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ABSTRACT

In the search for bioactive constituents from Véetese plants, the leaves and stems of
Callistemon citrinus(Curtis) Skeels were selected for chemical invesibg. Phytochemical
analysis of plant led to the isolation of eight pbkéc compounds including two flavonoids
(eucalyptine 1) and 8-demethyleucalyptine?)j, two alcohols (blumenol A 3j, n-
tetratriacontanol 4)), three benzoic acid derivatives (acid gallis), (methyl gallate &)
protocatechuic aci€7)), one sterol g-sitosterol 8)), and along with one sesquiterpene (2,6,10-
bisabolatriene 9)). The structures of the natural compounds wertergdgned from the
spectroscopic evidences including 1D- and 2D-NMR BBI-MS.

Keywords Callistemon citrinugCurtis) Skeels, flavonoid, triterpenoid.

1. INTRODUCTION

The Myrtaceadamily in Vietham comprises about 30 genera, séwvefravhich are very
common and widely distributed throughout the coprguch asEucalyptus, Rhodomyrtus,
Syzygiumand Callistemon[1]. Specie<Callistemon citrinugCurtis) Skeels, local name “Tram
bong do”, is grown as ornaments in Vietnam fob#sutiful form, glossy green foliage and red,
bottle-brush like flowers. Phytochemical studiesCallistemonspecies have led to the isolation
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and characterization of flavones [2], acylphloraghols [3, 4], triterpenoids [5], neolignans [6],
essential oil, steroids and saponins [7].

In previous papers, we reported the isolation oflpgddoroglucinol derivatives and
triterpenoids with soluble epoxide hydrolase intuky activity [8] as well as flavonoids with
inhibitory effect on NO production in LPS-activatddAW264.7 macrophage [9] from
Callistemon citrinusleaves and stemdn this study, we describe the isolation and stmadt
elucidation of eight phenolic compounds, includihgo flavones (eucalyptinlj and 8-
demethyleucalyptin?)), two alcohols (blumenol A3}, tetratriacontan-1-ol4), three benzoic
acid derivatives (gallic acidb), methyl gallate € and protocatechuic acid@)), one sterol £
stigmasterol §)) along with one sesquiterpene (2,6,10-bisabela¢ri@)). The structures of the
natural compounds were identified by spectroscepidences including 1D- and 2D-NMR and
ESI-MS.

2. MATERIALS AND METHODS
2.1. General experimental procedures

'H-NMR (500 MHz),**C NMR (125 MHz) spectra were measured on a BruRéANCE

500 spectrometer. The ESI-MS spectra were obtaimigid a ESI-MicroQ-TOF 11l (Bruker
Daltonics Inc.) and a FT-ESI-MS (Varian Inc.) magsgctrometer. UV and IR spectra were
obtained on a JASCO V-630 and an Impact 410 NicBER spectrometer, respectively.
Column chromatography (CC) was carried out onaigjel (Si 60 b4 230-400 mesh, Merck).
All solvents were distilled before use. Precoatéates of silica gel 60 k&, were used for
analytical purposes. Compounds were visualized ukbé radiation (254, 365 nm) and by
spraying plates with 10%J80, followed by heating with a heat gun.

2.2. Plant material

The leaves and stems @fallistemon citrinus(Curtis) Skeels were collected in Hue
province, Viethnam. The plants were identified bg thotanist Dr. Tran The Bach (Institute of
Ecology and Biological Resources, VAST). A vouchpecimen (HCTN-2118) is deposited in
the herbarium of the Institute of Natural ProduCtemistry, VAST, Hanoi, Vietnam.

2.3. Extraction and isolation

Dried powdered leaves and stemsCofcitrinus (3.2 kg) were extracted with MeOH over
the period of 5 days at room temperature and cdrated under reduced pressure to yield a
black crude MeOH extract (190 g). This crude MeO#traect was suspended in hot MeOH-
water (1:1, v/v) and successively partitioned witfiexane, dichloromethane (DCM), ethyl
acetate (EtOAc) and water. The resulting fractimese concentrated under reduced pressure to
give the corresponding solvent-soluble fractiodsexane (27.3 g), DCM (63.0 g), EtOAc (55.4
g), and water.

