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[30_TD$DIFF]A B S T R A C T

Three [29_TD$DIFF][28_TD$DIFF]novel polycyclic polyprenyled acylphloroglucinols, Hyperscabins A-C, were obtained from the
aerial parts of Hypericum scabrum. They featured an unprecedented 5,5-spiroketal subunit with the loss
of C-20 carbonyl in the phloroglucinol ring. Their structures were characterized by extensive
spectroscopic analyses, NMR calculations with DP4+ analysis, calculated electronic circular dichroism
(ECD) spectra and the application of modified Mosher0s methods. In the assay of [3H]-5-HT and [3H]-NE
reuptake inhibition, compounds 1 and 2 showed good inhibitory activity [31_TD$DIFF](81.8% and 83.2%) in 10mmol/L.
In addition, compound 1 significantly increased cell viability in the experiment of oxygen and glucose
deprivation/deoxygenation.
© 2020 Chinese Chemical Society and Institute of MateriaMedica, Chinese Academy ofMedical Sciences.

Published by Elsevier B.V. All rights reserved.
Polycyclic polyprenyled acylphloroglucinols (PPAPs), with their
fascinating biological profiles and intriguing complex molecular
architectures, widely distributed in the family of Guttiferae
(Clusiaceae), and have attracted considerable interest from both
natural product and synthetic chemists over the past decades [1].
Hypericum scabrum, belongs to the genus Hypericum of the
Guttiferae family, exhibits various activities and has been used
as an herbal treatment of hepatitis [2]. Previous chemical
investigation on this plant revealed that a series of complex
phloroglucinols have been isolated, which showed hepatoprotec-
tive and neuroprotective activity [3–11]. Inspired by the using St
John0s (Hypericum perforatum) extracts to treat the moderate
depression for many years and those neuroprotective phloroglu-
cinols found, neuronal assays of components isolated from H.
scabrumwere undertaken. In our efforts to unearth the distinctive
phloroglucinols from this title plant, three new PPAPs bearing
unusual spirost subunits were isolated from the [32_TD$DIFF]95% EtOH extract
of the aerial parts of H. scabrum. Compounds 1-3 (Fig. 1), a class of
PPAPs, featured a new carbon skeleton with a rare 5,5-spiroketal
moiety. Herein, we describe the structural elucidation, postulated
titute of Materia Medica, Chinese
biosynthetic pathway, and neuron biological evaluation of those
new compounds.

