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Abstract—Quinolizidine and dipiperidine alkaloid profiles have been determined for various plant parts of ten
papilionaceous species in the tribes Sophoreae, Dalbergieae, Brongniarticae and Bossiaeeae. Alkaloids have
been identified for the first time from species in the tribes Dalbergieae (Dalbergia monetaria) and Brong-
niartieae (Harpalyce formosa var. formosa) of Polhill’s classification system of the Papilionoideae. No
alkaloids were detected in seeds of several Lotus species (tribe Loteae). Quinolizidine-indolizidine alkaloids
of the leontidine type, including 11-epileontidane, a new compound, were obtained from the leaves and stems
of Maackia amurensis. 11,12-Dehydrosparteine, a compound which has not previously been characterized as a

natural product, was observed in an extract of the stems of Templetonia egena.

INTRODUCTION

Quinolizidine alkaloids are considered important sys-
tematic markers for species in the more primitive
tribes of the legume subfamily Papilionoideae [1-6].
There appears to be a notable increase in the com-
plexity and number of these compounds in temperate
papilionates occurring in the Northern Hemisphere,
compared with their occurrence in tropical represen-
tatives of the subfamily [5, 6]. Over 120 quinolizidine
alkaloids from legumes have been structurally
characterized and found to occur in more than 35
genera in nine tribes of the Papilionoideae, as
reclassified recently by Polhill [S, 6].

In the present contribution we have extended work
performed by our group on legume quinolizidine al-
kaloids [6-10] to certain species in the tribes
Sophoreae, Dalbergieae, Loteae, Brongniartieae and
Bossiaeeae of the Papilionoideae. Plant material used
in this study was either in the form of extracts from
species originally collected for anticancer screening
under the auspices of the National Cancer Institute,
Bethesda, Maryland, or was provided as seeds from
herbarium collections. Alkaloid identifications were
carried out using a combination of GC/MS and TLC.
GC/MS has been used in several laboratories as a
precise qualitative microanalytical method for the
study of legume alkaloids {8, 11-14].

RESULTS AND DISCUSSION

A total of 22 alkaloids were unambiguously
identified in extracts of various plant parts of 10
papilionates in the tribes Sophoreae, Dalbergieae,
Brongniartieae, and Bossiaeeae, as shown in Table 1.
The genera are listed in tribes according to the

*Part 1 in the series ““Alkaloids of Papilionoideae”.

scheme of Polhill [5]. Compounds are grouped into
classes representative of their postulated order of
biogenetic advancement [4, 15] and structural com-
plexity as follows: (1) the dipiperidine alkaloid, am-
modendrine; (2) the bicyclic quinolizidine alkaloid,
epilupinine; (3) tetracyclic quinolizidine-indolizidine
alkaloids of the leontidine type; (4) tetracyclic
quinolizidine alkaloids of the sparteine-lupanine type;
(5) tricyclic degradation products of the alkaloids in
(4); (6) pyridone quinolizidine bases; (7) the quinoliz-
idine alkaloid, matrine; and (8) pentacyclic and hex-
acyclic Ormosia-type quinolizidine alkaloids.

Altogether 47 alkaloidal identifications, not pre-
viously associated with the species listed in Table 1,
were made. No attempt was made to quantitate the
alkaloids identified, since much of the plant mat-
erial studied was supplied in the form of
extracts. Of the species and varieties listed in Table 1,
alkaloid data in regard to only Sophora microphylla
[16~18] and Templetonia egena [19] have appeared in
the literature before, although alkaloids of Sophora
chrysophylla [20,21] and Ormosia coccinea
[22] have also been studied. Our results in the main
confirm these prior identifications, with the excep-
tions being that sophoramine was absent from the
two Sophora species studied; pohokaline and
mamanine were not observed in S. chrysophylla
subsp. glabrata var. grisea subvar. ovatifoliolata, and
ormosinine was not detected in O. coccinea var.
subsimplex.

