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Three new prenylated dihydrochalcones, (+)-nicolaioidesins A, B, and C (1—3), as well as a new natural
product, 5-styrylfuran-2-carboxylic acid methyl ester (4), along with four known compounds, 2'-hydroxy-
4' 6'-dimethoxychalcone (5), (+)-5-hydroxy-7-methoxyflavanone (6), (£)-5-hydroxy-7,4'-dimethoxyflavanone,
and panduratin A, were isolated from the roots of Renealmia nicolaioides, using a bioassay to determine
the induction of quinone reductase (QR) activity with cultured Hepa Iclc7 mouse hepatoma cells. Among
these isolates, 5 and 6 induced QR activity, with observed concentrations to double activity (CD) values
of 1.7 and 0.9 ug/mL, respectively, while the other constituents were not regarded as being active (CD
>10 ug/mL). The chemical structures of 1—4 were elucidated by spectroscopic methods. A biogenetic
pathway for the formation of (z)-nicolaioidins A—C (1—3) is proposed.

The genus Renealmia comprises about 75 species, of
which approximately one-third grow in tropical Africa,
while the remainder are found in the Neotropics.! Various
plant parts of R. alpinia, R. asplundii, R. cincinnata, R.
clomingensis, R. exaltata, and R. thyrsoidea have been used
traditionally to treat fever,2 headache,® and stomachache.?
Species in this genus also have medicinal uses as anti-
venins,*5 febrifuges,® and tonics,® and some are edible.2”
Three sesquiterpenoids, 1(10)E,5E-germacradien-4-ol, 5E,-
10(14)-germacradien-14,4/5-diol, and oplodiol, isolated from
a methylene dichloride-soluble extract of R. cincinnata,
were found to exhibit significant in vitro antiplasmodial
activity against cultured Plasmodium falciparum clone D-6
with 1Cso values of <5 ug/mL.2 Previous phytochemical
studies with various Renealmia species have resulted in
the isolation of flavonols,® labdane diterpenes,°~11 monot-
erpenes,®2 and eudesmane-, germacrane-, and isodaucane-
type sesquiterpenes.?

Renealmnia nicolaioides Loes. (Zingiberaceae) is com-
monly known as “mishqui panga” in the Quechua dialect
in Peru, which means “tasty leaf”. It is a 2—5 m tall, stout
plant that mainly grows in the forests of the western part
of tropical South America.! No previous biological or
phytochemical investigations have been reported on this
plant. As part of a continuing collaborative search for novel
plant-derived cancer chemopreventive agents,'314 a metha-
nolic extract of the roots of R. nicolaioides was found to
significantly induce quinone reductase (QR) activity with
cultured Hepa Iclc7 mouse hepatoma cells.’® Induction of
phase Il enzymes, such as QR, is considered an important
mechanism of protection against tumor initiation, by
catalyzing conjugation reactions to detoxify certain pro-
carcinogens or carcinogens.'617 In the present investigation,
bioassay-guided fractionation of n-hexane and ethyl acetate
extracts using the QR induction bioassay led to the
isolation of three new prenylated dihydrochalcones, nico-
laioidesins A, B, and C (1-3), as well as a new natural
product, 5-styrylfuran-2-carboxylic acid methyl ester (4),
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along with four known compounds. The structure elucida-
tion of 1—4 and the biological evaluation of all isolates
obtained are described herein.

OCH3

Results and Discussion

Four flavonoids of previously known structure were
isolated from the n-hexane and ethyl acetate extracts of
the roots of R. nicolaioides, as described in the Experimen-
tal Section, and were identified, in turn, as 2'-hydroxy-4',6'-
dimethoxychalcone (5),18 (£)-5-hydroxy-7-methoxyflavanone
(6),1° (&)-5-hydroxy-7,4'-dimethoxyflavanone,?® and pan-
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Table 1. 'H NMR Spectral Data for 1-32
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Table 2. 3C NMR Spectral Data for 1—32

