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Reaction Mochanism /*

Alkyl Halides, Alcohols & Ethers

Introduction :

(A) Alky! halldes :
::;;: saru three major classes of organchalogen compounds ; the alkyl halides, the vinyl halides, and the ary!
An alkyi halide simply has a halogen atoms bonded to one of the sp® h

! ybrid carbon at licyl group.
(fwinw hallde or Ary! halide has a halogen atom banded (o one of the sp” hybrid m;znog?:nfiz?:nk:rgmab%
ring. They are different from alkyl halldes because their bonding and hybridization are dilfera:, {)

Classification of halldes :
(a) Alky! halldes or haloalkanes (R—X) Compounds Containing sp> C-X Bond :

:‘;;::hﬁ classified as primary, secondary or tertiary according to the nature of carbon 1o which halogen (s
i s T

R‘—CI:—-X R"-—C|‘,—X R‘-—(l.‘.—-x
Primtt[rv (1°) Secondary (29) Tortim; (3%)

a o

(b) Allylic halides : y
These are the compounds in which the halogen atom is bonded to an SP:‘hYbﬂdtaed

carbon-carbon double bond (C=C) l.e, toan allylic carbon.
X

e

(c) Benzylic halldes :
These are the compoun
aromatic ring.

s

(1%)
(d) Compounds Containing sp? C-X Bond : Vinylic halides ax Aryl halides O

structure of alkyl halide :
.

X
[
8 C~CH,CH,

Ha" ,

CH,
The carbon-halogen bond in an alky! halide is polar because halogen atoms are more electronegative than
carbon atoms. Most reactions of alkyl halides result from breaking this polarized bond. The carbon atom has

a partial positive charge, making it some what electrophilic,

ds in which the halogen atom is bonded to an sp™-hybridised earbon atom nextio
an

X
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Reaction Mechanism 7 m'

(B)Alcohols :

Alcohals have sp® hybridized Oxygen aloms, but the C~O~H bond angle In methanol (108.8°) Is considerably

larger than the H~O-H band angle Inwater (104.5%) becausa the methyl group Is much larger than a hydrogen
atom

The bulky methy! group caunteracts the bond an
electrons. The O - H bond lengths are about the
considerably longer (1.4 A), reflacting the larger

gle compresslon causad by oxygen's nonbonding pairs of
same In waler and methanol (0.96 A), but the C-O bond is
Covalent radjus of carbon compared to hydrogen.

0 0
H. 7 \H NG\
104 5* HA \108 g
waler H
methyi alcohal

Classification of alcohols:

(a) Alcohols may be classified as mono~, di-, tri- or polyhydric alcohols depending on whether they contain
one, two, threa,.............hydroxy group,

Monohydric : Contalns ane~OH group  (C,H,OH; CH,-CH,-CH,~OH)

CH,0H
Dihydric : Contains two —OH grou I '~ (Glycal)
e o CH,0H

CH,0H
]
Trihydric (Polyhydric): Contains three ormore than three—OH groups ?H OH (Glycerol)

CH,0H

H H,
(b) Allylic alcohols - CH,:CH—CH:_QH ;CHFCH‘fOH : CH,‘—'CH—%—OH

H, H,

(€) Vinylic Alcohol:  CH,=GH-0H (unstable atroom temperature)

CH,

H
H,0H i’

©/c H_CH: H
(d) Benzylic alcohols: ©/ ©/ :

anaW Sacondary Tertiary
(C) Ethers :
Like water, ethers have a bent structure, with an sp hybrid oxygen atom glving a nearly tetrahedral band
angle. ‘

Q) B @
AN AN

PR C&"‘H H"165="H (CH,),C 132°C(CH,),

H I-l{ h Water Di-ter.butyl ether

by comparing ethers with water and alcohol. Van der Waals strain
Involving alkyl groups causes the bond angle ato

xygen to the larger in ethers than In alcohol, and largerin
alcohols than in waler, An extreme example |s

di-tert-butyl ether, where steric hindrance between the
tert-butyl groups is responsible for a dramatic Increase in the C~O—C bond angle.
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Classificlation of ethers .
N (2) Simplo or Symmotrical : if the alkyl or ary| aroups atlached (g |he Oxygen alom are (ha Same,
CH.OCH, .c.H,0c H,

(b) Mixed or Unsymmetrea ; (r the two 8roups attached |g the Oxygen alom ara differant.

