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Abstract—Three novel seco-A ring protolimonoids have been isolated from the seeds and bark of Trichilia
elegans ssp. elegans. Their structures have been established on the basis of ID and 2D NMR spectroscopic

techniques.

INTRODUCTION

The genus Trichilia has been the subject of a number of
investigations and is well known by the occurrence of
limonoids and protolimonoids [1, 2].

Trichilia elegans ssp. elegans A. Juss. (Meliaceae),
commonly known as ‘Cachud’, is a shrub which grows
in Mato Grosso do Sul, Brazil. Some plants of this
genus are used in Brazilian folk medicine for the
treatment of rheumatism and paludal fever, as well as
emetic and purgative agents [3].

The chemistry of 7. elegans ssp. elegans has not
been previously studied. We describe herein the isola-
tion and structural elucidation of three novel seco-A-
protolimonoids (1-3) from the seeds and bark of this
specimen. The structural elucidation of these isolates
was mainly based on 1D and 2D NMR spectroscopic
techniques.

RESULTS AND DISCUSSION

A crude ethanolic extract of the seeds was partitioned
between ethanol-H,O (1:1) and petrol. The aqueous
ethanolic solution was further partitioned with dichloro-
methane. The dichloromethane solubles, after column
chromatography on silica gel, yielded compounds 1 and
2. Compound 3 was obtained from the dichloromethane
extract of the bark, after column chromatography on
silica gel and Sephadex LH-20.

The 'H NMR spectrum of 1 (Table 1) displayed nine
methyl singlets at: 6 0.92, 0.95, 1.16, 1.25 and 1.29
(tertiary C-methyl groups), 1.76 (vinylic), 1.95 and 1.99
(acetate methyls) and 3.63 (methoxyl).

The "*C NMR spectrum (Table 2) showed signals
for 35 carbon atoms and confirmed the presence of two
acetates (6 169.9, 20.9 and 170.2, 21.3). The methine
carbons bearing the two acetate groups were observed
at 8 74.8 and 76.6 [the 'H NMR spectrum showed a

broad singlet at & 5.12 and a doublet at § 547 (J=
9.8 Hz)—each), |H—for the protons bonded to those
carbons]. The presence of a trisubstituted double bond
was inferred by the signals of a tertiary carbon at
6 119.4 and a quaternary carbon at § 159.1. In the 'H
NMR spectrum, a doublet at 6 5.30 (J = 2.8 Hz) could
be assigned to the vinylic hydrogen. The presence of a
seco-A ring was indicated by carbon resonances at
6 171.8, 144.8 and 116.3, ascribable to C-3, C-4 and
C-28, respectively. The two olefinic protons at C-28 in
turn appeared as broad singlets at § 4.82 and 5.00 and
the methyl-29 was ascribed to the broad singlet at
8 1.76.

All these features, along with data obtained from
homo- and hetero-nuclear chemical shift correlated 2D
NMR spectra showed that 1 is closely related to
nymania 2 (4), a 3,4-seco-limonoid previously isolated
from Nymania capensis [4]. The carbon and proton
shifts of the basic skeleton of 1 constituting rings A, B,
C and D were very similar to those reported for 4.
However, these two compounds differ in the nature of
the side chain attached at C-17. The signals due to the
butyrolactone side chain present in 4 were absent in the
"H NMR spectrum of 1. Instead, two broad doublets at
6342 and 3.96 (J=10.0Hz), a doublet at & 2.88
(J =9.1 Hz) and a multiplet centred at § 3.85, indicat-
ing the presence of protons bonded to carbons bearing
an oxygen function, were observed. These data, to-
gether with the remaining carbon signals displayed in
the '*C NMR spectrum of 1, suggested that it was a
protolimonoid with a modified eight-carbon side chain.
The nature and relative positions of this side chain were
apparent from cross-peak correlations observed in its
'H-'H COSY and 'H-'""C HETCOR spectra. Thus, the
above mentioned resonances at 6 3.42 (1H) and 3.96
(1H) were shown to be coupled in the 'H-"H COSY
spectrum. Cross-peak correlations with the carbon
resonance at & 70.0 in the 'H-'"C HETCOR spectrum
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Table 1. '"H NMR spectral data for compounds 1-3 and 3a (200 MHz, CDCl,, TMS & =0)

