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Abstract This Graphical Review provides an overview of amide bond activation achieved by selective oxidative
addition of the N-C(0O) acyl bond to transition metals and nucleophilic acyl addition, resulting in acyl and decarbo-
nylative coupling, together with key mechanistic details pertaining to amide bond distortion underlying this reac-
tivity manifold.
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The importance of amide bonds 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, and polymers. At present, more than 50% of drug candidates con-
tain 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, ny — 7", 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(O) amide bonds.
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 the 1930s, it was not until 2015 that generic acyclic twisted amides
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were used for the first time as cross-coupling partners in selective N-C(O) bond activation,
thus effectively serving as surrogates for acyl and aryl halides and pseudohalides in transition-
metal catalysis.

Amide bond activation can be categorized as acyl coupling and decarbonylative coupling. This
reactivity is triggered by selective oxidative addition of the N-C(O) acyl bond to a 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 develop-
ment 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 nucleophil-
ic 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 cover-
ing the period of 2015 to 2022. The goal of this Graphical Review is to provide a summary of
the reactions developed and the manifolds established in the main areas of amide bond activa-
tion, including acyl and decarbonylative coupling as well as acyl nucleophilic addition, while
highlighting the underlying mechanisms and amides that are critical to this reactivity mani-
fold. 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 partici-
pate in each reaction manifold. In general, sterically twisted or electronically activated amides
can be prepared (1) from carboxylic acids or their derivatives, or (2) from generic 1° or 2° am-
ides. Both methods are valuable in terms of the 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 this Graphical 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, 2022.

Seminal discovery
o Ni(cod), (10 mol%) o

, SIPr (10 mol%
Ar)I\N/R + R-OH ( )

Ié{" toluene, 80 °C, 12 h
(1b) Hie, Nature 2015, 524, 79.

e First correlation between amide bond distortion and reactivity

o o Pd(OAC), (3 mol%)
PCy3HBF, (12 mol%) 1)
RJSN + Ar—B(OH),
)\ K,CO3, H3BO3 R™ “Ar
O 1.2 equiv THF, 65 °C, 15 h

(1c) Meng, Org. Lett. 2015, 17, 4364.

1) Pd(PCys3)>Cl> (5 mol%)
)j\ Ph PCyj; (3 mol%) (0]
R” ON” + Ar—B(OH),
'i'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

o 0® R,
r. AL L RO 8/ —
N~ R N” R o
1 1 R N
R R R

(t=0°%xN=0°

H
R’ H A S. e N0 :
o \)< 2 =
[% j;ll\l/ Me ~ [ N~ BF, N
N 0 B B
COH o o
proposed B-lactam
1938 1941 1998 2006 2005
Lukes Woodward Kirby Stoltz Aubé

perpendicularly twisted
(t=90° %N =60°)
C. Twisted amides in cross-coupling reactions

L B N
O)SN/R' —_ R)J\[n'\-;z]/N\R" —_— O)kR or O—R
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Figure 1 Amide bond activation: concept and discoveries’
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Pd-catalyzed acyl Suzuki—-Miyaura coupling of N-acylsaccharins

o o Pd(OAC)z (3 mol%)
o 0O PCy,Ph (12 mol%) 0
R™ NS + Ar—B(OH), L
K2CO3, H3BO3 R” “Ar
g 2.0 equiv THF, 65 °C, 15 h

Selected scope

(0] O 0}
oD OO
S
80% yield 86% yield 91% yield
(1t) Liu, Org. Lett. 2016, 18, 4194,
Pd-catalyzed Suzuki coupling of N-acyl pyrroles and pyrazoles
o) (IPr)Pd(cinnamyl)CI
)j\ (6 mol%) o)

Ar N + Ar—B(OH),
l;> K2COj3 (3.0 equiv) Ar)J\Ar'
1.2 equiv THF, 110 °C, 15 h

Selected amides when Ar' = 4-Me-CgHy
i i A
Ph)J\N Ph)J\N PR™ NN
1 » <
= N Me
81% yield 66% yield

79% yield
(1u) Meng, Org. Lett. 2017, 19, 3596.
Pd-catalyzed acyl Suzuki—Miyaura reaction of N-acylsuccinimides

Q Me

o o Pd(OAc); (3 mol%)
L PCy3HBF, (12 mol%) o)
R b + Ar—B(OH), L
Na,COj3 (2.5 equiv) R™ “Ar
l¢) 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.
(19) Meng, Synlett 2016, 27, 2530.
(1h) Liu, Chem. Eur. J. 2017, 23, 7157.
(1i) Meng, Eur. J. Org. Chem. 2018, 2352.
(1j) Takise, Chem. Soc. Rev. 2017, 46, 5864.
(1k) Kaiser, Chem. Soc. Rev. 2018, 47, 7899.
(11) Dander, ACS Catal. 2017, 7, 1413.
(1m) Adachi, Tetrahedron Lett. 2018, 59, 1147.
(1n) Guo, Chem. Eur. J. 2018, 24, 7794.
(10) Bourne-Branchu, Chem. Eur. J. 2019, 25, 2663.
(1p) Chaudhari, Chem. Asian J. 2019, 14, 76.
(1q) Li, Trends Chem. 2020, 2, 914.
(1r) Gao, J. Org. Chem. 2022, in press, DOI: 10.1021/acs.joc.2c01094.
(1s) Feng, Angew. Chem. Int. Ed. 2022, 61, €202212213.

Pd-catalyzed acyl Suzuki-Miyaura reaction of N-acylphthalimides

)OJ\ [
Pd-PEPPSI-IPr (3 mol%, e}
Ar” °N + Ar'—B(OH), ( )
o K>COj3 (3.0 equiv) Ar Ar'

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

(IPr)Pd(allyl)CI (5 mol%) 0

KoCO3 (2.0 equiv) Ar Ar'
o-xylene, 110 °C, 12 h

O o
Ar)l\NJ{O + Ar'—B(OH),
I\/ 2.0 equiv
(1x) Jian, Eur. J. Org. Chem. 2020, 4176.

Pd-catalyzed acyl arylation of N-acylcarbazoles and N-acylindoles

)Ol\ Pd-PEPPSI-IPr
Ar” N (3 Mol%) o
- + Ar—B(OH), )J\
« N KoCO3 (4.5 equiv)  Ar” TAr
N 3.0equiv  THF,80°C,15h

RE = 10.5 kcal/mol

0 o)
RE = 7.8 keal/mol ) )
0 ) Ph)J\N Ph) ‘\N A
bt < <
Ph” N
O RE = 12.0 keal/mol RE = 13.5 kcal/mol

?) f)
o A WP o A e
RE = resonance energy Ph Ph
(1y) Buchspies, Org. Lett. 2020, 22, 4703.

RE = 9.3 kcal/mol

Further reading

Other selected contributions:

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

(1ac) Wang, J. Organomet. Chem. 2018, 877, 80.
(1ad) Liu, Org. Lett. 2019, 21, 7976.

