ADVANCED H GER 1 Organi c

ORGANIC CHEMISTRY

Bonding

In order to formthe maxi mum nunber of bonds, all atons nmaxi m se
their nunber of unpaired electrons by entering an excited state,
known as the val ence state, just before they bond with another atom
Car bon does this by pronoting a 2S electron into a 2P orbital:

2P, - 2P, I 2P, —— 2P, - - 2P, T 2P, -1

2s - 2s —

The val ency of Carbon is therefore FOUR

The excited state depicted above, however, is unstable. The el ectrons
are too close to each other. They can nove further apart by a
procedure known as hybridisation. This involves m xing atomc
orbitals to generate a set of new atomc orbitals called hybrid
orbitals.

Carbon can formhybrid orbitals in three distinct ways:

SP3 Hybridi sation

The m xing of the 2S and all three 2P orbitals:
2p, - 2P, T 2», - T 1 1 7 Q

2s — SP® hybrid orbitals

C-C bonds are formed by end-on overlap of two SP3 hybrid orbitals
lying along the axis of the bond:

<X — X

This is known as sigma o bondi ng.

SP2 Hybri di sation

The mxing of the 2S and two of the 2P orbitals:

4
2P, - - 2P, T 2P, —l— 2P, + sp?

) = e 2l
2S
SP? hybrid orbitals
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C=C bonds are formed by obondi ng between two SP2 hybrid orbitals and
by sideways overlap (pi 1 bonding) of two of the P, orbitals:

A
- 58S

SP Hybridisation

The m xing of the 2S and one of the 2P orbitals:

p, - 28, 1 o, - A e S Pt

— 4 | SP
1 v
2S —T—
SP hybrid orbitals

C=C bonds are formed by obondi ng between two SP hybrid orbitals and
by m bondi ng between four of the P, orbitals:

Tt

. b
A

Alkanes

Al kanes consi st entirely of non-polar bonds. Wen a non-pol ar bond
breaks, since both atons have equal el ectronegativities, the two
el ectrons are shared, one to each atom formng free radicals
(particles containing unpaired electrons) i.e.

D
A= A
\)

<) Denotes the novement of ONE el ectron.
Bond breaking of this type is known as honolytic fission.

> Al Al

The free radicals will then conbine with colliding free radicals.

e.g. the chain reaction of Methane with Chlorine.

CH, B a, -> CH,C - HC
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Mechani sm :

o W or heat
Initiation a, > c- a-
Propagati on CH, ad- -> CHy* HC
CHy* a, -> CHd a-
Term nati on d- ds -> a,

CHy® CHy ->  CHy- O
CHy* ds -> CHd

Once the initiation step has produced a few O+ free radicals by
honol ysis of O, the reaction will continue in the absence of heat

or W ; although the free radicals are consunmed by one of the
propagati on steps they are regenerated by the other.

The propagati on cycle can conti nue about 5000 tinmes before e« are
w ped out in termnation steps.

Al kanes al so undergo substitution reactions with Brom ne by a
sim | ar mechani sm

Alkenes
Al kenes contain at |east one C=C bond.
Al kenes can be prepared by dehydration of al cohols:
e pass al cohol vapour over heated Al um ni um oxi de catal yst
e heat a mxture of alcohol and a dehydrati ng agent
e.g. (;(():?((:jentrat ed Sul phuric acid or concentrated Phosphoric

e.g. dehydration of Butan-1-ol

oy ey

H— (|3— (IZ— (l:— (|:—C]—I S H— (IZ— (|3— C=C—H HZO
H H H H H H
But an- 1- ol But - 1- ene

Al kenes can al so be prepared by elimnation of hydrogen halides
from hal oal kanes. The hal oal kane is heated with a sol ution of
Pot assi um hydroxi de i n Et hanol sol vent e.g.

T .
H—C— C— C—H Ko —>  H-— C— €= C—H K'Br™  H,0
H H H H H

2- Br onopr opane Pr opene
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Al kenes undergo addition reactions:

Addition of Hydrogen using Nickel catalyst e.g.

H\ /CH3 N T ?HS
/C=C\ H, — H— (|:— (|:— H
H H H H

Pr opene Pr opane

Additi on of Hydrogen halides e.g.

