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Abstract
!

The roots of the endangered medicinal plant
Croton megalocarpoides collected in Kenya were
investigated and twenty-two compounds iso-
lated. Among them were twelve new ent-clero-
dane (1–12) and a new abietane (13) diter-
penoids, alongside the known crotocorylifuran
(4 a), two known abietane and four known ent-
trachylobane diterpenoids, and the triterpenoids,

lupeol and acetyl aleurotolic acid. The structures
of the compounds were determined using NMR,
HRMS and ECD. The isolated compounds were
evaluated against a series of microorganisms
(fungal and bacteria) and also against Plasmodium
falciparum, however no activity was observed.
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Introduction
!

In the continued search for bioactive compounds
from African Croton species, we investigated the
phytochemistry of the endangered Kenyan Croton
megalocarpoides Friis & M.G. Gilbert (Euphorbia-
ceae). C. megalocarpoides is a monoecious shrub
or tree, growing up to eight meters tall in rocky
places and is restricted to the semi-evergreen
coastal bush lands or forests of East Kenya and
South Somalia [1]. Taxonomically this species is
related to Croton mayumbensis J.Léonard, Croton
mubango Müll.Arg. and Croton megalocarpus
Hutch., a plant that it is often confused with.
All these species possess a grey scaly bark, their
leaves are silvery beneath and produce tri-lobed
fruits [2]. The Croton genus consists of over 1300
species of monoeceous and dioeceous trees,
shrubs and herbs that are distributed worldwide
with extreme diversity, especially in the West
Indies, Southern Brazil, and Madagascar and are
known for their ethno-medicinal value [3,4].
C. megalocarpoides is one of the fifteen Croton
species that occur in Kenya and there are no re-
ports of any ethno-medicinal usage for this spe-
cies. However, the stem bark and the leaves of
* Dedicated to Professor Dr. Dr. h. c. mult. Kurt Hostett-
mann in recognition of his outstanding contribution to
natural product research.
the related C. mayumbensis are used to treat mi-
crobial infections and human parasitic diseases
[5] and the leaf sap of C. megalocarpus is used
topically in East Africa to treat bleeding wounds,
as an anthelmintic agent, and for the treatment
of whooping cough [6].
Results and Discussion
!

In this study, twenty-two compounds were iso-
lated from the roots of C. megalocarpoides includ-
ing twelve new ent-clerodane diterpenoids (1–
12), a new abietane diterpenoid (13), the known
crotocorylifuran (4 a) [7] (l" Fig. 1), the two
known abietane diterpenoids, isolophanthin A
[8] and abietic acid [9], four known ent-trachylo-
bane diterpenoids, ent-3α,18-dihydroxytrachylo-
bane [10], ent-trachyloban-18-ol [10], ent-trachy-
loban-18-oic acid [10,11], ent-3α-hydroxytrachy-
loban-18-al [12] and the triterpenoids, lupeol
[13] and acetyl aleurotolic acid [14,15].
Compound 1 was isolated as a colourless oil and
was determined to have a molecular formula of
C21H28O5 from HR‑ESI‑MS. The IR spectrum
showed absorption bands for the carbonyl group
of an ester at 1713 cm−1, and at 3430 and
1695 cm−1 for a carboxylic acid group. The NMR
spectra confirmed the presence of a fu-
ranoclerodane structure by resonances attribut-
Ndunda B et al. New ent-Clerodane and… Planta Med



