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Site-selective and versatile aromatic C—H
functionalization by thianthrenation Nature.2019, 567, 223-228

Florian Berger!, Matthew B. Plutschack!, Julian Riegger!, Wanwan Yu!, Samira Speicher!, Matthew Ho', Nils Frank! &
Tobias Ritter!*

H

-

Versatile synthetic =] Highly selective C-H
linchpins functionalizations

o = 500:1

p:m > 200:1 p:o = 98:1

G Nature Chemistry, 8, 810-815 (2016)

@ » Charge-transfer-directed radical substitution;
» Giving a para:ortho ratio of p:o > 99:1;

» Aryl-TEDAs are of low synthetic value. !
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Proposed Mechanism
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Transition-metal-catalysed Photoredox catalysis

cross-couplings Borylation
Me
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Pd O | Me
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: 33, 76% .
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=] R
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n-C,H, .
-’,’}"" SCF,
Sonogashira coupling « , Pseudohalogenation
R
R 36, 53%
43, 95%
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42, Alk = Me, 78%
WA
5. =1
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Sulfonylation



Competition with (pseuwdo-) halides in Suzuki coupling
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46, 92%

Functional-group tolerance

Strychnine (22) 48, 48%, two steps
') 0]
0 8]
g NH
Me N—NH — > Me N—
0 ‘_\< 0\{
0 (8]
(+}-Famoxadone (31) H 49, 62%, two steps CN

Wy A
AL
JJDEBZE ER

Minisci-type C-H arylation
(8]
BF, q
—
FI Br
9a

Competition with aryliodides in photoredox catalysis

| |
—_—
FT NG
14a

sovbe

50, BE%

51, 83%
NEt,

Amiodarone (12)

Scalability (25 g scale)

OAc

AcO Q
AcO

OAc

Salicin pentaacetate (6) 53, 75%, two steps, 2 (TFT) recovered: 76%
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J A C S J. Am. Chem. Soc. 2021, 143, 16041-16054

JOURNAL OF THE AMERICAN CHEMICAL SOCIETY E
pubs.acs.org/JACS Article

High Site Selectivity in Electrophilic Aromatic Substitutions:
Mechanism of C—H Thianthrenation

Fabio Juli4," Qianzhen Shao,’ Meng Duan,” Matthew B. Plutschack, Florian Berger, Javier Mateos,
Chenxi Lu, Xiao-Song Xue, K. N. Houk,* and Tobias Ritter*

Cite This: J. Am. Chem. Soc. 2021, 143, 16041-16054 I: I Read Online
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J. Am. Chem. Soc. 2019, 141, 13346-13351

#, Cite This: .. Am. Chem. Soc. 2019, 141, 13346-13351 pubs.acs.org/JACS

JOURNAL OF THE AMERICAN CHEMICAL SOCIETY

C—N Cross-Couplings for Site-Selective Late-Stage Diversification via
Aryl Sulfonium Salts

Pascal S. Engl,i: Andreas P. H‘éring,i Florian Berger, Georg Berger, Alberto Perez-Bitrian,
and Tobias Ritter™

X = Cl, Br, |,
OTf or B(OH),

feGi 5%
often unselective |\"“ Pd- / Cu-catalysis Buchwald-Hartwig couplings
: Ullmann-type couplings

LR Chan-Lam couplings

@ |- NR2R?| Minisci reaction
> .
often unselective ﬁﬁ%;fﬁ%
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S R
selective +
S
: g

thianthrenation C-N coupling
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Scope of Substrates
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Method A

1 mol% [Pd,(dba),]
2 mol% RuPhos
1.5 equiv. HNR?R?
2 eqiuv. Cs,CO,
DMF, 90°C, 20 h

Method B

1 mol% [(PdAIPhos),COD]
1.5 equiv. HNR?R?

2 equiv. DBU

THF,70°C, 16 h

Method C

5 mol% [Ru(bipy);}(PFs),

1 equiv. [Cu(MeCN),]BF,

3 equiv. HNR?R®

3 equiv. NMe,OH or NaH
MeCN:DMSO (1:1)

blue LED (60W), 15°C, 8 h

Method D

3 mol% [Ir(ppy),]

1 equiv. [Cu(MeCN),]BF,
1.5 equiv. HNR?R?