Reams Solvent >
3 - /2 subsiiiufion feaction > RCH,CHy + H
RCH,CH‘-X FRYZ= Pt |

Subsirate lmg\rm = Solvan| T
an elimination feaction ©~ RCH = CH, + HY +

ik Types of Reagents - |

Reageanig are of hwg types ;
\ - (i Eiuctmphnas (1) Nudaophllu

| 151 Electrophlles g

$ Efectmphﬂus are electrop deficient Species.
4 ® & g

[ Ex, cl ‘g!‘r \NO, (Positivejy charged Species),

Pcy, SO,. SO, (specieg With vacany Orbital g¢ central atom),

1.2 Nucleaphlles and theijr nuclaophilicity 3

Note: :ccyjs ot a nucleophyiq because |t 1¢ electrop deficient SPecles and act 3 electrophjle,

F? <cl% <p® . 1% OHO ¢ gue
I ® Across the period Nucleophificity decreaseg
% >NH,® > o8 5 F®

Bulky base has less nucleaphilic character

CH,
4 . CH_.—fHJE’ <CH,~CH,~®
H

4 3
® Effectof solvent :In case of polara

-

F€.>ci® s B9 o 1°
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e
1.3 Bases and thelr baslclty :
Bases are the specias which accapt the proton ar which donates | p. of alectron 1o proton
= Basicity decreasea down the group while nucleaphilicity Increases
F>Cr>Br>1I-
e Nucleophilicity and basicity order will be same across the penod
= For the same donor alom nucleophilicity and basicity order will be same
1.4 Leaving group ability :
» Weaker base is better leaving group
| » More resonance stabilised lon will be betier leaving group |
| e Weaker the carbon-leaving group bond (C—X) better will ba the leaving group
« |factivation energy of a reaction Is fow then roaction will be fast and leaving group will be befar
Ex. @ I'>Br>Ci >F
| (®) CF,SO,>RCO0™>C,H,0 > OH > OR
g’ 4
0=£=0 0=5=0 o
(<) > P
NO, Oy
Note: Morestable anlons aro weak bases & hence better leaving group.
2. Types of solvents :
SN Solyent Polar l Nenpolar \ Protic \ Aprotic
1 CH, COOH v \ x \ v \ %
[}
2. LS N \ X \ x \ N
e
T w e | o
> L
byte v ROH ‘/ \ x \ 7 \ %
S
o
il b4 X
5. CH,— C—CH, ‘/ \ \ \ \/
l———— 1 cH
6 s=0 x o \
2 cH V/ \ \
7 R-0-R / \ b3 \ X \
.——'—'_-____-_-
: O s o e
g DMF v \ X \ X \
1 DIMA l Vi \ X \ X \
wur then It s sald to be protic sclvent.
Note: IfHatom Is attachoed tooxgyen, nitrogen or sulpt
24005
—Toamomis Ofics CO Towsr A4b 8 82 IPA New Dw”:; i::::“ Road. Kota (Ral}3 RH ;
- -(na frescni MAINRM =
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Reaction Mechanism 7 . ] '
3. Nucleophilic substitution reactions of alkyl halides :
Ex.

Alkyl halide undergoes nucleophliic substitulion reaction
R-X+Nu"—3 R=Nu+ x@

Nucleophilic substilution renclions are af two typas
Unimolecular nucleophilic substitution reaction (S,1) :