Fig. 1 Chemical structures for compounds isolated from C. megalocarpoides.
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able to a β-substituted furan ring at δH 6.27 (br s,W1/2 = 3.7 Hz, H-
14), 7.23 (br s, W1/2 = 3.4 Hz, H-16) and 7.35 (t, J = 1.6 Hz, H-15).
The 3H-17 methyl group doublet (δH 1.15, d, J = 7.0 Hz) showed
correlations in the HMBC spectrum with C-9 (δC 50.0) and C-8
(δC 37.3) resonances. Additional correlations were seen between
the C-9 and H-10 (δH 1.62, m), H-8 (δH 1.61, m) and two H-7 (δH
2.15, δH 2.35) resonances, between the C-10 and 3H-19 (1.22, s)
and H-8 resonances, between the C-20 carboxylic acid carbon (δC
182.9), H-10 and the two H-7 resonances, and between H-10 and
C-4, whose chemical shift indicated the presence of a Δ3-alkene
(C-3, δC 137.6; C-4, 141.5). The corresponding H-3 alkene reso-
nance (δH 6.67, dd J = 2.5, 5.0 Hz) showed correlations with the
Ndunda B et al. New ent-Clerodane and… Planta Med
C-5 (δC 38.4) and C-18 (δC 167.9) carbonyl carbon resonances.
A correlation between a methoxy group proton resonance (δH
3.69) and the C-18 resonance indicated the presence of a C-18
methyl ester.
The relative configuration of compound 1was assigned using the
NOESY experiment. Unfortunately the H-10 and H-8 resonances
were too close to see a correlation, but correlations were seen be-
tween the 3H‑17/H-8, H-8/H‑11A (δH 2.35), H-11B (δH 1.20)/H-10
and, H-10/H‑1β resonances, as expected for a clerodane diterpe-
noid (Fig. 1 S, Supporting Information). A specific rotation value
of [α]D − 61.5° was measured for this compound indicating that
compound 1 belonged to the ent-series as with the reported ent-
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clerodane, laevinoid [16]. The negative Cotton effect at 240 nm
obtained from electronic circular dichroism spectroscopy further
supported this assignment. Compound 1, 18-methoxycarbonyl-
15,16-epoxy-ent-cleroda-3,13(16),14-trien-20-oic acid, was giv-
en the trivial name megalocarpoidolide A.
Compound 2 was found to be the 19,20-lactone derivative of
compound 1 and was isolated as a white solid. HR‑ESI‑MS indi-
cated a molecular formula of C21H26O5 and the IR spectrum
showed an absorption band at 1707 cm−1 for the carbonyl stretch
of an ester group. The 3H-19 methyl group singlet present in
compound 1 was replaced with an oxygenated methylene group
(δH 4.40, dd, J = 12.0, 2.3 Hz; 4.82, d, J = 12.0 Hz, two H-19) in com-
pound 2, with a corresponding C-19 resonance at δC 75.7. The C-
20 carboxylic acid group carbon resonance, present at δC 182.9 in
compound 1, had shifted upfield to δC 173.2 in compound 2, and
this, along with the molecular formula, indicated that a C-19, 20-
lactonewas present. The 2H-19 proton resonances showed a cor-
relation in the HMBC spectrum with the C-20 carbonyl carbon
resonance confirming this. The relative configuration for com-
pound 2 was confirmed using the NOESY experiment, which
showed correlations between one of the H-19′s (δH 4.40, dd,
J = 12.0, 2.3 Hz) and the H-1α (δH 1.37m) resonance, the other
H-19 (δH 4.82, d, J = 12.0 Hz) with H-6α (2.52m) and H-7α (δH
1.57) resonances, between the 3H-17/2H-7 resonances, between
the H-10/2H-11 resonances, and between the H-10/H-8 reso-
nances (Fig. 2 S, Supporting Information). The ECD spectrum for
this compound also gave a negative Cotton effect at 240 nm. This
compound, 18-methoxycarbonyl-15,16-epoxy-ent-cleroda-3,13
(16),14-triene-,20,19-olide was given the trivial name, megalo-
carpoidolide B.
Compound 3, megalocarpoidolide C, was the Δ1 derivative of
compound 2, that was isolated as a white solid and assigned a
molecular formula of C21H24O5 from ESIMS, indicating an extra
double bond compared to compound 2. In addition to the charac-
teristic resonances observed for compound 2, two additional al-
kene carbon resonances were present at δC 125.7 (C-1) and δC
130.3 (C-2) with corresponding proton resonances partially over-
lapping at δH 6.20 and δH 6.22. These overlapped resonances
showed coupling in the COSY spectrum with the H-10 (δH 2.75,
br s, W1/2 = 4.3 Hz) and H-3 (δH 6.83) resonances. These assign-
ments were confirmed by the HMBC spectrum which showed
correlations between H-1 and C-3 (δC 133.2), C-5 (δC 36.5), C-9
(δC 48.0), and C-10 (δC 43.9) and H-2 and C-3, C-4 and C-10 and
between H-3 and C-1, C-2, C-5, C-18 (δC 167.4) and C-19 (δC 73.2).
The relative configuration for compound 3 was the same as for
compound 2 with correlations between one of the H-19′s (δH
4.48, dd, J = 11.5, 1.0 Hz) with the H-6α (δH 2.79m) and H-7α (δH
1.62) resonances, between the 3H-1 and 2H-7 resonances, be-
tween the H-10 and 2H-11 resonances, and between the H-10
and H-8 resonances for the ent-clerodane diterpenoid,
18-methoxycarbonyl-15,16-epoxy-ent-cleroda-1,3,13(16),14-
tetraen-20,19-olide, or megalocarpoidolide C.
Compound 4, and 4 awere both isolated as white solids, andwere
assigned the molecular formula of C22H26O7 from HR‑ESI‑MS.
The NMR spectrawere very similar. Compound 4 displayed IR ab-
sorptions at 1715 and 1767 cm−1 for ester and lactone carbonyl
stretches, respectively. Analysis of the 2DNMR spectra for com-
pound 4 indicated that it was also a furanoclerodane diterpenoid
with a β-substitued furan ring, but instead of a 20,19 lactone as in
compounds 2 and 3, a 20,12-lactone was present in compounds
4–12. Three ester carbonyl carbons were present at δC 166.9,
173.3, and 176.5 and an oxymethine resonance was present at
δC 71.9. As with the earlier compounds described, a methyl ester
was placed at C-18 (δC 166.9, δH 3.68) in conjunction with a Δ3

