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Abstract

The transcription factor Hypoxia-Inducible Factor 1 (HIF-1) has emerged as a major antitumor
molecular target. Inhibition of HIF-1 activation has been shown to suppress the growth, survival,
and metastatic spread of hypoxic tumors. The NCI Open Repository of marine invertebrates and
algae lipid extracts was evaluated for HIF-1 inhibitory activity in a T47D human breast tumor cell-
based reporter assay. Bioassay-guided chromatographic separation of the active extract from the
sponge Dendrilla nigra produced four new lamellarin-like phenolic pyrroles, which most closely
resemble the structure of the known D. cactos compound lamellarin O. However, unlike
lamellarins, the structures of neclamellarin A (1), neolamellarin B (2), 5-hydroxyneolamellarin B
(3), and 7-hydroxyneolamellarin A (4) lack the carboxyl moiety at position C-2 of the substituted
pyrrole ring and have a significantly different pattern of oxidation. Compound 4 was found to
inhibit hypoxia-induced HIF-1 activation (ICsg 1.9 uM) in T47D cells. Hypoxic induction of
vascular endothelial growth factor (VEGF), a potent angiogenic factor and HIF-1 target gene, was
also inhibited by 4 at the secreted protein level.

When the consumption of oxygen outstrips the supply, hypoxic tissue areas emerge. One
major character of advanced solid tumors is the prevalence of heterogeneously distributed
hypoxic regions. Tumor hypoxia exerts two opposite effects on tumor cells — 1) reduction of
cellular metabolism and cell proliferation that leads to subsequent cell death; and 2)
promotion of aggressive tumor growth by selecting highly mutated and malignant tumor
cells.! Extensive tumor hypoxia correlates poor clinical outcome and treatment resistance.!
Despite intensive drug discovery efforts, there is no approved drug that specifically targets
tumor hypoxia at the present time.2

One of the key molecular targets for anti-tumor hypoxia drug discovery is the transcription
factor hypoxia-inducible factor-1 (HIF-1), a heterodimer composed of the oxygen-regulated
HIF-1o and the constitutively expressed HIF-1p subunits.3 Since the discovery of HIF-1 in
the early 1990s,* extensive studies on HIF-1 and cancer strongly support HIF-1 as a valid
molecular target for drug discovery that targets tumor hypoxia. Preclinical studies revealed
that HIF-1 inhibition retards tumor growth and improves treatment outcome when combined
with radiation and chemotherapeutic agents.>~11 Small molecule inhibitors of HIF-1
activation represent potential tumor-selective agents with reduced levels of detrimental
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effects on the well-oxygenated normal tissues. Intensive research efforts have yielded a
number of chemically diverse small molecule HIF-1 inhibitors that target various cellular
pathways that regulate hypoxic signaling.2:12:13 The majority of small molecule HIF-1
inhibitors discovered are either natural products or derived from natural products. One
potential limitation of these small molecule inhibitors is that many are believed to inhibit
HIF-1 through molecular mechanisms that would typically be associated with cytotoxic
effects.2:12:13 The challenge lies in the discovery of potent HIF-1 inhibitors with high
therapeutic index towards tumor cells while sparing normal cells.

In search of potent and selective small molecule HIF-1 inhibitors, our research efforts take
advantage of the vast biochemical diversity afforded by natural products to discover novel
HIF-1 inhibitors that may function through mechanisms that have not previously been
identified to regulate HIF-1 activation. Using a T47D human breast carcinoma cell-based
reporter assay,4 the NCI Open Repository of marine invertebrates and algae lipid extracts
was examined for HIF-1 inhibitory activity. The crude extract of the sponge Dendrilla nigra
(Aplysillidae) inhibited hypoxia-induced HIF-1 activation (81% inhibition at 5 ug mL™1).
Bioassay-guided chromatographic separation of the D. nigra extract yielded four new
lamellarin-like phenolic pyrroles (1-4) that bear structural features similar to lamellarin O
(5), originally isolated from the Australian sponge D. cactos.1®

