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Abstract

Eight limonoids, anthothecanolide (1), 3-O-acetylanthothecanolide (2), 2,3-di-O-acetylanthothecanolide (3), 6R,8a-dihydroxyca-
rapin (4), 3b-acetoxy-3-deoxo-6R-hydroxycarapin (5), methyl angolensate, methyl 6-hydroxyangolensate and khayalactone together

with sitosterol glucoside, have been isolated from the extracts of the stem bark of Khaya anthotheca. Compounds 1–4 are described

for the first time. Their structures were established by analysis of the high-field NMR and MS data. The structure of compound 4

was confirmed by a single crystal X-ray structure analysis.

� 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

The genus Khaya is the main source of African

mahogany and is closely related to the South American

genus Swietenia, the original source of mahogany.

Khaya anthotheca extends as far South as Angola in

Western Africa but only occurs in Nigeria close to the

Cameroon frontier (Adesogan and Taylor, 1968). The

genus was surveyed by Taylor and collaborators (Ades-
ida et al., 1971) who outlined chemical means of distin-

guishing the heartwoods of the various species and also

pointed out that the Western and Eastern forms of K.

anthotheca are chemically different. The Western variety

is unique in the genus because it contains no ring D ex-

panded limonoids (Halsall and Troke, 1975), in contrast

to the other species. Previous investigations of the tim-

ber of the Western form of K. anthotheca have shown
the presence of only anthothecol and its 11-deacetyl
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derivative (Bevan et al., 1963a,b) while the root bark
and seeds contained anthothecol, cedrelone and deriva-

tives of havanensin and deoxyhavanensin (Adesogan

et al., 1970). In connection with our investigations of

Cameroonian medicinal plants, the CH2Cl2–MeOH

(1:1) extract of the stem bark K. anthotheca was studied.
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Chromatographic separation afforded four new tetra-

nortriterpenoids, anthothecanolide (1), 3-O-acetylantho-
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Table 1
13C NMR data of compounds 1–5

Carbon 1a 2a 3b 4a 5a

1 110.0 109.2 108.0 216.1 219.2

2 82.5 82.7 93.8 4 8.4 47.0

3 82.1 83.6 76.1 212.0 80.3

4 43.1 42.2 40.7 42.2 38.2

5 38.3 39.3 37.7 43.0 44.6
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thecanolide (2), 2,3-di-O-acetylanthothecanolide (3),

6R,8a-dihydroxycarapin (4) and five known compounds,

3b-acetoxy-3-deoxo-6R-hydroxycarapin (5) (Khalid

et al., 1998), methyl 6-hydroxyangolensate (Connolly

et al., 1967), methyl angolensate (Bevan et al., 1967),

khayalactone (Tchuendem et al., 1998) and sitosterol
glycoside.
6 31.6 31.2 30.1 74.3 73.1

7 177.6 177.5 173.5 177.4 176.2

8 83.4 81.2 81.5 73.2 34.7

9 55.0 54.9 52.9 51.5 49.5

10 46.6 46.8 47.8 53.3 51.4

11 23.6 21.9 20.9 20.1 18.3

12 32.6 32.2 30.8 28.1 26.4

13 32.8 39.1 39.2 39.9 38.1

14 73.6 73.4 72.2 169.9 165.3

15 38.6 31.2 38.0 116.6 112.5

16 173.1 172.8 175.5 167.6 171.2

17 79.4 79.3 77.4 81.4 81.3

18 17.1 16.8 25.0 23.5 18.3

19 75.5 73.5 73.6 20.6 16.7

20 122.3 122.6 120.8 121.6 119.7

21 144.7 144.6 141.2 144.8 141.1

22 117.7 111.6 110.3 112.0 109.7

23 143.0 143.1 143.6 143.5 143.1

28 22.4 22.3 22.4 23.0 22.8

29 26.2 24.8 25.7 21.5 23.4

30 42.1 43.2 40.3 58.4 35.2

OCOCH3 172.9 170.4 170.5

21.5 21.2 20.5

169.4

21.2

CH3O 58.4 52.8

Carbon multiplicities were determined by DEPT 135 experiments.
a 13C NMR data of 1, 2, 4 and 5 recorded in CDCl3–CD3OD.
b 13C NMR data of compound 3 recorded in CDCl3.
2. Results and discussion

