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3.

“Pd"-Catalyzed Enantioselective Activation of C(sp*)-H and C(sp*)-H Bonds

Chem. Int. Ed. 2008, 47, 4882.

10 mol% Pd(OAc),, L
1.5 equiv RB(OH),

1 equiv Ag,0
0.5 equiv BQ

50-91% yield, 70-95% ee

“Ligand-Enabled Reactivity and Selectivity in a Synthetically Versatile Aryl

C-H Olefination” Yu, J.-Q. et al. Science 2010, 327, 315.
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“Pd(II)-Catalyzed Enantioselective C—H Olefination of Diphenylacetic Acids”
Yu, J.-Q. et al. J. Am. Chem. Soc. 2010, 132, 460.

Using Monoprotected Amino Acids as Chiral Ligands” Yu, J.-Q. et al. Angew.

.

THF s O-(=)-Menthyl:



Ph b
5 mol% Pd{OAc),
L1, BQ, KHCO, =3 COOH
R

-
ZPh 13
L1 = Boc-lle-OH-0.5H,0

T3% vield, 97% ee
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“Pd(IT)-Catalyzed Hydroxyl-Directed C—H Olefination Enabled by
Monoprotected Amino Acid Ligands” Yu, J.-Q. et al. J. Am. Chem. Soc. 2010,

132, 5916.
( R, 10 mol% Pd(OAc),
- EEFE' 20 mol% L
Ry~ Ry + Z R, — - R
T H LizCO5, AgOAc
Rs, Ry =alkyl, H ; M g
0 J\)\me
; "DJLM CO,H
3 H X
sMe” Me L
\ s ssmsssmsssmssEmEEEmEEE. L y.

“Ligand-Accelerated C—H Olefination Reactions: Evidence for a Switch of
Mechanism” Yu, J.-Q. et al. J. Am. Chem. Soc. 2010 132, 14137.

Z > CO,E

Pd(OAc),
1.atm ‘3’2 N co,Et

Ligand  Pd(OAc), Time Conv. (%)

- 5 mol% 48h 15
Ac-lle-0OH 1 mol% 4h 93

« Pdill) loadings as low as 0.2 mol% (=90% conv.)

= Reaction times as short as 20 min (=80% conv.)
\, P,

“Highly Convergent Total Synthesis of (+)-Lithospermic Acid via a Late-
Stage Intermolecular C—H Olefination” Yu, J.-Q. et al. J. Am. Chem. Soc.



2011, 33, 5767.

-

85 "C, 2 h, 83% yield
via carbenoid insertion

with Davies catalyst 2.) Demethylation

L

via C=H
olefination

OH
(+)-Lithospermic Acid

e
Me ) at, Pd(OAc),  Ligand
O, {1 atm),
tert-Amyl-OH an

“Hydroxyl-Directed C—H Carbonylation Enabled by Mono-N-Protected Amino
Acid Ligands: An Expedient Route to 1-Isochromanones” Yu, J.-Q. et al.

Chem. Sci. 2011, 2, 967.

il N
NBoc cat. Pd(OAc), A
(+yMen-Leu-OH
y OH AgOAC, LisCO; @
€O (1 aim) 4
f- Me Me histamine
' 3 ' release
H o] Me i inhibitor
: n'ﬂ‘ﬂ CO,H E
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“Pd(II)-Catalyzed Enantioselective C—H Activation of Cyclopropanes” Yu, J.-

Q.etal J Am. Chem. Soc. 2011, 133, 19598.
>

~

:?'r 2 cat Pd(ll} / ligand -"'i‘lf
H + R*—BX - H
H 9 2 _ ; [O], base, solvent 2 0
R< = alkyl 40 to 70 °C H j
R1 aryl & R'F
vinyl

up to 93% ee
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12.

“Ligand-Accelerated Cross-Coupling of C(sp?)-H Bonds with Arylboron
Reagents” Yu, J.-Q. et al. J. Am. Chem. Soc. 2011, 133, 18183.

-
CF4

Ph-BF sk
Pd(OAC),
Ligand

==
H

oxidant, 2 h

CF,

&

Ligand %o Conv,
—an i
Ac-lle-OH =00

-

CO,H

®

“Key Mechanistic Features of Enantioselective C—H Bond Activation
Reactions Catalyzed by [(Chiral Mono-N-Protected Amino Acid)-Pd(II)]

Complexes” Yu, J.-Q. et al. J. Am. Chem. Soc. 2012, 134, 1690.
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“Ether-Directed ortho-C-H Olefination with a Palladium(IT)/Monoprotected
Amino Acid Catalyst” Yu, J.-Q. et al. Angew. Chem., Int. Ed. 2012, 52, 1247.

Cat. Pd(OAc),
Ac-Gly-OH

Me
mMe

Ag,CO,, HFIP
24 h, 80 °C

or Y

OAc .

CO,Et

86% yield

mono/di, 4.3/1

Precatalyst.




13.  “Activation of Remote meta-C—H Bond Assisted by an End-on Template” Yu,
J.-Q. et al. Nature 2012, 486, 518.

Remote meta-C-H activation Templates for toluenes and hydrocinnamic acids

Template R 5 NC
S @ﬁ I
J’ H NC

/

2_.

H Pd"

Unprecedented positional selectivity in C—H activation

CFq

Y i
]
e COOH COOH COOH
Br Me g
H 5] H H

Overrides electronic and steric biases, and ortho-directing effects

14.  "Pd(II)-Catalyzed Enantioselective C—H Activation/C—O Bond Formation:
Synthesis of Chiral Benzofuranones" Yu, J.-Q. et al. J. Am. Chem. Soc. 2013,
135, 1236.

Pd(OAc), (5 mol%)
Boc-lle-OH (40 mol%)

PhI(OAc), (1.5 equiv)
KOACc (2.0 equiv)
t-BuOH, 80 °C, 12 h 78% yield, 95% ee

15.  "Sequential C—H Functionalization Reactions for the Enantioselective
Synthesis of Highly Functionalized 2,3-Dihydrofurans" Yu, J.-Q.; Davies, H.
M. L. et al. J. Am. Chem. Soc. 2013, 135, 6774.

H COZMG
s CO,Et
N, 1. carbene insertion (Rh)
2. C-H alkoxylation (Pd)
. H 3. C-H olefination (Pd)
OTBS
H ™ OMe
H 94% ee
OMe core for lithospermic acid family
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19.

"Pd(II)-Catalyzed ortho- or meta-C—H Olefination of Phenol Derivatives" Yu,
J.-Q. etal J Am. Chem. Soc. 2013, 135, 7567.

X
% X = Nitrile
x X COOK Template
Pd(II)/ngand Pd(II)lngand
olefin olefin
H

COOEt COOEt
)ﬁj e Q X YO
clofibrate etofibrate

"Pd-catalyzed Enantioselective C-H Iodination: Asymmetric Synthesis of
Chiral Diarylmethylamines" Yu, J.-Q. et al. J. Am. Chem. Soc. 2013, 135,
16344.

NHTH, cat Pd(OAc), I|gand

H CsOAc, Na,COsg, I, >
O O t-amyl-OH/DMSO
air, 30°C, 48 h

Proposed
reactive y
intermediate H

"Cross-Coupling of Remote meta-C—H Bonds Directed by a U-Shaped
Template" Yu, J.-Q. et al. J. Am. Chem. Soc. 2013, 135, 18056.

XA Y0 Ar-Bpin 0 NC@R
: Pd(OAc), ‘_N

: Ac-Gly-OH T

-

. Ag,CO3, CsF - NC R

TBAPFg, HFIP

T = removable
nitrile template

"Role of N-Acyl Amino Acid Ligands on Pd(II)-Catalyzed Remote C—H
Activation of Tethered Arenes" Yu, J.-Q.; Wu, Y.-D. et al. J. Am. Chem. Soc.



2014, /136, 894.
]’i Base in MPAA

0

Bidentate X
MPAA — g -

Remote-C-H N
Functionalization %&
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Meta-Selectivity

"

New Avenue for Ligand Design

>

20. "Ligand-enabled cross-coupling of C(sp®)—H bonds with arylboron reagents via
Pd(IT)/Pd(0) catalysis" Yu, J.-Q. et al. Nature Chemistry 2014, 6, 146.

H

cat. Pd(ll), ArBPin

[O], base, Ligand

NHTf

Proposed
reactive H
intermediate

Ar

NHTf

R1

R,

25 examples
up to 96%



21.  "Conformation-Induced Remote meta-C—H Activation of Amines" Yu, J.-Q. et
al. Nature 2014, 507, 215.

(A) An unanswered challenge: Remote meta-C—H activation of bicyclic heterocycles

Previously inaccessible C-H bonds Highly strained tricyclic cyclophane intermediates
o o vl )
L) j N
/@\/j /@i j N )
H N” H N H Pd N Pd N n
H H D/G\/\/(J)" Dé\/\/d)" Pd
H \
DG

(B) Concept: Proposed conformation-controlled meta-C—H activation

meta-Directing

ortho-Directing

(C) Amplification of meta-selectivity by ligand
5 5

6©\/j |
Pd EI ]
7 N ) 7 N

)

Ligand q

B s I_DL'ga"d Highly Highly NopH A
~ 7 o M (]
O)Y ¢ ortho-selective meta-selective <:l \ \l/\
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(D) Scope of meta-C—H activation: Olefination and acetoxylation

L0 .00 0% oA, Lo




22.

23.

24.

“Room Temperature Enantioselective C—H lodination via Kinetic Resolution”
Yu, J.-Q. et al. Science 2014, 346, 451.

Enantioselective C-H functionalization via kinetic resolution
| NHTf
R

H NHTf cat. Pd(OAc),

0,
L-MPAA Ligand__ ee “p to 99%

R
- room temperature
. il H NHTf cat Pd(OAc), | NHTf
gram-scale D-MPAA ngand
R = alkyl, CH,CO,Me, . iodine as oxidant R
CH,OTBS - supto 244
65-93% ee ee up to 98%

Product diversification

NHTF

l;lHTf “OO H |§]HTf
SOOI
NHTf

)
NHTF ! NHTF

CCl  m s >
OMe

"Palladium(II)-Catalyzed Enantioselective C(sp>)-H Activation Using a Chiral
Hydroxamic Acid Ligand" Yu, J.-Q. et al. J Am. Chem. Soc. 2014, 136, 8138.

1 Q 1
HEL " HEfL
) N. F
H
Pd(OAc), R3

;%_

§ 7

H Ligand O
or —_— o or
”.Ar,: or Ar-BF;K ﬁ X Ligand
H H Ar H

up to 95% ee

"Pd(II)-Catalyzed meta-C—H Olefination, Arylation, and Acetoxylation of
Indolines Using a U-Shaped Template" Yu, J.-Q. et al. J. Am. Chem. Soc.
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27.

2014, /36, ]0807
Boc
N H
B >_<:/g H, CO;Me
- 0
meta-C-H oleflnatlon /(D\/C /@\/C
arylation COzMe

acetoxylation

"Remote meta-C—H Olefination of Phenylacetic Acids Directed by a Versatile
U-Shaped Template" Yu, J.-Q. et al. Angew. Chem. Int. Ed. 2015, 54,

888.
acrolein T
T 10 mol% Pd(OAc), NC
o 20 mol% Formyl-GIy-OH» m O T = -§-N
m 50 mol% KH,PO, NS
H 3 equiv AgOAC NC
HFIP, 90°C, 24 h O” 'H

"Palladium(II)-Catalyzed Highly Enantioselective C—H Arylation of
Cyclopropylmethylamines" Yu, J.-Q. et al. J. Am. Chem. Soc. 2015, 137, 2042.

Cat. Pd(OAc), .Ar
Boc-L-Val-OH
: Ar—| 4 I/ up to 99.5% ee
R R R R

First example of enantioselective
C—H arylation via Pd(Il)/Pd(IV) catalysis

"Pd(II)-Catalyzed C—H Functionalizations Directed by Distal Weakly
Coordinating Functional Groups" Yu, J.-Q. et al. J. Am. Chem. Soc. 2015, 137,



28.

29.

30.

31.

4391
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"Ligand-Accelerated ortho-C—H Olefination of Phenylacetic Acids" Yu, J.-Q.
et al. Org. Synth. 2015, 92, 58.

\

"A Combined IM-MS/DFT Study on PA(MPAA)-Catalyzed Enantioselective
C—H Activation: Relay of Chirality through a Rigid Framework" Yu, J.-Q.;
Wu, W.-D. et al. Chem. Eur. J. 2015, 21, 11180.