Compound 1 was isolated as colorless oil. [33_TD$DIFF]½a�20D + 37.9 (c 0.05,
CH2Cl2). The molecular formula of C34H52O5 (found 540.3810 [M]+,
calcd. for 540.3815) was deduced by its HREIMS data, correspond-
ing to 9 degrees of unsaturation. The 1HNMR spectrum (CDCl3) of 1
showed three singletmethyls [dH 1.41 (H3-12),1.29 (H3-13) and 1.17
(H3-18)], two characteristic doublet methyls of isopropyl [dH 1.14
(d, J = [34_TD$DIFF]6.9 Hz, H3-16), 1.12 (d, J = [35_TD$DIFF]5.4 Hz, H3-17)], six singlet
isopentenyl methyls [dH 1.52 (H3-23), 1.62 (H3-24), 1.60 (H3-28),
1.69 (H3-29),1.72 (H3-34),1.57 (H3-33)]. The 1HNMR spectrum also
established three triplet olefinic protons resonanced at dH 4.93
(t, J = [36_TD$DIFF]7.5 Hz, H-21), 4.98 (t, J = [36_TD$DIFF]7.5 Hz, H-31), 5.05 (t, J = [37_TD$DIFF]6.6 Hz, H-26);
a broad singletmethine at dH 4.05 (br s, H-10), and a septetmethine
(dH 3.33 (J = [38_TD$DIFF]6.3 Hz, H-15)). The 13C NMR and HSQC spectra of 1
classified those 34 carbons into 11 methyl (dC 17.7/C-23, 17.9/C-28,
18.1/C-33, 18.8/C-16, 19.9/C-17, 21.9/C-12, 22.5/C-18, 25.6/C-24,
25.88/C-29, 25.93/C-34, 26.8/C-13), 6 methylenes, 6 methines,
and 11 quaternary carbons (2 ketone carbonyl carbons, 5 olefinic
carbons included). The above data revealed that the structure of 1
should be a nor-phlorglucinols along with three isopentenyl
moieties and an isobutyryl moiety. In addition, the aforemen-
tioned functionalities accounted for 6 of the 9 degrees of
unsaturation, which implied the existence of three rings in the
structure of 1.
Academy of Medical Sciences. Published by Elsevier B.V. All rights reserved.
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Fig. 1. Chemical structures of compounds 1–[18_TD$DIFF]3.
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Analysis of the HMBC spectrum gave rise to the conclusion that
the architecture of 1 was mainly formed by two subunits, part A
and B (Fig. 2a). The skeleton of part A (in black) of 1 closely
resembled with (2R,3R,4S,6R)-3-methyl-4,6-di(3-methyl-2-
butenyl)-2-(2-methyl-1-oxopropyl)-3-(4-methyl-3-pentenyl) cy-
clohexanone [11,12]. The difference between them was mainly
the presence of β-oxygenated α, β-unsaturated ketone functionali-
ty (-O-C1=C2-C14=O) in 1 instead of a 1,3-diketone moiety, which
was identified by the characteristic carbon chemical shifts of C-1
(dC 160.0), C-2 (dC 126.0) and C-14 (dC 207.1) [13]. The HMBC
correlations from H3-18 to C-2, C-19, and C-4, from H2-19 to C-2,
from H2-25 to C-5, and from H2-5 to C-30, C-7, and C-1 further
established the presence of part A. Part B, a 2,2-dimethyl-3-
hydroxy-furan unit, was constructed by careful interpretation of
the 1H-1H COSY correlation of H-9/H-10, as well as the well-
resolved HMBC correlations from H2-9 to C-8, C-10 and C-11, from
H-10 to C-8, and from H3-12/H3-13 to C-10/C-11, combing with the
presence of two oxygen-bearing carbons C-10 (dC 77.1) and C-11 [39_TD$DIFF](dC
88.6). The clear HMBC cross-peaks from H2-9/H2-30/H2-5 to the
ketone carbon C-7 (dC 208.0) deduced that C-7was connected to C-
6 and C-8. Finally, considering one remaining unsaturation, as well
as the diagnostic ketal carbon C-8 (dC 109.6), the third circle of 1
was formed via an oxygen connected C-1 and C-8. Thus, the planar
structure of 1 was constructed as shown in Fig. 1.

The relative configuration of 1 was confirmed on the basis of
NOESYspectrumtogetherwith 3Jcouplingconstants (Fig. 2b). In the
1HNMR spectrum, the large coupling constant (14.1 Hz) of H-5b/H-
4 indicated their 1,3-diaxial position in the six-membered ringwith
chair-like conformation [14]. In addition, the key NOESY correla-
tions of H3-18/H-5b, H3-18/H2-25, and H-5b/H2-30 revealed that
Me-18andthose twoisopentenylmoietiesattached toC-4/C-6were
in the same β-orientation. TheNOESYcross-peaksofH-4/H-5a,H-4/
H2-20, and H-4/H2-19 also indicated the H-4 and the isopentenyl
linked to C-3were α-orientated. The stereochemistry elucidation of
spiro carbon C-8 was follows. Because the initial MM2-optimized
structure for1 revealedthat those twofive-memberedringsdivided
Fig. 2. (a) Key HMBC ( [TD$INLINE]) correlations of [19_TD$DIFF]1–3. (b) Key NOESY ( [TD$INLINE]) correlatio
by C-8 were almost perpendicular to each other, the NOESY
correlations of H-9b/H-30a and H-9a/H-30b indicated that the C-9
attachedatC-8andthe isopentylmoiety linked toC-6wereoriented
on the same plane. However, special chemical atmosphere and the
lack of NOESY correlations hampered the establishment of the
relative configuration of C-10.

