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An extract from the knotwood of Populus tremula (quaking aspen) was studied by 
HPLC, NMR spectroscopy, and mass spectrometry in order to identify new sources of 
natural compounds as promising basis for the development of medicinal agents. The fol-
lowing compounds were detected and characterized in the extract: 6-O-(α-L-rham no-
pyranosyl)-β‐D-glucopyranosyl E-3-(4-hydroxyphenyl)acrylate, 6-O-(α-L-rhamno-
pyranosyl)-β‐D-glucopyranosyl Z-3-(4-hydroxyphenyl)acrylate, trans-3-(4-hydroxyphe-
nyl)acrylic acid, 7-O-(β‐D-glucopyranosyl)naringenin, dihydrokaempferol, and naringenin. 
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In recent years, it has been shown that knotwoods, 
which can be scooped from wood processing waste, 
contain a variety of biologically active compounds,1,2 
including those related to fl avonoids,3 lignans,3,4 stil-
benes,5 and other classes of natural substances exhibit-
ing antioxidant4,6—9 and bactericidal properties, as well 
as acting on cells of the hormonal (antiestrogen),10 
immune, and nervous systems.11 The presence of these 
properties opens up the possibility of developing ap-
propriate drugs and biologically active additives, which 
stimulates research on the profi le of biological activities. 

The use of waste from wood processing enterprises 
as a raw material for obtaining the above valuable phen-
olic compounds will increase the degree of wood pro-
cessing, which will lead to the development of wood 
biochemical production, reduce the burden on the 
environment, and improve the economic and environ-
mental performance of technologies. The possibility of 
using waste makes it expedient to systematically study 
the components of extracts of diff erent types of knot-
wood, including the knotwood components of Populus 
tremula (quaking aspen, a deciduous tree from the 
poplar genus, the willow family fi rst described by Carl 
Linnaeus in the middle of the 18th century), one of the 
most widespread and fast-growing tree species of 
the European part of Russia, central and southern 
Siberia.12,13 Aspen forests are characterized by fast 

postpyrogenic, postagrarian, and windfall successions; 
already after 50 years it is possible to obtain up to 400 m3 
of wood per hectare.14 Aspen wood is an important raw 
material for pulp and paper industry and production of 
industrial lumber; bark and foliage extracts are used in 
medicine and veterinary medicine.15,16 

Note that the composition of low molecular weight 
components of extracts of leaves, buds, bark, heartwood 
and sapwood has already been analyzed in a number of 
works.17—26 The bark contains many biologically active 
compounds: aromatic and fatty acids, tannins, carbo-
hydrates (raffi  nose, fructose), and phenolic glycosides. 
Aspen buds contain essential oils, resins, fl avones, and 
mineral salts. Aspen leaves are rich in vitamin C, caro-
tene, carotenoids, and various enzymes.16 In addition, 
both extracts and isolated individual components have 
shown high antioxidant,17 antimicrobial,21 and anti-
infl ammatory24 activities. 

Results and Discussion

To study the compounds contained in the Populus 
tremula knotwood of natural moisture, we obtained an 
extract according to the previously described protocol.5 
Using preparative HPLC, the extract was separated into 
fractions (Fig. 1), which showed high UV absorp-
tion. The fractions were labeled according to the col-
lection time intervals (min) during elution from the 
column: 10—11, 26—27, 28—30, 60—61, 62—63, 
67—68, and 72—73. 

* Dedicated to Academician of the Russian Academy of Sciences 
V. A. Tartakovsky on the occasion of his 90th birthday. 
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The purity of the fractions resulting from the pre-
parative separation of the extract was evaluated using 
analytical HPLC (Fig. 2). 

The results of the analyzes showed that the fractions 
28—30, 60—61, 62—63, 67—68, and 72—73 contained 
the main components with 82—95% purity. The frac-

