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

1. F lora  of the USSR [in Russian],  Vol. XIV, M o s c o w - L e n i n g r a d  (1949), p. 637. 
2. L . T .  Sin'ko, Ras t  Res . ,  8_ 323 (1976). 
3. R. Tschesche ,  C. Spil les and G. Eckhardt ,  Chem. Bet . ,  107, 1329 (1974). 
4. H. Otsuka, Y. Ogihara,  and S. Shibata, Phytochem, 13, 2016 (1974). 
5. R. Tschesche ,  M. Elgamal ,  G. Eckhardt ,  and M. Radloff, Phytochem. ,  1_.33, 2328 (1974). 
6. E . W .  Warnhoff, Fo r sch r .  Chem. Org. Naturstoffe,  2..~8, 162 (1971). 
7. R. Tschesche  and E. U. Kaufmann, in: The Alkaloids (ed. R. H. F. Manske), Vol. 15, Academic  P r e s s ,  

New York (1975), p. 165. 
8. R. Tschesche ,  I. Khokhar,  H. Wilhelm, and G. Eckhardt ,  Phytochem. ,  1._55, 541 (1976). 
9. I . A .  I s ra i lov ,  M. S. Ytmusov, and S. Yu. Yunusov, Khim. Pr i rodn .  Soedin., 811 (1975). 

10. Kh. G. Kiryakov,  I. A. Is ra i lov,  and S. Yu. Yunusov, Khim. P r i r o d m  Soedin., 411 (1975). 
11. S . R .  Johns,  J.  A. Lamber ton ,  A. A. Sioumis,  and H. J .  Tweeddale,  Aust.  J .  Chem., 22, 1277 (1969). 
12. H. Guinaudeau, M. Leboeuf, and A. Cave, Lloydia, 3.~8, 275 (1975). 
13. E. Gel ler t  and R. Rudzats ,  Aust.  J. Chem., 2__5, 2477 (1972). 
14. N. Obashi, J.  M. Wilson, H. Budzikiewicz, M. Shamma,  W. A. Slusarchyk,  and C. Dje rass i ,  J.  Am. Chem. 

Soc., 8__55, 2807 (1963). 
15. A . W .  Sangs ter  and K. L. Stuart,  Chem. Rev, 65, 69 (1965). 
16. N . C .  Franca ,  A. M. Giesbrecht ,  O: R. Gottlieb, A. F. Magalhaes,  and E. G. Magalhaes,  Phytochem.,  1_4.4, 

1671 (1975). 
17. M.U.  Ibragimova,  M. S. Yunusov, and S. Yu. Yunusov, Khim. Pr i rodn .  Soedin., 438 (1970). 
18. To I rgashev,  I. A. Is ra i lov,  N. D. Abdullaev, M. S. Yunusov, and S. Yu. Yunusov, Khim. Pr i rodn .  Soedin., 

127 (1977). 
19. G. Grethe,  M. Uskokovic,  and A. Bross i ,  J. Org° Chem., 3__33, 2500 (1968). 

B I O S Y N T H E S I S  O F  A L K A L O I D S  IN S o p h o r a  a l o p e c u r o i d e s  

Yu .  K. K u s h m u r a d o v ,  K h .  A.  A s l a n o v ,  
K h .  R .  S o h i i t t e ,  a n d  S. K u c h k a r o v  

UDC 547.944/945 

The alkaloid composi t ion of Sophora a lopecuroides  L. has been studied by va r ious  w o r k e r s  [1-4]. This  
plant is cha r ac t e r i z ed  by a high content of quinolizidine alkaloids of the matr ine ,  spar te ine ,  cyt is ine,  and 
a loper ine  groups.  

We [5] have es tabl i shed that in S. a lopecuroides  sophoridine, ma t r ine  and sophocarpine,  and sophocarpidine 
a r e  fo rmed f rom lysine or cadaver in~.  It was shown that when shoots were  fed with [1,5-14C]cadaverine the 
propor t ion  of it included in the sophoridine was cons iderably  higher than in the matr ine .  It is obvious that this 
plant spec ies  contains specif ic  enzymes  ensur ing  the format ion  of a A/B,  A/C,  C /D- t rans ,  and B / C - c i s  confo r -  
mat ions  and of r ings B/C in the boat fo rm (sophoridine) that a r e  cons iderably  more  effective than in the case  
of the synthes is  of ma t r ine  (A/B- t rans ,  A / B - c i s ,  B / C - c i s ,  C / D - t r a n s  linkage). 

