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Terpenes from leaves of Guarea macrophylla (Meliaceae)
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Abstract

The dichloromethane extract from the leaves of Guarea macrophylla (Meliaceae) was submitted to adsorption chromatography.
Guai-6-en-10B-ol, isopimara-7, 15-dien-2a-ol and cycloarta-23,25-dien-3-one were isolated and identified by spectroscopic data, mainly
by 'H and '*C NMR analyses; eight other known terpenoids were also isolated. © 2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Guarea macrophylla Vahl. subsp. Tuberculata (Melia-
ceae) is a tree which grows in Brazil from Rio Grande
do Sul to Minas Gerais States and in the Amazon
(Corréa, 1984). Species of Guarea produce a wide vari-
ety of secondary metabolites including meliacines, tri-
terpenes, diterpenes and sesquiterpenes (Mootoo et al,
1992; Furlan et al., 1993; Furlan et al., 1996, Nufnez and
Roque, 1999). As part of our studies on this genus, the
composition of the dichloromethane extract of the
leaves of G. macrophylla was examined. This paper
describes the isolation and identification of eleven ter-
penes (1-11), including three new ones, guai-6-en-108-
ol, (5) isopimara-7,15-dien-2a-0l (9) and cycloarta-
23,25-dien-3-one (11) from the leaves of the plant.

2. Results and discussion

Column chromatography on silica gel of the di-
chloromethane extract of the leaves from G. macro-
phylla Vahl. subsp. Tuberculata and spectrometric
analysis of the fractions resulted in the identification of
one monoterpene: a-terpineol (1), four sesquiterpenes:
aromadendran-la-ol (palustrol, 2), alloaromadendran-
10a-ol (ledol, 3), 10-aromadendren-48-ol (spathulenol,
4) and guai-6-en-108-ol (5), five diterpenes: 8,13-oxy-
labd-14-ene (manoyl oxide, 6), labda-8,13E-dien-15-0l (7),
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isopimara-7,15-dien-3-one (8) isopimara-7,15-dien-34-ol
(9), and isopimara-7,15-dien-28-ol (10), one triperpene:
cycloarta-23,25-dien-3-one (11) and sitosterol (12).

8 R,=R,=H;R,=R,=0:
9 R,=R,=R,=H;R,=OH,
10 R, =R, =R, =H; R, = OH;

The monoterpene 1, the sesquiterpenes 2, 3 and 4 and
the diterpenes 6 and 8 were identified by analysis of
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their '"H and 3C NMR data and comparison with
literature values (Almqvit et al., 1975; Bohlmann et al.,
1975; Caputo et al, 1976; Iwabuchi et al. 1989; Faure et
al. 1991; Weenen et al., 1991) respectively.
Sesquiterpene 5 was obtained as a colourless oil. The
FABMS showed a quasi molecular ion signal at
205.1900 [M+H-H,O]" and the '3C NMR spectrum
displayed 15 signals suggesting the structure of a
hydroxysesquiterpene (C;sHy0). The '3C NMR spec-
tral data (Table 1) indicated the presence of four
methyls, four methylenes, four methines as well as one
trisubstituted double bond and one hydroxylated qua-
ternary carbon in the molecule of 5. Comparison of these
data with those of the guaiane sesquiterpenes, alismol and
alismoxide (Yoshikava et al., 1992), suggested that 5 has a
guaiane skeleton with a double bond at C-6 and a
hydroxyl group at C-10. Its 'H NMR spectrum showed
the presence of a methyl group linked to a quaternary
carbinolic carbon and an olefinic hydrogen (Table 1). The
difference between the '3C NMR spectroscopic data of 5
and those of alismoxide could be explained by the
effects of the second hydroxyl at C-4 in the last com-
pound. The proton bearing carbon signals were assigned
by analysis of the HMQC spectrum and the correlations
observed in the HMBC spectrum (Table 1) confirmed the
planar structure of 5, as guai-6-en-10-ol. The overlapping
of many signals at § 2.15 in the '"H NMR spectrum made
the analysis of the NOESY spectrum of this compound
very difficult. To confirm the stereochemistry of 5 as
being the same as alismoxide, 'H NMR spectra using
the shift reagent Eu(fod); were obtained. These showed
that the A§ for H-6, H-12/H-13 and H-15 were 1.12,
0.42 and 0.86 ppm respectively, suggesting that the
methyl group at C-4 is located at the same side of the
molecule as the hydroxyl group. These observations

Table 1
'H and '3C NMR data and correlations observed in the HMBC for
sesquiterpene 5 (500* and 125" MHz, §, CDCl3)

Position TH2* 1B
(multiplicity, J/Hz)

