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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



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)
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Abstract

Two 15f-hydroxycardenolides, 2a.,15/-dihydroxy-19-oxo-uzarigenin, 150-
hydroxycalactinic acid and a 16a-hydroxycalactinic acid methyl ester along with eleven
known compounds including 16a-hydroxycalotropagenin, coroglaucigenin, 160.-
hydroxycalotropin, calactinic acid, calotoxin, 6'-O-(E—4-hydroxycinnamoyl) desglucouzarin,
1Zﬁ-hydroxycoroglaucigenin, frugoside, calotropagenin, 9,12,13-trihydroxyoctadeca-
10(E),15(2)-dienoic acid and R-(—)-mevalonolactone were isolated from the polar fraction of
the CH,CI, 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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Abstract

Five new compounds including three diterpenes, 2 &-hydroxyjatropholone, Zﬂ-
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 2 &-hydroxyjatropholone was confirmed by X-
ray crystallography. Six diterpenes were evaluated for their antiplasmodial, antituberculous
and cytotoxic activities.
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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.! 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 ICsy of ~10 pg/mL using KB
and NCI H187 cell lines, it also showed anti-TB activity with MIC value of 50 ug/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 Cy6H,306
as calculated from HREIMS (found M" at m/z 436.1873). The FTIR spectrum showed
absorption bands for hydroxyl (vmax 3467 cm'l) and conjugated carbonyl (vmax 1626 cm'l)
functional groups. The 'H and ?C NMR spectra showed characteristic sets of signals at
on4.98 (1H, d, J=12.0 Hz, H-2) and 4.42 (1H, d, J=11.6 Hz, H-3) and at Jc 82.9 (CH,
C-2) and 72.5 (CH, C-3) of a 3-hydroxy flavanone skeleton.” A low field singlet at dy
11.41 indicated a C-5 OH group hydrogen-bonded to a carbonyl carbon at C-4. Aromatic
proton signals at oy 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 >J correlations of H-2’, H-3' and a
singlet at oy 3.83 to C-4' (dc 160.3, qC) indicated the attachment of a OCHj3 group at C-
4'. The 'H NMR signals at dy 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 'J correlations with the *C NMR signals at oc 126.2, 115.4,
and 28.4 (2x), respectively, were assigned for a dimethylchromene group. 'H NMR
signals at oy 3.16 (2H, d, J= 6.8 Hz, H-1""), 5.11 (dt, /= 6.4, 1.6 Hz, H-2""") and two
singlets at dy; 1.63 and 1.59, and °C NMR signals at 6c 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
(dc 156.1) required the placement of a chromene ring at C-6 and C-7, and the correlations
between H-1"" with C-8 (d¢ 131.3, qC) and C-9 (d¢ 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 J, 3 = J3, value of 12.0 Hz indicating H-2 and
H-3 to be frans and the circular dichroism spectrum which showed a positive n—
Cotton effect at 362 nm.” Our data is consistent with those reported for lupinifolinol*”
which was also isolated in this study, as well as for jayacanol previously isolated from
Lonchocarpus oaxacensis.® Full assignments of 'H and °C chemical shifts are as shown
in Tables 1 and 2.
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Compound 2 was assigned a molecular formula of C,cH,30¢ from HRMS. The
FTIR spectrum also showed absorption bands for hydroxyl (vinax 3436 cm™) and carbonyl
(vmax 1622 cm™) groups. 'H and >C 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 oy 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.” The smaller J» 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.? 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.
OCHs
O O ‘\\\©/

"'OH
OH O

2

Compound 3 was obtained as a pale yellow sticky liquid. The HRMS revealed a
molecular formula of C;6H2307. The FTIR spectrum also showed the absorption bands of
a hydroxyl (Vimax 3391 cm™) and a carbonyl (vmay 1622 cm™) groups. 'H and °C 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
on 7.42 (d, J= 8.6 H) for H-6', i 6.58 (brd, J = 8.7 Hz) for H-5', and 6.54 (d, /= 2.5 Hz)
for H-3' was based on the long range 'H-"C correlations between H-2 (dy 5.28)/C-1' (dc
116.3, qC), C-2' (6¢ 155.3, qC), C-6' (oc 127.9, CH), as well as H-3'/C-1', C-2', C-4' (J¢
161.2, qC), C-5' (6c 107.3, CH). The 3J correlations of OCHj (6y 3.79), H-6" and H-5'
with C-4' required placement of the OCH; 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.

11



Compound 4 was isolated as a yellow liquid and was assigned a molecular
formula of C,7H3¢00O7 based on the [M+1]+ 1on with m/z 467.2001 in its HRESIMS
spectrum. The FTIR spectrum showed the presence of a hydroxyl (v 3430 cm™) and
carbonyl (vnax 1627 cm™) groups. 'H 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 dy 7.08 (J = 8.8, 2.0 Hz), a doublet signal at dy
7.07 (J/ =2.0 Hz) and a doublet at oy 6.91 (J = 8.8 Hz) were assigned for H-6', H-2" and
H-5', respectively due to an observation of the *J correlations between H-2 (5 4.97)/C-2’
(dc 120.2, CH), C-6' (oc 110.2, CH), C-1" (6¢ 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
on 3.90 and 3.91for OCH;-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.

Compound 5 was obtained as a yellow sticky liquid and assigned a molecular
formula of Ca6H30O5 from its HRESIMS with [M+Na]" ion showing m/z 493.1382. The
FTIR spectrum showed the presence of a hydroxyl (vmax 3401 cm'l) and carbonyl (Viax
1633 cm™) groups. 'H and '*C 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 oy 3.45 and 3.42, as well as of benzylic
protons at oy 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.” 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).

12



Compound 6 was obtained as pale yellow solid with molecular formula of
C26H2606. IR spectrum showed absorption bands of a hydroxyl (vimax 3316 cm'l) and
carbonyl (Vmax 1620 cm™) groups. "H NMR spectrum also exhibited signals of a
chromene, dimethylallyl and a chelated OH groups (Table 3). Two pairs of doublet
signals at dy 8.15 and 7.01 (both corresponded to 2H, J = 8.8 Hz) of the 1,4-disubstituted
aromatic ring was also observed. The OCH; group resonated at oy 3.87 was assigned at
C-4' as indicated from the HMBC correlations between H-2', H-6" and OCH;3/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 dy 4.98 and 4.42, as observed in 1-4,
and the presence of two quaternary carbon signals at dc 145.4 and 135.5, in addition to
the HMBC correlations of a hydroxyl proton signal at oy 6.63/ C-2 (d¢c 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.

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
Ca6H250s. Infrared spectrum showed absorption bands of a hydroxyl (vipax 2918 cm'l) and
carbonyl (Vmax 1628 cm™) groups. 'H 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 ~ dy 4.98 and 4.42 were replaced by
resonances for an ABX system at oy 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.® 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

Compound 8 was obtained as yellow sticky liquid. The molecular formula of
C,6H2306 was based on its HRESIMS spectrum which showed (M+1)" ion at m/z
437.2079. IR spectrum indicated a hydroxyl (viax 3363 cm'l) and carbonyl (Vimax 1624 cm”
" groups. 'H and ">C NMR data of compound 8 were very similar to those of 7 (Table 3),
except for aromatic proton signals at oy 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 ¢ 116.6 (qC, C-1"), 155.4 (qC, C-2') and
127.9 (CH, C-6'), and between H-6' (o5 7.16)/C-2', C-4’ (dc 161.2, qC) as well as
OCH;/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. "H and >C 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.*> The use of 2D
NMR technique led to full assignment of 'H and "°C NMR chemical shifts (Table 4).

Compound 10 was obtained as a liquid with molecular formula C;5sH240¢ as
analysed from its HRESIMS (found 421.1655, calc for CysH,506421.1655). 'H and °C
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.’

Compound 11 was isolated as a solid with molecular formula C,5H,604 based on
the HRESIMS (calc for C,sH,704423.1802, found 423.1803). The 'H and >C 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 'H and °C resonances
(Table 6) was based on 2-D NMR experiments. Compound 11 is identical to
flemichinD. "
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Compound 12 was obtained as sticky liquid, with same molecular formula as of
11. "H 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.'’ Full assignment of 'H and "°C resonances of 12 is as showed in Table
7.

Compound 13 was obtained as sticky liquid. Its "H and '>C 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.*'' The "H and ?C NMR chemical shifts are as
shown in Table 8.

Compound 14 was isolated as a solid. 'H-"H-COSY spectrum showed cross-peak
between H-1/H-2 and H-2/H-3. HMBC spectrum showed key long-range 'H-""C
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,'> which was previously reported. 'H and ?C NMR data is as shown in Table

9.

Table 1 '"H NMR Spectroscopic Data of Compounds 1-5 (CDCl;)*

Position & 1 O 2 ou3 ou4d oubd
2 498 (d,12.0) 5.64(d,5.1) 5.28(d,12.0) 497 (d,11.9) 5.01(d, 11.9),
4.50 (d,11.9)
3 4.42(d4,12.0) 4.71(d,5.1) 4.50(d,12.0) 449 (d,11.9)  4.50(d,11.9),
449 (d, 11.9)
2/ 746 (d, 8.8) 729 (brd, - 7.07(d,2.0)  7.43(d, 8.7)
8.9)
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’ 746 (d, 8.8)  7.29(d,8.9) 7.42(brd,8.6) 7.08(dd, 8.8, 7.43(d,8.7)
2.0)
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"-CH;  1.44(s) 1.43 (s) 1.44 (2x s) 1.44 (s) 1.47 (s), 1.45 (s)
1.43 (s) 1.41 (s) 1.43 (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, 5.10(t,7.3) 5.10(brt,7.4)  5.13 (brt, 6.8)  5.13 (brt, 6.1)
1.6)
3".CH;  1.63(s) 1.69 (s) 1.66 (s) 1.65 (s)  1.62 (s) 1.17 (s), 1.16 (s)
1.59 (s) 1.62 (s) 1.59 () 1.14 (s), 1.135 (s)
OCHs-4'  3.83(s) 3.76 (s) 3.79 (s) 3.90 (s)° 3.82 (s)
OCH;-3' - 3.91 (s)°
OH-5 11.41 (s) 11.39 (s) 11.29 (s)° 11.41 (s) 11.40 (s)

*Coupling constants (J) are presented in parentheses in Hz.

