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Abstract - Seeds of Catharanthus roseus cv. L i t t l e  D e l i c a t a  were germinated 

i n  t h e  dark which r esu l t ed  i n  r e l a t i v e l y  h i g h  and even ra tes  of germinat ion.  

Ana l ys i s  o f  a l k a l o i d s  f rom t h e  coty ledons o f  6 - 9 day o l d  dark grown 

seed l ings  l e d  t o  t h e  i d e n t i f i c a t i o n  o f  tabersonine,  16-methoxytabersonine, 

and ca tharan th ine  as r e l a t i v e l y  major  components wh i l e  v i ndo l i ne ,  

deace t y l v i ndo l i ne ,  4-desacetoxyvindol ine and 16-hydroxytabersonine were 

i d e n t i f i e d  as minor components. Sub jec t ing  dark grown seedl ings t o  l i g h t  

l e d  t o  a r a p i d  inc rease i n  t h e  amount of v i n d o l i n e  p resent  w i t h  a 

concomitant decrease i n  the amounts o f  tabersonine,  16-methoxytabersonine 

and the  minor  components. The amount of  ca tharan th ine  present  was n o t  

g r e a t l y  af fected.  These observat ions suggested t h a t  t h e  b i osyn the t i c  

pathway between tabersonine and v i n d o l i n e  proceeds as fo l lows:  

16-hydroxytabersonine * 16-rnethoxytabersonine * 16-methoxy-2,3-dihydro-3- 

hydroxytabersonine - 16-methoxy-2,3-dihydro-3-hydroxy-N(1)-methyltabersonine 
I i .e. desacetoxyv indo l ine)  + deacety lv indo l  i n e  * v indo l i ne .  

+ 

The numbering system used was as f o r  aspidospermidine i n  Chemical 

Abs t rac ts .  

' NRCC No. 25861 

L a t e l y  t h e  d e t a i l e d  pathway of v i n d o l i n e  ( 1 )  b i osyn thes i s  has come under s c r u t i n y ,  l a r g e l y  

as a consequence o f  t h e  i n a b i l i t y  o f  c u l t u r e d  p l a n t  c e l l s  t o  produce i t  o r  t h e  c l i n i c a l l y  

impor tan t  "d imer ic "  a l k a l o i d s  t o  which it i s  a precursor.  



I 

CH3 C O ~ C H ~  

V INDOLINE,  I  

Although t he  b iogenet ic  o r i g i n  o f  v i ndo l i ne  from tabersonine ( 2 )  has long been establ ished1, the  

exact  sequence o f  in te rmedia te  steps had p rev ious l y  no t  been determined. Recently, t he  l a s t  

2 
step i n  t h i s  pathway was shown by DeLuca ct. t o  be t he  a c e t y l a t i o n  of deacety lv indo l ine  by a  

s p e c i f i c  ace t y l  t rans ferase which exh ib i t ed  end-product i n h i b i t i o n  w i t h  respect  t o  coenzyme A, 

bu t  no t  t o  v indo l ine .  This work was f u r t h e r  corroborated by Fahn g fi.3 who a lso  observed 

methy l t rans ferase a c t i v i t i e s  i n  c e l l - f r e e  prepara t ions  o f  C.  roseus leaves. Based on subst ra te  

s p e c i f i c i t y  s tud ies ,  t he  l a t t e r  authors pos tu la ted  a  pathway t o  v i ndo l i ne  i n i t i a l l y  i n v o l v i n g  

th ree successive oxygenations of tabersonine ( y i e l d i n g  16-0-desmethyl-N-desmethyldeacetyl- 

4 
v indo l i ne )  fo l lowed by N-methylation, 0-methylat ion,  and a c e t y l a t i o n  . Recently however, 

r e s u l t s  i n  our l abo ra to r y  have suggested t h a t  t h i s  proposal i s  i n c o r r e c t .  Working w i t h  dark 

grown seedl ings we have i s o l a t e d  several  a l k a l o i d s  which we be l i eve  are  in te rmedia tes  between 
** 

tabersonine and v indo l ine .  Included among these was t he  novel d e r i v a t i v e  desacetoxyvindol ine 

( 6 ) .  Accordingly,  we would l i k e  t o  present here our r e s u l t s  on the  cha rac te r i za t i on  of  t h i s  new 

a l k a l o i d  as w e l l  as on the  i d e n t i f i c a t i o n  of several  o the r  seedl ing a l ka lo i ds .  Furthermore, 

based on some time-course and r a d i o l a b e l l i n g  s tud ies ,  we wish t o  propose an a l t e r n a t i v e  pathway 

from tabersonine t o  v i ndo l i ne  which i s  i n  agreement w i t h  a l l  observat ions obtained t o  date (F ig .  

1 ) .  

