Amide N-C Bond Activation: A Graphical Overview of Acyl and Decarbonylative Coupling
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Abstract This Graphical Review provides an overview of amide bond activation achieved by selective oxidative addition of the
N—-C(O) acyl bond to transition metals and nucleophilic acyl addition, resulting in acyl and decarbonylative coupling together
with key mechanistic details pertaining to amide bond distortion underlying this reactivity manifold.

Key words C—N activation, amide bond activation, acyl coupling, decarbonylative coupling, acyl addition, catalysis

The importance of amide bond is undeniable. The amide bond is the fundamental linkage of life in
peptides and proteins. Due to its special dipolar character, amides are indispensable in pharmaceuticals,
pesticides, polymers. At present, more than 50% of drug candidates contain amide bonds. Remarkably,
reactions of amides are the most common type of reactions used in current medicinal chemistry.

Typical planar amides feature strong amidic resonance, nN = ©*c=0 conjugation (15-20 kcal/mol), which
renders amide bond cleavage extremely difficult. However, the amide bond can be sterically-twisted or
electronically-activated by functionalizing the nitrogen atom of the amide bond. In this way, the amide
bond resonance can be significantly decreased or diverted onto the activating group, thus enabling
highly selective activation of N-C(0) amide bonds.

The recent years have seen an explosion of amide bond activation methods. Although the concept of
amide bond twisting and the concurrent decrease of amidic resonance in bridged lactams was proposed
as early as in 1930s, it was not until 2015 that generic acyclic twisted amides were used for the first time as
cross-coupling partners in selective N-C(0) bond activation, thus effectively serving as surrogates for
acyl and aryl halides and pseudohalides in transition-metal-catalysis.
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Amide bond activation can be categorized as acyl coupling and decarbonylative coupling. This reactivity
is triggered by selective oxidative addition of the N-C(0) acyl bond to transition metal, leading to either
direct transmetalation or CO de-insertion. Furthermore, the successful use of amides as acyl halide
equivalents in transition-metal-catalysis spearheaded the development of an array of highly selective
methods for nucleophilic acyl addition to amide bonds, resulting in an alternative disconnection to acyl
products. In many cases, the direct nucleophilic acyl addition shows advantages over transition-metal-
catalyzed variants; however, it should be noted that these manifolds are broadly complementary.

This Graphical Review provides an overview of the key studies in amide bond activation covering the
period of 2015 to 2022. The goal of this Graphical Review is to provide a summary of the reactions
developed and manifolds established in the main areas of amide bond activation, including acyl and
decarbonylative coupling as well as acyl nucleophilic addition, while highlighting the underlying
mechanisms and amides that are critical to this reactivity manifold. Throughout the review we have
attempted to cite the seminal reports and precedents. However, the Reader should note that due to the
format of this review and the large number of contributions, the review is not comprehensive.

Throughout the review, the reactions are categorized by the type of mechanism. An important aspect
that the Reader should pay special attention to is the role of specific amides that participate in each
reaction of manifold. In general, sterically-twisted or electronically-activated amides can be prepared
(1) from carboxylic acids or derivatives, or (2) from generic 1° or 2° amides. Both methods are valuable in
terms of synthetic advantages of amide bonds in cross-coupling and acyl addition chemistry. However, for
derivatization of biomolecules and late-stage functionalization of pharmaceuticals, only amides that can
be generically prepared from 1° or 2° amides are useful. We hope that the review will stimulate
further progress in this tremendously important field of chemistry.
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* New concept
Notable features: ¢ Bench-stable electrophiles
* Non-toxic

{1a) Szostak, Amide Bond Activation: Concepts and Reactions, Wiley, 2022

Seminal discovery

; Mg o g
s r mol%
ArJ\N'R + R-OH Ar)J\o’R
"RH toluena, 80 °C, 12 h

{1b) Hie, Mature 2015, 524, 79.

#First correfation between amide bond distortion and reactivity

o O Pd{OAC); {3 mol%)
JS PCy;HBF4 (12 mal%) o
R N + Ar—B{OH),
KoCO5, H3BO3 RkAr
8) 1.2 equiv THF, 65°C, 15 h
{1¢) Meng, Org. Left. 2015, 17, 4364.
o Pd(PCy4):Clz (5 mol%)
. pn PCy; (3 mol%) o
R™ N7 + Ar—B(OH),
s K2CO3 {2.0 equiv) R™ “Ar
1.5 equiv dioxane, 110 °C, 12 h

{1d) Li, Chem. Commun. 2015, 51, 5089.

Concept was first introduced: C—N bond activation of twisted amides
A. Amide bond resonance
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Figure 1 Amide bond activation: concept and discoveries.*

Pd-catalyzed acyl Suzuki-Miyaura coupling of M-acylsaccharins

o g PdA(QAC), (3 mol%)
J_L 1,0 PCy,Ph {12 mol%) 0
= + Ar—B{OH),
K,COs, H3B0; R™ ™Ar

2.0 equiv THF, 65 °C, 15h

R™ON

Selected scope

O o] O
on o0
S
80% yield 86% vyield 91% yield
(1t) Liu, Org. Left 2016, 18, 4194,
Pd-catalyzed Suzuki coupling of N-acyl pyrreles and pyrazoles

fe) {IPrPd(cinnamy)Cl

)I\ {6 mal%) o)

Ar Ny + Ar—B(OH);
|;> K,CO4 (3.0 equiv) Ar)J\Ar‘

1.2 equiv THF, 110 °C, 15h
Selected ( o] )CJ)\ Me
amides
T N‘- =z,
Me
81% yield 66% vyield 79% vield
[4-Tol-B(OH),] [4-Tol-B(OH),] [4-Tol-B(OH),]

{1u) Meng, Org. Lett. 2017, 19, 3596.
Pd-catalyzed acyl Suzuki-Miyaura reaction of Aacylsuccinimides

o o Pd(QAC); {3 mol%)
)J\ PCysHBF,4 (12 mol%) 0
R N + Ar—B{OH).
b Na,CO5 (2.5 equiv) R Ar
(@] 2.0 equiv dioxane, 120 °C, 15 h

{1v} Osumi, Org. Biomol. Chem. 2017, 15, 8867.
Further reading
Reviews on twisted amide bond activation:
{1e) Szostak, Chem. Rev 2013, 113, 5701,
{1f) Meng, Chem Rev 2021, 121, 12746
{1g) Meng, Synieit. 2018, 27, 2530.
{1h) Liu, Chem. Eur J. 2017, 23, 7157
{11y Meng, Eur J. Qrg. Chemn. 2018, 2352
{1j} Takise, Chemn. Soc Rev 2017, 48, 5864
{1k) Kaiser, Chem. Soc. Rev. 2018, 47, 7899.
{11y Dander, ACS Catal. 2017, 7, 1413.
1m)Adachi, Tetrahedron Leti. 2018, 53, 1147.
1n) Guo, Chem. Eur J. 2018, 24, 7794,
o) Bourne-Branchu, Chem. Eur J. 2019, 25, 2663.
p) Chaudhari, Chem. Asian J. 2019, 14, 78
q) Li, Trends Chem. 2020, 2, 914
n Gao, J. Org. Chem. 2022, 87, DOI: 10.1021/acs.jos.2¢01094.
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{1s) Feng, Angew. Cherm. Int. Ed. 2022, 61, €202212213,
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Pd-catalyzed acyl Suzuki-Miyaura reaction of N-acylphthalimides

