12.8 ISOMERIEM

The phenamenan ol existence of two or mare
compounids possessing the same molecular
formula bul different properties is knoam as
isomerism. Such compounds are called as
isomers, The [ollowing Now char shows
different types of Isoanerksm

12.6.1 Strectutal Isomerism

Compounds having the same molecalar
foroails but differenl struciures (maresrs in
swhich atems are linked) arc classified as

atruciural somers, Some typleal exaniples of
cdifferent types o stractural isamerism ame ghen
b

)] Chain isomerism: Whrn two or moe
eounposruds heve stonfar inolecy o ks bat

CHEMISTHRY

dilferent ciurbon skeletois, theie are referred
te as chain somers and te phenomenon s
termed as chatn semerism. For excample, CH,,
mepiresemnils three coompeanmda:

i

CH,-CHCH,CH,

Isopentans
12-Methylbutane)

l‘."J-I*i'_':I-I:I.'“J-I_‘{"I-I:l'_“I-I‘
Pentane

CH
I

CH — IIZ-- CH,
oH,
Neapenians
12,2 Dot thyd e ]

fii) Position isomerism: When two or more
compounds differ In the positlon of
substituent atom or finetbenal group an the
curhon skelelon, they are called |:|r|.l.'|.il|:||'|
omers and Lhis phenomendn 8 Termed a8
position Isomerism. For example. the
maolecular formula C HO represents two
aleoholks:

E

i
I
CH CH CHLOH CH -CH-CH,
Propan-1-of Fropan-2-ol

fillf Functional group isemerism: Two ar
e corpounds having the saune mobeculag
formuls but different functional groups are
called functional isomers and Lhis
phenomenon s termed as functional group
isameriam, For example, the molecular
lormula E‘_II-I_!]' represerils an abdehyde and &
Ketone:

Isoanerisin
Striiel il Isdiiae sk 4 ETE O S OTTLET e
| | | |
L'I'.Il.!l.l.'l ol sy Funclioougd Bl b TsSi -L'n.'-l:l.ﬂLI‘.nEﬂ -Eﬂlll.h'.li
IslimEeriEn IBMETIETISIE EroLp (BT ey TR IscnETism

IscETiEE L
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(8] 1 whderstanding the reactivily of organie
I | coanpolinids and in planning sirategy for thedr

CH -C-CH_ CH-CH—C=0 synthesia,
Propamsane Fropanal In the llowing seciions, we shall learn

fie) Metamerisam: 8 arises due o differeni alloyl
ehushis an either side of the netional group
in the molecule, For example. C H, O
represenis methoxypropane (CH 0C H ) and
ethoxyethane (O H,0C H ),
12.4.2 Sterealsomerism

The compounds that have the shme
constiluticn and sedquence of covalent bonds
bt differ in relative positions of thetr atoms
ar groups in space are called slereolsomers.
This speclal rpe of somerism |s called as

siercolEgmerisam and can be classificd as
pesametricnd and aptical isemerism

137 FUNDAMENTAL CONCEPTS IN

DRGANIC REACTION MECHANISM
It an organks reaction, the ocgenic modeculs
[also ceferred as a substrale) reacts with an
appropriate attacking reagent and beads to the
kortation of one or more inlermediabe)s] and
frnally produstis)

The general reaction is depicted as follows
Abbieking
Organic i, fror e ——s Product {s|

moleridle I_} Bapeihiein

il

Enibatrale s that reactant whdch supplies
carbaon to the new bored pmad the otber reactand
I= cnlled reagent. I both the reactanis supply
carhbon o the new bond then choles 1S
arbitrary and in (hat case the molecule on
which attention = fecused s called subsiraie,

Im such a reaction a covalent hand
hetween two carbon aloms or o carbson wnd
same nther atom is hroken and a new bond s
forimed. A sequential sccount of each step,
describing detalls of electron movement,
energetics during bond cleavage and bond
formation, and the rotes of transformation
af reactants into products (kinetics) is
referred to a8 reaciion mechanism. The
knowledge of reaction mechantam belps n

somae of the principles thatl explaln how these
reactions take place

12.7.1 Fisslon of a Covaleni Bond

A covalent bond can gei cleaved elther by ¢ i)
heterolytle cleavage, or by i) homalytic

cleavage.

in heterolytic cleavage, the bond breaks
i such & fasbdon that the shared pair of
clecirons rernains with one of the fragmenis.

