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} : H
N/ \ f ‘
HC G ,Bf. Ne® © ons HC C /cu. .
i C C Y. C C + Na ol
| H/ CH |MH i‘\H i
i n H CHa H
‘;é Reactant Reagent Product -~Side Product
1 organe chemistry boils down to three key ideas that control every reaction:

A

S P Bl

1.General Organic Chemistry (GOC): The basics that make reactions happen. Think of it as the
“q0" signal for chemicals to change.

’% 2 stereochemistry: How molecules look in 3D. Different shapes can mean different results—
L; super important to plcture_lt!

%j 3.Reaction Mechanism: The step-by-step path a reaction takes. Depends on what you start with
éﬁi and what you add.

%he' That's it—rules, 3D shapES and roadmaps run orgamc chemlstryl

|

1 '_:rbt n-anc 1 LS Te1 rev al1 I CY

i _

E% . Class 10 taught us that Carbon rules organic chemistry—it's all about this one element! Why?
: Two big reasons:

; o Tetra Valency: Carbon can make 4 bonds, like a super connector.
4 o Catenation: It loves linking up with itself, building chains and more!

Carbon (6) in Ground State. . Carbon (6) in Exmted State
— , e 1 e~ excites - :

182 2s2 2p? 1s? 2s!

s 2 Unpaired Electrons « 4 Unpaired Electrons

« Cannot form 4 bonds -« Cannot form 4 bonds

Even with 4 unpaired electrons, Carbon struggles to bond. Why?
The 2s-orbital’s 1 electron and 2p-orbital's 3 electrons have an
energy gap — fixed by something awesome! mentioned below.

SEFEEASEENEENENEEENSSEEENREERSAREENREE BENEESErEANRS RIS RARERARRRLdaNENRLE

"Hybridisation fixes it! s and p orbitals mix into new ones, maklng
;

‘ HYBR!D]S&TH)N Carbon ready to form 4 bonds!"

" masssnsansnannn LT LLL L
SerrsasssssssssvsssssssesssEEEEES

FRmmamamnanE [TILEL L L L

Generg Organic Chemistry
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1 'i-'-lvbridisa-tion - The fusion of orbitals resulting n newnnes f
. o of carbon e t
. Ina nﬂfmal case, that is, in e){CIted s = TR ?-i
_ s & p orbitals fuse to form, 4 ,T;;t;;\\ :
italg ™ |
. dj complete o = > e |
Px p:,r P. HYBR'DIS!&ITON i Sp'-? orbfic " < ;
ltals of g ?
%1 (X ans o e Meenergy
251 P ] r_"-"‘—**—-—:\"“w
r"’”*‘ B B oo
Partial _=J - T 2 e |
FYBRIDISAITON : = & <
E 3 X sz +p Ofblta| i 2X Sp+ 2% p Qrbﬁa]
« Note:

Sigma bonds contribute to single bonds & pi bonds to doubleftriple bonds
) S;gma honds come from sp, sp?, or sp’ orbitals, but pi bonds? Always p orbitals!

-

shondobond_gbend)

& /-._’_ L
For a simple o 6 B . 2
Allgrordsae \?r\lx}—k \

molecule of

o ek N ; ..:f- [""‘-‘.-‘;_ Ly it
f [ Ethylene, i.e. sp® orbitals e 8\ =
Hzc=CHz (LR

p orbitals overlap form one & bond

' Hydrocarbon. | Formula Orbitals used for | Orbitals [Unhybridised; Total

l hybridisation | Formed | p orbitals | orbitals

| |
Alkanes ' CnHani2 [ 1s+3p t 4 x sp® 0 4
! Alkenes : CnMan '— 1s+2p | 3xsp? 1 4
Alkynes ? CnHan-2 ] Is+1p 5' 2Xsp 2 . 4 |
HO
FINDING HYBRIDISATION
Figuring out hybridisation in basic molecules &
Is super simple! But what about those atoms g 7
In more complex compounds on the right? It :‘é" H: %
might seem ftricky at first, don't worry—we've ~3 H%
got an easy trick to figure them al| out! ity
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ybridisation Finding the state of any molecule
Hybridisation No. =

No. of atoms Connected

General Bonding of Atoms

Atom .| Bonds | L.p. |
= .

(CA) + Lone pair on atom (LP)

Hybridisation No.
Hyb

sp

sp?

0
1
2

mo|Z

sp?

Y

4
B
s

1

% Dnmm ) 3t = ﬂs’“"}%
’f | |
| ik J—
i CA=4 "
| LP=0
i _
|

EXCEPTION

NH,
When you've got lone pairs .r evin iegat ve (-ve!, ronitive sp? T oW
(+ve), or radical charges hanc iy out in or,uation <are hiig e
cool happens! The hybridisation shifts from sp*to sp2. '\\ /}
Common Thing that might become a mistake 3
This'is a Single (sigma bond) This is a double bond (mixture
formed between two sp3 orbitals of sigma and pi bond)

Conjugation - The adjacent p orbitals -

+ When p orbitals from sp? atoms sit next to each other, they're called conjugated. This lets

electrons spread out across them, creating resonance. For example
« Every Heteroatom, Negative Charge or adjacent double bond contributes 2 it e-, whereas

Radical contributes 1 it e-, and Carbocation contributes 01 e-

EH,~
_,.-""' \/ \ : 1 -I: {e\ 1:__, @\
Conj.p=4 Conij. p =7 Con.p=4 Conj.p=4
ne- =4 ne-=4 me-=8 ne- =6 ne-=4

Generg) Organic Chemistry -
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& ReactVIty ==

Stabilty ¢ when an organic thing burns fully witp, nyge‘ e
e n
S g : ergy‘ FGU g a f
ion is the en
. t of combusli o+ propane 5
Hea ans ar pickefj over | clease Butane Propa
Butane gas ¢ sinc they T¢ ( Gkl 55 Ne
for camping Slmre| yrned. More heat © b At e s I
, when DU i on Atoms i
more energ) “m:s faster-cooking gdL.en * {l:_aersbs stable ? f;:;?;nt:;amg !
ned 7 stable |
combustion i
: less reactive
bility means = |
er, More sta Stabili |
v il Ren:mbbustian oc No. of carbons ¢ 1/ ty
o Heatof Com

in Double Bonds, o. of Double bonds o< 1/Substitution

e (=]

o< N

. (RO cgmbus;onbmds Heat of Combustion is lower for conjugated ones.
« For multiple d0U™™® ’ o< Angle Strain |
i r CH g
o InRings, Heat of Combustion per L2 - ok
¢ has more T bonds than B and

C:-ﬁ;g; '

IS "X poth C, B have more carbon atoms than A
C has 10aH's, B has 7aH's , A has 4aH's.

@”’ Thus, C is most stable (Most substituted)
C's higher heat of combustion comes from
-coni B has
AN X two non conjugated double bonds. N
(o v\ conjugated double bonds, and A is with one  C>B>A" |
double bond & fewer carbons

ono

“wle strain has major role, Cyclopropanes |
1as the 1icst ingle strain with internal AsB>C: |

( 7 angle of 60°. Thus, Highest HOC per CH;  HoCarder |

perCH; |

il

O
YA\

P,

B

1.5 - .- The Effects of Hybridisation & s-character

Nucleus e %) ¢—e- P Orbitals are little far from nucleus
£

/&= s orbital is closer to nucleus

« Bond Length : More the s character, shorter is the bond length
2 593‘3P3 > sp*-sp? > spZ-sp? > Sp%-sp > sp-sp 1.53A 1.334 CHr |
o Meaning, Ethene has shorter C-C bond than Ethane HyC ——CHs |

Page 4 ' RANSHO
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o Sp*sp®< Sp3-gp2
Meaning, C-C p ; < SP*sp < gp. :
° ond 4 sp 368 kJ
In Ethene jg Stronger than Ethan HsC -ﬁ;émﬂH - k‘;.f;m
e ' 3 Hzc GH2

I
" o be the hold of negative charge,
T H.C =—— CH

H,C =— CH;
Ethene

He==cH H o
Less Acidic ]

Less easi|
y formed
_l.Je 1033% s character Ethyne 3 More easily formed
I ue to 50% s character

More Acidic

Electrnnegativity

» and hydrogen ends up a bit positive! +6

. Remember the trick (Pronounced as Fonkal Brish) FONCIBrISH

o
(Decreasing Electronegativity)

...............................................................................................

. Negative charge is held better by
. more electronegative atom

. More electronegative element
r attracts electrons with higher force |

e e TIPSR — - 4

“Remarmber

Some important trends in Electronegauvity you must know @

1.Incr§asing charge on En atom increases electronegativity: @6 e (R
a.-OH, > -OH (+vely charged oxygen craves electrons more) -EESIE
b.(?N Hs > -NH, (Similar for Nitrogen or any other En atom) Electrons naarerta 0

2.% s character increases electronegativity : S B
a.(sp3)< < (sp?)< < (sp)* @=L =o |
b.(sp?)" < (sp)¢ (Alkyne C is more En than normal Nitrogen) Electrons little far from O

P o

Stability & Reactivity : Concept of Charge Density

. ‘ i —it's how packed a charge is! -
N More reactivity = Less stabthty_! |

« Smaller atom = Denser Charge = 0T o s :

. of .
Yoo e o

2 /" But, along the Period, we consider electronegativity

S o @
G s %Ha > NHJ_ - HO > F."t}
i v
Sulphur : Bigger siZ€ « Most Reactive » Least Reacll

Less izihart;lt?:_ddEﬂS"ﬂ\r o LeastStable : Mos: Eea:':funegativ |
|ess Reactivity ... Lieast E'.ectmnegatwem#:_m_ﬁff____”___ﬂ,...,ﬂ_?__.

Oxygen : Smaller size
* More Charge density *

* More Reactivity . s
stability e
* Less Stability « More

e
it
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t. the C-IL;tions of B.P we need 10 understand the concept of forgag. ]
« TOencounter : i
o Stronger the force, Higher is the B.P. T t
0.5°C 35°C 117°C 260°c |
2 ,-Oi. \/\/:QH i 5 |
i gt e nBonding \/\/0 Naﬁ.
vanderwaals forces Dipole-Dipole ki St lonic Forgeg
rongest Foy
Weakest Forces ] —p ‘ "
i Alkanes Seen in Carbonyls, Seen in g.fczhofs,' Seen in Alkoxides, o,
Seen in Ethers, Alkyl Phenols, .ar oxylic te"asla'bsﬁtmed- ..
Halides acids Ammonium sai

two other factors influence the B.P. of a molecule

« Apart from forces, o
it the number of carbons Is increased.

" o Boiling points increase as

o _I.f'_'.-."-_{l_eF?ehtane (Unbranched) > Isopentane (Branched) > Neopentane (Highly Branched)

e Ultimate order for Bolling point trend.

" 0" b i 1o
. Na
e PR \)1\0’/ %DH \)I\DH \/’\/UH /\)L*?‘:.-r
A B c D E L i
5 Boiling PuintT -
“-# G hasionic Forces

-+ Fhas H bonding

-.'E has H bondi:'?g 1o a higher extent (Carboxylic acids have more BP than Alcohols)
D has H bonding but branching decreases BP N o
C has Dipole Dipole Interactions. SR S i

= Bisanalkane with weak vanderwaals and A has branchfng.. Thus, Lowest BP

L -

Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.




ATDB.uno ATDB.uno | Studyprayas FOR PERSONAL STUDY USE ONLY. DO NOT SHARE OR REDISTRIBUTE. ATDB PDFZ

l1[.’,, vents in organic chemistry can (}n[y bis dlw"fr}g G

d it ¢ i i
. |ﬂraﬂ‘f Non polar which can ba fli!’"lhpr{;[ 0 tyer misjae o Atagariog

e e e < e el " jsﬂ-’*ffﬂ'f a8 ‘-’;Hg,ﬁg;n:‘[
=" Type Deftniliﬂn E iipser e
! B ! E""“"F’””‘ ‘_ K’ﬂ? Peammn«; ,
L~ { bonded o | Gaa &
' polar Protic Llectra b Mom | C H;(} HQH : Famrs aw ﬁabrh;nr
: , - - b raa. o HEC”;U!I Agetic i'l.f f':I Both cations & anions
polar Aprotic bonded to Acetone, DMSO, DMF, Fav‘ﬁ; SHZ, ,atiaﬁ* G-"‘!'ff

et e

B S,
e 2l SR SN B S S S SR |

Hon'Pc’lar (Aromatic) | Weak/no dipole | Used in extractions &

Benzene, Toluene

reactions
Non Polar (Aliphatic) | - Weak/no dipole Hexane, Pentane | Used in chroqm"afa”é:;'p;ihf
Non polar Ether- Slight dipole, low ‘ - rnBﬂn‘n;r_dE“ Sk
Based Solvents polarity Diethyl Ether, THF g

organic reactions

B T

Sowbulity

. Solubility of a compound depends on the forces that the compound has, Thus divided below
Intermolecular Force Common in Solubility in Water | Solubility in Organic
(Polar) Solvents (Non-Paolar)

N

| lonic Forces
Salts (NaCl, RCOO- Na* High |
(Strongest) alts (NaCl, a’) ighly Soluble. B .lnsoiubie

Icohols, Phenols,
Hydrogen Bonding ACZ?ng?lic ;:i?:ls Soluble Moderately Soluble

—

Dipole-Dipole Forces | Carbonyls, Alkyl Halides | Moderately Soluble Soluble
Van der Waals Forces Alkanes, Alkenes, Wisslkuble Highly Soluble’ 71
(Weakest) Alkynes i

* Points to Note
° Alcohols are Water-soluble up to C4 due to hydrogen bonding. Solubility decreases as the
carbon chain increases.
o Carboxylic acids are more soluble than alcohols ciue to dimer formation.

° Primary & secondary amines are soluble due to H-bonding.

» Tertiary amines are less soluble (no N-H bond for hydrogen bonding).
Generatcrgan]c Chemistry Page 7
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= Trisih,
A e R

We've talked about bond strength (how tough bonds afF':]a bor[d length (how lon, th
and electronegativity (how atoms pull electrons). Now, let’s get into the fun g )

out what makes these molecules change ang react o4

: ':‘2“‘;*;
Gtiohs
4

reactions even happen? It's all ab

" Cleavage, How does it Break?

G .:"*. o

Homolytic ,;f ____ : | Heterolytic
Cleavage % K Cleavage
A Simple Bond
%0
© fito. 0
fi g We will study about Radicals, Fc;rm . N
Eofation of Radicals Carbanmns‘, C‘_a‘rbocar:c:tns later 14 ppens due to diffns

in Electronegativily

Electronic Displacement.EffécE A

o A (] Molecul: \vith ‘he san e 2*4ms Hn beth s'des is non
£ S . I A . 2o B e * P .
Difficult to break chilll It #on't react zrniess somewing from uuis;de;umps in.

This charge difference sets up a permanent

. effect i B
reactions to happﬁ?ﬂ!“ tin mDIECUIES, dfl‘i"lﬂg

-polar—no charges,'.tnta'lfjr

tLlffh-why dostri‘tﬁﬁj;

A

]
1"1
I
i

g ¢ B‘ut a molecule with different atoms on each side? That makes a ch; |
difference—great for starting a reaction when a bond breaks! B
Easier to break ‘ : 1

|
4
1

|

|
A

|

( Types of Permanent Effects |

Inducti l
Happens ir:i?giﬁﬁaeztonds Mesomeric Effect Hyperconjugation 4
Happens in pi bonds Happens in sigma bonds usually’

C-H adjacent to p orbitals

An Electronegative
At
oh TWO CASES An Electropostive Atom"‘\

HE o .“'""=§.'---""'-*":r__:c. A -|.=—l:‘:-‘»c _'_ i h: 'l;i_.,:l_.xl. & o Py . fi -
2 fpy hg,, e o o »MCF":?«-J Ec\,;*_—.ﬂ-' g
- Ut T eARESgE T "")%w. i

Electrons shifted towards X
Page 8 |
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because of it? '
thaPPE"S orit?  The chain of Carbon becomes positively or negatively charged

: '""""_".....,_...un.-nu--..........n..|.............u........................-.-..-..“..n..-u-...-..u....... T {OLI I i i I I
| g o s
Cc-C:C3Cy» X H c_c,.'c.'é’:.y
is Electronegative Group (-1) 1 N
X is P i Y is Electropositive Group (+1)

can be NFs*> “NR3* > -SRp* > -NHj* > i

X

N0:> .505H > -CN >-CHO >-COOH >-F > -] > Y can be -CHj3 < -CD; < -CT3 < -C;Hs < -C3Hy <
 gr>->-0R> -OH >Benzene > Alkene >H || -C4Hy <-COO- < -0- < -NH- < -CHy”
| R L i S e T g

P

50
1.-OH is a -l group because oxygen acts like a regular electronegative atom, pulling electrons.

gut -0- ? It's a strong +l group since it's loaded with extra electrons to share!
o Same deal: -NHz is -I (pulls electrons), but -NH- is +I (gives electrons).
9 -NH5* is a bigger -1 than -NH; because that positive charge on nitrogen pulls electrons harder.
o Same with -OH (-1) and -OH,* (super strong -I due to the positive charge).
3.-0- < -NH~ < -CH,- are stronger +l groups than plain alkyl groups since they've got tons of
electrons to push.
§ 4 Metals like Mg in CH3;Mg can also be +l, sharing electrons.
| 5.A group can flip between +l and - depending on what's attached to it! e.g.

HsC -3~ OH HaG -G O-
CHs acts as +| group (H ectiies-lgroup

me Important points

Why does it Matter?

sh or pull on electrons that changes things!

ive Effect is like a pu O
cEne des how easily they give away H* (that's acidity).

1.For carboxylic acids or alcohols, it deci , ey
9 For anilines, it controls how well they grab H* (that's basnclty):
role in stability of Carbocation and Carbanion.

3.t also plays a vital |
- Loaded with

1. ACIDITY OF CARBOXYLIC ACIDS (-COOH) Electrons
| 0

Il
: :*:'— C""O' + H*

If this group can stabilise COO0- by
withdrawing electrons, The acidity

he acidity of car'boxylic acid

= -l groups will increase t vl e

as it increzses the stability of carboxylate ion (COO"). of precursor would in
—COOH CH;—COOH

CIECH_COOH v Acetic Acid

CI3C_COOH ; s chl pacetic Acid
' " acid Dichloroacetic Acid a
Trichloroacetic Aci Increasing Acidity

4 ;
Page 9
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U= > i
s t - —
. Increasing | effec £CH,COOH > clcH,COOH > BrCH;COOH, \“ﬂp““‘hﬂﬂ
o NO;CH:C00M COOH > BrsC-COOH > 15C-COOH L -
cC- _ kg

o FsC'CDOH 2 ch

.. Substituents on Benzen€

0 CH;'CGH;COOH < CEHG'
. Distance Dependent Effect
o C'CH;CH:CHQCOOH <C

. Going from +| Nature to -1 Nature
(CH3)sC-COOH < CHsCOOH < CNCH,COOH < SOsHCH,COOH
Q

2 BASICITY OF AMINES (-NH,) . v gl

r\Lohe pair attacks H*

NH, ~ H*. >

CODH & F‘CﬁHS'CDDH < C"C&Hs'CODH < NOZ"CGHS‘COO o

(CH,CH,COOH < CICH,COOH

If a group sends lots of electrons to NH,, it's like giving it extra energy to gréb H*, That. :
makes it a better base, super ready to catch that H* and hang on! ' ' a;-: %
Et:N B By g
Triethyl Amine Dietl yl £ mire Etwy Anine X
‘_

Amine

+| groups Increases Basicity

e
FEE e

L
o

by

- Some other basicity trends which might be helpful for exam
* Going from -I Nature to +| Nature
5] (CFECHz)gN < (CF_;CHQ‘}ENH < CFg
» Trend with only -] effect
o fCFg)gC'NHz < CFgCHz'NHz
« Strong - vs Strong +|
o +Nf“l.g'

CH2NH; < CH3CH,NH, | |

CHz‘NHz < HOOC'CHTNHQ

Exceptional Trends in case of amines . ——T\ o
© NHs< CHiNH, < (Crsy ot o ﬂRTMﬂ
3 3NH2 < (CH3)ZNH <« (CHBJ 2 tﬁg/ o
* NHs < (CHy);N < CHsNH, < ( B ol Y-
2 NHS = CH3CH2NH
2
)3N (in Gas phase) .
H _ 3 |
3CH),NH (in Aqueous Phase - Due to Solvation)

(CHscHz)aN >(CH
HCHZCHZ
H3)2DH)3N (In both Gas and Aqueous phase - Sterically

hindered Amines)
B:10

)sN > ((C
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 STABITT TSSO AND CARBANIONS
: Carbocation g electron
d:eficient. any group that
. gives it electrons iy
S make carbocations stable

Carbanion is electron rich,
any group that withdraws
electrons, will make
carbanion stable

come stability trends which might be helpful for exam ——-—'ﬁm
The effect of + ‘W

. CHs*< CH3CHy* < (CH;),CH* < (Cﬂa)zc" &
e Effect of -1 |

o (CF3)sC* < (CF3)2CH* < CF3CH,* < CH,CH,
. Mixed Substituents

0 (CFS){CHS)ZC+ < (CH3),CH* < (CHz)sC: &

(CH3):C- < (CHa),CH- < CH1CH,- < CHs-
& CH3_ =< CF;CH;-’ < {CF;):CH' = (CF3)3C_

'DOC'CH2" <CHs < *NH;-CH,-

When a o C-H bond sits next to a p orbital or an sp? carbon, it
~van tha eit;lztrons. Ttis 3r:ai=s a no-bond resonance
suructure, whicn neips make the whole thing more stable!

@
~"  _T“H H H H H H
3 a C-H bonds can make 3 hyper conjugating N | | |

resonance structures which makes the o C—-C—{;:—H ! » H_?-C_E_H

|
species stable H o

Some other hyperconjugation trends for alkenes & carbocations which might be helpful for exam

+ More Substituted Alkenes are more stable due to more a C-H bonds
o Ethene (CH,=CH;) < Propene (CHs-CH=CH;) < 2-Methylpropene ((CH;).C=CH;) < 2,3-
Dimethylbut-2-ene ((CH3).C=C(CHs)2)
+ Carbocations also becomes stable due to hyper conjugating structures
* Methyl Carbocation (CH3*) < Ethyl Carbocation (CH3;CH;*) < Isopropyl Carbocation ((CH-,'-);CH*]

< Tert-Butyl Carbocation ((CHs)sC*)
é

GEnEra'l Dr - i PaEE 1‘1
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s, Rules and Stability

Resonance - Structure

e Lty
o effect (One Mo 0GR L L N&7
« Before understanding mesome;c;stand resonance) Contrib :
ynde ributj -
displacement effect, e I.-IEEd t?nistf}’ is when @ molecule L:: | e Stucturey -
o Resonance in organic che hifting electrons arﬂund_‘ _U D
be drawn in multiple ways e Think of it like mixing . P N
it's really a blend of all thos€ forms. vibe that's the Lo B o
e el d and blue—to get one purple Hybrid of hoy
colors—say, e
true molecule!
D : MORE STABLE

TE
RULES FOR RESONANCE - HIGHLIGH

. 5 C

e

ﬁﬁ*“jo

A
A7 §“ Agu

#3 Charge on more Electronegative atom #4 : +ve Charge on more substituted ca‘rbu_ns.
:-ve Lna -

RESONANCE ENERGY
Energy difference between the theoretical value and the experimental value of energy(Real Value),
Resonance Energy o< Stability

rgqy:C>B=>A
N W Resonance Energy |
A B C = .
2nbonds 3 bonds Aromatic structure we will study this in a while

RESONANCE ENERGY PER RING

A B C
Resonance Energy : C >B > A (more number of pi bonds)

Resonance Energy Perring : A > B > C (Stability)
Page 12
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pemer S aYSIN orbtg)s

# This oxygen i = '
~OH Ygen is sp3 hyhridi e
@/\/\‘ ** lone pairs chillin 14 Ybridized, 5o it hag 4

a . i 3
0Se Sp? orbitals! $ 4 hybrid orbitals, and both its

oe e ) Ox
0/ % /\%H it 3y|§:t?ng E;sbspz Wbridized when its in conjugation, giving
: rbitals and 1 unhybridized p orbitals
T~ Onel
oo l0Nne pairin
/\ b("H | P orbital which is involved in conjugation
U&.;._} «~ One lone pair sits in the sp?

