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Abstract—Three minor limonoid components, rubralins A—

C, were isolated from the root of Trichilia rubra, whose

structures were determined by extensive spectroscopic studies. They showed moderate inhibitory activity in a f,-

integrin mediated cell adhesion assay.

INTRODUCTION

Trichilia rubra C. DC,, a small tree native to the Amazon
basin, generally prefers river banks and permanently
flooded areas [1]. No phytochemical studies have been
published previously on this species, even though related
Trichilia species have yielded a number of interesting
compounds, particularly limonoids [2-4]. Recently, we
reported on the isolation and characterization of a series
of A, B-seco-limonoids from the root of Trichilia rubra
[S] possessing potent cell adhesion inhibitory activity,
These included five new compounds, rubrins A-E, his-
pidin A [4] and nymania I [6]. Further investigation of
the root material provided three minor tetracyclic
limonoids exhibiting moderate bioactivity. These com-
pounds, which we now name rubralins A (1), B (2) and
C (3), are possible biosynthetic precursors of the A, B-
seco limonoid rubrins [7,8].

RESULTS AND DISCUSSION

The root material of Trichilia rubra was ground and
subjected to Soxhlet extraction with dichloromethane for
24 hr. Subsequent steps of silica flash chromatography,
normal phase and reversed phase HPLC led to the isola-
tion of three pure compounds, rubralins A (1), B (2) and
C 3.

The high resolution FAB-mass spectral data of ru-
bralin A (1) indicated a molecular formula of C,,;Hg00; 5.
The 'H and '*CNMR spectra suggested a tetracyclic
triterpenoid skeleton which was found in a group of
compounds, reported by Mulholland and Taylor [9], in
Trichilia dregeana. Eleven of the 13 oxygens were ac-
counted for by a furan, two acetyl and two a-hydroxy-
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ester substitutions, the remaining two oxygens were
found to be part of a lactone ring, which was supported
by the presence of five carbonyl carbon peaks between
5168.6 and 174.7 in the '3C spectrum. Data from
DQF-COSY and HMBC experiments provided further
evidence of the tetracyclic skeleton with a lactone A-ring
and helped to establish the two ester groups as 2-hy-
droxy-3-methyl-valerates. HMBC data also confirmed
the site of attachments of the individual ester subsititu-
tions: correlations were observed from H-1 and H-2 to
C-3 (6168.6), from H-1 and H-2" to C-1’ (§169.4), from
H-12 and H-2"" to C-1"" (§170.8), from H-7 and H-2" to
C-1” (6173.9) and from H-29¢, H-298 and H-2"" to
C-177(6174.7). The relative stereochemistry of the chiral
carbons in the skeleton of 1 was based on coupling
constant data and through-space correlations from
a NOESY experiment.

The molecular formula of 2 was established as
C41Hs50,; based on HRFAB-mass spectroscopy. The
NMR spectra of 2 were very similar to those of 1, with the
exception of some of the aliphatic proton and carbon
chemical shifts. DQF-COSY and HMBC spectra re-
vealed that instead of two 2-hydroxy-3-methyl-valerate
groups, one of the ester substituents is 2-hydroxy-3-
methyl-butyrate in 2. The positions of the individual ester
groups were unambiguously determined by HMBC spec-
troscopy. The molecular formula of 2 is identical to the
formula of dregeana-4 (4) [9]. The spectral data of 4,
reported by Mulholland and Taylor, are also very similar
to the data obtained for 2, but a different arrangement of
ester substitutions was assigned to 4 based on chemical
shift arguments [9]. NOESY spectroscopy provided fur-
ther supporting evidence for our assignments. Cross-
peaks were found between H-4” and H-15, H-5” and
H-15, H-2"" and H-21 and H-2"" and H-22.

