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UNIT 1
ORGANIC SYNTHESIS

1.1 Synthetic analysis and planning:

Synthetic planning is a construction process that involves converting simple and

commercially available molecules into complex molecules using specific reagents associated
with known reactions in the retrosynthetic scheme. The overall yield in a multistep synthesis

is the product of the yields for each separate step.

1.2 Guidelines for Retrosynthesis:

l.
2.

Recognize the functional group in the TM.

Disconnect the TM into fragments with known reliable chemical reactions using
FGI.

During FGI, changing one Functional group to another may alter its reactivity
dramatically.

i. Alcohols and aldehydes are converted by redox reactions with the
carbonyl groups are electron withdrawing and alcohols are electron
donating groups.

Disconnections in the TM proceeds with
i. Disconnect at the middle of the TM
ii. Disconnect at the branch point
1. Disconnect rings from the chains.
b. Bonds next to carbonyl group
c. Bonds joining the aromatic ring to the rest of the molecule.
d. Using two group disconnections.
Some substituents (OMe) are difficult to add in that case it is best to retain them for
the synthesis.
Some groups are added to the aromatic ring by electrophilic substitution reaction
which requires an electron withdrawing group like nitro (o to leaving group).
When a series of reactions has been proposed, start a reaction which gives a single
product rather than a mixture.
When two groups are of equal reactivity, one group is selectively reacted by suitable
reagents.
When two groups of unequal reactivity, the more reactive can be made to react first.

1.3 Classification:

Synthesis can be grouped into three broad categories: (i) Linear synthesis (i)

Convergent synthesis (ii1) Divergent Synthesis.



1.3.1 Linear Synthesis:
In linear synthesis, the target molecule (TM) is synthesized through a series of linear
transformations. The TM is assembled in a stepwise manner. E.g.,
A—@™ B—» C—>»D—>»E—>F—>G—> H
For the above seven step synthesis, there are total eight components (A to H). If the yield of
the intermediate at each step is 80% then,
Overall yield of H = 80/100*80/100*80/100*80/100*80/100*80/100 =0.21
Therefore, overall yield % of H=21%.

1.3.2 Convergent Synthesis

A convergent synthesis is a strategy that aims to improve the efficiency of multistep
organic synthesis. In this case, the key fragments of the target molecule are synthesized
separately or independently and then joined together at a later stage in the synthesis to make
the target molecule. E.g.,
In this sequences of convergent synthesis:
A—B
c—sp
There are five components in two steps (A to E) each with a yield of 50%
The overall yield is given by (50/100)*(50/100) =0.21 =21%

1.3.3 Divergent Synthesis

A divergent synthesis is a strategy with the aim to improve the efficiency of chemical
synthesis. It is often an alternative to convergent synthesis or linear synthesis. In this
strategy divergent synthesis aims to generate a chemical compound (1) by first reacting a
molecule with a set of reactants. The next generation of compounds is generated by further
reactions with each compound in generation 1. This methodology quickly diverges to large
numbers of new compounds.

1.4 Definitions

Target Molecule: The molecule to be synthesized.

Retrosynthesis: The logical processes of analysing the structure of the target molecule to
discern a possible synthesis step by step and is represen

Disconnection: A conceptual cleavage of a bond to break the molecule into possible starting
materials.

Transformations (tfs): A disconnection of a strategic bond in the target molecule.

Synthons: the charged species formed during the disconnection process.

Retron: The functional group containing portion of the target material.

Synthetic equivalents: A chemical compound available commercially for a synthon.

FGA( Functional group Addition)- addition of Functional group during a strategic bond
breaking.

FGI (Functional Group Interchange)-Changing of one functional to another to disconnect
a bond.

Functional group Removal(FGR): Deletion of functional group in the target molecule for
the successive steps to form synthons.



Ring Disconnection (RGD): cyclic ring structure is disconnected to form aliphatic
molecules.
Chain Disconnection(CHD):Acyclic structure or appendage in the ring structure is
removed.

Arrow Notations

Reaction Arrow is denoted by 7
Delocalization arrow by ¢ +—> ~
Equilibrium arrow by 7

Curved arrow (electron movement) «/~ \ ”

bh

Fish-Hook arrow (one electron)

2

Retrosynthetic arrow
TM can be made from the substrate. (Reverse of the synthetic reaction).

Test for Knowledge
Predict the conversions:

O

N —— O
Ay A
dy— iy

1.5 Synthons:

Depending on nucleophilic and electrophilic role, synthons are classified as electron
donors (d) and electron acceptors (a) and are numbered with respect to the relative position
of the FG and the reactive carbon atom.

Donor synthons: Neagtive polarized synthons denoted by ‘d’



Eg: Alkyl anions, R; cyanide CN" ; acetylide RCEC”
Acceptor synthons: Positive polarized synthons denoted by ‘a’
Eg; Alkyl R"; Acyl cation Ar'; acylinium RCO";

According to the position of FG,

Alkyl synthons: Alkyl synthons without functional groups and are used as alkylating
agents.
d°: Electronegative heteroatom of the FG forms a covalent bond with acceptor synthons.
a'd': If the C1 atom of the FG itself is reacting then it is a' (for acceptor synthons) and d'
(for donor synthons)
a’d”: If the C-2 carbon atom ( mainly relative to carbonyl group) to the FG is reactive.
a>d’: If the C-3 carbon atom is reactive relative to FG

Type synthons Synthetic equivalents
d’ MeS’ MeSH

d' CN KCN

d? "CH,CHO CH;CHO

d’ "C=CCOOMe CH,=CHCOOMe

Acceptor synthons

Type | synthons Synthetic equivalents
a’ | "PMe; CIPMe;,
1
a OH O
a’ b O
@)K )K

a3 O_ O

@\)\ \)J\
OMe OMe




1.6 Retrosynthesis of MonoFunctional Disconnections

.Example 1 ‘ . R e O-H .
Consider the formation of primary alcohol, ,it can be formed by

disconnecting the alcoholic bond to form

R/;éAo_H o R-CHy + DO

Leads to the formation of synthon and ethylene oxide.

CPBA
CHp=CH, . Do

Synthon can be formed by,
R-CHy’——= RCH,MgBr ——RCH,Br——= RCH,0OH
R-CH,-O-H —— R~ + HCHO

The R synthon is formed by,
R —— RMgBr——RBr —— ROH

The synthetic equivalents are HCHO, ethylene oxide and ROH

Synthesis of R < O-H

PBrj Mg dry ether HCHO H*

ROH — RBr — > RMgBr RCH,OH

RCH,OH = » RCH,Br——» RCH;MgBr

pe

R/\/\ O-H

Example 2-Tertiary alcohol disconnection:
The target molecule is

Ph

OH
Me



The disconnection can be of

Ph Ph
“O-H
“Me == C(go v Me

M§:>MeMgBr ——MeBr —— MeOH

Ph

The formation of the synthon is difficult.
[ j ~0

Hence, the disconnection can be

(Ph Me
Vi e
PR o

Synthon, Ph’ can be obtained

O
ofi
M

Ph~ ——PhMgBr —— PhBr
Ketone to alcohol

o MgBr Br OH

Starting materials are cyclohexanol, acetaldehyde and bromobenzene.

Retrosynthesis

© H
O FGI .| O-H o
Me + CH3CHO
— —

Synthesis:
1)Phenyl magnesium bromide from Bromobenzene.

o Ol

Mg,dry ether




2) Cyclohexanol to methyl Ketone

OH
O/ PBr3 O/ O/ MgBr Me
Mg/dryether CH3;CHO/H+

Alcohol to ketone

Me
O)<Me [O] gko

3)Reaction of ketone with PhMgBr to form TM

Me
C(KO PhMgBr©)< Me T

H3O"

Example 3- Alkene disconnection
By FGI of an alkene to alcohol and then followed by alcohol disconnection.
By Wittig reaction. ( the reaction is not applicable if the double bond is a part of the

ring)
a) By alcohol disconnection:

Ph
The target molecule is, O/

The disconnection proceeds by conversion to 3° alcohol and then disconnected.
Retrosynthesis:

@ Far ©<OH - C:/r

Synthon, Ph’is obtained by

Ph’ ——PhMgBr = PhBr

The synthetic equivalents or starting materials for the reaction is cyclohexanone and
bromobenzene.



Synthesis of the TM,
Reaction of cyclohexanone with phenyl magnesium bromide followed by dehydration.

0 OMgBr OH Ph
O/ PhMgBr Ph Ph—

H3O+ COﬂ.H2804

b) Alkene disconnection by Wittig reaction.

The Target Molecule, )\/\/ Ph

Retrosynthesis:

PhaP
)\/\/ ):O + \/\/ Phosphorane

Phosphorane is obtained by

©
S + | O
Ph/\/\PhsF’:> P'ﬁ/\Br:> Ph > “OH —— PhCH;3 p
S
PhCH, —— PhCH,MgBr— PhCH,Br —— PhCH,0H

The starting materials for the reaction are benzyl alcohol,acetone, ethylene oxide.

Synthesis:
1) Phosphorane is prepared from benzyl alcohol.
PBrg Mg/d ry, eﬂ’ﬁr\ o PN
Ph OH Ph Br Ph MgBr H.O* Ph OH
3
2) Reaction of phosphorane with acetone to form TM
PBr; PPh; Xylene
P VN SN
Ph ~ OH on~ Br —ggi~ Ph ~ PhgP

Example 4- Ketones disconnection

Methyl ketones are disconnected by acetonylation reaction (introduction of CH3;COCH
group).

Symmetrical ketones are disconnected through ethylformate.

Unsymmetrical ketones are disconnected via alcohol disconnection.



a) Methyl ketones disconnection,
Target molecule is O

A~ A

Ph

Retrosynthesis approach:

a) Introduction of Functional group (C0018 followed by disconnection 0
O Fea t .
— 5 —— Ph- CH2 +
Ph COOEt COOEt

g

@
Ph-CH, == Ph-CH,Br

COOEt

The synthetic equivalents or starting materials for the reaction are ethyl acetoacetate and
benzyl bromide.

Synthesis:
)k/ COOEt O Ph/\ 7
NaOEt . I cookt Br ~
Ph
-EtOH )
COOEt
S e [ o
. hA| H30 e P -CO, M
COOEt warm, -CO COOH Ph
b) Symmetrical Ketones
Target Molecule is /\ji/\
Me Me

Retrosynthesis:
By FGI to 2° alcohol and then disconnected.

H OH
/\jiA :I>/\></\ YOEt+2 O

Me Me CH59
O



N © /\/MQBI’ B
Me CH, —— T B OH o,
° e Me Me  ==pe  —= Me * [>0

MGDe — MeMgBr ——> MeBr — MeOH

The synthetic equivalents or starting materials for the reaction are ethyl formate, methanol
and ethylene oxide

Synthesis:
Preparation of Propyl Magnesium bromide from methanol and ethylene oxide.
O
_~_~ MgBr
Me
HYO Et Me H
O

Reaction of Propyl Magnesium bromide with ethyl formate to form aldehyde.

[ AA
/\)K Me /\></\ Cu powder

Me H  Ho Me Me 2 Me Me

¢) Unsymmetrical Ketones

Target Molecule is @)
Ph
Retrosynthesis:
Conversion of 2° alcohol and disconnection
O H OH
/\)K/ Fel /\X/
— — N+
Ph Ph Ph © CHO

1-propanal

MgBr B

PhBr «—— PhMgBr(: Pl’? + ’>O 10



The synthetic equivalents or starting materials for the reaction are propanal, bromobenzene
and ethylene oxide.

Synthesis:
Reaction to phenyl ethyl magnesium bromide
Mg/dry ether o) OH
Ph-Br Ph-MgBr -
H;0* Ph
OH
P\l PBI"3 MgBr
Mg Ph
Dry ether

Reaction with propanal to 2° alcohol and oxidation

H OH o
Ph
" \H3;0*Ph Ph

CHO

Example S Carboxylic acid disconnection
a) Conversion to aldehyde cyanodhydrin
b) Disconnection to CO;

Examplel : COOH
The target acid molecule is N
. Ph
Retrosynthesis
By CO; disconnection
T
c—0O N

The synthon is further disconnected,

MgBr Br OH

PN

11



The synthetic equivalents or starting materials for the reaction are CO,, bromobenzene and
ethylene oxide.
Synthesis:

Formation to phenyl ethyl Magnesium Bromide

Mg/dry ether 6] OH
Ph-Br Ph-MgBr N
H,0* Ph
OH
e PBrs MgBr
Mg Ph
Dry ether
Reaction with CO,
°h + Ph
CO,, H30
Second approach:
Target molecule: _—~"~_~ COOH
Ph
Retrosynthetic approach:
COOH
/\/ @
+ COOH

OH

J

PhBr —— PhMgBr

The synthetic equivalents or starting materials for the reaction are HCN, bromobenzene and
ethylene oxide.

Synthesis:

Mg/dry ether o) OH
Ph-MgBr -~
H;O" Ph

Ph-Br

12



Ph X~ CN
[O] Ph CHO “H,0 Ph
Ho
COOH Hydrolysis
N CN
Ph N
Ph
Example 6- Alkane Disconnection
FGA to form alcohol disconnection.
Eg 1:
Target Molecule:
N
Ph
Retrosynthesis approach:
FGA to form alcohol followed by disconnection
OH
FGA )\/\ 5 CHO
NN —— ph t N\
Ph Ph Butanal
Ph =—— PhMgBr —— PhBr
BromoBenzene
CHO FGI ©
S
CH3CH2 — CH3CH2MgBr — CH3CH28F:> CH3CH2OH
Ethanol

The starting materials or synthetic equivalents for the reaction are Ethanol, Ethylene oxide
and bromo benzene.

Synthesis:

Formation of butanal, Phenyl Magnesium bromide followed by their reaction to form TM

Formation of Butanal

13



PBr; Mg dryether DO CH-OH
2
OH /\Br SN

MgBr H;O"

CH,OH [O]

NS CHO

Reaction of Butanal with Phenyl Magnesium bromide

OH
CHO “H,0
_~_/CHO 1)PhMgBr A ppy /\/\Ph

2) H30+

H,, Catalyst

/\/\
Ph Ph

Eg: 2
Target Molecule:

Retrosynthesis:

VAN

m-Xylene /g
Cl O  Acetyl chloride

The starting materials or synthetic equivalents for the reaction are m-xylene, acetyl chloride
and Isopropyl bromide.

