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Rt R?
S -H*

-
R4J-\R5 R® = CHR'R® \

Sulfonium ylides

_R3 R __R? Nu /
Nu—R> % S -

R3 = Aryl, Alkenyl Umpolung
Alkynyl, CN, CF3

N. Maulide, et al. Chem. Rev. 2019, 119, 8701-8780;

M. Alcarazo, et al. Eur. J. Inorg. Chem. 2020, 58, 2486-2500.
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Sulfonium salts

As catalyst

+e RlS,RZ + RS

/
\

Homolytic C-S bond cleavage
radical chemistry redox catalysis

R!+ R?
[M] S

>  R-M]

Oxidative addition
cross-coupling reactions
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Johnson (1961)

O‘D DCM, reflux ! . i
+ S(CHa),
o
®
Me” Me
NO,
40% yield
Corey (1962)
o 0
9+ ) NaH + I O DCM Q; 9
R T | oy S ~eH, T cugiSen, | 1N Y YN
HiC CHy  DMSO 3 &, 5 CH, =7 “RZ 500G ~1 R2 CHy”  CHj

- - 56-90% vyield
dimethylsulfoxonium methylide

Corey-Chaykovsky Reagent
. Jessop, et al. J. Chem. Soc. 1930, 708-713;

J.A
A. W. Johnson, et al. J. Am. Chem. Soc. 1961, 83, 417-423; 5
E. J. Corey, et al. J. Am. Chem. Soc. 1962, 84, 867-868.
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Olivier (2013
( ) Ru(bpy)3Cl2+(H20)s (5 mol%) R
R Pr,NEt (5.0 equiv
O\*/Ph+)\,m SO0
S x- light blue (14W ), MeCN, r.t.
Ph LG = Cl, SO,Tol — 23 examples, 17-68% vyield

‘ | C *
Photocatalyst

O O R 0 oH
g + ~ _R? [Ir(ppy)s] (0.5 mol%) _ R1)\(CF3
l B A Ar

s @
| nm blue S
Umemoto's reagent 16 examples, 41-98% yield
R1
+1e” 2
AR R’

-1e H,0
CF 4
*CF; AN > Ar)-l-\( 3

C. Olivier, et al. Adv. Synth. Catal. 2013, 355, 1477-1482;
M. Asiatic, et al. Acc. Chem. Res. 2016, 49, 1937-1945.
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Shibata (2010) e .

CF4 ; o E
S N DBU (1.2 equiv) : :
MeCN, -43 °C to 0 °C : o :
36 examples, 42-95% vyield \ ___ ______ .. ____._. !
Arshad (2018)
RI/— ['8F]fluoride 185
N\ /387 K,COs (1.5 equiv)
OTf >
// DMSO, 110 °C, 15 min
X\
.......................... R .. 5 examples, 51-91% yield
Alcarazo (2019) R S ;)' o0
Q §/ - : SH . :
- Cs,CO3 (1.1 equiv) ' = "
OTf 2 3 Nu '
+ Nu-H > /// : Ph
O DCM Nu l :
1 O '
R =Ar, TIPS 30 examples, 49-91% yield T

N. Shibata, et al. Angew. Chem. Int. Ed. 2010, 49, 572-576;
E. Arshad, et al. J. Am. Chem. Soc. 2018, 140, 11125-11132;
M. Alcarazo, et al. Angew. Chem. Int. Ed. 2019, 58, 9496-9500.
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Libeskind (1997)

Aryl . Aryl
Heteroaryl /+ > N [Pd] or [NI] catalyst - Heteroaryl 4R
Alkenyl TS R-M Alkenyl
Benzyl X~ solvent, 0-55 °C Benzyl
M = "Bu3Sn, B(OH),, ZnCl, ZnMe 24 examples, 42-97% yield
Zhang (2016-2019) O/\ O
= R3 A
R*—=—Ph = / > O
Pd[P('Bu)s], (10 mol%)\ p N Pd[P(Bu);]> (10 mol%) R3
35 examples KsPO, (1 equiv) TsOH (10 mol%) 36 examples
47-99% yield 3 5 21-99% yield
Cul (10 mol%), DMF, 80 °C ¢RI - DMF, 25 °C, 24 h
s”" OTf N
! r
Ar-NH / R? Ar-B(OH
NHAr 2 N )™\ Oz o @
Pd[P(‘Bu)s], (10 mol%) R3 = Alkyl, COOR Pd[P(‘Bu)z], (10 mol%)
KsPO, (1 equiv R* = Alkyl, aryl, COOR NaHCO; (1.2 equiv) 30 examples
36 examples o70a [Teaulv) yh Ay DME. 80°C 77-97% yield
42-98% vyield CuBr (10 mol%), MeCN, 80 °C ;
L. Libeskind, et al. J. Am. Chem. Soc. 1997, 119, 12376-12377; 8