The n-hexane fraction (27.0 g) was chromatographed sitica gel column, using solvent
gradients ofn-hexane — EtOAc (1:0, 40:1, 20:1, 10:1, and 5:%, ¥/0 L each) to afford 5
subfractions (H1 to H5). The sub-fraction H4 washrematographed on silica gel column,
eluting with DCM — EtOAc (20:1, v/v) to yield compond 1 (11.0 mg) and sub-fraction H4A,
which was further purified on a silica gel colunintimg with CHCE-EtOAc (15/1, v/v) to get
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compound9 (5.6 mg). A precipitate from the sub-fraction Haswfiltered and washed by
hexane (1 mL x 2) to yield (12.8 mg). The residue was separated by CC aragikl, eluting
with acetone—MeOH (1/4, v/v) to give compouh(lL5.7 mg) and (7.2 mg).

The DCM fraction (63.0 g) was subjected to chromgeaphy on a flash silica gel column
(400 — 630 mesh), eluted with gradient DCM — metihdfh:0, 40:1, 20:1, 10:1, 5:1, 2.5:1, 1:1
and 0:1, v/v, 1.5 L each) to afford 6 subfracti¢fs D1 to D6). The subfraction D1 (10.2 g)
was subjected to silica gel CC, eluted with an ngc solvent mixture oh-hexane-DCM-
acetone (1:2:0.1, viviv), to afford 12 subfractiqgRslA to D1L). The subfraction D1C was
eluted with isocratic solvent systemmhexane — DCM (1:3, v/v) on a silica gel column(23
400 mesh) to yield compour&i(6.1 mg).

The EtOAc fraction (55.4 g) was chromatographed dlash silica gel column (400 — 630
mesh) eluting with gradients of GEI,-MeOH (1:0 ~ 0:1, v/v) to afford 7 subfractions (EL7).
The subfraction E3 was subjected to column chrogragzhy on silica gel eluting with GBl,-
MeOH (15:1) to afford 2 subfractions E3A and E3BeTsubfraction E3B was further separated
on a silica gel column eluting with a mixturerehexane - MgCO (2:1), to yield compounds®
(99.0 mg) an@® (4.9 mg). The subfraction E4 was subjected toraalghromatography on silica
gel eluting with gradients of CHEMeOH-H,O (4:1:0.1 — 3:1:0.1, v/iviv) to obtain 6
subfractions (E4A - E4F). The subfraction E4C wagjexcted to CC on silica gel eluting with an
isocratic mixture of MgCO-CHCE-H,0 (2:1:0.1, v/viv), to afford 6 subfractions (E4E&K¥C6).
The subfraction E4C1 was chromatographed over d&kPelumn, eluting with MeOH-$D
(1:1, v/v) to obtain 4 subfractions (CLA~C1D). Tégbfraction C1A was rechromatographed
over a RP-18 column eluting with MeOH®I (1:3) to yield compounds(123.0 mg).

2.4.Spectral and physical data

2.4.1 Eucalyptin(l) pale lemon yellow powder, §H::0s (M=326). '"H-NMR (500 MHz,
CDCly), d(ppm): 6.60 (s, 1H, H-3), 7.85 (d, 2d,= 9.5 Hz, H-26'), 7.01 (d, 2H,J = 9.5 Hz, H-
3.5), 12.87 (s, 5-OH), 3.80 (s, 3H, 7-Og)H3.89 (s, 3H, 40CHg), 2.20 (s, 3H, 8-CkJ, 2.38

(s, 3H, 6-CH). *C-NMR (125 MHz, CDCJ), d(ppm): 163.8 (s, C-2), 104.0 (d, C-3), 183.2 (s,
C-4), 157.3 (s, C-5), 114.1 (s, C-6), 162.6 (s,)CiD7.4 (s, C-8), 152.9 (s, C-9), 108.8 (s, C-
10), 123.8 (s, C-11), 127.9 (d, G&), 114.5 (d, C-35), 159.8 (s, C-3, 60.4 (q, 7-OCH) ,
55.5 (g, 40CH;), 8.5 (q, 8-CH), 8.3 (q, 6-CH)). ESI-MS (/2): 327 [M+H]".