Compound identification was performed by com-
parison (GC/MS, TLC) with authentic samples
obtained either by isolation from other legumes, par-
tial synthesis, or donation from other workers. Two
compounds were identified for the first time as
natural products in the legume extracts under study,
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Table 1. Quinolizidine alkaloids of some Papilionaceous species*
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11-epileontidane (1), a minor constituent of the leaves
and stems of Maackia amurensis, and 11,12-dehy-
drosparteine (5), from the stems of Templetonia
egena. The structure of 1, a new compound, was
confirmed by direct GC/MS and TLC comparison
with the reduction product of camoensidine (2) using
lithium aluminum hydride. Camoensidine (2) was
found to be a major constituent of both extracts of
M. amurensis studied, and it may be seen that com-
pounds 1 and 2 are quinolizidine-indolizidine analo-
gues, respectively, of the common lupine quinoliz-
idine alkaloids, sparteine and lupanine. The trivial
nomenclature we propose for 1 was chosen because
its epimer, leontidane (3) has previously been par-
tially synthesized from tetrahydroleontidine (4) [23].

The structural assignment of 11,12-dehydrospar-
teine (5) from the stems of 7. egena, was achieved by
GC/MS comparison of this constituent in the plant
extract with samples of the compound partially syn-
thesized from sparteine by reaction with both N-
bromosuccinimide and potassium permanganate.
These reagents are known to oxidize the cis-quinol-
izidine moiety (C/D ring) of sparteine, leading to the
formation of several products, including sparteine-
N,.-oxide, 17-hydroxysparteine, 17-oxosparteine, as
well as 11,12-dehydrosparteine (5), itself [24-28]. It
must, however, be pointed out 5§ may be formed

N
1 2

N N
N N
3 ° 4

5

by thermal decomposition of sparteine-Njz-oxide
under the GC conditions used [29, 30]. Recently, a
dehydrosparteine was observed by GC/MS of an
alkaloidal extract of Lupinus polyphyllus cell culture
fed cadaverine [31]. The tentative structural assign-
ment of this compound as 12,13-dehydrosparteine
was based on the similarity of its mass spectrum with
that of epiretamine (12a-hydroxysparteine) [31].
However, it may be suggested that epiretamine, on
dehydration, would produce the more highly-favored
enamine, 5 (11,12-dehydrosparteine) rather than the
postulated olefin (12,13-dehydrosparteine) {31). Since
the dehydrosparteine in L. polyphyllus exhibited a
mass spectrum in close correspondence to that we
obtained for §, its tentative structural assignment [31)
may be erroneous.

Three compounds for which no authentic samples
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were available were tentatively identified in the
present study, namely, rhombifoline, 1!l-oxotetra-
hydrorhombifoline and tetrahydroleontidine (4).
Rhombifoline was observed in extracts of Maackia
amurensis and Sophora chrysophylla subsp. glabrata
var. grisea subvar. ovatifoliolata, while 11-oxotetra-
hydrorhombifoline occurred in an extract of Ormosia
krugii (Table 1). These compounds were identified on
the basis of favorable comparison with published
mass spectral data [32,33]. In the case of rhom-
bifoline, no other stereoisomers are possible, so this
identification seems firm. 11-Oxotetrahydrorhom-
bifoline has previously been recorded only once as a
plant constituent, also in an Ormosia species [33]. A
compound tentatively identified as tetrahydroleon-
tidine (4) was found to co-occur with camoensidine
(2) in a leaf-stem extract of M. amurensis. Both 2 and
4 exhibited identical mass spectra, with the latter
alkaloid occurring in trace quantities and possessing a
shorter retention time by GC/MS than camoensidine
(2). Since it is known for lupine quinolizidine
alkaloids that cis,cis-isomers have shorter column
residence times during GC than their corresponding
cis,trans-isomers [7, 13], it may be reasoned that
tetrahydroleontidine (4) has a shorter retention time
by GC than its C-11 epimer, camoensidine (2). The
compound tentatively identified herein as tetrahydro-
leontidine (4) exhibited a closely comparable mass
spectrum to published mass spectral data [23]. This
compound does not appear to have been found as a
legume constituent before, and is the C/D indolizidine
analog of a-isolupanine.

