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-:- Employing flavine co-enzyme mediated photooxidation and 

reduced nicotinmids-adenine dinucleotide (p-NADH) a# resetant, 3'.4'- 

anhydrovinblestine (4) is transformed into vinblastina ( 5 ) .  4'-dsoxy- 

leurosidins (14). vinamidine (8) and its reduction product (16). In 

this biomimsric transformation of 4 to the end products, unstable 

intermediates are recognized and their etructuras satabliahed by 

appropriate deuterium labelled experiosnt~. The raeults abtdnsd 

provide important information on the nature of biointermediateli involved 

in the later stages of the biosynthetic pathway of vinblastine and 

related biaindols alkaloids. Contrary to earlier speculations proposed 

from varlous laboratories. 4 is gpf a biasynthatie precursor for the 

above-mentioned alkaloids. Its formation is the result of regiospecific 

1.2-reduction of the true biarynthetic precursor, the highly unstable 

dihydropyridiniun intermediate 3 .  The latter, after enzpatically 

controlled conversion to 10. 11 and 12, then affords routes to the 

alkaloids 5 ,  8 and 14. 

~esults of our recent investigations of the biosynthetic pathways to vinblastina (5) and the 

related bisindole slbloide have established the pivotal role of the dihydropyridinium 

intermediate 3 (Scheme 1) linking the two monowric units. catharmthins (1) and vindoline (2) 

ra che various bisindole allalold~~'~. The sane dihydropyrldlnium ayatam (3) was also found t o  

3 be the initial product in the biotransformation of 3'.4'-anhydrovinblastine (4) . Howevsr, 

under the conditions employed, the apparently more stable and predominating oxidass and/or 

peroxidase trpe enzyme systems obtained from the G .  cell culturss. resulted in further 



oxidation of 3 and/or subsequent biointsmsdiats~ with formation of the higher 

oxidation atate matsbolitas, leuroeina (6 ) .  catharins (7 ) ,  vinamidina ( 8 ) .  and hydroxy- 

vinamidine (9) (Scheme 1). The yield of vinblastine (5) obtained in these mtudies was very lov 
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Scheme 1 Osar.11 Summary of E n a p t l c  Cmtplinp of Catluranthina (1) and 
Vlndollne (2) and Biotransforp.tion of 3',4'-r\nh,drorlnblastine 
(5) to Varlau Bislndole Alk~loldr. 
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(generally 1-3a). It was clear that if higher yields of 5 were to be realized, serious 

consideration must be given toward the understanding of the various biointermediates which Dust 

be involved in the enzymatic bioeonvsrsion of 3 to vinblastine. The studiee presented here 

address this aspect of the bioaynthstic pathvay. 

In considering the bioconversion of 3 to 5, we envisaged that the former biointermediate once 

formed must be Dreferenfiallv reduced in an initial reglospecific manner (1.4-reduction), to an 

enamine intermediate (10) (Scheme 2). The latter upon selective oxidation (hydroxylation) at 

C4' could afford the iminium species 11 and/or 12 which then in a 1.2-reduction process would 

provide, respectively, the alkaloids vinblastine (5) and leurosidine (13). Evaluation of this 

postulate could proceed via the FWN-medieted photooxidation of 3'.4'-enhydrovinblastine (4). 

4 
as described in the accompanying publication , since this method affords an excellent procedure 

to obtain the highly unstable 3 under enzyme-free conditions, and subsequent studies of 1.2- 

versus 1.4-reduction of 3 under enzyme-like conditions. for example, with reduced nicorinsnide- 

adenine dinucleotide (p-NADH). We had already shown in our srudies involving enzymes isolated 

from s. cell cultures1", that 6-NADH and NADPH can play important roles as cofactors in 

ths enzyme-caralyred synthesis of various bisindole elkaloide. Indeed. as vill be shown below, 

this approach has been highly informative in evaluating the biorransformetion of 3 to 

vinblestine (5) and leurosidine (13). The information thus obtained, casts important light on 

the later stages of the biosynthetic pathway and, in parallel with chemical studies to be 

described in the accompanying publicetiod, has led to the development of a highly efficient 

chemical oyntheeis of the clinical drug vinblastine (5) from catheranthine (1) and vindoline ( 2 )  

A Tris-HC1 buffer solution of reduced nicotlnamide-adenine dinucleotide (8-NADH. 8 equiv) was 

