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Six unstable intramolecular diterpene esters were isolated from the seed oil of Jatropha curcas. Five of
these, Jatropha factors C,—Cs (3—7), are new natural products, and the structure of the known Jatropha
factor C; (2) has been revised. All compounds possess the same diterpene moiety, namely, 12-deoxy-16-
hydroxyphorbol (1). The dicarboxylic acid moieties of 2—5 contain a bicyclo[3.1.0]hexane unit, and those
of 6 and 7 a cyclobutane unit, which is described for the first time within this compound class. Compounds
4 and 5 are C-8' epimers. The structures of 2—7 were elucidated by spectroscopic methods and give an
insight into the biogenesis of the characterized substances.

Jatropha curcas L. (Euphorbiaceae) is an oil-bearing
shrub widely distributed in many Latin American, Asian,
and African countries.! The plant can be used in multiple
ways, such as to prevent erosion, to reclaim land, to be
grown as a live fence, or planted as a commercial crop, and
therefore it has considerable potential to be cultivated on
a large scale in the regions where it occurs.? The seed
kernels, which contain up to 60% oil with a fatty acid
composition similar to that of common edible oils,3* are
the most interesting parts of the plant from a potential
commercial vantage point. However, the seeds and seed
oil are toxic to humans and animals and for that reason
nutritional utilizations are not possible.>~1* A crucial
obstacle in the establishment of J. curcas as a commercial
crop would be overcome by detoxifying the seeds/seed oil.

The toxicity of the seeds of J. curcas is ascribed mainly
to a group of diterpene esters termed the phorbol esters,
which are contained in relatively high concentrations in
the seeds of toxic J. curcas provenances, but only in low
concentrations in the seeds of nontoxic J. curcas prov-
enances from Mexico.312 These substances are distributed
in plant species of the families Euphorbiaceae and Thy-
melaeaceae, and their structure is based on a tetracyclic
carbon skeleton known as tigliane.*® They are known to
cause a wide range of biological effects including tumor
promotion and inflammation, and these adverse activities
have been correlated to individual structural features4-16
and have also been determined for the phorbol esters of J.
curcas seeds/seed 0il.}7:18 However, interest in these con-
stituents of the seeds of J. curcas is restricted not only to
the toxicity of the seeds. Molluscicidal activity of the seed
extracts as well as widespread use of the seeds in tradi-
tional medicine may also be associated with the presence
of these substances.'®~2! Chemical studies of J. curcas have
led to the assumption that the seed oil contains up to four
different phorbol esters.?2=25 Due to their low abundance
and extreme instability, structure determination has so far
been performed for only one of these compounds, which has
been found to be an intramolecular diester of 12-deoxy-16-
hydroxyphorbol.18

In the present paper the isolation and structure elucida-
tion of six phorbol esters (2—7) from J. curcas seed oil is
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reported. Five of these (3—7) are novel natural products,
and the structure proposed for the already known com-
pound® mentioned above is revised (2). All isolated sub-
stances are intramolecular diesters of the same diterpene,
12-deoxy-16-hydroxyphorbol (1). The dicarboxylic acid part
of two of the novel compounds (6 and 7) contains a
cyclobutane unit, and therefore these components represent
a new type of phorbol ester. The obtained results give an
insight into the presumed biosynthesis of the characterized
substances.

Results and Discussion

Compounds 2—7 were isolated by subjecting J. curcas
seed oil to solid-phase extraction (SPE), repeated column
chromatography, and repeated semipreparative HPLC. The
structures of the compounds were elucidated on the basis
of spectrosopic methods, including matrix-assisted laser
desorption—ionization time-of-flight mass spectrometry
(MALDI-TOF MS), and different NMR techniques inclusive
of 'H—1H correlation (COSY), 1D and 2D total correlation
(TOCSY), disortionless enhancement by polarization (DEPT),
heteronuclear multiple quantum/bond coherence (HMQC/
HMBC), and gradient-enhanced nuclear Overhauser effect
(GOESY) NMR experiments. The chemical instability of
the compounds, which could already be observed during
isolation, turned out to be the most critical problem in
determining the structures. However, decomposition could
be hindered by storing the substances under argon.

IH NMR (see Tables 1 and 2) and 'H—H COSY NMR
data of compound 2 were almost identical to the previously
published data of 12-deoxy-16-hydroxyphorbol-4'-[12',14'-
butadienyl]-6'-[16',18',20'-nonatrienyl]-bicyclo[3.1.0]hexane-
(13-0)-2'-[carboxylate]-(16-0)-3'-[8'-butenoic-10']-ate (DH-
PB),!8 except for small differences of the chemical shift
values, which can be explained by the use of CD,CI; instead
of CDCl3!8 as solvent (decomposition of the compounds was
reduced by using CD,Cl,). The signals assigned to the
diterpene moiety were identical to literature data of 12-
deoxy-16-hydroxyphorbol esterified at OH-13/OH-16 (1).1822
Assignment of the exchangeable proton signals at 6 1.59
(OH-20), 2.25 (OH-4), and 5.10 (OH-9) was based on a *H—
IH COSY correlation (H-20a,b/OH-20), respectively, from
HMBC correlations and previously reported data (OH-4
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and OH-9).22 The proposed stereochemistry of the diterpene
moiety was confirmed by its characteristic NOE correla-
tions (see Figure 1) and by comparison of published *H
NMR chemical shifts;2627 the small chemical shift differ-
ence (Ady) of the two methylene protons H-5a (0 2.48) and
H-5b (0n 2,42) indicated the S-configuration for OH-4.28
Detailed analysis of the 'H NMR, *H—1H COSY, TOCSY,
and HMBC spectra enabled further confirmation of the
published structure for the dicarboxylic acid residue (2).18
Lack of tH—'H COSY correlation between H-12' (64 3.18)
and H-13' (6 1.78) indicated a nearly 90° dihedral angle
between these two protons,?® which was supported by
molecular mechanics (MMZ2)3° calculations (calculated
angle: 86°).31 NOE correlations between H-5'/H-12', H-5'/
H-16', H-6'/H-4', H-6'/H-9', and H-6'/H-14" (see Figure 2)
corresponded to literature data on the relative stereochem-
istry of the bicyclo[3.1.0]hexane unit.'® However, these
previously reported results show only part of the stereo-
chemical arrangement depicted in Figure 2. Prior studies
on compound 2 led to the tentative assumption that C-1'
and C-11' of the acid residue are connected to O-16 and
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0-13 of the diterpene moiety, respectively.1’® However, a
weak HMBC correlation between C-11" and H-16b revealed
that this assignment had to be reversed; C-1' is attached
to O-13, and C-11' to O-16. Therefore the correct structure
of 2 was established as shown. Lack of NOE correlations
between protons of the diterpene and the acid moiety
prohibited the elucidation of their relative stereochemistry.
The compound’s instability prevented the assignment of
its molecular weight using high-resolution electron impact
mass spectrometry (HREIMS). MALDI-TOF MS gave an
[M + Na]t at m/z 733.3662 (calculated for C;4Hs4OgNa,
733.3711), confirming the determined structure. According
to the nomenclature used in a previously published work,??
the revised compound 2 is termed Jatropha factor C;
[indexing is based primarily on Cg reversed-phase (RP)-
HPLC retention times of the corresponding substances].