The lone pair on nitrogen in
pyridine doesn’t join resonance
because it's stuck in an sp? hybrid
orbital, not a p orbitall

The lone pair on nitrogen
in pyrrole  jumps  inte
resonance because it's
ready in a p orbital!

Final COHC'USiQﬂ

. A heteroatom tha'f’s- sp® hybridized and in conjugation switches to sp2 Its lone pair mbves to a
p orbital, ready to join conjugation—like in pyrrole! '

. But a heteroatom already sp? hybridized with a lone pair? That lone pair usually stays in an sp?
orbital and skips conjugatio’ —linc i Jyiidi e’

T — e — — — — — — — —

ﬂ Mesomeric effect : The conjugated e in pi bond can delocalise

An atom or group with a lone pair lined up with p

- orbitals can share its electrons. This creates
resonance structures, spreading the electrons
towards the chain! this is +M effect.

An atom or group with a double bond next to p
orbitals can pull electrons toward itself. This
makes resonance structures, spreading electrons
to the group—that's the -M effect! :

r’

_ ) e ek
Ve Al ' o  a Ry,
MX Meffect |

Bond rEprESéntatiGﬁ of +M'effect.

" Bond representation of

f§>(~::::1ni:us.- O-> -NH,> NHR>-OR> COOH>-
. g - & _~OOCOR>-COOR>-
"NHCOR > .0CcOR > -Ph > -F>-Cl>-Br>-l _PO’,J/:;'

I e T
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1.-0- beats -OH as a +M group because it's got tons of electrons to ahgpe hjut it ony b 2

through the p orbital—not the sp” ones _ | T o
2.Groups with C=0 right on the chain (like -CHO or -COOH) shows g .3y effect Yiith Al
Y, vitp L

(CONH,) being the weakest puller.
3.-NHCOR isn't as good a +M group as -NHR because the C=0 grabs the e P
Y,

there's less electrons to share with the chain
‘Why does it Matter? : Similar to Inductive Effect, you know that! -

Mesomeric Effect is like a push or pull on electrons via pi bonds which changeg things '
1.For carboxylic acids or alcohols, it decides how easily they give away H* (that's acidity)

2.For anilines, it controls how well they grab H* (that's basicity).
3.1t also plays a vital role in stability of Carbocation and Carbanion.

1. ACIDITY OF BENZOIC ACIDS (Ph-COOH) AND PHENOLS (Ph-OH)

COOH COOH i o, cog®
eliiciicnsavay ronth: benzoate=f

0 < l N . i p-Nitrobenzoic acid beats p.§
: . CHg ‘ﬂ:!;_ &
' -10n, making it less electron-rich! NO,

methoxybenzoic acid in acidity:
#M e'ff-ect. - -M effécl / T
: v / p-nitro benzoatg ion.

because the -M effect of NO, pulls

Explaination ;
1. p-Methoxybenzoic acid lowe
big timel).
2.p-Methylphenol cuts ‘Phenol’

S phenol's acidity with its +M effect (it also has -I, but +M wins

mesomeric effect is non considerable (jt i
4.The -M effect of CHO ramps up acidity . |

5.The - :
he -M effect of NOz,Istronger_than CHO, Pumps up ECidil’y even more! :

Page 14
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-

0 L | H O —
< @ < @ ¢ @ '
J CH,4 | <

l

. ~ 0OCHs OCH,
+M effect +l effect

“le '
ffect -1 effect -M effect

ination : Remember, Mesomeric effect doec v
Expmm 0esn’t happen "
benzoic acid | PO et eelion, m?ﬁ?ﬁm'{
Methoxy e dCl owers 'DhEnnl's aCid _//

bigTimEE)' Y with its +M effect (it also has -I, but +M wins

Methylphenol cuts phenol's acigi . .
9. m-Me : cidity a bit wit ' .

Jlectrons to ring but lesser than +M. ith +I (Inductive effect), which donates the

3_p,ch1or0benzene boosts acidity slightly with -| (inductive
mesomeric effect is non considerable (it is very tiny).

4. The - effect of OCH; boosts acidity since there’s no
effects like -1 always make things more acidict

5.The -M effect of NO,, stronger than -| effect of CHO, pumps up acidity even more!

)—halogens have lone pairs, but their

"M effect due to meta position—negative

COOH COOH COOH

o L

S 20els *OCH: is = +M group which decreases

< | N ,2:icity 2! in case of benzoic acid.
< L : NOTE : Any substituent when placed on

L ortho position increases the acidity of |

OCHs NO; | benzoic acid to much higher extent.
+M effect -M effect Ortho effect e s
Benzene doesn’t have ortho, meta, para positions until a group is attached |
{ x !
Ortho Ortho Benzene doesn’t come with ortho, meta, or
para spots built in—they only show up once
Meta Meta you stick a substituent on it! and the positions
are only with respect to substituent.
. Para Para
- Benzene without Benzene with i
i il
5 Substituent substituent e

Page 15
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9. BASICITY IN CASE Uf AL . ‘MPBMHT

-M effect -] effect - -1 effect oy effect 0 CH

Ortho Effect
Eff‘!t:g

Explaination : . Remember, Ortho effect in aniline decreases acidity to g very high
€Xtent

1.0-Methoxybenzoic acid lowers aniline basicity with its ortho effect though it

doesn’t work. i +M effec St iy
2.p-Nitroaniline decreases the basicity with it's -M effect which Withdraws '
the ring. : EIectmn f

3.The -l effect of OCH; decreases the basicity of aniline because the o :
meta position. Oesn't OPEfate b

‘4.p-Chloroaniline decreases the basicity with the - effect, halq
mesomeric effect is non considerable (it is very tiny).

5.The + effect of CH; boosts acidity since there's no +H effe

e
gens have lone Pairs, byt theiy

Ct due to meta Position—

effects like +] makes things more hasir. Positig !
6.The +M effect of OCH; is th2 “troi ge 5t ir ¢ easing the sasisit 1o highest i
: IS est,
3. STABILITY OF CARBOCAT{ONS AND ANIONS
©®
;L OCH; i ; ' i

OCH,4
i ff NO, F .
effect g
+H effect -l effect -M effect -] effect |

Increases Decreases = = -

Decreases Decreases Increases

'age 16
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_ycLIC |  PLANAR _“‘-Eﬁ?ﬁ:%gﬂa - .
R A RULE

v | v~ O
o~ May B s 4n ie- Anti Aromatic
oy be NORULE | INON Avomatic

gefore proceeding, Remember two things
1 when in conjugation (adjacent p orbitals) contri

o Double bond = 2; Carbaniop = 2 Ca .
5 . ' rbucatlun = 0: Hete — .
2 Aromatic > Non Aromatic > Anti Aromatic interms o; stabilt.:t:mm " S

N X 2 :
| ()

bution of me- is as followed.

cyclopropenyl :
y o s Benzene Napthalene Cyclopentadienyl anion Tropylium
bre- 10me- 6Te- Cation
2me-
 bme-
NH o] S N h _
\ / \ / \ / i :H\/‘: ©¢'
Pyrolle Furan Thiophene Pyridine Nitrogen o
bre- ore- 6re- 6ne- doesn't donate
ore-
O _
O
s OH
bre- + 21te- dire 10me- 6me- éme-
Bond Rotation Oxygen donates Aromatic in duxygten
onates

Polar state (high
Dipole moment)

Easier in resonance

Page 17
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o ® Kot T
@ .
BH
Cyclo Cyclupentadianyl
butadiene cation 4me
4me- 4ne-

Non Aromatic

5 SNCIN
\ / =
Non Non Non Non Non

Conjugated  Planar Conjugated  Cyclic Planar
Steric Inhibition of Resonance

When a bulky group at the or.h» spot fust e : things a oiin, “nv -gp? group twists out of shape
and stops being flat. That biocks resoniaiice - ieet sieric ilihiition of resonancel "

&
More stable, since the charge flows More basic because nitrogen's twisted
smoc{thly around the ring. The other one’s out of the ring in second one and doesn't
all twisted, so the charge can't spread share its lone pair with benzene ring

SIR applied by all bulky groups except OH, H, OR, NH,, F etc.
SIR applied on al| sp? Groups

Page 18

Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.




ATDB.uno ATDB.uno | Studyprayas FOR PERSONAL STUDY USE ONLY. DO NOT SHARE OR REDISTRIBUTE. ATDB PDFZ

A ARt e 4 8 ma mmm vt ad wn e s e n L L T
LLLTETPN
A daan sy
LLTTTTS "
T T,

».Compou nds with available d-orbitals ....................................... i e ot |
3. Multiple bonds with dissimilar electronegativity ................ e

E 4LSextet ofelectrons....__ | | 0=C=0

& Srnpla Cations = .......... . ........................................................... Carbenes

L e N AR, MG Heele

...................
-------

..........
.....................................
.............................
.............

; 1.Molecules with lone pair weommm L 3
| 2.Unsaturated Hydrocarbons . | H0. RO pyete.
. 3.Multiple bonds with dissimilar electronegativity e 0-2;[;:0 » N
 4.AISIMple ANiONS o Cl- OH-. SH- Br- ete
U ———— . ' ’ '

....................................................................................... e

et e i Ly ] B Py e e R W . S e

ey

last thing you should know:

v -.n.'\-.n wale e’ | e Fgim B ry b, o Srinian.

~Acidity anri Ba: icity +ins

We've tackled acidity and basicity with mesomeric and inductive effects already. Now, let's
blend those trends to make exam prep a breeze for you!

Some Mixed Acidity Trends

1.(CH3)sCOH < (CH3),CHOH < CH3CH,0H < CH;0H (+! decreases acidity)

2.CH3CH20H < CICH,CH,0H < FCH,CH,0H ( -/ of halogens increases acidity)

3.CH30H < CH3COQH (Carboxylic acids are stronger than alcohols due to stabilised
carboxylate) 4 ]

4.CH3CH,0H < CgHsOH < p-NO2-CeHsOH (-M of Nitro increases Acidity compared to normal
phenol which is higher acidic than normal Ethanol)

9.HOOC-CH,-CH,-COOH < HOOC-CH,-COOH < HOOC-CCI,-COOH (The second COOH group
exerts a —| effect, increasing acidity. Cl atoms further enhance the I effect)

6.(CF5);C-COOH < F5C-COOH (Steric hinderance distorts carboxylate ion, decreasing acidity)

7.CHs-COOH < p-NO,-C¢Hs-COOH < 0-Cl-C¢Hs-COOH (ortho effect of Benzoic acid)

8.-00C-CH,-COOH < CHsCOOH < *NH3-CH,-COOH (Strong -1 effect of *NHs)

19
Generg) Organic Chemistry -
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Basicity Trends
1. pP- -NO,- CEH;NHZ < CEH;NHz < p"CHB'CEHE NH:

2.CeHs-NH; < CHsCHzNH; (Aniline’s nrfrogen isin CDH}UQBHDH losing it's electrong e ,- ; |
Es

basic) .
3.C¢Hs-=C=N < CgHs-NHz < CHsCH2NH: ((sp)" is more electronegative than (Spa‘)n rhus " %
i i I » or ;
electrons to might tigher, making it less basic, The middle one is (sp,)n) ds
4.(CHs)sN < (CHsCHg)sN < (CHsCH.CH_)sN (Larger alkyl groups balance +1 ang SUfVat‘mn)\

5.CgHs-NH; < p- -CHs- CE,H5'NH2 < 0- CH3 C.E,H5 NH;
6.CeHs-NH; < (CHs)NH < (NH).C=NH (Guanidine’s resonance-stabilized con juga o o

makes it very basic. )

Summmg up Acadlty m a eééf method Cardlo Methnd

+« C-CHARGE
More positive charge, More Acidity H;0* > H;0 > OH-

+ A-ATOM
Along Group & Period Acidity Increases CHa < NH; < H;0 < HF & - HF <HOI <HEs < H] :

* R-RESONANCE
Resonating Conj. bases have stronger acids Ethanol < Phenol Phenoxide is stable

« DI- DIPOLE INDUCTION

More acidic due to stron o COOH
ger-lof F

« 0-ORBITALS 2

Terminal Alkynes (sp) > Alkenes (Sp?) > Alkanes (sp3)

ised redistribution is strictly prohibited.
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with millions of organic compounds discover
{ i it LI | A
mon names like “alcohol,” “vinegar” or

acetone”- h
c0 ecause m
1 cOMMON name or have none at all. Jupac (Inter o Lo aan AR s

shemisw) gives Us a universal set of rules to hational Union of Pure and Applied
C

ucture is reflected in the name itself.

Basic structure for nomenclature

I —_— WDRD'ROOT = PRIMARY SUFFIX = SECONDARY SUFFIX

-
——

v v v ¥
Tells about: Tells about: Tells about: Tells about:
substituents, Numbr.r of | ‘pe of carhan- Indicates the main

Halogens, carbon. i the carhcnliond

functional group
other groups longest chain

Finding the WORD ROOT

E O |

This tells us how many carbon atoms are present in the PARENT CHAIN (longest continuous .
carbon chain).

FINDING THE PARENT CHAIN
Finding the Parent chain involves- “3 golden rules”
RULE 1- The parent chain must include the main functional group.

Chain A Chain B

* Chain A contains more number of carbon atoms. (It might tempt you!)
! Chain B has main functional group. (but 5 C atoms)
S0, Chain B is the Parent Chain.

Nomep,
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t include all double or triple bonds.

RULE 2- The chain mus
s shorter than one wnthout It, still prefer the gne With the

If a chain with a double bond i

bond.
Example- Thisis a 5- Car

RULE 3- Length of the chain is important, yet choose the chain with more SUbstlt
When two chains of equal length exist, pick the one with more branches or side g
full name can reflect maximum detail. S, 8o lh
Once you have selected the parent carbon chain, Its time to find the WORD ROOT b

v By EREEE T
‘:a e e AL
e gl‘z{;@ }'fq’iﬁ’" 2 :

d[}ub

bon chain and not 4 carbon with one double bong; /

N
uents
ro UD

F

e i ENO0:OnLC

i ui“‘g e PRFM'\RV SUFFIX

e e m—— — — —

Teh's us about the type of carbon-carpon bonds in the main chain:

) :
T ]g&bfs_ J,\,q" T

Smgle bond

Double bond

&
L
s
&

Triple bond

Finding the SECONDARY SUFFIX

gruup in the molecule:

Indtcates the main functional

Alcohols (-OH )

Aldehyde (-CHO )
Ketone ( R-CO-R’ )

-one Carboxylic acid (-COOHI) |
Es - - '
ter (R-COO-R) -oate Thione (R-CS-R’)
Amin - ; '
e (R-NH,) -amine Amide ( R-CO-NH; )
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e i

-0yl halédes =

: nitro
Nitroso (NO) nitroso Halides ( -X) hal
- : alo
er (-0- % |
Ether (-0-) alkoxy Epoxides (¢—c) epoxy
Al (-R) ~alkyl .- Alcohols ( -OH ) hydroxy
Cynides (-CN) ' cyano’ Carboxylic acid ( -COOH ) carboxy

Note- Prefixes are written in an alphabetical order, and in case of repeated groups use- di
tetra- etc.

example- Let's see what can we infer from this molecule! :
OH /p « The longest chairhas 4 sarl ¢z 4as Figi i e )- 3ut (Word root)
/H/ o All bonds are singie- ane (Frimary sufrix) : i
« We see alcohol group attached (main functional group)- ol (Secondary suffix)
Cl « We also find chlorine attached- Chloro (Prefix)
Name of the molecuIe—:f,?%ﬂhlorob'utan;z'}nl
/N _\»But, what are these numbers? .

"y tr;":

‘Numbering the Carbon.thain._; .

Once you've selected the correct parent chain (based on functional group, multiple bonds, and
length), then you need to assign numbers to the carbon atoms in that chain. But this isn't just
random numbering! The goal is to give the lowest possible numbers to the most important
features in a strict priority order. 3 rules define the numbering of the chain-

RULE 1- Give the Lowest Number to the Main Functional Group.
The most important functional group must get the lowest possible locant. This group decides |
the secondary suffix in the name and is your top priority during numbering.

21 Since -OH is the main priority group, the numbering
will start from the right side- hence, the cprrect name

|
E OH OH is Butan-2-ol
E

Butan-a.
an-3-o| Butan-2-ol I
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RULE 2- If No Functional Group, Prioritize Multiple Bonds (Double/Tripj

If there's no functional group, then the position of double (C=C) or tripje (e
the numbering. The carbon where the multiple bond starts must get the |m;‘ C) bﬁ“dsﬁéﬁ_
| est MU, Cidy

2 4 - ; |
/\/\ /\.,//\ e priaiss i double
1 | | : : bo

1 the correct name Wi 8
ill be PE !

nt-2.
"eng,

sy

Pent-3-ene Pent-2-ene

RULE 3- Substituents tend to be named after the functional groups ang mu

If the positions of the functional group and double/triple bonds are alread
do you consider substituents (like methyl, chloro, bromo, etc.) for numberi};

Itiple bongs

 Only -
_ 0. "W the
Priority order: Functional group > Multiple bonds > Substituents :

Priority Order of Functiona| Gm

In IUPAC nomenclature, if a molecule contains more than one
only one as the main functional group (which decides the suff
as substituents and are written as prefixes in the name.

Sulphonic acid > Carboxvlic anid » Fata-- Aqi s ki s
e 22ic > Tote = Acid chloride > Amide > Nitrile < Atqor <
Alcohol > Amines > nitrs 2. Halo > Ak | e > Nitrile > Aldehyde » Ketones.!

Learn by- Some Cool Ex
Hidden Adventures,

functiona] group,

A Y YOU mugt oh .
IX in the name) °t chog

; The rest are tregty

plorers Always Ask Naughty Aliens Kindly About Amaziné New |

i Example- ————-‘

= - l i
Main functm.na! group- OH Ma‘i'n functi | .
, Carboxylic acid . G CE |o|pa gr?uﬁi.tﬁﬁ
-Bromo-—s-nitmpentanoi i . £
10icacid »
_41-Boromo - 5 - Nikishexanvic. acid 3-Hydroxy-4-nitropentanenitrile

 Cyclic Compounds
» Aromatic compounds
+ Bicyclic compounds

Page 24
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2y UPACfor Cyclic compounds
- B

_. C'-' lic compounds are organic molecules in whic|
. rll'lg struCtLll'E‘.
“.Hlﬂ"""{ to Name: .

. Use the prefix “cyclo” before the word root.

1 the carbon atoms are connected to form a

ring starts
NU"”be g from the substituent or functional group that gives the lowest locants.

OH - "
Note- If the ring and
the chain both have

same no. of C- atoms;

give priority to ring.

' 1;2-DimEthY‘CYC|°hExa“E Cyclohexanol Pentyl cyclopentane | J
i\/A\ \‘—< )
1-(2-bromo-propyl)- 2- prop-1-en-1ylcyclohexane 1-Isopropyleyclobutane
~ chlorocyclopropane
o ‘
2228 L'PAC or Aycmatic comypoiinds

~ Aromatic compounds are based on benzene rings and its substituted forms.
How to name:
'« Parent = Benzene.
"+ Substituents are treated as prefixes.
* « If there's a functional group with high priority (e.g., ~COOH, —OH), the base changes.

(e.g.- benzoic acid, phenol). This is also written as
COOH m- nitrobenzoic acid
@ (Here, m= meta)
C QL '
Methylbenzene Hydroxybenzene NO, P
(Toluene) (Phenol) 3-Nitrobenzoic acid ==--~

1,2 substitution 1,3 substitution 1,4 substitution

. o e e 3 T e Ty R L = ST T -—

2 BRI | AT s F e Y . U L o 1 Al A b e R Tk Ty o bRl

g o e G e A Aot J 3 e R g s -?"_ R S T e
o ¥ > = i 5 o 1

" G " o bk e TN D - g el e L, P b -1 3 - §
i o T R NFdgtil K ey e

[ g b T e o A e e TR
'
; t T
i
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Compounds that contain 2/ more rin

s sharin - adi
How to name: g g non- adjacent atoms.

» Count the total no. of carbons to get the word root.
* Use the prefix Bicyclo.

« Count no. of carbons in big ring, small ring,

and bri ite i
Note- The counting is done as- Big ring— e e oy

at- [bi '
Small ring— Bridge t [blg.sma“%

Bicyclo [4.3.1] decane

Bieylo 431, Bicyclo [2.2.1] decane
‘SPIROCYCLC- |

5 5
8- Methyl bicyclo [4.3.0] Noa,

Organic molecules featurin
How to name:

» Count the total no. of carbons to

» Use the prefix Spiro.

+ Count no. of carbons in bi
Note- The counting is done a

g at least two rings that share a single atom

get the word root,

gring and small ring (write in the format-

s- Small ring— Big ring coior

9 10 . 1
2 i, ]
8 2
3 6 4 &
7 & 4 4 3
Spiro [5.4] decane 2- chl '
orospiro [3. 2
! Piro [3.4] octane
7 THE CASE OF 0XA-SPIRAL COMPOUNDS -
5 4 : = Everything is done in the samie way, except oxygen is
05 3 also counted for the word root. : '
| 5- Oxaspiro [3.4] octane * Also while counting the rings, OXygenis counted o, -

Y,

e
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g abDﬁds .
|
_,_.—-'-‘ - — ..______C
C 1|:|- 2 30 140 _C
Cc

Degree of Unsaturatlen Less Hydrogens

Let's see how some compeunds match up with their alkane palsl

_——und | Alkane Counterpart | Hydrogen Deficiency Degree of Unsaturation’
=CHs) Ethane, CH;—CH; | 2 fewer hydrogens 1 (1 Double bond) "

-~ (CeHs) Hexane, CsHq 8 fewer hydrogens | 4 (1 Ring + 3 Double bonds)

Wma} Hexane, “shis. 1) 4 ‘ewerhvdrogens | 2 (1 Ring + 1 Double bond)
Gyelone e — Y'Y

The Degree of Unsaturation (DoU) counts the rings and multiple bonds in a molecule compared
o a saturated alkane. It shows how many pairs of hydrogens are "missing."

For CyHyNnOoXx (X = halogen); 2C+2+N-H-X
2

Examples
1.Ethyne (C,H,) - One Triple Bond
o Ethyne, C,H,, has DoU = (2(2) +2-2)/2=2.0ne triple bond (2 units).
2.1,3-Butadiene (C4Hs) - Two Double Bonds
o 1,3-Butadiene, CsHe, has DoU = (2(4) +2-6) /2=2.Two double bonds (2 units).
3 Pyridine (CsHsN) - Aromatic with Nitrogen
o Pyridine, CsHsN, has DoU = (2(5) +2+1-5)/2= 4. One ring + 3 effective doubl
(aromatic),
4
Hloroform (CHCIs) - Halogen-Containing Compound
Ch!ﬂrﬁf{]rm CHCI; has Dol = 2(1) +2-1- 3) / 2=10. No r!ngs or mUItIp
SAcy '
J:'ne (CsH:0) - Carbonyl Compound
- "O8lone, C314,0, has DoU = (2(3) +2-6) / 2=

e bonds

le bonds.

