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Abstract—The triterpenes 38-hydroxy-21p-E-cinnamoyloxyolean-12-en-20-oic acid, 38,218-dihydroxyolean-12-en-
28-o1c acid (machaerinic acid) and 1ts lactone (38-hydroxyolean-12-en-218 — 28-lactone) were 1solated from the fruits
of Enterolobium contorstisthquum Methyl and ethyl esters of 38,218-dihydroxyolean-12-en-oic acid were 1solated and
characterized as artifacts The structures of these triterpenes have been established by a study of their chemical and

spectroscopic (IR, MS and NMR) data

INTRODUCTION

Enterolobium contorstisihquum Morang (E Timbouva
Mart, Mimosa contortilthquum Vell) 1s an arboreous
species which occurs abundantly in the Northeastern
Brazilian region and the fruits are known as being toxic to
cattle [ 1], which led to a first chemical investigation [2, 3]
We have re-examined the chemical composition of the
plant Acid hydrolysis of the ethanolic extract from the
frmits afforded the triterpenes la and 2a, previously
1solated [3-5], together with a new compound (3a)
Methyl (1b) and ethyl (1c) esters of 1a were isolated and
characterized as artifacts Nomenclature of the lactone
follows the rules outlined 1n a recent review [6]

RESULTS AND DISCUSSION

Hydrolysis of 3a with 2N hydrochloric acd
(water-methanol) gave 1b, 1dentical with an authentic
sample by mmp, IR and TLC The IR spectrum of
compound 3a exhibited absorption bands at 3350 (OH),
1710 (ester), 1700 (COOH), 1650 (CH=CH), 1600 and
1500cm™! (arom) The 'H NMR spectrum revealed
signals at 640 (d, J = 16 Hz, H-8'), 762 (d, J = 16 Hz,
H-7') and 7 3-7 6 (m, SH arom ) which characterized the
E-cinnamoyloxy group The presence of this group was
confirmed by the !3C NMR spectrum [5166 3 (s, C-9'),
1184 (d,C-8'),144 3 (d,C-7'), 134 3 (5,C-1'),1279 (d, C-2’
and C-6'), 128 7 (d, C-3' and C-5'), 1300 (d, C-4')], arded
by a comparative analysis with E-cinnamuc acid [61722
(COOH), 1174 (Ca), 1468 (CB), 1340 (C-1), 128 2 (C-2
and C-6), 128 8 (C-3 and C-5), 1305 (C-4)] [7]

The EIMS showed a peak at m/z 454 (C30H4603),

*This paper 1s based on the M Sc Thesis submitted by MCC
Delgado to the Umversidade Federal da Paraiba, Nucleo de
Pesquisas em Produtos Naturais, for prelminary communi-
cations see Ciéncia e Cultura (1982) 34 (Suppl ), 516
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generated from the molecular 1on [C3,Hs4O5, M* 602
(absent)] through a McLafferty rearrangement with loss
of a cinnamic acid molecule (CoHgO,) The retro-
Diels—Alder fragmentation of the radical 1on m/z 454,
involving the double bond at the C-12 position [8, 9], gave
rise to the peak of m/z 246 (99 ¥, 6), which suggested the
presence of the E-cinnamoyloxy group at C-21

The presence of the double bond at C-12 was confirmed
in the '3C NMR spectrum (Table 1) by the chemical shifts
of C-12 (6122 6,d) and C-13 (6142 8, s), characteristic of a
A'2-oleonene [10, 11] Additional analysis of the proton
coupled (SFORD) and decoupled !*C NMR spectra
confirmed the thirty carbons, with the presence of an E-
cinnamoyloxy group (CoH-0,), and established the mol-
ecular formula of the basic skeleton (C3,H4-0,) Two sp®
carbons bonded to oxygen are represented by doublet
signals at 6785 and 757 One equatorial secondary
hydroxy! was assigned to C-3 for biogenetic and spectro-
scopic reasons "H NMR (63 20, dd)and '3C NMR [678 5
(C-3),277(C-2), 38 8 (C-4), 28 1 (C-23), 157 (C-24)] The
assignment of an equatorial-position for the E-
cinnamoyloxy group at C-21 was deduced by chemucal
shifts of the carbons 20, 21, 22,29 and 30 (635 3,756, 36 8,
28 8 and 18 4, respectively) and by the appearance of a
signal at 6491 (H-3) as a double doublet (J,, = 11, J,,
= 7 Hz) This analysis was aided by the comparison with
data from model compounds (Table 1) Considering that
the chemical shift of C-3 n the !3C NMR of 3a is simlar
to that of the methyl oleonolate (4a) and different from
that of the methyl 3-O-acetyloleonolate (4b), 1t would
seem that the presence of an E-cinnamyloxy group at C-3
must be excluded (Table 1)

