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The carbons in benzene are sp? hybridized with p rbitals on all 6
carbons (a)

The p orbitals overlap around the ring (b) to form a bonding
molecular orbital with electron density above and below the
plane of the ring (c)
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There are six p molecular orbitals for benzene
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The Stability of Benzene

= Benzene is much more stable than would be expected based on
calculations for “cyclohexatriene”
# Areasonable prediction for the heat of hydrogenation of hypothetical
cyclohexatriene is -360 kJ mol-! (3 times that of cyclohexene, -120 kJ mol-*)

# The experimentally determined heat of hydrogenation for benzene is -280 mol-,
152 kJ mol-' more stable than hypothetical cyclohexatriene

# This difference is called the resonance energy
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: Resonance
! (stabilization)
1

© T2, : energy = 1152 kJ
H mol™
1
I

Benzene + 3 H,

AH® = -360
+H, kJ mol-!
|

AH°® =-232
kJ mol™!

AH® =-208
kJ mol™!
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Cyclohexane
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Ja sxeld  Huckel’s Rule: The 4n+2 1 Electron Rule

Planar monocyclic rings with a continuous system of p orbitals and 4n + 2
T electrons are aromatic (n =0, 1, 2, 3 etc)

Aromatic compounds have substantial resonance stabilization

Benzene is aromatic: it is planar, cyclic, has a p orbital at every
carbon, and 6 p electrons (n=1)
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Naphthalene Anthracene Phenanthrene
CIDHIO CNHIO CHHIO
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OH OH OH OH OH
CH; Cl HC=0 NO,
pKa = 10.20 pKa=10.19 pKa = 9.95 pKa=9.38 pK, = 7.66 pKa=7.14
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Halogenation
B FeBr3 . .
O Vi e ©/ (Aasn ) Lalgd
© + HNO, _HMaSOd, O/ Nitration
Ayl
SO s uifonati
© + H;S0, O/ Sulfonation
sl
+ ral A Friedel — Crafts Alkylation
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CH,CH,CH,CH,Br —<“» CH,CH.CHCH, ---BrAIC], ————— CH,CH,CHCH,
e P Y (=BrAICl,) s :
H
(—=AICIL) et
@ (—HBr) @ =i
CH,CH,CH,CH, CH,CH,CHCH,
Butylbenzene sec-Butylbenzene
(32-36% of mixture) (64—-68% of mixture)
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& CH.R 1. AIG ~R
O’ Zn(Hg), HO, A : Q + R/!'\Cl 30 O/ + HCl

Clemmensen
reduction
0]

& cHR
Hz"ﬂ"b HO'. A
Y = (Y
reduction

(o)

(6]
|
II CCHQCH:{ CH’_)CH'_;CH} P CH;CH}CH;
1. CH3CHCC Zn(Hg) H2S04 |
B T e o F T
AlCl; HCl A .
2. H;0 A HO;S

para-propylbenzenesulfonic acid

i
O CCH,
. AlCT,
O+ anc—a22- O .
CXOUSS
benzene
RC
Acetyl Acetophenone
chloride (methyl phenyl ketone)
(97%)

=> Acid chlorides are made from carboxylic acids

O 0
I 80°C I
CH,COH + SOCl, — CH,CCI] + SO, + HCI
Acetic Thionyl Acetyl
acid chloride chloride
(80-90%)
R 0 8)

(ﬁ\.\\ &ou PCI {O))—ta + rocy, + Ha
{ ) »—C! + — i —ECl-k 3%
/4 % \\4)/ :

Benzoic Phosphorus Benzoyl
acid pentachloride chloride
(90%)
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P,O Losal sy -NH,, -NHR, -NRz, -OH,-0O"
P,O Luzwl dangie | - NHCOCH3, NHCOR, - OCH3, - OR
P,0 Lol e -R, -Ar
e o H

P,O Jayiil) dasgia -F, -Cl,-Br, -1,

m Lol ddasgia | -C=N, -SOszH, - CO.H, - CO.R, - COR
m Lyl saas -NOz, -NR3", -CXjs

¢ Classification of Substitutents

Ortho-Para Directors Meta Directors
Strongly Activating Moderately Deactivating
—NH,, —NHR, —NR, —C=N

