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Expanding Conjugation in Novel Cubic Electron Acceptor Molecules
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Fluorine is a unique element, characterized by the highest electronegativity, the second smallest atomic radius after
hydrogen, and low polarizability. When incorporated into organic molecules, fluorine significantly modifies their
structures and properties. In 2022, we successfully synthesized perfluorocubane, by employing the “PERFECT method”,
a liquid-phase fluorination technique using fluorine gas. What is unique about this molecule is its ability to accept an
electron within the cubic framework despite the absence of m-conjugation. However, this system faces two major
challenges. First, perfluorocubane readily decomposes upon electron acceptance. Second, the electron-accepting
properties cannot be tuned. In this work, we aimed to introduce substituents into perfluorocubane to expand its conjugation,
which would stabilize the accepted electron and enable tuning of its electron-accepting properties. During our
investigation of introducing substituents to achieve conjugation expansion, we serendipitously obtained
hexafluorodihalocubanes. X-ray diffraction analysis of single crystal and X-ray absorption spectroscopy in solution
revealed that the C—X bond (X=Cl, Br, I) in these molecules are exceptionally short. By comparison with
halotrinitromethanes, a representative class of compounds featuring short C—X bond, the origins of this bond-shortening

are comprehensively discussed.
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20 17172 1.722(17) - 1.719
3a  1.6944(14) - 1.712(4)  1.701
25 1.878(3)  1.876(4) - 1.877
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2 Determined using single-crystal X-ray diffraction

(scXRD) analysis. ® Determined using X-ray absorption
spectroscopy (XAS) in THF. ¢ Determined using gas-
electron diffraction (GED) analysis. ¢ Calculated using
density functional theory (DFT) at the M06-2X/aug-cc-
pVTZ (for C, N, O, F, and Cl) and aug-cc-pVTZ-PP (for
Br and ) levels.
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