Aler heterolysds, one ol has 8 sexiet
Flecironie striclure and o positive charge and
the olher, a valence oclel with al leasi one
lone palr and a negalive charge. Thus,
heterolytie clenvigde of bromoomet hane will gve

CH, s Br as shown below.
HC u":.ﬁ: — H,C +Br

A species having a corbon atom possessing
sextext of electrons amdd a positive charge s
cilied o corbocodion learlier called cortsonium
jovt). The H_ fon is known s o methyl cation
ar methyl carboninm kon. Carbocations are
classified as primary, secondary or terilary
depending on whether ane, wo of three
ecarbons are directly attached (o Lthe positively
charged carbon, Some other examples of
carbocations are: CH CH. (othyl cation, s
primary carboeation), {CHJ,CH (sopropyl
cation, a secomdary earbocation), and (CH,),C
ftert-butyl cation. a tertiary carbocallon),
Carbocntbons are highly unstable and reactive
species. Alkyl groups directly attached to the
positively charged carbon stabilise the
carbocations due to inductive and
hyperconjugation eflecis. which you will be
sludving 0 (he sections 12.7.5 and 12.7-9.
The obaerved order of carbocation stababity is:
CH, < CHH, < ICH ) CH < ICH),C These
carbocations have trigoonasl planar shape with
posliively charged carhon belng sp”
hylaridised, Thu.u..ﬂtﬂupuufi‘l-l.,mnyhr
considered as being derived from the overlap
of three equivalent Clsp) hvbridised orbdtals
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with |5 orbital of esch of the three hydrogen
alomia, Each bond may be represented as
Clsp'l-HI15] sigma bond. The remaining
carbon orbital is perpendicular o the
modecular plane and contalns no electrons,

Fig 12.3)

Fig. 12.3 Shoape of methl cotion
The heterolytic cleavage can also give a
species inwhich cartsen gets the shared palr

ol elecirons. For example, when group £
wilipehed o thie carbon leaves wilhiool

¥

2 +
{'H, A » HC: + &

eleaLron pair, the methyl andon !H:-l'.'_] iz

formed. Such a carbon species carrying a
negilive charge on carbon atom s called
carbanire Carbandons are also unstable and
reactive species, The organyc renctions which
proceed through heterolviie bond cleavage are
called lonle or hetaropalar or just polar

rear LGk,

In hemolytic cleavage. one ol the
electrons of the shired patr (s a covalent bond
goes with each of the bonded afoms. Thos, n

homnlytic cleavage, the movermmend of o single
eleciogn lakes place instead ol an electron
padr. The skgle electron movement Is shown
b hall-headed” (fish biook: ~y) curved arrow,
Such rlenvage results in the formation of
neulral apecies |atom or gruup] which
confains an unpalred electron. These species
are called free radicals. Like carbocations
and carbanions. (ree mdicals are also
very reaciive, A homolfle cleavage can be

ahomm as:
~k  Hentof Lighi .
—_— — K + X
Alkyl
free raclical

CliEMESTITT

Alkyl radicals are classifled as primony
sevondany, or leriarg. Alkyl radical sdabilify
increases as we proceed from primary to
terthary:

CH,=CH.,CH, <C H(CH, ) <CCH, ),
Methyl Erbyl beopropyd  Tert-hodyl
i s I [rw
radical  rendicsd risdivil Tambiessl
Organic reactions. which proceed by
homobytic fssion are called free radical or
hesmiopalor or nonpolir reactions.

