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Three new polycyclic polyprenylated acylphloroglucinol derivatives (PPAPs), hyperibrins E-G (1-3),
along with seven known compounds were identified from the air-dried aerial parts of Hypericum scab-
rum. Their structures were determined by NMR spectroscopic methods, both experimental and calcu-
lated electronic circular dichroism (ECD) spectra and comparison with known compounds. Compound
1 was derived from an analogue of compound 2 by cyclization, while a retro-Claisen reaction transformed
another analogue of compound 2 into compound 3. Compounds 3, 4, 5, and 10 showed obvious hepato-
protective activities against paracetamol-induced HepG2 cell damage.

© 2017 Elsevier Ltd. All rights reserved.

Polycyclic polyprenylated acylphloroglucinols (PPAPs), a family
of natural products with intriguing chemical structures and
appealing biological activities, such as anti-HIV, antimicrobial,
antioxidant, antidepressant, and tumor inhibitory,! are mainly
obtained from the plants of the genus Hypericum (Guttiferae) and
have been used for centuries as folk medicine for the treatment
of burns, bruises, swelling, inflammation, anxiety, and bacterial
and viral infections.? Consequently, PPAPs have attracted scientific
interest because of their novel structures and significant
bioactivities.

Hypericum scabrum exhibits various activities and has been
used as an herbal treatment of hepatitis.?® In our current study of
Hypericum scabrum, three new PPAPs, hyperibrins E-G (1-3),
along with seven known compounds (4-10) were obtained.> These
diverse carbon skeletons were all derived from less complex mono-
cyclic polyprenylated acylphloroglucinols (MPAPs) by different
cycloadditions or cleavage reactions, such as aldol condensations,
Diels-Alder additions, and retro-Claisen reactions.” 1D and 2D
NMR experimental methods coupled with comparisons with
known compounds were used to verify the structures. The absolute
configurations were determined by the electronic circular dichro-
ism (ECD) exciton chirality method. Additionally, compounds 3,
4, 5, and 10 showed obvious hepatoprotective activities against
paracetamol-induced HepG2 cell damage at 10 puM.
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https://doi.org/10.1016/j.bmcl.2017.09.001
0960-894X/© 2017 Elsevier Ltd. All rights reserved.

Hyperibrin E° (1) was isolated as a colorless oil {[«]&’ +47.27 (c
0.03, CH30H)}. The HRESIMS ion at m/z 503.2777 [M+H]" (calcd for
C33H3905, 503.2797) indicated that its molecular formula was
C3,H380s. The ultra violet (UV) spectrum of 1 showed a maximum
absorption at 209 nm (loge 4.24) and 247 nm (loge 4.14), indicat-
ing the presence of a benzoyl group. The infrared (IR) spectrum
showed absorption bands for carbonyl groups (1743 and
1701 cm™!). The 'H NMR spectrum revealed the presence of a
mono-substituted benzene moiety [éy 7.46 (1H, t, J=7.6 Hz),
7.30 (2H, t,J=7.6 Hz), and 7.19 (2H, d, ] = 7.6 Hz)], two vinyl pro-
tons [éy 5.17 (1 H, t, J=7.2 Hz) and 4.89 (1H, t, J= 6.4 Hz)], two
methine protons [dy 3.96 (1H, d, J=2.4 Hz) and 1.90 (1 H, m)],
and seven methyl groups (éy 2.22, 1.69, 1.66 x 2, 1.61, 1.25, and
1.17). The '3C NMR spectra of compound 1 displayed signals for
28 carbons and indicated the main signals of a benzene ring (dc
134.2, 132.9, 129.2 x 2, and 128.1 x 2), five carbonyl carbons
(6c 205.6, 203.1, 202.2, 200.8, and 194.0), four olefinic carbons
(6c 135.2,134.6,119.1, and 118.4) (Table 1). Based on these obser-
vations, 1 was preliminarily inferred to be a PPAP containing a tri-
oxygenated adamantyl ketone skeleton.

