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Summary: The structures of some of the intermediates in Saulnier-Gribble 
have been determined. One of the intermediates 8 has been converted to 
blcarbazoie-1 l-methanol, an alkaloid isolated from Srrychnos dinklagei . 

synthesis of ellipticine 
5-methyl-6%pyrido[4.3- 

The alkaloid ellipticine (1. 5.11-dimethyl-6H-pyrido[4,3-blcarbazole) has generated 

considerable interest as a result of its antitumor properties in animals and humans.1 In a previous 

paper2 we reported the synthesis and antitumor activity of 11-methyl-6H-pyrido[4,3-blcarbazole 5- 

methanol-N-methylcarbamate 2 and suggested a mechanism to account for the antitumor activity of 

ellipticine which differed from the one proposed by Auclair and Paoletti.3 In our suggested 

mechanism we postulated that the methyl group at C-5 in ellipticine is tbe site of metabolic 

activation. However there was no compelling evidence to rule out activation at the alternate C-11 

methyl group. 
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1. RI= Rp = C& (ELLIPTICINE) 
2. Rr =Cl+OOCtWCHs, Rs=CH3 
3. Rl =%a Rz=cHm 

5. Rt= s b-W 

6. RI =CHO, Rs-CHs 
7. Rl =CH3, &=CHO 

Koch et aL4 isolated ten alkaloids from the stem bark of Srrychnos dinklagci. Among them 

were four known 6H-pyrido[4,3-blcarbazoles including ellipticine 1 and four new ones. Of 

particular interest was 5-methyl-6H-pyrido[4,3-blcarbazole-1 l-methanol 3, which was present in 

very small quantities and obtained as a non-crystalline solid. It was characterized by means of a 

high resolution mass spectrum which furnished the correct empirical formula and an NMR 

spectrum run on a Bruker 270 MHz instrument. Suffness and Cardelll suggested that this compound 

be evaluated for anticancer activity, but up to the present time insufficient quantities have been 

available for testing from natural sources. In this communication we report the total synthesis of 

the alkaloid 3. 

A number of methods are available for the synthesis of ellipticine and many of its analogs.l*S 

However, functionalization at C-11 position of ellipticine has not been reported. In 1982, Saulnier 

and Gribble6 reported a synthesis of ellipticine utilizing the ketolactam 4. which was obtained from 

indole in five steps. The versatility of this ketolactam has been illustrated in the synthesis of 

5845 



5846 

several dialkyi substituted pyrido[4.3-blcarbaxolcs. 7 For example, treatment of the ketolactam 4 

with 1 equivalent of 2-lithio-2-trimethylsilyl-1,3-dithiane followed by 1 equivalent of 

methyllithium afforded a tertiary alcohol which was immediately reduced with NaBH4 (EtOH, reflux) 

to give the corresponding C-5 dithiane 5, which on hydrolysis gave 5-formyl norellipticine 6. 

Addition of first, vinyllithium and second, methyllithium to the dione 4 followed by reduction with 

NaBH4 gave 5-vinyl-11-methyl-6H-pyrido[4.3-blcarbazole which on careful oxidation afforded the 

aldehyde 6 .* Our attempts to reverse the above order of addition of the organolithium reagents did 

not furnish the desired precursor of 11-formyl ellipticine 7. However we found that when the 

dione 4 was treated with 1 equivalent of methyllithium at -6PC and the reaction was quenched at 

+lO”C with solid ammonium chloride, the lactam carbinol 8 was obtained as the major product.g 

When the above reaction mixture was quenched with water instead of solid ammonium chloride, the 

LiOH produced hydrolyzed lactam 8 to give the lactone 9 in 65% yield after acidic workup1 o 

Conversion of lactam 8 to the &tone 9 in LiOH went smoothly. 

5 STEPS 

INDOLE -_ 

14. R = CH(SEt)2 
15. R = CH(OMe)z 

7. RPCHO 
3. R=CH&ti 

13 

Similarly treatment of the dione 4 with one equivalent of MeLi followed by trimethylsilyl 

chloride iu&u gave the TMS ether 10.11 Both 8 and 9 on reduction with NaBH4 (EtOH. n-flux) gave 

11-norellipticine 11 in 60-7096 yield. Treatment of lactone 9 with methyllithium at O’C for 2 hrs 

followed by NaBH4 in refluxing ethanol for 8 hrs gave ellipticine 1 in almost quantitative yield. 

However when the lactam 8 was subjected to the same reaction conditions, two products were 

isolated. The minor product was ellipticine (10-1546) and the major product was diol 12. The 

structure of the diol 12 was determined by NMR, and MS data.12 The formation of the tertiary 
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carbinoi 12 is the first direct evidence that 13 is an intermediate in the Saulnier-Gribblc synthesis 

of ellipticine as suggested by these authors. 6 The isolation of lactam 8 in the high yield is evidence 

that it is the first intermediate. in the Saulnier-Gribble synthesis of ellipticine.6 

The lactone 9 proved to be a very useful compound for introducing functionality at the C-11 

position of ellipticine.13 After a number of unsuccessful attempts to add aldehyde equivalents such 

as 2-lithio-l-trimethylsilane-l~3-dithiane,14 or lithio derivative of formaldehyde diethylmercaptal 

monosulfoxidel5 to 8.9. or 10. we were successful in condensing 9 and 10 with the litbio derivative 

of formaldehyde diethylmercaptal 1 6 to give, afttr reduction with NaBH4 (EtOH. reflux) and flash 

chromatography, the mercaptal 14 in 2535% yield. 17 All attempts to hydrolyze compound 14 with 

mercury chloride-mercuric oxidel8. perchloric acid15a. mercuric chloride-cadmium carbonatclg, 

formic acid16, NBS~O. NCS-AgN0321, AgN03-EtOH22 failed or gave intractable mixtures. When 14 was 

treated with four equivalent of bis(trifluoroacetoxy) iodobenzene23 in aqueous acetonitrile ( 1:9)2 4 

at room temperature 1 I-formylellipticine 7 was obtained in 80% yield after chromatography.25 

Reduction of 7 with 5 equivalents of sodium cyanoborohydride and a few drops of CF3COOH in 

absolute ethanol at room temperature gave l1-hydroxymethyl-5-methyl-6H-pyrido[4.3-b]carbazoIe 

3 in almost quantitative yield. After column chromatography the compound was obtained as a 

yellow crystalline solid, mp 312-320°C. whose NMR spectrum was essentially identical with that 

reported by Koch and his colleagues.4 The infrared and mass spectrum were in accord with the 

assigned structure.26327 
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