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Three new prenylated anthranoids, harunmadagascarity @@ D @) and kenganthranol C8j, together with three

known compounds4(—6) were isolated from the leaves Harungana madagascariensitheir structures were assigned

by spectroscopic methods and by comparison with literature data. In the three new natural pte®)ase or two

prenyl groups are incorporated in furan, pyran, or cyclohexane rings in four different modes of annulation. Compounds
2, 4, and6 were strongly active against the Gram-positRacillus megaterium.

The family Hypericaceae has more than 300 speciasd 1.48, 1.50 (3H each, s); 2.86 (4Bl= 6.2); 4.51 (4H, tJ = 6.2)]
Harungana madagascariensisam. ex. Poir., called “Nketto” by attached to a saturated carbon. This was confirmed i@ &IMR
the Bamileke tribe, represents the only species of this genus inspectra (Table 2), which displayed the resonances of two methylene
Cameroort. Interest in the chemical investigation of this plant is (6 40.1 and 40.7), two methiné (18.2 and 118.3), and four methyl
mainly due to the biological activities of its extracts and the diversity (6 25.6, 25.6, 18.1, and 18.2) carbons. Furthermore, resonances
of its secondary metabolit€s!! The most widely studied constitu-  consistent with am,a,S-trimethylfuran ring{6 3.04 (1H, q,J =
ents are from the class of anthranoids. In our previous studies of 6.9 Hz), 1.37 and 1.32 (3H each, s), 1.14 (3HJds 6.9)} were
the stem bark of this plant, several secondary metabolites wereobserved. The presence of this group was supported by the carbon
isolated and found to be antioxidants and@lucosidase inhibition resonances abd 93.3 (oxygenated Spcarbon), 43.1 (methine
agentst?13 Although several compounds were isolated by other carbon), 28.6, 22.0 (geminal dimethyl carbons), and 14.8 (methyl
researcher$;!! the constituents of the leaves of the plant are less carbon). These substituents were located on the anthrone skeleton
investigated. As part of our ongoing search for biologically active according to HMBC experiments (Figure 3). The long-range
metabolites from Cameroonian medicinal plants, we now report correlation from H-18 1.14) to C-1 ¢ 188.6) and C-3{ 178.9)

on the less polar constituents of the leaves of this plant. suggested the location of ano.,S-trimethylfurano moiety at C-2
) ) C-3. Furthermore, the C-6 methyl group 2.40) displayed cross-
Results and Discussion peaks with C-7 ¢ 111.7), C-6 § 140.3), and C-5¢ 117.8), and

The hexane extract of the leavestbf madagascariensjsipon H-5 (6 6.66) showed a cross-peak with C-10 {15.2). Addition-
column chromatography and further purification of the chromato- ally, H-10 (6 7.09) showedJ correlation with C-4 ¢ 46.7), which
graphic fractions by preparative TLC, afforded three new anthra- in turn correlated with H-12 and H-1Z6 4.51). Thus, the two
noids, 1—3 (Figure 1). prenyl groups were located at C-4. From the a_bove evidence, the

Anthranoid1, named harunmadagascarin C, was obtained as anStructure of harunmadagascarin  fas determined ast(-8,9-
orange oil, 1] +9.1 (¢ 0.09, MeOH). The molecular formula d|hydroxy-4,4-bls(3,3_—d!methy_lalIyI)-6-methyI-2,3-_(2,2,3-tr|meth-
was determined as g0, by HREIMS [M]* m/z 460.2610 in yIfurano)gnthrone. This is thg first report of ay,S-trimethylfuran
conjunction with NMR data. The IR spectrum exhibited bands due @nthranoid annulated ring in a natural product, and the furan
to hydroxy groups atvmax 3705, 3416 and a carbonyl function at substitution pattern_was found only in some synth_etlc compounds
Vmax 1602. The UV bands diyn, 203, 241, 309, and 407 nm were  asan abnormal Claisen rearrangement produetaidimethylallyl
similar to those of harunmadagascarins A ant Byggesting that ~ ethersi®~*” The absolute configuration of C-18 could not be
1is an anthrone derivative. In tHél NMR spectrum (Table 1), ~ €stablished.
the deshielded resonances)at17.00 and 10.03 were assigned to Anthranoid 2, named harunmadagascarin D, was isolated as
two hydroxy groups located in the harunganin type structure at C-9 optically active yellow crystalsof]2% —64.2 [c 0.14, (CH;).CO].
and C-8, respectiveliz4 The aromatic proton region displayed Its molecular formula €Hs6O0s was deduced from the HREIMS,
one sharp proton resonancedat.09 and one set of AX resonances which showed the molecular ion peak [Mat m/z 476.2146. The
ato 6.95 and 6.66 (1H each, d= 0.9) assignable to m-coupled IR bands appeared af.x 2966 (hydroxy), 1721 (carbonyl), and
proton. These resonances were assigned to H-10, H-5, and H-7,1628 (conjugated carbonyl) crh The absorption bands observed
respectively, by comparison with the NMR data of harunmadagas- in its UV spectrum afimax 230, 281, 389, and 423 were similar to
carins A and B2 The three-proton resonance@®.40 could be those of kengaquinone, a 1,4-anthraquinone isolated recently from
assigned to the C-6 aromatic methyl. TheNMR spectrum (Table the same plan The presence of the two carbonyl groups was
1) also showed resonances due to two prenyl grodids42, 1.46, confirmed by thel3C NMR spectrum, which showed resonances
at 0 201.6 and 207.2. Th#H NMR spectrum showed one singlet
* To whom correspondence should be addressed. 1237 9977094, for an aromatic methyl group a 2.38, two hydroxy proton

