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Roles of Bases in Transition—Metal Catalyzed Organic Reactions

Ouyang, Kunbing”  Xi, Zhenfeng*”

(“ Institute of Chemistry, Chinese Academy of Sciences (CAS), Beijing 100190)
(® College of Chemistry, Peking University, Beijing 100871)

Abstract Bases, either organic bases or inorganic ones, are very often added in transition-metal catalyzed organic reactions
to promote the catalytic reaction efficiency and increase the yields of products. As a common practice for most published
papers, a reaction condition screening table is given, listing a number of bases and the respective yield of products. However,
no discussion or a little in some cases is provided on why one base works well to give a high yield formation of the product,
but other bases afford no or low yields of the product. Furthermore, in many cases a certain base works well for one reaction
but may not work for another. Indeed, for a complicated reaction mixture containing several different components, it is very
difficult to analyze and understand the roles of certain bases. Yet there are sporadic discussions and rationalization on the
roles of bases in the literature. The role of bases has been reported to be straightforward in some cases, for examples, to ab-
stract protons or to neutralize acids in the reaction system, but very complicated in many other cases. The roles of bases may
be affected by several factors, including basicity, solubility, ionization ability, solvent, aggregation state, the size of the metal
cations, Lewis acidity of the metal cations, the HSAB theory, the size of the counter anions; the coordination ability of the
counter anions, efc. In addition to abstract protons or to neutralize acids in the reaction system, a base may activate the cata-
lysts and facilitate the regeneration of reactive catalytic species. The roles of the metal cation in a base may mainly influence
the solubility of the base in organic solvents, or interact with substrates or solvents. The roles of the counter anion in a base
may mainly contribute to the coordination with a metal center and subsequent stabilize the complex. The major differences
between inorganic bases and organic bases include their solubility and bulkiness. Metal contaminants in bases may also have
innegligible effect on the reactions, since in many cases a large excess amount of bases are added. This review is written
based on the limited knowledge, focusing on commonly used inorganic bases such as LiOBu-z, NaOBu-#, KOBu-#, LiOAc,
NaOAc, KOAc, LiOH, NaOH, KOH, Li,CO;, Na,CO;, K,CO3, Cs,CO;, KF, CsF and organic bases such as DBU and Et;N.
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Figure 1 Roles of bases in transition-metal catalyzed selective cleavage
of Si—C bond or C—H bond in a SiMe; group'"
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Table 1 Solubility of metal carbonate salts in dipolar aprotic solvents
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Solvent L12C03 Na2C03 K2C03 C52CO3
DMF 0.003 0.038 0.075 1.195
Me,SO 0.014 0.143 0.470 3.625
DMAC 0.004 0.021 0.046 0.490
Sulfolane 0.021 0.031 0.160 3.950
NMP 0.014 0.208 0.237 7.224
“ Solubilities in g/10 mL determined at ambient temperature by flame pho-
tometry.
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Figure 2 Basicities of cesium and potassium carbonates, potassium
tert-butoxide and DBU in various aprotic solvents!
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Figure 3 Direct carboxylation of indole mediated by LiOBu-#!
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Figure 4  Structures of the organic ionic bases'®!

TBPE: R = n-Bu, A¥ = OAc
TBPA: R = n-Bu, A¥ = adipate
TBPM: R = n-Bu, A¥ = malonate

# 2 AFEBEO0.01 molsL YZEAHIAR T HIH S (uSem™) (15 C,
100 kPa)*

Table 2 Conductivity (uSecm ') of various bases (0.01 molsL™") in
organic solution (15 ‘C, 100 kPa)

Base DMF THF Base DMF THF
Li,COs; 2.63 0 TBAP 1237 21.70
Na,COs 2.75 0 TBAC 1229 19.00
K,COs 14.00 0 TBAHC 716 8.76
Cs,COs 24.00 0.021 TBAA 1028 2.11
Na;PO, 3.92 0 TBAE 721 1.28
K;COs 13.10 0 TBPA 780 7.40
TMAP 185 1.01 TBPE 758 2.73

TEAP 740 2.88 TBPM 842 9.48

.
*H20,-H"  AcO—PPh,
- » |

“ Conductivities of pure DMF and THF are 0.72 and 0 uSecm ', respectively.
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Figure 5 Generation of Pd(0) species!”’
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Figure 6 Anion effect and cation effect on the coupling'”
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Figure 7 Formation of different products mediated by different base!'"!
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Figure 11 Direct arylation of perfluorobenzenes and several pathways for base assisted mechanism!"*!
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Figure 14 Palladium-catalyzed C—H activation of methyl groups'®!
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Figure 16 Influence of the fluoride source and the solvent on the enantioselectivity of the arylation reaction!*?!
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