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Abstract—From the dichloromethane extract of leaves of Macaranga pleiostemona, four antibacterial prenylated
flavanones were isolated. Their structures were elucidated by analysis of their spectral data. One, macarangaflavanone
A, is a new compound, the remaining three are previously reported natural products. Macarangaflavanone B is clearly
shown not to be euchrestaflavanone A. Euchrestaflavanone A and lespedezaflavanone B are revealed to be identical

natural products.

INTRODUCTION

Macaranga pleiostemona is an erect shrub or tree en-
demic to New Guinea in regrowth areas and at forest
margins [1]. Contact with the leaves of this species pro-
duces, in some individuals. an allergic dermatitis-like
reaction [1]. Local healers apply fresh or dried leaves of
many Macaranga species to fresh cuts, sores, swellings,
bruises and boils [2—4]. This plant species is also used to
relieve headache, leaves being heated and applied directly
to the forehead [3. 4]. Chemical investigations have been
made on various Macaranga species: previously,
a prenylated compound, the geranyl-substituted
flavonol, macarangin, has been isolated from M.
vedeliana [5].

In the present study, the petrol, dichloromethane
(DCM), ethyl acetate, methanol and methanol-water
(4: 1) extracts of air-dried leaves of M. pleiostemona were
screened for their potential biological activities. The
DCM extract was found to exhibit significant antibac-
tertal activity. The current report describes the isolation
and structural elucidation of the new antibacterial active
flavanone, macarangaflavanone A (1). as well as of the
three known compounds macarangaflavanone B (2), eu-
chrestaflavanone A (3) and bonannione A (4) [6-10].

RESULTS AND DISCUSSION

Bioactivity-guided fractionation of the DCM extract
of air-dried leaves by silica gel vacuum liquid chromato-
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graphy (VLC) and medium-pressure liquid chromatogra-
phy (MPLC), followed by reverse-phase HPLC, as de-
scribed in the Experimental, led to the tsolation of the
four substituted flavanones (1-4).

Compound 1 was obtained as a greenish oil, which
analysed by HR EI mass spectrometry for C,sH,5O5. Its
UV (MO nm = 286, 320 (sh)), 'H NMR [62.37 (1H, dd,
J =17.1, 3.0 Hz, H.¢-3), 2.63 (1H, dd, J = 17.1, 13.0 Hz,
H,.-3), 4.76 (1H, dd, J =13.0, 3.0 Hz, H-2), 12.83 (s,
OH-5)] and '>*C NMR data (see Table 2 below) indicated
it to be a flavanone derivative. Positive UV-shifts after
the addition of sodium methanolate, sodium acetate and
aluminium chloride showed the hydroxyl groups at C-5
and C-7 to be free [11]. The substitution pattern of ring
B was analysed by '"HNMR [§6.54 (1H, d, J = 8.2 Hz,
H-5), 6.90 (1H, dd, J = 8.2, 2.3 Hz, H-6'), 7.05 (1H, d,
J = 2.3 Hz, H-2")] and 2D ROESY, which revealed NOE
interactions between H-6" and H-2 and H,-3, and be-
tween and H-2" and H-2 and H,-3, as being 1, 3 and 4.
The 'HNMR spectrum also indicated the presence of
a geranyl moiety [31.56, 1.64, 1.71 (each 3H, s, CH,)], 3.33
(2H. d, J = 7.2 Hz, ar-CH,~-CH =), 5.18 and 5.38 (each
IH. brt, J = 6.8 and 7.2 Hz, CH,~CH =), 2.06 and 2.15
(each 2H, m, H-5" and H-6"). Since the 2D ROESY
spectrum showed NOE interactions between H,-1” and
H-2', the geranyl group was assigned to C-3". This deduc-
tion was further supported by the EI mass spectrum of 1,
in which two prominent fragment ions were observed at
m/z 255 and 153, caused by a retro-Diels—Alder (RDA)
fragmentation [12], indicating the geranyl moiety and
the third hydroxyl group to be on ring B. The one chiral
centre within 1 was assigned the S-configuration on the
basis of its negative optical rotation and literature pre-
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cedents [13]. From the above analysis. the structure of 1.
for which the trivial name macarangaflavanone A is
proposed. was concluded to be 3'-geranyl-4'.5.7-trihyd-
roxyflavanone.

