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Protein additives have a dramatic effect on the H2O2 oxidation of hyperforin, either protecting the
enolized phloroglucinol core from oxidation (human albumin) or promoting (HRP and ovalbumin)
reaction pathways derived from the intermediacy of the enollactone 4, a minor component of the
oxidation mixture in the absence of protein additives. To rationalize the exquisite specificity of
several steps and their mechanistic oddity, an organocatalytic effect is postulated. The use of protein
additives allows a straightforward and multigram preparation of the enollactone 6, an interesting
multifunctionalized scaffold for bioactivity induction and/or modulation.

Introduction

Hypericum perforatum L. is a traditional medicinal
plant used for the topical treatment of superficial wounds,
burns, and dermatitis. More recently, its efficacy in the
management of mild to moderate depressive disorders
has also been demonstrated,1 with the phloroglucinol
hyperforin (1, Figure 1)) emerging as the major psycho-
active constituent of the plant.1,2 Hyperforin shows a
pleyotropic pattern of bioactivity, which includes anti-
bacterial,3 anticancer,4,5 and apoptotic properties.6 Fur-
thermore, hyperforin can also inhibit inflammatory en-
zymes (cyclooxygenase-1 and 5-lipoxygenase),7 interfere
with radical chain oxidation processes,8 and act as
ultrapotent ligand for the pregnane X receptor, a nuclear

factor that regulates expression of the cytochrome P450
3A4 monooxygenase.9 PXR plays a key role in the
metabolism of xenobiotics and the maintenance of chemi-
cal omeostasis, and its activation by hyperforin underlies
the severe interactions with prescription drugs reported
for St. John’s wort extracts.9

No total synthesis of hyperforin and hyperforin-like
compounds has yet been achieved, but this objective is
currently pursued by several groups.10 The oxidative
lability of the enolized phloroglucinol core of the natural
product is one of the major hurdles facing these efforts.
The oxidative instability of hyperforin is especially
marked toward oxygen and its activated species,11 and
the natural product is unstable under aerobic conditions
in a variety of solvents, especially the apolar ones.12

Hyperforin could be detected in plasma after oral
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has substantially remained a terra incognita. Recently,
in vitro mimicking experiments using P450 enzymes led
to the identification of a series of (pseudo)metabolites
characterized by ω-oxidation of the prenyl residues and
an unscathed phloroglucinol core.14 These findings are
surprising since P450 enzymes rely on activated oxygen
forms, and the failure to isolate metabolites oxidized at
the phloroglucinol core suggests that interaction with
peptide structures (either the enzymes themselves or
their cellular milieu) might have a stabilizing effect on
hyperforin, echoing some observations reported in the
field of ene-diine antibiotics.15

To test this hypothesis, we have investigated the
oxidation of hyperforin by hydrogen peroxide in the
presence of serum albumin, a protein known to bind
lipophilic compounds, and horseradish peroxidase (HRP),
a heme-containing peroxidase that catalyzes H2O2-medi-
ated one- and two-electron oxidations.16 While providing
experimental support for a protein-mediated protection
of the phloroglucinol core, these studies also discovered
that peptide additives can have remarkable effects on the
course of the oxidation reaction.

Results and Discussion

In a previous investigation, we reported that hyper-
forin reacts with hydrogen peroxide to afford different
compounds depending on the oxidation conditions and
the stoichiometry of oxidant employed.17 The hemiacetal

(2) was the major oxidation product, accompanied by a
constellation of minor compounds that included various
furohyperforins (3a-e) as well as compounds 4 and 5
(Figure 1).17 Whereas 2, 4, and 5 are products of enol
oxidation, furohyperforin is the result of the intramo-
lecular nucleophilic opening of prenol epoxides by the
enolic hydroxyl, a process that stabilizes the phloroglu-
cinol core toward oxidative modification.

All of these processes were shut down by the addition
of an excess of human serum albumin, even with a large
excess of oxidant and with prolonged reaction times (up
to 1 week!). For comparison, blank experiments con-
ducted in otherwise similar conditions but in the absence
of protein additives showed a complete oxidation in less
than 5 h. These observations, while providing a possible
rationalization for the oxidative stability of the phloro-
glucinol core of hyperforin under metabolic conditions,
also suggested further experiments aimed at assessing
the generality of this peptide-induced remarkable effect.
The oxidative reaction was therefore carried out also with
other peptide additives, namely, an oxidizing enzyme
(HRP), and ovalbumine, using acetonitrile-methanol
95:5 as solvent to secure solubility of hyperforin.

