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Abstract 

Over the past decades, transition-metal-catalyzed cross-coupling reactions have witnessed 

considerable growth and emerged as a powerful tool for the construction of carbon-carbon 

bonds. These reactions have found numerous applications in assembling structurally complex 

molecules ranging from medicines to materials. While the C(sp2)-C(sp2) cross-coupling 

reactions have seen a tremendous development, less effort has been devoted to the more 

challenging C(sp2)-C(sp3) couplings. 

The selectivity control in the palladium(0)-catalyzed cross-coupling of alkyl nucleophiles is 

an important topic of research in the Baudoin group. Both direct and migrative 

cross-couplings can be achieved by simply switching the ligand involved. 

Following the long-standing interest in this field, we firstly extended the migrative 

cross-coupling reactions to simple and easily available secondary alkyl bromides under 

Barbier conditions. Moreover, the terminal-selective functionalization of simple alkanes could 

be achieved when this reaction was coupled to a non-selective radical monobromination 

process. 

On the other hand, a series of azole-based bulky phosphine ligands was designed and applied 

to direct C(sp2)-C(sp3) Barbier-Negishi cross-coupling reactions, successfully preventing the 

ɓ-hydride elimination process while favouring the direct reductive elimination. 

Finally, the óóligand-controlled selectivityôô strategy was applied to the divergent synthesis of 

enantioenriched ɓ-amino acid derivatives. 

Keywords: Negishi cross-couplings, palladium, C(sp2)-C(sp3) bond formation, 

ligand-controlled, secondary alkyl bromides, Barbier conditions, enantiodivergence, ɓ-amino 

acids 
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Abbreviations 

Ac Acetyl 

Ad Admantyl 

Alk. Alkyl 

Aq. Aqueous 

Ar Aryl 

Bn Benzyl 

Boc tert-Butoxycarbonyl 

Bu Butyl 

Cat. Catalytic 

Conc. Concentrated 

CPhos 2-Dicyclohexylphosphino-2ǋ,6ǋ-bis(N,N-dimethylamino)biphenyl 

Cy Cyclohexyl 

Cyp Cyclopentyl 

dba Dibenzylidene acetone 

DCM Dichloromethane 

DFT Density functional theory 

DMAP 4-Dimethylaminopyridine 

DMF Dimethyl formamide 

DMSO Dimethyl sulfoxide 

d.r. Diastereoisomeric ratio 

ee Enantiomeric excess 

e.g. Exempli gratia 

Et Ethyl 

e.r. Enantiomeric ratio 

e.q.                     equivalent 

ESI                     Electron spray ionization 

FG                     Functional group 

GC-MS              Gas chromatography mass spectrometry 

h                         hours 

HPLC                High pressure liquid chromatography 

HR-MS             High resolution mass spectrometry 
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i-Pr                     iso-propyl 

t-Bu                    tert-butyl 

IR                      Infrared spectroscopy 

L                       Ligand 

Me                    Methyl 

MeCN                Acetonitrile 

NBS                  N-bromosuccinimide 

n-BuLi               n-butyllithium 

s-BuLi               sec-butyllithium 

t-BuLi               tert-butyllithium 

NMR                 Nuclear magnetic resonance 

Ph                      Phenyl 

PEPPSI             Pyridine-enhanced precatalyst preparation, stabilization, and 

initiation 

RT                     Room temperature 

sat.                     Saturated 

SM                    Starting material 

Nf                     Nonaflyl 

NHCs               N-heterocyclic carbenes 

THF                  Tetrahydrofuran 

TLC                  Thin layer chromatography 

TMEDA               N,N-tetramethylethylenediamine 

Piv                    Pivaloyl 

Pr                   Propyl 

Py                     Pyridine 

TBDPS                 tert-Butyldiphenylsilyl 

Tf                     Triflyl 

Pd0/L                  Palladium (0) bearing a ligand 

rac                     Racemate 

RuPhos                 2-Dicyclohexylphosphino-2ǋ,6ǋ-diisopropoxybiphenyl 

UV                  Ultraviolet 

XPhos                  2-Dicyclohexylphosphino-2ǋ,4ǋ,6ǋ-triisopropylbiphenyl 
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1. Overview of metal-catalyzed cross-coupling reactions 

1.1 Discoveries and developments 

A coupling reaction is a general term for a variety of reactions where two hydrocarbon 

fragments are coupled with the aid of a metal catalyst. Historically, the first reported 

metal-catalyzed coupling reaction could date back to the 19th century, when Glaser discovered 

the homocoupling of aromatic acetylides in the presence of stoichiometric amounts of copper 

salts (Scheme 1.1a).1 Following the development of C(sp)-C(sp) homocoupling, this method 

was extended to C(sp2)-C(sp2) bond formation. In 1901, Ullmann described the dimerization 

of 2-bromonitrobenzene promoted by excess copper (Scheme 1.1b).2 Although harsh 

conditions were usually required for the early copper-mediated reactions, these discoveries 

paved the way for later developments.  