14



Synthesis:
Acetylation of m-xylene by Friedel-craft’s reaction

O
O Anhydrous AICl3
+ >
Cl
Ll i
H;O"

Alcohol undergoes dehydration followed by hydrogenation

OH
@K( -H,0 § @)\(
H, catalyst

1.7 Retrosynthesis of Bi functional disconnections
The alcoholic -OH group can be easily disconnected hence bifunctional disconnections are
described for oxygen containing functional groups only. The bifunctional disconnections are

further classified based on the relative distance between two functional groups
like 1,2; 1,3; 1,4; 1,5; 1,6-bifunctional disconnections. Since they are oxygen containing
functional groups they are abbreviated as 1,3-di O, 1,5-di O, 1,6-di O

Example 1 1,3-di O functional group disconnections
Represents aldol and can be applied to o, unsaturated carbonyl compound.
Target Molecule: OH

CHO

The above aldol can be synthesized by aldolization of butanal. Starting materials are Butanal
Retrosynthetic approach:

CHO tf(aldol) CHO, CHO

:}/\/

15



Synthesis:
OH

CHO
CHO
P + /{ NaOH CHO
Aldol

CHO

Target Molecule: /y\ OH

Retrosynthetic approach:

Disconnected to form two aldehydes

CHO tf(aldol) CHO

— —
oH ﬂ/ + CH,=0

CHO CH,OH
/w/ —_— /Y 2:> /w@ CH,=0

FGI

Synthon is further disconnected

/w@: /\ngBr

OH ©
/\( SN Z . CHs-CH,
+ CH4CHO

©
CH3CH2:> CH3CH2MgBr — CH3CHzBr . CH3CH20H

The starting materials are ethanol and formaldehyde.

PBr3 CH3CHO OH

CH3CH,OH CH3CH,MgBr MgBr
SOHROR g gy CHICHMIBT 57 T T
Cu powder gther PBr;
A Mg dry
[O] ether

CH3CHO

Further reactions of butan-2 magnesium bromide with formaldehyde
MgBr CHO CHO
/W/ HCHO _ /w/\OH [O] /Y /\ﬁ
H30 i LDA OH

HCHO
H,0* 16



Example 2 1,5 —di functional disconnection

Disconnection takes place by Michael addition reaction. (Addition of carbanion of
nucleophile to carbon of an a,p unsaturated carbonyl compound to form conjugate addition
compound.)

Target Molecule: @) @)
Me)J\/\/U\Me
Retrosynthesis:
O @)
1,5-di0 Jeo +
Me Me:> Me CH2 Me
tf(Michael addition)
@)
o — _— Ethyl AcetoAcetate
Mé “CH, Me ° Me
OOEt OOEt

Starting materials are ethyl acetoactetate and methyl vinyl ketone (acetone, dimethylamine,
formaldehyde)

Synthesis:

Methylvinyl ketone can be prepared by Mannich reaction

)
0O . e} Mel, NaOH \)L\
)k + MeyNH + HCHO )k/\ Me

Mannich A
Me Me Reaction M® NMe,
Michael reaction:
O
O OH Q
0 7 HC P Me Me
" * \)KM Me Me
e € COOEt
OOEt COOEt
i i M
Me Me warm Me Me
-co, 17

COOEt



O

Target Molecule: % :

Retrosynthesis:
Formation of carbanion of Michael addition reaction and a MVK(Methyl vinyl ketone)

O

O

tf o, Bunsaturated ketone

O/~0 0 ™o
©CH, Me

O
1 5 dio o + T\ 4
tf Michael o
MVK(METHYL
Vinyl Ketone)

The synthon MVK can be obtained from acetone by Mannich reaction.

O Me O Me ®)
®
&) —_— i‘\A‘\ ; ii) + CH3:> CH3C|
O O @)
O O H
=0
OH
@) @]

Starting materials are Resorcinol, methylchoride and methyl vinyl ketone (acetone,
dimethylamine, formaldehyde)

Synthesis:

OH o)
H Reduction O] @CHE,CI/NaOEt U Me
+3H-catalyst -EtOH
é\OH 2GHEL 0

Me T Me H,0 i
&Me .
NaOEt O O O
e 18




Example 3 1,6-Di O disconnection
Oxidative ring opening of cyclohexene
Chemical reactions:

SR e BT

Cr(vl) Ho @ O ‘CCO

\\\\\\\\ COOH CHO
COOH W

R
CO
R COOH

Ros ¢ co
R CO
\ R
Cr(VI) R
CO
CO
Target Molecule: )(j)\/\
Me
O
Retrosynthesis:

Ozonolysis of di substituted cyclohexene

/)k»/~\/”\ﬂ/Me 1,6-diO Me Me o

— + Me
Me O

e Me ®
Me ——— MeMgBr (I — (:\ﬁ + Me
@) O H
(HK MeCl

@)

19



Starting materials for the reaction are cyclohexanone, methyl chloride and methyl
magnesium bromide.

Synthesis:
Me
(\AL CH;ClI (I Me
o NaOEt o MeMgBr, Hy0* Me
OH
Me -Hzo
O3 Me
: L
Ozonolysis
Me Me
Target Molecule: o
O
PN OR
Ph /\[(
O
Retrosynthesis:

Oxidative ring opening of monosubstituted cyclohexene ring.

)KA/W(OR FGI )KA /YOH 1,6 diO

Ph
@ C( fPh s PhMgBr

Starting materials for the reaction are cyclohexanone, phenyl magnesium bromide.

Synthesis:
Ph

(:/(O PhMgBr/H;O" d—OH -H,0 @Ph
Ph
Cr(VI
S S »wﬁr
C

OOH

Ph



Example 4-1,4-di O disconnection
Heterolysis of carbon-carbon bond.
Target Molecule: @)

Me
Me

O
Retrosynthesis:
i O @
M Me Me
)%( e1 /4-disconnection )K + B
Me > —
0 Me CH> o 0

The synthon, can be prepared as
B Me ')
W )t
O Me Me

O FGA O

AT
CH
Me E():HZ Me ‘ 2 Ethylacetoacetate

COOEt

Starting materials for the reaction are Ethylacetoacetate, Bromoacetone.
Synthesis:

O

@)
i D NaOH )H/\’(Me H30" MMe
+ Me
MjH %Me NaBr Me warm 5
COOEt Br - COOEtO

Target molecule:

OQ:O

21



Retrosynthesis:

o, BUnsaturated

o Ketone @) 1,4 diO E:E +
O o)
Hs

The synthon, can be prepared as

L —0,

Cyclohexanone

0 @)
)K — %Me
Me Me Br

Starting materials for the reaction are cyclohexanone, Bromoacetone
Synthesis:

O
L - %Me NaOEt =(I\£O H,0
B O
@) r H,
Example 5- 1.2-di O disconnection
Often involve illogical synthon
Target Molecule: H
COOH
=) Me
Retrosynthesis:
OH )
COCH + COOH (CN)

Ph Me Ph Me

Starting materials for the reaction are A'&&%‘i%%@&f‘%ﬁ

Synthesis:

Pi HCN _ OH _CN  HiO' (}H<COOH
h  “Me Ph “Me “pPh ~Me

Me Me

22



Target Molecule:

O
Me% Me
Me

OH

Retrosynthesis:
D 124 t i ?
,2=-alsconnecton +
ol
——
Me% Me Me Me Me
MeOH illogical Synthon
Starting materials for the reaction are Acetone, acetylene
Synthesis:
O
Me o + H-C=C-H 2. Me— \ Me% Me
Me OH  +H,0 Mé
Me diLH,s0, ©H
HgSO4

Test for Knowledge 2
Propose a retrosynthetic pathway
Compound COOMe

O
Retrosynthesis:

COOMe
COOMe COOMe o

tf o B unsaturated

ketone 1,5 diO + y
> — S) e

o o MVK

23



The synthon,

COOMe COOMe
o COOMe
—— —
o (\ cHo* ) Methyl Acrylate
HO HO H
Synthetic equivalents: Butanal , MVK and methyl acrylate.
Synthesis:
COOMe
~.~ CHO NaOEt __~CHO R
Butanal © COOMe
HO
-
Michael addition with MVK
COOM
COOMe © COOMe
O > -HQO
HO
HO )k/ @) 0O
MVK Me
Compound o

OMe COOH

24



Compound is a bifunctional group — with carboxylic acid groups at 1 an6 position. Hence
the retrosynthetic pathway proceeds by cleavage of cyclohexene ring with oxidizing agents
like Cr(VI) along with transformations.

Disconnection takes place next to the carbonyl functional group.

Retrosynthesis:
OH COOH
COOH
COOH

Poaols %Qﬁ \

1,3-
butadiene

J@ tfrriedel-Crafts E tf- Mannlch i
OMe /©/ O/
OMe NMe,

Anisole

The synthetic equivalents or the raw materials for the reaction are anisole and 1,3 butadiene.

Synthesis:
CH5COCI ﬁ\ ?
Anh.AICI O > @i
OMe nn-Alls Me,NH,HCHO, -~~~ NMe
Anisole HCl OMe 2

Mel HI Hoffmaqn
Elimination

Jeperemy.t

25



1,6-diO cleavage

L

OMe
(I) OOH OH COOH o
CrVI) /©/ NaBH,4 Spontaneousp©/
oxidationyye e y—lactonizati(()) " COOH
COOH COOH

1.8 Protecting Agents

Organic synthesis involves polyfunctional substrates. It is therefore necessary to
protect a functional group in order to carry out a reaction at some other functional group
without any interference. After the reaction is completed, the protected group can be
deprotected.

1.8.1 Protection Reagent: A molecular framework used to block the reactivity of a
particular functional group in a substrate with polyfunctional groups under specified
conditions.

Eg: alcohols are protective agent for acids.

1.8.2 Characteristics of Protective agent:

It should be chemoselective in its reaction with the functional group to be protected.

The protected group should be stable/resistant enough to survive the reaction conditions
maintained for performing the desired reactions.

After the reaction, the protected group should be easily and chemoselectively removed under
mild conditions without affecting the rest of the molecule.

Example 1 :

Protection of active C-H bond.

Terminal alkynes are protected with chloro trimethyl silane and deprotected by AgNO3/KCN
—Corey’ s method.

26



i AgNO
RC=CH MSCl pec=cTms "% Rc= cAg
“HCI _TSMNO;,
KOH+ RC=CH 22 pc—cx

Alkenes can be protected by epoxidation reaction and deprotected by treatment with ZnI-Nal

acetic acid.
A ~
. —~ mcPBA \C/ \ / M Cc=C
C=C ) / — Deprotectjng ™~
/ . Protecting
Example 2
Protection of Amino groups:
1) Trifluoroacetic anhydride: Py Ba(OH
4}3000H 3 NaHCO;3
2) tert-butylazido formate:
e Me
R-NH, * N3COO;€ Mg Protection RNHCO@%MS
t-butylazido formate CF3COOH
or
HF
RNH,
3)Carbobenzoxy chloride:
R-NH; + CgH50COCI RNHCOOCgH
2 e Protection o
Carbobenzoxy Chloride HBr,

R-NH,

27



Example 3
Protection of alcohol group:
1)Acetic anhydride:

Acetic anhydride,

R-OH Pyriding
Protecting

Methanolic NaOH
~ R-OAc —~ R-OH
Protection Deprotecting

2)MEMCI

Pyridine o~ /\/O
R-OH + CI/\O/\/O\ Me -HCI R O o Me

2-Methoxyethoxy methyl chloride R-OMEM

Deprotection | ZnBr,/CH,CI,

R-OH

3) Benzyl chloride
Py
- N - @) Ph H2/Pd
Benzyl Chloride PNy Deprotecting

BnCl R Bn

4) Dihydropyran (DHP)

0O . .
p-Toluenesulfonic acid ad.CH-COOH
R-OH + @ - RO_O_ 29¥T¥YPR oH

Dihydro Pyran 0.1N HCl
Deprotecting

5) Butyl dimethylsilyl chloride

Me Me : Me Me
/
R-OH + | Si\ Me Imidazole -

~ RO—Si Me
Me 'Me  -HCI Me Me
tert-butyl dimethyl
silyl chloride

Deprotection | HF Bu,NF

R-OH
28



Example 4:
Protection of aldehydes and ketones
1) 1,2 glycol
p-Toluene sulphonic acid o
R H— R
}O + © - y Ketal
OH— -Hzo \

R R O

1,2-Glycol Deprotection HCI in acetone
R
e
R

2) Mercaptoethanol

p-Toluene sulphonic acid

R>:O N SH— N R S

R OH— -H0 ]
R O
1

X

2-Mercarptoethanol

@)

,3-Oxathiolane

Deprotection | Raney Ni

R
O

R
3)1,3-Dithiane

p-Toluene sulphonic acid

0w D

1,3-Dithiane Thioketal

Deprotection | H,0*

R>O

R

29



Example 5
Protection of acid group

1) Benzylalcohol
CH,OH .
RCOOH + @ H  RCOOCH,CgHs
CF;COOH
RCOOH
2)Trichloro ethylalcohol
SOCl, OHCH,CClIj3
RCOOH RCOCI RCOOCH,CCl;
Zn/CH3;COOH
RCOOCH,CCl, 3 RCOOH
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UNIT 2

REAGENTS IN ORGANIC CHEMISTRY

2..1 Oxidising agents
2.1.1 Potassium dichromate in acidic medium- K,Cr,0~
1) Oxidation of alcohols:

RCH,OH + Cr,0,% +4 H,S0, RCHO + 7H,0+ 2Cr3* + 45047

RCHO + Cr,0,% +4 H,S0O, RCOOH + 4H,0+ 2Cr3* + 4S04%

3R2CHOH + NazCr207 + 4 H2804

RzCO + 7H20+ CI’Q(SO4)3 + N82804

Mechanism:

R ? R 9

+ —Cr—
o~ CHOH 7 OR=Gr—OH C —0"Cr-OH
R 14
O H o) ‘
R\
2) Oxidation of cyclic alcohols: R/C=O
OH 0
O K2Cr207 Cﬁ
H,SO4
50%
60°C
COOH
COOH

3) Oxidation of cyclic diols:
CH, CH,

g OH KQCFQO7 - g/O
OH  H,s0, o)

CH, CHs




4) Oxidation of aromatic alcohols

CHO
CH,OH
K2CF207 é
H,SO,

5) Oxidation of aromatic side chains:

CHg COOH

NazCr207
H+

6) Oxidation of aromatic side chains:

CHs COOH CHs COOH
Na,Cr,0- NaCr 04
T H H*
Ha COOH NO NO,

2.1.2 Jones Reagent:
It is a CrO; —acetate in acid medium. It is used for oxidation of alcohol with double and
triple bond, allylic or benzylic CH bonds. The reaction is carried out at 0-20°C.

