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ABSTRACT: Euphordraculoates A (1) and B (2), featuring
tigliane diterpenoids with two new carbon skeletons, were
characterized as metabolites of Euphorbia dracunculoides and
semisynthetic products, respectively. Their structures were
determined by spectroscopic analyses and X-ray crystallog-
raphy. The respective biosynthetic and chemical formation
mechanisms for 1 and 2 from a known tigliane 3 was
proposed. The detailed decarbonization mechanism from 3 to
2 was further explored by 18O-labeling experiment. Compound
2 could inhibit Wnt pathway in a dose- and time-dependent
manner.

Tigliane diterpenoids, which were reported mainly from
Euphorbiaceae and Thymelaeaceae families,1 have a

unique architecture of a 5/7/6/3-tetracyclic ring system.1,2

Tiglianes were reported to show a wide variety of biological
activities, including proinflammatory activity, cocarcinogenic
and tumor-promotive activities, cell differentiation, anticancer
and antiviral activities, and etc.1−4 Some tiglianes, which could
serve as protein kinase C (PKC) modulators, attracted the most
attention because the activating capacity of PKCs was
responsible for diverse biological activities,5 especially for
anticancer and anti-HIV.6,7 Currently, the most progressed
compound in this class of natural products is phorbol 12-
myristate 13-acetate, which is currently in phase II clinical trials
for treatment of acute myeloid leukemia.1 For their fascinating
structures and striking bioactivities, this class of molecules has
attracted great interest as challenging targets to chemists for
total synthesis and biosynthesis over the past 20 years.8

As part of natural products discovery efforts from Traditional
Chinese Medicine plants and associated endophytes in China,9

euphordraculoate A (1) (Figure 1), an unprecedented
diterpenoid lactone, which exhibits a novel 6/6/3-fused ring
system with a 2-methyl-2-cyclopentenone moiety, was isolated
from Euphorbia dracunculoides. Initially, we intended to realize
the biomimetic conversion of 1 from a known tigliane
precursor 3,9a,10 which was isolated as one of the main
metabolites in E. dracunculoides. However, the desired trans-
formation failed; an unexpected product 2 with an
unprecedented 5/5/6/3-fused tetracyclic ring core (Figure 1)

was yielded from 3 with the aid of NaH in dry THF. In this
paper, the isolation, structural elucidation, plausible biosyn-
thetic pathway of 1, and formation mechanism of 2 from 3, as
well as the Wnt signaling pathway inhibitory activity, are
described.
Euphordraculoate A (1) was obtained as colorless gum. The

molecular formula of 1, C31H36O7, which indicates 14 degrees
of unsaturation, was deduced from the HRESIMS data (m/z
543.2354 [M + Na]+, calcd 543.2353). The 13C NMR spectrum
(Supporting Information, Table S1) of 1 revealed 31 carbon
resonances, composed of seven methyls, one methylene, 13
methines, and ten quaternary carbons. By combining the 1H
and 13C NMR data of 1 (Table S1), one benzoyloxy group
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Figure 1. Chemical structures of compounds 1−3.

Letter

pubs.acs.org/OrgLett

© 2017 American Chemical Society 3911 DOI: 10.1021/acs.orglett.7b01813
Org. Lett. 2017, 19, 3911−3914

http://pubs.acs.org/doi/suppl/10.1021/acs.orglett.7b01813/suppl_file/ol7b01813_si_001.pdf
http://pubs.acs.org/doi/suppl/10.1021/acs.orglett.7b01813/suppl_file/ol7b01813_si_001.pdf
pubs.acs.org/OrgLett
http://dx.doi.org/10.1021/acs.orglett.7b01813


(OBz) (δH 8.02 × 2, 7.57, 7.46 × 2; δC 130.4, 129.8 × 2, 128.6
× 2, 133.1, 166.0) and one isobutyryl (OiBu) (δH 1.07, 1.08,
2.45; δC 18.8, 18.9, 34.3, 175.8) were obviously presented in
1.10,11 As a result, the remaining 20 carbons should be from the
parent nucleus with eight degrees of unsaturation. Moreover,
among the carbon signals of the core skeleton of 1, four olefinic
carbons (δC 160.3, CH; 141.2, C; 127.7, C; 141.6, CH) and
two carbonyls (δC 206.9 and 163.5) were unambiguous.
Therefore, 1 was speculated to be a diterpenoid with a
tetracyclic core skeleton.
A known tigliane (3),9a,10 which shared some similar 13C

