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Reactive Intermediates in Organic Chemistry:

Reactive intermediates (RI/1): A molecular entity / chemical species with a lifetime appreciably longer than a molecular vibration (which typically takes ~ 10*(-10) s)
that is formed (directly or indirectly) from the reactants and reacts further to give (either directly or indirectly) the products of a chemical

reaction.

A typical RI in organic chemistry involves a carbon which either does not have the requisite four bonds or the full complement of eight electrons. The most
common RiIs are of four types: Carbocations, Carbanions, Free radicals and Carbenes. These are represented as:

R R R .
@C @C
R™°R R™"R R/C':\R R/C\R
carbocation carbanion free radical carbene
No. of elelctrons
around carbon: 6 8 7 6
Nature: electrophilic nucleophilic nucleophilic / nucleophilic /
electrophilic electrophilic

(depends on R) (depends on R)

Let us one by one discuss the structural features, relative stabilities, ways of generation and some common reaction pathways of these Rls.

Carbocations: Earlier, the positively charged intermediate which we now refer to-as carbocation was called the "carbonium ion".

H H
It is a misnomer, as "-onium" generally refers to a covalence higherthan that of the neutral atom. For example, \N' (')@
in ammonium ion the nitrogen atom is quadravalent and has a complete octet while, in general, N is trivalent. H™ H H ™ "H
Similarly we have oxonium ions. ammonium oxonium

In this sense, carbonium should be R5C@

These species are found, although very rarely. Much more common is another variation where C has venacy 3, instead of general quadravency.

For example, the R3;C*, as drawn above. The trivalent, e'deficient carbocation is called the carbenium ion. In general, when we refer to
carbocation, we mean this more common R;C* species.

rRR ©
R NI
@) LC-R
R R R

carbenium-ion,

central C is tricoordinated and hypovalent,
has 6 valence electrons around it
structure can adequately be described by
two-electron two-centre bonds only.

carbonium ion,

central C is pentacoordinated and hypervalent,
has 8 valence electrons around it

structure cannot adequately be described by
two-electron two-centre bonds only.
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Reactive Intermediates in Organic Chemistry:

Structure and classification of carbocations:

R
®
’C.
R R

Sextet of electrons
with three attached
groups

implies: electrophilic nature

A] Classification depending upon the number
of carbons attached to the positively charged
carbon:

No. of cabons attached

to +vely charged C:

B ] If the carbon bearing the positive charge is immediately adjacent

to a carbon-carbon double bond, the carbocation is called an-allylic I
carbocation. The simplest case (when all R = H) is known as the

allyl carbocation:

C] If the cationic carbon is immediately adjacent to a benzene ring,
the carbocation is termed as benzylic carbocation. The simplest case

is the benzyl carbocation.

R, ® R'/,O@_D
_C—R R
R R . X
Trigonal planar sp? hybridised
geometry
p, orbital is vacant
sp? hybridisation  c-bonds formed using the
sp? hybrid AOs in XY plane
@®H @ H ® CHs CHgs
H-C, H3C—C, H3C-C H3C—C
H H H CH;
Methyl carbocation 1° carboeation 2° carbocation 3° carbocation
No C-C* Bond One C-C* Bond Two C-C* Bond Three C-C* Bond
(ethyl cation, (isopropyl cation, (tert-butyl cation,
primary) secondary) tertiary)
0 1 2 3
. HoH
® Cy..C®
R/C\\(F/C\R H/ \CI:/ \H
R H

allylic carbocation

This is also a tertiary carbocation.

L

benzylic carbocation
This is also a tertiary carbocation.
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allyl carbocation

This is also a primary carbocation.

e H
&
H

benzyl carbocation

This is also a primary carbocation.
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Reactive Intermediates in Organic Chemistry:

Structure and classification of carbocations:

R H
D] If the carbon bearing the positive charge is part of an alkene, \C:%)—R \C:g)—H
the carbocation is a vinylic carbocation. The simplest case is the R/ H/
vinyl carbocation.

vinylic carbocation vinyl carbocation
This is also a secondary carbocation. This is alsoa primary carbocation.
Note that in this case the positively charged carbon atom has only R l Z
two groups attached to it and is linear in shape. >%@R
L S R

