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ABSTRACT

Leaves of the genus Cosmos have been studied in chemical constituents and biological
activities in Vietnam. However, chemical constituents of Cosmos flowers have not been
extensively investigated. The dried purple and white flower powders of Cosmos bipinnatus Cav.
were exhautively macerated with ethanol solvent. The extract was concentrated under reduced
pressure to give the ethanolic extract. The extract was subjected to column chromatography
(CC) with gradient elution (petroleum ether — chloroform — ethyl acetate) to give fractions.
Thin layer chromatography (TLC) was used to analyze the fractions. The chloroform and ethyl
acetate column factions were then further purified and analyzed by CC and TLC to obtain pure
flavonoids and chalconoid (1-3) named 7, 3°, 4 -trihydroxy-6-methoxyaurone (1), 2 -hydroxy-4,
4’-dimethoxychalcone (2), and a mixture of 7, 2°, 5 -trihydroxyflavone (3a) and 5, 7, 3’
4’-tetrahydroxyflavone (3b). Their chemical structure elucidation was accomplished by using
1D and 2D-NMR spectroscopy in combination with MS data.

Keywords: Asteraceae; cosmos; flavonoid; chalconoid; aurone.
TOM TAT

Thanh phan héa hoc va hogt tinh sinh hoc cia 1& chi Cosmos di dwoc nghién citu ¢ Viét
Nam. Tuy nhién, thanh phan hda hoc ciia hoa Cosmos chira dieoc nghién citu ddy dii. Bét hoa
khd mau tim va trang cia cdy Cosmos bipinnatus Cav. dwoc tdn trich véi dung mdi etanol. Dich
trich sau d6 dwoc 10ai dung méi dwdi &p sudt thdp thu dwoc cao etanol. Tién hanh sdc ky cét
(CC) cao etanol Véi cdc dung méi c¢é do phan cuee tang dan (eter dau héa — cloroform — etyl
acetat) thu dwoc cdc phan doan. Cdc phdn doan cao cloroform va etyl acetat duwoc tinh sach va
phan tich bang CC va sdc ky lép méng (TLC) thu dwoc cac hep chat flavonoid va chalconoid
tinh khiét (cac hop chat 1-3): 7, 3’ 4-trihydroxy-6-methoxyaurone (1), 2’-hydroxy-4,
4’-dimethoxychalcone (2), va hén hop 7, 2°, 5’-trihydroxyflavone (3a) va 5, 7, 3’
4 -tetrahydroxyflavone (3b). Cdu tric héa hoc ciia cdc hop chdt dwge xdc dinh bang phé céng
hieong tir hat nhan mét chiéu, hai chiéu (1D, 2D-NMR) va khéi phé (MS).

Tar khoa: Ho cuc, chi cosmos; flavonoid; chalconoid; aurone.
1. INTRODUCTION

Some plants of the genus Cosmos have studied [2-9]. Cosmos bipinnatus Cav.
been known in Vietnam [1] and their chemical commonly called the garden Cosmos, has been
constituents and biological activities have been  chemically investigated [10-15]. Steroids and
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triterpenes were isolated from its leaves [2, 7,
10]. Koshi isolated flavone glycosides in the
ray flowers of Cosmos bipinnatus Cav. [11].
Flowers of Cosmos bipinnatus Cav. have five
colours as the Vietnamese name of the plant
“five primary colours daisy”. However, only
few publications have reported the chemical
constituents of cosmos flowers in Vietnam. In
previous work, flavone glycosides have been
isolated from the purple flowers of Cosmos
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bipinnatus Cav. [10]. Going on this research,
we report the isolation and structural
determination of 7, 3,

4’-trihydroxy-6-methoxyaurone (1), isolated
from purple flowers and the compounds of
2’-hydroxy-4, 4’-dimethoxychalcone (2), and
a mixture of 7, 2°, 5’-trihydroxyflavone (3a)
and 5, 7, 3°, 4’-tetrahydroxyflavone (3b)
isolated from white flowers
bipnnatus Cav. (Figure 1).

of Cosmos

7,2 5 -Trihydroxyflavone (3a)

5.7,3' 4'-Tetrahydroxyflavone (3b)

(b)

Figure 1. (a)-The purple and white flowers of Cosmos bipinnatus Cav. and (b)-Chemical
structures of compounds isolated from the purple and white flowers.

2. RESULTS AND DISCUSSION

From the ethanol extract of the purple
flowers, compound 1 was isolated. It was an
orange powder with the melting point of
144-146 °C. It gave a dark blue spot on TLC
with Rf = 0.27 eluted with chloroform:
methanol (9:1) when revealed by solution of
FeCls. The MS spectrum showed a
pseudomolecular ion peak at m/z 300.9
[M+H]", indicating the molecular formula to
be C16H120es.