2 equiV. K2C03

MeCN, blue LED (60W)
15°C.8h

> fHkeERE
> ke %
> FFEERE
> BEfZ

> RERER
> ERERRH

SEWH
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Communications ﬂfgm.,i wa ﬂ"‘c’ffmn

International Edition: DOI: 10.1002/anie.201906672

Trifluoromethylation German Edition:  DOI: 10.1002/ange.201906672
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@
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Aryl Sulfonium Salts for Site-Selective Late-Stage
Trifluoromethylation

Fei Ye, Florian Berger, Hao Jia, Joseph Ford, Alan Wortman, Jonas Borgel, Christophe Genicot,
d Tobias Ritter*
ane fobuas THer Angew. Chem. Int. Ed. 2019, 58, 14615 —14619

Me
o CO,Me cat. [Ru], [CuCF] O CO;Me
4 i
blue LED G
F
EI‘ 1 gram scale Fsﬂ
2, 6%
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@ MeCN, 30°C

R R R
TFAA, HBF 4-Et,0 [CuCF3] in DMF S F S F
= O o momers O OO T, —
— thianthrene-S-oxide BF, Ru(bipy)s(PFg)2 S F S F
H "ITET blue LED CF; T TFT

(yield) yield

Reaction conditions for the second step:
CuSCN (1.5 equiv), CsF (2.0 equiv), TMSCF3 (1.5 equiv) in DMF (c = 0.3m) at 23°C for 30 min,

followed by addition of aryl (tetrafluoro)thianthrenium salts (0.2—0.3 mmol),
Ru(bipy)3(PF6)2 (2 mol %) in MeCN (c = 0.2m), blue LED (34 W), 30°C, 3 h. HECu

Proposed Mechanism
.s‘_,ss,

I Ar
hoto Cu'CF;,
[PCH% oxidative
ligation

[*PC"]

m .
Ar-TT > SET -Cul'-
csbond o AT Cu(l) Ar-Cu-CFs
fra tati MSCF

SET gmentation T Css(: 3 reductive

_I@ reductive elimination
Ar-TT quench /
Ar-CF4

[PC™]
15



Mechanistic Investigation

> Stern—Volmer analysis - /
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i #

®: [CuCFy)
124 K= 10°m's?

HHERPCELAE = o

! /
[CuCF3TiAF R KB E R !
-
8 4
il a. TFT Kq»10*M's”
o Ar=TFT® Kq=0
%1 o—h A _.,__‘,_ -
0 —
. . 0.60 ) O.:Jl ) 0.52 ) 0.53 ) 0.54 ) 065 ) O.Eb
» TEMPO trapping experiments ¢/ (molL™)
Cl Cl
o standard cunditiuns: . ME;(IME . [CuCFy
% BF, TEMPO (0.5equiv) mMe” N Me
TFT CFy Ocr,
. 33, T1% 34, trace 35, 40%
without TEMPO 33, 77%
» Biaryl formation from aryl thianthrenium salt
CO:Me CO;Me
standard conditions COzMe
£\
2 = +
) e Ve Wa>
TT CqFs

16
13, 66% 36, 14%
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Angew. Chem. Int. Ed. 2019, 58, 16161 -16166

@ C—H Functi lizati Hot P, International Edition: DOI: 10.1002/anie.201908718
unctionalization pelliigd g German Edition: ~ DOI: 10.1002/ange.201908718

Site-Selective C—H Oxygenation via Aryl Sulfonium Salts

Ruocheng Sang, Stamatis E. Korkis®, Wanqi Su”, Fei Ye, Pascal S. Engl, Florian Berger, and

Tobias Ritter*
. S
@® I : T @ Ij
H TTTFT @ +[Cu] + H0 OH s
o0 O ey
» R! ©  MeCN,30°C, blue LEDs, 16h g1 P e, :@: D:
: F s F