Ormosia-type quinolizidine alkaloids were found in
extracts of O. coccinea var. subsimplex, O. krugii and
Templetonia egena (Table 1). Two representatives of
this series, ormosanine and panamine, were identified
in extracts by direct comparison (GC/MS, TLC) with
authentic samples (Table 1). Ormosanine was
differentiated from one of its stereoisomers, tem-
pletine, by GC/MS of their respective homo deriva-
tives, prepared by reaction with formaldehyde, since
it is known that such aminal derivatives are easier to
separate than the parent bases [34]. The remaining
Ormosia quinolizidine alkaloids present in these
extracts are expressed in Table 1 according to the
carbon skeleton represented by each alkaloid, since
we have not found significant differences in fragment
peak relative abundance to be apparent in Ormosia
alkaloid stereoisomers with a common carbon
skeleton [35]. Aminal Ormosia alkaloids with the
molecular formula C,,H3;N; were detected in extracts
of both Ormosia species under investigation. Al-
though such compounds are heretofore unknown as
natural products [I1,4, 6], paucity of plant material
precluded their further study at this time.

The potential systematic value of the results
expressed in Table 1 will be discussed in turn for the
tribes represented. The occurrence of quinolizidine-
indolizidine alkaloids of the leontidine type in
Maackia amurensis extracts (Table 1) represents only
the second identification of such compounds in the
Papilionoideae, with camoensidine (2) and two related
compounds having previously been isolated from
Camoensia maxima [36], which is also in the tribe
Sophoreae. While pyridone quinolizidine-indolizidine
bases were identified in C. maxima [36], none was
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detected in the leaf-stem extract of M. amurensis
studied here, even though six pyridone quinolizidine
bases were found to be present (Table 1). It may be
noted that a clear divergence was observed in the
propensity of species studied in the Sophoreae to
accumulate in a mutually exclusive fashion either
pyridone bases (e.g. M. amurensis and the two
Sophora species studied) or non-pyridone tricyclic
sparteine-lupanine degradation products (e.g. Diplo-
tropis martiusii and the two Ormosia species
studied) (Table 1). Matrine- and Ormosia-type quinol-
izidine alkaloids were restricted to species in the
genera Sophora and Ormosia, respectively, in this
tribe (Table 1), as observed previously [1, 6].

Alkaloids have not been identified prior to the
present study in any species in the tribes Dalbergieae
and Brongniarticae, as grouped in Polhill’s
classification system [5,6]. The quinolizidine al-
kaloids listed in Table 1 in the tropical species Dal-
bergia monetaria occurred as trace constitutents in
the root bark and stem bark, and were not present in
other plant parts (twigs, leaves) collected at the same
time and location. Alkaloids were found to be absent
from other species in the genus that were also stu-
died, namely, D. sissoo, D. ecastaphyllun and D.
variabilis, so our positive alkaloidal identifications for
D. monetaria appear to be unusual for the genus
Dalbergia. The identification of quinolizidine al-
kaloids in Harpalyce formosa var. formosa (syn. H.
loesneriana) (tribe Brongniartieae) is perhaps not so
surprising because of the close affinity of this tribe
with the tribe Bossiaeeae {37]. Species in the latter
tribe are known to biosynthesize quinolizidine al-
kaloids [6], as exemplified further by our results in
this study on T. egena (Table 1). It is significant that
Ormosia-type quinolizidine alkaloids were detected
in this study in a second Templetonia species, al-
though (—)-templetine, originally isolated from T.
retusa [38], was absent from the T. egena extract we
examined.

