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Abstract

Bioassay-guided fractionation of an extract prepared from the fruits of Cordia sebestena has led to
the isolation of sebestenoids A-D (1-4). The structures of these new phenylpropanoid esters were
elucidated on the basis of extensive NMR experiments and mass spectroscopic measurements.
Compounds 1-4 exhibited moderate inhibition of the aspartic protease BACEL.
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1. Introduction

Cordia sebestena (L.) (Boraginaceae Family) is commonly known as the Geiger tree.
Hawaiians refer to the plant as Kou Haole though, which roughly translates to “foreign
plant” (Abbott, 1992). Recent archaeological evidence indicates that the plant is actually
indigenous to the islands (Burney et al., 2001). Regardless of its origin, the plant has a long
history of use in Hawaiian culture. The plant's large dark green leaves have often been used to
dye kappa, or wood cloth, that was used for both clothing and bedding. C. sebestena's dark
orange flowers are typically used to make Leis. The plant is best known in the Hawaiian Island
for its wood, which due to their lightweight, durable and easily workable nature, are used for
many traditional items ranging from canoes to food vessels. The plant can grow up to 25 feet
tall in tropical and sub-tropical areas where it is widely distributed due to its extensive use in
landscaping. Despite its prevalence, C. sebestena's phytochemical or pharmacological
properties have not been reported. Whether this species was used in traditional Hawaiian
medicine is not clear, as there are vague references stating “many parts were used
medicinally” (Krauss, 1993) although no specific diseases or preparations are mentioned and
the plant is not included in more comprehensive texts on the subject (Chun and Hawaii,
1994; Chun and Kapunihana, 1998; Gutmanis, 1976; Kaaiakamanu and Chun, 2003; Kaitin,
2010).

As part of a program to examine Hawaii plants for bioactive components, we discovered that
the EtOAc extract of the white fruit of C. sebestena showed activity against the aspartic protease
BACEZ1, which is central to Alzheimer's disease etiology. Bioassay-guided fractionation of this
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extract has now led to the isolation four new active phenylpropanoids, given the trivial names
sebesteniods A-D (1-4) that are described below. These new metabolites were accompanied
by five known compounds, including: caffeic acid (5), netpetoidin A-B (6,7) (Arihara et al.,
1975; Grayer etal., 2003), rosmarinic acid (8) and its methyl ester (9). In this paper, we describe
the isolation, structure elucidation of these new compounds by spectroscopic methods along
with an assessment of their bioactivity against BACEL.
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2. Results and Discussion

2.1 Structure elucidation of the new compounds

Repeated orthogonal chromatographic separations of the crude extract led to isolation of the
optically inactive compound 1 as an amorphous light yellow powder. Mass spectrometry
analysis of this sample provided a [M + H]* pseudomolecular ion at m/z 507.1288 that defined
a molecular formula of Co7H2,01. Solutions of this powder displayed a complex UV
chromophore, which included allowed absorbances at 334 and 343 nm, that implied the
presence of a highly conjugated system. This conclusion was supported by prominent
vibrations attributable to carbonyls (1702 cm-1) and aromatic rings (1603 and 1504 cm™1) in
the IR spectrum, in addition to those for hydroxyl groups (3403 cm™1). Considering the source
phylum, the 17 degrees of unsaturation and the number of oxygens required by the molecular
formula, 1 was likely a polyphenol.

Analyses of the IH (Table 1) and 2D NMR data (Table S1) established three fragments A-C
(Figure 1) which confirmed the compound was a polyphenol derivative. Each fragment shared
a similar catechol core as indicated by the three ABX systems observed in the 1H NMR
spectrum, for example, fragment A was comprised of 6.5 6.73 (d, J = 8.2 Hz), 6.6 6.89 (dd,
J=8.2, 2.1 Hz), 842 7.28 (d, J = 2.1 Hz). On the basis of HMBC correlations observed in the
2D NMR data, two of the fragments, A and B, had disubstituted alkenes appended to aromatic
cores, while C contained a trisubstituted olefin. The two carbonyls observed in the 13C NMR
spectrum were substituents on these alkenes on the basis of HMBC correlations from
H-7’(B) or H-7” (C) to carbons at 8¢.g 165.4 and 8¢.g» 165.6, respectively. This latter carbonyl
was clearly a methyl ester on the basis of a HMBC correlation from a downfield methyl singlet
at 8y 3.72 (C).