C;5H460, was established by HRFAB-mass spectro-
scopy as the molecular formula of 3. The 'H and
13C NMR spectra suggested the same tetracyclic skeleton
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as in 1 and 2, but without the esterification of the C-29
methyl group. COSY spectroscopy revealed tiglate sub-
stitution at C7 and acetates at C1 and C12. Decomposi-
tion of 3 prevented the application of heteronuclear cor-
relation spectroscopy, and the proposed, structure was
based on spectral similarity to 1 and 2.

Compounds 1-3 may be biosynthetic precursors of the
more abundant A, B-seco-limonoid rubrins [S, 8]. They
were tested in the LFA-1: ICAM-1 mediated cell ad-
hesion assay [5]. Compounds 1 and 2 showed moderate
inhibitory activity with ICs, values of 30-50 uM, three
orders of magnitude less than the rubrins. This difference
in bioactivities may be due to the structural features of
the differing A- and B-rings.

EXPERIMENTAL

General. Low and high resolution mass spectral data
were obtained in positive fast atom bombardment (FAB)

mode using a Cs* ion gun at 30 kV. The samples were
dissolved in methanol and meta-nitrobenzyl alcohol
(mNBA) was used as the matrix. NMR spectra were
recorded on Varian Gemini 300, Bruker AMX-360 or
Bruker AMX-500 spectrometers at 27°. The samples
were dissolved in CDCl;. The chemical shifts are re-
ported as ¢ values in ppm relative to the signal of TMS,
solvent peaks were used as reference. COSY [10,11],
DQF-COSY [12], NOESY [13], HMQC [14] and
HMBC [15] spectra were obtained using standard pulse
sequences. NOESY and HMQC spectra were recorded in
phase-sensitive mode using time proportional phase in-
crementation (TPPI) [16,17]. Mixing times of 400 msec
were used in the NOESY spectra. The HMQC and
HMBC experiments were optimized for one-bond pro-
ton—carbon couplings of about 140 Hz and for long
range proton—carbon couplings of about 6.5 Hz, respec-
tively. Typically 1024 x 512 data points were acquired
and linear prediction was used in the t1 domain to 1024
points. The time domain data were Fourier transformed
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after multiplication with appropriate window functions
in both dimensions.

Plant material. Twigs, leaves, stem, bark and root ma-
terial of Trichilia rubra were collected in the Iquitos area
in Peru and taxonomically identified by Professor S.
McDaniel (Misstssippi State University). Voucher speci-
mens are deposited in the herbarium of the Mississippi
State University.

Isolation procedure. Dry root material (340 g) was
ground and subjected to Soxhlet extraction with CH,Cl,
for 24 hr. Silica flash CC was used with a hexane—iso-
propanol gradient to fractionate the extract. Twenty-five
fractions were collected and, based on normal and rever-
sed phase TLC, 7 fractions were pooled. The components
of fr. 4 were sepd by semi-prep. normal phase HPLC on
a Waters system using a YMC A-023 silica column, with
hexane—isopropanol gradient and photodiode array de-
tection. The compounds were purified by semi-prepara-
tive reversed phase HPLC using a YMC ODS A-323
column with a methanol-water gradient and with photo-
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diode array detection, yielding 5, 5 and 2 mg for 1, 2 and
3, respectively, after drying under N,. All 3 compounds
were obtained as non-crystalline solids.

Rubralin A (1). [¢]3° —4.9° (MeOH; c20), UV
AMOH nm (log &): 215 (3.75); FTIR vEBrcm ™! 3540, 2998,
1730, 1255, 1140, 1010; HRFAB-MS m/z 773.4086
[M + H]", C4Hg04; requires 773.41122; 'HNMR
data in Table 1, !3C NMR data in Table 2.

Rubralin B (2). [¢]3° —6.1° (MeOH; cl1.1); UV
JMeOH nm (log ) 215 (3.72); FTIR vKBf cm ™t 3550, 2995,
1725, 1640, 1260, 1145, 1010; HRFAB-MS m/z 759.3968
[M + H]*, C41Hs90,; requires 759.3956; 'HNMR
data in Table 1, 13C NMR data in Table 2.

