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The applications of Copper-based nanoparticles have received great attention due to the earth-abundant, low
toxicity and inexpensive. Due to these characteristics, copper nanoparticles have generated a great deal of interest
especially in the field of catalysis. Traditional Ullmann-type couplings suffer from limited substrate scopes and
harsh reaction conditions. The introduction of a new copper-based catalyst over the past two decades has totally
changed this situation as it enables the reaction promoted in mild condition. The reaction scope has also been
greatly expanded, rendering this copper-based cross-coupling attractive for both academia and industry.

Transition metal-catalyzed chemical transformation of organic electrophiles and organometallic reagents belong to
the most important cross-coupling reaction in organic synthesis. The biaryl ether division is not only popular in
natural products and synthetic pharmaceuticals but also widely found in many pesticides, polymers, and ligands.
Copper catalyst has received great attention owing to the low toxicity and low cost. The introduction of
homogeneous copper catalysts with the presence of bidentate ligands and also heterogeneous copper catalyst
over the past two decades has totally changed this situation as these ligands enable the reaction promoted in mild
condition. The reaction scope has also been greatly expanded, rendering this copper-based cross-coupling
attractive for both academia and industry. This review had been summarized recently advance homogeneous and

heterogeneous copper catalyst in Ullmann reaction and its application and natural product and pharmaceutical

industry.
heterogenous catalyst Homogenous catalyst Ullmann cross coupling reaction
Copper catalyst C-O bond

| 1. Introduction

The transition metal-catalyzed chemical transformation of organic electrophiles and organometallic reagents has
turned up as an exceedingly robust synthetic tool. The evolution of transition metal catalysts has attained a stage
of civilization that authorizes for an extensive scope of chemical bonds formation partners to be combined
efficiently [2l. In the last century, C-C bond transformation (catenation) has permitted chemists to assemble intricate
molecular frameworks of diversified interests encompassing complete synthesis of natural products,
pharmaceuticals, and industrial process improvement, as well as biochemistry, materials, and nanotech 22!, The
evolution of chemicals through the transition-metal catalyzed reaction is an exciting era for the chemistry of
palladium M, ruthenium &, platinum ©, etc., and has been significantly adopted by the industry. For example,

ruthenium-catalyzed N-H insertion reaction for the formation of benzo fused six/five-membered azaheterocycles
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which have a wide range of significant biological activity, such as anti-bacterial, -fungal, -tubercular, helminthic, -
plasmodial, -cancer, -inflammatory, cardiotonic, -hypertensive, -thrombotic, histaminic, -ulcer, analgesic,
neuroleptic, etc. B, In contrast, the low cost and high abundance of copper metal seemed to be the left in the cold
as a trend of a breakthrough in this area. However, the copper-mediated C-C, C-O, C-N, and C-S bond formation is

a part of one oldest reaction, emphasizing the Ullmann cross-coupling reaction 219,

In the early 20th century, Ullmann and Goldberg have reported the first and primary cleavage of an aromatic
carbon-halide bond in the presence of a stoichiometric amount of copper as a catalyst 1122l |n this reaction, two
moles of aryl halides are coupled in the presence of a stoichiometric amount of copper salt to afford the
homocoupling product at 210-260 °C (Scheme 1) 12181 Even though these homocoupling reactions received
considerable attention from the synthetic industry, it contributed several applications in that century. Still, this
reaction suffered from harsh conditions, which included high temperature, strong base, a large amount of copper
catalyst, limited substrate scope, etc. 24l Later, Ullmann and Goldberg also reported a copper-catalyzed C-N 13
and C-O heteroatomic bonds formation reaction 18, In 1929, Hurtley found that 3-bromobenzoic acid might be
utilized for the formation of C-C bond through the homocoupling reaction 27118l in the presence of copper-bronze
and copper acetate in diketones and malonates. Unfortunately, this reaction generally needs harsh conditions, like
the Ullmann and Goldberg reaction, and inadequate functional groups tolerance have restricted the applications of

Ullmann and Ullmann-type reactions through their study.

OO
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Scheme 1. Typical copper-mediated Ullmann condensation reaction and presumptive mechanism.

To modernize this prominent and classical Ullmann reaction, it is essential to establish a novel composition and
morphology of catalyst, suitable solvents, and reducing agents. Back in 1970, many researchers applied various

metal-based catalysts involved in Ullmann's reaction, and most included palladium, nickel, and gold 19, However,
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palladium and nickel were found to be the best catalysts for Ullmann reaction due to high reactivity and
regioselectivity. Unfortunately, metal catalysts have several drawbacks, such as high cost, highly toxic, and
generally required poisonous organic phosphines as a stabilizing ligand 2%, Gold is the most stable metal and
exhibits marvelous features, such as assemblage of different types involving materials science, the department of
its own particles, size-related electronic, magnetic, and optical properties, and utilization as catalysts in biology 211,
Besides these precious metals, silver 22, nickel [28l24] and rhodium 221 were also studied and applied to the
Ullmann coupling reaction. The cooperative stimulus of the polymetallic unlocked different view to the field of
catalysis when a unique constituent is adequately investigated. Bimetallic catalysts revealed outstanding

performance than the monometallic catalysts for their catalytic performance, stability, and selectivity 28],

The research on Ulimann's reaction is a persistent process and has adapted interesting reactions today. Under this
framework and history, it is so valuable for us to investigate the reactivity and mechanism of Ullmann's reactions.
These can assist us in the scheme of the new vital catalysts for the breakthrough of the related field. In the

meantime, countless work has been put in to explore the Ullmann reaction process at the molecular level.

