








Abstract-  Lateral lithiation is:- the interaction between the alkyl lithium group and benzene ring Contain side branch such as toluene in which lithium is added on the lateral branch of the ring in a certain reaction condition which Stimulate lithium to Adopt this Behavior.

These kind of reaction Produces avery Important group of organic compounds Called Organolithium compounds, For instance:-

- It Play an important role as a Initial compounds in the cyclization Process of organic compounds forming the hetero organic compounds or Synthesis of heterocycles by cyclization of unsaturated organolithiums(
) Ex:-

Synthesis of 3-substituted 8-hydroxy-3,4 dihydroisocoumarins via successive lateral and ortho lithiations of 4,4-dimethyl-2-(o-tolyl)oxazoline. (
)
-Directed lithiation is the most powerful method for  regioselective functionalization of aromatic rings. (
)
-Directed lithiation has been recognized as an excellent method for the synthesis of regiospecifically substituted aromatic compounds. (
)
-Initially as noted above the lateral lithiation Process needs to a certain reaction condition To be accomplished successfully thus the Interaction in normal conditions Often results in aMixture of Organolithium compounds, this make the reaction Useless because of the Difficulty of Separation between these compounds. As it shown at Scheme 1.????
-And For instance the lithiation of 4,4-dimethyl-2-(o-tolyl)oxazolines Depends on the reaction condition thus it can be lithiated at the lateral or ortho-position selectively depending on the reaction conditions (Scheme 2). (
) Thus, the oxazolines were deprotonated at the most acidic

lateral methyl group with sec-BuLi in Et2O at 78 C

whereas they were lithiated at the less acidic ortho-position with sec-BuLi in the presence of TMEDA. The latter unusual ortho-lithiation was rationalized by the unfavorable steric interaction between TMEDA and the methyl groups on the oxazoline ring in the transition state for the lateral lithiation. (
). (
)
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(Scheme 2).
Overview  (
)
1) Introduction to Organolithium Compounds:-
    - Structure of lithium aggregates in the solid phase and      Solution.

    - Reactivity: basicity and nucleophilicity.

    - Ligand and solvent interactions.

2) Types of Lithiation Reactions:-

    - Lateral lithiations (only).

3) Lateral Lithiation Reactions.

    - Mechanisms of lithiation.

    - CIPE: complex-induced proximity effect.

    - The Substrates.

4) Application of Lateral Lithiations in Synthesis.

5) Kinetic Isotope Effects on Lithiations.
6) Diastereoselective Lateral Lithiations.
Introduction to Organolithium Compounds (
)
- The basic schematic of a lithiation shows replacement of hydrogen by lithium:

[image: image2.emf]
- Little is known about the structure of organolithium compounds, especially in the gaseous and solutions states.

- Known structural information comes from IR, mass spec., 1H, 6Li, 7Li and 13C-NMR, and X-ray crystallography.
- Although the formula "R-Li" is used to represent organolithium compounds, they are not found as monomeric structures.
- Organolithiums are usually encountered as aggregates with themselves or other electron donors.
- Structure of lithium aggregates in the solid phase and Solution. (
)
- MeLi and EtLi are insoluble in hydrocarbon solvents.

- X-ray crystal structures were obtained.

- Both compounds exist in tetrameric units in the

crystalline state.

[image: image3.emf]   [image: image4.emf]
- Structures in other states examined indirectly:

- IR shows little difference in C-Li stretching frequencies for spectra from mulls, in solution or in gas phase.

- Mass spec. shows peaks for the tetrameric

and hexameric particles.
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Reactivity: basicity and nucleophilicity(
)
- Organolithium compounds generated from alkylhalides and lithium metal:
[image: image6.emf]
- Nature of the C-Li bond under debate:

- IR shows low H-C-Li bending force constant which suggests ionic interaction.

- However, physical properties (m.p., b.p., solubility etc.) of many organolithium

reagents are not characteristic of ionic compounds.

- Comparison of nuclei electronegativities, and extended Hhckel molecular orbital

calculations agree.
- Bonding in aggregated species is electron-deficient.
- Organolithiums behave as both electron-poor Lewis acids, and as nucleophilic Brrnsted bases.

- n-Butyllithium is so nucleophilic, it is usually incompatible with carbonyl groups:

[image: image7.emf]
- Steric hinderance helps to reduce the nucleophilicity of organolithium reagents:

[image: image8.emf]
- The pKa of n-butane is around 45 - 50; other alkanes fall in the range of 42 - 60.

