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C-H Functionalization of Amines (1)

a. -arylation of free amine by Gaunt's group "

(180210_LS_Takumi_Fukuda_Remote_C-H_Functionaliation_of _amines.pdf)

PinB-Ar
Pd(OAc),

X
A92C03, NaHCO3
>
N t-amyIlOH
H

ref 2

b. amide as directing group by Daugulis' group

o)
X N/nPr Pd(OAc), (5 mol%)
| H AgOAc (1.1 eq)
~N y

neat, 130 °C, 6 h
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()

u/\—Ar

OMe

MeO

c. y-arylation of free amine by Ge's group ref 3 (in situ generated directing group)

2
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1) He, C.; Gaunt, M. J. Angew. Chem. Int. Ed. 2015, 54, 15840. 2) Zaitsev, V. G.; Shabashov, D;
Daugulis, O. J. Am. Chem. Soc. 2005, 127, 13154. 3) Liu, Y.; Ge, H. Nature Chem. 2017, 9, 26.



C-H Functionalization of Amines (2)

] C-H arylation ]
NHR of amines - NHR

a)
,H
N e NH
> 0] N
O/ QA S ST
R P R B R R
[ Strained Amine Directed Approach ' | Amide Functionality as Directing Group '

Transient Directing Group Strategies

c) . disadvantages
' a) ... few examples.
Xy~ M . NH,
H v RMAr b) ... atom and step-uneconomical.
R
R R

C) ... rarely used for 2° amines.

| Imine Functionality as Directing Group ' formation of oxidation-sensitive imines.

Kapoor, M.; Chand-Thakuri, P.; Maxwell, J.; Liu, D.; Zhou, H.; Young, M. C. Synlett 2019, 30, 519.
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Traceless Directing Group (Larrosa group)

1. Transition metal-promoted protodecarboxylation

Ag,CO; (10 mol%)
DMSO (0.2 M)
120 °C,16 h
co

2

R1

4

2. Carboxylation followed by C-H bond arylation/decarboxylation
OH KOH (3 eq), 50 °C, 10 min

. CO, (25 atm), 190 °C, 2 h
y 1
. Ar-1 (1 eq), Pd(OAc), (2 mol%) R
Ag,CO3 (1 eq)

AcOH (1.0 M), 130 °C, 16 h

CO, .
Kolbe-Schmitt
carboxylation Ad-CO
g2L03

OH O Ar-l OH O

Pd(OAc),
OH y ~ (@) T
R? | R1
Z ||=d'V—|

L Ar -

R1

&

H

2
I

1) Font, M. Quibell, J. M.; Perry, G. J.; Larrosa, |. Chem. Commun. 2017, 53, 5584.



Young Group Research Plan

9 Ho
F{'\N NHR'
M 4\/\
R
R

| Our Approach: CO, Driven C-H Activation '

d. y-selective arylation of amines using carbon dioxide ref 1

1 CO, 1
NHR'" H Ar-l, Pd cat NHR" Ar
R1J\) .................... > )\)
CcO, CcO,
Pd(OAc),

RN °
w ArlPdcat . I<bv
R R1

1) Kapoor, M. Liu, D.; Young, M. C. J. Am. Chem. Soc. 2018, 140, 6818.
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Initial Attempt for Arylation of Free 1° Amine
Pd(OAtc:)z (10 mol%)

additive (1.5 eq) NH,
y
4\/ H,O (4 eq), CO, (dry ice) 4\/
solvent, temp. \©

halide
(0.30 mmoI scale) (1.5 eq) ™
entry additive (1.5 eq) solvent temp CO, yield
1 AgTFA AcOH (0.6 M) 110°C 3 eq 65%
2 AgTFA AcOH (0.6 M) 90 °C 3eq 50%
32 AgTFA AcOH (0.6 M) 50 °C 3eq 5%
4 - AcOH (0.6 M) 110°C 3 eq 10%
5 KOAc AcOH (0.6 M) 110°C 3 eq 10%
6 AgTFA HFIP (0.6 M) 110°C 3 eq 30%
. . a: time (24 h)
7 AgTFA TFA (0.6 M) 110°C 3eq 10% HFIP: hexafluoro-2-propanol
8 AgTFA AcOH (0.3 M) 110°C 3eq 69% )
*No Pd source gave no reaction
9 AgTFA AcOH (0.3 M) 110°C 1eq 73%

Kapoor, M.; Liu, D.; Young, M. C. J. Am. Chem. Soc. 2018, 140, 6818. and SI.