The absolute configuration of C-10 in 1was validated through a
modified Mosher0s experiment [15]. The prepared (S)- and (R)-
MTPA esters of 1 were subjected to 1H NMR analysis, and the
distinct values of the 1H NMR chemical shifts (Dd = dS-MTPA-ester – d [40_TD$DIFF]
R-MTPA-ester) were summarized for the proton signals adjacent to C-
10, as shown in Fig. 2c. According to these results, the absolute
configuration of C-10was confirmed to be R. To further support the
configuration of the spiro-carbon C-8, a combination of computa-
tional NMR with DP4+ analysis and ECD methods were pro-
grammed. Calculated NMR with DP4+ analysis [16] was employed
to establish the relative configuration of 1 from the two
possibilities: 3R*,4S*,6S*,8R*,10R-1 (1a), 3R*,4S*,6S*,8S*,10R-1
(1b). Chemical shifts of isomers 1a and 1b were predicted using
the gauge-independent atomic orbital (GIAO) method [17] with
density functional theory (DFT) calculations in chloroform, using
the polarizable continummodel (PCM)model at the B3LYP/6-31+G
(d, p) level. The experimental and calculated chemical shifts were
statistically analyzed based on DP4+ probability. DP4+ analysis
results showed that isomer 1b is the most reasonable configura-
tion with a probability of [41_TD$DIFF]100% for the 13C data (Table S2 in
Supporting information). A good linear correlation between the
calculated 13C NMR chemical shifts and the experimental shifts
was constructed (Fig. S29 in Supporting information). Afterwards,
the time-dependent density functional theory (TD-DFT) ECD
calculations were programmed for 3S,4R,6R,8R,10R-1 and
3R,4S,6S,8S,10R-1, respectively (Fig. 3a). The experimental ECD
(Fig. 3a) of 1 well matched with the calculated ECD of
3R,4S,6S,8S,10R-1. Thus, the absolute structures of 1 was deter-
mined to be 3R,4S,6S,8S,10R-1.

Hyperscabin B (2), [42_TD$DIFF]½a�20D + 75.6 (c 0.18, CH2Cl2), displayed the
same molecular formula of C34H52O5 as 1 based on the HREIMS
data. The UV and IR spectral data of 2were identical to those of 1, as
shown in the Supporting information. Careful analysis of the NMR
data, 2 closely resembled to those of 1 except for the very slight
shifts in part B (1: dH 2.30, m, H-9a; 2.67, dd, J = 14.5, 5.5 Hz, H-9b;
4.05, d, J = [43_TD$DIFF]5.7 Hz, H-10; 2: dH 2.21, dd, J = 15.0,1.5 Hz, H-9a; 2.78, dd,
J = 15.0, 5.0 Hz, H-9b; 3.98, d, J = [44_TD$DIFF]4.8 Hz, H-10) (Table 1). It was
estimated that stereogenic C-10 or C-8 might cause these
differences.

Like 1, the relative configurations of C-3, 4, 6, and 8 in 2 can be
determined via the similar NOE correlations of H3-18/H2-30, H-5b/
H2-25/H3-18 as 1, along with the NOE correlations of H2-9/H-30b
(Fig. 2b). Due to the two perpendicular five-members rings
attached to C-8, revealed by the initial optimized structure of 2, it
ns of 1 and 2. (c) Dd values (in ppm) = dS-MTPA-ester – dR-MTPA-ester of 1.
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Fig. 3. Experimental and calculated ECD spectra of [19_TD$DIFF]1–3.

