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Introduction

Marta Catellani
Ph.D. in chemistry from the University of Parma
postdoctoral education at the University of Chicago
Professor, University of Parma, Italy

Catellani reaction

H Lb
Cat., Pd //
R1Ql + 2 |/\R2 + %\Y >R1 /

base, solvent
H

Catellani, M.; Frignani, F.; Rangoni, A. Angew. Chem. Int. Ed. 1997, 36, 119.
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Proposed Mechanism:

R Pd(0) Nu
X norbornene
+ E-X +  Nu-Y — =
E

1 2
Pd(0) R
R Nu-Y
©/ PdXL, <;§*PdILn

E norbornene

/ | vi extrusion
norbornene \

R R
PdXL, ;( ;
Il E PdIL,,

\"
-HX R E-X

PdL,
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Proposed Mechanism

Catellani, 1988

M )
W Mel w ° complex A is stable at -20 °C
o~ :

N
/
P, CDClg, -20°C ME’?‘{ 5 CDCls, rt / N\ ) reductive elimination atr. t.
\_ ~ N

N N = phenanthroline A

J. Organomet. Chem. 1988, 346, C27-C30.
Ortho Effect

Catellani, 1998
u

CO;Me B "By ol B -
Lg;> /©, O 4! facilitate NBE extrusion
L o . W
—_— improve selectivit
F’dI K,CO3, DMF Q 2h, it " y
. 6h : COQMG

CO,Me

CO,Me 71%

New J. Chem. 1998, 22, 759-761.




Origin of the Ortho Effect

Pd(IV): selective C(sp?®)-C(sp®)
Ar-X % @

favored when R = H { F‘d J sp2.sp?
: R sp-sp® ) favored when R = H
] A o Cis 23-Cisp?
JAN . F.,.#x, p)-Ci(sp?)
L L r i" _—
L pd )
ANP |_/
Ar-Pd-X Ar

favored when R = H ‘\],1: favored when R = H

R
transmetallation: unselective T —
WX C(sp?)-Cisp®)
: F,'d ]7 V4
( Al Pd
/|
L

J. Am. Chem. Soc. 2011, 133, 8574-8585.

the Pd(IV) pathway becomes the
preferred pathway when an ortho
substituent is present in the aryl
moiety of ANP by 1-7 kcal/mol.

C(sp®)-C(sp?) Lg,}
: ==,
Pall ﬁ.‘r

R~ \

#

Pd" ar

energy difference is
small (1.5-2.0 kcal/mol)

Without the ortho substituent, the
transmetalation pathway is favored
over the Pd(IV) pathway by 8-10
kcal/mol for different substrates
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NBE Extrusion Ab gb

strain energy = 21.6 kcal/mol strain energy = 32.4 kcal/mol

Pd' favor insertion
+ _—

ligands and additives could
also have an influence on the

R, R, equilibrium
favor de-insertion Ejpdl ‘E
. .
'a\ . +
Pd"R, R,
Cheng, 1994
1.NaOH, PPhs migratory insertion
2. Mel less reversible!

Organometallics 1994, 13, 18-20.




Selectivity Issue for Oxidative Addition of Pd(0) versus ANP

R
electron-rich nucleophilic
less-bulky Pd°—L more bulky
easy to distort pg!!  hard to distort
L
» L4
R s £

more electrophilic
I E=X S :
coordinating moiety

a. electrophile selectively oxidizes the ANP intermediate than the Pd(0) catalyst
b. aryl halide substrate selectively reacts with the Pd(0) instead of ANP




Outline

2. Pd(0)-Initiated Catalytic Reactions




Pd(0)-Initiated Catalytic Reactions

Ipso functionalizations : Heck, Suzuki, Sonogashira, C—N coupling,

C—H activation, carbene coupling, borylation...

ortho functionalizations 4

alkylation/arylation
amination
acylation/alkoxycarbonylation

thiolation
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ortho-alkylation of Aryl lodides

Lautens, 2000, 2005

Pd(OAc)z (10 mol%) R Ro

P(2-furyl);, NBE
C82C03 o FG :
MeCN, reflux n

n=1,2
75, 23-93%
CO,Et
OzEt
s | CO,Et COzEt MeOE |EC02Et

90% with (E)-74a 83% 43% 35%

>80% with (Z)-74a

Angew. Chem., Int. Ed. 2000, 39, 1045-1046.