H. Yoshidab, et al. Chin. Chem. Lett. 2021, 32, 299-312.



41 examples

Shirakawa (2016) ’ ‘.
A OS|Me o N : + :
N\T L\ 3 catalyst A (10 mol%) _ “Troc i BArF-
L roc : OMe THF, -78 °C 5 oh |
CO,Me . catalyst A |
| 1
67% yied
Ohmiya (2020)
5 O PTH1 (10 mol%) ) i Ph g
H : o !
1 LiBF4 (10 mol% (@] R .
R + N-O R4 4 o) . R * s ! N
R2 3 5 R2 6R 1
R )—R®  MeCN, Blue LED R? R ; 5 —
O O R° | s

28-90% vyield

S. Shirakawa, et al. Chem. Commun. 2017, 53, 119-122;
H. Ohmiya, et al. J. Am. Chem. Soc. 2020, 142, 1211-1216.

_____________________________________________________
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C(sp3)-Substituted Sulfonium Salts:

R1
: Alkyl<_*_ Alkyl

R S+ -
X —_
S X
p Alkyl
R

R

C(sp)-Substituted Sulfonium Salts:

R s”
R" X
1 = CN, Alkyne
_R
S
- X
Me Me

R' = CN, Alkyne
S. Shirakawa, et al. Chem. Commun. 2017, 53, 119-122;

H. Ohmiya, et al. J. Am. Chem. Soc. 2020, 142, 1211-1216.

ES

C(sp?)-Substituted Sulfonium Salts:

R

R
[
@ _ _/| /',—R R X
& X R N g NS . §/
TN+ Y ' \
R—,/ \,—R R X ...

1)
)
’
4

= Alkyl
R
R N i i
+\ R \Q_Q R C( j:)
S( X~
R’
1 1 Y =CO, NR, O
R" = Cyclopropyl, Ar R"= Ar, Alkyl R1 Ar, Alkyl
- NIV
X &!, :' AN I M P
R/\/+\o ?
X R" x~

\ Thianthrenium salts )

10
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Lucken (1962) S TFAA. HOIO, S H R ‘?g]
580 GO SILIE T
S CHC|3 S i A 5 JESR
- purple solid o /& EF 7];'@ "~
Shine (1971/1974) S
| - CLC
S AN MeCN S i
" clog + | yEPG — > ClO,4
S - “TEDG
32% examples, 53-98% vyield B
Shine (1990/1991) N -
I . T s ) 3 W&V
. (AkylpHg — o ©i+I> . (Alkyl)-Hg
" ClOg4 (Alkyl)4-Sn S (Alkyl)3-Sn*
S

C. Lucken, et al. J. Am. Chem. Soc. 1962, 79, 4963-4965;
hine, et al. J. Org. Chem. 1971, 36, 2923-2926;
hine, et al. J. Org. Chem. 1974, 39, 2534-2537,
hine, et al. J. Org. Chem. 1990, 55, 2702-2713;

E. A
H. J.
H. J.
H. J.
H. J. Shine, et al. J. Org. Chem. 1991, 56, 914-920.

S
S
S
S

' -
Alkyl ClO4
Alkyl = Me, Et, Bu...

11
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211 FAr ey

e(NO3);3-9H,0 (1.0 equiv) O R” :
AcOH (0.76 equiv) S (1-3 mol%)
- L0 g

NaBr (4.2 mol% ) HBF4-Et,0 (1.5 equiv)

DCM, 25°C, 3 h _ TFAA (3.0 equiv), MeCN, 25 °C
(commermally available) TTO (76% yield) standard conditions

Ar=PhEt Ar=PhCl

z @ESD

T

S » +
©: D standard conditions S

> 98% 9%
S BF,4 (isolated) (NMR)
TTO
Q
F S F
F S F
standard conditions - 92% - 86%
= § . (isolated) (isolated)
F S F

TFTO @ BF,4

T. Ritter, et al. Nature. 2019, 567, 223-228. Ar-TFT* 14
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o TFT (1-3 mol%) F F
F S F H TFAA (3.0 equiv) D:,J@[
ji:[ j@: + ‘|@ > F S F