When C. roseus seeds were germinated i n  the  l i g h t ,  poor germinat ion and uneven growth resu l ted ,  

whereas i n  t he  dark a very  h igh  (, '30%) and reproduc ib le  germinat ion r a t e ,  accompanied by good 

7 and even growth was achieved . The a l k a l o i d  p r o f i l e  o f  t he  dark grown seedl ings was found t o  

d i f f e r  from those of l i g h t  o r  d a r k l l i g h t  grown seedl ings.  To ob ta in  in fo rmat ion  on t he  

** 
Previously,  Neuss %a. had repor ted  the  i s o l a t i o n  o f  desacetoxyvinblast ine f rom C .  roseus 

5 p l an t s  . Kutney gfi.6 have p rev ious l y  prepared 3-epidesacetoxyvindoline. 
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RIH.  5 
R=CH3, 6. DESACETOXYVINDOLINE 

Scheme 1. Proposed b i o s y n t h e t i c  pathway f rom tabersonine t o  v i n d o l i n e  

a l k a l o i d s  present  1 kg ( f r esh  we igh t )  of  seedl ings (mainta ined i n  t h e  dark)  were harvested 9 

days a f t e r  t h e  seeds had been p l a t e d  on agar (approx. 6 days a f t e r  germina t ion) .  A l k a l o i d s  were 

8 i s o l a t e d  (ma in ly  f rom co ty ledons)  accord ing  t o  Kurz and Constabel by which means 500 mg o f  an 

a l k a l o i d  m i x tu re  was obtained.  The m ix tu re  was chromatographed on s i l i c a  ge l  p l a t e s  us i ng  e thy l  

acetatefmethanol  ( 8 : l )  as e l uen t  y i e l d i n g  f o u r  "bands" o f  products (A-0 i n  o rder  o f  inc reas ing  

p o l a r i t y ) .  Re-chromatography o f  each band on s i l i c a  ge l  p l a t e s  w i t h  t h e  appropr ia te  so l ven t  led  

1 t o  t h e  i s o l a t i o n  o f  i n d i v i d u a l  a l k a l o i d s  having p u r i t i e s  i n  excess o f  85% (based on t h e i r  Hmr 

spec t ra ) .  Thus, band A w i t h  petro leum e t h e r l e t h e r  ( 2 : l )  gave tabersonine ( 2 )  and methoxytaber- 

sonine (4 ) .  Band B w i t h  e t h y l  acetate lmethanol  ( 20 : l )  y i e l d e d  desacetoxyv indo l ine  ( 6 )  and 

v i n d o l i n e  ( 1 ) .  Band C w i t h  ether lmethanol  120: l )  y i e l d e d  ca tharan th ine ,  w h i l e  D w i t h  e t h y l  

acetate lmethanol  ( 4 : l )  gave deace t y l v i ndo l i ne  ( 7 ) .  With t h e  except ion  o f  desacetoxyvindol ine 

and 16-hydroxytabersonine ( 3 ) ,  a l k a l o i d s  were i d e n t i f i e d  by comparison of t h e i r  p ro ton  magnetic 

resonance and mass spec t ra  as w e l l  as t h e i r  chromatographic p r o p e r t i e s  w i t h  those o f  au thent ic  

samples. 16-Hydroxytabersonine ( 3 ) .  which was present  i n  t r ace  amounts, was i d e n t i f i e d  by i t s  

convers ion t o  r a d i o l a b e l l e d  methoxytabersonine upon t reatment w i t h  14c - l abe l l ed  S-adenosyl 



7 methionine (SAM) and an enzyme preparat ion,  obtained from the mature p l a n t  . Desacetoxyvin- 

do l ine  (6) ,  a  novel compound, was i d e n t i f i e d  mainly on the basis of a  comparison o f  i t s  proton 

magnetic resonance and mass spectra w i t h  those o f  v i ndo l i ne  and desacetoxyvindorosine (8 )  ( i . e .  

9  16-desmethoxydesacetoxyvindoline) . Thus, the mass spectrum o f  6  exh ib i t ed  a  parent i o n  a t  

mi2 398 and several  d i s t i n c t  fragments (Scheme 2 ) ,  a  number o f  which (m/z 196, 188, 174, 135) 

10 were connon t o  v i ndo l i ne  and 0-deacetylv indol ine . Furthermore, the  peak a t  m/z 224, 

a t t r i b u t a b l e  t o  a  fragment. which contained C-3 and C-4, was a lso  present i n  the  spectrum o f  

4-desacetoxyvindorosine (8) ;  the  analogous fragments a r i s i n g  from v indo l i ne  and deacetylvindo- 

l i n e  occurred a t  m/z 282 and 240 respect ive ly .  Conclusive v e r i f i c a t i o n  of the proposed 

s t ruc tu re  was obtained from the proton magnetic resonance spectrum which exh ib i t ed  the fo l lowing 

resonances: (360 MHz, CDCI3) 6 :  6.86 (1H.d. J.8.2 Hz),  6.25 (lH,dd, 5.8.2 and 2.2 Hz), 6.02 

(1H,d, 5-2.2 Hz), 5.67 (lH,dd, J  = 10 and 5.3 Hz), 5.45 (lH,brd, J=10 Hz), 3.78 (3H,s), 3.76 

(3H.s). 3.63 (lH,d, 5.1.7 Hz), 3.35 (lH,m), 2.76 (lH,bd, J=15.7Hz), 2.67 (3H,s), 2.52 (lH,s), 

