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Light-driven C-H Oxygenation of Methane into Methanol and

Formic Acid by Molecular Oxygen Using Perfluorinated Solvent

Kei Ohkubo,*™ and Kensaku Hirose!

Abstract: Chlorine dioxide radical (ClO.") was found to act as an
efficient oxidizing agent in the aerobic oxygenation of methane to
methanol and formic acid under photoirradiation. Photochemical
oxygenation of methane occurred in a two-phase system comprising
perfluorohexane and water under ambient conditions (298 K, 1 atm).
The yields of methanol and formic acid were 14% and 85%,
respectively, with a methane conversion of 99% without formation of
the further oxygenated products such as CO: and CO. Ethane was
also photochemically converted into ethanol (19%) and acetic acid
(78%). The methane oxygenation is initiated by the photochemical Cl-
O bond cleavage of ClO, to generate CI' and O,. The produced CI'
reacts with CH; to form a methyl radical (CHj). Finally, the
oxygenated products such as methanol and formic acid were
given by the radical chain reaction. A fluorous solvent plays an
important role of inhibiting the deactivation of reactive radical
species such as Cl and CHa'.

Extensive efforts have been devoted towards the development of
methods for the direct conversion from methane (CH,), ethane
(CH3CHa), or other abundant natural gasses into useful products,
such as the corresponding alcohols, aldehydes, ketones, and
rarhnxvlic acids _as lionid fusls and nrecursors of chaemical and

temperature conditions. For examples of recent works, CH,
oxygenation with transition metal catalysts was required to nitrous
oxide (N,O) and hydrogen peroxide (H.O;) as oxidants, which are
both expensive reagents, that were also performed under the
high-pressure and high-temperature conditions.”® """ Towards that
end, molecular oxygen (Oz) is the best oxidant for economical and
environmentally benign oxygenation reactions because of its
abundant availability and nantoxicity.m] To date, there have been
no reports regarding the aerobic conversion of gaseous CH, into
liquid oxygenated compounds, such as CH:OH and HCOOH,
under ambient conditions. Thus, direct oxygenation of CH, to
CH3;0H and HCOOH with molecular oxygen remains a formidable
challenge. Here we show that chlorine dioxide radical (Cl0.") acts
as an efficient oxidizing agent in the selective oxygenation of CH,
to MeOH and HCOOH under photoirradiation under ambient
conditions (298 K, 1 atm). Thus, the present study provides an
environmentally benign approach towards the photooxidation of
organic compounds.

For the transformation of CH,, the most important initial step
is the activation of the C—H bond via hydrogen abstraction. CH, is
the most inert hydrocarbon due to the strong C-H o-bonds, which
have a bond dissociation energy of 103 kcal mol™.I'"¥! Thus, the
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CH4 + O, + 2H* + 2e- === CH,OH + H,0
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MMOH
251 kDa

S. J. Lipperd, P. Nordlund et al., Nature 1993, 336, 537
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