The schemes  for  the b iosynthes is  of alkaloids known in the l i t e ra tu re  [6], de termined with the aid of 
label led a toms ,  do not explain fine detai ls  of the alkaloid spec t ra  connected with the s te reochemica l  fea tu res  
of b iosynthesis .  In view of this we shall cons ider  how the conformat ional  s tate  of the p r e c u r s o r  of the quino- 
l izidine alkaloids  can affect  the i s om er i c  composi t ion of the alkaloids formed.  In the f i r s t  place,  we may note 
that, depending on the spec ies  of plant within a given family  and its vegetat ion phase,  a l - (amino  acid) - lysine 
- leads to the format ion  of both the l -  and d - f o r m s  of the quinolldizine bases  (for example ,  pachycarpine,  
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s p a r t e i n e ) .  Th i s  i n d i r e c t l y  shows a l o s s  of a s y m m e t r y  in the p r o c e s s  of f o r m i n g  the a lka lo ids ,  which ks in 
with the idea that  a c o m m o n  p r o c u r s o r  of t hese  a lka lo ids ,  as  well ,  is c a d a v e r i n e  - -  a m i n o  a ldehyde - -  A 1- 
p i p e r i d e i n e  [7-9],  which have no a s y m m e t r i c  c e n t e r s  [10]. 

The cyc l i c  s y s t e m  of A l - p i p e r i d e i n e  ex i s t s  in two h a l f - c h a i r  f o r m s  and is c h a r a c t e r i z e d  by the a b s e n c e  
of e l e m e n t s  of s y m m e t r y .  The two f o r m s  unde rgo  rap id  i n t e r c o n v e r s i o n  in so lu t ions .  The s u b s t i t u t i o n  of the 
a - c a r b o n  or  the d i m e r i z a t i o n  of two m o l e c u l e s  of A l - p i p e r i d e i n e  may  r e t a r d  th i s  p r o c e s s ,  and  the p r o d u c t s  wil l  
be  d i s t i n g u i s h e d  by t h e i r  c o n f o r m a t i o n s  and  c o n f i g u r a t i o n s  a c c o r d i n g  to which f o r m s  r eac t .  

A p p a r e n t l y ,  the i n t e r a c t i o n  of the two f o r m s  of A l - p i p e r i d e i n e  ks n e c e s s a r y  for the a p p e a r a n c e  of the 
t r a n s - q u i n o l i z i d i n e  s y s t e m  of the a lka lo ids  m a t r i n e  and  p a c h y c a r p i n e .  On the a p p e a r a n c e  of an a s y m m e t r i c  
c e n t e r  at C 6 in one m o l e c u l e  of A l - p i p e r i d e i n e ,  one of the f o r m s  mos t  f r equen t ly  p r o v e s  to be p r e d o m i n a n t .  
In the f o r m a t i o n  of t e t r a c y c l i c  s y s t e m s ,  i n t e r a c t i o n s  of the l -  and  d - f o r m s  of the p roduc t s  of t h e i r  t r a n s f o r m a -  
t ion  a r e  p o s s i b l e  with the f o r m a t i o n  of l - s p a r t e i n e ,  d - s p a r t e i n e ,  or  m a t r i n e  i s o m e r s  ( sophor id ine ,  a l b e r t i d i n e ,  
d a r v a s a m i n e ,  l eon t ine) .  In o r d e r  to show in what s t e r e o c h e m i c a l  r a t i o s  the a lka lo ids  of the qu i no l i z i d ine  s e r i e s  
ex i s t  in the p r o c e s s  of b i o g e n e s i s  we have s tudied  the b i o g e n e s i s  and i n t e r c o n v e r s i o n s  of the b a s e s  of S. 
a l o p e e u r o i d e s  with the a id  of l a b e l l e d  p r e c u r s o r s  and the in t roduc t ion  of the c o r r e s p o n d i n g  l abe l l ed  a lka lo ids  
into shoots .  