4 
added to a methanol-Tris-HC1 buffer solution of FNN-generated 3 and the reduction (4.5 h) 

afforded two major produets (851 yield). Direct reverse-phaae (Waters C-18 and CN column*. 

methanol:watar, 27:23) HPU: monitoring revealed a 4:l ratio of products. The minor component 

was identified ea 4. regenerated by 1,Z-reduction of 3. The major product identified as the 

enamine (10). (Scheme 2). was found to be unstable under the condition. for actual isolation 

and was characterized by further reduction (direct addition of NaBH4 to reaction mixture, 0' C) 

to the k n o w  compound. 4'-deoxyleurosidine (14). The atrueturd eaaigment of the enamine was 

further confirmed by a deuterium incorporation experiment (NaBD4 added directly to reaction 

mixture. 0' C), which atforded 14 containing one deuterium atom at C5' (maas spectrometric 

analysis, HRMS: m/z 795.4275, u+, eslcd. for C46H57N408D - 795.4317; 139.1348, ealcd. for 
C9H15ND - 139.1345). 
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Scheme 2 

'The enmine (10) obtained in the above reduction and without i~olation, was subjected to 

various oxidation conditions (air, oxygen, HZOZ, horseradish peroxidaas/air, horseradish 

paroxid.sa/H202). In a11 instance., the reaction was performed in the dark. The most 

eonvanlent and best conversion. in tams of overall yield to vinblasrine ( 5 ) ,  warn direct 

aeration although the rate of oxidation of 10 was higher with horseradish psroxldsss/alr or 
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hor..ndish peroxidasa/H 0 (3 time. fearer). The resultant unstable int.rmediate, assigned 
2 2 

structure 11 (Scheme 2). we. direetly reduced (NaBH,, directly added to reaction mixture, room 

tamperature) and afforded vinblastins (5). Formation of the iminiu. intermediate 11 was 

further supported by deuterium incorporation (NaBD4) to afford deutariun labelled vinblaatina 

+ (mass spsctrometric determination. WUIS: m/z 811.4260, I9 , calcd. for C H N 0 D - 811.6266). 
46 57 4 9 

Furthermore, when the borohydride reduction atsp vas omitted, no vinblastine (5) was obtained, 

instsad the major product isolated vas identified as vinanidina (8) (528). 

Formation of 8 can be rationalized by hydro1y.i. of iminium 11 and mubssqusnt ring cleavage 

(Scheme 3). Confirmatory evidence to support the hydrolytic pathvay shorn In Schema 3 was 

obtained when the raeulrant mixture containing the intermediates 11/12 was treated with NaBH 
4 

Under these conditions, s significant mount of a reduction product of vinmidlne (see 16 in 

Schema 3) (208) was obtained in addition to vlnblastine (5) (238) .  

Reductlon - 
OC-CH3 

3 CH3 0 

I Reductlon 

Reductlon 



Although leurosidine was not detected in the find product mixture, formation of its pre- 

cursor (12) cannot be excluded entirely. Hydrolysis of 12, followed by ring opening similar to 

that shown in Scheme 3 for the vinblestine precursor (ll), will also lead to 8. The rate 

of this process for 12 may be much faster than for 11, under the reaction conditions employed. 

In conclurion, the above results provide considerable support for the overall biogenetic reherne 

for the later stages of the biosynthetic pathway for vinblaarine (5) end the other bisindole 

alkaloids as outlined in Scheme 1. Thus, 3',4'-anhydrovinblestine (4) is formed by 1.2. 

reduction of the initially formed dihydropyridiniwn intermediate 3 while the route to 

vinblastine (5) involves sequenrial 1,4-reduction of 3, followed by oxidation (hydroxylation) 

to 11 and finally reduction to ( 5 ) .  The isomeric alkaloid leurosidine (12) is similarly formed 

from 12. a reduction of the enamine 10 occurs pTiPE to oxidation, the knarm compounds 4 ' -  

deoxyvinblastine (15) and 4'-deoxyleurosidine (14) are the products formed. It is of interest 

t o  Dore that 4 and 15 have been isolated from G. plants6" and & and 15 were impliceted 

previously as biosynthetic precursors to vinblastine8-lo. The present data reveal that these 

alkaloids are formed from the true biosynthetic inrermediareo 3 .  10 and 11/12 vie stepwise and 

enzyme controlled reductions and oxidations. Consideration of ell of these factors has, in a 

5 simultaneous study in our laboratory and reported in the accompanying publication . led to the 
development of a highly efficient synthesis of vinblastine. 
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