_ - -t
o IPr v
- N
Relay of Chirality Yo\Pd/
: Hv N/ S O
O \ - H
/////’ P
osd © O
o - 2-TS[D-R] -
AAG*(R-S) = - 4.0 kcal/mol
Buo” [ o
\ N |f_PCs
\
—
¢ iPr pushes the Boc downward YN/ e O
e the activating C-H directs downward to Boc A
o the C-H bond orientates the prochiral C downward P07 O
o R- prefers sterically less crowded position (axial) L 3-TS[D-R] -

AAG*(R-S) = - 5.1 kcal/mol

"Enantioselective ortho-C—H Cross-Coupling of Diarylmethylamines with
Organoborons" Yu, J.-Q. et al. Angew. Chem. Int. Ed. 2015, 54, 11143.

Me NHNs  pyoae, Me NHNs
o-Tol MEAR LGS o-Tol 51-90% yield
-BPi 93-99% ee
H Ar-BPin Ar

"Practical Pd(II)-catalyzed C—H Alkylation with Epoxides: One-step Syntheses
of 3,4-Dihydroisocoumarins" Yu, J.-Q. et al. J. Am. Chem. Soc. 2015, 137,



Pd(OAC), O
CO,K O Ac-t-Leu-OH
PO 0.5 mol% Pd
H at gram scale .
0] @) 0O
M
Me 0 Me 0 €
OH OBn

inversion

32. "Remote Meta-C—H Activation Using a Pyridine-Based Template: Achieving
Site-Selectivity via the Recognition of Distance and Geometry" Yu, J.-Q. ef al.
ACS Cent. Sci. 2015 1, 394.
I

ﬁ oN A|kyE «r MeOC EOT

Alkyl

H AIkyI ,T NPhth /T
C-H olefination
C-H iodination
33.  "Enantioselective C—H Olefination of a-Hydroxy and a-Amino Phenylacetic
Acids by Kinetic Resolution" Yu, J.-Q. et al. Angew. Chem. Int. Ed. 2016, 55,
2856.
%
CO,H
Pd(OAc), | .
x LMPARTIgaNd g5.03% ee
Z R
COH ——m —> +
@(k X Pd(OAC),
H X = OPiv, NHPiv D-MPAA ligand CO,H
racemic O, as sole oxidant COH —  — 5
s factor up to 56 Z R upto |l

61-95% ee 99% ee "R



34.
Q. et al. Science 2016, 351, 252.

"Functionalization of C(sp>)—H bonds using a transient directing group" Yu, J.-

A Two Strategies for Directed C-H Activation

pre-installed directing groups

QC-H [M]--DGD

DG: directing group

transient directing groups

Qc-H [M]--DGJ

Disadvantage: requires installation
and removal of the directing group

!
[M]--DGD

NN OH  PRyX
H————> ' @: —
[Rh] [Ah] ’ H [Rn]

Bedford (Ref. 14)

C C(sp®)-H Arylation Using Amino Acid as Transient Directing Group

C(sp®)-H Activation of Peptides Design of Transient Amino Acid Directing Group

0
R
PhthN.,, HoN 0
ELN/\? ( - - 2 \)LOH (ﬁl\{/\?
Pd’o P

H Pd(OAc), H
OAc

This Work

, cat. Pd(OAc), Q via:
/@ . amino acid 0 !
ek Jsdsilioy
H | AgTFA ’
ﬁ .

AcOH/HFIP/H,0O

upto982er T

Me

Et N 0}
HPI=O
OAc

0] cat. Pd(OAc),
ammo acid

AgTFA
H ACOH/HFIP

35.  "Ligand-Promoted C(sp®)-H Olefination en Route to Multi-functionalized

Pyrazoles” Yu, J.-Q. et al. Chem. Eur. J. 2016, 22, 7059.

Pd(OAc), (10 mol%)

Ac-lle-OH (10 mol%)

O Na,HPO, (2 equiv.)

OEt DCE:HFIP (9:1), N,
Cu(OAc), (2 equiv.), 100 °C,

36. "Rapid Construction of a Benzo-Fused Indoxamycin Core Enabled by Site-

Selective C—H Functionalizations" Yu, J.-Q.; Davies, H. M. L.; Sorensen, E. J.



et al. Angew. Chem. Int. Ed. 2016, 55, 8270.

CO,Me
G
Rh,PTAD,
M M + CcCoOoMe —mMmm»
e |-? DMB/TFT (2:1)
N, reflux
O W
Pd(OAc),
Ac-Gly-OH
AgyCO4

HFIP, 90 °C, 48 h

indoxamycin family
core scarffold

37.  "Kinetic Resolution of Benzylamines via Palladium(II)-Catalyzed C—H Cross-
Coupling" Yu, J.-Q. et al. J. Am. Chem. Soc. 2016, 138,

7796.

NHNs
X R
H BocHN™ "CONHOMe
Pd(OAc
NHNs Li;and)z up to 99% ee Ligand
R — +
X Ar-BPin -t

. Cl
H ring-closure
racemic S factor up to 135 X‘@(\R 9_»
Ar

up to 96% ee 04% ee

38.  "Application of a Palladium-Catalyzed C—H Functionalization/Indolization
Method to Syntheses of cis-Trikentrin A and Herbindole B" Yu, J.-Q.;
Sarpong, R. et al. Angew. Chem. Int. Ed. 2016, 55, 11824.

H JTf
NHTF Pd(MeCN)4(OTf), N
0 e Ac-lle-OH - 0) Me
>< NaOAc, Ag,CO4 ><Me
o Me o 0)
t-AmylOH, 100 °C
M M
Me Me Ts e €
N Me
1) K,CO3, MeOH 4 !

O Me ——»

2) TsCl, TBAHS )<Me

KOH (aq.) 0} oy T\/Ie
e e

herbindole B
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40.
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43.

"Remote site-selective C—H activation directed by a catalytic bifunctional
template" Yu, J.-Q. et al. Nature 2017, 543, 538.

A bimetallic strategy for remote C-H activation
reversible coordination

! b l template
: reversible - E
: coordination N _ remote C—H activation
! 2
: X ! H
Pd---DG

!
( stoichiometric covalently attached template] catalytic amount of template

template

ianit meta-C-H activation
covalen
bond -

H Pd--DG

Substrate anchoring is crucial for site selectivity in enzyme catalysis: don’t let go!

I X CO,Et CO,Et
o OO A A NN o]
MeO X P
N—Pd—N_ F N N_ OMe N \
N /
Low | _ X . J X o —=
T N N Et™i
Z / HO O
N// 5a 51 4p y
T ¢ 73% 83% Camptothecin 49% HO O
A L 90:10 >99:1 (antileukemic & antitumor) 89:11

“it is a long shot from behind the goal.”

"A Role for Pd(IV) in Catalytic Enantioselective C—H Functionalization with
Monoprotected Amino Acid Ligands under Mild Conditions" Yu, J.-Q.;
Blackmond, D. G. et al. J. Am. Chem. Soc. 2017, 139, 9238.

¢}
N 0o

Ar
NHTf 10 mol% Pd(OAc), = NaO( o | NHTF
20 mol% Bz-Leu-OH 77 ,Pcli'v\—lo C-H activation H
‘O ‘O i O ‘ ‘
I ®
: S '
O Up to 99% ee

Supported by kinetic and mechanistic studies

"Experimental and Computational Development of a Conformationally
Flexible Template for the Meta-C—H Functionalization of Benzoic Acids"
Houk, K. N.; Yu, J.-Q. et al. J. Am. Chem. Soc. 2017, 139, 10702.

Pd(OAc),
MPAA

CN
O _~ N H AgOAc
Me

"Enantioselectivity Model for Pd-Catalyzed C—H Functionalization Mediated
by the Mono-N-protected Amino Acid (MPAA) Family of Ligands" Yu, J.-Q.;
Musaev, D. G. et al. ACS Catal., 2017, 7, 4344.

"Ligand-Enabled Gamma-C(sp*)-H Cross-Coupling of Nosyl-Protected
Amines with Aryl- and Alkylboron Reagents" Yu, J.-Q. et al. ACS Catal. 2017,



44,

45.

46.

7, 7777.
2 cat. Pd(OAc), 2

R . R
t. APAO or MPAA L d

R' = CO,R, CH,OH, CHOR 42 chiral amines

* A common protecting group as directing group
« First example of C(sp®)-H cross-coupling of amines
with alkylboron reagents

"Dynamic Ligand Exchange as a Mechanistic Probe in Pd-Catalyzed
Enantioselective C—H Functionalization Reactions Using Monoprotected

Amino Acid Ligands" Yu, J.-Q.; Blackmond, D. G. et al. J. Am. Chem. Soc.
2017, 139, 18500.

"A Role for Pd(IV) in Catalytic Enantioselective C-H Functionalization with
Monoprotected Amino Acid Ligands under Mild Conditions" Yu, J.-Q.;
Blackmond, D. G. et al. J. Am. Chem. Soc. 2017, 139, 9238.

o)

N

N o}

Ar
NHTf 10 mol% Pd(OAc), NaO, o | NHTf
20 mol% Bz-Leu-OH 7/’ 'PTIV\_IO C-H activation )
‘O ‘O v I ‘ ‘
O Up to 99% ee

Supported by kinetic and mechanistic studies

"Quantifying Structural Effects of Amino Acid Ligands in Pd(II)-Catalyzed
Enantioselective C—H Functionalization Reactions" Yu, J.-Q.; Sigman, M. S. et
al. Organometallics 2018, 37, 203.

Pd(ll)-Catalyzed Enantioselective C—H Functionalization 8
< 05{  y=093x-0.07 o
X DG X, DG E R2=0.90 § ‘J ¥
.* g 1.0 I,I/
SRS Py e
cat. Pd(OAc),/ L R 5 .
g 15 /,’..
L ?3 0/60/ = Training Set
v (DG L = N-protected R ?G <20 7 Oy O External Set
H a-Amino Acids H P " P =

AAGF measured (keal mol‘1)

multivariate analysis unravels the structural effects on the enantioselectivity

N-Protecting group a-Side chain




47.  “Pd(II)-Catalyzed Enantioselective C(sp®)—H Activation/Cross-Coupling
Reactions of Free Carboxylic Acids.” Yu, J.-Q. et al. Angew. Chem. Int. Ed.

2019, 58, 2134.
This work [Via Pd(l1)/Pd(0)]:
Pd(OAc)2/[Pd(allyl)Cl]2 0 Ar
. . MPAA Ligand ) |
H,, ‘\\”\ +  Ar/Vinyl-Bpin Vinyl/Ar/,, J\ ‘Ar
IV‘\R/HOH Ag salt, BQ, base = /HOH
H0, tBuOH AcHN” >COOH
MPAA Ligand
Pd(OAc)2/[Pd(allyl)Cl]2 0] Ar
ur 9 MPAAM/MPAA Ligand HHR
HO= +  Ar/inyl-Bpin OH Ar
OH Ag salt, BQ, base NM
’ H,0, t-BuOH ArVinyl AcHN €2
up to 99:1 er MPAAM Ligand
Chiral ligands are prepared using our C-H activation reactions

48.  “Sequential Functionalization of meta-C-H and ipso-C-O Bonds of Phenols”
Xie, S.; Jin, Z.; Yu, J.-Q. et al. J. Am. Chem. Soc. 2019, 141, 1903.

o meta-C-H ijpso-C-O j)\Me
\T FGZ N AN N
R - | _
m ‘71& N
FG
Enabled by ! P
a bifunctional template
0O

NHCbz

Z > co,Me

from estrone from L-tyrosine from guaiacol




49. “Ligand-Promoted Rh(III)-Catalyzed Thiolation of Benzamides with a Broad
Disulfide Scope” Sun, W.Y.; Yu, J.-Q.; Lu, Y. Angew. Chem. Int. Ed. 2019, 58,

9099.
* 0
_CgF
YN CoFs [CP*RhCll, 7 N CeFs
R H + RXXR' - R Il H
H Ligand XR'
Weakly coordinating auxiliary wit bidentate ligands ) )
Excellent functional group tolerace Without ligand 5%
R' = Aryls, alkyls and heterocycles With ligand  99%
X=8§,Se, O
50. "Differentiation and functionalization of remote C-H bonds in adjacent
positions"

Yu, J.-Q. et al. Nature Chemistry 2020, 12, 399.

