Mechenism of SNiandSH. :

S, Mechanism : SN stands for uni molecular nucleophilic substitution. The mechanism involves two steps.
Consider the hydrolysis of tert, butyl bromide with aquecus NaOH.

Step 1: The alkyl halide lonises to give a planar corbonium lon. The corbonium ion is planar because the
central positively charged carbon is sp? hybridized.

—
R
~N s R\?/R g

o3,

R ‘R /_R’_,/

t-alkul bromide Planar

Step-2 : The nucleophlle can attack the planar carbonium ion from either side to give the product.

(i)

(if)

(i)

R

Fort \
—

C=——CH+ OH=—C.
= A ¢

R
t—allod aloohal t-alled alochd

R
|

lonisation Is the rate determining step because It Is the slow step. In other words, the rate at which
alcohol is formed should depend upon the concentration of tertiary alkyl halide alone.

Rate = K[R,C—Br|
It I1s obvious that the reaction follows first order kinetics, therefore reaction Is called 5,.,,1 .

The reactivity order for Sy reaction o€ stability of carbocations formed by halides.

reactivity order of halides (Sy1) varles as follows :
Benzyl halide > Allylhalide > 3 halide > 2 halide > 1 halide > methyl halide.

Remember that in case alkyl halide Is optically active, SN! reactions lead to racemisation.
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S,z mechanism : S,z stands for bimolecular nucleophilic substitution. In this type of nucleophilic substitution

reaction, there occurs bond making and bond breaking simultaneously.

(i)

(ii)
(iii)

(iv)

(v)
(vi)

(vii)

H
H\ 5 H\ ~ B T*‘\\\\t\
{ ~—Nc-pg_ S ,

[S] b- .
OH d HO--mm-mm=m- (i: ---------- -Br— I—D—Q\—H-*-Br@
o
HWY, H
H /’/I__l,/”' Whlden inversion

Transition state

Reactivities of alkyl halides in SNz substitution is governed by steric factors. The bulkier the group, that
less reactive it will be.

Reactivity order of alkyl halide varies as follows : ~ CHgX > 1halide > 2halide > 3 halide
The order of reactivity among 1 alkyl halides is : CHgX > C,HX > CgH,X etc.

Remember that in case alkyl halide is optically active, SN? reactions lead to Walden inversion.

Thus in short 3 alkyl halides react by SNI , 1 by SNz and 2 by either or both of them SN! and SN2
depend upon the nature of the alkyl halide and the reagent.

For a given alkyl group the order of reactivity Is - (for Sy and Sy2 both) : Rl > RBr > RCl > RF

In addition to substitution reactlon alkyl halide also undergo elimination reactions to form alkene with
the removal of a molecule of hydrogen halide (dehydrohalogenation). In dehydrohalegenation, hydrogen
and halogen atoms are eliminated from two adjacent carbon atoms, the reaction also known as

f—elimination may proceed by E, & E, mechanism (analogous to SN' and SNz mechanism).
The order of elimination reaction is : 3 halides > 2 halides > 1 halides

In general 3 halides tend to react by elimination; 1 halides by substitution and 2 halides by either or
both of the reactions.

e
Elimination Reactions (ER) : Alkyl halides also undergo ER in the presence of base as Nu (Loss of H=X
and formation of = bond)

@

®)

©

(

(@

0

H R
@ R I
OR + G-L—(fl—l;C}:] A, ROH+ CH—OH=CH+ A°

CH,
Nucleophilic substitution reaction ( Sy) :
Replacement of Product
HOHBl) N
Xty — CH > R—CH (alcohd) + HX
e A »  R—OH (aloohd) + KX
Xy — OH
st A0 - _
- = » R—CH (alcohdl) + AgX
ﬁ i‘;‘_] » R—SH+KX
(Mercapto Gp) Alkane thid)
NSR ,
— I
;‘wmm‘”‘ » R QOOR+ AgX
(Alla allkancate) ester
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(@  Reaction with KCN and AgCN :
&+ b +

R—X + KCN —A‘;"—b R—C= N+ KX+ RNC
lonic band ayanide (majar)

&+ f- 3] ;“:1
R—X + AgON '—'T—-i' R—N= C+ Ag—X+ RCNN

conalent bored isocyanide (rrejor)

(h) Reaction with KNO, and AgNO,
&+ fi- + Ale.
R—X + KNGO, '—;—3' R—O—-N= 0O+ KX+ RNQ,
lonic band (Allad nitrites) rajor
5+ & O
b <
R—X + AgNQ, — — R—N\O-i- Ag—X+ RONO
covalent bond Nitroalkane (rmajor)

