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ABSTRACT

Inunicosides AK (1-11), eleven unusual polyacylatesht-kaurane diterpenoid
glycosides, were isolated from the flowers of @itranal Chinese herbal plafula
japonica. Their structures with absolute configurations avdetermined on the basis
of comprehensive spectroscopic analyses, chemaggbhdation, enzymatic hydrolysis
and ECD experiments. Among these isolates, inuideoX (11) showed mild
antibacterial activity againstStaphylococcus aureus ATCC 25923. Diterpene
constituents have been rarely reported inltiuta species, and thus the discovery of
this panel of compounds greatly enriches the chalntiversity of metabolites from

the genugnula.
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1. Introduction

The genusnula (family Compositae) comprises about 100 specielyidistributed
on the continents of Europe, Africa and Asia, gattrly around the Mediterranean
area [1]. Over 20 species and a number of varigmtw in China, with several ones
such asl. britanica and I. japonica being widespread species [ljula is an
important tribe of medicinal plants, among whithjaponica is well known in
traditional Chinese medicine and its dried capituéeve long been used under the
name ‘Xuanfuhua’ for the treatment of cough, phlegmd related symptoms [2]. The
plant |. japonica is very famous in the natural products field, esub/ for its
abundant and diverse sesquiterpenoid constituemtseudesmane, germacrane and
guaiane types, with monomers, dimers and even tsif88]. In addition, four rare
diterpenoid glycosides were also reported from lleid [9].

During the course of our research to explore neadiive molecules from Chinese
traditional herbs, the flower buds bfjaponica were phytochemically studied in the
current work. Apart from the well-investigated saiserpenoid compounds [10], new
interesting chemical constituents were also detledte the most polar fractions
generated from the EtOAc patrtition of the ethanataet. Subsequently, an intensive
fractionation of these polar fractions led to tleparation of a panel of diterpenoid
glycosides. Through a combination of various mematuding MS, NMR, ECD,
chemical hydrolysis and enzymatic degradation,el@snpounds were identified to
be ten new 18-noent-kaurane diterpenoid glycosides-(0) with a 4-carboxyl group
and a disaccharide moiety of glucose and arabiab§e2, a new intaant-kaurane
diterpenoid glycoside 1{) with 4-geminal carboxyl groups and the same sugar
connection ad-10, and a known diterpenoid glycoside analogi® (11]. Thein
vitro cytotoxicity (MDA-MB-231 & Hela), NO release inhton (in RAW264.7
macrophages) and antibacteria®aphylococcus aureus & bBacillus subtilis)
activities of all the isolates were evaluated ie @urrent work. Moreover, their
acetylcholinesterase (AChE);glucosidase and pancreatic lipase inhibitory #cts
were also tested. Details of the isolation, stmectoharacterization and biological
evaluations of these glycosides are described below
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2. Resultsand discussion

Compoundl, a white amorphous powder, was assigned a moleéamula of
Ca9H58016 based on itsH)-HRESIMS §/z 805.3607 [M + Nal], calcd 805.3617) and
3C NMR data, corresponding to 11 indices of hydrogeficiency. ThéH NMR data
(Table 1) showed two doublet signalséat4.60 (d,J = 8.0 Hz) and 4.46 (d] = 6.6
Hz) diagnostic of two sugar anomeric protons, whadbng with the corresponding
carbon resonances at: 99.0 and 100.7 suggested the presence of two
monosaccharide units. Further analyses of'th¢H COSY, HSQC and HMBC data
(Fig. 2A) unambiguously assigned all their NMR silgnas shown in Tables 1 and 2,
based on which the two sugars were determined Ige glicopyranosend one
arabinopyranose, witB- and a-configurations for the two anomeric carbons being
determined via the coupling constants of anomewtons (8.0 Hz for glucopyranose
and 6.6 Hz for arabinopyranose), respectively [3R,The assignments okglucose
and L-arabinose were established via HPLC comparison tfeir
(9-(-)-1-phenylethylamine derivatives with those of autic standard sugar samples
(Fig. S95, supporting information (Sl)). In additjiahe key HMBC correlation (Fig.
2A) from H-1" (d4 4.46) to C-3(&: 83.4) established the connection between the two
sugar moieties as shown. Characteristic signaleiierisovaleryloxy §; 2.24, 2.21,
2.11, 0.99, 0.984: 171.4, 43.7, 25.8, 22.8 (2C)] and two acetoay2.11 (s) andx
21.0, 171.2;9, 2.15 (s) andx 21.2, 170.8] groups were also evident from the NMR
data, and they were assigned to locate at, &2' and C-4 by the pivotal HMBC
correlations from H-2 (&3 4.94), H-2 (& 4.95) and H-4 (dy 5.06) to the
corresponding ester carbonyl carbons, respectively.

Besides those for the disaccharide moiety, the N#éRa for 1l also displayed
typical signals for a carboxyl groupq179.3), an exocyclic terminal double borag (
5.21, 5.08:% 160.0, 108.9), two Spxymethines d; 3.80, 4.23; 82.8, 71.3) and a
singlet methyl & 0.97; & 16.9). The aforementioned data accounted for seven
indices of hydrogen deficiency, and the remainiogrfsupported a tetracyclic
scaffold for the aglycone part &f Comprehensive analyses of 2D NMR data (Fig.
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2A) confirmed the planar structure for the aglycarfiel as drawn, incorporating a
kaurane orent-kaurane type diterpenoid skeleton. In detail, spin-spin coupling
systems g (H.-1 to H-7) andb (H-9 via H-11 to H-14), see Fig. 2A] as shown in
bold bonds were readily built up via examinationtoé *H-"H COSY data. The
HMBC correlations from B20 to C-1 & 47.3), C-5 & 49.3), C-9 & 52.7) and
C-10 (& 40.8), B-7 to C-8 - 47.8) and C-9, and H-9 to C-8 (Fig. 2A), alonghwit
fragment a, established rings A and B as depicted. Subselyuehie HMBC
correlations from H-9 to C-8 and C-14-(36.4), in combination with fragmeiu,
assembled ring C, and ring D was then construcie@dhe HMBC interactions from
H,-17 to C-13 & 42.4), C-15 & 82.8) and C-16& 160.0), and H-15 to C-7, C-8
and C-14. Furthermore, the presence of 15-OH wa8roted by the chemical shifts
of C-15 (& 82.8) and H-154d; 3.80). Finally, the HMBC correlations from H-tb
C-2 (& 71.3), and K3, H-4 and H-5 to C-19 (179.3), attached the disadde
moiety and the carboxyl group at C-2 and C-4, retpely.

The relative configuration for the aglycone unit @f was established by
interpretation of the ROESY data (Fig. 2B). Th@st interactions of K20 with H-2,
H-6a (& 1.91), H-12r (&4 1.57) and H-14 (& 1.86) indicated that they were on the
same side of the molecule and were assigned to-twented, with ring D being
disposed on top of ring C as shown in Fig. 2B. Adewly, the correlations of H-5
with H-38 (&4 1.18), H-4, H-B (dy 1.43) and H-9, H-B8 with H-13 (dy 0.76), and
H-9 with H-15, revealed that they were on the ofide andG-directed, thus leaving
4-COH and 15-OHa-bonded. Subsequent hydrolysislofvith snailase afforded the
aglycone {a), and it was identified to be atractyligenin (T@&4 and Figs. S96—-S98,
SI) whose absolute configuration had been prewoastablished via single-crystal
X-ray diffraction analysis [14]. Furthermore, thieeobretical ECD spectrum of the
aglycone (atractyligenin) was also acquired by TBID(time-dependent density
functional theory) method and matched the experiatl@me perfectly (Fig. 3). It was
interesting to note that the ECD curveloivas also highly consistent with that of the

aglycone {a, Fig. 3), indicating that the sugar part contrdaltittle or even no effect



to the ECD data. Therefore, compouftdwas unambiguously elucidated as an
18-norent-kaurane type diterpenoid glycoside and it was rthimenicoside A.

