Architectural control of isosorbidebased polyethers via ring-opening
polymerization (March 2019)
The Center for Sustainable Polymers (CSP) connects scientists from the University of Minnesota, Cornell
University, Northwestern University, the University of California, Berkeley, Washington University in St. Louis, the
University of Chicago, and the University of South Dakota 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.
Isosorbide is an inexpensive feedstock derived from sorbitol and
has been studied in polymers for nearly half a century. The
excellent properties of isosorbide-based materials have made it
an attractive, sustainable building block for a wide variety of
high-performance applications such as packaging, electronic
displays, and biomedical applications. Until recently, isosorbide
has been incorporated into materials almost entirely via stepgrowth polymerization, which can restrict the molar mass and
architectural control that can be achieved as well as lead to
degradation of the materials. Thus, the ability to control
polymerization of this feedstock would be transformative for
building new and unique sustainable polymers.
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A team of CSP researchers from the University of Minnesota and
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Cornell University – led by Derek Saxon, Dr. Mohammadreza
Nasiri, and Prof. Theresa Reineke – have recently demonstrated
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isosorbide via ring-opening polymerization (ROP). With the help
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of Dr. Saurabh Maduskar and Prof. Paul Dauenhauer, this work
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reports a scalable synthesis to concurrently produce and purify
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an annulated isosorbide derivative (1,4:2,5:3,6-trianhydro-Dmannitol, 1). High-throughput screening, in conjunction with Dr. A scheme showing the controlled ROP of
isosorbide-derived monomer 1.
Anne LaPointe at Cornell University, proved to be invaluable for
rapid assessment of a wide range of catalysts and conditions for ROP. Density functional theory calculations,
headed by Mukunda Mandal and Prof. Chris Cramer, offered critical insight into competing cationic and quasizwitterionic polymerization mechanisms. Ultimately, catalytic ROP of 1 has been achieved via initiation with an
activated epoxide, which also induces ring-opening selectivity of this complex cyclic ether. Additionally, the
polymerization is selectively directed towards different macromolecular architectures (linear vs. cyclic) through
simple variations in reaction conditions. This work could not have been possible without the collaborations
fostered in the CSP, involving researchers with broad expertise in synthetic organic and polymer chemistry,
computational chemistry, and chemical engineering.
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