Thes equatton indicates the equihibnum compasition. For anstance, if the difTerence in
enorgy hetween reactants and products as so great that at equilibrium all we have are the
prodocts, the reaction therefore s ieversible. Thus AG © tells us about the position of
egrldbnum 11 AG © for a reachon 1« negative, the products will be favored at equilibrium,

2.4 Fyothormx and condothermic reactions

In exethermmee reacnon the products are more stable than reactants, and in endothermic
reacton., the pronducts are Joss stable than the reactants. For the exothermic reaction the
&fferenes v emthalmy (AN between products and reactants is negative, and the
equilitnum comstant A\N) o pencrally greater than | (Fig.1.4). Whercas, for an
crdothermue reachon the enthalpy difference (AH') is positive and K is less than |
Fig 1 .5)
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fg 14 A mesmerT L weIins = which progucts ate Fig. 1.5 Arn engothermic reaction The products are les:

R — - sate @m M duch 8 case AW sladie thenthe starting molenals Inthis case, AH'is positive
g R T - o e K TILL

oot o - . C ety = grester Pand gne K islessthan

125 Temperzture and equilibrium constants

The eguibbrium constaut vanies with the temperature. How the equilibrium constant
vanes with temperatuwre Jepends on whether the reaction is exothermic or endothermic. If
the reaction 1s exothermic then at higher temperatures the cquilibrium constant will be
smaller. For an endothermuc reaction, the equilibrium constant increases with the increase
m temperature, which in tum means that more products must be formed at higher
temperziures.

Piot of 1nK zgainst 1/T would give a straight line with slope ~AH “/RT. Since, T is
always positive (in Kelvin), thus whether the slope is positive or negative depends on the
sign of AlY”

1.3 Nucleophilic sabstitution at saturated carbon atom
The replacement of one group by another is called substitution reaction. There are three

mamn types of these reactions; radical, clectrophilic and nucleophilic substitution. In this
scction we will deal with nucleophilic substitution at saturated carbon atom.
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Attack of a nucleophile at a saturated carbon atom bearing a substituent, known as
leaving group, results in substitution reaction. The group that is displaced (lcaving group)
currics its bonding clectrons. The new bond is formed between nucleophile and the
carbon using the electrons supphied by the nucleophilic reagent.

TR G
R—X + N ————= R—Nu + ¥
\ 7
This is exemplificd by the displacement of halogen atom with a hydroxide ion in the

conversion ol alkyl halide into an alcohol. Alkyl halides undergo substitution reactions
with a varicty of different nucleophilic reagents and are extremely important
synthetically, as can be scen by the wide variety of compounds which can be preparced by
its applications. The halogen is lost as a halide ion.

OH

R—OH Alcohols
—-——OR R—OR’ Ethers
CN
R—CN Nitriles
—X =g
R—X s R—5SH Mercaptans
a3 R=—=5R Sulfides
NH
' R—NH, Amines
R'COC
. Z R—OCOR' Esters

The compound on which substitution takes place is called the substrate and the group
that becomes displaced from carbon, taking the clectron pair with it, is called leaving
group. The leaving group often lcaves as an anion but may also be a ncutral molecule,
The substrate consists of two parts, alkyl group and leaving group. For example, reaction
of methy! bromide with sodium hydroxide affords methanol and sodium bromide. In this
reaction methyl bromide is substrate, bromide is lecaving group and hydroxide ion is the

nucleophile.
Leaving group

-
© ©
CHJ— + OH CH,— OH 4 Br

Subslrate Nucleophile Product

Nucleophilic substitution reactions have been studied extensively from a mechanistic
viewpoint. Many factors influence the course of nuclcophilic substitution reactions,
including the nature of the nucleophile, its strength and concentration, the solvent,
the nature of substrate, and the nature of leaving group. Substitution reactions at saturated
carbon can be mechanistically categorized as unimolecular (Sy1) or bimolecular (Sy2).
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A S\ meachen procecds w two steps. The first step (slow step) is the rate determining
2o and mvahves the rommmathon of the reactant to form a carbocation intermediate. The
rralong of U-X0 dond = RN takes place in a heterolyvtic fashion, in which both the
DO ClecTons go 10 B feaving group. In the second step (fast step). the intermediate

e
arhocInoT o amackad By the nuclcophile to give the final product.

