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Paper-VI: Organic Chemistry-II (CH.2.2) 
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I. Organo-lithium compounds
II. Organo-cupper compounds: Lithium dialkyl cuprate

(addition to carbonyl and unsaturated carbonyl
compounds).

III. Palladium Chemistry:
1. Heck cross- coupling reaction
2. Suzuki cross- coupling reaction
3. Stille cross- coupling reaction
4. Nigeshi cross- coupling reaction
5. Sonogashira cross- coupling reaction
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Organo-lithium compounds

Organolithium reagents are organometallic compounds that
contain C–Li bonds.
In organic synthesis, these reagents are frequently used to
transfer the organic group (R- Alkyl or aryl) to the substrates in
synthetic steps.

R L i

A l k y l  o r  A r y l

A c t s  a s  a  s t r o n g  b a s e / n u c l e o p h i l e
H e n c e  r e a c t s  w i t h  a c i d / e l e c t r o p h i l e

RX

Alkyl or Aryl

Acts as a elctrophile
Hence reacts with base/nucleophile

Y-

Nucleophile

https://en.wikipedia.org/wiki/Organometallic
https://en.wikipedia.org/wiki/Organic_synthesis
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Method I: Reaction of organic halides with lithium.

Preparation

Order of reactivity 
of organic halides 

RI > RBr > RCl.

RX
2 Li

RLi

2LiX

2 2

Alkyl/aryl 
halide

Organolithium

B r
 L i

- L i B r

n - B u t y l  b r o m i d e

L i

n - B u t y l  l i t h i u m

C l

 L i

- L i C l

L i

1 .

2 .

I

Cl Br

 Li

-LiCl

Li

Cl Br

N

Br  Li

-LiBr
N

Li

3.

4.



O
rg

a
n

o
li

th
iu

m
co

m
p

o
u

n
d

s

Dr. Arjun Kumbhar 8/4/2021 12

The equilibrium lies to the right, if the organic group is able to
accommodate the electron density than the organic species on the left.

Method II: Metal Halogen Exchange Reaction.

Preparation
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The reactivity ortho-directing groups:
SO2NR2 >  SO2Ar > CONR2 > CONHR > CSNHR, CH2NR2 >OR > NHAr > SR > CR2O-

Preparation
Method III: Ortholithiation

N

OMe

Cl

t-BuLi

N

 LDA

1.

N

O

THF, 0oC
N

N

O

Li

N

OMe

Cl

Li

2.

H

H

H

O
Me

n-BuLiH

H O
Me

Li

H O
Me

H

Li

Major Minor

N

N

O

H

+

LiH

+
3.

E2O

E2O, 35 oC
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The structure of organolithium compounds is dominated by their highly oligomeric nature as a
result of 3-center 2-electron bridging bonds. In all cases the extent of oligomerization is dependant
on the identity of the alkyl (or aryl) group.

Structures
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In comparison to Grignard reagents, organolithium reagents are less susceptible to steric 
factors and reacts with hindered ketones.

Reactions
1. Reaction with Carbonyl Compounds: Organolithium reacts with carbonyl compounds as
that of the Grignard reagents.

O

Li

-78 oC

O Li
H3O

OH

MgBr

Less feasible by Grigmard reaction
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Organolithium preferably attacks on less substituted carbon of epoxides.

Reactions
2. Reactions with Epoxides: Epoxides react with organolithium reagents to give primary
alcohols (as in the case of Grignard reagents). Use of unsaturated organolithium reagent gives
unsaturated alcohols.

O

M O S T  
P r e f e r r e d  a t t a c k

L e s s  p r e f r r e d
L i O H

P h L i

P h H

n - B u L i

P h
L i

O H

R

O H

P h

P h
B r

n - B u L i

T H F ,  - 7 8  o C
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Reactions
3. Reactions with Carbon Dioxide : A major difference between the reactivity of Grignard
reagents and organolithium reagent is observed in their reactivity towards CO2.

The reaction of Grignard reagents with CO2 stops at the carboxylate stage, while in case of
organolithium reagents, the carboxylate ion formed reacts with another equiv of organolithium
to generate a ketone.
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Reactions
4. Reactions with Alkyl Cyanide : As in the case of Grignard reagents, the reactions of
organolithium reagents with alkyl cyanides give imine salts, which undergo hydrolysis in the
presence of water to give

N

R1

R2 Li N

R1 R2

Li H3O O

R2R1

N
Li

O

H3O

N
Li O

H3O

1.

