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ABSTRACT

Cassia alata known as ketepeng is one of traditidrexb that has been used as ointment. In Indondtsa
components information has not been much exploeédThe purpose of this research is to characteome or
more compounds from its leaves methanolic ext@calata leaves powder was macerated by methanodam
temperature for 24 hours. Chlorophyll and tanniorfr its leaves methanolic extract were removed bygus
methanol-water (1:1) and EtOAc, respectively. THOAC extract was then fractionated by Liquid Vacuum
Chromatography (LVC) by applying gradient elutiopstem of n-hexane-EtOAc and 8 fractions (A-H) were
obtained. From B fraction was obtained one of pliermmpounds, methyl p-hydroxybenzoate, has besatéd

for the first time from the leaves of this speciéi®e structure of the compound has been establisiiéd and**C
NMR spectroscopic methods. Meanwhile from the Htifsa was obtained 21 fractions. One of them, the H
fraction then was analyzed further by using LC-4f8'H NMR. The chromatogram arttl NMR spectrum of this
fraction still indicated mixture of compound, butdaminant peak at retention timey)(t6.7 min was observed.
Further analysis to this peak, particularly to itsass spectrum, indicated that the peak is prediated flavonoid
adduct, that is 4’-hydroxy-6-C-xylofuranosyl flaveae.

Keywords: Cassia alata’H NMR, **C NMR, LC-MS, methylp-hydroxy benzoate, flavonoid adduct 4'- hydroxy-6-
C-xylofuranosyl flavanone

INTRODUCTION

Cassiais a main genus of Fabaceae family consisting afirzat 600 species. Sonoé them are spread out widely,
particularly in tropical countries and they are adbant in IndiaC. alata, C. tora, C. siamea andC. fistula are some
species researched frequently [C]. alata is a herb which is well known in Indonesia as getey.C. alata
generally used as traditional medicine mainly opical area such as Malaysia, Brazil, and Indon&dié plant is
believed to be able to cure constipation, herniphtiis, diabetes [2], malaria and influenza [3jpihchitis, asthma
[4], as anti-obesity [5], strong laxative, and ictserepellant [6]. Its leaves methanolic extracswaoved to has
anti-fungi and antibacterial activity [2]. Chlorafo fraction of leaves methanolic extract was provedhave
antimalarial activity [7]. Besides, leaves methamelktract also has anti-angiogenic and cytotogiivay in breast
cancer cell lines [8]. In Indonesia, one of clegniissue product made from this plant claimed talble to prevent
and treat leucorrhoea (fluor albus) [9].

Varieties of active compounds were isolated frémalata. Essential oil ofC. alataleaves from Nigeria contains
1,8-cineole (39.8%)p-caryophyllene (19.1%), caryophyllene oxide (12.7%honene (5.2%), germacrene D
(5.5%), andu-selinene (5.4%) [10]C. alataleaves from Brazil contain quinone compounds saglmodin, aloe-
emodin, chrysophanol, isochrysophanol, and rhefj.[The methanolic extract of. alata leaves growing in
Bangladesh contains tannin which is ellagic acidvdéve, that is 2,3,7-tf@-methylellagic acid [12]C. alata
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leaves ethanolic extract from Nigeria contains dlaM glycosides, 5,7-dihydroxy-2-(4-hidroxyphengh-
[(2S3R,4S,556R)-3,4,5-trihydroxy-6-(hidroxymethyl) oxan-2-il] oxghromene-4-one [11]. The seed ethanolic
extract contains alkaloid compound, cannabinoidndbinol (§)-3-buthylamino-9-methyl-10,E3dihydro-H-
benzof] chromene-1-0l) [13]. A flavonoid compound, kaeenl also found irC. alataleaves methanolic extract
from Jamaica [14].

A typical research t&. alataleaves has not been much conducted yet in Indgnesimly related to chemical
components information of its leaves. Growing sltference will influence the type and amount ot@edary
metabolites existing in this plant. Therefore, tldsearch was conducted to characterize chemiogbaoents irC.
alata leaves growingn Indonesia. Isolation and characterization were ootetl to leaves methanolic extract. This
result is desired to be able to enlarge informatlatabase of secondary metabolites existing.ialatawhich can

be used to explore this plant potency further tiex.