2.4.2 8-demethyleucalypti®) white powder, GH1¢0s (M=312).*H-NMR (500 MHz, DMSO-
ds), o(ppm): 6.86 (s, 1H, H-3), 6.92 (s, 1H, H-8), 8.05 (#,3 = 9.5 Hz, H-2,6"), 7.10 (d, 2H,
J=9.0 Hz, H-35), 13.05 (s, 5-OH), 3.86 (s, 3H, 7-0€)H3.91 (s, 3H, 40CH;), 1.99 (s, 3H,
6-CHs). *C-NMR (125 MHz, DMSOdg), d(ppm): 163.0 (s, C-2), 103.7 (d, C-3), 181.9 (s, C-4),
162.3 (s, C-5), 107.5 (s, C-6), 163.3 (s, C-7)389.C-8), 155.4 (s, C-9), 104.4 (s, C-10), 122.8
(s, C-1), 128.2 (d, C-2 6), 114.5 (d, C-3 5), 157.4 (s, C-3, 56.3 (q, 7-OCH), 55.5 (q, &
OCHg), 7.2 (g, 6-CH). ESI-MS M/2: 313 [M+H]".

2.4.3 Blumenol A(3) white powder, GH,O; (M = 224). '"H-NMR (500 MHz, MeOD-
ds), d(ppm): 2.50 (1H, dJ = 17.0 Hz, H-6a), 2.19 (1H, dd,= 6.5, 17.0 Hz, H-6b), 5.90 (1H,
m, J = 1.5 Hz, H-2), 5.80 (1H, m] = 16.0 Hz, H-7), 5.82 (1H, nd,= 16.0, 4.5 Hz, H-8), 4.34
(1H, m,J =4.5; 6.5 Hz, H-9), 1.26 (3H, d,= 6.5 Hz, H-10), 1.04 (3H, s, H-11), 1.06 (3HHs,
12), 1.93 (3H, dJ=1.5 Hz, H-13).*C-NMR (125 MHz, MeODd,), J(ppm): 201.2 (s, C-1),
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42.4 (s, C-5), 50.7 (t, C-6), 127.1 (s, C-2), 168,4C-3), 79.9 (s, C-4), 129.9 (d, C-7), 136.9 (d,
C-8), 68.6 (d, C-9), 23.8 (g, C-10), 24.5 (g, C;PB.4 (g, C-12), 19.5 (g, C-13).

2.4.4 Tetratriacontan-1-of4) white powder, @H;O (M=494).'"H-NMR (500 MHz, CDC)):
3.64 (2H, tJ = 6.5 Hz, H-1), 1.55 (4H, m, H-2&3), 1.25-1.34 (60##4+H-33), 0.88 (3H, tJ =
6.5 Hz, H-34); ESI-MSr(/2: 493 [M-H].

2.4.5. Gallic acid5) white powder, GHsOs (M=170).*H-NMR (500 MHz, MeODd,), &(ppm):
7.00 (2H, s, H-2, -6)**C-NMR (125 MHz, MeODd,), J(ppm): 170.5 (s, C-7), 110.4 (d, C-2,-
6), 146.5 (s, C-3, -5), 139.7 (s, C-4), 122.0 €,)C

2.4.6. Methyl gallate(6) white powder, gHsOs (M=184). 'H-NMR (500 MHz, MeOD#d,),
d(ppm): 7.00 (2H, s, H-2, -6), 3.77 (3H, s, H-8C-NMR: (500 MHz, MeODd,), d(ppm):
169.1 (s, C-7), 52.3 (g, C-8), 110.1 (d, C-2, 18%.6 (s, C-3, -5), 139.8 (s, C-4), 121.5 (s, C-1).