An atom inventory indicated the remaining oxygens were in the form of five hydroxy groups
and either one or two ether linkages depending on whether C-9” was an ester or a carboxylic
acid. This latter possibility was excluded on the basis of the HMBC correlation observed from
the vinyl proton H-8 (A) to the carbonyl carbon C-9” (B), which linked these two units.
Discriminating between the various possible combinations of ether linkages to C required
detailed analyses of the ROESY spectrum. This spectrum displayed a cross-peak between H-5’
of fragment (B) and H-7" (C), which would only be observed if these two fragments were
connected at the C-4 oxygen of fragment B. The final planar structure of 1 was thus established
as depicted after assignment of the olefin geometries on the basis of coupling constants
(A7gcis, 3Iy7 g = 7.2 Hz, A7 g trans, 337+ g = 15.8) and ROESY analyses.

Sebestenoid B (2) was obtained as an amorphous light yellow powder, which had a molecular
formula of Co7H2,01 consistent with an isomer of 1. The NMR spectroscopic data of 2 were
quite similar to those of 1, which allowed facile identification of fragments B and C originally
found in 1. Differences were noted for resonances of fragment A that were attributed to changes
in the substitution pattern of the aromatic ring and the configuration of the disubstituted alkene.
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Specifically, the ortho coupling (8.2 Hz) observed in 1 was missing in 2, replace instead with
a smaller meta coupling (1.5 Hz) and corresponding upfield shift of the three aromatic protons
in that moiety (. 6.69, d, J = 1.5 Hz; 6.4 6.83, d, J = 1.5 Hz; 6.6 6.70, br s) indicative of
1,3,5 substitution pattern on the ring. Likewise, the vicinal coupling between the alkene protons
was now consistent with a trans rather than cis system (1 Jy.7/H-8= 7.2 HZ; 2 Jy.7/n-g= 12.8
Hz). With these principal differences established, this 2-(3,5- dihydroxyphenyl)ethenyl
fragment was connected to B via the same HMBC correlation observed for 1 thus defining the
planar structure of 2.

Compound 3 provided a pseudo-molecular ion peak at m/z 709.1532 [M + Na]*. In conjunction
with the 13C NMR data, this established the molecular formula of 3 as C3gH30014 indicating
3 was larger than 1 or 2. A comparison of the spectroscopic data with the other compounds
isolated from this extract identified the presence of fragment A (C-1 to C-8), as observed in
1, and the alpha-hydroxy ester subunit (C-1’" to C-9’”) found in the known rosmarinic acid
derivative 9. This latter unit was also later confirmed by hydrolysis (vide infra). Analysis of
the 2D NMR data established a catechol system, which had a sp? hybridized carbon in the
benzylic position rather than the typical sp2-hybridized carbon. This unit was expanded into a
two carbon unit on the basis of a COSY correlation between this downfield proton and the
H-8" methine. Beginning with these two resonances, analysis of HMBC correlations
established that this two carbon unit was part of a larger dihydrobenzofuran ring system.
Specifically, correlations observed between H-7"/C-3’, H-5’ to C-3’, H-8"/C-2’, and H-6 to
C-2’ were crucial for establishing the basic scaffold, while the additional correlations (Figure
2) allowed for the final structure of this compound to be deduced. An isomer 4 that differed
both in the geometry of the C-7/C-8 enol ether and the substitution pattern on the aromatic ring
was also identified from the same fraction and identified in a similar fashion.

