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DATA

Source for all physical properties is http://www.chemfinder.camsoft.com

Table 1: Physical properties of chemical substances used.

Compound
MolecularFormula
Boiling Point (ºC)
Melting Point (ºC)
Density

(g/ml)
Solubility in H2O

g/100ml at 25ºC

Tetraphenylcyclopentadienone 
C29H20O


217 - 220 





Ortho-dichlorobenzene
C6H4Cl2

180.5
-15
1.306
0.008396 



Dimethyl acetylenedicarboxylate
C6H6O4

95 - 98 at 19 mm Hg 



1.16 




Dimethyl tetraphenylphthalate
C34H26O4

258



Ethanol 
C2H6O

78.3 


-114.1 


0.789 


miscible. 



Table 2: Quantitative properties of chemical substances used

Compound
Molecular Weight (g./mol)
Moles 
Mass (g)
Volume (ml)

Tetraphenylcyclopentadienone
384.4764


1.33 X 10-3
0.5104


Ortho-dichlorobenzene
147.00
2.22 X 10-2

2.50

Dimethyl acetylenedicarboxylate
142.111


2.0 X 10-3

0.25

Dimethyl tetraphenylphthalate
496.58
1.37 X 10-3
0.682


Ethanol 
46.0688


N/A

Liberal use (for recrystallization)

Example of molar calculation by mass:

0.5104 g Tetraphenylcyclopentadienone X 1mol/384.48g = 0.0013275 moles

Example of molar calculation by volume:

2.50 ml o-dichlorobenzene X 1.306g/ml = 3.265g X 1mol/147.00g = 0.0222 moles

RESULTS

Theoretical yield of dimethyl tetraphenylphthalate: 0.660 g

Reaction molar ratio between reactants is 1:1, the limiting reagent is Tetraphenylcyclopentadienone, Dimethyl acetylenedicarboxylate is in excess.

Limiting reagent to product ratio is 1:1, so we expect 1.33 X 10-3 moles of product.

1.33 X 10-3 moles Dimethyl tetraphenylphthalate X 496.58g/mol = 0.660 g product

Yield of dimethyl tetraphenylphthalate: 0.682g

Percent yield of dimethyl tetraphenylphthalate: 103%

% yield = mass product/mass reactant X100

% yield = 0.682/0.660 X100 = 103%
Melting range of crude product: 256-260 ºC

Melting range of recrystallized product: 250-253 ºC

REACTION MECHANISM

Fig. 1

First developed by Otto Diels and Kurt Alder, the Diels-Alder reaction is a very useful cycloaddition technique because it allows one to create cyclic compounds from simpler components; a diene and a dienophile.  In the reaction performed in this lab exercise, an alkyne is used as the dienophile.  This yields a diene cyclic adduct.

The first thing that is done in this experiment is to set up the reaction apparatus under a fume hood.  This is important because the reaction releases toxic carbon monoxide (CO).  The reagents are combined in a container along with o-dichlorobenzene.  The benzene acts as a solvent that ensures the reacting molecules are in a fluid environment favorable for any reaction. The reaction vessel needs to be heated to around 180ºC because a relatively large amount of energy is required to get the reactants to go through the cycloaddition.. Refer to figure 1 for the reaction and its mechanism.  It is important not to heat the reagents any further because the boiling point of the dichlorobezene will be exceeded and the tube could boil over, thereby drastically reducing the yield.  Since the product has a different color than both of the reagents, when the reaction is complete, a color change can be observed (in this case from purple to tan).  The mixture is cooled to about 100ºC and ethanol is slowly added.  The temperature must be lowered or the ethanol would boil off as soon as it was added.  The product is only somewhat soluble in ethanol, and since only a small amount is added, the ethanol dissolves everything but the product.  The product precipitates in crystal form.  To further make sure that maximum yield is obtained, the tube is plunged into an ice bath.  This forces any product dissolved in the ethanol to precipitate out.  After vacuum filtration, the product is weighed to calculate a yield and a melting point is taken to determine the degree of purity.  The final step is to purify the product by re-crystallization.  In this case it was necessary to perform a hot filtration to get rid of solid impurities before cooling to re-crystallize.  Once this complete, a melting point is taken to verify purity.

The dienophile used in this reaction is very strong since it has electron-withdrawing groups adjacent to the triple bond.  It can therefore be expected that the yield would be quite high.  In this case the % yield of 103% can be explained by a few factors.  First, as mentioned above, a high yield can be expected from this reaction.  Second, since the sample is weighed after its first filtering, it still contains various impurities like small amounts of solid reactant and a small portion of solvent.  This added mass can significantly affect the % yield since the quantities used in this experiment are so small.  Any minute change in mass can affect the results considerably.  The melting point ranges are within the thresholds to be expected.  The melting range of the crude product is higher and broader than that of the purified product.  Again, it is not the exact temperature that is important but the relations between the melting ranges of the two samples.  The crude sample range is higher and broader because the impurities contained within affect the amount of energy that needs to be inputted to completely melt the sample, these are not a factor in the purified sample.   As for the discrepancy between the expected 258ºC expected melting point and the actual range of 250-253ºC; it can be attributed to flaws in the laboratory equipment (flawed heaters, inaccurate thermometers, etc…) or changes in the lab environment.