1) Oxidation of alcohol

CrO3
CH=C — CH=CHCH,OH CH=C —CH=CHCOOH
CH;COOH
CH3;COOH |CrO3
CH=C —CH=CHCHO
,OH cro, 0
C4HoC=C —CH C4H9CEC —C
\_... CH3COOH “CcH
CHj, 3



2) Oxidation of aromatic alcohols

OH ?
CrOg _
acetic acid
H O
Hydroquinone p-benzoquinone
3) Oxidation of aromatic side chains:
CH; COOH
CrOg
CH3;COOH
NO, NO,

2.1.3 Chromium trioxide-Pyridine complex
a) Sarett Reagent:

X —
crog+[ ) - [ NT—Cr-O
N™ 15-20% |
2 o

b) Collins reagent: Chromium trioxide-Pyridine complex in dicholromethane solvent.
1) Oxidation of alcohols:

CI"O3
CeHsCH=CHCH,OH CeHsCH=CHCHO
Pyridine
CrOs CH,),CH=CH(CH,),CHO
7 —(CH3);CH=CH(CH_),CH,OH ~ 7 (CH2),CH=CH(CH>),
Pyridine

¢) Pyridinium chlorochromate [PCC]
It is prepared by dissolving CrOj; in pyridine solution and HCI.

@ ©
Cro.+ Q + HCI ¢ "NHCrO4Cl

1) Oxidation of alcohols:




R PCC R
~ CHOH ~co
R R

®
d) Pyridium dichromate:PDC-
Oxidation of alcohol: [CsH5NH],Cr0;

PDC _
CeHsCH(OH)CH=CHCHj - CeHsCOCH=CHCH,4

2.1. 4 Periodic acid : HIO,
Used for the cleavage of adjacent 1,2 diols.

RCH(OH)-CH,0OH + HIOj——> RCHO +HCHO

Periodic acids:

RCH(OH)-CH(R)OH + HIO,——» RCHO + R;CHO

RCO-CHOH)R + HIO;,——— RCOOH +RCHO

RCO-COR' + HIO,——» RCOOH +R'COOH

OSO4
CH;CH,CH=CCH,CH}f HIO; —— CH3CH,CHO + CH3COCH,CH;3

CH; KMnO,

CH;CH,COOH + CH;COCH,CHj

2..1.5 DDQ- 2,3 dichloro 5,6 dicyano 1,4 benzoquinone
Preparation:
By treating with 1,4 hydroquinone with HCN followed by oxidation and acid treatment.



OH OH

HCN CN (0] CN e CN
CoHsOH/H* CN N . o
O H 0 ’
HCl | [0]
Cl CN
Cl CN
0

It decomposes in water and inert towards THF and dioxane.

Chemical Reactions:
1) Aromatisation or Dehydrogenation: Solutions of DDQ in benzene are red in colour.

g
—
Cl (
2) Bicyclic systems:
sol-
Reflux
CH3
CH4CHs
@é DDQ, CgHg OO

3) Forms salts of aromatic cations.

oh oh Ph
J>/ DDQ, CgHg ® _ PhCIO,
P P




4) Oxidation of Phenols

OH OMe OMe
OMe l OMe o ﬂ o
DDQ, CeHs e OMe
CHs 4 CHs O OH OH
CH3 CH3 CH3 CH3 CH3 CH3
Lh, DDQ,CgHg CH,OH o
HOCH; CH(OCH3), CHO

5) Oxidation cyclization:

Ph
N Ph

@(\/ DDQ, CgHg @\/\\/
OH g o

6) Intramolecular cyclization:

@(CH(CGHS)Z @(8(C6H5)2 %6H5

CH=CH, DDQ, CgHg CH=CHj;

2.1.6 SeO,

Oxidation of allylic benzylic C-H fragments to allylic and benzylic alcohols (a,3 unsaturated
carbonyl compounds)

Mechanism: Initial ene reaction of allylic compound to SeO, to give allylic selenic acid,
undergoes a 2,3 sigmatropic rearrangement followed by hydrolysis —allylic alcohols.

2
? OH
O |1
Ve e
e
H H N ZQ,/
3

O

\J

H,O ®
on ] oseor




1) Reactions with allylic compound:

CH H sSeO N\ H
3./ eV2  OH -
/O

H / ~
CHa CH3 N

2) In aromatic heterocycles, the methyl group in o position with respect to nitrogen is
oxidised to aldehyde.

SeO2 X
\ s
C;\/l\lj\CHg, EtOH N” ~CHO

C2H5 C2H5

CH,3 se0, CHs
T T
N"™ CHj N"™> CHO

3) Oxidation of acetylenes:

PhC= CPh PhCOCOPHh
ShC— CH  —222. PRCOCOOH
4) Oxidation of carbonyl compound:
COCH, COCHO
(5 SeO, @
CH,COCH; 2292, CH,COCHO

o — Oy



2.1.7 Osmium tetroxide OsQy,

Toxic, volatile and its vapours are dangerous to eyes. It is a reagent used mostly for cis-
hydroxylation of C-C double bonds.

~0_ »© R‘CHOH on /°
_ R—CH Os Os
T+ oso, | o RCHOH 4 Yo
R—CH R—CH_ /
—0
OH OsO4 H
P -
= g OH
Allyl alcohol H
Glycerol
@ OSO4 OH
OH

OH

(ﬁHCOOH 0oso, CHCOOH
CHCOOH ?HCOOH

OH

2.1.8 1,3-dithiane
The carbonyl carbon of aldehyde is partially positive i.e.,electrophilic therefore
attacked by the nucleophile. Reaction of an aldehyde with 1,3 propane dithiol and further

reaction with butyl lithium the carbon becomes negatively charged —Umpolung (polarity
reversal).

O o— 5_5+
[ H* ¢ C4Hgli SK\S

+ C4H
c 8  +SH(CHy)3SH S_S 410
= \H S\ = Li*

R H R
Reactions:
1) Conversion of aldehyde to ketone
BuLi A
' +_ 2+
s_s —RBr S7<S» HsO™-Hg" RCOR!
R H R R -SH(CH,)3SH Ketone
Thioketal



2) Conversion of dihalides to 3-7 membered cyclic ketones

BulLi

O
™ Br(CH,);Cl SQ Buli [ Hz0"-Hg**
s_S = — 5 S
(CH,);cI H é
3) Reaction with aldehyde it gives a-hydroxy ketones.
BuLi . o
N , Y HsO*-Hg
s_s —RCHO . s s -~ RCOCHR'
-SH(CH2)3SH ‘
K H R CHR' OH
a-hydroxyketone
4) Act as nucleophile
BuLi + +
AN 0 AN -SH(CH,)sSH

H HZCL\CHCHS/\/\/ﬁ)\ji

2.1.9 Woodward and Prevost Hydroxylation
Alkene is reacted with iodine and silver salt in wet conditions ( Woodward Method)-Cis
diols; dry conditions (Prevost method)- trans diols.

( O COCHj, 0=C—0

N —a S e
(™ :
|
'— ! . Ag*ococH,
T
C
O/+\O



Woodward prevost

C‘H3 C‘H3
O-H
Oy o i
O o) 2 O/ \O
\ o/ \ O
— C—C— — Cc—C 0\ /OH
. o _c—cC
CH, ]
‘ OCOCH;4 Hydrolysis
. C |
07 ™0 |
v _ c—C— OH OH
~ C—C— | |
] OCOCH; - ‘C_T Cis diols
O"COCH,4 | |OH
~ c—C—
|
OH

2.1.10 Swern oxidation

Mild reagent used for the oxidation of alcohol to aldehyde/ ketones in the presence of
oxalyl chloride, dimethylsulphoxide and a base (trimethyl amine) at low temperatures.
The first step is the replacement of one chlorine atom by the oxygen atom of DMSO
followed by attack of alcohol at the electrophilic sulphur atom to give alkoxy sulfonium salt.

CH_
c—c—c—a *+ | CLCOIZ. $*—0— C—C—cl
| ciy ohy 0 o o L]
O O 3 ChHs 3 0O O
-CO,
-CO
s*—Cl

CHs Dimethyl sulphonium chloride

10



CHg_

S*—Cl + OHCHR CH3\S+ OCHR
/ “HCl — OCH,
CH; H chl

The salt undergoes proton abstraction by the base to form an ylide which fragments to
aldehyde and ketone by an intramolecular concerted process.

He diREE
H CH2 Base H CH2 = + /S\
| | - | | REA=O . cH
R—CH  g+—CH, R —CH\ ( g+—CHs 3 3
A~ \O/
@)
COCl, DMSO
CHa(CH,)sCH,OH 2. ~ CHj3(CH,)sCHO
CH,CI, (CH3)3N
2.2 Reducing Agents
2.2.1 Lithium Aluminum hydride-LiAlH4
Preparation: Treating LiH to AICl; in THF medium.
| THF
LiH +AICl, ~ LiAIH, + 3LiCl

Act as Reducing agent: Reduces aldehydes, ketones, acids, esters ,acid chlorides and
epoxides to alcohols. Reduces amides, nitriles, azides, nitro groups to amines.

Reduces polar functional groups except alkenes and alkynes.

1) Reduction of carbonyl group:

LiAIH,/Ether
CH3(CH,)sCHO -~ CH3(CH2)sCH,0OH
Mechanism:
R | o @
R>C=O +  H-AHaLi R—?—ONHsL'
R H,0
H
CIJ OH + AI/OH L
R

11



OH H
E LiAIH,/Ether é

LiAIH,/Ether
CH3CHCH,CH,
|

OH
C|)H

LiAlH4/Ether @

LiAlH4/Ether

CH3CH=CHCHO ~ CH3CH=CHCH,OH

CH3COCH,CHj

2) Reduction of acids and its derivatives:

The reactivity is RCOCI> RCOOR>RCONR,> RCN> RCOOH
Mechanism:

| O @
R—C=0 + H'A|H3L| R_C_OA|H3LI

| |
OC,Hs OC;Hs

H,O

H,0 'ﬂ

LiAIH, di
R-C-H

RCH,OH R—C=0 +

_OH Li
A4,

OAIHaLi

3) Reduction of acids and its derivatives:

LiAlH,/Ether
~ CH3CH,CH,OH

C[COCI LiAIH,/Ether @(CHzOH
cOcCl B

CH,OH

CH5CH,COOH

LiAlH4/Ether
PhCOOEt PhCH,OH

LiAIH4/Ether
C,H5COO(CH,),CO0C,H5 4 =" OHCHy(CHy),CH,OH

12



4) Reduction of amide to amine
Mechanism:

| O @
R—C|3—OAIH3Li

R—C=0 +  H-AlHaLi

NR, NR;

®
RCH2N R2<— RCH=NR2

LiAlH,4/Ether

CH3CONH, CH3CH,NH,

CoHNHCOCH AR Ether

CeHsNHCH,CH3

5) Reduction of epoxide: The Nucleophile attacks the less hindered carbon atom to form
corresponding alcohol.

o  LiAHyEther pp OH H

Ph > >|——<
>A\ph Ph Ph

Ph

O i
D L|AIH4/Ether= CH4CH,CH,OH

LiAlH4/Ether
CH2=CH_CH— CH2 = CH2=CH_CH_ CH3

\o/ b

6) Reduction of azides, nitriles

LiAlH,4/Ether
RN3 — RN H2

LiAlH,/Ether
RCN —— RCH,NH,

CHyCHCH,CH, AHY/Eer o CHEH,CH,

N02 NH2

OMe NH, OMe

LiAIH,/Ether
A~ OMe - N~ OMe 13

CN




7) Reduction of alkyl halides:

LiAIH,/Ether
CHa(CHy),CH,Br > CHg(CH,),CH;

@[ C:HZBr L|A|H4/Ether ©:CH3
CHzBr CH3
|
©iCI LiAIH,/Ether ©/ c
|

2.2.2 Sodium borohydride-NaBH,4
Preparation: reacts with sodium hydride with methyl borate.

NaH + B(OMe); NaBH; + 3MeONa

Reacts in aqueous medium and reacts slowly.Reduces aldehydes and ketones. Inert towards
cyano, nitro, amido, ester, acids, lactones. Epoxides.

1) Reduction of aldehyde and ketone
Mechanism:

R | o @
\C=O + H-BH3;Na R—C—OBH;3Na
R R | Hy0
o A
H
NaBH, R—C—OH
é ] R
CHO CH,OH

@ NaBH, @

Reduction of aldehyde and ketone

14



CHO CH,OH

NaBH,
NO, NO,
CHO CH,OH
NaBH,4
OOEL COOEt
2) Reduction of alkylhalide:
CH,Br CHs
NaBH,4

NO2 NO,

3) Reduction of a ,p unsaturated carbomnyl compound

Hy
PhCH=CHCHO

PhCH=CHCH,OH
OH

o)
@ NaBH, é

2.2.3 Luche’s reagent —Mixture of sodium borohydride and cerium chloride. In a cyclic
unsaturated ketones, the unsaturation remains unaffected with this reagent.

OH

NaBH,/CeCl;
CH3OH

2.2.4 Borane-BH;

Preparation:

Borane exists as its gaseous dimer, Diborane B,Hg. It is commercially available in the form
of complexes with THF and is prepared from borohydride and boron trifluoride.

15



3NaBH, + 4BF; NaBF, + B;Hg

Properties:
Reacts with C=C, CEC bond and adds hydrogen by hydroboration reaction.

1) Hydroboration of olefins:
Borane reacts with olefins to form alkyl boranes.

RCH=CH

RCH=CH, +BHj RCH,CH,BH, ?(RCH,CH,),BH
RCH=CH,
(RCH,CH,)3B
CH3;C=CHCH3; + BHj3 (CH3;CH-CHCH),BH
CHj CH; CH;  Disiamyl borane
CH3C= (‘:CH3 + BH3 > CH3CH- CCH3 -BH2
CH3CH3 CH; CH; Thexyl Borane

Mixed alkyl boranes can be obtained.

o p
(CHacHCBH, + ) (GHOHGEr —

CH; CHs
RCH=CH,

Ve

CHj),CHCB
(Chs), ™~ CH,CH,R

CHs

16



Mechanism:

RCH=CH2 + BH3 Rgljj%HZ RCH2CHQBH2
|I_| - _BHZ

Boron is electron deficient

2) Hydroboration and oxidation- Regioselective reaction.
Olefin is converted to alcohol-AntiMarkownikoff’s rule.