1

31
® Itis a two step process,
N =
* Firststepis the helerolytic cleavage of carbon halogen bond (—/C—X] to give carbocation intermediate.
R=X — [rR—x] = s R® (I*stepisrds.)
LS,
*  In the second step nucleophile attacks from elther side of carbocation to generate product (racemic
mixture),
. RN S [gﬁ g;u —+ R-Nu (11 is fast step)
i Mechanism : TS,
1
- ! L5 e, 10 B
; lonisation of NJ*
N —_— -
7 R-/‘{C-\X alkyl halide : [ @LQ] fasl step R"':/'C\“Nu Nu/r\\"k- | o
ﬁ'-f, Slow slep (rds) R’ A £y L ~
| Carbocallon inlermediate (d+¢ mixtura)
; ® Carbocation Intermediate is formed so rearrangement is possible in S,,1 reaction, '~
f. Kinetics :
] ® Rate « [Alkyl halide] .
e ltis unimolecularand first order reaction.
& Rateof S,1 reaction is independent of the concentration and reactivity of nucleophile,
! Slereochemlstry g
¥
‘ rl-lu
¢, o Retanton of
B-I'J v “Nu ¥ p— . cenfiguraton
J Q Dl BT
- RJ <o R:
s R, 4 \RI solvolysis 7 —R; 8oy, R,
v R, R D”’a,-;a Ria Y __R, Inversion of
3 0 ck c configuration
. Nu Nu
. L *
i) e Catalyst used is Ag",
j ®  More polar protic solvent is more favourable forS, 1.
i H,0 > ROH > NH, (order of polar protic solvent).
r. ® In S, 1 reaction carbocation is formed along with anion and to solvate these fons, polar protic solvent s
used.
® Decreasing order of reactivity of alkyl halides. : R-|>R-Br>R-Cl> R-F
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o]
CH,-Br il
I i i~ e

Br
o T
CH

1]
te

__CH,OH/Ag" |
D— CH~O-CH,
CH
(c) CH~CH-CH-Br

% e
CJH)“‘OHFAQ CH‘_(_I-’_CH'
OCH,
CliH, CH, CH,
i @ H——®" HOAQ" , H—\—OH ' H H
CH, CH. * C.H,
CH, CH,
ot
©) CH,—(I:—('I‘H—-C Jehionli, e, s o=IaHECh
CH, Br OCH, CH,

3.2 Bimolecular nucleophilic substitution reaction (S,2) :
it is a single step reaction as the rale of reaction depends upon concentrati
nucleophile.

Mechanism &
e

on of sul

pstrate as well as
In this reaction nucleophile 2

ttack from back side on the carbo
concerted reaction where bond brea

n atom bearing leaving group. tisa
king and bond formation tak

transition state (trigonal bipyramidal shape

broken.

es place simultaneously lo achieve a
ywhere half band has been formed and hal pond has been
T B F'." &5 Ff
Nuof_\ ¢ ——> %—"|INUSCrX =" Nu—C  +X
4/ N \ Lnaving @ovP
H D H D H D
Transition slale
Kinetics:
o rate=[alkyl halide] [nucleophile]
s Itisa bimolecular, one step concerted process.
e Itisasecond order reaction because in the r.d s. both species are Involved,
Steriochemlstﬁ' .
Only one productis formed where inversion of configuration takes place,
H A e
e B -3 {nversion =
Nu/"';c _ i —lnversion , Nu CQ"J ta.
H l H
H
e Polar aprotic solvent is favourable not polar protic colvent. Becuase In case of polar profic solvent

n ucleophilicity of anioniis decreased dueto solvation and such solvationls not possible in case of polar
aprotic solvent.
Electron withdrawing group increases the rate of s, 2 reaction.
o:c;H-CH,-—Br:' CH; H,-Br> H-C

H,-Br> CH-CH,8r

L]
nance
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Reaction Mechanism g

Que. Whichena in the glven reactlon s favourable

(i) CH,0 () CH,CH,0"

CH.CH.B (b) CH,CH.Br ; =
I (CH,s o IAGECOOS
Ans. (@) Incaseof (i) rate is slower than (ll) because nucleo
(b) Incase of (1) rate of f