12.7.42 Nucleophiles and Electrophiles

A reagent thal brings an electron pair is called
& nocleaphile Vo) e nueleons seeking and
the reaction is (en called nucleophilic. A
reagent that takes away an electron pair §5
called electrophile (E°) 1.e.. electiron seeking
i the reaciion is called electrophilic.
Diuiring a polar organic reaclion, a
riiee lenphille atiacks an electrophilie centre of
thie subsirate whilch is st 'Hl'i'l'lﬁ.l" alam or
pari of (he electrophile thol is eleciron
deficient. Simikarly, the electrophibes atteck s
nuclesphilic centre, which is the electron
rich renitre of the subsirate. Thus, the
electrophiles recelve electron palr from
riud lenphile when the taio undergo bonding
tleraction. A curved-arrow notatien is wesed
to show the movement of an electron pair from
the nucleophile to the electrophile, Sone
exnmples al nucleophilea are The :|'.|.|-_g:uII'I.-'-|-I:,I
charged tons with lone pals of electrons such
as hydrostide (HO |, cyanide [(NC) Ens and
carbanions (R.C: ). Neubral molecules such

as 00, RN: RANH ete., can also acl as
nu leophiles due 1o the presence of lane pair

of elecirons. Examples of electrophiles

include earbocalions l.f;HJI and neutral
molecules having funetlonal groups like
carhonyl group {=Cald or alky]l halides
[R__I{"_.J{ whrre X is o halogen alom). The
carbon atem Lo carbocations has sextel
confliguration: henee, it is electron deflcientd
and can receive a pair of clecirons from the
muclenphiles. In peutrml mobkeculkes such as
alkyl halides, due to the polarity of the C-X
boticd @ partial positive charge & generaled
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il the carbon alom and hence the carbon
piom beromes an elecirophilic cenire al
whdeh o nueleophile can atisck.

Problem 12.11

Using curved-armow notation, show the
the ' covalent bonds andergo
heterolytie !

) CH-SCH,, (b} CH,-CN, e} CH,-Cu

Solution
lal nqt.%,q Gl + How,

Problem 12.12 _

Giving justificalion, categorise the
ballowing molecubes fions as nuckeophile
or ebectrophile:

HS', BF,,C,H,07 (CH, |, N:,

CLCHyC = OH,N: . NO,

W’m GO (CH, |, N: HNY

These species have unahared pair af
electrona. which can be donsied and
shared with an electrophde,

Etectrophites: BF, CLOH, -C =GN0,
Reactive sites have _un]; six valence
wnuckeophile.

Problem 12.13

Identify electrophilic centre in the
ellowieong: CH CH=0, CH,CN, CH L
Solution

Ampng CHHC=0, H,CC=N, and
H,C-I. the starred carbon atoms are
clectrophillc centers as they will have

mmm&m pdlﬂ:!'ﬂf
thre bard.

12.7.3 Eleciron Movement in Organic
Roaciloos

The movement of elecirons in organic
reactions can be shown by curved-arrow
mnirlnlion. I ahows how changes o bondlng

e che o elettronbe redistrbuabion duariog
the reaction. To show the change in position
of & padr of electrons, curved armos sturts from
ihe pabng from where an I.'|I'."I.'II'I.1.|:LF.|.I.|.I' = shifled
arud 11 envids of o location to which the pair of
eleciron may move,

Presentation of shilting of electron patr is
hven below ;

£y

i} =¥~ #——Y= [rom = bami 1o
adjpcent bond position

ikl ﬂ — ¥ o Irom 0 hond 10
adpeent wloe
(e =:'} —p =y = fromm @tont [o sdjacent
b st bon
Movemeni ol single cleciron s indicated
by o single barbsed Tsh hooks' (12, hall hesded
curved arrow). For example. in transber of
hydroxide ton giving cthanol and in the
disssisibalion of chloromethane, The meseimenl
al electron using curved arrows can be
deplcted as ullows

i+ -::u.*::-ﬂ'-“:““ o v

KV

O] —= kL, = I;_;I
12.7.4 Electron Displacement Effects in
Covalent Bonods

The clectron displacement in an organic
mnlecule may take ploce cither In the grownd
adite under the Influenee of an alom or a
substituent group or in the presence of an
pppropriaie altacking regient. The elevimon
displacements due to the Influence of
un atom or a substiiuent group present in
the molecule case permanent polardisation
of the bond Inductive elfect and
resdrzinee effects e mmpi-rﬂ oof This tvper of
electron displacements. Temporary electron
displacensent effects are seen in a moleciile
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when a reagenl approaches 1o allack (1 This
tvpe of clectron displacement is called
elecirmmeric effect or polarisability effect. In
L Endleradrg secboms ae widlll lenrm aboa s
types of elecironis ddsplcemenis.