7
2 ow

)
15

Sip } Formatioe of carbocation

Siow =) ©
|—X ~ R + X
Carbocation
intermedate
Sacr 2 Captme of the carbocztion by the nucleophile
& e Faet
= - Ny — R——Nu
The 8.7 rescoon shows first-order kinetics as rate of the reaction depends only on the
comcomTenon of the substrare (RX) and does not depend on the concentration of the
nucioophiie mrectms with 1L The rate expression is therefore:

Rae = KRX]
wheme | 1 the rate constant and quantity in square brackets represents concentration.

k= scv ozl reacnons, nucieophile is a solvent molecule such as water, ammonia or alcohol
sact subeiaciem reachons are called  solvolysis. For example, hydrolysis of tert-butyl

londe 1 wen-bunyl alcohol follows S 1 process. In the first step, tert-butyl chloride
1omzes to 2 teni-bunyi carbocation. which is captured in a second step by the nucleophilic

solvent water 1o give the protonated alcohol first and then alcohol itself.
CH, CH,

f:-__——{:—o o CH,——Cli@ + ((5:)1
b &,
sy conde t-Butyl carbocation
CH, CH,
f_‘,-‘_‘——c:@ + HO — CH,——-cI:—OH .
CH, CH,

1-Butyl alcohol
An energy dizgram (Fig. 1.6) for Sxl reaction involves two transition states. The

transition stzte for the slow step (the ionization step) is higher in encrgy than the
transition stzte for the fzst step (second step, the capture of the ion by a nucleophile).
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A Transition state Transon state
for iomzation capture by nucleophile
T
[ =

-

@

h
-

R—C

Reaction progress

Fig. 1.6 : An energy diagram for the $,,1 r=action Motice that the transition state for the slow stepin
the reaction, the 1onization is higher in energy than the transition state for the capture of the 1on by a
nucleophile

Stereochemistry of the Sx1 reaction

lonization of optically pure alkyl halide molecule lcads to the planar, achiral
(symmetrical) carbocation with an empty p-orbital perpendicular to the plane. Addition of
nucleophile can take place at both sides of the carbocation with equal case owing to the
symmetry of carbocation, resulting in a racemic mixture (equal amounts of R and S
products). But in actual practice, depending on the nature of substrate, solvent and
leaving group, there may be a preferred side for its attack by nucleophile, in which case
the product will contain unequal amounts of the two enantiomers, yielding partially
optically active product.

G
b E:BH:J
HO = C—H
a b H
gﬁHn C,‘!'iu/H G 2 CH,
= % X Inversion (predominates
He—C—X — (l: (p )
CHJ a4 \ CeHis
H=—C—=0H
CH,
Retention

S,,1 reaction leads to racemization plus inversion

It is believed that carbocation and leaving group exist for a while as an intimate ion pair
and the attack of nucleophile during this time takes place only on the back side of
carbocation, but not on the front side, giving rise to inversion. Then these ions diffuse
apart as solvenlt intervenes, and become free ions. Now attack of nucleophile on free
symmetrical carbocation occurs from the back side or from the front side with equal
probability.
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¢ the camhooshar o loes @bl 0o more hikely 1o be attacked by nucleophile before
SFTTE £TOA SatEies rom L giving B 1o anverston. Thus in this casc the rcaction

%
lesowg
proveads wih meomienon ples swne net wmversion. For example, when 3-chloro-3.7-
Gmethviociane » hvd=ohveed o presence of acetone,  there is a 21% excess of the

prodec mesulting fom mvenean of configuration.