Long range coupling

1 1.90 512 1.33, 1.41

2 1.60/1.76 23.9% 215

3 1.60/1.33 33.1

4 2.15 372

5 2.15 438 1.90, 1.33

6 5.46 (d, 3.3) 124.0 2.15, 1.90

7 - 148.2

8 1.90/2.15 25.0% 141, 1.76, 2.15
9 1.41/1.76 426 1.90, 2.15

10 - 76.0 1.41, 1.76, 1.90, 2.15
11 2.15 37.6

12 0.93% (d, 6.6) 2129 215

13 0.94* (d, 6.9) 21.3% 215

14 118 214 1.41, 1.76, 1.90
15 0.84 (d, 7.5) 15.2

confirm the structure of the guaiane 5 as guai-6-en-108-
ol. This compound has been isolated from the leaves of
Guarea guidonia (Brochini et al., 1999), and its char-
acterisation is herein described for the first time.

The EIMS spectrum associated with the data of
NMR spectra suggested that 7 is an oxigenated diter-
pene with a molecular formula of C,gH340. The signals
observed in the 13C NMR spectra, § 65.2, an oxygenated
CH,, 6 126.0, C and 6 140.2, C, a tetrasubstituted dou-
ble bond and § 140.8, C and § 122.7, CH, a trisub-
stituted double bond, suggested a labdane skeleton for
7. The comparison of the 'H NMR spectral data for 7
with those reported in the literature (Caputo et al.,
1976) indicated the structure as labda-8,13E-dien-15-o0l.
The mutual coupling between H-14 and H-15 observed
in the '"H-'"H COSY spectrum and the coupling between
H-15 and C-15 observed in the HMQC spectrum are in
agreement with the structure of the diterpene. The '*C
NMR spectral data, not previously described in the lit-
erature, are shown in Table 2.

The molecular formula C,qH3¢O of 8 was determined
by the analysis of the EIMS spectrum and '3C NMR
spectral data. The presence of a carbonyl was confirmed
by IR spectrometry (1710 cm™') and '3C NMR spec-
trum, which showed a signal at § 216.9 (Table 2). The
occurrence in the '"H NMR spectrum of one dd at § 5.80
(J=17.3 and 10.3 Hz, H-15) and two dd at § 4.94
(J=17.3 and 1.5 Hz, H-16a) and § 4.87 (/=10.3 Hz and
1.5 Hz, H-16b) associated with the presence of a broad
doublet at § 5.41 (J=5.9 Hz, H-7) and the presence of
four singlets corresponding to methyl groups, suggested
a pimarane diterpene skeleton and defined the position

Table 2
13C NMR spectroscopic data for diterpenes 7 and 9 (125 MHz, 6,
CDCly)

Position 7 9
1 37.1 37.9
2 19.1 23.1
3 41.9 79.2
4 334 38.6
5 51.9 50.0
6 19.2 27.4
7 33.6 121.4
8 126.0 1354
9 140.2 51.9
10 39.1 no?
11 26.8 20.1
12 40.2 36.2
13 140.8 no
14 122.7 459
15 59.5 150.3
16 16.4 109.2
17 19.5 21.5
18 334 28.3
19 20.2 15.6
20 21.7 14.9

a #9: Value may be reversed in the columns.

4 No: not observed.
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of the double bonds at C-7 and C-15. The carbonyl
group was located at C-3 because of the occurrence of
two ddd at § 2.70 (J=14.3, 14.7 and 5.2 Hz, H-2,,) and §
224 (J=14.7, 3.7 and 3.7 Hz, H-2.,) in the '"H NMR
spectrum. The structure of this diterpene was defined as
isopimara-7,15-dien-3-one. The proton bearing carbon
signals were assigned by the HMQC spectrum. The
NMR spectral data of synthetic 8 have already been
reported in the literature (Ceccherelli, 1984) but this is
its first description as a natural product.

The 3C NMR spectra data showed that diterpene 9
has an oxygenated methine at § 79.2 (Table 2). The
presence of three dd at § 5.80 (J=17.4 and 10.8 Hz, H-
15), 8 492 (J=17.4 and 3.6 Hz, H-16a) and at § 4.86
(J=10.8 and 3.6 Hz, H-16b), associated with the
occurrence of four singlets, corresponding to the methyl
groups in the '"H NMR spectrum suggested a pimarane
diterpene skeleton. The position of the hydroxyl group
at C-3 was determined by analysis of its 'H NMR
spectrum which showed one dd at § 3.25 (/=112 and
4.5 Hz). The comparison of the '"H NMR data of 9 with
those reported in the literature (Polonsky et al., 1970;
Ceccherelli et al., 1985) suggested its structure as being
isopimara-7,15-dien-3B-ol. The '"H-'H COSY as well as
the HMQC spectra confirmed this assumption. This
compound has been described only as a synthetic pro-
duct and its 3C NMR data, which had not previously
been described, are shown in Table 2.