[(CH3)3CCH,CH,]3B
H,O,/OH"

(CH3)3CCH=CH2 + BH3

[(CH3)3CCH,CH,]OH
3,3 dimethyl1-butanol

BH
Q > Q """ B Hy0,/0H .- OH
CH CH 3\

33 CHs

Hydroboration and oxidation:
Mechanism:

H202 + OH'—— HOO" +H20

R R
|@ A -OH- ‘

R;B + HOOO — R—B— O-OH R— B— OR
|~
R J 2HOO"
PR m
H,0 2-OH o
B(OH); + 3ROH «——— RO—B— OR R— I‘B\;O-OH
R

17



3) Hydroboration with dichromate as oxidising reagent.
Olefins to ketones

CH3 CH3

O e r°
N82CF207/H2804
@ BHj : O

NazCr207/HZSO4

4) Hydroboration of acetylenes: Acetylene bond is converted to ketone.

CH3CH2CECCH20H3 CH3CH2‘C:CHCH2CH3

BR,
[0]

CH3CH2COCH2CH20H3 CH3CH2‘C:CHCH20H3

OH

5) Carbonylation: Organoboranes can be converted to acids by treating with CO followed by
oxidation

R
|@ @ I|?
RsB  +CO R—B—C=0=—= R—B—C=0
H,0,/0OH"
R3;COOH 0=B-C(R);
R4B CO/glycol R,COOH
H,0,/OH.

18



2.2.5 Aluminum hydride-AlH;
Preparation: Reaction of lithium aluminum hydride with aluminum chloride.

3LiAIH, + AICI5 4AlHz + 3LiCl

Reaction:

Reduces ketone, acid derivatives to alcohol. Unaffected by halogens and nitro group.

1) Ketone:

O

A

2) Halides and nitro group containing acid derivatives:

//A\\/ji\ Al NN
Cl
NO, AlH; NO>
OEt /)\v/\\/OH
O
3) Epoxides:

2.2.6 DIBAL-Diisobutylaluminumhydride

DIBAL can be prepared by heating triisobutylaluminium (itself a dimer) to induce beta-

hydride elimination:
(i-BusAl), — (i-Bu,AlH), + 2 (CH3),C=CH.

Chemical properties:

1) Esters: |
iBu,AlH
RCOOR
~g0e ~ RCHO

hexane

19



DIBAL is an hydride donor at low temperature -78°C and act as an electrophilic reducing
agent.
Mechanism:

||‘| O
)\/A|j\ + ‘HKOCH OCHj
3 OCH
N

H,O
OCH,
| @)
)\/AI +
H
2) Nitriles to aldehydes
~CN iBu,AlH
780 RCHO
hexane
3) Esters to alcohol
iBu,AlH
CeH5COOC,H5 ~ CgHsCH,OH
Room
hexane
H
iBuoAlH
Room
o) hexane H

2.3 Grignard’s Reagent-Organometallic Reagent

Organic compounds with a carbon-metal bond. CH;Li, C,HsMgBr.Excludes
compound where the metal atom is bonded through heteroatom.CH3ONa. Electro negativity
of carbon is 2.5 which is much higher than most of the metals which lie between 0.9-1.8
Preparation:
By direct reduction of alkyl halide with the metal.

ether

RX + Mg RMgX

20



Properties: Colourless, hygroscopic solids. Fairly stable in air. The carbon-metal bond is
highly polar. The carbanion with an unshared pair of electrons act as nucleophile thereby
Grignard reagent undergoes both Nucleophilic substitution and addition reactions.
Nucleophilic Substitution Reactions:
The general pattern of reaction is,

" ,OH
RH +

g\X

— N
OH—H  +R—MgX

Br—C,Hs * R—MgX RCoHs + Mg\Br
1) Reactions with active hydrogen compounds: Compounds in which hydrogen is attached to

highly electronegative atom can be easily dissociated as proton are known as active
hydrogen.

,OH
M
C,HsMgBr +HOH CaHe * MIng,
OC2Hs
+
C,HsMgl + HOC,Hs CoHe * Mo |
In case of ammonia and primary amine,
,NH;
C,HsMgl  +HNH; CoHe * MI~ |
y Br
- CH,=CH, + Mg
H,=CH.MgBr + HNHC,H 2 2
CH,=CH.MgBr CaHs N NHC,Hs

2) Reaction with acetylene and enolic form of acetoacetic ester

C,HsMgl + CH=CH

CoHg * CMgl= C.Mgl

CH3C=CHCOOEt + CH3Mgl CH, + CH3C=CHCOOEt

(|)H 6Mg|

3) Reaction with organic halides

C,HsMgBr+ BrCyHs C,Hs.CoHs  + MgBr,

C,HsMgBr+ BrCH, CH=CH, C,Hs.CH,CH=CH, * MgBr,

CH3MgBr + BrCH, C=CH CH5.CH,C = CH + MgBr;

21



4) Reaction with cyanogen chloride and chloramines:

Br
/
C,HsMgBr+ CNCI CoHsCN + Mg ol
/ Br
C,HsMgBr+ CI.NH, CoHsNHp + Mg__

b) Nucleophilic Addition:
Grignard Reagents reacts with compounds having carbon-oxygen, carbon-sulphur, carbon-
nitrogen multiple bonds to form addition products which on hydrolysis forms variety of

compounds
General Mechanism of Nucleophilic addition
5— 5+ | + |
~ - R-MaX H"/H,0
~c=0 >c—o 92 . — ¢ —OMgX <~— C —OH
| -Mg |
R OH R
d— &+ | |
N + - R H*/H,O
—Cc=N N EMIX o —NMgX— 2. c=0
_NH,
| Mg |
R OH R
1) Addition to aldehydes
a) Formaldehyde: forms primary alcohols
H H
H.  ~ | H*/H,0 |
_C=0 + CpHsMgBr——= H— C —OMgBr g~ H—C—OH
H | Mg |
C2oHs OH CoHs
Propanol
b) acetaldehyde — forms secondary alcohols 1°alcohol
) |
CH3 A H+/H20
C=0 + C,HsMgBr CHsz— C —OMgBr 5~ CHy— C —OH
H Mg ="
| 9 |
CoHs OH CoHs
2-Butanol
2° alcohol

22



c¢) ketones-forms tertiary alcohols

) |
CH —~ H*/H,0
3>C=O + Co,HsMgBr CH3z— c —OMgBr Br CH;— ¢ —OH
H | -Mg |
CoHs OH CoHs
2-Butanol
2° alcohol

2) Addition to CO;: Forms acids
o+  O—

O— C=—=0 + C,HsMgBr CoHs— C=0 _H/H,0 c,Hs—C=0

Br
OMgBr M OH
g 9~ OH
Acids
3) Addition to Esters:
a) Formic esters: forms aldehyde
S— C2oHs CoHs
5+ 0 | H*/H,0 |
H—C” + C,HsMgBr H—C —OMgBr gr H—C—OH
\ | el |
OC2Hs OCyHs 9 OH OH
C,HsOH H,0
CaHs C,HsMgBr
" cHoH  SATMIBr L cHo
C,oH +
> 3 pentanol H/H0 aldehyde
2° alcohol

b) esters- forms ketones

S— (‘32H5 C‘32H5
o+ O H*/H,0
_ A A
H3C—C</ + C,HsMgBr CH3—C|:—0MgBr B CH3—C —OH
OC,H Mg |
2t15 OC2H5 \OH OH
C,H5OH H,0
CH,
CoHs- | CoHsMgBr T
__COH  —— C,H5C=0
CoHs HH0 Ketome

3-Methyl 3-pentanol
3% alcohol



c¢) Acid chlorides- Forms ketones

S— CoHs . CoHs

5+ 0 | H*/H,0 |
H3C—C\/ + C2H5MgBr CHB_cl: _OMgBr Br CH3_C:O
Cl Cl Mg OH Ketone

3) Addition to CS,- forms dithioic acids

o+ O—
S=C=—S + C,HsMgBr CoHs— C—S H/HO0 C,Hs—C—Ss
Br
SMgB SH
95 MI- oh
Dithio
acids

4) Addition to SO, —forms sulphinic acids
o+  O-—

O—S=—0 + C,HsMgBr

CoHs—s=0 _H/M0 c,Hy—s=0

Y, Br
OMgBr  Mg._ OH OH
Ethane
sulphinic
acids
5) Addition to ethylene oxide- forms alcohols
H,C—CH *
2 \ / 2 4 CHeMgBr M2 b cH,CH,OH
O MgBr(OH)  gytanol
6) Addition to alkyl cyanides-forms ketones.
&+ O—
CHs H*/H,0 A
CH3C=N + C,H5MgBr >C=NMgBr ZB CoHg— C—0
, Br
CoH M
215 g NH, CHs;
Ethyl Methyl
Ketone
Excess
CoHsMgBr
CHa_ 24
C2H5—C —OH

3-Methyl3-Pentanol 4
CoHs



7) Addition to carbon-carbon double bonds:

TCl RCH,CH,MgBr + CHy=CH,
MgBr(OH) Ethene

RCH=CH, + C,HsMgBr

2.3.1 Organolithium Compounds

Alkyl lithium: Heating alkyl halide with Lithium in the presence of benzene or ether.

~ Ether
CH3Br  +2Li CHsLi +LiBr

Ether
CH3(CH2)3C| + 2Li — CH3(CH,)sLi  + LiCl

Properties- Colourless liquids; mainly covalent in nature, Reacts with Lewis base. More
reactive than Grignard Reagent.

Nucleophilic Substitution Reaction:

1) Reaction with active hydrogen : Forms alkanes

CHs-Li + HOH CH4 + LiOH

2) Nucleophilic Addition Reaction: Reacts with aldehydes, ketones similar to Grignard’s

reagent
Addition to formaldehyde- forms primary alcohol H
H
"o+ cHull | o HMO H c|: OH
= + | H_ C — | — S
H > | -LiOH |
Ethanol
1°alcohol

2) Addition to aldehyde-forms secondary alcohol

I‘—I H
CHz ~ H*/H,0 |
C=0 + CHjli CHz — c— OLji 2 - CHs— C —OH
H™ | -LiOH 3 C|:
CH3 CH3
Isopropyl alcohol
2° alcohol

25



3) Addition to ketone- forms tertiary alcohol

?Hs CHj
CHy —~ | H*/H,0 |
5C=0 + CHyli CH3—Cc—oLi ———~ CH;— c —OH
CH3 ‘ -LiOH |
CH3 CH3

t-Butyl alcohol

4) Addition to CO,- forms acids

o+ O
+
O=—C=—0 + CHali CHy—C=0 H/H,0 cHs—C=0
LiOH
OLi OH
Acids
5) Addition to epoxide- forms alcohols.
H,C—CH *
2 \ / 2 4+ CHali H/H20_ ch,cH,cH,0H
O Li(OH) Propanol

2.4 Lithium diisopropyl amide-LDA
Prepared by treating a solution of diisopropylamine in THF with n-butyllithium.

6~ &+ THF _ .
(i-CsH7)oNH + C4Hglii 280°C (i-C3H7)oNLi + Cy4Hqg
Diisopropylamine
Properties:
Basic in nature, relatively soluble in ether. Converts carbonyl compound to corresponding
enolates

Alkylation of carbonyl compound by Sx2 reaction

H oLi* O
o T . CHy cHs L _cpy
CH3 (CH3CH)2N_LI CH3Br 3
(LDA)

Hs O

(CHaCH)N'Li* O&KCHB
(LDA) ] 26

CHsl




oLi*

QCOCH?’ LDA (I: = CH,
Ether-60°C Q

CH20H2CHQBF
CH2CH2CH28F

2.5 Tributyl tin hydride (Bu;SnH)

Converts alkyl halide to alkane. Reaction proceeds with an radical initiator AIBN. The
tributyl tin radical abstracts a halogen from alkyl halide since Sn-H bond is weak can't
abstract C-H bond from the alkyl group. The reaction is energetically favoured as it form Sn-
Br and C-H bond which are far stronger than the Sn-H and C-Br bond.

CN CN CN
| | A hv |
2 « + N
CH3»—?—N=N?—CH3 CH3—? 2
CH, CHs CHs
‘CN
CHz— ? anBu:e, CH3—C|3—’H * BusSn®
CHs CHj

Tributyl tin radical reaction with alkyl halide

TN

BusSn® + Br—R BusSnBr +R®

/_\m
R®* + H—SnBuj ~R—H + BuzSn®
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1) Converts alkyl halide to alkane

CHzBr

BusSnH O/CH3

AIBN

I:%r
CEO>:O BusSnH 0O
o CEOFO

AIBN
2) Converts alkylhalide to aldehyde

BU3SI’1H

RCH,Br RCH,CHO
AIBN/CO

RCH,Br - RCH,” 9. RCH,CO

uszon

[
RCHZCm-Sn BU3
3) Intramolecular addition of a free radical to alkene to from Smembered ring
| BusSnH G
AIBN
Br

C\. — ()
Y e e O #C e

&I-J BusSn®

RCH,CHO + SnBus

4) Intramolecular addition from aldehyde to alcohol

H OH

M Bu;SnH
O -

Br AIBN

28



CHs

2.6 Phase transfer catalysis

Compounds whose addition to a two-phase organic water system transfers a water soluble
reactant to the organic phase where a homogeneous reaction takes place thus enhancing the
rate of the reaction.

CHCI3 Cl
7,7-dichloro-bicyclo[4.1.0]heptane.

O CeH5CH,NEL:Cl Cl
. C

Chloroform reacts with base to yield dichlorocarbenes which adds to a double bond to form
dihydrocyclopropane.

C6H5CH2+NEt3(aq) + OH(aq) = CeHsCHoNEt30H (cHeis)

H,O + CgHsCH,NEt; CCls

CGH5CH2NEt3OH- +CHC|3

+ - " B
CeHsCHoNEt; CCl3 —— :CCl,  + CgH5CH,NEt;CI
Phase Transfer catalysis

+
CeHsCHoNEt;OH™ soluble in both water and organic

Small amounts of benzyl triethyl ammonium chloride is added.