Substrate Scope (Aryl lodide)

I Pd(OAc), (10 mol%)
NH, AgTFA (1.5 eq)

NH,

-
R CO, (1-2 eq), H,0 (4 eq)
AcOH (0.3 M)

110 °C, 12-14 h
SM halide

(0.30 mmol scale) (1.5 eq)

NH, NH,
g L
R
R=H:74% R=F:69%
R = 0-CO,Et: 65% R =Br: 72%
R = m-CO,Et: 69% R=1:68%
R = p-CO,Et: 71%
R = m-F: 65%

R = m-CF3: 63%
R = p-NO,: 45%

™

R = OMe: 78%
R = OEt: 72%
R =Me: 74%
R = Ph: 68%

Kapoor, M.; Liu, D.; Young, M. C. J. Am. Chem. Soc. 2018, 140, 6818.
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Substrate Scope of C(sp3)-H Arylation (1° Amine)

| Pd(OAc), (10 mol%)

NH, AgTFA (1.5 eq) NH,
o R
R1 R COZ (1'2 eq), Hzo (4 eCI) R1
R? AcOH (0.3 M) R2
. 110 °C,12-14 h
SM halide
(0.30 mmol scale) (1.5 eq) ™
HoN H  NH, NH,
n H
n=1: 57% H
n =2 62% 62% (1:1.6 = mono:di) 52% (90 °C)
n = 3: 64%
NH, H NH,
d\/\@
H R|  NH,
H
R = nBu: 67% o en e .  or. k20, (an o
R = nHex: 63% 53% (1:1.5 = mono:di) R = Ph: 53% (90 °C)

R = biphenyl: 62% (90 °C)

Kapoor, M.; Liu, D.; Young, M. C. J. Am. Chem. Soc. 2018, 140, 6818. =



Optimization and Arylation (2° Amine)

Pd cat
Ph/\NH AgTFA (2.0 eq) NH,
-
CO3, H;0 (4 eq) 4\/
solvent (0.3 M), 90 °C, 24 h
(in 8 mL sealed tube)
SM halide
(0.30 mmol scale) ™

entry Pd cat solvent halide CO, yield
1 Pd(OAc), (1 mol%) AcOH 1.5eq 20eq NR
2 Pd(OAc), (5 mol%) AcOH 1.5eq 20 eq NR
3 Pd(TFA), (10 mol%) AcOH 1.5eq 20eq 4%

4 Pd(OAc), (5mol%) AcOH/HFIP (1/9) 1.5eq 20eq 22-23%
5 Pd(OAc), (10 mol%) AcOH/HFIP (1/9) 1.5eq 20eq 30%
6 Pd(OAc), (10 mol%) AcOH/HFIP (1/9) 3.0eq 35eq 30%

7 Pd(OAc), (10 mol%) AcOH/HFIP (1/9) 3.0 eq 50eq 41%
NR: no reaction

82 Pd(OAc), (10 mol%) AcOH/HFIP (5/5) 3.0eq 50eq 50% HFIP: hexafluoro-2-propanol
a: 0.15 mmol scale
92 Pd(OAc), (10 mol%) AcOH/HFIP (5/5) 3.0eq 30eq 54%

Kapoor, M.; Liu, D.; Young, M. C. J. Am. Chem. Soc. 2018, 140, 6818. and SI.



Substrate Scope

of C(sp3)-H Arylation (2° Amine)

Pd(OAc), (10 mol%)

AgTFA (3.0 eq) R” NNH
y R
CO, (30 eq), H,O (4 eq) R!
HFIP/AcOH (1/1, 0.15 M) R2
90 °C,24 h
halide
(0.15 mmol scale) (3.0 eq) ™
R SNH R% Ph”” “NH
R = Et: 44% R = H: 50% 48% CO.Et
R = nPr: 45% R = p-OMe: 54%
R = nBu: 43% R = m-OMe: 53%
R = Bn: 43% R = p-Me: 51%
R = m-Me: 52%
NH
Et” “NH
MeO Et
Et N
I _ 41% CO,Et

40% Ph

Kapoor, M.; Liu, D.; Young, M. C. J. Am. Chem. Soc. 2018, 140, 6818.

