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ABSTRACT

Chemical investigation of the ethyl acetate extracts of the leaves of Rhabdophyllum calophyllum has resulted in the
isolation of biflavonoids named Agathisflavone (1), Amentoflavone (2), 7-O-methylamentoflavone (3), and
Campylospermone B (4), The structures of the these compounds were identified by comparaison of their MS, UV, IR,
1H and 13C NMR data with those reported in the literature as well as the acetylation for compound (4).
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Introduction

Rhabdophyllum Calophyllum (Hook.f.) Tiegh (Ochnaceae) is a shrub growingnet areas. It is distributed in
Cameroon, Nigeria, Gabon and the Democratic RepuifliCongo, where it is harvested and used as herba
medicine L]. In Congo Brazzaville, the leaves are used ferttbatment of heart and belly aches. Rhabdophyibum
traditionally used in African folk medicine as apheodisiac and in the treatment of many illnessghsas hip
disease, sore ribs and tiredne8s As a part of our ongoing effort to discover pHencompounds in the family
Ochnacea3-5] and to supply useful evidence for chemotaxonomyedated members of this family, we report
herein the first phytochemical investigation Rncalophyllum. Biflavonoids from the family of Ochnaceae exhibit
several biological and pharmacological effects sagslantimicrobialanti-inflammatory, anti-hepatotoxic and anti-
ulcer propertieg6-8]. They also inhibit enzymes such as aldose reduaadexanthine oxidasg®]. This article
presents the isolation and characterisation offldvainoids, which were purified from the ethyl aatet extract of
the dried leavesf R. callophyllum, as well as the acetylation of campylospermone B I(# continuation of our
study on Cameroonian medicinal species and inithe@find secondary metabolites, we report heeeislolation
and the structures elucidation of biflavonoids fritme EtOAc fraction of the leaves Bhabdophyllum Calophyllum
from Cameroon. We describe here the identificataon the basis of spectroscopic studies, acetylatind
comparison with literature data.

MATERIALS AND METHODS

General Procedures

Melting points were uncorrected. The{ values were obtained in MeOH at 20°C on a PerkineE 341 digital
polarimeter. UV/Vis spectra were recorded on a iegkmer (Billerica, MA, USA) Lambda 15 UV/Vis
spectrometer. IR spectra were recorded with an AERnium Diamond 1 Refl Spectrometer (Bruker Ogtinc.,
Billerica, MA, USA), while the'H- and™*C- NMR spectra where recorded in acetogeati400 and 100 MHz with a
Bruker DPX-400, 400 spectrometers (Bruker, Rhetteste Germany). Chemical shift8) (were given in ppm using
TMS as internal standard and coupling constanaig@)given in Hz. The High-resolution ESI-TOF in pigs-ion
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mode was acquired using a TSQ 700 (Finnigan MATEriment (Thermo Finningan MAT GmBH, Bremen,
Germany). Silica gel (Kieselgel 60, 70-230 Mesh,réke was used for Column Chromatography. Size-esxahu
chromatography was performed on Sephadex LH-20fhpic Sephadex; Amersham Biosciences purchased fr
Sigma-Aldrich Chemie, Steinheim, Germany). TLC veasiducted on precoated Merk Kieselgel 60 F254 plate
(20*20 Cm, 0.25 mm). Spots were checked on TLCeglainder UV light (254 mm), and developed with KMnO
reagents, followed by heating. Phenolic compoundeevdetected on TLC plates as dark blue spots sfftaying
with FeCk reagents.

Plant material

The leaves ofRhabdophyllum Calophyllum were collected at Ndongo, a village in Nyong-areld division
(Cameroon) in November 2014 and was identified yNdna Victor, botanist at the National Herbarigmounde,
Cameroon, where a voucher specimen (HNC 31405)mdenting the collection was deposited.