10 mol% Pd(OAc),
20 mol% MPAA Ligand
1.0 equiv. template
3.0 equiv aryl iodide
1.5 equiv. NBE-CO,Me

3.0 equiv. AgOAC
HFIP, 1000C

! Template: MPAA Ligand: Ac-Gly-OH NBE-CO,Me

: YOY |
| N—Pld—N )J\H/\H/OH Lli\//cone .

................................................................................




51.  “Lactonization as a general route to B-C(sp*)-H functionalization” Yu, J.-Q. et
al. Nature. 2019, 577, 656.

A Limitations in b-C(sp®)-H functionalization of free carboxylic acids

0 o}
c—C R’ R’
————————— - OH OH %OH
R Me R H
\
R! i cat. Pd e R H
RZ%OH ——— 1 unsccessful to date

H

......... %OH %OH %OH %OH %OH

SPh

B One-for-all strategy: b-Lactone as a stepping stone for a myriad of transformations

(0] R! (0]
R! b-Lactonization 0 W Nucleophiles (Nu-) R!
OH R2 ﬁ r OH
R? a single catalyst e} ] R?
H Nu

strained, reactive
Nu = C(sp3), C(sp2), C(sp), CN,
F, Br, N3, NHNs, OH, SPh
C Ligand-enabled b-C(sp?)-H lactonization: practical and scalable

key discoveries

R! cat. Pd/L11 as low as 1 mol% R" o O—Cs* Me
OH 2 1 .
R2 base, TBHP (85/mol) R )’:g R b/ H\ CO,H
H HFIP, 60 oC, 12 h R? \ NHAc
1 aqueous wash, no column 2, up to 94% yield H  Pd(I)Lq4 L11

D Challenges: multiple reductive elimination pathways of Pd(IV) centers

o) Cs? ?H reductive 0
R! Pda, L/ SO elimination R
OH ———— = O Pd j— - 2 OH+ OH + oH
R2 TBHP I it R R2
H R\, OBy 0'Bu Nu
R b-lactonization Nu| = atc:ld,t
; solvent, etc.
key Pd(IV) intermediate disfavored \_

conventionally favored
reductive elimination




52.

53.

"Differentiation and functionalization of remote C-H bonds in adjacent
positions"
Yu, J.-Q. et al. Nature Chemistry 2020, 12, 399.
10 mol% Pd(OAc),
20 mol% MPAA Ligand
1.0 equiv. template
3.0 equiv aryl iodide
1.5 equiv. NBE-CO,Me
3.0 equiv. AgOAc
HFIP, 1000C
! Template: MPAA Ligand: Ac-Gly-OH NBE-CO,Me i
| Yﬁ\f E
! 0 0 0 :
! N PR OH COMe !
E N—Pd—N N h A
E N A © |
: ||| . :
. Me nc
T :
"Ligand-Enabled Monoselective B-C(sp*)-H Acyloxylation of Free Carboxylic
Acids Using a Practical Oxidant" Yu, J.-Q. et al. J. Am. Chem. Soc. 2020, 142,
6769.
RZ O 10 mol% Pd(OAc), 0
20 mol% MPAA Ligand
R? OH > Me OH R R EEE LR R
1.0 equiv. Na,COg3, 2.0 equiv. Ac,0 ' MPAA Ligand:
H 2.0 equiv. TBHP OAc | gand:
HFIP, 600C : coH |
o o 10 mol% Pd(OAC), i
n 20 mol% MPAA Ligand | NHAc
HO OH . — () oo ’
R’ 1.0 equiv. K3PO,, without Ac,0
H 2.0 equiv. TBHP
n=0-2 HFIP, 600C




54.  From Pd(OAc), to Chiral Catalysts: The Discovery and Development of
Bifunctional Mono-N-Protected Amino Acid Ligands for Diverse C-H
Functionalization Reactions" Yu, J.-Q. et al. Acc. Chem. Res. 2020, 53, §33.

DG
GD R
[5 f‘ [id el e
OO R
R
Participates in C-H deprotonation R2 source of chirality affects bite angle
0o R?
R *JI\N )\H/OH Carboxlylate binds as X-type to Pd
R1 tunes electronic and sterics ,‘_{ 0
Binds to Pd and promotes bidentate coordination
55.  "Distal y-C(sp®)-H Olefination of Ketone Derivatives and Free Carboxylic
Acids" Yu, J.-Q. et al. Angew. Chem. Int. Ed. 2020, 59, 12853.
COMBn  oreerereeeereeeneees
H 10 mol% Pd(OAC); 220 Ph i
0 10 mol% Ligand H :
)j\/( + /\Coan —Q> O E ACNh/(n/OH H
HO Mlgle Na;HPO, - 7H,O o) Me H 0 :
Ag,CO3 Me Ligand :
o 10 mot PAOAS o g
Me 20mol% Ll - Me : Yie on e NO:
Me NHAre ~ 20 mol% L2 Me NHArg i AcNh | .
—_— H
OMH + ZCO.Et AGOAG OMCOZB i 0 N” "OH
Ag,CO H
RETRE o, RONRE L m 2

56.  "Rapid Construction of Tetralin, Chromane, and Indane Motifs via Cyclative
C-H/C-H Coupling: Four-Step Total Synthesis of (+/-)-Russujaponol F" Yu, J.-

Q.etal J Am. Chem. Soc. 2021, 143, 687.

S X

C,0
0,1

10 mol% Pd(OAC), RS
0 10 mol% Ligand OH CO.H
X*ﬁﬁ‘\ LiOAc n 2
H H N32003 1.5H202 _ NHAC
-HO = L Ligand .




Other Groups

1. “Hydrogen-Bonding Asymmetric Metal Catalysis with a-Amino Acids: A Simple
and Tunable Approach to High Enantioinduction” Arndtsen, B. A. ef al. J. Am.
Chem. Soc. 2009, 131, 11284.
http://pubs.acs.org/doi/abs/10.1021/ja904185b

© @]
~N
1 vl R’
N/R Cu cat./L R™ "NH | HN~
+ = —F ! J\ >
A R—= : P RYH
R2 H amino ) R .
acid N R3
R3-=——L,Cu

2. Synthesis of Planar Chiral Phosphapalladacycles by N-Acyl Amino Acid Mediated
Enantioselective Palladation. Richards, C. J. et al. Organometallics 2009, 28, 5833.
https://pubs.acs.org/doi/abs/10.1021/0m9005356

R
R—PH PR

Me H/A\COZH R

| >
Fe g Fe
1 eq. Na,PdCl, O
s Yo}

PH 8.0

up to 59% ee

3. Models for the basis of enantioselection in palladium mediated C—H activation
reactions. Richards, C. J. et al. Tetrahedron: Asymmetry 2010, 21, 2782.
https://www.sciencedirect.com/science/article/pii/S0957416610007263



N 10 mol% Pd(OAC), | N

3 eq. BuB(OH), _N
Me 2N Me 0.5eq. benzoquinone Me : Me
20 mol% L a Q
a Q 1 eq. Ag,0 B
H THF, 60°C, 20h
---------------------- . 87% ee
: o : 91% yield
N 2 H
: Y:NrYo :
O(-)-Menthyl:

4. “Synergistic Palladium-Catalyzed C(sp®)-H Activation/C(sp>)~O Bond Formation:
A Direct, Step-Economical Route to Benzolactones” Martin, R. et al. Angew.
Chem. Int. Ed. 2011, 50, 12236.
http://onlinelibrary.wiley.com/doi/10.1002/anie.201105894/abstract

10 mol% Pd(OAc),
O 30 mol% L 0O

CLe o es:
H MeY\rcozH

up to 95% yield

2

5. “Silanol: A Traceless Directing Group for Pd-Catalyzed o-Alkenylation of Phenols
Gevorgyan, V. et al. J. Am. Chem. Soc. 2011, 133, 12406.
http://pubs.acs.org/doi/abs/10.1021/ja204924;

10 mol% Pd(OAc),

4
O 20 mol% L TBAF ~OH
R_;(;[ Srl_ Bu + /\R' 1 eq. Li,CO5 - B} R_; N
= H OH 4 eq. AgOAC R'
DCE, 100°
CE, c up to 97% yield

O(+)-Menthyl

i \(\rcozH |
5 HN.__O :
IS A




“Pd(OAc), Catalyzed Direct Arylation of Electron-Deficient Arenes without
Ligands or with Monoprotected Amino Acid Assistance” Hou, X.-F. ef al. Chem.
Commun. 2012, 48, 10437.
http://pubs.rsc.org/en/content/articlehtml/2012/cc/c2cc34949¢

R I

3 mol% Pd(OAc),
1.25 eq. K,CO4

DMA (2mL), 150°C
Ac--lle-OH (o0 mol%)
PivOH (0,3 quic)

“Synthesis of a [2.2]Paracyclophane Based Planar Chiral Palladacycle by a Highly
Selective Kinetic Resolution/C—H Activation Reaction” Richards, C. J. et al. Chem.
Commun. 2012, 48, 1991.
http://pubs.rsc.org/en/Content/ArticleLanding/2012/CC/C2CC16864B#!divAbstr
act

g " =
Me)]\N/\COQH
> )
O 0.5 eq. Na,PdCl, Me,N_
- Pd_
> a MeOH/H,0/CH,Cl, g ©
NMe;  MesN pH 8.2 \)
50:50 ® s up to 204

“Enantioselective Synthesis of Planar Chiral Ferrocenes via Palladium-Catalyzed
Direct Coupling with Arylboronic Acids” Gu, Q.; You, S.-L. et al. J. Am. Chem.
Soc. 2013, 135, 86.

http://pubs.acs.org/doi/abs/10.1021/ja311082u

NR'R? NR'R2
COOH
H R3
] NHBoc ]
& e
Pd(OAc),
Q R3B(OH)2 @
up to 81 %yield
99% ee




“Redox of Ferrocene Controlled Asymmetric Dehydrogenative Heck Reaction via
Palladium-Catalyzed Dual C—H Bond Activation” Cui, X.; Wu, Y. et al. Chem. Sci.
2013, 4, 2675.

http://pubs.rsc.org/en/Content/ArticleLanding/2013/SC/c3sc50577d#!divAbstract

162 NR'R?
NR'R COOH
H :
‘L NHBoc 7 ]
@ Pd(OAc), 4&»
g3 up to 81 %yield
99% ee

10. “Pd(II)-Catalyzed C(sp?)-H Hydroxylation with R,(O)P-Coordinating Group”

Yang, S.-D. et al. Org. Lett. 2013, 15, 6186.
http://pubs.acs.org/doi/abs/10.1021/01403028a

7N 110 N
R1_ R |
N P (0)2R 5 Mol%Pd(TFA), b (0)2R
1.5 equiv PhI(OTFA), OH
\ H f \
. 20
R% CH3NO,, 60°C, air  R*
up to 93% yield

“Enantioselective Synthesis of Planar Chiral Ferrocenes via Palladium-Catalyzed
Annulation with Diarylethynes” You, S.-L. et al. Beilstein J. Org. Chem. 2013, 9,
1891.

http://www.beilstein-journals.org/bjoc/articles/9/222

R3
O 10 mol% Pd(OAc), R? O

H 1.0 equiv K,CO4 O R3
é/\ 25 mol% TBAB
| NR'R? | | DMA, 80°C, 48h, air
L
@\Rz O )\rCOOH R | NR'R'

NHBoc




12.

13.

14.

15.

“Palladium(I)-Catalyzed Ortho-Arylation of Benzylic Phosphonic Monoesters
Using Potassium Aryltrifluoroborates” Kim, S. et al. J. Org. Chem. 2013, 78,
11247.

http://pubs.acs.org/doi/abs/10.1021/jo401716p

10 mol% PdCIy(PEts),
1.0 equiv KHF,

OH 2.0 equiv Ag,0 OH

' t-BuOh, 110°C, 24h I
N — : : N —
R R—OMe 4 ABF.K > RO [~ OMe
N, © N O

COOH r

NHAc

“Pd-Catalyzed C—H Lactonization for Expedient Synthesis of Biaryl Lactones and
Total Synthesis of Cannabinol” Wang X.-S. et al. Org. Lett. 2013, 15, 2574.
http://pubs.acs.org/doi/abs/10.1021/01400877q

Gy
H Pd(ll) / Ac-Gly-OH

e
H Q PhI(OAc)2, KOAc HO Q
t-BuOh, 80°C, 12h
CsHy4 OH
cannabinol

“Palladium(II)-catalyzed cross-coupling of simple alkenes with acrylates: a direct
approach to 1,3-dienes through C—H activation” Xu, Y.-H.; Loh, T.-P. et al. Chem.
Sci. 2013, 4, 4520.

https://doi.org/10.1039/C3SC52275J

10 mol% Pd(OAc),
50 mol% L 2
17 > 1 CO2R
RESS # %COZRZ 1.5 equiv Ag,CO; R
H DMA, 60°C up to 86% yield
E/Z upt to 99:1
; “_CO,H '
| NHAC |

“2-Pyridylmethyl ether: a readily removable and efficient directing group for
amino acid ligand accelerated ortho-C—H olefination of phenols” You, J.; Lan, J.
et al. Chem. Commun. 2013, 49, 662.
https://doi.org/10.1039/C2CC37291F



OCH,P OCH,P
27y 10 mol% Pd(OAC), 2 i .