double bond (140.5, C-3; δC 137.2, C-4; δH 6.78, dd, J = 3.1;
6.9 Hz, H-3) and the C-19 methyl groupwas converted to a meth-
yl ester (δC.173.3, δH 3.76). The 1H NMR spectrum showed the
presence of a secondary methyl group (δH 1.10, d, J = 6.8 Hz), as-
cribed to 3H-17, which was seen to be coupled to the H-8
(1.66m) resonance. The HMBC spectrum showed correlations be-
tween the H-3 resonance and the C-18 carbonyl carbon and C-5
(δC 46.2) resonances. The C-5 resonance, in turn, showed correla-
tions with the H-10 (δH 1.58m) resonance which showed corre-
lations with the C-19 carbonyl, (δC 173.3), C-9 (δC 51.4), C-11 (δC
42.5), and C-8 (δC 43.0) resonances. The C-9 resonance showed
correlations with the 3H-17, H-10 and H-12 (δH 5.41, t,
J = 8.4 Hz) resonances and the H-8, H-10, and H-12 resonances
showed a correlation with the C-20 (δC 176.5) resonance, con-
firming the presence of a 20,12-lactone ring. The H-12 resonance
also showed correlations with the C-14 and C-16 protons of the
furan ring, confirming its assignment. For compounds 4–12 the
NOESY spectrum was used to determine the configuration at C-
12. A 3D model showed that for the 12R configuration a correla-
tion would be seen between the H-12 and 3H-17 resonances,
however if the 12S configuration was present, a correlation
would be seen between the H-12 and the H-1α resonances. For
compound 4 the 3H-17 resonance showed a strong correlation
with the H-12 resonance, confirming the 12R configuration.
Compound 4 awas found to be the C-12S epimer of compound 4
and was identified as the known compound crotocorylifuran.
Crotocorylifuran was previously reported from the African spe-
cies Croton zambesicus Müll.Arg. [7] and Croton haumanianus J.
Léonard [17]. The NOESY spectrum for compound 4 a showed a
correlation between the H-1α resonance (δH 1.89) and the H-12
resonance (δH 5.43, t, J = 8.4 Hz), confirming the 12S-configura-
tion. Thus compound 4 was a new C-12R epimer of the known
crotocorylifuran 4 a and was named 12-epi-crotocorylifuran.
Compound 5, isolated as a white solid, was assigned a molecular
formula of C22H26O8 from HR‑ESI‑MS. The IR spectrum showed
absorption bands that were similar to those of 4. The 1H and 13C
NMR spectroscopic data for compound 5were similar to those of
4 and 4 a, however, the 3H-17 doublet methyl proton resonance
was replaced by a three proton singlet resonance (δH 1.26, s) in
the 1H NMR spectrum and an extra quaternary oxygenated car-
bon was present in the 13C NMR spectrum (δC 72.7) which could
be ascribed to C-8. Thus a hydroxyl groupwas placed at this posi-
tion. The NOESY spectrum showed correlations similar to those
observed for 4 a where the H-12 oxymethine proton resonance
(δH 5.39 t, J = 8.4 Hz) showed a correlation with the H-1α reso-
nance (δH 1.84, m), enabling the configuration at C-12 to be de-
termined as S. No correlation was seen between the H-10 and
3H-17 resonances, hence the 3H-17 group was assigned as α as
in compounds 1–7 and the hydroxyl group was assigned as β.
Compound 5, 8β-hydroxycrotocorylifuran, has not been de-
scribed previously.
Compound 6 was isolated as a white solid and assigned a molec-
ular formula of C22H24O8 from HR‑ESI‑MS. Compound 6 differed
from compound 4 a in having a ketone group at C-2, shown by a
ketone carbonyl carbon resonance at δC 198.0 the 13C NMR spec-
trum. The C-3 and C-4 resonances shifted from δC 140.3 and
136.5 in compound 4 a to δC 131.8 and 153.2 in compound 6.
The ketone group was placed at C-2 due to correlations seen in
the HMBC spectrum with the H-10 (δH 2.39, dd, J = 4.2, 17.0 Hz)
and H-3 (δH 6.46, br s) proton resonances. The H-10 and the two
Ndunda B et al. New ent-Clerodane and… Planta Med
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H-1 resonances showed a clear AMX coupling pattern (δH 2.72,
dd, J = 4.2, 17.0 Hz, H-1α; δH 3.37 dd, J = 17.0, 17.0 Hz,). The NOESY
spectrum showed a correlation between H-12 and the H-1α pro-
ton resonances, confirming the 12 S-configuration. Compound 6,
crotocorylifuran-2-one, has not been reported previously.
Compound 7 was isolated as a white solid and assigned a molec-
ular formula of C22H22O8 from HR‑ESI‑MS. The IR spectrum
showed absorption bands at 1769, 1730, and 1663 cm−1 for car-
bonyl stretches of lactone, ester and ketone functional groups.
The NMR spectra differed from those of compound 6 in that the
H-10/2H-1 AMX system was no longer present, and instead of
one alkene proton resonance, two were present (δH 6.76, br s,
W1/2 = 3.5 Hz; 6.86. br s, W1/2 = 3.4 Hz) and two trisubstituted al-
kene double bonds were evident in the 13C NMR spectrum (δC
128.0, 131.6, 150.7, 155.5). The double bonds were placed at
Δ10,1 and Δ3 as the two alkene resonances proton resonances both
showed a correlation in the HMBC spectrum with a ketone car-
bonyl carbon resonance at δC 185.9, assigned as C-2, which had
been shifted upfield from δC 198.0 in compound 6. The shielded
chemical shift of this ketone carbon resonance was attributed to
the extra conjugation in ring A and has previously been noted in
the clerodane diterpenoid, crotonoligaketone, isolated from the
West African Croton oligandrus [18]. The 1H and 13C NMR chemi-
cal shifts for ring B, the lactone and furan ring for this compound,
were similar to those of compound 6 and crotocorylifuran. The
NOESY spectrum supported the 12S configuration as in com-
pound 4 a and 6. This compound was a new crotocorylifuran de-
rivative, 1,2-dehydro crotocorylifuran-2-one (megalocarpoido-
lide D).
Compound 8, isolated as a white solid, was assigned a molecular
formula of C22H24O7 from HR‑ESI‑MS analysis. The IR spectrum
showed absorption bands that were similar to those of croto-
corylifuran. The structure differed from compound 4 a in having
a double bond at C-7. The 1H NMR spectrum showed a vinyl
methyl group proton resonance (δH 1.66, t, J = 1.1 Hz, 3H-17),
which showed correlations in the HMBC spectrum with the al-
kene carbon resonances at δC 127.3 (C-7) and 130.6 (C-8) and a
fully substituted carbon resonance at δC 53.0 (C-9). The 12S con-
figuration was confirmed due to the observed correlations in the
NOESY spectrum between the H-12 (δH 5.50, t, J=8.3 Hz) and the
H-1α proton resonance (δH 1.78). The structure of compound 8
was thus determined as 7,8-dehydrocrotocorylifuran.
Compounds 9 and 10 were found to be C-12 epimers and their
MS analysis indicated that both compounds had a molecular for-
mula of C22H24O8. The IR spectra were similar with carbonyl
stretch bands at 1748 and 1720 cm−1. The 13C NMR spectrum of
compound 9 was similar to that of compound 8 but showed no
resonances for the Δ3 double bond and showed a ketone carbon
resonance at δC 200.9 (201.0 for compound 10). This ketone reso-
nance was assigned as C-3 and a proton singlet (δH 3.23) was as-
signed as H-4 with the corresponding C-4 resonance occurring in
a downfield position at δC 67.0 (δC 67.2 for 10), due to adjacent
ketone and ester groups. This assignment was supported by cor-
relations seen in the HMBC spectrum between H-4 and the C-3
and C-18 (δC 168.0) carbonyl resonances and the coupling seen
in the COSY spectrum between the H-10 (2.35)/two H-1 (2.45,
2.20), and two H-1/two H-2 (2.46, 2.76) resonances for com-
pound 9. The NOESY spectrum for compound 9 showed correla-
tions between the H-12 oxygenated proton resonance (δH 5.47,
t J = 8.6), and the H-1α resonance at (δH 2.20) confirmed the con-
figuration at C-12 as S. The NOESY spectrum of 10 indicated a cor-
