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Two new 7,8-dihydro-8-oxoprotoberberine alkaloids, cerasodine (1) and cerasonine (2), were
isolated from the stem bark of Polyalthia cerasoides (Annonaceae).

Polyalthia cerasoides (Roxb.) Bedd. (Annonaceae) is
a medium-sized tree occurring mainly in Asiatic and
Oceanic areas.1 In a previous study on P. cerasoides
several prenylated benzopyran derivatives were
isolated.2-4 We discuss here the isolation and structure
elucidation of two new oxoprotoberberine alkaloids,
cerasodine (1) and cerasonine (2), from the EtOAc
extract of P. cerasoides stem bark. Previous phy-
tochemical studies on Polyalthia species had led to the
isolation of several tetrahydroprotoberberine alkaloids,5-8

some of which presented an ortho-diphenolic substitu-
tion on ring D, and exhibited cytotoxic, antioxidant, and
dopaminergic activity.9-11

Results and Discussion
The EtOAc extract of P. cerasoides stem bark was

fractionated by column chromatography on Si gel yield-
ing alkaloids 1 and 2, which were isolated as optically
inactive oils. Compound 1 showed strong blue UV
fluorescence and gave a blue spot with the Dragendorff
spray reagent, characteristic of 8-oxoprotoberberines in
general.12 The IR spectrum displayed lactam carbonyl
group (1636 cm-1) and aromatic (1577 and 1508 cm-1)
absorption bands. The 1H-NMR spectrum of 1 exhibited
two 2H triplets at δ 2.88 and 4.33 (J ) 5.7 Hz) assigned
to protons of the [-CH2-CH2-] bonded to a pyri-
done.12,13 In addition, a carbon resonance at δ 161.81
(aromatic lactam carbonyl) was observed in the 13C-
NMR spectrum. Two methoxyl groups at δ 3.99 and
4.01 and five singlets resonances between δ 6.79 and
7.95 were also observed. These spectral data, together
with a [M]+ at m/z 339 in the EIMS, suggested that 1
is a C19H17NO5 compound with a 7,8-dihydro-8-oxopro-
toberberine skeleton, substituted by two methoxyl and
two hydroxyl groups, in agreement with the observed
IR absorption band at 3343 cm-1 (OH) and the 19 carbon
signals observed in the 13C-NMR spectrum.
Compound 1 was transformed into its diacetyl deriva-

tive (1a) using Ac2O in pyridine. The [M]+ at m/z 423
in the EIMS and the two acetyl groups at δ 2.34 (3H, s)
and 2.35 (3H, s) observed in the 1H-NMR spectrum of
1a confirmed the presence of two hydroxyl groups in 1.
It remained to define the 1H-NMR chemical shift

assignments and the location of the oxygenated sub-
stituents on rings A and D. Although mass spectral
evidence has been used repeatedly for structure assign-
ment in the tetrahydroprotoberberine series, for ex-
ample,14 information on the fragmentation of 8-oxopro-

toberberines is sparse. We initially had recourse to
selective irradiations and NOE difference spectroscopy
experiments. In both experiments, by irradiating the
signal at δ 2.88 (H-5), the triplet at δ 4.33 (H-6)
collapsed to a singlet, while the proton singlet at δ 6.80
was enhanced, thus indicating that this last signal
belonged to H-4.
Assuming that in alkaloids with an 8-oxoprotober-

berine skeleton the singlet signal resonance at δ 7.95
is characteristic of H-9, which is deshielded by the
presence of a carbonyl group at C-8,15 a hydroxy group
must be located at C-10, because no NOE effect was
observed after irradiation at δ 7.95. In addition, when
the 1H NMR was obtained in pyridine-d5, a paramag-
netic shift (0.58 ppm) of the proton resonance at lowest
field, now at δ 8.53, was observed, confirming the H-9
position for this proton, near to a carbonyl function and
ortho to a phenolic hydroxyl group.16

The 1H-NMR assignments of the three remaining
aromatic protons were confirmed by NOEDIFF experi-
ments. The reciprocating enhancements of the reso-
nance at δ 6.79 with the two other protons at δ 7.21
and 6.92, established δ 6.79 as the resonance of H-13.
An NOE effect was also observed between the proton
resonance at δ 6.92 and a methoxyl group at δ 4.01, in
agreement with the chemical shift for H-12 in 7,8-
dihydro-8-oxoprotoberberines with a OMe group at the
C-11 position.12 Thus, δ 7.21 was established as the
resonance of H-1. Because a difference of δ 0.4 ppm is
observed in values for H-1(δ 7.21) and H-4 (δ 6.80), a
2-OH, 3-OCH3 substitution is proposed for the ring A,17
also confirmed by the paramagnetic shift (0.42 ppm)
observed for H-1 in pyridine-d5 solution.
According to the 1H NMR assigned δ values for 1, H-1

