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Abstract—An A-ring contracted triterpenoid produced by suspension cultures of Colubrina texensis was shown to be
2f-formyl-3a-hydroxy-nor-A(1)-lup-20(29)-en-28-oic acid by X-ray crystallography. The methyl ester derivative was
shown to be identical with methyl colubrinate, a compound previously isolated from a methylated acidic fraction from

C. granulosa heartwood.

INTRODUCTION

Over the past decade there has been great interest in the
potential use of plant tissue cultures of medicinally im-
portant plants for the production of natural products
having pharmacological activity [ 1-4]. While this poten-
tial has been realized in a few instances [5], many plant
cell cultures fail to exhibit the diversity and stability of
secondary metabolite production found in the intact
plant. More frequently the desired product is produced in
much smaller quantities than in the plant or alternatively
biosynthetic precursors are accumulated at the expense of
the final product [6].

The maytansenoids, a family of closely related anti-
leukaemic ansa macrolides, have been isolated principal-
ly from the family Celastraceae [7-107. Three compounds
of this series, maytanbutine, colubrinol and colibrinol
acetate have been reported as constituents of the plant
Colubrina texensis (Rhamnaceae) [11]. We have recently
examined tissue cultures of C. texensis as a potential
source of these materials and report here the isolation and
structure of colubrinic acid (1a) an A-ring modified
lupane-type triterpenoid, produced by suspension cul-
tures of this plant.}

RESULTS AND DISCUSSION

An ethanol extract of freeze-dried cells from a 21 day
culture was fractionated by successive column and thin
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tNo significant level of cytotoxicity against KB (human
carcinoma of the nasopharanx) nor HeLa cells [ 12] was detected
for either cell extracts of C. texensis tissue cultures or for
colubrinic acid.

layer chromatography to afford colubrinic acid (la,
0.05%), C;qH 4604, mp 282-284°. Tts IR spectrum (KBr)
indicated the presence of two carbonyl groups (1718 and
1700 cm ~ ') and of hydroxyl groups (3385 em ™ '). Assign-
ment of the carbonyl frequencies to carboxylic acid and
aldehyde functions was indicated by '*C NMR reson-
ances at 5 177.6 (s) and 205.5 (d). The '*C NMR spectrum
showed the presence of an isopropylidene group [methyl
singlet at 6 25.2 and sp? carbons at 108.9 () and 150.0 (s)]
and a secondary alcohol [79.7 (d)]. The 500 MHz
'H NMR spectrum showed five angular methyl groups
and an allylic methyl group. Analysis of coupling con-
stant data, supported by decoupling experiments, re-
vealed two isolated 'H-'H coupling sequences corre-
sponding to H-1- H-3 and H-9—H-22 portions of the
molecule shown in Fig. 1. The resonance of the H-13 and
H-19 methine protons at high frequency (J 2.30 and 3.02,
respectively) can be ascribed to the shielding effect of the
axial C-17 carboxylic acid group whille the appearance of
the 1lx-equatorial proton resonance at ¢ 2.24 suggests
that this is shielded by the aldehyde carbonyl group and
thus indicates that the formyl group attached to the C-2
position has the f-orientation. In “H,-DMSO solution
the hydroxy! proton resonates as a doublet (54.73. *J
=6.6 Hz) coupled to H-3 and the aldehydic proton is
shifted to 7.93. The structure and configuration of 1a was
determined by single crystal X-ray diffraction.

In the crystal structure, shown in Fig. 2, neither C-C
bond lengths nor bond angles are exceptional. The bond
lengths between C-20/C-29 (1.37 A) and C-20/C-30 (1.46

) suggest that C-29 is the methylene carbon of the
isopropylene group although the high thermal par-
ameters for both C-29 and C-30 indicate that this sub-
stituent is disordered about the C-19/C-20 bond. The ring
system is slightly flattened around the C-9/C-10 and C-
8/C-9 bonds presumably as a result of steric repulsion
between the C-10 and C-8 axial methyl groups.

The similarity of spectroscopic data obtained for 1a to
that reported for methyl colubrinate, a compound iso-
lated following esterification of a crude acidic fraction
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Fig. 1. Structure of 1a showing the 'H-'H connectivities de-
rived from 'H NMR data. Chemical shifts are in ppm relative to
tetramethylsilane and coupling constants are given in Hz.

derived from C. granulosa heartwood [13], suggested that
1a and the free carboxylic acid from C. granulosa might be
identical. On the basis of '"H NMR data the 28,3a-
stereochemistry has been suggested for methyl colu-
brinate [13]. Esterification of la was carried out by
treatment with ethereal diazomethane to give the corre-
sponding methyl ester (1b) which proved identical in all
respects with a sample of methyl colubrinate confirming
the structure previously suggested for this compound
[13].

Colubrinic acid belongs to the rare group of A-ring
contracted lupane triterpenoids and is closely related to
the dicarboxylic acid ceanothic acid (1¢) isolated from a
number of plants f the family Rhamnaceae [13-16]. The
formation of 1a can be conjectured to involve a straight-
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Fig. 2. Molecular structure of 1a as found in the crystal.

forward aldol condensation of a 2,3-seco-dialdehyde de-
rived by oxidative cleavage of alphitolic acid (2).

