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- Extensive studies of various reaction parameters for the 

chemical coupling of catharanthine (1) and vindollne (2) followed by 

evaluation of highly unstable intsrmsdiatcn by careful reaction control 

have provided essentially a quantitative yiald in thia coupling 

reaction. Subsequent regloselective reduction of the resultant 

intermediate 3 by selcst NADH models afford. a high yield of an enamins 

(5) which. without isolation, is ~sleetively oxidlrad to unstable 

iminivm intermediates 6 and 7 and the latter, again without isolation. 

are finally reduced to vinblastins (8, 401). laurosidine (10. 161). and 

3',4'-enhydrovinblastine (4. 121). The entire process of five steps 

( 1 4 1 1  + 2-+3 -+5 -+6,7-+8,10,4) can be achisvsd in a one-pot operation 

and the high overall yield of vinblsstine (8) requires that each reaction 

must proceed in yields in excess of 801. 

hlr .USECIS in the biomimetic conversion of 3'.4'-anhydrovinbla.tins (4) to the important anti- 

cancer drug, vinblastins (8). as described in the pracedlng publlcationl, ha. prompted u8 to 

investigate the adaptation of such a synthetic sequence towards an efficient aynth~sis of 8, 

and in a manner which may be applied subsequently for industrial production (Scheme 1). The 

important features of the above biomimetlc synthesis include: (a) the established pivotal 

role of the conjugated iminium intermediate 3 between the two mnomeric alkaloids, 

catharanthine (1) end vindoline ( 2 ) ,  and the vinblastlne family of bisindolc alkaloids: 

(b) rsgiooelective 1.4-reduction of 3 to the key enmine intermediate 5 by 8-NADH; 



(c)  effective oxygenation of 5 to a vinblsstins prscuraor 6 .  end (d) borohydrids reduction 

of the latter to yield vinblastlns (8). 

The main drawbacks of the above process ars the relatively lor overall yield of 8 from 4 

(23%) end the requirement of excess costly ,9-NADH for the reduction of 3 to 5 .  The main 

rearon. for the low yield of 8 are the formation of vlnamidine (9) due to hydrolysis of the 

imlnium intermediates 6 and/or 7 and non-excluaivs ragiospscifie 1.4-reduction of 3 thereby 

resulting in some regeneration of 4 (20%). To minimize hydroly.1~ of the iminlum inter- 

mediates we prepared 3 (>US%) directly under anhydrous conditions by the modified Polonovski 

2 
coupling reeetion of catharanthins (1). via its N-oxide (It), vith vindoline (2 )  . Anhydrous 

conditions were also maintained in subsequent eteps by using NADH modal. for the 1.4-reduction 

of 3 ro 5. Various NADH models (12-21) vere studied for the ragioasleetlve reduction. 

We found that N-substituted 1.4-dihydronicotinemide. pos~easing functional group8 such as 

ester or cerboxylic acid, capable of coordination wlth the lrniniwo ion ( 3 ) .  to bs the m o s t  

effective in producing the enamins 5 .  Results are listed in Tabla 1. 

Because of the more ready separation of 18 (and its oxidirsd form) in the work-up process. 

18 was selected for further optimization studies. Of the various parameters axsnined, 

lovering the temperature of the reduction was most affective in improving the yield of ensnine 

5 .    able 2 shows that at -40' C a ratio of 4.2:l in favor of the 1.4-reduction product 

5 was obtained. Further reduction of 5 to the corresponding saturated derivatives (4'-deoxy- 

leuroeidine and 4'-deoxyvinblastine) vas also suppressed. The yield of the combined 

products. 5 and 4, elso increased to 850.  These r e ~ u l t ~  represent an overall improvement on 

the regioselectIve 1.4-reduction of I when compared wlth that by p-NMH aa dascribed in the 

1 preceding publication . 
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Scheme 1 .  A Highly Eff lc lent  "One Pot" Proce.8 for  the Synthesis of 
Vlnblastlns (8 )  and hurosldina (10) from Catharmthine (1)  
and Vfndoline (2). 