F S F HBF4-Et,0 (1.2 equiv)
MeCN, 0-25 °C, 12 h @
TFTO 30 examples, 20-95% yield
Br
Et Br N N
B -
“ WS ¢ O
92% 68% 87% 59% 76% Blfg;)azole

CO,Me
. HO OH Cl m
i NN F Jé/N;(D/M \©>2L @\
’&o H cl o c

Ketanserin Meclofenamic acid Indometacin methylester (x)-Famoxadone
84% 87% 85% 81%

T. Ritter, et al. Nature. 2019, 567, 223-228. 15



Other C-H
functionalizations

-

r o

Highly selective C-H
functionalizations

T. Ritter, et al. Nature. 2019, 567, 223-228.

--------------------------------------

R I R A T

F
S p:o > 500:1
p:m > 200:1

16
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2.1.1 35 AR A h—— R ik B
M | \
Et Cl OH O e H\“): NH
: \ F H H SH / N\>_|\/|e
A O —
: O : O N\;/N " ¢ e
H S50 2
3 4 5 6 ’ 7 g HO N
Ar-TFT FeCl, AuCl, NBS PhyPS

O position of reaction
O pe o/m ee°
O Q complex mixture
Q O no reaction

T. Ritter, et al. Nature. 2019, 567, 223-228. 17
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Transtiton-metal-catalysed cross-couplings Photoredox catalysis
Borylation
O Ar=Bpin
Carbonylation )]\ P (l)l
OEt 76%

Pe. ,
91% r’ (aPh Phosphonylation

Ar = . : 58%
Suzuki couplin /\/O
4 I ping Ar A R
r=—— .
X, 90% Cyanation
07N ’ 69%

TET+ Sonogashira coupling  Ar===—=—n-C,Hy; €———

<
@

0 Ar=SCF3; Pseudohalogenation
- O '.

Ar=Alk Ar=Cl Chlorination

Negishi coupling Alk = Me, 78% o
Alk = c-Pr, 78% 53%
A Ph 0 Ar=| lodination
) r \ _Ph
Heck reaction 86% Ar'S\b 66%
8%

T. Ritter, et al. Nature. 2019, 567, 223-228. Sulfonylation 18
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1,4-dioxane:’PrOH = 1:1, 50 °C

TFT"  B(OH), Pd(dppf)Cl, (2 mol%)
O K3PO4 (20 eCIUiV)
+ E ] v o
OMe

92% vyield

+ B(OH), Pd(dppf)CI2 (2 mol% OM
+ '
@)
OMe

1,4-dioxane:’PrOH = 1:1, 50 °C 6% y|eId
o O
Ir[dF (CF3)ppyl»>(dtbpy)PFg (1 mol%)
: N
Br TET* K,CO3 (0.97 equiv), DMSO:pyrazine = 1:2 Br | \j
blue LED (60 W), 22 °C 86% yield NP
TFT* CN
O Ru(bpy)s(PFe); (1 mol%)
r
O CuCN (2.3 equiv), NBusCN (3.3 equiv) O
MeCN, blue LED (60 W), 22 °C |

83% vyield
T. Ritter, et al. Nature. 2019, 567, 223-228.

19



211 FRERAE —EYM T IRR

------------------------

H Q TFT*

F S F TFT (1-3 mol%) BF,
N >
j@: j@( HBF4-Et,0 (1.5 equiv)
F S F

TFAA (3.0 equiv), MeCN, 25 °C

M M
wn wn
M M

?J\CF?’ TFT*
+
_TEAA S F F THOO-H
—
S F F S F =
O
F S F

T. Ritter, et al. Nature. 2019, 567, 223-228. 20



212 F A By H— M EC-Bi

Wang (2020)

Tf,0 (1.2 equiv)

DCM, 1h, -40 °C to r.t.

