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Abstract—Madurénsine and a new pyrrohzldme alkalold trans- -anacrotine, were féund as the only alkalmds in seeds
that |t is the trans isomer of anacrotine.

of Crotalaria capensis. Structural elucrdanon qf the new alkaloncf prov
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INTRODUCTION

Crotalaria, the nominate genus of the tribe Crotalaricae,

has been the only reported source of macrocyclic pyrrol-
izidine alkaloids in the Fabaceae until 1987 [1]. Pyrrolizi-
dine alkaloids were only recently isolated from the genera
Lotononis and Buchenroedera [2, 3] and were thus far the

only "other sources of these natural - products’ in the‘ i

Fabaceae. In'our conptmuéd survey of alkatoids as charac-

ters in the chemosystématlcs of the Fabaceaé, we have -

extracted and isofated two pyrrohz:dme alkaloids from

the_seéds of Crotalaria capensis, a species from which:
". alkaldids have not been isolated previously. Alkaloids
+ have, however, been detected in earlier studies [4, 5].

Madurensme (1) and a new product, trans-anacrotine (2),

oL were ‘therenly alkaloids isolated from the extract. The
. structurc of 'this newly isolated product was in fact the

structure first reported for madurensme (1) by Atal et al.
[6]. The corrected structure for 1, in which the macrocyc-

i lic ester is attached to C-6 of the'pyrrolizidine base, rather

than to. C-7 as suggested' earlier, was subsequently re-
ported by Culvenor et dl: [7] In spite of the isolation of
the acetyl ester of . trans-anacrotine (3) and. the C-6

- angeloyl ester ‘of trqns-anacrotme N-oxide (4) from
C. agatifiora’ [h] the free: alcqhol (2) however, has never

becn regdnded before ,[ T
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Séeds of C capensts were cq,llected from frees in

. Grahamstown in the Cape. Province, South’ Afriga. The
', seeds. were gréund. to a fine powder and extfacted wtth
" acid. Basification of the acidic solution with ammania
and extractton with methylene chloride gave a crude
mixture of aikaloids. TLC of the crude extract and GC
analysis indicated the. presence of pnly two compounds.
The crude extract.was then’ subjected to column chro-
matography to afford 1 as the major constituent and 2 as
~the ntinor comhponent. Madurénsine (1) was identified by
“eomparison, of its physical and 'spectral data with those

In order ;to, verify the structufe of 2, "H“a‘nd

e NMR: spectra. were recorded and compared ‘with

.- those of structurally related compounds such as, integ-

. ommme'(6 deoxy-txans-anacrotine) (5), anacrotine (6),

senecionine (7); playphylline (8) agoplatyphylline (9) and
madurcnSme (1. Inthe 'H NM& spectrum. of 2, the H-21

quartct -af §6.57 (compared,ta 36.48for 5 and 5650 for9)

clcarly- mdicated a t,rans conﬁguratlm‘n for the, c‘arboxy~
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Table 1. 'HNMR spectral data for compound (2) (200 Mhz)

H

2 6.14 dddd(.l,.,,:.ll_uzl Jia=2, Jyox1)

3a 393 ddd (43,04, 42, J30.3p=16.0)

3p 343 ddd (J5.39~2, J,, 45=16.0, Jyp5=4)

Sa 340 dd (J,, 5, =10.03, J,, = 6.20)

58 2.53 dd (J4,.55=10.03, J 45 = 7.62)

6 443 ddd (J 5, 6=6.20, J5p =762, J, ,=3.71)

7 521 dd (Js ,=371J, ;=483)

8 431 dddd (J, ) =6.14, J,, g ~2, Jipa=4,J; =483
9a 424 d (Jo, gp=1220)

9% 5.22.dd (J, gy 1, Jgq gy = 12,20

13 1.88 ddq (V5" 14,=8.70, J 5 14 = 4.05, J13.19=6.78)
14a 222 .dd (J13,14,=8.70, J, 4y 14 = 11.66)

14b 208 dd (J3 140 =4.05, 7,4, 140 = 13.66)

18 129 s —

19 092d(J,;,,=6.78)

21 6.57 9 (J3,.4,=7.08)

22 174 d (J4, ,,=7.08)

OH 3.25br s —

Table 2. "*CNMR spectral data of compound 2 and related pyrrolizidine alkaloids

cis-Ethylidene trans-Ethylidene

C 8* 7* 61 2 5* 9* 1

1 373 1315 1315 132.7 131.7 369 1354
2 30.8 136.3 136.5 1375 136.7 30.2 136.1
3 520 62.8 63.6 63.5 62.6 51.6 66.3
5 53.9 53.1 585 59.8 53.1 529 614
6 353 348 748 73.7 338 350 75.1
7 69.4 74.9 75.5 76.4 75.5 68.8 74.5
8 74.2 7.7 74.4 73.6 77.2 734 73.6
9 - 654 60.6 60.7 61.9 60.9 67.1 594
i1 1717 178.2 178.3 178.4 178.2 178.7 1769
12 76.2 76.8 76.8 769 76.6 754 76.2
13 399 385 383 39.1 395 395 404
14 392 384 384 298 29.5 328 215
15 1317 133.1 132.8 1329 1339 131.8 129.7
16 1674 167.5 169.6 170.5 169.1 167.5 167.0
18 26.1 250 252 255 251 264 244
19 13.0 11.1 113 124 11.7 143 10.7
20 136.0 1343 1343 135.5 T 1353 137.7 142.5
21 155 150 152 144 14.2 144 14.9