The stereochemistry of compound 3 was assigned using several techniques. The E and Z-
configurations of the C-7°/C-8’ and C-7/C-8 olefins were elucidated on the basis of their
characteristic 3] y values (3347 H-g' = 15.9 Hz, 3347 g = 7.3 Hz) as was the trans
relationship of the substituents on the dihydrofuran ring (3 3.7~ y.g»= 4.4 Hz, Lit: 3Jyy= 4.9
Hz) (Wada 1992). To deduce the absolute configuration a mixture of 3 and 4 was hydrolyzed
with a solution of sodium hydroxide under a N, atmosphere (Fig. 3). After acid-exchange and
reversed—phase chromatography 10 and prolithospermic acid (11) were isolated. A 8’”R
configuration was established for 10, on the basis of comparison of the optical rotation with a
standard prepared from hydrolysis of rosmarinic acid 8 (Fig. 3). The 7S, 8”S configuration of
11 was deduced in a similar manner using optical rotation data previously reported (Wada
1992) (Murata et al., 2009). While epimerization of the cis-dihydrofuran derivative under basic
conditions has been noted (Wada 1992), under our conditions the corresponding trans
derivative is stable. The nearly identical magnitude of the vicinal proton-proton coupling values
atthe epimerizable stereogenic center (C-8") before and after hydrolysis for this moiety support
this conclusion (3 3Jy.7 .g»= 4.4 Hz, 11 33y .77 y.g» = 5.1 Hz; if cis 3Jy py = 9.2 Hz (Wada
1992).

There are few reports describing the isolation of natural products possessing the (3,5-
dihydroxyphenyl)ethenyl ethers (Nakanishi etal., 1990), making this a relatively distinct aspect
of 2 and 4. In our hands, the 3,4-dihydroxyphenyl derivatives 1 and 3 were stable, while the
corresponding 3,5-dihydroxyphenyl analogs 2 and 4 decomposed rapidly after isolation in pure
form. Discoloration began almost immediately upon isolation, resulting in the formation of a
complex mixture of products as determined by LC-MS with both higher and lower molecular
weight products present. Mixtures of 3 and 4 were stable enough for prolonged storage in the
freezer. Presumably, hydrogen bonding which is only possible in the 3,4-dihydroxyl isomer
and a strongly electron-donating group para to the side chain in 1 and 3 both stabilize the enol
ether, relative to 2 and 4. Consistent with this latter proposal, are the observations that
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electronegative substituents significantly increase the rate of vinyl ester hydrolysis (Euranto,
1977). Circumstantial evidence suggests a similar phenomenon may occur with the
appropriately substituted caffeic acid derivatives as well. While the (3,4-dihydroxyphenyl)
ethenyl derivative has been reported frequently (Grayer et al., 2003), there is only one report
of the corresponding (3,5-dihydroxyphenyl) analog, and both are reported only detectable when
extracted with organic solvent (Grayer et al., 2003) as they do not survive herbarium sample
preparation of freeze-drying.

The structures of 3 and 4 raise an interesting question regarding their biosynthesis (Fig 4) as
to how the enol ether arises. The substituted dihydrobenzofuran core likely arise through radical
coupling of the single-electron oxidation products of 5 and 9 followed by nucleophilic attack
of the C-3 hydroxyl group in 5 on C-7 of 9 to generate 12 (Dewick, 2002) (Fig 4A). The carbons
of the 2-(3,5-dihydroxyphenyl)ethenyl ether found in 4 originate via an acetate-derived
pathway, while the 2-(3,4-dihydroxyphenyl)ethenyl ether found 3 in arise viaa more traditional
shikimic acid biosynthesis. On causal inspection it appears these moieties then couple with the
corresponding aldehyde acting a nucleophile through its enol form, a rather unlikely proposal.
To avoid this issue, Brown and coworkers (Grayer et al., 2003) originally hypothesized an
addition, esterification, and elimination sequence involving a transient biogenetic equivalent
of the aldehyde 13 in the biosynthesis of 6 and 7 (Fig 4B). This intermediate (13) reacts with
a thiol to generate 14 after which the alcohol is esterified (15) and the thiol eliminated (16).
An alternatively proposal is shown in Fig 4C, which involves simple esterification of the
corresponding a-hydroxyacid (17), found in 3 and 4 already, followed by oxidative
decarboxylation (Boland and Mertes, 1985;Neumann and Boland, 1990;Dewick, 2002).
Stereospecific loss of the pro-R or pro-S methylene proton during this process would result in
either E- or Z-olefin.

