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SECTION ONE
(ORGANIC CHEMISTRY)

PART ONE
PHYSICAL AND FUNDAMENTAL

PRINCIPLES OF ORGANIC CH
/_

1

INTRODUCTION

rts of organic chemists are gimed at the following objectives:

The effo
Isolation and purification of the unknown Organic cympound. ‘
E;; " Thin-layer c&tognphic (TLC) analysis of the isolated orgamc compound to
ascertain its purity. _
(c) Deduing the molecular structure of the unknown compound by detailed
troscopic examinations that give clues as to the type of bonds structure and
The spectroscopic techniques commonly

nature of the functional groups present.
employed include:

(i) Infrared spectroscopy
(i) Ultraviolet/visible spectroscopy
(iii) "H and "'C nuclear magnetic resonance Spectroscopy
(iv) Mass spectroscopy

If the above-mentioned techniques lead to the
steps are necessary for further confirmation 0

(d) I'-flepa.lﬂion of crystalline denivatives, otherwise,
(¢) Carrying out degradation
smaller fragments until pieces
()  Synthesis of unknown compound
and structures. This is then followed by step (d) and in either case, step (e).

(®  X-ray crystallographic analysis.

having recognizable structures are obtained.
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QUALITATIVE ANALYSIS OF ORGANIC
COMPOUNDS

Jves methods of identifying elements and functional groups present in
¢ compounds are assumed 1o contain carbon and

hydrogen with other elements such as oxygen, nitrogen, sulphur, halogens (normally
chlorine, bromine and iodine) and phosphorus, which are often covalently bonded to the

carbon atoms. These elements except carbon and hydrogen, which are assumed 1o be
present in organic compounds, can be detected by sodium fusion test (Lassaigne's test).
Lassaigne's test does not involve the detection of oxygen; it is always obtained by

difference

This invo
unknown organic compounds. Organi

Sodium Fusion Test (Lassaigne’s test)

Experimental procedure

Add 2 litle of the substance (about S0 mg if solid, or 2 drops if liquid) to a small
pellet of sodium 1n an ignition tube and heat, gently at first and then more strongly to red
keat Plunge the whe, while still kot into about 15 em’ of cold distilled water in an
~vaporating dish 2nd cover immediately with the lid to prevent splashing. Boil the

e for a short ume, while stirming with the unbroken portion of the tube and then
iter through a fluted filter paper. The filtrate (known as sodium fusion filtrate or
«ract) should be clear and colorless if the combustion reaction goes to completion. The
srtn :‘:;:;r}st any‘m:rogcn. ;ulphur. phosphorus end hzlogen present in an or_z:mnic
omg into sodivm cyanide, sodium sulphi I ! i
respectively according to the following cqu:g::c. e o speae e

heat
(C.LHN,S.P.X) - Nz, — NaCN + Na.§ = Na,P ~ NaX

Orgzanic compound encess

It 15 essential ¢ ¢ '
so:;u;y;cmn;:::;u usf c:_n s:_ sodium metal, otherwise, if sulphur and nitrogen are present
; su,'pi-:(;?t‘ {‘[; aaS(J' ) aS; T;_;- be produced instead of sodium cyanide (NaC N) and'
sods Na; ve. The i itative 1 i
e g ) G M. | following qualitative inorganic tests are

i Test for nitrogen

To 4 cm’ of the sodium fi
3 iltrate, add 0.5 em® §
s ' 5 em’ of cold - :
‘ mn:ﬁ:ﬁﬁwﬁzdﬁ?t (FeSO;) Boil the muxture for Illzf?mr;?:ujgurlcdz of iron (I1)
(VI aod, (H:50,) d}my i!l{dmg concentrated hydrochlonic acid (or 3M ;r.'la o)
indicates the msmc pr“m' The formation of a Prussian blue l'hluisl; momsu.lp _h:“"
¢ ol nitrogen. The equations for the reaction are: -green) precipitate

2

U e

FetCNJ)

aCl * Nkl
= 12 NaCl Fey|Fe(CN,
. Insoluble prussian blue

- 12,80 * Na’
6 NaCN + FeS0y — Mo

+ 3NaFelCN)s

4 FcCl i
hur
(i) Test for sulp |
oate solution
5 cm’ of the sodium fusion filtrate, add few dro;;a:{( lc?cdcfx?e D
d Tl?d.izt;y with dilute ethanoic acid. The formation of a p
and ac
sulphide indicates the presence of sulphur.
CH,CO0H * i 1CII-COON:I
1a,S + CHY —— = PbS 2 CHy
Na,§ + PHCOO o
Alternative test for sulphur |
4, dilute solution of sodium pentacyano
filtrate. The presence

Add a few drops of cold, freshly prepare 0, o Mo £
i 1 ferrate (1) (ni!roprussidc) to a portion O s

n}t;:lsghm is indicated by the production of a rich purple €0

o

@iy Testfor halogen - r
i itive, boil the sodium fusion iltrate for

If the tests for pitrogen and su’:ﬁ!:é: ﬁ Pt?;cl!r;gen nforeiy N it l-qu_m

be tested for by acidifying 2

me minutes to expel hydrogen ¢¥
\s:r,ithethc test for halogen. The presence of halogen can
portion of the sodium fusion filtrate with dilute tnoxomitrate
silver trioxonitrate (V) solunon (AgNO3). The formation ©

presence of halogen.

(V) acid (HNO3) and addmng
¢ a precipitate indicates the

HNO;

—_— r\Q,X" o NJNO‘;

N.‘L\‘ + :\g.\'O‘

The solubility of the precipitate is then tested in aqueous ammonia to identify the
ific halogen present. _ _ =

If the halogen present 1 chlorine, the precipiate will be white and re:

aqueous ammonia.

adily soluble in

d slightly less soluble in aqueous ammonta

it will be pale yellow an _
ble in 2qUEOUS AMMONIA.

If it is bromine, ;
vellow and msolu

Ifitis iodine, it will be
(iv)  Test for phosphorus
em’ concentrated noxomtrate

3 of the sodium fusion fi D
T sl s any phosphonus present 1o phosphate (\) 1ons

(V) acid and boil in order to convert prese t .

Cool the solution, and add ammenium molybdate (VD) The formaten of a _\cllm\f
s - e N a—

precipitate on gently warming 10 @ tempemture of S0°C indicates the presence <

phosphate (V) 1008

trate, add about 2

T T B fotih
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S:nA_RATION AND PURIFICAT
7 CRGAN!C cnmpmmns'on

b ovony i bt
| A
n nnot be pl’cpcr’}‘ sludl d U”k"-'i II 15 1
- L N,

ofhs :
o aher substs . .
i Im'mce, f1’ur|ty is ascertained b ) _rh.:| iS, fice fr
" ) 8 T L rh .
. solubility, density, refracy) ¥ “rni Properties i
% Tuinctive index S Sucl;
an a8

' ‘IE:I’J“S ‘F \ :|| " 4
cora studies. A con chrom
v o505 of puridi ? ompeaind s ass alogrm
e ave e purification prodic. e ‘] ssumed 19 e ”5:_::
- «re the separution methods 1 faniher change i ol %
1ysical

sed to separ:
: ate the C
UNSyey
ils of

m'l:h\\lili often be neces<ary ¢l

n‘ as separated out after 1 ‘

sy . ..‘nlcs oOr reactants, in which ¢

i : =T :

. Vil ::;d gnun be suficiently
i the filter paper, sintered

meine an

<f e 1solate a

e ) preciprtate (o
& (' Jmﬂplel_mn of a reactj( .,: e
13;- the desired product rem:; b
: & cnough to prevent the T
glass or Gooch fibre e

ILWVL IT'-NnIL!I e

B.
Recrysuaili=arson

This 15
| a repeated
N crystall
NS 1 g L 12
0 obtan an increas; tion of 2 material
singly pure product, § from fresh solvent
1.e. crystal or mixture of

Sublunatic, n

lis 15 the
e process b .
! asing rough the i p ystormed
pha ¢

se direc
- The suceess of th cctly to the vapor state

of va ressur, e method ’
Ponzation from solig Wilr;: 2 lemperature below thd‘mnds upon the
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n syl ublimation i erent Vapor pressures
considerable im
lene and sul portance
phur.

@lhzation j;
m, it Is d
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Yy do O Separate severa]

neces 1 one solute s :::pcb . thlCl:ing cl‘;:t:ﬂ' | solutes present in the

T 10 achicve desip, dy " “ry‘lﬂflizr:; fed and Crys::?ltjm temperatures and
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. By changing
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E. Simple distillation
heating the 17

This is the process of producing a gas or vapor from a liquid by
lar tempeT

2 vesscl and collecting and condensing the vapors into liquids at 2 particu

The liquids can then be callected

F. Fractional distillation

Thisis 2 method of separating 2 mixture of scvema volztile compat
boiling polats The mxmrne | dustitled at the Jowest | whn
collected o vt fracuion until L por ?
higher potiing component of
collected « - a scpurile frac

10t o] crature o the
the musiure 1s beginning 10 dist:ll, s ol

G. Steam distillation
f the volatile constituents ol 2

This is a disullanen techuque 1n which vaporization 0
by the introduction of stear directly

liquid mixture takes place at a lower temperature
into the liquid mixture, steam used in this manner is known as open Stz F st

stripping.
IL. Stear: refining

This is @ ptroloaum rlineny Oos
fram steam o 70 and closed omils o
produce gasulind and papatha ot

as steam destillation where open steam is used

L Fractional condensarion
vaporized hiquid mixtures O

This is a method of scparation of compozents of
(paruial condensation) The lughest-botlng-P it

condensing the vapors in smges
dense in the first condenser stage, allowing the remainder of the vapar i

pass on to subsequent condenser stages.

J Fractional precipitation

method used for separating clemy
ceipttations, cach o1

This is an analvtical snis Of compounds with =i
solubiity by o scrics of apatvtical pr te amproving e
de ol [ aannpou 4

A. Fractionation

This is a method of separation of a mixture in successive stages, each stage [N InS
from the mixture some proportion of one of the substances, a3 by differential s0 ubils
in water-solvent or solvent-solvent mixtures.

Y
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L Sclvemtrefining

Tis is the process of reaing . 1 :
ssolyes ond removes CRI TDOT constituents (uswally the undesired ones). This
iy wsed in the petroieum refining indusTy.

metad 5 commoT Y IR

M, Cenzifagation
This noocess 1§ osad to sgpamaiz WO —iscible substances. The centrifuge works
msms the sedmemnon FRCID, where the centripetal acceleration causes denser
ala 1o the bomom of the tube, while low-density

This proces
sohetmoss od pormelss 0 S

e - o S B
sEemeN IR D RWT

N.  Chromcogrephy

LT‘_-a 5 ::3...-.;5 o e _.—.::r:‘.;!:b of pertten of 2 solute between two immiscible
salvezs. Toe solle parnons fiself berwesn = mobile phase and a stationery phase. The
sz P s e solven: adsorbed on a solid, e.g, paper or alumina. The mobile
::z _;:_a_ sacond salvent oragas column chromatogrephy, paper chromatography, thin

-—::-.:.:..z.."-*::-;t}' ad ‘gzséiqnid chromatography all employ principle of part;tion.
22 relatve Gsteoces tavelad by the component and solvent front during the separation

e zsed 1o calculase the retention factor (Ry) as follows:

oW

/

!

o Diszoce pavelled By the component
(1.1

Disance ormvelled by the soben: front

122 Rr value czn be used m idemifig .
b2 used m icentifying components of 2 mixture by comparing with

Le=rznme valoas,

0.  Solvent extraction

Tais 15 2 method of separet ) i
parzation of materials of different chemical types and solubility

by selectve solvent 2o

v sel solvent action, that §

o Is When some materials are more so ble in one solven
120 & zmother, bence there would be 2 . Iuble in ane solvent

S by i Lhemselir-crmw extractive action. The method is
maten; ves between two immiscible solvents. It ;s

used 10 rzfime petrolenm 3
. _ products, and punfy organic compounds, vegetable oils and

Distribution Law- (Nernst's Law)

mmiscible solvents js
molecular staze of the m!:t constant, provided the temperature

Cone 1
K- com'enrrauon of solute in solvent 4
entration of
solute in soly,
solvent B 12)

te betwe A
be expressed in g ey °; ;:if,cnrs Aand B. The

» mol dmyy?
ldm™ or any other

2 mixed matenial with a solvent that pmfmﬁa“y

Question 1

100 cm’ of water containing
thylether (2) 1n 052 batc

50 cm’ of die
Knowing fully

Worked Example

well that diethyl ether

10 grams of an 0rg2
h(b)int\\ﬂbl

anic COmMPOUD

and water arc immiscible
§.0 2t the temperaturs

4 X was extr2ics
ches of 25 cm’ of dict
and that

£37

C. Caleulate 5

mmumt °f x Rmm emﬂ md “-lnﬂ 1 c ot this t2m ie.
masses of X extracted Into diethylether in the TWO cases at this temperaiur
Solution
In one batch |
Let y grams of X be extracted into ether 22 (10 - y) grams of X will remain 12
water.
10-¥ ¥ i ¥ vem®
Co =00 gem’ and Car =30 g
B
I -
K="= 10y
h 100
L4
(¥ 100 ]= "
\50;'\10‘_"
e
100y _g
10-¥
100y = 4000-400¥
500y = 4000
y=8§ grams
y=98¢g
It means 8 grams of X would be extracted into ether.
i ch)-
In two batches of equal volume (Le. 23 €m of ether eac -
_ ) grams of X e water 1n 15¢ st
[ ted into ether and (10 Vg
Let y grams of X be extrac
extraction;
10-vV
¥ 1 o= g
e = gem’ 2 G0
2: P
Clic _nte
S L
" bt
100
1
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(_J'_ l@-]d
25A10=-y
100y _g
250-25y
100y = 2000-200y
300y = 2000
y= 6.67 grams

1 mcans 6.67 gnm:or)(wmﬂdb:cxndad into ether in the first extraction,
\caving (10~ 6.67 =3.33) gram in water layer (i.c. aqueous layer).

In the second extraction:
Let 2 grams of X be extracted into ether and (3.33-2) grams of X into water.

" 333~z " z
C.'BW gm-l and Cﬁ'-'z_s' x':m..l

z
o R R o
333-2

100
( Y 00 Y,
1e. 250333 -2

1002
§325-25:
1002 = 666 - 200z
300z = 666

z= 222 grams

It means 2.22 grams of X would be

~Total amount of X extracted into extracted into ether in the second extracti

ether in the two extraction batches is;
Y*z =667+222

- 8.89g.

L€. squeous layer),
Alternatively, one can use e following formulae:

b B0 &r2ms of X will remain in waler (

For one batch
extraction a!ﬂq:"
extraction):
Waw (¥
where, X770 05
B

¥, is the volume of the organic solvent in a gingle batch mrn_ction.
¥, isthe volume of aqueous solvent in a single batch extraction

¥, is the amount of soluto originally in the aqueous solvent,
l’hﬂnmﬂmhﬂnnhnwrmathenmmm

K is the partition cocficient between the organic solvent and watcr.

rumm-mwwmdmkmt

4

v
e 14)
KV, + v,)“ (KV, + r,)’

waw,(
where,

¥, is the volume of aqueous solvent, )
V;ndf;mlhcwlm»fapicwlwntundfumhtheﬂmmd

second batches respectively.
For *n" batches - mwwmqum:

W W, (——" )
K+ v,

where, “n“hﬂsmbﬂ'ofhltm

NB:
(i) The above formulac hold for partition cocfficient between the organic layer and
water.

i g R . e
ii) If the partition cocfTicicnt given 18 between aqueous layer and organic layer,
f'ct):iprncall’:l'tho value has to be taken before substituting into the formulac above.

wmmwawlyﬁnfmuhewsolwthcmhbow:
(s) One batch - extraction using 50 em’ of diethyl ether;

V.= 100 e, Vo = S0 o', Wo=108.
Uﬁuequalion(l.i)loulculmlheumﬂorwlmenmaininsinwataaﬁerﬂw
single batch extraction,
4
= N B
we W, 4 (KV,+I’,))|
100

= 10 ({@x50) +100)

= 2g
+ Amount extracted = o — W= (l0-2g =88

Econned with CamScannat



of equal volume of 25 em of diethylether, ie,n=2

(b) Two batches
¢ amount of solute remaining in water after the

Use equation (1.5)10 :_alcula:e th
two batch extractions, 1e,n=2.

=1L1lg

- Amount extracted = Wo - W= (10-1.11)g=889¢

10

a4

QUANTITATIVE ANALYSIS OF ORGANIC
COMPOUNDS

This deals with estimation of the proportion of the elements present in an organic
compound by combustion microanalysis as described below,

Combustion analysis

oxygen, where carbon, hydrogen and nitrogen
er and nitrogen (IV) oxide respectively. The
KOH) and weighed, the water is
nitrogen (TV) oxide is reduced 1o

A weighed sample is bumnt in excess
are oxidized to carbon (IV) oxide, wat
carbon (IV) oxide 15 absorbed in soda lime (1.
absorbed in calcium (1I) chloride and weighed and
nitrogen and measured volumetrically (Dumas method). The mitrogen can also be
determined by Khedjahl method. This involves digesting the organic compound with
concentrated tetraoxosulphate (VT) acid, which converts the total nitrogen present into
ammonium tetraoxosulphate (VI). The solution is then made alkaline. The ammonia thus
liberated is distilled and its amount is determined by titration with standard boric acid.

Other elements are converted 10 inorganic solid compounds and weighed, for
example, sulphur in an organic compound is converted into tetraoxosulphate (VI) ion by
treatment with sodium peroxide or trioxonitrate (V) acid (Canus method). This is then
converted into banum tetraoxosulphate (V1), which is weighed. )

2INH, + “:50; —_— (NHJ:SOJ
Na:CO; + H:SO] — ‘Na:SO; + H0 + CcOo,
In a similar manner, phosphorus can be estimated by converting 10 tetraoxophosphate

(V) acid.
10HNO,

4P o4 ”jPOJ.”\ -, 5.\'0(;, + 5 NO;,F,

The covalently bonded halogens are converted into halide ions by heating the organic
de or in a scaled tube with trioxonitrate

compound cither in a bomb with sodium peroxi oxon:
(V) acid (Carius method). The halide ion thus formed is treated with silver trioxcnitrate

(V) to form silver halide, which can then be weighed

N0y, 0 07 - AL .
" 3 I, a x‘;m —_— f\_ﬂk*
TING3a0 Precipiate,

washed and weighed

nt is obtained by difference. The following worked examples iliustrate

The oxygen conte
cthods of analysis of orgamic compounds.

some of the quantitative m

e ——r T e di0

Zconned with CamScannat
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¥

v

Wt |-l‘lf r\'- "I'Il"lr\

t‘w“"' .
of compumd Y from the fellowang quantitatiye
yoamd 33 mg of 1,0 The

e

N makecular
oY g s0mg RN

L 11U my

S § Sy maa & sotromety 18 | TN
solyule man of compound ) as Jetermingl d f .
Salanen
Mg o OO qoatain 12g of cavhon
b mp of (U will comhbin = :; » 80imp
= 219mg
210
8 of carbon in the sample = :P‘_:. . L?_‘oi
L o] 8%
I8¢ of 1,0 contain 2 of hvdrogen
P idme of H OV will contain & t x 3 ¥mp
1L
037y
s o Ji.."'"*'ﬂl i the san it n}:’: = 'l'
3 }
e = J0.48%
yeen i obta by difference,
of oxygen in
gen n the sample - 100-(61.86+ 1048)
= 2766%
(l .
Lompovtion ll
61,86 1048 a
.'I'.-t 2 OI'I..’: atom G 27 66
(D e by atomic mass) 10 48 2
nl‘-llh ] f‘ ]ZO
™ = = in 4\ .
v Jie by the smal =173
« Lwhoie mn) s i
ratic } -t : J53
_ = + 173
Emprcal formia QRO 6 1
1
To get the molecular
(Eenpii : fcrmt Y
iclnm_;). mm
(C:HO) = 1162
[Bx121= (6% 1)~ (1 1

LT N O
LS S
AL
Molcontar formula i (Ci10)

__(," "”‘)J

Question 2

An 832 g sample of aniline yh‘llln 111 ._'u' of nitropen ot 2070 Wil 4 o4 i

Whiat 1 The Jrrentige compostion of piteogen i anihne?

Solution
The first step i o datenmine the vt

L, va MK

I ,f-u'unull,:,\_-
Ve w1 01 e’

Knowing fully well that volume of any gas at STP 15224 dm’ mol ' or 22400cm' mo!'

22400 em’ of Nz nt STP contams 1 mole
Y molx1 01em’

22400cm’
= 45« 10 mol

101 cm’ of N will contain

.o

mass of N2 = pole » molar mass of N;
L a5.10%x28 =000126¢
|.20mng
Y fN in the le - -————-1 26 “Igrlm-j"f
Wof Ny in fhe s30P g32my |
= 152%
Question 3
0530 of acetanilide was subjected to Khedjahl dctgnﬂnation and the an?uonia
produced E:‘collomd in 50 cm’ of 0.5M H:SO:. On dilution to 250 cm’, the a;:;d was
titrated against 25 em’ portion of 0.05M sodium carbonate scflutwn. ‘13‘60 cm’ of; the
i jtration. What is the percentage of nitrogen In acetanilide?

13
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Solution

The equations of reactions arc.

2INH; + H:50: —> (NH.):504

NB-COJ + HESOJ —— Na'.‘soi 0 H20 + Co:

P50, (initial) = 50x107x0.5 = 0.25mol.

o 3 . 1

eyC0; (initial) =25x10 x05 I-l.25x10 mol.

From the stoichiometric mole ratio of the above reactions;
e HHISU,‘ ﬂ"hlcoi = 1: ];

N2,CO; 1s the limiting reagent

P50, = Mxaycoy = 125 x10° mol(ie. 1: 1)

y 125 x 10’

P50, in 250 em = % 250

= 0.025mol

The dilution of the resulting solution 1o 250 cm’ and titrating with Na;CO: ion i

c ,CO; solution i
know the excess number of moles of sulphunic acid left unused and at the same time hsclm
10 know the amount of H,SO, that have reacted with ammonia. 4
.. The number of moles of excess H,S04 = 0.023 mol.

Number of moles of H,SO, that reacted with NHj is obtained thus:

Ms0, (1nitial) - my g5 (excess)
= 0.025-0023 = 0.002 mol.

The stoichs i
m;:\:nmemc mole ratio of NHj to H,S0; from the above reaction 1s;
. My, M50, = 221 .

My = 2y 0, = 2 % 0.002 = 0,004 mol.

M od
assof NH, = mole x molar mass of NH,

0.004 mol. x (14 J
0068 (14+3)g mol

MassofnmogenmNH, . E,GUGS
N - Zi

uw

~% of N in acetanilide 00S6¢
= 0
2%%6g 100
0 530g )
= losry
14

Question 4

30 cm’ of a gaseous hydrocarbon, C;H,, were mixed with 140 cm’ of excess oxygen
and exploded. After cooling to room temperature, the residual gases occupied 95 cm'.
By adsorption with potassium hydroxide solution a diminution of 60 em’ was produced,
and the remaining gas was shown to be oxygen. Determine the formula of the
hydrocarbon at constant pressure of | atmosphere.

Solution
dx+y Y
C‘HJ" *-—4——01 -3 IC01+EH20

The KOH solution absorbs the COz produced

Volume of CO; = 60 cm’ ;
Volume of excess oxygen= 95-60 =35cm v
Volume of oxygen consumed by the hydrocarbon C;H, is: 140-35 = 105cm

By equating the stoichiometnc molar concen: tions of the gases CO; produced and Oz
consumed, 1 €.

Stoichiometric mole of COz _ Stoichiometric mole of Oy
Volume of CO; (in cm’) Volume of O; (in cm’)

x dx+y 1 . X .
© = —4—-:1-6 (By Avogadro’s hypoyhesis)
Wity
60 B 105
420x = 240x + 60y
180x = 60y
x: y=60: 180

Since the starting volume of the hydrocarbon is 30 cm’

. = 60 180
YT 3730
X s y=2:6
x=2andy=6

- Formula of the Hydrocarbon is C sHe -
Question 5

A hydrocarbon on complete combustion consumed 80 em’® of oxygen and produced
60 cm’ of carbon (IV) oxide. Deduce the molecular formula of the hydrocarben.

15
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Solution
uuwkmﬂ""ﬁﬂv

Suichiomeric mole of 00; _ Swichiomatric mole of 07
Voume of CO3 (in cm’)  Volume of 0 (in em’)

24227 my Avogadro's hypoyberis)

o AsB

r Arey

i i iji;
1205 = 24im, + GUy
Kl = 0lly

L™

60
- — .
%0

~ |

x:y=3:4
l"l,,-‘

Molecular formuls of the hydrocarbon is CyH,

From the molecular formuls
, first caleulate ydrogen Deficiency (IHD
lmwrwwammmm?m o
e nm(umn-x-uv—uzmnl.
mpacm::lfzm’“ lhmnberuf:ubm,hydmgm halogen and

A nitrogen atoms

Cylly
Ih‘ux-,.y-" ?’,-o

Theref;
TM”:"'*.'?';E';-%““ )
mlﬁnmmﬂ""hﬂlm'”“
) formaeg e 27 O 8 triple bond
are: ora

“H._'-—:m_
. T

5

HYBRIDIZATION

This is mixing or blending of two or mOre different types of orbitals of the same
encrgy level to produce the same number of identical hybnd orbitals with different
energies, shapes, eic, than the component atomic orbitals.

Concept of Hybridization of Carbon Atom

sp’ Hybridization
This is as a result of mixing 2 and three 2p orbitals to produce four equivalent 7
hybnd orbitals, as in the case of methane (CHy) Excited state configuration of carbon

using Hund's rule 15,

c 18 2 2% )
iy {ﬂ EI] mm
7

M (15) represented as }

The excited configuration of carbon atom now has four partially filled sp’ hybnd orbitals
a5 shown in the above diagram, cach of which will overlap with the Is orbital of an
hydrogen atom o give methane molecule of tetrahedral structurc, and bond angle of
109° 24. In sp’ hybridization, four orbitals hybridize in cach carbon atom, (ie. 5+ 7=
sp’ hybridization), 10 give four (4) C-H bonds. The bonds are directed towards the
comers of a regular tetrahedron o ensurc maximum repulsions between the clectron

clouds of the 4 C-1 { bonds.

H
L‘I wm

C
W |
H

nd the orbitals are called sp’ hybrid orbitals Each
has % (or 25%) ‘s’ character and %4 (or 75%) ‘p’ character. The overlap of each $

hybrid atomic orbital with a s orbital of hydrogen leads to formation of a sigma (o)
band which 15 symmetrical about its axis. All single covalent bonds have sigma (o)

honds.

‘This process 15 called hybridization a

17
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& p12

-
.‘.