Compound 1 was obtained as colorless crystals. The

EIMS exhibited a molecular ion peak at m/z 504, corre-

sponding to the molecular formula C26H32O10. The
IR spectrum of 1 showed hydroxyl absorption at

3443 cm�1 and a very strong broad lactonic carbonyl

band at 1728 cm�1. In the 1H NMR spectrum, signals

of three tertiary methyl groups were observed at d
0.91, 0.97 and 1.26. The DEPT and HMQC experiments

revealed a total number of 26 carbon atoms including

three methyl groups, six methylenes, seven methines

(including two oxygenated and three sp2 carbons) and
10 quaternary carbons (including two carbonyls, one

sp2 and four oxygenated carbons). Further examination

of the NMR spectra revealed the presence of a b-substi-
tuted furan and suggested a mexicanolide skeleton

(Daniewski et al., 1993). The NMR data of 1 were very

similar to those reported for utilin C (Daniewski et al.,

1994). The mass fragment observed at m/z 121 in the

EIMS could be rationalised as the loss of furfuralde-
hyde, characteristic for limonoids with a furan ring at-

tached to a D-ring lactone (Daniewski et al., 1994).

The furan protons appeared at d 6.42 (dd, J = 0.7,

0.9 Hz), 7.45 (t, J = 1.8 Hz ), 7.52 (d, J = 1.8 Hz) in the
1H NMR spectrum while H-17 resonated at d 5.52 (s).

The corresponding carbon chemical shifts are shown

in Table 1. A strongly coupled system observed in the
1H NMR and COSY spectra comprised H-9 (2.54, m),
2H-11 (d 2.53/2.59, m) and 2H-12 (1.45/1.76, m), exclud-

ing any substitution at these positions. HMBC correla-

tions were observed between H-9 and C-11, C-12 and

an oxygen-bearing carbon atom at d 83.4, attributed

to C-8 and the 2H-15 methylene signals at d 2.75 (d,

J = 18.9 Hz) and 3.29 (d, J = 18.9 Hz) with the lactonic

carbonyl C-16 and the oxygen-bearing C-14. Another

characteristic pattern in the 1H NMR and COSY spec-
tra of 1 was the ABX system consisting of 2H-6 [7

2.49 (dd, J = 9.8, 15.5 Hz) and 2.59 (dd, J = 7.6,

15.5 Hz)] and H-5 [d 2.25, dd, J = 9.8, 7.6 Hz]. HMQC

correlations enabled the unequivocal assignments of C-

5 and C-6. The 1H NMR spectrum indicated the pres-

ence of a secondary hydroxyl group attached to C-3 [d
3.61 (s, H-3)] which showed correlations in the HMBC

spectrum to C-5, C-30 and Me-29. NOE interactions
were observed between H-9, Me-29 and H-3. This

enabled us to assign a b-orientation to the 3-OH, in
agreement with related compounds (Daniewski et al.,

1993). The presence of the geminal methyl groups

Me-28 and Me-29 was apparent from their HMBC cor-

relations with C-3, C-4 and C-5 as well as with each

other. 2H-30 [d 1.54 (d, J = 14.5 Hz) and 2.42 (d,

J = 14.5 Hz)] appeared as an isolated AB system, consis-

tent with the presence of a hydroxyl group on C-2. A sig-

nal at d 110.0 in the 13C NMR spectrum, characteristic of
a hemiacetal carbon, was assigned to C-1 as found in uti-

lin C and related compounds (Daniewski et al., 1994).

Examination of a model indicated that the hydroxyl

group located at C-8 could form a hemiacetal group with

C-1. The signal corresponding to Me-19 was not ob-

served in the 1H NMR spectrum of 1 but was replaced

by two oxymethylene proton signals [d 4.20 (d,

J = 11.4 Hz) and 4.40 (d, J = 11.4 Hz)]. They showed
HMBC correlations with C-5, C-9 and C-10. The same

spectrum showed an important correlation between these

protons and the lactone carbonyl at d 177.7. These

results allowed us to deduce the presence of a six-mem-

bered ring lactone as in structure (1), a new mexicanolide

derivative, to which the trivial name anthothecanolide
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was given. Two other 7,19-lactone derivatives, senegano-

lide and 2-hydroxyseneganolide, have been published re-

cently (Nakatani et al., 2000, 2001).