9 o
)j\ Pd-PEPPSI-IPr {3 mol%) 0
A TN + Ar—B(OH),
O K2CO; {3.0 equiv) AT TAr

2.0 equiv dioxane, 80 °C, 15 h
{1w) Rahman, Catalysts 2019, 9, 129.
Pd-catalyzed acyl Suzuki-Miyaura reaction of N-Acyloxazolidinones

LA
L/O

{IPrPd{allyCl {5 mal%) 0
+ Ar—B(OH),

K,C0O3 (2.0 squiv) Ar Ar’

2.0 equiv c-xylene, 110 °C, 12 h
{1x) Jian, Eur. J. Org. Chem. 2020, 41786.
Pd—catalyzed acyl arylation of N-acylcarbazoles and M-acylindoles

)L

Pd-PEPPSI-IPr

{3 mal%) fs)
+ Ar—B(OH)y —M
: K,C0; (4.5 equivy  Ar Ar'
3.0 equiv THF, 80 °C, 15h
= 10.5 koal/mol  RE = 9.3 kcal/maol
RE = 7.8 kecal/mol )J\)

Ph

Ph/li%'

RE = 12.0 keal/mol

P)
-Ph
Ay
Fh
(1y) Buchspies, Org Left 2020, 22, 4703

RE = 13.5 keal/mol

¥
Ph)J\lIV' Me

Ph

Further reading

Other selected contributions:

(1z) Meng, Org. Biomol. Chem. 2018, 14, 5690.
{1aa) Wu, Adv. Synth. Catal. 2016, 358, 3876.
{1ab) Cui, Tetrahedron Left. 2017, 58, 3819,

{1ac) Wang, J. Organomet Chem. 2018 877, BO.
(1ad) Liu, Org. Lei#t 2019, 21, 7976

{1ae) Rahman, J. Org. Chem. 202{, 85, 5475.
{1afy Ma, Adw Synth. Calal. 2020, 3562, 1887
{1ag) Luo, Org. Process Res. Dev 2018, 22, 1188.
{1ah) Wang, Org. Process Res. Dev 2020, 24, 1043.
{(1ai) Rahman, J. Org Chem. 2021, 86, 10455,

Template for SynOpen

Thieme



SynOpen

Graphical Review

Nickel-catalyzed acyl Suzuki-Miyaura reaction of amides

Nifcod), (5 mal%)
SIPr (5 mol%) 0
Ar'—Bpin
AT N + v
i KsP0Qy4, H:0 Ar” Ar
Boc 2.5 equiv teluene, 50 °C, 24 h
R = Me or Bn

Selected scope

Me O Me
r\’l

sgelicaclves

96% yield 51% yiald 96% yield
(2a) Weires, Nat. Chem. 2016, 8, 75.

Pd-catalyzed Suzuki coupling of W-methylaminc pyrimidyl amides

)OL y {IPr)Pd{cinnamyl)Cl
A NS e (6 mol%) 0
)\ + Ar'—B(OH),
NN KoCO3 (3.0 equiv) Ar” TAr

THF, 65 *C, 15 h

|\) 2.0 equiv

RE = 6.7 kecal/mol
Ar’ = 4-Tol:

RE = 8.8 kcalimel RE =10.7 kcal/mol

0 e 2) 7.
M M
e e e
N)\N N= ‘ = |
\
-
I\\) 2 N
85% yield 30% yield <5% yield
{2b) Meng, Org. Lett. 2017, 19, 46586.

Pd-catalyzed acyl Suzuki-Miyaura coupling of M-acetylamides

Pd(OAg), {3 mol%)
PCysHBF, (12 mal%) 0

Ark’A

o

)J\N-AC + Ar'—B{OH),
F‘Q‘ K,CO3, HiBO,
2.0 equiv toluene, 60 °C, 15 h

Ar
r

Selected amides

O
Ph)LN’F'h

Pd-catalyzed acyl Suzuki-Miyaura coupling of N-mesylamides

o Pdy{dba); (3 mol%)
)y PCy;HBF, (12 mol%) 0
-Ms 4 Ar—B(OH),

R

a-=

Na,CO4 {2.5 equiv) R™ TAr

2.0 equiv dioxans, 120 °C, 15 h

Ar = 4-Toi: Selected amides

0 0 o)
.M M Ms
PhJLI}I ° PhJLI}I s Ph)LI\IJ
Ph Bn Me
97% vyield 87% yleld 54% yield
{2d) Liu, Org. Lett 2017, 19, 1434.

Pd-catalyzed acyl Suzuki-Miyaura coupling of N,N-di-Ms amides

2]

J«I\ Pd(PPh3};Cls (1 mol%) (e}
n M5+ Ar—B(OH),

R
Ms ‘ K;CQs {3.0 equiv) R™ “Ar
1.5 equiv toluene, 65 °C
Selected scope o
i T ME\HK
Ph)kPh Me)‘LPh Me Fh
98% yield 76% yield 48% yield

{2e) Lim, Eur. J. Org. Chem. 2018, 5717.

Pd-catalyzed acyl Suzuki-Miyaura coupling of N-sulfonyl amides
Pd-PEPPSI-IPr

i (3 mol%) o
AN S80,CF; 4 Ar—BOH), — o
FIQ KsCOj3, HO Ar Ar

2.0 equiv THF, 40 °C, 15 h

Selected amides

o
Ph)J\N’Bn

RE = 8.3 kcal/mol RE = 9.7 keal/mol

@ f)
Ph)kN'PrI F‘h)kN'ph

Pd-catalyzed acyl Suzuki-Miyaura coupling of primary amides

o Pd{OAg); (3 mol%)
PCyaHBF, (12 mol%) 0

AN-BOC + Ar—B(OH),
I EtsN, K004, HeBO;  RT Ar

Ar

Boc 2.0 equiv THF, 110°C, 15 h
o] 1. Bog2O 0
site-selective acylation
| = NH5 | R
e 2. “standard cenditions” P
N N
nicotinamide o
(vitamin) 88% vyield

(2g) Meng, ACS Catal 2016, 6, 7335.

Green method tor acyl Suzuki-Miyaura reaction of amides

o PA{OAC); (5 mel%) 0
R+ ar—BEk
’.“'1_ KoCO5 (2.0 squiv) Ar Ar'
R 1.5 aquiv H,O, RT, 6 h

Ar

when Ar'= Ph Selected amides

o o0 0 o 9 o
Ph)J\N Ph)LN Ph)LNJg(MB
)\N Me

Q o) ol

78% yield 85% yield 85% yield
O
Je Q0 0 o
Ph N’S )L Boc )L .Bn )L Ph
Ph | Ph |}|
o Boc Boc Ts
32% yield 18% vyield trace trace

(2h) Zhang, Eur. J. Org. Chem. 2020, 1620.

Further reading

Other selscted contributions:

(2i) LI, J. Organomet. Chem. 2015, 794, 136.
(2j) Szostak, J. Org. Chem. 2016, 87, 8091,
(2k) Pace, Chem. Eur. J. 2016, 22, 14494,

21) Pace, Chem. Commun. 2019, 55, 4423,
2m) Szostak, J. Org. Chem. 2017, 82, 6373.
2n} Meng, [ Am. Chern. Soc. 2018, 140, 727.

