
QUINOLIZIDINE ALKALOIDS O F  
CLA THROTROPIS BRACHYPETALA 

G .  11. HATFIELD 

College of Pharmacy ,  Lnii ers i iy  of Michigan,  Ann A r b o r ,  Michigan 48109 

1%'. J. KELLER 

Sch 001 of Pharmacy ,  N o r t h  east Louis iana LTnieersity, Jf on roe,  L oiiisiana 71 809 

J. 11. Rai~~1h-1 
Division of Biological Sciences,  LTnioersity of Michigan,  Ann A r b o r ,  Michigan 48109 

Clathrotropis bracJzypetala (Tul.) 
Kleinh. (1) (Leguminosae) is a rain 
forest tree of Trinidad, W.I., and 
adjacent areas of South America ( 2 ) .  
The plant n-as originally described 
as a species of Diplotropis and is still 
occasionally referred to as a member 
of that genus ( 3 ) .  The only previ- 
ously reported phytochemical data 
for the genus concerns the silica 
content of Clathrotropis wood (4). 

Although a decoction of C. braclzy- 
petala bark has reportedly been used 
by natives to destroy vermin (3) ,  
the property of the plant which led 
to  this investigation was the very 
low level of predation of its rather 
large and fleshy seeds in communities 
xhere intense seed predation had 
been observed for other legume species 
with similar seeds ( 5 ) .  This indica- 
tion of possible toxicity was confirmed 
when a suspension of the ground and 
defatted seeds was found to  produce 
paralysis, convulsions, and respiratory 
arrest when administered orally to  
mice by intubation. 

Fractionation of an ethanolic extract 
revealed that the toxic constituents 
resided in the alkaloid portion of the 
seeds. A number of alkaloid-contain- 
ing legumes are closely related taxo- 
nomically to C. brachypetala. Hutch- 
inson (3 )  places the genus Clathro- 

'Current address: Insti tuto Kacional de 
Pesquisas da Amazonia, C.P. 478, 69.000 
Rlanaus, .4mazonas, Brazil. 

tropis in the tribe Sophoreae of the 
subfamily Lotoideae, and almost all 
of the alkaloid containing genera of 
this tribe are known to contain 
quinolizidine derivatives (6). 

Because of this taxonomic relation- 
ship, the alkaloid fraction of C. 
brachypetala n-as chromatographically 
(gc and tlc) screened for quino- 
lixidine bases. A number of these 
compounds were detected and tenta- 
tively identified b\- their chromato- 
graphic and mass spectral properties 
by gc-ms. To confirm the identifica- 
tions, the detected alkaloids were 
isolated by high pressure liquid chro- 
matography and/or preparative tlc. 
Once isolated, each alkaloid was 
compared chromatographically n-ith a 
standard in three tlc and txTo gc 
systems. The following compounds 
were identified from their chroma- 
tographic and mass spectral prop- 
erties: anagyrine (1.29y0 of dry 
weight), cytisine (1.237,), AS-dehydro- 
lupanine (0.3S%), rhombifoline 
(0.09%), 11-allylcytisine (0.07%), 
lupanine (0.O5yG) and S-methylcy- 
tisine (0.04%). Quantitative analysis 
was performed by use of a previously 
reported gc method (7). 

Most of the alkaloids found in 
C. bradtypetala seeds are n-idelj- dis- 
tributed and have been reported 
from several members of the Legu- 
minosae (6). An exception is 11- 
allylcg-tisine, which Jvas only recently 
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reported to be a trace constituent of 
unripe Sophora secut id i jora  fruits (a). 

The alkaloid content of C. brachy- 
petala seeds (1.26% of fresh v-eight) 
appears to  explain their observed 
toxicity. The acute toxicit>- of cytisine 
is well documented (9). and this 
alkaloid probablj- contributes most 
to the lethal effects of the seeds. 
Little is knon-n about the acute effects 
of anagyrine ; lion-ever, this compound 
is suspected to be teratogenic (10). 
Becaue  of their relativelj- lon- con- 
centration. it is doubtful that the 
other alkaloids contribute significantly 
to the acute toxicity of the seeds. 
However, n-ith the exception of -I-- 
niethylcytisine (9), very little is known 
about the acute effects of the minor 
alkaloids. 

The occurrence of toxic levels 
(1.26% fresh n-eight) of alkaloid in 
the seeds of C. bracltypetala also 
appears to explain the lon- rate of 
.seed loss due to predation by animals. 
Seed predation can be a significant 
factor influencing the reproductiye 
succe.ss of some plants. By apparently 
conferring relative immunity against 
seed predation during the long post- 
seed-dispersal pre-germination period 
(up to  3 months). the alkaloid content 
of C. brachypefa la  seeds undoubtedly 
contributes to the reproductive success 
of t h k  species. In  addition, by pro- 
tecting the large nutrient reserves 
of the seeds. the alkaloid content 
in direct 1)- influences the compet it h e  
ability of the seedlings. n-hich must 
establish themselves and grow under 
conditions of limited light and .sewre 
competition for soil nutrient.; 1.7). 

