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Executive Summary 
สัญญาเลขที ่DBG 5180018 
 

โครงการวิจัยช่ือ สารออกฤทธิ์ตานการเจริญเติบโตเนือ้เยื่อมะเร็ง เช้ือมาเลเรีย 
เช้ือวัณโรคและเช้ือจุลินทรียจากพืชสมุนไพรไทย (Cytotoxic, Antimalarial, 
Antituberculous and Antimicrobial Compounds from Thai Medicinal Plants) 

 

คณะผูวจิัย: สมยศ สุทธิไวยกิจ มยุรี ชวนกําเนิดการ ปาริชาต นารีบุญ วันทนา มงคลวิสุทธิ ์
จุฑามณี อยูขวัญ ธติิมา หลินหะตระกลู  และ ชลธิชา สีกา 
Email address: somyote_s@yahoo.com; s_somyote@ru.ac.th 

 
วัตถุประสงค (Objectives): 
การวิจัยโครงการนี้จะใชวธิทีดสอบฤทธิท์างชีวภาพ เชน antimalarial, anti-TB, cytotoxcity 
assays, antimicrobial assay และ antioxidant assay ใช stable DPPH radical  เปนเคร่ืองมือ
เพ่ือการคัดเลอืกพืช และสวนสกัดของพืช 

1. เพ่ือแยกสารองคประกอบโดยเฉพาะที่ออกฤทธิท์างชวีภาพที่นาสนใจใหบริสุทธิ ์เพ่ือ
นําไปหาโครงสราง 

2. เพ่ือหาสารออกฤทธิช์นิดใหม จากแหลงใหม หรือแยกสารออกฤทธิท์ี่เคยคนพบแลว
จากแหลงใหม และจะไมละเลยการหาสารที่มีโครงสรางใหมที่อาจไมแสดงฤทธิ ์

3. เพ่ือนําสารบริสุทธิ์ที่แยกได และสารอนุพันธที่อาจจําเปนตองเตรียมไปทดสอบฤทธิ์
ทางชีวภาพ  

4. เพ่ือสังเคราะหสารที่มีโครงสรางที่แตกตางในบางตําแหนงของโมเลกุลเพ่ือนําไป
ศึกษาฤทธิ์ทางชีวภาพ 

5. เพ่ือเพ่ิมทักษะและสรางความชํานาญใหกับนักศึกษาระดับบัณฑติศกึษา และระดับ
ปริญญาตรีที่รวมโครงการ ใหเปนนักวิจัยที่ดีตอไปในอนาคต 

6. เพ่ือสรางองคความรูใหม และผลติผลงานวิจัยที่ดี เทียบเทาระดับสากล 
 
ระเบียบวิธีวจิัย (Methodology):  

โครงการวิจัยน้ีจะเลือกสรรพืชที่ใหผลบวกกับการทดสอบฤทธิ์ทางชวีภาพในการศึกษา การ
ดําเนินการสําหรับโครงการวิจัย สามารถลําดับไดดังตอไปน้ี 
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นําสวนของพชืมาสกัดดวยตัวทําละลาย ไดแก สกัดดวยเฮกเซน ไดคลอโรมีเทน และเมทานอล 
ซ่ึงจะทําใหไดสวนสกัดเฮกเซน สวนสกัดไดคลอโรมีเทน และสวนสกดัเมทานอล ตามลําดับ นําสวน
สกัดตาง ๆ ไปทําการทดสอบฤทธิ์ทางชวีภาพ ซ่ึงจะใช 2-3 วิธคีวบคูกัน เม่ือพบวาสวนสกัดใดให
ผลบวกกับการทดสอบขางตน จะทําการแยกสารองคประกอบใหบริสุทธิ ์โดยวิธทีางโครมาโตกราฟ 
นําสารบริสุทธิ์ที่แยกไดไปหาสตูรโครงสรางดวยวิธทีางสเปกโทรสโกป เม่ือทราบสูตรโครงสรางแลว 
จะนําสารบริสทุธิ์ที่ไดในปรมิาณมากพอ ไปทดสอบฤทธิ์ทางชวีวทิยาที่เก่ียวของ 

 
ผลลัพธ วจิารณ และสรุปผลการทดลอง (Results, discussion and conclusion): จาก

การศึกษาพืชตางๆที่เลือกสรรไดจากการทดสอบการออกฤทธิ์ พบ ตนหญาคอนกลอง (Eriosema 
chinense) ตนรัก (Calotropis gigantea) และ ตนปตตาเวีย (Jatropha integerrima)ใหฤทธิ์นาสนใจ
ที่สุด และ สามารถแยกสารออกฤทธิ์ และสารใหมไดหลายชนิด สารหลายชนิดมีฤทธิ์ทางชวีภาพ
ระดับดีถึงปานกลาง โดยผลงานไดรับการตีพิมพแลวรวม 3 เรื่อง สําหรับพืชชนิดที่ 4 ตนมะกรดู 
(Citrus hystrix) กําลังอยูระหวางดําเนินการ ผลที่ไดยังไมไดรายงานไวในรายงานนี้ และคาดวาจะ
ทําใหเสร็จสมบูรณไดราวปลายปพ.ศ. 2553  

จากเงินทุนวิจัยน้ีนอกจากจะสามารถผลติผลงานวิจัยทีส่ามารถตีพิมพไดแลว เงินทุนวิจัยน้ีมี
สวนสนับสนุนการศึกษาแกนักศึกษาทั้งในระดับบณัฑติศึกษา และปริญญาตรีที่รวมในโครงการ ได
ประมาณปละ 3-4 คน สามารถสรางนักวจัิยรุนเยาวปริญญาตรีไดปละอยางนอย 3-4 คน  

 
งานวิจัยพืชชนิดที่หน่ึง  สารองคประกอบ และฤทธิท์างชีวภาพของตนหญาคอนกลอง 
(Constituents and Bioactivity of Eriosema chinense) 
บทคัดยอภาษาไทย 
จากสวนสกัดรากชั้นเฮกเซน และไดคลอโรมีเทนสามารถแยกสารใหมได 8 ชนิด โดยตั้งชื่อตาม

ชื่อภาษาไทยของพืช ไดแก khonklonginols A-H รวมถึงสารที่เคยแยกไดแลวจากแหลงอ่ืนอีก 6 
ชนิด เปนสารฟลาโวนอนด 5 ชนิด คือ lupinifolinol, dehydrolupinifolinol, flemichin D, 
eriosemaone A, lupinifolin และ สารประเภทลิกแนน 1 ชนิดไดแก yangambin สารเหลาน้ีบาง
ชนิดแสดงฤทธิ์ยับยั้งการเจริญเติบโตเนื้อเยื้อมะเร็ง เชน มะเร็งเตานม (Breast Cancer) มะเร็งปอด 
(human small cell lung cancer, NCI-H187) และมะเร็งในชองปาก (human oral epidermal 
carcinoma, KB) และ เชื้อวัณโรคในระดับดีมากถึงปานกลาง 

Abstract 
Eight new prenylated flavonoids, khonklonginols A-H, together with six known 

compounds including five flavonoids, lupinifolinol, dehydrolupinifolinol, flemichin D, 
eriosemaone A, lupinifolin, and one lignan, yangambin, have been isolated from hexane 
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and dichloromethane extracts of the roots of Eriosema chinense. The structures of 
khonklonginols A-H were elucidated by spectroscopic methods. The compounds were 
evaluated for cytotoxic activity against the small-cell lung (NCI-H187) and oral epidermal 
carcinoma (KB) human cell lines as well as for antimycobacterial activity against 
Mycobacterium tuberculosis H37Ra) 

 
งานวิจัยพืชชนิดที่สอง สารองคประกอบ และฤทธิท์างชีวภาพของตนรัก (Constituents and 
Bioactivity of Calotropis gigantea)  

 
บทคัดยอภาษาไทย 
จากสวนสกัดใบช้ันไดคลอโรมีเทน และบวิทานอล สามารถแยกสารใหมได 3 ชนิด ที่เปนสาร

กลุมคารดิโนไลด (Cardenolides) ที่มีหมูไฮดรอกซิที่ตําแหนง 15 และ16 ไดแก  2α,15β-
dihydroxy-19-oxo-uzarigenin, 15β-hydroxycalactinic acid และ 16α-hydroxycalactinic acid 
methyl ester นอกจากนี้ยังสามารถแยกสารคารดิโนไลดที่เคยมีการคนพบแลวอีก 9 ชนิด ไดแก
16α-hydroxy- calotropagenin, coroglaucigenin, 16α-hydroxycalotropin, calactinic acid, 
calotoxin, 6′-O-(E-4-hydroxycinnamoyl)desglucouzarin, 12β-hydroxycoroglaucigenin, 
frugoside, calotropagenin รวมทั้งกรดไขมัน 1 ชนิด ไดแก  9,12,13-trihydroxyoctadeca-
10(E),15(Z)-dienoic acid และ R-(–)-mevalonolactone สารคารดิโนไลดหลายชนิดใหผลยับยัง้ใน
ระดับดีมากถึงปานกลางตอการเจริญเตบิโตของเซลลเน้ือเยื่อมะเร็งเตานม (Breast Cancer) มะเร็ง
ปอด (human small cell lung cancer, NCI-H187) และมะเร็งในชองปาก (human oral epidermal 
carcinoma, KB) โดยการออกฤทธิ์ของสารกลุมคารดิโนไลดแตกตางกันไปตามชนิดของโครงสราง 
สเตอริโอเคมี และ ชนิดของน้ําตาลทีเ่กาะ 

Abstract 
Two 15β-hydroxycardenolides, 2α,15β-dihydroxy-19-oxo-uzarigenin, 15β-

hydroxycalactinic acid and a 16α-hydroxycalactinic acid methyl ester along with eleven 
known compounds including 16α-hydroxycalotropagenin, coroglaucigenin, 16α-
hydroxycalotropin, calactinic acid, calotoxin, 6′-O-(E-4-hydroxycinnamoyl) desglucouzarin, 
12β-hydroxycoroglaucigenin, frugoside, calotropagenin, 9,12,13-trihydroxyoctadeca-
10(E),15(Z)-dienoic acid and R-(–)-mevalonolactone were isolated from the polar fraction of 
the CH2Cl2 extract, and n-BuOH extract of the leaves of this plant. The isolated compounds 
were evaluated for their inhibitory activities against a panel of cell lines. 
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งานวิจัยพืชชนิดที่สาม สารองคประกอบ และฤทธิท์างชีวภาพของตนปตตาเวีย (Constituents and 
Bioactivity of Jatropha integerrima) 

บทคัดยอภาษาไทย 
 จากสวนสกัดรากชั้นไดคลอโรมีเทนของตนปตตาเวีย ( Jatropha integerrima) สามารถแยก

สารใหมได 5 ชนิด เปนสารประเภทไดเทอรพีน (diterpenes) ได 3 ชนิด ไดแก 2α-

hydroxyjatropholone, 2β-hydroxyjatropholone และ 1,5-dioxo-2,3-dihydroxyrhamnofola-
4(10),6,11(18),15-tetraene สารประเภทเซสควิเทอรพีน(sesquiterpene) 1 ชนิด ไดแก 2-keto-5-
hydroxyguai-3,11-diene และสารคอนจูเกตระหวางเซสคิวเทอรพีนกับคิวมาริน(sesquiterpene-
coumarin conjugate) ที่มาโครงสรางแปลกใหม ไดแก jatrophadioxan นอกจากนี้ยังไดสารที่เคย
คนพบจากแหลงอ่ืนแลวอีก9 ชนิด โครงรูปของ 2α-hydroxyjatropholone ไดรับการพิสูจนโดยใช
เทคนิค X-ray crystallography สารเหลาน้ีบางชนิดใหผลออกฤทธิย์บัยั้งการเจริญเติบโตของเชือ้
มาลาเรีย เชื้อวัณโรค และ ยับยั้งการเจรญิเติบโตของเซลลเยื้อมะเร็ง 

Abstract 
Five new compounds including three diterpenes, 2α-hydroxyjatropholone, 2β-

hydroxyjatropholone, and 1,5-dioxo-2,3-dihydroxyrhamnofola-4(10),6,11(18),15-tetraene, 
one sesquiterpene, 2-keto-5-hydroxyguai-3,11-diene, and a unique sesquiterpene-coumarin 
conjugate, jatrophadioxan, in addition to nine known compounds, have been isolated from 
the roots of Jatropha integerrima. Structural identification was established from 
spectroscopic data. Relative configuration of 2α-hydroxyjatropholone was confirmed by X-
ray crystallography. Six diterpenes were evaluated for their antiplasmodial, antituberculous 
and cytotoxic activities. 

ขอเสนอแนะ (Suggestions): จากการศึกษาพืช 3 ชนิดสามารถแยกสารใหม และสารที่เคยมี
รายงานการคนพบแลวหลายชนิด ในจํานวนสารหลายชนิดไดทําการศึกษาการออกฤทธิท์างชวีภาพ
ไปบางแลว และพบวาสารหลายชนิดใหผลการทดสอบในหลอดทดลองอยูในเกณฑดีมากถึงปาน
กลาง แตการศึกษาเพ่ือนําไปพัฒนาเปนยาอาจจะยังตองพิจารณาเกี่ยวกับการนําสงตัวยาใหมุงสู
เปาหมายในสตัวทดลองเพ่ิมเติมตอไป ขณะน้ีผูวิจัยไดพยายามเก็บรวบรวมขอมูลบางประเภท เชน 
ขอมูลแมสสเปคโทรสโคป และ ยูวสีเปคโทรโฟโตเมตรีเพ่ิมเติ่ม เพราะเชื่อวาจะเปนประโยชนหาก
ตองการติดตามแยกสารเหลาน้ีใหม โดยหวังวาจะสามารถหลีกเลีย่งการตองทําซํ้าใหม
(Dereplication) เพ่ือการศึกษาในเชิงลึกเพ่ิมเติมตอไป 

 
(Keywords):Eriosema chinense, Calotropis gigantea, Jatropha integerrima 
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Cytotoxic, Antimalarial, Antituberculous and 
Antimicrobial Compounds from Thai Medicinal 

Plants 
 

Part I. Constituents and Bioactivity of 
 Eriosema chinense 

 
Eriosema chinense is a small plant which was documented as the only one species 

found in Thailand.1 There has been no previous report on biological activity and 
phytochemical investigation of this plant. Our preliminary cytotoxic activity assays 
indicated the hexane extract of the root to be active showing IC50 of ~10 μg/mL using KB 
and NCI H187 cell lines, it also showed anti-TB activity with MIC value of 50 μg/mL. 
Chromatographic separation of the hexane and dichloromethane extracts led to the 
isolation of compounds 1-14.  