EXPERIMENTAL

Callus cultures of C. texensis, initiated from leaf explants, were
maintained on SH agar [17]. Suspension cultures were initiated
by transfer to SH medium and grown under constant illumi-
nation at 17° on an orbital shaker at 120 rev/min. For prepara-
tive purposes cultures were grown in a stirred, aerated 51
fermenter for 21 days. Cells were harvested by filtration, freeze-
dried (40 g) and extracted with EtOH (500 ml) at room temp. The
concd extract was diluted with H,O (1:1, 200 ml) and extracted
with CHCIl; (200 ml x 2). Column chromatography of the concd
CHC, extract on silica gel employing increasing proportions of
Et,O in toluene as an eluant afforded a triterpenoid rich fraction
(80 mg) which was subjected to prep. TLC on silica gel using
MeOH-CHCI; (1:9) to afford colubrinic acid (1a, 22 mg). Colu-
brinic acid crystallized from MeOH as colourless prisms, mp
282-284°. EIMS m/z 4703394 [M]* (C,;oH,c0, requires
470.3396), 452 [M—H,0]", 355, 248, 189, 174, 69: IR v .,
cm™ 1: 3385 (br), 1718, 1700; 'H NMR (500 MHz, >H,-acetone):
4 0.90(9),0.91(3),0.96, 1.02, 1.04 (15H, 55, 5 x Me-C-), 1.07 (1H, m,
128-H), 1.46 (4H, m, 118-H, 128-H, 6a-H, 68-H), 1.49 (2H, m, 22-
H,), 1.54 (1H, dd, J=13.6, 3.5 Hz, H-9), 1.60 (1H, dd, J=12.3,
11.0 Hz, 18-H), 1.68 (3H, 5, Me-C=), 1.70 (1H, dd, J=13.0, 3.4
Hz, 5-H), 1.91 (2H, m, 21-H,), 2.16 (1H, dd, J =8.9, 4.5 Hz, 2-H),
2.24(1H,dt,J=123,3.4 Hz, 11a-H), 2.30 (1H, ddd, J = 12.3, 12.3,
3.9 Hz, 13-H), 3.02 (1H, ddd,J =11.0, 5.0, 5.0 Hz, 19-H), 4.33 (1H,
d, J=8.8 Hz, 3-H), 4.58 (1H, d, J=1.5 Hz, 29-H), 470 (1H, d, J
=15 Hz, 29-H), 984 (1H, d, J=45 Hz, CHO),
'"H NMR (500 MHz, 2H4-DMSO)  0.82 (6H, 5, 2 x Me-C-), 0.89,
0.94, 0.95 (9H, 3s, 3 x Me-C-), 0.9-1.1 (6H, m), 1.2-1.5 (10H, m),
1.65 (3H, s, Me-C=), 1.78 (2H, m, 21-H,), 2.04 (1H, dd, J = 8.6,
4.7 Hz, 2-H), 2.11 (1H, m, 11a-H), 2.17 (1H, ddd, J=12.0, 12.0,
4.0 Hz, 13-H), 2.94 (1H, m, 19-H), 4.18 (1H, brt, J=8,4 Hz, 3-H),
4.56 (1H, s, 30-H), 4.69 (1H, s, 30-H), 4.73 (1H, d, J = 6.6 Hz, OH),
793(1H,d,J=4.6 Hz, CHO), *3*C NMR (75 MHz, 2H ;-pyridine)
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613.7, 139,159,179, 18.3, 252 (6 x Me), 17.4, 23.7, 24.5, 29.2,
30.1, 31.8, 33.5, 36.5, 108.9 (9 x CH ), 37.3, 47.1, 48.6, 49.3, 61.8,
72.7, 79.7, 205.5 (8 x CH), 40.1, 41.1, 41.9, 46.7, 55.4, 150.0 and
177.6 (7 x C).

Methyl colubrinate (1b): Colubrinic acid (5 mg) in THF (0.5 ml)
at 0° was treated wtih an excess of CH,N, in Et,0 (0.5 ml) for §
min. The unreacted CH,N, was destroyed with HOAC and the
soln evapd to dryness in vacuo. Crystallization of the residue
from Et,O-hexanes afforded methyl colubrinate (1b, 3 mg), mp
178-181°, which proved identical (mmp, IR, TLC) with an
authentic sample.

Crystal structure of compound 1a: Colubrinic acid crystallized
in the space group C2, a=17.005 (5), = 18.304 (7), c=10.051 (4)
A, B=11926(3), U=2729.3A%, Z=4, D =1.145 gem®. A crystal
of dimensions 0.25 x0.25 x0.07 mm was mounted on a glass
fibre and data collected out to 8 =20°) (h,,,= —16 to 16, k..,
=17, I,.,=9) on a Nonius CAD4 diffractometer using M K,
graphite monochromated radiation. Of the 1323 reflections
measured only 579 with I >2¢ (I) and were classed as observed.
No absorption correction was applied.

The structure was solved using direct methods [18] and
refined using SHELX76 [19]. All hydrogen atoms (except five on
the partially disordered isopropyl group and those on Q-3 and
0O-282) were included in idealised positions with fixed C-H bond
lengths of 1.08 A and fixed temperature factors of 0.08 A2
Isotropic refinement of all non-hydrogen atoms gave a final R
=0.077. Unit weights were found to give the best analysis of
variance in range of and | F | . The average shift over error in
the final cycle of full matrix least squares refinement was less than
0.1 and the largest minimum and maximum on the final differen-
ces Fourier map were 0.3 eA ™3 and —0.2 A ™3 respectively. With
a weak data set of 579 observed reflections and a total of 151
thermal and positional parameters it was not possible to carry
out any anisotropic refinement.
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