Fk /CH3 H ?Hs
}h% HBr E— H—?—?—H
H H H Br
Pr opene 2- Br onopr opane

MECHANI SM ( TWO st eps):

STEP 1:

HBr is polar. The H* attracts a pair of electrons fromthe
doubl e bond.

HBr is an electrophile - a negative seeking reagent.

The al kene is a nucl eophile - a postive seeking reagent.

CH,

3 H
\ _/ N\ _/
C+
6-
|| H —Br —> : Br
C C—H
7 \ 7 \
H H
car bocati on
i nternmedi ate

Denot es the novenent of TWD el ectrons.
Bond breaking of this type is known as heterolytic fission.
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Wiy does the Hatomprefer to bond to the bottom Carbon atonf
This is because of the inductive effect of the CH; group.

H KCH
| \NE/ 3
The CH; group repels electrons in the C o+
C C and C=C bonds. The bottom Car bon l”
t hus becones & and thus nore likely C o
- /7 \
to be the nucl eophilic source. H H

Mar kowni koff's rule can be used to predict which of the two
Carbon atons is nost nucl eophilic:

The Hydrogen atom bonds to the Carbon atom that already
has the nobst Hydrogen atons bonded to it.

STEP 2:

The Br- ion does a nucl eophilic attack at the carbocation
i nt er medi at e:

H CH
H\ /CHS N 3
C+ Br—C
Br:_ —A —>
_ C—H
/C\ H VRN
H H H H

Acid catalysed addition of Water

Al kenes react with Water in the presence of H+ catal yst.
Hydration of Ethene, with Phosphoric acid catalyst, is used in the
industrial preparation of Ethanol:

GH  + MO > GHOH

Hydration of al kenes al so foll ows Markowni koff's Rule e.qg.

H  CH + Mo CH,

N v 3 H |

c=C H,0 —> H—C—C—CH
VAN 2 | | 3
Ho O H OH

Met hyl pr opene Met hyl pr opan- 2- ol
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MECHANI SM ( THREE st eps):

STEP 1:

Nucl eophilic attack by the al kene at the H+ catal yst:

H3C\ /CH3 H3C\ /CH3
C C+
||/N|—r*

C C—H
7\ VRN
H H

car bocati on
i nternmedi ate

STEP 2:

The H,O does a nucleophilic attack at the carbocation
i nternedi at e:

HC_ O H\ |CHs
H /‘) C+ /C-)'-_ C_ (]—'3
¥ C—H C—H
/7 \ /7 \
H H H H

STEP 3:

Regeneration of the Ht catal yst:

H Clﬂs H (|:H3
\5—0—043 No—c— CH,
H/J | —> |
C—H C—H

7 N\ 7\
H H

Qganic
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Qganic
Addi ti on of Hal ogens e.g.

H H )
}EQ\ Br, _—> H—?—?—H

H H Br Br

Et hene 1, 2- Di br onoet hane

MECHANI SM ( TWO st eps):
STEP 1:

As Br, approaches the double bond, electrons in the Br-Br bond
are repelled by the double bond el ectrons causing a o+ charge to
devel op on the Br nearest the double bond. Thus the Brom ne

becones el ectrophilic. It draws an electron pair fromthe double
bond:

H H H H
\C/ [\/ \C/
||/\lBr6Jr Br > —> | >Br+ :Br-
/C\ /C\
H H H H

cyclic ion
internmedi ate

Wiy do we get a cyclic ion intermnmedi ate? Wiy not just the
car bocat i on:

Br is nucleophilic: it contains an electron pair which can be
donated to Ct thus closing the ring:

H H H H
N N
LN J \
| <?/ —_—> | Br
ct <
H/ \H / \
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STEP 2:

The Br- ion does a nucleophilic attack at the cyclic ion
i nternedi at e:

H H H H
\C/ \C/ Br
- AN
Br \l|/Br —_—>
C \j\ Br —C
VAN /7 N\
H H H H

Haloalkanes

Hal oal kanes are classified according to the nunber of al kyl groups
(R) bonded to the Carbon atom containing the hal ogen atom (X):

PRI MARY SECONDARY TERTI ARY
I ) )

H—(lt—R H—(lt—R R—(IJ—R
X X X
I i e

e.g. H— (lt— CH, H— Clt— C,H, H,C— CIZ— CH,

a I Br

Chl or oet hane 2- | odobut ane 3-Brono 3-net hyl hexane

The C* - X% bond is polar ; the positively charged Carbon atomis
el ectrophilic and is therefore attacked by nucl eophil es.