MATERIALS AND METHODS

Materials and Equipment

Materials used were ketepeng leaves (obtained €dmsungka village, Solear, Tangerang, Indonesi@thanol,
ethyl acetate (EtOAc), chloroform-ammonia, concatetl sulphuric acid, Mayer, Dragendorf, and Wageeagent,
diethyl ether, concentrated acetic acid, Mg, HGCE 1% reagentnh-hexane, acetone, chloroform (CHECI
dichloromethane (DMC)ilica gel Merck 60G, silica gel Merck 60 RF silica gel 60 (0.2—0.5 mm), and TLC on
silica gel Ghss. The equipment used were liquid vacuum chromatdgraLVC) kit, column for gravitational
column chromatography (CC), liquid chromatographase spectrometer (LC-MS) with electrospray iondzati
(ESI-MS) mode Mariner Biospectrometry, proton naclmagnetic resonancH NMR) spectrometer Agilent 500
MHz (*H), the’H NMR spectra were recorded on a JEOL ECA 500 (86) instrument in CDGlwith TMS as
an internal standard (chemical shiftsinppm), and*C NMR spectra were recorded on a JEOL ECA 500 (125
MHz) instrument.

Extraction and I solation of C. alata leaves

C. alataleaves powder (1 kg) was macerated by methanhb) (4 room temperature for 24 hours. Macerate was
separated, then the residue was macerated agéirntheitsame type and amount of solvent. This steprejeated
for 3 times. All of macerate were collected andamnirated. A dark green crude methanolic extratdinbd and its
recovery was counted with water content as cooerctactor. Then, phytochemical test was conductethat
extract. The chemical components process separaftio@. alata leaves methanolic extract was initiated by
separating chlorophyll and tannin. This separatias conducted by diluting crude methanolic ext(aso g) with

1 L of methanol: water (1:1), shaking it, and ledtiit for a night. The precipitated chlorophyll wseparated and
weighed, then free-chlorophyll methanolic extraesvextracted by EtOAc and was let for a while udtlayers
formed. The bottom layer was predicted as wateraekicontaining tannin, while the other one wadjpted as
EtOAc layer containing chemical components witholtorophyll and tannin. The EtOAc extract obtaineds
concentrated by rotary-evaporator, and then fraatied by LVC with increasing polarity ofhexane-EtOAc eluent
system and 8 fractions were obtained (A-H fractjors fraction (68 mg) was fractionated further kadial
chromatography (RC) with the former eluent system_.YC and 8 fractions were obtained (fractiongB Bs
fraction (9.40 mg) then was fractionated furtherpvgparative-thin layer chromatography (TLC) withhexane-
CHCI;-EtOAc (7:1:2) eluent system and 4 fractions webéaimed (fraction-B,.s). The By fraction then was
analyzed further by usingH and *C NMR. H fraction (4 g) was then fractionated byayjtational column
chromatography by-hexane-EtOAc gradient elution system and 21 foastiwere obtained. ThegHraction was
further purified by liquid partition witm-hexane-methanol (1:1). Methanol-soluble componeas then analyzed
under TLC to ensure that was a single componentaatyzed further b{H NMR and LC-MS spectrometer.

RESULTS AND DISCUSSION

The crude methanolic extract obtained is 380.5004(#% based on dried weight) and 150 g of thisaextwas used
further. Precipitated chlorophyll is 69 g (46%)icky like a gum, and is a dark green precipitatalo@phyll
disappearance from extract was proved by greendipappearance under UV lamp 254 nm and red sputrusV
lamp 366 nm. This color is typical for chlorophg reported by Khasanai al (2013). Separated tannin is 57 g
(38%) and EtOAc extract obtained is 26 g (17%) Wwhia dark brown extract and sticky like a gume HtOAc
extract (20 g) was impregnated and chemical conmsni@side were separated based on polarity by LM
elution was conducted by using some solvents, otispéy, n-hexane (oncey-hexane-EtOAc with ratio 8:2, 7:3,
6:4, and 4:6 (each 3 times), 3:7 and 1:9 (eacm2d), EtOAc (twice), and methanol (6 times). THea8tions (A-
H) were obtained from this separation. B and Htfoaxs were then further analyzed.
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Phytochemical Constituentsin Crude Methanol Extract

