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Biaryl Cross‐Coupling Reac1ons

• Organomagnesium (Kumada)

• Organozinc (Negishi)

• Organo1n (S1lle)

• Organoboron (Suzuki)

• Organosilicon (Hiyama)
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Organosilane Cross‐Couplings

Denmark, S.; Wu, Z. Org. Le>. 1999, 1, 1495‐1498.

Denmark et al. Org. Le>. 2000, 2, 2491‐2494.

Hiyama et al. J. Org. Chem. 2000, 65, 5342‐5349.

(Silanol) (Disiloxane)
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Arylsilanol Cross‐Coupling

• Significant homocoupling of aryl halide was observed.

• More forcing condi1ons (T > 110 °C, CsOH) caused
dimeriza1on of silanol.

• Discovered dimethylsilanolate salts were stable and
resistant to dimeriza1on to disiloxanes.
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Prepara1on of Aryl Silanolates

Silanol Prepara1on

1.Halogen‐Li exchange, trap with silicon electrophile

1.Cataly1c oxida1ve hydrolysis of dimethylsilanes

1.Palladium‐catalyzed silyla1on of aryl halides
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1. n-BuLi or t-BuLi, Et2O, -78 oC

2. D3, Et2O, -78 oC

1. n-BuLi or t-BuLi, Et2O, -78 oC

2. Me2SiCl(H), -78 oC to rt

3. [RuCl2(p-cymene)]2 or [Ir(COD)Cl]2, H2O/ACN

1. (EtO(CH3)2Si)2, [allylPdCl]2, BPTBP, 

NMP, 50 oC

2. pH 5 acetate buffer, HS(CH2)2NH2-HCl, 

ACN

KH, THF or NaHMDS, THF

or NaH, C6H6
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Catalyst & Ligand Op1miza1on

Op1mal catalyst: (t‐Bu3P)2Pd (Fu’s Catalyst)
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Reac1on Op1miza1on

Solvent Op1miza1on Temperature Op1miza1on

Catalyst Loading & Concentra1on Op1miza1on

Op1mal Condi1ons:
1.5 equiv of silanolate per aryl bromide
(t‐Bu3P)2Pd  (2.5 mol%) in toluene, 90 °C.
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Product Scope‐Electron Dona1ng
Silanolates
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Electron‐Rich & Electron Neutral
Silanolates
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Fluorine‐Containing Arylsilanolates
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Electron‐Deficient Arylsilanolates
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Hetetrocyclic Arylsilanolates
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Heterocyclic Arylsilanolates
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Mechanism

Based on mechanis1c studies
these species undergo transmetala1on.

JACS 2004, 126, 4876‐4882.

Observa1ons:

Use of bidentate phosphine decreases
opportunity for transmetala1on.

Use of t‐Bu3P prevents second phosphine from
coordina1on during cycle.

t‐Bu3P may also prevent homocoupling by
preven1ng second oxida1ve inser1on.
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Summary

• A mild approach for assembly of a wide variety of biaryl compounds.

• Condi1ons are tolerable to variety of func1onal groups and heterocycles.

• Stability of silanolate salts makes them a>rac1ve precursors for cross‐
coupling reac1ons.

• Coupling partners have been demonstrated with aryl bromides and the
more cost effec1ve aryl chlorides.

• Provides an alterna1ve coupling strategy to organo1n and organoboron
chemistries.
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