Shoots of the p lan t  were  fed with [3HI sophor id ine ,  and with the c o n f o r m a t i o n a l l y  s table  i s o m e r s  [3H]iso- 
sophor id ine  ( A / B - c i s ,  A / C - c i s ,  B / C - t r a n s ,  C / D - t r a n s )  and [3 t t ]a l lomat r ine  ( A / B - t r a n s ,  A / C - t r a n s ,  B / C - t r a n s ,  
C / D - t r a n s ) ,  and a f t e r  a f o u r - d a y  exposu re  the c o m b i n e d  a lka lo ids  were  ob ta ined  f r o m  the roo t s  in the usua l  way; 
f r o m  them by p r e p a r a t i v e  t h i n - l a y e r  c h r o m a t o g r a p h y  we i so la ted  and  ident i f ied  the fol lowing l a b e l l e d  a lka lo ids  
(+, p i c r a t e ;  ++, hydr iodide) :  

Alkaloid Amount, mg mp, °C Specific radioac- Proportion of 
tivity, counts/rain/ inclusion, % 

mole 

[3H]sophoridine 
[3H ]sophoridine 10.38 107 l. 74.10~. --  
S ophoridi ne 2 1 [~7 8.06. l 0~, 47 
3-OH- sophoridine 3.3 162 1.93.10" 6.6 
Base 6 1.7 1(;5 1.43.10~ 0.83 
Sophocarpidine 1.5 204 7. 4.107 0.43 
Sophoearpine 5.2 52 5. 6-107 0 32 
S ophoramine 2 t 64 4.4 . 107 0.25 
Matrine 3.1 74 3.81.107 0.21 

[~H]isosophoridine 
[SH ]isosophoridine 14.7 103 4.82-101,) 
Isosophoridine 9,5 103 4,92.10~' 20. 6 
Isosophoridine 
N- oxide 3.5 158 1.04.10~* 2. l 
Base 6 57 165 1,5.1O~ 0,031 
S ophoridine 4 107 1,2.10 ~ 0.025 

[3H]allomatrine 
[ZHJallomatrine 14 104 2,11 .I0 ~') 
Allomatrine 4 t04 1,35.10 'r, 6~.7 
Base 6 41 165 4,68. l0 s 0.02 

[3H]pachyearpine 
[3H]paehyearpine 15 235 ++ 6.55.10,o -- 
Pachyearpine 6 2~8 + 2.8.10~ 4.3 
Pachycarpine 
N-oxide 18.1 153 8.10s 1.2 
Sophoearpine 1.5 52 5.1- l0 n 0.78 
Neosophoramine 8.5 129 3.16.10~ 0.49 

[3H]eytisine 
[aH]c~tisine 13.5 155 1.08-10~,~ --  
Cvtislne 9.7 155 0.84. t 0~ 8.4 
M'ethylcytisine 19 136 8. 4-107 0.84 

[aH]methyieytisine 
[SH]methyleyfisine 20.1 136 2.04. 101o 
Methylcytislne 23,8 136 5.3.10s 2~56 
Neosophoramine • 15.5 129 1.45.10~ 0.72 
Cytisine 4,5 155 5.4.107 0.30 

It can  be s e e n  f r o m  the  f i gu re s  g iven that  in the p lan t  o r g a n i s m  [3H]sophoridine,  at  the s a m e  t i m e  a s  it is  
converted  in to  3 - O H - s o p h o r i d i n e  and  base  6, p a r t i a l l y  i s o m e r i z e s  into the m a t r i n e  a lka lo ids .  

Below we give a s c h e m e  of the i n t e r c o n v e r s i o n  of sophor id ine  ha S_. a l o p e c u r o i d e s :  
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Sophoc~p~e ~-- Matrine 

Sophoc~r_pidine Sophoridine. 

Sophoramine Base 6 

3-  0 H- sophoridine 
- >  

It may be assumed that the conformationally stable i somers  do not take part in the metabolic p rocess :  
since isosophoridine has a cis-quinolizidine ring, it should readily be oxidized at the N 1 nitrogen atom. In 
actual fact, when shoots were supplied with labelled [3H]isosophoridine we isolated isosophoridine N-oxide from 
the plant, from which it is normal ly  absent. 

