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Table 1: Physical properties of chemical substances used.

Compound
Molecular Formula
Boiling Point (ºC)
Melting Point (ºC)
Density

(g/ml)
Solubility in H2O

g/100ml at 25ºC

9-Anthraldehyde
C15H10O

104-105



Diethyl benzylphosphonate
C11H17O3P
106-8 at 1mm Hg

1.095


Aliquat 336 (tricaprylmethyl ammonium chloride)
C25H54NCl

-20
0.884


Methylcyclohexane
C7H14
101
-126.3
0.77
insoluble

Water
H2O
100
0
0.995
N/A

Sodium hydroxide
NaOH
1390
318
2.13
50

Trans-(2-phenylethenyl) anthracene


130-132



Methylene chloride
CH2Cl2
39.8 
-96.7 
1.3255 
1.32 

sodium sulfate
Na2SO4

884
2.68 


Methanol
CH3OH
64.6 
-98 
0.791 
miscible

2-propanol
C3H7OH
82.4 
-88.5 
0.785 
miscible

Table 2: Quantitative properties of chemical substances used

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

9-Anthraldehyde
206.24
5.3X10-4
0.11


Diethyl benzylphosphonate
228.23
5.76X10-4

0.120

Aliquat 336 (tricaprylmethyl ammonium chloride)
404.17


2 drops

Methylcyclohexane
98.2
0.016

2.0

Water
18.0152
0.221

4.0

Sodium Hydroxide (40%)
39.99707
0.0426

2.0

Trans-(2-phenylethenyl) anthracene
280.4
3.07X10-4
0.086


Methylene chloride
84.9328
0.047

3.0

sodium sulfate
142.03714
Liberal use



Methanol
32.042
0.049

2.0

2-propanol
60.0956
0.026

2.0

Example of molar calculation by mass:


0.11g 9-anthraldehyde  X 1mole/206.24g = 5.3X10-4 moles

Example of molar calculation by volume:


0.120 ml Diethyl benzylphosphonate X 1.095g/ml X 1mole/228.23g = 5.76X10-4 moles

Example of molar calculation by %composition:


2.0ml Sodium hydroxide X 40% X 2.13g/ml X 1mole/40.00g = 0.0426 moles

RESULTS

Yield of Trans-(2-phenylethenyl) anthracene: 0.086g

Theoretical yield of Trans-(2-phenylethenyl) anthracene: 0.15g

(All pertinent reactant ratios are 1:1).  The limiting reagent is 9-anthraldehyde.  Therefore, 5.3X10-4 moles of product are expected.  

5.3X10-4 moles X 280.4g/mole = 0.15 g Trans-(2-phenylethenyl) anthracene.
% yield of Trans-(2-phenylethenyl) anthracene: 57%


% yield = actual yield/theoretical yield X 100


% yield = 0.086g/0.15g X 100 = 57%

Melting point of product: 75-78ºC

Synthesis of trans-(2-phenylethenyl) anthracene 

from 9-anthraldehyde

Fig.1

Pioneered by Georg Friedrich Karl Wittig in the 1950s, the Wittig reaction is very useful in the creation of stereospecific alkenes from aldehydes or ketones reacting with phosphonium ylides.  The Horner-Wadsworth-Emmons version performed in this experiment utilizes phosphonate esters as the ylide and specific in the formation of E-alkenes. 

Since toxic fumes may escape from the reaction setup, the procedure is performed in the fume hood.  To begin the experiment, all the reagents are combined in a round bottom flask containing a magnetic stirring bar, a phase-transfer catalyst (Aliquat 336) and methylcyclohexane (an organic solvent used since the 9-anthraldehyde is a solid). The mixture is heated on a sand bath and stirred for 45 minutes.  Sand is used because it has a higher heat capacity than a water bath and does not bubble like an oil bath.  The heat provides the energy of activation and the stirring forms an emulsion, thereby increasing the area the reaction can occur in.  Once the reaction is complete the product is isolated via a series of separations.  The reaction mixture is transferred to a conical vial and the reaction flask is flushed into the vial with some methylene chloride to make sure maximum product is extracted.  This is done through a filter pipette to remove solids.  Once the phases have separated, the lower aqueous layer is removed using a Pasteur pipette.  The organic phase is washed with two portions of water to remove any salts or water-solubles.  The aqueous layers are removed each time using a Pasteur pipette.  The organic phase is then dried using sodium sulfate and transferred to a tared 10ml Erlenmeyer flask using a filter pipette (to remove drying agent).  The drying agent is then treated with two portions of methylene chloride to extract as much product from the salt mass as possible.  Again, these are filter pipetted to the organic layer.  The solution is concentrated to get rid of most of the methylene chloride.  Using a sandbath for heat and a stream of air to remove the vapours as they form does this.  By removing the gaseous solvent, the equilibrium is shifted further to the gas phase and evaporation occurs more quickly.  A small amount of 2-propanol is then added to crystallize the product.  The 2-propanol dissolves any methylene chloride and only a minimal amount of product.  The solution is cooled further in an ice bath to make sure that the largest amount of product possible has crystallized. The crystals are collected using vacuum filtration and the filter cake is washed with a small amount of cold methanol to further purify it.  It is important that the methanol be cold or else it would dissolve some of the product.  This washing is done to chase out most of the impurities and 2-propanol (the 2-propanol is chased out because it evaporates less easily than methanol).  The vacuum is left on to dry the product as much as possible before a melting point can be taken.  Once the crystals are dry enough, a yield is taken and a melting point is performed.

As with any microscale experiment, a low yield can usually be explained easily.  Because the quantities being used are so small, any amount of loss can drastically affect the yield.  The 57% yield obtained during this procedure can be attributed to a few factors.  First, when the 9-anthraldehyde was weighed and added, a small amount may have remained on the paper it was weighed on.  It is also possible that the reaction did not go to completion.  A third factor for loss is that when pipettes are used, a small amount of liquid always remains “stuck” in the narrow section of the pipette because of capillary action.  One could minimize this loss by forcing the liquid out by applying pressure inside the pipette (using a stream of air).  Finally, during the isolation steps, it is quite possible that some product remained dissolved in one of the many solvents used.

This yield may turn out to be irrelevant though because the sample did not appear to be Trans-(2-phenylethenyl) anthracene since the meting range is so far from the literature melting range.  75-78ºC is nowhere close to 130-132ºC.  It is possible that the crystals were not dry yet and that the methanol still contained in it vaporized quickly and by doing so ejected most of the crystals from the tube.  It is more likely though that the crystal used to characterize the product was not Trans-(2-phenylethenyl) anthracene.  This is disconcerting since the sheer amount of this substance is not consistent with the amount of any expected by-product.  One could also hypothesize that the substance is unreacted starting material but the melting range is not consitant with that postulate either.  This result just leaves this lab performer puzzled.