The region éppm 6.50 + 7.50 of the
'H-NMR spectrum in DMSO-ds showed the
presence of five aromatic protons and a singlet,
signal for one proton at 3 6.66 (1H, s, Hy). Aset
of ortho coupled doublets at 6 7.33 (1H, d, J =
8.5 Hz) and 6.78 (1H, d, J = 8.5 Hz) indicated

that the two aromatic protons were adjacent to
each other for ring A. The ABX system was
demonstrated by three sigmals at & 7.44 (1H, d,
J=2.0Hz);6.86 (1H, d, J =8.5 Hz) and 7.26
(1H, dd, J=8.5; 2.0 Hz) for 1,3,4-trisubstituted
benzene for ring C. The 3C-NMR spectrum
showed 16 carbons including 14 unsaturated
carbons in the region of 6 90-160, a conjugated
carbonyl group at 180.30 and a methoxy group
(-OCH3) at 60.70. The HMBC spectrum
confirmed the location of methoxy group at
C-6 of ring A through two-and three-bond
correlations. The HMBC revealed the location
of hydroxyl groups at C-7, C-3’, C-4’ of ring A
and C. The proton H, showed correlations with
C-2, C-3, C-2’°, C-6’. From the above all data,
we suggested the structure of compound 1 to
be 7, 3, 4’-trihydroxy-6-methoxyaurone [12].
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Compound 2 was isolated from the white
flowers, it was an orange powder. The
13C-NMR showed 15 carbons in downfield of
6 101-191 for a flavonoid skeleton [12-13].
The peak at &6 1919 was a specific
characteristic of carbonyl of chalcone. In the
'H-NMR spectrum, most of resonances
ranged in the & 6.46-7.87 for a flavonoid, two
singlets at 6 3.85 and 3.86 referred to two
methoxy groups and a singlet at & 13.53
denoted a chelated hydroxyl. This observation
was supported by the MS spectrum with
molecular ion peak at m/z = 284.9 [M+H]".
This was suited to the formula of C17H1604 of
a chalcone bearing two methoxy groups and
one hydroxyl group. The *H-NMR spectrum
showed two doublets, each one proton, at &
7.46 and 7.87 with J = 15.5 Hz. That coupling
constant revealed the E configuration of the
C=C group corresponding for H, and Hp of a
chalcone. The spectrum also gave two other
doublets, each two protons, at 6 6.94 and 7.61
with J = 9.0 Hz revealing a 1,4-disubstituted
benzene ring. The HMBC spectrum gave the
correlation between the 'H signal at & 3.85
(-OCHs) and the *C one at & 161.80 (C4).
These confirmed that the ring B should bear a
methoxy group at C4. The signal of one
proton at 5 7.83 (1H, d, J = 9.0 Hz) showed
that this proton coupled with another proton in
ortho position. Furthermore, following
HMBC spectrum, this proton showed
correlation with 3C signal at § 191.9 (>C=0).
This revealed that one of three substituted
groups on benzene ring is the carbonyl group
(>C=0). All these evidences confirmed that
the compound was a chalcone bonded to two
methoxy groups at C-4, C-4’ and named to be
2’-hydroxy-4,4’-dimethoxychalcone [12].

From the white flowers of Cosmos
bipnnatus Cav., a mixture of 3a and 3b with
the ratio of 2:1 was isolated. The ¥C-NMR

spectrum showed 30 carbons. Among them,
the intensity of 15 carbons is twice higher
than the remaining 15 carbons. LC-MS
spectrum of the product revealed two peaks in
which the peak with the retention time of 13.2
was doubled to the one with the retention time
of 13.7. The mass spectrum positive mode
showed that these peaks corresponded to the
molecular ion of m/z 270.9 [M+H]* and 286.9
[M+H]*, in agreement with the molecular
formula of CisH100s and  CisH100es,
respectively. These results suggested that the
product was a mixture of two flavones with
the ratio of 2:1 [12-13]. Unfortunately, the
extensive efforts to separate these two
compounds by silica gel CC, and preparative
TLC with variety of solvent mixtures were not
successful.  Therefore, the  structural
elucidation and full H and ¥C-NMR
assignments of compounds 3a and 3b were
determined exactly based on the 2D-NMR
spectra.  HSQC, HMBC and COSY
correlations.

