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Abstract-Ammodendrme, together with seven other known lupm alkaloids, was isolated from Thermopszs lupznoldes 
(-t)-Lupanme and (+)-17-oxolupanme occurred together with (-)-anagyrme, (-)-baptlfolme, (-)-cytlsme, (-)-IV- 
methylcytlsme and (-)-N-formylcytlsme These alkaloids have the opposite stereochemistry to that of (+)-lupanme 
and (+ )-17-oxolupanme The dlstrlbutlon of alkaloids in fresh flowers, leaves, stems and roots of this plant was also 
examined 

INTRODUCTION 

The plants of the genus Thermopsls (Legummosae) 
are known to be a rich source of lupm alkaloids [l] The 
two Thermopszs species, T chznenszs (Japanese name, 
kusoendo) and T lupznoldes (Japanese name, sendal-hagl) 
grow m Japan As part of mvestlgatrons on lupm alkaloids 
m legummous plants native to Japan [2-lo], we pre- 
vlously reported the isolation of five basic constituents 
from the roots ofT chlnensls [2] This report describes the 
lsolatlon of eight known lupm alkaloids from the other 
Japanese Thermopsrs species, T lupmordes, and then 
dlstrlbutlon m flowers, leaves, stems and roots 

RESULTS AND DISCUSSION 

Alkaloid fractions were obtamed from freshly har- 
vested flowers, leaves, stems and roots of T lupmoldes 
which were collected m May (flowering period) The crude 
alkaloid nuxture obtained from the stems was repeatedly 
chromatographed on alumma and slhca gel columns to 
yield eight known lupm alkaloids, (+)-lupanme (l), (+)- 
17-oxolupanme (2), (-)-anagyrme (3), (-)-baptifohne 
(4), (-)-cytlsme (5), (-)-N-methylcytlsme (6), (-)-N- 
formylcytlsme (7) and ammodendrme The main alkaloids 
of T lupmozdes, (+)-lupanme (1) and (-)-N-methyl- 
cytlsme (6) were present mall four parts of the plants (+ )- 
Lupanme was the maJor alkaloid, constltutmg more than 
half of the total alkaloid m all parts The other alkaloids 
were minor components (-z 5 y. of total alkaloid) and 
then dlstnbutlon differed m flowers, leaves, stems and 
roots (Table 1) 

Although the sparteme type alkaloids (1 and 2) occur- 
red together with the anagyrme-cytlsme type alkaloids 
(3-7) m T lupmotdes, the absolute configuration of the 
methylene bridge of 1 (7s 9s) and 2 (7R 9s) 1s opposite 
to that of 3 (7R 9R), 4 (7R 9R), 5 (7R 9S), 6(7R 9s) and 
7 (7R 9s) [ 11,121 In general, lupm alkaloids which have 
the same absolute configuration, such as (+)-sparteme, 
(-)-lupamne, (-)-anagyrme, ( - )-baptlfolme, ( - )- 
cytlsme, (-)-)-N-methylcytlsme etc., are found together 
among the legumes [1, 123 Thus, T lupznoldes IS excep 
tional, m that alkaloids having the opposite absolute 
configuration occur together Another plant m which 

alkaloids of opposite stereochemistry have been reported 
to occur m 1s Gemsta uetnensts DC, m which (-)- 
sparteme 1s accompanied by (+)-retamme and (-)- 
cytlsme, both of which have the opposite stereochemistry 
to that of ( -)-sparteme [13, 143 

EXPERIMENTAL 

General methods Mps are uncorr TLC was carned out on 
s111ca gel plates In the followmg solvent systems 1, 
CH,CI,-MeOH-28% NH,OH (90 9 l), 2, CH2Cl,-MeOH 
(4 1), and on Al,OJ plates m 3, C,H,-MeOH-Me&O (34 3 3) 
AnalytIcal HPLC was performed with 4, 15% MeOH m 
Et+2 5% NHbOH (50 l), 5, 15% MeOH m Et&-H,0 
-25% NH,OH (500 10 3) usmg LKhrosorb SI 100 (Merck, 
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Table 1 Dlstrlbutlon of lupm alkaloids m flowers, leaves, stems and 
roots of Thermopsls lupmoldes* 