Compound 2 was also obtained as a greenish oil and
found by HR EI mass spectrometry to have the molecu-
lar formula C,5H,30+. From its UV [2M9H nm = 293,
332(sh)]. '"HNMR [02.77 (1H. dd. J = 17.2. 3.1 Hz, Hp-
3). 3.08 (1H. dd. J = 17.2. 13.1 Hz. Hx-3). 5.30 (1H. dd.
J =13.1. 3.1 Hz. H-2). 1240 (s, OH-5)] and '*C NMR
spectra 1t was evident that it too was a substituted
flavanone. The positive UV-shifts observed after the ad-
dition of sodium methanolate and sodium acetate in-
dicated the hydroxyl groups at C-5 and C-7 to be free
[11]. The '"HNMR spectrum further displayed reson-
ances indicative of two 3-methyl-2-butenyl (isoprenyl)
groups {3 1.78 (12H. 5. CH; x 4). 3.35 (2H, d. J = 7.6 Hz
ar-CH,-CH=) and 338 (2H. 4. J =7.1Hz
ar-CH,-CH =), 5.27 and 5.32 (each m, CH,~CH =]. The
P3C NMR resonances at ¢ 106.8 {s) and 95.5 (d) indicated
that one of the A-ring carbons was substituted when
compared to 1 (see Table 2), as did the chemical shift for
OH-5(612.40) [14]. The absence of a bathochromic shift
i the UV spectrum of 2, after the addition of aluminium
chloride, indicated the substituent to be at C-6 [15]: one
3-methyl-2-butenyl group is located at C-6. Since the
"HNMR spectrum of 2 displayed the characteristic sig-
nal pattern for an 1'.3"4'-substituted aromatic ring (B-
ring), the other 3-methyl-2-butenyl group must thus be at
C-3', as in 1. Further support for these deductions was
found in the EI mass spectrum of 2. which contained two
prominent fragment ions at m/z 220 and 188, consistent

with a RDA fragmentation [11], indicating one isoprenyl
moiety to be on ring A, and the other and one hydroxyl
group to be on ring B. From this analysis, the structure of
2 was concluded to be 4',5,7-trthydroxy-3',6-bis(3-methyl-
2-butenyl) flavanone.

The '"HNMR spectral data of 2 are essentially the
same as those of euchrestaflavanone A [9], the structure
of which has, since its first publication [6], been revised
and shown to be 4',5,7-trihydroxy-3',8-bis(3-methyl-2-bu-
tenyl) flavanone [7]. Hence, 4',5,7-trihydroxy-3',6-bis(3-
methyl-2-butenyl) flavanone, isolated from Schoenus nig-
ricans [9], and Lotus creticus [16] is not euchresta-
flavanone A. For this reason, it is proposed that 4',5,7-
trihydroxy-3'.6-bis(3-methyl-2-butenyl) flavanone be re-
named as macarangaflavanone B (2).

Compound 3 was obtained as a green oil whose UV,
IR, mass and 'H NMR [7] spectral data were consistent
with those of 4'.5,7-trihydroxy-3',8-bis(3-methyl-2-bu-
tenyl) flavanone, isolated from Euchresta japonica and
reported as euchrestaflavanone A [7]. This compound
was subsequently isolated from Lespedeza davidii and
called lespedezaflavanone B [8]. Hence, euchresta-
flavanone A and lespedezaflavanone B are the same
compound. For 3, complete and unambiguous 'H and
'3C NMR data are now reported in Tables 1 and 2 [17,
18], as they were found to be either incompletely re-
ported [8] or recorded in different solvents [7, 19] pre-
viously. The '"HNMR spectrum of compound 3 was
unambiguously compared to the spectrum of an auth-
entic sample of the same compound.

Compound 4 was identified as bonnanione A. Its spec-
tral data (‘H NMR, '3C NMR and EI mass spectra) were
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Table 1. "H NMR data of flavanones 1--3 [CDCl,. 300 MHz. coupling constants J(Hz)]

=

Lo Ly b2

“

T2
)

1

SQ oY B = XD

|

* [n benzene-d,.