®Assignment may be reversed. ‘OH-2’ in 3 was detected as singlet at J; 6.82.
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Table 2 *C NMR Spectroscopic Data of Compounds 1-5 (CDCLs)

Position & 1 o 2 o 3 oc 4 oc S
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 194.6qC  195.3 qC 196.1qC 196.4 qC
196.3 qC
5 156.1 qC 156.1qC 156.1 qC 156.0qC  156.5 qC
6 103.2 qC 1029qC 1035 qC* 1032qC 1034 qC
103.3 qC
7 160.7 qC 160.6qC 1609 qC 160.7qC  160.48 qC
160.45 qC
8 109.3 qC 109.1qC  109.6qC 109.3qC  106.5qC
9 159.5 qC 1582qC  159.0 qC 1593qC  159.8 qC
10 100.4 qC 100.9qC 1002 qC 1003qC  100.5qC
100.4 qC
I 128.8 qC* 126.8qC 1163 qC 1290qC  128.1qC
2 128.8 CH* 128.7 CH 155.3 qC 110.1 CH 128.6 CH
3 114.0 CH 113.8 CH 103.5 CH* 149.1 qC 114.2,
114.1 CH
4 160.3 qC 159.6 qC 161.2 qC 14997qC 1603 qC
5 114.0 CH 113.8 CH 107.3 CH 111.0 CH 114.2,
114.1 CH
6’ 128.8 CH* 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"-CHs 284 (2x)CH; 284,285 284 (2x)CH; 283 (2x)  28.6(2x),
CH; CH; 28.5,28.4
CH;
" 21.4 CH; 21.3 CH; 21.3 CH; 21.3 CH; 25.2,
25.1 CH;
2" 122.3 CH 122.2 CH 122.0 CH 122.2 CH 79.1,
78.9 CH
3 131.3 qC 131.3qC  131.7qC 131.3qC  72.8qC
3"-CHs; 25.7,17.8 CHs  25.5,17.9 25.8, 25.7, 25.97,
CH; 17.9 CH; 17.8 CH; 2591,
23.38, 23.37
CH;
OCH;- 55.3 CHj3 55.2 CH; 55.3 CH; 55.94 CH;"  55.3 CHj
4!
OCH;- - - - 55.91 CHs" -
3!
*Overlapped signals

bAssignment may be reversed.
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Table 3 'H and "*C NMR Spectroscopic Data of Compounds 6-8 (CDCl5)*

Position &6 & 6 Su 7 &7 518 5 8
2 - 1454qC  5.33(dd, 12.8, 78.6CH  5.54 (dd, 77.7 CH
2.7 13.0, 3.0)
3 - 1355qC  3.03(dd, 17.1, 433CH, 3.09(dd,  41.9CH,
12.8) 17.4,13.1)
2.78 (dd, 17.1, 2.86 (dd,
2.7) 17.3,3.1)
4 - 1755qC - 196.4qC - 196.4 qC
5 - 153.0qC - 156.6qC - 156.8 qC
6 - 1049qC - 102.7qC - 103.3 qC
7 - 156.9qC - 159.3qC - 159.8 qC
8 - 107.7qC - 108.6qC - 108.8 qC
9 - 153.6qC - 159.8 qC - 158.6 qC
10 - 103.5qC - 1028qC - 102.7 qC
I ; 123.7qC - 130.9qC - 116.6 qC
2 8.15(d, 1293CH 7.35(d,84) 1275CH - 155.4 qC
8.8)
3 701(, 1141CH 692(d, 85 1141CH 6.46(d,22) 102.9CH
8.8)
4 - 161.0qC - 159.8qC - 161.2 qC
5 701(, 1141CH 692(d,85 1141CH 6.49 (dd, 106.4 CH
8.8) 8.5,2.2)
6 8.15(d, 1293CH 7.35(d,84) 1275CH 7.16(d,8.4) 127.9CH
8.8)
4 672(d, 1157CH 6.61(d,10.0) 1157CH 6.62(d,9.9) 115.6CH
9.9)
5" 562(d, 128.1CH 548(d,10.0) 1259CH 5.50(d,9.9) 1263 CH
10.1)
6" ; 77.8qC - 78.1qC - 78.3 qC
6"-CH; 145(s) 283CH; 1.41(s), 28.4, 1.42 (s), 28.3,28.4
1.43 (s) 283 CH;  1.43(s) CH;
1" 349(d, 215CH, 3.19(t72) 21.5CH, 3.20(7.0) 21.4CH,
7.0)
2 521(dt, 1222CH 5.15(t72) 1226CH 5.09(t7.2) 122.3CH
7.0, 6.1)
3 - 131.8qC - 131.09C - 131.8 qC
3"-CH; 1.67(s), 18.0,257 1.63(s,2%x) 178, 1.65(s,2 ) 17.8,
1.82(s) CHs 25.8 CH, 25.7 CH,
OH-5  11.93(s) 12.24 (s) 12.23 (s)
OCHs;- 3.87(s) 553CH; 3.82(s) 553CH;  3.77(s) 41.9 CH;
4[
OH-  6.63 (br 6.26 (brs,
s, OH-3) OH-2')

*Coupling constants (/) are presented in parentheses in Hz.
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Table 4 "H and *C NMR Spectroscopic Data of 9 (CDCls).

Position S o HMBC

2 4.96 (d, 11.9) 82.8 CH C-3,4,2",6'

3 448 (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 - 131.3qC

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"-
CH;

5" 5.51(d,9.7) 126.3 CH C-6, 6", 6"-CH;

6" - 78.5qC

6"-CHj3 1.43 (s),1.43 (s) 2x,28.4 CHs C-6",5", 4", 6"-
CH;

| 3.15 (brd, 6.9) 21.3 CH; C-7,8,9,2", 3"

2" 5.10 (dt, 7.4, 1.4) 122.2 CH C-1",3", 3"-CHj

3" - 109.3 qC

3""-CHj3 1.58 (s), 1.62 (s) 17.8 CH3,25.8 CH; C-8,2', 3", 3""-
CH;

OH-5 11.39 (s) C-5,6,10
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Table 5 "H and '*C NMR Spectroscopic Data of 10 (CDCl;+MeOH-d4 3 drops)

Position S o HMBC
2 - 145.4 qC
3 - 135.4 qC
4 - 175.5qC
5 - 153.0 qC
6 - 104.9 qC
7 - 157.0 qC
8 - 107.7 qC
9 - 153.6 qC
10 - 103.5qC
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"-CHj; 2% 1.41 (s) 2x 28.3 CH; 6"-CHj, 6", 5"
| 3.45 (brd,7.1) 21.5 CH; C-7,8,9,2", 3"
2" 5.17 (ddt,7.1,5.8, 122.3 CH 3""-CHj;
1.3)
3" - 131.8 qC
3""-CH3 1.63 (s), 1.77 (s) 18.1 CH3,25.7 CH; C-8,2', 3", 3"
CH;
OH-5°

*Not observed due to the addition of MeOH-d4 to the sample
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Table 6 'H and *C NMR Spectroscopic Data of 11 (CDCls).

Position Jy oc HMBC (H to C)
2 5.52(dd, 13.0, 2.7)* 77.3 CH C-1
3 3.10 (dd, 17.3, 13.1) 41.9 CH, C-2,4
2.83(dd, 17.3,2.9)
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
I 116.9 qC
2! 157.2qC
3/ 6.40 (br s)° 104.2 CH C-1,2,4'
4’ - 155.3 qC
5! 6.41 (d, 8.7) 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)* 126.2 CH C-6", 6"-CH;
6" - 78.3 qC
6"-CH; 1.42(s), 1.43 (s) 28.3 CH3,28.4 CH; C-3",6", 6"-CH;
1" 3.20 (brt, 6.6) 21.5tCH;, C-7,8,9,2", 3"
2" 5.08 (t, 7.2) 122.2 CH 3""-CH3;
3" - 131.8 qC
3""-CH; 2x 1.64 (brs) 17.8 CH3, 25.7 CH; C-2"", 3", 3""-CHj
OH-5 12.22 (s) C-4,5,6
“>Overlapped signals
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Table 7 'H and *C NMR Spectroscopic Data of 12 (CDCl;).

Position Jy oc HMBC (H to C)
2 5.54 (brd, 10.1) 77.4 CH* C-1'
3 3.07 (dd, 17.2, 12.9) 42.0 CH, C-2,4
2.83 (brd, 14.6)
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
I 116.9 qC
2 157.2qC"
3/ 6.39 (br s) 103.9 CH C-1’
4 - 157.2 qC?
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 CH, C-6,7,2", 3"
2" 5.18 (t, 7.3) 122.3 CH 3"-CH;
3 - 131.4 qC
3"-CH; 1.65 (s), 1.76 (s) 17.9 CH;, 25.7 CH; C-2",3", 5"3"-CHj
5" 5.46 (d, 10.1) 126.7 CH C-8, 6", 6""-CH;
4 6.50 (d, 10.0) 115.6 CH C-7,9,6"
6" - 78.1 qC
6"-CH; 1.40 (s), 1.43 (s) 28.2 CH3, 28.5 CH; C-6", 5", 6""-CH;
OH-5  12.31(s) C-5, 6, 10

“ Obscured by CDCl; signal. "Overlapped signals.
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Table 8 'H and '*C NMR Spectroscopic Data of 13 (CDCl;)

Position Jy oc HMBC (H to C)
2 5.31(dd, 12.8, 3.1) 78.6 CH C4,1,6
3 3.02 (dd, 17.1, 12.8) 43.2 CH, C-2,4,10
2.78 (dd, 17.1, 3.1)
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’ - 155.9qC
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"-CHs,
6”
5" 5.48 (t, 10.0) 125.9 CH 6", 6"-CH;
6" - 78.1 qC
6"-CHs 1.42(s), 1.41 (s) 28.6 CH3,28.4 CH; C-4",5",6"-CHj3
| 3.18 (brd, 7.4) 21.5 CH; C-8,9,2"" 3"
2" 5.12 (brt, 7.4) 122.5 CH C-1", 3""-CHs
3" - 131.0 qC
3"-CH; 2x1.62(s) 25.7 CH;, 18.0 CH; C-8,2', 3", 3"
CH;
OH-5 12.23 (s) - C-5,6,7,10
“Overlapped signals
Table 9 'H and '*C NMR Spectroscopic Data of 14 (CDCl;)
Position O oc 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,  71.8 CH; C-1,2
6.8)
3.87 (m)
1 132.1qC
2',6' 6.56 (s) 102.8 CH C-1,1,3,4,5
3,5 - 147.1 qC
4' - 1343 qC
OMe-3’ 3.88 (s) 56.4 CH; C-3
OMe-4' 3.88 (s) 56.4 CH;

OMe-5' 3.88 (s) 56.4 CH; C-5'




Cytotoxicity'>'* 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 ug/mL. Compounds 1, 8 and 9 were less potent with
MIC value of 25 ug/mL. Milder inhibitory activity was observed in 2 and 6 showing MIC
values of 50 and 100 ug/mL, respectively.