MALDI-TOF MS data of compound 3 showed the [M +
Na]* ion at m/z 733.3775. The NMR data of 3 indicated
that the diterpene moiety of this compound is 12-deoxy-
16-hydroxyphorbol esterified at OH-13/OH-16. Therefore,
2 and 3 are isomers with structural differences restricted
to the acid residues. Three methine protons at dy 1.70 (H-
13), 1.56 (H-14"), and 1.37 (H-15"), showing couplings to
each other in the tH—1H COSY spectrum, and the methine
proton at dy 2.90 (H-7'), showing *H—1H COSY cross-peaks
to the methine protons at 6y 2.82 (H-8') and 3.04 (H-12"),
suggested the presence of a bicyclo[3.1.0]hexane unit as a
structural feature of the acid residue of 3. This was
corroborated by analysis of TOCSY and HMBC spectra.
The missing 'H—'H COSY couplings between H-8' and
H-14" and between H-12' and H-13' could again be ex-
plained by the corresponding dihedral angle values (MM2
calculated as 84° for H-8'/H-14" and as 80° for H-12'/H-
13'). Structural elucidation of the nonatrienyl residue (C-
16' to C-24'), the vinyl group (C-9' to C-10"), and the
hexadienoic ester chain (C-6' to C-1') attached to C-15', C-8',
and C-7', respectively, as well as the assignment of the
ester carbonyl carbon C-11' substituted at C-12' was based
on detailed analysis of tH—1H COSY, TOCSY, and HMBC
spectra. The HMBC data also displayed a correlation
between C-11' and H-16a and therefore revealed the
location of the binding sites between the phorbol moiety
and the dicarboxylic acid residue. The relative stereochem-
istry of the bicyclo unit of the acid moiety was established
by NOE correlations between H-7'/H-5', H-7'/H-15', H-8'/
H-10', H-8'/H-15', and H-12'/H-15" (see Figure 2). The
absolute configuration of the molecule could not be eluci-
dated. Thus, the structure of the new compound 3, Jatro-
pha factor C,, was determined to be as shown. Structural
differences from Jatropha factor C; (2) are in the length of
the carbon chain attached to C-6'(2)/C-8'(3) and in the
length of the ester chain connecting C-5'(2)/C-7'(3) of the
bicyclo unit with C-13 of the phorbol moiety, as well as in
the configuration at C-6'(2)/C-8'(3). From these differences
conclusions on the biosynthesis of the substances can be
drawn, which will be discussed later.

The epimers 4 and 5 could not be separated by the
chromatographic systems used. NMR data for both com-
pounds were extracted from spectra of an approximately
3:1 mixture of 4 and 5 (see Tables 1 and 2). MALDI-TOF
MS gave an [M + Na]* ion at m/z 733.3733. NMR data of
the mixture indicated that both compounds share the same
diterpene moiety as Jatropha factors C; (2) and C; (3).
Analysis of 1D and 2D NMR spectra revealed that the gross
structures of the dicarboxylic acid residues of 4 and 5 are
identical. Analogous to the acid residue of 2, this structure
contains a bicyclo[3.1.0]hexane unit linked to the phorbol
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Table 1. 'H NMR Data for the Dicarboxylic Acid Moieties of Compounds 2—7 (8, CD,Cl; for 2, 4—7, CDCl3 for 3, 500 MHz)

position 2 3 4 5a 6 7
2'a 3.00dd"(17.8,6.1)¢ 3.17dd (18.0,5.8) 3.050 3.22.dd (18.9,5.1) 3.17.dd (17.9, 7.8)
2'b 2.92 dd (17.8, 8.7) 3.08 dd (18.0,9.6) 2.930 3.10dd (18.9,10.3) 3.12dd (17.9,7.1)
3 5.46 ddd (15.1, 8.7, 5.52 ddd (15.4, 5.300 5.26 0 5.53 ddd (15.0, 5.57 dt (14.2,7.3)
6.1) 9.6, 5.8) 10.3,5.1)
4 5.18dd (15.1,9.0) 5.95dd (15.4,9.8) 5.59dd (15.1,9.4) 5.62dd (15.1,9.6) 5.97 dd (15.0,10.4) 6.040
5 2.52 br q (9.0) 6.17 dd (15.5,9.8)  3.11 br dt (4.2, 3.26 br dt (4.2, 5.89 dd (14.9, 10.4)  6.00—6.03 od¢
10.4) 10.4)
6' 3.51brdt(9.8,5.3) 5.35dd(15.5,9.6) 1520 1650 5.62 dd (14.9, 9.5) 6.29 dd (13.9,
11.0)°
7 5.340 2.90 br q (8.7) 1.33dd (6.0, 2.9) 1490 2910 6.00—6.03 od
8’ 6.02t (10.4) 2.82dd (10.2,7.7) 16l1lo 1.66 0 2.85q(8.7) 5.71dd (10.1, 8.2)
9' 6.67 dt (16.8, 10.4) 6.13 dt (16.9, 10.2) 5.360 5990 6.25 ddd (16.9, 3.70m
10.3,8.7)
10'a 5.16 d (16.8) 5.02dd (10.2,2.2) 5.04dd (17.2,1.5) 5.360 5.19dd (10.3,1.7) 2.21dt(11.5,8.2)
10'b 5.09 d (10.4) 5.01dd (16.9,2.2) 4.85dd (10.2,1.5) 5.23dd (11.8,1.5) 5.14dd (16.9,1.7) 2.120
12' 3.18 d (9.0) 3.04d (9.2) 2.38dd (11.3,7.2) 2.61dd(11.1,7.8) 5.75dd (11.4,1.3) 5.69dd (11.4, 1.2)
13’ 1.78 0 1.70 dd (6.4, 3.3) 3.040 2980 6.27 dd (11.4, 9.3) 6.19dd (11.4,9.4)
14 1.85m 1560 5.90 dd (15.0,9.5) 6.000 4.57 br g (9.3) 4.32 br g (9.4)
15’ 1.69 dd (8.8, 7.8) 1.37 dt (8.9, 3.3) 6.08 0 2910 2.98 m
16’ 5.68 dd (15.0, 7.8) 5.20dd (14.9,8.9) 6.05—6.25 o9 6.02 dd (14.5, 9.4) 5.77 dd (14.2, 7.1)
17 6.33m 6.10 m 6.05—6.25 0 6.20 0 6.00—6.03 o
18’ 6.16 0 6.07 0 6.05—6.25 od 6.17 0 6.00—6.03 od
19' 6.16 0 6.07 0 6.05—6.25 od 6.17 0 6.00—6.03 od
20' 6.08 m 6.02 0 6.09 o 6.11m 6.00—6.03 od
21 5.72 dt (14.5, 7.3) 5.66 dt (14.9,7.2)  5.72dt (14.9, 7.3) 5.75dt (14.7,7.4)  5.70 dt (14.2, 7.3)
22 2.08 q (7.3) 2.06 q (7.2) 2.08 q (7.3) 2.10 q (7.4) 2.06 q (7.3)
23 1.42 tq (7.3) 1.41tq (7.2) 1.42 tq (7.3) 1.44 tq (7.4) 1.40 tq (7.3)
24’ 0.91t(7.3) 0.90t(7.2) 0.90t(7.3) 0.93t(7.4) 0.89t(7.3)

