 

��)�
�=� 58 : 
(&����"����' coronalolide '(+ N-hydroxysuccinimide 7�� 17.5 mg, 30% 

yield; 
1
H NMR (400 MHz, CDCl3); �H 9.39 (s, 1H), 7.16 (br s, 5H), 6.48 (t, J = 6.9 Hz, 1H), 6.17 

(br s, 1H), 5.56 (br s, 1H), 4.57 (br s, 2H), 3.22-2.89 (m, 4H), 2.41-1.25 (m, 23H), 0.92-0.79 (m, 

9H), 0.25 (br s, 1H), - 0.06 (br s, 1H); 
13

C NMR (100 MHz, CDCl3) �C 195.3, 173.8, 171.2�2, 

155.3, 139.2�2, 137.5, 129.1�2, 128.5�2, 126.8, 123.4, 74.8, 51.4, 50.7, 48.6, 45.7, 39.0, 

38.3, 37.4, 36.1, 34.8, 33.3, 32.9, 31.5, 30.8, 28.2, 27.8, 27.2, 26.4, 26.1, 25.0, 23.4, 20.1, 

18.3, 15.9, 9.2; HRESIMS m/z [M+H]
+
 calcd for C39H52NO6, 630.3795, found 630.3805 

��)�
�=� 66 : 
(&����"����' coronalolide '(+ diethylamine 7�� 21.0 mg, 19% yield; 
1
H 

NMR (400 MHz, CDCl3); �H 9.40 (s, 1H), 6.49 (t, J = 7.0 Hz, 1H), 6.34 (s, 1H), 5.80 (s, 1H), 

4.76 (dd, J = 14.4, 7.4 Hz, 1H), 3.40-3.29 (m, 5H), 2.46-1.10 (m, 30H), 0.95-0.93 (m, 9H), 0.42 

(d, J = 4.96 Hz, 1H), 0.21 (d, J = 4.96 Hz, 1H); 
13

C NMR (100 MHz, CDCl3) �C 195.3, 171.3, 

170.8, 155.2, 139.3, 139.2, 123.2, 74.5, 51.5, 48.8, 45.8, 42.2, 40.3, 39.4, 38.5, 36.1, 34.9, 

34.8, 33.0, 31.6, 30.2, 28.7, 27.8, 27.4, 26.7, 26.1, 25.1, 23.4, 20.2, 18.3, 16.0, 14.5, 13.1, 9.2; 

HRESIMS m/z [M+H]
+
 calcd for C34H52NO4, 538.3896, found 538.3886 

��)�
�=� 67 : 
(&����"����' coronalolide '(+ 3-bromopropylamine HCl 7�� 10.2 mg, 17% 

yield; 
1
H NMR (400 MHz, CDCl3) �H 9.40 (s, 1 H), 6.49 (t, J = 6.7 Hz, 1H), 6.34 (s, 1H), 5.78 

(s, 1H), 5.74 (s, 1H), 4.75 (dd, J = 13.7, 6.5 Hz, 1H), 3.43 (m, 4H), 3.27 (d, J = 8.0 Hz, 1H), 

2.41-1.26 (m, 26H), 0.95-0.93 (m, 9H), 0.42 (d, J = 4.0 Hz, 1H), 0.20 (d, J = 4.0 Hz, 1H); 
13

C 

NMR (100 MHz, CDCl3) �C 195.3, 172.3, 170.7, 155.2, 139.2, 139.2, 123.2, 74.5, 51.4, 48.7, 

45.8, 39.2, 38.4, 38.3, 36.0, 34.8, 34.8, 33.5, 33.0, 32.1, 31.5, 30.8, 28.5, 27.8, 27.3, 26.6, 



26.0, 25.1, 23.3, 20.2, 18.3, 16.0, 9.2; HRESIMS m/z [M+H]
+
 calcd for C33H49

79
BrNO4, 

602.2845, found 602.2855 

��)�
�=� 68 : 
(&����"����' coronalolide '(+ 3-methoxypropylamine 7�� 15.0 mg, 27% 

yield; 
1
H NMR (400 MHz, CDCl3) �H 9.40 (s, 1H), 6.49 (t, J = 6.9 Hz, 1H), 6.33 (s, 1H), 6.11 (s, 

1H), 5.78 (s, 1H), 4.74 (dd, J = 13.7, 6.1 Hz, 1H), 3.50 (m, 2H), 3.35 (s, 5H), 3.28 (d, J = 7.7 

Hz, 1H), 2.41-1.22 (m, 26H), 0.95-0.93 (m, 9H), 0.42 (d, J = 3.3 Hz, 1H), 0.19 (d, J = 3.3 Hz, 

1H); 
13

C NMR (100 MHz, CDCl3) �C 195.3, 171.9, 170.8, 155.2, 139.3, 139.2, 123.1, 74.5, 

72.1, 58.8, 51.4, 48.7, 45.8, 39.1, 38.5, 38.4, 36.0, 34.8, 34.8, 33.7, 33.0, 31.6, 29.0, 28.5, 

27.8, 27.3, 26.5, 26.0, 25.1, 23.4, 20.1, 18.3, 16.0, 9.1; HRESIMS m/z [M+H]
+
 calcd for 

C34H52NO5, 554.3845, found 554.3830 

��)�
�=� 69 : 
(&����"����' coronalolide '(+ cyclohexylamine 7�� 11.3 mg, 20% yield; 
1
H 

NMR (400 MHz, CDCl3) �H 9.40 (s, 1H), 6.49 (t, J = 6.8 Hz, 1H), 6.34 (s, 1H), 5.80 (s, 1H), 

5.34 (d, J = 7.4 Hz, 1H), 4.74 (q, J = 6.9, 6.8 Hz, 1H), 4.12 (dd, J = 13.6, 6.8 Hz, 1H), 3.29 (d, 

J = 7.8 Hz, 1H), 3.74 (m, 1H), 2.43-1.10 (m, 33H), 0.95-0.93 (m, 9H), 0.41 (d, J = 4.0 Hz, 1H), 

0.20 (d, J = 4.0 Hz, 1H): 
13

C NMR (100 MHz, CDCl3) �C 195.3, 171.1, 170.8, 155.2, 139.3, 

139.2, 123.3, 74.6, 51.5, 48.7, 48.4, 45.8, 39.2, 38.4, 36.1, 34.8, 34.8, 33.8, 33.2�2, 33.0, 31.6, 

28.6, 27.8, 27.3, 26.6, 26.0, 25.5, 25.2, 24.9�2, 23.4, 20.2, 18.3, 16.0, 9.2; HRESIMS m/z 
[M+H]

+
 calcd for C36H54NO4, 564.4053, found 564.4012 

 

2.2.3 ���

�����&<���)�
�=���)%���� 1 /�� sootepin A (30) 

%"%�� sootepin A (30.0 mg, 0.06 mmol) 1� CH2Cl2 (3.0 mL) ��'�(3����� triethylamine 

(100 �L, 0.60 mmol) -%" acid chloride (0.2 mmol) ��#�N��!��������&��� 30 ��#� ��)N�4Z�'������'��
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��)�
�=� 72 : 
(&����"����' sootepin A '(+ acetyl chloride 7�� 15.6 mg, 48% yield; 
1
H 

NMR (400 MHz, CDCl3) �H 6.33 (s, 1H), 5.73 (s, 1H), 5.45 (t, J = 6.8 Hz, 1H), 4.74 (dd, J = 

14.7, 7.6 Hz, 1H), 4.45 (s, 2H), 3.69 (s, 3H), 3.23 (d, J = 8.3 Hz, 1H), 2.56-1.06 (m, 27H), 0.93-

0.89 (m, 9H), 0.42 (d, J = 5.1 Hz, 1H), 0.17 (d, J = 5.1 Hz, 1H); 
13

C NMR (100 MHz, CDCl3) �C 

173.5, 171.0, 170.7, 139.2, 130.4, 129.7, 123.1, 74.5, 70.4, 51.8, 51.4, 48.7, 45.7, 39.1, 38.4, 

35.9, 35.7, 34.8, 33.0, 31.3, 31.0, 28.2, 27.8, 27.3, 26.6, 25.1, 24.7, 23.2, 21.0, 20.1, 18.4, 

15.9, 13.9; HRESIMS m/z [M+H
+
] calcd for C33H49O6, 541.3529, found 541.3553 

��)�
�=� 73 : 
(&����"����' sootepin A '(+ isobutyryl chloride 7�� 25.5 mg, 73% yield;
1
H 

NMR (400 MHz, CDCl3) �H 6.33 (s, 1H), 5.73 (s, 1H), 5.43 (t, J = 6.5 Hz, 1H), 4.74 (m, 1H), 



4.45 (s, 2H), 3.68 (s, 3H), 3.23 (d, J = 7.8 Hz, 1H), 2.67-1.06 (m, 33H), 0.93-0.89 (m, 9H), 0.42 

(d, J = 4.5 Hz, 1H), 0.17 (d, J = 4.5 Hz, 1H);
 13

C NMR (100 MHz, CDCl3) �C 177.0, 173.4, 

170.7, 139.2, 130.0, 129.8, 129.8, 123.0, 74.5, 70.0, 51.8, 51.4, 48.7, 45.7, 39.1, 38.4, 35.9, 

35.8, 34.8, 34.1, 33.0, 31.2, 31.0, 28.2, 27.8, 27.3, 26.6, 25.2, 24.6, 23.2, 20.1, 19.0, 18.4, 