Alkaloids present In 
Flowers Leaves Stems Roots 

(81 g) (14 kg) (870g) (750 9) 

Total base 025 050 020 023 

( + )-Lupanine (1) 0 16 
( + )-17-Oxolupanine (2) trace 
( - )-Anagynne (3) 0001 
(-)-Baptifoline (4) trace 
(-)-Cytisine (5) 0006 
(-)-N-Methylcytlsme (6) 0 029 
(- )-N-Formylcytlsme (7) 0001 
Ammodendnne trace 

* %Fr wt 

031 013 015 
trace trace trace 
0006 0012 0001 
trace 0001 0003 
0005 0014 0011 
0097 0021 0 025 
trace 0001 0001 
trace 0002 0004 

Table 2 Physical constants and chromatographlc behavlour of lupm alkaloids Isolated fromThermopsls 
lupmoldes 

Alkaloids 
R, on TLC? R, (mm) on HPLCt R, (mm) 

mp” CaliT 1 2 3 4 5 on GC 

( + )-Lupanme (1) 
(+)-17-Oxolupanme (2) 
( - )-Anagynne (3) 
( - )-Baptifolme (4) 
( -)-Cytisme (5) 
( - )-N-Methylcytlsme (6) 
( - )-N-Formylcytlsme (7) 
Ammodendrme 

011 +83 067 026 071 150 
154 + 140 063 071 - 96 
011 -164 065 057 070 84 
210 -135 030 027 024 24 3 
155 -117 035 016 - 47 5 
137 -222 061 052 064 105 
172 -233 042 052 027 358 
011 $ 038 017 - 517 

75 
117 

- 114 
160 212 
29 3 66 
- 59 

305 138 
22 5 42 

*EtOH solution 
tSolvents l-5 for TLC and HPLC are described m Experimental 
*Optical rotation not measured due to shortage of material 

10 Irm, 0 3 x 50 cm) column employing a UV monitoring flow 
system (220 or 310 nm) at a flow rate of 1 ml/mm Prep HPLC 
were carried out with solvents 4, 5 and 6, 10% MeOH in 
Et&-H@-2 5 % NH,OH (500 5 1) on LlChrosorb SI 100 
(Merck, 10 pm, 0 5 x 5Ocm) column monrtonng with a UV 
detector (220 or 310 nm) Analytical GC was performed with a 
glass column (2mx3mm Id) packed with 2% OV-17 on 
8@-100 mesh Gas Chrom Q, using N2 as carrier gas (40 ml/mm) 
The column was programmed from 220” to 280” at 8”/mm and 
afterwards Isothermally For GC/MS the same chromatographlc 
system, except for the use of He as carrier gas, was coupled with a 
MS 

Plant maternal T lupmotdes which was grown m Mlyagl- 
prefecture, Japan was collected in May (flowermg period) The 
plant was ldentdied by Prof J Hagmlwa, Faculty of 
Pharmaceutical sciences, Ch~ba Umverslty and voucher specs- 
mens have been deposited m the Herbanum of the Faculty of 
Pharmaceutical Sciences, Chlba Umverslty, Chlba, Japan 

Extra&Ion and lsolatzon of alkaloufs Fresh plant matenal was 
separated mto flowers, leaves, stems and roots, from 75 % MeOH 
extracts of which the total alkaloids were obtained m yields of 
0 25,O 50, 0 20 and 0 23 % of fr wt, respectively, by a method 
reported previously [2-lo] The mixture of bases (2 1 g) from the 
stems was chromatographed on AlzO, (Merck, active grade 