Extraction and isolation

The air-dried and powdered leavesRbbdophyllum Calophyllum (1.5 kg) were percolated for 48 h with MeOH at
room temperature, and afterwards the solution \ilteyedd and concentrated under vacuum. The crud®Hle
extract (158.7 g) was suspended in water and paid withn-hexane, ethyl acetate, andutanol successively in
the same volume seven times to give 14.4, 28.614rRig extract residues, respectively. The residgaeous layer
was finally evaporated and freeze-dried to obtélm 5 of residue. The EtOAc extract (28.6 g) wasjestied to
column chromatography (CC) on silica gel ({CH/MeOH gradient of increasing polarity) to give fifactions,
R1-RS5, on the basis of TLC composition. Fraction(R2 g) was subjected to repeated CC on silicalgedd with
CH,CI,/MeOH (10:1) and on Sephadex LH-20 eluted with MetoHjield 5 mg Amentoflavone (2). Fraction R3
(2.9 g) was firstly chromatographed on a silicag#umn (CHCI,/MeOH, 10:1 and 5:1) to give subfractions R3A
and R3B, which were further purified using the sgimecedure as before to yield 8 mg 7-O-methylanftone
(3). Fraction R5 (3.6 g) was purified by CC with &H,/MeOH (10:1, 8:1, and 5:1) to yield 4.5 mg agathigbne
(2). Further purification of fraction R1 was contkdat by repeated silica gel column chromatograpliy@eparative
TLC to give 8 mg campylospermone B (4).

General procedure for the acetylation

A mixture of compound 4 (1mmole), acetic anhydriti&s mmole) and Zr(HS£y (0.05 mmole) in pyridine (5mL)
was stirred under fume hood. The progress of theti@ was monitored by TLC. After completion oétreaction,
solvent was evaporated and water was added (2*10 Tile organic layer was separated and washedsaitirated
NaHCG; (2*10mL) and water (5mL), dried over anhydrous NIgSEvaporation of the solvent followed by column
chromatography on silica gel afforded the pureateet

RESULTS AND DISCUSSION

From the EtOAc extract obtained from the leaveRt&bdophyllum Calophyllum, four biflavonoids (1-4) (figure 1),
were isolated by chromatographic methods identifiadhe basis of their IR,UV and NMR spectra daith the
comparison of literature data for similar structure

Compound 1 yellow powder soluble in MeOH with a melting pbih67-169°C. the molecular formula of this
compound was determined as [M+H]+ correspondingCigH;40;0 on the basis of HR-MS+ spectrum at m/z
539.0989 (100%) which led to the formulayd,s0,q indicating a compound containing 22 insaturatidfg. Ayax
(nm): MeOH, (c=0.1): 227, 275, 327. IR (KBr) Cn8430, 1647, 1607, 1502, 110#: NMR: (400 MHz Acetone-
de6), s ppm: 6.81 (1H, s, H-3); 13.02 (1H, s, OH-5); 6(&8, s, H-8); 6.94(2H, d, J=8.8 Hz, H-3'/H-5"); B.42H,
dd, J=8.8 Hz, H-2'/H-6"); 6.63 (1H, s, H-3"); 12J1H, s, OH-5"); 6.35 (1H, s, H-6"); 7.87 (2H, d=8.7Hz, H-
2"/H-6"); 6.92 (2H, d, J=8.7Hz, H-3""/H-5""). *C NMR (100 MHz, acetone-d6y, ppm: 165.9 (s, C-2); 103.3
(d, C-3); 183,7 (s, C-4); 162.4 (s, C-5); 100,d(6); 165.3 (s, C-7); 94.8 (s, C-8); 156,9 (s, C19)3.8 (s, C-10);
123.2 (s, C-1); 129.1 (d, C-2'/C-6"); 116.8 (d,3TC-5); 164.4 (s, C-4’); 166.0 (s, C-2"); 105(, C-3"); 184.1
(s, C-4"); 162.3 (s, C-5"); 100.5 (s, C-6"); 163 (s, C-7"); 104.8 (s, C-8"); 158.9 (s, C-9"103.6 (s, C-10");
123.3 (s, C-1"); 129.4 (d, C-2"/C-6""); 116.9d, C-3""/C-5""); 164.8 (s, C-4""). This compound was identified
asagathisflavone[10].