18.3, 15.9, 13.8; HRESIMS m/z [M+H]
+
 calcd for C35H52O6, 568.3764, found 568.3759 

��)�
�=� 74 : 
(&����"����' sootepin A '(+ benzoyl chloride 7�� 25.5 mg, 73% yield; 
1
H 

NMR (400 MHz, CDCl3); 8.06 (d, J = 7.7 Hz, 2H), 7.45 (m, 2H), 7.38 (m, 1H), 6.34 (br s, 1H), 

5.74 (br s, 1H), 5.55 (m, 1H), 4.71 (s, 2H), 3.70 (s, 3H), 3.23 (d, J = 8.2 Hz, 1H) 2.57-1.05 (m, 

25H), 0.92 (m, 9H), 0.43 (d, J = 4.1 Hz, 1H), 0.18 (d, J = 4.1 Hz, 1H);
 13

C NMR (100 MHz, 

CDCl3) �C 173.5, 170.7, 166.5, 139.2, 133.6, 132.9, 130.2, 129.6�2, 128.3�2, 126.3, 123.1, 

74.5, 70.7, 51.8, 51.4, 48.7, 45.7, 39.1, 38.4, 35.9, 35.7, 34.8, 33.0, 31.3, 30.9, 28.3, 27.8, 

27.3, 26.6, 25.2, 24.7, 23.2, 20.1, 18.4, 15.9, 14.0; HRESIMS m/z [M+Na]
+
 calcd for 

C38H50O6Na, 625.3505, found 625.3542 

 

2.2.4 ���

�����&<���)�
�=���)%���� 2 /�� sootepin A (30) 

���� N,N-dimethylformamide (DMF, 0.5 mL) %&1�
��%"%���& carboxylic acid (0.25 

mmol) 1� CH2Cl2 (2.0 mL) �!"�� ��'�(3����� oxalyl chloride (85 �L, 1.0 mmol) -%"��#�N

��!��������&��� 30 ��#� �%(&��'4Z�'������'��
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acid chloride ��'�(3�����
��%"%����& sootepin A (30.0 mg, 0.06 mmol) -%" triethylamine (100 

�L, 0.6 mmol) 1� CH2Cl2 (1.0 mL) %&741� acid chloride #�N7�� �%(&��'�� 30 ��#� ����4Z�'�����

��
� 10% NaHCO3 -%�
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'(� EtOAc #�N7�����"����(
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��)�
�=� 75 : 
(&����"����' sootepin A '(+ 4-fluorobenzoic acid 7�� 20.8 mg, 56% yield; 
1
H NMR (400 MHz, CDCl3) �H 8.06 (m, 2H), 7.10 (t, J = 8.6 Hz, 2H), 6.33 (s, 1H), 5.73 (s, 1H), 

5.53 (t, J = 6.9 Hz, 1H), 4.73 (dd, J = 15.0, 7.6 Hz, 1H), 4.69 (s, 2H), 3.68 (s, 3H), 3.23 (d, J = 

8.2 Hz, 1H), 2.52-1.08 (m, 24H), 0.92-0.90 (m, 9H), 0.42 (d, J = 5.2 Hz, 1H), 0.17 (d, J = 5.2 

Hz, 1H); 
13

C NMR (100 MHz, CDCl3) �C 173.5, 170.7, 167.0, 165.5, 164.5, 139.2, 132.2, 132.1, 

130.5, 129.7, 123.1, 115.6, 115.4, 74.5, 70.9, 51.8, 51.4, 48.7, 45.7, 39.1, 38.4, 35.9, 35.7, 

34.8, 33.0, 31.2, 31.0, 28.2, 27.8, 27.3, 26.6, 25.1, 24.7, 23.1, 20.1, 18.4, 15.9, 14.0; HRESIMS 

m/z [M+H]
+
 calcd for C38H50FO6, 621.3591, found 621.3585 

��)�
�=� 76 : 
(&����"����' sootepin A '(+ 4-chlorobenzoic acid 7�� 11.1 mg, 29% yield; 
1
H NMR (400 MHz, CDCl3) �H 7.98 (d, J = 8.3 Hz, 2H), 7.41 (d, J = 8.3 Hz, 2H), 6.34 (s, 1H), 

5.74 (s, 1H), 5.53 (t, J = 6.9 Hz, 1H), 4.75 (m, 1H), 4.70 (s, 2H), 3.69 (s, 3H), 3.23 (d, J = 7.9 



Hz, 1H), 2.52-1.09 (m, 24H), 0.93-0.91 (m, 9H), 0.43 (d, J = 5.1 Hz, 1H), 0.17 (d, J = 5.1 Hz, 

1H);
 13

C NMR (100 MHz, CDCl3) �C 173.5, 170.7, 165.6, 139.3, 139.2, 131.0�2, 130.6, 129.6, 

128.7�2, 128.9, 123.1, 74.5, 71.0, 51.8, 51.4, 48.7, 45.7, 39.1, 38.4, 35.9, 35.7, 34.8, 33.0, 

31.3, 31.0, 28.2, 27.8, 27.3, 26.6, 25.1, 24.7, 23.1, 20.1, 18.4, 15.9, 14.0; HRESIMS m/z 

[M+H]
+
 calcd for C38H50

35
ClO6, 637.3296, found 637.3310 

��)�
�=� 77 : 
(&����"����' sootepin A '(+ 4-bromobenzoic acid 7�� 11.0 mg, 27% yield; 
1
H NMR (400 MHz, CDCl3) �H 7.91 (d, J = 8.4 Hz, 2H), 7.58 (d, J = 8.4 Hz, 2H), 6.34 (s, 1H), 

5.74 (s, 1H), 5.53 (t, J = 7.0 Hz, 1H), 4.75 (m, 1H), 4.70 (s, 2H), 3.69 (s, 3H), 3.23 (d, J = 8.2 

Hz, 1H), 2.56-1.08 (m, 24H), 0.92-0.91 (m, 9H), 0.43 (d, J = 5.1 Hz, 1H), 0.17 (d, J = 5.1 Hz, 

1H);
 13

C NMR (100 MHz, CDCl3) �C 173.5, 170.7, 165.7, 139.2, 131.7�2, 131.1�2, 130.6, 

129.6, 129.4, 128.0, 123.1, 74.5, 71.0, 51.8, 51.4, 48.7, 45.7, 39.1, 38.4, 35.9, 35.7, 34.8, 33.0, 

31.3, 31.0, 28.3, 27.8, 27.3, 26.6, 25.1, 24.7, 23.1, 20.1, 18.4, 15.9, 14.0; HRESIMS m/z 

[M+H]
+
 calcd for C38H50

79
BrO6, 681.2791, found 681.2795 

��)�
�=� 78 : 
(&����"����' sootepin A '(+ 4-nitrobenzoic acid 7�� 14.4 mg, 37% yield; 
1
H NMR (400 MHz, CDCl3) �H 8.28 (d, J = 8.2 Hz, 2H), 8.21 (d, J = 8.2 Hz, 2H), 6.33 (s, 1H), 

5.73 (s, 1H), 5.57 (m, 1H), 4.76 (s, 2 H), 4.72 (m, 1H), 3.69 (s, 3H), 3.23 (d, J = 7.7 Hz, 1H), 

2.52-1.22 (m, 24H), 0.93-0.92 (m, 9H), 0.42 (d, J = 4.0 Hz, 1H), 0.18 (d, J = 4.0 Hz, 1H);
 13

C 

NMR (100 MHz, CDCl3) �C 173.4, 170.7, 164.6, 150.6, 139.3, 135.8, 131.4, 130.7�2, 129.2, 

123.5�2, 123.0, 74.5, 71.7, 51.8, 51.5, 48.7, 45.7, 39.1, 38.4, 35.9, 35.7, 34.9, 33.0, 31.3, 31.0, 

28.3, 27.8, 27.3, 26.6, 25.2, 24.7, 23.3, 20.1, 18.4, 16.0, 14.0; HRESIMS m/z [M+H]
+
 calcd for 

C38H50NO7, 648.3536, found 648.3540 

��)�
�=� 79 : 
(&����"����' sootepin A '(+ 4-methylbenzoic acid 7�� 17.0 mg, 46% yield; 
1
H NMR (400 MHz, CDCl3) �H 7.94 (d, J = 8.0 Hz, 2H), 7.23 (d, J = 8.0 Hz, 2H), 6.33 (d, J = 

2.1 Hz, 1H), 5.73 (d, J = 2.1 Hz, 1H), 5.52 (t, J = 6.8 Hz, 1H), 4.74 (dd, J = 14.7, 6.9 Hz, 1H), 

4.69 (s, 2H), 3.69 (s, 3H), 3.23 (d, J = 8.3 Hz, 1H), 2.56-1.08 (m, 27H), 0.92-0.90 (m, 9H), 0.42 

(d, J =5.2 Hz, 1H), 0.16 (d, J = 5.2 Hz, 1H); 
13

C NMR (100 MHz, CDCl3) �C 173.5, 170.7, 

166.5, 142.7, 139.2, 130.5, 129.5�2, 128.7�2, 128.5, 127.1, 123.1, 74.5, 70.7, 51.8, 51.4, 

48.7, 45.7, 39.1, 38.4, 35.9, 35.7, 34.8, 33.0, 31.2, 31.0, 28.2, 27.8, 27.3, 26.6, 25.1, 24.7, 