Comparision between S,1/ 5,2

reaction : ' '
Characteristics 5,2 S,1 |
1, Kinetics F o [RX] [Nu:] ra« [RX]
2, Srereochernislryinversian racemisation
3. Reamangement not possible possible f,
. 4. Nature ofR-X CH-X>RCH,X>R, cH X>R,cx R,CX> R,CHX > RCH X > CHX '
f 5. Nucleophils strong anionic weak neutral
J : R>NH_-> OR-> O~ H,0>MeOH>EtOH>NH,
| 6. - Leaving group I">Br>Cl> - (same)
+ 74 Solvent Polar aprotic polar protic i
fi Examples of S,2 reaction of alkyl halides : |
N800 R oH+ Nagy
J
i R-OH + 2AgBr
f.
. R—O-R |
J R—O—Et + Napr \
|
: R——CcC——0H, + NaBr
% - R—Br \
] R—C=N + NaBr
|
|
_ R—NC +Agr |, ‘
‘ |
; Xces
i NH. (eXcossL p NH, + Har ‘.
r ﬁ .
I
o —'C-——O—._R + AgBr i,
o
i
(0]
/ Il
. _- C—OFE¢
& R—CH S
13
: ﬁ—OEt + HBr
Base 2

["Resonanc:e
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Reaction Mechanism 4“_
(I Willlamson's synthosis of ethers :

Itis used for the preparation of symmelrical as well as unsymmetrical ether.
R—Br + NaDEt———» R—OEl + NaBr

Willlamson's synthesls involve attack of an alkoxide on alkyl halide lo give athers. In placa of alkoxide,
phenoxide can nlso be used

This Is an S, 2 reaction because alkoxide is a strong nucleophile,

e Onusing 2° & 3% alkylhalide we get alkene not ether as a product.
Ex. (8) CH,—CH,—ONa + CHI_cH,Dar—>CH.—CH,—O—CH,—CH, + NaBr

m
(b) CH,—CH,—ONa + CH,—(IZH——-CH,——’ CH,—CH,—O—CH—CH, CHCH=CH,
Br CH,

| e ,

: CH
8 e
(c) CHy—CH,—ONa + CH,—(I',dr—b‘ CH’—C"“CH, + CH—CH,—OH+ NaBr .

CH,
{Elimination reaction)
8@ @,oca,
d + CH,—Br ——» '
(d) @ r + NaBr |‘
\
| CH, CH,
ad
' (e) H,C ONa + CH,—Br———>H,C O—CH, + NaBr
CH, CH, \

Note: Vinyl or Aryl hallde should not be used because they don't give S, 2 reaction.

Br
Ex. O + CH,—ONa —— No reaclion

Que. Whichofthe following ethers cannot prepared by Williamson's synthesis reaction :

CH, CH, |
(1) CH,—CH,—0—CH, (2) CH,—(l}—O—?—-CH, (3) Ph-O-Ph (4) Ph-O—CH,
CH, CH,

[ Ans. 2&3
(i) Reaction with AgCN and NaCN :

NaCN,R_CN + NaX

R-X
AgCN J 2 NC + AgX

Websile © www.resonance ac in E-mail ' contaciffjresonance ac.in
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Reaction Mochanism __——_—-—————-_,_______ \—m—
————— Mochanism -
Ve free EN (an ambiden| nucleophile) where carbon side is
ed

® NaCNis g mare lonie henca lonized 1o v}
more active than nllrogen sida, Thalls why with NaCN, RCN (s form )

0
~CuN:
& -\
mare aclive less aclive

®  Ontheolher hang AICN is more Covalent so it |s gl lonzed therefgra only nitrogen side is free 1o act
S0Cyanida (R—NC)

asa nudeophi!eandgwof
(if) Reaction with NH, :

R—X+ NH,— R—NH,B=X, RINH —B=X, o Rxy RN
(oxess) 1% aming 2% aming 3% amine (Totra n!ky!mmrnmluwhql-daj
R—X+ I R—NH, + Hx
(xess)

l A—CH—breny, (CH—cH,) K%
(uxess} :

i CH:‘-BF —_—— Q
QNH* (ﬂxOSSJ E{CH,)‘B?