2.4.7. Protocatechuic acif?) white powder, GHsO,, (M=154).'H-NMR (500 MHz, MeOD-
dy), d(ppm): 7.93 (COMH), 7.45 (1H, s, H-2), 6.81 (1H, d= 8.0 Hz, H-5), 7.44 (1H, d|= 8.0
Hz, H-6).*C-NMR (125 MHz, MeODd,), J(ppm): 170.4 (s, C-7), 115.8 (d, C-6), 117.8 (d, C-
5), 123.4 (s, C-4), 146.1 (s, C-3), 123.9 (d, Ci®].5 (s, C-1).

2.4.8. Fsitosterol(8) white powder, GHsO (M=414)."H-NMR (500 MHz, CDC}), J(ppm):
3.52 (1H, tt,J = 6.5, 11.0 Hz, H-3), 5.35 (1H, brd,= 6.5 Hz, H-6), 0.68 (3H, s, H-18), 1.01
(3H, s, H-19), 0.90 (3H, dl = 7.0 Hz, H-21), 0.83 (3H, dl = 6.5 Hz, H-26), 0.81 (3H, d,=
7.0 Hz, H-28), 0.85 (3H, d,= 7.0 Hz, H-29).

2.4.9. 2,6,10-bisabolatrienf9) colourless oil, GH,4 (M=204). 'H-NMR (500 MHz, CDC})),
o(ppm): 2.01 (2H, quintJ = 7.5 Hz, H-1); 5.10 (1H, H-2); 2.07 (2H, quint.= 7.5 Hz, H-4);
2.07 (2H, quint.J = 7.5 Hz, H-5); 1.99 (2H, quint],= 8.0 Hz, H-8); 1.99 (2H, quint] = 8.0
Hz, H-9); 5.10 (1H, H-10); 1.60 (3H, s, H-12); 1.@H, s, H-13); 1.60 (3H, s, H-14); 1.68 (3H,
s, H-15)."*C-NMR (125 MHz, CDC)), d(ppm): 26.7 (t, C-1); 124.3 (d, C-2); 135.1 (s, C-3);
28.3 (t, C-4); 26.8 (t, C-5); 124.2 (s, C-6); 134s9C-7); 39.8 (t, C-8); 39.7 (t, C-9); 124.4 (d,
C-10); 131.2 (s, C-11); 16.1 (g, C-12); 16.0 (q1.¥); 25.7 (q, C-14); 17.7 (g, C-15) ; ESI-MS
(M/2): m/z205 [M+H]".

3. RESULTS AND DISCUSSION

Compound 2) was isolated from the dichloromethane (DCM) fractwf the methanolic
extract ofCallistemon citrinudeaves and stems. Three compourjs5(and6) were isolated
from the EtOAc fraction and five compounds 4, 7, 8 and9) were obtained from the-hexane
fraction.

