CHAPTER 2 4

ORGANIC
REACTIONS

24.1 INTRODUCTION

Organic reaction belongs to following categories:

1. Elimination reaction 2. Addition reaction 3. Substitution reaction
4. Rearrangement reaction 5. Condensation reaction 6. Disproportionation reaction

24.2 ELIMINATION REACTION

If two groups are removed from a substrate molecule, then the reaction is termed as elimination reaction.
Depending upon the relative position of leaving groups, they are classified into four categories.

(i) a-elimination reaction: If both leaving group are present on same

atom of substrate molecule, then the reaction is termed as o.-elimination. —A/\ A s A+ NG
This reaction always results in the formation of carbenes and nitrenes Nu
which are unstable and therefore this reaction is always endothermic.

(ii) P-elimination reaction: If leaving groups are present on the
adjacent atom of a substrate molecule, then the reaction is termed as
f3-elimination. Mostly elimination reaction belongs to this category. —ii‘\\??——>—/—\= B—+E®+Nu®:
In such a reaction, there occurs loss of two sigma bond and gain of E Nu
one m-bond and therefore product system is less stable than that of
reactant system and therefore this reaction is always endothermic.

(iii) y-elimination reaction: If leaving groups are present

B
on alternate atom of a substrate molecule, then the /N /\* /B\ o
L o A E—A C —>Nu—> A_C+Nu:+E®
reaction is termed as y-elimination. y-elimination always \_

results in the formation of cyclo-propyl ring which is a
strained structure. This reaction is also endothermic.

(iv) 3 or higher order elimination: If leaving groups are present on (1, n) position of a substrate
molecule where n > 4, then the reaction is termed as 8 or higher-order elimination.
This elimination always results in the formation of either a conjugated product or a cyclic ring, If a
conjugated product is obtained as a product, then it is termed as conjugate elimination (here, n > 4
and always even) for cyclic ring (n > 4; and can be odd or even)

| I ﬁ A/Reagent

L | !
—C5C=C-CLNOREEM, ¢ c_c—C+EFNG: Ty

| N L W —> + Eo+Nu:

E - g Nu :

Conjugated product
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B-Elimination reaction: It is further classified into three categories.
1. Bimolecular elimination reaction (E,)
2. Unimolecular elimination reaction
(a) E, reaction (carbocationic elimination) (b) E, cb reaction (carbanionic elimination)
3. Pyrolytic elimination reaction

Bimolecular elimination reaction (E,): When a substrate molecule having a good nucleofuge and
having atleast one B-hydrogen w.r.t. nucleofuge, is heated with strong base then elimination product alkene
or alkyne is obtained.
Reaction proceeds in a single step and therefore involved in the formation of a transitition state.
Transition state produced during the reaction must acquire anti-periplanar arrangement in which
five atoms including base atom lie in one plane and both leaving groups must be exactly anti to each other.

Nu | mu

_|_|_ Base . M_< e \_-"'Nu \ v
c|: (i: A—>/C_C\ H/S’} N _>BH WC\_ _>/C:C\ +B —H + Nu®

H
B:e-/A

1. Characteristics of E, reaction: Rate of reaction depends upon substrate concentration as well as
base concentration or both. Therefore, reaction follows second-order kinetics.

2. Since reaction proceeds in single step, whose molecularity is 2, therefore reaction is termed as
bimolecular elimination reaction.

3. Presence of good leaving group on substrate increases its reactivity towards E, reaction.
R-F < R-Cl < R-Br < R-I

4. Since reaction rate depends upon base concentration therefore by considering high concentration of
strong base, E, reaction is favourable.

5. Reaction best proceeds in polar aprotic or less polar solvents.

6. Rearrangement is impossible during the reaction.

7. Reaction has very high kinetic isotope effect.
Alc. KOH

E.g.,CH,-CH,-Cl ———— CH,=CH, + KCl + H,0O

Alc. KOH

CD,-CD,-Cl —=*" , D —CD, + KCl + DOH
first reaction system is seven times more reactive than the second reaction system under similar
conditions.

8. Both leaving groups must be exactly anti to each other, e.g., in case of cyclo-hexyl substrate in order
to participate in E, mechanism, both leaving groups must be present at the axial position in chair
conformation rather than equatorial position.

CH, o

: F& Alc. KOH

ol filp —_— > CH;+ CH,
A\ H \ CH, (Major product)

II Uni molecular elimination reaction: It is further classified into two categories.
1. E, reaction (carbocationic elimination): When a substrate molecule having a good nucleofuge
leaving group is heated in a polar protic solvent, then elimination product is obtained.
Reaction proceeding through the formation of carbocation reaction inter mediate is the slowest step.
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Progress —
5— / O Q-H
L LM Agsolvent o b b A, L&Y >c=c] +H,0°
—Ic—c L =4S > >C=C. —CCLgou> —6 G- L |\} “Fast
H H (translatlon
state)

24.2.1 Characteristics

1. In slowest step of E, reaction, only substrate molecule is present therefore reaction follows first
order kinetics.

2. Since slowest step of reaction is independent from base concentration therefore, E, reaction is
favourable in presence of low base concentration or when weak base is involved.

3. Presence of good nucleofuge increases the reactivity of substrate towards E, reaction.

4. Reaction best proceeds in a polar protic solvent because it favours the formation of transition state
as well as stabilizes the carbocation intermediate.

5. Rearrangement is always possible in E, reaction.

24.3 E, CB REACTION (CARBANIONIC ELIMINATION)

In this reaction removal of electrofuse mostly hydrogen occurs first from substrate nuclecude which results
in the formation of carbanion intermediate followed by the removal of nucleofuge in a slowest step to gives
elimination product.

24.31 Conditions forE cb

1. Substrate molecule must have a poor nucleofuge.
2. B-carbon with respect to nucleofuge must have atleast one H.
3. Reaction must proceed in presence of a strong base.

In E, cb electrofuge is removed first resulting in the formation of carbanion followed by removal of
nucleofuge in a slowest step to give elimination product.

| Strong base _ <

L —>
EWG -GG~ . “C=G+HL

H Poor EWG
nucleofuge
A
Mechanism: EWGzC-C-L F28EwG -C1C ﬁL—> o=+ Li®
Ty 3 oS AT Slow EWG

H
N
B:
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General elimination rules: The following four rules are taken into consideration for this purpose.

1. Saytzeft’s rule (Zaitsev’s rule): According to this rule, during elimination reaction, hydrogen is
always removed from that B-carbon which possess minimum number of hydrogen atoms. Under
such conditions, formation of more stable substrate alkene occurs, which is more stable because
of hyper conjugation.

Note:

Saytzeff’s rule is followed in all E1 reactions and in majority of E2 reactions.

