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This study to investigate anti-influenza components from the bark of Alnus japonica resulted in the iso-
lation of two rare acylated diarylheptanoids, named oregonoyl A (5) and oregonoyl B (6), along with nine
known compounds (1-4 and 7-11). Their structures were elucidated on the basis of extensive spectro-
scopic and chemical methods. Antiviral testing of compounds 1-11 against KBNP-0028 (HIN2) avian

influenza virus showed that platyphyllone (10) was strongly active, and platyphyllonol-5-xylopyranoside
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respectively.

(9) was moderately active against KBNP-0028 as compared with the positive control, zanamivir,
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Influenza occurs with seasonal variations and reaches peak
prevalence in winter, with many people killed worldwide every
year."? To date, only a few organic compounds including amanti-
dine, rimantadine, zanamivir, tamiflu, and ribavirin have been used
for influenza therapy.> However, drug-resistant influenza viruses
are generated quickly.* Thereby, it is attractive and urgent to seek
new influenza drugs.

Alnus japonica Steud. (Betulaceae) has been used in folk oriental
medicine as remedies for fever, hemorrhage, diarrhea, and alcohol-
ism.” Previous phytochemical investigation of A. japonica has led to
the identification of numerous diarylheptanoids, along with sev-
eral triterpenoids and flavonoids.®"'° Diarylheptanoids belong to
a phenolic class of natural products based on 1,7-diphenylheptane
frame, and many diarylheptanoids have been isolated from Zingi-
beraceae and Betulaceae plants up to date.!'"'® Some of which
such as curcumin and oregonin showed various biological proper-
ties including anti-inflammatory, anticancer, and antioxidative
activities.>”117 Our recent study on antioxidative components
from A. japonica resulted in the isolation of 12 diarylheptanoids.'®
There has more interest in this plant since an ethanol extract of the
bark of A. japonica exhibited, notably, potent anti-influenza activity
against KBNP-0028 (H9N2) in our search for naturally-occurring
antiviral agents. The bark of A. japonica was collected in Yanzi Prov-
ince, China in September 2006, and was taxonomically identified
by one of us (Y.H. Kim). Voucher specimens (CNU 08102) have
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been deposited at the College of Pharmacy, Chungnam National
University, Korea. Subsequently, the air-dried sample (1.0 kg)
was extracted with hot 95% EtOH (3 x 3.0 L). Then, the combined
extracts were concentrated in vacuo to give a residue (308 g),
which was suspended in 2.0L of water and successively parti-
tioned with CH,Cl,, EtOAc, and n-BuOH (each 2.0 L x 3) to obtain
soluble fractions of CH,Cl, (39g), EtOAc (83 ¢g), and n-BuOH
(15 g). The EtOAc-soluble fraction, the most active fraction against
KBNP-0028 with an ECso value of 31.3 pug/mL, was fractionated
over a silica gel column using a gradient of CHCl3-MeOH (15:1-
0:1, v/v), followed by silica gel and YMC reversed-phase column
chromatography (Supplementary data) to yield two new diaryl-
heptanoids, named oregonoyl A (5) and oregonoyl B (6), along with
nine known ones including platyphyllenone (1),° hirsutanone (2),'°
hirsutanonol (3),'° oregonin (4),'° alnuside A (7),” alnuside B (8),”
platyphyllonol-5-xylopyranoside (9),2° platyphyllone (10),?° and
platyphylloside (11)° (Fig. 1).

Oregonoyl A (5),2! a yellow syrup, has the molecular formula of
C33H360; established from its HRFABMS (found at m/z 647.2098
[M+Na]*, calcd for C33H350,,Na 647.2104). The NMR spectra of 5
(Table 1) indicated the presence of two 3,4-dihydrophenyl groups,
the same heptane chain as that of oregonin (4), and a xylopyrano-
syl unit to which an acyl group attached. The acyl moiety was indi-
cated as p-coumaroyl by the 'H and '>C NMR spectra.?>? The 'H
NMR spectrum of 5 showed four doublets at 6 6.25 (1H, d,
J=16.0Hz), 6.73 (2H, d, J=8.0Hz), 7.34 (2H, d, J=8.0Hz), and
7.62 (1H, d, J=16.0 Hz) attributable to the symmetric pattern of
a 1,4-disubstituted aromatic ring and an o,B-unsaturated ketone
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Figure 1. Structures of the diarylheptanoids 1-11 (glc: B-p-glucopyranosyl and xyl:
B-p-xylopyranosyl).

