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Abstract

From the hexane extract of the stem bark of Cedrelopsis grevei (Ptaeroxylaceae) was isolated the triterpenoid derivative,
cedashnine, and the quassinoid, cedphiline, along with cedmiline, scoparone, B-amyrin and sitosteryl glucoside.
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1. Introduction

The secondary metabolites isolated from the Mada-
gascan species Cedrelopsis grevei (Ptacroxylaceae) vary
greatly from specimen to specimen investigated. We
have recently reported the isolation of two limonoid
derivatives, cedmiline and cedmilinol from the bark of a
specimen collected at Ankarafantsika in the wetter
north of Madagascar (Mulholland et al., 1999a). The
bark and wood of specimens collected in the drier south
have yielded a range of coumarins and chromones
including cedrelopsin, greveichromenol, greveiglycol,
heteropeucenin, peucenin, alloptaeroxylin, ptaeroxy-
linol, ptaeroglycol, ptaeroxylin, (Mulholland et al.,
1999b; Dean et al.,1967; Dean and Robinson, 1971;
Dean and Taylor, 1966; Eshiett and Taylor, 1968;
McCabe et al., 1967; Schulte et al., 1973), cedrecou-
marins A and B, (Mulholland et al., 2002) whereas the
fruit contains prenylated chalcones and flavanones
(Koorbanally et al., 2003). A further specimen (08-99/
MJ.MDul,TAN) was collected during the flowering
period from Ankarafantsika in an attempt to isolate
more of the limonoid derivatives. However, cedmiline
(1), a related hexanortriterpenoid, cedashnine (2), a
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quassinoid, cedphiline (3), the known coumarin, sco-
parone (4), and the common phytosterols, B-amyrin and
sitosteryl glucoside were isolated.

2. Results and discussion

The hexane extract of the stem bark of Cedrelopsis
grevei yielded the limonoid derivative, cedmiline (1),
isolated previously from this source (Mulholland et al.,
1999a) and the related compound, cedashnine (2).
Cedashnine 2 differs from cedmiline 3 only in the struc-
ture of the side chain. In cedmiline 3, the side chain
occurs as a furan ring, but in cedashnine 2, a 21-
hydroxy-23,21-butenolide ring is present. Cedashnine 2
is a hexanortriterpenoid with a molecular formula of
C,4H»30g. The IR spectrum showed bands at 3381
cm~! (OH stretch), 1710 and 1756 cm~! (C=O stretch).
The presence of a ring A o,B-unsaturated lactone was
indicated by a pair of doublets at §6.37 (H-1) and §5.90
(H-2, J=12.8 Hz) and resonances at §153.9, §118.4 and
8167.5 ascribable to C-1, C-2 and C-3 respectively. The
C-4 oxygenated quaternary carbon resonance occurred
at §84.8. Ring B was expanded incorporating C-30 as
previously reported for cedmiline 3 and cedmilinol
(Mulholland et al., 1999a). This was indicated by the
chemical shifts of C-7 (6209.0) and the diastereotopic
H-30 protons (83.57 and §2.46 ABq, J=12.3 Hz).


http://www.sciencedirect.com
http://www.sciencedirect.com
http://www.sciencedirect.com
http://www.elsevier.com/locate/phytochem/a4.3d
mailto:mulholld@nu.ac.za