Compound 3a had molecular formula of
C1sH100s with the presence of six aromatic
protons and one proton at & 6.16 (2H, s). In
ring A, three protons at d 6.69 (2H, dd, J =
1.5; 8.5 Hz); 6.72 (2H, brs) and 7.59 (2H, d, J
= 8.5 Hz) indicated that they belonged to
trisubstituted benzene ring. In ring B, an ABX
system including ¢ 6.84 (2H, d, J = 8.5 Hz);
7.24 (2H, dd, J=2.0; 8.5Hz) and 7.44 (2H, d,
J = 2.0 Hz) also indicated the presence of a
trisubstituted benzene ring. There were 15
carbons in *C-NMR spetrum, including one
carbonyl group at 6 181.0. The HSQC and
HMBC spectra confirmed the location of
hydroxyl group at C-7 in ring A and two
hydroxyl groups at C-2’ and C-5’ in ring B.
These evident spectra supported the structure
of compound 3a to be 7, 2’
5’-trihydroxyflavone [12].
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Compound 3b had molecular formula of
C15H1006. The *H-NMR spectrum showed the
characteristic downfield signal for the
chelated hydroxyl group at 6 12.96 (1H, s). In
ring A, a set of meta coupled doublets at sppm
6.18 (1H, d, J = 1.5 Hz) and 6.44 (1H, d, J =
1.5 Hz) showed a tetrasubstituted benzen ring.
The peaks at 6 7.41 (1H, dd, J=8.0, 2.9 Hz);
7.39 (1H, brs) and 6.89 (1H, d, J=8.0 Hz)
were the signals of protons on trisubstituted
benzene ring B. There were 15 carbons in
13C-NMR spectrum, including one carbonyl
group at 0 181.0. The HSQC and HMBC
spectra confirmed the location of two
hydroxyl groups at C-5 and C-7 in ring A and
two hydroxyl groups at C-3’ and C-4’ in ring
B. These evident spectra supported the
structure of compound 3b to be 5, 7, 3’,
4’-tetrahydroxyflavone [12].

3. EXPERIMENTS
3.1 General experimental procedures

'H and *C-NMR spectra were recorded
on a Bruker (*H at 500 MHz and *C at 125
MHz). LC-ESI-MS experiment was recorded
on a LC- MSD- Trap- SL. Melting points
were determined on a Kriss melting point
meter model: M5000. Chromatography
column (CC) was carried out on Merck
Kieselgel 60 (63-200 mesh). Thin layer
chromatography (TLC) was performed on
precoated silica gel 60 F2s4 plates (Merck) and
detection was carried out with 50% H>SO4
and FeCls solution.

3.2 Plant material

Plant was collected in Da Lat City in
April 2009 and was identified by pharmacist
Phan Duc Binh, Department of Pharmacy,
University of Medicine Ho Chi Minh City.
Purple and white flowers had been separated
from the plant to research the chemical
constituents.

3.3 Extraction and isolation

The air-dried purple flower powder (64
g) was exhaustively macerated with ethanol
solvent. After evaporating, the ethanolic
extract was subjected to CC, eluting with
chloroform and then chloroform- ethyl acetate
with increasing ethyl acetate content to afford
five fractions (PF1-PF5). The PF3 was
rechromatographied on CC, purified by TLC
to afford compound 1.

Applying the same procedure on the
air-dried white flower powder (140 g) to obtain
11.7 g of crude ethanol extract. This extract was
subjected to flash CC and separated into four
different fractions: petroleum ether (3.4Q),
chloroform (2.3g), ethyl acetate (3.8 g) and
methanol (1.89) extracts. The ethyl acetate
extract (3.8 g) was rechromatographied on CC
and purified by preparative TLC to vyield
mixture of compounds 3a and 3b with the ratio
of 2:1. The same work for chloroform extract
(2.3 g), compound 2 was isolated.

3.4 17, 3°, 4-Trihydroxy-6-methoxyaurone

(1):

13.5 mg, orange powder. Mp = 144-146 °C.
Rf = 0.27 eluted with chloroform: methanol
(9:1). LC-ESI-MS (positive mode) m/z: 300.9
[M+H]" (Calc. for CisH1206). H-NMR
(DMSO-ds), oppm: 7.44 (1H, d, J=2.0 Hz,
H-2"); 7.33 (1H, d, J=8.5 Hz, H-4); 7.26 (1H,
dd, J=8.5, 2.0 Hz, H-6"); 6.86 (1H, d, J=8.5 Hz,
H-5%); 6.78 (1H, d, J=8.5, H-5); 6.66 (1H, s,
H.); 4.03 (3H, s, -OCHs). C-NMR
(DMSO-ds), dppm: 145.6 (C2); 181.3 (C3);
119.3 (C4); 113.4 (C5); 132.3 (C6); 157.8 (C7);
158.0 (C8); 114.7 (C9); 112.3 (Cu); 132.34
(C1%); 117.9 (C27); 145.5 (C3); 1482 (C4");
116.0 (C5); 124.6 (C6°); 60.70 (-OCHsz)