Example 2 oxidation of alkene in benzene with KMnOy in the presence of quaternary
ammonium ion.
R4NX

CH3(CH5)5sCH=CH, (benzene) -
(s 2 aq.KMnO,, 35°C

CH3(CH,)sCOOH

2.7 Crown ethers

Large ring polyethers able to transport ionic compounds into the organic phase. They
are polymers of ethylene glycols prepared by reacting a mixture of triethylene glycol and its
corresponding dichloride in aqueous KOH.
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Relationship between crownether and ion is called host-guest relationship forming a species
with hydrocarbon like exterior. The complexed ion is soluble in nonpolar organic solvents.

Reactions:
O O - O. | .O
[ j [ N
0 0 o~ 1 ™g
K/O\) oo
L_o_
18-Crown-6
T aq.KOH 18-crown-6
KCN +RCHoX —pgnzong CH2CN + KX
NCI OH™ 18-crown-6c H,CH,F + KCI
+
o o

K/\CI OH_/

Hence, salts like KF,KCN can be transferred into aprotic solvents by using catalytic amount
of 18-crown-6. In the organic phase, the realtively unsolvated anions of these salts can carry
nucleophilic substitution reaction on an organic substrate.

2.8 Meerifield solid phase reaction
Solid support is used for the synthesis of polypeptides

30



NO,
CICHZ—Q— Resin

t-butyloxy carbonyl (C,Hs5)3N

(CH3)3COCONHCHRCOOH
C-terminal peptide

NO,
(CHg)3 COCONHCHRCOOCHZ@ Resin
H+

CoHs)3N
NO,

NH,CHRCOOCH; Resin

(CH3)3COCONHCHR'COOH
DCC NO,

(CH3)3 COCONHCHR'CONHCHRCOOCH, Resin

HBr /CF3COOH

NH,CHR'CONHCHRCOOH

2.9 Baker’s yeast

It is an enzyme which bring about the reduction of ketone to optically active
secondary alcohol. The enzyme is a chiral catalyst however does not provide the hydrogen
atom for reduction. The hydrogen atom is provided by coenzyme NADH. The reduction is
carried out using whole cells where both the enzyme and coenzyme are provided by the
organism.
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o H OH
)k/COOEt Baker's yeast : )\/ COOEt

Ethylacetoactate (S)-Alcohol
0 OH H
Baker'
EthylpKetovalerate (R)-Alcohol
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UNIT 3
NAMED REACTIONS

3.1 Appel Reaction:
Conversion of alcohol to alkyl halide in the presence of triphenyl phosphine and CCly,

OH  ¢cx,PPh; X
R/\R' VR/\R'
Ph,P-Br" ICBr3
PPhgl* ¢ 3 OH
Br Br Br |R/\R
-
R/\R' |Ph
o ®9 o | Lgr

+ PhsP-Br - R/\ Ph
R R’

Br
PPh;0 R/\R~

3.2 Corey Chaykovsky reaction
Reaction of sulphur ylides with carbonyl compounds to form epoxides and with imines it
form azridines.



~ OH 0

S— + i/%>
- .
R R

| R
@
g+ |- NaH So_ .o @
/ /S_ Y
2 o
| O

o, Ph —7§(

The overall reaction can be summarized as

R
ArCHO Zﬁh

A};;>\Ph‘\%j/’ S’\\?hBr

NaOH

NaBr

3.3 Ene Reaction:

Addition of an olefin having an allylic hydrogen to a compound containing double bond
(C=C, C=0, C=N) with the formation of new sigma bond to the terminal carbon of the allyl
group.



B ~yB H
0
~ +[ 0 'K\QP
H 0
0

3.4 Strok enamine Reaction

Enamines are o, unsaturated amines and are obtained by the reaction of
aldehyde/ketone having o —hydrogen atom with secondary amine in the presence of
dehydrating agnet p-TSH. The reaction proceeds in the forward direction by the removal of

water.
O | ?H |
(I:‘ll . NHR, __ G—c— NRz——= C=CHNR,
_| C— | LI | Enamine
b H
O U Benzene U
+ N N .
H Enamine

.



3.5 Mannich Reaction:

It is a condensation reaction between HCHO, ammonia or a primary or secondary
amine and a compound containing one or more active hydrogens.
Active hydrogen: ketones, keto-acids, acetoacetic ester, cyano acids and their esters, phenol,
nitro, alkynes etc.,
Secondary amines: Dialkyl amines,piperdine or pyrrolidine.
Aldehydes other than HCHO can also be used.

+ - ® ©
CeHsCOCH3; + HCHO + (C,H5)oNHLCI CeH5COCH,CHoNH(CoH5),Cl
Diethyl amino propiophenone hydrochloride

Mechanism:
H i . N
Et;NH + C=0=—— EtN-C —OH —— Et:N-C —0H,
H

H H
-H,O

@
Et,N=CH,

Mannichlntermediate

CgHsCOCH; =— CgH5C=CH;

H

/A

®
CeHsC=CH, + CH,=NEt,
NG

CeHsCCH,CH,NEL, +H”
H O Mannich Base

®
CeHsCCHLCH,NHE,

O



With primary amine:

H+
RCOCH;+ HCHO + H,NC2Hs RCOCH,CH,NHC,H5
HCHO + RCOCHj,4
(RCOCH,CH,),NCH;
HCHO HCHO
RCOCH,CH,NH,, (RCOCH,CH,),NH (RCOCH,CH,)3N
RCOCH, RCOCHj;

RCH,NO, % RCHCH,NH,.HCI+ H,0
3
O,

3.6 Michael Reaction:
Addition of carbanion of nucleophile to carbon of an o, unsaturated carbonyl compound to

form conjugate addition compound(C-C bond).
Rll

Rl



Mechanism:

Michael addition Malonic ester

S}
H — CH(COOC,Hs),* Base CH(COOC,Hs),
Carbanion
-
© —C—C—C—=
—C=C-C=0 + CH(COOC,Hs), (|3 C=C70
| CH(COOC,Hs),
- _ o
CH(COOC,Hs), CH(COOC,Hs),

3.7 Robinson Annulation:
Michael addition and intramolecular aldol reaction




foF _
% EL“’?{@H HQT/@
I 0:

Ej

Base removes A Whichael reaction
the enolate attacks enone Enclate protonates to
@ preton (C- does 1,4 addition) give ketone B
ASE TEMOVES e
o proton HO:
0: — .
H(_-fgl: f
\E_?H - OH
'\_5):

Easze rEmoves ce_proton PR . ot An Aldel reaction,

and E2 eliminationof - °X11 Ehplio COALES Lo the enclate attacks

hydrom de ccours to give enone grve aloons the ketone

O:

Robinson annulation:

Robinson Annulation Mechanism

R L =% ? o
Cop et F = A

Cortjigate additiorn

Profortaliorr H>O

o o @)
4
2o~ NaOH =
1 —— ——
,‘Q KET

Feprotrortariort

(] (@]
HoO NaOH Iij:/\l_\@
—_— —_—
FAN
PPFOLOFraliiors H

EIos



3.8 Wittig Reaction:

Direct conversion of carbonyl group of aldehyde and ketone to alkene using phosphorane or
ylide.

The ylide is prepared by treating the alkyl halide with triphenylphosphine having a-
hydrogen atom. The resulting phosphonium halide on treatment with alkali in the inert
solvent forms the ylide.

- M9

R “er *PPhs R~ PPhg Br

Alkyl halide Triphenyl phosphine Alkylphosphonium Bromide
NaOH, Xylene
HBr

o
IND X
R PPhg R  PPhg

Phospharane or Phosphorus ylide

The ylide reacts with a carbonyl group to form oxaphosphetane which undergoes cyclo
elimination to give alkene. Elimination.

R R R
T’L o > A ~ _/4 /
O { o0 ® LPHPh
PHPh5 O 3
Oxaphosphetane

|

R

PPh,O  + >ﬂ
Alkene

High affinity of P to oxygen favours cyclo elimination. Stabilised ylides reacts with
aldehydes to form E-isomer while the unstabilised ylides forms z-isomer.

3.9 Arbuzov Reaction:
The Phosphonates required for the formation of alkene is prepared by this reaction.



Alky! halide ( ‘\/
OEt D
. . OEt Br
Triethyl phosphite
OEt
=l _OEt

P \/R + EtBr

Phosphonate

3.10 Horner-Wordsworth-Emmons Reaction
Phosphonates on warming with a base and treating in an inert solvent it forms a stabilised
carbanion. The carbanion reacts with carbonyl compound to form alkene (E-isomer).

O
o NaH,Benzene it R)L
a
(Et0), °EoR ) o R R R
p.__R 0 P
~/ 60°C et
ﬁ’(OEt)
R R o)
R R R%—‘\( OEf
POZ(OEt)+ RA_/ - \_
Alkene O ﬁ’(OEt)
3.11 Barton Reaction
The methyl group 6 to OH group is converted to oxime.
NO. .
Cb NOCI CH; ONO p CH; O CH,
o e
|
CH OH CH, OH 9



3.12 Nef Reaction
Formation of aldehydes and ketones from nitro group.

Reactions:
CH3CH,CH,CH,NO, N9 cH CH,CH,CH=N CH3CH,CH,CHO
'
@) R - + R
é o H OH
H—C—N__ \CHN< >G#N<
< | O R o R OH
a R
‘B H,O
R R\ -H,0 RO OH
(@ ) T— OH?C -N=O OH—C-N
R R TTOH
R Ketone
Reactions:
@i _TiClg _ (I
NO,
NO,

O

O/ NO, | Cj

NaOH, SiO,

O

[:IiNOZ [:fl

LDA, MoOs Py

10



3.13 Henry Reaction
The Henry Reaction is a base-catalyzed C-C bond-forming reaction between

nitroalkanes and aldehydes or ketones. It is similar to the aldol reaction, and also referred to
as the Nitro Aldol Reaction.If acidic protons are available (i.e. when R = H), the products
tend to eliminate water to give nitroalkenes. Therefore, only small amounts of base should

be used if the isolation of the B-hydroxy nitro-compounds is desired.

') N02 R2
R' NO, R5 R3 R
H
B-nitro alcohol
Mechanism:
' Base —
R'—CH>—NO; ~ R-—CH—NO,

R'—CH—NO, * Ry—C— R,

I
o)

R>
R—CH—CZ_ R,

NO2 OH

B—nitro alcohol

e Reducti NHz Rz
R3 eauc IOI"I: R3
R R
OH OH
B-nitro alcohol
“H,0 NO2R;  Oxidation NO2R,
AELR3 R3
R R
N02R2 H

)Q/R;;

B-nitro alcohol

11



3.14 Stetter Reaction
The Stetter Reaction is a 1,4-addition (conjugate addition) of an aldehyde to an a,p-
unsaturated compound, catalyzed by cyanide or a thiazolium salt.

O O
CN-
RCHO + \)k R)J\/\H/
Thiazolinium
salt O
] @)
ArCHO *+ - "pp
OBu 0O
| > OBu
ArCHO + ~Z~>P-OBu A Z
H I OBu
O O
Mechanism:
o - OH
R)KH "N R™ E\ CN “CN

OH o .
R)i CN +:>}O RW
, CN o
N

O 1,4 dicarbonyl compound

R

O

12



3.15 Vilsmeier-Haack Reaction
Aromatic /Heterocyclic compounds reacts with disubstituted formamide and POCI;

to give aldehyde.

OMe - OMe pocl, OMe_ OMe
+ (CHg)NCHO— \©1
CHO
| IQNH - C NH
= POCl; s
C—/\/ ) DMF - IV o
Mechanism:
Cl Cl
| R + ‘ ro-

e
(CH3}N-CH=0  +  p—q (CH3),N=CH—0— P—0

/
& o 7 E D ¢
-POCI,0"
(CH3),N=CHCI
H
H + H+ |r\..
> Ar—C—N(CHs),

ArH + C-N(CH
or (CHz)p o

(b

H,0 )
ArCHO <« ArCH=N(CH3),Cl"
(CH3),NH,CI

13



3.14 Sharpless asymmetric Epoxidation.
Oxidation of allylic alcohol to epoxides.

Substrate: Allyl alcohol

Oxidant: t-Butylhydroperoxide

Catalyst: Titanium tetraisopropoxde/Diethyl tartrate
Solvent: Dichloromethane at 20°C.
Stereochemistry: Right [Alcohol] Left

(+)DET Wedge Dash
(-)DET) Dash Wedge
Reactions:
Ti(OPr),4/(+)DET
2
R R t-BUOOH
CH,CI,
= OH 20¢ ,
R R1
4
. @]
Ti(OPr)/(-)DET OH
R3
R4
OH OH
COOET COOEt
OH

OH

_ 2R,3R (+) Diethyltartrate
2S,3S (-) Diethyltartrate

Mechanism:
H
OH CH,
~ \OH
H
CH3 H

14



O'Pr O'Pr

OiP/r \OiPr

HO  OH
Eto—iiy OEt 2XHOIPr
(@]

Oili’r \\\\OiPr
N oom
N
D} Eto#cooa HOPr
K HO'Pr
2 .

. OPr \O/

9 w3l b
o EtO {0 “COOEt EtQQ:R

HjiPrD ® /ﬁ

O, O
\‘\\\
o

4N HOP
0 O ~ 7o ‘//T r
Et \O/ ’ o
o \COOEt <T
N 7N\

M
Et
<o \COOEt

15



Test your Knowledge:

(a) Predict the products:

OH OH

@J Ti(OPr),/+DET i f|l

OH

:( Ti(OPr),/-DET OH
- o>

3.15 Grubb’s metathesis

The process can be used to close or open or to interchange between double bond
components.. The catalyst used is the benzylidene complex of Ru [RuCly(P c-(C¢Hyi)3)2
which is a metal carbene- Grubb’s catalyst.

X X
R 1 X
v oo RN ( ) ( =
RN 2 7N Oh=Cy, =
Intermolecular metathesis ~ Ring-closing metathesis Ring-opening metathesis
Grubb’s catalyst are
(e-CgHq1)3P
G! Ty, I. .II' I'.
"_,EU=GHF'h mes—N:.:N-mes
Gl cl;. |
(e-CgHy1)aP Ru=CHPh
|
Cl /
(e-CgH11)aP

16



Mechanism:

Olefin co-ordination to the metal center. Dissociation of ligand.Formation

metallocyclobutane ring followed by cyclo revision to form olefin.

L i ,/ CH,=CHR? GH =CHR?
X X Il +L
M=CR, + RICH=CH, = x,'f'—GHF* — ~“M=CHR!

4
L CH,=CH,

L % |

RICH=CH, CH,—CHR?

X A
KﬂiﬂCHz M -CHR!