When S. alopecuroides was fed with [3H]pachycarpine, the resul t ing pachycarpine N-oxide, sophocarpine, 
and neosophoramine proved to be radioactive. A large part  of the radioactivity was concentrated in the pachy-  
carpine N-oxide, which shows the high activi ty of oxidative p rocesses  in the root par ts  of the plant. This ex-  
per iment  showed the possibil i ty of the t ransformat ion of the sparteine alkaloids into matrine alkaloids in the 
ontogenesis of plants. The exper iments  on feeding shoots of S__~. alopecuroides showed that p rocesses  of methyla-  
tion and demethylation take place in the plant simultaneously, and it was found that the rate of the methylation 
of c~¢isine in the plant is approximately three t imes higher than the demethylation reaction. 

Thus, on the basis of the experimental  facts it may be concluded that in the metabolism of the qu[nolizi-  
dine alkaloids the main role is played by the conformational state of the p r e c u r s o r s  and of the alkaloids them-  
selves.  

E X P E  R I M E  NTA L 

For  th in- layer  chromatography we used Merck HF252 silica gel in a layer  thickness of from 0.5 to 0.9 
ram. Solvent sys tems:  c h l o r o f o r m - b e n z e n e - m e t h a n o l  ( 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 
(50 : 35 : 25); and 3) t o l u e n e - a c e t o n e - e t h a n o l - 2 5 %  ammonia (40 : 40 : 8 : 3). Revealing agents:  iodine vapor,  
DragendorfPs reagent, UV light, and a 3% solution of fe r r ic  chloride in ether.  

The alkaloids sophoridine, al lomatrine,  isosophoridine, pachycarpine,  cytisine, and N-methy lcy t i s inewere  
labelled with t r i t ium in a special Wilzbach-Tri t t ierung apparatus on BaCO 3 as support with the aid of uranium 
tri t ide.  The purification of the labelled alkaloids has been descr ibed previously [5]. The labelled alkaloids 
were twice rechromatographed prepara t ive ly  on silica gel, and their  au toradiograms (scannograms) were r e -  
corded on a D(Jnnschicht-Scauner-II  instrument.  The melting points of the bases and their  derivat ives were 
determined on a " Mikroheiztisch Bo&'tius" block. 

Alkaloids isolated from the plants were identified by comparison with authentic samples.  The radioact ivi-  
t ies (14C and 3H) of the bases were measured  on a Packard  Automatic T r t - C a r b  Liquid Scintillation Spectro-  

photometer  Model 3363 counter.  

The Feeding of the Shoots of S. alopecuroides with Labelled [3H]Sophoridine. Four-week shoots were 
placed in an aqueous solution of 10.38 mg of [3H]sophoridine with a specific radioactNi ty  of 1.74" l01° counts /  
min/mmole°  After  2 days '  exposure,  the shoots were careful ly  washed with water.  The fresh plant mater ia l  
was ground to par t ic les  with a size of 0.5-1 cm, covered with methanol, and comminuted with the aid of a homo- 
genizer.  The methanolic extract  was filtered f rom residues of plant t issue and these were washed with meth-  
anol, and then the solvent was distilled off to dryness  on a ro ta ry  evaporator .  The residue was t reated in the 
usual way, and the combined bases were obtained. 

The combined alkaloids were separated into their  individual components by comparat ive chromatography 
on 200 x 200 mm plates with a fixed layer  of silica gel. The ch romatogram was revealed with the Dragendorff  
reagent.  The zones with the same Rf  value were combined, made alkaline with ammonia,  and ext rac ted  with 
methanol. The methanolic ext rac ts  were distilled to dryness  and the residues were made alkaline and were 
again extracted,  with chloroform° 

After  the chloroform had been distilled off the alkaloids were rec rys ta l l i zed  f rom appropriate  solvents. 
This gave the labelled individual bases.  

Feeding of the Shoots of the Plant S. a lopecuroides with the Labelled Alkaloids [3H]isosophoridine, [3H]- 
a l lomatr ine:  [3H]pachycarpine, [3H]cyt'isine, and [3H]N-methylcytisine. Exper iments  were pe r fo rmed  as in the 
preceding 'caseo For  feeding the plant shoots the labelled alkaloid's were taken in the following amounts (rag): 
[3H]isosophoridine 14.7; [3H]allomatrine 14; [3H]paehycarpine 15; [3H]cytisine 14.5; and [3H]N-methyl-cytisine 
20.1.  
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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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