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This thesis describes the copper catalyzed coupling reaction of diaryl ethers from phenols and aryl halides in the
present of different nitrogen-ligands. The thesis is composed of five chapters, each of them dealing with different
aspects of investigation and application of the approaches for the synthesis of diaryl ethers.

Chapter 1 is the introduction of the synthesis of diaryl ethers and clarifies the status of the research field studied in

this thesis. First, it describes the historical background of the Ullmann type C-O coupling reaction. Over a century ago,
Ullmann developed the copper-mediated C-O bond formation from aryl halides and phenols, but the classical cross-
coupling reaction was limited by harsh reaction conditions and stoichiometric amounts of copper reagents. In 1990's, the
introduction of ligands to the palladium catalyzed C—O coupling reactions was developed and successfully conquered
the limitation of the classical Ullmann coupling reaction. Then the research interest for copper assisted coupling
O-arylation reactions was aroused by the discovery of some effective copper catalytic systems, such as the combination
of copper salts with bidentate ligands, which enable the coupling reactions to be performed under relatively mild
conditions.
Then some nitrogen-containing ligands were emphasized due to their high popularity, such as bipyridine,
1,10-phenanthroline and salicylaldoxime. However, these ligands have to work with some relatively expensive reagents,
such as Cu/C and Cul/KF/AlO; for the O-arylation. In the end, considering the limitations of these catalyst systems,
the purpose of this study is to explore more efficient and economical copper-based catalyst systems for the synthesis of
diaryl ethers.

In Chapter 2, a set of 2,2 -bipyridines (L1-L6) and a 4,7-dimethoxy-1,10-phenanthroline (LL7) as the ligands to
promote the Cul-catalyzed coupling of aryl halides with phenols were studied. L6 (4,4’-dimethoxy-2,2’-bipyridine) and
L7 exhibited higher efficiency than the other ligands. The influence of the amount of Cul and the ratio of Cul to L6

were investigated. The result indicated the 1:2 combination gave much better results than the 1:1 ratio and the catalyst



loading of 20/40 mol% (Cul/L6) is necessary for higher yield than 90% of the product. The effect of base, solvent and
temperature were also studied. Then the substrate scope was examined for both aryl iodides and phenols at 100 °C.
The result indicated both electronic nature of the aryl iodides and phenols plays a critical role on the coupling reaction.
Aryl iodides with an electron-withdrawing groups at para-position exhibited higher activity than with electron-donating
groups. For phenols, on the other hand, the electronic effect of the p-substituent is more prominent in the opposite
direction.

Furthermore, more challenging and economical aryl bromides were also investigated for the coupling with phenols
to emphasize the utility of 6. It was found higher temperature is necessary for less reactive aryl bromides and the
electronic effect was rather small at 140 °C. At last, L7 with a more planar structure was studied and it seems more
efficient than that of L6 probably due to the stability.

Chapter 3 deals with the development of new ligands to lower the catalyst loading and keep the high efficiency of the
catalyst system. As a result, three pyrazole-containing N,- and N;-ligands (L8-1L10) and four N,- and N;-tripyridine
ligands (L11-L14) were developed and tested in the copper-catalyzed arylation of p-cresol with 4-iodotoluene. The
catalyst loading was reduced to 10/10 mol% (Cul/L) and only 2-(1-pyrazolyl)pyridine (L8) achieved the assumed
result with 90% yield at 100 °C. However, 1.9-1.14 also performed well and kept the yields around 70% while reducing
the catalyst loading to 10/10 mol% from 20/40 mol% (Cul/L). Then the reaction conditions including solvent, copper
source, temperature and reaction time, as well as the scope of the substrates, were studied with L8 as the most suitable
ligand and the result was consistent with Chapter 2.

In addition, the mechanism of the L8 promoted Cul-catalyzed coupling reaction was studied. Due to both of TEMPO
and cumene couldn’t complete quench the coupling reaction, non-radical mechanisms were probably involved in the
formation of diaryl ethers under the present reaction conditions. Based on the current results and the previous reports,
three plausible catalytic cycles were proposed including one oxidative addition mechanism and one radical mechanism
(halogen atom transfer) with two different combined methods of the aryl radical.

In Chapter 4, the application of L8 to copper(Il)-catalyzed coupling reaction was further investigated from an
economical viewpoint. A series of copper(Il) catalyst, including CuBr,, Cu(OAc),*H,0, Cu(HCOO),*4H,0, Cu(OTf),
and Cu(acac),, were applied into the synthesis of 4,4’-dimethyldiphenyl ether with L8. As a result, Cu(OAc),*H,0O as an
economical and stable copper source exhibited highest efficiency and was selected to apply into the investigation of the
scope of the substrates. Compared with Cul, Cu(OAc),*H,O gave much better performance which might be due to its
stability.

Chapter 5 summarizes the results of the different ligands promoted copper (I/I1) catalyzed coupling reaction from aryl
halides and phenols. 1) Dipyridine type ligands, L6 and L7 combined with a simple Cul can promote the synthesis of
4,4’-dimethyldiphenyl ether with the yield up to 87 and 90%, even though 20/40 mol% (Cul/L) of the catalyst loading
is necessary. 2) Pyrazole-pyridine type ligand, L8 reduced the catalyst loading to 10/10 mol% from 20/40 mol% (Cul/
L) and hold the yield to 90%. 3) More economical and stable Cu(OAc),*H,O was applied into the coupling reaction and
exhibited excellent performance, even better than Cul. This study provides a possibility to develop further improved

catalyst systems for O-arylation and affords a new insight into the pyrazole-contained ligands.
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