Compound?2 displayed an ammonium adduct ion peaknmét 842.4188 (calcd
842.4169) in the )-HRESIMS analysis, which together with th NMR data
suggested a molecular formula of{8s0017, with 42 mass units more than thatlof
and suggestive of an extra acetyl group. Compangadme NMR data (Tables 1 and 2)
for 2 with those ofl revealed that they were structural analogues, tighonly
difference occurring to the glucopyranosyl moietitose H-6' signals @4 4.44, 4.24)
were remarkably downfield shifted as compared whibse ¢ 3.93, 3.76) forl. In
addition, the appearance of NMR resonances fordaltianal acetoxyl group &
2.05;a 21.1, 171.2) implied that thé-®H in 2 was acetylated, and this was further
confirmed by the HMBC correlations from48' to the newly introduced acetyl
carbonyl carbon. Detailed examination of the full &and 2D (Figs. SHB15, SI)
NMR data for2, especially of key proton-proton couplings, HMB@daROESY
correlations, established the gross structure2ofs drawn (Fig. 1) and also
corroborated the relative configurationdfo be identical with that df. Compound?
was thus structurally characterized as th®©@cetyl derivative ofl and was named
inunicoside B.

Compounds3 (inunicoside C) and} (inunicoside D) were assigned the same
molecular formula of ¢He0O;17 as2, which was evidenced by thei)(HRSEIMS
ion peaks atmVz 842.4193 and 842.4183 (both [M NH4", calcd 842.4169),
respectively, as well as tH&C NMR data. Analysis of the NMR data (Tables 1 ahd
for 3 confirmed that it was isomeric wity and the only difference between the two
cometabolites was attributed to the acetylationtposwithin the arabinopyranosyl
fragment. Compared with those 2fH-3" (dy 4.89) of3 was significantly downfield
shifted while H-4 (d, 4.07) of3 was observed in the normal range, suggesting that
the 3'-OH in 3 instead of the'4OH in 2 was acetylated. This conclusion was further
supported by the HMBC correlation from H-3o0 an acetyl carbonyl carbon
(ac170.5). Similarly, the difference betwednand?2 was also determined to be the
acetylation location. As evidenced by the chemstaidts for H-4 (o 4.91) and H-6
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(a4 3.69, 3.61) of4 in comparison with other analogues, the6éacetyl group in2
moved to C-4 position in 4, and the 2,4"-O-diacetyl units retained. The
aforementioned structural assignments 3oand 4 were subsequently verified by
careful check of 2D NNR spectra (Figs. S21-S32, Big structures of compound@s
and4 were hence elucidated.

Analyses of the )-HRESIMS data for5 (inunicoside E) and (inunicoside F)
revealed ammonium adduct ion peaksnmét 842.4177 and 842.4161 (both calcd
842.4169), respectively, which in combination witieir *C NMR data assigned the
same molecular formula of,@1s0017 as2. As with the cases &4, compound$H
and 6 were also regio-isomers d@ with different acetyl substitution patterns.
Inspection of the NMR data (Tables 1 and 2) unceddhat the major difference
betweerb and4 occurred to the disaccharide moiety, where'"Ha8d H-4' of 5 were
observed abty 4.87 and 4.01, respectively, while their counteipaf 4 appeared at
oy 3.80 and 5.01, respectively. These observatioggesied that the''40-acetyl
substitution in4 was replaced by the"3)-acetyl substitution irb. Similarly, the
difference betweef and4 was established that th8-@©-acetyl group id moved to
C-6 position in 6, as supported by the chemical shift variationswben the
corresponding proton pairs of H-4dy 5.01 for4 Vs. 3.85 for6) and B-6' (& 3.69
& 3.61 for4 Vs. 4.19 & 4.15 fo6). Moreover, the structural assignments3@and6
were also confirmed by detailed examination of 2idRdata (Figs. S38549, Sl).

(+)-HRESIMS analyses of compounds(inunicoside G) and (inunicoside H)
exhibited ammonium and sodium adduct ion peake/aB84.4279 (calcd 884.4274)
889.3827 and (calcd 889.3828), respectively, whighie consistent with the same
molecular formula of ¢Hg015 and suggested a pairs of isomers with an additiona
acetyl unit more than their cometaboli@s5. Analysis of the NMR data (Tables 2
and 3) for7 confirmed this hypothesis, with diagnostic sigrfatsfour acetoxy groups
at dy 2.13, 2.05, 2.04 and 2.00 (all s, 3H), as welda$71.1, 170.5, 170.4 and 169.8
(only carbonyl noted). Careful comparison betweka NMR data for7 and 2
indicated that the'30H of 7 was further acetylated as evidenced by the chémica
shifts for H-3' (&4 4.97 for7 Vs. 3.77 for2) of the two analogues, which was also
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corroborated by the HMBC correlation from H-3 the newly introduced acetyl
carbonyl carbon iry. Similar to the case & and4, the difference betweedand7
was also attributed to that the acetylation pattr®-OH and 6-OH in the two
analogues was reversed, which was clearly reveajethe chemical shift changes
between the two proton pairs of H{&; 4.90 for8 Vs. 3.54 for7) and HB-6" (d; 3.69

& 3.62 for8 Vs. 4.45 & 4.23 forf7). Compound¥ and8 were thus characterized as
two penta-acylated diterpenoid glycosides with facetyl and one isovaleryl groups
all located on the sugar part, which was furtherficmed by cautious inspections of
2D NMR spectroscopic data (Figs. SS966, Sl).

Compound® and10 (inunicosides | and J) possessed the same motdoutaula of
C43H62013 as determined by their respective-HRESIMS ammonium adduct ion
peaks atm/z 884.4271 and 884.4280 (calcd 884.4274), as weh@5C NMR data.
Detailed analyses of their NMR data (Tables 2 ahas3ablished that they were
isomeric with7 and 8, and the structural differences were also assigntb the
acetylation pattern on the disaccharide moeity. with the case of2 and 3,
compounds9 and 10 only differed from each other in that the acetglatmode at
3'-OH and 4-OH was inverted in their structures, and this wasambiguously
demonstrated by the chemical shift variations betw#he two proton pairs of H-3
(a4 3.78 for9 Vs. 4.85 forl0) and H-4' (J4 5.00 for9 Vs. 4.00 forl0). Therefore, the
two cometabolites had the same acylation patteall atther positions except that
was 4'-O-acetylated and0 was 3'-O-acetylated. Furhter examination of the full 2D
NMR spectra (Figs. S#584, SI) of 9 and 10 corroborated their strucural
assignments as shown.