Lautens, 2015

f\COgBU (10 equiv) R COeru
R1 Pd(OAc), (10 mol%) !
| I R2 PPh3, NBE, Cs,CO5
Y . -
Rj o 2
) 90°C, MeCN
5 equiv Rs
53, 42-99%
CO,Bu CO,Bu CO,Bu
OMe |2 CF3 2 Me |
OTBS
43% 62% 3% 94%ee

Synthesis 2015, 47, 2446-2456.
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ortho-alkylation of Aryl lodides

Lautens, 2010

Pd(OAc), (10 mol%)

R1 | P(m-Cl-CgHa4)3, NBE
- . ,:N: Cs,CO3
Ar MeCN, reflux
Pd(0), NBE

\ L
v Na
Zhou, 2018
R, Pd(OAC), (2.5 mol%) R, Rs
| Rs XPhos |
+ a + .
FG L\R | NMP, 60°C fg
2
_ORO,
’Lb o4 ;5. 42-96%
" CO,Et COK
e e | O’Ij
OH
OH
{_OPh S
MeHNOC

95a, 96%, 99% ee

95b, 42%
(slow addition)

R4

H
N
FG@*N

88, 54-95%

-Pd(0)

R R1
Ri Ar
—_— o NBE I
G g — Pld\f\/l - Pd'N

Org. Lett. 2010, 12, 3312-3315.

R4 Rs
on _C82C0s o
one-pot FG
Rz
96

CO,Et
Me 2
@]
96¢c, 77%

Angew. Chem., Int. Ed. 2018, 57, 3444-3448.
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ortho-Arylation of Aryl lodides

Catellani, 2004

Z>C0o,Me
Pd(OAC), (2 mol%)
NBE, K,CO;

DMF, 105°C

COsMe
I |

Me

(1:1)

Me
Z>co,Me

Pd(OAc); (2 mol%)
NBE, K,CO»5

DMF, 105°C

CO,Me
I Br

Me

Hypothesis

|
PO—L pR— Me\@

easy to distort
soft
flexible/less bulky

easy to distort
less coordinative
bulky

CO,Me
qozf\ﬂ qoz i ; i'COzN’h:e
MeO,C MeO,C

18% 30% 56%
- Me 11

X CO,Me
O BrC, ‘P'd"‘o

OMe
80% - -

via
Me

Br
@,COzhﬂe

hard to distort
more electrophilic
coordinating moeity

Pd"
L

hard to distort
more Lewis acidic
bulky/rigid

J. Am. Chem. Soc. 2004, 126, 78-79.
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ortho-Arylation of Aryl lodides

Luan, 2017
Pd(OAC), (10 mol%)
R4 Br DavePhos,NBE O
I OH  Cs;CO3 DMF ‘ R3
rof I+ e TS
+

Ry—=—R, 120, 46-89%
Angew. Chem., Int. Ed. 2017, 56, 2767-2771.

Catellani, 2011
Pd(OAc); (10 mol%)

Me CONH; NBE
| P(2-furyl);, Cs,CO4
+ Br :
DMF, 130°C

H,NOC
122a 122b
no H,0 75% 0%
H,O (11 equiv) 0% 65%

Me

C(sp?)-C(sp?) ? i:
e

\-C
Br kpdj‘o NH, —"*Sp o)

C(sp?)-C(sp?)

