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Indirect Identification of 4,21-Dehydro-
corynantheine Aldehyde as an Intermediate 
in the Biosynthesis of Ajmalicine and 
Related Alkaloids 
J . Stöckigt*, M. Rueffer*, M. H. Zenk* and G.-A. Hoyer** 

* Lehrstuhl für Pflanzenphysiologie, Ruhr-Universität Bochum. 
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Key Word Index: Catharanthus roseus; Ce l l Suspension Cul tures; Enzymatic 
Formations; Sitsir ik ine; 4,21-Dehydrocoryantheine A ldehyde; 
Heteroyohimbine Type Alkalo ids. 

Abstract 

In the pesence of BH4 - an enzyme 
preparation of C a t h a r a n t h u s roseus 
cell Suspension cultures transformes 
strictosidine ( 1 ) , to sitsirikine ( I I a ) and 
16-iso-sitsirikine ( I I b ) which are deri-
ved from 4,21-dehydrocorynantheine 
aldehyde (5), an intermediate in the 
formation of heteroyohimbine type 
alkaloids. 

We have recently detected strictosi
dine ( 1 ) [1, 2] and cathenamine [3] (7) 
as pivotal intermediates in the enzy
matic formation of monoterpenoid in-
dole alkaloids of the heteroyohimbine 
type ( 8 - 1 0 ) in cell-free extracts from 
C a t h a r a n t h u s roseus cell Suspension 
cultures. The initial and final reactions 
are catalysed by strictosidine synthe-

tase [2] and cathenamine reductase [3] 
respectively. The enzymatic step im-
mediately beyond ( 1 ) should involve 
the action of a ß-g lucos idase hydrolys-
ing the alkaloidal glucoside ( 1 ) to yield 
the unstable aglycone (2) which in turn 
opens to yield the dialdehyde [4] ( 3 ) 
with 3 a (S) configuration. This highly 
reactive ( 3 ) should undergo further 
transformations to yield (7) as precur-
sor of ( 8 - 1 0 ) . In an erTort to intercept 
this sequence of reactions and to trap 
the precursor of (7) for identification, 
BH4~ was included into the enzyme 
reaction mixture to reduce the expected 
dialdehyde generated from ( 1 ) and to 
prevent it from further conversion. A 
number of enzymes are known to be 
active in the presence of K B H 4 [5]. 

A n enzyme preparation [6] (1600 ml, 
1,93 g protein) was incubated at p H 
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7.0 with ( 1 ) (474 ,umol, 6 / i d 6 - 1 4 C) 
in the presence of K H B 4 (164 mmol) 
and 21 ml M e O H at 2 5 ° C for 120 
min. Non-glucosidal material was ex-
tracted into E t O A c and subjected to 
T L C (acetone: pet. ether ( 4 0 - 6 0 ° ) : 
diethylamine = 20:70:10). Only two 
Compounds were located ( I I a : Rf 0.46, 
and I I b : Rf 0 . 5 6 ) which were further 
purified and isolated (each 17 mg). In 
about twenty analytical and prepara-
tive isolations the material showed a 
1:1 yield which was indicative of the 
Compounds being stereoisomers. Spec-
troscopic analysis showed ( I I a ) : U V 
( M e O H a m a x ( s ) 223 (26900), 273 
(5490), 279 (5550), 282 (5550), 289 
nm (4580). IR (KBr) v 3410 ( N H , 
OH), 2820, 2760 (Bohlmann bands), 
1715 ( C O O C H j ) , 1640 (C = C) , 1050 
( C - O ) , 1010, 1000, 925 ( - C H = C H 2 ) , 
745 cm' 1 (ar C - H ) . * H - N M R ( C D C b ) 
<5 3.59 (s, 3 H , -COOCH3) , 3.94 (d, J 
= 6.0 H z , 2 H , -CHoOH) , 4.97 - 5.61 
(m, 3 H , - C H = C H 2 ) , 7.00 - 7.52 (m, 
4 H , 4 ar H ) , 9.48 ppm (m,W V2 = 14 
H z , 1 H , N H ) . M S (70 eV) m/e 354 
(100; M + ) , 353 (76; M + - H , 323 (14; 
M + - C H 2 O H ) , 251 (72; M + - H 3 C O O C -
CH-CHoOH), 249 (35; 353 - H 3 C O C 
(OH) = C H C H 2 O H ) , 223 (38), 221 
(14), 184 (55), 170 (83), 169 (59), 156 
(66), 144 (24), 129 (28), 115 (24). ( I I b ) : 
U V (MeOH) * m a x ( e ) 223 (29400), 273 
(5600), 279 (5630), 282 (5610), 289 
nm (4680). IR (KBr) v 3430 ( N H , O H ) , 
2820, 2760 (Bohlmann bands), 1725 
(COOCH3), 1635 (C = C), 1040 (C-O) , 
1010, 1005, 925 ( - C H = C H 2 ) , 745 cm"1 

(ar C -H) . * H - N M R (CDCl 3 ) <5 3.68 
(d, J = 6.0 H z , 2 H , - C H 2 O H ) , 3.73 
(s, 3 H -COOCH3), 4.97 - 5.60 (m, 3 H , 

- C H = C H 2 ) , 7.00 - 7.53 (m, 4 H , 4 ar 
H ) , 8.97 ppm (m, W V2 - 14 H z , 1 H , 
N H ) . M S (70 eV) m/e 354 (83; M + ) , 
353(61;M + -H), 323(13; M + - C H 2 O H ) , 
251 (70; M + - H 3 C O O C C H - C H 2 O H ) , 
249 (39; 353 - H 3 C O C (OH) = C H -
C H 2 O H ) , 223 (39), 221 (17), 184 (57), 
170 (100), 169 (74), 156 (83), 144 (35), 
129 (39), 115 (39). 

