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Abstract: A novel DABCO-catalyzed Ireland–Claisen [3,3]-rear-
rangement of allylic acrylates to give a-methylene-g,d-unsaturated
carboxylic acids in the presence of an excess of TMSCl and DBU
in refluxing acetonitrile was developed. The protocol provides an
easy entry to a-methylene-g,d-unsaturated carboxylic acids from
allylic alcohols in good yields.
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The thermal sigmatropic rearrangement of allyl vinyl
ethers, referred to as the Claisen rearrangement,1 provides
an excellent route to g,d-unsaturated carbonyl compounds
from allylic alcohols. Among numerous variants, the Ire-
land–Claisen rearrangement of allylic esters has attracted
much attention since its discovery in 1972 by Ireland and
Mueller.2,3 Generally, the allylic ester is first deprotonated
with a strong base like LDA to give the corresponding
enolate. In order to avoid the possible aldol side reactions
under these basic conditions, the enolates are usually
transformed to silylketene acetals in the presence of a
silylating agent prior to the rearrangement.3 The sub-
sequent Ireland–Claisen rearrangement proceeds to pro-
vide, after hydrolysis of the silyl ester, a g,d-unsaturated
carboxylic acid (Scheme 1).

Scheme 1

In contrast to the classical Claisen rearrangement, the es-
ter Ireland–Claisen rearrangement can be induced under
much milder conditions, often at below ambient tempera-
tures, thus allowing the reaction to convert acid-sensitive
and thermally unstable molecules.3 In fact, the Ireland–
Claisen rearrangement has been frequently exploited as a
key step in synthesis of many naturally occurring and/or

biologically interesting compounds. Recent examples in-
clude the herbertane sesquiterpenes,4 (–)-dactylolide,5

Pro-Pro E-alkene dipeptide isostere,6 anticancer agent
roseophilin7 and 1,22-dihydroxynitianes.8

By far the most frequently employed method for the ste-
reoselective generation of either Z- or E-configured ester
enolates has been the deprotonation using a strong base.
Several other strategies have also been developed,3 such
as conjugate additions of organometallic nucleophiles to
allyl acrylates and trapping the enolate intermediates as
silylketene acetals,3c and dimerization of allyl acrylates to
the dimeric silylketene acetals via electrochemical reduc-
tion.9 All of these require stoichiometric quantities of
reagents.

In 1993, Inanaga reported the first example of a tricyclo-
hexylphosphine-catalyzed Ireland–Claisen rearrange-
ment.10 This provided an efficient entry to a-methylene-
g,d-unsaturated carboxylic acids. Thomas and Smith suc-
cessfully utilized this method as a key step in an approach
to a synthesis of galbonolide B.11

Herein, we report the use of 1,4-diaza-bicyclo[2.2.2]oc-
tane (DABCO) as a nucleophilic catalyst in the Ireland-
type [3,3]-rearrangement of a range of allylic acrylates.
Being a moderately hindered weak base yet a nucleophile,
DABCO has well been applied for catalyzing the Baylis–
Hillman reaction12,13 and N-methylation of indoles with
dimethyl carbonate.14 This novel method for effecting the
Claisen rearrangement is of interest considering the fact
that trialkylphosphines are generally very expensive and
the use of them is often found to be rather inconvenient
due to their propensity to oxidation.
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The synthetic sequence is depicted in Scheme 2. The
allylic alcohols 2 required for the generation of esters 3
were readily obtained from the Grignard addition reaction
of vinylmagnesium bromide to the corresponding alde-
hydes or ketones 1 in THF, except for linalool (2g), which
was commercially available. The synthesis of the corre-
sponding acrylates 3 was accomplished by the reaction of
acryloyl chloride with the alcohols 2 in the presence of
catalytic amounts of triethylamine in moderate to high
yields.17

The rearrangement of esters 3 were carried out with
DABCO as the catalyst under conditions comparable to
those described by Inanaga.10 Thus, 3a was treated with
DABCO (0.2 equiv), trimethylsilyl chloride (TMSCl, 3.0
equiv), and DBU (2.0 equiv) in acetonitrile under reflux.
The reaction was monitored by TLC and the rearrange-
ment was complete after seven hours. Acidic work-up
furnished the a-methylene-4-octenoic acid (4a) in 84%
isolated yield.15 We found also that the addition of
DABCO was indispensable for the reaction, even though
DBU is a comparable nucleophile.16

Several other organic bases, such as Et3N, i-Pr2NEt and
DMAP as well as PPh3 were also examined to promote the
rearrangement. However, under a variety of different
conditions, no or unacceptable yields of the desired prod-
ucts were obtained. This might be due to the decrease of
nucleophilicity in comparison with DABCO.