(1ae) Rahman, J. Org. Chem. 2020, 85, 5475.
(1af) Ma, Adv. Synth. Catal. 2020, 362, 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.
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Nickel-catalyzed acyl Suzuki-Miyaura reaction of amides

Ni(cod)> (5 mol%)
SIPr (5 mol%)

+ Ar'—Bpin
| K3POy4, HO Ar Ar'

Boc 2.5 equiv toluene, 50 °C, 24 h
R = Me or Bn
Selected scope

Me O Me
r\i

sgelegelegy

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

Pd-catalyzed Suzuki coupling of N-methylamino pyrimidyl amides

)OJ\ M (IPr)Pd(cinnamyl)Cl
A SNVE (6 mol%) 0
)\ + Ar—B(OH),
N N K>COj3 (3.0 equiv) Ar Ar’
2.0 equiv THF, 65 °C, 15 h

N
Selected amides when Ar' = 4-Me-CgHy
RE = 6.7 kcal/mol  RE = 8.8 kcal/mol RE = 10.7 kcal/mol

o) )?\) -Me )?\) .Me

N
N)\N N7 | = |
|
I\/l _n \N
85% yield 30% yield <5% yield

(2b) Meng, Org. Lett. 2017, 19, 4656. RE = resonance energy

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

0 Pd(OAc), (3 mol%)

)J\ PCy3HBF,4 (12 mol%) o)

A SNAC + Ar—B(OH)

I K2003, HgBO3 Ar Ar'
R 2.0 equiv toluene, 60 °C, 15 h

Selected amides when Ar' = 4-Me-CgH, RE = resonance energy

)OI\ )OI\ RE = 8.4 kcal/mol  RE = 13.5 kcal/mol
A LA
Ph” N PR N O) Me 0)
IIDh én )J\ /& )l\ .Me
Ph I|V (6] Ph IIV
98% yield 97% yield Ph Ph

(2c) Liu, ACS Catal. 2018, 8, 9131.

Figure 2 Transition-metal-catalyzed acyl Suzuki-Miyaura coupling of amides?
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Pd-catalyzed acyl Suzuki-Miyaura coupling of N-mesylamides
Pdy(dba)s (3 mol%)

)OI\ PCy3HBF, (12 mol%) o

g SNMS + Ar—B(OH),
N Na,COj (2.5 equiv) R™ TAr
R 2.0 equiv dioxane, 120 °C, 15 h

Selected amides when Ar = 4-Me-CgHy
o o (e}

)I\ .Ms )J\ _Ms )J\ _Ms

Ph I}l Ph N Ph 'Tl
Ph Bn Me
97% yield 87% yield 54% yield

(2d) Liu, Org. Lett. 2017, 19, 1434.

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

R)J\NfMS + Ar—B(OH),
| KoCOg3 (3.0 equiv) R Ar

Pd(PPh3)2C|2 (1 mol%) (@]

Ms 1.5 equiv toluene, 65 °C
Selected scope o
Q Q Me%
Ph
Ph)J\ Ph Me)L Ph Me
98% yield 76% yield 48% yield

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

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

o Pd-PEPPSI-IPr
)]\ (3 mol%) [e)
A SN SOCFs + AP—B(OH), —————»
1 KoCO3, H,O Ar Ar'
R 20equiv.  THF,40°C, 15h

Selected amides when Ar' = 4-Me-CgH,

(e}
or o P
SO,CF3
89% yield

RE = resonance energy

o RE = 8.3 kcal/mol RE = 9.7 kcal/mol
)J\,}I/Bn o 0)
SO,CF4 Ph)J\N,Ph )I\N,F’h
o, : | |
68% yield SO,CF, S0,-4-Tol

Ph
Ph

(2f) Shi, Org. Lett. 2019, 21, 1253.

Pd-catalyzed acyl Suzuki-Miyaura coupling of primary amides

o Pd(OAC), (3 mol%)
L PCy3HBF, (12 mol%) o
N-BOC + Ar—B(OH),

| Et3N, K2CO3, H3BO:! Al
Boc 3 2LU3, H3BU3 r

Ar

2.0 equiv THF, 110 °C, 15 h
(e} 1. Boc,O 0
site-selective acylation
| A NH, | A
— 2. standard conditions P
N N
nicotinamide o i
vitamin 88% yield

(29) Meng, ACS Catal. 2016, 6, 7335.
Green method for acyl Suzuki-Miyaura reactions of amides

o Pd(OAc), (5 mol%) 0

M r o+ AP—BFK

Ar™ "N KoCOs (2.0 equiv)  Ar” “Ar
R" 1.5 equiv H20, RT, 6 h

Selected amides when Ar'= Ph

o o o o Q9 o
A Ph)LN&KMe
A Ve

o o S

78% yield 85% yield 65% yield
O
P %,,O 0 o) 0
Ph N~ _B _B _Ph
Ph)J\l}l ¢ Ph)l\l}l 4 Ph)J\l}l
o Boc Boc Ts
32% yield 18% yield trace trace

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

Further reading

Other selected contributions:

(2i) Li, J. Organomet. Chem. 2015, 794, 136.
(2j) Szostak, J. Org. Chem. 2016, 81, 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, J. Am. Chem. Soc. 2018, 140, 727.
(20) Szostak, Org. Lett. 2018, 20, 1342.

(2p) Szostak, J. Org. Chem. 2018, 83, 14676.
(29) lelo, Chem. Eur. J. 2020, 26, 16246.

(2r) Liu, Org. Lett. 2018, 20, 7771.

(2s) Boit, ACS Catal. 2018, 8, 1003.

(2t) Mai, Eur. J. Org. Chem. 2019, 7814.

(2u) Mehta, Org. Lett. 2020, 22, 1.

(2v) Shi, Tetrahedron Lett. 2020, 61, 152140.
(2w) Wang, ACS Catal. 2022, 12, 2426.

(2x) Zhang, Angew. Chem. Int. Ed. 2022, 61, e202114146.
(2y) Li, Chem. Eur. J. 2021, 27, 2699.
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Further reading - ! -
[e} [PG-NHC] (3 mol%) o Review on Pd/NHC-catalyzed C-N activation: Addition of organometallics to N-acylazetidines
)I\ R 4 Ar—B(OH) (3d) Shi, Acc. Chem. Res. 2018, 51, 2589. o THF fe)
R™ "N 2 PR :
L KoCOs, THF, 15 h R” “Ar e RN + M—R ——
R Other examples on Pd/NHC-catalyzed C—N activation: \j —78 °C or RT R” "R
e (3e) Lei, Org. Lett. 2017, 19, 6510.
Me\‘ Me 'V'e\I I/Me 'V'e\l U‘"e (3) Lei, Adv. Synth. Catal. 2019, 361, 5654. Selected scope

(3g) Li, ChemCatChem 2018, 10, 3096.
N v N N vN N N (3h) Shi, Chem. Commun. 2017, 53, 10584.
CI\Y (3i) Zhou, Org. Lett. 2019, 21, 3304.
fwe Me”lCI- Pd ol (3j) Li, Catal. Sci. Technol. 2020, 10, 710.