,PJ H‘.Mﬁmf“ | | | : The electrons in the
Thisis 2. el ofming 2 0d T2 2p orbitals to form 3 identical sp* hybrig Is? 2.’l 2p, 2p, 2p, 2p, and 2p, orbials are unaf fected
| dization
ane (C;Hs). ) EH - o
orbitals, as in the cas¢ of ethene ( \
Excited States of carbon atoms are N <

The electrons n the 2.
W 2pz orbitals are unaffected I_'_,p_"

Is*

I ] I I : { by hybridization
: @ b \—/ H (15) represented as }
In sp hybridization, only onc s and one p orbitals are h_ybridizcd to give t;voo o?MV::::::
sp hybrid orbitals, (1e.s + p = 5P hybridization). This gives 2 dmgop;l;;r (‘? : ozm -
two sp orbitals 180° apart, and two mutually perpendicular unhybn p(ie. 2py
2p.) orbitals.
H{1s) represented ns} 2'& B} 32' z
In sp” hybrids T :‘Pj
" 5 hybndization, only three orbitals are hybndized in each carbon atom, (i 1 X R
2 m, (ie.s5+p° = .
s{' .j ybrdization). This gives a tngonal carbon atom in order to allow fo(r maxim p:m i 180°%, t,",«’ ‘u:f,a
;;r; f;n’?gZdTJ?vc ﬁl:izl cqmval:;r splmorbmls hc: at an angle of 120° in one plane with (< ¥ = D)
: 1L endicular 1 i ¢ = — ‘
shove ad below e plne. 0 the sp” hybnd orbitals with its lobes sticking / 4 A "’
e s g 0y
» 2, o, "s ’: \“ ’l Hf& C—H
o - -
I‘ .II \I L - ¥
,‘:'{T\,@ 2 : ' The orbitals are called sp hybrids. Each has ¥ (or 50%) 's* character and % (or 50%) p
s B, character. The sp hybrid orbitals form sigma (o) bond in the same way as sp” with

Ho - /g- H
L 5, r .
' ' i Hg\,—?g%ﬂ hydrogen atom and the carbon-carbon bond is formed by the overlap _ol' two sp hybnd
orbitals from each of the adjacent carbon atoms, resulting 1n sigma bond. Thc
LTI ybnds Each has X (or 333%) - overlapping of adjacent p (1.c. 2p, and 2p,) orbitals that are unafTected by hybmflmnon
J: c?;h;’“‘;" 1€ more ¥’ and ess c;:mr 33%) s’ character and % (or forms two pi () bonds as shown in the above diagram. Thus the triple bond consists of a
' cter than sigma bond and two pi () bonds.

5p” hybrid : S :
(" bondand te cg a;::rmc orbital with a Is orbita] of 1 " bybrid orbitals, The

- orbuals are called ' h

of adjacent p (y o » ,mm:"h::mﬂu resulting i a 5igm;g (u(;fbm?”l hybnd orbitals Sigma (o) and Pi (n) Bonds
' are unaff ond while the
P Hybridizatign ected by hybridization forms pi (%) bu:;ﬂ'a bt e
“Thrs 1535 3 tesult of iy : ! el
Hed states of carhon P g the 2 This results from any of the following three possibilities:

(i) The overlapping of two s orbitals

§ S
(i) The overlapping of two p orbitals linearly opposed to each other

Gl XS]

[ P

19

Soarned with CamScanne




! bital
' (i) ﬂzm:h;g'--;dlmdpm‘nhs
s 7
i Bond the lateral overlap of two parallel p orbitals of adjac,
This results from the - ——

[

The degree of overlapping i pi (z) bond 1¢ less than that in the formation of gj

(=) bonds Consequently, pi (r) bonds are weaker than sigma (o) bonds, and being
mare exposed, pi (n) bonds are more vulnerable fo cleavage by an artacking clectron
deficient reagent, during o chemical reaction

The length and strength (enerpy) of carbon-carbon bonds

Bond length

Double and tnple bonds arc shorter than single bonds, because of increased ‘s’
Character s the multiple bonds The more the s-character, the closer 15 the electron cloud

of the bond pair 1o the nucleus, and hene i i
bk <, the shorter the bond. The order of increasing

C=C

C=C < C—C
LT Ch ik LY 40
T characier " character ’s":';u:'nclrr
increasing order of bond length
 strength for bond energy)
This 1s the

the l -
t—¢ < C=¢ < C=c
g "‘;‘fﬂ_;' ﬂr&f of bol'ld eﬂfrﬂ\
mrm fi ) f
i an wlbcalv\eW&rofbmdmmmnbcuphJMﬂ Ollows
O Sipma (g SIONger than ni (- .
(3) w‘ are |
: of r £er p: (-J hnds becaﬂ.u of th
; € more effective
Consstg of [+3
The double m‘ - 26 bond ang 3 » bond,achm'dl s own bond
wngh :‘h: Hm : ’h'-‘J STenghs of both Bonds wyjj e expectedl
“ﬂﬂthn ! I to h: Breater
20

o 1 bonds will be
(i) By the same argument, the triple bond with a @ bond and two
" J

expected to have the highest energy
Tahle 11

Bond propertics of orpanic compounds
ey

Bond “Hond I::r_nl_zt_l_f{_-r'n_n_} _‘_Hv_\_ml_gﬂt_rgyig_ b mol )
Clu!! s .:‘1“’
C - C (in cthane) 0154 &.Rl
C = C (ethane) (l:;; g
= C (in cthyne) 0. s
C-N 0.147 e
C=N ni4a i
c-0 0143 3
€ = 0 (in aldehyde) g:ii o
C=0(n ketone) ; e s
C=0(in methanal) 0 Tt i
C - F(inCFi) 3'193 i
C - Si [in SCH)] i 9
C -8 (in CyHSIHD D.lss £
C=S(nCS) 0. 2
c-Cl 0176 >
C-Dr 019 o

C-1(in CILD) 0214

21

Download more atlearnclax.com



BREAKING AND FORMING OF BONDs

1 change s the b
qists of an electron

o reaking and forming of bonds. A
sence of a chemicd pair, and can be broken in On(]\;‘;:‘:

The es
pond betwecn two atoms con

Wy 38 follows

i =
] R' N h
Fach retains an clectron

il e 4

R-+ X The two electrons of
the bond are retained
by one species

ReX
() R- n X:_'
Fig 1.1 Scheme for the rupturing of bond between R and X

I Homolytic and Heterolytic Fissions

Homolytic fission

Thus 15 a process where ruptunn
g of the bond between two atoms re; i
;ﬁ“';m&\:gc:mmr free ra::lca]s as in step (1) above. This occurs whcnst:g'l; :tlmumw
ronegativity The
oeetited ane: gatmaty values various ways by which radicals can be

(1) Photolysis

This involves generation
of fr
Kgit Enples of st o 8 tiblecule o gas i the prcsesice of

@ a, 250 + o
#) (CH).C=0— ¢y + cy.cor
L] 1

Thus mvolves
E Smﬂ'-ftlﬂu of free radica)
ol Exarplesof i metpod g+ U4l (heat) decomposition of th
; n of the

(3.) \rm
phase decomposit
on of lem

22

(18]

(i)

Another example is the decomposili
benzoat

Below are reactions that radicals unde

(i)

(i)

Thenmal decomposiiion of i

t-huty] perovide and

azomethane

sy 2001, C o

(€I, € -0-0=CCth),
tort = bty Iperavide

cH,-N=N -CH, —* 20

azomethane
hy inorganic ions involving

Redox  reaction
rhonium [ons).

carbanions (or ¢

(n) The reduction of tnph
vanadous chlonde.
(C.H)C' + p o (CH)C

(b) Decomposition of cumyl hydrupcm.\itlz:

cnyhnclllyl cation o tniphen

a- D:mclhylhcnzylhydmpcroxidc

fa N

one

- L ’-I-

Decomposition of &
alkoxyl) (radicals) and hydroxyl anions.
HyC o—H
Y e a
CaHs"}C"O v Fte——— C,‘H..‘-}C—O .
H,C HyC”

ao- Dimcmylhcnz)'lhydmpcroxidc

¢and benzoic acid radicals.

CHg—E—0-0—§~C v -——-'cLﬂ-.-ﬁ—O‘
o] ¢] (o]
benziaie

henenic peronyanhy drule

Ruadical combination(Bond making)

X +r = X=Y

on of benzoic peroxy anhydnde

.
X Ce“'."‘ﬁ_o

o]
penzoic radical

rgo after thewr formation.

eg CH; + CHy = (=4,

Radical fragmentation
Z2 » Y+ 2
eg CHCO™ — ci; + €O

23
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by ferrous salts into

v O

cu’

electron transfer Sfrom

ylmclhyl radical by

by copper salt into
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(iii) Radical transfer
-7 = x-r+ Z

P
- CH, + C.H,

eg CH, + CHy

(i) Radical addition
X‘ + Y:‘.z -» X}"Z.

eg. CHy + CH,N=NCH, = (CH,),N = NCH,

) Radical disproportionation
X+ Y-Z-W = XY + Z=W
eg. CH; + CHCH; — CH, + CH,=CH,

Heterolytic fission

This is a process where rupturing of the bond between two
_ _ . atoms results |
:?rmaiijuu of ion-pairs as in steps (11) and (i1i) of Fig. 1.1. This occurs when onezsatl: the
elﬁn:m electronegative than the other, and there is a tendency for both bo ding
- o n::m with the more electronegative atom afler rupturing of the Sodmg
nlmmmu:gaﬁ{; ammnrr: :Imeggt{w atom becomes negatively charged, and th: e
m becomes positively charged. This i g
°’F"l‘;;dmw- s frequently encountered in
making as in the case of radical combinati
comb
of these processes (ie. bond breaking ].H't:tc&csclsjia talnodl:l O0PNES byt e veskil of either
any overall chemical reaction

Bs occurring either in sequence (j.e.

consists of a number of bond makin breakin
Stepwise) or simultaneously {concen:f[s r:gtion}

7

FACTORS INFLUENCING ORGANIC
REACTIONS

In heterolytic fission, the reactivity of a molecule depends mainly on:
i i i ich i lectrically charged due 10
(1) Its polarity, that 1s, the extent to which its atoms arc ¢ gl
i bonding electrons. Polarity in organic moleccules usually ster
vl Sl SRR horus and halogen, which

toms such as oxXygen, sulphur, nitrogen, phosp .
f::m n':):c clccu‘oncgatif'c than carbon, and cause electron-deficiency on any

carbon atom to which they are bonded.
(i) Its polarizability, that is, the extent 10 which its
presence of polar reagents.
(i)  Itssize and shape (Steric Effects).
which polarization can be transmitted through molecule are:
ffects, known as electronic factors.

bonds become polarized in the

The two ways in
Inductive and mesomeric €

A Inductive effects

This results from uneven sharing of electrons in 3 covalent bond due to large
difference in the electronegativity values of an atom and the carbon atom to which it is
bonded. For example, consider a chlorine atom attached to a carbon chain.

&=

= Cl

-Or

C =»C =
b | 2

The strong polarization of C-Cl bond renders C-1 electron-deficient and positively
c d. The effect continues with diminishing strength along the chain, and is usually
100 small to be detectable beyond C-2 or C-3. Thus C-1 suffers the greatest inductive
effect while C-3 suffers the least. The atoms or groups, which tend to be clectron
withdrawing with respect to the carbon atom to which they are attached and exert an
inductive effect in the same direction as chlorine are said to exert =/ effect. The -/ effect
increases as the electronegativity of the atoms or groups increases.

However, certain groups, notably alkyl groups exert an inductive effect in the
opposite direction to chlorine, that is, they are electron-donating (or electron-releasing)
and are said to exert +/ effect. The bulkier the alkyl group, the greater the +/ effect; thus
tertiary alkyl groups exert a greater +] effect than secondary which 1n tum exert a greater

+] effect than primary alkyl groups.
Hy HC
HC—>=p-c— > H—C— > Hyc—=CH;
s,c/ Hsc/

Decreasing order of =/ cffect

25
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CLASSH-:'ICATIOI\' OF REAGENTS USED
IN CHEMICAL REACTIONS

+ emical rezctions can be classified 1
ons can be classicas (2) Electropiilic and (D)

(a) Electrophilic (electron-loving) reagents

Toese & reagents, which attack electron-rich C2OEES during chemical reactio.
- similar to Lewis acid (Le. electron-deficient centre)- They contain posiively
chzrged fons. AD electrophile may comtain 2n atom with 20 incom:ie:e outer shell such
zs Al Or B (in AlCS; of BF;). Examples of electrophilic reagenis are: H, CT, Br, Es
= 2n.", R; C, BFs, AICl, Brz, Chs PN, H:O' RN- |

Aucleophilic (nuda:s—lm'ﬁrg) reagents

These are reagenis; which attack electron-deficient ¢
similar to Lewls base (electron-pair donor). The
hile may contain an atom with lone-pair (non-bonding
[ i reagents are H:0, NHz RO ou-, RO, CT. BT
C=C and CH;OCH: (ROR). In each
arization of the molecule.

atre during chemical reaction-
y contain negatively charg
) electroas, like

from pol
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GANIC REACTIONS

TYPES OF OR

Qrganic 12200008 &% categonzed I

(z)  Subsututionof
(b) Additon reaction
(c)  Elimmnation reacuon
(d)  Reamangement reaction.
All the four types may be initiated by electrophilic,
on the substrate.

1o four types. They are:

Displacement reaction,

nucleophilic or free radical attack

(a)  Substitution (or displacement) reaction

When 2n atom, group or radical attached to carbon is replaced by another one ina
chemical compound, without 2ny change in the type of bopc_!mg or degree of
unsaturation. It occurs either through clectrophilic, nucleophilic or free radical

mechanisms.
(i)  Electrophilic substitution reaction
Example 1s:
R—CH;COM + Bry —— R—CH-COH + HBr
l{ast lr T

N\

R—CH-COM
‘ « HBr R - L
——— —CH-CO;H =+ Br
H

B
{ii)  Nucleophilic substitution reaction
This is more common than el il 1uti ile 1 1
By i) ectrophilic substitution. Here a nucleophile is leaving
R=X+OH — R—0OH + X' (X=CLBr]) .
A typical example is:

CHyCH,Cl + NaOH ——» CH;CH;0H + NaCl

44

.

Nucleaphilic substitution reaction is one of the methods used for preparation of alcohol
There are basically two types of nucleophilic substitution reactions, i.c. SN and SN

Substitution nucleophilic unimolecular reactions (SN’]

Here, the rate of reaction depends on only one species. It takes place mostly with
:c:n;.ry alkyl compounds in the presence of weak nucleophiles (e.g. H:0, NH;, Br
ete

eg (CH),C-Br + OH —= (CHyC-OH + B~

tert buty! bromide tert butyl alcohol
Proposed mechanism
(CHC-Br  ———e  (CHiC’ ¢ EF 0
rds
. H. v /H
{CH3l € OH = e (CH4a C"O.\_H ()
et e (CHIC-OH <+ B (i)
(CHay ~H

Rate = k[(CH,),C -Br]

SN reaction is limited mostly to tertiary compounds (or benzylic or allylic compounds)
because the rate-determining step (1.e. step (i) above) mnvolves the formaton of a
carbocation. Any reaction in which stable carbeations (e.g. tertiary carbocation,
benzylic or allylic carbocation) can be generated will favor the SN mechanism

Examples of SN’ reactions:
?H! Hy .
CHy-Cot ¢ B — cu,-ll:.a; * 1
CH;y CH;
H
CiHs CiHs
e CHy-C-NM; + HE
CH;-C'BI' + NH, CHy cl" 2 !
(liﬂg CHy

Substitution nucleophilic bimolecular reactions (SN?)

Here. the rate of reaction depends on two different species, ¢.2

CHyOI o OH — = CHOH ¢ o

T -
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Pmﬂ"udmi‘f"’”!‘" N oL
'i “ "\.{'jo ..—r;‘._-*'-\t !0-—"[‘- v 07
(= e [ 1
i "

Transibion state

fate = & [CIHCN(ONT]
ed 1o as a concerted reaction because both the

P reac sometimes Tefe _ "
Iml 5::! l::‘tl;:r[;":ll';f:; pond breaking are occurmng simultancously
nucteophl
Conditions for SN reaction
d somctimes
imary, 1¢. methyl or cthyl an
1 e sl o R0 Teviany | compounds will not undergo SN?

XR). Tertiary alky
Ikiness will prevent the bac

g . cg OH, CHO", CHCH:07, NHy, CN°

sccondary (1¢. RCI k-side attack by nucleophile,

reaction because the bu

2 The nucleophile 1s usually stron
cle

Fxamples of SN reaction

e =
—_— I+ ]
iy l'.‘l accrone L

C;H,
=0OH

Hy

Gty on-

Br—C =11 H v 8
———
=

[
C
1
1y c

(iii) Free radical substitution reaction

This 1s a free radical displacement, for example,
RX + n°—— Rep + X

It1s a free radical atack, which also leads 1o the generation of another radical. A typical
example is the halogenation of alkanes, which oceurs in the presence of hight

a, = ¢r + cr
CHy « CF - oy o+ 1ol
af; + ¢, - e+ cor

b)  Addition reaction

rachcal.

(i) Llectrophilic addition reaction

Electrophilic addition reaction takes pl
o place when the electrophile atacks first

(E' = electrophile; Nu' = nuclcophile)

e

A typical example is:

pRIERE. —-‘;E-K—-*%'i‘" 8

" Q
|

_él.i_.

(ii)  Nucleophilic addition reaction

This takes place usually when an electron-withdrawing group is attached to the
alkene, where 1t initiates the nucleophilic addition reaction.

Z\Q

/
¢ —
/N

Z is an electron-withdrawing group (Z can be CN, CO,, SO, CI, NO; CO:R, CO,
COCHj and Halogen)

Another example is;

H H
I g ; ! |
'IC\Q > alr‘%-s-o o T QE—E—O —_— Ql‘_{l‘—{]l
W H o~ o

Therefore, if an electron-withdrawing group is attached to the alkene or alkyne, 1t would
£o via nucleophilic addition reaction before electrophilic addinon reaction A typial

example is:

47
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/AN o3 i _
, /a =M H~C—(—H — /
o f) m ONL Ly — iy "-E B L=c. v K
°\:_—id\ « -0 — 7 HH H H H H
‘,( H HH , 1) .
(Arty Makovrikov T A typical example is:
| £
. Free radical addition reaction for example cu—én, ¢ S
(iii) in unsaturated system, ' y rj-CH; R c=C ¥
: reactions also occur S
Free radical addition H H H

3 eyt Chain imitiation (This is an example of migration of methyl group).

Also, rearrangement )
M CH - CH:X . o ke o K g may take the form:
o CHyCH-CH;

CH, CHj

Z 1
: ction CH.-—(IJ—CH= —— CHi—C—CHy
(¢c)  Elimination rea | | T ] ‘
' ition reaction, that 1s, groups arc rem
e turated. It is one of the methods

because elimination

Elimination react
sp'-hybnidized carbon and the molecule becomes unsa

alkenes. It is also called 1, 2-elimination (This is an example of rearrangement of positive charge).
esis of - o)

used for the synth
oceurs on the adjacent carbon 2toms, for example,
HHH yz2 H_ B
H—CC—C—H — C=C
b H CH;

It takes place when we have a good leaving group like bromine. A specific example is:

CH,CH=CIlICH; + HBr
(nejor product)

CHy-CHECH—CHy
W |'m R
v

CH;=CHCH,CH; + HBr
(mmor prodict)

If either of the groups lost is a carbon chain, the reaction is called a fragmentation or
cleavage as in the case of cracking or pyrolysis of alkane (to be treated later),

(d)  Rearrangement reaction

Rearrangement reaction involves the migration of an atom or group from one site to
another within the same molecule. The rearrangement may be the migration of a
f“”“'“"‘:‘! group from one position 10 another within the molecule. It 15 called 1, 2-shift
i the shifing is between two adjacent carbon atoms. For example: P

48 49
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For hexane

CHACIO MO M,
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(o

Jl

2.2-DimethyIbitane
(v}

0‘-3:4:0‘.
Y

For heptane

o, oM,
CH CHOM O L, uo,c»,d!n L rH,
2Methyipentane 1-Methy Ipentane
(] (LY
o,
o, c’u-cuu.
My
2.3-Dimethiythutane
v
Ci, LN

CHENLNL NN, l'll,}ll!il,{‘ll.—l A, OO, r'm WO,

n-heptang 2:Methy Ihesane J-Meth) hevane
) (] L]
0y j“l i‘“‘
c'u,d‘lmlnu ", Ol IJ [[RTETS O CH O,
My Oy [
2.3 Ihimerhy Ipentane 2.2-[nimethy Ipentane 1.3 Dhimethy pentane
fiv) v (v
o oy i
‘ n,)ﬂ CMAICH, CH, t——*‘n&ﬁ
L3 aul
-Dhimethy lpentane
4 h,"} 2.2, 3-Tnimethy linzare
(win)

fiiy  Metamerism (pasition isomerism)

gtz b thrse, beanr b five and beptane b cp

They are womers, which have substituents in different positions on the same carbon

For batome : skeleton. 1 occurs when large alky) groups are attachied to the same functional groups
e ) s 1 aleanol, alkylhalides or cther For example, there are two and four structural
aiflea e oy wemeric aleobols corresponding 1o the formula C,HOH and CH/OH respectively,
o Mede gy (OF aoteline f'_.”':(.l”
| "
For pontane CHOeon CHLMEM,
o Propan-1-61 (or Fropanal) Propan-2-ol (oe 2-Proparul)
o m 0
i . ') " = ' L
Pettan RS [ gt
RO 12-Dvmettr ipropane j"'
Lisi CHOL OO CH LML, CHLTIO
Butan- -0l Bitan- 2.0 2Methy Iprogan- 1l
1) fiiy tor Dudbgts b aleohnl i
fi)
o 51
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I i
,__c..-;:--:“'

:u
:.\lzthyl;r.wp:n-:m
(ar tert-bunn alcohal)

()

shree 10meTS cf et

g
CH OCHCH,
2-Methoxypropane
(Methy ipropy lether) (Mathy hisopropy lether)
(n ()

(X "I"ﬂ!_ﬂi
1-Methovypropans

CHAH

;s of Butylchlonde and mutrotoluene:

Ot - prgrnles arz (2R

Burichioride (CHCl):
CH,CH.CH(CT)CH,
2-Chlorobutane
i ()
o o
Gl OCHCHCH,
G 1-Chloro-2-methylpropane
2 Chlor-2-metkylpropane ()
{m)
Mirotoluerne: C-HNOy:
t =] 7
/\,%:; (g*
oL e,
2Nt pene T § WOy
Nitor
(e-Nrroluzne) ‘:'\mem 4-Nitrotoluene
Mo (p-Nitrotoluene)
il Functional group isomerism

Tos 5 2 isomensm betw

A & co i :
ERAmRLs. there are Two 1somers ey 0 different homologous seris. For

| conesponding 10 the formula C;H,0
CH.CH..on CH,-0-CH;4
I 1!1.‘,"01 Methoxymethane
(i) (or Dimethy lether)
(ii)
52

+ or comresponding 10 the molecular formula, C.H,,0

Also there are two 1somers cach corresponding to the formulac CyH.0 and C,H,0;

G0
HC
‘=0
M c"
CH,CH,CHO ;
Propanal Propanone
(An aldchyde) (A ketone)
(1) (1)
Cil,0;:
CH,CH,COOH CH.COOCH,
Propanoic acid Methy lethanoate
(A carboxylic acid) (An ester)

(iv)  Tautomerism

It 15 a special type of isomensm in which isomers exist together 1n dynamic equilibnum

H
cH H
cu,—cé—c—oc,u, — }:C=f:c —
oH W il
(]

Ethy} 3-oxobuanoate Edn} 3-hydroxybut- 2-enoate

111, Stereoisomerism

Isomers in which the same atoms or groups are bonded to carbon but differ in thewr
spatial relationship are called stereoisomers. Stercoisomers are subdivided mto two
types: those that are not murror images called diastercomers or disstercoisomers and
those that are mirror images of each other, called enantiomers or enantiomorphs. The
two types of stercoisomenisms are Geometric and Optical Isomensm

(i) . Geometric isomerism

This is observed in molecules in which there 1s restnction to free rotation about &
carbon-carbon bond, and 1 which there are different groups attached to both carbon
atoms at the point of restnction. This restnction 1n rotation may be due to double bonds.
a nng structure or stenc hindrance. The structures of geometnc 1somers difler only in
configuration, that is, spatial arangement giving nise 10 2 cis-isomer, which has
identical or similar atoms or groups on the same side of the point of restnction. and a
trans-isomer, which has them on opposite sides The cis- and pans-isomers are nol
mirror images of cach other and are called diastercomers Orgamc and norganic
compounds exhibit geometnic isomensm. The following are some examples of this type
of stereoisomerism
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wil,
n ___i_- LN
.,
g7
” l'\‘
(8} iy
Ml

cir-Dichorotetraames cobat (1)

Chy
[} "r-.,C-r‘/

’
" "

cur-Ba 2 -ere
"
“"‘{_‘—I’:
e o
12 D Mergethene
COOH
Hﬂﬁl—-\c‘{.f
rl .
H

co-Bu- 2-ene-dux pexd

Other nypes of geometric isomerism

The geometry of molecules con
pitrogen double bond makes them
examples, 1n azobenzene

=19 !Cn“a
N=N

cis-Azobenzene

N
srans-Dxchlrotetraamne cobat (1)

cH
"\C'ﬂ' C‘, ]
e’ H

frans Bu-2-ene

rans-1 2 -Deblorocthene

cooH
g

wooc” w

(rans-Bue-2-enc-dox acd

tanng @ mitrogen-mtrogen double b_ond or carbon-
also 1o be capable of cis-frans 1somensm, for ;

NN
CyHy
rrans-Azobenzene

Asother example 15 oxumes of benzaldshyde for which a special form of
nomenclature is used s (H and OH are cus to each other) and antt (H and OH are

prans to each other)

\
H CH

sie-Benzaldovime

CeHs CH
\_/
=N
, ..
H

anni-Benzaldoxime

Thss cus-trans 1somensm also oceurs in ring system, examples are:

Download more atL.earnciax.com

L] N

iyl ‘J-I'Ilchlmnc)clohul.mc

" a

€is-1,2-Darethykyebpropan: trans-1,2-Dnxthykycbpropane

l'l:ou N; :011
L = HL™ TN

cis-4-Methy Ieyclohexanol trans-4-Methy ley clohexanol

(i)  Optical isomerism

Optical isomensm is observed in compounds in which four different groups are
attached to the same carbon atom There are two 1somers that result from this type of
1somerism. These 1somers arc not superimposable on therr murror images, and are
referred 1o as enantiomers, also known as enantiomorphs, optical antipodes, chiral
molecules or optical 1somers. The central atom, to wluch the four different atoms or
groups are attached, 1s called a chiral centre. If the central atom 15 carbon. 1t 1s called
Asymmetnc carbon atom or chural carbon.

phine meror
a . a
|
S

v N dz b

[

C" = Asymmetre carbon atom (or chral carbon)

Examples include:

(a)  Opuical isomers of bromochlorofluoromethanc:

i Cl
| : :
: C
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"0l
()  Optcalisomes of butan-2-0!
H E‘ -
vt fon  F b
d)
anoic acid (lacuc 261
cal isomers of hydroxyprop
fcy Opu i )

1
: C-
W j'*cmn Hooc” &}:

Hy!

d (alamunc)
f aminopropanoic 3¢t
(d)  Optical isomers©

oH on

| i E
Wy .f\cw“ T
Hy 3

Properties of Enantiomers b 15 et haod i 10 8 ight hand. Such
Enantiomers are related 10 ene a;mss mmetric (ic lack of symmetry) Unlike
structures are said fo be chural of CY 1es, enantiomers have identical
diastercomers, which differ in most physical properties, e Baartiosaess it
ther than the sign (+ or =) of therr optical actwity. Enan ke
E:gg:“:“ have sumilar chemical properties but may differ in the rate of chemical
mcé:?n“mm may be distinguished from each other by their ability to rotate the
plane of polanzed light in opposite directions It 1s because they exhibit this property
that such 1somers are said to be optically active and hence they are optical isomers.
Enantiomers are charactenized by the sign of their optical actvity at a given wavelength,
temperature and specific solvent. If the rotation of the plane 1s in a clockwise direction
(1e 1o the nght), the substance 15 sud to be DEXTROROTATORY (indicated by a
positive sign, +) and if the rotation is in an anticlockwise direction (1.¢. to the left), the
substance 1s LAEVOROTATORY (indicated by a negative sign, -). The degree of
rotation may be determined by means of a POLARIMETER. Two of the most studied
compounds are 2-hydroxypropanoic acid (Lactic acid) and 2-aminopropanoic acid
(Alanine) already shown above
When enantiomers are mixed together in equal proportions, the rotating capacity of

one isemer will exactly be cancelled by that of the other. Such a mixture is called a
RACEMATE or RACEMIC MIXTURE, and s mi

g ght be expected, is optically
50% (R)}2-butanol +  50% ($) -2-butanol = (£) ~2-butanol
{opucally active) (optically active) (optically inactive)
(racemic mixture)
R enan
M

tomer has negative sign ( - ) while 3 enantiomer has positive sign ( +)

56

Optical purity

A sample of an optically active material is said 1o be o
plicall ¢ (100% opt
punty) when only one enantiomer 15 present in the sample e | e

Optical punty (%)= expenmental [a], 100
[a], of pure cnantiomer | (1.10)

Optical punty can also be expressed as the “enantiomeric excess” or “ee™ as follows:

i (IR)-[S]) 100
ee ()= X__1°J} bt
([R]+[S] R Kt
where [ ] indicates the concentration of the species.