Table 10. Biological Activity of Some Isolates from E. chinense

compound Anti-TB* KB’ NCI Vero
H187" cell®

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 nd*
10 12.5 5.8 3.9 11.1
11 12.5 3.3 2.1 nd°
12 12.5 5.8 6.0 nd°
13 12.5 2.4 6.5 nd
hexane extract 50 12.0 9.9 5.8
ellipticine? - 0.37 0.44 -
doxorubicin? - 0.12 0.042 -
isoniazid? 0.023- - - -

0.046
streptomycin?  0.156- - -

0.313

“MIC in ug/mL. "ICs in ug/mL
“nd = not determined. dpositive control substance
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Part I1. Constituents and Bioactivity of
Calotropis gigantea

In continuation to our recent study on the bioactive compounds from Calotropis
gigantea,”" we investigated further the bioactive chemical constituents from the polar
fractions of the CH,Cl, 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 C»3H3,07 based on m/z 443.2046
[M+Na]", caled for C,3H3,NaO, 443.2037. The infrared spectrum indicated absorption
bands for a hydroxyl (Vimax 3401 cm'l) and a,f—unsaturated-y- lactone (Vmax 1738, 1623
cm’™) functional groups. The 'H and '*C NMR spectra showed characteristic signals of H-
22 (0n 6.27), Hy-21 (dy 5.22 and 5.0, both with J = 18.2 Hz) and C-20, C-21, C-22 and C-
23 at oc 174.9, 74.9, 118.2 and 174.9, respectively, of an a,f-unsaturated-y-lactone
moiety of the cardenolide. The '>C 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 '"H-"H COSY cross-peaks between H-2/H-1 and
H-3, and between H-16/H,-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 'H and *C NMR spectroscopic data of 2.1 (Table 2.1) are similar
to those of 16a-hydroxycalotropagenin previously obtained from Asclepias
curassavica.**
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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 C,9H40O1;
based on the HRESIMS spectrum. The characteristic IR absorption bands, 'H and "*C
NMR shifts of the a,f-unsaturated-y-lactone moiety were observed as of 2.1. The
dideoxyfuranosyl moiety was detected from the singlet signal of an anomeric proton (H-
1") at oy 5.74 and of C-1" at d¢ 108.7, in addition to doublet signal at oy 1.50 (d, /= 6.3
Hz) of H-6' in "H NMR spectrum as observed in calactinic methyl ester recently isolated
from this plant™' and also from Asclepias curassavica *>. The 'H and >C NMR signals
for a methoxy group of the ester function was however missing. Compound 2.2 was thus
elucidated as calactinic acid. The 'H and >C NMR spectroscopic data are shown in Table
2.2.

Compound 2.3 was obtained as a solid, mp. 226-228 °C, and the HR-ESI-MS
spectrum indicated molecular formula of C,3H3,07. FT-IR spectrum indicated absorption
maxima for a hydroxyl (3401 cm™) and o, —unsaturated-y-lactone (1738, 1623 cm™)
functional groups. °C 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. 'H and ?C NMR spectra
showed characteristic signals of an a,f-unsaturated-y-lactone moiety commonly found in
cardenolide (Jy 6.13 assignable to H-22, dy 5.30, 5.03 to H»-21 and ¢ 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 oy
0.83 (assigned for CH3-18) showed heteronuclear multiple bond coherence (HMBC)
correlations with *C NMR signals at dc 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 oy 2.97
and 1.34) and C-2, C-3, C-5, C-10 and C-19 (at dc 73.3, 76.1, 43.5, 53.4 and 209.5,
respectively), in addition to 'H-'H correlation spectroscopy (COSY) cross-peaks between
H-2 (6n 4.08)/H-1 and H-3 (dn 3.90). Vicinal coupling constants, Ji,» of 11.5 Hz, J, 3 of
8.9 Hz and J3 4, of 11.3 Hz, were used as evidences for the assignment of orientations of
2-OH and 3-OH groups as o~ and /-, respectively. Placement of the third hydroxyl group
at C-15 was revealed from 'H-'H COSY cross-peaks between H»-16 (oi 2.75, 1.97)/H-15
(0 4.75) and H-17(0y 2.69), as well as HMBC correlations between H-17/C-15(d¢ 72.6),
C-16 (6¢ 37.9) and C-21 (6¢ 74.3). The OH-15 was proposed to have S-orientation based
on the nuclear overhauser effect spectroscopy (NOESY) spectrum which revealed cross-
peaks between H-15/H-7 and H-17. The J;s,16 value of 8.0 Hz is also consistent to those
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values reported in the 154-hydroxycardenolide analogs.** %> Compound 2.3 was thus
proposed as 20,15f-dihydroxy-19-oxo-uzarigenin. Full assignment of 'H and >C 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-2a, 10,15p- trihydroxyuzarigenin (2.3a), and
19-nor-10-hydroperoxy-2a, 154-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,”®*” but no 'H and '*C NMR spectroscopic
evidences of the 10-hydroperoxide derivative were reported. In this study we include full
assignment of the 'H and *C NMR spectroscopic data of these two transformed products.
The *C NMR resonance of C-10 with hydroperoxyl group of 2.3b was notably found at
less shielded position (dc 82.9) than that of the corresponding C-10 with a hydroxyl
group (Jc 72.8) of 2.3a.**

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 ¢, funsaturated- y-lactone at1743 and1653 cm™ . The
HRESIMS suggested a molecular formula of C,3H3,0¢ as indicated from the [M + Na]+
ion at 427.2110 (calcd for Cy3H3,06Na, 427.2088).

The C NMR spectrum exhibited twenty three carbon signals comprising one
methyl, nine methylenes, eight methines including two oxymethines and one formyl (¢
209. 38), and five quaternary carbons including one carbonyl carbon at & 175.31. The 'H
NMR spectrum showed a singlet signal at &y 10.20 attributable to an aldehyde proton and
signal at oy 6.51 (s) assigned for an olefinic proton. The two sets of less shielded doublet
signals at oy 5.29 and 5.05 (both as d, J = 18.2 Hz) could be assigned to the non-
equivalent oxymethylene protons (H»-21) connecting to an electron withdrawing group,
CO-CH=C-CH,-0, as reported in an «,f-unsaturated-j-lactone moiety of a cardenolide
nucleus.” The 'H-"H COSY spectrum which indicated cross-peaks between signal at &; 6.51
(assigned to H-22) and a doublet of doublet signal at oy 2.79 (H-17), in addition to the
important long-range 'H-">C correlations from the HMBC spectrum between H-17/ C-
20 (oc 176.55), C-21 (& 74.23), and C-22 (oc 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 (64 84.61) and H-18 (oy 0.92)/C-14. The presence of two hydroxyl groups at C-2
and C-3 was evident from HMBC correlations between H-1 (g 2.97)/C-2 (& 73.39), C-3
(& 76.14), C-5 (& 43.56), C-10 (& 53.31) and C-19 (& 209.38), in addition to 'H-'H COSY
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cross-peaks between H-2 (o 4.05)/H-1 and H-2/H-3 (dy 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 « and f3, respectively.”*

The use of 2D experiments and related literature data>~ led to the assignment of 'H and
BC 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.*"

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™ of a hydroxyl and ester
function, respectively. It was assigned the molecular formula of C,3H340s5, as deduced
from the HRESIMS.

The *C NMR spectrum showed twenty three carbon signals comprising one methyl,
ten methylenes, seven methines and five quaternary carbons. The'H NMR spectrum showed
signals for a, f-unsaturated-j~lactone moiety at &y 4.93 and 4.73 (both as dd, J = 1.4, 18.1
Hz, H,-21) and & 5.79 (s) for H-22. The important long-range 'H-">C HMBC correlations
between H-22/C-17 (& 50.86), C-20 (6c 175.79) and C-23 (&c 175.43) implied that the C-20
of butanolide ring joined to C-17. The oxymethylene signals at oy 3.63, 3.75 and oc
59.18 were assigned for -CH,OH group at C-10 based on HMBC correlations between H-
1 (o 0.68,2.78)/C-3 (& 70.48), C-19 (¢ 59.18).

The use of 2D NMR experiments and related literature data led to the assignment of 'H
and "°C resonances of compound 2.5 as shown in Table 2.5. The structure of compound
2.5 was thus proposed as coroglaucigenin.>*
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Compound 2.6 was obtained as white solid, its IR spectrum displayed
absorption band for OH and C=0 groups at 3351 and 1695 cm’, respectively. It was
assigned the molecular formula of C;gH3,0s as deduced from the HRESIMS ([M + Na]" ion
m/z 351.2147, calcd for Ci3H3,NaOs, 351.2139).

The “C NMR spectrum showed methyl carbon signal at & 14.02, several methylene
carbon signals from &c 20.58 to 36.74, four olefinic carbons at & 124.40, 129.54, 134.31 and
135.62 and a carboxyl carbon at oc 176.96. Three oxygenated carbons at &c 71.61, 74.34
and 74.27, corresponded to oxymethine protons at oy 4.01 (dd, J= 6.1, 12.1 Hz), 61 3.89 (4,
J=5.7Hz) and &y 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;-CH,-CH=CH-CH,-CH(OH)-CH(OH)-CH=CH-CH(OH)-
CH,-fragment. Considering the molecular weight of compound 2.6 and the number of CH;
groups displayed in >C NMR spectrum, this fragment should be separated from the terminal
carboxyl group by a {CH,)- 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 oy 5.69 (dd, J = 5.8, 15.7 Hz) and oy 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 o 1.97 of the allylic C-17.

The use of 2D experiments and related literature data led to the assignment of 'H and
BC 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.*®

OH OH O
15

T 13 \10 . 1 OH
OH

2.6

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 Cy9H400;9 (HRESIMS).

The *C 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 'H and 3C NMR spectra of 2.7 showed signals
at oy 4.73 and 4.81 (d, J = 18.3 Hz, H,-21), oc 74.29 (C-21) and signals at oy 5.86 (s, H-22),
oc 175.65 (C-22) of an o, f~unsaturated- y~lactone moiety. The aldehyde group attached to
C-10 was observed as singlet at & 9.91(J& 207.9). The '"H-'"H COSY cross-peaks between
H-2 (ou 3.80)/ H-1 (oy 2.38, 1.05) and H-3 (oy 3.88), as well as the HMBC correlations
between H-1/C-19 (6 207.9), C-2 (oc 68.9) and C-3 (¢ 71.8) indicated the presence of two
OH groups at C-2 and C-3. The doublet signal at &; 1.20 (Hs-6") which showed 'H-'"H COSY
correlations to multiplet at oy 3.54 (H-5") as well as correlations between H-5/H-4" (o
1.73, 1.49) and H-4'/H-3' (&4 3.59) indicated the presence of 4,6-dideoxyhexosulose moiety.
The arrangement of H-3" as c-orientation was based on Jy 4 value of 6.8 Hz which is
closed to value reported for this proton of related compound.** Attachment of C-1' to
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C-3 oxygen atom was observed from the *J '"H-">C correlation between H-1'(8 4.45 ) /C-
3. The oxymethine signal at & 4.39 was assigned for H-16 due to the 'H-"H COSY cross-
peaks between H-16 (o4 4.39)/ H-17 (o4 2.49), as well as HMBC correlations between H-
17/C-14 (6 84.41), C-16 (ou 76.12). The orientation of OH-16 as « could be seen from the
Ji6, 17 of 4.5 Hz which is in good agreement with value reported in 16-hydroxycalotropin,
previously isolated from Asclepias curassavica.™*

The use of 2D experiments and related literature data®? led to the assignment
of 'H and "C chemical shifts. Compound 2.7 was thus proposed as 16a-hydroxycalactin.
Full assignment of 'H and '*C NMR data was as shown in Table 2.7.