II-III, 1 5 x 32 cm) The column was eluted with C,H6, followed 
by C,H6 contammg increasing amounts of M&H, 1OOml 
fractions being collected 1, C6H6 (fractions l-15), 2, 02% 
MeOH in C6Hs (fractions 16-22), 3, 0 5% MeOH m CeH6 
(fractions 2333), 4, 1% MeOH m C,HB (fractions 34-38), 5, 
1 5 % MeOH in C&H, (fractions 39-46), 6, 2 % MeDH m CsHs 
(fractions 47-50), 7,5 0% MeOH m C6H6 (fractions 51-53) ( +)- 
Lupanme (1, 105 g) was obtamed from fractions 2-24 as a 
colourless 011 in almost pure form Prep HPLC separation of 
fraction 25 with solvent 7 gave ( - )-anagynne (3,45 mg) and ( + h 
17-oxolupanme (2,3 mg) Fractions 26-32 contamed 3 and (-)- 
N-methylcytlsme (6) Crystalluatlon of fractions 33-37 from n- 
hexane yielded colourless needles of ( - )-N-methylcytlsme (6, 
I04 mg) (- )-Cytlsme (5, 114 mg) was obtained from fractions 
38-47 by crystalhzatlon from CGHB Prep HPLC separation of 
fractions 48-M usmg solvent 5 gave (-)-N-formykytlsme (7, 
8 mg) Fractions 51-53 were subjected to prep HPLC with 
solvent 5 to yield (-)-baptlfohne (4,9 mg) Ammodendnne was 
obtained directly from the crude mixture of bases extracted from 
the stems by prep HPLC separation using solvent 5 The 
alkaloids were identified by comparison of mp, TLC, HPLC, IR, 
MS and ‘H NMR with those of authentic samples, as described 
m our previous papers [Z-lo] Some physical constants and 
chromatographlc behavlour of the alkaloids are hsted m Table 2 
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The crude alkahxd nuxtures obtazned from flowers, leaves and 
roots were separated by GC and all alkalotds znvolved zn thzs 
study were zdentzfied by GC/MS Thealkaloid content of flowers, 
leaves, stems and roots was estzmated quantitatively by HPLC 

REFERENCES 

1 Mears, J A and Mabry, T J (1971) Chemotaxonomy ofthe 
Legumznosae (Harbome, J B , Boulter, D and Turner, B L , 
eds) pp 73-178 Academzc Press, London 

2 Ohzznzya, S , Otomasu, H , Murakoshz, I and Hagznzwa, J 
(1974) Phytochemzstry 13,643 

3 Ohmzya, S , Higashzyama, K , Otomasu, H , Murakoshz, I 
and Hagzzuwa, J (1979) Phytochemzstry 18, 645 

4 Murakoshz, I, Tozuzuka, K , Hagznzwa, J , Ohnuya, S and 
Otomasy H (1979) Phytochemzstry 18,699 

5 Ohnuya, S , Otomasu, H , Hagznzwa, J and Murakoshz, I 
(1980) Chem Pharm Bull 24 546 

6 Murakoshz, I, Kzdoguclu, E , Nakamura, M , Hagnuwa, J , 
Ohmzya, S , Hlgashzyama, K and Otomasu, H (1981) 
Phytochemutry 20,1725 

7 Ohmzya, S , Hzgashzyama, K , Otomasu, H , Iiagznzwa, J and 
Murakoshz, I (1981) Phytochemzstry 20, 1997 

8 Mu&o&z, I, fidoguchz, E, Ikram, M , Hagnuwa, J, 
Ohmzya, S and Otomasu, H (1982)Phytochemzstry 21,1313 

9 Murakoshl, I, Kldoguchz, E, Kubota, M, Hagzzuwa, J, 
Ohmzya, S and Otomasu, H (1982) Phytochemzstry 21,2385 

10 Murakoshz, I, Kzdoguchz, E, Hagznzwa, J, Ohmzya, S, 
Hzgashzyama, K and Otomasu, H (1982) Phytochemzstry 21, 
2379 

11 Okuda, S , Kataoka, H and Tsuda, K (1965) Chem Pharm 
Bull 13,487 

12 Okuda, S , Kataoka, H and Tsuda, K (1965) Chem Pharm 
Bull 13, 491 

13 White, E (1944) N Z J Scz Technol B 25, 137 
14 White, E (1946) N Z J Scz Technol B 27,474 