NMR data with 1, was also isolated from this plant. A careful
comparison of the NMR data between 1 and 3 (Table S1)
reached a conclusion that 1 also possesses the following
subunits: a methylated α, β-unsaturated ketone moiety (C-1, C-
2, C-3, and C-16), a gem-dimethylcyclopropane unit (C-9, C-
10, C-11, C-18, C-19) and a six-membered ring substituted by a
benzoyl and an isobutyryl. Meanwhile, a new upfield shifted
carbonyl carbon (δC 163.5) and a methylene (δC 37.9)
appeared in 1 instead of two methines in 3. Moreover, the
13C NMR signals of C-6, C-7, C-8, C-15 in 3 presented severe
variations in 1. Consequently, 1 was inferred to be different
from 3 in the seven-membered ring.
The HMBC correlations from H-1 to C-2, C-3, C-4, C-15,

and C-16; from H-4a to C-1, C-2, and C-3; and from H-4b to
C-3 and C-15, along with the spin system at H-1/H-15/H2-4
revealed by COSY correlations, demonstrated the presence of a
2-methyl-2-cyclopentenone moiety in 1 (Figure 2). Without

doubt, the long-range HMBC couplings H-15/C-14 and H-8/
C-15 verified that this 2-methyl-2-cyclopentenone moiety
should be connected to C-14 through a single bond formed
by C-14 and C-15. In addition, on the basis of the observation
of the HMBC correlations of H-7/C-8, H-7/C-17, H-8/C-6,
and H-8/C-7, and the COSY cross peak of H-7/H-8, a
propenyl was linked to the six-membered ring at C-8. Besides,
only two correlations from H-7 and H3-17 to the upfield
carbonyl at δC 163.5 were detected in the HMBC spectrum of
1. It was inferred that this carbonyl was linked to the above
propenyl moiety at C-6 in a mode of δ-lactone for the reason
that the chemical shift of this carbonyl δC 163.5 was consistent
with the typical 13C NMR values of α,β-unsaturated δ-lactone.12

Accordingly, the last unidentified ring (α, β-unsaturated δ-
lactone moiety) and the only unassigned oxygen atom between
C-14 and C-5 in 1, as well as the two Dalton molecular weight
variation between 1 (MW: 520) and 3 (MW: 522), were all
accounted for. Thus, the planar structure of 1 was established.
The relative configuration of 1 was elucidated by ROESY

experiment (Figure 2). The six-membered ring and the gem-

dimethylcyclopropane unit in 1 was supposed to be cis-fused
like tiglianes,2 and H-9 and 11-OiBu were all α-oriented. The
ROESY correlations of H-9/Me-19, H-8/Me-18, H-8/H-15, H-
8/H-13, H-12/Me-20 allowed the H-8, cyclopentenone moiety
at C-14 and the benzoyloxy group at C-12 to be β-oriented,
while Me-20 was to be α-oriented. The absolute configuration
of 1 was determined by comparing experimental and calculated
ECD spectra predicted by time-dependent density-functional
theory. The result showed that the experimental and calculated
ECD spectra of the compound 1 were in good agreement
(Figure 3, left). Thus, the absolute configuration of compound
1 was assigned as 8S, 9R, 11R, 12R, 13R, 14S, and 15S.

The above analyses certify euphordraculoate A (1) as a
diterpenoid with new carbon skeleton architecture. The co-
occurrence of 1 with a known tigliane 3 within the same plant
raises the possibility that the new carbon skeleton results from a
further modification of 3. Herein, we propose a possible
biosynthetic route for 1 (Scheme 1, dashed path) in order to

trigger further studies to its biomimetically total chemical
synthesis. First, a retro-aldol reaction would occur in 3 and
opens the seven-membered ring at C-4 and C-5, leaving the
carbon C-5 in a form of aldehyde subsequently. Then, the
aldehyde intermediate is further oxygenated to be a carboxylic
acid, which could undergo an intramolecular esterification with
the hydroxyl at C-14 later on. In this way, the structure of 1 is
produced.

Figure 2. Key 2D correlations of 1 and the X-ray structure of 2.

Figure 3. Calculated and experimental ECD spectra of compounds 1
(left) and 2 (right).