Hal oal kanes under go nucl eophilic substitution reactions.

Reaction with hydroxide ion -OH to form al cohols

e.g. the reaction of Bronoethane w th hydroxide ion.

The reaction occurs in one step: HO attacks the C* forcing
electrons in the GBr bond on to the Br.

H

/_\\C—Br — I-D—C/ S Br

H,C*7 >H,
H \H

Br onoet hane Et hanol
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The above nechanismis described as SN2:

Substitution of Br by the
Nucl eophile HO with

2 particles (HO and GHBr) taking part in the rate determ ning
step

An alternative nmechanism favoured by tertiary and, to sone
extent, secondary hal oal kanes in polar solvents is described as
SN1:

The SN1 reaction occurs in two steps:

STEP 1 - the slow, rate determ ning step.
N A I
YA +
noy B —7 c/C\
H,
CH,

CH,

Pol ar sol vents |ike Water bond to these ions and prevent reversal:

- Br

The inductive effect of the al kyl groups in the carbocation,

forcing electrons on to C+, reduces the positive charge and makes
reversal less likely. The nore al kyl groups, the nore stable the
carbocation and the nore likely it is to survive and be able to
take part in step 2.

STEP 2 - a fast step.

assune the SN2 nechanismin all further exanples since

Ve will
y invol ve primary hal oal kanes.

t he
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Reaction with alkoxide ions -OR to form ethers e.g.

C,H C,H
H,cQ /\H7\c—f\|/ —> H,CO— C/tH o

H H

1- | odopr opane Met hoxypr opane

The al koxi de ion is produced by reaction of the appropriate
al cohol with Sodiume.g. the nethoxide ion above is produced by
reaction of Methanol w th Sodi um

CH,CH + N >  CHONat +  H

Reaction with cyanide ion -CN (in Ethanol solvent) to form
nitriles e.g.

H H
NC/_};C—K\I/ — > Nc—c/ B
H H

| odoet hane Propane nitrile

Nitriles can be hydrolysed to formam des and, subsequently,
carboxylic acids e.g. hydrolysis of Propane nitrile:

Hzo //O Hzo //O
C2H5—CEN E— C2H5—C E— C,H —-C
\ 2°5 \
N-I2 H

Propane nitrile Pr opanam de Pr opanoi ¢ acid
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Reaction with Ammonia NH; to form alkyl amonium salts

e.g.

H H
| N Y ./ :
H,N nesC—Ad  ——> HN— CtCle Xe
H H
Chl or oet hane Et hyl ammoni um chl ori de

Reaction of the alkyl ammoniumsalt with al kali produces am nes
e.g.

Y,
“ F\/NQ’— c/ — s "—C/H H.O
/ \H / \H

Am noet hane

Ethers

Et hers have the general formula RI-O R where RL and R2 are al kyl
groups e.g.

O

- U\ -~ N -~ N
H3C CH, H3C C,H, H7C3 C,Hy
Met hoxymnet hane Met hoxyet hane Pr opoxybut ane
(D met hyl et her) ( Et hyl met hyl et her) (But yl propyl et her)
Properti es:
° They are fairly polar because of their non-linear shape e.g.

Et hoxyet hane (Di et hyl et her):

N \6+

572
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Et hers of very low formula nmass dissolve in water by hydrogen

bondi ng e.g. Methoxynet hane (D nethyl ether) dissolves in
wat er :

H

\_/
o

H gher nmenbers are | ess soluble in water. The increasing
I ength of the alkyl group increases the strength of the van

Qganic

der Waals attracti on between the ether nol ecul es thensel ves.

