ALKYL HALIDES

Monohaloderivatives of alkanes are called alkyl halides. They have the
general formula R X, where R is an alkyl or substituted alkyl group and X 1s any
halogen atom. They contain the halogen atom attached to a saturated carbon atom
(- C = X) as their functional group. " A functional gioup is an atom or group of
atoms that defines the structure of a particular family of organic compounds and also
determines their properties"

Alkyl halides are classified as primary (I°), secondary (2°) or tertiary (3°)
depending upon whether the halogen atom is attached to a primary, secondary or a
tertiary carbon.

- &
CHj3 CH, Br CH;-CH-CH; . ~ CH3-C-Br
Ethyl bromide opy - '
! Isopropyl bromide CH.,

(Primary alkyl halide) *
(sec-alkyl hahde, tertiary butyl bormide

, -. (ter-alkyl halide)
8.1 Preparation of Alkyl Halides

1. Halogenation of alkanes. A reaction in which an atom or a group in a molecule
is replaced by another atom or a group is called substitution reaction, if the

substituent ts a halogen atom, the reaction is called halogenation.
Alkanes react with CI, or Br, in the presence of ultraviolet light or at 250 -

100°C to give alkyl halides along with polyhalogen derivatives. Therefore,
halogenation of alkanes is not a useful method of preparation because of the

difficulty of separating the products. Halogenation of alkanes proceeds by a free
radical chain mechanism which has been discussed in chapter 4.

,
CH, +Cl, — 180, CH,Cl+ CH, Cl, + CHCl + CCl,

The reaction with F, is too violent to control and I, does not react at all.

2. Addition of Halogen acids to Alkenes. Halogen acids (HCIl, HBr, HI) add to
alkenes to form alkyl halides. The addition follows Markovnikov’s rule, except for

the addition of HBr in the presence of organic peroxides (R-O-0-R).

Br
|

CH; ~CH = CHy + HBr —— CHj-CH-CH; (Markovnikov addition)

' d
CHy - CH = CHy + H Br <2 CHy CH, CH, Br (Anti Markovnikov addition)

The order of reactivity of halogen acid is HI » HBr » HCI. _
8. From Alcohols. Alkyl halides are mostly prepared from alcohols, since alcohols

are readily available, Alcohols react with halogen acids or with inorganic acid
halides such as SOCly (thionyl chloride), PCl;, PBry ete; to yield alkyl halides,
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HBr in'situ by the reaction of KBr with conc, H,S0,. Sulphuric acid, however, is not

- T T ﬂmm“
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(i) Alkyl halides from the reaction of alcohols with halogen acids '

The reactivity of the halogen acids decreases in the order HI > HBr > H(y
and the order of reactivity of alcohols is tertiary > secondary > primary.

Mechanism. The alcohol accept a proton from the halogen acid and then the
protonated alcoho! dissociated to form a carbocation and water.

step 1. CH;CH,0H + HX —— CH,CH, OH,+X"

step 2. CH,CH, OH, —— CH,CH, + H,O

In step 3, the carbecation reacts with a nucleophile (as halide ion) to form an alky]

halide.

CH,CH, + X~ —— CH, CH, X
Primary alcohols react with hydrogen halides by Syn2 mechanism, and
tertiary alcohols by S.;1mechanism.

c + : :
stepl. (CH;);COH + H-X <254 (0H,),COH, + X-

slow

‘ +
Step2., (CH-;)3COH2 T (CH3)30+ -+ H20
step3. (CH,),C" + X~ ~25L (cH.).C - X

The reaction depends on the nature of the alcohol and halogen acid.
Hydrochloric acid, the least reactive of the halogen acids, does not react with

primary alcohols unless ZnCl,or similar lewis acid is added to the reaction mixture
as well. ZnCl,, a good lewis acid forms a complex with the aleohol, which provides a

better leaving group than-OH,. A concentrated solution of zinc chloride in

hydmﬁhlorie acid is often used for the preparation of primary or secondary alkyl
halides from alcohols. - '

R-U+ ZnCl, =" R- O~ ZnCly
- CI™ + R-0"~ ZnCly ——> RCl + (OHZnCl,

I
H

- (OH)ZnCl, + H* —— ZnCl, +H,0 S 3
~ The tertiary alcohols react with HCI readily even in the absence of ZnCl,
because of relative stability of the tertiary carbonium ions. P o L

' Alkyl bromides are prepared by heating alcohols with constant boiling.
‘hydrogen bromide in presence of little conc. H,S0,.It is convenient to generate the
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ysed in the preparation of qtcondary and tertiary bromides because m its presence
they are dehvdrated to form alkenes.

KBr + H,S0; ——- KHSO, + HBr
ROH + HBr ——— RBr + H,0

Alkyl 1odides may be prepared by heating the alcohol with concentrated
hydroiodic acid. but the yield of alkyl halide is very low due to its reduction to

alkane by HI.
?, e

| CH;CH,OH + HI —— CH,CH,I + H,0
| This difficulty is overcome by heating alcohols with sodium or potassium
; iodide in 95% phosphoric acid.

| SROH + 3KI + H,PO, —— 3RI + K,PO, + 3H,0

E
t
E

~ (ii) Alkyl halides from the reactions of alcohols with phosphorus halides
(or P + X;) or thionyl chloride. Primary and secondary alcohols react with PBr; or

Pl to give alkyl halides.
3CH;CH,OH + PBr;, —— 3CH3;CH,Br + H3POgq
3CH,CH,CH,OH + PI, —— 3CH,CH,CH,I + H3POg
PBryor PI; are produced in situ by the addition of Br, and I, to red

phosphorus. The reaction of an alcohol with PXgor SOCl;does not involve the

formation of carbocation, hence occurs without the rearrangement of the carbon
skeleton and eljmjnation. For this reason PXg3or SOCl;is preferred as a reagent for

the conversion of an alcohol to the corresponding alkyl halide.

Mechanism. The reaction involves the initial formation of a protonated alkyl
dibromophosphite by a nucleophilic displacement on phosphorus: the alcohol acts as

the nucleophile.

ren"

.l.
R CH,OH + Br—rff?r —> R-CH0-PBr, + Br-
Br ' H ks
Then a bromide ion acts as a nucleophile and displaces HOPBr,.
Br™ + RCHZC(?-P BI'2 BT R CH2 Br + HOP Bl"_;:
" The HOPBr, can react with more alcohol so that the net result is the
mnversmn of three moles of alcohols to alkyl bromide by 1 mole of PBrg. . -
' Primary and secondary alcohols reaet with thlonyl chloride in the
. Prmnce of pyridme to form alkyl halides. 1 |

CH30H¢0H++ 80Cl; M CH30H201 + so2 + HOl.
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+
Mechanism: RCH,OH + ?OCI » RCH, -—(')-SOCI + (I
Cl H

Cl” + RCH, (I”')-som + RCH,Cl +(0S0CH) —— S0, + HCI

H H
4. From carboxylic acids i.e., from silver salt of a carboxylic acid (Hunsdieckey
reaction): Dry silver salts of a carboxylic acid upon refluxing with Br, in CCl, ¢

the corresponding alkyl chloride with the liberation of CO,

RCOOAg + Br, —-CC]4> RBr + CO, + AgBr

I’pﬁe§

Mechanism: The reaction involves the initial formatiuon of an acyl hypohalide that
decomposes into free-radicals which then lead to the products as shown below:

ﬁ .0
|l
R-COAg + Br, —— R-COBr + Ag Br
i o
RCOBr —— Br*+R-C0O* —— R*® + CO,
R* + Br, —— R Br + Br*
O

- Bromine gives good yield and is often used halogen, Cl, and iodine has also been
used. .

The synthetic utility of this method is limited, because only the primary alkyl

halides' are obtained in good yields where as the yields of secondary and tertiary
alkyl bromides are quite low.

5. By halide exchange. This reaction is particularly suitable for preparing alkyl
lodides. The alkyl bromide or chloride is treated with a solution of Nal in acetone 10

- produce an alkyl iodide. The iodide ion being a very good nucleophile displaces other
halogens from alkyl halides. | :

CH3CH,Br + Nal -Acetone, oy op 1 o Nap;

1 R - The less soluble NaBr or NaCl precipitates from the solution and can be
i. ‘removed by filtration, AR T |

6. Allylic Halogenation, The halides in which the hdlogen atom ia attached to o
carbon atom which is adjacent to an olefinic double bond are called allylic halides,
"_g.g.. CHy =CH -CHjy - X, The carbon atom which is adjacent to an olefinic double

‘ | : bond is called the qllylicmrban" _arid .a "Subsfituent attached to the allylic carbon s
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ralled an allylic substituent. All yhie halides (chlorides and bromides) can be prepared
by treating ‘Hlki:ne::; with chlorine or bromine at high temperatures or with
M -bromosuccinimide (NBS) in CCly.

CHy = CH-CH, + Cl, 499°C, oy, - CH- CH,Cl + HC

O 0

CH, = CH C} N hu

Kl = L, . ]ri . : hWE fir “‘écl*r;‘) (:I‘Jz = CH"'(I[!‘EBI' + N""H
() O

. 2o Tenl: J . i m
senizylic halides can be prepared in a similar way.

CH, CH.,X

v X, D, (X = Cl or.Br)

7. Chloromethylation. A hydrogen atom of a certain aromatic ring can be replaced
by the chloromethyl group - CH, Cl. The reaction is called chloromethylation.