Compound (2) was obtained as colourless crystals.

The EIMS revealed a molecular ion peak at m/z 546

consistent with the molecular formula C28H34O11. The
NMR data of 2 (Table 1) were similar to those of 1 ex-

cept for the presence of an acetate methyl group at d
2.10 and a downfield shift of H-3 from d 3.61 to 5.08.

An HMBC correlation between H-3 and the ester car-

bonyl at d 172.9 confirmed the attachment of the acetate

group to C-3. Accordingly, compound (2) is 3-O-

acetylanthothecanolide.

Compound (3) exhibited a molecular ion peak at m/z

588 in its EIMS. Analysis of its 1H and 13C NMR data

allowed us to establish the molecular formula as

C30H36O12. The
1H and 13C NMR spectra of 3 (Tables

1 and 2) showed similarities with those of 1 except for

the presence of two acetate groups revealed in the 1H

NMR spectrum by two methyl signals at d 2.14 (6H).

The 13C NMR spectrum confirmed the presence of these

acetate groups with characteristic signals at d 169.4 and
170.4. The HMBC correlation of H-3 with one of these

carbonyls and the downfield carbon shift of C-2 indi-

cated that the acetates were attached to C-2 and C-3.

Thus 3 is 2,3-di-O-acetylanthothecanolide.
Table 2
1H NMR data of compounds 1–5

Position 1a 2a 3b

2

3 3.61 s 5.08 s 5.58 s

5 2.25 dd (9.8, 7.6) 2.42 m 2.50 dd (2.3

6 2.49 dd (9.8,15.5) 2.46 m 2.55 m

2.59 dd (7.6;15.5) 2.50 m

9 2.54 m 2.53 m 2.55 m

11 2.53 m 1.72 m 1.65 m

2.59 m 1.46 m 1.40 m

12 1.76 m 1.72 m 1.55 m

1.45 m 1.46 m 1.87 m

15 2.75 d (18.9) 3.30 d (19.1) 2.87 d (19.1

3.29 d (18.9) 2.72 d (19.1) 3.04 d (19.1

17 5.52 s 5.50 s 5.28 s

18 0.97 s 0.96 s 1.00 s

19 4.40 d (11.4) 4.45 d (11.3) 4.21 d (11.6

4.20 d (11.4) 4.19 d (11.3) 4.41 d (11.6

21 7.52 d (1.8) 7.51 s 7.46 bs

22 6.42 dd (0.7, 0.9) 6.48 d (0.7) 6.40 bs

23 7.45 t (1.8) 7.66 t (1.7) 7.45 t (1.4 )

28 1.26 s 1.39 s 1.48 s

29 0.94 s 0.88 s 0.92 s

30 1.54 d (14.5) 1.52 dd (14.2. 1.6) 1.90 dd (14

2.42 d (14,5) 2.89 d (14.2) 2.71 d (14.7

OAc 2.10 s 2.14 (6H) s

MeO

a 1H NMR data of 1, 2, 4 and 5 recorded in CDCl3–CD3OD.
b 1H NMR data of compound 3 recorded in CDCl3.
Compound 4 was found to possess a molecular for-

mula of C27H32O9 (m/z 500) as determined by EIMS

and confirmed by the 13C NMR data. The IR spectrum

revealed absorption bands for hydroxyl (3437 cm�1), ke-

tone (1702 cm�1) and ester/lactone (1730 cm�1) groups.

The 1H and 13C data (Tables 1 and 2), including the
presence of two ketonic carbonyls, were consistent with

a mexicanolide skeleton for 4. The 1H NMR spectra

spectrum revealed signals for four tertiary methyl

groups (d 1.06, 1.16, 1.29 and 1.57) and an olefinic pro-

ton singlet (d 5.79, H-15) while the 13C NMR spectrum

showed signals for three quaternary carbons [39.9 (C-

13), 42.2 (C-4), 53.3 (C-10)], three oxygenated carbons,

two secondary [d 74.3 (C-6), 81.4 (C-17)] and one ter-
tiary [73.2 (C-8)], two ketonic carbonyl groups [d 212.0

(C-3) and 216.1 (C-1)], an unsaturated lactone carbonyl

[d 167.6 (C-16)] and an ester group [d 177.4 (C-7)]. These

data showed close similarity to those described for utilin

B (Daniewski et al., 1993) and 6-hydroxycarapin (Con-

nolly and Handa, 1969). A broadened singlet at d 4.65

(H-6) was similar to those reported for H-6 in methyl

6-hydroxyangolensate (Connolly et al., 1967) and 6-
hydroxycarapin (d 4.60) (Connolly and Handa, 1969).