Unlike most adamantly-type PPAPs, compound 1 contained an
acetonyl group {CH3-CO-CH,-, [y 2.22 (27-CH3, s), 3.15 (25-H,,
dd, J=18.0, 3.2Hz), and 2.26 (25-H,, m); éc 205.6, 41.9, and
30.5]} and was only discovered in oblongifolin ] and oblongifolin
K.° Additionally, comparing the molecular formula and NMR data
of 1 to those of the known compounds oblongifolin ] and oblongi-
folin K revealed that they had the same skeleton, and compound 1
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Table 1
"H NMR and '3C NMR spectroscopic data for compounds 1-3* (5 in ppm, J in Hz).
No. 1 2 3
dc oy (J in Hz) dc oy (J in Hz) dc oy (J in Hz)
1 68.8 70.7 203.1
2 202.2 171.9 66.4 449 s
3 78.4 118.5 44.4
4 200.8 190.3 46.0 1.73 m
5 76.9 65.3 36.8 254m; 1.41m
6 53.8 41.8 2.00 dd (13.2,3.8); 1.43 m 61.6
7 45.0 1.90 m 43.1 1.65m 196.9
8 414 2.24m; 2.54m 471 138.9
9 203.1 206.9 127.9 7.89d (7.2)
10 194.0 192.7 128.5 7431 (7.2)
11 134.2 1371 1329 7.53t(7.2)
12 1292 7.19d (7.6) 1282 7.58d (7.6) 1285 7.43t(7.2)
13 128.1 730t (7.6) 1285 735t (7.6) 127.9 7.89d(7.2)
14 1329 7461t (7.6) 1329 7.50t (7.6) 26.7 1.08 s
15 128.1 730t (7.6) 1285 735t (7.6) 16.1 115
16 129.2 7.19d (7.6) 128.2 7.58d (7.6) 27.4 224m; 1.72m
17 23.2 2.45m 26.5 2.96d (10.0) 122.7 5.17t (6.4)
18 119.1 488t (6.4) 935 465t (10.0) 133.0
19 134.6 703 25.9 1.76 s
20 26.0 1.69s 23.7 0.90s 18.0 1.62s
21 18.1 1.66 s 26.5 0.90s 333 254m; 232 m
22 23.8 117 s 293 2.59 dd (10.4, 7.0) 118.1 5.06 t (7.6)
2.49 dd (10.4, 7.0)
23 22.6 1.25s 119.5 5.06t (7.4) 1353
24 48.0 3.96d (2.4) 134.7 26.0 1.68 s
25 419 3.15dd (18.0, 3.2); 2.26 m 26.1 1.68s 17.8 1.57s
26 205.6 18.2 1.70 s 172.4
27 30.5 2.22s 27.7 2.13m; 1.70 m 52.4 3.80s
28 27.4 251m 122.3 496t (6.8)
29 118.4 517t (7.2) 133.5
30 135.2 25.9 1.68 s
31 26.0 1.61s 18.0 1.57s
32 18.1 1.66 s 15.7 1.24s
33 241 134s

2 TH NMR spectra measured at 400 MHz, '>C NMR spectra measured at 125 MHz; obtained in CDCls. Assignments supported by the 2D NMR spectra.

and oblongifolin ] were determined to be C-24 epimers. This was
confirmed by key HMBC and NOESY correlations, as shown in
Figs. 2 and 3. Key HMBC correlations were observed as follows:
H-17/C-5, C-9, and C-18; H-28/C-2, C-8, C-9, and C-29; H-24/C-
25, C-3, and C-2; and H-23/C-5 and C-7.

The relative configurations at the chiral centers C-1, C-3, C-5,
and C-7 were evident for the adamantyl core.®” Furthermore, in
the NOESY spectrum of 1, we did not find the correlations of H-8
with H-23 and H-25 with H-22 that oblongifolin ] indicated, but
proton signals were observed that indicated that H-25a (3.14, m)

Figure 1. Structures of compounds 1-10.
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Figure 3. Selected key NOESY correlations for 1-3.

was related to H-8b (2.24, m), H-8a (2.54, m) was related to H-22
(1.17, s), and H-23 (1.25, s) was related to H-24 (3.96, d) (Fig. 2).
Thus, the spectrum indicated an «-H of C-24 and confirmed hyper-
ibrin E to be the C-24 epimer of oblongifolin ], as shown in Fig. 1.