Q ? ? ? ?
S« S< S. . _S< S.
Me”+ Me Et“+Et "Bu”+"Bu 'Pr”+ Me Bn” + Me
99% 80% 79% 39% 42%
plo=15/1 plo=21/1 plo=2.11 plo = 2.4/1 plo=2.7/1
: _ _ on :
. a _ Me (l) ? é :
: Q o S. S O O :
: S. S< + Me + :
+ Ph”+ Me Ph”+ Ph !
: 95% 99% 60% 95% 95% 5
+ plo=10/1 plo=14.6/11 plo=14.1/1 plo = 5/1 plo=116/1

-----------------------------------------------------------------------

SEAr Process (EPR Slience)

P. Wang, et al. Sci. China Chem. 2020, 63, 336-340;

P TS
4

'Pr7+7Pr
47%
plo = 20/1

O
[

L0

98%

97%

plo =76.8/1

Radical Cation Detected

\\__plo=953/1_);

21



2.1.2 5 Arasy §—2C-B4g

0 oTf OTf .
i .
Tf,0, DCM homolysis S
S 2 > 2 P
-40 °C
S S S
- - S - radical cation -

[Ses)

L _ dication -

Highly Electrophilic

Wang (2020) L, 1TTO (1.2 equiv), THO (1.2 equiv) .
DCM, 1h, -40 °C to r.t. pin
' o
2) Pd(OACc), (5 mol%), XPhos (5 mol%)

Bopin, (2 equiv), NaOPiv (3 equiv), Acetone 39 examples, 44-95% vyield

without removal of acid and solvent

P. Wang, et al. Sci. China Chem. 2020, 63, 336-340; 22
P. Wang, et al. Chin. J. Chem. 2020, 38, 1269-1272.
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- H
O S
" TFAA which is the
S R +
 a reactive s_H
Acid species?
S
TTO R
via radical addition via electrophilic substitution
' B Q : e
: J : : +
: ¢ CFs 1 _TRA X
: SN | _— P
: @[ D L +TFAT 3
o E S E : 2+
; TT*-TFA ! ; T
activated sulfoxide dication

radical cation

T. Ritter, et al. J. Am. Chem. Soc. 2021, 143, 16041-16054.

A L L.

23
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% b A ARA(TT) 69 K 7

TFAA (3.0 equiv)

0 H Ql
S 1T G
+ S+
©:Sj© Bu HBF4-Et,0 (2.0 equiv) /©/ \©
t

MeCN, 25 °C, 2 min

y

TTO (1.0 equiv) (1.05 equiv) 93% vyield
H Conditions Q\S
@J@ el S
‘Bu MeCN, 25 °C /@’
_ [TT*IBF, (1 equwj (1.0 equiv) By
Entry Conditions Yield after 2 min Yield after 24 h
1 no additives n.d. 8%
2 TFAA (3 equiv), HBF,-Et,0O (2 equiv) n.d. 11%

2Es s P AARATR R E P E AR

T. Ritter, et al. J. Am. Chem. Soc. 2021, 143, 16041-16054. 24



S o B ARB(TT-TFA) 69 3£ % ¢ o
L0 ) N/ o
CF4CO0 )]\ : ST J]\
3o Q CFs @ o7 “CF,

+ TFAA | : S 0 o S
©D~ |0 Ly —C
',IF.A.‘A-. X S FSC o \CF3 S

AR TT* TFA TTO TFAOTf TT*-TFA

Entry Additions Yield

@) OoTf ~ 0
d (j” TFAOTS (3.0 equiv) S 1 none 95%

+
(:( :@ By Additions § 2 TFAOTT (1.2 equiv) 89%
S MeCN, 25 °C /©/ _
By 3 + K,CO; (3.5 equiv) 78%
TTO (1.0 equiv) (1.05 equiv)

4 + 2,6-'Bu,py (3.5 equiv) 71%

A AR B A R A A

T. Ritter, et al. J. Am. Chem. Soc. 2021, 143, 16041-16054.

25



2.1.3 5 ARvE B4

s o A ARC(TT?) 89 4850

0 see g

TT2+ TT2+

F— M — T IEKI

-+

TT +

low concentration

1.2
CF,CO0’

-TFA'1 + TFA

-

Me

_ oF, @ -
.
7

o

SET
_\
-0.1 recombination

0

5 F AARCALZFE M F AR

T. Ritter, et al. J. Am. Chem. Soc. 2021, 143, 16041-16054.

AG (kcal/mol)

