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2. Stereospecific Csp2-Csp3

SMCCs: A Transformative 
Disconnection 

There is limited 
mechanistic under-
standing of Pd(OAc)2 / 
nPAd2

nBu pre-catalytic 
systems used for Csp2-
Csp3 SMCCs.

Note: CataCXium A = PAd2
nBu

75% of pharmaceutical 
fragments are 
predominantly sp2

character

This space is 
underexplored!

1. Project Motivation

4. Csp2-Csp3 SMCC of α-Bpin 
tetrahydrothiophenes

Oxidative addition rapid 
and efficient c.f., absence 
of AgBF4 (1H, 13C, 19F, 31P 
NMR, ESI-MS, in situ IR).

✓ Successfully developed general conditions for Csp2-Csp3 SMCCs of tetrahydrothiophenes with a scope of

heteroaryl bromides.

✓We are beginning to understand more about the pre-catalyst activation and oxidative addition steps.

✓ Shown that there is an urgent need to elucidate the interplay between molecular and nanoparticle catalysis.

✓ Exploited this understanding to facilitate generation of Pd(0)-L species using AgBF4 as a phosphine scavenger.

❑ Develop understanding of stereocontrol in transmetallation through further mechanistic studies.

❑ Further interrogate nanoparticle hypothesis.

Stoichiometric Investigation of Pre-catalyst 
Activation

Are Palladium Nanoparticles Influencing an 
Exemplar SMCC reaction? 

Oxidative Addition Investigations

“With the success of the Suzuki-
Miyaura coupling reaction in 
generating biaryl motifs, a 
variant allowing routine sp3–sp2

couplings – ideally in an 
enantioselective manner – is 
both highly desirable and could 
fundamentally change the 
motifs being generated.” 6

Monoligated Pd0

appears to be 
major species 
undergoing 
oxidative 
addition

✓Extensive optimisation activities have 
resulted in conditions competent to 
couple tetrahydrothiophenes  with 
heteroaryl bromides 

✓ Classical tests are indicating possible PdNP/cluster 
catalysis in this system

✓ Require further evidence (Hg-drop test, TEM, hot 
filtration studies, independent PdNP synthesis and 
kinetics studies; EXAFS/XANES analysis

❑Slow transmetallation (sterics/electronics)

❑Stereochemical erosion via mixture of 
retentive/invertive transmetallation 
pathways

❑ β-hydride elimination and isomerisation
and reinsertion processes

• High potential for application in pharmaceuticals/agrochemicals/fine 
chemical materials

• Our route allows rapid Csp3-character increase during 
one-step fragment elaborations.

• Operationally simple, readily available 
heteroaryl bromides

5. Conclusions and Future Work

3. Mechanistic Insights
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✓Racemic scope – tolerates range of 
heteroaryl bromides
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Invertive Transmetallation

α-Bpin tetrahydrothiophene preparation  and SMCCs

✓We are interrogating our model system via DFT

✓ Scheme shows minimised structure of 
(Me3P)Pd(Ph)(OH)---(OH)2B(cyclopentyl) Structure 
optimised using B3LYP/DGDZVP; implicit solvent 
correction (tight convergence); scrf=(cpcm, 
solvent=toluene), Grimme’s GD3 empirical 
dispersion correction; superfine integration grid
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