2. Hofmann’s rule, i.e., Anti-Saytzeff’s rule
According to this rule, if reaction condition is favourable, then H is removed from that -carbon
with respect to nucleofuge which posses more number of hydrogen atoms.

Note:

Hofmann’s rule is followed in some E2 reaction and in all Em; reactions as well as in pyorolytic elimination reaction.

3. Bredt’srule
According to this rule, no matter reaction follows whatsoever mechanism a multiple bond never go
to the bridge head carbon of a bridged bicyclic compound unless excellent nucleofuge is present or
ring size is large enough.

B
Cl
Alc. KOH cl
A AV +
B Alc. KOH .
A—» No reaction

100 % yield

4. Conjugationrule: According to this rule, no matter a reaction follows whatsoever the mechanism
is if a substrate molecule already possess a multiple bond then newly formed multiple bond is pro-
duced in such a manner that it is present in conjugation with old multiple bond. This rule is followed
even in those cases where stereochemistry is unfavourable.

CH CH CH=CH,

CH3 CH3
(100 per cent yield)

H

H

Br (100 per cent yield)

E, reaction where Hofmann’s rule is followed:

1. De-hydrohalogenation of alkyl halide having poor nucleofuge produces Hofmann’s product as the
major product
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F

| — — =
CHg— CH;~CH—CH, 5> CHi” CHmCH =CH,
1

(Major product)

2. Ifabulky base is involved in a E, reaction, then Hofmann’s product is the major product.

v T
CH;~CH;~CH—CH, + CH;—C—0° Ke -2 CH;~ CH,~CH=CH, + kBr
CH

3

3. If y-carbon w.r.t. nucleofuge is quaternary, then Hofmann’s product is the major product.

CH, Br s
CH-G-CH=CH—cH, AeKOH o1 &_CHyCH=CH,
37 |3 2 B 3 A 3
CH CH,

’ Hofmann’s product
4. If a substrate molecule contains bulky leaving group, then Hofmann’s product is the major product.
Hofmann’s degradation: When quaternary ammonium hydroxide having atleast one hydrogen at
B-carbon is heated at 350°C, alkene is obtained according to Hofmann’s elimination rule.

CHS‘%HZ_@?HZ_%H3 OH A, CH- CH,~ CH=CH, +H,0+R N:
NR, 350°C
Pyrolytic elimination: This elimination is given by a very small family of organic compounds like ester,
xanthate and amine oxides. This reaction proceeds in a gaseous phase at high temperature, (usually above
the boiling point of the substrate) and does not involve any catalyst. Reaction is example of syn elimination
because it proceeds through the formation of a cyclic transition state.
Reaction always follows Hofmann’s elimination rule.

24.3.2 Pyrolysis of ester

1. When ester containing atleast one B-hydrogen on the alkyl group attached with oxygen atom is
heated at 350- 450°C, alkene is obtained.

Mechanism
? . Lm
R=C=0-C"0H S5045070 14
H<, .
) 2 >(|3
_EAC
$\€/ \R -C

Transi'ﬁon state

2. Pyrolysis of xanthates: When xanthate having atleast one B-hydrogen on alkyl group attached
with oxygen atom is heated at 200-300°C, alkene is obtained.
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S

P
R—S—C O- C 9 HWC C + RS- C SH —> RSH + S=C=0
(xanthate)
N /H \, H \C/ Il
W \?]?»g TZ > [ +MRrs—C—sH
/QX%/C\S. ’ 27N N

- .-'\ td —

3. Pyolysis of amine oxide: When amine oxide having atleast one B-hydrogen on alkyl group attached
with N atom is heated at 150-250°C, alkene is obtained.

:3H‘) ) 5 ,_..H-:..O ¥

é é /R gt S

R—N°— Hojo=c(+JRi—gn  ~FN-R A
R R R

Addition reaction: A substrate molecule having a multiple bond can
participate in addition reaction except cyclopropane. Cyclopropane is Ni/H
the only substrate which possess no multiple bond; still, it can partici- A — /\
pate in addition reaction because of presence of angular strain.
In addition reaction, there occurs loss of one m bond and gain i i HCI /VCl
. —_—
of two -bonds, therefore, product system is more stable than that of
reactant system due to which reaction is always exothermic.

Depending upon the type of reagents involved in slowest step, addition reaction reactions are classi-
fied into three categories:

(i) Electrophilic addition: This reaction is mainly given by alkene and alkyne.

o In general, reaction proceeds in two steps through the formation of carbocation intermediate.

e Due to formation of carbocation intermediate, rearrangement is possible during the reaction.

o If the reagent involved is a weak electroyte like water, alcohol, HCN, etc. then reaction is
catalysed by some Lewis acid or some protonic acids.

e If substrate and reagent both are unsymmetrical, then reaction follows Markownikoff’s addition
rule and is an example of Regio; Selective reaction.
All addition reaction which follow either markownikoft’s rule and elimination reaction which
follow saytzeftf and anti Saytzeft’s rule are example of Regio -Selective reaction.

24.4 GENERAL REACTION MECHANISM

R~ CH = CH, + E—Nu ~R—CH—CHE

R—CH=CH2+E*+R—CHTCH2 R &

E
Coordination
transition state
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24.4.1 Markownikoff’s Rule

Old statement: If both substrate and reagent are unsymmetrical, then positive part of the reagent is
attached with that part of multiple bond which possess more number of hydrogen atom.

D _N{©
St R—CH=CH,E

Nu

H-X
——>R-CH=CH,
X

H-OH
—>R-CH=CH,

OH

ROH  R_CH=CH,

|
OR

R-COOH , g _cH-cH,

0-C-R
R-CH=CH,— I
HEN R _cH-cH,
|
CN
il
HCl, R _CH-CH,l
|
cl
H,SO,
2745 R~ CH- CH,
|
0SO,H
XOH R _CH-CHX
|
OH
m>R—CIH—CHz—°r\i='_'.
OH

Modern statement: If both reagent and substrate are unsymmetrical, then attack of electrophile occurs
in such a manner that the formation of more stable carbocation occur.

1 1 @CH—CH _CH, (more stable)
~ |: ~CH,
@C:-l/:CH_CHS e ’
2 @

2 CH,—CH—CH, (less stable)
®

CH, CH,
I E—Nu I
CH—CH=CH,——> = C—CH,-CH,E

Nu



ORGANIC REACTIONS

24.297 |

@
- 1—2 methyl
shlft

Nucleophilic substitution reaction: When part of a substrate is replaced by nucleophilic part of reagent,
then reaction is termed as nucleophilic substitution substrate. In nucleophilic substitution, involved is either
neutral or positively charged whereas substrate reagent involved is either neutralor negatively charged.

