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FIG . 1 
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FIG . 2 
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REAGENTS AND PROCESS FOR DIRECT 
C - H FUNCTIONALIZATION 

[ 0009 ] Thus in a first aspect , the present invention is 
directed to a thianthrene derivative of the Formula ( I ) : 

a 

( 1 ) 
R ! R8 

R ? R7 

R3 RO = u 

R4 R5 

wherein Ri to R8 may be the same or different and are 
selected from hydrogen , C1 , F , a partially or fully haloge 
nated , preferably fluorinated , C , to Co alkyl group , and 
wherein n is 0 or 1 , with the proviso that at least one of R1 
to R8 is not hydrogen . 
[ 0010 ] In an embodiment of the thianthrene derivative of 
the Formula ( I ) , at least two to four of Rl to R8 are C1 , F , a 
partially or fully fluorinated C , to Co alkyl group and the 
others of Rl to R are hydrogen and n is 0 or 1 . 
[ 0011 ] In another embodiment of the thianthrene deriva 
tive of the Formula ( I ) , four of R ' to R8 are F or CFz and the 
others of R , to Rg are hydrogen and n is 0 or 1 . 
[ 0012 ] In still another embodiment of the thianthrene 
derivative of the Formula ( I ) , R2 , R3 , R. and R , are F or CF3 
and the others of Rl to R8 are hydrogen and n is 0 or 1 . 
[ 0013 ] In a second aspect , the present invention is directed 
to a process for preparing an aromatic or heteroaromatic 
thianthrenium salt of the Formula ( III ) , wherein a monocy 
clic or polycyclic , aromatic or heteroaromatic hydrocarbon 
Ar , which may be substituted or unsubstituted , is reacted 
with an activated thianthrene derivative of the Formula ( I ) or 
a mixture of thianthrene derivatives of the Formula ( I ) in an 
organic solvent whereby a thianthrenium salt of the Formula 
( III ) is obtained : 

1 

[ 0001 ] This application is a 371 of PCT / EP2019 / 080301 , 
filed Nov. 5 , 2019 , which claims priority benefit of European 
Patent Application No. 18204755.5 , filed Nov. 6 , 2018 , the 
entire contents of which are hereby incorporated herein by 
reference . 
[ 0002 ] The present invention refers to a process for direct 
C_H functionalization , the reagents used in the process and 
the use thereof for the direct C - H functionalization and the 
so - obtained products . The inventors have found the a highly 
selective aromatic C - H functionalization reaction that does 
not require a particular substituent or substitution pattern for 
selectivity and provides functionalized arenes that can par 
ticipate in a multitude of transformations to quickly generate 
structural diversity . The inventors introduce a sulfur - based 
reagent that can functionalize complex arenes in exquisite 
selectivity to yield a synthetic linchpin ready to engage in at 
least two broadly - applicable reactivity manifolds . 
[ 0003 ] Unselective C - H functionalization can give quick 
access to structural diversity for molecular discovery . When 
a single isomer is desired , highly selective C – H transfor 
mations are preferable because they do not provide other 
constitutional isomers as waste and therefore facilitate puri 
fication . 

[ 0004 ] Synthetically valuable and highly selective aro 
matic C - H functionalization reactions can be achieved 
when appropriate directing groups or specific substitution 
patterns are used to functionalize a particular position selec 
tively or exclusively . In the absence of such substituents , the 
regioselectivity of a given aromatic C - H functionalization 
reaction depends on the reaction conditions , and the prop 
erties of the particular reagent or catalytic intermediate 
involved in the selectivity - determining step . Thus , a distinct 
strategy is required to attain high positional selectivity for 
each individual C - H functionalization reaction . 
[ 0005 ] An alternative approach to access a large variety of 
arene derivatives selectively , is to develop one C - H func 
tionalization reaction that proceeds with high positional 
selectivity and installs a functional group that can serve as 
a synthetic linchpin for further functionalization . 
[ 0006 ] Some of the most useful linchpin substituents , such 
as halogens , boronic acid derivatives and silyl groups can 
already be directly introduced to an aromatic ring by C - H 
functionalization . However , these reactions give mixtures of 
constitutional isomers for most substrates . Of the few highly 
selective aromatic C / H functionalization reactions that do 
not require particular directing groups or substitution pat 
terns , for example para - selective TEDAylation reaction of 
the present group ( Nature Chemistry 8 , 810-815 ( 2016 ) ) , 
none can introduce synthetic linchpins . 
[ 0007 ] Thus , there is the need for a direct C — H function 
alization process avoiding increasing structural and func 
tional molecular complexity and avoiding an aromatic C_H 
functionalization reaction which undesirably provides more 
than one isomer . 

[ 0008 ] Here , the inventors have developed a reaction that 
can do both : exhibit high positional selectivity for a broad 
range of aromatic substrates , while installing a linchpin 
functional group that can subsequently participate in diverse 
transformations . 
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a ( III ) 

wherein Ri to R8 may be the same or different and are 
selected from hydrogen , C1 , F , a partially or fully haloge 
nated , preferably fluorinated , C to Co alkyl group , RX is 
selected from HBF4 ; HBF.OEt2 , BF3.OEt2 , trifluoro meth 
ane sulfonic acid ( triflic acid ) , triflic acid anhydride , trifluoro 
acetic acid , trifluoro acetic acid anhydride , trimethylsilyltri 
flate or a mixture thereof and X- is an anion derived from 
RX . 

a 
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[ 2.2.2 ] octane bis ( tetrafluoroborate ) , dimesylperoxide , potas 
siumperoxydisulfate , NOBF4 in air . 
[ 0021 ] In said another embodiment of the process for 
preparing a thianthrenium salt compound of the Formula 
( III ) , the thianthrene derivative of the Formula ( 1 ) may be 
activated by electrochemical oxidation as activation treat 
ment . 
[ 0022 ] In one embodiment , the present invention is 
directed to the process for preparing a thianthrenium salt of 
the Formula ( III ) wherein an electron - poor Ar and a thian 
threne derivative of the Formula ( I ) or a mixture of different 
thianthrene derivatives of the Formula ( I ) , wherein R2 , R3 , 
R. and R , are F or CFz and the others of Rl to R8 are 
hydrogen and wherein n is 0 or 1 , are used . 
[ 0023 ] In one embodiment , the present invention is 
directed to the process for preparing an aromatic or het 
eroaromatic thianthrenium salt , wherein an electron - rich Ar 
and a thianthrene derivative of the Formula ( I ) or a mixture 
of different thianthrene derivatives of the Formula ( I ) , 
wherein R to R8 are hydrogen and wherein n is 0 or 1 , are 
used . 
[ 0024 ] In the context of the invention , electron - poor Ar is 
to be understood as an Ar being substituted with at least one 
electron - withdrawing substituent such as CI , F , CN , and 
electron - rich Ar is to be understood as an Ar preferably 
being substituted with at least one electron - donating sub 
stituent such as alkyl , O - alkyl such as OCHZ . 
[ 0025 ] In a third aspect , the present invention is directed 
to a thianthrenium salt of the Formula ( III ) : 

( III ) 

[ 0014 ] In said process , at least one of Rl to R8 in Formula 
( I ) or ( III ) may be not hydrogen , and at least two to four of 
R to R8 may each be C1 , F , a partially or fully halogenated , 
preferably fluorinated , C , to C. alkyl group and the others of 
Rl to R8 are hydrogen and n is 0 or 1. In an embodiment of 
the process , four of R ' to R8 are F or CF2 and the others of 
R , to R , are hydrogen and n is 0 or 1 and , in another 
embodiment of the process , most preferred , R2 , Rz , R. and 
R , are F or CFz and the others of R1 to R8 are hydrogen and 
n is 0 or 1 . 
[ 0015 ] In the inventive process , Ar may be any monocy 
clic or polycyclic , aromatic or heteroaromatic hydrocarbon 
having 5 to 22 carbon atoms , which may be unsubstituted or 
substituted by one of more substituents selected from satu 
rated or unsaturated , straight chain or branched aliphatic 
hydrocarbons having 1 to 20 carbon atoms , aromatic or 
heteroaromatic hydrocarbons having 5 to 22 carbon atoms , 
heterosubstituents , or which may be part of a cyclic hydro 
carbon ring system ( carbocyclic ) with 5 to 30 carbon atoms 
and / or heteroatoms . The definition for said aliphatic hydro 
carbons may include one or more heteroatoms such O , N , S 
in the hydrocarbon chain . 
[ 0016 ] In the inventive process , the choice of the activa 
tion agent or activation treatment to activate the thianthrene 
compound of Formula ( I ) depends on electrodensity of the 
core of the Ar compound . Depending on the electron density 
on the arene core , different thianthrenes of Formula ( I ) or 
mixtures thereof including unsubstituted thianthrene or thi 
anthrene - S - oxide can be used . According to the invention , 
the thianthrenation process can proceed on arenes as elec 
tron - rich as aniline derivatives to arenes as electron - poor as 
1,2 - dichlorobenzene . Thus , the skilled man can choose on 
the basis of the understanding of the reaction partners which 
thianthrene , substituted or unsubstituted on the arene core , is 
to be used for the specific reaction . It might be advantageous 
to use a mixture of a thianthrene of formula ( I ) with n = 1 with 
up to 10 Mol .- % of a thianthrene of formula ( I ) with n = 0 in 
the inventive process . 
[ 0017 ] In the inventive process , the choice of the organic 
solvent is not critical as long as it is an aprotic polar organic 
solvent selected from acetonitrile , chlorinated hydrocarbons , 
or mixtures thereof . The reaction conditions are also not 
critical and the reaction is usually carried out at a tempera 
ture between - 78 ° C. and 50 ° C. , preferably 0 ° C. to 30 ° C. , 
under ambient pressure and optionally under an inert gas 
atmosphere . 
[ 0018 ] In an embodiment of the process for preparing a 
thianthrenium salt compound of the Formula ( III ) , the thi 
anthrene derivative of the Formula ( 1 ) may be activated by 
adding a carboxylic acid anhydride if n = 1 in formula ( I ) as 
activation agent . Preferably , the reaction may be carried out 
in the presence of a Brönstedt acid or Lewis acid which may 
be selected from HBF40Et2 , triflic acid , trifluoroacetic acid , 
sulfuric acid , BF20Et , TMSOTf . 
[ 0019 ] In another embodiment of the process for preparing 
a thianthrenium salt of the Formula ( III ) , the thianthrene 
derivative of the Formula ( 1 ) may be activated by oxidation 
if n = 0 in formula ( I ) . 
[ 0020 ] In the latter embodiment of the process for prepar 
ing a thianthrenium salt of the Formula ( III ) , the thianthrene 
derivative of the Formula ( I ) may be activated by oxidation 
with an oxidation agent as activation agent , preferably 
selected from 1 - chloromethyl - 4 - fluoro - 1,4 - diazoniabicyclo 

R8 

R ? R ? Hoe X R3 R6 

R4 Ar RS 

2 

1 

wherein Ri to R8 may be the same or different and are 
selected from hydrogen , C1 , F , a partially or fully haloge 
nated , preferably fluorinated , C? to Co alkyl group , prefer 
ably with the proviso that at least one of Ri to R8 is not 
hydrogen , and Ar is a monocyclic or polycyclic , aromatic or 
heteroaromatic hydrocarbon Ar , which may be substituted or 
unsubstituted as defined before and X is an anion , which 
does not adversely affect the usability of the thianthrenium 
salt of Formula ( III ) in a subsequent reaction , preferably 
selected from BF4 ; triflate , trifluoro acetate , and PF6 . 
[ 0026 ] In a fourth aspect , the present invention is directed 
to the use of a thianthrenium salt of the Formula ( III ) : 

a 

a 

( III ) 
R R8 

R ? R ? foo X 

R3 R6 

R4 Ar R5 
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wherein Ri to R $ may be the same or different and are 
selected from hydrogen , C1 , F , a partially or fully haloge 
nated , preferably fluorinated , C , to C. alkyl group , prefer 
ably with the proviso that at least one of Rl to R8 is not 
hydrogen , and Ar is a monocyclic or polycyclic , aromatic or 
heteroaromatic hydrocarbon Ar , which may be substituted or 
unsubstituted as defined before and X is an anion , which 
does not adversely affect the usability in a subsequent 
reaction , preferably selected from BF4 ; triflate , trifluoro 
acetate , and PF7 , in a photoredox catalysis reaction , a 
photoredox functionalization reaction as exemplarily illus 
trated in the Figures or a radical arylation reaction such as 
Minisci - reaction . 
[ 0027 ] In a fifth aspect , the present invention is directed to 
the use of a thianthrenium salt of the Formula ( III ) : 

( III ) 
R 

R ? R7 so X 

R3 ' S + Ro 

R4 Ar RS 

1 

convention applies to other generic terms such as “ alkenyl ” , 
“ alkynyl ” , and the like . Furthermore , the terms “ alkyl ” , 
“ alkenyl ” , “ alkynyl ” , and the like encompass both substi 
tuted and unsubstituted groups . In certain embodiments , 
“ lower alkyl ” is used to indicate those alkyl groups ( acyclic , 
substituted , unsubstituted , branched or unbranched ) having 
1-6 carbon atoms . 
[ 0032 ] As used herein , “ alkyl ” refers to a radical of a 
straight - chain or branched saturated hydrocarbon group hav 
ing from 1 to 20 carbon atoms ( “ C1-20 alkyl ” ) . In some 
embodiments , an alkyl group has 1 to 10 carbon atoms 
( " C1-10 alkyl ” ) . In some embodiments , an alkyl group has 1 
to 9 carbon atoms ( " C1-9 alkyl ” ) . In some embodiments , an 
alkyl group has 1 to 8 carbon atoms ( “ C1-8 alkyl ” ) . In some 
embodiments , an alkyl group has 1 to 7 carbon atoms ( " C1-7 
alkyl ” ) . In some embodiments , an alkyl group has 1 to 6 
carbon atoms ( “ C1-6 alkyl ” ) . In some embodiments , an alkyl 
group has 1 to 5 carbon atoms ( “ C1-5 alkyl ” ) . In some 
embodiments , an alkyl group has 1 to 4 carbon atoms ( “ C1-4 
alkyl ” ) . In some embodiments , an alkyl group has 1 to 3 
carbon atoms ( “ C1-3 alkyl ” ) . In some embodiments , an alkyl 
group has 1 to 2 carbon atoms ( “ C1-2 alkyl ” ) . In some 
embodiments , an alkyl group has 1 carbon atom ( “ C 
alkyl ” ) . In some embodiments , an alkyl group has 2 to 6 
carbon atoms ( “ C2-6 alkyl ” ) . Examples of C1-6 alkyl groups 
include methyl ( C ) , ethyl ( C2 ) , n - propyl ( C ) , isopropyl 
( C3 ) , n - butyl ( C4 ) , tert - butyl ( C4 ) , sec - butyl ( C4 ) , iso - butyl 
( C4 ) , n - pentyl ( C3 ) , 3 - pentanyl ( C3 ) , amyl ( C3 ) , neopentyl 
( C3 ) , 3 - methyl - 2 - butanyl ( C3 ) , tertiary amyl ( C3 ) , and 
n - hexyl ( Cs ) . Additional examples of alkyl groups include 
n - heptyl ( C7 ) , n - octyl ( Cs ) and the like . Unless otherwise 
specified , each instance of an alkyl group is independently 
unsubstituted ( an “ unsubstituted alkyl ” ) or substituted ( a 
“ substituted alkyl ” ) with one or more substituents . In certain 
embodiments , the alkyl group is an unsubstituted C1-10 alkyl 
( e.g. , — CH3 ) . In certain embodiments , the alkyl group is a 
substituted C1-10 alkyl . 
[ 0033 ] As used herein , “ haloalkyl ” is a substituted alkyl 
group as defined herein wherein one or more of the hydrogen 
atoms are independently replaced by a halogen , e.g. , fluoro , 
bromo , chloro , or iodo . “ Perhaloalkyl ” is a subset of haloal 
kyl , and refers to an alkyl group wherein all of the hydrogen 
atoms are independently replaced by a halogen , e.g. , fluoro , 
bromo , chloro , or iodo . In some embodiments , the haloalkyl 
moiety has 1 to 8 carbon atoms ( “ C1-8 haloalkyl ” ) . In some 
embodiments , the haloalkyl moiety has 1 to 6 carbon atoms 
( “ C1-6 haloalkyl ” ) . In some embodiments , the haloalkyl 
moiety has 1 to 4 carbon atoms ( “ C1-4 haloalkyl ” ) . In some 
embodiments , the haloalkyl moiety has 1 to 3 carbon atoms 
( " C1-3 haloalkyl ” ) . In some embodiments , the haloalkyl 
moiety has 1 to 2 carbon atoms ( “ C1-2 haloalkyl ” ) . In some 
embodiments , all of the haloalkyl hydrogen atoms are 
replaced with fluoro to provide a perfluoroalkyl group . In 
some embodiments , all of the haloalkyl hydrogen atoms are 
replaced with chloro to provide a “ perchloroalkyl ” group . 
Examples of haloalkyl groups include CF3 , CF CF3 , 
CF2CF2CF3 , -CC13 , CFC12 , CF2C1 , and the like . 
[ 0034 ] “ Alkenyl ” refers to a radical of a straight - chain or 
branched hydrocarbon group having from 2 to 20 carbon 
atoms , and one or more carbon - carbon double bonds ( “ C2-20 
alkenyl ” ) . In some embodiments , an alkenyl group has 2 to 
10 carbon atoms ( “ C2-10 alkenyl ” ) . In some embodiments , 
an alkenyl group has 2 to 9 carbon atoms ( “ C2-9 alkenyl ” ) . 
In some embodiments , an alkenyl group has 2 to 8 carbon 

a 

a 

1 

wherein Rl to R8 may be the same or different and are 
selected from hydrogen , C1 , F , a partially or fully haloge 
nated , preferably fluorinated , C , to C. alkyl group , prefer 
ably with the proviso that at least one of Ri to R8 is not 
hydrogen , and Ar is a monocyclic or polycyclic , aromatic or 
heteroaromatic hydrocarbon Ar , which may be substituted or 
unsubstituted as defined before and X- is an anion , which 
does not adversely affect the usability in a subsequent 
reaction , preferably selected from BF4 ; triflate , trifluoro 
acetate , and PF6 , in a transition metal catalyzed cross 
coupling reaction , which is preferably selected from a Heck 
reaction , a Sonogashira reaction , a Negishi reaction , a 
Suzuki reaction , and a carbonylation reaction . 
[ 0028 ] In said use , at least one of R1 R8 in Formula ( III ) 
is preferably not hydrogen , more preferably at least two to 
four of Rl to R8 are CI , F , a partially or fully fluorinated C , 
to C. alkyl group and the others of Rl to R $ are hydrogen , 
even more preferably four of R1 to R8 are F or CF , and the 
others of R , to R , are hydrogen and most preferred , R2 , R3 , 
Ro and R , are F or CFz and the others of Rl to R8 are 
hydrogen . 
[ 0029 ] In the context of the aspects of the present inven 
tion , the following definitions are more general terms which 
are used throughout the present application . 
( 0030 ) When a range of values is listed , it is intended to 
encompass each value and sub - range within the range . For 
example “ C1-6 " is intended to encompass , C1 , C2 , C3 , C4 , 
C5 , Co , C1-6 , C1-5 , C1-4 , C1-3 , C1-2 , C2-6 , C2-5 , C2-4 , C2-3 , 
Cz.6 , C3-5 , C3.4 , C4.6 , C4-5 , and C5-6 . 
[ 0031 ] The term “ aliphatic ” includes both saturated and 
unsaturated , straight chain ( i.e. , unbranched ) , branched , acy 
clic , cyclic , or polycyclic aliphatic hydrocarbons , which are 
optionally substituted with one or more functional groups . 
As will be appreciated by one of ordinary skill in the art , 
" aliphatic ” is intended herein to include , but is not limited to , 
alkyl , alkenyl , alkynyl , cycloalkyl , cycloalkenyl , and 
cycloalkynyl moieties . Thus , the term " alkyl ” includes 
straight , branched and acyclic alkyl groups . An analogous 

1 

3 

: 

, 

3-6 
: 

2 
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atoms ( “ C2-8 alkenyl ” ) . In some embodiments , an alkenyl 
group has 2 to 7 carbon atoms ( “ C2-7 alkenyl ” ) . In some 
embodiments , an alkenyl group has 2 to 6 carbon atoms 
( “ C2-6 alkenyl ” ) . In some embodiments , an alkenyl group 
has 2 to 5 carbon atoms ( “ C2-5 alkenyl ” ) . In some embodi 
ments , an alkenyl group has 2 to 4 carbon atoms ( “ C2-4 
alkenyl ” ) . In some embodiments , an alkenyl group has 2 to 
3 carbon atoms ( “ C2-3 alkenyl ” ) . In some embodiments , an 
alkenyl group has 2 carbon atoms ( “ C2 alkenyl ” ) . The one or 
more carbon - carbon double bonds can be internal ( such as in 
2 - butenyl ) or terminal ( such as in 1 - butenyl ) . Examples of 
C2-4 alkenyl groups include ethenyl ( C2 ) , 1 - propenyl ( C3 ) , 
2 - propenyl ( C3 ) , 1 - butenyl ( C4 ) , 2 - butenyl ( C4 ) , butadienyl 
( CA ) , and the like . Examples of C2-6 alkenyl groups include 
the aforementioned C2-4 alkenyl groups as well as pentenyl 
( Cs ) , pentadienyl ( Cs ) , hexenyl ( Ca ) , and the like . Additional 
examples of alkenyl include heptenyl ( C7 ) , octenyl ( C3 ) , 
octatrienyl ( C3 ) , and the like . Unless otherwise specified , 
each instance of an alkenyl group is independently option 
ally substituted , i.e. , unsubstituted ( an " unsubstituted alk 
enyl ” ) or substituted ( a “ substituted alkenyl ” ) with one or 
more substituents . In certain embodiments , the alkenyl 
group is unsubstituted C2-10 alkenyl . In certain embodi 
ments , the alkenyl group is substituted C2-10 alkenyl . 
[ 0035 ] “ Alkynyl ” refers to a radical of a straight - chain or 
branched hydrocarbon group having from 2 to 20 carbon 
atoms , and one or more carbon - carbon triple bonds ( “ C2-20 
alkynyl ” ) . In some embodiments , an alkynyl group has 2 to 
10 carbon atoms ( “ C2-10 alkynyl ” ) . In some embodiments , 
an alkynyl group has 2 to 9 carbon atoms ( “ C2-9 alkynyl ” ) . 
In some embodiments , an alkynyl group has 2 to 8 carbon 
atoms ( “ C2-3 alkynyl ” ) . In some embodiments , an alkynyl 
group has 2 to 7 carbon atoms ( “ C2-7 alkynyl ” ) . In some 
embodiments , an alkynyl group has 2 to 6 carbon atoms 
( “ C2-6 alkynyl ” ) . In some embodiments , an alkynyl group 
has 2 to 5 carbon atoms ( “ C2-5 alkynyl ” ) . In some embodi 
ments , an alkynyl group has 2 to 4 carbon atoms ( “ C2-4 
alkynyl ” ) . In some embodiments , an alkynyl group has 2 to 
3 carbon atoms ( “ C2-3 alkynyl ” ) . In some embodiments , an 
alkynyl group has 2 carbon atoms ( “ C2 alkynyl ” ) . The one 
or more carbon - carbon triple bonds can be internal ( such as 
in 2 - butynyl ) or terminal ( such as in 1 - butynyl ) . Examples 
of C2-4 alkynyl groups include , without limitation , ethynyl 
( C2 ) , 1 - propynyl ( Cz ) , 2 - propynyl ( Cz ) , 1 - butynyl ( CA ) , 
2 - butynyl ( C4 ) , and the like . Examples of C2-6 alkynyl 
groups include the aforementioned C2-4 alkynyl groups as 
well as pentynyl ( C3 ) , hexynyl ( C6 ) , and the like . Additional 
examples of alkynyl include heptynyl ( C7 ) , octynyl ( C3 ) , 
and the like . Unless otherwise specified , each instance of an 
alkynyl group is independently optionally substituted , i.e. , 
unsubstituted ( an “ unsubstituted alkynyl ” ) or substituted ( a 
“ substituted alkynyl ” ) with one or more substituents . In 
certain embodiments , the alkynyl group is unsubstituted 
C2-10 alkynyl . In certain embodiments , the alkynyl group is 
substituted C2-10 alkynyl . 
[ 0036 ] “ Carbocyclyl ” or “ carbocyclic ” refers to a radical 
of a non - aromatic cyclic hydrocarbon group having from 3 
to 10 ring carbon atoms ( “ C3-10 carbocyclyl ” ) and zero 
heteroatoms in the non - aromatic ring system . In some 
embodiments , a carbocyclyl group has 3 to 8 ring carbon 
atoms ( “ C3-8 carbocyclyl ” ) . In some embodiments , a carbo 
cyclyl group has 3 to 7 ring carbon atoms ( “ C3-7 carbocy 
clyl ” ) . In some embodiments , a carbocyclyl group has 3 to 
6 ring carbon atoms ( “ C3-6 carbocyclyl ” ) . In some embodi 

ments , a carbocyclyl group has 5 to 10 ring carbon atoms 
( “ C5-10 carbocyclyi ” ) . Exemplary C3-6 carbocyclyl groups 
include , without limitation , cyclopropyl ( C3 ) , cyclopropenyl 
( C3 ) , cyclobutyl ( C4 ) , cyclobutenyl ( C4 ) , cyclopentyl ( C3 ) , 
cyclopentenyl ( C ) , cyclohexyl ( C6 ) , cyclohexenyl ( C ) , 
cyclohexadienyl ( Co ) , and the like . Exemplary C3-8 carbo 
cyclyl groups include , without limitation , the aforemen 
tioned C3-6 carbocyclyl groups as well as cycloheptyl ( C7 ) , 
cycloheptenyl ( C7 ) , cycloheptadienyl ( C7 ) , cycloheptatrie 
nyl ( C ) , cyclooctyl ( Co ) , cyclooctenyl ( C2 ) , bicyclo [ 2.2.1 ] 
heptanyl ( C7 ) , bicyclo [ 2.2.2 ] octanyl ( C3 ) , and the like . 
Exemplary C3-10 carbocyclyl groups include , without limi 
tation , the aforementioned C3-8 carbocyclyl groups as well 
as cyclononyl ( C ) , cyclononenyl ( C ) , cyclodecyl ( C10 ) , 
cyclodecenyl ( C10 ) , octahydro - 1H - indenyl ( C2 ) , decahy 
dronaphthalenyl ( C10 ) , spiro [ 4.5 ] decanyl ( C10 ) , and the like . 
As the foregoing examples illustrate , in certain embodi 
ments , the carbocyclyl group is either monocyclic ( “ mono 
cyclic carbocyclyl " ) or contain a fused , bridged or spiro ring 
system such as a bicyclic system ( “ bicyclic carbocyclyl ” ) 
and can be saturated or can be partially unsaturated . “ Car 
bocyclyl ” also includes ring systems wherein the carbocy 
clic ring , as defined above , is fused with one or more aryl or 
heteroaryl groups wherein the point of attachment is on the 
carbocyclic ring , and in such instances , the number of 
carbons continue to designate the number of carbons in the 
carbocyclic ring system . Unless otherwise specified , each 
instance of a carbocyclyl group is independently optionally 
substituted , i.e. , unsubstituted ( an " unsubstituted carbocy 
clyl ” ) or substituted ( a “ substituted carbocyclyl ” ) with one 
or more substituents . In certain embodiments , the carbocy 
clyl group is unsubstituted C3-10 carbocyclyl . In certain 
embodiments , the carbocyclyl group is substituted C3-10 
carbocyclyl . 
[ 0037 ] In some embodiments , “ carbocyclyl ” is a monocy 
clic , saturated carbocyclyl group having from 3 to 10 ring 
carbon atoms ( “ C3-10 cycloalkyl ” ) . In some embodiments , a 
cycloalkyl group has 3 to 8 ring carbon atoms ( “ C3-8 
cycloalkyl ” ) . In some embodiments , a cycloalkyl group has 
3 to 6 ring carbon atoms ( “ C3-6 cycloalkyl ” ) . In some 
embodiments , a cycloalkyl group has 5 to 6 ring carbon 
atoms ( “ C5-6 cycloalkyl ” ) . In some embodiments , a cycloal 
kyl group has 5 to 10 ring carbon atoms ( “ C5-10 cycloalkyl ” ) . 
Examples of C5-6 cycloalkyl groups include cyclopentyl 
( C5 ) and cyclohexyl ( C5 ) . Examples of C3.6 cycloalkyl 
groups include the aforementioned C5-6 cycloalkyl groups as 
well as cyclopropyl ( C3 ) and cyclobutyl ( C4 ) . Examples of 
C3-8 cycloalkyl groups include the aforementioned C3-6 
cycloalkyl groups as well as cycloheptyl ( C7 ) and cyclooctyl 
( C ) . Unless otherwise specified , each instance of a cycloal 
kyl group is independently unsubstituted ( an “ unsubstituted 
cycloalkyl ” ) or substituted ( a “ substituted cycloalkyl ” ) with 
one or more substituents . In certain embodiments , the 
cycloalkyl group is unsubstituted C3-10 cycloalkyl . In certain 
embodiments , the cycloalkyl group is substituted C3-10 
cycloalkyl . 
[ 0038 ] “ Heterocyclyl ” or “ heterocyclic ” refers to a radical 
of a 3- to 14 - membered non - aromatic ring system having 
ring carbon atoms and 1 to 4 ring heteroatoms , wherein each 
heteroatom is independently selected from nitrogen , oxygen , 
sulfur , boron , phosphorus , and silicon ( “ 3-14 membered 
heterocyclyl ” ) . In heterocyclyl groups that contain one or 
more nitrogen atoms , the point of attachment can be a 
carbon or nitrogen atom , as valency permits . A heterocyclyl 
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group can either be monocyclic ( “ monocyclic heterocyclyl ” ) 
or a fused , bridged , or spiro ring system , such as a bicyclic 
system ( “ bicyclic heterocyclyl ” ) , and can be saturated or can 
be partially unsaturated . Heterocyclyl bicyclic ring systems 
can include one or more heteroatoms in one or both rings . 
“ Heterocyclyl ” also includes ring systems wherein the het 
erocyclic ring , as defined above , is fused with one or more 
carbocyclyl groups wherein the point of attachment is either 
on the carbocyclyl or heterocyclic ring , or ring systems 
wherein the heterocyclic ring , as defined above , is fused 
with one or more aryl or heteroaryl groups , wherein the 
point of attachment is on the heterocyclic ring , and in such 
instances , the number of ring members continue to designate 
the number of ring members in the heterocyclic ring system . 
Unless otherwise specified , each instance of heterocyclyl is 
independently optionally substituted , i.e. , unsubstituted ( an 
" unsubstituted heterocyclyl ” ) or substituted ( a “ substituted 
heterocyclyl ” ) with one or more substituents . In certain 
embodiments , the heterocyclyl group is unsubstituted 3-14 
membered heterocyclyl . In certain embodiments , the het 
erocyclyl group is substituted 3-14 membered heterocyclyl . 
[ 0039 ] In some embodiments , a heterocyclyl group is a 
5-10 membered non - aromatic ring system having ring car 
bon atoms and 1-4 ring heteroatoms , wherein each heteroa 
tom is independently selected from nitrogen , oxygen , sulfur , 
boron , phosphorus , and silicon ( “ 5-10 membered heterocy 
clyl ” ) . In some embodiments , a heterocyclyl group is a 5-8 
membered non - aromatic ring system having ring carbon 
atoms and 1-4 ring heteroatoms , wherein each heteroatom is 
independently selected from nitrogen , oxygen , and sulfur 
( “ 5-8 membered heterocyclyi ” ) . In some embodiments , a 
heterocyclyl group is a 5-6 membered non - aromatic ring 
system having ring carbon atoms and 1-4 ring heteroatoms , 
wherein each heteroatom is independently selected from 
nitrogen , oxygen , and sulfur ( “ 5-6 membered heterocy 
clyl ” ) . In some embodiments , the 5-6 membered heterocy 
clyl has 1-3 ring heteroatoms selected from nitrogen , oxy 
gen , and sulfur . In some embodiments , the 5-6 membered 
heterocyclyl has 1-2 ring heteroatoms selected from nitro 
gen , oxygen , and sulfur . In some embodiments , the 5-6 
membered heterocyclyl has one ring heteroatom selected 
from nitrogen , oxygen , and sulfur . 
[ 0040 ] “ Aryl ” refers to a radical of a monocyclic or 
polycyclic ( e.g. , bicyclic or tricyclic ) 4n + 2 aromatic ring 
system ( e.g. , having 6 , 10 , or 14 pi electrons shared in a 
cyclic array ) having 6-14 ring carbon atoms and zero 
heteroatoms provided in the aromatic ring system ( " C6-14 
aryl ” ) . In some embodiments , an aryl group has six ring 
carbon atoms ( " Co aryl ” ; e.g. , phenyl ) . In some embodi 
ments , an aryl group has ten ring carbon atoms ( “ C10 aryl ” ; 
e.g. , naphthyl such as 1 - naphthyl and 2 - naphthyl ) . In some 
embodiments , an aryl group has fourteen ring carbon atoms 
( “ C14 aryl ” ; e.g. , anthracyl ) . “ Aryl ” also includes ring sys 
tems wherein the aryl ring , as defined above , is fused with 
one or more carbocyclyl or heterocyclyl groups wherein the 
radical or point of attachment is on the aryl ring , and in such 
instances , the number of carbon atoms continue to designate 
the number of carbon atoms in the aryl ring system . Unless 
otherwise specified , each instance of an aryl group is inde 
pendently optionally substituted , i.e. , unsubstituted ( an 
" unsubstituted aryl ” ) or substituted ( a “ substituted aryl ” ) 
with one or more substituents . In certain embodiments , the 
aryl group is unsubstituted C6-14 aryl . In certain embodi 
ments , the aryl group is substituted C6-14 aryl . 

[ 0041 ] “ Aralkyl ” is a subset of alkyl and aryl and refers to 
an optionally substituted alkyl group substituted by an 
optionally substituted aryl group . In certain embodiments , 
the aralkyl is optionally substituted benzyl . In certain 
embodiments , the aralkyl is benzyl . In certain embodiments , 
the aralkyl is optionally substituted phenethyl . In certain 
embodiments , the aralkyl is phenethyl . 
[ 0042 ] “ Heteroaryl ” refers to a radical of a 5-14 membered 
monocyclic or bicyclic 4n + 2 aromatic ring system ( e.g. , 
having 6 or 10 pi electrons shared in a cyclic array ) having 
ring carbon atoms and 1-4 ring heteroatoms provided in the 
aromatic ring system , wherein each heteroatom is indepen 
dently selected from nitrogen , oxygen , and sulfur ( “ 5-14 
membered heteroaryl ” ) . In heteroaryl groups that contain 
one or more nitrogen atoms , the point of attachment can be 
a carbon or nitrogen atom , as valency permits . Heteroaryl 
bicyclic ring systems can include one or more heteroatoms 
in one or both rings . “ Heteroaryl ” includes ring systems 
wherein the heteroaryl ring , as defined above , is fused with 
one or more carbocyclyl or heterocyclyl groups wherein the 
point of attachment is on the heteroaryl ring , and in such 
instances , the number of ring members continue to designate 
the number of ring members in the heteroaryl ring system . 
“ Heteroaryl ” also includes ring systems wherein the het 
eroaryl ring , as defined above , is fused with one or more aryl 
groups wherein the point of attachment is either on the aryl 
or heteroaryl ring , and in such instances , the number of ring 
members designates the number of ring members in the 
fused ( aryl / heteroaryl ) ring system . Bicyclic heteroaryl 
groups wherein one ring does not contain a heteroatom ( e.g. , 
indolyl , quinolinyl , carbazolyl , and the like ) the point of 
attachment can be on either ring , i.e. , either the ring bearing 
a heteroatom ( e.g. , 2 - indolyl ) or the ring that does not 
contain a heteroatom ( e.g. , 5 - indolyl ) . 
[ 0043 ] In some embodiments , a heteroaryl group is a 5-10 
membered aromatic ring system having ring carbon atoms 
and 1-4 ring heteroatoms provided in the aromatic ring 
system , wherein each heteroatom is independently selected 
from nitrogen , oxygen , and sulfur ( “ 5-10 membered het 
eroaryl ” ) . In some embodiments , a heteroaryl group is a 5-8 
membered aromatic ring system having ring carbon atoms 
and 1-4 ring heteroatoms provided in the aromatic ring 
system , wherein each heteroatom is independently selected 
from nitrogen , oxygen , and sulfur ( “ 5-8 membered het 
eroaryl ” ) . In some embodiments , a heteroaryl group is a 5-6 
membered aromatic ring system having ring carbon atoms 
and 1-4 ring heteroatoms provided in the aromatic ring 
system , wherein each heteroatom is independently selected 
from nitrogen , oxygen , and sulfur ( “ 5-6 membered het 
eroaryl ” ) . In some embodiments , the 5-6 membered het 
eroaryl has 1-3 ring heteroatoms selected from nitrogen , 
oxygen , and sulfur . In some embodiments , the 5-6 mem 
bered heteroaryl has 1-2 ring heteroatoms selected from 
nitrogen , oxygen , and sulfur . In some embodiments , the 5-6 
membered heteroaryl has 1 ring heteroatom selected from 
nitrogen , oxygen , and sulfur . Unless otherwise specified , 
each instance of a heteroaryl group is independently option 
ally substituted , i.e. , unsubstituted ( an “ unsubstituted het 
eroaryl ” ) or substituted ( a “ substituted heteroaryl ” ) with one 
or more substituents . In certain embodiments , the heteroaryl 
group is unsubstituted 5-14 membered heteroaryl . In certain 
embodiments , the heteroaryl group is substituted 5-14 mem 
bered heteroaryl . 
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[ 0044 ] Exemplary 5 - membered heteroaryl groups contain 
ing one heteroatom include , without limitation , pyrrolyl , 
furanyl and thiophenyl . Exemplary 5 - membered heteroaryl 
groups containing two heteroatoms include , without limita 
tion , imidazolyl , pyrazolyl , oxazolyl , isoxazolyl , thiazolyl , 
and isothiazolyl . Exemplary 5 - membered heteroaryl groups 
containing three heteroatoms include , without limitation , 
triazolyl , oxadiazolyl , and thiadiazolyl . Exemplary 5 - mem 
bered heteroaryl groups containing four heteroatoms 
include , without limitation , tetrazolyl . Exemplary 6 - mem 
bered heteroaryl groups containing one heteroatom include , 
without limitation , pyridinyl . Exemplary 6 - membered het 
eroaryl groups containing two heteroatoms include , without 
limitation , pyridazinyl , pyrimidinyl , and pyrazinyl . Exem 
plary 6 - membered heteroaryl groups containing three or four 
heteroatoms include , without limitation , triazinyl and tet 
razinyl , respectively . Exemplary 7 - membered heteroaryl 
groups containing one heteroatom include , without limita 
tion , azepinyl , oxepinyl , and thiepinyl . Exemplary 5,6 
bicyclic heteroaryl groups include , without limitation , indo 
lyl , isoindolyl , indazolyl , benzotriazolyl , benzothiophenyl , 
isobenzothiophenyl , benzofuranyl , benzoisofuranyl , benz 
imidazolyl , benzoxazolyl , benzisoxazolyl , benzoxadiazolyl , 
benzthiazolyl , benzisothiazolyl , benzthiadiazolyl , indoliz 
inyl , and purinyl . Exemplary 6,6 - bicyclic heteroaryl groups 
include , without limitation , naphthyridinyl , pteridinyl , qui 
nolinyl , isoquinolinyl , cinnolinyl , quinoxalinyl , phthalazi 
nyl , and quinazolinyl . 
[ 0045 ] " Heteroaralkyl " is a subset of alkyl and heteroaryl 
and refers to an optionally substituted alkyl group substi 
tuted by an optionally substituted heteroaryl group . 
[ 0046 ] “ Unsaturated ” or “ partially unsaturated ” refers to a 
group that includes at least one double or triple bond . A 
" partially unsaturated ” ring system is further intended to 
encompass rings having multiple sites of unsaturation , but is 
not intended to include aromatic groups ( e.g. , aryl or het 
eroaryl groups ) as herein defined . Likewise , “ saturated ” 
refers to a group that does not contain a double or triple 
bond , i.e. , contains all single bonds . 
[ 0047 ] Alkyl , alkenyl , alkynyl , carbocyclyl , heterocyclyl , 
aryl , and heteroaryl groups , which are divalent bridging 
groups , are further referred to using the suffix -ene , e.g. , alkylene , alkenylene , alkynylene , carbocyclylene , heterocy 
clylene , arylene , and heteroarylene . 
[ 0048 ] An atom , moiety , or group described herein may be 
unsubstituted or substituted , as valency permits , unless 
otherwise provided expressly . The term “ optionally substi 
tuted ” refers to substituted or unsubstituted . 
[ 0049 ] Alkyl , alkenyl , alkynyl , carbocyclyl , heterocyclyl , 
aryl , and heteroaryl groups are optionally substituted ( e.g. , 
“ substituted ” or “ unsubstituted ” alkyl , “ substituted ” or 
" unsubstituted ” alkenyl , “ substituted ” or “ unsubstituted ” 
alkynyl , “ substituted ” or “ unsubstituted ” carbocyclyl , “ sub 
stituted ” or " unsubstituted ” heterocyclyl , “ substituted ” or 
" unsubstituted ” aryl or " substituted ” or " unsubstituted ” het 
eroaryl group ) . In general , the term " substituted ” , whether 
preceded by the term “ optionally " or not , means that at least 
one hydrogen present on a group ( e.g. , a carbon or nitrogen 
atom ) is replaced with a permissible substituent , e.g. , a 
substituent which upon substitution results in a stable com 
pound , e.g. , a compound which does not spontaneously 
undergo transformation such as by rearrangement , cycliza 
tion , elimination , or other reaction . Unless otherwise indi 
cated , a “ substituted ” group has a substituent at one or more 

substitutable positions of the group , and when more than one 
position in any given structure is substituted , the substituent 
is either the same or different at each position . For purposes 
of this invention , heteroatoms such as nitrogen may have 
hydrogen substituents and / or any suitable substituent as 
described herein which satisfy the valencies of the heteroa 
toms and results in the formation of a stable moiety . In 
certain embodiments , the substituent is a carbon atom sub 
stituent . In certain embodiments , the substituent is a nitrogen 
atom substituent . In certain embodiments , the substituent is 
an oxygen atom substituent . In certain embodiments , the 
substituent is a sulfur atom substituent . 
[ 0050 ] Exemplary substituents include , but are not limited 
to , halogen , CN , - NO2 , -N3 , SO , H , SO , H , OH , 

ON ( R ) , N ( Rbb ) , N ( Rbb ) , + X- , 
N ( ORC ) Rób , SH , SRA , SSRC , C ( = O ) Raa , 
CO , H , CHO , CORS ) , CO , Rad , OC ( LO ) Rºa , 
OCO , Raa C ( = O ) N ( Rbb ) 2 , OC ( = O ) N ( Rbb ) 2 , 
-NRCO ) Raa , NRbbCO Raa , NRbbCFO ) N 

( Rbb ) , CENRbb ) Raa , CENRbb ) ORaa , OC 
ENRbb ) Raa , OC = NRbb ) ORA C?NRbb ) N ( Rbb ) 2 , 
OCENR ) N ( R bb NRECENRb6N ( R ) , 
CEO ) NRbbSO , Raa , NRbbSO Raa , SO , N ( Rbb ) 23 
SO , Raa , SO ORA , OSO , Raa , -S ( O ) Raa , SOZOR = OS 
GOR , Si ( R44 ) 3 , -OSi ( Ra ) ; CS ) N ( Rbb 2 , 
CO ) SR , CAS ) SRa , SCGS ) SRa , SC 

O O ) SR , COCO ) SR , SCO ) ORA , SCEO ) 
Raa , C1-10 alkyl , C1-10 haloalkyl , C2-10 alkenyl , C2-10 alky 
nyl , C3-10 carbocyclyl , 3-14 membered heterocyclyl , C6-14 
aryl , and 5-14 membered heteroaryl , wherein each alkyl , 
alkenyl , alkynyl , carbocyclyl , heterocyclyl , aryl , and het 
eroaryl is independently substituted with 0 , 1 , 2 , 3 , 4 , or 5 
Rdd groups ; or two geminal hydrogens on a carbon atom are 
replaced with the group = 0 , = S , = NN ( Rbb ) 2 , = NNRbbC 
( O ) Raa , = NNRbbCO ) ORaa , = NNRES ( O ) Raa , 
NRbb , or —NORCC ; 
[ 0051 ] each instance of Raa is , independently , selected 
from C1-10 alkyl , C1-10 haloalkyl , C2-10 alkenyl , C2-10 
alkynyl , C3-10 carbocyclyl , 3-14 membered heterocy 
clyl , C6-14 aryl , and 5-14 membered heteroaryl , or two 
Raa groups are joined to form a 3-14 membered het 
erocyclyl or 5-14 membered heteroaryl ring , wherein 
each alkyl , alkenyl , alkynyl , carbocyclyl , heterocyclyl , 
aryl , and heteroaryl is independently substituted with 0 , 
1 , 2 , 3 , 4 , or 5 Rdd groups ; 

[ 0052 ] each instance of Rbb is , independently , selected 
from hydrogen , ?? , ORaa , —N ( RC ) 2 , —CN , 
C ( O ) Raa , C ( O ) N ( R ) , CO , Raa , 
SO , Raa , Ce = NRCOR , C?NRC ) N ( RC ) 2 , 
SO , N ( RC ) SO , RC , SO , OR SOR 
CES ) N ( R ™ ) CLOSR , Ce = S ) SRC , 
C1-10 alkyl , C1-10 haloalkyl , C2-10 alkenyl , C2-10 alky 
nyl , C3-10 carbocyclyl , 3-14 membered heterocyclyl , 
C6-4 aryl , and 5-14 membered heteroaryl , or two Rbb 
groups are joined to form a 3-14 membered heterocy 
clyl or 5-14 membered heteroaryl ring , wherein each 
alkyl , alkenyl , alkynyl , carbocyclyl , heterocyclyl , aryl , 
and heteroaryl is independently substituted with 0 , 1 , 2 , 
3 , 4 , or 5 Rdd groups ; 

[ 0053 ] each instance of Rcc is , independently , selected 
from hydrogen , C - 10 alkyl , C - 10 haloalkyl , C2-10 alk 
enyl , C2-10 alkynyl , C3-10 carbocycly1 , 3-14 membered 
heterocyclyl , C6-4 aryl , and 5-14 membered heteroaryl , 

groups are joined to form a 3-14 membered 
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heterocyclylor 5-14 membered heteroaryl ring , 
wherein each alkyl , alkenyl , alkynyl , carbocyclyl , het 
erocyclyl , aryl , and heteroaryl is independently substi 
tuted with 0 , 1 , 2 , 3 , 4 , or 5 Rdd groups ; 

[ 0054 ] each instance of Rdd is , independently , selected 
from halogen , CN , -NO2 , N3 , SO , H , SO2H , 
OH , ORee , OR " , ON ( R ) , N ( R ) , N ( RM ) , X- , 
N ( OROR , SH , " SRee , SSRee CEOR , 
CO , H , CO , Rº , OCEO ) R , OCO , Ree , , 
CON ( R3 ) 2 , OC ( O ) N ( RM ) 2 , NR " CEO ) 2 - 

-NRCO RC , NRCON ( R ) , 
CENRORee OCENR Ree , OCENR ) 

ORee , CENRØN ( RM ) 2 , OCENRÍN ( RH ) 22 
NRÉCENRÍN ( RT ) , NRSO , Ree , SO , N ( R ) 

2 , SOR " , -SO , OR , OSO , Ree SEO ) Ree , 
Si ( Re ) , Osi ( Re ) s , _CCES?N ( R ) , CEO ) 
Sree CSSR , SCCS ) SR , C- alkyl , C1.6 , -C ) 
haloalkyl , C2-6 alkenyl , C2-6 alkynyl , C3-10 carbocyclyl , 
3-10 membered heterocyclyl , C6-10 aryl , 5-10 mem 
bered heteroaryl , wherein each alkyl , alkenyl , alkynyl , 
carbocyclyl , heterocyclyl , aryl , and heteroaryl is inde 
pendently substituted with 0 , 1 , 2 , 3 , 4 , or 5 R8 % groups , 
or two geminal Rdd substituents can be joined to form 

= S ; 
[ 0055 ] each instance of Ree is , independently , selected 
from C1-6 alkyl , C1-6 haloalkyl , C2-6 alkenyl , C2-6 alky 
nyl , C3-10 carbocyclyl , C6-10 aryl , 3-10 membered het 
erocyclyl , and 3-10 membered heteroaryl , wherein 
each alkyl , alkenyl , alkynyl , carbocyclyl , heterocyclyl , 
aryl , and heteroaryl is independently substituted with 0 , 
1 , 2 , 3 , 4 , or 5 R38 groups ; 

[ 0056 ] each instance of Riis , independently , selected 
from hydrogen , C1-6 alkyl , C1-6 haloalkyl , C2-6 alkenyl , 
C2-6 alkynyl , C3-10 carbocyclyl , 3-10 membered het 
erocyclyl , C6-10 aryl and 5-10 membered heteroaryl , or 

groups are joined to form a 3-14 membered 
heterocyclylor 5-14 membered heteroaryl ring , 
wherein each alkyl , alkenyl , alkynyl , carbocyclyl , het 
erocyclyl , aryl , and heteroaryl is independently substi 
tuted with 0 , 1 , 2 , 3 , 4 , or 5 R88 groups ; and 

[ 0057 ] each instance of RSS is , independently , halogen , 
CN , —NO -NO2 , N3 , SO H , SO3H , OH , 
OC -6 alkyl , ON ( C - 6 alkyl ) ,, -N ( C - 6 alkyl ) 2 , C1-6 2 
N ( C1-6 alkyl ) , * X- , NH ( C1-6 alkyl ) , X- , -NH , * 

( C. alkyl ) * X " , -NH2 * X , NOC . alkyl ) ( C - 6 -N OC1-6 C1-6 
alkyl ) , N ( OH ) ( C - 6 alkyl ) , NH ( OH ) , SH , 
SC -6 alkyl , -SS ( C1-6 alkyl ) , CEO ) C1-6 alkyl ) , 
CO2H , CO2 ( C1-6 alkyl ) , OC ( = O ) ( C1-6 alkyl ) , 
OCO ( C1-6 alkyl ) , CEO ) NH2 , CEO ) N ( C1-6 

alkyl ) 2 , -OCCO ) NH ( C1-6 alkyl ) , —NHC ( = O ) ( C1-6 
alkyl ) , -N ( C1-6 alkyl ) C ( = O ) ( C1-6 alkyl ) , - NHCO2 
( C - alkyl ) . NHC ( O ) N ( C1-6 alkyl ) 2 , -NHC 
( ?O NH ( C1-6 alkyl ) , NHC ( 20 ) NH , C ( —NH ) 
O ( C - alkyl ) , OC ( = NH ) ( C . alkyl ) , OCE = NH ) = 
OC - alkyl , - CNH ) NC C?NH ) N ( C1-6 alkyl ) 2 , -CE = NH ) 
NH ( C1-6 alkyl ) , C ( -NHNNH , OC - NHNN ( C1-6 
alkyl ) 2 , OC ( NH ) NH ( C1-6 alkyl ) , OC ( NH ) NH , 
-NHC ( NHNN ( C , 6 alkyl ) , ) 2 , -NHC ( NH?NH ,, 
NHSO2 ( C- alkyl ) , SO N ( C - 6 alkyl ) 2 , SO , NH 

( C - alkyl ) , SO2NH2 , -S02C1-6 alkyl , --SO_0C -6 
alkyl , OSO , C - 6 alkyl , SOC - 6 alkyl , Si ( C - 6 
alkyl ) , OSI ( C - 6 alkyl ) 3 - CES ) N ( C - 6 alkyl ) 2 , 
CE = S ) NH ( C1-6 alkyl ) , CES ) NH2 , CO ) S ( C1-6 
alkyl ) , _CS ) SC1-6 alkyl , SCES ) SC1-6 alkyl , 

C1-6 alkyl , C1-6 haloalkyl , C2-6 alkenyl , C2-6 alkynyl , 
C3-10 carbocyclyl , C6-10 aryl , 3-10 membered hetero 
cyclyl , 5-10 membered heteroaryl ; or two geminal R88 
substituents can be joined to form = O or = S ; wherein 
X- is an anionic counterion . 

[ 0058 ] “ Halo ” or “ halogen ” refers to fluorine ( fluoro , 
-F ) , chlorine ( chloro , Cl ) , bromine ( bromo , Br ) , or 
iodine ( iodo , —I ) . 
[ 0059 ] “ Acyl ” refers to a moiety selected from the group 
consisting of CEO ) Raa , -CHO , CO , Ra , C ( 20 ) 
N ( R ) CENRbb ) Raa , CENRbb ) ORaa , 
CENRbb ) N ( Rbb ) CEO ) NRbbso , Raa , SN CES ) N 

( R ) , C ( = O ) SRa , or CCES ) SRa , wherein Raa and CEO 
Rbb are as defined herein . 
[ 0060 ] The term " complex ” or “ coordination complex ” 
refers to an association of at least one atom or ion ( which is 
referred to as a " central atom , " " central ion , ” or “ acceptor , ' 
and is usually a metallic cation ) and a surrounding array of 
bound ligands or donors ) . Ligands are generally bound to a 
central atom or central ion by a coordinate covalent bond 
( e.g. , ligands may donate electrons from a lone electron pair 
into an empty orbital of the central atom or central ion ) and 
are referred to as being “ coordinated ” to the central atom or 
central ion . There are also organic ligands such as alkenes 
whose i - bonds can coordinate to empty orbitals of an 
acceptor . A complex may include one or more donors , which 
can be the same or different . A complex may also include 
one or more acceptors , which can be the same or different . 
[ 0061 ] The term “ ligand ” refers to an ion or molecule that 
binds to a central atom or ion ( e.g. , a central metal atom or 
ion ) to form a coordination complex . Ligands are usually 
electron donors , and the central atom or ion is electron 
acceptors . The bonding between the central atom or ion and 
the ligand typically involves formal donation of one or more 
of the ligand's electron pairs . The nature of such bonding 
can range from covalent to ionic , and the bond order can 
range from one to three . One central atom or ion may bind 
to one or more ligands of the same or different type . A ligand 
may be capable of binding a central atom or ion through 
mul sites , usually because the ligand includes lone pairs 
on more than one atom of the ligand . Ligands in a complex 
may affect the reactivity ( e.g. , ligand substitution rates and 
redox ) of the central atom or ion . Exemplary ligands include 
charge - neutral ligands ( “ ligand molecules , ” e.g. , CH3CN , 
amides ( e.g. , N , N - dimethylformamide ( DMF ) , N , N - dim 
ethylacetamide ( DMA ) , N - methyl - 2 - pyrrolidone 
( NMP ) ) , dimethyl sulfoxide ( DMSO ) , amines ( e.g. , ammo 
nia ; ethylenediamine ( en ) ; pyridine ( py ) ; 2,2 - bipyridine 
( bipy ) ; and 1,10 - phenanthroline ( phen ) ) , phosphines ( e.g. , 
PPhz ) , ethers ( e.g. , tetrahydrofuran ( THF ) , 2 - methyl - tetra 
hydrofuran , tetrahydropyran , dioxane , diethyl ether , methyl 
t - butyl ether ( MTBE ) , dimethoxyethane ( DME ) , and dig 
lyme ) , ketones ( e.g. , acetone and butanone ) , chlorohydro 
carbons ( e.g. , dichloromethane ( DCM ) , chloroform , carbon 
tetrachloride , and 1,2 - dichloroethane ( DCE ) ) , esters ( e.g. , 
propylene carbonate and ethyl acetate ) , CO , N2 , water , and 
alkenes ) and anionic ligands ( “ ligand ions , ” e.g. , halides , 
hydride , alkyls , S2 , S CN- , O - NO2 , N - N2,0 H ” , 
[ 0 — CEO ) C60 ) _002 , O - N — O , N = C — S , 
CN- ) . 
[ 0062 ] The term “ transition metal ” refers to elements that 
are in the d - block and f - block of the Periodic Chart of the 
Elements , which may exhibit a variety of oxidation states , 
and which may form numerous complex ions . The term 
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“ d - block ” refers to those elements that have electrons filling 
the 3d , 4d , 5d , and 6d orbitals , and the term “ f - block ” refers 
to those elements ( including lanthanides and the actinides ) 
that have electrons filling the 4f and 5f orbitals . Exemplary 
transition metals include palladium , nickel , cobalt , copper , 
platinum , silver , manganese , zinc , iridium , rhodium , iron , 
and ruthenium . The term “ transition metal ” also includes 
alloys , metal / metal composites , metal ceramic composites , 
and metal polymer composites , as well as other metal 
composites . 
[ 0063 ] The term " catalysis , " " catalyze , " or " catalytic " 
refers to the increase in rate of a reaction due to the 
participation of a substance called a " catalyst . ” In certain 
embodiments , the amount and nature of a catalyst remains 
essentially unchanged during a reaction . In certain embodi 
ments , a catalyst is regenerated , or the nature of a catalyst is 
essentially restored after a reaction . A catalyst may partici 
pate in multiple chemical transformations . The effect of a 
catalyst may vary due to the presence of other substances 
known as inhibitors or poisons ( which reduce the catalytic 
activity ) or promoters ( which increase the activity ) . Cata 
lyzed reactions have a lower activation energy ( rate - limiting 
free energy of activation ) than the corresponding uncata 
lyzed reaction , resulting in a higher reaction rate at the same 
temperature . Catalysts may affect the reaction environment 
favorably , or bind to the reagents to polarize bonds , or form 
specific intermediates that are not typically produced by a 
uncatalyzed reaction , or cause dissociation of reagents to 
reactive forms . 
[ 0064 ] The invention is not intended to be limited in any 
manner by the above exemplary listing of substituents . 
[ 0065 ] As stated above , depending on the electron density 
on the arene core , different thianthrenes or mixtures thereof 
can be used . According to the invention , the thianthrenation 
process can proceed on arenes as electron - rich as aniline 
derivatives to arenes as electron - poor as 1,2 - dichloroben 
zene . Thus , the skilled man can choose on the basis of the 
understanding of the reaction partners which thianthrene , 
substituted or unsubstituted on the arene core , is to be used 
for the specific reaction . With reference to the Figures , it can 
be seen that arenes more electron rich than anisole undergo 
unproductive oxidation with the TFT - reagent 1 , presumably 
through single electron oxidation . Therefore , the inventors 
used an analogous non - fluorinated thianthrene reagent for all 

electron - rich than anisole , such 
meclofenamic acid ( 24 ) and famoxadone ( 25 ) , and an halo 
genated / fluorinated thianthrene reagent for all arenes more 
electron - poor . 
[ 0066 ] The transformation is highly tolerant of functional 
groups like amines , amides , alcohols , ethers , esters , carbox 
ylic acids , and heterocycles . Alcohols are trifluoroacetylated 
under the reaction conditions but the trifluoroacetate esters 
hydrolyze during the aqueous workup . In the case of suffi 
ciently electro - rich arenes , olefins can be tolerated ( e.g. 
strychnine , 18 ) . Basic functional groups are protonated 
under the acidic reaction conditions and thus protected from 
oxidation ( e.g. 10 , 17 , and 18 ) . The HBF40Et , can be 
replaced by Lewis - acids such as BF20Et2 or TMSOTE , 
which enables successful functionalization of compounds 
that contain acid - sensitive functionality , such as salicin 
pentaacetate ( 5 ) , or compounds that would otherwise be 
protonated and therefore deactivated for functionalization , 
such as electron - rich pyridine derivatives ( e.g. 15 ) . The 
reaction is not sensitive to oxygen or traces of water and can 

thus be carried out under an ambient atmosphere in most 
cases . The majority of the arylthianthrenium salts are well 
soluble in organic solvents such as MeCN , DCM , 1,4 
dioxane , DMF , and DMSO and can be stored as solids under 
ambient conditions for at least three months . While the salts 
can usually be used without purification ( vide infra ) , chro 
matography on silica gel allows to obtain analytically pure 
compounds as shown in FIG . 2 . 
[ 0067 ] High regioselectivity was observed in all cases , 
even if compounds contain several reactive positions in 
different aromatic rings , like in 2 - fluorobiphenyl ( 4 ) , 
meclofenamic acid ( 24 ) , famoxadone ( 25 ) , and bifonazole 
( 6 ) . The only substrate for which the inventors could identify 
more than one isomer is mizolastine ( 22 ) , which produced a 
mixture of two products ( ratio : 16 : 1 ) ; the major isomer was 
obtained in pure form . Thianthrene radical cations have 
previously been reported to be incompatible with many 
functional groups like pyridines ( 11 ) , amines ( 12 ) , and 
alcohols ( 13 ) , and only add to simple , electron - rich arenes 
like phenol and anisole ( 14-16 ) , but the fluorine substituents 
on reagent 1 , as well as the synthesis of the thianthrene 
radical cation via sulfoxides in an acidic reaction medium as 
reported here prevent side reactions and enabled the sub 
strate scope shown in FIG . 2. Despite the isolated early 
reports on aryl thianthrenium salts ( 14-16 ) , their potential as 
synthetic linchpins documented in the second part of this 
paper had never been realized . 
[ 0068 ] The thianthrenium salts can behave as electrophiles 
in both palladium - catalyzed cross coupling chemistry and in 
photoredox catalysis , both of which provide rich reaction 
chemistry that render the thianthrenium salts synthetically 
useful . The inventors have developed an initial set of 12 
reactions exemplified by the derivatization of the insecticide 
pyriproxyfen ( 13 ) , which functions as a representative 
example ( FIG . 3a ) . 
[ 0069 ] Selective functionalization in the para position of 
the phenyl group of pyriproxyfen would be difficult other 
wise due to several reactive ortho positions . There are some 
reports in the state of art that alkylaryl sulfonium salts can 
function as electrophiles in a few cross coupling reactions . 
Unlike those alkylaryl sulfonium salts , which are strong 
alkylating reagents , aryl thianthrenium salts are more resis 
tant to nucleophiles like cyanide , tertiary amines , and organo 
zinc reagents . 
[ 0070 ] The increased stability of thianthrenium salts 
makes them useful cross coupling partners in many palla 
dium - catalyzed reactions such as Heck reactions , Sono 
gashira reactions , Negishi reactions , Suzuki reactions , and 
carbonylation reactions . Palladium inserts selectively into 
the desired of the three C S bonds of the tri lasulfonium 
group of the thianthrenium salts . The inventors assume that 
the selectivity is a result of steric hindrance and rigidity of 
the tricyclic thianthrene structure . In addition , the cleavage 
of one of the undesired C - S bonds would lead to a 
seven - membered palladacycle , which may be less favorable . 
[ 0071 ] In addition to palladium - catalyzed cross coupling 
chemistry , photoredox catalysis enables the coupling of 
thianthrenium salts with several different nucleophiles at 
ambient temperature . For example , with nucleophiles like 
chloride , trifluoromethylthiolate , and triphenylphosphite , 
various carbon - heteroatom bonds can be accessed . 
[ 0072 ] Photoredox functionalization of thianthrenium 
salts is complementary to metal - catalyzed cross - coupling 
chemistry because it tolerates substituents that are not spec 
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tators in palladium - catalyzed reactions , such as the aryl 
iodides in amiodarone ( 10 ) shown in FIG . 3b . The inventors 
assume the thianthrenium salt is cleaved into thianthrene and 
aryl radicals after single electron reduction by a photosen 
sitizer . The aryl radicals then abstract atoms or groups or 
react with copper complexes . FIG . 3b also shows that 
complex molecules like 39 , 40 , and 41 can be accessed 
directly in the two step synthetic sequence without purifi 
cation of the intermediate sulfonium salts . 
[ 0073 ] A current drawback of the presented method might 
be the use of stoichiometric amounts of the thianthrene 
reagents with a mass about that of triphenylphosphine 
( tetrafluorthianthrene TFT : 288 g mol- ?, thianthrene : 216 g 
mol - 1 , triphenylphosphine : 262 g mol - 1 ) . However , TFT can 
be easily prepared from inexpensive commodity starting 
materials , purified by recrystallization , and recovered after 
the reaction ; 76 % of thianthrene 2 was recovered mostly by 
precipitation after the two - step reaction sequence to 41 on 
25 g scale . Moreover , the use of large stoichiometric groups 
may be justifiable if the enabled transformation with respect 
to reactivity and selectivity is not accessible via other 
reaction chemistry , as exemplified for example by meta 
selective C - H functionalization reactions ( mass of stoi 
chiometric directing group : up to 354 g mol- ' ) ( 3 ) . 
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c - PrZnBr ( 3.0 eq ) , Pd ( PPhz ) 2C12 ( 5.0 mol % ) , KOAc ( 6.0 
eq ) , THF , 50 ° C. , 36 h , 
MeZnCl ( 3.0 eq ) , Pd ( PPhz ) 2Cl2 ( 5.0 mol % ) , KOAc ( 6.0 , C1 , 

eq ) , THF , 50 ° C. , 36 h , 
i 1 - hexyne ( 2.0 eq ) , Cul ( 20 mol % ) , Pd ( dppf ) C1 , ( 3.0 mol 
% ) , A / -methylmorpholine ( 2.0 eq ) , dioxane , 40 ° C. , 45 h , 
cyclohexylvinylboronic acid ( 2.0 eq ) , K2CO3 ( 4.0 eq ) , 

Pd ( dppf ) C12 ( 3.0 mol % ) , EtOH , 50 ° C. , 20 h , 
CO ( 1.0 bar ) , N - methylmorpholine ( 2.0 eq ) , Pd ( dppf ) Cl2 

( 3.0 mol % ) , EtOH / dioxane , 1/1 , 50 ° C. , 16 h , 
b ) additional complex examples . 
Cu ( MeCN ) 4BF4 ( 1.6 eq ) , LiCl ( 4.8 eq ) , CF3CO2H ( 1.2 

eq ) , Ru ( bpy ) 3 ( PF ) 2 ( 4.0 mol % ) , MeCN , blue LED , 60 W , 
22 ° C. , 8 h , 
NBu CN ( 2.5 eq ) , Cu ( MeCN ) BF4 ( 1.0 eq ) , Ru ( bpy ) ; 

( PF ) 2 ( 3.0 mol % ) , MeCN , DMSO , 2/1 , blue LED , 60 W , 
7 h . 