E-mail: fkouam@uycdc.uninet.cm (kfogue@yahoo.com). resonances ab 15.77 and 9.63, and the presence of typ-
lﬂighef T,;eacfhsrsd’ Ttr)aining College. dimethylallyl moieties. The two hydroxy groups were located at
. Umgz:g of Vaounaa C-9 and C-8 and the methyl group at C-6 on the basis of biogenetic
UH.E.J. Research Institute of Chemistry. consideration@vmanq b_y comparison of the spectroscopic data with
#Technical University of Braunschweig. those reported for similar compoun®%!2The 13C NMR spectrum
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Figure 1. Structures of compounds—6 isolated fromH. madagascariensis.

Table 1. 'H NMR Data of Harunmadagascarins © @nd D @) and Kenganthranol D3] (6 ppm, 400 MHz, CDGJ)

H 1 2 3
1-C=0 (OH) 13.07 (1H, s)
2 3.14 (1H, s) 6.44 (1H, s)
5 6.66 (1H,dJ=0.9)
7 6.95 (1H,dJ=10.9) 6.74 (1H, s)
8-OH 10.03 (1H, s) 9.63 (1H, s) 12.40 (1H, s)
9-OH 17.00 (1H, s) 15.77 (1H, s)
10 7.09 (1H, s) 7.23 (1H, s)
11 2.86 (2H,dJ)=6.2) 2.83 (1H, ddJ) = 6.4, 15.5) 7.63 (1H, d)=10.5)
2.64 (1H, ddJ=5.9, 15.5)
17 2.86 (2H,dJ=6.2)
12 451 (1H,t)=6.2) 4.94 (1H, ddJ =5.9, 6.4) 5.67 (1H, d)=10.5)
12 451 (1H,tJ=16.2)
14 (pro2) 1.42 (3H, s) 1.72 (3H, s) 1.44 (3H23s)
14 (pro-2) 1.46 (3H, s)
15 (proE) 1.48 (3H, s} 1.60 (3H, s) 1.42 (3H, 3)
15 (pro-E) 1.50 (3H, s}
16 2.54 (1H, ddJ = 4.2, 14.8) 3.13(1H,dd1=5.0, 16.7)
2.18 (1H, ddJ= 1.6, 14.8) 2.70 (1H, dd] = 0.8, 16.7)
17 3.61(1H, ddJ=1.6, 4.2) 4.75 (1H, dd] = 0.8, 5.0)
18 3.04 (1H,gJ=6.9)
19 1.37 (3H, 9 1.29 (3H, s) 1.45 (3H, s)
20 1.32(3H, 9 1.04 (3H, ) 1.19 (3H, s)
CHs-18 1.14 (3H,dJ)=6.9)
CHs-6 2.40 (3H, s) 2.38(3H, s) 2.19 (3H, s)
21 3.52(2H,dJ)=6.1) 3.43 (1H, ddJ = 6.5, 11.8)
3.39(1H,ddJ=5.4,11.8)
22 4.94 (1H,t)=16.1) 5.03 (1H, ddJ = 5.4, 6.5)
24 (proZ) 1.82 (3H, s) 1.78 (3H, s)
25 (proE) 1.66 (3H, s) 1.67 (3H, s)

a.bResonances with the same superscripts in the same column may be interchanged.