Compoundll (inunicoside K) was assigned a molecular formdl&€eHs.0-1, as
deduced from the ammonium adduct ion peakvat970.4284 [M+ NH,4]" (calcd
970.4278) in the f)-HRESIMS spectrum and tH€C NMR data. Analysis of the
NMR data (Tables 2 and 3) fdd revealed that it was also a structural analogue of
compounds 1-10 with the differences being depicted below. Twerdgrbon
resonances were observed for the aglycone moeifyt,ofvhich indicated an intact
diterpenoid skeleton. Compared with, the absence of the CH-4 methine signals (
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2.69 andd: 43.5 for10), along with the appearance of & spiaternary carbond¢
59.4, C-4) and a carboxyl carbong:(176.0, C-18) resonances, suggested that Me-18
in 11 was also oxidized to a carboxyl functionality [1dhich was further confirmed
by examination of 2D'H-'H COSY and HMBC correlations (Fig. 4). As for the
disaccharide fragment, all hydroxyls were acylatgth an isovaleryloxy group at
C-2 and five acetoxy groups at C-£-6, C-2' C-3' and C-4, respectively, as also
supporpted by the HMBC correlations from these oatynime protons to the
corresponding ester carbonyl carbons. Careful cosmss of the remaining NMR
data for 10 and 11, including key proton-proton couplings, supportedmmon
structural features and identical relative confagions at all respective chiral centers
between the two cometabolites, which was then bonated by interpretation of 2D
NMR data (Fig. 4). The structure &f was thereby characterized as shown, bearing
an interesting 4-geminal carboxyl motiff and futléation of the sugar part. Based on
a biogenetic consideration and the highly constd€D curves of-11 (Fig. S99, Sl)
with that of 1, the absolute configurations 811 were also determined to be the
same as that df.

Compoundd—-12 were subjected to a series of bioassays (seeimegal section).
The assay results showed that only compoihaexhibited moderate antibacterial
activity againstS. aureus ATCC 25923, with an 1€ value of 29.6= 3.5 uM, while

others were inactive in all tested models.
3. Conclusion

Plants of the genublula grow throughout Europe, Africa and Asia, and many
species are used as folk medicines by local ressd6éh This genus is very famous in
the literature for its rich sesquiterpenoid comstitts and their diverse biological
properties especially anti-tumor and anti-inflamaongtactivities [6], whereas studies
on the diterpenoid ingredients remain very limit€h reviewing the literature, in
addition to the several diterpene quinones isol&t@a |. royleana in 1962 [15] and
1975 [16], theent-kaurane diterpenoids from Chinebaula species in later work

[9,17] all bear at least one carboxyl group andgagar moiety. Therefore, the



previously focused attention on sesquiterpenesthadseparation difficulty due to
increased polarity of diterpenes could accounttter limited diterpenoid reports on
Inula plants. As we know, triterpenoid saponins are lyidiestributed in many plant
species, while the diterpenoid glycosides presentieh less occurrence in nature, so
the isolation of this array ant-kaurane diterpenoid glycosides frdmjaponica is
very interesting anthcreases the structural diversity of this classatiiral products.
Moreover, the diverse acylation patterns of thdgeogides indicate the presence of
some specific acylation enzymes in this specieschwhefinitely deserves further

investigations from researchers of related areas.
4. Experimental

4.1. General experimental procedures

Optical rotations were measured on a Rudolph Vapwleter (Rudolph Research
Analytical, Hackettstown, USA) with a 10 cm lengthll. UV and ECD spectra were
obtained on a Chirascan Spectrometer (Applied Rihy&ics Ltd., Leatherhead, UK)
with a 1 mm pathway cell. NMR experiments were @enied on a Bruker Avance
DRX600 spectrometer (Bruker BioSpin AG, Falland8witzerland) and referenced
to residual solvent peakeq49.00 andd; 3.31 ppm for CROD; & 77.16 and), 7.26
ppm for CDC}). ESIMS analyses were carried out on an Agiler@0t@460 Triple
Quad LC-MS instrument (Agilent Technologies Inc.,aMbronn, Germany).
HR-ESIMS data were acquired on an Agilent 6545 QTaass spectrometer (Agilent
Technologies Inc., Waldbronn, Germany). All HPLGalgses and separations were
performed on an Agilent 1260 series LC instrumehgilent Technologies Inc.,
Waldbronn, Germany). D101-macroporous absorpti@inréSinopharm Chemical
Reagent Co. Ltd., Shanghai, China), CHP20/P120 §KLI(75—-150um, Mitsubishi
Chemical Co., Tokyo, Japan) and silica gel (300—-408sh, Qingdao Marine
Chemical Co. Ltd., Qingdao, China) were used fdurmm chromatography (CC).
Agilent ZORBAX SB-Gg columns (5um, 4.6 x 250 and 9.4x 250 mm; Agilent
Technologies Inc., Santa Clara, USA) were usedfoLC analyses and separations.

All solvents used for CC were of analytical gradéfjin Fuyu Fine Chemical Co.
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Ltd., Tianjin, China) and solvents used for HPLCrevef HPLC grade (Oceanpak
Alexative Chemical Ltd., Goteborg, Sweden). All\aait mixtures used for analyses
and separations (HPLC & CC) were presented in #t® of volume to volume,

unless otherwise specified.
4.2. Plant material

The flowers ofinula japonica Thunh were collected in September 2016 in Mount
Kunyu of Shandong Province, China, and were auitegetd by Prof. Guo-hua Ye
from Shandong College of Traditional Chinese MeawiciA voucher specimen has
been deposited at School of Biological Science Berhnology, University of Jinan

(Accession number: npmc-003).

4.3. Extraction and isolation

The air-dried flowers of. japonica (15 kg) were extracted with 95% EtOH at room
temperature for four times (one week per time)ftord a crude extract (1.5 kg). The
extract was suspended in 3.0 L water and thentipad successively with EtOAc (3
x 2.0 L) andn-BuOH (3% 2.0 L) to afford the corresponding layers. Afteagoration
of solvents under reduced pressure, the EtOAc ¢j5nhdn-BuOH (120 g) soluble
parts were finally obtained.

The EtOAc partition was subjected to CC over D1G@crporous absorption resin,
eluted with EtOH-HO (50%, 80% and 95%) to get three fractions. Th# &hanol
elution was separated by MCI gel CC (MeORH 50%, 80% and 100%) to afford
three fractions (A, B and C). Fraction A (50%, §0ngas chromatographed on a silica
gel column (petroleum ether (PE)-acetone, 20:1:2p tb give five subfractions (Al—
Ab), and fraction A5 was separated by silica gel (BE-EtOAc, 5:1 to 1:2) to give
four subfractions (A5-1-A5-4). Fraction A5-1 (0.Bwas subjected to passage over a
silica gel column, eluted with CHEMeOH (100:1 to 30:1), to give three
subfractions, and the third one was then purifigdsemi-preparative HPLC (60%
MeCN-H;0) to afford compound (6.8 mg, & = 14.1 min). Using similar procedures,
fraction A5-3 (3.1 g) was separated into three mdbions (A5-3a—A5-3c), and each
of them was successively purified by semi-prepaeakiPLC (48% MeCN-ED) to

11



yield compound2/9/10 (17.8/26.7/18.4 mgrt= 16.1/22.3/27.1 min3 (17.2 mg, &

= 18.2 min) and (11.7 mg, & = 20.0 min), respectively. Fraction A5-4 (3.6 gasw
fractionated by silica gel CC first with CHE&MeOH (100:1 to 30:1) and then with
PE-EtOAc (3:1 to 1:2), and the major elution camitay the target compounds were
finally purified by semi-preparative HPLC (40% Me@MNO) to affordl (13.8 mg, &
=12.7 min),4 (6.3 mg, & = 19.5 min),6 (20.2 mg, ¢ = 20.8 min),5 (24.1 mg, ¢ =
24.7 min) andl (9.4 mg, & = 36.4 min).