—_ TT#
— TT*-TFA

26



TS-m-dep

-
-
-

AG (kcal/mol)

o/mip-TS-dep

+1.9

- ',’:
LE -
_

o+ ‘\“
OO0 |

S 0.0 =

+ 7

Me Me—{y :—Me

fast o) N

S H S
909 9499

S S

o/mlip-ll o/mip
-28.0 -28.1

KIE > 1

\

T. Ritter, et al. J. Am. Chem. Soc. 2021, 143, 16041-16054. 27



2.1.4 3 Hrit ¥4y #h— A 1 C-CF 4t

[CUCF5] in DMF [

TT/TFT* Ru(bipy)3(PFg)2 (2 mol%) CF3
-
MeCN, 30 °C, 3 h

blue LED (34 W) 30 examples, 38-86% yield
proposed mechanism: ;,}?
cu''CF,
photo
excitation [*PC"] oxidation
[PC"] ligation
C-S bond
, fragmentation I
ARTT > Ar SET Cu(l) Ar-Cu™-CFs
TMSCF3  reductive
9+ CsF elimination
Ar-TT reductive
quench
| Ar-CF;
Cu CF3

[PC™]
[8l CuSCN (1.5 equiv), CsF (2.0 equiv), TMSCF; (1.5 equiv) in DMF at 23 °C for 30 min

T. Ritter, et al. Angew. Chem. Int. Ed. 2019, 58, 14615-146109.



2.1.5 F ek a4y 3 —H EC-O/C-N4g

Ritter (2019) e .
[Ir[dF(CF3)ppyl2(dtbpy)PFe] (1 mol%)

+ dimethylglyoxime (10 mol%) OH : _N S _OH
TT/TFT_ ylgly ( o) - ' Ho \\H\N :
BF4  MeCN:H,0 = 10:3 (or RZ-OH in MeCN) 5 Me :

Cu,0 (0.8 equiv), 30 °C, blue LED (34 W) 9g examples
41-85% yield

Ritter (2019)

--------------------

Conditions A: [Pd] (1 mol%), Cs,CO3/DBU (2.0 equiv),

TT/TFT* HNRZR3, DMF/THF, 70-90 °C o
} ©/ BF, Conditions B: [Cu(MeCN)4]BF, (1.0 equiv), [Ru]/[Ir] (3 mol%), 0
R1

- oph HNR?R?, NaH/K,CO3 (2.0 equiv),

azoles; imides;
azide; pyridones

aryl amines; amides;

secondary amines carbamates; ureas

primary amines

MeCN, 15 °C, blue LED (60W) 46 examples, 51-99% yield
. Br. Me
: 0 /R ’;‘—\\ 209
Me< .Ph 2 N'N 4 _N | + N
N O N N o e 0N NH
i ' N QN ' e i
76% 89%  + 90% 95% i 59%  65% 51% + 66%  60%

T. Ritter, et al. Angew. Chem. Int. Ed. 2019, 58, 16161-16166;
T. Ritter, et al. 3. Am. Chem. Soc. 2019, 141, 13346-13351.

29



2.1.6 ZF ok w45 3— M #EC-F/C-S/C-Gest

Ritter (2020
itter (2020) [Ir[dF(CF3)ppyl2(dtbpy)PFe] (1 mol%)

F
TT/TFT+ CU(MGCN)4BF4 (1 D GQUiV) >
BF,” CsF (1.2 equiv), Acetone, 30 °C

blue LED (68 W) 30 examples, 33-84% yield
Ritter (2020) R jemmemmammeamea- .
1) Rongalite (1.5 equiv) 0 l{l : O Na* ‘
+ Pd(dppf)Cl, (5 mol%), PrOH, 60 °C Voo Nt 0 I
T;'F _ (dppf)Cl; ( 0) . S‘b RT 1 HO_ S~y 5
4 2)Et;N (2.0 equiv), NCS (2.0 equiv) ] Rongalite
HNR'R? (2.0 equiv), 0-25°C,1h  tmmmmmmsieemes g

36 examples, 32-91% vyield

Schoenebeck (2020)

GekEt
TET Pd[(PBusz),]l, (5 mol%) _ 3
BF4 Et,GeH (1.2 equiv)

DABCO (3.0 equiv), DCM, r.t. 20 examples, 30-72% yield

T. Ritter, et al. Nat. Chem. 2020, 12, 56-62;
T. Ritter, et al. Org. Lett. 2020, 22, 4593-4596;
F. Schoenebeck, et al. Org. Lett. 2020, 22, 4802-4805.