Factors affecting Nucleophlic substitution reaction

Structural feature of substrate: Branching present at o or B-carbon of the substrate w.r.t. nucleofuse de-
creases its reactivity towards S 2 reaction because of increase in steric hindrance R - L + Nu®: > R -Nu +1°

Alkyl part of Substrate Relative reaction rate
1. CH.- 1
2. CH,- 30
3. CH-CH,-CH,- 0.4

CH, 0.025

H—

4 L

H,C

CH 0.03

3|

|

5. CH,~CH—CH,—

6. CH,-CH,-CH,-CH, -
G,

7. HC—C—CH,—
CH

3

oH,

8. HC—C—
CH

&)

9. CH,=CH—CH, —

10. @CH—

~0.4
10

40
120

Branching present at y or 8 carbon creates steric effect but not hindrance.

1. Branching present at o or B-carbon increases the reactivty of substrate towards S 1 reaction.

2. Unsaturation present at B-carbon or heteroatom containing lone pair of electron present
on a-carbon increases the reactivity of substrate towards S 1 reaction.

CH,-CH, -CH, -L<<CH, =CH-CH, ~L<<CH, -NH-CH,

-L
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3. Presence of strong electron with — drawing group on a-carbon of substrate increases its reactivity

towards S, 2 mechanism.
(@]

CH3—CH2—CH2—L<<CH3—C—CH2—L<02N—CH2—L

Strong electron withdrawing group increases the charge intensity on o.-carbon due to which

attraction for nucleophile increases.

4. Unsaturation present at o-carbon may increase or decrease the reactivity of substrate towards

nucleophilic substitute reaction.

Vinyl (CH, = CH - L) and aryl <@ L)

Substrates are almost inert toward nucleophilic substitution reaction.

Comparative study between nucleophilic acyl substitution and aliphatic nucleophilic substitution:

Nucleophilic acyl substitution

N

R\ N o- /
NuSHA=CEL— Nui- G L—>Nu—C—H+ L?
H

H

Aliphatic nucleophilic substitution

w

R
N N
NuS L0 > Nu—CY g —> CYO+ L
L’ A~ ° <

Le

(0]

Nu

Acyl substrates (R—C~L) are more reactive than that of alkyl substrate (R - CH, - L) because of

the following facts.

S. No.

1.  During the attack of nucleophile cleavage
of a weak m-bond occur

Nucleophilic acyl substitution

2. Carbon of aryl substrate is more electron
deficient; therefore, offers more attraction
for nucleophile.

3. Substrate molecule is planar and there-
fore offers less steric hindrance

4. Reaction involves the formation of a
tetrahedral intermediate which is more
stable

Aliphatic nucleophilic substitution

During the attack of nucleophile cleavage
of a strong ¢ bond occurs

Carbon of alkyl substrate is less electron
deficient; therefore, offers less attraction
for nucleophile

Substrate molecule is tetrahedral,
i.e., nonplanar and therefore offers more
steric hindrance

Reaction involves the formation of
transition state which is less stable

0O=0

CH,~

(e}

O O
Il Il Il
R -

O

0
If
—Cl > CH, —CH,—Cl and CH,~C—0—CH, > CH, —CH, —O—CH,

Il
-X>R-C-0-C-R>RCOOR>RCOOH>R-C-NH,
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5. Leaving groups present on bridged carbon of bridged bicyclic compound are always inert towards
any kind of nucleophilic substitution.

L
ﬁb M No reaction

Nature and concentration of nucleophilic: In slowest step of S 1 reaction, nucleophile is not involved
and therefore rate of S 1 reaction is independent from the nature and concentration of nucleophile.If
nucleophile is weak and its concentration is low, then S, 1 mechanism is favourable. In most of the S 1
reactions solvent molecule acts as a nucleophile itself.

Since S 2 reaction proceeds through a single step, therefore the rate of reaction depends upon
the nature as well as identity of nucleophile, i.e, if nucleophile is strong and its concentration is high,
then S 2 mechanism is favourable. Nucleophillicity depends upon

1
Extentof hydration

1. In polar protic solvents like water, alcohol, etc. nucleophilicity o

1

Size of nucleophilicatom

Extent of hydration o

2. Polarizability of nucleophilic atom: Nucleophilicity oc polarizability of nucleophilic atom

Nature of leaving group: Presence of good nucleofuse increases the reactivity of substrate torwards S 1
and S, 2 reactions.

Leaving tendency of nucleofuse, i.e., nucleofusity o« ———
Basicity

Therefore, we can say that weakest bases are best nucleofuses. Order of necleofusity
CF;-S0T> HBC@'SO? >CH-SO;, >Br > Cl° > F°

Nature of solvent used: This is a very important factor. Some reactions may not proceed due to im-
proper selection of solvent only.
Selection of solvent towards S, 1 reaction

Substate Transition Stabilization of Transition State w.r.t. Effect on

State Product Substrate in Polar Protic Solvent Reaction State
1. (R-L) R¥. 1> More Increases
2. R-I° [REG—. | Less Decreases

Selection of solvent towards S 2 reaction

Reactant Transition Stabilization of Transition State w.r.t Effect on

System State Produced Reactant in Polar Protic Solvent. Reaction State
&+ 8-

1.R-L+Nu Nu...... R........ L  More Increases

2R-L+Nw® o po T Less increases
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Reactant Transition Stabilization of Transition State w.r.t Effect on
System State Produced Reactant in Polar Protic Solvent. Reaction State
3.R-L®+Nu° If{uR ...... bi Less Decreases

4. R-1°+Nu® Nu”...R...[* Much less Large decrease

On the basis of the above facts, we can conclude that for SN’ reaction polar protic solvent is more suitable
except, where substrate molecule is positively charged for S 2 reaction, polar protic solvent is not suitable.
It is best to proceed in a polar aprotic solvent except where both substrate and nucleophile are neutral.

Mechanism involved in nucleophilic substitution reaction :

S,2 reaction: When a substrate molecule having a good nulceofuge is treated with a nucleophile, Where
attack of nucleophile occurs from opposite side to that of leaving group, then there occurs the formation
of a pentavalent transition which gets converted into inverted product if leaving group is directly attached
with chiral centre in substrate.

R

o x| 5~ o— /R
Nu + CQ—> Nu—C—L —> L®:+Nu—0¢C, +L*=
H\\\\A H\\\\ B////H
R' R’

R’

24.5 CHARACTERISTICS OF S, 2 REACTION

1. Since reaction completes in a single step, therefore rate of reaction depends upon the
concentration of substrate and nucleophile due to which reactions follows second-order kinetics
r=K[R-L] [base]

Presence of good nucleofuse increases the reactivity of substrate towards S 2 reaction.
If nucleophile is strong and its concentration is high, then S 2 reaction is favourable.

