Chapter 4 Organic Chem: Aromatic Compounds
Read Chapter 4 (not Sec 4.4), all labs (Labs #10, 11, 13, 14) 
Chapter 4 Objectives Aromatic Compounds:
1. Name and write/draw the structures for aromatic compounds, including demonstration of the meaning of:

a. ortho, meta, para, phenyl group, benzyl group, benzene, and naphthalene.

b. The following common names: 

i. toluene

ii. styrene 

iii. phenol 

iv. benzoic acid

v. aniline

vi. benzenesulfonic acid

vii. xylene

viii. acetophenone

2. Write equations and determine the products for the following reactions:  halogenation, nitration, sulfonation, conversion of sulfonic acid to phenol, alkylation, acylation, Friedel-Crafts, hydrogenation

3. Write the steps in the mechanism for an electrophilic aromatic substitution reaction (Exception-don’t need to show how the +SO3H electrophile is formed.)

4. Determine products of a given reaction based on ortho, para-directing and meta-directing groups (See Table 4.1 p133.)

5. Explain why a group is o,p-directing vs. m-directing, including the drawing of all possible resonance contributors of the benzenonium ion.

6. Determine the relative rate of reaction of given reactants, based on knowledge of ring-activating substituents and ring deactivating substituents. (See Table 4.1 p133.)

7. Given 2 successive electrophilic aromatic substitution reactions, write the structure of the product, w/substituents in the correct locations on the ring.

8. Given a disubstituted or trisubstituted benzene, deduce the correct sequence in which to carry out electrophilic substitutions to give the specified product.

9. Concepts from labs; why oil bath vs. water bath used, fragrance size, good extraction solvent characteristics
Benzene: Resonance hybrid of: 

1. Represented by: 

2. No ___________________ bonds, but a __________.  All C to C bonds __________________.

3. All bond angles 120o.

4. Unusually __________, reacts mainly by _________________.  Preserves “___________________.  

Names:

1. Monosubstitutions

a. Eq 4.1 p 116 & Page 120-Common names 

b. - NO2  = ________________
c. Other monosubstitutions: Usual name w/ benzene ending 
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TWO substituents: Designate position of 2nd group relative to 1st using prefixes 

________________________________- rather than numbers

a. Can abbreviate: _________________
b. If 1st substituent as being on carbon #1:

i. Ortho: _____________
ii. Meta: ______________
iii. Para: _________
iv. Common name’s substituent is always _____________
c. Xylene is both the ________________________ name, 

NOT ______________________________________________________
d. List alphabetically if 2 substituents w/o common names   
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3. Three or more substituents: # the ring for ______________________ and name as usual.  
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4. Arene:  _____________________________________________________
a. _______ = symbol 

b. Benzene as a substituent, rather than as the parent chain

i. Examples: 
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Polycyclic Aromatics
1. Naphthalene: Simplest one.  Planar _________________________________________
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a. Numbering:

b. Example: Draw 2-ethyl-6-chloronapthalene

2. Other “PCAs”  (Read p 137-138):  

a. Benzo[a]pyrene: Documented ___________________________  

b. Graphite: ________________________________________________
Mechanism of Electrophilic Aromatic Substitution

Electrophile: ______________________________________________________________
Mechanism Steps using Chlorination of Benzene as an example:                    

Steps for reaction:

1. Formation of a _____________________________
a. FeCl3 is a _______________________________________________________
i. Any element that has a _______________________________ can be a Lewis acid

ii. Can cause _______________________ bond, 

thus creating an ____________________________________________________ 

2. Electrophile portion bonds to C of ring, breaking 1 of the double bonds & creating carbocation

a. No longer able to draw circle in symbol for benzene-only 2 bonds temporarily

3. Carbocation _______________________________________
a. Causes _______________________ of the + charge & forms a ____________________
4. Loss of a ___________________ from the carbon that the __________________________, 

reforms the 3rd double bond.  ________________________________ is recreated.

a. A non-organic product MAY also be formed if the released H+ combines with the “nucleophilic” end of the original reactant.

