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Table 2. “CNMR chemical shifts of alkaloids isolated from BolusanthlLc 
speciosus* 

C 2t rt 5 6 7t 9 lot 11 

2 55.9 171.5 172.0 171.2 163.6 163.6 163.6 163.9 
3 25.6 33.0 33.2 31.8 116.8 116.9 116.5 116.9 
4 24.6 19.6 19.2 19.2 138.9 138.9 138.5 139.0 
5 29.1 26.7 32.2 103.5 104.8 105.1 104.6 105.1 
6 66.2 60.9 85.5 142.2 151.9 150.9 151.4 151.4 
7 35.8 34.8 37.5 33.4 35.4 35.0 35.3 35.6 
8 27.3 27.4 15.9 24.4 22.9 21.1 25.3 26.4 
9 328 322 34.3 33.0 32.6 30.0 27.8 27.8 
10 61.7 46.8 425 47.5 51.4 47.4 49.9 49.8 
11 64.1 64.1 64.3 63.4 63.1 58.0 62.1 53.0 
12 34.3 33.8 34.2 28.2 25.4 - - - 
13 24.2 24.4 24.1 21.6 19.2 51.2 - 54.1 
14 25.6 25.2 24.1 228 20.8 34.8 46.1 - 
I5 55.1 55.5 55.3 566 53.1 135.4 - - 
16 _ _ _ _ _ 117.6 - - 
17 53.2 529 54.1 54.9 54.4 - - - 

*Spectra wcrc determined in CDCI, solutions 
t “C NMR chemical shifts have been reported previously [30] and the values 

given here are close to the published values. 

in the 63.0-3.4 region of the ‘HNMR spectrum of 5 
where H-6 of a number of 2-oxosparteines has been 
reported to resonate [8, 93. (c)The reduction of 5 with 
lithium aluminium hydride yielded sparteine (2) (identi- 
fied by co-TLC and mass spectroscopy) which is con- 

’ sistent with the presence of a CO-N -$-OH grouping in 

the molecule, and (d) the DEFT spectrum of 5 showed the 
presence of only three methine protons in contrast to 
lupanine (4) which possesses four. The 13C signal for C-6 
at 60.9 ppm in lupanine (4) was replaced in the spectrum 
of (5) by a quaternary carbon signal at 85.5 ppm (Table 2). 

The establishment of the j&configuration of the hy- 
droxyl substituent at 5 was made from CD considerations. 
The CD curve of 5 showed a Cotton Effect (CE) at 222 nm 
due to the inherently symmetrical lactam chromophore 
perturbed by the asymmetric environment. The CE was 
equal, but opposite in sign, to that of lupanine so that it 
was tempting to consider that the configuration of Sat C-6 
was opposite to that of lupanine (4) However, sub- 
stituents such as hydroxyl groups are known to cause 
reversal of signs of rotation in CD spectra [ 12, 131. The 
configuration of the C-6 hydroxyl of 5 was determined 
unequivocally from its benxoate derivative which showed 
a positive CE. Such positive exciton chirality (right 
handed screwness) is consistent with a /?-configuration for 
the hydroxyl group of 5 [12]. 

The extraction methods employed influence the ratio of 
the yields of 6/?-hydroxylupanine (5) to Vdehydrolu- 
panine (6). When cold methanol was used for initial 
extraction the ratio was 9: 1, respectively, whereas when 
hot methanol was used this ratio was reversed. In the plant 
it is possible that 5 is stabilixed in the cellular environment 
but during isolation procedures dehydration readily 
occurs. 5.6~Dehydrolupanine has been identified from 
various species of Leguminosae, mainly on the basis of 
GC/MS data [14-173, a technique which presupposes the 

use of high temperatures which would accelerate dehy- 
dration of 5 to 6. Alkaloids containing bridgehead 
hydroxyl substituents appear to be rare in nature although 
two such matrine-type alkaloids have been reported from 
species of Leonrice [18, 191, they are also known in the 
indolixidine series of alkaloids, e.g. 13a-hydroxysepticine 
[20] but they do not appear to have been reported from 
the pyrrolixidine series of alkaloids. It is highly possible 
that there are more bridgehead hydroxyl alkaloids present 
in nature than has previously been supposed and by using 
mild isolation techniques, it is to be anticipated that more 
6-hydroxysparteine-type alkaloids will be discovered. 