(
E
| 1
O - S0,CF; S0,CF5 (20} Szostak, Org. Lett. 2018, 20, 1342,
o ne )I\ A~ R \ . (2p) Szostak, J. Org. Chem. 2018, 83, 14676,
S ) 2) 89% vield - 68% yield SCoCF; $0,-4-Tol (20) \elo, Cherm, Eur. J. 2020, 26, 16246,
I'l‘h én )_L Me [with 4-Tol-B(OH);]  [with 4-Tol-B(OH),] {2r) Liu, Org. Lett. 2018, 20, 7771,
(25) Boit, ACS Catal. 2018, 8, 103,
98% vield 97% yield P Ph (2f) Shi, Org. Lett. 2019, 21, 1253 {2t) Mai, Eur. J. Org. Chemn. 2019, 7814.
[with 4-Tol-B(OH),] [with 4-Tol-B(OH),] (2u} Mehta, Org. Leit. 2020, 22,1,
(2v) Shi, Tetrahedron Lett. 2020, 51, 152140.
{2¢) Liu, ACS Calal. 2018, 8, 9131. (2w) Wang, ACS Catal. 2022, 12, 2426.
(2x) Zhang, Angew. Chem. Int. Ed. 2022, 61, e202114146.
(2y) Li, Chem. Eur. J. 2021, 27, 2699.
Figure 2 Transition-metal-catalyzed acyl Suzuki-Miyaura coupling of amides.?
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Cl
{IPr)Pd(cinnamyl)ClI Pd-PEPPSI-IPy

{IPr)Pd(ind}CI

n) Lei, ACS Susramab.'e Chem. Eng. 2021, 9, 552.

p) Buchspies, Molecules 2021, 26, 188.

3
3c) Lei, ACS Sustainable Chem. Eng. 2021, 9, 14937,
3

Cr-catalyzed Kumada arylation of secondary amides

SynOpen Graphical Review
Further reading 5 Addition of talli tidi
o ) [Pd-NHC] (3 mal%) o Review on Pd/NHC-catalyzed C-N activation: ! ition of organomatallics to M-acylazetidines
RJkN,R + Ar— {ad) Shi, Acc. Chemn. Res. 2018, 51, 2589; : a THF o
i, K:COp THF, 15 h R “Ar o R)LN + MR Jis
R Other examples on Pd/MHG-catalyzed G-N activation: | \j 78 *CorRT  R7 "R’
Me e Me Me (3e) Lei. Org. Lett. 2017, 79, 6310 1
Mo 1€ Me |-Me Me M 3f) Lei, Adv. Synth. Catal, 2019, 367, 5654. : Selected scope
‘ ! 1
SO/ R, (3g) Li, ChemCatChem 2018, 10, 3096. :
N. N N\/N Ny N (3h) Shi, Chem. Commun. 2017, 53, 10584, !
\( Cl;l; (3i} Zhou, Org. Lett. 2019, 21, 3304. :
Me' cw c| Me Me Me (303 Li, Cafl. Sci. Technat. 2020, 10, 710. ' OMe
Pd '
LR / ) Ma e Me X Me (3k) Buchspies, Catalysts 2020, 10, 372. : 82% yield 75% yield 94% y|e|d
cl / Bu (31} Zhou, iScienice 2020, 23, 101377. E {with n-BuLi) {with MeMgBr)  {with ArMgBr)
Ph “ | E3m) Lai, Synthesis 2021, 53, 682. . (3y) Liu, Org. Lett. 2016, 18, 2375.
( E
( '

(3a) Lei, ACS Cafai. 2017, 7, 1960. (30) Lei, J. Org. Chem. 2017, 82, 6638.

Ni-catalyzed acyl Negishi reaction of N-acyl glutarimides

o O
/[k Ni{PPh3),Clz {5 mol%) o]
Ar N + Ar—ZznCl
i THF/Et,0, 23 °C, 12h  Ar Ar’
o 1.5 equiv

(3q) Shi, Chemn. Eur. J. 2016, 22, 10420.

Ni-catalyzed acyl Negishi reaction of N-Acylsuccinimides

)j\ Ni{PPh3)=Cls {5 mol%}) e}
Ar N + Ar—ZncCl
ELO, 23°C, 12h  Ar7 Ar
o 1.5 equiv
Selected scope &
Q
e T OO0
90% yield FsC F
71% vyield 56% vyield
0 g o
P % Ni(PPhy),Cly (5 mal%) 0

Ph + Ph—ZnCl Py
Et,QO, 23 °C, 12 h Ph Ph
8]

44% vyield
(3r) Shi, Synthesis 2017, 49, 3602.

Ni-catalyzed acyl Negishi reaction of primary amides
o

)L .Boc

Ar N + Ar'—ZnCl
Boc EtO, 28 °C, 12h  Ar” TAr
1.5 equiv

(3s) Shi. Org. Left. 2016, 18, 5872.

Ni(PPh3);Clz {10 mal%) o

Figure 3 Synthesis of ketone via transition-metal-catalysis and metal-fee conditions.?

{3¢) Lei, Chem. Sci. 2017, 8, 6525.

Nickel-catalyzed alkylation of amides

o Ni{cod)s (10 mol%)
)]\ R SIPr {10 mol%) o
AN+ ReZnBr AL
L, ) THF, 23 °C, 24 h Art 'R
R 1.5 equiv .
Selected amides and scope
};.’rl\rMe ?Afr?l,Bn ?{N,Me }iw,Me }ﬁfrl\an
Ts Boc Ph OMs H
81% yield 60% yield 0% vield 0% yield 0% vield
[Ar = 2-Np, R = CH,Ph] [Ar = 2-Np, R = CH,Ph] [Ar = 2-Np, R = CH,Ph] [Ar = 2-Np, R = CH,Ph] [Ar = 2-Np, R = CH,Ph]

o] O o]
Me
Me
Me
80% vyield 72% vyield 78% vyield
(3t) Simmons, ACS Catal 2016, 6, 3176.

Co-catalyzed acyl Negishi reaction of N-acyl glutarimides
o C

M

CoBry {20 moal%) 0

Ar N +

R—-ZnBr
dioxane, RT, 12 h Ar R
2.0 equiv
Selected scope

QiO
72% vyield 53% yield 84% vyield
(3u) Dorval, Org. Left. 2022, 24, 2778.

Other examples on ketone synthesis by amides with metal reagents:
(3v) Dorval, Adv. Synin. Catal. 2019, 361, 1777.

(3w} Bao, Commun. Chem. 2021, 4, 138.

(3x) Kim, Telrahedron Left. 2022, 111, 154201

i) CrCl; (10 mol%)

o TMSCI {2.0 equiv)

)L i THF, RT, 12 h o
~-BU '—| .
AN AT i) NH4CI/H.0 ArT TAr
H 4.0 equiv 4 2

Selected scope

Savlscasisnse

91% yield 62% yield 60% yield
(3z) Chen, ACS Catal 2018, 8, 5864,

Synthesis of ketones from amides and grignard reagents

J'OL 1 THF o]
R N'R + R—MgBr —M  »
! -30 © i R "R
R? 1.0 equiv 30 °C. 30 min
when R = R’= Ph Selected amides
O O O O O
-B M P B .Ph
Ph)LhII jelo Ph)LA‘J e Ph)khl.l ~Pr Ph)LWI n F‘h)thl
Boc Boc Boc Boc Boc
93% yield B85% yield 83% vyield 81% yield B2% yield

(3aa) Sureshbabu, J. Org. Chem. 2019, 84, 11823.

