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Abstract-Syntheses of four indoloquinolizidine alkaloids having a (19E)- 

ethylidene group at the 20-position, (+)-isositsirikine (1 ) ,  (+)-16-epi- 

isositsirikine (21, and the proposed structures of (+)-rhazimanine (3) and 

(+)-bhimberine ( 4 ) ,  were accomplished and have suggested that the struc- 

tures of rhazimanine ( 3 )  and bhimberine ( 4 )  require revision. 

There have been known six stereoisomeric alkaloids of the indoloquinolizidine struc- 

ture with an ethylidene group (E or Z) at the 20-position and three chiral centers at 

the 3-, 15-, and 16-positions.' Their structure determinations1-3 by spectral 

analysis have encountered serious difficulty due to their flexible structures, par- 

ticularly to & or trans quinolizidine structure, two adjacent side chains at the 
IS- and 20-positions, and a mobile substituent at the 16-position. 

We have now succeeded in the synthesis of all four alkaloids having a (19E)- 

ethylidene group at the 20-position, h., (+I-isositsirikine (11' and (?I-16- 

epiisositsirikine (21,' both with 3a-configuration, and its 30-isomers rhazimanine 

(3)4 and bhimberine ( 4 1 , ~  of which the structures of the latter two alkaloids are 

based on the proposal by Atta-ur-Rahman's group. 

The starting compound, (+)-15.20-trans-3,15-& olefin 7a, for the synthesis of 

these alkaloids was prepared from the indoloquinolizidine 6 with a tetrahydrofuran 

moiety according to the modified procedure6 involving the elimination-addition reac- 

tion that improved the yield of this conversion to 67%. Treatment of the trans-anti 

olefin 7a with sodium hydride at room temperature afforded the thermodynamically 

stable (19E)-lactam 8a7 in 87% yield, which would be formed as a result of the steric 



repulsion between the 19-methyl and lactam carbonyl groups. Similarly, the cis-anti 

olefin 7b6 was converted into the identical lactam 8a in 93% yield. Chemoselective 

reduction of the lactam carbonyl group in the lactam 8a with aluminum hydride fol- 

lowed by treatment of the resulting amino ester 9a7 with methanol in the presence of 

conc. sulfuric acid gave the methyl ester 9b7 in 56% yield. Finally, formylation of 

the methyl ester 9b with ethyl formate in the presence of lithium diisopropylamide at 

-40°C gave the formyl ester 10, which was then reduced with sodium borohydride to af- 

ford the epimeric hydroxy esters 37 (mp 191-192'CI and 47 (mp 202-203'C) in a ratio 

of 2 : 3 upon separation by silica gel chromatography. The structures of these two 

hydroxy esters 3 and 4 were confirmed by the respective nmr spectra and further 

unambiguously by the single-crystal X-ray analysis8 (Figure) on the former isomer 3. 

However, comparisons of the nmr spectra of natural and synthetic rhazimanines and 

bhimberines clearly showed non-identity, thereby suggesting that the structures 

proposed for rhazimanine4 and bhimberine5 by Atta-ur-Rahman's group have to he 

revised. 

Further, the (19E)-olefin 8a was converted into the known key intermediate 129-11 for 

the synthesis of the 3a-alkaloids, (+)-isositsirik~ne (1) and its 16-epimer 2. In- 

version of the configuration at the 3-position was achieved in a manner similar to 

that reported by Winterfeldt etal.' Autooxidation of 8a in trifluoroacetic acid in 

the presence of copper acetate followed by methylation of the resulting acid lla with 

diazomethane afforded the enamino ester llb7 in 63% yield. Reduction of llb with 

sodium borohydride in acetic acid at 5-10°C gave a 1 : 1 mixture of the desired 3.15- 

SJJ lactam 1 2 ~  and the 3,15-anti lactam 8b7 in 90% yield, the former 12 of which has 

been known as the key intermediate for the synthesis of (+)-geissoschizine (5) ,',lo 

(+)-isositsirikine (1) ,11 and 1,)-16-epiisositsirikine (2).11 

In conclusion, we have succeeded in the total synthesis of (t)-isositsirikine (1) and 

its other stereoisomers 2, 3, and 4 ,  all of which possess a (19g)-ethylidene group on 

the corynantheine skeleton and found that rhazimanine and bhimberine have been incor- 

rectly formulated. 



HETEROCYCLES, Vol 27, No 7, 1988 

(1) 16R: isositsirikine 
(2) 16s: 16-e~iisositsi- 

rikine 

(3)  16R: rhazimanine 
(4) 16s: bhimberine 

ROOC 

MeOOC \ 

(5) geissoschizine 

H H 
H,.. 

MeOOC j: 

ROOC 



Figure. X-Ray crystal structure of compound 3 
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