23.1, 21.3, 20.1, 18.4, 15.9, 14.0; HRESIMS m/z [M+H]
+
 calcd for C39H53O6, 617.3842, found 

617.3855 

��)�
�=� 80 : 
(&����"����' sootepin A '(+ 4-phenoxybenzoic acid 7�� 21.3 mg, 51% 

yield; 
1
H NMR (400 MHz, CDCl3) �H 8.01 (d, J = 8.8 Hz, 2H), 7.38 (t, J = 7.0 Hz, 2H), 7.18 (t, J 

= 6.9 Hz, 1H), 7.06 (d, J = 8.3 Hz, 2H), 6.98 (d, J = 8.8 Hz, 2H), 6.33 (s, 1H), 5.73 (s, 1H), 



5.52 (t, J = 6.5 Hz, 1H), 4.74 (dd, J = 15.0, 7.3 Hz, 1H), 4.68 (s, 2H), 3.69 (s, 3H), 3.23 (d, J = 

8.0 Hz, 1H), 2.52-1.08 (m, 24H), 0.92-0.90 (m, 9H), 0.42 (d, J = 5.1 Hz, 1H), 0.16 (d, J = 5.1 

Hz, 1H); 
13

C NMR (100 MHz, CDCl3) �C 173.5, 170.7, 166.0, 161.8, 139.2, 131.7�2, 130.2, 

130.1, 130.0�2, 129.9, 124.8, 124.5, 123.1, 120.1�2, 117.3�2, 74.5, 70.6, 51.9, 51.4, 48.7, 

45.7, 39.1, 38.4, 35.9, 35.8, 34.8, 33.0, 31.2, 31.0, 28.2, 27.8, 27.3, 26.6, 25.1, 24.7, 23.0, 

20.1, 18.4, 15.9, 14.0; HRESIMS m/z [M+H]
+
 calcd for C44H55O7, 695.3948, found 695.3920 

��)�
�=� 81 : 
(&����"����' sootepin A '(+ isonicotinic acid 7�� 19.9 mg, 55% yield; 
1
H 

NMR (400 MHz, CDCl3) �H 8.77 (d, J = 3.7 Hz, 2H), 7.85 (d, J = 4.8 Hz, 2H), 6.33 (br s, 1H), 

5.73 (br s, 1H), 5.55 (t, J = 6.9 Hz, 1H), 4.74 (s, 2H), 3.68 (s, 3H), 3.23 (d, J = 8.3 Hz, 1H), 

2.56-1.09 (m, 25H), 0.91 (m, 9H), 0.42 (d, J = 5.2 Hz, 1H), 0.17 (d, J = 5.2 Hz, 1H);
 13

C NMR 

(100 MHz, CDCl3) �C 173.5, 170.7, 164.9, 150.5�2, 139.2, 137.7, 131.3�2, 129.2, 123.1, 

122.9, 74.5, 71.6, 51.9, 51.4, 48.7, 45.7, 39.1, 38.3, 35.9, 35.7, 34.8, 33.0, 31.2, 31.0, 28.2, 

27.8, 27.3, 26.6, 25.1, 24.7, 23.2, 20.1, 18.4, 15.9, 14.0; HRESIMS m/z [M+H]
+
 calcd for 

C37H50NO6 604.3638, found 604.3560 

��)�
�=� 82 : 
(&����"����' sootepin A '(+ quinoline-2-carboxylic acid 7�� 20.0 mg, 51% 

yield; 
1
H NMR (400 MHz, CDCl3) �H  8.30 (m, 2H), 8.16 (m, 1H), 7.88 (m, 1H), 7.78 (m, 1H), 

7.64 (m, 1H), 6.33 (br s, 1H), 5.72 (br s, 1H), 5.59 (m, 1H), 4.88 (s, 2H), 4.72 (m, 1H), 3.68 (s, 

3H), 3.21 (d, J = 8.1 Hz, 1H), 2.46-1.01 (m, 24H), 0.88 (m, 9H), 0.40 (d, J = 5.1 Hz, 1H), 0.15 

(d, J = 5.1 Hz, 1H);
 13

C NMR (100 MHz, CDCl3) �C 173.5, 170.7, 165.2, 148.2, 147.7, 139.2, 

137.2, 130.9, 130.8, 130.2, 129.4, 129.3, 128.5, 127.5, 123.1, 121.0, 74.5, 71.7, 51.8, 51.4, 

48.7, 45.7, 39.1, 38.3, 35.9, 35.7, 34.8, 33.0, 31.2, 31.0, 28.2, 27.8, 27.2, 26.6, 25.1, 24.7, 

23.1, 20.1, 18.4, 15.9, 14.1; HRESIMS m/z [M+H]
+
 calcd for C41H52NO6, 654.3795, found 

654.3715 

 


%����� 3: ����!
�������"#���$�%�������&��'� (Cytotoxic assay) 

 1�'��#�
�+��31��
�Q� MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide] 

���#,�'��#�
�+'(+�L%%��"��0& 5 ���� 7��-'	 Hep-G2 (hepatocarcinoma), SW620 (colon 

adenocarcinoma), Chago (undifferentiated lung carcinoma), KATO-3 (gastric carcinoma) -%" 

BT474 (breast ductal carcinoma)  

 1
	�L%%��"��0&#�N#�
�+%&1� 96-well plate �%��%" 1 � 10
5
 cells -%�
+	�#�N 37 

o
C ���1��

+����'�� CO2 5% �46��
%� 24 �(N
��& ��'�(3���� media #�3& -%�
���� media 1��	#�N��
��#�N���&'��

#�
�+-%" DMSO 
,���(+ blank -%�
+	�#�N 37 
o
C ���1��+����'�� CO2 5% ��' 72 �(N
��& ��'�(3�

����
��%"%�� MTT (5 mg/mL in PBS) %&1�#�'�%��Y %" 10 �L +	�#�N 37 
o
C ���1��+����'�� 



CO2 5% ��' 4 �(N
��& %"%���%O' formazan #�N�'���O3���
� 0.4N HCl 1� isopropanol -%�

(��	� 

absorbance ��
� microplate reader #�N 540 nm 

 


%����� 4: ����!
��K�=�L�
��
M����
�@��<��!��,�!N<�% (Anti-angigenic assay) 

4.1 ����!
��!@�� ex vivo model (rat aortic sprouting assay) 

 �(��%���%)��-�&1�S	(aorta) ��&��� Wistar 1�����
����
 1 mm -%�
�,���
�&1� 6-well 

plate ��'�(3�����
��%"%�� gel matrix (porcine tendon collagen solution 8 volumes, 10x 

Eagle’s MEM 1 volume -%" reconstitution buffer 1 volume) %&+� aortic ring �%��%" 0.5 mL ��)N� 

gel -�0&�(
 ���� RPMI 2 mL #�N��
��#�N���&'��#�
�+��)� DMSO 
,���(+�%���
+��� ��'�(3�+	�#�N 

37 
o
C ���1��+����'�� CO2 5% �46��
%� 7 
(� -%�
P	����4��
�'%��&��%#����� -%"�,���

�,��
!���
����
��&�%���%)���"��%%���#�N&�'��'�����
(���'��+����(���&�%���%)����PO&

���'ON&'%�&��&�
����
����}%�N� 

 

4.2 ����!
��!@�� in vitro model  

 '��#�%�&1�
	
���3�46�'�����%��&
��#�N#�
�+�	��L%%���)N�+���(&�%���%)�� (Human 

umbilical vein endothelial cells, HUVEC) LON&�"4�"'�+��
� 3 '��#�%�&�	�� -%"'���� target 

protein �(&��3 

 4.2.1 *��%�����	��O������/�� HUVEC (HUVEC proliferation assay) 

 1
	 HUVEC suspension 1� HuMedia EG2 (1.5 x 10
4
 cells/mL) %&1� 96-well plate �%��%" 

100 �L +	�#�N 37 
o
C ���1��+����'�� CO2 5% �46��
%� 24 �(N
��& ��'�(3���� media #�3& -%�
���� 

media 1��	#�N��
��#�N���&'��#�
�+��)� DMSO 
,���(+ blank -%�
+	�#�N 37 
o
C ���1��+����'�� 

CO2 5% ��' 72 �(N
��& -%�
�,�����
�
(�'������S���+����&�L%%����'������ WST-8 reagent �%��

%" 10 �L -%�
�,���
(��	� absorbance ��
� microplate reader 

 4.2.2 *��%�������!����
�@����� tube /�� HUVEC (HUVEC tube formation assay) 

 '��#�%�&��31�� BD Matrigel ���������%%&1� 96-well plate �%��%" 50 �L +	�#�N 37 
o
C 

���1��+����'�� CO2 5% �46��
%� 30 ��#� ��)N�1����%-�0&�(
 ��'�(3����� HUVEC suspension 1� 

HuMedia EG2 (1 x 10
5
 cells/mL) #�N��
��#�N���&'��#�
�+����
���������#�N���&'����)� DMSO 


,���(+ blank �%��%" 100 �L -%�
+	��	�#�N 37 
o
C ���1��+����'�� CO2 5% ��' 12-16 �(N
��& 

��'�(3��,���P	����4���1��'%��&��%#�����-%"�,������
����
����
���&%('�!"�46� tube #�N

�'���O3� 

 4.2.3 *��%����������/�� HUVEC (HUVEC migration assay) 