BF,
(yield)® yield

OH
OH OH
0 OH Dl'de OH
X i A
N
LT QST
CHO N Me)LN OMe d Ho e
Cl OMe H o
2, (92%)°, 75%" 3, (90%), 79%" 4, (82%), 67%" 5, (89%), 80%° Hydroxy-nefiracetam 6,

(63%)9, 54%°

o] o OH
NN
A, ol SOT O
CO;Me A O
Br OMe ° O™ ™kt
Cl

7, (85%), 70%" 8, (67%), 85%" 9, (60%), 66%" 10, (87%)°, 74%"° Hydroxy-boscalid 11, (35%)%, 57%"
thianthrenium salt (1.0 equiv), [Ir[dF(CF3)ppy]2(dtbpy)PF6] (1 mol %), CuTC (1.5 equiv), H20 (20 equiv), 17

MeCN, blue LED(34 W), 300C, 16 h.



Proposed Mechanism

E:UI'*HE'D —l PFs
[lﬂ'ﬁ/f\ﬁf‘
ar 1T mdul:w:r \
nﬁmfnnﬂ'nn
[Ar-Cu"-OH]
@ ative [|f{dF(CF3)2PPY}z(dtbbPY)]PFe
Ar-TT Yoation MW: 11219114
Reductive Quenching Oxidative Quenching
" 4 (PIP): 4121V Eqp (PPY): 0.89V
[r'] [Cu"OH] (PP 137V Eqp (PP): +1.69V

Stern—VolmersEZ4G o,  EE UK &S PCHIA JF R Ll 8 181 £ 1 A8 A 180 K
FH, FEREIER Q1) 55 FEEE 84 £ I [ B A @ B IR R LA

€ Radical trapping experiment

® Me Me
TFT 1 mol% Ir[dF(CF4)ppyls(dtbpy)PF e
(= 1.5 equiv. CuTC N
BF, 20 equiv. H,0 Me
0 2.5 equiv. TEMPO - Me

0
.J{
n—{.h; u—e&l

10-TFT 52, 16% yield

gt MeCN, 30 °C, blue LEDs, 24 h
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& Site-selective etherification of arenes

®

H TTITFT @ + CuTC + Na,CO; OR?
g — ©/ o+ RWOH -
R R BF, MeCN, 30 °C, blue LEDs, 16 h R?
@ Site-selective thioetherification of arenes

™ @ + CuTC + NaH SR?
a2 oo - O
R! BF, MeCN, 30 °C, blue LEDs, 16 h R
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nature

ARTICLES -
chemistry

https://doi.org/10.1038/s41557-019-0353-3

Ritter.NC.2020.56-62
Photoredox catalysis with aryl sulfonium salts
enables site-selective late-stage fluorination

Jiakun Li®", Junting Chen®", Ruocheng Sang', Won-Seok Ham', Matthew B. Plutschack®’,
Florian Berger', Sonia Chabbra?, Alexander Schnegg? Christophe Genicot® and Tobias Ritter ®™

a b
- @[ D 4 o
20 mol% [Cu'] F
1.2 equiv. CsF
_‘k\\ F Acetone, 30 °C
[CU] LEDs, 18 h

(Ir]

[ArCu“F]

. Photo catalytic Copper-madiated F 5 F
[r cycle process TFT: j@: :@
F S F

|:
r‘\‘ [CuT: Cui(MeCN)4BF,
s -
4 “e [Cu] [Ir): IfdF(CF3)ppyla(dibpy)PFs

hv
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ARTICLES natre
https://doi.org/10.1038/54155) ~c33-5Ub S7-y chemistr Yy

l) Check for updates

OPEN
Bifunctional sulfilimines enable synthesis of

multiple N-heterocycles from alkenes

Qiang Cheng', Zibo Bai®’, Srija Tewari? and Tobias Ritter ©"2&<

Bifunctional sulfilimines via bifunctional MCRs

HE
‘ CIr{)
N
Het
2 S Bi]” = +N=
HI%H + Il — (Bl | gt | T MH
N “'“-. ..-#“f HI
| Het 2 21
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DETO =
DETO, Tf.O
N Mu UL
1A f% HNT > per? \/HFMU O O
DCM, —40 °C
1-10 5
Il
0
Me - M _‘\“/"\,‘\
N T OH
DBT= OH Et
1, 85% (+)-3, 56% 4, 68%
0 DBT=NH (11 ~N R
@ﬁ/—j J\ = . oer” \"/ DE:Tf’Nfsé -
x R” ol K»CO3, DMF 0
> = ~N
PEEE N K,CO4, DMF N~ Nog
1o°c 16-17
F Me
N Ma
N M -
DBT™ DBT® DBT® j(k Me
0 o 0
12, 80% 13, 76% 14, 95%
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Proposed Mechanism