S, 2 reaction best proceeds in a polar aprotic solvent like acetone, DMSO, DME etc.

A A

If leaving group is directly attached with a chiral carbon, then during the reaction Walden inversion
takes place.

6. Primary substrate where B-carbon is primary or secondary and secondary substrate where 3-carbon
is primary always follows S 2 path but secondary substrate where 3-carbon is secondary follows S_1
or S 2 path depending upon other reaction condition.

7. Substrate molecule having hetero atom containing lone pair of electron at -carbon or containing
unsaturated y-carbon are highly reactive towards S 2 reaction because of Anchimeric participation/
neighbouring group participation. In anchimeric participation, product is produced through
retention in configuration because in such cases, two S 2 attack occur successively one due to
presence of internal nucleophile and other due to presence of external nucleophile.

CH,—O—CH,—CH,—Cl >> CH,—CH,—CH,—Cl

L2 AP L2 1 S,i(SN?)
CH,~0—CH,~CH,LCI NUs CH~§—CH,~CH,~Nu ———>
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CH,—CH, Nu 1 9 Nu
4 Nuz®
R A
CH, CH, (!IH3
SN2(i) Nu®
Y CH—CHCI >> CH—CH,—Cl o ’
B D
ci® Nu

Uni molecular Nucleophilic substitution: S 1 Reaction

When a substrate molecule having a good nucleofuse is treated with a nucleophile in polar protic
solvent, then the formation of two products occur equally, one through retention in configuration while
other through inversion in configuration. If product produced possess a chiral centre, therefore during the
reaction racemization takes place

24.51 Characteristics of S 1 Reaction

1. Since slowest step of the reaction involves the substrate only therefore reaction follows first-order
kinetics
R=k[R-L]

2. Presence of good nucleofuse increases the reactivity of substrate towards S_1 reaction.

w

. If nucleophile is weak or its concentration is low, then S 1 reaction is favourable.
4. Reaction best proceeds in polar protic solvent because it favours the formation of transition state as
well as stabilizes the carbocation intermediate produced.
5. Primary and secondary substrates whose B-carbon is tertiary or quaternary always follow S 1
mechanism.
6. Tertiary substrate always follows S 1 mechanism.
7. Since reaction proceeds through the formation of carbocation intermediate therefore rearrangement
is possible during the reaction.
8. Vinyl and aryl substrates are inert towards both S 1 and S 2 mechanisms.
9. If nucleofuge is present on bridgehead carbon of bridged bicyclic compound, then such substrates
are inert towards both S 1 and S 2.
10. In majority of SN’ reaction 80-95 per cent racemic mixture and 5-20 per cent inverted product is obtained.
11. If we consider a mixture of polar protic and polar aprotic solvents then as the amount of polar aprotic
solvent in the mixture increases yield of inverted product also increases and thus yield of racemic
mixture decreases.



24.302 CHEMISTRY AT A GLANCE

OH OH
<
B \\\eo\
P
2

Cone o

Cl
OH

24.5.2 Internal Nucleophilic Substitution (Si)

In some nucleophilic susbstitution reactions, there occurs the formation of retention product though there is
no possibility of anchimeric participation. Such reactions are example of internal nucleophilic substitution.
In S i a part of leaving group attacks the carbon of substrate by detaching itself from the leaving group.

R N R < R I AT
\(')':+/\§=§—>\/§—SI—/EI—>§§—S—CI+!:C'|9ﬂ>R _5-8—cl

H/ c/ H Cl H\/

=5 —>R Cl + S0, (9)

In Darzen’s method, SOCI, can be replaced by COCI,. However, in case of COCI, yield of product
produced is poor S 1, S 2’ and S i’

If substrate used is allylic and reaction conditions are corresponding to S 1, S, 2 and S_i respectively,
then formation of product occurs through allylic shift. During the formation of this product, S 1, S 23 S i’
mechanisms are observed.

Unimolecular aromatic nucleophilic substitution (ArS’)

1. In this mechanism substrate molecule removes nucleofuse to produce aryl carbonation in presence
of polar protic solvent which further reacts with a nucleophile to produce substitution product.

Ar—N N +aq SI—» Are+ N, 1

Ar®—N°— Ar—Nu CuX/HX
> Ar—X (sandmeylsis reaction)
Ag/A
—_—

@
e.g., Ar—N= N

29) | Cu,0H,0
2~ 25 Ar—OH

2. Ar—S0% Na®+Na®Nu® 2> Ar—Nu+Na,S0,

Bimolecular aromatic nucleophilic substitution (ArS 2)
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Following two mechanism are observed in this case:

1. Benzyne intermediate formation mechanism: This mechanism is observed in those cases where
(i) Substrate molecule has atleast one ortho hydrogen w.r.t. nucleofuse
(ii) There is no EWG at ortho or para position w.r.t. nucleofuge
(iii) Reaction requires vigorous conditions, i.e., (high T, high P, strongly basic medium etc.)

1 2 /‘V 1 2
L .o JH—=Nu
1 1 ~ e
¥ >H \V\
:© 2k/:NuO ]
—HNu-L:® 1 \2_,\ ﬂ 1 Nu
H—Nu 2
—_>
2 —Nu:s

50 per cent

2. Meisenheimer complex formation mechanism
This mechanism is observed in those cases where atleast one strong EWG is present at ortho or para
position w.r.t. nucleofuge. As the number of strong EWG group at ortho or para position increases,
the reactivity of substrate also increases.

L._Nu LﬁNu
S T[j [j
o o “H %

(Meisemheimer
complex)

3. Free radical substitution: Alkane mainly participate in this type of reaction.

Halogenations: When alkane is treated with halogen in presence of UV light or on heating at
250-400°C, alkyl halide is obtained. During the reaction, flourine participates violently by involving the
cleavage of C-H as well as C-C bond. F is so reactive towards this reaction that even fluorination takes
place in dark. However, iodine is almost inert towards this reaction. Direct iodination is possible only
when if oxidizing agents like nitric acid, mercuric oxide, HIO,, etc. are used.

UV light
R-H+X,—R-X+HX
or
The most complicated characteristic of free radical substitution is multiple substitution. This is due to
the fact that all H present inside the alkane are potentially capable to participate in free radical substitu-
tion.
Extent of multiple substitution depends upon
1. Reactivity of halogen involved: As the reactivity of halogen increases, extent of multiple substitu-
tion also increases.
F,>>>CL>>Br,>>>>1
Therefore, chances of multiple substitution is maximum in F and minimum in case of I. Only alkyl
chloride and alkyl bromide can be effectively produced by direct halogenation of alkane.

2. Thermodynamics of propagation step:
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As the amount of heat evolved in propagation step increases (2), the reactivity of halogen also
increases due to which extent of multiple substitution increases.

