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The first copper-catalyzed intramolecular O-vinylation of
carbonyl compounds with vinyl bromides was reported, among
which the efficient formation of 5-, 6- and even 7-membered
cyclic alkenyl ethers was achieved with p-ketoesters as
nucleophiles.

Cyclic alkenyl ethers are important building blocks in organic
synthesis. They also constitute a class of natural products
possessing significant biological properties.! Preparations of cyclic
alkenyl ethers have received much attention and continue to be
actively pursued. However, very few successful reports have been
documented.>® Among them, the transition metal-catalyzed
intramolecular addition of an oxygen functionality to a carbon—
carbon triple bond has drawn a great deal of interest.* We here
report that Cu(I)-catalyzed intramolecular O-vinylation of ketones
with vinyl bromides provides a convenient and efficient route for
the synthesis of cyclic alkenyl ethers.

The formation of aromatic C—X bonds (X = N, O, S, etc.) via
copper-catalyzed coupling between arylhalides and hetero-centered
nucleophiles has attracted considerable attention during the past
few years.*> The high stability and low costs of the copper
catalysts enable these transformations to be a useful complement
to the more extensively studied palladium-catalyzed processes.*®
This methodology was successfully extended to the vinylation of
amides or carbamates’ and, more recently, to the O-Vinylation8 of
alcohols and phenols with vinyl iodides or bromides as the vinyl
source. It could be envisioned that, if the O-vinylation could be
carried out intramolecularly, it might provide a facile route to the
synthesis of cyclic alkenyl ethers. Due to the importance of cyclic
alkenyl ethers in organic synthesis, we carried out the following
investigation to explore the scope and limitation of this possible
methodology.

We chose the following three compounds of typical structural
features as the model substrates, bromoenol 1 and bromoenones 2
and 3a. The choice of bromo-substituted compounds rather than
their iodine-analogs was in an endeavor to make the method more
synthetically valuable. Following Buchwald’s method,® the
substrates were subjected to the treatment of 20 mol% of Cul
and 40 mol% of N,N'-dimethylethylenediamine (A) with K,CO;
(2 equiv) as the base in THF at refluxing temperature. The results
are summarized in Table 1. The reaction of bromoenol 1
proceeded sluggishly. After 24 h, the cyclized product 4 was
isolated in 35% yield along with a significant amount of 1
recovered (entry 1, Table 1). Changing the base from K,CO; to
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-BuOK yielded a complicated mixture that was difficult to
characterize (entry 2, Table 1).

With bromoenone 2, the reaction was also very slow and a large
amount of starting material remained unchanged after 24 hours at
reflux in THF. The furan product 5 was isolated in 22% yield
(entry 3, Table 1). Apparently the expected cyclization product
with an exocyclic C=C double bond underwent isomerization to
the more stable furan form. Raising the reaction temperature to
about 100 °C (with dioxane as the solvent) resulted in a slight
improvement of yield (41%). Use of the stronger base -BuOK in
THF was not helpful (entry 5, Table 1).

Although there is still room to optimize the experimental
conditions in the reactions of 1 or 2, we turned our attention to
substrate 3a and found that much better results could be achieved

(eqn. (1)

Br CO,Me Cul / Ligand O
Base / Solvent
o — / (1)
70 °C
CO,Me
3a 6a

and Table 2).1 With K,COj as the base, the treatment of 3a with
10 mol% of Cul and 20 mol% of ligand A in THF for 1 h led to
the formation of the cyclized product 6a in almost quantitative
yield (entry 1, Table 2). Reducing the amount of Cul to 5 mol%
afforded the product in 93% yield within 2 h (entries 2 and 3,
Table 2). The cyclization also proceeded without the ligand A,
albeit in a longer reaction time, while no reaction occurred in the
absence of the copper catalyst (entries 4 and 5, Table 2). These
results illustrated that Cul is required and diamine A significantly
accelerates the reaction. Further controlled experiments showed

Table 1 Cul-catalyzed reactions of 1 and 2¢

Entry Substrate Solvent Base Product Yield (%)°

1 Br

THF K,CO; oh 35
MOH §®/

1 Ph 4

2 1 THF t+-BuOK — —
3 Br THF K,CO; o _pn 22
}\/\.’40 \@/
2 Ph 5
4 2 dioxane K,CO; 5 41
5 2 THF +-BuOK 5 34

¢ Experimental conditions: Cul (20 mol%), A (40 mol%), base
(2 equiv.), solvent (0.1 M), reflux for 24 h. ® Isolated yield based on
1or2.
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Table 2 Synthesis of 6a from 3a
Entry Cul (mol%) Ligand“ Base

Solvent Time (h)’ Yield (%)°

1 10 A K,CO; THF 1 95
2 5 A K,CO; THF 1 79
3 5 A K,CO; THF 2 93
4 10 None K,CO; THF 5 87
5 0 None K,CO; THF 5 0
6 5 B K,CO; THF 1 24
7 5 C K,CO; THF 1 23
8 5 D K,CO; THF 1 30
9 5 E K,CO; THF 1 43
10 5 A Cs,CO; THF 2 94
11 5 A Na,CO; THF 2 46
12 5 A Et;N THF 2 42
13 5 A K,CO;3; dioxane 2 83

“ Ligand:Cul = 2:1. ® Experimental conditions: Cul, ligand, base
(2 equiv.), solvent (0.1 M), reflux. ¢ Isolated yield based on 3a.

