
S U M M A R Y  

The in terconvers ions  of the alkaloids of Sophora alopeeuroides L. have been studied by feeding the plants 
with t r i t ium- labe l led  alkaloids ([3H]sophoridine, [3H]pachycarpine, [3H]cytisine, [3H]isosophoridine, [3H]alloma- 
t r ine,  and [3H]N-methylcytisine). It has been establ ished that the conformational ly stable i somers  of the a lka-  
loids - isosophoridine and al lomatr ine - do not take part  actively in the metabol ism of the alkaloids. It has also 
been shown that the alkaloids of the sparteine group are  converted into matr ine alkaloids in the development of 
the plant. The methylation of cytisine to N-methylcyt is ine and the r eve r se  transi t ion have been shown exper i -  
mentally in the plant organism.  
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There is information in the l i te ra ture  [1] according to which t ransi t ions  of cer ta in  types of alkaloids into 
others  take par t  in the plant organism.  In the present  paper  we give information obtained in a study of the bio-  
synthesis  and in terconvers ions  of the alkaloids in the plant A. karelinii  Fisch et Mey. 

When young shoots of the plant were fed with [1,5-14C]eadaveriae, labelled anagyrine,  pachycarpine,  
ammodendrine,  N-methylcyt is ine,  and cytisine were isolated. 

Judging f rom the experimental  resul ts ,  a probable p r e c u r s o r  of the quinolizidine [2, 3] and piperidine [4] 
alkaloids of this plant is [1,5-14C]cadaverine (% picrate ,  ++, hydriodide): 

Alkaloid Amount, nag rap, °C Specific radioac- Proportion of 
tivi~, counts/ inclusion, % 
mini m mole 

[l~5-I4C]cadaverine 20 --- 5.5.10~' -- 
Anagyrine 4.5 253 + 7.42.107 1,34 
Paehycarpine 154 235 ++ 4.27. ln: 0 ,77  
Ammodendrine 20, 14 73 4. t6.107 0;75 
N-methylcytisine 7.5 136 2.4.10 ~ 0.43 
Cytisine 11 .I 135 2.98.10 ~ 0.05 
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Poss ib l e  routes  for  the b iosynthes i s  of  anagyrine,  pachycarpone,  ammodendrine ,  and cyt is ine  in A. k 
karel in i i  are  the s a m e  as  in plants of  the genus Lupinus [5]. 

In order  to study the in terconvers ions  of  the alkaloids  in the plant, we fed young shoots  of the plant A. 
kare l in i i  with [3H]lupanine, [3H]anagyrine, [3H]ammodendrine, and [3H]pachycarpine. The resu l t s  are  given be-  
low (% perchlorate;  +% hydriodide; +++, picrate):  

Alkaloid Amount, mg mp, °C Specific radioac- Proportion of 
uvity, counts/ inclusion, % 
min/mmole 

[aH]lupanine 
[3H]lupanine 41,2 211 + 2,71:10~' _--: 
Lupanine ~ ,5 44 1,6.10 ~ o ,o 
Pachycarpine 52 235 ++ 3,98.10: 1,46 

[3 H]anagyrine 

['3H ]anagyrine 45.9 315 + 5,78.10~" - -  
A nagy.nne 23 253 7,56. l0 t 1,1 
Lupamne 16,5 44 2,17. I0, 0,37 
Pachycarpine 42,5 235 + + 1,08.10 s 0,20 
Pach2qarpine 
~-oxlae  14 153 7,3.10; 0, I2 

[3H]ammodendrtne 
H]ammodendrine 31,7 73 1,2.101- -- 
nimodendrine 14,5 73 3,41.10~ 2,84 

Pachycarpine 73 2.35 + + 6,8-10r 0,56 
Anagryine l 8,2 253 + 2,8.107 0,23 

[3tt ]pa ehyearpine 
[3Hlpachycarpine 35,1 2.35 * + 6.55.10~' -- 
Pachycarpine 34,4 208 +++ 1,68.10' 2,5 
Pachycarpine 
N-oxide 8,5 153 9,81-10s t ,5 
Anagyrine l 3,5 253~ 2,68.10 ~ 0,41 
Ammodendrine 11 73 2,0S. ! 0~ 0,32 

The resu l t s  obtained show that in the ontogenes i s  of  the plant the alkaloids  of  the sparteine group are  
converted  into ammodendrine ,  and the opposite  transit ion is a l so  observed,  while in the given vegetat ion period 
the proport ion of inclusion of ammodendr ine  in pachycarpene is cons iderably  higher than in the ~ a s e  of the 
r e v e r s e  transit ion.  In addition, the in terconvers ion  of lupanine and anagyrine into pachycarpine was  shown 
exper imenta l ly .  In this  case ,  lupanine is converted into pachycarpine  far more  readily.  Consequently,  in the 
plant A. karel in i i  the in terconvers ions  of these  alkaloids  evidently takes  place in accordance  with the fol lowing 
s c h e m e  

Me thy lcy tisine ~: .... Cytisine 
~T 

Ammodendtine" - Pachyc arpine 

Lupanine Anagyrine 

E X P E R I M E N T A L  

For th in- layer  chromatography we used Merck H F252 s i l i ca  gel.  Solvent s y s t e m s  1) c h l o r o f o r m - b e n z e n e -  
methanol  ( 2 0 : 5 : 3 ) ;  2) ethyl a c e t a t e - i s o p r o p a n o l - 2 5 %  ammonia  ( 5 0 : 3 5 : 2 5 ) ;  3) c y c l o h e x a n e - d i e t h y l a m i n e  (7 : 
3). Reveal ing agents:  the Dragendorff  reagent,  iodine vapor,  UV lamp. 

