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Abstract—Two acid metabolites, ent-2,3-seco-beyer-15-ene-2,3-dioic acid and ent-2,4-seco-4-oxo-norbeyer-15-
en-2-oic acid, have been isolated and identified by spectroscopic methods. © 1998 Elsevier Science Ltd. All

rights reserved

INTRODUCTION

Our previous reports (1, 2] have dealt with the non
acidic components of Spirostachys africana. We now
report the isolation and identification of two acids.
Baarschers et al. [3] resolved the latex of the plant
into acidic and non acidic components by partitioning
between hexane and potassium hydroxide solution,
but did not report any compounds from the acidic
fraction. We carried out a similar partitioning between
ethyl acetate and sodium carbonate and found that
eleven percent of the latex readily extracted into the
carbonate layer.

RESULTS AND DISCUSSION

Two crystalline acids were obtained on subjection
of acidic latex to chromatography and recrys-
tallisation. In their IR, both compounds showed
broad band hydroxyl absorptions consistent with
acidic compounds. Both acids when boiled in acetic
anhydride gave dehydration products. In the presence
of diazomethane, both gave methyl ester derivatives.
The acids and their derivatives had the beyerenic
15,16-ene system (ca 750 cm ™', two doublets between
3 5.5 and 6.0 in the 'H NMR spectrum and two peaks
between & 130 and 140 in the *C NMR spectrum).
Rings B, C, and D were present in all these compounds
as deduced from comparing their *C NMR data in
Table 1 to those in the literature [1, 2, 4].

By comparison to the documented melting point,
IR spectrum and reactions [3], acid 1 was identified
as the previously prepared ent-2,3-seco-beyer-15-ene-
2,3-dioic acid. It had two carbonyl peaks (1720 and

* Author to whom correspondence should be addressed.

Table 1. *C NMR data of acids and derivatives (8) in CDCl,

Carbon 1 1a 1b 2 2a 2b 2¢

1 456 464 403 425 438 454 419
2 179.3 176.7 172.0 1744 168.9 167.8 167.8
3 187.9 165.6 179.9
4 39.5 394 462 216.1 1403 1579 1579
5 447 466 446 448 1180 348 4438
6 204 199 206 231 221 215 203
7 36.8 36.7 364 351 345 345 356
8 48.8 49.1 490 487 488 484 489
9 489 532 492 57.0 493 490 564
10 412 414 415 401 369 438 395
1 208 207 221 204 213 207 232
12 33.0 325 332 327 325 323 329
13 435 438 435 438 440 452 438
14 61.1 604 60.7 605 604 605 608
15 137.1 137.8 137.0 137.8 138.1 137.8 137.2
16 135.2 133.8 1344 1336 1324 133.1 134.1
17 247 247 248 247 247 247 247
18 29.6 304 28.1 180 203 931 315
19 21.7 19.8 239
20 19.6 189 188 30.6 155 149 175

1690 cm™'; 6 176.3 and 187.9) and readily gave a
seven-membered ring anhydride 1a when boiled in
acetic anhydride. Diagnostic in its '"H NMR spectrum
were protons at C-1 which appeared as doublets at &
2.38 and 2.79 with a large coupling constant (J = 19.6
Hz). In the HR mass spectrum acid 1 gave a fragment
of molecular mass 316.2038 for C,,H;,0,-H,0 ident-
ical to the HR mass spectrum of the anhydride 1a
(316.2056 for C,)H3,0;). The dimethyl ester 1b had
data consistent with a dimethyl derivative of acid 1.
Acid 1 is reported as a natural product for the first
time.
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The HR mass spectrum of acid 2 gave an ion at m/z
290.1861 consistent with the formula C,;H,0;. 'H
NMR signals at & 2.44 and 2.45 were assigned to the
C-1 protons. The three proton signal at § 2.25 was
attributed to the methyl ketone. The peaks at d 216.1
and 174.4 in the *C NMR spectrum were assigned to
ketonic and acidic carbonyls, respectively. The rest of
the data bore close resemblance to those of acid 1. On
boiling acid 2 in acetic anhydride, two dehydration
products in the ratio 7.5:1 were obtained with for-
mula CgH,,0, (M* at m/z 272). The major product,
2a, showed an enolic methyl at 5 1.89 with C-1 protons
at 0 2.22 and 2.66. Additional olefinic carbons were
observed at ¢ 118 and 140.3. Compound 2b had a
terminal methylene as confirmed by narrowly split
signals at & 4.30 and 4.74 in the '"H NMR spectrum
and the peaks at 6 157.9 and 93.1 in the "C NMR
spectrum. Acid 2 was a monoacid as further deduced
from the methyl ester 2¢. Acid 2 is ent-2,4-seco-4-0x0-
norbeyer-15-en-2-oic acid.

