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T H E  B I O S Y N T H E S I S  O F  T H E  A L K A L O I D S  

O F  G o e b e l i a  p a c h y c a r p a  

B .  A .  A b d u s a l a m o v ,  K h .  A.  A s l a n o v ,  UDC 547.944/945 
a n d  A.  S. S a d y k o v  

We have previously  [1-4] shown a possible  route for  the in te rconvers ion  of the mat r ine  alkaloids in 
Goebelia pachycarpa  C. A. Mey. In the presen t  paper  we give concre te  information on this question obtained as 
the resul t  of a detailed study of the alkaloids isolated af te r  feeding the plant with var ious labelled p r e c u r s o r s .  
In o rde r  to de t e rmine  the op t imumt imeof  feeding we studied the dynamics  of the accumulat ion of alkaloids in the 
plant. The quali tat ive composi t ion of the combined alkaloids was studied by th in - l aye r  chromatography on alu-  
mina and by paper  chromatography in var ious sys tems.  

The combined alkaloids, obtained by a known method, [1] were  separated by ascending th in - l aye r  c h r o m a -  
tography on plates  coated with alumina by a method descr ibed  previously  [3]. The amounts of the individual 
alkaloids were  determined by t i t ra t ion with si l icotungstic acid in para l le l  with s tandard solutions of the c o r r e -  
sponding alkaloids (Table 1). 

Analysis  of Table 1 shows that the main alkaloids in the initial growth per iod are  p resen t  in the epigeal 
and hypogeal par t s  of the plant in approximately  equal amounts; in the period of vigorous f lowering and f ru i t -  
bearing,  the maximum synthesis  and accumulation take place in the epigeal par t s  of the plants. 

Beginning with the f ru i t -bear ing  per iod,  the alkaloid content gradually falls,  and the re fo re  to feed the 
plant with assumed p r e c u r s o r s  of the mat r ine  alkaloids we selected the period of f lowering and budding (Table 2), 

The resu l t s  of a study of the percentage  inclusion of labelled p r e c u r s o r s  in the mat r ine  alkaloids 
(see Table  2) show that in the per iods  cons idered  an intensive biosynthesis  of the alkaloids takes  place. 
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T A B L E  1. A m o u n t s  of  A l k a l o i d s  in the  P l a n t  Dur ing  the  V e g e t a t i o n  

P e r i o d ,  % 

AIkaloid 
I Phase of development, time of collection, and part of the plant 

rowm tlovgering, • ~ rm__Ee~/E~___l ~. _ g  r'od May 5 May 15 ~ M a y  25 bearing, June 5 

[ hypo epi [ hypo I epi hypo epi epigeal 

Total alkaloids 
Start 
Matfine 
M atrine N-oxide 
S ophocarpine 
S op_hoearpine N-oxide 
S ophoramine 
vaettycarpine 
Cytisine 
Soohorbenzamine 
Alkaloid X 2 
Total amount of identifie 

alkaloids 

1~1 1 +'12 

15,1 12,3 
19,2 6,8 
8,1 4,2 
6,7 3,8 
tr, 3,1 
2,8 
7,2 ~,,8 

59, I 35,0 

I 

18,9 
8,2 

12,3 
II,2 
8.4 

10,3 
8,1 

77,4 

0,70 1 1~,2 
5,7 
8,8 
4.1 
2,3 

34,5 

1~0 

,3 
13 ,.5 
12,2 
12,7 
15,8 

.3 

81,6 

11,4 
13,1 
12,3 
13,7 
9,4 

20,7 
3,6 
3,2 
2,5 

90,0 

1,03 

11.6 
8.7 

10.1 
6.2 

17,2 
8.1 

70,6 

T A B L E  2. Spec i f i c  R a d i o a c t i v i t i e s  of  the  A l k a l o i d s  in the  P l a n t  in 
V a r i o u s  V e g e t a t i o n  P e r i o d s  on F e e d i n g  wi th  L a b e l l e d  P r e c u r s o r s  

Compound 

Budding Incipient 
flowering 

Incipient ripening 
on the seeds 

[2-X4C]Lysine 1,5.10 7 
Matrine 7,4.10~ 
Matrine N-oxide 3,3. I0' 
S ophoeatpine 2,4.10~ 
Sophocarpine N-oxid4 2,6.10~ 
Sophorarr~ine 3,6-10~ 

[1;5-t4C]Cadaverin¢ -- 
Matrine 2,5.10~ 
Matrine N-oxide 1,6-105 
S op_hocarpine I, I. 10~ 
Sophoearpine N-oxide 1,0-10~ 
Sophoramine ] 1,2-10~ I 

m 

0,49 
0,26 
0,16 
0,17 
0,24 

1,8 
1,1 
0,80 
0,71 
0,86 

0,5t 
0,78 
0,47 
0.26 
0,08 

m 

t 
3,24.10 ~ 
1,65.107 
2.54.107 
1,55.107 
1,68.107 
2,85.106 

1,6"107 ] 
2,5. t0 ~ ] 
1,65.10~ 
1,7.104 
7,8.103 i 
1,2.101 
1,5.107 
8,7.10' 
5,3.10~ 
6,10.10' 
2,61@ 
3,7.10 ~ 