Compound 1 was isolated as a yellow liquid with molecular formula of C26H28O6 
as calculated from HREIMS (found M+ at m/z 436.1873). The FTIR spectrum showed 
absorption bands for hydroxyl (νmax 3467 cm-1) and conjugated carbonyl (νmax 1626 cm-1) 
functional groups. The 1H and 13C NMR spectra showed characteristic sets of signals at 
δH 4.98 (1H, d, J = 12.0 Hz, H-2) and 4.42 (1H, d, J = 11.6 Hz, H-3) and at δC 82.9 (CH, 
C-2) and 72.5 (CH, C-3) of a 3-hydroxy flavanone skeleton.2 A low field singlet at δH 
11.41 indicated a C-5 OH group hydrogen-bonded to a carbonyl carbon at C-4. Aromatic 
proton signals at δH 7.46 (2H, d, J = 8.8 Hz, H-2′, H-6′) and 6.96 (2H, d, J = 8.8 Hz, H-3′, 
H-5′) could be assigned to a 1,4-disubstituted aromatic ring B protons as evident from the 
HMBC correlations between H-2′ and H-6′ to C-2. The 3J correlations of H-2′, H-3′ and a 
singlet at δH 3.83 to C-4′ (δC 160.3, qC) indicated the attachment of a OCH3 group at C-
4′. The 1H NMR signals at δH 5.51 (d, J = 10.0 Hz, H-5′′), 6.62 (d, J = 10.0 Hz, H-4′′), 
1.44 (s) and 1.43 (s) showing 1J correlations with the 13C NMR signals at δC 126.2, 115.4, 
and 28.4 (2×), respectively, were assigned for a dimethylchromene group. 1H NMR 
signals at δH 3.16 (2H, d, J = 6.8 Hz, H-1′′′), 5.11 (dt, J = 6.4, 1.6 Hz, H-2′′′) and two 
singlets at δH 1.63 and 1.59, and 13C NMR signals at δC 21.4, 122.3, 109.3, 25.7 and 17.8 
were assigned for a dimethylallyl group. The key HMBC correlations between H-4′′/C-5 
(δC 156.1) required the placement of a chromene ring at C-6 and C-7, and the correlations 
between H-1′′′ with C-8 (δC 131.3, qC) and C-9 (δC 159.5, qC) indicated a 3′′′, 3′′′-
dimethylallyl group at C-8. Compound 1 was identified as 3,5-dihydroxy-4′-methoxy-
6′′,6′′-dimethyl-pyrano (2′′, 3′′: 7,6)-8-(3′′′, 3′′′-dimethylallyl)-flavanone. This compound 
was named trivially as khonklonginol A. The absolute configurations at C-2 and C-3 
were proposed as 2R,3R based on the large J2,3 = J3,2 value of 12.0 Hz indicating H-2 and 
H-3 to be trans and the circular dichroism spectrum  which showed a positive n→ π* 
Cotton effect at 362 nm.3 Our data is consistent with those reported for lupinifolinol4,5 
which was also isolated in this study, as well as for jayacanol previously isolated from 
Lonchocarpus oaxacensis.6 Full assignments of 1H and 13C chemical shifts are as shown 
in Tables 1 and 2. 
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Compound 2 was assigned a molecular formula of C26H28O6 from HRMS. The 

FTIR spectrum also showed absorption bands for hydroxyl (νmax 3436 cm-1) and carbonyl 
(νmax 1622 cm-1) groups. 1H and 13C NMR spectra showed rather similar pattern of 
signals as those of compound 1 (Tables 1-2), except for the presence of lesser shielded 
doublet signals at δH 5.64 and 4.71, both mutually coupled with relatively smaller vicinal 
coupling constant of 5.1 Hz and were assignable to H-2 and H-3 of a 3-hydroxyflavanone 
skeleton, respectively.2 The smaller J2,3 value indicated compound 2 to possess different 
stereochemistry at C-3 as of compound 1, impling H-2 and H-3 to be cis. The CD 
spectrum showed positive Cotton effect at 356 nm.3 The absolute configurations at C-2 
and C-3 of 2, a 3-epimer of 1, could be proposed as 2R,3S and 2 was given a trivial name 
as khonklonginol B. 
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2  
Compound 3 was obtained as a pale yellow sticky liquid. The HRMS revealed a 

molecular formula of C26H28O7. The FTIR spectrum also showed the absorption bands of 
a hydroxyl (νmax 3391 cm-1) and a carbonyl (νmax 1622 cm-1) groups. 1H and 13C NMR 
signals are rather similar to those of compound 1 (Tables 1 and 2), the difference was 
detected at aromatic proton signals. Instead of a 1,4-disubstituted pattern as observed in 1 
and 2, the aromatic ring B was deduced as a trisubstituted ring. Assignment of signals at 
δH 7.42 (d, J = 8.6 H) for H-6′, δH 6.58 (brd, J = 8.7 Hz) for H-5′, and 6.54 (d, J = 2.5 Hz) 
for H-3′ was based on the long range 1H-13C correlations between H-2 (δH 5.28)/C-1′ (δC 
116.3, qC), C-2′ (δC 155.3, qC), C-6′ (δC 127.9, CH), as well as H-3′/C-1′, C-2′, C-4′ (δC 
161.2, qC), C-5′ (δC 107.3, CH). The 3J correlations of OCH3 (δH 3.79), H-6′ and H-5′ 
with C-4′ required placement of the OCH3 group at C-4′, thus implying OH at C-2′. 
Compound 3, proposed as khonklonginol C, was identified as 3,5,2′-trihydroxy-4′-
methoxy-6′′,6′′-dimethyl-pyrano (2′′, 3′′: 7,6)-8-(3′′′, 3′′′-dimethylallyl)-flavanone. 
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Compound 4 was isolated as a yellow liquid and was assigned a molecular 

formula of C27H30O7 based on the [M+1]+ ion with m/z 467.2001 in its HRESIMS 
spectrum. The FTIR spectrum showed the presence of a hydroxyl (νmax 3430 cm-1) and 
carbonyl (νmax 1627 cm-1) groups. 1H NMR spectrum indicated 4 to have similar core 
skeleton as those of 1 and 3. The aromatic ring B protons although revealed a 
trisubstituted pattern as of compound 3 but difference could be detected. The partially 
overlapped doublet of doublets signal at δH 7.08 (J = 8.8, 2.0 Hz), a doublet signal at δH 
7.07 (J = 2.0 Hz) and a doublet at δH 6.91 (J = 8.8 Hz) were assigned for H-6′, H-2′ and 
H-5′, respectively due to an observation of the 3J correlations between H-2 (δH 4.97)/C-2′ 
(δC 120.2, CH), C-6′ (δC 110.2, CH), C-1′ (δC 129.0, qC), in addition to correlations 
between H-2′, H-5′ and H-6′ with C-1′. HMBC correlations also led to assign signals at 
δH 3.90 and 3.91for OCH3-3′ and OCH3-4′, respectively. Compound 4 was proposed as 
3,5-dihydroxy-3′,4′-dimethoxy-6′′,6′′-dimethyl-pyrano (2′′, 3′′: 7,6)-8-(3′′′, 3′′′-
dimethylallyl)-flavanone and named as khonklonginol D.  

O O

O

OCH3

OH
OH

OCH3

4  
Compound 5 was obtained as a yellow sticky liquid and assigned a molecular 

formula of C26H30O8 from its HRESIMS with [M+Na]+ ion showing m/z 493.1382. The 
FTIR spectrum showed the presence of a hydroxyl (νmax 3401 cm-1) and carbonyl (νmax 
1633 cm-1) groups. 1H and 13C NMR spectra of 5 were rather similar to those of 1 (Tables 
1 and 2) except for the absence of signals for a dimethylallyl group. Two sets of partially 
overlapped signals for oxymethine proton at δH 3.45 and 3.42, as well as of benzylic 
protons at δH 2.76, 2.75, 2.53 and 2.51 indicated the presence of two forms of vicinal diol 
at C-2′′′ and C-3′′′ as reported for 2′′′,3′′′-dihydroxylupinifolin.7 Compound 5 was 
proposed as 3,5-dihydroxy-4′-methoxy-6′′,6′′-dimethyl-pyrano (2′′, 3′′: 7,6)-8-(3′′′, 3′′′-
dimethyl-2′′′,3′′′-dihydroxypropyl)-flavanone (khonklonginol E). 
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Compound 6 was obtained as pale yellow solid with molecular formula of 

C26H26O6. IR spectrum showed absorption bands of a hydroxyl (νmax 3316 cm-1) and 
carbonyl (νmax 1620 cm-1) groups. 1H NMR spectrum also exhibited signals of a 
chromene, dimethylallyl and a chelated OH groups (Table 3). Two pairs of doublet 
signals at δH 8.15 and 7.01 (both corresponded to 2H, J = 8.8 Hz) of the 1,4-disubstituted 
aromatic ring was also observed. The OCH3 group resonated at δH 3.87 was assigned at 
C-4′ as indicated from the HMBC correlations between H-2′, H-6′ and OCH3/C-4′. The 
molecular weight of 2 amu lower than that of compound 1, with the absence of doublet 
signals for H-2 and H-3 protons at approximately δH 4.98 and 4.42, as observed in 1-4, 
and the presence of two quaternary carbon signals at δC 145.4 and 135.5, in addition to 
the HMBC correlations of a hydroxyl proton signal at δH 6.63/ C-2 (δC 145.4) and C-4, 
impling the presence of a double bond at C-2 and a hydroxyl group at C-3. Compound 6 
could thus be established as a flavonol and elucidated as 3,5-dihydroxy-4′-methoxy-
6′′,6′′-dimethyl-pyrano (2′′, 3′′: 7,6)-8-(3′′′, 3′′′-dimethylallyl)-flavone and named as 
khonklonginol F. 
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Compound 7 was obtained as a pale yellow amorphous solid, and its mass 

spectrum exhibited (M+1)+ ion at m/z 421.2093 corresponding to a molecular formula of 
C26H28O5. Infrared spectrum showed absorption bands of a hydroxyl (νmax 2918 cm-1) and 
carbonyl (νmax 1628 cm-1) groups. 1H NMR spectrum (Table 3) also showed the presence 
of a chelated hydroxyl proton, a 1,4-disubstituted aromatic ring, a dimethyl chromene and 
a dimethylallyl group. The location of each functional group was confirmed by the use of 
2D NMR spectroscopic techniques suggesting that these groups are present at similar 
positions as in 1-2. Two missing doublets at ~ δH 4.98 and 4.42 were replaced by 
resonances for an ABX system at δH 5.33 (1H, dd, J = 12.8, 2.7 Hz), 3.03 (1H, dd, J = 
12.8, 17.1 Hz) and 2.78 (1H, dd, J = 17.1, 2.7 Hz) of a flavanone. The configuration at C-
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2 was assigned to be S based on vicinal coupling constant of 12.8 Hz in comparison to 
those of previously reported flavanones.8 Compound 7, khonklonginol G, was thus 
identified as 5-hydroxy-4′-methoxy-6′′,6′′-dimethyl-pyrano (2′′, 3′′: 7,6)-8-(3′′′, 3′′′-
dimethylallyl)-flavanone  
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Compound 8 was obtained as yellow sticky liquid. The molecular formula of 

C26H28O6 was based on its HRESIMS spectrum which showed (M+1)+ ion at m/z 
437.2079. IR spectrum indicated a hydroxyl (νmax 3363 cm-1) and carbonyl (νmax 1624 cm-

1) groups. 1H and 13C NMR data of compound 8 were very similar to those of 7 (Table 3), 
except for aromatic proton signals at δH 6.46 (d, J = 3.5 Hz), 6.49 (dd, J =8.5, 2.2 Hz), 
and 7.16 (d, J = 8.4 Hz) implying a trisubstituted aromatic ring. The key HMBC 
correlations between H-2/carbon signals at δC 116.6 (qC, C-1′), 155.4 (qC, C-2′) and 
127.9 (CH, C-6′), and between H-6′ (δH 7.16)/C-2′, C-4′ (δC 161.2, qC) as well as 
OCH3/C-4′ required the placement of the OCH3 and OH groups at C-4′ and C-2′, 
respectively. Compound 8 could be concluded as 5,2′-dihydroxy-4′-methoxy-6′′,6′′-
dimethyl-pyrano (2′′, 3′′: 7,6)-8-(3′′′, 3′′′-dimethylallyl)-flavanone, and proposed 
khonklonginol H as a trivial name.  
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       Compound 9 was obtained as amorphous solid. 1H and 13C NMR data of compound 9 
were very similar to those of 1 (Table 1), except with the absence of OMe signal. 
Compound 9 could be concluded as a known compound, lupinifolinol.4,5 The use of 2D 
NMR technique led to full assignment of 1H and 13C NMR chemical shifts (Table 4). 
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Compound 10 was obtained as a liquid with molecular formula C25H24O6 as 

analysed from its HRESIMS (found 421.1655, calc for C25H25O6 421.1655). 1H and 13C 
NMR chemical shifts (Table 5) were in good agreement as those of compound 6 (Tables 
3 and 4), except for the absence of OMe signal. Compound 10 could thus be concluded as 
dehydrolupinifolinol, which was previously reported.9 
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Compound 11 was isolated as a solid with molecular formula C25H26O6 based on 

the HRESIMS (calc for C25H27O6 423.1802, found 423.1803). The 1H and 13C NMR data 
were consistent to those of compound 8 but with the absence of a OMe group signal. 
Compound 11 was therefore proposed as 5,2′,4′-trihydroxy-6′′,6′′-dimethyl-pyrano (2′′, 
3′′: 7,6)-8-(3′′′, 3′′′-dimethylallyl)-flavanone. Full assignment of 1H and 13C resonances 
(Table 6) was based on 2-D NMR experiments. Compound 11 is identical to 
flemichinD.10 

 



 16

OO

OH

OH

OH O

11

2

5

9

4''

6''

2'''

10

3'

6'

3'''

 

 
 
Compound 12 was obtained as sticky liquid, with same molecular formula as of 

11. 1H NMR spectrum showed similar pattern of signals as those found in 11. The key 
HMBC correlations between H-1′′/ C-6, 7, 2′′, 3′′ and H-4′′′/C-7, 9, 2′′′ led to conclude 12 
as eriosemaone.10 Full assignment of 1H and 13C resonances of 12 is as showed in Table 
7. 
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Compound 13 was obtained as sticky liquid. Its 1H and 13C NMR data are in close 

resemblance to those of compound 7 but with the absence of the OMe signal. Compound 
13 was thus identified as lupinifolin.4,11 The 1H and 13C NMR chemical shifts are as 
shown in Table 8. 

 

OO

OH

OH O

13

2

5

9

4''

6''

2'''

10

3'

6'

3'''

 
 
 

Compound 14 was isolated as a solid. 1H-1H-COSY spectrum showed cross-peak 
between H-1/H-2 and H-2/H-3. HMBC spectrum showed key long-range 1H-13C 
correlations between H-1/C-2, C-3, C-2′ and C-6′, and between H-2′, H-6′/C-1, C-1′, C-
3′, C4′, C-5′ indicating a furanofuran nucleus in 14. Compound 14 was deduced to be 
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yangambin,12 which was previously reported. 1H and 13C NMR data is as shown in Table 
9. 
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Table 1 1H NMR Spectroscopic Data of Compounds 1-5 (CDCl3)a 
Position δH 1 δH 2 δH 3 δH 4 δH 5 
2 4.98 (d,12.0) 5.64 (d, 5.1) 5.28 (d,12.0) 4.97 (d,11.9) 5.01 (d, 11.9), 

4.50 (d,11.9) 
3 4.42 (d,12.0) 4.71 (d, 5.1) 4.50 (d,12.0) 4.49 (d,11.9) 4.50 (d,11.9), 

4.49 (d, 11.9) 
2′ 7.46 (d, 8.8) 7.29 (brd, 

8.9) 
- 7.07 (d, 2.0) 7.43 (d, 8.7) 

3′ 6.96 (d, 8.8) 6.82 (d, 8.7) 6.54 (d, 2.5) - 6.96 (d, 8.8), 6.94 
(d, 8.8) 

5′ 6.96 (d, 8.8) 6.82 (d, 8.7)  6.58 (d, 8.7) 6.91 (d, 8.8) 6.96 (d, 8.8), 
6.94 (d, 8.8) 

6′ 7.46 (d, 8.8) 7.29 (d, 8.9) 7.42 (brd, 8.6) 7.08 (dd, 8.8, 
2.0) 

7.43 (d, 8.7) 

4″ 6.62 (d, 10.0) 6.58 (d, 9.9) 6.62 (d,10.1) 6.62 (d,10.0) 6.64 (d,10.0), 
6.63 (d, 10.0) 

5″ 5.51 (d, 10.0) 5.48 (d, 9.8) 5.53 (d,10.0) 5.51 (d,10.0) 5.52 (d,10.2) 
6″-CH3 1.44 (s)  

1.43 (s) 
1.43 (s)  
1.41 (s) 

1.44 (2× s) 1.44 (s) 
 1.43 (s) 

1.47 (s), 1.45 (s) 
1.44 (s), 1.43 (s) 

1′′′ 3.16 (d, 6.8) 3.21 (d, 7.1) 3.21 (brt, 8.0) 3.16 (brd, 6.9) 3.16 (brd, 6.9) 
2′′′ 5.11 (dt, 6.4, 

1.6) 
5.10 (t, 7.3) 5.10 (brt, 7.4) 5.13 (brt, 6.8) 5.13 (brt, 6.1) 

3′′′-CH3 1.63 (s)  
1.59 (s) 

1.69 (s) 
1.62 (s) 

1.66 (s) 1.65 (s) 1.62 (s)  
1.59 (s) 

1.17 (s), 1.16 (s) 
1.14 (s), 1.135 (s) 

OCH3-4′ 3.83 (s) 3.76 (s) 3.79 (s) 3.90 (s)b 3.82 (s) 
OCH3-3′  -  3.91 (s)b  
OH-5 11.41 (s) 11.39 (s) 11.29 (s)c 11.41 (s) 11.40 (s) 
aCoupling constants (J) are presented in parentheses in Hz. 
bAssignment may be reversed. cOH-2′ in 3 was detected as singlet at δH 6.82. 
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Table 2 13C NMR Spectroscopic Data of Compounds 1-5 (CDCl3)  
Position δC 1 δC 2 δC 3 δC 4 δC 5 
2 82.9 CH 80.0 CH 79.0 CH 83.1 CH 83.1 CH 

83.0 CH 
3 72.6 CH 71.5 CH 73.1 CH 72.6 CH 72.4 CH 
4 196.4 qC 194.6 qC 195.3 qC 196.1 qC 196.4 qC 

196.3 qC 
5 156.1 qC 156.1 qC 156.1 qC 156.0 qC 156.5 qC 
6 103.2 qC 102.9 qC 103.5 qCa 103.2 qC 103.4 qC 

103.3 qC 
7 160.7 qC 160.6 qC 160.9 qC 160.7 qC 160.48 qC 

160.45 qC 
8 109.3 qC 109.1 qC 109.6 qC 109.3 qC 106.5 qC 
9 159.5 qC 158.2 qC 159.0 qC 159.3 qC 159.8 qC 
10 100.4 qC 100.9 qC 100.2 qC 100.3 qC 100.5 qC 

100.4 qC 
1′ 128.8 qCa 126.8 qC 116.3 qC 129.0 qC 128.1 qC 
2′ 128.8 CHa 128.7 CH 155.3 qC 110.1 CH 128.6 CH 
3′ 114.0 CH 113.8 CH 103.5 CHa 149.1 qC 114.2, 