2.
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Reactions
5. Electrophilic Displacement : Reaction of an organic halide with an organometallic
compound is known as metal halogen exchange reaction is example for electrophilic
displacement. This reaction is useful for the synthesis of vinyl- and phenyl lithium

R X
n-BuLi

R Li

Alkyl/aryl 
halide

Organolithium

Br

n-BuLi

N

Br n-BuLi

N

Li

1.

2.

Li

Ph
Li

Ph
Br

n-BuLi

3.
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1. The reaction of alkyl halides with alkyl lithium takes place by SN2 mechanism.
2. While aryl halides react with aryl lithum via addition-elimination process .

Reactions
6. Nucleophilic Displacement : Alkyl and aryl halides can be reacted with alkyl and aryl
lithium reagents to give hydrocarbons.
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1. Exclusive formation of 1,4-addition product, however, can be achieved using lithium
dialkylcuprates .
2. In the case of Grignard reagents, α,β-unsaturated carbonyl compounds undergo reaction
either at 1,2- or 1,4-addition depending on the structure of the carbonyl compound. The
main reason is steric hinderance.

Reactions
7. Reaction with α,β-Unsaturated Carbonyl Compounds : The organolithium reagents
undergo reaction exclusively to give 1,2-addition products.

O

PhLi

HO Ph
O Ph

1,2-Addition

Ph2CuLi

1,4-Addition

Organolithium

Organocuprate

Soft E

Hard EHard Nu

Soft Nu

Similar to Grignard 
Reagent
RMgBr
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Reactions
8. Deprotonation
The basic nature of organolithiums can also be put to good use in achieving umpolang at
the carbonyl centre of an aldehyde. In this protocol a C=O function is first protected by 1,
3-dithiane and then the proton is removed by an organolithium
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Directed ortho metalation (DoM) is an adaptation of electrophilic aromatic substitution in
which electrophiles attach themselves exclusively to the ortho- position of a direct
metalation group or DMG through the intermediary of an aryllithium compound.

Reactions
9. Directed ortho Lithiation : It is an adaptation of electrophilic aromatic substitution in
which electrophiles attach themselves exclusively to the ortho- position of a direct metalation
group or DMG through the intermediary of an aryllithium compound.

Z

n-BuLi
H

Bu

Li

Z Z

Li
E

Z

E

Mechanism: The interaction between the lithium and the electron-rich directing group favors
the lithiation at the ortho position.
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It is useful because the starting material does not need to have a halogen atom. For
example, in the case of benzyldimethylamine, the nitrogen atom directs attack of the
butyllithium.

N

OMe

Cl

t-BuLi

N

 LDA

1.

N

O

THF, 0oC
N

N

O

Li
Br

N

N

O

N

OMe

Cl

Li
N

OH

N

H2O

N

OMe

Cl

N

O

N
H

2.

H

H

H

Br

NMe2
NMe2

Lin-BuLi

H

O
Me2N

OH

3.
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It is useful because the starting material does not need to have a halogen atom. For
example, in the case of benzyldimethylamine, the nitrogen atom directs attack of the
butyllithium.

Reactions



O
rg

a
n

o
m

e
ta

ll
ic

 c
o

m
p

o
u

n
d

s

Dr. Arjun Kumbhar 8/4/2021 26



O
rg

a
n

o
m

e
ta

ll
ic

 c
o

m
p

o
u

n
d

s

Dr. Arjun Kumbhar 8/4/2021 27



G
il
m

a
n

 r
e
a
g
e
n

ts
/O

rg
a
n

o
c
u

p
ra

te
s

Dr. Arjun Kumbhar 8/4/2021 28

Organo-cupper compounds 
(Gilman Reagents)

Lithium dialkyl cuprates

Addition to carbonyl and unsaturated carbonyl compounds 

Organocuprates: Far More Reactive “Cousins” Of Organocopper Reagents

1919: Henry Gilman

"father of organometallic chemistry,"
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▪ Gilman reagents, are useful nucleophiles for conjugate addition as well
as SN2 reactions.

▪ In the 1940’s Iowa chemist Henry Gilman discovered that adding one
further equivalent of an organolithium reagent to an organocopper
compound resulted in an “organocuprate” reagent, with two Cu–C bonds
and is also comprised of a positive counter-ion [lithium in this case].
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▪ Organocuprates, with the general formula R2CuLi , have the same general pattern of
reactivity as organocopper reagents, but are much more reactive.

▪ These ompounds are commonly referred to as “Gilman reagents” in ol’ H.G.’s honour.
▪ Why are they more reactive? We’ll talk about that in the next post.



8/4/2021 31

Bonding between a carbanion R– with Li+ is almost purely ionic (note the
electronegativity difference of about 1.5) meaning that a significant
portion of the bonding interaction is due to electrostatic interactions.