Over 30 lamellarins have been isolated from marine sponges (ie. Dendrilla cactos),
ascidians (ie. Didemnum chartaceum), and opisthobranchs (Lamellaria sp.). With the
exception of lamellarins O-R, lamellarins generally contain a pentacyclic (6H-
[1]bezopyrano[4',3";4,5]pyrrolo[2,1-a]isoquinolin-one chromophore, as exemplified by
lamellarin D (6), the most studied member of this class.1® Lamellarins have attracted a great
deal of attention for their wide range of biological activities that include inhibition of HIV-1
intergrase, inhibition of topoisomerase I, and tumor cell cytotoxic effects that are insensitive
to P-glycoprotein-mediated resistance and may even reverse MDR efflux.16

Results and Discussion

The crude lipid extract of the tropical marine sponge Dendrilla nigra, which was collected
from shallow water in Saipan (NCI Open Repository collection #J002799), inhibited HIF-1
activation in T47D cells by 81% at 5 pg mL~1. The extract of D. nigra (5 g) was subjected
to repeated Si gel CC to yield four new lamellarin-like alkaloids (1-4). Compound 1 was
isolated as white needle-like crystals. Strong IR absorptions (3369 and 1697 cm™1) indicated
the presence of phenolic and amide carbonyl functionalities, respectively. The 13C NMR and
DEPT spectra showed twelve carbon resonances that included one carbonyl resonance at o
168.8 (s, C-6), five quarternary carbon resonances, five sp? aromatic carbon resonances and
one sp3 methylene carbon resonance. The 1H NMR spectrum of 1 showed one methylene
proton resonance at ¢ 4.20 (s, 2H-7), five aromatic proton resonances, and one downfield
exchangeable phenolic proton resonance at & 8.38 (s, 3H-OH). The HRESIMS, 1H and 13C
NMR (Tables 1 and 2) supported the molecular formula Co4H19NO4 and revealed that 1
possessed a symmetrical structure. The IH-1H COSY correlations showed two 1H-1H spin
systems: ¢ 7.23 (d, J = 8.4, 2H-2',6") was coupled to ¢ 6.83 (d, J = 8.4, 2H-3',5), and § 7.09
(d, J=8.4,4H-2",6",2"”,6”) was coupled to 6 6.78 (d, J = 8.4, 4H-3",5", 3" 5”"). These
AA'XX' patterns were indicative of three para-hydroxy-substituted aromatic rings. The two
phenolic spin systems in partial structures A and B were found to be connected to partial
structure C by the observation of long-range 1H-13C couplings between ¢ 4.20 (s, 4H-2",6",
2”,6”) and 127.9 (2CH, C-3,4). The combination of long-range 1H-13C HMBC correlations
from 6 7.09 (s, 2H-7) to 168.8 (C, C-6), 130.6 (CH, C-2',6"), 124.8 (C, C-1') and from §7.23
(d, J =8.4, 2H-2',6") to 39.8 (CHy, C-7), and 156.4 (CH, C-4") (Figure 1) readily facilitated
the establishment of three para-substituted phenolic partial structures A, B and C. Partial
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structures A and B exist in a similar magnetic environment and thus have identical chemical
shifts. Taking into account partial structures A—C, only a C4H,N portion remains for the
central connecting core structure of 1. Interpretation of the IH NMR, 13C NMR, and 1H-13C
HMBC correlations from & 7.49 (s, 2H-2,5) to C-3,4 (127.9, C) and C-2,5 (117.2, CH),
established a 1,3,4-trisubstituted 1H-pyrrole core partial structure D. The IR and the ¢ 168.8
chemical shift of C-6 support nitrogen substitution of the carbonyl moiety (i.e. amide). The
final connectivity between each partial structure was determined from long-range 1H-13C
HMBC correlations (as depicted in Figure 1). Thus the structure was assigned as a new
lamellarin-like phenolic pyrroles metabolite neolamellarin A (1). Compound 1 can be
thought of as a decarboxylated and alternatively oxidized form of lamellarin 0.1°