4. Elimination I'€actions of alkyl ha| ides -
T 9roups (Y2) ara femoved from the Substrate and generally Tesulting

-

41 Inan ellimination reaction two aloms o
into formation of x bond.

;'(
A Eliminatio ~ —_
—CL L e e0n ZCSio

o Mechanism ;
' Step 1 : Formation of the carbocation (r.d.s )
-1 [ (T
—C-C- = _C-ce+ %
bk I
3 H }\') H
": e
" Step 2: Base (B ) abslracts a proton (fast step)
il S
| M —-(_',[--CII.TJ \:—__—\‘ /C-_C,::_’_B_H
/ el Alkene
: g H
! i B
; g ® Reactionintermediate is carbocation, so rearrangment js possible
4 Tt Kinetics ;
,' ¢ Rale « .’Afkylhaﬁdej

42 ® Itisaunimolecular and first order reaction.
g ®  Reaclivity order |s simllarto S, 1 becuase Carbocation Intermediate i i _
' . WWW.GRADESETTER: Comp

@ |Comerals Office CG Tower, A46 & 52 IPIA. Near City Mal, Jhalayar Road, Kota 2| }-324005
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Reaction Mechanizm
w1 Vis E1 ¢

e Incase of alkyl halides

S, 1 product|s generlly more than E1 product

CH,OH
CH, y H _CH, )
| GH.OH H CH B> il Ot
Ex. {a) CH;-CH; = GHa eolhd el !__\' 1 ' / CH; CH,
| A CH,—CH—%—{:H‘\ o
Br ]
CH,—CH, -~ CH,
OCH,
CH, CH, H, CH,
| C,H,0H | ff: \
®) CH.*? -CH:-Bf—-—T—*CH‘—C _CH, * CH— =CH—CH, + CH,=C—CH,—CH,
CH, OCH. (1) Saytzelf alkene (1) {ny
o yield 1> 11> 11l i
CH, CH, C!H‘
(o) CH—G— ot Gl NEAS CH—G— e — (i ?H_*CH‘
CH, PBr CH, cH, .
\' |
\
s
‘ cH—C=C—CH, ‘
CH, \
4.2 gimolecular elimination reaction (E2) :
e Ilis3 second order reaction because rate of reaction depends upon conc. of subsirate as well as base.
ntiperiplanar o each other

Machanism :
f eliminated proton

Orientation o
ti conformation the

L ]
pecause jnan

|
Yo

G

—

5
H

|
C

|

g2 reaction s stereospecific.

g2 reaction al

Kinetics

Rate = [R—
Thislsa single s
No carbocalion in
pecause itls
More favoura

saytzeff rule.

X] (Base]

ance’

BJEUnngQﬂcr {omorraw

9
B -8
B—H
|

g0 depends upon size of bas

and leaving group are
{ransition state \s more s

|
—C=C- e Y
J. 4

Transilion stale (anl!par'.p\aner}

tep, bimolecular reaction
termediate s
a single step reaction.

ble substrate is tertiary @

lky! halide be

Tower, A-4B

antiparaliel or a|

& which decides malor or minor

formed hence there |s no rea

¥ 62, IPIA. Noaf Ci
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00 2244 | 1800 258 5656 | CIN U&O:OZRJMTPLCOHOH

Toll Free 1800 2

\aple due to minimum elactronic repulsion.

=]
e
Sc=cl+X + BH

product

rangement puta transition stalels achieved

ne according o

cause it will give more stable alke
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Reaction Mechanism ﬂ
—=2000 Mechaniam -
CHOK CH—C=CH—CH, + CH,“—?H'—-CH=CH‘

H CH, CH,

I (major) (minor)
Ex. CH.—-f —?H-—CH,

CH, Br CH."?—-O'K'

CH;—-(]:H—- CH=CH, + cH,-? =CH—CH,

CH, CH
(major) (minar)

Some Important terms ;
- " . :
(a) Rnnlosnlectl\m roaction : Those reaction in which more than ona slructural isomenc products arg

1%
CH__C —_— .
L _ . CH; ‘FH—‘CH. —':L‘:—_K.Q’i,b CH—CH =CH—CH, + CH;—CH,—CH'—CH,

i
“! j Examples - S,2and
) Note : All sterecspecific Teactlons are sterpg selective,
4 Comparison between £1 and E2 reactions

Strong base required
3">2°5 4=

Subsirate

4.3

T e, T

u_eau'ng group
I Kinetics

[ Orientation

Saytzeffalkene

E1cB Reaction :