EXPERINESTAL 

bmchypetcia seeds --ere collected in the  
1-ictoria-AIayaro Reserve, Trinidad, K.I., 
during 19iG and x e r e  stored frozen until 
freeze-dried for this s tudy  in June, 1977. 
The  plant material  n-as collected and 
identified by  J .  A I .  Rankin. -I sample of 
the  seeds has been deposited in the  her- 
barium of the  University of Michigan. 

P L . i S T  ~~.iTERI.iL.-~lat~lre C/UthrO/Yopi$ 

DETERIMISATIOS OF TOxIcITI-.-Freeze- 
dried seeds were ground to  a coarse powder 
in a Waring blender and defatted by  Soxhlet 
extraction with petroleum e ther  (30-60"). 
The  defatted seed material was then re- 
duced t o  a fine powder in a ball mill.  This 
powder n-as mixed with approximately 25yc 
i t s  weight of Tn-een 80, and water was added 
t o  give a suspension suitable for oral in- 
tubation of mice. 

Five mice (female, Spartan) were anes- 
thetized n-ith e ther  and administered an 
oral dose of the  suspension, equivalent t o  
10 g ' k g  of dried seed 18.8 g:kg of defatted 
seed).  The  mean dose volume was 0.8 ml. 
Five control animals received an equivalent 
dose of the  Tween 80-m-ater vehicle and ex- 
hibited no adverse effects. However, the  
effect of the  Ciuthrotropis seed suspension 
was rapid and lethal.  -111 five treated mice 
died within 10 minutes and exhibited con- 
vulsions, paral?-sis, and respiratory arrest .  
The  petroleum e ther  extract residue (12.2y0 
of the  dried seed) n-as tested in a similar 
way and did not show any toxic effects 
during the  24-hour observation period. 

I n  an effort t o  determine the  nature of the  
toxic constituentis), a portion of the  de- 
fatted seed material was fractionated. 
The  defatted seed powder (10 g) was ex- 
haustively percolated with 95% ethanol, 
and the  alcohol was removed by evapora- 
tion i n  x c i t o  t o  yield 1 . G  g of residue. The  
residue was partitioned between 20 ml of 2% 
citric acid (pH 3) and dichloromethane. 
The  dichloromethane extract was reduced 
t o  dryness, and the  residue n-as found t o  be 
nontoxic when administered t o  mice as de- 
scribed above. The citric acid extract x i s  
basified (pH 10) and extracted with three 
20-ml portions of dichloromethane. The  
residue from this dichloromethane extract  
was found to  be toxic to  mice and produced 
effects similar (stimulation followed by  con- 
vulsions, paralysis, and in one of three 
animals tested,  respiratory arrest)  to  those 
exhibited b y  the  defatted seed. The  p H  of 
the  citric acid extract v a s  then adjusted t o  
G and tested for toxicity. This extract did 
not exhibit toxic effects. Thus, the  toxic 
constituent(s) of the  seed appeared to  re- 
side in the  alkaloid fraction of the seeds. 

CHROU.~TOGR.LPHIC srsTE>fs.-The follow- 
ing tlc systems utilized 0.25 mm silica gel G 
layers.  Tlc system A :  chloroform-methanol- 
ammonium hydroxide solution, 1 O O : l O : l .  
Tlc system B:  e thyl  ether-methanol-am- 
nioniiim hydroxide solution, 10O:lO:l. T lc  
system C:  c>-clohesane-dieth:-lamine, 7 : 3 .  
.Ilkaloids \\-ere detected n-ith Dragendorff 's 
reagent or  1OC;( sulfuric acid folloned by 
iodoplatinate reagent ill). 

High pressiire liquid clironiatography 
(hplc) n-as conducted Kith two 3.9 mm s 30 
cm pporasils (10 pn; silica, Waters -4ssoci- 
a tes )  colrinins in series. .I Waters Issoci-  
ates GO00.I solvent pump and 440.1 VI- (254 
nm) detector were employed. Two solvent 



166 JOURSAL OF XATURAL PRODUCTS [VOL. 43, so. 1 

systems were used. Hplc system A: Chloro- 
form-methanol-ammonium hydroxide solu- 
tion, 100:10:1, flow rate 2.5 m1,lmin. Hplc 
system B:  dichloromethane-methanol-am- 
monium hydroside solution, 500:25:1, 3 
ml/min. 

The  gas chromatography systems em- 
ployed n-ere as fo l low.  Gc system A: 3y0 
SP-2300 on Supelcoport, 100-120 mesh (36% 
cyanopropyl substituted silicone on acid 
washed, silanated diatomaceous ear th) ,  2 
mm id s 2 m glass, 250" isothermoal. Gc 
system B:  3% 01'-17 on Gas  Chrom Q, 100- 
120 mesh, 2 mm id s 2 m glass, 140" initial, 
4"/min t? 260". Both systems used nitrogen 
as  a carrier gas. 