A number of Lotus species (seeds) (tribe Loteae)
were investigated for the presence of alkaloids in this
study, in an attempt to assess a report claiming the
identification of quinolizidine alkaloids in L. aegeus
{39]. While the negative data in the present study do
not invalidate the results of Mollov et al. [39], since
L. aegeus was not among the species studied, it
would seem that quinolizidine alkaloids are not typi-
cal constituents of species in the genus Lotus.

EXPERIMENTAL

'HNMR: 60 MHz, CDCly;; MS:70eV; GC/MS: Varian
MAT 1128, with Varian 166 data system, 70 eV, Varian 1440
gas chromatograph. TLC carried out on Si gel GHLF (Anal-
tech, Newark, Delaware) with Dragendorff’s as visualizing
reagent,

Plant material. Seeds of Pericopsis mooniana Thw.,
Lotus angustissimus L., L. conimbricensis Brot., L.
cytisoides L., L. edulis L., L. peregrinus L. and L. uli-
ginosus Schkuhr were generously provided by Dr. R. M.
Pothill, Royal Botanic Gardens, Kew, Surrey. All other
plant materials were supplied in the form of lyophilized 80%
EtOH extracts through the Developmental Therapeutics
Program (Natural Products Branch) of the National Cancer
Institute, formerly the Cancer Chemotherapy National Ser-
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vice Center, Bethesda, Maryland. Specimens representing
the collection of such plant materials are deposited at the
Herbarium of the National Arboretum, Agricultural
Research Service, U.S. Department of Agriculture,
Washington, DC.

Chromatographic methods. GC/MS was performed on a
2mx3mm glass column packed with 3% OV-17 on Gas
Chrom Q, according to published conditions [9]. TLC: S,,
MeOH-28% NH,OH (131:2); S,, CHCl;-MeOH-28%
NH,OH (85:15:1); S;, C¢H,,~diethylamine (7:3).

Reference alkaloids. Authentic samples of the following
alkaloids, in the form of salts or free bases, were available
to us, as described previously [7-9]: ammodendrine, angus-
tifoline, anagyrine, cytisine, 5,6-dehydrolupanine, epilu-
pinine, 13-hydroxylupanine, e-isolupanine, B-isosparteine,
lupanine, lupinine, N-methylcytisine, sparteine, tetra-
hydrorhombifoline and thermopsine. Certain other
reference compounds, namely, camoensidine, a-isospar-
teine, matrine, ormosanine, ormosinine, panamine diperch-
lorate and templetine were also kindly donated by other
workers. Other authentic samples were generated by partial
synthesis as follows:

N-Acetylcytisine and N-formylcytisine were prepared by
refluxing cytisine with Ac,0 and 98% HCO,H, respectively,
according to published reaction conditions [40, 41]. 13-Epi-
hydroxylupanine (jamaidine) was purified by prep. TLC in S,
of the alkaloidal extract of Ormosia coccinea var. subsim-
plex (R, 0.43); '"H NMR: 1.0-3.2 (21 H, m), 3.55 (H, br m, H-
13ax.), 3.87 (1H, brs,OH), 4.54 (1H, brd, J,=—-13Hz, H-
10eq.). 13-Epimethoxylupanine was obtained from angusti-
foline by a known procedure using formaldehyde in MeOH,
under acidic conditions [42]. 11-Epileontidane (1) was
produced in low yield by refluxing camoensidine (2,5 mg)
with LiAlH, in dry Et,O for 5hr. 11,12-Dehydrosparteine
(5,6-dehydro-a-isosparteine) (8) was produced by two pro-
cedures. Firstly, an aq. soln of sparteine sulfate was treated
with KMnO, [28] for 4 hr. On work-up, § was obtained along
with starting material and 17-oxosparteine. Secondly, 5 was
generated as a low-yield reaction product by oxidation of
sparteine (75 mg) with N-bromosuccinimide (70 mg) in CH,Cl,
for 3 min, with subsequent work-up [24].