ºm - methoxyphenylboronic acid ( 1.2 eq ) , K3PO4 ( 2.0 eq ) , 
Pd ( dppf ) C12 ( 2.0 mol % ) , i - ProH / dioxane , 1/1 , 50 ° C. , 48 h , 
PCO ( 1.0 bar ) , N - methylmorpholine ( 2.0 eq ) , Pd ( dppf ) Cl , 
( 3.0 mol % ) , EtOH , 50 ° C. , 30 h . 
[ 0078 ] FIG . 4 : Reaction mechanism and mechanistic 
experiments : 
a ) Proposed mechanism ; 
b ) Comproportionation of TFT - S - oxide and TFT under reac 
tion conditions , EPR spectrum ; 
c ) Comparison of chemical and electrochemical thianthrena 
tion . 
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22 ° C. , 

BRIEF DESCRIPTION OF THE DRAWINGS 

Pictures : 

[ 0079 ] Top : typical color of the reaction mixture of TFT 
S - oxide with arenes ( reaction almost complete ) ; 
Bottom : Purple color of TFT radical cations formed at the 
surface of the Pt - anode during electrolysis of TFT in pres 
ence of HBF40Et2 , NBu_BF4 , and ethylbenzene in MeCN at 
25 ° C. , the picture was taken ca. 10 s after turning the current 
on . 
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[ 0074 ] The present invention is illustrated in more detail 
by the following Figures . In the attached drawings , the 
Figures show : 
[ 0075 ] FIG . 1 : Comparison of tetrafluorothianthrenation 
( yield : 92 % ) with halogenation ( Angew . Chem . Int . Ed . , 49 , 
2028-2032 ( 2010 ) ) and borylation ( J. Am . Chem . Soc . , 137 , 
5193-5198 ( 2015 ) ) 
[ 0076 ] FIG . 2 : Substrate - scope of the inventive thian 
threnation process : 
a nonfluorinated thianthrene - S - oxide and nonfluorinated thi 
anthrene were used instead of 1 and 2 , no additional acid was 
used , reaction was initiated at -78 ° C. , 
BF30Et , was used instead of HBF40Et2 , 

© TfOH was used instead of HBF40Et2 , 
the amino - group was trifluoroacetylated , 

e TMSOTf was used instead of HBF40Et2 , the reaction was 
carried out under an inert atmosphere with dry MeCN , 
$ 0.90 equiv . 1 was used 
[ 0077 ] FIG . 3 : Application of thianthrenation to function 
alize complex arenes : 
a ) Functionalization of the pyriproxyfen derived tetrafluo 
rothianthrenium salt 13b . 
“ B_Pinz ( 2.5 eq ) , pyridine ( 5.0 eq ) , Ru ( bpy ) 3 ( PF . ) 2 ( 2.0 mol 
% ) , MeCN , blue LED , 60 W , 22 ° C. , 18 h , 
POPh ) ; ( 5.0 eq ) , pyridine ( 4.9 eq ) , Nal ( 20 mol % ) , 

Ru ( bpy ) 3 ( PF6 ) 2 ( 3 mol % ) , MeCN , blue LED , 60 W , 22 ° C. , 
3 h , 
NBu CN ( 2.5 eq ) , Cu ( MeCN ) BF4 ( 1.2 eq ) , Ru ( bpy ) 

( PFO ) 2 ( 2.0 mol % ) , MeCN , blue LED , 60 W , 22 ° C. , 5 h , 
NME_SCF3 ( 1.1 eq ) , Cu ( MeCN ) BF4 ( 1.0 eq ) , Ru ( bpy ) 3 

( PF . ) 2 ( 4.0 mol % ) , MeCN , blue LED , 60 W , 22 ° C. , 6 h , 
CuCl ( 2.0 eq ) , NBu , Cl ( 2.5 eq ) , Ru ( bpy ) ( PF ) 2 ( 2.0 mol 
% ) , MeCN , blue LED , 60 W , 22 ° C. , 3 h , 
Lil ( 10 eq ) , Cu ( MeCN ) BF4 ( 1.0 eq ) , Ru ( bpy ) 3 ( PF ) 2 ( 3.6 
mol % ) , MeCN , DMSO , 3/2 , blue LED , 60 W , 22 ° C. , 4 h , 
Pd ( OAC ) 2 ( 9.0 mol % ) , PPhz ( 15 mol % ) , styrene ( 2.0 eq ) , 
NEtz ( 3.0 eq ) , DMF , 100 ° C. , 24 h , 

a 

b 

[ 0080 ] As shown in FIG . 1 for Bromo and boryl substitu 
ents being among the most useful linchpins in organic 
chemistry , two of the most selective transformations for 
bromination ( Angew . Chem . Int . Ed . , 49 , 2028-2032 ( 2010 ) ) 
and borylation ( J. Am . Chem . Soc . , 137 , 5193-5198 ( 2015 ) ) 
have been chosen and been evaluated for their selectivity for 
functionalization of ethylbenzene . Transition - metal - medi 
ated electrophilic bromination is mostly controlled elec 
tronically and thus functionalizes positions ortho and para to 
electron donating groups and meta to electron withdrawing 
groups , whereas iridium catalyzed borylation reactions are 
mostly sterically controlled and can afford high selectivity 
for certain substitution patterns , such as for 1,3 - disubstituted 
arenes ( Chem . Rev. , 110 , 890-931 ( 2010 ) . The inventors 
present here a C - H functionalization reaction that can 
proceed in > 99 % selectivity , even for monosubstituted 
arenes , to afford novel aryltetrafluorothianthrenium salts 
( Ar - TFT + ) . 
[ 0081 ] As shown in FIG . 2 , a sulfoxide - based approach is 
disclosed to access thianthrene radical cations from the new 
thianthrene derivative 1 that can be prepared on scale in two 
steps from 1,2 - difluorobenzene and disulfur dichloride via 
tetrafluorothianthrene 2. The tetrafluorothiantrene radical 
cation generated in situ reacts chemoselectively to function 
alize arenes in preference to undergoing deleterious side 
reactions . The high degree of chemoselectivity enables a 
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Materials and Methods 

[ 0084 ] All air- and moisture - insensitive reactions were 
carried out under an ambient atmosphere and monitored by 
thin - layer chromatography ( TLC ) . High - resolution mass 
spectra were obtained using Q Exactive Plus from Thermo . 
Concentration under reduced pressure was performed by 
rotary evaporation at 25-40 ° C. at an appropriate pressure . 
Purified compounds were further dried under vacuum ( 10 
6-10-3 bar ) . Yields refer to purified and spectroscopically 
pure compounds , unless otherwise stated . 

Solvents 

[ 0085 ] Dichloromethane , and methanol were purchased 
from Sigma - Aldrich and used as received . Anhydrous sol 
vents were obtained from Phoenix Solvent Drying Systems . 
All deuterated solvents were purchased from Euhso - Top . 
Anhydrous acetonitrile - dz was dried by storage over 
molecular sieves . 

Chromatography 
[ 0086 ] Thin layer chromatography ( TLC ) was performed 
using EMD TLC plates pre - coated with 250 m thickness 
silica gel 60 F254 plates and visualized by irradiation UV 
light or by dipping the TLC plate into a dilute , alkaline , 
aqueous KMnO4 - solution . Flash chromatography was per 
formed using silica gel ( 40-63 um particle size ) purchased 
from Geduran . 

Electrochemistry 

substrate scope that , with respect to structural complexity , 
rivals the state - of - the - art of contemporary aromatic C - H 
functionalization chemistry . 
[ 0082 ] As illustrated in FIG . 4 , the inventors propose that 
thianthrenation proceeds in three steps : generation of radical 
cations ( I ) , formation of a dicationic adduct ( II ) , and finally 
irreversible deprotonation to form product ( FIG . 4a ) . Inverse 
first order in thianthrene in the rate law of the reaction of 
nonfluorinated thianthrene radicals with anisole rules out 
radical addition followed by hydrogen atom abstraction . A 
small primary kinetic hydrogen isotope effect ( KIE = 1.7 and 
1.9 for intra- and intermolecular competition experiments , 
respectively ) , together with the inverse first order in thian 
threne , rules out radical addition , followed by deprotonation 
and subsequent oxidation . In support of the proposed 
mechanism , the inventors observed the generation of radical 
cations by comproportionation of TFT - S - oxide 1 and TFT 2 
under the reaction conditions by EPR spectroscopy ( FIG . 
4b ) . Moreover , TFT radicals could also be generated and 
observed by anodic oxidation of TFT 2 , and in the presence 
of arene the formation of TFT - salts was observed in selec 
tivities similar to those observed under standard reaction 
conditions , which provides evidence that both reactions 
proceed via the same reactive species ( FIG . 4c ) . Radical 
formation from 1 can also be induced by reductants other 
than 2 , e.g. solvents or trace impurities , because the radicals 
were also detected in the initial absence of 1. Under typical 
reaction conditions , radical concentrations of more than 
20 % of the total TFT concentration were detected about one 
hour after combining the reagents , also the deep purple color 
of such mixtures indicative of I did not fade away within one 
week at 25 ° C. , which indicates that the TFT radical I is 
persistent . Dication II could be formed from radical addition 
and subsequent oxidation , or by single electron oxidation of 
the arene by radical cation I followed by recombination with 
a second radical I , or by the initial disproportionation of I to 
a thianthrene dication , followed by arene addition ; our 
mechanism experiments cannot distinguish between these 
pathways . A Hammett analysis indicated that positive charge 
is accumulated on the aromatic ring during the reaction , 
which supports a mechanism proceeding via a cationic 
intermediate like II . The unusually steep slope of p = -11 , 
when using of values as reported ( J. Am . Chem . Soc . , 80 , 
4979-4987 ( 1958 ) ) , means that the rate of reaction varies 
over more than nine orders of magnitude between anisole 
and chlorobenzene ; the reaction time for electron - poor 
arenes such as chlorobenzene is 3 h . Conventional radicals , 
such as for example the phenyl radical are more promiscu 
ous with respect to reactivity other than arene addition , such 
as hydrogen abstraction , which is why many side reactions 
are observed with conventional radicals . A reaction via 
radicals can therefore only span more than nine orders of 
magnitude in rate if the radical is sufficiently stable toward 
undesired pathways . As such , both the observed character 
istics of the thianthrenation reaction , as well as the mecha 
nistic data obtained , are consistent with the inventor's origi 
nal design to identify a radical that can react in an 
endergonic step with a late transition state to elicit high 
positional selectivity , where para versus meta selectivity is 
mostly governed by an electronic bias , and the size of the 
reactive species additionally favors para over ortho attack . 
[ 0083 ] The present invention is further illustrated by the 
following Examples . 

[ 0087 ] For analytical experiments , a BASI epsilon E2 
device was used in combination with a BASI Cell Stand C3 , 
purchased from Bioanalytic systems Inc. For cyclic volta 
mmetry a MF - 2013 electrode ( 99.95 % Pt , 1.6 mm diameter ) 
from Bioanalytic systems Inc. was used as working elec 
trode . Potentials were measured versus a Ag / AgCl / NaCl 
( 3 M ) reference electrode , MF - 2052 electrode RE - 5B form 
Bioanalytic systems Inc. For bulk electrolysis a laboratory 
power supply unit , Peaktech 6070 , purchased from Reichelt 
Elektronik , was used . 

( aq ) 

Photochemistry 
[ 0088 ] All reactions with blue light were carried out using 
a photoreactor equipped with a blue LED module ( KT 
Elektronik , “ 100 W Power LED blau 450 nm Aquarium ” , 
450 nm , 100 W ) , consisting out of 100 LED - chips . The 
power of the LED was adjusted using a linear regulator . To 
avoid overheating of the reaction mixture , vials were cooled 
with two Peltier - elements ( TEC1-12706 ) while being irra 
diated with blue light . The radiant flux was quantified by 
calorimetry . The exposure of the reaction mixtures to blue 
light is given in Einsteins per millimole ( E / mmol ) . 

EPR Spectroscopy 
[ 0089 ] EPR experiments have been performed at T = 296 K 
on a Bruker Elexsys E500 spectrometer and a ST9402 
resonator . The microwave frequency amounted to 9.66 GHz , 
a microwave power of 2 mW , and a modulation amplitude 
of 0.1 mT was used . Lower modulation amplitudes have 
been used as well , but did not lead to the observation of 
additional hyperfine structure . 
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NMR Spectroscopy 
[ 0090 ) NMR spectra were recorded on a Bruker AscendTM 
500 spectrometer operating at 500 MHz , 471 MHz , 203 
MHz , and 126 MHz , for ' H , 1 ° F , 31P , and 13C acquisitions , 
respectively . Chemical shifts are reported in ppm with the 
solvent residual peak as the internal standard . For 1H NMR : 
CDC13 , D07.260 ; CD3CN , 101.940 ; CD2C12 , ( 05.320 ; 
For 13C NMR : CDC12 , 0077.16 ; CD , CN , 1.32 ; CD , C1 , 
0053.84 . 19F NMR spectra were referenced using a unified 
chemical shift scale based on the ' H resonance of tetram 
ethylsilane ( 1 % v / v solution in the respective solvent ) . Data 
is reported as follows : s = singlet , d = doublet , t - triplet , 
q = quartet , quin = quintet , sext = sextet , sept = septet , 
m = multiplet , bs = broad singlet ; coupling constants in Hz ; 
integration . Multiplets resulting from coupling to several 
magnetically non identical atoms with a coincidentally equal 
( within the limits of detection ) coupling constant are indi 
cated with y as well as splittings not resulting from a 
coupling to another spin . All 1 ° F spectra used for quantifi 
cation were acquired with a reacquisition delay of 20 s . 

ml ) , followed by sucking to dryness . The combined solids 
were dissolved in the lowest possible volume of EtoAc ( ca. 
1 L ) at reflux at atmospheric pressure . The hot solution was 
decanted to separate the liquid from yellow precipitate 
( sulfur ) . Subsequently the solution was cooled to room 
temperature . Subsequently , the flask was kept at 0 ° C. for ca. 
1 h . The obtained crystals were collected by filtration , and 
dried in vacuo . The remaining EtoAc solution was concen 
trated to a final volume of ca. 200 ml and was cooled to 0 ° 
C. The obtained crystals were collected by filtration , and 
dried in vacuo to afford a total of 62 g ( 36 % ) of tetrafluo 
rothianthrene 2 ( product still contains sulfur that is separated 
in the following step ) as colorless needle - shaped crystals . 
[ 0094 ] R = 0.75 ( silica gel , i - hexane / EtOAc , 10 : 1 ( v / v ) ) . 
[ 0095 ] Melting Point : 202 ° C. [ DCM / pentane ] . 
[ 0096 ] NMR Spectroscopy : 
[ 0097 ] ' H NMR ( 500 MHz , CDC13 , 298 K , 8 ) : 7.31 ( t , 
J = 8.5 Hz , 4H ) . 
[ 0098 ] 3C { H } NMR ( 126 MHz , CDC13 , 298 K , 8 ) : 
150.2 ( dd , J = 254.4 Hz , 15.3 Hz ) , 131.5 ( yt , J = 5.0 Hz ) , 117.8 
( dd , J = 14.0 Hz , 6.8 Hz ) . 
[ 0099 ] 19F NMR ( 471 MHz , CDC13 , 298 K , 8 ) : -136.9 ( t , 
J = 8.5 Hz ) . 
[ 0100 ] HRMS - EI ( m / z ) calc'd for C12H_F_S2 + [ M ] + , 287 . 
969059 ; found , 287.968875 ; deviation : 0.6 ppm . 
[ 0101 ] Elemental analysis : calc'd for C12H_F_S2 : C : 
50.00 % , H : 1.40 % , S : 22.24 % , found : C : 49.96 % , H : 1.47 % , 
S : 22.47 % . [ sample was purified by chromatography on 
silica gel eluting with pentane / DCM ) . 

Starting Materials 
[ 0091 ] All substrates were used as received from commer 
cial suppliers , unless otherwise stated . Chemicals were 
purchased from Sigma - Aldrich , Chempur , TCI or Alfa 
Aesar . 

Experimental Procedures and Compound Characterization 
2,3,7,8 - Tetrafluorothianthrene ( 2 ) 

2,3,7,8 - Tetrafluorothianthrene - S - oxide ( 1 ) [ 0092 ] 
[ 0102 ] 

F 1.0 equiv . S2Cl2 
0.6 equiv . AICI : 1.2 equiv . Fe ( NO3 ) 3 9H20 

1.0 equiv . CF3CO2H 
5.0 mol % NaBr F F DCM , reflux , 

24 h F 
F F DCM , 25 ° C. , 43 h 

F S F 

2 
F 

2 , 36 % 
F 

F ' S F 

1 , 71 % 

[ 0093 ] Under argon atmosphere , a 1 L round - bottom flask 
equipped with a teflon coated magnetic stirbar was charged 
with dry DCM ( 0.60 L , c = 2.0 M ) , 1,1 - difluorobenzene ( 118 
ml , 0.14 kg , 1.2 mol , 1.0 equiv . ) , and disulfurdichloride ( 96 
ml , 0.16 kg , 1.2 mol , 1.0 equiv . ) . The flask was attached to 
a Soxhlet - extractor ( total height : 36 cm , diameter : 5 cm , 
maximum volume of solid to be extracted : ca. 80 ml ) and a 
reflux condenser . The Soxhlet - extractor was charged with 
aluminium chloride ( 0.100 kg , 0.75 mol , 0.63 equiv . ) . The 
solution was heated at reflux ( oil - bath temperature 75 ° C. ) 
for 24 h and subsequently kept at 25 ° C. for another 24 h . 
The resulting dark blue mixture was carefully poured onto 
ice ( ca. 0.5 kg ) . After all ice had molten , the mixture was 
filtered through a glass - frit . The obtained solid was washed 
with Et20 ( ca. 50 ml ) . The layers of the filtrate were 
separated using a separatory funnel and the organic phase 
was concentrated ( final volume ca. 100 ml ) under reduced 
pressure , resulting in the formation of a colorless crystalline 
precipitate . The solid was collected by filtration through a 
glass - frit , and was subsequently washed with Et20 ( ca. 40 

[ 0103 ] Oxidation of 2 was carried out using a modified 
procedure for sulfide oxidation ( 27 ) . Under an ambient 
atmosphere , a 500 mL round - bottom flask equipped with a 
teflon coated magnetic stirbar was charged with DCM ( 0.35 
L , c = 0.49 M ) , tetrafluorothianthrene 2 ( 50.0 g , 0.17 mol , 1.0 g 
equiv . ) , sodium bromide ( 0.89 g , 8.7 mmol , 5.1 mol % ) , and 
iron ( III ) nitrate nonahydrate ( 86 g , 0.21 mol , 1.2 equiv . ) . To 
the mixture was added trifluoroacetic acid ( 13.3 mL , 20 g , 
0.17 mol , 1.0 equiv . ) . The reaction mixture was stirred at 25 ° 
C. until reaching completion ( progress monitored by TLC ; 
i - hexane / EtOAc , 10 : 1 ; KMnO4 stain , 43 h ) . Upon comple 
tion , water ( ca. 300 mL ) was added . The suspension was 
filtered , the filtrate was poured into a separatory funnel and 
the layers were separated . The aqueous layer was extracted 
with DCM ( 200 mL ) . The filter cake was added to the 
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separated . The aqueous layer was extracted with DCM ( ca. 
10 ml ) . The organic layers were combined , dried over 
Na2SO4 , filtered , and the solvent was removed under 
reduced pressure . The resulting solid was recrystallized 
from EtoAc . The obtained crystals were collected by filtra 
tion , washed with Et20 ( 10 ml ) , and dried in vacuo to afford 
4.1 g ( 76 % ) of thianthrene - S - oxide ( S2 ) as colorless needle 
shaped crystals . 
[ 0113 ] NMR Spectroscopy : 
[ 0114 ] ' H NMR ( 500 MHz , CDC13 , 298 K , d ) : 7.89 ( dd , 
J = 7.8 Hz , 1.4 Hz , 2H ) , 7.57 ( dd , J = 7.8 Hz , 1.2 Hz , 2H ) , 7.50 
( ytd , J = 7.6 Hz , 1.2 Hz , 2H ) , 7.37 ( Ytd , J = 7.5 Hz , 1.4 Hz , 
2H ) . 
[ 0115 ] 13C { { H } NMR ( 126 MHz , CDC12 , 298 K , 8 ) : 
141.4 , 129.8 , 129.0 , 128.4 , 124.4 . 
[ 0116 ] HRMS - EI ( m / z ) calc'd for C12H , OS [ M ] * , 232 . 
001660 ; found , 232.001795 , deviation : 0.6 ppm . 
Representative Procedure for the Thianthrenation of Arenes 
with Thianthrene - S - Oxide 

a 

3 ) -2 

combined organic layers , and the suspension was concen 
trated under reduced pressure . MeCN ( 50 ml ) was added to 
the residue , and the resulting suspension was filtered 
through a glass - frit . The solid was washed with MeCN ( ca. 
30 ml ) and subsequently dried in vacuo . The resulting solid 
was dissolved in the lowest possible volume of toluene ( ca. 
0.5 L ) at reflux at atmospheric pressure . Subsequently , the 
flask was wrapped in aluminum foil and allowed to cool to 
room temperature . The obtained crystals were collected by 
filtration , washed with Et20 ( 50 ml ) , and dried in vacuo to 
afford a first portion of product . The filtrate was evaporated . 
To the solid was added acetone ( ca. 500 ml ) and the mixture 
was stirred at reflux for 5 min . The mixture was allowed to 
stand for 5 min , subsequently the mixture was decanted . The 
solution was evaporated and the resulting colorless solid was 
recrystallized from toluene , the crystals were washed with 
Et20 , and dried in vacuo , to afford a second portion of 
product , accumulating to a total of 37.7 g ( 71 % ) of tetrafluo 
rothianthrene - S - oxide 1 as colorless crystals . 
[ 0104 ] R = 0.39 ( silica gel , i - hexane / EtOAc , 10 : 1 ( v / v ) ) . 
[ 0105 ] Melting Point : 255º C. 
10106 ] NMR Spectroscopy : 
[ 0107 ] ' H NMR ( 500 MHz , CDC13 , 298 K , 8 ) : 7.74 ( dd , 
J = 8.8 Hz , 7.3 Hz , 2H ) , 7.49 ( dd , J = 9.0 Hz , 6.5 Hz , 2H ) . 
[ 0108 ] 3C { H } NMR ( 126 MHz , CDC13 , 298 K , d ) : 
151.5 ( dd , J = 256.8 Hz , 13.2 Hz ) , 151.3 ( dd , J = 256.4 Hz , 
13.6 Hz ) , 138.5-138.3 ( m ) , 124.3 ( dd , J = 7.1 Hz , 4.3 Hz ) , 
118.8 ( d , J = 20.4 Hz ) , 114.6-114.3 ( m ) . 
[ 0109 ] 19F NMR ( 471 MHz , CDC13 , 298 K , d ) : -132.8 
( dyt , J = 20.0 Hz , 8.0 Hz ) , -133.7 ( ddd , J = 20.0 Hz , 9.0 Hz , 
6.5 Hz ) . 
[ 0110 ] HRMS - EI ( m / z ) calc'd for C12H_F_052 * [ M ] * , 
303.963974 ; found , 303.963826 ; deviation : 0.5 ppm . 

+ 

+ 

R 

F F wa 3.0 equiv . ( CF3CO ) 20 
3.0 equiv . HBF40Et2 
MeCN , 0 ° C. , 1 h 

F F 

Thianthrene - S - oxide ( S2 ) 
0111 ] 

F F 

1.0 equiv . Fe ( NO3 ) 3 9H20 
4.2 mol % NaBr 
0.76 equiv . AcOH 
DCM , 25 ° C. , 3 h 

R 

S1 
O = 

S2 , 76 % 

[ 0112 ] Oxidation of Sl was carried out using a modified 
procedure for sulfide oxidation ( 27 ) . Under an ambient 
atmosphere , a 100 mL round - bottom flask equipped with a 
teflon coated magnetic stirbar was charged with DCM ( 50 
mL , c = 0.46 M ) , thianthrene ( S1 ) ( 5.0 g , 23 mmol , 1.0 
equiv . ) , sodium bromide ( 0.10 g , 0.97 mmol , 4.2 mol % ) , 
iron ( III ) nitrate nonahydrate ( 9.3 g , 23 mmol , 1.0 equiv . ) , 
and acetic acid ( 1.0 mL , 1.1 g , 17 mmol , 0.76 equiv . ) . The 
reaction mixture was stirred at 25 ° C. for 3 h . The reaction 
mixture was diluted with water ( 50 ml ) , and was poured into 
a separatory funnel . The aqueous and the organic layer were 

[ 0117 ] Under an ambient atmosphere , a 20 ml glass - vial 
was charged with arene ( 0.50 mmol , 1.0 equiv . ) and dry 
MeCN ( 2.0-4.0 ml , c - 0.13-0.25 M ) . After cooling to 0 ° C. , 
HBF40Et2 ( 1.2 equiv . + 1.0 equiv . per basic functional group ) 
was added to the vial while stirring the reaction mixture . 
Other acids like triflic acid ( TfOH ) may be used instead of 
HBF4.0Etz . For acid sensitive substrates BF3.OEt? or trim 
ethylsilyltriflate ( TMSOTf ) may be used . After all solids had 
dissolved , tetrafluorothianthrene reagent ( 97 % tetrafluoro 
thianthrene - S - oxide 1 , 3 % tetrafluorothianthrene , 157 mg , 
0.50 mmol , 1.0 equiv ; pure sulfoxide 1 works similarly well ; 
for electron rich substrates nonfluorinated thianthrene - S 
oxide can be used instead of tetrafluorothianthrene reagent ) 
was added in one portion to the solution at 0 ° C. , leading to 
a suspension . Subsequently , trifluoroacetic anhydride ( 0.21 
ml , 0.32 g , 1.5 mmol , 3.0 equiv . ) was added in one portion 
at 0 ° C. , resulting in a color change to deep purple . The vial 
was sealed with a screw - cap . The mixture was stirred at 0 ° 
C. for 1 h , subsequently , the reaction mixture was warmed 

a 
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constant current of 10 mA for 2.3 h ( 84 C , 1.7 F ) . The purple 
solution was allowed to warm to 25 ° C. , and it was allowed 
to stand at 25 ° C. for 2 h . The solution was concentrated 
under reduced pressure , and subsequently diluted with DCM 
( ca. 10 ml ) . The organic layer was washed with water ( ca. 10 
ml ) . The solvent was removed , and the residue was analyzed 
by ' H and 19F NMR . The yield was determined by NMR 
spectroscopy using fluorobenzene as internal standard . 
Compound 3 was obtained in 21 % yield ( 25 % current 
efficiency ) 

to 25 ° C. and stirred until all solid dissolved and the intensity 
of the purple color decreased . The solution was diluted with 
5 ml DCM and poured onto a mixture of 30 ml DCM , 20 ml 
saturated aqueous Na2CO3 solution , and 10 ml water . After 
stirring for 5 min at 25 ° C. , the mixture was poured into a 
separatory funnel , and the layers were separated . The DCM 
layer was washed with aqueous NaBF4 solution ( 2xca . 20 
ml , 5 % w / w ) and with water ( 2xca . 20 ml ) . Washing with 
NaBF4 solution is only required if it is of interest , that the 
product contains only one type of counterion , solutions 
containing other ions , like triflate or hexafluorophosphate 
may be used as well . The DCM layer was dried over 
Na2SO4 , filtered , and the solvent was removed under 
reduced pressure . In order to obtain analytically pure 
samples of thianthrenium salts , the residue was purified by 
chromatography on silica gel eluting with DCM / i - PrOH , 
subsequently , the product was dissolved in 2 ml DCM and 
precipitated with 20 ml Et20 . In most cases the thian 
threnium salts can be used in subsequent transformations 
without chromatographic purification or precipitation . The 
solid was dried in vacuo to afford the thianthrenium salt . 

Representative Procedure for the Thianthrenation Using 
Dimesylperoxide 
[ 0120 ] 

: 

OMe 

OMe + 

for the Electrochemical Representative Procedure 
Thianthrenation of Arenes 

S HBF4 • Et20 ( 3.3 equiv ) 
( MsO ) 2 ( 1.1 equiv ) 

[ 0118 ] MeCN , rt , 3 h 

?Me 

OMe 

BF4 Et 

undivided cell electrolysis 
constant current , 1.7 F 
2.2 equiv . HBF40Et2 
2.8 equiv . NBu4BF4 

F F 

MeCN , 0-25 ° C. , 4 h 

F F 

F F 

F F 

BF4 ? Et 

[ 0121 ] Under an ambient atmosphere , a 50 ml round 
bottom flask was charged with a Teflon - coated stir bar , 
thianthrene ( 0.865 g , 4.0 mmol , 1.0 equiv ) , methyl - 2 - meth 
ylbenzoate ( 0.665 g , 4.0 mmol , 1.0 equiv . ) , and acetonitrile 
( 10 mL ) . At room temperature ( 29 ° C. ) , tetrafluoroboric acid 
diethyl ether complex ( 1.8 mL , 13.2 mmol , 3.3 equiv ) was 
added , followed by the slow addition of a solution of 
bis ( methanesulfonyl ) peroxide ( 0.837 g , 4.4 mmol , 1.1 
equiv ) in acetonitrile ( 10 mL ) . After the addition of the 
bis ( methanesulfonyl ) peroxide , the reaction mixture became 
homogeneous and a deep blue color . The round bottom flask 
was sealed with a septum and stirred at ambient temperature 
( 29 ° C. ) until methyl - 2 - benzoate was no longer visible by 
thin - layer chromatography ( approx . 3 h ) . The reaction mix 
ture was concentrated under reduced pressure , and taken up 
in methylene chloride ( 25 mL ) . The organic phase washed 
three times with water , dried over sodium sulfate , and 
concentrated via rotary evaporator . The resulting foamy 
white solid was left overnight under high vacuum affording 
the title compound as a hygroscopic white solid ( 1.51 g , 81 % 
yield ) . 
[ 0122 ] NMR Spectroscopy : 
[ 0123 ] ' H NMR ( 500 MHz , Chloroform - d ) 8 8.53-8.46 
( m , 2H ) , 7.80-7.66 ( m , 6H ) , 7.58 ( dd , J = 9.1 , 2.5 Hz , 1H ) , 
7.48 ( d , J = 2.8 Hz , 1H ) , 7.05 ( d , J = 9.2 Hz , 1H ) , 3.84 ( s , 3H ) , 
3.75 ( s , 3H ) . 

3 

[ 0119 ] Under an Ar - atmosphere , a flamedried 50 ml 
Schlenk - flask was charged with tetrafluorothianthrene 2 
( 144 mg , 0.50 mmol , 1.0 equiv . ) , and tetrabutylammonium 
tetrafluoroborate ( 465 mg , 1.4 mmol , 2.8 equiv . ) . Under 
argon - atmosphere , dry MeCN ( 40 ml , c = 0.013 M ) was 
added , followed by the addition of HBF40Etz ( 0.15 ml , 0.18 
g , 1.1 mmol , 2.2 equiv . ) , and ethylbenzene ( 62 ul , 54 mg , 
0.51 mmol , 1.0 equiv . ) . The mixture was cooled to 0 ° C. , and 
electrolyzed ( anode : Pt - web ca. 20x30 mm , cathode : Pt 
wire , length ca. 200 mm , diameter ca. 0.5 mm ) at 0 ° C. at a 
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Representative Procedure for Thianthrenation of Arenes 
Using Selectfluor -continued 

F3C — CO2 
Meo . 

[ 0124 ] 

Meo s + 

+ 

R 
3a , 76 % 

F F 1.0 equiv . selecfluor 
1.2 equiv . TMSNTf2 

MeCN - dz 
r.t. 16 h F S * F 

F F 

F 
- 

R 

- = 

= 

Rpara = Et yield = 99 % 
Rpara = Cl yield = 75 % 

Rmeta = CO2Me yield = 5 % 

[ 0127 ] Under an ambient atmosphere , a 20 ml glass - vial 
was charged sequentially with 1,2 - dimethoxybenzene ( 3 ) 
( 69 mg , 0.50 mmol , 1.0 equiv . ) , thianthrene - S - oxide ( S2 ) 
( 116 mg , 0.50 mmol , 1.0 equiv . ) , and dry MeCN ( 2.0 ml , 
c = 0.25 M ) . After all solids had dissolved ( ca. 1 min ) , the 
solution was cooled to -78 ° C. , and trifluoroacetic anhydride 
( 0.21 ml , 0.32 g , 1.5 mmol , 3.0 equiv . ) was added in one 
portion at - 78 ° C. The mixture was allowed to warm to 0 ° 
C. over a period of 2 h . Then , the solution was diluted with 
5 ml DCM and poured into a separatory funnel . The organic 
layer was washed with 50 ml water . The solvent was 
removed under reduced pressure , and the oily residue was 
purified by chromatography on silica gel eluting with DCM / 
i - PrOH ( gradient from 10 : 1 to 1 : 1 ( v / v ) ) . The obtained 
product was dissolved in 5 ml DCM , and precipitated with 
40 ml pentane . The oily precipitate was dried in vacuo to 
afford 177 mg ( 76 % ) of 3a as highly viscous , colorless oil . 
[ 0128 ] NMR Spectroscopy : 
[ 0129 ] ' H NMR ( 500 MHz , CD , CN , 298 K , 8 ) : 8.30 ( dd , 
J = 8.0 Hz , 1.4 Hz , 2H ) , 7.92 ( dd , J = 8.0 Hz , 1.4 Hz , 2H ) , 7.83 
( ytd , J = 7.7 Hz , 1.4 Hz , 2H ) , 7.74 ( Ytd , J = 7.7 Hz , 1.4 Hz , 
2H ) , 6.99 ( d , J = 8.8 Hz , 1H ) , 6.88 ( dd , J = 8.7 Hz , 2.5 Hz , 1H ) , 
6.83 ( d , J = 2.5 Hz , 1H ) , 3.80 ( s , 3H ) , 3.64 ( s , 3H ) . 
[ 0130 ] 3C { ' H } NMR ( 126 MHz , CD , CN , 298 K , 8 ) : 
160.9 ( q , J = 32.2 Hz ) , 154.6 , 151.7 , 136.7 , 135.7 , 135.1 , 
131.3 , 130.9 , 124.2 , 120.8 , 118.5 ( q , J = 297.0 Hz ) , 114.3 , 
113.4 , 112.1 , 56.94 , 56.89 . 
[ 0131 ] 19F { H } NMR ( 471 MHz , CD , CN , 298 K , d ) : 
-76.3 ( s ) . 
[ 0132 ] HRMS - ESI ( m / z ) calc'd for C20H 70,52 ) , 
[ M - TFA ] * , 353.066450 ; found , 353.066590 ; deviation : 0.4 
ppm . 

[ 0125 ] In a glovebox , a 4 ml glass - vial was charged with 
tetrafluorothianthrene ( 28.8 mg , 0.10 mmol . 1.0 equiv . ) , 
selectfluor ( 35.4 mg , 0.10 mmol , 1.0 equiv . ) and 0.8 ml of 
MeCN - dz ( c = 0.13 M ) . Subsequently , the arene ( 0.10 mmol , 
1.0 equiv . ) was added using an Eppendorf - pipette , followed 
by addition of a stock solution of TMSNTf , in MeCN - dz 
( c = 0.60 M , 0.20 ml , 0.12 mmol , 1.2 equiv . ) . The vial was 
sealed with a septum cap and the reaction mixture was left 
to stir at ambient temperature overnight ( 16 h ) . The yield and 
conversion of the reaction were determined by 1H - NMR 
analysis of the crude reaction mixture . Alternatively to 
TMSNTf , one can also use HBF40Et2 , HNTf2 , LiNTf , or 
TMSOTf 

7 

1,2 - Dimethoxybenzene derived thianthrenium salt 
3a 

[ 0126 ] 2 - Fluorobiphenyl Derived Thianthrenium Salt 4a 
[ 0133 ] 

Meo 

+ 

Meo 
3 

+ F 
3.0 equiv . ( CF3CO ) 20 
MeCN , -78 to 25 ° C. , 

2 h 
- 

S2 4 



US 2022/0002263 A1 Jan. 6. 2022 
15 

-continued 

F. F 

[ 0138 ] 9F { H } NMR ( 471 MHz , CD , CN , 298 K , 8 ) : 
-150.9 ( bs ) , -150.8 ( bs ) , -133.7 ( d , J = 20.4 Hz ) , -125.2 ( d , 
J = 20.4 Hz ) , -119.3 ( s ) . 
[ 0139 ] HRMS - ESI ( m / z ) calc'd for C24H / 2F - S2 
[ M - BF4 ] * , 459.029520 ; found , 459.029513 ; deviation : 0.02 
ppm . 

3.0 equiv . ( CF3CO ) 20 
1.2 equiv . HBF4OET2 
MeCN , 0-25 ° C. , 

6 h 

+ 
12 

F F 
1 

F F 
Salicin Pentaacetate ( 5 ) 

[ 0140 ] F 

BF4 
OH 

OH 
10.0 equiv . Ac20 
5.0 equiv . K2CO3 

F HO dioxane , 60 ° C. , 
16 h 

HO 
OH 

4a , 85 % oAc 
??? 

Aco 

AcO 
OAC 

5a , 95 % 

. 

[ 0134 ] Under an ambient atmosphere , a 20 ml glass - vial 
was charged with 2 - fluorobiphenyl ( 4 ) ( 86 mg , 0.50 mmol , 
1.0 equiv . ) and dry MeCN ( 2.0 ml , c = 0.25 M ) . Trifluoro 
acetic anhydride ( 0.21 ml , 0.32 g , 1.5 mmol , 3.0 equiv . ) was 
added while stirring the reaction mixture . After cooling to 0 ° 
C. , tetrafluorothianthrene reagent ( 97 % ( w / w ) tetrafluoro 
thianthrene - S - oxide 1 , 3 % ( w / w ) tetrafluorothianthrene 2 , 
157 mg , 0.50 mmol , 1.0 equiv . ) was added in one portion , 
followed by the addition of HBF40Et2 ( 82 ul , 97 mg , 0.60 
mmol , 1.2 equiv . ) in one portion at 0 ° C. , leading to a purple 
suspension . The vial was sealed with a screw - cap , and the 
mixture was stirred at 0 ° C. for 1 h , followed by stirring at 
25 ° C. for 5 h , until a slight purple solution was obtained . 
The reaction mixture was concentrated under reduced pres 
sure , and subsequently , diluted with 5 ml DCM . The DCM 
phase was poured onto a saturated aqueous NaHCO3 solu 
tion ( ca. 10 ml ) . The mixture was poured into a separatory 
funnel and the layers were separated . The DCM layer was 
washed with aqueous NaBF4 solution ( 2xca . 10 ml , 5 % 
w / w ) , and with water ( 2xca . 10 ml ) . The DCM layer was 
dried over Na2SO4 , filtered , and the solvent was removed 
under reduced pressure . The residue was purified by chro 
matography on silica gel eluting with DCM / i - PrOH , ( 30 : 1 
( v / v ) ) . The product was dissolved in 5 ml DCM and pre 
cipitated with 20 ml Et20 . The suspension was decanted , 
and the solid was dried in vacuo to afford 232 mg ( 85 % ) of 
4a as a colorless solid . 
[ 0135 ] NMR Spectroscopy : 
[ 0136 ] " H NMR ( 500 MHz , CD3CN , 298 K , 8 ) : 8.48 ( dd , 
J = 9.1 Hz , 7.2 Hz , 2H ) , 7.97 ( dd , J = 9.9 Hz , 7.1 Hz , 2H ) , 7.69 
( dd , J = 8.9 Hz , 1.5 Hz , 2H ) , 7.48-7.41 ( m , 2H ) , 7.33 ( d , J = 9.0 
Hz , 2H ) , 7.28 ( Ytd , J = 7.6 Hz , 1.2 Hz , 1H ) , 7.21 ( ddd , J = 11.1 
Hz , 8.2 Hz , 0.9 Hz , 1H ) . 
[ 0137 ] 13C { H } NMR ( 128 MHz , CD , CN , 298 K , d ) : 
160.5 ( d , J = 247.3 Hz ) , 154.9 ( dd , J = 261.8 Hz , 13.1 Hz ) , 
151.6 ( dd , J = 255.7 Hz , 13.6 Hz ) , 141.8 , 135.4 ( dd , J = 8.6 Hz , 
3.8 Hz ) , 132.1 ( d , J = 8.7 Hz ) , 131.9-131.8 ( m ) , 129.6 , 127.0 
( d , J = 12.6 Hz ) , 126.1 ( d , J = 3.6 Hz ) , 125.8 ( dd , J = 22.3 Hz , 
2.5 Hz ) , 122.8 , 121.3 ( d , J = 21.8 Hz ) , 117.2 ( d , J = 22.6 Hz ) , 
115.3 ( dd , v = 7.2 Hz , 3.5 Hz ) . 

[ 0141 ] Under an ambient atmosphere , a 250 ml roundbot 
tom flask was charged sequentially with salicine ( 10.0 g , 35 
mmol , 1.0 equiv . ) , K2CO3 ( 24.0 g , 0.18 mol , 2.0 equiv . ) , and 
dioxane ( 140 ml , c = 0.25 M ) . Acetic anhydride ( 33.1 ml , 36 
g , 0.35 mol , 10 equiv . ) was added in one portion to the 
reaction mixture . The colorless suspension was stirred at 60 ° 
C. for 16 h before the reaction mixture was concentrated 
under reduced pressure , diluted with EtoAc ( 150 ml ) , and 
washed with water ( ca. 250 ml ) . The mixture was poured 
into a separatory funnel , and the layers were separated . The 
ethylacetate layer was dried over Na2SO4 , filtered , and the 
solvent was removed under reduced pressure . The crude 
product was recrystallized from EtOAc / i - hexane ( 1 : 1 , ca. 
100 ml ) . The crystals were washed with pentane ( ca. 50 ml ) 
and dried in vacuo to afford 16.5 g ( 95 % ) of 5a as colorless 
crystals . 
[ 0142 ] NMR Spectroscopy : 
[ 0143 ] ' H NMR ( 500 MHz , CDC13 , 298 K , 8 ) : 7.32 ( dd , 
J = 7.8 Hz , 1.7 Hz , 1H ) , 7.27-7.23 ( m , 1H ) , 7.08-7.04 ( m , 
2H ) , 5.31-5.25 ( m , 2H ) , 5.19-5.12 ( m , 1H ) , 5.09 ( d , J = 12.9 
Hz , 1H ) , 5.06 ( d , J = 7.5 Hz , 1H ) , 5.02 ( d , J = 12.9 Hz , 1H ) , 
4.26 ( dd , J = 12.3 Hz , 5.3 Hz , 1H ) , 4.16 ( dd , J = 12.3 Hz , 2.5 
Hz , 1H ) , 3.84 ( ddd , J = 10.0 Hz , 5.3 Hz , 2.5 Hz , 1H ) , 2.06 ( s , 
6H ) , 2.04 ( s , 3H ) , 2.02 ( s , 3H ) , 2.01 ( s , 3H ) . 
[ 0144 ] 13C { ' H } NMR ( 126 MHz , CDC13 , 298 K , 8 ) : 
170.7 , 170.5 , 170.2 , 169.4 , 169.3 , 154.6 , 129.6 , 129.5 , 
126.3 , 123.6 , 115.9 , 99.4 , 72.7 , 72.0 , 71.0 , 68.4 , 61.9 , 61.1 , 
21.0 , 20.7 , 20.6 ( 3 C - atoms ) . 
[ 0145 ] HRMS - ESI ( m / z ) calc'd for C23H23012Na + 
[ M + Na ] " , 519.147580 ; found 519.147299 ; deviation : 0.5 
ppm . 

9 

28 



US 2022/0002263 A1 Jan. 6. 2022 
16 

Salicin Pentaacetate Derived Thianthrenium Salt 5a 

[ 0146 ] 

OAC 
??? 

+ 
AcO 

AcO 

2H ) , 7.27-7.19 ( m , 3H ) , 5.40 ( d , J = 7.8 Hz , 1H ) , 5.37 ( yt , 
J = 9.7 Hz , 1H ) , 5.21 ( dd , J = 9.7 Hz , 7.8 Hz , 1H ) , 5.11 ( yt , 
J = 9.7 Hz , 1H ) , 4.89 ( s , 2H ) , 4.24-4.19 ( m , 1H ) , 4.12-4.06 
( m , 2H ) , 2.00 ( s , 6H ) , 1.99 ( s , 3H ) , 1.97 ( s , 3H ) , 1.95 ( s , 3H ) . 
[ 0150 ] 13C { { H } NMR ( 126 MHz , CD , CN , 298 K , d ) : 
171.2 ( 2 C - atoms ) , 170.9 , 170.6 , 170.4 , 158.7 , 154.8 ( ddyd , 
J = 262.3 Hz , 12.9 Hz , 2.6 Hz ) , 151.6 ( dd , J = 255.9 , 13.5 Hz ) , 
135.0 ( dyt , J = 8.3 Hz , 4.1 Hz ) , 131.5 , 130.4 , 129.8 , 125.2 
( dydd , J = 22.0 Hz , 7.2 Hz , 1.6 Hz ) , 121.1 ( dyd , J = 21.7 Hz , 
3.0 Hz ) , 117.2 , 115.8 , 115.7 ( yddd , J = 14.4 Hz , 7.2 Hz , 3.3 
Hz ) , 98.4 , 73.0 , 72.7 , 71.4 , 68.4 , 62.5 , 60.7 , 20.93 , 20.91 , 
20.89 , 20.86 , 20.85 . 
[ 0151 ] 19F { { H } NMR ( 471 MHz , CD2CN , 298 K , 8 ) : 
-73.1 ( d , J = 708 Hz ) , -126.2 ( dyd , J = 20.4 Hz , 9.1 Hz ) , 
-134.4 ( dyd , J = 20.2 Hz , 12.2 Hz ) . 
[ 0152 ] 31P { H } NMR ( 203 MHz , CD , CN , 298 K , 8 ) : 
-145.4 ( sept , J = 708 Hz ) . 
[ 0153 ] HRMS - ESI ( m / z ) calc'd for C35Hz , F20,232 
[ M - PF . ] * , 783.119540 ; found , 783.118764 ; deviation : 1.0 
ppm . 
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[ 0147 ] Under an ambient atmosphere , a 20 ml glass - vial 
was charged with salicin pentaacetate ( 5 ) ( 248 mg , 0.50 
mmol , 1.0 equiv . ) , and dry MeCN ( 2.0 ml , c = 0.25 M ) . 
Trifluoroacetic anhydride ( 0.21 ml , 0.32 g , 1.5 mmol , 3.0 
equiv . ) was added while stirring the reaction mixture . After 
cooling to 0 ° C. , tetrafluorothianthrene reagent ( 97 % ( w / w ) 
tetrafluorothianthrene - S - oxide 1 , 3 % ( w / w ) tetrafluorothian 
threne 2 , 157 mg , 0.50 mmol , 1.0 equiv . ) was added in one 
portion , followed by the addition of BF30Et2 ( 74 ul , 85 mg , 
0.60 mmol , 1.2 equiv . ) in one portion at 0 ° C. , leading to a 
purple suspension . The vial was sealed with a screw - cap , 
and the mixture was stirred at 0 ° C. for 1 h , followed by 
stirring at 25 ° C. for 2 h , until a slight purple solution was 
obtained . The reaction mixture was poured onto a vigorously 
stirred biphasic mixture of DCM ( ca. 5 ml ) , and saturated 
aqueous Na2CO3 solution ( ca. 10 ml ) . The resulting mixture 
was poured into a separatory funnel , and the layers were 
separated . The DCM layer was washed with aqueous NaPF 
solution ( 2xca . 10 ml , 5 % w / w ) , and with water ( 2xca . 10 
ml ) . The DCM layer was dried over Na S04 , filtered , and 
the solvent was removed under reduced pressure . The resi 
due was purified by chromatography on silica gel eluting 
with DCM / i - PrOH , ( 30 : 1 ) . The product was dissolved in 5 
ml DCM and precipitated with 20 ml Et20 . The suspension 
was decanted , and the solid was dried in vacuo to afford 434 
mg ( 94 % ) of 5a as a colorless solid . 
[ 0148 ] NMR Spectroscopy : 
[ 0149 ] ' H NMR ( 500 MHz , CD2CN , 298 K , ) : 8.37 ( dd , 
J = 9.1 Hz , 7.1 Hz , 2H ) , 7.96 ( ddyd , J = 9.8 Hz , 7.0 Hz , 1.8 Hz , 
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-continued 
F F 

F s + F F 
TfO 

CI 

7a , 86 % 

ca. 

[ 0155 ] Under an ambient atmosphere , a 20 ml glass - vial 
was charged sequentially with bifonazole ( 6 ) ( 155 mg , 0.50 
mmol , 1.0 equiv . ) , dry MeCN ( 2.0 ml , c = 0.25 M ) , and 
trifluoroacetic anhydride ( 0.21 ml , 0.32 g , 1.5 mmol , 3.0 
equiv . ) . The mixture was cooled to 0 ° C. , followed by 
addition of tetrafluorothianthrene reagent ( 97 % ( w / w ) tet 
rafluorothianthrene - S - oxide 1 , 3 % ( w / w ) tetrafluorothian 
threne 2 , 157 mg , 0.50 mmol , 1.0 equiv . ) , and HOTE ( 97 ul , 
0.17 g , 1.1 mmol , 2.2 equiv . ) . The vial was sealed , and the 
mixture was stirred at 0 ° C. for 1 h , then it was stirred at 25 ° 
C. for 2 h . The reaction mixture was concentrated under 
reduced pressure to a final volume of ca. 0.5 ml and then 
diluted with 5 ml DCM . The DCM phase was washed with 
saturated NaHCO3 - solution ( ca. 10 ml ) leading to the for 
mation of a colorless precipitate . The DCM phase was 
evaporated and the obtained solid residue was dissolved in 
5 ml EtOH and NaOTf ( 0.5 g ) was added . DCM ( ca. 10 ml ) 
was added to the solution . Subsequently , the solution was 
washed with water ( ca. 10 ml ) , NaOTf - solution ( 2 % w / w , 
10 ml ) , and water ( ca. 10 ml ) . During the washing a 
precipitate formed , which was collected by filtration . The 
solid was washed with DCM ( 5 ml ) and water ( 5 ml ) . The 
solid was dried in vacuo to afford 323 mg ( 87 % ) of 6a as a 
colorless solid . 
[ 0156 ] NMR Spectroscopy : 
[ 0157 ] ' H NMR ( 500 MHz , CD , CN , 298 K , 8 ) : 8.47 ( dd , 
J = 9.1 Hz , 7.1 Hz , 2H ) , 8.43 ( t , J = 1.5 Hz , 1H ) , 7.98 ( dd , 
J = 9.9 Hz , 7.0 Hz , 2H ) , 7.78 ( d , J = 8.8 Hz , 2H ) , 7.71 ( d , J = 8.4 
Hz , 2H ) , 7.50 ( dd , J = 2.1 Hz , 1.5 Hz , 1H ) , 7.48-7.45 ( m , 3H ) , 
7.35-7.30 ( m , 5H ) , 7.28-7.26 ( m , 2H ) , 6.99 ( s , 1H ) . 
[ 0158 ] 13C { { H } NMR ( 126 MHz , CD2CN , 298 K , 8 ) : 
154.9 ( dd , J = 262.1 Hz , 13.2 Hz ) , 151.6 ( dd , J = 255.7 , 13.5 
Hz ) , 145.7 , 139.7 , 138.5 , 137.3 , 136.3 , 135.3 ( dd , J = 8.7 Hz , 
3.8 Hz ) , 130.5 , 130.4 , 130.0 , 129.97 , 129.8 , 129.3 , 129.1 , 
125.7 ( dd , J = 22.1 , 2.3 Hz ) , 123.0 , 122.6 , 122.0 ( q , J = 320.5 
Hz ) , 121.6 , 121.2 ( d , J = 21.7 Hz ) , 115.4 ( dd , J = 7.2 , 3.5 Hz ) , 
67.4 . 

[ 0159 ] 9F { H } NMR ( 471 MHz , CD , CN , 298 K , ) : 
-80.2 ( s ) , -126.2 ( d , J = 20.5 Hz ) , -134.6 ( d , J = 20.3 Hz ) . 
[ 0160 ] HRMS - ESI ( m / z ) calc'd for C34H21N_F_S2 + 
[ M - OTf ] * , 597.107691 ; found , 597.108080 ; deviation : 0.7 
ppm . 

[ 0162 ] Under an ambient atmosphere , a 20 ml glass - vial 
was charged sequentially with chlorobenzene ( 7 ) ( 56 mg , 
0.50 mmol , 1.0 equiv . ) , dry MeCN ( 2.0 ml , c = 0.25 M ) , and 
trifluoroacetic anhydride ( 0.21 ml , 0.32 g , 1.5 mmol , 3.0 
equiv . ) . The solution was cooled to 0 ° C. , followed by 
addition of tetrafluorothianthrene reagent ( 97 % ( w / w ) tet 
rafluorothianthrene - S - oxide 1 , 3 % ( w / w ) tetrafluorothian 
threne 2 , 157 mg , 0.50 mmol , 1.0 equiv . ) , and HOTf ( 49 ul , 
83 mg , 0.55 mmol , 1.1 equiv . ) . The mixture was stirred at 0 ° 
C. for 1 h , subsequently it was stirred at 25 ° C. for 2 h . The 
reaction mixture was concentrated under reduced pressure to 
a final volume of ca. 0.5 ml , and diluted with 5 ml DCM . The 
DCM phase was washed with saturated NaHCO3 - solution 
( ca. 10 ml ) , aqueous NaOTf - solution ( 3 % , w / w , ca. 10 ml ) , 
and water ( ca. 10 ml ) . The DCM phase was dried over 
Na2SO4 , and the solvent was removed under reduced pres 
sure . The residue was purified by chromatography on silica 
gel eluting with DCM / MeOH ( 10 : 1 ( v / v ) ) to afford 237 mg 
( 86 % ) of 7a as colorless oil , which crystallized after several 
hours . 
[ 0163 ] NMR Spectroscopy : 
[ 0164 ] ' H NMR ( 500 MHz , CD3CN , 298 K , 8 ) : 8.46 ( dd , 
J = 9.1 Hz , 7.2 Hz , 2H ) , 7.96 ( dd , J = 9.9 Hz , 7.0 Hz , 2H ) , 7.52 
( d , J = 9.1 Hz , 2H ) , 7.20 ( d , J = 9.1 Hz , 2H ) . 
[ 0165 ] 13C { ' H } NMR ( 126 MHz , CD , CN , 298 K , d ) : 
154.8 ( dd , J = 262.1 Hz , 13.2 Hz ) , 151.5 ( dd , J = 255.6 Hz , 
13.6 Hz ) , 140.5 , 135.4 ( dd , J = 8.6 Hz , 3.9 Hz ) , 131.5 , 131.1 , 
125.9 ( dd , J = 22.3 Hz , 2.6 Hz ) , 122.5 , 122.1 ( q , J = 320.08 
Hz ) , 121.2 ( d , J = 22.0 Hz ) , 115.4 ( dd , J = 7.4 Hz , 3.4 Hz ) . 
[ 0166 ] 19F { { H } NMR ( 471 MHz , CD , CN , 298 K , 8 ) : 
-80.1 ( s ) , -126.0 ( d , J = 20.3 Hz ) , -134.6 ( d , J = 20.3 Hz ) . 
[ 0167 ] HRMS - ESI ( m / z ) calc'd for C18H2C1F4S2 
[ M - TfO ] * , 398.968662 ; found , 398.968930 ; deviation : 0.7 
ppm . 
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-continued 

F F 3.0 equiv . ( CF3CO ) 20 
1.2 equiv HBF40Et2 
MeCN , 0-25 ° C. , 6 h 

F 

125.6 ( dd , J = 22.2 Hz , 2.4 Hz ) , 121.9 , 121.2 ( d , J = 21.9 Hz ) , 
115.6-115.4 ( m ) , 67.5 , 55.1 , 37.9 , 29.7 , 8.7 . 
[ 0173 ] ° F { ' H } NMR ( 471 MHz , CD , CN , 298 K , 8 ) : 
-126.2 ( dyd , J = 20.5 Hz , 6.7 Hz ) , -134.7 ( dyd , J = 20.3 Hz , 
2.5 Hz ) , -151.4 ( bs ) , -151.5 ( bs ) . 
[ 0174 ] HRMS - ESI ( m / z ) calc'd for C25H 8F4NO3Sz 
[ M - BF4 ] * , 520.066030 ; found , 520.065878 ; deviation : 0.3 
ppm . 
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[ 0169 ] Under an ambient atmosphere , a 20 ml glass - vial 
was charged with benzyloxazolidinone 8 ( 117 mg , 0.50 
mmol , 1.0 equiv . ) and dry MeCN ( 2.0 ml , c = 0.25 M ) . 
Trifluoroacetic anhydride ( 0.21 ml , 0.32 g , 1.5 mmol , 3.0 
equiv . ) was added while stirring the reaction mixture . After 
cooling to 0 ° C. , tetrafluorothianthrene reagent ( 97 % ( w / w ) 
tetrafluorothianthrene - S - oxide 1 , 3 % ( w / w ) tetrafluorothian 
threne 2 , 157 mg , 0.50 mmol , 1.0 equiv . ) was added in one 
portion , followed by the addition of HBF40Et2 ( 82 ul , 97 
mg , 0.6 mmol , 1.2 equiv . ) in one portion at 0 ° C. , leading to 
a purple suspension . The vial was sealed with a screw - cap , 
and the mixture was stirred at 0 ° C. for 1 h , followed by 
stirring at 25 ° C. for 5 h , until a slight purple solution was 
obtained . The reaction mixture was concentrated under 
reduced pressure , and was diluted with 5 ml DCM . The 
DCM phase was poured onto a saturated aqueous NaHCO3 
solution ( ca. 10 ml ) . Subsequently , the mixture was poured 
into a separatory funnel , and the layers were separated . The 
DCM layer was washed with aqueous NaBF4 solution ( 2xca . 
10 ml , 5 % w / w ) , and with water ( 2xca . 10 ml ) . The DCM 
layer was dried over Na2SO4 , filtered , and the solvent was 
removed under reduced pressure . The residue was purified 
by chromatography on silica gel eluting with DCM / i - PrOH 
( 30 : 1 ( v / v ) ) . The product was dissolved in 5 ml DCM , and 
precipitated with 20 ml Et O. The suspension was decanted , 
and the solid was dried in vacuo to afford 263 mg ( 87 % ) of 
8a as a colorless solid . 
[ 0170 ] NMR Spectroscopy : 
[ 0171 ] " H NMR ( 500 MHz , CD , CN , 298 K , D ) : 8.40 
( ddyd , J = 9.1 Hz , 7.2 Hz , 0.8 Hz , 2H ) , 7.95 ( ddyd , J = 9.9 Hz , 
7.1 Hz , 2.5 Hz , 2H ) , 7.34 ( d , J = 8.7 Hz , 2H ) , 7.14 ( d , J = 8.7 
Hz , 2H ) , 3.06 ( d , J = 5.5 Hz , 2H ) , 4.66 ( dtd , J = 8.2 Hz , 5.5 Hz , 
2.6 Hz , 1H ) , 4.27 ( dd , J = 9.2 Hz , 8.1 Hz , 1H ) , 4.07 ( dd , J = 9.2 
Hz , 2.6 Hz , 1H ) , 2.84-2.71 ( m ) , 1.05 ( t , J = 7.3 Hz , 3H ) . 
[ 0172 ] 13C { H } NMR ( 126 MHz , CD , CN , 298 K , 8 ) : 
174.7 , 154.8 ( dd , J = 261.3 Hz , 13.3 Hz ) , 154.5 , 151.6 ( dd , 
J = 255.6 Hz , 13.9 Hz ) , 143.7 , 135.4-135.3 ( m ) , 132.7 , 129.5 , 

9a , 58 % 

[ 0176 ] Atomoxetine hydrochloride 9.HCI ( 146 mg , 0.50 
mmol , 1.0 equiv . ) was dissolved in a mixture of saturated 
Na2CO3 solution ( 2 ml ) and EtoAc ( 2 ml ) . The layers were 
separated by decantation . The aqueous phase was extracted 
with EtOAC ( 3 ml ) . The combined organic layers were dried 
over K2CO3 , filtered , and the solvent was removed . The oily 
residue was dissolved in MeCN ( 2.0 ml , c = 0.25 M ) , and was 
transferred under an ambient atmosphere into a 20 ml 
glass - vial . Subsequently , trifluoroacetic acid ( 0.20 ml , 0.30 
g , 2.6 mmol , 5.2 equiv . ) was added . The mixture was cooled 
to 0 ° C. Subsequently , thianthrene - S - oxide ( S2 ) ( 116 mg , 
0.50 mmol , 1.0 equiv . ) , and trifluoroacetic anhydride ( 0.21 
ml , 0.31 g , 1.5 mmol , 3.0 equiv . ) were added at 0 ° C. The 
purple reaction mixture was stirred at 0 ° C. for 1 h , subse 
quently , at 25 ° C. for 1 h . The reaction mixture was diluted 
with DCM ( 5 ml ) , and was quenched by addition of water 
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( 3 ml ) , and saturated Na2CO3 solution ( 5 ml ) . The mixture 
was stirred at 25 ° C. for 20 min , before the layers were 
separated . The aqueous layer was extracted with DCM ( 5 
ml ) . The combined DCM layers were dried over Na2SO4 , 
filtered , and the solvent was removed under reduced pres 
sure . The residue was purified by chromatography on silica 
gel eluting with DCM / -PrOH ( 3 : 1 , ( v / v ) ) , to afford 198 mg 
( 58 % ) of compound 9a as colorless foam . 
( 0177 ] NMR Spectroscopy : ( mixture of 2 rotamers ) 
[ 0178 ] " H NMR ( 500 MHz , CD , CN , 298 K , 8 ) : 8.33-8.27 
( m , 2H ) , 7.83-7.74 ( m , 4H ) , 7.72-7.68 ( m , 2H ) , 7.36-7.31 
( m , 2H ) , 7.30-7.24 ( m , 2H ) , 7.22-7.18 ( m , 1H ) , 7.14-7.11 
( m , 1H ) , 6.90-6.86 ( m , 1H ) , 6.80 , 6.78 ( s , s , 1H ) , 5.43 , 5.36 
( dd , J = 8.9 Hz , 3.7 Hz , dd , J = 8.8 Hz , 4.0 Hz , 1H ) , 3.74-3.49 
( m , 2H ) , 3.06 , 2.95 ( q , J = 1.7 Hz , s , 3H ) , 2.31-2.05 ( m , 5H ) , 
[ 0179 ] 13C { ' H } NMR ( 128 MHz , CD3CN , 298 K , d ) : 
160.6 , 160.4 , 160.3 ( q , J = 31.3 Hz ) , 157.3 ( q , J = 35.0 Hz ) , 
157.1 ( q , J = 34.9 Hz ) , 141.1 , 140.9 , 136.8 , 135.7 , 135.5 , 
135.4 , 131.9 , 131.7 , 131.3 , 131.08 , 131.06 , 130.8 , 129.81 , 
129.76 , 129.20 , 129.15 , 128.9 , 126.9 , 126.8 , 120.14 , 120.12 , 
120.08 , 120.04 , 118.8 ( 9 , J = 299 Hz ) , 117.7 ( 9 , J = 287 Hz ) , 
117.6 ( q , J = 288 Hz ) , 115.22 , 115.21 , 114.3 , 114.2 , 78.7 , 
78.4 , 47.1 ( q , J = 3.5 Hz ) , 47.0 , 37.5 , 35.8 , 35.5 ( 9 , J = 4.0 Hz ) , 
34.9 , 16.7 , 16.6 . 
[ 0180 ] ° F { ' H } NMR ( 471 MHz , CD , CN , 298 K , 8 ) : 
-70.3 , -70.2 , -75.9 . 
[ 0181 ] HRMS - ESI ( m / z ) calcd for C3H27F3NO2S2 
[ M - TFA ] " , 566.142984 ; found , 566.143320 , deviation : 0.6 
ppm . 

Amiodarone Derived Thianthrenium Salt 10a 
[ 0182 ] 

+ 

[ 0183 ] Under an ambient atmosphere , a 20 ml glass - vial 
was charged with amiodarone hydrochloride 10.HCl ( 500 
mg , 0.73 mmol , 1.47 equiv . ) , DCM ( 5.0 ml , c = 0.15 M ) , and 
aqueous K2CO3 solution ( ca. 10 ml , 10 % w / w ) . After stirring 
for 5 h , the layers were separated . The organic layer was 
evaporated to dryness , and the residue was dried in vacuo to 
afford amiodarone 10 as a free base . Under an ambient 
atmosphere , a 20 ml glass - vial was charged with amiodarone 
10 ( 340 mg , 0.500 mmol , 1.00 equiv . ) , and dry MeCN ( 2.0 
ml , c = 0.25 M ) . HBF40Et2 ( 102 ul , 0.12 g , 0.75 mmol , 1.5 
equiv . ) , and trifluoroacetic anhydride ( 0.21 ml , 0.32 g , 1.5 
mmol , 3.0 equiv . ) were added sequentially while stirring the 
reaction mixture . After cooling to 0 ° C. , tetrafluorothian 
threne reagent ( 97 % ( w / w ) tetrafluorothianthrene - S - oxide 1 , 
3 % ( w / w ) tetrafluorothianthrene 2 , 157 mg , 0.50 mmol , 1.0 
equiv . ) was added in one portion , followed by the addition 
of HBF40Et2 ( 82 ul , 97 mg , 0.60 mmol , 1.2 equiv . ) in one 
portion at 0 ° C. , leading to a purple suspension . The vial was 
sealed with a screw - cap , and the mixture was stirred at 0 ° C. 
for 1 h , followed by stirring at 25 ° C. for 2 h , until a slight 
purple solution was obtained . The reaction mixture was 
concentrated under reduced pressure , and diluted with 5 ml 
DCM . The DCM phase was poured onto an aqueous K2CO3 
solution ( ca. 10 ml , 10 % w / w ) . The mixture was poured into 
a separatory funnel , and the layers were separated . The 
DCM layer was washed with aqueous NaBF4 solution ( 2xca . 
10 ml , 5 % w / w ) , and with water ( 2xca . 10 ml ) . The DCM 
layer was dried over Na2SO4 , filtered , and the solvent was 
removed under reduced pressure . The residue was purified 
by chromatography on silica gel eluting with DCM / i - PrOH 
( 30 : 1 ( v / v ) ) . The product was dissolved in 5 ml DCM , and 
precipitated with 20 ml Et20 . The suspension was decanted , 
and the solid was dried in vacuo to afford 469 mg ( 92 % ) of 
10a as colorless foam . 
[ 0184 ] NMR Spectroscopy : 
[ 0185 ] ' H NMR ( 500 MHz , CD , CN , 298 K , 8 ) : 8.48 ( dd , 
J = 9.1 Hz , 7.1 Hz , 2H ) , 8.15 ( s , 2H ) , 7.97 ( dd , J = 9.8 Hz , 7.0 
Hz , 2H ) , 7.63 ( d , J = 8.7 Hz , 1H ) , 7.48 ( d , J = 2.0 Hz , 1H ) , 7.15 
( dd , J = 8.6 Hz , 2.0 Hz , 1H ) , 4.35 ( t , J = 5.0 Hz , 2H ) , 3.70 ( t , 
J = 5.1 Hz , 2H ) , 3.44 ( q , J = 7.3 Hz , 4H ) , 2.72 ( t , J = 7.8 Hz , 
2H ) , 1.69-1.62 ( m , 2H ) , 1.37 ( t , J = 7.3 Hz , 6H ) , 1.26 ( Ysext , 
J = 7.4 Hz , 2H ) , 0.83 ( t , J = 7.4 Hz , 3H ) . 
[ 0186 ] 13C { ' H } NMR ( 126 MHz , CD , CN , 298 K , d ) : 
187.8 , 170.7 , 161.3 , 154.8 ( dd , J = 262.1 , 13.1 Hz ) , 154.0 , 
151.6 ( dd , 255.7 Hz , 13.6 Hz ) , 141.4 , 135.2 ( dd , J = 8.6 Hz , 
3.8 Hz ) , 132.7 , 125.7 ( dd , J = 22.3 Hz , 1.5 Hz ) , 124.7 , 124.0 , 
121.2 ( dd , J = 21.8 Hz ) , 119.0 , 116.9 , 115.7 ( dd , J = 7.2 Hz , 3.3 
Hz ) , 113.1 , 91.5 , 67.8 , 52.6 , 49.6 , 30.3 , 29.0 , 23.1 , 13.9 , 9.5 . 
[ 0187 ] ° F { H } NMR ( 471 MHz , CD , CN , 298 K , 8 ) : 
-126.1 ( d , J = 20.6 Hz ) , -134.4 ( d , J = 20.2 Hz ) , -151.6 ( bs ) , 
-151.7 ( bs ) . 
[ 0188 ] HRMS - ESI ( m / z ) calc'd for C37H32F412NO3S2 
[ M - BF4 ] * , 931.985300 ; found , 931.984373 ; deviation : 1.0 
ppm . 
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+ 
-continued [ 0195 ) HRMS - ESI ( m / z ) calc'd for C18H , C1 F_S2 + 

[ M - BF4 ] * , 432.930270 ; found , 432.929690 ; deviation : 1.3 
ppm . 

F F. 3.0 equiv . ( CF3CO ) 20 
1.2 equiv . TfOH 

Nimesulide Derived Thianthrenium Salt 12a MeCN , 0-25 ° C. , 3 h 
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[ 0190 ] Under an ambient atmosphere , a 20 ml glass - vial 
was charged with dichlorbenzene ( 11 ) ( 56 ul , 74 mg , 0.50 
mmol , 1.0 equiv . ) , and dry MeCN ( 2.0 ml , c = 0.25 M ) . 
Trifluoroacetic anhydride ( 0.21 ml , 0.32 g , 1.5 mmol , 3.0 
equiv . ) was added while stirring the reaction mixture . After 
cooling to 0 ° C. , tetrafluorothianthrene reagent ( 97 % ( w / w ) 
tetrafluorothianthrene - S - oxide 1 , 3 % ( w / w ) tetrafluorothian 
threne 2 , 157 mg , 0.50 mmol , 1.0 equiv . ) was added in one 
portion , followed by the addition of triflic acid ( 53 ul , 90 mg , 
0.6 mmol , 1.2 equiv . ) in one portion at 0 ° C. , leading to a 
purple suspension . The vial was sealed with a screw - cap , 
and the mixture was stirred at 0 ° C. for 1 h , followed by 
stirring at 25 ° C. for 2 h until a slight purple solution was 
obtained . The reaction mixture was concentrated under 
reduced pressure , and diluted with 5 ml DCM . The DCM 
phase was poured onto a saturated aqueous NaHCO3 solu 
tion ( ca. 10 ml ) . The mixture was poured into a separatory 
funnel , and the layers were separated . The DCM layer was 
washed with aqueous NaBF4 solution ( 2xca . 10 ml , 5 % 
w / w ) , and with water ( 2xca . 10 ml ) . The DCM layer was 
dried over Na S04 , filtered , and the solvent was removed 
under reduced pressure . The residue was purified by chro 
matography on silica gel eluting with DCM / i - PrOH ( 30 : 1 
( v / v ) ) . The product was dissolved in 5 ml DCM , and 
precipitated with 20 ml Et20 . The solid was dried in vacuo 
to afford 53 mg ( 20 % ) of 11a as a colorless solid . 
[ 0191 ] NMR Spectroscopy : 
[ 0192 ] ' H NMR ( 500 MHz , CD3CN , 298 K , D ) : 8.42 ( dd , 
J = 9.1 Hz , 7.2 Hz , 2H ) , 7.97 ( dd , J = 9.9 Hz , 7.1 Hz , 2H ) , 7.64 
( d , J = 8.8 Hz , 1H ) , 7.38 ( d , J = 2.5 Hz , 1H ) , 7.09 ( dd , J = 8.8 
Hz , 2.6 Hz , 1H ) . 
[ 0193 ] 13C { H } NMR ( 126 MHz , CD , CN , 298 K , 8 ) : 
155.0 ( dd , J = 262.3 Hz , 13.2 Hz ) , 151.7 ( dd , J = 255.9 Hz , 
13.6 Hz ) , 139.0 , 135.7 ( dd , J = 8.7 Hz , 3.9 Hz ) , 135.6 , 133.0 , 
130.7 , 129.0 , 126.0 ( dd , J = 22.3 Hz , 2.5 Hz ) , 123.6 , 121.5 ( d , 
J = 21.9 Hz ) , 114.8 ( dd , J = 7.3 Hz , 3.4 Hz ) . 
[ 0194 ] ' ° F { ' H } NMR ( 471 MHz , CD , CN , 298 K , d ) : 
-124.7 ( d , J = 20.3 Hz ) , -133.4 ( d , J = 20.3 Hz ) , -151.5 ( bs ) , 
-151.6 ( bs ) . 