- 1. One C=0 double bond (1 unit).
Page 27

Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.




ATDB.uro ATDB.uno | Studyprayas FOR PERSONAL STUDY USE ONLY. DO NOT SHARE OR REDISTRIBUTE.

ic tri es
Isomerism is like a chemistry magic trick! Itdt'jjiﬁff‘zint
with the same "pieces” (like CsH1o) Ca”hmoe i N
—like building a straight or branched shap

same LEGO bricks. Same stuff, different styles! 2o Butane = Twing oy Isuh“*arsé
GRSl R e - s ah U AT e T el R l?h*ml:wml\‘:{“‘ l
STRCIrASOTE S p— — ORI
Different structure but same molecular Different 3d arrangemmlt but S
formula molecular formulg
Atoms break : ? . Atoms are
N & attach ; differently aligned ? :

C A ;
7 in3D I bl
Chain isomerism @'{ \@ o{ \.

Position isomerism : They both seem identical, but are they
Functional isomerism : Geometrical isomerism s
Metamerism Coniigurational Isomers
Tautomerism Confirmational isomerism 1
J X )|
A B _St_ructu_ral;_isome_ﬂr_s-j;_T:... AE 24
* I r
/\\/ /U\O/ /\(Q/
TrRutane Iso-butane Ester Carboxylic acid

» Chain isomerism : Arrangement
of carbon chain is different

« Functional isomerism : Different
Functional groups

Cl @

/\/C[ /l\ )‘l\/\ |

o :

1-Chloropropane leadutane Ester Carboxylie-geid

« Position i i SCNiDYD Prapane, ( 2-Pentanone) (3-pentanone) :
'on Isomerism : Position of « Metamerism : Different alkyl gps
Functional group is different on two sides of functional groups :

4
¥
;
[

Page 28 RANSHOREVISIRY: |
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£xam oriented Question : How many chain

isomers can are there for X |IMPORTART|

summarise : ’ :
gelow table s all the possible number of isomers for Alkanes, alkenes and alkynes

carbon  Aenes . Numberof | - Alkenes | Numberof  Alkynes */Nimber of

atoms (1) __-:.{F:nH_lﬁléz_) Isomers. (CuHz) ~ Isomers  (CoHan) . lsomers
2y e 1 CaHy - 1 b CGesd . 1
3 CsHg 1 éaHé 2 C:-:Ha,. : 9
4 - CsHqp 2 : C..,H; ' B CHe 7
R ) Ec R T R . | ]
5 CeHu o i T R _"\ CeHio T a9 |
7 CrHis : CrHue 36 - < G 94
8 Calin . . 18 .3 G . . 99 .. o Coluaisg’ - 268

For other formulas like CgHyg, First find Degree of Unsaturation and then produce the isomers

" o Tautomerism 0 '

. N : KETO
o Interconvertible structuras tha ari: dif ‘e .« tin

terms of the relative position of one atomic ' Hhes
nucleus which is generally the hydrogen 1|r

o Need to have an a-H for inter-convertibility S

o Keto is more stable than enol due to C=0 ENOL
stronger bond but in some cases, enol
concentration is higher.

OH -

L In some cases, Enol content can also become high : et

B

(0] 0] i

Enol can also be higher due to intramolecular H-Bonding M — - /
: a i

Order. of Enol-Content due to hydrogen bonding
B-diketo > Ket-aldehyde> B-Aldehyde > Di-ester > Ketone > aldehyde

Stere " Page 29
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‘_:-:_m-:Iex s Ring in Ring Finger Ring in ng F!ﬁger
Ring In

n anger
Ring in RI 9 e hand

Rings in same finger but different hand in 3D
Rings in i

dlfferent fingers but sa

Position of groups different, Chain is same

NNl /\|/ |

Cl Cl
Chiorine (Group) attached in same position bm
arrangement is different in 3D

Chlorine (Group) attached in different positions

Now the stereoisomerism is directly connected to bond rotation and thus we can categorise itin 3

subcatogories.
Bond Rotation .
F | | A\
Not possible due to Not possible due to Free to rotate around
double bonds or ring Chiral Center single bonds
Geometrical Configurational Conformational
Isomers Isomers isomers

Geometrlcal 1s.orper|sm

. =
i e S S S A .,._ 2 PEr .._7...,..._....“_4.-....-..-. ;--.-»-'r--unh‘—a'-‘--

_'5"?_111_ Cl on Diff side [ CI-{_.:H=CH-CE Both Cl on same side

: 1,2-dichloroethylene M .
S Looks like one single species J
trans 1,2-dichloroethylene

Cis 1,2-dichloroethyle®
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cl r\m _ .
Both Cl on Diff side Cl
o - Both Cl on same side
“w Cl —
_dichloroethylene . Tt d'cmumcﬂluhexane Cl-
qrans 1,2-0iC \_Eﬂuks like one single species Cis 1,2-dichloroCyclohexane

, How to find geometrical isomers in 5 given compound?

1. First find out whether the system

_ given lies under i
© ith bond rotation restriction the Accepted D.ouble bond or ring system

Accepted unble bnnd system Accepted Ring System

S s \C . @ H < p Any ring whjc.h is 3,-4,_5,6 _
P . P N N N = . membered with adjacent .
H H.. o atoms being connected

2. After confirming above, Confirm whether on each side substituents are different

: Cl cl
Y v 1 M=) = H
L e © MO ;o0

Shows G.l. Doesn't show G.I. Shows G.I. Doesn't show G.I.
CHBr CHBr .
Cl /d : : "'~ -"' : : "'-
! G.l
Doesn’t show G.l. Doesn't show G.I. Shows G.I. Doesn’t shm.-fr

Page 31
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¥

R eﬂf‘f‘
Nderstang q fow g,
i’ ?Errﬂg

Look carefully, the carbon marked is
_.connected to 4 different atoms/groups
(Fourth being Hydrogen).

2-Chloro butane

(A center with 4 different groups

attached leading to two or
more different isomers is called
Chiral Center :

*a
Trassasnnnnnw

Formation of two different ty.pe
of structures (3D Arrangements), ¢
due to a chiral center

d *
LTI T

\ I’

but there is another term mixed with chiral Center called Stereocenter (Let's L.{rlnlclerst-.\—:wL d )
nd it

Since at this point (The chiral center) if the .
i two groups (Cl and H are swapped)*.twgq‘/
" diffr.-ent "suliiers appear. The renter will be of "‘;_! o

: L Cl

Cl ca'.ci a Steroc r ter
: | I

But Remember, All Chiral Centres are Stereocentres but all Stereocentres are not Chiral Cent
res

T e —— e

I\_

Example, In case of Geometrical Isomers, this is a special s
. the atnmsfgroupg around it, you get a whole new structure!

pot in this molecule 'whe_re, if you swap

: > Converted & /@ But this is NOT a Chiral Center
Molecale > @1’}3:{3 4. since four different atoms are

A 3 / : - not connected
This is Geometrical Isomer A different Compound

I i et

el

A chiral molecule can form two different
versions (called isomers) that are like mirror
Images of each other and can only be

changed into one another by swépping two
atoms or groups.

Are these two molecules really not same?
Let's Visualise.
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i

chiral o A This is totally different from

ones shown above o , , molecule | considering both atoms
- ' Rotating molecule If 180 " have different orientation

AlsO chirality unpacks new property called optical Iar.:tivity, Let's Understand

PO o e T A e Y

oPTICALACTN[ Y

This is a polarimeter e Polarimeter has these stages of analysing the. 2
material in sample cell

. When the sample cell contair:: oy wé wei] tt e polarised liaht dogsn“f rotate !
. When the samplé cell conta'nis 3 ctira mriesul:, thi»p ol rice 1 1 jht is rotate by some

o This means Chiral molecules are Optically active. o

o Mirror Images rotates Plane polarised light in exactly opposite directions.

: =
' ' N ) ¢
| /g-./ ' Exac’fly opposite € gn-'.
5 90° € Rotation of Plan_e
Rotates polarised light for Rﬂtﬂtef
by +50° Mirror Images by -50
180° . ;
Dextrototatory Levorotatory . |
« Observed rotation « ma)} vary with cnqcentration [a]T _ a . e g ool
and length, so we define specific rotat_tq_n [a] as A7 Ixc i s S

[@]mixture of + &- % 100
[@]pure isomer (+/9)

Optical purity =

Page 33
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TR ' A Chiral Mo|
MERE DT €Culq

LD e rates :
Iy Carbon) Gene \olecule ! has Chlrallty
Atom (Espectally AOS =% chiral l

t ' .

with 4 Differen
connected Chiralrty Means The

: t
o isomers are nothind bu «— are two isomerg , fo
Those T antiomers are optically Active .

B

2 =
+30° Optical Activity

optical Activity L_‘JI

50% A + 50% B (Racemic. Mixture)
ptlcally Inactive 0°

Chlrai Molecule

mrmer T

n’lﬁf“sﬁiéi&ms “WHEN ITWO _C
| : | | | N @ | r
- " Two chiral centres can r | i % ;
: .~ create /+ 0SS DIE | 'y y~"o : /\/
,,,,,,, " ouUtCOr 188 :
(Stereoisomers).. L @ : I . é
i ' irror images but . A & B are not mirror images
Pairs which arg not mirror | ngg o} i omes
part of stereoisomers are Diastereomers. C & D are not mirror images

Easy "tri{:k to guess' E néhtiaﬁl érs anleasterec)me i;s__jList by__viewing it

« If all the Wedge/dash changes on going from one sterecisomer to other as dash/wedge
relationship is enantiomers. -

+ Ifeither one or all except one wedge/dash changes, the relationship is diastereomers.

/Y/\/Singfe Chiral Center /K/ Two Chiral Center
: - One Wedge other Dash ot

cl él g L :  Only one wedge
c : SCl-. .. @1 - :changes to Dash
nantio T
s Diastereomers
Two Chiral Center /\/ Two Chiral Center
Only one wedge ' . Bothwedge changes
% changes t
Diastereomers gpetodeah Cl S Cl to dash

Page 34
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TIPS oS AT LSRR

e z-n._ln--vvl\.v SN T m—y }

! Namen clatu re t“ StUdV before configurational |somer5

e four GOTP(::QEE a?;kre (A B, C, D) are the same molecule but with dlfferent 3D
ements g them tricky to name. We need a simple naming system to tell them apart
sed on their 3D structure,

[P RuLES FOR RIS NOMECULATURE

ind the Chiral Center : Look for a carbon with four different groups, like in 2-chlorobutane
(CHac HCI-CH,CHs).

Assign Priorities:

by ey s T T S

The
afra

o At?ﬂ;‘;"’:ﬁ;"'ber Highest atomic number gets priority 1, lowest gets 4. In 2-chlorobutane:
cl (1

o Break Ties: If tied (e.g,, CH; vs. CH,CH), check the next atoms. CH,CHs (C, H, H) >CH3 (H,
H, H), so CH2CHjs (2), CH; (3).

0 MUHIP“; Bonds: Double/triple bonds count as multiple atoms (e.g., C=0 is like C berdedth
two O's

3.0rient the Molecule: Point the lowest priority (4, like H) away from you (use a Fischer

projection if needed).
4.Check the Order: Look at 1 — 2 — 3:

o Clockwise = R (right).
o Counterclockwise = S (left). ;
o Example: In 2-chlorobutare witt H awey, if 1 (1) — CH,CH, 2) = CH5 (3) is clockwise,
it's R.

5.1f 4 Isn't Away (but in front) : Find the order, then take the opposite.

" Priority Order : 1 i

C”WeH |>Br>Cl>S0sH>SH>F>0R>0H > C””ett
arrow Totates: 5 . NR, > COOR > COOH > RCOR > AIEEIEIOEOS
Clockwise: R

T3 : s
RCHO>ROH>CN>Ph>T>D>H o ’ Anticlockwise: S

R (3) « OCHs > NR; > COOH > H {Atomic number are 0 > N > C > H}
COOH = 4th group is at the dash
)"\ (1) o The arrow shows a clockwise direction : R
> OCHs
@)

« OH> CH=CH3 > CHg{CH)CH_:_ > CH_':-,
« OH (0, atomic number 8) = 1
« CH=CH, (double bond counts as C,C,H) — 2
» CH(CHs): (C,bondedto C,C,H) — 3
» CH;(C,bondedtoH,H,H)—= 4

T
Double bond has higher priority than Isopropyl

Stereochem;
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Easy trick to guess EnantiGmEF s and Diastereomers using R/S.

(R) oH (R), oH I %
Diastereomers * Itallthe configuratie S
- Ne h il
;ﬁ) ® on going from one "gﬁs |
B Br |
— —— . stereoisomer to other
o o s
| relationship is e"aﬂflome 5
(S) » If eithero |
(S },1OH 11 OH e ot.all except i i
Diastereomers |
: > R) configuration Changes th
.ij . ' " & - B j E .
Br relationship is dlasterenme,
s,

S St M A T S e q_—,.-.-‘-‘ s e ] ey
v *. s X Giiald

E/Z Nomenc}ature for Iouble bond'

o s sl K .“;_-.;,.u. SN, et o i L s AL e ..-.'.- u_u_,-"hl ;.,.45.._..1 m,g“_._mL-LJ iy

Mark a line in between Aikene and Prioritise the right-handec 1 1

and left-handed atoms as 1,2 according to atomic numbers. >_< _ : 4
« If Priority 1 lay on same side, Configuration: Z H
2 "

« If laying on opposite side, Configuration: E

Confrguratmn Z

T AT Y Py i e, i - — s
——— s fe e g rm—— H‘m e iy

Meun cc m Jum Id., $ F‘CS ...Hmves eutcom

R T Tl SR SR S

i R AP ..-.-.-......:.....;....._._.....u.a..h._u_._ ool S LT

« Let's Imagine a compound : 2,3~Hydroxybutane, Which has two chiral centers.
o 2 chiral center means it will have 4 possible stereoisomers, but will it have 47

OCH'?;H 2R ( OH oH ) ( oH OH )
CHs CH; = /\]/ “ { B C [ 0 il
HiH /\/ /k/ /Y .

Plane of wmmetry OH OH | OH OH J

e

Two different compounds  Looks like two different -
Enantiomers compounds but are -

. same compounds
OH oH 180 i --

: ™ ....‘ ““OH '_ Ratating D " .. .'.
D from center Rotating right sid?
Looks exactly D axis of the_mpfecufe

like C

OH

« Ifaco : . looks the
mpound has a plane of Symmetry (POS), it can form a meso compound, which [00KS 1he. |

not two different ones ’
» Meso compounds are optically Inactive
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Normal view of a
molecule in Zig Zag

ormal Butane Molecule
j| colors represent Carbons

Now focus on the blackfgrey Carbons

\J

..., Look here like you are looking
C-C black grey bond in middle

It will look something like this

H
CHs
. Newman Projection is a way of looking at a C-C bond H
so that you don't see the bond itself, but only the = |
atoms attached to the front and back carbon. H
. It can be represented by ¢ circi in mrent and bonds CH, et
coming out of it. H
SAW HORSE PROJECTION,
H H CHs;
o cH; H H

i Look directly on the bond now

. Sawhorse projection is a way of showing a molecule by looking at the C—C bond from an
angle, so you can see both carbon atoms and all the atoms attached to them clearly.

FISCHER PROJECTION. ] ——

. View this
Rotate this molecule . ;-1-‘1-3# molecule from
such that the groups ’ ¥ « Top

come on the same side :

W

I page 37
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It can be represented as this = g It ‘-;ﬁl:l a."
1.Dash molecules on vertical line H | like i o
2 Wedge molecule on horizontal line H i Ie 0

Determining R/S Configuration in Fischer Projection

Same rules apply except, here the #4 priority group should be in the vertical p

) AT i i . Osition (.
actually Dash line), If #4 priority group is on horizontal line, Reverse the configuration {lelth :
(3) : @) - i
0w oM  CI>CHBr>COOH O (1) Clock wise rotatigy
" B Br has higher atomic number than O ) Should be R
CH;Br But since, the #4 group is on horizontal line, Th i i
(2) e & configuration changes o
_ 2) . -
Ce_ntre 1: NH,‘: >CCOF » (.‘(\ '”fJH)(C)' r3: o H {1; Ciﬂck Wise rataﬁﬂrﬂ
O3¢-CH N has highe: atcmisnumioe. thar, C 3) Should be R
H,N——H But since, the #4 group is on horizontal line, The configuration changesto$
H——0H il ' -3
cH Centre 2 : OH > C(NH,)(COOH)(H) > CHs > H (2) Anticlock wise
? N has higher atomic number than C | 1) rotation
— Should be S

But since, the #4 group is on horizontal line, The configuration changestoR

To determine enantiomers and Diastereomers in Fi

e ; scher projection, Remember to find out?8
onfiguration and apply the trick you learned above
Remember : To change the position of an atom i

n Fischer projection, ateallthe::
atoms on that chiral center, _ p Pisalien. youhess tq -

Oa__OH 1
‘:‘.‘c : O{\c JOH OQ. ~OH
HzN—L-H H.N 1 H
il g 2N—=H - HoN——
; H-—-—-OH To make H appear on Hm:::OH = gzu_.-cHa
. CHg ' the vertical position .* \,cﬂ 5 '

Never change position of only two atoms as it

- el
hiclesile will change the configuration _andl make @ d.l_
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T T —

,{1ali0ﬂ3| isomers (or conformers) are different forms of the same molecule that can be

ganfgre 4 into one another by just rotating around a single bond.

chaf .-

When the C-C bond in ethane rotates, it ©an

form many different shapes. Each shape has a

different angle and a different amount of energy.
2 ' g Out of all these shapes, there are two main ones.
-[-;{:Iip‘-‘ie‘d Ethane Staggered Ethane . Staggered - this is the most stable

ighest Energy due  Lowest Energy t{ue - Eclipsed - this is the least stable

0 H-H Repulsions to no H-H Repulsions

All the confor mations between Staggered and eclipsed are called SKEW conformations

, Torsional Strain : Strain due to repulsion of electrons
van der Waals Strain : Strain due to bulky groups like alkyl )
' o The Torsional and Vanderwaal strain is high in case of eclipsed structured thus,
staggered > Eclipsed.

CHa RcH, CH, HiGen,
& o <,
@H o H HAIE L Fa H

H H :
s CHs 3 .
A B c D
staggered eclipsed staggered eclipsed
anti anticlinal gauche synperiplanar

. Stability order : Antiperiplanar > Gauche > Anticlinical > Syn Periplanar
. Gauche becomes more stable in case of H-bonding involvement.
i table
o e.g. 2-Fluoroethanol, gauche is more s | | ) :
« Other cases for G-CH;-CHz-OH, where Gauche is more stable is when G = -OH, -NH;,

NR,, -CHO, ~-COOH.

- Total number of stereoisomers
Molecules without POS 3 - Molecules withPOS -
nevenorodd | nodd - chined
| : 2!1—1 + 2(%)-1
2" d/I forms, no meso forms . 2n-l . Total forms | d/l forms Meso forms
“=.mimber.of Chirél..Ceﬁférém o . ;
Remember, when double bonds are present in addition to Chiral centers, total stereoisomers E
Increases due to Geometrical isomerism + Optical isomerism f
Stereocharnics.. Page 39 ;
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@ 0 OH . No. of Chiral Centers : 2 ;
i S « Plane of Symmetry : Absent Total 122, -
H . Formula applied: 2™ )
. No. of Stereo Centers : 1 I, _ ' :
(2] 3 _ Cl . Plane of Symmetry : Absent ~.T0tal:2,f _ 'ff","'.-gl
:: < « Formula applied: 2™ ' '
0 OH : R
+« No. ers:2 g il :
o 5 OH o. of Chiral Cent Totalrzzﬂ.;.'éﬁ':w,,_ |
HO % + Plane of Symmetry : Present 7= L5082 g
H 0 « Formula applied: 2n—1 +2@)‘1 _ ;,,d,:m ;-'esq
d/l forms Meso forms : Oy
@ A « No. of Stereo Centers : 1(Double - e
\/\/ bond) + 1(Chiral Centere) = 2
Br + Plane of Symmetry : Ab Total: 21 x 212 4
ry:Absgnfin N\ § #7577 4
E » Formula applied : 21 2d _
* % &
@ CHs‘CH{:DH}~CH:CH..r».|( "
~1{CH ;J— | : __———-‘__-__P— i
|THPORIANT] -

* No. of Stereo Centers - 1¢ .

- 1(Double bond) + 2(Chi
* Plane of Symmetry : Absent e R
» Formula appjieq - 20 x 2d

M S S S e

olecules with no Pos Mmer e
o POS (NO _

o Only chirg] centres ( MESD-},_:

Total : 22« %= 8 . M

@ CI-CH(ph)-&
(Ph) CH(Ph)~(] ° Chiral centres + Double bong
: i . onds
:D- of Stereo Centers - 2(Chiral Centere) om;c?les With POS (MESO presen)
L] E n i .
ane of Symmetry : Absent ° Dnli: :::“Cih'ral el El
iral I

* Formula appjieq g1 (@) Centre
d/1 forms Meso forms S

'Totaf: 2-1 A greras

- 2..-4_'2,0"' 2 + 1
dll Mesg
forms forms
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3% ':'.'1. Tt .-.:_”?Ff;- T e L :,.'..'_-L i '_.z-: 'I; e S Hes e _1-:].
R L CRC C IS T GVATERI TTROR s i ; ]
Ao e i

A e B et e e B By i el s i i . il

R e R aia L
et ot el o U il =

+ Electrons: 6
- Shape : Trigonal Planar, sp?
« Special features

i An Atom leaves

P /Y7 " with Elections *

i G o Vacant p Orbital which
~ Normal Tetrahedral molecule State of Carbon with a Shows:cerbocatian

o atom leaving with electrons  deficiency of electrons o Nucleophile can attack either
e from above or below

ey

Stability of Carbocations - Anything that gives electrons

@
@ Ph_ & Ph ®
~F- /\1/ //\/
HO ®
I ih a
= Dancing Aromaticity High Resonance Mesomeric Resonance Resonance
| Resonance '~ 3PhAttached Adjacent L.P. 1Ph  One double bond
® 2° Carbocation
&) @ @
/\@ — =
: 'Hypercanjugalion Resonance Unstable sp Carbocations w&?ﬁ“ﬁ iﬁﬂ
9 a-Hydrogens  Onedoublebond  Directly attached to unsaturated

1° Carbocation carbons

. ésp~hybridized carbocations are highly unstable due to their linear geometry, which prevents proper
orbital overlap for stabilization.

The Ultimate Dancing Resonance > Aromaticity > Mesomeric > Equivalent Resonance > ;
Stability Order Regular Resonance > Hyperconjugation > Inductive > S-character 1
.................................................. = = J

Bridgehead carbocations are
not stable due to non planarity
Unstable Carbocations
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How are carbacatmns T —
Ty re efectronegatwe group leaves with its lone pair of electrong
amo
Method 1 When ®OH;

Water leaves e
protonation of OH e ® s
makes it a Detter * g \/\ el

cation
leaving group b

cl leaves
Reaction B "~ forming a
carbocation

! Points to note :
. +ve charge on O doesn’t mean it is deficient of electrons. (Oxygen donates a lone pajr to H}

o Water is a better leaving group than OH .
s faster than Reaction A, since the carbocation formed in B is more stable-_{ju'E

Reaction A

@

........................................................
-~ L
-----

« Reaction B i
to aromaticity

..............................................
..........