.l M, ?1,
i I
e - s S
t /e Twoom r/NL Y w7 \oR
e - - O™ HO CH
- - 2 s
Lo Vo Vo Fo o
(30.5%) (60.5%6)
e e R B eterbon Irversion

(Facemsaton plus some net inversion)

Heowever, of the cambocztion s stable enough 1o sunvive the attack of nucleophile during
the we par wape. the absenved product becomes completely racemized. For example,
byvdmoiwss of [Lhloro-T-phenviethane occurs with extensive racemization (98%) and
oy X' muowan 1-Chloro-1-phenviethane ionizes 10 give benzylic carbocation which
15 subired beczuse of resonance and the 1ons can diffuse apart before nucleophile
emschs S ce-hoczuon Now reacuion of free carbocation with nucleophile can take place
from b wides of the czbion 1o @ive the 51% inveried alcohol and 49% alcohol with

ek
roiemmon of configurenoen ( 98% racemization and 2% net inversion).
O CH, CH,
A é !
= —_—— 5 -
-/ H/ N ZNH
o
o~ Ph OH i Ph
(49%) (51%)
1 T e et e Retenticn Inversion

Thus. we cen interpret these facts 1o mean that the Syl mechanism proceeds via an
intermediate carbocztion that is not completely free to react with nucleophile on both
s:des The lezviog group s sull close enough to shield the side of the carbon atom of
carbocation for some tme W which 1t was attached from nucleophilic attack. The result is
usuaily an excess of mversion n most Syl reactions.

Effect of solvent

The solvent plays an imponant role 1n Syl reactions as the energy required to effect the
minal ionmzzation is largely recovered from the energy evolved through solvation of the
resulung ton pair, The Skl process requires the jonization of a covalent bond which is
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Retention < 50%

Inversion > 50%

encouraged by solvents with high dielectric constants. There is a greater charge on the
intermediate ions than that on starting substrate as majority of the substrates are neutral.
Polar protic solvent (such as water or alcohol) will thus solvate and stabilize the
intermediate ions more than it does the reactant. Since ions are usually formed in the rate
determining step (slow step) of the reaction, therefore the Syl reaction will usually be
favored by a polar protic solvent. Good solvents for Syl displacements almost always
contain hydroxyl groups (as in water, alcohols, or carboxylic acids) because the
electroncgative oxygen atom interacts with the incipient positive charge. and the
electropositive hydrogen atom (through hydrogen bonding) interacts with the incipient
negative charge. Thus, in addition to dielectric constant, the ability to form hydrogen
bond with X ~ makes a protic solvent the better solvent than aprotic solvent which cannot
form hydrogen bond. The Syl process occurs mainly when water is present as a solvent
or as a co-solvent.

EfTect of nucleophile on rate

The rate of Syl reaction is independent of the nucleophile. A better nucleophile will not
accelerate the Syl reaction, and yet it may determine which product is formed. For
example, t-butyl bromide in water containing small amount of cyanide ions gives t-butyl
cyanide. This is because the cyanide is many times more reactive towards carbocations
than the water. Weak nucleophiles with low concentrations favor the Sy1 mechanism.

Effect of leaving group on rate
The rate of Sy1 reaction is largely influenced by the nature of the leaving group. The rate
of ionization is affected by the stability of the leaving group, X ~. The more stable the
leaving group, the more casily it will be lost. Sy1 reactions therefore are favored by the
presence of good leaving group such as sulfonates (tosylate or mesylate). The weaker the
Bronsted basicity of X 7, the better leaving group is X. In case of halides the order of
basicity is : 1 "< Br "< Cl “<< F 7, thercfore, iodide 1s a better leaving group than
bromide and bromide is a better leaving group than chloride. Presence of acid catalysts or
metal ions sometimes favor the departure of the leaving group, e.g., silver ions aid the
departure of halide ion from alkyl halides.
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16 Organic Reaction Mechanisms

Rearrangement in Sx1 reactions _
The evidence for the formation of carbocations is that they .undcrgo reactions other thap,
simple addition to nucleophiles. For example, carbocations may rearrange before

combining with nucleophiles. Since Sxl mechanism involves curbocau'nn i"‘CTmcdi;.rc
therefore, unexpected products are also formed. For example, hydrolysis of 2Z-brom.3.

methylbutane vields 2-methyl-2-butanol.

