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ABSTRACT

Cyclic six-membered enaminones were synthesized from three components (bromodiazoacetone, primary amine, and alkyne) in high yields via
aza-Michael addition, Wolff rearrangement, and nucleophilic ketene cyclization.

Ketenes, first discovered by Staudinger in 1905, are
among the best studied intermediates in organic che-
mistry.1 Their versatile reactivity provides access to a
number of valuable structural motifs. Ketenes can be

readily prepared from several precursors including diazo-
ketones and acid halides, which further underscores their
value in synthetic organic chemistry.2

Reactions involving ketenes can be categorized into
two major types: cycloaddition reactions and nucleo-
philic additions to ketenes. The so-called Staudinger
reaction is a well-known example of a cycloaddition
reaction, where a ketene reacts with an imine or a
ketone to provide a β-lactam or β-lactone, respecti-
vely.3 Ketenes can also undergo cycloadditions with
alkenes or alkynes to form a C�C bond at the sp center
of the ketene.4

The other type of reaction, the nucleophilic addition
to a ketene,5 is exemplified by the Arndt�Eistert
homologation, where the acid functionality is homo-
logated via the formation of a diazo intermediate,
followed by a Wolff rearrangement, and subsequent
nucleophilic addition to the intermediate ketene.6 In
nucleophilic additions to electrophilic ketenes, most often
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water, alcohol, and amines are used whereas carbon nu-
cleophiles are used less frequently.7 Although organome-
tallic reagents such as RMgX and RLi have been explored
in reactions with ketenes, few methods are of significant
synthetic utility.8

Recently we reported a novel C�Cbond forming cycliza-
tionwith a ketene to synthesize six-membered enaminones,
under very mild conditions (Figure 1).9 In this cyclization,
a ketene is generated from diazoketone 1, employing a
silver-catalyzedWolff rearrangement, which subsequently
reacts with a pendant vinylogous amide as a neutral
nucleophile to form six-membered enaminones such as 2a.
In our recently reported method, the diazoketone pre-

cursors were obtained from amino acids using diazo-
methane. Although the incorporation of chirality derived
from an amino acid into the enaminone is advantageous,
the use of diazomethane as well as the limited solubility of
amino acids in organic solvents diminishes the scale and
scope of this method. To address these issues, an alter-
native approach to synthesize the diazoketones was
sought. We envisioned that the diazoketones can be

derived from three components: a primary amine, an
alkyne, and a bromodiazoacetone.10

Herein, we are communicating a new synthetic method
to obtain cyclic enaminones from amines and alkynes in
two steps. This disconnection enabled us to vary the
substituents on the enaminone structure in a convergent
fashion and to limit the use of diazomethane to the
preparation of the common diazoacetone intermediate
3a (Scheme 1). The enaminone reaction products are
well-known to be versatile intermediates for alkaloid
synthesis.11

To test our hypothesis, we first investigated the synthesis
of known diazoketone 1. We found that the desired
product could be readily synthesized by aza-Michael addi-
tion of benzylamino diazoacetone to ethyl propiolate in
ethanol (Scheme 1). Benzylamino diazoacetone (3a) was
prepared by the treatment of readily available bromodia-
zoacetone12 with an excess of benzylamine.

Figure 1. Two approaches for the synthesis of diazoketone 1.

Scheme 1. Synthesis of Diazoketone 1

Table 1. Synthesis of Amino Diazoketones

aReaction conditions: Bromodiazoacetone was treated with the
amine (4 equiv) in dichloroethane (0.25 M) at 50 �C. bBromodiazoace-
tone was treated with tryptamine hydrochloride (2 equiv) in a 0.5 M
MeONa/MeOH solution (0.25 M) at 50 �C.
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Encouragedby the successful synthesis of diazoketone 1,
amino diazoketones 3a�3h (Table 1) were prepared in the

same fashion using bromodiazoacetone and alkyl amines.
A variety of primary alkyl amines (entry 1�6), as well as a
chiral amine (entry 7), and an amino acid derived amine
(entry 8) afforded the corresponding amino diazoketones
in good yields.
With amino diazoketones 3a�3h in hand, we carried out

the aza-Michael addition to the alkynes13 and subsequent
Wolff rearrangement in a one-flask procedure. In order to
obtain optimal yields, the use of two different solvents was
necessary. Ethanol was employed for the aza-Michael
addition, and dichloromethane for the Wolff rearrange-
ment. Using these reaction conditions, the enaminone
reaction products 2, 4, and 5�8 were obtained in good to
excellent yields (Scheme 2). In several instances, Ag2Owas
found to be a better catalyst for the Wolff rearrangement
than PhCO2Ag.
In summary, we have discovered an efficient, conver-

gent synthesis of cyclic enaminones from bromodiazoa-
cetone, primary amines, and alkynes. Aza-Michael
addition, Wolff rearrangement, and nucleophilic ketene
cyclization were carried out sequencially in one flask,
providing facile access to an enaminone library. Explora-
tion of other C-nucleophiles in this methodology is
currently ongoing.
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Scheme 2. Synthesis of an Enaminone Library via the Sequence
of aza-Michael Addition, Wolff Rearrangement, and Ketene
Cyclizationa

aReaction conditions: The amino diazoacetone was reacted with an
alkyne (1.2 equiv) in EtOH (0.2 M). Upon evaporation, the reaction
mixture was treated with the Ag catalyst (20 mol %, PhCO2Ag, under-
line: Ag2O) in dichloromethane (0.2 M) in the dark.
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