Phytochemical test result of its extract showed #xéstence of phenolics, flavonoids, steroidshpigmoids,
saponins, and alkaloids. Flavonoids and steroitisfdbenoids have ever been reported by Soetjgital [15],
Veerachari and Bopaiah [16]. Phenolics and sapowniese not found by Veerachari dan Bopaiah [16], levhi
alkaloid was not found by Soetjiptet al. [15]. In Bangladesh, 2,3,7-t@-methylellagic acid which belongs to
phenolic group was successfully isolated frénalata methanolic leaves extract by Alaghal.[12]. Kaempferol-3-
O-gentio-bioside, a flavonoid compound, which detdcin C. alata methanolic leaves extract in Indonesia was
already reported by Moriyamet al. [17]. Singhet al [18] isolated flavonoid compounds, kaempferol ahein,
from hydromethanolic leaves extract in India. Akaddid, cannabinoid dronabinol, was successfdbtdted from
ethanolic seed extract in Nigeria [13]. This diffece of secondary metabolites constituents is dabgeage
difference and place where the plant grows.

Methyl p-hydroxybenzoate

Result of B fraction (68 mg) which was fractionafedther by radial chromatography (RC) with thenfigr eluent
system in LVC obtained 8 fractions (fractiongp Bs fraction (9.40 mg) then was fractionated further b
preparative-thin layer chromatography (TLC) witthexane-CHGFEtOAc (7:1:2) eluent system were obtained 4
fractions (fraction-B,.s). The B fraction then was analyzed further by usthgand**C NMR and . Fraction-8
was predicted as methgthydroxy benzoate gr-methoxybenzoate acid.

Analysis on*H NMR spectrum (Figure 1) shows proton chemicaltsi®) at 3.90; 6.85, and 7.95 ppm. A singlet
signal (3H) at 3.90 ppm is identified as protonmfal shift of methoxy group. Two doublet signa®Hj at 6.85
and 7.95 ppm with same coupling constant valiie= (8.43) are identified as proton chemical shiftpafra
disubstituted-benzene aromatic rif@ne signal in upfield area (6.85 ppm), might beseauby electron donation
from substituent irortho position. That substituent with electron donatomgperty may be a methoxy (—Ogtbr
hydroxy (—OH) group. Another signal at 7.95 ppmdownfield area) indicates the existence of elecatiracting
substituent irortho position. Substituents predicted having this pripare —CQH, —CO:R, and —COH. Generally,
proton chemical shift of aromatic without substitteeis around 7.4 ppm.
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Figure 1. The'H NMR spectrum (CDCl5) of fraction-Bss
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The'*C NMR spectrum (Figure 2) shows signals at 52.0%;35; 122.98; 132.09; 159.92; and 167.00 ppm.&dsgn
at 52.09 ppm and 167.00 ppm are identified as casigmal from methoxy group and carbonyl grouparboxyclic
acid or ester. Twsp’ carbon signalat 132.09 and 115.35 ppm shows twice as highensitieindicating that each
of them represents 2 equivalent C atom (homotopibjle sp’ carbon signals d122.98 and 159.92 ppm with lower
intensity are predicted as quaternary C. Signalckwhis more downfield (159.92 ppm) is predicted lseaof
stronger electron attracting substituent attacbeguiternary C. The resultéd and**C NMR data spectrum from
this study and the calculatéti and *C NMR chemical shift*® are compared to strengthen the compound
prediction of B3 fraction.
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Figure 2. The™C NMR spectrum of fraction-Bss

Table 1 shows comparison between chemical shift8spfto calculation of methyp-hydroxybenzoate ang-
methoxybenzoate acid based on theory [19] @pelctral Data Bas€SDBS) literature [20,21], respectively. SDBS
is an organic compounds databases spectrum bulkafgn to whole world. The result showed'ti@nd™*C NMR
chemical shifts of B have suitable values with calculated chemicaltshafues of methybp-hydroxybenzoate,
either according to theory or SDBS literature. Bawme this, therefore, 8 was deducted as methyi-
hydroxybenzoate.

Table 1 TheéH and *C NMR chemical shifts of methylp-hydroxybenzoate andp-methoxybenzoate acid as compared to theoretical
calculation and SDBS

Methyl p- p-Methoxy-benzoate Methyl-p- p-methoxy- '

Methyl p-hydroxybenzoate —8 (CDCk) hydroxybenzoate acid (Theoretical*) hydroxybenzoate benzoate acid

(Theoretical*) (SDBS) (SDBS)
atom | 3+500 Wiz (ppm) [ 2: 500 5. 5 | &
CH | (multipfty, Jinkz, | Mitz | &u(ppm) | & (Ppm) | Su(pPM) | SoPPM) | (o | 3PP | o) | (opm)