5. Summary in 2 steps

6. Overall equation
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Reactions to know:

1. Chlorination 

Eq 4.6

2. Bromination 

Eq 4.7

3. Nitration 


Eq 4.8

4. Sulfonation 

Eq 4.9

a. Product, sulfonic acid, conversion to phenol 
Eq 4.19

5. Alkylation, 1st method   
Eq 4.10 (Uses alkyl halide as a reactant)

6. Alkylation, 2nd method   
Eq 4.11 (Uses an alkene as a reactant)

7. Acylation 


Eq 4.12

8. Hydrogenation 

Eq 4.5

Reaction Examples, Exceptions & Special Characteristics
1. Chlorination, Eq 4.6
Example done previously

2. Bromination Eq 4.7

a. Like chlorination, except ______________________________
3. Nitration Eq 4.8

Overall Rx:

a. Step #1 –Formation of strong electrophile 

4. Sulfonation Eq 4.9

Overall Reaction:
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a. Step #1-Electrophile formation.  Very complex.  Just know ___________________________.

b. Other steps as above

c. Product can be converted to ____________________________:

5. Alkylation, 1st method   
Eq 4.10 (Uses alkyl halide as a reactant)
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Overall Reaction:

a. Step # 1 Electrophile formation

b. Method is a Friedel-Crafts Rx:  Addition of an _______________ group onto an aromatic 

ring by ______________________ involving an ___________________________________.

6. Alkylation, 2nd method   
Eq 4.11 (Uses an alkene as a reactant)

a. Step # 1 Electrophile formation

b. Both alkylation methods now follow same steps

7. Acylation Eq 4.12

a. Acyl group = ___________________    

b. Creates an ______________                                                                  
c. Method is Friedel Crafts Rx, using an acyl group 

d. Overall reaction:
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8. Hydrogenation   Eq 4.5

a. Releases _________energy than hydrogenating ___ double bonds in a regular ___________
Ortho, Para-Directing vs. Meta-Directing Groups

Substituents present on benzene determine whether new reacts will add in o,p- OR m- positions

****NOTE:  If a group is already on the ring, it will ______________ the next addition where to go!!
Ortho, para-directing:  2 types of groups

1. The_________________ structures include a ________________________  

a. __________ group is attached, and carbon attached to ring has _______________
 OR

2. Atom attached to ring has _____________________, creating ________________________ 
AND is ________ attached to something more electronegative
3. Examples: 

a. 3o Carbocation resonance

I.e..: Nitration of toluene 

b. Example: Atom attached to ring has unshared e- pair

i.e.: Bromination of phenol

Meta-directing:
***Atom attached to ring is fully or partially positively charged. 

Here’s a way to get a PARTIAL + charge:
Atom attached to ring is attached to a more electronegative element  

1. Example: Nitration of nitrobenzene.  

Meta is formed because the o & p positions are ___________________________________
Examples:  Are the following o,p-directing, or m-directing?

See Table 4.1 for o,p vs. m-directing list.  Need to know!!.

Ring Activating vs. Deactivating Substituents

1. Rate, activating or deactivating, as ______________________________________
2. Activating:  Attached group causes ( rate of substitution  

a. Group _________________________  

3. Deactivating: Attached group causes ( rate 

a. Attached atom has________________________________________.  

4. See Table 4.1 for rates 

a. Activating:  __________________________________
b. Deactivating: ________________________
c. HALOGENS

i. _______________________________________________-

BUT,

ii. ________________________________________________

5. Two substituents exert a _____________effect:

a. If reinforce each other, result is easy to predict 

Organic Synthesis

Examples starting with benzene, but reversing order of other reactants:

1. Bromination followed by nitration

2. Nitration followed by bromination

3. The _______________________ determines __________________________.

4. 2 or more substituents exert a __________________________ of the addition of 3rd substituent.

a. If both groups direct toward a common carbon, the result is easy to predict.

b. If directions towards all other carbons, prediction is difficult and mixtures may result.

c. _____________________ may affect the proportions if 2 sites are equally activated

d. If 2 groups direct toward different carbons, the substituent in a ____________________ class

 __________________________ the synthesis.

i. Following is a combo of different directions and steric strain
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