114.1 CH 
4′ 160.3 qC 159.6 qC  161.2 qC 149.7 qC 160.3 qC 
5′ 114.0 CH 113.8 CH 107.3 CH 111.0 CH 114.2, 

114.1 CH 
6′ 128.8 CHa 128.7 CH 127.9 CH 120.2 CH 128.6 CH 
4″ 115.4 CH 115.4 CH 115.3 CH 115.4 CH 115.4 CH 
5″ 126.2 CH 126.1 CH 126.5 CH 126.3 CH 126.2 CH 
6″ 78.5 qC 78.4 qC 78.7 qC 78.5 qC 79.2 qC 
6″-CH3 28.4 (2×) CH3  28.4, 28.5 

CH3 

28.4 (2×) CH3 28.3 (2×) 
CH3

  
28.6 (2×), 
28.5, 28.4 
CH3 

1′′′ 21.4 CH2 21.3 CH2 21.3 CH2 21.3 CH2 25.2, 
25.1 CH2 

2′′′ 122.3 CH 122.2 CH 122.0 CH 122.2 CH 79.1, 
78.9 CH 

3′′′ 131.3 qC 131.3 qC 131.7 qC 131.3 qC 72.8 qC 
3′′′-CH3 25.7, 17.8 CH3 25.5, 17.9 

CH3 

25.8, 
17.9 CH3 

25.7, 
17.8 CH3 

25.97, 
25.91, 
23.38, 23.37 
CH3 

OCH3-
4′ 

55.3 CH3 55.2 CH3 55.3 CH3 55.94 CH3
b 55.3 CH3 

OCH3-
3′ 

- - - 55.91 CH3
b - 

aOverlapped signals  
bAssignment may be reversed. 
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Table 3 1H and 13C NMR Spectroscopic Data of Compounds 6-8 (CDCl3)a 

 
Position δH 6 δC 6 δH 7 δC 7 δH 8 δC 8 
2 - 145.4 qC 5.33 (dd, 12.8, 

2.7 
78.6 CH 5.54 (dd, 

13.0, 3.0) 
77.7 CH 

3 - 135.5 qC 3.03 (dd, 17.1, 
12.8) 
2.78 (dd, 17.1, 
2.7) 

43.3 CH2 3.09 (dd, 
17.4, 13.1) 
2.86 (dd, 
17.3, 3.1) 

41.9 CH2 

4 - 175.5 qC - 196.4 qC  - 196.4 qC 
5 - 153.0 qC - 156.6 qC  - 156.8 qC 
6 - 104.9 qC - 102.7 qC - 103.3 qC 
7 - 156.9 qC - 159.3 qC  - 159.8 qC 
8 - 107.7 qC - 108.6 qC  - 108.8 qC 
9 - 153.6 qC - 159.8 qC - 158.6 qC 
10 - 103.5 qC - 102.8 qC - 102.7 qC 
1′ - 123.7 qC - 130.9 qC - 116.6 qC 
2′ 8.15 (d, 

8.8) 
129.3 CH 7.35 (d, 8.4) 127.5 CH - 155.4 qC 

3′ 7.01 (d, 
8.8) 

114.1 CH 6.92 (d, 8.5) 114.1 CH 6.46(d, 2.2) 102.9 CH 

4′ - 161.0 qC - 159.8 qC - 161.2 qC 
5′ 7.01 (d, 

8.8) 
114.1 CH 6.92 (d, 8.5) 114.1 CH 6.49 (dd, 

8.5, 2.2) 
106.4 CH 

6′ 8.15 (d, 
8.8) 

129.3 CH 7.35 (d, 8.4) 127.5 CH 7.16 (d, 8.4) 127.9 CH 

4″ 6.72 (d, 
9.9) 

115.7 CH 6.61 (d, 10.0) 115.7 CH 6.62 (d, 9.9) 115.6 CH 

5″ 5.62 (d, 
10.1) 

128.1 CH 5.48 (d, 10.0) 125.9 CH 5.50 (d, 9.9) 126.3 CH 

6″ - 77.8 qC - 78.1 qC - 78.3 qC 
6″-CH3 1.45 (s) 28.3 CH3 1.41 (s), 

1.43 (s) 
28.4, 
28.3 CH3  

1.42 (s), 
1.43 (s) 

28.3, 28.4 
CH3 

1′′′ 3.49 (d, 
7.0) 

21.5 CH2 3.19 (t, 7.2) 21.5 CH2 3.20 (t, 7.0) 21.4 CH2 

2′′′ 5.21 (dt, 
7.0, 6.1) 

122.2 CH 5.15 (t, 7.2) 122.6 CH 5.09 (t, 7.2) 122.3 CH 

3′′′ - 131.8 qC - 131.0 qC - 131.8 qC 
3′′′-CH3 1.67 (s), 

1.82 (s) 
18.0, 25.7 
CH3 

1.63 (s, 2 ×) 17.8, 
25.8 CH3 

1.65 (s, 2 ×) 17.8,  
25.7 CH3 

OH-5 11.93 (s)  12.24 (s)  12.23 (s)  
OCH3-
4′ 

3.87 (s) 55.3 CH3 3.82 (s) 55.3 CH3 3.77 (s) 41.9 CH3 

OH- 6.63 (br 
s, OH-3) 

   6.26 (br s, 
OH-2′) 

 

aCoupling constants (J) are presented in parentheses in Hz. 
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Table 4 1H and 13C NMR Spectroscopic Data of 9 (CDCl3). 
Position δH δC HMBC 
2 4.96 (d, 11.9) 82.8 CH C-3, 4, 2′, 6′ 
3 4.48 (d, 11.7) 72.5 CH C-2, 4, 1′ 
4 - 196.2 qC  
5 - 156.0 qC  
6 - 103.2 qC  
7 - 160.7 qC  
8 - 131.3 qC   
9 - 159.4 qC  
10 - 100.3 qC  
1′ - 128.8 qC  
2′ 7.40 (d, 8.4) 129.0 CH C-2, 3′, 4′, 5′ 
3′ 6.86 (d, 8.8) 115.6 CH C-2′, 4′, 6′ 
4′ - 156.3 qC  
5′ 6.86 (d, 8.8) 115.6 CH C-2′, 4′, 6′ 
6′ 7.40 (d, 8.4) 129.0 CH C-2, 3′, 4′, 5′ 
4″ 6.62 (d, 10.4) 115.6 CH C-5, 6, 7, 6″, 6″-

CH3 
5″ 5.51 (d, 9.7) 126.3 CH C-6, 6″, 6″-CH3 
6″ - 78.5 qC  
6″-CH3 1.43 (s),1.43 (s) 2×, 28.4 CH3 C-6″, 5″, 4″, 6″-

CH3 
1′′′ 3.15 (brd, 6.9) 21.3 CH2 C-7, 8, 9, 2′′′, 3′′′ 
2′′′ 5.10 (dt, 7.4, 1.4) 122.2 CH C-1′′′, 3′′′, 3′′′-CH3 
3′′′ - 109.3 qC  
3′′′-CH3 1.58 (s), 1.62 (s) 17.8 CH3, 25.8 CH3 C-8, 2′′′, 3′′′, 3′′′-

CH3 
OH-5 11.39 (s)  C-5, 6, 10 
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Table 5 1H and 13C NMR Spectroscopic Data of 10 (CDCl3+MeOH-d4 3 drops)  
Position δH δC HMBC 
2 - 145.4 qC  
3 - 135.4 qC  
4 - 175.5 qC  
5 - 153.0 qC  
6 - 104.9 qC  
7 - 157.0 qC  
8 - 107.7 qC  
9 - 153.6 qC  
10 - 103.5 qC  
1′ - 123.6 qC  
2′ 8.05 (d,8.9) 129.6 CH C-2, 3′, 6′ 
3′ 6.90 (d,8.9) 115.6 CH C-1′, 4′, 5′ 
4′ - 157.6 qC  
5′ 6.90 (d,8.9) 115.6 CH C-1′, 3′, 4′ 
6′ 8.05 (d,8.9) 129.6 CH C-2, 2′, 5′ 
4″ 6.68 (d,10.0) 115.7 CH C-5, 6, 7, 6″ 
5″ 5.59 (d, 10.0) 128.2 CH C-6, 6″, 6″-CH3 
6″ - 77.8 qC  
6″-CH3 2× 1.41 (s) 2x 28.3 CH3 6″-CH3, 6″, 5″ 
1′′′ 3.45 (brd,7.1) 21.5 CH2 C-7, 8, 9, 2′′′, 3′′′ 
2′′′ 5.17 (ddt,7.1,5.8, 

1.3) 
122.3 CH 3′′′-CH3 

3′′′ - 131.8 qC  
3′′′-CH3 1.63 (s), 1.77 (s) 18.1 CH3, 25.7 CH3 C-8, 2′′′, 3′′′, 3′′′-

CH3 
OH-5a    
aNot observed due to the addition of MeOH-d4 to the sample 
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Table 6 1H and 13C NMR Spectroscopic Data of 11 (CDCl3). 
Position δH δC HMBC (H to C) 
2 5.52 (dd, 13.0, 2.7)a 77.3 CH C-1′ 
3 3.10 (dd, 17.3, 13.1) 

2.83 (dd, 17.3, 2.9) 
41.9 CH2 C-2, 4 

4 - 196.6 qC  
5  156.8 qC  
6  103.3qC  
7  158.8 qC  
8  108.8 qC  
9  159.8 qC  
10  102.7 qC   
1′  116.9 qC  
2′  157.2qC  
3′ 6.40 (br s)b 104.2 CH C-1′, 2′, 4′ 
4′ - 155.3 qC  
5′ 6.41 (d, 8.7)b 107.8 CH C-1′, 3′, 4′ 
6′ 7.09 (d, 8.7) 128.0 CH C-2, 2′ 
4′′ 6.61 (d, 10.0) 115.6 CH C-6, 7, 6′′ 
5′′ 5.49 (d, 10.0)a 126.2 CH C-6′′, 6′′-CH3 
6′′ - 78.3 qC  
6′′-CH3 1.42 (s), 1.43 (s) 28.3 CH3, 28.4 CH3 C-3′′, 6′′, 6′′-CH3 
1′′′ 3.20 (brt, 6.6) 21.5 t CH2 C-7, 8, 9, 2′′′, 3′′′ 
2′′′ 5.08 (t, 7.2) 122.2 CH 3′′′-CH3 
3′′′ - 131.8 qC  
3′′′-CH3 2x 1.64 (br s) 17.8 CH3, 25.7 CH3 C-2′′′, 3′′′,  3′′′-CH3 
OH-5 12.22 (s)  C-4, 5, 6 
a,bOverlapped signals 
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Table 7 1H and 13C NMR Spectroscopic Data of 12 (CDCl3). 
Position δH δC HMBC (H to C) 
2 5.54 (br d, 10.1) 77.4 CH a C-1′ 
3 3.07 (dd, 17.2, 12.9) 

2.83 (brd, 14.6) 
42.0 CH2 C-2, 4 

4 - 196.4 qC  
5  161.3 qC  
6  110.3 qC  
7  159.8 qC  
8  101.8 qC  
9  154.4 qC  
10  102.5 qC  
1′  116.9 qC  
2′  157.2 qC b  
3′ 6.39 (br s) 103.9 CH C-1′ 
4′ - 157.2 qC b   
5′ 6.40 (d, 8.3) 107.9 CH C-1′, 3′ 
6′ 7.12 (d, 8.3) 128.0 CH C-2, 2′, 4′, 5′ 
1′′ 3.23 (d, 7.3) 20.9 CH2 C-6, 7, 2′′, 3′′ 
2′′ 5.18 (t, 7.3) 122.3 CH 3′′-CH3 
3′′ - 131.4 qC  
3′′-CH3 1.65 (s), 1.76 (s) 17.9 CH3, 25.7 CH3 C-2′′, 3′′, 5′′3′′-CH3 
5′′′ 5.46 (d, 10.1) 126.7 CH C-8, 6′′′, 6′′′-CH3 
4′′′ 6.50 ( d, 10.0) 115.6 CH C-7, 9, 6′′′ 
6′′′ - 78.1 qC  
6′′′-CH3 1.40 (s), 1.43 (s ) 28.2 CH3, 28.5 CH3 C-6′′′, 5′′′, 6′′′-CH3 
OH-5 12.31 (s)  C-5, 6, 10 
a Obscured by CDCl3 signal. bOverlapped signals. 
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Table 8 1H and 13C NMR Spectroscopic Data of 13 (CDCl3)  
Position δH δC HMBC (H to C) 
2 5.31 (dd, 12.8, 3.1) 78.6 CH C-4, 1′, 6′ 
3 3.02 (dd, 17.1, 12.8) 

2.78 (dd, 17.1, 3.1) 
43.2 CH2 C-2, 4, 10 

4 - 196.4 qC  
5  159.9 qC  
6  102.8 qC  
7  156.6 qC  
8  108.6 qC  
9  159.4 qC  
10  102.6 qC  
1′  131.0 qC  
2′ 7.30 (d, 8.5) 127.8 CH C-2, 4′, 6′ 
3′ 6.86 (d, 8.4) 115.6 CH C-1′, 4′ 
4′ - 155.9 qC   
5′ 6.86 (d, 8.4) 115.6 CH C-1′, 4′ 
6′ 7.30 (d, 8.5) 127.8 CH C-2, 2′, 4′ 
4′′ 6.61 (d, 10.1) 115.8 CH C-5, 6, 7, 6′′-CH3, 

6′′ 
5′′ 5.48 (t, 10.0) 125.9 CH 6′′, 6′′-CH3 
6′′ - 78.1 qC  
6′′-CH3 1.42 (s), 1.41 (s) 28.6 CH3, 28.4 CH3 C-4′′, 5′′,6′′-CH3 
1′′′ 3.18 (brd, 7.4) 21.5 CH2 C-8, 9, 2′′′, 3′′′ 
2′′′ 5.12 (brt, 7.4) 122.5 CH C-1′′′, 3′′′-CH3 
3′′′ - 131.0 qC  
3′′′-CH3 2x 1.62 (s) 25.7 CH3, 18.0 CH3 C-8, 2′′′, 3′′′, 3′′′-

CH3 
OH-5 12.23 (s) - C-5, 6, 7, 10 
*Overlapped signals 
 
 
Table 9 1H and 13C NMR Spectroscopic Data of 14 (CDCl3) 
Position δH δC HMBC 
1 4.71 (brd, 4.3) 86.1 CH C-2,3, 1, 2′, 6′ 
2 3.08 (m) 54.4 CH  
3 4.27 (dd-like, 9.1, 

6.8) 
3.87 (m) 

71.8 CH2 C-1, 2 

1′  132.1 qC  
2′, 6′ 6.56 (s) 102.8 CH C-1, 1′, 3′, 4′, 5′ 
3′, 5′ - 147.1 qC  
4′ - 134.3 qC  
OMe-3′ 3.88 (s) 56.4 CH3 C-3′ 
OMe-4′ 3.88 (s) 56.4 CH3  
OMe-5′ 3.88 (s) 56.4 CH3 C-5′ 
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Cytotoxicity13,14 against breast cancer (BC), human small cell lung (NCI-H187) 

and human oral epidermal carcinoma (KB) cell lines and antimycobacterial activity of the 
isolates were evaluated, results are as indicated in Table 10. Among three 3-hydroxyl 
flavanones (1, 2, 9), cytotoxic activity was found to be comparable, implying 
stereochemistry at C-3 and changes of substituent at C-4′ from OH to OMe and vice 
versa, to play no clear role in the modulation of activity. Compound 11 with a linear 
pyrano ring was found to be more active than 12, a regioisomer of 11 with an angular 
pyrano ring. Results between 8, 11 and 13 implied the presence of hydroxyl group at C-2′ 
and C-4′ in the flavanone nucleus to be vital for cytotoxic activity, and results between 9 
and 10, indicated flavanone to be slightly more active than the corresponding flavonol. 
Several compounds also showed antituberculous activity against Mycobacterium 
tuberculosis H37Ra. Compounds 11-13 were most active and exhibited inhibitory 
activity with MIC value of 12.5 µg/mL. Compounds 1, 8 and 9 were less potent with 
MIC value of 25 µg/mL. Milder inhibitory activity was observed in 2 and 6 showing MIC 
values of 50 and 100 µg/mL, respectively. 
 