H
s g o 1"
s BN — .
CH,—CH—C—CH, —————= CHy—CH T, CH,
= | ; Slow !
Br H |
2-Bromo-3-methylbutane 1o Carbocation
lHydride shift
CH, cI:H3
H,0 N
CH,—CH—C—CH, — CH—CH—g—CH,
I | —H | @
H OH Fast H

2-Methyl-2-butanol 30 Carbocation

We see that in Syl reactions, a carbocation is formed by loss of the leaving group from
the substrate. If a 1,2-shift of hydrogen can form a more stable carbocation, then such a
rearrangement takes place. The rearranged carbocation can react with nucleophile to
afford the substitution product or it may loose proton to yield alkene. If the intermediate
carbocation can rearrange to more stable carbocation via 1,2-alkyl shift, the reaction often
proceeds with rearrangement of the carbon skeleton of the organic substrate.

CH, @ CH,
Nu : |
CH,—C—CH,Br > CHJ—(IZ—— CH,—CH,
CH, Nu

Neopentyl substrate t-Pentyl product

Rearrangement of carbon skeleton

Effect of the nature of substrate on the rate
The rate determining step is the formation of planar carbocation in Syl process.

Therefore, the order of reactivity among organic substrates will depend upon the stability
of carbocation formed after ionization of substrate. Hence tertiary alkyl halides, which
give rise to tertiary carbocations, react faster than secondary ones, which react faster than
primary halides.

The introduction of a methyl group in place of a hydrogen atom attached to the
positive carbon of a carbocation appears to stabilize the ion by 15 to 30 kcal / mol
(through inductive and hyperconjugation effects). In most of the cases, the substituents
which have +1 and or +M effects, stabilize the carbocations. Allylic, benzylic, and tert-
carbocations are relatively stable carbocations, therefore, allylic, benzylic and tert-halides
can react by an Sy1 mechanism,

ettt Il 2nl s
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Stability of carbocations 30 = allyl = benzyl » 2% > 19 » ( H,
Both benzyl and allyl carbocations dispe
than pnmary alkyl or secondary alky
halides, which would form extremely
Sx1 process. The order of reactivity

rse the charge by resonance and are more stable
I carbocations. The primary alkyl and methyl
unstable carbocations, do not generally react by the
among organic halides is as follows:

t-alkyl halides > allyl halides ~ benzyl halides > s-alkyl halides > 1°-alkyl halides.

@
CH.—Q
2 o CH, CH, CH, CH,
g ~Q ® NG
> S
_ @
Benzyl chloride Resonance stabilization of benzyl cation
€]
—~Ql @ @

CH,==CH—CH,—| [ CHZ:{E):\—-—CHZ <—= CH,—CH=— CHJ]

Allyl chloride Resonance stabilization of allyl cation

Methoxymethyl chloride undergoes hydrolysis more than 10* times faster than methyl
chloride. This is because, the carbocation formed after ionization of methoxymethyl
chloride is resonance stabilized. The CH;0- group has unshared pairs of electrons that it
tends i0 share, thus acquiring a positive charge.

@
.- ~cl Ty @ ®
CH;— O—CH,—Cl [ cH—0-Y-cH, ——u CH;—— Q==CH, |
Methoxymethyl chloride Conjugation of an electron-deficient carbon

with oxygen bearing unshared pair of electrons

Sn1 displacement in bridged bicyclic compounds at bridgeheads is very slow or does not
take place. This is expected as a flat (planar) intermediate carbocation can not be formed
at the bridgehead carbon because of the rigid framework of bicyclic systems. Greater is
the rigidity about the bridgehead carbon, lower will be its reactivity. For instance, rate of
solvolysis of compounds A, B and C in 80% aqueous ethanol at 25°C decreases as the
rigidity about the bridgehead carbon increases (A < B < Q).