C(sp?)-C(sp?)
Angew. Chem., Int. Ed. 2011, 50, 12253-12256.
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ortho-arylation of Aryl lodides

MeO,C

Zhou, 2020
H
| Pd(OAc)5 (10 mol%)
‘ N'* (25 or 50 mol%)
+ + T—Y -
MeQ.C .
‘ Br Olefin, alkyne, K2COs (2.5 e{luw.}
RB(OH)5 and so on MeCN, 105 °C
1t 2a 3
(1.5 equiv.) (1.0 equiv.) (1.5 equiv.)
R‘I
Br
R 5 5 Pd/NBE*
@ R R cooperative catalysis T
+ > .
| Asymmetric R2 R3 or
C-H arylation
1 2
*
Pd°® -

Intermolecular
termination

(S

PdL,

Cr
e

27 examples

g¢
5 —_

Intramolecular
termination

Axially chiral
Pd complex |

(8) _co.Et
(R)
N*
(99% e.e.)

stereoinduction models

Et
L/Br

Pd
{ \\CO.Et
20

OMe

Nat. Catal . 2020, 3, 727-733.
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ortho-acylation/alkoxycarbonylation of Aryl lodides

Gu, 2015

> PACI,/TFP
I o norbornene R’
N ~ Cs,CO3, H0 N N X EWG
R ©/ + Ao+ PEWG dioxane, 100 °C R _J_ o
Ar
Angew. Chem., Int. Ed. 2015, 54, 12669-12672.
Dong, 2015

Me [{Pd(allyl)CI},] (5 mol%) Me

TFP (20 mol%), NBE* (50 mol%)
I 0 e} MeM Cs,CO3 (4 equiv), NMe,Cl (4 equiv) H NBE* : /
e '
* GO P 3 THF/MeCN 10:1 0 NH

85°C, 12 h

Ph O Me

76%
Angew. Chem., Int. Ed. 2015, 54, 12664-12668.

Zhu, 2018
1 1
R | s C[H Pd(OAC), (10 mol%) R
TN T — P(4-F-CGH4)3 7N
FG+ > FGy
z 7 N toluene, 100 °C NN
R:” Cl Re
Dong, 2015 Org. Lett. 2018, 20, 6640-6645.
[{Pd(MeCN)CI},] (10 mol%)
Me Me O O TFP (20 mol%), NBE (1.0 equiv) Me S COMe
' COMe J_Et Cs,CO5 (4 equiv) 2
+ W + o 0 >
Ve 1,4-dioxane, 85 °C, 12 h O

OEt

Chem 2016, 1, 581-591.
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ortho-acylation/alkoxycarbonylation of Aryl lodides

Luan, 2020 Ph 0 CO,'Bu CO,'Bu

Bn
| I |

O o
ph)]\oJLph PdCl, (10 mol%) Bn Bn

P(2-furyl) (20 mol%) 62% 10%
NBE (2.0 equiv), Cs,CO3 (4.0 equiv)
>

(1.0 equiv) (1.5 equiv)
dioxane or THF, 90 °C, 12 h Ph O COztBu
Bn=Br 4\002"3“ l
(1.5 equiv) (1.2 equiv)
O
Ph
5% 16%

Mechanistic Framework

large geomertic distortion for OA small geomertic distortion for OA

—x H
o—x —F !
L,-Pd-(I1) Lo 2Pd '
; Pd—L
Y — ' 6 .[ "
o—7 ' ‘ 4
H ' z—9
C,-Pd-(A) ' Cg-Pd-{C) Cg-Pd-(D)
—x - most Lewis basic partner E o—7 - association less important

alkyl==Br

A
o
X

Chem 2020, 6, 2097-2109.
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ortho-Amination of Aryl lodides