Rubralin C (3). [¢]3° —8.1° (MeOH; c0.8); UV
AMeOH nm (log e): 215 (3.68); FTIR vKE: cm ~ !: 3550, 2995,
1730, 1262, 1140; HRFAB-MS m/z 611.3219 [M + H]*,
C;sH,-0, requires 611,3220; 'H NMR data in Table 1;
I3CNMR data in Table 2.

Cell adhesion assay. For the description of the bioas-
say see ref. [5].

Table 1. 'HNMR spectral data for compounds 1-3 (chemical shifts in ppm and coup-
ling constants in Hz in parentheses, in CDCl;, 360 MHz)

H 1 2 3

1 4.73 dd (3.1,4.8) 4.75 dd (3.5,4.5) 4.75dd (2.7,4.6)
2 319m 320m 316 m

5 252m 2.56 d (10.9) 2.55dd (2.4,12.8)
6o 1.99m 195m 206 m

6p 2.13m 210m 211m

7 527m 529 m 526 m(1.7)

9 2.70 dd (8.1,11.8) 2.73dd (8.1,11.7) 2.83dd(8.2,11.7)
11la 1.32m 1.30m 1.20m

11 207m 207 m 2.10m

12 5.04¢(8.2) 5.06 t(8.3) 5.061(8.3)

15 5.481¢(2.4) S5 brs 5.50d(2.5)

16 240 m 241m 2.39dd (2.5,9.2)
17 3.00dd (8.4,10.2) 3,03 dd (7.9,10.6) 298d(9.3)

18 0945 095s 095s

19 117 s 120s 1.20 s

21 716s 7.18s 7.19s

22 6.20 dd (0.8, 1.7) 6.22s 6.23s

23 7.324(1.7) 7.34s 7.34d(1.6)

28 141s 1435 1.51s

29a  4.02d(12.5) 4.05d(12.3) 1.37s

298  491d(124) 493d(12.3)

30 1235 1.25s 1.24s

2 205s 207 s 207s

2" 4.034(3.5) 403 m

3" 1.79m 2.06 m 6.88 ¢ (7.1)

4" 131 m 1.09 4 (7.0) 1.82d(7.0)

5" 087:(7.49) 0.87 d (6.9) 1.86 s

6" 0.98 d (6.9)

2" 1.90s 1935 193s

27" 412d(3.7) 4.14d (3.8)

3 1. 9m 1.83m

47"  131m 1.28m

577 0921(7.6) . 090¢(7.4)

6”" 1.03d(8.0) 1.00d (7.6)




624

Table 2. '3C NMR spectral data for com-
pounds 1-3 (chemical shifts in ppm, in
CDCl,, 90 MHz)

C 1 2 3
1 704 704 71.0
2 349 350 349
3 168.6 168.5 169.5
4 85.1 85.0 85.5
5 444 444 4.2
6 263 26.4 26.1
7 753 75.2 73.2
8 414 41.4 418
9 37.2 37.2 37.1
10 44.1 442 440
11 25.4 254 254
12 76.5 76.5 73.6
13 512 512 51.2
14 155.1 155.1 155.6
15 122.3 122.4 1220
16 36.7 36.7 36.7
17 499 49.9 50.0
18 15.0 14.7 150
19 15.3 15.3 153
20 124.1 124.1 1244
21 140.2 140.3 140.3
22 1115 111.5 1117
23 142.2 142.2 142.1
28 29.0 29.1 238
29 65.6 65.6 345
30 282 28.1 279
1’ 169.4 169.4 170.1
by 207 20.6 20.6
1" 173.9 1739 166.7
2" 75.0 75.0 128.6
3 384 318 137.6
4 228 19.3 120
5" 11.7 15.7 144
6 15.3
[ 170.8 170.8 170.8
2 219 21.3 213
1" 174.7 174.7
2" 75.7 75.5
3 39.0 39.0
4" 237 237
5 11.7 11.7
6" 154 15.4
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