displayed resonances that corroborated the presence of,pwo resonances ab 1.29 and 1.04 (methyl groups) displayed cross-
dimethylallyl moieties at) 27.3, 32.7 (methylene carbons), 122.7, peaks with the carbon resonances)at8.9 (C-18), 73.9 (C-17),
120.0 (methine carbons), 131.6, 133.3 (quaternafycgpbons), and 70.4 (C-2). The proton attached to the latter carbon also showed
and 18.0, 18.1, 25.6, 25.8 (methyl carbons). In the HMBC spectrum, 2] correlations with the quaternary carboryat8.9 (C-18) and the

one of the protons resonatinga#.94 (H-22) showed a correlation  two carbonyl groups at 201.6 (C-1) and 207.2 (C-3) and

with C-5 (6 126.3), which in turn showed cross-peaks with H37 ( correlations with the resonances@f73.9 (C-17), 111.4 (C-9a),
6.74) and CH-6 (0 2.38). The proton resonating at4.94 (H-12) and 52.5 (C-4), demonstrating the attachment of fragraeattC-2
displayed a correlation with the carbon resonancé 52.5 (C-4). and C-4. Thus, the observed NMR resonances are characteristic of
These observations indicated the attachment of the two prenyl compound. The structure assignment was confirmed by its HMBC
groups at C-4 and C-5. The proton resonating) at.23 (H-10) spectrum and by comparison of itsl and 13C NMR data with

was correlated with the carbon resonancé 52.5 (C-4), supporting those reported for harunganih.The assignment of the relative
the location of a prenyl moiety at C-4. TH&l NMR spectrum configuration as shown in structupxFigure 1) was based on the
showed a set of resonances corresponding to fragiefigure fact that the fnetd bridge on C-2 and C-4 of the three carbons
2) atd 1.29 and 1.04 (two methyl groups bonded to nonprotonated C-16, C-17, and C-18 had to be on the same side. In addition, the
aliphatic carbons), 3.61 (an oxymethine), and 2.54 and 2.18 (a $-orientation of 17-OH was unambiguously established on the basis

methylene group). of the coupling constant$s 7= 1.6 and 4.2 Hz. The absence of
This finding was supported by the appearance in*#teNMR anytrans-diaxial coupling placed 17-H in an equatorial and hence

spectrum (Table 2) of resonancesda?3.8, 26.6 (2x CHs), 73.9 17-OH in an axial position.

(CHOH), 48.9 (quaternary carbon), and 47.7 C&hd the presence Interestingly, the prenyl side chain at C-4 is annulardalike

of characteristic fragments atz 390 [M — CsH;00] and 324 [M onto the anthracene moiety. Possibly, the cyclization was initiated

— CsHg — CsH;100] in the EIMS. In the HMBC spectrum, the two by attack of the nucleophilic C-2 on an epoxidized prenyl side chain.
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Table 2. 13C NMR Data of Harunmadagascarins ) (100
MHz) and D @) (125 MHz) and Kenganthranol C3) (100
MHz) (6 ppm, CDC})

C 1 2 3

1 188.6 201.6 165.5
2 118.1 70.4 106.6
3 178.9 207.2 161.9
4 46.7 52.5 113.8
da 140.2 138.9 132.2
5 117.8 126.3 120.1
6 140.3 142.0 144.1
7 111.7 114.4 129.0
8 157.2 155.9 158.8
8a 111.2 115.5 109.7
9 162.9 164.4 190.7
9a 109.7 111.4 110.2
10 115.2 112.6 101.2
10a 138.0 136.7 136.2
11 40.7 327 120.3
11 40.22

12 118.2 120.0 129.2
12 118.%

13 134.2 133.3 76.5
13 134.2

14 (proZ) 18.1 18.1 28.%
14 (pro-2) 18.Z

15 (proE) 25.6 25.8 283
15 (pro-E) 25.6

16 47.7 29.0
17 93.3 73.9 82.5
18 43.1 48.9 81.5
19 22.0 23.8 24.8
20 28.8 26.6 29.9
CHs-18 14.8

CHs-6 21.9 20.9 155
21 27.3 24.8
22 122.7 121.6
23 131.6 132.2
24 (proZ) 18.0 17.9
25 (proE) 25.6 25.7