scheme I (continued) 
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Table 2. Effect of Temperature on 1.4- vs. 1.2-Reduction of Iminium 3 by 18' 

Temp. (' C) 1.4-:1.2-Reduction Products 
b yieldC 0 )  

(5): (4) 

a 
b 

6 equiv. of 18, reaction monitored by HPU: to completion. 
Quentitation by HPLC. 

e Combined 1.2-reduction (3'.4'-anhydrovinblaatins. 4) + 1.4-reduction (enanlna. 
5) products. Yield represents overall yield and is based on vindoline utillzsd. 

Results of oxidation studies of the enmine 5 with various reagents are ~ h o m  in Table 3 

 able 3. oxidation of ~namins 5' with various ~xidizing system. 

Oxidizing Conditions 
b 

Yisld (\)' 
System Vlnbla.tine (8) Laurosidine (10) 

FnN/sir 1-3 equiv.. 25' C, 0-3 h 

FeC12/H202 1.2-2 equiv.. FeC12: 3-20 equiv. H 0 
2 2  - 

FeCl3/H2o2 8 equiv. FeC13; 3-20 equiv. H 2 0 2 2 

CuC12/air 
d 

1 equiv., 0' C. air. 30-120 nin 

Fe (a~ac)~/aic d 1 equiv.. 0' C.  5-10 min 6 
2 

FsC13/air d 1 equiv.. 0' C. 5-10 mln 14 10 

Reaction mixture containing 5 and 4 obtsinsd by reduction of 3 with 18 at -40' C war used 
directly. 
A11 oxidations were carried out in the dark. 
HPU: qumtitation after reductive work-up with NaBH,,. Yisld represent. overall yield and 
is based on vindollna utilized. 
Dry air was bubbled through the ~olution at 60 nl/min. Pure 0 was also used, with little 
difference in yields of 8 and 10. 2 

Direct aeration of 5 in the presence of FeC13 was found to be the most effective in introducing 

the desirable oxygenation at the C4' position of 5. It was necessary to carry out a reductive 

work-up or the resulting mixture with NaBH in order to obtain 8 and 10. Thta Implied that 4 

the FeCl,/air oxidation of 5 resulted in the initial fornation of two aplmeric iminiu. 

2 intermediates 6 and 7 aimilar to those described in the preceding publication . Borohydrids 

reduction of the two intermediates 6 and 7 would lead to 8 and 10 respectively. 



Ferric chloride was essential for the desirable oxygenation of 5 at C4'. As shown in Tsble 4 

no vinblastins (8) was obtained in the absence of FaC13. Tvo equlvalmts of FeC13 gave the 

best yield of 8 and this condition was uaed in all eubsaquent optlmizatIon axpsrimente to 

evaluate other reaction parametere. 

Table 4. Effect of Ferric Chloride on Production of Vinbla.tlne (8) from Enmine 5'. 

Amount of FeCl 
(Equivalants) 3 Yield of 

Vinblaatine (8) ( 8 )  
b 

3 10.4 

a Reaction mixture canraining 5 and 4 obtained by reduction of 3 with 18 at -40' C 
war used directly. Reaction conditions: air bubbled through the solution at 60 ml/nin 
for 5-10 mi" at 0' C in rhs dark. 
By reverse-phase HPLC qumtitation, after reductive work-up with NaBH4. Yield represents 
overall yield and is based on vindoline utllircd. 

Tsble 5 shows the effect of varying the length of the FeCl /air oxidation of 5 on the yield of 
3 

8 .  Depending on the scale of reaction, 10 to 20 mi" of reaettan time appeared to be adequate. 

Tsble 5 .  Effect of Tina of Oxidation on Production of Vinblastine (8) from Enanina 5e. 