2.49 (2H,m), 2.27 (2H.m). 1.98 (1H,d of AB quar te t ,  J.14.7 HZ),  1.91 (lH,dd o f  AB qua r te t ,  

5 ~ 1 4 . 7  and 1.7 Hz), 1.13-0.88 (2H,m), 0.59 (3H,t, 5-7.4 Hz). Aside from an ex t ra  th ree proton 

s i n g l e t  a t  6 3.76 and di f ferences i n  the  "aromat ic region" the  spectrum was v i r t u a l l y  i d e n t i c a l  

t o  t h a t  of desacetoxyvindorosine. I n  p a r t i c u l a r ,  the presence o f  the A8 qua r te t  centered about 

6 1.95, a t t r i b u t a b l e  t o  the C-4 methylene group, es tab l ished the presence o f  the  t e r t i a r y  

hydroxy group a t  C-3 and r u l e d  out  the p o s s i b i l i t y  of a  secondary hydroxy group a t  C-4. 

Having i d e n t i f i e d  these aspidosperma a lka lo ids ,  t h e i r  r o l e  as intermediates on the pathway t o  

v i ndo l i ne  could be i n fe r red  from a q u a l i t a t i v e  comparison of a l k a l o i d  p r o f i l e s  ( t l c )  over a  

per iod  of t ime, p r i o r  t o  and a f t e r  t r ans fe r  of dark grown seedl ings t o  the l i g h t ,  as we l l  as by 

a  q u a n t i t a t i v e  comparison of p a r t i a l  a l k a l o i d  p r o f i l e s  between dark and l i g h t  grown seedlings a t  
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Scheme 2. Mass spect ra l  f ragmentat ion o f  desacetoxyvindol ine 

a s i ng le  s i m i l a r  p o i n t  i n  t ime (Table 1). Q u a l i t a t i v e l y ,  t he  t r a n s f e r  o f  dark grown (6  day) 

seedl ings t o  l i g h t  l e d  t o  a r a p i d  decrease ( w i t h i n  3 days) i n  the  amount o f  tabersonine,  

hydroxytabersonine, methoxytabersonine, desacetoxyvindol ine,  and deacety lv indo l ine  accompanied 

by an increase i n  t he  amount o f  v i ndo l i ne .  These observat ions were supported by t he  

q u a n t i t a t i v e  data (Table 1) which i l l u s t r a t e d  d rama t i ca l l y  t he  reduced product ion  o f  v i n d o l i n e  

and t he  bu i ld -up  of t he  o the r  aspidosperma a l k a l o i d s  i n  the  dark grown seedl ings.  By 

comparison, p roduct ion  of catharanthine,  an iboga a l ka lo i d ,  was l i t t l e  changed. 

To garner f u r t h e r  evidence, l e a f  homogenates of  mature p l an t s  were t r ea ted  w i t h  r a d i o l a b e l l e d  

SAM under var ious  cond i t ions  i n  t he  hope t h a t  v i n d o l i n e  precursors would be present and lead t o  

the  product ion  of l a t e r  stage r a d i o l a b e l l e d  intermediates.  Th i s  appeared t o  be t he  case. I n  

the  presence of added ace t y l  CoA and NADPH a rad io l abe l l ed  compound which co-migrated w i t h  

v i ndo l i ne  was obtained ( t l c ) .  I n  t he  absence of acety l  CoA and NADPH no rad io l abe l l ed  v i ndo l i ne  

was observed, ins tead a r a d i o l a b e l l e d  compound which co-migrated w i t h  desacetoxyvindol ine was 

obtained. Although these r e s u l t s  were p re l im ina ry ,  coupled w i t h  t he  previous observat ions they 

provided a strong case f o r  t he  intermediacy o f  desacetoxyvindol ine and the  pathway o u t l i n e d  i n  

Scheme 1. 



Table 1. Comparison of amounts of a l k a l o i d s  ob ta ined f rom dark 
and l i g h t  grown seedl ings o f  Catharanthus -. 

Amount o f  R l ka l o i d '  
(mglkg o f  seed l ing)  

fr. w t .  

A l k a l o i d  
Dark Grown L i g h t  Grown 

2 

Seed1 i ngs  Seed1 ings  

Tabersonine ( 2 )  40 13 

16-Hydroxytabersonine ( 3 )  t r a c e  

Desacetoxyvindol ine ( 6 )  10 t r a c e  

V indo l ine  ( 1 )  5 54 

Deacety lv indo l ine  ( 7 )  4 t r a c e  

Catharanthine 3 1  37 

1 A l k a l o i d s  were i s o l a t e d  main ly  f rom coty ledons.  
L i g h t  grown seedl ings were germinated ( 4  days) i n  t h e  dark and 
then t r a n s f e r r e d  t o  a l i g h t e d  environment ( 4  days). Dark 
grown seedl ings were germinated i n  the  dark (4 days) and 
mainta ined i n  the  dark ( 4  days). 

The authors g r a t e f u l l y  acknowledge the  t echn i ca l  ass is tance of Mr. 8. Panchuk and h e l p f u l  

d iscuss ions  w i t h  Or. F. Constabel and Dr. R. T y l e r .  
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