Table 10. Biological Activity of Some Isolates from E. chinense 
compound Anti-TBa KBb NCI 

H187b 
Vero 
cellb 

1 25 3.1 3.0 7.9 
2 50 3.8 4.3 6.9 
6 100 6.7 2.4 7.0 
8 25 5.4 3.3 6.4 
9 25 1.73 3.5 ndc 

10 12.5 5.8 3.9 11.1 
11 12.5 3.3 2.1 ndc 

12 12.5 5.8 6.0 ndc 

13 12.5 2.4 6.5 nd 
hexane extract 50 12.0 9.9 5.8 
ellipticined - 0.37 0.44 - 
doxorubicind - 0.12 0.042 - 
isoniazidd 0.023-

0.046 
- - - 

streptomycind 0.156-
0.313 

- -  

aMIC in μg/mL. bIC50 in μg/mL 
cnd = not determined. dpositive control substance 
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Part II. Constituents and Bioactivity of 
Calotropis gigantea 

  
In continuation to our recent study on the bioactive compounds from Calotropis 

gigantea,2.1 we investigated further the bioactive chemical constituents from the polar 
fractions of the CH2Cl2 extract and butanol extract of the leaves of this plant. 
Chromatographic separation of the extracts led to the isolation of compounds 2.1-2.14. 
Compound 2.3, which was obtained after chromatographic separation, was found to be 
unstable and further transformed upon standing at room temperature to give products 
(2.3a and 2.3b). The isolated compounds were evaluated for their cytotoxic activity 
against a panel of cell lines. 

Compound 2.1 was isolated as a solid, mp = 210-215° C. The HRESIMS 
spectrum indicated a molecular formula of 1 to be C23H32O7 based on m/z 443.2046 
[M+Na]+, calcd for C23H32NaO7, 443.2037. The infrared spectrum indicated absorption 
bands for a hydroxyl (νmax 3401 cm-1) and α,β–unsaturated-γ- lactone (νmax 1738, 1623 
cm-1) functional groups. The 1H and 13C NMR spectra showed characteristic signals of H-
22 (δH 6.27), H2-21 (δH 5.22 and 5.0, both with J = 18.2 Hz) and C-20, C-21, C-22 and C-
23 at δC 174.9, 74.9, 118.2 and 174.9, respectively, of an α,β-unsaturated-γ-lactone 
moiety of the cardenolide. The 13C NMR spectrum indicated the presence of twenty three 
carbon signals assignable to one methyl, eight methylene, nine methine including three 
oxymethine and one formyl, and five quaternary carbons. The three hydroxyl groups at 
C-2, C-3 and C-16 were evident from the 1H-1H COSY cross-peaks between H-2/H-1 and 
H-3, and between H-16/H2-15 and H-17, as well as the long-range HMBC correlations 
between H-2/C-1, C-3; H-3/C-1, C-2, C-4, and between H-17/C-12, C-13, C-14, C-16, C-
21, C-22 and C-23. The 1H and 13C NMR spectroscopic data of 2.1 (Table 2.1) are similar 
to those of 16α-hydroxycalotropagenin previously obtained from Asclepias 
curassavica.2.2 
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 Compound 2.2 was isolated from the butanol extract of the leaves. Compound 2.2 
was isolated as colorless solid, mp = 196-198° C with a molecular formula of C29H40O11 
based on the HRESIMS spectrum. The characteristic IR absorption bands, 1H and 13C 
NMR shifts of the α,β-unsaturated-γ-lactone moiety were observed as of 2.1. The 
dideoxyfuranosyl moiety was detected from the singlet signal of an anomeric proton (H-
1′) at δH 5.74 and of C-1′ at δC 108.7, in addition to doublet signal at δH 1.50 (d, J = 6.3 
Hz) of H-6′ in 1H NMR spectrum as observed in calactinic methyl ester recently isolated 
from this plant2.1 and also from Asclepias curassavica 2.3. The 1H and 13C NMR signals 
for a methoxy group of the ester function was however missing. Compound 2.2 was thus 
elucidated as calactinic acid. The 1H and 13C NMR spectroscopic data are shown in Table 
2.2. 
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Compound 2.3 was obtained as a solid, mp. 226-228 °C, and the HR-ESI-MS 
spectrum indicated molecular formula of C23H32O7. FT-IR spectrum indicated absorption 
maxima for a hydroxyl (3401 cm-1) and α,β–unsaturated-γ-lactone (1738, 1623 cm-1) 
functional groups. 13C NMR spectrum exhibited the presence of twenty three carbon 
signals comprising one methyl, eight methylene, nine methine, including three 
oxymethine and one formyl, and five quaternary carbons. 1H and 13C NMR spectra 
showed characteristic signals of an α,β-unsaturated-γ-lactone moiety commonly found in 
cardenolide (δH 6.13 assignable to H-22, δH 5.30, 5.03 to H2-21 and δC 175.8, 74.3, 118.3 
and 175.2 to C-20, C-21, C-22 and C-23, respectively). The methyl proton signal at δH 
0.83 (assigned for CH3-18) showed heteronuclear multiple bond coherence (HMBC) 
correlations with 13C NMR signals at δC 49.4 (C-17) and 81.9 (C-14). The two hydroxyl 
groups at C-2, and C-3 were evident from HMBC correlations between H-1 (at δH 2.97 
and 1.34) and C-2, C-3, C-5, C-10 and C-19 (at δC 73.3, 76.1, 43.5, 53.4 and 209.5, 
respectively), in addition to 1H-1H correlation spectroscopy (COSY) cross-peaks between 
H-2 (δH 4.08)/H-1 and H-3 (δH 3.90). Vicinal coupling constants, J1a,2 of 11.5 Hz, J2,3 of 
8.9 Hz and J3,4a of 11.3 Hz, were used as evidences for the assignment of orientations of 
2-OH and 3-OH groups as α- and β-, respectively. Placement of the third hydroxyl group 
at C-15 was revealed from 1H-1H COSY cross-peaks between H2-16 (δH 2.75, 1.97)/H-15 
(δH 4.75) and H-17(δH 2.69), as well as HMBC correlations between H-17/C-15(δC 72.6), 
C-16 (δC 37.9) and C-21 (δC 74.3). The OH-15 was proposed to have β-orientation based 
on the nuclear overhauser effect spectroscopy (NOESY) spectrum which revealed cross-
peaks between H-15/H-7 and H-17. The J15,16 value of 8.0 Hz is also consistent to those 
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values reported in the 15β-hydroxycardenolide analogs.2.4, 2.5 Compound 2.3 was thus 
proposed as 2α,15β-dihydroxy-19-oxo-uzarigenin. Full assignment of 1H and 13C NMR 
data was as shown in Table 2.3. In this study, compound 2.3 was found to be very 
unstable and further transformed to 19-nor-2α, 10,15β- trihydroxyuzarigenin (2.3a), and 
19-nor-10-hydroperoxy-2α,15β-dihydroxyuzarigenin (2.3b) upon standing at room 
temperature for two days with or without solvent in a well capped vial. These types of 
transformations were previously documented,2.6, 2.7 but no 1H and 13C NMR spectroscopic 
evidences of the 10-hydroperoxide derivative were reported. In this study we include full 
assignment of the 1H and 13C NMR spectroscopic data of these two transformed products. 
The 13C NMR resonance of C-10 with hydroperoxyl group of 2.3b was notably found at 
less shielded position (δC 82.9) than that of the corresponding C-10 with a hydroxyl 
group (δC 72.8) of 2.3a.2.8 
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Compound 2.4 was a white solid, mp. 222-225°C, its FTIR spectrum revealed absorption 
bands of a hydroxyl at 3435 and of an α,β-unsaturated-γ-lactone at1743 and1653 cm-1. The 
HRESIMS suggested a molecular formula of C23H32O6 as indicated from the [M + Na]+ 
ion at 427.2110 (calcd for C23H32O6Na, 427.2088). 
  The 13C NMR spectrum exhibited twenty three carbon signals comprising one 
methyl, nine methylenes, eight methines including two oxymethines and one formyl (δC 

209. 38), and five quaternary carbons including one carbonyl carbon at δC 175.31. The 1H 
NMR spectrum showed a singlet signal at δH 10.20 attributable to an aldehyde proton and 
signal at δH 6.51 (s) assigned for an olefinic proton. The two sets of less shielded doublet 
signals at δH 5.29 and 5.05 (both as d, J = 18.2 Hz) could be assigned to the non-
equivalent oxymethylene protons (H2-21) connecting to an electron withdrawing group, 
CO-CH=C-CH2-O, as reported in an α,β-unsaturated-γ-lactone moiety of a cardenolide 
nucleus.5 The 1H-1H COSY spectrum which indicated cross-peaks between signal at δH 6.51 
(assigned to H-22) and a doublet of doublet signal at δH 2.79 (H-17), in addition to the 
important long-range 1H-13C correlations from the HMBC spectrum between H-17/ C-
20 (δC 176.55), C-21 (δC 74.23), and C-22 (δC 117.94) indicated bonding between C-20 and 
C-17. The hydroxyl group at C-14 was revealed from the HMBC correlations between H-
17/C-14 (δH 84.61) and H-18 (δH 0.92)/C-14. The presence of two hydroxyl groups at C-2 
and C-3 was evident from HMBC correlations between H-1 (δH 2.97)/C-2 (δC 73.39), C-3 
(δC 76.14), C-5 (δC 43.56), C-10 (δC 53.31) and C-19 (δC 209.38), in addition to 1H-1H COSY 
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cross-peaks between H-2 (δH 4.05)/H-1 and H-2/H-3 (δH 3.94) and a large coupling 
constant (10.9 Hz) between protons H-2 and H-3 suggested configuration of 2-OH and 3-
OH to be α and β, respectively.2.4 
 The use of 2D experiments and related literature data2..3 led to the assignment of 1H and 
13C resonances of 2.4 as shown in Table 2.4. Compound 2.4 was concluded to be 
calotropagenin, which was previously obtained from the latex and leaves of this plant.2.15 
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Compound 2.5 was afforded as a white solid with mp. 246-248 °C. The FTIR 
spectrum revealed absorption bands at 3400 and 1738 cm-1 of a hydroxyl and ester 
function, respectively. It was assigned the molecular formula of C23H34O5, as deduced 
from the HRESIMS. 
 The 13C NMR spectrum showed twenty three carbon signals comprising one methyl, 
ten methylenes, seven methines and five quaternary carbons. The1H NMR spectrum showed 
signals for α,β-unsaturated-γ-lactone moiety at δH 4.93 and 4.73 (both as dd, J = 1.4, 18.1 
Hz, H2-21) and δH 5.79 (s) for H-22. The important long-range 1H-13C HMBC correlations 
between H-22/C-17 (δC 50.86), C-20 (δC 175.79) and C-23 (δC 175.43) implied that the C-20 
of butanolide ring joined to C-17. The oxymethylene signals at δH 3.63, 3.75 and δC 
59.18 were assigned for –CH2OH group at C-10 based on HMBC correlations between H-
1 (δH  0.68, 2.78)/C-3  (δC 70.48), C-19 (δC 59.18). 

The use of 2D NMR experiments and related literature data led to the assignment of 1H 
and 13C resonances of compound 2.5 as shown in Table 2.5. The structure of compound 
2.5 was thus proposed as coroglaucigenin.2.4 
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Compound 2.6 was obtained as white solid, its IR spectrum displayed 
absorption band for OH and C=O groups at 3351 and 1695 cm-1, respectively. It was 
assigned the molecular formula of C18H32O5 as deduced from the HRESIMS ([M + Na]+ ion 
m/z 351.2147, calcd for C18H32NaO5, 351.2139). 

The 13C NMR spectrum showed methyl carbon signal at δC 14.02, several methylene 
carbon signals from δC 20.58 to 36.74, four olefinic carbons at δC 124.40, 129.54, 134.31 and 
135.62 and a carboxyl carbon at δC 176.96. Three oxygenated carbons at δC 71.61, 74.34 
and 74.27, corresponded to oxymethine protons at δH 4.01 (dd, J = 6.1, 12.1 Hz), δH 3.89 (t, 
J = 5.7 Hz) and δH 3.41 (dt, J = 5.1, 7.8 Hz), respectively, and confirmed the presence of 
three hydroxyl groups. Analysis of the COSY, HMQC, and HMBC spectra provided 
evidences for the presence of CH3-CH2-CH=CH-CH2-CH(OH)-CH(OH)-CH=CH-CH(OH)-
CH2-fragment. Considering the molecular weight of compound 2.6 and the number of CH2 
groups displayed in 13C NMR spectrum, this fragment should be separated from the terminal 
carboxyl group by a -(CH2)7- chain. The E configuration of the double bond between C-10−C-
11 was assigned on the basis of the coupling constant of the olefinic protons (H-10 and H-
11), which resonated as doublet of doublets at δH 5.69 (dd, J = 5.8, 15.7 Hz) and δH 5.60, 
(dd, J = 5.8, 15.7 Hz), respectively. The vicinal coupling constant of 10.8 Hz between H-15 
and H-16 suggested a Z configuration for the C-15–C-16 double bond, which was 
corroborated by the high-field chemical shift δC 1.97 of the allylic C-17.  

The use of 2D experiments and related literature data led to the assignment of 1H and 
13C chemical shifts of 2.6 (Table 2.6). Compound 2.6 was thus proposed as 9,12,13-
trihydroxyoctadeca-10(E),15(Z)-dienoic acid.2.8  
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Compound 2.7 was obtained as a white solid, mp. 184-186 °C. The FTIR 

spectrum revealed absorption bands a hydroxyl and an ester function similar to those of 2.6. 
It was assigned the molecular formula of C29H40O10 (HRESIMS). 

The 13C NMR spectrum showed the presence of twenty nine carbons including two 
methyls, eight methylenes, twelve methines and six quaternary carbons, among which one is 
an olefinic and one a carbonyl carbon. The 1H and 13C NMR spectra of 2.7 showed signals 
at δH 4.73 and 4.81 (d, J = 18.3 Hz, H2-21), δC 74.29 (C-21) and signals at δH 5.86 (s, H-22), 
δC 175.65 (C-22) of an α,β-unsaturated-γ-lactone moiety. The aldehyde group attached to 
C-10 was observed as singlet at δH 9.91(δC 207.9). The 1H-1H COSY cross-peaks between 
H-2 (δH 3.80)/ H-1 (δH 2.38, 1.05) and H-3 (δH 3.88), as well as the HMBC correlations 
between H-1/C-19 (δC 207.9), C-2 (δC 68.9) and C-3 (δC 71.8) indicated the presence of two 
OH groups at C-2 and C-3. The doublet signal at δH 1.20 (H3-6′) which showed 1H-1H COSY 
correlations to multiplet at δH 3.54 (H-5′) as well as correlations between  H-5/H-4′ (δH 
1.73, 1.49) and H-4′/H-3′ (δH 3.59) indicated the presence of 4,6-dideoxyhexosulose moiety. 
The arrangement of H-3′ as α-orientation was based on J3′,4′ value of 6.8 Hz which is 
closed to value reported for this proton of related compound.22 Attachment of C-1′ to 
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C-3 oxygen atom was observed from the 3J 1H-13C correlation between H-1′(δH 4.45 ) /C-
3. The oxymethine signal at δH 4.39 was assigned for H-16 due to the 1H-1H COSY cross-
peaks between H-16 (δH 4.39)/ H-17 (δH 2.49), as well as HMBC correlations between H-
17/C-14 (δH 84.41), C-16 (δH 76.12). The orientation of OH-16 as α could be seen from the 
J16, 17 of 4.5 Hz which is in good agreement with value reported in 16α-hydroxycalotropin, 
previously isolated from Asclepias curassavica.2.2 

The use of 2D experiments and related literature data2.2 led to the assignment 
of 1H and 13C chemical shifts. Compound 2.7 was thus proposed as 16α-hydroxycalactin. 
Full assignment of 1H and 13C NMR data was as shown in Table 2.7.  
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Compound 2.8 was obtained as white solid, mp. 230-232 °C. The FTIR spectrum 
revealed the presence of a hydroxyl (3430 cm-1) and C=O (1741 cm-1) group. It showed 
dark quenching spot under UV 254 light. Its molecular formula of C30H42O11 was 
deduced from the HRESIMS which showed a [M + Na]+ ion with m/z 601.2625 (calcd for 
C30H42O11Na, 601.2613). 