2.2 Biological activity evaluation

Sebestenoids A-D were tested for their ability to inhibit B-secretase. In the Amyloid Cascade
Hypothesis (Hardy, 2006) of Alzheimer's disease progression, cleavage of amyloid precursor
protein (APP) by BACEL begins a cascade leading to the formation of soluble polypeptide
oligomers that trigger neurodegeneration (Shankar et al., 2008). Compounds 3 and 4 were the
most potent with 1Cgq values of 20 and 22 puM, respectively. In comparison, the smaller
compounds 1 and 2 were less active at 32 and 116 uM, respectively.

Phenylpropanoids have been reported to display a wide range of activities, raising questions
regarding the specificity of 3 and 4. Recently, Shoichet et al have demonstrated that many
compounds that frequently hit in assays are promiscuous inhibitors which aggregate with
enzymes in a nonstoichiometric fashion (Feng and Shoichet, 2006), which disrupts protein
folding (Coan et al., 2009). To determine if the observed effects were due to aggregation, our
BACEL1 assay was repeated with the addition of detergent to disrupt these non-specific
interactions. Unfortunately, our original assay is unable to tolerate the suggested conditions
(0.01 or 0.1% Triton). Presumably, this additive is also disrupting the crucial protein
aggregation step in our complementation assay (Eglen, 2002). The activities of 3 and 4 were
therefore investigated using a surrogate system. The compounds were assayed against the
serine protease chymotrypsin in a standard chemiluminescent assay (Gunasekera et al., 2010)
with and without the addition of detergent. The 1Csq values of both compounds were strongly
affected by this additive. For 3, the ICsq value was 33 uM without detergent but in the presence
of 0.01% Triton (v/v) the potency dropped to 134 uM. The effect with compound 4 was similar,
as this compoundinhibited chymotrypsin with an 1Csq value of 27 uM, which increased to 65
uM in the presence of detergent. This behavior is similar to that observed for Congo Red in
this same assay, which is a known aggregator, suggesting that these compounds also interacting
with both enzymes in a similar non-specific fashion.
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3. Conclusion

From a Hawaiian sample of C. sebestena four new metabolites have been isolated and their
structures defined. Compounds 2 and 4 are relatively rare examples of 2-(3,5-dihydroxyphenyl)
ethenyl ethers. In our hands these units were unstable and degraded to complex mixtures
rapidly. This finding may partially explain why there are so few reports of compounds
containing this moiety. Biological evaluation against serine and aspartic proteases showed that
these compounds inhibited both enzymes. While this activity was dose-dependent, it was also
strongly influence by the addition of detergents suggesting a non-specific inhibition. The
operational simplicity of this counter screen suggests it should be incorporated early in any
screening campaign involving plant natural products.

4. Experimental

4.1 General experimental procedures

Optical rotations were measured on a polarimeter at the sodium line (589 nm). UV spectra
were obtained on a spectrophotometer and IR spectra were measured as a thin film on a
CaF, disk. NMR spectra were acquired on a 500 MHz spectrometer operating at 500 (*H) or
125 (13C) MHz using the residual solvent signals as an internal reference (CD30D 8 3.30
ppm, 3¢ 49.0 ppm). High-resolution mass spectroscopic data were obtained on a LC-MSTOF
with ES ionization in the positive mode. Gradient separations were performed on a system
consisting of solvent delivery modules, a photodiode diode array detector, an evaporating light
scattering detector, and a system controller. TLC analyses was performed on SiggF,54 plates
and visualized under UV or by heating after spraying with a 1% anisaldehyde solution in acetic
acid/H,S0O4 (50:1). Rosmarinic acid was purchased from Sigma-Aldrich.

4.2. Plant Material

The fruits of Cordia sebestena were collected in Honolulu, Hawaii, in August 2009 adjacent
to the University of Hawaii at Manoa campus. A voucher specimen (No. 0901) is maintained
in the Department of Chemistry at University of Hawaii at Manoa.