(δ 7.21) appears downfield from H-13 (δ 6.79). These
chemical shift assignments agree with those reported
for 8-oxocoptisine (a 7,8-dihydro-8-oxoprotoberberine),13
but are at variance with those made for other 8-oxo-
protoberberine alkaloids, for example, 8-oxypseudopal-
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matine, oxyberberine (3a), and oxypalmatine.12,18 To
clarify these differences, oxyberberine (3a) was semi-
synthesized from commercially available berberine chlo-
ride (3) by treatment with 20% aqueous KOH.19 The
1H-NMR chemical shift assignments for 3a were con-
firmed by a detailed observation of NOE effects (Figure
1). In particular, irradiation at the frequency of the
signal resonance at δ 6.71 (H-13) enhanced the signals
at δ 7.20 (H-1) and 7.25 (H-12), similar to the enhance-
ments observed for 1. Our results corroborate the
assignments made for 1 and show that the previously
assigned 1H-NMR chemical shifts for H-1 and H-13 in
oxoberberine alkaloids need to be revised.
In order to confirm a 2,3,10,11-tetrasubstitution pat-

tern in 1, we have undertaken the semisynthesis of the
8-oxoberberine derivative (5) from (-)-10-demethylxy-
lopinine (4), a known 2,3,10,11-tetrahydroprotober-
berine isolated from Guatteria ouregou.20
As indicated in Figure 2, the hydroxyl group of 4 was

first protected with an acetyl group (Ac2O in pyridine)
to give the monoacetate 4a, which was then submitted
to a controlled oxidation by iodine21,22 to afford 4b as
an intermediate. Treatment of 4b with 20% aqueous
KOH led to the 7,8-dihydro-8-oxoprotoberberine (5),
with simultaneous deacetylation.
Compound 5 showed UV fluorescence and 1H-NMR

spectral data similar to those of 1, confirming the
tetrasubstitution at C-2,C-3,C-10, and C-11 positions.
Thus, 1 is 7,8-dihydro-2,10-dihydroxy-3,11-dimethoxy-
8-oxoprotoberberine, a new natural compound to which
the trivial name cerasodine has been proposed.
Compound 2 showed a [M]+ peak at m/z 353 in the

EIMS, 14 mass units greater than that for 1. The
obtention of a monoacetylated derivative (Ac2O-Pyr)
(2a) and the presence of an extra methoxyl group in the
1H-NMR spectrum indicated that 2 is a monophenolic
8-oxoprotoberberine with molecular formula C20H19NO5.

Five aromatic proton resonances as singlets (similar to
1) suggested a tetrasubstituted skeleton, again at posi-
tions 2,3,10, and 11. Allocation of the additional meth-
oxyl group to ring D was clearly preferred because the
H-9 proton resonance was shifted upfield from δ 7.95
in 1 to δ 7.80 in 2, similar to the chemical shifts for
this proton in 7,8-dihydro-10-methoxy-8-oxoprotober-
berines, for example, 8-oxypseudopalmatine,12 and the
coincidence of the 1H-NMR signals of the ring A of 2
with those of 1. Thus, 2 is 7,8-dihydro-2-hydroxy-
3,10,11-trimethoxy-8-oxoprotoberberine, a new natural
compound to which the trivial name cerasonine has been
proposed.
Our in vitro results duplicate the in vivo oxidation of

a tetrahydroprotoberberine to a 7,8-dihydro-8-oxopro-
toberberine via a protoberberine alkaloid, which had
been reported previously.23 In fact, a highly stereose-
lective and reversible enzyme system catalyzing the
oxidation of tetrahydroprotoberberines to quaternary
alkaloids is well known.24 Because govadine (6) and the
quaternary base of govanine (7) have been isolated from
natural sources,25,26 the biogenetic precursors of cera-
sodine (1) and cerasonine (2) should be govadine (6) and
govanine (7), respectively.