Extraction of plant material and identification of al-
kaloids. Crude alkaloid fractions were obtained as pre-
viously described [7-9], and each was subjected without
preliminary prep. TLC to GC/MS and TLC in S;-S;. The
following compounds in the extracts (Table 1) were
identified by direct comparison (RR; to lupanine, MS, Ry) to
authentic alkaloids: Dipiperidine alkaloid, ammodendrine,
RR,; 0.58; MS: mj/z, 208 [M]" [43];R;: S\-S; [8]. Quinoliz-
idine alkaloids, N-Acetylcytisine, RR,: 1.45; MS: m/z, 232
[M]* [40]; R;: S, 0.41, S, 0.48. Anagyrine, RR,: 1.36: MS;
m|z, 244 [M]" [32]; R;: S,-S; [8]. Angustifoline, RR,: 0.96;
MS: mjfz, 234 (IM]" missing), 193 [32); R;: S;-S, [8]. Camo-
ensidine (2), RR,: 0.93; MS: m/z 234 [M]* (52), 233 (44), 149
(14), 136 (59), 135 (56), 134 (22), 122 (100), 120 (27), 110 (21),
96 (39), 84 (52), 55 (30) and 41 (45); R,: S; 0.16, S, 031, S,
0.39. Cytisine, RR,: 0.96; MS: m/z, 190 [M]* (44]; R;: S; 0.32,
S; 0.42, S; 0.07. 5,6-Dehydrolupanine, RR,: 0.95; MS: mjz,
246 [M]* [32]; R;: S;-S; [8). 11,12-Dehydrosparteine (5),
RR,: 0.41; MS: m/z, 232 [M]* (26), 175 (12), 148 (22), 137 (35),
134 (75), 98 (100), 97 (88), 96 (34), 55 (30) and 41 (68); R;: data
not obtained. 13-Epihydroxylupanine, RR,: 1.51; MS: m/z,264
[M]* (55), 247 (23), 245 (10), 166 (33), 165 (61), 152 (100), 150
(21), 114 (24), 113 (31), 112 (38) and 94 (20); R;: S, 034, S,
0.43, S; 0.16. 11-Epileontidane (1), RR,: 023; MS:
mfz, 220 [M]* (25), 179 (42), 150 (11), 137 (91), 122 (35), 110
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(23), 98 (96), 96 (52), 84 (100) and 83 (75); R;: S, 0.0S, S, 0.07,
S; 0.67. Epilupinine, RR,: 0.09; MS: m/z, 169 [M]" [44]; R;:
Si-S, [8). 13-Epimethoxylupanine, RR,: 1.29; MS: m/z, 278
[M1* (35), 263 (58), 247 (72), 179 (42), 166 (81), 148 (43), 134
(43), 112 (57), 55 (100), 42 (82) and 41 (95); R;: S, 0.35, S,
0.68, S; 0.51. N-Formylcytisine, RR,: 1.52; MS: m/z, 218
[M]* [411; R S; 0.40, S, 0.44. 13-Hydroxylupanine, RR;:
1.51; MS: m/z, 264 [M]" [32]; R, S,-S; [8]. B-Isosparteine,
RR,: 0.38; MS: m/z, 234 [M]* [14]; R;: S;-S; [8]. Lupanine,
RR,: 1.00; MS: m/z, 248 [M]* [45]; R,;: S|-S; [8]. Matrine,
RR,: 120; MS: m/z, 248 [M]" [46]; R,: S, 0.26, S, 0.52, S,
0.35. N-Methylcytisine, RR,: 0.80; MS: m/z, 204 [M]* [45];
R;: S1-S; [8]. Ormosanine, RR,: 1.19; MS: m/z, 317 [M]*
(22), 234 (18), 233 (14), 219 (62), 151 (20), 134 (10), 98 (40), 96
(17) and 84 (100); R,: S, 0.06; S, 0.08, S; 0.76. Panamine,
RR,: 1.39; MS: m/z, 315 [M]* (20), 233 (12), 231 (11), 218
(16), 217 (100), 189 (11), 137 (5), 98 (29) 96 (9) and 84 (7); R;:
S, 0.21, S, 0.27, S; 0.46. Sparteine, RR,: 0.32; MS: m/z, 234
[M]* [47]; R;: S,-S; [8]. Tetrahydrorhombifoline, RR,: 0.83;
MS: mfz, 248 (IM]" missing), 207 [9]; R,: S; 0.42, S, 0.72, S,
0.49.

