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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

Sodium hydroxide
NaOH

1390 


318


2.13 


50



Chloroform
CHCl3

61.7 


-63.7 


1.49845 


0.795 



Cyclohexene
C6H10

83 


-104 


0.811 


Slightly soluble 



Benzyltriethylammonium Chloride
C13H22ClN


185





Ether
C4H10O

34.6 


-116.3 


0.7134 


6.9 



Anhydrous sodium sulfate
Na2O4S


884 


2.68 




7,7 dichlorornorcarane
C7H10Cl2
160-190?




Water
H2O
100
0
0.995
N/A

Table 2: Quantitative properties of chemical substances used

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

Sodium hydroxide

25M
39.99707


0.500

20.0

Chloroform
119.3779


0.314

25.0

Cyclohexene
82.145


0.0987

10.0

Benzyltriethylammonium Chloride
227.7765


0.00443
1.01


Ether
74.1224


0.144

15.0

Anhydrous sodium sulfate
142.03714


N/A
Liberal use


7,7 dichlorornorcarane
164
0.0100
1.6445


Water
18.0152
3.9

70

Example of molar calculation by mass:

1.01 g Benzyltriethylammonium Chloride X 1mol/227.78g = 0.00443 moles

Example of molar calculation by volume:

25.0 ml chloroform X 1.498g/ml = 37.45 g X 1mol/119.38g = 0.314 moles

Example of molar calculation by concentration of solution:


0.020L Sodium Hydroxide X 25Moles/1L = 0.50 moles

RESULTS

Theoretical yield of 7,7 dichloronorcarane: 16.2 g

The ratio of chloroform to dichlorocarbene is 1:1. Reaction molar ratio between reactants is 1:1,therefore the chloroform to cyclohexene ratio is 1:1(see figures 1 & 2) The limiting reagent is Cyclohexene, Chloroform is in excess.

Limiting reagent to product ratio is 1:1, so we expect 0.0987 moles of product.

0.0987 moles 7,7 dichloronorcarane X 164g/mol = 16.2 g product

Yield of 7,7 dichloronorcarane: 1.645g

Percent yield of 7,7 dichloronorcarane: 10.2%

% yield = actual yield/theoretical yield X100

% yield = 1.645/16.2 X100 = 10.2%
DICHLOROCARBENE FORMATION

Fig. 2

REACTION MECHANISM

Fig. 2

Carbenes are very useful in organic chemistry because they allow one to create almost any compound containing a cyclopropane ring quite easily.  As long as the proper starting materials are provided, carbene cycloaddition or cycloformation (when using a non-ringed alkene) is a relatively painless process that makes for  a very controlled synthesis reaction.

The first step in this reaction is the formation of the carbene (fig 1).  Since it may release chlorine gas, this must be done in a fume hood.  When chloroform is placed in contact with very concentrated sodium hydroxide solution, the hydroxide ion abstracts a proton and one of the chlorines on the alpha-carbon is eliminated.  (Since the solution is so basic, it is important to wear gloves throughout the experiment to protect the handler’s skin).  This sounds simple but since the organic and aqueous layers are not miscible a method is required to place the organic chloroform in contact with the aqueous hydroxide ion.  This is accomplished with the use of a phase transfer catalyst (PTC).  This compound is soluble in both layers and can be used to “carry” reactants across the interface between the 2 layers.  The PTC is converted to its hydroxide salt and moves from the aqueous phase to the organic phase.  At this point, the hydroxide performs its function (described above) and is converted to water, which goes back into the aqueous phase.  The PTC then picks up the chloride ion the chloroform has just eliminated and moves to the aqueous phase as well.  This cycle only occurs at the interface between the two phases so the more surface area that can be generated between the phases the better.  An emulsion will readily achieve this and is created by firm shaking of the reaction flask. 

Now that the carbene has been formed, it remains in the organic layer and reacts with the cyclohexene to form 7,7 dichloronorcarane (fig 2).  This reaction is exothermic and therefore, the reaction flask must be vented regularly and an ice bath can be used to keep the temperature to a manageable level.  When the reaction flask cools independently, the reaction is complete.  Water is added to help dissolve all the aqueous elements in the flask, this is highly exothermic and care must be taken to keep the flask controlled and vented properly.  Once this is done the product needs to be isolated.

A separatory funnel is used to drain out the organic layer.  The remaining aqueous layer is processed with ether to extract as much product out of it as is possible.  The aqueous layer is drained off and the ether portion is combined with the previously extracted organic layer.  Some water is added to the organic phase to remove as many charged particles as possible from the solution.  A separatory funnel is again employed to separate the two layers.  Finally, to rid the organic phase of all residual moisture, it is treated with a powerful drying agent, anhydrous sodium sulfate.  After decanting (to get rid of the drying agent), the sample is processed with a rotary evaporator.  This device lowers the boiling point of the solvent by lowering the pressure and allows it to be removed at a lower temperature than its usual boiling point (this a reduced-pressure distillation).  Once the solvent is removed, the product is isolated by simple distillation.  Since this distillation operates at a high temperature, it is preferable to replace water with air in the condenser to prevent cracking of the glassware.  The mixture is distilled up to 150ºC to get rid of any left over reactants, solvent and other assorted impurities.  The distillate is discarded and the distillation is continued up to 190ºC.  This is the boiling range of the product and it will be collected in the flask attached to the condenser.  Any material left in the distillation apparatus can be discarded as it is undesired residue.  The distillate is weighed to calculate a yield and an infrared spectrum of it is taken to verify its purity and identity.

The % yield for this experiment is a low 10.2%.  This can be explained by a few factors, in addition to handling loss.  It is quite possible that the emulsion required to create the carbene was not maintained well enough and that only a small amount of carbene was formed to react with the cyclohexene.  It is also possible that the not all the reactants completed the reaction and were eliminated in the isolation processes.  Yet another possibility is the loss that may occur when the organic and aqueous layers are separated.  Some of the organic phase may be accidentally discarded along with the base solution.  A drying agent is used to remove moisture from the organic phase; therefore, if a large amount of it has to be used, some of the product may remain trapped in the salt mass.  Rotary evaporation will not remove any of the product since it boiling point is much too high.  The only other possibility of loss is during the final distillation.  First of all, some product may be lost during the first part of the distillation if the 150ºC barrier is exceeded.  Also, since the flask is not evaporated to dryness, some product may be left uncollected.  Although the yield is low, the purity seems to be dead-on.  Upon analysis of the IR spectrum of the product, one can conclusively say that the collected chemical is dichloronorcarane.  There are no absorption peaks around the double (1620-1750) and triple bond (2100-2260) regions and no OH (3300-3500) absorption either.  The major absorption peaks are found in the C-H stretch (2850-2950) and C-Cl stretch (~780) regions, which is what is expected for this compound.  To further verify, once could compare the signature area of the know spectrum to that of the experimental IR.