When benzene is treated with formaldehyde and HCl in the presence of a catalyst
such as SnCl; , H,80, or H3PO,, benzyl chloride is formed.

© + HCHO + HCI T

8.2 Physical properties of Alkyl Halides

I CH,Cl,CH;Br and CH,CH,Cl are gases at room temperature, whereas
other alkyl halides up to C;4 are colourless liquids and above C,;q are
colourless solids. - 4 _

2. Alkyl halides are usually insoluble in water but soluble in organic solvents.

- They are miscible with each other. CHyCl,, CHCl; and CCly are often used

as solvents for nonpolar and moderately polar organic compounds. 5% 215

3. The boiling and melting points of alkyl halides are higher than those of
" zlkanes with the same number of carbon atoms. This is because of their

higher molecular masses which result in greater van der Waals attractions.
In 2 series of alkyl halides having the same alkyl group, the boiling and -
melting points increase with the increase in atomic mass of halogen. Further,
in  group of isomeric alkyl halides, the order of boiling point is: IS IR

b primary > secondary > tertiary. IR S
I« 4 Alkyl halides are more dense than hydrocarbons, the order being

| hydrocarbons < alkyl chlorides < bromides < iodies, if compounds with the
szme number of carbon atoms are compared. - s fieti s
Many chlorohydrocarbons including CHCl; and CCl, have a comulative
toxicity, therefor, they should be used in fume hoods and with great care. -

e
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8.3 Reactions of Alkyl Halides

it Alkyl halides are extremely useful compounds because they undmg«? g wide
: g : = . - _ . - i Y A : N ’ .
¥ variety of organic reactions leading to the synthesis of a large ““m_}l““:j Ef 1015‘*‘“1“-
¥ . b — ' alides are desceribed below.

3 compounds, Some of the important reactions of alkyl halides are de

& - S =

i_z: 8.4 Nucleophilic substituion Reactions

3;’ Nucleophile. "A negative ton or a molecule with an unshared electron paiv wh
: can dmmh* (L1 f*/t*t'l‘f‘url }HH'!‘ [ ¢ t‘[:‘r'!f'nn f/tf/f('nwf Cerlre 1l a reaction 1s t'uf/.rrj £
E! "y s ’ p vl 4, " e AT LS - g (U } IHE ‘o
f‘ nucleophilic reagent or simply a nucleophile (means "nucleus loving') Fo,

example, C17,Br ,OH ,CN .N Hy, H, 0: ete. A spectes that aceepts an electron-pair
L a reaction is called an clectrophile, t.e., (electron loving).

OII- + (,'31'13131' “““““ 2 (:]']'5()11 . BI"'
Nuclcophile Substrate leaving group .

The molecule like CHyBr that is attacked by a reagent is callod « substrate,

and the part of the substrate that departs along with the electron pair, like bromide,
is called the leaving group (or nucleofuge), |

A reaction in which one nucleophile (NG:) displaces another nucleophile (X7

from combination with an electrophilic carbon atom is called 2 nucleophiljc

substitution reaction and is denoted by SN reaction where S stands for
substitution and N for nucleuphilic.

A n

Nui® + R-CH,~X —— R -CH, -Nu + X

[ . - . y Tet VR by
R e S A S L T L P I TS Y IR T R o

o 3 R e St b

The C - X bond in alkyl halides is polar because of the high electronegativity
of the halogen atom relative to carbon. Thus the carbon atom attached to halogen
carries a partial positive charge and is therefore, electrophilic in nature. It has
tendency to accept an electron pair from a nucleophilic reagent to form a new hond.
In doing so the electrophilic carbon breaks its old bond with the halogen atom. The

net result of this reaction is that one nucleophile (Nu:”™) displaces an other

3

nucleophile (X7) from combination with an clectfophilic carbon ‘atom. Such

_ displacement reactions are called nucleophilic substitution reactions, | _
The reagent Nu:™ is called the attacking nucleophile, R- CH,~X which

contains the electrophilic carbon atom is ealled the substrate and X (the halide
1on) is called the leaving nucleophile. T, A (lsr - -

. e

Mechanism

The mechanism of a reaction is the actual process by which a reaction takes

place, i.e., which bonds are broken, which are formed. and in what order, how many

steps are involved and what is the relative rate of cach step, ete. Alkyl halides can

undergo nucleophilic substitution by two mechansims: S.«-1 and Sy 2 mechanism.
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Sny2 Mechanism. Sy2 stands for bimolecular nucleophilic substitution. In this

mechanism the nucleophile attacks the substrate from the back side i.e. from the
side directly opposite the leaving group. As the reaction progresses the hond between
the nucleophile and the electrophilic carbon atom grows and the bond between the
carbon atom and the leaving group weakens. In the transition state both the

nucleophile and the leaving group are partially bonded to the carbon undergoing
attack. The hybridization of this carbon atom changes from sp” in the substrate to

sp? in the transition state and again to sp3 in the product. Thus the carbon atom and
three non-reacting groups are approximately coplanar in the transition state, with
the unhybridized p orbital perpendicular to the plane and having one lobe on either

side of the plane; one lobe of the p orbital overlaps with the nucleophile and the
other with the leaving group.

Hy\ < A
"HO™ + .C-Cl —> HO*-.C---CI" —> HO - ¢, +cl
'y H” \ \'H
H
H H H

transition state

Since two molecules, i.e., the nucleophile (e.g., OH ion) and the substrate
(e.g., a molecule of CH3CI) are involved in the formation of transition state in the
rate determining step (the only step of the reaction), thus the reaction is said to be

bimolecular. _
Kinetic Evidence. The Sy2 mechanism involves only one step and this 1s the rate

determining step. In this step both the substrate and attacking nucleophile are
involved. The reaction rate is, therefore, directly proportional to the concentration of
the substrate and to the concentration of the attacking nucleophile and follows the
second order kinetics. According to the rate expression:

Rate o< [CH,C1] [OH]
Rate = k [CH,Cl] [OH"]
Where k is the specific rate constant and brackets denote the concentrations of the

species enclosed within them. Concentrations are usually expressed in moldm-3 ,
However, if the solvent itself acts as a nucleophile, the mechanism may snll

be bimolecular but the experimeantally determined kinetic will be first order. This is
because the concentration of the solvent remains constant due to its large quantities
and the rate will depend only on the concentration of the substrate. Such a rcacuon

i8 called pseudﬂ-ﬁrst order. For example

H,0 + CHyBr —— CH3-H,0" + Br’
Rate = k [CH,Br][H,0] '

Rate =  KICHgBrl  whee  Kek[gol

Stereochemwal evidﬁnce._ M uch more canvmcmp} vwdence for S-..2 meehanmm 1
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comes from the Stereochemical study of the reaction. The Sy2 mechanism predictg

Inversion of configuration when substitution occurs at a chiral carbon, This
inversion of configuration is called the Walden inversion. Since the nucleophile
attacks the substrate from the backside, inversion of configuration should take
Place. This has been actually observed that the hydrolysis of optically active
2-bromooctane with NaOH gives aclive 2-octanol with 1inverted configuration.

C{?H]:g /CﬁHIB ; ~
HO™  + H---}C‘ - Br —— HO — C\---- H (Inverted configuration)
CH, CH;

When optically active 2-iodooctane is treated with Nal having radioactive iodine in
acetone. The iodine exchange was. accompanied by loss of optical activity and the
rate of loss of optical iaétivity was twice the rate of iodine exchange. This is because
that one molecule of the product together with one molecule of the starting substrate

will form a racemic mixture because they are enantiomer of each other. This proves
the backside attack and inversion of configuration.

Cell g ' CeHyg :
- - \ H - /
i ST (i——l —) I——(f +
B . CH
G H H 3

The Sy1 Mechanism

The SN 1 (substitution nucleophilic unimolecular) mechanism consists of two

steps. In the first step, the substrate ionizes reversibly to form a carbonium 1on and

a halide ion. In the second step, the intermediate carbonium ion rapidly combines
with the attacking nucleophile to form the product. L

step 1 (CH3)3C-—Br <20, (CHj3),C”* + Br™

step 2 (CHy);C* + O~ <Lasts (CH3);C - OH

Ina reaction invoiving more than one ste
rate of the reaction, and is therefore called the ra

~reaction, the first step, i.c., the ionization of the
compared 'to the second step, so the first step is t

the rate determining step only one molecule ((

part i1n the reaction, theréfore, the tw}_)_. step SN
and are symbolized as Sy1 reaction.

Kinetic evidence. The kinetic stiidies have shown that in  a réacfion followipg the
Sn1 mechanism, only the substrate is involved in the rate determining step, and the

reaction 1s ‘called a unimolecular reaction. The rate of 'Ef"reliactiori," ‘therefore,

p the slowest step determines the
te-determining step. In the Sy 1

substrate, 1s usﬁally. very slow as
he rate determining step. Since in-

CHj3)3C -Br ie., substrate) takes
reactions are -calle_d unimolecular
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dt‘}n‘“d“ only on the concentration of the substrate, but is independent on the
concentration of the attacking nucleophile and Sy 1 reaction should be a first order
with the follow g rate law:

»

i

Rate
Rate

k [substrnto]
k [((: l‘ln )H C- Br]

]

Solvents play a very important role in Syl reactions, since the ionization is

always assisted by the solvent, it does not enter the rate expression, since it 1s
present 1n large excess. Mostly the solvent itself acts as a nucleophile and the
reaction 1s generlly called solvolysis.