?Ha Br Br
CH £ %;
e CH, °

(A) (B) (C)
Rate of solvolysis 1 ~10-8 ~10 =1
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1.3.2 S\2 (Substitution l\__llt‘l(‘uphllir
state. The nuclcophile ay
: - allac

q transition ’
ing group na concerted fashjqy,

n one step vid

Sx2 process pmcccds | tonvi
. Y A\
substrate carbon simultancously pushing out the ¢
X o o Ni—R +
. .h o -_-___—___4———" EE——
R—X + Nu R [Nu—--'--"R"" X1 + X
T.S

hydroxide ion is an example of the s,
of this reaction is proportional to both
Lus, Sn2 reactions follow second-orge;

iodide and
hows that the rate

and nucleophile. Tl
ate expression:

C)

rate = k[RX][Nu] _
stant and quantities in square brackets represent concentrations.

The reaction between methyl
mechanism. Kinetic evidence s
the concentrations of substrate
kinetics and is described by ther

where k 1s rate con
leophile from the opposite side of

the leaving group, such that C-X bond of the
substrate breaks only as the new C-Nu bond of the product is forming. Therefore, in
transition state, the nucleophile-carbon bond is partially formed and the C-X bond is

! ide of the molecule bearing

partially broken. The approach of the nucleophile from the s1
ble due to electrostatic repulsion and also due to steric

the leaving group 1s unfavora _
factors. In the transition state for this reaction, the three non reacting substituents on
carbon lie in a plane with the carbon undergoing reaction. This plane is between the

incoming and outgoing groups.
An energy diagram (Fig. 1.7) for Sn2 process shows the reactants being converted to
ition state, with no energy minimum representing a reactive

products by way of one transl

intermediate. The reactants and products are separated by the high energy point of the
reaction, the transition state. The energy difference between the reactants and transition
state is called the activation energy and is related to the rate of reaction. Higher the
activation energy, slower the reaction. The reactants and products are not at the same
energy level therefore, the forw. ion is exothermic reaction, as read from left to

ard reactl
right and backward reaction is en

In Sx2 process there is synchronous attack by the nuc

the carbon atom of substrate bearing

dothermic, as read from right to left.
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P S—
[Nu R X ]
Trangiion alale

- Actlivation urmu”]

/

Nu—R + X:

>
4

Reaclion progress
Fig.1.7: Anenergydiagram forthe S, 2 reaction.

Rearrangement

Since no free carbccation is generated, therefore, Sn2 displacements afford unrearranged

cts. However, some times Sy2 reaction, leads to allylic rearrangement. The attack
r-system i.e. on C-3 of the allylic system, with

produ
jons are referred to as Sx2’, to

of nucleophile takes place at the end of the
simultaneous expulsion of a leaving group. Such react
distinguish them from the normal S2 process.

© Nu
- Br |

CH,=——CH-—CH,—Br CH,—CH=—=CH
L R S2° ’ :
(C]
Nu o Nu
=Br |

CH;==CH——CH,

CH,==CH—CH;— Br ——
Gt
Nu
echanism leads to the same product as Sx2, however, if the allylic halide is
d, we can tell which mechanism operates and the product

formed will be from the nucleophilic attack at the less hindered end of the allylic system.
Prenyl bromide, for example, reacts entirely via Sy2 process. If we react the secondary
butenyl chloride with an amine we get the product from Sx2’ mechanism. Simple alkyl

copper reagent complexed with BF; generally favours the Sn2’ reaction.