Compound 2 was isolated as yellow oil. As observed for 1, the IR spectrum contained strong
bands at 3384 (phenol) and 1695 cm~ (amide carbonyl). The HRESIMS, 1H and 13C NMR
(Tables 1 and 2) supported the molecular formula Co4H19NOs. The *H NMR spectrum
revealed six aromatic proton resonances and two methylene resonances. Analysis of the 13C
and 13C DEPT NMR spectra revealed 18 carbon resonances, including two carbonyl
resonances at 6170.6 (C, C-2) and 171.6 (C, C-6), eight quarternary carbon resonances, six
aromatic methine resonances, and two methylene resonances at 6 50.7 (CHy, C-5) and 42.1
(CHj, C-7). Unlike the 3,4-disubstituted 1H-pyrrole structure observed in 1, compound 2
contained a significantly different set of 1H and 13C resonances: [, 4.65 (2H, s) and ¢
50.7 (CHy), 151.0 (C), 129.8 (C), 170.6 (C)] and lacked the symmetrical structure observed
in 1, thus the chemical shifts of partial structures A and B were distinct. Comparison of

the 1H and 13C NMR spectra of 2 with those of 1 indicated that the structure of 2 possessed
the same p-substituted phenolic aromatic partial structures A, B and C, which were further
confirmed by the 1H-H COSY and 1H-13C HMBC correlations. According to the molecular
formula, partial structure D was assigned the formula C4H,ON. The H-13C HMBC
correlations from ¢ 4.65 (s, 2H-5) to 151.0 (C, C-4), 129.8 (C, C-3), 170.6 (C, C-2), from ¢
7.22 (d, J=8.4, 2H-2",6") t0 129.8 (C, C-3), and from § 7.31 (d, J = 8.4, 2H-2"" 6" to
151.0 (C, C-4) established that the structure of 2 (neolamellarin B) was similar to that of 1,
except that 2 possessed a 1,3,5-trisubstitutedpyrrolidin-2-one core, rather than the 1,3,5-
substituted-1H-pyrrole core observed in 1.

Compound 3 was isolated as yellow powder. Infrared absorbances, similar to those observed
for 1 and 2, were observed at 3336 (phenol) and 1696 cm™1 (amide carbonyl). The
molecular formula of 3 was determined to be C»4H19NOg by HRESIMS. The 1H and 13C
NMR data indicated that the structure of 3 possessed the same A—C partial structures as
ascribed to 1 and 2. Comparison of the 13C NMR spectrum of 3 with that of 2 suggested that
the only difference is that the methylene carbon resonance at 6 50.7 (CH5, C-5) of 2 was
replaced by a hydroxylated methine carbon resonance at & 81.5 (CH, C-5) in 3. The 1H
NMR resonance at & 4.65 (s, 2H-5) observed in 2 was missing in the spectrum of 3. The 1H
NMR spectrum of 3 also contained one additional oxygenated methine resonance at & 6.54
(s, 1H-5) and one exchangeable hydroxyl proton resonance at 6 5.71 (s, OH-5). These
observations were consistent with the differences in the 13C NMR spectrum. Furthermore,
the C-7 methylene proton signal appeared as two doublets [6 4.26 (d, J = 15.2, 1H-7a), 4.16
(d, J=15.2, 1H-7b)] in 3, rather than as a singlet [ 4.24 (s, 2H-7)] as observed in 2. This
phenomenon can be explained by the presence of a chiral C-5 hydroxyl substituent that
presumably forms a hydrogen-bond to the C-6 carbonyl to form a 6-membered ring, thus
strongly influencing the magnetic environment of the diastereotopic protons H-7a and H-7b.
The H-1H COSY and 1H-13C HMBC correlations supported the structure of this new
compound, trivially named 5-hydroxyneolamellarin B (3).