- Lithium amides are also employed in lithiations:
[image: image9.emf]
- Diminished Lewis acid character relative to ncomplexed lithium alkyls and aryls.
- Decreased thermodynamic basicity with pKa's ~ 30.
- High kinetic basicity due to free lone pair of electrons on the nitrogen.
- Coordination to the substrate generates a 4-membered transition state that avoids the need to stabilize a free carbanionic intermediate:
[image: image10.emf]
Ligand and Solvent Effects
- Lewis bases interact with organolithium aggregates by coordinating with the electrondeficient framework.

- Causes decrease in degree of association, and polarizes C-Li or N-Li bond.
Strong electron donor = Lower degree of association.

- n-Butyllithium is hexameric in hydrocarbons, tetrameric in Et2O, and di- or trimeric in THF at -108oC.

- Very strong donors, like difunctional ligands, can give monomeric complexes.

[image: image11.emf]
- Rate of reactions in different solvents: THF > Et2O > hydrocarbons.
- Reactivity also enhanced by addition of electron-donating ligands.

- Lithium prefers to be tetracoordinated.
- Variations in structure and complex formation influence reactivity. [image: image12.emf]
- Some effects are dramatic:

[image: image13.emf]
- Ligand interaction allows for introduction of symmetry into lithiations.
- Achiral organolithium reagents and substrates can give chiral products in the presence of a chiral ligand.
Types of Lithiation Reactions
Lateral Lithiations (only)

- Lateral lithiations deprotonate at a benzylic (side chain) position lateral to, or flanked by, a heteroatomic substituent.

[image: image14.emf]
- The heteroatomic substituent facilitates lithiation relative to the unsubstituted substrate.

- The lithiated species are used for functionalization of benzylic sites; chain extensions; and synthesis of fused carbocylic and heterocyclic systems.
Lateral Lithiation Reactions.
-Mechanism of Lithiations.
-CIPE: complex-induced proximity effect.

-The Substrates

Mechanism of Lithiations
And

CIPE: complex-induced proximity effect.

- Heteroatomic substituents:-

1) Increase reactivity of substrates.

2) Direct regioselectivity of deprotonation.

- Mechanistic proposals must explain both observations.

- Two major mechanisms theorized to drive ortho-lithiations:

1) "Coordination only" - substituent coordinates or "complexes" with organolithium reagent to increase kinetic basicity, and directs deprotonation to ortho position.

2) "Acid-base" - inductive and/or resonance effects from heteroatomic substituent make ortho proton more acidic.

- Some lithiations are driven entirely by one factor or the other, but the majority of lithiations occur by a combination of both.

Organolithiums were thought to coordinate to heteroatoms in -lithiation of heterocycles. However,

[image: image15.emf]
- Sulfur atom of thiophene does not act as Lewis base to break up the lithium aggregates.

- Rate enhancement and regioselectivty attributed to "acid-base" mechanism.

- Another example of "acid-base" mechanism from N-substituted pyrazoles:

[image: image16.emf]
- Example of "coordination only" mechanism from ortho-lithiation of N,N-dimethylbenzylamine:
- Inductive effect from benzylic methylene lowers acidity of ortho proton, but deprotonation occurs exclusively at ortho position.

[image: image17.emf]
- Excess lithiating reagent only gives monolithiated product.

- Intramolecular model of the lithiation of benzene with R-Li/TMEDA.
- Lithiation of anisole shows combination of both "coordination only" and "acid-base" mechanisms:

[image: image18.emf]
- Either mechanism can dominate depending on conditions:
[image: image19.emf]
- Regioselectivity of multiple directing groups ranked similar to SEAr.
- Same mechanistic approaches used to explain regioselectivity of lateral lithiations.
- Complex-induced proximity effect (CIPE) presents unified coordination theory: - "Coordination-only" mechanism dominant.
- R-Li/substrate complex provides proper geometry for reaction.

[image: image20.emf]
- Accounts for resonance, stereoelectronic, inductive and steric effects.

[image: image21.emf]
- Explains why kinetic product is favoured over thermodynamic product.
The Substrates.
- Toluic Acid and Derivatives:-

1- Toluic acids:

[image: image22.emf]
- Stronger bases require lower temperatures.

- Lateral lithiation due to electron-withdrawing  roperties of caroxylate.

2- - Toluate esters:

[image: image23.emf]
-Toluamides:-
- 1o toluamides show no regioselectivity.

- Use acid labile protecting/activating group:
[image: image24.emf]
- 2o and 3o amides are powerful directing groups.