Hyperibrin F® (2) had a molecular formula of C33H4,0s5, as deter-
mined by HRESIMS (m/z 519.3088 [M+H]", calcd for 519.3094),
which is in agreement with its '>*C NMR data. Eight methyl groups
(6 0.90 x 2, 1.24, 1.34, 1.57, 1.68 x 2, and 1.70), two olefinic pro-
tons of isoprenyl groups [éy 4.96 (1H, t, J=6.8 Hz), 5.06 (1H, t,
J=7.4Hz)], a mono-substituted benzene ring [éy 7.58 (2 H, d,
J=7.6Hz),7.50 (1H,t,J=7.6 Hz),and 7.35 (2 H, t, ] = 7.6 Hz)] were
observed in the '"H NMR spectrum. The '>*C NMR spectrum con-
tained 33 carbon signals, including three carbonyl carbons (J¢
206.9, 192.7, and 190.3). The relevance between the 'H NMR and
13C NMR signals was confirmed by analyzing the HSQC and HMBC
spectrum shown in Fig. 2. These data indicated the similarities
between 2 and hyperibrin C,° which was previously isolated in
our labs. The chemical shifts of C-2~3 and C-17~19 differed from
éc of compound 2: 171.9, 118.5, 26.5, 93.5, and 70.3 to ¢ of hyper-
ibrin C: 172.9, 118.2, 26.2, 93.4, and 71.3. Except for the differences
listed above, most of the correlations of the proton signals with the
carbon signals in the HMBC spectra were all the same, suggesting
that compound 2 and hyperibrin C have the same planar struc-
tures. In the NOESY spectrum of 2, H-12/16 (7.58, d) were related
to H-20/21 (0.9, s) and H-23 (5.06, t), indicating that the isoprenyl
groups at C-5 and benzoyl group at C-1 were on the same side of
the molecule. Additionally, the proton signal at H-18 (4.65, t)

was only related to H-17 (2.96, d), H-20/21 (0.90, s), H-33 (1.34,
s), and H-7 (1.65, m) (Fig. 3). The signal of C-7 (43.1) and difference
in chemical shifts of the two H-6 atoms (2.00 and 1.43; A5 =0.57)
were in agreement with the rule that when H-7 is ao-oriented, the
chemical shift of C-7 is dc 41-44, and the difference in chemical
shifts of H-68 and H-6a was always 0.3-1.2 ppm, regardless of
the NMR solvent used.*>° Finally, the structure of hyperibrin F
(2) was confirmed to be the C-18 epimer of hyperibrin C, as
shown in Fig. 1.

Hyperibrin G'!' (3) was also isolated as a colorless oil, and its
molecular formula was determined to be C,;H3¢04 according to
the HRESIMS ion peak at m/z 447.2494 [M+Na]"* (calcd. for C,;Hs36-
NaOQy4, 447.2511), which indicated 10 indices of hydrogen defi-
ciency. The presence of carbonyl and benzoyl groups was
speculated by strong IR absorptions (Vmax 1745 and 1719 cm™1)
and (Vmax 1687, 1598, 1581, and 1447 cm™'). The 'H NMR signals
at 6y 7.53 (1 H, t,J=7.2Hz), 7.43 (2H, t, J= 7.2 Hz) and 7.89 (2H,
d, J=72Hz) and '>C NMR resonances at dJc 1389, 132.9,
127.9 x 2, and 128.5 x 2 also indicated the presence of a mono-
substituted benzene moiety. The 'H NMR spectrum of 3 also
showed two olefinic protons [éy 5.17 (1H, t, J=6.4Hz), 5.06
(1H, t, J=7.6 Hz)] and seven methyl groups (éy 1.08, 1.15, 1.57,
1.62, 1.68, 1.76, and 3.80), including one methoxy group that is
infrequently observed in PPAPs. The 13C NMR of 3 indicated 27 car-
bon signals, and three keto carbonyl groups at é¢ 203.1, 196.9, and
172.5 were observed. The details of the 'H and '*C NMR spectra are
listed in Table 1. Correlation signals from the HSQC and HMBC
spectra (Fig. 2) confirmed and clarified the planar structure. Key
correlations from H-2 to C-1, C-3, C-7, and C-8; H-16 to C-3, C-4,
C-5, C-17, and C-19; H-21 to C-1, C-6, C-22, C-23, and C-26; and
H-27 to C-26 were observed. The spatial configuration was deter-
mined by the NOESY spectrum of 3 in which the correlations
(Fig. 3) H-2 (4.49, s) with H-4 (1.73, m), H-2 (4.49, s) with H-27
(3.80, s), H-4 (1.73, m) with H-27 (3.80, s), and H-16b (1.72, m)
with H-21a (2.54, m) were observed and confirmed the structure
of compound 3, as shown in Fig. 1.