Compound 4 was isolated as yellow oil. The molecular formula of 4 was deduced to be
C24H19NO5 by HRESIMS, thus indicating that it may be an isomer of 2. Analysis of the 1H
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and 13C NMR spectra indicated that 4 was structurally very similar to 1. The only difference
in the 13C NMR spectrum (Table 2) was that 4 contains one more oxygenated methine
carbon resonance at 73.9 ppm (CH, C-7) in place of a methylene carbon resonance observed
at 39.8 ppm (CH, C-7) in the spectrum of 1. The presence of a C-7 hydroxyl substituent was
further supported by 1H-13C HMBC correlations from H-7 (5.79 ppm) to both the C-6
carbonyl carbon resonance at 171.9 ppm and the aromatic carbon resonances at C-2'/C-6'
(129.9 ppm). The lack of optical activity suggested that 4 may be racemic. This was not
surprising due to the unique environment of the C-7 hydroxyl moiety that is both benzylic
and alpha to the amide carbonyl. Thus the structure of 4 was deduced to be a simple
hydroxylated analog of 1, trivially named 7(R/S)-hydroxyneolamellarin A (4).

The effects of 1-4 on HIF-1 activity in a T47D cell-based reporter assay were determined in
a concentration-response study.1* The most active compound 4 inhibited hypoxia (1% O,)-
induced HIF-1 activation with an 1Csq value of 1.9 uM. At the highest concentration tested
(10 uM), the percentage inhibition exerted by 1-4 on hypoxia-induced HIF-1 activation
ranged from 26% (1), 23% (2), 22% (3), to 98% (4). To control for potentially non-specific
interference due to the inhibitory effects on tumor cell proliferation/viability, a Neutral Red
assay was performed. Under hypoxic conditions (1% O, for 16 and 48 h, respectively), 1-4
(at concentrations up to 10 uM) did not significantly inhibit T47D cell proliferation/viability
(< 20%), as measured by the Neutral Red assay. To discern the specificity of 4 on HIF-1
activation induced by hypoxia versus iron chelation, the effects of 4 on 1,10-phenanthroline
(10 uM)-induced HIF-1 activation (ICgg 3.7 uM) were evaluated in the T47D cell-based
reporter assay. As shown in Figure 2, 4 inhibited both hypoxia- and iron chelator-induced
HIF-1 activation in T47D cells and a more pronounced inhibition was observed towards
hypoxia-induced HIF-1 activation. In a transformed 3T3 cell-based reporter assay, 4 did not
affect luciferase expression from a control construct (pGL3-control) at concentrations that
range from 1 to 10 uM (data not shown). These results suggest that 4 specifically inhibited
HIF-1 activation in the luciferase-based reporter assay. Compounds 1-3 (10 uM) partially
inhibited 1,10-phenanthroline-induced HIF-1 activation in T47D cells: 58 + 7% (1), 42 + 6%
(2), and 33 £ 10% (3), respectively.

One of the most studied HIF-1 regulated target genes is vascular endothelial growth factor
(VEGF), a key angiogenic factor that promotes tumor angiogenesis.1’ The effects of 4 on
the induction of secreted VEGF protein in T47D cells by hypoxia (1% O,) and 1,10-
phenanthroline (10 uM) were examined and the data shown in Figure 3. Hypoxic exposure
increased the level of secreted VEGF protein by 2.4-fold, and 4 (10 uM) blocked this
induction (87%). No inhibitory effect was observed at a lower concentration (3 uM).
Treatment with 1,10-phenanthroline increased secreted VEGF protein level by 5.3-fold, and
4 (10 uM) produced a 33% decrease in the induction. This result correlates with those
obtained in the HIF-1 reporter assay. The inhibitory effect of 4 is more pronounced on
hypoxia-induced HIF-1 and the downstream target gene (VEGF), relative to the effect on
1,10-phenanthroline-induced HIF-1 and VEGF.

The effects of 1-4 were further evaluated on tumor cell proliferation/viability under
normoxic conditions. Incubation (48 h) in the presence of 4 produced a marginal dose-
dependent inhibition of T47D cell proliferation/viability [-8 £ 10% (1 pM), 34 + 7% (10
uM)]. The 48 h duration of these assays appear to exert a low level of suppression of cell
proliferation/viability at the highest concentration tested. This is in contrast to the lack of
cytostatic/cytotoxic effects observed in the shorter incubation time (16 h). None of the other
three compounds affected T47D cell proliferation/viability under normoxic conditions.

