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An autoxidative approach to 1,2,3,4-tetrahydroisoquinolin-1-one
and tetrahydro-�-carbolin-1-one
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Abstract—Treatment of N-benzyl 1,2,3,4-tetrahydroisoquinoline-1-carboxylate with sodium hydride in N,N-dimethylformamide
gives the corresponding N-benzyl 1,2,3,4-tetrahydroisoquinolin-1-one in quantitative yield. The N-benzyl 1,2,3,4-tetrahydro-�-car-
bolin-1-one is prepared in a similar fashion. The N-deprotection occurred concomitantly with the oxidative decarboxylation when
the nitrogen was benzyloxycarbonylated. © 2001 Elsevier Science Ltd. All rights reserved.

1,2,3,4-Tetrahydroisoquinolin-1-one is a structural unit
found in a number of complex natural products such as
the Narcissus alkaloids narciclasine (1) and pancratis-
tatin (2) (Fig. 1).1 It is conventionally prepared by the
Bischler–Napieralski reaction from the corresponding
N-carbamate.2 However, such conversion usually
requires drastic conditions and yields are generally only
moderate at best. To overcome this drawback, a
modified procedure using a reagent combination (Tf2O–
DMAP) has been developed and applied to the total
synthesis of Amaryllidaceae alkaloids.3 Nevertheless,
the yield still remains moderate when applied to the
synthesis of complex molecules.4 Alternatively, an
intramolecular Friedel–Crafts reaction of isocyanate5

taking advantage of the facile 6-exo-dig mode of
cyclization,6 as well as the condensation of lithiated
phthalides,7 homophthalic anhydrides8 and lithiated
N,N-diethyl-ortho-toluamides9 with imines10 followed
by ring closure, have been developed for the same
purpose. In a series of papers dealing with the chem-
istry of münchnones, Kawase and co-workers described
a synthesis of 1,2,3,4-tetrahydroisoquinolin-1-one by
simple treatment of the N-acyl tetrahydroisoquinoline-
1-carboxylic acid with DCC in dichloromethane.11 A
mechanism involving a formal cycloaddition of oxygen
and the münchnone intermediate followed by fragmen-
tation has been advanced. This same transformation
(activation of an acid as a mixed anhydride instead of
DCC), with a different mechanistic view, has previously
been reported from the group of Debaert.12

In connection with our ongoing project, we had the
occasion to investigate the hydroxymethylation of
methyl 1,2,3,4-tetrahydroisoquinoline-1-carboxylate (3)
and found, accidentally, a simple yet high yield synthe-
sis of the title compound (Scheme 1). Thus, treatment
of 3a with sodium hydride (NaH) in N,N-dimethylfor-
mamide (DMF) followed by addition of paraformalde-
hyde gave, instead of the aldol product, the

Figure 1.

Scheme 1. (a) NaH, DMF, room temperature.
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corresponding N-benzyl tetrahydroisoquinolin-1-one 4
in a quantitative yield. The reaction course was not
modified whether the reaction was run at −5°C or at
room temperature. Subsequent studies showed that the
presence of formaldehyde was not required and that the
reaction proceeded smoothly by simply adding a DMF
solution of 3a into the suspension of NaH in the same
solvent. The transformation took place readily in
dimethyl sulfoxide (DMSO), but not in tetra-
hydrofurane (THF). The oxidative process dominated
even in the presence of a large excess of gaseous
formaldehyde. The reaction was accelerated in air-bub-
bled DMF under an aerobic atmosphere, indicating the
role of oxygen in the present process. Nevertheless, the
amount of oxygen dissolved in the solvent is sufficient
to complete the oxidation. Analytic grade DMF can be
used as received from the commercial sources. How-
ever, the reaction was slowed down significantly when a
freshly redistilled DMF was used. The ethyl ester 3b
was similarly converted to 4 in quantitative yield.

The procedure applied with equal efficiency to the
tetrahydro-�-carboline. Thus, treatment of methyl Nb-
benzyl-1,2,3,4-tetrahydrocarboline-1-carboxylate (5)
under identical conditions provided the corresponding
Nb-benzyl-1,2,3,4-tetrahydro-�-carbolin-1-one (6) in
higher than 85% isolated yield. Protection of the indole
nitrogen was not required.

To examine the influence of the N-protecting group on
the outcome of the reaction, compounds 7, 8 and 9, 10
were synthesized. When the N-Cbz protected derivative
7 was treated with NaH in DMF, oxidation with
concomitant removal of the N-benzyloxy carbonyl
function occurred to give the tetrahydroisoquinolin-1-
one (11) and the ring opened amino acid 12 in 80 and
10% isolated yields, respectively. An analytically pure
11 can be obtained by a simple acid–base extraction.
Thus, depending on the choice of N-protecting group,
it is possible to synthesize directly either the N-alkyl-
ated (4) or the N-unprotected 1,2,3,4-tetrahydro-
isoquinolin-1-one (11) at will.13 The reaction of the
N-Boc derivative 8 produced, under identical condi-
tions, three compounds 11, 13 and 15 in 10, 50 and 30%
yields, respectively.14 Surprisingly, when the N-acetyl-
ated derivative (9) was subjected to the same reaction
conditions, a complex mixture was obtained from
which the corresponding tetrahydroisoquinolinone 11
was isolated in less than 10% yield. On the other hand,
no oxidation product was isolable from the complex
reaction mixture of the N-unprotected derivative 10.
Since Kawase’s method works only with N-acylated
tetrahydroisoquinoline-1-carboxylic acid, a different
reaction mechanism should thus be envisaged (Scheme
2).

While no detailed mechanistic study was performed, a
working hypothesis is depicted in Scheme 3 for the
formation of compound 4 from 3. Enolization followed
by single electron transfer (SET) with oxygen gave the
stabilized capto-dative radical 1715 and the superoxide
radical anion that may combine to produce the
hydroperoxide anion 18. Formation of the spiro inter-

Scheme 2.

mediate 19 followed by fragmentation then afforded the
observed compound 4.16

The effect of the N-protective group on the reaction
outcome was intriguing and was indicative of the com-
plex reaction manifolds. The most direct yet logical
mechanism that accounts for the results from the reac-
tion of 7 and 8 would involve the formation of imide 14
and 15, which could then be hydrolyzed to the tetra-
hydroisoquinolinone 11 and the amino acids 12 and 13
(route a, Scheme 4). In the case of the N-Boc tetra-
hydroisoquinoline 8, the formation of amino acid 13 as
the major product indicated that pathway a may be
operating. Indeed, when imide 15 (R=OtBu) was re-
submitted to the identical reaction conditions (NaH,
DMF, then H2O), a mixture of the amino acid 13 and

Scheme 3.
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