14



Contents

1. Introduction: arylation of amine

2. Carbon dioxide-mediated C(sp®)-H arylation of amines
(Young's group, JACS, 2018)

3. C(sp?)-H arylation of amines
(Young's group, main paper, JACS, 2019)

15




Optimization of C(sp?)-Arylation (1° Amine)

NH, Pd(OAc), (10 mol%)
additive (2.0 eq)
N
| co,et  H20 (4 eq), CO,
S solvent (0.15 M)
H
) temp., 12 h
SM halide
(0.15 mmol scale)
entry halide additive solvent temp CO, Vyield
1 1.5eq AgTFA AcOH 110 °C 3 eq 18%
2 1.5eq AgTFA AcOH 100 °C 3 eq 22%
3 1.5eq AgTFA AcOH 90 °C 3eq 15%
4 1.5eq Ag,CO;3; AcOH 100 °C 5eq 5%
5 1.5eq AgOAc AcOH 100°C 5eq 17%
6 1.5eq AgTFA AcOH 100 °C 5eq 27%
7 3.0eq AgTFA AcOH 100°C 5eq 34%
8 3.0eq AgTFA HFIP 110 °C 5eq 71%
9 3.0eq AgTFA HFIP/AcOH (7/3) 110 °C 5 eq 78%
10 3.0eq AgTFA HFIP/AcOH (9/1) 110 °C 5 eq 75%

F  NH,

Ar

™

HFIP: hexafluoro-2-propanol

*No Pd source gave no reaction

Kapoor, M.; Chand-Thakuri, P.; Young, M. C. J. Am. Chem. Soc. in press. and Sl.



Substrate Scope of C(sp?)-H Arylation (Aryl Halide)

F NH; | R Pd(OAc), (10 mol%)

\© additive (2.0 eq)
-
H,0 (4 eq), CO, (5 eq)
H HFIP/ACOH (7/3, 0.15 M)
100 °C, 12-15 h
SM halide

(0.15 mmol scale) (3 eq)

F NH, F NH,
I R
R R
I Z %
S =
R=H:71% R = p-CO,Et: 77%
R = p-F: 63% R = m-CO,Et: 73%
R = m-F: 64% R = p-COCHj;: 64%
R = p-CF;: 61% R = 3,5-CO,Me: 64%
R = m-CF;: 69% 34%
R = p-Br: 72% R = p-Me: 81%
R =p-l: 70% R = m-Me: 75%

R = p-OMe: 59%
R = m-OMe: 61%

Kapoor, M.; Chand-Thakuri, P.; Young, M. C. J. Am. Chem. Soc. in press. and Sl. v



Substrate Scope of C(sp?)-H Arylation (1° Amine)

NH, , Pd(OAc), (10 mol%) NH;
additive (2.0 eq)
3 1 R2 y e ] R2
R R co,Et H)O(4eq),CO,(5eq) R’ R
H HFIP/AcOH (7/3, 0.15 M) A
. 100 °C, 12-15 h |
SM halide ~
(0.15 mmol scale) (3 eq) ™ CO,Et
F NH, Ci NH, NH, F NH,
(o] Ph
R I R Et
=
Ar Ar Ar Ar
R - Me: 720/0 610/0 75% 68%
R = nPr: 70%
R = nBu: 63%
R = nHex: 59% NH, NH, NH,
MeO MeO Br
Et
Ar Ar Ar
77% 68% 80%

Kapoor, M.; Chand-Thakuri, P.; Young, M. C. J. Am. Chem. Soc. in press. and Sl. 18



Substrate Scope of C(sp?)-H Arylation (2° Amine)

NHR' | Pd(OAc), (10 mol%) NHR'
additive (2.0 eq)
3 -
R co,Et H,O(4eq),CO,(5eq) R’
H HFIP/AcOH (7/3, 0.15 M) D
_ 100 °C, 12-15 h |
SM halide ~
(0.15 mmol scale) (3 eq) ™ CO,Et
F HNT NaPr F o HNT Nipr F HN/j\ F  HN =
"/
Ar Ar Ar =z Ar
61% 61% 75% 77%
Cy iPr
HN” HN” F HN/\\s HN/\O
Ar Ar Ar Ar
61% 68% 68% 80%

Kapoor, M.; Chand-Thakuri, P.; Young, M. C. J. Am. Chem. Soc. in press. and Sl. 9



di-C(sp?)-Arylation (1° Amine)

Pd(OAc), (10 mol%)

H NH2 | Ar NH2
additive (2.0 eq)
R1 \© » R1
@E)Z\ R3 H,0 (4 eq), CO; (5 eq) @E)z\
H HFIP/AcOH (7/3, 0.15 M) Ar
SM