relation between the H-12 (δH 5.51) and the H-1α resonance (δH
Ndunda B et al. New ent-Clerodane and… Planta Med
2.02) for compound 10, indicating the 12R configuration. In both
cases a strong correlation was seen between the H-4 and H-10
resonances, establishing H-4 as β and the methyl ester as α. Com-
pound 9 was named as megalocarpoidolide E while compound
10was named as megalocarpoidolide F.
Compound 11, megalocarpoidolide G, isolated as a white solid,
was found to be the 4β-hydroxy derivative of compound 9 and
was assigned a molecular formula of C22H24O9 from HR‑ESI‑MS.
In addition to the esters (1747, 1719 cm−1) and ketone
(1658 cm−1) absorption bands, an absorption band at 3353 cm−1,
characteristic of a hydroxyl group stretch, was seen in the IR
spectrum. The 1H and 13C NMR chemical shifts followed patterns
similar to those of compound 9 except for the presence of a fully
substituted oxygenated carbon resonance at δC 82.7 and the ab-
sence of a C-4 methine carbon resonance, which occurred at δC
67.0 in compound 9. A proton resonance at δH 4.20 (s) that did
not correlate to any carbon resonance in the HSQC spectrum,
was attributed to a tertiary hydroxyl group proton and showed
correlations in the HMBC spectrum with carbon resonances at
201.9 (C-3), 171.3 (C-18), 82.7 (C-4), and 53.3 (C-5), hence a hy-
droxyl group was placed at C-4. The NOESY spectrum showed
similar correlations to those observed for 9, with correlations
seen between the H-12 resonance (δH 5.47, t, J = 8.0 Hz) and the
H-1α resonance (δH 2.14), indicating the 12S-configuration. The
configuration of the C-4 hydroxy group was assigned as β due to
correlations seen in the NOESY spectrum between the hydroxyl
group proton resonance and the H-10 (δH 2.79, dd J = 4.8,
13.4 Hz) resonance.
Compound 12, isolated as awhite solid, was assigned amolecular
formula of C24H28O10 from its HR‑ESI‑MS. The 1H NMR spectrum
differed from that of compound 11 in lacking the C-3 keto group
which was replaced by an acetate group (δH 2.01, s, 171.3). A pro-
ton resonance at δH 5.08 was assigned as H-3 and the HMBC spec-
trum showed correlations between H-3 and C-18 carbonyl car-
bon (δC 173.2) and the acetate carbonyl resonance. As with com-
pounds 4 and 10, the NOESY spectrum showed correlations be-
tween the H-12 oxygenated methine proton resonance (δH 5.45,
t, J = 8.9 Hz) and the 3H-17 resonance, establishing the configura-
tion at C-12 as R. The C-4 hydroxy group proton resonance (δH
3.82, s) showed correlations in the HMBC spectrum with the C-
18, C-3 (δC 70.5), C-4 (δC 76.1), and C-5 (δC 52.1) resonances and
correlations were seen in the NOESY spectrum between 4-OH/
and H-10 (δH 2.52) and, H-3β (δH 5.08, t, J = 2.6 Hz), and H-3β/
H-1β and H-1β/H-10, thus confirming both its configuration as
β, and also the α orientation of the acetate group at C-3. Thus
the structure was determined to be the 3α-acetoxy, 4β-hydroxy
derivative of compound 11 or megalocarpoidolide H.
Compound 13 was obtained as a white solid and assigned the
molecular formula of C20H30O3 from HR‑ESI‑MS. This compound
showed an IR absorption band at 3400 cm−1 for a hydroxyl group
stretch. The presence of three aromatic proton resonances in the
1H NMR spectrum (δH 7.23, 7.22 and 7.17) in conjunctionwith an
isopropyloxy group indicated the presence of an abietane diter-
penoid. Equivalent methyl group singlets (δH 1.58) were assigned
to 3H-16 and 3H-17 of the isopropyloxy group, with C-15 (δC
72.5) showing correlations in the HMBC spectrum with the H-12
(δH 7.22) and H-14 (δH 7.17) resonances, and 3H-16/3H-17 reso-
nance showing a correlationwith the C-15 (δC 72.5) and C-13 res-
onances (δC 146.2). Two oxygenated methine resonances at δH
4.22 and 3.24, were seen to be coupled in the COSY spectrum
and were assigned as H-2 and H-3 respectively. The correspond-
ing C-3 resonance (δC 78.4) showed correlations with the H-5 (δH
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1.42, dd, J = 2.5, 11.8 Hz), 3H-18 (δH 1.11, s) and 3H-19 (δH 1.08, s)
resonances, the H-2 resonance showed a correlation with the C-4
(δC 38.5) resonance and the C-5 resonance showed correlations
with the 3H-20 (δH 1.44, s), 3H-18 and 3H-19 resonances. The
structure of this compound was determined to be a 2,3,15-tri-
hydroxylated abietan-8,11,13-triene. The NOESY spectrum was
used to assign the relative configuration of this compound. Corre-
lations were observed in the NOESY spectrum between 3H-19/
3H-20 and 3H-20/H-2 resonances establishing H-2 as β, and
hence the hydroxyl group as α and between H-3/3H-18 and H-3/
H-5 resonances, establishing H-3 as α and the 3-OH group as β.
This compound was a novel diterpenoid, abieta-8,11,13-triene-
2α,3β,15-triol, named isolophanthin E. Isolophanthin A (abieta-
8,11,13-triene-3β,15-diol) and abietic acid were also isolated
from this plant.
All isolated diterpenoids (1–19, 4 a) were tested for their antibac-
terial and antifungal activities against a panel of human patho-
genic bacterial and fungal strains including Candida albicans,
Candida glabrata, Candida krusei, Aspergillus fumigatus, Crypto-
coccus neoformans, Staphylococcus aureus, methicillin-resistant
S. aureus, Escherichia coli, Pseudomonas aeruginosa, and Myco-
bacterium intracellulare. The antimalarial activity was also deter-
mined against chloroquine-sensitive (D6) and chloroquine-
resistant (W2) strains of Plasmodium falciparum. Cytotoxic activ-
ity was determined against VERO cells. All compounds were in-
active at the highest tested concentration of 20 µg/mL (~ 50 µM)
against bacteria and fungi and 4.76 µg/mL (~ 12 µM) against P. fal-
ciparum D6 and W2 strains. No cytotoxic activity was observed
towards VERO cells up to 4.76 µg/mL (~ 12 µM).
C. megalocarpoides is a rich source of diterpenoids. Twenty-two
compounds were isolated from the roots of C. megalocarpoides
including twelve new ent-clerodane diterpenoids (1–12), a new
abietane diterpenoid (13), the known crotocorylifuran (4 a), the
two known abietane diterpenoids, isolophanthin A and abietic
acid, four known ent-trachylobane diterpenoids, ent-3α,18-di-
hydroxytrachylobane, ent-trachyloban-18-ol, ent-trachyloban-
18-oic acid, ent-3α-hydroxytrachyloban-18-al and the triter-
penoids, lupeol and acetyl aleurotolic acid.
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General experimental procedures
Optical rotations were measured on a JASCO P-2000 polarimeter
at 21°C and IR spectra recorded using a Perkin-Elmer (2000)
spectrometer. 1D and 2D NMR spectra were recorded in CDCl3
on a 500MHz Bruker AVANCE NMR instrument at room temper-
ature. Chemical shifts (δ) are expressed in ppm and referenced
against the CHCl3 resonances at 7.26 and 77.23 ppm for 1H and
13C‑NMR respectively. The ESIMS were recorded on a Micromass
Quattro Ultima LCMS with electrospray ionization and EIMS
spectra were recorded on an Agilient 7890A instrument. Column
chromatography was done using Merck silica gel 60 (0.063–
0.200mm) and Fluka Sephadex LH-20 as stationary phases. Ana-
lytical TLC was carried out using aluminium plates (0.25mm)
coated with silica gel (60 F254, Merck). Compounds were visual-
ized under UV light at 254 or 365 nm, followed by spraying with
1% vanillin-H2SO4 spray reagent and heating.
Plant material
The roots of C. megalocarpoides were collected in July 2009 from
the Kenyan Coastal region. The plant was identified at the Uni-
versity of Nairobi Herbarium in the School of Biological Studies
and a voucher specimen, BN 2009/8, was deposited.

