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What makes N-O bond weaker? – the repulsion of lone e-pairs on O and N.

1. The basic principle of N-O bond cleavage, rearrangement, and some related reactions

Unstable!!

Tabolin, A.; Loffe, S. L. Chem. Rev. 2014, 114, 5426-5476.
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! In situ synthesis
! R, R’ = H, generally unstable due to tautomerization
to form oximes.
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Common sigmatropic rearrangement
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Bamberger rearrangement [1,5]

Bamberger-type rearrangement [1,3] 
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No para migration!!

From 
N-acetoxy

sluggish 
or no 
reaction



Bamberger-type rearrangement [1,3]

major byproducts- para hydorxy or chloro
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SNAr
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Bamberger-type rearrangement [1,3] or [1,5]

but, DAST lead para-fluoro-substitution
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Fridel-Craft type reaction
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SN2-typeSN1-type



Fridel-Craft type reaction

1. The basic principle of N-O bond cleavage, rearrangement, and some related reactions



Mechanistic consideration
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Tow of the ortho and para positions
are blocked.

unstable
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[1,3]-migration



What’s the issue in this chemistry?? – instability of N-oxyenamine limits accessibility

Synthesis of some of the stable silyl nitroso acetals; by distillation or recrystallization
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Alkylation of N-silyloxyenamine
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Application to show the versatility
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Application to show the versatility
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Tin-free alkylation

V-70 =



1. The basic principle of N-O bond cleavage, rearrangement, and some related reactions

Umpolung strategy; concept
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Umpolung strategy; alpha alkylation of ketones
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Umpolung strategy; alpha arylation of ketones
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One pot dinucleophilic addition
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ortho acetoxy transfer from N-oxide

Only two research articles cited this paper.

Mechanism -> demonstrated by 18O-labeling experiment.

Demethylation
product
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BrCN as electrophile

Other electrophiles such as activated alkynes only gave 
the rearranged product at C3.
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Pyridine N-oxide; Enantioselective Boekelheide rearrangement

Concerted? or Ion Pair?
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Pyridine N-oxide; Enantioselective Boekelheide rearrangement

Tert-alcohol
Is dehydrated.

Solvent
= ethyl acetate
Or isopropanol



2. Conventional approaches to the heterocycles by N-O bond cleavage

[3+2]-[1,3] cascade

azasultone

sulfene
N-arylnitrone



2. Conventional approaches to the heterocycles by N-O bond cleavage

SnAr-[1,3] cascade



2. Conventional approaches to the heterocycles by N-O bond cleavage

Best conditions –
Br2, NaOAc, CH2Cl2

Cycloiomerization-cycloaddition; synthesis of azomethine ylide

unexpected



2. Conventional approaches to the heterocycles by N-O bond cleavage

[6-endo-cycl]-[3+2]-[1,3] cascade



2. Conventional approaches to the heterocycles by N-O bond cleavage

[3+2]-[1,3] cascade
; scope



2. Conventional approaches to the heterocycles by N-O bond cleavage

[3+2]-[1,3] cascade
; proposed mechanism



2. Conventional approaches to the heterocycles by N-O bond cleavage

General strategy for [3,3]-sigmatropic rearrangement and cyclization

Tabolin, A.; Loffe, S. L. Chem. Rev. 2014, 114, 5426-5476.



2. Conventional approaches to the heterocycles by N-O bond cleavage

Trofimov pyrrole synthesis; [3,3]-[condensation] 



Au catalyzed Trofimov reaction

Usually require higher temp.!, but Au catalyst allow relatively low temperature.
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2. Conventional approaches to the heterocycles by N-O bond cleavage

[3,3]-[condensation] scope



2. Conventional approaches to the heterocycles by N-O bond cleavage

Ir-catalyzed Trofimov reaction



2. Conventional approaches to the heterocycles by N-O bond cleavage

Ir-catalyzed Trofimov reaction; optimization and scope



2. Conventional approaches to the heterocycles by N-O bond cleavage

Ir-catalyzed Trofimov reaction; one pot procedure



2. Conventional approaches to the heterocycles by N-O bond cleavage

Bartoli indole synthesis

ortho substituent is crucial.



2. Conventional approaches to the heterocycles by N-O bond cleavage

Synthesis of 2,3-disubstituted indole



2. Conventional approaches to the heterocycles by N-O bond cleavage

Benzofuran synthesis; general scheme

Tabolin, A.; Loffe, S. L. Chem. Rev. 2014, 114, 5426-5476.

O-aryl oxime



2. Conventional approaches to the heterocycles by N-O bond cleavage

Benzofuran synthesis

TFAT= 
trifluoroacetyl
triflate

(strong promoter)



2. Conventional approaches to the heterocycles by N-O bond cleavage

Application to the natural products



3. Recent TM-catalyzed synthesis of heterocycles

[Cu]-catalyzed [2,3]-[3+2]-[1,3] cascade

O-propargylic oxime:
[1,3]-dipole precursor

Olefin: dipolarophile

CuCl, [CuCl(cod)]2 - good

CuBr, CuCl2, Cu(OAc)2, AuCl, PtCl2



3. Recent TM-catalyzed synthesis of heterocycles

Solvent effect for diastereoselectivity

will be discussed in 
Quiz 2.



3. Recent TM-catalyzed synthesis of heterocycles

Well-estabilished works; Intramolecular Heck type amination reaction

Review papers



3. Recent TM-catalyzed synthesis of heterocycles

Intermolecular Pd-catalyzed annulation; between highly reactive two species

butyronitrile – solubility
is bad for CsF.  but high bp

molecular sieve
Improved the yield

No Beckman products

No interference of the 
resulting heterocycle



3. Recent TM-catalyzed synthesis of heterocycles

Scope

R=alkyl

byproduct

Keto-enol
tautermization?



3. Recent TM-catalyzed synthesis of heterocycles

[proposed mechanism]



3. Recent TM-catalyzed synthesis of heterocycles

Pd-catalyzed intralmolcular C-H amination



3. Recent TM-catalyzed synthesis of heterocycles

[proposed mechanism]



3. Recent TM-catalyzed synthesis of heterocycles

Pd-catalyzed decarboxylative alkylation



3. Recent TM-catalyzed synthesis of heterocycles

[proposed mechanism]



3. Recent TM-catalyzed synthesis of heterocycles

Further functionalization of aziridines



3. Recent TM-catalyzed synthesis of heterocycles

Cu-catalyzed coupling reaction; oxime aceate and aldehdye



3. Recent TM-catalyzed synthesis of heterocycles

Scope



3. Recent TM-catalyzed synthesis of heterocycles

Proposed mechanism



3. Recent TM-catalyzed synthesis of heterocycles

Ni-catalyzed synthesis of pyridines; [4+2]



3. Recent TM-catalyzed synthesis of heterocycles

Proposed mechanism



3. Recent TM-catalyzed synthesis of heterocycles

Fe-catalyzed
synthesis of
phenanthridine



3. Recent TM-catalyzed synthesis of heterocycles

Scope
“aldoxime acetate – unstable in this reaction conditions”



SUMMARY





Quiz 1.



Quiz 2.

exo selective [3+2] cycloaddition is preferred..



Quiz 3.