Table 1
1H (400MHz) and 13C NMR (100MHz) data of compounds 1-3 in CDCl3 (25 oC, J in Hz, d in ppm).a[20_TD$DIFF]

No. 1 2 3

dC dH dC dH dC dH

1 160.0 160.1 160.1
2 126.0 125.9 126.5
3 41.0 41.0 41.0
4 39.5 1.37 (14.1, 7.8) 39.5 1.36 m 39.57 1.36 m
5 28.8 2.34m, 1.27m 28.8 2.30m, 1.26m 28.7 2.30m, 1.26mb

[21_TD$DIFF]

6 50.7 50.4 50.5
7 208.0 210.3 210.3
8 109.6 109.5 109.5
9 43.2 2.67 dd (14.5, [22_TD$DIFF]5.5) 43.6 2.78 dd (15.0, [23_TD$DIFF]5.0) 43.5 2.78 dd (15.0, 5.1)

2.30m 2.21 dd (15.0, [24_TD$DIFF]1.5) 2.20 dd (15.0, 1.8)
10 77.1 4.05 br s 77.5 3.98 d (4.0) 77.5 3.98 d (3.6)
11 88.6 88.9 88.8
12 21.9 1.41 s 21.97 1.36 s 22.0 1.36 s
13 26.8 1.29 s 26.1 1.33 s 26.0 1.33 s
14 207.1 207.2 207.5
15 40.5 3.33 sept (6.3) 40.5 3.34 seqt (6.9) 47.3 3.13m
16 18.8 1.14 d (6.9) 18.8 1.12 d (7.2) 15.6 1.11 d (6.6)
17 19.9 1.12 d (5.4) 20.1 1.12 d (7.2) 26.3 1.95mb, 1.25mb

18 22.5 1.17 s 22.55 1.17 s 22.5 1.16 s
19 35.5 1.92m, 1.36 m 35.3 1.95m, 1.35mb 35.6 1.95mb, 1.35m
20 22.6 1.88m, 1.45mb

[25_TD$DIFF] 22.62 1.86m, 1.40 m 22.8 1.88m, [26_TD$DIFF]1.40 m
21 124.4 4.93 t (7.5) 124.4 4.93 t (6.8) 124.4 4.94 (t, 6.8)
22 131.2 131.2 131.2
23 17.7 1.52 s 17.8 1.53 s 17.8 1.53 s
24 25.6 1.62 s 25.64 1.63 s 25.7 1.63 s
25 28.2 2.17m,1.65 m 28.2 2.17m, 1.63mb 28.1 2.13m, 1.63m
26 122.8 5.05 t (6.6) 122.7 5.06 t (7.2) 122.7 5.05 t (7.2)
27 132.5 132.6 132.6
28 17.9 1.60 s 17.9 1.60 s 17.9 1.60 s
29 25.88 1.69 s 25.91 1.708 s 25.9 1.71 sb

30 39.4 2.44 dd (14.1,7.8) 39.7 2.47m, 2.33 m 39.62 2.47m, 2.35m
2.33 m

31 117.0 4.98 t (7.5) 116.7 4.97 t (6.8) 116.8 4.97 t (6.8)
32 136.7 136.9 136.9
33 18.1 1.57 s 18.1 1.57 s 18.1 1.58 s
34 25.93 1.72 s 25.89 1.714 s 25.9 1.71 sb

35 11.9 0.89 t (7.5)

a NMR data of 1-3 were recorded on Mercury-400 spectrometer.
b Overlapping signals.
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indicated that the C-9 attached at C-8 and the isopentyl moiety
linked to C-6 were in the same orientation. The configuration of C-
10 was unconfirmed because of no relative NOESY signals and out
of the amount. Thus, to further confirm the relative configuration
elucidation of C-8 and C-10, the systematical 13C NMR calculation
with DP4+ analysiswas carried out for all four C-8 and C-10 relative
possibilities: 3R*,4S*,6S*,8S*,10R*-2 (2a, isomer 1) and
3R*,4S*,6S*,8S*,10S*-2 (2b, isomer 2), 3R*,4S*,6S*,8R*,10S*-2 (2c,
isomer 3) and 3R*,4S*,6S*,8R*,10R*-2 (2d, isomer 4). The results
showed that 2b is the most reasonable configuration with a
probability of [45_TD$DIFF]90.84% (Table S4 in Supporting information), which
was further confirmed by the good linear correlation between the
scaled calculated and experimental 13C NMR chemical shifts
(Fig. S29 in Supporting information). The experimental ECD
spectrum also corresponded well to the calculated spectrum for
3R,4S,6S,8S,10S-2 (Fig. 3b). So, the absolute configuration of 2 was
finally established.

