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INVESTIGATE THE ANTIOXIDANT AND ANTI-OSTEOPOROSIS
ACTIVITIES OF COMPOUNDS ISOLATED
FROM CHRYSANTHEMUM INDICUM FLOWERS
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ABSTRACT

In this research, five compounds were isolated from Chrysanthemum indicum L flowers and
determined their structures to be Syringin (1), Dihydrosyringin (2), Benzyl-0-B-D-
glucopyranoside (3), S-Phenylethoxy-0-/#D-glucopyranoside (4), and (Z)-5"-Hydroxyjasmone
5'-0-B-D-Glucopyranoside (5) by analysis 1D - NMR spectra and compared to literatures. These
compounds were investigated antioxidative and anti-osteoporosis activities. Among them,
compound 5 showed the best antioxidant activity at a concentration of 10uM with the value of
peroxyl radical scavenging to be 11.39 + 0.11 times higher than the protection provided by 1.0
UM Trolox and compound 2 exhibited meaningful reducing capacity, with CUPRAC values of
11.24 + 0.01 at 10uM. Compound 5 also exhibited the best anti-osteoporosis effect at a
concentration of 10.0uM with percent of inhibition on RANKL-induced osteoclast differentiation
0f 151.16 + 13.13%.

Keywords: Chrysanthemum indicum, antioxidant activity, anti-osteoporosis activity.
TOM TAT

Trong nghién ctiu nay, 5 hgp chat gom Syringin (1), Dihydrosyringin (2), Benzyl-0-3-D-
glucopyranoside (3), /-Phenylethoxy-0-/-D-glucopyranoside (4) va (2)-5'-Hydroxyjasmone
5'-0-B-D-Glucopyranoside (5) dd dugc phan Iap tir hoa ctic hoa vang (Chrysanthemum indicum
L). Cac hgp chét phén lap duoc dugc xéc dinh cau tric qua cac phan tich phé cdng hudng tit 'H
va BC, két hgp so sanh vdi tai liéu tham khao. Cac thit nghiém vé hoat tinh chdng oxi hoa va
chdng lodng xuong cla cac hop chdt nay da duoc thuc hién. Két qua cho thdy, hap chat 5 thé
hién hoat tinh bat gilf goc tu do peroxyl tot nhat 6 nong do 10uM vdi gia tri hoat tinh cao gap
11,39 0,11 lan véi kha ndng chdng oxi hoa clia Trolox 1,0uM, hgp chét 2 thé hién kha ning
khirion dong (1) tot nhat 6 10 uM vdi gia tri hoat tinh la 11,24 + 0,01 tai 10uM. Hop chat 5 cling
thé hién hoat tinh chéng lodng xuong t6t nhét & nong dd 10,0uM véi gia tri phan tram tic ché su
gidm té bao huy xuong do RANKL gay ra & cing nong d la 151,16 + 13,13%.

Tir khoa: Chrysanthemum indicum, ctic hoa vang, hogt tinh chdng oxi hod, hogt tinh chéng
loding xuong.
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1. INTRODUCTION

Chrysanthemum indicum. L (C. indicum L.) is a
species of Chrysanthemum, family Compositae. In
Vietnam traditional medicine, the flowers of C.
indicum L. are widely used to treat headaches,
dizziness, swelling, eye pain, bruises, sprains,
snake bites, centipedes, and rhinitis., diphtheria,
cholera, malaria. Clinical trials on the effects of C.
indicum flowers in the treatment of
inflammation, hypertension, and respiratory
disease have been conducted [1]. To date, more
than 190 chemical constituents have been
isolated and identified from the flowers of this
plant, including 42 flavonoids (Acacetin [2],
Apigenin, Luteolin, Baicalein [3], Eupatilin,
Diosmetin, Tricin, Kaempferol [4], etc), 96
terpenoids (Clovanediol, Caryolane 1,9-3-diol,
Canusesnol E, Cumambrin A [4], etc), 21
phenylpropanoids and phenolic acids (Caffeic
acid, Chlorogenic acid, Chysophanol, Vanillic
acid, 4-O-B-D-glucoseoxylbenzoic acid [4], etc.)
and other compounds (Chrysindins, Lupeol, a-
pinene, etc.).