position 1 2 3 position 1 2 3
3/5 5.71s 5.92s 5.84s 1 107.5sP 105.2 s 107.5s
1 4.38dd (11, 11) 3.57dd (5.1,11) 3.30ddd (6.1, 11, 2/6 n.d.c 162.7 s n.d.c
11) 3/5 95.1d 94.6d 945d
2 2.96m 2.27dt (4.9,5.0) 2.27° 217" 4 165.2 s 165.4 s 165.3 s
4 5.61d (4.4) 549 br s 551 brs 7 209.5s 209.2 s 208.5s
5'a 2.38 m (15) 2.12.ddd (1.8, 4.2, 2.24b 1 55.1d 46.0d 42.7d
18) 2 44.4 t 456t 38.2t
5'b 2.23° 2.62dt(4.2,18)  2.55dt (5.2, 17) 3 136.1s 137.6s 137.6s
6' 3.07ddd (4.7, 4.76ddd (6.1,11, 4.41ddd (4.8, 11, 4 122.8d 120.1d 119.2d
11, 11) 11) 11) 5 339t 309t 30.7t
7'a 2.17-2.22b 1.97 dt-like (15)  2.09° 6’ 46.7d 43.8d 50.1d
7b 2.17-2.22b 1.87 ddd (5.9, 15) 2.01P 7 29.2t 280t 373t
8 5.09 t (6.2) 4.861(5.9) 5.11t (6.8) 8 122.1d 123.8d 124.2d
10’ 142s 1335 161s 9 1338 s 1304 s 131.6s
11’ 1.57s 1.56s 1.69s 10’ 17.9q 17.8q 17.7q
12' 1.74s 1.76 s 2.01b, 2.09P 1 25.7 ¢ 259 ¢ 25.7 ¢
2"/6" 7.17d (7.7) 7.08—-7.13° 7.18—7.26° 12 214q 229q 264t
3"/5" 7.07 t-like (7.7) 7.18d (7.5) 7.18-7.26° 1" 143.2 s 143.4 s 1452 s
4" 6.98 t-like (7.7) 7.08—7.13° 7.09m (1.8, 7.7) 2"[6" 127.9d 128.1d 127.3d
OCHs-4 3.70's 3765 3755 3"/5" 127.8d 128.1d 128.3d
4" 126.3 d 125.7 d 126.0d
a Chemical shifts (ppm) were recorded at 500 MHz using CDCl3 OCHs-4 55.4q 55.5q 55.5 ¢

as solvent and TMS as internal standard. Figures in parentheses
are coupling constants in Hz. Assignments were based on *H—1H
COSY, HMQC, and HMBC experiments. "Multiplicity patterns
were unclear due to signal overlapping.

duratin A,?* by comparison of their physical and spectral
data with reported values. Compound 6 was the major
compound found in the present investigation, in a yield of
greater than 0.37% wi/w of the dried plant material.

Compound 1, [a]?%; 0° (c 0.058, MeOH), was obtained as
a white amorphous solid. The molecular formula was
determined as CsH3004 by HREIMS (obsd m/z 406.2129).
This compound exhibited UV maxima at 210, 234, and 296
nm, suggestive of the presence of considerable conjugation
in the molecule. In the IR spectrum, absorption bands at
3526—3109 cm~! (hydrogen-bonded OH) and 1625, 1583,
and 1520 cm~! (aromatic ring) were apparent. The phenolic
nature of the hydroxyl groups was evident from a positive
ferric chloride test. The EIMS of 1 exhibited characteristic
ion peaks at m/z 337 (fragment ion due to loss of a prenyl
unit at C-2'), 271 (fragment ion due to McLafferty rear-
rangement, in which the carbonyl group and H-7' were
involved),?? and 167 (base peak, substituted benzoylium
ion).