1 122.98 - 123.20 - 123.70 - 122.11 - 131.46
2/6 7.95 ¢, 8.43, 2H) 132.09 7.90 131.30 8.06 130.80 7.84 9831 7.93 131.46
3/5 6.85 ¢, 8.43, 2H) 115.35 6.91 115.70 7.02 114.50 6.88 .3[5|  7.04 113.84

4 - 159.92 - 159.90 - 164.20 - 160.63 - 162.97

OCHs 3.9 6, 3H) 52.09 - - - - 3.80 52.12 3.84 55.44
C=0 167.00 - - - - - 167.72 - 167.14
OH - - - - - 12.70 -

*Silverstein et al. (2005)

Methyl p-hydroxybenzoate has not ever reported yet whettoen €. alata leaves or fromCassiagenus and
Fabaceae family [22], but this existence has eeenbreported from the other family. This compouras wsolated
from Nerium oleandeldeaves which come from Shambat [2S}ocksia brahuican Pakistan [24], fromOxalis
teburosaroot [25], and methanolic root peel extracZahthoxylum ailanthoidefsom Taiwan®.
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I dentification of H Fractions

Fractionated by gravitational column chromatografamH fraction (4 g) was obtained 21 fractionseTH, fraction
was further purified by liquid partition witim-hexane-methanol (1:1). Methanol-soluble compongas then
analyzed under TLC and analyzed furthert§yNMR and LC-MS spectrometer.

The H, fraction™H NMR spectrum shows thatoHstill not pure. (Figure 3a). It is indicated withe existence of
complex enough signal peaks in aliphatic rarigeQ.7—1.7 ppm) and signal peakdat12.1 ppm (indicates —OH
carboxylic acid functional group) splitting into @eaks (Figure 3b). Further analysis with LC-MS sftben the
former hypotheses since the chromatogram (Figuishdjvs 4 peaks with retention timg)(tespectively 3.0, 3.7,
4.7, and 6.7 minute with the area 325.30, 302.264,99, and 2822.93 respectively.
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Figure 3 The H, fraction *"H NMR spectrum before partition (a) and after partition by n-hexane-methanol (b)

Hy peak with & 6.7 minute (then signed as;41has the highest abundance in H fraction. Theeefeecondary
metabolite structure characterization was focusedompound in that fraction. Fragmentation patibtained is
relatively simple. (Figure 5). Due to that factpgmound inside was predicted to contain relativélstéunctional
group and was not fragmented overall. This mayawesed by low energy used in ionization processnadgiannis
et al (2007) [27] said that if the collision energy iomization process is low, spectrum obtained fravi+H] *
cannot be fragmented overall. This kind of fragraéoh pattern was predicted to be produced by camgavith
aromatic cyclic structure stabilized by conjugassdtem. This compound does not contain aliphatdrdgarbon

chain since fragment having [M-+H14]" or multiples is not observed. Based on those cheniaations, this
compound was predicted to have flavonoid basicestiel The'H NMR spectrum also shows signals in aromatic
range §y 6.5—-8.0 ppm), that are &} 7.2 ppm (1Hd) and 7.8 ppm (1Hld) with coupling constant respectively 9.1
and 7.8 Hz {ono = 7—10 Hz) (Figure 3b). This pattern in accordanith benzene structure unit substitutegpara
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position. One signal which is more unshield&g 7.8 ppm) than the othe$( 7.2 ppm) indicated that 2 substituents
in para position have different electron-withdrawing power

5456

% Intensity
3
.o
esccccee®

Figure 4 H, fraction-methanol soluble LC chromatogram with mehanol-water 95:5 as eluent and flow rate 1
mL/minute

Flavonoid has §Cs-Cg basic skeleton. Based on C ring structure, flaidmsodistinguished to 5 big groups. Those
are flavonol, flavone, dihydroflavonol or flavandnfiavanone, and flavanol. Flavonoid compounddaon and
identification frequently are hard to do since stmue and polarity similarity [27]. Flavonoid isggrally found as
flavonoid O-glycoside form in nature that one or more of hygt@roups from aglycone are bound to sugar through
hemiacetal bond which labile to acid. Yet, glycasign may also happens through C-C bond resistingctd,
forms C-glycoside flavonoid. TheC-glycoside flavonoid generally found are moGeglycoside, di€-glycoside,
andC-glycosyl-O-glycoside flavonoid. Sugar group usually founadhature is glucose. Galactose, rhamnose, xylose,
and arabinose are not common. Similarly, manosetdse, glucuronic acid, and galacturonic acid&ase rare.
That sugar group is substituted at position 3,n8, & in flavonoidO-glycoside, while in flavonoidC-glycoside is
only found at position 6 and 8 [28].
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Figure 5 The H fraction mass spectrum with £ 6.7 minute