X 20mol% L X
|// + R 2 equiv KHCO4 |//
K t-AmyIOH, 90°C R
1 atm O,, 12h

16. “Enantioselective Synthesis and Application to the Allylic Imidate Rearrangement
of Amine-Coordinated Palladacycle Catalysts of Cobalt Sandwich Complexes”
Richards, C. J. et al. Chem. Eur. J. 2013, 19, 17951.
https://doi.org/10.1002/chem.201302922

: )
@\/NO Na,PdCl, /N
- - = ~pd—
Ph (d:; Ph 5 . Ph cd:; Ph |\|
):[ I COZH : ﬁ( <
: ! 2
Ph Ph : mAC i Ph Ph
e | A
> 98% ee
i
)J\ _ 19 mol% AgNO; X /g

up to > 99% ee

17. “Role of Mono-N-protected Amino Acid Ligands in Palladium(II)-Catalyzed
Dehydrogenative Heck Reactions of Electron-Deficient (Hetero)arenes:
Experimental and Computational Studies” Wu, C.; Zeng, X. et al. Organometallics
2013, 32, 6565.
http://pubs.acs.org/doi/abs/10.1021/om400890p

X R Z R H ZOR \
~
N Pd(ll) / Ac-Val-OH N Pd(ll) / Ac-lle-OH @A
1 atm O,, KHCO3 1 atm O,, KHCO3 EWG

X =N, C (EWG)
up to 96% yield




18. “Complementary Regioselectivity in Rh(III)-Catalyzed Insertions of Potassium
Vinyltrifluoroborate via C-H  Activation: Preparation and Use of
4-Trifluoroboratotetrahydroisoquinolones” Molander, G. A. et al. Org. Lett. 2013,
15, 1528.
https://pubs.acs.org/doi/pdf/10.1021/01400307d

19. “Meta-Selective C—H Functionalization Using a Nitrile-Based Directing Group
and Cleavable Si-Tether” Tan, K. L. et al. J. Am. Chem. Soc. 2013, 135, 18778.
https://pubs.acs.org/doi/pdf/10.1021/ja4107034

[-Pr Pd(OAc), ODG
Si<"F’Ir AgOAc, HFIP ~
s-Bu o) DCE, 90°C -
s-By + 2 Co,Et - 2%
N\ > . o~ :
N X { ACHN” " COH! N
b CO,Et

20. “Pd(II)-Catalyzed Ph2(O)P-Directed C—H Olefination toward Phosphine-Alkene
Ligands” Yang, S.-D. et al. Org. Lett. 2013, 15, 5302.
https://pubs.acs.org/doi/abs/10.1021/01402577p

oF, oe Ol OO
PR, AgOAc, CF3CH,OH PR, PP,
+ /\ ________________

H R ; ! xR > ~_R
O { AcHN” “CO,H'! O OO

—_—

21. Meta-Selective Arene C—H Bond Olefination of Arylacetic Acid Using a Nitrile-
Based Directing Group. Maiti, D. et al. Org. Lett. 2014, 16, 5760.
https://pubs.acs.org/doi/abs/10.1021/01502823¢



COR;
10 mol% Pd(OAC), N

NC R CF;
H jg/ 20 mol% Ac-Gly-OH T
@\/l + Z 2 equiv AgoCO3 0~ "CF;

>

COR; -
HFIP, 90°C, 24h o

up to 83% vyield

22. Diastereotopic Group Selection in Hydroxy-Directed Intramolecular C-H
Alkenylation of Indole under Oxidative Palladium(II) Catalysis. Oestreich, M. et
al. Adv. Synth. Catal. 2014, 356, 1597.
https://onlinelibrary.wiley.com/doi/epdf/10.1002/adsc.201301108

10 mol% Pd(OAC),
2 equiv Li,CO3
4 equiv AgOAc R——
DCE, 90°C, 64h |

_________________________

23. “Asymmetric Total Synthesis of (-)-trans-Blechnic Acid via Rhodium(II)-
Catalyzed C—H Insertion and Palladium(II)-Catalyzed C—H Olefination Reactions”
Hashimoto, S. et al. Synlett 2014, 25, 288.
https://www.thieme-connect.com/products/ejournals/pdf/10.1055/s-0033-
1340291.pdf?update=true

CO,CH,CCly
H Z>C0,CH,CCly Q
Pd(OAC),
O O OTIPS 02, KHCO, O OTIPS
c =X T > o)
OH OTIPS i e OH OTIPS
)OJ\ ! 50%
Me” “N“ “CO.H:
H !

24. Palladium(IT)/Polyoxometalate-Catalyzed Direct Alkenylation of Benzofurans
under Atmospheric Dioxygen. Huang, Q.; Lin, S. et al. ChemCatChem. 2014, 6,
1531.
https://onlinelibrary.wiley.com/doi/full/10.1002/cctc.201400091



25.

26.

27.

Pd(OAc),
H4P|V|O1 1 VO40

AN Clv- 2
RI_ N\ H o+ Ac-Gly-OH N e\ / R
| _ /\RZ R_I
X Na,COj3 7 X
DMF, O
- 2 _ )y M2
(X=0,S) R?=Ar, COR  1500¢ o4

“Synthesis of Ethoxy Dibenzooxaphosphorin Oxides through Palladium-
Catalyzed C(sp*)-H Activation/C—O Formation” Lee, P. H. et al. Beilstein J. Org.
Chem. 2014, 10, 1220.

https://www .beilstein-journals.org/bjoc/articles/10/120

10 mol% Pd(OAC),
2 Phl(OAc),, 2 KOAc
t-BuOH

(@]
n_ORS3
I o

=z
I
3
o
T

Efficient Synthesis of 1,2,3-Triazoles by Copper-Mediated C—N and N-N Bond
Formation Starting From N-Tosylhydrazones and Amines. Zhang, Y. et al. Chem.
Eur. J. 2014, 20, 13692.
https://onlinelibrary.wiley.com/doi/epdf/10.1002/chem.201403515

NNHTs
h Ay~ N
Ar Cu(OAC), )§<N
NaOAc R
Alky—NH, + or > or A
2 H Ac-Gly-OH
Alky~_
R  toluene, 110°C N-N
Ar N
Sy
NNHTs Ar)\(
R

“Synthesis of Ferrocene Derivatives with Planar Chirality via Palladium-
Catalyzed Enantioselective C—H Bond Activation” Cui, X.; Wu, Y. etal. Org. Lett.
2014, 76, 5164.

http://pubs.acs.org/doi/abs/10.1021/01502509f



|
~ Pd(OAC), 0 N
H 0 TBHP, 80°C, 12h

28. “Pd(II)-Catalyzed Intermolecular Direct C—H Bond Iodination: An Efficient
Approach toward the Synthesis of Axially Chiral Compounds via Kinetic
Resolution” Gu, Q.; You, S.-L. ACS Catal. 2014, 4, 2741.
http://pubs.acs.org/doi/abs/10.1021/cs500813z

XN
- R4~ R
C-H activation R > N\O_ " N\o_
+
Pd(OAc), I
protected amino acid ~ R2-C— r2Z
s=41-27 AN N
; Me ; (Ra)-6 (Sa)-6
S 5
! HO Me:
s 0 ;

29. “Ambient-Temperature Ortho C—H Arylation of Benzoic Acids with Aryl lodides
with Ligand-Supported Palladium Catalyst” Zhao, H.; Su, W. et al. Org. Lett. 2015,
17,3418.
http://pubs.acs.org/doi/abs/10.1021/acs.orglett.5b01398

CO,H
g Pd(OAc),
T 7N Ligand
+
R1 | R2_| fo) 1
= = 30°C
e up to 97% yield
Me

m
(@]
O
N
T




30.

“N-Acyl Amino Acid Ligands for Ruthenium(Il)-Catalyzed meta-C—H tert-
Alkylation with Removable Auxiliaries” Ackermann, L. et al. J. Am. Chem. Soc.
2015, 737, 13894.

http://pubs.acs.org/doi/10.1021/jacs.5b08435

31. “Pd(Il)-Catalyzed = Remote  Regiodivergent  Ortho- and Meta-C-H

32.

Functionalizations of Phenylethylamines™ Li, G. et al. Chem. Sci. 2015, 6, 5595.

http://pubs.rsc.org/en/Content/ArticleLanding/2015/SC/C5SCO01737H#!divAbstr
act

COzEt

R
NEO Z > CO,Et ©/\/ E /\00251
COEt
SO
OH !
i

__________________

“Palladium-Catalyzed Olefination and Arylation of Polyfluoroarenes Using

Molecular Oxygen as the Sole Oxidant” Huang, Q. et al. Adv. Synth. Catal. 2015,
357,3753.

http://onlinelibrary.wiley.com/doi/10.1002/adsc.201500632/abstract



H\/\R 1 X
10 mol% Pd(OAC), LN Fn—.(;\/A
R4

DMA, 120°C, 16h

Fn—n— 1 atm O, H
Z X

R_
2I/ |\
» Fn—p
= AN
—R
___________________ 1 |/ 2

O
o” O
T

33. “Pd(II)-Catalyzed Enantioselective Synthesis of P-Stereogenic Phosphinamides
via Desymmetric C—H Arylation” Han, F.-S. et al. J. Am. Chem. Soc. 2015, 137,
632.
http://pubs.acs.org/doi/abs/10.1021/ja512029x

Ar—Bpin
10 mol% Pd(OAC),
BQ, Li,CO3 -
0 —ArF 0 —Ar
\\P/HN Ag,COy N\ PN
S N DMF,40°C e N
_ \R P | P /\R
H NF : CeHa-p-OMe | Ar
E BocHN/Eﬂ/ OH !
5 o) !

34. “Remote para-C—H Functionalization of Arenes by a D-Shaped Biphenyl
Template-Based Assembly” Maiti, D. et al. J. Am. Chem. Soc., 2015, 137, 11888.
http://pubs.acs.org/doi/abs/10.1021/jacs.5b06793

i-Pr
10 mol% Pd(OAC),
3.0 equiv AgOAc
HFIP, 90°C, 36h .

_____________________




35.

36.

37.

38.