Stereochemical evidence. Another strong evidence in favour of Sy 1 mechanism

comes form the Stereochemical studies. The mechanism involves the formation of
carbonium 1on as an intermediate Since the trivalent carbon atom of the carbonium
ton 1s sp” hybridized, it is a planar molecule. The unhybridized p orbital on carbon 1s
perpendicular to the plane of the sp? orbitals with one lobe on each side of the plane.
The nucleophile can therefore attack from either side of the plane with equal facility
. to form a bond with the carbonium 10n. If we take optically active substrate. we are
expected to get a racemic mixture of the product SN reactions 1s generally expected
. to be accompanied by racemization if it pmceeds by Sy1 mechanism

‘.'C ....X ] : Q‘,C*—Q + Xﬂ

R-3 R3 .
s R | R '
Ly . N 2
C>cl: <D + Y — ‘f‘ Y o+ Y “‘
Nucleophile RS . B
R, R, , P zR'3 iy, R, R,

Racemate topticaily active)

The formation of a carbonium 10n as an intermediate is also supported by the
fact that it can undergﬂ rearrangement to a more Stable carbomum mn bufum it
. combines with the nucleoph:le |

LH., 5 - siligle (‘H, CH,§

' f H O tl’.‘H;; .
I . ' & -
(‘HJ | S C“ o P T - .Hg‘.}*

35 Factors Affecting the Rates of SNI nnd Sn 2 Roantions '

A number of factors affect the relutwe rntea of SNI nnd HN}. mnctmm '1‘!1{\ ;
must impormm factors are: Tt A, ' ‘ ‘ '
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1. 'I'lo offect of the structure ol he :mhftlmtc:; _ !
2. The effect of attacking nucleophile (for Sy2 reactions only),

3. The effect of the solvent.
4. The effect of leaving group

1. The effect of the structure of the substrate. In Sy2reactions the order
reactivity of various alkyl halides 15 methyl >‘primx?r}* > m't'n?dnr}' o t.m;tmry_ The
important factor behind this order of reactivity 18 n steric effect (1e. grey,
hindrance). As the hydrogen atoms of the methyl halides are rt-plnfted by othey
bulky grouy s, the nucleophile finds it more and more dl‘ff.'mult Lo push in umtm’g the
carbon bulky substituents in order to reach the transition state. Moreover, if k.
substituents are bulky the transition state will be heavily crowded and t},
nonbonding interactions between various substituents would raise 1ts energy, Alzg,
the approach of a nucleophile from the backside to a tertiary carbon atom
sterically more hindered than to a primary carbon. Thus, the Sy2 reactions gre
more favourable for the primary substrates and less favourable for tertiary
substrates, Tertiary halides seldom react by the Sy2 mechanism; even the

neopentyl halides which are primary halides, are very unreactive, in Sy 2 reactions

because of the steric crowding in the transition state by the methyl groups of the
3 - carbon.

Sn1 reactions. The primary factor that determines the reactivity of organic
substrates in Sy1 reactions is the relative stability of the carbocation that is formed

in the rate determining step. The greater the stability of the carbocation, the more
rapidly it is formed. The order of stability of the carbocation is:

tertiary > > secondary > prim > methyl. Thus, the Sy1 reactions is more favourable
for the tertiary substrates than for the secondary or primary substrates.

13 Generally, the primary substrates react by the Sy 2 mechanism, whereas the
. tertiary substrates react by the Sy1 mechanism. The secondary
proceed either by Syl or Sy2 or both mechanisms
conditions, mostly they follow Oy 2 mechanism.

v '_'"'f.i“,,. - uf..'_' g '

substrates may
depending on the reaction

2. The '_ef:fect of the nucleophile. Since the nucleophile is not involved in the rate
fietenmmng stgp of Sy1 reaction, the rate of the Sy1 reaction is therefore not
influenced by either the concentration or nature of the nucleophile. For example, the

rate of hydrolysis of tert-butyl chloride which follows Sx 1 mechanism is not affected
by changing the nucleophile from H,0 to OH". : '

Since the rate determining step of an Sn2 reaction involves the nucleophile,

the rates of Sy2 reactions depend on the concentration as well as the nature of the

nucleophile. The rate of S\;2 reaction is directly proportional to the concentration of
the attacking nucleophile. When one doubles the concentration of attacking
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N2 reaction depends upon the reactivity of the nucleophile

which 1s called nucleophilicity. The nucleophilicity of a nucleophile (i.e., reagent)
may be tEiEﬁnEd as 1ts ability to donate an electron pair to carbon. Thus all the
nucleophiles should pe basic in nature. However, their nucleophilicity does not
always parallel thejr basicity, The relative strengths of nucleophiles can be
correlated with structural features

1. A negatively charged nucleophile is always a stronger nucleophile than its
conjugated acid. Thus OH™ is 4 stronger nucleophile than H,0.

2. In' a group of nucleophiles in which the nucleophilie atom is the same,
nucleophilicities parallel basicities. For example, the order of nucleophilicity of
RO >HO™ >>RCOO™ > ROH ~ H,O0.

3. In comparing nucleophiles whose attacking atom is in the same row of perindic
table, nucleophilicities is roughly in the order of basicily. So an approximate order of

nucleophilicity is NH, >RO " >0H > R, NH>NH, >F > H.,O > ClO; and another
s Ry C >RyN">RO > F~

However, in a series of nucleophiles belonging to the same family in the
periodic table, the nucleophilicity increases with increase in atomic number, though

the basicity decreases. Thus the order of halide nucleophilicity is I” > Br'> ClI” > F~
which is opposite to the order of their basicity. Similarly, RS™ is a better nucleophile

than RO, though RO is a better base than RS™. This is because that larger atoms
are more polarizable and hence better nucleophiles.

Steric factors in the attacking nucleophile also affect the rate of Sy2
reaction. For example, methoxide ion (O CHj) can easily approach the carbon atom
during SN reaction, tert-butoxide ion, being very bulky, is sterically hindered to
approach the carbon atom. Thus the ability of tert - butoxide ion is greatly reduced
to act as a nucleophile, although its basicity is similar to that of methoxide jon.

3. The Effect of the Solvent. Solvents play an important role in determining the
rate and mechanism of nucleophilic substitution reactions. The solvent effects can be
anticipated by considering whether ions are formed or destroyed, or neither, in the
rate determining step of the reaction. Good ionizig (polar) solvents are those in
Which ions are stabilized by solvation.The polarity of a solvent, is usually measured
by its dielectric constant. The dielectric constant is a measure of the solvent's
ability to insulate opposite charges from each other. The greater the dielectric
Constant, the higher is the polarity of the solvent. The greater the polarity of a
solvent, the greater is its ability to stabilize a charged species. Reactions which
Produce ions from neutral species are accelerated by polar solvent. Thus Sy1

reactions in which carbocations are formed in the rate determining step. are
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accelerated by polar solvents. For example, the rate of hydrolysis of: tert-buty]
bromide increases more than 100 times when solvent is changed from ethang] to
water because water is more polar than ethanol. . |

For Sn2 reactions, the effect of the solvent depends on whether ,t}}e 1nitia]
charge is dispersed or decreased or increased in the rate controlling transition state.
The reactions in which the initial charges are increased in the transition state, are
favoured by increasing the polarity of the solvent, whereas the reactions in which
the initial charges are either dispersed or decreased in the transition state, are
favoured by decreasing the polarity of the solvent, (i.e., are favoured in nonpolar
solvents).

Generally, the influence of a solvent is large when the charge is either

increased or decreased, but the effects are small when there is a dispersal of
charges. |

Aprotic solvent may also decrease the nucleophilicity of a nucleophile
through solvation. However, the solvation is less in aprotic solvents like dimethy]
sulphoxide (DMSO), dimethylacetamide (DMA), dimethylformamide (DMF) than ip
protic solvents like H,O,C4H;0H which solvate the nucleophile through hydrogen
bonding.

Aprotic solvents are those solvents whose molecules do not have a hydrogen
that is attached to a strongly electronegative element.

4. The Effect of Leaving Group. The best leaving groups are those that become
the most stable molecules or ions after they depart. In general, the best leaving
groups are the ions or molecules that are the weakest bases. The ability of a group to

act as a leaving group is usually inverse of its basicity. Thus, among the halides.
1odide is the best leaving group and a fluoride ion 1s the poorest.: '

Other weak bases that are good leaving groups are alkanesulphonate ions
RSOj; and alkyl sulphate ions RSOj. |

Since in both Sy1 and Sy 2 reactions, the leaving group comes off along with
its bonding electron pair So the groups that can better accommodate the electron
pair (or negative charge) are better leaving groups For example, phenoxide ion,
PhO" is a better leaving group than RO~ because the negative charge of. phenoxide
10n 1s delocalized over to the ring, whereas delocalization is not possible in RO™.
However, a poor leaving group like RO (or HO") may be converted to a good leaving
grbu_p.by protonation, e.g., H,0 is a better leaving group than;HO“,' because H,0 1s
a weaker base than HO™. Thus 4, e o ' -

~ X +ROH —— R -X + OH" (The reaction -db:e.s Lxl.wtls-oécurr',

'sin_ce' e
. FALARILEUCE Thak s - leaving group OH 'a strongly basic) =
A~ +RO"Hy —— RX + Hy0 (HyOis a good leaving group i.e. weak base).
Sy1 reactions do not require powerful nucleophiles ‘but do “require good leaving
groups, .most of them take place under acidic (or neutral) conditions. The.Sy2.

reactions which do require powerful nucleophiles. mostly take place under basic (or
neutral) conditi ns. ' FA T . :

i
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8.6 Main Features that Differentiate between Syl and Sy2 Reaclions

Sy 1 Reaction

1. Syl  stands  for
nucleophilic unimolecular.
2. Sy1 1s a two step mechanmism.

3. In the two step Sy1 reaction, the
substrate, R - X, first ionizes reversibly
into R™ and X and then the
intermediate carbocation combines with

the attacking nucleophile, Nu~ to form
the product.

substitution

R—X-‘Sllm'h R + X
R* +Nu -8ty p_ Ny
4. Rate depends only on the

concentration of the substrate.