L |_ (‘
GHF}E

GHH1

Intramolecular metathesis:

| \l |
_M:-j\ —M -"l!ﬂ il — —\l]ﬂ | —M=

. X— 1 | X
=/ = = . +\JC:<

Intramolecular alkene-allqme metathesis

\

Intermolecular alkene-alkyne metathesis

of

17



3.16 Bischler—Napieralski Reaction

The Bischler—Napieralski reaction is an intra molecular electrophilic aromatic
substitution reaction that allows for the cyclization of p-arylethylamides or J-
arylethylcarbamates.. The reaction is most notably used in the synthesis of
dihydroisoquinolines, which can be subsequently oxidized to isoquinolines.

0 POClI;
%\ HN —> \ N
benzene N
R reflux H R

Mechanism II o
H o s [ B
Ny _-d -HCl
c:|/ o~ 9

HNQ(O
R

phenethylamide

e
-Cl
a —_—
/NH -HCl /N..
R R

dihydroisoquinoline

Test your Knowledge:

1. Corey-Chaykovsky reaction

» BF4" '®)

({—lB-F /\{(\S\D .

18



2. Intramolecular Michael reaction

@)
O Base R ﬁ
OEt ')

COOEt

3. Wittig reaction

®
PhsPCH,COOEtB
D:O il > D:CHCOOEt

4. Diel Alder and Nef Reaction

A
> /
() * 7 NO, NaOHMH,sO, Ai\o

5. Stetter Reaction:

o)
&
+ CH3CH,CHO -

6. Sharpless epoxidation

Ti(OPr),/+DET | |
/WM OH U

t-ButOOH
CH,CI, 0°

7. Appel Reaction:
OH I

: 7 PhsP, Cl, ,

OH

19



8. Barton Reaction

@ig—\OH NOCI, Ii’yrldlne OH
ho B NOH

9.Mannich reaction

N" EtNH, AcOH H

10.Henry reaction:

CgHsCHO + CHyNO, KOH CGH5(|3HCH2N02
OH

11. Strokenamine Reaction:

p-TSH U

N

N
“ s
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UNIT 4

METAL CATALYSED NAMED REACTIONS

4.1 Heck reaction:

It is the chemical reaction of an unsaturated halide with an alkene in the presence of
abase and a palladium catalyst or (Pd nanomaterial —based catalyst to form substituted
alkene. This reaction was the first example of a carbon-carbon bond-forming reaction that
followed a Pd(0)/Pd(Il) catalytic cycle, the same catalytic cycle that is seen in other Pd(0)-
catalyzed cross-coupling reactions. The Heck reaction is a way to substitute trans- alkenes

Pd°
R—X <+ Rl/\ — R'/\/R
base
-HX
Mechanism
HBr
PPh3
Base_/
P’Ph3 Reductive P\Q Oxidative Addition
Elimination ’i
H—Pd'L_Br s PP:3
e’
O__ome ‘ na
PPh; 16e- |i:>|:>h3
(0
JOMe
O

OMe

_PPhg

Pd"—Br

PPh; N

PPhj

n complex OMe
PPh; \ ¥ Ldlly 1 Complex
B—Hydride < /" Insertion

Elimination H PPhs



The mechanism involves organopalladium intermediates. The palladium(0)
compound required in this cycle is generated in situ from a palladium(II) precursor.

Palladium(II) acetate is reduced by triphenylphosphine to bis(triphenylphosphine)
palladium(0) and triphenylphosphine is oxidized to triphenylphosphine oxide.

Step 1: Oxidative addition :It increases both the oxidation state and co ordination number
of the metal centre.The metal must have a vacant CN site. The reaction in which palladium
inserts itself in the aryl to bromide bond.

Step 2: Insertion: Palladium then forms a m complex with the alkene and in the alkene
inserts itself in the palladium - carbon bond in a syn addition step. Then follows a torsional
strain relieving rotation to the trans isomer (not shown) and
Step 3: Beta-hydride elimination: Reaction in which the alkyl group bonded to the metal
centre is converted to metal-hydridebond and alkene. The alkyl group must have a hydrogen
atom. In this step, with the formation of a new palladium - alkene n complex. This complex
is destroyed in the next step.

Step 4: Reductive Elimination: Itis an elementary step in organometallic chemistry in
which the oxidation state of the metal center decreases while forming a new covalent
bond between two ligands. The palladium(0) compound is regenerated by potassium
carbonate in the final step.

4.2 Metal Coupling Reactions
Palladium catalyst involving cross coupling reactions:
Pd° Catalyst
RX + RM - RR

a)Suzuki coupling- Arylboronic acid + aryl halide
b)Stille coupling- Aryl tin+ aryl halide

c¢) Negishi coupling- Aryl zinc + aryl halide
d)Hiyama coupling- Aryl silyl + aryl halide

e) Kumada coupling-Aryl Li/Mg + aryl halide

Mechanism: /_\ RX

LnPd(O)Widative Addition

LnPoHLR
Reductive X
elimination R'M

andiLRR | VX Trans metallation



Oxidative addition:

In this oxidation step, the electron count of central metal is increased, the oxidation
state is increased and its coordination number is also increased. The conditions for the metal
to undergo oxidative addition are:

Metal must be electron rich to donate electrons.

Metal must be co-ordinationally unsaturated. (CN<6)

Metal must be either d® or d'° system.

Metals with d° system doesn't participate in the reaction.

Ligands with EWG ([ ]-acceptors) decrease the rate of oxidative addition by decreasing the
electron density of the metal.

Reductive elimination: In this step, the electron count of central metal is decreased, the
oxidation state is decreased and its coordination number is also decreased. The conditions
for the metal to undergo reductive elimination are:

Metal must be electron deficient.

Ligands with EWG (] ]-acceptors) increase the rate of elimination by decreasing the electron
density of the metal.

Ligands undergoing elimination must be cis to each other.

The products formed in elimination must be stable.

Transmetallation:

Occurs when an organo metallic reagent reacts with metal halide whose electronegativity is
close to the metal.

There 1s no change in the formal change in the oxidation satte.

The groups exchanged are cis to each other.

4.3 Suzuki Reaction

It is an organic reaction, classified as a cross-coupling reaction, where the coupling
partners are a boronic acid and an organohalide and the catalyst is a palladium(0) complex It
is widely used to synthesize polyolefins, styrenes, and biphenyls. The general scheme for
the Suzuki reaction is shown below, where a carbon-carbon single bond is formed by
coupling an organoboron species (R;-BY,) with a halide (R,-X) using a palladium catalyst
and a base.

Pd® Base
R4-BY, +R,X ~ R4-R; _
OrganoBoron compounds NaO'Bu Carbon-carbon single bond




Mechanism:

RX
RR'
LnPd(0 Oxidative Addition
Reductive LnPad* R
elimination X
R
LnPdlLR- NaO'Bu
Y ®
@| Na R
BulO—=B—0'B NaX
O'Bu LnPdu;OtBu
Trans metalation
R' Y
‘ NaOtBu |
©
B—» _ ~Mnpo Nt
P Ry—B—0OBu
Y vy

The first step is the oxidative addition of palladium to the halide to form
the organopalladium species Reaction (metathesis) with base gives intermediate , which
via transmetalation with the boron-ate complex (produced by reaction of the boronic
acid with base) forms the organopalladium species Reductive elimination of the desired
product restores the original palladium catalyst which completes the catalytic cycle.

The oxidative addition is the rate determining step of the catalytic cycle. During this step,
the palladium catalyst is oxidized from palladium(0) to palladium(II). The palladium
catalyst is coupled with the alkyl halideto yield an organopalladium complex.
The oxidative addition step breaks the carbon-halogen bond where the palladium is now
bound to both the halogen and the R group.

Transmetalation is an organometallic reaction where ligands are transferred from one species
to another. In the case of the Suzuki coupling the ligands are transferred from the
organoboron species to the palladium(Il) complex where the base that was added in the
prior step is exchanged with the R, substituent on the organoboron species to give the new
palladium(II) complex . The organoboron compounds do not undergo transmetalation in the
absence of base and it is therefore widely believed that the role of the base is to activate the
organoboron compound as well as facilitate the formation of R,-Pd"-OrBu from R,-Pd"-X
The final step is the reductive elimination step where the palladium(I) complex eliminates
the product and regenerates the palladium(0) catalyst. The order of elimination is Ar-Ar>
Ar-R >R-R



4.4 Stille Coupling

The Stille reaction is a chemical reaction widely used in organic synthesis. The
reaction involves the coupling of two organic groups, one of which is carried as an organotin
compound (also known as organostannanes).

Pd(0
RX + R'Sn(alkyl); © . R-R' + XSn(alkyl)s

Transmetallation is the rate determining step.

Mechanism:
=R RX
LnPd© Oxidative Addition
Reductive R
elimination LnPd'— Ln
r <
R—pPd— Ln R -Sn(alkyl);

R R

\/LnPd”—Ln X-Sn-(alkyl)s
Cis-Trans | Trans metallation

I[somerisation R

R4, Ry - alkyl, alkenyl, aryl
X-Br, I, OTf, OTs
Ln-Phosphine

Alkyl- Me, Bu

Oxidative addition to the 14-electron Pd(0) complex gives a 16-electron Pd(II)

species. the anionic ligands, such as OAc, accelerate this step by the formation of
[Pd(OAc)(PR3),] , making the palladium species more nucleophillic. In some cases,
especially when an sp’-hybridized organohalide is used, an Sx2 type mechanism tends to
prevail.
Transmetallation: First, when the organostannane initially adds to the trans metal complex,
the X group can coordinateto thetin, in addition to the palladium, producing a
cyclic transition state. Breakdown of this adduct results in the loss of R3Sn-X and a
trivalent palladium complex with R' and R? present in a cis relationship.



Reductive Elimination:In order for R'-R? to reductively eliminate, these groups must occupy
mutually cis coordination  sites. Any trans-adducts must therefore isomerize to
the cis intermediate

4.5 Negishi coupling

Itis a metal catalyzed cross-coupling  reaction. The reaction couples organic
halides or triflates with organozinc compounds, forming carbon-carbon bonds (c-c) in the
process. A palladium (0) species is generally utilized as the metal catalyst.

Ni(PPh3)4

Cl,Pd(PPhs),
(i-Bu),AlH

RX + R'ZnX

Rate determining step is the transmetallation. . Organozincs are moisture and air sensitive,
so the Negishi coupling must be performed in an oxygen and water free environment, a fact
that has hindered its use relative to other cross-coupling reactions that require less robust
conditions (i.e. Suzuki reaction). However, organozincs are more reactive than both
organostannanes and organoborates

Mechanism:
=R RX
LnPd(© Oxidative Addition
Reductive 'T
elimination LnPd'— Ln
r <
R—Pd— Ln R -ZnX

R R

&LnPd”Ln X-Zn-X
Cis-Trans ‘

Trans metallation
Isomerisation R

The reaction mechanism is proceeds via a standard Pd catalyzed cross-coupling
pathway, starting with a Pd(0) species, which is oxidized to Pd(Il) in an oxidative addition
step involving the organohalide species. This step proceeds with aryl, vinyl, alkynyl, and
acyl halides, acetates, or triflates, with substrates following standard oxidative
addition relative rates (I>OTf>Br>>Cl).Next, the transmetalation step occurs where the
organozinc reagent exchanges its organic substituent with the halide in the Pd(II) complex,
generating the trans- Pd(Il) complex and a zinc halide salt. The organozinc substrate can be

6



aryl, vinyl, allyl, benzyl, homoallyl, or homopropargyl. Transmetalation is usually rate
limiting step. The last step in the catalytic pathway of the Negishi coupling is reductive
elimination, which is thought to proceed via a three coordinate transition state, yielding the
coupled organic product and regenerating the Pd(0) catalyst.

4.6 Kumada Coupling

It is useful for generating carbon—carbon bonds by the reaction of a Grignard
reagent and an organic halide. The procedure uses transition metal catalysts, typically nickel
or palladium, to couple a combination of two alkyl, aryl or vinyl groups Kumada Coupling
is the method of choice for the low-cost synthesis of unsymmetrical biaryls. The advantage
of this reaction is the direct coupling of Grignard reagents, which avoids additional reaction
steps such as the conversion of metal complexes.

R Ma Pd(PPh3), ,
+ .
RX 9% "Ni(dppp)Cl>
(Ether/THF)
R-Aryl, Vinyl
R'-Aryl,vinyl, alkyl
Mechanism:
RX
LnPd Oxidative Addition
Reductive ||?
elimination LnPd'— Ln
" x
R—Pd— Ln R-MgX

R R

\4LnPd”—Ln X-Mg-X
Cis-Trans |

Trans metallation
Isomerisation R

4.7 Hiyama Coupling

It is a palladium-catalyzed cross-coupling reaction of organosilanes  with organic
halides used in organic chemistry to form carbon—carbon bonds (C-C bonds).



Pd(PPh
RX + R'Si(alkyl)s (PPh3): R
F/Base

R-Aryl, Vinyl
R'-Aryl,vinyl, alkyl
B- alkoxy, Methyl

A) Oxidative addition step, in which the organic halide adds to the palladium oxidizing the
metal from palladium(0) to palladium(II); a

B) Transmetalation step, in which the C-Si bond is broken and the second carbon fragment is
bound to the palladium center; and finally

C) Reductive elimination step, in which the C-C bond is formed and the palladium returns to
its zero-valent state to start the cycle. over again

Mechanism:
LnPd©) Oxidative Addition
Reductive
elimination Lnl|3d”— Ln
o @
R'-Si(Alkyl)sF n(Bu)s
R— Pd Ln
O R'-Si(Alkyl)
LnPd"n ] 3
Cis- Transk X-Si(alkyl)sF nBusF
Isomerisation Trans metallation
4.8 Fukuyama coupling

It is a coupling reaction taking place between a thioester and an organozinc halide in
the presence of a palladium catalyst. The reaction product is a ketone.

PdCI5(PPh
+ RZNI 2(PPY 3)2/?\
SEt Toluene

R R’




Tolerates wide functional groups to yield the product.

Mechanism: Oxidative addition of the thioester is followed by transmetalation from the zinc
compound. Reductive elimination leads to the coupled product.