127.8 Indoctive Efferi

When a covalent bond s formed beiween
mioms of different electronegniivity, the
Heciran density i more ioaards the mare
elee lromegative atom ol the bond. Such a shift
of electron density cesubis in a polar covisbeant
bowd. Bond polarity leads (o various electronic
ellects In organde compounids.

Let us congider cholorethane (CH,.CH,Cl
i widch the C-Cl boad is a polar covalent
bond. 1t is polarsed in such a way that the
errbon - 1 gains some posdtive charge (67 and
the chlorine some negative charge (& ). The
fractional electronde charges on the two alosns
in a polar covalent Bomnd are denoted by
sy bl o [delin] and ithe shill of sleciron
denstly ts shown by an arrow that podnis from
& tod end of the polar bord.

53 5 b
CH, s CH el
2 |

Liv [turn carbon-1, which has developed
partial positive charge (8) draws some
eleviron densily toamrds 4 rom the adincent
C-C basd. Consequently, some positive charge
[66') develops on carbon-2 also, where 58
symbolises relatively senaller positive charpe
i1 ﬂ:mtp.llrﬂl to thal on carban - 1, In other
words, the poler C - Cl bond induees polarity
in the adiacent bonds, Such polarsation of
o-bomnd coused by the polarisation of adjacent
a-hiorud Is referred (o s the Inductive effect
This effeel s passed on to the subsequent
bonds also bul the elfect decreases rapicdly
a8 the number of Intervening Boods inereases
et hevoanes vantshingly small afler three
bonds. The Inductive effect & related o the
mhiity of suhstiioed|s) ta efther withdrow or
donate electron density to the attached cartwon
atom. Based on this ability, the substituitents
zan be clossified as electron-usltheireusdng or
ehettron donaiing greapes relative to hydmgen
Halogens and many other groups such as

CHEMISTRY

nitro |- NO_J. eyano [- CN), carbaxy (- COOH),
ester |-COOR). arylesxy (~0Ar, e — DC_H ),
ele, are electron-withdrawing groups. On the
ather hand, the alkyl groups Hke methyl
[--E'F-[II and ethyl I—E'I:I:-l.'.'l-l,_'} are tsually
considered as electron denating groups.

Hﬂllmﬂ

Iﬂnnt’ mibecles: h;lﬂ.::-H. H,CBr
:_l"ll' Eﬂu H.C-OH  (c) H,C-OH.

hl'.' !a-_ e RN
than H. (b} C-0, (¢} C-O

Problem 12.15

Iy whileh C-C bond of the
hhtﬂu:ﬂhﬂhw mh the
.'Illlth
Magnitude of inductive effeet diminishes
n= the number of intervening bonds
nereases. Hence, (he effect is leant in the

12.7.8 Fesanance Stracture

There are many organic molecules whose
Beligviour cannol be explidned by a single
Lewis siruciure, An example is thal of
bengene. Its cyclic structure
contuntng alternating C-C single @
and C=C double bonds shown is
inadeguate lor explaining ils Heneene
charscteristic properiies.

As per Lhe above represeniation. beneene
shoiald exhiliil two different bord kengths, dise
to < sirgitle mne] C=C dowhle honds. However,
as determined experimentally benizene has a
uniform C-C bond distances of 139 pm. a
value Intertiediate between the C-C
singlel 154 pm) and C=C doubke (134 pan)
benicks: Thus, the sirociure of benzens canmol
be represented adequately by the above
struciure. Furither. benzene can be
represenied equally well by the energetically
identical structures [ and 11
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B H
i 8 | 5
P
O —
i | H i
I I

Therelore, according to the resonance theory
iUnit 41 the aetonl structiure of hengene
cannot be adeguately represented by any of
ihese stmuciures, rather 1 s a hvbicid al the
iwin slruciures [ and ) slled resonmnce
siruciures, The resonance structures
{canonical structures or contributing
structures) are hypothetical and
individually do not represent any real
maolecals. They coniribuie o (he aclual
structure in proportion to thedr stabiliny.