The n-BuOH partition was chromatographed on a silica galumn
(CH.CIl,-MeOH-H,0, 130:13:10) to furnish four subfractions (D1-DBjaction D3
was separated by silica gel CC (EtOAc-MeObK5:1:1) to give one major portion
which was further purified by semi-preparative HP(A&% MeCN-HO) to furnish
compoundl2 (74.3 mg, & = 30.1 min).

Inunicoside A (1): white amorphous powdera]p?® -39.1 € 1.36, MeOH); ECD¢
0.73, MeOH)A (Ag) 206 (5.63):*H and™*C NMR data (CDGJ), see Tables 1 and 2;
(+)-ESIMS: vz 805.3 [M + NajJ; (-)-ESIMS: m/z 817.3 [M+ CI]”; (+)-HRESIMS:
m/z 805.3607 [M + Na] (calcd for GgHsgO16Na, 805.3617).

Inunicoside B (2): white amorphous powdera]p?® —27.6 € 1.77, MeOH); ECD(¢
0.73, MeOH)A (Ag) 206 (6.37):*H and™*C NMR data (CDGJ), see Tables 1 and 2;
(+)-ESIMS:m/z842.3 [M + NH]"; (-)-ESIMS:mz 823.2 [M- H]", 859.3 [M+ CI|’;
(+)-HRESIMS:m/z 842.4188 [M + NH]" (calcd for GiHesNO17, 842.4169).

Inunicoside C (3): white amorphous powderg]y*> -36.7 € 1.70, MeOH); ECD¢
0.73, MeOH)A (Ag) 206 (6.64):*H and™*C NMR data (CDGJ), see Tables 1 and 2;
(-)-ESIMS:nmVz 859.1 [M+ CI]”; (+)-HRESIMS:nVz 842.4193 [M + NH]" (calcd for
CuHesNO17, 842.41609).

Inunicoside D (4): white amorphous powdera]p® —30.4 € 0.62, MeOH); ECD¢
0.73, MeOH)A (Ag) 206 (7.11):*H and**C NMR data (CDGJ), see Tables 1 and 2;
(+)-ESIMS:m/z842.3 [M + NH]"; (-)-ESIMS:mz 823.2 [M- H] ", 859.3 [M+ CI|’;
(+)-HRESIMS:m/z 842.4183 [M + NH]" (calcd for GiHesNO17, 842.4169).

Inunicoside E (5): white amorphous powdera]p?® -37.9 € 2.41, MeOH); ECD(¢
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0.73, MeOH)A (Ag) 206 (6.49):*H and™*C NMR data (CDGJ), see Tables 1 and 2;
(-)-ESIMS:m/z 823.3 [M- HJ, 859.3 [M+ CI|"; (+)-HRESIMS:m/z 842.4177 [M +
NH,]" (calcd for GiHgsNO17, 842.4169).

Inunicoside F (6): white amorphous powdera]p?® -73.6 € 2.00, MeOH); ECD(¢
0.73, MeOH)A (Ag) 206 (6.50):*H and™*C NMR data (CDGJ), see Tables 1 and 2;
(+)-ESIMS:m/z 842.3 [M + NH]"; (-)-ESIMS: m/z 823.3 [M- H]"; (+)-HRESIMS:
m/z842.4161 [M + NH]" (calcd for GiHesNO17, 842.4169).

Inunicoside G (7): white amorphous powderg]p® -41.2 € 0.65 MeOH); ECD ¢
0.80, MeOH)A (Ag) 206 (6.23):*H and™*C NMR data (CDGJ), see Tables 2 and 3;
(-)-ESIMS:m/z 865.5 [M— H] ", 901.5 [M+ CI|"; (+)-HRESIMS:nz 884.4279 [M +
NH,]" (calcd for GaHgsNO1g, 884.4274).

Inunicoside H (8): white amorphous powderg]p® —45.6 € 1.17, MeOH); ECD¢
0.80, MeOH)A (Ag) 206 (6.43):*H and™*C NMR data (CDGJ), see Tables 2 and 3;
(+)-ESIMS:m/z 889.1 [M + Naf; (-)-ESIMS: m/z 865.4 [M— H] ", 901.3 [M+ CI]’;
(+)-HRESIMS:nVz 889.3827 [M + Na] (calcd for GsHe:01sNa, 889.3828).

Inunicoside | (9): white amorphous powderp]p®® -31.7 € 2.66, MeOH); ECD ¢
0.80, MeOH)/ (Ag) 206 (6.65):*H and™*C NMR data (CDGJ), see Tables 2 and 3;
(+)-ESIMS:m/z884.3 [M + NH]"; (-)-ESIMS:m/z 865.3 [M— H], 901.2 [M+ CI]";
(+)-HRESIMS:m/z884.4271 [M + NH]" (calcd for GaHegNO1g, 884.4274).

Inunicoside J (10): white amorphous powderp]p?®> —24.3 € 1.83, MeOH); ECD
(c 0.80, MeOHM (Ag) 206 (6.88)H and**C NMR data (CDGJ), see Tables 2 and 3;
(+)-ESIMS:mVz 884.3 [M + NH]"; (+)-HRESIMS:nVz 884.4280 [M + NH]" (calcd
for C4aHesNO1g, 884.4274).

Inunicoside K (11): white amorphous powdera]p® -38.4 € 1.24, MeOH); ECD
(c 0.85, MeOH) (Ag) 205 (6.67):*H and™*C NMR data (CROD), see Tables 2 and
3; (-)-ESIMS:m/z 951.3 [M— H]"; (+)-HRESIMS:m/z 970.4284 [M + NH]* (calcd
for C4HesNOy1, 970.4278).

4.4. Determination of D-glucose and L-arabinose
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A solution ofca. 1.0 mglin 2.0 N HCI (3.0 mL) was stirred at 9CQ for 4 h. After
removal of excess HCI| under reduced pressure, dbiglual agueous mixture was
filtered to remove the aglycone part and then exatpd under reduced pressure to
afford the free monosaccharide. The monosacchavate dissolved in ethanol and
then excessS)-(-)-1-phenylethylamine and NaBBN were added. With a catalytic
amount of acetic acid added, the mixture was stira¢ 40 °C for 3 h. After
evaporation of the solvent, the residue was stiwitd acetic anhydride in pyridine at
room temperature for 5 h to obtain the amino dékeaUsing the same method, the
amino derivatives of authentic andL-glucosesp- andL-arabinoses were obtained.
These derivatives were subjected to HPLC analysiaroAgilent ZORBAX SB-G3
column (5um, 4.6x 250 mm) with 52% MeCN-pD as mobile phase at 1.00 mL/min.
As shown in Fig. S95 (SI), the retention times tainglardb- andL-glucosesp- and
L-arabinoses were observed@?t158, 6.819, 6.053 and 5.953 min, respectiveliy T
retention times of the hydrolytic samples Joivere observed akt7.174 and 5.967

min, respectively, and thus tbeglucose and-arabinose were determined for

4.5. Enzymatic hydrolysis of 1

Compoundl (6.0 mg) and snailase (1.2 mg) were mixed in 2L0sodium acetate
buffer solution (pH 5.0) and then stirred at°® overnight. After the hydrolysis, 2.0
mL CHCl was added to the aforementioned buffer solutioxedhcompletely and
then layered. When solvents of this Chl@ktract were evaporated under reduced
pressure, the aglyconda) was then obtained by purification on semi-prepaga
HPLC (44% MeCN-HO, 3.00 mL/min), withg at 6.8 min. Atractyligeninl@): white
amorphous powderg]p® -131.2 € 0.22, MeOH); ECD¢ 0.31, MeOH)A (Ag) 206
(4.26):*H and**C NMR data (CROD), see Table S4 in SEX-ESIMS:m/z319.1 [M
- H]", 355.1 [M+CI]".