HRP could not prevent the oxidation of hyperforin by
H2O2. Nevertheless, catalytic amounts of this enzyme
provided a reaction mixture containing also, apart from
the hemiacetal 2, a compound not yet identified in the
previous oxidation experiments.17 This compound, the
enollactone 6 (Figure 1), could be formed also, albeit at
a slower rate, in blank experiments carried out in the
absence of HRP. Compared to the previous experiments,17

the solvent system included an aqueous buffer. Com-
pound 6 was isolated in ca. 25% yield, with the major
reaction product being the hemiacetal 2, obtained in 37%
yield. Blank experiments gave comparable yields of these
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compounds but required much longer reaction times (5
vs 1 h). High-resolution mass spectrometry suggested the
elemental composition C35H52O5 for 6. 2D NMR experi-
ments revealed that C-2 had become a methine group,
as evident by the HMBC correlation from 14-H3 to C-2,
the HMQC correlation between 2-H and C-2, and the
HMBC correlation between 2-H and C-10. Thus, the
oxidation had obviously provoked a rearrangement of the
carbon skeleton of hyperforin. HMBC correlations from
14-H3 were also observed to C-3, C-4, and C-15, and
COSY correlations between 4-H and 5-H as well as
21-H2 together with HMBC correlations from 15-H2 to
C-2, C-3, C-4, and C-14, as well as from 21-H2 to C-3,
C-4, and C-5, showed that this part of the molecule was
intact. The third intact 3-methyl-2-butenyl group is
positioned on C-6, as shown by the HMBC correlations
between 31-H2 and C-5, C-6, and C-7. A new carbon-
carbon double bond is present between C-8 and C-26. The
lack of correlation to a second substituent on C-9 and the
chemical shifts of the protons and carbons of the adjacent
positions suggest that C-9 should be oxygenated. 26-H
gave HMBC correlations to C-8 and C-9, a tertiary alcohol
function, while 2-H correlated with C-1, a keto function
in 6, and the 9-OH gave HMBC correlations to C-1, C-6,
C-8, and C-9. These data could be combined in the
enolactone structure 6. The stereostructure of 6 was
suggested by the NOESY correlations between 9-OH and
31-Ha, 32-H, and 26-H and between 2-H and 15-H2. A
proposed mechanism for the formation of 6 is shown in
Scheme 1. Thus, after formal oxygen insertion between
C-7 and C-8, in a Weitz-Scheffer mode, an intramolecu-
lar Prins reaction and a retro-aldol reaction afford the

δ-lactone 4, whose carbon skeleton is remodulated by an
R-ketol rearrangement.

Whereas the effect of human albumin was not unex-
pected on account of its binding properties for lipophilic
compounds, the catalysis of the R-ketol rearrangement
by HRP is surprising, even though peptide additives have
long been known to affect the course of oxidation reaction
with H2O2, the most remarkable example being the
Juliá-Colonna epoxidation.18 Even more surprising was
the effect of the replacement of human albumin with
ovalbumine. This smaller glycopeptide analogue of HSA
was not able to prevent the oxidation of hyperforin by
hydrogen peroxide but had a dramatic effect on the course
of the reaction, promoting the R-ketol rearrangement of
4 to the enollactone 6, now the major reaction products
(isolated yield ca. 45%), and affording a series of oxidation
byproducts never observed before (compounds 7-10,
Figure 2) or in blank esperiments. The structural com-
plexity and multifunctionality of 6 qualifies this com-
pound as an interesting scaffold for the induction and/or
modulation of bioactivity, and its production from the
ovalbumin-mediated H2O2 oxidation of hyperforin al-
lowed a multigram level scale-up.

