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One-Pot Borylation/Suzuki-Miyaura 
sp2-sp3 Cross Coupling

    

1.   ABSTRACT

    

2. VARIATION OF THE sp2 COUPLING PARTNER 

Scheme 3. The advantages of B₂(NMe₂)₄ over other diboron reagents.6,7
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3.   VARIATION OF THE sp3 COUPLING PARTNER

1. INTRODUCTION

 

 

We began exploring the possibility of a one-pot borylation/Suzuki-Miyaura sp²–sp³ cross-coupling with Molander’s 
conditions.³ Using B₂(OH)₄ as the borylating agent in alcohol solvents gave low yields and significant homocoupling of 
the sp² partner.  We then moved our attention to the use of the most economical diboron reagent, B2(NMe2)4 (Scheme 
3).4,5 

 

Scheme 5. Scope of the alkyl chloride in the one-pot borylation/SM sp2–sp3 cross-coupling. a Internal standard 
NMR yield; b the corresponding hydrochoride salt of 2 was used directly in reaction. c Using 3 equiv. of 

2-(chloromethyl)allyl-trimethylsilane. Conditions: as in Scheme 4.

 

Scheme 6. Proposed mechanism of the one-pot borylation/SM sp²–sp³ cross-coupling.

The first one-pot borylation/Suzuki-Miyaura sp²–sp³ cross-coupling:
u   In situ esterification of diboron using low cost reagents.
u No isolation of boronate intermediates 7.
u Large scope/functional group tolerance of the sp2 partner 1.
u No homocoupling of sp2 partner observed.
u Streamlined synthesis of diaryl methanes 3, allyl aryls 4 and α-aryl carbonyls 5.
u The same palladium catalyses both borylation and Suzuki-Miyaura cycles. 
u Utilises commercial aryl (pseudo)halides and alkyl chlorides.

Scheme 4. Scope of the aryl halide in the one-pot borylation/SM sp²–sp³ cross-coupling. ª X = Br; B X = Cl; c X = OTf; 
D Internal standard NMR yield. Conditions: B₂(NMe₂)₄ (3 equiv.), potassium acetate (3 equiv.), XPhos-Pd-G2 (1 mol%), 

XPhos (2 mol%), propylene glycol (6 equiv.), 2-Me-THF, 1 (1 equiv.),  80 °C; then K₂CO₃(aq), 2 (1.2 equiv.), 80 °C

Scheme 1. This work describing efficient one-pot borylation/Suzuki-Miyaura sp2–sp3 cross-coupling. Scheme 2. The prevalence of sp2–sp3 linkages in pharmaceuticals.

We next examined the sp3 coupling partner in the reaction. We found a variety of primary alkyl chlorides could 
be employed and allowed the efficient generation of diaryl methanes, α-aryl esters, α-aryl amides and allyl aryl 
compounds (Scheme 5). The triflate derived from estrone (1b) was also coupled to tert-butyl chloroacetate 2b to 
give 5d in high yield.

The Suzuki-Miyaura cross-coupling1 is an invaluable C-C bond forming reaction, but it can be limited by the availability, 
isolation and stability of the boronate starting materials. This has led to the development of one-pot borylation/
Suzuki couplings to form sp2–sp2 C-C bonds, where the intermediate boronates are not isolated.2,3 Suzuki-Miyaura 
reactions are not limited to sp2–sp2 couplings and the one-pot strategy has not previously been applied to sp2–sp3 
bond formations.

The collaboration between Concept Life Sciences and the University of Manchester has developed the first one-
pot borylation/Suzuki-Miyaura sp2–sp3 cross-coupling between readily available aryl (pseudo)halides and activated 
alkyl chlorides (Scheme 1). This method streamlines the synthesis of diaryl methanes, α-aryl carbonyls and allyl 
aryl compounds, substructures that are commonly found in life-changing drug molecules (Scheme 2).

After extensive optimisation, we arrived at the use of Buchwald’s XPhos-Pd-G2 precatalyst, the environmentally friendly 
solvent 2-Me-THF and propylene glycol for the in situ esterification of B2(NMe2)4. We were able to efficiently borylate a 
range of aryl (pseudo)halides with different steric and electronic parameters as well as bearing a variety of functional 
groups. In the same pot, we then coupled the in situ generated boronic esters with benzyl chloride 2a to afford the 
sp²–sp³ Suzuki-Miyaura cross-coupling products, 3 (Scheme 4).  No trace of homocoupled products were observed 
in any examples.