100 °C, 12-15 h

halide
(0.15 mmol scale) (6 eq) ™
Ar NH2 Ar NH2 Ar NH2 Ar NH2
B ® B
= O Z CO,Et
68% COZEt 72% C02Et 47% N02 61% O
Ar NH, Ar NH, Ar NH, Ar NH,
Ph CO,Et
® ® |
» g »
70% /s 81% 71% 68% Z
>96% es COZEt >96% es Ph COzEt COZEt
(>96% ee) (>96% ee)

es = enantiospecificity (ee of TM / ee of SM)

Kapoor, M.; Chand-Thakuri, P.; Young, M. C. J. Am. Chem. Soc. in press. and Sl. 20



mono-C(sp?)-Arylation (1° Amine)

@\* @

halide
(0.15 mmol scale) (3 eq)
NH, NH,
OMe ~ NEt,
o o
Ar Ar
69%, 15% es 65%, 50% es
(15% ee) (50% ee)

NH, NH,
Ar Ar

61%, 90% es 47%, 88% es
(88% ee)

(86% ee)

es = enantiospecificity (ee of TM / ee of SM)

Pd(OAc), (10 mol%)

NH,
AgTFA (2.0 eq)
R1
H,0 (4 eq), CO; (5 eq)
HFIP/AcOH (7/3, 0.15 M) Ar
100 °C, 12-15 h
™
NH;

IIIZ

©i\[anPr2

57%, 61% es

@i\n’

47%, <4% es
(60% ee) (<4% ee)
NH,
OEt
p”
Il OEt
(o)
Ar
52%

Kapoor, M.; Chand-Thakuri, P.; Young, M. C. J. Am. Chem. Soc. in press. and Sl
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Application for Scale-up Synthesis

* scale-up synthesis

F NH, I Pd(OAc), (10 mol%) F NH,
additive (2.0 eq)
N  a
| CO,Et H,0 (4 eq), CO,
Z Ny HFIP/AcOH (7/3, 0.15 M) Ar
100 °C, 12-15 h ™
SM halide 71% (sealed tube, CO,: 5 eq)
(15 mmol scale) (3 eq) 30% (manifold, CO,: 1 atm)

Kapoor, M.; Chand-Thakuri, P.; Young, M. C. J. Am. Chem. Soc. in press. and SI. 22



Carbonate Formation by Yu's Group (1)

CO, (1 atm), Pd(TFA), (10 mol%)
LiOtBu (7 eq)

R1 4-bromo-N,N-dimethyl-
R? benzamide (2 eq)
7N OH =
R Cs,CO; (1 eq), DMF (0.067 M)
Z 140 °C, 18 h
SM 32 examples
51-91% yields
base
Pd''X, /* PdXCO5
R’ R2 O 1
RZ  2co, R J\ R* 2
0 - TN o o — >
i ||=d"x " ,g R 0
~
Pd"—9™ o 0
3 =

Song, L.; Zhu, L.; Zhang, A.; Ye, J.-H.; Yan, S.-S.; Han, J.-L.; Yin, Z.-B.; Lan, Y.; Yu, D.-G. Org. Lett. 2018

20, 3776.



Carbonate Formation by Yu's Group (2)

02
'BLOCOOLI LiO'Bu
HCO3 + OLi(DMF)a OH
‘BuOLi 1o
DMF
'BuOCOOH [pdle
DMF DMF)4

23-ts (0 0

(52 x=yocoo
de COz |
H__/ ) 0
s O\C,o\—l w\
(4.0) \O,de (-16.4)
(-14.5) " .,  30-ts
26 (104) (27.7) 1545
21-s A (3.5) 'BUOCOOH
(2.9) ' HEEAN
1 -O\
PdX
0/
o N\ 28ts B
29 S (17.2)
(10.7 \ P
PdX :
Co, 16 DFT: M06-L method in DMF solvent.
— (-24.0) The values are given in kcal/ mol.
0 0,
>:o 17-ts
d (-11.5)
PdX
18 (-12.7)

Song, L.; Zhu, L.; Zhang, A.; Ye, J.-H.; Yan, S.-S.; Han, J.-L.; Yin, Z.-B.; Lan, Y.; Yu, D.-G. Org. Lett. 2018
20, 3776.



NH,

SM

(0.30 mmol scale)

Mechanistic Study

Pd(OAc), (10 mol%)
H,0 (4 eq), CO,

CDCI;/AcOH (7/3, 0.3 M)
rt, 15 min
; Celite filtration; evp.