This indicates an sp hybridization. This 7-bond is made with p, orbital \ X
The carbon has one vacant p orbital. the o-bonds are along the XZ plané p2 orbital y

The sp hybrid orbitals are made using the p, orbital

E] If the carbon bearing the positive charge is part of a benzene ring, 7\
the carbocation is termed as an aryl carbocation. The simplest case R/— ® ®
is called the phenyl carbocation.
aryl carbocation phenyl carbocation
The positively charged carbon is sp? hybridised and one of the both secondary carbocations
sp? hybrid orbitals is vacant. The p, orbital is used.to form the n-bond formed 7

n-bond with the adjacent ring carbon. b/w p, orbitals 8@
@

These two orbitals are orthogonal, so they do not overlap with

each other. _ sp? orbital
S/ p, orbital (part of t-bond) Y

N

sp? orbital (in the XY plane)
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Reactive Intermediates in Organic Chemistry:

Stability of carbocations: Factors responsible:

A] Inductive and field effect:
3 © carbocation, 2 ° carbocation, 1° carbocation

Among the simple alkyl carbocations, the order of stability is:
stability decreases

The increasing stability with increase in the number of alkyl substituents can be explained on the basis of inductive and field-effect. Recall that inductive
effect is the electron displacement mechanism operating through sigma bond while field effect operates through space. Alkyl groups are inductively ER in

nature (+| effect) and at the same time they are quite polarisable which helps in stabilizing a neighbouring charge.

CH CH

@H @ H @ " ok
H-C HsC~C, HsC~C HaC~C,

H H H CH,

Methyl carbocation  1° carbocation 2° carbocation . -3° carbocation

with the increasing number of alkyl groups electron-donating
inductive and field effect increases, i.e. stability increases;
delocalisation of positive charge will stabilise the carbocation;
greater the delocalisation, greater is the stbility

B] Hyperconjugation:
If the positively charged carbon centre of a carbocation has an adjacent saturated carbon (C,) with C-H bond(s), it can delocalize its charge through

hyperconjugation. In resonance description, we have the following canonical forms:

\ /H \ H@ hyperconjugation (also known as the "no-bond resonance") 4

/C\@/ _Cspr helps in delocalising the positive charge and hence ;
(|3 - C stabilises the carbocation. Greater the number of such > J e Cap
| hypercojugative Hs, greater the stability. 8
C(x L lll ’/I
Cop E

In MO Ferms, th|sf is transfel" of e density from the . 7’C-H o C-H G‘H’\\\ ; stabilisation
C,-H sigma MO into the adjacent vacant p orbital: “ 4{_ ________

e-pair is lowered in energy,
overlap is stabilising in nature
Page 4
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Reactive Intermediates in Organic Chemistry:

Stability of carbocations: Factors responsible:

B] Hyperconjugation (contd.): Greater the number of such hypercojugative Hs, greater the stability.

®
H ot H™ H oH H H H
H-C-C <—= H-C=C_ =—= "H =€ <~—— H-C=C
H H H H H H H® H

For primary ethyl carbocation only three canonical forms are possible

For tertiary-butyl carbocation nine canonical forms are possible

For a secondary carbocation like isopropyl cation, six canonical forms are possible..(try!)

Based upon this analysis done above, we can say:

Study Guide to Organic Chemistry, Vol. 1, - Saha, et al., ISBN 978-8192669564

® H H
H @CHs H™  CHs CHy ,C—H
H-C-C ~<—— H-C=C <~——>= HyC-C, == HC-C = etc.
H  CH, H  CH, C—H CHj
H H®

What is a hyperconjugative H?

H on the carbon that is adjacent to the positively
charged carbon. Any H that is directly attached
to the carbon carrying the positive charge is

not the hyperconjugative H.