Comparison of the 'H and 3C NMR spectral data (Tables
1 and 2) of 1 with analogous data for the known prenylated
dihydrochalcone, panduratin A,?* which, as mentioned, was
also obtained in the present investigation, indicated that
they are a pair of diastereomers, with the only difference
being in the stereochemistry of the prenyl moiety at C-2'.
The stereochemistry of panduratin A was initially deter-
mined by various NMR experiments?! and then further
confirmed by single-crystal X-ray diffraction analysis.?® In
the 'H NMR and 'H—1H COSY spectra of 1, one methine
proton at oy 4.38 (dd, J = 11, 11 Hz) assigned to H-1' was
observed to couple with protons at oy 2.96 (1H, m, H-2)
and 3.07 (1H, ddd, J = 4.7, 11, 11 Hz, H-6'). The coupling
constants of 11 Hz for both Jy—y—n—» and Jy—1—H-¢
demonstrated that the two pairs of protons are trans-
diaxial to each other in a normal half-chair conformation
and that the corresponding substituents are consequently
disposed equatorially.2* Moreover, the proposed relative
stereochemistry of 1 in the cyclohexene ring was confirmed
by the spatial correlations between H-1' and H-8" and H-2"/
6", H-2' and H-5'b, and H-6' and H-5'b and H-2"/6", as
observed in the NOESY spectrum (Figure 1). The arylacyl
group was placed at C-1' as a result of correlations between
H-1' (6 4.38) and C-7 (dc 209.5), C-2' (6¢c 44.4), C-5' (Oc

a Chemical shifts (ppm) were recorded at 125 MHz using CDCl;
as solvent and TMS as internal standard. Assignments were based
on H—!H COSY, HMQC, and HMBC experiments. PSignal mul-
tiplicity. cSignals not detected.

Figure 1. Selected HMBC (dotted line) and NOESY (solid line)
correlations for 1.

33.9), C-6' (0c 46.7), and C-7' (6c 29.2) in the HMBC
spectrum (Figure 1). Similarly, the phenyl group was
located at C-6' in the cyclohexene ring on the basis of the
observed HMBC spectral correlations between H-6' (0n
3.07) and C-1' (6¢ 55.1), C-5' (6¢ 33.9), C-1" (6¢ 143.2), and
C-2"16" (6c 127.9). Compound 1 was determined to be a
racemate on the basis of its optical rotation profile, as well
as the fact that it exhibited a 1:1 mixture of corresponding
esters as determined from its *H NMR spectrum in CDCl;
after being treated with (R)-(—)-a-methoxy-a-(trifluorom-
ethyl)phenylacetyl chloride using Mosher’s methodology.??
Accordingly, the structure of 1 was assigned as the new
prenylated dihydrochalcone racemate (1'R*,2'R*,6'R*)-(2,6-
dihydroxy-4-methoxyphenyl)-(3'-methyl-6'-phenyl-2'-pre-
nylcyclohex-3'-enyl)methanone, to which the trivial name
(£)-nicolaioidesin A has been accorded. The structure
shown for 1 is one of the two possible representations of
the relative stereochemistry. Although several prenylated
dihydrochalcones with an arylacyl unit at C-1' and a phenyl
group at C-6' were reported previously,?12225 compound 1
serves as the first representative in this series in which
H-1" and H-2' exhibit a trans-diaxial relationship.
Compound 2, [a]?%, 0° (c 0.11, MeOH), was obtained as
a pale yellowish amorphous solid. The molecular formula
was determined as CysH300, by HREIMS (obsd m/z
406.2127). As documented in the Experimental Section, 2
also exhibited UV, IR, 1H NMR (Table 1), 13C NMR (Table
2), and mass spectral features similar to those of pandu-
ratin A2 and was therefore recognized as being a further
positional isomer of the latter compound, with the differ-
ences occurring in the respective placement of the aryl-
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Figure 2. Selected HMBC (dotted line) and NOESY (solid line)
correlations for 2.