The structure of 10 was determined by comparison of
its NMR spectral data (Table 3) with those of 8 and 9.
The occurrence of three dd at § 5.81 (J=17.4 and 10.7
Hz, H-15), at § 4.93 (J=17.5 and 1.5 Hz, H-16a) and at

Table 3
'H and '*C NMR spectroscopic data for the diterpene 10 (500* and
125" MHz, 8, CDCls)

Position 'H* (multiplicity, J/ Hz) (o
1 2.15/2.12 49.1
2 3.86 (11, 11.5, 3.9) 65.2
3 1.78/1.75 51.3
4 - 37.4
5 no* 49.8
6 no 233
7 5.38 (br d, 3.4) 121.6
8 - 135.4
9 1.13 52.0
10 - 34.7
11 1.56 20.3
12 1.37/1.51 36.1
13 - 36.8
14 1.97/1.93 46.0
15 5.81 (dd, 17.4, 10.7) 150.3
16 4.87 (dd, 10.7, 1.5)/4.93 (dd, 17.5, 1.5) 109.3
17 0.94 21.5
18 0.87 33.6
19 0.91 23.6
20 0.97 15.8

2 No: not observed.

8 487 (J=10.7 and 1.5 Hz, H-16b) associated with the
presence of a broad doublet at § 5.38 (J=3.4 Hz) sug-
gested a pimarane diterpene skeleton. The equatorial
position of the hydroxyl group at C-2 was defined by
the observation of a ¢t at § 3.86 J=11.5 and 3.9 Hz)
suggesting an axial hydrogen with two neighbouring
methylene groups, only possible at C-2. The stereo-
chemistry of C-2 was confirmed by the comparison of
the coupling constant observed and the literature data
(Ceccherelli, et al., 1986) which describes the occurrence
of a pentete at § 4.20 (J=6.0 Hz) for H-2 of isopimara-
7,15-dien-2B-0l. The structure of 10 was thus defined as
isopimara-7,15-dien-2a-o0l. The proton bearing carbon
signals were assigned by HMQC spectrum (Table 3).
The EIMS and the elemental analysis confirmed the
proposed structure.

The '3C NMR spectrum of 11 (Table 4) indicated the
occurrence of thirty carbon atoms in the molecule
including a carbonyl group at § 216.5, four olefin car-
bons at § 129.5 (CH), § 134.1 (CH), é§ 142.2 (C) and
8114.0 (CH») and seven methyl groups. The presence in
the 'H NMR spectrum of two d at § 0.57 (J=4.3 Hz)
and at § 0.79 (/=4.0 Hz) suggested the occurrence of a
cycloartane triterpene. This substance had its structure
determined by comparing its '3C NMR spectroscopic

Table 4
'H and '3C NMR spectroscopic data for triterpene 11 (500* and 125"
MHz, 5, CDCl5)

Position 'H* (multiplicity, J/Hz) B
1 1.49/1.82 33.4
2 271 (¢d, 13.9, 6.5)/2.30 (ddd, 14.1, 4.3, 2.6) 37.5
3 - 216.5
4 - 50.2
5 1.70 48.4
6 0.94 21.6
7 1.90/1.32 28.2
8 1.59 479
9 - 21.1

10 - 26.0

11 1.37/1.15 259

12 1.34 35.6

13 - 454

14 - 48.8

15 1.65 32.7

16 2.07 26.7

17 1.59 52.2

18 1.01 18.1

19 0.79 (d, 4.0)/0.57 (d, 4.3) 29.6

20 1.49 36.8

21 0.89 (d, 6.5) 18.5

22 1.82/2.27 39.7

23 5.65 (ddd, 15.3, 8.4, 6.5) 129.5

24 6.12 (d, 15.6) 134.1

25 - 142.2

26 1.85 18.8

27 4.86 114.0

28 0.91 19.3

29 1.05 22.2

30 1.10 20.8
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data with those of the cycloartane triterpene cycloart-23-
en-25-o0l-3-one (Furlan et al., 1993). It was thus found that
both compounds have a double bond at C-23. However,
11 does not have an hydroxyl group at C-25 but instead
another double bond between C-25 and C-26. Therefore,
11 was defined as the new triterpene cycloarta-23,25-dien-
3-one. The proton bearing carbon signals were assigned
by HMQC spectrum (Table 4). The EIMS and the ele-
mental analysis agree with the proposed structure.