Synthesis of ketones from amides and grignard reagents

o iYAr'X, i-PrMgCILiCI
Boc  THF. 20 °Cto RT o
Ar fIV A Ar
Boc ii) THF, 20 *Cto RT &' r
{3ab) Li, Chem. Eur. J. 2020, 26, 611,
o i) Ar'X, i-PrMgCBLICI
THF, -20 °Cto RT
Ar AN,OMe ,
Ar Ar

F\‘er ii) toluene, 23 °C

{3ac) Li, Org. Biomol. Chem. 2020, 18, 3827.
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Ni-catalyzed reductive cross-coupling of amides
Nil; {10 mol%)

Q o}
R L3 (10 mol%) a
R N + R—I —_—
‘ Zn, KF RJ‘R’
o 1.5 equiv pE 8o °c, 12 h

0 Selected scope

.
‘-N Nz
L3

86% yield 79% yield
(4a) Ni, Org. Lett. 2017, 19, 2536.
Ni-catalyzed acylation of aryl and alkyl bromides with amides

Nil; (10 mol%)
bpy {15 mol%) 0

R JJ\A

o

JkN’\\ +

= 2.0 equiv

Ar—Br

R
Zn, ZnBr

DMF, 60 “C, 20 h

r

Selected scope 0
M \/\)L ph)LPh

71% yield 54% vyield
{4b) Zhuo, ACS Catal. 2020, 10, 3895.
Nickel-catalyzed alkylation of amides with Katritzky salts

fo] Ph Ph
A7 ™
AN +  NE
R ®BF
o 4

1.2 equlv

Selected scope

72% yield 52% yield 48% yield
(4¢) Yu, Org. Lett. 2020, 22, 950.
Palladium-catalyzed Hiyama coupling of amides
Pd{OAg); (2 mol¥)

80% yield

NiBro*DME (10 mol%)
1.10-phen (10 mol%) 0

Mn, MgCl, Ar R
NMP, 60 °C, 12 h

j‘\ 1 PCy; (4 mol%) o

= N.R + R—SIOEt)y —— >
L _ Et;N-3HF, Li0Ac R "R’
R 1.5 equiv  dioxane/H,0, 90 °C, 6 h

when R’= Ph Selected amides

G o]
)J\b Ph)J\b WP PhJ\r}l,Ph
o Boc

92% yield 85% yield 81% yield
{4d) |dris, Org. Lett 2020, 22, 3190.

43% vyield

Figure 4 Amides as acylating reagents in various synthetic methodologies.*

Nickel-catalyzed alkylation of amides
Ni{cad)e (10 mol%}

i Rg IPr-HCI (10 mol%) o

Ph o,

AN B —

o KCOs, LicH Ar)J\/\R
Me #Pry0, 80 °C, 36 h

(4f) Liu, Org. Left. 2018, 20, 2976.

Palladium-catalyzed alkylation of amides

(IPrPd(cinnamy)CI (3 mol%) <

R\/\B

.
Ar g” K,COs, DVE, 110 °C, 15 h
R e e
-

Selected amides

0 o o \\/,
s
Ph)-Lw,Boc Ph)Lw,Ph Ph)L _Ph J\b
Boc Boc

73% yield 72% yield 84% yleld 85% yield 34% y|e|d
(49) Meng, Org. Left. 2018, 20, 6789.

Ni-catalyzed claisen condensation between two different amides

[} [a] Ni(glyme)Cl; (10 mol%}
_Ph R2 R4 terpyridine (10 mol%) 0 o
R*kN + \)I\J}' P R
Me/Ph R3 LiCl, Mn R
ityl 170 °C, RZ 3
Selected 1.5 squiv.  mesi yene 24 h R
scope Q O
81% yield 85% yield 81% yield

{4n) Chen, Org. Lett 2020, 22, 2287,

Pd-catalyzed desulfurative Hiyama coupling of thioureas

Pd(OAc); (10 mol%)

o]
dppp (20 mol%)
RlNJL Ph 4 R-Si(OMe); 1N)LR
] 1 CuF Q .
2 . 2 Hp 2
R Boc 2.0 squiv toluene, 120 °C, 18 h R
Selected scope and thioureas
0 o} O 0
Ph. Ph. Phe A
o o e ONJLPh
H Me Me
80% yield 68% vyield 58% vyield 44% yield
s when R = Ph s s s
Ph. .Ph Ph. .Ph Ph. .Ph Ph. .Ph
NJ\"" 'T‘Jk’." 'T‘J\’." “.‘L'?’
Boc H Ac H Bn H H
B80% yield 71% yield 0% yield 0% yield

{4e) He, Synthesis 2022, 54, 705.

O

Friedel-Crafts acylation with twisted amides

Selected scope

3% yleld 75% yleld 64% yleld
{4l) Liu, Chem. Commun. 2016, 52, 8841,

TFOH (3.0 equiv) o

A

ArH, 23 °C, 15 h Ar Ph

Sc{0Tf);-catalyzed synthesis of anhydrides from amides

Sc(OTf); (10 mol%)
)J\ 20 (0.5 equiv) Cc o0

PPN

PhH 120 *C, 15 h Ar (o] Ar

Selected scope

S,

87% yield 58% yield
{4j) Liu, Org. Biomol Chem. 2017, 15, 1780.

Acylation of N-acylglutarimides with A-acylpyrroles

o}
i Pt LiN(SiMea}s (2.0 equiv) i j’\
RNy + AT N ; R™ N Ar
DME, 120 °C, 12 h H
o
1.0 equiv Selected scope
O 0 Me o o 0 Me
M
N N & e>|)LN
H Ho L/ M H

92% vyield 71% yield
(4k) Li, Org. Chem. Front. 2021, 8, 6344.

Further reading

Other contributions on ¢ross-coupling of amides:
(41y Amani, Org. Lett. 2017, 19, 2426.

(4r) Shi, Molecuies 2018, 23, 2412.

(4n) Mahesh, Mofecules 2018, 23, 2615.

(40) Wang, Tetrahedron. Left. 2018, 59, 2289.

(

(

61% yield

4p) Kadam, ACS Catal. 2019, 9, 5651

4q) Koeritz, Org. Left. 2020, 22, 5731.

{4r) Reina, ACS Catal. 2020, 7‘0 2189.

(4s) Kerackian, Org. Left. 2020, 22, 2249.
(4t) Kerackian, ACS Catal. 2022, 12, 12315.

Template for SynOpen

Thieme



SynOpen

Graphical Review

Pd-catalyzed Sonogashira coupling of A-acylsaccharins

Q
)]\ %,,0 Pd{PPh3);Cly (1 mal%) o}
R N~ + R——=
EtsN (4.0 equiv} R :\\
e} 1.5 equiv THF, 65 °C. 24 h R
Selected scope
&J)\ Ph/\)l\ )\
92% yield 62% yield 98% yield 48% yield
O
#y w ;N Me ;;\l\‘l,Me .;_N,Me
Ph OMe
O
0% yield 0% yield 0% vield 0% yield 0% yield 0% yield

[R=Ph, R'=Ph] [R =Ph, R'=Ph] [R =Ph, R’ =Ph] [R=Ph, R'=Ph] [R=Ph, R'=Ph] [R=Ph, R’ = Ph]

{5a) Cui, Chem. Commun. 2016, 52, 12076.

