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a b s t r a c t

A novel tandem synthesis of b-keto enol ethers was developed via the reaction of a-diazoketones,
1,3-diketones and THF catalyzed by cheap and available CuI under extremely simple conditions.
During the course of the reaction, the ring-opened THF and diazocarbonyl derived carbene
simultaneously inserted into O-H of 1,3-diketones.

� 2017 Elsevier Ltd. All rights reserved.

Introduction

b-keto enol ethers as important building block have attracted
much attention.1 Meanwhile, many of them not only have novel
medicinal properties,2 but also are versatile intermediates in
organic synthesis for the construction of various biologically active
compounds (Fig. 1).3–9 Numerous methods have been developed
for the formation of b-keto enol ethers in literatures. Most tradi-
tional methods are summarized into two strategies: (a) b-dike-
tones by treatment with alcohols;10 (b) the acylation of the
acetal.11 However, those approaches often suffer from major or
minor limitations, such as drastic reaction conditions, low yields,
tedious work-up procedures and co-occurrence of several side
reactions. Therefore, the development of more efficient routes
which used more suitable materials is still desirable.

a-diazoketones have been extensively used as key intermedi-
ates in organic synthesis.12–14 It is well known that O-H insertion
reactions of diazoketones with aliphatic/aromatic alcohols cat-
alyzed by transition-metal complexes can be smoothly finished
to form the new ether linkages (Scheme 1, path a).15,16 When the
insertion reactions are performed in THF, the results are unex-
pected, in which carbene derived from diazocarbonyl inserted into
O-H of alcohols, simultaneously ring-opened THF (Scheme 1, path
b).17 1,3-Diketonesas, the precursor of enols are always used in
organic synthesis.18 Herein, we would like to report a novel

synthesis of enol ethers via the tandem reaction of diazoketones,
1,3-diketones in THF catalyzed by cheap and available CuI under
extremely simple conditions.

Results and discussion

Initially, 2-diazoacetophenone was used as starting materials to
react with 1,3-diketones for getting the corresponding cycloaddi-
tion product. However, when the reaction was carried out in
THF, it did not proceed in an expected manner and an unpredicted
product, b-keto enol ether was obtained. Thus, a new process of
three component tandem synthesis of enol ethers was disclosed
and these structurally novel products could increase the diversity
of structures and properties.

Our research commenced with the reaction of 2-diazoacetophe-
none (1a) (0.5 mmol) as the model substrate with dibenzoyl
methane (1.0 mmol) in THF in the presence of CuI as a catalyst at
room temperature. Gratifyingly, b-keto enol ether (3a) was
obtained with the yield of 71%. As shown in Table 1, the yield of
3a was decreased when the reaction was catalyzed by 1-copper
(I) alkyne (Table 1, entry 2). In sharp contrast, Cu(OTf)2 gave almost
no product (Table 1, entry 3). This result also strongly indicated
that Cu(I) was more suitable for this transformation than Cu(II).
This may be caused by too fast formation of the corresponding car-
bene intermediate in the presence of Cu(OTf)2 to be controlled. The
extremely high reactivity of carbene leads to a dimer which can’t
react with 2a and THF because of their low reactivity. For the same
reason, Co(OAc)2 and FeCl3 also didn’t afford the product (Table 1,
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entries 4–5). AgOAc and ZnCl2 were inactive to this reaction
because they can’t transform 2-diazoacetophenone to carbene
and it still existed even after 24 h (Table 1, entries 6–7). It got
the product with the yield of 82% in the presence of rhodium

octanoate as a catalyst (Table 1, entry 8). Considering that it is
cheaper and more available, CuI was chosen as the catalyst for this
reaction.

To the best of our knowledge, bases can promote 1,3-diketones
to enols. Subsequently, the effect of bases on this reaction was
tested. Unfortunately, no better results were observed by using dif-
ferent bases. As a result, the yield of 3a was decreased sharply by
the increase of the basicity (Table 1, entries 9–13). Maybe the
deprotonation of bases is unfavorable for this transformation.
However, when AcOH was used in this system 4-(2-oxo-2-pheny-
lethoxy)butyl acetate rather than 1awas produced. Thus, as a reac-
tant not an additive, the reactivity of AcOH is better than that of 2a
(Table 1, entry 14). The gas is released vigorously when H2SO4 was
used and only dimers of carbene were obtained (Table 1, entry 15).
In addition, the reaction yield was influenced obviously by temper-
ature, and the suitable temperature was observed to be 40 �C
(Table 1, entry 1). Decreasing or elevating the reaction temperature
failed to increase the yield and an unwanted by-product was
formed at higher temperature (Table 1, entries 16–17).

Further experiments proved that the yield of 3a was influenced
significantly by the reactant ratios. As shown in Table 1, the yield of
3a was increased by the increase of the ratio of 1a and 2a as the
decomposition of diazoketone to dimers (Table 1, entries 18–22).
It was preferable to use 2.5 equiv. of 2-diazoacetophenone with
the yield of 90% (Table 1, entry 21). In summary, extensive screen-
ing showed that the optimized reaction conditions were 0.5 mmol
dibenzoylmethane, 2.5 equivalents of 2-diazoacetophenone, and
CuI as a catalyst in 1 mL of THF at 40 �C for 12 h (Table 1, entry 21).

With the optimized reaction conditions in hand, we set out to
explore the substrate scope of this catalyst system for the simulta-
neous insertion reaction and ring-opening reaction. As shown in
Scheme 2, all tested 1,3-diketones 2a–2m gave the desired prod-
ucts 3a–3m in modest to excellent yields. The reactions of
1,3-diketones bearing electron-donating groups were mainly

Fig. 1. Applications of b-keto enol ethers.

Scheme 1. Insertion reactions and this work.

Table 1
Reactions by Using 1a as a Substrate.a
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Entry Catalyst Base 1a:2a
(mole ratio)

T
(�C)

Yieldb (%)

1 CuI – 1:2 40 71
2 Copper(I) phenylacetylide – 1:2 40 61
3 Cu(OTf)2 – 1:2 40 Trace
4 Co(OAc)2 – 1:2 40 Trace
5 FeCl3 – 1:2 40 Trace
6 AgOAc – 1:2 40 NR
7 ZnCl2 – 1:2 40 NR
8 Rhodium octanoate – 1:2 40 82
9 CuI Et3N 1:2 40 43
10 CuI NaHCO3 1:2 40 65
11 CuI Na2CO3 1:2 40 68
12 CuI K2CO3 1:2 40 52
13 CuI NaOH 1:2 40 5
14 CuI AcOH 1:2 40 Trace
15 CuI H2SO4 1:2 40 0
16 CuI – 1:2 25 50
17 CuI – 1:2 60 53
18 CuI – 1.2:1 40 64
19 CuI – 1.5:1 40 70
20 CuI – 2.0:1 40 81
21 CuI – 2.5:1 40 90
22 CuI – 3.0:1 40 84

a The mixture of 1a, 2a, catalyst (0.1 mmol) and base (1 mmol, 2 eq.) in THF (1 mL) was stirred in a stoppered glass tube.
b The isolated yields.
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