Sn2' m
unsymmetrically substitute
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1.5
5,2 Mechanism

For example, when optically active substrate, (-)-2-bromooctane reacts with sodium
where Sn2 mechanism aré followed, inversion of

hydroxide under conditions

configuration 15 observed.
CeHs % C,9H13/H 5— ?sts
HO + Hm—C—eBr —=| HO-=""" c': ------ Br | —= HO=C—H + Br
éHJ CHJ CHJ
(-}-2-Bromooctane 1S (+)-2-Octanol
[a] = -39.6¢ [a) = +10.3°
S, 2 Mechanism

(Complete inversion of configuration)

the rate of the Sx2
as carbon

Effect o_f thg nature of substrate on rate
The steric hindrance around the carbon site makes a huge difference in

reaction. The central carbon atom in reactant and product is tetrahedral, where
in the transition state is bonded to five atoms or groups therefore ;hcrc will be an
increase in crowding on going from the starting substratc to the ;ransition state. A
transition state with five groups crowded around the central carbon atom is a high-cnerey
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transition state. The row iti
¢ more crowded the transition state relative to substrate, the higher its

energy will be, ¢ s <lower i i X
larg SF ﬂlC'llll:\'t;:r:::::\;ha‘z:S‘; ol “‘ \Ill‘l‘hc formed. As hydrogen atoms are replaced by the
compoun =) t‘us‘t o ”m: l‘"_t l\‘d?v..d‘ crowding nlmul‘lhu carbon. Therefore, the methy!
PR Sl T . 1}1 lr'lm'.u:\ 5}1t)sll‘:\lcs and primary substrates react faster than
seanlibn carler which ];i;ld :.r tl}‘:n substrates h‘:l\'c three l}ulky alkyl groups mluchcq to
alkvl halides such as 1o ‘-' ¢ appmnch of the entering nucleophile. Thus, tertiary
S such as t-butyl bromide normally do not undergo substitution via this
mechanism. The reactivity of substrates in Sy2 reactions is: )

CH;X>1°>2°>3°

This order is the reverse of that in Sn1 reactions.
. Even though the site of reaction in neopentyl derivatives is primary, the t-butyl group
is large enough to slow down the bimolecular (Sx2) displacement.

£H

§ CH
Y 4
HSC-——C'\ '

wC—X
ol 3
-

Neopentyl halide

In allyl and benzyl halides, the n-bond assists in expelling the leaving group, and both
halides react faster than the alkyl halides.

Effect of the nucleophile
The rate of Sy2 reaction is strongly dependent on the nature of nucleophilic reagent used,

it increases with the nucleophilic strength of the incoming nucleophile. Thus, with the
change of nucleophile a shift in mechanistic type may occur, for example, the mechanism
which is Syl with water may become Sy2 with hydroxide ion. Sulfur nucleophiles are
better than oxygen nucleophiles in Sx2 reactions. For example, thiolate anions (excellent
nucleophiles in Sn2 reactions) react with alkyl halides to give good yield of the sulfide as

illustrated by the foltowing reaction.

G :
SH S
NaOH .
(6]

S

S\2 S N
+ BrCH,(CH,),CH; —= B
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Effect of the leaving group X of Sn2 reaction (<
Weak o ‘: 4 best 'C]Vi"}-‘- gr()"l)‘ thllf‘. ”10 ratc N (S,]mc as 1

cak basc of strong acid is best led . ble jon and 8 weak base. In case of or
Sx1) 18 higher if the leaving group is a Stb alky)
halides the order of reactivity is:

RI > RBr > RCl>> RF

Effect of solvent .. e -
"Normally, Sx2 process involving reaction of anionic nuclcophiles with the alkyl halideg i

suppressed in the presence of polar protic solvcnt. (such as Wa;c:{;r;;)r}cc z:v i[:lc:lar Qrot?c
solvent will interact (through hydrogen bonding) more ﬂl. O \fems l anionje
nucleophiles than with the transition state. Therefore, polar p;o ic s“ PS low d0w‘n
the reaction, and polar aprotic solvents arc preferred for Sy2 reactions. Polar Protic

solvents can solvate onic reagents (both the cations and anOHS), as a resqlt, the anion jg
“caged” by the solvent molecules. This stabilizes the anion, and malfes it less reactjye,
Thus, Sx2 mechanism becomes less important. However, polar aprotic solvents are not
able to form hydrogen bonding with anionic nucleophiles, as a res_,ult, nucleophiles are
“naked” and more reactive. However, if both substrate and nucleophile are neutral .but the
product is charged, as in the substitution by amines or pl-msphines on an alkyl bgllde, the
polar protic solvent will solvate and separate the developing charge in the transition state,

ultimately accelerating the Sn2 process.