4.6. ECD calculations
The ChemDraw_Pro_14.1 software with MM2 force fields used to establish the
initial conformations of target molecules. Confotinmal searches using mixed

torsional/Low-mode sampling method with MMFFs fofedd in an energy window
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of 3.01 kcal/mol were carried out by means of thefermational search module in
the Maestro 10.2 software [18]. The re-optimizatiamd the following TD-DFT
calculations of the re-optimized conformations walleperformed with Gaussian 09
software at the B3LYP/6-311G(d,p) levelvacuo for 1 andla. Frequency analysis
was performed as well to confirm that the re-opteai conformers were at the energy
minima. Finally, the SpecDis 1.64 software [19] wased to obtain the

Boltzmann-averaged ECD spectra.
4.7 Bioassays

4.7.1 Cytotoxic assay

The cytotoxicity toward two human female cancetl lbe¢és, MDA-MB-231 (breast)
and Hela (cervical), was screened by the MTT meth®deported formerly [20A
single concentration of 3@M was chosen for the primary screening. Adriamycas
used as the positive control withsf3ralues of 0.6 0.04 and 0.9% 0.11uM for
MDA-MB-231 and Hela cells, respectively.

4.7.2 NO production inhibitory assay

The inhibitory activity against LPS-induced NO puoction in murine RAW264.7
macrophages was performed by colorimetric assagdbas the Griess reaction, as
previously described [21]. The initial screeningncentration was set as %M

(Table S2, Sl). Dexamethasone was used as a osdivrol (IGy = 15.3+ 1.7 uM).

4.7.3 Anti-acetyl cholinesterase assay
The AChE inhibitory activity was tested using maetif Ellmaris method as we
described previously [22]. The preliminary scregnioncentration was set as |30

(Table S3, Sl). Galantamin was used as a positaeal (IGo=0.85+ 0.12uM).

4.7.4 a-Glucosidase inhibitory assay
The a-glucosidase inhibitory activity was examined bypwreviously described
method in our recent article [23]. All the isolate®re first tested at a primary

concentration of 10QM. Acarbose was as used as a control drugy(#3883+ 189
UM).
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4.7.5 Antibacterial assay

The antibacterial activity against two Gram-postivains,Saphylococcus aureus
ATCC 25923 andBacillus subtilis ATCC 6633, was tested using liquid growth
inhibition method as we described previously [ZBhe initial testing concentration
was set at 5QM, and only compounds with >50% growth inhibiticate were further
subjected for 16p measurements. Penicillin was used as the posibwerol (1G =

0.12+ 0.03 and 0.23 0.02uM for S aureusandB. subtilis, respectively).

4.7.6 Pancreatic lipase inhibitory assay
Pancreatic lipase inhibitory activity was evaluateterring to the procedures as
described in the literature [25]. All the compoundss screened at the initial

concentration of 5QuM. Orlistat was used as a positive controls(l€ 0.84+ 0.32
UM).

Conflict of interest

The authors declare no conflicts of interest.

Acknowledgements

This project was financially supported by Naturaleédce Foundation of Shandong
Province [No. JQ201721], the Young Taishan SchdPacgram [No. tsqn20161037],
and Shandong Talents Team Cultivation Plan of Usitse Preponderant Discipline
[No. 10027].We also thank Prof. Guo-hua Ye from Shandong CelleigTraditional

Chinese Medicine for the identification of the glamaterial.

Appendix A. Supplementary data
Supplementary data to this article can be fountherdt_https://xxx

References

[1] Flora of China Editorial Committee of Chineseadlemy of Sciences, The
Flora of China, Vol. 75, Science Press, Beijingd4,9. 263.

[2] National Pharmacopoeia Committee, in: Pharmee@ of the People's
Republic of China, Part 1, China Medical Science dechnology Press,

16



[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]
[16]

[17]

Beijing, 2015, p. 325.
Q.H. Jin, J.W. Lee, H. Jang, J.E. Choi, D.Hel 8.T. Hong, Y.S. Kim, M.K.
Lee, B.Y. Hwang, J. Nat. Prod. 79 (2016) 154853.
Y. Li, Z.Y. Ni, M.C. Zhu, M. Dong, S.M. Wang, @. Shi, M.L. Zhang, Y.F.
Wang, C.H. Huo, H. Kiyota, B. Cong, Z NATURFORSCH 67 (2012)
375-380.
J.J. Qin, L.Y. Wang, J.X. Zhu, H.Z. Jin, J.41,X.F. Liu, H.L. Li, W.D. Zhang,
Chem. Commun. 47 (2011) 1221224.
G.W. Wang, J.J. Qin, X.R. Cheng, Y.H. ShenShan, H.Z. Jin, W.D. Zhang,
Expert Opin. Invest. Drugs 23 (2014) 3BAS5.
X.D. Wu, L.F. Ding, W.C. Tu, H. Yang, J. Su,Y..Peng, Y. Li, Q.S. Zhao,
Phytochemistry 129 (2016) 686.
J.J. Qin, H.Z. Jin, J.X. Zhu, J.J. Fu, Q. ZeAdR. Cheng, Y. Zhu, L. Shan,
S.D. Zhang, Y.X. Pan, W.D. Zhang, Tetrahedron @&3.(8 93799388.
J.J. Qin, J.X. Zhu, W.D. Zhang, Y. Zhu, J.J.,, BUH. Liu, H.Z. Jin, Arch.
Pharm. Res. 32 (2009) 136/2.
Z.P. Yu, J.S. Zhang, Q.Q. Zhang, S.J. Yu, ¥ZWang, J.H. Yu, H. Zhang,
Fitoterapia (2019nttps://doi.org/10.1016/|.fitote.2019.104292
R. Lang, T. Fromme, A. Beusch, A. Wahl, M. kdenspor, T. Hofmann,
Phytochemistry (Elsevier) 93 (2013) +2A485.
S.Y. Lee, W.S. Suh, H.K. Kim, I.LK. Lee, S.Uh@, K.H. Kim, K.R. Lee,
Heterocycles 91 (2015) 1187-1197.
Z.P. Yu, Y.Y. Wang, S.J. Yu, J. Bao, J.H. YA1,Zhang, Fitoterapia 135 (2019)
99-106.
F. Brucoli, M.T. Borrello, P. Stapleton, G.IRarkinson, S. Gibbons, J. Nat.
Prod. 75 (2012) 10#1075.
O.E. Edwards, G. Feniak, M. Los, Can. J. Chéin(1962) 15461546.
S.V. Bhat, P.S. Kalyanaraman, H. Kohl, N.J. Bm®iza, Tetrahedron 31 (1975)
1001-1004.
Y. Shao, N.S. Bai, B.N. Zhou, Phytochemist®/(2996) 783786.

