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Abstract

An investigation of the seeds of the Madagascan Meliaceae Quivisia papinae has yielded quivisianthone, a novel evodulone group
limonoid, together with the known azadiradione and two novel derivatives: 6a-hydroxyazadiradione and 7-deacetyl-7-angeloyl-6a-
hydroxyazadiradione. Quivisianthone is the first reported evodulone group limonoid possessing both a ring A lactone and an aza-
diradione-type ring D.
# 2003 Elsevier Ltd. All rights reserved.
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1. Introduction

Quivisia papinae Baillon ex Grandidier is an endemic
Madagascan species originally placed in the genus Tri-
chilia, tribe Trichilieae, subfamily Melioideae by Harms
(1940). Pennington and Styles (1975) subsequently
considered the fruit and seed sufficiently distinctive to
warrant the creation of a new subfamily, the
Quivisianthiodeae, in which it is the sole species. It is
known locally in Southern Madagascar as ‘‘hompy’’; no
information is available about its medicinal properties.
In the only previous study on the wood and stembark

of this species (Mulholland and Taylor, 1988), a limo-
noid tentatively identified as the 3-keto analogue of
Ekebergia pterophylla compound 1 (Taylor and Taylor,
1984), was obtained from the bark, and the coumarin 5-
methoxy-6,7-methylenedioxycoumarin from the wood.
In a continuation of previous studies on the Mada-
gascan Meliaceae, we have isolated from the seed of
Q. papinae the well known azadiradione, two novel
azadiradione analogues and a novel evodulone group
limonoid.
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2. Results and discussion

Compound 1 was identified, by comparison with lit-
erature data (Kraus and Cramer, 1978), as the hava-
nensin group limonoid azadiradione (1). Azadiradione
was first isolated (Lavie et al., 1971) from Melia azadir-
achta L., the closely related species Azadirachta indica
A.Juss has subsequently afforded both the 7-benzoyl
analogue (Kraus et al., 1981) and the parent alcohol
nimbocinol (Siddiqui et al., 1986).
Compound 2, assigned the molecular formula

C26H34O6 on the basis of HREIMS data, had a differ-
ence, relative to 1, of a single oxygen atom. Comparison
of the 1H and 13C NMR spectra of 2 with those of 1
revealed them to be very similar, with the only differ-
ence being the appearance of a double doublet at �H
4.41 (J=11.5, 2.8 Hz) in the 1H NMR spectrum,
coupled in the HSQC spectrum to a newly appeared
oxymethine resonance at �C 68.2, while the C-6 methyl-
ene signal at �C 23.4 had disappeared. Couplings in the
COSY spectrum to a doublet at �H 5.45 (J=2.8 Hz),
ascribed to H-7, and to a doublet at �H 2.28 (J=11.5
Hz), ascribed to H-5, established this as H-6. HMBC
correlations to C-7 at �C 78.0 and C-5 at �C 50.1 con-
firmed this placing, and NOESY correlations to 3H-19
and 3H-30 that H-6 is b. Compound 2 is thus the novel
6a-hydroxyazadiradione and the 6-deacetyl analogue of
mahonin recently reported from Swietenia mahogani
C.DC (Kadota et al., 1990).
The molecular formula of compound 3 was deter-

mined by HREIMS to be C31H38O6, with a difference,
relative to compound 2, of C3H4. Inspection of the 1H
NMR spectrum revealed the characteristic signal at �H
6.02 attributable to H-30 of an angelate ester, which was
then assigned by analysis of the COSY, HSQC and
HMBC spectra [�C 168.4(s), C-10; �C 127.3(s), C-20; �H
6.02qq J=6.1, 1.1 Hz, �C 139.2(d), H-30; �H 1.92m,
16.2(q), 3H-40; �H 1.80s, H �C 20.8(q), 3H-50]. Further
correlation in the HMBC spectrum between C-10 and H-
7b, and between C-10 and both 3H-40 and 3H-50 con-
firmed the ester location at H-7a. The remaining 1H and
13C NMR signals were virtually identical to those of 2.
Compound 3 is thus the novel 7-deacetyl-7-angeloyl
analogue of 2.
The molecular formula of compound 4 was assigned