Pd/NHC-catalyzed heteroarylation of N-acylsaccharins
[o]

Q o]

N )L P [Pd] {5 mel%}
X DMAP, Et;N X

0 CH4CN, 65 °C, 16 h

1 1 equiv
Selected scope
as @
78% vyield 60% yield

{5h) Karthik, Org. Lett. 2017, 19, 5486.

Ru-catalyzed aromatic acylation using amides

R o [RUCly{p-cymene} (5 mol%) 7N
—N JL P{p-Tol}; (10 mol%) =N
+ .
R™ "N e}
pz TIPBA, K;CO4
acetone, 100 °C, 24 h R
1.5equiv  gelected amides
)OL 0 0 0 0
-Ph .Boc .Bn
- b A
Ie) Ts Boc Boc
40% yield 72% vyield 35% yield 0% yield

(5¢) Li, Org. Left. 2021, 23, 2521.

Figure 5 Cross-coupling of amides with versatile partners.®

Ph

Reduction of amides by nickel catalysis
Ni{dme)Cl; {10 mol%)
PhSiH3 (2.0 equiv)

i 54
. R‘
)LN'R RN
) toluens, 115 °C. 24 h L
RrR” R
Selected scope

R

H H H H H H H H
.Ph -Bn
Ph/\<',V > N P B Ph/\)é'\'/\
Me Bn H I\/O
86% yield 92% yield 95% yield 83% yield

(5d) Simmons, Org. Left. 2017, 19, 1910.
(5e) Simmons, Org. Synih. 2018, 96, 436.

Reaductive arylation of amides via nickel catalysis

Nifeod) (10 meol%)
Benz-ICy-HCI {20 mol%}

)OL DMPE (2.5 equiv) oH
R N—B” + Ar—Bnep —— »
| K.PQOy4 {4.0 i R "Ar
Boc 4.0 squiv 2P0 { eauiv)

HzO (2.0 equiv)

Selected scope dioxane, 120 °C, 16 h

OH OH OH
Boc.
oc N
ol

76% yield 84% yield 75% yield
(5f) Boit, Angew. Chem. Int Ed. 2021, 60, 2472.
(59) Dander, Commun. Chem. 2019, 2, 82.

Ni-catalyzed conversion of amides to carhoxylic acids
i) Niced), (10 mol%)
SIPr {10 mel%)

o o
toluene, 110 °C, 24 h
R HO .
ArAN + \/\SlMeg ~ - AerOH
L, . i) TBAF {2.5 equiv)
R 1.25 equiv 23°C 2 h
Selected
O amides O (e} Q
.M .n-B P Me
Ph™ N Ph)LN B Ph)LF}I/J r F‘h)l\r}l
Ph Fh Ph Ts
73% yield T7% vyield 60% yield 71% yield

(5h) Knapp, Org. Left. 2020, 22, 2833.
(5i} Bulger, Org. Synth. 2022, 99, 305.

Ni-catalyzed reductive cross-coupling of amides
(o] '
KOtBuU (3.0 equiv) 0

o 0
J\N,Ph + Me—grMe Lme

\ & Me THF 65 °C then 22 ¢ R “Me
Boc

R

3.0 equiv
(5)) Rahman, Org. Left. 2021, 23, 4818.

Synthesis of acyl fluorides via fluorination of amides
2]

Jj\ R Et;N+3HF (0.6 equiv) o
R ’y j ° R F
R2 HPrOAg, 80 °C, 2 h
Selected
\\/, amides o B
[elo}
ﬂ J@)L”
Boc
t+-Bu
92% yleld 25% yield 45% yield
o o O 0
-Bu O +Bu O
trace trace
{5k) Idris, Adv. Synth. Catal. 2022, 364, 2449
Nickel-catalyzed cyclization of amides
O
N,Bn Ni{cod)s (15 mol%) o
| Benz-ICy-HCI (30 mol%) N
Boc R 7 R
NaO#-Bu, f-amyl alcohol ,
R = R* toluene, 60 °C, 24 h R
R’
{5l) Medina, Angew. Chem. Ini. Ed. 2017, 56, B567.
Nickel-catalyzed cyclization of amides
o Ni{cod}, {10 mol%)
SIPr (10 mol%) o

N,Bn ArBpin (3.0 eguiv)

1

Boc KaPQOy (2.0 equiv) @—\
“ Ho0 (2.0 equiv) Ar

THF, 80 °C, 18 h
{5m) Walksr, J. Am. Chem. Soc. 2017, 139, 10228

Further reading
Other contributions on synthesis of benzoxazoles from amides:
(5n) Luo, Adv Synth. Catal. 2049, 367, 4117

Other contributions on reduction of amides:
(50) Azeez, Org. Biomol. Chem. 2022, 20, 2048.

Other contributions on computational studies for amides:
{5p) Liu, J. Org. Chem. 2016, 81, 11686.

{5q) Chu, J. Org. Chem. 2018, 83, 5009

(5ry Ji, J. Am. Chem. Scc. 2017 139, 15522

{58) Wang, Chem. Cormmun. 2019, 55, 11330,

(5t) Tong Chem. Commun. 2020, 56, 113.

{(Bu) Li, J. Org. Chem. 2020, 85, 833.
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Transamidation of amides
with tertiary amines

PACL, (2 mol%)
NH,CI {10 mol%)

Transamidation of secondary amides by nickel catalysis Pd-catalyzed transamidation of secondary amides

Ni{cod); (5-10 mol%)

o R SIPr (1020 mol%) o] 1 & (IPrPd(cinnamy)C| (3 mol%) § i ) R KI (10 mol%) 0
L H-N M R R™ NSt ATTNH RN O T A | N - M r
Ar” N (. - N | _ KzCOs, DME, 110 °C. 15 h b R~ R DTBP (2.0 equiv) R™ "N
- 1 R” toluere, 35-60 °C, 14 h L, R” Selected amides H 2 : : !
Bac ) R R 30 equiv  anisale, 100 °C, 12 h R
Me or Bn 1.5-2.5 equiv Selected scope Q Q Q O o Selected amides hen R’ = Et
0 0 " Ph)I\N,Ph Ph)LN_Me Ph)LN,Bn Ph)LN,Me Ph)LN,Ph )OL ° 1 e oM EE
-Ph | 1 | | | -5
F‘h)LN Ph)LN (/j)Lr‘(/\l Boc Boc Boc Ts Ts Ph™ "N Ph Ph/lLN’Ph Ph/lLN’Ph
H (] 1 1
] H  Pn o 86% vield 96% yield 77% yield 91% yield 72% yield o o Ts Boc
90% vyield 80% yield 76% yield ’ . i
(4-OMe-CgHyg-NH,)  (4-OMe-CgHy-NH,)  (4-OMe-CgHy-NH,)  (4-OMe-CgHy-NHy) (2,6-di-Me-CgHa-NHy) 92% vyield 40% yield 89% vyield 70% yield

(6a) Baker, Nat. Commun. 2016, 7, 11554.

Transamidation of secondary amides by Et;N

(6b) Meng, Org. Left. 2017, 75, 2158.

