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The enecarbamate (9) on treatment with the Vilsmeier reagent is converted into the aldehyde ( lo) ,  which was 
transformed into (+)-8-oxotabersonine (1 1. 

If the indole-2,3-quinodimethane strategy for the synthesis of 
indole alkaloids1 is to be successful as a method for assembling 
complex alkaloids, it is essential that procedures are devel- 
oped for the introduction of the peripheral functionality.2 In 
this paper we report a direct method for introducing the 
3-methoxycarbonyl group of Aspidosperma alkaloids in the 
context of the total synthesis of (+)-8-oxotabersonine ( l).3v4 
8-Oxotabersonine (1) was isolated from the seeds of Amsonia 
elliptica Roem et Schult, and its synthesis from (&)-&oxo- 
vincadifformine was described by L6vy.5 

The irnine (2)6 was treated with the mixed anhydride (3) in 
PhCl containing Pri2NEt2 heated at reflux to give the 
tetracyclic adduct (4) (58%). While this reaction works in the 
cited yield on a mmol scale, we were not able to increase the 
scale without drastic reductions in yields despite extensive 
experimentation. This problem has been discussed, and a 
solution described in a recent full paper from this laboratory.6 
Although the above restriction exists, nevertheless, (4) is 

available in 210 g quantities, because both (2) and (3) are 
readily available, and the production of (4) is the first step in a 
highly convergent sequence. Oxidation of (4) [m-chloroper- 
benzoic acid (MCPBA), CH2C12, O O C ]  to give the derived 
sulphoxide (4a), followed by intramolecular Pummerer re- 
action gave (5), which was desulphurised with Raney nickel 
in EtOAc to give (6) [82%, from (4)]. 

There are only two methods which directly introduce the 
3-methoxycarbonyl group into substrates such as (6 ) ,  and both 
proceed in low yield.' As a consequence, we were particularly 
interested in examining the electrophilic substitution chem- 
istry of enecarbamates with carbon electrophiles.8 

Conversion of (6) into the thioamide (7) was achieved using 
Belleau's reagent9 in tetrahydrofuran (THF) (-3 to 25 "C over 
1.25 h) in 80% yield. The thioamide (7) was treated with 
p-toluenesulphinyl chloride (2.5 equiv.)-Pri,NEt (5.0 equiv.) 
in PhCl at reflux for 15 min to give the a,P-unsaturated 
thioamide (8) (86%), m.p. 160.5-161.5 "C. 
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Oxidation of (8) with MCPBAlO (1.2 equiv.) in CH2C12 at 
-20°C gave (9) (77%), m.p. 122-123°C. When (9) was 
exposed to the Vilsmeier reagent POC13-dimethylformamide 
(DMF) (20 equiv.), 24"C, 1 h, then 65 "C for 15 min, followed 
by a basic work-up (2 M NaOH), the a,P-unsaturated aldehyde 
(10) (76%) was isolated, m.p. 226226°C (EtOAc), 6H 
9.21(CHO). The Viehe reagent11 (Cl2CkN+Me2C1-) did not 
react with (9). 

All attempts to oxidise the aldehyde (10) to give the 
corresponding carboxylic acid (11) or 8-oxotabersonine (1) 
(Ago; Mn02, KCN, MeOH; NaOC12, etc.) failed, because of 
the reactivity of the 2,3-double bond. To overcome this 
difficulty, (10) was treated with NaH, C1CO2Me, THF to give 
(12) (84%). This compound is also directly available from (9) 
by Vilsmeier formylation, followed by mild work-up to avoid 
hydrolysis of the N-C02Me group; but it is contaminated with 
(lo), and consequently, it is better to reintroduce the 
carbamate. Oxidation of (12) using NaC102, H2NS03H, 
acetone, isopropenyl acetate, 10% aqueous NaH2PO4, fol- 
lowed by diazomethane, gave the methyl ester (13) (88%). 
Mild basic hydrolysis of (13) with 1 M NaOMe-MeOH gave 
(+)-8-oxotabersonine (1) (97%) [m.p. 161-163 "C, (lit. ,4 
151--153°C); U.V. Lmm, (EtOH) 202 (E 15700 dm3 mol-1 
cm-I), 292 (9 600), and 326 (12 900) nm; 1H n.m.r. (300 MHz, 

8.0 Hz), 6.94 (lH, d, J 7.7 Hz), 6.89 (lH, d, J 7.7 Hz), 6.45 
(lH,d,J9.9Hz),5.96(1H,J9.9Hz),4.31 (lH,dd,J11.7and 
6.3 Hz), 3.98 (lH, s), 3.79 (3H, s), 3.39 (lH, ddd, J 11.7,6.3, 
and 6.3 Hz), 2.62 (lH, dd, J 15.6 and 1.9 Hz), 2.07 (lH, d, J 
15.6Hz),1.91(2H,m),1.10(1H,q,J7.3Hz),1.01(1H,q,J 
7.3 Hz), 0.73 (3H, t, J7.3 Hz)]. 

Thermolysis of (13) at 240 "C did not produce any retro- 
Diels-Alder processes that may have eventually resulted in 
rearrangement to give the iboga-type indole alkaloids, or 
fragmentation to give 5-ethylpyridine and a carbazole.12t 
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