Extraction and isolation of compounds
from Croton megalocarpoides
The root bark of C. megalocarpoideswas air dried in the shade for
4 weeks after which it was ground into a fine powder. The fine
powder (500 g) was sequentially extracted by cold percolation at
room temperature with n-hexane, dichloromethane, and metha-
nol (2 L solvent each, 24 h each). The extracts were concentrated
using a rotary evaporator, combined and dried, yielding 9 g (1.8%)
n-hexane, 47 g (9.4%) dichloromethane (DCM) and 16 g (3.2%)
methanol extracts. From the DCM extract, 30 g of extract was ad-
sorbed onto 30 g silica gel and subjected to CC on a silica gel col-
umn (300 g, 5 cm diameter × 35 cm long). Fractionation was done
using a solvent gradient starting with n-hexane and gradually in-
creasing the polarity using ethyl acetate. The volumes of the frac-
tions collected were 75mL. The process was monitored using an-
alytical TLC plates. Purification of the fractions was done using a
DCM/diethyl ether solvent system of varying ratios to afford two
phytosterols, sitosterol (4.5mg) and stigmasterol (4.1mg) and
two triterpenoids, acetylaleuritolic acid (12.9mg) and lupeol
(3.6mg) in addition to the following compounds: megalocarpoi-
dolide A (1; 84.4mg), megalocarpoidolide B (2; 6.7mg), megalo-
carpoidolide C (3; 16.7mg), crotocorylifuran (4 a; 58.8mg), 12-
epi-crotocorylifuran (4; 13.4mg), 8β-hydroxycrotocorylifuran
(5; 3.5mg); crotocorylifuran-2-one (6; 3.5mg); megalocarpoido-
lide D (7; 16.8mg), 7,8-dehydrocrotocorylifuran (8; 5.1mg);
megalocarpoidolide E (9; 14.3mg), megalocarpoidolide F (10;
38.5mg), megalocarpoidolide G (11; 23.3mg), megalocarpoido-
lide H (12; 50.9mg), isolophanthin E (13; 10.9mg), isolophanthin
A (6.1mg), abietic acid (4.3mg), 3α,18-dihydroxytrachylobane
(13.0mg), ent-trachyloban-18-ol (4.1mg), ent-trachyloban-18-
oic acid (3.8mg), and ent-3α-hydroxytrachyloban-18-al (6.5mg).
Megalocarpoidolide A (1): Colourless oil; [α]D − 61.5° (CHCl3, c
0.00093); IR νmax ·cm−1 (neat): 2923, 2853, 2400, 1713, 1695,
1251 cm−1; CD Cotton effects: − 2.80 (235 nm), + 0.55 (210 nm),
‑0.95 (190 nm); 1H NMR (500MHz, CDCl3) see l" Table 2;13C
NMR (500MHz, CDCl3) see l" Table 1. HR‑ESI‑MS m/z 359.18670
[M‑H]+ (calcd. for C21H27O5, 359.18640).
Megalocarpoidolide B (2): White solid; [α]D − 57.6° (CHCl3, c
0.00061); IR νmax ·cm−1 (neat): 2927, 2867, 1707, 1200; CD
Cotton effects: − 0.81 (285 nm), ‑3.45 (238 nm), ‑2.91 (210 nm),
+ 3.07 (187 nm); 1H NMR (500MHz, CDCl3) see l" Table 2; 13C
NMR (500MHz, CDCl3) see l" Table 1. HR‑ESI‑MS m/z 359.18547
[M+H]+ (calcd. for C21H27O5, 359.18530).
Megalocarpoidolide C (3): White solid; [α]D − 51.7° (CHCl3), c
0.0017); IR νmax · cm−1 (neat): 2927, 2851, 1707; 1H NMR
(500MHz, CDCl3) see l" Table 2; 13C NMR (500MHz, CDCl3) see
l" Table 1. ESIMS m/z 379.15174 for [M+Na]+ (calcd. for
C21H24NaO5, 379.15160).
12-Epi-crotocorylifuran (4): White solid; [α]D − 50.4° (CHCl3), c
0.0012); IR νmax · cm−1 (neat): 2923, 2851, 1767, 1715; 1H NMR
(500MHz, CDCl3) see l" Table 2; 13C NMR (500MHz, CDCl3) see
l" Table 1; HR‑ESI‑MS m/z 425.15648 for [M+Na]+ (calcd. for
C22H26NaO7,425.15707).
Crotocorylifuran (4 a): White solid; [α]D − 10.8° (CHCl3, c
0.00059); IR νmax · cm−1 (neat): 2924, 2851, 1763, 1715; 1H NMR
(500MHz, CDCl3) see l" Table 2; 13C NMR (500MHz, CDCl3)
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Table 1 13C NMR chemical shifts for compounds (1–13, 4 a) isolated from C. megalocarpoides.