(3k) Buchspies, Catalysts 2020, 10, 372. 82% yield 75% yield 94% yleld
/ | tBu (3l) Zhou, iScience 2020, 23, 101377. (with n-BuLi) (with MeMgBr)  (with ArMgBr)
Ph (3m) Lei, Synthesis 2021, 53, 682.
XNg (3n) Lei, ACS Sustainable Chem. Eng. 2021, 9, 552. (3y) Liu, Org. Lett. 2016, 18, 2375.
(IPr)Pd(cinnamyl)CI Pd-PEPPSI-IPr (IPr)Pd(ind)CI (30) Lei, ACS Sustainable Chem. Eng. 2021, 9, 14937. Cr-catalyzed Kumada arylation of secondary amides

(3a) Lei, ACS Catal. 2017, 7, 1960. (3b) Lei, J. Org. Chem. 2017, 82, 6638. (3c) Lei, Chem. Sci. 2017, 8, 6525, (°P) Buchspies, Molecules 2021, 26,188, i) CrClg (10 mol%)

TMSCI (2.0 equiv)

T T T T e Q THF, RT, 12 h o]
Ni-catalyzed acyl Negishi reaction of N-acyl glutarimides Nickel-catalyzed alkylation of amides Ar)I\N/t—Bu + Ar—MgBr —4M8M >
o o o Ni(cod), (10 mol%) H 4.0 equiv i) NH4CI/H,0 Ar” A
AN + Ar—2nCl A N+ ReZnBr P Selected scope
~ THF/EL0,23°C,12h  Ar” “Ar e . THF,23°C,24h A" R
o 1.5 equiv 1.5 equiv

Selected amides when Ar =2-Np, R = CHoPh

}S.N,Me ?{'}I,Bn ;{N,Me }A{N,Me }il}an

Ni-catalyzed acyl Negishi reaction of N-acylsuccinimides Ts Boc Ph OMe W

sgelebgelogee

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

Synthesis of ketones from amides and Grignard reagents

(30) Shi, Chem. Eur. J. 2016, 22, 10420.

[0} o 81% yield  60% yield 0% yield 0% yield 0% vyield

Ni(PPh3)2Clz (5 mol%) Ie) locted
Ar% + Ar—znCl )J\ O Selected scope
O

EtZO 23°C,12h Ar Ar’
1.5 equiv
Selected scope

I w 0
R N” + R—MgBr —mM8M ——»
ﬁz 1.0 equiv —30 °C, 30 min RLR'

Selected amides when R=R'=Ph

)]\ Ni(PPhz)2Cl> (5 mol%) o) )]\ R SIPr (10 mol%) (0] :

80% vyield 72% yield 78% yield 0 0 0 0
F’h .
90% yleld FsC (3t) Simmons, ACS Catal. 2016, 6, 3176. o )I\N,Boc o )J\N’Me o )l\ _iPr )l\ _Bn )I\N,ph
0 o 1% Y'9|d 56% V'e|d Co-catalyzed acyl Negishi reaction of N-acyl glutarimides Boc oo I|30c Boc Boc
O f O (0] 93% yield 85% yield 83% yield 81% yield 82% yield
4 Ni(PPhg)2Cls (5 mol%) 16} b yie b yie b yie b yie b yie
Ph)I\N’S + Ph=2nCl e A )LN I CoBrz (20 mol%) 0 (3aa) Sureshbabu, J. Org. Chem. 2019, 84, 11823.
E,0,23°C,12h  Ph” “Ph ' R T an . AR P e e MR RN R PR
O 20 r 1 Synthesis of ketones from amides and Grignard reagents Me
44% yield ey ? ArX, i-PrMgCIsLiCl
(8r) Shi, Synthesis 2017, 49, 3602. o] Selected scope i 0 i) Ar'X, i-PrMgCleLi
M _goc _THF.-20°CtoRT j\ N
Ni-catalyzed acyl Negishi reaction of primary amides Me | Ar” N7 . e
S Y yiNeg primary )J\/\/ d‘\/\/\ : Boc i) THF,—20°CtoRT Ar" “Ar Me // % 65% yield
. ! ; probenecid
A )J\N/Boc Ar—7nCl Ni(PPhg)oClz (10mol%) 0 72% yield 53% yield 84% yield 1 (3ab) Li, Chem. Eur. J. 2020, 26, 611. antihyperuricemic
r L T ArTen EL,O. 23°C, 12 h Ar)J\Ar, (3u) Dorval, Org. Lett. 2022, 24, 2778. ; o i)T/\Hrz(, i—;)ngfl'lF-(igl 0
oc . 8 : : —20°
1.5 equiv Other examples of ketone synthesis from amides with metal reagents: ! Ar)J\N’OMe . ° )J\ CN
3s) Shi, Org. Lett. 2016, 18, 5872. (3v) Dorval, Adv. Synth. Catal. 2019, 361, 1777. ' h " o
©9) v (3w) Bao, Commun. Chem. 2021, 4, 138. : Me ii) toluene, 23 °C F70% yield
(3x) Kim, Tetrahedron Lett. 2022, 111, 154201. ' (3ac) Li, Org. Biomol. Chem. 2020, 18, 3827. ataluren
! muscular dystrophy

Figure 3 Synthesis of ketones via transition-metal catalysis and metal-free conditions?
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Ni-catalyzed reductive cross-coupling of amides
O O Nilz (10 mol%)
)]\ L3 (10 mol%) 0

R™ N + R—I )J\

15 Zn, KF R R
equlv pyE g0 °C, 12 h
O Selected scope (o

“d‘@o%

86% yield 79% yield
(4a) Ni, Org. Lett. 2017, 19, 2536.

Ni-catalyzed acylation of aryl and alkyl bromides with amides

o Nilo (10 mol%)
)J\ bpy (15 mol%) 0
R NN\ + Ar—Br
g\/N . Zn, ZnBr RJ\Ar
2.0 equv  pMF 60 °C, 20 h
Selected scope o

M \/\)J\ Ph)LPh

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

80% yield

O o Ph__Ph NBrxDME (10 mol%)
)J\ 0 1,10-phen (10 mol%) 0
Ar” "N +  N&_
R Ogr Mn, MgCl, Ar” TR
4 NMP,60°C,12h
1.2 equw o
O Selected scope
I m SOR N
72% yield 52% yield 48% yield

(4c) Yu, Org. Lett. 2020, 22, 950.
Palladium-catalyzed Hiyama coupling of amides
o Pd(OACc), (2 mol%)

)l\ , PCyj3 (4 mol%) (o)
NP+ R—Si(OEY);

—_—
R ' EtsNe3HF, LiOAc R R'

R? 1.5equiv  dioxane/H,0, 90 °C, 6 h
Selected amides when R'=Ph
050 S U D W
Ph l}l
Boc
92% y|eId 85% yleld 91% yield 43% yield

(4d) Idris, Org. Lett. 2020, 22, 9190.
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Nickel-catalyzed alkylation of amides

o R Ni(cod), (10 mol%)

)k o ~ g IPreHCI (10 mol%) 1)
SRS B ——
Gy KoCOs, LiCl Ar R
Me Pr,0, 90 °C, 36 h

(4f) Liu, Org. Lett. 2018, 20, 2976.
Palladium-catalyzed alkylation of amides

)OJ\ . R (IPr)Pd(cinnamyl)ClI (3 mol%) 9
AR+ T Ar
K>COg, DME, 110 °C, 15 h

Ar” N F
R" Ao R
when E]F — Me’ B

Selected amides K

(0] (0} (0] ,/O
.B .Ph .Ph )J\
Ph)l\l}j oC Ph)]\l}l Ph)]\ )5
Boc Boc
73% yield 72% yield 84% yleld 5% yield 34% y|e|d

(4g) Meng, Org. Lett. 2018, 20, 6789.

Ni-catalyzed Claisen condensation between two different amides

o) (e} Ni(glyme)Cls (10 mol%)
2 4 terpyridine (10 mol%) (e} 0
s P R\)LN,R .
,\',le/Ph R3 LiCl, Mn R! N/
Selected 1.5 equiv meS|terne 170°C, 24 h
81% yield 85% yield 81% yield

(4h) Chen, Org. Lett. 2020, 22, 2287.