Initiation step: X —
ATA

Propagation step: R-—H — X — R +H—X; AH,
R+ X—X—->R—X+X; AH,

F, Cl2 Br, I
AH1 <0 <0 >0 >0
AH2 <0 >0 <0 <0
AH <0 <0 <0 >0

net
3. Relative amount of reactant used: By maintaining appropriate stoichiometry of the reaction,
i.e., by taking alkane in excess and halogen in limiting amount, extent of multiple substitution can be
controlled. But this cannot be removed completely.
e Determination of relative yield of product produced during free radical subsitution.
Yield of a product produced depends upon nature of halogen involved and type of H being
substituted.
e The nature of halogen involved affects the reactivity of hydrogen.
For chlorination, relative reactivity of hydrogenis3°-H: 2°-H:1°-H:5:3.8:1
For bromination, relative reactivity of hydrogenis3°-H: 2°-H:1°-H:1600:81:1
From the above data
It can be seen that towards the replacement of a particular H, bromine is more selective than
1

that of chlorine. Selectivity of a product o - -
Reactivity of halogen involved

e Reactivity of H being substituted depends upon the stability of free radical produced per cent
Total reactivity of H being substituted

yieldofaproductproducedtowardshalogenation=
Total reactivity of allhydrogen

Total reactivity of a particular hydrogen = (number of that type of H) x relative reactivity of that
hydrogen

e Total number of product produced during halogenation of alkane depends upon the total number
of different type of H present as well as upon the stereochemistry of the product produced.

1
+

Cl cl |¢:[CICI ¢
IR i Y I

Total product through fractional

24.6 REARRANGEMENT REACTION

If during an organic reaction, a part of substrate changes its position within the molecule, then the reaction
is termed as rearrangement reaction. That part of substrate which changes its position is called migrating
group. The atom by which migrating group is attached before rearrangement is called migration origin and
after migration, the atom by which it attaches is called migration terminus.
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If more than one migratory group are present, then that group migrates first which possess highest

migratory aptitude.

Among aryles, presence of EDG increases its migratory aptitude, which presence of EWG decreases

its migratory aptitude.

1.

Also more the hinderance lesser is its migratory aptitude. Classification of rearrangement reaction

Intermolecular rearrangement: If during a rearrangement reaction migrating group is detached
completely from the substrate molecule and then either it reattaches with the same molecule or
attaches with some other molecule then reaction is termed as intermolecular rearrangement.

Such reactions are less common, e.g., tautomerism (except 1, 2-tautomerism); some aromatic
rearrangement and Cannizzaro reaction.

. Intramolecular rearrangement: If during a rearrangement reaction migrating group is not

completely detached from the substrate molecule, then reaction is termed as intra-molecular
rearrangement. Such reactions are more common.

Classification of intramolecular rearrangement reactions: Depending upon the nature of migrating
group, intermolecular rearrangement reaction are classified into three categories.

1.

. Aromatic rearrangement: In aromatic rearrangement,

Nucleophilic rearrangement: If migration terminus of the substrate is electron deficient (due to
+ve charge or incomplete octet or presence of d or f-orbitals), then nucleophilic rearrangement takes
places and most rearrangement reactions belong to this category.

(Vy\e 1,2-w:°®shift

“Ap— S A B— —>—A-B—
5 o—

. Electrophilic rearrangement: If migration terminus is electron rich, then this rearrangement

takes place. It is rearrangement and is observed rarely.

w
(Vlv\@_1,2—w:eshift !

“A-Bp— S A B— —>—A-B—
5+ &+

. Free radical rearrangement: If migration terminus W W, w

contains unpaired electron, then free radical rearrange- SA-_B——> —A—B— —» —A—B—
ment takes place. This rearrangement is observed rarely.

s G s S X-Y X—H X-H
migration origin is either O or N, and migration of migrating group Y
occurs from N or O side chain to ortho or para position of the ring. —> +
(y may be completely seperated or partially separated from substrate \

and thus it is included in both inter and intra molecular rearrangement).

. Carbon to carbon rearrangement reaction: If migration origin migration terminates and both

are carbon atoms, then rearrangement reaction belongs to this category.

. Pinnacol Pinnacolone reaction: When R' " '

vic diol (also called pinna col) is treated with _' . ! B d"-HzSO4, _I o ”_ ey
dilute H,SO,, it undergoes rearrangement to R (I: R R —C-RmRO
produce a ketone, also called pinnacolone.
In this reaction, bromohydrin can also participate on treatment with aq. AgNO, solution and
hydroxylamine can participate on treatment with nitrous acid.

|
‘OH :OH R"
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¢ During the reaction, protonation of that hydroxyl group occurs first corresponding to which directly
formed carbocation is more stable.

R' Ru R R" R R

w —H® L L o —HO N
R—? c R, R;? C—R" T2 g & ¢ g
OH OH S;Op OH ® CI) H
H

- I e N
12akyl o b & o e bl e
shift L I
T ke
OH NO OH

2

0]

@?_ c@ dil.H,S0,/A !
OH OH @

. CH

H
~CH, A CH
o gNo, . h,
CH,CH,—C C—CH\ 3(aq) CH,CH,—C— C—CH
OH Br CH, i') Neh,

2. Wagner Meerwein rearrangement or Retro pinnacol rearrangement
This rearrangement is observed in those E, reactions where carbocation intermediate produced
undergoes rearrangement to form more stable carbocation. In Wagner Meerwein rearrangement,
migratory aptitude of hydride is maximum.

CH CH

[’ .« Conc.H,SO [ % e i i
CHs_CH_CHZ—CHZ_QH 2 4 CHs_CH_CH2$_CH2+HZO 1,2 hydrlde shift

2

CH ICH3 CH

3 3

| . |
CH,—CH—CH—CH, —> CH,—C—CH,—CH, 1% CH—C=CH—CH,
52

3. Demzanov rearrangement: This rearrange-

|
ment is observed in those reactions where carbo- = o ®
cation, carbene or nitrene intermediate undergo dﬁ; |j_> Iil = éﬂ,
ring expansion or ring contraction to produce fi-
nal product.

O O
4. Allylic rearrangement: This rearrangement @—ICIZ—H _1.NaOH/A _ |
is observed in those reactions where formation 2 He
of product occurs by allylic shift of substrate. It

) . , , . . .
is observed in S 1',S 2" and in S i’ mechanism. (benzilic acid)
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5. Benzillic rearrangement: When aromatic a-diketone also called benzil, is treated with alkali like
NaOH and KOH, followed by acidification, benzilic acid is obtained.
During the reaction attack of OH" ion occur on that carbonyl carbon which is more e~ deficient.