H 1* 2 3 3a*
1 547 brd 548 brd 547brd 546 brd
(9.8) (10.0) (10.4) (10.0)
2A 2.79brd 2.80brd 2.79brd 2.78brd
(13.7) (12.9) (14.0) (14.0)
2B 2.36-2.48 mt 2.36-249 m+ 2.36-2.50 mt 2.30-247 mt
7 5.12brs S.14brs 5.12brs 5.13brs
9 2.36-2.48 mt 2.36-2.49 m¥t 2.36-2.50 m+ 2.30-247m+
15 5.30d 5.29d 5.28dt 5.284d
(2.8) (2.9) (2.7) 2.4)
Me-18 095s 0.97s 1.04 st 101s
Me-19 0925 0.94 5 0.93 5% 0.86s
21A 342brd 3.56brd 3.56d 3.96 dd
(10.0) (10.0) (11.0) (12.0,4.9)
H,-21
21B 396 brd — 3.77-3.99 m§ 4.26dd
(10.0) (12.0,2.2)
23 3.79-3.90m 3.68-3.8l m 3.77-3.99 m§ 5.60 dd
(8.0.2.2)
24 2.88d 342d — —
(9.1) (9.2)
Me-26 1.25s 1.25s 1.30 5% 1.38s
Me-27 1.29 s 1.30s 141s 142
28A 482brs 484 brs 4.83 brs 4.83 brs
28B 5.00brs 501 brs 5.00brs 501brs
Me-29 1.76 br s 1.77 br s 1.76 br s 1.76 br s
Me-30 1.16 5 1.15s 1.12 5% 1.14 s
OAc 1.955,1.99 s 1.965,2.01s 1.955,202s 1.975,202s
2.075,207s
OMe 3.63s 365s 3655 3.65s

Coupling constants (J in Hz) are given in parentheses.

*Assignments were confirmed by the 'H-'H COSY spectra.

+,§0verlapped signals.
$Duplicated signals.

indicated geminal coupling. Mutual couplings between
protons at & 3.85 (1H) and 2.88 (1H) were also
observed. The coupling constant of the latter (9.1 Hz)
suggested their trans-diaxial relationship. From the 'H—
C HETCOR spectrum it was seen that the proton
multiplet at § 3.85 showed connectivity to the carbon at
8 64.4 and the proton doublet at & 2.88 to the carbon at
8 86.5. The two deshielded methyl singlets at § 1.25
and 1.29 showed cross-peak correlations with the
carbon signals at & 24.0 and 28.5, respectively. They
were attached to a quaternary carbon bearing an oxygen
atom; a signal at 6 74.2 in the '"*C NMR spectrum
could be assigned to this carbon. The signals observed
at 8359 (CH) and 36.3 (CH,) accounted for the
remaining carbons of the side chain at C-17 in 1.

The data given clearly suggest that this side chain is
the same as that found in bourjotinolone A, the
structure of which has been well established {5—7]. The
close similarity between the chemical shifts and cou-
pling constants of the C-21, C-23 and C-24 protons in
bourjotinolone A and 1 indicates that they have the
same stereochemistry in the side chain. The structure of
this protolimonoid was thus established as 1.

Comparison of the spectral properties ['H (Table 1)

and ">C NMR (Table 2)] of 1 with those of 2 suggested
they were closely related except for the presence in the
latter of a C-21, C-25 seven-membered oxide ring with
two hydroxyl groups at C-23 and C-24. The resonance
of C-24 was shifted upfield from 1 to 2 (A8 5.8) by the
loss of a B-effect. The same occurred with that of C-21
(A8 5.8), which has two methyl groups at the y-posi-
tion, unlike C-21 in 1. Otherwise, C-23 is deshielded in
2 (A8 3.6) because of the lack of an isopropyl group
y-effect.

The side chain of 2 was identical with that found in
some protolimonoids, e.g. sapelin B, the stereochem-
istry of which has been defined [8, 9]. The assignments
of the 'H and '*C NMR spectra of 2 compare well with
those reported for this side chain [6, 7]. Thus, structure
2 is as assigned.

The 'H and "*C NMR spectra of 3 were similar in
many respects to those of 1. The carbon and proton
shifts of the rings A, B, C and D corresponded to each
other, so that these rings should be identical. However,
some interesting features appeared with respect to the
nature of the side chain in 3.