Pd-catalyzed desulfurative Hiyama coupling of thioureas
Pd(OAc)» (10 mol%)

S O
dppp (20 mol%)
RlNJJ\N,Ph + R=Si(OMe)s 1NJ\R
by : CuFz, Hy0 Ly
R® R 2.0 equiv ploluene, 120°C, 18 h R
Selected scope when R® =
O (0] Jk i
Pho
PhoANp, Pho AN on

N Ph
re e T
H Me Me

80% yield 68% vyield 58% yield 44% yield
Selected thioureas when R = Ph

S ) S S
Ph\'}l)lg,lv,Ph Ph\r}l)lsﬁll\l'Ph Ph\w)l;illv,Ph Ph\'}lJ}sf,lv,Ph
H Boc H Ac H Bn H H

80% yield 71% yield
(4e) He, Synthesis 2022, 54, 705.

0% yield 0% yield

Figure 4 Amides as acylating reagents in various synthetic methodologies*

AN~

Friedel-Crafts acylation with twisted amides

O O
)]\ TfOH (3.0 equiv) 0
N

PN

Ar'

Ar-H, 23 °C, 15 h Ar
O
o Selected scope (

spsioaseach

93% yield 75% yield 64% yield
(4i) Liu, Chem. Commun. 2016, 52, 6841.
Sc(OTf);-catalyzed synthesis of anhydrides from amides

O O Sc(OTf)3 (10 mol%)
H,0 (0.5 equiv) O O

PN

PhH, 120 °C, 15 h Ar 0" TAr

O Selected scope

AT M,

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

Ar N

Acylation of N-acylglutarimides with N-acylpyrroles

2.0 equiv)

L|N(S|Me32
+ Ar - RJ\NJ\Ar
DME, 120 °C, 12 h H

1 0 equiv

Selected scope

S o o

92% yield 71% yield 61% yield
(4k) Li, Org. Chem. Front. 2021, 8, 6344.

Further reading

Other contributions on cross-coupling of amides:
(41) Amani, Org. Lett. 2017, 19, 2426.

(4m) Shi, Molecules 2018, 23, 2412.

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

(40) Wang, Tetrahedron Lett. 2018, 59, 2299.
(4p) Kadam, ACS Catal. 2019, 9, 5651.

(4q) Koeritz, Org. Lett. 2020, 22, 5731.

(4r) Reina, ACS Catal. 2020, 10, 2189.

(4s) Kerackian, Org. Lett. 2020, 22, 2240.
(4t) Kerackian, ACS Catal. 2022, 12, 12315.
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Pd-catalyzed Sonogashira coupling of N-acylsaccharins
O

A

R N +
o@

Selected scope

Pd(PPhs)»Cls (1 mol%) o

EtsN (4.0 equiv) RT N

1.5 equiv THF, 65 °C, 24 h R'

92% yield 62% yleld 98% yield 48% yield
Selected amides when R = Ph, R'= Ph
o o) o)
Ts Ph OMe
o d o]

0% vyield 0% vyield 0% yield 0% yield
(5a) Cui, Chem. Commun. 2016, 52, 12076.

0% yield 0% yield

Pd/NHC-catalyzed heteroarylation of N-acylsaccharins
(0]
Q.0 o

Pd 1%
@N\> ) N [Pd] (5 mol%) N%Ar
X )\G DMAP, Et;N @/

9) CH3CN, 65 °C, 16 h
78% yield 60% yield

1 1 equiv
Selected scope
(5b) Karthik, Org. Lett. 2017, 19, 5486.
Ru-catalyzed aromatic acylation using amides

L0 e

Br- Pd Br
[Pdl= |

)

7 N\ o [RuCla(p-cymene)ls (5 mol%) ¢\
=, P P(p-Tol)3 (10 mol%) =N
R NZ TIPBA, K,CO3 O
R acetone, 100 °C, 24 h n
1.5equiv  gelected amides
j\ o o o} o}
_Ph _B _B
Ph” N Ph)J\l}l Ph)l\l}l oc Ph)l\l?l n
o) Ts Boc Boc
40% yield 72% yield 35% yield 0% vyield

(5¢) Li, Org. Lett. 2021, 23, 2521.

Figure 5 Cross-coupling of amides with versatile partners®
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Reduction of amides by nickel catalysis
Ni(dme)Cl, (10 mol%)
o PhSiH, (2.0 equi H H
.0 equiv)
P : X
r, toluene, 115 °C, 24 h R
R Selected scope

H H H H H H
_Ph .B
Ph)(l?l Ph)(l}l " PhXN’Bn PhA)(N/\
Me Bn H I\/O
86% vyield 92% yield 95% yield 83% yield
(5d) Simmons, Org. Lett. 2017, 19, 1910.
(5e) Simmons, Org. Synth. 2019, 96, 436.

Reductive arylation of amides via nickel catalysis
Ni(cod), (10 mol%)
Benz-ICy*HCI (20 mol%)

)oj\ DMPE (2.5 equiv) OH
R N/Bn + Ar—Bnep —4m8 ——»
| K3POy4 (4.0 i R A
Boc 4.0 equiv 3PO, (4.0 equiv) '

H>0 (2.0 equiv)

Selected scope dioxane, 120 °C, 16 h

OH OH OH
BOC\N
O

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 into carboxylic acids
i) Ni(cod), (10 mol%)
0 SIPr (10 mol%)

HO toluene, 110 °C, 24 h (0]
+ TONANgiMeg

| B N Ar
R' 1.25 equiv ) TBQ/;FQ&Z.Z iquw)

Selected
)J\ ~i-Pr

OH

O amides O

(0]
Me )]\ .n-Bu Ph)I\N’Me

PR N PR N \
Ph Ph Ph Ts
73% yield 77% yield 60% yield  71% yield

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

Selected scope

Synthesis of acyl fluorides via fluorination of amides
O

)I\ R Et3Ne3HF (0.6 equiv) 0
R N~

o i-PrOAc, 80 °C, 2 h R™ °F

R

0 Selected o

\ amides B
-S .Boc
N N
tBu O Boc
92% yield 25% yield 45% yield

Nickel-catalyzed cyclization of amides

Ni(cod)> (15 mol%)
| Benz-ICy*HCI (30 mol%)

(5k) Idris, Adv. Synth. Catal. 2022, 364, 2449.
NaO#Bu, t-amyl alcohol
Y R" toluene, 60 °C, 24 h

(0]
i
R.

(51) Medina, Angew. Chem. Int. Ed. 2017, 56, 6567.

Nickel-catalyzed cyclization of amides

o Ni(cod), (10 mol%)
SIPr (10 mol%)

N ArBpin (3.0 equiv) 2

|

Boc K3POy4 (2.0 equiv) (:é—\
H>0 (2.0 equiv) Ar

THF, 60 °C, 16 h
(5m) Walker, J. Am. Chem. Soc. 2017, 139, 10228.

Further reading
Other contributions on the synthesis of benzoxazoles from amides:
(5n) Luo, Adv. Synth. Catal. 2019, 361, 4117.

Other contributions on the 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.

(5q9) Chu, J. Org. Chem. 2018, 83, 5009.

(5r) Wang, Chem. Commun. 2019, 55, 11330.