. Method 2 When a double bond gets influenced by external species (Electrophile) -

"——__‘--"""'u., }Ej -6 H

-
Reaction A CH;—CH ——=CH-Ch; 1=Cl > g;.,r..gH LT éH—-CH3

Reaction B CH;—? —— CH, H=CI CHa—(g tlin
|
CHs CH,

b B R A AL A 1
R B 6 i o it

S0 s a4 4 404 b P i s

| Points to note :
» Double bond is neutral and only forms a carbocation in the
» Carbocation is formed on the place where it is more stable.
m:ﬂReact:on B happens faster than A since more stable carbocation i is being formed.

presence of an electrophile

B e B B S .5 8 P90 b P B T — W |

What do carbocatmns do af'ter they are forrned?. o g

» They can proceed on#y doing 4 types of reactions
a.Attack of Nucleophile

b. Elimination of Hydrogen from nearest carbon to form double bond
c.Rearrangement due to Hydride or Alkyl Shift

d. Ring Expansion or Contraction

42
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'1"-'5': Nucleophilic attack on Carbocation ‘\
Eﬁ* @ CH N
____G"'DH —_ 5".’.‘ @ \.“_ u CH
Ak l = ~C — O fNu- E— (]; C-H;O~ i 5 OH
CZH 5 Cg I"'ig 1,-" ’d'/ \ o+ -\ C/
8 OH
Trigonal planar shape el CaHs T!lu
ormal carbocation Nu can attack above or below Attack from above Attack from bel
ow
T Elimination of Hydrogen from Nearest carbon

0 nucleophileils BI'(IJUHd, the carbocation often loses a hydrogen and forms a double bond. This
- ysually happens in acid-catalyzed reactions, like when alcohols lose water (dehydration).

CHs /H+ CH; CH
GHB-—KIZ- OH _l-_{%i(}_* CHa—é-—%H L ?HB
L Gives H* \ \:__2__ “__‘CHB_CI:@ —— CH3—=C
P CH.—CH; CH,~CH, HL CH—CH, CH—CH,
E '; protonal'ian o Water leaves forming No Nucleophile present,
- alcoholic OH a carbocation H Leaves forming a double bond

Rearrang2:1erit due. 10 ydrirde an1/Alkyl shift

gefore reacting, carbocations often rearrange to become more stable.
Only after that, they go for nucleophilic attack or elimination to form a double bond.

HYDRIDE SHIFT

H
®
CHE _ (I: _ CH3 — CHg —G— C—H3 Why is B more stable?
® | é H -« 3° carbocation compared to 1°in A
C,H 2fs . )
2Ms « More Hyperconjugation effect
Normal Carbocation A Stable Carbocation B

Undergoes Hydride shift No further rearrangments

ALKYL SHIFT
OH CHs; OH CH; _
1 —_—— 11 Why is B more stable?
e ?:/’@_CHS S %_ ?—CHB « Adjacent OH group donates Ior!e
CH; CHs pairs to stabilize via the mesomeric

' 5 t
Stable 3° Carbocation A More stable Carbocation B efiec

Undergoes Alkyl shift No further rearrangments

ReacﬁVEl Brm
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—
Ring Expansion oOf Contraction ]

= _ Ring Contraction (Lese ..
__ Ring Expansion (More Commomn) —) RN eection (Leag Commgyys-
v ' a3 of 4 Happens when a carbocatig ey
Happens when a small ring (like 3 of - allarsirig I fanvia i, N rearrap x a\\
bigger ring (like 5 or 6 membered) arbocation e
®

w0 ©=C

Rearrangeﬁents due to Cal’bDCBﬁOI‘:IS (ngher Ievelj T

We have already studied the type of rearrangements but still need to cover the advance
Note: Formation of a More Stable Carbocation is the reason for the carbocation
rearrangement. Here are some common conditions that lead to rearrangements.

« Primary — Secondary

- Secondary — Tertiary

« Allylic = More Resonance-stabilized

- Benzylic = More delocalized svstem
« Ring strain relief (expansirin fron1 4- nerif e»od tc 5,6
§2 Golden Rule: Carbocations rearrange if the new carbocation is more stable
effects, hyperconjugation, or resonance.

d part of it
tO. undﬂ]’gn

due to -fﬁdumjve

One of the most important rearrangements is the Pinacol-Pinacolone Rearrangement

e e e e s e ———

A vicinal  digl
® . (Pinacol) on heating |

| OH, : :
H OH QPH " with acid rearranges
to form a ketone |
—_— ——— A : i

(Pinacolone)  via
methyl shift and a.

carbocation
intermediate.
0 o fain sEEa
y )J—K @OH
Pinacolone D
)_K A NAME T |
: o

&Y REACTION
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o — pk—
® o)
oH OH ('OH

id removes water, creating a
carbocation Rearrangement to form 5 membered ring -

other cases where carbocation rearrangement is observed

C"Ei @CHz Benzene is also aromatic

but rearrangement happens
because Tropylium cation is
more stable due to
delocalization over seven

hioriné jeaves 10 TOrmM a It rearranges 10 Torm a more carbons, compared to six in
stable benzyl Carbocation stable tropylium cation benzene.

Types ¢f Carhozations (Advanced)

Classical Carbocation .
A classical carbocation is the "normal”
carbocation you've studied so far: \@( ///\/
. Carbon atom holds a positive charge - >
Has sp? hybridization

Has an empty p-orbital In all the examples above, the Positive charge
Charge is localized on one carbon is located at a Single carbon, One at a time

~ Structure: Planar (trigonal)

¢, Stabilized by: Hyperconjugation, resonance, inductive effect

Non-Classical Carbocation

. Anon-classical carbocation is one in which the

: idai Is.
one carbon atom using bridging orbita cation
+ Electrons from adjacent o-bonds of r-bonds delocalize to stabilize the

. 3-center, 2-electron bond is formed (banana bond)
+ It's like a hybrid of multiple classical structures

positive charge is delocalized over more than

_ Structure: Not strictly planar; can be bridged or cyclic

. erconjugation)
¢ Stabilized by: Charge delocalization via orbital overlap (not just hyP

Page 45
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Example of Non-Classical Carpoeas= ' g

r___j b
tile Rearrangement begins
The initial carbocation 1S formed = adiacat -6 §
in a :
idgehead carbon T verlaps  with
on the bridg stem, which i bond over P-I
norbornyl  SY ‘ca:l Eoryi empty p-orbital.
i :

unstable in class

« Electrons: g
. Shape:Pyramidal, sp3
* Special features

o Lone pairs are pres

% An atom leaves

without its bonding
) electrons, leaving a
%)~ lone pair on carbon.

5 ent in st

tretrahiedral molectl Carbon has a complete orbita|
Normal Tetrahedral molecule octet but lacks one bond, o The hybridisation Changes :
giving it a negative charge. sp?,ifitisin conjugation Y

Stability of Carbanions - Anything that takes éﬁéy Eleci;mns ~

Mg

Factors : Aromaticity > Resonance > Back bonding > S-character > Inductive

Stabilised by : - Effects like -M > -H > -| ?”"'ﬁﬁ
AP0
S T
e
S S
@ /\O CH;—NO;, CH,—CI GE %Ha E(?H ~CH,
2 I

CH;,

Aromaticity Resonance -M effect -leffect s-character Methyl  2° Animn
- anion

~How are Carbanions formed in Organic Chemistry?
There are two main e e e L R

sl

1 ways to form a carbanion in organic chemistry:
-Removal of a leaving group in such a way that the bonding electrons stay on the carbon-

2.Use Gn‘gnard réagents or similar organometallic compounds where carbon behaves like @ -_i
carbanion due to its nucleophilic nature.

Page 46 " m@ﬁy :
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~7 YN RY), leavin el
A CH3—NO; + OH-— E.)l"iz"NO Es k3
| ;

gactio” +H;0
.on B NO2—=CH>=NO, + oR- S |
peacti — NO, CH,~NO, + H,0 |

-

.............................................................
""""

LT
s s, s
e LT T RUT—

When carbon is connect
- ethod 2 Cted to Organometalj :
5 Me CH;~MgBr is actually CH,- MgBr+ allic Reagents (Grignard / Organolithium)

the bond js polar covalent, not ionic in reality.

« Electrons: 7

Heat or light i
= g » Shape: Trigonal Planar or Slightly
Pk, An Atom leaves
+ Bent, sp?
\ﬁr-.j with homolytic Special features:
G & cleavage e Comaltmos

o Contains one unpaired
electron in a p orbital

o Can react with radicals,
electrophiles, or nucleophiles

Statzo Catnrr witharoia
rumber o7 elecuons, miaking
it electron-deficient

normal Tetrahedral molecule

"TWJ
i i

Stability of Free Radicals - Anything that dé_lécalisés ‘

The Ultimate Benzyt[c>A1iyllc > Lone ﬁ;air aﬁiacent (Hesomeric} > 3 Alkyl > 2° Alkyl > 1° ]1
Stability Order Alkyl > Methyl > Vinyl (sp?) > Ethynyl (sp)

B LR A e e R L 8 1T 8 1 e N B AT A T T

[ ]
L [ ] -
/\. 6H2-—-0H (CHa}gé (CH;};CH CH3 * —_—
R M effect 3° Alkyl 2° Alkyl Methyl Vinyl Ethynyl
esonance

: initiated by heat,
Radicals in Organic chemistry are formed by homolytic bond cleavage, usually initi .

light, or radical initiators (like peroxides)

Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.




ATDB PDFZ

ATDB.uno | Studyprayas FOR PERSONAL STUDY USE ONLY. DO NOT SHARE OR REDISTRIBUTE.

ATDB.uno

; An Atom leaves
_.'_-_-,2_\” with Electrons

An Atom leaves ' iy 5 3
- EIECtI’UﬂS S N, i ' n
O/ JB\ ot & (‘w sp? hybridised  gpp, >
carbene art?dl
. Singlet Carbene Trip| Etec:

How are Carbenes formed in Organic ChemistW?

R e R S b
........

Method 1 Base-Induced Alpha-Elimination PO ———
I (:CClz) is formed vig i
CHCI3M""' CCly > +CCl } aipha elimination, |
dichlorocarbene S— . A

Method 2 Thermal or Photochemical Decomposition of Diazo Compounds

Types of Reactions

|

Electrophilic Nucleophilic Free Radical
Additio i ] rw[ o - j r ]
: Alkenfe; Sl.;tL!Stlilhl‘Dn Additian Substitution Addition Substitution
e © Aromatics  « Aldehydes Carboxylic  « Alkenes o Alkanes
+ Kelones acid & {Only Anti
cerivatives markonikov)

« Alkyl Halides
« Alcohols

Other Types T =
Ypes of Reactions: Elimination & Rearrangement (will be covered du;ing.mgﬁﬁ-ﬁﬁ%:

age 48
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o5 are less reactive than alkenes ang

plkar

alkynes.
c-C (sigma) bond energy is around 348 k S. Why?

' The bonds are non-polar in nature, so ther
. They do not contain electronegative elem

/mol, and ¢-H bond energy is 412 kJ/mol.
€ are no charges to initiate
ents (like N, 0, or F)

the reaction.
to help initiate reactions.

—('L{.‘\ /ﬁ When it comes in

Dppt @_,M\\_} contact of Uther__‘ Dy
J J similar molecules 1

| Alkane (Non polar) . gl R A
Neutra o e Slightly polarized alkane (due to induced dipole)

o . Vander Waals Forces (Weak forces)

[N Sovolheyor
. From Alkenes & Alkynes : Hydrogenation (Hs. Ni/Pd) .
. From Alkyl Halides : Wurtz R ction (1 RX # Mz

, ' e = F-RIE R2cuction (Zn/HCI, LiAIH,)
. From Carboxylic Acids : Decarboxylation (NauH + Ca0) & Kolbe's Electrolysis

» From Grignard Reagent : Hydrolysis of Grignard compounds with water or alcohol

Hydrogenation
H H

>____.< I—Ig.fSuppcrte'r. 2H, /Supporter
— >

Reaction of Alkenes

T—— T
I——-—-‘ I

Reaction of Alkynes

Catalysts: Pt, Pd, Raney Ni, or Ru can be used
Mechanism Insight: Metal surface adsorption and hydrogenation
Orientation : Hydrogen adds from the same side (Syn addition - leads to Cis product)
Speed : Rate of Hydrogenation o< 1/Steric Crowding
Heat of Hydrogenation : More stable alkenes have lower heat of hydrogenation
The process of converting unsaturated vegetable oils (having C=C bonds) into saturated fats
by adding hydrogen using a metal catalyst (Ni, Pd, Pt) is Hydrogenation of Oils
° Used in the production of margarine and vanaspati ghee.

N o0 Hi ssure
) ° Unsaturated Oil + H, — Saturated Fat (Catalyst: Ni; Conditions: ~200 G High Pre Pagi .
Ika‘.'\‘_ ”
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--------------
o e e S
...................

2R-X + 2Na DY Efel, R-R

X = Halogen (Cl, Br, T

--------------------- .o ethod in dry ether.
:~a| Alkanes using this me

o + 2NaBr & Butane: 2C,HsBr + 2Na —> C4Hqg + 2Nap; -

different alkyl halides

on non-selective. @

Wurtz Reaction
{ Free Radical

re———
1

« ltis easy to prepare symme

- 9CHaBr + 2Na —> CzHs :
o Ethane 3 e be prepared Using

ducts, making the reacti
+ CHsCH3 + C2HsCzHs + 2NaBr

« Unsymmetrical alkanes can
o This leads to multiple pro
o CHsBr+ C,HsBr + 2Na — CchHcha

Mechanism Glance _~Na-

—x——rR-+}?'——'—"R'+X' | ® i R | Nav+X —p Nax

R H -
R-X undergoes  Nga donates one electron  free radical (R*) combines X~ connects witp

homolysis to form 45 the halogen atom (X),  with another to form the Na* to form Nay -
Radicals converting it to X~ alkane (R-R).

Limitations
. @It works best for even-numbered alkanes (R-R type products).

« & Tertiary alkyl halides u deiy s el'inina’ed (E2) instead of substitution, leading to alkenes.

. Rate of radical formatio1 : -1 >R-Br>R-21> -F

' Variation of Wurtz Reaction
Na - Dry ether Na - Dry ether Cu powder Zn metal

x | R x ' x i
O OO0 e

Wurtz - Fittig Reaction Fittig Reaction Ullmann Reaction Frankland Reaction
Side : 2NaX Side : 2NaX Side : CuX Side : ZnX;

R-X+Li + R, CuLi — R-R’+ R'Cu + LiX f“.’, NAME

Gilman Reagent &/ REACTION .

« Gilmann Reagent : R',Culi is formed by 2R'-Li + CuX — R’,CuLi + Lil

« Best for methyl and primary alkyl halides |

» XTertiary alkyl halides — Poor yield due to elimination

» Selective for C-C bond formation : .. '
» O Not suitable for forming unsymmetrical alkanes via branching | i
* Useful in alkyl-alkyl coupling without side products (better than Wurtz for selectivity)

Rl T rp—
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.......

QNAME 4

- L e

2-C00" —-2R- +C0; Cathode —
s — . -

ing of Free Radicals
coupling » Hydrogen gas (H.) is released.

» OH-ions remain in the solution. -
« Species involved: Water

Alkanes are formed in this Step.
by coupling of free radicals,

, B Produces symmetrical alkanes with even number of carbon atoms only.
, © Does NOT work for preparing methane (CHa)

, @ Useful for alkanes where Fath ¢ iny’ yrou s are the same,

. With HCOO- = Hz + CO; (N1, aikanz is forrad nth's sase)

TRICKY Examples

COONa

Aqueous + CO; + Hy + 20H-
Electrolysis " piAdl
eo
COONa _Aqueous | + CO, + H; + 20H- i
E;'ecrro!ys;s

2 S Heat -
:Cafﬁamon R-COOH + NaOH + Ca0 ——» Ri-H + Na,CO; ]
| | — |

: Extra Carbon Soda Lime el I s | --

isture).

moi
2 NaOH +Ca0 = Soda lime (CaO prevents charring & absorbs \ds with tertiary acids dueto.

'*Dnly simple (non-branched) alkanes are effi ciently formed; poor yie

f;mpeting elimination.” 0, instead
b . s i . ! ’ .
Cannot be used for formic acid (HCOOH) — gives Hz + C0z page 51
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ism Gl 0 -
Mechanism Glance o CIE ke i il
R-COOH + NaOH — R-COO-Na* | g

Carboxylic acid reacts with
NaOH to form carboxylate ion

carboxylate ion releases CO,, fcfming

ating, the : :
g pstracts a proton from the solution

R-, which then @

s decarboxylation fastest

(" COONa  CH,COONa Which undergoe
nanoig AREH termediate after rel i
; ion'i interm errelease of e |
carbanion is the Inter : of oy |
5 T ﬁmwfﬁ be Fastest due 10 formation of Benzyl Anjon, '
1 A B c _ . ____“w
e Shich un dergoes decarboxylation fastest am

CH,COONa vs NO;CH:COONa  The -M effect of NOz In B will stabilise the anion to
3 A B greater extent compared to normal methyl in A ..;
. e group at the B-position (i.e., two carbons away) from the

BKeto acids contain a
carboxylic acid group. When beta-keto
a ketone. Faster than normal CHsCOONa.

acids are heated, they spontaneously lose CO2 to giye ; 4

OXCO

& G o) J ;
£ f % (,l. R Cso
R OH R/U\CH3 ECI) Fast reaction due to 6 M o
: ast reaction due to 6 Membered .
-Keto Acid = _
P cyclic intermediate formation -
| . Reactionwith Grignard reagent, R-MgX - =

(R =alkyl or aryl group, X = Cl, Br, )

- Grignard reagent acts as a strong nucleophile or a base, - TRAP0RL ARl
« In formation of alkanes, the role of Grignard is purely as base. W

A A S M T USSR _ i S e
sGrignardiReagentias;base h
i R-MgX+ H-Y ——— R-H+MgX-Y

» Where H-Y is a proton donor like water, alcohol, terminal alkyne, amine, etc.
- = Order of Acidity of H-Y is HC=CH > H,0 > ROH > NH.

Examples : _ .
» CH3MgBr + CH;CH,0H — CH, + CH3CH,0MgBr (Reaction with Alcohol)

» CzHsMgBr+HC=CH — C,Hs + HC=CMgBr (Reaction with Terminal Alkyne)
* CH3MgBr + NH; — CH, + NH,MgBr (Reaction with Ammonia) &
eansHOREVIR! |
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= i .
Z Jkanes undergo free radical reactiong beca

) use their
"o form carbocations or carbanions, bonds are non-polar, making it difficult
{0 . - -- :
important reactions t
ome im.IJ _ hey go under are Free radical Hal i :
' Gombustmﬂ in presence of Oxygen. alogenation, Aromatisation,

_ F"EQ R_a'dit':al Halogenation
 order of Reactivity of Halogens : F, > ¢l, > Bra > 1, (Ease of homolysis + exothermic natﬁréj

(Based on preference for stable radicals)

B S S :
: e e s s e m et ———————— 5 o o

ar "

e

order of Selectivity of Halogens : |, > Bra>Cl, > F,

= RHAX, ——— RX4HX  X=FolBri |
" Steps of Reactionl i
. ( I Rate 1
Initiation Propagation Determining Termination
cl, — 2CI- Cl* + CH; — CHj* + HCl+—— Cle + Cl- = Cl,
CHQ' + Clz = CH}]C! + Cl- CHg' + C" = CHgCI
Homolytic cleavage The aliyl ra iic 11 Lor un ses o atte~k mare CHs* + CH3* — C,H,

of halogen molecule  alka ie \nol icules, paragatin j the ciaia, Two radicals combine

. Anormal reaction of propane with X (halogen) would look like R
o CHg‘CHQ_—CHS + }:z = CHa_CHx—CHa (20)‘—?' CHE}:"CHQ“DHE, {1 0) With Bl'z, the -
R——— ; , ‘reaction is more
im Reaction Product Type % with Cl; %withBr, |! selective favouring

o

CH,~CHX—-CHs | 2° (Secondary) 55.0% 96.5% |: the2 productin
the ratio 96.5:3.5 -

CH,X~CH,-CHs 1° (Primary) 44.1% 3.5%

Reactivity and Selectivity of different halogens

!Halnégﬁ : Reactivity ¢ Z Selectivity © 1 B e (RS ORIy i : l
?h-“‘r?; | Ve[‘y. high 1 Very low X Bonds form too fast; no time for selectivity J
'—‘—L"‘.I_,_ ) Moderate | Moderate X | Energy needed to break C—H bond = Energy Released
H El:; ] Low 1 High More energy needed, so prefers stable radical

T“ No reaction X | = Endothermic reaction ﬂﬂfe’eﬂ

* Br, prefers tertiary > secondary > primary even more than Clz.

|
|
page 53 |
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Number nf Munuhalnganated praductﬂ
utﬂrﬁﬂqumur

number of Unlqueé monochlorinated Product .
ucts including stereoisomers = 4

Total Prod o,
B T T Al Centers Present?” T:}"‘-"“'-“”-*‘.'ﬁr:m.: |
TSR ed chiral Cen | Total ppag
| : ] Mnnochlnﬂﬂﬂt or. "Stereolsomersﬂ ! B od“ i
] Alkane pigduots. . » 1. 9N PITTT il
1 e s R S m1"‘ ey No
| Methane (CHa) e
o rrak R No ik
i Ethane (CH;:,"CHz) ______ IS
e T o 2008 2) No T R
! Prupane (CH;"’CH: ~CH:) E_(__________ 2 o
e —— T o No ..;
n-Butane 2(1°&2°) - \2.\<
| 3 unique positions P . 1
s_ n-Pentane s Yes (at 2° asymmetric C) 4 |
Isopentani (2« 3 Yes (at asymmetric 2°) 4 ;'
methylbutane) §i]
= WA oA ZdRILD : s
Neopentane (2,2- . ;
1 No (all 1° equ
| dimethylpropane) ( quivalent) 1
I‘l_ !
" ' : =L
| 2-Methylpentane 4 unique positions Yes (possible chiral S or more (depengs |
! centers) on symmetry)

__Aromatisation Reactions =~

i. with Al 05/ Cr,0,, V,0:/ A
/v\\/\/ - Q \ ““, .
AN
Oxidative aromatisation of
alkanes (at high temperature)

ii. with Pd/C or Se

(N @(j O

Dehydrogenation of cyclic alkanes to arq
ge 54

Matic compounds
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. “Ombustion. of Aikanes
eral Reaction for Complete Combustion ¢

: Gen
Exﬂmple for propane (CsHg):

CoHan, + (3n+
CsHs + 50, —» 3CO; + 4H,0
Combustion : Prod

completeé Oduces CO (carbon :
, In¢ " JCHa * 30, = 2CO + 4H,0 monoxide) or even ¢ (soot)

GH4+02_+C+2H20

///

1)/2 Dz——sx n CU:+(H+1) Hz[}

-_—
Controlled Oxidat;
Bl byt on of Alkanes
| —"" Reactio | e '
| ! Catalyst Formin 1
" CHa+ 02 = CH50H Cu/523K/100 at : \
m
" CHa+0;— HCHO ey i |
e o 203, Formaldehyde \
9CHsL3 20 (CH3C00),Mn Acetic Acid
" (CH3)sCH = (CH5)sCOH i
3 3 KMnQO,4 | Tert-butyl Alcohol 1

g

~ Isomerism with AICIg

wtth J\/\ Here, an isomerized
/\/\/ AICT/ HCI /\\./\ product forms due to
carbocation
rearrangement.