HENWOH

b

M ;

DCM, —40°C

B I?li{DTf}g

+ N
DBT” " “OH
A

HD/\
f——— - N -
Ph”” " “Bi(OTN),
D

ph”

(IdFppy)s] (2 mol)
2 aquiv. Bi(OTf),

I DME, 10 °C
N
~" o blue LED (30 W)

DET

Z

hu ( (]

[l rlll]

N

M
(To)LBI~ ~ “oH

)

FPh

HD/\I

- N
P " “BI(OT),

c
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Mechanistic Investigations

a 0.80 b 0.2
Potential of A Jinay = 326 Nm
\ 0.60 . 3 o01s e =367 % 10° M 'em™
040 5 — Bi(OTH, = / — Bi(OTH,
2 1 4+BiOTH, € 0.1 — 1+ Bi(OTH,
020 3 £ .
2 —1 2 —_—
0 2 005 -
: : -0.20 0 S~
200 -150 -1.00 -0.50 0 300 320 340 360 380 400
Potential (V) Wavelength (nm)
¢ Me 7~ X
(Ir(dFppy)s] (2 mol%) [Ir(dFppy)a] (2 mol%) H
/&in,{" . . Me i i ACO N‘-"'/-.-DH
Ph 2 equiv. Bi{OTf) OA 2 . Bi(OTH)
+ e T e . .
N DME, 10 °C H . DME, 10 °C
DETZ " SOH  blue LED (30 W) pBTZ >~ oH blue LED (30 W) Me
1 86, 57%, EZ=1:1 1 57, 63%, 2.1 d.r.
1 2 i " Bi(OT
A: TEMRZVE, 1+Bi(OTF)37EEp=-0.4V vs.Ag/AgCIH I o
-
A . DBT” " “OH
: FHN-AT WotHE326 nmAb B R, EBT NS YIARIFFLE; A
M
C: HHEPSLRUEAR EH HERFE.
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. . International Edition: DOI: 10.1002 /anie.201912567
German Edition: DOI: 10.1002/ange.201912567
Site-Selective Late-Stage Aromatic ["*F]Fluorination via Aryl
Sulfonium Salts Angew. Chem. Int. Ed. 2020, 59, 1956 —1960

Peng Xu', Da Zhao", Florian Berger, Aboubakr Hamad, Jens Rickmeier, Roland Petzold,
Mykhailo Kondratiuk, Kostiantyn Bohdan, and Tobias Ritter*®

R
H 18
site-selective
-—1-
© broadly appﬂcab!e © ©
R

Ar-DEIT"'
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Hp DBT
H TFAA, HOTf
m DBTO Il), ;S
p.o = 50:1
sid p:m = 100:1 ()
Ho
Et Et
82%
T OTf F F
S
F b
oo (- CL0e
dioxane, 100 °C ArS
Ph Ph Ar = 4-biphenyl
7% 83%vield |
DBT OTf F
i il | IS metal-free (3,
; 0 high selectivity
dioxane, 100 °C simple operation
Ph Ph

84%

B-DETO
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: - . International Edition: DOI: 10.1002/anie.201914215
@ SR UL EL] Very Important Paper German Edition:  DOI: 10.1002/ange.201914215
Regio- and Stereoselective Thianthrenation of Olefins To Access

Versatile Alkenyl Electrophiles Angew. Chem. Int. Ed. 2020, 59, 5616 —5620
Junting Chen, Jiakun Li, Matthew B. Plutschack, Florian Berger, and Tobias Ritter*

