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A~tract 

The key intermediate, 3-acetyl-l-methylcarbazole (3), has been synthesized iii a Diels-Alder reaction of 1 ~methyI­
indolo[3.4-b]pyran-3-one (1) with l-chlorovinyl methyl ketone (2), which was then converted to olivacine (7). 

Keywords: Indolopyrone, Diels-Alder reac~on, regioselectivity. 

Ollvacine, 1,5-dimethyl-6H-pyrido[4,3-b]carbazole (7), was isolated in 1959 fromAspido~ 
spertrUl olivaeum.1The alkaloid was reported to have anticanctt activities, specifically iilhibi­
tion of tumours, such as adenocarcinoma,leukaemia L-1210; myeloblastic ieukaemia, etc.2 

It was shown that the anticancer activity was due to the binding of 'the carbazole with the 
base pairs of the double-stranded DNA of the cancerous cells which then prevented their du­
plication? 

Due to its anticancer activity olivacine has been a subject of synthesis in severallaborato­
ries. Several analogues of olivacine have been made by different routes.4 We describe here a 
new method for the synthesis of the molecule, which would make available analogues of the 
molecule, variously substituted in the different rings,for bi~logical screening. When our syn­
thesis was published,s as It preliminary communication, no such' approach was iqlown: ·the key 
reaction in our. synthesis is the cycloa:ddition of the indolopyrone (1) with a chloroethylene 
dienophile (2) and completing the synthesis according to Scheme 1. 

At the time when we had planned the Diels-Alder (DA) reaction of'the indolopyrone 
(1984), only one report on such reactions had appeared.6 With acetylenes, carbazoles 
were obtained. With ethylenes, for example, maleic anhydride, the product of first DA reaction 
underwent a decarbox.ylation to give a diene, which was then followed by 11 second DA reaOl 
tion (Scheme :2). It was precisely to prevent the second DA reaction that we used I\chloro~ 
ethylene. In conjunction with a base (hindered base) the first DA reaction wpuld be followed 
by not only a decarboxylation but also a dehydrohalogenation to give a carbazole' directly 
(Scheme 1). 
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Scheme 1. 

With the above considerations in mind and towards the synthesis of olivacine, the 1-
methylindolopyrone (1) was prepared according to the procedure of Plieninger et aL "wiih 
so~modifications by changiJlg.the quantities of acetic anhydride and boron trifllloril\eether. 
ate. The DA reaction with I-cblorovinyl methyl ketone (2) in the 'presence of collidine fur­
nished 3-acetyl-I-methylcarbazole (3) in 72% yield. The carbazole (3) was condensed with 
antinoacetaldehyde dimethylacetal in toillene at 100°C. In this teaction, the water drOpMS 
fonned at the sides of the flask after 20 min heating were removed and fresh antino acetalde­
hyde dimethylacetal wa,. added. This proceas was repeated twice. . when a· thick oil was oil-. 
tainl!d. The oil had the 1H NMR corresponding to the expected imine (4). It was not pwified, 
bill was IiedUlled in ethanol using Raney nickel catalyst at 85 psi pressure of ·hydrOgentoobtain 
the antine (5), wilieh oll'tosylation furnished the tosyl detivative (6), VarloUBconditions were 
!tied fot.tilecyclill\ltion of the tosyl detivative to olivacine. The beBtcondition was treating at 
room temperature in dioxane solution with a few drops of conc. HCI. Olivacine (7) waa 01>, 
tained In 65% yield. 
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Scheme 2. 
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Experimental 

M.p.s are uncorrected. The IH NMR spectra were recorded on a Perkin-Elmer R-32 (90 MHz) 
instrument. 

3 -Acetyl-l-methylcarbazole (3) 

I-Methylindolo[3,4-b]pyran-3-one (1) (0.6 g, 0.003 mol) was suspended in collidine.(2 eq.) 
and THF (20 mI, freshly distilled over LAH) in a round bottom flask provided with a reflux 
condenser and a calcium chloride guard tube. I-Chlorovinyl methyl ketone (2) (I g) was added 
to it. The reddish suspension with bright fluorescence was heated, with constant stirring at 
75°C (bath temperature). Within 10 min, the entire solid gets dissolved. Heating and stirring 
was continued for a further period of 6 h. The reaction mixture was cooled and diluted with 
water, concentrated under reduced pressure, cooled, acidified with dilute hydrochloric acid and 
extracted with ether (3 x 25 mI). The ether layer was washed with water (2 x 15 ml) and dried 
(sodium sulphate). Ether was removed under reduced pressure to give a brownish solid. It was 
purified by column chromatography over silica gel using hexane-12% ethyl aoetate as eluant. 
3.Aoetyl-I-methylcarbazole (3) was obtained as a yellow solid. and was crystallised from hex­
ane-ethyl acetate (0.048 g, 72%), m.p.169°C. Analysis: Found: C, 80.45; H, 5.74. Calc. for 
C1sHI3NO: C, 80.69; H, 5.87%. IH NMR (CDCh+DMSO-~)j 9.7 (lH, bs, exchanges with 
D20, NH), 8.52 (lH, d, J = 1.5 Hz, Ar-H4), 8,09 (lH, dd, J = 6 and 1.5 Hz, Ar-BS), 7.88 (lH, 
d, J c 1.5 Hz, Ar-H2), 7.12-7.6 (3H, m, Ar-H6,7,8), 2.7 (3H, s), 2.6 (3H, s). 

