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ABSTRACT. Preliminary investigations have led to the discovery that ferric ion can couple 

catharanthine and vindoline, in aqueous acidic media, to produce 3',4'-anhydrovinblastine as 

the major product. A conversion of 77% couldbe realized under optimized'conditions. 

Alkaloids derived from plants of the Apocynacae family have long been known for their 

medicinal properties (1.21. Of these, the Vinca alkaloids vinblastine (VLBl and vincristfne 

(VCR). isolated from the leaves of Catharanthus roseus, are proven chemotherapeutics in the 

treatment of various carcinomas (1.3-51. However, these compounds comprise only a minute 

fraction of the overall alkaloid profile (6.71 thereby complicating isolation and 

concomitantly, limiting availability of these anti-tumour aqents. Such shortcomings have 

spurred numerous investigations into possible synthetic routes of production (81. 

In comparison with the dimerfc products, the Aspidosperma (vindoline) and Iboga 

(catharanthinel constituents are relatively more plentiful; thus, rather than attemating the 

more arduous total chemical synthesis, many groups (g-141 have concentrated on the coupling 

reaction leading to the production of an fntennadiate in VLR and VCR synthesis, 

3'.4'-anhydrovinblastlne (AVLBl (15,27,31,34). Most of these processes, although effective, 

renuire extremes of reaction temperature and initial activation of the Iboga moiety. In 

contrast, we report here on a unique, simple reaction for the production of AVLB utilizing 

ferric ion. 

Investigations into reaction conditions resulted in optimal AVLB levels being obtalne4 

frcan the incubation of the monomers with lOOMi ferric ion in aqueous acid (O.fllN) for a 

period of 1 hour. Incubation beyond this period, regardless of reaction mixture 

composition, did not signlffcantly increase AVLB production fc.a. 55% converslonl but rather 

resulted in the transformation of AVLB to its higher oxfdatlon products, leurosine and 

catharfne (15.31.35-401. 

Attempts to decrease oxldative product formation Involved Incubation of the reaction 

mfxture under an inert atmosphere of argon. This resulted in greater than 77% converslon of 

monomers to the dimeric product. Similar AVLB levels could also be realized If sparglng 

with argon was conducted invaedlately prior to reduction of the sample. Addition of 

L-cystelne or ascorbate (Fig. 11 proved effective under these condltlons as well, suggesting 

a ferroxy complex as being responsible for the observed degradation. 

Anhydrovfnblastlne production was confirmed utlllrlng a nuPlber of physical and 

spectroscopic techniques. Co-migration of samples with known standard on HPLC and two TLC 

systems, as well as UV-spectral analysis, prov?ded preliafnary evidence for AVLB presence In 

the incubatfon mixtures. Further purification by preparative TLC and subseequent mass 

spectral analysis provided definitive prcof for the coupled product as AVL8. 

Inltlal attempts at dlmer synthesis (17-211, resulted In the production of collpounds 

exhibiting no biological actfvlty. This was attributed to an Inappropriate stereochemistry, 
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Figure 2: Reaction mechanism for Iron (III)-Catalysed Dfmer Production 

A proposed reaction sequence for the coupling of catharanthine and 
vindolfne by Fe(III1 is illustrated. 

COMPOUND IOR IONIC IOWIZATION STAROARD CONVERSION 

zYS 
POTENTIAL POTERTIAL 

(electron-Volts) (VoltsJ 
(4) 

Ferric chloride Fe(III1 6.4 30.643 0.770 77 

Ferrous Sulfate Fe(III 7.4 16.180 0.409 0 

Hexachloroplatinic acid PUIV) 6.5 n/a 1.470 0 

Rhodiun trichlorfde Rh(III1 6.8 31.050 0.440 0 

Nfobius pentachloride Rb(Vl 6.9 50.000 0.344 0 

Manganfc acetate Mn(II1) 6.6 33.690 1.510 0 

Cobalt hexamine chloride Co(II1) 6.3 33.490 1.842 0 

Ceric sulfate Ce(IV1 9.2 36.720 1.7w 0 

Molybdic acid No(H) 6.2 68.000 0.480* 0 

Cupric chloride CUIII) 7.2 20.292 0.170* 0 

*Reference 33 
n/a - not available 

Table 1: Other Conipounds Assessed for Their Ability to Produce AVLB 

Compounds capable of generating ions chemically similar to Fe(II1) by 
virtue of their ionic size or oxfdirfng ability were assessed in the 
coupling assay. (Data compiled from reference 32 but for (*l which was 
obtained from reference 33; n/a = not available). 
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A simpler explanation for the predominance of the alpha coupled product may be that the 

reaction procedes in a concerted manner (Fig. 3) thereby facilitating vindolfne attack via a 

$12 mechanism which would preclude beta coupling (12,351. Such a concerted mechanism can 

also be explained in terms of the experimental evidence presented. Thus, efther of the 

proposed mechanisms may be valid. 