(i) Reaction with NaOR' (Sodium alkoxide) : (wllllamson synthesis reaction)
R—X + NaOR' B — R—OR' + NaX

Example : (i) CHE—CHE—CI + I.'\la:'Cll:'.IH3 —_— 'CHS—CHz-—('.'J—CH3 (major)
(i) C:HJ—Cll-I'—C}-IJ +MNOCH, — (]-Ih,—Cll-l—(]-lJ + H—GFG
mincr;
d O—CH, ( )
(major)
CH,

) CHJ—(I’_?—CI + NeOCH, ——> (]—IJ—(i_.‘=G—L+I\hCl+G—IJ(]—I

H, H,
(more readtive) (Alkene) (dimination is more)
(majar)

] Reaction with NH, :
Example : ()  R— X+NH;—%—R— NH,+H— X
(i) R— X+NH,—2 3R — NH,+H— X

(excess)

(i) R— X+NH,—2>»R— NH,—2=% 3R— NH-R—~%5 g N—R

|
R
lR_K
I
®
R—1~I~x— x°
R
(ivy CH3;—CH,—CK NH; 2, CH,;—CH,—NH, + HCI
(v) mﬁ—clj+a-g+ NH, —*— CHJ—Ci'.H—Gier
a NH, (o dimination product)
<|:1~L C“}L
(vi) CI-ld—(ll—C] + NH, —— CI—L—(|Z.‘+ NHA
H, CH,
(more reactive) (Hirmination is more)
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(k) Reaction with CH= ¢ [\;a :

R—X + CH=C P;a —2 3 R—C=CH + NaX

(i-'-'r'l.

IF G—l_,—cI:—x+ G—lEc—m—“>a-1,—|@c-iz+ NaX + CH= CH
CH, H,
(Blimination is more)

Elimination Reaction : (Dehydrohalogenation) Alkyl halides undergo P - elimination on treatment with
KOH (alc.)

p
R — CH, — CH, — X +KOH (ale)—— R—CH=CH, + HX

CH,—CH,—CH,—CH,—Br + KOH(alc.) —A_, CH,—CH,—CH=CH, + HBr

a—a+—a+ai, —2% 5 CH;~CH=CH-CH, + CH,~CH,—~CH=CH, + HBr

2 - butene (80%) 1 - butene (20%)

Competition between substitution and elemination reactions :

Reactivity order of allyl halides : E,-Reaction : 1 < 2 <i 3 |
E,-Reaction : 1 < 2 <' 3 .
Sy -Reaction: 1 < 2 <.’3

SN?-Rcaactim:il > 2 s

Alkyl halides Sy2/E2 Sy/E2

1 Alkyl halides Mainly give substitution unless Can not undergo SN!/E!
sterically hindered alkyl halide

or sterically hindered base in
which case elimination is favoured
2 Alkyl halides Both substitution and elemination, Both substitution and elemination
stronger base/ bulkier base or high high temp. greater of percentage
temp. greater percentage of elimination. | of elimination

3 Alkyl halides Mainly elimination Both substitution and elimination, high

temp greater percentage of elimination.

(i) Sy2 7 Ez2 is favoured by high conc. of good neucleophile or strong base. (CH,0°, HO®)

Rate of Reaction o (Substrate) (Reagent)
() Sy /E; is favoured by low conc. of poor neucleophile or weak base (CH,OH, H,0)
(iti)  If an alkyl halide, undergoes SN’ /SN‘ — Reaction then SNz will be favoured by high conc. of good

neucleophile (negetively charged) in presence of polor aprotic solvent . where as Sy - reaction is

favoured by low conc. of poor neucleophile (neutral) is presence of polar protic solvent.
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Polar protic solvent : H,0, CH,OH, HCOOH.
Polar aprotic solvent : DMSO, CH,CN, C2H5-0—C2H5

Example :

Example :

Example :

Example :

Bxample :

Saytzeff rule :

© CH,0H s
CH,CH,CH,—Br + CH,0® %" , cH CH,CH,—OCH, + CH,CH=CH,

major minor
SN2 E,
Cl}L CIZH.; Cl}l,
aAH—a+—a—B + aHoO—&EHH , g—a+—a, + CH—C=H,
minor majar
S E,
i D
C]—L—le.‘—CJ—L—Er + HO —2H, g—-Cc=at+al,
majar
aH,
E
I
CH,CH,CH,CH,Br + CH—C—OhNa —— GH—OHOHAH
I (E,) mech.
H,
A
o 9/21 v
—aiaiea” G :
(mejor) S
CI—IJ—CIIH—G—L —
Br CHOoOooP
- CH—CH—CH,
HOOOH |
o—<”:—CHJ
O
(mejar)
s
= > G C-OH
aH Via §! mech
[
S LN CHr C- O,
ccnc.l-% > G_Id
(lj—l_, n:ru.-.(]'l.% > G_l_,
A CBr —— a=d . ]!
5] C]'E; mech
CH, NH, R [ Vol
o, H,
> (mejor)