H H

A4

H\ /C—H
H;’C_G%H
The blue Hs can take part in hyperconjugation
The red H cannot take part in hyperconjugation

Methyl cation does not have any H ® /H
that can take part in hyperconjugation: H—C
methyl cation primary secondary tertiary H
)H\ jl\ )H\ )C\H?’ orthogonal to
H®OH H ® CHj, HaC ® CHy . HyC @ CH;, c each other
2p
No. of Cop
hyperconjugative H: 0 3 6 9 R "}w) C-Ho '}%)O C-Ho
stability increases _ .
This is the same trend as observed when we discussed inductive effect. C-Hoand Cyp orbltalls parallel No over!ap possible
- over|ap poss|b|e b/w orbitals shown
Recall that we've already seen hyperconjugation in alkenes:
H H@ ® Homework:
C QC C C:H H\ @/CHS H /CH3 Identify the following carbocations as
@ ’ H H—/C—C\ - H—/C:C\ primary/secondary/tertiary and count the number of
H Q H o \H H CH, H CH4 hyperconjugative Hs
. . @
This is an example of 'heterovalent' or 'sacrificial In contrast, the hyperconjugation \/\ \)\/ @ Ph—CH,
hyperconjugation’, so named because the contributing zee” in carbocations is called isovalent Ph™
structures contains one two-electron bond /ess than eperconjugation. @
the normal Lewis formula ZCH, \/\@/
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Reactive Intermediates in Organic Chemistry:

Stability of carbocations: Factors responsible:

Study Guide to Organic Chemistry, Vol. 1, - Saha, et al., ISBN 978-8192669564

C] Resonance / conjugation: Delocalization of positive charge is very effective when it is in conjugation with an olefenic double bond. Case in point is

the allylic and benzylic carbocation:

|
ol | e c®
et At o= — gt
I I
Positive charge is delocalised over three atoms Positive charge is delocalised over the benzene ring
instead of being localized over one
l®
Greater the conjugation, higher is the stability: ©/C\
N T A e OTNTN @ @
divinylmethyl carbocation ) . .
aryl cation diarylmethyl cation triarylmethyl cation
As discussed earlier, a cyclopropyl group adjacent to a positively Stability increases
charged carbon can delocalise the charge, by conjugation using @\@ /@
the bent C-C bond orbitals: To minimize the steric congestion among the C
phenyl groups, triphenylmethyl cation (aka the
bent C-C bond - partly, trityl cation) develops a propeller-twist,
2 sidewise overlagyiplies This twisted shape implies loss of conjugation
some n-character to some extent.
The other structural feature which stabilizes a carbocation
is the presence of a heteroatom with unshared pair of
H H electrons adjacent to the carbon bearing the positive charge.
HG HO \@ .. ®

H ® ®
D—C\H |>—C\H >

stability increases

\
/C—_QR<—> /C:QR Canonical forms 1,1V, VI and VIII, inspite of having a

| I positive charge on the electronegative oxygen atom, is

® more stable because in this canonical each element
—C=Q =—> —C=Q® hasan octet.
M v
\®.. ® \@.. \ @
C—NR, =——> C=NR, C—-F -~—> (C=F:
/ /
v vi vii VIl
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Reactive Intermediates in Organic Chemistry:

Stability of carbocations: Factors responsible: H ® H
H ©
D] Aromaticity: Cyclopropene is reported to undergo facile hydride exchange j><H + PhsC j%H +  PhsCH
with triphenylmethyl cation: H H

The cyclopropenyl cation is more stable than the trityl cation. This unusually high stability of cyclopropenyl cation is a result of its aromaticity, i.e. its bonding MOs

being completely occupied.

Ph The triphenyl derivative of tricyclopropylcyclopropenyl cation
Ph cyclopropenyl cation has also ® among the most stable carbocations
been synthesized and is found known, capable of existence even in
Ph to be relatively stable. water.

On the other hand, the cyclopentadieny! cation Proof of instability:

contains 4n-electrons:

Do

AgCIOy4 in

& tricycloprpyl dev. of
tropylium cation -

which is itself aromatic.

. solvolysed

O

This is antiaromatic and hence very difficult to form.

propionic acid

AgCIOy4 in

> Agl| +
g ¢ product

[0y

but, E>7I

2
sp
o

E] The two rather unstable carbocations:

sp
o2 @
C=C—H 1
/ =
H

vinyl cabocation aryl cabocation

the e-deficient, positively charged carbon is the e-deficient, positively charged carbon is

sp hybridised; recall that sp carbon is'more
electronegative than sp2ones, and less able
to support the positive charge

unlike the p-orbital common to trigonal planar
carbocations. It is better for a cation to have a
vacant p orbital rather a vacant sp2orbital as

the latter has 33% s-character.