100- 2791059 1.77e5
Possible Identities of lon
281.1066
@ ®
Pd vy oS
0o 0 ]
278.1064 % /& )\\
(0]
(o) N o HN \
Pd--O\
\
Me Me
Me Me b
C,H,;NO,Pd* Exact Mass = 278.97
m\o_
283.1091
277.1049
280.1124
282 1129
275.0876 284.1142
279.0508 ‘ ‘ | | 284.3336 286.0481 288.0569 289.0605
ol L | 1 LA | P N TR Y ||w|.(\lln | Ll | ,u
1 1 f T T 1 1 T 1 I 1 1 | T 1 T f T miz
272 273 274 275 276 277 278 2749 281 282 283 284 285 286 287 288 289

Figure $-209. Close-up of a potential Pd-Carbamate Ion by ESI-MS.

The crude was immediately
subjected to ESI-MS analysis.

formation of 5-6 ring
system occurred?

(my proposal)

Kapoor, M.; Chand-Thakuri, P.; Young, M. C. J. Am. Chem. Soc. in press. and SI. 25



R My Proposed Mechanism (1)

R
| AN NH,
Z
SM
A H
R
NH
Pd"X,
2
B
R HX
AN NH,

| 2 Pd"X
>=o C . coordination
g . metalation/deprotonation

Pd' . CO, insertion

4 Coz . CO, insertion

. oxidative addition
reductive elimination

Mmoo w>»

Song, L.; Zhu, L.; Zhang, A; Ye, J.-H.; Yan, S.-S.; Han, J.-L.; Yin, Z.-B,; Lan, Y.; Yu, D.-G. Org. Lett. 2018,
20, 3776.



My Proposed Mechanlsm (2)

R
R
AN o
Z H 0]
~ HO 2 CO, H SM
2 (o)
E
Ar-l
R
o
NH
|
P\d o)
o~< B A. coordination
B. metalation/deprotonation
S o E. oxidative addition

F. reductive elimination
HX

Song, L.; Zhu, L.; Zhang, A.; Ye, J.-H.; Yan, S.-S.; Han, J.-L.; Yin, Z.-B.; Lan, Y.; Yu, D.-G. Org. Lett. 2018,
20, 3776.



R My Proposed Mechanism (3)
R

R
o
3 NH,
g
OH
CO, H SM

. coordination

. metalation/deprotonation

. CO, insertion

. oxidative addition
reductive elimination

mmo w >

Song, L.; Zhu, L.; Zhang, A.; Ye, J.-H.; Yan, S.-S.; Han, J.-L.; Yin, Z.-B.; Lan, Y.; Yu, D.-G. Org. Lett. 2018,
20, 3776.



Summary

v-sp> and sp? Bond activation by using CO, as transient directing group.

1. Arylation of aliphatic amines (1° and 2°)

R Pd(OAc), (10 mol%)
NHR ' AgTFA (1.5 eq) NHR

’)\/\ | -

1 o/ CO; (1-2 eq), H,0 (4 eq) 1
R R2 H HFIP/AcOH (1/1, 0.15 M) R R2 Ar

110 °C, 12 h
SM halide 44 ex-le-anrnn les

(0.15-3.0 mmol) (3.0 eq) P

79-31% yields
2. Arylation of aromatic amines (1° and 2°)

H(F) NHR Pd(OAc), (10 mol%) Ar  NHR

AgTFA (2.0 eq)
’ s N R2
HFIP/AcOH (7/3, 0.15 M) e
100 °C, 12-15 h

SM halide 72 examples
(0.15-15 mmol) (3 eq) 88-32% vyields

Future. alcohol and thiol will be functionalized by using this methodology??

1) Kapoor, M.; Chand-Thakuri, P.; Young, M. C. J. Am. Chem. Soc. in press. 2) Kapoor, M.; Liu, D.; Young
M.C. J. Am. Chem Soc. 2018, 140, 6818. and SI.
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di-C(sp?)-Arylation (1° Amine)

Pd(OAc), (10 mol%) Ar  NH;

2
\© additive (2.0 eq)
R' R'
H,0 (4 eq), CO, (5 eq) R?
HFIP/AcOH (7/3, 0.15 M) A

100 °C, 12-15 h
halide
(0.15 mmoI scale) (6 eq) ™

NH2 NH2 Ar NH2
» »
y y
~ =
rotate freely O
CO,Et CO,Et

Kapoor, M.; Chand-Thakuri, P.; Young, M. C. J. Am. Chem. Soc. in press. and Sl. i



mono-C(sp?)-Arylation (1° Amine)

ot G

halide
(0.15 mmol scale) (3 eq)

@
H,N---Ad
_0
Ar OMe

69%, 15% es
(15% ee)

low reactivity for
second arylation?