Another example of resonance is provided
by nliromelbane lEII_‘HUFI' which can be
represciled by fwe Lewis stroctures, (1 and
1), There are two types of N-O bonds in these
structures.

CH, =N 2 i

t_ s - EH.-'H%
| n &7

However. it is known that the two N-O
bonds of nitromethane are of the same
lengih (intermediate between a N-O single
bond and a N=0 double bond]. The actual
siructare of nltromethane i therefore a
resonance hybrid of the two canonical
farms 1 and 11

Thie energy ol actunl sirucbore ol the
malecule the resonnnce hvbeid)] is lower than
that of any of the canonical structures, The
difference i energy between the actual
straciure and the lowesl energy resahance
alructure 5 called the resonance
stabilisation energy or simply the
resonance energy The more the number of
impartant contributing stractores,  Lhe more
is the resonance energy. Resonance is
particularly fmportant when the contribating
alructures are egudvalent in energy.

The fellerorng rules are applied whide writing
reamnnee slirieinnes:

The resarance structures bave [If the same
Jrwdlicmi ol el mned ) Uhe s mamber of

unpaired electrons, Among the resonance
slruciures, the ane which has more gumlbses

ol covalent bonds. all the atoms with octet of
t¢lectrons [except hyvdrogen which has a

duplet), less separation of opposite charges,
la negative charge il any onm more
electronegative atom, & positive change If any
an more eleciropositive alom) and more

disprersal of churge. s more stabile than otisers

Problem 12.16 _
Write resonance structures of CH,CDO
and show the movemeni of clectrons by
curved arrows,

Solution

Firsl, write the structure and put

unshared pairs of valence clectrons on
oie ol o Heme msoving the clectrons o get

CH,= r:'u:g*u #-E"H,-—F-HH-‘I.?—H
I i

!i'_r
e ICH~ CH™C —H

o
_ Stabilsty: | = 0> 101
[: Most stalile. more number of covalent
batuda, ench carbyon ond axyvgen alom b
an octel and to separition of opposiie
charge 1 negative charge on more
on more alam; I does
not contribule as oxvgen has positive
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Problem 12.18
:Imﬂl umhﬂ*um
hmﬂiﬂlmﬂﬂm

m.—é—ﬁ—w-—- M.-L-

'ﬂhtlh--

"'I'ht’twitmmnmm less fmportant
coniributors as they involve charge
separntion. Additionally, structure 1
‘contains a carbon atom with an
Mﬂ#ﬂﬂlﬁﬂﬂ-

1. 7.7 Resonance Effect

The resonnndee effect is defined as The poluriy
produced in e molecule by the fleractbon
al two f-bonds or between a f-bond and lone
pair of electrons present on an adjacent atom’,
The effect s tansmitied through the chadn,

There are wo [ypes ol resonance or
mesiurierie effecl designaled as R or M ellecl

{1} Puwitlve Resonance Effoct (+R affecd
In this ellect, the trnsber of clectrons s away

[rom an atom or substituent group sttached
b the conjusated system. This eleciron
displacement makes certaln positions in the
miclecule of high ebeciton densities, This effiect
i anilioe is shown as

CNM,

O)—

LA

fii] Negative Aesononce Effect |- B effect)

This elfect (s observed when the transfer al
Elecirens is lowands the atom or substiiuer
grong il ine hied to the rmjl.:ga.l-:'-:l l.!."::lnn. For

MH, NH,

exapmple in niirohengene (his eleciron
Hsplacement can be depicled as ;
,:F' ¥ .-“ P