O n the basis of the spectroscopic 
data and comparison ( T L C ) with the 
authentic Compound ( I I a ) proved to be 
sitsirikine [7]. The vinyl group in sit
sirikine is a oriented. ( I I a ) and ( I I b ) 
show the same chemical shift (4.97 -
5.60 ppm) for the vinyl group. A n 
axial vinyl group should show a 19-H 
signal which is strongly paramagnet-
ically shifted due to the lone electron 
pair at the tertiary N . This shift is not 
observed, however, and consequently 
( H b ) possesses the same configuration 
at C-20 as ( I I a ) (equatorial ( a ) orien
ted vinyl group). The isomery between 
( I I a ) and ( I I b ) must therefore be loca
ted at the C-16 center. This is indeed 
the case since ( I I a ) and ( I I b ) if redu-
ced to a diol by L i A l H 4 gave an unse-
parable ( T L C ) and identical Compound 
[7] ( 1 2 ) ; ( I I b ) is therefore 16-iso-sit
sirikine. ( I I a ) hydrogenated over Pd-
C [7] gave ( 1 3 ) : M S (70 eV) m/e 356 
(100; M + ) , 355 (85; M + - H ) , 253 (49; 
M + - C 4 H 7 0 3 ) , 251 (12; 3 5 5 - C 4 H 8 0 3 ) , 
184 (11), 170 (22), 169 (17), 156 (15) 
in every respect identical to 18,19-dihy-
drositsirikine [7]; ( I I b ) gave ( 1 4 ) : MS 
(70 eV) m/e 356 (100; M + ) , 355 (85; 
M + - H ) , 253 (44; M + - C 4 H 7 0 3 ) , 251 (12; 
3 5 5 - C 4 H 8 0 3 ) , 184 (11), 170 (22), 169 
(17), 156 (13), consistent with 18, 19-
dihydro-16-isositsirikine. O n the basis 
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of the N M R spectrum (position of 
- C H 2 O H ) it can be assumed, that - C H 2 

O H and the vinyl group are spatially 
neighbouring in ( I I a ) . The occurrence 
of this pair of isomers ( l l a > b) under 
the above reaction condition demon-
strates that the dialdehyde ( 3 ) is so 
highly reactive that it cannot be trap-
ped by BH4" but rather undergoes in-

tramolecular closure of ring D to give 
the immonium ion (5) or its polarised 
form"". 

It is this intermediate ( 5 ) the involve-
ment of which in the biosynthesis of 
monoterpenoid alkaloids ( 8 - 1 0 ) is thus 
demonstrated by reduction with BH4~ 
to ( I I a , b ) . In the absence of BH4~ ( 1 ) 
is transformed to (7) [3, 6]. ( 1 ) is hydro-

an equilibrium between (5) and l ^ C H ^ ) C a n e a s ^ ^ e v i s u a ^ s e d . 
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lysed by ß-glucosidase from sweet al-
monds or by acid treatment gives rise 
to vallesiachotamine [8, 9] while under 
cell-free conditions of alkaloid biosyn-
thesis ( 5 ) is the crucial intermediate; 
this indicates that specific enzymes are 
involved in the metabolic sequence 
from ( 1 ) to ( 5 ) . 

Compound (J), among others, has 
previously already been considered [4] 
on theoretical grounds to be involved in 
monoterpenoid indole alkaloid biosyn-
thesis. A highly interesting hydride 

Co 

trapping experiment using N a B H 3 C N 
in the conversion of ( 1 ) to heteroyo
himbine alkaloids under non physiolo-
gical conditions has recently been con-
ducted by B R O W N et al. [9]. This ex
periment, however, did not give evi-
dence for the naturally occurring inter
mediate ( 5 ) reported here. The propo-
sed biosynthetic pathway leading to 
the Corynantbe-type alkaloids ( 8 - 1 0 ) 
with hypotensive activity is shown 
below. 

• H 2 0 
- G l u c o s e 

N N H 2 H 3 C 0 2 C 
H 

Try p t a m i n e S e c o l o g a n i n 

,*0H 

L H 3 C 0 2 C 

[2) 

20L 

H 3 C 0 2 C " 

•H 
" C H 3 

1 9 - H 2 0 - H 

A j m a l i c i n e (8) ß ß 

1 9 - e p i - A j m a l i c i n e ( 9 ) a ß 

T e t r a h y d r o a l s t o n i n t ( I O ) ß a 
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