
ABSTRACT 

DAVIS, BRADLEY AUSTIN. The Continuous Flow Synthesis of Fine Chemicals using 

Polymer Network Supported Palladium Catalysts. (Under the direction of Drs. Milad Abolhasani 

and Jan Genzer). 

 

Although metal-mediated catalytic reactions have been a vital area of research for over 100 

years, recent efforts have focused on addressing the need for catalyst tunability and optimization 

and increasing process safety and sustainability.  Pharmaceutical and specialty chemical 

manufacturing are among the most benefitted industries from these developments.  Network-

supported catalysts use a solid (rigid or flexible) support with embedded metal catalysts throughout 

the bulk volume, ideally allowing for precursor access to catalytic sites without needing an 

additional separation step post-reaction with minimal catalyst leaching.  Additional process 

intensification can be achieved by incorporating the catalyst in a continuous flow process for 

higher reproducibility and yield, smaller reactor footprint, more facile automation, and safer 

operation. 

This Ph.D. dissertation investigated network-supported catalysis using elastomeric 

(siloxane), cyclodextrin, hydrophilic networks, and palladium (Pd) for transition-metal-catalyzed 

cross-coupling and nitroarene hydrogenation reactions.  These network supports were rapidly 

screened and comprehensively tested by developing an automated flow chemistry platform with 

in-line HPLC sampling and reaction monitoring. 

In the first part of this Ph.D. dissertation, we studied the use of poly-(methylhydrosiloxane) 

(PMHS) as a versatile and readily accessible gel catalyst support for Suzuki-Miyaura cross-

coupling reactions in a pseudo-heterogeneous manner.  Although PMHS is a hydrophobic material, 

we incorporated hydrophilicity by incorporating ethylene glycol-based crosslinkers, resulting in 

higher swelling in aqueous reaction media.  The PMHS-supported Pd catalyst was then packed 



into a stainless-steel flow reactor to create a cartridge-like reactor to operate a model Suzuki-

Miyaura cross-coupling reaction continuously.  Using our developed automated flow chemistry 

platform, we showed that the increased network-support swelling increased reaction yield in flow 

compared to other hydrophobic crosslink-containing supports.  Using the flow chemistry platform 

allowed us to systematically investigate the role of reaction temperature, catalyst loading, crosslink 

density, and gel particle size on the transient and steady-state behavior of the cartridge flow reactor.  

The PHMS-supported catalytic particles demonstrated minimal deactivation and leaching over an 

80-h continuous Suzuki Miyaura cross-coupling reaction at a 30-min nominal residence time. 

The second research direction of this Ph.D. dissertation focused on the development of a 

flow chemistry route for accelerated chemoselective hydrogenation of nitroarenes using a poly(ɓ-

cyclodextrin) network-supported Pd catalyst. Cyclodextrin was chosen as the primary network 

component because it showed potential for being an inclusion complex host but had not previously 

been tested in flow as network support.  The packed-bed flow reactor enables the selective 

hydrogenation of a rationally selected library of nitroarenes with >99% yield at room temperature 

and short residence times (1 min).  In this work, we demonstrated the robustness and versatility of 

the flow reactor packed with the network-supported catalyst through its consistently high reaction 

yield over a 3-day continuous operation. 

The third research aim of this Ph.D. dissertation studied the use of a hybrid polymer 

network composed of poly(methyl vinyl ether-alt-maleic anhydride) and branched 

polyethyleneimine as a flexible and swellable support for Pd for continuous flow synthesis of 

complex organic compounds.  The hydrophilicity of the hybrid polymer network facilitates the 

reagent mass transfer throughout the bulk of the catalyst particles.  Through rapid automated 

exploration of reaction parameters, we achieved aryl bromide Suzuki-Miyaura reaction with 



steady-state yields up to 92% with a nominal residence time of 20 min.  Additionally, the versatility 

of the hybrid network-supported Pd catalyst is demonstrated by successfully performing 

continuous nitroarene hydrogenation with short residence times (<5 min) at room temperature. 

My dissertation has been impactful by investigating industrially relevant polymer-network 

catalytic supports and has demonstrated the benefits and effectiveness of the catalysts in flow.  The 

pharmaceutical and fine chemical manufacturing industries can benefit from these versatile, 

tunable, and creative catalyst approaches. 
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