[ 0197 ] Under an ambient atmosphere , a 20 ml glass - vial 
was charged with nimesulide ( 12 ) ( 154 mg , 0.50 mmol , 1.0 
equiv . ) , and dry MeCN ( 2.0 ml , c = 0.25 M ) . Trifluoroacetic 
anhydride ( 0.21 ml , 0.32 g , 1.5 mmol , 3.0 equiv . ) was added 
while stirring the reaction mixture . After cooling to 0 ° C. , 
tetrafluorothianthrene reagent ( 97 % ( w / w ) tetrafluorothian 
threne - S - oxide 1 , 3 % ( w / w ) tetrafluorothianthrene 2 , 157 
mg , 0.50 mmol , 1.0 equiv . ) was added in one portion , 
followed by the addition of HBF4.OEt2 ( 82 ul , 97 mg , 0.60 
mmol , 1.2 equiv . ) in one portion at 0 ° C. , leading to a purple 
suspension . The vial was sealed with a screw - cap , and the 
mixture was stirred at 0 ° C. for 1 h , followed by stirring at 
25 ° C. for 2 h until a slight purple solution was obtained . The 
reaction mixture was concentrated under reduced pressure , 
and diluted with 5 ml DCM . The DCM phase was poured 
onto a saturated aqueous NaHCO3 solution ( ca. 10 ml ) . The 
mixture was poured into a separatory funnel , and the layers 
were separated . The DCM layer was washed with aqueous 
NaBF4 solution ( 2xca . 10 ml , 5 % w / w ) , and with water 
( 2xca . 10 ml ) . The DCM layer was dried over Na2SO4 , 
filtered , and the solvent was removed under reduced pres 
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sure . The residue was purified by chromatography on silica 
gel eluting with DCM / i - PrOH ( 30 : 1 ( v / v ) ) . The product was 
dissolved in 2 ml DCM and precipitated with 20 ml Et20 . 
The solid was dried in vacuo to afford 319 mg ( 93 % ) of 12a 
as yellow foam . 
[ 0198 ] NMR Spectroscopy : 
[ 0199 ] ' H NMR ( 500 MHz , CD2CN , 298 K , 8 ) : 8.38 ( dd , 
J = 9.0 Hz , 7.2 Hz , 2H ) , 7.94 ( dd , J = 9.9 Hz , 7.0 Hz , 2H ) , 
7.71-7.61 ( m , 2H ) , 7.53 ( d , J = 9.3 Hz , 1H ) , 7.36 ( d , J = 9.3 Hz , 
2H ) , 7.19 ( d , J = 9.13 Hz , 2H ) , 3.24 ( s , 3H ) . 
[ 0200 ] 3C { ' H } NMR ( 126 MHz , CD , CN , 298 K , d ) : 
156.9 , 154.8 ( dd , J = 262.0 Hz , 13.0 Hz ) , 151.6 ( dd , J = 255.7 
Hz , 13.4 Hz ) , 150.1 , 146.7 , 135.2 ( dd , J = 8.5 Hz , 3.8 Hz ) , 
134.4 , 132.7 , 130.6 , 125.5 ( dd , J = 22.1 Hz , 2.5 Hz ) , 121.2 ( d , 
J = 21.9 Hz ) , 124.6 , 115.4 , 115.3 ( dd , J = 7.2 Hz , 3.3 Hz ) , 
113.1 , 41.6 . One quartary carbon signal not detected , prob 
ably overlaps with solvent signal . 
[ 0201 ] 19F { H } NMR ( 471 MHz , CD2CN , 298 K , d ) : 
-126.2 ( d , J = 20.6 Hz ) , -134.6 ( d , J = 20.6 Hz ) , -152.1 ( bs ) , 
-152.1 ( bs ) . 
[ 0202 ] HRMS - ESI ( m / z ) calc'd for C25H15N203F4S3 + 
[ M - BF4 ] * , 595.007500 ; found , 595.007379 ; deviation : 0.2 
ppm . 

. 

C. , tetrafluorothianthrene reagent ( 97 % ( w / w ) tetrafluoro 
thianthrene - S - oxide 1 , 3 % ( w / w ) tetrafluorothianthrene 2 , 
157 mg , 0.50 mmol , 1.0 equiv . ) was added in one portion , 
followed by the addition of HBF4.0Et2 ( 82 ul , 97 mg , 0.6 
mmol , 1.2 equiv . ) in one portion at 0 ° C. , leading to a purple 
suspension . The vial was sealed with a screw - cap , and the 
mixture was stirred at 0 ° C. for 1 h , followed by stirring at 
25 ° C. for 2 h until a slight purple solution was obtained . The 
reaction mixture was concentrated under reduced pressure , 
and subsequently , diluted with 5 ml DCM . The DCM phase 
was poured onto a saturated aqueous NaHCO3 solution ( ca. 
10 ml ) . The mixture was poured into a separatory funnel , 
and the layers were separated . The DCM layer was washed 
with aqueous NaBF4 solution ( 2xca . 10 ml , 5 % w / w ) , and 
with water ( 2xca . 10 ml ) . The DCM layer was dried over 
Na S04 , filtered , and the solvent was removed under 
reduced pressure . The residue was purified by chromatog 
raphy on silica gel eluting with DCM / i - PrOH ( 30 : 1 ( v / v ) ) . 
The product was dissolved in 2 ml DCM , and precipitated 
with 20 ml Et20 . The solid was dried in vacuo to afford 320 
mg ( 92 % ) of 13a as colorless solid . 
[ 0205 ] NMR Spectroscopy : 
[ 0206 ] ' H NMR ( 500 MHz , CD , CN , 298 K , 8 ) : 8.35 ( dd , 
J = 9.1 Hz , 7.2 Hz , 2H ) , 8.11 ( ddd , J = 5.0 Hz , 2.0 Hz , 0.8 Hz , 
1H ) , 7.94 ( dd , J = 9.9 Hz , 7.1 Hz , 2H ) , 7.62 ( ddd , J = 8.4 Hz , 
7.1 Hz , 2.0 Hz , 1H ) , 7.22 ( d , J = 9.3 Hz , 2H ) , 6.98-6.96 ( m , 
6H ) , 6.90 ( ddd , J = 7.1 Hz , 5.0 Hz , 0.9 Hz , 1H ) , 6.69 ( dyt , 
J = 8.4 Hz , 0.9 Hz , 1H ) , 5.54 ( 4 quind , J = 6.4 Hz , 4.1 Hz ) , 4.16 
( dd , J = 10.3 Hz , 6.0 Hz , 1H ) , 4.11 ( dd , J = 10.3 Hz , 4.1 Hz , 
1H ) , 1.39 ( d , J = 6.4 Hz , 3H ) . 
[ [ 0207 ] 13C { H } NMR ( 126 MHz , CD , CN , 298 K , 0 ) : 
164.3 , 164.1 , 157.5 , 154.7 ( dd , J = 261.6 Hz , 13.1 Hz ) , 151.55 
( dd , J = 255.6 Hz , 13.5 Hz ) , 148.7 , 147.8 , 140.1 , 134.8 ( dd , 
J = 8.5 Hz , 3.8 Hz ) , 131.9 , 125.1 ( dd , J = 22.1 Hz , 2.0 Hz ) , 
122.8 , 121.1 ( d , = 21.9 Hz ) , 119.3 , 118.0 117.1 , 115.9 ( dd , 
J = 7.1 Hz , 3.3 Hz ) , 114.5 , 112.2 , 71.9 , 70.2 , 17.0 . 
[ 0208 ] ° F { ' H } NMR ( 471 MHz , CD , CN , 298 K , 8 ) : 
-126.5 ( d , J = 20.5 Hz ) , -134.6 ( d , J = 20.3 Hz ) , -151.9 ( bs ) , 
-152.0 ( bs ) . 
[ 0209 ] HRMS - ESI ( m / z ) calc'd for C32H22F_NO3S2 + 
[ M - BF4 ] * , 608.097740 ; found , 608.097178 ; deviation : 0.9 
ppm . 

Pyriproxyfen Derived Thianthrenium Salt 13a 
[ 0203 ] 

Me 

+ 

13a 

O = U 
F 3.0 equiv . ( CF3CO ) 20 

2.2 equiv . HBF40Et2 
MeCN , 0-25 ° C. , 3 h 

F ' S F 

+ 

N 
F 

Ketanserin Derived Thianthrenium Salt 14a BF4 
Me F. Coro [ 0210 ] 

H7 

+ 

F 

13b , 92 % 

[ 0204 ] Under an ambient atmosphere , a 20 ml glass - vial 
was charged with pyriproxyfen ( 13 ) ( 161 mg , 0.50 mmol , 
1.0 equiv . ) , and dry MeCN ( 2.0 ml , c = 0.25 M ) . HBF40Et2 
( 68 ul , 81 mg , 0.50 mmol , 1.0 equiv . ) , and trifluoroacetic 
anhydride ( 0.21 ml , 0.32 g , 1.5 mmol , 3.0 equiv . ) were 
added while stirring the reaction mixture . After cooling to 0 ° 

14 
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-continued 

F S F 3.0 equiv . ( CF3CO ) 20 
3.0 equiv . HBF40Et2 

[ 0215 ] ° F { H } NMR ( 471 MHz , CD , CN , 298 K , 8 ) : 
-108.6 ( s ) , -125.9 ( d , J = 20.2 Hz ) , -134.1 ( d , J = 20.6 Hz ) , 
-152.8 ( bs , 2 signals ) . 
[ 0216 ] HRMS - ESI ( m / z ) calc'd for C34H25N , O3Fzszt 
[ M - BF4 ] + , 682.125204 ; found , 682.125270 ; deviation : 0.1 
ppm . 

+ 

MeCN , 0-25 ° C. , 2 h 
F F 

1 

Methoxypyridine Derived Thianthrenium Salt 15a BF4 
F [ 0217 ] 

S 

+ 

OMe 
F 15 

F F wa 3.0 equiv . ( CF3CO ) 20 
1.2 equiv . TMSOTf 
MeCN , 0-25 ° C. , 2 h 14a , 60 % 

F F 
1 

? BF4 

84 

F OMe 

F 

15a , 87 % 

: 

[ 0211 ] Under an ambient atmosphere , a 20 ml glass - vial 
was subsequently charged with ketanserin ( 14 ) ( 99 mg , 0.25 
mmol , 1.0 equiv . ) , and dry MCN ( 2.0 ml , c = 0.13 M ) . After 
all starting material had dissolved ( ca. 1 min ) , the solution 
was cooled to 0 ° C. , and HBF4.OEt2 ( 0.10 ml , 0.12 g 0.75 
mmol , 3.0 equiv . ) , trifluoroacetic anhydride ( 0.10 ml , 0.16 g , 
0.75 mmol , 3.0 equiv . ) , and tetrafluorothianthrene reagent 
( 97 % ( w / w ) tetrafluorothianthrene - S - oxide 1 , 3 % ( w / w ) 
tetrafluorothianthrene 2 , 78 mg , 0.25 mmol , 1.0 equiv . ) were 
added sequentially , leading to a deep purple suspension . The 
mixture was stirred at 0 ° C. for 1 h , then , it was stirred at 25 ° 
C. , until an almost colorless , clear solution was obtained ( 1 
h ) . DCM ( 5 ml ) , and saturated Na2CO3 solution ( 5 ml ) were 
added to the reaction mixture . The layers were separated , 
and the DCM - layer was washed with NaBF4 solution ( 5 % 
w / w , 2x15 ml ) , and with water ( 2x15 ml ) . The DCM layer 
was dried over Na2SO4 , and the solvent was removed under 
reduced pressure . The residue was purified by chromatog 
raphy on silica gel eluting with DCM / i - PrOH ( gradient from 
10 : 1 to 3 : 1 ( v / v ) ) . The product was dissolved in 5 ml DCM , 
and precipitated with 30 ml Et20 . The solution was 
decanted , and the precipitate was dried in vacuo to afford 
116 mg ( 60 % ) of 14a as a colorless solid . 
[ 0212 ] NMR Spectroscopy : 
[ 0213 ] ' H NMR ( 500 MHz , CD2CN , 298 K , 8 ) : 8.43 ( dd , 
J = 9.1 Hz , 7.1 Hz , 2H ) , 8.00-7.96 ( m , 4H ) , 7.86 ( d , J = 2.5 Hz , 
1H ) , 7.40 ( dd , J = 9.0 Hz , 2.6 Hz , 1H ) , 7.27 ( d , J = 9.0 Hz , 1H ) , 
7.19 ( ut , J = 8.8 Hz , 2H ) , 4.00 ( t , J = 6.8 Hz , 2H ) , 3.26 ( tt , 
J = 11.6 Hz , 3.7 Hz , 1H ) , 2.99 ( dyt , J = 11.7 Hz , 3.4 Hz , 2H ) , 
2.55 ( t , J = 6.8 Hz , 2H ) , 2.16 ( Ytd , J = 11.7 Hz , 2.4 Hz , 2H ) , 
1.77-1.71 ( m , 2H ) , 1.58-1.46 ( m , 2H ) . 
[ 0214 ) 13C { H } NMR ( 126 MHz , CD , CN , 298 K , 8 ) : 
202.3 , 167.5 ( d , 251.9 Hz ) , 161.5 , 154.8 ( dd , J = 262.2 Hz , 
13.1 Hz ) , 151.6 ( dd , J = 256.0 Hz , 13.0 Hz ) , 150.8 , 144.1 , 
135.1 ( dd , J = 8.6 Hz , 3.9 Hz ) , 134.8 , 133.6 ( d , J = 2.9 Hz ) , 
132.0 ( d , J = 9.4 Hz ) , 130.2 , 125.4 ( dd , J = 22.1 Hz , 2.3 Hz ) , 
121.3 ( d , J = 21.8 Hz ) , 118.7 , 116.9 , 116.6 ( d , J = 22.0 Hz ) , 
116.1 , 115.6 ( dd , J = 7.2 Hz , 3.3 Hz ) , 56.0 , 53.9 , 44.0 , 39.3 , 
29.5 . 

[ 0218 ] Aflame - dried , 20 ml argon - filled Schlenk - tube was 
charged with 2 - methoxypyridine ( 15 ) ( 55 mg , 0.50 mmol , 
1.0 equiv . ) , and dry MeCN ( 2.0 ml , c = 0.25 M ) . Trifluoro 
acetic anhydride ( 0.21 ml , 0.32 g , 1.5 mmol , 3.0 equiv . ) was 
added while stirring the reaction mixture . After cooling to 0 ° 
C. , tetrafluorothianthrene reagent ( 97 % ( w / w ) tetrafluoro 
thianthrene - S - oxide 1 , 3 % ( w / w ) tetrafluorothianthrene 2 , 
157 mg , 0.50 mmol , 1.0 equiv . ) was added in one portion , 
followed by the addition of trimethylsilyl - trifluormethane 
sulfonate ( 181 ul , 0.22 g , 1.0 mmol , 2.0 equiv . ) in one 
portion at 0 ° C. , leading to a dark suspension . The vial was 
sealed and the mixture was stirred at 0 ° C. for 1 h , followed 
by stirring at 25 ° C. for 1 h . The reaction mixture was 
concentrated under reduced pressure , and diluted with 5 ml 
DCM . The DCM phase was poured onto a saturated aqueous 
NaHCO3 solution ( ca. 10 ml ) . The mixture was poured into 
a separatory funnel , and the layers were separated . The 
DCM layer was washed with aqueous NaBF4 solution ( 2xca . 
10 ml , 5 % w / w ) , and with water ( 2xca . 10 ml ) . The DCM 
layer was dried over Na2SO4 , filtered , and the solvent was 
removed under reduced pressure . The residue was purified 
by chromatography on silica gel eluting with DCM / i - PrOH , 
( 30 : 1 ( v / v ) ) . The product was dissolved in 5 ml DCM , and 
precipitated with 20 ml Et20 . The precipitate was dried in 
vacuo to afford 211 mg ( 87 % ) of 15a as colorless solid . 
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[ 0219 ] NMR Spectroscopy : 
[ 0220 ] ' H NMR ( 500 MHz , CD , CN , 298 K , D ) : 8.35 ( dd , 
J = 9.1 Hz , 7.2 Hz , 2H ) , 8.06 ( dd , J = 2.9 Hz , 0.5 Hz , 1H ) , 7.97 
( dd , J = 9.9 Hz , 7.1 Hz , 2H ) , 7.54 ( dd , J = 9.2 Hz , 2.9 Hz , 1H ) , 
6.91 ( dd , J = 9.2 , 0.6 Hz , 1H ) , 3.93 ( s , 3H ) . 
[ 0221 ] 3C { ' H } NMR ( 128 MHz , CD , CN , 298 K , d ) : 
168.1 , 154.8 ( dd , J = 261.6 Hz , 13.1 Hz ) , 151.7 ( dd , J = 155.6 
Hz , 13.7 Hz ) , 149.5 , 139.6 , 134.9 ( dd , J = 8.8 Hz , 4.0 Hz ) , 
125.0 ( dd , J = 22.3 Hz , 2.4 Hz ) , 121.3 ( d , J = 21.9 Hz ) , 115.5 
( dd , J = 7.2 Hz , 3.6 Hz ) , 114.2 , 112.1 , 55.5 . 
[ 0222 ] 19F { H } NMR ( 471 MHz , CD2CN , 298 K , d ) : 
-125.6 ( d , J = 20.4 Hz ) , -133.6 ( d , J = 20.4 Hz ) , -151.1 ( bs ) , 
-151.1 ( bs ) . 
[ 0223 ] HRMS - ESI ( m / z ) calc'd for CHF NOS , 
[ M - BF4 ] * , 396.013700 ; found , 396.013448 ; deviation : 0.6 
ppm . 

solution ( 10 ml ) , and water ( 5 ml ) . After stirring for 1 h at 
25 ° C. , the layers were separated , and the DCM - phase was 
sequentially washed with NH_PF , solution ( 10 % ( w / w ) , 
2xca . 5 ml ) and water ( 2x15 ml ) . The organic layer was 
dried over Na2SO4 and the solvent was removed . The 
residue was purified by chromatography on silica gel eluting 
with DCM / i - PrOH ( gradient form 10 : 1 to 5 : 1 ( v / v ) ) . The 
product was dissolved in 2 ml DCM , and precipitated with 
30 ml Et20 . The suspension was decanted , and the precipi 
tate was dried in vacuo to afford 215 mg ( 63 % ) of 16a as 
colorless , highly viscous oil . 
[ 0226 ] NMR Spectroscopy : 
[ 0227 ] ' H NMR ( 500 MHz , CD CN , 298 K , 8 ) : 8.42 ( dd , 
J = 9.0 Hz , 7.1 Hz , 2H ) , 8.22 ( s , 1H ) , 7.96 ( dd , J = 9.9 Hz , 7.0 
Hz , 2H ) , 6.93 ( s , 2H ) , 3.98 ( s , 2H ) , 3.45 ( t , J = 7.0 Hz , 2H ) , 
2.25 ( t , J = 8.1 Hz , 2H ) , 2.12 ( s , 6H ) , 2.00 ( yquin , J = 7.5 Hz , 
2H ) . 
[ 0228 ] 13C { ' H } NMR ( 126 MHz , CD , CN , 298 K , d ) : 
176.9 , 168.1 , 154.9 ( dd , J = 261.9 , 13.1 Hz ) , 151.7 ( dd , 255.5 
Hz , 13.4 Hz ) , 140.6 , 140.4 , 135.3 ( dd , J = 8.5 Hz , 3.7 Hz ) , 
128.1 , 125.7 ( dd , J = 22.0 Hz , 2.3 Hz ) , 121.3 ( dd , J = 22.0 Hz ) , 
121.0 , 115.2 ( dd , J = 7.2 Hz , 3.2 Hz ) , 48.9 , 47.0 , 30.9 , 18.7 , 
18.6 . 

+ 

Nefiracetam Derived Thianthrenium Salt 16a 

[ 0224 ] 

Me ang + 
Me 

16 
O = 

F F. 3.0 equiv . ( CF3CO ) 20 
4.0 equiv . BF30Et2 

[ 0229 ] ° F { H } NMR ( 471 MHz , CD , CN , 298 K , 8 ) : 
-73.1 ( d , J = 708 Hz ) , -126.1 ( d , J = 20.6 Hz ) , -134.5 ( d , 
J = 20.2 Hz ) . 
[ 0230 ] 31P { ' H } NMR ( 203 MHz , CD , CN , 298 K , d ) : 
-145.4 ( sept , J = 708 Hz ) . 
[ 0231 ] HRMS - ESI ( m / z ) calc'd for C26H2 , N , O_F_S2 
[ M - PF . ] * , 533.097511 ; found , 533.097850 ; deviation : 0.6 
ppm . 

+ MeCN , 0-25 ° C. , 4 h 
F F 

1 
F Me 

F Dasatinib Derived Thianthrenium Salt 17a aard [ 0232 ] 
Me 

PF6 

F F wa F + 

F F 

16a , 63 % 
HO 

?? 3.0 equiv . ( CF3CO ) 20 
4.5 equiv . HOTE 

[ 0225 ] Under an ambient atmosphere , a 20 ml glass - vial 
was charged with nefiracetam ( 16 ) ( 123 mg , 0.50 mmol , 1.0 
equiv . ) , and dry MeCN ( 2.0 ml , c = 0.25 M ) . At 0 ° C. , 
BF3.OEtz ( 0.25 ml , 0.28 g , 2.0 mmol , 4.0 equiv . ) was added 
over a period of ca. 30 s . After a clear solution had formed 
( ca. 2 min ) , tetrafluorothianthrene reagent ( 97 % ( w / w ) tet 
rafluorothianthrene - S - oxide 1 , 3 % ( w / w ) tetrafluorothian 
threne 2 , 157 mg , 0.50 mmol , 1.0 equiv . ) , and trifluoroacetic 
anhydride ( 0.21 ml , 0.32 g , 1.5 mmol , 3.0 equiv . ) were 
added sequentially , leading to a deep purple suspension . The 
vial was sealed with a screw - cap , and the mixture was stirred 
at 0 ° C. for 1 h , followed by stirring at 25 ° C. for 3 h , before 
a clear , and almost colorless solution was obtained . The 
solution was diluted with DCM ( 5 ml ) , saturated Na2CO3 

-NH2 MeCN , 0-25 ° C. , 2 h 
Me 

NH Grau 
17 
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-continued 
HO 

N 

N 

Me 
F Me 

NH F 

2 HBF4 
s + 

BF4 

[ 0234 ] NMR Spectroscopy : 
[ 0235 ] H NMR ( 500 MHz , CD2CN , 298 K , d ) : 8.73 ( s , 
1H ) , 8.44 ( dd , J = 9.0 Hz , 7.0 Hz , 2H ) , 8.12 ( s , 1H ) , 7.99 ( dd , 
J = 9.7 Hz , 6.9 Hz , 2H ) , 7.43 ( bs , 1H ) , 7.21 ( d , J = 2.6 Hz , 1H ) , 
7.09 ( d , J = 2.6 Hz , 1H ) , 6.30 ( s , 1H ) , 3.90-3.86 ( m , 2H ) , 
3.79-3.42 ( m , 6H ) , 3.35-3.30 ( m , 6H ) , 3.28-3.18 ( m , 2H ) , 
2.60 ( s , 3H ) , 2.25 ( s , 3H ) . 
[ 0236 ] 13C { ' H } NMR ( 126 MHz , CD , CN , 298 K , d ) : 
165.0 , 159.7 , 155.0 ( dd , J = 262.2 Hz , 13.1 Hz ) , 151.7 ( dd , 
J = 255.8 Hz , 13.5 Hz ) , 142.9 , 138.8 , 135.6 ( dd , J = 8.6 Hz , 3.5 
Hz ) , 129.5 , 127.4 , 126.0 ( d , J = 22.5 Hz ) , 123.1 , 121.5 ( d , 
J = 21.8 Hz ) , 114.7 ( dd , J = 7.8 Hz , 3.0 Hz ) , 84.7 , 59.5 , 56.0 , 
52.3 , 42.5 , 23.2 , 19.0 . Not all carbon signals detected . 
[ 0237 ] 9F { { H } NMR ( 471 MHz , CD , CN , 298 K , d ) : 
-125.7 ( d , J = 20.5 Hz ) , -134.3 ( d , J = 20.2 Hz ) , -151.3 ( s ) , 
-151.4 ( s ) . 

[ 0238 ] ‘ H NMR ( 500 MHz , DMSO - da , 298 K , d ) : 10.14 
( s , 1H ) , 9.71 ( bs , 1H ) , 8.81 ( dd , J = 9.6 Hz , 7.3 Hz , 2H ) , 8.38 
( dd , J = 10.2 Hz , 7.1 Hz , 2H ) , 8.24 ( s , 1H ) , 7.51 ( d , J = 2.5 Hz , 
1H ) , 7.26 ( d , J = 2.5 Hz , 1H ) , 6.21 ( s , 1H ) , 4.34 ( bs , 2H ) , 
3.79-3.75 ( m , 2H ) , 3.61 ( bd , J = 11.9 Hz , 2H ) , 3.35 ( bt , 
J = 13.0 Hz , 2H ) , 3.27-3.21 ( m , 2H ) , 3.17-3.07 ( m , 2H ) , 2.46 
( s , 3H ) , 2.23 ( s , 3H ) . 
[ 0239 ] 13C { { H } NMR ( 126 MHz , DMSO - da , 298 K , 8 ) : 
164.8 , 162.9 , 161.3 , 159.6 , 157.1 , 152.9 ( dd , J = 260.2 Hz , 
13.1 Hz ) , 149.6 ( dd , J = 253.3 Hz , 13.4 Hz ) , 141.0 , 138.2 , 
134.2 ( probably 2 carbon atoms ) , 133.5 ( dd , J = 8.6 Hz , 3.2 
Hz ) , 128.5 , 126.7 , 125.6 ( d , J = 22.1 Hz , probably 2 carbon 
atoms ) , 123.1 , 120.1 ( d , J = 21.8 Hz ) , 115.1 ( dd , J = 7.6 Hz , 3.1 
Hz ) , 83.9 , 57.6 , 54.7 , 50.6 , 40.9 , 25.0 , 18.5 . 
[ 0240 ] HRMS - ESI ( m / z ) calc'd for C34H2 , CIN 0 , F_S23 + 
[ M - 3BF4 ] " , 258.710318 ; found , 258.710430 ; deviation : 0.4 

F 

17a , 80 % 

a 

ppm . 

Strychnine Derived Thianthrenium Salt 18a 

[ 0241 ] 

[ 0233 ] Under an ambient atmosphere , a 20 ml glass - vial 
was charged with dasatinib ( 17 ) ( 244 mg , 0.50 mmol , 1.0 
equiv . ) , and dry MeCN ( 2.0 ml , c = 0.25 M ) . At 0 ° C. , 
trifluoromethanesulfonic acid ( 0.20 ml , 0.34 g , 2.3 mmol , 
4.5 equiv . ) was added over a period of ca. 30 s . After a clear 
solution had formed ( ca. 5 min ) , trifluoroacitic acid anhy 
dride ( 0.21 ml , 0.32 g , 1.5 mmol , 3.0 equiv . ) was added , and 
the solution was stirred for 15 min at 0 ° C. Subsequently 
tetrafluorothianthrene reagent ( 99 % ( w / w ) tetrafluorothian 
threne - S - oxide 1 , 1 % ( w / w ) tetrafluorothianthrene 2 , 154 
mg , 0.50 mmol , 1.0 equiv . ) was added , leading to a deep 
purple suspension . The mixture was stirred at 0 ° C. for 1 h , 
followed by stirring at 25 ° C. for 30 min . The reaction 
mixture was diluted with DCM ( 5 ml ) , and it was quenched 
by addition of Na2CO3 solution ( sat . , ca. 10 ml ) , and 
aqueous NaBF4 solution ( 20 % ( w / w ) , 2 ml ) . The mixture , 
consisting of a highly viscous sticky oil , an organic phase , 
and an aqueous phase , was stirred at 25 ° C. for 10 min . The 
aqueous layer was removed by decantation . Subsequently , 
aqueous Na2CO3 solution ( sat . , 5 ml ) , and aqueous NaBF 
solution ( 20 % ( w / w ) , 5 ml ) were added . After stirring for 5 
min , the aqueous layer was removed by decantation . The 
solvent was removed . The residue was suspended in 2 ml 
MeCN , and HBF40Et2 was added dropwise until a clear 
solution was obtained ( ca. 0.2 ml ) . The solution was added 
dropwise to Et O ( 30 ml ) . The precipitate was collected by 
filtration through a glass frit . The solid was dissolved in 
MeCN ( 3 ml ) , and aqueous NaBF4 solution ( 20 % ( w / w ) , 20 
ml ) , and aqueous Na2CO3 solution ( sat . , 5 ml ) were added . 
Subsequently , DCM ( 10 ml ) was added . The aqueous layer 
was removed by decantation . The organic layer was washed 
with water ( ca. 20 ml ) . The solvent was removed . The 
residue was suspended in MeCN ( 2 ml ) , and HBF40Et2 was 
added dropwise until a clear solution was obtained ( ca. 0.2 
ml ) . The solution was added dropwise to Et20 ( 30 ml ) . The 
precipitate was collected by filtration through a glass frit . 
The precipitate was dried in vacuo afford 417 mg ( 80 % ) 
of 17a as colorless solid . 

2 4 

+ 

NH ( ?? 

18 

F F wa 3.0 equiv . ( CF3CO ) 20 
3.0 equiv . HBF40Et2 
MeCN , 0 ° C. , 1 h 

F 
1 
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-continued 
F 

F 

[ 0246 ] ° F { ' H } NMR ( 471 MHz , CD , CN , 298 K , 8 ) : 
-126.7 ( dyd , J = 20.3 Hz , 6.6 Hz ) , -134.6 ( dyd , J = 20.1 Hz , 
4.5 Hz ) , -152.2 ( bs , two signals ) . 
[ [ 0247 ] HRMS - ESI ( m / z ) calc'd for C33H25F_N20,521 
[ M - BF4 ] * , 621.128812 ; found , 621.12900 ; deviation : 0.3 
ppm . 

+ 

84 Tetrahydrobenzofuranone Derived Thianthrenium 
Salt 19a 

[ 0248 ] 
NH F 

BF4 
F 

18a , 64 % 

+ 

19 

F F wa 3.0 equiv . ( CF3CO ) 20 
1.5 equiv . HBF40Et2 
MeCN , 0-25 ° C. , 2 h 

F 
1 

F F 

BF4 

F F 

19a , 64 % 

[ 0242 ] Under an ambient atmosphere , a 20 ml glass - vial 
was charged with strychnine ( 18 ) ( 167 mg , 0.50 mmol , 1.0 
equiv . ) , and dry MeCN ( 4.0 ml , c = 0.13 M ) . After cooling to 
0 ° C. , HBF40Et2 ( 0.20 ml , 0.24 g , 1.5 mmol , 3.0 equiv . ) was 
added while stirring the reaction mixture . After all solid had 
dissolved ( ca. 1 min ) , tetrafluorothianthrene reagent ( 97 % 
( w / w ) tetrafluorothianthrene - S - oxide 1 , 3 % ( w / w ) tetrafluo 
rothianthrene 2 , 157 mg , 0.50 mmol , 1.0 equiv . ) was added 
in one portion at 0 ° C. , followed by the addition of trifluo 
roacetic anhydride ( 0.21 ml , 0.32 g , 1.5 mmol , 3.0 equiv . ) in 
one portion at 0 ° C. , leading to a purple suspension . The vial 
was sealed with a screw - cap , and the mixture was stirred at 
0 ° C. until a clear , and colorless solution was obtained ( 1 h ) . 
The solution was diluted with 5 ml DCM , and poured onto 
a mixture of DCM ( 30 ml ) , saturated aqueous Na2CO3 
solution ( 20 ml ) , and water ( 10 ml ) . After stirring for 5 min 
at 25 ° C. , the mixture was poured into a separatory funnel , 
and the layers were separated . The DCM layer was washed 
with aqueous NaBF4 solution ( 2xca . 20 ml , 5 % w / w ) , and 
with water ( 2xca . 20 ml ) . The DCM layer was dried over 
Na2SO4 , filtered , and the solvent was removed under 
reduced pressure . The residue was purified by chromatog 
raphy on silica gel eluting with DCM / i - PrOH / NEtz ( 160 : 40 : 
15 ( v / v / v ) ) . The product was dissolved in 2 ml DCM , and 
precipitated with 20 ml Et20 . The suspension was decanted , 
and the solid was dried in vacuo to afford 228 mg ( 64 % ) of 
18a as colorless solid . 

[ 0243 ] NMR Spectroscopy : 
[ 0244 ] " H NMR ( 500 MHz , CD , CN , 298 K , 8 ) : 8.30 
( ddyd , J = 8.8 Hz , 7.2 Hz , 1.3 Hz , 2H ) , 8.05 ( d , J = 8.8 Hz , 
1H ) , 7.95 ( dyt , J = 9.9 Hz , 6.8 Hz , 2H ) , 7.19 ( dd , J = 8.8 Hz , 
2.3 Hz , 1H ) , 7.14 ( d , J = 2.3 Hz , 1H ) , 6.06 ( 4t , J = 7.2 Hz , 1H ) , 
4.30 ( Ytd , J = 8.3 Hz , 3.2 Hz , 1H ) , 4.12 ( dd , v = 14.0 Hz , 6.9 
Hz , 1H ) , 4.06 ( dd , J = 14.1 Hz , 6.3 Hz , 1H ) , 4.02 ( d , J = 10.8 
Hz , 1H ) , 3.98 ( bs , 1H ) , 3.77 ( dyq , J = 14.4 Hz , 1.7 Hz , 1H ) , 
3.37 ( dd , J = 11.0 Hz , 7.7 Hz , 1H ) , 3.27 ( bs , 1H ) , 3.02 ( dd , 
J = 17.6 Hz , 8.4 Hz , 1H ) , 2.99-2.92 ( m , 2H ) , 2.60 ( dd , J = 17.6 
Hz , 3.2 Hz , 1H ) , 2.35 ( dyt , J = 15.0 Hz , 4.3 Hz , 1H ) , 
1.99-1.95 ( m , 1H ) , 1.82 ( ytd , J = 12.9 Hz , 7.7 Hz , 1H ) , 1.39 
( dm , J = 15.5 Hz , 1H ) , 1.35 ( dyt , J = 10.8 Hz , 3.3 Hz , 1H ) . 
[ 0245 ] 13C { ' H } NMR ( 126 MHz , CD , CN , 298 K , 8 ) : 
170.9 , 154.7 ( dd , J = 261.3 Hz , 13.2 Hz ) , 151.7 ( dd , J = 255.4 
Hz , 13.5 Hz ) , 147.9 , 138.0 , 136.4 , 134.9-134.7 ( m ) , 131.8 , 
131.6 , 125.0 ( dd , J = 22.2 Hz , 4.5 Hz ) , 124.9 , 121.2 ( dd , 
J = 21.8 Hz , 1.9 Hz ) , 117.6 , 116.4-116.2 ( m ) , 115.8 , 77.5 , 
65.0 , 62.2 , 61.4 , 53.3 , 52.7 , 51.6 , 47.8 , 42.8 , 42.5 , 31.5 , 26.7 . 

[ 0249 ] Under an ambient atmosphere , a 20 ml glass - vial 
was charged with tetrahydrobenzofuranone 19 ( 66 ul , 68 
mg , 0.50 mmol , 1.0 equiv . ) , and dry MeCN ( 2.0 ml , c = 0.25 
M ) . Trifluoroacetic anhydride ( 0.21 ml , 0.32 g , 1.5 mmol , 
3.0 equiv . ) was added while stirring the reaction mixture . 
After cooling to 0 ° C. , tetrafluorothianthrene reagent ( 97 % 
( w / w ) tetrafluorothianthrene - S - oxide 1 , 3 % ( w / w ) tetrafluo 
rothianthrene 2 , 157 mg , 0.50 mmol , 1.0 equiv . ) was added 
in one portion , followed by the addition of HBF40Et2 ( 102 
ul , 0.12 g , 0.75 mmol , 1.5 equiv . ) in one portion at 0 ° C. , 
leading to a purple suspension . The vial was sealed with a 
screw - cap , and the mixture was stirred at 0 ° C. for 1 h , 
followed by stirring at 25 ° C. for 1 h , until a slight purple 
solution was obtained . The reaction mixture was concen 
trated under reduced pressure , and diluted with 5 ml DCM . 
The DCM phase was poured onto a saturated aqueous 
NaHCO3 solution ( ca. 10 ml ) . The mixture was poured into 
a separatory funnel , and the layers were separated . The 
DCM layer was washed with aqueous NaBF4 solution ( 2xca . 
10 ml , 5 % w / w ) , and with water ( 2xca . 10 ml ) . The DCM 
layer was dried over Na2SO4 , filtered , and the solvent was 
removed under reduced pressure . The residue was purified 
by chromatography on silica gel eluting with DCM / i - PrOH , 
( 30 : 1 ) . The product was dissolved in 5 ml DCM , and 



US 2022/0002263 A1 Jan. 6. 2022 
26 

precipitated with 20 ml Et20 . The suspension was decanted , 
and the solid was dried in vacuo to afford 164 mg ( 64 % ) of 
19a as colorless solid . 
[ 0250 ] NMR Spectroscopy : 
[ 0251 ] H NMR ( 500 MHz , CD2CN , 298 K , d ) : 8.28 ( dd , 
J = 9.1 Hz , 7.2 Hz , 2H ) , 7.97 ( dd , J = 10.0 Hz , 7.0 Hz , 2H ) , 
7.40 ( s , 1H ) , 2.84 ( t , J = 6.3 Hz , 2H ) , 2.46-2.43 ( m , 2H ) , 2.12 
( y quin , J = 6.4 Hz , 2H ) . 
[ 0252 ] 13C { ' H } NMR ( 128 MHz , CD2CN , 298 K , d ) : 
193.2 , 176.1 , 154.9 ( dd , J = 262.2 Hz , 13.1 Hz ) , 151.5 ( dd , 
J = 255.5 Hz , 13.7 Hz ) , 135.1 ( dd , J = 8.6 Hz , 3.9 Hz ) , 130.7 , 
124.3 ( dd , J = 22.4 Hz , 2.5 Hz ) , 123.7 , 121.7 , 120.7 ( d , J = 21.9 
Hz ) , 113.5 ( dd , J = 7.1 Hz , 3.5 Hz ) , 38.0 , 24.3 , 22.5 . 
[ 0253 ] 19F { ' H } NMR ( 471 MHz , CD , CN , 298 K , d ) : 
-125.1 ( d , J = 20.5 Hz ) , -133.7 ( d , J = 20.3 Hz ) , -151.1 ( bs ) , 
-151.2 ( bs ) . 
10254 ] HRMS - ESI ( m / z ) calc'd for CHF , 0 , S , 
[ M - BF4 ] * , 423.013440 ; found , 423.013114 ; deviation : 0.8 
ppm . 

+ 

Boscalid Derived Thianthrenium Salt 20a 
[ 0255 ] 

equiv . ) , and dry MeCN ( 2.0 ml , c = 0.25 M ) . HBF4.0Et2 ( 68 
ul , 81 mg , 0.60 mmol , 1.0 equiv . ) , and trifluoroacetic anhy 
dride ( 0.21 ml , 0.32 g , 1.5 mmol , 3.0 equiv . ) were added 
while stirring the reaction mixture . After cooling to 0 ° C. , 
tetrafluorothianthrene reagent ( 97 % ( w / w ) tetrafluorothian 
threne - S - oxide 1 , 3 % ( w / w ) tetrafluorothianthrene 2 , 157 
mg , 0.50 mmol , 1.0 equiv . ) was added in one portion , 
followed by the addition of HBF4.OEt2 ( 82 ul , 97 mg , 0.60 
mmol , 1.2 equiv . ) in one portion at 0 ° C. , leading to a purple 
suspension . The vial was sealed , and the mixture was stirred 
at 0 ° C. for 1 h , followed by stirring at 25 ° C. for 3 h until 
a slight purple solution was obtained . The reaction mixture 
was concentrated under reduced pressure , and subsequently , 
diluted with 5 ml DCM . The DCM phase was poured onto 
a saturated aqueous NaHCO3 solution ( ca. 10 ml ) . The 
mixture was poured into a separatory funnel , and the layers 
were separated . The DCM layer was washed with aqueous 
NaBF4 solution ( 2xca . 10 ml , 5 % w / w ) , and with water 
( 2xca . 10 ml ) . The DCM layer was dried over Na2SO4 , 
filtered , and the solvent was removed under reduced pres 
sure . The residue was purified by chromatography on silica 
gel eluting with DCM / i - PrOH , ( 30 : 1 ) . The product was 
dissolved in 5 ml DCM , and precipitated with 20 ml Et20 . 
The suspension was decanted , and the solid was dried in 
vacuo to afford 342 mg ( 95 % ) of 20a as colorless solid . 
[ 0257 ] NMR Spectroscopy : 
[ 0258 ] ' H NMR ( 500 MHz , CD2CN , 298 K , d ) : 8.50 ( bs , 
1H ) , 8.42 ( dd , J = 9.0 Hz , 7.2 Hz , 2H ) , 8.38 ( dd , J = 4.8 Hz , 1.9 
Hz , 1H ) , 8.27 ( d , J = 9.0 Hz , 1H ) , 7.97 ( dd , J = 9.9 Hz , 7.0 Hz , 
2H ) , 7.82 ( dd , J = 7.6 Hz , 1.9 Hz , 1H ) , 7.44 ( d , J = 8.6 Hz , 2H ) , 
7.37 ( dd , J = 7.6 Hz , 4.8 Hz , 1H ) , 7.31 ( d , J = 8.6 Hz , 2H ) , 7.27 
( dd , J = 9.0 Hz , 2.7 Hz , 1H ) , 7.19 ( d , J = 2.6 Hz , 1H ) . 
[ 0259 ] 13C { { H } NMR ( 126 MHz , CD , CN , 298 K , 8 ) : 
165.2 , 154.8 ( dd , J = 261.8 Hz , 13.1 Hz ) , 152.0 , 151.6 ( dd , 
J = 255.6 Hz , 13.5 Hz ) , 147.6 , 140.3 , 139.1 , 136.5 , 135.5 , 
133.3-133.2 ( m , 2 chemically different C - atoms ) , 132.7 , 
132.2 , 131.2 , 130.1 , 129.6 , 125.7-125.5 ( m , 2 chemically 
different C - atoms ) , 123.9 , 121.3 ( d , J = 21.8 Hz ) , 118.8 , 115.4 
( dd , J = 7.1 Hz , 3.3 Hz ) . 
[ 0260 ] 19F { H } NMR ( 471 MHz , CD , CN , 298 K , 8 ) : 
-126.1 ( d , J = 20.5 Hz ) , -134.4 ( d , J = 20.3 Hz ) , -151.6 ( bs ) , 
-151.7 ( bs ) . 
[ 0261 ] HRMS - ESI ( m / z ) calc'd for C30H5C1 , F_N_OS , 
[ M - BF4 ] * , 628.993940 ; found , 628.993353 ; deviation : 0.9 
ppm . 

CI 

CI 

20 

OEM F S F 3.0 equiv . ( CF3CO ) 20 
2.2 equiv . HBF40Et2 
MeCN , 0-25 ° C. , 4 h 

F F 
1 

+ 

Etofenprox Derived Thianthrenium Salt 21a 
F 

[ 0262 ] 

OEt 

s + 

BF4 S. 

Me Me 

+ 

20a , 95 % 

21 [ 0256 ] Under an ambient atmosphere , a 20 ml glass - vial 
was charged with boscalid ( 20 ) ( 172 mg , 0.50 mmol , 1.0 
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-continued 

O = V 

3.0 equiv . ( CF3CO ) 20 

134.8 , 131.2 , 131.0 , 130.8 , 130.7 , 128.0 , 124.5 , 123.1 , 
119.8 , 118.6 , 118.19 , 118.17 , 115.0 , 108.4 , 79.9 , 73.0 , 67.1 , 
39.4 , 26.2 , 14.8 . 
[ 0267 ] 19F { H } NMR ( 471 MHz , CD , CN , 298 K , 8 ) : 
-151.5 ( bs ) , -151.6 ( bs ) . 
[ 0268 ] HRMS - ESI ( m / z ) calc'd for Cz Hz5F2025 , 
[ M - BF4 ] * , 591.202600 ; found , 591.202215 ; deviation : 0.7 
ppm . 

MeCN , -78 ° C. - 25 ° C. , 2 h 
' S 
S2 

Mizolastine Derived Thianthrenium Salt 22a 
[ 0269 ] 

BF4 OEt 
F 

Me Me 
HN 

+ 

Me 

21a , 84 % 22 

Du F F 3.0 equiv . ( CF3CO ) 20 
3.7 equiv . HBF40Et2 
MeCN , 0-25 ° C. , 2 h 

F F 

1 
F 

F 

F 

HN 

N 

F Me 

PF6 
F 

22a , 62 % 

[ 0263 ] Under an ambient atmosphere , a 20 ml glass - vial 
was charged with etofenprox ( 21 ) ( 188 mg , 0.50 mmol , 1.0 
equiv . ) , and dry MeCN ( 2.0 ml , c = 0.25 M ) . After cooling to 
-78 ° C. , trifluoroacetic anhydride ( 0.21 ml , 0.32 g , 1.5 
mmol , 3.0 equiv . ) was added to the frozen the reaction 
mixture . Thianthrene reagent ( 97 % ( w / w ) thianthrene - S 
oxide ( S2 ) , 3 % ( w / w ) thianthrene ( S1 ) , 116 mg , 0.50 mmol , 
1.0 equiv . ) was added in one portion at -78 ° C. The vial was 
sealed with a screw - cap , and the mixture was allowed to 
stand at -78 ° C. for 1 h , followed by warming the reaction 
mixture to 25 ° C. over a period of 1 h . After stirring the deep 
purple reaction mixture at 25 ° C. for 1 h , the reaction 
mixture was concentrated under reduced pressure , and 
diluted wit 5 ml DCM . The DCM phase was poured onto 
a saturated aqueous NaHCO3 solution ( ca. 10 ml ) . The 
mixture was poured into a separatory funnel , and the layers 
were separated . The DCM layer was washed with aqueous 
NaBF4 solution ( 2xca . 10 ml , 5 % w / w ) , and with water 
( 2xca . 10 ml ) . The DCM layer was dried over Na2SO4 , 
filtered , and the solvent was removed under reduced pres 
sure . The residue was purified by chromatography on silica 
gel eluting with DCM / i - PrOH , ( 30 : 1 ) . The product was 
dissolved in 5 ml DCM , and precipitated with 20 ml Et20 . 
The suspension was decanted , and the solid was dried in 
vacuo to afford 279 mg ( 84 % ) of 21a as colorless solid . 
[ 0264 ] NMR Spectroscopy : 
[ 0265 ] ' H NMR ( 500 MHz , CD , CN , 298 K , 8 ) : 8.21 ( dd , 
J = 7.9 Hz , 1.4 Hz , 2H ) , 7.85 ( dd , J = 7.9 Hz , 1.4 Hz , 2H ) , 7.80 
( Ytd , J = 7.7 Hz , 1.4 Hz , 2H ) , 7.72 ( ddd , J = 7.9 Hz , 7.5 Hz , 1.4 
Hz , 2H ) , 7.58 ( dd , J = 8.7 Hz , 2.3 Hz , 1H ) , 7.38-7.34 ( m , 2H ) , 
7.30 ( 4t , J = 7.9 Hz , 1H ) , 7.14 ( tt , J = 7.7 Hz , 1.1 Hz , 1H ) , 7.07 
( d , J = 8.8 Hz , 1H ) , 6.99-6.97 ( m , 2H ) , 6.92-6.98 ( m , 2H ) , 
6.71 ( 4t , J = 1.8 Hz , 1H ) , 6.58 ( d , J = 2.3 Hz , 1H ) , 4.26 ( s , 2H ) , 
4.17 ( q , J = 7.0 Hz , 2H ) , 3.24 ( s , 2H ) , 1.41 ( t , J = 7.0 Hz , 3H ) , 
1.06 ( s , 6H ) . 
[ 0266 ] 13C { { H } NMR ( 126 MHz , CD2CN , 298 K , 8 ) : 
158.2 , 158.1 , 156.3 , 142.1 , 141.9 , 138.1 , 136.1 , 135.7 , 

2 

[ 0270 ] Under an ambient atmosphere , a 20 ml glass - vial 
was charged with mizolastine ( 22 ) ( 108 mg , 0.25 mmol , 1.0 
equiv . ) , and dry MeCN ( 1.0 ml , c = 0.25 M ) . HBF40Et2 ( 85 
ul , 0.10 g , 0.63 mmol , 2.5 equiv . ) , and trifluoroacetic anhy 
dride ( 104 ul , 0.16 g , 0.75 mmol , 3.0 equiv . ) were added 
while stirring the reaction mixture . After cooling to 0 ° C. , 
tetrafluorothianthrene reagent ( 97 % ( w / w ) tetrafluorothian 
threne - S - oxide 1 , 3 % ( w / w ) tetrafluorothianthrene 2 , 78 mg , 
0.25 mmol , 1.0 equiv . ) was added in one portion , followed 
by the addition of HBF4.0Etz ( 41 ul , 49 mg , 0.30 mmol , 1.2 
equiv . ) in one portion at 0 ° C. , leading to a purple suspen 
sion . The vial was sealed with a screw - cap , and the mixture 
was stirred at 0 ° C. for 1 h , followed by stirring at 25 ° C. for 
1 h , until a slight purple solution was obtained . The reaction 
mixture was concentrated under reduced pressure , and 
diluted with 5 ml DCM . The DCM phase was poured onto 
a saturated aqueous NaHCO3 solution ( ca. 10 ml ) . The 
mixture was poured into a separatory funnel , and the layers 

a 
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F F wa 3.0 equiv . ( CF3CO ) 20 
1.2 equiv . HBF40Et2 
MeCN , 0-25 ° C. , 19 h 

F F 

1 
OH 

F 

BF4 
F 

S * 

F 

F 

23a , 76 % 

were separated . The DCM layer was washed with aqueous 
NaBF4 solution ( 2xca . 10 ml , 5 % w / w ) , and with water 
( 2xca . 10 ml ) . The DCM layer was dried over Na2SO4 , 
filtered , and the solvent was removed under reduced pres 
sure . The residue was purified by chromatography on silica 
gel eluting with DCM / MeOH / HBF4.0Et2 , ( 300 : 10 : 1 ( v / v ) 
v ) ) . The product was dissolved in 5 ml DCM , and precipi 
tated with 20 ml Et20 . The precipitate was analyzed by iH 
and 19F NMR spectroscopy and showed an impurity that is 
assumed to be a constitutional isomer , ratio : 16 : 1 based on 
integration of the ' H signals of the thianthrenyl group ; major 
product : 8.36 ( ?t , J = 8.0 Hz ) and 7.89 ( dd , J = 9.7 , 6.8 Hz ) ; 
minor product : 8.45 ( Ht , J = 8.1 Hz ) and 7.98 ( yt , J = 8.3 Hz ) . 
The precipitate was purified via HPLC ( 50 mm Eclipse Plus 
C18 , 1.8 um , 4.6 mm inner diameter ) , eluting with MeCN / 
NH HCO3 ( aqueous , 20 mM , pH = 9.0 , 7:13 ( v / v ) ) at a rate 
of 1 ml / min at 308 K. The product containing solutions were 
concentrated under reduced pressure to remove MeCN . To 
the resulting , product containing solutions was added NaPF . 
( ca. 2 g / L ) , and the solutions were extracted with DCM . The 
extract was dried over Na2SO4 , and solvent was removed 
under reduced pressure . The solid was dried in vacuo to 
afford 135 mg ( 62 % ) of 22a as colorless solid . The minor 
product could not be obtained in pure form . 
[ 0271 ] NMR Spectroscopy : 
[ 0272 ] ' H NMR ( 500 MHz , CD2CN , 298 K , d ) : 8.16 ( dd , 
J = 9.0 Hz , 7.0 Hz , 2H ) , 7.86 ( dd , J = 9.8 Hz , 6.9 Hz , 2H ) , 7.66 
( bs , 1H ) , 7.55 ( d , J = 8.6 Hz , 1H ) , 7.09 ( dd , J = 8.6 Hz , 2.2 Hz , 
1H ) , 7.07-7.01 ( m , 4H ) , 6.69 ( s , 1H ) , 5.65 ( d , J = 6.5 Hz , 1H ) , 
5.17 ( s , 2H ) , 4.60 ( bs , 1H ) , 3.73 ( d , J = 12.7 Hz , 2H ) , 
3.62-3.55 ( m , 2H ) , 3.20-3.11 ( m , 2H ) , 2.90 ( s , 3H ) , 1.72 ( d , 
J = 12.5 Hz , 2H ) . 
[ 0273 ] 13C { { H } NMR ( 128 MHz , CD2CN , 298 K , 8 ) : 
163.2 ( d , J = 244.5 Hz ) , 162.3 , 154.5 ( dd , J = 261.4 Hz , 13.3 
Hz ) , 151.1 ( dd , J = 255.8 Hz , 13.5 Hz ) , 147.6 , 137.4 , 134.3 
( dd , J = 8.2 Hz , 3.8 Hz ) , 132.6 ( d , J = 3.1 Hz ) , 129.7 ( d , J = 8.3 
Hz ) , 124.5 ( d , J = 21.9 Hz ) , 123.7 , 120.9 ( d , J = 21.7 Hz ) , 
119.8 , 117.0 ( dd , J = 6.9 Hz , 3.5 Hz ) , 116.5 ( d , J = 21.9 Hz ) , 
111.9 , 103.0 ( b ) , 53.8 , 50.8 , 48.6 , 29.9 , 29.0 . 
[ 0274 ] 19F { ' H } NMR ( 471 MHz , CD2CN , 298 K , 8 ) : 
-116.6 ( s ) , -127.0 ( d , J = 20.6 Hz ) , -134.6 ( d , = 20.6 Hz ) . 
[ 0275 ] 31P { { H } NMR ( 203 MHz , CD , CN , 298 K , d ) : 
-145.5 ( sept , J = 707 Hz ) . 
[ 0276 ] HRMS - ESI ( m / z ) calc'd for C38H28F3N OS2 * 
[ M - PF6 ] * , 719.168390 ; found , 719.168070 ; deviation : 0.4 
ppm . 

2 

+ 

[ 0278 ] Under an ambient atmosphere , a 20 ml glass - vial 
was charged with 3,3 - diphenyl - 1 - propanol ( 23 ) ( 106 mg , 
0.50 mmol , 1.0 equiv . ) , and dry MeCN ( 2.0 ml , c = 0.25 M ) . 
Trifluoroacetic anhydride ( 0.21 ml , 0.32 g , 1.5 mmol , 3.0 
equiv . ) was added , and the reaction mixture was stirred for 
30 min . After cooling to 0 ° C. , tetrafluorothianthrene reagent 
( 97 % ( w / w ) tetrafluorothianthrene - S - oxide 1 , 3 % ( w / w ) 
tetrafluorothianthrene 2 , 141 mg , 0.45 mmol , 0.90 equiv . ) 
was added in one portion , followed by the addition of 
HBF OEt2 ( 82 ul , 97 mg , 0.60 mmol , 1.2 equiv . ) in one 
portion at 0 ° C. , leading to a purple suspension . The vial was 
sealed with a screw - cap , and the mixture was stirred at 0 ° C. 
for 1 h , followed by stirring at 25 ° C. for 18 h , until a slight 
purple solution was obtained . The reaction mixture was 
concentrated under reduced pressure , and diluted with 15 ml 
DCM . The DCM phase was poured onto a saturated aqueous 
NaHCO3 solution ( ca. 10 ml ) . The mixture was poured into 
a separatory funnel , and the layers were separated . The 
DCM layer was washed with aqueous NaBF4 solution ( 2xca . 
10 ml , 5 % w / w ) , and with water ( 2xca . 10 ml ) . The DCM 
layer was dried over Na2SO4 , filtered , and the solvent was 
removed under reduced pressure . The residue was purified 
by chromatography on silica gel eluting with DCM / i - PrOH , 
( 30 : 1 ( v / v ) ) . The product was dissolved in 5 ml DCM , and 
precipitated with 20 ml Et20 . The suspension was decanted , 
and the solid was dried in vacuo to afford 222 mg ( 76 % ) of 
23a as colorless solid . 

[ 0279 ] NMR Spectroscopy : 
[ 0280 ] ' H NMR ( 500 MHz , CD3CN , 298 K , 8 ) : 8.39 ( dd , 
J = 9.1 Hz , 7.2 Hz , 2H ) , 7.93 ( ddyd , J = 9.9 Hz , 7.0 Hz , 2.2 Hz , 
2H ) , 7.45 ( d , J = 8.7 Hz , 2H ) , 7.29-7.23 ( m , 4H ) , 7.20-7.14 
( m , 3H ) , 4.22 ( t , 7.8 Hz , 1H ) , 3.36-3.32 ( m , 2H ) , 2.65 ( bs , 
1H ) , 2.25-2.13 ( m , 2H ) . 
[ 0281 ] 13C { ' H } NMR ( 126 MHz , CD , CN , 298 K , 8 ) : ] 
154.8 ( dd , J = 261.8 Hz , 13.1 Hz ) , 152.7 , 151.6 ( dd , J = 255.5 
Hz , 13.5 Hz ) , 144.3 , 135.2-135.1 ( m ) , 131.0 , 129.8 , 129.5 , 
128.8 , 127.8 , 125.5 ( d , J = 22.1 Hz ) , 121.2 ( d , J = 21.9 Hz ) , 
120.8 , 115.3-115.2 ( m ) , 60.1 , 47.6 , 38.4 . 

3,3 - Diphenyl - 1 - propanol Derived Thianthrenium 
Salt 23a 

[ 0277 ] 

OH 

?? 
23 
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[ 0282 ] 19F { { H } NMR ( 471 MHz , CD , CN , 298 K , d ) : 
-126.3 ( dd , J = 20.4 Hz , 5.5 Hz ) , -134.6 ( dd , J = 20.5 Hz , 3.8 
Hz ) , -152.0 ( bs ) , -152.1 ( bs ) . 
[ 0283 ] HRMS - ESI ( m / z ) calc'd for C2 H29F4082 " 
[ M - BF4 ] " , 499.081040 ; found , 499.080799 ; deviation : 0.5 
ppm . 

+ 

Meclofenamic Acid Derived Thianthrenium Salt 
24a 

5 ml DCM , and precipitated with 20 ml Et20 . The solid was 
dried in vacuo to afford 270 mg ( 87 % ) of 24a as colorless 
solid . 
[ 0286 ] NMR Spectroscopy : 
[ 0287 ] ' H NMR ( 500 MHz , CD , CN , 298 K , 8 ) : 9.96 ( bs , 
1H ) , 9.79 ( bs , 1H ) , 8.21 ( d , J = 8.0 Hz , 2H ) , 7.95-7.88 ( m , 
3H ) , 7.84 ( yt , J = 7.7 Hz , 2H ) , 7.76 ( 4t , J = 7.7 Hz , 2H ) , 7.39 
( d , J = 8.3 Hz , 1H ) , 7.30 ( d , J = 8.3 Hz , 1H ) , 7.14 ( dd , J = 9.3 
Hz , 2.8 Hz , 1H ) , 6.34 ( d , J = 9.4 Hz , 1H ) , 2.36 ( s , 3H ) . 
[ 0288 ] 13C { { H } NMR ( 128 MHz , CD , CN , 298 K , 8 ) : 
168.4 , 152.7 , 138.2 , 136.7 , 135.8 , 135.3 , 134.9 , 134.0 , 
132.2 , 131.6 , 131.5 , 131.0 , 129.1 , 120.7 , 116.8 , 112.8 , 
109.4 , 20.5 . 
[ 0289 ] ° F { H } NMR ( 471 MHz , CD , CN , 298 K , 8 ) : 
-151.6 ( bs ) , -151.6 ( bs ) . 
[ 0290 ] HRMS - ESI ( m / z ) calc'd for C26H8C1 , F_NO_S2 + 
[ M - BF4 ] * , 510.015680 ; found , 510.015055 ; deviation : 1.2 
ppm . 

[ 0284 ] 

NaO . 19 
CI 

Me + gy + 
24 Famoxadone Derived Thianthrenium Salt 25a 
= V [ 0291 ] 

3.0 equiv . ( CF3CO ) 20 
2.2 equiv . triflic acid 

MeCN , -78 ° C. - 25 ° C. , 2 h 
' S 

Me S2 
N HO NH 

+ 

Me Botaos 25 

BF4 3.0 equiv . ( CF3CO ) 20 
1.2 equiv . HBF40Et2 
MeCN , 0-25 ° C. , 2 h 

24a , 87 % S 

S2 

Me 
NH 

BF4 
SH 

[ 0285 ] Under an ambient atmosphere , a 20 ml glass - vial 
was charged with meclofenamic acid sodium salt ( 24 ) ( 159 
mg , 0.50 mmol , 1.0 equiv . ) , and dry MeCN ( 2.0 ml , c = 0.25 
M ) . After cooling to -78 ° C. , trifluoroacetic anhydride ( 0.21 
ml , 0.32 g , 1.5 mmol , 3.0 equiv . ) was added to the frozen the 
reaction mixture . Thianthrene reagent ( 97 % ( w / w ) thian 
threne - S - oxide ( S2 ) , 3 % ( w / w ) thianthrene ( S1 ) , 116 mg , 
0.50 mmol , 1.0 equiv . ) was added in one portion , followed 
by the addition of triflic acid ( 84 ul , 0.13 g , 1.1 mmol , 2.2 
equiv . ) in one portion at -78 ° C. The vial was sealed with a 
screw - cap , and the mixture was allowed to stand at -78 ° C. 
for 1 h , followed by warming the reaction mixture to 25 ° C. 
over a period of 1 h . Subsequently , the mixture was stirred 
for 1 h at 25 ° C. The reaction mixture was concentrated 
under reduced pressure , and diluted with 5 ml DCM . The 
DCM phase was poured onto a saturated aqueous NaHCO3 
solution ( ca. 10 ml ) . The mixture was poured into a sepa 
ratory funnel and the layers were separated . The DCM layer 
was washed with aqueous NaBF4 solution ( 2xca . 10 ml , 5 % 
w / w ) , and with water ( 2xca . 10 ml ) . The DCM layer was 
dried over Na2SO4 , filtered , and the solvent was removed 
under reduced pressure . The residue was purified by chro 
matography on silica gel eluting with DCM / i - PrOH / 
HBF40Et2 ( 500 : 15 : 2 ( v / v / v ) ) . The product was dissolved in 

25a , 81 % 

[ 0292 ] Under an ambient atmosphere , a 20 ml glass - vial 
was charged with famoxadone ( 25 ) ( 187 mg , 0.50 mmol , 1.0 
equiv . ) , and dry MeCN ( 2.0 ml , c = 0.25 M ) . Trifluoroacetic 
anhydride ( 0.21 ml , 0.32 g , 1.5 mmol , 3.0 equiv . ) was added 
while stirring the reaction mixture . After cooling to 0 ° C. , 
thianthrene reagent ( 97 % ( w / w ) thianthrene - S - oxide S2 , 3 % 
( w / w ) thianthrene S1 , 116 mg , 0.50 mmol , 1.0 equiv . ) was 
added in one portion , followed by the addition of HBF40Et2 
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( 82 ul , 97 mg , 0.60 mmol , 1.2 equiv . ) in one portion at 0 ° C. , 
leading to a purple suspension . The vial was sealed with a 
screw - cap , and the mixture was stirred at 0 ° C. for 1 h , 
followed by stirring at 25 ° C. for 1 h , until a slight purple 
solution was obtained . The reaction mixture was concen 
trated under reduced pressure , and diluted with 5 ml DCM . 
The DCM phase was poured onto a saturated aqueous 
NaHCO3 solution ( ca. 10 ml ) . The mixture was poured into 
a separatory funnel , and the layers were separated . The 
DCM layer was washed with aqueous NaBF4 solution ( 2xca . 
10 ml , 5 % w / w ) , and with water ( 2xca . 10 ml ) . The DCM 
layer was dried over Na2SO4 , filtered , and the solvent was 
removed under reduced pressure . The residue was purified 
by chromatography on silica gel eluting with DCM / i - PrOH , 
( 30 : 1 ( v / v ) ) . The product was dissolved in 5 ml DCM , and 
precipitated with 20 ml Et20 . The suspension was decanted , 
and the solid was dried in vacuo to afford 275 mg ( 81 % ) of 
25a as colorless solid . 
[ 0293 ] NMR Spectroscopy : 
[ 0294 ] ' H NMR ( 600 MHz , CD , CN , 298 K , 8 ) : 8.23 
( dddyd , J = 8.0 Hz , 1.3 Hz , 0.8 Hz , 0.4 Hz , 2H ) , 7.92 ( dddyd , 
J = 8.0 Hz , 2.1 Hz , 1.3 Hz , 0.4 Hz , 2H ) , 7.84 ( ddyt , J = 8.0 Hz , 
7.5 Hz , 1.4 Hz , 2H ) , 7.76 ( dddyd , J = 7.9 Hz , 7.5 Hz , 1.3 Hz , 
0.4 Hz , 2H ) , 7.51-7.49 ( m , 2H ) , 7.48 ( bs ) , 7.41-7.38 ( m , 
2H ) , 7.21-7.18 ( m , 1H ) , 7.06 ( d , J = 9.1 Hz , 2H ) , 7.03-7.01 
( m , 4H ) , 6.79 ( d , J = 9.1 Hz , 2H ) , 1.96 ( s , 3H ) . 
[ 0295 ] 13C { ' H } NMR ( 151 MHz , CD , CN , 298 K , 8 ) : 
172.7 , 159.5 , 157.2 , 153.1 , 150.3 , 137.0 , 135.8 , 153.3 , 
131.6 , 131.4 , 131.4 , 131.1 , 130.9 , 127.6 , 125.2 , 120.5 , 
120.2 , 119.4 , 114.9 , 114.3 , 86.2 , 24.7 . 
[ 0296 ] ° F { H } NMR ( 565 MHz , CD , CN , 298 K , 8 ) : 
-151.4 ( bs ) , -151.5 ( bs ) . 
[ 0297 ] 15N NMR ( 61 MHz , CD , CN , 298 K , d ) : -222.7 , 
-293.0 . ( shifts taken from 2D spectrum ) . 
[ 0298 ] HRMS - ESI ( m / z ) calc'd for C3 H5F NO.S 
[ M - BF4 ] * , 589.125410 ; found , 589.125028 ; deviation : 0.6 
ppm . 

[ 0300 ] A 100 ml roundbottom flask was charged with 
MeOH ( 20 ml , c = 0.14 M ) , and indomethacin ( 1.00 g , 2.7 
mmol , 1.0 equiv . ) . Thionylchloride ( 0.70 ml , 1.1 g , 9.7 
mmol , 3.5 equiv . ) was added dropwise to the suspension 
over a period of 1 min , leading to a clear solution . After 5 
min , a colorless precipitate started to form , and the stirrer 
was turned off . The mixture was allowed to stand at 25 ° C. 
for 30 min , before the colorless crystals were collected by 
filtration through a glass - frit . The solid was washed with 
MeOH ( 20 ml ) , and dried in vacuo to afford 0.71 ( 1.9 
mmol , 68 % ) of 26 as colorless crystals . 
[ 0301 ] NMR Spectroscopy : 
[ 0302 ] " H NMR ( 500 MHz , CDC13 , 298 K , 8 ) : 7.66 ( d , 
J = 8.5 Hz , 2H ) , 7.47 ( d , J = 8.5 Hz , 2H ) , 6.96 ( d , = 2.5 Hz , 
1H ) , 6.86 ( d , J = 9.0 Hz , 1H ) , 6.67 ( dd , J = 9.0 Hz , 2.6 Hz , 1H ) , 
3.84 ( s , 3H ) , 3.70 ( s , 3H ) , 3.67 ( s , 2H ) , 2.39 ( s , 3H ) . 
[ 0303 ] 13C { H } NMR ( 126 MHz , CDC13 , 298 K , 8 ) : 
171.4 , 168.4 , 156.2 , 139.4 , 136.1 , 134.0 , 131.3 , 130.9 , 
130.8 , 129.2 , 115.1 , 112.6 , 111.7 , 101.4 , 55.8 , 52.3 , 30.2 , 
13.4 . 

9 

Indomethacin Methylester Derived Thianthrenium 
Salt 26a 

[ 0304 ] 

OMe 

Meo . 