Pd(OAc), (10 mol%) NH,

AgTFA (2.0 eq)
R1

H,0 (4 eq), CO, (5 eq)
HFIP/AcOH (7/3, 0.15 M) Ar
100 °C, 12-15 h

™
racemization HoN-~ -A\g
_— NP
Ar OMe

32

Kapoor, M.; Chand-Thakuri, P.; Young, M. C. J. Am. Chem. Soc. in press. and Sl.



mono-C(sp?)-Arylation (1° Amine)
Pd(OAc), (10 mol%) NH,

2
\© AgTFA (2.0 eq)
R’ o R
H,0 (4 eq), CO; (5 eq)
HFIP/AcOH (7/3, 0.15 M) .

100 °C, 12-15 h

halide
(0.15 mmol scale) (3 eq) ™
@
- ‘A - ‘A . . - ‘A
HaN \g stereo retentlon HaN g racemization H,N \g

0 A

Z ~= X O
Ar NEtz @R/Etz Ar OMe

65%, 50% es
(50% ee)

Kapoor, M.; Chand-Thakuri, P.; Young, M. C. J. Am. Chem. Soc. in press. and Sl.

33



Application for Scale-up Synthesis

* scale-up synthesis

F NH, |
~ \©\
I _ CO,Et
H
SM halide
(15 mmol scale) (3 eq)

Pd(OAc), (10 mol%) F NH;
additive (2.0 eq)

Hzo (4 eq), COZ
HFIP/AcOH (7/3, 0.15 M) Ar
100 °C, 12-15 h ™

71% (sealed tube, CO,: 5 eq)
30% (manifold, CO,: 1 atm)

Simple calculation

sealed tube: 42 atm
manifold: 1 atm

Kapoor, M.; Chand-Thakuri, P.; Young, M. C. J. Am. Chem. Soc. in press. and SI. 34



Ge's proposed mechanism

O 0
Pd'X;
—HX
Agl
AgTFA
R! R2 R! R?
v Fljd'l © 1 Ilz’d'.' ©
v O ' 0
—HX
RE R‘?

R1 R1
=
e o
PdE."D PdILD

Arl

Liu, Y.; Ge, H. Nature Chem. 2017, 9, 26. 35
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Disruption of inactive Pd-diamine complex
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Resioselectivity of Furan for CMD Mechanism (2)
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Gorelsky, S.; Lapointe, D.; Fagnou, K. J. Am. Chem. Soc. 2008, 130, 10848. 38



Redioselectivity of Furan for CMD Mechanism (2)
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Figure 1. Free energy of activation (AG*ysk, kcal mol™') for direct
arylation via the CMD pathway involving an acetate ligand. Red bonds
indicate the experimentally observed sites of arylation.

inductive effect of oxygen atom resulted in good regioselectivity?

Gorelsky, S.; Lapointe, D.; Fagnou, K. J. Am. Chem. Soc. 2008, 130, 10848. 32



Reactivity of Furan Ring

NHR! | Pd(OAc), (10 mol%) NHR'
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>
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" HFIP/AcOH (7/3, 0.15 M)
M halid 100 °C, 12-15 h
aliage
(0.15 mmol scale) (3 eq) ™ CO,Et

This species inhibit CMD at furan C3 position?
(proposal)

Kapoor, M.; Chand-Thakuri, P.; Young, M. C. J. Am. Chem. Soc. in press. and SlI. 40



Effect of Ag Salt

Ar-H 1a
Ar'-l 2a Ar-Ar' 3aa

Pd(OAc), \J

A 2 turnovers

» Pdl; <& Inactive towards C-H arylation

Role of AgOAc is
. Pd catalyst regeneration |

catalyst regeneration

Agl AgOAc

Scheme 2 Poisoning and regeneration of Pd catalyst in C-H arylation.

Larrosa, I. et atl Chem. Sci. 2014, 5, 35009.



Appendix
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Scheme 1 (a) Arene auration by AuCls via the S¢Ar mechanism;” (b) arene

metalation by concerted metalation-deprotonation (CMD);**"**

(c) hypothetical degenerate H-exchange in an Au"'(phenyl)(benzene)

model complex;'* (d) proposed arene C-H activation pathway in

Au'"'-catalysed arene-arylsilane coupling.*®

Larrosa, I. et atl Chem. Sci. 2014, 5, 35009.
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