No. 1 2 3 4 4 a 5 6 7 8 9 10 11 12 13

1 19.6 19.6 125.7 18.5 19.2 19.0 36.9 128.0 19.4 24.6 23.4 23.8 27.2 42.8

2 27.3 26.4 130.3 26.8 26.5 26.5 198.0 185.9 26.7 39.7 40.0 35.0 21.3 71.5

3 137.6 139.6 133.2 140.5 140.3 140.8 131.8 131.6 140.3 200.9 201.0 201.9 70.5 78.4

4 141.5 136.4 135.4 137.2 136.5 136.0 153.2 150.7 135.6 67.0 67.2 82.7 76.1 38.5

5 38.4 36.5 36.5 46.2 46.3 46.2 47.8 53.6 45.6 49.5 49.5 53.3 52.1 49.9

6 34.1 35.6 34.0 32.1 32.3 27.1 31.2 33.2 33.4 33.7 33.7 26.6 29.9 18.8

7 27.7 29.7 29.9 28.2 28.0 34.2 27.5 26.6 127.3 125.4 124.5 125.6 125.2 30.0

8 37.3 37.2 37.3 43.0 40.2 72.7 39.5 39.4 130.6 131.0 131.0 130.2 132.2 134.5

9 50.0 48.9 48.0 51.9 51.4 55.8 51.2 55.1 53.0 53.1 52.5 53.4 53.4 148.6

10 48.7 43.7 43.9 49.7 52.0 46.6 50.2 155.5 50.5 49.5 47.4 43.3 46.3 37.0

11 36.7 29.4 29.3 42.5 42.5 39.3 41.5 39.0 42.4 42.1 42.4 42.0 45.1 125.1

12 18.1 17.5 17.6 71.9 72.0 72.2 72.0 71.4 72.0 72.4 72.4 72.5 71.7 122.3

13 124.6 124.5 124.3 125.8 125.6 125.5 125.0 123.6 125.8 125.5 125.2 125.4 125.6 146.2

14 111.0 111.0 111.0 108.0 108.3 108.4 108.2 108.2 108.2 108.2 108.1 108.2 108.3 124.8

15 143.1 143.2 143.2 144.1 144.3 144.3 144.4 144.5 144.4 144.5 144.5 144.4 144.3 72.5

16 138.2 138.8 138.9 139.1 139.6 139.7 140.0 140.6 139.5 139.8 139.5 139.7 139.9 31.8

17 16.7 16.6 16.4 17.4 17.2 26.6 17.1 17.1 19.8 20.0 20.0 20.0 19.6 31.8

18 167.9 167.3 167.4 166.9 167.0 166.8 166.1 165.4 166.7 168.0 168.0 171.3 173.2 17.2

19 18.3 75.7 73.2 173.3 173.1 173.2 170.0 166.4 172.1 171.1 171.3 170.5 170.3 30.0

20 182.9 173.2 173.0 176.5 176.4 176.4 175.7 172.4 176.0 176.0 175.6 176.3 175.4 27.0

CO‑Ac 171.3

CH3-Ac 21.3

18-OCH3 51.4 51.9 52.0 51.9 51.8 52.0 52.8 53.1 51.9 52.5 52.5 54.2 53.4

19-OCH3 51.6 51.8 51.8 52.8 53.3 52.4 52.5 52.5 52.3 53.7

Table 2 1H NMR chemical shifts for compounds (1–4, 4 a, 5, 6) isolated from C. megalocarpoides.

No. 1 2 3 4 4 a 5 6

1α
1β

1.80m
1.99m

1.37m
1.92m

6.20* 1.69m
2.43m

1.89m
2.62m

1.84m
2.59m

2.72 dd, 4.2, 17.0
3.37 dd, 17.0, 17.0

2α
2β

1.45m
2.16m

2.24m
2.40m

6.22* 2.26m
2.47m

2.37m
2.53m

2.42m
2.56m

–
–

3 6.67 dd 2.5, 5.0 6.84 dd, 2.5, 5.0 6.83m 6.78 dd, 3.1, 6.9 6.82 dd, 3.3, 4.2 6.86 dd 3.1, 4.2 6.46 br sW1/2 = 3.3

4 – – – – – – –

5 – – – – – – –

6α
6β

2.29m
1.97m

2.52m
1.33m

2.79m
1.60m

2.95 dt, 13.0, 3.5
1.08dt3.5, 13.0

2.91 dt, 13.3, 3.3
1.09dt 3.5, 13.3

2.82 dt, 3.9, 13.3
1.46 dd 3.5, 13.3

2.85 br d,W1/2 = 20.8
1.29m

7α
7β

2.15m
2.35m

1.57m
1.75m

1.62m
1.80m

1.53m
2.28m

1.56m
2.43m

1.57 dt, 3.5, 14.4
2.88 dd, 3.9, 14.4

1.62m
2.44m

8 1.61m 1.91m 1.94m 1.66m 1.57m – 1.62m

9 – – – – – – –

10 1.62m 1.80m 2.75 br s,W1/2 = 4.3 1.58m 1.73 dd, 12.9, 2.6 2.24 dd, 2.4, 13.4 2.39 dd, 4.2, 17.0

