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Nucleophilic Substitution Reactions: / ®>

— g Kl Q.
| Feature SN1 (Substitution SN2 (Substitution
Nucteophilic Nucleophilic Blmolecular)
tnimolecular)
1.Mechanism
_Two-step mechanism: 1, Stngle-step mechanism:

Formation of carbocation
(slow)

2. Nucleophilic attack
(fast)

Stmultaneous bonol
breaking and formation

rate = RIRXTINW

rRate Law rRate = k[RX] (First
oroler) = (secondd oroler)
Rate carbocation formation  Complete reaction
Determining Step
Substrate 3° > 22> Best: (CH3) 10> 20 >> 3" Rest: CHa-X
Preference 1523
stercochemistrg, Tacemization (usuaLLg) version of configuration
Some retention possible (aLwags) walden tnversion
due to@'_ﬁﬁ_@
Solvent Polar protic solvents (H20, Polar aprotic solvents (DMF,
Preference ROH, HCOOH) DMSO, acetone)
Nucleophile Not lmportant Bven weak Very bmportant Strong
Strength nucleophiles work — _____nucleophiles needeol
Tewperature Higher temperature favors |Less dependent on
Effect reaction - temperature o
Leaving Group | Good leaving groups Sawe order of preference

Ve

©

quj,red Ovrder: I~ > Br >

m>®BY >CLUT>F
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Wi >

Competitive Competes with €1 Higher Oompetes/ with €2 Strong
Reactions temperature favors €1 base favors €2
Rearrangement  Possible through Not possible
carbocation -
Exampws (CH3) 3@-Br + H,0 — CH’sO";z-BY + CN™ —
(CHs)sC-OH CHsCH2CN

Concentration [NWTT doesnt affect vate | [Nu™1 directly affects rate

Effect

Energy Dlagram Two-humped curve (shows Single-humped curve (shows
tntermediate) transition state)

Kinetic Bvidence rate independent of [Nu™] Rate dependent on both
[RX] and [Nu™]

Activation Generally higher (dueto  Generally lower (single
Energy carbocation formation) concerted step)

Nucleophilic Substitution Reactions
Finkelstein rReaction :

R-CL + Nal — R-[ + NaC
Mesaanism: SN2 Jisplacement
Swarts Reaction:

R-ClL + AgF — R—‘F/—I- A@@

Mechanism: SN2 nucleophilic substitution
Elimination § Addition:

Saytzeff's Rule :

R-X + KOH — More substituted allkkene
Mechanism: E2 elivnination

Hofmann Rule:
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RANTOH™ — Less substituted allkene
Mechanism: ER2 elivnination
Markovnikov's Rule

R-CH=CH, + %}—(H%r/—) R-CHByr-CH3

Je addenam C(O,Lffufa’

Mechanism &l hilic addition __— -~ more  Sub
Antl-Markovinikov's Rule: o) °
n kRoviniieo e ok N 06 J,p;{aU-

R-CH=CH, + HBV/ROOR — R-CHo-CHo®r Mechanism: Free radical
addition

Coupling rReactions

Wurtz Reaction y
oR-X + 2N — 'R-R/sz\r\‘\l&&w oltan
Mechanism: Free radical coupling
Wurtz-Fittlg Reaction

R-X + Ar-X + 2Na — R-ApAAf 2Nax
Mechanism: Free radical coupling

Fittlg rReaction

RAV-X + 2Na — Ar-Ar + 2NaX

Mechanism: Free radical w%plimg

Alcohols § Ethers

williamson S Y nthests @
r-X + RO Nat = r-0-= ¥ Nax

Mechanism: SN2 substitution

Lucas Test:

R-OH + ZJWQLZ'/h[&L [ R— L + HpO

Mechanism: SN1/ SN2 aepending on alconol

Aldehydes § Ketones

Aldol Condensation :

2RCHO — RCH(OH) ChtagtH O — RCHZB&%@’?‘FO Mechanism:
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NNV L LAYV vYvointLLvvv .

IRCHO — RCH(OH) Clagte — o =pNeBNGT i
N%@prh[lic addition-elivination

Cross Aldol Condensation :

P

RCHO + R'CHO — RCH=CHCOR'

Mechamnismn: N%dlf&p%[l[& addition-elivination

‘oH
Cannlzzaro Reaction (&'r RO
2RCHO + OoH — RGH@ + RCOO™ @WL“(O{@ Lo/
\ RCOOH

MEChauesin: Hgdrfﬁ/g transter
Crossed Cannlzzaro :

RCHO + R'CHO + OH — RCH,OH + R'COO™ Mechanism: H(W/nb/e
transter

Clemmensen Reduction :
RCOR' + Zn(Hg)/HCl — ekt R

M@mism: Reduce L wmgmmb intermediate
Wolff-Kishner Reduction :

RCOR' + NHzNHz/KOH — RgitzR!
Mechanism: Hydrazone formation followed by decomposition

MPV Reduction :

. o]

RCOR' + AL(OLPr)3 — RCH(@H)R 19 o (9, R-CHO

ecyanism: Hydride tm% Alolc/\‘“(olef
Carboxylic Actds \19’7
Hell-Volharo-Zelinsky : ) R-CooH

