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The first total synthesis of the indole alkaloid vinoxine 
and the reassignment of the relative configuration at 
carbon-16 in this alkaloid is reported. 

Vinoxine' is a minor indole alkaloid isolated in 1967 from Vinca minoh L. 

Its planar structure 6, lacking the characteristic tryptamine unit present in 

the greater part of indole alkaloids and having, as pleiocarpamine, 
2 a bridged 

2,7-diazabicyclo[3.3.1] nonane moiety and an exocyclic E-ethylidene substituent, 

was established some years later. 
3 The relative configuration at C-164 depic- 

ted in 
4 
R was assigned to vinoxine from the chemical shift of the H-16 proton 

in the H-nmr spectrum (64.84), coincident with that of 16-epipleiocarpamine 

(64.74) but different from the one reported for pleiocarpamine (65.26). 

In contrast to pentacyclic alkaloids of the C-mavacurine group' related to 

vinoxine, no synthesis for this alkaloid has been described yet. In previous 

papers we reported the synthesis of the fundamental tetracyclic framework of 

vinoxine. 
6 
Our synthetic approach implied closure of ring C by formation of 

the C2-C3 bond in the key synthetic step through intramolecular cyclization of 

an appropriate piperidinium salt upon the indole 2-position. The same method- 

ology was used to synthesize a 19,20-dihydro derivative of vinoxine. 
7 

We present here the first total synthesis of vinoxine. The synthesis is 

based on the intramolecular cyclization of a suitably substituted dihydropyri- 

dinium salt upon the indole 2-position. On the other hand, due to its high 

stereoselectivity, among the numerous methods of generating the exocyclic C-20 

E-ethylidene substituent developed in alkaloid synthesis8 we selected that 

based on the hydrolysis and decarboxylation followed by sodium borohydride re- 

duction of f3-(1,4,5,6-tetrahydro-3-pyridyl)acrylate systems' such as 4. 

The required doubly vinylogous urethane ,$ was prepared in 12% yield as a 

mixture of C-16 epimers 10 in a two step "one pot" synthesis by reaction of es- 

ter ,j, 11 
with pyridinium bromide 4 l2 in the presence of LDA, followed by treat- 

ment of the intermediate 1,4_dihydropyridine 2 with hydrogen chloride in ben- 

zene. The ability of N-alkylpyridinium salts having electron-withdrawing sub- 

stituents at the 3-position to react with ester a-anions at the y-position of 

the pyridine ring has been previously applied in alkaloid synthesis. 
13 

On the 

other hand, it is worth mentioning that the cyclization proceeded regiospecif- 
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ically since protonation occurs at the B-carbon of the unsubstituted enamine 

function rather than at the doubly vinylogous urethane moiety. 

The structure of $J and $$ was inferred from its ‘H and 13C-nmr data. 
10 

Thus, a singlet for the indole 3-proton and an apparent triplet due to the 

bridgehead C-3 methine proton clearly indicated that cyclization had occurred. 

The observed coupling constant of the doublet due to the C-16 methine proton 

was 1.2 Hz in the major isomer $e and 5.4 Hz in the minor C-16 epimer ,$k. 

These values are those expected for the relative stereochemistry of this center 

depicted in ,$+R (H-15/H-16 tkanh-relationship) and !JJ, (H-15/H-16 cis-relation- 

ship), in which the approximate dihedral angles in the H-C 
15_c16 -II bond system 

are 80” and 40; respectively. 

As expected, treatment of ,$e with refluxing 4N hydrochloric acid accom- 

plished the hydrolysis of the two ester groups and the decarboxylation of the 

acrylic acid moiety to give a conjugated iminium salt k, which was not isolated. 

Direct reesterification of the 16-carboxy group followed by sodium borohydride 

reduction of the carbon-nitrogen double bond afforded a mixture of vinoxine 

and 16-epivinoxine in 22% yield. This synthetic vinoxine was identical in all 

respects (tic, ir, 
1 H-nmr, 13 C-nmr) with the natural product. 

14 When the same 

reaction sequence was carried out from $k, vinoxine was isolated as the major 

product. 

The natural E-configuration of the ethylidene chain in both isomers was evi- 

dent froin the observation of a positive NOE effect for the signal corresponding 
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Reagents: (i) IDA, THF, -3O’C, lh; (ii) C6H6-HCl, pH=3.5-4; (iii) 4N HCl, lOO’C, 2h; 

(iv) 1.5N MeOH-HCl, r.t., 18h; (v) NaBH4, MeOH, O’C, lh. 
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to H-15 on irradiation of the doublet of doublets due to the C 
19 -CH3 group. 

15 

This configuration was not unexpected since the steric interactions between 

C2’-H and Cl9 -I1 in the iminium salt 2 with an E-configuration are lower than 
16 

those between C 21-H and Cl9 
1 

-CH3 in the corresponding Z iminium salt. 

H-nmr spectra of vinoxine3 and lh-epivinoxine 
17 

Comparison of the with 

those of pleiocarpamine and 16-epipleiocarpamine allows the reassignment 3b of 

the relative orientation of the 16-methoxycarbonyl substituent of vinoxine. 

the J,5_,6 coupling constant in lh-epipleiocarpamine 2 Thus, (H-15/H-16 ttlans- 

relationship) is 1.5 Hz, a value similar to that observed for 16-epivinoxine 

(J=l .14 Hz), whereas that reported for pleiocarpamine 2 (H-15/H-16 cio-relation- 

ship) is 4 Hz, similar to that observed in vinoxine (J=6.14 Hz). Accordingly, 

vinoxine has the same relative configuration at C-16 than pleiocarpamine, SO 

it can be depicted as $Q. Furthermore, the observed J15_,6 coupling constant 

of vinoxine is in fair agreement with that expected from the Karplus relation- 

ship for the stereochemical disposition in ,@. 

The above stereochemical assignments are in good agreement with the shield- 

ing of C-14 in the 13C-nmr spectra of $8 and 6%. as compared with ,Q, and 

vinoxine (#), 3 by a y-effect induced by the methoxycarbonyl group. Related 

y-effects at C-20 caused by the methoxycarbonyl group are observed in ,@, and 

vinoxine (,@) when compared with their 16-epimers. 
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