Scheme 1. Plausible Biosynthetic Pathway of 1 (dashed) and
the Proposed Formation Mechanism of 2 from 3 (Solid)
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As mentioned above, a biomimetic chemical transformation
from 3 to 1 was planned via the key retro-aldol reaction. Retro-
aldol reactions were attempted with different bases including
NaH, DBU, LDA, and LHMDS; however, none of them could
generate the proposed intermediate 1a from 3. Fortunately,
main product 2 was yielded from 3 under the condition of NaH
in dry THF. Intriguingly, product 2 has a molecular formula of
C30H36O7 determined by the HRESIMS data (m/z 531.2357
[M + Na]+, calcd 531.2353), which has one carbon atom less
than that of the starting material 3. In order to solve the
unforeseen structure of 2, detailed NMR experiments toward 2
were carried out (Figure S1). As in the case of compound 1, a
methylated α, β-unsaturated ketone subunit, a six-membered
ring, a gem-dimethylcyclopropane modification fused at C-9
and C-11, and a benzoyl and an isobutyryl esterifications at C-
12 and C-11, respectively, were all definitive in 2 from the
NMR data (Table S1). The COSY spin system H-15/H-4/H-
6/H-8, along with the HMBC cross peaks H-15/C-14 and H-
8/C-14, evidenced a pentacyclic subunit in 2 instead of a seven-
membered ring in 3 (Figure S1). The HMBC correlations from
OH-14 to C-14, C-15, and C-1 permitted a hydroxyl
substituted at C-14. Similarly, HMBC correlations H-6/C-7
and H3-17/C-7 implied an acetyl linked to C-6. Consequently,
product 2 was deduced to be rearranged tigiliane occupying
unprecedented 5/5/6/3-fused carbon rings. To further confirm
this unique structure, a single crystal X-ray analysis of 2 was
carried out (Figure 2). The X-ray data13 corroborated the
structure of 2 elucidated by NMR data. The absolute
configuration of 2 was then determined in the same manner
as that of 1 by comparing experimental and calculated ECD
spectra (Figure 3, right).
As shown in Scheme 1 (solid arrows), the formation

mechanism of 2 from 3 was devised. Initially, opening of the
seven-membered ring of 3 at C-4 and C-5 via retro-aldol
reaction with the aid of NaH yields the proposed intermediate
1a containing an α,β-unsaturated aldehyde moiety. Second, an
intramolecular Michael addition occurs to generate the 5/5/6/
3-fused core skeleton intermediate 2a. Finally, a carbon in the
intermediate 2a is taken off presumably through a 1,2-
cycloaddition between oxygen and the double bond of the
enolate moiety in the intermediate 2a and subsequent C−C
bond cleavage of 2b (Scheme 1, solid path).
There are several papers reporting a similar decarbonization

reaction to generate ketone using the aldehyde as material in
the literature.14 As no literature proved the detailed mechanism
of the above-mentioned oxidative addition and C−C bond
cleavage steps, an 18O-labeling experiment toward this type of
reaction was designed. Due to the amount limit of compound 3
and the difficulty to capture the enolate intermediate after
Michael addition, we did not use 3 to conduct further
experiments directly. Inspired by the literature reports,14 a
model compound of the reaction intermediate, aldehyde 4,
which can be obtained from inhoffen lythgoe diol with the aid
of Dess-Martin Periodinane, was used instead. We treated 4
with NaH under an oxygen atmosphere to give product 5 as a
pair of isomers (Scheme 2). Then the oxidative C−C bond
cleavage of aldehyde from 4 was conducted using 18O2 as the
oxidant. As a result, the 18O-labeled compound 5a was obtained
(HREIMS: m/z 196.1350 M+, calcd for C12H18

16O18O,
196.1349). This experiment not only supports the decarbon-
ization mechanism reported decades ago14c but also suggests
that the proposed intermediate 2a containing an aldehyde
moiety is reasonable in Scheme 1.