Lamellarin D (6) and related lamellarins that possess a planer pentacyclic chromophore are
associated with DNA intercalation, metal-dependent cleavage, inhibition of topoisomerase I,
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and this planer system also appears to be linked to the tumor cell cytotoxic activity.1® The
structure of 4 lacks the planer pentacylcic chromophore and appears unlikely to effect HIF-1
through the inhibition of topoisomerase I. The limited quantity of 4 prohibited mechanism of
action studies and further investigation of its potential as a molecular-targeted antitumor
agent. Efforts are required to synthetically produce 4 in order to further examine the
relationship between lamellarins and the regulation of HIF-1 in tumors. In summary,
compound 4 represents a bona fide HIF-1 inhibitor that suppresses the activation of HIF-1
and its downstream target VEGF in T47D cells.

Experimental Section

General Experimental Procedures

Melting points were measured using a MEL-TEMP® 3.0 micro-melting point apparatus and
were uncorrected. Optical rotations were obtained on an AP 1V/589-546 digital polarimeter.
The IR spectrum was obtained using a Bruker Tensor 27 genesis Series FTIR. UV spectra
were recorded on a Varian 50 Bio spectrophotometer. The NMR spectra were recorded in
acetone-dg on Bruker AMX-NMR spectrometers operating at either 400 MHz or 600 MHz
for IH and either 100 MHz or 150 MHz for 13C, respectively. The NMR spectra were
recorded running gradients and solvent peaks (acetone-dg, 6 2.05 for 1H and ¢ 206.7 for 13C)
were used as internal references. The HRESIMS spectra were measured using a Bruker
Daltonic micro TOF with electrospray ionization. Silica gel (200-400 mesh) was used for
column chromatography. The TLCs were run on Merck SiggFos54 0r SiggRP1gF254 plates and
visualized under UV at 254 nm and by heating after spraying with a 1% anisaldehyde
solution in acetic acid:H,SO4 (50:1).

Sponge Material

The sponge extract was obtained from the National Cancer Institute’s Open Repository
Program. Dendrilla cf. nigra (Aplysillidae) was collected at 8 m depth on February 18, 1993
(collection J002799) from Saipan, Commonwealth of the Northern Mariana Islands. The
sample was identified by Dr. Michele Kelly (National Institute of Water and Atmospheric
Research Limited, Auckland, New Zealand). It was frozen at —20 °C and ground in a meat
grinder. A voucher specimen was placed on file with the Department of Invertebrate
Zoology, National Museum of Natural History, Smithsonian Institution, Washington, D.C.

Extraction and Isolation

Ground sponge material was extracted with water. The residual sponge sample was
lyophilized and extracted with CH,Cl,:MeOH (1:1), residual solvents were removed under
vacuum, and the crude extract stored at —20 °C in the NCI repository at the Frederick
Cancer Research and Development Center (Frederick, Maryland). The crude extract (5.0 g)
(inhibited HIF-1 activation in T47D cells by 81% at 5 pg mL~1) was separated into 9
fractions by Si gel CC, using gradients of hexanes:EtOAc (100:0~0:100). Active fraction 7
that eluted with hexanes:EtOAc 1:1 (inhibited HIF-1 activation in T47D cells by 94% at 5
ng mL~1) was further separated by Sephadex LH-20 CC (eluted with 100% MeOH) and Si
gel CC, eluted with hexanes:EtOAc (7:3), to produce 1 (120 mg, 2.4% yield). Active
fraction 8, eluted with 100% EtOAc (inhibited HIF-1 activation in T47D cells by 96% at 5
ng mL™1), was further separated into 3 subfractions by Si gel CC, eluted with
CH,Cl»:MeOH (93:7). Subfraction 8-2 (26 mg) was purified by Si gel CC, eluted with
hexanes:EtOAc (65:35), to produce 2 (20 mg, 0.4% yield) and subfraction 8-3 (40 mg) was
further purified by HPLC (Prodigy® 5u, ODS-3 100 A, 250 x 21.2 mm, isocratic 50%
MeOH in H,0, 8.0 mL min~1), to produce 3 (4 mg, 0.08% yield, tg 58 min) and 4 (1 mg,
0.02% yield, tg 38 min).
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Neolamellarin A (1), 3,4-bis(4-hydroxyphenyl)-1-[2-(4-hydroxyphenyl)-1-oxoethyl]-1H-
pyrrole