by HRFABMS as C33H42O9. Inspection of the 1H and
13C NMR spectra revealed the presence, in addition to a
furan ring and an angelate ester, of an acetate ester [�H
2.00s, �C 21.4(q) and 169.2(s)], an additional ester car-
bonyl signal at �C 169.6, and a fully substituted C–O
resonance at �C 86.7. That 4 has the same D ring as that
present in 1–3 was inferred by comparison of the rele-
vant signals, as was that of the B ring 6a-hydroxy,7a-
angeloyloxy substitution pattern; HMBC correlations
between C-10 and H-7b, and between C-10 and both 3H-
40 and 3H-50 placed the angeloyl ester, as before, at C-7.
HMBC correlations between C-17 and a quaternary
methyl proton singlet signal at �H 0.93, and between C-
14 and another at �H 1.38, established these as 3H-18
and 3H-30, respectively. Further correlation from 3H-
30 to a methine resonance at �C 32.8 designated this as
C-9, which, in turn, is correlated to a third quaternary
methyl singlet signal at �H 1.25, ascribed to 3H-19. The
3H-19 resonance correlates to a methine signal at �C
48.6, assigned to C-5, and to an oxymethine resonance
at �C 74.3, ascribed to C-1.
A doublet of doublets (J=9.3, 6.4 Hz) at �H 4.84,

attributed to H-1, were seen to be coupled in the COSY
spectrum to two pairs of double doublets at �H 2.62
(J=12.8, 9.3 Hz; H-2a, by NOESY coupling to H-5)
and �H 3.00 (J=12.8, 6.4 Hz; H-2b). The H-2a and H-
2b resonances both displayed correlations in the HMBC
spectrum to the remaining carbonyl signal at �C 169.6,
ascribed to C-3 in a seven-membered lactone ring. The
fully substituted C–O resonance at �C 86.7, correlating to
both H-5 and two superimposed quaternary methyl singlet
signals at �H 1.70 in the HMBC spectrum, which must be
3H-28 and 3H-29, were then assigned to C-4. Final con-
firmation is provided by an HMBC correlation between
the 3H-28/29 resonances and that of C-3. The acetate ester
is placed at C-1 by HMBC correlation between C-100 and
H-1. NOESY correlations to both 3H-19 and 3H-30
establish H-1 as b and hence the acetate as a.
Quivisianthone 4 is a novel evodulone-class limonoid,

and the first to be found with both a ring A lactone and
the azadiradione (�14, 16-keto)-type ring D. Evodulone
itself, from Carapa procera DC. (Sondengam et al.,
1979), possesses a �1 double bond and a 14b, 15b-
epoxide ring, and lacks the 1a-acetoxy group, while
proceranone, from the same source (Sondengam et al.,
1981), has the same A ring, and a �14 double bond, yet
lacks the keto group at C-16. Carapolides H and I, from
the related species Carapa grandiflora Sprague (Ayafor
et al., 1994), are their 1a-acetoxy A ring analogues,
while rubralin C, from Trichilia rubra C.DC. (Musza et
al., 1995) is the 12a-acetoxy-7-tigloyl derivative of
carapolide 1/kihadalactone A (Kishi et al., 1992).
3. Experimental

3.1. General

NMR spectra were recorded at room temperature on
a 400 MHz Varian UNITY-INOVA spectro-
photometer. Chemical shifts (�) are expressed in ppm
relative to tetramethylsilane (TMS) as internal standard
and coupling constants are given in Hz. 1H NMR spec-
tra were referenced against the CHCl3 signal at �H 7.27,
and 13C NMR spectra to the corresponding signal at �C
77.0. IR spectra were recorded on a Nicolet Impact
400D Fourier-Transform Infrared (FT–IR) spectro-
378 P.H. Coombes et al. / Phytochemistry 65 (2004) 377–380



meter, using NaCl windows with CHCl3 as solvent
against an air background. Melting points were deter-
mined on a Kofler micro-hot stage melting point appa-
ratus and are uncorrected. HREIMS and HRFABMS
were acquired on a Kratos 9/50 HRMS instrument. Opti-
cal rotations were measured at room temperature in
CHCl3 on an Optical Activity AA-5 Polarimeter, using a
series A2 (4�200 mm) stainless steel unjacketed flow tube.

3.2. Plant material

Q. papinae was collected in April 1999 in the Bezaha
Mahafaly area in southern Madagascar. A voucher
specimen (02/99-Mj/Mdul, TAN) is deposited at the
Department of Botany of the University of Antananar-
ivo. Plant identification was confirmed by Dr. Hanson
Rabarison of the Department of Botany at the Parc
Zoologique et Botanique de Tsimbazaza.