Liang, 2018 COOMe

M
COOMe
Q— . i r,/\o PA/NBE \ CC}D Me FOD Me
M
Wt () @f lL O
o

Z-{'J

oQ

1a 2 Ja 4 5 7
GCyieldlor6)7)5)4)3a
catalyst amination reagent carboxylic acid® 6 7 5 4 3a yield® (3a)
Pd(OAc):/PPhs 2a Al 8 0 16 41 17 15
Pd(OAc):/PPhs 2a A2 5 0 2 39 30 28
Pd(OAc):/PPhs 2a A3 8 0 18 46 16 14
Pd(OAc):/PPh; 2a A4 2 1 3 9 80 74
Pd(OAc)2/PPh; 2a AS S 0 34 26 23
Pd(OAc),/PPhs 2a A6 4 0 39 28 25
Pd(OAc)2/PPhs 2a A7 8 0 20 50 11 9

Pd(OAc)»/PCys 2a A4 18 43 4 2 32 26
Pd(OAc):/P'Bus-HBF4 2a A4 4 0 25 33 4 <5

0 0 o] 0

O)LDH JC])\ OH /@ACJH >|j\DH z@\‘(ﬂ"' HGHD @:l OH
O:N ~o o oo ?
A1l A2 A3t AP AsE AgL AT

concerted metalation deprotonation (CMD) process
ACS Catal. 2018, 8, 11827-11833.
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Mono ortho-Amination with ortho Unsubstituted Aryl lodides

Dong, 2018 \ fo-e fozBe

. A (\o /ﬁ A (\
[Pd(allyl)Cl], (5 mol%) 0 0
y \/ SPhos (16 mol%) N\) . I\/N N\)
. NBEs, Cs,CO3 (30 mol%)

1,4-dioxane, 100 °C

[oy)
N
o
|
=z
(o)

2 \co,Bu
12a 12a’

proposed pathways

4 B
'C7H1s Cy
a R
N1 N3 N4

H s
- Pd .
g - v Deswsd 12a, ND 12a, 2% 12a, 36%
products product
12a’', 29% 12a', 12% 12a', 6%
C-H CYose Far p-carbon
metalation | Favoured ) | Disfavoured - elimination Me

Br
b Me | MeO,C
- R % - ~1 Zfl / ;f| /
0= 7
2 ; N9 N10

H Pd’ 'R Me N8
Side 5 | Q h —_— .. Desired 12a, 55%"° 12a, ND 12a, ND
products product 12a', 2% 12a', 30% 12a', 13%
C-H E )¢ =} p-carbon (mono:di > 20:1)
o o e o e
metalation | Distavoured | _ Favoured i elimination \ J

Nat. Chem. 2018, 10, 866-872.

19



Triflate-mediated a-Amination Promoted Carbonyl 1,2-Transposition

Dong, 2021 Pd(COD)Cl,, Ph-DavePhos (L1)
) 5-CF;-2-pyridone X o Pr
Cs,C0;, THO R4 or R8, N10, Cs,CO; I:;]., e

O :
toluene/dioxane toluene, 100 °C .. 0 0” "0~ “pr R8: X=CH,
h > then ——= (T
.;. Or Gl .-"J.*'q.r" D
- o I.l“l-IIIﬂFm,I N{F 3 M N1'D
N
THF X = Tfor Nf \j

in situ or isclated

proposed mechanism

smmms potential side products ------- H

O,OTf : \ @
| H | NR,
| U : desired
: Yo
. H :
|" C 1
Pd(o)l b A | H-T -Pd(0)
Pdix | Pd"
( ] | Yo [ I
! : NR;

LA B NR2 p i
NBE 'l,:_' __________________________________ S
3-exo-trig
2 NRo-X
Y
Pd" sterically
ANP demanding

Science 2021, 374, 734—740.
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CSchS, szO