Compound 2.8 was obtained as white solid, mp. 230-232 °C. The FTIR spectrum
revealed the presence of a hydroxyl (3430 cm™) and C=0 (1741 cm™) group. It showed
dark quenching spot under UV 254 light. Its molecular formula of C3;oH4,0;; was
deduced from the HRESIMS which showed a [M + Na]" ion with m/z 601.2625 (calcd for
C30H42011Na, 6012613)

The C NMR spectrum showed the presence of thirty carbons including three
methyls, nine methylenes, nine methines, seven quaternary carbons including three carbonyl
at & 207.81, 173.38, 171.61, respectively. The 'H and’C NMR spectra signals for a,
unsaturated- j<lactone moiety were observed at oy 4.72, 4.86 (both as d, J = 18.1 Hz)
assignable to H,-21 and at &3 5.92 (s) to H-22. The aldehyde proton was observed as singlet
at 81 9.91 (s). The 'H-"H COSY cross-peaks between H-2 (& 3.37)/H-3 (&4 3.23), H-1 (&4
2.56, 0.91) as well as HMBC correlations between H-1/C-2 (&¢c 70.31), C-3 (Jc 85.12) and
C-10 (¢ 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 oy 4.84 (s, H-1")
and & 108.62 (C-1') as well as the "H-"H COSY correlations between H-5'/H-4'(&; 2.20,
2.09) and H-6"(on 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, oy 3.69 , and oc 171.61, 52.42) was placed at C-2'" as reported in
calactinic acid methyl ester.”" ** The oxymethine proton at &; 4.47 which showed cross-
peak with H-17 at &; 2.51 (d, J = 4.3 Hz) in the 'H-'H COSY spectrum disclosed the
presence of 16-hydroxyl group. The Ji6 17 value of 4.3 Hz, which is closed to the values
reported in 16a-hydroxycalotropagenin®’, and 2.7 indicated an a-oriented OH-16 group.

32



Compound 2.8 could thus be concluded as being 16a-hydroxycalactinic acid methyl
ester. Full assignment of 'H and "*C chemical shifts was obtained using 2D spectroscopic
data (Table 2.8).

2.8

Compound 2.9 was obtained as a white solid, mp. 138-140 °C. The FTIR spectrum
showed hydroxyl group at 3401 cm™and C=0 absorption band at 1739 ¢cm™ thus indicated
the presence of ¢, f-unsaturated-j-lactone. Compound 2.9 was assigned the molecular
formula of Cs;sHs0O;; (HRESIMS, gave [M + Na]+ 1on at m/z 705.3252, calcd for CsgHs
O1:Na, 705.3237).

The 'H and ">C NMR signals for ¢, S-unsaturated- »-lactone moiety was detected at
ou4.74 and 4.92 (both as dd, J = 18.3, 1.5 Hz) assignable for H,-21 and & 5.78 (s) for H-22.
The HMBC spectrum showed that H3-18 (g 0.75) correlated with C-12 (& 39.68, CHy),
C-17 (6 50.77, CH), C-13 (¢ 48.84, qC) and C-14 (o¢ 85.00, qC). The HMBC spectrum
showed correlations of H3-19 (0 0.66) to C-1 (oc 37.04, qC), C-10 (o 35.72, qC), C-5 (oc
44.27, CH) and C-9 (& 48.84, CH). The 'H and *C NMR chemical shifts at &; 3.56 and
oc 78.8 revealed an oxymethine group most probable at position C-3. The presence an E-
p-substituted cinnamoyl group was implied from the '"H NMR doublets at &; 7.53 and
6.20 (both 1H d, J = 15.9 Hz) and doublet signals at & 7.32 and 6.74 (both 2H d, J = 8.7
Hz). A glucosyl moiety was suggested by the presence of characteristic 'H NMR signals of
an anomeric proton, H-1', at oy 4.29 (d, J = 7.7 Hz), H,-6'at oy 4.40 (dd, J = 6.0, 12.0
Hz), 434 (dd, J = 2.0, 12. 0 Hz) and overlapped signals of H-2'-H-5" between &y 3.22-3.44.
The large Jy» coupling constant indicated the /8 -D-glucopyranosyl ring.*' The HMBC
cross-peak between H-1'/C-3 (oc 78.67) indicated a C-3-O-C-1' linkage. The long-range
HMBC correlation between H,-6' and a carbonyl carbon signal at & 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 'H and
13C chemical shifts as shown in Table 2.9. Compound 2.9 was concluded to be 6-O-(E-4-
hydroxycinnamoyl) desglucouzarin.*”
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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™ of a hydroxyl and ester function, respectively. The
'H NMR signals at & 4.93, 4.75 (both as d, J = 18.3 Hz) and & 5.79 (s) indicated the
presence of an ¢, f-unsaturated-j-lactone. Its molecular formula was assigned Cy9Ha40O9 as
deduced from the HRESIMS. (m/z 559.2878, calcd for C9Haq O9Na, 559.3051).

The presence of 6-deoxyallose with a Slinkage was deduced from 'H and "°C
NMR and 'H-"H COSY spectra. The 'H-"H COSY spectrum showed correlations between
H-2" (611 3.25)/H-1" (¢4 4.63) and H-3' (011 4.02), and between H-4' (61 3.14)/ H-3'and H-5 '(on
3.60,). The 'H and C NMR data for the aglycone moiety were almost identical with those
reported for compound 2.5 except at C-3 where a glycosylation shift (d; 3.60, H-3) was
observed.>'’ All the vicinal protons in the sugar unit were mutually coupled, as
indicated by the "H-"H COSY spectrum, and the magnitude of the vicinal coupling constants
between protons (Ji > = 7.9 Hz; Jy 3 =29 Hz; Jy 4 =29 Hz; Jy 5 = 9.5 Hz and Js ¢ = 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 oy 4.63 due to a 1, 3 diaxial
deshielding effect by an axial 3’ f-hydroxyl group.”'"*'? 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 AD-glycopyranose.'!*"3

The HMBC cross-peak between H-1" and C-3 (o 77.3) indicated C-1" of the sugar
moiety attached to C-3 by a C-O-C linkage. The methyl group signals at oy 0.82, oc 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 o 3.60 and 3.70 (both as d, /= 11.8 Hz), & 59.4 was
assigned for C-19 due to the HMBC correlations between H-1(dy 2.16)/C-3 and C-19 (o
59.4).

The use of 2D experiments and related literature data led to the assignment of
'H and "C resonances of compound 2.10 as shown in Table 2.10. This compound was
identified as frugoside.”'°

34



2.10

Compound 2.11 was obtained as white solid, mp. 290-294 °C. The molecular
formula of CooH400;; was deduced from the HRESIMS (a [M + Na]" ion m/z 587.2463,
calcd for C29H40 OnNa, 5872457)

The °C NMR spectrum showed the presence of twenty nine carbons comprising
two methyls, nine methylenes, eleven methines, seven quaternary carbons including two
carbonyls at & 175.48, 175.48, respectively. The 'H NMR shifts of the ¢, funsaturated-
lactone moiety were observed at oy 5.29 (d, J= 18.4 Hz) and 5.04 (d, J = 18.0 Hz) assigned
for H,-21 and signal at &y 6.14 (s) for H-22. The aldehyde proton was observed as singlet at
8110.10 (s). The 'H-"H COSY cross-peaks between H-15 (& 4.74)/H-16 (& 1.90, 2.68) and
H-16/H-17 (61 2.68) were detected. The 15-oxymethine proton resonated as a triplet at oy
4.74 with J value of 7.5 Hz indicating OH-15 as S-oriented (similar to that of 2.3). The
dideoxyfuranosyl moiety was detected from signals of a dioxygenated methine group at oy
5.65 (s, H-1") and oc 107.64 (H-1'), in addition to a doublet signal at oy 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.>" ** Compound 2.11 was thus elucidated as 154
hydroxycalactinic acid. The 'H and >C NMR data of 2.11 are as shown in Table 2.11.

211

Compound 2.12 was afforded as a white solid, mp. 254-256 °C. It was assigned the
molecular formula of Cy3H34O¢, as deduced from the HRESIMS ([M + Na]+ ion m/z
429.2260, caled for Co3Hizs OgNa, 429.2244).
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The “C 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 'H NMR
spectrum showed signals for an ¢, f~unsaturated- j-lactone moiety at oy 5.13 and 5.26 (both as
d, J = 18.1 Hz) assignable for H,-21 and at oy 6.29 (s) for H-22. The oxymethylene
signals at 05 4.08, 4.18 (both d, J =11.4 Hz) and & 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 (& 32.7), C-5 (oc 45.5), C-9 (o 47.7), C-10 (oc
39.9). A placement of the hydroxyl group at C-12 (o&c 75.3) was revealed from HMBC
correlations between H-17 (&4 3.79)/C-12 and C-18 (Jc 10.6). The orientation of H-12 (du
3.67) as f could be deduced from the J-values of the doublet of double signal at oy 3.67
(dd, J=5.1, 10.5 Hz) as previously reported in the 12-coroglaucigenin.**

The use of 2D experiments and related literature data led to the assignment of
'H and "C resonances of compound 2.12 as shown in Table 16. This compound was thus
proposed as 12 #-coroglaucigenin.**

Compound 2.13 was obtained as a white solid, mp = 264-266°C. The molecular
formula of Cy9H4001¢ was deduced from the HRESIMS which showed a [MJrNa]+ ion at
m/z 571.2509 (calcd for C9H49NaOj, 571.2508).

The C 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 '"H NMR spectrum showed signals for
o, funsaturated-y-lactone moiety at oy 5.04 (d, J = 18.2 Hz) and 5.29 (d, J = 18.2 Hz)
assigned for H»-21 and 6.14 (s) for H-22, in addition an aldehyde proton at oy 10.10 (s).
Proton signal at oy 2.61, assignated for H-1a, showed HMBC correlations with carbon
signals at o¢ 208.71, 69.97 and 72.76, and also exhibited "H-"H cosy cross-peaks with
signals at oy 1.17 assigned for (H-1b) and 4.60 for (H-2). Multiplet at &y 4.60 and doublet
of triplet at oy 4.37 (J = 10.7, 4.2 Hz) which showed 'H-'"H 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 (Jdy 5.55 (s), H-1") and
doublet signal at oy 1.73. The 'H-'"H CcOSY cross-peaks between H3-6" (g 1.73)/H-5" (du
4.05), H-5'/ H-4' (on 4.28) and H-4'/ H-3' (o 4.52) were also observed. The key HMBC
correlations between H-1'/C-3 (& 72.60) and H-2/C-2'(dc 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 'H and "C chemical shifts (Table 2.13). Compound 2.13 was concluded to be
calotoxin, which was previously obtained from latex and leaves of this plant.*'"*!7

Compound 2.14 was afforded as yellow sticky oil. The FTIR spectrum showed
absorption bands of a hydroxyl (3417 cm™) and a carbonyl (1732 cm™) group.