Condensation of 3 -acetyl-l-methylcarbazole (3) with aminoacetaldehyde dimethylacetal 

A mixture of 3-acetyl-I-methylcarbazole (3) (0.43 g, 0.002 mol) and aminoacetaldehyde di~ 
methylacetal (0.5 mI, 0.005 mol) in dry toluene was heated at 100°C (oil bath). After heating 
for 20 min, water droplets which collected on the sides were removed. Fresh aminoacetalde­
hyde dimethylacetal (0.5 mI) was added and the. reaction mixture heated. The procedure was 
repeated twice more and then toluene was removed under reduced pressure. The imine 4 (0.58 
g) was obtained as a thick yellow oil. The compound was sufficiently pure and was used as 
such for the next experiment. IH NMR (CDCh): 8.5 (lH, d, J = I Hz, Ar-H4), 8.06 (lH, dd, 
J = 'J and 1.5 Hz, Ar-H5), 7.82 (lH, d, J = I Hz, Ar-H2), 7.2-7.58 (3H, m, Ar-H 6,7,8), 4.4 
(lH, t, J = 5 Hz, CH(OCH3h), 3.4 (6H, s, 2 x OCH3), 2.88 (2H, d, J = 5 Hz, NCH2), 2.7 and 
2.6 (2 x 3H, 2 x s, CH3C=N and Ar-CH3). 

Reduction of the imine (4) 

The faint yellow imine 4 (0.6 g) in absolute ethanol was hydrogenated using Raney nickel as 
catalyst at 85 psi pressure of hydrogen. After 10 h of shaking at room temperature, a colourless 
solution was obtained. Filtration and evaporation of solvent gave the amine (5) as a thick faint 
yellow oil (0.575 g, 96%). The compound was sufficiently pure and was converted into the 
tosyl derivative. IH NMR (CDCh): 7.7-8.0 (2H, m, Ar-H4 and H5), 7.h7.4 (4H, m, Ar­
H 2,6,7,8), 4.48 (2H, m, CH(OCH3h and Ar-CH-N), 3.91 (3H, bd-sharp doublet after D20 
J = 4 Hz, NH and N-CH2), 3.32 (6H, s, 2 x OCH3), 2.75 (3H, bd, sharP after 020, J = 7 Hz,Ar-
C-CH3), 2.45 (3H, s, Ar-CH3)' . 
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Tosyiation of the amine (5) 

T() a solution of the amine 5 (0.315 g,O.OOI mol) in dry THF (8 ml) was a4deddistilled water 
(5 ml) and a pinch (0.3 g) of sodium catbonate. To the stirred solution freshly crystallised p. 
toluenesulfonyl chloride (0.6 g, 0.003 mol) was added. The flask was protected from light and 
stirred for 12 h. Usual work up gave the tosyl derivative (6), which was crystallised from di· 
chloromethane (0.35 g, 67%), m. p.l48°C. Analysis: Found: C, 66.9;. H, 6.51. Calc. for 
C:u;H~204S: .C, 66.93; H, 6.48%. . 

Olivacine (7) 

To a solution of the N·tosylated amine 6 (0.47 g, 0.001 mol) in dry dioxane (0.2 ml) was added 
3 drops of 6N HCI and the solution stirred, protected from light, at room temperature (25OC). 
After 6 h an yellowish solid separated. Stirring was continued for 48 h. The solid was filtered 
and the reaction mixture poured in water (5 ml), neutralised with sodium hydroxide and ex· 
tracted with dichloromethane. The extract was washed, dried (sodium sulphate) and the solvent 

. removed. The residue, together with the solid obtained earlier, was cbromatographed on alu· 
mina using hexane-20% ethyl acetate as the eluant. Crystallization of the solid obtained, from 
methylene chloride, gave olivacine 7 (0.16 g, 65%); m. p. 318-320°C (lit,' m. pc 318-322°C). 
Analysis: Found: C, 82.72, H, 5.82; Calc. for C'7H,.N2: C, 82.90, H, 5~73%. 'H NMR 
(CDCI,+DMS~): II 9.5 (tH, bd, At·H), 9.2 (tH, brs, exchanges with D20, NH), 8.4 (IH, 
bd, At·H), 8.3 (IH, s, At·HlI), 8.l(tH, bd, At·H3), 7.75 (tH, d, J = 6 Hz,At·H4), 7.45 (IH, 
d, J = 6 Hz, At H), 7.2 (lH, m, At·H), 3.6 (3H, s, N=CCH,), 2.8 (3H, s, ArCH,). 
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