The 13C NMR spectrum showed the presence of thirty carbons including three 
methyls, nine methylenes, nine methines, seven quaternary carbons including three carbonyl 
at δC 207.81, 173.38, 171.61, respectively. The 1H and13C NMR spectra signals for α,β-
unsaturated-γ-lactone moiety were observed at δH 4.72, 4.86 (both as d, J = 18.1 Hz) 
assignable to H2-21 and at δH 5.92 (s) to H-22. The aldehyde proton was observed as singlet 
at δH 9.91 (s). The 1H-1H COSY cross-peaks between H-2 (δH 3.37)/H-3 (δH 3.23), H-1 (δH 

2.56, 0.91) as well as HMBC correlations between H-1/C-2 (δC 70.31), C-3 (δC 85.12) and 
C-10 (δC 51.90) indicated the presence of two OH groups at C-2 and C-3. The presence of 
a sugar moiety as furanose was evident from an anomeric group signal at δH 4.84 (s, H-1′) 
and δC 108.62 (C-1′) as well as the 1H-1H COSY correlations between H-5′/H-4′(δH 2.20, 
2.09) and H-6′(δH 1.32, d, J = 6.2 Hz) and HMBC correlations between H-1′/C-2′ and C-
5′, and between H-4′ to C-1′, C-2′ and C-5′. The attachment of C-1′ of sugar part to C-3 
by an acetal linkage was evident from HMBC cross-peak between H-1′/C-3. A methyl 
ester group (COOMe, δH 3.69 , and δC 171.61, 52.42) was placed at C-2′ as reported in 
calactinic acid methyl ester.2.1, 2.3 The oxymethine proton at δH 4.47 which showed cross-
peak with H-17 at δH 2.51 (d, J = 4.3 Hz) in the 1H-1H COSY spectrum disclosed the 
presence of 16-hydroxyl group. The J16,17 value of 4.3 Hz, which is closed to the values 
reported in 16α-hydroxycalotropagenin2.9, and 2.7 indicated an α-oriented OH-16 group.  
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Compound 2.8 could thus be concluded as being 16α-hydroxycalactinic acid methyl 
ester. Full assignment of 1H and 13C chemical shifts was obtained using 2D spectroscopic 
data (Table 2.8). 
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Compound 2.9 was obtained as a white solid, mp. 138-140 °C. The FTIR spectrum 
showed hydroxyl group at 3401 cm-1and C=O absorption band at 1739 cm-1 thus indicated 
the presence of α,β-unsaturated-γ-lactone. Compound 2.9 was assigned the molecular 
formula of C38H50O11 (HRESIMS, gave [M + Na]+ ion at m/z 705.3252, calcd for C38H50 
O11Na, 705.3237). 
 The 1H and 13C NMR signals for α,β-unsaturated-γ-lactone moiety was detected at 
δH 4.74 and 4.92 (both as dd, J = 18.3, 1.5 Hz) assignable for H2-21 and δH 5.78 (s) for H-22. 
The HMBC spectrum showed that H3-18 (δH 0.75) correlated with C-12 (δC 39.68, CH2), 
C-17 (δC 50.77, CH), C-13 (δC 48.84, qC) and C-14 (δC 85.00, qC). The HMBC spectrum 
showed correlations of H3-19 (δH 0.66) to C-1 (δC 37.04, qC), C-10 (δC 35.72, qC), C-5 (δC 
44.27, CH) and C-9 (δC 48.84, CH). The 1H and 13C NMR chemical shifts at δH 3.56 and 
δC 78.8 revealed an oxymethine group most probable at position C-3. The presence an E-
p-substituted cinnamoyl group was implied from the 1H NMR doublets at δH 7.53 and 

6.20 (both 1H d, J = 15.9 Hz) and doublet signals at δH 7.32 and 6.74 (both 2H d, J = 8.7 
Hz). A glucosyl moiety was suggested by the presence of characteristic 1H NMR signals of 
an anomeric proton, H-1′, at δH 4.29 (d, J = 7.7 Hz), H2-6′at δH 4.40 (dd, J = 6.0, 12.0 
Hz), 4.34 (dd, J = 2.0, 12. 0 Hz) and overlapped signals of H-2′-H-5′ between δH 3.22-3.44. 
The large J1′,2′ coupling constant indicated the β -D-glucopyranosyl ring.2.16 The HMBC 
cross-peak between H-1′/C-3 (δC 78.67) indicated a C-3-O-C-1′ linkage. The long-range 
HMBC correlation between H2-6′ and a carbonyl carbon signal at δC 167.86 implied 
connectivity between the carbonyl carbon of cinnamoyl group and O-C-6′ of the 
glucopyranosyl group. 

The use of 2D experiments and related literature data led to the assignment of 1H and 
13C chemical shifts as shown in Table 2.9. Compound 2.9 was concluded to be 6'-O-(E-4-
hydroxycinnamoyl) desglucouzarin.2.9 
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Compound 2.10 is a white solid, mp. 186-188 °C. The FTIR spectrum revealed 

absorption bands at 3430 and 1733 cm-1 of a hydroxyl and ester function, respectively. The 
1H NMR signals at δH 4.93, 4.75 (both as d, J = 18.3 Hz) and δH 5.79 (s) indicated the 
presence of an α,β-unsaturated-γ-lactone. Its molecular formula was assigned C29H44O9 as 
deduced from the HRESIMS. (m/z 559.2878, calcd for C29H44 O9Na, 559.3051). 
 The presence of 6-deoxyallose with a β-linkage was deduced from 1H and 13C 
NMR and 1H-1H COSY spectra. The 1H-1H COSY spectrum showed correlations between 
H-2′ (δH 3.25)/H-1′ (δH 4.63) and H-3′ (δH 4.02), and between H-4′ (δH 3.14)/ H-3′and H-5 ′(δH 
3.60,). The 1H and 13C NMR data for the aglycone moiety were almost identical with those 
reported for compound 2.5 except at C-3 where a glycosylation shift (δH 3.60, H-3) was 
observed.2.10 All the vicinal protons in the sugar unit were mutually coupled, as 
indicated by the 1H-1H COSY spectrum, and the magnitude of the vicinal coupling constants 
between protons (J1′,2′ = 7.9 Hz; J2′,3′ = 2.9 Hz; J3′,4′ = 2.9 Hz; J4′,5′ = 9.5 Hz and J5′,6′ = 6.2 
Hz) showed that the substituents at positions 2′, 4′ and 5′ of the pyranoside are equatorial, 
while that at 3′ axial. The H-1′ resonated downfield at δH 4.63 due to a 1, 3 diaxial 
deshielding effect by an axial 3′β-hydroxyl group.2.11, 2.12 The 7.9 Hz trans-diaxial coupling 
between the anomeric proton (H-1′) and the adjacent H-2′, indicated that 2′-hydroxyl group 
is equatorial. It could be confirmed that the sugar moiety is a β-D-glycopyranose.2.11, 2.13  
 The HMBC cross-peak between H-1′ and C-3 (δC 77.3) indicated C-1′ of the sugar 
moiety attached to C-3 by a C-O-C linkage. The methyl group signals at δH 0.82, δC 15.8 
was assigned for C-18 since H3-18 showed HMBC correlations with signals of C-14 and C-
17. The oxymethylene group signals at δH 3.60 and 3.70 (both as d, J = 11.8 Hz), δC 59.4 was 
assigned for C-19 due to the HMBC correlations between H-1(δH 2.16)/C-3 and C-19 (δC 
59.4). 
 The use of 2D experiments and related literature data led to the assignment of 
1H and 13C resonances of compound 2.10 as shown in Table 2.10. This compound was 
identified as frugoside.2.10 
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Compound 2.11 was obtained as white solid, mp. 290-294 °C. The molecular 

formula of C29H40O11 was deduced from the HRESIMS (a [M + Na]+ ion m/z 587.2463, 
calcd for C29H40 O11Na, 587.2457).  

The 13C NMR spectrum showed the presence of twenty nine carbons comprising 
two methyls, nine methylenes, eleven methines, seven quaternary carbons including two 
carbonyls at δC 175.48, 175.48, respectively. The 1H NMR shifts of the α,β-unsaturated-γ-
lactone moiety were observed at δH 5.29 (d, J = 18.4 Hz) and 5.04 (d, J = 18.0 Hz) assigned 
for H2-21 and signal at δH 6.14 (s) for H-22. The aldehyde proton was observed as singlet at 
δH 10.10 (s). The 1H-1H COSY cross-peaks between H-15 (δH 4.74)/H-16 (δH 1.90, 2.68) and 
H-16/H-17 (δH 2.68) were detected. The 15-oxymethine proton resonated as a triplet at δH 
4.74 with J value of 7.5 Hz indicating OH-15 as β-oriented (similar to that of 2.3). The 
dideoxyfuranosyl moiety was detected from signals of a dioxygenated methine group at δH 
5.65 (s, H-1′) and δC 107.64 (H-1′), in addition to a doublet signal at δH 1.53 (d, J = 5.7 
Hz) of H-6′, as observed in calactinic methyl ester recently isolated from Asclepias 
curassavica and also from this plant.2.1, 2.3 Compound 2.11 was thus elucidated as 15β-
hydroxycalactinic acid. The 1H and 13C NMR data of 2.11 are as shown in Table 2.11. 
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Compound 2.12 was afforded as a white solid, mp. 254-256 °C. It was assigned the 

molecular formula of C23H34O6, as deduced from the HRESIMS ([M + Na]+ ion m/z 
429.2260, calcd for C23H34 O6Na, 429.2244). 
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The 13C NMR spectrum exhibited the presence of twenty three carbon signals 
comprising one methyl, nine methylenes, eight methines and five quaternary carbons 
among which one is an olefinic carbon and one is a carbonyl carbon. The 1H NMR 
spectrum showed signals for an α,β-unsaturated-γ-lactone moiety at δH 5.13 and 5.26 (both as 
d, J = 18.1 Hz) assignable for H2-21 and at δH 6.29 (s) for H-22. The oxymethylene 
signals at δH 4.08, 4.18 (both d, J =11.4 Hz) and δC 59.23 indicated the presence of the 19-
hydroxy group (as found in compounds 2.5 and 2.10). This was further supported by the 
HMBC correlations between H-19/C-1 (δC 32.7), C-5 (δC 45.5), C-9 (δC 47.7), C-10 (δC 

39.9). A placement of the hydroxyl group at C-12 (δC 75.3) was revealed from HMBC 
correlations between H-17 (δH 3.79)/C-12 and C-18 (δC 10.6). The orientation of H-12 (δH 

3.67) as β could be deduced from the J-values of the doublet of double signal at δH 3.67 
(dd, J = 5.1, 10.5 Hz) as previously reported in the 12β-coroglaucigenin.2.4 

The use of 2D experiments and related literature data led to the assignment of 
1H and 13C resonances of compound 2.12 as shown in Table 16. This compound was thus 
proposed as 12β-coroglaucigenin.2.4  
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Compound 2.13 was obtained as a white solid, mp = 264-266°C. The molecular 

formula of C29H40O10 was deduced from the HRESIMS which showed a [M+Na]+ ion at 
m/z 571.2509 (calcd for C29H40NaO10, 571.2508). 

The 13C NMR spectrum showed the presence of twenty nine carbons including 
two methyls, nine methylenes, twelve methines and six quaternary carbons among which 
one is an olefinic and one  a carbonyl carbon. The 1H NMR spectrum showed signals for 
α,β-unsaturated-γ-lactone moiety at δH 5.04 (d, J = 18.2 Hz) and 5.29 (d, J = 18.2 Hz) 
assigned for H2-21 and 6.14 (s) for H-22, in addition an aldehyde proton at δH 10.10 (s). 
Proton signal at δH 2.61, assignated for H-1a, showed HMBC correlations with carbon 
signals at δC 208.71, 69.97 and 72.76, and also exhibited 1H-1H COSY cross-peaks with 
signals at δH 1.17 assigned for (H-1b) and 4.60 for (H-2). Multiplet at δH 4.60 and doublet 
of triplet at δH 4.37 (J = 10.7, 4.2 Hz) which showed 1H-1H COSY correlations to each 
other, were assigned to H-2 and H-3, respectively. The presence of 6-deoxyhexosulose 
moiety was disclosed from the observation of an anomeric proton (δH 5.55 (s), H-1′) and 
doublet signal at δH 1.73. The 1H-1H COSY cross-peaks between H3-6′ (δH 1.73)/H-5′ (δH 
4.05), H-5′/ H-4′ (δH 4.28) and H-4′/ H-3′ (δH 4.52) were also observed. The key HMBC 
correlations between H-1′/C-3 (δC 72.60) and H-2/C-2′(δC 94.10) indicated attachment of C-
1′ to O-C-3 and C-2′ to O-C-2.  
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 The use of 2D NMR experiments and related literature data led to the assignments 
of 1H and 13C chemical shifts (Table 2.13). Compound 2.13 was concluded to be 
calotoxin, which was previously obtained from latex and leaves of this plant.2.11, 2.17 
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Compound 2.14 was afforded as yellow sticky oil. The FTIR spectrum showed 

absorption bands of a hydroxyl (3417 cm-1) and a carbonyl (1732 cm-1) group.  
The 13C NMR spectrum showed the presence of six carbons including one methyl, 

three methylene, and two quaternary carbons. The 1H-1H COSY spectrum showed cross-
peaks between δH 1.88 (H-4)/H-5 (δH 4.31, δH 4.57) and H-4/H-2 (δH 2.49, δ 2.63). The 
HMBC spectrum indicated important correlations between H-5/C-4 (δC 35.9), C-3 (δC 68.1), 
C-1 (δC 170.6), as well as between H-2/C-6 (δC 29.8) and C-4 (δC 35.9). 

Compound 2.14 was concluded to be mevalonalactone. The use of 2D 
experiments and related literature data2.14 led to the assignment of 1H and 13C resonances 
of compound 2.14 (Table 2.14). The specific rotation (αD) value of −6.67 (c 0.36, CHCl3) is 
consistent to the value reported for R-(–)- isomer.2.14 
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Table 2.1 1H and 13C NMR Spectroscopic Data of 2.1 (in C5D5N) 
Position δH (J in Hz) δC mult HMBC 
1 2.95 dd (12.8, 4.5), 

1.24 m 
40.5 CH2 C-2, 3, 5, 6, 

9, 10. 19 
2 4.03 ddd (11.5, 9.7, 

4.6) 
73.3 CH C-1, 3 

3 3.94 ddd (10.8, 9.2, 
4.6) 

76.1 CH C-1, 2, 4 

4 2.02 brd (13.1), 1.67 
ddd (14.3, 13.3, 
11.7) 

38.1 CH2 C-2, 3, 5, 6, 
10 

5 1.45a 43.4 CH C-7 
6 1.49, 1.21 28.2 CH2 C-7, 10 
7 2.51, 1.93 28.4 CH2 C-5, 8, 9 
8 1.89 42.8 CH C-6, 7, 11 
9 1.45a 48.9 CH C-7, 10, 11, 

19 
10 - 53.2 qC  
11 1.77, 1.38 22.8 CH2 C-8, 13 
12 1.93, 1.63 40.5 CH2 C-11, 14, 17, 

18 
13 - 49.5 qC  
14 - 84.7 qC  
15 2.45 dd (13.1, 8.5), 

2.56 dd (13.4, 7.8) 
42.3 CH2 C-13, 14, 16, 

17 
16 5.09 obs dd (8.1, 

4.4) 
76.9 CH C-13, 15, 17 

17 3.05 d (4.0) 62.2 CH C-12, 13, 14, 
16, 21, 22, 23 

18 0.96 s 16.4 CH3 C-12, 13, 14, 
17 

19 10.19 s 209.2 CH C-1, 5 
20 - 174.9 qC  
21 5.22 d (18.1) , 5.07 

d (18.3) 
74.7 CH2 C-17, 22, 23 

22 6.27 s 118.2 CH C-13, 17, 21, 
23 

23 - 174.9 qC  
 



 39

Table 2.2 1H and 13C NMR Spectroscopic Data of 2.2 (in C5D5N).  
Position  δH (J in Hz)  δC mult HMBC 
1 1.22a, 2.91 dd (4.83, 

12.84)  
39.7 CH2 C-2, 3, 6, 9, 

10, 19 
2 3.91 ddd (4.9, 8.64, 

11.21) 
71.1 CH C-1, 3 

3 3.89 ddd (10.9, 8.6, 
4.7) 

84.3 CH C-2, 4, 5, 1’ 

4 1.43 34.7 CH2 C-2, 3, 5, 6 
5 1.25 48.7 CH C-3, 6, 9, 10 
6 2.44 dt (10.3, 2.4), 

1.32 
27.9 CH2 C-3, 5, 7, 8 

7 1.29, 1.63 22.4 CH2 C-4, 5, 8 
8 1.78 42.7 CH C-1, 5, 6, 9, 

14 
9 1.22a 42.9 CH C-5, 8, 10, 

11, 14 
10 - 52.5 qC  
11 1.72, 1.22 28.1 CH2 C-8, 9 
12 1.32, 1.19 39.3 CH2 C-9, 13, 14, 

18 
13 - 50.0 qC  
14 - 84.3 qC  
15 1.96, 1.83 32.5 CH2 C-13, 14, 16, 

17, 20  
16 2.07, 2.01 27.3 CH2 C-13, 14, 15, 

17, 20 
17 2.74 dd (9.0, 4.6) 51.3 CH C-12, 13, 14, 

15, 16, 20, 
21, 22 

18 0.89 s 16.0 CH3 C-12, 13, 14, 
17 

19 10.00 s 208.6 CH C-1, 9, 10 
20 - 176.1 qC  
21 5.25 d (18.2), 5.01 d 

(18.0) 
73.9 CH2 C-17, 20, 

22,23 
22 6.15 s 117.9 CH C-17, 21, 23 
23 - 174.5 qC   
1′ 5.74  108.7 CH C-3, 4’, 5’ 
2′ - 85.8 qC  
3′ - 174.8 qC  
4′ 2.87 dd (12.9, 5.8), 

2.58 dd (13.0, 9.8) 
41.8 CH2 C-1’, 2’. 3’, 

5’, 6’ 
5′ 4.88 dt (9.8, 5.8) 76.9 CH C-1’, 4’ 
6′ 1.50 d (6.3) 22.9 CH3 C-4’, 5’ 

aOverlapping signals 
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Table 2.3. 1H and 13C NMR Spectroscopic Data of 2.3, 2.3a and 2.3b (in C5D5N). 
 