“Ligand-Enabled Catalytic C—H Arylation of Aliphatic Amines by a Four-
Membered-Ring Cyclopalladation Pathway” Gaunt, M. J. et al. Angew. Chem. Int.
Ed. 2015, 54, 15840.
http://onlinelibrary.wiley.com/doi/10.1002/anie.201508912/epdf

Me Me 10 mol% Pd(OAC), Me  Me

%NH . @ BQ, Ag2COs, NaHCO, %NH .
xv%% B(OR)y emmmmmmmmmmmaomnns X
\ 1 Me

Me H

“Pd(II)-Catalyzed P(O)R!R?-Directed Asymmetric C—H Activation and Dynamic
Kinetic Resolution for the Synthesis of Chiral Biaryl Phosphates” Yang, S.-D. et
al. Org. Lett., 2015, 17, 2034.
http://pubs.acs.org/doi/abs/10.1021/acs.orglett.5b00844

R N 10 mol% Pd(OAC),
_~—H 20 mol% Ac-Gly-OH
o) Ph >
) + PRI 20 mol% Cu(OAc),
OMen 1 equiv Ag>CO3

CF3CH,0H, 100°C, 16h

“Palladium(Il)-Catalyzed Acetoxime Directed ortho-Arylation of Aromatic
Alcohols” Zhao, Y. et al. Chem. Eur. J. 2015, 21, 17474.
http://onlinelibrary.wiley.com/doi/10.1002/chem.201503284/abstract

BPin 10 mol% Pd(TFA),
N 10 mol% Ac-Gly-OH
X - X >
R1_:(/\6\0 \\‘/4_ C R2 2 equiv Ag,CO3
A Y Z t-amylOH, 120°C, 10h

“Factors Impacting the Mechanism of the Mono-N-Protected Amino Acid Ligand-
Assisted and Directing-Group-Mediated C—H Activation Catalyzed by Pd(II)
Complex” Musaev, D. G. et al. ACS Catal. 2015, 5, 830.
http://pubs.acs.org/doi/abs/10.1021/cs5014706




Side Chain N-Protecting Group
R =H, iPr, iBu PG = H, CO,Me, Boc, Ac

R

PG. ()\)\ N-H bond cleavage Reactivity
H nCO2H and subsequent C-H and
bond activaiton Selectivity

MPAA Ligand

MPAA Backbone Directing Group
n=1,2 DG = Pyridne, CO5K

39. “Direct ortho-C—H Functionalization of Aromatic Alcohols Masked by Acetone
Oxime Ether via exo-Palladacycle” Zhao, Y. et al. Org. Lett. 2015, 17, 1802.
https://pubs.acs.org/doi/pdf/10.1021/acs.orglett.5b00594

10 mol% PdOAc), _N
N 10 mol% AcVal-OH_  gi-i_ | © \\(
| A O N /\ 2 F | _
R P + R 2 equiv AgOAC |
H

dioxane, 90°C, 20h

R2

40. “General Method for the Synthesis of Salicylic Acids from Phenolsthrough
Palladium-Catalyzed Silanol-Directed C—H Carboxylation” Gevorgyan, V. et al.
Angew. Chem., Int. Ed. 2015, 54, 2255.
https://onlinelibrary.wiley.com/doi/epdf/10.1002/anie.201410375

10 mol% PdOACc),
3 equiv AgOAc
B & OH
o. »eu DCE, 95°C, 18h TBAF X
A -1 > —> R——
[ I R LR . Z OH

F H OH : !
: ! o}
: BocHN OH;
Z o

41. Palladium(II)-Catalyzed meta-C-H Olefination: Constructing Multisubstituted
Arenes through Homo-Diolefination and Sequential Hetero-Diolefination. Maiti,
D. et al. Angew. Chem. Int. Ed. 20185, 54, 8515.
https://onlinelibrary.wiley.com/doi/abs/10.1002/anie.201503112



Pd(OAc); (10 mol%)

Ac-Gly-OH (20 mol%) $0O2
ggz + )COZEt Ag,CO; (3equiv.) DG
Z HFIP (07 mL)

H 80 °C, 24h N
CO,Et

meta selectivity >20:1

W)
®
n
O
4

______________________

42. Nickel-Catalyzed Direct Thioetherification of B-C(sp3)-H Bonds of Aliphatic
Amides. Zhang, Y. et al. Org. Lett. 2015, 17, 1340.
https://pubs.acs.org/doi/abs/10.1021/acs.orglett.5b00471

Nickel salt (10 mol%)
Ry O

Ri Q Ac-Gly-OH (20 mol%)
Rz N/Q + RXXR TBAI (4 equiv.), Na;COg3 (2 equiv.) R, N,Q
H DMF (0.6 mL), N, H
H X=8, Se 140 °C, 24h X
|
R

43. Pd(II)-catalysed meta-C—H functionalizations of benzoic acid derivatives. Li, G.
et al. Nat. Commun. 2016, 7, 10443.
https://www .nature.com/articles/ncomms10443

Pd(OAc), (10 mol%)

Cu(OAc), (0.2-1.0 equiv.) Oy DG
Ac-Gly-OH (60-100 mol%)
\ 0O, (1atm) _ o A
R —_
o HFIP (0.1 M) LA
80-90 °C, 24-48h R2

Pd(OAc); (10mol%)
Ac-Gly-OH (20 mol%) O, -DG / Ns :
Ac,0 (5.0 equiv.) : '

N |

\ Phl OACz(SOeqUIV) o A AN DG = ‘3111 \/D:
R'% : !

T HFIP (0.1 M), N3 L ! e |

90 °C, 24h OAc ;

44. The design of a readily attachable and cleavable molecular scaffold for ortho-
selective C—H alkenylation of arene alcohols. Ferreira, E. M. et al. Chem. Sci. 2016,
7, 1982.
https://pubs.rsc.org/en/content/articlepdf/2016/sc/c5sc03948¢g



45.

46.

47.

Pd(OAc), (10 mol%)
Ac-Gly-OH (20 mol%)
DG : DG
(0 AgOAc (3 equiv.) o)
@C * Zcog HFIP. 90°C.3h P
H ' ’ CO,Et
: o) i
E DG = % 7 \ |
: N="":

Divergent and Stereoselective Synthesis of B-Silyl-a-Amino Acids through
Palladium-Catalyzed Intermolecular Silylation of Unactivated Primary and
Secondary C—H Bonds. Shi, B.-F. et al. Angew. Chem. Int. Ed. 2016, 55, 13859.
https://onlinelibrary.wiley.com/doi/epdf/10.1002/anie.201607766

(Me3Si),
Pd(OAc), (10 mol%) o o
N-Boc-Val-OH (20 mol%) Q .
H NG Ag,COs (2 equiv.) ™S N B'\Fnzgt;o ™S OMe
NPht 'BUOH, 125 °C NPhth NPhth
81% 98% ee 65% 99% ee

Palladium(II)-Catalyzed ortho-Arylation of Aromatic Alcohols withaReadily
Attachable and Cleavable Molecular Scaffold. Ferreira, E. M. et al. Chem. Eur.J.
2016, 22, 13054.
https://onlinelibrary.wiley.com/doi/epdf/10.1002/chem.201602844

ArBPin (4 equiv.)
Pd(OAc), (10 mol%)
Ac-lle-OH (20 mol%)
AgoCO3 (2 equiv.)
~QuA 2v-3 ~QuA
@o Qu K,COs (2 equiv) (;Co Qu
H HFIP (0.05 M), 90 °C Ar

N/

_________________________

Selective  Synthesis of Indoles by Cobalt(Ill)-Catalyzed C-H/N-O
Functionalization with Nitrones. Ackermann, L. et al. ACS Catal. 2016, 6, 2705.
https://pubs.acs.org/doi/abs/10.1021/acscatal.5b02937



48.

49.

50.

Cp*Coly(CO) (5.0 mol%)

pH ° Piv-Leu-OH (20 mol%) R
RT ﬁ‘o . |‘| AgSbFg (20 mol%) 4 %Ar

1§ r HFIP, 100 °C, 16 NN

PMP under air H

Palladium catalyzed selective distal C—H olefination of biaryl systems. Maiti, D.
et al. Chem. Commun. 2016, 52, 14003.
http://pubs.rsc.org/-/content/articlehtml/2016/cc/c6cc07861c¢

Pd(OAc), (10 mol%)

Ac-Phe-OH (20 mol%)

(s

AgOAc (2 equiv.
0 . 7 Ewe ;CE/H|(=|P?7/1_)) - O ©
O ] 2 equiv. 65 °C, 42 h, air e
e
DG =

SO
5 NC 5

.........................

“An enantioselective Oxidative C—H/C—H Cross-Coupling Reaction: Highly
Efficient Method to Prepare Planar Chiral Ferrocenes” You, S.-L. et al. J. Am.
Chem. Soc. 2016, 138, 2544.

http://pubs.acs.org/doi/abs/10.1021/jacs.6b00127

NMe, Pd(OAc), (10 mol%) NMe,
H H Boc-lle-OH (20 mol%) = A
% e KoCO3(1.5 equiv.) R l
Fe TR BQ (0.1 equiv.) X e
&) H20 (4 equiv.)
NSP DMA, 80°C, air >

Ligand-Promoted Pd(II)-Catalyzed Functionalization of Unactivated C(sp3)-H
Bond: Regio- and Stereoselective Synthesis of Arylated Rimantadine Derivatives.
Zhang, A. et al. ACS Catal. 2016, 6, 769.
https://pubs.acs.org/doi/abs/10.1021/acscatal.5b02483



PdCl,(MeCN), (10 mol%)
Boc-L-lle-OH (2 equiv.)

toluene, 100°C

f
’ o

51. Palladium(Il)-Catalyzed Tandem Synthesis of Acenes Using Carboxylic Acids as
Traceless Directing Groups. Hong, S. et al. Angew. Chem. Int. Ed. 2016, 55, 8652.
https://onlinelibrary.wiley.com/doi/abs/10.1002/anie.201603661

Pd(OAC), (10 mol%) H
o Ac-lle-OH (20 mol%)
COzH N KoCO3 (1 equiv.) X = \—Y
Ar” Ar OR  BQ (10 mol%), O, =4 7
_ ‘AmylOH, 90 °C, 24 h
1.5 equiv. COR

52. “Directing Group Assisted Meta-Hydroxylation by C—H Activation” Sunoj, R. B.;
Maiti, D. et al. Chem. Sci. 2016, 7, 3147.
http://pubs.rsc.org/en/Content/ArticleLanding/2016/SC/C5SC04060D#!divAbstr

act
Q\S/,O Si > Pd(OAC), (10 mol%) 0,0
0" L __ForGly-OH (25 mol%) _ Sy

PhI(TFA), (4 equiv.)
HFIP, 70°°C, 24 h

53. “Amino Acid-Promoted C-H Alkylation with Alkylboronic Acids using a
Removable Directing Group” Zhang, Y. et al. Org. Biomol. Chem. 2016, 14, 4585.
http://pubs.rsc.org/en/Content/ArticleLanding/2016/OB/C60B00674D#!divAbstr
act



Pd(OAc), (10 mol%) =z

= .

ipr - | Ac-Gly-OH (20 mol%) N |

AN . . i
’Pr/Si N + HOJ _/_R2 AgCO; (Zequiv) ’Pr/SI " R2

H B BQ (1.2 equiv.) S
A / q

R HO NaHCO; (1 equiv.) R P

| _ o

THF, 60 °C, 48 h

25 examples, up to 87% yields

54. “Theoretical Studies on Palladium-Mediated Enantioselective C—H lodination”
Dang, L.et al J. Org. Chem., 2016, 81, 1006.
http://pubs.acs.org/doi/abs/10.1021/acs.joc.5b02571

HOAC
H\/ <
OMe MNHTI MeO ,-Pds\
o Q H pn
|I e \
N Pds(OAC)s AR BN
: o 1 o OMe NHTF
=N
+ | Me
]

55. “Room-Temperature meta-Functionalization: Pd(II)-Catalyzed Synthesis of 1,3,5-
Trialkenyl Arene and meta-Hydroxylated Olefin” Bera, M.; Maiti, D. et al. ACS
Catal. 2016, 6, 3575.
http://pubs.acs.org/doi/abs/10.1021/acscatal.6b00675

Pd(OAc), (10 mol%) Pd(OAC), (10 mol%) 0
Boc-Ala-OH (20 mol%) 0 Ac-Phe-OH (20 mol%) I
o Ag,COs (2 equi 7 : F-OEt
B oKt 92C03 (2 equiv.) P-OEt Ag,COj; (2 equiv.) ba
IIDG PhI(TFA), (4 equiv.) Ar e Olefin (2 equiv)
HFIP, 80°C, 24 h HFIP. RT, 36 h R2X:
OH H o
Pd(OACc), (10 mol%) R?
Ac-Gly-OH (20 mol%)
Ag,CO3 (2 equiv.) HFIP, 80°C, 24 h e
PhI(OAC), (4 equiv.) : & !
Ac,0 (2 equiv.) 1 bG= 0 ;
0 ' CN |
/) ' '
Ar ?_OEt : :
DG T '
OAc

56. “Mechanistic Study on Pd/Mono-N-protected Amino Acid Catalyzed Vinyl-Vinyl
Coupling Reactions: Reactivity and E/Z Selectivity” Zhang, X.; Wu, Y.-D. et al.
Org. Lett., 2016, 18, 5240.
http://pubs.acs.org/doi/abs/10.1021/acs.orglett.6b02542



[ “pd HPh [ Sra” |
H\"'. .I H\""' Tag
& .-H —~~ -H

Rzﬁ‘ou R? o'\"-) Ph

» Stronger basicity promotes reactivity
« Stronger Pd-z(C=C) Interaction increases E/Z seleclivity