11α
11β

1.20m
2.35m

1.83m
2.44m

2.03m
2.53m

1.67m
2.43m

2.41m
2.41m

2.41m
2.70 dd 9.3, 14.9

2.40m
2.40m

12α
12β

2.30m
2.32m

2.17m
2.35m

2.19m
2.34 dt, 4.9, 14.0

5.41 t, 8.4
–

5.43 t, 8.4
–

5.39 t, 8.4
–

5.41 t, 8.6
–

13 – – – – – – –

14 6.27 br sW1/2 = 3.7 6.29 br sW1/2 = 3.7 6.29 s 6.37 br sW1/2 = 3.7 6.38 br sW1/2 = 3.8 6.39 br sW1/2 = 3.8 6.38 br sW1/2 = 4.3

15 7.35 t, 1.6 7.36 t, 1.6 7.38 (t, 1.6) 7.43m 7.43m 7.46 t, 1.6 7.44 br sW1/2 = 3.9

16 7.23 br sW1/2 = 3.4 7.26 br sW1/2 = 1.1 7.26 s 7.42m 7.45 br sW1/2 = 3.5 7.46 br sW1/2 = 3.4 7.45 br sW1/2 = 4.5

17 1.15 d, 7.0 0.96 d, 6.8 0.98 d, 6.6 1.10 d, 6.8 1.11 d, 6.5 1.26 s 1.04 d, 6.2

18 – – – – – – –

19α
19β

1.22 s 4.40dd, 2.3, 12.0
4.82 d, 12.0

4.22 dd, 1.0, 11.5
4.48 dd, 1.0, 11.5

–
–

–
–

–
–

–
–

20 – – – – – –

18-OCH3 3.68 s 3.72 s 3.76 s 3.68 s 3.68 s 3.69 s 3.76 s

19-OCH3 – – 3.76 s 3.72 s 3.73 s 3.81 s

CH3-Ac
20-CO2H

–
11.5 br s

–
–

–
–

–
–

–
–

–
–

*Superimposed resonances
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Table 3 1H NMR chemical shifts for compound (7–13) isolated from C. megalocarpoides.

No. 7 8 9 10 11 12 13

1α
1β

6.76 br sW1/2 = 3.5
–

1.78m
2.37m

2.20m
2.45m

2.02m
2.41m

2.14m
2.35m

1.86m
2.22m

2.72 dd, 3.1, 14.5
1.72 dd, 3.4, 14.5

2α
2β

–
–

2.41m
2.57 dt, 5.4, 19.0

2.76m
2.46m

2.37m
2.74m

2.59m
3.00m

1.69m
2.64m

4.22m
–

3 6.86 br sW1/2 = 3.4 6.98 dd, 2.0, 4.9 – – – 5.08 t = 2.6 3.24 br sW1/2 = 8.7

4 – – 3.23 s 3.18 s – – –

4-OH – – – – 4.20 s 3.82 s –

5 – – – – – – 1.42 dd 2.5, 11.8

6α
6β

3.12 dt, 13.5, 3.1
1.43 dt, 4.0, 13.5

3.24 dd 6.6, 17.9
1.78m

2.78m
1.96br dW1/2 = 24.2m

2.78m
1.90m

2.38m
2.17m

2.34m
2.14m

1.91m
1.91m

7α
7β

1.71m
2.78 dd, 5.4, 14.5

5.82 dt, 1.2, 6.6
–

5.78 br dW1/2 = 11.4
–

5.75 br d,W1/2 = 11.4
–

5.77 br d,W1/2 = 11.0
–

5.65 br dW1/2 = 13.6
–

2.90m
2.98m

8 1.71m – – – – – –

9 – – – – – – –

10 – 2.00 dd, 2.2, 12.7 2.35m 2.15m 2.79 dd, 4.8, 13.4 2.52m –

11α
11β

2.76m
2.64 dd, 10.9, 5.0

2.34m
2.68 dd, 7.9, 14.1

2.51m
2.74m

2.77m
2.35 dd 14.4, 9.0

2.51m
2.72 dd, 8.5, 14.4

2.40m
2.60m

7.23*
–

12 5.55 dd, 5.0, 10.9 5.50 t, 8.3 5.47 t, 8.6 5.51 t, 8.7 5.47 t, 8.4 5.45 t, 8.9 7.22*

14 6.43 br sW1/2 = 4.0 6.39 dd 0.8, 1.8 6.39 br sW1/2 = 4.3 6.40 br sW1/2 = 3.8 6.40 br sW1/2 = 3.9 6.39 br sW1/2 = 4.3 7.17 br sW1/2 = 3.4

15 7.46 br sW1/2 = 4.3 7.44 t, 1.6 7.44 br sW1/2 = 5.8 7.46m 7.44 t, 1.6 7.43 br sW1/2 = 4.4 –

16 7.55 br sW1/2 = 3.6 7.45 br sW1/2 = 3.3 7.46 br sW1/2 = 3.9 7.47m 7.46 br sW1/2 = 3.5 7.46 br sW1/2 = 4.0 1.56 s