As an herb with a long history of use in
traditional medicine, C. indicum flower is
currently receiving much attention from the
aspect of pharmacological effects in modern
medicine. The extracts of C. indicum can
scavenge DPPH free radicals or inhibit the activity
of IL-1, TNF-a, and leukocyte accumulation [5].
The isolated compounds from the methanol
extract of C. indicum such as Quercetin, Caffeic
acid, and Chlorogenic acid exhibited free radical
scavenging effects [6-8]; Caryolane 1,9-B-diol,
Chrysanthemulide A, B, C, D, E, F, G showed
obvious inhibition of NO production [9];

Website: https://jst-haui.vn



P-ISSN 1859-3585 | E-ISSN 2615-9619

SCIENCE - TECHNOLOGY

Quercetine, Luteolin and 5,7,3'5"-tetrahydroxy flavanone
7-O-B-D-glucopyranoside exhibited the potent tartrate-
resistant acid phosphatase (TRAP) activity in receptor
activator of nuclear factor-kB ligand-induced osteoclastic
RAW 264.7 cells with values of 105.95 + 1.18, 110.32 + 3.95,
and 112.58 + 6.42%, respectively [10]. Another bioactivities
of C.indicum were also investigated and shown good effects
such as hypotensive effect, acetylcholinesterase inhibitory
activity, anti-bacterial and anti-viral effects, anti-
inflammatory and immunomodulatory activities [11-13].

Even though there were a lot of international reports
about C. indicum, there was limit research in Vietnam about
this medicinal herb. Almost the research in Vietham were
choosing the extracted process of flavonoid from C. indicum
or investigated the effect of some factors to quality of dried
C. indicum flowers. In the aim to clarify chemical
components and some bioactivities of this herb, this study
describes the isolation and the structural determination of 5
compounds from the water-soluble fraction of dried
C. indicum flower and investigated the antioxidant and anti-
osteoporosis activities of isolated compounds.

2. MATERIALS AND METHODS
2.1. General experimental procedures

The NMR spectra were measured by a JEOL ECA 400
spectrometer (JEOL, Tokyo, Japan) using the internal
standard TMS. CDsOD (6 4.87/6¢ 49.0) was used as solvents
for NMR measurements. Silica gel (70-230, 230 - 400 mesh,
Merck, Whitehouse Station, NJ), RP-18 resins (75um, YMC
Fuji Silysia Chemical Ltd., Kasugai, Japan) were used as
absorbents in the column chromatography. Thin layer
chromatography (TLC) plates (silica gel 60 F;s4 and RP-18
Fasas, 0.25um, Merck) were purchased from Merck KGaA
(Darmstadt, Germany). Spots were detected under UV
radiation (254 and 365nm) and by spraying the plates with
10% H,SO, followed by heating with a heat gun. Chemical
reagents and standard compounds were purchased from
Sigma-Aldrich.

2.2. Plant material

The flowers of C. indicum were collected in Nghia Trai,
Hung Yen, Viet Nam in October 2022 and taxonomically
identified by Dr. Nguyen The Cuong in the Institute of
Ecology and Biological Resources, Institute of Ecology and
Biological Resources, VAST, Hanoi, Vietham. A voucher
specimen (CNHN-11102) was deposited at the Faculty of
Chemical Technology, Hanoi University of Industry.

2.3. Extraction and isolation

The dried flowers of C. indicum (2.0kg) were extracted
with 95% ethanol (5L x 3 times) using room temperature
ultrasonic conditions. Evaporation of the solvent under
reduced pressure gave ethanol extracts (140g). This extracts
was suspended in H,O (2.0L) and successively separated
with dichloromethane (2.0L), ethyl acetate (2.0L), and
n-butanol (2L)to yield DCM fraction, EA fraction, and
n-butanol fraction, respectively. The solvents were removed
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using rota-vaporation under reduced pressure to obtain
corresponding extracts. The n-butanol extract was then
subjected on silica gel column, eluted with gradient solvent
systems of dichloromethane/methanol (1/0 - 0/1, v/v) to
take four fractions, CB1 - CB4. Fraction CB1 was separated on
silica gel column using solvent system of ethyl
acetate/acetone (3/1, v/v) to obtain compound 1 (10mg).
Fraction CB2 was isolated by silica gel column eluting with
dichloromethane/methanol (10/1 - 1/1) to give four
fractions, CB2.1-CB2.4. Fraction CB2.2 was further purified by
Sephadex column using methanol/water (1/1, v/v) to get
compound 2 (10mg), 3 (8mg) and 4 (35mg). Fraction CB2.4
was purified by an RP-18 column eluting by methanol/water
(1/3, v/v) to obtain compound 5 (10mg).