17



[18] M.J. Frisch, G.W. Trucks, H.B. Schlegel, G.&cuseria, M.A. Robb, J.R.
Cheeseman, G. Scalmani, V. Barone, B. Mennucci,. QAtersson, H.
Nakatsuji, M. Caricato, X. Li, H.P. Hratchian, A.Emaylov, J. Bloino, G.
Zheng, J.L. Sonnenberg, M. Hada, M. Ehara, K. TaydR. Fukuda, J.
Hasegawa, M. Ishida, T. Nakajima, Y. Honda, O. &itd. Nakai, T. Vreven,
J.A. Montgomery, Jr., J.E. Peralta, F. Ogliaro, Bkarpark, J.J. Heyd, E.
Brothers, K.N. Kudin, V.N. Staroverov, R. KobaygsBi. Normand, K.
Raghavachari, A. Rendell, J.C. Burant, S.S. lyengjafomasi, M. Cossi, N.
Rega, J.M. Millam, M. Klene, J.E. Knox, J.B. Cro¥sBakken, C. Adamo, J.
Jaramillo, R. Gomperts, R.E. Stratmann, O. Yazgpe¥, Austin, R. Cammi, C.
Pomelli, J.W. Ochterski, R.L. Martin, K. Morokumd,G. Zakrzewski, G.A.
\oth, P. Salvador, J.J. Dannenberg, S. DappricB, Paniels, O. Farkas, J.B.
Foresman, J.V. Ortiz, J. Cioslowski, and D.J. Feéaussian 09 Revision B.01,
Gaussian Inc, Wallingford CT, 2009.

[19] T. Bruhn, A. Schaumloeffel, Y. Hemberger, Gir§mann, Chirality 25 (2013)
243-249.

[20] M. He, L. Jiang, B. Li, G. Wang, J. Wang, Yu,FOncotarget 8 (2017)
6510G6-65110.

[21] J.J. Zhao, Y.Q. Guo, D.P. Yang, X. Xue, Q.,litP. Zhu, S. Yin, Z.M. Zhao, J.
Nat. Prod. 79 (2016) 2252263.

[22] Z.Q. Cheng, K.K. Zhu, J. Zhang, J.L. Song, LMuehlmann, C.S. Jiang, C.L.
Liu, H. Zhang, Bioorg. Chem. 83 (2019) 22B8.

[23] J. Sun, J.H. Yu, J.S. Zhang, X.Q. Song, J.,Bhazhang, Chem. Biodiversity
16 (2019)https://doi.org/10.1002/cbdv.201800581.

[24] J. Bao, H.J. Zhai, K.K. Zhu, J.H. Yu, Y.Y. 4 Y.Y. Wang, C.S. Jiang, X.
Zhang, Y. Zhang, H. Zhang, Mar. Drugs 16 (2018).
https://doi.org/10.3390/md16050174.

[25] X.C. Jia, D. Yang, H.H. Xie, Y.M. Jiang, X.Wei, J. Funct. Foods 32 (2017)
419-425.

18



Table 1. *H NMR spectroscopic data of compounds 1-6 in CDCls.

No 1 2 3 4 5 6
la 2.19, brdd (12.2,5.0)  2.29, brdd (13.0,5.2)  2t#dd (12.5,4.9) 2.22, m 221, m 227, m
18 0.76, dd (12.2, 12.0) 0.79, dd (13.0, 10.8) 0dB(12.5, 11.5) 0.79,t(12.1) 0.77,t(12.1) 01812.1)
2 4.23, m 4.12, m 412, m 4.24, m 4.24, m 413, m
3a 2.42,dt (12.0, 2.7) 2.33, dt (12.4, 2.6) 2.33, m 241, m 2.41, dt (12.0, 2.7) 2.35, dt (12.1, 2.5)
38 1.18, td (12.0, 5.3) 1.22,td (12.4, 4.9) 1.21(1121.0, 5.4) 1.20, m 1.17,1d (12.0, 5.2) 1.23]12i1, 5.4)
2.68, m 2.68, m 2.68, m 2.70, m 2.69, m 2.70, m
144, m 145 'm 143, m 145 'm 143, m 145'm
6a 191, m 1.88, m 1.88, m 191, m 1.90, m 1.88, m
683 1.64, m 1.64, m 1.63, m 1.65, m 1.64, m 1.65, m
Ta 1.73, dt (13.4, 3.2) 1.73, dt (13.2, 3.1) 1.721@2, 2.9) 1.74, dt (13.5, 3.1) 1.73,dt (13.2)3 1.74,dt (13.4, 3.3)
78 143, m 143, m 142, m 144, m 143, m 144, m
9 1.03, brd (8.1) 1.03, brd (8.0) 1.03, brd (8.0) .041brd (8.0) 1.02, brd (8.1) 1.04, brd (8.1)
1la 1.54, m 1.56, m 1.58, m 1.54, m 1.54, m 1.56, m
118 141, m 1.41, m 1.40, m 1.43, m 1.42, m 1.43, m
12a 157, m 157, m 155 m 1.56, m 1.56, m 1.56, m
123 1.48, m 147, m 1.48, m 148, m 147, m 147, m
13 2.74, m 2.73,m 2.73, m 2.75, m 2.74, m 2.74, m
1l4a 1.86, brd (11.8) 1.83, brd (11.7) 1.83, brd (11.5) 1.85, brd (11.8) 1.85, brd (11.7) 1.84, brd (11.5)
148 1.39, dd (11.8, 5.0) 1.38,dd (11.7,5.0) 1.38(1dd5, 4.9) 1.39,dd (11.8,5.2)  1.39,dd (11.3)5 1.39,dd (11.5,4.9)
15 3.80, s 3.80, s 3.80, s 3.81,s 3.81,s 3.81,s
17a 5.21, brs 5.21, brs 5.21, brs 5.21, brs 51, b 5.21, brs
17b 5.08, brs 5.08, brs 5.07, brs 5.08, brs 588, b 5.08, brs
20 0.97, s 0.96, s 0.96, s 0.97, s 0.96, s 0.96, s
1 4.60, d (8.0) 451, d(8.0) 4.50,d(8.1) 4.608.0) 4,59, d (8.0) 4.55,d (8.0)
2 4.94,dd (9.1, 8.0) 4.90, dd (9.4, 8.0) 4.89,98,8.1) 4.99, dd (9.2, 8.0) 4.95,dd (9.4, 8.0) .974dd (9.3, 8.0)
3 3.64,dd (9.2,9.1) 3.59,dd (9.4,9.2) 3.62,%8,(8.8) 3.87,dd (9.3,9.2) 3.84,dd (9.4,9.1) .833dd (9.3, 8.8)
4 3.56, dd (9.2, 9.2) 3.52,dd (9.6, 9.2) 3,51, m 914dd (9.7, 9.3) 4.91, dd (9.6, 9.1) 4.98, dd,(8.8)
5 342, m 3,51, m 351, m 3,51, m 3,51, m 3.67, m
6'a 3.93,dd (11.9, 3.1) 4.44, dd (11.9, 1.8) 4.45(12.0, 2.3) 3.69,dd (12.5,2.3) 3.69,dd (12.4) 4.19,dd (12.2,5.2)
6'b 3.76, dd (11.9, 5.7) 4.24,dd (11.9, 5.0) 4.22(12.0, 6.2) 3.61,dd (12.5,5.8) 3.61,dd (13.4) 4.15,dd (12.2,2.5)
1" 4.46, d (6.6) 4.41,d(7.1) 4.43,d(7.2) 458%@) 4.47,d (5.3) 451,d(5.2)
2" 4.95, dd (7.6, 6.6) 4.96,dd (9.3, 7.1) 5.19,916,(7.2) 4.79,dd (7.6, 5.2) 4.99, dd (7.6, 5.3) 4.76, dd (6.4, 5.2)
3" 3.80, dd (7.6, 3.9) 3.77,dd (9.3, 3.7) 4.89,96,(3.3) 3.80, dd (7.6, 3.3) 4.87,dd (7.6, 3.5) .693dd (6.4, 3.8)
4" 5.06, m 5.06, m 4.07, m 5.01, m 4.01, m 3.85, m
5"a 4.14, dd (13.0, 3.8) 4.11, dd (13.3, 2.9) 4.07(18.7, 3.2) 3.98,dd (12.5,5.6) 3.89,dd (12.8) 3.79, dd (12.0,6.2)
5'"b 3.60, dd (13.0, 2.1) 3.60, dd (13.3, 1.8) 3.62(18.7, 2.2) 3.51,dd (12.5,2.9) 3.51,dd (12.8) 3.50, dd (12.0, 3.2)
2"a 2.24,dd (14.9,7.4) 2.24,dd (14.9,7.1) 2.22(1%6.1, 7.2) 2.26,dd (15.1,7.1) 2.25,dd (18.0) 2.27,dd (15.1, 7.0)
2"b 2.21,dd (14.9,7.1) 2.21,dd (14.9,7.1) 2.20(15.1, 7.0) 2.22,dd (15.1,7.0) 2.21,dd (18.0) 2.22,dd (15.1,7.1)
3" 211, m 211, m 2.10, m 211, m 2.10,m 212, m
4 0.99, d (6.7) 0.99, d (6.6) 0.99, d (6.6) 0.9%6.d) 0.98, d (6.6) 0.98, d (6.7)
5" 0.98, d (6.6) 0.98, d (6.6) 0.98, d (6.6) 0.98.6) 0.97,d (6.6) 0.98, d (6.6)
4'-OAc 2.05, S 2.09, S 2.07,s
6'-OAC 2.05, s 2.05, s 2.05, s
2"-OAc 2.11,s 2.10,s 2.03, s 2.10, s 2.03, s 2.08, s
3"-OAc 2.09, s 2.09, s
4'-OAc 2.15,s 2.15,s 2.13,s
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Table 2. *C NMR spectroscopic data of compounds 1-11.

