Breaking Amide Bonds
using Nickel Catlysis

Dander, J.E. and Garg, N. K.
ACS Catalysis. 2018. 7 (2), 1413-1423

Austin Durham

Wipf Group
Current Literature 8/11/18




Overview

* Introduction
* Nickel: Advantages, Applications, and Prospects
* The Prevalent Amide: Peptide to Synthon

e Carbon-Heteroatom
 Amide to Ester
e Transamidation

e Carbon-Carbon
* Carbonyl-Aryl
» Carbonyl-Alkyl (Negishi)

* Summary, Future Directions, and Questions



Nickel

* $0.47 / 0z vs. $720 / oz for Pd i
46
* 500 ug/ day vs. 100 ug/ day for Pd —
28
Potential cost benefits n New reactivity
Low CO, footprint N I New transformations for
and toxicity use in chemical synthesis




Nickel — Current Applications
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Nickel Catalysis in the Synthesis of Pharmaceuticals
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The Amide Bond =~ &

Amide Stability
« acidic and basic conditions

* reduction and oxidation
- palladium catalysis

» thermal conditions
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Amide Resonance Stabilization

barrier to rotation = 15-20 kcal/mol
resonance energy = 19-26 kcal/mol
C-N bond length = ~1.33 A
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A: N-Acyl-glutarimides in amide bond cross-coupling

Breaking Amides

0o Boc,0 (2 equiv) 0
b “
J\N'H DMAP (10 mol%) R)J\ Boc

! CH,Cl,, RT, 15 h '

H A Boc
3 40-95% yield 2
PLANA LOSE to PERPENDICL
Me,N : MeO : H : F : NC :
2a 2b 2c 2d 2e

J. Am. Chem. Soc

N

R2
amides

o n 9
’R1 M] n+2 N
“R?

[M]

selective N—C activation

@

acyl coupling

\m

decarbonylative
coupling

B: Acyl, decarbonylative and reductive cross-coupling of N-acyl-glutarimides
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Figure 1. A) General pathways in amide N-C bond activation. B) N-Acyl-glutar-
imides in N-C amide bond cross-coupling: the most reactive amides and
privileged scaffolds for reaction discovery.
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Amide to Ester Precedence
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Amide to Ester
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Amide — Ester

« Underdeveloped transformation
- Amide activation via Ni catalysis

- Use of amides as synthons




Amide to Ester Scope
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Amide to Ester Examined

Ni[SIPr],
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Transamidation Strategy

* Requires Activation of Amide
* Generally Thermoneutral

42 43 44 45
2° amide 2° or 3° amide

* High activation barrier due to amide resonance stability
« Unfavorable thermodynamics/thermoneutral process
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Transamidation Scope
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Two-Step Transamidation
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Carbon-Carbon Bond Formation

* Weinreb-Amide (Amide to Ketone)
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* Requires highly basic and pyrophoric organometallic reagents - -

* Displays limited functional group tolerance
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Carbon-Carbon Bond Formation
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Carbonyl-Aryl Bond Formation
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Carbonyl-Aryl Bond Formation
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Carbonyl-Alkyl Bond Formation - Negishi

* Their Carbonyl-Aryl (Suzuki-Miyaura) conditions not applicable

* Negishi conditions using organozinc reagents
* Tolerate crosslinking of sp2/sp3 hybridization; stereoretention with some Pd systems
* Do not tolerate air/moisture
* Preparation via direct metalation (Zn0) or via transmetallation (RMgBr)




I —
Some Negishi Precedence with Nickel Catalysis
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N-Substitution allows for Negishi Coupling

* N-Tosyl Amides gave max conversion
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Amide Negishi Coupling g5 | wow “suss .
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K,CO3, DME, 110 °C

So what about Palladium? ° % ... w e 2,

o) B(OH), O i |
N C;?N,R' § [Pd-PEPPSI] N N 5
R R | SR _ > Riv | R
Z Z 30 entries Z Z 3a: 96% yield 3d: 97% yield 3e: 72% yield
- - 0 ~ 0 RS » (o]
& general Pd-NHC catalyst for amide coupling | ‘
& high catalytic efficiency N m | = u Y i N N
& high reactivity for N-Boc-carbamates Z Ph Z R > Me
31: 91% yield 3m: (R = Me), 80% yield 3o: 79% yield
M M * (R = j-Pr) o, i c
Me\j [/eMe Me\j 1/eMe . 3n: (R =i-Pr), 76% yield
eE P l . l P Me .
dH Cl d- Cl + HO-R* cat. [Pd]
{ 2
Nl
(IPr)Pd(cinnamyl)ClI Pd-PEPPSI-IPr 0
(previous study) [ref 4] (this study) Phl N 4 _BC _
S-pd “i-R2 elimination o
Michal Szostak Group, Rutgers R’ R3 Fg‘, T ©

J. Org. Chem. 2017, 82, 66386646 Chem. Commun., 2017, 53, 10584--1058 Chem. Commun., 2018, 54, 8606--8609




Summary
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Extra 1 HPro [\ RPr

Decarbonylative Coupling via Selective C~S Cleavage !-P[‘T ’_Pr
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3 eq. catalyst: o
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& Pd or Ni ® benign amides # redox-neutral
& broad scope ® orthogonal selectivity ® aryl and vinyl
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