 

Scheme 1.1. Glaser and Ullmann couplings 

Over the past decades, metal-catalyzed cross-couplings, especially palladium-mediated 

transformations, have been developed rapidly and advances in recent years have greatly 

increased their scope and practicality. These findings revolutionized the way chemists 

construct molecules and provided new methods for previously impossible, but highly 

desirable carbon-carbon and carbon-heteroatom bond forming processes. Due to their great 

contribution to palladium-catalyzed cross-coupling reactions, Richard Heck, Ei-ichi Negishi 

and Akira Suzuki shared the Nobel Prize in chemistry in 2010.3 

Since then, these discoveries inspired chemists to develop a broad range of additional 

cross-coupling reactions, such as C-H activation and decarboxylative couplings.4 It is also 

noteworthy that a great deal of progress has been made on the development of asymmetric 

versions of cross-couplings.5 In addition, ñgreenò cross-coupling reactions are another 
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interesting research field. This includes the use of catalysts based on cheap and abundant 

transition metals,6 as well as using water or ionic liquids as the reaction medium.7 Given their 

essential role in carbon-carbon/heteroatom bond formation processes, cross-coupling 

reactions continue to attract attention from both the academic and industrial communities. 

1.2 Applications in organic synthesis 

Due to their mild conditions associated with the reactions, together with their tolerance of a 

wide range of functional groups, cross-coupling reactions have had a great impact on 

synthetic organic chemistry and have found many applications in target-oriented synthesis. 

Among them, palladium-catalyzed cross-coupling reactions are the most prominent.8 

Quadrigemine C is representative of the higher-order members of the pyrrolidinoindoline 

alkaloid family.9 First described in 1987, quadrigemine C is reported to exhibit significant 

antibacterial and analgesic activities, and behave as a weak antagonist of the SRIF 

(somatostatin) receptor.10 Therefore, the total synthesis of such a molecule is highly 

interesting and desirable. In 2002, the Overman group described an elegant synthetic route to 

the enantioselective total synthesis of quadrigemine C 1-11, in which sequential tandem Stille 

couplings and catalytic asymmetric intramolecular Heck cyclizations were employed as the 

key steps (Scheme 1.2).11 

Scheme 1.2. Sequential tandem Stille couplings and asymmetric intramolecular Heck reactions in the 

enantioselective synthesis of (-)-quadrigemine C 
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An impressive example of application of Negishi couplings in total synthesis is the novel and 

general synthetic route to the ɓ-carotenoids reported by the Negishi group. As shown in 

Scheme 1.3, these remarkable carbon-carbon bonds forming processes, each of which 

involved four different organometallic intermediates and three transmetallation steps 

(Zr­Al­Zn­Pd), proceed well with remarkable overall efficiency and stereoselectivity, 

affording the target molecule 1-20 in more than 99% stereoisomeric purity.12 

 

Scheme 1.3. Application of Negishi coupling reaction in the total synthesis of ɓ-carotene 

In addition, the impact of palladium-catalyzed coupling reactions has been witnessed beyond 

academic field, particularly in the pharmaceutical industry.13 One example is the synthesis of 

Crizotinib, a potent and selective Mesenchymal epithelial transition factor/Anaplastic 

lymphoma kinase (c-Met/ALK) inhibitor that is currently in phase III clinical trials. In 2011, 

Koning and co-workers from Pfizer reported a robust six-step process for the synthesis of 

Crizotinib, in which the highly selective Suzuki-Miyaura coupling could be conducted on a 50 

kg scale (Scheme 1.4).14 

Scheme 1.4. Application of the Suzuki-Miyaura coupling in industrial process 

2. Palladium-catalyzed Negishi cross-couplings 
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Negishi and co-workers originally studied the cross-coupling of organoaluminum reagents in 

