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MECHANISTIC AND SYNTHETIC ASPECTS OF THE ACID-CATALYZED
AMINO-CLAISEN REARRANGEMENT OF N-(8-KETOVINYL)ISOQUINUCLIDENES
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Summary. Studies of the acid-catalyzed, amino-Claisen rearrangement of N-{g-cyclohexen-

onyl)isoquinuclidenes have provided results which pertain to the mechanism of the process and

to synthetic applications for construction of the lycorane tetracyclic skeleton.

. . b . .
“' we demonstrated that amino-Claisen rearrangements of N-vinyliso-

In earlier studies,
quinucTidenium salts, generated in situ by reaction of the corresponding tertiary amines with
1-chlorobut-T-en-3-one, serves a mild and efficient method for preparation of cis-fused hydro-
isoquinolines. An alternate approach which we deve]opedz’3 involved the use of-an acid-catal-
yzed version of the amino-Claisen rearrangement in which N-(g-ketovinyl)isoguinuclidenes are
converted to hydroisoquinolines, as exemplified by the conversions 1~+%. Activation of the
systems for rearrangement was proposed to involve O-protonation of the g-enaminone function in
] followed by a stepwise sequence for C-N bond cleavage and CZ'CS bond formation. Qualitative
evidence was provided3 for an interesting substituent effect found in the increasing ease and
efficiency for rearrangement of the isoquinuclidenes 1 for the series of (-7 substituents R=H,
CH3C —O—CHZCHZO, acetyl. In continuing studies, we have pointed out how the acid-catalyzed
amino-Claisen rearrangement might be used in construction of substances possessing the tetra-
cyclic structure found in the lycorane natural product series.” In this communication we re-
port an example of this application along with results which pertain to the detailed mechanism
of the reaction.

Previcusly, we had observed that y-enolate anions of g-enaminones could be regioselective-
1y generated by using stoichiometric quantities of the thermodypamic base, Tithium hexamethyl-

disilazide (LHDS), and alkylated with a variety of alkyl halides.> We envisaged that a sequence
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involving two carbon y-alkylation of the isoquinuclidene la (R=methyldioxolane) followed by
amino-Claisen rearrangement and lactamization might be useful for generation of the tetracyclic
enamidoketone ?, a possible intermediate in a lycorane synthesis. Indeed, the esters 3a and

§P are formed as diastereomeri¢ mixtures by reaction of la with LHDS (leq, -78°C, THF3~f01-
lowed by quenching with either ethyl or t-butyl a-bronoacetate.6 Interestingly, reaction of
the ethyl esters 3a under the normal rearrangement conditions (p-TSOH, 1:30 H,0-CcHe, 80°C) for
24h provided a 1:1 mixture of the tetracyclic enamidoketone 5 and dienone lactam 4’ (50%).
Reaction for longer time periods (48h) leads to exclusive production (40%) of 56, suggesting
that the lactam f serves as a precursor to ?. This was confirmed by investigation of the time
and temperature dependence of t-butyl ester ?P rearrangements. Accordingly, treatment of 3b
under the rearrangement conditions for 2h at either 80°C or 130°C gave 5, 4 and the acetyl
isoguinuc lidene ?g in respective ratios of 4:2:3 and 7:1.5:1. The tetracyclic product can

be obtained exclusively in 70% yield by reaction of 3b at 80°C for 24h.

These observations demonstrate the unique application of acid catalyzed, amino-Claisen
rearrangements of N-(g-ketovinyl)isoquinuc lidenes in routes for preparation of functionalized,
polycyclic substances containing the hydroisoquinoline unit. Additionally, the results provide
insight into the mechanistic intricacies of these reactions. Ketal hydrolysis precedes rear-
rangement under the reaction conditions as attested to by isolation of 1 (R=acetyl), 3c and 3b
by brief treatment of the blocked ketones with pTsOH in wet benzene at room temperature. In
the ethyl ester series, the O-protonated intermediate 6 (R=Et) undergoes eliminative C-N bond
cleavage to produce the diencdne ester 7 (R=Et) which cani:partition to the lactam 4 by amide
bond formation or to the hydrophenanthridine 8 (R=Et) by acid catalyzed, cationic cych’zation.8
Both substances_ﬂ and § serve as precursors for the tetracyclic enamidoketone ?. The slower
rate of conversions of %g to ? can be rationalized by postulating that lactam formation from 7
(R=Et) is faster than cationic cyclization and that conversion of } to ? is slow due to the
Tow nucleophilicity of enamidoketone function. The greater rate and selectivity for reaction
of the t-butyl ester 3b can be understood on this basis; t-butyl ester hydrolysis must occur
prior to acid catalyzed ring opening under the acidic reaction conditions.? Cationic cycli-
zation of the formed dienone acid 7 (R=H) to generate the hydrophenanthridine ? (R=H) should

now effectively compete with amide bond formation between the amine and acid functions. Con-

version of 8 (R=H) to the tetracyclic product would then camplete the overall transformation
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3a Et OCHZCHZO 4 5
3b tBu OC!-b CH20

3c Et (o)

3d +Bu 0]
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of 3b to 5.
Although the postulates presented above are based on qualitative evidence only, they
appear to provide a working hypothesis for understanding the acid catalyzed, amino-Claisen re-
arrangements of N-(g-ketovinyl)isoquinuclidenes. Moreover, the reaction appears to possess
unusual synthetic potential. These and other aspects of this process are being subjected to

continued investigation.
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