acyl and phenyl groups at C-1' and C-6'. A significant
difference between 2 and panduratin A was observed in
the aliphatic region of their high-field 'TH NMR spectra.
Signals due to H-1' (6 3.57, dd, J = 5.1, 11 Hz) and H-6'
(0n 4.76, ddd, J = 6.1, 11, 11 Hz) in 2 were assigned by
cross-peaks in the tH—1H COSY spectrum and their similar
splitting patterns, when compared with H-1' (6 4.78, dd,
J =4.4,11 Hz) and H-6" (d 3.45, ddd, J = 6.3, 11, 11 Hz)
in panduratin A.2! Moreover, the arylacyl group was placed
at C-6' in 2 as a result of correlations between H-6" (0n
4.76) and C-7 (dc 209.2), C-2' (6c 45.6), and C-5' (6¢ 30.9)
in the HMBC spectrum (Figure 2), and the phenyl group
at C-1' on the basis of the observed HMBC cross-peaks for
H-1' (0w 3.57) and C-5' (d¢ 30.9), C-6' (dc 43.8), C-7' (Oc
28.0), C-1" (6c 143.4), and C-2"/6" (dc 128.1). Furthermore,
the coupling constants of 5.1 Hz for Jq—1—p-> and 11 Hz
for Jy—1-n-e Observed in the 'H NMR spectrum of 2
demonstrated that H-1' and H-2' must be cis-oriented,
while H-1' and H-6' are trans-diaxial to each other in a
normal half-chair conformation.?! The proposed relative
stereochemistry of 2 was confirmed by the spatial correla-
tions between H-1' and H-2' and H-2"/6", H-2' and H-1'
and H-2"/6", and H-6' and H-5'b and H-2"/6", as observed
in the NOESY spectrum (Figure 2). Compound 2 was also
determined as a racemate using the above-mentioned
techniques for 1. Therefore, the structure of 2 was assigned
as (1'R*,2'S*,6'R*)-(2,6-dihydroxy-4-methoxyphenyl)-(3'-
methyl-1'-phenyl-2'-prenylcyclohex-3'-enyl)methanone, to
which the trivial name (%)-nicolaioidesin B has been
accorded. The structure shown for 2 is one of the two
possible representations of the relative stereochemistry.
Compound 3, [a]?°; 0° (c 0.042, MeOH), was obtained as
a white amorphous solid. The molecular formula was also
determined as CsH3004 by HREIMS (obsd m/z 406.2129).
Compound 3 was recognized as an isomer of 2 on the basis
of their quite similar spectroscopic data, as described in
the Experimental Section. Comparison of the 'H NMR
spectral data (Table 1) of 3 with those of 2 indicated that
3 exhibited two additional methylene protons, 6 2.17 and
2.27 for H,-2" and oy 2.24 and 2.55 for Hy-5', instead of a
methine proton signal at 6y 2.27 (dt, J = 4.9, 5.1 Hz, H-2')
and a methyl signal at 64 1.76 (s, H3-12") in 2, while their
remaining proton signals were closely comparable. More-
over, these differences were also confirmed by their 13C
NMR spectral data, as shown in Table 2, where 3 exhibited
two additional secondary carbons at dc 38.2 (C-2') and 26.4
(C-12"), instead of the tertiary carbon at 6c 45.6 (C-2') and
the primary carbon at d¢ 22.9 (C-12') in 2. In an analogous
manner to compound 2, the arylacyl group was placed at
C-6' in 3 as a result of correlations between H-6' (6 4.41)
and C-7 (d¢c 208.5), C-1' (d¢c 42.7), C-2' (d¢c 38.2), and C-5'
(6c 30.7) in the HMBC spectrum (Figure 3), while the
phenyl group was positioned at C-1' on the basis of the
observed HMBC cross-peaks for H-1' (6 3.30) and C-6' (0c
50.1), C-1" (6c 145.2), and C-2"/6" (0c 127.3). Furthermore,
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Figure 3. Selected HMBC (dotted line) and NOESY (solid line)

correlations for 3.
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Figure 4. Biogenetic proposal for the formation of (+)-nicolaioidins
A-C (1-3).

the coupling constant of 11 Hz for H-1' and H-6' indicated
that they are trans-axial to each other in a normal half-
chair conformation.?! The proposed relative stereochemis-
try of 3 was further confirmed by the spatial correlations
between H-1" and H-2'a and H-2"/6", and H-6' and H-5'b
and H-2"/6", as observed in the NOESY spectrum (Figure
3). Compound 3 was also determined as a racemate using
the same techniques described for 1. Accordingly, the
structure of 3 was assigned as (1'R*,6'R*)-(2,6-dihydroxy-
4-methoxyphenyl)-(3'-isohexenyl-1'-phenylcyclohex-3'-enyl)-
methanone and has been named (+)-nicolaioidesin C. The
structure shown for 3 is one of the two possible representa-
tions of the relative stereochemistry.