MASS SPECTRAL .IN.ALrsIs.-Components of 
the  alkaloid fraction were analyzed b y  com- 
bined gas chromatography-mass spectro- 
metry.  The  effluent from gc system 4 or B 
entered the  mass spectrometer through a 
glass jet separator maintained a t  220". 
The  ion source t,emperature was 220' and 
the  ionizing voltage was 70 ev .  Spectra 
were recorded every 6 see on a D u  Pont 321 
Dimaspec lox--resolution mass spectrometer 
interfaced with a 320 da ta  reduction system. 

Tentative identification of t he  alkaloids n-as 
made from gc retention times and mass 
spectral da t a .  T o  confirm the identifica- 
tions, the  individual compounds \\-ere iso- 
lated and compared chromatographically 
with standards.  The  complexity of the  
alkaloid mixture, and the  concentration dif- 
ferences between the  alkaloids present, pre- 
cluded direct determination of chroma- 
tographic characteristics using the  alkaloid 
fraction. The  alkaloids were isolated by  
preparative t lc  ( t lc system C,  1 mm layer) 
and/or hplc. The  following is a summary 
of the  da t a  used t o  identify each alkaloid. 
In  all cases the  chromatographic and mass 
spectral da t a  of the standard were identical 
to  the  isolated compound n-hen obtained un- 
der  the  same conditions. 

Ah-.~GYRIh-E.-Isolated using hplc system 
B ,  retention time 3.8 min. Gc retention 
times: A 15.9 min, B 30.4 min. Tlc Rf 
values: A 0.55, B 0.27,  C 0.23. Mass spec- 
t rum:  AI- n i / e  244 (2%), 98 (lW70). 

CrrIsIsE.-Isolated rising hplc system A,  
retention t ime 3.8 min. Gc retention times: 
A 7.9 min, B 23 min. Tlc  Ef values: A 0.26, 
B 0.03, C 0.06. Mass spectrum: lI+ n7/e 190 
(285) ,  146 (100%). 

hplc system B, retention t ime 3.1 niin. Gc 
retention times: -4 3.3 min, B 23 min. Tlc 
Rf values: *I 0.65, B 0.36, C 0.48. I f a s s  
spectrum: A l -  1 4 e  246 (21Ycj> 98 (lOOFc). 

RHo~~BIFoLIsE.-Isolated using hplc sys- 
t em B, retention t ime 2.6 min. Gc retention 
times: A i . 0  min, B 24.8 min. Tlc Rf values: 

hLK.4LOID 1SOL.ATIOK .AKD 1DESTITIC.iTIOS .- 

~ j - D E H I ' D R O L u P . A ~ I S E . - I s O l a t e d  using 

A O.GG, B 0.51, C 0.25. Mass Spectrum: M+ 
n i l e  244 (2%), 203 (100%). 

I l - A ~ ~ ~ ~ c r r ~ s ~ s ~ . - I s o l a t e d  using hplc 
system B, retention time 4.6 min, followed 
by  ptlc (system C) t o  obtain separation from 
S-methylcytisine. Gc retention times: A 
13.1 min., B 27.6 min. Tlc Rf values: A 
0.46, B 0.15, C 0.16. Mass spectrum: Mf 
n i l e  230 (a%;,), 189 (lOOyc). 

LrPm1sE.-Isolated using ptlc (system 
C ) .  Gc  retention times: .4 4.5 min, B 24.0 
min. TIC Rf values: 4 0.58, B 0.26, C 0.38. 
Mass spectrum: M+ m/e 248 (36Yc), 136 
(100%). 

S-~\ IETHI 'LCrTISISE. - ISOla ted  with 11- 
allylcytisine using hplc system B (retention 
t ime 4.6 min) followed b y  separation using 
ptlc (system C) .  Gc retention t imes: h 4.9 
min, B 21.1 min. Tlc Rf values: A 0.46, B 
0.17, C 0.19. Mass spectrum: ill+ n i l e  204 
(135 j ,  58 (1005) .  

QC.~XTITATIOX OF aLK.iLoIDs.-hn internal 
standard (20 mg of S,iY-dimet,hyl-3,1-di- 
methosyphenethylamine) %-as added t o  10 g 
of ground defatted seed material  prior to  
percolation with 9554 ethanol.  The  alka- 
loid fraction was obtained as  previously de- 
scribed ( 7 )  j the  residue was analyzed using 
gc system A, which gives base-line separa- 
tion betn-een the  components of the  extract. 
The  peak area-weight ratio obtained from 
analysis of standard solutions of the  internal 
standard was used t o  determine the  ef- 
ficiency of extraction (89%). 
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The structures should be as follom : 
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