Pyrolysis of big compounds
+ CnHan.2 — alkanes + alkenes + H; + coke (carbon)

pr—— CﬁH-m + Hs

C(,HM L ¥ C4H5 * CEHﬁ

L CHg t+ CoHe + CHy

L Feature Detail

1%‘« Reaction Type Free radical thermal decomposition

————

!:‘9 Reactivity Order Higher for larger alkanes

P—

%g Not Selective Mixture of products

¥ Bonds Broken C-Cand C-H

+ Forms Alkanes, Alkenes, Ha, CDRE//J
"—-._______-___-___“__ i
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The m bond has loosely held electrons held
electrons which are available to be dc?nated to
other species. Due t0 this nucleophilic nature
of Pi bonds, they prefer to undergo
Electrophilic addition reaction. Alicare attacking i

-Br

Reactivity of Alkenes and Alkynes. = -

. Since alkenes and alkynes prefer to undergo Electrophilic addition reactions, The fuhﬁﬁunai
groups which provides electrons to alkenes and alkynes will increase the rate of the réactiuﬁ '
. Although alkynes contain two m bonds, their electrons are more tightly held due to greater;:r |

character (sp-hybridized carb v = iote Sinctronegative).
o This makes the me'=coont in alkvnesi2ss awviiilib e for attack by electrophiles.

s o TS

by,

T
i
HR, 1

Within Alkenes: What Makes Some Alkenes More Reactive? _
« More Substituted Alkenes are More Reactive (due to more stable carbocations formed)

o Tertiary > Secondary > Primary > Ethene
« Electron-Donating Groups (EDGs) Increase Reactivity
o e.g. Alkyl groups donate electrons by +l effect, stabilizing the t bond and the carbocation.

« Conjugation Increases Reactivity
o e.g. CH,=CH-Ph (styrene) is more reactive due to resonance with phenyl ring.

1.CH2,=CCl; (EWG Cl decreases reactivity) | Least Reactive
2.CH2=CH; (unsubstituted) |
3.CH;=CH~CH, (mono-substituted) Some major examples from
4.CHz=CH-CH=CH, (conjugated diene) the perspective of JEE
5.(CH3):C=CH; (highly substituted) i
6.CH,=CH-Ph (conjugation with phenyl)
7.CHz=CH-0CH; (resonance donor) <7 Most Reactive
g,a.ﬂsHORE\-ﬁ-‘r@"if]
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F ik ARYTE

i aivs

: ':':-Tefmerminal alkyﬂf‘s art? less reactive than internal
1 0o Conjugation Increases Reactivity

' Regzt;ﬁcﬁph (phenylacetylene) shows regon

e

ternal Alkynes

alkynes toware electrophilic addition.

ance and may have slightly aliered reactivity.
_c-CFs (Strong —1 effect of CF, pyjis electrons)

"HEgCH (Terminal alkyne, unstable intermedlate) EL%MR%C{W&
E-HGEC"CHs (+} effect of CH; helps o bit) Some major
3.1 _c=C~-CHs (Internal alkyne, more stable Intermediatejg examples from
1.0 iGECH (Phenyl group gives some stabilization) il the perspective
fr_l:':t _c=C-Ph (Internal + conjugation with phenyl) | of JEE
?:;:CEC“P'I (Full conjugation with two phenyl groups) 1*{?}Mcﬁstﬂeactive

» Alkenes and alkynes react in similar ways (Like a nucleophile),
‘but alkynes have two pi bonds compared to one in Alkene, so
there are a few small differences

« There are specific pathways with which the unsaturated

~arbon cheir s eac*. Dint~buted in three major categories,

tuey are 23 fc!llowed.

. i The Carbocation Pathway
(. . / :1'3}: - :Br: Syn + Anti Addition
_"___, 5 )XH Addition of HCI,
—_—rR .
R/@X HBr, HI, H;0*

The 3-Membered Ring Pathway

.o Q"B"* | ot Anti Addition
Rﬁ B Ry % E: Addition of Cly, Brz, Bra/Hz0,
)\ p ; R "”ﬂFH
AN

‘_/ R \ " "o R' Oxymercuration Demercuration,
R : ki Epoxide opening
L :Bri- o |
R ) The One-way Pathway

Syn Addition

R BH, s
H----BH; E : Hydroboration oxidation, .
| S W iy, P fdaff—ﬂn:
N ‘——-—>BH3 R-“H‘*H T R:H hy drogen.a s Efoio anation
R R R Dihydro xylation, Cycloprop

e ® -
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Markovmkov and Antharkovmkov Addutuon

HBr

Br-
NN N e N T s \A

Peroxide Mark
. ’ - arkovnik
Anti-Markovnikov Addition oy
" Carbocation forms it
Free radical forms on less substituted ON More gt, abl ;}‘
Syn + Anti Addition A
Po Ssh-!r:

carbon due to peroxide effect.

Some more tricky examples

Br
@ A - HBr ./ HBr _K :
Anti-Markovnikov — L 5o £ Markovn;j
_< ROOR N oy Prody

Product
Peroxide Br

+
@? [hf\\/fxbl iiad Q%V/A}n lﬂ@; \\r/’\bl B;N\v’#\m

—

ROOR Br
Anti-Markovnikoy  Feroxide Markovnikov Anti-Markovniko,
Product Product (Minor) Product (Major)
Markovnikov Product shou ! be 1 1ajcr witt i but the carbocation being formed is not stable gy
to -CHCI present (-I effect =
o Thus, Antimarkonikov product leads in both i Wﬁ

i i o R e i

1

Hydroburatmn Oxldatmn (Ant: Markonlkov for Water} Hj

N R M |

. Hydroboratlan oxvdatlon is a two- step reactlon of alkenes or alkynes that converts theminto

alcohols or carbonyl compounds (aldehydes/ketones).
« It follows anti-Markovnikov rule and syn addition.
\T.ﬂ.. e ] AT PEp—— -
!:Id--'t.d‘\ﬂ‘-ﬁ‘ﬁ- EE‘ i e e s e bty e R R - L 0 A Y T ] S ittt i
BH.oTHF 3 NAME5 |
AN\ BHioTHE, /]\/\ © reaction ™
i Hzoﬂp OH ) — BH:]B‘THF {
AntiMarkonikov | - H,0,, OH" \(\
z Addition of OH Terminal “
: =|'- es
i' Al kYI"I es AldEhYd
| ! =~ BH,oTHF W 1
-; | H,0,, OH" J;
0 1
E Syn Addition Internal Ketones i
| __OfOH and H Alkynes I

T T e -
T ==
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g ;
,,qeff" H F\ ) 5
Lo M BH ¢ BH H
R | or equivalent

H (N Teor® w7

H H
alken® is treated with | BH; adds to fegg e
porane (BH3) or any hindered site and H to e ztf::.fDHJ
one of similar reagents.  more substituted sjte bond to SE D: itas;_cd
s on

ts which can be used - (g; :
er Reagen : (Sia);BH (disia
' rjtl;r—additii:nn) or BzHs for alkenes ( mylborane) or 9-8BN for al
oy

Ocarbocation involved = No rearrangement happens
promatic double bonds (like in benzene, styrene) do not react

" ways check for steric hindrance (bulky boranes prefer fess hindered side)

kynes (to avoid’

e s s i 6

Oxymereuration-Demercuration (Markovnikov for Water)
. mymercuration-demercuratiun is a two-step electrophilic addition reéc.tibf:umth; canverts
Jlkenes into alcohols, following the Markovnikov rule — without forming a carbocation, so no

A S ey

rearrangement happens.
_ OHto more substituted carbon, H to less substituted carbon 1
_ No syn/anti preference —> mix.Lre pss ble \M”’

PUNL TN 0 A 0o |
E NaBH. J OH : = HE(OAC)ZIstpd /lk %
Markovnikov Ethivtene NaBH, H
Addition of OH : Ketone ':
)V\ R
E OH 5
/ — - HelOAd./HSQ, \/LK/t
| LHg(OAC), H,0, , NaBH, &
| NaBH, g : H # Internal/Terminal Ketones
i H ] * l
: Alkynes
Syn + Anti Addition 2 . I

e

Mechanism Glan

ce
H ®
| i Hg(0Ac) 2 2
R/C\\QC _H g 2 . C/-\C —— ek 7—@.,,,“
| H20 S HO
H Mercurinium lon
Sectrophive oy
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. Hg(OAc), adds across the double bond, forming a bridged mercurinium ion,
. H,0 attacks the more substituted carbon, giving Markovnikov addition of ~gy

. NaBH. replaces the HgOAc group with hydrogen, yielding the final alcohol,

In case of deuteriated Sodium borohydricde, NaBD;4
i)

Hg(OAC),, H,0 Deuterium (D) goes to the
/\‘/\ > less substituted carbon

NHB.E:—'.‘ OH

Hydrolysis of Allenes and Alkynes - Markonikov addition

» "Hydrolysis” in this context generally refers to addition of water (H,0) across dDUb|e(C:Q
triple bonds (C=C) to form alcohols or carbonyl compounds. Jor
« Goes via Carbocation intermediate.

CH3—CH=CH, + H,0/H* = CHa-CH(DH)‘(I)Hz  H*adds to less substituted carbon — form
(2-propanol) H more stable carbocation. :
lH* -H* « H:0 attacks the carbocation — formg an
oxonium ion (-OH,*).
H
! H,0

®
. ’-?Hz H « Another H,0 removes a proton from OH,* =
CH3;~CH-CHy =———p CHs Sil-Cil givee the final alcohol.

i3

Hzg

Why is Hydrolysis different than Oxymercuration Demercuration? (Both are Markonikov)

CH
N H;0* The carbocation formed due to H* can
_—.—__} i
(H;50,/H;0) rearrange to form 5 membered ring

OH

L\ Heomo), Since there is no carbocation rearrangement,
l: =——= the alcohol is formed on the more substituted
4 side in same compound

Hydrogenation of Alkenes and Alkynes

NN\ _['f-’-__, AN Hydrogenation is syn addition of Hydrogen

Pt/Ni/Pd over the double bond
R H, Alk i i
— E b e ynes require hydrogenation
Pt ~ Pd
/Ni/Pd Pt/Ni/Pd twice to convert into alkanes

Page 60 RANSH QREVﬁiﬂﬁ
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L 10v . ;
e 1 - i i
P R

| ethod Reduction e e |
| // PdeaSDd . U\ vl b

weene Fnrms Cls Alkenes}‘

-

=
= ———
rhaled s _ .

| =g
H
T

At T
L
A y

[ —————

ochanis™ Tip: The poisoned Catalyst ( M
ginoline) slows down the reaction, echanism Tip: Inyo
entmg full hydmgenatmn intermediate

with

Ives radical anion °

T .-..-..-._..,_,_____“

pré =
& e

|

-

Mechanism Tip: Both the reaction- alw 1yS 1o
scyclic halonium ion first, NOT a _ahoc ationl

» The alkene attacks X, forming a three- /——b //c’L \!h;[’___ﬁ“}.?‘ﬂ

membered halonium ion ring
» This ring is then opened by X-, which attacks ; s

the opposite side (backside attack) ,..‘CI e Vo' ;‘“
+ In case of polar solvent, Water (or alcohol) -~ /c_\"““‘

attacks from the opposite side of the ring

——— s

,
"
---------------

Stereochemistry is very important for the Halogenation of Alkenes and Alkynes, It is important
___ todeduce Meso Compounds, Enantiomers, Diastereomers in the compounds.

R - . | - —_—
Example (Alkene) ES ge:ts Product Formed | Stereochemistry | Product Type
e se :
mﬁ_‘f_’j‘_h_l_lfine Br,/ CCly | .23-dibromobutane | Antiaddition | Pair of enantiomeﬂ
Mne Br,/ CCly | 2,3-dibromobutane Anti addition Meso compound _I

; Cyclohexene Br, / CCl4 i tran5+~“'l,2h- Anti addition | Pair of enantiomers

I ~— dibromocyclohexane

Propen N ] OH on more Racemic Mixture
\\[Lf__ Bra/H,0 | CHs=CH(OH)-CHBr | W oo e c
2‘Wlszth OH on more ic Mixture
Racemic Mi
w Clzf Hzo (CHg)zC(DH]*—GHZCI SUbSﬁTUtEd c d

| Mo page 61
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_—

_cH:0H | Bra/ 20 . e
CH2=0H1 (;:zi) A 2—dibr0m0'1_ Anti addition on ™ h"t: 4&‘
(Ally! 2 "jfT trﬁnsh {cyclohexa”e ling :

Br2 / CCla methy

. R
cemic mixture. : na"ti%__
S

ne
|cycloheX®
1-Methy Y " el

e

onstitutes @

hemistry to alkenes

ther €
A pair of enantiomers toge

ili ereoc
ick for etectrophlhc add. st

_ Anti Addition -

4.TAM : Trans alken T

T oyonolysis of Alkenes and Alkynes

. Dzo.c:iy;i;i; an ;:-c-i-dative cleavage reaction of alljkenes or alkynes using ozone o5 t%
c=C or C=C bonds and form calrbonyl compounds. . ea
. Reagents Used . i
o 0 (ozone) - to cleave the double/triple bond Followed by

« Zn/H,0 or (CH3),S — Reductive ozonolysis
a H,0, — Oxidatae 0z)Onclys:s |
e SR 5 i |2 v Ozonolysis R
| Ty
| |
IE anMEzs "E-D—;- \0 i
Vngn i N . =" B I e e

. Monasubsti{;;{;;l_Carbn;:t,uin;’Me_ezg:-;i-r;-lehyde .
» Monosubstituted Carbon, H,0, Carboxylic Acid \?&?ﬂw‘-‘hﬁ‘

+ Disubstituted Carbon with either - Ketone

e Oxidative Ozonolysis

| 0 il
| CHy— 4 0; | o
! e - “ 0 —EG’UH F
i Zn/l—izo CHa——C-—.H__ GHE e — H 3 ' CHS i
- : H.0 t
r 2U2 '
e co, |
: gef:lducﬁve Ozonolysis gives dlketones“".#
Xidative give acids.Terming] alkynes give CO
2 (IMPUR =
Page 62 g o
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[T o T T L e s
5o peagent & Purpose S
| i o5 alkynyl carbanions (from | + Hos= RSN
| gene’ termmal alkynes) CH + NaNH, - HC=C-Na+

g:N- -Bromosuccinimide i i
|
|

AHY“C bromination ) CH?‘CH*CHﬁ NBS in hv—!»CH =CH-CH,B
per-acid (e.g. mCPBA) e CREGH g o el
epoxidation of alkenes fOrrned) 3 MCPBA— epoxide (oxirane ring

cold, dilute KMHOM"USD.i T g 5
yn dihydroxylation (cis diol) - ; * CHa=CH- CH3+KMHO4 (cold)—+ CHOH-CHOH-CH,

~ Hot KMnO, S

oxidative cleavage (like ozonolysis) | - OH-oi- CH’* +hot KR, CH,CO0H + CO;

BeIDW are some important reactions for the formation of alkanes which can come in |

torm of conversion or thenry
E By __:: i i -"_-- e ‘__,-l. ! (3% \ e ;'-i
r. --. _I :n'ogensa S o
i

-l-—-rn—\_/ . e R L A T, ' L A
-q_ —— ——,-HHJ‘ u|-n.l\. Bie eem® o wlatis »nl---.-.-Jn—.p.

1.Dehydrohalogenation with Alc. KOH

. Alc. KOH used once to form alkene from
Alkyl halides.

. Hand Cl should be anti-periplanar for E2
elimination. (Discussed Later)

2. Dehydrohalogenation with NaNH.

» NaNH; used twice to form alkyne from
vicinal dihalides.

+ Hand Cl should be anti-periplanar for E2
elimination. (Discussed Later)

3. Forming alkene from Vicinal Dihalides

* In takes away vicinal dihalides by

forming zncl,
* Both CI atoms should be in the same .

Plane for elimination to occur. ‘
E]‘"~"=":n:-hi|' el j
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Carbide Compound Reaction with Water Product Formed H}fd nna .;
. ﬂi

Calcium carbide CaC, + 2H,0 = Ca(0OH), + C2H; Ethyne (Acelylene) nr,

(CaC,) Aikme

Magnesium carbide Propyne e, 0

Mg:Cs + 4H;0 = 2Mg(OH); + CsH

(Mg;Cs) g2Ls 2 a( | )2 | 3Ma (Methylacety]er.e} : A‘”‘}’ne H
Beryllium carbide o Eia S

Be,C + 4H,0 — 2Be(OH), + CH Methane

(Be:C) o S Alkane '
Aluminium carbide ALCa + 17H,0 — 4AI(OH). + 3CH e e

(AlsCs) 4Cs 2 (OH)s 4 Methane | Alkane

Remember : A-B-C Rule:A#uminium-BeryHium gives CH,

e A i e e, L
e e ey Ehi e L

Aueus
Electrolysis

i R-COONa Agqueous R= _
E * R=R+CO,+H,+ -
i Free Radical R-COO Na okl ’ e EeH

s e ——
e e e e e s s m e ———.

e -t e

Some Tricky examples

COONa

- Aqueous
Ele >

ctrolysis
COON3a
COONa

Aqueous
Electrolysjs

OONa

Page &4
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his is Benzene G
jectron density is delocalized across

Electl'f'" cloud abmre and below

The delocalized n-electron
cloud acts as a nucleophile
and attacks electrophiles.

E

step1: Generatlon of Electruphlle

Name Reagent  |Lewis Acid / Catalyst| Electrophile (E)
Nitration . HNO; H.S0, NO,*
— Chlorination Nck | GF Bt d 69, cl+
Bromination Br, FeBrs or AlBr3 Br

“redel-Crafts Alkylation | R-X (alkyl halide) | AIXs (mostlyAlCl;) | R- (carbocation)
Friedel-Crafts Acylation |R—CO-X (acyl halide)| AlXs (mostly AICl;) {R-C*=0 (acylium ion)

. ' ' SOsH* or
Sulfonation SO; H2304 iotonated S0,
Step 2 : Attack of Benzene on Electrophile
[ E E @ E
oy - > LH 4 LH LH
O ® H o~~~ H _~—H
Delocalised Intermediate R
Step 3 Regain of Aromaticity
. Add:tlon of E* breaks aromaticity. Loss of H* bﬂ;ﬂgs i
‘? it back. That's why it's substitution, not add___l_tl_cﬂr_/

B, Page 65
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[Nitration using HNOy, HaSOs.
« H,S0, acts as an acid giving H* to HtfiD;.,:
. HNU_‘-; + 2'12804 - ND2' + H:;D' + ZHEJDd

forming NO;'

‘'Halogenation using Cl/Br, + FeCl/Febrs.
« FeCly/FeBrs is a Lewis acid — polarizes the h

« It forms CI* or Br* electrophile.
. Reaction: Cl; + FeCl; = CI* + FeCls~

alogen molecule.

Carbocation

——

cl . AlCl; abstracts the halide (X-) from the alkyl hajige (R-
>__/ X), forming a carbocation (R*), which may rearrange :

o ey . Electrophile formed = R* (alkyl carbocation)
AlCl; . Reaction: R—Cl + AICI; = R* + AICl :

i

» Carbocation in the above cage
® rearranges via hydride shift tg
form 3° carbocation

rm e e mmr mwmm me mm i

b

2 NAME 9

r ! R (0] & REACTION |
E- /”\ « AICI; removes X- from acyl halide to form Acyliumion |
- ” (R-C*=0). i
a « Acylium ion is resonance-stabilized — very stable E". |
g AICI, « Reaction : R—~CO~Cl + AICl; = R-C*=0+AlCl& = - |
(Sulfonation using SO, + HSO,

» H,S0, protonates S0s, forming SO;H* or protonated SOs.
- Electrophile = SO;H+
« Reaction : SO; + H,50, — SOzH* + HSO,~
Page 66 - R‘“NSHDREW@:N
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D T a-Directing. ]
/:;Ps ~OH, R, -NH,, -NR, oy | Directing
) r ' B SN
f’ﬁ 1|.,.a*uﬂg g other +M Groups | e
r“/ff"’_ T e—
" yating GroUPs Halogens ~NO2, -CHO, -COOH, -COOR and
iﬂe g _,_f—f*"'l’k w _ other -M Groups
R ation proceeds vi -
% craft AlKY p S via formation of . _
L edal U carbocation which
’ Tr bl N . undergo rearrangement
L logens are the only deactivating and ortho para directing gp

« AICI; generates a
carbocation which
rearranges to form 3 degree

Cl :
>_/ HNO,
___—-———"_)

AlCI H » attaching to benzene ring
3 230 « Nitration of B gives para
product
e e e N
a0 Reactlwty of Substituted Aromatic Rings =
OCH3 NO2
\,)

Anisole Toluene Benzene Chlorobenzene Nitrobenzene

+M effect +H effect NO EFFECT -] effect -M effect

q.mmm—-— Rate of Elebtruphilic Aromatic Substitution

#M, H, | effects increases electron density on the benzene ring by donating electrons

Other Examples ' /""ﬁ‘iﬁ
» Fluorobenzene > Chlorobenzene > Bromobenzene > lodobenzene \W’ﬂ“‘

» m-Nitrobenzene > o-Nitrobenzene = p-Nitrobenzene (meta has only -I effect)

« Aniline > Acetanilide > Toluene > Benzene (Free -NH. activates more than protected -
NHCOCH;, which is still better than —CHjs)

* Phenol > Anisole > Benzene > Chlorobenzene (—OH gives stronger +M effect than —OCH3)

* Biphenyl > Benzene (Extra conjugation in biphenyl gives more electron density)

* Mesitylene > Toluene > Benzene ( More methyl groups = more hyperconjugation)

" Phenol > Benzoic acid (Phenol is activating due to +M; benzoic acid has =M and ~I)

page 67
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Compound Substituent Type I Reactivity Towards EAS
Aniline (-NH_) i Strong +M | et (Very Fast)
Phenol (-OH) Strong +M Vv More donatjg,

. P Means mﬂre
Anisole (-OCH;) +M W reaction
Toluene (-CHj) +H TrIv

More wlthdl’a
- L
Benzene (~H) Neutral 7 means more al
Chlorobenzene (-Cl) | ~-1/weak+M [A. (Slow) hesitation
Nitrobenzene (-NO_) Strong -M l® (Very Slow)

Does it matter, if aniline of Phenol Reacts fast?
Yes, it matters. Both aniline and phenol are highly reactive towards electrophilic Substitution e
to their strong +M groups. They react so fast with bromine water that tribrominated Products g

formed instantly:
o Phenol — 2,4,6-tribromophenol

o Aniline — 2,4,6-tribror i2ani ne

Sy b ay

Aniline Phenol
Do we have a solution to this problem?
Yes, Specific methods can help us achieve monosubstitution as followed
Compound [ ~ Problem Solution _-_-:F
Phenol Overreaction Use dil. Br; in CCls :
Aniline Overreaction Protect ~NH; by converting to acetaﬂ__rl_iffimjjj

i g
e
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C-X + Nu- — C-Nu + X-

- 3 e AT 4 e i S -Z'.'.. iSO S enaTh Ei
¥ held to C .QJ I g‘ -
e attacks C-X bond X- leaves carbon

hil
Nucleop Nucleophile attaches to C
X = Leaving Group
here are two main ways in which nucleophilic substitution reactions can happen: S, and
SNE' d T |
gut before we un erstand them, it's important to know about "X"

- The better thei_.ie'ﬂ\'il'lg group, the faster the reaction happens.
. agood leaving group makes it easier for the nucleophile to come in and take its place.