Pd(COD)Cl,, Ph-DavePhos (L1)
5-CF3-2-pyridone

X (o] =
ox R4 or R8, N10, Cs,CO; l\/}, 5 s L
toluenefdioxane . toluene, 100 °C -~ o] 0~ "o” Tipr RB: X =CH;
—_— R then - ‘./\r
ar .:.. H CI. .-‘J“'-..-' [s]
<2 LiTMP, NF A s M s
THF X = Tfor Nf N\j
in sifu or isclated
NBE effect N bifunctional reagents
O O (o]
7 7 Cy Q oY o Me oY o
7 COMe N\ph A 0 k/Nx J\o)\ k/ J\o
COMe 4 (@] Me 0
N1 N2 N3 N4 rR1T R2 R3
25% 36% 32% 25% 24% 62% 63%
o o o o o’\l o JPr o’ﬁ o Bu o’\l o ®u
_Me MWH MN,ME MN,ME
MO b i Vie o “OJLO)\fPr \on ‘o)Lo)\ Et Kon ‘OJLO)\fPr
N5 N6 N7 N8 R4 R5 R6
42% 36% 50% 22% 78% 75% 70%
o o o) o) o JjPr o P BOC‘N/H o Pr
M _Et |t A MN M O O
N N N N N.
I \j J\ccwe Q (0] Pr OJLo)\;pr K/NT)J‘I\OAPr
N9 N10 N11 N12 R7 R8 R9
10% 88% 78% 53% 15% 88% 49%
J
“B-to-a”migration  § L o8z
g RM; then PJ/NBE o Elq
. —, . r
rR-- | Comins' reagent R~ 1 R10 R .
55-78% R Bl
(0]
0 o Me. Me
Me N, -Ts L &
N
oBn - o
Me .
(£)-39 (£)-40 (#)-41 (+)-apoverbenone (-)-pinocamphone
35%
300/0 380/0 39% (22% rsm)
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ortho-Thiolation of Aryl lodides

A. Sulfenamide as thiolation reagent (Dong’s Work)

COZtBU
Pd(OAc), (5 mol%)
LG=SPh P(2-furyl) (10 mol%) N
Me H NBE (50 mol%), CuTC (20 mol%)
. Cs,CO; (2.0 equiv) Me SPh
Ethyl acetate (0.05 M), 105 °C
2co,Bu

7 © o Q 0 0 0 pTol, 0

PhSSPh N—SPh HA{ S Ph—‘« Ph—{ Me—‘( 5%
N N—SPh | _ _ _ 0%\
I ¢ N N—SPh ;N SPh ;N SPh N=SPh N=—SPFh
0 SPh R ﬂgﬂ H Me Me'(
0 . R =Ph, 54, 7%
S1<1% S2, 2% $3,6% R = tBu, S5, 13% S6, 2% S7,12% S8, 0% $9, 9% $10, 15% S11, 15%
o o
o o o PhS, e PhS\N o Me °
_SPh _sPh £L¥f° O™ N z° N—SPh N—sPh —
N —SPh M N
%Ph iPr tBu Me
S12, 41% S13, 40% $14, 39% (£)- 15, 10% $16, 31% $17, 6% S18, 2% (£)- $19, 50% (+)- S20, 74% (£)- S21, 48%
(w/o Cu, 54%)
. . . , Nat. Comm. 2019, 10, 3555.
B. Thiosulfonate as thiolation reagent (Gu’s Work)
0 COR?
| -0 1]
2% e
, R21.0 S.
R Pd. MNBEs ““?-{ S HZ [—_l) 1
/ S
Pl ~="Pd R R
- L - | ™
| | YL
SR SR

Org. Lett. 2019, 21, 3204—-3209.
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Outline

1. Introduction
2. Pd(0)-Initiated Catalytic Reactions
3. Pd(11)-Initiated Catalytic Reactions

4. Summary
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N-H Bond Activation-Initiated 2-Functionalization of Indoles

Bach, 2011, 2012

alkyl—Br
N
or
N
H aryl-1
@ + BuBr
N
\
Me
Me
@\g + BuBr
N
H

Pd(MeCN),Cl, (10 mol%)

norbornene (2 equiv)
K,CO3 (2 equiv
200 Geauly) NN—alkytiaryl
DMA, H,0 (0.5 M), Ar N
H

