Nitration of Methyl Benzoate
Electrophilic Aromatic Substitution
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· Electrophile = electron seeking reagent (e.g. H+,)

· The overall mechanism can be described as :  
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Step 1: 
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Carbocation is resonance stabilized to the three carbons that are ortho, and para to the site of attack.  

The intermediate ion is called the Arenium ion.  

· Electrophilic Aromatic Substitution (cont’d)
· ( bond forming with the electrophile interrupts the cyclic ( system, because the carbon to which E is bound is  sp3 hybridized.

· the 4 ( e( are then only delocalized through the remaining 5 unhybridized p-orbitals from the other ring carbons. 

Step 2:  

· After formation of the arenium ion, the ring structure is not aromatic; elimination of H+ gives back the e( pair and makes the resulting compound aromatic:
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Nitration of Substituted Rings

· Substituents on the ring prior to nitration, change the reactivity and position of attack.

· Remember that carbocation intermediates can only exist at the ortho and para positions relative to the point of attack of the nitronium ion. 

Electron Donating Substituents:

Ortho or para positions tend to be favored for electrophilic attack with electron donating substituent already on the ring.
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Ortho substitution: one of the resonance structures leaves the positive charge on the carbon containing the methyl group.  The electron-donating characteristic of the group tends to stabilize this structure. 
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Para substitution: one resonance structure exists where carbocation is stabilized by the presence of the electron donating group.  

· Meta substitution: positive charge will not be located on substituted carbon. 

Electron Withdrawing Substituents

Electron-withdrawing group causes the nitronium ion to be directed to the meta position.

Nitration with electron withdrawing substituent.
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· Ortho and para substitution destabilized due to the presence of positive charge from nitration and electron withdrawing group.

· Meta substitution does not destabilize structure.

· The methyl ester group is such an example of this type of electron withdrawing group.

Nitronium ion generation

· The nitronium ion is generated according to the following reaction:
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Nitric acid protonation
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· Normally in water HNO3 is a stronger acid than H2O so that very little nitronium ion would be present; instead mostly hydronium ion would be generated in water.  

· Sulfuric acid however has a Ka = 103  compared with a value of about 10 for nitric acid.  Since it is a stronger acid, sulfuric acid can donate a proton to nitric it increase the concentration of NO2+.

NITRATION OF METHYL BENZOATE

Experimental

· Scale things down by 1/2 for all reagents used in this experiment.

· Make sure that you dry all your glassware;  water in your glassware will decrease your yield

· Make sure your flask is properly cooled before adding reagents; you do not need salt in the ice to get it cold enough.  If you start seeing red gases coming off, you are adding acid to quickly.  The red gas is dangerous so be careful!  If your flask is not cool remember that it is possible to get dinitration.

· After recrystallization let your product dry overnight before taking m.p and IR.

· IR-dissolve small amount of sample in a few drops of acetone and using a medicine dropper place on 1 of the salt plates; after acetone evaporates a thin film should be slightly visible!.  Place this in the salt plate holder to take IR.

· When turning in your product, label should contain: product name, mp, mass, % yield, initials, and page number from notebook.
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