Wat er nol ecul es are unable to break this attractive force.
e.g. Butoxybutane (D butyl ether)
C|—|3O—IZO—|2CI—I2\ O/ Cl—|2(:|—|2(:l—I2CI—|3 ,
van der Waal s forces \O
/

O
7 U\ H
CHSCHZCHZCH2 CHZCHZCHZCH3

They have [ ow boiling points due to the | ack of hydrogen
bondi ng bet ween the nol ecul es.

They are generally unreactive but: -

(1) they are highly flammable

(2) they slowy react with the Oxygen in the air formng
expl osi ve peroxides (-O0O)

Et hers make good sol vents because of their polarity, |ow boiling
points and | ow reactivities.

Alcohols

The presence of the OH group enabl es al cohols to form hydrogen
bonds.

Hydr ogen bondi ng occurs between nolecules in liquid and solid
al cohol s e.g. in Ethanol

hydr ogen
bond
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Al cohol s thus have higher nelting points and boiling points than
ot her organi ¢ conpounds of conparable fornula mass and shape

e.g. BP of Ethanol is 78 0C, BP of isoneric D nethylether is -24 0C

Hydrogen bonding is al so responsible for the solubility of the
| ower al cohols in water e.g. Ethanol

hydr ogen
bond

H gher nenbers are | ess soluble in water. The increasing | ength of
the al kyl group increases the strength of the van der \Waals
attraction between the al cohol nol ecul es thensel ves. Water

nol ecul es are unable to break this attractive force

e.g. Pentan-1-ol is only sparingly soluble in water

H
0]
\CH ~CH-CH- CH- CH H
2 2 2 2 3 /
van der Wals forces T)
CH,— CH,- CH- OH- OH,— O\ H
H
Aldehydes and Ketones
_ /° /°
Exanpl es: - C, Hg—C\ G, H7—C\
H CH
3
Pent anal Pent an- 2- one
(Al dehyde) ( Ket one)
Bot h al dehydes and ketones contain the highly pol ar O\
car bonyl group C*=0-. H/ KoY
Lower nenbers dissolve in water by ,"6
. Q°~

hydr ogen bondi ng e.g. Propanone Y
yarog geg p H C_ C/
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6_
//O
I nt er-nol ecul ar bonding in solids and HC- G0+
/{ CH
liquids is by attraction between the "'6 3
OB~
pol ar bonds e.g. Propanone H C— C//6+
3 N\
CH

Al dehydes and ketones are nore polar and therefore have higher
boi ling points than the parent al kanes:

/° /°
CH,— CH2— CH, H3C— CHz_ C\ H3C— C\
H CH,
Pr opane Pr opanal Pr opanone
BP -42 OC BP 49 °C BP 56 °C
Al dehydes and ketones cannot forminter- CH,— c|-|2_ CI—|2—C1—|

nmol ecul ar hydrogen bonds and therefore
have | ower boiling points than the
correspondi ng al cohol . BP 97 °C

Pr opan- 1- ol

Reactions of Aldehydes and Ketones

1. Reducti on

Al dehydes are prepared by oxidation of primary al cohols e.g.

||_| Oxi di si ng agent //O
C,H,—C— H > C,H.—C
| N\
H H
Pr opan- 1- ol Pr opanal

Ket ones are prepared by oxidation of secondary al cohols e.g.

?_'3 Oxi di si ng agent //O
C2H5—CII— H > C2H5—C\
H CH3

But an- 2- ol But anone
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Since oxidation involves LOSS OF HYDROCGEN, both al dehydes and ket ones
can be converted back to their parent al cohols by reduction (GAIN COF

HYDROGEN). This is done using a solution of Lithiumalumnium hydride
i n Et hoxyet hane sol vent e.g.

. CH
0 Li A H, B
C2H5—C\ > C2 H5—C|:— H
CH3 H
But anone But an- 2- ol

2. Oxi dati on

Al dehydes can be oxidised to carboxylic acids by a variety of
oxi di si ng agents.

e.g. the oxidation of Propanal to Propanoic acid

(1) Wth acidified Potassi um di chronate.

O O

hHe-& a o H —>s ne-& o H O
377N 27 377N 2
H oH
orange green

(2) Wth Benedict's solution - a solution containing O+ and Cu2+.
Cu2+ is conplexed wwth the citrate ion to prevent the reaction
bet ween Cu2+ and CH .

