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Greener Synthesis of 
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In class assignment (01.26.2011) 
A typical organic laboratory reaction is shown below, in which an aldehyde is reduced to an alcohol via a typical 

reducing agent, namely lithium aluminum hydride. 
 
 
 
 
 
In this experiment, 5.8 g of LiAlH4 was added into a flask, and to this was added 25 mL of THF (density 0.88 g/mL).  

By use of an addition funnel, a solution of 10 g of cinnamaldehyde (reactant shown above) in 75 mL of THF 
was dropped into the lithium aluminum hydride solution and gently heated to a reflux. 

 
After mixture of these reactants, the solution was cooled and 12 mL of aqueous sodium sulfate (let’s just use 

water density of 1 g/mL, as the solubility of sodium sulfate at cool temperatures is near 12 g/100 mL).  95 mL 
of dilute sulfuric acid was then added (use the density of water again), and the layers were separated and 
extracted by 120 mL of diethyl ether (density 0.7134 g/mL). Assume a 90% product yield. 

 
(Source: http://www.ch.ic.ac.uk/local/organic/16.html) 
  
Convert all mL to g and evaluate the following factors: 

a) Total Atom Economy of the reaction as shown in the above scheme 
b) E-factor of this synthetic route 
c) Q-factor of this synthetic route 

 
 

http://www.ch.ic.ac.uk/local/organic/16.html


Electron-Counting Rules 

Neutral Negative Ligand L 
1 2 alkyl, aryl, hydride, halide (X) 

2 - ethylene, monoolefin, CO, phosphine 

3 4 p-allyl, NO  

4 - diolefin 

4 6 cyclobutadiene (C4H4 or C4H4
2-) 

5 6 cyclopentadienyl 

6 - arene, triolefin 

8 10 cyclooctatetraene (C8H8 or C8H8
2-) 



Green Chemistry 





















In class assignment (02.02.2011) 

1. The EHS indicator scores of methanol and dioxane are 
2.7 and 5.00, respectively.  What is the meaning of these 
indicators? 

 
2.  On the other hand, their life-cycle assessment scores 

based on cumulative energy demands (CED) can be 
calculated from their solvent production (CED) in kg/mj-
eq. of 40.7 and 86.6, solvent distillation (CED) of -21.7 
and -63.8, and solvent incineration (CED) of -22.2 and -
27.6 values for methanol and dioxane, respectively.  
What are their life-cycle assessment values? 

 
3. Which is the greener solvent?  Why? 

 





























Olefin Isomerization Mechanism 
Hydride Addition-Elimination 

Common Catalysts: 

HCo(CO)4 

(Ph3P)3RhCl 

HRuCl(PPh3)3 



Calculating Molecular Weights 
(number average molecular weight) 

Number of Molecules, Ni Mass of Each Molecule, Mi 
Total Mass of Each Type of 

Molecule, NiMi 
1  800,000  800,000  
3  750,000  2,250,000  
5  700,000  3,500,000  
8  650,000  5,200,000  

10  600,000  6,000,000  
13  550,000  7,150,000  
20  500,000  10,000,000  
13  450,000  5,850,000  
10  400,000  4,000,000  
8  350,000  2,800,000  
5  300,000  1,500,000 
3  250,000  750,000  
1  200,000  200,000  
   Total Mass = NiMi = 50,000,000  



Calculating Molecular Weights 
(weight average molecular weight) 

Number of 
Molecules 

Mass of Each 
Molecule 

Total Mass of 
Each  

Type of Molecule  

Weight Fraction  
Type of Molecule     

(Ni)  (Mi)  (NiMi) (NiMi/NiMi) (WiMi) 
1  800,000  800,000  0.016  12,800  
3  750,000  2,250,000  0.045  33,750  
5  700,000  3,500,000  0.070  49,000  
8  650,000  5,200,000  0.104  67,600  

10  600,000  6,000,000  0.120  72,000  
13  550,000  7,150,000  0.143  78,650  
20  500,000  10,000,000  0.200  100,000 
13  450,000  5,850,000  0.117  52,650  
10  400,000  4,000,000  0.080  32,000  
8  350,000  2,800,000  0.056  19,600  
5  300,000  1,500,000  0.030  9,000  
3  250,000  750,000  0.015  3,750  
1  200,000  200,000  0.004  800  

   Weight Average Molecular Weight = WiMi = 531,600 



Chemical Route to Lactic Acid 



Fermentation Route to Lactic Acid 



Comparison of Renewable and  
Non-Renewable Routes to Lactic Acid 

Parameter Renewable Non-renewable 

Energy use High Lower 

Hazard potential Low High 

Waste generation High Low 

Nature of waste Benign Non-benign contamination possible? 

Feedstock Renewable Non-renewable 

Plant size Larger Smaller 


	Slide Number 1
	Monsanto’s Acetic Acid Synthesis
	Cativa Process
	Industrial carbonylation in the Ibuprofen synthesis of Celanese
	S-ibuprofen
	Slide Number 6
	In class assignment (01.26.2011)
	Electron-Counting Rules
	Green Chemistry
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	In class assignment (02.02.2011)
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Olefin Isomerization Mechanism�Hydride Addition-Elimination
	Calculating Molecular Weights�(number average molecular weight)
	Calculating Molecular Weights�(weight average molecular weight)
	Chemical Route to Lactic Acid
	Fermentation Route to Lactic Acid
	Comparison of Renewable and �Non-Renewable Routes to Lactic Acid