3' Fe2+ 

‘“u 

Figure 3: Proposed Mechanism for Concerted Coupling Reaction 

Concerted attack of vindolfne and subsequent ferric oxfdatfon leads 
exclusively to Pccoupled product. 

Whether this reaction is biomimetfc is difficult to ascertain but it may provide, in 

conjunction with recently described enzymatic processes (2R-301, an essential precursor for 

vinblastine and vincrfstine bfosynthesis. This fact is apparently substantiated by the 

discovery of trace amounts of what appears to he vinhlastine amonqst the incubation 

products. However, this evidence is very preliminary and requires further investigation. 

In conclusion, a simple economical reaction for the synthesis of 

3'.4'-anhydrovinblastine from its constitutive monomeric components throuqh ferric 

ion-mediated coupling in acfdfc aqueous media has been presented. Levels as high as 77% 

conversion may be realized if precautions to prevent oxidative degradation are utilized. 

EXPERIMENTAL 

Catharanthfne (CATH-Sl, as the hydrogen sulfate salt, and vindolfne (VINO) were 

obtained from Gideon Richter (Budapest, Hungary) and were stored dessicated at -2O'C until 

used. AVtB and higher oxfdatfon products (leurosine and catharfnel were synthesized as 

previously described (11). All other chemicals of the appropriate grade were ohtained from 

Fisher Scientiffc Co. (Toronto. Canada), with the exception of glycine (free base) 

purchased from Sigma (St. Loufs. USA), and utilized without further nurffication. 

The monoemr solutfons were prepared immediately prior to use in either Mfllf-Q Qp grade 

(Hillfpore. Hississauga, Canada) water (CATH-Sl or O.OlN hydrochloric acid (VINDl and added 

to the aqueous reaction mixture at a final concentration of 2OUfl. Couolinq was initiated 

through the addition of ferric or other fons of interest to final concentrations ranginq 

from 20-1nOmM in a total reaction volume of 6 ml. Aqueous media utilized included O.lM 

glycfne buffer (pH 2.0, 2.5 and 3.0 at 4'Cl and various organfc (acetic1 and inorganic acids 

(sulfuric, phosphoric, hydrochloric and nitric). 

Samples were incubated, in duplicate, either in air or under an inert argon atmosphere 

for times of 0.5, 1 and 2 hours with gyratory shakfng (ca. 80 cycles/minute) at 4-C. After 

the designated time period, reactions were quenched by addftfon of 1 ml of a solution of 

sodium borohydrlde, in 14M aqueous ammonium hydroxfde, to a final reductant concentration of 

lonlrl. The effect of the additfon of anti-oxidants (L-cysteine or ascorbatel, on the diner 

profile, as opposed to sparging of the sample with high purity argon prfor to reduction, was 

also assessed. 
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beta-orientation. about the coupling site (9,23,241. Circular dfchroism performed on the 

AVLB sample isolated tn the present work, as well as 'H-NW analysis, confirmed the presence 

of an alpha-coupled product through corresponding Cotton transitions and the absence of 

peaks betkeen 4 and 5 p~pl in the NMR spectra (9. 231. 

80 
CONCENTllATION (a#!) 

Qo ll 

Figure 1: Anti-oxidant Addition and Dimer Formation 

Varied levels of the anti-oxidants, L-cysteine and ascorbate were added to 
the incubation samples immediately prior to reduction with sodim 
borohydride. Dfmer levels achieved (AVLB:L-cysteine(m1, oxidized 
products:L-cystefne(o), AVLRtascorbate(o1 and oxidized 
products:ascorbate(All are noted above. 