| 2. Aryl C-O Bond Formation Catalyzed by Copper Metal
2.1. Heterogeneous Catalyst

A heterogeneous catalyst is referred to as a catalytic reaction where the catalyst has the phase difference with the
reactants. In short, it is an insoluble catalyst in a solution. A heterogeneous catalyst generally continues creating
the active site with the reactant under suitable reaction conditions. These sites change the rates of chemical
reactions of the reactants localized on them without changing the thermodynamic equilibrium between the

materials [22],

2.2. Homogeneous Catalyst

A homogeneous catalyst is referred to as a catalytic reaction where the catalyst has the same phase with the
reactant. In short, it is a soluble catalyst in a solution 28. Homogeneous catalyst generally provides short reaction
time and needs a few amounts of catalyst in the catalytic system owing to it can contact with reactant adequately

compare to the heterogeneous catalyst (2],

3. Recent Application of Synthetic Ethers in Pharmaceutical
and Natural Product

The aromatic C-O bonds are widely introduced in natural products and pharmaceutic-like molecules. Although the
Pd-catalyzed cross-coupling reaction is a powerful system in the synthesis of this type of compounds, a
constitutional problem, such as high cost and high toxicity, might restrict its application in the pharmaceutical and
medicinal industry. Back to front, the current breakthrough and growing of copper-mediated Ullmann etherification

reactions offer an optional and practical selection.
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| 4. Conclusion

Ullimann C-O bond arylation reaction has become dominant and plays a vital role in organic synthesis, medicinal,
agrochemical chemistry, with its being present in a broad range of natural products and biologically active
compounds. Copper-mediated Ullmann reactions were virtuously developed for some time by utilizing novel
ligands and synthetic ancillary tools. In this review, we summarized some recent advances and applications of the
copper-mediated Ullmann coupling reaction in the synthesis of heterocycles, pharmaceutical molecules, and
natural products. A marvelous agreement of work has been reliable for establishing a more effortless and fast
method of Ullmann type C-O bond formation, mainly capital on catalysts. Among many novels and speedy
breakthrough of this reaction, we understand the eco-synthetic methodologies, such as nanosized metal-, ligand-,
additive-free condition, and the reusable heterogeneous catalyst will develop in a parallel line to significantly give
impact in this Ullmann O-arylation cross-coupling reaction. We notice that the involvement of low catalyst loading
(<1 mol%) in the reaction is invariably limited with aryl chlorides, and tosylates are substantially expelled as the
initial substrate in most of the situation. These challenges obligate the synthetic organic transformation to study
further and explore with develop a novel method and catalytic system to extend the scope and generality of the
century-old Ullmann condition. As illustrated, the use of all kinds of various copper-mediated catalysts in Ullmann
O-arylation allows for rapid transformations under relatively mild and ligand-free conditions, with the benefits of the
excellent yield of products with the ease of catalyst separation and recover. As a summary, the outcome of most of
the reactions highly depended on different diverse variables, and their connection has not been confirmed yet. The

following are the tabulated part affecting the Ullmann O-arylation cross-coupling reaction.

lon form of copper: Either metallic copper, Cu(l), Cu(ll), or Cu(0) salts and oxides have been applied, but Cu(l)

salts commonly provide the extraordinary performance.

» Amount of copper: Commonly in the scope of 5-15 mol% based on the substrate, yet as a typical order higher

loaded of copper provides a faster rate of reaction with an excellent outcome.

« Ligand form: Bi-dentate ligands are generally chosen, and the pyridine nucleus, secondary or tertiary amines,
carbonyl groups, and imino-groups are generally suitable working ligand moieties; phosphine ligands are

generally not very active.

» Ligand loaded: Bi-dentate ligands are used on average in a ratio of (copper: ligand); 1:1 or 1:2, while most of

the conditions, a higher ratio leading a better outcome.

» Base: Organic bases, such as amines, do not work well with C-O Ulimann etherification. On the other hand,
inorganic bases, such as potassium phosphate or carbonate and cesium carbonate, give better results in the

reaction. The most general loading of the base is 3 equivalents relative to the substrate.

» Solvent: Depending on the reaction and reactant used, polar/non-polar solvents give a better outcome; DMF,

DMSO, toluene, or acetonitrile are among the most used; N-Methyl-2-pyrrolidone (NMP) is basically utilized in
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microwave reactions.
Temperature: The comment temperature in Ullmann etherification is in the range 70-120 °C, but some cases

also conduct at room temperature; a better outcome of the product is generally in higher temperatures.

Aryl halide: The reactivity of the aryl halide follows the trend: | > Br > ClI; the reactivity of aryl-chlorides can be
activated via the strong electron-withdrawing group as substituents, ortho position of substituents/adding a

source of I the reaction (ion exchange reactions are catalyzed by Cu).

Nucleophile: The better the nucleophile, the better the results, such as amines/thiols> phenol; amides are more
active than imides.

Steric hindrance: A noticeable sensitivity is usually observed, both on the aryl halide and the nucleophile. For
example, the presence of the methyl group in the ortho position to the nucleophilic site can significantly reduce

the corresponding product.

Atmosphere: Usually an inert condition; nitrogen/argon atmosphere gives a better organic transformation in Cu-
catalyzed ether bond couplings.
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