57. “Pd-Catalyzed C—H Alkylation of Arenes Using PyrDipSi,a Transformable and
Removable Silicon-Tethered Directing Group” Gevorgyan, V. et al. Chem. Eur. J.
2016, 22, 11201.
https://onlinelibrary.wiley.com/doi/epdf/10.1002/chem.201602513

Pd(OAc), (10 mol%)

P Pl DG
ipr_..DG Boc-Leu-OH (10 mol%)  ipr_&s
Prsi Ag,0 (2.5 equiv.)
N_H + Akyl—B(OH), Li,CO; 25equiv) o~ | alkyl
R | | BQ (0.5 equiv.) S
3 equiv. THF, 60 °C, 72 h
________________ 24 examples
i up to 85% yields
oe= T

b=
/ -
bz

58. “Palladium Catalyzed Selective Distal C—H Olefination of Biaryl Systems” Maiti,
D. etal. Chem. Commun. 2016, 52, 14003.
http://pubs.rsc.org/en/content/articlepdf/2016/cc/c6cc07861¢c

O Pd(OAC), (10 mol%) O
DG Ac-Phe-OH (20 mol%) DG

o /\EWG AgOAc (2 equiv.) . o
O * DCE/HFIP (7/1) O
. o .
H 2 equiv. 65 °C, 42 h, air = EWG
DG= °O




59. Palladium-Catalyzed Directed para C—H Functionalization of Phenols. Maiti, D.

et al. Angew. Chem. Int. Ed. 2016, 55, 7751.
https://onlinelibrary.wiley.com/doi/epdf/10.1002/anie.201601999

o PG Pd(OAC), (10 mol%) oPC
Ac-Gly-OH (20 mol%)
@ . Rl AgOAc (2 equiv)
DCE/TFE (3/1)
H 2 equiv. 60°C, 32 h
RT™S
RZ
41 examples
(para-selectivity up to > 20:1

60. Remote meta C—H bond functionalization of 2-phenethylsulphonic acid and 3-

61.

phenylpropanoic acid derivatives. Maiti, D. et al. Chem. Commun. 2016, 52, 13916.
http://pubs.rsc.org/en/content/articlelanding/cc/2016/c6cc08302a#!divAbstract

Pd(OAC), (7 mol%)

H
R Ac-Gly-OH (21 mol%) X
\Q/\X\DG + / AgCO; (1 equiv.) ‘DG

H 1.5 equiv. DCE, HFIP, 65°C, 48 h =

$0

DG = i
e

...................

Sequential meta-C—H olefination of synthetically versatile benzyl silanes: effective
synthesis of meta-olefinated toluene, benzaldehyde and benzyl alcohols. Maiti, D.
et al. Chem. Commun. 2016, 52, 2027.
https://pubs.rsc.org/en/content/articlelanding/2016/cc/c5cc09446a



2
R “‘/\R1 (2 equiv.)
Pd(OAc), (7.5 mol%)

H ; .
Si(Pr);  Ac-Gly-OH (15 mol%) H Si(Pr),
oT AgaCO3 (1 equiv.) oT

DCE/TFE (3/1), 65 °C, 36 h

H N R2XX
R1
4
D R EEEEEEN . R‘ﬂ/\RB (2 equiv.) o
! ovos : Pd(OAc), (10 mol%) | HFIP, 70°C,
1 T= CN Ac-Gly-OH (20 mol%)| 48h, N,
' AgOAc (1 equiv.)
: : R4
l OMe | 3
\ , R .
------------------ = Si(Pr),
oT
RZ2 X

62. Meta-Selective C—H Arylation of Aromatic Alcohols with a Readily Attachable

63.

and Cleavable Molecular Scaffold. Ferreira, E. M. et al. Chem. Eur. J. 2017, 23,
11519.
https://onlinelibrary.wiley.com/doi/full/10.1002/chem.201703054

Pd(TFA), (10 mol%)

Y ToQuA | TFA-Gly-OH (20 mol%) . [ OQuA
RT @ NBE-CO,Me (1.5 equiv.) _
+ CO,R AgOAc (1 equiv.) _

CO.R
H o 2

4 equiv. DCE, 100 °C, 24 h

i : E 29 examples

+ QuA = 7 N !

1 AN !

| o | :

| = !

.............................

A meta-selective-C—H alkenylation of phenol-derivatives employing a traceless
organosilicon template. Zhou, M.-D.; Xu, Z. et al. Chem. Commun. 2017, 53,
132009.

http://pubs.rsc.org/-/content/articlehtml/2017/cc/c7cc07093d



64.

65.

Pd(OAc), (10 mol%)

0 2 Ac-Gly-OH (20 mol%)
@ + AR AgOAc (2equiv)
[o]
.y DCE/HFIP (1/0.3), 60 °C, 24 h A R,
................................ R’

Activation of Remote meta-C—H Bonds in Arenes with Tethered Alcohols: A
Salicylonitrile Template. Xu, X.; Jin, Z. et al. Angew. Chem. Int. Ed. 2017, 56,
12245.

https://onlinelibrary.wiley.com/doi/full/10.1002/anie.201705495

Pd(OAC), (10 mol%) St
T Ac-Gly-OH (20 mol%)
+OEO,CTY AgOAc (1.5 equiv)
HFIP, 55 °C
H
N=0,1,2 34, .. S . CO,Et
. CN ;
T 4o |
\ OMe

“Template-Assisted meta-C—H Alkylation and Alkenylation of Arenes” Maiti, D.
et al. Angew. Chem., Int. Ed. 2017, 56, 3182.
https://onlinelibrary.wiley.com/doi/epdf/10.1002/anie.201611360

0 0
O\\S’Q DG Pd(OAc); (10 mol%) O\‘S’Q O,DG
0 R? Ac-Gly-OH (20 mol%)
N Rv\(OH Ag;CO; (35 equiv.) -
R HFIP (2.5 mL), o
Me H 0,,80°C, 30 h Me

prmmmmm e , R® R’
DG =
: % 5
: 2N
E N%/N E




66. “Palladium-Catalyzed Remote meta-Selective C—H Bond Silylation and

Germanylation” Maiti, D. et al. Organometallics 2017, 36, 2418.
https://pubs.acs.org/doi/pdf/10.1021/acs.organomet.7b00309

0. .,0

N\o”

Me;Si-SiMe; or Me;Ge-GeMes
Pd(OAc), (10 mol%)
Ac-Gly-OH (20 mol%)
Ag>,CO3 (3 equiv.)

S\
©/\Mn DG

H
n=012

HFIP (1.8 mL),

Na,SOy,, 45 °C the 65 °C, 36 h

............................

o. 0
\N\~7

SiMej or GeMej3

67. “Catalytic Arene meta-C—H Functionalization Exploiting a Quinoline-Based
Template” Maiti, D. et al. ACS Catal. 2017, 7, 3162.
https://pubs.acs.org/doi/pdf/10.1021/acscatal. 7600247

Pd(OAC), (10 mol%)

Pd(OAc), (10 mol%)
Ac-Gly-OH (20 mol%)
PhI(OAc), (4 equiv.)

50,
DG

e e e e e e

HFIP, Ac,0, 80 °C, 24-36 h

2
©ﬂ SO, R Ac-Gly-OH (20 mol%) SO,
DG *t % AgOAc (2 equiv.) DG
R HFIP/ DCE (1/1),
H . (-80 °C, 24-48 h R2X
(2 equiv.) R

68. “Remote meta-C—H Cyanation of Arenes Enabled by a Pyrimidine-Based
Auxiliary” Maiti, D. et al. Angew. Chem., Int. Ed. 2017, 56, 12538.
https://onlinelibrary.wiley.com/doi/epdf/10.1002/anie.201706360



69.

70.

71.

Pd(OACc), (10 mol%)
XbG Ac-Gly-OH (20-30 mol%) e
AgOACc (2 equiv.)
+ CN source >

H Co i CN

, DG= !

%o e

e N

E N%/N E

“Pd-Catalyzed Enantioselective C—H Arylation of Phosphinamides with Boronic
Acids for the Synthesis of P-Stereogenic Compounds” Han, F.-S. et al
Tetrahedron: Asymmetry 2017, 28, 522.
http://www.sciencedirect.com/science/article/pii/S0957416617300411?via%3Dih
ub

Pd(OAc), (10 mol%) —Ff—
0. NHCeF5 N-Boc-O-'Bu-Tyr-OH (20-30 mol%) \ /
o P Ag,COsmKHCO; °
R—:/ | R * Ar—B(OH), Benzoquinone R@i “NHC4Fs
H,O, DMF, 40 °C N~ A

Synthesis of Active Hexafluoroisopropyl Benzoates through a Hydrogen-Bond-
Enabled Palladium(II)-Catalyzed C—H Alkoxycarbonylation Reaction. Gevorgyan,
V. etal. Angew. Chem. Int. Ed. 2017, 56, 3191.
https://onlinelibrary.wiley.com/doi/epdf/10.1002/anie.201611757

. N*= 0 ) N*
_ipr /E Pd(OAc), (10 mol%) - Ipr /E
’Pr\\S.)\\N Ac-Leu-OH (20 mol%) 'Pr\\Si)\\N

i X

Q H + R-OH AgOAc (4 equiv.), CO . § CO,R
) | o] 3 _|
R-r P 5 equiv. DCE, 50°C, 18 h Ry P

“Ligand-Assisted Palladium-Catalyzed C—H Alkenylation of Aliphatic Amines for
the Synthesis of Functionalized Pyrrolidines” Gaunt, M. J. et al. Chem. Sci. 2017,
8, 3586.
http://pubs.rsc.org/en/content/articlelanding/2017/sc/c7sc00468k#!divAbstract




ZEWG
R?2 R3 Pd(OAC), (10 mol%) R? R® —EWG
%N/H Ac-Gly-OH (20 mol%) N
0 H AgOAc (2-3equiv) _ O
71/%\/ HFIP, 60-80 °C R
0 o)

72. “Monoprotected L-Amino Acid (L-MPAA), Accelerated Bromination,
Chlorination, and Iodination of C(sp?)~-H Bonds by Iridium(III) Catalysis”
Nocholls, I. A. et al. Chem. Eur. J. 2017, 23, 7031.
http://onlinelibrary.wiley.com/doi/10.1002/chem.201700280/full

o [Cp*IrCl,], (0.5 mol%)
NHAC Boc-Phe-OH (10 mol%) NHAC
et Nex AGNTE, (5mol%) (X
RT DCE, RT, 4 h R
b
o
X =Cl Br, |

73. “Mono-N-Protected Amino Acid Ligands Stabilize Dimeric Palladium(II)
Complexes of Importance to C—H Functionalization” Lewis, J. C. et al. Chem. Sci.
2017, 8, 5746.
http://pubs.rsc.org/en/Content/ArticleLanding/2017/SC/C7SC01674C#!divAbstra
ct

C-H activation with mono-protected amino acids ~

Q

Pd(OAc), “"J\I’H‘n/ :',"'? NOE ox H ¢ % o _:a.

74. “Incorporation of Carbon Dioxide into Carbamate Directing Groups: Palladium-
Catalyzed meta-C—H Olefination and Acetoxylation of Aniline Derivatives” Li, G.
et al. Adv. Synth. Catal., 2017, 359, 2235.
http://onlinelibrary.wiley.com/doi/10.1002/adsc.201700261/abstract



ethyl acrylate (2 equiv.)

Ns\N,DG Pd(OAc), (10 mol%) NS\N/DG
Ac-Gly-OH (60 mol%)
X Ag,CO5 (3 equiv.) X
R _ HFIP/DCE (1/1) R _
H 80°C, 24 h |

e
()
I
-~
>:

CO,Et

75. “Palladium-catalyzed C—H olefination of uracils and caffeines using molecular
oxygen as the sole oxidant” Huang, Q. et al. Org. Biomol. Chem. 2017, 15, 3499.
http://pubs.rsc.org/en/Content/ArticleLanding/2017/OB/C70B00616K#!divAbstr

act
0
Ro- H
Ro- R
R &I\
Pd(OAc), (10 mol%) > O° N Rs
Z-Phe-OH (10 mol%) 20 examples R,
R1\/\ 1atm O,
H PivOH o R
100-140 °C, DMA, 24 h 16 examples R.

1
0 -0 INJR1
R /
PR R
07 "N N
Rll

76. “Chelation versus Non-Chelation Control in the Stereoselective Alkenyl sp> C—H
Bond Functionalization Reaction” Xu, Y.-H.; Loh, T.-P. et al. Angew. Chem. Int.