In contrast, bonding between C and Cu is considerably more covalent.
There’s less of an electronegativity difference (Cu 1.9 vs. C 2.5) and the
bonding is better described by metal-carbon bond overlap.
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Preparation of Gilman Reagents: From Alkyl Halides
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Direct formation of an organometallic from the organohalide and that metal [a process we call 
‘insertion’ , or “oxidative addition”, FYI] is less favored.
Look at copper for instance: the “direct reduction” doesn’t work nearly as well as it does for Li and 
Mg.

I don’t mean to imply that it can’t be done, but it generally requires heat and the addition of extra
reagents that influence the oxidation potential of the metal we call “ligands” ( not going to get into
that now) in order to get this reaction to go.

https://en.wikipedia.org/wiki/Ligand
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Formation of Organometallics From Alkyl Halides Involves Reduction: Direct Formation Of 
Organometallics From Metals Like Cu Is Much More Difficult Than For Mg or Li
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Transmetallation
pre-made organometallic (such as an organolithium or Grignard reagent) where the reduction has 
already occurred. We can then add a copper (I) salt such as CuBr or CuCl.
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Organocopper Reagents: WAY Less Reactive Than Grignards

In comparison to Grignard and organolithium reagents which are violently
destroyed by water (and sometimes air) organocopper reagents are fairly
sedate. For instance, there are organocopper reagents that you can leave
out in the air without incident, like 1-hexynylcopper.

https://www.youtube.com/watch?v=kRm0Hm33lDE
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Organocopper Reagents: REactions
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Gilman Reagents vs. Grignard Reagents
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Let’s put a double bond next to the ketone and run 
the reaction again.
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Conjugate Addition: A Key Reaction of Gilman Reagents
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How Do You Know Whether “Normal” Addition or “Conjugate” Addition Will Occur?

Grignards add to carbonyls, while organocuprates do conjugate addition. we’d have to go into some 
molecular orbital theory to get at the key concept of “Hard Soft Acid Base (HSAB) Theory“, and at 
this point, we’re not going to cover it.

https://en.wikipedia.org/wiki/HSAB_theory
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Conjugate Addition: Mechanism
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Gilman Reagents Are Excellent Nucleophiles For SN2 Reactions
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Conclusion: Gilman reagents (organocuprates)
perform two reactions that Grignard reagents (and
organolithiums) do not:

• They perform conjugate additions to α,β unsaturated 
ketones.

• They are effective nucleophiles for SN2 reactions.
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organocuprate reagent?
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relatively stable compounds to ionic Cu+. Although this is a sweeping
generalization, charge minimization is generally associated with greater
stability in organic chemistry. We’re going from a neutral compound
(organocopper) to a charged ion (Cu+). [I could also add that Cu+, being a
soft ion, is not very effective in binding to O-, but that’s a pretty advanced
point].
Compare that to organocuprates. There, we’re starting as a relatively
unstable charged species, and our final copper product is
the neutral organocopper reagent. This is definitely downhill in terms of
stability. It’s reasonable to expect that the organocuprate will be more
reactive, and hence be a better nucleophile.
The same principle can be used to explain why NaBH4 is a better reducing
agent than BH3, and LiAlH4 is a better reducing agent than AlH3.
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How do Gilman reagents open epoxides?

In the first reaction, the reaction doesn't take place at a stereocenter, so there's no way to observe the 
inversion.

https://chemistry.stackexchange.com/questions/18597/how-do-gilman-reagents-open-epoxides
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Palladium Chemistry
1. Heck cross- coupling reaction
2. Suzuki cross- coupling reaction
3. Stille cross- coupling reaction
4. Nigeshi cross- coupling reaction
5. Sonogashira cross- coupling reaction
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Mechanism of Coupling Reactions



8/4/2021 83

1. Heck cross- coupling reaction
Or

Mizoroki-Heck olefination
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In its most basic form, the Heck olefination is the palladium catalyzed
coupling of an aryl halide and an olefin to afford an aryl alkene. The
first example of such a reaction was discovered in 1971 by Mizoroki.

Mizoroki-Heck olefination/coupling reactions 
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Examples
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Mechanism
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The Suzuki-Miyaura Reaction
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s Reaction: The Suzuki reaction is a Pd-catalyzed reaction for forming a new C-C bond

between an alkenyl or aryl halide (Br, Cl, or I or OTf) and an alkenyl or aryl boronic
acid R-B(OH)in presence of base such as KeCO3, NaOH or organic base such as
triethylamine.
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Negishi cross-coupling Reaction
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Stille cross-coupling Reaction
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Sonogashira cross-coupling Reaction
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