- the leaving group.

B . lLeavinggroup abilityof X
_ Whatdoes a leaving group do? it ézsar's os s s'able anion (X
. How can we make it better? I’ i 's s abie a, (- it wiv d wzm to leave

Example
. REECtiO” ; [ CH*_:,_CI + 0QH- — CH3_'0H + CI r/,-- -.‘."-‘-:_% |
(Clact as a leaving group) ..-‘-'{!':"" |

. Reaction 2 : CHs=| + OH-— CH3—-0OH + I
(Iact as a leaving group)

Reaction 2 is much faster than reaction 1 since I- is more stable than CI- due to bigger charge
sccommodating more electrons easily.

Can we predict good leaving groups easily? Definitely

Ifwe compare |- and CI- as leaving groups, we look at their conjugate acids: Hi and HCI.
Now, Hl is a much stronger acid than HCI. That means the ion it gives (1) is more stable.
%0,Iis a better leaving group than CI-.

?EHET |eaving groups come from stronger acids. | A
0 compare two leaving groups, just check which one has the stronger conjugate -afid (i.e.;
Oer pKa), ' ' if i

0
%erthe pka — better the leaving group.

| age 69
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oups and their ability based on Lonjugate acids

Different Leaving gt

Temvia Group (L0) |Conugate Acld ()| pKa |
" Fe0- (Tosylate) 3 TsOH 8
L N2 S

T o i
L protonation)

ATDB PDFZ

" Mso-(M esylate) MsOH -2
" AcO- (Acetate) AcOH 48
| NH,- ] NHs 38
:. H- H: ~35
E- CHy CH, ~50 X Nota IW

Few points you must note from this

o OH — OTs using TsCl (TsOH is a good leaving group)
o OH — CI/Br using PCls/PClz, SOCI, etc.
« NH. is also not a good leaving group

\:::'- LG —.--_...s.'te.PI 1 4 fr"’""@

Rate

The Two Mechanisms of SubstitutiOﬁ : Sﬂiam:iSN2 e

HH H H
\H/L; Step 1 § 5 H

Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.

| No carbocatio™ |
: i.nVOIVEdI

| Rearrangeme”
| possible

ol

« Halogens are good leaving aroups (Thus. alkyl halides undergo Nu Substitution)

¢ OH — H,0 using protonation with acids (Water Is a good leaving group)

--=.-u“'.'-.-.-.—'J

Carbocation
i Pathway

Can rearrange to
form more stable

i carbocation

Thus no

m@,ﬂs!?"'
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e i

' _— | s\ (Unimolecular)

e SRRl T T e

/""’J?E;';;’“”" Flrgtotos econd order -

a0 - i i Ll o L
| " pa¥* + 3 B
| ,R,?;;wr Carbocation stability Steric hindrance
/Jff(a I o 1 2e 1° =

-~ peactivity &L 1°>2°>>3°

~ rd T :
5‘{',1,?;“"' hile Weak/neutral nucleophile (e.g., |Strong/negatively charged
- of NucteoP H20, ROH) nucleophile (e.g., OH-, CN-)
e '
| S W;Eﬁ Polar protic (e.g., H0, alcohol) |Polar aprotic (e.g., DMSO, acetone)

~" 60
| : Racemization (Retention + Inversion of configuration only
;r”;mrecchemiﬂl'}’ Inversion) (Walden inversion)
' : tion
| : No intermediate; single transi
" ermediate Formed |Carbocation et |
'//’/f Electron-releasing groups . Electron-withdrawing groups increase
| gffect of SubsttUeNtS 1o oase rate rate
| ]
I=' ) Two humps (stepwise: One hump (single-step concerted
' Energy Profile carbocation + Nu- attack) mechanism)
I i
W? Required Required

0 i - —_—
ﬂ Trends in Nucleophilicity. How Nucicophilcs Become Stronger -
Ff—'fra;t-c;_ . 7" Trend -~ | = Example/Explanation
Hﬂ—-_ Increases with negative OH- > H,0 | _
| Charge charge (More electron density = better attacker)

Decreases with increasing |CHz™ > NHz~> OH->F~ (More ‘
Across a Period (=) electronegativity electronegative = holds electrons tightly)

|- > Br- > CI- > F- (Larger ions less

Down the Group Increases down the group |\ o4 5 1 ore free to attack) |

(inPolar Protic Solvent)

- < Br- < CI- < F- (No H-bonding —
Down the Group I<Br <
- es down the group .
(inPolar Aprotic Solvent) Decreas smaller ions stay stronger)

———— 7

The Basic Mistake : Nucleophilicity vs Basicity : OH is a base as well as nucleophile. .

* Nucleophilicity: How fast a species attacks a carbon (focus = rate of reaction).
* Basicity: How strongly a species grabs a proton (H*) (focus = equilibrium).

* Nucleophile = Reacts with carbon — Used in SN reactions 5

' BETSE = Reacts with H* — Used in acid-base reactions

" Uisabetter nucleophile than F- (less solvated, attacks faster)

Sastronger base than I- (holds H* more tightly)
“dmphﬂi:suh- e

page 71
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Trend of Substrate - How substrate decides mecha“‘i’;m" o

35 S phs R T
f;{,{rﬂfﬂ'&}j 2l b fk}'{ﬂ; }‘L

SN2 Excellent GODD Bad F%; iy

Bad Bad Ok-0k : m

iHenzyiicyIAllyliciialides &gmll3*’iﬁ "f“ de

SNE GOOD Bad

SN1 GOOD Bad

7 Susidon e Al Helids/Alesiel/Ep s u i heEaiis

Reaztion R-X+Fe2geni (\Witii N'ij = R-Nu

o Alkyl halides have a polar C-X bond, making carbon 6* and electrophilic.
» The electron-deficient carbon is attacked by nucleophiles in substitution reactions.
» Sometimes the nucleophilic site can be different from imagined, Below are reactions

Some Important Reagents reacting with Alkyl halide ¥

Reagent Product Formed Reaction Type /Name Spe«mal Notes

Forms alkyl cyamdn (nrtnle) v;_a&

KCN R-CN Cyamde Substitution
AgCN R-NC Isocyamde Formatmn _Ag Ieads to N- ’ﬁachmcnt L
KNO, ~ R-ONO Nitroester Formatmn From ionic ND; (D N~O}
AgNO,  R-NO,  Nitro Compound Ag+ dlrec:ts C N bond {N'B”Ed‘m‘“ﬂ
MoistAg:0 ~ R-OH Alcohol Formation  Moisture gives w ater nucieophﬂe -
Dry Ag.0 R=0~R Ether Formation 5,2 etherifi cation
AgF R-F Swartz Reaction ;Jjﬁsr:z mircduce %FNEAAGMGEHIO
o (m R-I Finkelstein Reaction it replaces Ci-or Brﬁ M‘!}:{E 1,:.{
acetonEJ_ | | _ o i | _ _m Su e RS <%
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- W K eI forrn Iong chain Ethem
e
ﬂ now : R=X + Reagent (Wlth Nu) ~ R. -Nu

ves uppﬂse the reagent to be an Alkoxide ion, R-0r

it wil form an ether

-
i ram

R0 R R

£ TN %"ﬂﬁz

r
EtOH i |
| LSS R e Diethyl ether .
- Thus Wnrk b o ey '
L an SN2 reaction, S Dest When aikw hahd s i i s
:;ulky groups. eis prlrnaryr because Syl is hmdered by
- Examples

oyt + CaHsONa = CaHsOCH; + Ny

C HsCH,Br + CH3ONa = CeHsCH,0CH; + NaBr (Benzyl halide is v

| (gHsONa + CHsl = CeHsOCH; + Nal ery reactive in SN21)

>( - )‘ -y tertiary alkyl halides, the Williamson
= ther reacticn 2

i ROH - € ICn t2ls completely, and onl
i/ Br N\ N ds y

: alkenes are obtained.

.................................................

cl - |
RO% . LA ' : -
No Ayl halides and vinyl halides do not
-ROH _Reaction | undergo Williamson synthesis
—--— : e S B . /l’i
O ORIAE
Intramolecular Williamson Synthesis iw/
f\,u{\@e = .
0 ¥ 0z |
—_—— () +H —— [0 + NaBr
Br Br
f'
H“%Ph[lics paies 3¢ | Page 73 :
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A Reaction of Ethers Wi_th HI lﬂVO]VIngSngrs;z B

B TR R"-0 is not a goog

R-0 is not a good /D\
R R leaving group

leaving group
Ether

. But, Ethers react with concentrated HI (or HBr) to undergo cleavage ang form:

o An alkyl halide (R-1)
o And an alcohol (R'-0H) or another alkyl halide (R'-I) depending on the conditioy
8

« Proceeds via SN1 or SN2 mechanism depending on the alkyl group

j CHy
CH, 0—CH,CH, CH,l OH
‘ " HI
‘—-——_._____..
—- H
=
H+l H+1
CH: O—CH,CH. =\ '-
Y ' ' OH
——
iy

« Protonation of ether — makes it reactive » Protonation occurs at oxygen

« Benzyl group leaves easily (forms stable » CHs;* leaves and reacts with |- - fom
carbocation) methyl iodide (CHsl) S

« |- attacks benzyl carbocation — forms » Aryl-0 bond doesn't break so phenol
benzyl iodide (Ph—CH,l) (Ph—0H) is formed |

« Ethyl group becomes ethanol (CHsCH,0H) » @ Only methyl side cleaved — anyl-0

» 2 SN1 mechanism (benzyl is stable) bond is strong !

T Y P R ————— )

Dehydration of Alcohols to formEthers via e

* At 413 K (~140°C) — Formation of Ether
o Reaction: 2 R-OH — R-0-R + H,0 OH il C
o CszDH + CgHgDH —F CEHg"O_CzHg + HgD /\/ /\/
o This is called dehydration to form ethers
o Follows acid-catalyzed S,? mechanism

/\/0\/\ —
Protonation: One alcohol is protonated to form R-0H,* (good leaving group)-
Attack: Another alcohol molecule attacks —s kicks out H,0 (Sy*like step).
Deprotonation: Final product is ether (R-0-R).

Page 74
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e ree””
B‘ftt tw"
fe

R,[;Hz
0 OH

of Alkene
cH,—OH — R-CH= CHZ + H,0

a Gsz' - called dehydrﬂtmn to form Alkenes

ollows @
cﬂ rb0

o ~OH group : Alcohol reacts with H+ (H2S0,)
fﬂtﬂ"at rer : The protonated alcohol loses H,0 - form
wat Abase (Ilke HSO4 )

P
5 0
i-ﬂs_ tﬂ

Eiimm

?.

ofH“

cid-catalyzed E1 mechanism (via
cation) Studied later

' oTs, Some of the reactions below are the conversions

=* forms protonated alcohol (R-0H,*)
s a carbocation (R*)
absiraete a B hydrogen —* double bond forms

Conversmn Of OH g"OUD to a better leawng group

d earlier, OH can be converted to a better Ieawng group by converting it into Halogens or

m— Reaction Mechanism |  Stereochemistry
' Sy Inversion + Retention
R-OH + HX = R-X + H \
HX (X = cl,Br. ) 0 carbocation |(racemic)
— Inversion of
=2, + " 8ra=-#R - ] c 2 ;
red P/ PBrs/ PBrs R=OH WO " configuration
— N\ > Inversion of
= = H 2
PCls R-0H + PCls — R—-CI + PQOCI; + HCI Likely Sy configuration
= SNi (internal |Retention of
socl; (Darzens) | R—OH +SOCI; = R=Cl + S0, + HCI attack) |configuration
-~ R=0H + SOCI, + py. = R-Cl + SO, + g2 Inversion of
S0Cl, + Pyridine HCl o configuration
5 No change (Used to
| TsCl/TsOH R-OH + TsCl = R-0Ts ”

Downloa

make —OH a better LG) |

Stereochemistry in SN1 depends on carbocation stability; for 1° alcohols, SN2 dominates.

* Lucas reagent is made of Conc. HCI + Anhydrous ZnCl;

* Used for: Converting alcohols to alkyl chlorides (R~ Cl)

':EChaﬂlsm Follows SN1 for 3° and 2° alcohols -
®stUse: Differentiates 1°, 2°, and 3° alcohols based on turbidity

(CH);C—OH [3°] + HCI — (CHs)sC* stable carboc

ded fr

om ATDB.uno/StudyPrayas | Unautho

rised redistribution is strictly prohibited.

ation —* (CHz)s

OH into better leaving group via LucasReagent

c—-Cl+ H20

e it |

i e g

ﬁege 75
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| Typeof Alcohol |  Turbidity Appears - Reason H\
| 3°Alcohol | immediately 3 Stable 3° carbocation (féé{%}ﬁ“‘*mﬂ
| 2° Alcohol ]' Within 5 minutes Moder?te [ff“':??camﬂ Stabiutf“‘m\i‘ ;
W eohol | Notwrbidiy verysow | Untablecarbocation 5 dogar oo |
Nucleophilic substitution in case of Epoxides
« Epoxides are three-membered cyclic ethers — highly strained and reactive towarg nu::leoﬁhf.
» Now depending on the medium, where the nucleophile attacks changes: 3,
o) 0O
CH,0H OH,C OH CH;0+ HO %
= i
/‘Q " >—/ 4 CH,OH >\-/ -
2-methoxy-1-propanol 1 —rnethr:.;q,..g,[i.,mpe
"4

In Acidic Medium (H*)

» The epoxide oxygen gets protonated first
— becomes more electrophilic.

« The nucleophile (like THsGi1) tien @'taks
the more substituted ca.bor .

« This happens because protonation creates
partial carbocation-like character at the
more stable (substituted) position —
favors Sy'-like behavior.

B 8 M 4§ B 00 M O B BB 88 48 044 0 08 8 R0 SR E 5042 5 58 i o

In Basic Medium
» The nucleophile directly attacks the Jegg
hindered (less substituted) carbon,
» No nrotonation happens first — g no
caihe cation-like intermediate.
« The attack is a pure backside S,? attack

Acidic — Attacks More Substituted (due to + charge)
Basic — Attacks Less Substituted (due to S,? nature)
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NZene

o

1% 1l
. + B
—l " Gl i (\\"Gl*
) Q ‘E—'——-h}-Q 2
i)

L
The partial Double bond Character in Haloarenes
¢l —Cl bond be
i , The g o comes st_ronger and shorter than a typical single bond.
. The bond is less polar, making the carbon atom less electrophilic.

- Th:S SR o g nucleophiles to attack the carbon attached o the
halogen.

oo N1 or SN2 : Because of this partial double bond character,
5 mechanism is unfavorable bezoy

= e

_ 3t the in‘ermediate (a rarbocation) would be highly
unstable in an aromatic syster..

.5 mechanism IS hindered due to the planar structure of the benzene ring, which does ndt
Jlow backside attack easily.

A Possible Mechanism SyAr (Addition-Elimination)

fle know, SN or SN2, are not possible in Haloarenes but if we have EWG groups present in
iiho/para positions, the substitution reaction is possible via SyAr mechanism. ' '

Ko,

NO, ' NO,
Q ' _ Nucleophile attacks the ring =
¢ Rl Determiing it forms Meisenheimer complex
4 Step | | (slow step) |
NO, NO, NO, P). _ -
ol i cf Nu i - CI- leaves, restoring aromaticity.

* The rate-determining step is attack of the aromatic ring by the nucleophile, which disrupts
dromaticity,

: ';lﬂz groups stabilize the intermediate by delocalizing the negative charge.

;Etmﬂ‘Withdrawing groups on o,p position to L.G., help to stabilize the -ve ff;afg;-t i
F>Ar-Cls Ar-gr > Ar-1, Since it makes the carbon site of attack more electropo;

?? |
Mo Subes: Page |
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-, Rate of Nucleophilic Aromatic Substitution:
NO; NO, ND;
| —
<<
NO, 20N -
2
Cl o] . Cl
One EWG Group Two EWG Group hree Ewg it
Ortho & Para Position Ortho & Para P

Para Position

Example making things clearer

NO2 NO2
SX¢:)
CH;O Na
1 =
Electron-rich
species 0
/Cl (nucleophile) @em x“cHa
Electron-poor +Na
aromatic ring
e
What doesn't work ir ttis? X NO,
If we have the EWG groups in meta
position to the halogens, the reaction S Faste |
will either not take place or will happen . l'-t' Slower
very slow F ara position g Meta posiio;

'Diazonium Salts can help in Nucleoph:l:c sub in Aromatlcs SNArl

. Benzene dlezemum salte are super reactive mtermedletes == espemaliy in substmﬂw

reactions. The best part? They don't need activating groups like NO,
» That's because the diazonium group (=N;*) is an excellent leaving group — and whet#
leaves, it escapes as N, gas, which is extremely stable and drives the reaction forward.

This is Diazonium salt attached to benzene
in which N2 is always ready to leave

. @06

\ N.CI
But how do we form thig?
« Via Anilines

Page 78
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(S Int . i
N ntermediate 2
NHs Z X involved?
HNO, wd 3
HG& @ X .o =

Nitrosonium ion
et ment of an aromatic amine with nitrous acid (or sodium nitrite, which is converted to nitrous
Jcid in ihe presence of acid) in the presence of a strong acid like HCl results i

nthel
and the form ation of a new N-N triple bond. 1T ONthD
/”‘T:
o KL, Ph \_@M——
szCI
Cu/HCI . Ph-Cl |
O {GATTERMANNIREACTION:
CuHBr o o ( Cabiiamrob izt 13
Cu,Cl
et PRETY =t e
(SANDMEYER REACTION JRR2N | i\ //| R i
CuzBr, Ph-Br e — & REACTION
HBr
Hs;PO, or
. Ph-H
EtOH
“HBFa £ ' ERt X NAME 15

£ REACTION

Page 79
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il =) D

SLelylcolmBaniant

n Al fa L kP i it b et e o e

The lone paironoxygencan o The main electropp)

attract Lewis acids or H' *OPhilic ¢q |
E ~~ nucleophile can atta’::t;r hey

dir
&m

The a-hydrogen is acidic R—CH, A a group oy ! 9 g0y,
and can beremovedbya ____ " | g asy W,
base making a carbanion E‘“-’Enq;

« The four different types of possibilities in carbonyl compounds make them Specia|
. Depending upon the group on the right Z, the reaction mechanism can be of yq tﬁzes

4| The Nucleophilic addition when Z = any Alkyl chain or Hygrer,
,? Awehydp/\ 0
c r"”"_"‘*-\ b 25 (l-l'

R—CH,” MR i R—cH,” Ny

carbon of the C=0 group~
forms tetrahedral intermediate.
7 o O- gets protonated by a proton

o OH

/U\ S B = )V Sma——— /g source
i Q_ R R/H R Ny UM« X Not substitution becauseth
Nu- L group is replaced — nucleﬂph"té

addsandnothmg leaves.
Reactivity order of Aldehyde Ketones R

. 3 0 0 |
* Reactivity o< Elecftron Deficiency of Carbon S Jl\ > /LE
* -M,-H, -l effects increases reactivity H CH.NO., H CHs H
» Aldehydes are more reactive than ketones e - A“wg

Nitroacetaldehyde Acetaldehyde o
RANSHOE"

Proton
source

Page 80
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important trends in Reactivity
sgrﬂ:'i' Gatio Aldehydes > Aromatic Aldehydes (Resonance stabilised Aromatic Aldehyd
1.ACFJHO - CHsCHO > CH3COCH; (+ of methyl decreases reactivity) e
j:p,NOz-CEH“#CHD 5 Benzaldeh}fde .;-. P-CH3~CeHs~CHO (-M of NO, decreases electron
n ring and carbonyl making it more elctrophilic) |

propanone > Cyclobutanone > Cyclopentanone > Acyclic ketones (Small rings are

deﬂSf W 0

4.cyclo
m

ore reactive due to angle strain)

The Nucleophilic Substituion when Z = Cl, OAc, OH,NH,

0 0 0 0. t10-

n s - o n

C: . G C. i . e
r” N o RZ Noae RZONor RT NoH) RTNNH

Acyl Halide Anhydride Ester | Carboxylic acid Amide

L S T _ : \ heﬂ carbomy]
of Nucleophilic addition Nu- attacks t
?MEChmsm 3 ) carbon — forms tetrahedral
o 07N i , 0 3 intermediate.
)J\ S— *ﬁ—\ —_— )_I\ LG . O-collapses back, reforming :
iz R™\ R LG R” Nu the C=0 bond.
R ,\’ Nu « LG-leaves, giving final
) o substituted carbonyl product.

aannumerenst 4 . S ©veaaqqanmmn bR aSaE R 58 R NN AR e nn2 S
AT L LI
R —— L TLLEL e 4

i ic acid derivatives
ity order of carboxylic aci
iy ¢l > -COCH3 > -OCH; > -OH > -NH;

: ncy = oy '
’ ;eaviqg‘tir?czrggi?id; - Anhydride > Ester > Carboxylic acids >Amide.
. Reactivity: .

» R-C=0 group is known as acyl group-

i’age a1
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Compound / | Oxidation '
Functional Group SIMER.SUE ) evel (0-4)
Alkane (CH,, CHs-CH;)  No O, N, halogen 0 No eleézrénegaﬁ,f |
e atoy,, :.'.'!
Alcohol (R-CH,-0H) One OH group 1 1bond to o ’ E
Diol (R~CH(OH)-CHs) Two OH groups 2 2 bonds to o
1d
Aldehyde (R-CHO) One =0 +oneH 2 I ouble bong t 0=
electronegative bnnd
; One =0 between
Ketone (R-CO-R') Wo C 2 T double bond tg ¢ - 2
Carboxylic acid (R-COOH) One =0 + one ~OH 3 2bonds to O in tota (1 g,
+
Ester (R-COOR) One =0 + one -0OR 3 2 bonds to 0
Carbonic acid derivative :
(R-0-CO-OH) 3 Oxygens B 3bondsto O (1 0R +1 O 41,
~. | Carbon dioxide (CO,) 0=C=0 4 %doublebondsto0=4
| electronegative bonds
Q‘ﬁ To go from Lower Oxir.ation levil tc b ioker : Oxid: avn Aoppens ;
F e To go from h:gher to cower Uxitauon icvel . &.:uu»tmn nappens EMQG-
Hydnde Donors to Lower 0 L of Carbonyl Compounds
Functional Graup LiAlH, NaBH, ~ DIBAL-H (-78°C) = BH,THF -
Aldehyde 4 — R-CH,0H — R-CH,0H % X
Ketone —R,CHOH  E— R,CHOH X X |
Carboxylic Acid — R-CH,0H X X - R-CHH
Ester B2 2° Alcohols X s Kl X |
Amide  [-» Amine % " X |
!
X |

Nitrile — Amine X B2 — Aldehyde
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nave a1ready discussed few reactions which forms aldehyde ketones, like hydroboration
: dail on, oxymercuration demercuration from alkynes.
X

ppart from above, Alde’ﬂ}'dﬁ or ketones can form Dnly via either Oxidation or Reduction.

Oxldatlon Reactlons to form Aldehyde/ Ketones

oxidizing Agent Converts Remarks |

— PCC 1° OH — Aldehyde Mild and selective. No water = no

{Pyridinium Chlorochromate) 2° OH — Ketone overoxidation to acid.