Compound 7 (C32H50O6, HRMS) showed proton and
carbon NMR spectra similar to those of compound 4, a
byproduct of the hydrogen peroxide oxidation of hyper-
forin in the absence of catalysts,17 except for the lack of
the enol bond, replaced by a methoxyl (δH 3.44, s). The

(18) (a) Banfi, S.; Colonna, S.; Molinari, H.; Juliá S.; Guixer, J.
Tetrahedron 1984, 40, 5207 and references therein. For recent reviews
see: (b) Lasterra-Sánchez, M. E.; Roberts, S. M. Curr. Org. Chem. 1997,
187. (c) Ebrahim, E.; Wills, M. Tetrahedron: Asymmetry 1997, 8, 3163.
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13C NMR spectrum evidenced the presence of four prenyl
groups and the lack of the isobutyryl chain at C-2,
replaced by an OH group, as judged from the chemical
shift of H-2 and C-2 (δH 3.40, s and δC 66.5, respectively).
The formation of 7 from 4 involves a hydrogen peroxide
mediated Bayer-Villiger rearrangement, with eventual
loss of isobutyric acid and the generation of a C-2 alcohol,
and the overall Markovnikov addition of methanol to the
exocyclic double bond. The regiochemistry of this step
suggests the intermediacy of a 8,9-diketo-7-carboxylic
acid (4b) rather than a direct olefin addition (Scheme 2).

The high-resolution mass spectrum of compound 8
suggested a molecular formula C31H46O4, confirmed by
electrospray mass spectrometry (m/z 481 [M - H]-). Four
out of the nine unsaturation degrees required by this
formula were accounted for by four double bonds (eight
olefin signals in the 13C NMR spectrum), and by two
carbonyls (δC 206.4 and δC 180.2), showing a tricyclic
structure for 8. As with 7, the C-2 isobutyryl chain was
absent, again replaced by a hydroxyl (δH 3.15 for H-2, δC

70.4 for C-2, and δH 3.16 for the hydroxyl). H-2 showed
a set of diagnostic long-range correlations (δC 76.6, C-1;
δC 47.5, C-6; δC 206.4, C-9) that suggested the presence
of an oxadecalin moiety, as in 4, while the HMBC
correlation between the methylene prenyl at C-8

(H-22a,b) and C-1 showed a further bond between C-1
and C-8. This cyclopropane ring accounted for the last
unsaturation degree required by the molecular formula,
and NOESY correlations established the orientation of
its substituents. The most remarkable feature of 8 is the
formal reduction of C-26 that could be explained by a
process involving the Michael addition of a C-10 peroxy-
hemiacetal oxygen on the enone double bond of interme-
diate 4a. This could trigger the formation of the bond
between C-8 and C-1, while loss of oxygen accounts for
the overall reduction of C-26, with Baeyer-Villiger
oxidation of the isobutyryl moiety eventually affording
8 (Scheme 2).

Two further minor compounds (9 and 10) were isolated
as a diastereomeric mixture, from which only one con-
stituent (9) could be obtained as a single product by
exhaustive chromatographic purification. The high-
resolution mass spectrum of compound 9 suggested a
molecular formula C34H54O4, compatible with eight un-
saturations and the loss of a carbon atom from hyper-
forin. The four prenyl chains were still present, as well
as the acyl chain at C2, but the bicyclic skeleton of the
natural product had extensively rearranged, since a
lactone was present (νmax 1800 cm-1), while two further
keto groups could be detected in the 13C NMR spectrum

FIGURE 2.
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(δC 214.0 and 212.8, respectively). The A-nor-A-seco
structure 9 could nicely accommodate these data, and a
possible derivation of 9 from 4c is presented in Scheme
3. Thus, after addition of water to the cyclopropanone
moiety to afford 4d, R-ketol rearrangement and Baeyer-
Villiger oxidation would afford a lactone intermediate,
trapped by methanol to afford 10 or, alternatively, by
water to give after decarboxylation the keto-lactone 9.

In summary, our observation suggests that protein
additives have a dramatic effect on the H2O2 oxidation
of hyperforin, either protecting the enolized phloroglu-
cinol core from oxidation (human albumin) or promoting
reaction pathways derived from the intermediate enol-
lactone 4, a minor component of the oxidation mixture
in the absence of additives.17 Although it is difficult to
provide a mechanistic rationale for this remarkable
steering effect, it is nevertheless interesting to speculate
that protein sites might provide a sort of pseudocatalysis
for specific steps involved in the extensive remodulation
of the carbon-carbon connectivity of the phloroglucinol
core of the natural product. The organocatalytic nature
of the rearrangement might well rationalize the exquisite
specificity of several steps or their mechanistic oddity,
such as the necessity to advocate a reductive role for H2O2

to account for the formation of compound 8. Although
undoubtedly specific for the substrate under investiga-
tion, these results will hopefully spur investigation on
peptide-mediated organocatalytic effects, a branch of
organocatalysis that, despite the relatively early discov-
ery of the Juliá-Colonna epoxidation, has so far lagged
behind amine-mediated organocatalysis.19,20

Finally, it is not unconceivable to assume that the
protective effect of HSA underlies the formation of
ω-hydroxylated pseudometabolites of hyperforin with an
intact phloroglucinol core under biological conditions that
mimic cytochrome metabolism.