White needles; mp 144-146 °C; UV (MeOH) Amax (log €) 210 (4.53), 250 (4.41), 285 (4.27)
nm; IR(film); vmax cm~1 3369, 1697, 1612, 1512, 1387, 1221, 1172; 1H and 13C NMR, see
Tables 1 and 2; HRESIMS m/z 386.1385 [M+H]™ (calcd for Co4HooNO,4, 386.1392).

Neolamellarin B (2), 3,4-bis(4-hydroxyphenyl)-1-(2-(4-hydroxyphenyl)acetyl)-1H-
pyrrol-2(5H)-one

Yellow 0il; UV (MeOH) Amay (l0g €) 224 (4.34), 330 (4.06) nm; IR(film); vmax cm™1 3384,
1695, 1607, 1513, 1362, 1236, 1103; 1H and 13C NMR, see Tables 1 and 2; HRESIMS m/z
424.1155 [M+Na]* (calcd for Co4H19gNOsNa, 424.1161).

5-Hydroxyneolamellarin B (3), 5-hydroxy-3,4-bis(4-hydroxyphenyl)-1-(2-(4-
hydroxyphenyl)acetyl)-1H-pyrrol-2(5H)-one
Yellow powder; [a]p2® +9.23 (¢ 0.065, acetone); UV (MeOH) Anax (109 &) 224 (4.47), 285
(4.14), 330 (4.18) nm; IR(film); vmax cm™1 3336, 1696, 1607, 1514, 1439, 1358, 1232,
1174, 1136; 1H and 13C NMR, see Tables 1 and 2; HRESIMS m/z 440.1121 [M+Na]* (calcd
for Cy4H19gNOgNa, 440.1110).

7-(R/S)-Hydroxylamellarin A (4), 3,4-bis(4-hydroxyphenyl)-1-[2-(4-hydroxyphenyl)-2-(R/S)-
hydroxy-1-oxoethyl]-1H-pyrrole

Yellow oil; [a]p2® 0 (c 0.012, acetone); UV (MeOH) Anax (109 ) 285 (4.34) nm; IR(film);
Vmax CM ™1 3354, 1695, 1609, 1512, 1440, 1365, 1221, 1176; 1H and 13C NMR, see Tables 1
and 2; HRESIMS m/z 402.1378 [M+H]* (calcd for Co4H,gNOs, 402.1341).

T47D Cell-Based Reporter Assay for HIF-1 Activity

TA47D cells (ATCC) were maintained in DMEM/F12 media with glutamine (Mediatech)
supplemented with 10% FCS (v/v, Hyclone), and 50 U mL~1 penicillin G sodium and 50 ug
mL "1 streptomycin (Biowhittaker) in a humidified environment under 5% CO,/95% air at
37 °C. Transfection, compound treatment, exposure to hypoxic conditions or a hypoxia
mimetic (10 uM 1,10-phenanthroline), and measurement of luciferase activity were
performed as described previously.1* The test compounds were prepared as 4 mM stock
solutions in DMSO and stored at —20 °C.

ELISA for Secreted VEGF Protein

The plating of T47D cells, compound treatment, hypoxic exposure, and determination of
secreted VEGF protein levels in the conditioned media by ELISA were as previously
described.1418 The only modification in the assay was that the cells were lysed with 250 pL
M-PER mammalian protein extraction reagent (Pierce) after removal of the conditioned
media, and protein concentrations in the cell lysates were determined using the Micro BCA
Protein Assay Kit (Pierce). The amount of secreted VEGF protein was normalized to the
amount of protein in the cellular lysates.