1* Proton 2 3

4.76 dd (3.0, 13.0) 2 S30 dd (3.1, 13.1) 5.33 dd (3.1, 12.9)
263 dd (130, 17.1) 3. 308 dd (13.1. 17.2) 3.05dd (129, 17.1)
237 dd (3.0. 17.1) 3eq 277dd (3.1, 17.2) 277 dd (3.1, 17.1)
283 s S 12.40 § 1201 s

6.00 d (1.9 6 6.02 s

5.96 d (1.9 8 6.0 s

705 d(2.3) 2 TR d (1) 717 d (2.2)

6.54 d (8.2) 5 6.84 d (8.2} 6.85 d (8.1)

6.90 dd (2.3. 8.2) 6 7.19 dd (1.9, 8.2) 7.19 dd (2.2, 8.1}
3.33d1{7.2) 17 IR A(TIR 3.39 d (7.3)**
S38 brt (7.2)% 2" 332 mt S.33 m**

1.64 « 4” 178 s 1.79 s

2.06 m§ 5 17K s 1.79 s

215 m§ [ 335d (768 3.31d(7.3)**
S8 brr (6.8)F 2 327 mt 521 m**

1.56 % 4 178 5 1.79 s

1.71 5 1.7 1.79 s

.18, % Values interchangeable.
** Assigned from 2D ROESY spectrum which showed NOE interactions between H-1” and
H-2', H-1" and H-2", H-1" and H-4" rsp. H-5". H-2" and H-2', H-2" and H-4" rsp. H-5"; and
between H-1"" and H-2"". H-1"" and H-4"" rsp. H-5". H-2"" and H-4" rsp. H-5"".

Table 2 **C NMR data of flavanones 1-3 (CDCl;, 75 MHz)

Carbon 1* Carbon 2 3
2 79.2 d* 2 790 d 789 d
3 4321 3 433 4321t
4 196.3 5 4 196.3 « 196.5 s
5 165.1 5% 5 161.2 st 1623 st
6 96.8 d§ 6 106.8 5 96.8 d
7 165.2 s% 7 163.7 5% 163.6 st
8 954 d§ 8 95.5d 106.0 s
9 163.8 st 9 161.2 st 159.8 st
10 103.6 5 10 1030 s 1030 s
I 1310 s I 130.6 s* 130.8 s
2 128.6 d 2 1282 d 1280 d
¥ 131.0 3 127.3 54 1308 s
4 155.1 5 4 154.9 & 1547 5
5 1159 s h) 116.0 d 11594
& 1259 d 6 1257 d 125.5d
1" 2971 1" 299 ¢ 298d
2" 1222 d 2 1214 d| 1216 d
3" 1380 ¢ 3 135.7 g** 135.4 stt
4" 16.1 g & 17.9 g+ 178 di?
5 400 1 5 258 dtt 25.8 gt
6" 2681 1 2000 218d
7" 1244 d 2 121.2d 121.2d
8" 131.7 s 3 135.4 s** 135.1 stt
9" 177 g3t 4 17.9 gt* 178 gt
10" 25.8 gt 5 255 gt 258 git

+Multiplicities by DEPT.
*In benzene-d,.

{Data assigned by comparison with ref. {17]

§,€. [ Values interchangeable.

tiData assigned by comparison with ref. [18].

in good agreement with those published [10]. For this
compound, as was the case for compounds 1-3, all
of the reported 'H and '*CNMR assignments were
confirmed from the results of extensive 2D NMR correla-
tion measurements, including 'H-'HNMR COSY,
'H "*C NMR HMQC and HMBC.

The antibacterial potency of all compounds (1-4) was
assessed against Escherichia coli and Micrococcus luteus
[20]. All were shown to have significant antibacterial
activities consistent with the traditional uses of this plant
species [2-4] (Table 3).

EXPERIMENTAL

General. Silica gel 40--63 um (Merck) was used for
silica gel VLC and 15 um for MPLC. HPLC was per-
formed with a 16 mm x 250 mm column packed with
reverse-phase material (Spherisorb S5 ODS II (Knauer)).
NMR spectra were recorded at a basic frequency of
300 MHz: solvent resonances were used as int. refs.
EIMS were measured at 70 eV.

Plant material. Leaves of M. pleiostemona Pax & K.
Hoffm. were collected in April 1991, near Mendi, Papua
New Guinea. A voucher specimen has been deposited at
the Rijksherbarium (ETH 91/13 1-04-91), University of
Leiden (The Netherlands).