Position δH 2.3 δH 2.3a δH 2.3b δC 2.3 δC 2.3a  δC 2.3b  
1 2.97 dd (12.8, 

4.8), 1.34 
2.80 dd (13.1, 
4.8), 1.53 dd 
(12.7, 11.8) 

3.43 dd (13.4, 
4.6), 1.49 

40.6 CH2 44.2 CH2 39.3 CH2 

2 4.08 ddd (11.5, 
8.9, 4.8) 

4.53 ddd (11.5, 
9.0, 4.9) 

4.56 ddd 
(11.3, 9.3, 
4.7) 

73.3 CH 73.3 CH 73.3 CH 

3 3.90 ddd (11.3, 
8.9, 4.8) 

3.97 ddd (11.3, 
9.1, 4.8) 

3.95 ddd 
(11.3, 9.1, 
4.7) 

76.1 CH 76.3 CH 76.1 CH 

4 1.95, 1.62 ddd 
(12.8, 11.3, 
11.3) 

2.20 dd (12.1, 
11.9), 1.90 

2.10 dt (12.2, 
11.8), 1.88 

38.5 CH2 36.4 CH2 37.2 CH2 

5 1.91 1.40 1.56 43.5 CH 44.3 CH 44.6 CH 
6 2.00, 1.49 1.47 1.68, 1.34 28.6 CH2 28.7 CH2 28.4 CH2 
7 2.40, 1.90 2.31, 1.80 2.33, 1.82 27.2 CH2 26.7 CH2 27.0 CH2 
8 2.48 2.28 2.41 42.8 CH 41.1 CH 41.6 CH 
9 1.43 1.39a) 1.45 48.4 CH 49.5 CH 48.8 CH 
10 - - - 53.4 qC 72.8 qC 82.9 qC 
11 1.70, 1.21 1.72 2.48, 1.90c) 22.6 CH2 72.8 CH2 82.9 CH2 
12 1.63, 1.30 1.39a) 1.35 38.2CH2 21.3 CH2 23.0 CH2 
13  - - 49.1 qC 38.7 qC 39.2 qC 
14 OH-14 5.30 - - 81.9 qC 38.7 qC 39.2 qC 
15 4.75 t (8.0) 4.77 t (7.7) 4.71 t (7.3) 72.6 CH 49.1 CH 49.3 CH 
16 2.75, 1.97 2.67b), 1.94 2.67d), 1.92c) 37.9 CH2 81.9 CH2 82.2 CH2 
17 2.69 2.66b) 2.66d) 49.4 CH 73.2  CH 73.2 CH 
18 0.83 s 0.98 s 1.04 s 16.9 CH3 38.0 CH3 38.1 CH3 
19 10.20 s - - 209.5 CH - - 
20 - - - 175.8 qC 48.3 qC 175.8 qC 
21 5.30 dd (18.3, 

1.7) , 5.03 dd 
(18.3, 1.7) 

5.33 d (18.6),  
5.01 dd (18.2, 
1.5) 

5.30h), 4.96 d 
(18.2) 

74.3 CH2 17.0 CH2 74.1 CH2 

22 6.13 s 6.10 s 6.06 s 118.3 CH 118.1 CH 118.1 CH 
23 - - - 175.2 qC 174.8 qC 174.8 qC 
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Table 2.4. 1H and 13C NMR Spectroscopic Data of 2.4 (in C5D5N). 
 

Position δH (J in Hz) δC mult HMBC 
1 2.97 dd (4.6, 12.9) 

1.40 m 
40.5 CH2 C-2, 3, 5, 10, 19 

2 4.05 ddd (4.6, 8.9, 10.9) 73.4 CH C-1, 3 
3 3.94 ddd (4.6, 8.9, 10.9) 76.1 CH C-2, 4 
4 2.03 m, 1.64 m 38.2 CH2 C-2, 3, 5, 6, 10 
5 1.47 m 43.6 CH C-6, 10, 19 
6 2.52 m, 1.50 m 28.2 CH2 C-5, 7, 8 
7 1.91 m, 1.31 m 28.5 CH2 C-6, 8, 9, 14 
8 1.87 m 42.9 CH C-7, 9, 14  
9 1.26 m 49.0 CH   C-7, 8, 9, 11 
10 - 53.3 qC - 
11 1.70 m, 1.34 m 22.7 CH2 C-8, 9, 10 
12 1.28 m 39.5 CH2 C-11, 13, 14, 18 
13 - 50.2 qC - 
14 - 84.6 qC - 
15 1.96 m, 2.00 m 32.7 CH2 C-13, 14, 16, 17 
16 2.11 m, 2.01 m 27.4 CH2 C-13, 14, 15, 17 
17 2.79 dd (4.1, 9.4) 51.4 CH C-12, 13, 14, 16, 

20, 21, 22 
18 0.92 s 16.2 CH3 C-12, 13, 14, 17 
19 10.20 s 209.4 CH C-1 
20 - 176.6 qC - 
21 5.05 d (18.2) 

5.29 d (18.2) 
74.2 CH2 C-17, 20, 21, 22, 

23 
22 6.51 s 117.9 CH C-17, 20, 21, 23 
23 - 175.3 qC - 
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Table 2.5 1H, 13C NMR Spectroscopic Data of 2.5 (in CDCl3-CD3OD, 30:1) 
 

Position δH (J in Hz) δC mult HMBC 
1 0.68 td (3.6, 13.7) 

2.78 dt (3.6, 13.5) 
31.4 CH2 C-2, 3, 5, 9, 10, 19 

2 1.33 m, 1.79 m 31.2 CH2 C-1, 3, 4, 9 
3 3.53 m 70.5 CH - 
4 1.30 m, 1.56 m 37.8 CH2 C-2, 3, 5, 6, 10 
5 0.88 m 49.9 CH C-7, 19 
6 1.03 m, 1.26 m 28.0 CH2 C-7, 8, 9, 10 
7 1.54 m, 1.48 m 22.7 CH2 C-5, 8 
8 1.59 m 41.9 CH C-7, 13, 14 
9 1.03 m 44.4 CH C-10, 19 
10 - 39.1 qC - 
11 1.11 m, 1.93 m 26.9 CH2 C-9, 10, 13 
12 1.23 m, 1.41 m 40.3 CH C-8, 9, 13, 14, 18 
13 - 49.8 qC - 
14 - 85.3 qC - 
15 1.61 m, 1.99 m 32.6 CH2 C-13, 14, 16, 17 
16 1.74 m, 2.08 m 27.3 CH2 C-13, 15, 17, 20 
17 2.65 dd (5.4, 9.5) 50.9 CH C-12, 13, 16, 20, 21, 

22 
18 0.83 s 15.7 CH3 C-12, 13, 14, 17 
19 3.63 d (11.9) 

3.75 d (11.9) 
59.2 CH2 C-1, 5, 9, 10 

20 - 175.8 qC - 
21 4.73 dd (1.4, 18.1) 

4.93 dd (1.4, 18.1) 
73.8 CH2 C-20, 22, 23 

22 5.79 s 117.2 CH C-17, 20, 21, 23 
23 - 175.4 qC - 
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Table 2.6. 1H, 13C NMR Spectroscopic Data of 2.6 (in CDCl3-CD3OD, 30:1) 
 

position δH (J in Hz) δC mult HMBC 
1 - 177.0 qC - 
2 1.97 t (7.20)a 34.0 CH2 C-1, 3, 4, 5 
3 1.51 t (6.92) 24.7 CH2 C-1, 2, 5 
4 1.23 brsb 29.0c CH2 C-2, 3, 5, 6 
5 1.23 brsb 28.8 c CH2 C-3, 4, 6, 7 
6 1.23 brsb 28.7c CH2 C-4, 5, 7, 8 
7 1.23 brsb 25.0c CH2 C-5, 6, 8 
8 1.42 brsb 36.7 CH2 C-7, 9, 10 
9 4.01 dd (6.1, 12.1) 71.6 CH C-7, 8, 10, 11 
10 5.69 dd (15.7, 5.8) 135.6 CH C-8, 9, 11, 12 
11 5.60 dd (15.7, 5.8) 129.5 CH C-8, 9, 10, 12, 13 
12 3.89 t (5.7) 74.3d CH C-10, 11, 13, 14 
13 3.41 dt (5.1, 7.8) 74.3d CH C-11, 12, 14, 15 
14 2.12 quintet (7.5), 2.26a 30.7 CH2 C-12, 13, 15, 16, 17 
15 5.32 m 124.4 CH C-13, 14, 16, 17 
16 5.43 m 134.3 CH C-13, 14, 17, 18 
17 1.97 quintet (7.4) 20.6 CH2 C-14, 15, 16, 18 
18 0.88 t (7.5) 14.0 CH3 C-16, 17 

a-cMethylene envelope. dOverlapping signals 
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Table 2.7. 1H and 13C NMR Spectroscopic Data of 2.7 
 

position δH (J in Hz) δC mult HMBC 
1 2.38 dd (4.4, 12.6) 

1.05 t (12.2) 
35.8 CH2 C-2, 3, 5, 9, 10, 19 

2 3.80 td (4.4, 10.3) 68.9 CH C-3 
3 3.88 ddd (4.2, 10.1, 

11.7) 
71.8 CH C-2 

4 1.68 m, 1.34 m 33.1 CH2 C-2, 3, 5, 9 
5 1.45 m 43.2 CH - 
6 2.11 m, 1.85 m 27.4 CH2 C-8 
7 1.62 m 27.5 CH2 C-9 
8 1.45 m 42.1 CH C-14 
9 1.29 m 48.4 CH C-5 
10 - 52.7 qC - 
11 1.65 m 22.0 CH2 C-10, 13 
12 1.55a 39.9 CH2 C-9 
13 - 48.7 qC - 
14 - 84.4 qC - 
15 1.99 dd (7.8, 13.4) 

1.89 dd (8.7, 13.3) 
40.7 CH2 C-13, 14, 16, 17 

16 4.39 td (8.1, 4.5) 76.1 CH - 
17 2.49 d (4.5) 60.5 CH C-12, 13, 14, 16, 20, 22 
18 0.69 s 15.6 CH3 C-12, 13, 14, 17               
19 9.91 s 207.9 CH C-1 
20 - 173.2 qC - 
21 4.73 d (18.3) 

4.81 d (18.3) 
74.3 CH2 C-20, 22 

22 5.86 s 117.7 CH C-17, 21, 23 
23 - 175.7 qC - 
1′ 4.45 s 95.6 CH C-3, 2′ 
2′ - 91.2 qC - 
3′ 3.59b 72.8 CH C-1′, 2′ 
4′ 1.73 dd (6.8, 11.0) 

1.49a  
38.3 CH2 C-2′,3′ 

5′ 3.54b 68.1 CH C-1′ 
6′ 1.20 d (6.2) 20.8 CH3 C-4′, 5′ 
a-b Overlapping signals 
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Table 2.8. 1H and 13C NMR Spectroscopic Data of 2.8 
 
position δH (J in Hz) δC mult HMBC 
1 2.51 dd (13.2, 5.0), 

0.91 t (12.4) 
37.8 CH2 C-2, 3, 5, 9, 19 

2 3.38 70.3 CH  
3 3.30 85.1 CH  
4 1.52, 1.14 34.2 CH2  
5 1.28 42.5 CH  
6 2.10 27.2 CH2  
7 1.70, 1.19 29.6 CH2  
8 1.41 dt (12.1, 2.9) 42.0 CH  
9 1.22 48.1 CH  
10 - 51.9 qC  
11 1.78, 1.52 27.5 CH2  
12 1.57 40.1 CH2  
13 - 48.7 qC  
14 - 84.3 qC   
15 1.87, 1.50 40.6 CH2 C-13, 17 
16 4.43a 76.5 CH  
17 2.508 d (4.26) 60.5 CH C-12, 13,  15,  16, 

20, 21, 22 
18 0.71 s 15.5 CH3 C-12, 13, 17 
19 9.88 s 207.8 CH  
20 - 173.4 qC  
21 4.85 d (18.2), 

4.72 d (18.2) 
74.3 CH2 C-20, 22 

22 5.88 s 117.6 CH C-17, 20,  21, 23 
23 - 173.0 qC  
1′ 4.84 s 108.6 CH C-2′, 3′, 4′, 5′ 
2′ - 84.2 qC  
3′ - 171.6 qC  
4′ 2.23 dd (13.1, 10.1), 

2.04 dd (13.3, 5.7) 
39.9 CH2 C-1′, 5′, 6′ 

5′ 4.43a 76.2 CH  
6′ 1.32 d (6.2) 21.9 CH3 C-4′, 5′ 
OMe 3.76 s 52.4 CH3 C-3′ 
a Overlapping signals 
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Table 2.9. 1H and 13C NMR Spectroscopic Data of 2.9 
 
position   δH ( J in Hz)  δC mult HMBC 
1 0.79 m, 1.56 m 37.0 CH2 C-9, 19 
2 1.81 m, 1.86 m 28.5 CH2 - 
3 3.56 m 78.7 CH C-1′ 
4 1.54 m, 1.60 m 34.1 CH2 - 
5 0.88 m 44.3 CH - 
6 1.41 m, 1.45 m 29.6 CH2 - 
7 1.30 m 27.3 CH2 - 
8 1.45 m 41.3 CH - 
9 0.71 m 48.8 CH C-5, 10 
10 - 35.7 qC - 
11 1.25 m, 1.33 m 21.0 CH2 - 
12 1.36 m, 1.38 m 39.7 CH2 - 
13 - 48.8  C - 
14 - 85.0 qC - 
15 1.22 m, 1.56 m 32.7 CH2 C-14, 17 
16 1.78 m, 1.91 m 26.9 CH2 - 
17 2.64 dd (5.3, 9.5) 50.8 CH C-12, 13, 16, 20, 

22 
18 0.75 s 15.6 CH3 C-12, 13, 17 
19 0.66 s  12.0 CH3 C-1, 5, 9, 10 
20 - 175.5a qC - 
21 4.74 dd (18.3, 1.5) 

4.92 dd (18.3, 1.5) 
 73.8 CH2 C-20, 22 

22 5.78 s 117.3 CH C-20, 21, 23 
23 - 175.5a qC - 
1′ 4.29 d (7.7) 100.9 CH C-3 
2′ 3.22 m 73.4 CH C-1′, 3′ 
3′ 3.35 m 76.4 CH C-3′,5′ 
4′ 3.30 m 70.4 CH C-3′,5′ 
5′ 3.44 m 73.9 CH C-2′,4′ 
6′ 4.34 dd (12.0, 2.0) 

4.40 dd (12.0, 6.0) 
63.5 CH2 C-9″ 

1′′ - 156.7 qC - 
2′′ 7.32 d (8.7) 130.0 CH C-4″, 6″,7″ 
3′′ 6.74 d (8.7) 115.9 CH C-4″, 5″ 
4′′ - 159.4 qC - 
5′′ 6.74 d (8.7) 115.9 CH C-3″, 4″ 
6′′ 7.32 d (8.7) 130.0 CH C-2″, 4″, 7″ 
7′′ 7.53 d (15.9) 145.5 CH C-1″, 6″, 8″, 9″ 
8′′ 6.20 d (15.9) 114.1 CH C-9″ 
9′′ - 167.9 qC - 
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Table 2.10. 1H, 13C NMR Spectroscopic Data of 2.10 (in CDCl3-CD3OD, 30:1) 
 

position δH (J in Hz) δC mult HMBC 
1 0.67 dt (3.6, 13.5) 

2.16 dt (3.6, 13.5) 
31.5 CH2 C-2, 3, 4, 5, 10, 19 

2 1.39 m, 1.83 m 29.4 CH2 C-1 
3 3.60 m 77.3 CH C-1 
4 1.31 m , 1.63 m 34.3 CH2 C-2, 3, 5 
5 1.09 m 44.2 CH C-10, 19 
6 1.24 m, 1.93 m 28.1 CH2 C-7, 8, 10 
7 1.00 m, 1.96 m 27.3 CH2 C-6, 8, 9 
8 1.66 m 41.9 CH C-9, 10 
9 0.86 m 49.9 CH 10, 11, 19 
10 - 39.3 qC - 
11 1.14 m, 1.47 m 22.6 CH2 C-13 
12 1.26 m, 1.44 m 40.3 CH2 C-11, 13, 14, 18 
13 - 49.8 qC - 
14 - 85.3 qC - 
15 1.55 m, 2.01 m 32.6 CH2 C-14, 16, 17 
16 1.76 m, 2.06 m 26.9 CH2 C-15, 20 
17 2.68 dd (5.3, 9.2) 50.8 CH C-12, 13, 15, 16, 

20, 21, 22 
18 0.82 s 15.8 CH3 C-12, 14, 17 
19 3.60 d (11.8) 

3.70 d (11.8) 
59.4 CH2 C-1, 5, 9, 10 

20 0.82 s 175.8 qC - 
21 4.93 d (18.3) 