B H
\ &+ l 8- = I . -
RNH, + B o I - e Tl P e N X
\ \\‘ \ I
i H
TS Ammonium salt

(Solvation and ion separation by polar protic solvent will
accelerate the S, 2 process)

1.3.3 Competetion between Sy1 and Sy2

The structure of substrate, the nature of the nucleophilic reagent, polarity of solvent, and
other experimental conditions determine whether nucleophilic substitution will take place
by Sl or by Sn2 mechanism. In general, primary halides undergo substitution by Sy2
mechanism and tertiary halides undergo substitution by Sx! mechanism. Secondary
halides may undergo substitution by both Syl and S\2 mechanisms, however, one
mechanism may be maximized by the selection of appropriate conditions. High
concentration of the nucleophile and /or presence of strong nucleophile favors Sn2, while
the factors promoting the Syl are, lower concentration of nucleophile or the absence of
strong nucleophile, solvents of great ionizing power (such as water) and substrate leading
to stable carbocations. The reaction rates of both the’SNI and SN2 reactions are increased
if the leaving group is a stable ion and a weak base.

e Y L e

—
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1.3.4 Competiti EES—
petition between substitution reaction and elimination reaction

Besides undergoing substitution e

i : action, another common rcaction of substrale is an
climination reaction where

e Sl Bl nucleophile acts as a basc to remove HX instead of adding to
‘ strate. ation can therefore, compele with substitution. Many factors
influence the extent of this competition, including the nature of nuclcophile, its strength,
the so]\'e‘nl and the substrate, The strong bulky Bronsted bases favor E2 and strong
nucleophiles favor Sy2 process. For instance, bulky tert-butoxide anion (Me;CO’) can
abstract a proton frpm the periphery of the molecule but is hindered as a nucleophile.
HO\‘-’EVEL_ Some amons such as thiol anion (RS") are less basic and more strongly
BUFleoplllllC. The_ E2 : SN2 ratio increases with increased substitution by alkyl groups.
P(‘lmlarylalkyl halhldes will usually undergo Sy2 substitution reaction in preference to E2
fahmmatlon reaction. As base strength increases, the rate of competitive elimination will
increase, bgt substitution reactions compete when the base is also a good nucleophile.
Polar aprotic solvents are used to maximize the yield of Sy2 products and suppress side
reactions such as elimination.

The EI and Sy1 involve the formation of the same intermediate, carbocation, by the
same rate-controlling ionization step. However, the course of the reaction can often be
controlled by specific reaction conditions. A high concentration of nonbasic nucleophiles
in aqueous media favors the unimolecular substitution (Sy1), whereas unimolecular
elimination (E1) processes are favored with bases of weak to moderate strength that are
also poor nucleophiles (see sec. 1.5.2). In general, unimolecular substitution is faster than
unimolecular elimination, since the cationic carbon is more strongly attracted to the
electron-rich center.

CH, CH, C) H,
Nu
CH;—C—CH,—H ——= CH,—C—CH,—H —= CH,—C—CH;
| @ Syl |
Br ’ Nu
E1
CH,

CH,—C==CH,
1.3.5 Low reactivity of vinyl and aryl halides

Halogen attached to a doubly bonded carbon or on aromatic nucleus is usually quite
unreactive. The aryl halides show extremely low reactivity towards nucleophilic
substitutior: reactions. They usually do not undergo nucleophilic substitution reactions
unless electron-withdrawing groups are located ortho or para to the halogen on the
aromatic ring. Similarly, vinyl halides are very much unreactive toward nucleophilic
substitution reactions than their saturated counterparts.