4.3. Extraction and Isolation

The fruits (2.5 kg) were extracted thrice with ethyl acetate. The EtOAc extract (10 g) was
separated over silica gel (300-400 mesh) with a step-gradient of increasing amounts of ethyl
acetate in hexane (1:10, 1:7, 1:5, 1:3, 1:1, 1:0). The gummy fraction (Fraction 15) containing
1 and 2 eluted with 1:1 hexanes:EtOAc, while compounds 3 and 4 eluted with 100% EtOAc
(Fraction 17). Fraction 15 (200 mg) was separated by RP-HPLC [Luna Cg, 250 x 10 mm, a
linear gradient from 5-100% MeCN in water over 40 min, flow rate 3 mL/min, PDA and ELSD
detection] to afford sebestenoid A (1) (tg 26.0 min, 2.0 mg) and sebestenoid B (2) (tgr 25.0 min,
1.0 mg). Sebestenoid C (3) (tg 24.0 min, 2.0 mg) and sebestenoid D (4) (tg 23.5 min, 1.0 mg)
were isolated from Fraction 17 (150 mg) by RP-HPLC [Luna Cg, 250 x 10 mm, a linear gradient
from 5-100% MeOH in water over 40 min, flow rate 3 mL/min, PDA and ELSD detection].

4.4, Characterization

4.4.1. Sebestenoid A (1)—Amorphous light yellow powder; UV (MeOH) Amax (log €) 243
(4.1), 252 (4.1), 301 (4.1), 334 (4.2), 343 (4.2) nm; IR (CaF,) vmax 3403, 1702, 1603, 1504,
1260, 1123 cm™L; For 1H (500 MHz, MeOH-d,) and 13C (125 MHz, MeOH-d,) NMR
spectroscopic data, see Tables 1 and 2; HRESI-TOFMS obsd m/z: 507.1288 [M + H]*, calcd
for C27H23010+, 507.1291.

4.4.2. Sebestenoid B (2)—Light yellow powder; UV (MeOH) Amax (l0g €) 333 (4.0), 292
(3.9) nm; IR (CaF5) vimax 3385, 1709, 1598, 1501,1441, 1259, 1122 cm™L; For 1H (500 MHz,
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MeOH-d,) and 13C (125 MHz, MeOH-d,) NMR spectroscopic data, see Tables 1 and 2;
HRESI-TOFMS obsd m/z: 507.1290 [M + H]™, calcd for Co7H23010, 507.1291.

4.4.3. Sebestenoid C (3)—Light yellow powder; [a]p2? +32 (c 0.2, MeOH); UV (MeOH)
Amax (109 ) 335 (4.3), 290 (4.2), 257 (4.3) nm; IR (CaFy) vmax 3401, 1728, 1606, 1504, 1440,
1280, 1155cm™L; For H (500 MHz, MeOH-d,) and 13C (125 MHz, MeOH-d;) NMR
spectroscopic data, see Tables 1 and 2; HRESI-TOFMS obsd m/z: 709.1532 [M + Na]*, calcd
for C36H30014Na+, 709.1533.

4.4.4. Sebestenoid D (4)—Light yellow powder; [a]p22 +77 (¢ 0.2, MeOH); UV (MeOH)
Amax (109 €) 223 (4.7), 253 (4.4), 292 (4.4), 337 (4.4) nm; IR (CaFy) vimay 3398, 1730, 1608,
1508, 1260, 1176 cm™1; For IH (500 MHz, MeOH-d,) and 13C (125 MHz, MeOH-ds) NMR
spectroscopic data, see Tables 1 and 2; HRESI-TOFMS obsd m/z: 709.1526 [M + Na]*, calcd
for C36H30014Na+, 709.1533.

