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Abstract — When 2-alkylaminocyclohex-2-~encnes la-d were allowed to react
with ethyl chloroformylacetate in the presence of pyridine and 4-(di-
methylanino)pyridine, the carbamoylacetates 2a-4 and the 2H-indol-2-ones
3a-d were obtained. Upon treating with ammonium acetate, 2a-d were
converted into 3a-d. Reaction of la and lc with c¢yanocacetyl chloride
gave only the 1H-indol-2-ones 6a,c. This reaction was extended to the

synthesis of the erythrinan skeleton.

We have been interested in the synthesis of y-butyrolactams to develop a new route
to a variety of alkaloids.1 Here we report a new entry to o,B-unsaturated «-
butyrolactams using a Knoevenagel condensation.2

2-Benzylaminccyclohex-2-enone (la)3 was allowed to react with ethyl chloroformyl-
acetate in benzZene in the presence of pyridine and 4-(dimethylamino)pyridine

(DMAP) at room temperature,4 followed by passing through a silica gel column to
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give two products, the carbamoylacetate 2a (37%) and the 1,4,5,6-tetrahydro-2H-

indgl-2-one 3a (35%).5 The former compound was transformed into the latter either

by passing through a silica gel column (AcOEt-hexane=1:2) several times or, more

conveniently, by treatment with ammonium acetate in ethanol at room temperature

for 3 h. The structures of 2a and 3a were deduced from their spectroscopic
6

evidence. The structure 3a was further confirmed by catalytic hydrogenation

followed by alkaline hydrolysis and decarboxylation to c¢is-l-benzyloctahydro-2H-
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indol-2-one (4). An authentic sample of 4 was synthesized from known g¢is-octa-

hydro-2H-indol-2-one (5).7
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Similarly, the reaction of the aminoketones lb-—d3 with ethyl chloroformylacetate
gave 2b-d and 3b-d in variable yields. The carbamoylacetates 2b-d were converted
by treatment with ammonium acetate in ethanol into the 2H-indol-2-ones 3b-d. These

results are summarized in Table.

Table. Synthesis of the carbamoylacetates 2a-d and the 2H-indol-2-cnes 3a-d

Isclated Yield (%)

R 2% 32 2—3P°
a CHzPh 37 a5 72
b n-Pr 36 34 72
c i-Pr 31 31 60
d tert-Bu 53 32 69

a) Ethyl chloroformylacetate (0.19 ml, 1.5 mmol) was added dropwise at 0°C
to a mixture of pyridine (0.24 ml), DMAP (37 mg), and 1 (1 mmol)} in
benzene (5 ml). The reaction mixture was stirred at room temperature
overnight., Isolated yields after chromatography under pressure (silica
gel: AcCEt-hexane=1:2) were shown in the Table.

b) A mixture of 2 (1 mmol) and ammonium acetate (193 mg, 2.5 mmol) in
ethanol (5 ml) was stirred at room temperature for 3h to 3 days until the

starting material disappeared.

Similar treatment c¢f 1la,c with cyancacetyl chloride gave only the cyclized
products 6a, mp 101-102°C, and 6c, mp 135-136°C, in 16 and 32% yields, respective-

ly, The low yields may be, in part, due to instability of cyanocacetyl chloride.
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For the ring-closure of the carbamoylacetates 2, there are two possibilities, the
intramolecular Knoevenagel condensation (5-exo~trig) and the intramolecular
Michael addition (5-endo-trig). According to the Baldwin's rule,B the 5~endo-trig
cyclization is labelled as a disfavored process. Indeed, the Michael addition

product 7 was not observed.
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This reaction was then extended to the synthesis of the 1,4,5,6,7,7a-hexahydro-2H-
indol-2-cne ring system. Thus, the readily available amincketones 89 and 1010
were allowed to react with ethyl chloroformylacetate in the presence of pyridine
and DMAP to give directly the corresponding cyclized products 9 (29 %), mp 64.5-

65.5°C, and 11 (72%), mp 145.5—146.5°C.ll

The nmr spectra of both 9 and 11
showed no olefinic proton signal, Furthermore, catalytic hydrogenation of 11
followed by alkaline hydrolysis and decarboxylation gave known 15,16-dimethoxy-

cis-erythrinan-8-one (12).la
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