& d—m

CE RO TR

The aloans or substiloenl goops, aich
repredent +1 or -R eleciron displacement
efferts are as ollows
¢} ellecl: - halogen, -0OH, -0OR, ~OCOR HI-II_
-NHR. -NR,. -NHCOR

R effect: - CO0OH, -CHO, 2C=0, - CN, -NO,

The presence of alternate single and
deuble bonds In an open chain or eyclic
system Is termed as a conjugsted system
These systems often show abnormal
bebowvioir. The cacnnples are 13- batadiene,
arvitirve and nitrobensene ete. i such systems.
thye 2-electrons are delocalised and the system

develops polarity
1Z.7.8 Electromeric Ellect [E effectl
[i 1= a lemponrary effeci. The organic

comngunds aving a multiple bond (o double
or triple botd} steow this ellect in the presemce
of an sttacking reagent onby. 1 is dellned as
the complete transier of a shared pair of
n-electrons 1o one of the atoms jolned by a
mruliiple bond on the demand of an aitadcking
reagent. The effect is annulled as soon as the
attacking reagent is removed from the domatin
al the reaction. 11 is represented by E and the
shilting of the elecirons is ahovm by a ouarved
arrow |7 W), There are two distinet types of
dlectromeric effect.

[} Positive Eeleiromeric Effect +E effect) In
this effect the z-electmns of the multiple boned
are ransferred (o thal atom Lo which the
reagent gels altached. For example :

- & Jr‘-[lzr:.':+H—|r e

ENLLESR S ] |
reageril) H

it} Negatihve Electromeric Effect (-E elfect) In
this ellect the ® - clectrons of the multiple
bond are transferred (o that atom (o which
the attacking reagent doss not et attached
Far exnmple:

*C=CZ+ CN —> :-:lz-E::
Eattme king
reaenl CN
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When inductive and cleciromeric cflects
operaie in epposite directions, the electomenic
cllect predominates

12.7.9 Hypercon|ugatiun

Hypercomnjugniton Is a genernl stabilbsing
imteracton. 1 involves delocalisafion of
a electrons of C—H bond of an allyl group
cireetly attached (o an atom of unsatummied
system oo (o an alom with an unshared
p orbilal, The @ electrons of C—H bord of the

alkyl group enter nfo partial conjugation with
the attached ansaturated system or with the
unahared p orbital, Hyperconjugation is a

permanent ellect,
To uncderstand hyperconjugition eflect, ket

us take m example of CH, CH, iethy] cation)
in which the positively charged carbon atom
b i emiply porbital. One of the C-H bonds
of the methyl group can align in the plane of
this empty p orbital and the elecirons
constiluting the C-H bond in platie with this
p ortiftal can then be delocalised o the
empty porbital as depleted i Fig. 12,4 [a)
I'I'rlr-rr-1|l1.||hll1-ﬂ|

ﬁ
-

i ek
Fig. 134fa) Orbitol dioggram  showing
Faugpwerrrayuupention im e thyl cesion

This wwpe of overlap stabilises the
cariec atlon becasse electron density from the
adjacent o bond helps in dispersing the

pomithve charge. r
H 11 H H
| I
H— -If— [i! e H— ?;-.-If
H H H H

H

H

« | | i ')
=+ H C=C&+ H-C=
h

In general. greaier ibe number of alkyl
groups alinebed Lo o poesitively charped carbson

alom, the greater is the hyperconjugation
interaction and stabilisation of the catlon.

This. we have the followtng relative stability
of carbocuthons

CH,
L Y # #
CH,=- 'I: >ACHICH > CH O > CH,

CH,
Hyperconjugation I8 alse possible in
alkenes and alkylarenes,
Delocalisation of elecirons by
ugation in the case of alkene can

ypereon|
be depieted as tn Fie 12,400,

Fig. Id.4 Cirbitnl disgram sbowing
P e rroR | iian i propene
There are varbous wivs of beoking ot the
hyperconjugstive effect, One of the way is o

regurd C—H borsd as possessing partial longe
chamcter due (o resonance

'y
i ﬁ:=E-E—HH
) =
i |I| EtI
H=C=C-— C—H+>