;nogmmicmtum.[il]=[51.andirwe use % as concentration, then [R | =[S | =
0.

0 100
Loee(%) s ——— x —
YU URISD T
For a pure enantiomer, say 100% R,

= 0%

Optical Purity (%) = Ze x % = 100%
a
»

where a,is the specific rotation of pure enantiomer = 100%

100% - 0% _ 100

% —_— b
ee (%) = T00% 2 0% x 1 100%

Worked Example
Question |

A sample of 2-butanol gave a specific rotation of -5.68° g em’ dm™'. Given that

pure enantiomer of 2-butanol has a specific rotation of ~15.52°g™ em’ dm™'. Calculate
the percent of each enantiomer in the sample.

Solution

The experimental specific rotation is -ve (ie, - 568° g™ cm® dm™) and the pure
enantiomer has specific rotation of - 15 52° g™ cm’ dm™

Well the fact that the sign is negative tells us that in this case the_R enantiomer 1s the
dominant one

388 M0y - 366%
1552 1

i.¢, there 15 2 36 6% excess of R over §

If there 1s a 36.6 % excess of £, then (100% - 36.6 % = 63.4%), i.c, 63 4% left over

must be equal amounts of both R and §, i.e 31.7% of cach So the total amount of R 1s
31.7% + 36.6% = 68.3%

optical punty =
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i

(5)-2-butanol = 317%
(Ri-2-buranol = 683%
Question 2

a -1 3 -1
The specific rotatron for a pure enantiomer 15-39"g" cm dm i .-\_ls.arn;;lc Ccf?gmmg
both enantiomers 1s found to have an obs::n’rd rotation of 0 62° g~ em’ dm™' in one
dm tube at a concentration of 9.5g/100 cm’. Whatis the optical punty of the sample?

Solution
ohrerved rotation{deg rees)
{concentratonin £ jem')x paih length of sample cell in dm)

-062°
. B ————————
Specific rotation of the sample [0095¢ o ) (1dm)

Specific rotation =

= -652"g" em'dm™

la]rﬂ-mﬂ ’00
e [

Optical punity (%) = —

(0] e 4
_ -6827g" cm'dm™ 100
S -39 em'dm 1
= 1673%
The polarimeter

Opucal activity i a compound 18 both detected and measured by means of a
POLARIMETER  Plane-polanzed light s produced by passing a beam of
monochremate (1e of single wavelength) hight source (e g sodium lamp), through

crystals (e g Calente or Polarond) and sample cell contaiming a solution of the substance
under exanunation

\\ A ’I
? P o
i :‘ g _—
Monochromatic Polanmeter
Sample Analyzer Eye
Light source

Fig 12 A Simple Polanmeter

Measurement of optical rotation

Optical rotation is meas

ured by a polanm
Wfdb)’apri:;:_ cter (Fig 12) Light from a

and passes throup
- ugh the sample cell
¢ substance under examinaton, and then to rgtalablc

rotation produced by a solution of len

. gth 10 centimeter and umit conce
em”) for a given wavelength of hight S S i

ata given temperature. The angle through whicl
the plane polanzed hight is tumed corresponds 1o the angle of rotation, «, w\:!uccdl;;r

the sample. The specific rotation, [a ]I 15 given by

r a
(44 15 -
foly s o (112)

where, T = temperature in °C; 2 = wavelength of light used for the observation, @ =
observed rotation in degree; ¢ = concentration of optically active solute in g em™, [ =
path length in dm. The specific rotation has the unit : ¢ g ™' cm’ dm™') or simply in
degrees ().

For a given substance, the value of a varies directly with the number of molecules
through which the light passes, that 1s, with the path length of the cell and the
concentration of the solution. It also depends on the wavelength of hght used, the
temperature and the solvent. The commonest wavelength used is 589 nm, the sodium D-
line. Concentration and solvent data is included 1f relevant. Example:

(¢ = 10, CIL;0H1 ) after rotatior ..eans the specific rotation was determined at a
concentrationof 10g em” in methanol

Negative rotation  (counterclockwise), designated as (=) 1s somehimes called
Levorotatory.

Positive rotation (clockwise), designated as (+), is sometimes called Dextrorotatory

(N.B: There is no relationship between absolute configuration and the direction of
rotation.)

Worked Examples
Question 1

Calculate the specific rotation of a 1.5 M solution of (R)-2-chlorobutane in cther
249
contained in a 10 em cell that gave a rotation of + 1.84

[u}1 2. 1=10ecm=| dm (1 dm = 10cm)
A el

Conc. (g/dm")
PO bkl Attt
Concentration (moldm ) molar mass (gmol )

- Concentration (g.!dm‘l = Concentration (mol dm’") * molar mass
i 1
molar mass of Cl LCHECHCTLCH = 925 gmol

3 1
- 1 o/dm’ =15 (moldm ) x 925 gmo
Concentration (g/dm’) L

_ Concentrabion (| I‘-’dmaj - 128_75 gl ml

Concentration (g/em') . 1000 1000
= 0139 g/em

59
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Question 2

3
Calculate (@], of a solution containing 5 g of 2-butanol in 10 cm of dichloromethane

that gave a rotation of +789°ina 10cmeell
Solution
[aL :.“__ a=+189° (:ﬁ:é:(jﬁgf;m
c.l
- (10cm =1dm)
05x1dm

la), =1578"

Question 3

How many grams of (§)-2-butanol 1s contaned 1n 2 20 em® solution in a 10 ecm
sample cell that gave an observed rotation of +4 382°, the specific rotation of the
solution 1s + 11 64°

Solution

[a], .c_"], a=+4382, [a] =+1164" 1=10em=1dm

a
) Ialx!
~41382
= =037 $
¢ I 0376 g/cm

mass of (§)-2-butanol in 20 cm’ solution = 0.376 g/em’ x 20 em”
= 152g

Question 4

W
mlm'h;:lns the expected observed rotation of a 10 x 10 M methanol solution of the
- icancer drug Pachtaxel (also called taxol) ? [} =~ 49" ¢ ' emr’ din ' (1=
»CHIOH ) Paclitaxel has a molecular mass of 853 93 ¢ mol”! ol

Solution
Ia]f; = __ﬂ_
cxl
But o =lalfxext

Concentrarion (moldm ') = __('ﬂrr_._(_g!____dm'l
malar mass (g mol ' )

60

. Concentration (g/dm’) = Concentration (mol dm *) » molar mass
= 1x10™ moldm™ x 85393 g mol”’
= 0085393 g/dm’

concentration in g/dm' 0085393
1000 1000
=854x10"glem’

Concentration ing [ cm’ =

a= (<49 g em’dm™ ) (854 x 10" gem ' )(1dm)

= -0004°
IV. Asymmetric carbon atoms

Asymmetric carbon atom is a carbon atom with four different groups or atoms
bonded to it. A molecule containing one asymmetric carbon atom can have two
stereoisomer, which are enantiomers. When a compound contains chiral centres, the
maximum number of stereoisomenic forms it can have is 2%, where 'n"1s equal to the
number of chiral centres. There wall be 2™ enantiomer pairs, which, in relation to
cach other, are diastereomeric. Consider for example, the vanous stercoisomers of 3-
chlorobutan-2-ol, which has nwo asymmetric carbon atoms (i e. n=2). Here, one would
expect 2 =4 stercoisomenc forms.

e, P o Chy
H—-C—OH | HO—C—H u—?-on i HO—C—H
c;—(lr—u : u—cl‘-c1 11—-L|‘—C| ; C—¢-H

CHy CH, cH CHy

o (4] () (m)

The four stereoisomeric forms consist of two pairs of enantiomers Each pair 1s related
1o the other parts as diastereomers, for example, structure (1) 15 a diastereomer of (LI
and (1V). Structure (111) 15 a drastercomer of (1) and (11) and so on.

Enantiomers Diastereomers
land Il I and 111
Iland IV Il and Il
I and IV
Il and IV

Consider another example, with three chiral centres (e a=3), that s, the stereosomers
of 4-chloropentan-2, 3-diol, which has three asvmmetnic carbon atonis (# = 2 Here one
would expect 2' = § stercoisomenc forms

ol
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(WM CH,

‘. ‘I| | l
n—-C—0H HO=C—=H

CH,

]
H={—0M4 o= =H X
n—{=—0H HO—=(C=H

Het—0n  HO=(—H s
H—O—C1 | Ch= &—H o4 -H H=C—Ci
| |
N, oy CH, : CH,
v (] (11 inl
cny ™, M, CH,

i 1
u-\-un HO—C=N Ho—{-H | H=C-0H

H—t=0l m——(ll -H
1
c—C=1i
1
o,

|
Ho=(=N =i =0
| |
Il—n1 -1 O = =H H= =
|
o, on, oy

v [ e (va)

, The eight stereosomenc forms consist of four pairs of enantiomers. Each pair is
related 1o the other parts as diastercomers, for example, structure (1) 15 2 duastercomer of
(10 and (VY (VY and (VD). and (VIT) and (VI Structure (1D 15 a diastercomer of
and (1) (V) and (VI), and (VID) and (VIID Structure (V) 15 a diastercomer of (T) 0
(I (1) and (VY. and (V1D 2nd (VI Stucture (VI 1s a distereomer of (T) ::ﬁ
l]i: (1D and (IVY, and (V) and (VD). and so on, making a total of four diastereo

™), and each wath a parr of enantomens (= ), where n =3, s

| Fnantomens Diastercomers
! land Il I and lll

| Mand IV IandIV

! Vand VI Il and I

: V1l and VIII Il and IV

: Vand VI

i Vand VIII

: Vland V1]

| V1and VLI

However, when o

. . Whe or more of the chural

compound contatninz two o ¢ clural centres are equivalent .

Gl ok o;an”\l::;\\o or more chiral centres hag phna::t!' i S Okt Biienn

total number of stercotsom: t im:ﬂ?gf“l::m are called meso ;;m- lhchtompound
% th such cases, the

‘lf :" Foft - mthemm
four (10 m = 2y thar ;c ?cr:rmﬁ.m:j? :I‘ there are only !h.ru: Pnl'l-‘d!m;ted by the formula
" Lapr ed 1somers nstead of
o~ E C~,
WeCoow | bO—fn i
WLt 1 g 5550 Planeof
b E e N=C=G  SHMmetry
‘ ) Cry I'.I'm :
L 1y ( -I
Meso form
62
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Slmll:;l}'l: f‘:" sl;::;'@-l 3, d-triol, where chiral centres at C-2 and C-4 are alike, there
are only toul oisomers as agawnst cight predicted by the =3 (ic 2=
%), They wrc ght predicied by the formula forn =3 (1e 2

Hy 1 W, o O
H-(=OH : HO—C—H H-i--l)}l HO—C—H
H-C—OH : HO—C—H Ho—C-H | H—=C—OH
HO—C—H | H=C-OH  HO—C-H I H=C—OM
hod Hy ", l Iy
(0] 6] (=) (™
CHy il
bl oo M= planc of
'“-?-m"“.""“o"?-‘""'5ymmclw
H—?-Dﬂ H=C=0H
CHy )
) )
Diastercomenc Diastereomenc
meso form (A) meso form (B)
of symmetry at C-3 (called a

The diastercomenc meso forms (A) and (B) have a plane
pscudoasymmetnic carbon atom).

V. Absolute configuration

g the absolute configuration of an

There are systems of nomenclature for desenbin
at are related as

asymmetric centre and that of cis-and frans geometric 1Somers th
diastercomers.

(a) The RS (Cahn-Ingold-Prelog) system

In the R/S system, a chiral carbon 1s assigned an absolute configuration. Absolute
configuration is the exact spatial arrangement of the four groups bonded to the chiral
carbon and it is specified as Ror § Thus, if onc member of a pair of enantiomers 15 S

the other member of the pair (the miror image) must be R
Using a molccule of 1-bromo-1-chloro-1-fluoromethane as an example, the

following steps should be followed 1n order to assign names 10 enantiomers.

H
|

o
o

Er
1-Bromo-1-chloro-1-f luoromethang
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Write a Fischer projection involving the chiral carbon
i

;_Jl'-a
B

Step I.

b, ¢, ) to the groups attached to the chiral
Eil‘Ib‘ll'l

Step 2: Assign priontics (3, _
of the constituent atoms in sequence.

based on atomic numbers and substitution pattern
Hid
mr—% =Ci®
Bria)
If the group with lowest prionty (i¢. d) 15 directed away from you, (ie. at the top
or

bottom of the Fischer projection), proceed (0 step 3
Step 3: Make a circular monon with your pen, from (2) to (b) to (<), ignonng group d)

|
(eif—c—0iby Anticlockwise, §

The configuration is & if the direction of motion is clockwise “(™ Y ang <
an if the

direction of motion 15 anticlockwise (counterclockwise) “f )"

Step 4: Name the given compound

|
F-.f_a
Bt

$-1.
3 -1-Bromo-1-chloro- || luoromethane

Another Example 15

(L]
CO.m
e l L[y}
”J_"c—-o"

Clochwise R

Hid)

For the
(ie 1o the :;‘ m which ths
mcﬂ\l!od 18 nteded an
the molion
¢hiral carbop 15 the a )10 (<), 1enors
6 trie Bnoring group (d) T,
mined from Iy

(1e., d) is direc
ted tow
180t modification of tha:dasbg::

configurat
Your motion. guration of

Examples:

CHhy
@ |
w—C—0"iail gpticlockwise motion, (8)
I iherefore the configuravon ol the

C
)
i molecule s ({2

Lai
e € — (e Clockwise motion, (£)
thetefore the configuration

CHy of the malecule is §
wl

the four groups atached 10

The following rules are used in assipning priontics to

chiral carbon atoms:
(i) Pnonties arca ssigned based on atomic number of the attached groups:

! = b t:-s,-n),\';(‘-.F,H

Decreasing order of priority
(or decreasing order of atomic number)

atoms are the same (usually carbon atom), pronty
second-rank

the atoms durectly attached 10 them (i ¢

(n)  If two or more first-rank
umber, for example:

between them depends on
aloms), again according to atomic n

-CH,CY > -CH.OH > -CH.NH. > SCHLCHy > SCH-H(CHS)
Decreasing order of priority

(i) 1f two or more groups have the same second-rank atoms, the number of these
atoms decides prionty, for example,

ANCE > <CICHy, > <CHiCHA: 2 CH.OH,

T,
[ ereasine order of prionity

(iv)  Muluple bonds are counted as several single bonds
fs) (&}
£ = —cLo

~ b Y

"
o—H O=H

Several asymmetric centres
t i the molecule, each1s treated and

When several asymmetric centres are present
following cxample demonstrtes how configuration 18

specified separately. The
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——

- jc centres.
assigned 10 molecules with severa] asymmetn AC
Sffp I: Pﬂﬂﬂty for c3 1
oM
i
o.M —C—CH, g
o o . Articlochwise motion. §.
..o‘_i.l‘i_._.. ‘(; l:::i_‘:rl:‘m":‘::‘;:;jﬁ),;ﬁun _®)  (herefore the configumion of the
i gl‘i""" ch-- e molecule at C-3isS. i malecule st C-2is B, (e 28
(1)coH | ie 33 At C-3:
Step 2: Similarly for C-2, e
ll!:“—c—u (@) Cleckwise matier (B)
theretere the co.'l:ﬁgur.-!,c'\ of the
Clockwise mation (8), i molecule 22 C-3is Sie 35)
therefore the conﬁgura_tion _
of the molecule at C-2 s §, i¢ 28 = (2R, 39) -3-Hydroxy-2-methyibutanoic acid
The configuration of the molecule is (25,39 ) ..
oy
H— —CH=CH,
Worked Examples 2 :
Question 1 H—C—Br 2.Bromo- 3-etykme pectane .
a
» ' ,
Assign the absolue configuration to all the chiral carbons in the followi
ow1n,
molecules & AtC:3
©)
1) CN i
® i 0 . fo (iii)y  CHCHy (J,H_‘l’_g’:_:m‘. Clockwise motion (R},
i =T—CH H—t—CHsCH, * | therefore the configuratio of the
CHy HO—1—H [ -u:)c —B molecule st C-3is 8, (1.2 35)
L N |
Solution ALC2
]
‘?:“i‘r'“kwiw motion, §, e
therefore the configurati (a Antickckwice movon. §
the molecule is R o n— ‘l'—a’ therefore the contiguration of the
(e)cH, molecule at C-2 08 £ v e 2K)
] 1 . )
filﬂ;ﬂ . (2R, 38)-3-Bromo-3-cthylencpentans
H-gc —CH,
1l
5 W=C=n  I-Hvdroxy.2.
Al i $droxy-2-methylbutanoic aciq (b)  The I/Z system

The same priorities may be used in the desienation of configurutions of
diastercomers such as cis-and frans-1, 2-dichlorocthene. Wher the aloms or groups of
e highest priority lic on opposite sides of the double bond as w prons-1 2<dciloreethene,

o7
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= When the at
(German entgegen = © i) atoms or
esignated E ’: same side of the double bond as m cis-1 ).
ed Z (means together). This system is less
<ull applicable 1n simple cases

the stereoisomer 15 d
oups of highest pronty arc 01
fchio the stereoisomer 15 designat

dichloroethene,
ambiguous than the cis-irans system, which 1s
L) L]
1 \ /
n\ / /c =c\
=<
£ X o =
a "
framy- ot 1 1 1.2-Dichlorocthane riv- (o Z)}1.2-Dichlorocthane
(a) 1 /H
C i< Ic_‘-.
rl\ IC.II'O c/ cl
ﬂ Ce=
 aat ] /N i
o cH, ",N\ ld!! ~H

M H

71 1-Amino- | -dichlaro 2omethy Iprop- 1-ene

Bt 15 ol apphcable to nng systems, for cxample

‘,\T/O (a)

N o
Ny . O )
N o= 1,
i Oy wo®) C(—H

L]

W

(L0
{F¥ 1-Chdoro- L-methyl-2-hydrony |- 2-mtrocyclopropane

(c) DL system (relative configuration)

Emil Fischer determuned all confi [ 1
W H()(‘H:.C}{O}{a-afo igurations relative to the simple molecule,

cro
et ™
| o HO-?-—-N
D A
Series L-Series

He arb:tr.tnly mm
the confi 1
asymmen carbon f guration as D or L series. If
Fon e e s L-sen 1o e 0 Fche projcton, e
0 3ssign a configuration, we draw the - i u%s_m;s, and
ecule in Fischer

lavorotatory sugar of the same configuration is represented as D (-) Examples are

ICM‘

m 5 - (o CaMs ;
“-T_O“ DGO—?-—N "—-i_gu d IOO-J[",-N
CHLOH CHyom "y L[CN
+) L(-) Butan-2-0l, Alanine. L (= §)
Glyceraldehy de (C-1 = easily oxudizable group)
(1) (iv) oM
o i
n--ti.-au
HN—C—H
CHy

4 D (-) Lactic acid

(+) Alanine, L (= )

Ambiguities anise in appl

molecules with more than one asymmetric centre we must usc the R/S system
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12 (a) The molar rato of

1.3

14

15

L6

Practice Questions

¢, an aptly namsd ammne, w!th a nrolcculm: mass of 103
! ;aj:;nd for ::prban. hydrogen and mitrogen. Analysis of a 0,049 g;:
sample yielded 0,086 gram of carbon (TV) oxide, 0.051 gram of wagey o
36 cm’y of nitrogen gas were collected at smn@_rd temperature
lecular formula of caderine from thege dt:l

. Deduce the mo
[mogr:oh?mc of eny gas t STP is 22.4 dm’).
[CsHisNa]
carbon to hydrogen of 2 volatile liquid compoung
is 1:2. 0.12 gram of the liquid on cvaporation at STP gave 32 cry? e

vapor. Find the molecular formula of the mmgound.
45 cm’ of 2 gaseous hydrocarbon on combustion consumed 270 ¢py?

e of oxygen to produce 180 cm’ of carbon (IV) oxide, all
measurements being taken at 25°C and 1 atmosphere pressure.
(i) Determine the molecular formula of the hydrocarbon.
(i) Give the structura] formular and names of all isomers of (he
hydrocarbon in (b){1) above.
[(2) CéHys:  b(i) CsHyg
100 cm”® of water contauning 20 grams of an orgenic compound C wag
extracted with 200 em’ of dichloromethane (a) 1 onc batch (b) in two
batches of 100 cm’ of dichloromethane each. If dichloromethane ang
water are immuscible, and the partition coeflicient of C between water and
dichloromethase 1s 0.4 at 28°C, calculate the masses of C extracted into

dichloromethane in each case.
[(a) 16.67g; (b) 18.37g]

200 em’ of water containin
f ung 15 grams of naphthalene i
4 was cxtract
i:aszghm of m:hlo,romc:hwe (chioroform) (a) in one batch (b) t:‘;' “t\:lg
Wahr.:sw of IOQ cmi” and 50 cem’ of chloroform cach. If chloroform and
c}doro‘furmm::;s\?:r!i ami l;hc p;giu’ou coefficient of naphthalene between
: 2ter1s 7.5 at 30°C, caleulate th

zr:ac!cd into chloroform in cach case. Conuncntc m!hs:cs = f‘aphlhﬂfﬁlc

0 extraction method;, e ot

l(a) 12,74 3 .
W - 2; (b) 13900
(8) With the ai¢ of A propriate structures, expl :
" resonance. » explan the concept of
) Ad\“im{.'f: lh.l'cc &
; dences j
(©) W vidences in support of the copge .
:cson;; ::;::;I) the basr; difference(s) lr.-hvcc:cl‘l-lr:::rnmnmcm
@ Draw nge o e omErism? lustcae with appropes tnccprs of
vaance structures for each of the I;'o;ll ¢ ’;tnlcrurcs
owing

{ (menen o
i en e e
Ty CH-CH-COCY, ¢ NHCH,
Xplain bncﬂy but clearly, the . 1 i) O’

h)‘bﬂdlﬁl!l’on :
" u 1 hd
SIng cthane, cthene a d t!f!}nc‘::c;?“ sp. sp’ and -"PJ
» tlustrated examples.

: e
d . _

Use well labeled diagrams to illustrate your cxplanation
(a) Show how the compound formed between atoms X and Y (1.e X-Y)

L7
can be subjected to (i) homolytic fission (ii) heterolytic fission; state

the conditions that Icad to cach type of fission and name the products

obtained.
With the aid of examples, mention different ways by which radical

(b)
can be gencrated.
(¢) Enumerate the various transformations that happen to 2 radical
after its formation.
1.8 (a)  Explain bricfly, the following statements in terms of hybridization

in carbon atom.
(i) pi (=) bonds are generally weaker than sigma (o) bonds.

(ii) C - C bonds in ethyne (0.12nm) is shorter than C -Cbonds in

cthane (0.154nm).
(b) A compound named 2-methylpent-1-ene-3-yne was synthesized from

petrochemical source.
(i) Draw the graphic formula, showing the bond angles between
cach carbon atom of the above named compound.
(ii) Which carbon is (are) sp, sp” and sp’ hybridized?
(¢)  Give three ways by which sigma bonds are formed.
19 (a) Name three types of structural isomerism. Write a pa:r of structural
formulac for cach named type of structural isomensm for compounds

with molecular formula CsH;;O
(b)Name the functional groups present in each of the following molecules

® s

(iii) CH-NH{CHCH,CO,C,Hq .
Copy and complete the following tables which concemn the sigma
propene and propyne.

(i) c,n;-fu-c‘t}cu_.
NH;

(iv) CH;C==CCHCH/CHO

1.10 (a)
(o) and pi (r) bonds present in propane,

S:gma Bonds

Compound X | Number of such bonds Overlapping orbitals, and their I

) orientation towards each other (Z) i

i
Propanc
Propene
Propyne

71
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Pi Bonds

S
: Overlapping orbitals, and their
C_Oﬂ‘r‘"““d \\u‘mbcr of such bonds onentation towards each other
X ( (2
| ________,_,_._—-—-—'—"'_'_' e
Propane
Propene
Propyne -
@© Wi balanced equations {or the complete combustion, In CXCESS 0xygen
of the compounds
()  alkane

fwhich contains n-carbon atoms in the molecule,
() (1) Equal volume of the two hydrocarbons in (b) were separately
completely combusted in oxygen The volumes of steam produced in
(1) and (1) were in the ratio 32
Determune the value of n and hence the formula for the alkane ang
the alkyne. (All measurements were camed out at 120°C).
(i) Comment about the propertics of the CO; produced from the
alkane and the alkyne in (b)
[(¢) (i) n=5; Alkane formulais CsHyz Alkyne formula is CsHy |
111 Amange the following compounds in the order of increasing indicated
property after cach group. Give reasons for your order.
() CICH,COOH: CI,CHCOOH, CH;COOH, CH,FCOOH;
C.HsCO,H; Aaidity !
(1) FCH.CH,OH, CH,CH,OH, F,CHCH,OH; .
FCH,CH(F)OH; Acidﬂgz A e
() .

NG‘
e o , COM |
"Q . N;c—Q—ON- <>< LCNCBRCO L Acidity
COM i
KO, NO.

