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Introduction
Azines (N-N-linked diimines) are very important organic molecules that find application in 
different fields:

Org. Biomol. Chem., 2019, 17, 8486-8521.
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Introduction
Azines should be prepared by direct condensation between a carbonyl and hydrazine

Instead of easy synthesis, harsh conditions are required for azine synthesis:
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Introduction
Each azine requires specific synthetic conditions:

R = R’   One specific set of conditions R ≠ R’   Different set of conditions

Would be desiderable to develop a general method

Org. Biomol. Chem., 2019, 17, 8486-8521.
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Introduction
Carbon nanomaterials Carbon nanomaterials as carbocatalysts

• Electronic and thermal conductivity

• Mechanical Strength

• “Chemical inertness”

• High Surface area

Acc. Chem. Res. 2013, 46, 2275Materials Science and Engineering: R: Reports 2004, 43, 61-102

Main catalyst: Graphene oxide
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Introduction
Carbon nanotubes as catalyst

ChemCatChem 2021, 13, 5156-5165

Catal. Sci. Technol., 2015, 5, 3859

Nat Commun 2018, 9, 2671 ACS Catal. 2013, 3, 1307
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Introduction
Carbon nanotubes as catalyst

Catal. Sci. Technol., 2015, 5, 3859

ACS Appl. Mater. Interfaces 2021, 13, 24877

J. Catal. 2022, 413, 274
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Introduction
Carbon nanotubes as carbocatalyst

Appl. Catal. A. 2013, 458, 155

Molecular Catal. 2017, 443, 101

ACS Appl. Mater. Interfaces
2016, 8, 30099

Chem. Eng. J. 2014, 240, 434
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Goal

J. Catal. 2022, 406, 174

Develop a nanotube-based catalyst able to carry out condensation reactions to yield azines
in a milder and more efficient fashion.
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Results: Catalyst preparation
Oxidation reaction with concentrated HNO3
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Results: Catalyst preparation
Characterization

O = 16 %

O = 25 %
(oxMWNT* = 31%) 

O = 8 %
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Results: Mechanistic Insights
Model reaction

Surface version of classic condensation
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Results: Mechanistic Insights
Other pathways

Hydrazone Dry Hydrazone H2O Aldehyde H2O Aldehyde MgSO4

0

20

40

60

80

100

C
o
n
v
e
rs

io
n
 (

%
)

Conditions

Normal 
reaction

TEMPO
Water role



ECSOC 26                                                                                                                     25th – 11 - 2021

Results: Scope (symmetric azines)
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Results: Scope (symmetric azines)
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Results: Scope (symmetric azines)

 

R % Hydrazoneb % Azineb 

Propyl >99 <1 

Butyl 98 2 

Pentyl >99 <1 

Tert-butyl >99 <1 

 

Aliphatic substrates

Low affinity by π-interactions with the nanotube: Bulk reaction



ECSOC 26

Results: Scope (asymmetric azines)
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Results: Scope (asymmetric azines)

Statistic mixture
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Results: Scope (one pot synthesis)
Benzyl alcohol oxidation optimization
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Results: Scope (one pot synthesis)
Benzyl alcohol oxidation optimization

Chem. Sci. 2019, 10, 9438
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Results: Scope (one pot synthesis)
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Results: Scope (bioactive azines)
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Results: Catalyst Recovery
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Conclusions

· Reaction can be scaled up to the gram scale

· Yielding of symmetric and asymmetric azines

· One pot synthesis using alcohols

· Selectivity for aromatic aldehydes due to 
π-interactions with the nanotube

· Surface version of classic condensation
due to solid acid caracter by oxygen chem.
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