17 1.18 d, 6.2 1.66 t 1.1 1.67 s 1.85 s 1.67 t, 1.2 1.66 s 1.56 s

18 – – – – – – 1.11 s

19 – – – – – – 1.08 s

20 – – – – – – 1.44 s

18-
OCH3

3.83 s 3.70 s 3.73 s 3.75 s 3.86 s 3.70 s –

19-
OCH3

3.63 s 3.71 s 3.74 s 3.75 s 3.71 s 3.72 s –

Ac-
CH3

– – – – – 2.01 s –

*Overlapped resonances
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see l" Table 1; HR‑ESI‑MS m/z 425.15648 for [M+Na]+ (calcd. for
C22H26NaO7, 425.15707).
8β-Hydroxy-crotocorylifuran (5): White solids; [α]D − 11.7°
(CHCl3), c 0.00032); IR νmax ·cm−1 (neat): 2924, 2851, 1767,
1715; 1H NMR (500MHz, CDCl3) see l" Table 2; 13C NMR
(500MHz, CDCl3) see l" Table 1; HR‑ESI‑MS m/z 441.15199 for
[M+Na]+ (calcd. for C22H26NaO8, 441.15199).
Crotocorylifuran-2-one (6): White solid; [α]D − 9.2° (CHCl3), c
0.00047); IR νmax · cm−1 (neat): 2923, 2851, 1710, 1685; 1H NMR
(500MHz, CDCl3) see l" Table 2; 13C NMR (500MHz, CDCl3) see
l" Table 1; HR‑ESI‑MS m/z 439.13631 for [M+Na]+ (calcd. for
C22H24NaO8, 439.13634).
Megalocarpoidolide D (7): White solid; [α]D − 13.2° (CHCl3, c
0.00034); IR νmax ·cm−1 (neat): 2917, 1769, 1730, 1663, 1246,
1156; 1H NMR (500MHz, CDCl3) see l" Table 3; 13C NMR
(500MHz, CDCl3) see l" Table 1; HR‑ESI‑MS m/z 437.12058 for
[M+Na]+ (calcd. for C22H22NaO8, 437.12069).
7,8-Dehydrocrotocorylifuran (8): White solid; [α]D − 52.7°
(CHCl3), c 0.00091); IR νmax ·cm−1 (neat): 2923, 2851, 1767,
1715; 1H NMR (500MHz, CDCl3) see l" Table 3; 13C NMR
(500MHz, CDCl3) see l" Table 1. HR‑ESI‑MS m/z 423.14139 for
[M+Na]+ (calcd. for C22H24NaO7, 423.14142).
Megalocarpoidolide E (9). White solid: [α]D − 24.2° (CHCl3), c
0.00014); IR νmax ·cm−1 (neat): 2917, 2864, 1748, 1720, 1174; 1H
NMR (500MHz, CDCl3) see l" Table 3; 13C NMR (500MHz, CDCl3)
see l" Table 1. HR‑ESI‑MS m/z 439.13591 for [M+Na]+ (calcd. for
C22H24NaO8, 439.13634).
Megalocarpoidolide F (10): White solid; [α]D − 19.6° (CHCl3, c
0.00029); IR νmax · cm−1 (neat): 2917, 2864, 1748, 1720; 1H NMR
(500MHz, CDCl3) see l" Table 3; 13C NMR (500MHz, CDCl3) see
l" Table 1. HR‑ESI‑MS (m/z 439.13591 for [M+Na+], calcd. for
C22H24NaO8, 439.13634).
Megalocarpoidolide G (11): White solids; [α]D − 7.3° (CHCl3, c
0.00063); IR νmax ·cm−1 (neat): 3353, 1747, 1719; 1H NMR
(500MHz, CDCl3) see l" Table 3; 13C NMR (500MHz, CDCl3) see
l" Table 1. ESIMS (m/z 455.13094 for [M+Na+], calcd. for
C22H24NaO9, 455.13125).
Megalocarpoidolide H (12): White solids; [α]D − 15.8° (CHCl3, c
0.00048); IR νmax · cm−1 (neat): 2923, 2850, 1747, 1719; 1H NMR
(500MHz, CDCl3) see l" Table 3; 13C NMR (500MHz, CDCl3) see
l" Table 1. HR‑ESI‑MS (m/z 499.15716 for [M+Na]+, calcd. for
C24H28NaO10, 499.15747).
Isolophanthin E (13): White solids; [α]D + 13.8° (CHCl3, c
0.00043); IR νmax ·cm−1 (neat): 3400; 1H NMR (500MHz, CDCl3)
see l" Table 3; 13C NMR (500MHz, CDCl3) see l" Table 1. HR‑
ESI‑MS (m/z 341.20886 for [M+Na]+, calcd. for C20H30NaO3,
341.20872).

Pharmacological assays
Antimicrobial activities: A modified CLSI (NCCLS 1998 and 2000)
method as described by Samoylenko et al. (2009) [19], was fol-
lowed for antimicrobial assays. Ciprofloxacin (ICN Biomedicals;
≥ 98% pure) for bacteria and amphotericin B (ICN Biomedicals;
≥ 98% pure) for fungi were used as positive controls. The tested
Ndunda B et al. New ent-Clerodane and… Planta Med
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organisms were from the American Type Culture Collection
(ATCC): Candida albicans (ATCC 90028), Candida glabrata (ATCC
90030), Candida krusei (ATCC 6258), Aspergillus fumigatus (ATCC
90906), Cryptococcus neoformans (ATCC 90113), Staphylococcus
aureus (ATCC 29213), methicillin-resistant S. aureus (ATCC
33591), Escherichia coli (ATCC 35218), Pseudomonas aeruginosa
(ATCC 27853) and Mycobacterium intracellulare (ATCC 23068).
Antiplasmodial activities: Antiplasmodial activities of the isolated
compounds against two P. falciparum strains, D6 (chloroquine-
sensitive) and W2 (chloroquine-resistant), were determined us-
ing the modified assay described by Trager and Jensen (1976)
[20], also used by Makler, et al. [21] and Samoylenko, et al.,
(2009) [19]. DMSO was used as vehicle control and artemisinin
(Sigma-Aldrich; purity ≥ 98%) and chloroquine (Sigma-Aldrich;
purity ≥ 98% pure) were used as drug controls.

Cytotoxicity assay
The cell viability studies were done using monkey kidney fibro-
blasts (VERO) obtained from the American Type Culture Collec-
tion (ATCC). The assays were performed on 96-well microplates
with the cells seeded at a density of 25000 cells/well and incu-
bated for 24 h. Samples at different concentrations were added
and plates were again incubated for 48 h. The number of viable
cells was determined using Neutral Red according to a modified
procedure of [22]. Doxorubicin (Sigma-Aldrich; ≥ 98–102% pure)
was used as a positive control and DMSO as the negative control.

Supporting information
1H, 13C NMR and mass spectra of compounds 1–13 and 4 a and,
DEPT, HSQC, COSY, NOESY and HMBC spectra for 1, ECD spectra
for 1 and 2 in addition to diagrams showing NOESY correlations
for 1 and 2 are available as Supporting Information.
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