Me 

+ 

Cl 

26 Indomethacin Methylester ( 26 ) 
= [ 0299 ] 

3.0 equiv . ( CF3CO ) 20 
COOH MeCN , 0-25 ° C. , 2 h 

' S 
Meo . S2 3.5 equiv . SOC12 OMe -Me 

MeOH , 25 ° C. , 
30 min Me 

| 
0 

CI Me 

indomethacin S + 

COOMe BF4 
Meo . CI 

Me 

26a , 85 % 

26a , 68 % 

[ 0305 ] Under an ambient atmosphere , a 20 ml glass - vial 
was charged with indomethacin methylester ( 26 ) ( 186 mg , 
0.50 mmol , 1.0 equiv . ) , and dry MeCN ( 2.0 ml , c = 0.25 M ) . 
After cooling to -78 ° C. , trifluoroacetic anhydride ( 0.21 ml , 
0.32 g , 1.5 mmol , 3.0 equiv . ) was added to the frozen the 
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- 

, 

reaction mixture . Thianthrene reagent ( 97 % ( w / w ) thian 
threne - S - oxide ( S2 ) , 3 % ( w / w ) thianthrene ( S1 ) , 116 mg , 
0.50 mmol , 1.0 equiv . ) was added in one portion at -78 ° C. 
The vial was sealed with a screw - cap , and the mixture was 
allowed to stand at -78 ° C. for 1 h , followed by warming the 
reaction mixture to 25 ° C. Subsequently , the mixture was 
stirred for 1 h at 25 ° C. The reaction mixture was concen 
trated under reduced pressure , and diluted with 5 ml DCM . 
The DCM phase was poured onto a saturated aqueous 
NaHCO3 solution ( ca. 10 ml ) . The mixture was poured into 
a separatory funnel , and the layers were separated . The 
DCM layer was washed with aqueous NaBF4 solution ( 2xca . 
10 ml , 5 % w / w ) , and with water ( 2xca . 10 ml ) . The DCM 
layer was dried over Na2SO4 , filtered , and the solvent was 
removed under reduced pressure . The residue was purified 
by chromatography on silica gel eluting with DCM / i - PrOH , 
( 30 : 1 ( v / v ) ) . The product was dissolved in 5 ml DCM , and 
precipitated with 20 ml Et20 . The suspension was decanted , 
and the solid was dried in vacuo to afford 286 mg ( 85 % ) of 
26a as a colorless solid . 
[ 0306 ] NMR Spectroscopy : 
[ 0307 ] ' H NMR ( 500 MHz , CD , CN , 298 K , 8 ) : 8.16 ( dyt , 
J = 7.9 Hz , 0.9 Hz , 2H ) , 7.79-7.77 ( m , 4H ) , 7.73-7.68 ( m , 
2H ) , 7.47 ( s ) , 7.27 ( s , 1H ) , 6.16 ( s , 1H ) , 3.97 ( s , 3H ) , 3.73 
( s , 2H ) , 3.64 ( s , 3H ) , 2.36 ( s , 3H ) . 
[ 0308 ] 13C { ' H } NMR ( 128 MHz , CD2CN , 298 K , d ) : 
171.8 , 168.3 , 154.4 , 142.7 , 140.5 , 138.0 , 136.5 , 135.9 , 
135.6 , 133.6 , 132.5 , 131.3 , 130.7 , 130.5 , 130.5 , 118.2 , 
115.6 , 113.8 , 104.4 , 103.5 , 58.0 , 52.7 , 29.9 , 13.3 . 
[ 0309 ] 9F { { H } NMR ( 471 MHz , CD , CN , 298 K , 8 ) : 
-152.6 ( bs ) , -152.7 ( bs ) . 
[ 0310 ] HRMS - ESI ( m / z ) calc'd for C32H25C1F_NO_S2 + 
[ M - BF4 ] " , 586.091180 ; found , 586.090807 ; deviation : 0.6 
ppm . 

( 2.0 ml , c = 0.13 M ) to each vial , the mixtures were degassed 
by purging with argon for 5 minutes . The vials were irra 
diated with LEDs ( 450 nm , 60 W ) at 22 ° C. for 18 h ( 3 
E / mmol ) . The combined reaction mixtures were concen 
trated under reduced pressure , and the residue was purified 
by chromatography on silica gel eluting with i - hexane / 
EtOAc , ( 20 : 1 ( v / v ) ) . The product was dried in vacuo to 
afford 255 mg ( 76 % ) of 27 as a colorless solid , still con 
taining B2Pinz . A sample of 27 free of B Pin , was prepared 
by dissolving the product in DCM , followed by addition of 
trifluoroacetic acid . The mixture was immediately loaded on 
a short silica column . The column was then eluted with 
DCM ( 200 ml ) . Subsequently elution was continued with 
DCM / NEtz ( 20 : 1 ( v / v ) ) . The eluate was concentrated , and 
the residue was dried in vacuo . The product was filtered 
through silica gel eluting with pentane / EtOAC ( 10 : 1 ( v / v ) ) to 
afford B Pin , free 27 . 
[ 0313 ] NMR Spectroscopy : 
[ 0314 ] ' H NMR ( 500 MHz , CDC13 , 298 K , 8 ) : 8.16 ( ddd , 
J = 5.0 Hz , 2.1 Hz , 0.8 Hz , 1H ) , 7.76 ( d , J = 8.6 Hz , 2H ) , 7.56 
( ddd , J = 8.4 Hz , 7.1 Hz , 2.0 Hz , 1H ) , 7.00-7.91 ( m , 6H ) , 6.86 
( ddd , J = 7.1 Hz , 5.1 Hz , 1.0 Hz , 1H ) , 6.75 ( d , J = 8.3 Hz , 1H ) , 
5.63-5.58 ( m , 1H ) , 4.20 ( dd , J = 9.9 Hz , 5.3 Hz , 1H ) , 4.09 ( dd , 
J = 9.9 Hz , 4.9 Hz , 1H ) , 1.50 ( d , J = 6.4 Hz , 3H ) , 1.34 ( s , 12H ) . 
[ 0315 ] 13C { { H } NMR ( 128 MHz , CDC13 , 298 K , d ) : 
163.2 , 161.4 , 155.6 , 149.7 , 146.9 , 138.8 , 136.7 , 121.3 , 
116.9 , 116.6 , 115.9 , 111.8 , 83.8 , 71.1 , 69.3 , 25.0 , 17.1 . 
[ 0316 ] HRMS - ESI ( m / z ) calc'd for C26H3 BNO , 
[ M + H ] * , 448.229110 ; found , 448.228979 ; deviation : 0.3 
ppm . 

+ Phosphonylpyriproxyfen 28 
[ 0317 ] 

Borylpyriproxyfen 27 
[ 0311 ] 

F 

5.0 equiv . 
P ( OPH ) 3 
4.9 equiv . 
pyridine 

20 mol % Nal 
3 mol % 

Ru ( bpy ) 3 ( PF6 ) 2 

Me F 
Me BF4 F 

5.0 equiv pyridine 
2.5 equiv B2pin2 

2.0 mol % 
Ru ( bpy ) 3 ( PF6 ) 2 BF4 

MeCN , 
blue LED 60 W , 
22 ° C. , 18 h 

MeCN , 
blue LED 60 W , 

22 ° C. , 3 h 
F 

F 
F 

cool cronologia 
o ovom 

13a 
13a 

Me Me 

Me 

Me OPh X Pho 

28 , 58 % 
Me Me 

27,76 % 

[ 0312 ] Under an ambient atmosphere , two 4 ml glass - vials 
equipped with teflon coated magnetic stirbars were in total 
charged with thianthrenium salt 13a ( 348 mg , 0.50 mmol , 
1.0 equiv . ) , Ru ( bpy ) 3 ( PF6 ) 2 ( 8.6 mg , 0.010 mmol , 2.0 mol 
% ) , B , Pin , ( 317 mg , 1.3 mmol , 2.5 equiv . ) , and pyridine 
( 202 ul , 0.20 g , 2.5 mmol , 5.0 equiv . ) . After adding MeCN 

[ 0318 ] Under an ambient atmosphere , a 4 ml glass vial 
was charged with thianthrenium salt 13a ( 174 mg , 0.25 
mmol , 1.0 equiv . ) , sodium iodide ( 7 mg , 0.05 mmol , 0.2 
equiv . ) , and tris- ( 2,2 - bipyridin ) -ruthenium ( II ) -hexafluoro 
phosphate ( 6 mg , 0.007 mmol , 3 mol % ) . The solids were 
dissolved in MeCN ( 2.0 ml , c = 0.13 M ) , and triphenylphos 
phite ( 0.33 ml , 0.39 g , 1.3 mmol , 5.0 equiv . ) , and pyridine 
( 0.10 ml , 98 mg , 1.2 mmol , 4.9 equiv . ) was added . The vial 
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was sealed with a septum - cap , and the reaction mixture was 
degassed by bubbling argon through the solution with a 
needle . The reaction mixture was irradiated with LEDs ( 450 
nm , 60 W ) for 3 h ( 0.5 E / mmol ) at 22 ° C. The reaction 
mixture was poured onto a mixture of water ( 15 ml ) , and 
EtOAc ( 15 ml ) . The layers were separated , and the aqueous 
layer was extracted with 10 ml EtoAc . The combined 
organic layers were dried over Na2SO4 , and the solvent was 
removed under reduced pressure . The crude product was 
purified by chromatography on silica gel eluting with pen 
tane / EtOAC ( 3 : 1 ( v / v ) ) to afford 80 mg ( 58 % ) of 28 as 
colorless viscous oil . 
[ 0319 ] NMR Spectroscopy : 
[ 0320 ] ' H NMR ( 500 MHz , CDC13 , 298 K , 8 ) : 8.16 ( ddd , 
J = 5.0 Hz , 1.9 Hz , 0.6 Hz , 1H ) , 7.88 ( dd , J = 13.4 Hz , 8.8 Hz , 
2H ) , 7.56 ( ddd , J = 8.7 Hz , 7.1 Hz , 2.0 Hz , 1H ) , 7.32-7.27 ( m , 
4H ) , 7.22-7.18 ( m , 4H ) , 7.16-7.12 ( m , 2H ) , 7.02-6.95 ( m , 
6H ) , 6.86 ( ddd , J = 7.1 Hz , 5.0 Hz , 1.0 Hz , 1H ) , 6.74 ( d , J = 8.4 
Hz , 1H ) , 5.64-5.55 ( m , 1H ) , 4.21 ( dd , J = 9.9 Hz , 5.3 Hz , 1H ) , 
4.10 ( dd , J = 9.9 HZ , 4.9 Hz , 1H ) , 1.50 ( d , J = 6.4 Hz , 3H ) . 
[ 0321 ] 3C { H } NMR ( 128 MHz , CDC13 , 298 K , d ) : 
163.1 , 163.0 ( d , J = 3.7 Hz ) , 156.2 , 150.5 ( d , J = 7.7 Hz ) , 
148.3 , 146.8 , 138.8 , 134.4 ( d , J = 11.9 Hz ) , 129.7 , 125.1 , 
121.8 , 120.6 ( d , J = 4.6 Hz ) , 119.5 ( d , J = 199 Hz ) , 116.8 , 
116.7 , 116.6 , 116.0 , 111.7 , 71.0 , 69.2 , 17.0 . 
[ 0322 ] 31P { ' H } NMR ( 203 MHz , CDC13 , 298 K , 8 ) : 12.1 
( s ) . 
[ 0323 ] HRMS - ESI ( m / z ) calc’d for C32H29NOGP [ M + H ] * , 
554.172703 ; found , 554.172780 , deviation : 0.1 ppm . 

saturated aqueous FeSO4.7H2O solution ( ca. 10 ml ) . The 
mixture was poured into a separatory funnel , and the layers 
were separated . The organic layer was washed with satu 
rated aqueous NaHCO3 solution ( ca. 10 ml ) , and with water 
( ca. 10 ml ) . The organic layer was dried over Na2SO4 , 
filtered , and the solvent was removed under reduced pres 
sure . The residue was purified by chromatography on silica 
gel eluting with i - hexane / EtOAc , ( 20 : 1 ( v / v ) ) . The product 
was dried in vacuo to afford 120 mg ( 69 % ) of 29 as a 
colorless solid . 
[ 0326 ] NMR Spectroscopy : 
[ 0327 ] ' H NMR ( 500 MHz , CDC13 , 298 K , 8 ) : 8.15 ( ddd , 
J = 5.0 Hz , 2.1 Hz , 0.8 Hz , 1H ) , 7.59-7.55 ( m , 3H ) , 6.98 ( s , 
4H ) , 6.94 ( d , J = 8.9 Hz , 2H ) , 6.87 ( ddd , J = 7.1 Hz , 5.0 Hz , 1.0 
Hz , 1H ) , 6.74 ( dyt , J = 8.2 Hz , 0.9 Hz , 1H ) , 5.63-5.57 ( m , 
1H ) , 4.21 ( dd , J = 9.9 Hz , 5.3 Hz , 1H ) , 4.09 ( dd , J = 9.9 Hz , 4.9 
Hz , 1H ) , 1.49 ( d , J = 6.4 Hz , 3H ) . 
[ 0328 ] 13C { ' H } NMR ( 128 MHz , CDC13 , 298 K , 8 ) : 
163.2 , 162.3 , 156.5 , 148.1 , 146.9 , 138.9 , 134.2 , 121.9 , 
119.1 , 117.3 , 117.0 , 116.3 , 111.8 , 105.4 , 71.2 , 69.3 , 17.2 . 
[ 0329 ] HRMS - ESI ( m / z ) calc'd for C2 , H19N2037 
[ M + H ] " , 347.139200 ; found , 347.139017 ; deviation : 0.5 
ppm . 
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+ 

Trifluoromethylthiopyriproxyfen 30 
[ 0330 ] 

2 

Cyanopyriproxyfen 
F 

[ 0324 ] BF4 Me 

1.1 equiv . 
NMASCF3 
1.0 equiv . 

F Cu ( MeCN ) 4BF4 
4.0 mol % 

Ru ( bpy ) 3 ( PF6 ) 2 
MeCN , 

blue LED 60 W , 
22 ° C. , 6 h F 

BF4 F 
Me soon 

ca 
F oro 

2.5 equiv . 
NBu4CN 
1.2 equiv . 

Cu ( MeCN ) 4BF4 
2.0 mol % 

Ru ( bpy ) 3 ( PF6 ) 2 
MeCN , 

blue LED 60 W , 
22 ° C. , 5 h ? 13a 

Me 

F 
" SCF3 

13a 30,53 % 
Me 

a 

29 , 69 % 

[ 0325 ] Under an ambient atmosphere , two 4 ml glass - vials 
equipped with teflon coated magnetic stirbars were in total 
charged with thianthrenium salt 13a ( 348 mg , 0.50 mmol , 
1.0 equiv . ) , Ru ( bpy ) 3 ( PF6 ) 2 ( 8.6 mg , 0.010 mmol , 2.0 mol 
% ) , NBu CN ( 336 mg , 1.3 mmol , 2.5 equiv . ) , and 
Cu ( MeCN ) 4BF4 ( 189 mg , 0.60 mmol , 1.2 equiv . ) . After 
adding MeCN ( 2.0 ml , c = 0.125 M ) to each vial , the mixtures 
were degassed by purging with argon for 5 minutes . The 
vials were irradiated with LEDs ( 450 nm , 60 W ) at 22 ° C. 
for 5 h ( 0.8 E / mmol ) . The combined reaction mixtures were 
diluted with EtoAc ( total ca. 10 ml ) , and poured onto a 

[ 0331 ] In a nitrogen - filled glovebox , a 4 ml glass - vial , 
equipped with a teflon coated magnetic stirbar , was charged 
with thianthrenium salt 13a ( 174 mg , 0.25 mmol , 1.0 equiv . ) , 
Ru ( bpy ) 3 ( PF ) 2 ( 8.6 mg , 0.010 mmol , 4.0 mol % ) , 
NMe_SCF3 ( 48 mg , 0.28 mmol , 1.1 equiv . ) , and Cu ( MeCN ) 
4BF4 ( 79 mg , 0.25 mmol , 1.0 equiv . ) . After adding dry 
MeCN ( 2.0 ml , c = 0.13 M ) , the vial was irradiated with 
LEDs ( 450 nm , 60 W ) at 22 ° C. for 6 h ( 1 E / mmol ) . The 
reaction mixture was concentrated under reduced pressure , 
and the residue was purified by chromatography on silica gel 
eluting with i - hexane / EtOAc , ( 20 : 1 ( v / v ) ) . The product was 
dried in vacuo to afford 56 mg ( 53 % ) of 30 as colorless 
viscous oil . 
[ 0332 ] NMR Spectroscopy : 
[ 0333 ] ' H NMR ( 500 MHz , CDC13 , 298 K , 8 ) : 8.15 ( ddd , 
J = 5.1 Hz , 2.1 Hz , 0.9 Hz , 1H ) , 7.60-7.53 ( m , 3H ) , 7.01-6.95 
( m , 4H ) , 6.92 ( d , J = 8.8 Hz , 2H ) , 6.87 ( ddd , J = 7.1 Hz , 5.0 Hz , 
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Iodopyriproxyten 32 

[ 0342 ] 

1.0 Hz , 1H ) , 6.75 ( d , J = 8.3 Hz , 1H ) , 5.63-5.56 ( m , 1H ) , 4.21 
( dd , J = 9.8 Hz , 5.3 Hz , 1H ) , 4.09 ( dd , J = 9.8 Hz , 4.8 Hz , 1H ) , 
1.49 ( d , J = 6.4 Hz , 3H ) . 
[ 0334 ] 13C { ' H } NMR ( 128 MHz , CDC13 , 298 K , d ) : 
163.3 , 161.5 , 156.2 , 148.8 , 146.9 , 138.9 , 138.4 , 129.7 ( 9 , 
J = 308 Hz ) , 121.7 , 117.8 , 117.0 , 116.6 , 116.1 , 111.8 , 71.2 , 
69.3 , 17.2 . 1 ° F NMR ( 471 MHz , CDC13 , 298 K , d ) : -43.7 . 
[ 0335 ) HRMS - ESI ( m / z ) calc'd for C2iH , F3NO2S + 
[ M + H ] * , 422.103200 ; found , 422.103227 ; deviation : 0.1 
ppm . 

9 
F 

Me crona 
1.0 equiv . 

Cu ( MeCN ) 4BF4 
10 equiv . 

LiI 
3.6 mol % 

Ru ( bpy ) 3 ( PF6 ) 2 
MeCN , 

blue LED 60 W , 
22 ° C. , 4 h 

BF4 . 
Chloropyriproxyfen 31 

F 

[ 0336 ] 
13a 

F 

2.5 equiv . 
NBu4C1 
2.0 equiv . 
Cuci 

2.0 mol % 
Ru ( bpy ) 3 ( PF6 ) 2 

BF4 . Me Me F o con MeCN , 
blue LED 60 W , 

22 ° C. , 3 h 
32 , 66 % 

F 

13b 

Me 

CI 4 

31 , 53 % 

a 

[ 0343 ] Under an ambient atmosphere , a 4 ml glass vial 
was charged with pyriproxyfen tetrafluorothianthrenium tet 
rafluoroborate 13b ( 174 mg , 0.25 mmol , 1.0 equiv . ) , Lil ( 402 
mg , 2.5 mmol , 10 equiv . ) , Cu ( MeCN ) 4BF4 ( 79 mg , 0.25 
mmol , 1.0 equiv . ) , and tris- ( 2,2 - bipyridin ) -ruthenium ( II ) 
hexafluorophosphate ( 7.8 mg , 0.0091 mmol , 3.6 mol % ) . 
The solids were dissolved in a mixture of MeCN ( 1.5 ml ) 
and DMSO ( 1.0 ml , c = 0.10 M ) . The vial was sealed with a 
septum - cap , and the reaction mixture was degassed by 
bubbling argon through the solution with a needle . The 
reaction mixture was irradiated with LEDs ( 450 nm , 60 W ) 
for 4 h ( 0.7 E / mmol ) at 22 ° C. The reaction mixture was 
poured onto a mixture of water ( 25 ml ) , and EtOAC ( 25 ml ) . 
The layers were separated and the aqueous layer was 
extracted with 25 ml EtoAc . The combined organic layers 
were dried over Na2SO4 , and the solvent was removed under 
reduced pressure . The residue was purified by chromatog 
raphy on silica gel eluting with pentane / EtoAc ( gradient 
from 200/1 to 50/1 ( v / v ) ) to afford 89 mg ( 66 % ) of 32 as 
colorless solid . 

[ 0337 ] Under an ambient atmosphere , two 4 ml glass 
vials , equipped with teflon coated magnetic stirbars , were in 
total charged with pyriproxyfen tetrafluorothianthrenium 
tetrafluoroborate 13b ( 348 mg , 0.50 mmol , 1.0 equiv . ) , 
Ru ( bpy ) ( PF . ) 2 ( 8.6 mg , 0.010 mmol , 2.0 mol % ) , NBU , CI 
( 347 mg , 1.3 mmol , 2.5 equiv . ) , and CuCl ( 99 mg , 1.0 mmol , 
2.0 equiv . ) . After adding MeCN ( 2.0 ml , c = 0.13 M ) to each 
vial , the mixtures were degassed by purging with argon for 
5 minutes . The vials were irradiated with LEDs ( 450 nm , 60 
W ) at 22 ° C. for 3 h ( 0.5 E / mmol ) . The combined reaction 
mixtures were concentrated under reduced pressure , and the 
residue was purified by chromatography on silica gel eluting 
with i - hexane / EtoAc , ( 20 : 1 ( v / v ) ) . The product was dried in 
vacuo to afford 96 mg ( 53 % ) of 31 as a colorless solid . 
[ 0338 ] NMR Spectroscopy : 
[ 0339 ] ' H NMR ( 500 MHz , CDC13 , 298 K , ) : 8.15 ( ddd , 
J = 5.1 Hz , 2.1 Hz , 0.9 Hz , 1H ) , 7.57 ( ddd , J = 8.4 Hz , 7.1 Hz , 
2.0 Hz , 1H ) , 7.24 ( d , J = 9.0 Hz , 2H ) , 6.96-6.91 ( m , 4H ) , 
6.88-6.84 ( m , 3H ) , 6.74 ( d , J = 8.4 Hz , 1H ) , 5.61-5.55 ( m , 
1H ) , 4.19 ( dd , J = 9.9 Hz , 5.3 Hz , 1H ) , 4.07 ( dd , J = 9.9 Hz , 4.9 
Hz , 1H ) , 1.48 ( d , J = 6.4 Hz , 3H ) . 
[ 0340 ] 13C { ' H } NMR ( 128 MHz , CDC13 , 298 K , ) : 
163.3 , 157.3 , 155.6 , 150.1 , 146.9 , 138.9 , 129.7 , 127.5 , 
120.9 , 118.9 , 116.9 , 116.0 , 111.8 , 71.1 , 69.2 , 17.0 . 
[ 0341 ] HRMS - ESI ( m / z ) calc'd for C20H 9CINO3 + 
[ M + H ] * , 356.105010 ; found , 356.104797 ; deviation : 0.6 
ppm . 

0344 ] NMR Spectroscopy : 

[ 0345 ] TH NMR ( 500 MHz , CDC13 , 298 K , 8 ) : 8.15 ( ddd , 
J = 5.0 Hz , 2.1 Hz , 0.8 Hz , 1H ) , 7.59-7.54 ( m , 3H ) , 6.98-6.92 
( m , 4H ) , 6.86 ( ddd , J = 7.1 Hz , 5.1 Hz , 1.0 Hz , 1H ) , 6.74 ( dyt , 
J = 8.3 Hz , 0.9 Hz , 1H ) , 6.70 ( d , J = 8.9 Hz , 2H ) , 5.63-5.55 ( m , 
1H ) , 4.19 ( dd , J = 9.8 Hz , 5.3 Hz , 1H ) , 4.08 ( dd , J = 9.9 Hz , 4.8 
Hz , 1H ) , 1.49 ( d , J = 6.4 Hz , 3H ) . 
[ 0346 ] 13C { { H } NMR ( 128 MHz , CDC13 , 298 K , 8 ) : 
163.3 , 158.8 , 155.7 , 149.7 , 146.9 , 138.8 , 138.6 , 121.1 , 
119.8 , 116.9 , 116.0 , 111.8 , 85.0 , 71.2 , 69.3 , 17.1 . 
[ 0347 ] HRMS - ESI ( m / z ) calc'd ( m / z ) calc'd for C20H1 , INO , + 
[ M + H ] " , 448.040416 ; found , 448.040230 , deviation : 0.4 
ppm . 

+ 
19 

+ 
3 
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Styrenylpyriproxyfen 33 
[ 0348 ] 

128.8 , 128.1 , 127.9 , 127.6 , 127.5 , 126.5 , 120.9 , 117.9 , 
116.9 , 115.9 , 111.8 , 71.2 , 69.4 , 17.1 . 
[ 0353 ] HRMS - EI ( m / z ) calc'd for C2H26NO3 + [ M ] * , 424 . 
190320 ; found , 424.190719 ; deviation : 0.9 ppm . 

+ 

F 

Me BF4 F Cyclopropylpyriproxyfen 34 ???? [ 0354 ] 

F 
F BF4 Me F 

5 mol % 

Pd ( PPh3 ) 2Cl2 
3.0 equiv . 
c - PrZnBr 

6.0 equiv . KOAC 
F 

13b o tome THF , 50 ° C. , 36 h F 
F 3.0 equiv NEtz 

15 mol % PPhz 
9.0 mol % Pd ( OAc ) 2 

13a 
Me 

DMF , 100 ° C. , 24 h 

34 , 59 % 

Me 
2 

N 

33 , 86 % 

a [ 0349 ] A 10 ml roundbottom flask , equipped with a teflon 
coated magnetic stirbar , was charged with thianthrenium salt 
13a ( 348 mg , 0.50 mmol , 1.0 equiv . ) , Pd ( OAC ) 2 ( 10 mg , 
0.045 mmol , 9.0 mol % ) , and PPhz ( 20 mg , 0.075 mmol , 15 
mol % ) . After adding DMF ( 2.0 ml , c = 0.25 M ) , the mixture 
was degassed by purging with argon for 5 minutes , followed 
by the addition of NEtz ( 209 ul , 0.15 g , 1.5 mmol , 3.0 
equiv . ) , and styrene ( 115 ul , 0.10 g , 1.0 mmol , 2.0 equiv . ) . 
The mixture was stirred at 100 ° C. for 24 h . The reaction 
mixture was concentrated under reduced pressure and the 
residue was purified by chromatography on silica gel eluting 
with i - hexane / EtOAc , ( 20 : 1 ( v / v ) ) . The product was dried in 
vacuo to afford 183 mg ( 86 % ) of 33 as a colorless solid . 
[ 0350 ) NMR Spectroscopy : 
[ 0351 ] ' H NMR ( 500 MHz , CDC13 , 298 K , D ) : 8.18 ( ddd , 
J = 5.1 Hz , 2.1 Hz , 0.8 Hz , 1H ) , 7.58 ( ddd , J = 8.4 Hz , 7.1 Hz , 
2.1 Hz , 1H ) , 7.51 ( d , J = 6.9 Hz , 2H ) , 7.46 ( d , J = 8.7 Hz , 2H ) , 
7.36 ( 4t , J = 7.7 Hz , 2H ) , 7.29-7.24 ( m , 1H ) , 7.11-6.93 ( m , 
8H ) , 6.87 ( ddd , J = 7.1 Hz , 5.0 Hz , 1.0 Hz , 1H ) , 6.77 ( d , J = 8.4 
Hz , 1H ) , 5.66-5.60 ( m , 1H ) , 4.22 ( dd , J = 9.9 Hz , 5.3 Hz , 1H ) , 
4.10 ( dd , J = 9.9 Hz , 4.9 Hz , 1H ) , 1.51 ( d , J = 6.4 Hz , 3H ) . 
[ 0352 ] 13C { H } NMR ( 128 MHz , CDC13 , 298 K , 8 ) : 
163.3 , 158.3 , 155.5 , 150.2 , 146.9 , 138.8 , 137.6 , 131.9 , 

[ 0355 ) A 10 ml Schlenk - tube , equipped with a magnetic ] 
stir bar , and fitted with a septum , was charged with Pd ( PPhz ) 
2012 ( 17.5 mg , 25 umol , 5.0 mol % ) , thianthrenium salt 13a 
( 348 mg , 0.50 mmol , 1.0 equiv . ) , and KOAC ( 294 mg , 3.0 
mmol , 6.0 equiv . ) . The flask was evacuated for 4 hours , then , 
it was filled with argon . After completing three evacuation / 
backfilling cycles , a THF solution of cyclopropylzinc bro 
mide ( 0.5 M , 3.0 ml , 1.5 mmol , 3.0 equiv . ) was slowly added 
to the mixture while stirring at 25 ° C. Subsequently , the 
mixture was heated to 50 ° C. , and stirred for 36 h at 50 ° C. 
The reaction mixture was quenched by the slow addition of 
ice - cold HCl ( 1 M , 20 ml ) , and was extracted with ethyl 
acetate ( 3x10 ml ) . The combined organic layers were dried 
over anhydrous Na2SO4 , filtered , and the solvent was 
removed under reduced pressure . The residue was purified 
by chromatography on silica gel eluting with ethyl acetate / 
i - hexane ( gradient from 1 : 100 to 1:70 ( v / v ) ) to afford 108 
mg ( 59 % ) of 34 as colorless oil . 
[ 0356 ] NMR Spectroscopy : 
[ 0357 ] ' H NMR ( 500 MHz , CDC13 , 298 K , 8 ) : 8.15 ( ddd , 
J = 5.0 Hz , 2.1 Hz , 0.8 Hz , 1H ) , 7.56 ( ddd , J = 8.4 Hz , 7.1 Hz , 
2.0 Hz , 1H ) , 7.01 ( d , J = 8.6 Hz , 2H ) , 6.95-6.88 ( m , 4H ) , 
6.87-6.82 ( m , 3H ) , 6.74 ( d , J = 8.3 Hz , 1H ) , 5.62-5.54 ( m , 
1H ) , 4.18 ( dd , J = 9.9 Hz , 5.3 Hz , 1H ) , 4.06 ( dd , J = 9.9 Hz , 4.9 
Hz , 1H ) , 1.87 ( tt , J = 8.4 Hz , 5.1 Hz , 1H ) , 1.48 ( d , J = 6.4 Hz , 
3H ) , 0.95-0.90 ( m , 2H ) , 0.66-0.62 ( m , 2H ) . 
[ 0358 ] 13C { ' H } NMR ( 128 MHz , CDC13 , 298 K , 8 ) : 
163.2 , 156.1 , 155.0 , 150.9 , 146.8 , 138.7 , 138.1 , 126.9 , 
120.3 , 117.9 , 116.8 , 115.7 , 111.7 , 71.2 , 69.3 , 17.2 , 14.8 , 8.8 . 
[ 0359 ] HRMS - ESI ( m / z ) calc'd for C23H24NO3 + [ M + H ] * , 
362.175150 ; found , 362.175069 ; deviation : 0.2 ppm . 
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Methylpyriproxyfen 35 Hexynylpyriproxyfen 36 
[ 0366 ) 

[ 0360 ] F 

Me BF4 F 

+ 

5 mol % 
Pd ( PPh3 ) 2Cl2 
3.0 equiv . 
MeZnBr 
6.0 equiv . 
???? 

BF4 F 

Me F 

F cooo THF , 50 ° C. , 
36 h 13a 

?. 

2.0 equiv 
N - methylmorpholine 

0.2 equiv Cul 
3.0 mol % Pd ( dppf ) Cl2 

13a 

dioxane , 40 ° C. , 
45 h 

Me Me 

Me 
Me 

35 , 78 % 
Me 

2 

36,95 % 

2 

[ 0361 ] A 10 ml Schlenk - tube , equipped with a magnetic 
stir bar , and fitted with a septum , was charged with Pd ( PPhz ) 
2012 ( 17.5 mg , 0.025 mmol , 5.0 mol % ) , pyriproxyfen 
tetrafluorothianthrenium tetrafluoroborate 13a ( 348 mg , 0.50 
mmol , 1.0 equiv . ) , and KOAC ( 294 mg , 3.0 mmol , 6.0 
equiv . ) . The flask was evacuated for 4 hours , then , it was 
filled with argon . After completing three evacuation / back 
filling cycles , anhydrous , and degassed THF ( 2.25 mL ) was 
added via a syringe . While stirring at 25 ° C. , a THF solution 
of methylzinc chloride ( 2.0 M , 0.75 ml , 1.5 mmol , 3.0 
equiv . ) was added slowly to the reaction mixture . The 
mixture was heated to 50 ° C. , and stirred for 36 h at 50 ° C. 
The reaction mixture was quenched by the slow addition of 
ice - cold HCl ( 1 M , 20 ml ) , and was extracted with ethyl 
acetate ( 3x10 ml ) . The combined organic layers were dried 
over anhydrous Na2SO4 , filtered , and the solvent was 
removed under reduced pressure . The residue was purified 
by chromatography on silica gel eluting with ethyl acetate / 
i - hexane ( gradient from 1 : 100 to 1:80 ( v / v ) ) to afford 131 
mg ( 78 % ) of 35 as a pale yellow oil . 
[ 0362 ] NMR Spectroscopy : 
[ 0363 ] " H NMR ( 500 MHz , CDC13 , 298 K , D ) : 8.15 ( ddd , 
J = 5.0 Hz , 2.0 Hz , 0.8 Hz , 1H ) , 7.57 ( ddd , J = 8.4 Hz , 7.1 Hz , 
2.0 Hz , 1H ) , 7.10 ( d , J = 8.3 Hz , 2H ) , 6.98-6.88 ( m , 4H ) , 
6.88-6.82 ( m , 3H ) , 6.74 ( dyt , J = 8.3 Hz , 0.9 Hz , 1H ) , 
5.62-5.55 ( m , 1H ) , 4.18 ( dd , J = 9.9 Hz , 5.4 Hz , 1H ) , 4.07 ( dd , 
J = 9.9 Hz , 4.9 Hz , 1H ) , 2.31 ( s , 3H ) , 1.48 ( d , J = 6.4 Hz , 3H ) . 
[ 0364 ] 13C { ' H } NMR ( 128 MHz , CDC13 , 298 K , ) : 
163.3 , 156.2 , 155.1 , 151.0 , 146.9 , 138.9 , 132.2 , 130.2 , 
120.4 , 118.0 , 116.9 , 115.9 , 111.8 , 71.2 , 69.5 , 20.8 , 17.2 . 
[ 0365 ] HRMS - ESI ( m / z ) calc’d for C2 H22NO3 + [ M + H ] * , 
336.159490 ; found , 336.159418 ; deviation : 0.2 ppm . 

[ 0367 ] Under an ambient atmosphere , a 10 ml roundbot 
tom flask , equipped with a teflon coated magnetic stirbar , 
and fitted with a septum , was charged with thianthrenium 
salt 13a ( 348 mg , 0.50 mmol , 1.0 equiv . ) , Pd ( dppf ) C12 ( 11 
mg , 0.015 mmol , 3.0 mol % ) , and Cul ( 19 mg , 0.10 mmol , 
20 mol % ) . After adding dioxane ( 2.0 ml , c = 0.25 M ) , the 
mixture was degassed by purging with argon for 5 minutes , 
followed by the addition of N - methylmorpholine ( 110 ul , 
0.10 g , 1.0 mmol , 2.0 equiv . ) , and 1 - hexyne ( 115 ul , 82 mg , 
1.0 mmol , 2.0 equiv . ) . The mixture was stirred at 40 ° C. for 
45 h . The reaction mixture was concentrated under reduced 
pressure , and the residue was purified by chromatography on 
silica gel eluting with i - hexane / EtOAC ( 20 : 1 ( v / v ) ) . The 
product was dried in vacuo to afford 191 mg ( 95 % ) of 36 as 
a colorless solid . 
[ 0368 ] NMR Spectroscopy : 
[ 0369 ] ' H NMR ( 500 MHz , CDC13 , 298 K , D ) : 8.15 ( ddd , 
J = 5.0 Hz , 2.1 Hz , 0.9 Hz , 1H ) , 7.56 ( ddd , J = 8.4 Hz , 7.1 Hz , 
2.0 Hz , 1H ) , 7.32 ( d , J = 8.8 Hz , 2H ) , 6.97-6.91 ( m , 4H ) , 
6.87-6.82 ( m , 3H ) , 6.75 ( dyt , J = 8.3 Hz , 0.9 Hz , 1H ) , 
5.63-5.56 ( m , 1H ) , 4.19 ( dd , J = 9.9 Hz , 5.3 Hz , 1H ) , 4.08 ( dd , 
J = 9.9 Hz , 4.9 Hz , 1H ) , 2.39 ( t , J = 7.1 Hz , 2H ) , 1.61-1.54 ( m , 
2H ) , 1.51-1.44 ( m , 5H ) , 0.95 ( t , J = 7.3 Hz , 3H ) . 
[ 0370 ] 13C { ' H } NMR ( 128 MHz , CDC13 , 298 K , d ) : 
163.3 , 158.1 , 155.6 , 149.9 , 146.9 , 138.8 , 133.1 , 121.1 , 
118.2 , 117.4 , 116.9 , 116.0 , 111.8 , 89.5 , 80.2 , 71.2 , 69.4 , 
31.0 , 22.2 , 19.2 , 17.1 , 13.8 . 
[ 0371 ] HRMS - ESI ( m / z ) calc'd for C26H2 NO , * [ M + H ] * , 
402.206450 ; found , 402.206369 ; deviation : 0.2 ppm . 

, 

+ + 
3 
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Vinylpyriproxyfen 37 
[ 0372 ] 

F scomis BF4 Me F 

+ + 

[ 0373 ] Under an ambient atmosphere , a 10 ml roundbot 
tom flask , equipped with a teflon coated magnetic stirbar , 
and fitted with a septum , was charged with thianthrenium 
salt 13a ( 348 mg , 0.50 mmol , 1.0 equiv . ) , Pd ( dppf ) C12 ( 11 
mg , 0.015 mmol , 3.0 mol % ) , K2CO3 ( 276 mg , 2.0 mmol , 
4.0 equiv . ) , and cyclohexylvinylboronic acid ( 154 mg , 1.0 
mmol , 2.0 equiv . ) . After adding EtOH ( 2.0 ml , c = 0.25 M ) 
the mixture was degassed by purging with argon for 5 
minutes . The mixture was stirred at 50 ° C. for 20 h . The 
reaction mixture was concentrated under reduced pressure . 
The residue was purified by chromatography on silica gel 
eluting with i - hexane / EtOAC ( 20 : 1 ( v / v ) ) . The product was 
dried in vacuo to afford 193 mg ( 90 % ) of 37 as a colorless 
solid . 

F 

13a 

Me Me 

Me Me 

, 4.0 equiv K2CO3 
3.0 mol % Pd ( dppf ) Cl2 

EtOH , 50 ° C. , 
20 h 

[ 0374 ] NMR Spectroscopy : 
[ 0375 ] ' H NMR ( 500 MHz , CDC13 , 298 K , d ) : 8.15 ( ddd , 
J = 5.0 Hz , 2.1 Hz , 0.8 Hz , 1H ) , 7.57 ( ddd , J = 8.4 Hz , 7.1 Hz , 
2.1 Hz , 1H ) , 7.28 ( d , J = 8.7 Hz , 2H ) , 6.96-6.90 ( m , 4H ) , 
6.89-6.85 ( m , 3H ) , 6.75 ( dyt , J = 8.3 Hz , 1.0 Hz , 1H ) , 6.30 
( dd , J = 15.9 Hz , 1.3 Hz , 1H ) , 6.07 ( dd , J = 16.0 Hz , 7.0 Hz , 
1H ) , 5.63-5.56 ( m , 1H ) , 4.19 ( dd , J = 9.8 Hz , 5.3 Hz , 1H ) , 
4.07 ( dd , J = 9.9 Hz , 4.9 Hz , 1H ) , 2.15-2.07 ( m , 1H ) , 1.83 
1.72 m , 4H ) , 1.71-1.65 ( m , 1H ) , 1.49 ( d , J = 6.4 Hz , 3H ) , 
1.38-1.26 ( m , 2H ) , 1.24-1.12 ( m , 3H ) . 

Me 

[ 0376 ] 13C { ' H } NMR ( 128 MHz , CDC13 , 298 K , 8 ) : 
163.3 , 157.4 , 155.2 , 150.7 , 146.9 , 138.8 , 135.9 , 135.9 , 
132.9 , 127.2 , 126.5 , 120.6 , 120.6 , 118.0 , 116.9 , 115.9 , 111.8 , 
71.2 , 69.4 , 41.3 , 33.2 , 26.3 , 26.2 , 17.2 . 
[ 0377 ] HRMS - ESI ( m / z ) calc'd for C28Hz.NO , + [ M + H ] * , 
430.237710 ; found , 430.237669 ; deviation : 0.1 ppm . 

+ 

Carboxyethylpyriproxyfen 38 
37 , 90 % 

[ 0378 ] 

F 

BF4 
Me ou cecais 2.0 equiv 

N - methylmorpholine 
1.0 bar CO 
3.0 mol % 
Pd ( dppf ) Cl2 
EtOH 
dioxane , 
50 ° C. , 
16 h 

13a 
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-continued Me mora OEt 38,91 % 

-continued 
-NEt2 

1.5 equiv . 
Cu ( MeCN ) 4BF4 
4.5 equiv . Lici 

1.1 equiv . CF3CO2H 
4 mol % 

Ru ( bpy ) 3 ( PF6 ) 2 

MeCN , blue LED 
60 W , Bu 

22 ° C. , 8 h 

[ 0379 ] Under an ambient atmosphere , a 20 ml roundbot 
tom flask , equipped with a teflon coated magnetic stirbar , 
and fitted with a septum , was charged with thianthrenium 
salt 13a ( 348 mg , 0.50 mmol , 1.0 equiv . ) , and Pd ( dppf ) C12 
( 11 mg , 0.015 mmol , 3.0 mol % ) . After adding EtOH ( 2.0 
ml ) , and dioxane ( 2.0 ml , c = 0.13 M ) the mixture was 
degassed by purging with argon for 5 minutes , followed by 
passing CO ( 1 bar ) through the orange suspension . N - meth 
ylmorpholine ( 101 mg , 1.0 mmol , 2.0 equiv . ) was added to 
the reaction mixture . Subsequently , the mixture was warmed 
to 50 ° C. The reaction was stirred 50 ° C. for 16 h . The 
reaction mixture was concentrated under reduced pressure 
and the residue was purified by chromatography on silica gel 
eluting with i - hexane / EtOAC ( 20 : 1 ( v / v ) ) . The product was 
dried in vacuo to afford 179 mg ( 91 % ) of 38 as a colorless 
solid . 
[ 0380 ] NMR Spectroscopy : 
[ 0381 ] " H NMR ( 500 MHz , CDC13 , 298 K , 8 ) : 8.15 ( ddd , 
J = 5.0 Hz , 2.1 Hz , 0.9 Hz , 1H ) , 7.92 ( dd , J = 5.5 Hz , 3.1 Hz , 
2H ) , 7.76 ( dd , J = 5.5 Hz , 3.0 Hz , 2H ) , 7.55 ( ddd , J = 8.4 Hz , 
7.1 Hz , 2.0 Hz , 1H ) , 7.34 ( d , J = 8.9 Hz , 1H ) , 7.06-6.99 ( m , 
4H ) , 6.97-6.94 ( m , 2H ) , 6.85 ( ddd , J = 7.1 Hz , 5.0 Hz , 1.0 Hz , 
1H ) , 6.74 ( dyt , J = 8.4 Hz , 0.8 Hz , 1H ) , 5.63-5.57 ( m , 1H ) , 
4.20 ( dd , J = 9.9 Hz , 5.3 Hz , 1H ) , 4.08 ( dd , J = 9.9 Hz , 4.8 Hz , 
1H ) , 1.49 ( d , J = 6.4 Hz , 3H ) . 
[ 0382 ] 3C { H } NMR ( 128 MHz , CDC13 , 298 K , 0 ) : 
167.5 , 163.2 , 158.4 , 155.7 , 149.6 , 146.8 , 138.7 , 134.4 , 
131.8 , 128.0 , 125.7 , 123.7 , 121.3 , 117.7 , 116.8 , 116.0 , 111.7 , 
71.1 , 69.3 , 17.1 . 
[ 0383 ] HRMS - ESI ( m / z ) calc'd for C23H24NO3 + [ M + H ] " , 
394.164940 ; found , 394.164899 ; deviation : 0.1 ppm . 

F 

F 

10a 

CF3CO2H 
-NEt2 

Chloroamiodarone 39 

[ 0384 ] 

-NET2 
Bu 

1.0 equiv . 2 
2.2 equiv . HBF40Et2 
3.0 equiv . ( CF3CO ) 20 
MeCN , 0-25 ° C. , 3 h 

Bu 
CI 

39 , 50 % 

[ 0385 ] Thianthrenation : Amidarone ( 10 ) was prepared 
from amiodarone hydrochloride by extraction from an aque 
ous Na2CO3 solution . In a 20 ml glass - vial , equipped with a 
teflon coated magnetic stirbar , amiodarone ( 10 ) ( 612 mg , 
0.95 mmol , 1.0 equiv . ) was dissolved in MeCN ( 3.7 ml , 

10 
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Cyanofamoxadone 40 
[ 0392 ] 

c = 0.26 M ) , subsequently , HBF40Et2 ( 0.13 ml , 0.15 g , 0.95 
mmol , 1.0 equiv . ) was added in one portion . After addition 
of trifluoroacetic acid anhydride ( 0.40 ml , 0.60 g , 2.8 mmol , 
3.0 equiv . ) , the reaction mixture was cooled to 0 ° C. , and 
reagent 2 ( 289 mg , 0.95 mmol , 1.0 equiv . ) was added , 
followed by addition of HBF_0Et2 ( 0.15 ml , 0.18 g , 1.1 
mmol , 1.2 equiv . ) . The reaction mixture was stirred for 1 h 
at 0 ° C. , followed by stirring for 2 h at 25 ° C. The reaction 
mixture was concentrated under reduced pressure . The resi 
due was dissolved in 5 ml DCM . The DCM phase was 
washed with aqueous NaHCO3 solution ( saturated , 10 ml ) , 
aqueous NaBF4 solution ( 10 ml ) , and water ( 10 ml ) . The 
organic layer was dried over Na S04 and the solvent was 
removed under reduced pressure and dried in vauco to afford 
914 mg of amiodaronethianthrenium - salt 10a as yellow 
foam . 

1.0 equiv . S2 
1.1 equiv . HBF40Et2 
2.0 equiv . ( CF3CO ) 20 

MeCN , 0-25 ° C. , 6 min 
Me 

HN 

25 

1.0 equiv . 
Cu ( MeCN ) 4BF4 

2.5 equiv . NBu4CN 
3 mol % 

Ru ( bpy ) 3 ( PF6 ) 2 
Me MeCN , blue LED 

60 W , 
22 ° C. , 7 h 

[ 0386 ] Chlorination : A 4 ml glass - vial , equipped with a 
teflon coated magnetic stirbar , was charged with thian 
threnium salt 10a ( 200 mg , 21.9 % of the previously synthe 
sized quantity , < 0.21 mmol , 1.0 equiv . ) , Ru ( bpy ) , ( PF ) 2 ( 6.7 
mg , 7.8 umol , > 3.8 mol % ) , LiCl ( 40 mg , 0.94 mmol , > 4.5 
equiv . ) , Cu ( MeCN ) BF4 ( 100 mg , 0.31 mmol , > 1.5 equiv . ) , 
and MeCN ( 1.5 ml , c = 0.13 M ) . Subsequently , trifluoroacetic 
acid ( 27 mg , 0.23 mmol , > 1.1 equiv . ) was added . The 
mixture was degassed by purging with argon for 1 minute . 
The vial was irradiated with LEDs ( 450 nm , 60 W ) at 22 ° C. 
for 8 h ( 2 E / mmol ) . To the reaction mixture was added 
aqueous Na2CO3 solution ( saturated , 1 ml ) , water ( 1 ml ) , 
and EtoAc ( 1 ml ) . The layers were separated , and the 
organic layer was extracted with EtoAc ( 4x1 ml ) . The 
combined organic layers were dried over K2CO3 and the 
solvent was removed . The residue was purified by chroma 
tography on silica gel eluting with pentane / EtOAc / 
CF CO2H , ( 16 : 20 : 1 to 8 : 28 : 1 ) . The product 39 - TFA was 
dried in vacuo to afford 83 mg ( 50 % over 2 steps ) of 39 - TFA 
as colorless oil . 

HN 

F st F 

F F 

25a 

[ 0387 ] NMR Spectroscopy : 
[ 0388 ] ' H NMR ( 500 MHz , CD , CN , 298 K , O ) : 9.79 ( bs , 
1H ) , 8.18 ( s , 2H ) , 7.59 ( d , J = 1.8 Hz , 1H ) , 7.44 ( d , J = 8.4 Hz , 
1H ) , 7.25 ( dd , J = 8.4 Hz , 1.8 Hz , 1H ) , 4.39 ( t , J = 4.9 Hz , 2H ) , 
3.71 ( bs , 2H ) , 2.74 ( t , J = 7.7 Hz , 2H ) , 1.73-1.65 ( m , 2H ) , 
1.37 ( t , J = 7.1 Hz , 6H ) , 1.29 ( ysext , J = 7.4 Hz , 2H ) , 0.86 ( t , 
J = 7.4 Hz , 3H ) . 

2 

Me 

HN [ 0389 ] 13C { { H } NMR ( 128 MHz , CD2CN , 298 K , 8 ) : 
188.2 , 167.9 , 161.2 , 154.7 , 141.4 , 140.0 , 131.0 , 126.6 , 
125.3 , 123.0 , 116.7 , 112.5 , 91.4 , 68.0 , 51.9 , 49.1 , 30.6 , 28.9 , 
23.2 , 14.0 , 9.3 . 

CN + 

[ 0390 ] ° F NMR ( 471 MHz , CD , CN , 298 K , d ) : -77.3 ( s ) . 
[ 0391 ] HRMS - ESI ( m / z ) calc'd for C25H29C1I_NO3 
[ M + H ] * , 679.991991 ; found , 679.992330 ; deviation : 0.5 
ppm . 

40 , 62 % 
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-continued 
F F 1.2 equiv . 

m - methoxyphenyl 
boronic acid 

2.0 equiv . K3PO4 
2 mol % 

Pd ( dppf ) Cl2 

F F 

0Ac i - ProH / dioxane , 
50 ° C. , 48 h ??? 

Aco 

AcO 
??? 

5a 
OMe 

OAC 
OAC 

Aco 

[ 0393 ] Thianthrenation : A 20 ml glass - vial , equipped with 
a teflon coated magnetic stirbar , was charged with famoxa 
done 25 ( 749 mg , 2.0 mmol , 1.0 equiv . ) , and ( nonfluori 
nated ) thianthrene - S - oxide ( S2 ) ( 465 mg , 2.0 mmol , 1.0 
equiv . ) followed by addition of MeCN ( 2.0 ml , c = 1.0 M ) . 
The mixture was cooled to 0 ° C. and HBF40Et2 ( 0.30 ml , 
0.36 g , 2.2 mmol , 1.1 equiv . ) was added . After stirring for 30 
s , trifluoroacetic acid anhydride ( 0.56 ml , 0.84 g , 4.0 mmol , 
2.0 equiv . ) was added at 0 ° C. in one portion . The mixture 
was stirred at 0 ° C. for 1 min , then , it was stirred at 25 ° C. 
for another 5 min . The mixture was diluted with 5 ml DCM , 
and quenched by addition of aqueous Na2CO3 solution 
( saturated , 5 ml ) . After stirring the biphasic mixture for 5 
min at 25 ° C. , the layers were separated by decantation . The 
aqueous layer was extracted with 5 ml EtoAc . The com 
bined organic layers were dried over Na S04 , and the 
solvent was removed under reduced pressure , yielding 1.36 
g of crude thianthrenium salt 25a as brown foam . 
[ 0394 ] Cyanation : A 4 ml glass - vial , equipped with a 
teflon coated magnetic stirbar , was charged with crude 
thianthrenium salt 25a ( 169 mg , 12.4 % of previously syn 
thesized quantity , < 0.25 mmol , 1.0 equiv . ) , Ru ( bpy ) 3 ( PF . ) 2 
( 6.4 mg , 7.5 umol , < 3.0 mol % ) , NBu CN ( 168 mg , 0.63 
mmol , < 2.5 equiv . ) , and Cu ( MeCN ) BF4 ( 79 mg , 0.25 
mmol , < 1.0 equiv . ) , and MeCN ( 2.0 ml , c = 0.13 M ) . Subse 
quently , DMSO ( 1.0 ml ) was added , leading to a clear 
solution . The mixture was degassed by purging with argon 
for 2 minutes . The vial was irradiated with LEDs ( 450 nm , 
60 W ) at 22 ° C. for 7 h ( 1 E / mmol ) . The reaction mixture 
was poured onto a mixture of EtOAC ( 5 ml ) , and water ( 5 
ml ) . The layers were separated by decantation . The aqueous 
layer was extracted with 5 ml EtoAc . The combined organic 
layers were dried over Na2SO4 , filtered through cotton wool , 
and the solvent was removed under reduced pressure . The 
residue was purified by chromatography on silica gel eluting 
with pentane / EtOAc , ( 3 : 2 ( v / v ) ) . The product was dried in 
vacuo to afford 62 mg ( 62 % over 2 steps ) of 40 as colorless 
oil . 
[ 0395 ] NMR Spectroscopy : 
[ 0396 ] ' H NMR ( 500 MHz , CDC13 , 298 K , d ) : 7.55-7.50 
( m , 4H ) , 7.38 ( dd , J = 8.6 Hz , 7.4 Hz , 2H ) , 7.18 ( tt , J = 7.4 Hz , 
1.0 Hz , 1H ) , 7.08-7.01 ( m , 4H ) , 6.69 ( d , J = 8.8 Hz , 2H ) , 6.49 
( s , 1H ) , 2.00 ( s , 3H ) . 
[ 0397 ] 13C ( ' H } NMR ( 128 MHz , CDC13 , 298 K , 8 ) : 
171.7 , 59.0 , 156.1 , 152.3 , 147.9 , 134.0 , 130.1 , 129.8 , 126.1 , 
124.4 , 119.8 , 118.9 , 118.8 , 113.6 , 105.8 , 85.6 , 25.7 . 
[ 0398 ] HRMS - ESI ( m / z ) calc'd for C23Hi N204 
[ M - H ] , 398.114631 ; found , 398.114710 ; deviation : 0.2 
ppm . 

Aco 
??? 

41 

A : 87 % ( 1.23 g ) 
B : 75 % ( 22.7 g ) 

[ 0400 ] ( A ) Thianthrenation : In a 50 ml round bottom flask , 
equipped with a teflon coated magnetic stirbar , salicin 
pentaacetate ( 5 ) ( 2.01 g , 4.04 mmol , 1.00 equiv . ) was 
suspended in MeCN ( 16 ml , c = 0.25 M ) . Subsequently , 
trifluoroacetic anhydride ( 1.68 ml , 2.6 g , 12 mmol , 3.0 
equiv . ) was added . The reaction mixture was cooled to 0 ° C. , 
followed by addition of tetrafluorothianthrene - S - oxide 1 
( 1.23 g , 4.0 mmol , 1.0 equiv . ) . At 0 ° C. , BF30Et2 ( 0.80 ml , 
0.92 g , 6.5 mmol , 1.6 equiv . ) was added in one portion . The 
mixture was stirred at 0 ° C. for 1 h , and subsequently 3 h at 
25 ° C. The reaction mixture was added slowly to a vigor 
ously stirred mixture of aqueous NaHCO3 solution ( satu 
rated , 80 ml ) , and DCM ( 80 ml ) . The mixture was trans 
ferred into a separatory funnel , and layers were separated . 
The organic layer was subsequently washed with NaHCO3 
solution ( saturated , 2x100 ml ) , and water ( 100 ml ) . The 
organic layer was dried over Na2SO4 , and the solvent was 
removed under reduced pressure . The residue was dissolved 
in DCM , and subsequently precipitated by addition of Et , O . 
After several minutes , the mixture was decanted , and the 
residue was dried in vacuo to afford 3.70 g of 5a as colorless 
foam . 
[ 0401 ] Suzuki - coupling : A 10 ml Schlenk - tube , equipped 
with a magnetic stir bar , and fitted with a septum , was 
charged with Pd ( dppf ) C12 ( 35 mg , 48 umol , 2.0 mol % ) , 
thianthrenium salt 5a ( 2.15 g , 58.2 % of previously synthe 
sized quantity , < 2.4 mmol , 1.0 equiv . ) , 3 - methoxyphenyl 
boronic acid ( 438 mg , 2.9 mmol , > 1.2 equiv . ) , and K3PO4 
( 1.02 g , 4.8 mmol , > 2.0 equiv . ) . The solids were suspended 
in a mixture of 6.0 ml i - PrOH and 6.0 ml dioxane ( c = 0.20 
M ) . The reaction mixture was degassed by purging with 
argon for 45 min , followed by evacuating and backfilling 
with argon . The mixture was heated to 50 ° C. , and stirred at 

Methoxyphenylsalicin Pentaacetate 41 
[ 0399 ] 

1.0 equiv . 1 
1.6 equiv . BF40Et2 

3.0 equiv . ( CF3CO ) 20 OAC 
??? 

Aco MeCN , 0-25 ° C. , 4 h 

AcO 
??? 
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of 41 as a pale yellow foam , and a third portion of TFT 2 of 
0.912 g as colorless crystals , resulting is a total of 11.1 g 
( 76 % ) of recovered TFT 2 . 
[ 0404 ] NMR Spectroscopy : 
[ 0405 ] ' H NMR ( 500 MHz , CDC13 , 298 K , d ) : 7.55 ( d , 
J = 2.4 Hz , 1H ) , 7.48 ( dd , J = 8.4 Hz , 2.4 Hz , 1H ) , 7.34 ( 4t , 
J = 7.9 Hz , 1H ) , 7.14 ( d , J = 8.5 Hz , 1H ) , 7.11 ( ddd , J = 7.7 Hz , 
1.7 Hz , 0.9 Hz , 1H ) , 7.05 ( 4t , J = 2.1 Hz , 1H ) , 6.88 ( ddd , 
J = 8.2 Hz , 2.6 Hz , 0.9 Hz , 1H ) , 5.36-5.29 ( m , 2H ) , 5.22 ( m , 
4H ) , 4.29 ( dd , J = 12.3 Hz , 5.3 Hz , 1H ) , 4.20 ( dd , J = 12.3 Hz , 
2.6 Hz , 1H ) , 3.90-3.86 ( m , 1H ) , 3.86 ( s , 3H ) , 2.11 ( s , 6H ) , 
2.08 ( s , 3H ) , 2.05 ( s , 3H ) , 2.05 ( s , 3H ) . 
[ 0406 ] 13C { ' H } NMR ( 128 MHz , CDC13 , 298 K , 8 ) : 
170.8 , 170.7 , 170.3 , 169.5 , 169.4 , 160.1 , 154.2 , 141.8 , 
136.7 , 130.0 , 128.5 , 128.2 , 126.6 , 119.6 , 116.3 , 113.1 , 112.6 , 
99.5 , 72.7 , 72.2 , 71.1 , 68.4 , 62.0 , 61.2 , 55.4 , 21.1 , 20.8 , 20.7 , 
20.7 . 
[ 0407 ] HRMS - ESI ( m / z ) calc'd for C30H34013Na 
[ M + Na ] * , 625.190040 ; found , 625.189164 ; deviation : 1.4 
ppm . 
[ 0408 ] Carboxyethylstrychnine 42 

a 

F 

F 
BF4 

3.0 mol % 
Pd ( dppf ) Cl2 
2.0 equiv 

N - Methylmorpholine 
H 1 

F N H 

50 ° C. for 48 h . The reaction mixture was allowed to cool to 
25 ° C. , and was diluted with aqueous NaHCO3 solution 
( saturated , 40 ml ) , and was extracted with ethyl acetate 
( 3x20 ml ) . The combined organic layers were dried over 
anhydrous Na2SO4 , filtered , and the solvent was removed 
under reduced pressure . The residue was purified by chro 
matography on silica gel eluting with EtoAc / i - hexane ( gra 
dient from 1:50 to 1 : 1 ( v / v ) ) to afford 1.23 g ( 87 % over two 
steps ) of 41 as a pale yellow solid , and 0.607 g ( 89 % 
recovered ) of 2 as colorless crystals . 
[ 0402 ] ( B ) Thianthrenation : In a 500 ml round bottom 
flask , equipped with a teflon coated magnetic stirbar , salicin 
pentaacetate ( 5 ) ( 25.0 g , 0.050 mol , 1.0 equiv . ) was sus 
pended in 200 ml MeCN ( c = 0.25 M ) . Subsequently , trifluo 
roacetic anhydride ( 21.0 ml , 32 g , 0.15 mol , 3.0 equiv . ) was 
added . The reaction mixture was cooled to 0 ° C. , followed 
by addition of tetrafluorothianthrene - S - oxide 1 ( 15.3 g , 0.50 
mol , 1.0 equiv . ) . At 0 ° C. BF20Et2 ( 9.94 ml , 11 g , 81 mmol , 
1.6 equiv . ) was added in one portion . The mixture was 
stirred at 0 ° C. for 1 h , and subsequently 3 h at 25 ° C. The 
reaction mixture was added slowly to a vigorously stirred 
mixture of aqueous NaHCO3 solution ( saturated , 300 ml ) , 
and DCM ( 300 ml ) . The mixture was transferred into a 
separatory funnel , and the layers were separated . The 
organic layer was sequentially washed with NaHCO3 solu 
tion ( saturated , 2x400 ml ) , and water ( 400 ml ) . The organic 
layer was dried over Na S04 , and the solvent was removed 
under reduced pressure . The residue was dried in vacuo to 
afford 41.1 g of 5a as colorless foam . 
[ 0403 ] Suzuki - coupling : A1 L round bottom flask , 
equipped with a magnetic stir bar , and fitted with a septum , 
was charged with Pd ( dppf ) C12 ( 0.669 g , 0.914 mmol , 2.0 
mol % ) , thianthrenium salt 5a ( 41.1 g , 100 % of previously 
synthesized quantity , < 0.050 mol , 1.0 equiv . ) , 3 - methoxy 
phenyl - boronic acid ( 8.36 g , 55 mmol , > 1.1 equiv . ) and 
K3PO4 ( 19.5 g , 92 mmol , > 1.8 equiv . ) . The mixture was 
suspended in a mixture of 114 ml i - PrOH and 114 ml 
dioxane ( c < 0.22 M ) . The reaction mixture was degassed by 
purging with argon for 45 minutes , followed by evacuating 
and backfilling with argon . The mixture was heated to 50 ° C. 
and was stirred at 50 ° C. for 48 h . the reaction mixture was 
allowed to cool to 25 ° C. overnight . The reaction mixture 
was filtered through a glass - frit . The solid was sequentially 
washed with aqueous NaHCO3 solution ( saturated , 3x50 
ml ) , water ( 3x50 ml ) , and a mixture of EtOH and EtOAC 
( 10 : 1 , 3x50 ml ) . The organic filtrates were combined . The 
filter cake was dried in vacuo to afford a first portion of TFT 
2 of 5.93 g as colorless crystals . The combined organic 
filtrates were concentrated and subsequently re - dissolved in 
EtOAC ( 400 ml ) . Subsequently the organic phase was 
washed with aqueous NaHCO3 solution ( saturated , 2x100 
ml ) , water ( 2x100 ml ) , dried over anhydrous Na2SO4 , 
filtered , and the solvent was removed under reduced pres 
sure . The residue was dissolved in the lowest possible 
volume of EtoAc ( ca. 100 ml ) at 50 ° C. The solution was 
cooled to 25 ° C. before it was kept at -18 ° C. for 4 h . The 
resulting precipitate was collected by filtration , and rinsed 
with EtOH ( 3x50 ml ) . The solid was dried in vacuo to afford 
a second portion of TFT 2 of 4.23 g as colorless crystals . The 
organic solution was concentrated under reduced . The 
resulting residue was purified by chromatography on silica 
gel ( dry loading ) eluting with EtOAc / i - hexane ( gradient 
from 1:50 to 2 : 3 ( v / v ) ) to afford 22.7 g ( 75 % over two steps ) 

CO ( 1.0 bar ) 
EtOH 

Dioxane , 
50 ° C. , 
30 h 

F 

18a 

Eto 

NH 

42 , 75 % 

[ 0409 ] A 10 ml Schlenk - tube , equipped with a magnetic ] 
stir bar , and fitted with a septum , was charged with Pd ( dppf ) 
C12 ( 3.3 mg , 0.0045 mmol , 3.0 mol % ) , strychnine tetrafluo 
rothianthrenium tetrafluoroborate 18a ( 106 mg , 0.15 mmol , 
1.0 equiv . ) . The mixture was dissolved in dry EtOH ( 0.80 
ml ) , and dry dioxane ( 0.20 ml ) ( c = 0.15 M ) , followed by the 
addition of N - methylmorpholine ( 33 ul , 0.30 mmol , 3.0 
equiv . ) . The reaction mixture was degassed by freezing in 
liquid N2 , followed by evacuating and backfilling with argon 
( 3 cycles ) . Subsequently , the vessel was evacuated , and 
backfilled with CO ( 1 bar ) by the means of a CO balloon . 
The mixture was heated to 50 ° C. , and stirred for 30 h at 50 ° 
C. The reaction was diluted with aqueous NaHCO3 solution 
( saturated , 20 ml ) , and was extracted with ethyl acetate 
( 3x10 ml ) . The combined organic layers were dried over 
anhydrous Na2SO4 , filtered , and the solvent was removed 
under reduced pressure . The residue was purified by chro 
matography on silica gel eluting with DCM / EtOH / NEtz 
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( gradient from 150 : 1 : 3 to 90 : 3 : 2 ( v / v / v ) ) to afford 46 mg 
( 75 % ) of 42 as a pale yellow solid . 
[ 0410 ] NMR Spectroscopy : 
[ 0411 ] H NMR ( 500 MHz , CDC13 , 298 K , d ) : 8.11 ( d , 
J = 8.5 Hz , 1H ) , 7.99 ( dd , J = 8.5 Hz , 1.8 Hz , 1H ) , 7.86 ( d , 
J = 1.7 Hz , 1H ) , 5.96 ( s , 1H ) , 4.36 ( 9 , J = 7.1 Hz , 2H ) , 4.30 
( dyt , J = 8.4 Hz , 3.3 Hz , 1H ) , 4.17 ( dd , J = 13.8 Hz , 7.0 Hz , 
1H ) , 4.10-4.03 ( m , 2H ) , 3.94 ( d , J = 10.5 Hz , 1H ) , 3.79-3.74 
( m , 1H ) , 3.32-3.29 ( m , 1H ) , 3.20-3.13 ( m , 2H ) , 2.95-2.88 
( m , 1H ) , 2.79 ( d , J = 14.7 Hz , 1H ) , 2.69 ( dd , J = 17.6 Hz , 3.2 
Hz , 1H ) , 2.40 ( dyt , J = 14.5 Hz , 4.3 Hz , 1H ) , 1.99-1.92 ( m , 
1H ) , 1.48 ( d , J = 14.6 Hz , 1H ) , 1.39 ( t , J = 7.1 Hz , 3H ) , 1.30 
( dyt , J = 10.5 Hz , 3.0 Hz , 2H ) . 
[ 0412 ] 13C { H } NMR ( 128 MHz , CDC13 , 298 K , d ) : 
169.7 , 166.3 , 146.1 , 140.1 , 133.1 , 131.2 , 127.9 , 124.1 , 
115.7 , 77.4 , 64.8 , 61.1 , 60.8 , 60.4 , 52.8 , 51.8 , 50.5 , 48.3 , 
42.9 , 42.7 , 31.7 , 27.0 , 14.5 . 
[ 0413 ] HRMS - ESI ( m / z ) calc'd for C24H2 - N204 + 
[ M + H ] * , 407.196760 ; found , 407.196533 ; deviation : 0.6 
ppm . 

mg , 6.0 umol , 2.0 mol % ) , potassium phosphate ( 127 mg , 
0.60 mmol , 2.0 equiv . ) , i - PrOH ( 1.2 ml ) and 1,4 - dioxane 
( 1.2 ml , c = 0.13 M ) . The mixture was degassed by purging 
with Ar for 1 min . The vial was sealed , and stirred at 50 ° C. 
for 18 h . The mixture was diluted with DCM ( 10 ml ) , and 
washed with water ( 20 ml ) . The aqueous layer was extracted 
with DCM ( 10 ml ) . The combined organic layers were dried 
over MgSO4 , filtered , and the solvent was removed under 
reduced pressure . The residue was dissolved in DCM ( 5 ml ) 
and purified by column chromatography on silica gel , elut 
ing with i - hexane / EtoAc ( 9 : 1 gradient to 7 : 3 , v : v ) to afford 
113 mg ( 92 % ) of 146 as colorless crystals . 
[ 0416 ] NMR Spectroscopy : 
[ 0417 ] ' H NMR ( 500 MHz , CDC13 , 298 K , 8 ) : 7.71-7.68 
( m , 4H ) , 7.64 ( d , J = 8.4 Hz , 2H ) , 7.42-7.35 ( m , 3H ) , 7.24 
( ddd , J = 7.6 Hz , 1.7 Hz , 1.0 Hz , 1H ) , 7.18 ( dd , J = 2.5 Hz , 1.6 
Hz , 1H ) , 6.94 ( ddd , J = 8.2 Hz , 2.6 Hz , 1.0 Hz , 1H ) , 3.89 ( s , 
3H ) . 
[ 0418 ] 13C { ' H } NMR ( 128 MHz , CDC13 , 298 K , d ) : 
160.2 , 149.1 , 142.0 , 141.3 , 141.0 , 138.4 , 130.0 , 128.0 , 
127.9 , 127.7 , 121.8 , 119.7 , 118.9 ( q , J = 321 Hz ) , 113.1 , 
113.0 , 55.5 . 
[ 0419 ] 19F NMR ( 128 MHz , CDC13 , 298 K , 8 ) : -72.8 ( s ) . 
[ 0420 ] HRMS - EI ( m / z ) calc'd for C20H1504F25 + [ M ] * , 
408.064318 ; found , 408.064557 ; deviation : 0.6 ppm . 