1976 employing palladium and nickel catalysts.15 Later, they reported that organozinc 

compounds could be readily participated in Ni- or Pd-catalyzed cross-coupling reactions, 

providing a general and mild protocol for the preparation of unsymmetrical biaryls and 

diarylmethanes. It is noteworthy that the described reaction features high chemo- and 

regioselectivity as well as high cross-/homo-coupling ratios.16 Although organozincs are air- 

and moisture-sensitive, a fact that has hindered their use compared to other cross-coupling 

reactions, their fast transmetallation to palladium compared to boronic acids allows the 

investigators to achieve Negishi cross-couplings between a wide range of unsaturated halides 

and organozincs under very mild conditions (Scheme 1.5). In addition, the low toxicity and 

easy preparation of organozinc compounds, as well as the increasing number of commercially 

available zinc reagents have greatly promoted the development and application of Negishi 

cross-coupling reactions in numerous fields.17 

Palladium is the most often used transition-metal in Negishi cross-coupling reactions, but in 

some cases, palladium-based catalyst systems can also be replaced by alternative metals, such 

as Ni, Fe, Co, or Cu.17 Considering the length of the bibliographic part and the focus of this 

thesis, mainly palladium catalysis will be discussed here. 

 

Scheme 1.5. General scheme for Negishi couplings 

2.1 Palladium-catalyzed Negishi cross-couplings of alkylzinc reagents 

In general, transition-metal-catalyzed cross-coupling reactions undergo three consecutive 

steps as outlined in Scheme 1.6: oxidative addition, transmetallation and reductive 

elimination.  
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Scheme 1.6. General catalytic cycle for palladium-catalyzed cross-coupling reactions 

Due to the presence of an empty low-lying p orbital of zinc, the alkylzinc reagents exhibit an 

excellent ability to undergo transmetalation. Therefore, palladium-catalyzed Negishi 

cross-coupling reactions of alkylzincs have demonstrated to be powerful tools in numerous 

areas of synthesis. 

However, the use of C(sp3) organozincs in Negishi cross-coupling reactions has suffered from 

several serious problems. Consequently, although the Negishi protocol has been extensively 

studied using various coupling partners, such as alkynyl, aryl, alkenyl, allyl, and benzylzinc 

reagents, the frequent use of more challenging alkylzinc reagents containing ɓ-hydrogen(s) as 

coupling partners has only attracted attention and been investigated more recently.18 

2.2 Mechanistic studies on palladium-mediated Negishi cross-couplings 

In light of the importance of Negishi cross-coupling reactions in synthetic organic chemistry, 

the study of their mechanism has been the subject of extensive investigation. In 2010, 

Knochel and Mayr groups studied the influence of the structures of both aryl halides and 

arylzinc reagents on the rate of various steps.19 Competition experiments were conducted to 

determine these structure-reactivity relationships. The cross-couplings were found to be 

accelerated by electron acceptors on the aryl bromides and the accelerating effect decreases in 

the order para > meta > ortho. On the other hand, the presence of electron-acceptors on the 

arylzinc species diminished the reaction rate. Hammett correlations showed that substituents 

on the aryl bromides have a larger impact than the substituent variations on the arylzinc 

reagents (ɟ = +2.5 VS. ɟ = -0.98). 
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Espinet and co-workers reported a detailed study on the Negishi cross-coupling reaction of 

ArI (Ar = 2-CO2EtC6H4) and Et2Zn in the presence of two different palladium catalysts: 

conventional phosphine ligands (e.g. PPh3) and hydride phosphine-electron-withdrawing 

olefin (P-EWO) ligands.20 Their research provided useful insights into the two competitive 

pathways: reductive elimination giving rise to the cross-coupling product versus ɓ-H 

elimination leading to the reduction product after subsequent reductive elimination (Scheme 

1.7). With P-EWO ligands, the ɓ-H elimination from the palladium complex is slow 

compared to the fast reductive elimination, thus favouring the formation of the cross-coupling 

product. However, in the presence of traditional phosphine ligands, the formation of reduction 

product is always a big problem. 

