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Abstract The organic reactions catalyzed by 1, 4-diaza-
bicyclo [2.2.2] octane (DABCO) are reviewed. Most of the
reactions start conveniently from available substrate and
proceed under mild conditions. The reactions are envir-
onmentally friendly and the catalyst can be recycled in
some cases. The perspectives on DABCO-catalyzed reac-
tions are pointed out.
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1,4-Diazabicyclo [2.2.2] octane (DABCO, Scheme 1), a
cage-like compound, is a small diazabicyclic molecule, which
has weak alkalescence, medium-hindrance and widely used
in organic synthesis reactions. On the one hand, it can serve
as a weak base and ligand, for example, reactions of the N-
methylation of indoles and Pd(OAc),/DABCO-catalyzed
Stille cross-coupling reaction, etc. On the other hand, it is
also a very widely used catalyst in organic synthesis reac-
tions, for example, the Baylis-Hillman reaction, synthesis of
three-membered carbocyclic compounds and heterocyclic
reactions containing oxygen, nitrogen. According to the
types of products, this paper introduces the application of
DABCO in organic synthesis in the recent years.
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1 DABCO catalyzed Baylis-Hillman reaction
in formation of carbon-carbon bond

In 1972, Baylis and Hillman [1] first reported the DABCO
catalyzed reaction of aldehyde with activated alkene to
generate a series of acrylate compounds with multi-func-
tional groups. Thus, the reaction was called Baylis-
Hillman reaction (Scheme 2).
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It is an important method in building carbon-carbon

bonds. A series of multi-functional molecules with a new
stereochemical center could be synthesized, which is a very
important intermediate in organic synthesis. This reaction
led to a further development in research such as the olefin
compounds of acrylamide, acrylate, acrylonitriled etc.
which can be involved in this reaction (Scheme 3). At
the same time, besides aldehydes, ketones and N-p-tosyli-
mines can be used as an electronic receptor reacted with
activated olefin [2-12].
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In general the reaction is completed by the following
three intermediate steps[1,5,10]: (1) first, the DABCO is
used as an indispensable catalyst in the formation of a
zwitterionic intermediate 1 through Michael addition reac-
tion with the activated olefins; (2) then the intermediate 1
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reacts with aldehyde through aldehyde condensation to form the second zwitterionic intermediate 2; (3) then a f-elimina-
tion reaction takes place in intermediate 2 in forming the final product of the Baylis-Hillman reaction and releasing the

DABCO which can carry on the next cycle (Scheme 4). The reaction can proceed perfectly with the addition of catalytic
amount of DABCO. R'
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In 2003 Matsuya et al. [13] reported Baylis-Hillman reaction of methyl 3-trimethylsilylpropiolate with aromatic
aldehydes (Scheme 5).
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Shi et al. [14] also reported the reaction of azodiformate compounds with activated alkene (Scheme 6).
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In 2005, Turki, Saxena and Yu [15-17] reported, respectively, the Baylis-Hillman reaction in aqueous phase (Scheme 7).
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2 Application of DABCO in building three-membered carbocyclic compounds

Studies of Papageorgiou et al. [18] suggested that the DABCO catalyzed reactions of haloalkanes with «, f-unsaturated
carboxylate derivatives, a series of cyclopropane derivatives, are synthesized with high yield and high selectivity. The
reaction conditions are mild, operations are easy and the materials are cheap. It provides a new way for building three-
membered carbocyclic compounds (Scheme 8).
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4, which is an inner salt since the carbon-nitrogen bond has
very strong polarity. Because of introduction of carbon-
nitrogen, the nucleophilicity of nitrogen ylide carbanion is
greatly enhanced and the reaction activity is increased sub-
stantially. Nitrogen ylide intermediate is extremely important
in these kind of reactions. In the following reaction, a
Michael addition of ylide intermediates 4 with o, S-unsat-
urated carboxylate derivatives and an intramolecular addi-
tion-substitution takes place in forming various
cyclopropane derivatives and releasing DABCO. The
released DABCO can carry on the next cycle and the reac- 4

tion can be fully carried out [18]. Amine ylide is usually a Scheme 9

tertiary amine with a larger group, such as DABCO. At the Later, this method was applied to intramolecular
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end of the reaction, these groups can be casily eliminated
Thus, the reaction proceeds smoothly towards the direction
of goal (Scheme 9).
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reaction to form bicylcoalkanes containing three-mem-
bered carbocyclic compounds through a one-step reac-
tion [19] (Scheme 10).
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On this basis, by using a chiral catalyst which has similar
structure to DABCO [20] the chiral three-membered carbo-
cyclic compounds could be synthesized, which is great sig-
nificance for synthesis of complex molecules and drugs.

3 Application of DABCO in synthesis of
heterocycles containing oxygen or nitrogen

DABCO can not only catalyze reactions in synthesizing
three-membered carbocyclic compounds, but can also be
used in the formation of heterocycles containing oxygen
or nitrogen. Most of these reaction conditions are mild,

DABCO

Cl —_—

+-BuOK

ArCHO

r.t. THF
F;C
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the operations are easy and the materials are commercial
available and cheap. Thus, it is significant to reduce the
demands of the rigorous conditions and substrates in the
previous reactions.

