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A new pentaÑavonoid, ochnachalcone, was isolated from the stem bark of Ochna calodendron and its structure
elucidated by spectroscopic means including HMQC, HMBC and ROESY experiments.

The bark of Ochna calodendron Gilgiana and Mildbraedii
(Ochnaceae), indigenous to Central Africa (Gabon, Congo
Brazzaville, Equatorial Guinea, Republic of Central Africa
and Cameroon), has been used in traditional medicine as a
remedy for the treatment of toothache, liver infections and
dysentery.1 O. calodendron is also a rich source of biÑavonoids
and isoÑavonoids. Previous phytochemical studies have
reported the isolation of chalcone dimers such as calodenone,
lophirone K and calodenins A, B and D, as well as the known
isoÑavonoids irilone and 3@- and 4@-methoxyirilone.2h5 The
renewed interest in these classes of compounds6h8 prompted
us to undertake a new thorough chemical investigation of this
plant. Fractionation of the more polar portion of the ethyl
acetate crude extract led to the isolation of a new pentameric
chalcone, ochnachalcone (1) along with two further com-
pounds described for the Ðrst time from this plant, namely
(])-catechin and quercitrin. We report herein the structural
elucidation of the novel pentaÑavonoid 1.

Results and discussion
The new compound 1 was obtained as an amorphous yellow
solid and showed a pseudomolecular [M] H]` ion at m/z
1299 in its (positive) FAB mass spectrum, consistent with the
molecular formula Its 1H NMR spectrum dis-C75H62O21.played signals for 32 aromatic protons, 12 methines and one
methylene Table 1. From detailed analysis of a 1HÈ1H COSY
NMR experiment, the aromatic protons were identiÐed as
belonging to Ðve 1,4-disubstituted and four 1,2,4-trisubstituted
aromatic rings. The aliphatic protons formed three spin
systems : (i) C

b1H(OR1)ÈC
a1HÈC

a2H(C
b2HR2)ÈCc2H(OR3),because 4.69) was correlated to 5.41) andH-a2 (dH H-c2 (dH4.98), whereas 3.85) showed couplingsH-b2 (dH H-a1 (dHwith 4.97) and (ii)H-b1 (dH H-a2 ; Cc3H(OR4)Èbecause 4.47)C

a3H(C
b3HR5)ÈC

a4HÈC
b4H(OR6), H-a3 (dHshowed couplings with 5.17), 4.95) andH-c3 (dH H-b3 (dH H-a43.76), whereas 4.77) was correlated to (iii)(dH H-b4 (dH H-a4 ;

because 3.07)Cc5H2ÈC
a5H(OR7)ÈC

b5H(OR8), H-a5 (dHshowed couplings with 1.23 and 1.79) andH2-c5 , -c5{H H-b53.56). These spin systems were further extended by long-(dHrange COSY correlations into three substructures I, II, III.
Long-range connectivities were observed between andH-b1H-2, 6 7.26, ring), and H-6@ 5.95, ring),(dH A1 H-a1 (dH B1and H-2, -6 7.27, ring) and between andH-b2 (dH A2 H-c2both and H-6@ 7.89, ring) related to substructure I,H-b1 (dH B2between and H-6@ 7.25, ring), and H-2, -6H-c3 (dH B3 H-b3 (dH

7.08, ring) and and H-6@ 5.99, ring) for sub-A3 H-a4 (dH B4structure II and Ðnally between and H-2, -6 7.25,H-b5 (dH A5ring) related to substructure III.

The 13CÈ1H longÈrange connectivities observed in the
HMBC spectrum enabled us to verify the connectivity
between the aliphatic protons and the aromatic rings. Carbon
atoms of the type generally showed correlations withb

i
a
imethines and aromatic protons at 2 and 6 on rings,A

iwhereas carbon atoms of the type were connected with thec
iproton at 6@ on the relative aromatic rings (Table 2). TheB

icarbonyl carbon atom 207.1), which showed cross peaks(dCwith H-a- and with the aromatic proton H-6@ at 5.95H-b1, 1ppm ring), was assigned as whereas the second carbon-(B1 c1,yl carbon atom at 206.8, showing cross correlation peaksdCwith protons at 4.77 3.76 and with the aromaticdH (b4), (a4)proton H-6@ at 5.99 ring), was assigned as In addition,(B4 c4 .
the cross correlation peaks observed between H-b2(substructure I) and the carbon atoms and on theC6 , C5 C4so far unidentiÐed ring, between (substructure II) andB5 H-b3the carbon atoms and ring) and between theC2 , C3 C4 (B5carbon atom 153.0, ring) and the two methyleneC2 (dC B5protons at 1.23 and 1.79 (substructure III) enabled us todHconnect substructure I, II and III as shown in 1.