Neutral Red Assay for Cell Proliferation/Viability

Detailed description of the assay procedure was as previous published.19 The following
formula was used to calculate % inhibition of cell proliferation/viability: % Inhibition = [1 —
ODgyq(treated)/ODsgg(control)] x 100.
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Figure 1.
Selected 1H-13C HMBC (arrows) correlations connecting partial structures A-D for 1.
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Figure 2.

Effects of 4 on HIF-1 activation. A T47D cell-based reporter assay was used to determine
the effects of 4 on hypoxia- (1% O,; solid bar) and iron chelator-induced (1,10-
phenanthroline, 10 pM, open bar) HIF-1 activation. Compound 4 was tested at the
concentrations of 1, 3, and 10 uM and the positive control emetine was tested at 1 uM. Data
shown are averages from one experiment performed in triplicate and the bars represent
standard deviation.
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Figure 3.
Effects of 4 on the induction of secreted VEGF protein. Exponentially grown T47D cells

were exposed to 4 under hypoxic conditions (1% O,) or in the presence of 1,10-
phenanthroline (10 uM) for 16 h. The level of secreted VEGF protein in the conditioned
media was determined by ELISA and normalized to the level of protein in cellular lysates.
Data shown are averages from one experiment performed in triplicate and the bars represent
standard deviation. Data were compared by ANOVA followed by Dunnett’s multiple
comparison test using GraphPad Prism 4 software. The p-values between the induced
control and 4 treated samples are shown.
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Table 1

1H NMR data for 1-4 in acetone-dg (400 MHz, unless otherwise noted)

H 1 2 3 42
2 7.49 (2H, 5), H-2,5 7.48 (2H, 5), H-2,5
5 465 (2H, s) 6.54 (1H, s)
7 420 (2H, s) 424 (2H,s) 426 (1Ha, d,15.2) 5.79 (1H, 5)
4.16 (1Hb, d, 15.2)
26 7.23(2H,d,8.4) 717 (2H,d,84) 7.6 (2H,d,84)  7.42 (2H,d, 8.4)
35  6.83(2H,d,84) 6.75(2H, d,84) 676 (2H,d,84)  6.83 (2H, d, 8.4)
2"6" 700 (4H,d,8.4), H-2"6" 2”,6” 7.22(2H,d,84) 7.21(2H,d,84)  7.01(4H,d, 8.4), H-2"6", 2" 6"
35" 6.78(4H,d,8.4), H-3"5",3”,5” 6.86(2H,d,84) 6.85(2H,d,84)  6.73 (4H,d, 8.4), H-3"5", 3" 5"
2" 6" 731 (2H, d,8.4) 7.39 (2H, d, 8.4)
375" 6.80 (2H, d, 8.4) 6.78 (2H, d, 8.4)
OH  838(3H,s) 5.71(lH,s), OH5 -
2600 MHz
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13C NMR data for 1-4 in acetone-dg (100 MHz, unless otherwise noted)

c 1 2 3 2
2 1172CH 1706C  169.4C  1185CH
3 1279C  1298C  1207C  1293C
4 1279C  151.0C  1525C  1203C
5 1172CH 50.7CH, 8L5CH 1185CH
6 1688C  171.6C  1720C  1719C
7 308CH, 421CH, 426CH, 73.9CH
v 1248C  1266C  1265C  13L5C
26  1306CH 1317CH 1321CH 129.9 CH
35  1154CH 1159CH 1161CH 116.8CH
¥ 1564C  157.1C  1574C  150.1C
1 1256C  1238C  1239C  1265C
276"  1206CH 131.9CH 13L8CH 130.8CH
3"5"  1151CH 1162CH 1164CH 116.3CH
4 1564C  1584C  1589C  157.9C
1” 1256C  1246C  1239C  1265C
2”6” 1296CH 1306CH 1322CH 130.8 CH
3”5” 1151CH 1164CH 1164CH 116.3CH
4" 1564C  1602C  1602C  157.9C
4125 MHz

J Nat Prod. Author manuscript; available in PMC 2010 August 3.

Table 2

Page 13