Compound 2: amorphous yellow solid soluble in MeOH. The molactiormula of this compound was determined
as [M+H]+ corresponding to4H140,0 0n the basis of HR-MS+ spectrum at m/z 539.08@®%4) which led to the
formula GgH1g0; indicating a compound containing 22 insaturatidrfsis compound was positive on phenol and
flavonoid tests. IR (KBry Cmi*: 3318, 1682, 1628, 15084: NMR: (400 MHz Acetone-d6)j ppm: 6.80 (1H, s, H-
3); 12.92 (1H, s, OH-5); 6.23 (1H, d, J=1.9Hz, H&pO (1H, d, J=1.9Hz, H-8); 8.11 (1H, d, J=2.1, H2"); 6.94
(1H, d, J=8.8Hz, H-5); 7.95 (1H, dd, J=8.8 et B4, H-6); 6.74 (1H,s, H-3'); 13.00 (1H, s, OH-5"%.64 (1H, s,
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H-6"); 7.58 (2H, d, d=8.9Hz, H-2""/H-6""); 6.77(2H, d, J=8.9Hz, H-3""/H-5""). *C NMR (100 MHz, acetone-
de6),s ppm: 163.9 (s, C-2); 103.1 (d, C-3); 182,1 (s,)C142.4 (s, C-5); 100,0 (d,C-6); 162.3 (s, C-B;4(s, C-8);
158,9 (s, C-9); 103.8 (s, C-10); 123.3 (s, C-1321 (d, C-2); 116.9 (d, C-3’); 160.2 (s, C-4)22 (d, C-5Y;
129.8 (d, C-6’); 166.1 (s, C-2"); 103.4 (d, C-3184.3 (s, C-4"); 162.3 (s, C-5"); 100.1 (s, C)6163.3 (s,C-7");
105.6 (s, C-8"); 155.8 (s, C-9"); 105.3 (s, C-10'121.6 (s, C-1""); 129.4 (d, C-2""/C-6"); 116.9 (d, C-3"/C-
5™); 162.5 (s, C-4""). This compound was idefigd as 3', 8”-Biapigenin namegimentoflavone[11].

Compound 3: amourphous yellow powder soluble in MeOH. The moler formula of this compound was
determined as [M+H]+ corresponding tayg,;0;9 on the basis of HR-MS+ spectrum at m/z 539.08@DY4)
which led to the formula £gH,i0:0 (553.1135Da) indicating a compound containing B2afurations. This
compound was positive on phenol and flavonoid t¢RgKBr) v Cm*: 3321, 1654, 1632, 1504, 1108: NMR:
(400 MHz Acetone-d6)s ppm: 6.92 (1H, s, H-3); 13.08 (1H, s, OH-5); 6(3#, d, J=2.1Hz, H-6); 6.46 (1H, d,
J=2.1Hz, H-8); 3.84 (3H, s, GB-7); 7.95 (1H, d, J=2.3Hz, H-2"); 7.18 (1H, d, 3818z, H-5’); 8.04 (1H, dd, J=8.7
et 2.3 Hz, H-6’); 6.80 (1H,s, H-3"); 12.98 (1H, ©H-5"); 6.44 (1H, s, H-6"); 7.56 (2H, d, d=8.9KHH-2""/H-
6™); 6.72 (2H, d, J=8.9Hz, H-3""/H-5"). **C NMR (100 MHz, acetone-d6&j,ppm: 163.8 (s, C-2); 103.4 (d, C-3);
182,8 (s, C-4); 161.9 (s, C-5); 99.4 (d,C-6); 164A4C-7); 94.2 (d, C-8); 157,4 (s, C-9); 103.9(s10);55.9 (g,
CH;0-7); 121.4 (s, C-1'); 131.9 (d, C-2); 116.6 (s3G; 162.2 (s, C-4’); 122.6 (d, C-5'); 129.4 (d;8); 164.4 (s,
C-2"); 102.9 (d, C-3"); 184.1 (s, C-4"); 162.%( C-5"); 100.1 (s, C-6"); 162.9 (s,C-7"); 1054, C-8"); 156.4
(s, C-9"); 104.1 (s, C-107); 121.1 (d, C-1"");29.3 (d, C-2"/C-6""); 115.8 (d, C-3""/C-5""); 162.3 (s, C-4™).
This compound was caracterised as 7-O methylamawutofe, namedequoiaflavone[12].