Biogenetically, (£)-nicolaioidesins A—C (1—3) can be
regarded as products resulting from Diels—Alder-like cy-
clization of 2',6'-dihydroxy-4'-methoxychalcone (7) and the
acylic monoterpene g-ocimene (8) or myrcene (9) (Figure
4).26.27 The fact that all of the isolated nicolaioidesins were
obtained as racemates indicates that the initial [2+4]
cycloaddition reaction in the proposed biosynthesis is not
enantioselective.

Compound 4 was obtained as a white amorphous powder.
The molecular formula was also determined as C;4H;,03
by HREIMS (obsd m/z 228.0783). This compound exhibited
UV maxima at 210, 231, 255, and 343 nm, suggesting the
presence of considerable conjugation in the molecule. In
the IR spectrum, absorption bands at 1719 (o,5-unsatur-
ated ester) and 1637 and 1557 cm~?! (aromatic ring) were
apparent. Its 'H NMR spectrum showed four isolated spin
systems, inclusive of one methoxy group at o4 3.83 (3H,
s), two pairs of coupled vinylic protons at 64 5.50 and 5.95
(both 1H, d, J = 2.2 Hz) and Jy 6.59 and 7.51 (both 1H, d,
J = 16 Hz), and one monosubstituted benzene ring at oy
7.34—7.40 (3H, m) and 0y 7.49—7.52 (2H, m). A furan ring
moiety in 4 was deduced from the molecular formula and
the calculated degrees of unsaturation. The ester group was
placed at C-2 rather than C-4 in 4 as a result of HMBC
cross-peaks observed between H-6 and C-4, C-5, and C-8.
The stereochemistry of the double bond between C-6 and
C-7 was determined as being in the E-configuration on the
basis of the observed coupling constant of 16 Hz for H-6
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and H-7. Accordingly, compound 4, a new natural product,
was assigned as 5-styrylfuran-2-carboxylic acid methyl
ester. This compound was previously synthesized,?8 but no
NMR data were reported.

All of the isolates obtained from the roots of R. nicolaio-
ides were evaluated for their potential to induce quinone
reductase (QR) activity in murine Hepa 1clc7 hepatoma
cells.?® The results showed that 5 and 6 induced QR
activity, with observed concentrations to double induction
(CD) values of 1.7 and 0.9 ug/mL, respectively, while the
other constituents were not regarded as active (CD >10
ug/mL). Compounds 5 and 6 were further tested for their
cytotoxicity for Hepa 1cl1c7 cells and exhibited 1Cs, values
of 7.2 and >100 ug/mL, respectively. A superior chemo-
preventive index (Cl = ICso/CD) value for 6 (>111) was
evident, when compared with the CI value of 23.8 for
sulforaphane (CD, 0.087 ug/mL; 1Csy, 2.07 ug/mL), a
positive control used for this assay.?%3 Therefore, (4)-5-
hydroxy-7-methoxyflavanone (6) may be considered a prom-
ising lead for further evaluation as a cancer chemopreven-
tive agent.

Experimental Section

General Experimental Procedures. Melting points were
determined on a Fisher-Johns melting point apparatus and
are uncorrected. Optical rotations were measured with a
Perkin-Elmer 241 polarimeter. UV spectra were measured on
a Beckman DU-7 spectrometer. IR spectra were obtained with
an ATl Mattson FT-IR spectrometer. NMR spectra were
recorded on a Bruker DRX-500 NMR spectrometer. HREIMS
and LREIMS were recorded on a Finnigan MAT 95 mass
spectrometer (70 eV). HPLC was performed on a Waters
system with two 515 pumps and a 996 photodiode array
detector, using 20 x 250 mm, 5 um YMC-Pack ODC-AQ and
CN columns (YMC Co., Ltd., Wilmington, NC) at 9 mL/min
and monitored at 290 and 343 nm. Compounds were visualized
on TLC plates by dipping in 10% FeCl; in EtOH, along with
the use of phosphomolybdic acid reagent (Aldrich, Milwaukee,
WI) followed by charring at 110 °C for 5—10 min.