a Assignments are listed only for signals that differ from those of compound 4. ® Multiplicities are indicated by usual symbols; o,

overlapped signal. ¢ J in Hz. 9 The large number of partly overlapping signals at ¢ 5.9—6.3 (4) and 6 5.5—6.1 (7) prevented an exact
assignment of these protons. eThese assignments may be interchanged.

Table 2. 13C NMR Data for the Dicarboxylic Acid Moieties of
Compounds 2—7 (6, CD,Cl; for 2, 4—7, CDCl; for 3, 125 MHz)2

position 2 3 4 5b 6 7
1 173.3 173.7 1735 173.8 173.9
2' 38.1 38.1 39.0 38.6 39.0
3 125.0 121.8 122.0 122.3 1233 122.1
4' 136.8 135.9 136.6 136.4 133.9 136.7
5 51.7 132.6 499 51.7 129.8 129.9—
132.3¢
6 45.0 1289 28.6 26.8 131.6 130.6
7 133.0 470 317 29.6 48.9 129.9—
132.3¢
8 131.0 492 221 241 471 135.1
9 133.1 139.4 139.8 135.1 137.7 35.7
10 118.1 115.8 1124 118.7 115.9 31.9
11 175.2 174.8 173.9 174.6 166.6 166.3
12' 51.1 53.6 520 54.7 119.0 119.6
13’ 26.8 30.0 454 44.3 1459 153.3
14' 32.3 353 13438 135.1 421 46.1
15' 23.3 244 1303 44.1 43.4
16' 130.0 134.1 129-134¢ 132.0 136.4
17 1349 128.8 129-134¢ 130.4 or 132.7¢  129.9—
132.3¢
18’ 130.8 130.7 129-134¢ 130.4 or 132.7¢  129.9—
132.3¢
19’ 131.8 130.7 129-134¢ 130.4 0r 132.7¢  129.9—
132.3¢
20 131.0 130.7 131.1 130.7 130.9
21 135.8 134.6 135.9 135.6 135.3
22' 353 350 353 35.3 35.3
23 229 226 228 23.0 23.0
24' 139 140 139 14.0 14.0

a Assignments are based on DEPT, HMQC, and HMBC experi-
ments. P Assignments are listed only for signals that differ from
those of compound 4. ¢ The large number of partly overlapping
signals at 6 125—135 (4,7) and 130—135 (6) prevented an exact
assignment of these carbons.

moiety by a butenoic ester chain (C-4' to C-1') and a single
carbonyl ester carbon (C-11'). These are attached to
adjacent carbon atoms (C-5' and C-12') of the five-
membered ring of the bicyclo unit and connect this sub-
structure to C-13 and C-16 of the phorbol moiety, respec-

Figure 1. Selected NOE correlations of the 12-deoxy-16-hydroxyphor-
bol moiety of 2—7.

tively; the binding sites between the phorbol moiety and
the dicarboxylic acid residue for 4 and 5, respectively, were
assigned in accordance with an HMBC correlation between
C-11" and H-16b. Apart from the length and position of the
remaining carbon chains, the main structural difference
within the acid residue of 2 versus those of 4 and 5 consists
of the orientation of the bicyclo[3.1.0]hexane unit, relative
to the phorbol moiety. In the structure of 2, one of the
bridgehead carbons (C-13') is adjacent to the carbon, which
bears the single carbonyl ester carbon as a substituent. In
compounds 4 and 5, these two positions (C-7" and C-12")
are separated by a carbon atom of the five-membered ring.

The lack of IH—H COSY correlations between H-7' and
H-13" observed for 4 and 5 was again explained by the
corresponding dihedral angle values (MM2 calculated as
79° and 80° for 4 and 5, respectively). Further structural
units of the acid residue of 4 and 5, respectively, are an
undecatetraenyl residue (C-14' to C-24') attached to C-13'
and a vinyl group substituted at C-8'. The partial overlap
of most of the olefinic methine proton signals (see Table 1)
complicated the determination of the 'H—'H coupling
constants, and therefore the configuration of some of the
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Figure 2. Key NOE correlations of parts of the dicarboxylic acid
residues of 2—5.

double bonds may be reversed. 'H NMR data of the acid
moiety of 5 showed close similarity to those of the acid
moiety of 4 with the exception of downfield shifts of H-4',
H-5', H-6', H-7', H-8', H-9', H-10"a, H-10'b, H-12', and H-14"
and upfield shifts of H-3" and H-13' (see Table 1). Chemical
shift differences were also observed for the corresponding
carbons, including the carbonyl ester carbon C-11' (see
Table 2). From the fact that these effects were displayed
only for signals assigned to the bicyclo system or to protons/
carbons, which are adjacent to this system, different
configurations of the bicyclo[3.1.0]hexane units of 4 and 5
may be inferred. This was confirmed by NOE correlations
between H-8'/H-12' of 4 and H-9'/H-12' of 5 (see Figure 2),
demonstrating that the new compounds 4 and 5 are C-8'
epimers; 4 (Jatropha factor C4) adopts the 8'S configura-
tion, whereas 5 (Jatropha factor Cs) shows the 8'R config-
uration. It is worth mentioning that the resonances of three
protons of the phorbol moiety are also influenced by the
two different configurations at C-8' (OH-9: dy 5.15 for 4,
5.16 for 5; H-16a: oy 4.18 for 4, 4.19 for 5; H-16b: 6y 3.57
for 4, 3.54 for 5). The effect on H-16a and H-16b can be
attributed to the fact that these protons are adjacent to
the bicyclo system. The influence on the hydroxylic proton
OH-9 may be explained by hydrogen bonding to the
carbonyl oxygens of C-1' and C-11'. This is corroborated
by comparison with similar structures, where the low-field
shift of the OH-9 proton is supposed to result from
hydrogen bonding of this type.3?