VL. S OH L% rece
RCOOH + Xp/P — RC ca&—r «
Mechanism: a-mngg Via acid halide \\97
Kolbe Electrolysis : R —cooH 06
o \ no-
YRCOO™ — R-R + 200, + 26~ with {ess
Carbon-

Mechanism: Decarboxylation followed by radical coupling
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Avromatic Substitution

Friedel-Crafts Alkylation :

Artt + RX + AlClz = ArR + HX E‘P(:a«c) ‘;D,F‘
Mechanism: Electrophilic aromatic substitution

Friedel-Crafts Acylation : £ W61 2 et
At + RG%S%GLW&C@\QJr Hel
Mechanism\Glectrophilic aromatic substitution
Relmer-Tlemann :

ArOH + CHClz + NaoH — Ar-CHO Tn&wwfh‘a}e ,

Mechanisne: Carbene addion ) @ ol

“\HILW\M H 2

Kolbe-Schmiot:

ArONa + CO, — ArOH-COOH
Mechanisme: Eleatmphilfa Substitutipon
Dlazonium Reactlons
Sawdmeger Reaction :

ArN2 X + cuX — ArX + Ny

Mécmmlsm@glf electron transter

Gattermann rReaction

ArNz CL™ + Cu/HCL — Arcl + N2

Mechanism.: i’mn transter

Amine Reactions

Hoffmann Bromamide : ‘
RCONH, + Bra/NaoH —\EXH, + CO, AW“\A‘L — pm‘h‘b’
Mechanism: Rearrangement

Gabriel Phthalimide o

CothOaNK + RX = RNH, [ &M e

Mechanism: SN2 followed by hydrazinolysis

T oM A AADIAL Dand
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Mechanism: SN2 followed @g Mgﬂ/%ﬂzln&lﬁﬂs

Rearrangemente—

carbylamine Reactio

RNH, + CHCLs + KO — e W
MECNANLS Va—B=TTRLLAtLON /A\H\ \"’M
Pinacol-Plnacoloneg :

R2C(OH)-C(OH)R2 + H — R3CCOR
Mechanism: 1,2-réarrangement

BeckmMann REATANOEMENE

RL,C=NOH + H — RCONHR
Mechanism: Migration with N departure
Hofmann Rearrangement :

RCONH, + Br/NaoH — 73@

Mechanism: Migration to electron-adeficient nitrogen

!mporta nt Tests

, 0.

Hinsberg Test - o A°
é\x\{ l CQ ( ,

RNH2 + CetHsSCREY — Different products for 1°, 27, 2" amines

Mechanisme: N%@Zf&ph[l[a Substitution

lodoform Test : N

- AN \O.n .
CH3COR + I3/NaOH — CHils C}HkC}Mﬂ bb M w X M
Mechanism: Base-catalyzed halogenation CHS’C —CHy  CHy —CHO
Polymer Formation: ‘O'
Free Radical PoLg merization: C/ H& _CHz —CHa— cH ,;Q"@
NWCHZ=CHX — - (CH2-CHX) n- )

Mechanisim: nitiation, propagation, termination
Condensation Poly merization
nWA-A + BB — - (A-B)n-
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Mechanism: Step-growth
Rearrangement Reactions
Benzidine Rearrangement :
Cets-N=N-CgHs — HaN-CgHa-CeHa-Nta
Mechanism: [1,2]-sigmatropic rearvangement
wagner-Meerweln Rearrangement:
R3C" — Migration of Hor R
Mechanism: Carbocation rearvangement

Clatsen Rearrangement :

Allyl phenyl ether — o-aLL@moL

Mechanism: [3,3] —sigmﬁtmp[c rearrangement

Addition Reactions:
Bireh Reducetion

ArtH + Na/NHz3 — ,4—(7{”U/\MOWOAVH

Mfchﬂ anion formation S @
Diels-Alder Reaction ‘\\25‘“

Dlene + dienophile — cyclohexene dertvative 7

Mechanism: [4+2] agclpﬁdp/[tlpm

Oxidation Reactions

Etard Reaction

¢.
ArCHs + CVOzC'LZ — AyCHO /ch 3 b”/nzalhh[
M[gm: Oxidation of folwere derivatives

Oppenauer Oxidation
Seaowda% alcohol + AL(OLPY)3 — Ketone

Mechanism: Hydride transter (reverse of MPV)

Substitution Reactions

Vown Richter Reaction
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ArNOo + CN™ — m—carboxgtéc actol
Mechanism: Nucleophilic aromatic substitution
Bucherer Reaction

ArOH = ArNH, (Lnterconversion)

Mechanisme: chlfﬁphillc Aromatic substitution

Condensation Reactions ?
Perlel action :
erikin Re n R _C p—
ArCHO + (RCO),0 — ArCH= wg@(@/ht R
C .
Mechantsm: Aldol type condensation Sai- W""

Kwnoevenagel Condensation :