0 ®
H g LG
P C[ D 1 N L
2 S ( )> 2-TT ®
_/_C— stereospecific IT
Et Et Et_/=<_Et
3 3-TT

28



Regioselective C(sp2)-H thianthrenation of unactivated alkenes

3.00 equiv. TFAA ;1.20 equiv. HOTF Rt @E

1) 1.03 equiv. Thianthrene-S-oxide (1) ,

1
R MeCN (0.25 M), 0 - 25 °C, 90 min @ =]
R = : RZ%S BF4
R3 2) DCM, NaHCO4 (ag), 25 °C R3
yield (E:2Z)
H Me - H
ME\/\)\/\ MEWH M’H
Me
Me
2, 95% (<1:50) 3, 98% (>49:1)° 4, 93% (20:1)® 5, 76% (17:1)
H
—_— . _H
6, B0% (13:1) 7, 64% (>50:1) 8, >99% (17:1) 9, 71% (16:1)P¢
O
H = =
F4iC
o
10, 72% (22:1) 11, 72% (>50:1)0¢ 12, 76% (>50:1) 13, 77% (>50:1)
H
Me H ] O
= | . H
» QH HM;
O Me
14, 68%"N(=1:1) 15, 75%° 16, 88%9 17, 68% (>50:1)
o S8 O ar
18, 74%59N0 19, 75%9 20, 60%9N 21, 74%8@h0
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Proposed Mechanism

BEE M ForEE EHEHET?

ARl BRI R ?
ATV R 2 ”
. 0 0 -
BN '—> Hﬁ;p, E»Et A _Et

2
2-INT, 89% 2-TT, 91%

(?

Q HI 55 A (R B E2
L ® 7o It A [

S .S “thianthrenium dication" AFFE e T TR

— C[ D observed by cyclic voltammetry

S Ng and constant potential UV-vis

®

® A= =
_ et 6@ " M 52 4 R B
Et—/—\—Et S base IT

E1?

H Pr
3-INT, 92% 3-TT, 92%
WA TR E

Consistent with all data is an E1cBirr (ErTILHEHRIE R ) mechanism
where rate-determining deprotonation is followed by a rapid elimination.

30



Derivatizations of alkenyl thianthrenium salts

Carbon nucleophile

0
® Pd catalyst
N/\/\/\TT or - @/\/Nu o - N_/J‘
Nucleophile
011-11 [Cp*Ru(MeCN)3]PF (cat) 5
LiCl
[>—2znBr Cp*Ru(MeCN)3]PFs (1 mol%)
17 -~ @/\/A 1-TT e e - o>
cat. Pd(PPh3),Cl, (E only)
(E only) 34 (90%)? 37 (99%)°
@_:_H Ph Lk
Z Cp*Ru(MeCN)3]PFg (5 mol%
1-TT - A2 iy e o>
cat. Pd(PPh3),Clo (E only)
MesN SCF;
O [Cp*Ru(MeCN)3]PFs (5 mol%) S__SCF
11-TT - 1M1-TT o= > @’\/ 3
cat. Pd,(dba); R ; only
(E only) 36 (72%)° 39 (90%)'

31
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J. Am. Chem. Soc. 2021, 143, 12992-12998

S

g i) TH0 (1.2 equiv)

@ j@ H H DCM, —40 to 25°C, 2h :

+ - .

s H3=4H ) NaHCO, worku, " %H sr, Multigram scale
Q

ethylene then NaBF,
2 (1 atm, baloon) H 1

(50 mmaol) 14.4 g (86%)

€ The Annulation of Heterocycles.