Time (mi") 

-- 

a Reacti~n mixture containing 5 and 4 obtained by reduction of 3 with 18 at -40' C was used 
directly. Reaction conditions: - 2 squiv. ferric chloride added, air bubbled through 
the solution at 60 ml/min et O'C in the dark. 
By reverse-phase HPLC quentitation after reductive work-up with NaBH4. Yield represents 
overall yield and Is based on vindoline utilized. 

As shorn in Table 6 ,  the most effective temperature for the FaCl air oxidation of 5 on the 
3 

production of 8 is at 0' C to 20° C. 



Tabl. 6. Effect of Oxidation Temperature on Production of Vinblamtine ( 8 )  from Enamins 5', 

45 16.0 

Reaction mixture containing 5 and 4 obtained by reduction of 3 with 18 at -40' C wan 
used directly. 
Reaction conditions: 2 squiv. ferric chloride added, air bubbled through the solution 
at 60 ml/min for 15 min in the dark. 
By reverse-phase HPLC quantitation after reductive work-up with NaBH4. Yield represents 
ovsrall yisld and is based on vindolina utilized. 

Table 7. Effect of Dilutlon on Production of Vinblamtina (8) from Enamina s*. 

Dilution FactorC Yield of 
Vinblastine (8) 0) 

1 19.6 

5 25.2 

10 30.1 

20 29.6 

50 24.7 

Reaction time containing 5 and 4 obtained by reduction of 3 with 18 at -40' C was used 
directly. 
Reaction conditions: 2 eguiv. ferric chloride added, air bubbled through the solution at 
60 ol/oln for 15 min at 0 C in the dark. 
By reverse-phase HPLC qusntitatlon after reductive work-up with NsBHq Yield represents 

overall yleld and is baaed on vindoline utilized. 
Dilution Factor 1 - 3 (100 mg) in 6 ml methenol to which 18 (6 squiv.) in 6 m1 methanol 
was added. (Total volume - 12 ml) Dilution Factor 5 - Total volume of 60 ml. by 
addition of MaOH (48 ml) before addition of Feel3, etc. 

The concentration of enamine 5 for the FaCl /air oxidation was found to have a significant 
3 

effect on the final yisld of vinblastina (8). Rssulte as indicated in Table 7 .  ahowed that 

on dilution of the snamina solution by a factor of 10 to 20 timas before oxid.tlon vlth 

FcC13/sir, the yisld of 8 lncreaaad by almoat 501. Subsequently, by incorporating a11 the 

above optimized condition. and on scaling up the reaction of catharmthine (1. 500 mg) and 

vindolins (2 ,  450 mg) for the initial coupling to prepars 3, the overall yield of 8 was 
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improved to 401 (isolrtsd) b m e d  on the monomeric a1k.loid.. In addition. leuroaidina (10) 

and 3'.4'-anhydrovinblaatina (4) were isolated in 161 and 12t yield respectively. 

For practical purposed and possible cornmarcid application, re have incorporated d l  the above 

synthetic ataps into an overall process conductad in a 'one-pot' operation from carharanchina 

(1) and vindoline (2) (Schanc 1). Isolation of the various Intamadiatsr (3, 5 .  6, 7) is 

necessary and an efficient synthssia of the anti-cancer drugs vinblastins (8) and laurosidina 

(10) is available. Previous symtheses of (8) and (10) were of poor overall yields from the 

3 
monomeric alkaloids (I) and (2) . The use of toxic reagent. such as thallium triacetate end 

osmium tstroxida also made these syntheses leas desirable. 

It should be noted that in this overall process involving five distinct and separate chemical 

reactions in a 'one-pot' operation, an overall yield of 401 for 8 require. that each reaction 

within the sequence must proceed wich yields in excssa of 801. Indeed when yields of the 

additional birindole products 10 and 4 ere considered (avcrdl yield of 681). it ia clear 

that several of these reactions, for example, coupling of 1 and 2 to produce 3 ,  must proceed 

in quantitative yield. Methods of scale-up and development of technology for a future 

commercial process ere presently under study. 
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