. Rate = k [R - X]
5. The nucleophile can attack the
electrophilic carbon from either side

(front or backside).
6.1t is expected to first order kinetics.

7. In Sylreaction, the product may be

partially inverted with respect to that of
starting substrate, largely inverted or
inverted to a very small extent. The

product is racemate usually.
8. Reaction is favoured by polar solvents.

9.Reaction can occur with weak base.
10. Sy1reactions are generally given by

tert-alkyl halides; 3° > 2° > I" > CHj
8.7 ELIMINATION REACTIONS

Sn2 Reaction

1. Sy2 stands for
nucleophilic bimolecular.
2 . Sy 2 15 one step mechamsm.

3. The attack of nucleophile on carbon
and deparature of halide 1on takes

place simultaneously in a single step
Nu +R-X—>R-Nu+X

substitution

4. Rate depends on the concentration of

substrate as well as on the
concentration of attacking nucleophile.

Rate = k [R - X] [Nu']

5. The nucleophile attacks the
electrophilic carbon from the backside.

6. It is expected to be second order
kinetics. If however one of the

reactants 1s the solvent, the Sy2

mechanism will lead to first order
kinetics.

7. Sn2Reactions always proceed with
complete 1inversion of configuration

(backside attack).

8. Reaction is favoured by nonpolar
solvents.
9. Reaction requires strong bases.

10. Sy2arve generallj given by primary
alkyl halides, CHy >1>2° > 3°

Reactions in which two atoms or groups are removed from two adjacent
carbon atoms of the substrale molecule to form a multiple bond are calld
B-elimination reactions. In these reactions, one atom is removed from the a- and

the other from the f~carbon atom, two @ bonds are lost and a new n bond is formed
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HO -H-CH,-CH,-Br —— CH, =CH, +H,0+Br

(1.2 - or {} - ehmination)

If two atoms or groups are removed from the same carbon atom of a molecuyle

forming a highly reactive species known as carbene, the reaction 1s called 1, 1- op

x - elimination reaction.
H

|
Ci=0=0]; , :CCl, + HCl

, * - (1,1 - or « — elimination)
We shall describe B-elimination which is more important and is mechanistically
closely related to nucleophilic substitution.

Mechanism
In the B - eliminations one group leaves with its electron pair and is referred
to as the leaving group (or nucleofuge) and the other group. leaves without

electrons, mostly hydrogen. Elimination reactions occur by a variety of mechansims.
With alkyl halides, two mechanisms E2 and El that are closely related to the Sy2

and Sy 1 are especially important:

The E 2 mechanism. In the E2 (elimination bimolecular) mechanism, pulling off
the proton from the B-carbon atom by a base and the deparature of the halide 1on(the

leaving group) from the o-carbon occurs simultaneously. Thus the E2Z reaction 1s a
one step process in which both the substrate and the base are involved in the
formation of transition state. In the transition state partial bond exist between the

hydroxide ion and the B-hydrogen, between the [-hydrogen and P-carbon and
between the a-carbon and the bromine. The C-C bond has also begun to develop

some double bond character.
H.. - HO-H . - 3
HO + (:Hg---(lm2 —3  CHzy=CH; —> Hy0 + CHy;=CH; + Br
- Br | B l
The E2 mechanism is supported by a typical second-order kinetics, first. -order__ n
substrate and first- order in base. The rate equationis: =~~~
- Rate e 0k {CHg CHo BRI JOHT] - oo oo 0w iy
" The E2 mechanism is analogous to the Sy2 mechanism and often competes
with it. The difference between the two pathways is whether the reagent with an
- unshared electron pair attacks the hydrogen atom (acts as a base) or the carbon
~atom (acts as a nucleophile) of the substrate. Any species (neutral or negatively
charged) that carrieg a lone pair of electrons can act as both base and nucleophile. & -
base attacks hydrogen atom in elimination reactions while a nucleophile attacks
~ carbon atom in substitution reactions, T PLEFRASRA | Y dakd 2EVIENBAD. 4o

The E1 mechanism. The E1 (elimination unimolecular) like Sy1 is a two step
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process. In the first step, the substrate ionizes slowly to form a carbocation that
rapidly loses a proton from a B - carbon atom to a base, usually the solvent, in the
second step. E1 reaction normally occurs without an added base.

. CH,
CHa =0~ CH; S0, CH,-C-CHy+ Br
| 3~ ¢~
Br
CH, CHj

l -
I F - —_— —— "_
CHy-C-CH, + B: —2ts  CHy- C =Cl, + BH

The E1 reaction is analogous to the Sx1 reaction and often competes with it.
In fact, the first step (i.e., rate determining step) of the E1 reaction 1s exactly the
same as that of the Sy1 reaction. The second step differs in that the solvent pulls a
proton from the 3-carbon of the carbocation to form an alkene rather than attacking

it at the positively charged carbon to form the substitution product as in the Sy1
process. K1 reactions always accompany Sy 1 reactions.

CoH-
(CHj5)3 CBr JHQH—-—’I-I?—Q-) (CH4),COH + (CH4)oC = CH,
The El mechanism is supported by the kinetic studies of the reaction. It

follows first-order kinetic, the rate d:pends on the concentration of the substrate
only. |

Rate = k [CH;); C Br]

The formation of a carbocation as an intermediate is also supported by the fact that

1t can rearrange itself to a more stable carbocation before losing a [~ proton to the
base.

| | | | \ 3 /3
CHy ~C ~ CH-CHywmst CHy - C ~CH-CHy==CHy~C — CH - CHy— C = {

| I -Br

CH3 Br CH:; -.*.CHﬂ CH',

8.8 Orientation in Elimination-Orientation of Double Bond

If a substrate has a § - hydrogen on only one carben, there is no doubt about
the position of the new double bond. For example, CHyCH,CH,Br gives only

CH3CH = CH,. However, many substrates have § - hydrogens at more than one

position that can be lost in the elimination reaction and more than one alkenir

Product are possible. For example, dehydrohalogenation of 2-bromobutane can yield
two products: 2-butene or 1-butene, In fact, a mixture of both alkenes is formed.

Br - * * l-buter. 2-butene

19% - 81%

CHyCH, CH CHj + C,H;ONa - 280%, CH, ~CH, - CH=CH, + CH,CH=CH-CH,
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The question anses which alkenic preduct predeminates. There are g QUmbe
of rules that enable us to predict which product w il predomuinantly form

In the El mechanism the leaving group 1s gone before the choice 1s made a5 ta
which direction is taken by the new double bond. The onentation of the double bong
In this case 1s determuned entirely by the relative stabilites of the possible 'ilke.::&:
In general. the greater the number of alkyl groups attached to the cardon atoms Of the
double bond. the greater is the alkenes stability. In such cases Savtzeff rulé
operates which states that the double bond goes mainly foward the More
highly substituted alkene. Thus. in the elimination of HBr from 2-bromobutane.
2-butene is the major product. In general, in an E! reaction the maost highly
substituted alkene is formed through the most stable carbocation. o

In the case of E2 mechamsm. the presence of a trans B-hydrogen ;
necessary. If trans P-hydrogen 1s available at only one position then that is the
direction of the double bond. However, if trans B-hvdrogens are available on two or
three carbens, two types of behaviour are observed depending on the structure of the
substrate and the nature of the leaving group. Most eliminations inv olving neutral

substrates tend to follow the Saytzeff rule and yteld mainly the more highly
substituted alkene, while eliminations with charged substrates tend to follow the

Hofmann rule and yield mainly the least substituted alkene The Hofmann rule
states that the double bond goes mainly toward the least hrghly substituted alkene.
Substrates containing charged leaving groups hike -NR3,-SR,. ithat

comes off as a neutral molecule) follow Hofmann rule if tha substrate 1s acylic and
the product formed 1s called the Hofmann product.

fos

CHgCHg(IJHCH3+ 07CyHg 20200, oy CHCH+ CHyCH,CH-CHys (CHyuS - CLHLOH

1H-3CH'2 cl‘HCHg +0OH™ ——-—-}CH3 CH= CHCH3 +CH3 CH) CH= CH)-‘-(CH:; }q\;- H*;O
N(CH3)3 _ | o% %

setas W EGE 8 charged substrate the base attacks the more acidic hyvdrogen
anarv hydrogens are more acidic because their carbon bears nnly one electron-

releasing group.