'3"@ o

o220

i QO'

e I .
C—C—OH — C—C—0Q: —> C—C—OH

6. Arndt eistert synthesis: This is an effective method for homologation of carboxylic acid or its
derivative. In this method, lower homologue gets converted into successive higher homologue.
In this method, acid halide is first treated with diazomethane, from where diazoketone is obtained
and then this diazoketone is heated with colloidal Ag O from where ketene is obtained through Wolff
rearrangement which on hydrolysis or alcoholysis or acidolysis or ammonolysis gets converted into
carboxylic acid, ester, acid anhydride, acid amide respectively with one additional carbon.

I e I CH,N,
R—C —OH W R—C —ClI W R—C —CHN,—> R—CH=C=0

O
H,0 ||
2> R—CH,—C—OH

i
IROH | R cH—C—OR'
O

NH, I
R—CH=C=0 |——>R—CH,—C—NH,

, TR
RCOOH, ¢ cH-C—0—CR

Hel, R—CH,—¢—Cl

Mechanism:
(0]
[ ® o
R—C—Ci+CH,=N=N oo
\ S ¢ I ql.ﬁ' ﬂ e O Colloidal Ag,0/A ﬁ[‘
K — N=N —>R—C—Cl+ _ C—CH—N=N'———2"5. (R=~C—
CH, =N —> R—C—Cl: — R—C—CH—N=N-——y ®=C-—CH
R—?—H Wolf l rearrangement
N
N R—CH=C=0
N

1. Carbon-to-nitrogen rearrangement: If migration origin is carbon and nitrogen terminus is
nitrogen, then rearrangement reaction belongs to this category.
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Hoffmann’s bromamide synthesis: When un substituted amide is treated with halogen along with
alkali or metal hypohalite, formation of alkyl isocyanate occurs which on hydrolysis produces pri-
mary amine with the evaluation of CO,.

(0]
[l H,0 [l
R—C—NH, 2KOMA RN=C=0-"2 R_NF\ ¥ SH 2 R_NH, + CO
KOX/A 2 2
Mechanism:
Il S Q (IDI
A o .o
rR—CLY +N=N=N: > R_C_N:e_\fj;N;
.o 2
:N—N=N:
A ., . H,0 [l A
g~ R—C—N: R=N=C—0—>R—NH—C—OH—2> R—NH,+CO,
Mechanism:
O A 0 o (*00 (e} . (e} (0]
I ) ¥30—H Il ?.(",X—,; I ﬁ O—H I &M | Ge
R—C1—II\I—H —O>R—C1—I:T>R—C1— —X: ;4—0>R—C—l\|l—.‘:? R—CN3
2 Y Ill 5 b -
0 |

I H,0
R—NH,+CO,(g) <2~ R—NH—C—OH <2 R—N=C=0

2. Curtius rearrangement: When acid halide is treated with metal azide, acyl azide is obtained,
which on heating gets converted into isocyanate with a good yield. Then, isocyanate undergoes
hydrolysis to produce primary amine with evolution of N, gas.

3. Lossen rearrangement: When substituted amide He
ini ..
containing a good nucleofuge and hydrogen attached Alc. KOH/A R—NH,+CO,

R—C—N—L
with N atom, is treated with a strong base, it undergoes |
elimination to produce isocyanate which on hydrolysis H
gives primary amine and CO,.
4. Bakemann’s rearrangement: When ketoxime is heated R\ /OH ﬁ
with dehydrating agent like conc. H,SO,, H,PO,, dry HCL, P,O,, C=N -5 R _C—NHR

Al O,, BF,, etc. it undergoes rearrangement to produce substi- R/ B RS0/
tuted amide during the reaction, alkyl group which is present
anti to that of ~-OH group in ketoximes migrates and that alkyl group is attached to N atom in substi-

tuted amide. Therefore, this reaction is very effective for identification of configuration of ketoxime.

Mechanism:
) v 4 Hl
R 0| SO—H
N/ YR/ RV . o
C—=N —> C=N C=N{—>R—C=N—R' =*——>

Il | .. o
R—C—NH—R' = R—C=N—R'<«-1® R_C=N—R'
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3. Carbon to oxygen rearrangement:
(i) Cumene hydro peroxide rearrangement:
When cumene hydroperoxide is treated with conc. H,SO,, it undergo rearrangement to produce
phenol and acetone, where cumene hydroperoxide is prepared by treating cumene, i.e., isopropyl
benzene with oxygen air an in presence of UV rays.

CH
CH,—CH—CH, HC—C—:: 8—H OH
O/perOX|de Conc H,S0, + CH,—C—CH,
UV light y)
Phenol Acetone
Mechanism:
CH CH
i e [ s
I e L
ysg
CH CH CH OH
| 3.. |(*300$ H® \3
—»CHS—?—Q—Qf—»CHS—C —O0=— ¢—> /C=O+
CH
P o oK
HH H

(ii) Baeyer-Villigar Oxidation:
When ketone is treated with peroxy acid or some other compound containing peroxide linkage
alongwith some Lewis acid catalyst, ester is obtained.

i ||

Mechanism: R—-C-O-R'+R"-C-O-H

During the reaction, migration of that alkyl group occurs from C to O which possess
highest migratory aptitude. During the reaction, ester produced may be involved in
trans-esterification reaction with the acid present on product side. However, trans-esterification
process is pH dependent. Due to trans-esterification, yield of required ester decreases. In
order to maximize the yield of required ester, buffering agents like NaH,PO,, Na,HPO,.
NaHCO,, or some other incomplete salt is added to reaction mixture, which do not allow
that pH to be established, which is required for trans-esterification. Then, trans-esterification
does not take place.

4. Aromatic rearrangement: This rearrangement is given by aryl substrate where migrating group is
attached with N or O side chain.

24.7 CLAISEN REARRANGEMENT

When allyl aryl ether is heated at 200-250°C, in absence of catalyst, ortho and para-allyl phenol is obtained,
paramigration occurs only when both orthopositions are blocked.

During o-migration, allylic shift of product is obtained. However, during p-migration allylic shift is
not observed because two allylic shifts occur in succession.
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CH—CH CH,
@O—CH —CH—CH, —>200 250°C

CH, H,C CH3
<§§*O—CH2—CH=CH—CH3 m’
CH,

CH,—CH=CH—CH,

24.8 BENZIDINE REARRANGEMENT

When hydrazo benzene is treated with conc. HCI, it undergoes rearrangement to produce p,
p-diamino biphenyl as major product alongwith o, p-diamino biphenyl and some other products in
trace amounts.