RCHO + CH» (COOR!) 2 — RCH=C(COOR') 2 Mechanism: Base-
aﬂtﬂlgzc’d condensation

Elimination Reactions

Cope Elimination R3NTOT — Alkene + RoNOH Mechanism: syn-

elimination
=

tmportant Nawme Reactions with Reagents

Reformatsky Reaction RCHO + BrCHRCOOR' + Zn — B-hydroxy ester
Mechanism: Organozine addition

Stephen Reaction RCN + SnCly/HCL — RCHO Mechanism: Reduction of
thmlf

..
Additional Test Re
Bellsteln Test For halogens (green flavwe) Mechanism: CuX formation

Tollens' Test RCHO + [Ag (NH3) 1T = RCOO™ + Agl Mechanism:
oxidation of aldenyae

Special Mention

Flscher Esterification RCOOH + R'OH & RCOOR' + Ho0 Mechanism:
Nucleophilic acyl substitution

grignard Reaction RMgX + varlous substrates Mechanism: Nucleophilic
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adldition

JEE Advanced 2018:
1. The product formed whew cyclopentanone reacts with (z/NaoH Ls:
n) HCONa + CHs
b) only CHI i T, [NaD 04 crT, +
Y 3 /——-> >
¢) No veaction
o) Ring opening doesn't occur

2. Benzeng pr monochlorination gives 'A' WML@ %o&oﬂm
amlide yields B'. B on acid hydrolysis produces 'C'. 1AGERHY C: X NHp
2) Phenol b) Antline ¢) Chlovobenzene d) Benzamtide
OCH3

HeooNa.

e Maln 2019: @

2. n Friedel-Crafts acylation of anisole wititetyl chloride and AlCLs, the
major product Ls:

a) o-methoxyncetophenone CH =ci—CH3

) methoxyacetophenone = &w\‘\/ueﬂr\»@z.
¢) m-methoxyacetophenone CH,=CH —CHj CC—OM CA .ICH}/(/\'\‘B
o) mixture of o- anol p-products n equil amouwts \ g

JEE Advanced 2017 RE— G~ O O ey
4. The wajor product tn: PV@p@mé’-) HBr/peroxide — KOH/etméu'gL — X Ls:
a) Propene b) Propan-1-ol ¢) Propan-2-ol d) Propane

g o

7 )
JEE Main 201¢6:
5. Whiceh compow/w{g alve positive Lodoform test? WSy

Bodtz —
a) only acet% Acetone ang 2-pentanone ¢) All et o) OVLL@ :77
alotehyoles

JEE Advawnced 2016:
&. Major prodluct tn: PhCHRCHBr + KCN — ?
a) PhCH2CH2CN b) PhCH=CHCN ¢) PUCN o) Ph-CH(CN)-CH3
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JEE Main 2015: F. rdewtiﬂj A CeHtsNH2 — CeHsN2CL — A

7) CeHsClL b) CeHsF ¢) CeHsOH d) CeHsCN
/

(no
j P85 on r-Coon

JEE /@med 2015
Q. Product whe bewzaw{eh@de reacts with concentrated KeH-
a) Owtg beiz L alcohol b) OV\/LM potassium benzoate ¢) EengL alcohol +

Potasgm ZO(Z‘tﬁ.ﬁ R%@@‘ﬁm&m' Redn -

JEE Main 2014 iy

S E—

9. Reagent to convert actd chlorides to aldehydes:
a) LLALH, b) Po/BaSO, + Hz o) Na/ethanol d) Zn-Hg/HCL

JEE Advanced 2014

10. Product of: CH3COCHCO0CHs + NaoH + 1 —
a) Only Cttis b) Only CH3COON® ¢) CHIz + CH3COONa + Cco, d) No

veactlown
EE

JEE Mailn 2013:
11. Decreasing ovder of veactivity towards nucleophilic addition.:

n) HCHQZ CH3CHO > PWCHO > CH3COCH3 b) CH3COCH3 >
PhCcHO > Wo > HCHO ¢) PheHO > HCHO > CH3CHO >
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PhCcHO > WO > HCHO ¢) PheHO > HCHO > CH3CHO >
CH3COCH3
d) CHzCHO > HCHO > CH3COCHS3 > PheHO

ﬁ 0 -4 Sta(L .

JEE Advanced 2013=: /
12. (n: PNCHRBYr — PUCH2MgBY — PNCHRCHR0H, second step uses:
0) HRO b) CHRO ¢) CO, o) Oy

JEE Main 2012: ‘/

1=, Major product in Relmer-Tepgul
a) p-hgdmxgbmzmdemm b) m-lmdd ;
hydroxybenzaldehyde d) mixture of all tsomers

-~ Or\.
(s U"“O‘Y(OR )

e —
j\E;AO{\/awced 2012: Z7) R —

14. Acetophenone with Zn (Hg) /HCL glves: a) Bthylbenzene b)
Ac@tmtd@hgd@ ¢) Ethanol d) Eewzgt alcohol

JEE Mailn 2011:
15. Best sequence for benzene — benzole acid:

a) CH3CL/ALCL = KMIO4/OH™ b) Dlrect oxidation C) COy/AlCL3 d)
CHzOH/AlLCL3
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