Fig. 1. Chromatogram of the separation of the crude extract on a preparative column fi lled with C-18 modifi ed silica gel. Extract 
components were detected photometrically at 280 (1) and 225 nm (2); A is the photometer signal; the composition of the eluent is 
shown by a polygonal line indicating a linear change in the content of the organic modifi er between the infl ection points; the ranges 
above the peaks show the eluent collection intervals. 
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Fig. 2. Comparison of the chromatogram of the crude extract (1) with the chromatograms of the isolated fractions 10—11, 26—27, 
28—30, 60—61, 62—63, 67—68, and 72—73 (HPLC on a Supelco HS F5 column; UV detection at 280 nm); the composition of the 
eluent is shown by a broken line indicating a linear change in the content of the organic modifi er between the infl ection points. 
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tions 10—11 and 26—27 consisting of a mixture of 
compounds were rechromatographed on a Supelcosil 
HS F5 column. As a result, the fraction 26—27 yielded 
6-О-(α-L-rhamnopyranosyl)-β‐D-glucopyranosyl Е-3-
(4-hydroxyphenyl)acrylate (1, ~91% purity) with the 
retention time of 13—14 min (see Fig. 2), while the 
fraction 10—11 gave 6-О-(α-L-rhamnopyranosyl)-β‐D-
glucopyranosyl Z-3-(4-hydroxyphenyl)acrylate (2, 
~93% purity) with the retention time of 14—15 min, as 
well as a mixture of compounds with the retention time 
of 7—8 min. Based on the NMR data, it can be assumed 
that this mixture consists of oligosaccharides contain-
ing attached hydroxyphenyl (HOC6H4—) groups. This 
fraction was analyzed by GPC. It was shown (Fig. 3) 
that it contains compounds with a mass of 0.2—3.0 kDa 
with a predominance of compounds with a mass of 
about 1 kDa. The chromatogram of the crude extract 
shows a peak with a retention time of 23.5 min, which 
corresponds to compounds with a mass of about 0.5 kDa. 
For comparison, Fig. 3 shows the chromatogram of 
fraction 26—27, the main component of which is com-
pound 1 with a mass of 472 Da. To determine the 
monosaccharide composition of fractions 10—11, we 
carried out exhaustive acid hydrolysis with subsequent 
reduction and acetylation of the hydrolysate;27 the 
resulting mixture of polyol acetates was analyzed by GLC. 
A comparison with the authentic samples showed that 
fraction 10—11 contains rhamnose, xylose, and glucose in 
a ratio of 1 : 2 : 5. A signifi cant extinction of the fraction 
components at 280 nm is explained by the presence of 
4-hydroxyphenyl fragments, which is confi rmed by 
NMR data. The ratio of rhamnose (Rha) and 4-HOC6H4 
groups, which was determined from the integral intensities 
of the peaks at δ 7.26 and 6.85 related to the 4-HOC6H4 
fragment and the peak at δ 1.19 corresponding to the 
Me group of the Rha residue, was found to be 1 : 2. 

The structures of the isolated compounds were es-
tablished by NMR spectroscopy and high-resolution 
mass spectrometry. The signals in the NMR spectra 
were assigned using 2D homo- and heteronuclear 
resonance techniques (HMBC, NOESY, COSY, and 
HSQC). As a result, it was shown that the main com-
ponents of fractions 10—11, 26—27, 28—30, 60—61, 
62—63, 67—68, and 72—73 are esters 1 and 2, 
trans-3-(4-hydroxyphenyl)acrylic acid (3), 7-O-(β-D-
gluco pyranosyl)naringenin (4), dihydrokaempferol (5), 
and naringenin (6), respectively. 

The chemical shift values of the signals in the 1Н 
and 13С NMR spectra, their assignments, and the spe-
cifi c optical rotation values of compounds 1—6 agree 
with the data described in the literature (references are 
given in the Experimental). Thus, the chemical shifts 
in the NMR spectra of compound 1 were assigned to 
6-(α-L-rhamnosyl)-1-β-D-glucopyranosyl Е-3-(4-
hydroxyphenyl)acrylate and correspond to those de-
scribed earlier21 for the equilibrium mixture of 
E/Z- isomers. We isolated individual isomers and did 
not observe the formation of their equilibrium mixture. 

A comparison of the content of phenolic compounds 
in the knotwood extracts of aspen wood grown in dif-
ferent regions is given in Table 1. It was found that the 
total content of phenolic compounds in aspen extracts 
from the Kostroma region is lower than in the case of 
aspen from Finland. In addition, the Finnish aspen 
extracts contained 7-O-β-glucoside of dihydrokaemp-
ferol (4.8% of the extract) and taxifolin (0.6%), which 
were absent in the samples studied by us. The content 
of compounds 1 and 2 in the extracts21,22 was not de-
termined. 