) (C(I‘gl;),-CHCOJH.- (CH;),CCO,H; CH\CH(CI)CO,H:

. G fl_-((:H:CO;H. CHCH.CO:H, CHCCLLCOM, Acidity
- Cl_( Hy)-NH. (CHN - CHINI; (CHyCH;):NH
(CHO)CCH;NH:, (CHy:CHCH:NH,, CH,CH,CH,NH;, Basicity

(1)  alkyne, each 0

(L]

O o s
| f‘O—“.-h,: un_,Ofcn_w..gmcu,‘.ru...un Imicin

lml.-. ~ . i oo, y
uﬁ‘?—;. % Bﬂ-“- \ mcu-o.m-_i ic-d.jnn:;ﬂa—o_m,:

L1 (a g
Aplain with appropnate examples n each case

M Inducuy the following terms
B Whatare the g T () Mesom
the duff esomenc effect and (1ii) Steri
erences between 'Inductive ang n!icgoi:::z :gﬂ:: !
ects”
)

113

1.14

(¢

Is Lews acid an electrophile or a nucleophile?
(1) Einsslfy the following species enther as a Lewis oo
ase

CHN,', CHO™, CHMgBr, CINC=C, (CHONT, CilS

CH,OH, H,S0,. AICL,™, BF,, H,0", CTI", 1", GH,, C-Cu-C 1 '

AIB’,; fo. IC";LIN-”. PHLNO:.. and CN™
(g} Which of the following compounds can be resolved into optizal isomers
(i) (CHy); CHCHOH (u) H;NCH(CH;)COOH, () H;N CIL,COOH
(iv)  OHCH;CH(OH)CH(OH)CH,;OH

Br
CHEO,CoHg ‘

“t O
CiHy

Draw all the possible geometnic 1somers (where possible) for each of the
following compounds

(1) Hexa-2 4-diene (1) 2, 3- Dimethylbut-2-ene

(11) 2-Chloro-3 methylpent-2-ene  (1v) 1 4-Dimethylcyclohexanol

(v) 1,2-Dichlorocyclobutane (v1) 1,2 Dumtrocyclopropane

(vi)
CH,C=NOH
OH

cou

1.15 (a) 20 grams of a table sugar (i ¢ sucrosc) with molecular mass 342 g mol’

1.16 (a) A sample of pure (S)-

(b)

(c)

was dissolved n 1 dm’ of disulled water. The solution was put n 2
curvet of length 10 mm, and the optical actvity was measured with a
polarimeter. If the specific rotation at 45°C and at 589 nm of sodium D

. , 15°
Line was +24 64°, determine the observed angle of rotation, [a ]_, S

(b)  Caleulate the specific rotation of a 1.2 M solution of (R)-2-methyl-1-
butano! that gave a rotation of <1 307°at 30°C ina 10 emeell.
(¢) A sample 2-bromobutane gave a specific rotation of +4 23" Given that
(R)-2-bromobutane has a specific rotation of -13 347 Calculate the
percent of each enantiomer in the sample
[ (a) +0.05"; (n+ 1234°: () %(R), 30.6%:; %6(S), 69.4% |
2-butanol was placed ina 100 cm polanmeter
tube. Using D line of soduim lamp, the observed rotation at 20°C was
+104°. The density of this compound 15 0 805 g'em' What 1s the
specific rotation of (S3-2-butanol” | +129° ¢ em' dm’']
Calculate the observed rotation of a solution of 05245 g of (S)- 1- amino-1-
phenylethane diluted to a volume of 10.0 cm3 with methanol at 20°C, using
the D- line of a sodium lamp and a 1.0 dm tube. Specitic rotation of this
matenal[a ]y =-30"g " em'dm 'e = -1.57")

A 0856 g sample of pure (2R, 3R Y -tartaric acid was diluted 1o 10 ¢m’ with

waterand  placedina 1.0 dm polanmeter tube. The obsenved rotation using
73
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PART TWO

HYDROCARBON CHEMISTRY

{I)ﬂrmm_ arbons are compounds containing carbon and hydrogen only. They can be
subdivided into aliphatic (or acyclic), alicyclic (or cyclic) and aromatic hydrocarbons.

13

ALIPHATIC HYDROCARBONS

These arc open-chain compounds which may be saturated or unsaturated. The
saturated hydrocarbons are the alkanes (or paraffins) whereas the unsaturated
hydrocarbons are the alkenes (or olefins) and alkynes.

VI, Alkanes

Alkanes have the general molecular formula Callzger. They are saturated
hydrocarbons because each carbon atom shows maximum bonding capacity of four and
all the bonds present in the molecule are single covalent bonds.

Nomenclature
Below are the rules used for alkane pomenclature in accordance with LUPAC.
systems of naming.

1. Establish the parent hydrocarbon by counting the longest continuous carbon
chain, name the parent compound by taking the Greek prefix appropriate to the
number of carbon atoms and adding the ending "-anc”. The following are the
Greck prefixes (or stems) corresponding to the number of cartbon atoms:

Cy c: C)

Ce |Cs

ce |G

Ca Cg c!g

c"

Ciz

Meth-|Eth-| Prop-

But- | Pent-| Hex- | Hopt-| Oct- | Nen-

Dec- |Undec-

Dodec-

Cu Cr

Cis

Cis

Cir

Cu

Cr

Czo

. 220°C
{2 sodium A em’ dm”]
msggnmhﬁ" T +1238° - :
rutionf C* 33)"?:””2:: to[all e chira carbons in the following
i lbso . »
e
0] 3'3"“’"*;;;‘;.3 ool @) 2 2 jfslf.pcnnol
) 2CHaobe () P s -
\ Pmrs:rﬁwj configuration for each of the following structures in E/Z;
1.18 RD;TS here possible, e DL :
@ @
0 oN fotls
co.H
& (L,:u F£-NO; Ho——Cl
1aii .ECH éO;H
o)
U]
® Cats Qs
b
01 BN o___c(c"‘:' HN—C—CH,
Ho—C-H S0, H(CHy);
CHy
(w)
TR -
H—C—NH; ~H HN—-—H
él!; H-C—OH H—C—OH
0.1 y
® Br
N0,
:H
on
118 Draw Fischer projection formula for each of the following:
(ru)) %}% 3-Dichloropropanol
(i -1-Bromocthanol
() (E)-1-Amino-1, 3-dibromo-2-methylprop - 1-¢ne
E:;) :gl!:mmo-!-methyl -2-chloro-2 methylcyclopropane
itro-4-bromo-4-methylcyclohexanol.
74

Tridec-

Tetradec

Pentadec-

Hexadec-

Heptadec-

Octacdec-

Nonadec-

Eicos-

2. Name the attached group(s) (or substituent(s)). If there are several substituents,
separate the numbers by putting comma, and the number from the word by

hyphen (=).
If the substituents are identical, use the prefix di, tn, tetr, penta, etc.

4, When there are two or more substitucnts present in a compound, the substituents
are cited in alphabetical order, for example, ethyl substituent should be cited
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(AT "f“';'l ":'.J"'"
I . parent hydrocirbo? choutd begin from the end of the
- ’ o where there £ hyghest branc pung such that the leas

b ymbenny
Consider the following

L‘I‘.."I. () siuent
) g , substituenits
posp e puanbery 316 asrigned 109
Fa ¥ Lo ryrt
iy Oy
y [ I | 234 ¢
‘ OV S r'"':”:“}'.“‘-’_“l
» TR £, r"‘
$ e Ihenane -
3.1 4T nmet yIhees 2-Mothylpantane
L [} [ (2N
By oY L sdy A
O M - L == My
i, il
b Oy
pp— v firome- 2.2 Aanmethy Ipentane
{23 45678910
. . CIEHEI M CN Ty
L] ) |
o pgl s B Mgy Wl s MmNy,
"
sl ._.‘. ety Lecate 4.4 ety ipropyl) Decane

Structural isamernsm in alhanes

Thes s sheady discussed n part one They undergo chan or branched chamn
jsomeres. The following procedures are useful when drawng the structural isomers of
3 piven commpound. We stull use hexane 25 a0 example

I Start with the wsomer having the longest chain with no branching

3 Take t™e pevt loneer char \ fi
F 4 .1.8 “f‘.,..ll‘ longer ".J.’! L.I-'.."I:_" Ive carbon atoms l‘\ removing a mﬁb}"
o whichcaaber lsced mn between the carbon "mm, but I
"‘I T be . t not at the u‘m

; # ] '
Take the shoriest possible chan having four carbon atoms. by removing another

Pacthyl group. and the two methyl groups
iy \ ‘] %
““mchmb:mn:humi;mﬁm‘dmkﬂmdmbcmm

76

i 2348 1 2 34 3
CHLCH,CHLOLCILCH, CHLCHOHOHCH, CHCHCHEMGH,
n-Henane é.., 1’«,
m 2 Methy Ipentane LMty Ipentane
() (i
- CH‘
12 34 12 14
CN.EH —-tl‘ch, CH,C' —CH,CHy
O O, En,
2.3-Dimethylbutane 2. 2-[nmethy Ihutane
(1v) )
Classification of carbon atoms
Carbon atoms are classified according to the number of other carbon atoms to which
they are bonded
Primary (I°) carbon
A carbon is a pnmary carbon atom when bonded to only one other carbon atom (or
hydrogen atoms)
Secondary (2') carbon
A carbon 1s a secondary carbon atom when bonded to two othicr carbon atoms.
Tertiary (3°) carbon

o three other carbon atoms,

A carbon 15 a tertiary carbon atom when bonded t
arbon atoms descnbed above.

The following example lustrates the three types of ¢

a
CHy
ab b c 1
CH,CH;CH;—C——CHy
H
2 = Pnmary carbon atoms, b = Secondary carbon atoms, ¢ = Tertiary carbon atoms
Physical properties

The straight-chain alkanes, C; to C are gases al foom temperature and atmospheric
pressure. The Cs 1o Cys are mostly hquids, with the exceptions of dimethylpropane
which is a gas and tetramethylbutane which is a crystalline sohd. Straight-chain alkancs
having greater than sixteen carbon atoms ( > Cys) are waxy solids, with paraffin wax
consisting largely of n-alkanes containing twenty 10 thirty carbon atoms (1e Ca-Co).
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et
Nolling paints and metting pertt

These depend on
g ind
¢ of the comp
y L polecular mass B
| Relatve n

P hepaed o | UL ;!Irln'
I Jee W bran | - |
I i ' nts .'|!Il| ll\-'] ne ll'llﬂ\ l'l' n I'\‘l,ln"““ hl‘l‘t‘
l‘li w l-‘u\'. “'I- Pl LAl L |
easing 1 1l‘lull|.l HIAL I i '
e 1y 1Y f "'h

P LITLO WA ANCE W Iy IMCTEANInE Ill.]

e il |I| (L il sng ; ' ‘
10\!11' l llllkull. l‘ W or T 'I!1||I|J‘ "dll . }II 0 volah |[) an(l “]P I “

i e alkane ” ¥ Jonw i ' \l the hl fhet lh v ‘\|] 1 '

fows
powmt (1 pth 18 iversely redated volanlity as foll

. ! @n
. JIF e I.'.'.rl'if.l‘
For example,
[ Nc;“‘ ‘Hl lumlllln‘ N -.h"\il-l;n-"_lfl_' rl_iI:_Fﬁ,‘T
Mo ] Gille [ CHOHCHCHy -058°C
ﬁ'lh
2-Methylpropane CHy | engcneny ~-10°C
Pentane Cdli | OLCH.CH.CHLCH,
+36°C
I,
2-Methy Ibutane Clly: | cnd JCICH,
+28°C
i
2 2dimethylpropane | Cildyy - C(‘l!l
Ly, +10°C
]

Solubility

insoluble tn i mlu?]: in many organic solvents such as alcohols and ether but

e by e AR Ol tendency of methave in
N v 1o the ; 3

wihvater moleculee 7 Sl size of its molecules, which is comparable

, Laboratory synthesis .o!' alkanes

Wurtz synthesis

This involves reaction of

for example “ allol balde vty sodium or potassium to afford

A specific example js:

iy il
JOUCILCILET & Nn e CHLCICICILCCH, & 2 N

Propy b bk e hexane
(0 Ihospenspand)

2 Reducetion of alkpl halides with common reducing agenty

Reduction of alkyl halides with common reducing agents like lithium tetrahydrido
aluminate(H) [LIANL] or sodium tetrahydridobornte (1) [Nalil ], produces alkane,
for example,

ARX ¢ LIAIE, !

= AR v LIX v AIX,
(N =1, 0 or CHt not 1 becnose alky! fluorlde doesn't exist)

A specific example is:
ACILCTLCT + LIAI, i, ACILCH, v LICE & AlCT
Fihy lehtorhde thane

Other useful reducing ngents are nlkaling metals in liquid ammonia and zine with
minerl acid (Z/11C1),

3 Catalytic hydrogenation of alkyl halldes .

Alkane can be produced by catalytic hydrogenation of alkyl halides with nickel or
lead (II) chloride ns catalyst,

i cat.
CLCICILE + 1, ——m cpencnty, + 1CH

or 'bCly  pPropane
4. Catalytic hydrogenation of alkene

Alkane is produced by catalytic hydrogenation of alkene with platinum, palladium
or nickel as catalyst.

P Wor N
Cllhe + Hy == Clh,

Alkene Alkane

A specific example is:
' 'dor Ny
CHCH==CHCHy + My ———— (C11,CILCILCI,
But-2-ene n-Butane
3.+ From Grignard reagent
Dry ether

X + Mp —» RMgX
: $ Alky | magnesium halide

(known as Gripnard reagent)

-n
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with water in the presence of an acid

[ &
p— raly d
o Grard r2agent S0 farmed 15 them AYEH e
il 1 1 a3
T r
m T pu + MpOHR
o iy
P”"\\ ' TN
nacific evample 15
« M - r'frr"_“_m
CH.CH,Br . e ey
Erby Ibromide Ethy Imagnesium romide
W,
nenpe o B o o ctic: + MpOIDBe
[ thane
Culi)

[ <ing lithium dialkyl copper reagents (R;
opper 1Eagents also known as cuprates with an alkyl

ant of lithium dialkyl ¢
(P -R)

Lduces funsymmetncal) alkane
(1,).CHCH.CH.CH,CH, + LiBr - CuBr

CHCH.| Culs + 2CHCH.CH;Br -+ 2
2-Methylhexane

Lolin sunthesis
. 1s an anodic oxidation of carboxylic acids. The method 1s useful for the
f symmetncal alkanes (w 1th an even number of carbon atoms).

R |

RECGOW =1 . % « 2(0, « 2H + 2¢
Hydrogenati o of correspondinyg alkene using Grignard's reagents
(CH,);CMECl + CICH,CH==CH, —»= [CH,CCH,CH==CH; + MgC}
1!{,!1'1 cat
(C11,),CCH,CH,CH,
2.2-Dimethylpentane
Industrial synthesis of Alkanes
Lylunon
Cat ‘],; ¢ aﬂ(}h:mn of 1
" sobutane with easeous ;
:‘r hhM’ Urr:’dr"ﬂcn fluoride as camifst pnri::-:j“m ting either tetraanosuiphate
wdiichion 1gh-oc C5 50 20nooy -
Eh-octanc motor fuel from refinery gases. i

“:'H]lgCH ¥ cut.—_—CICH n
3

> Methylpro — (cH
l[mbmzfncp;ane 2-Methylpropene 2(2 4'.];(.0 LCI(CHy),
(Isobutylene) vy il rimethylpentane
sooctane)
80

Chemical Reactions

They are very unreactive compared to alkenes and alkynes. However, they may be
made reactive under drastic reaction conditions ltke high temperature and under
ultraviolet light or usc of peroxide as catalyst. They undergo the following reactions:

(a)  Pyrolysis or cracking
This involves heating in the absence of oxygen,
smaller hydrocarbons and hydrogen gas

leading to cleavage or breaking into

Mﬂs mixture of smaber Hydrocarbons + H,

In petroleum irdustry, it is called Cracking, e g/

271,CHCHy “2X2E CH, + CHyCH=CH, * CHy=CH, + Hy

Mechanism of cracking process

Cracking (pyrolysis) takes place via free radical mechanism and it involves
homolytic fission of carbon-carbon single bond rather than carbon-hydrogen bond
because of lower bond energy of carbon-carbon single bond. Consider for example, the

mechanism by which cracking of propan¢ takes place.

cn;am". ——— CH,CH; + CH, 0]
H.@i-:.:nl — H® + CHy=CH, (i

The hydrogen and methy! radicals formed above now react with another molecule of

propanc.
N\

CHyCHEHy + Clly—=CHy + ciLCHen,

N

CH,CHCH; + n

—= |1, + CHCHCM: (W

le equation (11) - (iv) arc referred to 2s

Equation (i) is called chain initiation step whi
which involve combination of

chain propagation steps. The termination steps,
radicals, are as follows:
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. S —

W W —e "

. ,'..m = (MU * cH,CHy

CHCH, 4 {III’IU" - CHCHCH, ¢ CHCHCH,
RIFALe
) Combusion

Alkanes burn at hugh
and steam The reaction 15 ¢X

{emperature in Excess OXYEen to produce carbon (TV) oxide
othermuc, for cxample,

cH, ;ﬂ, 24 300, + 3H:Oun aH == xk mal™!

The peneralized equation for combustion reaction of alkanc 15

In 41

Clliis 4 ( )r), —ts nCO, +(n+1)11,0

If the supply of oxypen 1s deficient, the oxidation of alkanc will produce carbon (11)
ovide of even carbon 1 form of carbon black.

2

JOJ Ly nCO + (n+ 1) H,0

nel
CH,..; + [ - Jq. 4, i;c . -J'fm + -;3(‘0: + (n+)H,0

(1 Nitration

Alkanes can be K
tiquid phase nitrated using mitne acid in the vapor phase at about 400°C or in the

R-H +HNO, _#'C_ R.NO, + H:0
A speaific examyple s T

CH, + HNO; o€ CHy-NO, + H,0
Neromethane

Ty 2por phase nitration of
2 mOsphere prossure vields 2 s ot EPERIUTE range of 370-450°C and g

&A.Al:...'n’w;\me.l!.!ﬂll:'se. It ¥ }’ SDO‘I L
1
l'”"{f‘ * "\n:'--—-... (HNO H
.12 [N " 1 (H\O

dromethane Ndtroethana ) f'rt'_nl:ﬂ[_.!\ol. * CH-;'H(' H
. '|1ropmm 2 N.ur =
<-Nitropropane
82

(d) Halogenation

The reaction of alkane with halogen is carried out mainly with chlonne or bromine
in the presence of ultraviolet light or visible light.

UV light
—_—

1 R-X ¢ HX (X= Clor b
+ Xy 330 - 400°C (X = Clor Hin)

R-H
eg CH, + Ch —_— I el

Mechanism of halogenation
1t follows a free radical mechanism as we have in the pyrolysis reaction.

1}
X; UV light 2X° Chain initihon
] P s |+
il &k Chain propagation

Re x, —=RX + X0

Chain propagation step may continuc [0 give higher chloninated products.

Consider the following examples.
Example 1
Chlorination of methane
Cly N, a0 (1) Cham initation
iy + of —— Cliy + QI l.n]mmnwmmlm
CHy + cl_-———-{:ll,ﬂ + (i

Steps (ii) and (iii) are repeated further to give higher chlorinated products as follows:

el + o —— CiLa + Hel
et + cly — Cith + O
CHyCly + ct —= (.‘n('i, + HCI
iicly, + Cly —> CHCY or
ey + ¢ — E‘(‘I, + HCI
&ty + oy —> CCy ¢ O

The chain termination steps involve reactions of free radicals generated.
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Y
T (ff ——u CH]
l'"” . (T p—— i [ P

.
1N or p— | [

v
F s T (f ——e= (L,

.
'Rl pe—— T ]

(H, =
of o (ff o §m——t=Cly 4 [
Lvample 2
C hlorination of propane
¢ .
I =20l ! 1k Chaim e antaon
Cneien, « Nl
e, o« 6 X ]
CHAMC, o« il
LN, + Oy ——— CILCHCHLO 0 G
' .
WA, + (), e (LI, + O iy

Steps (n) - (rv) are the cham propagation steps
The ¢l
chain temuaation steps mvolve the reactions of free radicals generated
c

r. s -
.lrl.n.ru. t O —— CHCHCH0)
fllrl[-’ Hy o €F =———= CHOMCNCH
i ) - : ‘
LR O o | | G P —— CHUCH.),C
' ' ACHL),CH
CHi « (7 ; " .
HOH, « CHOHCH, ——— g ME—CH—CHy

A | H,C—Ch—
O < (s § = 1, 4 & HC—CH—CH,

Other chlonnann
when alkane 4 ing agent s sulphuryl chlond
refluxed with onde 1e SO;Cl;. Haloalkane |
¢ 15 produced

di(benz
enccarbony) peroxide s a cq sulphur - dichlondedioxide at 40-80°C usi
ng

talyst
R« soqn Perovide can
gy RCL « ne
C  ldeatiane | 3%
A 5]}‘.‘tlﬁt m'mpll' is
CHy(CHych,

. sozc]z Pemude ¢y c
—Tey H(CHy),CHyCL + ey + 0
2

with higher molecular mass alkancs particularly those containing tertiary carbon atoms
yielding: sulphomic acid. M,

RIE + 11,580,550, == RSO+ 11,50,

A specific example:

SO s HSO

(CHCH 150,50,

kane sulphonic acids from alkanes consists of

A preferred method for obtaining al
V) oxide

treating the hydrocarhon with a mixture of chlorine and sulphur (

RiL ¢+ Cly » 50 —_— RSO, ¢+ HCl

‘The alky] sulphonyl chloride produced 15 soluble in water

RSOLCH + 1,0 —> RSO # 1O

A specific example 15,
CII,CII;CIM * c‘: ”

50, — CHCILCHS0C ¢ HC
C“]C"}C“;SOJC' * “:0 - C"]C“:c":‘if]‘" + HNCI
Propylsulphomic acid
)  Deh ydrogenation
Higher alkanc members undergo dehydroge
chromic (VI) oxide, molybdenum (11) oxide, or van
500° C 1o give aromatic hydrocarbon.

nation reaction when treated with
adium (V) oxide on alumina at 450 -

CHy

Cr0)y MoO or ViOgalumina
s el + 41

CHCH
450-500°C

v, Alkenes

These form homologous series of unsaturated hydrocarbons containing one

carbon-carbon double bond ( >C=C< ) which is the functional Jgmup The gencral
molecular formula 1s C,H;, The unsaturated carbon atoms are $p hybridized and are

borided to cach other by a sigma bond and a pi (=) bond (alrcady discusscd in part onc).

Alkadienes
o carbon-carbon double bond

These are unsaturated hydrocarbons that contain tw
units and possess molecular formula, C,Hagz, examples nclude,
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called Cumulative diene)

=1 Pcma-l.l-dlene(
CH!CH:-CgHﬁféH'- penta-1,3-diene (called Conjugat?d dicne) Structural Isomerism in Alkenes
O CHiCH=CHy, Peni-1 47 (called Isolated dicne) 5
CH: 2 2 They undergo poszl!onal isomerism and sometimes geometrical isomensm d
Ninhonclite preventio® of fies folatin btk o ‘W'Wb"“ double bond (refer to part :cnct?
o e UPACssEmO ¢ naming these classes of homologous series is similar 1o Elhclnc :lr:;ln Ez‘:r‘g?ci;::;‘: r:c:-. :tmcm‘:_:somcr; Higher alkenes have a progressively
e - g " the doubl Y ern ; rresponding to these two cate
lkanes but with cnding "-ene”s and the position of ¢ bond is indicateg f:oam by the following exsenple gones of 1somensms as
by 2 number _ .
3 Thelongest carbon chain containing the double bond is determined. {somers of butene, CsHs
3 Numbering of the parent ?mﬁmﬂd begin from the end of the carbon CHLCH,CH=CH, CHCH-CHCH,  CHLC(CH,=CIl,
i But-1-cne But-2-ene 2. Methylpropene

chain that s closest 10 the

f the douhlc_boud is indicated by the number of the lower (n (i) o

4  The position 0 ‘
numbered carbon atorm containing the double bond. Other two stereoisomers of this compoun L
Consider the following examples: H\ ,u u,c\ ’H
c=¢C »
3 I \ =<
CHy=CH;  CHCH=CH; ¢ 3»—5‘. = é éﬂ-—éHtI:H, e oy H CHy
;=CH, CH,CH,CH=CH; H,CH= cis-but-2-ene R T
Fthene  Propene  Butene (or But-1-ene) But-2-ene (or 2.Butene) 2 .ene
1484 12 Ll T~ Physical properties
CH,L=
o - i i The lower alkenes and alkadienes, which have up to five carbon atoms, &% gases at
5"“5’”?"?" room lemperature and pressure. Higher alkenes are colorless liquids or solids. Like
5. Ethyloct-3-¢ne (or S-Ethy} other hydrocarbons, alkenes are insoluble in water but soluble in non-polar organic
4-Phieny Ihept-3-ene (or 4-Phenyl-3-heptenc) yloct-3-ene (or 5-Ethyl-3-octene) solvents such as trichloromethane (chloroform), ethoxyethane (cther), benzene etc.
2 (r]::’ 41 21 Laboratory preparation of Alkenes
CHCCH,CHCH=CHCHy The laboratory preparations of alkenes involve elimination reactions, which include
CHy the following: i
|
|

1 Dehydrohalogenation

6.6-Dimethylhept-2-enc (or 6,6-Dimeth
% ! yl-2-heptene)
This involves climination of hydrogen halide from an alkylhalide.

The following examples ilustrate the - . ,
system of naming the alkadienes, CHy—CH-—CHs KOWCH,0H oy 10
CH.
gﬁ:“:"zEngmH:égéé: 76 § 4 3 -EI'.I;I, M o Propene
! 3 CHyCH= i
| i) CHCH=CHC
3 %. G |CH’ For secondary and tertiary alkylhalides, mixtures of alkenes are usually produced, and _
L : 2“'q-T"mqhyldcca-Eu.'?-dicne 2.2-Dimeth % their relative proportion (or yield) depends on the respective stability of the individual |
\ (0r 22.9-Trimethy)-3.7-decadicne) ot Ihepta-3.5-diene lkencs produced. The sable product i the one with highet number of hydrogen atoms |
; 4 2-Dimethyl-3,5-heptadiene) on the a-carbon atoms (a carbon atom is the carbon atom that is directly bonded to the
1.7 r?:' 4313 carbon atoms containing the double bond) or with greater number of alkyl groups
CHiCHCOn=C=Cun;om, 1.2 bonded to the carbon atoms containing the double bond (Zaytsev's rule) Zaytsev's rule
6.6-Di hcn, C":Cﬂﬂénépﬁéy‘,u states that “in climination reactions, the major reaction product is the alkene with the
h:nr 6 ;m[;-; ylocia-3.4-diene Hepta-2,5-di s more highly substituted (more stablc) double bond.
X ""“h’l'l"““‘ﬂdicne] w-diene (or 2,5-| [cpmdicnc)
% 87
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e CHCH =TT
Ba-leme
{(Mpor product
[asle cx..{__:u —
|
(e J ,
¢ (n) ¥ CHOHOH==0,
ut-1ene
Mmexr prodect)
se it has more bydrogen 2toms on the a-carbon

Jut-2-ene 15 the major product becau
atoms (6 hydrogen atoms) and hence mars
stoms on the a-carbon atom.

geable, whereas but-1-<¢ne has two hydrogen

The ease of dehydrohalogenation of alkylhalide 1s

3" alkylhalide > 2° alkylhalide > 1° alkylhalide
Decreasing order of ease of dehy drohalogenation

i

2 Dehydration
This involves removal of water from alcohol using concentrated tetraox:
(V1) acid (H;50,) as dehydraung agent. o

cong H.S0,
f)ql _cu= - CN‘ —-r,‘_‘ - H:Q

'E_) m Fthene

For secondary and tertiary alcohals, m

, mixtures of alkenes
their relative proportion (yield) depends on the respective sta l";; Im;:_ﬂ)’ produced, and
produced For example, y of individual alkenes

(1l ?R’
[ HL-C=CHCH.CH

CHy
] . 2-Methy lpent-
He=0 - e H.50 ylpent 2-ene
CHm—CHEH, g (Major product)
il
MR O Iy 1ii) CHy
CH.CHCH=CHC
4-Methy Ipcm-z-::u
(Minor produ
2-Methylpent-2 o
-2cne
caibon soms 6 s:ytg:mbcumnhumhydm
ene has four hydrogen atoms ::“tlic and hence more stable thrcg:sn :'ﬁ?;h on the a-
b ' ylpent-2-

alcohols follows
o aoms. The ease of dehydration of

3 alkylhalide >
> 2" alkylhali "
Decreasing or yhalide > 1 alkylhalige

der of case of dehydration

88

Reduction of alkenyl halides

e Oy R HE ,Oﬂ
\c-‘, LaAlH, \C"c
/ ' A}

»,:\a W "

2o T-methy fhut-2ene 2-Methy [hit-2-ene

4, Parrial hydrogenation of alkynes

Controlled hydrogenation of alkyne using platinum as catalyst or sodium of lithium
in liquid ammonia gIVes alkene.
HoPreat
R-C=C-R - RCH=CHR
saorLimbLig NH;
Industrial Preparations
Large quantitics of alkenes arc obtained by large scale industnial cracking and
dehydration processes.
3
RCHCHR ——mmem RCH=CHR + ¥y 0
pyrolysis
CH,CH,OH M’- CcH,==CH; *+ H0 [0}
350°C
hydration process.