Compound 3, a colorless oil with [46_TD$DIFF]½a�20D +66.2 (c 0.08, CH2Cl2). Its
HREIMS data showed a molecular ion peak at m/z 554.3936 [M]+,
corresponding to a molecular formula of C35H54O5 (calcd. for
554.3971). There were 14mass units more than those of 1 and 2. In
addition, comparison of its NMR data (Table 1) with those of 2
indicated that the only difference between them was that the
methyl group at C-17 in 2 was replaced by an ethyl group [CH2-17
(dH 1.95m, [47_TD$DIFF]1.25m; dC 26.3) and CH3-35 (dH 0.89 (t, 9.5); dC 11.9)] in
3. The parallel CD patterns of 3 and 2 suggested they had the same
absolute configurations except of the ambiguous configuration at
C-15 (Fig. 3c). Therefore, 3 was established as Hyperscabin C.

Biogenetically, the discovered PPAPs, isolated from H. scabrum
form a unique family of structurally related spirostmetabolites, are
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Scheme 1. Plausible biosynthetic pathways for [19_TD$DIFF]1–3.
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presumably derived from a common biosynthetic pathway. The
polyketide-originated monocyclic polyprenylated acylphloroglu-
cinols (MPAPs, ⅰ) were generated by a series of prenyl pyrophos-
phate procedures [1]. The intermediate ⅱ, possessing the bicyclo
[3.3.1] nonane-2,4,9 trione core, was formed from the cyclization
reactions of i [18]. Hyperscabrins A-C (1�3) could be considered as
the PPAPs with the loss of C-20 carbonyl in the phloroglucinol ring.
The plausible biogenetic pathway was also proposed to be
generated from ⅱ through the decarboxylation [19], followed by
epioxidation, oxidation, keto-enol tautomeration and intramolec-
ular cyclization reactions successively [20] (Scheme 1).

The isolated compounds were evaluated for their neuronal
bioactivity. Compound 1 significantly increased cell viability (from
40.4% to 61.0%) measured in the model of oxygen and glucose
deprivation/deoxygenation [21], which were more powerful than
positive control drug potassium-(1-hydroxypentyl)-benzoate
(PHPB, [48_TD$DIFF]47.4%). In addition, compounds 1 and 2 showed good
inhibitory activity [49_TD$DIFF](81.8%, 83.2%) in 10mmol/L against the
reuptakion of [3H]-5-HT (Table S1 in Supporting information) [22].

In summary, three unprecedented prenylphloroglucinols (1–[18_TD$DIFF]3)
were isolated and elucidated via varies of chromatographic and
spectroscopic methods from Hypericum scabrum. In terms of
structure, they all possess a rare core, 5,5-spiroketal subunit
bearing a 6-member cyclic segment. They differ in the config-
urations of those groups and the isoprenyl side. It was difficult to
establish its absolute configurations because of the difficulty to
obtain crystals and their oily states of matter. Even so, we finally
worked it out after attempts to use the NMR and ECD calculations.
Their plausive biosynthetic pathways were rationalized in this
article. Compounds 1 and 2 showed good inhibitory activity [49_TD$DIFF](81.8%,
83.2%) in 10mmol/L against the reuptakion of [3H]-5-HT. Addition-
ally, compound 1 significantly increased cell viability measured in
themodel of oxygen and glucose deprivation/deoxygenation. All in
all, those compounds had potential neuron-protective and regulat-
ing activity, it was worthy of further investigation.
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