. 

27 

Suzuki - Coupling of a Triflylated Thianthrenium 
Salt 

[ 0414 ] 

TfO a 
F Suzuki - Coupling of a Brominated Thianthrenium 

Salt 
F. 

[ 0421 ] 

S + 
+ 

BF4 F 

F Br 

BF4 + 

119a 

?? . OH 
B F 2.0 equiv . K3PO4 

2.0 mol % Pd ( dppf ) Cl2 
119a 1,4 - dioxane , i - PrOH , 1/1 , 

50 ° C. , 18 h HO OH 
OMe 

S14 , 1.0 equiv . 
TfO 

3.0 equiv . K3PO4 
2.0 mol % Pd ( dppf ) Cl2 
1,4 - dioxane , i - PrOH , 1/1 , 

50 ° C. , 20 h 
OMe 

S14 , 1.05 equiv . 
OMe 

OMe 
Br 

146,92 % 

147 , 96 % 
[ 0415 ] Under an ambient atmosphere , a 4 ml glass - vial 
equipped with a magnetic stirbar was charged with thian 
threnium salt 119a ( 203 mg , 0.30 mmol , 1.0 equiv . ) , boronic 
acid S14 ( 46 mg , 0.30 mmol , 1.0 equiv . ) , Pd ( dppf ) C12 ( 4.4 

[ 0422 ] Under an ambient atmosphere , a 20 ml glass - vial , 
equipped with a teflon - coated magnetic stir bar , was charged a 
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with thianthrenium salt 119a ( 187 mg , 0.30 mmol , 1.0 
equiv . ) , boronic acid S14 ( 47.9 mg , 0.32 mmol , 1.05 equiv . ) , 
K3PO4 ( 191 mg , 0.90 mmol , 3.0 equiv . ) , Pd ( dppf ) Cl2 ( 4.4 
mg , 6.0 umol , 2.0 mol % ) , i - PrOH ( 1.6 ml ) and 1,4 - dioxane 
( 1.6 ml ) . The mixture was degassed by purging with Ar for 
1 min . The vial was sealed , and the mixture was stirred at 
50 ° C. for 20 h . After the reaction mixture had cooled to 25 ° 
C. , the mixture was poured into a separatory funnel onto 
water ( 15 ml ) . The aqueous layer was extracted with EtOAC 
( 3x20 ml ) . The combined organic layers were dried over 
Na2SO4 , filtered , and concentrated under reduced pressure . 
The residue was purified by chromatography on silica gel 
eluting with i - hexane / EtOAC ( 1 : 0 gradient to 200 : 1 ) to 
afford 103 mg ( 96 % ) of 147 as colorless oil , which crystal 
lized after one day . 
[ 0423 ] NMR Spectroscopy : 
[ 0424 ] " H NMR ( 500 MHz , CDC13 , 298 K , 8 ) : 7.57 ( d , 
J = 8.7 Hz , 2H ) , 7.46 ( d , J = 8.9 Hz , 2H ) , 7.37 ( 4t , J = 7.9 Hz ) , 
7.17 ( ddd , J = 7.6 Hz , 1.7 Hz , 1.0 Hz , 1H ) , 7.12 ( dd , v = 2.6 Hz , 
1.7 Hz , 1H ) , 7.07 ( d , J = 8.7 Hz , 2H ) , 6.95 ( d , J = 8.9 Hz , 2H ) , 
6.91 ( ddd , J = 8.2 Hz , 2.6 Hz , 0.9 Hz , 1H ) . 
[ 0425 ] 13C { ' H } NMR ( 128 MHz , CDC1z , 298 K , ) : 
160.0 , 156.5 , 141.9 , 136.7 , 132.8 , 129.9 , 132.8 , 128.6 , 
120.6 , 119.5 , 119.2 , 115.8 , 112.8 , 112.5 , 55.3 . 
[ 0426 ] HRMS - EI ( m / z ) calc'd for C , H , O , Br * [ M ] * , 
354.025555 ; found , 354.025235 ; deviation : 0.9 ppm . 

( 5x10 ml ) . The combined organic layers were dried over 
Na2SO4 , filtered , and the solvent was removed under 
reduced pressure . The residue was purified by column 
chromatography on silica gel , eluting with i - hexane / EtOAC 
( 1 : 0 gradient to 3 : 1 ( v / v ) ) to afford 93 mg ( 86 % ) of 150 as 
a white solid . 
[ 0429 ] NMR Spectroscopy : 
[ 0430 ] ' H NMR ( 500 MHz , CDC13 , 298 K , d ) : 9.00 ( d , 
J = 1.6 Hz , 1H ) , 8.61 ( dd , J = 2.5 Hz , 1.6 Hz , 1H ) , 8.48 ( d , 
J = 2.6 Hz , 1H ) , 8.01 ( d , J = 8.9 Hz , 2H ) , 7.47 ( d , J = 9.0 Hz , 
2H ) , 7.11 ( d , J = 8.8 Hz , 2H ) , 6.95 ( d , J = 9.0 Hz , 2H ) . 
[ 0431 ] 13C { { H } NMR ( 128 MHz , CDC13 , 298 K , d ) : 
158.9 , 155.8 , 152.3 , 144.3 , 142.5 , 141.7 , 133.0 , 131.5 , 
128.8 , 121.2 , 119.1 , 116.6 . 
[ 0432 ] HRMS - ESI ( m / z ) calc'd for CH2BrN20 + 
[ M + H ] * , 327.012762 ; found , 327.012760 ; deviation : 0.01 
ppm . 

) 

2 

Photoredox Mediated Coupling of an Iodinated 
Thianthrenium Salt 

[ 0433 ] 

15 F 3.3 equiv . 
NBu4CN 

2.3 equiv . CuCN 
2.0 mol % 

Ru ( bpy ) 3 ( PF6 ) 2 
Minisci - Type Arylation with a Thianthrenium Salt 

[ 0427 ] BF4 blue LED , 
60 W , MeCN , 
22 ° C. , 6 h 

F 0.97 equiv . 
K2CO3 
1 mol % 

Ir [ dF ( CF3 ) ppy ] 2 
( dtbpy ) PF6 

114a 

Br $ + 

BF4 blue LED , 
60 W , 

22 ° C. , DMSO , 
pyrazine , 1/2 , 10 h 

F * CN 

119a 151,83 % 

Br 

3 

150,86 % 

[ 0428 ] Under an ambient atmosphere , a 4 ml glass - vial 
equipped with a teflon - coated magnetic stirbar was charged 
with thianthrenium salt 119a ( 205 mg , 0.33 mmol , 1.0 
equiv . ) , Ir [ dF ( CF ) ppylz ( dtbpy ) PF . ( 5 mg , 0.005 mmol , 1 
mol % ) , K_CO , ( 44 mg , 0.32 mmol , 0.97 equiv . ) , pyrazine 
( 2.3 g ) , and DMSO ( 1.3 ml ) . The reaction mixture was 
degassed by purging with Ar for 2 min . Subsequently the 
mixture was irradiated with blue LEDs for 10 h ( 450 nm , 60 
W , 22 ° C. , 1 E / mmol ) . The reaction mixture was poured into 
a separatory funnel containing saturated sodium bicarbonate 
solution ( 10 ml ) . The mixture was extracted with EtOAC 

[ 0434 ] Under an ambient atmosphere , a 4 ml glass - vial 
equipped with a magnetic stirbar was charged with thian 
threnium salt 114a ( 200 mg , 0.27 mmol , 1.0 equiv . ) , Ru ( bpy ) 
3 ( PF ) 2 ( 10.5 mg , 0.012 mmol , 4.5 mol % ) , and MeCN ( 1.0 
ml ) . A suspension of CuCN ( 55 mg , 0.61 mmol , 2.3 equiv . ) , 
and NBu , CN ( 240 mg , 0.89 mmol , 3.3 equiv . ) in MeCN ( 1.0 
ml ) and DMSO ( 0.7 ml ) was added to reaction mixture . The 
reaction mixture was degassed by purging with Ar for 2 min . 
Subsequently the mixture was irradiated with blue LEDs for 
6 h at 22 ° C. ( 450 nm , 60 W ) , subsequently the mixture was 
kept at 25 ° C. for 14 h , subsequently irradiation was 
continued for 6 h at 22 ° C. ( 450 nm , 60 W , total : 2 E / mmol ) . 
The reaction mixture was diluted with 100 ml CHCl , and 
washed with 50 ml water . The aqueous layer was extracted 
with CHC12 ( 3x20 ml ) . The combined organic layers were 
dried over MgSO4 , filtered , and the solvent was removed 
under reduced pressure . The residue was purified by column 
chromatography on silica gel , eluting with i - hex / EtOAC ( 1 : 0 
gradient to 3 : 1 ) . A second column was ( silica gel , i - hexane / 



US 2022/0002263 A1 Jan. 6. 2022 
43 

EtOAc , 1 : 0 gradient to 23 : 2 , ( v : v ) ) was performed to afford 
69 mg ( 83 % ) of 151 as colorless crystals . 
[ 0435 ] NMR Spectroscopy : 
[ 0436 ] H NMR ( 500 MHz , CDC13 , 298 K , 8 ) : 7.81 ( d , 
J = 8.5 Hz , 2H ) , 7.73 ( d , J = 8.3 Hz , 2H ) , 7.64 ( d , J = 8.4 Hz , 
2H ) , 7.32 ( d , J = 8.4 Hz , 2H ) . 
[ 0437 ] 13C { H } NMR ( 128 MHz , CDC13 , 298 K , d ) : 
144.6 , 138.8 , 138.4 , 132.9 , 129.1 , 127.6 , 118.9 , 111.5 , 95.0 . 
[ 0438 ] HRMS - EI ( m / z ) calc'd for C13H NI * [ M ] * , 304 . 
970146 ; found , 304.970338 ; deviation : 0.6 ppm . 

5.0 , 1.0 Hz , 1H ) , 6.74 ( d , J = 8.3 Hz , 1H ) , 5.59 ( m , 1H ) , 4.20 
( dd , J = 9.8 , 5.3 Hz , 1H ) , 4.08 ( dd , J = 9.9 , 4.8 Hz , 1H ) , 1.48 
( d , J = 6.4 Hz , 3H ) . 
[ 0443 ] 13C { ' H } NMR ( 128 MHz , CDC13 , 298 K , d ) : 
163.2 , 163.1 , 156.4 , 148.2 , 146.9 , 142.3 , 138.9 , 134.6 , 
133.1 , 130.0 , 129.4 , 127.5 , 121.9 , 117.0 , 117.0 , 116.2 , 111.8 , 
71.1 , 69.3 , 17.1 . 
[ 0444 ] HRMS - ESI ( m / z ) calc'd for C26H24NO3S + 
[ M + H ] * , 462.136971 ; found , 462.137050 ; deviation : 0.17 
ppm . 

Phenylsulfonylpyriproxyfen 139 Dibromothiophene Derived Thianthrenium Salt 4a 
[ 0439 ] 

[ 0445 ] 

BF4 

3.0 equiv 
sodium 

benzenesulfinate 
2.5 mol % 
Pd2dbaz , 
5 mol % 
Xantphos 

?? + Me 
Br 

S Br 
4 ocoran 

oooo 
THF , 60 ° C. , 

48 h F. S F da 1.5 equiv . ( CF3CO ) 20 
1.1 equiv . HBF40Et2 116b 

Me MeCN , 0-25 ° C. , 
4 h F F 

Ph 
S2 

F 

F 

139 , 78 % Br 

S + 

Br S 

BF4 

F 

F 

4a , 68 % 

[ 0440 ] A vial was charged with a teflon - coated stirbar , 
pyriproxyfen derived thianthrenium salt 116b ( 160 mg , 
0.257 mmol , 1.0 equiv ) , and benzenesulfinic acid sodium 
salt ( 132 mg , 0.804 mmol , 3.1 equiv ) . The vial was sealed 
with a septum - cap , evacuated and filled with argon . In a 
nitrogen filled glove box , a second vial was charged with a 
teflon - coated stirbar , tris- ( dibenzylideneacetone ) -dipalla 
dium ( 6 mg , 0.0067 mmol , 5 mol % palladium ) , xantphos ( 8 
mg , 0.013 mmol , 5 mol % ) and acetonitrile ( 1 mL ) , and 
sealed with a septum - cap . The Pd - containing vial was 
brought out of the glovebox and heated at 60 ° C. for 1 h at 
which point the solution was transferred to the vial contain 
ing the pyriproxyfen thianthrenium salt and benzenesulfinic 
acid sodium salt . The reaction mixture was stirred at 60 ° C. 
for 48 h , at which point the solvent was removed under 
reduced pressure . The gray residue was taken up in ethyl 
acetate ( 1 mL ) and filtered through a plug of celite . The bed 
of celite was washed three times with ethyl acetate ( 3x1 mL ) 
and the combined filtrate was concentrated under reduced 
pressure . The residue was purified by chromatography on 
silica gel eluting with a gradient of 0 % ( v / v ) EtoAc in 
i - hexane to 20 % ( v / v ) EtoAc in i - hexane over 40 column 
volumes . The solvent was removed from the combined 
product fractions affording 92 mg ( 78 % ) of sulfone 139 as 
a colorless solid . 
[ 0441 ] NMR Spectroscopy : 
[ 0442 ] ' H NMR ( 500 MHz , CDC13 , 298 K , 8 ) : 8.17-8.12 
( m , 1H ) , 7.96-7.89 ( m , 2H ) , 7.88-7.81 ( m , 2H ) , 7.59-7.52 
( m , 2H ) , 7.49 ( m , 2H ) , 6.99-6.92 ( m , 6H ) , 6.86 ( ddd , v = 7.1 , 

[ 0446 ] Under an ambient atmosphere , a 25 ml round 
bottom flask was subsequently charged with tetrafluorothi 
anthrene reagent ( 97 % ( w / w ) tetrafluorothianthrene - S - oxide 
1,3 % ( w / w ) tetrafluorothianthrene 2 , 152 mg , 0.5 mmol , 1.0 
equiv . ) , MeCN ( 1.9 ml , 0.26 M ) , dibromothiophen 4 ( 121 
mg , 0.50 mmol , 1.0 equiv . ) , and HBF40Et2 ( 0.75 ml , 0.55 
mmol , 1.1 equiv . ) . After cooling to 0 ° C. , trifluoroacetic 
anhydride ( 0.10 ml , 0.75 mmol , 1.5 equiv . ) was added in one 
portion at 0 ° C. The reaction mixture stirred at 0 ° C. for 2 
h , subsequently it was allowed to warm to 25 ° C. and was 
stirred for another 2 h . The solution was diluted with DCM 
( 5 ml ) , and was poured into a separatory funnel . The organic 
layer was washed with water ( 3x5 ml ) and subsequently 
with NaBF4 solution ( 10 % ( w / w ) , 3x5 ml ) . The organic 
layer was dried over Na2SO4 , filtered , and the solvent was 
removed under reduced pressure . The residue was loaded on 
a silica pad ( ca. 15 ml silica gel ) and washed with pentane / 
EtoAc ( 3 : 1 ( v / v ) , 150 ml ) . Subsequently the product was 
eluted with DCM / MeOH ( 10 : 1 ( v / v ) , 100 ml ) . The solvent 
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was removed under reduced pressure , and the residue was 
dried in vacuo to afford 209 mg ( 68 % ) of 4a as colorless 
solid . 
[ 0447 ] NMR Spectroscopy : 
[ 0448 ] ' H NMR ( 500 MHz , CDC13 , 298 K , ) : 8.43 ( dd , 
J = 9.0 Hz , 7.1 Hz , 2H ) , 8.05 ( s , 1H ) , 8.01 ( dd , J = 10.0 Hz , 7.0 
Hz , 2H ) . 
[ 0449 ] 13C { H } NMR ( 128 MHz , CDC13 , 298 K , 8 ) : 
155.06 ( dd , J = 263.0 Hz , 13.1 Hz ) , 151.4 ( dd , J = 256.3 Hz , 
13.7 Hz ) , 135.5 , 135.4 ( dd , J = 8.9 Hz , 4.0 Hz ) , 126.1 , 125.1 
( dd , J = 22.4 Hz , 2.6 Hz ) , 121.0 ( d , J = 22.1 Hz ) , 117.7 , 116.8 , 
113.8 ( dd , J = 7.2 Hz , 3.5 Hz ) . 
[ 0450 ] ° F { ' H } NMR ( 471 MHz , CDC13 , 298 K , d ) : 
-124.7 ( d , J = 20.7 Hz ) , -134.0 ( d , J = 20.2 Hz ) , -151.5 ( bs ) , 
-151.6 ( bs ) . 
[ 0451 ] HRMS - ESI ( m / z ) calc'd for C16H3Br2F4S3 + 
[ M - BF4 ] * , 526.785107 ; found , 526.785500 ; deviation : 0.8 
ppm . 

9 

( 2x25 ml , 10 % ( w / w ) ) . The organic layer was dried over 
Na2SO4 , filtered , and the solvent was removed under 
reduced pressure . The residue was purified by chromatog 
raphy on silica gel eluting with DCM / i - PrOH , ( 1 : 0 gradient 
to 9 : 1 ( v / v ) ) to afford 1.91 g ( 86 % ) of 9a as colorless foam . 
[ 0454 ] NMR Spectroscopy : 
[ 0455 ] H NMR ( 500 MHz , CD2CN , 298 K , D ) : 8.36 ( dd , 
J = 9.1 Hz , 7.2 Hz , 2H ) , 7.96 ( dd , J = 9.9 Hz , 7.1 Hz , 2H ) , 7.57 
( d , J = 8.9 Hz , 2H ) , 7.24 ( d , J = 9.2 Hz , 2H ) , 7.05 ( d , J = 9.2 Hz , 
2H ) , 6.99 ( d , J = 8.9 Hz , 2H ) . 
[ 0456 ] 13C { { H } NMR ( 128 MHz , CD , CN , 298 K , d ) : 
162.9 , 155.0 , 154.8 ( dd , J = 161.7 Hz , 13.2 Hz ) , 151.6 ( dd , 
255.7 Hz , 13.6 Hz ) , 135.0 ( dd , J = 8.5 Hz , 4.0 Hz ) , 134.4 , 
132.0 , 125.2 ( dd , J = 22.1 Hz , 2.4 Hz ) , 123.3 , 121.1 ( d , J = 21.8 
Hz ) , 120.1 , 118.7 , 115.9-115.8 ( m , 2 C - atoms ) . 
[ 0457 ] 19F { H } NMR ( 471 MHz , CD , CN , 298 K , 8 ) : 
-126.4 ( d , J = 20.6 Hz ) , -134.6 ( d , J = 20.3 Hz ) , -152.1 ( bs ) , 
-152.2 ( bs ) . 
[ 0458 ] HRMS - ESI ( m / z ) calc'd for C24H / 2BrF4OS , + 
[ M - BF4 ] " , 534.944374 ; found , 534.944710 ; deviation : 0.6 
ppm . 

+ 

+ 
12 

. Bromodiphenylether Derived Thianthrenium Salt 9a 
[ 0452 ] 

Mesitylene Derived Thianthrenium Salt 13a 
[ 0459 ] 

+ 

Br Me 

+ 

F F 1.5 equiv . ( CF3CO ) 20 
1.1 equiv . HBF40Et2 Me Me 

13 
MeCN , 0-25 ° C. , 

16 h 1 

2 ala 3.0 equiv . ( CF3CO ) 20 
1.2 equiv . HBF40Et2 F 

MeCN , 0-25 ° C. , 12 h 
F 

S2 
Me Me 

Br ?? BF4 * 

Me 
BF4 F 

9a , 86 % 13a , 62 % 

[ 0453 ] Under an ambient atmosphere , a 20 ml glass - vial 
was charged with bromodiphenylether 9 ( 0.95 ml , 0.82 g , 
3.3 mmol , 1.0 equiv . ) , tetrafluorothianthrene reagent ( 97 % 
( w / w ) tetrafluorothianthrene - S - oxide 1 , 3 % ( w / w ) tetrafluo 
rothianthrene 2 , 1.0 g , 3.3 mmol , 1.0 equiv . ) , and MeCN ( 5.0 
ml , c = 0.66 M ) . HBF4 . OEt2 ( 0.49 ml , 0.59 g , 3.6 mmol , 1.1 
equiv . ) was added in one portion at 25 ° C. The suspension 
was cooled to 0 ° C. , and trifluoroacetic anhydride ( 0.69 ml , 
1.0 g , 4.9 mmol , 1.5 equiv . ) was added , subsequently the 
mixture was allowed to warm to 25 ° C. and the reaction 
mixture was stirred for 16 h . The mixture was concentrated 
under reduced pressure , diluted with DCM ( 15 ml ) , and 
washed with water ( 25 ml ) and aqueous NaBF4 solution 

[ 0460 ] Under an ambient atmosphere , a 20 ml glass - vial 
was charged with mesitylene 13 ( 600 mg , 5.0 mmol , 1.0 
equiv . ) and MeCN ( 5.0 ml , 1.0 M ) . After cooling to 0 ° C. , 
HBF4.0Et2 ( 0.82 ml , 6.0 mmol , 1.2 equiv . ) was added in one 
portion to the reaction mixture . After all solids had dis 
solved , thianthrene - S - oxide S2 ( 1.16 g , 5.0 mmol , 1.0 
equiv . ) was added in one portion at 0 ° C. Subsequently , 
trifluoroacetic anhydride ( 2.1 ml , 15 mmol , 3.0 equiv . ) was 
added in one portion at 0 ° C. The reaction mixture was 
allowed to warm to 25 ° C. and was stirred for 12 h . The 
solution was diluted with DCM ( 5 ml ) , and poured onto a 
mixture of DCM ( 30 ml ) and aqueous NaHCO3 solution 
( saturated , 20 ml ) . The mixture was poured into a separatory 
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funnel , and the layers were separated . The organic layer was 
washed with NaBF4 solution ( 10 % ( w / w ) , 3x20 ml ) . The 
organic layer was dried over Na2SO4 , filtered , and the 
solvent was removed under reduced pressure . The residue 
was purified by chromatography on silica gel eluting with 
DCM / MeOH ( 30 : 1 ( v / v ) ) to afford 1.3 g ( 62 % ) of 13a as 
colorless solid . 
[ 0461 ] NMR Spectroscopy : 
[ 0462 ] " H NMR ( 500 MHz , CDC13 , 298 K , 8 ) : 7.78 ( d , 
J = 7.9 Hz , 2H ) , 7.67 ( ?t , J = 7.6 Hz , 2H ) , 7.54 ( 4t , J = 7.8 Hz , 
2H ) , 7.33 ( s , 2H ) , 7.11 ( d , J = 8.2 Hz , 2H ) , 2.41 ( s , 3H ) , 2.18 
( s , 6H ) . 
[ 0463 ] 13C { H } NMR ( 128 MHz , CDC13 , 298 K , 8 ) : 
149.0 , 145.1 , 133.5 , 133.4 , 130.3 , 130.1 , 129.7 , 126.3 , 
123.7 , 110.0 , 21.5 , 21.4 . 
[ 0464 ] 19F { ' H } NMR ( 471 MHz , CDC13 , 298 K , 8 ) : 
-153.3 ( bs ) , -153.4 ( bs ) . 
[ 0465 ] HRMS - ESI ( m / z ) calc'd for C21H19S2 + [ M - BF4 ] " , 
335.092270 ; found , 335.092190 ; deviation : 0.2 ppm . 

transferred into a round - bottom flask and was concentrated 
under reduced pressure , diluted with DCM ( 10 ml ) , and 
washed with aqueous NaHCO3 solution ( saturated , 15 ml ) , 
and aqueous NaBF4 solution ( 3x15 ml , 10 % ( w / w ) ) . The 
organic layer was diluted with 10 ml EtOAc , leading to the 
crystallization of the product . The suspension was filtered , 
and the solid was dried in vacuo to obtain 734 mg ( 59 % ) of 
14a as colorless solid . 
[ 0468 ] NMR Spectroscopy : 
[ 0469 ] ' H NMR ( 500 MHz , CD2CN , 298 K , d ) : 8.45 ( dd , 
J = 9.1 Hz , 7.2 Hz , 2H ) , 7.97 ( dd , J = 9.9 Hz , 7.0 Hz , 2H ) , 7.82 
( d , J = 8.6 Hz , 2H ) , 7.73 ( d , J = 8.8 Hz , 2H ) , 7.39 ( d , J = 8.5 Hz , 
2H ) , 7.29 ( d , J = 8.8 Hz , 2H ) , 5.44 ( s , 2H ) . 
[ 0470 ] 13C { ' H } NMR ( 128 MHz , CD , CN , 298 K , d ) : 
155.9 ( dd , J = 262.2 Hz , 13.0 Hz ) , 151.6 ( dd , J = 255.8 , 13.5 
Hz ) , 145.7 , 139.2 , 138.5 , 135.3 ( dd , J = 8.7 Hz , 3.8 Hz ) , 
130.2 , 130.0 , 129.6 , 125.7 ( dd , J = 22.2 Hz , 2.3 Hz ) , 122.4 , 
121.2 ( d , J = 21.8 Hz ) , 115.3 ( dd , J = 7.2 Hz , 3.3 Hz ) , 95.8 , 
55.3 . 
[ 0471 ] ° F { H } NMR ( 471 MHz , CD , CN , 298 K , 8 ) : 
-126.1 ( d , J = 20.1 Hz ) , -134.5 ( d , J = 20.6 Hz ) , -152.1 ( bs ) , 
-152.1 ( bs ) . 
[ 0472 ] HRMS - ESI ( m / z ) calc'd for C24H 2F4IS2 + 
[ M - CH2C12 - BF4 ] * , 566.935582 ; found , 566.935280 ; 
deviation : 0.5 ppm . 

Biphenyltriflate Derived Thianthrenium Salt 19a 
[ 0473 ] 

, 

+ 

Iodobiphenyl Derived Thianthrenium Salt 14a 
+ [ 0466 ] 12 

+ 

TfO . 

14 

F + 2.0 equiv . ( CF3CO ) 20 
1.5 equiv . HBF40Et2 
MeCN , 0-25 ° C. , 20 h 19 

F F 

F F wa 5.0 equiv . ( CF3CO ) 20 1.1 equiv . HBF40Et2 
MeCN , 0-25 ° C. , 20 h 

S + F F 

1 
BF4 

CI TfO CI 
F F 

F F 

14a , 59 % 

BF4 S 

F 

[ 0467 ] Under an ambient atmosphere , a 20 ml glass - vial 
was charged with iodobiphenyl 14 ( 470 mg , 1.68 mmol , 1.0 
equiv . ) , tetrafluorothianthrene reagent ( 97 % ( w / w ) tetrafluo 
rothianthrene - S - oxide 1 , 3 % ( w / w ) tetrafluorothianthrene 2 , 
511 mg , 1.68 mmol , 1.0 equiv . ) , and MeCN ( 3.5 ml , c = 0.48 
M ) . The suspension was cooled to 0 ° C. , and subsequently 
trifluoroacetic anhydride ( 0.47 ml , 0.71 g , 3.4 mmol , 2.0 
equiv . ) and HBF40Et2 ( 0.34 ml , 0.41 g , 2.5 mmol , 1.5 
equiv . ) were added at 0 ° C. The mixture was stirred at 0 ° C. 
for 1 h , and subsequently 19 h at 25 ° C. The mixture was 

F 

19a , 66 % 
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-continued 

Me BF4 

16b 

) 

[ 0474 ] Under an ambient atmosphere , a 20 ml glass - vial 
was charged with biphenyltrilfate 19 ( 547 mg , 1.81 mmol , 
1.0 equiv . ) , tetrafluorothianthrene reagent ( 97 % ( w / w ) tet 
rafluorothianthrene - S - oxide 1 , 3 % ( w / w ) tetrafluorothian 
threne 2 , 551 mg , 1.81 mmol , 1.0 equiv . ) , and MeCN ( 4.0 
ml , c = 0.45 M ) . Trifluoroacetic anhydride ( 1.26 ml , 1.90 g , 
9.05 mmol , 5.0 equiv . ) was added , subsequently the mixture 
was cooled to 0 ° C. , and HBF40Et2 ( 0.27 ml , 0.32 g , 2.0 
mmol , 1.1 equiv . ) was added in one portion at 0 ° C. The 
mixture was stirred at 0 ° C. for 1 h , and subsequently at 25 ° 
C. for 19 h . The reaction mixture was transferred into a 
round - bottom flask , and the solvent was removed under 
reduced pressure . The residue was dissolved in 15 ml DCM . 
The solution was transferred into a separatory funnel , and 
was subsequently washed with aqueous NaHCO3 solution 
( saturated , 20 ml ) and aqueous NaBF4 solution ( 10 % ( w / w ) , 
3x20 ml ) . The organic layer was dried over Na2SO4 , filtered , 
and the solvent was removed under reduced pressure . The 
residue was purified by chromatography on silica gel eluting 
with DCM / i - PrOH , ( 1 : 0 gradient to 9 : 1 ( v / v ) ) to afford 812 
mg ( 66 % ) of 19a as colorless solid . 
[ 0475 ] NMR Spectroscopy : 
[ 0476 ] ' H NMR ( 500 MHz , CD , CN , 298 K , 8 ) : 8.46 ( dd , 
J = 9.1 Hz , 7.2 Hz , 2H ) , 7.98 ( dd , J = 9.9 Hz , 7.0 Hz , 2H ) , 
7.79-7.74 ( m , 4H ) , 7.48 ( d , J = 8.9 Hz , 2H ) , 7.32 ( d , J = 8.9 Hz , 
2H ) . 
[ 0477 ] 13C { ' H } NMR ( 128 MHz , CD , CN , 298 K , 8 ) : 
154.9 ( dd , J = 261.9 Hz , 13.2 Hz ) , 151.6 ( dd , J = 255.6 , 13.5 
Hz ) , 151.0 , 145.0 , 139.6 , 135.4 ( dd , J = 8.6 Hz , 3.8 Hz ) , 
130.6 , 130.0 ( d , J = 11.9 Hz ) , 125.7 ( dd , J = 22.1 Hz , 2.4 Hz ) , 
123.2 , 121.3 , 119.7 ( q , J = 320 Hz ) , 115.3 ( dd , J = 7.2 Hz , 3.4 
Hz ) . 
[ 0478 ] 19F { H } NMR ( 471 MHz , CD , CN , 298 K , 8 ) : 
-74.7 ( s ) , -126.1 ( d , J = 20.5 Hz ) , -134.5 ( d , J = 20.5 Hz ) , 
-152.1 ( bs ) , -152.2 ( bs ) . 
[ 0479 ] HRMS - ESI ( m / z ) calc'd for C25H 203F_S3 + 
[ M - BF4 ] * , 588.983137 ; found , 588.982620 ; deviation : 0.9 
ppm . 

[ 0481 ] Under an ambient atmosphere , a 20 ml glass - vial 
was charged with pyriproxyfen ( 16 ) ( 642 mg , 2.00 mmol , 
1.0 equiv . ) , and MeCN ( 8.0 ml , c = 0.25 M ) . HBF40Et2 ( 276 
ul , 324 mg , 2 mmol , 1.0 equiv . ) , and trifluoroacetic anhy 
dride ( 834 ul , 1.26 g , 6.00 mmol , 3.0 equiv . ) were added 
while stirring the reaction mixture . After cooling to 0 ° C. , 
thianthrene - S - oxide S2 ( 464 mg , 1.00 mmol , 1.0 equiv . ) was 
added in one portion , followed by the addition of HBF40Et2 
( 327 ul , 389 mg , 2.40 mmol , 1.2 equiv . ) in one portion at 0 ° 
C. , leading to a dark blue suspension . The vial was sealed 
with a screw - cap , and the mixture was stirred at 0 ° C. for 1 
h , followed by stirring at 25 ° C. for 2 h until a slight purple 
solution was obtained . The reaction mixture was concen 
trated under reduced pressure , and subsequently , diluted 
with 5 ml DCM . The DCM phase was poured onto a 
saturated aqueous NaHCO3 solution ( ca. 10 ml ) . The mix 
ture was poured into a separatory funnel , and the layers were 
separated . The DCM layer was washed with aqueous NaBF4 
solution ( 2xca . 10 ml , 5 % w / w ) , and with water ( 2xca . 10 
ml ) . The DCM layer was dried over Na2SO4 , filtered , and 
the solvent was removed under reduced pressure . The prod 
uct was dissolved in a minimal amount of DCM , and 
precipitated with Et20 . The solid was dried in vacuo to 
afford 1.19 g ( 95 % ) of 16b a colorless foam . 
[ 0482 ] NMR Spectroscopy : 
[ 0483 ] ' H NMR ( 500 MHz , CD , CN , 298 K , 8 ) : 8.30 ( dd , 
J = 7.9 Hz , 1.2 Hz , 2H ) , 8.11 ( ddd , J = 5.0 Hz , 2.0 Hz , 0.7 Hz , 
1H ) , 7.94 ( dd , J = 7.9 Hz , 1.2 Hz , 2H ) , 7.86 ( td , J = 7.7 Hz , 1.4 
Hz , 2H ) , 7.78 ( td , J = 7.8 Hz , 1.3 Hz , 2H ) , 7.62 ( ddd , J = 8.4 
Hz , 7.1 Hz , 2.0 Hz , 1H ) , 7.16-7.10 ( m , 2H ) , 6.98-6.88 ( m , 
7H ) , 6.69 ( dt , J = 8.4 Hz , 0.8 Hz , 1H ) , 5.54 ( m , 1H ) , 4.15 ( dd , 
J = 10.3 Hz , 6.0 Hz , 1H ) , 4.09 ( dd , J = 10.3 Hz , 4.1 Hz , 1H ) , 
1.38 ( d , J = 6.4 Hz , 3H ) . 
[ 0484 ] 13C { ' H } NMR ( 128 MHz , CDC13 , 298 K , 8 ) : 
164.0 , 163.8 , 157.3 , 148.7 , 147.8 , 140.1 , 137.1 , 135.9 , 
135.4 , 131.5 , 130.9 , 122.7 , 120.0 , 119.2 , 117.9 , 117.0 , 116.0 , 
112.1 , 71.8 , 70.1 , 16.9 . 
[ 0485 ] HRMS - ESI ( m / z ) calc'd for C3 , Hz.NO , S , 
[ M - BF4 ] * , 536.134864 ; found , 536.13469 ; deviation : 0.32 
ppm . 

Thianthrenium Salt TT - 1 
[ 0486 ] 

+ 

Pyriproxyfen Derived Thianthrenium Salt 16b 

[ 0480 ] 

N Me 

+ 
26 

16 

O = 

3.0 equiv . ( CF3CO ) 20 
2.2 equiv . HBF40Et2 
MeCN , 0-25 ° C. , 3 h On + S2 
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-continued -continued 
O = V 

2.0 equiv . ( CF3CO ) 20 
2.2 equiv . HBF40Et2 
MeCN , 0-25 ° C. , 6 h 

98 % 
TT - BF4 

la 

TT - 1 
[ 0495 ] In an argon - filled glovebox , a 4 mL glass - vial 
equipped with a magnetic stir bar was charged with TT - 1 ( 94 
mg , 0.20 mmol , 1.0 equiv . ) , Pd dbaz ( 4 mg , 4 umol , 2 mol 
% ) , RuPhos ( 4 mg , 9 umol , 4 mol % ) , Cs2CO3 ( 130 mg , 0.40 
mmol , 2.0 equiv . ) , and DMF ( 1 mL , c = 0.2 M ) . Piperidine 
( 59 uL , 51 mg , 0.60 mmol , 3.0 equiv . ) was added , and the 
sealed vial was taken out from the glovebox . The suspension 
was stirred at 90 ° C. for 20 h . The solvent was removed 
under reduced pressure , and the residue was purified by 
chromatography on silica gel eluting with hexanes / EtOAC 
( 1 : 0-30 : 1 ( v / v ) ) to afford 39 mg ( 76 % ) of la as yellow oil . 
[ 0496 ] Rf = 0.22 ( hexanes / EtOAc , 95 : 5 ( v / v ) ) . 
[ 0497 ] NMR Spectroscopy : 
[ 0498 ] ' H NMR ( 500 MHz , CDC13 , 25 ° C. , d ) : 7.29 ( t , 
J = 8.0 Hz , 2H ) , 7.03 ( t , J = 7.0 Hz , 1H ) , 6.98-6.90 ( m , 6H ) , 
3.14-3.07 ( m , 4H ) , 1.78-1.69 ( m , 4H ) , 1.61-1.53 ( m , 2H ) . 
[ 0499 ] 13C NMR { { H } ( 126 MHz , CDC13 , 25 ° C. , 8 ) : 
158.8 , 149.5 , 149.1 , 129.7 , 122.4 , 120.6 , 118.2 , 117.7 , 51.6 , 
26.2 , 24.3 . 
[ 0500 ] HRMS - ESI ( m / z ) calc d . for C H2NO + [ M + H ] " , 
254.153939 ; found , 254.153990 ; deviation : -0.20 ppm . 

9 

11 

[ 0487 ] Under ambient atmosphere , a 500 mL round - bot 
tom flask equipped with a magnetic stir bar was charged 
with diphenyl ether ( 7.0 mL , 7.5 g , 44 mmol , 1.0 equiv . ) and 
MeCN ( 0.10 L , c = 0.44 M ) . Trifluoroacetic anhydride ( 12.2 
mL , 18.4 g , 87.8 mmol , 2.0 equiv . ) was added at ambient 
temperature while stirring . After cooling to 0 ° C. , thian 
threne S - oxide ( 10.2 g , 43.9 mmol , 0.99 equiv . ) was added 
in one portion , followed by the addition of HBF40Et2 ( 13.2 
mL , 15.7 g , 97.0 mmol , 2.2 equiv . ) in one portion . The 
mixture was stirred at 0 ° C. for 1 h , then at ambient 
temperature for 5 h . The reaction mixture was concentrated 
under reduced pressure , and subsequently diluted with DCM 
( 300 mL ) . The solution was poured onto a saturated aqueous 
NaHCO3 solution ( 300 mL ) , and the layers were separated . 
The organic phase was washed with aqueous NaBF4 solution 
( 2x300 mL , 10 % ) , and with water ( 2x300 mL ) . The organic 
phase was dried over MgSO4 , and the solvent was removed 
under reduced pressure . The residue was purified by chro 
matography on silica gel eluting with DCM / MeOH ( 1 : 0 
10 : 1 ( v / v ) ) to afford 20 g ( 98 % ) of TT - 1 as colorless foam . g 
[ 0488 ] Rf = 0.46 ( DCM / MeOH , 94 : 6 ( v / v ) ) . 
[ 0489 ] NMR Spectroscopy : 
[ 0490 ] ' H NMR ( 500 MHz , MeCN - d3 , 25 ° C. , 8 ) : 8.32 
8.30 ( m , 2H ) , 7.96-7.94 ( m , 2H ) , 7.89-7.85 ( m , 2H ) , 7.81 
7.78 ( m , 2H ) , 7.43-7.40 ( m , 2H ) , 7.27-7.23 ( m , 2H ) , 7.04 
7.02 ( m , 2H ) , 6.99-6.98 ( m , 2H ) . 
[ 0491 ] 13C NMR { ' H } ( 126 MHz , MeCN - d3 , 25 ° C. , 8 ) : 
163.1 , 155.6 , 137.2 , 136.0 , 135.6 , 131.6 , 131.6 , 131.4 , 
130.9 , 126.4 , 121.3 , 120.0 , 119.9 , 116.7 . 
[ 0492 ] 9F NMR { { H } ( 471 MHz , MeCN - d3 , 25 ° C. , 8 ) : 
-151.4 , -151.5 . 
[ 0493 ] HRMS - ESI ( m / z ) calc’d . for C24H ZOS , 
[ M - BF4 ] , 385.071530 ; found , 385.071535 ; deviation : 

20 
) 
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2 mol % Pd2dba3 
4 mol % RuPhos 
2.0 equiv . Cs2CO3 

[ 0502 ] In an argon - filled glovebox , a 4 mL glass - vial 
equipped with a magnetic stir bar was charged with TT - 1 ( 94 
mg , 0.20 mmol , 1.0 equiv . ) , ( PdAlphos ) , cod ( 4 mg , 2 umol , 
1 mol % ) , and THF ( 1 mL , c = 0.2 M ) . 2 - Aminopyridine ( 23 
mg , 0.24 mmol , 1.2 equiv . ) and DBU ( 60 UL , 61 mg , 0.40 
mmol , 2.0 equiv . ) were added , and the sealed vial was taken 
out from the glovebox . The solution was stirred at 70 ° C. for 
16 h . The solvent was removed under reduced pressure , and 
the residue was purified by chromatography on silica gel 
eluting with hexanes / EtOAC ( 1 : 0-10 : 1 ( v / v ) ) to afford 51 mg 
( 97 % ) of 1f as white solid . 
[ 0503 ] Rf = 0.16 ( hexanes / EtOAc , 9 : 1 ( v / v ) ) . 

HN DMF , 90 ° C. , 20 h 
76 % 
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-continued 
3.0 equiv . Me4NOH 

1.00 equiv . [ Cu ( MeCN ) 4 ] BF4 
4.9 mol % [ Ru ( bipy ) 3 ] ( PF6 ) 2 

N 

HN . 

[ 0504 ] NMR Spectroscopy : 
( 05051 H NMR ( 500 MHz , CDC12 , 25 ° C. , 8 ) : 8.20-8.19 
( m , 1H ) , 7.49-7.46 ( m , 1H ) , 7.35-7.31 ( m , 4H ) , 7.10-7.07 
( m , 1H ) , 7.03-7.01 ( m , 4H ) , 6.85 ( brs , 1H ) , 6.80-6.78 ( m , 
1H ) , 6.73-6.70 ( m , 1H ) . 
[ 0506 ] 13C NMR { ' H } ( 126 MHz , CDC13 , 25 ° C. , d ) : 
157.9 , 156.7 , 152.7 , 148.5 , 137.8 , 136.2 , 129.8 , 123.0 , 
122.8 , 120.3 , 118.4 , 114.9 , 108.0 . 
[ 0507 ] HRMS - ESI ( m / z ) calc'd . for C7H5N20 + 
[ M + H ] * , 263.117887 ; found , 263.118000 ; deviation : -0.43 
ppm . 

Oxazolidinone li 
[ 0508 ] 

blue LED ( 60 W ) 
MeCN / DMSO 1 : 1 , 15 ° C. , 8 h 

65 % 

lo 

TT + BF4 . 

+ 

TT - 1 
1 mol % ( PdAlPhos ) 2cod 

2.0 equiv . DBU 4 

HN 
> THF , 70 ° C. , 16 h 
85 % 

wor 

[ 0516 ] Under ambient atmosphere , a 4 mL glass - vial was 
charged with 1,2,4 - triazole ( 83 mg , 1.2 mmol , 3.0 equiv . ) 
and tetramethylammonium hydroxide ( 25 % in methanol , 
438 mg , 0.51 mL , 1.2 mmol , 3.0 equiv . ) , and the solvent was 
removed under reduced pressure . Thianthrenium salt TT - 1 
( 189 mg , 0.400 mmol , 1.00 equiv . ) , [ Cu ( MeCN ) 4 ] BF4 ( 126 
mg , 0.401 mmol , 1.00 equiv . ) , [ Ru ( bipy ) 2 ] ( PF ) 2 ( 17 mg , 20 
umol , 4.9 mol % ) , acetonitrile ( 1.0 mL ) and dimethylsulfox 
ide ( 1.0 mL , Ctotaí 0.20 M ) were added , and the suspension 
was degassed by bubbling through argon with a cannula for 
5 min . While stirring , the suspension was irradiated for 8 h 
at 15 ° C. using a blue LED ( 60 W ) . The suspension was 
added to water ( 30 mL ) , and the aqueous phase was 
extracted with DCM ( 3x20 mL ) . The organic phase was 
washed with saturated NaCl solution ( 30 mL ) , dried over 
MgSO4 , and the solvent was removed under reduced pres 
sure . The residue was purified by chromatography on silica 
gel eluting with hexanes / EtOAC ( 10 : 0-2 : 8 ( v / v ) ) to afford 62 
mg ( 65 % ) of lo as colorless oil . 
[ 0517 ] Rf = 0.15 ( hexanes / EtOAc , 7 : 3 ( v / v ) ) . 
[ 0518 ] NMR Spectroscopy : 
[ 0519 ] ' H NMR ( 500 MHz , CDC13 , 25 ° C. , d ) : 8.58 ( s , 
1H ) , 8.10 ( s , 1H ) , 7.64-7.60 ( m , 2H ) , 7.39-7.35 ( m , 2H ) , 
7.18-7.14 ( m , 1H ) , 7.13-7.10 ( m , 2H ) , 7.06-7.04 ( m , 2H ) . 
13C NMR { ' H } ( 126 MHz , CDC13 , 25 ° C. , 8 ) : 157.6 , 156.5 , 
152.3 , 140.9 , 132.3 , 130.1 , 124.2 , 122.0 , 119.6 , 119.4 . 
[ 0520 ] HRMS - EI ( m / z ) calc'd . for C14H1N20 + [ M ] " , 
237.089661 ; found , 237.089850 ; deviation : -0.80 ppm . 

3 

[ 0509 ] In an argon - filled glovebox , a 4 mL glass - vial 
equipped with a magnetic stir bar was charged with TT - 1 ( 94 
mg , 0.20 mmol , 1.0 equiv . ) , ( PdAlphos ) 2cod ( 4 mg , 2 umol , 
1 mol % ) , and THF ( 0.5 mL , c = 0.4 M ) . 2 - Oxazolidinone ( 17 
mg , 0.20 mmol , 0.98 equiv . ) and DBU ( 60 uL , 61 mg , 0.40 
mmol , 2.0 equiv . ) were added , and the sealed vial was taken 
out from the glovebox . The solution was stirred at 70 ° C. for 
16 h . The solvent was removed under reduced pressure , and 
the residue was purified by chromatography on silica gel 
eluting with hexanes / EtOAC ( 1 : 0-5 : 2 ( v / v ) ) to afford 43 mg 
( 85 % ) of li as colorless oil . 
[ 0510 ] Rf = 0.23 ( hexanes / EtOAc , 7 : 3 ( v / v ) ) . 
[ 0511 ] NMR Spectroscopy : 
[ 0512 ] ' H NMR ( 500 MHz , CDC13 , 25 ° C. , 8 ) : 7.51-7.49 
( m , 2H ) , 7.35-7.31 ( m , 2H ) , 7.11-7.05 ( m , 3H ) , 7.00-6.98 
( m , 2H ) , 4.51-4.47 ( m , 2H ) , 4.08-4.04 ( m , 2H ) . 
[ 0513 ] 13C NMR { ' H } ( 126 MHz , CDC13 , 25 ° C. , d ) : 
157.5 , 155.6 , 153.6 , 133.9 , 129.9 , 123.3 , 120.2 , 119.8 , 
118.6 , 61.4 , 45.7 . 
[ 0514 ] HRMS - EI ( m / z ) calc'd . for CisH 2NO3 + [ M ] * , 
255.088994 ; found , 255.089320 ; deviation : -1.28 ppm . 

Triazole lo 
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TT - BF4 
15 13 + 

TT - 1 

TT BF4 

3.0 equiv . Me4NOH 
1.00 equiv . [ Cu ( MeCN ) 4 ] BF4 
4.9 mol % [ Ru ( bipy ) 3 ] ( PF6 ) 2 

blue LED ( 60 W ) 
MeCN / DMSO 1 : 1 , 15 ° C. , 8 h 

81 % 
+ HN 

TT - 1 
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-continued 

lp 

[ 0529 ] Under ambient atmosphere , a 4 mL glass - vial was 
charged with 3 - bromo - 2 - hydroxypyridine ( 209 mg , 1.20 
mmol , 3.00 equiv . ) and tetramethylammonium hydroxide 
( 25 % in methanol , 438 mg , 0.51 mL , 1.2 mmol , 3.0 equiv . ) , 
and the solvent was removed under reduced pressure . Thi 
anthrenium salt TT - 1 ( 189 mg , 0.400 mmol , 1.00 equiv . ) , 
[ Cu ( MeCN ) 4 ] BF4 ( 126 mg , 0.401 mmol , 1.00 equiv . ) , [ Ru 
( bipy ) 3 ] ( PF . ) 2 ( 17 mg , 20 umol , 4.9 mol % ) , acetonitrile ( 1.0 
mL ) and dimethylsulfoxide ( 1.0 mL , Ctotal = 0.20 M ) were 
added , and the suspension was degassed by bubbling 
through argon with a cannula for 5 min . While stirring , the 
suspension was irradiated for 8 h at 15 ° C. using a blue LED 
( 60 W ) . The suspension was added to water ( 30 mL ) , and the 
aqueous phase was extracted with DCM ( 3x20 mL ) . The 
organic phase was washed with saturated NaCl solution ( 30 
mL ) , dried over MgSO4 , and the solvent was removed under 
reduced pressure . The residue was purified by chromatog 
raphy on silica gel eluting with hexanes / EtOAC ( 10 : 0-4 : 1 
( v / v ) ) to afford 70 mg ( 51 % ) of 1r as white solid . 
[ 0530 ] Rf = 0.12 ( hexanes / EtOAc , 85:15 ( v / v ) ) . 
[ 0531 ] NMR Spectroscopy : 
[ 0532 ] ' H NMR ( 500 MHz , CDC13 , 25 ° C. , d ) : 7.80 ( apt 
dd , J = 7.2 , 1.9 Hz , 1H ) , 7.39-7.35 ( m , 3H ) , 7.33-7.30 ( m , 
2H ) , 7.18-7.14 ( m , 1H ) , 7.08-7.06 ( m , 4H ) , 6.14 ( apt t , J = 7.0 
Hz , 1H ) . 
[ 0533 ] 13C NMR { ' H } ( 126 MHz , CDC13 , 25 ° C. , d ) : 
158.9 , 157.9 , 156.4 , 142.0 , 137.7 , 135.6 , 130.1 , 127.9 , 
124.2 , 119.7 , 118.9 , 117.6 , 106.0 . 
[ 0534 ] HRMS - ESI ( m / z ) calc’d . for C , H , 2BrNO , Na + 
[ M + Na ] " , 363.994373 ; found , 363.994320 ; deviation : +0.15 
ppm . 

9 

[ 0522 ] Under ambient atmosphere , a 4 mL glass - vial was 
charged with phthalimide ( 177 mg , 1.20 mmol , 3.01 equiv . ) 
and tetramethylammonium hydroxide ( 25 % in methanol , 
438 mg , 0.51 mL , 1.2 mmol , 3.0 equiv . ) , and the solvent was 
removed under reduced pressure . Thianthrenium salt TT - 1 
( 189 mg , 0.400 mmol , 1.00 equiv . ) , [ Cu ( MeCN ) 4 ] BF4 ( 126 
mg , 0.401 mmol , 1.00 equiv . ) , [ Ru ( bipy ) 3 ] ( PF . ) 2 ( 17 mg , 20 
umol , 4.9 mol % ) , acetonitrile ( 1.0 mL ) and dimethylsulfox 
ide ( 1.0 mL , Ctota = 0.20 M ) were added , and the suspension 
was degassed by bubbling through argon with a cannula for 
5 min . While stirring , the suspension was irradiated for 8 h 
at 15 ° C. using a blue LED ( 60 W ) . The suspension was 
added to water ( 30 mL ) , and the aqueous phase was 
extracted with DCM ( 3x20 mL ) . The organic phase was 
washed with saturated NaCl solution ( 30 mL ) , dried over 
MgSO4 , and the solvent was removed under reduced pres 
sure . The residue was purified by chromatography on silica 
gel eluting with hexanes / EtOAC ( 10 : 0-2 : 8 ( v / v ) ) to afford 
102 mg ( 81 % ) of lp as colorless oil . 
[ 0523 ] Rf = 0.22 ( hexanes / EtOAc , 8 : 2 ( v / v ) ) . 
[ 0524 ] NMR Spectroscopy : 
[ 0525 ] ' H NMR ( 500 MHz , CDC13 , 25 ° C. , d ) : 7.98-7.94 
( m , 2H ) , 7.81-7.78 ( m , 2H ) , 7.40-7.36 ( m , 4H ) , 7.17-7.08 
( m , 5H ) . 
[ 0526 ] 13C NMR { ' H } ( 126 MHz , CDC13 , 25 ° C. , d ) : 
167.5 , 157.3 , 156.6 , 134.5 , 131.9 , 130.0 , 128.2 , 126.5 , 
124.0 , 123.9 , 119.7 , 119.0 . 
[ 0527 ] HRMS - ESI ( m / z ) calc’d . calc'd for C2H4NO3 + 
[ M + H ] * , 316.096819 ; found , 316.096780 ; deviation : -0.12 
ppm . 
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[ 0536 ] Under ambient atmosphere , a 4 mL glass - vial was 
charged with thianthrenium salt TT - 1 ( 189 mg , 0.400 mmol , 
1.00 equiv . ) , [ Cu ( MeCN ) . ] BF ( 26 mg , 83 umol , 21 mol % ) , 
[ Ru ( bipy ) 3 ] ( PF6 ) 2 ( 17 mg , 20 umol , 4.9 mol % ) , nBuNN 
( 341 mg , 1.20 mmol , 3.00 equiv . ) , acetonitrile ( 2.0 mL , 
c = 0.20 M ) , and the suspension was degassed by bubbling 
through argon with a cannula for 5 min . While stirring , the 
suspension was irradiated for 8 h at 15 ° C. using a blue LED 
( 60 W ) . The solvent was removed under reduced pressure . 
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The residue was purified by chromatography on silica gel 
eluting with hexanes / EtOAC ( 1 : 0-98 : 2 ( v / v ) ) to afford 56 mg 
( 66 % ) of 1s as yellow oil . 
[ 0537 ] Rf = 0.58 ( hexanes / EtOAc , 95 : 5 ( v / v ) ) . 
[ 0538 ] NMR Spectroscopy : 
[ 0539 ] ' H NMR ( 500 MHz , CD2Cl2 , 25 ° C. , 8 ) : 7.36-7.33 
( m , 2H ) , 7.13-7.10 ( m , 1H ) , 7.02-6.98 ( m , 6H ) . 
[ 0540 ] 13C NMR { { H } ( 126 MHz , CD , C12 , 25 ° C. , 0 ) : 
157.9 , 154.9 , 135.6 , 130.4 , 123.9 , 120.9 , 120.8 , 119.1 . 
[ 0541 ] HRMS - CI ( m / z ) calcd . for C2H ] N30 + [ M + H ] * , 
212.081836 ; found , 212.082080 ; deviation : -1.15 ppm . 

[ 0545 ] NMR Spectroscopy : 
[ 0546 ] ' H NMR ( 500 MHz , CDC13 , 25 ° C. , 8 ) : 8.47 ( d , 
J = 6.8 Hz , 2H ) , 7.86-7.77 ( m , 4H ) , 7.75-7.69 ( m , 2H ) , 7.29 
( t , J = 7.9 Hz , 1H ) , 7.24-7.18 ( m , 2H ) , 7.12 ( d , J = 7.7 Hz , 1H ) , 
6.96-6.89 ( m , 3H ) , 6.84 ( dd , J = 8.1 , 1.5 Hz , 1H ) , 3.68 ( q , 
J = 7.2 Hz , 1H ) , 3.62 ( s , 3H ) , 1.44 ( d , J = 7.2 Hz , 3H ) . 
[ 0547 ] 13C NMR { { H } ( 126 MHz , CDC13 , 25 ° C. , d ) : 
174.5 , 162.3 , 154.4 , 143.2 , 136.3 , 135.0 , 135.0 , 130.5 , 
130.5 , 130.4 , 124.8 , 119.8 , 119.2 , 119.1 , 119.0 , 115.8 , 52.3 , 
45.2 , 18.6 . 
[ 0548 ] ° F NMR { H } ( 471 MHz , CDC13 , 25 ° C. , 8 ) : 
-151.1 , -151.1 . 
[ 0549 ] HRMS - ESI ( m / z ) calc'd . for C , H , O , S , 
[ M - BF4 ] " , 471.108315 ; found , 471.108290 ; deviation : 
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[ 0543 ] Under ambient atmosphere , a 50 mL Schlenk - tube 
equipped with a magnetic stir bar was charged with feno 
profen methyl ester ( 260 mg , 1.01 mmol , 1.00 equiv . ) , 
thianthrene S - oxide ( 236 mg , 1.02 mmol , 1.00 equiv . ) , and 
MeCN ( 5.1 mL , c = 0.20 M ) . After cooling to -40 ° C. , 
trifluoroacetic anhydride ( 0.42 mL , 0.63 g , 3.0 mmol , 3.0 
equiv . ) was added while stirring . HBF4.0Et2 ( 0.28 ml , 0.33 
g , 2.1 mmol , 2.0 equiv . ) was added dropwise . The mixture 
was stirred at -40 ° C. for 30 min , then at ambient tempera 
ture for 2 h . The reaction mixture was added to a saturated 
aqueous NaHCO3 solution ( 50 mL ) , and the aqueous phase 
was extracted with DCM ( 3x20 mL ) . The organic phase was 
washed with aqueous NaBF4 solution ( 30 mL , 10 % ) , dried 
over MgSO4 , and the solvent was removed under reduced 
pressure . The residue was purified by chromatography on 
silica gel eluting with DCM / MeOH ( 1 : 0-9 : 1 ( v / v ) ) to afford 
536 mg ( 95 % ) of TT - 3 as white foam . 
[ 0544 ] Rf = 0.39 ( DCM / MeOH , 94 : 6 ( v / v ) ) . 

[ 0551 ] In an argon - filled glovebox , a 4 mL glass - vial 
equipped with a magnetic stir bar was charged with TT - 3 
( 168 mg , 0.301 mmol , 1.00 equiv . ) , Pd dbaz ( 5 mg , 5 umol , 
2 mol % ) , RuPhos ( 6 mg , 0.01 mmol , 4 mol % ) , Cs2CO3 
( 195 mg , 0.598 mmol , 1.99 equiv . ) , and DMF ( 1.5 mL , 
c = 0.20 M ) . N - Methylbenzylamine ( 59 UL , 55 mg , 0.46 
mmol , 1.5 equiv . ) was added , and the sealed vial was taken 
out from the glovebox . The suspension was stirred at 90 ° C. 
for 16 h . The suspension was added to a aqueous saturated 
NaHCO3 solution ( 20 mL ) , and the aqueous phase was 
extracted with DCM ( 3x20 mL ) . The organic phase was 
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[ 0562 ] 13C NMR { H } ( 126 MHz , CDC13 , 25 ° C. , d ) : 
166.9 , 147.6 , 138.4 , 136.4 , 135.1 , 135.1 , 130.6 , 130.4 , 
118.5 , 133.9 , 112.8 , 54.7 . 
[ 0563 ] ° F NMR { H } ( 471 MHz , CDC12 , 25 ° C. , 8 ) : 
-150.0 , -150.0 . 
[ 0564 ] HRMS - ESI ( m / z ) calc'd . for C18H4NOSZ 
[ M - BF4 ] * , 324.051134 ; found , 324.050980 ; deviation : 

+ 

+0.48 ppm . 

dried over MgSO4 , and the solvent was removed under 
reduced pressure . The residue was purified by chromatog 
raphy on silica gel eluting with hexanes / EtOAC ( 1 : 0-7 : 3 
( v / v ) ) to afford 63 mg ( 56 % ) of 3 as yellowish oil . 
( 0552 ] Rf = 0.53 ( hexanes / EtOAc , 8 : 2 ( v / v ) ) . 
[ 0553 ] NMR Spectroscopy : 
[ 0554 ] ' H NMR ( 500 MHz , CDC13 , 25 ° C. , 8 ) : 7.37-7.31 
( m , 2H ) , 7.27 ( d , J = 6.6 Hz , 3H ) , 7.21 ( t , J = 7.9 Hz , 1H ) , 
6.97-6.90 ( m , 4H ) , 6.79 ( d , J = 8.2 Hz , 1H ) , 6.74 ( d , J = 9.0 Hz , 
2H ) , 4.51 ( s , 2H ) , 3.72-3.64 ( m , 4H ) , 3.01 ( s , 3H ) , 1.48 ( d , 
J = 7.2 Hz , 3H ) . 
[ 0555 ] 13C NMR { { H } ( 126 MHz , CDC13 , 25 ° C. , d ) : 
174.9 , 159.3 , 147.1 , 146.9 , 142.3 , 139.1 , 129.7 , 128.7 , 
127.1 , 127.0 , 121.1 , 121.1 , 116.7 , 115.7 , 113.8 , 57.5 , 52.2 , 
45.5 , 39.0 , 18.7 . 
[ 0556 ] HRMS - ESI ( m / z ) calc'd . for C24H26NO , - 
[ M + H ] * , 376.190719 ; found , 376.191210 ; deviation : -1.31 
ppm . 
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[ 0558 ) Aflame - dried , 100 mL argon - filled Schlenk - tube 
equipped with a magnetic stir bar was charged with 
2 - methoxypyridine ( 525 uL , 546 mg , 5.00 mmol , 1.00 
equiv . ) , thianthrene S - oxide ( 1.16 g , 4.99 mmol , 0.998 
equiv . ) , and dry MeCN ( 20 mL , c = 0.25 M ) . After cooling to 
-40 ° C. , trifluoroacetic anhydride ( 2.09 mL , 3.16 g , 15.0 
mmol , 3.01 equiv . ) was added while stirring . A solution of 
trimethylsilyl trifluoromethanesulfonate ( 1.81 mL , 2.22 g , 
10.0 mmol , 2.00 equiv . ) in 5 mL of dry MeCN was added 
dropwise over 5 min . The mixture was stirred at -40 ° C. for 
I h , then at ambient temperature for 18 h . The reaction 
mixture was concentrated under reduced pressure , and sub 
sequently diluted with DCM ( 100 mL ) . The solution was 
washed with aqueous NaBF4 solution ( 3x100 mL , 10 % ) , and 
with water ( 100 mL ) . The organic phase was dried over 
MgSO4 , and the solvent was removed under reduced pres 
sure . The residue was purified by chromatography on silica 
gel eluting with DCM / MeOH ( 1 : 0-20 : 1 ( v / v ) ) to afford 1.42 
g ( 69 % ) of TT - 7 as yellow foam . 
[ 0559 ] Rf = 0.18 ( DCM / MeOH , 10 : 1 ( v / v ) ) . 
[ 0560 ] NMR Spectroscopy : 
[ 0561 ] ' H NMR ( 500 MHz , CDC12 , 25 ° C. , 8 ) : 8.53 ( dd , 
J = 7.9 , 1.1 Hz , 2H ) , 7.93 ( d , J = 2.8 Hz , 1H ) , 7.88-7.78 ( m , 
4H ) , 7.78-7.71 ( m , 2H ) , 7.61 ( dd , J = 9.1 , 2.8 Hz , 1H ) , 6.79 
( d , J = 9.1 Hz , 1H ) , 3.88 ( s , 3H ) . 

[ 0566 ] In an argon - filled glovebox , a 4 mL glass - vial 
equipped with a magnetic stir bar was charged with TT - 7 
( 123 mg , 0.299 mmol , 1.00 equiv . ) , ( PdAlphos ) , cod ( 9 mg , 
4 umol , 2 mol % ) , and THF ( 1 mL , c = 0.3 M ) . 2 - Oxazoli 
dinone ( 52 mg , 0.60 mmol , 2.0 equiv . ) and DBU ( 135 uL , 
137 mg , 0.903 mmol , 3.02 equiv . ) were added , and the 
sealed vial was taken out from the glovebox . The solution 
was stirred at 70 ° C. for 16 h . The solvent was removed 
under reduced pressure , and the residue was purified by 
chromatography on silica gel eluting with hexanes / EtOAC 
( 1 : 0-19 : 1 ( v / v ) ) to afford 32 mg ( 55 % ) of 7 as white solid . 
[ 0567 ] Rf = 0.49 ( hexanes / EtOAc , 95 : 5 ( v / v ) ) . 
[ 0568 ] NMR Spectroscopy : 
[ 0569 ] H NMR ( 500 MHz , CDC13 , 25 ° C. , 8 ) : 8.06-8.03 
( m , 2H ) , 6.76-6.75 ( m , 2H ) , 4.48 ( t , J = 7.6 Hz , 2H ) , 4.02 ( t , 
J = 7.6 Hz , 2H ) , 3.90 ( s , 3H ) . 
[ [ 0570 ) 13C NMR { ' H } ( 126 MHz , CDC1z , 25 ° C. , 8 ) : 
161.0 , 155.6 , 136.5 , 130.6 , 129.4 , 111.0 , 61.7 , 53.7 , 45.3 . 
[ 0571 ] HRMS - ESI ( m / z ) calc'd . for C.H.NO , + 
[ M + H ] * , 195.076417 ; found , 195.076640 ; deviation : -1.14 
ppm . 

) 

+ 
11 2 
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Thianthrenium Salt TT - 15 

[ 0572 ] 

2 

1H ) , 4.83-4.78 ( m , 1H ) , 4.05 ( t , J = 9.1 Hz , 1H ) , 3.80 ( dd , 
J = 9.3 , 6.1 Hz , 1H ) , 3.71-3.59 ( m , 2H ) . 
[ 0577 ] 13C NMR { { H } ( 126 MHz , MeCN - dz , 25 ° C. , 8 ) : 
162.3 , 155.1 , 144.0 , 139.1 , 137.3 , 136.1 , 135.8 , 135.5 , 
131.6 , 130.9 , 130.1 , 128.8 , 128.7 , 120.1 , 119.8 , 117.3 , 73.0 , 
48.4 , 42.9.19F NMR { ' H } ( 471 MHz , MeCN - dz , 25 ° C. , 8 ) : 
-151.5 , -151.5 . 
[ 0578 ] HRMS - ESI ( m / z ) calc'd . for C2 H2.C?N , O S3 + 
[ M - BF4 ] " , 551.031470 ; found , 551.031913 ; deviation : +0.8 
ppm . 