3. Experimental
3.1. General

Silica gel 60 (Merck) was used for chromatography
(63-200 um) for CC and silica gel plates F254 for TLC
(Riedel-deHaén).

Mp was uncorr. NMR spectra were recorded at 125
for 13C and 500 MHz for 'H (Brucker DRX-500). The
spectra were measured in CDCIl; (Aldrich) as solvent
and as internal standard; § values are expressed in ppm.
EIMS were obtained at 70 eV (INCOS 50 Finnigan-
Mat-quadrupole); Optical rotations were measured in
CHCI; in a digital polarimeter JASCO DIP-370 (Na
filter, A=588 nm); IR spectra were obtained as KBr
pellets in a Perkin-Elmer Infrared Spectometer model
1750; Elemental analysis were obtained in a Perkin-
Elmer Elemental Analyser model 2400 CHN.

3.2. Plant material, extraction and isolation

The leaves of G. macrophylla (1200 g) were collected
at the Universidade de Sdo Paulo on 17 November
1998, in Sdo Paulo city, Sao Paulo State, Brazil. The
plant material was identified by Prof. Dr. Jos¢ Rubens
Pirani, from the Instituto de Biociéncias at the Uni-
versidade de Sao Paulo, Sio Paulo, Brazil. A voucher
specimen is deposited in the herbarium of this Institute.

The air-dried plant material (410 g) was extracted
with CH,Cl, three times. The crude extract (17.3 g) was
applied to a silica gel column, using solvent gradient
(hexane-CH,Cl,-EtOAc-MeOH) to yield twenty frac-
tions. The first two were constituted of waxy material.
Fraction 3 was separated by CC with CH,Cl, and yiel-
ded 6 (345 mg) and 8 (256 mg). Fraction 6 was sub-
mitted to chromatography on silica gel and eluted by
CH,Cl, to afford 10 (66 mg) and 2 (97 mg). Fraction 7
yielded, by CC with CH,Cl,:Me,CO (9:1), 9 (30 mg)
and 5 (31 mg). Fraction 8§ was submitted to chromato-
graphy on silica gel, eluted with hexane-EtOAc (8:2) to
afford 7 (21 mg), 10 (27 mg) and (19 mg) of a mixture of
3 and 4. Fraction 10 was applied to a silica gel column,
eluted with hexane-EtOAc (7:3) to yield 12 (58 mg) and
a mixture of 12 and 1 (13 mg). Fraction 11 and 14, after

CC with CH,Cl,:Me>CO (9:1) as mobile phase yielded
of 11 (25 mg and 80 mg), respectively.

(1S*,45*,5R*,10S* )-guai-6-en-10-ol (5): Colourless
oil, [a]p= +13° (CHCl;, ¢0.20); IR (KBr) vpay, cm™
3403, 2959, 2928, 2862, 1710, 1460, 1378, 1191, 1121,
1090; 'H and '3C NMR data are given in Table 1; EIMS
(70eV): 222 (not observed), 204(36), 161 (100), 121(63),
105(84), 81(68), 55(48); Found C, 80.93; H, 11.68%.
C;5H560 requires: C, 81.02; H, 11.79%;

3.2.1. (28*)-Isopimara-7,15-dien-2-ol (10)

White crystals, mp: 40-43°C; [o]p = + 100° (CHCl;,
c0.13); IR (KBr) vpay, cm™l: 3432, 2922, 2851, 1714,
1668, 1639, 1463, 1438, 1379, 1033, 910, 738; 'H and '3C
NMR data are given in Table 3; EIMS (70 eV): 288 (12),
255 (29), 213 (27), 187 (30), 177 (16), 163 (16), 159 (23),
149 (27), 145 (33), 135 (35), 123 (36), 119 (49), 109 (52),
107 (64), 95 (67), 91 (68), 79 (63), 71 (54), 69 (78),
55(100); Found C, 83.21; H, 10.99%. C,oH3,0 requires
C, 83.27; H, 11.18%

3.2.2. Cycloarta-23,25-dien-3-one (11)

White crystals, mp: 54 — 57°C; [a]p = + 14° (CHCl;,
c0.50); IR (KBr) vpmayx, cm™L: 2937, 1707, 1609, 1461,
1379, 1112, 966, 881. 'H and '3C NMR data are given
in Table 4. EIMS (70 eV): 422 (no), 326 (3), 290 (1), 213
(12), 173 (9), 157 (7), 149 (8), 123 (7), 109 (12), 105 (13),
86 (63), 84 (100), 69 (22), 57 (25), 48 (90), 43 (60), 41
(37). Found C, 84.81; H, 11.30%, C30H430 requires: C,
84.84; H, 11.39%;
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