Resolution of alkaloid sterecisomers. Several pairs of
diastereoisomers, isomeric at C-11, were separable by
analysis of their RR,’s to lupanine under the GC/MS con-
ditions used: anagyrine and thermopsine (RR, 1.29);
lupanine and a-isolupanine (RR, 0.94), and sparteine and
a-isosparteine  (RR, 0.27). The epimeric 13-epi-
hydroxylupanine and 13-hydroxylupanine, although closely
comparable by RR, and Ry, were differentiated by examina-
tion of the fragment peaks in the upper region of their MS.
Epilupinine was distinguished from lupinine by R; data
(lupinine, S, 0.25, S, 0.36).

Ormosia-type  quinolizidine  alkaloid identification.
Ormosanine and templetine, two C,H3;N; pentacyclic
Ormosia alkaloids, were not separated by GC/MS under the
conditions used in this work (templetine, RR,: 1.20; MS:
essentially identical to ormosanine). These compounds, and
legume extracts containing ormosanine (Table 1), were
derivatized with formaldehyde [10]. The aminal derivatives
(MS, m/z, 329, [M]") so produced were separable by GC/MS
[RR,: homo-ormosanine (jamine) 1.46; homotempletine
1.37].

We have observed a general lack of success, using this
GC/MS methodology, in the resolution of pentacyclic
Ormosia alkaloid stereoisomers that are based on the same
carbon skeleton [35]). Therefore, with the exception of
ormosanine, only the molecular formulas of pentacyclic
compounds in this series found to be present in the legume
extracts studied are expressed in Table 1.

Tentative alkaloidal identifications. Three compounds in
certain legume extracts were tentatively identified by com-
parison of MS obtained to lit. MS data (Table 1): rhom-

bifoline [RR,: 1.03; MS m/z 244 [M]*, missing),
203 [32]]; 1l-oxotetrahydrorhombifoline (RR,: 1.53;MS:
mfz, 262 [M]* (33); tetrahydroleontidine

(4) [RR;: 0.78; MS: identical to camoensidine (2), and
similar to published data] [23]. No authentic samples of
these compounds were available, and their partial syntheses
were impractical. Quantities of extracts containing these
alkaloids were insufficient to permit their isolation and
identification by standard phytochemical procedures.

Plant material devoid of alkaloids. No alkaloids were
detected in any of the seeds of Lotus species investigated.
In addition, no alkaloids were found in the following lyo-
philized 80% EtOH extracts, supplied via the National
Cancer Institute: Dalbergia monetaria 1. fil. (twigs)
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(leaves), collected in Peru in August, 1972; D. sissoo Roxb.

ex DC. (combined stems and leaves), collected in
Puerto Rico in December, 1966; D. variabilis
Vog. (combined twigs and leaves), collected in

Brazil in January, 1972; and D. ecastaphyllum (L.) Taub.
(roots), collected in Brazil in May, 1972.