3.5 2°-Hydroxy-4, 4’-dimethoxychalcone (2):

15 mg, amorphous orange powder.
LC-ESI-MS m/z: 284 (Calc. for C17H1604).
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!H-NMR (CDCls), 8ppm: 13.53 (1H, s, -OH);
7.87 (1H, d, J=15.5 Hz, Hp): 7.83 (1H, d,
J=9.0 Hz, H-6); 7.61 (2H, d, J=9.0 Hz, H-2,
H-6): 7.46 (1H, d, J=15.5 Hz, H): 6.95 (2H, d,
J=9.0 Hz, H-3, H-5); 6.49 (1H, dd, J=8.5, 2.5
Hz, H-5"); 6.47 (1H, d, J=2.5 Hz, H-3"); 3.85
(6H, s, 2-OCHa). 3C-NMR (CDCls), Sppm:
1275 (C1): 130.3 (C2); 1145 (C3); 161.8
(C4): 114.5 (C5); 130.3 (C6); 117.8 (Co):
144.2 (CB); 114.2 (C1°); 166.6 (C2’); 101.1
(C37); 166.0 (C47; 107.6 (C5°); 131.1 (C6”);
55.4 (-OCHs); 55.5 (-OCHs); 191.9 (>C=0).

3.6 7,2, 5-Trihydroxyflavone (3a):

14 mg, orange powder. LC-ESI-MS
(positive mode) m/z: 270.9 [M+H]" (Calc. for
Ci15H100s). *H-NMR (DMSO-ds), Sppm: 7.59
(2H, d, J=8.5 Hz, H-5a); 7.44 (2H, d, J=2.0
Hz, H-6’a); 7.24 (2H, dd, J=8.5, 2.0 Hz,
H-4’a); 6.84 (2H, d, J=8.5 Hz, H-3’a); 6.72
(2H, brs, H-8a); 6.69 (2H, dd, J=8.5, 1.5 Hz,
H-6a); 6.61 (2H, s, H-3a). ¥C-NMR
(DMSO-dg), 5ppm: 145.7 (C2a); 111.7 (C3a);
181.0 (C4a); 125.6 (Cbha); 112.9 (C6a); 167.4
(C7a); 98.3 (C8a); 166.6 (C9a); 113.0 (C10a);
123.3 (Cl’a); 147.9 (C2’a); 116.0 (C3’a);
124.4 (C4’a); 145.5 (C5’a); 117.9 (C6’a).

3.7 5,7,3’, 4-Tetrahydroxyflavone (3b):

14 mg, orange powder. LC-ESI-MS
(positive mode) m/z: 286.9 [M+H]" (Calc. for

C15H1006). tH-NMR (DMSO-ds), Sppm: 7.41
(1H, dd, J=8.0, 2.9 Hz, H-6’b); 7.39 (1H, brs,

H-2°b); 6.89 (1H, d, J=8.0 Hz, H-5’b); 6.65
(1H, s, H-3b); 6.44 (1H, d, J=1.5 Hz, H-8b);
6.18 (I1H, d, J=15 Hz, H-6b). *C-NMR
(DMSO-ds), Sppm: 163.8 (C2b); 102.8 (C3b);
181.0 (C4b); 161.4 (C5b); 98.8 (C6b); 164.2
(C7b); 93.8 (C8h); 156.3 (C9b); 103.6 (C10b);
1214 (CI’b); 113.3 (C2°b); 145.7 (C3°b);
149.7 (C4’b); 116.0 (C5’b); 118.9 (C6’b).

4 CONCLUSIONS

By using CC, TLC techniques and stepwise
gradient elution with different solvents in
polarity, four compounds, namely 7, 3’,
4’-trihydroxy-6-methoxyaurone (1),
2’-hydroxy-4, 4’-dimethoxychalcone (2), and
a mixture of 7, 2°, 5’-trihydroxyflavone (3a)
and 5, 7, 3°, 4’-tetrahydroxyflavone (3b) were
isolated from purple and white flowers of
Cosmos bipinnatus Cav. The chemical
structures of isolated compounds were
determined by 1D, 2D-NMR and MS
spectroscopies. Because the compounds
isolated from the geneus Cosmos had
antimutagen and antifungal activities, the
isolated compounds should be tested for their
antimutagen and antifungal activities.
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