(0] || Me ” Me
0 KOtBu (3.0 equiv > X
R)J\N,Ph + Me—g’Me ( quiv) )CL/H Me
iy i Me THF, 65°Cthen23°C R 70% yield Me™ > 95% yield
e 3.0 equiv febuxostat probenecid
antigout antihyperuricemic

(5j) Rahman, Org. Lett. 2021, 23, 4818.
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Transamidation of secondary amides by nickel catalysis

Ni(cod), (5—10 mol%)

Pd-catalyzed transamidation of

95
THIEME

Transamidation of amides PdCly (2 mol%)

secondary amides
with tertiary amines NH4CI (10 mol%)

(6i) Zuo, Angew. Chem. Int. Ed. 2022, 61, €202202794.
(69) Li, Nat. Commun. 2018, 9, 4165.

(6h) Li, J. Am. Chem. Soc. 2019, 141, 11161. 6u) Yang, Org. Biomol. Chem. 2020, 18, 6053.

6v) Joseph, Org. Biomol. Chem. 2021, 19, 6227.

o} RSP (20-20 Mol o )OI\ . (IPr)Pd(cinnamyl)CI (3 mol%) O o} R KI (10 mol%) o}
)J\ R 4 H_N' )L R R N’R + Ar—NHy R)szAr RJI\N’F{1 + N, )k R
AN R" toluene, 35-60 °C, 14h " N e KoCO3, DME, 110 °C, 15 h H Y R "R DTBP(20equiv) R N
R= Boc 1.5-2.5 equiv R" Selected amides i 3.0 equiv anisole, 100 °C, 12 h R'
Me or Bn a Selected scope 0 0 0 o) 1) Seleocted amides o . whenR'=Et
O (0] O
.Ph M B M _Ph A
Ph)J\N Ph)J\N © Ph)I\N " Ph)J\N © Ph)l\N PN N P P
)L _Ph )L . . . | | Ph N Ph” N _Ph _Ph
Ph Boc Boc Boc Ts Ts Ph™ N Ph™ °N
K/O 86% yield 96% yield 77% yield 91% yield 72% yield o Ts Boc
90% yleld 80% yleld 76% yield (4-MeO-CgHy-NHp)  (4-MeO-CeHg-NH,)  (4-MeO-CgHy-NHz)  (4-MeO-CaHy-NHy)  (2,6-dli-Me-CeHa-NH) 92% yield 40% yield 89% yield 70% yield
(6a) Baker, Nat. Commun. 2016, 7, 11554. (6b) Meng, Org. Lett. 2017, 19, 2158. (6c) Idris, Org. Chem. Front. 2020, 7, 2737.
[[fansamidationofisecondanylamidesibylEt ;i : Transamidation of N-acylglutarimides by EfsN ' Additive-free transamidation of secondary amides - - N
0 5 EtaN (3.0 equiv) 0 o0 o EteN (3.0 ) g o . ' 'gansamldatlon of thioamides by NaHMDS .
R 3 . | R' 3 equiv, g R' CHaCN({.0M i , .
1 5 3\ ) 0§ g i
RJ\N’R + H=N F{)kN’R :R)]\N + H-N R)J\ R pn . HeN 3CN ( ) I g I e R' NaHMDS (3.0 equiv) I r
: R4 DCM,23°C,15h Dy « DCM, 23°C, 15 h N \ . R™ "N R+ HEN RN
R? S R* & R o Boc R' 25°C,15h R B R" toluene, 23 °C, 15 h R
.0 equiv 0 | ' : : oc ]
S amidesq = S : 3.0 equiv  gelected scope : 2.0 equw Selected example ; 2.0equiv  Selected scope
R e oo R iak ) N . Lt A
H .Me ~ : '
Ph)LN’Me Ph)J\N,Ph Ph)J\N,Ph L SN PN m Ph U | ph)LN Ph)J\N Ph)LN/\/\Me
I 1 | ' H Me H /\/N H | H
Boc Boc Ts 0 : 94% vield i H Me
98%yield  98%yield  94%yield | 61%yield 95% yield 79% yield OMe igan (a°n’t',emeﬁc) | 90% yield 94% yield 73% yield
(6d) Liu, Org. Lett. 2017, 19, 1614. | (6€) Liu, Org. Biomol. Chem. 2018, 16, 1322. ! (6f) Rahman, J. Org. Chem. 2019, 84, 12091. + (6)) Li, Angew. Chem. Int. Ed. 2022, 61, €202200144.
.................................................... Sy |
L . . 1 Transamidation of thioamides by K3PO,4
Trarg)samldatlon of amld:s by LiHMDS o )OI\ Transamidation of amides by NaHMDS . s s
R® LHMDS (3.0 equiv) _Ph ! R KsPOy4 (2.5 equiv)
)l\ R HeN R)J\N,RS PhTON j\ R NaHMDS (3.0 equiv) j\ . : R)J\N,Ph Lo RJJ\N,R'
m2 R* toluene, 23 °C, 15 h ha Ts g on o+ HAN R | ‘R"  THF, 25°C, 15 h L
Selected amides 20 equiv when R®=H, Ff“ Ph 90% yield Me R" toluene, 23°C,15h B : Boc Selected scope R
2.0 equw Selected scope H S
)OJ\ o o o ; i j\ s s
Ph ,\@ Ph)l\ .Boc )I\ _Bn h)l\N,Me Ph)l\l?l’Me Ph)l\l}l’Ph i /©/ N e /©/  Ph N/ﬁ Ph '\D Ph)J\N/\rMe Ph)J\N/\/
= Boc Boc Boc Ts Ms Ph” N /ﬁ ﬁ)L : K/O Ho Me
98%yield  96%yield  90%yield 91%yield  97%yield  70% yield _H . ; ! 86%yield  81% yield 57% yield 81% yield
Selected scope Transamidation of unactivated amides by KI/TfOH 97% V'9|d 95% yleld 88% yield ! (6K) Zhang, Org. Biomol. Chem. 2022, 20, 5981
Me Me o) A (D ue52) o) NH; NaHMDS (3.0 0 R T ' R
\| o )I\ R!  TfOH (1.0 equiv) J‘k g 2Na ( equiv) ' Further reading
Me\/N\)J\ R N,Me + H— Nl N’R B Ph N 1 Reviews on the transition-metal-free activation of amides:
N . ‘R2 toluene, 120 °C, 16 h ' to'ue[}e 23°C, 15h H ! (6]) Li, Chem. Rec. 2020, 20, 649.
91%yield 1 Me Me 2.0 equiv R"=Me orH ! (6m) Li, Synthesis 2020, 52, 2579.
lidocaine Selected scope Sel d amid i Other contributions on the transamidation of amides:
local anaesthetic NC elected amides . (6n) Guo, Org. Chem. Front. 2018, 5, 2950.
(\O _Ph Me O )O]\ )OJ\ )OJ\ 1 (60) Zhang, Org. Biomol. Chem. 2021, 19, 8566.
Me _Bn 1 (6p) Dander, Chem. Sci. 2017, 8, 6433.
N/\/N\) Me O 88% yield e N Ph™ "N Ph™ °N PRTONTY ! (69) Singh, Org. Biomol. Chem. 2021, 19, 7134.
H ggo, yield - 85% y|eI d ibuprofen Me Me K/O 1 (6r) Sureshbabu, Org. Biomol. Chem. 2019, 17, 845.
cl moclobemide e febuxostat 86%yield  91%yield  92%yield 2% yield ; (6c) Sureshbabu, Asian J. Org. Chem. 2022, 11, 6202200076.
MAO inhibitor : 26t) Subramani, Eur. J. Org. Chem. 2019, 3677.
A

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%)

)l\ terpyridine (5—15 mol%) 0
r” ~N-B" + R—OH

Boc  1.25equiv
(7a) Hie, Angew. Chem. Int. Ed. 2016, 55, 15129.