Transamidation of AN-acylglutarimides by Et;N

Additive-free transamidation of secondary amides

(6¢) Idris, Org. Chem. Fronf. 2020, 7, 2737.

o o E o o 0 E E Transamidation of thioamides by NaHMDS
3 EtzN {3.0 equiv] ' P i ' o o '
)L R, R ¢ quiv) Jk R )‘L R EtsN (3.0 equiv) J‘L i JL R CH3CN (1.0 M) )L ' R NzHMDS (3.0 equiv)
R™ "N H-N RSN RN + H-N RN Phy BN R en N A R
52 Rt DCM. 23°C 15h Iy o = DCM, 23 °C. 15 h v RN e . R™ "N iR + RN R™ N
R . R R R Bog R 25°C. 15 h woo iy R" toluene, 23 °C, 15 h i
3.0 equiv _ 0 0 3.0 equiv  Selected scope i 2.0 equiv Selected scope : 0¢ 2.0 squiv Selected scope
when R® = H R* = n-Bu Selected amides 0 o ! o @ o '
’ h o) h ! Me
i i Do A A IS N X P
' JJ\ Me pp e “Spp PHTN |
PhAN.Me Ph)LN-Ph Ph)kN-Ph L P NS e PR W ﬁ Ph ! Ph x Me Ph” N7 “Ph Q : Ph)J\N Ph)J\N Ph)J\N/\/\Me
L L 1 ; H Me : H ' H Me H
oe oC s : . ) . g 2% yield 91% yield 2% yield H ) . .
98% yield 98% yield 94% yield ' 61% yield 95% yield 79% yield ' ! 90% yield 94% yield 73% vyield
0 ) ) ! {6f) Rahman, J. Org. Chem. 2019, 84, 12091. Voo
(6d) Liu, Org. Left. 2017, 19, 1614. 1 {6e) Liu, Org. Biomol. Chemn. 2018, i6, 1322. ' ' {6)) Li, Angew. Chem. Int. Ed. 2022, 61, e202200144.
.................................................... . S
Transamidation of amides by LIHMDS o . ) TR IERGD 6 Tl Fy L,
o R LIMMDS (3.0 . 0 )J\ Transamidation of amides by NaHMDS !
i -0 equiv .Ph ' R K3POu {25 squiv)
1 : 3 : ' / 34 .
R)LN,R + H-N RkN’R Ph N j\ R NaHMDS (3.0 equiv) j"\ ; R)k Ph o, H-N RAN’R
! ‘R? toluens, 23 °C, 15 h | Ts P BN R . . - ‘
2 R . . 4 R™ N , R™ N : ! R"  THF, 25°C, 15 h .
: R . | R toluene, 23 °C, 15 h \ : Boc R
Selected amides 20 89UV yhen RS = RY = Ph 90% yield Me ‘ ’ ' R 1 Selected scope
o o} (o} o} o I} 2.0 equiv  Selected scope '
Ma [s) Me 1 )J\
B B M M Ph o ' M
Ph)LN A PhAN oe Ph)LN n PhJ\N © Ph)j\N ¢ Ph)I\N o P e Ly F'h)kN Ph)LN/ﬁ/ © Ph)J‘N’\/
. . i w ) L PRTNTTS Me ' H
=N Boc Boc Boc Ts Ms PR N |\/ N . o Mea H
98% vyield 96% vyield 90% yield 91% vyield 97% yield 70% yield H 0 Me H | 86% vyield 81% yield 57% yield 81% yield
) 97% yiel 95% yiel 88% yiel i
(8q) Li, Nat. Commun. 2018, 9, 4165. Oyle d yield vield R 1 (6k) Zhang, Org. Biomol. Chem. 2022, 20, 5981,
o i . )_L R NH2 NaHMDS (3.0 equiv) Q ©/ E Further reading
EIRSETITEEE Gl OREEERE] MRS [ Caiel: Ph IIV * N RJJ\N E Reviews on transition-metal-free activation of amides:
I K1 {10 mal%) o g R toluens, 23 °C. 15 h o i (6l) Li, Chem. Rec. 2020, 20, 649.
21 HOTF (1.0 aquiv) 2.0 squiv Selected amides i (6m) Li, Synthesis 2020, 52, 2579.
RJ\N_MB + HN RJ\N'W o 0 o o] 1 Other contributions on transamidation of amides:
| 'm2 toluene, 120 °C, 16 h ! i (Bn) Guo, Crg. Chern. Front. 2018, 5, 2950
Me R o RZ PhJJ\N,Me ph)LN’Bn phJJ\N Ph)J\N/\ i (60} Zhang, Org. Biomol. Chem. 2021, 19, 8566.
[o] Selected scope " r\'n Q |\/o i (6p} Dander, Chem. Sci. 2017, 8 6433.
-Ph Me/\/\)kN © e ! (B} Singh, Org. Biomoi. Chem. 2021, 19, 7134,
Ph N 86% yield 91% yield 82% yield B82% yield 1 (6r) Sureshbabu, Org. Biomol Chem. 2019, 17, 845.
H (6h) Li, J. Am. Chem. Soc. 2019, 141, 11161, 1 (6%) Sureshbabu, Asian J. Org. Chem. 2022, 11, e202200076.
87% vield B7% yield 1 (BY) Subramani, Eur. J. Org. Chem. 2019, 3677.
; 1 (Bu) Yang, Org. Biomoi. Chern. 2020, 18, 6053.
(8) Zuo, Angew. Chem. Int. Ed. 2022, 61, e202202794. ' Bv) Joseph, Org. Biomotl. Chem. 2021, 19, 6227

Figure 6 Transamidation of amides under metal-catalysis and metal-free conditions.®
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Nickel-catalyzed esterification of secondary amides
o Ni{cod), {5-15 mol%)

)k terpyridine {5-15 mol%) [s]
N,Bn + R—OH

1
Boc 1.25 equiv

R R

toluens, 100 °C, 20 h R Q

Me
0 Selected scope o
Ph/\)ko S .
O e
96% vyield 88% vyield Me Me

{7a) Hie, Angew. Chem. Int. Ed. 2016, 55 15128.

Cobalt-catalyzed esterification of amides

o CoBry {5 mel%)
JL ’ bipyridine {10 mol%) o
r N+ R—OH R
U ) Mn, TMSCI R™ "0
R 20 8V Ly foyridine, B0 °C
when R’ = Et ! Selected amides
O O 0 Q
.M .B LOM .Ph .Ph
Ph)L!\I.I © Ph)Ly " Ph)L!}I © Ph)LN Ph)LN
Boc Boc Me Ts COzMe
97% yield 84% yield 76% yield 51% yield 27% yield
(7b) Bourne-Branchu, Chem. Eur. J. 2017, 23, 10043.
Esterification of amides by K;PO,
o} : Q
K;PO,4 {3.0 equiv) 0
AR L r—on AR
R™ "N R™ MO
|'q2 P . THF, 23 °C, 15 h
.2 equiv _ _
el when R=Ph, R=Ph
o] amldes )J\ )OI\ )OI\
.Boc oM _Ph
Ph Ph™ N PRTON
Boc Boc Ts Ts
90% vyield 82% yield 95% yield 97% yield
(7c) Li, Org. Lett. 2018, 20. 5622.
Esterification of secondary amides by CsF o
o CsF {20 mal%) o M Boe
A R + R—OH . PR TN
R N R !
|IQ2 CH4CN, 100 °C, 156 h R 0 Boc
1.2 equiv when R'= Bn 88% yield

Selected amides

O a a e} Q
Ph B M .Ph Bl
SR G ST S
Ts Ts Ts Beoc Boc
O7% vyield 81% yield 84% yield 87% yield 75% yield

{7d) Wu, Chem. Eur. J. 2018, 24, 3444,

Figure 7 Esterification of amides via metal-catalysis and metal-free conditions.”