According to this rule "The dehydrohalogenation of an alkyl halide results preferentially in the

production of more alkylated alkene i.e. more stable alkene.
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Wurtz Reaction : When a mixture of different alkyl halides, (R, - X) and (R, - X) is used a mixture of alkane
is formed -

R,—X + 2Na + X—R, __Etherd , R —R, + R,—R, + R,—R, + NaX
If 'Zn' Is used in place of 'Na' the reaction is called Frankland's Reactlon.

Halogenation of alkyl halides :

Aor.UV. Cl, Cl,
CHS—CI + CIZ W’ CH2C]2 _-HEI_)CHCIS _—H&I_>CC14

Similarly CH.Cl <., CHC, S, CH/(CI, T:i'j”,—)CzCIﬁ
Reduction : R - X are reduced to corresponding alkane.
R—X + 2H __Redwingagem R—H + HX
(i) CH,CH,Br + H, _N_, CH,CH; + HBr
()  CH,CH,CH, Br + 2H __2n/HCI , CH, - CH, - CH, + HBr
() C,Hg + HI _RedP  CH +1,

Formation of Organometalic compounds :

(i) R—-X + Mg _dwether ., RMgX (Grignard reagent)
() 2C,HBr + 2Zn _dwehe . (CH) Zn + ZnBr,

() 2CHpBr + HgNay —— (C,H),Hg + 2NaBr
Sodium Amalgam

(vy 4CH(CI + 4Na/Pb —— (CH,),Pb + 4NaCl + 3Pb
Sodium lead Alloy Tetra ethyl lead (used as antiknocking agent)

Friedel - Crafts reaction :

CH,
©+CI-LC1 __AQntud @ + HA

Benzene Toluene

Action of heat :

U) CHS_CHz_CHz_CI Atorbelow 300°C 3 G—L— G_IJ

(Rearrangement) |

a

I — fow , HGH=GH, + H (Blimination)

a0 c
Propdene
| H

Uses :
(a) As alkylation agent (Wurtz reaction)
(b) As synthetic reagent

(c) Lower members used as anaesthetic agent, relrigerent or solvent.
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General formula C H, X, .Two H - atom of alkanes, replaced by two halogen atoms to form dihalides.
Dihalides are classified as :
(a) Gem dihalide : The term Gem is derived from geminal means - same position.

Two similar halogen atoms are attached to same C - atom

Example : CH,CHX, ethylidene dihalide (1, 1 - dihalo ethane)
H
J>G—]}-~{_Z [sopropylidene dihalide (2, 2 - dihalo propane)
aH,

(b) Vic dihalides : Vic term from - Vicinal means adjacent C - atoms

Two halogen atoms are attached on adjacent carbon atom.

I
Example : (I:Hg_ia‘lg H"(I:_CI:H-(IJ'L Vic and Gem dihalides are position isomers.
X X H X X
ethylene dihalide Propylene dihalide
(1,2-dihaloethane) (1,2-dihalopropane)

(c) a, o dihalides : Halogen atoms are attached with terminal C - atom. They are separated by 3 or more
C - atom . They are also known as polymethylene halides.

AH—H—H—~H, (1,4-dichloro butane)
Ex. | 3 Tetrarmethylene dichloride
General Method of Preparation :
(a) Gem dihalides :

(i) By the reaction of PCl; on carbonyl compound.
O a
Il |
CH—C—H +PQ; —'—>C]-L—(|3—H+ POQ,
a

Acetaldehyde Ethylidene chloride
(ﬁ‘) Br
I
H—C—, +PB,—— Cl—!;—(IZ‘—CH_‘ + POBr,
Br

Acetone 2, 2 - dibromo propane
(i) By addition of halogen acids on alkynes :
CH=CH + HBr —— CH,=CHBr __H8 , CH, CHBr,
Vinyl bromide 1, 1 - dibromo ethane