Syringin (1): white amorphous powder, C;7H240,,
'"H NMR (600MHz, CD;0D) and *C NMR (150 MHz, CD;0D)
spectral data are given in Table 1.

Dihydrosyringin (2): white amorphous powder,
C17H2605, 'TH NMR (600MHz, CD;0D) and *C NMR (150MHz,
CD;0D) spectral data are given in Table 1.

Benzyl-O-B-D-glucopyranoside (3): white amorphous
powder, C13H1s06, '"H NMR (400MHz, CD;0D) and *C NMR
(T00MHz, CD;0D) spectral data are given in Table 1.

B -Phenylethoxy-O- 8 -D-glucopyranoside (4): white
amorphous powder, Ci4H2006, 'H NMR (400MHz, CD;0D)
and *C NMR (100MHz, CD;0D) spectral data are given in
Table 1.

(2)-5’-Hydroxyjasmone  5’-O-B-D-Glucopyranoside
(5): white amorphous powder, Ci7H2607, '"H NMR (400MHz,
CD;0D) and C NMR (100MHz, CDsOD) spectral data are
given in Table 1.

2.4. Bioactive investigation method
Oxygen Radical Absorbance Capacity (ORAC) Assay

To investigate antioxidant activity, the ORAC assay was
used. In this assay, 2,2-azobis dihydrochloride (AAPH) and
fluorescein were used as a peroxyl radical generator and a
target of free radical, respectively. The positive control was
trolox (1.0uM) and this one was prepared fresh daily. The
assay was carried out on a Tecan GENios multi-functional
plate reader (Tecan, Salzburg, Austria) with fluorescent
filters to get excitation and emission wavelengths of 485nm
and 535nm, respectively. In the final assay mixture, 40nM
fluorescein attack with 20mM of AAPH in the presence of
different concentrations of tested compound or positive
control [14]. The analyzer was instructed to record the
fluorescence of fluorescein every 2 min during 200 min
incubation at 37°C after addition of AAPH. All fluorescence
measurements were expressed relative to the initial reading.
Results were calculated based on the difference in the area
under the fluorescence decay curve between the blank and
each sample. ORACroo. Was expressed as micromoles of
Trolox equivalents (TE). Therefore, one ORAC unit is
equivalent to the net protection area provided by 1.0uM of
trolox.
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Determination of Reduction Capacity

To determine the reducing abilities of samples, the
cupric ion reducing antioxidant capacity (CUPRAC) method
was carried out [15]. Firstly, 40uL of different concentrations
(1 and 10.0uM) of the compounds were mixed with 160pL of
the mixture containing 0.5mM of CuCl, and 0.75mM of
neocuproine in 10.0mM of phosphate buffer, pH 7.4. The
resulting mixtures were incubated at room temperature for
1 hour before measuring the absorbance with a micro-plate
reader at wavelength of 454nm. The reduction led to the
change in solution color, therefore increasing absorbance of
the mixture indicated the increasing reducing power
because of the conversation of Cu (ll) ions into Cu () ion. The
CUPRAC values were stated as uM of Cu (I) ion reduced from
Cu (Il) by antioxidant.

Tartrate-resistant acid phosphatase (TRAP) activity
measurement

RAW 264.7 (macrophages (pre-osteoclasts) from BALB/c
mice) cells were cultured in 96-well plates (1 x 10* cells/mL)
containing Dulbecco’s modified Eagle’s medium (DMEM)
supplemented with 10% (v/v) FBS for 2 days. Medium was
then replaced with test samples in differentiation medium
containing 50ng/mL RANKL (receptor activator of nuclear
factor kB ligand). The differentiation medium was replaced
every 2 days. After differentiating the RAW 264.7 cells into
osteoclasts for 5 days, the medium was removed, and the
cell monolayer was gently washed twice using ice-cold PBS.
The cells were fixed in 3.5% formaldehyde for 10 min and
ethanol-acetone (1:1) for 1 min. Subsequently, the dried cells
were incubated in 50.0mM citrate buffer (pH 4.5) containing
10mM sodium tartrate and 6mM p-nitrophenyl phosphate
(PNPP). After incubation for 1 hour, the reaction mixtures
were transferred to new well plates containing an equal
volume of 0.TN NaOH. Absorbance was then measured at
408nm using an ELISA reader. TRAP activity was expressed
as a percentage of the control.