20 

+ 

Triazole 15 
HN [ 0579 ] 
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TT BF4 CI 

OSV 3.0 equiv . ( CF3CO ) 20 
3.0 equiv . HBF40Et2 N 
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+ + 

TT BF4 
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3.0 equiv . Me NOH 

1.00 equiv . [ Cu ( MeCN ) 4 ] BF4 
4.9 mol % [ Ru ( bipy ) 3 ] ( PF6 ) 2 S 

HN 
CI 

blue LED ( 60 W ) 
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55 % 
TT - 15 N 

HN 
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15 

[ 0573 ] Under ambient atmosphere , a 100 mL Schlenk 
tube equipped with a magnetic stir bar was charged with 
( S ) -5 - chloro - N- ( 2 - oxo - 3 - phenyloxazolidin - 5 - yl ) methyl ) 
thiophene - 2 - carboxamide ( 800 mg , 2.38 mmol , 1.00 equiv . ) , 
thianthrene S - oxide ( 569 mg , 2.45 mmol , 1.03 equiv . ) , and 
MeCN ( 15 mL , c = 0.16 M ) . After cooling to -40 ° C. , 
trifluoroacetic anhydride ( 0.99 mL , 1.5 g , 7.1 mmol , 3.0 
equiv . ) was added while stirring . HBF40Etz ( 0.97 mL , 1.2 g , 
7.1 mmol , 3.0 equiv . ) was added dropwise . The mixture was 
stirred at -40 ° C. for 1 h , then at ambient temperature for 17 
h . The reaction mixture was concentrated under reduced 
pressure , and subsequently diluted with DCM ( 100 mL ) . 
The solution was poured onto a saturated aqueous NaHCO3 
solution ( 100 mL ) , and the layers were separated . The 
organic phase was washed with aqueous NaBF4 solution 
( 2x100 mL , 10 % ) , and with water ( 100 mL ) . The organic 
phase was dried over MgSO4 , and the solvent was removed 
under reduced pressure . The residue was purified by chro 
matography on silica gel eluting with DCM / MeOH ( 1 : 0 
19 : 1 ( v / v ) ) to afford 1.25 g ( 83 % ) of TT - 15 as white solid . 
[ 0574 ] Rf = 0.20 ( DCM / MeOH , 95 : 5 ( v / v ) ) . 
[ 0575 ] NMR Spectroscopy : 
[ 0576 ] " H NMR ( 500 MHz , MeCN - d3 , 25 ° C. , d ) : 8.34 
8.32 ( m , 2H ) , 7.96-7.94 ( m , 2H ) , 7.90-7.86 ( m , 2H ) , 7.82 
7.79 ( m , 2H ) , 7.63-7.60 ( m , 2H ) , 7.35 ( d , J = 4.1 Hz , 1H ) , 
7.33-7.31 ( m , 1H ) , 7.15-7.12 ( m , 2H ) , 6.96 ( d , J = 4.1 Hz , 

9 

) 

[ 0580 ] Under ambient atmosphere , a 4 mL glass - vial was 
charged with 1,2,4 - triazole ( 83 mg , 1.2 mmol , 3.0 equiv . ) 
and tetramethylammonium hydroxide ( 25 % in methanol , 
438 mg , 0.51 mL , 1.2 mmol , 3.0 equiv . ) , and the solvent was 
removed under reduced pressure . Thianthrenium salt TT - 15 
( 256 mg , 0.401 mmol , 1.00 equiv . ) , [ Cu ( MeCN ) 2 ] BF4 ( 126 
mg , 0.401 mmol , 1.00 equiv . ) , [ Ru ( bipy ) 2 ] ( PF ) 2 ( 17 mg , 20 
umol , 4.9 mol % ) , acetonitrile ( 1 mL ) and dimethylsulfoxide 
( 1 mL , Ctotal - 0.2 M ) were added , and the suspension was 
degassed by bubbling through argon with a cannula for 5 
min . While stirring , the suspension was irradiated for 8 h at 
15 ° C. using a blue LED ( 60 W ) . The suspension was added 
to water ( 30 mL ) , and the aqueous phase was extracted with 

2 
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DCM ( 3x20 mL ) . The organic phase was dried over MgSO4 , 
and the solvent was removed under reduced pressure . The 
residue was purified by chromatography on silica gel eluting 
with hexanes / EtOAC ( 1 : 0-2 : 1 ( v / v ) ) to afford 89 mg ( 55 % ) 
of 15 as white solid . 
[ 0581 ] Rf = 0.13 ( hexanes / EtOAc , 2 : 8 ( v / v ) ) . 
[ 0582 ] NMR Spectroscopy : 
[ 0583 ] " H NMR ( 500 MHz , DMSO - d , 25 ° C. , ) : 9.25 ( s , 
1H ) , 8.99-8.97 ( m , 1H ) , 8.22 ( s , 1H ) , 7.88-7.86 ( m , 2H ) , 
7.73-7.71 ( m , 2H ) , 7.69 ( d , J = 4.1 Hz , 1H ) , 7.19 ( d , J = 4.0 Hz , 
1H ) , 4.90-4.84 ( m , 1H ) , 4.23 ( t , J = 9.0 Hz , 1H ) , 3.91-3.88 
( m , 1H ) , 3.63 ( t , J = 5.6 Hz , 2H ) . 
[ 0584 ] 13C NMR { ' H } ( 126 MHz , DMSO - d6 , 25 ° C. , d ) : 
160.8 , 154.1 , 152.3 , 142.1 , 138.4 , 137.8 , 133.3 , 132.3 , 
128.4 , 128.1 , 120.0 , 118.8 , 71.5 , 47.4 , 42.2 . 
[ 0585 ] HRMS - ESI ( m / z ) calc’d . for C1 , H24N502SCINa + 
[ M + Na ] * , 426.039808 ; found , 426.039950 ; deviation : -0.33 
ppm . 

2 

solution ( 3x40 mL , 10 % ) . The organic phase was dried over 
MgSO4 , and the solvent was removed under reduced pres 
sure giving a colorless foam . The foam was dissolved in 
DCM ( 5 mL ) , and precipitated by addition of MTBE ( 100 
mL ) resulting in a viscous oil . Drying under high vacuum 
afforded 5.475 g ( 91 % ) of TT - 22 in a purity of 92 % 
( containing 8 % MTBE ) as white solid . Further drying 
afforded an analytically pure sample . 
[ 0588 ] Rf = 0.47 ( DCM / MeOH , 94 : 6 ( v / v ) ) . 
[ 0589 ] NMR Spectroscopy : 
[ 0590 ] ' H NMR ( 500 MHz , DMSO - d6 , 25 ° C. , d ) : 8.53 
( dd , J = 8.1 , 1.4 Hz , 2H ) , 8.07 ( dd , J = 8.0 , 1.3 Hz , 2H ) , 
7.93-7.89 ( m , 2H ) , 7.84 ( ddd , J = 7.9 , 7.5 , 1.4 Hz , 2H ) , 
7.62-7.58 ( m , 2H ) , 7.30-7.26 ( m , 2H ) , 7.16-7.12 ( m , 2H ) , 
7.06-7.02 ( m , 2H ) . 
[ 0591 ] 13C NMR { { H } ( 126 MHz , DMSO - 06 , 25 ° C. , d ) : 
160.4 , 153.9 , 135.3 , 135.2 , 134.8 , 133.3 , 130.8 , 130.3 , 
129.7 , 122.3 , 119.6 , 119.3 , 117.8 , 117.2 . 
[ 0592 ] ° F NMR { ' H ) ( 471 MHz , DMSO - do , 25 ° C. , 8 ) : 
-148.2 , -148.2 . 
[ 0593 ] HRMS - ESI ( m / z ) calc’d . for C24H.GOS , Br + 
[ M - BF4 ] * , 462.982061 ; found , 462.981640 ; deviation : 

17 14 

2 

Thianthrenium Salt TT - 22 6 
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[ 0587 ] Under ambient atmosphere , a 50 mL Schlenk - tube 
equipped with a magnetic stir bar was charged with bromo 
diphenylether ( 2.491 g , 10.00 mmol , 1.000 equiv . ) , thian 
threne S - oxide ( 2.323 g , 10.00 mmol , 0.9999 equiv . ) , and 
MeCN ( 15 mL , c = 0.67 M ) . HBF40Et2 ( 1.5 ml , 1.8 g , 11 
mmol , 1.1 equiv . ) was added . After cooling to 0 ° C. , 
trifluoroacetic anhydride ( 2.1 mL , 3.2 g , mmol , 1.5 equiv . ) 
was added while stirring . The mixture was allowed to warm 
to ambient temperature , and then was stirred for 3 h . The 
reaction mixture was concentrated under reduced pressure , 
and subsequently diluted with DCM ( 30 mL ) . The solution 
was washed with water ( 40 mL ) , and with aqueous NaBF4 

CO2tBu 
Br 

22 



US 2022/0002263 A1 Jan. 6. 2022 
54 

-continued 

OMe 

Me 

-CO2Me 
23 

[ 0595 ] Under ambient atmosphere , a 4 mL glass - vial was 
charged with thianthrenium salt TT - 22 ( 165 mg , 0.299 
mmol , 1.00 equiv . ) , [ Cu ( MeCN ) 4 ] BF4 ( 94 mg , 0.30 mmol , 
1.0 equiv . ) , Ir ( ppy ) ; ( 10 mg , 15 umol , 5.1 mol % ) , K2CO3 
( 83 mg , 0.60 mmol , 2.0 equiv . ) , and acetonitrile ( 1.5 mL , 
c = 0.20 M ) . Tert - butyl 2-4R , 6R ) -6- ( 2 - aminoethyl ) -2,2 - di 
methyl - 1,3 - dioxan - 4 - yl ) acetate ( 123 mg , 0.450 mmol , 1.50 
equiv . ) was added , and the suspension was degassed by 
bubbling through argon with a cannula for 5 min . While 
stirring , the suspension was irradiated for 2.5 h at 15 ° C. 
using a blue LED ( 60 W ) . The suspension was added to an 
aqueous saturated NaHCO3 solution ( 20 mL ) , and the aque 
ous phase was extracted with DCM ( 3x20 mL ) . The organic 
phase was dried over MgSO4 , and the solvent was removed 
under reduced pressure . The residue was purified by chro 
matography on silica gel eluting with hexanes / EtOAC ( 1 : 0 
7 : 3 ( v / v ) ) to afford 91 mg ( 58 % ) of 22 as brown oil . 
[ 0596 ] Rf - 0.34 ( hexanes / EtOAc , 8 : 2 ( v / v ) ) . 
[ 0597 ] NMR Spectroscopy : 
[ 0598 ] " H NMR ( 500 MHz , CDC13 , 25 ° C. , 8 ) : 7.38-7.32 
( m , 2H ) , 6.90-6.84 ( m , 2H ) , 6.82-6.76 ( m , 2H ) , 6.61-6.54 
( m , 2H ) , 4.31-4.22 ( m , 1H ) , 4.08-3.99 ( m , 2H ) , 3.29-3.14 
( m , 2H ) , 2.44 ( dd , J = 15.2 , 6.9 Hz , 1H ) , 2.31 ( dd , J = 15.2 , 6.2 
Hz , 1H ) , 1.78 ( q , J = 6.3 Hz , 2H ) , 1.60-1.54 ( m , 1H ) , 1.46 ( s , 
3H ) , 1.45 ( s , 9H ) , 1.40 ( s , 3H ) , 1.32-1.25 ( m , 1H ) . 
[ 0599 ] 3C NMR { ' H } ( 126 MHz , CDC1z , 25 ° C. , 0 ) : 
170.4 , 158.6 , 147.0 , 145.7 , 132.5 , 121.4 , 118.8 , 114.2 , 113.8 , 
98.9 , 80.8 , 68.2 , 66.3 , 42.8 , 41.4 , 36.5 , 35.7 , 30.3 , 28.2 , 19.9 . 
[ 0600 ] HRMS - ESI ( m / z ) calc'd . for C26H35NO , Br + 
[ M + H ] * , 520.169324 ; found , 520.169660 ; deviation : 00.65 
ppm . 

[ 0602 ] Under ambient atmosphere , a 4 mL glass - vial was 
charged with thianthrenium salt TT - 23 ( 202 mg , 0.300 
mmol , 1.00 equiv . ) , [ Cu ( MeCN ) 4 ] BF4 ( 94 mg , 0.30 mmol , 
1.0 equiv . ) , Ir ( ppy ) z ( 10 mg , 15 umol , 5.1 mol % ) , K2CO3 
( 83 mg , 0.60 mmol , 2.0 equiv . ) , and acetonitrile ( 2 mL , 
c = 0.1 M ) . Morpholine ( 39 mg , 39 UL , 0.45 mmol , 1.5 equiv . ) 
was added , and the suspension was degassed by bubbling 
through argon with a cannula for 5 min . While stirring , the 
suspension was irradiated for 8 h at 15 ° C. using a blue LED 
( 60 W ) . The solvent was removed under reduced pressure . 
The residue was purified by chromatography on silica gel 
eluting with hexanes / EtOAC ( 1 : 0-4 : 6 ( v / v ) ) to afford 60 mg 
( 44 % ) of 23 as yellow solid . 
[ 0603 ] Rf = 0.29 ( hexanes / EtOAc , 1 : 1 ( v / v ) ) . 
[ 0604 ] NMR Spectroscopy : 
[ 0605 ] " H NMR ( 500 MHz , CDC13 , 25 ° C. , 8 ) : 7.68-7.63 
( m , 2H ) , 7.51-7.44 ( m , 2H ) , 6.92 ( s , 1H ) , 6.70 ( s , 1H ) , 3.91 
( s , 3H ) , 3.83 ( t , J = 4.6 Hz , 4H ) , 3.69 ( s , 3H ) , 3.65 ( s , 2H ) , 
2.88-2.80 ( m , 4H ) , 2.30 ( s , 3H ) . 
[ 0606 ] 13C NMR { ' H } ( 126 MHz , CDC13 , 25 ° C. , 8 ) : 
171.5 , 168.5 , 149.9 , 139.2 , 138.7 , 134.3 , 133.8 , 131.2 , 
130.8 , 129.2 , 124.9 , 112.6 , 105.1 , 100.3 , 67.3 , 55.9 , 52.3 , 
51.6 , 30.4 , 13.7 . 
[ 0607 ] HRMS - ESI ( m / z ) calc'd . for C24H26C1N2O3 + 
[ M + H ] * , 457.152475 ; found , 457.152640 ; deviation : 00.36 
ppm . 
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[ 0609 ] Under ambient atmosphere , a 50 mL Schlenk - tube 
equipped with a magnetic stir bar was charged with flur 
biprofen methyl ester ( 400 mg , 1.55 mmol , 1.00 equiv . ) , 
thianthrene S - oxide ( 360 mg , 1.55 mmol , 1.00 equiv . ) , and 
MeCN ( 7.7 mL , c = 0.20 M ) . After cooling to -40 ° C. , 
trifluoroacetic anhydride ( 0.65 mL , 0.98 g , 4.7 mmol , 3.0 
equiv . ) was added while stirring . HBF40Et , ( 0.42 ml , 0.50 
g , 3.1 mmol , 2.0 equiv . ) was added dropwise . The mixture 
was stirred at -40 ° C. for 1 h , then at ambient temperature 
for 14 h . The reaction mixture was added to a saturated 
aqueous NaHCO3 solution ( 50 mL ) , and the aqueous phase 
was extracted with DCM ( 3x20 mL ) . The organic phase was 
washed with aqueous NaBF4 solution ( 30 mL , 10 % ) , dried 
over MgSO4 , and the solvent was removed under reduced 
pressure . The residue was purified by chromatography on 
silica gel eluting with DCM / MeOH ( 1 : 0-9 : 1 ( v / v ) ) to afford 
746 mg ( 86 % ) of TT - 25 as white solid . 
[ 0610 ] Rf = 0.35 ( DCM / MeOH , 15 : 1 ( v / v ) ) . 
[ 0611 ] NMR Spectroscopy : 
[ 0612 ] " H NMR ( 500 MHz , DMSO - d6 , 25 ° C. , 8 ) : 8.62 
( dd , J = 7.9 , 1.4 Hz , 2H ) , 8.09 ( d , J = 7.1 Hz , 2H ) , 7.94 ( td , 
J = 7.7 , 1.5 Hz , 2H ) , 7.88 ( td , J = 7.7 , 1.4 Hz , 2H ) , 7.72 ( dd , 
J = 8.7 , 1.6 Hz , 2H ) , 7.47 ( t , J = 8.2 Hz , 1H ) , 7.35-7.30 ( m , 
2H ) , 7.30-7.19 ( m , 2H ) , 3.90 ( 9 , J = 7.1 Hz , 1H ) , 3.60 ( s , 3H ) , 
1.41 ( d , J = 7.2 Hz , 3H ) . 
[ 0613 ] 13C NMR { ' H } ( 126 MHz , DMSO - do , 25 ° C. , d ) : 
173.6 , 158.8 ( d , J = 247.4 Hz ) , 144.0 ( d , J = 7.9 Hz ) , 139.0 , 
135.7 , 135.4 , 134.8 , 130.9 ( d , J = 3.1 Hz ) , 130.6 ( d , J = 3.0 
Hz ) , 130.3 , 129.6 , 128.4 , 124.6 ( d , J = 12.8 Hz ) , 124.3 , 124.2 
( d , J = 16.0 Hz ) , 119.1 , 115.4 ( d , J = 23.0 Hz ) , 52.0 , 43.8 , 18.3 . 
[ 0614 ] ° F NMR { ' H } ( 471 MHz , DMSO - do , 25 ° C. , 8 ) : 
-117.8 , -148.2 , -148.3 . 
[ 0615 ] HRMS - ESI ( m / z ) calc'd . for C28H22F02szt 
[ M - BF4 ] * , 473.103979 ; found , 473.103320 ; deviation : 

2 

[ 0617 ] In an argon - filled glovebox , a 4 mL glass - vial 
equipped with a magnetic stir bar was charged with TT - 25 
( 224 mg , 0.400 mmol , 1.00 equiv . ) , Pd2dbaz ( 7 mg , 8 umol , 
2 mol % ) , RuPhos ( 7 mg , 0.02 mmol , 4 mol % ) , Cs2CO3 
( 261 mg , 0.801 mmol , 2.00 equiv . ) , and DMF ( 1 mL , c = 0.4 
M ) . N - Methylbenzylamine ( 77 ?L , 72 mg , 0.60 mmol , 1.5 
equiv . ) was added , and the sealed vial was taken out from the 
glovebox . The suspension was stirred at 90 ° C. for 24 h . The 
solvent was removed under reduced pressure . The residue 
was purified by chromatography on silica gel eluting with 
hexanes / EtOAC ( 1 : 0-6 : 4 ( v / v ) ) to afford 101 mg ( 67 % ) of 
25a as yellowish oil . 
[ 0618 ] Rf = 0.35 ( hexanes / EtOAc , 9 : 1 ( v / v ) ) . 
[ 0619 ] NMR Spectroscopy : 
[ 0620 ] ' H NMR ( 500 MHz , CDC13 , 25 ° C. , ) : 7.43 ( d , 
J = 7.0 Hz , 2H ) , 7.40-7.31 ( m , 3H ) , 7.30-7.22 ( m , 3H ) , 
7.14-7.04 ( m , 2H ) , 6.83 ( d , J = 8.3 Hz , 2H ) , 4.59 ( s , 2H ) , 3.74 
( q , J = 7.2 Hz , 1H ) , 3.70 ( s , 3H ) , 3.09 ( s , 3H ) , 1.53 ( d , J = 7.2 
Hz , 3H ) . 
[ 0621 ] 13C NMR { ' H } ( 126 MHz , CDC13 , 25 ° C. , d ) : 
174.7 , 159.8 ( d , J = 246.9 Hz ) , 140.5 ( d , J = 7.6 Hz ) , 130.3 ( d , 
J = 4.2 Hz ) , 129.9 ( d , J = 3.1 Hz ) , 128.8 , 128.0 ( d , J = 13.4 Hz ) , 
127.1 , 126.9 , 123.5 ( d , J = 3.3 Hz ) , 115.3 ( d , J = 24.3 Hz ) , 
112.3 , 56.7 , 52.3 , 45.0 , 38.8 , 18.6 . 
[ 0622 ] ° F NMR { H } ( 471 MHz , CDC1z , 25 ° C. , 8 ) : 1 
-117.8 . 
[ 0623 ] HRMS - ESI ( m / z ) calc'd . for C24H23FNO , 
[ M + H ] * , 378.186382 ; found , 378.186440 ; deviation : -0.15 
ppm . 
[ 0624 ] Aminoisoxazole 25b 

2 
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[ 0625 ] In an argon - filled glovebox , a 4 mL glass - vial 
equipped with a magnetic stir bar was charged with TT - 25 
( 226 mg , 0.300 mmol , 1.00 equiv . ) , tBuBrettPhosPd G3 ( 8 
mg , 9 umol , 3 mol % ) , and THF ( 1 mL , c = 0.3 M ) . 5 - Amino 
3 - phenylisoxazole ( 72 mg , 0.45 mmol , 1.5 equiv . ) and DBU 
( 90 ?L , 92 mg , 0.60 mmol , 2.0 equiv . ) were added , and the 
sealed vial was taken out from the glovebox . The solution 
was stirred at 70 ° C. for 16 h . The solvent was removed 
under reduced pressure , and the residue was purified by 
chromatography on silica gel eluting with hexanes / EtOAC 
( 1 : 0-3 : 1 ( v / v ) ) to afford 97 mg ( 77 % ) of 25b as white solid . 
[ 0626 ] Rf - 0.28 ( hexanes / EtOAc , 75:25 ( v / v ) ) . 
[ 0627 ] NMR Spectroscopy : 
[ 0628 ] ' H NMR ( 500 MHz , DMSO - 06 , 25 ° C. , 8 ) : 10.24 
( s , 1H ) , 7.90-7.88 ( m , 2H ) , 7.55-7.47 ( m , 6H ) , 7.37-7.36 ( m , 
2H ) , 7.24-7.19 ( m , 2H ) , 6.35 ( s , 1H ) , 3.89 ( q , J = 7.1 Hz , 1H ) , 
3.62 ( s , 3H ) , 1.43 ( d , J = 7.1 Hz , 3H ) . 
[ 0629 ] 13C NMR { H } ( 126 MHz , DMSO - d , 25 ° C. , 8 ) : 
173.8 , 165.6 , 162.8 , 158.9 ( d , J = 245.9 Hz ) , 141.8 ( d , J = 7.7 
Hz ) , 139.5 , 130.4 ( d , J = 3.9 Hz ) , 130.0 , 129.7 ( d , J = 3.2 Hz ) , 
128.9 , 127.7 , 126.6 , 123.9 ( d , J = 3.2 Hz ) , 116.5 , 115.2 ( d , 
J = 23.4 Hz ) , 79.4 , 52.0 , 43.8 , 18.3 . 
[ 0630 ] 19F NMR { H } ( 471 MHz , DMSO - do , 25 ° C. , d ) : 
-118.2 . 

[ 0631 ] HRMS - ESI ( m / z ) calc'd . for C25Hz , FN203 
[ M - H ] , 415.146346 ; found , 415.146420 ; deviation : -0.18 
ppm . 

[ 0633 ] Under ambient atmosphere , a 4 mL glass - vial was 
charged with 1,2,4 - triazole ( 74 mg , 1.1 mmol , 3.0 equiv . ) 
and tetramethylammonium hydroxide ( 25 % in methanol , 
390 mg , 0.45 mL , 1.1 mmol , 3.0 equiv . ) , and the solvent was 
removed under reduced pressure . Thianthrenium salt TT - 25 
( 200 mg , 0.357 mmol , 1.00 equiv . ) , [ Cu ( MeCN ) 4 ] BF4 ( 112 
mg , 0.356 mmol , 0.998 equiv . ) , [ Ru ( bipy ) 3 ] ( PF ) 2 ( 15 mg , 
17 umol , 4.9 mol % ) , acetonitrile ( 0.89 mL ) and dimethyl 
sulfoxide ( 0.89 mL , Ctotal +0.20 M ) were added , and the 
suspension was degassed by bubbling through argon with a 
cannula for 5 min . While stirring , the suspension was 
irradiated for 8 h at 15 ° C. using a blue LED ( 60 W ) . The 
suspension was added to water ( 30 mL ) , and the aqueous 
phase was extracted with DCM ( 3x20 mL ) . The organic 
phase was washed with a saturated aqueous NaCl solution 
( 20 mL ) , dried over MgSO4 , and the solvent was removed 
under reduced pressure . The residue was purified by chro 
matography on silica gel eluting with hexanes / EtoAc ( 9 : 1 
0 : 1 ( v / v ) ) to afford 69 mg ( 55 % ) of 25c as yellowish solid . 
[ 0634 ] Rf = 0.46 ( hexanes / EtOAc , 2 : 8 ( v / v ) ) . 
[ 0635 ] NMR Spectroscopy : 
[ 0636 ] ' H NMR ( 500 MHz , CDC13 , 25 ° C. , d ) : 8.59 ( s , 
1H ) , 8.11 ( s , 1H ) , 7.78-7.71 ( m , 2H ) , 7.69-7.62 ( m , 2H ) , 
7.40 ( t , J = 8.0 Hz , 1H ) , 7.19-7.11 ( m , 2H ) , 3.76 ( q , = 7.2 Hz , 
1H ) , 3.69 ( s , 3H ) , 1.53 ( d , J = 7.0 Hz , 3H ) . 
[ 0637 ] 13C NMR { ' H } ( 126 MHz , CDC1z , 25 ° C. , 8 ) : 
174.3 , 159.7 ( d , J = 249.0 Hz ) , 152.7 , 142.6 ( d , J = 7.7 Hz ) , 
140.9 , 136.3 , 135.5 , 130.6 ( d , J = 3.6 Hz ) , 130.3 ( d , J = 3.2 
Hz ) , 126.4 ( d , J = 13.1 Hz ) , 123.8 ( d , J = 3.2 Hz ) , 120.0 , 115.5 
( d , J = 23.3 Hz ) , 52.3 , 45.0 , 18.5 . 
[ 0638 ] ° F NMR { H } ( 471 MHz , CDC12 , 25 ° C. , 8 ) : 
-117.4 . 

[ 0639 ] HRMS - ESI ( m / z ) calc’d . for C18H 2FN202 * 
[ M + H ] * , 326.129930 ; found , 326.129910 ; deviation : +0.06 
ppm . 

Triazole 250 

[ 0632 ] 

TT BF4 

+ 

Me 

CO2Me 
TT - 25 
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Aniline 25d [ 0647 ] HRMS - ESI ( m / z ) calc'd . for C2H2NO3FNa + 
[ M + Na ] " , 376.131941 ; found , 376.131630 ; deviation : 

21 

[ 0640 ] 00.83 ppm . 

2 - Fluoro - 6- ( p - fluorophenoxy ) benzonitrile ( 2 ) TTT BF4 
F [ 0648 ] 

+ 

Me 
BF4 

1.0 mol % 
Ir [ dF ( CF3 ) ppy ] 2 

( dtbpy ) PF6 
1.5 equiv . 

( Cu ( MeCN ) 4BF4 
1.2 equiv . CsF 

CO2Me 
TT - 25 

2.0 equiv . K2CO3 
1.0 equiv . [ Cu ( MeCN ) 4 ] BF4 

5.1 mol % Ir ( ppy ) 3 
NC Acetone ( c = 0.20M ) 

blue LEDs , 30 ° C. , 20 h 
84 % yield 

H?N . blue LED ( 60 W ) 
MeCN , 15 ° C. , 1 h 

59 % 
F 

F 

F 

NC . 
Me . 

CO2Me F 

25d 2 

6 

2 

[ 0641 ] Under ambient atmosphere , a 4 mL glass - vial was 
charged with thianthrenium salt TT - 25 ( 168 mg , 0.300 
mmol , 1.00 equiv . ) , [ Cu ( MeCN ) 2 ] BF4 ( 94 mg , 0.30 mmol , 
1.0 equiv . ) , Ir ( ppy ) ( 10 mg , 15 umol , 5.1 mol % ) , K , CO , 
( 83 mg , 0.60 mmol , 2.0 equiv . ) , and acetonitrile ( 1.5 mL , 
c = 0.20 M ) . Furfurylamine ( 40 uL , 44 mg , 0.45 mmol , 1.5 
equiv . ) was added , and the suspension was degassed by 
bubbling through argon with a cannula for 5 min . While 
stirring , the suspension was irradiated for 1 h at 15 ° C. using 1 

a blue LED ( 60 W ) . The suspension was added to an 
aqueous saturated NaHCO3 solution ( 20 mL ) , and the aque 
ous phase was extracted with DCM ( 3x20 mL ) . The organic 
phase was dried over MgSO4 , and the solvent was removed 
under reduced pressure . The residue was purified by chro 
matography on silica gel eluting with hexanes / EtOAC ( 1 : 0 
2 : 8 ( v / v ) ) to afford 63 mg ( 59 % ) of 25d as yellowish oil . 
[ 0642 ] Rf = 0.38 ( hexanes / EtOAc , 8 : 2 ( v / v ) ) . 
[ 0643 ] NMR Spectroscopy : 
[ 0644 ] ' H NMR ( 500 MHz , CDC13 , 25 ° C. , 0 ) : 7.42-7.37 
( m , 3H ) , 7.35 ( t , J = 8.2 Hz , 1H ) , 7.13-7.05 ( m , 2H ) , 6.76-6 . 
71 ( m , 2H ) , 6.34 ( dd , J = 3.2 , 1.8 Hz , 1H ) , 6.27 ( d , J = 3.2 Hz , 
1H ) , 4.36 ( d , J = 4.7 Hz , 2H ) , 4.16 ( s , 1H ) , 3.74 ( q , J = 7.2 Hz , 
1H ) , 3.70 ( s , 3H ) , 1.53 ( d , J = 7.2 Hz , 3H ) . 
[ 0645 ] 13C NMR ( ' H } ( 126 MHz , CDC13 , 25 ° C. , 8 ) : 
174.7 , 159.8 ( d , J = 247.4 Hz ) , 152.6 , 147.3 , 142.1 , 140.7 ( d , 
J = 7.7 Hz ) , 130.4 ( d , J = 4.2 Hz ) , 130.0 ( d , J = 3.2 Hz ) , 128.0 
( d , J = 13.6 Hz ) , 125.0 , 123.5 ( d , J = 3.2 Hz ) , 115.3 ( d , J = 23.9 
Hz ) , 113.1 , 110.5 , 107.2 , 52.3 , 45.0 , 41.5 , 18.6 . 
[ 0646 ] 19F NMR { { H } ( 471 MHz , CDC13 , 25 ° C. , d ) : 
-117.8 . 

[ 0649 ] To a 20 - ml borosilicate vial equipped with a stir 
bar was added Ir [ dF ( CF3 ) ppyl2 ( dtbpy ) PF . ( 22 mg , 20 umol , 
1.0 mol % ) and 2 - fluoro - 6 - phenoxybenzonitrile - derived thi 
anthrenium salt 1 ( 1.03 g , 2.00 mmol , 1.00 equiv . ) . The vial 
was transferred into a Ny - filled glovebox . After addition of 
Cu ( MeCN ) 4BF4 ( 944 mg , 3.00 mmol , 1.50 equiv . ) , CsF ( 364 
mg , 2.40 mmol , 1.20 equiv . ) and acetone ( 10 mL , c = 0.20 
M ) , the vial was capped , transferred out of the glovebox and 
placed 5 cm away from two 34 W blue LEDs . The tempera 
ture was kept at approximately 30 ° C. through cooling with 
a fan . After being stirred for 20 h , the reaction mixture was 
diluted with CH C12 ( 10 mL ) , and the resulting mixture was 
filtered through a short pad of Celite® using CH2C12 ( 15 
mL ) as eluent . The filtrate was collected and concentrated by 
rotary evaporation . The residue was purified by chromatog 
raphy on silica gel eluting with pentane / ethyl acetate ( 50 : 1 
to 30 : 1 , v / v ) to afford 2 ( 389 mg , 1.68 mmol , 84 % ) as a 
colorless solid . 
[ 0650 ] R0.32 ( hexanes / ethyl acetate 10 : 1 , v / v ) . 
[ 0651 ] NMR Spectroscopy : 
[ 0652 ] ' H NMR ( 500 MHz , CDC13 , 298 K , 8 ) : 7.47-7.41 
( m , 1H ) , 7.17-7.05 ( m , 4H ) , 6.88 ( t , J = 8.4 Hz , 1H ) , 6.56 ( d , 
J = 8.6 Hz , 1H ) ppm . 
[ 0653 ] 13C NMR ( 126 MHz , CDC13 , 298 K , d ) : 164.2 ( d , 
J = 259.8 Hz ) , 161.3 ( d , J = 4.2 Hz ) , 160.2 ( d , J = 245.0 Hz ) , 
150.3 ( d , J = 2.9 Hz ) , 135.1 ( d , J = 10.2 Hz ) , 122.2 ( d , J = 8.4 
Hz ) , 117.1 ( d , J = 23.4 Hz ) , 111.4 ( d , J = 3.2 Hz ) , 111.2 , 109.9 
( d , J = 19.7 Hz ) , 93.6 ( d , J = 18.3 Hz ) ppm . 
[ 0654 ] 19F NMR ( 471 MHz , CDC13 , 298 K , S ) : -104.52 ( t , 
J = 7.4 Hz ) , -116.49 ( m ) ppm . 

3 9 
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Fluorosalicin Pentaacetate ( 14 ) [ 0655 ) HRMS GC - EI ( m / z ) calculated for C13H , N , O , F2 + 
[ M ] * , 231.049021 ; found , 231.049340 , deviation : -1.38 
ppm . [ 0664 ] 

1 - Bromo - 4 - fluoro - 2,5 - dimethyl - benzene ( 12 ) 
[ 0656 ] 

TT PF6 

1.0 mol % 
Ir [ dF ( CF3 ) ppy ] 2 

( dtbpy ) PF6 
1.5 equiv . 

( Cu ( MeCN ) 4BF4 
1.2 equiv . CsF 

TT BF4 1.0 mol % Ir [ dF ( CF3 ) ppy ] z ( dtbpy ) PF6 
1.5 equiv . ( Cu ( MeCN4BF4 

1.2 equiv . CsF 
OAC Me 

OAC 
Acetone ( c = 0.10M ) 

blue LEDs , 30 ° C. , 20 h 
77 % yield Acetone ( c = 0.10M ) 

blue LEDs , 30 ° C. , 20 h 
67 % yield 

Aco 
Aco 

Me ??? 

Br 14 - TT 
F 

12 - TT 
F 

Me OAC 

OAC 

Me 
AcO 
Aco 

Br ??? 

12 14 

a 

6 

[ 0657 ] To a 4 - mL borosilicate vial equipped with a stir bar 
was added Ir [ dF ( CF3 ) ppy ] ( dtbpy ) PF . ( 3.4 mg , 3.0 umol , 
1.0 mol % ) and 4 - bromo - m - xylene - derived thianthrenium 
salt 12 - TT ( 146 mg , 0.300 mmol , 1.00 equiv . ) . The vial was 
transferred into a Nz - filled glovebox . After addition of 
Cu ( MeCN ) 4BF4 ( 142 mg , 0.450 mmol , 1.50 equiv . ) , CsF 
( 54.7 mg , 0.360 mmol , 1.20 equiv . ) and acetone ( 3.0 mL , 
c = 0.10 M ) , the vial was capped , transferred out of the 
glovebox and placed 5 cm away from two 34 W blue LEDs . 
The temperature was kept at approximately 30 ° C. through 
cooling with a fan . After being stirred for 20 h , the reaction 
mixture was diluted with CH2Cl2 ( 2 10 mL ) , and the 
resulting mixture was filtered through a short pad of Celite? 
using CH2Cl2 ( 5 mL ) as eluent . The filtrate was collected 
and concentrated by rotary evaporation at low temperature 
( approximately 3 ° C. ) . The residue was purified by chroma 
tography on silica gel eluting with pentane to afford the 
mixture of 12 and the corresponding hydro - counterpart 12 - H 
( 43.7 mg , 12 / 12 - H = 12 : 1 , yield of 12 : 67 % ) . Further purifi 
cation of 12 by chromatography on silica gel eluting with 
hexanes / CFhCh ( 200 : 1 , v / v ) afforded analytically pure com 
pound 12 . 
[ 0658 ] R - 0.70 ( pentane ) . 
[ 0659 ] NMR Spectroscopy : 
[ 0660 ] ' H NMR ( 500 MHz , CDC13 , 298 K , ) : 7.33 ( d , 
J = 7.3 Hz , 1H ) , 6.89 ( d , J = 10.1 Hz , 1H ) , 2.33 ( s , 3H ) , 2.21 
( s , 3H ) ppm . 
[ 0661 ] 13C NMR ( 126 MHz , CDC13 , 298 K , ) : 160.4 ( d , 
J = 244.4 Hz ) , 137.0 ( d , J = 7.8 Hz ) , 134.6 ( d , J = 5.4 Hz ) , 124.2 
( d , J = 18.5 Hz ) , 118.5 ( d , J = 3.2 Hz ) , 117.3 ( d , J = 23.3 Hz ) , 
22.7 ( d , J = 1.2 Hz ) , 14.0 ( d , J = 3.0 Hz ) ppm . 
[ 0662 ] ° F NMR ( 471 MHz , CDC13 , 298 K , 8 ) : -120.19 
( m ) ppm . 
[ 0663 ] HRMS GC - EI ( m / z ) calculated for C H Br_F + 
[ M ] * , 201.978804 ; found , 201.979110 , deviation : -1.52 
ppm . 

[ 0665 ] To a 4 - mL borosilicate vial equipped with a stir bar 
was added Ir [ dF ( CF3 ) ppy ] 2 ( dtbpy ) PF . ( 2.4 mg , 2.1 umol , 
1.0 mol % ) and salicin pentaacetate - derived thianthrenium 
salt 14 - TT ( 171 mg , 0.200 mmol , 1.00 equiv . ) . The vial was 
transferred into a Ny - filled glovebox . After addition of 
Cu ( MeCN ) BF4 ( 94.4 mg , 0.300 mmol , 1.50 equiv . ) , CsF 
( 36.4 mg , 0.240 mmol , 1.20 equiv . ) and acetone ( 2.0 mL , 
c = 0.10 M ) , the vial was capped , transferred out of the 
glovebox and placed 5 cm away from two 34 W blue LEDs . 
The temperature was kept at approximately 30 ° C. through 
cooling with a fan . After being stirred for 20 h , the reaction 
mixture was diluted with CH2Cl2 ( 2 mL ) , and the resulting 
mixture was filtered through a short pad of Celite® using 
CH2C12 ( 5 mL ) as eluent . The filtrate was collected and 
concentrated by rotary evaporation . The residue was purified 
by chromatography on silica gel eluting with hexanes / ethyl 
acetate ( 40 : 1 , v / v ) to afford 14 ( 79.4 mg , 154 umol , 77 % ) as 
a colorless solid . 
[ 0666 ] R0.35 ( hexanes / ethyl acetate 3 : 2 , v / v ) . 
[ 0667 ] NMR Spectroscopy : 
[ 0668 ] ' H NMR ( 500 MHz , CDC13 , 298 K , d ) : 7.02 ( td , 
J = 8.8 , 8.4 , 3.8 Hz , 2H ) , 6.90 ( td , J = 8.5 , 3.2 Hz , 1H ) , 
5.27-5.21 ( m , 2H ) , 5.12 ( ddd , J = 9.4 , 6.3 , 3.1 Hz , 1H ) , 5.06 
( d , J = 13.5 Hz , 1H ) , 4.96 ( d , J = 13.2 Hz , 1H ) , 4.95 ( dd , J = 5.4 , 
2.3 Hz , 1H ) , 4.23 ( dd , J = 12.3,5.3 Hz , 1H ) , 4.14 ( dd , J = 12.3 , 
2.5 Hz , 1H ) , 3.79 ( ddd , J = 10.0 , 5.3 , 2.5 Hz , 1H ) , 2.08 ( s , 
3H ) , 2.07 ( s , 3H ) , 2.03 ( s , 3H ) , 2.00 ( s , 3H ) , 1.99 ( s , 3H ) 
ppm . 
[ 0669 ] 13C NMR ( 126 MHz , CDC13 , 298 K , D ) : 170.5 , 
170.2 , 169.4 , 169.3 , 158.8 ( d , J = 242.4 Hz ) , 150.3 ( d , J = 2.5 
Hz ) , 128.7 ( d , J = 7.7 Hz ) , 118.2 ( d , J = 8.3 Hz ) , 115.6 ( d , 
J = 24.2 Hz ) , 115.4 ( d , J = 23.2 Hz ) , 100.1 , 72.6 , 72.1 , 71.0 , 
68.3 , 61.9 , 60.5 , 20.9 , 20.7 , 20.6 ppm . 
[ 0670 ] 19F NMR ( 471 MHz , CDC13 , 298 K , 8 ) : -118.94 
( td , J = 8.4 , 4.4 Hz ) ppm . 

+ 



US 2022/0002263 A1 Jan. 6. 2022 
59 

Fluorothymol ( 20 ) [ 0671 ] HRMS - ESI ( m / z ) calculated for C23H27F , 012Na + 
[ M + Na ] * , 537.137878 ; found , 537.137930 , deviation : -0.10 
ppm . [ 0680 ] 

Fluoroflurbiprofen Methylester ( 19 ) 
+ 

TT BF4 [ 0672 ] 
Me 

1.0 mol % Ir [ dF ( CF3 ) ppy ] z ( dtbpy ) PF6 
1.5 equiv . Cu ( MeCN ) 4BF4 

1.2 equiv . CsF 
Acetone ( c = 0.10M ) 

blue LEDs , 30 ° C. , 20 h 
41 % yield 

Me 
1.0 mol % 

Ir [ dF ( CF3 ) ppy ] 2 
( dtbpy ) PF6 
1.5 equiv . 

( Cu ( MeCN ) 4BF4 
1.2 equiv . CsF 

OH Me 

20 - TT 

Meo do TT BF4 
Me 

Acetone 
( c = 0.10M ) 
blue LEDs , 
30 ° C. , 20 h 
78 % yield 

19 - TT 

Me F 

Meo 
Me 

Me OH Me 
20 19 

a a [ 0673 ] To a 4 - mL borosilicate vial equipped with a stir bar 
was added Ir [ dF ( CF3 ) ppy ] 2 ( dtbpy ) PF . ( 2.4 mg , 2.1 umol , 
1.0 mol % ) and flurbiprofen methylester - derived thian 
threnium salt 19 - TT ( 112 mg , 0.200 mmol , 1.00 equiv . ) . The 
vial was transferred into a N2 - filled glovebox . After addition 
of Cu ( MeCN ) 4BF4 ( 94.4 mg , 0.300 mmol , 1.50 equiv . ) , CsF 
( 36.4 mg , 0.240 mmol , 1.20 equiv . ) and acetone ( 2.0 mL , 
c = 0.10 M ) , the vial was capped , transferred out of the 
glovebox and placed 5 cm away from two 34 W blue LEDs . 
The temperature was kept at approximately 30 ° C. through 
cooling with a fan . After being stirred for 20 h , the reaction 
mixture was diluted with CH2Cl2 ( 2 mL ) , and the resulting 
mixture was filtered through a short pad of Celite® using 
CH2C12 ( 5 mL ) as eluent . The filtrate was collected and 
concentrated by rotary evaporation . The residue was purified 
by chromatography on silica gel eluting with pentane / ethyl 
acetate ( 40 : 1 to 20 : 1 , v / v ) to afford 19 ( 43.0 mg , 156 umol , 
78 % ) as a colorless liquid . 
[ 0674 ] R0.53 ( hexanes / ethyl acetate 10 : 1 , v / v ) . 
[ 0675 ] NMR Spectroscopy : 
[ 0676 ' H NMR ( 500 MHz , CDC13 , 298 K , 8 ) : 7.54-7.47 
( m , 2H ) , 7.35 ( t , J = 8.0 Hz , 1H ) , 7.19-7.08 ( m , 4H ) , 3.76 ( q , 
J = 7.2 Hz , 1H ) , 3.70 ( s , 3H ) , 1.54 ( d , J = 7.2 Hz , 3H ) ppm . 
[ 0677 ] 13C NMR ( 126 MHz , CDC13 , 298 K , 8 ) : 174.5 , 
162.6 ( d , J = 246.8 Hz ) , 159.7 ( d , J = 248.1 Hz ) , 142.1 ( d , 
J = 7.2 Hz ) , 131.6 ( d , J = 3.8 Hz ) , 130.8 ( d , J = 3.6 Hz ) , 130.7 
( dd , J = 8.2 , 2.5 Hz ) , 127.0 ( d , J = 14.3 Hz ) , 123.7 ( d , J = 3.5 
Hz ) , 115.6 ( d , J = 21.5 Hz ) , 115.4 ( d , J = 23.62 Hz ) , 52.4 , 45.1 , 

, 

[ 0681 ] To a 4 - mL borosilicate vial equipped with a stir bar 
was added Ir [ dF ( CF3 ) ppy ] 2 ( dtbpy ) PF ( 2.4 mg , 2.1 umol , 
1.0 mol % ) and thymol - derived thianthrenium salt 20 - TT 
( 90.5 mg , 0.200 mmol , 1.00 equiv . ) . The vial was transferred 
into a Ny - filled glovebox . After addition of Cu ( MeCN ) BF4 
( 94.4 mg , 0.300 mmol , 1.50 equiv . ) , CsF ( 36.4 mg , 0.240 
mmol , 1.20 equiv . ) and acetone ( 2.0 mL , c = 0.10 M ) , the vial 
was capped , transferred out of the glovebox and placed 5 cm 
away from two 34 W blue LEDs . The temperature was kept 
at approximately 30 ° C. through cooling with a fan . After 
being stirred for 20 h , the reaction mixture was diluted with 
CH2C12 ( 2 mL ) , and the resulting mixture was filtered 
through a short pad of Celite® using CH2Cl2 ( 5 mL ) as 
eluent . The filtrate was collected and concentrated by rotary 
evaporation . The residue was purified by chromatography 
on silica gel eluting with isohexanelethyl acetate ( 40 : 1 + 2 % 
CH2Cl2 , V / v / v ) to afford 20 ( 13.8 mg , 82.0 umol , 41 % ) as a 
slight yellow solid . 
[ 0682 ] R , 0.41 ( pentane / ethyl acetate 10 : 1 , v / v ) . 
[ 0683 ] NMR Spectroscopy : 
[ 0684 ] ' H NMR ( 500 MHz , CDC13 , 298 K , ) : 6.83 ( d , 
J = 10.6 Hz , 1H ) , 6.55 ( d , J = 6.6 Hz , 1H ) , 4.48 ( br , 1H ) , 3.13 
( hept , J = 6.9 Hz , 1H ) , 2.19 ( d , J = 1.6 Hz , 3H ) , 1.22 ( d , J = 6.9 
Hz , 6H ) ppm . 
[ 0685 ] 13C NMR ( 126 MHz , CDC13 , 298 K , ) : 156.1 ( d , 
J = 236.1 Hz ) , 148.3 ( d , J = 1.9 Hz ) , 133.5 ( d , J = 6.5 Hz ) , 122.4 
( d , J = 19.1 Hz ) , 117.7 ( d , J = 5.0 Hz ) , 112.7 ( d , J = 23.9 Hz ) , 
27.0 , 22.7 , 14.3 ( d , J = 3.2 Hz ) ppm . 
[ 0686 ] 19F NMR ( 471 MHz , CDC13 , 298 K , 8 ) : -127.90 ( t , 
J = 8.9 Hz ) ppm . 
[ 0687 ] HRMS GC - EI ( m / z ) calculated for C10H , 30 , F1 + 
[ M ] " , 168.094494 ; found , 168.094710 , deviation : -1.29 
ppm . 

18.6 ppm . 
[ 0678 ] 19F NMR ( 471 MHz , CDC13 , 298 K , 8 ) : -114.52 
( m ) , -117.69 ( t , J = 9.8 Hz ) ppm . 
[ 0679 ) HRMS GC - EI ( m / z ) calculated for C16H40 F2 
[ M ] * , 276.095637 ; found , 276.096080 , deviation : -1.60 
ppm . 

+ 
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2 - Fluoro - 9H - xanthen - 9 - one ( 23 ) Fluoroindomethacin Methylester ( 24 ) 

[ 0688 ] [ 0696 ] 

# 
TFT BF4 

1.0 mol % 
Ir [ dF ( CF3 ) ppy ] 2 

( dtbpy ) PF6 
1.5 equiv . 

Cu ( MeCN ) 4BF4 
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Acetone ( c = 0.10M ) 
blue LEDs , 
30 ° C. , 20 h 
70 % yield 
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Me 
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F 
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[ 0689 ] To a 4 - mL borosilicate vial equipped with a stir bar 
was added Ir [ dF ( CF3 ) ppy ] 2 ( dtbpy ) PF6 ( 2.4 mg , 2.1 umol , 
1.0 mol % ) and xanthone - 9 - one - derived thianthrenium salt 
23 - TFT ( 114 mg , 0.200 mmol , 1.00 equiv . ) . The vial was 
transferred into a N2 - filled glovebox . After addition of 
Cu ( MeCN ) BF4 ( 94.4 mg , 0.300 mmol , 1.50 equiv . ) , CsF 
( 36.4 mg , 0.240 mmol , 1.20 equiv . ) and acetone ( 2.0 mL , 
c = 0.10 M ) , the vial was capped , transferred out of the 
glovebox and placed 5 cm away from two 34 W blue LEDs . 
The temperature was kept at approximately 30 ° C. through 
cooling with a fan . After being stirred for 20 h , the reaction 
mixture was diluted with CH , C12 ( 2 mL ) , and the resulting 
mixture was filtered through a short pad of Celite® using 
CH C12 ( 5 mL ) as eluent . The filtrate was collected and 
concentrated by rotary evaporation . The residue was purified 
by chromatography on silica gel eluting with pentane / ethyl 
acetate ( 30 : 1 , v / v ) to afford 23 ( 29.9 mg , 140 umol , 70 % ) as 
a colorless solid . 

[ 0697 ] To a 4 - mL borosilicate vial equipped with a stir bar 
was added Ir [ dF ( CF3 ) ppy ] z ( dtbpy ) PF ( 2.4 mg , 2.1 umol , 
1.0 mol % ) and indomethacin methylester - derived thian 
threnium salt 24 - TT ( 135 mg , 0.200 mmol , 1.00 equiv . ) . The 
vial was transferred into a Nz - filled glovebox . After addition 
of Cu ( MeCN ) 4BF4 ( 94.4 mg , 0.300 mmol , 1.50 equiv . ) , CsF 
( 36.4 mg , 0.240 mmol , 1.20 equiv . ) and acetone ( 2.0 mL , 
c = 0.10 M ) , the vial was capped , transferred out of the 
glovebox and placed 5 cm away from two 34 W blue LEDs . 
The temperature was kept at approximately 30 ° C. through 
cooling with a fan . After being stirred for 20 h , the reaction 
mixture was diluted with CH2C12 ( 2 mL ) , and the resulting 
mixture was filtered through a short pad of Celite® using 
CH_C12 ( 5 mL ) as eluent . The filtrate was collected and 
concentrated by rotary evaporation . The residue was purified 
by chromatography on silica gel eluting with hexanes / ethyl 
acetate ( 10 : 1 to 6 : 1 , v / v ) to afford 24 ( 25.7 mg , 66.0 umol , 
33 % ) as a yellow solid . 
[ 0698 ] R = 0.38 ( hexanes / ethyl acetate 5 : 1 , v / v ) . 
[ 0699 ] NMR Spectroscopy : 
[ 0700 ] ' H NMR ( 500 MHz , CDC13 , 298 K , 8 ) : 7.65 ( d , 
J = 8.2 Hz , 2H ) , 7.48 ( d , J = 7.6 Hz , 2H ) , 7.01 ( d , J = 8.0 Hz , 
1H ) , 6.87 ( d , J = 12.8 Hz , 1H ) , 3.93 ( s , 3H ) , 3.71 ( s , 3H ) , 3.65 
( s , 2H ) , 2.31 ( s , 3H ) ppm . 
[ 0701 ] 13C NMR ( 126 MHz , CDC13 , 298 K , D ) : 171.3 , 
168.3 , 150.5 ( d , J = 241.5 Hz ) , 145.1 ( d , J = 12.5 Hz ) , 139.7 , 
135.2 ( d , J = 4.2 Hz ) , 133.6 , 131.2 , 129.4 , 129.3 , 125.4 ( d , 
J = 1.9 Hz ) , 112.3 ( d , J = 1.5 Hz ) , 102.9 ( d , J = 25.5 Hz ) , 102.0 
( d , J = 2.3 Hz ) , 56.8 , 52.3 , 30.3 , 13.5 ppm . 
[ 0702 ] 1 ° F NMR ( 471 MHz , CDC13 , 298 K , d ) : -137.96 
( dd , J = 12.0 , 8.3 Hz ) ppm . 
[ 0703 ] HRMS - ESI ( m / z ) calculated for 
C2H , CIF NO Na + [ M + Na ] " , 412.072234 ; found , 412 . 
072540 , deviation : -0.74 ppm . 

[ 0690 ] R0.42 ( hexanes / ethyl acetate 10 : 1 , v / v ) . 
[ 0691 ] NMR Spectroscopy : 
[ 0692 ] H NMR ( 500 MHz , CDC13 , 298 K , 8 ) : 8.30 ( d , 
J = 7.9 Hz , 1H ) , 7.94 ( dd , J = 8.3 , 3.0 Hz , 1H ) , 7.72 ( t , J = 7.8 
Hz , 1H ) , 7.52-7.40 ( m , 3H ) , 7.37 ( t , J = 7.5 Hz , 1H ) ppm . 
[ 0693 ] 13C NMR ( 126 MHz , CDC13 , 298 K , 8 ) : 176.6 ( d , 
J = 2.4 Hz ) , 158.8 ( d , J = 245.1 Hz ) , 156.2 , 152.5 ( d , J = 1.5 
Hz ) , 135.2 , 126.8 , 124.3 , 123.0 ( d , J = 25.5 Hz ) , 122.8 ( d , 
J = 7.1 Hz ) , 121.1 , 120.1 ( d , J = 7.7 Hz ) , 118.1 , 111.5 ( d , 
J = 23.7 Hz ) ppm . 
[ 0694 ] 19F NMR ( 471 MHz , CDC12 , 298 K , 8 ) : -117.10 
( m ) ppm . 

[ 0695 ] HRMS - ESI ( m / z ) calculated for C13H , F , 0 Nat 
[ M + Na ] * , 237.032228 ; found , 237.032310 , deviation : -0.35 
ppm . 

9 17 
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3- ( 4 - Fluorophenyl ) -3 - phenylpropan - 1 - ol ( 26 ) 
[ 0704 ] 

OH 

: ofa 
purified by chromatography on silica gel eluting with pen 
tane / ethyl acetate ( 8 : 1 to 6 : 1 + 2 % CH4Cl2 , v / v / v ) to afford 26 
( 90.0 mg , 391 umol , 78 % ) as a colorless solid . 
[ 0706 ] R = 0.23 ( pantane / ethyl acetate 4 : 1 , v / v ) . 
[ 0707 ] NMR Spectroscopy : 
[ 0708 ] ' H NMR ( 500 MHz , CDC13 , 298 K , d ) : 7.37 ( t , 
J = 7.5 Hz , 2H ) , 7.34-7.26 ( m , 5H ) , 7.05 ( t , J = 8.7 Hz , 2H ) , 
4.21 ( t , J = 7.9 Hz , 1H ) , 3.66 ( t , J = 6.4 Hz , 2H ) , 2.46-2.29 ( m , 
2H ) , 1.66 ( br , 1H ) ppm . 
[ 0709 ] 13C NMR ( 126 MHz , CDC13 , 298 K , ) : 161.5 ( d , 
J = 244.4 Hz ) , 144.4 , 140.3 ( d , J = 3.1 Hz ) , 129.3 ( d , J = 7.8 
Hz ) , 128.7 , 127.9 , 126.5 , 115.4 ( d , J = 21.0 Hz ) , 60.9 , 46.6 , 

1.0 mol % 

Ir [ dF ( CF3 ) ppy ] 2 
( dtbpy ) PF6 
1.5 equiv . 

Cu ( MeCN ) 4BF4 
1.2 equiv . CsF 

Acetone 
( c = 0.10M ) 
blue LEDs , 
30 ° C. , 20 h 
78 % yield 

OH 

BF4 

TT 
26 - TT 

38.4 ppm . 

+ 

[ 0710 ] 19F NMR ( 471 MHz , CDC13 , 298 K , 8 ) : -116.96 
( ddd , J = 14.0 , 8.7 , 5.4 Hz ) ppm . 
[ 0711 ] HRMS GC - EI ( m / z ) calculated for C15H , 50 , F1 + 
[ M ] * , 230.110143 ; found , 230.110090 , deviation : +0.23 
ppm . 

26 

Fluoroamiodarone ( 29 ) 
[ 0705 ] To a 20 - ml borosilicate vial equipped with a stir 
bar was added Ir [ dF ( CF3 ) ppy ] 2 ( dtbpy ) PF6 ( 5.6 mg , 0.5.0 [ 0712 ] . 

I 1.0 mol % Ir [ dF ( CF3 ) ppy ] 2 ( dtbpy ) PF6 
1.5 equiv . Cu ( MeCN ) 4BF4 

3.0 equiv . NaF 
Acetone ( c = 0.10M ) 

blue LEDs , 30 ° C. , 20 h 
35 % yield 

BF4 

Et2N 

nBu 
€ 

TT 

29 - TT 
I 

Et2N 

" Bu 

F 
29 

a 

6 

umol , 1.0 mol % ) and 3,3 - diphenylpropan - 1 - ol - derived thi 
anthrenium salt 26 - TT ( 257 mg , 0.500 mmol , 1.00 equiv . ) . 
The vial was transferred into a Ny - filled glovebox . After 
addition of Cu ( MeCN ) 4BF4 ( 236 mg , 0.750 mmol , 1.50 
equiv . ) , CsF ( 91.1 mg , 0.600 mmol , 1.20 equiv . ) and acetone 
( 5.0 mL , c = 0.10 M ) , the vial was capped , transferred out of 
the glovebox and placed 5 cm away from two 34 W blue 
LEDs . The temperature was kept at approximately 30 ° C. 
through cooling with a fan . After being stirred for 20 h , the 
reaction mixture was diluted with CH2Cl2 ( 4 mL ) , and the 
resulting mixture was filtered through a short pad of Celite® 
using CH2C12 ( 10 mL ) as eluent . The filtrate was collected 
and concentrated by rotary evaporation . The residue was 

[ 0713 ] To a 4 - mL borosilicate vial equipped with a stir bar 
was added Ir [ dF ( CF3 ) ppy ] 2 ( dtbpy ) PF . ( 1.2 mg , 1.0 umol , 
1.0 mol % ) and amiodarone - derived thianthrenium salt 
29 - TT ( 102 mg , 0.100 mmol , 1.00 equiv . ) . The vial was 
transferred into a Nz - filled glovebox . After addition of 
Cu ( MeCN ) _BF4 ( 47.4 mg , 0.150 mmol , 1.50 equiv . ) , NaF 
( 12.6 mg , 0.300 mmol , 3.00 equiv . ) and acetone ( 1.0 mL , 
c = 0.10 M ) , the vial was capped , transferred out of the 
glovebox and placed 5 cm away from two 34 W blue LEDs . 
The temperature was kept at approximately 30 ° C. through 
cooling with a fan . After being stirred for 20 h , the reaction 
mixture was diluted with CH C12 ( 2 mL ) , and the resulting 
mixture was filtered through a short pad of Celite® using 

a 
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CH_C12 ( 5 mL ) as eluent . The filtrate was collected and 
concentrated by rotary evaporation . The residue was purified 
by chromatography on silica gel eluting with CH , C1 , 
MeOH ( 100 : 1 to 20 : 1 + 2 % EtzN , v / v / v ) to afford the title 
compound 29 with minor impurities . Further purification of 
29 by HPLC ( YMC - Actus Triart C18 ( 30x150 mm : 5 um ) , 
MeOH / 20 mM NH_HCO3 = 98 : 2 , flow rate = 42.5 mL / min , 
25 ° C. , retention time ; 10.6 min ) provided 29 ( 23.1 mg , 35.0 
umol , 35 % yield ; > 99 % pure by HPLC ) . 
[ 0714 ] R0.29 ( CH , C1 , / MeOH 20 : 1 , v / v ) . 
[ 0715 ] NMR Spectroscopy : 
[ 0716 ] ' H NMR ( 500 MHz , CDC13 , 298 K , 8 ) : 8.19 ( s , 
2H ) , 7.39 ( dd , J = 8.7 , 5.3 Hz , 1H ) , 7.21 ( dd , J = 8.6 , 2.3 Hz , 
1H ) , 7.02 ( ddd , J = 9.4 , 8.6 , 2.3 Hz , 1H ) , 4.18 ( t , J = 6.5 Hz , 
2H ) , 3.16 ( t , J = 6.1 Hz , 2H ) , 2.80 ( dd , J = 10.3 , 5.2 Hz , 6H ) , 
1.85-1.67 ( m , 2H ) , 1.35 ( h , J = 7.4 Hz , 2H ) , 1.16 ( t , J = 7.1 Hz , 
6H ) , 0.91 ( t , J = 7.3 Hz , 3H ) ppm . [ 0717 ] 13C NMR ( 126 MHz , CDC13 , 298 K , 8 ) : 187.6 , 
166.7 ( d , J = 3.6 Hz ) , 161.6 , 161.0 ( d , J = 243.9 Hz ) , 153.8 ( d , 
J = 13.2 Hz ) , 140.8 , 138.3 , 122.9 ( d , J = 1.8 Hz ) , 121.7 ( d , 
J = 9.7 Hz ) , 115.8 , 112.3 ( d , J = 23.7 Hz ) , 99.2 ( d , J = 26.5 Hz ) , 
91.0 , 52.1 , 47.9 , 30.1 , 28.4 , 22.7 , 13.9 , 11.8 ppm . 
[ 0718 ] 9F NMR ( 471 MHz , CDC13 , 298 K , d ) : -116.32 
( m ) ppm . 
[ 0719 ] HRMS - ESI ( m / z ) calculated for C25H29F_12N , 03 + 
[ M + H ] * , 664.021542 ; found , 664.022040 , deviation : -0.75 
ppm . 

2 

Cu ( MeCN ) BF4 ( 47.2 mg , 0.150 mmol , 1.50 equiv . ) , KF 
( 18.2 mg , 0.300 mmol , 3.00 equiv . ) and acetone ( 1.0 mL , 
c = 0.10 M ) , the vial was capped , transferred out of the 
glovebox and placed 5 cm away from two 34 W blue LEDs . 5 
The temperature was kept at approximately 30 ° C. through 
cooling with a fan . After being stirred for 20 h , the reaction 
mixture was diluted with CH_C12 ( 2 mL ) , and the resulting 
mixture was filtered through a short pad of Celite® using 
CH_C12 ( 5 mL ) as eluent . The filtrate was collected and 
concentrated by rotary evaporation . The residue was purified 
by chromatography on silica gel eluting with pentane / ethyl 
acetate ( 40 : 1 to 25 : 1 , v / v ) to afford the title compound with 
minor impurities . Further purification by chromatography on 
silica gel eluting with toluene / CH2C12 ( 3 : 1 , v / v ) provided 
the title compound 39 ( 17.6 mg , 52.0 umol , 52 % ) as a 
colorless liquid . 
[ 0722 ] R0.30 ( pentane / ethyl acetate 20 : 1 , v / v ) . 
[ 0723 ] NMR Spectroscopy : 
[ 0724 ] H NMR ( 500 MHz , CDC1z , 298 K , d ) : 8.16-8.14 
( m , 1H ) , 7.63-7.52 ( m , 1H ) , 6.98 ( t , J = 8.6 Hz , 2H ) , 6.94-6 . 
88 ( s , 6H ) , 6.88-6.84 ( m , 1H ) , 6.74 ( d , J = 8.3 Hz , 1H ) , 5.58 
( h , J = 6.3 , 5.7 Hz , 1H ) , 4.18 ( dd , J = 9.8 , 5.3 Hz , 1H ) , 4.07 ( dd , 
J = 9.8 , 4.8 Hz , 1H ) , 1.48 ( d , J = 6.4 Hz , 3H ) ppm . 
[ 0725 ] 13C NMR ( 126 MHz , CDC13 , 298 K , 0 ) : 163.3 , 
158.5 ( d , J = 240.7 Hz ) , 155.3 , 154.4 ( d , J = 2.7 Hz ) , 150.9 , 
146.9 , 138.8 , 120.3 , 119.3 ( d , J = 8.42 Hz ) , 116.2 ( d , J = 23.36 
Hz ) , 116.1 , 116.0 , 111.8 , 71.2 , 69.4 , 17.2 ppm . 

+ 

Fluoropyriproxyfen ( 39 ) 
[ 0720 ] 

TT BF4 
1.0 mol % Ir [ dF ( CF3 ) ppy ] 2 ( dtbpy ) PF6 

1.5 equiv . Cu ( MeCN ) 4BF4 
3.0 equiv . KF 

Acetone ( c = 0.10M ) 
blue LEDs , 30 ° C. , 20 h 

52 % yield 

= 

Me 

39 - TT 

F 

Me anas 39 

6 

[ 0721 ] To a 4 - mL borosilicate vial equipped with a stir bar 
was added Ir [ dF ( CF3 ) ppy ] 2 ( dtbpy ) PF . ( 1.2 mg , 1.0 umol , 
1.0 mol % ) and pyriproxyfen - derived thianthrenium salt 
39 - TT ( 62.3 mg , 0.100 mmol , 1.00 equiv . ) . The vial was 
transferred into a NZ - filled glovebox . After addition of 

[ 0726 ] 9F NMR ( 471 MHz , CDC13 , 298 K , ) : -121.37 
( m ) ppm . 
[ 0727 ] HRMS - ESI ( m / z ) calculated for C20H , F , N , O3 + 
[ M + H ] * , 340.134347 ; found , 340.134380 , deviation : -0.10 
ppm . 

+ 
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Salicin Pentaacetate - Derived Thianthrenium Salt 
14 - TT 

[ 0728 ] 

2H ) , 4.28 ( dd , J = 12.5 , 4.9 Hz , 1H ) , 4.15 ( dd , J = 12.5 , 2.4 Hz , 
1H ) , 3.98 ( ddd , J = 10.1 , 4.9 , 2.5 Hz , 1H ) , 2.06 ( s , 3H ) , 2.05 
( s , 3H ) , 2.03 ( s , 3H ) , 2.02 ( s , 3H ) , 2.01 ( s , 3H ) ppm . 
[ 0733 ] 13C NMR ( 126 MHz , CD , C12 , 298 K , d ) : 170.6 , 
170.4 , 170.1 , 169.7 , 169.6 , 158.0 , 137.0 ( d , J = 2.5 Hz ) , 
135.6 , 134.6 ( d , J = 4.5 Hz ) , 131.0 ( d , J = 3.9 Hz ) , 130.7 , 
130.3 , 129.7 , 128.7 , 118.8 , 117.1 , 116.3 , 98.4 , 72.6 , 72.4 , 
70.9 , 68.2 , 61.9 , 20.8 , 20.74 , 20.72 ppm . 
[ 0734 ] 19F NMR ( 471 MHz , CD , C12 , 298 K , d ) : -72.30 
( d , J = 711.2 Hz ) ppm . 
[ 0735 ] HRMS - ESI ( m / z ) calculated for C35H350,2S2 
[ M - PF . ] * , 711.156450 ; found , 711.157400 ; deviation : -1.34 
ppm . 

??? 
+ 

0Ac 
Aco 

+ AcO 12 

odo 3.0 equiv . ( CF3CO ) 20 
1.2 equiv . HBF4 • Et20 

MeCN , 0 ° C. - 25 ° C. , 3 h 

Thymol - Derived Thianthrenium Salt 20 - TT 
[ 0736 ] 93 % yield 

Me 

+ 
Me 

PF6 OH Me 
??? 

O = 0 
OAC 

AcO 
Aco 

3.0 equiv . ( CF3CO ) 20 
1.2 equiv . HBF4 • Et20 

MeCN , 0 ° C. - 25 ° C. , 3 h 
79 % yield ??? 

14 - TT 
Me 

HO S. 

Me BF4 
Me 

9 20 - TT 

9 

[ 0729 ] Under ambient atmosphere , a 20 mL borosilicate 
vial was charged with salicin pentaacetat ! ( 248 mg , 0.500 
mmol , 1.00 equiv . ) , thianthrene - S - oxide ( 116 mg , 0.500 
mmol , 1.00 equiv . ) and dry MeCN ( 2.0 mL , c = 0.25 M ) . 
After cooling to 0 ° C. , trifluoroacetic anhydride ( 0.21 mL , 
0.32 g , 1.5 mmol , 3.0 equiv . ) addition at 0 ° C. in one portion , 
followed by HBF40Et2 ( 87 ?L , 0.60 mmol , 1.2 equiv . ) was 
added in one portion at 0 ° C. The vial was sealed with a 
screw - cap , and the mixture was stirred at 0 ° C. for 1 h , 
followed by warming the reaction mixture to 25 ° C. over a 
period of 1 h . After stirring at 25 ° C. for 1 h further , the 
reaction mixture was concentrated under reduced pressure , 
and diluted with 10 mL CH2Cl2 . The CH2Cl2 phase was 
poured onto a saturated aqueous NaHCO3 solution ( ca. 10 
mL ) . The mixture was poured into a separatory funnel , and 
the layers were separated . The CH2Cl2 layer was collected , 
and the aqueous layer was further extracted with CH2Cl2 
( 2xca . 10 mL ) . The combined CH2Cl2 solution was washed 
with aqueous NaPF , solution ( 2xca . 10 mL , 5 % w / w ) . The 
organic layer was dried over Na2SO4 , filtered , and the 
solvent was removed under reduced pressure . The residue 
was purified by chromatography on silica gel eluting with 
CH2Cl2 / i - PrOH ( 50 : 1 , v / v ) . The product was collected and 
dried in vacuo to afford 14 - TT ( 400 mg , 467 umol , 93 % ) as 
a colorless solid . 
[ 0730 ] R = 0.35 ( CH2Cl2 / MOH , 15 : 1 , v / v ) . 
[ 0731 ] NMR Spectroscopy : 
[ 0732 ] H NMR ( 500 MHz , CD , C12 , 298 K , D ) : 8.34 ( dt , 
J = 7.8 , 1.5 Hz , 2H ) , 7.97 ( dt , J = 7.9 , 1.8 Hz , 2H ) , 7.91 ( tt , 
J = 7.9 , 1.4 Hz , 2H ) , 7.84 ( td , J = 7.7 , 1.5 Hz , 2H ) , 7.25 ( d , 
J = 1.3 Hz , 2H ) , 7.13 ( s , 1H ) , 5.37-5.28 ( m , 2H ) , 5.24 ( d , 
J = 7.2 Hz , 1H ) , 5.17 ( t , J = 9.4 Hz , 1H ) , 4.96 ( d , J = 2.1 Hz , 

6 

[ 0737 ] Under ambient atmosphere , a 20 mL borosilicate 
vial was charged with thymol ( 300 mg , 2.00 mmol , 1.00 
equiv . ) , thianthrene - S - oxide ( 466 mg , 2.00 mmol , 1.00 
equiv . ) and dry MeCN ( 8.0 mL , c = 0.25 M ) . After cooling to 
0 ° C. , HBF40Et2 ( 348 uL , 2.40 mmol , 1.20 equiv . ) was 
added in one portion at 0 ° C. , followed by trifluoroacetic 
anhydride ( 840 uL , 1.27 g , 6.00 mmol , 3.00 equiv . ) addition 
at 0 ° C. in one portion . The vial was sealed with a screw - cap , 
and the orange solution was allowed to stand at 0 ° C. for 1 
h , followed by warming the reaction mixture to 25 ° C. over 
a period of 1 h . After stirring at 25 ° C. for 1 h further , the 
resulting beige solution was concentrated under reduced 
pressure , and diluted with 10 mL CH2Cl2 . The CH2Cl2 
solution was poured onto a saturated aqueous NaHCO3 
solution ( ca. 10 mL ) . The mixture was poured into a 
separatory funnel , and the layers were separated . The 
CH2Cl2 layer was collected , and the aqueous layer was 
further extracted with CH C12 ( 2xca . 10 mL ) . The combined 
CH2Cl2 solution was washed with aqueous NaBF4 solution 
( 2xca . 20 mL , 5 % w / w ) . The CH2Cl2 layer was dried over 
Na2SO4 , filtered , and the solvent was removed under 
reduced pressure . The residue was purified by chromatog 
raphy on silica gel eluting with CH2Cl2 / i - PrOH ( 50 : 1 , v / v ) . 