(o]
O LnPd(0 )k
( 5 SEt
R '
Oxidative Addition
° 7
_ pAll_
Reductive R)}\ F|>d SEt
elimination L

@) L Trans metallation

| R'Znl
R)I\—Pd”—R'

l ZnISEt
L

4.9 Trost-Tsuji coupling

It 1s a palladium-catalysed substitution reaction involving a substrate that contains
a leaving group in an allylic position. The palladium catalyst first coordinates with the allyl
group and then undergoes oxidative addition, forming the z-allyl complex. This allyl
complex can then be attacked by a nucleophile, resulting in the substituted product..

R _ X Pd Catalyst R NU

T ] RGN Rv/\/Nu

X-OAc, CI. =

COOR $( Nu- Enolate, malonate
Mechanism:

Trost reaction proceeds with the addition of alkene in which the palladium
coordinates to the alkene, forming a z-allyl-PdO IT complex. The next step is oxidative
addition in which the leaving group is expelled with inversion of configuration and a z-

9



allyl-PdIl is created (also called ionization). The nucleophile then adds to the allyl group
regenerating the z-allyl-Pd0 complex. At the completion of the reaction, the palladium
detaches from the alkene and can start again in the catalytic cycle.

Stabilized or "soft" nucleophiles invert the stereochemistry of the z-allyl complex.
This inversion in conjunction with the inversion in stereochemistry associated with the
oxidative addition of palladium yields a net retention of stereochemistry. Unstabilized or
"hard" nucleophiles, on the other hand, retain the stereochemistry of the z-allyl complex,
resulting in a net inversion of stereochemistry.

4.10 Songosharia Reaction

Itis across-coupling reaction used in organic synthesis to form carbon—carbon
bonds. It employs a palladium catalyst as well as copper co-catalyst to form a carbon—carbon
bond between a terminal alkyne and an aryl or vinyl halide.

Pd, Cu '
R'X + H= R » R=—/R
Base, RT
R'-Aryl
R: Aryl orvinyl

X: 1, Br,Cl or OTf

10



Mechansim:

The active Pd°catalyst is involved in the oxidative additionstep with
the aryl or vinyl halide substrate to produce Pd" species.The structure depends on the
employed ligands. This step is believed to be the rate-limiting step of the reaction.

The Pd complex reacts with copper acetylide, in a transmetallation step, yielding
complex and regenerating the copper catalyst.

For the facile reductive elimination to occur, the substrate motifs need to be in close
vicinity, i.e. cis-orientation, so there can be trans-cis isomerisation involved. In reductive
elimination the product s expelled from the complex and the active Pd catalytic species is

regenerated.
RX
— R
R LnPd®©) Oxidative Addition
Reductive R
elimination I
Pd LnPd"— Ln
I‘_n CyCle X
— R
R—Pd—Ln =
‘ ‘ R Copper NR3HX
| cycle
I
R LnPd"—Ln CuX
_ Trans metallation RN + H —
Cis-Trans ‘ ‘
Isomerisation

RI

4.11 Buckwald-Hartwig reaction

Itis achemical reaction used in organic chemistry for the synthesis of carbon—
nitrogen bonds via the palladium-catalyzed coupling reactions of amines with aryl halides.
The reaction's synthetic utility stems primarily from the shortcomings of typical methods
(nucleophilic substitution, reductive amination, etc.) for the synthesis of aromatic C—N
bonds, with most methods suffering from limited substrate scope and functional group
tolerance.

11
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N s Rs3 Pd Cat. N/
NH.__ Base N
R2 . R2
R} Ligand

X-Cl,Br,|,OTf
R,. Alkyl,aryl,H
Rs-alkyl, aryl

Mechanism:

The reaction mechanism include oxidative addition of the aryl halide to a Pd(0)
species, addition of the amine to the oxidative addition complex, deprotonation followed
by reductive elimination. An unproductive side reaction can compete with reductive
elimination wherein the amide undergoes beta hydride elimination to yield the
hydrodehalogenated arene and an imine product.

For chelating ligands, the monophosphine palladium species is not formed; oxidative
addition, amide formation and reductive elimination occur from L,Pd complexes. The
Hartwig group found that "reductive elimination can occur from either a four-coordinate
bisphosphine or three-coordinate monophosphine arylpalladium amido complex.
Eliminations from the three-coordinate compounds are faster. Second, [B-hydrogen
elimination occurs from a three-coordinate intermediate. Therefore, f-hydrogen elimination
occurs slowly from arylpalladium complexes containing chelating phosphines while
reductive elimination can still occur from these four-coordinate species

ArNRR LnPd®©) Oxidative Addition
Reductive Elimination

LnPd”
R! NX
N R R' C Cle
H\Pd>NR R/R'-alkyl l‘\l y
7~ NHRR'
d
Ar LnPd"—Ar
R . .
HO! R Amine Ligation
ArH + PdL BaseAX % P
Base
T NR LnPd"—Ar

: X
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4.12 Pauson-khand Reaction

The Pauson-Khand reaction is an organic reaction used to convert an alkyne and
alkene to a substituted cyclopentenone under an atmosphere of carbon monoxide and a
dicobalt complex catalyst.

O
1 — 2 4 R5 1 6
R————R* +~\___ r6 CO(g) RR5
Alkyne 3 Co,(CO)y R? 5 R*
Alkene

o3 unsataurated cyclopentanone

Mechanism

This 2+2+1 cycloaddition reaction begins with the addition of the alkyne to the metal
complex followed by ligand substitution of the alkene to expel a CO molecule. Alkene
insertion follows and a subsequent CO insertion results in the formation of a carbonyl group.
A series of reductive eliminations then yield the final cyclopentenone product and
regenerates the cobalt catalyst.
Two steps:
The insertion of the alkene is followed by insertion of carbon monoxide and reductive
elimination of one Co unit
Dissociation of the second Co unit gives the resulting cyclopentenone product.

13



CO )KCO

CO_CO_CO\—CO
CcO Y CcO

R1
=

2XCO
co CO

\ | /CO Ligand Substitution

R’ c/ ~ SR
_ B

Oxidative addltlon

o CO CO
1
K& R CoyCO)
) RANB
C Catalytic
CO Pausand-kand Reaction Alkene
CO—CO—Co— Insertio

K CO coi/

cO (|30

Reductive
Elimination
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4.13 Kulinkovich Cyclopropanation Reaction

The Kulinkovich Reaction allows the preparation of cyclopropanol derivatives by the
reaction of Grignard reagents (ethyl or higher) with esters in the presence of titanium(IV)
isopropoxide as catalyst.

O

R' Ti(OPr),
RAOMG + 2pgx -
THF, Rt OH\\\ R’
Ester R
Cyclopropanol
Mechanism:

The generally accepted reaction mechanism initially utilizes two successive stages
of transmetallation of the committed Grignard reagent, leading to an intermediate
dialkyldiisopropyl oxytitanium complex. This complex undergoes a dismutation to give an
alkane molecule and a titanacyclopropane bond leads to an oxatitana cyclopentane being
rearranged to ketone . Lastly, the insertion of the carbonyl group in the residual carbon-
titanium connection forms a cyclopropane ring. tetraalkyloxytitanium compound able to
play a part similar to that of the starting tetraisopropyloxytitanate, which closes the catalytic
cycle. At the end of the reaction, the product is mainly in the shape of the magnesium
alcoholate , giving the cyclopropanol after hydrolysis by the reaction medium.

. 2 \/\ng
Ti(O'Pr), H Ti(OPr),

2 R2 1

O Hy " OMgX
OR 2
3 < R
Rﬂ)kor\)/\ TI 2 N\ MgX

Ti (OR), \4/ R’

‘9 “O-Ti (OR),
- \OR3
R1 OR3

k/ \Q—ORS
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4.14 Mukiyama reaction

It is an organic reaction used to convert an aldehyde and a silyl enol ether to a 1,3
ketol using a Lewis acid catalyst (such as TiCly), followed by aqueous work-up.

Mechanism begins by coordination of the aldehyde's oxygen to Titanium, which activate the
carbonyl for attack while also releasing a chloride ion. The chloride attacks the silicon of the
silyl enol ether to form TMSCI and an enolate. The enolate then attacks the activated
carbonyl and subsequent aqueous work-up provides the final 1,3 ketol product.

OTMS OHO

O 5 Cat.Lewis acid
)L + R R4 T ot 4
r” H , TiCl, R R

2 R3
Aldehyde Silyl enol ether aq.work up R R
Mechanism
(T‘I CI\ CI\ '/—\/O\H
R - C—Ti® Cl—Ti__«H
Cl—Ti—Cl 0 _ W0 o
1N___0© cl )K) v
C EN cr R'”-"H R 4
H ; R
Catalyst dehye R2 R .
/
/Si< O aqueou C|—\Ti -
oF O) work up _ OH
2

Cl
2 >
R\% R4 \ R VY R4 OHO

4.15 Wacker oxidation

The Wacker oxidation refers generally to the transformation of a terminal or 1,2-
disubstituted alkene to a ketone through the action of catalytic palladium(Il), water, and a
co-oxidant. Variants of the reaction yield aldehydes, allylic/vinylic ethers, and allylic/vinylic
amines. Because of the ease with which terminal alkenes may be prepared and the versatility
of the methyl ketone group installed by the reaction, the Wacker oxidation has been
employed extensively in organic synthesis.
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e - e
7 PdCl>- 10 mol% 7

CuCl(1eq)

O5 1atm
DMF/H-O 7:1
Rt, 24 hrs
Mechanism
2- /\
—J
2CuCl CL H,O
CI/ \Cl /\
11205, ZCuCIz c. ,C
2HCI Pd
cr” N\ )
\ /—A /
\ H,O" /
\\‘ P R
d(©) Nucleophilic addition
i s e HCI

o
)Qautomenzahon OH

e 3

B-hydride elimination

/\R

4.16 Miyaura borylation

The Miyaura borylation reaction enables the synthesis of boronates by cross-
coupling of bis(pinacolato)diboron (Bpin,) with aryl halides and vinyl halides.

X
TN PdClI,(dppf). Cat B
L o ~ro
Z i B—9 jé KOAC (j
DMSO

80°C
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Mechanism:

PPh, Br
0 9 ©f
O—E|§ Pd Oxidative Addition
Ar IlPh3 PPh;
Reductive Elimination 14 e Pdl— Br
16e- LPh3
P‘Phs OAC
PhsP— Fd”@ Br
PPh
/B\ ol °
0 O de— OAc
H PPhs

Trans metallatlon

C I
PhaP— rd”—PPh3 n Complex
B
B-B
S ij

Cis-trans
isomerization

Oxidative addition:

In this oxidation step, the electron count of central metal is increased, the oxidation
state is increased and its coordination number is also increased.
Transmetallation:
Occurs when an organo boron reagent reacts with metal halide whose electronegativity is
close to the metal. The groups exchanged are cis to each other.
Reductive elimination: In this step, the electron count of central metal is decreased, the
oxidation state is decreased and its coordination number is also decreased. Ligands (organo
boron) undergoing elimination must be cis to each other. The products formed in elimination
must be stable.
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UNIT-5
MOLECULAR REARRANGEMENTS

5.0 INTRODUCTION

Rearrangement: Reactions in which the carbon skeleton of the molecule is rearranged
to give a structural isomer of the original molecule.

Sequence of steps involving substitution, elimination and addition reactions.
Atom or group which is migrates- Migrating Group.

Atom which is initially attached — Migration origin

Atom or group which it finally joins- Migration terminus.

Intermolecular Rearrangement:

When the migratory group is completely detached from the molecule and go the migration
terminus of the other molecule.

Intramolecular rearrangement:

When the migratory group remains attached to the molecule in some or the other way
throughout the process of rearrangement.

1. Anionotropic Migration:

If the migratory atoms or groups may occur with the pair of electrons.

R R
1‘/\2 + ‘
—C—C » —C—C—

Reaaranged Carbocation

(C1= Migration Origin, C2- Migration Terminus)

2. Cationotropic Migration:
If the migratory atoms or groups may occur without this pair of electrons.
C6H 5 C6H5

; 2
CgHs—C— CH—CgH5

Migratory Group is CgHs
CeHs Cationotropic Migration.

A
C6H5—C— CH2




3. Free Radical Migration:
If the migratory group moves with one unpaired electron.
CH3 CH3

1 ‘ 2 1 2
CHz —C— CH, CHz —C— CHz—CeHs

‘ Migratory Group is CgH
CeHe g y p 615

5.1 C-C Migration-
5.1.1Pinacol-Pinacolone Rearrangement

The acid-catalyzed elimination of water from pinacol gives 7-butyl methyl ketone.

CH3 CHj3 CHs;
1l H* |
CH3 —C‘:— ‘C_CH?, CH3 —ﬁ— C‘:_CH3
OH OH O CHj
Pinacol Pinacolone

Mechanism: This reaction occurs with a variety of fully substituted 1,2-diols, and can be
understood to involve the formation of a carbenium ion intermediate that subsequently
undergoes a rearrangement. The first generated intermediate, an a-hydroxycarbenium ion,
rearranges through a 1,2-alkyl shift to produce the carbonyl compound. If two of the
substituents form a ring, the Pinacol Rearrangement can constitute a ring-expansion or ring-

contraction reaction



CH3 CH3 CH3 CH3

1| H* 1|
CH3 —C— C_CH3 CH3 —C— C—CH3

OH OH OH O,H
Pinacol Conjugate acid of Pinacol
“H,0
CHs CH3 CH,
’ 1 |f\‘ ‘ +
‘f CHs  CcH; —Cc— C—cCH;
g CHy oH
Rearranged Carbocation  |ntermediate Carbocation
H*
CHs;

CH3 —C— C—CH,

O CH,

Pinacolone

5.1.2 Benzil-Benzilic Rearrangement

The benzilic acid rearrangement is the rearrangement reaction of benzil with potassium

hydroxide to benzilic acid.

KOH (aq.) HO HCI

OK
MaOH, refiux
o




Mechanism:

A hydroxide anion attacks one of the ketone groups in 1in a nucleophilic addition to
the hydroxyl anion 2. The next step requires a bond rotation to conformer 3 which places the
migrating group R in position for attack on the second carbonyl group in a concerted step
with reversion of the hydroxyl group back to the carbonyl group. This sequence resembles
a nucleophilic acyl substitution.