The Hofmann product appears to ba formed because of steric effects. since the
furmatmn of a less substituted alkene 1s favoured even when the Ieuvmg group 15 8
halide, if & Inrge base is used, i

C Hf;CH.gf‘H CH CHawWCHa CH, CH = CH CHj + CH, CH, CHy CH = CH;
¢ CaHls ONa / CoHy OH 60% 5 iy 31?*, ® ci 3t
de }3CO Na I(CH3)3 COH g% ' =% ' .73

. '
s i “ - : F - 2 -
a
i . . i
\ L 5
r a . I
= :
3 e o NG oo b nib g e i e e L R o 2 1% L] L
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8.9 Factors Affecting Reactivity of Elimination Reactions:- Reactivity

Like substitution reactions, the mechanism and the relative rates of E1 and
E2 reactions depend on various factors. Though substitution and, elimination

reactions lead to different products, since they are closely related in mechanism,
thus there 1s often a competition between them.

1. The effect of substrate structure. Like substitution reactions, tertiary
substrates (i.e,, tertiary halides) usually proceed by the E1 mechanism, since they
can form stable carbocations readily. Primary substrates usually follow E2
mechanism. Secondary substrates proceed either by E1l mechanism or by E2
mechanism depending on the reaction conditions. However in contrast to the
substitution reactions the E? mechanism is often observed with tertiary substrate
because the base can easily abstract a proton from a B-carbon atom where the steric
hindrance is not as significant as when the nucleophile must directly approach the

- Ellmination Vs. Substitution. Crowding within the substrate generally favours
~elimination over substitution because the approach of the nucleophile to the
p-carbon is usually subjected to much more steric hindrance than is abstraction of a
P-hydrogen atom by the base. The increased number of alkyl groups on the
substrate favours elimination over substitution since they stabilize the eliminatidn

product, i.e., alkene more than the substitution.

CH, | CHg

CHj .
- | C,H;OH | | *
. 02H50Na g CHa‘C-CH3 R CHS-C—CH3,+ CH2 =C — CH3
Qg -
R s . - CHj | T
st e vy T vy CH.OH ™ T s
;. CzH5O Na + CH3—C|)—CH3 _—5%——) CH2 =C"CH3 + NaBr- IR
e Br (100%), E2+E1 it
I + 02H50H | - } 5% y i
'- ;.C2H50_Na'-- * CH3 _?HCHa—_W CH3_(I3H"CH3 +CH2"= CHCH3
et . (21%)’ SN2 o 34 0

2. The Effect of temperature. Elimination is favoured over substitution by
Increasing temperature, whether the mechanism is unimolecular or bimolecular.
The reason is that the activation energies of elimination are ‘higher than those’ of
subsﬁfUﬁbﬂé, therefore at higher temperature elimination is favoured. - st niked
3. Eﬁ__éct of the Attacking Base. In the E1l mechanism, an _eitt'efnalf base is
generally not required; the solvent itself acts as the base.”Hence when external
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bases are added, the mechanism is shifted toward E2. A strong base favours the py
mechanism even with a tertiary substrate. El reactions are favoured by the use of
‘weak bases with tertiary and. in some cases, secondary substrates. -

Elimination Vs. Substitution. Strong bases not only favour E2 over El, but aleg
favour elimination over substitution. With a high concentration of strong base in 2
nonionizing solvent, bimolecular mechanisms are favoured and E2 predominates
over Sy2. At low high concentration, or in the absence of base altogether, in ionizing
solvents, unimolecular mechanisms are favoured, and the Syl mechanien

predominates over the E1. For example, 2-bromopropane with ethoxide ion (a Strong
base} gives alkene as the major product, and with an anion of the same

correspondmg thioalecochol (C,H;S™) substitution is the predominant I‘EaCtle
‘because C>Hs;S™ is more nucleophilic but less basic than O C,H-.

CH3 —-CH - CH3 . 3 C2H50Na C‘ZH{}OH CH3CH CH2 + CHa CH CH3
| major
Br OC;;H_-_,
CH3 CH-CH; + C;H;SNa _CoHOH | CH; ~CH=CH, + CH; ~CH - CH,
Br . SCoils
' | major

4. The Effect of the Solvent. Like Syl reactions E1 mechanism is favoured by

polar solvents since it involves ionic intermediates (i.e., carbocatmns) In non-polar
solvents the reaction will tend to proceed by the E2 mechanism.

. Elimination Vs. Substitution. Increasing polarity of solvent favours SN2
reactions at the expense of E2. Thus alcoholic KOH is used to effect ehmmahon,
while the more polar aqueous KOH is used for substitution. In most solvents SN1 |

' - reactions are favoured over El1. E1 reactmns compete best in polar solvents that are
poor nucleophiles.

. ‘The Effect of Leaving Group. The role of leaving groups 1in ehxmnatmn ‘
reactmns is similar to that in nucleophilic substitution. Better leaving groups shift
the mechanism toward the E1, since they make lonization easier. Poor leaving

groups favour the E2 mechanism. The only 1mportant leavmg groups for preparatwe .
purposes are OHZ (always by E1) and Cl Br, 1 and NR3 (usually by Ez) |

‘Ehmmatlon Vs. Bubstltutlon For the ummolecular reactions the leavmg gmuP
has nothing to do with the competition between elimination and substitution, sincé
it is gone before the decision is made as to which path to take. In the bimolccular
e reactmns, he ellmmatwn aubstltutlon ratio 15 not greatly dependent on a hahde-__ ,
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leaving group, though there is a slight increase in elimination in the order 1 > Br> 4

cl. When OTs is the leaving group there is usually much more substitution. It
means that in the bimolecular reactions the nature of the product greatly depends
on the nature of the leaving group as shown below. |

CHjy),
n-CygHaz 'Br +(CH;3)3COK ot TaigCOM, nC,gH33CH = CHy +n -CygH3;0C(CH3)3
85% 15%
OT (CHg)3COH Ha)
|} -CIS}IST S +(CH3)3COK -3 n Cth33CH CH-'! + 1 - CISHg"OC(C 33
1% T 99%

8.10 Alkyl Halides in Organic Synthesis (Chemical properties) °

The alkyl halides are extremely useful compounds because they undergo a
large variety of reactions that make them valuable in organic synthesis.

A. Some of the important nucleophilic substitution reactions oi t alkyl hahdes are
described below:

(i) Reaction with aqueous KOH. Alkyl halides react with aqueous KOH to form
alcohols. |

CH;CH, Br + aq. KOH —— CH,CH,OH + KBr

(ii) Reaction with Sodium alkoxides. Alkyl halides react with sodium alkoxides 4
(RONa) to form ethers. " ;

CH;CH,Br + "Na OH,CCHy —— CH4CH,QCCH,CHj + NaBr

(iii) Reaction with ammonia. The alkyl halides react with ammonia t-o‘_ form Et
primary, secondary and tertiary amines and quaternary ammonium salts.

CH.CH,-B 5
CH4CHyBr+NHy —— CH3CHoNH, —2—2—, (CH4CH;);NH 951%_3-5
| | CH3CH,Br _

(CHyCHg)3N —2"-2", (CH3CHj),;*NBr"

(iv) Reaction with NaCN. Alkyl halides react with sodium cyanide in a suitable
reagent (generally aqueous ethanol) to form alkyl cyanmides or nitriles.

CH3CHyBr + NaCN —— CH3CHpCN + NaBr
Tertiary alkyl cyamdes cannot be prepared since thev undergo ehmmatmn

reaction.
(v) Reaction with KSH. Alkyl halides react with alcohohc ~ potassium
hydrosulphide to form TkL.iols.
CH4CH, -1 + KsH ethanol, CHSCstH + KI
Ethanethiol R R
(vi) Reactmn with mercaptides. Alkyl halides on treatment with. mercapt:des
P> fﬁrm alkyl sulphldes

CEH5'—I +02H58Na ——T2, CQH5802H5 + NEI

2 = B . -~ L e Lo A e . = R :‘l"-!_" ."; ol l".ﬂ\_'l‘_l'l. Yoy, A
o p AT o e TR i e e e e Mt S gt el E AL T VL e T

LT L
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(vii) Reaction wita:? RCOOAg. Alkvl halides on treatment with an a-lff@hﬂ;;,.
solution of silver salt of a carboxylic acid yteld esters.

CH,C00Ag - CH;CH,;Br —— CH,COOCH,CH,; + AgBr
(viii) Reaction with Acetylides. Alkyl halides react with sodium acetylides e

form higher alkynes.
CH.Br + NaC" =CH -——s CH3;-C=CH + NabBr

CH,Br+Na'C” =CCH; —— CH,C = CCHy +NaBr

ORGANIC CHEMIspy,.

B. Elimination Reactions

(ix) Reaction with Alcoholic KOH. Alkyl halides on boiling with alcoholic KOR
undergo dehydrohalogenation to form alkenes. '

CH,CH,Br + KOH £thanol, oy - CH, + KBr+H,0
(C) Miscellaneous Reactions

(x) Reduction. Alkyl halides are reduced to alkanes by (i) Zn+ HI; (ii) LiAlH,; and
(1i1) Hyin the presence of N1 or Pd.

CH3CH,CH,l + [2H) 28+ HCl, oy cH,CH, + HI

Br
' Li1AIH,
CH3 CH CH} + qul ‘——-'-———--—) CH:;CH¢CH3 + HBr

ether

(xi) Wurtz Reactmn Alkyl halides react with metallic sodlum in dry ether to form
higher alkanes.