Ed. 2017, 56, 5091.

http://onlinelibrary.wiley.com/doi/10.1002/anie.201700559/abstract

Pd(OAc); (10 mol%)
OH Ac-Phe-OH (50 mol%) oH
Ag,CO3 (1.5 equiv.)

Cs,COj3 (30 mol%)
CF3CH,OH (5 equiv.)

1,4-Dioxane, 50 °C, 48 h

R
Me/:/\/




77.

78.

“Total Synthesis and Stereochemical Assignment of Delavatine A: Rh-Catalyzed
Asymmetric Hydrogenation of Indene-Type Tetrasubstituted Olefins and Kinetic
Resolution through Pd-Catalyzed Triflamide-Directed C—H Olefination” Shen, Y .-
H.; Li, A.; Zhang W.-D. et al. J. Am. Chem. Soc. 2017, 139, 5558.
http://pubs.acs.org/doi/abs/10.1021/jacs.7b01718

COzMe

X

methyl acrylate (2 equiv.) NHTf

Pd(OAC), (10 mol%)
Boc-Leu-OH (20 mol%)

AgOAc (2.5 equiv.)
K,CO3 (2.5 equiv.)

H —NHTf
N MeO
IAMOH/NMP (3/1), 60 °C, 48 h .
—NHTf

MeO :

“P(O)Rz-Directed  Enantioselective =~ C-H  Olefination  toward  Chiral
Atropoisomeric Phosphine—Olefin Compounds” Yang, S.-D. et al. Org. Lett. 2017,
19, 1842.

http://pubs.acs.org/doi/abs/10.1021/acs.orglett. 7b00608

MeO

R2
R1

11
PPh,

H

+

Z>R

Pd(OAc), (5 mol%)
Boc-Val-OH (10 mol%)
AgOACc (4 equiv.)

R2

OX:

11
PPh,

CF3;CH,OH/DME (1/1), 60 °C

R! O xR
(S)-product, 29 examples
up to 99% vyield, up to 96% ee

79. “Palladium-Catalyzed ortho-C—H Arylation of Acetophenone Oxime Ethers with

Aryl Pinacol Boronic Esters” Lee, C.-F. et al. J. Org. Chem. 2017, 82, 10070.
http://pubs.acs.org/doi/abs/10.1021/acs.joc.7b01524

Pd,dbas (10 mol%) -OMe
o NOMe Ac-Gly-OH (20 mol%) AN
Q . Ag2COs (2 equiv.) X -7
RIL | + Ar-B(pin) KF (3 equiv.) > R P /)'
N HFIP, 70 °C, 24 h ~
23 examples
up to 89% yield




80. “Pd-catalysed ligand-enabled carboxylate-directed highly regioselective arylation

of aliphatic acids” Zhao, Y. et al. Nat. Commun. 2017, 8, 14904.
https://www.nature.com/articles/ncomms 14904.pdf

Pd(OAc), (10 mol%) R R
R R Ac-Gly-OH (30 mol%) . OH
" OH Ag,CO3 (1 equiv.) Sy
s + Arl KZCO3 (1 eqUIV.) Ar 0
H O
HFIP, 12 h 45 examples
up to 90% vyield

81. Pd-catalysed ligand-enabled carboxylate-directed highly regioselective arylation

of aliphatic acids. Zhao, Y. et al. Nat. Commun. 2017, 8, 14904.
https://www.nature.com/articles/ncomms 14904

NPhth 5 mol% Pd(OAc),
H OH | Ar-| 30 mol% Ac-Gly-OH
5 1 equiv Ag>,CO3

50 mol% K,CO4

r R 10 mol% Pd(OAc),

H\)\WOH + A _30mol%AcG-OH AN
1 equiv Ag,CO3 Ri—

o =

50 mol% K,CO4

= NPhth

82.

Ligand-controlled Regiodivergent C-H Alkenylation of Pyrazoles andits

Application to the Synthesis of Indazoles. Joo, J. M. et al. Angew. Chem. Int. Ed.

2017, 56, 16262.
https://onlinelibrary.wiley.com/doi/abs/10.1002/anie.201709162

5 mol% Pd(OAC),

//1 10 mol% Ac-Val-OH 7 )
N, 50 mol% KOAc N,
N> * AR : N
Me Mé

AR

83. Total Synthesis of Aurofusarin: Studies on the Atropisomeric Stabilityof Bis-
Naphthoquinones. Porco, J. A. J. et al. Angew. Chem. Int. Ed. 2018, 57, 2101.

https://onlinelibrary.wiley.com/doi/full/10.1002/anie.201711535



84.

85.

86.

OH OMe O 10 mol% Pd(OAc),
10 mol% Ac-L-Leu-OH

H
(1) &
MeO (@)

OMe

Dual Ligand-Enabled Nondirected C—H Olefination of Arenes. Gemmeren, M. V.
et al. Angew. Chem. Int. Ed. 2018, 57, 2497.
https://onlinelibrary.wiley.com/doi/full/10.1002/anie.201712235

10 mol% Pd(OAc),
H 30 mol% Ac-Gly-OH EWG

H. B g 20 mol% L, =N
+ EWG._~ 3 equiv AgPAc . | P

o | B:a>90:10

p
\ //
A/

2
o
.
D

Palladium-Catalyzed Enantioselective C—H Olefination of Diaryl Sulfoxides
through Parallel Kinetic Resolution and Desymmetrization. Wang, X.-S. et al.
Angew. Chem. Int. Ed. 2018, 57, 5129.
https://onlinelibrary.wiley.com/doi/abs/10.1002/anie.201801146

_ 10 mol% Pd(OAc), o
Q 30 mol% Ac-Leu-OH oSt
N § N v AR 2 equiv Ag,CO4 R * | —R
RT | =R - = p
ANy NF |

71% - 99% ee

Ir(IIT)MPAA-Catalyzed Mild and Selective C—H Amidation of N-Sulfonyl
Ketimines: Access to Benzosultam-Fused Quinazolines/Quinazolinones. Deb, 1. et
al. J. Org. Chem., 2018, 83, 3756.
https://pubs.acs.org/doi/abs/10.1021/acs.joc.8b00125



o 0)
L0 o . 3mol% [Cp*IrCll §°°
N 12 mol% Boc-L-Phe-OH ‘N
/ . O//< 12 mol% AQOTf _ ¢ H
Hoo ) N2 . NKRZ
7 \ R2 N 4 \ O
R RS

87. Palladium-catalyzed dehydrogenative coupling of cyclic enones with thiophenes:
arapid access to B-heteroarylated cyclic enones. Chao, J.-B. et al. Chem. Commun.,
2018, 54, 3668.
http://pubs.rsc.org/en/content/articlehtml/2018/cc/c8cc01059¢

10 mol% PdCl,
o 10 mol% Ac-Gly-OH @
S 2.0 equiv Ag,CO;4
S 20 mol% AgSbFg
R -
h )
H n ,

n ,\R

88. Diverse Meta-C—H Functionalization of Arenes Across Different Linker Lengths.
Martin, R. et al. Angew. Chem. Int. Ed. 2018, 57, 7659.
https://onlinelibrary.wiley.com/doi/abs/10.1002/anie.201804043

15 mol% Pd(OAc),

30 mol% Ac-Gly-OH
Long chain> 3 equiv Ag,CO; Long chain>

> aqui
(™) + CuCN — 2equivCu,0 R_,\ O
=

15 mol% Pd(OAc),

Long chain> 30 mol% Ac-Gly-OH

2 equiv AgOAcC

E2
N\ //
S,
\
2}
y

89. C—H Alkenylation of Pyrroles by Electronically Matching Ligand Control” Joo, J.
M. et al. Chem. Asian J. 2018, 13, 2418.
https://onlinelibrary.wiley.com/doi/epdf/10.1002/as1a.201800558



90.

91.

10 mol% Pd(OAc),

]\ 20 mol% Ac-Val-OH 7\
HaC N H + A EG 1equivKOAc  HsC N A EG
I I
O CHs O: O CH,

“Monoprotected Amino Acid (MPAA) Ligand Enabled C-H Alkynylation of
Phenyl Acetic Acid” Zeng, M.-H. et al. Org. Lett. 2018, 22, 7274.
https://pubs.acs.org/doi/10.1021/acs.orglett.8b03182

10 mol% Pd(OAc),

R, 20 mol% Boc-Phe-OH R
2 equiv AgOAc AN CO,H
X i 1 2
Rzg/\ﬁ\cozH + B—=——TIPS 2 equiv NaOAc ~ Ro
AN X

TIPS

Good ee obtained with chiral staring materials

Cp*Co(IIT)/MPAA-Catalyzed Enantioselective Amidation of Ferrocenes Directed
by Thioamides under Mild Conditions. Shi, B. -F. et al. Org. Lett. 2019, 21, 1895.
https://doi.org/10.1021/acs.orglett.9b00511

NR', Q" 5 mol% [Cp*Co(CH3CN)3](SbFg)s NR',
g Q\ o 20mol% (D)-BzHpg-OH "

OH
(D)-Bz-Hpg-OH

92. Ligand Promoted, Palladium-Catalyzed C(sp:)-H Arylation of Free Primary 2-

Phenylethylamines. Li, G. et al. Org. Lett. 2019, 21, 4224.
https://doi.org/10.1021/acs.orglett.9b01411



I 1) 5 mol% Pd(OAc),
40 mol% Ac-Gly-OH NHBz

NH
R_I(\I\/ 2 N 1.25 equiv AngO3 . R_| N
Z Y 2) 3.0 equiv Bz,0 = p-tol

3.0 equiv K,CO;
Me

93. Pd(Il)-Catalyzed Regio- and Enantioselective Oxidative C—H/C—H Cross-
Coupling Reaction between Ferrocenes and Azoles. You, S. -L. et al. Angew.Chem.
Int. Ed. 2019, 58, 2149.
https://doi.org/10.1002/anie.201813887

5 mol% Pd(Oac), R
NMe, 10 mol% Boc-L-lle-OH N 2 NMe
H R 2.0 equiv K,CO3 /« \
, '/\l \< 10 mol% BQ R 0
Fe + R /< H o Fle
: 1 O |
()Y &
> 98% ee

94. Palladium-Catalyzed, Enantioselective = Formal Cycloaddition between
Benzyltriflamides and Allenes Straightforward Access to Enantioenriched
Isoquinolines. Gulias, M. et al. J. Am. Chem. Soc. 2019, 141, 1862.
https://doi.org/10.1021/jacs.8b12636

10 mol% Pd(OAc), Ar
Ar 40 mol% 2,6-F,F-Bz-Leu-OH -
2 equiv Cu(OAc),
R4 R4 .
d\NHTf N >::< 1.5 equiv Cs,CO3 RR4
H R R3 | 3
R;™ "Ry

v F : up to 98; Zr
o
NN,

! 2 6-F F-Bz-Leu-OH |

95. Catalytic Asymmetric Carbonylation of Prochiral Sulfonamides via C-H
Desymmetrization. Xu, L. -W. et al. ACS Catal. 2019, 9, 143.
https://doi.org/10.1021/acscatal.8b04725



10 mol% Pd(OAc), @)

10 mol% CuCl, NR
i MR 30 mol% Boc-L-Val-OH 7
| X | AN 30 mol% CS?COq - | AN ‘1, | AN
// /\/ - // /\/
K> 2, CO/0, = 1/5 4 2

up to 96% ee

96. Ruthenium-Catalyzed Gram-Scale Preferential C—H Arylation of Tertiary

Phosphine. Zhen, M. -H. et al. Org. Lett. 2019, 21, 2885.
https://doi.org/10.1021/acs.orglett.9b00888

5 mol% [RuCly(p-cymeme)],
15 mol% Ac-B-Ala-OH

PPh2 i 2 equivCsOAC _ PhyP ‘ O

“Chelation-directed remote meta-C—H functionalization of aromatic aldehydes
and ketones” Jin, Z. et al. Chem. Commun. 2019, 55, 12408.
https://pubs.rsc.org/en/content/articlepdf/2019/cc/c9cc05807a

1) 3 equiv Ethyl acrylate

HR_ _O HR. 95— 10 mol% Pd(OAc),  H/R._O
11 eauiv T N 20 mol% Ac-Gly-OH
-1 equiv > 2 equiv AgOAc
|® 2) Hy0 @
H @ N P00,k
T

“Sequential ortho-C—H and ipso-C—O Functionalization Using a Bifunctional
Directing Group” Jin, Z. et al. Org. Lett. 2019, 21, 7928.
https://pubs.acs.org/doi/pdf/10.1021/acs.orglett.9602910



10 mol% Pd(OAc),

R 20 mol% Ac-Gly-OH R T

T :
O/ + /\CozEt 3.0 equiv AgOAC - @ O/

H T : = CO,Et

L ONPON E

! -~ | !