OH-
P o Co
RJH(H H%ﬁy\r(ﬁ HC;.... o
1 2 A
© 0 R 3

5.1.3 Wagner-Meerwein rearrangement

The Wagner-Meerwein rearrangement is an organic reaction used to convert an
alcohol to an olefin using an acid catalyst. The mechanism begins with protonation of the
alcohol by the acid which is then released as water to forms a carbocation. A 1,2-shift then
occurs to form a more substituted and stabilized carbo-cation. A final deprotonation with
water produces the final olefin product and regenerates the acid catalyst



CH3 H TH3

| o =

)
CH?,_(f——(’)—OH CHs—?—C‘?—OHz
CHs CH, CHs CH,
-H,0
CHiz H CHiz H
e 1,2 shift .
CHs—C—C—CH CHs— c
’ alkyl shift \_/‘
CHs CHs CHs
_H+
CHj

‘ Olefin

CH;—C—C—CHjs
CHj;
5.1.4 Demjanov Rearrangement

The Demjanov rearrangement is the chemical reaction of primary amines with nitrous
acid to give rearranged alcohols.

NH, HNO; OH
O~ - O Do

The reaction process begins with diazotization of the amine by nitrous acid. The
diazonium group is a good leaving group, forming nitrogen gas when displaced from the
organic structure. This displacement can occur via a rearrangement (path A), in which one of

the sigma bonds adjacent to the diazo group migrates. This migration results in an expansion
of the ring. The resulting carbocation is then attacked by a molecule of water. Alternately, the
diazo group can be displaced directly by a molecule of water in an SN2 reaction (path B).
Both routes lead to formation of an alcohol.



Mechanism-Demjanov Rearrangement
HONO
—

o

YT — Y — O

,.ﬂf-

o 2 merf-"'EK W'_..Eg
r“lﬂ'
i 9

5.1.5 Favorskii rearrangement

Favorskii  rearrangement, is  most  principally a  rearrangement
of cyclopropanones and a-halo ketones which leads to carboxylic acid derivatives. In the case
of cyclic a-halo ketones, the Favorski rearrangement constitutes a ring contraction. This
rearrangement takes place in the presence of a base, sometimes hydroxide, to yield a
carboxylic acid but most of the time either an alkoxide base or an amine to yield an ester or
an amide, respectively. a,0’-Dihaloketones eliminate HX under the reaction conditions to
give a,B-unsaturated carbonyl compounds.

O @) OH
Cl NaOH

Mechanism-Favorskii rearrangement

It involve the formation of an enolate on the side of the ketone away from
the chlorine atom. This enolate cyclizes to a cyclopropanone intermediate which is then
attacked by the hydroxide nucleophile.



H ¢ -H;0 Cei %

HO OH

o
o

HC}E’\ 0 0 HO{_-‘L 0)
° OH

— -F}_.... —_—

“OH

W
H
¢
5.2 C-N Migration

5.2.1 Hoffmann Reaction:

The Hofmann rearrangement (Hofmann degradation) is the organic reaction of a
primary amideto ~a  primary amine with  one  fewer carbon atom.The  reaction
involves oxidation of the nitrogen followed by rearrangement of the carbonyl and nitrogen to
give an isocyanate intermediate.

CH3CH2CONH2 +Br2 + 4KOH CH3CH2NH2 +2KBr +K2CO3 +2H20

Mechanism: The reaction involves the migration of aryl or aryl group from adjacent carbon
atom to electron deficient nitrogen atom forming isocyanates.

R_ﬁ —P —H Bro/KOH R_ﬁ —N _Br OH . erﬁj&
Lo -HBr ! IL \%/
Amide N-Bromoamide Br-

_CO, H20
RNH, R— r|\1— COOH R—N=C=0
Amine H Alkyl isocyanate

5.2.2 Curtius Rearrangement

The Curtius Rearrangement is the thermal decomposition of carboxylic azides to
produce an isocyanate. These intermediates may be isolated, or their corresponding reaction
or hydrolysis products may be obtained.



0
H.0
JJ\ Ll-- R-N==0 L - H—NH2
R™ Ny, N -0,

Preparation of azides:

%, 3 o
=+ - - —_—l - -
,,':N=N+=N\:, - Mac| = = F{A

M—rMEMNI
S -

Mechanism-Curtius Rearrangement

Decomposition:

Reaction with water to the unstable carbamic acid derivative which will undergo
spontaneous decarboxylation:

- 0
H_hk_ii;ﬁ_h;tD“H tautometrization r. AL

ol - "‘N OH S

carbamic acid

5.2.3 Lossen rearrangement

The Lossen rearrangementis the conversion of ahydroxamate ester to
an isocyanate. Typically O-acyl, sulfonyl, or phosphoryl O-derivative are employed. The
isocyanate can be used further to generate ureas in the presence of amines or generate amines
in the presence of H,O.

RNH,

\j

)J\ /O\H/ R OH- H20

R ” R-N=C=0
0

Hydroxamate Ester



Mechanism:

O O
R '
R)J\N/OY _ )LN//O_\ R
O
OH__~H O

Hydroxamate Ester

H,O

R-NH, R-N=C=0
Amine -CO2 Alkyl isocyanate

5.2.4 Schmidt Reaction

The acid-catalysed reaction of hydrogen azide with electrophiles, such as carbonyl
compounds, tertiary alcohols or alkenes. After a rearrangement and extrusion of N,, amines,
nitriles, amides or imines are produced.

e _HMNs o e,

= OH Hz =0y

Mechanism Reaction of carboxylic acids gives acyl azides, which rearrange to isocyanates,
and these may be hydrolyzed to carbamic acid or solvolysed to carbamates. Decarboxylation
leads to amines.

H,S0,
RCOOH + N3H RNH; +COz+ N3
RCOOH + H* R—ﬁ: -OH
+OH C|)H
© ®
R—|(|3 -OH | H-N-N=| R—C -OH
+OH H—N-N=N

_H+ + —N2 +
RNCO RCO-N—H=—— RCO-NH-N=—/N
Isocyanate
H,0

RNH, + CO,



5.2. 5 Beckmann Rearrangement

An acid-induced rearrangement of oximes to give amides.

H
M7 H,.S0, (conc) H“‘rs.j|—|

AL o o

Mechanism:

Conversion of ketoxime to better leaving group in the presence of H™

R ML N,
/C—NOH R/ C=NOH,
Ketoxime

v /I + .o ©
anlonotroplc:R =N —R R—-C=N —R

H2 2 Shift
Nitrilium ion

=+

Hzo ° o
T e =N — R'—-C—N —R
R-C=N R i (\: "R g imidol
Nitrilum ion OH, H
Tautomerism
R'-C—NH—R
[
O
N-substituted amide
Mechanism:
H
et

| +
T
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- -HY s + HY

5.2.6 Neber Rearrangement

The Neber rearrangement in which anoximeis converted into an alpha-
aminoketone in arearrangement reaction. The oxime 1is first converted to a
ketoxime tosylate by reaction with tosyl chloride. Added base forms a carbanion which
displaces the tosylate group in a nucleophilic displacement to an azirine and added water
subsequently hydrolyses it to the aminoketone

R’\”/R TsCl R/]/R _base R/a\”/“ . RT>R

~N “N N
HO . 9o
Ts Ts
Juo
NH,
R)\]/R
O

5.2.7Arndt-Eistert Synthesis

The Arndt-Eistert Synthesis allows the formation of homologated carboxylic acids or
their derivatives by reaction of the activated carboxylic acids with diazomethane and
subsequent Wolff-Rearrangement of the intermediate diazoketones in the presence of
nucleophiles such as water, alcohols, or amines.

: _((D 50, _{(D CHN, D} M g tet) /_4‘3

OH c| ether R 1O B OH
dioxane

Mechanism of the Arndt-Eistert Synthesis

In the first step of this one-carbon homologation, the diazomethane carbon is acylated
by an acid chloride or mixed anhydride, to give an a-diazoketone. Formation of
diazoketone,on warmed with Ag,O loses N to form carbene where alkyl group migrates to
form ketene which reacts with water to form acids.

11



(CI

R G oH— N=N

RCOCI+ CH;—N= N

: : Diazomethane
Acid Chloride 0 H _HCl

e) +
R-(‘f—CH—N—:— N

O Diazoketone

© /: A920 ..

R-C—CH-N=N —— = RCCH RCH=CZ0
(H) Diazoketone O Carbene ketene
JHZO
H*
RCH,COOH R(CH|=C-0-
T

5.3 C-O Migration
5.3.1 Baeyer-Villiger Oxidation

The Baeyer-Villiger Oxidation is the oxidative cleavage of a carbon-carbon bond
adjacent to a carbonyl, which converts ketones to esters and cyclic ketones to lactones. It is
carried out with peracids, such as MCBPA, or with hydrogen peroxide and a Lewis acid.

D
0
PhCOOOH h
CH,Cl, 0 BF%
. H. O,
- D
o M
\/\A)J\ BFE \n/
Ether F2% 0

Mechanism-Baeyer-Villiger Oxidation

"Ejf_\a _ o o
I A
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T

. JBF, -RCOO
) 0 o L, q

J\H N H")J\[j«_ ' R. /“\ .

5.3.2 Shapiro Reaction

The Shapiro Reaction, a variation on the Bamford-Stevens_Reaction, is the base-
induced reaction of tosylhydrazones to afford alkenes. This reaction is carried out with two
equivalents of an organolithium compound.

I & 2 Meli jl/\
I_I

Mechanism: The resulting dianion does not tend to rearrange, which can occur with
intermediate carbenes and carbenium ions.

;\]—SOZAr
NNHSO,Ar N
O ArSOZNHNHz)k/ 2 -
R Ry BuH )J\/R2
1 R R
BuLi
y -
Li -N2 —N _ N —/S_C;Z/A\r
)%& | o SO (N

13
)%Rz Alkene

R7



5.4 Miscellaneous Rearrangements:
5.4.1 Fries Rearrangement

The Fries Rearrangement enables the preparation of acyl phenols

=

|

Mechanism of the Fries Rearrangement

The reaction is catalyzed by Brensted or Lewis acids such as HF, AlICl;, BF3, TiCly or
SnCly. The acids are used in excess of the stoichiometric amount, especially the Lewis acids,
since they form complexes with both the starting materials and products. The complex can
dissociate to form an acylium ion. Depending on the solvent, an ion pair can form, and the
ionic species can react with each other within the solvent cage

After hydrolysis, the product o and p acyl phenol is liberated

R-CO +/A'C'3 .- O—AICl5

O—C— —
+
ﬂ) + R-C=0
AlClj

©< COR
o-Acyl phenol
—_AICI; K AICI2 O-AICl, OH
+ R-C=0
Z, -H,O
\/ CORH COR OR
p-acylphenol
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5.4.2 Cope Rearrangement (Anionic) Oxy-Cope Rearrangement

The Cope Rearrangement is the thermal isomerization of a 1,5-diene leading to a
regioisomeric 1,5-diene. The main product is the thermodynamically more stable
regioisomer. The Oxy-Cope has a hydroxyl substituent on an sp>-hybridized carbon of the
starting isomer.

R = iy R s
e i

The driving force for the neutral or anionic Oxy-Cope Rearrangement is that the product is an
enol or enolate (resp.), which can tautomerize to the corresponding carbonyl compound. This
product will not equilibrate back to the other regioisomer.

EEE——
= i

/

i

_— ' I ——
iy i,

OH

k)};’/’:‘
s

5.4.3 Claisen Rearrangement:

¢

|
|
o<

The Claisen rearrangementis a powerful carbon—carbon bond-forming chemical
reaction discovered by Rainer Ludwig Claisen. The heating of an allyl vinyl ether will initiate
a [3,3]-sigmatropic rearrangement to give a y,0-unsaturated carbonyl.
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iﬁﬁ. )(Lj

R1 R2

Reaction:

The [3,3]-sigmatropic rearrangement of an allyl phenyl ether to intermediate 1, which
quickly tautomerizes to an ortho-substituted phenol.

CH
1 2\ CHz\
CH CH
,CHa 2 | |
b “cH, CH, H o
2 L., 3 3,3 sigmatropi 2
3 CH2 , gma I'O[ZI H
Allyl vinyl ether o-subtituted phenol
5.4.4 Sommelet—Hauser rearrangement
The Sommelet—Hauser rearrangement is a rearrangement reaction of

certain benzyl quaternary ammonium salts. The reagent is sodium amide or another alkali
metal amide and the reaction product a N-dialkyl benzyl amine with a new alkyl group in
the aromatic ortho position.

I r I
N

/|®
z

T
NahH,,

Mechanism

The benzylic methylene proton is acidic and deprotonation takes place to produce the
benzylic ylide . This ylide is in equilibrium with a second ylide that is formed by
deprotonation of one of the ammonium methyl groups Though the second ylide is present in
much smaller amounts, it undergoes a 2,3-sigmatropic rearrangement and subsequent
aromatization to form the final product

16



Mechanism-Sommelet—Hauser rearrangement

5.4.5 Stevens Rearrangement
The Stevens rearrangement is anorganic  reaction converting quaternary ammonium

salts and sulfonium saltsto the corresponding amines or sulfides in presence of a

strong base in a 1,2-rearrangement.

H R

H R
cn2re B 2 L
R

I I -HB
H R3

Lo m o L™
H R

Mechanism-Stevens Rearrangement
Stevens Rearrangement involving 1,2 hydride shift:
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R N—NH— Tosyl _
_ N— s
\_/< NaOMe R~ N——N<ZTosyb o7 o

R
\ — \ 7, {
R R’ -Tosyl

R ) .
R H - ’_>£_\ N2 R—<N:N
H>:< e N
1 . . R
Alkeng 1,2 Hydride shift

5.4.6 Von-Richter rearrangement
It is the chemical reaction of aromatic nitro compounds with potassium cyanide giving
carboxylation ortho to the position of the former nitro group.

'EE=I"~I ? "'FE“"'I:'.'J -

First, the cyanide attacks the carbon-atom in ortho-position to the nitro-group 1. After
this the compound is aromatic again 2. In the next step, the negative charged oxygen-atom
attacks the neighbor carbon-atom and an five-membered ringis build 3. It opens under
building a carconlylic-group 4. Next, an other five-membered ring is built5. After
acondensation, a double bond is build between the two nitrogen-atoms 6. Elemental nitrogen

is cut of for opening the ring 7. In the last step, the compound is protonated and the 3-
halogenbenzoic acid 8 is built.
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Mechanism-Von-Richter rearrangement

O O -+ -
\N/ Q r O o , O
N SNTO) o~
=N C=N
+ CN- H
Z
N=N -\
~ =
C-0 1,0 | CONH (KN(AC')/'-
L 2 21" i ="
£ Z
N=N i
(L __OH COOH |+ COOH
C=
\ . : o
@) -N, ©/
Z Z
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