 
�& insert #�N�� microporous membrane ���� 8 �m %&1� 24-well plate -%�
���� 0.1% 

(w/v) gelatin %&1� insert %" 300 �L 4%	��1����%-�0&�(
#�N��!��������& ��'�(3����� HUVEC 

suspension 1� MEM 199 #�N�� 0.1%(w/v) bovine serum albumin (2.5 x 10
5
 cells/mL) %&+���%1� 



insert -�	%"�(� -%"���� MEM 199 #�N�� 0.1%(w/v) bovine serum albumin, VEGF (10 ng/mL) -%"��

��)�7�	��
��#�N#�
�+%&1�-�	%"�%�� (����%	�& insert) �%��%" 400 �L -%�
+	�#�N 37 
o
C ���1��

+����'�� CO2 5% �46��
%� 6 �(N
��& ��0��L%%�#�N7�	�'��'��7��'�#LON&�"���	����+���&����+���

�'��
� cotton swab ��'�(3� fix �L%%�#�N7��'�#��
���#���%-%"������
� Diff-quick stain -%"�(+

�,��
��L%%����1��'%��&��%#����� 

4.2.3 ���<� target protein (Western blot analysis) 

 #��# HUVEC ��
�
��#�N���&'��#�
�+��)� DMSO 
,���(+ control �46��
%� 60 ��#� 

��'�(3�'�"������
� VEGF (10 ng/mL) �46��
%� 10 ��#� %��&�L%%���
� PBS ��0�
�&��(3& -%�
#,�

'��7%�L# (lysate) ��
� mammalian protein extraction ��'�(3��,����L�#��\�

��46��
%� 15 ��#� #�N 

12000 rpm #�N 4 
o
C -%�
�,�����4����!�4������
� microBCA protein assay kit ����� BSA �46�
��

������� �,��4����#�N7��
,���(+-�	%" sample (50 �g) ��-�'��
� SDS polyacrylamide gel 

electrophoresis -%�
 transfer %&+� nitrocellulose membrane  �%(&��'#,�'��+%0�' -�	����+��#�N

7����
� primary antibody #�N
�1� #�N 4 
o
C �����)�
,���(+ phosphorylated antibody -%" 1 �(N
��& #�N

��!��������&
,���(+ total antibody ��'�(3���
���-+�����&�4����-�	%"������
� 

chemiluminescence ���1�� WesternBreeze (Invitrogen) '(+ ChemiDoc XRS (BIO-RAD) 

 

*�����!�����&�;�"���*�����!��� 

������ 1. �����
�	������
�@��/��
���������!@ 

�����
�	������
�@��/��
���������!@	��
%����!/�� G. obtusifolia 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

��"��� 1 -
�&���&
���&��&
��7L��%�����#�7���#������#�N-�'7����'
	
������& G. obtusifolia 



��'�����% HRESIMS �+
	�
�� 41 ��
������%'�%�46� C30H40O3 (m/z 477.3341 [M+Na]
+
, 

calcd 477.3345) LON&-
�&
	��� degree of unsaturation �#	�'(+ 8 

��'�����% 
1
H NMR (����&#�N 1) -
�&1����0�
	�
�� 41 �46�
��4�"��#7L��%�����#�7��

�#������ ��)N�&��'��
(SS�!#�N�46�%('�!"�}��"��& C-19 ��Q�%���4������&
&7L��%�������46���	 

doublet #�N �H 0.58 -%" 0.79 (J = 4.1 Hz)  

��'�����% 
13

C NMR (����&#�N 2) -%" HSQC �+
	�
�� 1 4�"'�+��
�����+�� 30 ����+�� 

LON&�46��#�����������Q�% 6 ���	, �L�(�������Q�% 1 ���	, ��Q�%�� 9 ���	, ��7Q�� 6 ���	 LON&��ON&���	�	�'(+

��'L���� (oxygenated) -%"��'��ON&���	�46��(�Q"��	 (olefinic), �
����#�����������+�� 6 ����+��LON&��

��ON&����+���46� olefinic carbon, -%"���	���#� 2 ���	 

��'�����% NMR ���&����O&
��47��
	�
�� 41 �46�
��7���#����������4�"��# normal 

cycloartanone -%"��''��
�����"�������% 2D NMR ����}��" 
1
H-

1
H COSY, HMBC -%" NOESY 

�(&-
�&1���4#�N 2 -%" 3 ���%,��(+ �O&
����P
��47��
	�
�� 41 �����&
���&-%" relative 

stereochemistry �(&-
�&1���4#�N 1 �(&�(3�
�� 41 �O&�46�
������1��	-%"�(3&�)N�
	� gardenoin E 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

��"��� 2 -
�& 
1
H-

1
H COSY -%" HMBC correlation #�N
,��(S��&
�� 41-44 

 

 



�������� 1 �����% 
1
H (400 MHz) NMR ��&
�� 41-44 

position 1a) 2a) 3b) 4a) 

1 1.22 (m) 

1.87 (m) 

1.55 (m) 

1.86 (m) 

1.30 (m) 

2.11 (m) 

1.35 (m) 

2.07 (m) 

2 2.31 (m) 

2.70 (m) 

2.31 (m) 

2.70 (m) 

2.32 (m) 2.31 (m) 

2.53 (m) 

3     

4     

5 1.72 (m) 1.74 (m) 2.55 (m) 2.42 (m) 

6 0.92 (m) 

1.57 (m) 

0.99 (m) 

1.59 (m) 

3.96 (br s) 1.08 (m) 

1.51 (m) 

7 1.18 (m) 

1.36 (m) 

1.19 (m) 

1.39 (m) 

1.31 (m) 

1.97 (m) 

1.08 (m) 

1.31 (m) 

8 1.53 (m) 1.50 (m) 2.07 (m) 1.57 (m) 

9     

10     

11 1.17 (m) 

2.11 (m) 

1.19 (m) 

2.12 (m) 

1.08 (m) 

2.20 (m) 

1.31 (m) 

2.06 (m) 

12 1.72 (m) 1.86 (m) 1.59 (m) 1.64 (m) 

13     

14     

15 1.43 (m) 

1.88 (m) 

1.52 (m) 

1.85 (m) 

1.25 (m) 1.31 (m) 

16 4.00 (m) 4.25 (dd, 5.7, 8.2) 1.17 (m) 

1.89 (m) 

1.91 (m) 

17 1.74 (m) 2.07 (m) 1.60 (m) 1.59 (m) 

18 1.05 (s) 1.08 (s) 0.97 (s) 0.98 (s) 

19 0.58 (d, 4.1) 

0.79 (d, 4.1) 

0.57 (d, 4.0) 

0.79 (d, 4.0) 

0.42 (d, 3.0) 

1.11 (d, 3.0) 

0.40 (d, 4.3) 

0.73 (d, 4.3) 

20 2.16 (m) 2.10 (m) 1.64 (m) 1.46 (m) 

21 0.97 (d, 6.7) 0.68 (d, 5.8) 0.75 (d, 6.0) 0.86 (d, 6.4) 

22 2.41 (dd, 7.4, 15.0) 

2.83 (dd, 4.0, 15.0) 

4.44 (d, 4.2) 2.16 (m) 

2.60 (m) 

1.75 (m) 

2.19 (m) 

23    5.60 (br s) 

24 6.11 (br s) 6.16 (s) 5.80 (br s) 5.60 (br s) 

25     

26 2.16 (s) 2.23 (s) 7.02 (br s) 1.31 (br s) 

27 1.90 (s) 1.99 (s) 1.83 (s) 1.31 (br s) 

28 1.05 (s) 1.04 (s) 5.08 (br s) 

5.14 (br s) 

4.73 (br s) 

4.81 (br s) 

29 1.10 (s) 1.09 (s) 4.14 (d, 13.0) 

3.94 (d, 13.0) 

1.69 (s) 

 

30 1.15 (s) 1.17 (s) 0.91 (s) 0.92 (s) 
a recorded in CDCl3; 

b recorded in acetone-d6 

 



 

 

 

 

 

 

 

��"��� 3 -
�& NOESY correlation #�N
,��(S��&
�� 41 

 

         �������� 2 �����% 
13

C (100 MHz) NMR ��&
�� 41-44 
position         1a)          2a)         3b)         4a) 

1   33.3, CH2   33.3, CH2   30.7, CH2   28.8, CH2 

2   37.4, CH2   37.4, CH2   31.3, CH2   31.3, CH2 

3 216.4, qC 216.5, qC 173.5, qC 179.1, qC 

4   50.2, qC   50.2, qC 149.7, qC 149.4, qC 

5   48.4, CH   48.4, CH   45.8, CH   45.9, CH 

6   21.4, CH2   20.8, CH2   67.4, CH   27.7, CH2 

7   26.7, CH2   26.7, CH2   27.6, CH2   25.0, CH2 

8   47.5, CH   48.1, CH   38.8, CH   47.7, CH 

9   20.4, qC   20.4, qC   20.7, qC   21.4, qC 

10   26.1, qC   26.1, qC   24.8, qC   27.0, qC 

11   26.0, CH2   26.0, CH2   25.9, CH2   27.0, CH2 

12   32.5, CH2   32.7, CH2   32.5, CH2   32.9, CH2 

13   47.2, qC   47.0, qC   44.9, qC   45.1, qC 

14   47.5, qC   47.7, qC   47.9, qC   49.0, qC 

15   47.9, CH2   46.1, CH2   35.3, CH2   35.6, CH2 

16   77.5, CH   76.5, CH   29.3, CH2   28.0, CH2 

17   61.2, CH   59.3, CH   51.9, CH   52.0, CH 

18   19.1, CH3   19.8, CH3   18.0, CH3   18.1, CH3 

19   29.9, CH2   29.9, CH2   32.1, CH2   29.7, CH2 

20   32.0, CH   36.4, CH   35.8, CH   36.4, CH 

21   19.9, CH3   12.7, CH3   17.6, CH3   18.3, CH3 

22   50.4, CH2   78.7, CH   34.2, CH2   39.0, CH2 

23 202.6, qC 200.2, qC 154.8, qC 125.7, CH 

24 125.1, CH 118.8, CH 108.4, CH 139.3, CH 

25 155.7, qC 160.2, qC 119.7, qC   70.9, qC 

26   20.8, CH3   21.5, CH3 136.9, CH   29.9, CH3 

27   27.8, CH3   28.2, CH3     8.4, CH3   29.8, CH3 

28   22.2, CH3   22.2, CH3 113.6, CH2 111.6, CH2 

29   20.8, CH3   21.4, CH3   63.5, CH2   19.7, CH3 

30   20.1, CH3   20.0, CH3   18.8, CH3   19.3, CH3 
                 a recorded in CDCl3; 

b recorded in acetone-d6 




,���(+
�� 42 �+
	��� 
1
H -%" 