Experimental Section

Oxidations of Hyperforin DCHA Salt with H2O2. Gen-
eral Procedure. Under nitrogen atmosphere, to a magneti-
cally stirred solution of hyperforin DCHA salt in CH3CN-
MeOH (95:5, 30 mL/100 mg salt) was added an aqueous
phosphate buffer solution (pH 8.2) (20 mL/100 mg salt)
containing the catalytic reagent, followed by H2O2 (1 mol/
equiv). In blank experiments, the buffer solution was added
as such.

Blank Experiments. After 5 h the solution (100 mg of
starting hyperforin salt) was partially evaporated, diluted with
1 N HCl, and extracted with CH2Cl2 (3 × 15 mL). After drying
with Na2SO4 and solvent evaporation, 84 mg of a crude residue
was obtained. This was purified by flash column chromatog-
raphy over silica gel (φ 1.5 cm, h 17 cm) using petrol/tert-butyl-
methyl ether 20/0.5 (300 mL, 30 × 10 mL fractions), petrol/
tert-butyl-methyl ether (260 mL, 26 × 10 mL fractions), and
AcOEt (30 mL, 1 × 30 mL fraction). Fractions 3-5 contained
27 mg of hemiacetal (2) (35.7%), fractions 46-55 contained
19 mg of (6) (20%), and fraction 57 contained 29 mg of
furohyperforins (3a-e) (39%).

Reaction Promoted by HRP (2 × 10-3 mol/equiv). After
1 h the reaction mixture (100 mg of starting hyperforin salt)
was worked up and purificated as described for the blank
experiments; 28 mg of hemiacetal (2) (37%), 15 mg of (6) (25%),
and 32 mg of furohyperforins (3a-e) (42%) were obtained.

Reaction Promoted by Ovalbumine (10-1 mol/equiv).
After stirring for 4 days at room temperature and under
nitrogen, the reaction mixture (7.9 g of hyperforin starting salt)
was worked up by filtration of the albumin, dilution with 1 N
HCl, and extraction with CH2Cl2 (3 × 1 L). The organic phase
was dried over Na2SO4 and evaporated. The residue was
fractionated by flash column chromatography over Si gel (300
g, φ ) 6 cm) using petrol/tert-butyl-methyl ether 20:1 (6.75 L,
45 × 150 mL fractions) as an eluent, to obtain four main
fractions: 2-4 (390 mg, hemiacetal (2)), 5-7 (330 mg), 17-
24 (840 mg), 25-44 (g 6, 2.72 g, 45%). Fractions 5-7 were
purified by flash column chromatography over Si gel (80 g, φ

) 3 cm,) using petrol/ tert-butyl-methyl ether 30:1 (1.4 L, 70
× 20 mL fractions) to afford an additional 31 mg of hemiacetal
(2) (overall yield 421 mg, 6.9%), 91 mg of (7) (1.5%), and a
mixture of the two isomers (9) (fr 41-70, 74 mg, 1.3%). The
two isomers were purified over Si gel (flash, 10 g, φ ) 1 cm)
with petrol/tert-butyl-methyl ether 40:1 (200 mL, 50 × 4 mL
fractions) to obtain 34 mg of 9a (one isomer) (fr 35-43) and
30 mg of 9b (one isomer) (fr 45-50). Fractions 17-24 were
purified by flash column chromatography over Si gel (200 g, φ

) 5 cm) using petrol/tert-butyl-methyl ether 20:1 (3 L, 150 ×
20 mL fractions) to obtain 316 mg of (8) (5.9%) in fractions
60-84 and 522 mg of impure (10) in fractions 85-150, which
were further purified over Si gel (flash 80 g, φ ) 3 cm) using
petrol/tert-butyl-methyl ether 20:1 (1.85 L, 185 × 10 mL
fractions), giving, in fractions 118-142, 120 mg of (10) (two
isomers) (overall yield 260 mg, 4.0%).