The *C NMR spectrum showed the presence of six carbons including one methyl,
three methylene, and two quaternary carbons. The 'H-"H COSY spectrum showed cross-
peaks between &y 1.88 (H-4)/H-5 (& 4.31, &y 4.57) and H-4/H-2 (1 2.49, 6 2.63). The
HMBC spectrum indicated important correlations between H-5/C-4 (6¢ 35.9), C-3 (¢ 68.1),
C-1 (0c 170.6), as well as between H-2/C-6 (¢ 29.8) and C-4 (oc 35.9).

Compound 2.14 was concluded to be mevalonalactone. The use of 2D
experiments and related literature data™'* led to the assignment of "H and ’C resonances
of compound 2.14 (Table 2.14). The specific rotation (ap) value of —6.67 (¢ 0.36, CHCls) is
consistent to the value reported for R-(—)- isomer.>'
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Table 2.1 'H and *C NMR Spectroscopic Data of 2.1 (in CsDsN)

Position &4 (Jin Hz) éc mult HMBC
1 2.95dd (12.8,4.5), 40.5 CH; C-2,3,5,6,
1.24 m 9,10.19
2 4.03ddd (11.5,9.7, 73.3 CH C-1,3
4.6)
3 3.94ddd (10.8,9.2, 76.1 CH C-1,2,4
4.6)
4 2.02 brd (13.1), 1.67 38.1 CH» C-2,3,5,6,
ddd (14.3, 13.3, 10
11.7)
5 1.45a 43.4 CH C-7
6 1.49, 1.21 28.2 CH, C-7,10
7 2.51,1.93 28.4 CH, 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 CH, C-8,13
12 1.93, 1.63 40.5 CH, C-11, 14, 17,
18
13 ; 49.5 qC
14 ; 84.7 qC
15 2.45dd (13.1,8.5), 42.3CH; C-13, 14, 16,
2.56 dd (13.4, 7.8) 17
16 5.09 obs dd (8.1, 76.9 CH C-13, 15,17
4.4)
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 522d(18.1),5.07 74.7 CH, C-17,22,23
d (18.3)
22 6.27 s 118.2 CH C-13,17, 21,
23
23 ; 174.9 qC
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Table 2.2 'H and >C NMR Spectroscopic Data of 2.2 (in CsDsN).

Position du(J in Hz) oc mult HMBC
1 1.22%,2.91 dd (4.83, 39.7 CH, C-2,3,6,9,
12.84) 10, 19
2 3.91ddd (4.9,8.64, 71.1CH C-1,3
11.21)
3 3.89ddd (10.9, 8.6, 84.3 CH C-2,4,5,1I”
4.7)
4 1.43 34.7 CH, C-2,3,5,6
5 1.25 48.7 CH C-3,6,9,10
6 2.44 dt (10.3, 2.4), 27.9 CH, C-3,5,7,8
1.32
7 1.29, 1.63 22.4 CH, C4,5,8
8 1.78 42.7 CH C-1,5,6,9,
14
9 1.22¢ 429 CH C-5,8, 10,
11, 14
10 ; 52.5qC
11 1.72,1.22 28.1 CH, C-8,9
12 1.32,1.19 39.3 CH, C-9, 13, 14,
18
13 - 50.0 qC
14 . 84.3 qC
15 1.96, 1.83 32.5 CH, C-13, 14, 16,
17,20
16 2.07,2.01 27.3 CH, C-13, 14, 15,
17,20
17 2.74 dd (9.0, 4.6) 51.3CH C-12, 13, 14,
15, 16, 20,
21,22
18 0.89s 16.0 CH3 C-12, 13, 14,
17
19 10.00 s 208.6 CH C-1,9, 10
20 ] 176.1 qC
21 5.25d(18.2),5.01d 73.9 CH, C-17, 20,
(18.0) 22,23
22 6.15s 117.9 CH C-17,21, 23
23 ] 174.5 qC
I 5.74 108.7 CH C3,4,%
2 - 85.8 qC
3" . 174.8 qC
4' 2.87dd (12.9,5.8), 41.8 CH; C-1’,2.3,
2.58 dd (13.0, 9.8) 5.6
5! 4.88 dt (9.8, 5.8) 76.9 CH c-r,4
6’ 1.50d (6.3) 22.9 CH3 c4,5
“Overlapping signals
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Table 2.3. 'H and *C NMR Spectroscopic Data of 2.3, 2.3a and 2.3b (in CsDsN).

Position Jy 2.3 oy 2.3a Su 2.3b 5c 2.3 5c 2.3a 5c 2.3b
1 2.97dd (12.8,  2.80dd (13.1, 3.43dd (13.4, 40.6CH, 442CH, 39.3CH,

4.8),1.34 4.8),1.53 dd 4.6), 1.49

(12.7, 11.8)

2 4.08ddd (11.5, 4.53ddd (11.5,  4.56 ddd 733CH  733CH 733 CH

8.9, 4.8) 9.0, 4.9) (11.3,9.3,

4.7

3 3.90ddd (11.3, 3.97 ddd (11.3, 3.95 ddd 76.1CH  763CH  76.1 CH

8.9, 4.8) 9.1, 4.8) (11.3,9.1,

4.7

4 1.95,1.62ddd  2.20dd (12.1, 2.10dt(12.2, 385CH, 364CH, 37.2CH,

(12.8,11.3, 11.9),1.90 11.8), 1.88

11.3)
5 1.91 1.40 1.56 435CH 443CH 44.6CH
6 2.00, 1.49 1.47 1.68, 1.34 28.6CH, 28.7CH, 28.4CH,
7 2.40, 1.90 2.31,1.80 2.33,1.82 272CH, 26.7CH, 27.0CH,
8 2.48 2.28 2.41 428CH 411CH 41.6CH
9 1.43 1.39 1.45 484CH 495CH  48.8CH
10 - - - 534qC  728qC  829qC
11 1.70, 1.21 1.72 2.48,1.90° 226CH, 728CH, 82.9CH,
12 1.63, 1.30 1.39% 1.35 382CH, 213CH, 23.0CH,
13 - - 49.1qC  387qC  39.2qC
14 OH-145.30 - - 819qC  38.7qC  39.2qC
15 4.75 t (8.0) 477 t(7.7) 471(7.3) 726CH  49.1CH 493 CH
16 2.75,1.97 2.677,1.94 26771929 379CH, 819CH, 822CH,
17 2.69 2.66" 2.667 494CH 732 CH 73.2CH
18 0.83 s 0.98 s 1.04 s 169CH; 38.0CH; 38.1 CH;
19 1020 s - ; 209.5CH - -
20 - - - 1758 qC 483 qC 175.8 qC
21 530dd (183,  5.33d(18.6), 530",496d 743CH, 17.0CH, 74.1CH,

1.7),5.03dd  5.01dd (18.2, (18.2)

(183, 1.7) 1.5)
22 6.13 s 6.10 s 6.06s 1183 CH 118.1CH 118.1 CH
23 - - - 1752qC  1748qC  174.8qC
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Table 2.4. 'H and °C NMR Spectroscopic Data of 2.4 (in CsDsN).

Position &y (J in Hz) oc mult HMBC
1 2.97dd (4.6, 12.9) 40.5 CH; C-2,3,5,10,19
1.40 m

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 CH; C-2,3,5,6,10

5 1.47 m 43.6 CH C-6, 10, 19

6 2.52m, 1.50 m 28.2 CH; C-5,7,8

7 1.91m, 1.31 m 28.5 CH; C-6,8,9, 14

8 1.87 m 429 CH C-7,9, 14

9 1.26 m 49.0 CH C-7,8,9, 11

10 - 53.3qC -

11 1.70 m, 1.34 m 22.7 CHy C-8,9,10

12 1.28 m 39.5 CH, C-11, 13, 14, 18

13 - 50.2 qC -

14 - 84.6 qC -

15 1.96 m, 2.00 m 32.7 CHy C-13, 14, 16, 17

16 2.11m, 2.0l m 27.4 CHy C-13, 14, 15, 17

17 2.79dd (4.1,9.4) 51.4 CH C-12, 13, 14, 16,
20,21, 22

18 0.92s 16.2 CH3 C-12,13, 14,17

19 10.20 s 209.4 CH C-1

20 - 176.6 qC -

21 5.05d(18.2) 74.2 CH, C-17, 20, 21, 22,

5.29d(18.2) 23
22 6.51s 117.9 CH C-17, 20, 21, 23
23 - 175.3 qC -
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Table 2.5 'H, *C NMR Spectroscopic Data of 2.5 (in CDCl;-CD;OD, 30:1)

Position ou (Jin Hz) oc mult HMBC

1 0.68td (3.6, 13.7) 31.4 CH, C-2,3,5,9,10,19
2.78 dt (3.6, 13.5)

2 1.33m, 1.79 m 31.2 CH; C-1,3,4,9

3 3.53m 70.5 CH -

4 1.30 m, 1.56 m 37.8 CH; C-2,3,5,6,10

5 0.88 m 49.9 CH C-7,19

6 1.03m, 1.26 m 28.0 CH; C-7,8,9,10

7 1.54m, 1.48 m 22.7 CH; C-5,8

8 1.59 m 419 CH C-7,13,14

9 1.03 m 44.4 CH C-10, 19

10 - 39.1qC -

11 1.11m, 1.93 m 26.9 CH, C-9, 10, 13

12 1.23m, 1.4l m 40.3 CH C-8,9,13,14,18

13 - 49.8 qC -

14 - 85.3qC -

15 1.61 m, 1.99 m 32.6 CH, C-13, 14, 16, 17

16 1.74 m, 2.08 m 27.3 CH; C-13,15,17,20

17 2.65dd (5.4,9.5) 50.9 CH C-12, 13, 16, 20, 21,

22

18 0.83s 15.7 CH3 C-12,13, 14,17

19 3.63d(11.9) 59.2 CH, C-1,5,9,10
3.75d (11.9)

20 - 175.8 qC -

21 4.73 dd (1.4, 18.1) 73.8 CH, C-20, 22,23
493 dd (1.4, 18.1)