group with E-form of p-coumaroyl. The 3C NMR spectrum of 5
showed seven carbon signals, in which four of them (5 116.9,
127.0, 131.3, and 161.4) resembling for a 1,4-disubstituted phenyl
ring and three remaining carbon signals (6 115.2, 146.9, and 168.4)
corresponding for an o,B-unsaturated ketone group. Acylation of
the xylopyranosyl moiety was located at C-2"” due to the down-
field-shifted resonance of H-2"" at 6 4.70 (1H, t, J=8.0 Hz) and
the upfield-shifted resonance of C-3"” at § 76.2 as compared with
those of oregonin (4).”%* Comprehensive analyses of the HMQC,
HMBC, and H-H COSY spectra of 5 permitted complete assign-
ments of its proton and carbon signals and of the substitution sites.
The H-H COSY and selected HMBC correlations of 5 were illus-
trated in Figure 2. Accordingly, the HMBC correlations of H-5/C-
1", H-1""|C-5, and H-2""/C-9"" assured the interlinkage positions
at C-5 between the heptane chain and the xylopyranosyl moieties
and at C-2" between the xylopyranosyl and the coumaroyl moie-
ties, respectively.

Assignment of the (S)-configuration to the C-5 position of 5 was
accomplished as follows. Acidic hydrolysis of 5 gave aglycone 5a,
which was identical ([#)2°, NMR, MS) to hirsutanonol (3), and p-xy-
lose as confirmed by GC (Supplementary data). On the other hand,
application of the '3C NMR glycosylation shift rule for secondary
alcohols having two surrounding methylene groups could assign
the absolute configuration of the C-5 positions in oregonin (4)
and its derivatives.!#?%25 Accordingly, it is found that the glycosyl-
ation shift at C-4 was —2.4 ppm, while the shift at C-6 was
—2.0 ppm between the '>C NMR data of 5 (Table 1) and that of
its aglycone, hirsutanonol (Table S4, Supplementary data). This
finding suggested the S-configuration for the C-5 position of 5 as
in oregonin (4).'* Based on the above evidence, oregonoyl A (5)

Table 1
NMR data for oregonoyls A (5) and B (6) in CD30D
Position 5 6
5 5P (J in Hz) 5 5P (J in Hz)

Aglycone
1 30.1 2.50-2.55 m 30.1 2.50-2.55 m
2 46.3 2.44 m 46.3 2.44 m

2.56 m 2.56 m
3 211.0 2109
4 49.0¢ 2.40 m 49.0¢ 2.40 m

2.60 m 258 m
5 77.0 4.03 m 77.2 4.03 m
6 38.5 1.68 m 385 1.65m

1.72 m 1.74 m
7 31.6 2.40-2.45 m 31.6 2.40-2.45 m
1 133.8 133.8
2 116.6  6.56 d (2.0) 116.6  6.55d (2.0)
3 146.1 146.1
4 144.4 144.4
5/ 1164  6.60 d (8.0) 1163  6.59 d (8.0)
6 120.7  6.42 dd (8.0, 2.0) 1205  6.42 dd (8.0, 2.0)
1" 135.1 135.1
2" 1165  6.55d (2.0) 1164  6.55d(2.0)
3" 146.0 146.1
4" 144.1 144.2
5/ 1163  6.58 d (8.0) 1163  6.59 d (8.0)
6 1205  6.41 dd (8.0, 2.0) 120.7  6.42 dd (8.0, 2.0)
Xylose
1 103.1  4.43d(8.0) 1033 4.44d(8.0)
20 75.3 4.70 t (8.0) 75.3 4.70 t (8.0)
3 76.2 348 m 76.3 347 m
4'" 714 3.53 m 714 3.53 m
5" 66.9 3.19m 67.0 3.19m

3.88 dd (11.6, 5.6) 3.86 dd (10.8, 5.6)
Acyl moiety
1" 127.0 127.6
20 1313 7.34d(8.0) 1118 7.08 d (1.6)
3 116.9 6.73 d (8.0) 149.4
4 161.4 150.8
5t 1169  6.73d (8.0) 1164  6.75d(8.0)
6" 1313 7.34d(8.0) 1242  6.99 dd (8.0, 1.6)
7 1469  7.62 d (16.0) 1472  7.58 d (16.0)
8/ 1152  6.25d (16.0) 1155  6.30d (16.0)
g 168.4 168.3
OCH3 56.4 3.77 s

@ Recorded at 100 MHz.

b Recorded at 400 MHz.

¢ Overlapped with solvent signals. Assignments were confirmed by HMQC,
HMBC, and COSY spectra.

Figure 2. Selected H-H COSY (mmmm=) and HMBC correlations (H—C) of 5.

was identified as 5S-1,7-bis(3,4-dihydroxyphenyl)-5-0-B-p-(2-p-
coumaroyl xylopyranosyl)-heptane-3-one.