Enollactone 6: colorless viscous oil; [R]25
D ) -86.3 (c 0.30,

CHCl3); 1H NMR (500 MHz, CDCl3) δ (mult, J (Hz)) 6.13, 1H,
dq, J ) 11.3 and 1.3, 27-H; 5.57, 1H, d, J ) 11.3, 26-H; 5.11,
1H, s, 2-H; 5.10, 1H, m, 32-H; 5.04, 1H, m, 22-H; 5.01, 1H, m,
17-H; 2.98, 1H, s, 9-OH; 2.77, 1H, dd, J ) 10.0 and 15.1,
31-Ha; 2.49, 1H, sept., J ) 6.8, 11-H; 2.16, 1H, d, J ) 15.1,
31-Hb; 2.04, 1H, m, 21-Ha; 1.98, 2H, m, 16-H2; 1.82, 3H, s,
30-H3; 1.76, 1H, m, 4-H; 1.74, 3H, s, 34-H3; 1.74, 3H, s, 25-H3;
1.72, 1H, m, 21-Hb; 1.71, 3H, s, 29-H3; 1.70, 3H, s, 24-H3; 1.68,
3H, s, 20-H3; 1.63, 3H, s, 35-H3; 1.62, 3H, s, 19-H3; 1.61, 1H,
m, 15-Ha; 1.60, 2H, m, 5-H2; 1.51, 1H, m, 15-Hb; 1.08, 3H, d,

(19) Bentley, P. A.; Bickley, J. F.; Roberts, S. M.; Steiner, A.
Tetrahedron Lett. 2001, 42, 3741-3743.

(20) Bentley, P. A. In Biotransformations; Kelly, D. R., Ed.; Wiley-
VCH: Weinheim, 2000; Vol. 8b, Chapter 12, pp 491-517.
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J ) 6.8, 12-H3; 1.07, 3H, s, 14-H3; 1.02, 3H, d, J ) 6.8, 13-H3;
13C NMR (125 MHz, CDCl3) δ 207.3 C-10, 201.2 C-1, 175.2
C-7, 147.8 C-8, 137.5 C-33, 137.0 C-28, 134.3 C-23, 131.8 C-18,
123.6 C-17, 122.8 C-22, 118.3 C-32, 117.0 C-27, 102.4 C-26,
87.0 C-9, 61.0 C-2, 49.8 C-6, 43.4 C-3, 42.9 C-11, 39.2 C-4, 37.7
C-15, 33.4 C-5, 32.7 C-31, 28.2 C-21, 26.1 C-30, 26.0 C-34, 25.9
C-24, 25.7 C-20, 21.8 C-16, 18.5 C-12, 18.3 C-29, 18.1 C-25,
18.1 C-13, 18.1 C-35, 17.7 C-19, 16.4 C-14; FABHRMS m/z
552.3835 [M]+ (calcd for C35H52O5 552.3814).

Compound 7: colorless viscous oil; [R]D
20 +9.4 (c 1.1 CHCl3);

IR (KBr) νmax 3466, 1781, 1742, 1448, 1374, 1240, 1099, 1048,
938, 847 cm-1; UV (EtOH) λmax 205 nm; 1H NMR (500 MHz,
CDCl3) δ (mult, J (Hz)) 5.25, 2H, m, 27-H and 32-H; 5.06, 2H,
m, 17-H and 22-H; 3.44, 3H, s, 8-OMe; 3.40, 1H, s, 2-H; 2.59,
1H, dd, J ) 6.5 and 15.0, 26-Ha; 2.51, 1H, dd, J ) 7.7 and
15.0, 26-Hb; 2.42, 1H, m, 31-Ha; 2.37, 1H, m, 31-Hb; 2.14, 1H,
m, 21-Ha; 2.01, 2H, m, 16-H2; 1.84, 2H, d, J ) 7.3, 5-H2; 1.73,
3H, s, 35-H3; 1.72, 3H, s, 30-H3; 1.70, 3H, s, 25-H3; 1.69, 3H,
s, 20-H3; 1.63, 1H, m, 21-Hb; 1.57, 1H, m, 15-Ha; 1.63, 3H, s,
34-H3; 1.62, 3H, s, 19-H3; 1.62, 3H, s, 29-H3; 1.58, 3H, s,
24-H3; 1.44, 1H, m, 4-H; 1.24, 1H, m, 15-Hb; 0.93, 3H, s,
14-H3; 13C NMR (125 MHz, CDCl3) δ 204.9 C-9, 180.0 C-7,
136.1 C-28, 135.6 C-33, 133.0 C-23, 132.1 C-18, 123.8 C-17,
122.7 C-22, 119.0 C-32, 116.0 C-27, 97.6 C-8, 80.8 C-1, 66.5
C-2, 54.3 8-OMe, 47.6 C-6, 42.0 C-15, 41.6 C-4, 37.2 C-3, 35.3
C-31, 33.8 C-5, 27.9 C-21, 25.9 C-26, 26.1 C-35, 25.9 C-30, 25.8
C-25, 25.7 C-20, 22.4 C-16, 17.9 C-14, 17.9 C-19, 17.9 C-24,
17.9 C-29, 17.7 C-34; EIMS m/z (%) 512 (15), 495 (11), 472
(14), 459 (20), 443 (42), 397 (38), 371 (40), 316 (55), 151 (100).