Reaction (1) is a cracking process while rction (ii) 1s 2 de
Chemical Reactions

Alkenes are very reactive in comparison with alkanes. The pi (%) electrons of
carbon-carbon double bond act as an electron source, and make alkene weak
nucleophile. Alkenes undergo mainly addition reactions. The addition may occur by
electrophilic, nucleophilic or free radical (already discussed in Part One), however their

typical reaction is electrophilic addition.

Electrophilic addition reaction

5 \*—I- ) -
N 3 b i PR ; g + Br
/ \

I
L m-?—T-w

>E-l|l‘.-!r + Br

The electrophilic addition lcads to formation of electron-deficient carbocation

intermediate.

89

Soarned with CamScanne



CHy=CH=CHCH, ¢ HCI —— (I, CHOHICHOH,

\pcieaphidic gddition reacion Lo o
The mucheophulic gk frl‘f—'ﬂk ._“.'_ A-— :«_ ~itiate the pi Rut-2-¢ne 2. Marchutane
gow (cg COCH) ® gached 1o D 3RS 7 * SR
Ssieaphill CHCH.CH,CH=CH; ¢ HCI = CHOCHCILOCT + CHCHCHCIEDCT,
But-l-ene (hloropentane 2.Chloropentane
~ N\ Magor product
A w 7 N (or Markovnihov's product)
p - N =—=tnp=l=—"" et —
" - oy OO ()  Addition of hypohalous acids
Free radical nddition reaction Hypohalous acid (also known as bromine, chlonne of iodine water), is formed when
' bromine, chlorine or iodine dissolves in water.
rpe—
y* o CHy=CHmCH, = O ~CHOHY 1O + By —= HODr + M
i i . Bromict 1) acid
CH=OHOHY & % = Cr—=CHCHY @ X (Hypobromous acid)
¢ o + Cy—=hoct + Wl
Chlorict 1 acud
Alkenes generally undergo the following addition reaction (Hypochlorous acid)
(a)  Halogenation o + | —=HOl + ]
y Todie( 1) acid
AOHESCHn o N, = (Hy poiodaus ocid)
11X = batagor 1
The hypohalous acids add readily to alkenes, forming haloalcohols ("halohydnins®).
A specitic example
The HOX polanizes as:
OHACOCHLH, ¢ O —> ) - B
3 Methy lpont 2 f{o—x (X =Cl,Brorl).
1o 2 Mt |2 pntenc ) AL t e Examples:
™ Hvdregenation CHy=CH, + HOBr — ™ CH,y(Br)-CH,OH
Ethene 2-Bromoethanol
Thr:::;i:na'r:;fm\::ct! 1o the comesponding o v catalytic hydrogenation
can be finely dwaded platnur. o of nickel i CH,CH==CH, + HogI——> CH;CHCHCH,0H  + CHy;CHOHICH,CI
Example Propene 2.Chloropropan-1-0l  |-.Chloropropan-2-ol
Major product
CM=CHmiHON, « 11 It iw (or Markovnikov's product)
Badene = H.OH
e)  Addition of tetraoxosulphate acid (IS0,
(€} Addinion of hydrogen halides (e ‘f . Iphate (V) (HS0) .
) ' Alkenes dissolve 1 concentrated  tetraoxosulphate (V) acd to form

ol o i alkylhydrogensulphates, which are hydrolysed by water 10 alcohols.
= OI0CT O reactivity 1s,

n:-" > B > W " : s H ,OH
Examples Mg order of remn 2 uﬁr—}wn ——s y-C={-H s OSOOH T "-i— ~H
H  h H

: u

2 .
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Evample
{
it o CCHOINCH, + 180,

— (1T
e 2.Hvdroxy butane

Ci CH=CHIH, ¢ H.E0, "
050,04 2-Duranol)

] Iydroboration

Diboranc 15 highly solul
compound, tetrahydrofuran-
merely involve brangng the 1%
tralkylboranc produced can be ox»

furan (THF), where it exists as the addition
poranc. Such solutions arc used for hydroboration, and
o reactants logether as indicated below; and the
dized with peroxide, H:0z, 10 give a pnmary alcohol,

ble in tetrahydro

A R-CH=CHy + COBHy — (R-CH,CHB  + GHO

WD e 3R.CHyCH0H ¢ HyBO,
HHON

0
RCCID -

Altematively, sodium borohydnde may be utilized 1o achieve hydroboration by addition

of ethereal solution of boron trifluonde.

PPRAITCH, + INaliL ¢ (O 0 Iy === diitC HACHgL I+ 3Nalil, + 4(C10,0

(R
— I2RCHGENEND 4 411,00,
on

AR
()  Hydroxylation

Hydroxylation of alkene may be performed by using osmium (VI oxide (osmium
tetrmonide), OOy fn ether solution 1o form a cyclic osmate ester, which is hydrolyzed to
0 1,2-hol with aqueous sodium trioxosulphate (IV) (or sodum sulphite).

Example

LU L

1
ErCrimCanin, .'...:’_'m._l.l_I: CHy=fie=Co=CH;  Na S0, CHCICH
SRIEN L
P - y i,
SN M OM
Y, Dot 2 V.ol

Potas g {
classium manganate (VI (KMn0y), hydrogen peroxide in ethanoie (neetic) acid;

(MOJCILCOOH) and benzene i
e b dmrmuuca:lmyln (peroxobenzoic) acid (C,11,CO0OOLT)

Example
\l ./ [ TRAENT]
Fo = Al _me )
Alkeng \0 Tary é‘-
Ui bikias i On
) Ozanolysiy i Dol
Ozone, 0),,

rea
sigma ‘"j hond’ :':::Il‘;ll"y with n]kcm‘ 10 r‘)nn "”""idcl
een uptured. The ozonides are ;;

92

i which both pi (1) and
nstable, and are wsually

decomposed by reduction with zinc and acetic acid giving two carbonyl compounds.

Example

", My,

e, H Wy p \ \
Vi 205 s \r,ﬂ\ M Endustethanoie :r.-:.! ’:,,o ¢ fm=o

"35’ \E.Ng e (& = o we n

Identification of ozonolysis products helps in locating the position of a double bond in
alkenc molecules.

(/] Addition af alkanes
Alkanes add across alkenes to form a higher alkane in the presence of an acid
catalyst,

e " "y
"C, "o 1
\ o OU, et (e CHCHy & W E=CHEICH,
e L] N "y
2 MethyIban- 2-eno 2 2- D i Ihtane 2V Inmethy Ihasne
(LA ETE R fegn)

o Polymerization of alkenes
At high temperature and pressure and in the presence of catalysts, alkene molecules
link up by repeated additions to form long chains called polymers. Polycthene

(polythenc) is manufactured by using peroxide catalyst.

nClipCiy P, (wcu,—cu,m)
L]

| thene
Fulyethylene (palyeihenc)

A OOy (mi...—m-,m)n

Fropene "y
Polsprepylene

, a e, f”(g-"'");

Phe bethene Palyphcny bettn dene (pelyaty rencl

Alkene polymers are widely wsed as plastic materials, roofing sheet, foam products cte

Markovnikov's Rule

The rule states that:
“In the nddition of an unsymmetrical reagent to an unsymmetrical alkene, the more
clectronepative atom or group becomes ponded 10 the more highly substituted carbon
atom, that is, the carbon atom containing fewer hydrogen atoms.”
When the double bond is unsymmetrically substituted, two products arc possible,

and the ratio of the two products formed depends on the relative stability of the
electron-deficient carbocation. The stability of a carbocation is enhanced by s
attachment to clectron-donaling groups, which exert inductive effect (ie. */ effect)
Generally, the greater the number of alkyl groups present, the more stable 15 the
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carbexstion intormatiane The order of stability of carbocation 1s,

] e e electon Aoty o the double lond. The eabocntion intermedinte
o ® . o “"9 » ﬂl,:.ll = N Fommmncdd o W Reanisiiion shabe §s o Wl 2ol |')‘ the l"hyl Jrg, winid hence l!M(’lillu the
- D of SN sl cneny ok the vcaton heretore e more hghly atkylated alkenes wilerp
- e st donchicso N N A et a greateor e than thels less Bighly sulistituted connterpans The
e bty ot at which ol akenes wndergo addition reaction decrenses in the
The mure stable carboxation forns the more stable product, and hence the majo, iy
it which is called the Markovnikoy s provtuct, while the less stable carbocation ity o el
s e product, and hence the minor product, which is called any,. IUCR = C-CHIE > BOH-CHIE = BC=CH > RCIH=CH, > CH=Cl,
forms the less stable PV more modern statement of Markovaikov's rule is 1, Decrensting ondor ot e of nddition reaction of alkylated alkenes

Lovaikoy s proviuct Hence a 1
‘lh? u:n:r nldnm}n of an unsymmetrcal reagent o an unsymmetrical alkene, the positive

part of the adding reagent gets bonded to a carbon of the double bond 5o as 10 yiel

e ikov* Otherctection domating proops that have sumblar effects like olkyl groups are nryl,
m'T‘;-c unsymmetrical reagents, which obey Markovnikov's rule, are HBr, HCI, 1y, ] y
HE, 1,504, 110, HON, HORe, HOCI, HOI In the last three examples, the polarization Gl RO, TN,

————— R &
»

of the reagents s
(i) I lectrom-withdrawing substitienty
b b & b b B ) .
l!)—li: s Ho=C1 HO—1 Vlectionwithdeawing cubatituents hike Hatocen, =C = O, JCOGLL, -CN, «NO; and
SO decrense the rate of elecoplilic addition ceaction by lowering clectron density
Examples on the double band, and cowee nstaluhity of the cabocation intermediate farmed at the
N ranantion state, therely raising the activation energy.
e u,c—i-cu,-ou. Anti-Markovnikov product miay be obtained ag o result of one or more of the
we o om ", following Lactors.
:c.:.’ * HON = 2 yano 2 -methy Ihutane .
ne' om, (Markcanibay (magor ) product) 1 The presence of strong electron withdrawing  substituents, such as -NOy
attachied 1o a laghly substtuted cabon atom, e
(2]
ni ( i "o
r— “&"i“'f!)"ﬁ“a }--)t} v = HWL=L—(—=H
""i i ] W, W
W yare ) methy hustime 2 Nutropropene 1 Maen-Benisregeapans
At Markrvrike 2-Niropropens \ites: Donarngenpane
RSl {A s Markon b prodint)
M
| [—’ mﬁ-}. it it 2z Seenie handrance preventing the completion of the reaction by the attackment of
o ¥ c'm alaeper, more lectione gative species at a highly substituted carbon atom.
L 8 I oy — : ! )
’ L :u::::::&,w:d s 3 A ddition may take place vis a free-radical mechanism, particularly when the
) peratiat ) rosctiom s caroed out at high temperatures or when organic petorsdes, € .
! thenzencearbonyl) persade and (dithenzeyl) peranide are present.
W pOnm Simple Tests fur Unsaturation
Ly .
uc.umal:r:;ny—dn (1 Unsaturated compuund furn with a luminous, smoky flame, 11 alws a
' racteritic propenty of aromatic cornpennds,
Stability of oltene; 1 (et e s decolatize brewmish colar of bromine in water or in
(7 ( stutaicd coaTfdratus

(etrae lorunethane by the formation of the addition presdact

e of lessghibie abdsen bry ”
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|
o
Coloutless

\(“J & ﬂflﬂt:""’—-—' —
! A\ llrmlﬂtf‘a*""

lorize the purple color of potassium
) Unsaturated compounds also Mthc 2 paionof e addition product,

manganate (V1) 10 acdic solution
/ s __L_l_
FRN T e oo 5 b

Colourless

The depolanzation of potassium manganate (VIT) also occurs with other reducing

agents, such as sulphur (IV) oxide.
The role of simple alkenes in the petrochemical industry

Petrochemicals arc chemicals produced from petroleum of natural gas. The main
focus of the petroleum industry is the production of liquid fucls nnd Jubricants.
However, alongside the production of liquid fuels, there has emerged an industry that
has its focus on the large scale production of pure organic compounds. These materials
are converied by one or more chemical reactions into more marketable products for
chemicals rather than fucl or lubricants

The abundant supply of simple alkenes from cracking of petroleum and natural gas
makes them one of the most important starting reagents for large-scale industrial
pmccss:‘:s. Ethene, propene and butene are important source of a large number of
matenals

Ethene
«11.0 Ethanal
.—'—.M
Erdanc snd
o I e o 0
Ar'A M :
Edrylene onide) :ﬂf \
Etene —o { Nt
Detergemty
OQ/ua,
(Styrene) i
G, fedirmad
oy WO el .
————» Chlurocthone —a=pyc | 507! ermoplasticy, used
{vemylehlonde) m the manufacture of
plastics, runcost, curta
Pelyethene fmm;w_‘:“' A

The chemical equat :
W‘“M“"”‘msmmmm et
ve are:
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(1)

()

(1)

(iv)

v

WP on celae ent 1 I

e
— (1Y et LI ||r,——Lf|l_!I.f,||
1

=iy + 10 )\
it
1 thanal § b o

WFC 68T s {thano

o) MOt  weam P —
CieCit, L \/ =V )
i ril [ 1]

I thane 1 24wl
+ CIL000
M50 et
E‘r‘“ My
L] Ty
Methylcellulonive
(useful solvents for vanishes and laciquers)

CligCil; + Cp —* CICHCIHA T CileCHe ¢ HO
1,2-Dichloroethane Chlotoethens

rowide
n Cl=CHCI = m{r{'n,-ﬂnw I ||J\.H)V\
n

Imtator
Polychloroethene
{or Polyvinyle hlonde, PYC)

CH;CHy CHaCHy

AIC), cat
Gl O phor s é Te,0yCr0,
o bt 8
LA

I thyIbensene Phens kethene
(Styrene)

n, mitator
| cn,m,ul_.cu,.:}:
1500 atm . 200°C n
Polycthene

CHeeHy ,{mcucn,.},:
O O

Polymernize

Palysiyrene
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Propene .
i 1 W0 2

Phenol

Propene —

1, then YEER Y propan-1 23410l
{Gilveerol)

Polymeraaton Polvpropylene

Nil, and 0,
4

Plastics

Pm e —
(xnylon n; de) {Svnthetic rubber and fibres)

The chemical equations for the reactions shown on the above chart are:

]
CHACHCH, + 180, m (ltgflct‘"::“M— ?H
IR e ' : CH,CHCH,  * 1150,
{Markosnikov product) Propan-2-ol
CuorZnO car
350-380°C
HC

\C=D

e
Propanone

Propanone is an important solvent and it is used in the manufacturing of haloforms and

"Perspex’
()

O
L WL \é P

(=]
Hm
CHE ¥ o o
:'\ M O s O _n;._ H.0 H,S0, HC
e b e ! — = :CRO

Cumene Comese hdreode

(1)

e, ¥ | {0
Propee e T

Propan] 2 3.amg)
(Glycenal)

*CH.OCH fL::“E_L':_::
“E" U"—-—cuam
] .
Ch,

i)
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) .

cat
2CH=CH-CHy + 2NIly + 30, —* 2CI,=CHCN v6I0
450°C Propenonitnle
(Acrylonitrile or vinyleyamide)

Chemical reactions of conjugated dienes

Conjugated dienes are unique in that both ethylenic linkages in general react as a
single unit, in contradistinction to the cumulative and isolated dienes, which can react in
an independent manner. They undergo 1, 2 and 1,4 additions, gving frans products, but
the 1,4 addition of the type below (termed conjugated addition) are the most common
for conjugated dicne.

B
N
M Ay / C
\C=C’ + AR — /c\‘c,:c, N\
/ \c____c/ Ht \H
W
They undergo the following reactions

()  Hydrobromination (addition of hydrogen bromide)

—~ (2]
— cn,=|;n-g‘.cn, - fll;-(ll'{"llﬂl,l

CH=CH-CH=CH; + "G
2 n.e l Hle
CH=CHCHLH, t.lt:-(}I-Gl-CH,
Br Br
(12-addwion) (| 4-addmon)
(mocre common)

The relative yields of the two products depend on the reaction conditions. High
temperatures and polar solvents tend to favor 1,4 -addition while at low temperatures,
and in non-polar solvents, 1,2-addition predominates.

()  Diels-Alder reactions

This is the 1,4-addition of an alkene (the dienophile) to a conjugated diene. The rate
of addition is increased by electron-donating groups like alkyls, aryls etc. in the diene
and electron-withdrawing groups like -C=0 and -C= N in the dienophile (diene lover)
The following are the examples of Diel-Alder reactions:

®

[+]
(Bet-1 -duene) Dwenophile 13aR 728k 1.4 7 Tactraby dro
(maless ankydrade) sobenrofuran- | dduone
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! Dieraphile
£y (lomemte | 1dhiene] o thene|

b aceme & 1Cone

S oA—0

Bieyeh2.2 I|hept-2-cne

i 4]

ot o
GEPrERS:
~s ! d

hene
- i vekotwnn ¥ Sdweng
3 deowne )

(471

Dhene
v topemes | Y Qund)

N e/ o
N ———
<t )
diene)
Dienophile

(4 exopent-2 ynenstne)

!\‘{;1;‘. c(::tr:nun dienophiles consist o
-0 = C- However die |

adducts formed wih :(Thl I e
dienophule co

(§501]

B, 100

'.:t~_' \@J _*m

: C=N-,C=N,-N=
npenents The following are ;ume cxaN:;;ﬂ?;'a

| 4 43 batcmabn dro- | d-ethano
naphthalene-* 0.9 10-wetracne

o

4% Ralh 1 4 4o Baerrabydroe | 8-
methanoraphthalene & f-dione

2acetyl4 S-dimethy)

eyelabens- | A-dienecarbonstnle

f compounds containing structure > C = C < or
unsaturated carbon compounds and
=N = 0 could also be the

o
B “le_-:‘lel-lé‘lhmhﬁ?b

CeMs ? . :
o Cotte ‘.
Sy ' . I
(1]
(Buta- 10;‘::« AR it b4t okl 1
" 5ol iPro 1 evamide A4 Sadiphiens 13 fmhibs et Talh
diyWibenzene) o cyamcx) i o
(wiii)
(1]
G CeHy [ C.b
g (‘[ \f\
oH ~o” an
[:'tnw:“ Dienophile LA phem €
Ok bt} 12+ 2 phenylethenoly dihwdrapyrada (2ol
(ix)
s “,C'M, CyHy o €.k,
"
- 1 e r |
N
HC (- \c‘"’ e n\( )
frie Ripht "ll'l}l-_“rr|‘;|h_|_| 2-diphemsl
lz-mccp:u-un::!‘q lene (1)) 2-dipheny Idiwrene) U T3 0 oerah drbg v

The Diels-Alder reaction is reversible, thus, the product (called an adduct) can be
heated to regenerate the original diene and dienophile.

cHo CHOD
oy —=—C-f
Such reverse reactions arc called retro-Dicls-Alder reactions The Dicls-Alder
reaction is also a syn-addition reaction

CHO

CHO
TWCHO
CHO W
DButo-1,3-diene Malealdehyde (IR 251¢ycloher-d-cne-

1. 2-dicarbaldch de

VIII. Alkynes

The alkynes form a homologous series of unsaturated hydrocarbons contaimng a
carbon-carbon triple bond (-C=C-), which is the functional group They corespond 10
a general molecular formula, CoHipz This 1§ the same molecular formula that
alkadienes possess, however, the chemical and physical properties of alkadienes and
alkynes are quite different, and thus it is quite casy 10 distinguish betwecn these classes
of compounds. The unsaturated carbon atoms are 5p hybndized and attached to cach
other by a sigma (o) bond and two pi (m) bonds (refer to part one) The simplest alkyne
is ethyne, C;H,, which 1s more commonly called acetylene.
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Nomenclatsre e class of bomologous senes 1S simular o
8¢ IUPAC 59°%= of ﬁ ';ﬁ w.gne™ of the alkane with the suffiy m_
g , mserting the 3pPrOpriate numbe,

4 g alkanes =g 5.egtad by mSSTIDE
S oo of the Tpie bond B 8 the triple bond 1s mdicated by the

son of the SHC P
;:-r?;:-:n.abemd;n: Also zhe;:as::mca b i’
:...Bc‘ " jower bered carbon 30T bond;“ :
amber of the "ﬁ;ykgn&w:&mdcf:‘:nzummuc .
o oy F ¥ 1 - .

e fnctional FOF {-C=C-1 Consider be following eXaTp -
3 21
O :
! s g ajs 32! G
(= on L —CEC—OCHy - 55 %1
',“T- Cry= 0% .." —CH.
¢ N
4 &-Dimethn [hept-2-3me
et 1y T-:-:e {or 4 4-Dmmethyl-2-hepyne)
(e - Mot & Sophern - 3-beg iy
Structural Isomerism in Alkynes

mmpmumdmmmmfumlymemﬂfmmm;mrm
butyne and three for pentyne

Fer propyne
CHC=CH
Fropyne

For butyne
CH O L=
Bua-Tane tor 1-Bunne)

CHC=CCH,
But-2ane (or 2-Bunyne)
(111

For pentyne

OO IR =0
Peot.lape
i

O CCNCE=0N . CHCHC=CCH,
Mty - fyme Pent-2-yne for 2-Pentyne)
(L] :
(i)

Phvncal properties

Boling pormts merease with
msoluble = water bat soluble i *;xmufxw ;i.uss The alkynes are virtually
Simthesic preparasioms of eliymes i
The

TR P of e are s follows:

Dekyérohalogenzsion of & Bdihaloparaffing

e

P e— — P
=l—

",-l E‘\. - + I

A
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The dihalide can be vicinal (vic ) or geminal (gem.)

2 From aldehydes or ketones

Conversion  of aldehydes or ketones to dihalopanaffins with  subsequent
dehydrohalogenation.

(" HX

RCH,CHO ———=  RCHCHX; ——= R=C=o = 21X

Aldehyde (n) NaX gem-dihalide

H? -
RCOCH, M—- RCIXKCH, —* R-CE=CH 2Mx
K (n) NaX

3. Alkylation of metallic acetylides with alkylhalides in liquids ammonia

&~ & & §- Iy NM
RCeC-M + R-X —/—— RCeC-R' + MX
(M = menzl)

Chemical Reactions

Alkyncsundergoshuila:mcﬁunsmlhmofan:mes. Addition reactions proceed in
two stages. For the addition of unsymmetnical reagents across unsymmetnical alkynes,
Markovnikov's rule applies in a similar way as 1t does for alkenes, although light or
peroxide catalysed reactions again tend to result in the formation of the Anti-
Markovnikov product. Alkynes undergo double additon reaction involving two
molecules of the attacking reagent as follows:

2_ %\ f
—_C=C— —— /c-c\ ___-YZ -

<=0
P =Py

(a)  Hydrogenation

CHC=CH + H,
Propyne

P1. Pd or Nicat
e CHCH=CH, + W, — CHCHCH,

Prepene Propane
The reaction can be stopped at the alkene stage by using Lindlar's catalyst.

()  Halogenation

H K X X
/ 2y » =
CHECH + X Metallic halide cat \'c_c‘x + Xy = H %_.cl M
Ethyne 4 X x
1.2.Dihalocthene 1,1,2.2-Tetrahaloethene
N =1 BrorCh
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‘f
Specific pampi B B
H:\ts-,t—"*. « By —> H,C-C-C-CH,
-
L epoeey ¢ B o % il
P 2 %mraat‘h”-:d 2233 Tembe e
Ba VX 23
halides
(o) Addisom of kydroge®
This follows S’.:-.ta‘mlm‘s rule.
I—* CH,CHX;
‘w“!‘au"\ (maser) product

comon & M T i et o8

___ilif:‘——-" C“:=°I: i “
L XCHLCHX
Ant-Markovmikon product

O_CH,",_.__-CH,CJC;CH,

CHLOX=Ch;
l Markovnios rouie

O CBom ¢ =i
|__. CH.CH=CHX = HX —— CH/CHLHX;

Specific example 15,

© AnteMarkovnikon route

= H ,C’HC‘I;
Markovnikoy (major) product

crmon o« o = CH=CHCL < HO—

'——a=CICH,CHCI
Ant-Markovnikov product

——CH,CCI=CH, + HCl —#= CH,CCI.CH,
Markovnikos route u.D‘hw

CALEON o WO =

'—=CH,CH=CHCI + HCI = CH;CH,CHCl,

Ant-Merkovaikes route  1.1-Dichloropropane

CryCmmen #:50,
HISO.:;:, i c};fqoﬂ)-(.‘l-l; ] (CH])QCO
(Propen-2.) Propenone
104

Addition of hydrogen cyanide

(e)
0]
CH,—C=CH + HCN “"‘“ Clty—E=Cl —> cn,cu-i:
H 1-Cyumpeopens
(Amhtutmrim)l‘mdm

The catalyst used affords the Anti-Markovnikov product as the major product.

Addition of methanal or carbonyl compounds

0
Ethyne and other terminal alkynes react with methanal (formaldehyde) or
carbonyl compounds as follows:
Cu,yCyent M,
CHERCH + 2 HOHO —————®= HOCH,C ECCHON el HOCH,CH.CH,CHLOH
High pressure Butan- 1 4-dol
210
270°C
CHy=CHCH=CH;
Buta-1 3-diene (or 1,3-Butadienc)
Mechanism
()
/\ /\HL
H_o-c-n + ek —o F-CmcCHOH + :0-@
U
HOCH,C=CCH;0H
HOCH,C=CCH0H _ﬂ-rE“ztf“—ﬁ',‘g“: 20 CH=CHCH=CH,
H OH H ﬂ
Other examples:
(i1)
r:H,—c-C—-u "6(; ——= CHy—CmCCHOl B, SO E‘%
lm
CH,CH,CH=CH;
Bu--ene
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(i)
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on
t?":—/g —— ll_.nﬂ‘--l;‘—-l'lll
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(&l

() Ovidative coupling of two alkynes

Onidative coupling of two alkynes

o)
w ]

e lll.l"ll_-('ll;\}ll, :l
- 2
iy

o 2 Meilyhenan 2.0l

I

]

CHCHCH=CCT); CH(CHCICH,) = CHy

1 Metnber 2o 2-Medylexene
(rwjor proshat)
produces a product having two triple bonds,

2RcacH + 1o, ===, R-CoC-CuC-R + H0

(k) Ovidation of alkynes

Ozone and acidified potassium manganate (VII) oxidize alkynes to give a pair of

carboxylic acids

Example

KAnO,/H*

CHyCH.CECCHCH.CHy  ————= CHCH.CO4N = CH,CH,CH,CO4H

i)  Isomerization

In a strong base, alkynes may be isomerized to a co wi
mpound
on the same carbon atom, allene or to another alkyne. th two double bonds

Propanoic ecid Butanoic acid

NaOH N
CHiCHCESCH e CHCHe=C=CH, e CH,CECCH,
But-1.2-diene But-2-yne

But-l-yne

@)  Polymerization of ethyne
(i) Dimerization:

Ethyne dimerizes in

hydrochloric acid.,

zwmw

Ethyne

106

W
so_luuon of copper (I) chloride and ammonium chloride in

CH;=CH-C=CH
Bm-iw.l.}n

(i) Trimerization

Fthyne trimerizes to form benzene when passed through a heated
complex organo-nickel catalyst.

{ube containing a

heated ube

60-70°C
ICHINCH =

Fthyne organo-nickel cat Berine
(iii)  Tetramerization

Ethyne also tetramerizes to form cyclooctatetracne using dicyano nickel (IT) complex
as catalyst in tetrahydrofuran at 60-70°C and 15-20 atmosphere pressurc.