Zn-catalyzed esterification of secondary amides

JOL Zr(QAg), {10 mal%) O

R™ "N )
H CO,t-Bu 1.5-3.0 equiv

R
tBuOAc R (»]
40-60 °C, 24-72 h

Selected scope

CARCISANS Adee

66% yield 56% vyield 65% yield
{Te) Wybon, ACS Catal. 2018, 8, 203.

Esterification of secondary amides by Cs,CO,
o

J\N'B" + R—OH
1
Boc 1.5 equiv
(7f) Ye, Org. Lett. 2019, 21, 6888.

Cs,C0; (20 mol%) o

R DMSQ, RT, 12 h R™ "0

Pd-catalyzed transamidation of secondary amides
o

R“JJ\N'R! +
ﬁs- 1.0 equiv

K;CO3 {10 mal%) j’\
N R
toluene, 100 °C, 16 h

when R = 4-Meo-CeH.-

Q 0 Q o} Q G
Ph)l\b Ph)l\b Ph)«LI\H,Boc Ph)LI\‘J'Ph
Ie) Ie) Beo Ms

T2% vyield

Selected amides

96% yield 98% yield 83% yield
(7q) Wang, New J. Chem. 2019, 43, 9384.
Thioesteritication and selenoesterification of amides by K;PO,

[2] ’ o

KaPO4 (2.0 equiv)
.Ph
Arkf\" " THF, 25 °C_ 15 h Ar)\
TsiMs 12 equiv ’ when R = Ph
o 0
Selected _Ph _Ph
amides Ph/U\I'IV Ph)k’y
Ts Ms
92% yield 92% yield
)“l oh K3POy (2.0 equiv) @ Ph
Ph N” + Ph—SeH Ph Se
1 ) THF, 25 *C, 15 h
Ts 1.2 equiv 92% vyiald

(7h) Rahman, Synthesis 2020, 52, 1060.

Pd-catalyzed aerobic oxidative coupling of amides

{IPr)Pd(allyl)C| (5 mol%)

o CsF {5.0 equiv) o

)LN-Ph + Ar—B{OH),

1
Ts 2.0 equiv

R
xylene, 85 °C, 15 h R (o)

0O, balloon
Selected scope

O
Ph)L _Ph /\)L O)L O,Ph

91% yield 78% yield 58% vyield 55% yield
{71} Li, Eur. J. Org. Chem. 2019, 4357.

Pd-catalyzed thionoesterification of thioamides
Pd(QAL); (5 mal%)

0 m P(CqFs)a (20 mol%)
Ar © + HO-R D —— e R
é ) K;PO4 (3.0 equiv) Rko
g 1.5 8quiv 4gjuene, 110 °C, 12 h

Selected scope

)L/\ ™ ’\E) )L/\/Me

81% yield 58% yield 67% yield

PA(OAC); (5 Mol%)
P(C4F5)s (20 mol®)

M r

Ar)J\ -Boc 4+ Ho-R
K3POy4 (3.0 equiv) R™ "0

|
Boc 1.5 8uiv toluene, 110 °C, 12 h
Selected scope

)J\ ~p Ph)'L /\@ )J\O/\/Me

72% yield 65% yield 66% yield
(7)) Liu, Org. Biomol. Chem. 2022, 20, 1532,

Further reading

Other contributions on esterification of amides:
(7k) Weires, ACS Catal. 2017, 7, 4381.

(71) Dander, 4. Chem. Educ. 2019, 96, 776.
(7m) Nagae, Chem. Sci. 2019, 10, 2860.
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SynOpen
N o}
otable features )L .
* New concept n R N'R
« Bench-stable electraphiles R—R P ML, ég
* Non-toxic >/
1
o R
Reaction mechanism in rR2R )bﬁ  MN-ge
decarbonylative coupling ——) M\ R M
of amides YN 4 N
Y—R
First example in = n+2 R
€0, PRy
decarbonylative coupling | =YX, -L :
of amides: L X = halide, NR'R

Pd-catalyzed decarbonylative Hecl reaction of amides

)L

PdCl; {3 mol%)
LiBr {9 mol%) =
R AR
NMP, 160 °C, 15 h

1.2 equiv .
Selected amides and scope

8 @ Me o o
Ph)Lb e U S S
T

! |
Fh OMe

<5% yield <5% yield <5% yield <5% yiald
[R = CO,n-Bu] [R = CO,n-Bu] [R = CO,n-Bu] [R = CO,n-Bu]
Ph
COsn-Bu
- =
PN i ~COBU PRy
Me
86% yield 81% vyield 80% vyield 94% vyield

{8a) Meng, Angew. Chem. Ini. Ed. 2015, 54, 14518.

Pd-catalyzed decarbonylative Heck reaction of N-acylsaccharins

O o
\\/O
P PACly (3 mol%)
A TNS R
+ R Ar/\\\/
NMP, 160 °C, 18 h

a )

2.0 equiv

Selected scope
COzn-Bu
b PNy CO2-Bu Ph/\nln/ o~ MCater
e
85% yield 82% yield 78% yield
{80) Liu, J. Org. Chem. 2016, 81, 12023.

84% yield

Further reading
Reviews on decarbenylative coupling of amides:
{8¢) Liu, Org. Biomol. Chem. 2018, 16, 7998,

Figure 8 Decarbonylative cross-coupling of amides: discoveries and mechanism.®

Ni-catalyzed decarbonylative Suzuki coupling of amides

)OL 9 Ni{PCy;3),Cl; {5 mol%)
Ar N + Ar—B(OH), Ar—Ar
NayCO4 (4.5 equiv)
8] 1.5 equiv dioxane, 150 °C, 15 h

Selected amides and scope

)LMe

A i
Ph b Bﬂ Ph)l\ A5 Ph ’\Ir
oC Ph Ph

38% yield
[with 2-Np-B(OH),]

.1P00ww00

74% yield

<12% vyield
[with 2-Np-B(OH),]

<10% yield
[with 2-Np-B(OH),]

<5% vyield
[with 2-Np-B(OH),]

83% vyield 77% yield
{8d) Shi, Angew. Chem. Int. Ed. 2016, 55 6959

Ni-catalyzed decarbonylative Suzuki coupling of N-acetylamides
0O

)LAC

Ar N

Ni(PCy3),Cls {5 mol%)
Ar=Ar'

+ Ar—B(OH),
NazCO3 (4.5 equiv)

1.5 equiv dioxane, 180 °C 15h

Selected scope

72% yield 89% yield
{2¢) Liu, ACS Catal. 2018, 8, 2131.