The 'H NMR spectrum of 3 on comparison with that
of 1 (Table 1) showed a downfield shift of the H-23
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Table 2. "*C NMR spectral data for compounds 1-3 and 3a (50 MHz, CDCl,, TMS & = 0)

C 1* 2 3 3a
1 76.6d 76.6d 76.6d 76.4d
2 3531 353« 3531t 352¢
3 171.8 ¢ 1718 s 171.8 s 17165
4 1448 s 1448 5 1449 s 144.7 s
5 346d 344d 344d 34.4d
6 35.0¢ 349¢ 3481t 34.7¢
7 74.8d 74.6d 74.6d+ 745d
8 423 4235 42.2 st 4235
9 44.1d 44.1d 440d 44.0d
10 44.0s 40 440 st 44.0s
11 18.5¢ 1851+ 18.4 11 18.41
12 29.2¢t 29.0¢ 29.1¢ 29.11¢
13 46.0s 459 462 s 46.2 s
14 159.1s 1593 s 15895 159.2 s
15 119.44d 118.94 119.0dt 11894
16 3481 3421 33.81% 34.11¢
17 524d 542d 572d 55.3d
18 202 ¢ 199 ¢ 198 ¢ 19.4 ¢
19 1504 15.0¢ 1509 15.0¢
20 359d 36.4d 355d 36.7d
21 70.0¢ 6421 6531t 65.51
22 3631 3791 3281t 31.2¢
23 64.4d 68.0d 67.4dt 73.6d
24 86.5d 80.7d 959 st 21145
25 7428 76.1s 77.6s 7745
26 24.04¢ 224 g 24.2 g% 27.7 g%
27 285¢ 26.1 ¢ 245 g% 27.4 g%
28 116.3¢ 116.3¢ 11631 116.4¢
29 227 ¢ 227q 22.8 gt 228 ¢q
30 26.7 q 26.7 g 26.7 g% 26.7q
OAc 169.95;170.2 5 170.05;170.3 5 170.05;1702 s 169.95;170.3 s
209¢;213 ¢ 209¢:213¢ 21.0¢4;213 ¢ 170.85;171.2 s
2064¢:21.0¢9
21.04;213 ¢
OMe 5204q 52.0¢ 52.0 g7 52.0¢

Multiplicities were established from the DEPT pulse sequence.
*Assignments were confirmed by the 'H-'"C HETCOR spectrum.

tDuplicated signals.
tAssignments interchangeable.

multiplet and lacked the doublet attributed to H-24 in 1.
The "’C NMR spectrum showed double signals, par-
ticularly those belonging to the side chain at C-17
(Table 2). The presence of a quaternary carbon reso-
nance occurring as double peaks at 6 95.9/97.5 indi-
cated a hemiacetal carbon and was attributed to C-24.
The two epimeric forms at C-24 could account for the
multiple nature of the 'H and '*C NMR spectra.
Resonances of C-23 and C-25 were shifted downfield
from 1 to 3 (Ad3.0 and 3.4, respectively) by the
hydroxyl group at C-24, and C-21 and C-22 moved
upfield (A8 4.7 and 3.5, respectively) on the intro-
duction of a y-gauche-hydroxyl group.

Acetylation of 3 (acetic anhydride-pyridine, over-
night) yielded 3a, whose "H NMR spectrum (Table 1)
showed the presence of two new acetate groups and a
downfield shift of H,-21, which now appeared as two
double doublets at § 3.96 (/= 12.0 and 4.9 Hz) and

4.26 (J=12.0 and 2.2 Hz), and of H-23, as a double
doublet at & 5.60 (J=8.0 and 2.2 Hz). In the 'H-'H
COSY NMR spectrum, mutual couplings between H-
21a and H-21b, H,-21 and H-20 and between H-23 and
H,-22 were observed. The '*C NMR spectrum (Table
2) lacked the hemiacetal carbon resonances at & 95.9/
97.5 and displayed instead a carbonyl signal at 6 211.4.
A downfield shift for C-23 to 8 73.6 was also observed.
These data were in accordance with structure 3a formed
by the acetylation of the opened side chain of 3. The
above information could be satisfactorily assembled to
give structure 3 for this protolimonoid.

The hemiacetal side chain at C-17 depicted in 3 is
not common and was first reported in spicatin, a
protolimonoid  isolated from  Entandrophragma
spicatum [10], and, recently, in meliavolin (5), from
Melia volkensii [11]). The stereochemistry of this side
chain was well established in the latter as being 20S,
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1
2
3 R =
H
0 ‘\OAC
A
- o
AcO =
4,
MeO,C ’
2 D OAc
3a
4 5

23R. The 'H and '*C NMR data reported for this side  basis of these data, the side chain at C-17 in 3 is the
chain [11] showed a close resemblance to those for 3, same as in meliavolin.
as well as its keto diacetate derivative to 3a. On the Compound 1 afforded a molecular ion peak at m/z
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618 in the EI mass spectrum. In the spectra of 2 and 3,
the peak of highest mass, m/z 600 and 616, respective-
ly, was attributed to [M — H,0] " in each instance.