Treatment of 3a with pynidine—acetic anhydride gave
the monoacetate derivative 3b [64 52 (dd, J = 11, 7 Hz,
H-3), 205 (s, Ac)] The chemical shift and coupling
constants (100 MHz, CDCl,, TMS) of the H-3 (63 21, dd,
J =9 and 7 Hz) of machaennic acid lactone (2a) sug-
gested a 3f-hydroxy group stereochemustry This deduc-
tion was confirmed by the chemical shifts of carbons 1, 2,
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3,4, 5,23 and 24 (Table 1) The presence of 3x-(7a) or 38-
hydroxy group (7b) 1s indicated by the chemical shifts of
those carbons [13] These, and other data (Table 1)
confirm the proposals of Tursch et al [5]

The 'H NMR spectra (100 MHz, CDCl;, TMS) of
methyl (1b) and ethyl machaermate (1¢) were also utihized
to define equatonal positions to the hydroxyl groups
localized at C-3 and C-21 [1b 321 (dd, J = 10and 7 Hz,
H-3),352(dd,J = 11and 5 Hz, H-21),1¢ 322 (dd,J = 10
and 7 Hz, H-3), 353 (dd, J = 11 and 5 5 Hz, H-21)]

Finally, our attention was directed to the presence of a
peak at m/z 207 registered 1n the mass spectrum of the
pentacyclic triterpenes la-lc, 2a and 3a, with relative
intensity 31, 22, 25, 23 and 21 9, respectively This peak
probably represents the fragment 8, formed after an
hydrogen rearrangement This proposition 1s supported
by the 1dentical structural system involving the rings A
and B of these compounds and by the presence of a peak at
m/z 189 (m/z 207 —H,0) The assignment of an 10n-
radical with m/z 208, produced by retro-Diels-Alder
fragmentation [8], as the principal precursor of the cation

Table 1 !'*C NMR chemical shift data of methyl oleanolate (4a)

and 1ts acetate (4b) [10], arjunic acid (5) [12], machaerimc acid

lactone (2a) and 3g-hydroxy-21p-E-cinnamoyloxyolean-12-en-
28-01c acid (3a)

Carbon (4n) (4b) St (28) (3)
1 385 381 472 381 385
2 271 236 671 270 272
3 787 807 822 787 785
4 387 375 388 387 388
5 552 552 548 554 552
6 183 182 169 184 184
7 326 326 324 324 328
8 393 393 389 398 392
9 476 475 472 474 476
10 370 369 385 373 370
1 231 230 232 236 234
12 1221 1221 1226 1219 1226
13 1434 1436 1434 1403 1428
14 416 416 419 419 417
15 217 277 284 275 278
16 234 236 240 238 244
17 466 466 466 433 479
18 413 411 431 398 407
19 458 458 800 474 466
20 306 306 369 395 353
21 338 333 284 841 756
2 323 323 348 367 368
23 281 280 271 280 281
24 156 168 168 154 157*
25 153 153 161 154 153+
26 168 168 169 161 169
27 260 258 287 261 257
28 1779 1778 1790 1818 1787
29 331 331 287 275 288
30 236 236 244 236 184

* Assignments may have to be reversed

tUsing DMSO-d,—CDCl; The spectra of 2a and 3a were
obtained at 25 2 MHz 1n the Fourier transform mode in CDCl;
soins The & values are in ppm downfield from TMS
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8 must be excluded by the small relative intensity of the
m/z 193 peak (m/z 208 — Me)

EXPERIMENTAL

Mps were determined on a Kofler hot-stage microscope and
are uncorr

Isolation of the constituents of Enterolobium contorstiiquum
Fruits of a specimen, (identified by botanist Mana de F Agra,
Universidade Federal da Paraiba, Jodo Pessoa), were collected at
Jodo Pessoa, Paraiba state After drying, the fruits were reduced
to powder (900 g) which was extracted with EtOH The extract
(20 g) was dissolved 1n H,O and extracted with CHCl; The aq
soln was distilled and the residue was refluxed in 1 N HCI and
MeOH for 4 hr This soln was extracted with CHCI; and the
CHCI,; evaporated The residue (10 g) was chromatographed on
sthca gel (300g) CHCl; and mixtures of CHCl;-MeOH of
gradually increasing polarities were utilized as eluents The
CHCI; fractions were purnfied by TLC (sihca gel) with
CHCl;-MeOH (95 5), furmshing 1b (80 mg) and 2a (70 mg)
TLC (sihica gel) with CHCl;—Me,CO (7 3) of the CHCl,—-MeOH
fractions permitted the separation of 3a (130 mg) and 1a (50 mg)
Repetition of the acid hydrolysis with EtOH gave the ethyl ester
(1c), besides those of 2a, 3a and 1a, permutting the methyl ester
(1b) to also be considered as a possible artifact The possibility of
transestenification (COOMe — COOEt) cannot be definitively
precluded