Conc. HCI
@) w12 =52 un-(0)-(0) wonn{2){0)

(benzidine)
~70 per cent yield
~30 per cent yield

24.9 FRIES REARRANGEMENT

When phenolic ester is heated with anhy AICL, it O
rearranges to produce o-and p-acyl phenol. O—C—CH

Major product obtained during the reaction @ C— H, C—CH
j anhyd AICI,
depends upon the following factors.
(i) Temperature: Atlow temperature, H bond
in o-product is significant, due to which
its yield increases. At high temperature,
p-product is major product.

(i) Amount of catalyst used: Since energy barrier of a reaction depends upon the concentration of a
catalyst used therefore at high catalyst concentration, decrease in energy of transition state is greater
due to which formation of ortho product predominates.

But for para, product temperature is high due to which catalyst required is less, since activation
energy can be easily provided at high temperature; therefore, yield of para product increases.

(iii) Nature of solvent used:
In presence of a polar aprotic solvent, due to lack of competitive H-bond strength of intramolecular
H bond increases, which results in increase in yield of o-product. However, in presence of the polar
protic solvent which is also capable to form H bond creates competitive H-bond and therefore yield
of o-product decreases and yield of p-product increases.

(iv) Favorskii rearrangement:

When a-ahalogenated ketone is treated with aqueous alkali or with alcoholic metal
alkoxide or with NaNH,/NH,(¥) it gets converted into carboxylic acid, ester and acid amide
respectively.

If ketone used is cyclic, then ring contraction occurs; however, if it is acyclic, then chain shortening
of principle chain occurs.

O/ CH,
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24.10 CONDENSATION REACTION

In condensation reaction, substrate molecule generally possess a carbonyl group and in some cases, ester
and cyanide may also act as a substrate. Reagent involved during the reaction must have at least one o.-
hydrogen which is sufficiently an acidic reaction to proceed in presence of base as a catalyst.

General reaction:
H OH

| [
>C=0 + —C—Z —»—(II—(IZ—Z—>>C=C_Z +H,0

Reaction mechanism:

n e II' \cg) II' A ﬁ'
2 i z_? A %»z—clz—C—OH - 2-C= c(
H H H

Compound which can act as substrate and reagent both in condensation reaction, are

0
T i
CH,—CHO, CH,—C—CH,, , CH,—C—0—R

Compounds which behave like substrate only are

HCHO, @_c_ @_ , H—C—O—R etc.

Compound which behave like reagent only are

I I
CH, - NO, CH;—C—0—C—CH,, CH,~C = N, etc.

24.11 ALDOL CONDENSATION

When a carbonyl compound containing at least two a-hydrogen is heated with dil. alkali, at low
temperature, i.e., < 20°C, formation of addition product aldol occurs which undergoes dehydration at high
temperature, > 80°C to produce, o, 3 unsaturated carbonyl compound.

24.11.1  Classification of Aldol Condensation

Self-aldol condensation: When reaction occurs between two molecules of same carbonyl compound,
then reaction is termed as self-aldol condensation

(0]
I I dil.NaOH QH [ A i
CH,—C—H + CH—C—H —->—"» H.C—CH—CH,—C—H ———> CH —CH=CH—C—H + H,0
T<20°C T>80°C 3 2

(0]

dil.NaOH <:>:<i>+ HO
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Cross aldol condensation: This reaction takes place between two different carbonyl compound where
cross product is always a major product.

CaseI: If only one of them possess a-hydrogen:

9 0 o)
c +CH,—C—H BNAOH ¢y cH=CH—CHO + @ CH—C—H

(major product)
H

Case II: When both contain a-hydrogen: Under such a condition, four products are produced out of
which two are cross condensation products and two are self-condensation products.

CH,CHO+CH,CH,CHO—*>"—

CH,— CH = CH— CHO + CH,CH,—CH = C—CHO +
But 2-enal CH

2methy|pent-2-ena|

Self-aldol products

CH,—CH C—CHO + CH,— CH, — CH = CHCHO
CH Pent-2-enal
2-methylbut-2-|na|

Cross aldol products

Intramolecular aldol condensation, i.e., cyclization via aldol condensation
This reaction is given by dialdehyde or diketone or by ketoaldehyde, when they are treated with dil.
alkali, and during the reaction, formation of 5-or 6-membered ring is favourable.

2 d|| NaOH
Low temp

Claisen Schmidt’s condensation: Cross aldol condensation between aromatic aldehydes and aliphatic
or mixed ketone is called Claisen Schmidts condensation.

(o)
[l

e T
(0)-crorcH, @—»@—CH=CH—C FHO

24.12 PERKIN’S CONDENSATION

When an aromatic aldehyde is heated with an aliphatic acid and anhydride with atleast o-H atoms in
presence of Na or K salt of corresponding acid, a condensation product o, $-unsaturated acid is formed.
Reaction proceeds in the following three steps.



ORGANIC REACTIONS 24.313

Step 1:  In this step, nucleophilic addition occurs between aromatic aldehyde with acid anhydride.

HC=0 O o
@ H C—C—O—C—CH Il
CH,COO°Na® @_CH_CH _C_O_C_CH3

Step 2:  Dehydration of nucleophillic addition product occurs to produce o, B-unsaturated acid
anhydride.

O . (”) (o)
@—CH CH,—C—0— &g oreoote” @_CH=CH_C_O_E_CHS+HZO

Step 3: In this step, hydrolysis of dehydrated product takes place, which results in the formation of
o, B-unsaturated acid.

O
Il Il H.,0 Il
@—CH=CH2—C—O—C—CH3;> @—CH=CH—C—OH+CH3—COOH

24,13 STOBBE CONDENSATION

This reaction taken place between a carbonyl compound which may or may not have o-hydrogen and ester
having atleast one o-hydrogen. Reaction is catalysed by strong passes such as alc. KOH, metal akoxide,
NaNHZ, etc.

Product of the reaction is B-hydroxy ester which may or may not be dehydrated to produce a,
B-unsaturated ester.

o]
L1 [
>C=0 + _CI;_C —O0—R M _C_C-C_0O—R

! I

24.14 KNOEVENAGEL REACTION

When aromatic aldehyde is treated with an active methylene compound in presence of weak base as a
catalyst, condensation product is obtained.

0
Il I
y: _C—O—CH, _C—0—CH,
@—C\/ +CH\ (CH,),NH CH=C +H,0
H G—O—CH, ™A \Cl‘i—O—CH3

O
CH,),NH
@70// ' U ( 322 @CH:G+
AN
H
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24.15 CLAISEN CONDENSATION

When an ester containing atleast one a-hydrogen is treated either with the same molecule or with some
other ester molecule in presence of strong base like metal alkoxide NaNH,, etc. B-keto ester is obtained.
Reaction is further classified into two categories.