CH,Cl + 2Na + CICHy; — CH4-CH, + 2Naci

(xii} Reaction with Metals. Alkyl halides react with almost all the metals in dry
ether to form organometallic compounds.

© CH4CH,Br + Mg -£ther, CH3CH¢MgBr

CH,CH,Br + 2Li -ether, 27, CHyCH,Li + LiBr

(xiii) Friedel- Crafts Reaction. Alkyl halides react with bﬂnzene in the presen:e
-~ of anyhydmus AlCl3 to form alkyl benzenes. -

N ~ UAIC,
+ CH3C1 S — + HCI =+

" {xdv) Rearrangement. When an alkyl halide is heateud at about 300°C or m th@
- presence of catalyst like AlCl,, AlBr,, it undergoes rearrangement, Hydnde wn can
lgrate It was hydride that shift, not bromide. ~ | L
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OB Ee e e CHsCH.CH, — CH,CHCH, CH, -CH-CH;
- (H -

K Br
- g11 ORGANOMAGNESIUM COMPOUNDS: GRIGNARD REAGENTS

The alkyl - or arylmagnesium halides, R (or Ar) - Mg - X, are commonly
goown 25 Grignard reagents after the name of Victor Grignard who introduced

them &S SyDibetic reagents in organic chemistry, and Grignard was awarded the
Neoel prize for his work in 1912

Preparation of Grignard Reagents

A Grignard reagent is prepared by refluxing an alkyl or aryl halide,
dissolved in dry ether, with small magnesium turnings. A reaction takes place at the
. surfzce of magnesium which slows down during the course of the reaction.

W T T Y i T L L T T I M S R ey L e W

The reaction takes place in two steps. In the first step, alkyl halide reacts at
the suriace of magnesium to produce an alkyl radical and a "MgX sepecies (probably

still zssociated with the metal surface). The alkyl radical then reacts with "MgX to-
. form the Grignard reagent.

I‘U{+Mg——:—:»R‘+’MgX———>RMgX

| Grignard reagents cannot be isolated. The ethereal solution of the Grignard

~ rezgent 1s used directly for further reactions.

| The ease of the formation of Grignard reagents depends upon many factors
induding the nature of alkyl (or aryl) group and the halogen atom. Increase in the

. number of carbon atoms in the alkyl group makes the formation of the reagent

. rather difficult and for a particular alkyl group the ease of formation follows the

~order: 1 > Br > ClL The alkyl (or aryl) magnesium fluorides are not known. Alkyl

- iodides are generally expensive. Alkyl bromides are most suitable for the
preparation of Grignard reagents. % o

Besides ether, a number of other solvents such as tetrahydrofu;'an (THF), and I

tertiary amines may also be used as solvent. The best solvent,;howeg,el;’ -+ THF'as'iii*'
. increases the reactivity of organic halides towards magnesium, |

Structure of Grignard Reagents: It is fairly certain that the C "Mg,bm; i

L

' Urignard reagents is covalent and not ionic. The actual structure of Grignard

~ Teagents in solution has been the subject of much controversy over the years. In
1929 it was discovered that the addition of dioxane to an ethereal Grignard solution

3 rePl'ﬁentthe mmposilioﬁ of the Gngnard solution. e e
. ZRMgX gy R2Mg + ngz RoMg« MgX, i g } '- 




y .
" CF g

The position of the equilibrium depends on the identity of R, X, the "ﬂlvent
concentration and the temperature. It has been known for many years that thg
magnesium in a Grignard solution, no matter whether it is R MgX, R,Mg or ng

can coordinate with two molecules of ether in addition to the two covalent bonds.

O(CoHg)s O(CyHp), O(CyHg)p
Sl | * ! o
R-Mg-X R-Mg-R }x—l}/lghx
T 1
0(02H5)2 0(02H5)2 O(_CzHE)z
I I | 111

The crystalline Grignard reagents have been obtained by cooling ordinary
ethereal Grigard solution and their structures have been determined by X - ray

diffraction technique. This study shows that these compounds exist as dietherate of

the monomer in which four groups are tetrahedrally arranged around magnesium
atom

R. O(CoHx).
/Mg < ofl5)y
X O(C,H;),

In general, it has been found that in dilute ethereal solution (upto about
0.1M) Grignard reagents exist as monomers. However, in higher concentrated
solution (0.5 to 1M) the principal species is a dimer in which two magnesium atoms
are bridged by two halogens. In this structure each magnesium acquires its octet by

additional coordination, one with halogen of the other RMgX and one with oxygen of
the ether molecule e -

”1 o _ R XN '___..J-R”
(CQH;-)QO | \X ol '\O(C2H

Since the reactions of RZMg in the presence of MgX, are the same as those
of RMgX, ‘we shall de51gnate them as RMgX whﬂe dlscussmg their I'EElCthIlS
8. 12 Reactlons of Grlgnard Reagents |

The C - Mg bond in Grignard reagents 1S covalent but hlgth polar. The
carbon atom is more electronegatwe than Mg. The electrons of the C - Mg bond are

drawn towards the carbon atom. As a result, the carbon atom has a partlal negatwe
| charge and the I\/Tg atom has a partial positive charge.

W |7, TS & R 5 o b i O Tes
y —<— MgX or R - - MgX

= | . _ -
" The alkyl groups in: Grignard’ reagents being. electron' rich' ‘can act as
carbamons or nucieophiles. Thus the characteristic reactions of Grignard reagents
are nucleophilic substitution and nucleophilic addxtlon reactions. (A carbon atom

having a negatwe chargo is called a carbanion).
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Grignard reagents react with a variety of substances yielding almost the

entire range of O.rgﬂnic substances. The following reactions illustrate the synthetic
importance of Grignard reagents. |

1. Reaction with compounds containing Active hydrogen

Formation of Hydrocarbons: Any hydrogen that is acidic in naturz 1s
known as active hydrogen. Compounds like water, alcohols, amines, carboxylic

acids and terminal alkynes which contain ‘active hydrogen react with Grignard
reagents to form Hydrocarbons.

CoHsMgBr + H-OH —— CyHg + (OH)MgBr
CoHsMgBr + CbHSOH —— (C,H; + MgBr (OCyH);
CoH;MgBr + CH3NH, —— Cy,Hg + MgBr(NHCHj)

© CoH;MgBr + CH,COOH —— C,H; + BrMg(OOCCH;)
CoH;MgBr+CH; -C=CH —— C,Hy + CH; -C=CMgBr

The reaction of Grignard reagents with active hydrogen compounds can be
used for the determination of number of active hydrogens in a compound. The
procedure is known as Zerewitnoff active hydrogen determination.
Methylmagnesium igdide is normally used and the methane that is liberated in the
reaction, is measured by volume. One molecule of CH, being equivalent to one

active hydrogen atom.

2. Reaction with Carbonyl Compounds: Nucleophilic Addition to Carbonyl

Compounds. Grignard reagents, being nucleophilic in character, add to carbonyl
group of aldehydes, ketones, carboxylate ester, anhydrides and amides and the

resulting complex on hydrolysis forms alcohol. In this reaction the alkyl group,
having carbanionic character, is bonded to the carbonyl carbon and the MgX to the
oxygen of the carbonyl group. The hydrolysis step is usually carried out with dil HCI
or Hy,SO, but this can not be done for tertiary alcohols because they are'easily

dehydrated under acidic conditions. For tertiary alcohols (and often for other
alcohols as well) an aqueous solution of NH,Clis used instead of a strong acid.

(i) Reaction with formaldehyde; Formaldehyde reacts with Grignard reagents to
give addition products which on hydrolysis gives primary alcohols.

iy ;
) 4.0t |
RMgBr -+ H - C = 0—— R~ COMg"Br 139 ,R_C-OH + HOMgBr
| H

(ii) Reaction with aldehydes other than formaldehyde: Synthesis of secondary

alcohols. Aldehydes (except formaldehyde) react with Grignard reagents to give
additiqn products which on hydrolysis give secondary alcohols. - -
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CH, CH,

l H 0+ |
CH3CH2MgBI' + CH3CHO ——) CHSCHQ—(E —OMgBr '——3“_} CH:}CHQ - (lj"" OI’I

H H

(iii) Reaction With ketones: Synthesis of tertiary alcohols. Ketones react with

Grignard reagent to form tertiary alcohols.
R § N
.. I
,:\C=O—c:—>R-—C—OMgBr A NH"‘C—> R- C-0H
R Ly L,

(iv) Reaction With esters: Synthesis of secondary and tertiary alcohols,
~ Grignard reagents react with formate ester to give an aldehyde first. However, if the

Grignard reagent is in excess, a secondary alcohol is formed. The other carboxylate
ester with Grignard reagent gives tertiary alcohols.