Extensive chemical studies of tree knots have shown 
that the amount of polyphenols in knots of coniferous 
and hardwoods is usually increased in comparison with 
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Fig. 3. Comparison of the chromatogram of the initial Populus tremula knotwood extract (1) with the chromatograms of the isolated 
fractions 10—11 and 26—27 (a TSK 2000SW column, the feed rate 0.5 mL min–1, 0.03 М phosphate buff er (рН 7.2) with the addition 
of 15% of MeCN; UV detection at 280 nm). 
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other tissues, in addition, the similarity of the structures 
of components found in knots and in other parts of the 
trees was noted.2 Compounds 1—6 we identifi ed were 
found19—26 in other parts of Populus tremula L., which 
confi rms the assumption2 about the structural similarity 
of compounds from knotwood extracts and compounds 
found in other parts of the tree. In a number of described 
cases,2 only quantitative diff erences in the compositions 
of extracts were observed and in these cases, one can 
speak of general structural fragments. 

In conclusion, this work shows the possibility of using 
Populus tremula L. wood as a raw material for obtaining 

the above phenolic compounds (specifi c yields are given 
in the Experimental) which exhibit antioxidant,17,22 
antimicrobial,16 antiulcer,16,24 and antitumor18 ac-
tivities. This allows one to increase the degree of pro-
cessing of wood raw materials and reduce the burden 
on the environment. In addition, phenolic compounds 
from wood can be used for chemical modifi cation 
through simple reactions, such as sulfation,28,29 and for 
obtaining more active anticoagulants.29 This addition-
ally substantiates a necessity for a systematic analysis of 
the composition of wood extracts from diff erent species, 
as well as the search for raw materials for their pre-
parative isolation. 

Experimental

HPLC grade solvents (Sigma) were used for extraction 
and chromatographic separation. NMR spectra were re-
corded on Bruker AMX-III 400 (400 and 100 MHz) and Bruker 
Avance 600 (600 and 151 MHz) spectro meters using DMSO-d6 
as a solvent and tetramethyl silane (Me4Si) as an internal 
standard. Signals were assigned using 2D 1H—1H, NOESY, 
COSY and 1H—13C HSQC, HMBC NMR spectroscopy. 
Electrospray ionization (ESI) high-resolution mass spectra 
were recorded on a Bruker micrOTOF II instrument in 
positive (capillary voltage 4500 V) or negative ion mode 
(capillary voltage 3200 V). Analytical HPLC was carried out on 
Supelcosil HS F5 and Supelcosil LC-18 columns (4×250 mm, 

Table 1. Comparison of the content* of phenolic com-
pounds in the knotwood extracts of aspen from the south 
of Finland and the Kostroma region 

Compound Content (%)

 in the extract in the extract 
  under study from lit. data22

1 1.0 n.d.
2 1.1+0.9 n.d.
3 2.2 1.7
4 2.0 6.6
5 5.9 18.5
6 3.6 13.2

* n.d. stands for not determined. 
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5 μm, Supelco, USA), eluting with a gradient from THF (5%) 
in aqueous HCOOH (0.1%) to THF (20%) in acetonitrile, 
the eluent composition is shown in Figs 1 and 2, the fl ow rate 
was 1 mL  min–1. Preparative HPLC was carried out on 
Silasorb C-18 (22×250 mm, 5 μm, fl ow rate 9 mL  min–1) 
and Supelcosil HS F5 columns (10×250 mm, 5 μm, fl ow rate 
4 mL min–1). The eluate was monitored at two wavelengths 
(215 and 280 nm) using a 155 UV spectrophotometer (Gilson, 
France) as described earlier.3—9,30,31 The purity was deter-
mined by chromatogram integration at 280 nm. Optical rot-
ation was measured on a JASCO P-2000 digital polarimeter 
(Japan) at 24 С. All values of specifi c rotation were measured for 
compounds with the specifi ed purity, no correction was made. 

Plant material, extraction. Wood samples collected at the 
industrial cutting area of the Dyukovsky forestry of the 
Kostroma region were obtained from live knots at a height of 
~15 m of an aspen trunk about 70 years old with a diameter 
at the butt of 40 cm and a height of ~30 m. Knots with 
a diameter of 20—40 mm, in which heartwood is practically 
invisible, were drilled with a 20-mm drill to a depth of ~3 cm. 
The resulting chips were vacuum dried for 24 h (moisture 
content of the raw material 34%). A weighed portion (14.3 g) 
of dry chips was mixed with 70% aqueous propan-2-ol 
(200 mL) at ~25 C and kept for ~14 h. The suspension 
was fi ltered, washed on the fi lter with 70% aqueous PriOH 
(3×150 mL), the solvent was removed in vacuo, the residue 
was dried for 20 h (25 C, 0.25 Torr) to obtain the extract 
(2.4 g, 17%). 