Based on C-C bond resistibility of sugar group withvonoid aglycone compared to O-C bond@flycoside
flavonoid, this H, compound was predicted belong @eglycoside flavonoid. The bonded sugar probably was
pentose. A pentose was predicted bonded to fladdpasic skeleton based on some combinations maité wiere
suitable with base peak appearingnét = 372 (Figure 6), with assumption that the basskghowed molecular ion
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[M+H] * from Hy, fraction. This pentose sugar existence was predligave weak signals fil NMR spectrum at
Sy 3.4-4.3 ppm (Figure 7).
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Figure 7 The H, fraction *H NMR spectrum indicating sugar group existence
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Based on structure prediction made before, thecbmpound havingr/z= 371 most probably belong to flavanone
derivative compound hydroxylated and glycosylatgd lpentose sugar. A hydroxyl group was predictgzbaition

4’ of B ring based orfH NMR spectrum analysis showirgara-disubstituted existence. While a pentose sugar
group was predicted to be bound at position 6 sinBe naturally sugar groups usually exist at thms®tions inC-
glycoside flavonoid (Figure 8). Pentose sugar gsompich have ever been identified to be combinet fiéavonoid

are xilose and arabinose [28].

HO

Figure 8 Flavanone derivative compound glycosylated by pentose sugar at position 6

Fragmentation pattern of this compound was propasdd Figure 9, yet none of m/z values of theagrfrents was
observed in mass spectrum (Figure 5). It may duthéolow energy used in ionization process. Whemeak
ionization method like ESI and APCI are used tolyaea flavonoid compounds, generally fragmentatismot
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observed. This problem can be overcome by usingi@iéyrated with MS-MS [29]. This compound was ezt
to have molecular weight, 372 g/mol with [M+Hat m/z= 371. The [M+H+1] fragment also appears at m/z= 372.
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Figure 9 The Hys presumed compound fragmentation pattern

The molecular ion existence at this m/z value jgpsuted by probability opseudomolecular ioformation. This
ion is formed as adduction result between moledolaror its fragments and cation existing in théseots or with
the solvent mediated by that cation. In ESI-MS, plax formation from analite with alkali metal catmcommonly

is observed since Nar K* cation exists in the solvent or glassware usefl [B@ose cations generally are extracted
from glassware during storage and are easier forimdthvonoid substituted at position 3, like flana 3-O-
glycoside and isoflavone [28]. The presumed comdotig, has ketone functional group with free electromr paia
ligand which will complex metal cation, Nar K*. Besides, Naion can form 5 or 6 coordination with ligand so
that one N&ion can coordinate with free electron pair fronatttketone functional group and with the other
molecules like solvent [31]. Based on this factydts predicted that molecular ion appearing at 3/ztformed an
adduct as¥*B*+Na+ 5H0] *and [M+Na]* so peaks having low abundance appear respectwetyz= 259 and
m/z= 393 with abundance less than 10% and arourb. 3Besides, this molecular ion can also form
[M+Na+H,0+CH;OH] " and [2M+Na]" adduct so peaks having low abundance also appepedtively at m/z=
444 and m/z= 765 with abundance less than 10% @mmhad 18% (Figure 10).

The m/z values obtained and probability of thosduats formation strongly supported the former higpses that
Hgy compound having retention time)(equal with 6.7 minute, or simply theyHs predicted belong to C-glycoside
flavonoid, that is 4’-hydroxy-&:-xylofuranosyl flavanone. This compound has notbfeeind inC. alatayet.
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Figure 10 Adducts formed in ESI-MS positive ion mode between molecular ion, fragment,
Na' ion, and solvent molecule

CONCLUSION

The phytochemical result of. alata leaves methanolic extract from Cikasungka villa§e)ear, Tangerang,
Indonesia was identified to contain phenolics, dlasids, steroids/triterpenoids, saponins, and aital Two
components characterized successfully were belonghtenolic compounds, methy-hydroxybenzoate, and
flavonoid adduct which presumed as pelargonidifeBd{oyl)diglucoside-5-(malonyl)glucoside, respegety.
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