—OH, —:~ —S0O;H

Moderately Activating —CO;H,—CO,R
—NHCOCH,, —NHCOR =H==00n
—OCH;, —OR Strongly Deactivating
Weakly Activating = NOZ‘

—CHy, —CyHs, —R v )

—C6H5 _CF3, _CCI3

Weakly Deactivating _
_E:’ _QI:’ _Br:’ _.l.:

Y (39 Jshill g b cpa JS Aag g a8 il

? These groups are so activating that catalysts are often not necessary

NH, NH, OH OH
@ Bl‘\©/ l;r BI‘ Bl'
Br, Br,
—') —')
H,0 H.O
Br Br
2,4,6-Tribromoaniline 2,4,6-Tribromophenol
(~100%) (~100%)
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para-chlorobenzoic acid

CH, CH;
cl KMnOg, H*
(g ()
Cl
CH; COOH
NaZCr207. H* CIZ
A FeCl3

a,

meta-chlorobenzoic acid

Br Br Br
SO;H
Brz H2S04
FeBrs A
SO-H o-bromobeanczignesuﬁomc
p-bromobenzenesulfonic
acid
0
0 c
1. AlCl CH; HNO3 CH3
m-mtroacetophenone
NO, NO,
FeB
+ Bn, b
- Br
nitrobenzene m-bromonitrobenzene
SO;H SOzH
HzSO4 Bl’z
A FeBr;
Br

m-bromobenzenesulfonic acid
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Synthetic Applications

= When designing a synthesis of substituted benzenes, the order in
which the substituents are introduced is crucial

= Example: Synthesize ortho-, meta-, and para-nitrobenzoic acid

from toluene
CH, CO,H
(1) KMnO,, OH", heat
—
(2)H,0
CH,
NO, NO,
HNO, p-Nitrotoluene p-Nitrobenzoic
H,S0, (separate ortho from para) acid
CH, CO,H
NO, | NO,
(1) KMnO,, OH", heat @/ 2
o
(2) H,0"
o-Nitrotoluene o-Nitrobenzoic acid
CH, CO,H CO,H
(1) KMnO,, OH", heat HNO,
(2) H,0° = H,SO,
heat NO.
Benzoic acid m-Nitrobenzoic

acid
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H,O o
Ar—NH, + NaNO, +2HX G -oZ Ar—N=N: X +NaX +2H,0
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An azo compound
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1) NaNO, .
NaOﬁ—@NHZ ——» 038 Ny" —
2) HCl
H
.CH
+N CH3

1 ) N Cl- /CH3
CHy NaO3S@N=N©N\
2 ) NaOH CH
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+

N(CH3) HO3S@N
@ GN(CH@
N N Hs O+

Red

Yellow HO3S~©—Q’H

HO,S
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NaNO, / HCI
os{ )M o on-{_)-weror —=
CoHs
O
peas
“C,H,CN

t~0-3°C
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-oss@NzN + Q—OH NaOH NaOSS@N‘\NQOH

COOH COOH
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NO,
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Cubr » Ar—Er

HOMO, sz

Ar—NHy =™ AN A CuEN o Ar—CHN

bl > Ar—I

HHBF;, Dheat | -

HPO, . AT—H

NH-» NH-»
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! Br Br
Br Br Br \
O/ _NaNOg, HBr | H3PO2 \ll/\f
0°C — i

Br Br Br
1,3,5-tribromobenzene

A hydrogen will replace a diazonium group if the diazonium salt is treated with hypophosphorous acid
(H3POy). This is a useful reaction if an amino group or anitro group is needed for directing purposes and

subsequently must be removed. It would be difficult to envision how 1,3,5-tribromobenzene could be
synthesized without such a reaction.

NO, NO, NH,
HNO; S)\ Br, _1.Sn/HCl |
H,50,> | | “FeBry’ 2.HO-
Br Br
NaNO:
0°C
HBr
Br N=N Br
CuBr
CuBr
Br Br
N=N CI OH N—=N Cl cl
© M0, + HCl + Nl = cucl NI
F
+ + -
N=N CI OH N=N CI F
: N
Cu,0 H)\ T li_':ﬂ.) H + BF; + N:T
CU(N03)2 Hzo \/ /
+ B -
N=N (I E N=N Br Br
© e, cusr, (7N 4
U P
N=N CI EN ClI”
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