Isolation of components. Optimized chromatography 
conditions were used for preparative separation on a Silasorb 
C-18 column (see Fig. 1 caption). The extract (0.74 g) 
was dissolved on heating in 65% aqueous MeCN (3 mL, 
247 mg mL–1) and cooled, the precipitate formed was fi ltered 
off  (56 mg), the fi ltrate was applied in portions (1000 μL, 
~250 mg) onto a Silasorb С18 column (20250 mm) equili-
brated by pumping (9 mL  min–1) with HCOOH(0.1%)—
THF(5%), eluting with MeCN+20% THF gradient from 0 
to 85% over 80 min at the eluent fl ow rate of 9 mL min–1. 
The extract components were detected photometrically at 
225 and 280 nm (see Fig. 1); the volume of collected fractions 
was 9 mL. 

After removal of the solvent in vacuo and lyophilization 
of the residue, the following fractions were obtained: 10—11, 
the yield was 16.6 mg (2.2% of the applied extract; contains 
a mixture of compounds); 26—27, the yield was 12.2 mg (1.7% 
of the applied extract; contains a mixture of compounds with 
a predominance of compound 1 (67%); 28—30, the yield was 
8.4 mg (1.1% of the applied extract; contains compound 2, 
~82% purity); 60—61, the yield was 16.5 mg (2.2% of the 
applied extract; contains compound 3, ~92% purity); 62—63, 
the yield was 14.6 mg (2.0% of the applied extract; contains 
compound 4, ~92% purity); 67—68, the yield was 43.6 mg 
(5.9% of the applied extract; contains compound 5, ~96% 
purity); 72—73, the yield was 26.3 mg (3.6% of the applied 
extract; contains compound 6, ~98% purity). The total yield 
was 36.7%. 

The fraction 10—11 (16.6 mg) was dissolved in water and 
rechromatographed on a Supelcosil HS F5 column in the 

gradient presented in the caption to Fig. 3. The eluate was 
collected with a retention time of 7—8 min (see Fig. 2), 
concentration and lyophilization of which gave a mixture of 
carbohydrates Rha—Xyl—Glc—4-HOC6H4 (1  :  2  :  5  :  2, 
6.1 mg, 0.9% of the original extract; Xyl is xylose, Glc is 
glucose). We also collected an eluate with the retention time 
of 14—15 min, concentration and lyophilization of which 
gave compound 2 with ~93% purity (6.5 mg, 0.9% of the 
crude extract). 

The fraction 26—27 (12.2 mg) was dissolved in water and 
rechromatographed on a Supelcosil HS F5 column to collect 
an eluate with the retention time of 13—14 min, concentra-
tion and lyophilization of which gave compound 1 with ~91% 
purity (7.4 mg, 1.0% of the crude extract). 

6-О-(α-L-Rhamnopyranosyl)-β-D-glucopyranosyl Е-3-(4-
hydroxyphenyl)acrylate (1); []D 83 (c 0.01, EtOH) (cf. 
Ref. 21: []D 76.9). 1H NMR, δ: 7.64 (d, 1 H, H(3), 
J2,trans-3 = 15.9 Hz); 7.57 (d, 2 H, H(5) + H(9), J = 8.8 Hz); 
6.81 (d, 2 H, H(6) + H(8), J = 8.6 Hz); 6.39 (d, 1 H, H(2), 
J3,trans-2 = 15.9 Hz); 5.45 (d, 1 H, H(1´), J = 8.1 Hz); 4.65 
(d, 1 H, H(1), J = 11.5 Hz); 3.80 (dd, 1 H, H(6´), J1 = 11.3 Hz, 
J2 = 1.4 Hz); 3.59 (dd, 1 H, H(2), J1 = 3.5 Hz, J2 = 1.7 Hz); 
3.47—3.37 (m, H(6´) + H(3) + H(5)); 3.30—3.24 (m, 
H(3´)); 3.22—3.12 (m, 2 H, H(2´) + H(4)); 3.10 (m, 1 H, 
H(5´)); 1.11 (d, 3 H, H(6), J6,5 = 6.2 Hz). 13C NMR 
(151 MHz), δ: 165.3 (C(1)), 160.1 (C(7)), 146.0 (C(3)), 130.5 
(C(5) + C(9)), 125.0 (C(4)), 115.9 (C(6) + (C(8)), 113.6 
(C(2)), 100.7 (C(1)), 94.2 (C(1´)), 76.4 (C(5´) + C(3´)), 
72.5 (C(4)), 72.0 (C(2´)), 70.7 (C(3)), 70.4 (C(2)), 69.7 
(C(4´)), 68.4 (C(5)), 66.5 (C(6´)), 17.9 (C(6)). MS, found: 
m/z 495.1448 [M + Na]+; calculated for C21H28O12 495.1473; 
found: m/z 511.1166 [M + K]+; calculated for C21H28O12 
511.1212. 