Plant Material. The roots of R. nicolaioides were collected
at Tocache, San Martin, Peru, in September 1999 by J.S.V.
and J.G.G. A voucher specimen has been deposited at the Field
Museum of Natural History, Chicago, IL (accession no. P-03417).

Biological Assays for the Induction of Quinone Re-
ductase (QR) with Cultured Mouse Hepatoma Cells. For
the evaluation of plants extracts, fractions, and pure isolates
as inducers of QR, cultured mouse Hepa 1c1c7 cells were used
as described previously.?*3° Enzyme activity was expressed as
CD, the concentration required to double the specific activity
of QR. ICsy (half-maximal inhibitory concentration of cell
viability) and CI (chemoprevention index, 1Cso/CD) values were
also determined.

Extraction and Isolation. The milled plant material (500
g) was extracted by maceration with MeOH (3 L x 3). After
filtration and evaporation of the solvent in vacuo, the resultant
extract was diluted with H,O to afford an aqueous MeOH
solution (90%) and then partitioned with n-hexane and EtOAc,
respectively, to afford dried n-hexane-soluble (3.0 g) and
EtOAc-soluble (5.5 g) residues. Both the n-hexane and the
EtOAc extracts, which significantly induced QR activity with
CD values of 3.2 and 6.1 ug/mL, respectively, were subjected
to Si gel column chromatography by elution with increasing
concentrations of MeOH in CHClI; to give six (FO1—F06) and
five (FO7—F11) fractions, respectively. Fractions FO1, FO2, FO7,
and FO08, which were all active in the QR assay (CD <10 ug/
mL), were combined on the basis of their similar TLC profiles
(SiOz, CHCI3—MeOH, 50:1 to 20:1). Chromatography of the
combined fractions (5.4 g) over Si gel by elution with gradient
mixtures of n-hexane—acetone (20:1 to 2:1) gave seven further
fractions (F13—F19). Fraction 13 (2.1 g, CD value of <2.5 ug/
mL) was further fractionated (SiO,, stepwise, n-hexane—
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EtOAc, 50:1 to 15:1) to afford (%)-5-hydroxy-7-methoxyfla-
vanone!® (6, 1.87 g) and a subfraction (74 mg, n-hexane—
EtOAc, 15:1), which was purified by reversed-phase HPLC
(YMC-Pack ODC-AQ column, CH3;CN—H,0, 6.12:2.88) to
afford (+)-5-hydroxy-7,4'-dimethoxyflavanone (5.5 mg, tr 9.09
min),?° (£)-5-hydroxy-7-methoxyflavanone (6, 12 mg, tz 9.68
min),*® and 2-hydroxy-4,6-dimethoxychalcone (5, 23 mg, tg 14.9
min).'® Fraction 15 (260 mg, CD value of 4.3 ug/mL) was
further fractionated by reversed-phase HPLC (YMC-Pack
ODC-AQ column, CH3CN—H,0, 7.38:1.62) to afford 426 (16 mg,
tr 7.3 min) and two subfractions i and ii (140 mg, tr 18.2 min;
10 mg, tr 22.8 min, respectively). Panduratin A (42 mg),?* 1
(2.2 mg), and 2 (15 mg) were obtained from subfraction i by
HPLC (YMC-Pack CN column, n-hexane—2-propanol—metha-
nol, 8.46:0.18:0.18; tg 16.9, 18.7, and 24.6 min, respectively).
Similarly, 3 (1.0 mg) was purified from subfraction ii by HPLC