Compound 8: colorless viscous oil; [R]D
20 +15.7 (c 0.1,

CHCl3); IR (liquid film) νmax 3467, 1786, 1751, 1707, 1673,
1450, 1378, 1310, 1262, 1232, 1164, 1106, 1065, 1038, 851
cm-1; UV (EtOH) λmax 206 nm; 1H NMR (400 MHz, CDCl3) δ
(mult, J (Hz)) 5.25, 1H, t, J ) 6.8, 27-H; 5.20, 1H, t, J ) 6.6,
32-H; 5.10, 1H, t, J ) 6.8, 17-H; 5.05, 1H, t, J ) 6.9, 22-H;
3.15, 1H, s, 2-H, 3.06, 1H, s, OH; 2.65, 1H, dd, J ) 16 and 9.4,
31-Ha; 2.55, 2H, bd, J ) 7.1, 26-H2; 2.39, 1H, m, 31-Hb; 2.10,
1H, m, 21-Ha; 1.95, 2H, m, 16-H2; 1.80, 2H, m, 5-H2; 1.77, 3H,
s, 34-H3; 1.76, 6H, s, 30- and 35-H3; 1.71, 6H, s, 20- and
24-H3; 1.66, 3H, s, 29-H3; 1.63, 3H, s, 19-H3; 1.53, 1H, m, 4-H;
1.56, 3H, s, 25-H3; 1.52, 1H, m, 21-Hb; 1.49, 1H, m, 15-Ha;
1.30, 1H, m, 15-Hb; 1.15, 3H, s, 14-H3; 13C NMR (100 MHz,
CDCl3) δ 206.4 C-9, 180.2 C-7, 138.1 C-33, 137.4 C-28, 133.4
C-23, 132.1 C-18, 124.2 C-17, 123.0 C-22, 120.1 C-32, 115.4
C-27, 96.9 C-8, 76.6 C-1, 70.4 C-2, 47.5 C-6, 41.7 C-15, 40.8
C-4, 38.0 C-3, 35.3 C-31, 31.8 C-21, 27.4 C-5, 26.4 C-26, 26.3
C-30 or 34, 26.2 C-34 or 30, 26.0 C-24 or 20, 25.9 C-20 or 24,
22.3 C-16, 19.9 C-14, 18.3 C-35, 18.2 C-29, 18.1 C-25, 17.8 C-19;
ESIMS (negative mode) m/z 481 [M - H]-, MS2 412, MS3 329,
MS4 260; EIHRMS m/z 482.3333 [M]+ (calcd for C31H46O4

482.3396).
Compound 9a: colorless viscous oil; [R]D

20 -11.1 (c 0.5,
CHCl3); IR (liquid film) νmax 2854, 1800, 1754, 1714, 1461,
1377, 1213, 1047, 854; 1H NMR (500 MHz, CDCl3) δ (mult, J