The relative conÐguration of each substructure was deduced
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Table 1 13C and 1H NMR data for compound 1 TMS)(CD3OD,

Ochnachalcone (1)

C Ring dc dH Mult. J/Hz C Ring dC dH Mult. J/Hz

Isombamichacone moieties
1 B2 120.2 È 1 B3 119.0 È
2 B2 158.5 È 2 B3 158.4 È
3 B2 103.5 6.29 d 2.4 3 B3 103.4 6.17 d 2.4
4 B2 159.2 È 4 B3 158.3 È
5 B2 107.2 6.36 dd 2.4, 8.4 5 B3 107.2 6.14 dd 2.4, 8.2
6 B2 131.4 7.89 d 8.5 6 B3 130.8 7.25 m È
c2 85.1 5.41 d 4.1 c3 84.7 5.17 d 2.8
a2 52.9 4.69 m È a3 50.3 4.47 m È
b2 48.0 4.98 d 13.4 b3 47.7 4.95 d 13.1
1 A2 135.9 1 A3 135.7 È
2 A2 131.4 7.27 m È 2 A3 131.3 7.08 d 8.6
3 A2 115.6 6.54 d 8.6 3 A3 115.5 6.52 d 8.6
4 A2 155.7 È 4 A3 155.7 È
5 A2 115.6 6.54 d 8.6 5 A3 115.5 6.52 d 8.6
6 A2 131.4 7.27 m È 6 A3 131.3 7.08 d 8.6
1 A1 132.4 È 1 A4 131.9 È
2 A1 129.2 7.26 m 2 A4 129.0 7.25 m È
3 A1 116.3 6.80 d 8.7 3 A4 116.2 6.76 d 8.6
4 A1 158.3 È 4 A4 158.1 È
5 A1 116.3 6.80 d 8.7 5 A4 116.2 6.76 d 8.6
6 A1 129.2 7.26 m È 6 A4 129.0 7.25 m È
b1 86.3 4.97 d 7.8 b4 86.5 4.77 d 8.4
a1 61.0 3.85 m a4 60.7 3.76 dd 5.6, 8.3
c1 207.1 È c4 206.8 È
1 B1 114.3 È 1 B4 114.0 È
2 B1 165.9 È 2 B4 166.3 È
3 B1 102.4 5.95 d 2.4 3 B4 102.9 5.98 d 2.4
4 B1 166.1 È 4 B4 166.4 È
5 B1 109.5 4.34 dd 2.4, 8.9 5 B4 109.4 4.63 dd 2.4, 8.9
6 B1 134.0 5.95 d 8.8 6 B4 134.0 5.99 d 8.5

Afzelechin moiety
1 B5 103.4 È 1 A5 131.3 È
2 B5 153.0 È 2 A5 131.4 7.25 m
3 B5 111.9 È 3 A5 115.7 6.91 d 8.6
4 B5 153.7 È 4 A5 158.9 È
5 B5 114.1 È 5 A5 115.7 6.91 d 8.6
6 B5 152.1 È 6 A5 131.4 7.25 m È
b1 82.3 3.56 d 9.7
a1 67.2 3.07 m È
c1 30.8 1.79 dd 6.4, 15.2

1.23 dd 10.3, 15.5

from coupling constant values and mainly from NOE mea-
surements. The large values of the coupling constants between

and Hz), between andH-a2 H-b2 (3JHhH \ 13.4 H-a3 H-b3Hz) and between and(3JHhH \ 13.1 H-a5 H-b5 (3JHhH \ 9.5
Hz) indicated these three pairs of protons to have an antiperi-
planar relationship. The ROESY spectrum showed strong
correlation spots between spin systems belonging to the het-
erocyclic rings, giving information on their relative dis-
position. Strong correlation peaks were observed between

and both and and between and bothH-a2 H-c2 H-b1 H-a3and indicating a cis relative disposition on the het-H-c3 H-b4erocyclic rings to which they are located. Further NOE di†er-
ence measurements conÐrmed these results as well as
assignments that arose from the observation of strong NOEs
between and H-2, -6 ring) (11%), and H-6@H-b1 (A1 H-c2 (B2ring) (10%), and H-6@ ring) (6%), and H-2, -6H-a1 (B1 H-b2ring) (12%), and H-6@ ring) (12%), and H-2,(A2 H-c3 (B3 H-b4-6 ring) (9%), and H-2, -6 ring) (13%), and(A4 H-b3 (A3 H-a4H-6@ ring) (7%) and Ðnally between and H-2, -6(B4 H-b5 (A5ring) (10%).

The relative stereochemistry of the substructure I and II
furan rings was conÐrmed from strong NOEs between H-c2and both (6%) and (5%) but not with andH-b1 H-a2 H-a1for substructure I, and between and bothH-b2 H-c3 H-b4(5%) and (5%) but not with and related toH-a3 H-a4 H-b3

substructure II, suggesting that these spin systems were in cis
relative dispositions in the corresponding substructures.