4.75 d (18.3) 
 73.8CH2 C-20, 22 

22 5.79 s 117.2 CH C-17, 20, 21, 23 
23 - 175.4 qC - 
1′ 4.63 d (7.9) 97.8 CH C-3, 2′, 5′   
2′ 3.25 dd (2.9, 7.9) 70.8 CH C-1′, 2′, 5′   
3′ 4.02 t (2.9) 71.1 CH C-1′, 5′   
4′ 3.14 dd (2.9, 9.5) 72.7 CH2 C-4′, 5′, 6′   
5′ 3.60 dq (6.2, 9.5) 69.7 CH C-1′, 2′, 3′,6′ 
6′ 1.19 d (6.2) 17.6 CH3 C-1′, 4′, 5′   
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Table 2.11. 1H and 13C NMR Spectroscopic Data of 2.11 (in C5D5N) 
 

position δH (J in Hz) δC mult HMBC 
1 2.90 m, 1.25 m 39.9 CH2 C-2, 19 
2 3.99 m 71.0 CH C-3 
3 3.89 m 81.9 CH C-2 
4 1.99 m, 1.31 m 33.8 CH2 - 
5 1.88 m 43.2 CH - 
6 1.53 m 28.52 CH2 - 
7 2.42 m, 1.89 m 27.2 CH2  - 
8 2.48 m 42.8 CH - 
9 1.27 m 48.5 CH C-7 
10 - 52.9 qC - 
11 1.67 m, 1.26 m 22.5 CH2 - 
12 1.32 m 38.5 CH2 - 
13 - 49.1 qC - 
14 - 82.0 qC - 
15 4.74 t (7.5) 72.7 CH - 
16 2.68a , 1.90 m 38.5 CH2 C-14, 17 
17 2.68a 49.4 CH - 
18 0.92 s 17.0 CH3 C-13, 14, 15 
19 10.10 s 209.7 CH C-1 
20 5.29 d (18.4) 

5.04 d (18.0) 
176.1 qC - 

21 6.14 s 74.5 CH2 C-20, 23 
22 2.90, 1.25 118.3 CH C-17, 20,  21, 23 
23 - 175.5b qC - 
1′ 5.65c 107.6 CH C-3 
2′ - Nd - 
3′ - 175.5 b qC - 
4′ 1.88 43.0 CH2 - 
5′ 1.88 43.0 CH2 - 
6′ 1.53 d (5.7) 23.1 CH3 C-4′, 5′ 

a-b Overlapping signals 
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Table 2.12 1H and 13C NMR Spectroscopic Data of 2.12 (in C5D5N) 
 

position δH (J in Hz) δC mult HMBC 
1 0.89 td (3.2, 13.1) 

2.72 d (13.1) 
32.7a CH2 C-2, 3, 5, 10, 19 

2 2.07 m, 2.21 m 33.0 CH2 C-1, 3 
3 4.00 m 70.9 CH C-2, 4, 5 
4 1.81 m, 1.93 m 39.6 CH2 C-3, 5, 10 
5 1.22 m 45.5 CH C-4, 10 
6 2.44 m 29.0 CH2 C-8 
7 1.25 brs 28.6 CH2 C-5 
8 2.26 m 42.8 CH C-14 
9 1.14 m 47.7 CH C-8, 10, 11, 19 
10 - 39.9 qC - 
11 2.38 m 32.7a CH2 C-8, 9, 12, 13 
12 3.67 dd (10.5, 5.1) 75.3 CH C-17, 18 
13  57.1 qC  
14  85.7 qC  
15 1.98 m 33.6 CH2 C-13, 14, 16, 17 
16 2.03 m, 2.16 m 28.0 CH2 C-14, 15, 20 
17 3.79 t (7.7) 46.8 CH C-12, 13, 14, 15, 16, 20, 

21, 22 
18 1.29 s 10.6 CH3 C-12, 13, 14 
19 4.08 d (11.4) 

4.18 d (11.4) 
59.2 CH2 C-1, 5, 9, 10 

20 - 177.3 qC - 
21 5.13 d (18.12) 

5.26 d (18.12) 
74.4 CH2 C-20, 22, 23 

22 6.29 s 117.5 CH C-20, 21, 23 
23 - 175.3 qC - 

a Overlapping signals 
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Table 2.13 1H and 13C NMR Spectroscopic Data of 2.13 (in C5D5N)  
position    
1 1.17 t (12.4) 

2.61 dd (12.4, 4.3) 
36.8 CH2 C-2, 3, 5, 9, 10, 19 

2 4.60 m 70.0 CH C-1, 3 
3 4.37 dt (10.7, 4.2) 72.6 CH C-2, 4 
4 1.54 m, 1.73a m 34.26 CH2 C-2, 3, 10 
5 1.29 m 49.0 CH - 
6 1.39 m 

2.52 d (10.7) 
28.2b CH2 C-5, 7 

7 1.32 m, 1.62 m 22.6 CH2 C-8 
8 1.32 m 43.7 CH C-14 
9 1.80 m 42.9 CH C-10 
10 - 53.4 qC - 
11 1.45 m, 1.93 m 28.2 b CH2 C-14 
12 1.35 m 39.4 CH2 C-14, 18 
13 - 50.1 qC - 
14 - 84.5 qC - 
15 2.00 m, 2.15 m 32.7 CH2 C-14, 16, 17 
16 1.76 m, 2.06 m 27.4 CH2 C-14 
17 2.79 dd (6.7, 9.0) 51.4 CH C-13, 14, 16, 20 
18 0.90 s 16.2 CH3 C-12, 13, 14, 17 
19 10.10 s 208.7 CH C-1, 9, 10 
20 - 176.5 qC - 
21 5.04 d (18.2) 

5.29 d (18.2) 
74.2 CH2 C-20, 21, 23 

22 6.14 s 118.0 CH C-17, 22 
23 - 175.3 qC - 
1′ 5.55 s 95.5 CH C-3, 2′ 
2′ - 94.1 qH - 
3′ 4.52b d (3.0) 75.5 CH C-1′, 2′, 3′,4′, 5, ′6′ 
4′ 4.28 dd (2.6, 8.7) 73.1 CH C-1′, 2′, 3′,5′, 6′ 
5′ 4.53b 70.4 CH C- 4, 6′ 
6′ 1.73a d (6.2) 19.1 CH3 C-1′, 4′,5′ 

a-b Overlapping signals 
 

 
Table 2.14 1H and 13C NMR Spectroscopic Data of 2.14 in CDCl3 

position δH (J in Hz) δC mult HMBC 
1 - 170.6 qC - 
2 2.49 d (17.4) 44.7 CH2 C-1, 3, 4, 6 
3 2.64 dd (1.4, 17.4) 68.1 qC - 
4 1.88 m 35.9 CH2 C-1, 2, 3, 5, 6 
5 4.31 ddd (4.8, 9.2, 11.3) 

4.57 ddd (5.4, 9.2, 11.3) 
66.0 CH2 C-1, 3, 4 

6 1.36 s 29.8 CH3 C-1, 2, 3, 4, 5 
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Ten compounds (2.1-2.4, 2.8-2.13) were evaluated for their cytotoxic activity 
against oral epidermal carcinoma (KB), breast cancer (MCF7) and human small cell lung 
cancer (NCI-H187) cell lines. Results are as shown in Table 2.15. Compounds 22.10 
(frugoside) and 2.13 (calotoxin) showed most potent inhibitory activity against all cell 
lines. 
 

 
Table 2.15 Cytotoxic Activities of the Isolated Compounds. 
 
compound      KBa      MCF 7a   NCI-H187a 

2.1 (16α-hydroxy 
calotropagenin) 

inactive inactive Inactive 

2.2 (calactinic acid)  17.15 (31.28) inactive Inactive 
2.3 (2α,15β-dihydroxy-19-
oxo-uzarigenin) 

inactiveb inactiveb inactiveb 

2.4 calotropagenin, 2.56 (6.33) 42.87 (106.06) 19.42 (48.04) 
2.8 (16α-hydroxy calactinic 
acid methyl ester)  

0.94 (1.63) 46.61 (80.60) 5.74 (9.93) 

2.9 (6'-O-(E-4-hydroxy 
cinnamoyl)desglucouzarin)  

11.81 (17.30) inactive 39.56 (57.97) 

2.10 (frugoside)  0.02 (0.03) 1.96 (3.65) 0.11 (0.20) 
2.11 (15β-hydroxy 
calactinic) acid. 

inactive inactive Inactive 

2.12 (12β-coroglaucigenin)  0.68 (1.67) 34.35 (84.55) 6.24 (15.36) 
2.13 (calotoxin) 0.002 (0.003) 3.26 (5.95) 0.002 (0.003) 
ellipticinec 0.448 (1.82) - 0.684 (2.78) 
doxorubicinc 0.249 (0.46) 0.57 (1.05) 0.035 (0.06) 
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Part III. Constituents and Bioactivity of 

Jatropha integerrima 
 
In continuation to our recent studies of biologically active compounds from 

Jatropha integerrima Jacq. (Euphorbiaceae), 3.1-3.2 we investigated further the constituents 
of the hexane extract of the roots and isolated five new compounds, including three 
diterpenes (3.1-3.3), one sesquiterpene (3.4), and a sesquiterpene-coumarin conjugate 
(3.5). Nine known compounds, 1β-hydroxy-10βH-guaia-4, 11-dien-3-one (3.6),3.3 4-
hydroxy-10-epirotundone (3.7),3.4 citlalitrione (3.8),3.5 stigmast-4-en-6β-ol-3-one (3.9),3.6 
jatropholone A (3.10),3.7 jatropholone B (3.11),3.7 caniojane,3.8 and 1,11-bisepi-
caniojane3.8 were also isolated. 

Compound 3.1 was obtained as pale yellow plates with mp 208-210 °C. The 
HRESIMS spectrum gave an [M + H]+ ion at m/z 313.1719 corresponding to the 
molecular formula C20H24O3. The FTIR spectrum had absorption maxima indicating OH 
(3225 cm-1), carbonyl (1693 cm-1) and aromatic (1595 cm-1) groups. The presence of an 
exocyclic methylene group was revealed by methylene proton signals at δ 5.17 and 4.63 
(1H each), and 13C NMR signals at δ 115.1 (CH2) and 135.3 (qC). The 13C NMR signals 
at δ 150.3 (qC), 146.0 (qC), 138.1 (qC), 134.3 (qC) 132.1 (qC), 129.7 (qC), as well as 
signals of a methyl group at δH 2.25 (s) and δC 13.3 (CH3) indicated a fully substituted 
aromatic ring with one OH and one methyl substituent groups. Two mutually coupled 
methine proton signals [δ 1.55 (1H, d, J = 8.1 Hz) and 0.94] both showed HMBC 
correlations to the carbon resonances of two quaternary methyl groups [δ 28.1 (C-18) and 
16.1 (C-19)], and to the aromatic carbon resonance at δ 138.1 (C-12) indicated 
connectivity between a cyclopropane moiety and an aromatic nucleus as found in 
jatropholone A (3.10) and B (3.11)3.7 also isolated in the present study. The differences 
were a methyl proton singlet at δH 1.40 instead of a doublet at approximately δH 1.27, as 
well as two sets of AB doublets (benzylic methylene protons) at δH 3.10 and 2.99 (both 
with J = 16.3 Hz) instead of two sets of doublet of doublets at ca δH 3.25 and 2.50 as 
reported for 3.10 and 3.11, indicating the presence of an additional OH group at C-2. 
Long-range 1H, 13C correlations were observed between δH 3.10 (H-1) and 1.40 (H-16) to 
δC 207.1 (C-3). Thus, compound 3.1 was identified as 2-hydroxyjatropholone. Full 
assignments of the 1H and 13C NMR resonances (see Table 3.1) were based on 1H-1H 
COSY, HMQC and HMBC experiments. The relative configuration of 3.1 was 
established from an X-ray single-crystal analysis (Figure 3.1), indicating an α-oriented 2-
OH group. 
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Figure 3.1 ORTEP drawing of 3.1 

 
 Compound 3.2 was a colorless oil having molecular formula C20H24O3 
(HRESIMS). The FTIR, 1H and 13C NMR spectra of 3.2 were similar to those of 
compound 3.1. The difference in the 1H NMR spectrum of 3.2 was the two benzylic 
methylene protons (H2-1) found as an obscured triplet at δH 3.07 with coupling constant 
of 17.1 Hz instead of AB doublets (δH 3.10 and 2.99) as found in 3.1. Full assignments of 
1H and 13C NMR resonances are given in Table 3.1. Compound 3.2 was thus 2β-
hydroxyjatropholone, the C-2-epimer of 3.1. 
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Compound 3.3 was isolated as a colorless solid, mp 144-146 °C, with molecular 

formula C20H24O4 (HRESIMS). The FTIR spectrum indicated absorption maxima for OH 
(3434 cm-1), and conjugated carbonyl (1732 and 1651 cm-1) groups. The 13C NMR 
spectrum showed 20 signals indicating three methyl, four methylene, five methine and 
eight quaternary carbons including two keto carbons (see Table 3.1). The 1H-1H COSY 
spectrum indicated connectivity from H-7 (δ 5.82) to H-9 (δ 3.19) and from H-8 (δ 2.60) 
to H-12 (δ 2.40 and 2.24). Two exocyclic double bonds were evident from 1H NMR 
signals at δ 4.75 and 4.14, and 13C NMR signals at δ 148.1 (qC) and 108.3 (CH2), in 
conjunction with the 1H NMR chemical shifts at δ 4.84 and 4.80, and the 13C NMR 
resonances at δ 146.5 (qC) and 113.3 (CH2). HMBC correlations of H-3/C-1, C-4, C-10, 
C-19 and of H-7/C-5, C-14, C-20, in combination to the HMBC correlations between H-
9/C-4, C-8, C-10 and C-18 led to the establishment of a rhamnofolane skeleton with 
double bonds at C-4(10), C-6(7), C-15(16) and C-11(18), together with keto groups at C-
1 and C-5, and OH groups at C-2 and C-3. Relative configurations at C-8, C-9, C-14 were 
deduced from coupling constants and were consistent with those reported for curcusones 
A-D.9 The 3-OH group had α-orientation due to the presence of homoallylic coupling 
between H-3 and H-9 (J = 1.6 Hz) as found in 2-epijatrogrossidione.3.8 The NOESY 
spectrum showed a cross-peak between H-3/H3-19 implying that both H-3 and H3-19 
were β–oriented. Compound 3.3 was thus proposed to be 1,5-dioxo-2,3-
dihydroxyrhamnofola-4(10),6,11(18), 15-tetraene. 

 
Compound 3.4 was obtained as colorless needles (C15H22O2). The IR spectrum 

showed absorption maxima for OH (3435 cm-1) and an α,β-unsaturated carbonyl (1688 
and 1622 cm-1) groups. The 13C NMR spectrum indicated the presence of three methyl, 
four methylene, four methine and four quaternary carbons including one carbonyl, two 
olefinic and an oxygenated quaternary carbons. The 1H-1H COSY spectrum indicated 
cross-peaks between H-3/H-15 and between H-12 and H-13/H-7, and sequential 
connectivities from H-1 to H-6. A guaiane sesquiterpene skeleton with a keto group at C-
2, an OH at C-5, and double bonds at C-3(4) and C-11(12) was indicated based on 
HMBC correlations of H-3/C-1, C-2, C-5 and C-15, and of H-7/C-5, C-11, C-12 and C-
13. Compound 3.4 was proposed to be 2-keto-5-hydroxyguai-3,11-diene. Relative 
configurations at C-1, C-10 and C-7 were deduced from NOE effects and coupling 
constants between related protons. The NOESY spectrum showed a cross-peak between 
H-1 and H3-14. The J1,10 and J6,7 values of ca 10 and 12 Hz, respectively, indicated that 
H-1 and H-10 were both α-oriented, and that the isopropenyl group was β-oriented.3.10 
The 1H and 13C NMR assignments are as given in Table 3.2. 

 
Compound 3.5 was isolated as a yellow solid. The HRESIMS indicated a 

molecular formula C25H28O5 and the FTIR spectrum showed absorption maxima 
consistent with conjugated carbonyl (1732 cm-1) and olefinic (1614 and 983 cm-1) groups. 
The 1H NMR spectrum  exhibited signals indicating an α,β-unsaturated carbonyl moiety 
as two sets of doublets at δ 7.54 and 6.22, both with coupling constant of 9.4 Hz, as well 
as 13C NMR signals at δ 160.9 (qC), 144.9 (qC), 143.7 (CH), 140.6 (qC), 140.0 (qC), 
129.1 (qC), 113.2 (CH), 110.6 (qC), and 100.4 (CH) that indicated the presence of a 
coumarin nucleus (see Table 3.2). NOE interactions between H-3′/H-4′, H-4′/H-5′, and 6′-
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OCH3/H-5′ were detected in the NOESY spectrum. The guaiane sesquiterpene skeleton 
was established from the 1H-1H COSY spectrum which indicated connectivity of an 
oxymethine proton (H-2, δ 4.96) to H-3, and sequentially from H-6 to H3-14, in 
combination to the long-range 1H, 13C correlations between H-6/C-1, C-4, C-8 and C-11, 
as well as between H-14/C-1, C-9, and H-12/C-7, C-11 and C-13 in its HMBC spectrum. 
The key long range 1H-13C correlations between H-2/C-3, C-10 and C-7′ required an 
ether linkage between C-2 and C-7′. An NOE effect between H-2/H3-14 indicated the C-
10 methyl group and H-2 to be in close proximity. The relative configuration at C-7, 
although it could not be obtained from the NOESY spectrum, was deduced from the J6,7 
value of ca 13 Hz which revealed that the dihedral angle between one of the H2-6 protons 
and H-7 was close to 180°, thus indicating a β-oriented isopropenyl group.3.10 The 
presence of an additional ether linkage between C-1 and C-8′ was expected from the 
molecular formula. Accordingly, the structure of 3.5 was assigned as shown and this 
compound has been given the name jatrophadioxan. 
 