The residual relative stereochemistry of the bicyclo
system was found to be the same for both substances, as
shown by NOE correlations between H-12'/H-4" and H-12'/
H-13" and by the lack of any NOE correlation between
H-12'/H-5' (see Figure 2), which was complemented by the
IH-H coupling constants of H-12' (dd; J = 11.3, 7.2 Hz
assigned to coupling with H-5" and H-13', respectively, for
4; J = 11.1, 7.8 Hz assigned to coupling with H-5' and
H-13', respectively, for 5). The absolute stereochemistry of
4 and 5 could not be determined.
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On the basis of MALDI-TOF MS and NMR data, it was
determined that the molecular formula as well as the
diterpene moiety of compound 6 is identical to those of 2—5.
However, NMR data of the acid residue showed differences
(see Tables 1 and 2). In addition to a methyl signal at oy
0.93 (CH3-24'), three methylene signals at oy 1.44 (CH»-
23'), 2.10 (CH2-22'), 3.22, and 3.10 (H-2'a and H-2'b,
respectively), and four methine signals at 64 2.91 (H-7' and
H-15"), 2.85 (H-8'), and 4.57 (H-14'), the 'H NMR and
HMQC spectra exhibited solely olefinic signals. The three
methine signals, which appeared in the 'H NMR spectra
of 2—5 within a chemical shift range of 64 1.30—1.90 and
were assigned to protons of the three-membered ring of the
bicyclo[3.1.0]hexane unit, could not be observed in the 1H
NMR spectrum of 6. This indicated that no bicyclo unit is
included in the structure of the acid residue of this
compound. 'H—1H COSY cross-peaks between H-7'/H-8,
H-8'/H-15', H-14'/H-7', and H-14'/H-15" as well as coupling
of each one of the protons H-7', H-8', H-14', and H-15" with
an olefinic signal led to the structure of the cyclobutane
unit as shown in 6. Ambiguities in assignments, which
result from the fact that the signals of H-7" and H-15" have
identical proton shifts (0y 2.91), were overcome by detailed
analysis of the TOCSY and HMBC spectra. Structure
elucidation of the carbon chains attached to C-8' and C-15'
and of the ester chains linking the cyclobutane carbons C-7
and C-14' to C-13 and C-16, respectively, of the phorbol
moiety was performed on the basis of NMR data. An HMBC
correlation between C-11' and H-16a revealed the location
of the sites of connectivity between the diterpene moiety
and the dicarboxylic acid residue. It is to be noted that the
configuration of the double bond between C-12' and C-13'
was determined as Z based on 'H—!H couplings (H-12’, dd,
J=11.4, 1.3 Hz assigned to coupling with H-13" and H-14,
respectively; H-13', dd, J = 11.4, 9.3 Hz assigned to
coupling with H-12' and H-14', respectively), while an E
configuration was proposed for the remaining double bonds.
Identical *H NMR chemical shifts dy 2.91 of H-7' and H-15'
hindered the determination of the relative stereochemistry
of the cyclobutane unit on the basis of NOE experiments.
The cis and trans configurations of vicinal cyclobutane
protons are typified by only small differences between the
corresponding *H—1H coupling constants.?® Therefore, de-
termination of the stereochemical arrangement of this unit
could not be achieved by analysis of tH—'H couplings, and
for that reason, the depicted structure of the new compound
6, Jatropha factor C;, does not include any information on
the relative configuration.

The instability of compound 7 exceeded those of the other
Jatropha factors obtained. Decomposition and the small
amount of this isolated substance limited the number of
experiments that could be performed. Thus, no NOE data
could be measured to obtain information on the relative
stereochemistry of 7. The molecular formula of 7, which
was obtained from MALDI-TOF MS and NMR data, was
identical to those of compounds 2—6. NMR data were in
close similarity to those of 6, with the exception that the
IH NMR data of the dicarboxylic acid residue of 7 included
only three aliphatic methine proton signals at 6y 3.70 (H-
9", 4.32 (H-14"), and 2.98 (H-15") instead of the four signals
displayed in the 'H NMR spectrum of 6 and assigned to
the cyclobutane protons. Furthermore, the 1H NMR spec-
trum of 7 exhibited additional signals of two nonequivalent
aliphatic methylene protons at 6y 2.21 (H-10'a) and 2.12
(H-10'b); the signals of two olefinic protons at 4 5.19 (H-
10'a) and 5.14 (H-10'b) that appeared in the 'H NMR
spectrum of 6 were missing. Detailed analysis of 1D and
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2D NMR spectra led to the determination of the structure
of the acid moiety of 7. Differences from the structure of
the acid moiety of 6 consist in a tri- rather than tetrasub-
stituted cyclobutane unit and in the length of the ester
chain leading from the cyclobutane unit to C-13. Assign-
ment of the connection sites between the acid residue and
the phorbol moiety was based on an HMBC correlation
between C-11' and H-16a. The configurations of the double
bonds between C-12' and C-13' and between C-7' and C-8'
were assigned as Z, and those for all other double bonds
as E. The corresponding *H—'H coupling constants were
partly extracted from overlapped signals, and therefore the
assignments of the configuration of some of the double
bonds may be reversed. Nevertheless, a hypothesis corre-
sponding to the biosynthesis of the Jatropha factors (see
below) favors the configurations depicted. Thus, the struc-
ture of the new compound 7, Jatropha factor Cg, can be
described as shown. Neither the absolute stereochemistry
of the molecule nor the relative configuration of the
cyclobutane unit could be assigned.

The small number of published studies on the charac-
terization of intramolecular phorbol diesters includes
hypotheses on the formation of these structures. The
cyclohexene unit contained in the dicarboxylic acid moiety
of the Anthostema factor Ss, as well as the bicyclo[3.1.0]-
hexane substructure of the dicarboxylic acid moieties of
DHPB [revised as compound 2 (Jatropha factor C,) in the
present paper] and of the structurally similar pycnoco-
molides, is assumed to be formed from two originally
separated monoacid groups, of which at least one is
attached to the phorbol moieties.’832734 It is supposed that
the cyclohexene unit is generated by a secondary Diels—
Alder condensation.'® The lack of good precedent permits
only speculations on the kind of reactions leading to the
generation of the bicyclo[3.1.0]hexane unit. However, the
complexity of the substructure indicates a presumably
enzyme-mediated formation.3?

