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A B S T R A C T   

Linderapyrone, a Wnt signal inhibitor was isolated from the methanolic extract of the stems and twigs of Lindera 
umbellata together with epi-(-)-linderol A. Linderapyrone inhibited TCF/β-catenin transcriptional activity that 
was evaluated using cell-based TOPFlash luciferase assay system. To evaluate the structure-activity relationship 
and mechanism, we synthesized linderapyrone and its derivatives from piperitone. As the results of further 
bioassay for synthesized compounds, we found both of pyrone and monoterpene moieties were necessary for 
inhibitory effect. cDNA microarray analysis in a linderapyrone derivative treated human colorectal cancer cells 
showed that this compound downregulates Wnt signaling pathway. Moreover, we successes to synthesize the 
derivative of linderapyrone that has stronger inhibitory effect than linderapyrone and ICG-001 (positive control).   

The Wnt signaling pathway plays an important role in various cancer 
cells, including their proliferation and survival via Tcell factor (TCF)/β 
-catenin transcription. Previous studies have demonstrated the high 
occurrence of Wnt pathway mutations in various type of cancers 
including colon cancer.1,2 In addition, Wnt signaling pathway is essen
tial for the maintenance of cancer stem cells that deeply related to the 
tumorigenesis, progression, metastasis, recurrence, and drug resistance. 
Therefore, Wnt signal inhibitors should have the potency for the cancer 
treatment and prevention.3,4 In the course of investigating new cancer 
prevention and treatment agents,5,6 we also study new Wnt signal in
hibitors from naturally occurring compounds. Herein, we isolated a Wnt 
signal inhibitor from the stems and twigs of Lindera umbellata Thunb. 
(Lauraceae). L. umbellata is a deciduous shrub that grows in the moun
tainous regions of Japan. The extract of this plant has long been used in 
Japan as a traditional medicine for the treatment of several gastroin
testinal diseases. Essential oil has been reported to inhibit 
lipopolysaccharide-induced inflammation in RAW 264.7 cells.7 Previous 
studies have described the chemical structures of constituents such as 
flavonoids,8 chalcones, lignans,9 and benzofuran derivatives.10 Among 
them, the chalcones have various chemical structures via attaching with 
several monoterpenoids. Therefore, we pursued the isolation of these 
chalcones and related compounds from L. umbellata. This report deals 
with the structural elucidation of linderapyrone (1) and epi-(-)-linderol 

A (2), chemical synthesis of 1 and its related compounds from piper
itone. Their inhibitory effects against Wnt signaling were evaluated as 
TCF/β-catenin transcriptional activity using a cell-based luciferase assay 
system. 

The methanol extract of the stems and twigs of L. umbellata was 
partitioned in ethyl acetate–H2O (1:1, v/v) to furnish an ethyl acetate- 
soluble fraction and aqueous layer. The ethyl acetate-soluble fraction 
was subjected to normal- and reversed-phase silica gel column chro
matography and repeated high-performance liquid chromatography 
(HPLC) to give two new compounds linderapyrone (1) and epi-(-)-lin
derol A (2). 

Linderapyrone (1, Fig. 1) was isolated as a yellowish gum with 
negative optical rotation ([α]25