NWCN)/THIF cat
e 60-70°C, 15-20 stm
Ethyne ’ Cyclooctatetracne
Metal Derivatives of Alkynes

In ethyne or terminal alkynes, that is, those containing the -C=CH group, the
hydrogen attached to the triply bonded carbon is acidic. Such alkynes are deprotonated

by strong bases such as butyl lithium (LiCeHs), sodamide, (NaNH;); ammoniacal

solution of copper (I) chloride, and silver ion to form metallic derivatives, which are

excellent nucleophiles.
Examples include

0] CHECH cuc=ccu | + 2HQ

AGCESCAg ‘ + 2HNO,

Silver({l)dicarbide
or Siver(lacety hide
(White precipitate)

2 AE(NH,):NO,
(1) cHECH ——————

Lig NH; CHyCH=CNa + NH;

{ili) CHCHESCH + NaNHy
Propyny | sodium

Alkynes of the type R-C =C-R where R is an alkyl or aryl group, do not undergo the
above reactions, and therefore these reactions can be used to test for the terminal triple

bond.
Alkylation of terminal alkynes

‘The metal salt of terminal alkynes can behave as a nucleophile and reacts with alkyl
halide to form higher homologous of alkynes. This type of reaction is called alkylation
of terminal alkyne, and can be used to extend the carbon chain of an alkyne.

107

Soarned with CamScanne



=

L

~

“H-
— _:.'_“_...-o- RCECN?

———& RCECCHLH; * NaCl

ReECNs ¢ CHCHC
Worked Examples

Question |

. e to m-z. TC
Propose reaction schemes for the CORVETSIOR of propy y

Solution
NaNIl;
CHCImEH —= CHCmCN
Propyne
CHCICN ¢ CHyCH.OH, T ——— CHCECCHOHCHy NaCl
Hen-2ame
Question 2
Propose reaction schemes for the conversion of ethyne to hex-3-yne.
Solution
2 NaVHy
WoEIgH —— NaCEECNa

Firhame

NICEECNa ¢ 2CHCHCl — CHyCH,CE=CCHCHy + 2NaCl
Hex-3-1ne

The metal salts of terminal alkynes can also react with carbonyl compounds, to form
nlcohols.

CH,CaCH + NaNH: =24 CH,C=C-Ra

!

AR\ (} O%a p H
cnosc-fa + g —e cn,o-c—%—n 2% cnomc-¢-r
R R
K

Worked Examples
Question ]

Proposed reaction schemes for the conversion of propyne to but-2-yn-1-ol
Solution “

108

CHyCmCH ¢+ Navty 2N cyomE-Ra
Propyre

ONa
o, 1 p i
cCmC-Ra + Cho ——e CHO=C—C-1 MO cne=c—con
W i B 2-ym 1ol

Question 2

Propose reaction schemes for the conversion of ethyne to 3-Methylbut-1-yn-3-ol (or
2-methyl but-3-yn-2-o0l)

Solution

HomcH + NaNHy 22 cimE-Ra
Ethyne

ol Na Lo OH
nels o cnmc—C-on— CHE=C—C—CHy

Hy Hy

3-MethyBat- 1-yn-3-0l
(or 2-Methybut- 3-yn-2-0f)

anf

Simple tests for unsaturation in Alkynes

1. Unsaturation in alkynes can be detected by employing the same simple tests
used for alkenes, that is, decolounzation of bromunc water and potassium
manganate (V1) solution.

2. Terminal alkynes (1. RC=CH) react with copper (1) ions n aqueous
ammionical solution of copper (1) chlonde and the silver (1) tons in a solution of

silver trioxonitrate (V) to form the insoluble heavy metal dicarbides (acetylides)
as given above under the metallic denvatives of alkynes.
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ALICYCLIC (CYCLIC) HYDROCARBONS
into a larger number of classey
y be of various sizes. They may

These non-aromatic cyclic (nng) compounds fall
1ain one or more rings.

than do the aliphatic hydrocarbons beciuse the ring ma
be saturated o unsaturated and individual members may con

IX. Cycloalkanes
These are saturated monocychic hydrocarbons, they are also known as
cycloparaffins. They have the general molecular formula, Cullza The saturated
alicyclic hydrocarbons are sometimes called naphthenes, particularly by petroleum
lated to the fact that cyclopentane and cyclohexane

chemists, The word naphthene is re
homologues have been isolated from the naphtha fraction of crude petroleum.

Nomenclature

The cycloalkanes are systematically named by denoting the number of carbon atoms
in the nucleus as in the straight-chain alkane series, and adding the prefix "cyclo". The
fused and bridged two-ring cycloalkanes utilize the prefix "bicyclo" and inserted in
brackets, in decreasing order, the number of ring members joined to either side of the

common carbon atom. Consider the following examples:

AR O
Cycloprop 1.2 Dimethyleyeloprop I-Ethykyclobutzne 1,2 Dimethylcyclopentane

S ooy

1247
I-Ethyleyclooctane Cyclononane
o,
O" QO 00U oo
' Dmctrlodbepne - audecre  Bicycobexyl  Bicyclopestybmethae
}
il
§ 2
: ) 3
4
l','T'TWMm; '
110

“Spira’ followed, in decreasing order, by the pumber of atoms
1 atom. Consider the following examples

OEF OO

Spurc|$ 4)decane Spirof3 3|heptane

Isomerism in Cycloalkanes

Cycloalkanes have morc isomers than ecyclic analogues, since variation in ring size
is possible. For example Cs-alkane has three isomers whereas Cs-cycloalkane analogue

has five isomers.
Cy-Alkane

For spiranes, the word
connected 1o the centra

CHyCH;CH,CHCHy (CHyHCHCH;CHy:  CHC(CH,),CH;y
n-Pentane 2-Methylbutane 2,2-Dimethy Ipropane
(1) (i) (1ir)

Cs- Cycloalkanes
CHy

oo AL K

1.1-Dimethylcycloprop

Cyclopentane  y.nfeihy leyclod 1-Ethyleycloprop
o ] () (~)

CH,

AW

1.2-Dimethy kyclopropane
Consider isomers of cyclohexane as another example
CHy
o O o
Cyclohexane  1-Methsleyclopentane 1-Ethy 1oy clobutane 1.2-Dimethy leyclobutane
Q] (] (i) ()

£ m, K

1-Eths - 1-meths key clopropane

1.1 -Dimethy Iy clobutane 13- Dimethny keyclobutane
) (] v
CHy : CHy
A‘CHM NC—-A—Os AQ“:C"‘:C“:
1-Fiby l-2-methy lexclopropane | 2.3 Trimethy ley clopropane 1-Props ke clopropans
(v (i) "~
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\
CHy

1-lsopropy ky cloprop anc
(v
Cyclohexane has eleven isomers whereas Cs _ alkane has only five isomers.

Physical properties .
alkanes bol 0°C higher than the
at a temperature range of 10-2 ]
i qd:zm-lic alb:;s C;cloalhnes are soluble 1n many Organic solvents such
25 alcohols and ethers, but insoluble in water.

Synthetic preparations of Cycloalkanes

1. Cycloaddition reaction

Combination of two unsaturated molecules, end to end forms a cyclic molecule

with four fewer pi (%) electrons.
cH, CMs
CHy
T v e
¥ - e CHs
CHa o cH,
Slieimdie | MRS~ 12-Diethyl1.2.3, 4,4 bexamethylcyclobutane
2 Hydrogenation of toluene
CHy Nieat O’ i
P o
Tidsewa Methy leyclohexane

i Reduction of 1-bromo-3-chloropropane with zinc

aCHCHCHE + 22— [\ + zma
I-Bmid:hm Cyel

4 Ring contraction
Cy
yelohexane can be converted to methylcyclopentane as follows:

O == Do
—_—
Crvilobevzme

Methkyclopentane

112

Chemical Reactions

Cycloalkanes in gencral exhibit a stability towards heat and chemical arach
comparable to that of the cormresponding alkanes. There 1s marked ning mstability 10
cyclopropane, and to a lesser extent in cyclobutane. Cyclopropanc undergoes the

following reactions (Bayer's theory):
A. Hydrogenation

Cyclopropane undergoes catalytic hydrogenation readily to normal propance

A N g enn,

Cyclopropane 120°C n-Propane

B. Bromination
Cyclopropane undergoes bromination leading to ring opening. The product can

then be dehydrobrominated to form 3-bromopropene.

H

A + Br.—= cu,ﬁc»-cmea
E }

Cyelopropane

OHCH,O
KOWCHOIL, ¢41.~CHCH.Br = HEr
3 firemopropane

C Hydrobromination

Cyclopropane undergoes hydrobromination leading to nng openung The product can
then be dehydrobrominated to form propene.

L
KOHCH Ol
CHCH=CH -

™
I\ + HBr =% CHy=CH—CH; i
| Propen:

Cyvelopropane [

D Hydration
oncentrated tetraoxosulphate (V1) acid (H.S0.)

ctrzoxosulphate

Cyclopropane can be hydrated with ¢
and this leads to ring opening, and then dehydrated with concentrated t

(V1) acid to form propene.

3]
sy, Iy Core HANO, o
A o A, — CHy=CH—CH; ——— CRCHR=(H
(l S0 Propene
OoH

Crilopropane

X Cycloalkenes
These are unsaturated monocychic hydrocarbons They are also know
Ararss darmalefine |
eveloolefins. They also include cyclodiolefins. (o7 cvcloalhadienes). axclomoledi
cvcloalkatnenes): and cvelotetraolefin) (or cvcloalkatetraepes) The gem ral 1
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foemula for the cvokakeling s Catla

CMae, o cysiontraniofion, £ s

N pives e Ty

W 5 t'
The creloalkenes are sysemMAticasd mamed BY ¢

h volahadeting, Catliea: B owwhatialoriy
. L e ]

poting the puber o carbon atony
\ = el "evela™
i‘ } the straight-chaie alkene sones, and adhog the prefix "cyvlo™, Th
m Uhe maschovs as it U c s o

[T S Pt .
\ oy

LA ety bl PO b e

™ § the doahle hond withi the g 18 icicated by ey The Tusad any
MDD O LU — .

hievelo™ amd inscrted in brackets, in
s dand T O-TIDE € enes unilize the predi bic) o oF
T:"‘:"-‘: ‘:“ :l\.:‘::k:l-:'\‘\c: of ring memiers joinad 1o euher sile of the commaoy
devTeasng o . GR )

carhon atom, onsider the following f““"“?“-‘

R [®

Usehopropese L4 Dimetha hye bt 1 €W 3"“”‘“'"-‘&“‘“‘\' Tene

Chy

Cry
\
“Q

1 € Pty oy chopentan ] Sdiene
jor 18Dty -1 Lo opentadene!

we
O‘t“’
1 LD emethn ks chwctal 3 € Tagtraene
(o 1 5 Denethy 1135 <caclooctuctraene )

‘s
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CH,
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1f one of the termum of 2 -
: doubl ina Bl .
o termunus 1S indicated bl; :nbondlm;n.a bicyclic system is a
-Consider the following
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For spirenes, the wonl “Spire’ i followed, in decreasing order, by the number of atoms

connected to the central atom.
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TMethy b 4 2] ot bene

Isomerism in Cycloalkenes

Cycloalkenes have more isomers than the acyche
size is possible. For example, Cs-alkene has six isomers, whereas the Cocycloathene

analogue has eight
Cs-alkene.
H L\ Wme M HyCH.C M
"oed e, T A
g .
me  CHCHy i i X H:CHy u.(‘:‘I ‘cw, N.C’ Y
Pent-1-ene cis-Pem-2ene trans-Pent-2-e08 20 erhy [hu 2ene oA Ncthy bt e
@ “ wi ) N
Cs- Cycloalkene
CHCH
i HiC CHy s
Cyclopentene TMeth ks clobutene 1Mt Loy elobutene 1 e clopropene
W o . td &
CH;CHy CHy

3-EthyIay clopropene 3 Dimethy kv clopropene
i) i
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Chemical Hea tions

The mudtple bousd in ¢yelovlefing i genecally more peactive D e st Lo
counterparts and when cleaved, provides 4 convenent source of Tt om
derrvatives Helow are some of the reactions of (v loalkones

(a) Halogenation
Halogens add readily to cyelobenene 1o afford the trans- ik coniponind

Q vme

A L P L

by Addition of hypohalows acid

HOCY, HOBr and HOT i sqeous sobution sdd readily to cyclotbons Ty
alcohols. In unsymmetrical cyclealkene, the hydvonyl goup becomes afied
bighly sbstinsted carbon atom (Markovmkov's rule)

) "
i
O) . waten (Y
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0, === &
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[T T R wle =

L

he cyclosliines 0
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(N Thermal ring opening
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The themmal nng opening of & substituted cyclobutene to an alkadiene is

represented below
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X1, Cycloalkynes
There are very few examples of eyeloalkyncs They have the genenl Mool
ftiﬂ‘lluh. C,"]..;
Nomenclature

The eycloalkynes are systematically named by denoting the number of Carbon atoms
in the nucleus as in the strght = chain alkyne series, and adding the prefix “eyclo™
The position of the tnple bond within the ring is indicated by numbers The fused and

and inserted in brackets, in

decreasmg onder, the number of Hing members joined 1o either side of the comiman

bridged two-nng cycloatkynes wilize the prefix “bleyclo

catbon atom Consider the following examples
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Industrial uses of alicyelic hydrocarbons

1. Cyclopentadiene is wsed in the preparation o the persistent isechicnde ¢ hlordane
2. Cyclohexane s the key intenmediate in the  preparation of nylon-6

cycloliexanone and caprolactam

iy

o))

~ g

from

3. Adipic acid, one of the constituents of nylon 6.6 can be obtained by the oxtdation of

cyclohexane
4. Cyclopropane i used as an anaesthetic

5 The naturally occurting terpenes, limonene ond o -pinene wre wsed i flavours andd
perfumes and as stating atenials m the proparation of synthetic caniphor, whic hos
i eychic ketone, mnd racemic monthol, which s cyclie aleohal

1Y
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AROMATIC HYDROCARBOI\’S

tleast six-membered

o5 boods None of
be three conjugated doub]caud with alkenes and cye

the ole

fimic character 2550<1 i
e 3 <cparnte class of compo ca
{arene ) fall m'..JﬁIﬂCT':f-t vpes
Tape A (
These compnse of penzene, alkylbenzent, alkenylbenzene  (styrene) and
alkynylbenzens irhcnylwctylmcj
(S CH=CH; C=CH
( )
l"f
Virs Iherrene Pheny lacety lene
o (Ethyny lbenzenc)

or [ ihiemy Ionaene {SEyrenc)

Tvpe B

These compnse  of cyccloalkylbenzene (cyclopentylbenzence)

cvclolkenylbenzenes (phenyleyclohexenes)

o0 OO0

€ ychopent hensene | Ftemy oy ddohevere

Type €

chrpsene, perylene. Nuoranthrene, benzofa] pyrene and benzo[e)pyrene
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ring. mcorporating what appears 1o
ds in aromatic hydrocarbons haye
loalkenes. They are considered 1o
the Arencs. The aromatic hydrocarbong

These compnse of fused ning polynuclear hydrocarbons. Examples include, indene,
s, maphtialene, wtrshydronaphithalene, fluorene, anthracene, phenanthrene pyrcm'

collo=oellice

2 3.8 Tewaks drorophihalone

fu) N:.vlh.nlm
)

d
:

Fluotene s o 3
[(11] n Noehe Arthraene
(ENT1}
(L]
w | | w iy
. o w ? 5 !
9
3 1 =
¥ 4 L L ‘
? . ? 4 ) 4
I L] L3 . I i s L 3
Frver
Prerarshrent (vl (L1
2 i
L1} )
"
9 1
N
5 s
? "
Mryune

Type D

These compnse of polynuclear aromatic hydrocarbons having directly united nngs,
cg biphenyl, binaphthyl or nngs united through aliphauc carbon, €@
diphenylmethane, 1,2 - diphenylethylenc, 1,2 - diphenylacetylene.

Q0 000 &b

Miphery| Hanaphatnl
1
4 Ll 1 2 Diphsemy et v
U2 Dpharm letianc )

=G GO

1 2 Uiphomy dethy e Vispharr o lerwthane
112 Uhighieny it lene ) i)
(L]

Nomenclature and Isomerism in Arencs

The commonest aromanc hydrocarbon 15 Wenzene Owang 1o the symmetry of the
benzene ring, all the six carbon atoms are equivalent When one hydrogen 2tomn 15
replaced by an atom or group, 1t referred 10 3 a monosubstituted denvative, and when
1w and thiree hydrogens are replaced by atonms of groups. they are referred 10 as
disubstituted and nsubsttuted denvatives respectively A monosubstituted arene like
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i derivative Bas (hiee 1SOMCTS, namely,
ALY 3

.1'1\\“\1\\‘\'1“ h-“ n \""‘“Wl A \‘l\\

\
Jenwvatine

P

0

4

(1o artha N
(A A o meta \m) denvalne

gy 1A patd () sty e

The posthons of subsitubion in benzend and its hgher homolgous are indicated by
AL\ of s

pumhening the cares atoms 1n the NNg. for example.
o ¢
L‘:
o
L &5
1 2D Horchenacnd \ 1 Michlonohenene ]
1 4 Michlorobenzens

For tsubsututed denvatnes

Oy
)\-f";

ChHy CHy
L/. ’Q\ d‘:!
\l‘u we Hy

3
13 & Trometh Thencens
(ot 1 5Dimethy Bobuens)

1.2.3-Trmethy Ihenzene
for 2.3-Dimethy heluene)

1.2 & Tnmctin Beerene
(ot 2 4 Dumethy holucre]

Orer examples include.
o=
Ny oy
\
L 2 -
FY T pr——r
ol Lokl +Noorartdaloe 2ol
(o2 £ Nwo 2-naphahel)
", "
o)
| 1 |
N
_' ]
L S W — =
1 35:17-.1;‘-re-iw ¢l
P’l} ' o |35 Trmeo D pheraetheed
sical properties of erenes
Bewzene and momt

dloyToenzenss oui
ke liguds 2t yoom temperature  whereas
water, hant 2ot conehite with molecular mag Mcw:sl are 1mm_15ci “:::
i A e whlc: whiis, They G e i
S ::‘;‘L_;., s sl fi - 7 Yy are hyo y fl bl “1
fe Very o, sod “omtmued whalaten limﬂ"jl!.‘dlumm flam s
anemua and even leukerin 3:,_:; ol ?:-10! e vapory 1 dangerous :nd e. Arenes
Fpyreme (B e can induce

3p) 15 regarded
122 2 the most dangerous

?‘"“‘.‘Q::‘f. e are

et meling pots

of the polycyclic arenes as ftis widely distributed and strongly carcmogenic

Evidence for stability of arenes

Benzolops of benzene are stable compared to alkenes and alkynes The extra
stability of benzene denvatives is due to delocalization of electrons ( refer to part onc),
with its associated resonance energy, also referred to as delocalization energy.

A quantitative estimate of the stabilization or resonance cnErEy of benzene (which
cannot be directly measured) may be obtained by determuning the heat evolved when
hydrogen s added to cyclohexene and to benzene to yeld cyclohexane The
experimentally determined value of the enthalpy change for the hydrogenation of
cyclohexene is -121 KJmol ',

“.J‘Nltﬁ
e— < Ap = - mal!

Cyclehesne Cyclobenane

If the three double bonds in benzene were identical to the one in cyclohexene, the heat
of hydrogenation of benzene would be three times the heat evolved dunng
hydrogenation of cyclohexene. Thus, for the hypothetical Kekule' structure, one would

expect:
Nieat
Cyclobexane

Benzene

AH=-(3x 121) K mal!
«.363 & mel!

However, experiments showed that:

H. Nt
_—
Benrene

The values given above show that there is alarge discrepancy benween the “expected”
(- 363 K mol™") and the measured (-209 M mol")  Hvalues, ie the differencein H
hydrogenation between the Kekule's stucture and the real benzens molecule 15

O : AH=-28met!

Crcloberane

-363-(-209) = -1341 mol”’

The resonance energy (or delocalization energy) is -154 kJ mol'. Hence, benzene i
about 154 kJ mol”' more stable than would be expected 1f there were Do rsonances
interaction between the = electrons. This indicates the extent to which the delocalizaton
of the pi (=) electrons contributes 10 {he overall stability of the molecule

The evidences in support of the sability of benzene and 1ts demvatives ane

L Benzene and its derivatives are resisiant 19 oxidation, they are not anacked 2t
100°C by the usual oudinng agents, whercas alkenes and alkynes react even 3t
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manganate (VII).

g n_tms coluion f'\(‘umlm c(\

¢ 1th alkalime soluton O P =

JCw ses good thermal stability and show Iitile k'ndcmy 5

u Benzene rng posses
| rearrange donog chermcal reaction-

Preparation of Benzene

Industrial preparation . r r
. .q T o ou
Benzene can be prepared industrially by conversion of any non-

: ound in petroleum to 2romatic M
v drocarbon structures, € 1ally those fi .
;:f « transformation can be 2ccomplished by the following methods. 1

Dehydrogenation of naphthenes from petroleum

Ths 15 the disect dehydrogenation of naphthenes from petroleum to aromatics uting
caualysts compnising small amounts of platisum on an acidified alumina support, alg,
nown as reforming catalysts

reformemne €
s a———— + IH;

Cychohevane Perseme

L

3 Dehydroisomerization of naphthenes from petroleum

Thus 15 the dehydroisomenzation of naphthenes from petroleum to aromatics using
catalysts compneing small amounts of platinum on acidified 2lumina supports
known as reformung catalysts ¢ o

CHy
reforming cat
IMCHAAS =i
¢ 3N,

Methy loy ¢ lope mane Heneene

Dehydrocyclization of aliphatic hydrocarbons [from petroleum

This 15 the dehydrocyclizat [
T ion of aliphatic hydrocarbons petro
aromatics using the same reforming calalystsr;tair:c(ll;md (2) abovcﬁm gy

Oy, telormmg cx My
1 | —
-heptane « dn,

Meths thensene
{Teluene)

p ’
High temperature thermal crackin

Small hydrocarbons fy 8 of petroleum fractions

companent ongnally prum the cracking of hea

csent, may be

vier
considerable splitting 1o methane companents, as well as any

cond :
chllashyd:ogcc’::cd 10 aromatics, usually with
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00 - ROO°C
Gy ———= O + 3CH, + 3y,
Bensene

Laboratory preparations

The following laboratory preparations arc of chemical interest because the highest
abundance of benzen is obtainable from the industnal sources stated abore

L Decarbaxylation of sodium salt

Benzene is obtained by fusing sodium benzene carboxylate with sodahme (calcium
(11) oxide slaked with sodium hydroxide)

[=ae [0 ]

Q Py e Q o S

Henrene

2 From phenol
Benzene is produced from phenol by passing phenol vapor over heated zinc dust

cH

ket
+ In ————b= + ZInl)

Thencd Bensene

3. Polymerization of ethyne

Trimenzation of ethyne at 400°C under pressure yields a product containing 2 small
amount of benzene but when a complex organo-nickel catalyst1s uscd at a temperature
range of 60 - 70°C, a larger amount of benzene 15 produced

Jenmon Complex organo mekel cat
60 - WL

Lihyne

Renzene

Reactions of Aromatic Hydrocarbons

Aromatic hydrocarbons show a marked tendency to undergo substitution reactions
rather than addition reactions, that 1s, they do not behave chemically hike unsaturated
compounds that undergo addition reactions  With increasing numbers of fused nngs.
there is an increasing tendency for addition rather than substitution Teactions tu occur.
This 1s particularly true if the fused nings are arranged n a hncar fashion as in
anthracene. However, under drastic reaction condutions, benzene can be made to yicld

addition products.
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sorares, e n:.g becomes electroy,
. oos. Electrophilic (E7) substitutioy s
e

1 P-"‘;‘-'-S 3-33 cC:d:nQnS_ The mets
s on z'c::."- in the ning and electropy;

= et L=

lic
_.r:_:-‘.'\":‘-:\.‘::"".h fhree carbocation mieTmediate in g
of

They are stabilized only by,

articipate.
= | .\iﬂ*ﬁ
NO, NO;
O |20
I'H
ol
: ]
R-:‘HL‘] | j:‘“i"u
’:\, e d\ ofF 1)
1 NOy e \,s"\\o
-~ = R
=
NcHy, @,

forms (1) and (1) of para and ortho-intermediates respectively have positive
a0 2diacent atoms, 1.¢ carbon 2nd nitrogen, thus increasing the energy and
mtamction an

and 15 relatively more stable. Thus, meta - substitution 1s the predominant
product on the grounds of both electron distribution in the substrate and of the relative

stabilines of the three reactive intermediates. The above mechanisms indicate that there
are two directing classification for substituted benzenes and they are:

{3}

ortho para- directors (b) meta- directors

fal ortha para- directors (clectron-donating groups)

The order of decreasing activation of ortho/para directors is:

-NH:,~-NHR ~—NR» '
>CH, ~ it e o >-NHCOCH, ~ -NHCOR >

-Ph>-F, ~Cl, -Br, -1.
meta- directors (clcclmn-w:l.hdmmng groups)

The Dfdl!l of dcflmmg dl.ac“\a-hﬂﬂ of meta dllcc‘-o‘ls 15

-OCH; ~ -OR
1]

',‘] _ 128

-NOs, - NR
o, -SO,H >-COOH, -COOR >-CHO, -COR. >~ CCl.= EF Rl

it its derivatives.
The following are some of the reactions of benzene and its

(a)  Nitration

tamnin amoun jtric acid and
itrating m ing equal ts of concentrated mitric aci m
ke id u?;:-emnr: .mncon ¢ lognimb:m: at 5_0"C. The "ﬂf:%:lc ;::: :c::ker
stﬂp::?::gmﬁam concentration of mitryl (uii.mmm)ucjmiasu; ‘tmc 4 Ao
gfti:ic acid, which functions as 2 base. The NO; generd ectrop!

undergoes substitution in the nng.

slow

HNO, + W50, ==—= NO: *

HSO, + H;O

NO;

slow . KW
0. ——
O & NGy < 50°C O

Further nitration of nitrobenzene at 50°C gives

1,3 - dinitrobenzene, because the

pitro group is meta-directing
NGy NCz
=
—
reflux NOz
1.3-Dinitrobenzenc
Other examples include
cH CHy g b
3
Nor, il .
NO;
3-Nurntoluene
?Pi:uuwmm} 2-Nurotoluene (m-Nurotoluene)
U (62%) (p-Nitrotoluene) (5%
133%)

The methyl group is electron releasing by inductive effect (+I effect), and it 15

therefore ortho and para-directing an_d ortho-isomer
and hence there is higher percentage yicld of ortho-iso

Further nitration of either 2— or 4~ nitrotoluene
following products.

CHy

NO;
2-andior 4-Numotolugne ———=

NOy
2 4. Dironolucne
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is more stable than para-isomer,
mer than para-isomer.
at higher temperatures gIVES the

CHy

NO; NOy* oM NOz
—_— -

NO;
2 4 & Tnnrotoluene (TNTH

Soarned with CamScanne




-
\

L ey S-amrohensree

by  Malopenation
bhenzene takes place readily at room femperatype in

halopen stoms i e FeBn, AXCH, or ZnCl), which polarizes the

| halide catalvy?
order of resctiy my 15,

Gubstitution of
the presence of a meta
halogen molecule The

Pry * 1.
rder of reactivily

Fy cl
Necteasmy O

RS-

Chlorination may be carned out using alumumum (1) chlonde catalyst, whcy

, 5o
polanizes the chlonne molecule, forming the compicx Irr—Cf"---- ACK], which

then fonizes to CU[AICL]

The reaction may be represented as follows

0+ A =2 oy’

1
W (8 [ [ (] Q
O clusy) \I -~ '-ﬁy—* X === * Mot + Ay
Further halogenstion under prolonged condinons and in the presence of higher

proport:on of halogen pives the 1, 4 - dihalide
é
c

e
ClyAK]
——i
1 3-Dnblorcberzens

Ubherabernene

In the presence of Light or ulraviol

compounds and it reacts w 3
vl o€ 123,456 ho s Cllorine
addinon products

¢t radiation, benzene behaves as an unsaturated

or bromune 2t room :
hexach) temperature to form white
arocyclobexane of kexabromocyclohexane respectively as

ct

C
23
12 45 p-Hovachy, -

haloger substingion
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Meths B et Chhor phoyloscihng It spheny bimetbomse i blon ey b s
ol b icaes bohbonded
o, CriCs,

oy O i

1 ib b nsgine Tomaphens lothane

Aniline reacts very fast with an aqueous solution of bromine to precipitate 2406 -

tribromoaniline
"y bty
ne
D10
"
o 2.4.6- Tnbromoanline

~NIl; proup is ertho and para - directing,

The amino and hydroxy! groups are so activating that it 15 often not necessary 10 use
a Lewis acid in some reactions (1 ¢ Halogenation)

Uit
(2]

oM

[ TR
P

henad
2 46 Trabromaiphenal

(NB: Mono - and di-bromination is very difficult with these highly activated
benzene derivatives.)