13
C NMR spectrum (����&#�N 1 -%" 2) �%���'(+
�� 41 ��' 

-%"��'�����% HRESIMS ��
������%'�%�46� C30H46O4 (m/z 493.3289 [M+Na]
+
, calcd 493.3294) LON&

��''
	�
�� 41 16 mass units ��'�����%���&����O&
(�������7��
	�
�� 2 �46�����(�Q���&
�� 41 #�N��

���	 OH ���N��O3��� 1 ���	 

��''�������!������% HSQC, 
1
H-

1
H COSY -%" HMBC �+
	�
�� 42 �� –CH–OH (�H 

4.44, s; �C 78.7) -#���Q�%��1��,�-��	&#�N 22 1�
�� 41 �(&-
�&1���4#�N 2 -%"�� relative 

stereochemistry -++����
'(+
�� 41 ��)N�&��'�� NOESY correlation 1�%('�!"����
'(� �(&�(3�
�� 

42 �O&�46�
������1��	-%"�(3&�)N�
	� gardenoin F 


�� 43 �+
	���
������%'�%�46� C30H44O5 (HRESIMS m/z 507.3087 [M+Na]
+
, calcd 

507.3086) -%" 
1
H NMR (����&#�N 1) -
�&%('�!"�}��"��&
��'%�	�7L��%�����#�7���#������

��	�'(� LON&��
(SS�!�4�����46���	 doublet #�N �H 0.42 -%" 1.11 (J = 3.0 Hz) ��& C-19 ��Q�%��

�4������&
&7L��%������ -%"�(&�+
(SS�!��& terminal alkene #�N��%('�!"�46� broad singlet 

#�N �H 5.08 -%" 5.14 ��'�����%��3�O&
(�������7��
	�
�� 43 �46�
��7L��%�����#�7���#������

4�"��# 3,4-seco cycloartane ��'��'��3�����% 1D -%" 2D NMR �(&��31����0�
	������	 2,4-

disubstituted furan ring (�H 5.80, 7.02; �C 108.4 CH, 119.7 qC, 136.9 CH, 154.8 qC)  ���	#�N
	
� 

side chain ��
� ��)N�#,�'��
�����"�������% NMR ��	�&%"����� �+
	�
�� 43 �����&
���&�%���'(+
��

#�N�����'�����&����'	���)� dikamaliartane A (45) LON&-�'7����'�����& G. obtusifolia ��
�

��	�'(� -�	-�'�	�&'(���&#�N
�� 43 �����	��Q�%��-#�#�N oxygenated methine 1��,�-��	&#�N 7 ��&
�� 

45 LON&�)��(�7����'�����% HMBC #�N-
�&1���4#�N 2 -%"�� relative stereochemistry -++����
'(+
�� 

45 ��)N�&��'�� NOESY correlation 1�%('�!"����
'(� �(&�(3�
�� 43 �O&�46�
������1��	-%"�(3&�)N�
	� 

gardenoin G 

 
�� 44 �+
	���
������%'�%�46� C30H48O3 (HRESIMS m/z 479.3496 [M+Na]
+
, calcd 

479.3501) -%"��
(SS�! 
1
H NMR #�N�46�%('�!"�}��"��&7L��%�����#�7���#������4�"��# 3,4-

seco cycloartane �)� ��	 doublet #�N �H 0.40 -%" 0.73 (J = 4.3 Hz) ��& C-19 ��Q�%���4������&
&

7L��%������ -%" singlet #�N �H 4.71 -%" 4.73 ��'��'��3�����% 1D -%" 2D NMR �(&��31����0�
	��� 

disubstituted double bond [�H 5.60 brs (2H); �C 125.7 CH, 139.3 CH]  ���	#�N
	
� side chain LON&

�"+�7��
	��46��,�-��	&#�N 23 -%" 23 ��' HMBC correlation (��4#�N 2) ��)N�#,�'��
�����"�������% NMR 

��	�&%"����� �+
	�
�� 43 �����&
���&�%���'(+
��#�N���
��(����-�'7����'
	
������& G. turbifera 

�)� gardenoin D -�	-�'�	�&'(���&#�N
�� 44 �����	 vinylic methyl -#�#�N oxygenated methylene 1�

�,�-��	&#�N 29 ��&  gardenoin D LON&�)��(�7����'�����% HMBC #�N-
�&1���4#�N 2 -%"�� relative 

stereochemistry -++����
'(+ gardenoin D ��)N�&��'�� NOESY correlation 1�%('�!"����
'(� 

�(&�(3�
�� 44 �O&�46�
������1��	-%"�(3&�)N�
	� gardenoin H 



 
,���(+
�� 27 -%" 45-48 ��''���4���+�#��+�����% NMR '(+�����%1�
��
��
��(��	�&Y 

(literature) �+
	��46�
��#�N7����'�����&����-%�
�)� dikamakiartane A, C -%" D (45–47), 5�-

cycloart-24-ene-3,16,23-trione (48) -%" secaubryenol (27) ���%,��(+ LON&���-�'7����'�)�
'�% 

Gardenia ��	�����
'(� -%"�����&
���&�(&-
�&1���4#�N 1 

 

�����
�	������
�@��/��
���������!@	�������/�� G. thailandica 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

��"��� 4 -
�&���&
���&��&
��7L��%�����#�7���#������#�N-�'7����'��L����& G. thailandica 

 

��'�����% HRESIMS �+
	�
�� 49 ��
������%'�%�46� C30H50O3 (m/z 481.3655 [M+Na]
+
, 

calcd 481.3658) -%"��
(SS�! 
1
H NMR (����&#�N 3) #�N�46�%('�!"�}��"��&7L��%�����#�7��

�#������4�"��# 3,4-seco cycloartane �)� ��	 doublet #�N �H 0.36 -%" 0.61 (J = 4.2 Hz) ��& C-19 

��Q�%���4������&
&7L��%������ -%"�� 
1
H -%" 

13
C NMR spectrum �%���'(+ secaubryenol (27) 

��' �'�
��7�	�+
(SS�!��& exomethylene #�N �H 4�"��! 5 1� 
1
H NMR -�	�+
(SS�!��& 

secondary methyl ���N���'��ON&���	#�N �H 0.81 (d, J = 7.0 Hz) -%"��& methine ��'��ON&���	#�N �H 2.15 

-%"�����% 
13

C NMR '0-
�&%('�!"#�N
���%��&'(��)� '�����74��&�(�Q"��	��&���	��Q�%�� -%"'����


(SS�!��&��Q�%-%" methane �O3���-#�#�N LON&�����%��3#,�1��#��+
	���'���4%�N��-4%&��&���&
���&

#�N�,�-��	& 4 -%" 28  

 ��)N�#,�'��
�����"�������% 
1
H-

1
H COSY -%" HMBC �+
	�
�� 49 �����&
���&���#�N


(��������)��46�����(�Q���& secaubryenol (27) #�N�(�Q"��	1��,�-��	&#�N 4 -%" 28 P�'����
L��46����	

��Q�%-%" methine -#� -%"�� relative stereochemistry -++����
'(+ secaubryenol (27) ��)N�&��'�� 



NOESY correlation 1�%('�!"����
'(� �(&-
�&1���4#�N 6 �(&�(3�
�� 49 �O&�46�
������1��	-%"�(3&�)N�


	� gardenoin I 

 

 

 

 

 

 

 

 

��"��� 5 -
�& 
1
H-

1
H COSY -%" HMBC correlation #�N
,��(S��&
�� 49 -%" 50 

 

 

 

 

 

 

 

 

 

��"��� 6 -
�& NOESY correlation #�N
,��(S��&
�� 49 

 


,���(+
�� 50 ��'�����% HRESIMS �+
	���
������%'�% C30H48O5 (m/z 511.3403 [M+Na]
+
, 

calcd 511.3399) -%"��
(SS�! 
1
H NMR #�N�46�%('�!"�}��"��&7L��%�����#�7���#������4�"��# 

3,4-seco cycloartane ��	�'(� �)���	 broad singlet #�N �H 0.54 -%" 0.56 ��& C-19 ��Q�%���4������

&
&7L��%������ ��'��'��3�(&�+
	��� 
1
H -%" 