Knowledge of the structures of Jatropha factors C;—Cs
(2—7) leads to the assumption that all these intramolecular
diesters have been built up from two originally separated
monoester groups and therefore confirms the hypothesis
cited above. The specific monoacid groups may be supposed
to be the same for all compounds: (E,E,Z)-3,5,7,9-decatet-
raenoic acid attached to OH-13 of the phorbol moiety and
(Z,E,E,E,E)-2,4,6,8,10-tetradecapentenoic acid attached to
OH-16 of the phorbol moiety (see Figure 3). The dicarbox-
ylic acids of 6 and 7 are most likely generated by a (2+2)
cycloaddition of the two monoacid groups. The following
carbon atoms of the monoacids are incorporated into the
cyclobutane unit: C-14'/C-15' of the tetradecapentaenoic
acid in 6 and 7, and C-7'/C-8" and C-9'/C-10' of the deca-
tetraenoic acid in 6 and 7, respectively (see Figure 3). Itis
highly speculative to discuss the reactions leading to the
formation of the bicyclo[3.1.0]hexane unit in the dicarboxy-
lic acid moieties of 2—5. However, the structures indicate
that one of the two hypothetically monoacid groups con-
tributes two carbons to the bicyclo system, while the other
one contributes four carbons. In 2 and 3 the four carbons
(C-12' to C-15') are provided by the tetrapentaenoic acid.
The positions of the two carbons of the decatetraenoic acid
involved into the formation of the bicyclo system are C-5'/
C-6'in 2 and C-7'/C-8' in 3 (see Figure 3). It is noteworthy
that the presumed relative configuration of the correspond-
ing double bonds in the monoacid groups (E for C-5'/C-6,
Z for C-7'/C-8") influences the relative stereochemistry of
the bicyclo[3.1.0]hexane unit. An E configuration of the
double bond in the monoacid group (C-5'/C-6' in the
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Figure 3. Hypothetical precursor of 2—7. Carbons, which are assumed
to be involved into the formation of the individual dicarboxylic acid
residues, are assigned to the according compounds.

hypothetical precursor of 2; see Figure 3) leads to a trans
configuration at the formed C—C bond in the bicyclo system
(C-5'/C-6" in 2). The same rule can be applied for the
reversed configuration (3). In 4 and 5 the decatetraenoic
acid provides the four carbons to the bicyclo[3.1.0]hexane
unit. This is displayed by a different orientation of the
bicyclo system by comparison with 2 and 3. It is again
speculative to discuss the rationale for the formation of the
two C-8" epimers. A presumable explanation may be the
conformational flexibility of the hypothetical precursor
monoacid group based on the methylene carbon adjacent
to the carboxylic carbon. As assumed, the Z configuration
of the double bond between the two carbons (C-12'/C-13')
provided to the bicyclo system by the tetradecapentaenoic
monoacid group leads to a cis configuration at the C—C
bond formed (C-12'/C-13' in 4 and 5).

Experimental Section

General Experimental Procedures. Optical rotations
were measured in MeOH on a Perkin-Elmer 241 polarimeter.
UV spectra were obtained on a Shimadzu UV-2101PC spec-
trophotometer. *H NMR spectral data and *H—'H COSY, *H—
IH TOCSY, DEPT, HMQC, HMBC, selective 1D H—'H
TOCSY, and GOESY experiments were recorded in CD,ClI; or
CDCl; on a Bruker DRX-500 spectrometer with standard pulse
sequences operating at 500 and 125 MHz for 'H and 3C,
respectively. Chemical shifts are reported in 6 values with
respect to solvent signals (CD.Cl,: oy 5.32, dc 54.00; CDCls:
On 7.27, Oc 77.23). Samples for NMR experiments were
generally degassed and sealed under argon. MALDI-TOF MS
were measured on a Shimadzu/Kratos AXIMA-CFR spectrom-
eter using a nitrogen laser (337 nm) on 2,5-dihydroxybenzoic
acid as matrix. Solid-phase extraction (SPE) and open column
chromatography were carried out over silica gel (40—63 um,
Merck). HPLC was performed on a HP 1100 Series HPLC
system coupled to a HP variable-wavelength detector set at
280 nm. Monitoring of the fractions obtained by SPE, open
column chromatography, and HPLC was carried out by TLC
[precoated plates, silica gel 60 Fzs4, 0,2 mm, Merck; CH,Cl,—
CH3CN (7:3) as eluent]. TLC visualization was done with a
UV lamp (254 nm) and by spraying with 1% vanillin in Hx-
SO, followed by heating the plates.

Plant Material. Jatropha curcas seed oil was provided by
Proyecto Biomasa, Universidad Nacional de Ingenieria, RU-
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PAP, Managua, Nicaragua. The oil was obtained by using an
expeller press from seeds, which were collected in August 2000
from plants cultivated on an agricultural test area of the
Universidad Nacional de Ingenieria, RUPAP, Managua, Nica-
ragua. The plant material was identified by Alfredo Grijalva,
Universidad Centroamericana, Managua, Nicaragua. A voucher
specimen (MM 1) of the seed oil is stored at —24 °C at the
Institute of Chemistry, University of Graz.

Extraction and Isolation. A solution of 3.09 kg of seed
oil in 4.5 L of petroleum ether was divided into 12 equal
portions. Each of them was applied separately onto a SPE
column, which had previously been packed with 12 g of silica
gel and preconditioned with 50 mL of petroleum ether. After
sample application, the columns were washed successively
with petroleum ether (250 mL) and CH,CI, (250 mL), and the
crude extracts comprising compounds 2—7 were eluted with
MeOH (50 mL), combined, and concentrated in vacuo (40 °C).