O O
4 2+ - 4 +
H3C—C\ Qu H —> H3C—C\CH (CQu )20 HZO
H

bl ue brick-red

(3) Wth ammoni acal Silver(l) nitrate (Tollen's reagent) - a
solution containing O+ and Ag*. Agt is conplexed with Anmmonia to
prevent the reaction between Ag+ and OH.

H.C C//O * H —> HC C//O H_O
3_\ Ag 3_\O_I Ag 2
H

col ourl ess silver mrror

Ket ones CANNOT BE OXI DI SED and t herefore do not undergo the above
three reactions. Since these reactions all involve col our changes
they can be used to easily distinguish between al dehydes and ket ones.
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3. Addi tion

Bot h al dehydes and ket ones undergo nucl eophilic addition reactions.
e.g. reaction of Ethanal with acidified Sodi um cyani de.

CH
//O - + |
CH,— C\ CN H —> CH,— Cli— H
H N
Et hanal Et hanal cyanohydrin

Mechani sm (two steps)

STEP 1:

Nucl eophilic attack by the cyanide ion at the C* of the C=0 group:

(;O 5- o)

CH3— C\6+ — CHS— Cll— H
H N
:CN
STEP 2:
o
C: O- CH
I I
CHs— Cli— H E— CHg— CIJ— H
CN CN

Ket ones under go nucl eophilic addition
nore slowy.

The presence of TWD al kyl groups: > /05‘
° hi nders attack by the nucl eophile CH; Ciﬁ\
° reduces the d6+charge on the

carbonyl Carbon atom due to the CH,

al kyl group's inductive effect T ON
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4. Condensati on

Bot h al dehydes and ket ones undergo condensation reactions. e.g.
reaction of Propanone with 2,4-D nitrophenyl hydrazi ne.

NO NO
) H )
O_N N N/ — C/CH3 —> ON N—N= C/CH3 H.O
2 N TN 2 LN 2
H H CH3 H CH3

Pr opanone 2, 4-di ni t r ophenyl hydr azone

Mechani sm (three steps)

STEP 1:

Nucl eophi lic attack by 2, 4-Dinitrophenyl hydrazine at the C* of the
C=0 gr oup:

NG, H (|:H3 NG, I|_| (|:H3
/ 5+ 8- + -
02N<§§—||\1—N:\/_N c=0 —> O N@—ll\l—l\l— c—a
H  H | Ho|o
CH, H  CH
STEP 2:
Proton transfer:
NO, ||4 |CHg NO, T |CHg
+ -
on{OSnt b= > 005t o
Ho[D | ) H |
H O_I3 H+ O_I3
STEP 3:
Proton transfer and subsequent elimnation of water:
+
|\D H CH3 H NO.
2
I~ | /> /%
O,N II\I N— C— CH —> O,N II\I—N= C\ H,O
H | H CH,
CH,

The nelting points of the resulting 2,4-D nitrophenyl hydrazones are
used to identify carbonyl conpounds.
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Carboxylic Acids

One nethod of preparing Carboxylic acids is by the oxidation of
al dehydes e. g.

//O i di si ng agent //O
C,H,—C S C,H,—C
\ ~ 5 N
H CH
Pr opanal Pr opanoi ¢ acid

I n pure carboxylic acids, hydrogen bondi ng produces di nmers. The
| arger surface area of these dimers results in stronger van der
Waal s bondi ng between the diners and high boiling points e.g.

Et hanoic acid BP 118 OC.

o e Q
e p—

H,C—C .. s C— CH,
NOo— Hnet o

D nerisation does not occur in agueous solution. |Instead, hydrogen
bonds form between the acid and water nol ecul es thus expl ai ni ng
the appreciable solubility of the |ower acids in water:

As the chain length increases water solubility decreases.

Reactions of Carboxylic Acids

1. Weak Acids

e.g. Ethanoic acid, K, = 1.7 x 10-5 nol [-1

o o
Y/, V/
He-& = He-& H*
3TN 3TN
O—H o
=/

Et hanoat e i on
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| oni sation in carboxylic acids occurs nore readily than
ionisation in alcohols e.g. Ethanol K, =~ 1.0 x 10-16 nol |-1

H H H H

|| . I R
H—C—C—QO - H—C—C—aQ H

I T '\ |

H H H H H

Et hoxi de i on

Resonance in the ethanoate ion reduces the negative charge

on O:

A

3 \O

This renders O less attractive to attack by H* and thus

reduces reversal .