In addition, HMBC correlations between H-6 and C-5,

C-7 and C-10 confirmed the positioning of a hydroxyl

group at C-6. Correlations were also observed between
4a 5a

3.36 dd (8.6, 3.6 ) 3.05 m

4.81 d (9.9)

, 9.0) 2.96 bs 3.30 bs

4.65 s 4.55 s

2.25 dd (9.1, 6.2) 1.79 m

1.61 m 1.82 m

2.05 m

1.8 m 1.61 m

1.6 m 1.44 m

) 5.79 d 5.76 d (2.0)

)

5.50 s 5.13 s

1.29 s 1.04 s

) 1.57 s 1.33 s

)

7.49 s 7.45 s

6.48 dd 6.43 d (0.7)

(0.7,0.9)

7.52 bs 7.51 s

1.06 s 1.09 s

1.16 s 0.92 s

.7, 1.9) 1.90 d (14.6) 2.25 ddd (13.7, 4.9, 2.8), 1.61 m

) 2.70 d (14.6)

2.15 s 2.18 s

3.85 s 3.84 s



Fig. 1. ORTEP diagram of 4.
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H-9 and C-11, C-12 and C-14 and between H-2, H-9, H-

15 and the oxygenated carbon at d 73.2, attributable to

C-8. Thus, the second hydroxyl group was attached to

C-8 and 4 was assigned the structure 6,8-dihydroxycara-

pin. The failure of the C-8 hydroxyl to form a hemiace-
tal with the C-1 carbonyl group could have indicated

that it was b. However, a single crystal X-ray analysis

(Fig. 1) revealed the relative stereochemistry, as in 4,

for this new carapin derivative, 6R,8a-dihydroxycara-
pin. The bicyclononane ring system adopts a boat-chair

conformation that prevents the formation of the 8,1-

hemiacetal present in compounds (1–3). The correspon-

ding 14,15-dihydro derivative, khayanone (Nakatani
et al., 2001) from Khaya senegalensis, exists in equilib-

rium with its hemiacetal form. The absolute configura-

tion of C-6 in khayanone has been assigned as S on

the basis of CD evidence.

Compound (5) was assigned the molecular formula

C29H36O10, as deduced from its EIMS and 13C NMR

spectra. The NMR data of 5 were very similar to those

of 4. The 13C NMR spectrum of 5 indicated only one ke-
tonic carbonyl group [d 219.2 (C-1)] and revealed a lac-

tone carbonyl [d 171.2 (C-16)] and an acetate group [dH
2.18, dC 170.5], in addition to four quaternary carbons

[[d 38.1 (C-13), 38.2 (C-4), 34.7 (C-8), 51.4 (C-10)].

The 1H NMR spectrum showed signals for four tertiary

methyl groups (d 0.92, 1.04, 1.09, 1.33) and an unsatu-

rated lactone (d 5.76, H-15). These data suggested that

5 was an 8-deoxy-dihydro derivative of 4 with an acetate
attached to C-2 or C-3. The lowfield shift of H-3 and its

HMBC correlation to the acetate carbonyl indicated

that the acetate was attached to C-3. Thus compound

(5) was 3b-acetoxy-3-deoxo-6R-hydroxycarapin. This

compound has been described in the literature (Khalid

et al., 1998) but its physical and spectroscopic properties

are incomplete and are recorded here. A NOE from H-8

to H-5 confirmed its 8-bH configuration.
3. Experimental section

3.1. General experimental procedures

Optical rotations were measured on a Polar 2000

polarimeter. Melting points were determined on a Reic-
hert apparatus and are uncorrected. The UV spectra

were obtained with a Shimadzu 3101 PC instrument

and the IR spectra determined with a Jasco FT-IR 410

apparatus. 1H (400.6 MHz) and 13C (100.13 MHz) Nmr

spectra were recorded in CDCl3 (with its signals at d
7.25 and 77.0 ppm as reference) or in a mixture of

CDCl3–CD3OD (with the signals of CD3OD at d 3.30

and 49.0 as reference) with a Brüker DPX 400 apparatus
using the XWIN NMR software (version 2.6) package

for data acquisition and processing. NOE experiments

were carried out using a Brüker AM 360 instrument.

