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A NOVEL SYNTHESIS OF BENZQ- AND INDOLO[A]QUINOLIZIDINES BY
INTRAMOLECULAR DIELS-ALDER REACTION OF 1-AZADIENES
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Summary: Intramolecular Diels-Alder reaction of l-azadienes was conducted by
heating the a,B-unsaturated amides (%g ~ 4 and Q) in the presence of trimethyl-
chlorosilane, triethylamine and zinc chloride to give benzo- and indolo[al-

guinolizidines (QQ ~ ¢ and Z).

Intramolecular Diels-Alder reaction is one of the most powerful methods for
syntheses of polycyclic ring systems with stereocontrol.1 It is expected that
the intramolecular cycloaddition of 1—azadienes2 provides a useful tool for the
construction of quinolizidines and indolizidines, common frameworks of many

3.4 are so far known mainly due to the

alkaloids. However only few examples
difficult formation of l-azadienes and its scarce reactivity. We have investi-
gated the formation of such systems from ¢,B-unsaturated amides and the subse-
guent ¢ycloaddition. Here a novel and facile synthesis of benzo- and indolo-~
[algquinolizidines according to this strategy is disclosed.

Formation of the formyl a,B-unsaturated amides (%% N Q)S was achieved by the
reaction of 3,4-dihydro-6,7-dimethoxyisoquinoline (%) and o,pB-unsaturated acid
chlorides in a mixture of dichloromethane and saturated sodium hydrogencarbo-
nate aqueous solution at room temperature. Wittig reaction of the aldehydes
(%% N Q) with triphenylphosphinecarboethoxymethylene in tetrahydrofuran gave
the unsaturated esters (%% N Q).S The cycloaddition through % was accomplish-
ed by heating the mixture of the unsaturated esters (%a n %)' trimethylchloro-
silane, triethylamine and zinc chloride in toluene at 170 - 180°C in a sealed
tube or refluxing the mixture in o-dichlorobenzene. A typical experiment was
carried out as follows. A mixture of %Q (150 mg), trimethylchlorosilane (1 ml),
triethylamine (1 ml) and anhydrous zinc chloride (100 mg) in o-dichlorobenzene
(5 ml) was refluxed for 16 hr. After dilution with benzene, the resulting mix-
ture was washed well with 1% hydrochloric acid. Usual work up followed by
purification by silica gel column chromatography afforded two products, (ég)s
(25% yield) and (ég)s (41% yield). No formation of the desired quinolizidines

4541



4542

was observed without zinc chloride.6

Under similar reaction conditions, the unsaturated esters (%Q Y %) were
transformed into the tricyclic compounds, (ég)s (44% yield), (ék)s (52% yield)
and (38)5 (47% yield) as a single stereoisomer, respectively. Stereochemistry
of products were determined on the basis of the following reasons. The coupl-
ing constant (J = 8 Hz) of the hydrogen at the Cllb position of RR resonated at

5.03 ppm clearly indicates that two hydrogens at the C, and Cllb positions are

trans. Treatment of 5e with sodium hydride in hot tetiahydrofuran caused epi-
merization to form QQ. From the consideration of the transition states, the
intermediate (%g) leading to the 2B-substituent would be disfavored because of
a severe nonbonded interaction between the aromatic ring and the silyl group.
On the other hand, the intermediate (%Q) leading to 2o-substituent would be

assisted by chelation with zinc.7’8

Furthermore the observation of ethyl group
of %g and ég at shielded fields suggests a boat conformation of ring C in these

two molecules.
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The unsaturated ester (Q)5 was also prepared from 3,4-dihydro-f-carboline
and similarly subjected to the intramolecular cycloaddition to produce the
indolof{alguinolizidine (,z)5 in 58% yield. Thus an effective synthesis of benzo-
and indolo[alquinolizidines has been developed. Application of this method to

the synthesis of several natural products are in progress.
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The preferred formation of QR—% and 7 could also be understood by the secondary orbital
effect.

(Received in Japan 11 June 1984)