0 

0,17 
0,10 
0,10 
0,05 
0,07 

0,59 
0,35 
0.41 
0,16 o:24 

In  a s tudy  of  the  b i o s y n t h e t i c  c o n n e c t i o n s  of  s o m e  m a t r i n e  a l k a l o i d s ,  p l a n t s  w e r e  fed wi th  b i o s y n t h e s i z e d  
m a t r i n e  and s o p h o c a r p i n e ,  and the  a l k a l o i d s  i s o l a t e d  w e r e  s tud ied .  The  s p e c i f i c  r a d i o a c t i v i t i e s  of  the  a l k a l o i d s  
i s o l a t e d  in t he  f l o w e r i n g  p e r i o d  f r o m  a m a t u r e  p l a n t  fed  wi th  l a b e l l e d  m a t r i n e  and s o p h o e a r p i n e  a f t e r  e x p o s u r e  
f o r  3 d a y s  a r e  g i v e n  be low:  

Compound  

[2,6,10,11,15,17-14C ] M a t r i n e  
M a t r i n e  N - o x i d e  
S o p h o e a r p i n e  
[2,6,10,11,15,1 7-14C ]Sophoca rp ine  
S o p h o c a r p i n e  N - o x i d e  
S o p h o r a m i n e  

A c t i v i t y ,  c o u n t s /  
r a i n / m o l e  % inc lu s ion  

1 .65 .107  
1.18 • 106 7.15 
8.35 • 105 5010 
1.55- 107 
7.45 • 105 4.8 
4.85 • 105 3.1 

Consequen t ly ,  in the  p l a n t  m a t r i n e  is  f i r s t  o x i d i z e d  to  m a t r i n e  N - o x i d e  a n d t h i s  i s  then  c o n v e r t e d  into s o p h o c a r -  
p ine ,  and the  s o p h o c a r p i n e  i s  c o n v e r t e d  v i a  the  N - o x i d e  f o r m  into s o p h o r a m i n e .  
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Resu l t s  obtained by the oxidation of the alkaloids isolate  show that  t he i r  mutual  convers ion  t akes  place  
without i n t r amo lecu l a r  r e a r r a n g e m e n t :  

F r a g m e n t  

[2,6,10,11,15,17-14C ] Sopho- 
carp ine  0.370 
Succinic acid 0.003 
T-A minobutyr ic  acid 0.0041 
fl-Alanine 0.0021 
Mat r ine  obtained by reduct ion 
f rom [2,6,10,11,15,17J4C ]- 
sophocarpine  0.100 
Glutar ic  acid 0.0032 
Succinic acid 0.002 
7-A minobutyr ic  acid 0.0039 
fl-A lanine 0.0012 
Glycine 0.002 
[2,6,10,11,15,17-t4C ] Sopho- 
r amine  0.051 
Succinic acid 0.001 
7-A minobutyr ic  acid 0.0021 

Iso la ted  mg C o u n t s / m i n / m g  C o u n t s / m i n / m m o l e  % inclusion 

2123 5.46 • 105 - 
797 9.50.104 17.2 
748 7.70.105 14.1 

1170 1.04 • 105 18.08 

2097 5.15 • 105 -- 
1638 2.13 • 105 40.1 

840 9.91 • 104 19.2 
790 8.13 • 104 15.8 

1020 9.07.104 17.56 
987 8.38 • 104 16.2 

- 4.85 • l05 -- 
680 8.02 • 104 16.5 
710 7.34.104 15.2 

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

Product ion  of [14C] Matr ine  and [14C ] Sophocarpine.  The l a te ra l  roo t s  of plants  growing under  na tura l  con-  
ci t ions were  dug up and were  cut, and t e s t - t ubes  containing label led [2-14C] lysine and [1,5-14C] cadave r ine  were  
placed in posit ion. Af te r  exposure  for  3 days,  the plant was worked up and the a lkaloids  we re  isolated in the 
usual  way. 

Feeding was c a r r i e d  out with ma t r i ne  and sophocarpine  in a s i m i l a r  way, and a f t e r  the appropr ia te  w o r k -  
ing up ma t r ine  N-oxide and sophocarpine were  isolated f r o m  the plant  fed with ma t r ine ,  and sophocarpine  
N-oxide and sophoramine  f r o m  a plant fed with sophocarpine .  

Oxidation of the Alkaloids Mat r ine  and Sophocarpine.  The oxidative degradat ion of the alkaloids to a l ipha-  
t ic acids and amino acids ,  and t he i r  separa t ion  were  p e r f o r m e d  by a known p rocedure  [5]. The rad ioac t iv i t ies  
of the alkaloids and the products  of oxidative c leavage  were  measu red  in a gas- f low counter;  the counting e f f i -  
ciency was 30-33%. In the calculat ion of the dis tr ibut ion of radioact iv i ty  between the a lkaloids  and the i r  c l e a v -  
age products ,  the total  radioact iv i ty  of the initial alkaloid was taken  as 100%. 

S U M M A R Y  

1. Qual i ta t ive and quanti tat ive compos i t ions  of the main alkaloids in five development  phases  of the 
Goebel ia  pachyca rpa  C. A. Mey. have been de te rmined .  

2. The rad ioac t iv i t i es  of the alkaloids isolated a f t e r  feeding the plant with assumed  p r e c u r s o r s  - [2-14C] 
lysine and [1,5-14C] cadaver ine  - show that  v igorous  synthesis  of alkaloids takes  place in the f lowering and bud-  
ding per iods .  

3. The r e su l t s  of an invest igat ion of the oxidation products  and of the alkaloids introduced and isolated 
a f t e r  the feeding of plants  with labelled ma t r ine  and label led sophocarpine  show that the a lkaloids  undergo i n t e r -  
convers ion  without i n t r amolecu l a r  changes.  
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