 

Scheme 1.7. Cross-coupling VS. reduction 

Additionally, halide salts were reported to have a remarkable effect on Negishi cross-coupling 

reactions. In this regard, Organ and co-workers studied the charged zinc species that are 

formed upon addition of LiBr to n-BuZnBr in different solvents.21 They disclosed that less 

polar solvents, like THF, do not allow the formation of n-BuZnBr3
2- and the Schlenk 

equilibrium shifts toward n-Bu2Zn, which is not the active transmetallation species in Negishi 

cross-couplings (Scheme 1.8b). On the contrary, in a mixed solvent system (THF/DMI 2/1), 

the Schlenk equilibrium tends to form a highly charged organozinc species n-BuZnBr3
2- 

(Scheme 1.8a). Based on these studies, they proposed the following catalytic cycle as 

described in Scheme 1.9 for the alkylïalkyl Negishi reaction. On the other hand, the Clyburne 

group developed a method to prepare and identify RZnX3
2- species, which allowed the 

cross-coupling to occur in the absence of added metal salts and polar co-solvent.22 
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Scheme 1.8. Schlenk equilibrium involved in Negishi cross-couplings 

 

Scheme 1.9. Proposed catalytic cycle for the alkylïalkyl Negishi reaction 

However, a significantly different phenomenon was observed in the reaction system of 

arylzinc compounds.23 Diarylzinc reagents were found to have the ability of transmetallation 

in low dielectric solvent (such as THF) without the aid of salt, whereas ArZnX compounds 

behaved differently, requiring either a high dielectric solvent or a lower polarity solvent aided 

with enough salt. Moreover, unlike the alkylzinc systems for which higher-order zincates are 

needed to facilitate the transmetallation step, there is no evidence of a similar requirement in 

the cross-coupling of arylzinc reagents. 

3. Site-selectivity issues in palladium-catalyzed Negishi cross-couplings of 

secondary alkylzinc reagents 

The palladium-catalyzed Negishi cross-couplings involving secondary alkylzincs remain 

challenging. A major limitation arises from the competitive ɓ-hydride elimination and 

migratory reinsertion that resultes in the formation of undesired isomers.18 A simplified 

mechanism for the reaction of an iso-propyl organozinc with an aryl halide is shown below 

(Scheme 1.10). The reaction is initiated by oxidative addition of a palladium(0) complex with 
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an aryl halide, which is then followed by transmetallation with a secondary alkylzinc, 

producing intermediate 1-26. At this stage, direct reductive elimination would afford the 

branched product 1-27 and regenerate the palladium(0) complex for the next catalytic cycle. 

Alternatively, the competitive ɓ-H elimination can occur reversibly to form intermediate 1-28. 

It then undergoes a migratory insertion step to produce the linear palladium (II) complex 1-29, 

which can then reductively eliminate to give the isomerized product n-PrAr 1-30. 

 

Scheme 1.10. Mechanism for the palladium(0)-catalyzed Negishi cross coupling of iso-propylzinc halide with an 

aryl halide 

From the mechanism, it is clear that controlling the rate of direct reductive elimination 

relative to ɓ-H elimination is an important factor to achieve a better site-selectivity. Previous 

studies have shown that the structure of ligands has a great effect on this competition. Over 

the last decades, various ligands and catalyst systems have been developed to supress the 

migration pathway and favour direct cross-couplings. In the meantime, the Baudoin group has 

a long-standing interest in migrative cross-couplings, which provide a new catalytic approach 

to functionalize unactivated C-H bonds at remote positions of alkyl chains.24 

3.1 Direct cross-couplings 

3.1.1 Development of phosphine ligands 

To address the issue of ɓ-H elimination during the reaction pathway, studies from several 

groups demonstrated that the ɓ-H elimination and migratory pathway can be limited by 

employing catalysts containing bulky phosphine ligands that increase the steric bulk around 

palladium, which can then favour the reductive elimination. 
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In 1972, Kumada/Tamao reported that nickel-diphosphine complexes could couple secondary 

alkyl Grignard reagents with a limited number of aryl halides.25 They discovered that the 

extent of isomerization strongly depends on the electronic nature of the phosphine ligand in 

the catalyst (Table 1.1). While dppe and dppp gave the direct coupling product in good yield 

and excellent selectivity (entry 1& entry 2), changing of diphosphine ligand to dmpe afforded 

mainly the migrated linear product (entry 3).  