RMgBr +

| ﬂ (I)MgBr
- RMgBr + H-C-0C,H R-C- e I
. gor olly —> (IJ OC,H; —C,H.OMgBr R-CHO
.. unstable - ‘
| | I H.O" | _
R-C=0 + RMgBr — R—(l.‘,-—OMgBr —3= 5 R—(|3—OH
' . TR VRPN : s R
g ¢ ‘ ﬂ | I " (|:H3 '
¥ CH3;CH,MgBr + CH3 - C- OC,H; —— |CH4CH, -(IJ-oMgBr —9HsOMghr,
' | OC,H: -
- Cﬁ3 | CH CH,MgBr ' CI)HS | - .+_ i ?HS | |
i :.."".-C*: O =—=2"2"8", CH3;CH, -- C- OMgBr -—Ii?i)—) CH;CH,-C-OH
CH;,CH, = | SR it _ -- TER SN E
' CH,CHj . . CH,CHj

(v) Reaction with orthoesters. Grignard reagent reacts with ethyl orthoformate
to form an acetal which oa hydrolysis gives an aldehyde. . 240 |

R Mg Br + HC (OCHg); —5rgrmses ROH(OC,Hy), 340, RCHO +20,H,0H
‘ -- | | An acetal o '

If an orthoegt'er. other than orthoformic ester is used, a ketone is formed.

‘ | | / ' ; H O+ Y, - ' :
- RMgBr+ R’C(O'02H5)3 m} R —(IJ (O Cg H5)2 —S- 4R -—(_i,‘, =0+ 202H5QH_ 1

(1v) "Reaé.tiOn‘ wit‘h,.'aci.d chlorides. Gﬁgnard'.reagerits zjeact with acid chloride

L
- r B i ”
- %
1 F x
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/—————“———_—-—-———*—-——-—_—
st 10 form ketone which further react with Grignard reagent to form tertiary

_ al(‘ﬁhﬂ]ﬁ-

O OMgBr O
= | ~MgBrCl .
RMgBr+R-C=Cl — R’-(lj_c1 R, R'-C-R
R | RMgBr
OH L] ?MgBr |
l
R’—-(P—-—R H30 R:_(‘:_R
R R

3. Reaction with Carbon Dioxide: Synthesis of Carboxylic acids: Grignard
reagents react with CO, to givé addition products which on hydrolysis yield
carboxylic acids, |

O
+
RMgBr + 0 =C =0 — R- C— OMgBr —-I-I—"—"-Q—-—-) RCOOH .

4. Reaction with Nitriles: Synthesis of Ketones: Nitrile group is polar 'mth
negative end on nitrogen and positive end on carbon. Due to this polarity tae

Grignard reagent adds as a nucleophile forming a ketimine salt which on hyd.ml B8
gives the corresponding ketones.

§+ _ 5- Ry _+ H.O* R\
-RMg* B +R’-—C =N — NM 3 =N )
el N T g O NMERT THoMgR? 1 ’H——*,,«/C .
" ketimine

5. Reaction with ethylene oxide. Grigard reagents react with ethylene emde to f 3
give an addition product which on hydrolysis gives primary alcohols.

CH; Mgl + CH,—CH, —— CH3CH,CH,0Mgl!
SV

CH,CH,CH,0Mgl —T;i; CH,CH,CH, OH + Mg I (OH)

6. Reaction with halogenated ethers. Grignard reagents react mth lower
halogenated ethers to form higher ethers.

CH3 CH2 Mg Br + Cl CHg O CH:] e CHaCHzCHzOCI'Is . 3 MgBr {CD
| Chloromethyl ether -+ Methyl propyl ether
7. Reactmn mth oxygen: Synthesxs of Alcohols and hydroperoxides: Oxygen

- reacts with Gng-nard reagents to give either hydroperoxides or alcohols. The e
' !‘eactxon can be used to convert alkyl hﬂhdes to alcohols without side reactwm e ea &G

O 2R-0-0-H
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.

. ORGANIC CHEMIpy

8. Reaction with Sulphur. Sulphur reacts with Grignard ren

Rent Lo pive I
L] . . . . i \ k : \ |
product which on hydrolysis gives the corresponding thioaleohol

o,
CH;CH, MgBr + § —— CH3CH, S My Br ol — > CHyCHLSH Mg Br(Ofy)

9. Nucleophilic Displacement Reactions:
Grignard reagents. being source of carbanions, ¢
providing R:” as nucleophiles. Such reactions

halides having high reactivity towards nucleophilic displacements. Hoyw
other derivatives of alcohols such as alkyl sulphates,
good leaving groups can also under

Synthesis  of lly(lrmmrlmnn_
an participate in SN2 veactions by
are. more  pronounced wiil ilky

DA AN I | fnw

alkyl sulphonates  hich hay

g0 nucleophilie displacemoents.

RMBr + CH3CHLCl —— CH3CHoR + MgBrOl
CH;CH,MgBr + CH, =CH—CH3C1-———~—:~CH: =CH-CH, ~CH,CHg + Mg(Br)C)
RMgBr + ROTs . R-R" + TsOMgBr

10. Reaction with small. ring cyclic ethers (i.e, Epoxides): Synthesis of Alcohols:
Grignard reagents regct with small-ring cyelic ethers to lorm alcohols. The product
contains two or three carbon ator

ns more than the alky] or aryl group.
. g

' Q\*o/

—£55 RCH,CH, O
11. Reaction of Grignard Rea

compounds: Grignard reagents react with a
electropositive metals to

very useful for the sy
and phosphorus. The general form o

n RMgX + MX, — R M +

form new organometallic
nthesis of alky] derivatives of
{the reaction is as below:

compounds. These reactions are
Hg, Zn, Cd, Cu, Si

less electropositive than Mg)
Several examples are given:

2CH5MgCl + HgCl, — (CH,),Hg + 2MgCQ,

2CH3CH2MgBI' + ZnC12 for—) (CH&CHQ )2Zn * 2I\1g012
3CH3CH,CH,CH,MgBr + PCl, —  (CH
8.13 Spectroscopic 1dentification of alkyl

Alkyl halides show strong absor
stretching vibrations of the carbon-h

3CH20H20H2)3PL + 3MgCIBr
halides

ptions in the infrared region arising from the
alogen bord. Characteristic absorptions are
observed at 950-1350 m-1 for C-F, at 510

=175 em 1 for C-Cl, at 490-650 cm-!
for C-Br, and at 465-600cm-1 for C-].




SRt

ALKYL HALIDES ‘ 291

3. (a)

Discuss preparation of alkyl halides in details from:

- Alkenes (1)  Alcohols (ii1)  Allylic Bromination

Halogenation of alkanes  (v) Chlormethylation
Write short notes on the {ollowings:
The structure of Grignard Reagent (b) S\ 2 reactions

The Hofmann-Saytzeff rule P.U. 1984

~Give five methods for the preparation of alkyl halides.

(b) What are Hofmann and Saytzefl rules? Discuss with relevant details.

P.U. 1988.

What are Elimination reactions? Discuss dlfferent mechambms involved 1n

~_the elimination reactions. P.U. 1983

E‘J’ 1

10; ;

the hands of an Organic chemist". - A0 VRS P.U. 1994
Alkyl halides usually undergo nucleop}nhc dlsplacement reactwne by Sy1 or
Sy 2 mechanism. How do these two mechanism dlﬁ"er‘? P.U. 1977
What is Grignard Reagent ? Huw 1s Gngnard reagent used to prepare t‘m
folowing compounds: % _ ol
(i) 3-hexanol (ii) 1-hexanol (iii) Ethanol (iv) 2- p’ropanol g AL A U.1989
- Give equations for the reactions of ethyl mdlde with each of the followi ing
- reagents:-(i) Mg (ii)) KCN Gii)Na Gv)NH; ~ B, Z.U 1988

12.

What is a Grignard Reagent? How is it prepared and give four of its synthetic
applications in organic chemistry. Also, briefly discuss its structural aspects.

Write chemical equations with conditions for the preparation of the following

compounds from Grignard Reagent:- (i) Carboxylic acid  (ii) Secondary
alcohol (111) Saturated hydrocarbons (1v) Tertiary alcohol P.U. 1995

Justify the statement, "Griganrd Reagent is an important synthetic tool in

- What are Syl and Sy2 reactions? Descnbe the factors whmh aﬁ'ect the
 rates of Syl and Sx2 reactions. '

Which alkyl halides would you expect to react more rapldb bv an HN ) :

~ 'mechanism? Explain your answer.

(i)  1- Bromopropane or 2-br omopropane
(i)  sec- butyl-bromide or tert-buty bromide

(i) 1- bromopropane or 1- chloropropane: ;
3 Compare the nucleophilicity (rate of Sy2 reactmty) of

CE ey 2 HYO; OH“ CH ,,0"' and (‘HT;COO
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14.  Differentiate between Sy 1 and Sy 2 reactions. P.U. 2002

15.(a) Explain the structure of Grignard’s reagent. |
(b) Give reactions of a suitable Grignard’s reagent with each of the following:
(1) Ethyl formate (i1) Ethyl nitrile (111) Ethyl alcohol.
(iv) Ethylene oxide (v) Oxygen P.U. 2001
16.  How will you differentiate nucleophilic substitution and eleminatiop
reactions. Discuss with suitable examples.and reaction conditions. P.1 . 1998

SHORT QUESTIONS

1. Explain why neopentyl chloride, ( CH3)3CCH,Cl,al RCI, does not participate
In tyﬁical Sn2 reactions.

The bulky (CH3);C group sterically hinders backside attack by g

nucleophile, therefore, neopentyl chloride does not participate in typical Sy 2
reactions.

Ans. Br-, an extremely weak Bronsted base, cannot displace the strong base OH™.