Compoundsl and2 are two flavones (Fig. 1). While compoufidvas obtained fronm-
hexane fraction, compouritiwas isolated from EtOAc fraction of the methan@idractof C.
citrinus leaves. The 1D-NMR spectra includifig, *C and DEPT of two compounds are very
similar. The'H spectrum ofl showed a low-field singlet signa®{12.87, 5-OH), two doublet
aromatic proton signals characteristic opara-substituted B-ring, two methoxy groud
3.89, and 3.80) and two singlet methyl substituéh<2.38 and 2.20)**C-NMR analysis ofl
revealed the presence of 19 carbons including arteoayl §c 183.2), four methines of gara-
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substituted B-ring, one A-ring aromatic methineptmethoxyl, and two C-methyl carbons.
Molecular formula ofl was determined to be; 1,505 based on the quasi — molecular ion peak
observed atm/z 327 [M+H]" in positive mode electrospray ionization (ESI-M8jass
spectrometry. From the 1D-NMR and ESI-MS spectethdcompound. was identified as 5-
hydroxy-7,4-dimethoxy-6,8-dimethylflavone with common nameeagalyptin [10]. Similarly,
molecular formula o wasC;gH:60s, based on the ESI-MS quasi — molecular ion peak/at
313 [M+HJ’, indicating the absence of one methyl group inmarson with that of eucalyptin
(1. In the NMR spectra a2, the absence of one C-methyl signal, resultintheshift of C-8
signal to the upfield regiond{ 90.3 in2 vs. 107.4 inl), and the addition of one proton in the
aromatic field ¢4 6.92, H-8), as well as by comparison with spédtieta reported in the
literature, confirmed the structure of compouhas 5-hydroxy-7,4dimethoxy-6-methylflavone
or 8-demethyleucalyptin [10].

Compound3 was isolated as white powder from the EtOAc facti The 'H-NMR
spectrum of3 showed characteristic signals of four methyl gsafy 1.26 (3H, dJ = 6.5 Hz,
H-10), 1.04 (3H, s, H-11), 1.06 (3H, s, H-12), dnd3 (3H, dJ=1.5 Hz, H-13); one methylene
at oy 2.50 (1H, d,J=17.0 Hz, H-6a), 2.19 (1H, d,= 17.0; 6.5 Hz, H-6b) and four methines at
oy 5.90 (1H, m, H-2), 5.80 (1H, d=16.0 Hz, H-7), 5.82 (1H, dd,= 16.0, 4.5 Hz, H-8), 4.34
(1H, m,J = 6.5, 4.5 Hz, H-9). The strong coupling cons{dnt 16.0 Hz) of protons H-7 and H-
8 indicated therans-configuration of G=Cs double bond™>C-NMR/DEPT spectra d& showed
13 cacbons (1 x CO, 3 x44 x CH, 4 x CH and 1 x CH). The analysis of HMBC spectrum
indicated the presence of a 3,5,5-trimethyl-2-clyelene-1-one unit and a 3-hydroxy-1-butenyl
side chain. Comparison of the spectral data witbs¢hin the literature, compour@él was
determined as blumenol [A1].

"COOR;

l

R OH

4

OH
R=0OH, R1=H gallic acid (5)
R=0OH, R1=Me methyl gallate (6)
R=H, R4=H protocatechuic acid (7)

OH O

R=CH3; Eucalyptin (1)
R=H  8-demethyleucalyptin (2) Blumenol A (3)

OH

Tetratriacontan-1-ol (4) HO™ . p-sitosterol (8)

2,6,10-bisabolatriene (9)

Figure 1 Structures of isolated compounds9).

Compound4 was obtained as white powder franhexane fraction'H-NMR spectrum of
4 presented signals of hydroxymethylene proton$,a.64 (2H, t,J = 7.0 Hz, H-1); two
methylenes ad, 1.56 (4H, t,J=7.0 Hz, H-2,3), sixty consecutive methylene protons.afl.25
— 1.26 (60H, s) and one methyl grodp 0.88, 3H, tJ = 7.0 Hz, H-34). These data suggested
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that 4 was a long-chain alcohol. The ESI-MS spectrum4oin negative mode showed a
pseudomolecular ion peakmatfz493 [M-HJ, indicating the molecular formula dfasCsz;H-O.
Compound4 was determined to betetratriacontanol, other name sapiol [12].

Compound5 and 6 were isolated from ethyl acetate fraction. Tf@-NMR and DEPT
spectra of compoundsand6 showed signals of a carbonyl grodp 169.1 - 170.5, C-7), two
pairs of equivalent carbons & 110.4 (d, C-2, C-6), 146.5 (s, C-3, C-5) and twarternary
carbons a®c 139.7 (s, C-4) / 122.0 (s, C-1), belonging to 4,3trisubsituted benzoic acid
derivative. The'H- and "*C-NMR spectra also showed the presence of a meftogp in
compound6. From spectroscopic evidences, compobndas identified as 3,4,5-trihydroxy
benzoic acid or gallic acid [13] and compoufidwas its derivative as 3,4,5-trihydroxy-
methylbenzoate or methyl gallate [14].