13
C NMR spectrum (����&#�N 3) �%���'(+
�� 49 

��' -�	��
(SS�!��&���	�(%��7���#�N �H 9.38 -%"
(SS�!��&���	 vinylic methyl ���74��ON&���	 LON&

��''��
�����"�������% HMBC 
����P�)��(�7��
	� 
�� 50 �����	�(%��7���-#����	 vinylic methyl #�N�+

1�
�� 49 ���&�(&-
�&1���4#�N 5  

��'��'��3
�N&#�N-�'�	�&��'
	
���ON&�)� �+
	�
�� 50 �� oxygenated quaternary carbon ���N�

����ON&����+�� -�	
(SS�!��& C-4 methine #�N����+1�
�� 49 ���74 -%"��)N������!���'�����% 

HMBC (��4#�N 5) �+
	������	 OH �	����	'(+ C-4 -#� H 1�
�� 49 �(&�(3�
�� 50 �O&�46�
������1��	

-%"�(3&�)N�
	� gardenoin J LON&�� relative stereochemistry -++����
'(+
�� 49 ��)N�&��'�� NOESY 

correlation 1�%('�!"����
'(� 



�������� 3 
1
H (400 MHZ) -%" 

13
C (100 MHz) NMR ��&
�� 49 -%" 50 (CDCl3) 

49  50 
 Position 

�C �H (J in Hz)  �C �H (J in Hz) 

1 27.9 CH2 1.34 m  29.9 CH2 1.37 m 

2.51 m 

2 31.8 CH2 2.32 m 

2.49 m 

 31.9 CH2 2.28 m 

2.68 m 

3 179.2 C -  178.7 C - 

4 36.6 CH 2.15 m  78.3 C - 

5 35.3 CH 1.94 m  42.9 CH 2.08 m 

6 25.2 CH2 1.01 m 

1.28 m 

 24.8 CH2 1.79 m 

2.06 m 

7 25.0 CH2 1.28 m  25.8 CH2 1.27 m 

8 48.4 CH 1.42 m  48.7 CH 1.29 m 

9 21.3 C -  23.5 C - 

10 27.2 C -  29.7 C - 

11 27.0 CH2 1.17 m 

2.11 m 

 26.5 CH2 1.14 m 

2.12 m 

12 33.1 CH2 1.65 m  33.1 CH2 1.65 m 

13 45.0 C -  44.9 C - 

14 48.9 C -  47.9 C - 

15 35.9 CH2 1.39 m  35.9 CH2 1.30 m 

16 28.1 CH2 1.28 m  28.2 CH2 1.27 m 

1.91 m 

17 52.3 CH 1.58 m  52.2 CH 1.60 m 

18 18.3 CH3 0.95 s  18.6 CH3 0.94 s 

19 30.3 CH2 0.61 d (4.2) 

0.39 d (4.2) 

 31.1 CH2 0.54 br s 

0.56 br s 

20 35.8 CH 1.28 m  35.9 CH 1.42 m 

21 18.2 CH3 0.88 d (6.3)  18.0 CH3 0.91 m 

22 36.3 CH2 1.03 m 

1.42 m 

 34.7 CH2 1.22 m 

1.60 m 

23 24.9 CH2 1.86 m 

2.04 m 

 26.1 CH2 2.27 m 

2.40 m 

24 125.2 CH 5.10 t (6.9)  155.8 CH 6.50 t (7.1) 

25 130.9 C -  139.1 C - 

26 25.7 CH3 1.68 s  195.6 CH 9.38 s 

27 17.6 CH3 1.60 s  9.2 CH3 1.74 s 

28 11.8 CH3 0.81 d (7.0)  24.4 CH3 1.22 s 

29 66.7 CH2 3.48 d (7.1)  67.6 CH2 3.46 d (11.0) 

3.88 d (11.0) 

30 19.4 CH3 0.91 s  19.5 CH3 0.90 s 

 




,���(+
�� 27, 34 -%" 54 ��''���4���+�#��+�����% NMR '(+�����%1�
��
��
��(��	�&Y 

(literature) �+
	��46�
��#�N7����'�����&����-%�
�)� secaubryenol (9), sootepin E (12) -%" 

coronaloic acid (13) ���%,��(+ LON&���-�'7����'�)�
'�% Gardenia ��	�����
'(� -%"�����&
���&�(&

-
�&1���4#�N 1 -%" 4 

 

�����
�	������
�@��/��
���������!@	��
%����!/�� G. collinsae 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

��"��� 7 -
�&���&
���&��&
��-�������7���#������#�N-�'7����'
	
������& G. collinsae 

 

 
�� 52 �+
	���
������%'�% C30H50O4 ��'�����% HRESIMS (m/z 497.3609 [M+Na]
+
, calcd 

497.3607) -%"4�"'�+��
�����+�� 30 ����+�� LON&��'�����% 
13

C NMR -%" HSQC �+
	������	��

�#� 1 ���	, �#�����������Q�% 7 ���	, ��Q�%�� 11 ���	LON&����ON&���	�46�-++ oxygenated, ��7Q�� 5 ���	LON&��

��ON&���	�46�-++ oxygenated -%"�
����#�����������+�� 6 ����+��LON&
�&����+���46�-++ 

oxygenated -%"��'�����% 
1
H NMR (����&#�N 4) �+
(SS�! singlet ��&���	�#�����������Q�% 7 ���	#�N 

�H 0.87, 0.93, 0.99, 1.01, 1.03, 1.08 -%" 1.16 LON&�����%��%	���3
���%��&'(+
��7���#������

4�"��#-������� (dammarane-type triterpene)  

 ��''��
�����"�������% 2D NMR (
1
H-

1
H COSY, HSQC, HMBC) �+
	�
�� 52 �����&
���& 

(planar structure) ���)��'(+
��#�N������&����'	���)� (20S,20R)-epoxy-3-oxo-dammarane-

25�,26-diol (55) #�N-�'7����' Mangifera indica -�	
�N&#�N�	�&'(��)� 
13

C resonance ��& Me-21 LON&1�




�� 52 ���	� 26.7 -%"1�
�� 55 ���	� 22.5 -%" 
13

C resonance ��& oxygenated carbon ��& 

tetrahydrofuran ring LON&1�
�� 55 ���	� 87.8 (C-20) -%" 86.3 (C-24) �!"#�N1�
�� 55 ���	� 86.4 (C-

20) -%" 82.7 (C-24) �(&�(3�-
�&
	�
�� 52 -%" 55 �46� diastereomer LON&'(�-%"'(�#�N�� relative 

configuration #�N C-20 -%" C-24 -�'�	�&'(� ��)N��4���+�#��+�����% 
13

C NMR #�N C-20 -%" C-24 

��&
�� 52 '(+ 54 (20R, 24R-ocotillone) �+
	�1'%�����&'(� ��'��'��3�(&7�	�+ NOESY correlation 

�"�
	�& Me-21 -%" H-24 (��4#�N 9) �O&
��47��
	�
�� 52 �� configuration -++ 20R, 24R -%"�46�
��

����1��	�)� (20R,24R)-epoxy-3-oxo-dammarane-25�,26-diol  

 
,���(+
�� 53 ��'�����% HRESIMS, 1D -%" 2D NMR �+
	���
������%'�%-%"���&
���& 

(planar structure) ���)��'(+
�� 52 -�	�	�&'(�#�N�����% NOESY ��&#�N1� NOESY spectrum ��&
�� 

15 �+ correlation �"�
	�& Me-21 -%" H-24 (��4#�N 9) ��	�&�(���� �(&�(3��O&
��47��
	� 
�� 52 �46� 

diastereomer '(+
�� 52 -%" 55 LON&�� configuration -++ 20R, 24S -%"�46�
������1��	�)� 

(20R,24S)-epoxy-3-oxo-dammarane-25�,26-diol 

 

 

 

 

 

 

 

��"��� 8 -
�& 
1
H-

1
H COSY -%" HMBC correlation #�N
,��(S��&
�� 52 

 


,���(+
�� 54 ��''���4���+�#��+�����% NMR '(+�����%1�
��
��
��(��	�&Y (literature) 

�+
	��46�
��#�N7����'�����&����-%�
�)� (20R, 24R-ocotillone) -%"�����&
���&�(&-
�&1���4#�N 7 

 

 

 

 

 

 

 

 

 

 

��"��� 6 -
�& NOESY correlation #�N
,��(S��&
�� 52 -%" 53 



�������� 4 
1
H (400 MHZ) -%" 

13
C (100 MHz) NMR ��&
�� 52 -%" 53 (CDCl3) 
52  53 

position 
�C �H (J in Hz)  �C �H (J in Hz) 