 
Compound 3.6 was obtained as colorless oil, which showed dark spot under UV 

light at 254 nm wavelength. It showed yellowish orange color after treatment with 
anisaldehyde-sulfuric acid reagent. The molecular formula of C15H22O2 was obtained 
from the [M + H]+ ion at m/z 235.1689. The use of 2D NMR techniques led to identified 
compound 3.6 as 10β-hydroxy-guaia-3(4),12(13)-dien-2-one (or 1β-hydroxy-10βH-
guaia-4, 11-dien-3-one,3.3). 1H and 13C NMR chemical shifts are as shown in Table 3.3. 
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Compound 3.7 was obtained as colorless oil, which gave dark spot under UV light 

at 254 nm with [α] 29
589 -56.1582 (c 0.8850, CHCl3). It showed yellowish orange spot after 

staining with anisaldehyde-sulfuric acid reagent. The molecular formula of C15H22O2 was 
obtained from [M - H]+ ion at m/z 233.1545. The 2D NMR data indicated compound 3.7 
to be identical to 3-hydroxy-9-epirotundone (or 4-hydroxy-10-epirotundone3.4). 1H and 
13C NMR chemical shifts are as shown in Table 3.4. 
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Compound 3.8 was afforded as colorless needles, mp. 188-190°C. It showed dark 

spot under UV light at 254 nm wavelength and gave sky blue to greenish gray color after 
staining with anisaldehyde-sulfuric acid reagent. It showed molecular formula of 
C20H26O4 as indicated from the [M + H]+ ion at m/z 331.1912 with [α] 28

589 -154.89 (c 0.09, 
CHCl3). It was identified as citlalitrione3.5 based on 2D NMR techniques. Assignment of 
1H and 13C NMR chemical shifts are as indicated in Table 3.5. 
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Compound 3.9 was isolated as a colorless solid, mp. 198-200 °C. It gave dark spot 

under UV light at 254 nm wavelength and showed yellow to red color after staining with 
anisaldehyde-sulfuric acid reagent. It showed [M + H]+ ion at m/z 429.3726, which indicated 
molecular formula of C29H48O2. The 2D NMR spectra revealed compound 3.9 to be stigmast-
4-en-6β-ol-3-one.3.6 Full assignment of 1H and 13C NMR data is as shown in Table 3.6. 
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Table 3.1. 1H and 13C NMR Spectroscopic Data of 3.1, 3.2 and 3.3 (CDCl3, δ ppm, mult. 
J in Hz)a 

3.1 3.2 3.3 positi
on δH  δC δH δC δH  δC 
1 3.10 d (16.3), 

 2.99 d (16.3) 
37.6, CH2 3.07 t 

(17.1) 
37.2, CH2 - 209.5, qC 

2 - 77.7, qC - 77.5, qC - 74.0, qC 
3 - 207.1, qC  - 206.1, qC 4.83 t (1.6) 74.7, CH 
4 - 134.3, qC - 134.6, qC - 157.9, qC 
5 - 135.3, qC - 135.7, qC - 198.2, qC 
6 - 146.0, qC - 144.4, qC - 142.0, qC 
7 2.71 ddd (15.0, 

6.3, 2.3) 
2.62 ddd (15.0, 
7.0, 5.0) 

33.3, CH2 2.60 obs 
dd (10.4, 
4.7) 

33.4, CH2 5.82 dq (5.2, 
1.6) 

136.0, CH 

8 1.82 m, 
 0.80 ma 

21.4, CH2 1.81 (ddd, 
10.0, 7.9, 
3.5) 
 0.87 mb 

21.4, CH2 2.60 ddd (12.3, 
12.3, 5.2) 

43.6, CH 

9 0.94 ddd 
(12.5, 8.1, 5.5) 

26.0, CH 0.93 ddd 
(11.1, 8.6, 
3.9)b  

25.9, CH 3.19 brd (12.3) 45.0, CH 

10 - 19.6, qC - 19.6, qC - 146.8, qC 
11 1.55 d (8.1) 28.3, CH 1.56 d 

(8.3) 
28.3, CH - 148.1, qC 

12 - 138.1, qC - 137.9, qC 2.40 ddd (12.6, 
4.4, 2.7) 
2.24 brdt (12.6, 
4.5) 

36.5, CH2 

13 - 132.1, qC - 132.4, qC 1.89 m 
1.45 dt (12.9, 
4.4) 

34.3, CH2 

14 - 150.3, qC - 150.1, qC 2.32 dt (11.9, 
4.1) 

51.9, CH 

15 - 129.7, qC - 128.7, qC - 146.5, qC 
16 1.40 s 26.1, CH3 1.37 s 25.7, CH3 4.84 brs 

4.80 brs 
113.3, 
CH2 

17 5.17 t (1.8) 
 4.63 t (2.1) 

115.1, 
CH2 

5.27 d 
(1.4)  
4.73 brs 

116.2, 
CH2 

1.57 s 18.6, CH3 

18 1.22 s 28.1, CH3 1.22 s 28.1, CH3 4.75 brs 
4.14 brs 

108.3, 
CH2 

19 0.80 sa 16.1, CH3 0.81 s 16.2, CH3 1.43 s 24.0, CH3 
 

20 2.25 s 13.3, CH3 2.26 s 13.4, CH3 1.84 t (1.6) 18.7, CH3 
a,bOverlapped signals 
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Table 3.2. 1H and 13C NMR Spectroscopic Data of 3.4 and 3.5 (CDCl3, δ ppm, mult. J in 
Hz) 

3.4 3.5 position 
δH δC δH δC 

1 2.16 d (10.1) 67.2, CH - 90.8, qC 
2  205.8, qC 4.96 t (7.6) 73.7, CH 
3 5.80 s 128.7, CH 2.50 br d (7.6) 39.4, CH2 
4 - 177.6, qC - 136.3, qC 
5 - 82.5, qC - 137.4, qC 
6 1.92 brd (14.1) 

1.37 dd (14.1, 11.8) 
40.7, CH2 2.45 br d (13.4) 

2.18 t (12.7) 
29.8, CH2 

7 2.53 dt (11.9, 2.7) 41.1, CH 1.82a 49.6, CH 
8 1.86 m, 1.37 brt (12.0) 36.3, CH2 1.82, a 1.46b  36.3, CH2 
9 1.63 tt (12.1, 2.0), 1.56 

obs ddt (12.5, 5.8, 1.7) 
35.2, CH2 1.46,b 1.35 dd 

(12.9, 9.7) 
32.5, CH2 

10 1.76 obs ddq (10.3, 6.4, 
1.7) 

34.3, CH 2.33 dd (9.2, 7.3) 42.3, CH 

11 - 150.8, qC - 150.4, qC 
12 4.67 brs , 4.65 brs 109.1, CH2 4.71 , 4.68 108.9, CH2 
13 1.68 s 20.6, CH3 1.73 s 20.4, CH3 
14 1.04 d (6.4) 23.8, CH3 1.04 d (7.2) 16.9, CH3 
15 2.01 s 12.8, CH3 1.64 s 14.1, CH3 
2′   - 160.9, qC 
3′   6.22 d (9.4) 113.2, CH 
4′   7.54 d (9.4) 143.7, CH 
5′   6.44 s 100.4, CH 
6′    144.9, qC 
7′    129.1, qC 
8′    140.6, qC 
9′    140.0, qC 
10′    110.6, qC 

-OCH3   3.85 (s) 56.4, CH3 
a,bOverlapped signals 
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Table 3.3. 1H and 13C NMR Spectroscopic Data of Compound 3.6 (CDCl3) 
 

Position δH (ppm, J in Hz) δC (ppm) HMBC 
1 2.26 (d, 18.1) 

2.42 (d, 18.2) 
44.5 CH2 C-2, 3, 4, 9, 10 

2 - 207.3 qC - 
3 - 136.8 qC - 
4 - 174.0 qC - 
5 2.63 (d, 12.0) 

2.41 (t, 11.9) 
31.3 CH2 C-3, 4, 6, 7, 10, 12 

6 1.93 (m)a 49.2 CH C-5, 7, 8, 12 
7 1.83 (m), 1.46 (m) 36.0 CH2 C-6, 8, 9, 12 
8 1.43 (m), 0.96 (m) 31.6 CH2 C-6, 7, 15 
9 1.94 (m)a 41.7 CH C-1, 7, 8, 15 
10 - 81.8 qC - 
11 1.68 (s) 7.5 CH3 C-2, 3, 4 
12 - 149.5 qC - 
13 4.75 (br d, 0.66) 

4.73 (q, 1.5) 
109.6 CH2 C-6, 12, 14 

14 1.75 (s) 20.5 CH3 C-6, 12, 13 
15 1.07 (d, 7.0) 17.8 CH3 C-8, 9, 10 

 aOverlapping signals. 
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Table 3.4. 1H and 13C NMR Spectroscopic Data of Compound 3.7 (CDCl3) 
 
Position δH δC HMBC 
1 - 204.7 qC - 
2 2.60 (d, 16.3)  

2.46 (d, 16.1) 
51.5 CH2 C-1, 3, 4, 10, 11, 15 

3 - 75.7 qC - 
4 - 174.8 qC - 
5 2.48 (m)a 28.3 CH2 C-1, 3, 4, 6, 7, 11, 12 
6 2.53 (m)a 44.5 CH C-4, 5, 7, 8, 12, 13, 14 
7 1.96 (dddd, 5.5, 12.9, 

12.3, 13.4) 
1.60 (m) 

28.9 CH2 b C-5, 62J, 85J, 9, 12 

8 1.82 (dddd, 2.7, 5.7, 
12.1, 13.5) 

28.9 CH2
b C-6, 7, 9, 10, 15 

9 2.57 (m, w1/2= 12.6) 28.3 CH C-1, 4, 7, 8, 10, 15 
10 - 145.4 qC - 
11 1.40 (s) 26.5 CH3 C-2, 3, 4 
12 - 149.6 qC - 
13 4.71 (obs t, 0.72) 

4.69 (br s) 
109.6 CH2 C-5, 6, 7, 12, 14 

14 1.73 (s) 20.1 CH3 C-6, 12, 13 
15 1.13 (d, 7.2) 17.7 CH3 C-8, 9, 10 
a-bOverlapping signals. 
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Table 3.5. 1H and 13C NMR Spectroscopic Data of Compound 3.8 (CDCl3) 
 

Position. δH (ppm, J in Hz) δC (ppm) HMBC 

1 1.32 (br d, 13.75), 
1.94 (obs. m)a 

 34.9 CH2 C-2, 3, 4, 14, 15, 16 

2 2.33 (br q. 7.68)b   33.8 CH C-3, 4, 15, 16 
3 3.27 (s)   72.9 CH C-2, 5, 15, 16 
4 -   67.6 qC - 
5 5.49 (br s) 128.3 CH C-3, 4, 7, 15, 17, 
6 - 145.5 qC - 
7 - 208.4 qC - 
8 2.53 (dd, 12.6, 13.3), 

2.91 (dd, 1.52, 12.60) 
  38.0 CH2 C-6, 7, 9, 10, 13 

9 2.49 (t, 13.4)   52.9 CH C-7, 8, 11, 14, 18, 19, 20 
10 -   37.6 qC - 
11 2.36 (d, 17.4)b, 

2.43 (d, 17.4) 
  55.5 CH2 C-13, 18, 19 

12 - 215.5 qC - 
13 -   65.7 qC - 
14 - 217.2 qC - 
15 3.62 (d, 9.41)   46.6 CH C-2, 3, 4, 14 
16 1.13 (d, 7.51)   16.1 CH3 C-1, 3 
17 1.92 (d, 1.62)a   20.5 CH3 C-5, 6, 7 
18 0.94 (s)   23.7 CH3 C-9, 10, 19 
19 1.24 (s)    28.3 CH3 C-9, 10, 11, 18 
20 1.41 (s)   14.6 CH3 C-9, 12, 13, 14 
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Table 3.6. 1H and 13C NMR Spectroscopic Data of Compound 3.9 (CDCl3) 
 

a-dOverlapped signals 
 
 

 

Position δH (ppm, J in Hz) δC (ppm) HMBC 

1 1.99 (m)a,  
1.67 (dd, 4.0, 13.6) 

 37.1 CH2 C-2, 3, 5, 8, 9,10, 11, 
19 

2 2.53 (d, 4.85), 
2.37 (t 3.25) 

 34.3  CH2 C-1, 3, 10 

3 - 200.4 qC - 
4 5.79 (s) 126.4 CH C-2, 5, 6, 10, 19 
5 - 168.5 qC - 
6 4.32 (t, 2.55)  73.2 CH C-4, 8, 10 
7 1.22 (m), 1.975 (m)a 38.6  CH2 C-5, 6, 9, 14 
8 0.995 (m)b 29.8 CH C-6, 11, 13, 15 
9 0.89 (t, 4.4) 53.6 CH C-1, 5, 7, 12, 14, 19 
10 -  38.0 qC - 
11 0.98 (m)b  21.0  CH2 C-8, 10, 13 
12 1.11 (m), 1.16 (m)  39.6  CH2 C-9, 14, 17, 18 
13 -  42.5 qC - 
14 1.14 (m)  55.9 CH C-7, 9 12, 13, 16, 18 
15 0.95 (m), 1.480 (m) 24.2  CH2 C-8, 13 
16 1.10 (m)c, 1.829 (m)  28.2  CH2 C-13, 14, 15 
17 1.11 (m)c  56.1 CH C-12, 13, 14, 15, 18, 

20, 21, 22 
18 0.71 (s)  12.0  CH3 C-12, 13, 14, 17 
19 1.35 (s)  19.5  CH3 C-1, 5, 9, 10, 11 
20 0.995 (m)b 36.1 CH C-13, 16, 23 
21 0.90 (d 6.4)d 18.8  CH3 C-17, 20, 22, 23 
22 1.27 (m), 0.99 (m)b 33.9 CH2 C-17, 20, 21, 23, 24 
23 0.89 (m)d, 1.15 (m) 26.2 CH2 C-20, 28, 25 
24 0.90 (m) 45.9 CH C-22, 23, 26, 27, 29 
25 1.64 (m) 29.2 CH C-23, 24, 26, 27, 28 
26 0.81 (d, 7.2) 19.8  CH3 C-24, 25, 27 
27 0.79 (d, 7.2) 19.0  CH3 C-24, 25, 26 
28 1.08 (m) 1.25 (m) 23.1 CH2 C-23, 25 
29 0.84 (t, 7.6) 12.2  CH3 C-24, 28 
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Compounds 3.1-3.2, 3.10-3.11, caniojane, and 1,11-bisepi-caniojane were 
evaluated for their in vitro activity against Plasmodium falciparum, K-1 strain.3.11 
Caniojane exhibited the greatest inhibitory activity with an IC50 value of 3.3±0.6 μg/mL, 
compounds 3.1 and 3.10 showed weaker activity with IC50 values 4.1±0.2 and 
5.4±1.7μg/mL, respectively (Table 3.7). Compound 3.2, the C-2 epimer of 3.1, and 
compound 3.11 were not active at 10 μg/mL. Only caniojane showed moderate inhibitory 
activity against Mycobacterium tuberculosis H37Ra3.12 with an MIC value of 25 μg/mL. 
Compound 3.2 and caniojane showed mild to marginal cytotoxicity against Vero cells3.13, 
whereas compounds 3.1, 3.10 and 3.11 were non-cytotoxic at 50 μg/mL.   
 
Table 3.7. Antiplasmodial, Antituberculosis and Cytotoxic Activities of the Isolates 
 

Compound antiplasmodiala anti-TBb  cytotoxicitya 

compound 3.1 
compound 3.2  
caniojane 
1,11-bisepi-caniojane 
jatropholone A (3.10)  
jatropholone B (3.11) 
dihydroartemisininef 

isoniazideg 

kanamycing 
ellipticineg 

4.1±0.2 
inactivec 

3.3±0.6 
7.9 

5.4±1.7 
inactivee 

(4.0 nM) 
- 
- 
- 

inactived 
inactived 

25  
nde 

inactived 
inactived 

- 
0.1 
2.5 
- 

non-cytotoxicf 
49.4 
12.9 
nde 

non-cytotoxicf 
non-cytotoxicf 

- 
- 
- 

0.7±0.2 
aIC50 in µg/mL.  bMIC in µg/mL. cinactive at 10 μg/mL. dinactive at 200 μg/mL. end = 
not determined.  fnon-cytotoxic at 50 μg/mL.  gPositive control substance.
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