No. 12 22 3? 42 52 6% 7 82 9? 10° 11°
1 47.3 47.5 47.4 47.2 47.2 47.4 47.5 47.2 47.4 47.448.5
2 71.3 73.3 73.2 71.7 71.4 71.8 73.3 71.6 73.3 73.374.0
3 34.2 34.2 34.2 33.9 33.9 34.2 34.2 33.8 34.3 34.141.1
4 43.5 43.6 43.6 43.4 43.5 43.5 43.6 43.5 43.6 43.559.4
5 49.3 49.1 49.1 49.3 49.3 49.1 49.1 49.3 49.1 49.052.2
6 25.4 25.4 254 254 254 254 254 254 254 25.424.1
7 34.9 34.9 34.9 34.9 34.9 34.9 34.9 34.9 34.9 34.836.2
8 47.8 a7.7 a7.7 47.8 47.7 47.7 47.7 a7.7 a7.7 47.748.9
9 52.7 52.6 52.7 52.7 52.7 52.6 52.6 52.7 52.7 52.654.9
10 40.8 40.7 40.7 40.8 40.8 40.7 40.7 40.8 40.7 7 40. 414
11 18.3 18.3 18.3 18.3 18.3 18.3 18.3 18.3 18.3 318.193
12 32.6 32.6 32.6 325 325 32.6 32.6 325 32.6 532. 33.6
13 42.4 42.3 4234 424 42.4 42.3 42.3 42.3 424 342 436
14 36.4 36.4 36.4 36.4 36.4 36.4 36.4 36.4 364 436.37.3
15 82.8 82.7 82.7 82.8 82.8 82.7 82.7 82.8 827 782.834
16 160.0 1599 1599 160.0 160.0 1599 1599 160060.0 159.8 160.2
17 108.9 1089 1089 1089 1089 109.0 1089 108%808.9 1089 109.1
18 176.0
19 1793 180.2 180.1 179.2 1793 180.0 1804 1795795 180.0 175.9
20 16.9 16.8 16.8 16.9 16.8 16.8 16.8 16.8 16.8 7 16. 17.7
1 99.0 100.3 100.3 98.8 98.7 100.0 100.3 989 100.000.1  100.8
2 72.2 72.3 72.3 72.8 72.7 72.7 72.3 72.8 72.7 72.774.2
K 83.4 83.9 83.6 80.2 80.7 80.5 83.9 80.3 80.3 80.680.6
4 69.4 68.9 69.1 69.6 69.7 69.3 68.8 69.7 69.3 69.270.0
5 75.8 73.6 73.6 74.4 74.4 73.4 73.6 74.5 71.8 71.872.9
6' 62.8 63.6 63.7 62.0 61.9 62.7 63.6 62.0 62.7 62.763.4
1" 100.7 1011 1014 100.4 100.7 100.2 1016 100.7 0.510 100.8 102.2
2" 72.0 72.1 67.0 72.1 69.3 72.1 68.7 69.2 72.2 69.470.6
3" 70.2 70.5 12.7 69.6 71.9 70.6 70.3 69.4 69.7 72.071.7
4" 70.2 70.5 66.8 69.5 65.7 66.4 67.7 66.9 69.6 65.769.3
5" 62.8 63.5 65.9 60.9 63.9 63.0 64.3 61.7 61.1 64.264.0
1 1714 1712 1712 1714 1713 1716 1712 17121417 1712 173.0
2" 43.7 43.7 43.6 43.6 43.5 43.5 43.6 43.5 43.6 43.444 .4
3" 25.8 25.7 25.7 25.7 25.7 25.6 25.7 25.7 25.7 25.626.7
4" 22.8 22.8 22.8 22.8 22.8 22.8 22.8 22.8 22.8 22.823.0
5" 22.8 22.8 22.8 22.8 22.8 22.8 22.8 22.7 22.8 22.823.0
4'-OAc 21.0 21.2 21.2 211 21.0 21.2 20.6
1704 1709 170.3 1704 169.8 170.3 1716
6'-OAc 211 21.0 21.0 20.8 21.0 21.0 211
1712 1712 1710 1711 171.0 1710 1724
2'-OAc 210 20.9 20.8 211 20.9 21.0 211 20.9 21.0 0.82 20.7
171.2 1714 1701 1701 1698 1712 169.8 169.6 1.217 169.8 171.3
3"-OAc 211 211 20.7 20.8 211 20.7
170.5 170.8 1704 170.6 170.8 1717
4"-OAc 21.2 21.2 21.2 211 211 21.2 20.7
170.8 170.9 170.8 1705 1704 170.7 171.8

2Data were measured in CRCI Data were measured in methadgl-
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Table 3. 'H NMR spectroscopic data of compounds 7-11.