Statistical analysis

All data represent the mean = S.D. of at least three
independent experiments performed in triplicates.
Statistical significance is determined by one-way ANOVA
followed by Dunnett’'s multiple comparison test, P < 0.05,
using GraphPad Prism 6 program (GraphPad Software Inc.,
San Diego, CA, USA).

3. RESULTS AND DISCUSSION

Compounds 1-5 were identified by comparing the 'H,
13C-NMR data with the literatures values and determined to
be Syringin (1) [16], Dihyrosyringin (2) [16], Benzyl-O-3-D-
glucopyranoside (3) [17], B-Phenylethoxy-O-3-D-
glucopyranoside (4) [18] and (2)-5"-Hydroxyjasmone 5-O-(3-
D-Glucopyranoside (5) [19] (see Fig. 1). The isolated
compound’s NMR data in comparison to literature were
listed in Table 1.

The potential antioxidant activities of isolated
compounds were first investigated using ORAC assays. In
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this method, the antioxidant inhibition of a molecule is
considered based on the ability to reflect classical radical
breaking antioxidant activity by hydrogen atom transfer.
[20]. The result is shown in Table 2. As the result, compound
2 - 5 exhibited the weak antioxidant activity at the
concentration of 1.0uM while compound 1 was almost
inactive at the same concentration. However, when the
concentration was increased to 10uM, compounds 1 and 5
were significant activity with the ORAC values of 5.02 + 0.23
and 11.39 = 0.11 times higher than control, respectively.
Other compounds also showed the increasing in ORAC
values - meaned that improving in antioxidant activity
against peroxyl radicals - but this increasing was not much,
corresponded to double or triple in compared to these
values of previous concentration. Then, to investigate their
single electron transfer activity, the reducing capacity of
these compounds was examined by copper reduction assay.
These assays measured the concentration of Cu (l) ions
reduced from Cu (Il) ions by the combined action of
reducing agents (antioxidants) in a sample [21]. The
reducing capacity at concentration of 10uM were
remarkable with the CUPRAC values of 6.04 + 0.06 and 11.24
+ 0.01uM corresponded to compound 1 and 2, respectively.
Compound 5 exhibited well peroxyl radical scavenging
activity, yet low capacity for reducing Cu (ll) ions to Cu (1)
ions. That means compound 5 can donate hydrogen
strongly but its single electron transfer activity was weak
while compound 2 showed the reversed result with the
weakness in peroxyl radical scavenging capacity but potent
transferring single electron activity. This research also found
the ability of compound 1 to transfer hydrogen atoms or
electrons to peroxyl radicals and change them into stable
compounds, proved by the relatively balanced values of
ORAC and CUPRAC at the tested concentrations.

H;CO H;CO
GlchQ/\/\ GICOJQ/\/\

OCHj, OCH;

OGle
O/\OGIC O/\/

oo B

Figure1. Chemical structures of compound 1 - 5 isolated from soluble-n-
butanol fraction of Chrysanthemum indicum flowers

Osteoroposis is a “silent” disease related to the
decreasing in mineral density and mass of bone, leading to
an increase in the risk of bone fragility and fracture. The
bone formation and bone resorption were responsible by
specialized cells named osteoblasts and osteoclasts,
respectively [22]. Osteoclasts are multinucleated cells which
are derived from monocyte/macrophage lineage precursors
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Table 1. NMR spectral data for compounds 1-5 in CD;0D