*13C NMR data recorded for alkaloids isolated from species of Lotononis and Buchenroedera in an earlier
study [3].
tData from ref. [9].



ethylidene moiety. A significant difference in the §-values
for H-21 in 2 and 1 (67.12) is probably due to conforma-
tional [6, 12} and size differences in the macrocyclic rings
of the two compounds. The presence of a hydroxyl group
in the molecule was evident from the downfield shift of
H-7 (from 64.97 in 5 to 85.21 in 2), the appearance of a
multiplet at 4.43 (H-6) and a broad singlet §3.25 re-
presenting the alcohol proton. D,0 exchange of the
hydroxyl signal resulted in the coalescence of the mul-
tiplet which, upon decoupling experiments, showed
spin-spin interaction with the two C-5 protons as well as
with H-7. These results were consistent with a C-6
position for the hydroxyl group. The coupling constants
for this carbinol proton were in accordance with a f-
orientation for the hydroxyl group, similar to anacrotine
(6), with H-6 coupling constants closely matching those of
H-6in 2[6, 8]. A weak spin—-spin interaction (J =3.71 Hz)
between H-6 and H-7 indicated a dihedral angle of ca 45°
and, therefore, a cis-orientation for these two protons.
From the crystal structure of the isomer of 2, anacrotine
(6), it was evident that the H-6/H-7 dihedral angle is in fact
ca 41° for the exo-buckled pyrrolizidine nucleus. The
vicinal coupling constants with the two C-5 protons
(J 50,6 =6.20 and J ;5 ¢ = 7.62 Hz) were much larger than
their counterparts in uspallatine (10) with an a-oriented
hydroxyl group at C-6 [13]. All these data supported a -
orientation for the C-6 hydroxyl group. The 'H NMR
data are presented in Table 1.

[y

The only significant difference in the '*C NMR spectra

of 2 and anacrotine (6) was in the chemical shift of C-14. It
had a value of §29.8 for 2 compared to 638.4 for 6,
indicative of a rather strong shielding of the C-14 nucleus
by the methyl group of the ethylidene functionality. These
values correspond well with those of other alkaloids with
cis and trans orientations of the ethylidene group, such as
integerrimine (5), senecionine (7), platyphylline (8) and
neoplatyphylline (9). Table 2 compares the '*C NMR
data of 2 and structurally related pyrrolizidine alkaloids.

EXPERIMENTAL

Mps: uncorr. IR spectra were recorded for thin films of CHCI,
- solns. Optical rotations were measured for a path length of ! cm
in the solvents stated for each sample. 'H and !>C NMR spectra
were recorded at 200 and 50 MHz, respectively, in CDCl, using
the CHCl, signal (57.24) as ref. TLC was performed on Merck 60
F 44 type E alumina plates using MeOH-CHCI, (3:97). Chro-
matograms were visualized after drying by spraying with iodo-
platinate soln. CC was performed using Fluka neutral alumina
type 507C using the eluent as specified for TLC.

Ripe seeds (50 g) of C. capensis were collected in January
1990 from plants of a natural population on a hill slope below
Settler’s Monument in Grahamstown (voucher specimen: B.-E.
van Wyk 2993a in JRAU). The finely ground material was
suspended in 0.05 M H,SO, for 30 min and the solids filtered ofl.
Conc NH, soln was used to basify the soln and extraction with
CH,Cl, gave 790 mg of crude alkaloidal mixt. CC afforded
madurensine (1) (519 mg) and trans-anacrotine (2) (29 mg).

Madurensine (1). Mp 175-176° (lit. 175-176° [6]). [«]32 + 48°
(CHCly; c2). IR vEH9 3550 br (OH), 1720 (ester C=0). EIMS
(probe) 70 eV (rel. int.): m/z [M1* (4), 307 (5), 264 (3), 153 (13), 137
(49), 136 (53), 135 (100), 93 (35), 80 (67).

Trans-Anacrotine (2). [aJ32+11° (CHCl; ¢ 1.7). IR vEHOs
3520 br (OH), 1725 (ester C=0). EIMS (probe) 70 eV (rel. int.):
m/z (M]* (5), 307 (7), 264 (9), 236 (8), 154 (15), 153 (23), 152 (29),
137(32), 136(52), 135(87), 94 (87), 93 (100), 83 (31), 67 (35), 43 (85).
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