OH 1 (1.3 equiwv.) O
/E NEL; (2.0 equiv.) ,l: E
-
MeQC™ "NH DCM, 0 °C to 25 °C Me0Q,C™ "N
Ts 24 h Ts
6 7
(1.0 equiv) BT%
@ Vinylation of N-Heterocycles
L
o, @ ED DBU (2.0 eq.) O\
1 + BF.,~ -
H H*{f‘b‘H ) DCM or DMSO &%
(1.0 equiv) H 0-25°C, 3h N-vinylation of
(1.7 equiv) heterocycles

€ Suzuki-Type Vinylation

E(OH)2
*

(1.0 equiv)

s
s
BF,
H*{iﬁﬁ‘H

H
1

{1.5 equiv)

Pd{dba); (5 mol%)
Plo-tal)s {11 mol%)
0

t-BuOLi (1.5 equiv.) -
S Ch
THF (0.05 M), 60 °C
Suzuki-type
vinylation
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ngCh Communications Angewandte

imernavionalediion ) Chemie

How to cite: Angew. Chem. Int. Ed. 2021, 60, 13609-13613
@ Heteroary!ation Hot Paper International Edition: doi.org/10.1002/anie.202103085
German Edition: doi.org/10.1002/ange.202103085

Late-Stage Heteroarylation of Hetero(aryl)sulfonium Salts Activated
by a-Amino Alkyl Radicals

Eva Maria Alvarez, Teresa Karl, Florian Berger, Luca Torkowski, and Tobias Ritter*

Strong reductant =
TIEE} k Mn"" =N
BF, "‘
OAc 5 g OAC
‘“‘“Dm P N-Me °
AcOD OAC \—/ AcO e
32
T 1, 54%

* Mew mode of activation of sulfonium salts
* Dperationally simpla
* Mo transition metal catalyst

« Air and moisture insensitive



Proposed Mechanism

®
DBT/TT Na,S,0g (3.0 equiv)

[ ] 0 X n-BusN (10.0 equiv) E
2 B ]
DMSO:H;0 (5:1) R
| 80 °C AB:.C
12h yield (0.3 mmol scale)

+ 80, BusN
+ H*

@—:

SO.% AR AR B R — o B P -S4 5

S,05%

N'\. v I BU3N
(.
N _H i "HNBu;
@ ]!

Me” " “NBu, ===) E=-1.12V vsSCE

L DBT&)
+
1T
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A C S J. Am. Chem. Soc. 2021, 143, 7909-7914
J HeE®

JOURNAL OF THE AMERICAN CHEMICAL SOCIETY

pubs.acs.org/JACS

Site-Selective C—H alkylation of Complex Arenes by a Two-Step Aryl
Thianthrenation-Reductive Alkylation Sequence

Beatrice Lansbergen, Paola Granatino, and Tobias Ritter*

Cite This: J. Am. Chem. Soc. 2021, 143, 7909-7914 I: I Read Online

5 5 mol% PdCly{amphos);
oc

N 3 equiv. Zn O
0 0.5 equiv. pynidine @l
¥ -
T DMF (0.1 M), 60 °C, 1 h
I MBoc
TT-1 3
1 equiv. 2 equiv.
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Mechanistic Investigation and Proposed Mechanism

3 aguiv. Zn

{a) o] 4]
T Ve - Cle
TT TT

TT-1 >99%

{b) -ﬁ\
Me

Q Me OH o OH

%]T Me. e Standard Me
. " conditions  Me + .
CDzME 002Me C—DzME CD:-ME'
TT-2 22, 5% n.o. 23, 18%
(c) ' y
o 3 equiv. TEMPO 0 Me
0, * s~ () L
standar N
T N conditions o
TT-1 Boc n.o. Mé Ie

Ve, Bu Gl B Me
OO
Me Me

. T
'‘Bu Cl 'Bu

'

'Bu

Me, |
-
Me Bu @ eduetion,
BAr=Alk
TT
Alkene  B-hydide  ak A @
-7 alimination | lu_
+ = I_-IF':III-JE"-r L-|F"d S‘
Ar—H

£N(g)
AlkZn| -———— Alk—|

E(PhTT+/PhTTe) = -1.5 V vs SCE
E(Zn2+/Zn) = -0.76 V vs SCE
E(n-Bul/Bule) = —2.5 V vs SCE

FEAAAE T bt AL RIAE 5 25 PN I & 541,
AL 990%
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Article

Tritiation of aryl thianthreniumsaltswith a
molecular palladium catalyst

https://doi.org/101038/s41586-021-04007-y  Da Zhao', Roland Petzold', Jiyao Yan'?, Dieter Muri® & Tobias Ritter'™