632 D.A. Mulholland et al. | Phytochemistry 64 (2003) 631-635

Resonances ascribed to H-5 and H-6a and B each
occurred as double doublets at §3.09 (J=4.0, 7.8), §2,78
(J=4.0, 17.0) and 62.46 (J=17.8, 17.0) respectively. The
COSY spectrum showed coupling between the H-9
resonance (§1.99) and the two H-11 resonances which
were, in turn, seen to be coupled to the two H-12 reso-
nances. The H-17 resonance occurred as a singlet at
§5.25. NOESY correlations between H-17 and H-9, H-
120 and H-18 indicated that H-17 was in the a-orient-
ation as was shown to be the case with cedmiline 3. The
ketone carbonyl resonance at §212.3 showed HMBC
correlations with H-17, 3H-18 and H-30f and thus was
placed at C-14. The chemical shift of §82.7 for C-8, as in
cedmiline 3, confirmed a C-17, C-8 ether linkage. Thus
the basic tetracyclic structure of cedashnine 2 was con-
firmed to be the same as in cedmiline 3. However, no
resonances ascribable to a furan ring were present.
Subtracting the number of atoms and double bond
equivalents required for the tetracyclic structure, left
C4H303 and three double bond equivalents for the
sidechain which could be assigned to a 21-hydroxy-
23,21-butenolide ring. Double bond carbon resonances
were seen at §120.2 (C-20) and §154.0 (C-22), a lactone
carbonyl carbon at §167.1 (C-23) and a hemiacetal car-
bon resonance at §98.0 (C-21). The HSQC spectrum
enabled the assignment of singlets at §6.25 and §6.10 to
H-21 and H-22 respectively. The fact that the COSY
spectrum showed no correlation between the two pro-
ton singlets and the HMBC spectrum showed corre-
lations between both C-22 and C-21 and H-17
confirmed the above assignments. It was surprising that
only one epimer was present for this compound.

Usually in compounds of this type (Cheplogoi and
Mulholland, 2003) some resonances are paired in the 'H
and '3C NMR spectra because of the hemiacetal exist-
ing as a pair of C-21 epimers. A model was constructed
to try to explain this observation. It was seen that
hydrogen bonding can occur between the hydroxyl
group proton at C-21 and the oxygen of the §8,17-ether if
the hydroxyl group is a-orientated. Supporting evidence
for this was a correlation observed in the NOESY
spectrum between H-21 (which would have to be ) and
the 3H-18 resonance. This was shown to be possible
from the model. Thus an S configuration would occur
at C-21. Thus structure (2) is proposed for cedashnine
and is supported by HMBC and NOESY correlations as
given in Table 1.

HRMS of cedphiline (3), showed a molecular ion at
m/z 502.25593 indicating a formula of C,gH;30g5. A
peak at m/z 442 indicated the loss of an acetic acid
molecule indicating the presence of an acetate group.
The IR spectrum showed a hydroxyl stretch band (3500
cm~!) and carbonyl absorptions at 1745 and 1719 cm~!.
The 3C NMR spectrum showed the presence of 28
carbon atoms including two for an acetate group and
one for a methoxyl group and thus indicated the pre-
sence of a C,5 quassinoid of type D (Polonsky, 1985). A
conspicuous pair of doublets at §2.59 and 2.64 (J=13.7
Hz) were assigned to two H-17 protons. These protons
showed HMBC correlations to C-20 (§ 164.2, C), C-21
(6 74.5, CH») and C-22 (§ 120.1, CH) of a butenolide
ring. Resonances at §4.73 (2H) and 65.92 (s, 1H) were
assigned to 2H-21 and H-22. The resonance at §173.1
showed HMBC correlations with 2H-21 and H-22 and
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was assigned to C-23. The methyl group three proton
singlets in the '"H NMR spectrum were assigned to 3H-
19 (6y 1.00), 3H-18 (8y 1.32) and 3H-30 (6y 1.34). The
following HMBC correlations were observed: the 3H-19
resonance to C-1 (8¢ 81.0) and C-9 (§¢ 53.8), the 3H-30
resonance to C-7 (6¢ 78.8) and C-9 (§¢ 53.8) and the
3H-18 resonance to C-17 (8¢ 42.5). The methyl group
proton doublet at §y 0.93 (J=6.4 Hz) showed HMBC
correlations to C-3 (8¢ 37.5), C-4 (8¢ 29.1) and C-5 (8¢
44.2) and was assigned to 3H-28. The C-28 resonance
appeared at 8¢ 20.0. The carbonyl carbon resonance at
3¢ 164.9 was assigned to C-16 of the ring D lactone. The
C-16 resonance showed HMBC correlations to the H-15
resonance at 8y 5.83. The H-7 and H-9 resonances
appeared at 8y 4.14 and 1.89 respectively in the 'H
NMR spectrum. The H-9 resonance (8 1.89) showed
HMBC correlations with C-1 (8¢ 81.0), C-5 (8¢ 44.2),
C-7 (8¢ 78.8), C-8 (8¢ 39.1), C-10 (6¢ 42.1), C-11 (8¢
70.7), C-14 (8¢ 172.4), C-19 (8¢ 11.8), and C-30 (8¢
23.0). The H-5 and H-1 resonances appeared at dy 1.24
and 3.08 respectively. The H-1 resonance (8 3.08) was
superimposed with the H-2 resonance at §y 3.08 and
this created problems in assigning the stereochemistry of
H-1 and H-2. The resonances at §c 81.0, 80.6 and ¢
56.6 were assigned to C-1, C-2 and the methoxyl group
carbon respectively by use of the HSQC spectrum. The