Experimental Section

General Experimental Procedures. Optical rota-
tions were determined with a Perkin-Elmer 241 pola-
rimeter. IR spectra (film) were run on a Perkin-Elmer
843 spectrometer. UV spectra were taken on a Perkin-
Elmer Lambda 15 UV/vis spectrophotometer in MeOH
solutions. EIMS were determined on a VG Auto Spec
Fisons spectrometer. 1H- (250 or 400 MHz) and 13C-
NMR (100 MHz) spectra were recorded on a Bruker AC-
250 or a Varian Unity-400 instruments, using the
solvent signal as reference (CDCl3 at δ 7.26 and δ 77.0).
Multiplicities of 13C-NMR resonances were determined
by DEPT experiments. Preparative TLC was carried
out using precoated plates (Merck 7730) with CH2Cl2-
MeOH (96:4) as the solvent system.
Plant Material. P. cerasoides (Annonaceae) was

collected in December 1992, in the National Park of
Varirata, located in the Central Province of Papua New
Guinea, and was authenticated by P. Wanganigi and
M. Kuduk (Department of Biology, Papua New Guinea
University). A voucher specimen was deposited in the
Herbarium of the University of Papua New Guinea.
Extraction and Isolation. Dried and powdered

stem bark of P. cerasoides (550 g) was macerated with
MeOH at room temperature. The concentrated MeOH
extract (A) was first partitioned between H2O and
CH2Cl22 and then between H2O and EtOAc (Extract B,
82 mg). The extract B was applied to a Si gel 60 H
(Merck 7736) column chromatography and eluted with
CH2Cl2-MeOH (93:7); fractions 4-13 were combined,
and the residue was subjected to preparative TLC with

Figure 1. Preparation of oxyberberine (3a) from berberine
chloride (3); and NOE's effects observed for 3a (CDCl3, 400
MHz).

Figure 2. Preparation of the 8-oxoprotoberberine (5) from (-)-
10-demethylxylopinine (4).
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CH2Cl2-MeOH (96:4), to afford compounds 1 (12 mg)
and 2 (3.5 mg).
Cerasodine (1): C19H17NO5; optically inactive oil; IR

(EtOH) ν max 3343, 2923, 1636, 1577, 1508, 1465, 1408,
1334, 1278, 1234 cm-1; UV (EtOH) λ max (log ε) 238
(3.61), 262 (3.62), 336 (3.60) nm; EIMS m/z [M]+ 339
(100), 324 (68), 309 (8), 296 (9), 281 (4), 264 (5), 207 (11),
195 (3), 170 (10), 162 (4), 153 (4), 148 (5); 1H NMR
(CDCl3, 400 MHz) δ 7.95 (1H, s, H-9), 7.21 (1H, s, H-1),
6.92 (1H, s, H-12), 6.80 (1H, s, H-4), 6.79 (1H, s, H-13),
4.33 (2H, t, J ) 5.7 Hz, H-6), 4.01 (3H, s, OMe), 3.99
(3H, s, OMe), 2.88 (2H, t, J ) 5.7 Hz, H-5); 1H NMR
(pyridine-d5, 250 MHz) δ 2.73 (2H, t, J ) 5.9 Hz, H-5),
3.84 (3H, s, OMe-3), 3.90 (3H, s, OMe-11), 4.45 (2H, t,
J ) 5.9 Hz, H-6), 7.04 (1H, s, H-13), 7.12 (1H, s, H-4),
7.22 (1H, s, H-12), 7.61 (1H, s, H-1), 8.53 (1H, s, H-9);
13C NMR (CDCl3, 100 MHz) δ 27.93 (C-5), 39.78 (C-6),
56.03 (OCH3), 56.20 (OCH3), 101.12 (C-1), 105.37 (C-
13), 106.96 (C-4), 111.69, 113.74 (C-9 and C-12), 119.48
(C-14), 122.23 (C-8a), 129.16 (C-4a), 131.82 (C-12a),
135.90 (C-14a), 145.49, 146.05, 146.75, 151.60 (C-2, C-3,
C-10, and C-11), 161.81 (C-8).
Cerasonine (2): C20H19NO5; optically inactive oil; IR

(EtOH) ν max 3340, 2929, 2848, 1653, 1583, 1507, 1464,
1258, 1235 cm-1; UV (EtOH) λ max (log ε) 229 (3.50),
260 (3.42), 333 (3.25) nm; EIMS m/z [M]+ 353 (100),
338 (38), 323 (5), 281 (3), 239 (27) 208 (28), 207 (35),
189 (16), 177 (15), 176 (14), 175 (14), 164 (39), 163 (13);
1H NMR (CDCl3, 400 MHz) δ 7.80 (1H, s, H-9), 7.23 (1H,
s, H-1), 6.93 (1H, s, H-12), 6.81 (2H, s, H-4 and H-13),
4.34 (2H, t, J ) 5.9 Hz, H-6), 4.01 (3H, s, OMe), 4.00
(3H, s, OMe), 3.99 (3H, s, OMe), 2.90 (2H, t, J ) 5.9
Hz, H-5).
O-Acetylation of Cerasodine (1). Treatment of 1