1 2 3 4 5
No " "B 45, (mult. 45, (mult. bgy (mult.
#6c a6( (mult., #6c a6( (MU|t., ##6( (6( Jin HZ) ' “"6( (6( Jin HZ) ' ####6( a6c Jin HZ) !
JinHz2) JinHz2)
1 136.0 | 135.9 - 139.1 | 140.5 138.0 | 139.2 139.3 | 140.1 174.6 | 174.7
2 1055 (1054 | 6.75(s) | 106.0 | 107.4 | 6.56(s) | 127.5|129.3 | 7.40(d,7.2) | 128.6 | 129.4 7.837.25 139.8 | 139.8
(overlapped)
3 | 1545 1543 - 152.7 | 154.1 - 128.0 | 1294 | 731(t,7.6) | 129.3 | 130.1 7.837.25 212.0 | 2121
154.0 (overlapped)
7.15-7.19
4 1353|1353 - 133.1 | 1345 - 127.2 11288 | 7.26(d,7.2) | 1264 | 1273 35.2 | 352 2.36 (m)
(overlapped)
154.3 7.23-7.25
5 | 1545 1540 - 152.7 | 154.1 - 128.0 | 1294 | 731(t,7.6) | 129.3 | 130.1 (overlapped) 326 | 326 | 256(m)
7.23-7.25
6 105.5 | 105.4 | 6.75(s) | 106.0 | 107.4 | 6.56(s) | 127.5 | 1293 | 7.40(d,7.2) | 128.6 | 129.7
(overlapped)
6.55 490 (d, 12.0)
7 1313 [ 1313 (,54) 320 | 334 | 264(m) | 70.2 | 71.7 463(d 11.6) 36.6 | 37.2 2.92 (m)
6.33 (dt, 4.09 (m);
8 130.2 | 130.0 156,5.7) 341 | 354 | 1.83(m) 716 | 717 3.75 (m)
4.22 (dd, 3.58
9 63.7 | 63.6 1.8:5.4) 60.8 | 62.1 (t.60)
3,5-
0CH; 57.1 | 57.0 | 3.85(s) | 55.6 | 57.0 | 3.84(s)
1-CH; 175 | 17,5 2.12(s)
1 221 | 221 | 2.96(d,7.2)
Y 1287 | 1287 | 31236
(brq)
3 1275 | 175 | 44
(brq)
& 29.0 | 29.0 | 2.51(brg)
) 3.58 (m)
5 70.2 | 70.2 391 (m)
0Glc
1 105.6 | 105.4 | 4.87 (m) | 104.3 | 105.7 (;.308) 102.1 | 103.3 | 4.32(d,7.6) | 104.6 | 104.4 | 4.30(d,8.0) | 1043 | 104.4 | 4.28(d,7.8)
2' 759 | 757 | 3.47(m) | 74.4 | 7757 | 3.48(m) | 73.5 | 75.2 3.21-335 750 | 751 3.17-3.38 751 | 751 3:27:337
(overlapped) (overlapped) (overlapped)
, 76.9 3.21-3.35 779 3.17-3.38 3.27-3.37
3| 785 | 783 |320(m) | 770 | 783 | 321(m) | oo | 781 (overlapped) 783 | oo (overapped) 78.1 | 78.1 (overlapped)
, 3.42 (dd, 3.21-3.35 3.17-3.38 3.27-3.37
4|79 13| 341(m) | 700 | 713|000 694 | 71T (overlapped) 705 | 716 (overapped) 7| nz (overlapped)
, 3.42(dd, | 76.8 3.21-3.35 779 3.17-3.38 3.27-3.37
S| 780 | 778 | 341(m) | 764 | 718 || e | 78 (overlapped) 783 | oo (overapped) 779 | 780 (overlapped)
3.67 (dd, 3.68 (dd, 3.66 3.65 3.67
, 5.1;11.4) 4.8;12.0) (dd, 5.6;12.0) (dd, 5.4,11.8) (dd, 5.4;12.0)
6 62.8 | 62.6 37(dd, 61.2 | 62.5 379(dd, 61.2 | 62.8 388 62.8 | 62.7 387 62.8 | 62.8 387
2.4:12.0) 2.4:12.0) (dd, 2.4;12.0) (dd, 1.8;12.0) (dd, 1.8;12.0)