methoxyl group proton resonance showed HMBC
correlation to C-2 (8¢ 80.6), which confirmed that the
methoxyl group was attached at C-2. On biosynthetic
grounds, 3H-19 and 3H-30 are B-orientated and H-5, H-
9, 3H-18 and 3H-28 are «-orientated. The H-1/H-2
superimposed resonance showed NOESY correlations
with 3H-19, H-4, H-5, H-9, the methoxyl group pro-
ton resonance and a very weak correlation with 3H-
28. In order to distinguish between NOESY corre-
lations with H-2 and H-3, the compound was acety-
lated. Although the NOESY spectrum of the acetylated
product was weak due to the small amount of material
available for acetylation, it was clear that the H-1 reso-
nance had shifted to become superimposed with the H-
21 correlation at 8y 4.73 and showed NOESY corre-
lations with H-5 and H-9 confirming that H-1 was o
and hence the hydroxyl group at C-1, B. Upon acet-
ylation of 3, the H-2 resonance moved under the
methoxyl group proton resonance at §3.33, but a
strong NOESY correlation could be seen with the 3H-
19 and H-4 resonances confirming [B-stereochemistry
for H-2. The H-6 resonance at 8y 1.82 showed NOESY
correlations with H-4 and 3H-19, which indicated a B-
orientation for this H-6 proton. The C-6 resonance
appeared at §c 25.4 and the remaining H-6a reso-
nance was shown to occur at 8y 2.05 by use of the

Table 1
NMR spectral data for cedashnine (2)
C 8'3C / ppm (CD;0D) 8'H / ppm (CD;0D) HMBC (C—H) COSY NOESY
1 154.0 (CH) 6.37 (d, J=12.9 Hz) 19 2 2, 1la, 19
2 118.4 (CH) 5.90 (d, J=12.9 Hz) 1 1
3 167.5 (C) -
4 84.8 (C) - 2,28,29
5 51.9 (CH) 3.09 (dd, J=4.0,7.8 Hz) 1, 19, 28, 29 60, 6B 60, 9, 28, 300
6 46.2 (CHy) o) 2.78 (dd, J=4.0, 17.0 Hz) 308 5, 6B 5, 6B, 28
B) 2.46 (dd, J=1.8, 17.0 Hz) S, 6o 6a, 19, 29
7 209.0 (C) - 6B, 300, 308
8 82.7 (O) - 300, 308
9 64.4 (CH) 1.99 (m) 19, 308 1o 5, 1o, 17
10 48.5 (C) - 2,19
11 21.3 (CH,) o) 1.88 (m) 120 9, 11B, 120, 128 1,9, 120
B) 2.06 (m) 1o, 128 128, 19
12 41.4 (CHyp) a) 2.06 (m) 17, 18 1o, 128 1o, 17, 18
B) 1.60 (m) 1o, 118, 120 118, 18
13 51.1 (O©) - 17, 18
14 212.3 (O) - 17, 18, 308
17 79.6 (CH) 5.25(s) 18 9, 120, 18, 22
18 13.6 (CH;) 0.97 (s) 12a, 128, 17, 21, 22
19 18.6 (CH;) 1.22 (s) 1 1, 6B, 11B, 29, 308
20 120.2 (O) -
21 98.0 (CH) 6.25 (s) 17 18, 308
22 154.0 (CH) 6.10 (s) 17 17, 18
23 167.1 (C) -
28 31.1 (CH3) 1.43 (s) 29 5, 6a, 29
29 19.8 (CH;) 1.53 (s) 28 6B, 19, 28
30 44.6 (CHy) o) 3.57 (d, J=12.3 Hz) 308 5, 308
B) 2.46 (d, J=12.3 Hz) 300 21, 300
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HSQC spectrum. Both the H-6a and H-6 resonances
were seen to be coupled in the COSY spectrum to H-5
and H-7. The two H-3 proton resonances appeared at
81 0.90 and 2.08 in the '"H NMR spectrum The acetate
group proton resonance appeared at 8y 1.94 in the 'H
NMR spectrum of 3. The carbonyl carbon resonance of
the acetate group appeared at 8¢ 170.8 and showed
HMBC correlations with H-11 at 8§y 5.64, which indi-
cated that the acetate group was attached at C-11 (8¢
70.7). The H-11 resonance showed a NOESY corre-
lation to 3H-19, which suggested a B-orientation for this
H-11 proton, leaving the acetate group with an -
orientation. The H-11 resonance also showed HMBC
correlations with C-9 (8¢ 53.8), C-12 (§c 41.5) and C-13
(6c 39.6). The two H-12 resonances appeared as a
doublet (/=16.3 Hz) at 8y 2.00 and a double doublet
(J=16.3, 5.3 Hz) at §y 2.42. It was not possible to dis-
tinguish between the H-12o and H-12 resonances as
both H-12 resonances showed a NOESY correlation
with H-11 and the resonance at 8y 2.42 showed a
NOESY correlation with the superimposed 3H-18/3H-