Acknowledgements—We are grateful to Dr. J. L. Hartwell,
formerly Chief, Natural Products Section, Drug Research
and Development Branch, Chemotherapy National Cancer
Institute, Bethesda, Maryland, for supplying the plant
extracts used in this study, and to Ms. G. M. Christenson,
Economic Botany Laboratory, BARC-East, U.S. Depart-
ment of Agriculture, Beltsville, Maryland, for botanical
assistance. Special acknowledgements are due to Dr. R. M.
Polhill, Royal Botanic Gardens, Kew, Surrey, U.K. for his
interest in this work and for the supply of legume seeds. We
wish to thank Mr. E. F. Robbins, Research Resources
Center, University of Illinois at the Medical Center, for
assistance with GC/MS, and Ms. Z.-J. Huang for other
technical assistance. We wish to acknowledge Dr. J. R.
Cannon, University of Western Australia, Nedlands,
Australia, for (—)-templetine; Dr. M. Izadoost,
University of Tehran, Tehran, Iran, for matrine;
Dr. J. Kozloski, Instituti Plantarium Medicialum,
Poznan, Poland, for a-isosparteine; Dr. F. Khuong-Huu,
CNRS, Gif-sur-Yvette, France, for camoensidine; and Dr. P.
Naegeli, Givaudan Research Company, Ltd., Zurich, Swit-
zerland, for ormosanine, ormosinine and panamine diperch-
lorate. M. F. B. is grateful to the American Foundation for
Pharmaceutical Education for the award of the Sydnor
Barksdale Penick Memorial Fellowship (1978-1981),

REFERENCES

1. Mears, J. A. and Mabry, T. J. (1971) in Chemotaxonomy
of the Leguminosae (Harborne, J. B., Boulter, D. and
Turner, B. L., eds.) p. 73. Academic Press, London.

2. Turner, B. L. (1971) in Chemotaxonomy of the
Leguminosae (Harborne, J. B., Boulter, D. and Turner,
B. L., eds.) p. 549. Academic Press, London.

3. Nowacki, E. K. and Waller, G. R. (1977) Rev. Latinoam.
Quim. 8, 49.

4. Salatino, A. and Gottlieb, O. R. (1980) Biochem. Syst.
Ecol. 8, 133.

5. Polhill, R. M. (1981) in Advances in Legunie Systematics
(Polhill, R. M. and Raven, P. H., eds.) p. 191. Royal
Botanic Gardens, Kew, Surrey.

6. Kinghorn, A. D. and Smolenski, S. J. (1981) in Advances
in Legume Systematics (Polhill, R. M. and Raven, P. H.,
eds.) p. 585. Royal Botanic Gardens, Kew, Surrey.

7. Kinghorn, A. D. and Smolenski, S. J. (1980) Planta Med.
38, 280.

8. Kinghorn, A. D., Selim, M. A. and Smolenski, S. J.
(1980) Phytochemistry 19, 170S.

9. Balandrin, M. F. and Kinghorn, A. D. (1981) J. Nat.
Prod. 44, 495.

10. Balandrin, M. F. and Kinghorn, A. D. (1981) J. Nat.
Prod. 44, 619.

11. Games, D. E., Jackson, A. H., Khan, N. A. and Milling-
ton, D. S. (1974) Lioydia 37, 581.

12. Hargreaves, R. T., Johnson, R. D., Millington, D. S.,
Mondal, R. H., Beavers, W., Becker, L., Young, C. and
Rinehart, Jr., K. L. (1974) Lloydia 37, 569.

13. Anderson, J. N. and Martin, R. O. (1976) J. Org. Chem.
41, 3441.



14,
15.

16.
17.

18.

19.
. Briggs, L. H. and Russell, W. E. (1942) J. Chem. Soc.

21.

22.
23.
24.
25.
26.

27.

28.
29.
30.

31

Quinolizidine alkaloid distribution in the Papilionoideae

Keller, W. J. and Zelenski, S. G. (1978) J. Pharm. Sci.
67, 430.
Nowacki, E. K. and Waller, G. R. (1975) Phytochemistry
14, 165.
Briggs, L. H. and Ricketts, J. (1937) J. Chem. Soc. 1795.

Briggs, L. H., Cambie, R.C., Holdgate, R. H. and Seebye, R.