EXPERIMENTAL

'H and “C NMR: 200 and 50 MHz, 300 and 75
MHz, respectively ; COSY and NOESY at 500 MHz;
CDCl, sols with TMS as int. standard. VLC : silica gel
60 G,s4, visualisation by UV at 254 nm and vanillin—
H,SO,. Optical rotations were measured in CHCl,,
unless otherwise stated.

The acid extract (15.6 g) was chromatographed
using vacuum liquid chromatography (VLC) on silica
gel (150 g) eluting with a mixture of hexane and EtOAc
(4:1) and collecting 200 ml frs. Further flash column
chromatography (FCC) of pooled frs 1 to 5 followed
by recrystallisation gave acids 1 and 2. Acid 1 recrys-
tallised more readily.

ent-2,3-Seco-beyer-15-ene-2,3-dioic acid (1). Recrys-
tallised from hexane, mp 211.212" (lit. 212" [3]), [«]p
21° (¢ 1.66) (lit. —25[3]). IR vKB cm~' 2925 Ar (OH),
1720, 1691 (CO) 753. HRMS myz: 316.2066 [M-
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H,0]* (caled C,H40,~H,0, 316.2038). 'H NMR: §
0.85 (3H, s, H-20), 0.99 (3H, s, H-17), 1.06-1.81 (9H,
m, others), 1.09 (1H, d, J = 9.4 Hz, H-14a), 1.15 (3H,
s, H-19), 1.22 (3H, s, H-18) 2.06 (1H, 4, J = 12.4 Hz,
H-9), 2.38 (1H, 4, J = 19.6 Hz, H-1"), 2.60 (1H, 4,
J =9.4Hz, H-5),2.79 (1H, d, / = 19.6 Hz, H-1), 5.48
(IH,d,J = 5.6 Hz, H-16), 5.64 (1H, d, J/ = 5.6 Hz, H-
15) and 12.37 (2H, br, OH).
ent-2,3-Seco-beyer-15-ene-2,3-dioic anhydride (1a).
Compound 1 was boiled in Ac,O for 2 h. Usual work-
up and recrystallisation from hexane gave lamp 133-
1347 (lit. 123-124° [3]), [e]p —26.70 (c 0.75). IR vKBr
cm™': 1800, 1757 (CO), 752. HRMS m/z: 316.2056
[M]* (calcd CyH;,0,, 316.2038). 'H NMR: 6 0.95
(3H, 5, H-20), 1.03 3H, s, H-17), 1.14 (1H, d, J = 9.6
Hz, H-14a), 1.28 (3H, s, H-19), 1.37 (3H, s, H-18),
1.37-1.75 (m, others), 2.21 (1H, d, J = 13.6 Hz, H-1"),
2.76 (1H, 4, J = 13.6 Hz, H-1), 5.53 (1H, d, J = 5.7
Hz, H-16) and 5.63 (1H, d, J = 5.7 Hz, H-13).
Dimethyl ent-2,3-seco-beyer-15-ene-2,3-dioate (1b).
Syrup. [o¢]p +27 (¢ 2.96). IR vXB cm~': 1744, 1728
(ester CO), and 753. EIMS (probe) 70 eV, m/z (rel.
int.): 362 (63) [M]*, 331 (24) [M —OMe]*, 289 (58)
[M—73]", and 187 (100) [M —175]*. '"H NMR : 4 0.99
(3H, s, H-17), 1.08 (1H, d, J = 9.4 Hz, H-14a), 1.2-
1.7 (m, others), 1.21 (3H, s, H-18), 1.23 (3H, s, H-19),
202 (1H, dd, J = 4.7 and 10.9 Hz, H-9), 2.25 (1H, d,
J =187 Hz, H-1"), 237 (1H, d, J = 18.7 Hz, H-1),
2.44 (1H, dd, J = 3.9 and 10.8 Hz, H-5), 3.61 (3H, s,
OMe), 3.65 (3H, s, OMe), 5.47 (1H, d, J = 5.6 Hz, H-
16), and 5.66 (1H, d, J = 5.6 Hz, H-15).
ent-2,4-Seco-4-0x0-3,19-norbeyer-15-en-2-0ic  acid
(2). Recrystallised from hexane (2.6 g), mp 61-62°,
[6)n +2.80 (c 2.12). IR vKE cm™': 3428 (OH), 1729,
1701 (CO), 750. HRMS m/z: 290.1861 [M]" (calcd
CsH2603, 290.1882). '"H NMR: 4 0.93 (3H, s, H-20),