O
I
S .
H zj[ D I Catalyst [Pd] h
3 *Hp
C-H thianthrenation
R R R

> ARG R LAY S E A A
HER. REESMZHE 5T R RIRE T

> IR AR LT E IR

> AR T 2R R

> AREBESARTRES-
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Scope of Substrates

€@ Reductive deuteration of thianthrenium salts

H TT/TFT
/©/ /Ej/
=] R

1 mol% [Pd]/L
~5 equiv. “H,, (1 atm)

1 equiv. K,PO,
THF, 23 °C, 12 h

€ Reductive tritiation of thianthrenium salts

ITFT

10 mol% Pd(OAc).
10 mol% dppf
“H. (0.3 atm)

/©/2H
R

Yield?, 2H incorporation®

3

1 equiv. K;PO,
THF, 23 °C, 19 h

ey

R 5 R

R'=H,TT:R'=F, TFT
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Proposed Mechanism

Pd[P(tBu)s]: Resting state

WL—F{tEu}g

ArH HE

Pd[P(tBu)3] \

H H
| (tBu)sP —Pd?—|
(tBu)sP —Pd"— Ar H
c A
Turnowver Ar—iT E!F,,
[HE]+ E!F limiting
F:
TT
B N
I
H i
(tBu)sP —Pd"—| BF4
H
B B, K;PO,

Rate = k[Pd(P(tBua)2)]” [Ar-TT+][H2]
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Communications &ﬂn gsfmie

www.angewandte.org

GDCh
-

How to cite: Angew. Chem. Int. Ed. 2022, 61, 202208978

Synthetic Methods International Edition:  doi.org/10.1002/anie.202208978

German Edition: doi.org/10.1002/ange.202208978
a-Thianthrenium Carbonyl Species: The Equivalent of an a-Carbonyl
Carbocation

Hao Jia and Tobias Ritter™ Angew. Chem. Int. Ed. 2022, 61, e202208978

L0
: (&)
.. N i @D
=3 BFy T —_— A
~ | O ;
. Bl 0 4| amino acid analougue
O

OR OH Me NHR

o TE LA A1)
I%mm

a-FREEBHBH 1
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Scope of Substrates

Rr. 1

I g .
<'Jf' Ar” “CO.R @E j@ o7 “co,Me GF3 NHAC
Q 1.0 = 10e \
Q ’NHAC == €q § > q s > Z
N [
Ar” “CO;R H,0 1.0 eq CFy BFy H,0 1.0 eq Ar~ "CO,Me
CH4CN (0.025 or 0.05 M) CH4CN (0.05 M)
a—amino acid violet LEDs, 23 °C, 90 s L 1,15eq _J violet LEDs, 23 °C, 90 s p—amino acid
M
1,2- 55T %
I C"-tetrasubstituted a-amino acid analogues I
. CFa .
P NHAC - '
NHAC T NHAC
sUoas
CO.Me @ G CO,Et
3%, 84% 4, 70% 5, 86% 6, 90% 7, 54%
Ketoprofen derivative
CF CF; CF; CF;
NHAC NHAC NHAC NHAC
D @ 0.Me O @ CO,Me @\ CO;Me @ 0 @ CO,Et
S o0 [0}
8, 52% 9, 70% 10, 61% 11,78% 12, 60%
Fenoprofen derivative Ibuprofen derivative
I C"-tetrasubstituted B-amino acid analogues I
CFs NHAc
CF; NHAc CF2 NHAGc CF; NHAc CFs NHAc :
O,Me O;Me D/©5(<‘:02Me oznae
M Me
22, 77% 23, 68% 24, 76% 25, 60% 26, 70%
Fenoprofen derivative Flurbiprofen derivative
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\
\I

via:
1) C-H thianthrenation q.wp

- EHM,RI '

/©/ 215mnm [Pd] /@’ o
R R RE
@ E}.ﬁs OH :