Substructure III is identical to afzelechin, while substruc-
tures I and II are identical to isombamichalcone,9 a biÑavon-
oid previously described from the stem bark of L ophira
lanceolata and which has a biosynthesis involving the conden-
sation of two chalcone units. It is reasonable to assume that
asymmetric centres in substructures I and II have the same
absolute conÐgurations. This hypothesis leads to the represen-
tation of the relative conÐguration of substructure I with
respect to substructure II as shown in 1, the absolute conÐgu-
ration of the complete molecule not being determined. Struc-
ture 1 is thus proposed for ochnachalcone. To the best of our
knowledge, this report is the Ðrst describing the character-
ization of a pentaÑavonoid from a member of the Ochnaceae
family.

Experimental

General

Column chromatography (CC) was carried out on silica gel 60
(Fluka, 230È400 mesh), silanized silica 60 gel (RP-2) from
Merck using a gradient, and on SephadexH2OÈMeOH
LH-20 (Pharmacia). Elutions were checked by TLC (silica 60
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Table 2 1HÈ13C long-range correlations observed in the HMBC spectrum of ochnachalcone (1)(…)

1H a1 b1 A1 a B1 b a2 b2 c2 A2 a B2 b a3 b3 c3 A3 a B3 b a4 b4 A4 a B4 c a5 b5 c5 A5 a

13C
a1 … … …
b1 … … … …
c1 … … … …
A1 (1, 2/6) … …
B1 (1, 2/6) …
a2 … … … …
b2 … … …
c2 … … … … …
A2 (1, 2/6) … …
B2 (1, 2/6) … …
a3 … …
b3 … … …
c3 … … … … …
A3 (1, 2/6) … …
B3 (1, 2/6) … …
a4 … … … …
b4 … … … …
c4 … … …
A4 (1, 2/6) … …
B4 (1, 2/6) …
b5 … …
b5 … … …
c5 … …
A5 (1, 2/6) … …
B5 … … …

a Refers to protons H-2, 6. b Refers to proton H-2. c Refers to proton H-6.

Merck), using (5 : 1) as the solventF254 , CH2Cl2ÈMeOH
system. TLC was visualized under UV (254 nm) and by spray-
ing with an ethanolic vanillinÈsulfuric acid solution, followed
by heating. The value was measured on a PerkinÈElmer[a]D141 polarimeter, and IR spectra were recorded on a Nicolet
Impact 400D spectrometer. NMR spectra were recorded on a
Bruker AC 300 spectrometer (1H, 300 MHz; 13C, 75 MHz;

with the (d 3.313) signal as internal refer-CD3OD) CHD2OD
ence. Long-range 1HÈ13C COSY NMR spectra were obtained
with J \ 7 Hz. Positive FAB mass spectra were obtained on a
ZAB-HF mass spectrometer.

Plant material

Stem bark of Ochna calodendron Gilg. and Mildbr. was har-
vested in Ngoumbou (Cameroon) in April 1997. A voucher is
deposited in the National Herbarium in (Cameroon).Yaounde�

Extraction and isolation

Sun-dried, ground plant material (30 kg) was extracted with
cool MeOH in a tank equipped with a mechanical stirrer. The
crude extract obtained was concentrated to dryness giving a
dark brown residue (2.5 kg), which was re-extracted with
EtOAc. Further evaporation of the solvent from the soluble
fraction gave a brown solid (600 g), a part of which (140 g)
was fractionated by CC on silica gel with a gradient mixture
of starting from pure to yield 8CH2Cl2ÈMeOH, CH2Cl2 ,
fractions Fraction (8.5 g) containing the pentaÑa-(E1ÈE8). E6vonoid was further chromatographed on an RP-2 column.
Elution with a gradient, starting with pureH2OÈMeOH
water, gave 12 fractions. The Ñavonoid-enriched fraction (2.78
g) was further puriÐed on a Sephadex LH-20 column eluted
with pure MeOH, to yield three fractions (IÈIII). Fraction I
(0.57 g) was re-chromatographed on an RP-2 column eluting
with a mixture of (6 : 4) to a†ord (])-catechinH2OÈMeOH
and quercitrin. Fraction III (0.41 g) was puriÐed by repeated
chromatography over Sephadex LH-20 (MeOH) to yield och-
nachalcone (1), which was further puriÐed on an RP-2 column

70 : 30) to give pure 1 (8 mg).(H2OÈMeOH,

Ochnachalcone (1). amorphous yellow solid ;C75H62O21,(MeOH; c 0.025). IR (KBr) : l/cm~1 3434, 2926,[a]D28] 63
1738, 1665, 1598, 1450, 1376, 1254, 1214, 956, 833. HRFAB-
MS: [M] H]` 1299.2244 (calc. for 1299.2238).C75H62O21 :
(]) FAB-MS: m/z (rel. int) 1299 (2) [M] H]`, 1011 (8), 789
(4), 492 (7), 365 (7), 339 (26), 243 (43), 201 (85), 153 (10), 137 (4),
121 (100), 119 (29), 107 (4), 98 (23). For 1H and 13C NMR
data, see Table 1.
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