2 

: 
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The product was dissolved in 2 mL CH2Cl2 , and precipitated 
with 10 mL Et20 . The suspension was decanted , and the 
solid was dried in vacuo to afford 20 - TT ( 714 mg , 1.58 
mmol , 79 % ) as a colorless solid . 
[ 0738 ] R = 0.35 ( CH , C1 , / MeOH , 15 : 1 , v / v ) . 
[ 0739 ] NMR Spectroscopy : 
[ 0740 ] ' H NMR ( 500 MHz , CD , C12 , 298 K , 8 ) : 7.92 ( d , 
J = 7.9 Hz , 2H ) , 7.77 ( td , J = 7.6 , 1.5 Hz , 2H ) , 7.72 ( d , = 7.7 
Hz , 2H ) , 7.67 ( td , J = 7.7 , 1.2 Hz , 2H ) , 7.21 ( s , 1H ) , 6.99 ( s , 
1H ) , 3.22 ( p , J = 6.9 Hz , 1H ) , 2.54 ( s , 3H ) , 1.05 ( d , J = 7.0 Hz , 
6H ) ppm . 
[ 0741 ] 13C NMR ( 126 MHz , CD2Cl2 , 298 K , d ) : 161.5 , 
142.5 , 137.7 , 135.2 , 134.2 , 131.0 , 130.9 , 130.4 , 130.3 , 
122.8 , 120.8 , 106.3 , 27.2 , 22.0 , 20.1 ppm . 
[ 0742 ] 19F NMR ( 471 MHz , CD , Cl2 , 298 K , 8 ) : -150.74 
( bs ) , -150.79 ( bs ) ppm . 
[ 0743 ] HRMS - ESI ( m / z ) calculated for C22H2O , Szt 
[ M - BF4 ] " , 365.102835 ; found , 365.103090 ; deviation : 
-0.70 ppm . 

a screw - cap , and the mixture was stirred at 0 ° C. for 1 h , 
followed by warming the reaction mixture to 25 ° C. over a 
period of 1 h . After stirring at 25 ° C. for 1 h further , the 
reaction mixture was concentrated under reduced pressure , 
and diluted with 10 mL CH2Cl2 . The CH2Cl2 solution was 
poured onto a saturated aqueous NaHCO3 solution ( ca. 10 
mL ) . The mixture was poured into a separatory funnel , and 
the layers were separated . The CH2Cl2 layer was collected , 
and the aqueous layer was further extracted with CH2Cl2 
( 2xca . 10 mL ) . The combined CH2Cl2 solution was washed 
with aqueous NaBF4 solution ( 2xca . 10 mL , 5 % w / w ) . The 
CH2Cl2 layer was dried over Na S04 , filtered , and the 
solvent was removed under reduced pressure . The residue 
was purified by chromatography on silica gel eluting with 
CH_Cl_ / i - PrOH ( 50 : 1 , v / v ) . The product was dissolved in 2 
mL CH2Cl2 , and precipitated with 10 mL Et20 . The sus 
pension was decanted , and the solid was dried in vacuo to 
afford 23 - TFT ( 890 mg , 1.56 mmol , 78 % ) as a colorless 
solid . 

- , 

+ 

Xanthone - Derived Thianthrenium Salt 23 - TFT 

[ 0744 ] 

+ 

[ 0746 ] Rf = 0.35 ( CH2C1_ / MeOH , 15 : 1 , v / v ) . 
[ 0747 ] NMR Spectroscopy : 
[ 0748 ] ' H NMR ( 500 MHz , DMSO - do , 298 K , 8 ) : 8.93 
( dd , J = 9.7 , 7.3 Hz , 2H ) , 8.44 ( dd , J = 10.2 , 7.2 Hz , 2H ) , 8.20 
( d , J = 2.7 Hz , 1H ) , 8.16 ( dd , J = 8.0 , 1.7 Hz , 1H ) , 7.93 ( ddd , 
J = 8.7 , 7.1 , 1.7 Hz , 1H ) , 7.83 ( d , J = 9.2 Hz , 1H ) , 7.73-7.69 
( m , 2H ) , 7.54 ( ddd , J = 8.1 , 7.1 , 1.0 Hz , 1H ) ppm . 
[ 0749 ] 13C NMR ( 126 MHz , DMSO - do , 298 K , 8 ) : 174.7 , 
157.5 , 155.4 , 152.7 ( dd , J = 260.2 , 13.0 Hz ) , 149.3 ( dd , 
J = 253.3 , 13.4 Hz ) , 136.5 , 134.3 , 133.3 ( dd , J = 8.7 , 3.4 Hz ) , 
127.8 , 126.1 , 125.4 ( d , J = 22.2 Hz ) , 125.4 , 122.0 , 121.0 , 
120.8 , 119.9 ( d , J = 21.8 Hz ) , 119.7 , 118.4 , 115.8 ( dd , J = 7.5 , 
3.0 Hz ) ppm . 
[ 0750 ] ° F NMR ( 471 MHz , DMSO - d , 298 K , 8 ) : -125 . 
40 ( dt , J = 23.6 , 8.7 Hz ) , -133.87 ( dt , J = 23.1 , 8.6 Hz ) ) , 
-148.22 ( bs ) , -148.28 ( bs ) ppm . 
[ 0751 ] HRMS - ESI ( m / z ) calculated for C3H1 , F20,527 
[ M - BF4 ] " , 483.013114 ; found , 483.013440 ; deviation : 

DEU F F wa 6 
3.0 equiv . ( CF3CO ) 20 
1.2 equiv . HBF4 • Et20 

MeCN , 0 ° C. - 25 ° C. , 3 h 
78 % yield F F 

25 11 

F -0.67 ppm . 
F 

3,3 - Diphenylpropan - 1-01 - Derived Thianthrenium 
Salt 26 - TT 

BF4 
[ 0752 ] 

OH 

F 

23 - TT 

+ 

= C 

[ 0745 ] Under ambient atmosphere , a 20 mL borosilicate 
vial was charged with xanthone ( 392 mg , 2.00 mmol , 1.00 
equiv . ) , tetrafluorothianthrene - S - oxide ( 628 mg , 2.00 mmol , 
1.00 equiv . ) and dry MeCN ( 2.0 mL , c = 0.25 M ) . After 
cooling to 0 ° C. , trifluoroacetic anhydride ( 840 UL , 1.27 g , 
6.00 mmol , 3.00 equiv . ) addition at 0 ° C. in one portion , 
followed by HBF40Et2 ( 348 uL , 2.40 mmol , 1.20 equiv . ) 
was added in one portion at 0 ° C. The vial was sealed with 

3.0 equiv . ( CF3CO ) 20 
1.2 equiv . HBF4 • Et20 

MeCN , 0 ° C. - 25 ° C. , 3 h 
28 % yield 
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-continued 
OH 

Gemfibrozil Methylester - Derived Thianthrenium 
Salt 38 - TT 

[ 0760 ] 

BF4 
Me 

+ 

Me Me Me 

Me02C 

26 - TT 3.0 equiv . ( CF3CO ) 20 
1.2 equiv . HBF4 • Et20 

MeCN , 0 ° C. - 25 ° C. , 3 h 
79 % yield 

- 

Me 
BF4 

a Me Me Me 

MeO2C1 
38 - TT 

[ 0753 ] Under ambient atmosphere , a 50 mL round - bottom 
flask was charged with 3,3 - diphenylpropan - 1 - ol ( 1.15 g , 
5.40 mmol , 1.00 equiv . ) , thianthrene - S - oxide ( 1.26 g , 5.40 
mmol , 1.00 equiv . ) and dry MeCN ( 22 mL , c = 0.25 M ) . After 
cooling to 0 ° C. , trifluoroacetic anhydride ( 2.24 mL , 3.44 g , 
16.2 mmol , 3.00 equiv . ) was added in one portion at 0 ° C. , 
followed by HBF4.0Et2 ( 886 uL , 6.48 mmol , 1.20 equiv . ) 
addition at 0 ° C. in one portion . The flask was sealed with 
a septum , which was equipped with a balloon . The mixture 
was allowed to stir at 0 ° C. for 1 h , followed by warming the 
reaction mixture to 25 ° C. over a period of 1 h . After stirring 
at 25 ° C. for 1 h further , the reaction mixture was concen 
trated under reduced pressure , and diluted with 20 mL 
CH2Cl2 . The CH2Cl2 solution was poured onto a saturated 
aqueous NaHCO3 solution ( ca. 20 mL ) . After stirring at 25 ° 
C. for 2 h , the mixture was poured into a separatory funnel , 
and the layers were separated . The CH2Cl2 layer was col 
lected , and the aqueous layer was further extracted with 
CH2Cl2 ( 2xca . 10 mL ) . The combined CH2Cl2 solution was 
washed with aqueous NaBF4 solution ( 2xca . 20 mL , 5 % 
w / w ) . The CH , C1 , layer was dried over Na2SO4 , filtered , 
and the solvent was removed under reduced pressure . The 
residue was purified by chromatography on silica gel eluting 
with CH2Cl2 / i - PrOH ( 50 : 1 to 30 : 1 , v / v ) . The product was 
collected and dried in vacuo to afford 26 - TT ( 790 mg , 1.54 
mmol , 28 % ) as a colorless foam . 
[ 0754 ] R , 0.28 ( CH , C1 , / MeOH , 15 : 1 , v / v ) . 
[ 0755 ] NMR Spectroscopy : 
[ 0756 ] ' H NMR ( 500 MHz , CD2CN , 298 K , 8 ) : 8.32 ( d , 
J = 7.9 Hz , 2H ) , 7.94 ( d , J = 7.9 Hz , 2H ) , 7.87 ( t , J = 7.7 Hz , 
2H ) , 7.80 ( t , J = 7.3 Hz , 2H ) , 7.41 ( d , J = 8.7 Hz , 2H ) , 
7.31-7.25 ( m , 2H ) , 7.22 ( d , J = 6.9 Hz , 2H ) , 7.18 ( t , J = 7.1 Hz , 
1H ) , 7.05 ( d , J = 8.8 Hz , 2H ) , 4.18 ( t , J = 7.8 Hz , 1H ) , 3.33 ( t , 
J = 5.8 Hz , 2H ) , 2.24-2.15 ( m , 3H ) ppm . 
[ 0757 ] 13C NMR ( 126 MHz , CD , CN , 298 K , 8 ) : 152.2 , 
144.4 , 137.5 , 136.1 , 135.9 , 131.7 , 131.0 , 130.9 , 129.7 , 
129.2 , 128.7 , 127.7 , 122.1 , 119.52 , 119.50 , 60.1 , 47.6 , 38.3 
ppm . 

[ 0758 ] 19F NMR ( 471 MHz , CD , CN , 298 K , 8 ) : -151.73 
( bs ) , -151.79 ( bs ) ppm . 
[ 0759 ] HRMS - ESI ( m / z ) calculated for C27H230,52 * 
[ M - BF4 ] " , 427.118485 ; found , 427.118620 ; deviation : 

[ 0761 ] Under ambient atmosphere , a 20 mL borosilicate 
vial was charged with methyl gemfibrozil ? ( 528 mg , 2.00 
mmol , 1.00 equiv . ) , thianthrene - S - oxide ( 464 mg , 2.00 
mmol , 1.00 equiv . ) and dry MeCN ( 8.0 mL , c = 0.25 M ) . 
After cooling to 0 ° C. , trifluoroacetic anhydride ( 840 uL , 
1.27 g , 6.00 mmol , 3.00 equiv . ) addition at 0 ° C. in one 
portion , followed by HBF40Et2 ( 348 uL , 2.40 mmol , 1.20 
equiv . ) was added in one portion at 0 ° C. The vial was sealed 
with a screw - cap , and the mixture was stirred at 0 ° C. for 1 
h , followed by warming the reaction mixture to 25 ° C. over 
a period of 1 h . After stirring at 25 ° C. for 1 h further , the 
reaction mixture was concentrated under reduced pressure , 
and diluted with 10 mL CH2Cl2 . The CH2Cl2 phase was 
poured onto a saturated aqueous NaHCO3 solution ( ca. 10 
mL ) . The mixture was poured into a separatory funnel , and 
the layers were separated . The CH2Cl2 layer was collected , 
and the aqueous layer was further extracted with CH2Cl2 
( 2xca . 10 mL ) . The combined CH2Cl2 solution was washed 
with aqueous NaBF4 solution ( 2xca . 10 mL , 5 % w / w ) . The 
organic layer was dried over Na2SO4 , filtered , and the 
solvent was removed under reduced pressure . The residue 
was purified by chromatography on silica gel eluting with 
CH2C1_ / i - PrOH ( 50 : 1 , v / v ) . The product was dissolved in 2 
mL CH2Cl2 , and precipitated with 10 mL Et20 . The sus 
pension was decanted , and the solid was dried in vacuo to 
afford 38 - TT ( 900 mg , 1.59 mmol , 79 % ) as a colorless solid . 
[ 0762 ] Rf = 0.35 ( CH2C1_ / MeOH , 15 : 1 , v / v ) . 
[ 0763 ] NMR Spectroscopy : 
[ 0764 ] ' H NMR ( 500 MHz , CD , C12 , 298 K , ) : 7.92 ( d , 
J = 7.9 Hz , 2H ) , 7.88 ( d , J = 8.0 Hz , 2H ) , 7.79 ( t , J = 7.6 Hz , 
2H ) , 7.69 ( t , J = 7.7 Hz , 2H ) , 6.94 ( d , J = 9.4 Hz , 2H ) , 4.03 ( t , 
J = 6.0 Hz , 2H ) , 3.63 ( s , 3H ) , 2.69 ( s , 3H ) , 2.12 ( s , 3H ) , 
1.79-1.73 ( m , 2H ) , 1.72-1.65 ( m , 2H ) , 1.19 ( s , 6H ) ppm . 

: 

+ 

-0.32 ppm . 
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[ 0765 ] 13C NMR ( 126 MHz , CD , C12 , 298 K , 8 ) : 178.4 , 
163.2 , 143.1 , 136.0 , 134.6 , 132.5 , 132.2 , 131.2 , 130.7 , 
129.3 , 122.0 , 115.8 , 108.6 , 69.6 , 52.1 , 42.4 , 37.2 , 25.4 , 25.3 , 
20.9 , 16.3 ppm . 
[ 0766 ] 19F NMR ( 471 MHz , CD , C12 , 298 K , 8 ) : -151.35 
( bs ) , -151.41 ( bs ) ppm . 
[ 0767 ] HRMS - ESI ( m / z ) calculated for C28H3,0352 
[ M - BF4 ] * , 479.170915 ; found , 479.171190 ; deviation : 

132.54 , 129.2 , 125.6 ( dd , J = 22.1 , 2.3 Hz ) , 121.6 , 121.2 ( d , 
J = 21.8 Hz ) , 115.5-115.4 ( m ) , 54.0 , 52.8 , 37.7 , 22.6 . 
[ 0774 ] 19F NMR ( 471 MHz , CD , CN , 25 ° C. , d ) : -125.3 
( m ) , -133.5 ( m ) , -151.5 ( brs ) , -151.6 ( brs ) . 
[ 0775 ] HRMS - ESI ( m / z ) calc'd for C24H 8F.NO , S2 
[ M - BF4 ] * , 508.0659 , found , 508.0659 , deviation : 0 ppm . + 

31 

-0.57 ppm . Methyl Acetyl - L - Tyrosinate ( 5 ) 

[ 0776 ] Methyl Acetyl - L - Phenylalate 
Tetrafluorothianthrenium Salt ( 5 - TFT ) 

[ 0768 ] 

# 
TFT . 

1.0 mol % 
Ir [ dF ( CF3 ) ppy ] 2 

( dtbpy ) PF6 
1.5 equiv . 
CuTC 

20 equiv . H20 
MeCN , 30 ° C. , 
Blue LEDs , 

16 h 
80 % yield 

HN 

3.0 equiv . ( CF3CO ) 20 
1.2 equiv . HBF4 • Et20 

1.0 equiv . TFTO 
MeCN , 0 - 23 ° C. , 2 h 

89 % yield 

Me HN Me 

BF4 CO2Me CO2Me 
5 - TFT 

# 
TFT . 

HN Me ?? . a HN Me 

BF4 CO2Me 
5 - TT CO2Me 

[ 0769 ] Under ambient atmosphere , a 20 mL round - bottom 
flask was charged with acetyl - L - phenylalanine methyl ester 
( 664 mg , 3.00 mmol , 1.00 equiv . ) , and dry MeCN ( 30 mL , 
c = 0.10 M ) . After cooling to 0 ° C. , HBF40Et2 ( 0.49 mL , 3.6 
mmol , 1.2 equiv . ) was added to the reaction mixture . Tet 
rafluorothianthrene - S - oxide ( 912 mg , 3.00 mmol , 1.00 
equiv . ) was added at 0 ° C. in one portion , followed by 
trifluoroacetic anhydride ( 1.25 mL , 1.89 g , 9.00 mmol , 3.00 
equiv . ) addition in one portion at 0 ° C. The vial was sealed 
with a screw - cap , and the mixture was allowed to stand at 0 ° 
C. for 1 hour and then warmed to 25 ° C. After stirring the 
deep purple reaction mixture at 25 ° C. for 1 hour , the 
reaction mixture was concentrated under reduced pressure , 
and diluted with 30 mL CH_C12 . The CH2Cl2 phase was 
poured onto a saturated aqueous NaHCO3 solution ( ca. 20 
mL ) . The mixture was poured into a separatory funnel , and 
the layers were separated . The CH2Cl2 layer was washed 
with aqueous NaBF4 solution ( 2xca . 20 mL , 5 % w / w ) , and 
with water ( 2xca . 20 mL ) . The CH2Cl2 layer was dried over 
Na2SO4 , filtered , and the solvent was removed under 
reduced pressure . The residue was purified by chromatog 
raphy on silica gel eluting with CH C1 / i - PrOH ( 30 : 1 , v / v ) . 
The product was precipitated by addition of 2 mL CH2Cl2 , 
and 20 mL Et20 . The suspension was decanted , and the solid 
was dried in vacuo to afford 5 - TFT ( 1.34 g , 89 % yield ) as 
a colorless solid . 
[ 0770 ] Rf = 0.35 ( MeOH / DCM , 1/15 , v / v ) . 
[ 0771 ] NMR Spectroscopy : 
[ 0772 ] " H NMR ( 500 MHz , CD , CN , 25 ° C. , 8 ) : 8.43-8.39 
( m , 2H ) , 7.96 ( dd , J = 10.0 Hz , 7.1 Hz , 2H ) , 7.37-7.35 ( m , 
2H ) , 7.15-7.12 ( m , 2H ) , 6.76 ( d , J = 8.1 Hz , 1H ) , 4.61-4.57 
( m , 1H ) , 3.60 ( s , 3H ) , 3.17-2.93 ( m , 2H ) , 1.78 ( s , 3H ) . 
[ 0773 ] 3C { ' H } NMR ( 126 MHz , CD , CN , 25 ° C. , d ) : 
172.5 , 170.7 , 154.8 ( d , J = 261.8 Hz , 13.1 Hz ) , 151.6 ( dd , 
J = 255.4 Hz , 13.6 Hz ) , 144.9 , 135.24 ( dd , J = 8.5 , 3.9 Hz ) , 

?? 

[ 0777 ] To a 4 - mL borosilicate vial , equipped with a mag 
netic stir bar was added Ir [ dF ( CF3 ) ppy ] 2 ( dtbpy ) PF . ( 2.2 
mg , 2.0 umol , 1.0 mol % ) , copper ( I ) thiophene - 2 - carboxy 
late ( 57.2 mg , 0.300 mmol , 1.50 equiv . ) , and methyl acetyl 
L - phenylalate tetrafluorothianthrenium salt 5 - TFT ( 119 mg , 
0.200 mmol , 1.00 equiv . ) at 25 ° C. The vial was evacuated 
and then filled with argon ; this procedure was repeated three 
times . MeCN ( 1 mL , c = 0.2 M ) was added , followed by H2O 
( 72.1 mg , 721 UL , 4.00 mmol , 20.0 equiv . ) . The vial was 
placed in 2 cm distance to two 34 W blue LEDs . The 
temperature was kept at approximately 30 ° C. with the use 
of a cooling fan . The reaction mixture was stirred for 16 
hours under blue LED irradiation , and then diluted with 
ethyl acetate ( 1 mL ) . The reaction mixture was filtered 
through a short pad of silica using ethyl acetate ( 20 mL ) as 
eluent . The filtrate was collected and concentrated in vacuo , 
and the residue was then purified by flash column chroma 
tography on silica gel , eluting with ethyl acetate / pentane 1 : 1 
( v / v ) to afford 5 ( 38 mg , 80 % yield ) as a colorless solid . 
[ 0778 ] Rf = 0.30 ( ethyl acetate / pentane , 1 : 2 , v / v ( UV , 
cerium molybdate ) ) 
[ 0779 ] NMR Spectroscopy : 
[ 0780 ] ' H NMR ( 500 MHz , CD , CN , 25 ° C. , d ) : 7.01 ( d , 
J = 8.5 Hz , 2H ) , 6.72 ( d , J = 8.6 Hz , 2H ) , 6.70-6.64 ( m , 1H ) , 
4.54 ( td , J = 7.9 Hz , 5.8 Hz , 1H ) , 3.63 ( s , 3H ) , 2.98 ( dd , 
J = 14.0 Hz , 5.9 Hz , 1H ) , 2.85 ( dd , J = 13.9 Hz , 7.9 Hz , 1H ) , 
1.85 ( s , 3H ) . 
[ 0781 ] 13C { H } NMR ( 126 MHz , CD , CN , 25 ° C. , 8 ) : 
172.7 , 170.6 , 156.4 , 130.9 , 128.4 , 115.7 , 54.6 , 52.2 , 36.9 , 
22.3 . 

[ 0782 ] HRMS - ESI ( m / z ) calc'd for C12H 5NO Na + 
[ M + Na ] * , 260.0893 ; found , 260.0896 . Deviation : -0.9 ppm . 

13 

15 
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Hydroxy - Nefiracetam ( 6 ) Hydroxyl Xanthone ( 9 ) 

[ 0783 ] [ 0790 ] 

Me TFT € 
TFT su 

0.8 equiv . 
Cu20 , 

10 mol % 
dimethylglyoxime 

1 mol % 
Ir [ dF ( CF3 ) ppy ] 2 

( dtbpy ) PF6 
MeCN / H20 , 

30 ° C. , 
blue LEDs , 

16 h 
54 % yield 

0.8 equiv . 
Cu20 , 

10 mol % 
dimethylglyoxime 

1 mol % 
Ir [ dF ( CF3 ) ppyl2 ( dtbpy ) PF6 

MeCN / H20 , 
30 ° C. , 

blue LEDs , 
16 h 

66 % yield 

PF6 N 
H 

BF4 
Me 9 - TFT 

6 - TFT 

Me OH 
OH suo H 

Me 9 
6 

9 

6 

[ 0784 ] To a 4 - mL borosilicate vial , equipped with a mag 
netic stir bar was added copper ( I ) oxide ( 11.5 mg , 80.0 
umol , 0.800 equiv . ) , dimethylglyoxime ( 1.2 mg , 10 umol , 
0.10 equiv . ) , and MeCN / H20 ( 0.9 mL , v / v = 2 : 1 ) . After 
stirring for 10 mins at ambient temperature , nefiracetam 
tetrafluorothianthrenium salt 6 - TFT ( 67.9 mg , 0.100 mmol , 
1.00 equiv . ) , and Ir [ dF ( CF ) ppy ) , ( dtbpy ) PF ( 1.1 mg , 1.0 
umol , 1.0 mol % ) in MeCN ( 0.40 mL , c = 0.25 M ) were then 
added . The vial was evacuated and then filled with argon ; 
this procedure was repeated three times . The vial was placed 
in 2 cm distance to two 34 W blue LEDs . The temperature 
was kept at approximately 30 ° C. with the use of a cooling 
fan . The reaction mixture was stirred for 16 hours under blue 
LED irradiation , and then diluted with CH C12 ( 2 mL ) . The 
reaction mixture was filtered through a short pad of Celite 
using CH C12 ( 20 mL ) as eluent . The filtrate was collected 
and concentrated in vacuo , and the residue was then purified 
by flash column chromatography on silica gel , eluting with 
DCM / MeOH ( 20 : 1 , v / v ) to afford 6 with impurities . Further 
purification of 6 by HPLC ( YMC - Actus Triart C18 ( 30x150 
mm : 5 uM ) , MeOH / TFA in water ( 1/1000 , v / v ) = 50 : 50 , flow 
rate = 42.5 mL / min , 25 ° C. , retention time ; 2.1 min ) provided 
6 ( 14.1 mg , 54 % ) as a colorless solid . 
[ 0785 ] Rf = 0.58 ( MeOH / CH2Cl2 , 1:10 , v / v ( UV , cerium 
molybdate ) ) . 
[ 0786 ) NMR Spectroscopy : 
[ 0787 ] ' H NMR ( 500 MHz , CD , OD , 25 ° C. , 8 ) : 6.51 ( s , 
2H ) , 4.15 ( s , 2H ) , 3.62-3.55 ( m , 2H ) , 2.44 ( t , J = 8.1 Hz , 2H ) , 
2.13 ( m , 8H ) . 
[ 0788 ] 13C { ' H } NMR ( 101 MHz , CD , OD , 25 ° C. , d ) : 
177.2 , 168.2 , 156.0 , 136.7 , 125.4 , 114.2 , 48.3 , 45.2 , 30.0 , 
17.4 , 17.1 . 

[ 0789 ] HRMS - ESI ( m / z ) calc'd for C4H7N2O3 + [ M ] " , 
261.1245 ; found , 261.1247 ; deviation : -0.8 ppm . 

[ 0791 ] To a 4 - mL borosilicate vial , equipped with a mag 
netic stir bar was added copper ( I ) oxide ( 22.9 mg , 0.160 
mmol , 0.800 equiv . ) , dimethylglyoxime ( 2.3 mg , 20 umol , 
0.10 equiv . ) , and MeCN / H , 0 ( 1.6 mL , v / v = 5 : 3 ) . After 
stirring for 10 mins at ambient temperature , 6 - methyl - 4 
chromanone tetrafluorothianthrenium salt 9 - TFT ( 114 mg , 
0.200 mmol , 1.00 equiv . ) , and Ir [ dF ( CF3 ) ppy ] 2 ( dtbpy ) PF . 
( 2.2 mg , 2.0 umol , 1.0 mol % ) in MeCN ( 0.40 mL , c = 0.50 
M ) were then added . The vial was evacuated and then filled 
with argon ; this procedure was repeated three times . The vial 
was placed in 2 cm distance to two 34 W blue LEDs . The 
temperature was kept at approximately 30 ° C. with the use 
of a cooling fan . The reaction mixture was stirred for 16 
hours under blue LED irradiation , and then diluted with 
CH_C12 ( 2 mL ) . The reaction mixture was filtered through a 
short pad of Celite using CH2Cl2 ( 20 mL ) as eluent . The 
filtrate was collected and concentrated in vacuo , and the 
residue was then purified by flash column chromatography 
on silica gel , eluting with ethyl acetate / pentane ( 1:10 , v / v ) to 
afford 9 ( 27.8 mg , 66 % yield ) as a colorless solid . 
[ 0792 ] Rf = 0.43 ( EtOAc / pentane , 1 : 2 , v / v ( UV , cerium 
molybdate ) ) 
[ 0793 ] NMR Spectroscopy : 
[ 0794 ] ' H NMR ( 500 MHz , CD , CN , 25 ° C. , 8 ) : 9.03 ( brs , 
1H , OH ) , 8.24 ( dd , J = 8.0 , 1.7 Hz , 1H ) , 7.82 ( td , J = 7.9 , 7.1 , 
1.7 Hz , 1H ) , 7.63 ( d , J = 3.1 Hz , 1H ) , 7.57 ( d , J = 8.5 Hz , 1H ) , 
7.51 ( d , J = 9.0 Hz , 1H ) , 7.43 ( t , J = 7.5 Hz , 1H ) , 7.37 ( dd , 
J = 9.0 , 3.1 Hz , 1H ) . 
[ 0795 ] 13C { ' H } NMR ( 126 MHz , CO ( CD ) , 25º C. , 8 ) : 
176.9 , 157.0 , 154.9 , 150.9 , 135.7 , 127.0 , 125.1 , 124.6 , 
123.2 , 121.9 , 120.3 , 118.9 , 109.9 . 
[ 0796 ] HRMS - ESI ( m / z ) calc'd for C13H2O3 + [ M ] + , 212 . 
0468 ; found , 212.0467 ; deviation : 0.4 ppm . 

2 ' 

14 17 
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2 - Methoxy - Benzonitrile Thianthrenium Salt 
( 13 - TT ) 

-continued 
OH 

[ 0797 ] 
0 
TT 

o 

BF4 CN 3.0 equiv . ( CF3CO ) 20 
1.2 equiv . HBF4 • Et20 

1.0 equiv . TTO 
MeCN , 0-23 ° C. , 12 h 

90 % yield 
OMe 

13 
CN CN 

?Me OMe 
? 

13 - TT 

a 

[ 0798 ] Under an ambient atmosphere , a 20 - mL glass vial 
was charged with 2 - methoxy - benzonitrile ( 266 mg , 2.00 
mmol , 1.00 equiv ) and MeCN ( 3.0 mL , c = 0.67 M ) . After 
cooling to 0 ° C. , HBF40Etz ( 0.34 mL , 0.40 g , 2.4 mmol , 1.2 g 
equiv ) and thianthrene - S - oxide ( 464 mg , 2.00 mmol , 1.00 
equiv ) was added to the vial while stirring the mixture , 
leading to a suspension . Subsequently , trifluoroacetic anhy 
dride ( 0.84 mL , 1.3 g , 6.0 mmol , 3.0 equiv ) was added in one 
portion at 0 ° C. , resulting in a color change to deep purple . 
Subsequently , the reaction mixture was allowed to reach 23 ° 
C. and stirred for 12 hours . The solution was diluted with 
DCM ( 5 mL ) and poured onto a mixture of DCM ( 30 mL ) 
and saturated aqueous NaHCO3 solution ( 20 mL ) . After 
stirring for 5 min at 23 ° C. , the mixture was poured into a 
separating funnel , and the layers were separated . The DCM 
layer was washed with aqueous NaBF4 solution ( 10 % w / 
4xca . 20 mL ) . The DCM layer was dried over Na2SO4 , 
filtered , and the solvent was removed under reduced pres 
sure . The residue was purified by chromatography on silica 
gel eluting with DCM / MeOH ( 30 : 1 ( v / v ) ) , then the solvent 
was removed in vacuo to afford 13 - TT ( 770 mg , 90 % yield ) 
as a colorless solid . 
[ 0799 ] Rf - 0.35 ( DCM / MeOH , 15 : 1 , v / v ) . 
[ 0800 ] NMR Spectroscopy : 
[ 0801 ] " H NMR ( 500 MHz , CD , CN , 25 ° C. , 8 ) : 8.32 ( dd , 
J = 8.0 , 1.4 Hz , 2H ) , 7.95 ( dd , J = 7.9 , 1.4 Hz , 2H ) , 7.87 ( td , 
J = 7.7 , 1.4 Hz , 2H ) , 7.79 ( td , J = 7.7 , 1.4 Hz , 2H ) , 7.40 ( d , 
J = 2.7 Hz , 1H ) , 7.34 ( dd , J = 9.3 , 2.7 Hz , 1H ) , 7.16 ( d , J = 9.3 
Hz , 1H ) , 3.92 ( s , 3H ) . 
[ 0802 ] 13C { ' H } NMR ( 126 MHz , CD , CN , 25 ° C. , 8 ) : 
165.4 , 137.4 , 136.2 , 135.9 , 135.7 , 134.7 , 131.8 , 131.0 , 
119.4 , 115.5 , 115.0 , 114.9 , 104.5 , 58.2 . 
[ 0803 ] ° F NMR ( 471 MHz , CD , CN , 25 ° C. , 8 ) : -151.5 
( brs ) , -151.6 ( brs ) . 
[ 0804 ] HRMS - ESI ( m / z ) calc'd for C20H4NOS , + [ M ] " , 
348.0511 ; found , 348.0508 ; deviation : 0.9 ppm . 

[ 0806 ] To a 4 - mL borosilicate vial , equipped with a mag 
netic stir bar was added copper ( I ) oxide ( 11.5 mg , 80.0 
umol , 0.800 equiv . ) , dimethylglyoxime ( 1.2 mg , 10 umol , 
0.10 equiv . ) , and MeCN / H2O ( 0.9 mL , V / v = 2 : 1 ) . After 
stirring for 10 mins at ambient temperature , 2 - methoxy - 5 
methylbenzonitrile thianthrenium salt 13 - TT ( 43.8 mg , 
0.100 mmol , 1.00 equiv . ) , and Ir [ dF ( CF3 ) ppy ] 2 ( dtbpy ) PF . 
( 1.1 mg , 1.0 umol , 1.0 mol % ) in MeCN ( 0.40 mL , c = 0.25 
M ) were then added . The vial was evacuated and then filled 
with argon ; this procedure was repeated three times . The vial 
was placed in 2 cm distance to two 34 W blue LEDs . The 
temperature was kept at approximately 30 ° C. with the use 
of a cooling fan . The reaction mixture was stirred for 16 
hours under blue LED irradiation , and then diluted with 
CH_C12 ( 2 mL ) . The reaction mixture was filtered through a 
short pad of Celite using CH2Cl2 ( 20 mL ) as eluent . The 
filtrate was collected and concentrated in vacuo , and the 
residue was then purified by flash column chromatography 
on silica gel , eluting with ethyl acetate / pentane ( 1 : 5 , v / v ) to 
afford 13 ( 12.1 mg , 81 % yield ) as a colorless solid . 
[ 0807 ] Rf = 0.35 ( EtOAc / pentane , 1 : 2 , v / v , ( UV , cerium 
molybdate ) ) . 
[ 0808 ] NMR Spectroscopy : 
[ 0809 ] ' H NMR ( 500 MHz , CDC13 , 25 ° C. , 8 ) : 7.13-7.03 
( m , 2H ) , 6.85 ( d , J = 9.9 Hz , 1H ) , 3.87 ( s , 3H ) . 
[ 0810 ] 13C { H } NMR ( 126 MHz , CDC1z , 25 ° C. , 8 ) : 
155.8 , 149.6 , 122.1 , 119.8 , 116.4 , 112.8 , 101.8 , 56.6 . 
[ 0811 ] HRMS - ESI ( m / z ) calc'd for C H NO , + [ M ] * , 149 . 
0471 ; found , 149.0473 ; deviation : -1.1 ppm . 

, 

9 

6 - Methyl - 4 - Chromanone Thianthrenium Salt 
( 18 - TT ) 

[ 0812 ] 

3.0 equiv . ( CF3CO ) 20 
1.2 equiv . HBF4 • Et20 

1.0 equiv . TTO 
MeCN , 0-23 ° C. , 12 h 

77 % yield Me 5 - Hydroxy - 2 - methoxybenzonitrile ( 13 ) 
[ 0805 ] 

TT 
TT BF4 

BF4 
0.8 equiv . Cu20 , 
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1 mol % Ir [ dF ( CF3 ) ppy ] 2 ( dtbpy ) PF6 
MeCN / H20 , 30 ° C. , blue LEDs , 16 h 

81 % yield Me 
CN 
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18 - TT 

13 - TT 
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-continued 
OH 

Me 

18 

4 

[ 0813 ] Under an ambient atmosphere , a 20 - mL glass vial 
was charged with 6 - methyl - 4 - chromanone ( 294 mg , 1.50 
mmol , 1.00 equiv ) and MeCN ( 3.0 mL , c = 0.50 M ) . After 
cooling to 0 ° C. , HBF4.0Et2 ( 0.26 mL , 0.31 g , 1.8 mmol , 1.2 
equiv ) and thianthrene - S - oxide ( 348 mg , 1.50 mmol , 1.00 
equiv ) was added to the vial while stirring the mixture , 
leading to a suspension . Subsequently , trifluoroacetic anhy 
dride ( 0.63 mL , 0.95 g , 4.5 mmol , 3.0 equiv ) was added in 
one portion at 0 ° C. , resulting in a color change to deep 
purple . Subsequently , the reaction mixture was allowed to 
reach 23 ° C. and stirred for 12 hours . The solution was 
diluted with DCM ( 5 mL ) and poured onto a mixture of 
DCM ( 30 mL ) and saturated aqueous NaHCO3 solution ( 20 
mL ) . After stirring for 5 min at 23 ° C. , the mixture was 
poured into a separating funnel , and the layers were sepa 
rated . The DCM layer was washed with aqueous NaBF 
solution ( 10 % w / w , 4xca . 20 mL ) . The DCM layer was dried 
over Na2SO4 , filtered , and the solvent was removed under 
reduced pressure . The residue was purified by chromatog 
raphy on silica gel eluting with DCM / MeOH ( 30 : 1 ( v / v ) ) , 
then the solvent was removed in vacuo to afford 18 - TT ( 530 
mg , 77 % yield ) as a light yellow solid . 
[ 0814 ] Rf = 0.35 ( DCM / MeOH , 15 : 1 , v / v ) . 
[ 0815 ] NMR Spectroscopy : 
[ 0816 ] " H NMR ( 500 MHz , CDC13 , 25 ° C. , 8 ) : 8.35 ( dd , 
J = 7.9 , 1.4 Hz , 2H ) , 7.84 ( dd , J = 7.9 , 1.5 Hz , 2H ) , 7.80 ( s , 
2H ) , 7.73 ( dd , J = 7.9 , 1.5 Hz , 3H ) , 6.53 ( d , = 2.1 Hz , 1H ) , 
4.71 ( t , J = 6.5 Hz , 2H ) , 2.75 ( t , J = 6.5 Hz , 2H ) , 2.13 ( s , 3H ) . 
[ 0817 ] 13C { ' H } NMR ( 126 MHz , CDC13 , 25 ° C. , d ) : 
189.0 , 157.9 , 137.1 , 135.1 , 135.1 , 134.3 , 133.0 , 132.1 , 
130.5 , 130.2 , 128.5 , 127.7 , 123.1 , 116.3 , 109.4 , 69.0 , 37.2 , 
20.6 . 
[ 0818 ] 9F NMR ( 471 MHz , CDC12 , 25 ° C. , 8 ) : -151.8 
( brs ) , -151.9 ( brs ) . 
[ 0819 ] HRMS - ESI ( m / z ) calc'd for for C2H , S , O , , + 
[ M - BF4 ] * , 377.0665 ; found , 377.0664 ; deviation : 0.2 ppm . 

8 - Hydroxy - 6 - methylchroman - 4 - one ( 18 ) 
[ 0820 ] 

6 

[ 0821 ] To a 4 - mL borosilicate vial , equipped with a mag 
netic stir bar was added copper ( I ) oxide ( 22.9 mg , 0.160 
mmol , 0.800 equiv . ) , dimethylglyoxime ( 2.3 mg , 20 umol , 
0.10 equiv . ) , and MeCN / H2O ( 1.6 mL , V / v = 5 : 3 ) . After 
stirring for 10 mins at ambient temperature , 6 - methyl - 4 
chromanone thianthrenium salt 18 - TT ( 92.9 mg , 0.200 
mmol , 1.00 equiv . ) , and Ir [ dF ( CF3 ) ppy ] 2 ( dtbpy ) PF . ( 2.2 
mg , 2.0 umol , 1.0 mol % ) in MeCN ( 0.40 mL , c = 0.50 M ) 
were then added . The vial was evacuated and then filled with 
argon ; this procedure was repeated three times . The vial was 
placed in 2 cm distance to two 34 W blue LEDs . The 
temperature was kept at approximately 30 ° C. with the use 
of a cooling fan . The reaction mixture was stirred for 16 
hours under blue LED irradiation , and then diluted with 
CH , C1 , ( 2 mL ) . The reaction mixture was filtered through a 
short pad of Celite using CH2Cl2 ( 20 mL ) as eluent . The 
filtrate was collected and concentrated in vacuo , and the 
residue was then purified by flash column chromatography 
on silica gel , eluting with ethyl acetate / pentane ( 1:10 , v / v ) to 
afford 18 ( 26.9 mg , 51 % yield ) as a colorless solid . 
[ 0822 ] Rf = 0.28 ( EtOAc / pentane , 1 : 2 , v / v ( UV , cerium 
molybdate ) ) . 
[ 0823 ] NMR Spectroscopy : 
[ 0824 ] ' H NMR ( 500 MHz , CD2CN , 25 ° C. , d ) : 7.12 ( dd , 
J = 2.1 , 1.1 Hz , 1H ) , 6.90 ( d , J = 2.1 Hz , 1H ) , 6.70 ( brs , 1H , 
OH ) , 4.61-4.35 ( m , 3H ) , 2.83-2.68 ( m , 2H ) , 2.16 ( s , 3H ) . 
[ 0825 ] 13C { H } NMR ( 126 MHz , CD , CN , 25 ° C. , 8 ) : 
192.6 , 149.1 , 146.6 , 131.7 , 122.5 , 118.3 , 117.5 , 68.5 , 38.5 , 
20.7 . 

[ 0826 ] HRMS - ESI ( m / z ) calc'd for C10H1103 + [ M + H ] * , 
179.0703 ; found , 179.0705 ; deviation : -1.2 ppm . 

+ 

TT 

BF4 0.8 equiv . Cu20 , 
10 mol % dimethylglyoxime 

1 mol % Ir [ dF ( CF3 ) ppyl2 ( dtbpy ) PF6 
MeCN / H20 , 30 ° C. , blue LEDs , 16 h 

51 % yield Me 

Hydroxy - Etofenprox ( 21 ) 
18 - TT 

[ 0827 ] 

TT BF4 
Me 

Me 

1 mol % Ir [ dF ( CF3 ) ppyl2 ( dtbpy ) PF6 
1.5 equiv . CuTC 
20 equiv . H20 

MeCN , 30 ° C. , blue LEDs , 16 h 
62 % yield 

OEt vara Pho 

21 - TT 
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-continued 

Me 

Me ?g " . 
Pho 

21 

a 
OH 

-continued 
1 mol % Ir [ dF ( CF3 ) ppy ] z ( dtbpy ) PF6 

1.0 equiv . CuTC 
1.0 equiv . Na2CO3 

MeCN , 3Å MS , 30 ° C. , blue LEDs , 16 h 
83 % yield 6 

Et 

[ 0828 ] To a 4 - mL borosilicate vial , equipped with a mag 
netic stir bar was added copper ( I ) thiophene - 2 - carboxylate 
( 28.6 mg , 0.150 mmol , 1.50 equiv . ) , etofenprox thian 
threnium salt 21 - TT ( 67.8 mg , 0.100 mmol , 1.00 equiv . ) , 
Ir [ dF ( CF ) ppy ( dtbpy ) PF . ( 1.1 mg , 10 umol , 1.0 mol % ) , 
water ( 36 uL , 18 mg , 2.0 mmol , 20 equiv . ) , and MeCN ( 0.5 
mL , c = 0.2 M ) . The vial was evacuated and then filled with 
argon ; this procedure was repeated three times . The vial was 
placed in 2 cm distance to two 34 W blue LEDs . The 
temperature was kept at approximately 30 ° C. with the use 
of a cooling fan . The reaction mixture was stirred for 16 
hours under blue LED irradiation , and then diluted with 
CH , C1 , ( 2 mL ) . The reaction mixture was filtered through a 
short pad of Celite using CH2Cl2 ( 20 mL ) as eluent . The 
filtrate was collected and concentrated in vacuo , and the 
residue was then purified by flash column chromatography 
on silica gel , eluting with ethyl acetate / pentane ( 1:20 , v / v ) to 
afford 21 ( 24.2 mg , 62 % yield ) as a colorless solid . 
[ 0829 ] Rf = 0.36 ( EtOAc / pentane , 1:20 , V / v ( UV , cerium 
molybdate ) ) . 
[ 0830 ] NMR Spectroscopy : 
[ 0831 ] ' H NMR ( 500 MHz , CDC13 , 25 ° C. , 8 ) : 7.40-7.23 
( m , 3H ) , 7.11 ( ddt , J = 7.7 , 6.9 , 1.1 Hz , 1H ) , 7.07-6.87 ( m , 
6H ) , 6.84-6.69 ( m , 2H ) , 5.61 ( brs , 1H , OH ) , 4.45 ( s , 2H ) , 
4.08 ( q , J = 7.0 Hz , 2H ) , 3.40 ( s , 2H ) , 1.42 ( t , J = 7.0 Hz , 3H ) , 
1.29 ( s , 6H ) . 
[ 0832 ] 13C ( ' H } NMR ( 126 MHz , CDC13 , 25 ° C. , d ) : 
157.3 , 157.2 , 145.2 , 143.9 , 141.0 , 140.9 , 129.7 , 129.5 , 
123.2 , 122.0 , 120.0 , 117.7 , 117.6 , 117.5 , 112.7 , 111.1 , 80.2 , 
72.8 , 64.5 , 38.7 , 26.1 , 15.0 . 
[ 0833 ] HRMS - ESI ( m / z ) calc'd for C25H280 Nat 
[ M + Na ] " , 415.1880 ; found , 415.1877 ; deviation : 0.8 ppm . 

28 

19 

6 
9 

1 - Ethyl - 4 - phenoxybenzene ( 28 ) 

[ 0835 ] In an anhydrous , N -filled glovebox , a 4 - mL boro 
silicate vial equipped with a magnetic stir bar was charged 
with copper ( 1 ) thiophene - 2 - carboxylate ( 38.1 mg , 0.200 
mmol , 1.00 equiv . ) , phenol ( 37.6 mg , 0.400 mmol , 2.00 
equiv . ) , Na2CO3 ( 10.6 mg , 0.100 mmol , 1.00 equiv . ) , and 3 
Å molecular sieves ( 120 mg ) . Dry MeCN ( 1 mL , c = 0.2 M ) 
was then added into the vial . The vial was sealed with a 
Teflon ??? . The reaction mixture was stirred at 23 ° C .: After 
2 hours , the vial was opened and ethyl benzene - derived 
tetrafluorothianthrenium salt 28 - TFT ( 48.0 mg , 0.100 mmol , 
1.00 equiv . ) and Ir [ dF ( CF3 ) ppy ] z ( dtbpy ) PF . ( 1.1 mg , 1.0 
umol , 1.0 mol % ) were added into the reaction mixture . The 
vial was sealed with the same Teflon cap and transferred out 
of glovebox . The vial was placed in 2 cm distance to two 34 
W blue LEDs . The temperature was kept at approximately 
30 ° C. with the use of a cooling fan . The reaction mixture 
was stirred for 16 hours under blue LED irradiation , and 
then diluted with CH2Cl2 ( 2 mL ) . The reaction mixture was 
filtered through a short pad of silica using CH2C12 ( 25 mL ) 
as eluent . The filtrate was collected and concentrated in 
vacuo , and the residue was then purified by flash column 
chromatography on silica gel , eluting with pentane to afford 
28 ( 32.8 mg , 83 % yield ) as a colorless solid . 
[ 0836 ] R0.30 ( pentane ( UV ) ) 
[ 0837 ] NMR Spectroscopy : 
[ 0838 ] ' H NMR ( 500 MHz , CDC13 , 25 ° C. , 8 ) : 7.37-7.30 
( m , 2H ) , 7.18 ( d , J = 8.6 Hz , 2H ) , 7.09 ( tt , J = 7.4 Hz , 1.2 Hz , 
1H ) , 7.01 ( dd , J = 8.7 Hz , 1.1 Hz , 2H ) , 6.98-6.94 ( m , 2H ) , 
2.66 ( q , J = 7.6 Hz , 2H ) , 1.26 ( t , J = 7.6 Hz , 3H ) . 

[ 0834 ] 

+ 

TFT 

BF4 
+ 

Et 

28 - TFT 
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[ 0839 ] 13C { H } NMR ( 126 MHz , CDC13 , 25 ° C. , d ) : 
157.8 , 154.9 , 139.3 , 129.7 , 129.0 , 122.8 , 119.1 , 118.5 , 28.2 , 
15.8 . 
[ 0840 ] HRMS - ESI ( m / z ) calc'd for calc'd for C14H140 + 
[ M ] " , 198.1039 ; found , 198.1040 . Deviation : -0.2 ppm . 

[ 0844 ] NMR Spectroscopy : 
[ 0845 ] ' H NMR ( 300 MHz , CDC13 , 25 ° C. , 8 ) : 7.03 ( d , 
J = 8.8 Hz , 2H ) , 6.55 ( d , J = 8.6 Hz , 2H ) , 5.15-5.07 ( m , 1H ) , 
4.92-4.83 ( m , 2H ) , 4.75-4.61 ( m , 2H ) , 2.51 ( q , J = 7.6 Hz , 
2H ) , 1.13 ( t , J = 7.6 Hz , 3H ) . 
[ 0846 ] 13C { ' H } NMR ( 126 MHz , CDC13 , 25 ° C. , 8 ) : 
154.6 , 137.4 , 129.0 , 114.3 , 78.2 , 70.1 , 28.0 , 15.8 . 
[ 0847 ] HRMS - ESI ( m / z ) calc'd for CH 502 [ M + H ] * , 
179.1067 ; found , 179.1067 . Deviation : 0 ppm . 

3- ( 4 - Ethylphenoxy ) oxetane ( 33 ) 
15 

[ 0841 ] 
Methoxy - PEG ( 4 ) Ethylbenzene ( 35 ) 

[ 0848 ] # 
TFT 

BF4 
+ TFT + 

BE4 
Et 

Et 
28 - TFT 

28 - TFT 

OH 1 mol % Ir [ dF ( CF3 ) ppy ] 2 ( dtbpy ) PF6 
1.0 equiv . CuTC 

1.0 equiv . Na2CO3 
MeCN , 3Å MS , 30 ° C. , blue LEDs , 16 h 

58 % yield 

?? . O Me 

1 mol % Ir [ dF ( CF3 ) ppy ] 2 ( dtbpy ) PF6 
1.0 equiv . CuTC 

1.0 equiv . Na2CO3 
MeCN , 3Å MS , 30 ° C. , blue LEDs , 16 h 

51 % yield 
Me 

4 

of me 4 

Et 

35 

Et 

33 

6 

[ 0842 ] In an anhydrous , N2 - filled glovebox , a 4 - mL boro 
silicate vial equipped with a magnetic stir bar was charged 
with copper ( 1 ) thiophene - 2 - carboxylate ( 38.1 mg , 0.200 
mmol , 1.00 equiv . ) , 3 - hydroxyoxetan ( 37.0 mg , 31.7 ul , 
0.500 mmol , 2.50 equiv . ) , Na2CO3 ( 10.6 mg , 0.100 mmol , 
1.00 equiv . ) , and 3 Å molecular sieves ( 120 mg ) . Dry MeCN 
( 1 mL , c = 0.2 M ) was then added into the vial . The vial was 
sealed with a Teflon cap . The reaction mixture was stirred at 
23 ° C .: After 2 hours , the vial was opened and ethyl 
benzene - derived tetrafluorothianthrenium salt 28 - TFT ( 48.0 
mg , 0.100 mmol , 1.00 equiv . ) and Ir [ dF ( CF3 ) ppy ] 2 ( dtbpy ) 
PF6 ( 1.1 mg , 1.0 umol , 1.0 mol % ) were added into the 
reaction mixture . The vial was sealed with the same Teflon 
cap and transferred out of glovebox . The vial was placed in 
2 cm distance to two 34 W blue LEDs . The temperature was 
kept at approximately 30 ° C. with the use of a cooling fan . 
The reaction mixture was stirred for 16 hours under blue 
LED irradiation , and then diluted with CH C12 ( 2 mL ) . The 
reaction mixture was filtered through a short pad of silica 
using CH C12 ( 25 mL ) as eluent . The filtrate was collected 
and concentrated in vacuo , and the residue was then purified 
by flash column chromatography on silica gel , eluting with 
EtOAc / pentane ( 1 : 100 v / v ) to afford 33 ( 20.6 mg , 58 % 
yield ) as a colorless oil . 
[ 0843 ] R0.30 ( EtOAc / pentane , 1:50 , v / v ( UV , cerium 
molybdate ) ) 

[ 0849 ] In an anhydrous , N2 - filled glovebox , a 4 - mL boro 
silicate vial equipped with a magnetic stir bar was charged 
with copper ( I ) thiophene - 2 - carboxylate ( 38.1 mg , 0.200 
mmol , 1.00 equiv . ) , 2,5,8,11 - tetraoxatridecan - 13 - ol ( 208 
mg , 200 uL , 1.00 mmol , 5.00 equiv . ) , Na2CO3 ( 10.6 mg , 
0.100 mmol , 1.00 equiv . ) , and 3 Å molecular sieves ( 120 
mg ) . Dry MeCN ( 1 mL , c = 0.2 M ) was then added into the 
vial . The vial was sealed with a Teflon cap . The reaction 
mixture was stirred at 23 ° C .: After 2 hours , the vial was 
opened and ethyl benzene - derived tetrafluorothianthrenium 
salt 28 - TFT ( 48.0 mg , 0.100 mmol , 1.00 equiv . ) and Ir [ dF 
( CF3 ) ppy ] 2 ( dtbpy ) PF . ( 1.1 mg , 1.0 umol , 1.0 mol % ) were 
added into the reaction mixture . The vial was sealed with the 
same Teflon cap and transferred out of glovebox . The vial 
was placed in 2 cm distance to two 34 W blue LEDs . The 
temperature was kept at approximately 30 ° C. with the use 
of a cooling fan . The reaction mixture was stirred for 16 
hours under blue LED irradiation , and then diluted with 
CH_C12 ( 2 mL ) . The reaction mixture was filtered through a 
short pad of silica using CH C12 ( 25 mL ) as eluent . The 
filtrate was collected and concentrated in vacuo , and the 
residue was then purified by flash column chromatography 
on silica gel , eluting with EtOAc / pentane ( 1 : 1 v / v ) to afford 
35 ( 32.4 mg , 51 % yield ) as a pale yellow oil . 
[ 0850 ] R0.30 ( EtOAc / pentane , 2 : 1 , v / v ( UV , cerium 
molybdate ) ) 
0851 ] NMR Spectroscopy : 

[ 0852 ] ' H NMR ( 500 MHz , CDC13 , 25 ° C. , ) : 7.09 ( d , 
J = 8.6 Hz , 2H ) , 6.83 ( d , J = 8.6 Hz , 2H ) , 4.10 ( dd , J = 5.8 Hz , 
4.1 Hz , 2H ) , 3.84 ( dd , J = 5.8 Hz , 4.1 Hz , 2H ) , 3.72 ( dd , J = 5.9 
Hz , 3.5 Hz , 2H ) , 3.68-3.62 ( m , 8H ) , 3.54 ( dd , J = 5.8 Hz , 3.5 
Hz , 1H ) , 3.37 ( s , 3H ) , 2.58 ( q , J = 7.6 Hz , 2H ) , 1.20 ( t , J = 7.6 
Hz , 3H ) . 

) 
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[ 0853 ] 3C { H } NMR ( 126 MHz , CDC13 , 25 ° C. , d ) : 
156.8 , 136.6 , 128.7 , 114.5 , 71.9 , 70.8 , 70.6 , 70.6 , 70.5 , 69.8 , 
67.5 , 59.0 , 28.0 , 15.9 . 
[ 0854 ] HRMS - ESI ( m / z ) calc'd ( m / z ) calc'd for CH2 03Na 
[ M + Na ] " , 335.1829 ; found , 335.1827 . Deviation : 0.6 ppm . 

Phenylthio - etofenprox ( 51 ) 

[ 0858 ] NMR Spectroscopy : 
[ 0859 ] H NMR ( 500 MHz , CD2CN , 25 ° C. , d ) : 7.41-7.32 
( m , 2H ) , 7.32-7.20 ( m , 7H ) , 7.18 ( d , J = 2.5 Hz , 1H ) , 7.13 ( tt , 
J = 7.4 Hz , 1.1 Hz , 1H ) , 6.98 ( dd , J = 8.7 Hz , 1.1 Hz , 2H ) , 
6.97-6.94 ( m , 1H ) , 6.92-6.85 ( m , 2H ) , 6.84 ( t , J = 2.0 Hz , 
1H ) , 4.34 ( s , 2H ) , 4.01 ( q , J = 7.0 Hz , 2H ) , 3.36 ( s , 2H ) , 1.23 
( t , J = 7.0 Hz , 3H ) , 1.17 ( s , 6H ) . 
[ 0860 ] 13C { ' H } NMR ( 126 MHz , CD3CN , 25 ° C. , 5 ) : 
157.9 , 157.7 , 155.9 , 141.8 , 141.0 , 136.0 , 135.2 , 131.0 , 
130.9 , 130.5 , 130.3 , 129.7 , 127.3 , 127.3 , 124.0 , 122.8 , 
122.7 , 119.4 , 118.1 , 112.6 , 80.3 , 72.7 , 64.8 , 38.9 , 26.0 , 14.6 . 
[ 0861 ] HRMS - ESI ( m / z ) calc'd for C3 , H320 SNa [ 
[ M + Na ] * , 507.1964 ; found , 507.1965 . Deviation : -0.1 ppm . 

Benzylbromide - Derived Tetrafluorothianthrenium 
Salt ( S2 ) 

[ 0862 ] 

[ 0855 ] 
. 

+ 

o 
BF4 

TT 

Me 

Me OET BV 3.0 equiv . ( CF3CO ) 20 
1.2 equiv . HBF4 • Et20 

equiv . TTO 
MeCN , 0-23 ° C. , 12 h 

62 % yield 
Pho 

Br 
21 - TT 

SH 
BF4 Br 0.5 mol % Ir [ dF ( CF3 ) ppy ] z ( dtbpy ) PF6 

1.0 equiv . CuTC , 0.2 equiv . TMEDA 
4 equiv . NaH 

MeCN , 30 ° C. , blue LEDs , 16 h 
72 % yield 

TFT 

S2 

S 

Me 

Me C 
OEt va 

PhO 9 

51 

[ 0863 ] Under an ambient atmosphere , a 20 - ml glass vial 
was charged with benzyl bromide ( 510 mg , 3.00 mmol , 1.00 
equiv ) and MeCN ( 6.0 ml , c = 0.50 M ) . After cooling to 0 ° C. , 
HBF40Et2 ( 0.49 mL , 0.58 g , 3.6 mmol , 1.2 equiv ) and 
tetrafluorothianthrene - S - oxide ( 912 mg , 3.00 mmol , 1.00 
equiv ) was added to the vial while stirring the mixture , 
leading to a suspension . Subsequently , trifluoroacetic anhy 
dride ( 1.26 mL , 1.86 g , 9.0 mmol , 3.0 equiv ) was added in 
one portion at 0 ° C. , resulting in a color change to deep 
purple . Subsequently , the reaction mixture was allowed to 
reach 23 ° C. and stirred for 12 h . The solution was diluted 
with DCM ( 5 mL ) and poured onto a mixture of DCM ( 30 
mL ) and saturated aqueous NaHCO3 solution ( 20 mL ) . After 
stirring for 5 min at 23 ° C. , the mixture was poured into a 
separating funnel , and the layers were separated . The DCM 
layer was washed with aqueous NaBF4 solution ( 10 % w / w , 
4xca . 20 mL ) . The DCM layer was dried over Na2SO4 , 
filtered , and the solvent was removed under reduced pres 
sure . The residue was purified by chromatography on silica 
gel eluting with DCM / MeOH ( 30 : 1 ( v / v ) ) , then the solvent 
was removed in vacuo to afford S2 ( 1.01 g , 62 % ) as a light 
yellow powder . 
[ 0864 ] Rf = 0.35 ( DCM / MeOH , 15 : 1 , v / v ) . 
[ 0865 ] NMR Spectroscopy : 
[ 0866 ] ' H NMR ( 500 MHz , CDC13 , 23 ° C. , 8 ) : 8.47 ( dd , 
J = 9.2 , 7.2 Hz , 2H ) , 7.96 ( dd , J = 9.9 , 7.0 Hz , 2H ) , 7.55 ( d , 
J = 8.8 Hz , 2H ) , 7.22 ( d , J = 8.7 Hz , 2H ) , 4.55 ( s , 2H ) ppm . 
[ 0867 ] 13C NMR ( 125 MHz , CDC13 , 23 ° C. , 8 ) : 154.8 ( dd , 
J = 262.0 , 13.2 Hz ) , 151.6 ( dd , J = 255.6 , 13.6 Hz ) , 145.3 , 
135.3 ( dd , J = 8.6 , 4.1 Hz ) , 132.0 , 129.8 , 125.8 ( dd , J = 22.3 , 
2.5 Hz ) , 123.3 , 121.2 ( d , J = 21.7 Hz ) , 115.2 ( dd , J = 7.3 , 3.6 
Hz ) , 32.1 ppm . 
[ 0868 ] 1 ° F NMR ( 471 MHz , CDC13 , 23 ° C. , d ) : -125.2 
( ddd , J = 20.8 , 10.1 , 7.3 Hz ) , -133.7 ( ddd , J = 20.7 , 9.4 , 7.0 
Hz ) , -150.5 ( brs ) , -150.6 ( brs ) ppm . 

[ 0856 ] To a 4 - mL borosilicate vial , equipped with a mag 
netic stir bar was added Ir [ dF ( CF3 ) ppy ] 2 ( dtbpy ) PF ( 1.1 
mg , 1.0 umol , 0.50 mol % ) , copper ( I ) thiophene - 2 - carboxy 
late ( 38 mg , 0.20 mmol , 1.0 equiv . ) , NaH ( c = 60 % dispersion 
in mineral oil ; 36 mg , 0.80 mmol , 4.0 equiv . ) , and entofen 
prox thianthrenium salt 21 - TT ( 135 mg , 0.200 mmol , 1.00 
equiv . ) at 25 ° C. The vial was evacuated and then filled with 
argon ; this procedure was repeated three times . MeCN ( 1 
mL , c = 0.2 M ) was added , followed by 1,2 - bis ( dimethyl 
amino ) ethane ( 5 mg , 6 ul , 0.04 mmol , 0.2 equiv . ) and 
thiophenol ( 44.1 mg , 41.0 uL , 0.400 mmol , 2.00 equiv . ) . The 
vial was placed in 2 cm distance to two 34 W blue LEDs . 
The temperature was kept at approximately 30 ° C. with the 
use of a cooling fan . The reaction mixture was stirred for 16 
hours under blue LED irradiation , then diluted with ethyl 
acetate ( 1 mL ) , and filtered through a short pad of silica 
using ethyl acetate ( 20 mL ) as eluent . The filtrate was 
collected and concentrated in vacuo and then purified by 
flash column chromatography on silica gel , eluting with 
EtOAc / pentane ( 1:20 v / v ) to afford 51 ( 69.6 mg , 72 % yield ) 
as a colorless solid . 
[ 0857 ] Rf = 0.70 ( EtOAc / pentane , 1:10 v / v ( UV ) ) 

2 

, 
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[ 0869 ] HRMS - ESI ( m / z ) calc'd for C19H10Br_F_S2 
[ M - BF4 ] " , 456.93381 ; found , 456.93335 ; deviation : 1.0 
ppm . 

-continued 
o TT 

x BF4 CO2Et 
1- ( Bromomethyl ) -4- ( trifluoromethyl ) benzene ( 4 ) 

[ 0870 ] Me Me 

CI 

S4 

BF4 Br [ CuCF3 ] in DMF 
Ru ( bipy ) 3 ( PF6 ) 2 2 mol % 

MeCN , 30 ° C. , 3 h , blue LED 
TFT 62 % yield 

S2 

Br 
-CF3 

4 

[ 0871 ] In an anhydrous , N2 - filled glovebox , a 4 - mL boro 
silicate vial equipped with a magnetic stir bar was charged 
with CuSCN ( 54.7 mg , 0.450 mmol , 1.50 equiv ) , CsF ( 91.1 
mg , 0.600 mmol , 2.00 equiv ) . DMF ( 1.5 mL , c = 0.30 M ) and 
TMSCF3 ( 66.5 uL , 64.0 mg , 0.450 mmol , 1.50 equiv ) was 
then added into the vial at 23 ° C. , leading to a yellow 
suspension . The vial was sealed with Teflon cap . The 
reaction mixture was stirred at 23 ° C. After 30 mins , a 
mixture of Ru ( bipy ) 3 ( PF6 ) 2 ( 5.2 mg , 6.0 umol , 2.0 mol % ) 
and benzylbromide - derived tetrafluorothianthrenium salts 
S2 ( 164 mg , 0.300 mmol , 1.00 equiv ) in MeCN ( 1.5 mL , 
c = 0.20 M ) was then added into the reaction with a 2 mL 
syringe . The vial was sealed with the same Teflon cap again , 
and was placed 5 cm away from a 34 W blue LED . The 
reaction was irradiated with the blue LED for 3 hours at 
approximately 30 ° C. with the use of a cooling fan . Then the 
reaction mixture was diluted with DCM ( 1.0 mL ) . The 
resulting solution was filtered through a short pad of silica 
using DCM ( 10 mL ) as eluent . The filtrate was collected and 
concentrated in vacuo , and the residue was then purified by 
flash column chromatography on silica gel , eluting with 
hexanes to afford 4 ( 44.2 mg , 62 % ) as a colorless liquid . 
[ 0872 ] Rf - 0.55 ( hexanes ) . 
[ 0873 ] NMR Spectroscopy : 
[ 0874 ] ‘ H NMR ( 500 MHz , CDC13 , 23 ° C. , 8 ) : 7.64 ( d , 
J = 8.1 Hz , 2H ) , 7.54 ( d , J = 8.0 Hz , 2H ) , 4.53 ( s , 2H ) ppm . 
[ 0875 ] 13C NMR ( 126 MHz , CDC13 , 23 ° C. , d ) : 141.8 , 
130.62 ( q , J = 32.7 Hz ) , 129.5 , 125.9 ( q , J = 4.0 Hz ) , 124.1 ( q , 
J = 272.5 Hz ) , 31.9 ppm . 
[ 0876 ] ° F NMR ( 471 MHz , CDC13 , 23 ° C. , d ) : -62.7 
ppm . 
[ 0877 ] HRMS - EI ( m / z ) calc'd for CgH Br F3 [ M ] + , 237 . 
95996 ; found , 237.95999 ; deviation : -0.1 ppm . 

[ 0879 ] Under an ambient atmosphere , a 20 - ml glass vial 
was charged with methyl gemfibrozil ( 1.21 g , 5.00 mmol , 
1.00 equiv . ) and MeCN ( 5.0 ml , c = 1.0 M ) . After cooling to 
0 ° C. , HBF40Et2 ( 0.82 mL , 0.97 g , 6.0 mmol , 1.2 equiv ) and 
thianthrene - S - oxide ( 1.15 g , 5.00 mmol , 1.00 equiv ) was 
added to the vial while stirring the mixture , leading to a 
suspension . Subsequently , trifluoroacetic anhydride ( 2.1 
mL , 3.2 g , 15 mmol , 3.0 equiv ) was added in one portion at 
0 ° C. , resulting in a color change to deep purple . Subse 
quently , the reaction mixture was allowed to reach 23 ° C. 
and stirred for 2 h . The solution was diluted with DCM ( 5 
mL ) and poured onto a mixture of DCM ( 30 mL ) and 
saturated NaHCO3 solution . After stirring for 5 min at 23 ° 
C. , the mixture was poured into a separating funnel , and the 
layers were separated . The DCM layer was washed with 
aqueous NaBF4 solution ( 10 % w / w , 4xca . 20 mL ) . The 
DCM layer was dried over Na2SO4 , filtered , and the solvent 
was removed under reduced pressure . The residue was 
purified by chromatography on silica gel eluting with DCM / 
MeOH ( 30 : 1 ( v / v ) ) , then the solvent was removed in vacuo 
to afford S4 ( 2.38 g , 88 % ) as a white powder . 
[ 0880 ] Rf = 0.35 ( DCM / MeOH , 1/15 , v / v ) . 
[ 0881 ] NMR Spectroscopy : 
[ 0882 ] ' H NMR ( 500 MHz , DMSO - do , 23 ° C. , d ) 8 8.40 
( dd , J = 7.8 , 1.5 Hz , 2H ) , 8.10 ( dd , J = 7.8 , 1.5 Hz , 2H ) , 7.89 
( dtd , J = 23.2 , 7.5 , 1.5 Hz , 4H ) , 7.68 ( dd , J = 9.0 , 2.6 Hz , 1H ) , 
6.92 ( d , J = 9.0 Hz , 1H ) , 6.64 ( d , J = 2.6 Hz , 1H ) , 4.10 ( 9 , J = 7.1 
Hz , 2H ) , 1.63 ( s , 6H ) , 1.05 ( t , J = 7.1 Hz , 3H ) ppm . 
[ 0883 ] 13C NMR ( 126 MHz , DMSO - do , 23 ° C. , d ) : 171.8 , 
152.9 , 136.6 , 136.3 , 135.4 , 135.1 , 131.0 , 130.0 , 129.5 , 
125.8 , 119.3 , 118.3 , 112.4 , 82.5 , 62.3 , 25.2 , 14.2 ppm . 
[ 0884 ) 19F NMR ( 471 MHz , DMSO - , 23 ° C. , d ) : –148.2 
( brs ) , -148.3 ( brs ) ppm . 
[ 0885 ) HRMS - ESI ( m / z ) calculated for C24H22025 , C1 , 
[ M - BF4 ] " , 457.06934 ; found , 457.06917 ; deviation : 0.4 
ppm . 