_R'
toluene, 100°C,20h R O

Cobalt-catalyzed esterification of amides

o) CoBrs (5 mol%)
)]\ R . bipyridine (10 mol%) (0]
RN + RR-OH ————— R’
o . Mn, TMSCI R™ 7O
R 2.0 equlV pyiEmridine, 60 °C
Selected amides when R' = Et
L owe X
_Ph
Ph)J\l}l’Me Ph)J\ )J\ .OMe )l\ _Ph Ph '}l
Boc Boc Me Ts CO,Me
97% yield  84%yield  76% yield 51% yield  27% yield
(7b) Bourne-Branchu, Chem. Eur. J. 2017, 23, 10043.
Esterification of amides by K3PO,
)o]\ ) KsPO, (3.0 equiv) j\ .
RNt + R—OH R Yo P
éZ 1.2 equiv THF, 23 °C, 15 h
Selected amides when R'= Ph
(o} i (e} (e}
.Boc -
Ph)J\N’Ph Ph™ N Ph)J\l}l'Me Ph)J\l}l Ph
Boc Boc Ts Ts
90% yield 92% vyield 95% vyield 97% yield

Selected scope

B T
Me Od]. o

(@]
P'S 93% yield ph)J\o 86% yield
Ph (6] estrone eugenol
OMe
Me
(7c) Li, Org. Lett. 2018, 20, 5622.
Esterification of secondary amides by CsF o
(0]
CsF (20 mol%) o) )I\ .Boc
R — PR N
R N + R'—OH R' |
F'12 1o ~ CH3CN, 100°C,15h R~ "0~ Boc
1.2 equiv 88% yield
Selected amides when R'=Bn
O (0] (0] O (0]
oA A v Lo Ko
Ts Ts Ts Boc Boc
97% yield 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’
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Zn-catalyzed esterification of secondary amides

)O]\ Zn(OAc)2 (10 mol%) o)
R N + R
H 1.5-3.0 equiv +-BuOAc R” "O
CO,tBu WY 40-60°C, 24-72 1

O Selected scope

66% yield 56% yield 65% yield
(7e) Wybon, ACS Catal. 2018, 8, 203.

Esterification of secondary amides by Cs,CO3;

)OI\ Cs5C03 (20 mol%) o

g >nB" + RmOH ——— R
) ~ DMSO,RT,12h R” O
Boc 1.5 equiv

(79) Ye, Org. Lett. 2019, 21, 6888.

Pd-catalyzed transamidation of secondary amides

ﬁ\ KsCOs (10 mol%) 0

RiOSN-R o+ HSR? I R
o 1.0 equiv toluene, 100 °C, 16 h

Selected amides when R? = 4-Me-CgH,

A X i
)\)j b Boc Ph)l\l}l’Ph
Ms
72% yield 96% yield 98% yield 83% yield
(79) Wang, New J. Chem. 2019, 43, 9384.

Thioesterification and selenoesterification of amides by K;PO,
(0}

KzPQOy4 (2.0 equiv
Ar)I\N’Ph o RSH — (B0 Ar)J\S’R
1 THF, 25°C, 15 h
Ts/Ms 1.2 equiv
Selected amides when R = Ph
(e} (0]
.Ph .Ph
. .
Ts Ms
92% yield 92% yield
O ’ (0]
K3POy4 (2.0 equiv)
Ph)J\N’Ph + Ph—SeH Ph)J\SéPh
1 THF, 25°C, 15 h
Ts 1.2 equiv 92% yield

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

Pd-catalyzed aerobic oxidative coupling of amides
o (IPr)Pd(allyl)CI (5 mol%)
)I\ = CsF (5.0 equiv) o)

+ Ar—B(OH),
A ?S 2.0 equiv xylene, 65 °C, 15 h RJ\O’ Ar

(o)} balloon

Selected scope

o
Ph)J\ Pl /\)L O)( o* Ph

91% yield 78% yield 58% yield 55% yield
(7i) Li, Eur. J. Org. Chem. 2019, 4357.

Pd-catalyzed thionoesterification of thioamides

Pd(OAC)s (5 mol%)

i P(CeFs)s (20 mol9%) s

)]\szh + HO-R

1
Boc

A R
' KsPOy4 (8.0 equiv) Ar~ ~O~

1.5 equiv toluene, 110 °C, 12 h

S
S
O/\E/) Ph)J\O/\/Me

58% yield 67% yield

Selected scope
S
)‘k PN F’h)k
Ph™ “O” "Ph
81% yield
Pd(OAc)z (5 mol%)
P(CeFs5)3 (20 mol%) s

B°C+ HO-R —mM8M8Mmm >

S

J,

A KsPO, (3.0 equiv) Ar~ YO
e 1.5 equiv toluene, 110 °C, 12 h
Selected scope
S
Ph)LO/\Ph )J\o/\/'vIe
72% yield 65% yield 66% vyield

(7j) Liu, Org. Biomol. Chem. 2022, 20, 1532.

Further reading

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

(71) Dander, J. Chem. Educ. 2019, 96, 776.

(7m) Nagae, Chem. Sci. 2019, 10, 2860.
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O Ni-catalyzed decarbonylative Suzuki coupling of amides Ni-catalyzed decarbonylative alkynylation of amides

Notable features

o O . Ni(cod), (20 mol%)
» New concept )J\ ) Ni(PCys)2Cl2 (5 mol%) . dcype (40 mol%)
* Bench-stable electrophiles R—R ML, Ar” N + Ar—B(OH), - Ar=Ar N + = SiR, Ar—=—13IR
* Non-toxic Na,COj3 (4. soequw) )\ Cul (10 mol%) r———-SiR3;
o R1 1.5 equiv dioxane, 150 °C, 15 h 0 5.0 equiv  dioxane, 150 °C, 16 h
Reaction mechanism for the R#2 R )L”*Z/N‘RZ Selected scope Selected scope S|(: Pr)3 S|(1-Pr Si(i-Pr)3
decarbonylative coupling ——) R M
of amides L/ \L F3C
_ L\ R/ Y-R 83% yleld 77% yield 74% yield 87% yield 72% yield 5b% yield
dorarst example g;“r‘,f_ng €O, PRs ”*2 YX_L Selected amides when Ar'=2-Np (8j) Srimontree, Org. Lett. 2017, 19, 3091.
ylativi upli - -
of amides: L X = halide, NR'R? )J\ )OJ\ )Ol\ Pd-catalyzed decarbonylative alkynylation of amides
Bn Ts .Me Pd(OAc), (3 mol%
Pd-catalyzed decarbonylative Heck reaction of amides Ph b Ph N/ Ph l}l )OI\ . éppp )(?5 (mol%) o)
PdCl, (3 mol%) oc Ph Ph AR+ =R . Ar—=—R
)]\ LiBr (9 mol%) R 38% yield <12% yleld <10% yield <5% yield |Iq 3.0 equiv NagCO3 (1 .Ooequw)
R (8g) Shi, Angew. Chem. Int. Ed. 2016, 55, 6959. ' dioxane, 150 °C, 16 h