38, 21B-Dihydroxyolean-12-en-28-oic acid (machaerimc acid,
1a) Mp 290-295° (EtOH) {Iit [5] 295-305° (CHCIl,-EtOH})}
Diacetate (1d), mp 266-270° (MeOH) (it [4] 252-259°)

Methyl 38,21B-dihydroxyolean-12-en-28-oate (methyl mac-
haerinate, 1b) Mp 234-236° (MeOH) {t [5] 230-233°
(CHCI;-MeOH)} Duacetate (1e), mp 275-277° (MeOH) {Iit [5]
278° (CHCl;-MeOH)}

Ethyl 3B,21B-dihydroxyolean-12-en-28-oate (ethyl machae-
rinate, 1c) Mp 245-247° (MeOH) MS m/z (rel nt) 500 [M]*
(15), 482 (19), 426 (16), 409 (12), 408 (8), 292 (4), 274 (35), 273 (9),
262 (17), 261 (61), 207 (25), 201 (100), 191 (10), 190 (15), 189 (15),
188 (9), 187 (33) IR vKBrem™! 3400, 1735, 1240 'H NMR
(100 MHz, CDCl,) 8532 (m, H-12), 410 (g, J =65Hz,
OCH,-CH;), 354 (dd, J = 11 and 6 Hz, H,, —21), 321 (dd, J
= 12and 6 5 Hz,H,,-3),1 24(t,J = 6 5 Hz, OCH,—CH),1 12 (s,
Me), 100 (s, 2 x Me), 092 (s, 2 x Me), 078 (s, Me), 074 (s, Me)

3pB-hydroxyolean-12-en-218 — 28-lactone (machaerimc acid
lactone, 2a) Mp 260-262° (Me,CO) {it [5] 240-243°
(CHC1;-MeOH)} Monoacetate (2b), mp > 300° (MeOH) (It
[3] 305%)

38-Hydroxy-21§-cinnamoyloxyolean-12-en-28-oic acid (3a)
Mp 270° (Me,CO) MSm/z (rel int) 602[M]* (absent), 454 (15)
[found 454 3432, C;0H 03 requires 454 3435], 309 (9), 247 (17),
246 (99), 216 (20), 207 (21), 203 (32), 202 (15), 201 (96), 196 (17),
191 (18), 190 (17), 189 (18), 175 (14), 148 (11), 131 (100)
IR vKBrem—t 3350, 1710, 1700, 1640, 1580, 1450, 1380, 1240,
1020, 760 *H NMR (100 MHz, CDCl,) 67 3-7 6 (m, SH arom ),
762(d,J = 16 Hz, H-7'),6 40(d,J = 16 Hz,H-8'), 5 34 (m, H-12),
493 (dd, J = 11 and 7 Hz, H_,-21), 320 (dd, J = 12 and 7Hz,
H,,-3),1 14 (s, Me), 1 08 (s, Me), 0 98 (s, Me), 092 (s, 2 x Me), 078
(s, 2 x Me) Monoacetate (3b), mp 264-265° (CHCl;—~MeOH)
IR vKBrem™! 1730, 1710, 1690, 1645, 1580, 1460, 1380, 1250,
760 'H NMR (100 MHz, CDCl;) 7 3-76 (m, 5H, arom), 7 66
d,J = 16 Hz,H-7'),640(d,J = 16 Hz,H-8'), 5 32 (m, H-12),4 94
(dd,J = 10and 6 Hz, H,,-21),4 52 (dd, J = 11 and 7 Hz, H,,-3),
205 (s, OAc), 1 15 (s, Me), 1 10 (s, Me), 090 (s, 2 x Me), 084 (5,2
x Me), 076 (s, Me)

Acid hydrolysis of 3a to gwe 1b Compound 3a was hydrolysed
with 2N HCI (H;0-MeOH) at room temp (37°) for 17 hr to
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la R=R'=H

1b R=H,R!'=Me
1c R=H,R!=Et
id R=Ac,R!'=H
1e R=Ac,R'=Me

Co,H

HO

wh

yield methyl machaerinate (1b), separated from the mixture on a
silica gel column (fraction 3) and crystalized (MeOH) It was
identified with authentic sample by mmp, IR and TLC
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