6-О-(α-L-Rhamnopyranosyl)-β‐D-glucopyranosyl Z-3-(4-
hydroxyphenyl)acrylate (2); []D 83 (c 0.01, EtOH). 1H NMR, 
δ: 7.32 (d, 2 H, H(5) + H(9), J = 8.0 Hz); 6.93 (d, 1 H, H(3), 
J2,trans-3 = 12.2 Hz); 6.79 (d, 2 H, H(6) + H(8), J = 8.0 Hz); 
6.14 (d, 1 H, H(2), J3,cis-2 = 12.2 Hz); 5.11 (d, 1 H, H(1´), 
J = 11.6 Hz); 5.03 (d, 1 H, H(1), J = 3.5 Hz); 3.70—3.57 
(m, H(6´)); 3.50—3.32 (m, H(6´)); 3.47—3.34 (m, H(6´) + 
+ H(3) + H(5)); 3.31—3.19 (m, H(3´) + H(2)); 3.28—3.16 
(m, 2 H, H(2´) + H(4)); 3.20—3.10 (m, 1 H, H(5´)); 1.10 
(d, 3 H, H(6), J6,5 = 6.3 Hz). 13C NMR (151 MHz), δ: 
165.1 (C(1)), 162.5 (C(7)), 146.1 (C(3)), 129.5 (C(5) + C(9)), 
127.3 (C(4)), 114.9 (C(6) + C(8)), 114.7 (C(2)), 99.7 (C(1)), 
94.3 (C(1´)), 76.5 + 76.4 (C(5´) + C(3´)), 73.0 (C(4)), 71.7 
(C(2´)), 69.6 (C(3)), 69.5 (C(2+ C(4´)), 68.3 (C(5)), 
66.1 (C(6´)), 17.9 (C(6)). MS, found: m/z 495.1475 [M + Na]+; 
calculated for C21H28O12 495.1473. 

trans-3-(4-Hydroxyphenyl)acrylic acid (3). 1H NMR 
(400 MHz), δ: 7.54—7.44 (m, 3 H); 6.80 (d, 2 H, J = 7.8 Hz); 
6.28 (dd, 1 H, J1 = 16.1 Hz, J2 = 1.1 Hz). 13C NMR 
(151 MHz), δ: 168.0 (С(1)), 159.7 (С(4´)), 144.3 (С(3)), 
130.2 (С(2´) + С(6´)), 125.36 (С(1´)), 115.9 (С(3´) + С(5´)), 
115.41 (С(2)). MS, found: m/z 163.0861 [M – H]+; calcu-
lated for C9H7O3 163.0395; found: m/z [M + Na]+ 187.0363; 
calculated for C9H8O3 187.0371; found: m/z 203.0014 [M + K]+; 
calculated for C9H8O3 203.0111. 
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7-O-(β-D-Glucopyranosyl)naringenin (4); []D –28 (c 0.1, 
MeOH) (cf. Ref. 22: []D –31). 1H NMR (400 MHz), δ: 
12.04 (br.s, 1 H, С(5)OH); 9.63 (br.s, 1 H, С(4´)OH); 7.32 
(d, 2 H, H(2´) + H(6´), J2´,3´ = 8.3 Hz); 6.80 (d, 2 H, H(3´) + 
+ H(5´), J3´,2´ = 8.3 Hz); 6.15 (d, 1 H, H(6), J6,8 = 1.8 Hz); 
6.13 (d, 1 H, H(8), J8,6 = 1.9 Hz); 5.50 (dd, 1 H, H(2), 
J2,3 = 12.7 Hz, J2,1 = 3.1 Hz); 5.34 (br.s, 1 H, С(2ОН); 
5.10—5.01 (m, С(6ОН); 4.95 (d, 1 H, С(1)Н, J1,2 = 7.3 Hz); 
3.67 + 3.43 (m, С(6H2); 3.37 + 3.26 + 3.14 (С(5)Н, 
С(4)Н, С(3)Н); 3.34 (С(3)H2); 3.26 (d, 1 H, С(2)Н, 
J = 9.1 Hz); 2.74 (dd, 1 H, С(3)H2, J3,3 = 17.2 Hz, 
J3,2 = 3.1 Hz). 13C NMR (151 MHz), δ: 197.3 (C(4)), 165.4 
(C(7)), 163.0 (C(5)), 162.8 (C(9)), 157.9 (C(4´)), 128.8 
(C(1´)), 128.5 (C(6´) + C(2´)), 115.3 (C(5´) + C(3´)), 103.5 
(C(10)), 99.7 (C(1), 96.6 (C(6)), 95.5 (C(8)), 78.7 (C(2)), 
77.13 + 76.35 + 69.6 (С(5, С(4, С(3), 73.1 (C(2), 60.6 
(C(6), 42.1 (C(3)). MS, found: m/z 435.1276 [M + H]+; 
calculated for C21H22O10 435.1286; found: m/z 457.1099 
[M + Na]+; calculated for C21H22O10 457.1105. 