D − 18.3 in MeOH). In the EI-MS of 1, a 
molecular ion peak [M]+ was observed at m/z 350 and the molecular 
formula C23H26O3 was determined by HRMS measurement of the mo
lecular ion peak. The 1H NMR (CDCl3) and 13C NMR (Table 1) spectra of 
1, which were assigned by various NMR, showed signals assignable to 
the tri-substituted pyrone group [δH 6.12 (s, H-2)], an olefin group [δH 
6.63 (d, J = 15.8 Hz, H-7), 7.38 (d, J = 15.8 Hz, H-8)], a phenyl group, 
and a monoterpene moiety {three methyl groups [δH 1.49 (s, H-7′), 0.78 
(d, J = 6.2 Hz, H-9′), and 1.20 (d, J = 6.2 Hz, H-10′)], three methylene 
groups [δH 1.77 (m, H-2′ α), 1.82 (m, H-2′ β), 1.74 (m, H-5′ α), 1.11 (m, 
H-5′ β),1.62 (m, H-6′ α), and 2.10 (m, H-6′ β)], three methine groups [δH 
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3.54 (br-s, H-3′), 1.26 (m, H-4′), and 1.25 (m, H-8′)], and a quaternary 
carbon bearing oxygen function [δC 82.7 (C-1′)]}. The connection of 
each moiety of 1 was confirmed based on DQF COSY and HMBC spec
troscopy (Fig. 2). Namely, HMBC correlations were observed between H- 
2/C-1,4,7, H-8/C-9,10, H-3′/C-4,5,1′,5′, H-7′/C-1′,2′,6′, H-9′/C-4′,8′, 
and H-10′/C-4′,8′. The relative configuration of 1 was determined as 
(1′S*,3′S*,4′S*) via analysis of their nuclear Overhauser effect spec
troscopy (NOESY) spectra (Fig. 2). The NOESY cross-peaks of H-3′/H-4′

indicated that H-3′ and H-4′ are on one side. In addition, in the process of 
chemical synthesis of 1, the intermediate 1c that have same relative 
configuration as 1 was obtained less amount than diastereomer 1b 
(Scheme 1). This result should be due to steric crowding and suggested 
that the H-3′ and H-4′ are on one side. CH3-7′ and H-3′ are on one side 
because another configuration is impossible to exist based on its mo
lecular strain. The absolute configurations of 1 were defined via com
parison of the experimental and calculated electronic circular dichroism 
(ECD) data using the time-dependent density functional theory (TDDFT) 
method (Fig. 2).11–13 Thus, the (1′S,3′S,4′S) absolute configurations of 1 
was defined. Based on all this evidence, the chemical structure of 1 was 
determined as the unique pyrone derivative (Fig. 1). 

Epi-(-)-linderol A (2, Fig. 1) was isolated as a yellowish gum with 

negative optical rotation ([α]25
D − 19.6 in MeOH). In the EI-MS of 2, a 

molecular ion peak [M]+ was observed at m/z 422 and the molecular 
formula C26H30O5 was determined by HRMS measurement of the mo
lecular ion peak. From the 1H and 13C NMR spectra of 2, the overall 
structure was determined to be the same as (-)-linderol A,14 except for 
the relative configurations of the monoterpene moiety. NOESY corre
lations were observed between H-2′/H-3′, H-3′/H-8′, and H-7′/H-2′

indicating that H-2′, H-3′, CH3-7′, and CH-8′ are all on the same side. 
Therefore, the relative configuration of 2 was determined to be 
(1S*,2R*,3S*,4R*). The absolute configurations of 2 were defined as 
1S,2R,3S,4R via comparison of the experimental and calculated ECD 
data using the TDDFT method (Fig. 2).11–13 This optically pure com
pound was first isolated as a natural product in this study, but racemic it 
was previously reported as a synthetic intermediate by Dr. Yamashita et. 
al. (data not shown).14 Mercifully, Dr. Yamashita provided us 1H and 13C 
NMR spectra of epi-linderol A and they were corresponded with that of 2 
recorded in this study. Based on all this evidence, the chemical structure 
of 2 was determined to be epi-(-)-linderol A (Figure 1). 

The inhibitory effects of 1 and 2 against TCF/β-catenin transcrip
tional activity (TOP activity) were evaluated using STF/293 cells. The 
cells were 293 human embryonic kidney cells stably transfected with 
modified M50 Super 8 × TOPFlash [luciferase reporter plasmid con
taining downstream of the TCF-binding site] with hygromycin resistant 
gene obtained from pGL4.32 vector as reported.15 In this assay, the 
inhibitory effects of the test samples were assessed by observing the 
decrease in luciferase activity.16,17 It was observed that 1 exerted a 
significant inhibitory effect without cytotoxicity. The chemical structure 
of 1 was completely different from previous reported Wnt signal in
hibitors such as ICG-001 and IWR-1. Interestingly, 2 with chalcone and 
monoterpene moieties did not show an inhibitory effect (Fig. 3). 
Therefore, it is suggested that the pyrone moiety is necessary for inhi
bition of TOP activity. 