The viscous brownish residue obtained (7.73 g) was divided
into two equal portions, which were separately subjected to
open column chromatography over silica gel [300 g for each of
both separations, CH,CIl,—CH3CN (7:3) used as eluent]. The
resultant fractions were monitored by TLC, and the residue
(3.52 g) from those containing compounds 2—7 (all compounds
exhibited identical Rs values of 0.17 and were colored gray after
spraying with vanillin—H,SO, reagent and heating) was
rechromatographed twice over silica gel (180 g) using
CH_Cl,—acetone (4:1) and CH,CIl,—CHS3CN (7:3), respectively.
A portion (1.12 g) of the residue (2.16 g) was further purified
using silica gel HPLC [LiChrospher Si 60, 250 x 10 mm,
particle size 10 um, Merck; CH,Cl,—2-propanol (87:13), flow
rate 7 mL/min] to afford an amorphous white powder (115.7
mg) comprising compounds 2—7, which were eluted as two
broad poorly separated peaks (tr 7.2 and 8.2 min). Isolation of
the individual compounds was performed by subjecting the
mixture to Cg reversed-phase HPLC [Spherisorb S5 Octyl, 250
x 16 mm, particle size 5 um, Waters; CH;CN—H,0 (75:25),
flow rate 7 mL/min], yielding compounds 2 (tg 12.2 min), 3 (tr
13.2 min), 6 (tg 14.2 min), and a combination of compounds 4,
5, and 7 (tg 15.8 min). For further purification, the four
fractions were further chromatographed by HPLC [LiChro-
spher Diol, 250 x 4 mm, particle size 5 um, Merck; hexane—
CH,Cl,—2-propanol (65:31:4), flow rate 1 mL/min] to afford 2
(15 mg, tg 14.2 min), 3 (6 mg, tr 11.0 min), 6 (3 mg, tr 11.9
min), 7 (1 mg, tg 9.4 min), and a mixture of 4 and 5 (7 mg, tr
9.9 min).