ROH + HySO4 —gres=— ROH, —BF
-4

3. Compare the nucleophilicity (rate of Sy 2 reactivity) of
- (a) Hy0,0H", CH3;07, CH;CO0™ (b) NH; and PH, )

Ans. (a) When the nucleophilic site is the same atom (here an Q), nucleophilicity
parallel basicity. Therefore, CH30™ >0OH™ > CH3COO™ > H,0. "

1c1ty.
4 Give the solvolysis products for the reaction of (CHq )3 CCl with (a)CoH:OH,
(b)CH,COOH |
Ans. * (a)(CHj);C - OCH,4, Methy] t-butyl ether (b) (CHj), COOCH3 , . t-butyl
acetate.

5. h,C =CHCH,(I is solvolyzad faster than (CH3)3CCl. Explain.
Ans. Solvolyses go by an Sy1mechanism. Relative

rates of different réactants 1n
Sylreaction depend on the stabilities

of intermediate carbonium



=
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stable than (CHy){C™
In a polar solvent such as water the Syl and By reac tiona of o imlim‘v alleyl

halide have the same rate. Explain.
The rate-determining step both for El and Sy1 is the same and ia the firat

step of the reaction.
o alav , A g
(ch)gc - X __QJ_Q}}._; (C:Hq )3(3 + A
Theretore, both reactions proceed at the same rate.

Account for the observations:(CHy)gCl+ HaQ (CHy)yCOH + Hlbut

(CHg)3CI+0OH™ —— (CHy)aC=CHy + HyO+ 17
In a nucleophilic solvent in the absence of a strong base, a tert-alkyl halide

undergoes as Sylsolvolysis. In the presence of a strong base (OH ) a tert-

alkyl halide undergoes mainly E2 elimination,
Indicate the effect on the rate of Syland Sy2 reactions of the following:

(a) Doubhng the concentration of substrate or Nu~ (b) using n mixture of
ethanol and H;O or only acetone as solvent. (¢) Increasing the number of R

groups on the C bonded to the leaving group, L. (d) using a strong Nu?
(a) Douhling either [substrate] or [Nu]doubles the rate of Sy2 reaction, ‘For

Syl reactions the rate is doubled only by doubling [substrate] and is not

. affected by change in [Nu].

(b) A mixture of ethanol and H20 has a high du,lectnc constant and

. therefore enhances the rate of Sylreactions. This usually has little effect on

SN2 reactions. Acetone has a low dielectric constant and is uprotlc and

- favours Sy 2 reactions.
O (@) Increasmg the number of R groups on the reaction sité enhances

"~SN1 reactivity t.hrough electron release and stabilization of R The effect is

opposite in Sy2 reactmns because bulky alkyl R groups sterically hlnder

Y | " formation of the transﬂ;wn state.

- (c) CHgCHBrCHgy + OH (HQO) -——-—-a (d) (Cflg)acBr+}[20

(d) Strong nucleophles favour Sy 2 reactlons and do not affect SNl reactions.

What happens when n-propyl bromide is treated with alcoholic KOH?

. Propene is formed: . - 5 A o AT e .

' CH3CH,CH,Br + alc. KOH —— CH3 ~CH = CHy + KBr +H20 Rl
-~ Will the followmg reactmns be pnmanly dlsplacement or elimination? k

(a) CH30H20H201+I" il gyl | (CH3)JOBr+CN (ethanal)

(a) Sy2 displacement. 1”18 a good nucleophile and a poor base

: 5 (D) E2 ehmmatwn A tert alkyl hahde reacta mth a fairly strong hase :
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Ans.

12.

CHj -

13.

Ans.

w, ﬂ._.,._‘&
| = » ;

14.

.
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(¢) Manly Sy 2 displacement.,

(d) Sy 1 displacement  H,0 s not basie enough to remove a protoy "
give chimination

K"OCCHy) 18 used ag a base in E2 reactions. (a) How does 1t compare in

effectiveness with CH;CHLNHL? (b) Compare its effectiveness in the solvents

tert - butyl alcohols and dimethylsulphoxide (DMSQ)),

(a) K OCCHy)y 15 more eflective because it 18 more basice thap
CHCH,NH,. Its larger s1ze also precludes Sy 2 reactions,

(b) Its reactivity 1s greater in aprotic DMSO because its basic anion is not

solvated. (CHyz)3COH reduces the effectiveness of (CH,),CO™ by hydrogen

bonding.

How will you synthesise tert-butyl alcohol from acetylene?

HO=CH oNHp HC e ONg SH3 Br o H.,C = CH H,0/H,80, \

HgS0,
ﬂ (.l)Mp:BI‘ OH
CH.MgRB H.0 |

C-CHy —3-877, Y. ;(‘m(l“ CHy — --—/“ —» H. ('-(I" - CH {-Butyl alcoho

CHjy CH4

Explain why vinyl chloride is quite unreactive toward displacement in

comparison with benzyl chloride?

& . +
Benzyl chloride, @—-an(‘l mves a stable benzyl carbocation (CeH;CH,),

because of the distribution of the positive charge over the benzene ring due to
resonance. Therefore, it undergoes nucleophilic displacement reaction like

the alkyl halide. The C-Cl bond in vinyl chloride is very strong due to the

following resonance structures: CHy,=CH-Br« CH,-CH-Br', and cannot

be replaced easily. Therefore, it does not give displacement reactions.

Explain why thionyl chloride, SOCI,, is the best reagent for the preparation

of alkyl chloride from alcohols?

Ans. Thionyl chloride (SOCly) is the best reagent for the preparation of alkyl
chloride from alcohols, because the gaseous by-products leave the reaction

~ mixture ensuring no reverse reaction.

ROH +SOCl, — RCl + SO,(g) + HCl(g)

Multiple Choice Questions

Which - one of the Grignard reactions below could give rise 0

CH;CH,CH(OH) CH, CHg?
(a) Propanone and methyl Grignard (b) Butyl Grignard and acetaldehyde
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incorrect.

(a) NUCI@OPhiliCit}’ 1S the atfinity of a base for a rcarbon atom.
(b) The rate of Sy 2 reaction ma

of the attacking group.
(c) The more basic electron pairs tend to be more nucleophilic.
(d) F~ is more reactive towards CH;lI than CI". Ans. (d)

Displacement reactions that proceed by the Sy2 mechanism ‘are most
successful with compounds that are:

y be markedly affected by the nucleophilicity

. (a) neopentyl system (b) primary halides with braches at a-carbon

(c) primary halides with no branches at the B-carbon. |
(d) secondary halides with bfanches at C-2. -Ans. (c)

. Which of the following is not true for the Sy 2 reaction?

- (a) The reaction is of second order (b) Racemization is evident

(c) There is complete stereochmical inversion. -

(d) There is absence of rearrangement. Ans. (b)
.. Which of the following \&uld not react with propyl magnesium bromide?
(&) CH, =CHCH,Cl -~ ¢ < (b)HCHO - = - 10
(¢c) HC=CH ' - (d) CH3QH200H20H3 ‘Ans. (d)

Which of the following statements comparing the nucleophilicity of I~ and
Cl™ is true? - ' ' '

. (a) I is usually more nucleophilic than CI™." - . '“¢ 0 20 otiar 15

(b) I" is always more nucleophilic than CI .
(c) I" and Clz'are approximately equal in nucleophilicity.

d) I” is‘alwa}.rs less nucleophilic than Cl™. - Ans: (a)
Which of the following is the most reactive in Sy2 reactions. ' '

@ (CHCON 7 (b (CHy)COH ‘
(¢) CH3CH,CN (d) CHsCH,Cl . Ans: (d)

Which of the following solvents is aprotic solvent'?_

(a) H,0 (b) CoH;OC,H; () CHiCOOH (d) CoH;OH  Ans: (b) -

Which of the following solvents is protic solvent? _ =

Which of the following gives a tertiary alcohol when treated with Grignard |

. reagents?- '

)HCHO  ::(b) CHyCHO .~ (). G0y . () OHyCOCH; -Ans@ . - - |

A




12.

13.

14,

15.

n-Propylmagnesium bromide on treatment with CQ., and further h;\m-g.hrm .

gives:
(a) Acetic acid (b) Propanoic acid
(c) Butanoic acid (d) 2-pentanone Ans: (g

Which of the following compounds does not react with phenylmagnemum
bromide?

(a) CH3COCHj4 (b) -CH3;CH,OH

(¢) CH;COOH (d) CHHCI-IEDCHQCHS Ans: (d)

Of the following, which lists the alkyl bromides shown below in order o
decreasing reactivity with Nal in acetone.

* CHyCH,CHyBr ~ (CHy)C-CH,Br  (CHy4),CHCH,Br

(1) (2) (3)
(a) 1>2>8 b)1>3>2 (0)2>3>1 d)3>2>1 Ans: (b)

Which of the following factors will not affect the Sy1 mechanism:

(a) The polarity of the solvent (b) The nature of the attacking nucleophile
(c) The stability of the carboecation

(d) Nature of leaving nucleophile Ans: (b)
Which one of the following statement is incorrect about Sy1 and Sy 2

reactions.
(a) Sn2 1s a one step reaction (b) Sy1 reaction is first order kinetics

(c) The polarity of solvent has no effect on the Sn1 rate reaction.
(d) Sn1 involves a carbocation intermediate Ans: (c)
Which of the following factors will not affect the Sn2 mechanism:

~(a) Steric hindrance to backside attack (b) Polarity of the solvent
- (¢) Nature of attacking nucleophile

(d) Nature of leaving nucleophile B ' - Ans: (d)

=000
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