Aberrant activation of the Wnt/β-catenin signaling pathway
is involved in the development and progression of various
cancers. Antagonists of Wnt/β-catenin signaling might be very
potent if developed into effective antitumor agents.15 For
compounds 1−3, the Wnt pathway inhibitory activities were
conducted in HEK293 cells stably transfected with Wnt3a,
Renilla, and SuperTopflash luciferase (ST-Luc),16 which was
named HEK293W. Only 2 exhibited potent and selective
inhibitory activity. As shown in Figure 4A, the incubation of

HEK293W cells with 2 resulted in a dose-dependent decrease
in Wnt3a induced ST-Luc transcription. Meanwhile, the
exposure of HEK293W cells to increased concentrations of 2
for 24 h obviously suppressed the expression of Wnt target
genes Axin 2, c-myc, cyclin D1, and survivin (Figure 4B, left).
Consistently, a similar effect was confirmed in HT29 colorectal
cancer cells with constitutively activated Wnt signaling (Figure
4B, right), whereas β-catenin is an important component of the
canonical Wnt signaling pathway that is phosphorylated by the
destruction complex and then ubiquitinated and degraded
through the proteasome pathway.17 Thus, the respective
protein levels of total and phosphorylated β-catenin were
investigated. Promotion of phosphorylation and degradation of
β-catenin were observed in a time- and dose-dependent manner
in HEK293W cells incubated with 2 (Figure 4C−D). For the
reason that Wnt pathway is closely associated with cell
proliferation, the growth inhibitory effect using MTS assay in
colorectal cancer cells with abberant Wnt signaling showed that
2 inhibited all the tested cells, Caco2, HT29, and HCT116 with
IC50 values of 10.97, 31.78, and 42.58 μM, respectively. Taken
together, our study indicates that 2 could be included as a new

Scheme 2. Chemical Synthesis of 18O-Labeled 5 from
Inhoffen Lythgoe Diol under 18O2 Atmosphere

Figure 4. Compound 2 inhibits Wnt pathway. (A) HEK293W cells
with DMSO, 1.5625, 3.125, 6.25, 12.5, 25 μM 2 for 24 h. (B) Western
blot analysis of Wnt signaling downstream target proteins in
HEK293W and HT29 cells. (C) Western blot analysis of β-catenin
and phospho-β-catenin (Ser33, Ser37, and Thr41) in HEK293W cells
treated with 2. (D) Western blot analysis of β-catenin and phospho-β-
catenin (Ser33, Ser37 and Thr41) in HEK293W cells treated with
increasing time of 2.
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chemotype of Wnt signaling inhibitor and has the potential to
be an anticancer drug lead for further development.
In summary, our discovery of euphordraculoate A (1) from

E. dracunculoides has expanded the diterpenoids skeleton of the
structurally complex tiglianes to possess a 6/6/3-fused core
system decorated with a 2-methyl-2-cyclopentenone moiety.
Our efforts to biomimetically synthesize 1 from a proposed
tigliane precursor 3 failed, but, surprisingly, led to a Wnt
signaling pathway inhibitor 2, which contains another new
scaffold with 5/5/6/3-fused carbon rings. The conversion from
3 to 2 and detailed decarbonization mechanism study not only
provide potential synthetic utility in the context of 5/5/6-fused
carbon rings containing complex natural products but also
validates the long-standing proposal14c that the decarbonization
mechanism from 2-methyl aldehyde to ketone under strong
base conditions involves a 1,2-cycloaddition of the singlet
molecular oxygen to the double bond of the enolate and a
subsequent C−C bond cleavage. To the best of our knowledge,
this is the first indication that tiglianes or their derivatives could
inhibit the Wnt signaling pathway highlighting the natural
products chemists’ suspicion that novel natural product
scaffolds with specific activity often have a high likelihood of
acting on novel targets.18
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Y.; Magarvey, N. A. Nat. Chem. Biol. 2016, 12, 233.

Organic Letters Letter

DOI: 10.1021/acs.orglett.7b01813
Org. Lett. 2017, 19, 3911−3914

3914

http://pubs.acs.org
http://pubs.acs.org/doi/abs/10.1021/acs.orglett.7b01813
http://pubs.acs.org/doi/abs/10.1021/acs.orglett.7b01813
http://pubs.acs.org/doi/suppl/10.1021/acs.orglett.7b01813/suppl_file/ol7b01813_si_001.pdf
http://pubs.acs.org/doi/suppl/10.1021/acs.orglett.7b01813/suppl_file/ol7b01813_si_002.cif
mailto:sxhuang@mail.kib.ac.cn
mailto:zhaooy@126.com
http://orcid.org/0000-0002-3616-8556
https://www.ccdc.cam.ac.uk
https://www.ccdc.cam.ac.uk
http://dx.doi.org/10.1021/acs.orglett.7b01813