3.1 Synthesis of oxirane derivatives

In 2004, Kimachi et al. [21] reported that DABCO cata-
lyzed reactions of p-trifluoromethylbenzyl chloride with
aromatic aldehydes, which could be used to synthesize
oxidant derivatives at room temperature with rapid and
high selectivity. The reaction also proceeds through the
above mentioned intermediates of ylides (Scheme 11).

F,C
X
=

Scheme 11

3.2 Synthesis of four-membered carbocyclic compounds containing nitrogen

Zhao et al. [22] reported the reactions of N-tosylated aldimines with ethyl 2, 3-butadienoate in synthesis of four-
membered carbocyclic compounds containing nitrogen (Scheme 12).
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3.3 Synthesis of four-, five-membered carbocyclic compounds containing oxygen

Yang et al. [23] reported that DABCO catalyzed reactions of o, f-unsaturated ketones with halide. Thus, a series of
dihydrofuran derivatives were synthesized facilitatively and rapidly (Scheme 13).
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They [24] also reported the reaction in synthesis of y-butyrolactone through a-haloketones (Scheme 14).
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Not long after, they [25-28] also reported that DABCO catalyzed reactions of dimethyl acetylenedicarboxylate with
a-haloketones, 1,2-diols or 1,2-diphenols in synthesis of a series of furans, 2H-pyran, 1,4-dioxane and benzodioxole

derivatives (Schemes 15, 16, 17).
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Recently, Shi [29,30] reported that DABCO catalyzed reactions in the synthesis of chromene derivatives through

salicyl N-tosylimines (Scheme 18).
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4 Application of DABCO as ligand in the
cross-coupling reactions

In the cross-coupling reactions, the choice of the ligand is
very important. Reactions generally need electron-donor
ligands, in particular, the ligands must have a strong abil-
ity of supplying electrons and larger hindrance in stabil-
izing the intermediates formed in the reactions and
accelerating the reactions towards direction of goal.
Usually, phosphorus ligands are used in cross-coupling
reactions (such as triaryl phosphine or trialkyl phosphine)

because most of them are sensitive to water and air, the
reaction conditions are rigorous. These ligands are syn-
thesized with difficulty and very expensive. The use of
amines as ligands are beneficial for industrialization as
they are easily synthesized with lower costs and more
stable in the normal operations. The reaction conditions
are not as rigorous. Therefore, in recent years, applica-
tions of the amine ligands in the cross-coupling reactions
are highlighted in this field.

The lone electron pairs on DABCO do not participate
in the conjugation. The nitrogen atoms have external
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coordination capacity. On the other hand, DABCO has a
cage-like structure with great hindrance. The two nitrogen
atoms of DABCO are sp® hybridization, which also gives a
strong coordination capacity. Therefore, it is a rigid
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bidentate ligand. In recent years, Li et al. [31-38] reported
that Pd(OAc),/DABCO catalyzed Suzuki-Miyaura,
Hiyama cross-coupling reactions and Stille cross-coupling
reactions of aryl halides (Schemes 19, 20, 21).
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At the same time, they also reported cross-coupling reactions of aryl halides with terminal alkynes, olefins (Schemes

22, 23)[39-41].

Pd(OAc),/DABCO

X

A

0
Cs,CO5(3 equiv) P¢
MeCN, N,

Scheme 22

Cul/DABCO / \

L

K,CO;, EtOH, 80°C X

Scheme 23

5 Application of DABCO in other organic

synthesis reactions

In addition to catalyst and ligand, DABCO, as a weak
base and tertiary amine of medium-hindrance has a wide

e
L4

DABCO. Hy0_
somcatlon

range of uses in other areas. For example, the N-methyla-
tion of indoles, the condensations of unsaturated alde-
hydes or ketones and the simple additions of alkyne
[27,28,42-49] (Scheme 24-30).
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6 Conclusions

To sum up, DABCO, as a small organic molecular cata-
lyst has an important place in organic synthesis.
Compared with the traditional transition-metal catalysts,
DABCO is a widely used reagent which is stable, contam-
ination-free, convenient and cheap. The reaction condi-
tions in the use of DABCO as catalyst are mild, the rate is
high, the post-processing is simple and the operation is
very easy.

With the advancement of our society, everyone cares
more about our environment and it is the great respons-
ibility of chemists to minimize the traditional industrial

contamination of the environment and to develop new
green chemical processes. DABCO, as small organic
molecular catalyst, has been widely applied to different
kinds of reactions and has developed in a large field of
study to which the scientists have given increasing atten-
tion and favor. As researchers continue to join this pro-
ject, DABCO will be applied more and more in different
types of organic reactions. People can design catalysts
which are similar and better in properties with DABCO.
Thus, the organic reactions will be highly efficient and
selective. At the same time, more and more catalysts that
are similar to DABCO in structure are studied and chiral
catalysts are developed, which will open up a new path-
ways for synthetic drugs.
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