Jatropha factor C; (2): amorphous white powder; [a]*p
+20.9° (c 0.35, MeOH); UV (MeOH) Amax (log €) 284 (4.69) nm;
1H NMR data of the 12-deoxy-16-hydroxyphorbol moiety (CD,-
Cly, 500 MHz) ¢ 7.57 (1H, s, H-1), 5.60 (1H, d, J = 4.7 Hz,
H-7), 5.10 (1H, s, OH-9), 4.30 (1H, d, J = 11.8 Hz, H-16a),
4.02 (1H, d, J = 13.1 Hz, H-20a), 3.97 (1H, d, J = 13.1 Hz,
H-20b), 3.57 (1H, d, J = 11.8 Hz, H-16b), 3.24 (1H, br s, H-10),
2.97 (1H, overlapped, H-8), 2.48 (1H, d, J = 19.2 Hz, H-5a),
2.42 (1H, d, 3 = 19.2 Hz, H-5b), 2.25 (1H, s, OH-4), 2.12 (1H,
dd, J = 7.1, 15.1 Hz, H-12a), 1.98 (1H, m, H-11), 1.75 (3H,
overlapped, CH3-19), 1.60 (1H, dd, J = 11.4, 15.1 Hz, H-12b),
1.59 (1H, overlapped, OH-20), 1.19 (1H, s, CH3-17), 1.18 (1H,
d, J = 6.0 Hz, H-14), 0.88 (3H, d, J = 6.4, CH3-18); °C NMR
data of the 12-deoxy-16-hydroxyphorbol moiety (CD,Cl,, 125
MHz, based on DEPT, HMQC, and HMBC experiments) o
208.7 (C-3), 161.2 (C-1), 140.9 (C-6), 133.4 (C-2), 129.5 (C-7),
76.4 (C-9), 74.0 (C-4), 74.0 (C-16), 68.4 (C-20), 63.4 (C-13), 56.1
(C-10), 39.1 (C-5), 38.9 (C-8), 36.7 (C-11), 33.4 (C-14), 32.0 (C-
12), 25.9 (C-15), 18.7 (C-18), 12.0 (C-17), 10.1 (C-19); HMBC
correlations of the 12-deoxy-16-hydroxyphorbol moiety (CD-
Clp) C-1—H-19; C-2—H-1, 19; C-3—H-1, 5a, 5b, 19; C-4—H-1,
5a, 5b, OH-4, 9; C-5—H-7; C-6—H-5a, 5b, 8, 20a, 20b; C-7—H-
5a, 5h, 8, 14, 20a, 20b; C-8—H-7; C-9—H-5a, 8, 10, 12a, 18,
OH-9; C-10—H-1, 5a, OH-4, OH-9; C-11—H-12a, 12b, 18;
C-12—H-11, 18; C-13—H-12a, 12b, 14, 16a, 17, 18; C-14—H-
7, 8, 12a, 16b, 17; C-15—H-8, 12a, 12b, 14, 16a, 16b, 17;
C-16—H-14, 17; C-17—H-14, 16a, 16b; C-18—H-12b; C-19—H-
1; C-20—H-5b, 7; 'H and *C NMR data of the dicarboxylic
acid moiety, see Tables 1 and 2; HMBC correlations of the
dicarboxylic acid moiety (CD.Cl;) C-1'—H-2"; C-2'—H-3', 4';
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C-3—H-2', 5'; C-4'—H-2', 5; C-5—H-3", 4, 12', 13', 14}
C-6—H-5, 8, 12'; C-7"—H-5', 8'; C-8'—H-10'a, 10'b; C-9'—H-
7', 8, 10'a; C-10'—H-8'; C-11'—H-5', 12, 13', 16b; C-12'—H-
5'; C-13'—H-12'; C-14'—H-12'; C-15'—H-12', 16'; C-17'—H-18’,
19'; C-18'—H-16', 19'; C-19'—H-21'; C-20'—H-19', 22'; C-21'—H-
22',23"; C-22'—H-21', 23', 24'; C-23'—H-22', 24'; C-24'—H-22',
23'; ESIMS m/z 733 [M + Na]"; HR-MALDI-TOF MS m/z
733.3662 [M + Na]* (calcd for C44Hs40sNa, 733.3711).
Jatropha factor C; (3): amorphous white powder; [a]®p
+0.6° (¢ 0.17, MeOH); UV (MeOH) Amax (log €) 280 (4.86) nm;
IH NMR data of the 12-deoxy-16-hydroxyphorbol moiety
(CDCls3, 500 MHz) ¢ 7.58 (1H, m, H-1), 5.60 (1H, br d, J = 5.6
Hz, H-7), 5.44 (1H, s, OH-9), 4.81 (1H, d, J = 11.2 Hz, H-16a),
4.03 (1H, dd, J = 5.6, 12.9 Hz, H-20a), 3.98 (1H, dd, J = 6.4,
12.9 Hz, H-20b), 3.28 (1H, br s, H-10), 3.13 (1H, d, J = 11.2
Hz, H-16b), 3.06 (1H, overlapped, H-8), 2.53 (1H, d, J = 19.2
Hz, H-5a), 2.46 (1H, d, J = 19.2 Hz, H-5b), 2.22 (1H, d, J =
0.90 Hz, OH-4), 2.13 (1H, dd, J = 7.0, 14.9 Hz, H-12a), 2.00
(1H, m, H-11), 1.78 (3H, dd, J = 1.2, 2.8 Hz, CHs-19), 1.60
(1H, overlapped, H-12b), 1.43 (1H, overlapped, OH-20), 1.08
(3H, s, CH3-17), 0.94 (1H, d, 3 = 5.2 Hz, H-14), 0.89 (3H, d, J
= 7.4, CH3-18); 3C NMR data of the 12-deoxy-16-hydroxy-
phorbol moiety (CDCls;, 125 MHz, based on DEPT, HMQC, and
HMBC experiments) 6 208.8 (C-3), 161.2 (C-1), 140.4 (C-6),
133.0 (C-2), 129.4 (C-7), 75.9 (C-9), 73.6 (C-4), 68.7 (C-16), 68.2
(C-20), 64.3 (C-13), 55.7 (C-10), 38.8 (C-5), 38.3 (C-8), 36.3 (C-
11), 31.7 (C-12), 30.0 (C-14), 26.1 (C-15), 18.4 (C-18), 10.6 (C-
17), 10.2 (C-19); HMBC correlations of the 12-deoxy-16-
hydroxyphorbol moiety were consistent with those of 2; *H and
13C NMR data of the dicarboxylic acid moiety, see Tables 1
and 2; HMBC correlations of the dicarboxylic acid moiety
(CDClg) C-1'—H-2'a, 2'b, 3', 4'; C-2'—H-3', 4'; C-3'—H-2'a, 2'b,
5'; C-4—H-2'a, 2'b, %', 6'; C-5—H-3', 4, 7'; C-6'—H-4', 7';
C-7—H-5, 6', 13, 14'; C-8—H-6', 7', 9, 10'a, 10'b, 12, 13,
14',15'; C-9'—H-7', 8', 10'b, 14'; C-10'—H-8"; C-11'—H-7', 12',
13, 16a; C-12'—H-5', &', 7', 8', 13', 14, 15'; C-13'—H-8', 12,
15, 16'; C-14'—H-8', 9, 10'b, 12', 13', 15, 16'; C-15'—H-8', 12',
16',17'; C-16'—H-12', 13', 14'; C-17'—H-15"; C-21'—H-22', 23;
C-22'—H-20", 21', 23, 24'; C-23'—H-21', 22', 24", C-24'—H-22',
23'; ESIMS m/z 733 [M + Na]*; HR-MALDI-TOF MS m/z
733.3775 [M + Na]* (CaICd for C44H5403Na, 7333711)
Jatropha factors C, and Cs (4 and 5): amorphous white
powder; [a]?% +113.0° (c 0.23, MeOH); UV (MeOH) Amax (log
€) 290 (4.68), 303 (4.88), 317 (4.83) nm; *H NMR data of the
12-deoxy-16-hydroxyphorbol moiety (CD,Cl,, 500 MHz) 6 7.55
(AH, m, H-1), 5.59 (1H, d, 3 = 4.2 Hz, H-7), 5.16 (1H, s, OH-9
of 5), 5.15 (1H, s, OH-9 of 4), 4.19 (1H, d, J = 11.9 Hz, H-16a
of 5), 4.18 (1H, d, J = 11.9, H-16a of 4), 4.00 (1H, dd, J = 6.0,
12.8 Hz, H-20a), 3.95 (1H, dd, J = 6.0, 12.8 Hz, H-20b), 3.57
(1H, d, 3 = 11.9 Hz, H-16b of 4), 3.54 (1H, d, J = 11.9, H-16b
5), 3.24 (1H, br s, H-10), 2.95 (1H, overlapped, H-8), 2.47 (1H,
d, J = 19.1 Hz, H-5a), 2.41 (1H, d, J = 19.1 Hz, H-5b), 2.34
(1H, s, OH-4), 2.09 (1H, overlapped, H-12a), 1.96 (1H, m, H-11),
1.74 (3H,dd, 3 =1.2, 2.7 Hz, CH;-19), 1.67 (1H, t, 3 = 6.0 Hz,
OH-20), 1.54 (1H, overlapped, H-12b), 1.16 (1H, d, J = 6.0,
H-14), 1.16 (3H, s, CHs-17), 0.87 (3H, d, J = 6.5, CH3-18); **C
NMR data of the 12-deoxy-16-hydroxyphorbol moiety (CD.Cly,
125 MHz, based on DEPT, HMQC, and HMBC experiments)
0 208.9 (C-3), 161.0 (C-1), 140.8 (C-6), 133.3 (C-2), 129.3 (C-
7), 76.2 (C-9), 74.2 (C-4), 73.9 (C-16), 68.2 (C-20), 63.4 (C-13),
55.9 (C-10), 38.8 (C-5), 38.8 (C-8), 36.5 (C-11), 33.2 (C-14), 31.9
(C-12), 25.5 (C-15), 18.5 (C-18), 12.1 (C-17), 10.2 (C-19); HMBC
correlations of the 12-deoxy-16-hydroxyphorbol moiety were
consistent with those of 2; *H and **C NMR data of the
dicarboxylic acid moiety, see Tables 1 and 2; HMBC correla-
tions of the dicarboxylic acid moiety (CD,Cl,) [correlations of
compound 5 are only listed when observed for signals, which
differ from those of compound 4 (see Tables 1 and 2)] C-1'—H-
2'a, 2'b, 4'; C-2'—H-3', 4'; C-3'—H-2'a, 2'b; C-4'—H-2'a, 2'b, 5',
12'; C-5'—H-3', 4', 7', 12', 13' (4); C-5—H-4', 7', 12, 13' (5);C-
6'—H-4', 5', 13'; C-7'—H-13', 14'; C-8'—H-9', 10'a, 10'b (4);
C-8—H-7', 10'a, 10'b (5);C-9'—H-7', 10'a; C-11'—H-5', 12', 16b
(4); C-11'— H-12', 16b (5); C-12'—H-7' (4); C-12'— H-7' (5);
C-13'—H-12', 14', 15" (4); C-13'—H-7', 12', 14’ (5); C-14'—H-
12', 13' (4); C-14'—H-12', 13' (5); C-15'—H-13'; C-20'—H-22";



1440 Journal of Natural Products, 2002, Vol. 65, No. 10

C-21'—H-22', 23'; C-22'—H-21', 23', 24'; C-23'—H-21', 22', 24';
C-24'—H-22', 23'; ESIMS m/z 733 [M + Na]*; HR-MALDI-TOF
MS m/z 733.3733 [M + Na]* (calcd for C44Hs40sNa, 733.3711).