J. Am. Chem. Soc. 2011, 133, 12990-12993.

Int

Pd(MeCN),Cl, (10 mol%)
norbornene (2 equiv)
K5,COj3 (2 equiv)

no reaction /
DMA, H,0 (0.5 M), Ar HN=N 4
Ln
Vs
Pd(MeCN),Cl, (10 mol%) Me Int
norbornene (2 equiv) n
K,CO3 (2 equiv A\
2CO3 (2 equiv) > N\ g, ©\/I\>\ L
DMA, H,0 (0.5 M), Ar N Pd(ll) \/
H L
46% yield

J. Am. Chem. Soc. 2012, 134, 14563-14572.

Bach, 2013

/ \
R1OZC/Q +  R2CH,Br
H

[PACI;(MeCN),]
norbornene, KHCO-

Iz /S
Py
N

DMA, 90 °C ~ R'0,C

Angew. Chem., Int. Ed. 2013, 52, 6080-6083.
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Direct Vicinal Difunctionalization of Thiophenes

| Bu
Pd(OAC), (10 mol%) S COMe
Don97 2019 Bu S COzMe COzMe ASPéh:;, N1 = I / /
\[/) * * W AgOAc, BQ, HOAG
ethyl acetate (0.2 M)
65 °C, air MeO,C
Entry Change from the "standard condition" yield of d4a (%)F

a. lack of an ortho substituent 1 none 82(81)

2 wio AsPh, 2

b. coordinative ability of the sulfur 3 PPh, instead of AsPh, 1

4 (PhO)sP instead of AsPhs 0

NBE Effect (15 mol% NBE used instead)®
s
—_— 0 8] 8] 0 Cy
= = A i i P
Pd 2 TN TN ;b”’“om /
H Me ~/
N1 N2 N3 N4 N5
62 s 15 45 16
CsHys
7 | / A ‘ V; (s /] /i 3
5 CO,Me : CN
o) NHMe CDzME
L[] N7 N8 N9 N10
18 2 11 20 10

J. Am. Chem. Soc. 2019, 141, 18958—18963.
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Vicinal Difunctionalization of Heteroarenes with Dual Electrophiles
Dong, 2021

R o
T | Pd(OAC); (10 mol%) R'—¢ )——FR o
5
R13_'!\/) ™ Rz—-':*\‘ + ‘l| AsPh; N1 3 4 )] N
e I R? N CF
) o Br AgOAc, HOAC /%R 4[ 7 N cR
s i TBME, 65 °C, air g ”
Control experiements Kinetic profile
/TIPS "
2 TIPS /
54 y/k
ONeN standard conditions "8, Me. ,/ > TIPS
| /. + 33 —mM8M8M8M N = =4
N1(50mol%)  CH—& | e
no 2a Cl
e da';40% 10, 25%
Me MP‘ Ar: o
C'IN) s standard conditions ol ﬂ e COMe
% N1 (50 mol%) a
no 3a r
te 9, 64%

25

Proposed mechanism

X
Me Me Pd cl Me
Cl\__N Ch_N ()—TiIPs N
I Pd' 3a I Vi ’ —
/! V. 27 ——TIPS
) X (Br-..M
r Ar

M: CsorAg Ar

Time/h

Angew. Chem. Int. Ed. 2021, 60, 26184-26191.
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C-H Bond Activation-Initiated Meta Functionalization of Arenes

Yu, 2021

NHArg
m
H

r Pd(ll)-L
WO
JNAr,
pd”
|
L
A

Pd(Il)-L, R-X Ab

L: OMe
m
7z
N (0]

NHArg
o}
] _Pd
L . a

NHArE
_ m
R
Pd(ll)-L
+
H
O
R-X
—_ _NAr:
B i

NBE R L

C

Nature 2015, 519, 334-338.
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Meta-Amination/Alkynylation and Chlorination

Yu, 2016 R

Me
Me X X OMe Me
XN OMe  b4(0AC), (10 mol%) N T A e
No 2 KsPOs AgOAC, 115 Me No 2 iPr PAPRCN),Cl, (10 mol%) XN Kive
EG Me DCM. 100°C NBE Rz G Me 0SO,Cl PhCN, Ag,CO; NBE N
I|?1 A toluene/cyclohexane Fg Ms