217 F A E B4 —HEC-Cat

Wang (2020) _ _ Pd(PBus), (5 mol%)

H TT* NaHCO5; (3.0 equiv) Ar'/Vinyl
TTSO (1.2 equiv) ! >
TH,0 (1.2 equiv) OTf |  Ar-B(OH), or Vinyl-Bpin(1.5 equiv)

DCM. -40 °C to rt. L J  Acetone:DCM = 1:1, 25-50°C, 12 h
.............................. without removal of acid and solvent _ _________....89examples, 50-99% yield
PdCl,(amphos) (5 mol%) Alk
Ritter (2021 2
itter ( ) 1T Zn (3.0 equiv)
@ BE,- +  Alk-l
4 . . . 0
pyridine (0.5 equw)I; DMF, 60 °C 21 examples, 26-90% yield
Pd
proposed mechanism: *
Ar-TT*
Pd°
Ar-Alk TT
+
,?\r
L—Pd"-S
_BH Alk
elimination Lo Zn (s)
Alkene + Ar-H <€---------. L—Pd"-Ar Alk-Zn| ~e——— Alk-|
P. Wang, et al. Chem. Commun. 2020, 56, 5058-5061, 31

T. Ritter, et al. J. Am. Chem. Soc. 2021, 143, 7909-7914.



2.1.8 5 AR 4 & —M s C-2HPH4E

Ritter (2021)
Pd(OAc), (1 mol%), dppf (1 mol%) 2H
TT/TFTY t 0
@ . 2 or Pd[P('Bu)s], (1 mol%) -
BF, > K4PO, (1.0 equiv), THF, 23 °C
(1 atm) 30 examples, 59-99% yield, 90->99 2H
Pd(OAc), (10 mol%) SH
dppf (10 mol%
3, ppf ( 0) -
KsPO,4 (1.0 equiv), THF, 23 °C
e 0B e 5 examples, 26.5:55.8 Cimmol’
proposed mechanism: Pd[P(‘Bu)s],
ﬂ ('Bu),
Ar-H
Pd[P(‘B H,
|
(‘Bu)sP—Pd"-Ar
+ -
[HB] BF, (‘Bu)sP— PdO—I
Turnover

|
(Bu)sP—Pd''— ||4 BF,

limiting
Base Ar-TT* BF,
Ar *
[ H -

T. Ritter, et al. Nature 2021, 600, 444-449.
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2.2.1 4 A A B R kA

1 1) TTO (1.03 equiv), TFAA (3.0 equiv) R’ S ! Q 5
+ o ,
R HOTF (1.2 equiv), MeCN, 0-25 °C RZJ\(S BF, ! S !
RZJ%rH r 3 , .
; 2) NaHCO; work up, then NaBF, R 5 S ]
R 32 examples : TTO :
52-99% yield SRR '
Proposed mechanism: ‘é
T @*
- S base TT*

— - H Pr Et

, [4+2] Pﬁ\H I

S

N HI-INT 91% yield
+2
S

+
., <X

- - Et Et S base _/=<_

> H& — > Et Et

Pr
H Pr

IV-INT

92% yield

T. Ritter, et al. Angew. Chem. Int. Ed. 2020, 59, 5616-5620.

34



221 5 AR 148 B R KA

1
1) TTO (1.03 equiv), TFAA (3.0 equiv) R
J\(H HOTf (1.2 equiv), MeCN, 0-25 °C BF4
2
R 2) NaHCO3 work up, then NaBF4

Q
kel

yield (E

-----------------

95% (<1:50) 98% (>49:1) Me 99% (17:1) 76% (17:1)

Me H
S O=Gs
Me
@) Me Ne “’

H
60% 61% (>50:1) 75% H 57% (>50:1)

T. Ritter, et al. Angew. Chem. Int. Ed. 2020, 59, 5616-5620.



221 5 AR 148 B R KA

cat. [Pd] or [Ru]

m
{
Y
;
%
_---I”JC---.
’/I/?z:
g

Nucleophile
S L ‘.'.'.'.'.'.'.'.'.'.'.'.'.Q.'.'.'.'.'.'.'.'.'.--
TT-1 > R v TT-1 > R
cat. Pd(PPhs),Cl, 90% vyield X cat. [Cp*Ru(MeCN);3]PFg 99% yield
(E only) : (E only)
_ Ph :
Ph—=——H : LiBr
cat. Pdy(dba); 95% yield ' cat. [Cp*Ru(MeCN);]PFg 95% vyield
(E:Z=10:1) : (E only)
OO h ’ N
: MeyN SCF4
. X SCF
L0 e
cat. sz(dba) 72% yleld E cat. [Cp*Ru(MeCN)3]PF6 90% yleld
(E only) : (E only)