22 579s 117.2 CH C-17, 20, 21, 23

23 - 175.4 qC -
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Table 2.6. 'H, C NMR Spectroscopic Data of 2.6 (in CDCl;-CDsOD, 30:1)

position & (J in Hz) oc mult HMBC

1 - 177.0 qC -

2 1.97 t (7.20)" 34.0 CH, C-1,3,4,5

3 1.51t(6.92) 24.7 CH, C-1,2,5

4 1.23 brs’ 29.0° CH, C-2,3,5,6

5 1.23 brs’ 28.8° CH, C-3,4,6,7

6 1.23 brs’ 28.7° CH, C-4,5,7,8

7 1.23 brs” 25.0° CH, C-5,6,8

8 1.42 brs” 36.7 CH, C-7,9, 10

9 4.01dd (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 3.89t(5.7) 743 CH C-10, 11, 13, 14
13 3.41dt(5.1,7.8) 743 CH C-11, 12, 14, 15
14 2.12 quintet (7.5), 2.26*  30.7 CH, C-12,13,15,16, 17
15 532m 124.4 CH C-13, 14, 16, 17
16 543 m 1343 CH C-13, 14,17, 18
17 1.97 quintet (7.4) 20.6 CH, C-14, 15, 16, 18
18 0.88 t (7.5) 14.0 CH; C-16, 17

““Methylene envelope. “Overlapping signals



Table 2.7. 'H and *C NMR Spectroscopic Data of 2.7

position ou (Jin Hz) oc mult HMBC

1 2.38 dd (4.4, 12.6) 358CH, C-2,3,5,9,10,19
1.05t(12.2)

2 3.80 td (4.4, 10.3) 689CH C-3

3 3.88 ddd (4.2, 10.1, 71.8CH  C-2
11.7)

4 1.68 m, 1.34 m 33.1CH, C-2,3,5,9

5 1.45m 432CH -

6 2.11m, 1.85m 274CH, C-8

7 1.62 m 275CH, C-9

8 1.45m 42.1CH C-14

9 1.29 m 484CH C-5

10 - 527qC -

11 1.65 m 220CH, C-10,13

12 1.55 399CH, C-9

13 - 48.7qC -

14 - 84.4qC -

15 1.99 dd (7.8, 13.4) 40.7CH, C-13, 14,16, 17
1.89 dd (8.7, 13.3)

16 4.39td (8.1, 4.5) 761CH -

17 2.49 d (4.5) 60.5CH  C-12,13, 14, 16, 20, 22

18 0.69 s 156 CH;  C-12,13,14,17

19 9.91s 207.9CH C-1

20 - 173.2qC -

21 473 d (18.3) 743 CH, C-20,22
4.81d (18.3)

22 5.86s 1177CH  C-17,21,23

23 - 175.7qC -

I 445 95.6CH  (C-3,2

2/ - 912qC -

3/ 3.59" 728CH  C-1,2

4 1.73 dd (6.8, 11.0) 383CH, (C-2.3'
1.49°

5 3.54 68.1CH  C-I'

6’ 1.20 d (6.2) 208 CH; (C-4,5

“P Overlapping signals
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Table 2.8. 'H and °C NMR Spectroscopic Data of 2.8

position ou(J in Hz) oc mult HMBC

1 2.51dd (13.2,5.0), 37.8 CH; C-2,3,5,9,19
0.91t (12.4)

2 3.38 70.3 CH

3 3.30 85.1 CH

4 1.52,1.14 34.2 CH,

5 1.28 42.5 CH

6 2.10 27.2 CH,

7 1.70, 1.19 29.6 CH,

8 1.41dt(12.1,2.9)  42.0CH

9 1.22 48.1 CH

10 - 51.9 qC

11 1.78, 1.52 27.5 CH,

12 1.57 40.1 CH,

13 . 48.7qC

14 - 84.3 qC

15 1.87, 1.50 40.6 CH, C-13,17

16 4.43° 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 4.85d(18.2), 74.3 CH, C-20, 22
472 d (18.2)

22 5.88s 117.6 CH C-17,20, 21,23

23 . 173.0 qC

I 4.84 s 108.6 CH C-2,3,4,5'

2 ; 84.2 qC

3" - 171.6 qC

4' 2.23dd (13.1, 10.1), 39.9 CH, C-1,5,6
2.04dd (133, 5.7)

5 4.43° 76.2 CH

6 1.32d (6.2) 21.9 CH; c-4,5'

OMe 3.76 s 52.4 CH; C-3'

“ Overlapping signals
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Table 2.9. 'H and *C NMR Spectroscopic Data of 2.9

position oq (Jin Hz) oc mult HMBC

1 0.79 m, 1.56 m 37.0 CH, C-9,19

2 1.81 m, 1.86 m 28.5 CH, -

3 3.56m 78.7 CH C-1

4 1.54m, 1.60 m 34.1 CH; -

5 0.88 m 44.3 CH -

6 1.41m, 1.45m 29.6 CH; -

7 1.30 m 27.3 CH, -

8 1.45m 41.3 CH -

9 0.71 m 48.8 CH C-5,10

10 i 35.7 qC i

11 1.25m, 1.33 m 21.0 CH, -

12 1.36 m, 1.38 m 39.7 CH; -

13 - 48.8 C -

14 - 85.0 qC ;

15 1.22 m, 1.56 m 32.7 CH, C-14, 17

16 1.78 m, 1.91 m 26.9 CH, -

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 CH; C-1,5,9,10

20 - 175.5° qC -

21 4.74 dd (18.3, 1.5) 73.8 CH; C-20, 22
4.92 dd (18.3, 1.5)

22 5.78 s 117.3 CH C-20, 21,23

23 - 175.5° qC ]

I 4.29d (7.7) 100.9 CH C-3

2 322m 73.4 CH C-1, 3’

3 3.35m 76.4 CH C-3.5'

4' 330m 70.4 CH C-3"5'

5 3.44m 73.9 CH Cc-2' 4

6 4.34dd (12.0,2.0) 63.5 CH; Cc-9”
4.40 dd (12.0, 6.0)

1 i 156.7 qC i

2" 7.32d(8.7) 130.0 CH c-4",6",7"

3" 6.74 d (8.7) 115.9 CH c-4" 5"

4" i 159.4 qC ]

5" 6.74 d (8.7) 115.9 CH C-3", 4"

6" 7.32d(8.7) 130.0 CH c-2",4" 7"

7" 7.53d (15.9) 145.5 CH C-17, 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. 'H, °C NMR Spectroscopic Data of 2.10 (in CDCl;-CD;0D, 30:1)

position &y (J in Hz) oc mult HMBC

1 0.67 dt (3.6, 13.5) 31.5 CH C-2,3,4,5,10,19
2.16dt (3.6, 13.5)

2 1.39m, 1.83 m 29.4 CH, C-1

3 3.60 m 77.3 CH C-1

4 1.31m, 1.63m 34.3 CH; C-2,3,5

5 1.09 m 442 CH C-10, 19

6 1.24m, 1.93 m 28.1 CH; C-7,8,10

7 1.00 m, 1.96 m 27.3 CH; 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 - 39.3qC -

11 1.14m, 1.47 m 22.6 CHy C-13

12 1.26 m, 1.44 m 40.3 CH» C-11, 13,14, 18

13 - 49.8 qC -

14 - 85.3qC -

15 1.55m, 2.01 m 32.6 CH, C-14, 16, 17

16 1.76 m, 2.06 m 26.9 CH; C-15,20

17 2.68 dd (5.3,9.2) 50.8 CH C-12, 13, 15, 16,

20,21, 22

18 0.82s 15.8 CH3 C-12, 14,17

19 3.60d (11.8) 59.4 CH, C-1,5,9,10
3.70d (11.8)

20 0.82s 175.8 qC -

21 4.93d(18.3) 73.8CH; C-20, 22
4.75d (18.3)

22 579s 117.2 CH C-17, 20, 21, 23

23 - 175.4 qC -

1’ 4.63d(7.9) 97.8 CH C-3,2, 5

2 3.25dd (2.9,7.9) 70.8 CH c-1,2,5

3 4.02t(2.9) 71.1 CH C-1, 5

4’ 3.14dd (2.9, 9.5) 72.7 CHy C-4,5,6

5' 3.60 dq (6.2, 9.5) 69.7 CH C-1,2,3,6

6' 1.19d (6.2) 17.6 CH; C-1,4,5
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Table 2.11. "H and °C NMR Spectroscopic Data of 2.11 (in CsDsN)

position & (Jin Hz) Oc mult HMBC
1 2.90m, 1.25 m 39.9 CH, C-2, 19
2 3.99 m 71.0 CH C-3
3 3.89m 81.9 CH C-2
4 1.99m, 1.31 m 33.8 CH, -
5 1.88 m 43.2 CH -
6 1.53m 28.52 CH, -
7 2.42m, 1.89 m 27.2 CH, -
8 2.48 m 42.8 CH -
9 1.27 m 48.5 CH C-7
10 - 52.9qC -
11 1.67m, 1.26 m 22.5 CH, -
12 1.32m 38.5 CH, -
13 - 49.1 qC -
14 - 82.0 qC -
15 474 1 (7.5) 72.7 CH -
16 2.68°,1.90 m 38.5 CH, C-14, 17
17 2.68" 49.4 CH -
18 0.92s 17.0 CH; C-13, 14, 15
19 10.10 s 209.7 CH C-1
20 5.29d (18.4) 176.1 qC -
5.04 d (18.0)
21 6.14 s 74.5 CH, C-20, 23
22 2.90, 1.25 118.3 CH C-17, 20, 21,23
23 - 175.5"qC -
I 5.65° 107.6 CH C-3
2! - Nd -
3/ - 175.5% qC -
4 1.88 43.0 CH, -
5 1.88 43.0 CH, -
6’ 1.53d (5.7) 23.1 CH; C-4,5

“> Overlapping signals
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Table 2.12 'H and *C NMR Spectroscopic Data of 2.12 (in CsDsN)

position & (J in Hz) oc mult HMBC

1 0.89td (3.2,13.1)  32.7“CH» C-2,3,5,10, 19
2.72d (13.1)

2 207m,221 m 33.0 CH; C-1,3

3 4.00 m 70.9 CH C-2,4,5

4 1.81 m, 1.93 m 39.6 CH, C-3,5,1

5 1.22m 45.5 CH C-4,10

6 244 m 29.0 CH, C-8

7 1.25 brs 28.6 CH, C-5

8 226 m 42.8 CH C-14

9 1.14 m 47.7 CH C-8,10,11, 19

10 - 39.9 qC -

11 238 m 32.7“ CH, C-8,9,12,13

12 3.67dd (10.5,5.1) 753 CH C-17,18

13 57.1qC

14 85.7qC

15 1.98 m 33.6 CH; C-13, 14, 16, 17

16 2.03m,2.16 m 28.0 CH, C-14, 15,20

17 3.79t(7.7) 46.8 CH C-12, 13, 14, 15, 16, 20,

21,22

18 1.29 s 10.6 CH; C-12,13, 14

19 4.08d(11.4) 59.2 CH, C-1,5,9,10
4.18d(11.4)