Next, to evaluate the inhibitory effects on TOP activity and the 
mechanism of 1 and its related compounds, we synthesized 1 from 
piperitone (1a) according to a previous report (Scheme 1).18 Briefly, 
catalytic reduction of 1a yielded piperitol (1b). Through acid-promoted 
SN1 substitution and intramolecular etherification, 1c (minor product) 
and 1d (major product) were obtained from 1b. Finally, 1c was treated 
with n-BuLi at − 78 ◦C and benzaldehyde to obtain a reaction interme
diate that was treated with Ac2O/TEA followed by the addition of DBU 
obtained (±)-1 (mixture of 1 and its enantiomer). HPLC separation using 
a chiral column successfully produced optically pure 1 and its enan
tiomer (ent-1). Using the same reaction, 1da (racemic mixture) was 
synthesized from 1d. In addition, 4-methoxy-6-methylpyrone (1e) and 
5,6-degydrokawain (1f) was easily synthesized for structure–activity 
relationship stud-ies.19,20 

The inhibitory effects against TOP activity of the piperitone (1a), 
synthetic intermediates (1c and 1d), and related compounds (ent-1, 1d, 
1e, and 1f) were evaluated. The enantiomer (ent-1) and diastereomer 
(1da) showed significant inhibitory effects, and their effects were 
equivalent to those of natural product 1 (Fig. 3). Monoterpene (1a) and 
pyrones (1e and 1f) did not display inhibitory effects. In contrast, syn
thetic intermediates 1c and 1d having both moieties showed weak ef
fects (Supporting Information). According to these data, some structure- 
activity relationships were suggested. Namely, the stereochemistry of 
the monoterpene moiety is not limited as a naturally occurring com
pound for inhibitory effects against TOP activity. Both the monoterpene 
and pyrone moiety are necessary, and the phenyl group at C-8 may 
contribute to the enhancement of these effects. 

The inhibitory effects against TOP activity of 1, ent-1, and 1da were 
confirmed by the cell viability on HT-29 human colon cancer cell. Wnt 
signaling pathway contributes to HT-29 cell proliferation.21 The 
viability of HT-29 cells was significantly decreased by 1, ±1, and 1da 
treatment for 72 hr (Fig. 4) and 24 hr (Supporting Information). The 
IC50 values of 1 (IC50: 32.4 ± 2.3) and ±1 (IC50: 19.9 ± 7.6) were not 
stronger than those of positive control ICG-001 (IC50: 10.8 ± 2.0) and 

Fig. 1. Chemical structures of isolated compounds from L. umbellata.  

Table 1 
13C NMR (150 MHz) and 1H NMR (600 MHz) Spectroscopic Data (CDCl3) for 1 
and 2.  

Position 1  2   
δC δH (J in Hz) δC δH (J in Hz) 

1 156.6  103.4  
2 112.3 6.12 (s) 161.0  
3 179.8  113.6  
4 100.4  161.7  
5 165.1  93.2 6.10 (m) 
7 119.1 6.63 (d, J = 15.8) 166.6  
8 135.2 7.38 (d, J = 15.8) 191.2  
9 134.6  143.5 7.84 (d, J = 15.8) 
10 and 14 127.3 7.50 (d, J = 7.6) 125.7 7.06 (d, J = 15.8) 
11 and 13 128.9 7.39 (t, J = 7.6) 135.2  
12 129.4 7.38 (t, J = 7.6) 129.1 7.61 (d, J = 6.8) 
13   128.4 7.42 (t, J = 6.8) 
14   130.4 7.40 (t, J = 6.8) 
15   128.4 7.42 (t, J = 6.8) 
1′ 82.7  129.1 7.61 (d, J = 6.8) 
2′ 37.2 α1.77 (m) 

β 1.82 (m) 
70.7  

3′ 27.4 3.54 (br-s) 92.8 4.37 (d, J = 5.5) 
4′ 49.2 1.26 (m) 41.0 3.02 (dd, J = 5.5, 11.0) 
5′ 22.3 α1.74 (m) 