MNa S

0 :
k 3) EtzN, HNR'R?, NCS ; BF,

(’F > Cine-Substitution
H

Nucleophile Nu, =
- Fa—
&_ R

R

k Aryl Sulfonium

* Selactive
* Broad scope of nuclecphiles

Mu
N” He e -DET
D, — O, — .0
g7 R =+ R DET g7 R
v v 1

Org. Lett. 2020, 22, 4593-4596

Org. Lett. 2020, 22, 5671-5674

FI%IAH:
BERE . =M, mEme, BE
W 7 PR B BRI b e T
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OL ‘ Organic
Letters ,

pubs.acs.org/OrglLett

Photoinduced Copper-Catalyzed Site-Selective C(sp?)—C(sp) Cross-
Coupling via Aryl Sulfonium Salts

Lei Liang,* Hong-Ying Niu,” Ren-Long Li, Yao-Fei Wang, Jin-Kai Yan, Chang-Gong Lj,
and Hai-Ming Guo

Cite This: Org. Lett. 2020, 22, 6842-6846 I:I Read Online
. e S Y
H TTITFT 'y [Cu], base T l
— Activation — X_ a — Hé,-f‘*-a_:;‘ ~y
.'ll'_l'
Y
¥

Ar = arenes and drug moelecules, R = (hetero)aryl and alkyl, X = BF,; or CF;C0O; T: ¥=H
TFT: ¥ =F

() Site-selective alkynylation () Mild condition

i) Low-cost copper catalysis (0 Broad substrate scope, 35 examples

() Excellent chemoselectivity ) Modification of drug molecules

Cu-catalyzed Sonogashira-type reaction

Lei Liang,* Hai-Ming Guo. Org. Lett. 2020, 22, 6842-6846
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Proposed Mechanism

_________

R——==Ar _E_—_'__E:

coupling

Ar-
[R——Cu"]1X D B [R—Cu]

c “u
[R——Cu']" ‘%‘" j

electron transfer

{ SR ———

Lei Liang,* Hai-Ming Guo. Org. Lett. 2020, 22, 6842-6846
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Letters , =[cYolSle

pubs.acs.org/Orglett

Photochemical (Hetero-)Arylation of Aryl Sulfonium Salts
Yue Zhao, Congjun Yu, Wenjing Liang, and Frederic W. Patureau™

. 0 07
1@ TFAA, HBF 4.Et,0 1@/” 3 @ S =
RS- = R'=r - I
.= Thianthrene-S-oxide i BE, DMSO, Ny, 12h &
4 UV-light
1 2 (yield) 254 nm, 144 W 4 yield
Proposed Mechanism “
R s+ UV light (254 nm, 144W) %
S Rl P [

UV light 380Kk 75 3 @ \
Wih K%, I £ 5}@ 8 GSD

AR IR R

e

- HEF,

F

Yue Zhao, Congjun Yu, Wenjlng Liang, and Frederic W. Patureau. Org. Lett. 2021, 23, 6232—4@236
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An dte

GvDCh Communications =t Chemie

www.angewandte.org

How to cite:
@ Carboxylation Reactions Wzl Paper International Edition: doi.org/10.1002/anie.202212975
German Edition: doi.org/10.1002/ange.202212975
Copper-Catalyzed Carboxylation of Aryl Thianthrenium Salts with
Co,

Shibiao Tang, Xiaobo Zhao, Lidong Yang, Bin Li, and Baiquan Wang*

H TT"BF,4 CO-H
Site-selective ) Cu(l) /L s
C—H thianthrenation ZnEt,, DMF
: -
ref. 9 CO, (1 atm), rt
R R

Angew. Chem. Int. Ed. 2022, €202212975
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Proposed Mechanism

CuCl
ArCO5H K ZnEt, + L

TH+ EtZnCl

ArCO,ZnEt EtCul CoHy + H,
(detected by GC)

ZnEtz
| s
ArCO,Cu'L
oot (TN cm
Il S
T ArTT*BF 4~
-
T ZnEt
CO; ArCu'L LCUBF4—2"" CuL

Angew. Chem. Int. Ed. 2022, €202212975 48



5. 545

Nu

[M]"

Y

[M]"

Y

O/DBT/TT ®
R

Aryl sulfonium salt

Y

hv,PC

Y
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