MeHN NHMe

Scheme 1 Ligands screened.

that diamine A was superior over other frequently used ligands B
to E (entries 2 and 6-9, Table 2, Scheme 1). We then compared
K,CO; with other bases (entries 10-12, Table 2). Cs,CO5 showed
the same effect as K,COs3, while Na,COs or Et3N were much less
satisfactory. The cyclization also proceeded well in dioxane (entry
13, Table 2). However, when toluene was used as the solvent, the
isomerized product, furan 7, was isolated. Moreover, heating 3a
with K,CO3; in DMSO or DMF led to the formation of the
rearrangement product furan 8, indicating that DMSO and DMF
are not solvents of choice (Scheme 2).

The different behavior described above between 3a and 2 might
be attributed to the much easier enolation of 3a as a -ketoester. It
is worth mentioning that Suzuki and coworkers reported the
intermolecular reactions of cyclic 1,3-dicarbonyl compounds with
vinyl bromides in HMPA in the presence of an equimolar amount
of Cul in which C-alkylation occurred rather than O-vinylation.'

Based on the above results, a number of bromoenones 3a—j were
prepared and subjected to the treatment of Cul (5 mol%), diamine
A (10 mol%) and K,CO; (2 equiv.) in THF at refluxing
temperature. The results are presented in Table 3. The correspond-
ing S-membered cyclic alkenyl ethers 6a—e were achieved in high
yield in a short time (entries 1-5, Table 3). The reaction was
efficient with di-, tri- and tetra-substituted vinyl bromides and the
complete retention of configuration at the double bond was
observed. Vinyl chloride was also effective, although a longer
reaction time was required (entry 6, Table 3). Moreover, the
cyclization of compound 3g afforded tetrahydrofuran product 6g

Cul (5 mol%)
O, ) A (10 mol%) O,
;\_2/ K,CO; (2 equiv.) KoCOs (2 equiv.) \
come  DMSO.70°C.1h PhMe, 70 °C, 2 h coMe

8 (83%) 7 (68%)

Scheme 2

Table 3 Synthesis of cyclic alkenyl ethers 6a—j

Entry Substrate Time (h) Product Yield (%)“
1 Br  COMe 2 o 89
3a 6a CO,Me
2 Br  COMe 2 o 86

)\/Kfo v
3b 6b  COMe
3 Br  COMe 4 Ph 91
Phe 2 o = °
/
3¢ 6c CO,Me
4 Br  COMe 1 o 92
Br 6d CO,Me
3d
5 o 2 92
Y
Br  CO,Me 6e  CO:Me
3e
6 Cl COEt 8 o 99
%\/kfo v
3f 6f CO,Et
7 Br coMe 1 99
O, —
3g © 6g
8 Br o 16 Phe_ _0. 86
w U
Ph
CO,Me
sh  COMe 6h
9 Br o 4 (EEOI 99
|
CO,Me
CO,Me _
6i
3i
10 Br co,et 48 83

CO,Et

1
&

“ Isolated yield based on 3.

with two exocyclic double bonds with an excellent stereoselectivity
as evidenced by its NOESY experiment (entry 7, Table 2). As a
comparison, the reaction of a similar substrate 9 produced a
mixture of the C-vinylation product 11 and the O-vinylation
product 10 with poor stereoselectivity (Z:E ~ 1:2) (Scheme 3).
The reason for the different behavior between 3g and 9 is
unclear.
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Br CO,Me  Cul (5mol%) o CO,Me
A (10 mol%
_AQomors) Wcozme + o
) K,COj3 (2 equiv.)
THF, reflux, 3 h
9 10 (42%) 1 @7%)
Scheme 3

It is noteworthy that similar compounds to 6a-g were
postulated but not isolated as the intermediates in the synthesis
of furans via transition metal-catalyzed cyclization of alkynols.?
The successful isolation of compounds 6a—g also indicated the
mildness of the above reaction conditions.

We then extended this method to the synthesis of 6-membered
cyclic alkenyl ethers. The expected pyran derivatives 6h and 6i were
obtained in excellent yields (entries 8 and 9, Table 3). Further
extension showed that 7-membered cyclic ethers such as 6j could
also be achieved (entry 10, Table 3). This example clearly
demonstrated the potential of the above method in the synthesis
of natural products having the same bicyclic skeleton, such as
Sarsolenone.'!

Comparison of 3e, 3i and 3j revealed that the formation of the
S-membered ring is faster than that of the 6-membered ring, which
in turn is much faster than that of the 7-membered ring. A direct
comparison can also be found in the reaction of dibromo-
substituted substrate 3d, which furnished the dihydrofuran product
6d while no corresponding pyran derivative could be detected
(entry 4, Table 1). This trend might be attributed to the steric
requirement for the cyclization.

In conclusion, we have developed a simple protocol for the
general and efficient synthesis of cyclic alkenyl ethers. The ease
with which the procedure can be conducted and the mild
experimental conditions should make this an important method-
ology in natural product synthesis.

This project was supported by the National Natural Science
Foundation of China (Nos. 20325207 and 20472109) and by
the Shanghai Municipal Committee of Science and Technology
(No. 04QMH1418).
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