T. Ritter, et al. Angew. Chem., Int. Ed. 2020, 59, 5616-5620.



1) Tf,0 (1.2 equiv), DCM, -40 to 25 °C, 2 h

S : 5
* Hbir“ > s? BFy |

\f 2) NaHCO3; work up, then NaBF,4 'H ]

S : :

TTO (1 atm) .. Y12, 86%yield ___
Applications:
O\N/O TT-2 (1.7 equiv), DBU (2.0 equiv) O\N/O
H DCM or DMSO, 0-25 °C, 3 h %
N-heterocycles 16 examples, 52-89% yield

TT-2 (1.5 equiv)

B(OH), Pd(dba), (5 mol%), P(o-tol); (11 mol%)
'BuOLi (1.5 equiv), THF, 60 °C

13 examples, 52-84% vyield

T. Ritter, et al. 3. Am. Chem. Soc. 2021, 143, 12992-12998.
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2.2.2 i AR B F—— 5 R R R AR/ M A A

R2-NH, (2.0 equiv) R2

- S-( ) - Cs,CO3 (2.5 equiv) N
. TT(1:5 equiv), TFAA (2.0 equiv) S>/Q\R @?§ 30 examples, 32 81% yield

o

+
. = S Q. O
"Bu,NPF (4.0 . MeCN, 8 h H +§ \] : N
O\/\ Uy 6 (4.0 equiv), Me H@ Hﬂ\R1 Ill (2.0 equiv) g\/ o
y

N i Vv Sgawyield Hyy 7|
Vivi=1:3 'ProNEt (7.3 equiv)
e e e e eeeeea ... B0 examples, 34-85% yield, 1:1 ->20:1 ZIE
Anodic oxidation . oy . .
S
Oxidize TT once Radical addition Radical trapping ‘@ H &
o+ \
S ( :I S>*
S RVC anode S AR +)-\-J H fT7 - S:Q
S > H H
S -€ S >./k' S
H"Z R _
TT H V, bis adduct

+
DU il
Z "R
Disproportionation
- e
Rapid H

H

Z. Wickens, et al. Nature 2021, 596, 74-79; TT2* VI, mono adduct 38
Z. Wickens, et al. J. Am. Chem. Soc. 2021, 143, 21503-21510.
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2.3.1 Jx AR B4

—H#) 3£ C-B/C-C4t

1) Tf,0 (1.2 equiv), pyridine (1.2 equiv)

DCM, -30 to -5 °C, 3 h, then H,SO,

Bocat, (2.0 equiv), DMA

> Alkyl=Bpin

Alkyl=OH

2) TT (1.0 equiv), DCM, r.t. to 55 °C, 24 h ;

proposed mechanism:

Alkyl=TT* OTf ~

Ny, 7

N
Bzcatz’DMA
OJ\

SleS

OTf
A

\ o /
Alkyl—S+ S

-

EDA complex

Z. Shi, et al. Nat. Commun. 2021, 12, 4526-4534.

> Alkyl=TT*
blue LED (440 nm), 12 h

then pinacol, NEt3, r.t. 30 examples

39-90% yield

OTf

.
B,cat,*DMA N
oJ\
[}
/\/\ O._ .10
.B—B{
radlcal initiation O | - (@)
Alkyl
» Alkyl * D
ET \
_( 5
)
0

Alkyl=TT* OTf "

radical chain
propagation

Alkyl=—Bcat

-y

+N— @)

avse
C
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4

231 ek sy Hh—— Ay #C-B/IC-Cé

Sonogashira coupling:

—R
+ Cu(OTf), (10 mol%) .
Alkyl=TT » Alkyl——R
oTf = L1(12 mol%), K,COg3 (3.0 equiv) . |
MeCN:MeOH= 1:1, blue LED, 3 h 5 examples

- 0, i
standard conditions 36-93% yield

Me
M emTEEEEEEEES .
. standard cond/t/ons \/\// ! € on ' :
Pha~_TT TN Akl
ot -~ TEMPO (2.0 equw) Med Me N K
18% vyield 59% yield

Kumada coupling:

E BnO
. I (2 o . W
BnO_~_TT CuCk Gmol®)  _ Bno~_R 5 BnO o~

i} Me
OTf R'-MgBr (1.5 equiv)