H H

v O
C=C-H is less stable than

H
vinyl, primary

\ @
L£=C-CHs

H
vinyl, secondary
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propionic acid

sp2hybridised; but the vacant orbital is one sp2

Agl¢+

[y

In addition, the positive charge bearing carbon

in a vinyl and in an aryl cation is attached to one and
two sp2 carbons repectively. These sp2carbons are
more electronegative than sp3. The inductive EW
effect of these further destabilise the vinylic and aryl

carbocations. sp?
H ) ﬂ
sp? = C=C—H XY@
H = &S

Sp2

Comapre these with:

3
Sp |
N o
donates e via +l and H3C
hyperconjugation
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Reactive Intermediates in Organic Chemistry: Study Guide to Organic Chemistry, Vol. 1, - Saha, et al., ISBN 978-8192669564

Stability of carbocations: Factors responsible:
E] Aryl carbocation versus benzyl carbocation (contd.): can overlap
¥\
. cannot overla
Note carefully, aryl cation cannot enjoy any resonance ®$’\, p
stabilisation from the aryl ring, unlike the benzylic 0
carbocation:

benzylic carbocation aryl carbocation

Any hereoatom-based substituent that we put on the aryl ring, it can act as a +R ER group for benzyl cation if placed at the appropriate position, but
for the aryl cation it will always act as an -I EW group as it cannot show its +R effect.

The OMe can operate through both \L showing +R \Lcan overlap cannot The OMe can operate only through
the sigma and the pi network of the

v
L ] “ 9 overlap the sigma network of the benzene
benzene ring; through the sigma Me8 Meg@ ring and shows only the -I effect.
network it is -1 but through pi it is +R. showing -| ) OMe has a destabilising influence
OMe has a stabilising influence here benzylic carbocation aryl carbocation here

cannot show +R effect

F] Carbocation at the bridgehead: Strain

Tricoordinated, positively charged carbon in the carbocation has to be planar. This is difficult to achieve in the bridgehead positions in the following systems.
As the system becomes more flexible, the carbocations at the bridghead becomes somewhat more stable (relative to more rigid bridgehead cations)

@ ® ® ® @ @ HH @

redraw i
: Me@ Me is much more None of the C-H o MOs are
p Me stable than H parallel to the vacant orbital;

/_> @H no hyperconjugation possible
bridgehead becomes more flexible, vacant p orbital vacant sp orbital
carbocation stability increases and

As the rings become more flexible (less rigid) the bridgehead carbon H—4H None of the C-H o MOs are
can become a little bit flatter. Consequently, it can handle the positive H parallel to the vacant orbital;
charge a little bit better. Note that all carbocations are tertiary but their \_> ® no hyperconjugation possible

stability differs widely. H
Page 8
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Reactive Intermediates in Organic Chemistry:

Stability of carbocations: Comparing the relative stability - a few case studies

1) @\A
= g)Hz is more stable than Me\/\@

CH,

®
Z CH2 @\ = N

allylic as well as benzylic conjugation possible

Me\/\g_b -~ Me\@/\ only allylic conjugation possible

@H\ secondary, stabilised by +l.effect of two methyls,
H H HsC~ “CHs also six hyperconjugative-Hs
o ol
) H,c” >cH, ismorestablethan o7 gy, H
@\ secondary, stabilised by +| effect of only one methyl,
F5C CH; also only three hyperconjugative Hs; destabilised
by strong -l effect of electronegative, EW CF3 group
: 6Me . ® " O Me6
. MeO e - X
1) MeQ\/\@ is more stable than © "\/\CHz PN O
CH, CH, ®
allylic conjugation as well as stabilisation by OMe
Example of another cross-conjugated system: P ' only allylic conjugation, OMe cannot stabilise the
2-phenylallyl *OMe OMe ; . :
® ® (+) charge - in fact, the C=C is cross-conjugated,
® ® ® o CH, H,C so its effectiveness in delocalising the (+) charge is
H,C. _CH, H,Cs CH, H,C. _CH, also lesser than it normally is.
¢ % ¢ . ‘@OM Cross-conjugation implies that the C=C is conjuagted
® : OMe @' 5 with both OMe and and the cationic centre (®CH,) but
- ® H CJ\CH OMe is not conjugated with @ CH,).
CHy 2% 2 This is unlike linear conjugation where OMe is
conjugated with®CH,, via the intervening C=C
® O o) @jj\
V) nH.c is more stable than H.c H,C primary, but (+) charge away from EW CO,Et group
2 \)J\OEt 3O Ny OEt
H 0
H,C. @ secondary, but (+) charge right next to the EW CO,Et group which
OEt  shows -l and -R effect.