— E 3 3

PDC 1° OH — Aldehyde Similar to PCC, slightly stronger, used |

(Pyridinium Dichromate) 2°0H — Ketone  |in non-aqueous medium. :

CuorZnO 'l ( rH >pd Er e Don:l y | eating vapours of ;

(Dehydrogenation) 2° OH — Ketone alcohol over metal catalyst (Cu, ZnO). }

Jones Reagent 1° OH — Carboxylic Acid |Strong oxidizer. Not used for

(CrO3 + H2S04 in acetone) 2° OH — Ketone aldehyde prep due to overoxidation. E
o : Used in anhydrous conditions to stop

Collins Reagent 1° OH — Aldehyde only ; ;

Fi i ' : than Jones. |

(Cr0, + pyridine in CH,Cl,) at aldehyde. Milder than Jon !

|

The Reaction performing both Oxidation and Reduction

nauer oxidation i ﬁ% N AME

PRI “!ELJ;” J+

2° Alcohol  Aldehyde/Ketone

[
o
Nt
1
]
[
1
i
i
]
i
]
L]
I
v
]
]
1
1
i
[]
i
]
i

Aldehyde/Ketone

i ition state.
...... : ...membered cyclic transi s
. i oceeds via a siX 0 isopropanol) is
The reaction p;’mm s secondary alcohol Ezé - kztc:e )
. ThE hYd”de . Ofthe a]dE Y Cnndary alcoho|
sl tc: thi: i:efclur.tled to alcohol, and the S€
+ The carbonyl g€

becomes a ketone (ﬂcetot'l"-‘] packward rxn UPP—E’D-EQELD—”‘MH Intermediate in Reaction
duction

« Forward rxn: %"’J Page 83

_______

_____________

r
]
i
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Reduction Reactions to form AldEhyde/‘KEfﬁDn%

Reduction of Mitriles
'Stephiens Reduction W

. SnCl,
CHy—CN =Tt [cnaﬁ.cHﬁﬁM

« Fomation of Imine i

, Intermediate CH, o

|« BaSO, reduces activity of Pd, + Excess SnCl, or profongey

« Poisons like Quinoline-S, %NAME 7 reaction can somcnmg,,

| Xylene is added REACTION | lead to primary amme EU{ME |G

- — T T T —

o Carbene |sthe intermediate _
« Used for : Introducing —~CHO group (formylation) 5
CHO  the ortho-position of phenals. i
« Mainly ortho-hydroxybenzaldehyde {salrc}rlaldeh;ﬁ.}

.mcf pere p.oriuct, 1HAME

e e i
-

4 @%ﬂ.ﬁ} Q-.\ e HEACT!GH
| %W
; oM Mechanistic Glance
KOH {Cl Cl
OH —éﬂl —_— (—cs — 8
- Cl
CHCI
e 1 2 3
Cl
“ H
CHO o 07/ (cj ©% 0
CHO KOH 3 )
OH @ — @ e @
CHCIa it : 6
"KOH \
OH 7 H o ¢
COOH 0 (“0""' KOH IH
TKOH / 7
9 B .

When CCl, is used, the resultant is COOH =
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Convert toluene (CeHs—CHa3) into ‘
benzaldehyde (CgHs—CHO)
Chromyl chloride forms a complex o,
with the benzylic hydrogen and NAME
oxidizes the - ~CH group to ~CHo. “E“CT"’" 5

o name reactions to convert Benzene to Benzaldehyde
wo
Thﬁt :

Bt

+ Reaction of CO + HC| Generates
H-C+=0 (Formylium ion)

» It is attacked by benzene ring via
Electrophilic aromatic substitution NAME21

. ———

-

e

REAET]GN
imiﬁﬂ"tant Examples
0CH; OCH; OCH;4
CHO OCH; is a +M group activating ortho
CO+HCI | N and para positions for the external
TAC * ol o Electrophile -
T
GH)
NO, withdraws electrons from the ring
CO +HCI | NO REACTION and th‘us an external electrophile like
AICIa formylium ion couldn't react
; e « If CO is unavailable we use HCN + HCI
. « Intermediate formed is : CICH=NH*CN (Electrophile) |
'- HCN + HCI . Similar to Gaterman Koch i
1 — .a .
| "AICH NAME22 |
’ < REAchH :
BT i e onhil

AR e T SR e SR e e B

e s e
RS i o oy A R B

+ Various nuc|egph]les can be added to Aldehyde and ketones, we will study the important ones

step by step. | o= -
T L duct Formed Special Use
Nucleophile il “Pro et
S i Cyanohydrln  synthesis intermediate
o 5 dditi d Punfrcatlon
S : T :culfite addition compound |
NaHSOs B,'S‘_"_f'

. Page 85
Nucleophilic addition to Aldehyde and Hetanes
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Nucleophiles with attacking atom as Oxygen 4

with attacking atom as oxygen can be H,0, ROH ete,

. Some nucleophiles

Addition of water - Formation of Geminal Diols

0 HO OH . Aldehyde gives more stable gem-dio| 1,
/l.k H.O |, )< (less steric hindrance) an kﬁlugﬂ
Geminal Diol « No catal?rst needed, but acid/base ca
(Unstable) the reaction.

n ECCEIEratE

Addition of Alcohols - Formation of Acetals (Protecting groups)

0 HO OR RO or * Aldehyde reacts wit, alcohg)
AR S RO M ecets > dosa
' » Ketones can also

. fo

Hemiacetal Acetal hemi/acetals, but ess stah[erm

Used to protect carbonyl groups during synthesis (Acetal as protecting group)

Addition of Alcohols - Formation of Cyclic Acetals (Protecting groups)

OH
ST -
¢ HO O § b
)KHD = )/\ /\‘<
o B 5 g
Hemiacetal
"Acetals acting as protecting grotp " TS GRT AR

« LiAlH; reduces both ketn:meéE

0~ ) [\

HO OH O o._ o and ester to alcohol. i
— L LiAIH, H,0 « To reduce only ester, we have
cat. Hs B — - to protect ketone.
3 « Making an acetal of ketone |
: e protects it from reduction

i
H
P

..................................................

RANSHOREVvis§on:
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g ~Nucleophiles W-i-t:h..ﬁfta_Ckiﬁ'g'atQm_ aSNitrngen
i « The nitrogen of the SRR e
Primary  amine (N
@ i P >=N~"‘z donates its lone pair to the electrophilic iaizo 2}1
' carbon, formi : . ny
Primary IMINE 'ming a tetrahedral intermediate,

s A .
Amine proton transfer occurs, making the hydroxyl
group a better leaving group, i
gasy Shortcut for Reaction of Amines + Water (H,0) is eliminated, resulting in the

- formation of a C=N-Z (imine) bond.

R ke T e o s o

Carbﬂyl

m"‘z‘z) Product Type |  General Product Formula ZGroup |
B e .
NH:'OH :

" Oxi i
(Hydroxylamme) e R.C=N-OH -0H

T NH-NH
22
(Hydrazine) Hydrazone R2C=N-NH, ~NH,

NHz"’Ph : .
(Phenylhydrazine) Phenylhydrazone J R,C=N-NHPh ~NH-CgHs

NH,—-CONH,
(Semicarbazide)

Semicarbazone R,C=N-NH-CO-NH, ~NH-CO-NH,

2,4 DNP Sodium Tollens' ; Fehling’s lodoform
' s T : i
Cnmpound Test |Bisulfite Test| Test Barecty et Test Test
Aldehyde | = = Aliphatic only |Aliphatic only|Only Ethanal
Fitsine 7 Only methy! X Only a-hydroxy . X Only methyl
ketones - | methyl ketones ketones
' 7 7 . X
Formaldehyde & =
. A Vi B 7
Acetaldehyde 2 < = ~
— . LA
Benzaldehyde Vi =
X X X X
Acetophenone & - - X
: X % X X |
Benzophenone v '

Benedict's/ Fehling's: ﬁ&?ﬂ at Mﬁ
nd aromatic aldehydes.

hatic aldehydes, not aromatic ones.

Why Benzaldehyde Passes Tollen's but Fa‘|ls ‘e
« Tollen's reagent (Ag®) oxidizes both aliphatl

- A oxidize only alip
« Benedict's and Fehlings (Cu=) oxi Page 87
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Why Benzophenone & Acetophenone Fail Mus.t Tesf:s‘: | |
» They are ketones, which don't react with mild oxidizing agents like Tollen's ” Fehiing-s

. Aromatic rings reduce carbonyl reactivity via resonance, making nucleophilic additio
-, so it fails the iodoform test.

. Benzophenone lacks CHa—CO | |
. Acetophenone passes iodoform test because it has a methyl ketone group (CHrCD.,}

Ns hargy,

Test Details

BOMIETEE TS e i
: iacal silver nitrate = 2[Ag(NHs),]* + OH-

i Reagent: Ammoni
| Detects: Aldehydes only (both aliphatic and aromatic)
| Reaction: Aldehyde gets oxidized to carboxylic acid, Ag* gets reduced to Ag

| Observation: Formation of shiny silver mirror on the inner wall of the test tube

» Reagent: Copper(ll) citrate complex — Cu(CgHs07)?- in alkaline medium
« Detects: Aliphatic aldehydes (and some a-hydroxy ketones)

» Reaction: Aldehyde — carboxylic acid; Cu?* — Cu,0 (Cu*)

+ Observation: Formation of brick-red precipitate of Cu,0

o Fails For: Aromatic aldehyr.os (e g., rer 7z 1a¢ hydn)

i i

Fehling's Test
Ly Reagent Y P T e

o Fehling A: CuSQ45H,0
o Fehling B: Alkaline solution of Rochelle’s Salt (sodium potassium tartrate)

Detects: Aliphatic aldehydes only

Reaction: Aldehyde — carboxylic acid; Cuz* — Cu,0

Observation: Red precipitate of Cu,0

Fails For: Aromatic aldehydes and ketones

lodoformTest ..
~+ Reagent: |, + NaOH (or KI + NaOClI) B SRR
» Detects:
o Methyl ketones (CH;~CO-R) '
o Compounds with CHs~CH(OH)~- group (on oxidation) .
Reaction: R-CO-CH; — R-C0O0O- + CHiI; '
Dbea_rvatmn: Formation of yellow precipitate of CHI, (iodoform) with antiseptic smell ’
Positive For: Acetophenone, acetaldehyde, ethanol

Negative For: Benzaldehyde, benzo e
- : phenone ;

_____ ______._..-‘-’r

- ORE.WS%;IN

Page 88
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el

o
'1 L
-

e
P e e
e -
_'-"-"-G-..
L T R
e ——
e —

.. ,co Ra + NHQNHE +KOH = R-CH,-R' + N, 1 + H 20 cronaly basi, N
high 1emperature1 REAAGMOH

el —
5 e e
s
-
.
-
=
-
s
e

_d____,_.u--n—-pn-upa---.*____

I

i

|

1

1

[

] e
1

! -

I

--------
---------------------
--------------------------
...............
e

R g . STFOHeg acidic, ro
-CO"R + Zn{Hg) + HCl— R-cH —R’+ H om
; ‘ 20 o mild heating Eﬁ&l§24

- S
e e  ————————

/ﬁ\ _ | . L
= R Zn-Hg -.

aqueous HC|

Lhwnq-ﬁ__H____

i i
.

o

o Phosphorous Ylide CH, "*L NAME25

PPh,=C'{, | | | CJ REACTION .'
—_—— \/J\ oo+ PRR2=0 ;
udf‘"-‘F‘F-*-’;i. :

e Ee p st A R 0 e lﬁpﬁﬁﬁ et

Hnw to form Phosphorous Ylide?

el -

(\ I SN PPh3 i k.
_ 2 b-BuLi PPh3 : Fas
B H S,
/‘\/ T + a PPH3 ST Ej : .pe : YR
H § H
t./zB

+ The Reaction proceeds towards elimination of P=0 since oxygen has higher affinity towards
Phesphorous than Oxygen. Wittig is stereoselective (usually gives Z-a1kene)

5 Bl Eks e oo o el Foneis i -
s s s the C-CO bond breaks in such a way that the

During the oxidation of an unsymmetrical ketone,
the
Smaller alkyl group remains attached to carbonyl carbon to form a carboxylic acid, whne :

larger group is cleaved and further oxidized (usually to another acid, formic acid, or GO;)

e | S /\_J\ + CO,
/\“/ /ﬁ\ Ox:dlsmg _ Oxldlsmg
| Agent

Agent :
Preferred! 4 : : : E
L) 2 Page 89

N o :
Udeni:hﬂlc addition to Aldehyde and Ketones
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consider the Nucleophilic

When we ]
substitution on a carbonyl carbon, the
nucleophile always attacks at the Carbon in _CH,

C=0 (carbonyl).

yl compounds into Consideration,

on
But the case changes when we take a, B - unsaturated carb

Nucleophile  Addition Whyy
0 Nu Why?
G'! . R"'ng 12 Hardn_lm
Nu e R-Li : attacks C=0 dirgeyy
1,2 Addition | — ety
. RzCULi 1,4 ofter nudeﬂphlie
prefers B-carbon
« NaBH, 1.2 Direct hydnm
| « LiAlH, : o
et « CN- 14 Delocalized, prefers
Nu « Enolates . conjugate attack

« The 1,4 Attack of Enolates (Acting as nucleophiles)
Michael addition is a 1,4-conjugate addition of a nucleophile to an a,B-unsaturated carbony|
compound, forming a stabi'ized j iuCuct Via the B-carbon.

e e A

mehaE ':Add t

_g,u,_,_‘ E, »---'“-rr"ﬂr-f o G e i

i 0 Cf 0"
: Conjugate Protonation

0 Addition

L P L R R IR R RN Y] L L R E e R e r ST mEEEEENEENEEEE sEsEEmEmEEERSEsEERNERRE

o ¥ T T ™,

L% Bk wu@nmﬂmﬁ m&rwmm .
Under Basic conditions,

Under acidic conditions, base removes 3
aser
One hydrogen shifts, and ACID BASE ﬁf om the carbon
you get a double bond ENOLATE hydngﬂt t; the C=0. This
nex

between carbons (C=C) tive chargé
and an —OH group. ENO" '{ETO e d by the
Most Stable Form Wisdinls Stabmzeox}fgen.
Called "keto" because of the ketone or aldehyde group. KR
RANSHOREV!

Page %0
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To f_r:}_rnj- Enolate : Eas_e o'f_Abstrécﬁﬁﬁ' ofH vanes

Base
M Two carbonyls stabilize the enolate

P via resonance — very acidic g-H
Base Only o b ili E
H . y one carbonyl to stabilize the enolate
Remember : "More carbonyl = more stable enolate = easier H* loss"
SN G S §
H H

Ease of Abstraction of H varies as above

1_

Kinetic vs Thermodynamic Enolates

o® o) '
; _ . NaOEt
LDA
Pﬂ— "#
-78°C ~60-80°C |

Keto form More substituted enolate
Reversible, equilibrium-favored

Less substituted enolate
Fast, irreversible abstraction of

less hindered a-H
Bulky, strong base (e.g. LDA) and

R-X Low temperature (= =78°C) gives
Kinetic Product

R-X

O SI’HEH: weakEf base (E.g-, NaOEt,

: NaOH) andHigh temperature
(reflux or warm, 60-80°C) R

gives Thermﬂd?namic Product

Kinetic Product

L Rk e e e T SRS Erl o G

Thermodynamic product

Page 91 g

Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.




ATDB PDFZ

ATDB.uno | Studyprayas FOR PERSONAL STUDY USE ONLY. DO NOT SHARE OR REDISTRIBUTE.

ATDB.uno

T T T T S e s s e AT

Alpha-H atoms in both Reactants

= it T TSR
L DT

3 e
s

e
.,

s pis

5 S 5 & .
I dil. NaOH /TH\)J\ . iﬂﬁ?ﬁmh’mg'@
‘\/’F\H H X '

" Loses water H
2 eq. Aceta!dehyde B-hydroxy carbonyl  «,B unsaturated carbonyl N ME

When aldehydes or ketones having at least one a-hydrogen are treated with dﬂute h

undergo nucleophilic addition followed by condensation, forming a B- hydroxy aldehyda St |
T
» Aldehydes are more reactive due to less steric hindrance and more eiectmphrhmty E'ton&
+ Only compounds with at least one a-H participate |
* Benzaldehyde and Formaldehyde (H-CHO) does not undergo aldol
Aldol Reaction
Os S o® J\/R o TR 0 -
i f"“‘DH C . i
g CH J\ 7—~ /!\/K,R HJ\]/l\/R
R 5{ R
Rzate Determining S.ep ) Healmg
D Lﬂsﬂvﬂﬂ-
Aldol Condensation product H)I\|("\’R
R
Examples
LDA
Jj\/ __THE
Hzo M\/
u'.'r"‘
@ )L _dil. NaOH _
Hz
M dil. NaDH l ||
musuof@f—'
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ossed Aldol Reaction

ro

f compound A and Compound B both have at least one a-hydrogen:

‘ , A+B— multiple possible aldol products j
Th!s happens because both can form enolates, and both can a

mixture of products.
OH 0O 4
\/ﬁ\ dil. NaOH H
: y OH o
L ” J A
+
_ 4 H

ntramulecular aldol Reaction

ct as electrophiles, leading to g

0 2 i | | .
/I\/\)\ dil.NaOH * Preferentially forms 5- or 6 -membered
A rings (stable)

its an aldol condensation that happens within the same molecule — when a molecule has tw
carbonyl groups(aldehyde or ketone), and one of them forms an enolate that attacks the other. ’

No Alpha H |n any reactant

—mmE emm=s

; Reaction g . .OH- ) f €
NaOH WP
by H)k XA,

*TNAME28

& REACTION

S mm———

Aldehydes without a-H's

« A disproportionation reaction in which non-enolizable aldehydes (i.e., no a-hydrogens) react

with strong base to give:
o One molecule of alcohol (reduced)
o One molecule of carboxylic acid salt (oxidized) which is hydrolysed to form Acid.

Rate Determmmg Step
0 O—H HO- J—
o P 1EJ——- ;D JE?
: R” | ~H OH- attacks the carbonyl carbon = forms a

tetrahedral intermediate _
« This intermediate transfers a hydride (H-) to

f another aldehyde molecule -

H ? H
H+
X e 3<m- i 'RJ.I\;T s Acidification gives carboxylic acid (if needed)

i Page 93
Nucleophilic addition to Aldehyde and Ketones
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Example
O O O
dil. NaOH
Intramolecular Cannizzaro Reaction
. One aldehyde group gets Oxidizeg
T\ carboxylate ion (-COO-) =
H  dil. NaOH ona e« The other aldehyde gets reduceq — "
e i (~CH0H) Cohgj
]/ « Since both groups are on the same mole
0 OH the reaction is intramolecular, * Cule,

Knoevengal Reactlon

N It is a condeneation reactlen between an e!dehyde or kEtDﬂE and a Cﬂmpound cantam;nh
g

active methylene hydrogens.

e T B - B e
________
ey

{ R G - R g ©andG are Electron |
5 Hzc: yridine C: withdrawing -M groups
| H G’ AT %NAME E
————— . W Y4 40 - B H 0SS Ei_frmun E
Example . 0 0 -
0
. HsC CH,

Ben2|l Ben2|||c Rearrangement

» When benzil {a 1,2-diketone) is treated with a strong base (I|ke NaDH) it undergoes
rearrangement to form benzilic acid, an o- hyclrexycarbexyhe acid.

e e i s

O oH 11.0H- attacks one of the carbony!

| Ph OH- groups —> gives a tetrahedral

ip i OH i i

i . Acid workup Ph SemEdiE, ; 9-shift)

i o Ph 2.0ne Ph group migrates (1.2

:' O%NAMEQB from one carbon to the other

T, e S REACTION |d aﬁer
------------------------------------ i 3.Generates a Carboxylic ac

I
acidic work and a tertiary alcoho

Page 94 iR vidon
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important fact to note : OH- attacks the carbonyl which js more electrg

pelow, It doesn’t connect to carbonyl carbon which is connected to benzz::‘:;i;i‘k;;n Eéxarnple
2(*Mgp.)

proton Transfer
— — —

Ring contraction with benzil benzilic acid rearrangement

 In normal Benzil rearrangement, a phenyl or

O
- OH !
- e Buti s T 2 .
Acidic workup | ut in cyclic 1,2-diketones, the migrating group
0 /

« pgtof he r'ng so when it moves, it shortens
the oiiginal ring.

Perkin Reaction i

b e D g

+ The Perkin Reaction is a base-catalyzed condensation between an aromatic aldehyde and an
acid anhydride in the presence of a weak base (like sodium salt of the acid) to form qB-
unsaturated carboxylic acids. '

.........................

Cinnamic Acid

2 NAME?7

REACTION

r No «-H's 0 0 . OH}‘
| TRy : — CH=—CH ';
. CH==0 '} H‘< CH=—CH e
i ----------- 0 0 H D 0 1
i 2

CH3_<O CH;COONa 5 -

_________
e e

Nu i e Page 95
cleophilic addition to Aldehyde and Ketones 5
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Reformatsky Reaction

in which an a-halo ester reacts with an aldehyde or ketone in the prESEncé ey
Of g,
 WeEd

gk
o Tt Pty I oy LA

« A reEaction

metal to form g B-hydroxy ester.