Mechanistically, the reaction may be seen to proceed as illustrated (Fig. 2). Ferric 

catalysed oxidation of the tertiary amine (Nbl of catharanthine (I), as proposed by Smith 

and co-workers (41-471 leads to the production of the cationic radical species(II1. 

Rearrangement and subsequent fragmentation between C,,,, leads to ring opening similar to 

that achieved with the modified Polonovskf reaction (9.10,12,481. Suoh fragmentation is 

favoured owing to conjugation of the C,,,, double bond and the generated CsI-Nb iminiur 

ion as well as the production of a resonance stabflised radical at C,,. A second oxidation 

followed by nucleophilic attack of the diimfniun(IVl by vindolineiV1 (17,201 results in the 

formation of the iminiura (VI) which upon borohydride reduction yields AVLB (12,28,48,49). 

Previous work (12.25.351 has shown that there is an equilibria established between the 

two possible diiminiun intermediates, prior to coupling, allowing for the production of 

either alpha (kinetic) or beta (thetntodynamic) isaners. Enhancement of kinetic product, 

utilizing the modified Polonovski reaction, may be achieved at low temperatures by 

"freezing" the diiminiun in the kinetic conformation; however, Iron (III) confers proper 

stereochemistry at temperatures that favour formatlon of the thermodynamic oroduct. 

Therefore, this "freerfng" effect may arise as a result of coordination of the ferric ion 

with the kinetic internedlate therehy acconnodatinq alpha-coupling. This premise appears to 

be corroborated by the finding that onlv freely ionizeable ferric sources are capable of 

supporting.the coupling reaction. Ferric complexes includinq sodium ferric-EOTA, ferrftfn, 

ferric pyrophosphate and graphite-imnobilited ferric chloride were all found to be inert. 

The requireRent for appropriate co-ordination chemistry as well as redox chemistry is 

further emphasized by the inability of chemically similar ions (Table 1) to support the 

coupling reaction. 
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Alkaloids wre recovered through extraction of the samples with ethyl acetate (3 x 6 

mL1. (Extraction efficiency exceeded 95%). Extracts thus obtained were dried in vqcuo, 

reconstituted in 2OOiL of HPLC-grade methanol and passed throuoh a 0.45 fl filter 

(Millfporel fnxnedfately prior to HPLC and TLC analysis. 

HPLC was performed on a Waters R40 chromatography system (Waters, MissisSaUga, Canada) 

utilizing a Pierce 5 #i RP-A cartridge (14 x 220 mnl (Chromatographic Specialties Inc., 

Brockville, Canada) in conjunction with a complex gradient (30) of 55-90X methanol in 

Hilli- water containing Pic@A modifier (Waters). This regimen provided resolution of all 

the peaks of interest within a 30 minute run time. Peak identity was verified through UV 

spectral analysis (190-350 nml of peaks co-eluting with known standards with a 

Hewlett-Packard 1040A multiple diode array detector (Hewlett-Packard. Missfssauga, Canada). 

Further verification of dimer formation was provided through TLC analysis (Silica gel; 

al ether:chloroform:methanol (50:35:20) containing 1.5% (v/v) triethylamfne) or 

bl toluene:acetone:methanol:14M ammonium hydroxide (138:49:10:2.5). Sample lanes were 

scanned on a Shfmadzu CS-930 dual wavelength TLC scanner (Tekscience, Oakville, Canada) and 

the UV spectra generated compared with those of co-migrating standards. 

For preparative purposes, pooled samples were developed in TLC solvent system (a). Bands 

of interest were scraped from the plate and extracted (3 x methylene chloride:methanol (2:ll 

containing 1.5% (v/v) triethylaminel. Alkaloids obtained in this manner were checked for purity 

by HPLC and subjected to mass spectral and circular dichroism studies, as previously described 

(30). as well as 'HHHR (CDcl,) analysis on a Bruker WPGO SY unit. 

3', 4'-Anhydrovinblastine (AVLD) 'H-M@ (CDCls, 500 HHtl 61.01 (t, Jm8k, m), 2.10(s, 3H). 

3.62(~,3ti), 3.79(s,3Hl, 3.82(s.3~), 5.45(s,lH), 5.51(m,lHl, 5.84(~ 1H). 6.12(s.lH); HRDmS 

calcd for C,,H,,N,,Oa 792.4100, obtained 792.41oO(ti.2 -1; CD (EtOH, tixl 2581~s 

(be +131. 
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