69 

+ 
3 

CF -Clofibrate Ethyl Ester ( 6 ) 

[ 0886 ] 

CI 
Clofibrate Ethyl Ester - Derived Thianthrenium Salt 

( S4 ) 

[ 0878 ] 
TT 

[ CuCF3 ] in DMF 
Ru ( bipy ) 3 ( PF6 ) 2 2 mol % 

MeCN , 30 ° C. , 3 h , blue LED 
BF4 CO2Et 81 % yield 

Me Me 

3.0 equiv . ( CF3CO ) 20 
1.2 equiv . HBF4 • Et20 

1.0 equiv . TTO 
MeCN , 0-23 ° C. , 12 h 

88 % yield 
Me Me 

EtO2C 54 
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[ 0887 ] In an anhydrous , NZ - filled glovebox , a 4 - mL boro 
silicate vial equipped with a magnetic stir bar was charged 
with CuSCN ( 54.7 mg , 0.450 mmol , 1.50 equiv ) , CsF ( 91.1 
mg , 0.600 mmol , 2.00 equiv ) . DMF ( 1.5 mL , c = 0.30 M ) and 
TMSCF3 ( 66.5 uL , 64.0 mg , 0.450 mmol , 1.50 equiv ) was 
then added into the vial at 23 ° C. , leading to a yellow 
suspension . The vial was sealed with a Teflon cap . The 
reaction mixture was stirred at 23 ° C. After 30 mins , a 
mixture of Ru ( bipy ) 3 ( PF6 ) 2 ( 5.2 mg , 6.0 umol , 2.0 mol % ) 
and clofibrate ethyl ester - derived thianthrenium salt S4 ( 163 
mg , 0.300 mmol , 1.00 equiv ) in MeCN ( 1.5 mL , c = 0.20 M ) 
was then added into the reaction with a 2 mL syringe . The 
vial was sealed with the same Teflon cap again , and was 
placed 5 cm away from a 34 W blue LED . The reaction was 
irradiated with the blue LED for 3 hours at approximately 
30 ° C. with the use of a cooling fan . Then the reaction 
mixture was diluted with DCM ( 1.0 mL ) . The resulting 
solution was filtered through a short pad of silica using DCM 
( 10 mL ) as eluent . The filtrate was collected and concen 
trated in vacuo , and the residue was then purified by flash 
column chromatography on silica gel , eluting with ethyl 
acetate / hexane ( 1 : 100 ( v / v ) ) to afford 6 ( 75.3 mg , 81 % ) as 
a colorless solid . 
[ 0888 ] Rf - 0.40 ( EtoAc / hexanes , 1/14 , v / v ) . 
[ 0889 ] NMR Spectroscopy : 
[ 0890 ] H NMR ( 500 MHz , CDC1z , 23 ° C. , 0 ) : 7.53 ( d , 
J = 2.7 Hz , 1H ) , 7.33 ( dd , J = 8.9 , 2.7 Hz , 1H ) , 6.78 ( d , J = 8.8 
Hz , 1H ) , 4.23 ( q , J = 7.1 Hz , 2H ) , 1.60 ( s , 6H ) , 1.24 ( t , J = 7.1 
Hz , 3H ) ppm . 
[ 0891 ] 13C NMR ( 126 MHz , CDC13 , 23 ° C. , d ) : 173.8 , 
152.7 , 132.4 , 127.5 ( q , J = 5.4 Hz ) , 126.5 , 123.1 ( q , J = 31.0 
Hz ) , 122.8 ( d , J = 272.9 Hz , CF3 ) , 119.1 , 80.7 , 61.8 , 25.1 , 

[ 0895 ] Under an ambient atmosphere , a 20 - ml glass vial 
was charged with p- ( 1 - adamantyl ) toluene ( 339 mg , 1.50 
mmol , 1.00 equiv ) and MeCN ( 3.0 ml , c = 0.50 M ) . After 
cooling to 0 ° C. , HBF40Etz ( 0.25 mL , 0.29 g , 1.8 mmol , 1.2 
equiv ) and thianthrene - S - oxide ( 348 mg , 1.50 mmol , 1.00 
equiv ) was added to the vial while stirring the mixture , 
leading to a suspension . Subsequently , trifluoroacetic anhy 
dride ( 0.63 mL , 0.93 g , 4.5 mmol , 3.0 equiv ) was added in 
one portion at 0 ° C. , resulting in a color change to deep 
purple . Subsequently , the reaction mixture was allowed to 
reach 23 ° C. and stirred for 12 h . The solution was diluted 
with DCM ( 5 mL ) and poured onto a mixture of DCM ( 30 
mL ) and saturated aqueous NaHCO3 solution ( 20 mL ) . After 
stirring for 5 min at 23 ° C. , the mixture was poured into a 
separating funnel , and the layers were separated . The DCM 
layer was washed with aqueous NaBF4 solution ( 10 % w / w , 
4xca . 20 mL ) . The DCM layer was dried over Na2SO4 , 
filtered , and the solvent was removed under reduced pres 
sure . The residue was purified by chromatography on silica 
gel eluting with DCM / MeOH ( 30 : 1 ( v / v ) ) , then the solvent 
was removed in vacuo to afford S7 ( 650 mg , 82 % ) as a 
colorless powder . 
[ 0896 ] Rf = 0.35 ( DCM / MeOH , 15 : 1 , v / v ) . 
[ 0897 ] NMR Spectroscopy : 
[ 0898 ] ' H NMR ( 500 MHz , CDC13 , 23 ° C. , 8 ) : 8.38 ( d , 
J = 7.9 Hz , 2H ) , 7.86 ( d , J = 7.9 Hz , 2H ) , 7.80 ( t , J = 7.7 Hz , 
2H ) , 7.69 ( t , J = 7.6 Hz , 2H ) , 7.44 ( d , J = 8.0 Hz , 1H ) , 7.30 ( d , 
J = 8.1 Hz , 1H ) , 6.71 ( s , 1H ) , 2.63 ( s , 3H ) , 1.97 ( s , 3H ) , 
1.69-1.67 ( m , 3H ) , 1.60-1.53 ( m , 9H ) ppm . 
[ 0899 ] 13C NMR ( 125 MHz , CDC13 , 23 ° C. , d ) : 151.0 , 
137.2 , 134.9 , 134.8 , 133.8 , 130.9 , 130.3 , 130.2 , 125.4 , 
120.7 , 118.0 , 77.4 , 42.6 , 36.3 , 36.1 , 28.5 , 19.8 ppm . 
[ 0900 ) 19F NMR ( 471 MHz , CDC13 , 23 ° C. , d ) : -151.5 
( brs ) , -151.6 ( brs ) ppm . 
[ 0901 ] HRMS - ESI ( m / z ) calc'd for C29H29S2 ( M - BF4 ] " , 
441.17052 ; found , 441.17061 ; deviation : -0.2 ppm . 

: 

: 

14.1 ppm . 
[ 0892 ] 9F NMR ( 471 MHz , CDC13 , 23 ° C. , d ) : -62.5 
ppm . 
[ 0893 ] HRMS - ESI ( m / z ) calc'd for C13H1503C1 , F3 
[ M + H ] * , 311.06563 ; found , 311.06561 ; deviation : 0.1 ppm . 

P- ( 1 - Adamantyl ) Toluene - Derived Thianthrenium 
Salt ( 87 ) 

[ 0894 ] 

( 3r , 5r , 7r ) -1- ( 4 - Methyl - 3- ( trifluoromethyl ) phenyl ) 
adamantane ( 9 ) 

[ 0902 ] 

Me 

3.0 equiv . ( CF3CO ) 20 
1.2 equiv . HBF4 • Et20 

1.0 equiv . TTO 
MeCN , 0-23 ° C. , 12 h 

82 % yield 
[ CuCF3 ] in DMF 

Ru ( bipy ) 3 ( PF6 ) 2 2 mol % 
MeCN , 30 ° C. , 3 h , blue LED Me 

BF4 67 % yield 
TT 

S7 
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[ 0911 ] Under an ambient atmosphere , a 20 - ml glass vial 
was charged with fenofibrate ( 721 mg , 2.00 mmol , 1.00 
equiv ) and MeCN ( 5.0 ml , c = 0.40 M ) . After cooling to 0 ° C. , 
HBF OEt , ( 0.33 mL , 0.39 g , 2.4 mmol , 1.2 equiv ) and 
thianthrene - S - oxide ( 464 mg , 2.00 mmol , 1.00 equiv ) was 
added to the vial while stirring the mixture , leading to a 
suspension . Subsequently , trifluoroacetic anhydride ( 0.84 
mL , 1.3 g , 6.0 mmol , 3.0 equiv ) was added in one portion at 
0 ° C. , resulting in a color change to deep purple . Subse 
quently , the reaction mixture was allowed to reach 23 ° C. 
and stirred for 2 h . The solution was diluted with DCM ( 5 
mL ) and poured onto a mixture of DCM ( 30 mL ) and 
aqueous K2CO3 solution ( 10 % w / w , 10 mL ) . After stirring 
for 5 min at 23 ° C. , the mixture was poured into a separating 
funnel , and the layers were separated . The DCM layer was 
washed with aqueous NaBF4 solution ( 10 % w / w , 4xca . 20 
mL ) . The DCM layer was dried over Na2SO4 , filtered , and 
the solvent was removed under reduced pressure . The resi 
due was purified by chromatography on silica gel eluting 
with DCM / MEOH ( 30 : 1 ( v / v ) ) , then the solvent was 
removed in vacuo to afford S9 ( 1.17 g , 88 % ) as a colorless 
powder . 
[ 0912 ] Rf = 0.35 ( DCM / MeOH , 15 : 1 , v / v ) . 
[ 0913 ] NMR Spectroscopy : 
[ 0914 ] ' H NMR ( 500 MHz , CD3CN , 23 ° C. , d ) : 8.26 ( dd , 
J = 7.9 , 1.4 Hz , 2H ) , 7.99 ( dd , J = 8.8 , 2.1 Hz , 1H ) , 7.94 ( dd , 
J = 8.5 , 2.0 Hz , 2H ) , 7.84 ( td , J = 7.7 , 1.4 Hz , 2H ) , 7.78 ( td , 
J = 7.7 , 1.4 Hz , 2H ) , 7.65-7.42 ( m , 4H ) , 6.99 ( d , J = 8.8 Hz , 
1H ) , 6.95 ( d , J = 2.0 Hz , 1H ) , 5.06-4.83 ( m , 1H ) , 1.74 ( s , 6H ) , 
1.03 ( d , J = 6.2 Hz , 6H ) ppm . 
[ 0915 ] 13C NMR ( 126 MHz , CD , CN , 23 ° C. , d ) : 193.3 , 
172.4 , 159.3 , 140.0 , 138.7 , 138.2 , 136.9 , 136.7 , 136.5 , 
133.9 , 132.5 , 132.2 , 131.7 , 131.5 , 130.3 , 118.5 , 111.2 , 85.0 , 
71.6 , 26.2 , 22.2 ppm . one carbon missing because of over 
lap . 
[ 0916 ] ° F NMR ( 471 MHz , CD , CN , 23 ° C. , ) : -151.7 
( brs ) , -151.8 ( brs ) ppm . 
[ 0917 ] HRMS - ESI ( m / z ) calc'd for C32H23C1,0432 + 
[ M - BF4 ] * , 575.11120 ; found , 575.11205 ; deviation : -1.5 
ppm . 

[ 0903 ] In an anhydrous , N2 - filled glovebox , a 4 - mL boro 
silicate vial equipped with a magnetic stir bar was charged 
with CuSCN ( 54.7 mg , 0.450 mmol , 1.50 equiv ) , CsF ( 91.1 
mg , 0.600 mmol , 2.00 equiv ) . DMF ( 1.5 mL , c = 0.30 M ) and 
TMSCF3 ( 66.5 uL , 64.0 mg , 0.450 mmol , 1.50 equiv ) was 
then added into the vial at 23 ° C. , leading to a yellow 
suspension . The vial was sealed with a Teflon cap . The 
reaction mixture was stirred at 23 ° C. After 30 mins , a 
mixture of Ru ( bipy ) 3 ( PF6 ) 2 ( 5.2 mg , 6.0 umol , 2.0 mol % ) 
and 4 - adamantyl - toluene - derived thianthrenium salts S7 
( 159 mg , 0.300 mmol , 1.00 equiv ) in MeCN ( 1.5 mL , c = 0.20 
M ) was then added into the reaction with a 2 mL syringe . 
The vial was sealed with the same Teflon cap again , and was 
placed 5 cm away from a 34 W blue LED . The reaction was 
irradiated with the blue LED for 3 hours at approximately 
30 ° C. with the use of a cooling fan . Then the reaction 
mixture was diluted with DCM ( 1.0 mL ) . The resulting 
solution was filtered through a short pad of silica using DCM 
( 10 mL ) as eluent . The filtrate was collected and concen 
trated in vacuo , and the residue was then purified by flash 
column chromatography on silica gel , eluting with hexanes 
to afford 9 ( 59.1 mg , 67 % ) as a colorless solid . 
[ 0904 ] Rf = 0.65 ( hexanes ) . 
[ 0905 ] NMR Spectroscopy : 
[ 0906 ] ' H NMR ( 500 MHz , CDC13 , 23 ° C. , d ) : 7.62 ( s , 
1H ) , 7.44 ( d , J = 8.1 Hz , 1H ) , 7.30-7.23 ( m , 1H ) , 2.49 ( s , 3H ) , 
2.15 ( s , 3H ) , 1.94 ( s , 6H ) , 1.82 ( q , J = 12.5 Hz , 6H ) ppm . 
[ 0907 ] 13C NMR ( 126 MHz , CDC13 , 23 ° C. , d ) : 149.1 , 
133.5 , 131.7 , 128.4 ( q , J = 29.2 Hz ) , 128.1 , 124.9 ( q , J = 273.7 
Hz , CF ) , 122.3 ( q , J = 5.7 Hz ) , 43.1 , 36.7 , 36.0 , 28.9 , 18.8 ( 9 , 
J = 2.4 Hz ) ppm . 
[ 0908 ] ° F NMR ( 471 MHz , CDC13 , 23 ° C. , d ) : -61.3 
ppm . 
[ 0909 ] HRMS - CI ( m / z ) calc'd for C18H21F3 [ M ] * , 294 . 
15899 ; found , 294.15921 ; deviation : -0.8 ppm . 

Fenofibrate - Derived Thianthrenium Salt ( 59 ) 
[ 0910 ] 

a 

+ 2 
28 

CF3 - Fenofibrate ( 11 ) 
2 

[ 0918 ] 

Me Me 3.0 equiv . ( CF3CO ) 20 
1.2 equiv . HBF4 • Et20 

1.0 equiv TTO CO2'Pr 

[ CuC2F5 ] in DMF 
Ru ( bipy ) 3 ( PF62 

2 mol % 
MeCN , 30 ° C. , 3 h , 

blue LED 
70 % yield 

Me Me BF4 TTO MeCN , 0-23 ° C. , 2 h 
88 % yield CO2 Pr S9 

Me Me Me Me ???? clax ? CI CI CO2 Pr 

BF4 TTO C2F5 
S9 11 
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[ 0919 ] In an anhydrous , N2 - filled glovebox , a 4 - mL boro 
silicate vial equipped with a magnetic stir bar was charged 
with CuSCN ( 54.7 mg , 0.450 mmol , 1.50 equiv ) , CsF ( 91.1 
mg , 0.600 mmol , 2.00 equiv ) . DMF ( 1.5 mL , c = 0.30 M ) and 
TMSC2Fs ( 78.6 ?L , 86.5 mg , 0.450 mmol , 1.50 equiv ) was 
then added into the vial at 23 ° C. , leading to a yellow 
suspension . The vial was sealed with a Teflon cap . The 
reaction mixture was stirred at 23 ° C. After 30 mins , a 
mixture of Ru ( bipy ) 3 ( PF . ) 2 ( 5.2 mg , 6.0 umol , 2.0 mol % ) 
and fenofibrate - derived thianthrenium salt S9 ( 199 mg , 
0.300 mmol , 1.00 equiv ) in MeCN ( 1.5 mL , c = 0.20 M ) was 
then added into the reaction with a 2 mL syringe . The vial 
was sealed with the same Teflon cap again , and was placed 
5 cm away from a 34 W blue LED . The reaction was 
irradiated with the blue LED for 3 hours at approximately 
30 ° C. with the use of a cooling fan . Then the reaction 
mixture was diluted with DCM ( 1.0 mL ) . The resulting 
solution was filtered through a short pad of silica using DCM 
( 10 mL ) as eluent . The filtrate was collected and concen 
trated in vacuo , and the residue was then purified by flash 
column chromatography on silica gel , eluting with ethyl 
acetate / hexane ( 1:60 ( v / v ) ) to afford 11 ( 100 mg , 70 % ) as a 
colorless solid . 
[ 0920 ] Rf - 0.40 ( EtoAc / hexanes , 1/10 , v / v ) . 
[ 0921 ] NMR Spectroscopy : 
[ 0922 ] " H NMR ( 500 MHz , CDC13 , 23 ° C. , d ) : 8.01 ( d , 
J = 2.3 Hz , 1H ) , 7.87 ( dd , J = 8.7 , 2.3 Hz , 1H ) , 7.67 ( d , J = 8.5 
Hz , 2H ) , 7.45 ( d , J = 8.5 Hz , 2H ) , 6.82 ( d , J = 8.8 Hz , 1H ) , 5.04 
( hept , J = 6.2 Hz , 1H ) , 1.67 ( s , 6H ) , 1.16 ( s , 3H ) , 1.15 ( s , 3H ) 
ppm . 
[ 0923 ] 13C NMR ( 126 MHz , CDC13 , 23 ° C. , 8 ) : 193.0 , 
172.5 , 158.3 ( t , J = 2.5 Hz ) , 139.0 , 135.7 , 134.8 , 131.8 ( t , 
J = 8.7 Hz ) , 131.2 , 129.6 , 128.9 , 119.3 ( tq , J = 38.7 , 287.2 Hz , 
CF2 ) , 118.4 ( t , J = 22.7 Hz ) , 115.8 , 113.3 ( qt , J = 256.0 , 40.0 
Hz , CF3 ) , 80.8 , 69.7 , 25.2 , 21.5 ppm . 
[ 0924 ] ° F NMR ( 471 MHz , CDC13 , 23 ° C. , 0 ) : 83.2 , 

1.50 mmol , 1.00 equiv ) and MeCN ( 3.0 ml , c = 0.5 M ) . After 
cooling to 0 ° C. , HBF40Etz ( 0.25 mL , 0.29 g , 1.8 mmol , 1.2 
equiv ) and thianthrene - S - oxide ( 348 g , 1.50 mmol , 1.00 
equiv ) was added to the vial while stirring the mixture , 
leading to a suspension . Subsequently , trifluoroacetic anhy 
dride ( 0.63 mL , 0.96 g , 4.5 mmol , 3.0 equiv ) was added in 
one portion at 0 ° C. , resulting in a color change to deep 
purple . Subsequently , the reaction mixture was allowed to 
reach 23 ° C. and stirred for 12 h . The solution was diluted 
with DCM ( 5 mL ) and poured onto a mixture of DCM ( 30 
mL ) and saturated aqueous NaHCO3 solution ( 20 mL ) . After 
stirring for 5 min at 23 ° C. , the mixture was poured into a 
separating funnel , and the layers were separated . The DCM 
layer was washed with aqueous NaBF4 solution ( 10 % w / w , 
4xca . 20 mL ) . The DCM layer was dried over Na2SO4 , 
filtered , and the solvent was removed under reduced pres 
sure . The residue was purified by chromatography on silica 
gel eluting with DCM / MeOH ( 30 : 1 ( v / v ) ) , then the solvent 
was removed in vacuo to afford S10 ( 680 mg , 76 % ) as a 
colorless powder . 
10928 ] Rf 0.35 ( MeOH / DCM , 1/15 , v / v ) . [ 
[ 0929 ] NMR Spectroscopy : 
[ 0930 ] ' H NMR ( 500 MHz , CDC13 , 23 ° C. , 8 ) : 8.25-8.22 
( m , 2H ) , 7.85-7.81 ( m , 2H ) , 7.80-7.75 ( m , 2H ) , 7.73-7.70 
( m , 2H ) , 6.91 ( s , 1H ) , 6.21 ( s , 1H ) , 3.90 ( s , 3H ) , 3.60 ( s , 3H ) , 
2.63-2.54 ( m , 2H ) , 2.21-2.15 ( m , 1H ) , 2.14-2.05 ( m , 2H ) , 
1.93-1.80 ( m , 2H ) , 1.59-1.55 ( m , 1H ) , 1.38-1.36 ( m , 1H ) , 
1.33-1.26 ( m , 1H ) , 1.21-1.18 ( m , 3H ) , 1.02-0.94 ( m , 4H ) 
ppm . 
[ 0931 ] 13C NMR ( 126 MHz , CDC13 , 23 ° C. , 8 ) : 177.3 , 
157.1 , 155.9 , 137.1 , 137.0 , 134.7 , 134.64 , 134.61 , 134.57 , 
130.4 , 130.3 , 130.1 , 130.0 , 129.9 , 129.1 , 117.2 , 116.9 , 110.8 , 
105.4 , 56.7 , 51.6 , 51.3 , 43.8 , 39.3 , 39.0 , 37.1 , 31.2 , 28.3 , 
22.7 , 20.3 , 19.6 ppm . 
[ 0932 ] 19F NMR ( 471 MHz , CDC13 , 23 ° C. , 8 ) : -152.6 
( brs ) , -152.7 ( brs ) ppm . 
[ 0933 ] HRMS - ESI ( m / z ) calc'd for C H2025 , 
[ M - BF _ ] * , 517.18656 ; found , 517.18660 ; deviation : -0.1 
ppm . 

: 

9 

2 

. ) 

111.8 ppm . 
. [ 0925 ) HRMS - ESI ( m / z ) calc'd for C22H2,0 F , C1 , 

[ M + H ] * , 479.10430 ; found , 479.10358 ; deviation : 1.5 ppm . 
CF3 - Methyl - O - Methylpodocarpat ( 12 ) Methyl - O - Methylpodocarpat - Derived 

Thianthrenium Salt ( 810 ) [ 0934 ] 
[ 0926 ] 

Me 
OMe Meo . 

Me 
OMe Meo 

3.0 equiv . ( CF3CO ) 20 
1.2 equiv . HBF4 • Et20 

1.0 equiv TTO 
MeCN , 0 ° C. - 23 ° C. , 

12 h 
76 % yield 

Me 

Me 

[ CuCF3 ] in DMF 
Ru ( bipy ) 3 ( PF . ) 2 

2 mol % 
MeCN , 30 ° C. , 3 h , 

blue LED 
60 % yield H 

por por 
po1 

BF4 
S10 

Me 
OMe Meo . Me 

OMe Meo Me 

Me 

BF4 F3C 
S10 12 

[ 0927 ] Under an ambient atmosphere , a 20 - ml glass vial 
was charged with methyl - O - methylpodocarpat ( 453 mg , 

[ 0935 ] In an anhydrous , N2 - filled glovebox , a 4 - mL boro 
silicate vial equipped with a magnetic stir bar was charged 
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with CuSCN ( 36.5 mg , 0.300 mmol , 1.50 equiv ) , CsF ( 61.1 
mg , 0.400 mmol , 2.00 equiv ) . DMF ( 1.0 mL , c = 0.30 M ) and 
TMSCF3 ( 44.3 uL , 44.8 mg , 0.300 mmol , 1.50 equiv ) was 
then added into the vial at 23 ° C. , leading to a yellow 
suspension . The vial was sealed with a Teflon cap . The 
reaction mixture was stirred at 23 ° C. After 30 mins , a 
mixture of Ru ( bipy ) , ( PF ) 2 ( 3.4 mg , 4.0 umol , 2.0 mol % ) 
and methyl - O - methylpodocarpat - derived thianthrenium salt 
S10 ( 121 mg , 0.200 mmol , 1.00 equiv ) in MeCN ( 1.0 mL , 
c = 0.20 M ) was then added into the reaction with a 2 mL 
syringe . The vial was sealed with the same Teflon cap again , 
and was placed 5 cm away from a 34 W blue LED . The 
reaction was irradiated with the blue LED for 3 hours at 
approximately 30 ° C. with the use of a cooling fan . Then the 
reaction mixture was diluted with DCM ( 1.0 mL ) . The 
resulting solution was filtered through a short pad of silica 
using DCM ( 10 mL ) as eluent . The filtrate was collected and 
concentrated in vacuo , and the residue was then purified by 
flash column chromatography on silica gel , eluting with 
ethyl acetate / hexane ( 1:60 ( v / v ) ) to afford 12 ( 44.2 mg , 60 % ) 
as a colorless solid . 
[ 0936 ] Rf = 0.45 ( EtOAc / hexanes , 1/20 , v / v ) . 
[ 0937 ] NMR Spectroscopy : 
[ 0938 ] " H NMR ( 500 MHz , CDC13 , 23 ° C. , 8 ) : 7.22 ( s , 
1H ) , 6.86 ( s , 1H ) , 3.85 ( s , 1H ) , 3.67 ( s , 1H ) , 2.88-2.84 ( m , 
1H ) , 2.76-2.71 ( m , 1H ) , 2.31-2.18 ( m , 3H ) , 2.04-1.93 ( m , 
2H ) , 1.68-1.63 ( m , 1H ) , 1.53-1.50 ( m , 1H ) , 1.44-1.38 ( m , 
1H ) , 1.28 ( s , 3H ) , 1.12-1.04 ( m , 4H ) ppm . 
[ 0939 ] 13C NMR ( 126 MHz , CDC13 , 23 ° C. , 8 ) : 177.8 , 
155.5 , 153.4 , 127.8 ( 9 , J = 5.2 Hz ) , 127.3 , 123.9 ( 9 , J = 271.8 
Hz , CF3 ) , 116.5 ( q , J = 30.6 Hz ) , 109.3 , 56.0 , 52.6 , 51.5 , 44.1 , 
39.5 , 39.1 , 37.6 , 31.2 , 28.6 , 22.9 , 21.0 , 20.0 ppm . 
[ 0940 ] 19F NMR ( 471 MHz , CDC13 , 23 ° C. , 8 ) : -62.0 
ppm . 
[ 0941 ] HRMS - ESI ( m / z ) calc'd for C20H2503FzNa , 
[ M + Na ] " , 393.16480 ; found , 393.16443 ; deviation : 1.0 
ppm . 

1.00 equiv ) was added to the vial while stirring the mixture , 
leading to a suspension . Subsequently , trifluoroacetic anhy 
dride ( 0.85 mL , 1.3 g , 6.0 mmol , 3.0 equiv ) was added in one 
portion at – 78 ° C. , resulting in a color change to deep purple . 
Subsequently , the reaction mixture was allowed to reach 23 ° 
C. and stirred for 15 h . The solution was diluted with DCM 
( 5 mL ) and poured onto a mixture of DCM ( 30 mL ) and 
saturated aqueous NaHCO3 solution ( 20 mL ) . After stirring 
for 5 min at 23 ° C. , the mixture was poured into a separating 
funnel , and the layers were separated . The DCM layer was 
washed with aqueous NaBF4 solution ( 10 % w / w , 4xca . 20 
mL ) . The DCM layer was dried over MgSO4 , filtered , and 
the solvent was removed under reduced pressure . The resi 
due was purified by chromatography on silica gel eluting 
with DCM / MeOH ( 30 : 1 ( v / v ) ) , then the solvent was 
removed in vacuo to afford S13 ( 598 mg , 62 % ) as a colorless 
powder 
[ 0944 ] Rf = 0.35 ( MeOH in DCM = 7 % ) . 
[ 0945 ] NMR Spectroscopy : 
[ 0946 ] ' H NMR ( 500 MHz , DMSO - d6 , 23 ° C. , d ) : 9.39 
( dd , J = 9.6 , 0.9 Hz , 1H ) , 9.22 ( dd , J = 8.9 , 0.9 Hz , 1H ) , 8.69 
( d , J = 9.7 Hz , 1H ) , 8.60-8.49 ( m , 3H ) , 8.31 ( td , J = 7.7 , 1.2 Hz , 
2H ) , 8.06 ( ddd , J = 8.6 , 7.4 , 1.3 Hz , 2H ) , 7.84 ( dd , J = 8.2 , 1.2 
Hz , 2H ) , 4.47 ( s , 3H ) ppm . 
[ 0947 ] 13C NMR ( 126 MHz , DMSO - do , 23 ° C. , 8 ) : 163.8 , 
144.1 , 141.6 , 134.9 , 133.3 , 132.5 , 131.5 , 131.3 , 130.26 , 
130.1 , 128.8 , 126.7 , 123.6 , 121.4 , 117.6 , 96.9 , 58.8 ppm . 
[ 0948 ] 19F NMR ( 471 MHz , DMSO - d6 , 23 ° C. , d ) : -151.2 
( brs ) , -151.3 ( brs ) ppm . 
[ 0949 ] HRMS - ESI ( m / z ) calc'd for C23H5N20 , Sz 
[ M - BF4 ] * , 399.06203 ; found , 399.06226 ; deviation : -0.6 
ppm . 
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. 

+ 
15 

, 6 - Methoxy - 5 - trifluoromethyl ) quinoline - 2 - carboni 
trile ( 15 ) 

9 [ 0950 ] 

Meo . 6 - Methoxy - Quinoline - 2 - Carbonitrile - Derived 
Thianthrenium Salt ( S13 ) 

[ 0942 ] 
TT N. 

[ CuCF3 ] in DMF 
Ru ( bipy ) 3 ( PF6 ) 2 2 mol % 

MeCN , 30 ° C. , 3 h , blue LED 
Meo . 75 % yield BF4 CN 

S13 

3.0 equiv . ( CF3CO ) 20 
1.2 equiv.TMSOTf 

1.0 equiv TTO 
MeCN , -78-23 ° C. , 15 h 

62 % yield 
CF3 N 

Meo . 
CN 

Meo . 
CN 

15 
TT N 

BF4 CN 

S13 

[ 0951 ] In an anhydrous , N2 - filled glovebox , a 4 - mL boro 
silicate vial equipped with a magnetic stir bar was charged 
with CuSCN ( 54.7 mg , 0.450 mmol , 1.50 equiv ) , CsF ( 91.1 
mg , 0.600 mmol , 2.00 equiv ) . DMF ( 1.5 mL , c = 0.30 M ) and 
TMSCF3 ( 66.5 uL , 64.0 mg , 0.450 mmol , 1.50 equiv ) was 
then added into the vial at 23 ° C. , leading to a yellow 
suspension . The vial was sealed with a Teflon cap . The 
reaction mixture was stirred at 23 ° C. After 30 mins , a 
mixture of Ru ( bipy ) , ( PF ) 2 ( 5.2 mg , 6.0 umol , 2.0 mol % ) 
and 6 - methoxy - quinoline - 2 - carbonitrile - derived thian 

[ 0943 ] Under Ar atmosphere , a 20 - ml glass vial was 
charged with 6 - methoxyquinoline - 2 - carbonitrile ( 368 mg , 
2.00 mmol , 1.00 equiv ) and MeCN ( 5.0 ml , c = 1.0 M ) . After 
cooling to -78 ° C. , TMSOTF ( 0.72 mL , 0.89 g , 4.0 mmol , 
2.0 equiv ) and thianthrene - S - oxide ( 464 mg , 2.00 mmol , 
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threnium salt S13 ( 146 mg , 0.300 mmol , 1.00 equiv ) in 
MeCN ( 1.5 mL , c = 0.20 M ) was then added into the reaction 
with a 2 mL syringe . The vial was sealed with the same 
Teflon cap again , and was placed 5 cm away from a 34 W 
blue LED . The reaction was irradiated with the blue LED for 
3 hours at approximately 30 ° C. with the use of a cooling 
fan . Then the reaction mixture was diluted with DCM ( 1.0 
mL ) . The resulting solution was filtered through a short pad 
of silica using DCM ( 10 mL ) as eluent . The filtrate was 
collected and concentrated in vacuo , and the residue was 
then purified by flash column chromatography on silica gel , 
eluting with ethyl acetate / hexane ( 1 : 100 ( v / v ) ) to afford 15 
( 48.4 mg , 75 % ) as a yellow solid . 
[ 0952 ] Rf = 0.25 ( EtOAc / hexanes , 1/20 , v / v ) . 
[ 0953 ] NMR Spectroscopy : 
[ 0954 ] " H NMR ( 500 MHz , CDC12 , 23 ° C. , d ) : 8.65 ( d , 
J = 9.0 Hz , 1H ) , 8.32 ( d , J = 9.5 Hz , 1H ) , 7.70 ( dd , J = 18.6 , 9.3 
Hz , 2H ) , 4.10 ( s , 3H ) ppm . 
[ 0955 ] 13C NMR ( 126 MHz , CDC12 , 23 ° C. , 8 ) : 159.1 , 
143.5 , 136.5 , 133.6 ( 9 , J = 6.3 Hz ) , 131.8 , 127.3 , 124.8 , 124.5 
( q , J = 277.2 Hz , CF3 ) , 118.7 , 117.3 , 110.4 ( q , J = 30.2 Hz ) , 

mixture of Ru ( bipy ) 3 ( PF . ) 2 ( 4.3 mg , 5.0 umol , 2.0 mol % ) 
and boscalid - derived tetrafluorothianthrenium salts S15 
( 179 mg , 0.250 mmol , 1.00 equiv ) in MeCN ( 1.25 mL , 
c = 0.200 M ) was then added into the reaction with a 2 mL 
syringe . The vial was sealed with the same Teflon cap again , 
and was placed 5 cm away from a 34 W blue LED . The 
reaction was irradiated with the blue LED for 3 hours at 
approximately 30 ° C. with the use of a cooling fan . Then the 
reaction mixture was diluted with DCM ( 1.0 mL ) . The 
resulting solution was filtered through a short pad of silica 
using DCM ( 10 mL ) as eluent . The filtrate was collected and 
concentrated in vacuo , and the residue was then purified by 
flash column chromatography on silica gel , eluting with 
ethyl acetate / hexane ( 1 : 5 ( v / v ) ) to afford 17 ( 61.1 mg , 74 % ) 
as an off - white solid . 
[ 0960 ] Rf = 0.25 ( EtOAc / hexanes , 1/3 , v / v ) . 
[ 0961 ] NMR Spectroscopy : 
[ 0962 ] H NMR ( 500 MHz , CDC13 , 23 ° C. , 8 ) : 8.67 ( d , 
J = 8.7 Hz , 1H ) , 8.45 ( dd , J = 4.7 , 2.0 Hz , 1H ) , 8.40 ( s , 1H ) , 
8.18 ( dd , 3 = 7.7 , 2.0 Hz , 1H ) , 7.74-7.67 ( m , 1H ) , 7.52 ( s , 1H ) , 
7.48 ( d , J = 8.2 Hz , 2H ) , 7.42-7.32 m , 3H ) ppm . 
[ 0963 ] 13C NMR ( 126 MHz , CDC13 , 23 ° C. , 8 ) : 162.6 , 
151.8 , 146.6 , 140.6 , 137.7 , 135.4 , 134.8 , 132.0 , 130.9 , 
130.6 , 129.8 , 127.3 ( q , J = 4.3 Hz ) , 126.9 ( 9 , J = 33.0 Hz ) , 
126.1 ( q , J = 2.6 Hz ) , 123.9 ( q , J = 272.1 Hz , CF3 ) , 123.1 , 

3 : 

57.3 ppm . 
3 [ 0956 ] 19F NMR ( 471 MHz , CDC12 , 23 ° C. , 8 ) : -52.9 

ppm . 
[ 0957 ] HRMS - EI ( m / z ) calc'd for C , H , N , O , F3 [ M ] * , 
252.05050 ; found , 252.05062 ; deviation : -0.5 ppm . 121.6 ppm . 

3 , 

CFz - Boscalid ( 17 ) 
[ 0964 ] 19F NMR ( 471 MHz , CDC12 , 23 ° C. , 8 ) : -62.2 
ppm . 
[ 0965 ] HRMS - ESI ( m / z ) calc'd for C19H16C12F3N O , 
[ M - H ] * , 409.01278 ; found , 409.01280 ; deviation < 0.1 ppm . 

10 
[ 0958 ] 

1,3,5 - Trimethyl - 2- ( trifluoromethyl ) benzene ( 19 ) 
ci 

[ 0966 ] 

[ CuCF3 ] in 
DMF 

Me Me Me Me 

[ CuCF3 ] in 
DMF BF4 Ru ( bipy ) 3 ( PF6 ) 2 

2 mol % 
MeCN , 30 ° C. , 
3 h , blue LED 
74 % yield 

TT F3C 
Me 

Ru ( bipy ) 3 ( PF6 ) 2 
2 mol % 

MeCN , 30 ° C. , 
3 h , blue LED 
38 % yield 

Me 
BF4 TFT 19 

S16 S15 

Gron F3C 
17 

[ 0967 ] In an anhydrous , N2 - filled glovebox , a 4 - mL boro 
silicate vial equipped with a magnetic stir bar was charged 
with CuSCN ( 54.7 mg , 0.450 mmol , 1.50 equiv ) , CsF ( 91.1 
mg , 0.600 mmol , 2.00 equiv ) . DMF ( 1.5 mL , c = 0.30 M ) and 
TMSCF3 ( 66.5 uL , 64.0 mg , 0.450 mmol , 1.50 equiv ) was 
then added into the vial at 23 ° C. , leading to a yellow 
suspension . The vial was sealed with a Teflon cap . The 
reaction mixture was stirred at 23 ° C. After 30 mins , a 
mixture of Ru ( bipy ) , ( PF ) 2 ( 5.2 mg , 6.0 umol , 2.0 mol % ) 
and mesitylene - derived thianthrenium salts S16 ( 96.8 mg , 
0.300 mmol , 1.00 equiv ) in MeCN ( 1.5 mL , c = 0.20 M ) was 
then added into the reaction with a 2 mL syringe . The vial 
was sealed with the same Teflon cap again , and was placed 
5 cm away from a 34 W blue LED . The reaction was 
irradiated with the blue LED for 3 hours at approximately 
30 ° C. with the use of a cooling fan . Then the reaction 
mixture was diluted with DCM ( 1.0 mL ) . The resulting 
solution was filtered through a short pad of silica using DCM 
( 10 mL ) as eluent . The filtrate was collected and concen 
trated in vacuo , and the residue was then purified by flash 

[ 0959 ] In an anhydrous , N2 - filled glovebox , a 4 - mL boro 
silicate vial equipped with a magnetic stir bar was charged 
with CuSCN ( 46.0 mg , 0.375 mmol , 1.50 equiv ) , CsF ( 76.1 
mg , 0.500 mmol , 2.00 equiv ) . DMF ( 1.25 mL , c = 0.300 M ) 
and TMSCF3 ( 57.2 uL , 53.3 mg , 0.375 mmol , 1.50 equiv ) 
was then added into the vial at 23 ° C. , leading to a yellow 
suspension . The vial was sealed with a Teflon cap . The 
reaction mixture was stirred at 23 ° C. After 30 mins , a 
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column chromatography on silica gel , eluting with hexanes 
to afford 19 ( 21.4 mg , 38 % ) as a colorless liquid . 
[ 0968 ] Rf 0.65 ( hexanes ) . 
[ 0969 ] NMR Spectroscopy : 
[ 0970 ] ' H NMR ( 500 MHz , CDC1z , 23 ° C. , O ) : 6.89 ( s , 
2H ) , 2.44 ( s , 6H ) , 2.29 ( s , 3H ) ppm . 
[ 0971 ] 13C NMR ( 126 MHz , CDC13 , 23 ° C. , 8 ) : 141.0 , 
137.4 , 131.0 , 126.3 ( q , J = 276.0 Hz , CF3 ) , 124.9 ( 9 , J = 27.7 
Hz ) , 21.5 ( 9 , J = 3.8 Hz ) , 21.0 ppm . 
[ 0972 ] 19F NMR ( 471 Hz , CDC13 , 23 ° C. , 8 ) : -53.7 
ppm . 
[ 0973 ] HRMS - EI ( m / z ) calc'd for C10H / F3 [ M ] " , 188 . 
08074 ; found , 188.08093 ; deviation : -1.0 ppm . 

[ 0977 ] NMR Spectroscopy : 
[ 0978 ] ' H NMR ( 500 MHz , CDC13 , 23 ° C. , ) : 7.59 ( s , 
1H ) , 7.48 ( d , J = 8.5 Hz , 1H ) , 7.36 ( t , J = 7.6 Hz , 2H ) , 7.30 ( t , 
J = 7.7 Hz , 1H ) , 7.14 ( t , J = 7.0 Hz , 1H ) , 7.05 ( d , J = 8.3 Hz , 
2H ) , 7.01 ( d , v = 7.5 Hz , 1H ) , 6.97-6.90 ( m , 3H ) , 4.48 ( s , 2H ) , 
4.11 ( q , J = 7.0 Hz , 2H ) , 3.45 ( s , 2H ) , 1.45 ( t , J = 7.0 Hz , 3H ) , 
1.35 ( s , 6H ) ppm . 
[ 0979 ] 13C NMR ( 126 MHz , CDC13 , 23 ° C. , 8 ) : 157.5 , 
157.3 , 155.1 , 140.9 , 139.2 , 131.0 , 129.9 , 124.8 ( q , J = 5.3 
Hz ) , 124.1 ( q , J = 272.4 Hz , CF3 ) , 123.4 , 122.1 , 119.1 , 118.5 
( q , J = 30.1 Hz ) , 117.9 , 117.7 , 112.8 , 80.0 , 72.9 , 64.6 , 38.7 , 
26.2 , 14.8 ppm . 
[ 0980 ] F NMR ( 471 MHz , CDC1 ,, 23 ° C. , 8 ) : -62.0 19F 
ppm . 
[ 0981 ] HRMS - ESI ( m / z ) calc'd for C26H2F202Na , 
[ M + Na ] * , 467.18045 ; found , 467.18011 ; deviation : 0.7 
ppm . 

11 

CF2 - Etofenprox ( 22 ) 
[ 0974 ] 

Me 

Methyl 
1 - phenylcyclopropane - 1 - carboxylate - Derived 

Thianthrenium Salt ( 820 ) 
[ 0982 ] Me 

[ CuCF3 ] in DMF 
Ru ( bipy ) 3 ( PF6 ) 2 

2 mol % 
MeCN , 30 ° C. , 3 h , 

blue LED 
OPh 

o TT BF4 69 % yield 

3.0 equiv . ( CF3CO ) 20 
1.2 equiv . HBF4 • Et20 

1.0 equiv TTO 
MeCN , 0-23 ° C. , 12 h 

81 % yield 
OET 

S19 
?? . -CO2Me 

Me 

TT 

Me02C BF 
OPh 

F3C S20 

OEt 

22 

[ 0975 ] In an anhydrous , N , -filled glovebox , a 4 - mL boro 
silicate vial equipped with a magnetic stir bar was charged 
with CuSCN ( 54.7 mg , 0.450 mmol , 1.50 equiv ) , CsF ( 91.1 
mg , 0.600 mmol , 2.00 equiv ) . DMF ( 1.5 mL , c = 0.30 M ) and 
TMSCF3 ( 66.5 uL , 64.0 mg , 0.450 mmol , 1.50 equiv ) was 
then added into the vial at 23 ° C. , leading to a yellow 
suspension . The vial was sealed with a Teflon cap . The 
reaction mixture was stirred at 23 ° C. After 30 mins , a 
mixture of Ru ( bipy ) 3 ( PF6 ) 2 ( 5.2 mg , 6.0 umol , 2.0 mol % ) 
and etofenprox - derived thianthrenium salt S19 ( 204 mg , 
0.300 mmol , 1.00 equiv ) in MeCN ( 1.5 mL , c = 0.20 M ) was 
then added into the reaction with a 2 mL syringe . The vial 
was sealed with the same Teflon cap again , and was placed 
5 cm away from a 34 W blue LED . The reaction was 
irradiated with the blue LED for 3 hours at approximately 
30 ° C. with the use of a cooling fan . Then the reaction 
mixture was diluted with DCM ( 1.0 mL ) . The resulting 
solution was filtered through a short pad of silica using DCM 
( 10 mL ) as eluent . The filtrate was collected and concen 
trated in vacuo , and the residue was then purified by flash 
column chromatography on silica gel , eluting with ethyl 
acetate / hexane ( 1 : 200 ( v / v ) ) to afford 22 ( 91.9 mg , 69 % ) as 
a colorless solid . 
[ 0976 ] Rf - 0.25 ( EtOAc / hexanes , 1/100 , v / v ) . 

[ 0983 ] Under an ambient atmosphere , a 20 - ml glass vial 
was charged with methyl 1 - phenylcyclopropane - 1 - carboxy 
late ( 352 mg , 2.00 mmol , 1.00 equiv ) and MeCN ( 10 ml , 
c = 0.20 M ) . After cooling to 0 ° C. , HBF40Et2 ( 0.33 mL , 388 
mg , 2.40 mmol , 1.20 equiv ) and thianthrene - S - oxide ( 464 
mg , 2.00 mmol , 1.00 equiv ) was added to the vial while 
stirring the mixture , leading to a suspension . Subsequently , 
trifluoroacetic anhydride ( 0.84 mL , 1.24 g , 6.00 mmol , 3.00 
equiv ) was added in one portion at 0 ° C. , resulting in a color 
change to deep purple . Subsequently , the reaction mixture 
was allowed to reach 23 ° C. and stirred for 12 h . The 
solution was diluted with DCM ( 5 mL ) and poured onto a 
mixture of DCM ( 30 mL ) and saturated aqueous NaHCO3 
solution ( 20 mL ) . After stirring for 5 min at 23 ° C. , the 
mixture was poured into a separating funnel , and the layers 
were separated . The DCM layer was washed with aqueous 
NaBF4 solution ( 10 % w / w , 4xca . 20 mL ) . The DCM layer 
was dried over Na2SO4 , filtered , and the solvent was 
removed under reduced pressure . The residue was purified 
by chromatography on silica gel eluting with DCM / MeOH 
( 30 : 1 ( v / v ) ) , then the solvent was removed in vacuo to afford 
S20 ( 774 mg , 81 % ) as a colorless powder . 
[ 0984 ] Rf = 0.50 ( DCM / MeOH , 15 : 1 , v / v ) . 
[ 0985 ] NMR Spectroscopy : 
[ 0986 ] ' H NMR ( 500 MHz , CD3CN , 23 ° C. , d ) : 8.38 ( dd , 
J = 7.9 , 1.4 Hz , 2H ) , 7.96 ( dd , J = 7.9 , 1.5 Hz , 2H ) , 7.89 ( td , 
J = 7.7 , 1.4 Hz , 2H ) , 7.82 ( td , J = 7.7 , 1.4 Hz , 2H ) , 7.55-7.42 
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[ 0996 ] 1 ° F NMR ( 471 MHz , CDC13 , 23 ° C. , 0 ) : -84.7 , 
-114.6 ppm . 

( m , 2H ) , 7.19-7.04 ( m , 2H ) , 3.52 ( s , 3H ) , 1.54 ( q , J = 4.2 Hz , 
2H ) , 1.14 ( q , J = 4.2 Hz , 2H ) ppm . 
[ 0987 ] 13C NMR ( 125 MHz , CD2CN , 23 ° C. , d ) : 174.2 , 
146.4 , 137.5 , 136.1 , 136.0 , 133.6 , 131.6 , 130.9 , 128.6 , 
123.2 , 119.3 , 52.9 , 29.2 , 17.1 ppm . 
[ 0988 ] 9F NMR ( 471 MHz , CD , CN , 23 ° C. , 8 ) : -151.4 
( brs ) , -151.5 ( brs ) ppm . 
[ 0989 ] HRMS - ESI ( m / z ) calc'd for C23H 20,52 
[ M - BF4 ] * , 391.08210 ; found , 391.08214 ; deviation : -0.1 
ppm . 

[ 0997 ] HRMS - ESI ( m / z ) calc'd for C13H1102F5Na 
[ M + Na ] " , 317.05714 ; found , 317.06710 ; deviation : 0.1 
ppm . 

CFz - Bifonazole ( 26 ) 3 

[ 0998 ] 

N Methyl 1- ( 4- ( perfluoroethyl ) phenyl ) cyclopropane - 1 
carboxylate ( 24 ) 

[ 0990 ] [ CuCF3 ] in 
DMF 

BF4 Ru ( bipy ) 3 ( PF6 ) 2 
2 mol % 

MeCN , 30 ° C. , 
3 h , blue LED 
68 % yield 

CO2Me [ CuC2F5 ] in DMF 
Ru ( bipy ) 3 ( PF0 ) 2 2 mol % 

MeCN , 30 ° C. , 3 h , blue LED 
66 % yield 

o TFT 
TT BF4 S22 

S20 

CO2Me 

C2F5 
24 

F3C 
26 

a 

[ 0991 ] In an anhydrous , NZ - filled glovebox , a 4 - mL boro 
silicate vial equipped with a magnetic stir bar was charged 
with CuSCN ( 54.7 mg , 0.450 mmol , 1.50 equiv ) , CsF ( 91.1 
mg , 0.600 mmol , 2.00 equiv ) . DMF ( 1.5 mL , c = 0.30 M ) and 
TMSC F5 ( 78.6 uL , 86.5 mg , 0.450 mmol , 1.50 equiv ) was 
then added into the vial at 23 ° C. , leading to a yellow 
suspension . The vial was sealed with a Teflon cap . The 
reaction mixture was stirred at 23 ° C. After 30 mins , a 
mixture of Ru ( bipy ) 3 ( PF6 ) 2 ( 5.2 mg , 6.0 umol , 2.0 mol % ) and methyl 1 - phenylcyclopropane - 1 - carboxylate - derived 
thianthrenium salts S20 ( 143 mg , 0.300 mmol , 1.00 equiv ) 
in MeCN ( 1.5 mL , c = 0.20 M ) was then added into the 
reaction with a 2 mL syringe . The vial was sealed with the 
same Teflon cap again , and was placed 5 cm away from a 34 
W blue LED . The reaction was irradiated with the blue LED 
for 3 hours at approximately 30 ° C. with the use of a cooling 
fan . Then the reaction mixture was diluted with DCM ( 1.0 
mL ) . The resulting solution was filtered through a short pad 
of silica using DCM ( 10 mL ) as eluent . The filtrate was 
collected and concentrated in vacuo , and the residue was 
then purified by flash column chromatography on silica gel , 
eluting with ethyl acetate / hexane ( 1 : 100 ( v / v ) ) to afford 24 
( 58.2 mg , 66 % ) as a colorless liquid . 
[ 0992 ] Rf = 0.45 ( EtOAc / hexanes , 1/30 , v / v ) . 
[ 0993 ] NMR Spectroscopy : 
[ 0994 ] ' H NMR ( 500 MHz , CDC13 , 23 ° C. , 8 ) : 7.53 ( d , 
J = 8.2 Hz , 2H ) , 7.40 ( d , J = 8.3 Hz , 2H ) , 3.65 ( s , 3H ) , 1.64 ( q , 
J = 4.0 Hz , 2H ) , 1.23 ( q , = 4.0 Hz , 2H ) ppm . 
[ 0995 ] 13C NMR ( 126 MHz , CDC13 , 23 ° C. , 8 ) : 174.4 , 
143.8 , 131.0 , 127.7 ( t , J = 24.0 Hz ) , 126.5 ( t , J = 6.3 Hz ) , 119.3 
( tq , J = 285.8 , 39.4 Hz , CF2 ) , 113.5 ( qt , J = 250.7 , 39.1 Hz , 
CF3 ) , 52.6 , 29.0 , 16.8 ppm . 

[ 0999 ] In an anhydrous , N2 - filled glovebox , a 4 - mL boro 
silicate vial equipped with a magnetic stir bar was charged 
with CuSCN ( 36.4 mg , 0.300 mmol , 1.50 equiv ) , CsF ( 61.1 
mg , 0.400 mmol , 2.00 equiv ) . DMF ( 1.0 mL , c = 0.30 M ) and 
TMSCF3 ( 44.2 uL , 42.6 mg , 0.300 mmol , 1.50 equiv ) was 
then added into the vial at 23 ° C. , leading to a yellow 
suspension . The vial was sealed with a Teflon cap . The 
reaction mixture was stirred at 23 ° C. After 30 mins , a 
mixture of Ru ( bipy ) , ( PF ) 2 ( 3.4 mg , 4.0 umol , 2.0 mol % ) 
and bifonazole - derived tetrafluorothianthrenium salts S22 
( 136 mg , 0.200 mmol , 1.00 equiv ) in MeCN ( 1.0 mL , c = 0.20 
M ) was then added into the reaction with a 2 mL syringe . 
The vial was sealed with the same Teflon cap again , and was 
placed 5 cm away from a 34 W blue LED . The reaction was 
irradiated with the blue LED for 3 hours at approximately 
30 ° C. with the use of a cooling fan . Then the reaction 
mixture was diluted with DCM ( 1.0 mL ) . The resulting 
solution was filtered through a short pad of silica using DCM 
( 10 mL ) as eluent . The filtrate was collected and concen 
trated in vacuo , and the residue was then purified by flash 
column chromatography on silica gel , eluting with ethyl 
acetate / hexane ( 1 : 4 ( v / v ) ) to afford 26 with impurities . 
Further purification of 26 by HPLC ( YMC - Actus Triart C18 
( 30x150 mm : 5 um ) , MeOH / TFA in water ( 1/1 V / v ) = 65 : 
35 , flow rate = 42.5 mL / min , 25 ° C. , retention time ; 5.5 min ) 
provided 26 as a pale yellow solid . ( 51.6 mg , 68 % , with little 
CF3 - bifonazole - TFA salt ) as a colorless solid . 
[ 1000 ] Rf = 0.35 ( EtOAc / hexanes , 1/2 , v / v ) . 
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[ 1001 ] NMR Spectroscopy : 
[ 1002 ] H NMR ( 500 MHz , CD , OD , 23 ° C. , 8 ) : 7.75 ( d , 
J = 8.2 Hz , 2H ) , 7.68 ( d , J = 8.1 Hz , 2H ) , 7.66 ( d , J = 8.3 Hz , 
2H ) , 7.38-7.32 ( m , 3H ) , 7.24-7.17 ( m , 6H ) , 6.91 ( s , 1H ) , 
3.32-3.25 ( m , 1H ) ppm . 
[ 1003 ] 13C NMR ( 126 MHz , CD , OD , 23 ° C. , d ) : 145.2 , 
141.0 , 140.2 , 139.9 , 130.6 ( 9 , J = 32.3 Hz ) , 130.1 , 129.9 , 
129.8 , 129.3 , 128.8 , 128.6 , 126.8 ( 9 , J = 3.9 Hz ) , 125.7 ( q , 
J = 271.5 Hz , CF3 ) , 66.3 ppm . 
[ 1004 ] 19F NMR ( 471 MHz , CD , OD , 23 ° C. , 8 ) : -63.8 , 
-76.8 . 
[ 1005 ] HRMS - ESI ( m / z ) calc'd for CH 3N , F3 [ M + H ] * , 
379.14166 ; found , 379.14148 ; deviation : 0.5 ppm . 

concentrated in vacuo , and the residue was then purified by 
flash column chromatography on silica gel , eluting with 
ethyl acetate / hexane ( 1 : 5 ( v / v ) ) to afford 27 ( 65.0 mg , 59 % ) 
as an off - white solid . 
[ 1008 ] Rf = 0.20 ( EtOAc / hexanes , 1/10 , v / v ) . 
[ 1009 ] NMR Spectroscopy : 
[ 1010 ] ' H NMR ( 500 MHz , CDC13 , 23 ° C. , 8 ) : 7.64 ( d , 
J = 8.5 Hz , 2H ) , 7.49 ( d , J = 8.5 Hz , 2H ) , 7.36 ( s , 1H ) , 7.05 ( s , 
1H ) , 3.94 ( s , 3H ) , 3.71 ( s , 3H ) , 3.68 ( s , 2H ) , 2.34 ( s , 3H ) 
ppm . 
[ 1011 ] 13C NMR ( 126 MHz , CDC13 , 23 ° C. , d ) : 171.0 , 
168.0 , 154.0 , 139.8 , 138.1 , 133.3 , 133.0 , 131.1 , 129.3 , 
129.2 , 123.9 ( q , J = 272.0 Hz , CF3 ) , 114.7 ( 9 , J = 30.8 Hz ) , 
113.2 ( q , J = 6.2 Hz ) , 112.2 , 100.8 , 56.3 , 52.3 , 30.1 , 13.6 ppm . 
[ 1012 ] 19F NMR ( 471 MHz , CDC13 , 23 ° C. , d ) : -61.6 
ppm . 
[ 1013 ] HRMS - ESI ( m / z ) calc'd for C2 , H , C1 , F3N , O Na , 
[ M + Na ] * , 462.06904 ; found , 462.06836 ; deviation : 1.5 
ppm . 

18 2 

CF3 - Indometacin Methyl Ester ( 27 ) 
[ 1006 ] 

17 1 

CO2Me 

Meo CFz - salicin Pentaacetate ( 31 ) 
Me 

[ 1014 ] 
TT 

BF4 

[ CuCF3 ] in DMF 
Ru ( bipy ) 3 ( PF6 ) 2 2 mol % 

MeCN , 30 ° C. , 3 h , blue LED 
59 % yield 

PF6 ??? [ CuCF3 ] in DMF 

??? 
S23 

-CO2Me Ac01 
Aco 

Ru ( bipy ) 3 ( PF6 ) 2 
2 mol % 

MeCN , 30 ° C. , 3 h , 
blue LED 
76 % yield Meo ??? 

S27 
Me CF3 

F3C 
??? 

OAC 
Aco 
Aco 

CI ??? 

27 31 

2 [ 1007 ] In an anhydrous , N -filled glovebox , a 4 - mL boro 
silicate vial equipped with a magnetic stir bar was charged 
with CuSCN ( 46.0 mg , 0.375 mmol , 1.50 equiv ) , CsF ( 76.1 
mg , 0.500 mmol , 2.00 equiv ) . DMF ( 1.25 mL , c = 0.300 M ) 
and TMSCF3 ( 57.2 ul , 53.3 mg , 0.375 mmol , 1.50 equiv ) 
was then added into the vial at 23 ° C. , leading to a yellow 
suspension . The vial was sealed with a Teflon cap . The 
reaction mixture was stirred at 23 ° C. After 30 mins , a 
mixture of Ru ( bipy ) 3 ( PF6 ) 2 ( 4.3 mg , 5.0 umol , 2.0 mol % ) 
and indometacin methyl ester - derived thianthrenium salts 
S23 ( 170 mg , 0.250 mmol , 1.00 equiv ) in MeCN ( 1.25 mL , 
c = 0.20 M ) was then added into the reaction with a 2 mL 
syringe . The vial was sealed with the same Teflon cap again , 
and was placed 5 cm away from a 34 W blue LED . The 
reaction was irradiated with the blue LED for 3 hours at 
approximately 30 ° C. with the use of a cooling fan . Then the 
reaction mixture was diluted with DCM ( 1.0 mL ) . The 
resulting solution was filtered through a short pad of silica 
using DCM ( 10 mL ) as eluent . The filtrate was collected and 

[ 1015 ] In an anhydrous , N -filled glovebox , a 4 - mL boro 
silicate vial equipped with a magnetic stir bar was charged 
with CuSCN ( 54.7 mg , 0.450 mmol , 1.50 equiv ) , CsF ( 91.1 
mg , 0.600 mmol , 2.00 equiv ) . DMF ( 1.5 mL , c = 0.30 M ) and 
TMSCF3 ( 66.5 uL , 64.0 mg , 0.450 mmol , 1.50 equiv ) was 
then added into the vial at 23 ° C. , leading to a yellow 
suspension . The vial was sealed with a Teflon cap . The 
reaction mixture was stirred at 23 ° C. After 30 mins , a 
mixture of Ru ( bipy ) 3 ( PF6 ) 2 ( 5.2 mg , 6.0 umol , 2.0 mol % ) 
and salicin pentaacetate - derived thianthrenium salt S27 ( 257 
mg , 0.300 mmol , 1.00 equiv ) in MeCN ( 1.5 mL , c = 0.20 M ) 
was then added into the reaction with a 2 mL syringe . The 
vial was sealed with the same Teflon cap again , and was 
placed 5 cm away from a 34 W blue LED . The reaction was 
irradiated with the blue LED for 3 hours at approximately 
30 ° C. with the use of a cooling fan . Then the reaction 
mixture was diluted with DCM ( 1.0 mL ) . The resulting 
solution was filtered through a short pad of silica using DCM 
( 10 mL ) as eluent . The filtrate was collected and concen 

a 
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R R8 
trated in vacuo , and the residue was then purified by flash 
column chromatography on silica gel , eluting with ethyl 
acetate / hexane ( 1 : 3 ( v / v ) ) to afford 31 ( 128 mg , 76 % ) as a 
colorless solid . R ? S R7 

RX ArH + 

R3 R6 Organic 
Solvent 

R4 o = RS 
( I ) 

RS 
R ? R7 

X 

[ 1016 ] Rf = 0.45 ( EtoAc / hexanes , 1/3 , v / v ) . 
[ 1017 ] NMR Spectroscopy : 
[ 1018 ] ' H NMR ( 500 MHz , CDC13 , 23 ° C. , d ) : 7.60 ( s , 
1H ) , 7.54 ( d , J = 7.6 Hz , 1H ) , 7.14 ( d , J = 8.6 Hz , 1H ) , 
5.35-5.28 ( m , 2H ) , 5.21-5.12 ( m , 3H ) , 5.04 ( d , J = 13.5 Hz , 
1H ) , 4.27 ( dd , J = 12.3 , 5.3 Hz , 1H ) , 4.19 ( dd , J = 12.3 , 2.2 Hz , 
1H ) , 3.92-3.88 ( m , 1H ) , 2.12 ( s , 3H ) , 2.09 ( s , 3H ) , 2.06 ( s , 
3H ) , 2.05 ( s , 3H ) , 2.04 ( s , 3H ) ppm . 
[ 1019 ] 13C NMR ( 126 MHz , CDC13 , 23 ° C. , 8 ) : 170.6 , 
170.6 , 170.3 , 169.5 , 169.4 , 156.6 , 127.1 , 126.6 ( q , J = 3.8 
Hz ) , 126.4 ( q , J = 3.8 Hz ) , 125.8 ( 9 , J = 33.2 Hz ) , 124.0 ( q , 
J = 271.7 Hz , CF3 ) , 115.3 , 98.9 , 72.5 , 72.4 , 71.0 , 68.3 , 61.9 , 
60.4 , 21.0 , 20.8 , 20.7 ppm . 
[ 1020 ] 19F NMR ( 471 MHz , CDC13 , 23 ° C. , 8 ) : -62.0 
ppm . 

[ 1021 ] HRMS - ESI ( m / z ) calc'd for C24H27F3012Na 
[ M + Na ] * , 587.13468 ; found , 587.13464 ; deviation : 0.1 
ppm . 

R3 S + * R 

R4 Ar RS 

( III ) 

1 6 

wherein Rl to R may be the same or different and are 
selected from hydrogen , C1 , F , a partially or fully fluorinated 
C , to Co alkyl group , n is 0 or 1 , RX is selected from HBF4 ; 
HBF4.Et2 , BF3.OEt2 , trifluoro methane sulfonic acid ( tri 
flic acid ) , triflic acid anhydride , trifluoro acetic acid , trif 
luoro acetic acid anhydride , trimethylsilyltriflate and X- is 
an anion derived from RX . 

1. Thianthrene derivative of the Formula ( 1 ) : 

( I ) 
R ? R8 

R ? S R7 sos R3 R6 

R4 On RS 

6. Process for preparing a thianthrenium salt compound of 
the Formula ( III ) according to claim 5 , wherein the thian 
threne derivative of the Formula ( I ) is activated by adding a 
carboxylic acid anhydride if n = 1 in formula ( I ) . 

7. Process for preparing a thianthrenium salt of the 
Formula ( III ) according to claim 6 , wherein the reaction is 
carried out in the presence of a Brönstedt acid or Lewis acid . 

8. Process for preparing a thianthrenium salt of the 
Formula ( III ) according to claim 5 , wherein the thianthrene 
derivative of the Formula ( I ) is activated by oxidation if n = 0 
in formula ( I ) . 

9. Process for preparing a thianthrenium salt of the 
Formula ( III ) according to claim 8 , wherein the thianthrene 
derivative of the Formula ( I ) is activated by oxidation with 
1 - Chloromethyl - 4 - fluoro - 1,4 - diazonia bicyclo [ 2.2.2 ] octane 
bis ( tetrafluoroborate ) . 

10. Process for preparing a thianthrenium salt of the 
Formula ( III ) according to claim 8 , wherein the thianthrene 
derivative of the Formula ( I ) is activated by electrochemical 
oxidation . 

11. Process for preparing a thianthrenium salt of the 
Formula ( III ) according to claim 5 which comprises reacting 
an electron - poor Ar and a thianthrene derivative of the 
Formula ( I ) or a mixture of different thianthrene derivatives 
of the Formula ( I ) , wherein R2 , R3 , Re and R , are F or CF3 
and the others of R ' to R8 are hydrogen and wherein n is 0 

1 

wherein Rl to R8 may be the same or different and are 
selected from hydrogen , C1 , F , a partially or fully fluorinated 
Ci to Co alkyl group , and wherein n is 0 or 1 , with the 
proviso that at least one of R ' to R8 is not hydrogen . 

2. Thianthrene derivative of the Formula ( 1 ) according to 
claim 1 wherein at least two to four of Ri to R8 are C1 , F , a 
partially or fully fluorinated Ci to Co alkyl group and the 
others of Rl to R8 are hydrogen and wherein n is 0 or 1 . 

3. Thianthrene derivative of the Formula ( I ) according to 
claim 1 wherein at least four of Rl to R8 are F or CF , and the 
others of R , to R , are hydrogen and wherein n is 0 or 1 . 

4. Thianthrene derivative of the Formula ( I ) according to 
claim 1 wherein R2 , Rz , Ro and R , are F or CFz and the 
others of R ' to R8 are hydrogen and wherein n is 0 or 1 . 

5. Process for preparing an aromatic or heteroaromatic 
thianthrenium salt , comprising reacting a monocyclic or 
polycyclic , aromatic or heteroaromatic hydrocarbon Ar , 
which may be substituted or unsubstituted , with an activated 
thianthrene derivative of the Formula ( I ) or mixtures thereof 
in an organic solvent whereby a thianthrenium salt of the 
Formula ( III ) is obtained : 

3 

6 

or 1 . 

a 

12. Process for preparing an aromatic or heteroaromatic 
thianthrenium salt according to claim 5 , which comprises 
reacting an electron - rich Ar and a thianthrene derivative of 
the Formula ( I ) or a mixture of different thianthrene deriva 
tives of the Formula ( I ) , wherein Rl to R8 are hydrogen and 
wherein n is 0 or 1 . 
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13. Thianthrenium salt of the Formula ( III ) : 
3 

8 

( III ) 

R ? R7 
X 

14. Thianthrenium salt of the Formula ( III ) as defined in 
claim 13 wherein R2 , R3 , R. and R , are F or CF ; and the 
others of Rl to R are hydrogen and wherein Ar and X - have 
the meaning as given in claim 13 . 

15. Method of using a thianthrenium salt of the Formula 
( III ) as defined in claim 13 in a photoredox catalysis 
reaction , a photoredox functionalization or a radical ary 
lation . 

16. Method of using a thianthrenium salt of the Formula 
( III ) as defined in claim 13 in a transition metal catalyzed 
cross coupling reaction . 

17. Method of using a thianthrenium salt of the Formula 
( III ) as defined in claim 16 wherein the transition metal 
catalyzed cross coupling reaction is selected from a Heck 
reaction , a Sonogashira reaction , a Negishi reaction , a 
Suzuki reaction , and a carbonylation reaction . 

R31 S + R6 

R4 Ar RS 

wherein Rl to R8 may be the same or different and are 
selected from hydrogen , C1 , F , a partially or fully fluorinated 
C , to Co alkyl group , and Ar is a monocyclic or polycyclic , 
aromatic or heteroaromatic hydrocarbon Ar , which may be 
substituted or unsubstituted , and X is an anion . * * 