The biosynthesis of quinoliidine alkaloids has been 
studied extensively and it has been shown that the first 
committed step is the production of cadaverine (1) by 
decarboxylation of lysine 121-241. Furthermore, it has 
been proposed that cadaverine is the precursor of a central 
intermediate, 17-oxosparteine 124,253. However, feeding 
of key labelled intermediates into Lupinus angustifolius 
and L.. luteus has produced sufficient evidence to in- 
validate the role of 17-oxosparteine in the biosynthesis of 
lupanine and sparteine [26]. A plausible biosynthetic 
relationship between the 10 quinolizidine alkaloids pre- 
sent in B. speciosus is outlined in Scheme 1. Ring A of 
lupanine (4) would aromatize to give tetracyclic a- 
pyridone alkaloids of which anagyrine (7) is a representat- 
ive [14. 173. 5.6~Dehydrolupanine (6) is the likely inter- 
mediate between lupanine (4) and anagyrine (7). and 6 is 
present in species which contain both lupanine-type and 
a-pyridone-type alkaloids [14-17, 27, 281. The unstable 
novel alkaloid 6/I-hydroxylupanine (5) is the likely inter- 
mediate between lupanine (4) and 5.6dehydrolupanine 
(6). Cleavage of the C-15/N-16 bond of anagyrine (7) 
would result in the formation of the tricyclic alkaloid 11 a- 
allylcytisine (9) and subsequent loss of the C-l 1 ally1 side 
chain would result in cytisine (lo), the precursor of N- 
methylcytisine (11). 
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Scheme 1. Postulated biosynthetic pathway of quinolizidine alkaloids in Eolusanthus sp. 

EXPERIMENTAL 

IR spectra were recorded in CHCls and UV spectra in MeOH. 
EIMS were obtained at 70 eV and FABMS were obtained using 
8 K eV Ar with ion currents of 0.5 mA. Samples for FAB were 
prepared using glycerol as a matrix. ‘H and ‘“C NMR spectra 
wcTe obtained at 300 MHz and 62.5 MHz, respectively, and 
chemical shifts reported are relative to TMS. TLC on silica gel 
GF,,. (Merck) utilixed one of the following solvent 
systems: (A) CHCI,-MeOH- % NHIOH (9: 1); (B) Iso- 
F’rOH-EtOAc-CHCl,-28 % NH.OH (1 I :4:4: 1); (C) CHCl,- 
Et,NH (9: 1); (D) Et+MeOH-28% NHIOH (44:s: 1); 
(E) hexane-Et,NH (7:3). Alkaloids were detected by spraying 
with Dragendorff’s reagent. 

Plant mater&/. Bofusmthus speciosus (Bolus) Harms. leaves, 
seeds and stem bark were supplied by the Director of the Botanic 
R*icarch Institute. Pretoria, S. Africa and a sample of leaves from 
the Director of the Lowveld Botanic Garden, Nebpruit, S. Africa. 

Extruction and idatim ofo/k&ids. Powdered leaves from 
Pretoria (500 g) were macera ted in MeOH for 48 hr. The filtered 
extract was coned to dryness under red. prea., extracted into 2 % 
H,SO, and washed with Et,0 (4 x 100 ml). The acidic aq. soln 
was made alkaline with 28 % NH.OH and extracted with CHCl, 
(3 x 100 ml). The combined CHCI, extracts were dried (Na,SO.) 
and evapd to dryness yielding a dark brown syrup (2.41 g, a48 %). 
Leaves from Nclspruit (SOS), seeds from Pretoria (5Og) and 
stem bark from Pretoria (50g) were extracted by tbe same 
procedure to yield 0.26g (0.52%). 1.08g (2.16%) and 0.148 
(0.28%). respectively. TLC of these four alkabidal extracts 
indicated a similar alkaloidal composition to that from tbe 
extract from Pretoria leaves. Ten alkaloids were isolated from tbe 
extract of leaves from Pretoria using solvent systems A-E and by 
elution of the bands with CHCI,-MeOH (4: 1). 