Study Guide to Organic Chemistry, Vol. 1, - Saha, et al., ISBN 978-8192669564
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Reactive Intermediates in Organic Chemistry:

Stability of carbocations: Comparing the relative stability - a few case studies

V) HsC H3C
® cH, < >@_>CH3 . ®
H3C
All tertiary carbocations, yet stability different Ha
® N ® ®
Vi) E}CHz < QCHS ) QCHs CHa
. . ®
primary secondary tertiary
on
oo
H ®
>=—CH
Vll) I>@)_CH3 < >@CH3 < I>G)_CH3 &
H5;C H
e,
H3C

@
..>—CH3 is more stable than

VIl [
Q

Both carbocations benefit from heteroatom conjugation, but conjugation
between C(2p) and O(2p) is more effective than between C(2p) an S(3p)
- due to orbital size mismatch in the latter case

[§>@CH3

S
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internal C-C-C angle only 108 deg, instead of ideal 120 deg
for sp2hybridised carbon; suffers from angle strain,
destabilised;

no angle strain, but no benzylic conjugation either

H1C
HsC C

S}

stabilised by benzylic conjugation,
free from angle strain, most stable
of the lot

only one alkyl substituent offers +I effect, one hypercojugative H

two alkyl substituents offer +I effect, three hypercojugative Hs

three alkyl substituents offer +| effect, seven hypercojugative Hs

internal C-C-C angle only 60 deg, instead of ideal 120 deg for sp2
hybridised carbon; suffers from large angle strain, destabilised;
least stable of the lot even though tertiary

secondary but free of angle strain
tertiary, there is angle strain, but the 3-membered ring is
aromatic, (2 m-electrons, 4n+2, n=0), most stable
o®
E,,\>—CH3 is more effective than
0

s®
[..\>_CH3
)
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Reactive Intermediates in Organic Chemistry:

Stability of carbocations: Comparing the relative stability - a few case studies octet filled for all
1X) OMe OMe :OMe ‘OMe ‘OMe
H ) H H ® H
NO, Ismore ® NO, NO, NO,
stable than -~ -~
® H ® ®
NO
2 OMe stabilises carbocation - more effective delocalisation of (+)-charge
OMe OMe OMe
® ® The (+) charge cannot be placed at
-~ - the C adjacent to OMe; cation cannot
H H H  benefit from conjugation with hetroatom
NO, NO, ® NO, (+R effect of OMe is not manifest)
H is more lTI H 1® 2@ tricoordinated, trivalent C; no usual stabilising feature but carbon does not show
X) HJ@H stable than H_!{H H ~ H hypervancy or hypercoordination,
H ]
methyl cation @ ®
H H pentacoordinated, pentavalent C, can be considered as the protonated methane
",'\:,Q H\C';/H (conjugate acid of methane)*
H I—ﬁ H H very unstable as carbon shows hypervalency * generation of mathanium:
methanium ion carbonium (specifically methanium ion) ®
- a non-classical carbocation, complete H H HF, SbFs H H H
. . . . —_— NAC
description using only 2¢c-2e bond not possible. H H by
v. strong acid
® ®
CHs CH, . . :
X1) < )@ < )Q/\ bridgehead cannot accomodate planarity, cation unstable
H3C™ ' CHjy H5;C CH;
All are tertiary carbocations, yet stability different j:\H3 tertiary carbocation, nine hyperconjugative H, three methyl groups’
HsC CHs +| effect
G ™ o tert Il as allylic stabilisati
® ertiary as well as allylic stabilisation,
H3C)\/ACH3 H3CMCH3 most stable of the lot
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Reactive Intermediates in Organic Chemistry:
Generation and fate of carbocations:

Generation:

A] via heterolysis of from alkyl halides: >Z{Cﬁ

carbon-heteroatom bond:

)Q ©) carbocation formation is facilitated by
+ Cl polar, ionising solvent

This is the first step of unimolecular nucleophilic substitution and elimination (Sy1 and E1) reactions

F0° ® . )™ | y
from acyl halides: - —C=0 = > —Cz=0® anacylium ion - carbocation stabilised
Y )J\/(Sl\r - by oxygen lone pair
alternative representation: 91 = ® ...
' — > —C=0 —C=0
h Q

H
B] via protonation of carbon-carbon and /or H()? ) first step of
carbon-heteroatom multiple bond: > * X electrophilic addition to C=C
>:b/\ HQ @ -é/H >:%H an oxocarbenium ion -
bt ﬁ» ~ e carbocation stabilised

by oxygen lone pair

alternative representation: >:Q f» Q
©

(0]

C] via reaction of carbon-carbon 0O=N=0 H nitronium ion is the electrophile here
multiple bond with an electrophile:

first step of aromatic electrophilic substitution

®
H92+ ©) Hg . . .
-~ —C:< Hg(ll) ion is the electrophile here

Study Guide to Organic Chemistry, Vol. 1, - Saha, et al., ISBN 978-8192669564 Page 12




Reactive Intermediates in Organic Chemistry:

Generation and fate of carbocations:

Fate:
This is a nucleophilic substitution reaction,

A] Capture by a nucleophile: Example-1 >< HCI, shaken >< OH is the displaced by chloride.
OH Cl

More exactly, Sy1 reaction, substitution, nucleophilic, unimolecular
The reaction is believed to t-butanol t-butyl chloride

proceed in the following way:

/—\ ‘(C\ - H0 r/\m@
OH H@ | } >@H2 Q@ )@ ©) ><CI
S)

+ Cl

@ protonation, t-butanol acting as a base

@ loss of water, generation of carbocation;
C-O bond breaks

@ nucleophilic capture of the carbocation,

Questions: Why does the OH not leave directly? Why do we need to protonate it? chloride ion as nucleophile; C-Cl bond forms

Answers will be found later.

Example-2 H H,S0,, H,0, heat H H This.is an addition reaction, the elements of water (H, OH from H-OH) are
Me\%\Me ~  Me Me added across the C=C, we get an alcohol. This the hydration (adding the
components of water into a molecule) of alkene to an alcohol.
H H OH
(E)-but-2-ene butan-2-ol
0.0 /_\
H ,\\S//\ H H redraw Ly H,Q H |
Me _@A,Me e e @ Me Me + Q@
Me @ Me Me @ a9y
H ® H H H OH
+ P
0> oH
@ protonation, the alkene acting as a base, generation of carbocation;
The reaction starts with an addition of a proton to one of the olefinic C=C bond breaks, O-H bond breaks, C-H bond forms
carbon, As proton can be considered to be an electrophile, we can say @ nucleophilic capture of the carbocation, water as nucleophile;
that this addition starts off by adding an electrophile (proton) to the C=C. C-0 bond forms
So we call this addition reaction an electrophilic addition. Note that if the ] ]
proton is considered as an electrophile, the C=C is the nucleophile in the @ deprotonation, water acting as a base;
first step. one O-H bond breaks, other O-H bond forms

Study Guide to Organic Chemistry, Vol. 1, - Saha, et al., ISBN 978-8192669564 Page 13




Reactive Intermediates in Organic Chemistry:
Generation and fate of carbocations:

Fate: ) )
Gets protonated in presence of strong acid,

B] Loss of a proton from adjacent carbon to form a C=C: but let us for now assume that it remains as H,O

Example-1 H j This is a an elimination reaction,
H H H2S0Oy4, heat Me H and OH (H,0) is eliminated to form a C=C.
OH > M AN + HZO . . . .
Me)g( e More exactly, E4 reaction, elimination, unimolecular.
H Me H This'is dehydration of alcohol to an alkene.
butan-2-ol (E)-but-2-ene
h 00 /_\ @ protonation, the alcohol acting as a base;
HH [ \\S’/ HH ® H.O H H sz' H which bond breaks? which bond forms?
OH a ;O/ “OH OH - Hy Me
Me)g( Me)gg 2 Me’g\@( @ Me? XX Mg @ loss of water, formation of the carbocation;
H Me @ H Me @ H H which bond breaks?
H @ deprotonation, water acting as a base,
+ ('3@ C-H bond breaks; proton loss leads to
H™H formation of a C=C bond
Example-2 Br
Br. FeBr- heat This is'a an electrophilic substitution reaction (on aromatic ring),
f2, T€Br3, hea + HBr in short, we call this aromatic electrophilic substitution (SgAr)
Proton is being replaced by Br™.
This is bromination of benzne ring.
Generation of electrophile:
® ©
Br—Br + FeBrs > Br + FeBry Br* is the electrophile