There is therefore a fairly high

concentration of H- ions free in a solution of Ethanoic acid

in water.

Resonance cannot occur

in the ethoxide ion.

Reversal is much

nmore extensive and there are thus fewer H ions in solution of

Et hanol in water.

Car boxyl i ¢ aci ds undergo the nor nmal

(a) Reaction with netals
e.g. CH;C0H + Na ->
(b) Reaction with bases
e.g. CH,COOH + NatOH ->
e.g. CH,COOH + My2+C0;2- ->
2. Reaction w th Alcohols

reactions of acids e.g.

CH,000 Nat + H
CH,000 Na+ + H,0
(CH,000) ,My2+  + OO, + H,0

Car boxyl i ¢ aci ds undergo condensati on reactions with

al cohol s,

catalyst, to formesters e.qg.

+

¢O H

C,H,—C =
No—H HO—CH,
Propanoi ¢ acid Met hano

in the presence of concentrated Sul phuric acid

0

Y

C,Hy—C
No—CH, H,0

Met hyl propanoat e
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The reaction is slow Esters are therefore often prepared by
the much faster reaction between an al cohol and an acid
chloride e.g.

O O
4 4
CH— S = cH-&
\ 2°5 N\
a HO—CH, O—CH, HA
Propanoyl chloride Methanol Met hyl propanoat e

Since esterification is reversible carboxlic acids can be
prepared by hydrolysis of the appropriate ester e.g.

H+
A° o AP
H— C\ — H— C\
o— C2H5 HLO O—H HO — C2H5
Et hyl met hanoat e Met hanoi ¢ aci d
3. Reaction with Amonia

Carboxylic acids react wwth Amonia form ng the amoni um sal t

e.qg.
AP /P
C3H7—C\ N—|3  — C3H7—C\ .
O—H @) N%4
But anoi ¢ aci d Anmoni um but anoat e

Subsequent heating of the ammonium salt produces an am de:

P AP
%Hf4k' + —S %HfJK H,O
O N44 NH
2
But anam de

4. Reducti on

Car boxyl ic acids can be reduced to the corresponding prinmary
al cohol with a solution of Lithiumalumniumhydride in
Et hoxyet hane sol vent e.g.

. i H
P LiTAlH, |
H.C—C_ > HC—C— O
CH H

Et hanoic acid Et hanol
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Amines

Qganic

Am nes are conpounds of general fornmula NR; where R = alkyl or H.

Am nes are classified according to the nunber of al kyl groups (R

bonded to the N trogen atom

PRI MARY SECONDARY
R R
AN AN
H—N R—N
e e
H.C H.C
N\ N\
e.g. H—N H3C—N
H/ H/

Anm nonet hane
(Met hyl am ne)

N- Met hyl am nonet hane
(D et hyl am ne)

TERTI ARY

R

AN
R—N

/

R

H3C\
H3C— N

/

C,Hs

N, N- D et hyl am noet hane
( Et hyl di net hyl am ne)

Primary and secondary am nes, but not tertiary am nes, associate

by hydrogen bonding e.g. 1-Am nopropane

As a result, primary and secondary am nes have hi gher boiling
points than isoneric tertiary am nes and al kanes w th comapar abl e

formul a nmass e.g.

H_ H,C_
N—CH, N—CH,
H H,C

1- Am nopr opane

BP 49 °C BP 7.5 °C

N, N- D net hyl am nonet hane

C,H

But ane
BP 0 °C
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Am ne nol ecul es can hydrogen bond with water nol ecul es thus

expl ai ning the appreciable solubility of the |ower amnes in water
e. g. Am noet hane

Reactions of Amines

The Nitrogen atom has a | one pair of el ectrons which can accept
protons e.g.

H 3C\ (|:Hs
H — N Y H' > H ||\|+ H
: H

Am nes are thus weak bases.

They react with Water to form al kali ne solutions e.g.