Measured at *150MHz, *600MHz, 100MHz, *400MHz; #Prevously reported 6 data for (1) and (2) (161, *Prevously reported b data for (3) [171; #*Prevously reported
Oc data for (4) [18]; ## Prevously reported 8 data for (5) [19]

in the presence of the polypeptide growth factor CSF-1  nuclear factor kB ligand (RANKL). Two factors, CSF-1 and
(colony-stimulating factor-1) and receptor activator of RANKL are required to induce the expression of genes
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involved in osteoclast maturation. Effect to the
development of osteoclasts, there are some components
including TRAP, cathepsin K (CATK), calcitonin receptor, and
[33-integrin [23]. TRAP is an abundant enzyme in osteoclasts.
This enzyme produces reactive oxygen species (ROS) which
can destroy type | collagen - the major protein in the matrix
of bone [24]. That means the more inhibited osteoporosis,
the less in generating of ROS, or the less increasing in activity
of TRAP - measured by the percent of inhibition. All
investigated compounds were confirmed no toxicity to RAW
264.6 macrophage cells at the examined concentration
(10uM) during the tested time (five days - data not shown).
Osteoclastic difference from murine macrophage RAW 264.7
cells was induced by RANKL. The RANKL treatment
significantly induced the formation of osteoclast from pre-
osteoclast RAW 264.7 cells and led to the enhancement of
TRAP activity up to 183.58 + 11.54 relative to the control. The
inhibitory effects of the isolated compounds on the activity
of TRAP were presented in Table 3. Compounds 1 and 2 were
inactive with the value inhibition the development of TRAP
up to 187.79 + 15.27 and 220.63 + 11.76%, respectively,
while the other compounds showed significant TRAP
inhibitory activity with the values of 156.84 + 5.93%, 164.42
+ 5.34% and 151.16 + 13.13% corresponded to compounds
3, 4, 5, respectively. Therefore, compound 5 was the most
potential candidate for anti-osteoporosis inhibitor. There
was a difference in chemical structure of inactive and active
anti-osteoporosis compounds. Firstly, 3-D-glucopyranoside
moiety in compounds 3 - 5 were not linked directly to
benzene part, while in case of compounds 1 and 2 were
linked with benzene ring in directed way. Secondly, there
were some substituted groups that appeared in phenyl part
of compounds 1 and 2 while the other did not contain these
ones. To determine the reason for the difference in anti-
osteoporosis ability of compounds, there were many factors
that need to be concerned, and chemical structure was one
of these reasons. So, this result will be useful for further
research and design of effective compounds with desired
bioactivities.

Table 2. Antioxidant activities of the isolated compounds from C. indicum
flowers

Peroxyl radical Reduction power

Compounds scavenging (TE, pM) (Copper(l) ion, pM)
M 10uM TuM 10uM

1 0,01+0.1 |5.02+0.23 |0.17+0.11 |6.04 +0.06

2 0.62+0.03|1.58+0.04 [0.75+0.06 {11.24+0.01

3 0.47+0.06 (1.29+0.03 |0.21+0.11 |1.29+0.10

4 0.39+0.08|1.41+0.04 [0.29+0.11 [1.27+0.03

5 0.48+0.21|11.39+0.11 |0.08+0.06 |0.75+0.13

Table 3. Inhibitory effects of the isolated compounds on RANKL-induced
osteoclast differentiation at a concentration of 10.0uM

Compound Inhibition (%)
1 187.79 +15.27
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2 220.63 £ 11.76
3 156.84 £5.93
4 164.42 + 5.34
5 151.16 £ 13.13
RANKL 183.58 + 11.54
Control 100.00 + 0.00
4. CONCLUSION

Five compounds including Syringin (1), Dihydrosyringin
(2), Benzyl-O-B-D-glucopyranoside (3), B-Phenylethoxy-O-f3-
D-glucopyranoside (4) and (Z)-5'-Hydroxyjasmone 5’-O-(3-D-
glucopyranoside (5) were isolated from the water extract of
dried C. indicum flowers. Their chemical structures were
determined via 1D and 2D-NMR spectral analysis and
comparison with literature. Their antioxidant activities were
investigated using ORAC and CUPRAC procedures.
Compound 5 showed the reasonable antioxidant effect with
peroxyl radical scavenging value of 11.39 = 0.11uM at the
examined concentration of 10uM, while compound 2
exhibited the good in single electron transfer activity with
the value of 11.24 + 0.01uM at the tested concentration.
Anti-osteoporosis was the other bioactivity was studied and
compound 5 showed the best result with the development
of TRAP was reduced to 151.16 + 13.13% compared to
183.58 + 11.54% of RANKL. These research hence will be the
evident for the usefulness of C. indicum in the natural
antioxidant and anti-osteoporosis functional food and
pharmaceutical industry.

SUPPORTING INFORMATION

Supplementary data associated with this article
including NMR spectral data of isolated compounds can be
found in the Supporting information.
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