The mass spectra (70 eV) were recorded with a JOEL

JMS 700 apparatus. Column chromatography was run

on Merck silica gel 60 and Sephadex LH-20. TLC was

carried out on silica gel 60 GF254 pre-coated plates with

detection by UV light or by spraying with 50% H2SO4

followed by heating at 100 �C. MPLC was carried out

using a chromatotron connected to a FMI lab pump

(flow rate 10 ml/mn), Model QD, the plates being pre-

pared with silica gel 60 PF254 containing CaSO4.

3.2. Plant material

The stem bark of Khaya anthotheca Welw. C.D.C.
was collected in Mbokam North Western province of

Cameroon, in July 1999. The plant material was identi-

fied by Dr. Wirmun. A voucher specimen HNC 23435

has been deposited at the National Herbarium, Yao-

undé, Cameroon.

3.3. Extraction and isolation

The air-dried and powdered plant material (5 kg) was

macerated in a mixture of CH2Cl2–MeOH (1:1) for 24 h.

Removal of the solvent in vacuo in a rotary evaporator

provided an organic extract (400 g). This extract was

then partitioned between a mixture of CHCl3–MeOH–

H2O (2:2:1). The resulting organic phase was then

concentrated in vacuo and subjected to vacuum flash col-

umn chromatography using hexane–EtOAc mixtures as
eluent. Fractions of 500 ml were collected and regrouped

on the basis of their TLC profiles. The fractions eluted

with hexane–EtOAc (8:2) (200 mg) were further purified

by repeated column chromatography on silica gel (70–

230 mesh) to yield methyl angolensate (90 mg) and

methyl 6-hydroxyangolensate (90 mg). The combined

fractions (500 mg) eluted with hexane–EtOAc (1:1)

revealed the presence of at least six limonoids (Ehrlich�s
reagent). Further purification of this fraction by column

chromatography on silica gel with CHCl3–acetone
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afforded anthothecanolide (1) (100 mg), 3-O-acetylan-

thothecanolide (2) (40 mg), 2,3-di-O-acetylanthothecan-

olide (3) (80 mg), 6R,8a-dihydroxycarapin (4) (50 mg),

3b-acetoxy-3-deoxo-6R-hydroxycarapin (5) (60 mg)

and khayalactone (8 mg). The polar fraction obtained

with hexane–EtOAc (1:4) yielded sitosterol glycoside
(100 mg).

3.4. Anthothecanolide (1)

Colorless crystals (EtOAc/petrol); m.p. 184–185 �C;
½a�22D � 59 (c 1.16, MeOH); IR (KBr) mmax 3443, 1728,

1634 cm�1; UV (CH2Cl2) kmax no maximum above

210 nm; 1H and 13C NMR data see Tables 1 and 2;
EIMS m/z 504 (1) [M+], 486 (28), 426 (25), 372 (60),

348 (73), 330 (67), 254 (20), 229 (17), 177 (25), 121

(100), 95 (78), 43 (74).

3.5. 3-O-Acetylanthothecanolide (2)

Colorless crystals (EtOAc/petrol); m.p. 240–241 �C;
½a�22D � 51 (c 1.8, MeOH); IR (KBr) mmax 3378, 1718,
1666, 800 cm�1; UV (MeOH) kmax no maximum above

210 nm; 1H and NMR 13C data see Tables 1 and 2;

EIMS m/z 546 (25) [M+], 528 (10), 486 (22), 459 (21),

417 (5), 390 (15), 227 (10), 195 (13), 169 (25), 135 (30),

121 (57), 83 (43), 83 (43), 69 (5), 43 (100), 28 (45).