® |tis two step reaction,
e In first step base takes proton from

KIR=X, fist order

Better one required
K[R-X [Base] second order
Saytzeff alkene

carbanion Intermediate.
H

--tl i 9 [
" —o—¢ el —gul

(8~

In second step there is Joss of leaving group by carbanion to getalkeng :

.-u.‘*‘.

f Road, Kot (Ra] -324005
MAINRM - 11
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Reacticn Mechanism 7
Br
o o]
£ C-“‘*gi_c*‘-_'f”—c"*' Lty C‘H.—E:—g;lCH—CH, — C,H,—E—CH=CH—CH,
6 G,
e [-hydrogenatom <hould be more acidic which is possible only if carbon atom having p-hydrogen atom

should be link ta with electron withdrawing aroup (-m, ! graup).
e Leaving group should be more electronegalive because italso increases acidity of f-hydrogen atom.

e Expermentally itis found {hatlst step|.€ formation of carbanion intermediate (s fast step and second
step i e removal of leaving group is slow step \hus r.dis. InElcB s secand step.

5. Nucleophilic substitution (S,) reaction of alcohols :
HX . g—x+H0

£ R—X + PX,—OH

R-OH
PX, , Rr—X+0=PX,

socl,
R—Cl + SO, + HC}

51 In presence of HX :
R-OH + HX—» RX+ H.O
Thisisa nucieophilic substitution (5,1/5,2)

Mechanism R—-O{:H—X—r RTE]'H"_S:L’ RO+ H,0 —xa—r R—-A
x’&lS.z
R—X+H,0 &
Note: Malnly B~ unsubstituted 1° alcohol give S,2 reaction with HX.
= (@ cH —CH,—CH,—OH _HOl , oy —CH—GH, T HO . $,2) |
Cl =
—cH,2%5 cH ,_—CH,——{;I:H-JCH, +HO 1 BN \

[b) CH,-'GH:”-(I:H
OH cl

: \

CH.—CH—CH CH,_.ﬂg_} cH,_cr-cH,-CHﬁH,D : SN \
: CH, !

\

CH, CH

CH, CH, CH,
HBr ()(Er ¥ @ v (S,
LA~ ] M
(d) (IOH Br
(major)

1> HBr > HC'I>HF

(c)

Reaclivity of H%is H

o /
onancs ”""
‘/l
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Ex.

Ranction Mechonism 7 4“
5.2 Finkelstein reaction $
R—OH + HI

»R—1-HL s I, (reduced) [Final product Is Alkane (R-H) not R-1]

Thls_m aproblems IP_'-aI Is why lodides are best Prepared lhrough halogen exchange reaction. Itis also known
as Finkalstein reaction. |n this reaction R—¢| and R—Br is trealed with sodjum lodide in acetone,

Ph——CH,—-EIr—A—c:_[‘i_, Ph—CH,—1 + N aBr
1% " (Solublo)

R—Ef NBI N
Acelone A I+NaBrl

. ' ;
:uall h:!sa ZE!::;& Ib‘I‘.r; g?ator:e. In this reactnar] acetona |s used because sodium lodide (s solubla in acetop=
§ allare insoluble so Precipitated out This eliminates any possibility of reverse reaction I
Itisan s, 2 reaction therefore only 15rx and 2°RX [s used -

H, H,
H- Br Nal
Acelone : H
o D

5.3 Lucas reagent :

The 1: 1 mixture of anhydrous ZnCl,

between 1°, 2 and 3° ajconoys. “ HCl (conc) is called Lucas reagent which is used to distinguish

Mechanism :

(+:) <]
,——g__ - _Hcl
H&%-ZnC), RGR=21Ch == R+ [Hozqey - HOL - TR H,0 + Zncy,

complexation.
e Reactivity of alcohols is 3°ROH > 2°ROH > 1°ROH

CH, CH,

[
(@) CH—¢—0 Hmte Ll CH—C—ci
CH, CH,
(Turbldity appears quickly)

Cl
(b) CH,-CH—CH,—H%-UZ"—’—> CH;—C]:H_‘CH:
OH Cl
(Turbidity appears within 5 to 10 min.)

(©) CH,—CH;—CH,%‘?"—GE—) CH,—CH,—CH,~C|

OH
(Turbidity appears 30 to 60 min.)

.\
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