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The Center for Sustainable Polymers (CSP) connects scientists from the University of Minnesota, Cornell
University, Northwestern University, the University of Chicago, and the University of California, Berkeley in a
manner that promotes highly collaborative research. This environment allows partnership across various
scientific disciplines, including polymer, organic, biological, inorganic, and theoretical chemistry. As such, CSP
researchers have been able to approach challenging problems related to sustainability with a wide range of
expertise.
Following political upheaval and limited access to rubber tree plantations in the 20th century, the solution was to
obtain isoprene, the key C-5 monomer in rubber, from petroleum. Thermal cracking of the naptha fraction of
petroleum (gasoline-range) produced a small fraction of isoprene that could be separated and refined before
polymerizing to make “synthetic rubber”. This process remains dominant today in the manufacture of
automobile tires. Sugar-derived isoprene has been a major research challenge for the last decade, but only
limited yields have ever been achieved by one-step fermentation. Moreover, a direct catalytic process from
glucose to isoprene is not viable. Glucose contains a straight carbon chain, while isoprene requires introduction
of methyl branching at the C2 position, which is not currently possible using heterogeneous catalysts.
The intellectual breakthrough to address this problem with a hybrid chemical process came from a collaboration
between Professors Kechun Zhang and Paul Dauenhauer of the CSP and their colleague Prof. Michael Tsaptsis.
Researchers identified two distinct chemical challenges that could be solved in sequence: (a) introduction of
carbon branching, and (b) the selective elimination of oxygen through reduction chemistry. As depicted in
Scheme 1, carbon chain branching via fermentation forms the diacid mesaconic acid with an alkene at the C2
position. In the second step, a cascade of six reactions hydrogenates and removes oxygen from mesaconic acid
to yield 3-methyl-THF using a unique bimetallic heterogeneous catalyst. Finally, a new one-step ring-opening
dehydration reaction yielded isoprene at 70% yield (and a 90% yield of all dienes including linear pentadienes).
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Hybrid fermentation-catalytic process to synthesize isoprene from glucose.
It is anticipated that through ongoing work to improve efficiencies and yields, this new hybrid process could
revolutionize automobile tire production.
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