(i) Intermolecular claisen condensation
(i) Intramolecular claisen condensation

(i) Intermolecular claisen condensation: This reaction takes place between two molecules of ester
whether they are same or different. It is further classified into two categories:
(a) Self-Claisen condensation: When reaction occurs between same ester molecules

o} 0]
I [l CH,ONa | Il
CH,—C—0—CH, + CH,—C—O0—CH, <5 CH, — C—CH,—C—OCH, +CH,OH
Mechanism
o}
I o |O| CH 'é O—CH
% —CH_OH 4 —
H,C—O—C—CH,—H+:0—CH, — > » Hac—O—C—C/HZ\e‘Y ’ ’
e O
20 o)
N I .l
CH,—C—CH,—C—O0—CH, CH,—G—CH,—8—C—CH+CH,—{¥
SocH, 0
(b)Cross Claisen condensation:
CaseI: If only one of when possess a.-hydrogen
o (0]
Il Il CH.ONa® Il [l
CHy—CH,—C—O—CH, + H—C—O—CH, =+ H—C—CH—C—O—CH,

CH

3

Case II: If both posses a-hydrogen, then mixture of the product is obtained, where cross product is a
major product

i i
CH,~C-O-CH, +CH,CH, -C-0~CH,—LONa® |

T 0
CH,-CH,-C-CH,-C-O-CH,+CH,-C- CH-C-0O-CH,
CH,
(major)

1 i
+CH, - C-CH, ~C~O~CH, +CH, —CH, - C- C|H -C-0-CH,
CH

3
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(ii) Intramolecular claisen condensation: It is also called Diechmann condensation or cyclization
via claisen condensation. This reaction is given by diesters when they are treated with metal
alkoxide or NaNH,. During the reaction, 5 or 6 membered ring is produced.

0] (@)

Q
M\ CH,ONa &lcl—O—CH;CHSOH
A
0 0

24.16 REFORMATSKY REACTION

This reaction takes place between aromatic aldehyde and a-halogenated ester where they are treated with
Zn and ether followed by hydrolysis in a slightly acidic medium to produce B-hydroxy ester which may or
may not be dehydrated to produce o,3-unsaturated ester.

During the reaction cyanide may also act as a substrate and in such cases, B-keto esters are obtained.

AL i 1. Zn/ether/A P g
@c +—C—C—O—R —<hethera @CH—C—C—O—R
\H )I( 2. H,0/NH,CI [

Mechanism:

:ﬁ: K l;ZnX O Oznx 0 OH
CC —> v o— C AO > R—O— C— C CH 4 H,O/NH,CI ]
AW R / \\‘V —>R—O—C—(I3—CH—¢

. I H
o

24.17 DARZEN’S GLYCIDIC ESTER CONDENSATION

When a carbonyl compound containing o-hydrogen or not is heated with o-halogenated ester containing
atleast one a-hydrogen in presence of strong base a,3-epoxy ester, also called glycid ester, is produced.

O H O 0}
[l [l RENS L
—C— C—CIZ—C—O—R “or > —Ci—/C—C—O—R
X NaNH, O
o, epoxy ester
(glycidic ester)

Disproportionation reaction: In a disproportionation reaction, same species undergo oxidation and
reaction simultaneously.

24.18 CANNIZZARO REACTION

When an aldehyde containing no a-hydrogen is treated with conc. alkali followed by acidification
produce carboxylic acid and alcohol. Exceptions of Cannizzaro reaction are



24.316 CHEMISTRY AT A GLANCE

(i) Tri-halogenated acetaldehyde has no a-hydrogen; still, it cannot participate in Cannizzaro reac-
tion under similar conditions to produce haloform.

Conc.NaOH/A
>

I .
X,C—C—H CHX,+HCO0°Na® —H* > HcooH

(ii) 2-methyl propanal has one a-H and still it can participate in Cannizzaro reaction
i
Conc.NaOH/A I
CH,—CH—C—H = > GH,—CH—C—OH + CH;—GH—CH,—OH
|

Hee
CH, CH CH

3 3

Reaction further classified into two categories:
(a) Intermolecular Cannizzaro reaction
(b)Intra-molecular Cannizzaro reaction or internal cannizzaro reaction.

24.19 INTERMOLECULAR CANNIZZARO REACTION
This reaction takes place between two molecules of aldehyde having no a-hydrogen.

(i) Self-Cannizzaro reaction: When same aldehyde molecule is used during reaction.

I I
H—C—H+H—C—H —2-22%%> HCOOH+CH,OH

(ii) Cross Cannizzaro Reaction: It two different molecules of aldehyde are used.
CaseI: Ifone of themis formaldehyde, then HCHO always undergo oxidation.

1. Conc. NaOH/A
—C H+ C ———————>HCOOH + CH,OH
\H 2.H°

Case II:  If none of them is HCHO, then mixture of the product is obtained.

@ CHO + A oo NaOH’A@ CH,—OH +>—COOH + @ COOH+>— CH,0H

24.20 INTRAMOLECULAR CANNIZZARO REACTION OR INTERVAL
CANNIZZARO REACTION

(i) Internal self Cannizarro reaction:

This reaction is given by dialdehyde containing no O\ A COOH
a-hydrogens. C 1. Cone.NaOH/A
(ii) Internal cross canizaaro reaction: | 2.1 CH,OH

C
This reaction is given by keto aldehyde containing no O/ \CHo
o-hydogen where aldehyde is always converted into
carboxylic acid by oxidation, whereas keto group undergo re-

duction.
ﬁ ﬁ
C—C—H——— Lone. NaOH/A NaOH/A @CH—COOH
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24.21 TISHCHENKO REACTION

When aldehyde containing c.-hydrogen or not is treat- o o
ed with anhydrous A1203, or with (CszO) 3Al, or with I I
some other Lewis acid catalyst, ester is obtained. R-C-H —A0AOGL): R C-0O-CH,R
Reaction is also termed as extended Cannizzaro .
reaction on the basis of final products, produced.
If aldehyde used is aromatic, then reaction best proceed in complexes like Na,[Fe(CO),].
During the reaction, oxidation of that aldehyde occurs which combines with Lewis acid catalyst,
whereas the other aldehyde undergo reduction.

24.22 BENZOIN CONDENSATION

When an aromatic aldehyde is treated with alcohol in aqueous KCN, aromatic a-hydroxy ketone also
called benzoin is obtained which gives positive test with Tollen’s, Bendict’s, and Fehling’s reagent though
having no aldehydic group.

0

&) C—H

H—

oO— C|7J—O

z=

N
Bi by B—H O OH
.|4.) .| _CN°® 1
c— —¢ XN, C—CH
¢ ¢

Il Il
N N
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OH + N'(‘HD) H
+ cHO fol@__,_ln_vlwl
uonepeIop SUUBJOH (*q) voneurwg >0=0C v/ *HO H ¥
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