Br

|
aH—C=AH +Her —&C]—!,—(l.?=(3—lh.—m—> G—L—(l:—CH,

Propyne Br Br
2, 2 - dibramo propane
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(b) Vic-dihalides :
(i) By the addition of halogens to alkenes :
, HBr

i~ +B,—— |

H, B
1, 2 - dbramo ethane

H—CH=aH, + Brz—>C]-I_,—?-!—(|3-L
Br PBr

1, 2 - dibramo propane
(i) By the action of PCl; on glycols :

CH.OH a1da
I +2PQ, — | + 2P0q, + 2HA
CHOoH aia

(c¢) a - o dihalides :
() CH,—CH—CH,Br + HBr —— Br—CH,—CH,—CH,Br

1, 3 - dibromo propane

(i) A + Cl2 _lim ?_L_ml_‘le"

a a
(if) +Cl, v, (i_‘:Hz— aH—cH— (IZH
a a

a
(i) Q sCl by, g + HCl
Note : Here Qhas less tendency to open the ring.

Physical Propertles :
(i) Lower members are colourless, oily liquids with sweet smell. Higher members are solid.

(ii) The reactivity of gemdihalides is lesser than vicinal or mono halides. [Reason - in presence of one

halogen atom (Strong attracting -1 effect) the other halogen atom can not be so easily replaced.
{iify These are heavier than water.
Chemical Properties :
(1) Action of KOH(alc.) : (Dehydrohalogenation)

LX 5 ale. KOH
CH.X CHX, () NaNH, H

(i1) Action of KOH(aq.) : (Hydrolysis) It is a distinction test for gem and vic dihalides.
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a—a CH— OH
@ | +2KOHaq) —— | + 2KA

a—q CH,— OH

Glycol

Vic - dihalide. 1, 2 - ethane diol.

(b) A1aXaly —HKOH(ag) AH— O+,
Vicdihalide. I I
aH aGH
ropane- 1, 2-did
H, CH,
KOH KOiHaq)
Gem. | == ——y | ad HXOH—2— CHO0H,
(iii) Reactlon with KCN : Gem and Vic dihalide gives different products
Vic. :
aHa aH—aN H—OoOH |, H— CD>
| + ZRON —» | Y. ) — O
aiqa — 2 H,—ON CH,— CGO0OH —-HO  H,—QO
Sucdinic add Sucdnic anhydride
Gem. :
a CIN QOOH
ad—a —22 sqi-aK . 225 a1—-ax —2 5 H— AH,000H
& —3% N QOOH —: I
Propionic acid

(i) - CN group on acid hydrolysis gives - COOH

(i) Two - COOH group on one C - atom on heating always loose CO, to form monocarboxylic acid.
(i)  Two — COOH group on vic. C - atom on heating loose H,O to form anhydride.
(lv) Dehalogenation

CHEBr cH
I +Zn S, [° Lza
Vic. GHBr Flosk ‘o 3!
Same Carbon Product
Gem. CH,—CH,CH Br, + Zn —<% 5 CH, —CH,—CH=CH—CH,—CH, + ZnBr,
(Twice Carbon Product)
CHBr cH
a-o. < +zn  —— s HedT T +znB
CHBr aH,
a, o - dihalide. cyclopropane

GRIGNARD REAGENT

General Method of Preparation :

Grignard reagents are prepared in the laboratory by the action of alkyl halides on magnesium metal in the
presence of dry ether.

R - X + Mg —¥_, RMgX

ether

(Grignard reagent)
(Alkyl magensium halide)
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The ease of formation of Grignard reagent is in the order Rl > RBr > RCI
Ether is used to dissolved the Grignard reagent by coordination.
Chemical Reactions :

0 O, i) H,o" y R—CH 1 Alcchol
HooH,0" s  ROH—OH 1 Alochol
/N .
ai—alHo > R—OH—OH—0OH 1 Alcdl
RCHOMO" »  RCQHOH 1 Alcohal
HODOELH,0" " R.CHOH 2 Alcohol
ROCRALO »  RC—OH 3 Alcchal
RODOI/H,0 » RC—OH 3 Alcohdl
HOOOE: > RCHO a]c.’lel‘lyl:kz
RMEX—{  Rawvio > ROOR Eetons
ROCOER > RCOR Ketone
i Bl »  ROOOH Acids
HOH o ROH or
Ny or Ph— Ol
a R—NIl, or RNH— R
a@H=Hor Ph— N4, R—H Alkane
R—X > R—R Alkane
b > No reaction
agi—atatl, | R—OH—OH=C, Alkene
A—Ni, > R—NH, 1 Amine
el »  R—CN Quanides
X > R—X P.I_I-G,ﬂ halide
= »  ROOCEt Ester
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