X =NBocorO Pr 100°C cl
Me
Me TIPS———B Boc. OMe
fo o =—sr NS J. Am. Chem. Soc. 2016, 138, 14876-14879.
N | X Pd(OAc); (10 mol%) No 2
N .= Ve LiF, Ag;CC)3 NBE - FG Me
FG DCM, 100°C Q\\
FsC | - NHTFA TIPS
= 219 220, 44-72%

N° "OH

J. Am. Chem. Soc. 2016, 138, 14092-14099.
Enantioselective Remote Meta C-H Functionalization

(R)

Yu, 2018 ;
Me

Me ~ Meo,c~ & (+)-115 fj R IRCAIaE s :

Boce, AN | Pd(OAC), (10 mol%) Bocs S : OO ;

N™ N (R)-BNDHP, AgOAC s : o0 !

* Ar—l 0 > : P< ,

EG O O G CHClj3, 100°C FG O FG o oHE

FaC -\ CF3 ; :

U 206 Ar : :

N~ “OH A0 (R)-BNDHP
40-98% ee el el

Nature 2018, 558, 581-586.
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Distal Alkenyl C—H Functionalization

Dong, 2020 via
Pd(OAc), (10 mol%)
H 3-CF3-2-pyridone (20 mol%) H
N4 (30 mol%) Rd
H - RX > R —
R 2.0 equiv AgOAC - R
Ph CHCl; (0.2 M), air, 100 °C Ph Ph
R
arylation alkylation
| =
F OMe MeO N
(\l ; |/\| ; | ;I\I \(\)\ MeO c/\(\)\
N F 5N OMe N LY MeO,C  Ph
DG2 DG3 DG4 DG5
79%, E onl, 31%, Z onl 65%, Z onl
0% 39, 0% 8% (] only (] oniy (] only
LI§ ; o a) Heck pathway:
E ; E
i
7 N. Me. Me Me
Ph ~
07 “NHMe . | H o DG1
N1 N2 H o ArPd Pd--N""Me ehmmatlon o
N e N N3 o A
("] (V) 0 H\K\‘/I\R >9<_< - Pd=H L R
i Ph
LECOQME %/b fb 1a (Z1-3a
CO.Me MeO MeHN b) control experiments
N5 N6 S 0. standard conditions no rxn
65% 60% P’ > TDGT |, Standard condiions
(E)=1n w/ 85% RSM
2a
Ar standard conditions Ph
)\\/\/Ox _________________ e )\\/\/OM
Ph DG1 wlo Arl Ar DG1
(2-3p no (E)-3

w/ g% (2)-3p

J. Am. Chem. Soc. 2020, 142, 27152720
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Transmetalation-Initiated Ortho Functionalization of Arylboron Species.

Zhang, 2018 R Pd(OAc),, PCys X
7 B(OH), Cu(OAc),, BQ, H,0 . z N RS
R2=— | + RX * 4\R3 norbornene, KOAc (1 equiv) Rz_\ I
X H DMF, 80 °C, N5, 10 h R
NMe; g Ph QEt 1l
CO.Me {'\rr ﬁ -:.-"'-"""‘ll:a._DEt ~ SIMES
A 0 O o
3b, 52%° 3¢, 77%° (65%°9) 3d, 61%° 3e, 49%C 3f, 61%
A~OAC ©/-§ m ,©/~}
F MeO
3g, 61%° 3h, 55%" 3i 63%° 3j, 53%
Zhou. 2018 ACS Catal. 2018, 8, 3775-3779.
Palladium(l1)-Initiated Borono-Catellani Reaction
EWG
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Summarx

* Much development concerning ortho functionalization has been
developed over the last ten years.

v" Formation of C-C and C-X bonds are possible

v' Asymmetric catalysis is now possible in many systems

« Many areas left to explore
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