0 o 0 o
- e
. o workup S 5

2 NAME2S

—~ REACTIC

- Zinc inserts into the C-p; bong ¢ .
a-halo ester — formg Gmaﬁf?&
enolate (Reformatsky_ reagem)u =

« This enolate attacks the
carbon of aldehyde or ketone

« After acidic workup, yoy get &
hydroxy ester

Carbons

1
L i o 8 R e S

&
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i =

attached tq

al

cl’
. Mg MgCli G
rignard reagents are mMade by reacting a]
alkenyl halides (Cl, Br, or 1) with ma o
Magnesium inserts itself between ﬁ:‘lesmm ol
Ma halogen, formin R iy ca_rbcn and
A~ , NG RMgX. Bromides ang iodides
Z mgsr  "€aCt more easily than chlorides. '
Gri na 3 : } e ._ - . oy . "V e g , - :
gnards Rea;tmg with different species -_
R—OH . .
o R MgBr —_—— R—H = reaction with Slightly acidic H
s fnrms Alkanes (Already studied)
1)RMgBr o .
e o : |-:+ 9 - (I_-! « Reaction with Carbon Dioxide
) H+ (workup) R” “oH © Forr_ng‘c;;rboxylic Acid I
e tﬁ 1)RMgBr HU\ ;Q « Reaction with Aldehyde or Ketones
c - o Adds once, Aldehydes — 1° Alcohol
N 2) H+ (workup ~C . : ’
R H (R ) R oH and Ketones — 3° Alcohols
0 {ﬁ 1)RMgBr HD\ « Reaction with Carboxylic acid Derivatives
c - Adds twice to form Tertiary alcoho! :
-~ 2) H+ (worku PN - tviati %
R “oRr AH+(workup) . ~"Np (Except First derivative)
. OH by et ides
O « Reaction with Epoxides el :
0 /<\ bt e bW . R o Addstoless substituted s.l.de’,"hg e
R c—H  2)H+ (wcrkulp). R ’ /C\H - pbreaks to form alcohol o .
1 :
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» We have already studied, how carboxylic acids are made.

o By using Jones reagent on 1° Alcohol.

o By using Grignard Reagent on CO, _
« The other famous methods to make Carboxylic acid is to do Hydrolysis of it's

depending upon the condition used or via oxidation using KMnO,

v Dl’-‘rival'r-rez

T

~ Hydrolysis of Carboxylic acid Derivatives o

O 0 0
El: T 1" 0
C ‘'C oo
R \.Hf;i' __ R \:..OAcﬁ RL WK R” \'N
s =g NH,.
Acyl Halide Anhydride Ester Ami
) J N Mide
Mild h =% n¢ deidicaor asic
[ or room hydrolysis,
temperature } [ heating needed
Occurs 0
| spontaneously, ” . Requires strong
even in cold & o acid/base and heat J
water R” NoH®
Carboxylic acid

+ Ease of Hydrolysis
o Acid Chloride > Acid Anhydride > Ester > Amide

« Individual Reactions
o R-CO-C| + H.0 = R-COOH + Hc| (Acid Chloride)

(R-C0),0 + H,0 — 2 R-COOH (Anhydride)
R-CO-OR' + —R- ' idi
e ;;C_l ::: COOH + R'OH (Acidic medium) (Ester - Esterification)
e ~COO- + R'OH (Basic medium) (Ester - Sapnnificatiun)'
s 2+H;0 + H* = R-COOH + NH,* (Acidic) (Amide)

~NH; + OH- = R-C00- + NH; (Basic) (Amide)

o

o

=]

o]

o]

Page 98
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. Oxidation to form Carboxylic Acid Dervatives tams ki =

b et et T e

. Potassium permanganate (KMn0,) is a strong oxid.l:i:k_mmauh : £
organic chemistry to oxidize various compounds into carggiiﬁgté;z: s commonly yseg b
KNnO, OH Oxidation of Primary Al
P ¥ OH  — /Y Carboxylic Acids iliiais
0
KMnO, OH Oxidation of Aldehydes 1o
—_— /\n/ Carboxylic Acids ' '.
0 (0] 3
§
F i
: i
HOT COOH . \
3 Oxidation of Alkyl Side Chains in \
l_m“n > @ Aromatic Compounds |
HOT i
KMnO, N() Cxilation of Alkyl Side Chains
—_— REACTION Duesn't happen due to no Alpha-H
Present

Terminal alkenes give formic
acid (HCOOH) or CO; upon

+ HCOOH _
KMnO, " CooH further oxidation.

uion, Thus we car

ivatives undergo Nucleophilic acyl substit

he group already present. N
d in interconverting them.

« We know that carboxylic acid der )
interconvert them into each other by replacing t ts use
+ Flowchart below will help you remember all the reagents

Dagg 9"
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iIRvCOdH R—MM‘ - —— |
[r-cooH (RoCO)0 (Anhydride) _|Heatwith PO & o Ydfa“"@l agent
e | R'OH + H* (Fischer esteruficatﬁ)\\

R-COOH R—CDD@M = _ _ —____]
[ R-COOH R-CONH, (Amide) EMG“' chloride, then use N,
[rcooH oo |Reactwith CHaN; el
[R—Cocf (R-C0);0 React with RCOO- (carboxylatm
R-COCI R-COOR' o~ R'OH (alcohol)

R-COCI R-CONH; ( & am) NHs or amine |

(R-C0),0 R-COOR ? § ROH (Alcoholysis) %i

(R-C0):0 R-CONH, 77 NHs or amine :

R-COOR' R-CONH; NH; + heat
Elucidations

1.Amides cannot be interconverted into any other derivative due to it's stability. Thus we first
convert it into RCOOH using hydrolysis under drastic conditions ‘and then into other
derivatives. S
2.RCOCl can be easily intercoiveried nto &3y derirativ : Ls'ng alchol, carboxylate and Amine
due to it's high reactivity.
3.P,0s is a great Dehydrating agent to remove water and form Anhydrides or Nitriles,
a.Reaction with Acids
= 2R-COOH + P,0s = (R-C0),0 + H,0 (Forms Anhydrides)
b.Reaction with Amides
= R-CONH; + P,0s = R-CN + H,0 (Forms Nitriles)

e e
-------------------------
..........
--------
-------- -.'_-J
SE—

T N—
___________
e s e

Page 100 o
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oint to remember ( » This  oxygen comes ll
) impnﬁa"t P 0 from Carboxylic acid. ]
A 0 |
OH CH4;0H OCH, 1
HzSOq, ]
This oxygen comes }
from Alcohol.
molecular Esterification gives Lactone ' | |
: [ntrd : i
0 | : |
/\/\/T]\ H* . This works best for 5 *'
, OH * WO to6memberedrings -
H SE

spaiicaton
CHgCOOCsz +NaOH — CHgCOONa T CZHEOH

Ester Carboxylate ion Ethanol

e e

o o

» This reaction is irreversible ar.d conimenly uscwin € 0e p- ni k'ng where esters of fatty acids
are hydrolyzed to form soap (the salt of a ratty acid) ana giyceroi.

5] importantNameReactionsin Carboylic Acids |
_ The base used is exactly |
S E"h‘”“d? 0o o the alkoxide of the Group |
| /\‘ON . )I\/“\ attached to atom in ester
| )l\ - N
I: 0/\ /\ o o i
. OH B-Keto ester Y N AME 30 :
{  Ethyl Ester Ethanol &/ REACTION
+ The ester must have at least one a-hydrogen (adjacent to the carbonyl group).
+ No a-hydrogen = no enolate ion = no reaction. |
« Claisen condensation is just aldol of esters with a leaving group
+ Intramolecular Claisen Condensation : Also known as Dieckmann Condensation
0 0
o 0 ~ ona
. r 7 SOEt
5 7 ~OEt
te0” 'Y F 6 =
Page 101

Carboxylic acid derivatives
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Position

! —
' Br %

HVZ is the only standard method for a-halogenation of carboxylic acids dirECﬂy ~-...,E"anu31 .

No a-H = no HVZ (e.g., in formic acid, HVZ doesn't occur)

Intermediate : Acyl halide (R-COX) and its enol form

Red phosphorus (P) is essential

Best Use : Used to prepare a-amino acids via subsequent NH; substitution

----- ——
i i

» Note : Loss of one carbon atom (chain shortenst)
» Works best with alkyl groups; aryl groups are less reactive

o E.g., benzoic acid fails die ta naor farmati ,
; o7 -2rmation of aryl r i o
» By Products : CO, and \cBr ryl radicals or Instability.

Compound  Rxn with NaHCO,? Gas Evolved?

Reason

Carboxylic Acid 7 R .
. Yes & CO, evolved Strong enough to neutralize bicarbonate
eno XN :
0 X No Too weak to react with bicarbonate
Alcohol x No x No

Even'weaker acid than phenol

* Ifa compound gives brisk effervesce

e nce wi i : ic aci '
* Thisis a standard test to distinguish with NaHCOs, it contains a carboxylic acid group

carboxylic acids from phenols.
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Picric Acid is one of the most
acidic phenols (more acidic

OH than acetic acid)

cl O'Na* NO, NO,
NaOH OH OH

Cumen€ O Aspirin

Cumene roxide
hydrope Quinone SHOTTEN BAUMANN

Also shown by Aniline

NAME 3

REACTION
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T T ) LYy LY PR Bl e ¥ .
Yo stet dhaiteh [(aenla e widm bl Ty, 1
| sliaas WA ---'f'\'}--i.;[{-"-"'; il S I L
[ o e maa o e SR P > _
R i T e ol Tkt e AP L ??k e
gRemaIniNGIReaCHONHIOEANIIINGS

A g M B e e e R

_______________________________________________________________

An amide reacts with bromine (Bry) and
a strong base (NaOH) to give g Primary

. NH, . %
:, /\)J\NH Br N~ 2 amine, with one carbon less than 1k
2 original amide. ; ¢

{ NaOH
; Amide Primary Amine %
e AT e ONAMER

» Itis a rearrangement reaction.
Isocyanate intermediate (R-N=C=0) is formed during the mechanism.

The product amine has one carbon less than the starting amide.
» The F{-grcfup migrates from the carbonyl carbon to nitrogen (rearrangement step).
« Bromination — Rearrangement — Isocyanate — Hydrolysis

 ROHy A~ _N.__OR |
r/\/lok ot / Carbamate Q ‘
i | g I |
Acyl Azide h ‘ |;:;;3;:_~‘-_0 \Z —':!?'9—)‘- A/NHE
r NA - :13 w,
| NAVE

* Itis a rearrangement reaction,
o : , .

Rsocyanat‘.e intermediate (R-N=C=0) is formed during the mechanism
* R group migrates from carbonyl carbon to nitrogen +

S NAME 36

&2/ REACTION

Reactant Rea
gents i
. Product Evolved Intermediate Formed
Carboxylic Acid Nat e Primary Amine | -
(cone. H2S0,) (R-NH;) CO, + N, Isocyanate (R-NCO)
Ketone HN; + H+ :
3+ H N-substituted Amide N, Azidohydrin / Nitrene
Aldehyde HN, + H+ N-formyl derivative
(R-NH-CHO) N, Nitrene / Isocyanate
age 104
> ANSHOREVISTON
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A

e inin e

Jamide Reaction

REACTION
phthalimide

: "‘"
Primar-y
\ . Amine. %NAMEW

i e B
__ ——

% Not suitable for aryl halldes ( g3 CEHE*Br) of tertlaury.r alkyl hahdes :
% Does not work for secondary:or: tertiary'amines.’ | i i
. X Requires careful hydrolysis: CGHdItIOHS to avmcl snde products

¥ wy
3o p . [
ER

(¥

The Carbylamme reactmn (also’ known as the -
'tsacyamde test} is ‘a chemical test where pr:mary_ __
o s (both aliphatic’and: aromatic) react. with
| are forn +( 3 Cl) an 1 alcoholic ‘KOH 'to. prnduce

foul-srnelllng |sacyan|des (R-NC} %
: LG E: asn.n‘nnu

e e 0

e - 2 e S —--i—--d---‘-------d#--—u---
-
. e o e i O e B
T T e pr e v
= s s i i e i
p————— L = T
e

« Not Given By*
o Secondary.and ter’uary amines. d _alcohﬁls Etc
o Amides, amhdes nltro cmmpc}un S

Intermediate : chhloroca(rber}e Sa(il; n df pn-ﬁ\ary amlne)
i
Observatmn Faul smell (coen

of isocyanide:; AR
Used as Tests fc-r F’nmarh’

Ng gas evalved bl.lt PUﬂgE"t SmE" i

Ao, e

g Y
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ationEdiand|E2iMechanions.

o E1 is a two-step elimination where the leaving group leaves first, forming a car
. followed by base-induced proton removal to form an alkene.

H,C Q\Br

CH,

bocation

CH,

' E2 is a single- i
= Ingle-step reaction where base abstracts -
t. Simultaneously — alkene forms.

e
Et—0 H H

@ ~
Na Yy SaC
Hzr, -'.:}— _< e la A HSC /

g C

Steps
Ste Two-step (carbocation formed)

Rate depends on

“*‘—'———-———-—-—-.._____ E2

One-step (concerted)

i e Only substrate [T T e ]
:Carbocatjnn formed? _'____‘__T__“‘_H-——-“‘*“———S—Lfsvate *base
e i . es
|Rearrangement possib|e2 % o
| - es e
| Base strength T S "o
—— | Weakbase sufficient T Bemvies
L ] s-—m-quhstrates Requires strong base

_________________ " 3"> 2 e
Eolvent H_ﬁx F==1°

o Polar protic ( .
ﬂﬂﬂﬂﬂﬂﬂﬂ ) e‘g*: H O ROH
Stereochemist I o o !
" —_— aprotic / strong base
e L Not specific m:ﬁ{“—‘_ -
g : nti-periplanar required
-“_'_-_“-_-___-‘___-——-‘-!
F—. q -_"-I
Page 106
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?‘F"

ﬁber of Steps

, @N; e — Two-step (carbocation intermediate)
N ,——"—'-_"-J‘-'-‘—
: cp /SN2 = One-step (concerted mechanism) @M

¢ Rate Law
Jf{

ate o< [substrate]
, E1/SN1—=R [

, E2/SN2— Rate o< [substrate][base or nucleophile]

, £ ReagentType
s -E1/SNT— Weak base/nucleophile

o E2/SN2— Strong base/nucleophile
. E2 often uses bulky base (e.g., -Bu0O-)
. SN2 prefers small, unhindered nucleophiles (e.g., CN-)
< Substrate Preference ,
o E1/SN1— 3°>2° (requires stable carbocation)
o E2—3°>2°>1°
» SN2 — 1°>2° (never 3° due to steric hindrance)
Rearrangement Possibility
o E1/SN1— Possible (via carbocation shift)
o E2 /SN2 — Not possib’e
(@ Stereochemistry
o E2 — Requires anti-periplanar B-H and leaving group
o SN2 — Gives inversion of configuration
o E1/SN1 — No stereochemical control (may give mixtures)

¢& Solvent Type
o E1/SN1 — Polar protic (stabilizes carbocation)

o E2 /SN2 — Polar aprotic preferred (faster reaction)

Examples

1.CHsCH,Br + NaCN — CH3CHZCN + NaBr

ion (SN2)
> 1° alkyl halide, Strong nucleophile (CN-), No bulky base or carbocation |

2.(CH3)sC—Br + H0 = (CHz):C-0H * o : t Carbocation forms (SN1) |
o 3° alkyl halide, Weak nucleophile (H0), Polar praticsghen’ - /
3.CHiCHBICHy + tBUO- —> CHiCH=OHa + FBUOREET ) ynaton (2 |
o Strong bulky base (t-BuO-), B-H available, No carbocation, . 5 J} J
=CH, + HBr elimination i

4.(CHs)sC~Br + EtOH (heat) = (CH3)2C t favors g
(CH): ( bocation formed, Hed osge 107 FE

o 3° alkyl halide, Weak base (EtOH), Car i
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1} b= '::f‘:—n-:-.i.m.' iy BT 5 X LTI oty ST el e P A o b g e E
Pt o ey e e —
e s e - S R L R e e T g R e el A e Al J : .‘?‘r;i; SR
Carbon (C mEEle
(€) C +Cu0 — Co, CO turns lime water milky due to Ca?[—{ .
Hydrogen (H) H + Cu0 — H,0 3)2

Moist CuSO0, turns blye (CUSO,;-EH;D)

Lassaigne’s Test - Sodium Fusion Extract

:Iqlfrngen (N) NaCN + Fe? — [Fe(CN)g]* " oulFe(CNJels xHzO Prussian
aCN formed Adding Fe*, Fc L :{C'\l';jg xH,;0 Dus
* NH2-NH2 doesn't give this test

First Sodium Extract boiled with HNO
Halogen (X) « Nacl+ AgNOs; — AgClI (white ppt)3
NaX formed o NaBr+ AgNO; — AgBr (pale yellow)
* Nal + AgNO; — Agl (Yellow)

On Adding Ammonium Hydroxide
* AgCl Dissolves

* AgBr partially dissolves

* Agl doesn't dissolve in NH,CI

Sulph
phur (S) Na,S + Lead Acetate — Black pPpt of PbS.2CH;CO0ONa

Na,S f
2o formed  Na,S + Naz[Fe(NO)(CN)s] — Nas[Fe(NOS)(CN)s] Thionitroprusside (Violet)

S&N
together NaSCN + FeCl; = [Fe(SCN)]> [Fe(SCN)J* has Blood Red Colour
Pho i - ith nitri
S?:;rous Solution boiled with nitric acid and then ~ Ammonium Phosphomolybdate
treated with Ammonium molybdate (NH4)3PMo012040 is yellow in colour
RANSHOREVIs§on
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Sodium Alkoxlde is formed

pmmm—

nd H
Released :
"
Lucas Reagent
Test ALREADY DIsSC

Jone's Oxidation

Orange Red Colour Cr5+ to Green Coloyr

__-"'--'-._.______

Cre Test for 1°, 20 Aleghol

Victor Meyer's
test

Alcohol + P/lz + AQN02 s NﬁNOz/HC' +

KOH 1% Red colour ; 2¢ . Blue Coloyr
Yellow colour of Ceric A '
mm. Nitrate,
CAN test (NH4)Ce(NO,), changes to Red to Testfor 1°, 20 Alcohol,
culnurless Slow for 3° alcohols
HO CH,
Periodic Acid | ____ = LHIGL JEIC
st S ' = ¥ + HIO,

Given by Diols /VCHa ' "

CH,
lodine goes from +7 oxidation state to +5 Oxidation state

Brz in CCL;

ALDEHYDE AND KETONES - All Tests A!ready Dlscussed

Red Brown Colour of Bromine
Disappears

Given by Alkenes and Alkynes

Baeyers test

Given by Alkenes, Alkynes,

04 Disappears
Purple Colour of KMnts e Aldehyde and Alcohol

Gives black/brown ppt with Ceric ammonium Nitrate

= -lll' water

t . ;
CAN Tes otassium permanganate solution and undergo oxidation to
Reduces P quinones,
KMnO, Test
Faiely Sast X henol is formed which is white in colour (Brown
Z,d,ét"bmmop dissappears)
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2 « Nitrogen gas seen -inf : .
; .| » RNH; + HONO = ROH * HzO + N2 bubbles o
Nm;::tAmd « R;NH + HONO — R;N-NO + H2O | . vellow Oily Nitrosamine -
« RsN + HONO —R3NH'ONO- « Soluble Nitrite salts '
f Azo-Dye |Aniline on Reaction with NaNO; + HCI forms Diazonium whicm 1
? : I C-t“:ln Wi
. Tasi Napthan-2-ol gives Azo dye (Scarlet Red in Co our) ith !
Libermann R2NH + G -G Nitfosammes Wt-“ﬂn heated with Phenol and Con
Nitroso test H2§D4 is added, Green colour is formed which turns Blue with an alkali i 5,
amines) R
Benzene Su!fg-ryf Chloride RNH, N—Alkylbenzenesulf‘:’m
o f e » Compound formed is soluble jp, alkal;
) i
ik G anr g.N - D:alkylbenzenesulfonam;d
Il RN ompound formed is insoluble jn 3FT< :
0] ——> No Reaction °
Carbylami .
L T};st ine CHECH?NHz + CHCI; + SKOH — CHaCHzNC N T
* (Offensive smell of isocyanide with 1°)

ge 110
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Reaction

o
()
=

« Organic compound is heated st Y/2H,0 + Z/2N, + (o +y/2
i i 5tron
2 In a carbon dioxide- Y with exc
ction : e-free at €ss co
Gas Colle + Nitrogen in the com Nl PPer oxide (cug)

Volume Correction

Final Formula

& Example: R T

A 0.2 g organic sample gives 25 m. ¢ N (o Wi T T
sof « . (28 x 0.025 x 10g

N at NTP. Find % of nitrogen, & 15.625}3: (22.4x0.2)

|t"m of Nitrogen - by Ammonia Measurement) |

Principle (and catalyst like Cu/Se).
. » Upon making alkaline, NH; gas is liberated.
« NHs is absorbed in HCI or H,S0, and estimated by back titration.

Digestion _ ' i ' Organic-N + H,S0, = (NH,),S0,
Alkaline Treatment. . (NH4)2S04+ 2NaOH — 2NH; 1 + Na, S0, + 2H,0
AhSGrptiQn o _ , NH; + HC' — NH4CI

%N = (1.4 x N x (V - v)) / mass of compound
« N = Normality of the standard acid used (usually HCI or H>S0,)

; 1 | acid used)
i = - mL) of acid taken to absorb ammonia (torar_
g S Eﬁg: ((:: mL)) of base (e.g. NaOH) used in back titration (amount
s V=
of acid neutralized) /
: .. rinas like pyridine.
: strogen in aromatic rings
*Not suitable for nitro, azo compounds o nitrog e |
. o G 14 % 100]/ !
0.25 g of an organic compound wains L 1(25{;[:00; : 3:;;) o J
25 mL of N/10 HCI. - 8.4% oy ]
i 10 NaOH. ; e A
~Back titrated with 10 mL of N/ e R : : die

Downloaded from ATDB.uno/StudyPrayas | Unauthorised redistribution is strictly prohibited.




ATDB.uno ATDB.uno | Studyprayas FOR PERSONAL STUDY USE ONLY. DO NOT SHARE OR REDISTRIBUTE. ATDB PDFZ

CARIUS METHOD (Estimation of Halogens)

An organic compound undergoes oxidation by fuming nitric acid with s;
tube. Carbon and hydrogen become carbon dioxide and water, while ha]og
which are filtered, washed, dried, and weighed.

IVer nitrate i

ens form « aniy
Sii\.re;-h g

alige

S}

— )

compound) X100

Estimating Sulphur and Phosphor
An organic compound is heg ~

: ted with sodi .

esulting sulfur is oyjgj sodium peroxid ~ j
X . eor e

caloulate the s idized to sulfuric acjq pr fuming nitric 4aig

ECipitate : in a Carj
d as bariym Sulfate, and jts m:: tube. The
S Used to
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NaBH,;
—
OH Reduction

(0]
+ enantiomers

cl OH

ccml ci2
0
Cl 2 NaNH; H,SO, )l\ NH;NH,
> —_— —) G
*/C‘ — HgSO, KOH
: lErz. hv
OH .

Aiﬂfg |
—

“Dust H+/H,0 @
KOHk:CM

i
COOH C : “
PO : O ﬁa_ﬂl-l' C—OH
z 5 /
Q-O lSDCIz
0
0
!'.lz-'"c‘ﬂ H c H *—-—— |
. ‘__@39__ PdSO, C—cl
+
H:
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N2cy
HNO, Sn NaNO,
— _— ——-—-——t-
H,S0, HCI
» leF’D,
GHy=0' CH,—OH CGHO
R —— A — < rm——.
Metal HCI
CH3Br|Willamson
v
H,C —0—CH, H,C — H,C = Mg
H.C —cooy
Y HI R Mg N
—_— TS ____*
=~ -CH30H 2 Drv ether /
Ag.0
L
COCH3 COOH H.C —C00Ag
DIBAL-4
—CHBDH R G
lp%
Cl Cl
2Na
HiC—C] —» H.c— 2Lh |
Dry ether C—CH, hv_—b Hé f!?Hz + H,C—C—Cl
s H ]
Alc. 2KOH
29 pe=cH
hot Fe =t
Page 1
age 114 tube RANEHOREV!S'&JN'
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1 p‘i
ot
L :Ieﬂ"\*a#&a j‘r.g,

Formatidn of Aépirin : Salicylic Acid used in Shampoo

i
; /ﬁ\ /L —C—CH3
COOH o COOH
NaOH Schotten-Ba umann

Reac
Phenol tion
Formation of Ibuprofen Painkiller ;
)T\
———EI- E i LiAIH4 ?H
o C—C
S Reduction H Hy
Friedal Craft
Acylation
OH to Cl | PCIS
MgCl C[l
M e
002 é_CHg -1-——9-'h—— : CH;
Grign H® H Dry ether
witi ;‘;d Grignard Formation
2
OO0OH “ )
m Kl er;
C—CHs fem(Pa
' H
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‘Formation of Adrenaline - Flight or Fight Mechan |5m

: HO

-

AlCI3 Nucleophilic
HO At Friedal Craft ~ HO substitution
>atecho : .
Acylation NAB

..+ |Reduction

H

'Formation of Ethyl Asctats - Nail pelisliiemo e |

PR —— |

; H-_}
K.Cr,0; ﬁ HyC —C=—0H H, .
H;C —C—QOH — HC—C—OH ————* H3C—C—0—C=—CH3"
H, Oxidation H .
Esterification
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