N. (1960) J. Chem. Soc. 1955.

Urzia, A. and Cassels, B. K. (1970) Phytochemistry 9,
2365.

Fitzgerald, J. S. (1964) Aust. J. Chem. 17, 159.

507.

Kadooka, M. M., Chang, M. Y., Fukami, H., Scheuer, P.
J., Clardy, J., Solheim, B. A. and Springer, J. P. (1976)
Tetrahedron 32, 919.

Lloyd, H. A. and Horning, E. C. (1957) J. Am. Chem.
Soc. 80, 1506.

Iskandarov, S., Shaimardanov, R. A. and Yusunov, S. Y.
(1971) Khim. Prir. Soedin. §, 631.

Marion, L. and Leonard, N. J. (1951) Can. J. Chem. 29,
355.

Edwards, O. E., Clarke, F. H. and Douglas, B. (1954)
Can. J. Chem. 32, 235.

Wiewiérowski, M., Edwards, O. E. and Bratek-
Wiewioréwska (1967) Can. J. Chem. 45, 1447.

Skolik, J. and Pupa, D. (1971) Pr. Zakresu Towarozn.
Chem., Wyzsza Syk. Ekon. Poznaniu, Zesz. Nauk., Ser.
1, 40, 1939.

Hachmeister, B. (1979) Ger. Offen. 2,825,177; (1980)
Chem. Abstr. 92, 164151a.

Wiewiérowski, M. and Baranowski, P. (1962) Bull.
Acad. Polon. Sci., Ser. Sci. Chim. 10, 543.

Langowska, K. and Wiewiérowski, M. (1977) Bull
Acad. Pol. Sci., Ser. Sci. Chim. 28, 757.

Wink, M., Hartmann, T. and Witte, L.. (1980) Planta
Med. 40, 31.

32

33.

34,

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

47.

2275

. Cho, Y. D. and Martin, R. O. (1971) Arch. Mass Spectral
Data 2, 328.

McLean, S., Harrison, A. G. and Murray, D. G. (1967)
Can. J. Chem. 45, 751.

McLean, S., Misra, R., Kumar, V. and Lamberton, J. A.
(1981) Can. J. Chem. 59, 34.

Balandrin, M. F. and Kinghorn, A. D. (1982) Biomed.
Mass Spectrom. (submitted).

Santamaria, J. and Khuong-Huu, F. (1975) Phytoche-
mistry 14, 2501.

Kalin Arroyo, M. T. (1981) in Advances in Legume
Systematics (Polhill, R. M. and Raven, P. H., eds.) p.
387. Royal Botanic Gardens, Kew, Surrey.

Cannon, J. R., Williams, J. R., Blount, J. F. and Brossi,
A. (1974) Tetrahedron Letters 1683.

Mollov, N. M., Ivanov, 1. K. and Panov, P. P. (1971)
Dokl. Bolg. Akad. Nauk. 24, 1657.

Ohmiya, S., Otomasu, H., Murakoshi, I. and Haginiwa,
J. (1974) Phytochemistry 13, 1016.

Ohmiya, S., Otomasu, H., Murakoshi, 1. and Haginiwa,
J. (1974) Phytochemistry 13, 643.

Bratek, M. D. and Wiewiérowski, M. (1961) Bull. Acad.
Pol. Sci., Ser. Sci. Chem. 9, 705.

Fitch, W. L., Dolinger, P. M. and Djerassi, C. (1974) J.
Org. Chem. 39, 2974.

Neuner-Jehle, N., Nesvada, H. and Spiteller, G. (1964)
Monatsh. Chem. 95, 687.

Schumann, D., Neuner-Jehle, N. and Spiteller, G. (1968)
Monatsh. Chem. 99, 390.

Cho, Y. D. and Martin, R. O. (1971) Arch. Mass Spectral
Data 2, 732.

Neuner-Jehie, N., Schumann, D. and Spiteller, G. (1967)
Monatsh. Chem. 98, 836.