30 resonance. All other NOESY correlations agreed
with a model of cedphiline (3).

The known compounds scoparone (4), and B-amyrin
were also isolated from the hexane extract and sitosteryl
glucoside was isolated from the ethyl acetate extract.
These compounds were identified using NMR spectro-
scopy and structures confirmed by comparison against
literature values (Matida et al., 1996; Ahmad, 1994;
Duddeck and Kaiser, 1982)

This is the first report of the isolation of a quassinoid
from outside the Simaroubaceae family. It is interesting
that both limonoids and quassinoids have only been
found to occur together only in the Cedrelopsis genus of
the Ptaeroxylaceae family and the Harrisonia genus of
the Simaroubaceae. The similarity between the highly
rearranged limonoids from Cedrelopsis and Harrisonia
also supports a close link between the Ptaeroxylaceae
and the Harrisonia genus of the Simaroubaceac. We
have previously noted close similarities between com-
pounds isolated from the Cneoraceae and Ptaeroxy-
laceae families (Mulholland and Mahomed, 2000)

Table 2
NMR spectral data for cedphiline (3)
C 813C / ppm (CDCls) 8'H / ppm (CDCl;) HMBC (C—H) COSY NOESY
1 81.0 (CH) 3.082 9,19 2 5,9, OMe
2 80.6 (CH) 3.08* 1, 3o, OMe 1, 3B, 3a 4,19, OMe
3 37.5 (CHy) a) 0.90 (m) 28 2,38, 4 3B
) 2.08 (m) 2, 3a 2, 30, 28, OMe
4 29.1 (CH) 1.38 (m) 28 3o 2,3, 19,28
5 44.2 (CH) 1.24 (m) 9,19, 28 60, 6 1,9, 28
6 25.4 (CH,) a) 2.08 (m) 5, 6o, 7 6P, 7, 28
B) 1.82 (m) 5, 6B, 7 4, 60, 7, 19, 30
7 78.8 (CH) 4.14 (m) 9, 30 6P, 60 60, 68, 30
8 39.1 (O) - 9, 15, 30
9 53.8 (CH) 1.89 (d, J=5.6 Hz) 1,7, 11, 128, 19, 30 11 1,5
10 42.1 (C) - 9,19
11 70.7 (CH) 5.64 (m) 9, 128 9, 128, 120 120, 128, 19
12 41.5 (CH,) o) 2.00 (d, J=16.3 Hz)® 11, 17a, 17b, 18 11, 12B 11, 12B
B) 2.42 (dd, J=16.3, 5.3 Hz)® 11, 120 11, 120, 18/30
13 39.6 (O) - 11, 12, 120, 17a, 17b, 18
14 172.4 (C) - 9, 128, 15, 17b, 18, 30
15 116.4 (CH) 5.83 (s) 17a, 18, 21
16 164.9 (C) - 15
17 42.5 (CH,) a) 2.59 (d, J=13.7 Hz) 120, 18 17b 15, 17b, 18, 21, 22
b) 2.64 (d, J=13.7 Hz) 17a 17a, 18, 21, 22
18 31.2 (CH3) 1.32 (s) 128, 120, 17a, 17b 120, 15, 17a, 17b, 21, 22
19 11.8 (CH3) 1.00 (s) 1,9 2,4,6p, 11, 30
20 164.2 (C) - 17a, 17b, 21, 22
21 74.5 (CH,, 4.73 (2H) (d, J=1.1 Hz) 17a, 17b, 22 15, 17a, 17b, 18/30
22 120.1 (CH) 5.92 (s) 17a, 17b, 21 17a, 17b, 18/30
23 173.1 (C) - 21,22
28 20.0 (CH3) 0.93 (d, J=6.4 Hz) 4,5, 60
30 23.0 (CH3) 1.34 (s) 7,9 6B, 7, 19
Oac Me 21.8 (CH3) 1.94 (s)
OMe 56.6 (CH3) 3.33 (s) 1,2, 3P
OAc C=0 170.8 (C) - 11, AcO Me