3.6. 2,3-Di-O-acetylanthothecanolide (3)

Colorless crystals (EtOAc/petrol); m.p. 190–191;

½a�22D � 101.7 (c 1.19, CHCl3); IR (KBr) kmax 3440,

1744, 1632 cm�1; UV (EtOH) kmax no maximum above

210 nm. 1H and 13C NMR data see Tables 1 and 2;

EIMS m/z 588 (1) [M+], 528 (4), 468 (6), 432 (5), 390

(50), 328 (20), 313 (20), 284 (9), 216 (10), 168 (8), 95

(28), 69 (35), 43 (100).

3.7. 6R,8a-Dihydroxycarapin (4)

Colorless crystals (EtOAc/petrol); m.p. 260–261 �C;
½a�22D � 30 (c 0,50, MeOH); IR (KBr)mmax 3437, 1730,

1701, 1437, 874 cm�1; UV (MeOH) kmax (log e) 301

(1.1), 213 (4.2); 1H and 13C NMR data see Tables 1

and 2; EIMS m/z 500 (7) [M+], 404 (55), 386 (33), 315

(100), 297 (23), 255 (10), 149 (22), 71 (23), 47 (21).

3.8. 3b-Acetoxy-3-deoxo-6R- hydroxycarapin (5)

Colorless crystals (EtOAc/petrol); m.p. 298–299 �C;
½a�22D � 19 (c 1.1, CHCl3); IR (KBr) mmax 3453, 1709,

1626, 872 cm�1; UV (CH2Cl2–MeOH 5:3) kmax (log e)
226 (4.09), 219 (4.29); 1H and 13C NMR data see Tables

1 and 2; EIMS m/z 528 (4) [M+], 474 (3), 432 (100), 400
(7), 372 (8), 301 (20), 283 (19), 255 (20), 147 (29), 137

(31), 83 (26), 43 (29), 18 (8).
3.9. Crystal data for 6R,8a-dihydroxycarapin (4)

Crystals suitable for X-ray diffraction were obtained

by recrystallisation from acetone. Compound 4 belongs

to the orthorhombic system; molecular formula

C27H32O9. MW 500.53; space group P212121;
a = 11.7158 (2), b = 13.9830 (2), c = 14.4397 (3) Å,

V = 2365.54 (7) Å3; Z = 4; Dcalc = 1.405 g/cm�3; k (Mo

Ka) = 0.71073 Å.

A single crystal of suitable size (0.50 · 0.45 ·
0.30 mm) was attached to a glass fiber using silicone

grease and mounted on a goniometer head in a general

position. Data were collected at 150 K on an Enraf–

Nonius Kappa-CCD diffractometer, running under
Nonius Collect software, and using graphite monochro-

mated X-radiation. Precise unit cell dimensions were

determined by post-refinement of the setting angles of

a significant portion of the data using Scalepack (Otwi-

nowski and Minor, 1997). The frame images were inte-

grated using Denzo(SMN) (Otwinowski and Minor,

1997) and the resultant raw intensity files processed

using a locally modified version of DENZOX (Blessing,
1997). No absorption corrections were deemed neces-

sary. Data were sorted and merged using SORTAV

(Blessing, 1997a). A total number of 22,159 data were

collected, yielding 6699 unique data: hkl range

�16 ! 16, �19 ! 19, �20 ! 20. The structure was

solved by direct methods using SIR-97 (Altomare et

al., 1999). All non-H atoms were allowed anisotropic

thermal motion. C–H hydrogen atoms were included
at calculated positions, with C–H = 0.96 Å, and were re-

fined with a riding model with Uiso set to 1.2 times that

of the attached C-atom. The O–H hydrogen atoms were

found from difference maps and refined with a riding

model. Refinement with SHELXL97-2 (Sheldrick,

1997), using full matrix least squares on F2 and all un-

ique data, converged to the residuals R [I > 2r(I)] and
Rw2 [I > 2r(I)] of 0.0344 and 0.0847, respectively.
4. Supplementary materials

Supplementary material in the form of a CIF file has

been deposited with deposition number CCDC 173032.

These data can be obtained free of charge via www.ccdc.

cam.ac.uk/data_request/cif, by emailing data_request@
ccdc.cam.ac.uk, or by contacting The Cambridge Crys-

tallographic Data Centre, 12, Union Road, Cambridge

CB2 1EZ, UK; fax: +44 1223 336033.
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