20 - 177.3 qC -

21 5.13d(18.12) 74.4 CH, C-20, 22,23
5.26d (18.12)

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

23 - 1753 qC -

“ Overlapping signals
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Table 2.13 'H and *C NMR Spectroscopic Data of 2.13 (in CsDsN)

position

1 1.17t (12.4) 36.8 CH, C-2,3,5,9,10,19
2.61 dd (12.4, 4.3)

2 4.60 m 70.0 CH C-1,3

3 437dt(10.7,42) 72.6 CH C-2,4

4 1.54m, 1.73m 34.26 CH, C-2,3,10

5 129 m 49.0 CH -

6 1.39m 28.2" CH, C-5,7
2.52.d (10.7)

7 1.32m, 1.62 m 22.6 CH, C-8

8 132 m 43.7 CH C-14

9 1.80 m 42.9 CH C-10

10 - 53.4 qC -

11 145m, 1.93 m 28.2°CcH, C-14

12 1.35m 39.4 CH, C-14, 18

13 - 50.1 qC -

14 - 84.5 qC -

15 2.00m,2.15m 32.7 CH, C-14, 16, 17

16 1.76 m, 2.06 m 27.4 CH, C-14

17 2.79dd (6.7,9.0)  51.4CH C-13, 14, 16, 20

18 0.90 s 16.2 CH; 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) 74.2 CH, C-20, 21,23
5.29d (18.2)

22 6.14 s 118.0 CH C-17,22

23 - 175.3 qC -

1 5.55s 95.5 CH C-3,2

2 - 94.1 qH -

3 45224 (3.0 75.5 CH C-1,2,3.4,5,'6

4' 428dd(2.6,8.7)  73.1CH C-1,2',3'.5. 6

5' 4.53" 70.4 CH C-4,6

6' 1.73d (6.2) 19.1 CH; C-1,4'5

“P Overlapping signals

Table 2.14 'H and °C NMR Spectroscopic Data of 2.14 in CDCl;

position &y (J in Hz) Ooc mult HMBC

1 - 170.6 qC -

2 249d(17.4) 44.7 CH, C-1,3,4,6

3 2.64dd (1.4,17.4) 68.1 qC -

4 1.88 m 35.9 CH, C-1,2,3,5,6

5 4.31ddd (4.8,9.2,11.3) 66.0 CH, C-1,3,4
4.57ddd (5.4,9.2,11.3)

6 1.36s 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 KB?* MCF 7° NCI-H187*
2.1 (16a-hydroxy inactive inactive Inactive
calotropagenin)

2.2 (calactinic acid) 17.15 (31.28) inactive Inactive

2.3 (2a,15p-dihydroxy-19-  inactive inactive® inactive®
0xo0-uzarigenin)

2.4 calotropagenin, 2.56 (6.33) 42.87 (106.06)  19.42 (48.04)
2.8 (160-hydroxy calactinic 0.94 (1.63) 46.61 (80.60) 5.74 (9.93)
acid methyl ester)

29 (6"-O-(E-4-hydroxy 11.81(17.30) inactive 39.56 (57.97)
cinnamoyl)desglucouzarin)

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

2.12 (12 -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)
ellipticine® 0.448 (1.82) - 0.684 (2.78)
doxorubicin® 0.249 (0.46) 0.57 (1.05) 0.035 (0.06)
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Part I11. Constituents and Bioactivity of
Jatropha integerrima

In continuation to our recent studies of biologically active compounds from
Jatropha integerrima Jacq. (Euphorbiaceae), ' 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, 14-hydroxy-108H-guaia-4, 11-dien-3-one (3.6),>” 4-
hydroxy-10-epirotundone (3.7),> citlalitrione (3.8),> stigmast-4-en-6f-ol-3-one (3.9),>°
jatropholone A (3.10),>” jatropholone B (3.11),*” caniojane,’*® and 1,11-bisepi-
caniojane®® 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 C,0H2403. The FTIR spectrum had absorption maxima indicating OH
(3225 cm™), carbonyl (1693 cm™) and aromatic (1595 cm™) groups. The presence of an
exocyclic methylene group was revealed by methylene proton signals at 6 5.17 and 4.63
(1H each), and *C NMR signals at 8 115.1 (CH,) and 135.3 (qC). The °C NMR signals
at 0 150.3 (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 oy 2.25 (s) and oc 13.3 (CHs) indicated a fully substituted
aromatic ring with one OH and one methyl substituent groups. Two mutually coupled
methine proton signals [0 1.55 (1H, d, J = 8.1 Hz) and 0.94] both showed HMBC
correlations to the carbon resonances of two quaternary methyl groups [628.1 (C-18) and
16.1 (C-19)], and to the aromatic carbon resonance at ¢ 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)*” also isolated in the present study. The differences
were a methyl proton singlet at oy 1.40 instead of a doublet at approximately oy 1.27, as
well as two sets of AB doublets (benzylic methylene protons) at dy 3.10 and 2.99 (both
with J = 16.3 Hz) instead of two sets of doublet of doublets at ca oy 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 'H, °C correlations were observed between &; 3.10 (H-1) and 1.40 (H-16) to
oc 207.1 (C-3). Thus, compound 3.1 was identified as 2-hydroxyjatropholone. Full
assignments of the 'H and "C NMR resonances (see Table 3.1) were based on 'H-'H
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 a-oriented 2-
OH group.
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R2 O H 18
HC
3.1 R; = CHg, R, = OH 3.4
3.2R; = OH, R, = CHj
3.10R; =CHs, R, =H N

3.11 Rl = H, R2 = CH3

Figure 3.1 ORTEP drawing of 3.1

Compound 3.2 was a colorless oil having molecular formula CyH2403
(HRESIMS). The FTIR, 'H and “C NMR spectra of 3.2 were similar to those of
compound 3.1. The difference in the "H NMR spectrum of 3.2 was the two benzylic
methylene protons (H»-1) found as an obscured triplet at oy 3.07 with coupling constant
of 17.1 Hz instead of AB doublets (Jy 3.10 and 2.99) as found in 3.1. Full assignments of

'H and “C NMR resonances are given in Table 3.1. Compound 3.2 was thus 2/
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 Cy0H»404 (HRESIMS). The FTIR spectrum indicated absorption maxima for OH
(3434 cm™), and conjugated carbonyl (1732 and 1651 cm™) groups. The *C 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 "H-"H COSY
spectrum indicated connectivity from H-7 (6 5.82) to H-9 (6 3.19) and from H-8 (J 2.60)
to H-12 (0 2.40 and 2.24). Two exocyclic double bonds were evident from 'H NMR
signals at 0 4.75 and 4.14, and °C NMR signals at J 148.1 (qC) and 108.3 (CH,), in
conjunction with the '"H NMR chemical shifts at § 4.84 and 4.80, and the °C NMR
resonances at 6 146.5 (qC) and 113.3 (CH,). 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.” The 3-OH group had a-orientation due to the presence of homoallylic coupling
between H-3 and H-9 (J = 1.6 Hz) as found in 2-epijatrogrossidione.”* The NOESY
spectrum showed a cross-peak between H-3/H3-19 implying that both H-3 and H3-19
were f—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 (C;sH2,0,). The IR spectrum
showed absorption maxima for OH (3435 cm™) and an a.f-unsaturated carbonyl (1688
and 1622 cm™) groups. The >C 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 'H-"H 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 J, 10 and Js7 values of ca 10 and 12 Hz, respectively, indicated that
H-1 and H-10 were both a-oriented, and that the isopropenyl group was S-oriented.” "
The "H and >C NMR assignments are as given in Table 3.2.

Compound 3.5 was isolated as a yellow solid. The HRESIMS indicated a
molecular formula C;sH,305 and the FTIR spectrum showed absorption maxima
consistent with conjugated carbonyl (1732 cm™) and olefinic (1614 and 983 cm™) groups.
The '"H NMR spectrum exhibited signals indicating an ¢, S-unsaturated carbonyl moiety
as two sets of doublets at 0 7.54 and 6.22, both with coupling constant of 9.4 Hz, as well
as °C NMR signals at d 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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OCH;/H-5" were detected in the NOESY spectrum. The guaiane sesquiterpene skeleton
was established from the 'H-"H COSY spectrum which indicated connectivity of an
oxymethine proton (H-2, 64.96) to H-3, and sequentially from H-6 to H3-14, in
combination to the long-range 'H, 1°C 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 'H-">C 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 Jg 7
value of ca 13 Hz which revealed that the dihedral angle between one of the H»-6 protons
and H-7 was close to 180°, thus indicating a S-oriented isopropenyl group.”'® 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 C;sH,,0, 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 104-hydroxy-guaia-3(4),12(13)-dien-2-one (or 15-hydroxy-104H-
guaia-4, 11—dien—3—one,3'3). 'H and C NMR chemical shifts are as shown in Table 3.3.

15
OH:=

’
11
12

3.6

Compound 3.7 was obtained as colorless oil, which gave dark spot under UV light
at 254 nm with [a] 15,-56.1582 (c 0.8850, CHCl5). It showed yellowish orange spot after
staining with anisaldehyde-sulfuric acid reagent. The molecular formula of C;sH,,0, 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-epirotundone®*). 'H and
3C 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

C0H260; as indicated from the [M + H]" ion at m/z 331.1912 with [a] 2%,-154.89 (c 0.09,

589
CHCls). It was identified as citlalitrione® based on 2D NMR techniques. Assignment of
'H and *C NMR chemical shifts are as indicated in Table 3.5.

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 C,9H430,. The 2D NMR spectra revealed compound 3.9 to be stigmast-
4-en-6f3-ol-3-one.>® Full assignment of 'H and '°C NMR data is as shown in Table 3.6.