2 Resonances superimposed, NOESY correlations could be distinguished by examining the NOESY spectrum of an acetylated product.
® The H-120 and H-12B resonances may be interchanged. Both showed NOESY correlations with H-11 and one showed a correlation with the

superimposed 3H-18, 3H-30 resonance.
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3. Experimental

Stem bark of Cedrelopsis grevei Baill. (Ptaeroxylaceae)
was collected from Ankarafantsika in the north-west
forest of Madagascar and identified by Dr. M. Ran-
drianarivelojosia and a voucher specimen retained (08-
99/MJ.MDul,TAN). The dried, milled stem bark (1.7
kg) was extracted successively using a Soxhlet apparatus
with hexane, ethyl acetate and methanol for 48 h with
each solvent. The hexane extract (143 g) yielded, after cc
over silica gel (Merck 9385) using 5 g of extract,
B-amyrin (55 mg) and scoparone (4) (14 mg). A sample
of 8 g of the ethyl acetate extract (39 g) was separated as
above and yielded cedmiline (1), (50 mg), cedphiline (3),
(45 mg), cedashnine (2), (25 mg) and sitosteryl B-D-
glucopyranoside (21 mg). The '"H NMR spectrum of the
methanol extract indicated the presence of sugars only,
so was not investigated further.

IR spectra were recorded with a Nicolet Impact 400 D
spectrometer on sodium chloride plates and calibrated
against an air background. HRMS were obtained using
a Kratos High Resolution MS 9/50 spectrometer at the
Cape Technikon. UV spectra were recorded with a
Varian DMS 300 UV-visible spectrophotometer using
dichloromethane as solvent. '"H and '3C NMR spectra
were recorded on a Varian Unity Inova 400 MHz NMR
spectrometer. Optical rotations were measured at room
temperature using either a Perkin Elmer 241 Polarimeter
or an Optical Activity AA-5 Polarimeter together with a
series A2 stainless steel (4x 200 mm) unjacketed flow tube.

Cedashnine (2): white crystalline (25 mg); m.p. 220—
221 °C; HRMS: 444.17759 (Cy4HgOg4 req. 444.17842),
426.16951(M ™ —H,0), 316.16656, 277.07193, 258.12538,
175.10432, 121.06497, 108.05742  (100%); IR:
Vmax(NaCl): 3381, 2861, 1756, 1710 cm™!; [a]p + 15.38 (¢
0.26, CH3;0H). For NMR spectral data, see Table 1.

Cedphiline (3): white crystalline (45 mg); m.p.160-
161 °C; HRMS: 502.25593 (C,3H3305 req. 502.25667),
85.06565 (100%), 119.08579 (19.48%), 345.20736
(18.59%), 410.2087 (27.90%), 44223434 (M™*-
CH;COOH) (21.08%), 459.23942 (M *—-CH3C=0)
(7.61%); IR: vy,.(NaCl): 3500, 2917, 2855, 1745, 1719
cm~!; [o]p —43.97 (¢ 0.348, CH,Cl,). For NMR spectral
data, see Table 2.
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