No. 7 8 9 10° 1°
la 2.29, m 2.21, m 2.28, m 2.28, m 2.30, m
18 0.79,t(12.1) 0.78, t (12.1) 0.81, t(12.1) 0:801,2.0) 0.80, t (12.1)
2 412, m 4.23, m 4.15, m 4.13, m 4.15, m
3a 2.32, dt (11.9, 2.6) 2.40, dt (11.9, 2.7) 2.35,m 2.33,dt (12.5, 2.6) 2.60, dd (12.5, 4.6)
38 1.24,1d (11.9,5.4) 1.18,td (11.9, 5.4) 1.23,m 1.22,td (12.5, 4.9) 1.32,dd (12.5, 11.2)

2.69, m 2.69, m 2.69, m 2.69, m

144, m 144, m 144, m 144, m 1.79, m
6a 1.88, m 1.90, m 1.89, m 1.88, m 1.85, m
683 1.64, m 1.64, m 1.65 m 1.64, m 167, m
Ta 1.73, dt (13.3, 3.0) 1.74, dt (13.3, 3.1) 1.741& 3, 3.2) 1.73, dt (13.3, 2.9) 1.65 m
78 142, m 143, m 144, m 143, m 144, m
9 1.03, brd (8.0) 1.03, brd (8.1) 1.04, brd (8.0) .031brd (8.0) 1.12, brd (7.7)
1la 1.56, m 1.54, m 1.56, m 1.55, m 1.63, m
118 141, m 142, m 141, m 1.40, m 149, m
12a 1.56, m 1.56, m 1.56, m 1.55m 1.63, m
123 1.48, m 147, m 1.48, m 148, m 149, m
13 2.73, m 2.74, m 2.74, m 2.73, m 271, m
1l4a 1.83, brd (11.5) 1.85, brd (11.5) 1.84, brd (11.6) 1.82, brd (11.5) 187, m
148 1.38,dd (11.5,5.7) 1.39,dd (11.5,5.7) 1.39(1dd6, 4.8) 1.38,dd (11.5,5.2) 1.39, dd (11.8) 4
15 3.80, s 3.80, s 3.81,s 3.80,s 3.78, s
16
17a 5.21, brs 5.21, brs 5.22, brs 5.21, brs 518, b
17b 5.07, brs 5.08, brs 5.08, brs 5.08, brs 588, b
20 0.96, s 0.96, s 0.97, s 0.95, s 1.01,s
1 4.50,d (8.1) 4,58, d (8.0) 451, d(8.0) 4.5.0) 4.68,d (8.1)
2 4.90, dd (9.3, 8.1) 4.96, dd (9.1, 8.0) 4.99,9d,(8.0) 4.93, dd (9.4, 8.0) 4.84,dd (9.6, 8.1)
3 3.60, dd (9.3, 8.5) 3.86, dd (9.3,9.1) 3.83,98,(9.1) 3.79,dd (9.4, 9.1) 4.00, dd (9.6, 9.1)
4 3.54, dd (9.4, 8.5) 4.90, dd (9.7, 9.3) 4.97,9d,(9.3) 4.95,dd (9.8, 9.1) 4.90, dd (10.2,9.1)
5 351, m 3.51, m 3.67,m 4.12, m 3.80, ddd (102,52)
6'a 4.45,dd (11.8, 1.9) 3.69, dd (12.4, 2.5) 4.1812.3, 5.0) 4.17,dd (11.2,4.9)  4.23,dd (18.3)
6'b 4.23,dd (11.8, 5.8) 3.62,dd (12.4,5.9) 4.15(12.3, 2.8) 4.15,dd (11.2,2.0) 4.12,dd (12.2)
1" 4.42,d (7.5) 4.49,d (5.2) 4.50,d (5.4) 4.4458) 4.58,d (6.9)
2" 5.19, dd (9.9, 7.5) 4.95,dd (7.7,5.2) 4.79,1d,(5.4) 4.98,dd (7.7, 5.5) 4.94, dd (9.3, 6.9)
3" 4.97,dd (9.9, 3.5) 4.97,dd (7.7, 3.3) 3.78,1d,(3.5) 4.85,dd (7.7, 3.5) 5.02, dd (9.3, 3.5)
4" 5.25, m 5.18, m 5.00, m 4.00, m 5.20, m
5"a 4.04,dd (13.2,2.7) 3.95, dd (12.5, 5.3) 3.97(12.5, 5.5) 3.88,dd (12.1,5.3)  3.93,dd (13.2)
5"b 3.67,dd (13.2,1.4) 3.54, dd (12.5, 2.5) 3.80(k2.5, 2.8) 3.50,dd (12.1,2.5) 3.72,dd (13.9)
2"'a 2.22,dd (14.9,7.2) 2.24,dd (14.9,7.1) 2.27(1%.1, 7.1) 2.25,dd (15.2,6.9) 2.31,dd (13.4)
2"'b 2.19, dd (14.9, 7.0) 2.20, dd (14.9, 7.2) 2.22(15.1,7.1) 2.19,dd (15.2,7.2)  2.28,dd (16.8)
3" 2.10,m 2.10, m 213, m 2.10,m 2.10, m
4 0.99, d (6.7) 0.98,d (6.7) 0.99, d (6.6) 0.976.@) 0.99, d (6.7)
5" 0.98, d (6.6) 0.97,d (6.6) 0.98, d (6.6) 0.976.6) 0.99, d (6.6)
4'-OAc 2.06, s 2.02, s 2.02, s 1.96, s
6'-OAC 2.05, s 2.06, s 2.06, s 2.05, s
2"-OAc  2.04,s 2.04,s 2.10,s 2.04,s 2.02,s
3'-OAc 2.00,s 2.03,s 2.06, s 2.10,s
4'-OAc 2.13,s 2.09, s 2.13,s 2.05, s

2Data were measured in CRCI Data were measured in methadgl-
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Fig. 1. Structures of compounds-12.
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Fig. 2. Key *H-'H COSY (—=), HMBC (— ) and ROESY ¢ -~ ) correlations fotl
(for clarity, H-113 and H-1 were not shown).
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—Exp. ECDof 1a

--=-Calcd. ECD for 1a

\ --=-Cacld. ECD for the enantiomer of 1a

CD (mdeg)

-20
192 244 296 348 400
Wavelength (nm)
A
5
0

—Exp. ECD for 1

—Exp. ECD for 1a

CD (mdeg)
=)

195 236 277 318 359 400
Wavelength (nm)
B

Fig. 3. Experimental and calculated ECD spectralfgrand experimental ECD
spectrum for.
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Fig. 4. Key '"H-'H COSY (—), HMBC (—) and ROESY ¢-~) correlations for
11.
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Highlights

1. Eleven unusua 18-norditerpenoid glycosides were isolated from the flowers of
Inula japonica.

2. The absolute configurations were determined via chemica derivatization,
enzymatic hydrolysis and ECD analysis.

3. Anintact diterpenoid glycoside with 4-geminal carboxyl groups showed moderate
antibacterial activity.

4. The discovery of these compounds enriches the chemical diversity of metabolites

from Inula species.



