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Two major reviews ŎƻƳƛƴƎ ƛƴ нлмфκнлΥ мύ άCoupling reaction and C-H activation by metal nanoparticlesέ ƛƴ 
ΨbŀƴƻǇŀǊǘƛŎƭŜǎ ƛƴ /ŀǘŀƭȅǎƛǎΩ ό{ǇǊƛƴƎŜǊύΤ нύ άMetal Complexes as Catalysts for Cross-Coupling Reactionsέ ƛƴ /ƻƳǇǊŜƘŜƴǎƛǾŜ 
Coordination Chemistry III (Elsevier).   1



Acknowledgements

Neil Scott Dr. Josh Bray Dr. Mark Ford

Fairlamb group 2019 2



Pd catalysis
100s of different reaction types: Cross-coupling, Homo-coupling, Polymerisation, 

Isomerisation, Rearrangement, Cyclisation, Cycloaddition, Hydrogenation, 
Dehydrogenation, Reduction and Oxidation, including many tandem processes

Critical reviews from our group: Chem. Rev. 2010, 110, 824. Angew. Chem. 2015, 54, 10415. 

Cross-coupling 
catalysis

Davis & Bradley

Functionalisations at Pd: small molecules, protein functionalisation, Pd cellular catalysis

Angew. Chem. Int. Ed. 

2017, 56, 6864
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Suzuki-Miyaura

Key papers:

Jutand et al. Chem.-Eur. J. 2011, 17, 2492ï2503. 

Hartwig et al. J. Am. Chem. Soc., 2011, 133, 2116ï2119

Larina et al. Russ. J. Gen. Chem. 2011, 81, 1573ï1574.

Thomas & Denmark, Science 2016, 352, 329ï332 (critical Pd-O-B moieties are able to transfer their B-aryl groups to Pd).

Reviewed by Lennox & Lloyd-Jones, Chem. Soc. Rev. 2014, 43, 412-443.

CŀǾƻǳǊ άƻȄƻ-ǇŀƭƭŀŘƛǳƳ ǇŀǘƘǿŀȅέ
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Common Pdprecursor complexes

Common Ligands

"Pd(OAc)2" (comes in different forms)

{ŜŜ ƭŀǘŜǊΧ
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Catalyst activation
For Pd0 catalysis ςtypical cross-ŎƻǳǇƭƛƴƎ ǊŜŀŎǘƛƻƴǎΧ

Å Pd reservoir?
Å Pd deactivated?
Å Pd surface catalysis
Å Speciation?
Å Multiple catalyst 

species

The Pd:Lratio: important for catalyst activation, catalytic cycle steps, and catalyst 
deactivation

For a detailed analysis, for aryl cyanation, see Bray, Ford & Fairlamb et al. React. Chem. Eng. 2019, 4, 122. 6



Pd(OAc)2ĄPd3

Ubiquitous Pd(OAc)2ςarguably the most well used PdII precatalyst in the world!

Å ²Ƙŀǘ Řƻ ǿŜ ƪƴƻǿ ŀōƻǳǘ άtŘόh!Ŏύ2έΚ   ¢ȅǇƛŎŀƭƭȅΣ ǘǿƻ ŦƻǊƳǎΥ

Pd3(OAc)6
(NOx-free)

Carole and Colacot, Chem. Eur. J. 2016, 22, 7686 (review)

[Pd(OAc)2]n

Å LƳǇƭƛŎŀǘƛƻƴǎ ŦƻǊ ŘƛŦŦŜǊŜƴǘ ŦƻǊƳǎ ƻŦ άtŘόh!Ŏύ2έ

Carole, Bradley, Sarwar and Colacot, Org. Lett.2015, 17, 5472.

Pd-NOx impurities: Fairlamb et al. ACIE2015, 54,10415; J. Am. Chem. Soc. 2017, 139, 1177;
Chemical Science2012, 3, 1656

άtŘόh!Ŏύ2έ ƛƴ ŀƭŎƻƘƻƭƛŎ ǎƻƭǾŜƴǘǎΥ  Bedford et al. ACIE2015, 54,6591; Hii et al. Catal. Sci. Technol. 2012, 2, 316.7



Pd(OAc)2ĄPd3

Why is the Pd:PPh3 ratio important?  If phosphine is a reductant for PdII then the 
amount of phosphine at Pd0 (catalyst species) left at the end is affected.

The organic chemistry community more often than 
not employ a ratio of PdII:PPh3 of 1:2. 

Lead references: Science2018, 359, 429 (automation); Nature2018, 559, 377 (machine learning) 

Amatore& Jutand et al. 
Organometallics1992, 11, 3009.
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