Table 1.1. Ligand effect in nickel-catalyzed cross-coupling of secondary alkyl Grignard reagents with aryl 

halides 

 

Entry L2 in catalyst Total yield 

  
 

1 
Ph2PCH2CH2PPh2 

(dppe) 
74% 96 4 0 

2 
Ph2PCH2CH2CH2PPh2 

(dppp) 
89% 96 4 0 

3 
Me2PCH2CH2PMe2 

(dmpe) 
84% 9 84 7 

 

Later, in 1984, [1,1 '-bis(diphenylphosphino)ferrocene] palladium(II) [PdCl2(dppf)] was 

found to be an active and selective catalyst for the cross-coupling of secondary and primary 

alkyl Grignard and alkylzinc reagents with organic halides (Scheme 1.11).26 

 

Scheme 1.11. Grignard and Negishi couplings of secondary alkyl organometallics catalyzed by PdCl2(dppf) 

Further studies showed that the selectivity and activity of the palladium complexes with 

bidentate phosphine ligands are strongly dependent upon the molecular framework lying 
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between the two diphenylphosphino groups in the ligand. As shown in Table 1.2, the values 

of the P-Pd-P and Cl-Pd-Cl angles in the complexes may well correlate with the activity and 

selectivity of the palladium complexes: the larger P-Pd-P and smaller Cl-Pd-Cl angles, the 

faster is the reductive elimination to form the direct cross-coupling product. 

Table 1.2. P-Pd-P and Cl-Pd-Cl angles in PdCl2L2 complexes and their activities in the cross-coupling 

 

  Angle, deg. Yield, % 

Entry PdCl2L2 P-Pd-P Cl-Pd-Cl 1-37a 1-37b 1-37c 1-38a 

1 PdCl2(dppf) 99.07 87.8 95 97 75 92 

2 PdCl2(dppp) 90.6 90.8 43 76 4 12 

3 PdCl2(dppe) 85.8 94.2 0-4 3 - 3 

 

Because of the important role of ligands in controlling the selectivity, different types of 

phosphine ligands were developed and applied to the coupling of secondary alkyl 

organometallics, such as the bulky monodentate phosphine ligands tri-tert-butylphosphine 

P(t-Bu)3
27 and cataCXium A nBuPAd2

28. In addition, an elegant work reported by the 

Buchwald group detailed the palladium-catalyzed Negishi coupling of secondary alkylzinc 

halides with aryl bromides, activated aryl chlorides and heteroaryl halides using bulky 

CPhos-type ligands. Under their optimal conditions, good to excellent ratios of direct to 

migrative (isomerized) coupling products were observed for a variety of substrates (Scheme 

1.12).29 
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Scheme 1.12. C(sp2)-C(sp3) Negishi cross-couplings with CPhos-type ligands developed by the Buchwald group 

To have a better understanding of the unique activity and selectivity of palladium-based 

catalyst system featuring CPhos-type ligands, an air-stable oxidative addition complex 

[L ·ArPdBr] (Ar = 4-cyanophenyl) 1-43 was prepared and studied (Scheme 1.13). First of all, 

catalytic amount (1 mol%) of complex 1-43 was engaged in the reaction of 

methyl-4-chlorobenzoate and iso-propylzinc bromide, giving the same ratio of direct and 

migrative products as when a palladacycle precatalyst featuring CPhos was used. They 

believe that this demonstrated the catalytic competence of 1-43 for the coupling of secondary 

alkylzinc halides. 

 

Scheme 1.13. Preparation of oxidative addition complex featuring CPhos 

The X-ray structure of 1-43 (Figure 1.1) showed a nearly square-planar Pd(II) center featuring 

k2 bound CPhos ligand through P atom and ipso-C moiety of the bottom aromatic ring 
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(ipso-C-Pd bond length = 2.478(3) Å). In addition, the solid-state structure of 1-43 indicates 

the monodentate nature of CPhos, since neither of the two dimethylamino substituents 

coordinates to the Pd(II) center. Further examination of complex 1-43 suggests that neither of 

the two dimethylamino groups lies in the plane of the bottom ring of CPhos. This probably 

discloses that the lone pair of the Me2N- group is not conjugated with the lower ring of CPhos 

and the two Me2N- group could probably act as electron-withdrawing substituents, thereby 

rendering the bottom ring of CPhos less electron-donating. Based on these results, they 

believed that the use of CPhos-type ligand in the coupling of secondary alkylzincs may 

facilitate the reductive elimination and that carefully balancing the electron-donating ability of 

P-bound substituents and the biaryl backbone is critical to obtain good selectivities. 