4.4.5. Alkaline Hydrolysis of Rosmarinic Acid (8)—Rosmarinic acid (100 mg) was
dissolved in 109% NaOH (5 mL) and the mixture stirred for 1 h at room temperature under
N». The reaction mixture was passed through a DOWEX 50W-X2 column (3 x 6 cm) and
eluted with H,0O (200 mL). The eluate was concentrated under reduced pressure to give a brown
residue (50 mg). The residue was then purified by RP-HPLC [Luna Cg, 250 x 10 mm, a linear
gradient from 5-10% MeCN in water (0.1% formic acid) over 40 min, flow rate 3 mL/min,
PDA and ELSD detection] to give (2R)-3-(3,4-dihydroxyphenyl)-2-hydroxypropanoic acid
(4.2 mg) as a colorless, amorphous solid: [a]p2? +13 (¢ 0.2, MeOH); 1H NMR (MeOH-d,)
84 2.74 (1H, dd, J = 13.8, 7.8 Hz), 2.94 (1H, dd, J = 13.8, 4.5 Hz), 4.24 (1H, dd, J =7.8, 4.5
Hz), 6.56 (1H, dd, J = 8.1, 2.1 Hz), 6.66 (1H, d, J=8.1 Hz), 6.71 (1H, d, J = 2.1 Hz).

4.4.6. Alkaline Hydrolysis of a Mixture of Sebestenoid C (3) & D (4)—A mixture of
sebestenoids C (3) and D (4) (6.0 mg) was dissolved in 10% NaOH (0.5 mL) and the mixture
stirred for 2 h at room temperature under N. The reaction mixture was passed through a
DOWEX 50W-X2 column (2 x 5 cm) and eluted with H,O (100 mL). The eluate was
concentrated under reduced pressure to give a brown residue (5.0 mg). The residue was purified
by RP-HPLC [Luna Cg, 250 x 10 mm, a linear gradient from 5-50% MeCN in water (0.1%
formic acid) over 40 min, flow rate 3 mL/min, PDA and ELSD detection] to give (2R)-3-(3-
methoxy-4-hydroxyphenyl)-2-hydroxypropanoic acid (10, 1.1 mg) as a colorless, amorphous
solid, [a]p22 +13 (¢ 0.2, MeOH); IH NMR (MeOH-d,) 8y 2.71 (1H, dd, J = 13.8, 7.8 Hz), 2.93
(1H, dd, J = 13.8, 4.2 Hz), 4.20 (1H, dd, J =7.8, 4.2 Hz), 6.57 (1H, dd, J = 8.1, 1.6 Hz), 6.65
(1H, d, J = 8.1 Hz), 6.68 (1H, d, J = 1.6 Hz), and (2S,3S)-4-((E)-2-carboxyvinyl)-2-(3,4-
dihydroxyphenyl)-7-hydroxy-2,3-dihydrobenzofuran-3-carboxylic acid (11, 1.8 mg), as a
colorless, amorphous solid, [a]p?2 +137 (c 1.1, MeOH), +168 (c 0.2, MeOH); 1H NMR
(MeOH-dy) 8y 4.27 (1H, d, J = 5.1 Hz), 5.86 (1H, d, J = 5.1 Hz), 6.26 (1H, d, J = 15.9 Hz),
6.72 (1H,d, J=8.0 Hz), 6.72 (1H, d, J = 8.0 Hz), 6.79 (1H, d, J = 2.1 HZ), 6.77 (1H, dd, J =
8.0,2.1 Hz), 7.15 (1H, d, J = 8.0 Hz), 7.78 (1H, d, J = 15.9 Hz); HRESI-TOFMS obsd m/z
381.0586 [M + Na]™, calcd for C;gH140gNa*, 381.0586.

4.4.7 Protease Assay—The proteolytic cleavage of amyloid precursor protein was assayed
as described (Nagvi, 2004). Test compounds were dissolved in DMSO at the desired
concentration and incubated in triplicate with the enzyme for 16 h in 96 well plates. A DMSO
control (1.5 uL) and an inhibitor standard were also tested in triplicate. The chemiluminescence
signal was read using a Fluostar Optima spectrophotometer. Data were analyzed using
GraphPad Prism. BACEL1 activity was calculated as a percent of the positive control using a
nonlinear regression analysis function that corresponded to a best one-fit model.
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Fig. 1.
Partial Fragments of 1 (A-C) along with selected HMBC (H—C) and ROESY (H«~H)
correlations.
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Fig. 2.