Kouam et al.

presence of 30 resonances, including seven methyls, five methines,
two methylenes, and 16 quaternary carbons, among them resonances
for an oxymethine ¢ 82.5), a quaternary oxygenated carbon (
81.5), and an acetal carbon atomdat01.2. The HMBC spectrum
showed that the two C-18 methyl proton resonandes.45 and
1.19) correlated with the oxymethine (82.5, C-17) and the
guaternary oxygenated carbah §1.5, C-18), and H-17 at 4.75
(oxymethine) exhibited correlations with C-10 @t101.2 (acetal
carbon). These observations were conclusive for the deduction of
fragment B (Figure 2). This fragment was confirmed by the
characteristic ions atVz 101 [GHyO,] and 387 [M— CsHgO;] in

the EIMS. Furthermore, in the HMBC spectrum the methylene
proton resonances at3.13 and 2.70 showed and?J correlations

with the oxymethine carbon at82.5 and the quaternary oxygenated
carbon ai 81.5, respectively, and the proton resonanceé 475
(oxymethine, H-17) displayed a cross-peak with G38.20.1). In
thelH—1H COSY spectrum, H-17 at 4.75 exhibited correlations
with the two resonances at 3.13 and 2.70 attributed to the
methylene protons at C-16. These findings were in agreement with
the junction of fragmenB at C-5 and C-10. Inspection of molecular
models led to the conclusion that the 10,17 oxygen bridge had to
becis, and structur@ in Figure 1 shows the relative configuration.
The remaining 2,2-dimethylpyran fragment was located at C-3, C-4
on the basis of the following observations. In the HMBC spectrum,
correlations were observed from the hydroxy resonanéel&t07
(OH-1) with C-1 ¢ 165.5), C-9a ¢ 110.2), and C-2{ 106.6).

The last carbon was found to be attached to one aromatic proton
in the HMQC spectrum, suggesting the location of a 2,2-dimeth-
ylpyran group at C-3 and C-4. Further confirmation was the
correlation of the vinyl proton resonanced¥.63 with the carbon
resonances ai 161.9 (C-3), 113.8 (C-4), and 132.2 (C-4a). On
the basis of the above spectroscopic data and by comparison with
previously reported anthranoiéist* the structure of kenganthranol

D was fully assigned. Quinone acetals are extremely rare natural
products. The anthraquinone acetal found in kenganthranol D is

a-dResonances with the same superscripts in the same column maythe first report of such a functional group in a secondary plant

be interchanged.

E -
#\/OH ig>_

Figure 2. FragmentsA (compound?) andB (compound3).

The optically active (]2 +21.4) anthranoi, named ken-
ganthranol D, was isolated as yellow crystals, mp 163 From
HREIMS data vz 488.2146; calc 488.2198), its molecular formula
was found to be ¢H3,0s. The IR spectrum of3 indicated the
presence of hydroxy (3320 crf and conjugated carbonyl (1631
cm~1) groups. Its'TH NMR spectrum showed the presence of two
deshielded hydroxy groups at13.07 and 12.40. Th&C NMR
spectrum exhibited a resonance of only one carbonyl group at
190.7, suggesting a 1,8-dihydroxyanthronoid skel&tBn'* Ad-
ditionally, theH NMR spectrum showed resonances that could be
assigned to an aromatic methyl groudpZ.19 (3H, s)], one prenyl
group [0 5.03 (1H, ddJ = 5.4, 6.5), 3.43 (1H, dd] = 6.5, 11.8),
3.39 (1H, dd,J = 5.4, 11.8), 1.78 and 1.67 (3H each, s)], and a
2,2-dimethylpyran moietyd 1.44 and 1.42 (3H each, s), aid
5.67 and 7.63 (1H each, d= 10.5)]. The aromatic methyl group
resides at C-6 according to HMBC analysis and in agreement with
biosynthesis® In the HMBC experiment, the long-range correlation
(3J) observed between the H-6 methylene proton resonangs9)
and C-6 ¢ 144.1) and C-8d 109.7) suggested the location of a
prenyl moiety at C-7. This was confirmed by a resonancel#.40
(hydroxy group), which exhibited correlations with three carbons
including C-8 ¢ 109.7). The BB and DEPT spectra revealed the

metabolite. However, a related compound was isolated during the
fermentation process dAspergillus as described in a Japanese
patent!’