1a 

1b 

39.9 CH2 1.91 m 

1.45 m 
 39.9 CH2 1.91 m 

1.44 m 

2 34.1 CH2 2.46 m  34.1 CH2 2.46 m 

3 218.0 C -  218.1 C - 

4 47.4 C -  47.4 C - 

5 55.3 CH 1.36 m  55.3 CH 1.37 m 

6a 

6b 

19.6 CH2 1.55 m 

1.45 m 
 19.7 CH2 1.55 m 

1.46 m 

7 34.5 CH2 1.30 m 

1.56 m 
 34.6 CH2 1.31 m 

1.56 m 

8 40.2 C -  40.3 C - 

9 49.9 CH 1.41 m  49.7 CH 1.42 m 

10 36.8 C -  36.9 C - 

11a 

11b 

22.1 CH2 1.52 m 

1.25 m 
 22.3 CH2 1.51 m 

1.24 m 

12a 

12b 

25.7 CH2 1.75 m 

1.33 m 
 25.8 CH2 1.76 m 

1.29 m 

13 43.1 CH 1.61 m  43.0 CH 1.64 m 

14 50.0 C -  50.0 C - 

15a 

15b 

31.3 CH2 1.47 m 

1.10 m 
 31.4 CH2 1.46 m 

1.09 m 

16 26.1 CH2 1.80 m  27.1 CH2 1.82 m 

17 50.0 CH 1.85 m  50.1 CH 1.86 m 

18 16.0 CH3 0.99 s  16.1 CH3 0.99 s 

19 15.1 CH3 0.93 s  15.2 CH3 0.93 s 

20 87.8 C -  86.8 C - 

21 26.7 CH3 1.16 s  26.7 CH3 1.16 s 

22a 

22b 

34.4 CH2 1.78 m 

1.68 m 
 34.7 CH2 1.88 m 

1.70 m 

23a 

23b 

26.2 CH2 2.08 m 

1.81 m 
 27.1 CH2 1.81 m 

1.23 m 

24 86.3 CH 3.82 dd (4.9, 10.4)  86.3 CH 3.83 dd (4.7, 10.2) 

25 70.6 C -  72.5 C - 

26a 

26b 

71.3 CH2 3.67 t (10.8) 

3.37 d (10.8) 
 67.5 CH2 3.73 d (11.0) 

3.39 t (11.0) 

27 20.0 CH3 1.01 s  21.4 CH3 1.11 s 



�������� 4 
1
H (400 MHZ) -%" 

13
C (100 MHz) NMR ��&
�� 52 -%" 53 (CDCl3) (�	�) 
52  53 

position 
�C �H (J in Hz)  �C �H (J in Hz) 

28 27.0 CH3 1.08 s  26.9 CH3 1.07 s 

29 21.0 CH3 1.03 s  21.0 CH3 1.04 s 

30 16.2 CH3 0.87 s  16.3 CH3 0.87 s 

26-OH  3.21 br d (10.56)    

 

������ 2 *������"#���$�%�������&��'�/��
���������!@ 

 
��#�N-�'7��#(3&���7���,���#�
�+�
���46�����	��L%%��"��0& 5 �����)� �L%%��"��0&������ 

(BT474), �L%%��"��0&4�� (CHAGO), �L%%��"��0&�(+ (Hep-G2), �L%%��"��0&'�"���"����� (KATO-

3) -%"�L%%��"��0&%,�7
� (SW-620) ��
�
�Q� MTT  

 ��'�%'��#�%�&#�N���
��(�7��#,���'	��������3-%"&��
��(�1���(3&��3
���%��&'(��)� 
��#�N�"

-
�&�
���46����#�N���	��L%%��"��0&�"�46�
��'%�	� 3,4-seco-cycloartane triterpene #�N�����&
���&


	
�#�N�46� exomethylene �-lactone ring -�	'����
& furan 1� side chain (C20-C27) �"#,�1��*#Q�R

%�%&��	�&��' ��)�#�N�����&
���&�46� exomethylene #�N�,�-��	& 29 7�	�����	 OH �(&-
�&1�����&#�N 4 

�(&�(3��O&7��#,�'����
����
	����	 exomethylene �-lactone ring ���%�	�'��-
�&�
���46�����	�

�L%%��"��0&���&��)�7�	 ����,�
��#�N�����	��3��#,�4Z�'�����'������ (addition reaction) '(+��
�%���7\%�

+�&���� -%�
�,��%���(!W�#�N7����#�
�+�
���46�����	��L%%��"��0& LON&1�#�N��3�%)�'1�� tubiferolide 

methyl ester (35) �46�
���(3&��� ��)N�&��'
����3���
���46�����	��L%%��"��0&#(3& 5 ����#�N#�
�+��
�

�	� IC50 ���	1��	
& 7.06-11.97 �M ��)N��,� 35 ��#,�4Z�'�����'(+ 2-mercaptoethanol -%" morpholine 

�+
	��'��'������#�N�(�Q"��	��
&�-lactone ���#�N�����)N���
�
�+��
��#���' 
1
H NMR �(&-
�&1�

��4#�N 7 ��'�(3��,��%���(!W�#(3&
�&��#�
�+�
���46�����	��L%%��"��0& �+
	�7�	���%�(+�(3&

�L%%��"��0&��%	���3 �O&#,�1��
��47��
	����	 exomethylene �-lactone ring ���
���,��46��	�'��-
�&

�
���46�����	��L%%��"��0&��&
��'%�	���3��	�&��N& 

 

 

 

 

 

 

 

 

 



�������� 4 �
���46�����	��L%%��"��0&��&
�� 41-54 

IC50 (�M)* 

�� 

BT-474 KATO-3 CHAGO SW-620 Hep-G2 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

>20 

>20 

>20 

>20 

>20 

>20 

>20 

>20 

>20 

>20 

>20 

>20 

>20 

>20 

7.24 

>20 

>20 

>20 

>20 

>20 

>20 

>20 

>20 

>20 

>20 

>20 

>20 

>20 

5.51 

>20 

>20 

>20 

>20 

>20 

>20 

>20 

>20 

>20 

>20 

>20 

>20 

6.25 

5.58 

>20 

>20 

>20 

>20 

>20 

>20 

>20 

>20 

>20 

>20 

>20 

>20 

6.25 

>20 

>20 

>20 

>20 

>20 

>20 

>20 

>20 

>20 

>20 

>20 

>20 

>20 

>20 

* >20 �M = inactive 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



(a) 

 

 

 

 

 

 

 

 

 

(b) 

 

 

 

 

 

 

 

 

��"��� 7 -
�&
�4'��(� 
1
H NMR ��&�%���(!W�#�N7����'4Z�'������"�
	�& tubiferolide methyl ester 

(35) '(+ 2-mercaptoethanol -%" morpholine 

 

������ 3 ���

�����&<���)�
�=� 3,4-seco-cycloartane triterpene ��&����

��
�=�/�� 

               ����
�@���%�������K�=�L 

���
�
!���
����,���+���N-@�"#�
���
M��@�N����

�����&<���)�
�=� 

 �(&#�N'%	�
���&��� 
��#�N-
�&�
���46����#�N���	��L%%��"��0&�"�46�
��'%�	� 3,4-seco-

cycloartane triterpene #�N�����&
���&
	
�#�N�46� exomethylene �-lactone ring -�	7�	��
& furan 1� 

side chain (C20-C27) �(&�(3����
��(��O&7���%)�'
�� 2 ������)N��,���1���46�
���(3&���1�'��
(&����"��

����(�Q��	�&Y �	�74 �)� coronalolide (11) -%" sootepin A (30) LON&
��#(3&
�&��3���
��(��+
	�
����P

-�'7����'
	
������& G. sootepensis LON&
�� 11 
����P-�'7��1�4����!�	�����&��'�)� 0.02% 

yield �!"#�N
�� 30 -�'7��1�4����!������' -�	���
��(��+
	�
����P-�'
�� coronalolide methyl 

ester (10) 7��1�4����!��' (2% yield) �O&�,�
����3��#,�'������
L���
� NaBH4 �"7�� sootepin A (20) 

(55% yield) LON&�"1���46�
���(3&����	�74 '��
'(�-%"������
�� 10 -%" 30 -
�&7
�1�-�����#�N 4 

 

ppm (t1)
0.01.02.03.04.05.06.07.08.0

ppm (t1)
0.01.02.03.04.05.06.07.08.0

O
O

H
O

HO

H

N

O



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

�*�;����� 4 -
�&'��
'(�-%"������
�� 11 -%" 34 ��)N�1���46�
���(3&���1�'��
(&����"�� 

 

���

�����&<���)�
�=� 3,4-seco-cycloartane triterpene 

1�'��
(&����"����3 7���%)�'
��
�&���� �)� coronalolide (11) -%" sootepin A (30) �46�
��

�(3&���
,���(+'��
(&����"������(�Q��	�&Y ���'��4�(+�4%�N�����&
���&�(3��"#,�'��4�(+�4%�N��#�N���	

����+�'L�%�' (COOH) #�N�,�-��	&#�N 1 ��& coronalolide (11) -%"���	7����'L�%#�N���	#�N�,�-��	&#�N 26 

��& sootepin A (30) #(3&��3��)N��46�'�����%��&���&
���&#�N�4%�N��74#(3&����L���-%"�
���&
��'%�	���3


	��"���%�	�'����'*#Q�R��	�&7� 

 

 

  

 

 

 

 

��"��� 8 -
�&�,�-��	&#�N�"#,�'���(�-4���
�4Z�'�����������&
�� 11 -%" 30 



'��4�(+�4%�N�����&
���&��&���	����+�'L�%�'#�N�,�-��	&#�N 1 ��& coronalolide (11) 4Z�'�����

-�'#,�����,�
�� 11 ���(44%�&'(+\̂��%��)�-���������	�&Y ���1�� DCC ��)� EDC �	
�'(+ HOBt  

�46� coupling agent -%"7���%���(!#��46���
�#���-%"-�7��� �(&-
�&1���4#�N 9 -%"�%�
���46����

�	��L%%��"��0&#(3& 5 ����7��-
�&7
�1�����&#�N 5 
,���(+'��4�(+�4%�N�����&
���&��&���	7������

-�%'���%�#�N�,�-��	&#�N 26 ��& sootepin A (30) �46���
�#��������	�&Y ��#,�4Z�'�����'(+ acid 

chloride �����	�&Y 1�
��
"#�N�46��+
 LON&-
�&���&
���&��&�%���(!W�7
�1���4#�N 10 -%"�%�
��

�46�����	��L%%��"��0&7��-
�&7
�1�����&#�N 6 

��'�%�
���46�����	��L%%��"��0& -��
	�7�	������(�Q�1�#�N
(&����"��7��1���%#�N��'
	�
���(3&���

#(3&
�&������	�&���(�
,��(S -�	
����P
��47��
	���)N����	����+�'L�%�'#�N�,�-��	&#�N 1 ��& coronalolide 

(11) P�'�4%�N���46�-�7����"���
���%)�'�,����"
�&�O3� -%"1�#,���&����
'(�����(�Q���
�#�����& 

sootepin A (30) '01���%�
���46�����	��L%%�#�N�%)�'�,����"���O3�  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

��"��� 9 -
�&����(�Q���& coronalolide (11) #�N
(&����"��7�� 

 

 



�������� 5 �
���46�����	��L%%��"��0&��& coronalolide (11) -%"����(�Q�#�N
(&����"��7�� 

IC50 ( M)* 
�� 
BT-474 KATO-3 CHAGO SW-620 Hep-G2 

11 13.65 12.12 11.23 10.32 13.28 

56 >20
 

>20 9.65 12.21 8.21 

57 >20 >20 >20 >20 >20 

58 >20 >20 7.84 10.51 9.73 

59 >20 >20 7.55 10.05 >20 

60 >20 16.16 10.27 12.05 10.63 

61 >20 >20 >20 >20 >20 

62 >20 >20 10.71 13.40 7.52 

63 >20 >20 10.19 11.55 >20 

64 >20 >20 8.37 10.47 >20 

65 >20 >20 10.06 10.92 >20 

66 >20 >20 12.58 12.63 11.53 

67 >20 >20 13.42 10.37 >20 

68 >20 >20 12.64 11.07 15.75 

69 >20 >20 7.09 12.52 >20 

70 >20 >20 15.19 9.95 16.26 

71 >20 14.13 14.04 11.17 >20 

* >20 �M = inactive 

 

 

 

 

 

 

 

 

 

 

 

 

��"��� 10 -
�&����(�Q���& sootepin A (30) #�N
(&����"��7�� 



�������� 6 �
���46�����	��L%%��"��0&��& sootepin A (30) -%"����(�Q�#�N
(&����"��7�� 

IC50 ( M)* 
�� 
BT474 KATO-3 CHAGO SW-620 Hep-G2 

34 11.80 4.21 7.96 3.61 5.82 

72 >20 >20 15.05 7.84 8.91 

73 >20 >20 14.31 4.34 7.12 

74 >20 >20 11.99 5.08 9.65 

75 >20 13.69 8.75 5.82 5.62 

76 >20 14.45 10.18 8.13 8.46 

77 >20 >20 >20 11.02 >20 

78 >20 >20 12.98 10.81 12.69 

79 >20 >20 11.30 12.45 14.79 

80 >20 >20 11.83 7.47 8.76 

81 >20 >20 11.35 12.01 11.89 

82 >20 >20 9.54 11.18 9.79 

* >20 �M = inactive 

 

������ 4 *��
��
M����
�@��<��!��,�!N<�%/��
�� 3,4-seco-cycloartane triterpene �������!@ 

              ��&��)�
�=��\��

�����&<����-��! 

1�&��
��(���3��'��''��#�
�+�
���46�����	��L%%��"��0&�����	�&Y -%�
 ���
��(��(&
�1�#,�

'��#�
�+*#Q�R�(+�(3&'��
���&�%��1��	 (antiangiogenesis) ��)N�&��''��
���&�%���%)��1��	�46�

'�"+
�'��#�&��
���#�N
,��(S��&�"��0&#�'������)N�'������S���+��-%"'��-��	'�"����(
��
� LON&

1�&��
��(���37���,�
�� 3,4-seco-cycloartane triterpene #�N-�'7����'�)� Gardenia #(3& 5 ����#�N���
��(�

7��#,�'��
��(���#(3&���-%"����(�Q����&���#�N
(&����"���O3�+�&�������(�'��&��
��#�N1��*#Q�R��#�N
��

���1�� ex vivo model LON&�46�'����'���(+�(3&'��&�'1��	��&�%���%)����� (rat aortic ring sprouting 

assay) �+
	�
���%���(!W�Q������� sootepin B (31) 1��*#Q�R'���(+�(3&#�N��#�N
�����
����P�(+�(3&'��


���&�%���%)��1��	7����	�&
�+��!�#�N�
��������� 20 �M -%"���	� IC50 = 4.46 �M �(&-
�&1���4#�N 

11 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

��"��� 11 -
�&���&
���&-%"*#Q�R�(+�(3&'��
���&�%���%)��1��	1� ex vivo model ��& sootepin B 

 

��'�(3�7��#,�'���O'��'%7''��#,�&����& sootepin B (31) ������%��&
���	�'��#,�&��

��&�L%%� HUVEC (human umbilical vein endothelial cell) 1�\`&'��(��	�&Y 7��-'	 proliferation, tube 

formation -%" migration �+
	� sootepin B (31) -
�&*#Q�R�(+�(3&'��
���&�%���%)��1��	����	��

'���(+�(3& proliferation (IC50 = 1.20 �M) -%" tube formation (IC50 = 11.20 �M) -�	-#+7�	���%�	� 

migration ��& HUVEC �%� �(&-
�&1���4#�N 12 

 

(a)          (b) 

 

 

 

 

 

 

 

 

 

 

��"��� 12 -
�&*#Q�R��& sootepin B (31) �	�'��#,�&��1�\`&'��(��	�&Y ��& HUVEC (a) proliferation  

           (b) migration -%" (c) tube formation  

 

 



(c) 
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��"��� 12 -
�&*#Q�R��& sootepin B (31) �	�'��#,�&��1�\`&'��(��	�&Y ��& HUVEC (a) proliferation  

           (b) migration -%" (c) tube formation (�	�) 

 

�	���7���,�
�� sootepin B (31) ��#,�'���O'����'%7''����'*#Q�R (mechanism of 

action) ��
�
�Q� western blot analysis �+
	� sootepin B -
�&'����'*#Q�R�(+�(3&'��
���&�%���%)��

1��	����	��'%7'�(+�(3&'�� phosphorylation ��& Erk ½ LON&�O3�'(+�
�����������&
�� (dose 

dependent manner) -�	7�	���%�	�'�� phosphorylation ��& Akt �(&-
�&1���4#�N 13   

  

 

 

 

 

 

 

 

 

 

��"��� 13 -
�&*#Q�R��& sootepin B (31) 1�'���(+�(3&'�� phosphorylation ��& Erk ½ 
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Figure S1. 
1
H NMR spectrum of gardenoin E (41) (CDCl3, 400 MHz) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S2. 
13

C NMR spectrum of gardenoin E (41) (CDCl3, 100 MHz) 
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Figure S3. 
1
H-

1
H COSY spectrum of gardenoin E (41) (CDCl3) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S4. HSQC spectrum of gardenoin E (41) (CDCl3) 
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Figure S5. HMBC spectrum of gardenoin E (41) (CDCl3) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S6. 1D NOE spectrum of gardenoin E (41) (CDCl3) 

ppm (t2)
1.02.03.04.05.0

0

50

100

150

200

ppm (t1

ppm (t1)
0.01.02.03.04.05.06.07.08.09.010.0



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S6. 1D NOE spectrum of gardenoin E (41) (CDCl3) (continue) 

ppm (t1)
0.01.02.03.04.05.06.07.08.09.010.0

ppm (t1)
0.01.02.03.04.05.06.07.08.09.010.0



 

 

 

 

 

 

 

 

 

 

 

Figure S7. 
1
H NMR spectrum of gardenoin F (42) (CDCl3, 400 MHz) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S8. 
13

C NMR spectrum of gardenoin F (42) (CDCl3, 100 MHz) 
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Figure S9. 
1
H-

1
H COSY spectrum of gardenoin F (42) (CDCl3) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S10. HSQC spectrum of gardenoin F (42) (CDCl3) 
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Figure S11. HMBC spectrum of gardenoin F (42) (CDCl3) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S12. 1D NOE spectrum of gardenoin F (42) (CDCl3) 
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Figure S12. 1D NOE spectrum of gardenoin F (42) (CDCl3) (continue) 
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Figure S13. 
1
H NMR spectrum of gardenoin G (43) (acetone-d6, 400 MHz) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S14. 
13

C NMR spectrum of gardenoin G (43) (acetone-d6, 100 MHz) 
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Figure S15. 
1
H-

1
H COSY spectrum of gardenoin G (43) (acetone-d6) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S16. HSQC spectrum of gardenoin G (43) (acetone-d6) 
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Figure S17. HMBC spectrum of gardenoin G (43) (acetone-d6) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S18. 1D NOE spectrum of gardenoin G (43) (acetone-d6) 
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Figure S18. 1D NOE spectrum of gardenoin G (43) (acetone-d6) (continue) 
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Figure S19. 
1
H NMR spectrum of gardenoin H (43) (CDCl3, 400 MHz) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S20. 
13

C NMR spectrum of gardenoin H (43) (CDCl3, 100 MHz) 
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