EXPERIMENTAL

General. EIMS: direct inlet with 70 eV ionization. 'H
(200MHz) and "’C (50MHz) NMR spectra were
recorded with TMS as int. standard. Silica gel 60 was
used for chromatography: 70-230 mesh for CC and
230-400 mesh for flash CC. Sephadex LH-20 was used
for molecular exclusion chromatography.

Plant material. The seeds and bark of 7. elegans ssp.
elegans. A. Juss. were collected in Corumbéd, Mato
Grosso do Sul, Brazil, in February 1990 and August
1990, respectively. The plant was identified by Prof.
Humberto Barreiros, of the Jardim Botanico do Rio de
Janeiro, Brazil, where voucher specimens are deposited.

Extraction and isolation of compounds. Air dried and
ground seeds of 7. elegans ssp. elegans (225 g) were
extracted at room temp. with hexane and EtOH, succes-
sively. The EtOH extract, after concn in vacuo, was
partitioned between EtOH-H,O (1:1) and petrol. The
aq. EtOH phase was extracted with CH,Cl,. The
CH,CI, phase was subjected to CC on silica gel, eluted
with increasing amounts of EtOAc in hexane and
EtOAc—MeOH (9:1). Flash CC of the fr. eluted with
EtOAc (CH,Cl,-EtOAc and MeOH gradient as sol-
vent) yielded 1 (22 mg—0.01% yield) and 2 (16 mg—
0.007% yield).

Methyl - 1£7R - diacetoxy - 23R,25 - dihydroxy -
20S,24R - 21,24 - epoxy - 34 - seco - apotirucall -
4(28),14(15)-diene-3-oate (1). Obtained as a gum.
EIMS m/z (rel. int): 618 [M]" (0.5), 600 [M—
H,0]" (2.5), 582 [M —2H,0]"" (1.9), 253 (21), 131
(100), 103 (40), 59 (50). IR »SH's cm™": 3430, 1742,
1241, 1173, 1031. 'H and '°C NMR: Tables | and 2,
respectively.

Methyl- 1 £,TR - diacetoxy - 23R ,25S - dihydroxy - 20S-
21,25-epoxy-3,4-seco-apotirucall-4(28),14(15)-diene-
3-oate (2). Obtained as a gum. EIMS m/z (rel. int.):
600 [M —H,0]"" (0.2), 582 [M —2H,0]"" (0.4), 149
(46), 131 (17), 84 (28), 57 (100). IR »<"'" cm™":
3457, 1740, 1241, 1171, 1031. 'H and "“C NMR:
Tables 1 and 2, respectively.

Air dried and ground bark (1 kg) of 7. elegans ssp.
elegans was successively extracted at room temp. with
hexane, CH,Cl, and EtOH. The CH,Cl, extract was
subjected to CC on silica gel, eluted with a hexane—
Me,CO gradient and Me,CO-MeOH (9:1). The fr.
eluted with hexane-Me,CO (7:3), after CC on
Sephadex LH-20. sequentially eluted with hexane—
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CH,Cl, (1:4), CH,Cl,-Me,CO (3:2) and (1:4),
yielded 3 (15 mg—0.002% yield) as a gum.

Methyl-1£TR-diacetoxy-23R,24,25-trihydroxy- 20S-
21,24-epoxy-3,4-seco-apotirucall-4(28),14(15)-diene-
3-oate (3). EIMS m/z (rel. int): 616 [M—H,0]"™
(0.2), 598 [M —2H,01 " (0.5), 149 (24), 131 (17), 84
(25), 55 (100). IR »<E"* em™': 3433, 1736, 1241,
1175, 1032. 'H and 'C NMR: Tables 1 and 2,
respectively, Acetylation of 3 (11 mg) in Ac,0 (0.9 ml)
and pyridine (0.9 ml) overnight at room temp., fol-
lowed by normal work-up, gave 3a (9 mg), as a gum.

Methyl-1£,7R,21,23R - tetra-acetoxy-24-one- 25 - hy-
droxy-20S-3.4-seco-apotirucall - 4(28),14(15) - diene -
3-oate (3a). 'H and ''C NMR: Tables | and 2,
respectively.
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