(YMC-Pack CN column, n-hexane—2-propanol—methanol, 8.46:
0.18:0.18; tg 19.8 min).
(1'R*,2'R*,6'R*)-(2,6-Dihydroxy-4-methoxyphenyl)-(3'-
methyl-6'-phenyl-2'-prenylcyclohex-3'-enyl)methanone
[(£)-nicolaioidesin A, 1]: white amorphous solid; [a]?°; 0° (c
0.058, MeOH); UV (MeOH) Amax (log €) 210 (4.47), 234 (3.96),
296 (4.08) nm; IR (dried film) vmax 3526—3109, 1625, 1583,
1520, 1425, 1372, 1227, 1210, 1166 cm™%; *H and °C NMR,
see Tables 1 and 2, respectively; EIMS m/z [M]* 406 (3), 337
(5), 271 (4), 233 (2), 167 (100); HREIMS m/z 406.2129 [M]*
(calcd for C26H3004, 4062144)
(1'R*,2'S*,6'R*)-(2,6-Dihydroxy-4-methoxyphenyl)-(3'-
methyl-1'-phenyl-2'-prenylcyclohex-3'-enyl)methanone
[(£)-nicolaioidesin B, 2]: pale yellowish amorphous solid;
[a]?%; 0° (c 0.11, MeOH); UV (MeOH) Amax (log €) 210 (4.45),
231 (4.00), 289 (4.13) nm; IR (dried film) vmax 3610—3107, 1628,
1584, 1520, 1449, 1427, 1378, 1228, 1162 cm™*; *H and =C
NMR, see Tables 1 and 2, respectively; EIMS m/z [M]* 406
(2), 388 (0.5), 337 (0.8), 271 (2), 167 (100); HREIMS m/z
406.2127 [M]" (calcd for CsH3004, 406.2144).
(1'R*,6'R*)-(2,6-Dihydroxy-4-methoxyphenyl)-(3'-iso-
hexenyl-1'-phenylcyclohex-3'-enyl)methanone [(+)-nico-
laioidesin C, 3]: white amorphous solid; [a]?°; 0° (c 0.042,
MeOH); UV (MeOH) Amax (log €) 211 (4.69), 229 (4.10), 290
(4.24) nm; IR (dried film) vmax 3546—3167, 1624, 1583, 1520,
1426, 1375, 1240, 1208, 1165 cm™t; 'H and 3C NMR, see
Tables 1 and 2, respectively; EIMS m/z [M]* 406 (2), 337 (2),
271 (2), 238 (2), 167 (100); HREIMS m/z 406.2129 [M]" (calcd
for C26H3004, 4062144)
5-Styrylfuran-2-carboxylic acid methyl ester (4): white
powder; mp 130—132 °C (lit.*> 119—120 °C); UV (MeOH) Amax
(log €) 210 (4.32), 231 (4.02), 255 (3.96), 343 (4.18) nm; IR (dried
film) vmax 1719, 1696, 1637, 1557, 1456, 1407, 1255, 1153 cm™%;
'H NMR (CDCls) ¢ 3.83 (3H, s, H-2'), 5.50 (1H, d, J = 2.2 Hz,
H-3), 5.95 (1H, d, J = 2.2 Hz, H-4), 6.59 (1H, d, J = 16 Hz,
H-6), 7.34—7.40 (3H, overlapped), 7.49—7.52 (3H, overlapped);
13C NMR (CDCl3) 6 56.0 (q, C-2'), 88.9 (d, C-3), 101.4 (d, C-4),
118.6 (d, C-6), 127.5 (d, C-9 and 13), 128.9 (d, C-10 and 12),
129.5 (d, C-11), 135.2 (s, C-8), 135.8 (d, C-7), 158.6 (s, C-5),
164.0 (s, C-2), 171.0 (s, C-1'); EIMS m/z [M]* 228 (100), 200
(35), 185 (11), 157 (31), 149 (21), 129 (15), 103 (10); HREIMS
m/z 228.0783 [M]* (calcd for C14H1,03, 228.0786).
2'-Hydroxy-4',6'-dimethoxychalcone (5): yellowish pow-
der; mp 80—82 °C (lit.%! 84—85 °C); UV, IR, 'H NMR, and *3C
NMR data, consistent with literature values.®3!
(+)-5-Hydroxy-7-methoxyflavanone (6): pale yellowish
prisms (CHCIl3—MeOH); mp 85—87 °C (lit.*° 84—85 °C); [a]?%
0° (c 0.18, MeOH); CD nm (MeOH) Aezg0 0; UV, IR, *H NMR,
and *C NMR data, consistent with literature values.*®
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