0

i NC :

A L :

99. “Ligand-Enabled Pdi-Catalyzed Iterative y-C(sp3)—H Arylation of Free Aliphatic
Acid” Maiti, D. et al. Angew. Chem. Int. Ed. 2019, 58, 13773.
https://onlinelibrary.wiley.com/doi/epdf/10.1002/anie.201907262

10 mol% Pd(OAc),
20 mol% Ac-Gly-OH Me

| .
Me Me O 0.5 equiv Nas,HPO, OH
+ AN 2 equiv AgOAc
OH | > X
X
H R

100. “Sterically Controlled Late-Stage C—H Alkynylation of Arenes” van Gemmeren,
M. etal. J. Am. Chem. Soc. 2019, 141, 18662.
https://doi.org/10.1021/jacs.9b10868

10 mol% Pd(OAc),
30 mol% Ac-Phe-OH
20 mol% Pyrazine

TIPS . g7

2equivAg,0 . R Z
| + // L \\
= Br/ | _—

TIPS

101.“Palladium-Catalyzed Enantioselective C—H Aminocarbonylation: Synthesis of
Chiral Isoquinolinones” Xia, J.-B. et al. Org. Lett. 2019. 21, 1749.
https://pubs.acs.org/doi/10.1021/acs.orglett.9b00315



10 mol% PdCl,
20 mol% L-pGlu-OH
10 mol% (S)-BINOL
H R 10 mol% Cu(OTf), O

@ HN’ @ + CO 4 equiv Ag,CO; 5 N'R g

102. “Carboxylate-Assisted Pd(II)-Catalyzed ortho-C—H and Remote C—H Activation:
Economical Synthesis of Pyrano[4,3-b]Indol-1(5H)-ones” Zeng, M.-H. et al. Org.
Lett. 2019, 21, 2847.
https://pubs.acs.org/doi/10.1021/acs.orglett.9b00851

10 mol% Pd(0AC),
CO.H 30 mol% Ac-L-Phe-OH 0
2 2.5 equiv 3,5-difBu-1,2-BQ 0
Ny + AR 2.0 equiv Ko;HPO, v R
N
\ \

103. “Palladium-Catalyzed Late-Stage Direct Arene Cyanation” Ritter, T. et al. Chem.
2019, 5, 97.
https://www.sciencedirect.com/science/article/pii/S2451929418304479?via%3Di
hub

10 mol% Pd(OPiv),

20 mol% Ac-Ala-OH

30 mol% quinoxaline
1.0 equiv KFTA

Me H . CN
D/ + KyFe(CN)g 2.0 equiv Cu(OAc), D/
Me

104. Catalytic C(sp’)-H bond activation in tertiary alkylamines. Gaunt, M. J. et al. Nat.
Chem. 2020. 12, 76.
https://doi.org/10.1038/s41557-019-0393-8



10 mol% Pd(OAC),
R. 25mol% Ac-L-t-Leu-OH Rs
Ri Ra B S " 2.5 equiv Ag,COs Ri Re @)
R{N H . HO\B _7 2.0 equiv BQ . R2/N 2
|
Rs OH Rj;
Z=C,N

105. Weak coordinated nitrogen functionality enabled regioselective C—H alkynylation
via Pd(ii)/mono-N-protected amino acid catalysis. Li, X. et al. Chem.Commun.,
2020, 56, 11255.
https://doi.org/10.1039/DOCC04739B

5 mol% Pd(OAc),
30 mol% Boc-L-Leu-OH

NHTF TIPS 3% mol% xagﬁc NHTf
+ Z .0 equiv AgOAc
Z4 -
H Br/ AN

TIPS

106. Late-Stage Modification of Tertiary Phosphines via Ruthenium(II)-Catalyzed C—
H Alkylation. Zhen, M. -H. et al. Org. Lett. 2020, 22, 1331.
https://doi.org/10.1021/acs.orglett.9604590

5 mol% [RuCly(p-cymene)],
5 mol% P(4-MeO-CGH4)3
30 mol% Boc-L-Phe-OH

2.0 equiv K2HPO4 ‘

+  ZCO,Et

107. “A direct route to six and seven membered lactones via y-C(sp:)—H activation: a
simple protocol to build molecular complexity” Maiti, D. et al. Chem. Sci. 2020,
11,9697.
https://pubs.rsc.org/en/content/articlepdf/2020/sc/d0sc03144e



H

Me

10 mol% Pd(TFA)

Y

Me >E)OJ\ 20 mol% Ac-L-Val-OH
oH 1.0 equiv Na;HPO,

2.0 equiv Ag,CO5

R

@)
MGQR

Me

Me
Me

0

108. “Ultrasound-Facilitated Direct meta-C—H Functionalization of Arenes: A Time-
Economical Strategy under Ambient Temperature with Improved Yield and
Selectivity” Maiti, D. et al. Chem. Eur. J. 2020, 26, 11426.
https://chemistryeurope.onlinelibrary.wiley.com/doi/epdf/10.1002/chem.2020017

57
PdOAc,
Ac-Gly-OH/ Ac-Leu-OH/ Boc-Ala-OH
DG [O], ultrasound > DG
H FG
§ i L £
FG= S\ ;\)J\R ;\O)]\Me NSRSy
109. “Carboxyl-Assisted meta-Selective C-H Functionalizations
Benzylsulfonamides™ Li, G. et al. Org. Lett. 2020, 22, 7791.
https://pubs.acs.org/doi/pdf/10.1021/acs.orglett.0c02528
1) 10 mol® Q
o ) 10 mol% Pd(OAc), N0
N G0 35mol% Ac-Phe-OH Il $
I 2) Mel, K,CO 2 DG
Rt J b * 2w ) =
A
H
R’

of

110. “Tailored quinones support high-turnover Pd catalysts for oxidative C—H arylation
with O,” Stahl, S. et al. Science 2020, 370, 1454.
https://www.science.org/doi/epdf/10.1126/science.abd 1085



0.15 mol% Pd(O,CR)»
10 mol% Ac-lle-OH
30 mol% 2,5-tBuBQ
2 equiv KHCO’;, 02 -

CF;

F
e QL
BPin
H

CF;

CE\COzH
A F

r

111.“Ligand-Enabled y-C(sp)~H Olefination of Free Carboxylic Acids” van
Gemmeren, M. et al. Angew. Chem. Int. Ed. 2020, 59, 12848.
https://onlinelibrary.wiley.com/doi/epdf/10.1002/anie.202002362

10 mol% Pd(OAc),
20 mol% Ac-Gly-OH
1.75 equiv Ag,CO4

H
CO2 0.2 equiv Na,HPO,

7@H+

ZEWG

EWG

112.“Combined Cyanoborylation, C-H Activation Strategy for Styrene
Functionalization” Ansel, A. Q.; Montgomery, J. Org. Lett. 2020, 22, 8538.
https://pubs.acs.org/doi/pdf/10.1021/acs.orglett.0c03138

@X\YQH + Acy,0
CN

20 mol% Pd(OAc),

20 mol% Ac-Gly-OH

3.0 equiv Phl(OAc),
20 mol% AgTFA

QX\Y’ i ~OAC
CN

113.“Enantioselective Synthesis of Atropisomeric Anilides via Pd(II)-Catalyzed
Asymmetric C—H Olefination” Shi, B.-F. etal. J. Am. Chem. Soc. 2020, 142, 18266.
https://pubs.acs.org/doi/10.1021/jacs.0c09400

0]

~

R_‘
TN
R

N

e

R3

R3
7~
o~ 2.5 equiv AQOAC NN
@/H 7 "COMe RN A -COMe
2710 Ro—
A 2 N |

10 mol% Pd(OAc),

0]

20 mol% Ac-pGlu-OH




114.“Pd-Catalyzed ortho-C—H Olefination of Benzenesulfonamides Directed by 7-
Azaindole” Huo, L. et al. Asian J. Org. Chem. 2020, 9, 2087.
https://onlinelibrary.wiley.com/doi/epdf/10.1002/ajoc.202000566

10 mol% Pd(OAc),
20 mol% Ac-Gly-OH R
10 0O

RiQ 0 3.0 equiv AGOAC )
SZ 0.5 equiv (NH,),SO S<
DG + /\Rz 4)2004 DG
pZ
H R,

DG = 7-azaindole

115. Atroposelective synthesis of N-aryl peptoid atropisomers via a palladium(II)-
catalyzed asymmetric C—H alkynylation strategy. Shi, B. -F. et al. Chem. Sci., 2021,
12,9391.
https://doi.org/10.1039/D1SC01130H

o o 0 0
H 10 mol% Pd(MeCNg)chg H
MN N\)I\OMe TIPS 20 mol% L-pGlu-OH N N\)I\OMe

: il
R—7 _N o} + | | 3.0 equiv AQQCO3 = R KyN /\[OL TIPS
iPr H iPr 4
Br

116.“Palladium-Catalyzed Distal m-C—H Functionalization of Arylacetic Acid
Derivatives” Srinivas, D.; Satayanarayana, G. Org. Lett. 2021, 23, 7353.
https://pubs.acs.org/doi/pdf/10.1021/acs.orglett.1c02460

10 mol% Pd(OAc),

(@]
R o 20 mol% Ac-Gly-OH o
R4 /D + /\COZEt 2.0 equiv AgOAc R,
Xy NC Xy NC
R2_| P NTE
H

117.“Facile synthesis of axially chiral styrene-type carboxylic acids via palladium-
catalyzed asymmetric C—H activation” Wang, X.-S. et. al. Chem. Sci. 2021, 12,
3726.
https://pubs.rsc.org/en/content/articlepdf/2021/sc/d0sc06661c



1) 10 mol% Pd(OAc),
20 mol% Boc-L-Leu-OH
0.5 eqiv BQ
1.5 equiv Ag,CO4

2.0 equiv KHCO;

2) Mel, K2CO3

+ ArBPin

118. “Sequential C—H activation enabled expedient delivery of polyfunctional arenes”
Li, X. et al. Chem. Commun. 2021, 57, 8075.
https://doi.org/10.1039/D1CC03243G

3 mol% [Cp*RhCl],
3.1 equiv AgNTf, Tolw

15 mol% Bqc-L-Leu-OH S
@ /©/\ /Tol 2.0 equiv Cu(OAc); CN

119.“Assembly of Tetrahydroquinolines and 2-Benzazepines by Pd-Catalyzed
Cycloadditions Involving the Activation of C(sp’)-H Bonds” Gulias, M. et al. Org.
Lett. 2021, 23, 5323.
https://pubs.acs.org/doi/10.1021/acs.orglett.1c01594

10 mol% Pd(OAc),
40 mol% Ac-Val-OH

1.0 equiv Cu(OAc), R4
R R 15 equiv DMSO
H 2 4 1.0 equiv Cs,CO =
b e .0 equiv Cs;CO3 @ Rs
NHTf Ry Rs N VR4
Tf R

120. “Synthesis of Chiral Sulfoxides via Pd(II)-Catalyzed Enantioselective C—H
Alkynylation/Kinetic Resolution of 2-(Arylsulfinyl)pyridines” Shi, B.-F. et al. Org.
Lett. 2021, 23, 7910.
https://pubs.acs.org/doi/10.1021/acs.orglett.1c02918

10 mol% Pd(OAc),
TIPS 2 0 equiv Ag,CO,

I
S | S | | 20 mol% L-pGlu- OH |Ar2 |
NAZ Ar
H Br
TIPS

Kinetic Resolution




121.“Catalytic asymmetric oxidative carbonylation-induced kinetic resolution of
sterically hindered benzylamines to chiral isoindolinones” Xu. L.-W. et al. Chem.
Commun. 2021, 57, 1778.
https://pubs.rsc.org/en/content/articlelanding/2021/CC/DOCC07218D

10 mol% Pd(OAc), o Ans
30 mol% CuCl, NHAns N
H NHAns 30 mol% Boc-L-Leu-OH
. 30 mol% Cs,CO; R R
CO:0,=15

Kinetic Resolution up to 99:1 er up to 97:3 er