Oregonoyl B (6),%! also a yellow syrup, has the molecular for-
mula of C34H3g0:3 based on HRFABMS (found at m/z 677.2241
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[M+Na]", calcd for C34H3g013Na 677.2210). The NMR spectra of 6
(Table 1) were almost similar to those of 5 by means of the pres-
ence of two 3,4-dihydroxyphenyl groups, a heptane chain, and a
xylopyranosyl unit. Remaining 'H and '>C NMR signals for an acyl
group were in consistent with the feruloyl structure.?>?*> The 'H
NMR showed proton signals at & 3.77 (3H, s), 6.30 (1H, d,
J=16.0Hz), 6.75 (1H, d, J=8.0 Hz), 6.99 (1H, d, J=8.0, 1.6 Hz),
7.08 (1H, d, J=1.6 Hz), and 7.58 (1H, d, J=16.0 Hz) attributable
to a methoxy group, a 1,3,4-trisubstituted aromatic ring, and an
o, p-unsaturated ketone group. In addition, the '3C NMR spectrum
of 6 (Table 1) showed a methoxy carbon signal at § 56.4; six carbon
signals at 6 111.8, 116.4, 124.2, 127.6, 149.4, and 150.8 character-
istic for a 1,3,4-trisubstituted aromatic ring; and three carbon sig-
nals at 6 115.5, 147.2, and 168.3 revealing an o,B-unsaturated
ketone group, respectively. Like oregonoyl A (5), acylation of the
xylopyranosyl unit at C-2"” was suggested due to the downfield-
shifted resonance of H-2"" at § 4.70 (t, J = 8.0 Hz) and the upfield-
shifted resonance of C-3"” at § 76.3 in comparison with those of
oregonin (4).”?3 Furthermore, 'H, *C NMR assignments, and par-
tial structures of 6 were completely assured by the HMQC, HMBC,
and H-H COSY spectra (Fig. 3).

Assignment of the (S)-configuration to the C-5 position of 6 was
also achieved by the same manner as 5. Acidic hydrolysis of 6 gave
aglycone 6a, which was identical ([oc}ZDO. NMR, MS) to hirsutanonol
(3), and p-xylose as confirmed by GC (Supplementary data). Simi-
larly, application of the '3C NMR glycosylation shift rule showed
that the shift was larger for C-4 (-2.4ppm) than for C-6
(—2.0 ppm) when the '3C NMR spectrum of 6 (Table 1) was com-
pared to that of its aglycone, hirsutanonol (3) (Table S4, Supple-
mentary data). Therefore, the C-5 position is assigned the S-
configuration as in oregonoyl A (5). Thus, oregonoyl B (6) was iden-
tified as 5S-1,7-bis(3,4-dihydroxyphenyl)-5-O-B-p-(2-feruloyl
xylopyranosyl)-heptane-3-one.

Compounds 1-11 were screened for in vitro anti-influenza activ-
ity against KBNP-0028 (HON2)?° avianinfluenza virus, using the egg-
bit assay?’~%° as described.>® Zanamivir (LGM Pharma Corp., FL,
USA), an approved antiviral drug, was referred as the positive control
with an ECso of 16.9 pM. Of the isolates, notably, platyphyllone (10)
showed potent activity with an ECsg value of 29.9 uM; platyphyllo-
nol-5-xylopyranoside (9) displayed moderate activity with an ECsq
value of 56.1 pM, respectively; platyphylloside (11) exhibited weak
activity with an ECsq value of 105.0 uM; whereas platyphyllenone
(1) was negligibly active (ECso = 282.8 uM). Besides, the others were
considerably inactive due to their inhibition less than 50% at concen-
trations up to 100 mg/mL or 350 uM, equivalently (Table 2).
Accordingly, the above results suggested that the presence of two
4-hydroxyphenyl moieties in the diarylheptanoids might be impor-
tant with their anti KBNP-0028 activity. The cytotoxic concentration
which inhibited the viability of chicken embryo fibroblast (CEF) cells

Figure 3. Selected H-H COSY (mmmmmm) and HMBC correlations (H—C) of 6.

Table 2

Antiviral activity of compounds 1-11 against the influenza virus KBNP-0028 (H9N2)
on the basis of the egg-bit assay (data is the means+SD of three different
experiments)

Compound ECs0? (UM) CCsq” (UM) SI¢
1 282.8+8.1 >845 >3
2 >350 >500 Ncd
3 >350 >500 NC
4 >350 >500 NC
5 >350 >500 NC
6 >350 >500 NC
7 >350 >500 NC
8 >350 >500 NC
9 56.1+3.8 >560 >10

10 29.9+25 >796 >26.6

11 105.0+3.8 >525 >5

Zanamivir® 169+1.2 >753 >44

@ ECso: 50% effective concentration.
b CCso: 50% cytotoxic concentration.
¢ SI: selective index.
9 NC: not calculated.

¢ Positive control.

by 50% (CCso) was calculated from MTT assay results.! All of the
tested diarylheptanoids were nontoxic at concentrations larger than
500 uM or 250 pg/mL, equivalently. The selective index (SI), the ra-
tio of CCsq to ECsq, ranged from at least 3 to more than 26.6 (Table 2).
Thereby, platyphyllone(10) was a promising anti-influenza agent on
the basis of the SI value. This is the first report about antiviral com-
ponents of A. japonica.
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