
Lab 8 
Green Alcohol Oxidation with Copper Catalyst



1. Oxidation

Liver

[O]



2. Green Chemistry



3. Catalytic Reactions

CO + ½ O2 → CO2

C2H4 + 3 O2 → 2CO2 + H2O

CO +  NOx → CO2 + N2



Suzuki - 1981Schrock - 2005

Natta - 1963 Grubbs - 2005





Purpose

- oxidize an unknown alcohol to the corresponding aldehyde using green chemistry

- purify the product

- identify the unknown aldehyde using GC-MS, NMR, and MP (if  solid)



Why Cu?

Copper is used catalytically, not stoichiometrically 

Copper is less toxic

Catalytic reactions

-catalytic amount of copper (sub-stoichiometric) 

-bipyridine and NMI are used as ligands which bind 

to copper

-TEMPO is used as a co-catalyst to oxidize the 

alcohol (a stable, commercially available radical) 

The limiting reagent is the alcohol, not the copper or 

oxygen. 

% yield should take into account the purity of the 

aldehyde



Appearance Amount  (mg) MW (g/mol) mol Equivalent Note

Unknown

…

CuBr White powder 35

2,2’-bipyridine
White 

crystalline 
40

TEMPO
Orange 

crystalline
40

Skin corrosion,

MP: 37oC

acetone 15 mL Solvent Flammable

Product

…



Color change can be used to monitor the reaction’s progress:

-bipyridine and NMI bind to copper to form a red-brown Cu(I) complex

-TEMPO is added which oxidizes the copper to a green Cu(II) complex 

-a lighter, murky green color indicates the reaction is complete 

-the aqueous phase of the extraction will be a cyan color due to Cu(II) salts

Mid-reaction Nearing competition Completed reaction Post-reaction extraction



Purification
Extraction (remove copper salts):

-hexanes (organic layer): TEMPO/TEMPOH, alcohol 

starting material, aldehyde product

-water (aqueous layer): copper salts

which layer would be colored?

- A further purification technique would be needed 

to separate the ligands and TEMPO from the 

product. What technique would do this? Why is it 

not a big deal in this case? 



Identifying the unknown
Melting point (if  the aldehyde is a solid) 

GC-MS

-GC separates the compounds, and MS “weighs” them

-GC tells us the relative amount of alcohol starting material versus aldehyde product

-MS tells us the identity of the alcohol 

NMR

-aldehyde protons show up in the 9.5-10.5 ppm range and will show small (~1-3 Hz) coupling with adjacent protons

-in contrast, a carboxylic acid OH would show up 10-12 ppm as a broad singlet

Benzoic acid PhCOOH Benzaldehyde PhCHO

vs.

NMR will also give us information on benzene’s substituent:

-Cl and nitro group will not show up, but will change the 

integration and shifts of the aryl region

-methoxy (~3.5 ppm) and methyl (~2.2 ppm) will be 

singlets with different chemical shifts

-isopropyl group will show a 1H septet (~2.2 ppm) and 6H 

doublet (~1.2 ppm)

-H will show up as another aromatic proton 