This result encouraged us to explore the generality of our
method. A range of allylic esters were then subjected to
the Ireland–Claisen rearrangement according to our pro-
tocol, including the esters derived from secondary and ter-
tiary allylic alcohols carrying aliphatic, olefinic and
aromatic substituents. In general, all of the reactions test-
ed worked well and the unsaturated carboxylic acid prod-
ucts were obtained in high yields after 7–15 hours. The
results are summarized in Table 1. The configurations of
compounds 4 were unambiguously determined either
through data comparison with the literature reports or via
analysis of 1H NMR, 13C NMR, and 2D NMR spectra.17

As shown in Table 1, the diastereoselective rearrange-
ment delivered products with exclusive E-configuration
in the case of secondary allyl esters (Table 1, entries 1–3),
or, in the case of tertiary esters, preferentially E-config-
ured acids (Table 1, entries 4, 6, 7). The predominance of
E-products can be accounted for by a plausible chair-
shaped transition state with the more sterically demanding
group adopting the pseudo-equatorial position (see be-
low).18

Worthy of note is that in the reaction of vinyl- and phenyl-
substituted allyl esters 3i and 3j migration of the a-meth-
yleno double bond to the aliphatic chain occurred under
our conditions, affording the fully conjugated carboxylic
acids 4i and 4j, respectively (Table 1, entries 9, 10).

To further test the applicability of the protocol, we exam-
ined the molecular transformation of 3k, which was easily
prepared from 4-hydroxy-3,5,5-trimethylcyclohex-2-
enone. It can be envisaged that in the presence of large
quantities of trimethylsilyl chloride 3k would give the si-
lyloxy diene 5 (Figure 1) with concurrent formation of the
required structure for Ireland–Claisen rearrangement. In-
deed, the rearranged product 4k was formed after 24 hours
by employing 0.3 equivalents of DABCO, 10.0 equiva-
lents of TMSCl and 3.0 equivalents DBU. Apparently, the
initial rearrangement product isomerized under the
reaction conditions. However, the reaction proceeded to
provide a low (15%) yield of the product with 85% con-
version. Most of the substrate had suffered decomposition
as indicated by the isolation of the starting alcohol in 55%
yield (Table 1, entry 11). Instead of DABCO, tricyclohex-
ylphosphine was found to be more active, leading to the
formation of 4k in 75% yield (Table 1, entry 12).

Figure 1
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Table 1 DABCO-Catalyzed Ireland–Claisen Rearrangement of Allylic Acrylatesa
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4c

86b >99:1

4

3d

12

4d
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5

3e

10

4e

82b

6

3f

13

4f

81b 80:20

7

3g

15

4g

79b 61:38

8

3h

12

4h

85b
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15b

12f 3k 12 4k 75b

a The reaction was carried out in MeCN under reflux, using DABCO (0.2 equiv), TMSCl (3.0 equiv), and DBU (2.0 equiv).
b Isolated yield by chromatography.
c Isolated yield by recrystallization.
d The trans/cis ratio by GC.
e DABCO (0.3 equiv), TMSCl (10.0 equiv), and DBU (3.0 equiv) were used. Conversion reached 85%. 4-Hydroxy-3,5,5-trimethylcyclohex-2-
enone was isolated in 55% yield.
f PCy3 (0.2 equiv), TMSCl (10.0 equiv), and DBU (2.5 equiv) were used. Conversion reached 100%. 4-Hydroxy-3,5,5-trimethylcyclohex-2-
enone was isolated in 5% yield.

Table 1 DABCO-Catalyzed Ireland–Claisen Rearrangement of Allylic Acrylatesa (continued)

Entry Substrate Time (h) Product Yield (%)b,c E:Z ratiod
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Like the trialkylphosphine as the catalyst,10 the following
mechanistic rationale for the DABCO-catalyzed Ireland–
Claisen rearrangement of allylic acrylates was proposed
(Scheme 3). In this reaction, DABCO functions as a nu-
cleophile to first react with allyl acrylates and to generate
the zwitterions I, which are intercepted by TMSCl to give
intermediate ammonium allyl silyl ketene acetals II. In
refluxing acetonitrile, II undergo [3,3]-sigmatropic
rearrangement resulting in the formation of the silyl ester
ammonium salt III. A chair conformation would be
preferred for the cyclic transition state with the larger
substituent R1 in the less-hindered pseudoequatorial posi-
tion. In the presence of the strongly hindered DBU, suc-
cessive deprotonation of III occurs to regenerate DABCO
as the catalyst and to furnish the silyl a-methylene-g,d-un-
saturated carboxylates IV. Final hydrolytic desilylation of
IV provides the a-methylene-g,d-unsaturated carboxylic
acids 4.

In summary, we have established a novel, DABCO-
catalyzed Ireland–Claisen rearrangement leading to a-
methylene-g,d-unsaturated carboxylic acids. The protocol
accepts a wide range of allylic acrylates with good to high
yields. The products feature densely functionalized
compounds enabling easy further transformation. For
example, they can be employed as precursors for the con-
structions of a-methylene-g-butyrolactones,10,19 a family
that has created considerable attention over the years since
this kind of ring is a ubiquitous subunit in a wide variety
of biologically active natural products.20 Our protocol is
especially attractive since the reaction conditions are
mild, and all of the reagents are inexpensive and oxygen-
insensitive, hence without the necessity for rigorous sol-
vent purification and degassing associated with the use of
trialkylphosphines. We are currently investigating the
scope and limitations of this DABCO-catalyzed process
with respect to other unsaturated allylic esters as sub-
strates. Promising results have been achieved and will be
reported in the near future.
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(dd, J = 14.7, 11.4 Hz, 1 H), 6.22 (dd, J = 14.1, 10.5 Hz, 1 
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