Jatropha factor C; (6): amorphous white powder; [a]*p
+130.0° (c 0.07, MeOH); UV (MeOH) Amax (log €) 272 (4.74)
nm; 'H NMR data of the 12-deoxy-16-hydroxyphorbol moiety
(CDCl,, 500 MHz) 6 7.55 (1H, br s, H-1), 5.59 (1H, d, J =5.2
Hz, H-7), 5.38 (1H, s, OH-9), 4.14 (1H, d, J = 11.6 Hz, H-16a),
4.00 (1H, dd, 3 = 5.5, 13.0 Hz, H-20a), 3.95 (1H, dd, J = 6.2,
13.0 Hz, H-20b), 3.52 (1H, d, J = 11.6 Hz, H-16b), 3.24 (1H,
br s, H-10), 3.05 (1H, overlapped, H-8), 2.48 (1H, d, J = 19.2
Hz, H-5a), 2.43 (1H, d, J = 19.2 Hz, H-5b), 2.28 (1H, d, J =
0.7 Hz, OH-4), 2.12 (1H, dd, J = 7.1, 15.0 Hz, H-12a), 1.98
(1H, m, H-11), 1.74 (3H, dd, J = 1.3, 2.8 Hz, CH5-19), 1.62
(1H, dd, 3 = 11.7, 15.0 Hz, H-12b), 1.62 (1H, br t, 3 = 5.9 Hz,
OH-20), 1.15 (3H, s, CH3-17), 0.96 (1H, d, J = 5.1 Hz, H-14),
0.88 (3H, d, J = 6.5, CH3-18); 3C NMR data of the 12-deoxy-
16-hydroxyphorbol moiety (CD,Cl,, 125 MHz, based on DEPT,
HMQC, and HMBC experiments) ¢ 208.7 (C-3), 160.8 (C-1),
140.7 (C-6), 133.1 (C-2), 129.1 (C-7), 76.0 (C-9), 74.0 (C-4), 69.4
(C-16), 68.2 (C-20), 64.4 (C-13), 55.9 (C-10), 38.9 (C-5), 38.5
(C-8), 36.5 (C-11), 31.9 (C-12), 30.2 (C-14), 26.3 (C-15), 18.6
(C-18), 10.9 (C-17), 10.2 (C-19); HMBC correlations of the 12-
deoxy-16-hydroxyphorbol moiety were consistent with those
of 2; 'H and ¥C NMR data of the dicarboxylic acid moiety,
see Tables 1 and 2; HMBC correlations of the dicarboxylic acid
moiety (CD,Cl;) C-1'—H-2'a, 2'b; C-2’—H-4'; C-3'—H-2'a, 2'b,
5'; C-4—H-2'a, 2'b; C-5—H-3', 7'/15'; C-6'—H-7'/15', 8', 14,
Cc-7—H-5,6', 8,9, 14', 15'; C-8—H-7'/15", 9, 10'a, 10'b, 16';
C-9'—H-7'/15', 8, 10'b; C-10'—H-8"; C-11'—H-12', 13', 16a;
C-12'—H-14'; C-13'—H-7'/15', 8', 12', 14'; C-14—H-7'/15', &',
12'; C-15'—H-8', 14', 13', 16'; C-16'—H-7'/15', 14'; C-20'—H-
22'; C-21'— H-22', 23'; C-22'—H-20', 21', 23', 24'; C-23'—H-
21',22', 24"; C-24'—H-22', 23'; ESIMS m/z 733 [M + Na]*; HR-
MALDI-TOF MSm/z733.3559 [M + Na] " (calcd for C44Hs40sNa,
733.3711).

Jatropha factor Cs (7). amorphous white powder; [o]®p
+69.3° (c 0.14, MeOH); UV (MeOH) Amax (log €) 276 (5.11) nm;
1H NMR data of the 12-deoxy-16-hydroxyphorbol moiety (CD,-
Cly, 500 MHz) ¢ 7.56 (1H, m, H-1), 5.61 (1H, d, J = 5.6 Hz,
H-7), 5.41 (1H, s, OH-9), 4.18 (1H, d, J = 11.5 Hz, H-16a),
4.01 (1H, dd, 3 = 5.9, 13.1 Hz, H-20a), 3.96 (1H, dd, J = 5.9,
13.1 Hz, H-20b), 3.77 (1H, d, J = 11.5 Hz, H-16b), 3.24 (1H,
br s, H-10), 3.08 (1H, br t, J = 4.8 Hz, H-8), 2.48 (1H, d, J =
19.2 Hz, H-5a), 2.43 (1H, d, J = 19.2 Hz, H-5b), 2.23 (1H, s,
OH-4), 2.11 (1H, overlapped, H-12a), 1.99 (1H, m, H-11), 1.75
(3H,dd, J=1.2,2.7 Hz, CH5-19), 1.64 (1H, dd, J = 11.8, 14.9
Hz, H-12b), 1.57 (1H, t, J = 5.9 Hz, OH-20), 1.16 (3H, s, CH3-
17), 1.01 (1H, d, 3 = 5.4 Hz, H-14), 0.89 (3H, d, J = 5.8, CH5-
18); 13C NMR data of the 12-deoxy-16-hydroxyphorbol moiety
(CD.Cl,, 125 MHz, based on DEPT, HMQC, and HMBC
experiments) 6 208.7 (C-3), 161.0 (C-1), 140.9 (C-6), 133.2 (C-
2),129.4 (C-7), 76.0 (C-9), 74.2 (C-4), 69.3 (C-16), 68.2 (C-20),
64.6 (C-13), 56.1 (C-10), 38.9 (C-5), 38.6 (C-8), 36.6 (C-11), 31.9
(C-12), 30.3 (C-14), 26.6 (C-15), 18.6 (C-18), 11.0 (C-17), 10.4
(C-19); HMBC correlations of the 12-deoxy-16-hydroxyphorbol
moiety were consistent with those of 2; *H and *C NMR data
of the dicarboxylic acid moiety, see Tables 1 and 2; HMBC
correlations of the dicarboxylic acid moiety (CD,Cl,) C-1'—H-
2'a, 2'b, 3'; C-2'—H-3'; C-3—H-2'a, 2'b; C-4'—H-2'a, 2'b, 6';
C-8—H-6', 10'a, 10'b, 14'; C-9'—H-8', 14', 16'; C-10'—H-8', 15';
C-11'—H-12', 13', 16a; C-12'—H-14"; C-13'—H-14', 15'; C-14'—H-
10'b, 12', 15', 16'; C-15'—H-10'a, 13', 14', 16'; C-16'—H-10'a,
14',15'; C-20—H-22'; C-21'—H-22', 23'; C-22'—H-21', 23, 24;
C-23'—H-22', 24'; C-24'—H-22', 23'; ESIMS m/z 733 [M + Na]*;
HR-MALDI-TOF MS m/z 733.3559 [M + Na]* (calcd for
C44H5408Na, 7333711)
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