The absolute configurations of hyperibrins E-G (1-3) were elu-
cidated from their experimental and calculated ECD spectra. The
ECD spectra of three pairs of enantiomers, (1R,3R,55,7S,27R)-1a,
(15,35,5R,7R,27S)-1b; (15,5R,75,18S)-2a, (1R,5S,7R,18R)-2b and
(2S,4R,6R)-3a, (2R4S5,6S)-3b were calculated based on the known
relative configurations of compounds 1-3. Thus, the overall pat-
terns of the calculated ECD spectra of 1b, 2a, and 3a were in good
agreement with the experimental data of 1-3 (Fig. 4). Therefore,
the absolute configurations of hyperibrins E-G (1-3) were defined
as shown in Fig. 1.

The seven known compounds were identified by comparison of
their NMR and MS data with the literature values as (2R,4R,6S)-2-
benzoyl-3,3-dimethyl-4,6-bis(3-methylbut-2-en-1-yl)cyclohexan-
1-one (4),'”> sampsonione N (5),'> hypermongone B (6)>¢
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8
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Figure 4. Experimental and calculated ECD spectra of 1-3.
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Scheme 1. Plausible biogenetic pathway for 1-3.

hyperibone A (7),'* hyperibone G (8),'* sampsonione P (9),'* 7-epi-
clusianone (10).*

Generally, most of the PPAPs isolated from Hypericum formed a
unique family of structurally related caged metabolites that were
most likely biosynthesized from the biogenetically acceptable
2,4,6-trihydroxybenzophenon via a series of C-alkylations with

Table 2
Hepatoprotective effects of compounds 1-10 (10 uM) against paracetamol-induced
HepG2 cell.?

Compound Cell viability Inhibition
(% of normal) (% of control)

Normal 100+£8.17

Control 42,72 +5.88

Bicyclol 54.80 + 1.99° 28.28

1 48.66 + 3.44° 13.90

2 51.05 + 1.25" 19.52

3 56.53 +4.74° 32.33

4 61.96 + 1.83° 45.04

5 59.97 +1.07° 4038

6 49.14 + 4.43° 15.03

7 53.20 + 6.65¢ 24.54

8 38.58 £ 3.05° -9.68

9 48.45 + 4.96° 13.41

10 58.62 +3.28" 37.22

@ Results are expressed as the means + SD (n = 3; for normal and control, n = 6);
bicyclol was used as positive control (10 uM).

b p<0.01.

€ p<0.5.

dimethylallyl diphosphate (DMAPP).*41>16 Hyperibrin G (3) was
biogenetically derived by the cleavage of the C-a and C-b of a
bicyclic polyprenylated acylphloroglucinol (BPAP) derivative
through a retro-Claisen reaction and subsequent esterification.
Compound 2 contained a dihydrofuran ring that was formed by
the cyclization of a 3-methylbut-2-enyl side chain with an enolic
hydroxy group. The plausible biosynthetic pathway for new
compounds 1-3 is proposed as shown in Scheme 1.

Compounds 1-10 were evaluated for their hepatoprotective
activities against paracetamol-induced HepG2 cell damage, and
bicyclol, a hepatoprotective activity drug, was used as the positive
control.!” As shown in Table 2, compounds 3, 4, 5, and 10 exhibited
obvious hepatoprotective activities at 10 pM.
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