(4.2 mg) with Ac2O-Pyr, yielded 1a (90%): IR (EtOH)
ν max 2917, 2848, 1734, 1646, 1596, 1506, 1457, 1367,
1258, 1195, 1089 cm-1; EIMS m/z [M]+ 423 (31), 381
(39), 339 (100), 324 (23), 236 (6), 191 (6); 1H NMR
(CDCl3, 250 MHz) δ 8.05 (1H, s, H-9), 7.33 (1H, s, H-1),
7.01 (1H, s, H-13), 6.97 (1H, s, H-12), 6.89 (1H, s, H-4),
4.35 (2H, t, J ) 5.8 Hz, H-6), 3.95 (3H, s, OMe), 3.94
(3H, s, OMe), 2.92 (2H, t, J ) 5.8 Hz, H-5), 2.35 (3H, s,
OAc), 2.34 (3H, s, OAc).
O-Acetylation of Cerasonine (2). Treatment of 2

(2 mg) with Ac2O-Pyr, yielded 2a (92%): IR (EtOH) ν
max 2920, 2850, 1734, 1646, 1595, 1457, 1368, 1257,
1094, 1017cm-1; EIMS m/z [M]+ 395 (46), 353 (100),
339 (19), 338 (71), 295 (9), 236 (4), 177 (4), 150 (5), 97
(4), 57 (8); 1H NMR (CDCl3, 250 MHz) δ 7.84 (1H, s,
H-9), 7.33 (1H, s, H-1), 6.98 (2H, s, H-12 and H-13), 6.84
(1H, s, H-4), 4.36 (2H, t, J ) 5.8 Hz, H-6), 4.02 (3H, s,
OMe), 4.01 (3H, s, OMe), 3.92 (3H, s, OMe), 2.94 (2H, t,
J ) 5.8 Hz, H-5), 2.35 (3H, s, OAc).
Oxidation of Berberine (3). Berberine chloride (3)

(50 mg, 0.134 mmol) was dissolved in 20% aqueous KOH
(20 mL). The solution was refluxed for 6 h at 80 oC,
when TLC indicated complete reaction. The reaction
mixture was extracted with CH2Cl2 (3 × 15mL). The
combined CH2Cl2 extracts were dried, filtered, and
evaporated to yield oxyberberine (3a, 46.5 mg, 98.5%).
For 1H-NMR and NOE data, see Figure 1.
O-Acetylation of 10-Demethylxylopinine (4).

Treatment of 4 (3.9 mg) with Ac2O-Pyr yielded 4a (4.2
mg, 96%): IR (EtOH) ν max 2926, 2848, 1761, 1636,
1609, 1510, 1457, 1365, 1259, 1228, 1200, 1095 cm-1;

1H NMR (CDCl3, 250 MHz) δ 2.30 (3H, s, OAc), 6.62,
6.71, 6.75 and 6.76 (1H each, s, aryl protons).
Oxidation of 4a. 10-Demethylxylopinine monoace-

tate, (4a) (4.2 mg, 0.011 mmol) was dissolved in MeOH
(10 mL) with stirring, and iodine (7 mg, 0.028 mmol)
was added. The mixture was refluxed for 4 h, cooled to
room temperature, and several drops of saturated
Na2S2O3 were added to reduce excess iodine.22 The
reaction mixture was evaporated to eliminate the
MeOH, and the aqueous portion was extracted with
CH2Cl2 (3 × 15 mL). The combined CH2Cl2 extracts
were concentrated to yield a yellow compound (4b) (2.5
mg, 0.0067mmol, 60.7%). To a solution of 4b (2.5 mg)
in MeOH (10 mL), a 20% aqueous KOH (10 mL) was
added. The mixture was refluxed for 9 h at 80 oC. The
reaction mixture was extracted with CH2Cl2 (3× 15mL).
The combined CH2Cl2 extracts were dried, filtered, and
evaporated to yield 5 (0.8 mg, 0.0023 mmol, 34.3%):
EIMS m/z [M]+ 353 (100); 1H NMR (CDCl3, 250 MHz)
δ 7.96 (1H, s, H-9), 7.10 (1H, s, H-1), 6.89 (1H, s, H-12),
6.80 (1H, s, H-4), 6.79 (1H, s, H-13).
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