Apart from compoundL, the isolated compounds were tested
for antibacterial, antifungal, and algicidal activities (rough correla-
tion with herbicidal activities) (Table 3). Compourtshowed
strong activity in all three tests. Compoundsand 6 showed
antibacterial activity against the Gram-positive bact@&aillus
megaterium Compounds3 and5 were not active in these tests.

In summary, the structures of three new antibacterial anthranoids
are presented. The prenyl side chains are annulated in four different
modes, resulting in tetra- and hexacyclic anthranoid ring systems.

Experimental Section

General Experimental Procedures.Optical rotations were mea-
sured on a JASCO DIP-360 digital polarimeter using a 10 cm cell.
UV spectra were obtained on a Hitachi UV 3200 spectrophotometer,
and IR spectra were recorded on a JASCO 302-A spectrophotometer
in KBr disks. Mass spectra and HREIMS were recorded on a JEOL
HX 110 mass spectrometer. 1D and 2D NMR spectra were obtained
with Bruker Avance AMX 400 and AMX 500 MHz NMR spectrom-
eters, with TMS as an internal standard. The chemical shifts are given
in ppm ©), and coupling constantgl)(are in Hz. Silica gel [Merck,
Kieselgel 60 (0.0760.230 mm) and 0.0230.040 mm] was used for
column chromatography; precoated silica gel plates (Merck, Kieselgel
60 Fs4 0.25 mm and 1 mm) were used for TLC and preparative TLC
analysis. Spots were visualized under UV light (254 and 366 nm) and
by spraying with ceric sulfate followed by heating.

Plant Material. The leaves (1.45 kg) dfi. madagascariensizere
collected (March 2004) from the Keng district, Bandjoun, West
Province of Cameroon. Authentication was performed by comparison
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~eeee- -—TH-'H-COSY

HMBC
Figure 3. SelectedH—H COSY and HMBC correlations for compoundls-3.

Table 3. Biological Activity of the Pure Compounds

isolated compounds

1H and*C NMR, see Tables 1 and 2; EIM®&z (rel int): 488 (60),
473 (100), 430 (29), 415 (88), 387 (9), 371 (5), 345 (5), 332 (5), 186
(5), 101 (7), 69 (2); HREIMSm/z 488.2146 (calcd for gH3:Os,

microbial activities 2 3 4 5 488.2198).
antibacterial (Bm) a - - 9 - 6 Bioactivity: Agar Diffusion Assay. The compounds to be tested
b 10 - 12 - 10 were dissolved in acetone at concentrations of 1 apd)/GL. Fifty
antifungal (Mb) a - - - - - microliters of each solution was pipetted onto a sterile filter disk, which
o b - - 12 - - was placed onto an appropriate agar growth medium for the respective
algicidal (Cht) k? - - 1_0 - - test organism and subsequently sprayed with a suspension of the

respective test organisthThe disks (9 mm) were air-dried, placed on
an inoculated agar plate, and incubated at’@8overnight. The test
5 ugluL) were tested in an agar diffusion assay for inhibitions of organisms wer8. megateriunfNB medium),M. violaceum(Mb), and
Bacillus megateriunBm), Chlorella fusca(Chl), andMicrobotryum C. fusca(MPY); the radius of the zone of inhibition was measured in
violaceum(Mb). The radius of the zone of inhibition was measured in  mm.

mm. (—): inactive

aCompound=2—6 (50 4L at a concentration of (a) 2g/uL and (b)

Acknowledgment. The authors are grateful to the Alexander von
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the University of Paderborn, Germany.

with herbarium specimens at the National Herbarium, Yabéunde
Cameroon, where a voucher specimen (HNC 32358, SRF/3338) is
deposited.

Extraction and Isolation. The pulverized leaves dfi. madagas-
cariensiswere extracted twice with MeOH at room temperature for 48 References and Notes
and 8 h. The extract was concentrated in vacuo to obtain a residue of (1) Hutchinson, J.; Dalziel, J. MFlora of West Tropical Africa
210 g. This residue was re-extracted with hexane, and the hexane- Millbank: London, 1954; Vol. 1, Part 1, pp 28&90.
soluble portion (18.3 g) was subjected to column chromatography (CC)  (2) Hedin, L. Etude sur la Fofe et les Bois du CamerourLibrairie
over a silica gel column (60120 mesh, 180 g) using hexane with a Larousse, 2001; pp 123124
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48:2, and 47:3 mixtures. Repeated column chromatography of sub-
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