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Abstract: The first transition-metal-free, site-specific umpo-
lung trifluoromethylthiolation of tertiary alkyl ethers has been
developed, achieving the challenging tertiary C(sp’)-SCF;
coupling under redox-neutral conditions. The synergism of
organophotocatalyst 4CzIPN and BINO L-based phosphoro-
thiols can site-selectively cleave tertiary sp’ C(sp’)-O ether
bonds in complex molecules initiated by a polarity-matching
hydrogen-atom-transfer (HAT) event. The incorporation of
several competing benzylic and methine C(sp’)—H bonds in
alkyl ethers has little influence on the regioselectivity. Selective
difluoromethylthiolation of C—O bonds has also been ach-
ieved. This represents not only an important step forward in
trifluoromethylthiolation but also a promising means for site-
selective C—O bond functionalization of unsymmetrical ter-
tiary alkyl ethers.

Organoﬂuorine compounds are used widely in all fields of
science.l'! The strongly electron-withdrawing and highly lip-
ophilic (g = 1.44) trifluoromethylthio group (SCF;) is a priv-
ileged bioisoster, which can substantially improve the cell-
membrane permeability and metabolic stability of parent
drug molecules.”! Besides metal-catalyzed C(sp?)— and C(sp)-
SCF; coupling,”! the direct nucleophilic or electrophilic
trifluoromethylthiolation of alkyl precursors, alkenes, and
even directed C(sp®)—H bonds is currently of great interest to
those seeking to construct primary and secondary C(sp’)-
SCF; bonds (Scheme 1a)."! However, the efficient construc-
tion of a tertiary C(sp*)-SCF; bond from unreactive coupling
partners remains a challenge.”! The major reason for this is
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a) lonic strategies accessing C(sp®)-SCF3 (5'/5" regimes)
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Scheme 1. General strategies for direct C(sp’)—~SCF; formation.

the significant steric hindrance effect in the 8*/8~ bonding
regimes.

The radical C(sp*)-SCF; coupling was first reported in
1962 by Harris,® but this strategy attracted little attention!”!
until 2014 when a Ag-catalyzed decarboxylative radical
trifluoromethylthiolation reaction was disclosed.®! Subse-
quently, transition-metal-catalyzed, hydrogen atom transfer
(HAT)-controlled C(sp*)-H radical trifluoromethylthiolation
was successfully achieved based on the bond-dissociation
energy (BDE) of benzylic or methine C—H bonds.””) Despite
this important advance, site-specific tertiary C(sp’)-CF;
coupling remains a major barrier to C(sp*)-H trifluorome-
thylthiolation when the substrates contain several competing
C(sp®)—H bonds with comparable BDE or electronic proper-
ties. This again results in uncontrollable selectivity. The use of
transition-metal catalysts®®** and/or external strong oxi-
dants!®*= also compromises the substrate’s utility in late-
stage modification reactions. Ethers are readily available,
nontoxic, and widely used electrophiles in the C-O activation
scenario.l'”! To the best of our knowledge, selective C-O
trifluoromethylthiolation of unsymmetrical aliphatic ethers
has rarely been studied. Herein, we report a metal-free, site-
specific umpolung (reversed polarity) trifluoromethylthiola-
tion of unactivated tertiary alkyl ethers initiated by a polarity-
matching HAT process (Scheme 1b).

In 2018, we reported the first inverse hydroborylation of
imines with NHC-boranes via synergistic catalysis.'"! This was
enabled by combining iridium-based photoredox catalysis
with organocatalysis. As part of our ongoing interest in
photoredox catalysis,'” a new review of this promising
combination revealed a site-selective umpolung trifluoro-
methylthiolation of tertiary ether C—O bonds. To achieve the
site-selective C-O cleavage of unsymmetrical tertiary alkyl
ethers, the polarity-matching strategy!™ is taken into account
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