1.02 3H, s, H-17), 1.12 (1H, d, J = 9.7 Hz, H-14a),
1.33-1.97 (6H, m, H-6, H-7, H-9, H-11, H-12, and H-
14e), 2.24 (1H, d, J = 13.9 Hz, H-1"), 2.25 (3H, s, H-
18), 2.45 (1H, 4, J = 13.9 Hz, H-1), 2.77 (1H, dd,
J = 3.3 Hz, 11.9 Hz, H-5), 5.55 (IH, 4. J = 5.7 Hz,
H-16) and 5.71 (1H, d, J = 5.7 Hz, H-15).
ent-2,4-Seco-3,19-norbeyer-4(5), 15-diene-2, 4-lac-
tone (2a) and ent-2,4-Seco-3,19-norbeyer-4 (5), 15-
diene-2, 4-lactone (2b). Compound 2 (485 mg) was
boiled in Ac,O (10 ml) for 2 h. Usual work-up fol-
lowed by CC eluting with a mixture of hexane and
EtOAc gave lactones 2a (345 mg) and 2b (46 mg).
Lactone 2a was recrystallised from MeOH and H,0,
mp 69-70°, [e]p +4.5 (¢ 5.5). IR v*Br ecm~': 1745
(CO), 754. HRMS myjz: 272.1781 [M]* (calcd
CsH2,0,, 272.1776). 'HNMR: 6 0.91 (3H, d, J = 0.6
Hz, H-20), 1.04 (3H, 5, H-17), 1.07 (1H, d, J = 9.8 Hz,
H-14a),1.21 (1H, dd, J = 5.1 Hz, 11.4 Hz, H-9), 1.25--
1.40 (2H, m, H-12e and H-12a), 1.38 (1H, dr, J = 3.8
Hz, 3.8 Hz, 13.1 Hz, H-7a), 1.47 (1H, m, H-11e), 1.56
(1H, dd, J =2.5 Hz, 9.8 Hz, H-14e), 1.65 (1H, dr,
J =38 Hz, 3.8 Hz, 13.2 Hz, H-7e), 2.15 (1H, br g,
J =19 Hz, 13.2 Hz, 15.1 Hz, H-6a), 2.24 (1H, bd,
J =13.9 Hz, H-1a), 2.25 (3H, s, H-18), 2.37 (1H, dr,
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J =339 Hz, 3.9 Hz, 14.7 Hz, H-6e), 2.45 (1H, 4,
J =13.9Hz H-le),2.76 (1H, dd, / = 3.5 Hz, 12.0 Hz,
H-5), 5.55(1H, d, J = 5.8 Hz, H-16), and 5.71 (1H, 4,
J = 5.8 Hz, H-15). Lactone 2b was recrystallised from
hexane, mp 114-115", [a]p —65" (¢ 0.65). IR vK&r
cm~': 1757 (CO), 1647 (C=C) 833, 756. HRMS m/:z:
272.1813 [M]* (calcd C,H,,0,, 272.1776). 'H NMR :
0.77 (3H, d, J = 0.9 Hz, H-20), 1.04 (3H, s, H-17),
1.09 (1H, 4, J = 10.5 Hz, H-14a), 1.12-1.82 (9H, m,
others), 2.14 (1H, bd, J = 10 Hz, H-5), 2.22 (1H, 4,
J =17.7 Hz, H-1"), 2.66 (1H, d, J = 17.7 Hz, H-1),
430 (1H, ¢, J = 1.8 Hz and 1.5 Hz, H-18"), 4.74 (1H,
t,J =18 Hzand 1.5 Hz, H-18), 5.56 (1H, d, / = 5.6
Hz, H-16) and 5.68 (1H, ¢, J = 5.6 Hz, H-15).
Methyl  ent-2 4-seco-4-0x0-3,19-norbeyer-15-en-2-
oate (2¢). Syrup, [a], —2.6 (c 0.0232). IR vKBrem~':
1732 (ester CO), 1708 (ketone CO) and 754. EIMS
(probe) 70 eV, m/z (rel. int.): 288 (21) [M]*, 272 (24)
[M—16]", 231 (100) [M—57]*, 187 (89) [M—101]*
and 159 (50) [M—129]*. '"H NMR: 6 0.97 (3H, s, H-
20), 1.01 (3H, s, H-17), 1.08 (1H, d, J = 10.3 Hz, H-
14a), 1.24-1.82 (m, others), 2.21 (3H, s, H-18), 2.28
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(1H, d, J = 14.1 Hz, H-1"), 2.38 (1H, d, J/ = 14.1 Hz,
H-1), 2.96 (1H, dd, J = 2.8 and 12.2 Hz, H-5), 3.68
(3H, 5, OMe), 5.50 (1H, d, J = 5.5 Hz, H-16) and 5.69
(1H. d, J = 5.5 Hz, H-15).
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