Monobromination of aniline can be achieved by producing acetsmide denvative first
(1 e it must first be made less activating by a protecting group), and then brominating

the amide.
o ey MCoChy, OO oy i
O WHLEOL0 O el . LT . Craf
ot eat o,
Aniling L o . 2 tomoamling
Y linc)

2 le=t
(p-Damaaniing )

The mixture, 1¢ orthe and para - bromo acetanilide can be separated by
ctanilide is very much more soluble than the

recrystalization because ortho-bromoac
para-bromo acetamlide, and they are hydrolyzed separately to give 2- and 4-

bromoaniline respectively.
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cocHy directs predomineis T LT Positigy
NH

p. The acctamido grovP (-NHU! .
?cfalug:f steric kinderance (bulkiness)

. be m]phonatcd by 0]1‘.‘!.[!!1, ie. fum;

d (a sloluun;} of sulphur trioxide 1n concentrayey

S0H

11,50, 50; (£
o
e Berzenssulphonic acd

Peruent

temperatures, benzeac sulphonic acid can be converted to Benzene.] 3.
h R
dm?pthufcmwd by treatment with 20% oleum.

g0 oM

i <0, (2% 1,50, 50, (15%)
O e yorc, Hycat
207C - .
s edpils O Bemzeoe. 13 S-msclphone 3cid
shenol and tolucne can be sulphonated with fuming sulphuric acid as follows:

o o

.50, 504
——

Toluene SO
Teluens S4ulphonic atd
{0f p-Toleencsulphome and)

FheoolSeul;hone acd
(o1 p-Fheznlsulohors acid)

Aniline can be sulphonated with sulphunic acid s follows:

- -
& N, i +

] 2 "ﬁ
i/\ _‘_"_. Heye

e
7 Ihre —_—
n Ardam b b gomoiciamg
sop

Al et sbres acid
Sulohanidx acd)
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(d)  Mercuration

Benzene may be mercurated by treatment with mercunc acetate in glacial acetic acid

at 100°C.

HGOCOCH,

100°C
o + HgtOCOCH)y, —> O o CHCoN

Rensene mercunic acetate

Phenol and aniline likewise can be mercurated by treatment wath mercunc acctate in
placial acetic acid..

cH

om
O _+ HpOCOCH), ——* ¢ 4+ CHCOMN
Phenol HEOCOCH,
Phenol4- mercunic acata'e
NH; hH,
O + HgococH,), — ¢ « MO
Aniline HOCOCH,

Aniline-4- mercunc accuate

(e)  Nitrosation

More reactive aromatic compounds like phenol and N, N-dimethylamiline react
with aqueous mitrous acid. With phenols, the nitroso-compound formed only reacts
slowly, to give the diazonium salt, because the mitrosophenol 1s i equilibriium with the
quinone monoxime.

Cl O=~r ]
§=&)-
fa. N
l

Quinone moncyime
HNO:

n-:—Q—n'
Benzenedononium salt
With N, N - dimethylamiline, nitrosation in acidic medium does not proceed to the

diazonium salt because the protonated form of nitroso-compound does Rot react further
with nitrous acid.
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o Friedel - Crafts alkylation

Alkylaton of benzenes Wi

chlonde as caulysts 10 gIVe
alkylation. Other suitable catalysts incl

(BFy), femc chlonde (TeCly), zin

R
Al
. =y —
Specific examples
e,
O AICY
= CHCHE —
Eihn Iberene
Ha
ol
O AIC) D"
ORI, —
|
]
baipriope W blorade Isoptom thenarene
Mechanism

t"._'?‘-m . u‘
y L e
(% Lesn e “_E:‘_::"

CH—CH-CH, Moy U, ;
G-ary Gy

"y

¢ &
'"-'/“\ﬂ'l, .‘.E.':J n,'__-. I'Im’II

*ACH + HCY

4
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h alkylhalides 1s usually cammed out with aluminium (|
alkyl benzencs This reaction 1s called F’iCdCI-Craﬁ,n
ude stannic fluonde (SnFs), boron triflounide
¢ chlonde (ZnCly) and hydrogen fluonde (HF).

1 alkenes in the presence of acid

On industrial scale, alkylation is caried out witl
acid (HPOy),

catalyst such as hydrogen fluoride (HF). tetraoxophosphate (V)
tetraoxosulphate (V1) acd (H:504) and hydrogen bromide (HIr)

e cn'c“’

11,0,
+ CHy=CH=sCH; ——*
Isapropylbenzene {Cumene)

The benzene is obtainable from petroleum, and propene is a product of cracking of

heavier fraction of petroleum.
Polysubstitution and Rearrangement

Since monoalkylbenzene is morc reactive than benzene itself and more susceptible

to attack by an electrophile, polysubstitution occurs readily unless benzene is present in
large excess.
o,
O + CHOHM oy (Smmw‘ﬁ‘wgc_u,mmi R i
£ thybarrene CHEH, mm

115 Tratybensere
1.2.3.4 5 6-Haxaothyboenzane

Alkylation of toluenc with propylchloride gives 2,4-dipropyltoluene, if the reaction
mixture is left to stand in the presence of the aluminium chlonde, rearrangement occurs

to give thg thermodynamically more stable 3,5-dipropyltoluene.

h Gy Crhy
cH
N s Prolonged
AICH, TN e LMW HCHLH,

Toluere HOH.CH,
24 Dpropylioluene 3.5-Diepropyholue

Note the following about Friedel-Craft Alkylation

alkene or alcohol that will form an initial carbocation capable

(1) Any alkyl halide,
ble carbocation should not be used for Fricdel-Craft

of rearranging lo a more sia
alkylation

(i)  The following amines will not undergo Fncdl:_l-Ctafl alkylation.

N a

The use of the above amines or their derivatives would result in the formation of a
complex with the Lewis acid, which would not undergo further reaction
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- -
N=ACH
Ny AXH
O . R0 —*

(1) Friedsl-Craft alkylation will not uke place with 2n aromatic ring gy,
’ attached to @ strongly electron withdrawning groups.

o o
oo O OO

(@ Friedel - Crafts Acylation

Acylhalides or anhydndes react with benzene in the presence of an
alumnitm chloride catalyst to give a good yield of aromatic ketone. The reactiog
i i CO°, and is called Friedel-Crafts acylation

Iy

mmlmthcmuodu:nonafmﬂcﬂmk .
The acyl group unlike alkyl group, deactivates the ring, and only the mono substituteq
product is obtained.
RCOCI + AICK, ===== RCO" ~+ [AlCL]”
For anhydnde,

RCOKO + AlCh === R0’ + [RCOOAICH)”

c'o -
+ Rl AICY, “R

O REQ 'O, + AICL + HCl

Specific examples
L
O CHyCHLCI.COCT ‘o
AICH O’ CHCHs +  AICly + HCI

Mechanism

0
-c? [ };ﬁ 0 0

\

&lr T’ l-<0 PR = R—C’ - i

= Cl—Ary . AICY

Casbocation -
The acylium resonate as;
+{
R=l=—p == ""CEE
: Acylium

Whﬂh m&kel !he io -

probably takes place I:h;:::;: :m"f; stable ang
0

Sl hence Jess reactive. The reaction

nucleus by the acylium-aluminium
136

halide complex thus:

L R
B L
Rfoﬁﬂm—‘-nm—m_—. @“_’é‘mb*“ﬂ

From the resonance form of the acylium ion, it is not surpnsing that the acylation
reaction is slower than alkylation.

Other examples of acylation reactions
Q
& !
00~ =0
Benzophenone

Anhydride can also be used for Fricde! Craft acylation.

*fh cwl
+ {CHLORD —
Acenc anlry dride

Acetophenone

p !

&

c AICYy

- \c —_—
’ i-ou
i % g
Phithalic arlry dride 2-Benzoy Ibensoic scid

[+]
(2o O
SCHACH,E0H
(]

4.0no-4-phemy Ibutanoic acad
Succimc anhy dride

Note the following about the Freidel-Crafts Acylation
The Friedel-Crafts acylation does not work when a strongly electron withdrawing
group is attached to the fing. €.¢.

]

i
C—=H (IOl
e N(F"ul'fﬂ
AICT

The Freidel-Crafts acylation can be used to synthesize those alkyl benzenes that

cannot be efficiently prepared via Friedel-Crafts alkylation.
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{ohexane in the presence of a nickel Cataly
5t A

(h) Reduction i
Benzene can be 140 i
c.
N O
igh temp. and presie
(yclohexane
CHy
) I, Ni et
ligh temp and pressure
Methyleyelohexane
@  Ouomolysis
Benzene canbe ozonolized 10 cthanedial
0
O 0 3"”{
2 M=
%
()  Oxidation
Benzene is oxidized by oxygen 10 butenedioic anhydride (maleic anhydride) in the

of vanadium (V) oxide catalyst at high temperature. Benzene cannot be
atiacked by the usual oxidizing agent (16, Cr0;, KMnOy, H;0; and OsOy).

0y Vi) n .
i e + 200; + 2110,

wc
| a2 S-dhane

Alkylbenzenes undergo side chain oxidati idizi
IR o s koo xidation under the usual oxidizing agent to give

6 CAOOI0M 5
——

Tnhuene Ibenemic nead

0
d)‘. G/ Col ¢
—_— \

o )

[¢]

L 1[' ! "N:"\hmm %
€
melly holuene ) Phibalic by diute

{esll]
ll(i'ﬂ “,( ”1"
e ——

My
VA ity e peng CO0M
P9y Heduene | Wenrine.§ 4 dicmpi
Aereplihat “:1‘:‘ wid
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LO»

3 C“a"-":t"ﬂ' KWU’I '“"&
—
0o
Hensenecarbonylc wd

3.Phenylpropan- -0l

r" e /O A
¢ S
R e ~
oM

11 Anden 2000 pore Phithalic acvd

(k) Hydrogenolysis

¢ of the bond between 2 benzylic carbon and any heteroatom.

This is cleavag

Of“"%"'""""‘.&r."_. O’F’ o

% Tor
o == 2= 0

()  Thallation reactions
and Mckillop A showed that Benzene can react with

thallium (111) tnfluoroacetate in the presence of trifluoroacetic acid at 25°C to give an
intermediate compound, phenylthallium bis-tnfluoroacetate, which can subscquently

be used to synthesize a vanety of aromatic compounds.

Studies of Taylor EC

§
T0-C=CFyip

? (R ganl]
* Mo—C—=Clh —— * o CFLOM
%

Phem thallium pre-trflooroacetate

L]

| ]
. Te-C=Chik n
MALD RONN
- e

Rensomitrile

Ch

&7 O
Frereoranie
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ry

‘Thallation reactions of substituted benzene

ferentially attack only one of Many

to give ortho-, para-, or meta. | Sibl

fluproacetate will pre
“a‘llw

pstituted benzenc,

Thallm (111 n
verted to a variety of products ag ﬂbu

jons of a mono-su

B Jarly be con
colmp;ini‘t‘n;lh:}ha ‘;:::::mi ene ring is called regiospecificity, ang j, dq,:]'"
selectiv
on the type of substituent on {he benzene ring.
(0] ortho-directing

e 0
L WO-E—CF’}I

1 CF,COH _
. l‘lo—c—'f-ﬁh'—:;,?_' ¢ 3CFcom
ortho-Thallated intermediate

H, -CO.CHy; -CH;COCH,; -CH,OH; -CH,OCH;; -CH,CH,0H,

(Q =-CO;H, CH;COH,
-CH,CH;OCH;)
Example
CH;00H
_.c
Sotonson
a-c—cﬁ}:
H; Ot-
ortho-Thallated intermeduate 24(Methoxy methy | )benzoninle
(ii)  para-directing
] s
1
« Mo—f—cry, CF,CO.H + 2CF,COH
3°C
THO-C—CFy);

paro-Thalloted intermediate

(5 = alkyl. halogens, -OCHH,)

CH,
'“'0'-&—::,,, CTC0.H Q Kl un
"C—U,h

Para.
Thallared intermediate plodotoluene

( l"m"'ﬂ'ﬂhrlbcnumj

140

Ty
9 or 0 i,
. “O—e—tr A ,H HANL a
m.

Loa

para-Thallated intermediate 4 Mcllun) phcnol

(iij)  meta-directing

Meta thallated compounds can be obtained by heating the ortho- or para-thallated
intermediate compound to 73 = 75°C.

] L]
13-
3.75°C Q\ ‘ﬁ
? MO=-C—CF;3);
no-C—CFil
[+]
2 ]
g e
MO=C—=CFik
ock, BCHy
OCH, ? CF,COH Q = KLH.0 G\
—_— - -
+ TO-C=CF
" o onasc wo—g—cw, L
Antiake R 1-lodde- 3-methovy benzene
(Methoxy henzene |

Worked examples on synthetic applications of thallation reactions

Question 1

How would you effect the following conversion?
CH;OH

CH;OH
"
—-Q
CN
CHOH 3
CFCoMm KONILO
§ ey g S
* «TKO-C=CFyh 11.78°C TO-C—CFyy N

Solution

3 drovy methn Hiberaoninie
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estion 2 A
Qu it dhow how 10 accomplish the following.
Using thallauon
; cHo e
y N
O
Solution
cHo

N g mmocu?f;‘h _on MnO, cN
LAl MO (102
(bl CuCNDMF

?H-:
[MF = Dimethy Iformamide CH:"‘"’E"‘"
o

Worked examples on synthetic applications of electrophilic substitution reactions of
aromatic compounds
Question 3

How would you effect the following synthetic routes?
(1

"y bty
- ]
(n)
5 :
(i) ?
O
o
()
) £
D—=[,
v) nH,
142
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CHy
: $ NO;
’
(8 MO,
Solution
(1) $
e NHCOCH; WHLOCH, KHEOCH; Ny
Q1eopn S0MS0, o ki 3 .__A - i
dih 50,
0y
ﬁnﬂ,ol
[
Br
2-Aromoariling
(1)
COCH, 1COCH, " . e
Ommoumﬂd ‘¢ HO s ¢ﬂ¢
"0 N, 0
& Nitroamiline
(111)
It is difficult to introduce a group between 1,3-disubstituted benzene when other

positions are available because of steric effect (hindrance or crowding). To accomplish
{he conversion in question (iii) above, one needs to protect other undesirable positions.

(=]
[<] NO; o "o
Q:),.n,w. HNO,M S0, il g.so. aﬂ
S0 o
| J-Dxhloro- 2-mitrobenzene

() -

com coon
Ommﬁan JINOL LSO, Q e Q
" s

14 FAmnephem | ethanone

N.B:
KO:
O CHL.COCEAICE  No Rectin
Therefore, it is better to acylate the benzene ring first before nitration
Also,
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M"{-" b CH.CHy

cOCHh
H.m™ =
o, O
O‘m: NHy
O\u‘\;

got advisable 10 hydrogenate with platinum as a catalyst because

Here, 118 therefore
1t wall ot gve the desired rmdud

Nz

Reactions of Polycyclic Arenes

Naphthalene, anthracene and phenanthrene react chemically like benzene but they
mmmmcﬁwlhaabemumboﬂ!subsﬁmﬁm and addition reactions.

Substitution normally oceurs at the 1 - position but under some reaction conditions,
it can take place at the 2-position or rearangement can occur from the 1-isomer to the
2.1somer. Simple molecular orbital theory predicts that the Wheland intermediate
involving attack at the 1-positicn is the more stable product. The following are some of

the reactions of polycyclic arenes.
i

(a)  Nitration
C() HNOYH,SO,
—_
Naphthalene Nitronaphthalene

An‘l.hr.l:cneuu mmp;s m;ubls_ull;wd at 9-position, which may be formed by addition
across ollowed by an oxidation process to yield the 9-

nitroanthracene.
r 'y
! T INDLSO, "% 10z
] aE— ~ HNO,
LS '{‘ l
e §-Narcanthracene
) Halogenation

144

P

O:)._...

Naphihalene

Anthracene and phenanthrene become

which may

addition wath almost

" n , M B
sovi,
[ 3

] n 4 H

10 1 L
g 2 B
s 3
4
7 4
[
Phenanthrene

Anthracene

(¢c)  Sulphonation

Maphthalere- 1 sulfons acnd

Naphthalcne-Taulf emic scd

(d) Friedel-Crafts Acylation

145

be formed by addition reaction across the 9,10-pos

oxidation to yield the 9.halo-derivatives. The 9,10-positions
the same easc as that of alkene.

= 0 ’

Chlaroraphthalene

[
IR AR (:O

Trnmaraphthalens

substituted predominantly at 9-position

itions followed by an
undergo electrophilic

~ 0

4. Bromaanthracens

4 Bromophenanthrene

cem

S0,

(i) 1,50, 150°C (I)’ !
ot sl A~ 2

Naphthalene-2-sulfon a W

HTHS SO
H,50,/168C m’”" 1,50, » 15%50, m’
164°C
o

Naphthalene- 1.3 6 nsulfomc acd

;I@arnciax.com
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o5

| i e il
| “~
' Fﬂ‘ﬁ"" (Ij : CCI’ e

. L Dethanone 14Naphihal
1iNaphthaten- 1Y 02yt
{1 Naphths Iacetone) (2-Napthy tncey, w’;"ﬂw
g (61%) (Vingy
0
Haphthatone &

C..,c“‘
CICOCEANH
L —

| (Naphihalen 2 yethanone
12 Naptin lacetene)

o ’ 7ed by th |
1 il y the usual oxidizin :
Unlike benzene which 1 not readily oxi : R agents |
chromic (V1) oxide (CrO)y), Osmium (V111 oxide (OsOy), potassium Il:lmnltll"ﬂﬂgfm:t
(VI1) (KMnOy) and hydrogen perovude (11:0,), treatment of naphthalene wy), clumnf
(VD) ovide in acetic acid gives o small yield of 14 < naphthoquinone while zl
methylnaphthalene gives a reasonahble yield of corresponding naphthoquingne with n.._:

same reagents
(ﬁf) Crl o O
bl A Vs WS
Vg N 4l
Paphidhat v 0
Nanpbabalone 1A dwine
{Hagbtbasporinin )
. A . J CHy
I I) (RN TN (;[ §
- S LV
., B
B Db o i
L T Y TIYE PR T e T
[ERS b gimmnch )
Compared witly
iy Lon
LTI [[K] an
—
N
Tilweiia

Hemanie it

Tty anthivacey
e wid fhenanthye
e are remdhily oxndized 1 9,10 <quinone derivatives
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-'?-_"“ e
Anthracene
LA TR
—_——

Itenartlwere

D10 Prerartteogmsine

Catalytic oxidation of naphthalene under controlled conditions opens e ting giving
phithalic anhydride

= r'\ O PR L
: vl ~ ‘( <l "o

Haphluk e
Pialmde srbiphile

 Reductlon
Maphthatene con b peduced toon dibigdio-derivative by sl and aleoliol o

wodin pmalgam, o o tetialiydeo dedivative (etealing by sodwm an rellung
prentanal.

[T L}
-y
Fiawt HaAl
-
Hwilg
woow

- 1A by g it i
~
Piagintads ow
Fialt 00008
- -

Patln ) 2 L0 vty o mphatiabenss
# 0 enalang

Jeduction by emalytic hydogenation ylelds decalin

e, (e )

- - Pre e ‘
i Ly aloy dow a1 ohdeng
g bty e Teteadus e
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. o oud THE Huckel's Rule
.JW”"-‘
fied to ensure that a molec
satislt “Ie exh:h’ﬂ

ed. ie there must be orbita] o,
ic i iy

7 mw.msJ
Cyclapental, 3-diene 19 not fully conjugated becamc of C3, which is sp” hybridizeg
¢ The molecule must be planar, continuously lie along the same plane.
d Mustobey Huckel's rule , which is stated below:
Fric Huckel , 3 German chemist, proposed that for compound to be aromatic, 5
must have (4n + 2) p1 clectrons, where 5"y

monocychic (one ning), planar compounds c
an anteger and 1t can take values of 0, 1, 2, 3 etc. According to Huckel's rule, a ring
with 2. 6, 10 or 14 p1 (%) clectrons may be aromatic but not 4n pi () electron (1e 4§

12) or any other numbers. Thus, cyclobutadienc, with four pi (m) electrons, and
eyclooctatetraene with eight, are not aromatic, whereas benzene, a planar molecule wity
s pi (1) electrons 15 aromatic. The rule 1s generally imuted to n = 0 = 5. This rule is
denved from the Hieckel molecular orbital (MO) calculation on planar monocyelic
conugated hydrocarbons (CH)y, where m 15 an integer equal to or greater than 3
according to which (4n + 2)m —clectrons arc contamed in a closed-shell system The
table below differentiates between the charactenstic features of aromatic, anti-aromatic

and non-aromatic molecules

Table 21, Charactenstic features of aromatic, anti-aromatic and non-aromatic

molecules

| Aromatic
| Subte At aromatic | Non-aromanc
40+ 2  electrons Unstable Regular
26101418 2] fo electrons 3,579

Mw“;ﬂ Telectrons, 48,12, 16 No' ¥ i
| 9 bybradocs Cyclic, conjugated e s
P tndadandplnar | 55 bybridized and | sp? by

148

Benzene has 6 =electrons

sLdn 4+ 2= 6
4

2—:]
fx4

-, Benzene obevs Huckel's rule, hence, it is aromatic

Other examples include:
(1) Cyelobutadicne

L

Cvelobutadiene has 4z - electrons
L d4n+2=4

n = %( non - nteger)

Cyclobutadiene does not obey Huickel's rule, hence it is anti —aromatic.

O

Cyclooctatetracne has 8% ~ electrons
L 4n+ 2 =8

n = 3/2( non-integer)
hence it is anti — aromatic

() Cyeloocta 1.3.5,7-tetracne

Cyclooctatetraene does not obey Huckel's rule,

s

Cyclopenta-13 - diene has 4x - electrons but €5 1ssp' hybrdized
4n +2=4

(in) Cyclopenta-1,3-diene

n = 1/2( non-integer)
Cyclopenta =13 - diene does not obey Huckel's rule, and C5 is sp’ hybridized,
hence it is ant =aromanc

(1v) Cyclopropene

A,
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s le- elocirons

Ovclopropme k |
The op curbos(CH o' pbridized
) s 4n * 2=2

p = O(an mteger)

Qulopropene does obey Huckel's rule, but C3 15 sp’

by brdized, kence s pon= aromatic

(v)  Cylobutene

[]

has 25 - electrons and contains sp’ hvbridized carbon atoms
s 4n+2=2
n = 0(an integer)

Cyclobutere does obey Hickel's rule,but C3 and C4 are sp’

kybradced hence it &s non - aromafic

(v)) Cyclododeca-1,3,5,7.9,11-hexaene

Cyelobutene

Crelododeca- 1.3.5.7.9,11-hexaene

Cyclododeca -13,5,7911 - hexaene has |2z - electrons
Sodm+ 2 =12

5 i
n = 3(non- integer)

Cyclododeca ~1.3,5,1.911- k
2.0 1 = hexaene n' 3
PRI oes not obey Huckel's rule,

(vii) Cyclopenta[cdjindene

Cyclopentded)indene has | 07 - electrons

“4n+2=10

= n = 2any
Yelopentdcd)indene does obey ;;:I:f:;’ I
5 rule,

{(vin) Cyclunona-u‘s‘-,_k hence it ts aromatic

150

nona-13.5,7 - tetraene has 87 = electrons and

Cyclo
- 4n + 2 =8

n = %(ma nteger)

Cyclonona—13.5.7 - teiracne does not obey Hickel

tic/ non—ar

hence it is anti=ar

contains sp’ hybridized carbon atom

s rule,and C9is sp* hybridized,

(ix) 7-(C ytlopcnla-z,«t-dicn-! -yﬁdme)c:,tlohcptad ,3,5-triene

¢
O

7(Cyclopenta-24-
s A4n+2=10

n = 2(an integer)

7(Cyclopenta- 2.-1- - dien-1- ylidene)cyclohepia=

Heickel's rule, hencest is gromanc

(x) S-(Cycloprop-z-en-l-ylidcne)cytlcpenn-l.}-dim

{—

—en-1-ylidene)oyclopenta
-~ 4n+2=6
n = |(anateger)
§(Cyclopro-2-en=1-1 lidenelyclopenta
Hiickel's rule, hence it 1s gromatic

5(Cyclopro=2

151

dien -1~ ylidene)cyclokepta—- 13,5 - triene kas107 = electrons

135 -triene does obey

-13 - diene has 6= —electrons

-13-diene does obey

Download more a
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fai) Fuloens
QLL
Fulvene has 4 - electrons
&n ¢ 2 =4
.. i{mmwﬂl

Puvene doernit b Hisckel's rule, hemce it it @ni = aromatic

hera- ], Vdigne- S yme (Henzyne)

» —O

Benzyne unlike normal alkyne contain 8 weak lateral overlap of two :r’ orbital at the
exteryor pan of the aromatic HNE. which does not provide the required stabilry
expected of 8 C-C 1 bond, and is delocalized ns shown ahove

fup Cvek

Benevae has b g = electrons
dn s 2wt
n o= lan integer)
Benswwe does obey Muckel's rule, hence it is aromatic

it} Cyvelohepua- ] 3 Samiene

t‘MU‘I“.mm
- 62 - electroms and )
containy sp° k -
s Tad sp hvbridized carbon atom
® = llanm
Crlohepts =135 - prime ey yer)
LT i T p—

Tockel's rade.but Cis sp’ bybridized,

fxiv) Bicvelo/d 4 Numdecs.
s 1357 -pemtoene

152

Bicyekd 4 4 \Jendec - 1.3.5,7.9~ mu!lﬂx ~ electrons

inelde |§":{”
n o« 2an integer)
Bicyelo4 4 \pomdevie -1,3.8,7.9 - pentaend does obev Huckel s rule, hance if kv aromatic

Aromatic fons

Hickel's Rule 1s also applicable to aromatic ions In ns much as the compound has
40+ 2 n electrons, it does not matter if the molecule is neutral or has o charge. For
nstance, cyclupmw.lwnyl anton 1s an aromatic ton As can be seen from the structure
below, carbons 2.8 are sp’ hybridized while carbon 1 with one lone pair 15 attached to
an s hybndized atom, then C-1 atom 15 also s hybridized  Therefore,
cyclopentadienyl anion has 6 clectrons and fulfills the 4n+2 mile

Fach C b sp? hybridized

e
H
nd /N
1

H "
Cyclopentadieny] anson

Other examples include

(1) Cyclopropenyl anion

A

Cyclopropeny! anion
Cyclopropenyl anion has A - electrans
co4n 4+ 2 =4

n= %lmn integer)
Cyclopropenyl anian does not obey Muckel's rule.hence o 1 anti= aromatic

(1) Cyclopropenyl cation
®

A

{ ,(Wup‘ﬂ}l(dwﬂ
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o hES1Z- electro®s

f\f.'".-"f'.:'c'\: i " s =2
g = 0{en U2 ) Cclohepta- 246 - trien -1~ viium has 67 = electrons
" } .
| conon 06 obey Muckel's Té6 NEROR 1. . Crom . 4n + 2 =6
Crcloproparyt &5
: n = l(an integer)
s Crelokepta-2,4.6 - trien =1 = ylium does obey Huckel's rule, hence it 1s aromatic
Cyclobut-3¢ne-1 2.dnde (Cyclebutens diagion)
rl:" )t o‘- & e . - " -
r..|s {vi1) Cyclonona-2,4,6,8-tetracn-1-ide (Cyclononatetracne anion)
8

Q

Cr:obu:-i-m-!.l-dude har 6z -electrons —
¥
1 dr + 2= : :

r = l(a=mieger)

Crelobet -3-ene-12- diide does obey Huckel's rule, kence 1t 1s aromatic Cyclonona-2,4,68 - tetraen -1 - ide has 10z - electrons
veloh SoAn+ 2 =10
) n = 2an mieger)
n) C }tlobI.ﬂ-E-cnc-I.."-dthmn (Cy<lobutene dication) Cyclonona - 2,468 - tetraen -1 - 1de does obey Huckel's rule, hence it 15 aromanc
.
o Heterocyclic Aromatic Compounds
\clobut = 1-ene =12~ diylaum has2z - elecirons ; : ;
Ciclobust - 3-eme =12 :m i These are aromatic compounds that contain other atoms in addition to carbon and
st hydrogen. The following examples illustrate how Huckel's rule is applicable to
n = O(an mteger) heterocyelic aromatic compounds

Ciclobut-3=ene =12 - duylium does obey Huckel's rule, kence it is aromatic
(1) 3-Methyl-1/-imidazol-3-ium

(v) Cyclopenta-2.4-dien-1-ylium (Cyclopentadiens cation) nae A e
Ao/
@
@ 3 - Methvl =1- H = imidazol -3 - ium has 6x - electrons
Sodn 4+ 2 =6

n = l{an meger)

Cyelopenta= 2,4 - dien -1 - ylum kas 4z - electrons
3= Methyl =1 = H = imidazol =3 - wm does obey Huckel's rule, hence it is aromatic

4n + 2 =4

1
L ;(non mteger)

Ciclopenta~ 24 - dien~1 - ylium does rot obey Huckel's rule, hence it is anti - aromatic

(V1)  Cyclohepta-2 4 6-trien. | -ylium {Cycluﬁcpmuienc cation)

O
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)} 1.2 and 1 4-Dnin dromynidine "
4 m.
[/\ - Toy”
5 .'/ "
‘ !
2 Tlm‘f"ﬂ.‘"

=it (e whor

Roth 1.2 and 14 Detvdrapyriine lats 85 - dloctrons and contains 9" bbridiced
at 2 and C4 rrspectivels
TR
n = l\‘ﬂlﬂfff"l

parbym  @loms

12 and 14 - Diksdropyridine do 053 Hickel's rule, but C2 and C4 are sp’

hybridiged respectively, hence both ix mor - gromatic

i 1L352.4.0- Trinzatnbornane

1142 A6 - Triasateiborimane har bx = electrons
dy+ 20t
N o= liam integer)
1182 4.6 - Trasamriborinane doet obeyv Huckel's rile, hence it isaromalic.