Reaction of the electrophile with aromatic ring:

H H Br Br + FeBrg Br

©
FeBry

HBr

Study Guide to Organic Chemistry, Vol. 1, - Saha, et al., ISBN 978-8192669564

@ addition of electrophile, generation of carbocation;
C-=C bond breaks, C-Br bond forms

deprotonation, bromide acting as the base;
which bond breaks? which bond forms?

Notice how the aromaticity of the ring is lost in the first step,
but is regained immediately in the second step.
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Reactive Intermediates in Organic Chemistry:
Generation and fate of carbocations:

Fate:

C] Rearrangement to another carbocation:

Example-1 ’
H
H éCC 02 AgNO3, H,0, heaz HHCSCC CZC + Agl This is a nucleophilic substitution reaction,
3 several minutes 3 Hs OH replaces iodide.
CH3 OH More exactly, Sy1 reaction, substitution, nucleophilic, unimolecular.
neopentyl iodide, 2-methylbutan-2-ol,
a primary organoiodide or t-amyl alcohol
a tertiary alcohol .

// quaternary carbon tertiary carbon

Clearly, there has occured a rearrangement of the carbon skeleton C\ C cY c

from the reactant to the product here: C—(IJ Yo W . C—\C/ ~C
C

The reaction is believed to proceed in the following way:

Ho
C K\Ag HSC\C/C\IG/)AQ

\C/
H C H.C 1
3% CH, @ 3 CH,
CH N
H3C\ CIH3 H2Q HsC CH:Z
HyC-C~~ 2 /———— H3C—C" "CH,
3 7 ]
209, ® OH
+ @g
H™™H

Recall that a tertiary carbocation is generally more stable
than a secondary carbocation.

Study Guide to Organic Chemistry, Vol. 1, - Saha, et al.,

ISBN 978-8192669564

no tertiary carbon no quaternary carbon

[\ migration of {\
- Agl H3CL _CHz  methyl group ® 3 H.O

oS HsC. 2. CH, 2Q
@ CH ® . @

1° carbocation

3° carbocation

@ nucleophilic capture of carbocation by water;
C-0O bond forms

@ Lewis acid-base adduct formation;
Ag-l bond forms

@ loss of iodide in the form of Agl,
formation of the carbocation;
C-l bond forms

carbocation rearrangement
from less stable to more stable RI;
C-C bond breaks, another C-C bond forms

@ deprotonation, water acting as a base,
alcohol formed, O-H bond breaks,
another O-H bond forms
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Generation and fate of carbocations:
Fate:

C] Rearrangement to another carbocation:

Example-2 OH
OH
5N H,SO, E§<
> +
2-cyclobutylpropan-2-ol rearranged alkene  rearranged alcohol

The reaction is believed to proceed in the following way:

OH He O ring C-C bond @ H.0
H - H,O migrates E>< 2= E§<
tertiary carbocation secondary but free
but suffers from ring strain from ring strain .
/\\ ® | HQ
methyl migrates H20 e H OH
T + H—O H
@ ’ Y
tertiary carbocation \I'-I
@ protonation of OH @ carbocation rearrangement by methyl shift,
from less stable to more stable Rl
@ loss of water, formation of the carbocation
@ carbocation reafrangement by ring expansion, @ loss of protonn, water acting as a base, Th_ink which bonds are
from less stable to more stable RI alkene ormed being broken and formed
in each of the steps.
@ nucleophilic capture of carbocation by water . s
Take home lesson: carbocations rearrange by shifting
@ deprotonation, water acting as a base, alkyl groups or hydrogens to generate even more stable
alcohol formed carbocations.
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