 

Figure 1.1. X-ray structure of 1-43 

3.1.2 Development of N-heterocyclic carbene ligands 

Besides phosphine ligands, the search for different cross-coupling catalyst systems turned 

chemistsô attention to the use of N-heterocyclic carbene (NHC) ligands.30 NHC ligands have 

shown many different interesting characters compared to phosphine ligands. The thermal 

stability of Pd-NHC bonds is relatively high. In addition, NHC ligands usually provide a 

longer catalyst lifetime and a consistent reactivity throughout the course of the transformation, 

since the strong binding of the electron-rich carbene to the metal center helps the palladium 

retain its ligand. 

Therefore, numerous monoligated palladium NHC complexes have been designed and applied 

to cross-coupling reactions (Scheme 1.14). In general, the bulkier the NHC catalysts, the 

higher is the catalytic activity.41 Of note, Pd-PEPPSI type complexes (PEPPSI is an acronym 

for pyridine-enhanced precatalyst preparation, stabilization, and initiation) developed by 
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Organ and co-workers showed comparable activity and selectivity and established them as 

successful alternatives to palladium phosphine complexes in cross-coupling reactions.30a, 30d 

 

 

Scheme 1.14. Selection of monoligated palladium NHC-complexes used in palladium-catalyzed cross-couplings 

Pd-PEPPSI-series complexes have found great applications in not only carbon-carbon bond 

formation, but also carbon-heteroatom bond formation. Particularly, some of these NHC 

ligands could suppress the ɓ-hydride elimination process efficiently and afford the desired, 

direct coupling products in good to excellent selectivities (Scheme 1.15). DFT studies suggest 

that the relative energy barrier difference between reductive elimination and ɓ-hydride 

elimination correlates very well with the observed selectivities. In addition, the effect 

imparted to the NHC substituents is primarily due to sterics.41b, 42 Therefore, bulky Pd-NHC 

catalysts, like Pd-PEPPSI-IPent39b, Pd-PEPPSI-IPentCl 39c and Pd-PEPPSI-IHepCl 39d were 

designed, showing great selectivity for the reactions of a wide range of secondary alkylzincs 

and highly functionalized aromatic and heteroaromatic halides. 
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Scheme 1.15. Pd-PEPPSI catalyzed Negishi couplings of secondary alkylzincs 

3.2 Migrative cross-couplings developed in the Baudoin group 

3.2.1 Initial discovery and mechanistic understanding  

In 2010, the Baudoin group studied the Pd-catalyzed arylation of isobutyric esters.43 Initial 

attempts showed that ligands have a great effect on the selectivity for the Ŭ- or ɓ-product 

(Table 1.3). Whereas the bulky phosphine ligands P(t-Bu)3 gave rise to the direct coupling 

product (entry 1), more flexible ligands afforded a completely reversed selectivity, generating 

ɓ-arylated product 1-58a (entries 3-8). 

Table 1.3. Effect of the ligands on the Pd-catalyzed arylation of isobutyric esters 

 

Entry Ligand Conversion (%)a Ŭ/ɓa Yield (%)a 

1 P(t-Bu)3·HBF4 

 

100 85/15 55%, Ŭ 

2 PCy3·HBF4 6 n.d. <1 

3 PCy3·HBF4, 110 oC 100 <1/99 71%, ɓ 

4 SPhos 100 3/97 >95%, ɓ 

5 RuPhos 100 1/99 >95%, ɓ 
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6 CyJohnPhos 100 1/99 >95%, ɓ 

7 DavePhos 100 <1/99 >95%, ɓ 

8 DavePhos, 28 oC 100 <1/99 >95%, ɓ 

a Determined by GC-MS. 

 

However, only aryl halides with ortho-electron withdrawing substituents (1-58a, 1-58b VS. 

1-58c) or a heteroatom (O, S) at the adjacent position (1-58d) to the C-X bond gave a high 

selectivity for the ɓ-products. A wide range of ester groups (1-58e to 1-58h) were well 

tolerated under the optimal conditions. Finally, the asymmetric version of this transformation 

was also investigated, albeit with moderate enantioselectivities in most cases (1-58i to 1-58l). 

 

Scheme 1.16. Scope and limitations of Pd-catalyzed arylation of isobutyric esters 

The unexpected ɓ-arylation under the current catalytic conditions attracts our attention. To the 

best of our knowledge, only two examples of similar observations have been reported before. 

In 1996, Meijere group observed an unexpected palladium-catalyzed substitution on the 