Compound? was also obtained fromhexane fraction. Th#H- and**C-NMR spectra of
were similar to those of gallic acts| except for the presence of a proton substitutedah
hydroxy group at carbon C-B4 117.8). In agreement with that, thd-NMR spectrum of7
showed signals of three aromatic methine protodg .45 (s, H-2), 6.81 (dl = 8.0 Hz, H-5)
and 7.44 (dJ = 8.0 Hz, H-6), belonging to a 3,4-disubsituted zma acid. In comparison to
literature, compound was identified as 3,4-dihydroxybenzoic acid, ailviame protocatechuic
acid.

Compound8, obtained as white powder fromhexane fraction, was elucidated As
sitosterol on the basis of the NMR data and corsparwith the data reported in the literature
[15].

Compound9 wasobtained as colourless oil fromhexane fraction of methanol extract of
C. citrinusleaves. From ESI-MS ion peak rafz 205 [M+H]", the molecular fomular & was
identified as GH,s (M=204). TheH NMR spectrum of9 contained the signals of four
quartenary methyls ab,; 1.68 (3H, s, B15) / 1.60 (9H, s, H12, H-13 and H-14), five
methylene ad, 1.99 -2.07; and two methines&t5.10 (2H, s, H-2, -10). These data, together
with the presence of 15 carbon signals in’fl@NMR spectrum (4 x £2 x CH, 5 x CH, 4 x
CHs) suggested th& was a sesquiterpene. By comparison of the specipasdata with those
published in literature, compou®dvas identified as 2,6,10-bisabolatriene [16].

4. CONCLUSION

In the search for bioactive constituents from Véatese plants, the leaves and stems of
Callistemon citrinus (Curtis) Skeels were selected for chemical invesom. From the
methanolic extract of this species, solvent-solufskctions with increased polarity were
produced includingn-hexane, dichloromethane, ethyl acetate and waltgtoBhemical analysis
of different fractions of the plant led to the &tbdn of eight phenolic compounds including two
flavones (eucalyptin 1) and 8-demethyleucalyptin?)), two alcohols (blumenol A3}, n-
tetratriacontanol 4)), three benzoic acid derivatives (acid gall&), (methyl gallate § and
protocatechuic acid7)), one sterol #sitosterol 8)), along with one sesquiterpene (2,6,10-
bisabolatriene 9)). The structures of the natural compounds werterdgned from the
spectroscopic evidences including 1D- and 2D-NMR BBI-MS.
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TOM TAT
CAC HOP CHAT PHENOL PHAN LAP TU LA VA CANH LOAI CALLISTEMON
CITRINUS
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"Email: nmcuong inpc@yahoo.com.vn

Tir |4 va canh loai Tram béntp Callistemon citrinugCurtis) Skeels tAmdp chit phenol
va mdt hop chit sesquiterpenda duoc phan 4p va xacdinh ciu trGc bao gm hai flavon
(eucalyptine 1) va 8-demethyleucalyptine2)), hai hyp chit alcol (blumenol A 3), n-
tetratriacontanol4)), ba din xuit cia acid benzoic (acid galliG), methyl gallate ) va acid
protocatechuic @), mot hop chit sterol (@sitosterol 8)) va ndt sesquiterpene (2,6,10-
bisabolatrieneq)). Ciu tric hoa hc aia cac bp chit tréndugc xacdinh nky cac plwong phap
héa ly va plrong phap pb bao gm phd cong hrong tr nhan 1 chiu, 2 chéu va plo khbi
lugng.

T khéa: Callistemon citrinugCurtis) Skeels, flavonoit, triterpenoit.
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