H3C\ (|:Hs
H—N:m 6N — > H—N—H oH
W |

H

They react with other acids to formsalts.
Exanpl e 1.

Reaction of N Ethyl am noethane with dilute Hydrochloric acid:

C,H C,H

25 25
N\ +
C2H5—N:mH+CI' ——> CH—N—H 4
W |
H
Exanpl e 2.

Reacti on of Am nonethane wi th Et hanoi c aci d:

o)
H.C <4 7 CH,
*\ o-<& O
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Aromatics

Compounds contai ning a benzene ring are described as aromati c;
conmpounds which do not, are described as aliphatic.

The Carbon atons in Benzene are SP2 hybri di sed.
Bonding within the ring is a conbi nati on of obondi ng between the SP2
hybrid orbitals and m bondi ng between the P, orbitals:

o bondi ng 1t bondi ng

The 6 electrons in the mmorbital nove around the ring - they

del ocalise. Not confined to a single bond where they woul d be
attracted by only two nuclei, these delocalised electrons are
attracted by six nuclei and are therefore stabilised and strongly
attracted to the ring. It is therefore paradoxical that it it these
el ectrons which take part in the reactions of Benzene!
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Reactions of Benzene

In nost of the reactions of Benzene, the ring remains intact, held
toget her by the del ocalised electrons. Reactions usually involve
substitution of the Hydrogen atons.

Exampl e

Reaction with concentrated Nitric acid using concentrated Sul phuric
acid catal yst:

H,SO,
@ HNO 4 —_—> HO

N t robenzene

The reaction is known as nitration.

Mechani sm (three steps)

STEP 1:

Nitric acid and Sul phuric acid react:

HNO, +  HSQ, > HSO +  HO + NS

STEP 2:
The nitroniumion NOQ* is an electrophile. It attracts two of the

del ocal i sed el ectrons in the Benzene ring and bonds to one of the
Car bon at ons:

& W — @

STEP 3:

The del ocal i sati on has been disrupted! Two el ectrons nust re-enter
the ring i mediately! The HSO,- ion attacks:

NG, NG,

@é& . o 450

:O4HS

This is substitution of Hydrogen by the el ectrophile NO* and is
therefore known as electrophilic substitution.
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Other electrophilic substitution reactions of Benzene

Wth Chlorine or Bromne e.g.

d
—>
O @ .
Chl or obenzene

Wth conc. Sul phuric acid, a reaction known as sul phonati on:

SO3 H

@ H,SO, —> @ H,O

Benzene _
sul phonic acid

Wth Chl oroal kanes to form al kyl benzenes e.g.

C2H5
O R @ "

Et hyl benzene

Other Aromatic Compounds

Hydroxybenzene (Phenol)

Phenol (K, = 1.28 x 10-10 nol |-1) is a stronger acid than aliphatic
al cohol s.

| oni sation in Phenol occurs nore readily than ionisation in al cohols

- -10
@—o\% = @o H Ky=1.28 x 10  nol |-1

H
Phenol Phenoxi de i on
H H H H
H—cl:—clz—o\ — H—(lz—(l:—d HY K, ~1.0x 107 nol |-2
H H H H H

Et hanol Et hoxi de i on
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Del ocal i sation of electrons into the Benzene ring in the phenoxide

ion reduces the negative charge on O:

QO

AN

This renders Oless attractive to attack by H* and thus reduces

reversal. There is therefore a fairly high concentration of H+ ions
free in a solution of Phenol in water.

Del ocal i sati on cannot occur in the ethoxide ion. Reversal is nuch

nore extensive and there are thus fewer H ions in a solution of
Et hanol in water

Aminobenzene (Aniline)
Aniline is a weaker base than aliphatic am nes.

Donation of the lone pair is nmore difficult in Aniline:

H difficult H
/ |
\ |
H H
Ani li ne
H easy T
/ +
oH,— N, ' = CH;— N—H
H H

Am nonet hane

Del ocal isation of the lone pair into the Benzene ring in Aniline
nmakes donation of the lone pair to H nore difficult.

/

N
A‘\\_/j\}_I
Del ocal i sati on cannot occur in aliphatic am nes. Donation of the
|one pair to H* is therefore easier.