NMP, 160 °C, 15 h Selected amides when R = Ph

1.2 equiv Ni-catalyzed decarbonylative Suzuki coupling of N-acetylamides 6 O o o 0
Selected scope (0] : N
~~.-Ph . C02n-Bu Ph/\rCOZn—Bu P )J\ Ac Ar'—B(OH), NPCYelCle (8 mol?e) Ar=Ar' “)‘:S
PR PR e Ar Eh Na,COs (4.5 equiv) o ¢ 6

86% yield 81% yield 80% yield 1.5equiv  dioxane, 150 °C, 15 h 78% yield 80% yield 52% yleld

94% yield Selected sco|
pe k) Li . Lett. 2018, 20, 2741.
Selected amides when R = CO.n-Bu oF. F (8K) Liu, Org. Lett. 2018, 20,
8 Ni-catalyzed decarbonylative alkylation of amides
Me o) o] i
)I\ )l\ )J\ o Ni(cod) (10 mol%)
Ph N \ Ph N/TS Ph N,Me 72% yield 69% yield 56% yield )I\ dcype (20 mol%)
| ) . -Ph —~_HR
2c) Liu, ACS Catal. 2018, 8, 9131. A N + A
Ph RS (ee) ' o B CsF (1.0 equiv) r
<5% yield <5% yield <5% yield <5% yield Pd-catalyzed decarbonylative Suzuki coupling of amides ° 2.0 equiv toluene, 150 °C, 65 h

Selected scope

(8a) Meng, Angew. Chem. Int. Ed. 2015, 54, 14518. o Pd(dppb)Cly (5 mol%)
AN R+ AP—B(OH), Ar=Ar ‘/\/\‘ 0
Pd-catalyzed decarbonylative Heck reaction of N-acylsaccharins l NaHCOg (3.0 equiv) OMe OMe
o o, i 1.2equiv  dioxane, 160 °C, 12 h 34% yield 58% yield
U Y PdCl; (3 mol%) Selected amides when Ar' = 4-M60-CeH4 (8l) Chatupheeraphat, J. Am. Chem. Soc. 2018, 140, 3724.

)J\ )J\ ‘é /,O o Pd-catalyzed decarbonylative Suzuki coupling of amides
Ph N’ L _Boc o o
Ph l}l )]\ \\,/O o
.S Pd(PPh3)>Cls (3 mol%)

Ar N " /\R Ar/\/R
NMP, 160 °C, 18 h
o 2.0 equiv

8b) Liu, J. Org. Chem. 2016, 81, 12023.
(8b) 9 Boc Ar” "N + Ar—B(OH), Ar=Ar
Further reading . . . 86% yleld 77% yield 62% yield 28% yield NaHCOj3 (3.0 equiv)
Reviews on the decarbonylative coupling of amides: O 2.0 equiv o

X , toluene/dioxane, 150 °C, 4 h
(8c) Liu, Org. Biomol. Chem. 2018, 16, 7998. i )Ol\ )OI\ )O]\ Selecte S

.Ac -Ms Ts Ts MeQ

Computational studies on decarbonylative coupling of amides: Ph l}l Ph l}l Ph l}l/ Ph l}l/ oM
(8d) Ji, J. Am. Chem. Soc. 2017, 139, 15522. bh Bh bh Me 2
ggf))l_Ti °ngf“ecr';;efn°’g$‘6”' 2020, 56, 113. 81%yield  81% yield 64% yield 50% yield

s ' T (8h) Zhou, Chem. Sci. 2019, 10, 9865. 88% yield 65% yleld 75% yleld

(8i) Luo, J. Org. Chem. 2019, 84, 10559.

Figure 8 Decarbonylative cross-coupling of amides: discoveries and mechanism?®
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)J\ dcype (20 mol%)
Ny —— > Ar=CN
KF (2.0 equiv)
2.0 equiv toluene, 150 °C, 20 h
(9)) Chatupheeraphat Org. Lett. 2017, 19, 4255.

Ni-catalyzed aryl exchange between amides and nitriles
o Ni(cod), (10 mol%)
)l\ N CN  dcype (15 mol%)
Boc —— > Ar=CN
N~ Mn (1.5 equiv)
1.5equiv  O-xylene, 150 °C, 24 h

Ar O
o SN Ph __ [Rh(cod)Cl], (5 mol%) =
| + ~Ph /
X P Ph” "N \
| H \ N ) BusN, H,0 N
=N toluene, 150 °C, 15 h Ar
Ph Ph

1.5 equiv _ . 40 vi
96% yleld 59% yleld 64% yield 60% yield g - ‘?gc %gzo/;/iyelledld
(98) Meng, Org. Lett. 2016, 18, 796 (Ar=26--Pry-CeHg) ~ (90) Meng, ACS Catal. 2017, 7, 7251. '

Ni-catalyzed decarbonylative reduction of amides

THIEME
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. . . . . L . . . Pd-catalyzed decarbonylative cyanation of amides
Rh-catalyzed C-H functionalization using N-acyl glutarimides Rh-catalyzed C-H functionalization using primary amides ' PA(OAG), (5 mol%)
' P )
6 o ; PCyPh, (20 mol%
_ g [Rh(cod)Cl] (5 mol%) — _ 6 )J\ e [RH(GOAICIE (5 mol%) . ):5 N, yPhs ( D amon
+ RTON —_— / : dioxane, 150 °C, 16 h
\_/ O toluene, 150 °C, 151\ \_/ Q iy BusN, H;0 : 20equv  “selected scope
9 R o¢ toluene, 150 °C, 15 h ' cN CN
1.5 equiv Selected scope Selected scope 1.5 equiv
Ph Me Ph _ Ph :
_ - \ 7 = _ — N\ 7 CN ; 80% vield 80% yield 70% vield
\_( \_/ N \_/ \_ \_/ N \_/ ! (9i) Shi, Org. Lett. 2017, 19, 3095.
Ph Ph Ph Ph Ph Ph Ph Ni-catalyzed decarbonylative cyanation of amides
91% yield 87% yield 79% yield 84% yield 85% yield 79% yield 72% yield 92% yield : Ni(cod) (10 mol%)

I
Boc

o Ni(cod) (10 mol%) Pd-catalyzed retro-hydroamidocarbonylation of amides Selected scope Ve
)k EtPPh, (10 mol%) o o Pd(OAC)2 (3 mol%) CN CN N
AN Ar=H R PCysHBF, (12 mol%) /@’ CN
L TMDSO (1.0 equiv) N - . R X F.C
R toluene, 130 °C, 24 h Me K»COs, HaBO;3 8

76% yield 75% yield 63% yield 50% yield
(9k) Long, ACS Catal. 2022, 12, 4688.