β1.11 (m) 
46.5 1.17 (m) 

6′ 39.1 α 1.62 (m) 
β2.10 (m) 

20.4 α 1.62 (m) 
β 1.16 (m) 

7′ 27.8 1.49 (s) 36.1 α 1.79 (m) 
β 1.85 (m) 

8′ 30.0 1.25 (m) 25.1 1.35 (s) 
9′ 20.6 0.78 (d, J = 6.2) 27.0 1.87 (m) 
10′ 22.5 1.20 (d, J = 6.2) 15.3 0.88 (d, J = 6.8)  
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IWR-1 (IC50: 9.52 ± 1.2). In contrast, 1da (IC50: 8.2 ± 2.3) exhibited 
cytotoxicity at lower concentrations than the positive control. 

To evaluate the mechanism of the inhibitory effect against TOP ac
tivity of 1da, we evaluated the alteration of gene expression of 1da- 
treated HT-29 cells by cDNA microarray analysis. The results demon
strated that 122 mRNAs were upregulated (ratio ≥ 2.00) and 152 
mRNAs were downregulated (ratio ≤ 0.50) compared with control 
group by 5 μM 1da treatment for 24 hr (supporting information). 
Pathway analysis using Gene-Spring GX software (Tomy Digital Biology, 
Tokyo, Japan) with downregulated genes suggested that 1da may affects 
two Wnt-related signaling pathways (Fig. 5, red bars) together with 
other signals. Especially, several genes, which are regulated by small- 
molecule compounds in Wnt-β-catenin signaling, were decreased by 
1da treatment. Among 1da-downregulated genes, TCF-4 is the key 

transcription factor which activates as complex with β -catenin in Wnt 
signaling pathway.3,4 Therefore, 1da may inhibit Wnt signaling 
pathway via downregulation of the expression level of TCF-4. 

According to the above results, we modified the chemical structure of 
1da to obtain a stronger Wnt signal inhibitor. We synthesized de
rivatives 1db–1dg from 1d using several aldehydes. Catalytic reduction 
of 1da yielded 1dh which lacked double bond in the side chain 
Fig. 6A.22 The inhibitory effect of 1dg against TOP activity was much 
stronger than that of ICG-001 because it showed lower cytotoxicity in 
the luciferase assay system Fig. 6B. In addition, 1dg showed strong anti- 
proliferation effect same as the inhibitory effect against TOP activity. 
Therefore, we concluded 1dg is the strongest Wnt signaling inhibitor in 
this paper. On the other hand, 1db showed strongest anti-proliferation 
effect among all compounds, but the inhibitory effect against TOP 

Fig. 2. Key 2D NMR spectra of new compounds (1 and 2) and ECD spectra of 1 and 2.  

Scheme 1. Synthesis of 1 and Related Compounds (1b–1f, ent-1, and 1da).  
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activity was weaker than 1dg. Therefore, 1db may inhibited not only 
Wnt signaling pathway but also other pathways Fig. 6C. 

In conclusion, 1 isolated from L. umbellata and its derivatives were 
synthesized in short steps. The inhibitory effects of 1, ent-1, and 1da 
against Wnt signaling was evaluated using the luciferase assay system, 
cell viability, and pathway analysis. Moreover, we synthesized a deriv
ative (1dg) that has a stronger inhibitory effect than the positive control 
and 1. Therefore, it is possible that 1 is a novel lead compound which 

can act as a Wnt signal inhibitor. Further studies of 1 such as determi
nation of target protein and further chemical structure derivatization 
may provide us new cancer treatment drug. 
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Fig. 3. The inhibitory effects against TOP activity and the cell viability for 1, 2, ent-1, and 1da.  

Figure 4. The cell viability of 1, ±1, 1da, and positive controls on HT-29 cell.  

Fig. 5. Pathway analysis of differentially regulated genes in 1da-treated HT-29 cells compared with DMSO-treated groups. The 152 genes identified as down
regulated (ratio ≤ 0.50) were subjected to pathway analysis. The 9 regulated pathways at the P < 0.05 level are presented as -log of the p-Values. 
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