3.3. Extraction and isolation of compounds

The air-dried, milled seed (701 g) was extracted succes-
sively for 24 h in a Soxhlet apparatus with hexane, CH2Cl2,
EtOAc and MeOH, yielding extracts of masses 19.47,
27.99, 20.28 and 189.15 g, respectively. Only the hexane
and CH2Cl2 extracts were examined during the course of
this investigation, while the EtOAc and MeOH extracts
have been stored for future study. Azadiradione 1 (7.1 mg)
and quivisianthone 4 (14.5 mg) were isolated from the
CH2Cl2 extract, and 6a-hydroxyazadiradione 2 (18.1 mg)
and 7-deacetyl-7-angeloyl-6a-hydroxyazadiradione 3 (35.0
mg) from both extracts.

3.3.1. 6�-Hydroxyazadiradione (2)
Pale yellow gum. [a]D=+23� (c, 0.312 in CHCl3); vmax

(NaCl) cm�1 3462, 2924, 1730, 1700, 1666, 1602, 1379,
1233, 1151; HREIMS (70 eV) m/z (rel. int.) 466.2355
(100) (calc. for C28H34O6 466.2355), 451.2110 (29)
[M�CH3]+, 406.2116 (15) [M�HOAc]+, 381.1690 (18)
[M�HOAc–CH3]+, 299.1273 (8), 227.1079 (7),
174.0685 (17), 121.0652 (28), 83.0493 (30); 1H NMR
spectral data (400MHz, CDCl3) �H 7.46 (1H, br s,H-21),
7.41 (1H, br s, H-23), 7.07 (1H, d, J=10.1 Hz, H-1), 6.25
(1H, br s, H-22), 5.91 (1H, d, J=10.1 Hz, H-2), 5.86 (1H,
s, H-15), 5.45 (1H, d, J=2.8 Hz, H-7), 4.41 (1H, dd,
J=11.5, 2.8 Hz, H-6), 3.41 (1H, s, H-17), 2.44 (1H, br m,
H-9), 2.28 (1H, d, J=11.5 Hz, H-5), 2.10 (2H, m, H-11a,
H-12a), 2.01 (3H, s, 3H-20), 1.87 (1H, m, H-12b), 1.82
(1H, m, H-11b), 1.40 (3H, s, 3H-29), 1.36 (3H, s, 3H-30),
1.30 (3H, s, 3H-28), 1.17 (3H, s, 3H-19), 1.02 (3H, s, 3H-
18); 13C NMR spectral data (100 MHz, CDCl3) Table 1.

3.3.2. 7-Deacetyl-7-angeloyl-6�-hydroxyazadiradione
(3)
Pale yellow solid. Mp 91–94 �C; [�]D=+69� (c, 0.658

in CHCl3); vmax (NaCl) cm�1 3485, 2959, 1707, 1678,
1602, 1461, 1391, 1233, 1151; HREIMS (70 eV) m/z (rel.
int.) 506.2672 (30) (calc. for C31H38O6 506.2668),
423.2176 (2), 407.2232 (4) [M�HOAng}+, 174.0672
(4), 121.0653 (6), 83.0484 (100); 1H NMR spectral data
(400 MHz, CDCl3) �H 7.43 (1H, br s, H-21), 7.39 (1H,
br s, H-23), 7.06 (1H, d, J=10.1 Hz, H-2), 6.22 (1H, br
s, H-22), 6.02 (1H, qq, J=6.1, 1.1 Hz, H-30), 5.90 (1H, d,
J=10.1 Hz, H-2), 5.93 (1H, s, H-15), 5.61 (1H, d, J=2.2
Hz, H-7), 4.46 (1H, dd, J=11.5, 2.2 Hz, H-6), 3.39 (1H,
s, H-17), 2.46 (1H, br m, H-9), 2.26 (1H, d, J=11.5 Hz,
H-5), 2.10 (2H, m, H-11a, H-12a), 1.92 (3H, m, 3H-40),
1.88 (1H, m, H-11b), 1.87 (1H, m, H-12b), 1.80 (3H, s,
3H-50), 1.40 (3H, s, 3H-29), 1.38 (3H, s, 3H-30), 1.28
(3H, s, 3H-28), 1.18 (3H, s, 3H-19), 1.02 (3H, s, 3H-18);
13C NMR spectral data (100 MHz, CDCl3) Table 1.