29
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Table 3.1. 'H and *C NMR Spectroscopic Data of 3.1, 3.2 and 3.3 (CDCls, 6 ppm, mult.

positi 3.1 3.2 3.3
on 8H 8c 8}[ 5(; 5]—1 E)C
1 3.10d (16.3), 37.6,CH, 3.07t 37.2,CH, - 209.5, qC
2.99d (16.3) (17.1)
2 - 77.7, qC - 77.5,qC - 74.0, qC
3 - 207.1,qC - 206.1,qC  4.83t(1.6) 74.7, CH
4 - 1343,qC - 134.6,qC - 157.9, qC
5 - 1353,qC - 135.7,qC - 198.2, qC
6 - 146.0,qC - 144.4,qC - 142.0, qC
7 2.71ddd (15.0, 33.3,CH, 2.60 obs 334,CH, 5.82dq (5.2, 136.0, CH
6.3,2.3) dd (10.4, 1.6)
2.62 ddd (15.0, 4.7)
7.0, 5.0)
8 1.82 m, 21.4,CH, 1.81(ddd, 21.4,CH, 2.60ddd(12.3, 43.6,CH
0.80 m“ 10.0, 7.9, 12.3,5.2)
3.5)
0.87 m”
9 0.94 ddd 26.0,CH 093ddd 259,CH 3.19brd (12.3) 45.0,CH
(12.5, 8.1, 5.5) (11.1, 8.6,
3.9)
10 - 19.6, qC - 19.6, qC - 146.8, qC
11 1.55d (8.1) 283,CH 1.56d 283,CH - 148.1, qC
(8.3)
12 - 138.1,qC - 137.9,qC 2.40ddd (12.6, 36.5, CH;
4.4,2.7)
2.24 brdt (12.6,
4.5)
13 - 132.1,qC - 132.4,qC  1.89m 34.3, CH,
1.45 dt (12.9,
4.4)
14 - 150.3,qC - 150.1,qC  2.32dt(11.9, 51.9,CH
4.1)
15 - 129.7,qC - 128.7,qC - 146.5, qC
16 140 s 26.1,CH; 1.37s 25.7,CH; 4.84 brs 113.3,
4.80 brs CH,
17 5.17t(1.8) 115.1, 5.27d 116.2, 1.57s 18.6, CH;
4.63t(2.1) CH; (1.4) CH;
4.73 brs
18 1.22's 28.1,CH; 1.22s 28.1,CHs  4.75 brs 108.3,
4.14 brs CH,
19 0.80 s“ 16.1,CHs; 0.81s 16.2,CHs; 1.43s 24.0, CH;
20 225s 13.3,CH; 2.26s 13.4,CH; 1.84t(1.6) 18.7, CH;
“’Overlapped signals
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Table 3.2. "H and *C NMR Spectroscopic Data of 3.4 and 3.5 (CDCls, Sppm, mult. J in

Hz)
position 3.4 3.5
on dc on dc
1 2.16d (10.1) 67.2,CH - 90.8, qC
2 205.8,qC  4.96t(7.6) 73.7, CH
3 5.80's 128.7,CH  2.50brd (7.6) 39.4, CH,
4 - 177.6,qC - 136.3, qC
5 - 82.5, qC - 137.4,qC
6  1.92brd (14.1) 407,CH,  245brd(134)  29.8,CH,
1.37 dd (14.1, 11.8) 2.18t(12.7)
7 2.53dt(11.9,2.7) 41.1,CH 1.82¢ 49.6, CH
8 1.86 m, 1.37 brt (12.0) 36.3,CH,  1.82,1.46" 36.3, CH,
9 1.63 tt (12.1, 2.0), 1.56 35.2, CH; 1.46,>1.35 dd 32.5, CH;
obs ddt (12.5, 5.8, 1.7) (12.9,9.7)
10 1.76 obs ddq (10.3, 6.4, 343, CH 2.33dd (9.2,7.3) 42.3,CH
1.7)
1no- 150.8,qC - 150.4, qC
12 4.67 brs , 4.65 brs 109.1,CH, 4.71,4.68 108.9, CH,
13 1.68's 20.6, CH3 1.73 s 20.4, CH3
14 1.04 d (6.4) 23.8, CH;3 1.04d(7.2) 16.9, CH;
15 2.01s 12.8, CH; 1.64s 14.1, CH;
2! - 160.9, qC
3 6.22d (9.4) 113.2, CH
4' 7.54d(9.4) 143.7, CH
5! 6.44 s 100.4, CH
7' 129.1, qC
8 140.6, qC
9’ 140.0, qC
10’ 110.6, qC
-OCH; 3.85 (s) 56.4, CH;
“’Overlapped signals
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Table 3.3. 'H and *C NMR Spectroscopic Data of Compound 3.6 (CDCl3)

Position ou (ppm, J in Hz) oc (ppm) HMBC

1 2.26 (d, 18.1) 44.5 CH, C-2,3,4,9,10
242 (d, 18.2)

2 - 207.3 qC -

3 - 136.8 qC -

4 - 174.0 qC -

5 2.63 (d, 12.0) 31.3 CH; C-3,4,6,7,10, 12
241, 11.9)

6 1.93 (m)“ 49.2 CH C-5,7,8,12

7 1.83 (m), 1.46 (m) 36.0 CH, C-6,8,9,12

8 1.43 (m), 0.96 (m) 31.6 CH, C-6,7,15

9 1.94 (m)* 41.7 CH C-1,7,8, 15

10 - 81.8qC -

11 1.68 (s) 7.5 CH; C-2,3,4

12 - 149.5 qC -

13 4.75 (br d, 0.66) 109.6 CH, C-6,12, 14
4.73 (q, 1.5)

14 1.75 (s) 20.5 CH; C-6,12,13

15 1.07 (d, 7.0) 17.8 CH3 C-8,9,10

“Overlapping signals.
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Table 3.4. 'H and *C NMR Spectroscopic Data of Compound 3.7 (CDCls)

Position on oc HMBC

1 - 204.7 qC -

2 2.60 (d, 16.3) 51.5 CH, C-1,3,4,10,11, 15
2.46 (d, 16.1)

3 - 75.7 qC -

4 - 174.8 qC -

5 2.48 (m)* 28.3 CH, C-1,3,4,6,7,11,12

6 2.53 (m)"* 44.5 CH C-4,5,7,8, 12,13, 14

7 1.96 (dddd, 5.5,12.9, 289 CH,” C-5,6%,8",9,12
12.3, 13.4)
1.60 (m)

8 1.82 (dddd, 2.7, 5.7, 280 CH’  C-6,7,9,10,15
12.1, 13.5)

9 2.57 (m, W= 12.6) 28.3 CH C-1,4,7,8, 10, 15

10 - 145.4 qC -

11 1.40 (s) 26.5 CH; C-2,3,4

12 - 149.6 qC -

13 4.71 (obs t, 0.72) 109.6 CH, C-5,6,7,12, 14
4.69 (brs)

14 1.73 (s) 20.1 CH; C-6,12,13

15 1.13 (d,7.2) 17.7 CH; C-8,9, 10

“POverlapping signals.

61



Table 3.5. 'H and *C NMR Spectroscopic Data of Compound 3.8 (CDCls)

Position. on (ppm, J in Hz) oc (ppm) HMBC

1 1.32 (br d, 13.75), 34.9 CH, C-2,3,4,14,15, 16
1.94 (obs. m)*

2 2.33 (br q. 7.68)" 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 (brs) 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), 38.0 CH; C-6,7,9,10,13
2.91 (dd, 1.52, 12.60)

9 249 (t,13.4) 52.9 CH C-7,8,11, 14, 18, 19, 20

10 - 37.6 qC -

11 2.36 (d, 17.4)", 55.5 CH; C-13, 18, 19
243 (d, 17.4)

12 - 215.5qC -

13 - 65.7 qC -

14 - 217.2qC -

15 3.62 (d, 9.41) 46.6 CH C-2,3,4,14

16 1.13(d, 7.51) 16.1 CH; C-1,3

17 1.92 (d, 1.62)" 20.5 CH; C-5,6,7

18 0.94 (s) 23.7 CH3 C-9, 10, 19

19 1.24 (s) 283CH; C-9,10,11,18

20 1.41 (s) 14.6 CH; C-9,12,13, 14
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Table 3.6. 'H and *C NMR Spectroscopic Data of Compound 3.9 (CDCls)

Position ou (ppm, J in Hz) oc (ppm) HMBC
1 1.99 (m)“, 37.1 CH, C-2,3,5,8,9,10, 11,
1.67 (dd, 4.0, 13.6) 19
2 2.53 (d, 4.85), 343 CH, C-1,3,10
2.37 (t3.25)
3 - 200.4 qC -
4 5.79 (s) 1264CH C-2,5,6,10, 19
5 - 168.5 qC -
6 4.32 (t, 2.55) 732CH C-4,8,10
7 1.22 (m), 1.975 (m)“ 386 CH, C-5,6,9, 14
8 0.995 (m)” 298CH  C-6,11,13,15
9 0.89 (t, 4.4) 53.6CH C-1,5,7,12,14, 19
10 - 38.0 qC -
11 0.98 (m)” 21.0 CH, C-8,10,13
12 1.11 (m), 1.16 (m) 39.6 CH, C-9,14,17,18
13 - 42.5qC -
14 1.14 (m) 559CH C-7,912,13, 16,18
15 0.95 (m), 1.480 (m) 242 CH, C-§,13
16 1.10 (m)©, 1.829 (m) 28.2 CH, C-13,14,15
17 1.11 (m)* 56.1CH C-12,13, 14,15, 18,
20, 21,22
18 0.71 (s) 12.0 CH; C-12,13,14,17
19 1.35(s) 19.5 CH; C-1,5,9,10, 11
20 0.995 (m)” 36.1CH  C-13,16,23
21 0.90 (d 6.4)° 18.8 CH; C-17, 20,22, 23
22 1.27 (m), 0.99 (m)” 339CH, C-17,20,21, 23,24
23 0.89 (m)?, 1.15 (m) 26.2CH, (C-20,28,25
24 0.90 (m) 459CH  C-22,23,26,27,29
25 1.64 (m) 292CH  C-23,24,26,27,28
26 0.81(d, 7.2) 19.8 CH; C-24,25,27
27 0.79 (d, 7.2) 19.0 CH; C-24, 25,26
28 1.08 (m) 1.25 (m) 23.1CH, C-23,25
29 0.84 (t, 7.6) 12.2 CH; C-24,28
“d0verlapped signals
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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 ICs value of 3.3+0.6 ug/mL,
compounds 3.1 and 3.10 showed weaker activity with ICsy values 4.1+0.2 and
5.4+1.7ug/mL, respectively (Table 3.7). Compound 3.2, the C-2 epimer of 3.1, and
compound 3.11 were not active at 10 gg/mL. Only caniojane showed moderate inhibitory

activity against Mycobacterium tuberculosis H37Ra
Compound 3.2 and caniojane showed mild to marginal cytotoxicity against Vero cells

3.12

whereas compounds 3.1, 3.10 and 3.11 were non-cytotoxic at 50 g/mL.

Table 3.7. Antiplasmodial, Antituberculosis and Cytotoxic Activities of the Isolates

Compound antiplasmodial” anti-TB” cytotoxicity”
compound 3.1 4.140.2 inactive’ non-cytotoxi
compound 3.2 inactive* inactive? 494
caniojane 3.3+0.6 25 12.9
1,11-bisepi-caniojane 7.9 nd’ nd’
jatropholone A (3.10) 5.4+1.7 inactive? non-cytotoxiJ
jatropholone B (3.11) inactive® inactive? non-cytotoxic’
dihydroartemisinine’ (4.0 nM) - -
isoniazide® - 0.1 -
kanamycin® - 2.5 -
ellipticine® - - 0.740.2

“ICs0 in pug/mL. ”MIC in ug/mL. “inactive at 10 zg/mL. “inactive at 200 ug/mL. “nd =
not determined. ‘non-cytotoxic at 50 ug/mL. ¢Positive control substance.

with an MIC value of 25 ug/mL.
3.13

b
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