56% yield

Pd-catalyzed decarbonylative Suzuki coupling of amides

O
J\N»R + Ar—B(OH),
! NaHCO (3.0 equiv)

Pd(dppb)Cl; (5 mol%)
Ar—Ar

Ar

R 1.2 equiv dioxane, 160 °C, 12 h
when Ar’ = 4-OMe-CgHy-: . Selected amides
[ S &
S OLDs NP o
1
fo) d o Boc
86% yield 77% yield 62% yield 28% yield
o] C a (0]
LA .M Tt TS
LN PR N
Ph Ph Ph Me
81% yield 81% vyield 64% yield 50% yield

{Be) Zhou, Chem. Sci. 2019, 10, 9865.

g

Ni-catalyzed decarbonylative alkynylation of amides

o] (o] Ni{cod), (20 mol%)
Ar%
o]

deype (40 mol%)

= SR Ar SiR;
Cul {10 mol%)
5.0 equiv dioxane, 150 °C, 16 h
Selected Sl(l Pry; Si(i-Prs =z Si(-Pris
scope / .
P i
< -
87% yield 72% vyield 96% yield
{8g) Srimentree, Org. Lett 2017, 19, 3091,
Pd-catalyzed decarbonylative alkynylation of amides
o Pd(0OAc), (3 mal%)
)L ) dppp (6 mol%)
a” oyt o+ =R Ar—=—R
Fle" ] Nas,CO4 (1.0 equiv)
3.0 equiv  dioxane, 150 °C, 16 h
when R =Ph: Selected
amides
aﬂbofw‘(ﬁ3
78% yield 80% yield 52% vyield
(8h) Liu, Org. Lett. 2018, 20, 2741,
Ni-catalyzed decarbonylative alkylation of amides
o Nifcod)s (10 mol%)
)L Ph deype (20 mol%) R
a7 N * B AT~
1 R~ CsF {1.0 equiv)

Me 20 equiv teluene, 150 °C, 65 h
Selected scope 4

) () . mwe

34% yield 58% yield
{8i) Chatupheeraphat, J. Am. Chem. Soc. 2018, 140, 3724.

Pd-catalyzed decarbonylative Suzuki coupling of amides
0

L 30

NN Pd(PPh3):Cl» (3 mal%)

T + Ar'—B({OH), Ar—Ar

NaHCO3 (3.0 equiv)
o 2.0 equiv yolyene/dioxans, 150 °C, 4 h
Selected scope MeG Me OMe
O
88% vyield 65% yield 75% yield

(8f) Luo, J. Crg. Chem. 2019, 84, 10559,
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Rh-catalyzed C-H functionalization using Aacyl glutarimides

[Rh{cod)Cl]2 {5 mol%)

X
]
+ R N /
\ I\III toluene, 150 °C, 15 h N
o]

1.5 equiv Selected scope
() o~ C -
— — > —
= O i O
N N PH N
Ph Ph Ph
91% yield 87% vyield 79% vyield 84% vield

o) A
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{9a) Meng, Org. Left 2016, 78, 796.
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Ni-catalyzed decarbonylative reduction of amides
o Ni{cod); {10 mol%)
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- Ar—H
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R toluene, 130 °C, 24 h
Selected amides
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{9e) Dey, ACS Catal 2017, 7, 433.
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Ni-catalyzed decarbonylative reduction of amides

o QO Ni{OAC)4H,O (10 mal%)
)]\ deype (20 moal%)
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o toluene, 170 °C, 48 h Selected amides
o 0 o ©C o O
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(9f) Yue, Angew. Chem. Ini. Ed. 2017, 56, 3972.
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(9b) Meng, ACS Catal 2017, 7, 7251

Rh-catalyzed C-H functionalization using primary amides
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Pd-catalyzed retro-hydroamidocarbonylation of amides

Q e} Pd{OAg); (3 mol%)
Rj)L PCy;HBF, {12 mol%)
N R
Me KoCOy, HaBOy
9] THF, 120 *C, 15 h

R = 6-MeQ-2-Np
(1¢) Meng, Org. Lett. 2015, 17, 4364.

Ni-catalyzed retro-hydroamidocarhonylation of amides
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1
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(9h) Hu, Nat. Commun. 2017, 8, 14993.

Figure 9 Decarbonylative cross-coupling of amides: construction of carbon-carbon and carbon-hydrogen bonds.®

Pd-catalyzed decarbonylative cyanation of amides

o 0 Pd(QAc); (5 mol%)
)L PCyPh, (20 mol%)
Ar N +  Zn{CN); Ar=CN
dioxane, 150 °C, 16 h
O 2.0 equiv
CN 8] CN S CN
e O O,
scope o} MeO
80% yield 80% vyield 70% vyield
(91) Shi, Org. Leit. 2017, 19, 3095
Ni-catalyzed decarbonylative cyanation of amides
o 0O Nifcod), (10 mol%)
)L deype (20 mol%)
Ar N +  Zn(CN), Ar—=CN
KF {2.0 equiv)
[8) 2.0 equiv toluene, 150 °C, 20 h

(9)) Chatupheeraphat, Crg. Left. 2017, 19, 4255,
Ni-catalyzed aryl exchange between amides and nitriles
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(9k) Long, ACS Catal. 2022, 12, 4688.
Pd/Cu-catalyzed decarbonylative heteroarylation of amides

Pd(l Pph3 »Cly (10 mol%)
R N
I Y . Ar)L ﬁ T —a
R X

CuBr (20 mol%) R
dppe (20 mol%)
2.0 equiv

Na;CO3 (1.3 equiv) ‘R
dioxane, 160 °C, 24 h
Selected scope

CL, ” ;
9] S
Me
52% yield 49% yield
(9) Zhou, Org. Chem. Front. 2019, 6, 1942,

Further reading

Other example on C-H functionalization of amides:
(9c) Wu, Org. Biomol. Chem. 2017, 15, 536.

{9d) Xiong, Adv. Synth. Catal 2019, 367, 5383
Other example on reduction of amides:

(9g) Mondal, New J. Chem. 2017, 41, 13211.

77% yield
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Ni-catalyzed decarbonylative borylation of amides
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{10a) Hu, Angew. Chem. Inf. Ed. 2016, 55, 8718.

Pd-catalyzed decarbonylative borylation of MN-acyl glutarimides
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{10h) Shi, ACS Omega 2019, 4, 4901,

Rh-catalyzed decarbonylative borylation of amides
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(10¢) Bie, J. Org. Chem. 2020, 85, 15676.

Decarbonylative phosphorylation of amides via Pd- and Ni-catalysis
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{10d) Liu, Angew. Chem. Int. Ed. 2017, 56, 12718,
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Ni-catalyzed intramolecular decarbonylation of amides
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(10e) Liu, Chem. Eur J. 2017, 23, 11771,
Ni-catalyzed decarbonylative amination of N-acyl glutarimides
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(10f} Lee. Syniett 2017, 28, 2594.

Figure 10 Decarbonylative cross-coupling of amides: construction of carbon-heteroatom bonds. %

Ni-catalyzed decarbonylative thioetherification of M-acyl glutarimides

o o NiCly (10 mol%)
L dpop (20 mol%) S
Ar” TN + R-SH
Mn (2.0 equiv}
0] 1.2 equiv toluene, 150 °C, 36 h

Selected scope
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(10g) Lse, Chem. Fur J. 2018, 24, 3608

Pd-catalyzed aryl exchange between amides and thioesters
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(1Ch) Bie, Org. Lett 2021, 23, 8098.

Ni-catalyzed decarbonylative thioetherification of N-acyl glutarimides
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Ar” N +  Et;S—Bpin Ar—SiEt;
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Further reading

Example on decarbenylative amination of esters:
(101} Yue, Angew. Chem. Int. Ed. 2017, 56, 4282,
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