(Hz)) 5.21, 1H, m, 27-H; 5.08, 1H, m, 22-H; 5.02, 1H, m, 17-H;
4.98, 1H, m, 32-H; 4.32, 1H, dd, J ) 4.3 and 8.7, 8-H; 2.56,
1H, m, 26-Ha; 2.54, 1H, m, 11-H; 2.48, 2H, m, 31-H2; 2.45,
1H, m, 26-Hb; 2.44, 2H, m, 2-H2; 2.04, 1H, m, 21-Ha; 1.88,
1H, m, 4-H; 1.87, 1H, m, 21-Hb; 1.87, 1H, m, 16-Ha; 1.85, 1H,
m, 5-Ha; 1.77, 1H, m, 16-Hb; 1.74, 3H, s, 30-H3; 1.71, 1H, m,
5-Hb; 1.67, 3H, s, 35-H3; 1.66, 3H, s, 20-H3; 1.65, 3H, s, 25-H3;
1.65, 3H, s, 29-H3; 1.59, 3H, s, 19-H3; 1.58, 3H, s, 24-H3; 1.58,
3H, s, 34-H3; 1.47, 1H, m, 15-Ha; 1.34, 1H, m, 15-Hb; 1.07,
3H, d, J ) 6.8, 12-H3; 1.06, 3H, d, J ) 6.8, 12-H3; 0.94, 3H, s,
14-H3; 13C NMR (125 MHz, CDCl3) δ 214.0 C-10, 212.8 C-9,
176.1 C-7, 138.4 C-33, 136.4 C-28, 131.1 C-18, 130.7 C-23,
124.7 C-17, 124.3 C-22, 117.3 C-27, 115.8 C-32, 84.7 C-8, 54.3
C-6, 46.2 C-2, 42.0 C-11, 40.5 C-4, 39.4 C-3, 37.1 C-31, 36.3
C-15, 35.3 C-5, 29.6 C-21, 29.6 C-26, 25.9 C-35, 25.8 C-25, 25.8
C-30, 25.7 C-20, 22.6 C-16, 22.0 C-14, 18.4 C-12, 18.3 C-13,
18.0 C-29, 17.9 C-24, 17.8 C-34, 17.6 C-19; EIMS m/z (%) 526
(M+, 28), 508 (66), 483 (57), 457 (36), 429 (42), 415 (36), 371
(87), 330 (51), 315 (54), 303 (65), 263 (100); EIHRMS m/z
526.4092 [M]+, (calcd for C34H54O4 526.4022).

Compound 10. Major isomer: colorless viscous oil; IR
(liquid film) νmax 2855, 1799, 1752, 1717, 1455, 1377, 1239,
1214, 1048, 845; 1H NMR (500 MHz, CDCl3) δ (mult, J (Hz))
5.19, 1H, m, 27-H; 5.17, 1H, m, 22-H; 5.03, 1H, m, 17-H; 4.99,
1H, m, 32-H; 4.36, 1H, dd; J ) 4.4 and 8.5, 8-H; 4.03, 1H, s,
2-H; 2.67, 1H, m, 11-H; 2.58, 1H, m, 26-Ha; 2.48, 1H, m,
21-Ha; 2.48, 1H, m, 31-Ha; 2.42, 1H, m, 26-Hb; 2.39, 1H, m,
31-Hb; 2.35, 1H, m, 21-Hb; 2.00, 1H, m, 5-Ha; 1.96, 1H, m,
16-Ha; 1.85, 1H, m, 4-H; 1.84, 1H, m, 16-Hb; 1.73, 3H, s,
25-H3; 1.73, 3H, s, 30-H3; 1.69, 1H, m, 5-Hb; 1.68, 3H, s,
35-H3; 1.66, 3H, s, 20-H3; 1.64, 3H, s, 29-H3; 1.62, 3H, s,
19-H3; 1.62, 3H, s, 24-H3; 1.60, 3H, s, 34-H3; 1.55, 2H, m,
15-H2; 1.08, 3H, m, 34-H3; 1.04, 3H, m, 34-H3; 13C NMR (125
MHz, CDCl3) δ 212.4 C-9, 208.4 C-10, 42.6 C-11, 175.7 C-7,
169.6 C-1, 137.4 C-33, 136.4 C-28, 136.2 C-23, 131.2 C-18,
124.7 C-17, 117.4 C-22, 117.3 C-27, 116.8 C-32, 84.6 C-8, 61.4
C-2, 53.7 C-6, 52.0 1-OMe, 44.0 C-3, 40.5 C-4, 37.1 C-5, 35.8
C-21, 35.5 C-15, 35.5 C-31, 29.6 C-26, 25.8 C-35, 25.7 C-25,
25.7 C-30, 25.6 C-20, 22.8 C-16, 21.1 C-14, 18.2 C-12, 18.5 C-13,
17.9 C-24, 17.9 C-29, 17.8 C-34, 17.7 C-19; EIMS m/z (%) 584
[M]+, (5), 566 (9), 553 (5), 541 (10), 440 (19), 371 (22), 237 (35),
109 (100).
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