Selected 1H-IH COSY (bold solid bars) and 1H-13C HMBC (H—C) correlations of 3.
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Exp: [a]p?? +13
Std: [o]p?? +13

Fig.3.
Degradation of 3 and 4 to assign absolute configuration.
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Proposed Biosynthesis of A) benzodihydrofuran core 12 B) enol ether in 6 and 7 (Grayer et
al., 2003) C) enol ether in 3 and 4 on the basis of oxidative decarboxylation.
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1H NMR Spectroscopic Data for Compounds 1-4 (500 MHz, § ppm, J in Hz).

Table 1

Position? 12 22 32 42

2 7.28,d (2.1) 6.69, d (1.5) 7.27,d (2.0) 6.67,d (1.7)

4 6.83, d (L5) 6.81,d (L.7)

5 6.73,d (8.2) 6.75,d (8.2)

6 6.89,dd (8.2,21) 6.70, brs 6.92,dd (8.2,20)  6.68, brs

7 5.63,d(7.2) 6.36, d (12.8) 5.61,d(7.3) 6.35, d (12.8)

8 7.22,d(7.2) 7.78,d (12.8) 7.21,d(7.3) 7.76,d (12.8)

2 7.27,d (2.0) 7.23,d (2.0)

5 6.76,d (8.2) 6.74,d (8.4) 6.87,d (8.3) 6.84, d (8.4)

6 7.04,dd (8.2,2.0) 7.00,dd (8.4,2.0) 7.30,d (8.3) 7.22,d (8.4)

7 7.75,d (15.8) 7.69, d (15.8) 7.80, d (15.9) 7.70,d (15.9)

g 6.55, d (15.8) 6.42, d (15.8) 6.44, d (15.9) 6.29, d (15.9)

2 7.24,d (2.0) 7.26,d (2.0) 6.75, d (2.0) 6.73,d (2.1)

5" 6.73,d (8.4) 6.72,d (8.4) 6.74,d (8.2) 6.75,d (8.2)

6" 7.08,dd (8.4,2.0) 7.07,dd (8.4,2.0) 6.63,dd(8.2,2.0) 6.62 dd (8.2 2.1)

™ 7335 7.33s 5.81, d (4.4) 5.80, d (4.6)

8" 4.42,d (4.4) 4.38,d (4.6)

2 6.56, d (2.0) 6.59, d (2.0)

5 6.56, d (8.1) 6.62,d (8.1)

6" 6.36,dd (8.1,2.0)  6.40, dd (8.1, 2.0)

™ 2.84,dd (14.2,9.2)  2.91,dd (14.2,9.2)
2.96,dd (14.2,45)  3.02, dd (14.2, 4.0)

8" 5.16,dd (9.2,45)  5.19,dd (9.2, 4.0)

OCHg 3725 3725 3625 367,s

a .
Data measured in MeOH-d4

bCompounds numbered as in Murata et al. (2009).
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13C NMR Spectroscopic Data for Compounds 1-4 (125 MHz, § ppm)

Position 12 22 3a 42
1 127.7 1273 1278 1275
2 1173 1166 1174 1165
3 146.1 1463 1460 146.2
4 1485 1136 1457 1136
5 116.1 1465 1165 1463
6 122.7 1196 1228 1196
7 1133 1168 1132 116.8
8 132.8 1354 1329 1355
v 130.8 1308 1245 1244
2' 116.8 1168 1265 1263
3 1455 1466 1491 1492
4 148.4 1488 1459 1457
5' 1155 1155 1186 118.6
6' 1223 1223 1222 1223
T 148.0 1476 1449 1445
8 1158 1157 1157 1157
9 1654 1659 1655 1659
1" 1254 1254 1335 1335
2" 1182 1181 1133 1133
3" 146.1 1480 1461 1465
4" 149.2 1492 1468 146.6
5" 116.4 1164 1163 1164
6" 1252 1252 1183 1183
I 1208 1298 881 882
8" 1383 1382 574 57.6
9" 165.6 1655 1723 1723
m 1285 1285
2" 117.2 1173
3" 146.6 146.8
4" 1452 1453
5" 1165 1165
6™ 1218 1218
™ 374 375
8" 5.7 75.7
9™ 1712 1712
OCH3 528 528 528 529

b Compounds numbered as in Murata et al (2009).

aData measured in MeOH-dq
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