The low reactivity of alky! and vinyl halides is because of the fact that they contain
shorter and stronger carbon-halogen bond. For example, in chlorobenzene and vinyl
chloride the C-Cl bond length is 1.69A°, as compared with a bond length of 1.77-1.80 A°
in a large number of alkyl chlorides. This is attributed to the sp hybridization of the
carbon atom holding halogen. Since, carbon atom having sp” hybridization is more
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13.6 High reactivity of allyl and benzyl halides

On the other hand, allyl halides and benzyl halidgs are moré reactin:_ than saturateq
halides. Allyl and benzyl halides are especially reactive under Syl cond'mons because of
the resonance stabilization of the intermediate allyl and benzyl cz_arbocatlons, respectively
(sec.1.3.1). The resonance stabilization of intermediate carbocations has an acceleration
effect on the jonization of allyl and benzyl halides. For example, solvolysis of allyl iodide
in water proceeds much faster than the solvolysis of propyl iodide.

® ®

Su! - .
[ CH,==CH—CH, =—= CH,——CH==CH,]
The positive charge is shared

CH,~— CH—CH,— |

Allyl iodide
over both the end carbon atoms
o H,0 @
H,0 + CH, '_'CH_*CHZ_"'OH 2 CHZ: CH—CH,— OH,

Allyl alcohol

t}l\]l:ﬂrzzgt l;;nzil Pa lides not only react faster than simple halides in Sy1 reaction. bul
exa)r,nple i al:)coutals(t)%r t‘han simple halifies in Sn2 reaction as well. Allyl bromide,
bromide’ The d s more reactive towards simple Sy2 reactions than is prop¥

- Ihe double bond stabilizes the Sn2 transition state by conjugation with p orbitd
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at the carbon atom under attack. Any stabilization of the transition state will, of course,
acvelerate the reaction by lowering the energy barrier.

i \": T\‘: - N,
(a2t \' H,
5= s- S 5=
Nu L\L\\ e Nu ---\\?\\*\\_\ N
L H H L H H
Lower energy of T.S. for S 2 Higher enemy of TS, for §2

dsplacement of an alivt halides displacement of propyl halides

o o e y .
LLT S\ (Substitution Nucleophilic internal)

In this process part of leaving group which attacks the substrate detaches itselt’ trom the
rest of the leaving group. This is exempliticd by the conversion of (R)-2-butanol to (R)-2-
chlorobutane with SOCT; in nonpolar solvent and absence of base. The product formed is
with complete retention of configuration, Le., in which the starting material and produet
have the same configuration. The mechanism appears to involve the (ormation of
wmtermediate chlorosultite ester, ROSOCT (R = see-butyl group), which dissociates into an
mtmate wn pair, R "OSOCT as i Syl mechanisim, The CLowith pair of electrons, of
the anton attacks the R™ from the same side of the catbocation from which ‘OSOCI
departed and the product (RCD s formed with complete retention of conliguration,

A

A ——. R==Q =8 =0 t

—_ o \||
g HC

Al chlorosulhito

A

o)
\-
- 9==0

_ o

Intimate ion pal

S\ mechanism

It is mteresting to note that if a tertiary amine such as pyridine is added to the reaction
muvture, the product RCH s found now 1o have undergone inversion of configuration,
The pyrdine co-ondinates with the HCL, produced during the formation of intermediate
chlorosulfite from ROH and SOCL, to form pyndine hydrochloride and the Cl s
an effective nucleophile. The displacement of the chlorosulfite ester by Cl - via Sy2
mochanism gives product with complete inversion of configuration. The reaction of
alvohols with thionyvl chlonde in presence of pynidine is known as Darzen’s procedure.
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Ph COOEt CCi -
—5
>/ s 0==5_ R
HO H Cl
Ph >/fsoor:‘l . T
/"—‘\
5
o \) H ) Cl NS Cse |
5 —Cl | 5
o/ -

Sn2 mechanism
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H Cl
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O/ 5
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