The a lkalo ids  lupanine, aaagyrine,  ammodendrine ,  and pachycarpine were  label ledwith  tr i t ium on a specia l  
W t l z b a c h - T r i t i e r u n g  apparatus,  on a BaCO 3 support with the aid of  uranium tritide. The label led a lkalo ids  
were  purified in the fol lowing way. The alkaloids  were  separated from the BaCO 3 support by decantation with 
methanol .  The methanol ic  solution of the a lkalo ids  was boiled for 30 min and the methanol  was dist i l led off, 
a l ter  which the res idue  was  r e d i s s o l v e d  in methanol .  The operation was repeated five t imes .  

The label led a lkalo ids  were  rechromatographed  three t i m e s  by the preparat ive  method on s i l i ca  gel, and 
an autoradiogram (scannogram) was taken on a Di innschicht-Scanner-II  apparatus.  The a lkalo ids  i so lated from 
the plants were  identified by c o m p a r i s o n  with authentic samples .  
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Feeding A. karel ini i  with [1,5-14C]eadaveriae. F r e s h  shoots of the plant were  im m er sed  in Knopp's 
solution containing 23 mg of cadaver ine  dihydrochlor ide  with a specific radioact ivi ty  of 1.8 " 10 ~ c o u a t s / m i n /  
mmole  which we synthesized as desc r ibed  previous ly  [6]. After  two days '  exposure ,  the shoots were carefu l ly  
washed with water  and dr ied  to constant weight. The weight of the a i r - d r y  plant was 41.7 g. The plant ma te r i a l  
was ground and ex t rac ted  with methanol in a Soxhlet apparatus .  The combined alkaloids (0.6 g) were separa ted  
into the individual bases  by p repara t ive  chromatography  on 200 x 200 mm plates  with a fixed l aye r  of s i l ica gel. 
The ch romatogram was revea led  with the Dragendorff  reagent .  Zones with the same Rf  values  were  combined, 
made alkaline with ammonia,  and eluted with methanol.  The methanolic ex t rac t s  were dist i l led to dryness ,  
made alkaline, and again ex t rac ted  with ch loroform.  The amounts of alkaloids isolated were  de te rmined  grav i -  
met r i ca l ly .  

Feed ing  with [3H]lupanine. F r e sh  shoots of the plant were i m m e r s e d  in Knopp's solution containing 41.2 
mg of [3H]lupanine with a specif ic  radioact ivi ty  of 2.71- 109 coun t s /min /mmole .  The t ime of exposure  and the 
method of isolating the combined alkaloids of the plarlts and separat ing them into the i r  component f rac t ions  
were  s imi la r  to the preced ing  exper iment .  The following individual bases  were obtained: anagyrine,  lupanine, 
pachycarpine ,  and pachycarpine  N-oxide. 

Feeding with [3H]anagyrine. F resh  shoots of the plant were placed in Knopp's solution containing 43.9 mg 
of [3H]anagyrine with a specif ic  radioact ivi ty  of 5.78" 101° coun t s /min /mmole .  The exper iment  was pe r fo rmed  
in the same way as  the preceding  one. The following bases  were  obtained: anagyrine,  lupanine, pachycarpine,  
and pachycarpine  N-oxide. 

The feeding of the shoots of the plant with the labelled alkaloids [3H]pachycarpine and [3H]ammodendrine 
was p e r f o r m e d  under the same conditions as in the preceding exper iment .  Feeding with [3H]pachycarpine led to 
the labelled alkaloids pachycarpine  N-oxide anagyrine and ammodendrine,  and feeding with [3H]ammodendrine 
led to label led pachycarpine  and anagyrine.  

S U M M A R Y  

The biosynthes is  of the alkaloids of Ammodendron karel ini i  Fisch. et Mey has been studied by feeding 
the plant with label led [1,5--UC]cadaverine. It has been shown that cadaver ine  is a p r e c u r s o r  of anagyrine,  
pachycarpine,  ammodendr ine ,  N-methylcyt is ine ,  and cytisine.  Poss ib le  routes  of in te rconvers ions  have been 
cons idered  by feeding the plant with the t r i t ium- labe l led  [3H]pachycarpine, [3H]lupanine, [3H]anagyrine, and 
[ 3H] ammodendr  ine. 

L I T E R A T U R E  C I T E D  

1. A . P .  Orekhov and N. F. Proskurn ina ,  Zh° Obshch. Khim., 8, 308 (1938). 
2. K. Hasse ,  Abh. dtsch. Akad. Wiss.,  Berl in,  K1, Chem. Geol. Biol., No. 3, 187 (1966). 
3. Ho R. Sehiitte, Abh. dtsch. Akad. Wiss.,  Berl in.  K1. Chem. Geol. Biol.,  No. 3, 199 (1966). 
4. K, Mothes and H. R. Schiitte, Biosynthese de Alkaloide, Berl in,  Akademie Ver lag  (1968). 
5° K. Mothes and H. R. Schiitte, Angew. Chem., 75 ,265  (1963}. 
6. H . R .  Schiitte, A. Unverr icht ,  L Lehfeld, N. Eber le ,  and U. F ischer ,  Z. Chem., 2, 336 (1962). 

212 