Compound 4 Amorphous white powder soluble in MeOH. the naalar formula of this compound was calculated
as [M+H]+ corresponding to4H»304 0n the basis of HR-MS+ spectrum at m/z 527.134tchvled to the formula
CsoH2,0, indicating a compound containing 14 insaturatidhig. Amax (NM): MeOH, (c=0.1): 237. IR (KBr) Ch
1795, 1518. 4 ]*° D= -64°, (c=0.3, MeOH)'H: NMR: (400 MHz Acetone-d6) ppm: 12.63 (1H, s, OH-5); 7.08
(2H, d, J=9.0Hz, H-2"/ H-6"); 6.54 (2H, d, J=9.24 H-3"/H-5"); 5.98 (1H, d, J=1.8Hz, H-6); 5.961H, d,
J=1.8Hz, H-8); 7.77 (1H, d, J=8.6 Hz, H-5"); 7.08H, J=9.1Hz, H-2""/H-6""); 6.49 (2H, J=9.1 Hz, F3""/H-
5™); 6.62 (1H, dd, J=8.6 and 2.2 Hz, H-6"); 6.48H, d, J=2.2 Hz, H-8"); 5.73 (2*1H, d, J=12Hz:24H-2");
3.79 (2*1H, d, J=12.0 Hz, H-3/H-3"). }3C NMR (100 MHz, acetone-d6j, ppm: 195.4 (s, C-4), 166.2 (s, C-7);
164.5 (s, C-5); 163.2 (s, C-9); 157.6 (s, C-4)9X¥2(d, C-2); 129.2 (d, C-6); 127.8 (s, C-1); 4.8 (d, C-3);
115.9 (d, C-5); 101.9 (s, C-10); 96.6 (d, C-6);®4d, C-8), 83.2 (d, C-2); 49.9 (d, C-3); 195.1(s4"); 165.4 (s,
C-7); 164.3 (C-9”); 130.3 (d, C-5"); 110.9 (s, €9); 158.4 (s, C-4™); 130.3 (s, C-1"); 129.4-2"); 129.4 (C-
6); 115.9 (d, C-3"); 115.9 (d, C-5"); 115.5(s, C-10"); 103.8 (d, C-8"); 84.3 (d, C-2"), 52.(d, C-3"). This
compound was identified as Campylospermonel§; [his complete acetylation with acetic anhydrideigine
mixture gave a penta-acetate derivative of forn@yg,0:5. CIMS (NHs), [M+H]* at m/z 731. ItsH NMR (400
MHz) spectrum gave four sharp methyl signals fee facetyl groups a 2.19 (3H, CH), 2.22 (6H, 2CH), 2.23
(3H, CH) and 2.24 (3H, CEJ confirming its non-symetric structure. The laampling constant (12Hz) measured
between H-2 and H-3 on the first flavanone unit &” and H-3” on the second flavanone unit edisties a
trans-trans stereochemistrydampylospermone B[13].

OH

R=H Amentoflavone (2)

Agathisflavone (1) R=CHj; 7-O-methylamentoflavone (3)
Literature search revealed that all these compothatshave been isolated, have diverse biologictliies such as

Amentoflavone which is one of the bioactive biflaead obtained from polyphenol plants;it is one bé tmain
active compound in aerial parts, leaves of vargtplants from the Ochnaceae family. It has be@onted that it
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has a variety offn vitro activities including antimalarial activityL{], anticancer activity (which may, at least in part,
be mediated by its inhibition of fatty acid syntepf 5-17] and antagonist activity at tikeopioid receptor 18]. All
these biflavonoids isolated and there derivativescammon in edible plants used in traditional roiei to treat a
wide variety of diseases. Agathisflavone demonstratgnificant activity against influenza A and Buges [19].

The family Ochnaceae is known to be rich in flavidsooxygenated at the 5 position giving regulatabibnoids
with strongly chelategberi hydroxyl groups. This report of campylospermonenBRi Calophyllum adds to that on
the Biflavonoids fronD. integerrima [20] to show that the Ochnaceae family is among theceswf the rare class
of biflavonoids lacking an oxygenated substituarthie 5 position.

HO

HO

Campylospermone B (4)
Figure 1: Structures of compounds (1-4) isolateddm R. Calophyllum.
CONCLUSION

This study relates to the phytochemical investaratof the EtOAc extract obtained from the leavesRof
Calophyllum. This contribution led to the isolation of four knowflavonoids named as Agathisflavone (1),
Amentoflavone (2), 7-O-methylamentoflavone (3), &ampylospermone B (4).
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