Pd/Cu-catalyzed decarbonylative heteroarylation of amides
Pd(PPhg)2Cl, (10 mol%)
CuBr (20 mol%)

(0] O THF, 120 °C, 15 h

p Selected amides
O N-N R = 6-MeO-2-Np
( (1c) Meng, Org. Lett. 2015, 17, 4364.
N
OO ( :> \ Ni-catalyzed retro-hydroamidocarbonylation of amides

Ni(cod) (10 mol%) R dppe ( 20 mol%) RN
87% yield 87% yield 80% yield gt O ICy (20 mol%) R \> + Ar)l\ I S—Ar
4
(9¢) Dey, ACS Catal. 2017, 7, 433. R2 n-Me RszR R NaxCOg (1.3equiv) R X
. . . . R3 R é Mg(OAc),, KOAc 3 dioxane, 160 °C, 24 h
Ni-catalyzed decarbonylative reduction of amides 0C toluene/hexane, 130 °C, 36 h R Selected scope 2. 0 equiv
O O Ni(OAc)2*4H20 (10 mol%) Selected
L doype (20 mol%) clecied seoe Me  Ph >‘© >_© >_©
X =
Ar N S Ar=H Ph/\/ Ph Ph)\( \|/\.
PMHS (2.0 equiv) Me Me
O toluene, 170 °C, 48 h 83% yield 77% yield 66% yield 52% yield 49% yield 77% yleld

Selected amides

0O o 0O O 0O O Me
X N O N XN Ci:\/\(n
CIY Ty ) e
o) 0 o) N~ O 62% yield

73% yield 72% yield 91% vyield
(9f) Yue, Angew. Chem. Int. Ed. 2017, 56, 3972.

Me

(91) Zhou, Org. Chem. Front. 2019, 6, 1942.
Further reading
Other examples of the C—H functionalization of amides:
(9¢) Wu, Org. Biomol. Chem. 2017, 15, 536.
(9d) Xiong, Adv. Synth. Catal. 2019, 361, 5383.
Other example of the reduction of amides:
(99) Mondal, New J. Chem. 2017, 41, 13211.

43% yield
(9h) Hu, Nat. Commun. 2017, 8, 14993. androstadienone

Figure 9 Decarbonylative cross-coupling of amides: construction of carbon-carbon and carbon-hydrogen bonds®
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Ni-catalyzed decarbonylative borylation of amides
Ni(OAc)2*4H,0 (10 mol%)
NHC ligand (15 mol%)

)Ok NaO#Bu (15 mol%)
Ar N’R + Boneps

Ar=Bnep
I . K3PO4 (3.0 equiv)
R 3.0 equiv toluene/hexane, 150 °C, 24 h
Selected amides
(0] (0] (0} (0]
Ph)l\ \ .Boc )J\ .Boc )I\I}I/BOC Ph)J\l}l’Boc Ph)l\l}l/Boc
Me /-Bu n-Pent Bn Ph
82% yield 68% yield 80% yield 84% yield 79% yield
o o} o} 6 o
M LA M )]\
Ph)J\l}l’ © Ph)l\N ¢ Ph)l\ry ¢ PhTON
Ph Ph OMe o
32% yield 0% vyield 0% vyield 0% yield

(10a) Hu, Angew. Chem. Int. Ed. 2016, 55, 8718.
Pd-catalyzed decarbonylative borylation of N-acyl glutarimides

O O Pd(TFA), (5 mol%)
)]\ PCy3HBF,4 (20 mol%)
Ar” N +  Boping —Bpi
] Na,COj3 (1.0 equiv) Ar=Bpin
1.2 equiv dioxane, 150 °C, 15 h

Selected scope

@ Ot Qo

68% yield 76% yield 60% yield
(10b) Shi, ACS Omega 2019, 4, 4901.

Rh-catalyzed decarbonylative borylation of amides

i [Rh(PPh3)3ClI] (2 mol%)
ar >R+ Beping Ar—Bpin
1 i toluene, 160 °C, 15 h
R' 2.0 equiv
Selected amides and scope
Me
)J\ )]\ H Bpin
Ph NJ /(j
e/\/ ) )
O// b 98% yield
90% yleld 96% yield <5% yleld probenecid
O O O
B T .B M
Ko or A e B pr A e
Ph Ph Ph
<5% yield 44% yleld 51% yield 19% yield <5% vyield

(10c) Bie, J. Org. Chem. 2020, 85, 15676.

99
THIEME

Decarbonylative phosphorylation of amides via Pd and Ni catalysis
O

(0}
)I\ R4 1_OEt
Ar zl H— P\OEt

[Pd] or [Ni] IoI S

Ar” TOEt

dioxane, 160 °C, 15 h

[Pd] [Ni]

Pd(OAc)2 (5 mol%)  Ni(dppp)Cla (10 mol%)

DPPB (10 mol%) Na,COj3 (1.5 equiv)
Selected amides EtgN (1.5 equiv)

)I\ NPh

(0} O

Ph)J\l}l'Me Ph)J\rTJ’Ph

Ts Ms
[Pd] 88% yield
[Ni] 86% vyield
(10d) Liu, Angew. Chem. Int. Ed. 2017, 56, 12718.

[Pd] 96% yield  [Pd] 95% yield  [Pd] 95% yield

Ni-catalyzed intramolecular decarbonylation of amides
o NiCly (5 mol%)

I g IPreHCI (10 mol%) R
- HetAr—N
HetAr™ I KsPO, (2.0 equiv) R

R toluene, 170 °C, 48 h

Selected scope

o eyt ol

92% yield 78% yield
(10e) Liu, Chem. Eur. J. 2017, 23, 11771.

96% vyield

Ni-catalyzed decarbonylative amination of N-acyl glutarimides
1) Ni(cod), (10 mol%)
dppf (10 mol%)

O O K3POy, LiCl
)J\ NH toluene, 170 °C, 24 h
Ar N + Ar=NH>
Ph Ph 2) acidic hydrolysis
o) 2.0 equiv

Selected scope

oot oot o
O Ph

56% yield 55% yield 50% yield
(10f) Lee, Synlett 2017, 28, 2594.

Figure 10 Decarbonylative cross-coupling of amides: construction of carbon-heteroatom bonds'®!

Ni-catalyzed decarbonylative thioetherification of N-acyl glutarimides

o o NiCl, (10 mol%)
)J\ dppp (20 mol%)
AN + R-SH AR
Mn (2.0 equiv)
o] 1.2 equiv  toluene, 150 °C, 36 h

Selected scope

83% yield 62% yield 75% yield
(10g) Lee, Chem. Eur. J. 2018, 24, 3608.

Pd-catalyzed aryl exchange between amides and thioesters

o Pd(OAc), (3 mol%)
)]\ R ?J\ XantPhos (6 mol%) s
Ar” N7 i _R* Ar” R4
Re R® °S” " toluene, 160 °C, 15 h
1.0 equiv

Selected amides when R® = 4-F-C4H,, R* = Ph

o o0 O o o 0 o) o
L
Ph)jij Ph )N:g Ph)J\f\‘l:\> Ph)J\ITl/TS Ph)J\l}l'AC Ph)J\l}l'Me
o g =~ Ph Ph Ph

93% vyield 60% yield 47% yield 48% yield  50% yield <5% yield
Selected scope when NR'R? = glutarimide, R® = 4-F-CsH, or 05H5
SOR®
. 58% yleld
72% yield estrone
MeO adapalene
Me NC
O m - OC0
Me O N\ I
Me™ > N. S N™ “Me
LA 58% yield Me 85% yield
O probenecid febuxostat

(10h) Bie, Org. Lett. 2021, 23, 8098.

Ni-catalyzed decarbonylative thioetherification of N-acyl glutarimides

O O Ni(cod)> (10 mol%)
)J\ Pn-Bugz (40 mol%)
Ar” "N + EtgSi—Bpin Ar—=SiEt,
CuF,, KF
O 2.0 equiv  toluene, 160 °C, 36 h

(10f) Lee, Synlett 2017, 28, 2594.
Further reading

Example of the decarbonylative amination of esters:
(10i) Yue, Angew. Chem. Int. Ed. 2017, 56, 4282.
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