Sparteine (2). R, 0.10 (system A, identical co-TLC with 
authentic sample); MS m/r (rel. int.): 234 [M]’ (27), 193 (30). 137 
(90). 136 (37), 110 (27). 98 (lOO), 97 (43). 

/Wospurteine (3). R, 0.09 (system Ah MS m/z (rel. int.): 234 
[Ml+ (18). 193 (16), 137 (lOO), 136 (34). 110 (31). 98 (94). 97 (67) 

PI. 
Lqanh (4). R, 0.70 (system A), identical co-TLC with 

authentic sample; MS m/z (rel. int.): 248 [Ml+ (56), 219 (S), 150 
(39),149(sS),148(18~136(100),112(15~110(13).98(30),97(24); 
IRv~%m-‘: 28W2700 (transquinolizidine, Bohhnann 
bands), 1622 (lactam CO). 

6/l-ffydroxyfupunine (5) Yield 38 mg (0.01x), R, 0.46 (system 
Ak FABMS m/s (rel. int.): 265 [M + H]+ (lOO), 248 (20), 148 (25). 
136 (30). 134 (25x98 (95) EIMSm/z (rel. int.)264.1838 ([Ml’ 2; 
C,,H,,N,02 talc. for 264.1839), 246 (39), 163 (5). I48 (7), 136 (8). 
I35 (6). 134 (8). 98 (100x 97 (29k IR~~“~crn-‘: 3300-3200 
(OH), 2800-2700 (weak. Bohlmann hands), 1640 (lactam COk 
‘H NMR (CDCl,): 64.35 (H-10,. J,Oop.lOu = 12.4 m J,,,., 
= 2.7 Hz), 3.10 (H-17,, J,7eg,7u = 11.4 Hz), 2.95 (H-lOax, 
J ,04,0ep = 12.4 Hr., I,,,, = 3.7 Hz), 2.80 (H-15,. I,,, ,k 

= 11.8 Hzk CD (MeOH) Azzl -5.5; CD of 5 benxoatc b,,, 
+7.8; CD lupaninc (4) Arln +5.5. Dehydration. 6& 
Hydroxylupanine (5) (15 mg) was dissolved in CHCl, (3 ml), 
allowed to stand at room temp. for 12 hr to yield a single 
compound identified as Qj-dehydrolupanine (6) (co-TLC, MS). 
Benware. 6B-Hydroxylupanine (15 mg) was dissolved in anhydr- 
ous pyridine (2 ml), Ph COCI (1 ml) was added and the mixture 
allowed to stand at room temp. overnight. Tbe reaction mixture 
was evapd to dryness under red. pre.s. at 40”. 10 % NH.OH (3 ml) 
added and extracted with CHCIs (3 x 3 ml). The extract was then 
purified by prep. silica gel TLC using CHCl,-MeOH-28% 
NHIOH (95: 5: 1) to yield a yellowish oil (2.5 mgk MS m/r (rel. 
int.): 368 [Ml’ (21), 366 (18). 323 (ll), 262 (100). 245 (45), 188 
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(14), 149 (32), 148 (14). 136 (32), 134 (36), 122 (45) 
54Dehydrolupnninc (6). R, 0.76 (system Ak MS m/s (rel. int.): 

246 [M]+ (33). 163 (6), 148 (5). 136 (a), 135 (6). 134 (8),98 (100). 
97 (33k UVIZ”: 250 nm; IRv=d”~cm-‘: 2800-2900 (weak, 
Bohlmann bands), 1635 (lactam (COk ‘H NMR (CDCl,): 64.95 
(H-5, ‘I = 5.9 and ‘I = 3.5 Hz), 4.05 (H-10,. I = 13.1 and 
1.8 Hz). Hydrwnation. 5,bDehydrolupanine (5 mg) was dis- 
solved in EtOH (5 ml) and 5 % W-C (1 mg) added. A stream of 
Hz was passed through the soln for 15 min. the catalyst removed 
by filtration and the solvent evapd under Nz. The residue was 
dissolved in 2% HzSO., filtered. adjusted to pH 9 with 28% 
NH,OH and extracted with CHCl, (3 x 2 ml). The combined 
CHCl, extracts were washed, dried (NazSO,), liltered and cvapd 
to dryness under Nz to yield a pale yellowish oil (3.2 mg) 
identified as lupanine (4) (co-TLC, MS). 
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