Bioassavs. Crude extracts, chromatographic frs and
pure compounds were assayed for antibacterial activity
against Escherichia coli (ATCC 25922) and Micrococcus
luteus (ATCC 9341), using a bioautographic method
201,



Table 3. Antibactenal activities of compounds 14

Minimum growth inhibition
amount in ug on TLC

Compound E. coli M. luteus
1 0.5 0.3

2 0.5 0.5

3 0.5 0.5

4 0.5 0.5
Chloramphenicol ~ 0.05 0.05

Extraction and isolation. Air-dried leaves (1500 g) were
continuously percolated with n-hexane followed by
CH,Cl,, EtOAc. MeOH and then MeOH-H,O0 (4: 1) at
room temp. The CH,Cl, extract was subjected to silica
gel VLC with hexane containing increasing proportions
of EtOAc. Further purification by VLC with hexane-
CHCl; Me,;CO (5:3:2), EtOAc and a MeOH step-
gradient was done to remove chlorophyll. Separation by
MPLC with hexane-EtOAc-MeOH (16:4:1) and final
purification by RP-HPLC with MeOH-H,0 (3: 1) led to
the isolation of compounds 1 (48.3 mg), 2 (5.0 mg).
3 (3.1 mg) and 4 (15.6 mg).

Macarangaflavanone 4. 3-Gerunyl-4' 5.7-trihvdroxy-
flavanone (1. HREIMS m = 408.1877 (C,5sH,5O5 requires
408.1929). EIMS m/z (rel. int.): 408 [M]" (< 1). 255
[CisH,30]7 (< 1) 153[C-Hs0,]" (32). [2]3° — 13.5
(CHCly; ¢ 0.25). UV 250" nm (log e): 286 (4.10), 320 (sh)
(3.60); + NaOMe: 247 (4.12), 323 (4.32); + AICl,: 311
(4.23), 377 (3.41); + AICl; + HCL: 310 (4.19), 377 (3.43):

+ NaOAc: 324 (4.29); + NaOAc + H;BO,: 288 (4.10).
IR VAT em™': 3390 (OH); 2970, 2920 (C = CH); 1640
(conj. C=0); 1610, 1510. 1460 (ar. C=C). '"HNMR:
Table 1. '*C NMR: Table 2.

Macarangaflavanone  B. 4 57-Trihydroxy-3',6-bis(3-
methyl-2-butenyl) flacanone (2). HREIMS m/z 408.1929
(C25H,505 requires 408.1929). EIMS m/z (rel. int.): 408
[M]™ (45), 221 [C,H 30477 (21), 220 [C1,H,O4]"
(25). 219 [C3H,,04]" (20). 188 [C,3H,sO]" (21).
[2]3° 0.0 (MeOH; ¢ 0.5). UV iMeOH nim (log e): 293 (4.25),
332 (sh) (3.59); + NaOMe: 247 (4.29). 330 (4.43):
+ AlCl;: 295 (4.19),  + AICl, + HCl: 297 (4.15);
+ NaOAc: 330 (4.28); + NaOAc¢ + H3;BO;: 294 4.21).
IRVvR em™ ' 3360 (OH). 2970, 2920 (C = CH); 1640
(conj. C=0); 1600, 1500, 1450 (ar. C =C). ITHNMR:
Table 1. '3C NMR: Table 2.

Euchrestaflavanone A. 4'.5,7-Trihydroxy-3' 8-bis(3-me-
thyl-2-butenyl) flavanone (3). EIMS identical with those
of lespedezaflavanone B [8] and euchrestaflavanone
A6, 7] [218° —21.7 (MeOH; ¢ 0.25), f. — 350 [7].
~29.1 [8]. UV shifts agree with those of lespedeza-
flavanone B [8]. IR spectral data comparable with those
of lespedezaflavanone B [8] and euchrestaflavanone
A [6. 7]. '"HNMR: Table 1. '*C NMR: Table 2.

Bonannione A, 6-Geranyl-4'.5,7-trihydroxyflavanone
{4). EIMS in agreement with that of bonannione A [14].
(215" =31 (CHCly: ¢ 0.5, of —26 [10] UV

B. A. SCHUTZ et al.

7mat nm (loge): 293 (4.26), 329 (sh) (3.61); + NaOMe:
246 (4.47). 329 4.37); + AICl;: 295 (4.19); + AICl,
+ HCL: 300 (4.16); + NaOAc: 329 (4.30); + NaOAc
+ H;BO;: 294 (4.22). IR v cm™!: 3350 (OH); 2920
(C=CH); 1640 (conj. C=0); 1600, 1520, 1490 (ar.
C=C). 1H and '*C NMR spectral data are consistent
with those mn ref. [10].
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