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Friedel-Crafts Mechanism:

The Theory Underlying The Synthesis of 1,4-]Ditertbuty|benzene\

h’heory\

Friedel-Crafts substitution reactions generally involve the use of the powerful Lewis acid, such
as aluminum chloride (AICls), to generate a positively charged electrophile, which is then
substituted into the targeted substrate. In the current experiment, the reaction generating the
electrophile is described by reaction 1:
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The other substrate in the pot is the benzene ring, which is very electron rich. This benzene will
attack the electrophile, the positive carbocation. Electrons are removed from the adjacent
carbon in the ring, giving it a formal positive charge (2).
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Finally, the benzene ring needs to be re-aromatized. The extra chlorine on the aluminum takes
the hydrogen (from the carbon with the new tert butyl group), and those electrons from the C-H
bond go to make the double bond, canceling out the formal positive charge on the adjacent
carbon to make tert-butyl benzene (3).

CHSC CH3 H3C CH;
Hj H,C
Cl H H ’
S
SaLer + ® — 3
7
c |
Cl
intermediate tert-butyl benzene

MP: -56 °C, BP 169 °C

The reaction does not cease with the formation of a monoalkylated ring. Another tert-butyl
group can be added to the benzene ring, with the ring attacking the electrophile. Because the
ring already contains a substituent, it can add ortho (4), meta (5), or para (6) with each having
multiple resonance structures. Rearomatization occurs as in step 3.

CHy .
CHs HC CHy O Commented [RSC5]: Show all possible outcomes, and
r H. HsG CH C CHg F . X
& H CHz HC 3 CHs explain why your product will prevail.
e
He | "CHa |  + E— /
3HaC ) @)
carbocation tert-butyl benzene 1,2-ditertbutyl benzene
H3C
HaC CHy HaCo s ] HaG CHy
- Y, H H HsC s H HsC H
& H H
Py H "
Hye | CHa | + — N
HsC - > R )
®
carbocation HaC H3C HsC H3C
HyC CHs HyC CHa He CHa H,Cc CMa _ H,Cc CMa
tert-butyl benzene .
Resonance structures 1,3—d|lertbuty| benzene
MP: 10 °C, BP: 106 °C
HaC H3C
HaG CHy e CH3 el CHa — HaC CH,
y, H H HyC H H HsC H
& H H H
P H
HG L CHg |+ — & -
HaC P @ R 6)
®
CHy CH, CHg CHgy CHs
carbocation CH. CH. CH. H
HC ® He e HC : HC : o e
tert-butyl benzene -
Resonance structures 1,4-ditertbutyl benzene

MP: 76 °C, BP: 236 °C



Stephanie Rugg
Organic Lab Thursday afternoon

The resonance structures have a carbocation in various positions on the benzene ring. For the
resonance structures when adding ortho and para, the carbocation ends up at the base of the
existing tert-butyl group, where as when adding meta the carbocation does not end up at this
position. The existing tert-butyl group is electron donating (through inductive effect), therefore
it stabilizes the positive charge. Therefore, the ortho and para structures are favored over the
meta.

Between the ortho and para structures, sterics takes over. The tert-butyl group is “bulky”, and
therefore the two groups would prefer to be further apart from each other, therefore the para
product is the predicted product.