3.3.3. 7-Deacetyl-7-angeloyl-16-ketokihadalactone A,
quivisianthone (4)
Pale yellow gum. [�]D=+0.0 (too small to be mea-

sured); vmax (NaCl) cm�1 3468, 2947, 1730, 1707, 1607,
Table 1
13C NMR spectral data for compounds 2–4 (CDCl3, 100 MHz)
2
 3
 4
C-1
 156.1 (CH)
 156.2 (CH)
 74.3 (CH)
C-2
 126.9 (CH)
 126.8 (CH)
 37.8 (CH2)
C-3
 205.5 (C)
 205.5 (C)
 169.6 (C)
C-4
 45.7 (C)
 45.7 (C)
 86.7 (C)
C-5
 50.1 (CH)
 50.4 (CH)
 48.6 (CH)
C-6
 68.2 (CH)
 68.2 (CH)
 67.9 (CH)
C-7
 78.0 (CH)
 77.1 (CH)
 76.6 (CH)
C-8
 45.1 (C)
 45.2 (C)
 43.7 (C)a
C-9
 37.0 (CH)
 37.4 (CH)
 32.8 (CH)
C-10
 40.8 (C)
 40.9 (C)
 44.0 (C)a
C-11
 16.1 (CH2)
 16.2 (CH2)
 16.7 (CH2)
C-12
 30.5 (CH2)
 30.4 (CH2)
 30.8 (CH2)
C-13
 48.2 (C)
 48.3 (C)
 47.8 (C)
C-14
 191.6(C)
 191.3(C)
 190.5(C)
C-15
 123.6 (CH)
 123.8 (CH)
 124.7 (CH)
C-16
 205.0 (C)
 204.9 (C)
 205.0 (C)
C-17
 61.1 (CH)
 61.1 (CH)
 60.8 (CH)
C-18
 27.1 (CH3)
 26.9 (CH3)
 26.9 (CH3)
C-19
 21.3 (CH3)*
 21.1 (CH3)
 17.4 (CH3)
C-20
 118.5(C)
 118.5(C)
 118.4(C)
C-21
 141.8 (CH)
 141.8 (CH)
 141.8 (CH)
C-22
 111.3(CH)
 11h.3(CH)
 111.2(CH)
C-23
 143.0 (CH)
 142.9 (CH)
 143.1 (CH)
C-28
 32.2 (CH3)
 32.3 (CH3)
 28.1 (CH3)
b

C-29
 21.2 (CH3)*
 20.5 (CH3)
 32.7 (CH3)
b

C-30
 26.4 (CH3)
 26.6 (CH3)
 25.48 (CH3)
C-10
 171.7 (C)
 168.4 (C)
 168.2 (C)
C-20
 20.6 (CH3)
 127.3 (C)
 127.0 (C)
C-30
 139.2 (CH)
 140.2 (CH)
C-40
 16.2 (CH3)
 16.2 (CH3)
C-50
 20.8 (CH3)
 20.6 (CH3)
C-100
 169.2 (C)
C-200
 21.4 (CH3)
a,b Values interchangeable within column.
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1461, 1391, 1321, 1233, 1157; HRFABMS m/z 582.2816
(calc. for C33H42O9 582.2829); HREIMS (70 eV) m/z
(rel. int.) 567.2549 (4), 524.2430 (8), 509.2169 (5),
466.2362 (23), 451.2123 (10), 441.1910 (4), 381.1711 (5),
339.1612 (5), 229.1217 (7), 174.0685 (10), 121 .0655 (9),
83.0498 (100); 1H NMR spectral data (400MHz,
CDCl3) �H 7.42 (1H, br s, H-21), 7.39 (1H, br s, H-23),
6.19 (1H, br s, H-22), 6.07 (1H, qq, J=7.3, 1.5 Hz,
H-30), 5.99 (1H, s, H-15), 5.55 (1H, d, J=2.9 Hz, H-
7), 4.84 (1H, dd, J=9.3, 6.4 Hz, H-1), 4.42 (1H, dd,
J=10.8, 2.9 Hz, H-6), 3.38 (1H, s, H-17), 3.11 (1H,
m, H-9), 3.00 (1H, dd, J=12.8, 6.4 Hz, H-2b), 2.62
(1H, dd, J=12.8, 9.3 Hz, H-2a), 2.41 (1H, d, J=10.8
Hz, H-5), 2.00 (3H, s, 3H-200), 1.97 (4H, m, H-12b, 3-
H-40), 1.88 (3H, s, 3H-50), 1.80 (2H, m, H-11b, H-
12a), 1.70 (6H, s, 3H-28, 3H-29), 1.39 (1H, m, H-
11a), 1.38 (3H, s, 3H-30), 1.25 (3H, s, 3H-19), 0.93
(3H, s, 3H-18); 13C NMR spectral data (100 MHz,
CDCl3) Table 1.
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