THF, 0°C, 15 min 4 examples

80-92% yield 80% yield 90% yield

Z. Shi, et al. Angew. Chem. Int. Ed. 2021, 60, 1-6.



2.3.2 o AU AR B = T KA

S
©i8:© Tf,0 (1.1 equiv) @[ :@
+
S
S |

DCM, 35 °C, 22 h

CF, OTf
e TTCRS
R Cs,CO5 (1.5 equiv) R"
1,2-benzenedithiol (2.0 equiv R
CFy: TRORT R RETNEELSS
, 1,4-dioxane, 10 °C, 7 h R’
R 14 examples, 60-96% yield
0 0 _ O O
+ TT-CE.  + NaH (1.1 equiv)
CF3 -vhr3 Ph Me > Ph Me
Me DMF, -50°Ctort., 2h Me CF,

1 example, 56% yield

Cu power (1.2 equiv)
TT-CF;*  + Ar-B(OH), Ar-CF3
Na,COj3 (2.0 equiv)

DMSO, 35°C, 17 h 4 examples, 61-81% yield

T. Ritter, et al. J. Am. Chem. Soc. 2021, 143, 7623-7628.
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S
@[ j@ )OL NaOTMS (3.0 equiv) H%ﬁ
+ YA > AR

R

S _ DMF, -20 °C, 19 h 3 examples

CFs OTf 64-76% yield
NaOTMS O

S 0O
S r
o A
%)SD /S » CFa

i FINEA FR. FHZ. B oA R MK

T. Ritter, et al. J. Am. Chem. Soc. 2021, 143, 7623-7628. 43
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2.4 F A I ok M A 3

Rl/\/
S Tf,0 S Ir[dF(CF3)ppylo(dtbpy)PFg (3 mol%) H
OO0 200 ey
S R-NH, S TFAA (2.0 equiv), HFIP (0.1 M)
0 DCM, -78°C N purple LED (30 W), 5°C, 3 h 40-91% vyield
iminothianthrenes 1:1->20:1 E/Z
TT+H"

TFAA + HFIP. — 2 H'~

S +
- proposed mechanism ,

+

|

X ;

R/

[|r|||]* [|r|||] B 3 * + TT+ H
H* o . 2
ET '
v > ©: D — R-NH, A» R\/\/’E\R
\? +
! HN. 1
R

T. Ritter, et al. 3. Am. Chem. Soc. 2020, 142, 17287-17293.



P H
1 o 1
RN s IdF(CF3)ppylo(dtbpy)PF (3 mol%)  RI NN
or - or
S TFAA (2.0 equiv), HFIP (0.1 M) R2 ___ _R8
2 3
R R N purple LED (30 W), 5°C, 3 h M:r!l/
R "
H H
Z N N, H H\
©/\/\, Cy Cy Me\/\/\/N\C ~ Cy
68% 77% 66% 64%
7:1 EIZ 10:1 E/Z 6:1 E/1Z 11:1 E/Z

L <y X NHCy ;

: HN” Y M Me . RN Me

' TN\ Me Me '

' Me\/\)\/\ from X Me - from ]

: Me ¥ 74% ;

: 61% ¥ - 2. :

: 151 I;'/Z (Z)-4-octene ¥ 16(;21_1/:;/2 trans-2-octene :

T. Ritter, et al. 3. Am. Chem. Soc. 2020, 142, 17287-17293.
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--------------------------------

R = Ar, Vikyl, Alkyl, =NR'
Thianthrenium Salts

LB RARE

B E &, DS

-------------------------------

(IR
> MjEC-Cat. C-Xéig
(X = F/O/N/Ge/B/?H/*H)
> ZmER. mREFN, AT
Ja 3 B Ak H AL RORL
Bk
> LR L e B AR AR,
AA T RFE G
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> A% R 2 6 R B4

N/

JE

> B ARE EAEE

ZhHRZ

LI

w

]

NN

# 3 (R

NuH

Acid FG-X
RH —— RTTT — R-FG
‘ one-pot

(cat.) TT/TTO

!

TH, —WIEZIE T F e REAEEE SR
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THANK YOU



Table 1. Thermochemical and Electrochemical Properties of Common CF; Reagents

CL) | QL) Ak, A
+ + Me
7 7 e
CF; TfO CF; TfO
Decomposition temperature (°C)* 128 168 149 135
Enthalpy of first transition™ endothermic* endothermic* exothermic exothermic
-0.87 -1.31 -149 -1.34

Cathodic peak potential Eed (V vs CpaFe)*-

“For detailed DSC-TGA analysis, see Supporting Information Figures S15—S17.

Z. Shi, et al. Nat. Commun. 2021, 12, 4526-4534.
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