(v 1 H-Borole

8

£
{
-
U - Borvie has 2 - electrons
dn+ 2 =4
” = -l-
1M -8 Sy
= Howpd,
Ne doey mot obey Hiickel's rule. hemce u
3 isann - gromatic

(v 2.3-[):hmi..'.‘.!-mud.umk

-
|
L]
e~
3' N

.
- -
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3

3 1. Do - 1.2 - thisdiasole has ,,_m(ﬂlh 1 af 83 lone pairt counls as & = electmng)
dn + 2 =8 1

1
g w -(non nteger)
2.1 Dikwdro <123 _ thiandiazole doesnot obev Huchel's rule,

hemce it ixanti = aromatic

(v1) Pyrylium
-‘:m

®

Pyrlium has 67 clectrons(O) e wsing 11 arbital for th
so there are 6 electrons

sor its lone pairs of electrons are not & clectrons,
-~ dn + 2 =6
n o= W non mteger)

Hiic kel s rule, hence i0 1 aromatic.

o electrons in the douhle bond

Pyrylium does ohey

(vir) Pyrrol-1-ide
<

de has b — clectrons(only one of the N's lone pairs counts as ® electrons,

Pyrral =1-1
s0 there are 67 electrans)
L An + 2 =6
n = | (non mteger)

Pyrrol =1 =ide does obey Hickel's rule, hence 1t isaromatic.

Other examples of heterocyche compounds with aromatic character

G o P e e

M
Pyrazine (6) Pynidine (6) Pyrole (6) Juran(e)  Thwphene (6)
dn+ 20 dnel=t dnt2eb dned2=h dne 220
nel nel nel net nel

"-b" O:j O:) J;_?o

1.0 2-annabornle 16)

Imudazale 16) Indude (10) Quinelne (10)
dn+2-6 FIE R (] a2 do + 26
n=l n=2 ne nel

157

Download more atlearnclax.com



™
|
® E
o 6 O X
c.\é/‘ % Pyrrel-lade (6)

- © 1_\‘35\!-”"’“’7“‘“ dn + 2 =g
1 3durnedJ ”"' ol prran=3 vlam (81 g+ 2= n=l
“..l. o2t =l
" .
Gl o
™
» ~ . o]
= ve Au=0 b ..
! g H Y
i s v 240 (6 a1 one (6) h
rdin .;..-..:.r-. anelvt an+176 Pyndin<d( 1 vone 16)
4 -l.t ] n=l nel dn + 2 =8
Nd‘“‘ n=l
L3
[ 0
U NH
.u’h
L] 3 -Femamle (h)
ne+2=t
ol 16
dnt =t 11 anatacychald 4 Hundeca

ol 1187 6 pentacne (104 1-Azatsaaclo]d 4 1 undeca

|
0 -
2= 0 -13.% 7 d-pentacne (10)
a=2 dn+2=10
= n=2
()

AN Pvoan-d-one ()
=
el

Pi (%) molecular orbital theory

This theory explains the reason why a monocyclic compound with six or ten pi (x)
clmr[msln aromatie while a compound wath eight pi (x) electrons is non-aromatic. For
3 molecule 1o be aromatic, it must have all pi () electrons paired, thus idi

. providing the
maximum and complete overlap required for aromatic stabilization. If some m (m)

orbutals are partaally filled (that 1s there are unpaired pi ectrons
\ s 1 (n) el ‘ ing 1
manimum and the compound would not be E:mic .p Gk b evertapping i o

Consider the following examples:

[ Benzene
It contams s p () ekectrons
Benzene has si pi )

three l‘mmﬂi. three bondin;
bo'::;:;“m.m’ are filled 10 ¢ . al]gt]:end ll('w:c antibonding orbitals. The
benzene is aromat, pacity, and Pt(n) electrons are paired, hence

{.— - 158

PR e

it Cyclodecapentaene.

C3

This has ten pi (n) electrons, five bonding and five antibonding orbitals. The five
bonding orbitals are filled to capacity, and all the pi (x) electrons are pared, hence 1t is
aromatic.

wp —
Rt ny — | Anbondng orbsab
- % — |
Gy n, _L n, _L 1
K L L B A p—n
S ,

. Cyclobutadiene: D

This compound has four p orbitals on the ring; overlap of four p orbitals would
result in the four pi (x) molecular orbitals.

& — } Antbondmng orbitals

ey | ® - 00w, -]-]Nou—bmﬂmmm

L
Bordmg orbtab

The ny is fully filled, the remaining two clectrons would be found, onc cach, in the
degenerate 1y and my orbitals. The pi (n) electrons of butadiene would not all be paired,
and the overlapping is not maximum, hence butadienc is not aromatic.

CO

159

(iv)  Naphthalene
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und has ten p-orbitals 02 the ring. Overlays of ten p orbitals woyyg
This compo

result inten pi (%) molecular orbitals
[ P,
m  —  Audoningorbaab
n — 2 —
e . : 7, L. 8
s 4 7 A} Bontngoak
7 A

Naphthalene has ten pi () electrons, five bonding and five anttbonding orbitals The
five bonding orbitals are filled to capacity and all the pi (%) electrons are paired, hence j;

is aromatic.

This compound has eight p orbitals on the ring. Overlap of eight p orbitals would
result in eight pi (=) molecular orbitals.

v Cycloocta 1.3.5.7-tetraene

e —
- o Antbondmg orbtak
7 L R, <l }Non-burd:gmbuk
Energy
L a1, m,
\ y ! Bondeg orbrak

If cyclooctatetraene w :
R ad mbi‘;:’:f;ﬁ::::‘ and had a pi (%) system similar to that in benzene, the
The remaining two would be co:l.n ol et gt ol {x) clccn:nns
. ound, one i X
- PL(®) electrons of cyclooctatetraene woulcdml‘ e SeSROEBE A mad ey kbl The

not be maximal, and hence not all be paired, and :
i the compoun, , and the overlapping would
For aromatic jgns d cannot be aromatic.

160

n n

L X
| m 4 «.L\ IR bl
- L
. 1 Non amonnts

The cyclopentadicnyl anion, with six pi (x) clectrons conforms with (4n + )p
clectrons rule. 1t has three pi () orbitals filled and all the pi (%) clectrons are paired.
The anion is aromatic. The cation, however, has four pi (r) clectrons in the three

orbitals. The pi () electrons would not all be paired, and there would not be maximum
overlap. The cation is not aromatic.

Other examples are:

i Cycloheptatrienyl lons

S 9,

Cychibeptatrem| ewa Cyckhepuatreny caton
» [ Fr— =

i gy v ' } Abontrg

ol el et e e

L 5 L w4 x4

Bonlrg Bonleg

R, R 3 } orbial w-A othtal
Arty gromaic Aromate
(oo arommtx)

The cycloheptatrienyl cation, with six pi (m) electrons conforms with (4n + 2) pi
clectrons rule. It has three pi (=) orbitals filled and all the pi (m) clectrons are paired.

The cycloheptatrienyl cation is aromatic. Cycloheptatrienyl anion is anti-aromatic as
can be scen above.
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Apsimin
Cyclooctatetraene stsell 18 non-aromalic as can be seen from the above
- .

wrtital the dication, comresponding 1o six-clectron system, o Pt (=) rmlw_,a_

btained l“v m\mg e

clectroms from the neutral compound (e, cyclooctatetraene) and
cotresponding o n ten-electron system, obtamed by addm!. two elec < d:.:m-.m_
commpound are aromati ) ectrons to the Deutn|

XL Natural Sources and uses of Wvdrocarbons

fil Petrolewm anmd natural Lay

1. i " i I
e e the In EEsT sources of Yo
| [] | rpest sou s ol h '|,!| L ,.l|1k ns L I\) on of ur g:is v
i I ) “| com; 1l nat anes

greatly depending on e are,
a trem which it 15 ob; | prses
sy depend ) obtuned Th ral g
0 30-90%), ethane (3.20%), Propane (3-18%) and bul:n!:'n:LILil > !
. i t‘

"-".’l‘1"|j'-| "

b 8 complex muxny

a0 vane re of hgquid and so b

W Vanes with the sources The chief ¢ S: ) hydrocarbons, #s Sinpam

h v n!.'i \-x\,r = nent f
. w3 i !n _ H “ = -
iriresy wtinted five-and siv-carbon atoms) al:c“.'ll f:’h“\lium 15 paraffinic
+ 3UCyEle hydrocarbons (called

1 and aromatic hvdrocs
rocarbons. Olefins
el commercial fractions (Table 2 2) absent. Petroleue 15 distilled 1o 2

Dumber of

L ]
‘_ﬂ
"%

Table
Petrolenm Distillation Products
Fraction Temperatur | Compositio Uses
- erange (C) | n
Natural gas <20 |G -G Heating
Light naptha 20-100 | Cy - Cs Organic Solvent
Heavy naphtha 100150 |Gy - Cpy Motor fuel
Kerosene 150-238 | Cy3- Cyo | Domestic fuel, tractors, &
Light gas ol 235.345 | Cpy- Cpe Jerengines, Dicsel tuel
Heavy gas ol {Lubncaimg. Lubncation
{Petroleum jelly | 345 - 565 >Cn Medicine

{Paraffin wax Candles
Reswdue (Bitumen & . >Cq Road constniction and
asphalt) Roofing

(i) Destructive distillation of coal

Hydrocarbons are obtaned by destructive distillation or carhonization of coal
(heating coal in the absence of air) at 1000 - 1300°C to produce coal gas and coul tar
Coal gas contains methane together with smaller amounts of cthane, cthylene,
benzene, tolucne, cyclopentadiene, naphthalene and nonhydrocarbon products such as
hydrogen, ammonia, carbon (1) oxide, hydrogensulphide, hydrogen cyamde,
cyanogen and nitric oxide. The normal iquid or solid hydrocarbons m the coal pas,
i.c. the cyclopentadiene, benzene, toluenc and naphthalene can be recovered The coal
gas is further treated to remove toxic components and then used as a domestic fuel

(Table 2.3)

Table 2.3
Coal Distillation Products

Fraction | Composition Uses
Coal gas | H, CHy, CO, alkene Tuel

Light o1l | Benzene, toluene, xylenes, Solvents, raw materals

naphthalene, cyclopentadiene

Raw matcnals i orgame

Coaltar | Arenes: naphthalene,
chemical and pharmaceutical

anthracene, phenanthrene,
other polycychis, heterocyclic, industnies and punt industry
aromatic nitrogen compounds;
ols
phen Fuel, heating, reducing agent in

fcr:'shleduc) Carbon metallurgy and as decolounzer
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iy I '
. I citrus frunts (le
{ fpof ran I"I‘N‘- trees ar Ton o " H
M it .'lhn l,t-rr.,.m of l-\f”"""mm‘m]’rnh teTPEnes hayiny Fracticy Questions
oy of 0 largt P . ounds (alkatnenes such ag9 o -
p— . hatic comp un “Nasl 6. (nl N
s both 35 ﬂ"f‘ il SRR N z.l o ame the luIlnwm ' Fo“l'ld

the | i iatnene) and moTe ususlly 85 ﬂlﬂf:: [‘; Tlﬁ-l:-;ltpt:;ril rI:cth. Where neccasary “':“P;m lat o) Dem s o
g e 2, 6, G O Cnll; Wierpenes O C-CHCCH=C ety o cn
I|= o . .. :.. the tr-»llmfﬂ’ﬂ"f‘ (—l‘( ¥ nop ' 4 '"T‘Cﬂn_ (1 “”‘h((“C(”‘L"I]C]“‘” ) g

wdrocart INCHNGE . = : L
Caallgg o 1[..' vl P'.ﬂl'-.,“lln "1‘- {“l} {(l'lh'(“‘(]"nﬂ-c!{:. c“]- (“b”Ih

v "Spec M
T
(M) CH=C-C(CHy); CHICH1) CoCit

(v) W, nl

s
e (RINTHY

{\'il) IlC‘BCCllhc_ H
W eiescn
[ & (/I’l‘
(vin)
cu,cu:cla"c- Newcien,
CHCHLCH CH,CH,
(i) i s

CHCHLCILCH, \cu,cu_.m,
(x) CH;CH;—C—CHCHCHOHICH,CHCH, ),
C(CH,ICH,C(CHy),
(x!) (CHy):C=CHCH,C=C-C(CH,);CH=C(C;.),
(xit)  CHy=CH-C(CH,),-CH=C(C;H,);
(xiil) (CHy),C-CH=C(CH,)-C=C-C(CH)y
(b)  Give the structures for the following compounds
(1 Hexa-1,4-diyne
(1)  trans-1-Butylmethylethylene
(ni)  p-Dusopropenylbenzene
(iv)  3-Methylbut-2-ene
(v)  3.3-Dicthylhept-2-enc-1-yne
(vi)  trans-3-Methylpent-2-cne
(vii)  3-Ethyl-2,5-dimethylhex-3-ene
(wiit)  1,5-Dibromopenta-1,4-diene-3-yne
(1x)  2.5-Dichloro-cis-hex-3-ene
(x)  4-Ethyl-6-methyl-(Z)-oct-5-ene-2-yne
(xi)  (E)-1-Isopropyl-1,2-dimethylcthylene
(x11) 6-(rmns—2—Butmyl}-m.tmn.:-undcr:a-z.s-dncnc
2.2 (a) Arrange the following compounds in order of increasing volanhity
CH;(CH)-CHy, CH,-CHy-C(CHy)y, CHy(CH-CH
CHy-CH(CHy)-(CHy)y-CHs. CHi-C(CHy)-CHy-CHy, CH GO -Cll
(b) (i) Propose mechanism for the pyrolysis of n-butanc
(i1) Name all the products formed when butane is nitrated with nitrie
acid in the vapor phase at a temperature range of 400-500°C and
10-15 atmosphere pressures.
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e Structures of all 1e0mers of K formed in the [‘\ilm\,ng
. fraw 1B
{¢) Name and {8
reaction " ' ‘
l!‘_’ K + !ﬂl‘w

CH(CHXCH —gc

9

What 16 the value ofn '

G mple chemical testan cach case by which you could
nvean

distinguwish between
the following pairs of mmpnu:;d:n .

(i) 2-Methylpropanc and Zthtll‘lt;f1 plhu;':'l.,m
) 1.Methylbut-1-€nc and 3-Mc 1}1-] 55
(i -1-M€1ll}vlpmt-I."nr.'and4-.“c ylpen Fm" e

(b)  Inastudy of chlonnation of propanc, ,C1nd Do

formula CI1Cly were isolated

structures’
) What arc thnrpmslblc ‘
:: 1) On further chlonination, A gave only one trichloro product, B gave two

wnchloro products and C can be obtained in an optically active fory

Idenuilfy A, B, Cand D
34 (o) Goethe mechanmsm for the monochlorination of butane.

(b} (1) Give the order for the easc of dehydrochlonnation of alkylchlonde.
(1) With the aid of reaction mechanism, outhne the
dehydrochlonnation of 2-chlom-2-ﬂhyl-3-m_ﬂhyl butane.
() Amange the products formed in b (1) above in order of increasing
stablity. Give reasons for your order.
y (i) Give the order for the ease of dehydration of alcohols.
(11) With the aid of reaction mechanisms, outhne the dehydration of 2,3

dimethylpent-3-ol ' ‘
(i) Armange the products formed in ¢ (it) above in order of increasing stability.

Give reasons for your order.
25 Give the names and structures of the Markovnikov and anti-Markovnikov
products formed when
{1)  CHy-C{Br)=CH-C(CHy); and
(1)  CIC=C-CH(CHy); are allowed to react with the following reagents:
{a}  Hydrogen cyamde
(b)  Hypobromous acid
(¢} Tetraoxosulphate (V) acid followed by hydrolysis.
(di  Hydrogen fluonde AN
(¢)  Ethane
() Propylchlonde.

26 Using Diel-Al
¥ & Diel-Alder reaction, draw the structures of the products of the following

21 (a)

—

il CH’

qu.Cuﬂuu._c":u‘cH” g

CHy

o o
N Cr=tou-coy=oy u —_—
]

il

CH, =Ch=Chmgm, + COME=CICH,).

166

sl CH=CiPnj~Cyr M=Cw,

. Nl "B Cains
LOCHEn,
(1) U'J"‘"’fli:c"‘ 3
N"‘O; —
0,0, CH
(] CH=CH=CH==CiCHy, o CNCN'—L‘);I ‘
=, —

2.7 (a)  Propose schemes for the following conversions

(1) Ethyne to Hex-3-yne

(m)  But-l-yne to Hept-3-ol

(m)  Ethyne to Heptan-2,5-diol-3-yne

(v} Propyne to propanone

(v} But-l-yne to But-2-yne

(b) Give the structure(s) of the produci(s) in cach of the following reactions,
showing any similarities or differences between them.

(1) Pent-2-yne 1s reacted with acidified potassium tetraoxomanganate (V1)

() Pent-2-yne 15 reacted with sodium in hiquid ammonia

(111) When two moles of cthyne are mixed together in the presence of copper
(I) chlonde in acidified ammonium chlonde.

(iv) When four moles of ethyne are mixed together 1 the presence of
dicyanonickel (1) complex in tetrahydrofuran at 65°C and 20

atmospheres.

(v) When two moles of propyne are oxidatively coupled together in the
presence of cuprous salt.

2.8 During the cracking of petroleum, there was abundance producnon of a
compound whose molecular formula is CsHyg.  The compound has si
isomenic structures A, B, C, D, Eand F.

(1) What are their possible structures?

(11) Isomer A is stable to catalytic hydrogenation, B is less stable while Cand D
are casily converted to n-pentane and 2-methylbutane respectively when
heated with hydrogen in the presence of mekel catalyst

(1i1) E exlubits geometnic isomerism while F does not Idenufy A, B, C, D, E and
F.
2.9  Draw and name 2l the structural isomers for the following:
(1)  Cy-alkanes
(1)  Cr-alkenes
(i)  Co-alkynes
(iv)  Cs-cycloalkanes
(v)  Crcycloalkenes
(1iv)  Ci-cycloalkynes
2.10 (a)  Name the following compounds using LUPAC systems:

imi L
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-

v

211
)
(u)
(1)
(1v)
(v)
(v1)
{vu)
(vin)
(ix)
(x)
(x1)
(xu)

e

et 00 & P4
" » @ ™

)

"

L ™

Give the gm:ns for the following compounds.

2.5,8-Tribromobicyclo [3.2.1] oct-3-¢ne
Bicyclo [3.2.1) ;ct-!-cuc

iro [4.5] dec-2-cn¢
iﬂ.d-‘;'rh'gdhylspuu [5.4] dec-2-ene
4,7-Dimethylbicyclo [2.2.2] octanc _
2.3,6,8-Tetramethylspiro [4.3] octa-1,3,5-tnene
1,3.5-Trimethyleyclohept-2-enc
4,5,5,7-Tetrabromobicyclo [2.2.1 ] hept-1-yne
¢15-3,4-Dichlorocyclobutene
trans-2-Chlorocylohexanol
1,3-Dicthylcyclopenta-2,4-diene
3,4,7,8-Tetramethylcycloocta-1,5-diene

.12 (2) Outline the industnal uses of alicyclic hydrocarbons.
(b) Propose schemes for the following conversions:

()  1-Methylcyclopropane to 1-Bromobut-2-cne

()  1-Methylcyclopropane to But-2-ol

() 1,1-Dimethylcyclopropane to 2-Methylbutane

(wv)  Ethylammecyclobutane to Cyclohexene

(v)  1-Methylcyclopropane to But-2-cne

() 1,2-Dimethylcyclohexene to Hexan-1,6-dione

(vi)  Cyclopentene to Penta-1,5-dial

(vin) Cyclohexene to Hexan-1 6-dioic acid

(x)  Cyclohexeneto cis-Cyclohexan-1,2-diol
3,4-Dumethylcyclobutene to trans-Hexa-2,4-di

(x)
113 Name the following aromatic compounds by L.UP.A.C, systems:

cECH

S o™ Q

()

168

.r

()

e cH,
’ hc%" ! H\:ec-ﬂ-.r (LY INEIN
&
H |$
it
CHYOH, O, CHy
(L1]

Ry

O 2 n

)

8 O

2.14 Predict which of the following structures would be c:_;pcctcd to possess
aromatic character, and explain using pi (%) molecular orbital theory the basis

for your choice.

vl
(L]

00 .00

"
- i)

o O ©

il
(EL1] L

215 Give the name and structure of the product(s) of th
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. U ™ oo,
Fsbaet. -,
Mbiy ks
w. o O : q

() Br;FeBry
_—

Ny

L)
fiii) O/: (CH,C0R0 cLecy (.
—_— e f——)
SH
i) U Bry €S, = M
10°C
= =13
[res

OCH,
i O’ H.50, 0,

—_—

CaHy g

ivi) O’ CH,CH-Rr AlBr, (wil) 5‘ -_-v__.- OD‘M

e ?

f‘l’nl.m‘g,’ reaction
[ @ CHEOCTAICT

—
CHNDy O,OGM s O,CH
{wind —

How would you effect the following conversions:
: ; ‘
w

—_—
S S
HiCHO .
] O"
. CHICH

o
-~ 0 - |
~ Lo read~
(a1 O
j:° ty of benzenc.
Criy
(25

2.16

Carts

CaHy

why clectrophilic substitution occurs

(b)  Explain, using resonance theory,
-positions of aniline while 1t

predominantly at the ortho-and para
occurs more at the meta-position of phenylethanone.
hich benzene behaves as @

(c) Give an account of four reactions in W
and two reactions in which it behaves as

|

2.17 (a) Give two evidences in support of the stabihi

saturated compound

unsaturated compound.

(d)  How and under what conditions, does naphthalene reacts with the
following: _
(1) trioxonitrate (V) acid (i) tetraoxosulphate (V1) acid
(i)  bromine (iv) butanoylchloride

(v) chromic (VD) oxide in ethanoic acid
L (vi) sodiumethoxide (vii)  hydrogen. )
(v) Arrange the following alkenes in order of increasing stability, and give reasons
for your order:
Hy CH)(CH;,;C“"CHCH){ CH:"CH[CH;).‘CH!;

CH;CI!*C(CH;)CH:CH:C
{CH;);C*—CHCH;CH:CH;; (C"l}!C-CH=CHCHs; {C"!):C’C(CHﬂCII:CH;;

(CH,);C=CHCH(CHy) and CHyCH:C(CHy)=C(CH): N
2.18 (a)  Proposea reaction scheme by which monobromination of aniline could
170 be achieved. N
(b)  How and under what condition would you expect benzene to react
171
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with
() Ozone (1) OX¥EeE
(c) Compare and contrast the reactions of benzene, toluene ang
et ioluene with potssium tetroxomanganate (VID. (KMz0,) i
acidic solution. .
(d)  Using thallation reaction, show bow to accomplish the following.

£, mu‘
" O — ¢
L]
ErLrOn DAL
() ..—-:—-.
CHLH,
0L OH,
(wr) _.__.-‘
(e
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PART THREE

%

FUNCTIONAL GROUP CHHEMISTRY

Functional groups are groups of atoms
3 or bond

compo unds and which govem the principal chcm'm]::pmmmm :; 3‘:“‘“ or famly of
organic compounds having the same functional group with any mr:nrh':‘ tA d:““'or
differing fmmlthc next by a unit -CHy- is called homologous senies. Be of the senes
common functional groups. gous sencs. Helow are some

TABLE 3.1

Some Common Functional Groups

Homaologous serics General structun! Functional Group
formula
Alkancs Collgpaalnz 1) -
Alkenes CHan22) > (e C
Alkynes Collzaalnz2) -CsC-
Mct_:hols Collzn Ol (n2 1) -ou
Halides CollamX (n2 1) X (X =CLBLLY)
Ehers. ClbaOz) | Dy
Primary amincs C NI (02 1) N
Secondary amines | (il )N 2 1) | e
Tertiary amines (CHa N (02 1) 40
v d C‘“halNOJ mz1) " -
D T CllamSil0z1) | -sH
Thioether (CHg)sS (02 2) “S
Aldchydes C i CHO (02 0) U0
Ketones CollCO0Z2) >C~0
e,
Carboxylic acids €, My COON (02 0) P L
[N ]
Acid (acyl) chlorides | ¢ 11,4 COC 07 1) S l
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Table 3 1 comtd

Homologous senes | General crructural Functional Group
| formula : =t |
Acxd amudes C.HxyCONHxn21) H"&\M
-~
Esters C.HxCOOR(n21) =
(R=alkv] or anl radical) ;c=o
,0
Yo
Azivdndes (CHeCOXO (a2 D) | e
Nitnies CHxiCN(n21) =N

Alanes, 2lkenes and alkynes have been discussed i Part I We will now deal wigy
polar functional groups, some of these have saturated groups, and others are unsaturated.
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