Dihydrokaempferol (5); []D 31 (c 0.01, MeOH) (cf. Ref. 22: 
[]D 28.4). 1H NMR (400 MHz), δ: 11.88 (br.s, 1 H, 
С(5)OH); 9.66 (br.s, 1 H, С(4´)OH); 7.31 (d, 2 H, H(6´) + 
+ H(2´), J2´,3´ = 8.4 Hz); 6.79 (d, 2 H, H(3´) + H(5´), 
J5´,6´ = 8.4 Hz); 5.93 (d, 1 H, H(6), J6,8 = 2.3 Hz); 5.87 (d, 
1 H, H(8), J8,6 = 2.3 Hz); 5.04 (d, 1 H, H(2), J2,3 = 11.2 Hz); 
4.57 (d, 1 H, H(3), J3,2 = 11.2 Hz). 13C NMR (151 MHz), 
δ: 198.0 (C(4)), 166.8 (C(9)), 163.2 (C(5)), 162.8 (C(7)), 
157.8 (C(4´)), 129.7 (C(6´) + C(2´)), 127.8 (C(1´)), 115.1 
(C(5´) + C(3´)), 100.7 (C(10)), 96.1 (C(6)), 95.2 (C(8)), 
83.1 (C(2)), 71.6 (C(3)). MS, found: m/z 289.0713 [M + H]+; 
calculated for C15H12O6 289.0713; found: m/z 311.0526 
[M + Na]+; calculated for C15H12O6 311.0526. 

Naringenin (6); []D 12 (c 0.01, MeOH) (cf. Ref. 22: 
[]D 16.6). 1H NMR (400 MHz), δ: 12.13 (br.s, 1 H, 
С(5)OH); 10.83 (br.s, 1 H, С(7)OH); 9.62 (br.s, 1 H, С(4´)OH); 
7.32 (d, 2 H, H(6´) + H(2´), J2´,3´ = 8.6 Hz); 6.79 (d, 2 H, 
H(3´) + H(5´), J5´,6´ = 8.6 Hz); 5.89 (s, 2 H, H(8) + H(6)); 
5.43 (dd, 1 H, H(2), J2,trans-3 = 12.8 Hz, J2,cis-3 = 3.0 Hz); 
3.26 (dd, 1 H, H(3), Jtrans-3,cis-3 = 17.1 Hz, Jtrans-3,2 = 12.8 Hz), 
2.68 (dd, 1 H, H(3) , Jtrans-3,cis-3 = 17.2 Hz, J2,cis-3= 3.1 Hz). 
13C NMR (151 MHz), δ: 196.39 (C(4)), 166.7 (C(9)), 163.5 
(C(5)), 163.0 (C(8)), 157.8 (C(4´)), 128.8 (C(1´)), 128.3 
(C(6´) + C(2´)), 115.2 (C(5´) + C(3´)), 115.0 (C(1´)), 101.8 
(C(10)), 95.8 (C(6)), 95.0 (C(8)), 78.46 (C(2)), 42.01(C(3)). 
MS, found: m/z 273.0757 [M + H]+; calculated for C15H12O5 
273.0763. 

No human or animal subjects were used in this 
research.

The authors declare no competing interests. 
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