- N-substituents can be any group not affected by organolithiums.
[image: image25.emf]
-Tolyl Ketones:-
- Enolizable ketones facilitate lateral lithiations well:
[image: image26.emf]
- Only one example of nonenolizable ketone:
[image: image27.emf]
-Tolualdehydes:-

- Too electrophilic to lithiate directly.
- Make amido adducts:
[image: image28.emf]
- Diamine amido adduct is crucial:
[image: image29.emf]
- Can also make imines:
[image: image30.emf]
-Alcohols and Cresols:-
- Benzyl alcohols show weak facilitation:
[image: image31.emf]
- o-Cresol requires "superbase" and vigorous conditions:
[image: image32.emf]
- MOM-protected o-cresol gives ortho'-lithiation exclusively:
[image: image33.emf]
-Aryl Ethers:-

- o-Methylanisole gives both ortho- and lateral lithiation with nBuLi.
- "Superbase" gives lateral lithiation, but also rearrangement products:
[image: image34.emf]
- Rearrangement through radical mechanism?
[image: image35.emf]
-Toluidines in Indole Synthesis:-
- Dilithiated N-acyl-o-toluidines can be trapped with electrophiles at low temperatures.
- Prolonged reaction at rt. allows intramolecular condensation/elimination to give indoles:
[image: image36.emf]
Benzylamines in Isoquinoline Synthesis:-

- Lateral lithiation of Boc-2-methylbenzylamine provides access to a variety of isoquinoline derivatives:

[image: image37.emf]
Application of Lateral Lithiations in Synthesis.
-Total Synthesis of RS-42358.
-Synthesis of heterocycles by cyclization of unsaturated organolithiums

Ex:- Oxygen heterocycles, Nitrogen heterocycles.
Total Synthesis of RS-42358
- RS-42358 and analogs are a class of 5-HT3 receptor antagonists that show promise as anti-emetic agents.
- Lateral lithiation is the key step towards closure of the intermediate 4.

- Condensation of 4 with other amines allows facile generation of N-substituted amides.

[image: image38.emf]
-Synthesis of heterocycles by cyclization of unsaturated organolithiums:-

1-Oxygen heterocycles:-
The first reports of carbolithiation of an unactivated carbon–carbon double bond for the preparation of a

heterocycle appear to be two brief accounts in the early

1970s describing the intramolecular addition of  oxyallyllithiums [5] and _-oxybenzyllithiums [5,6] to the

carbon–carbon _-bond of a norbornene. In 1980, Baldwin

and co-workers observed the novel rearrangement

of 1 to benzofuran 2 upon ortho-lithiation and, as

illustrated in Scheme 1, proposed a mechanism for the

transformation that involved intramolecular addition of

the aryllithium to the tethered _-bond [7]. It should be

noted that the parent system, 2-(2-propenoxy)-

phenyllithium (3), rearranges upon warming in the

presence of TMEDA via 5-exo-cyclization to give 4,

however, as shown in Scheme 1, subsequent elimination

affords the lithium salt of 2-cyclopropylphenol [8].

The first systematic studies of intramolecular carbolithiation.
for the preparation of a heterocycle were

the seminal reports by Broka and co-workers detailing

the preparation of substituted tetrahydrofurans by anionic

cyclization of olefinic _-alkoxyorganolithiums

[9,10]. These cyclizations were found to be highly

stereoselective as a consequence of the progression of

the isomerization through a rigid, chair-like transition

state analogous to that observed in the cyclization of

the parent 5-hexenyllithium [11,12].
In seeking a general route to 2,4-disubstituted tetrahydrofurans

[9], Broka and co-workers examined the

cyclization of alkoxyorganolithiums derived from homoallylic

(tri-n-butylstannyl)methyl ethers. After generation

of the organolithium by low temperature

lithium–tin exchange in THF, the organolithiums were

observed to cyclize in a highly cis-selective fashion

upon warming. For example as shown in Scheme 2, the

cyclization of 5 to 6 proceeded in 54% chemical yield

with a 11:1 preference for the cis-stereoisomer [9].

Moreover, as also illustrated in Scheme 2, the incorporation

of a leaving group at the distal allylic position

enhances not only the yield of cyclic product but the

stereoselectivity as well. The 6,5-ring system of 7a–b

was constructed as a 3:1 mixture of isomers using this

technique (Scheme 2).

Using reductive lithiation of O,S-thioacetals as a

route to secondary alkoxy organolithiums, Broka and

Shen further demonstrated that trans-2,3-disubstituted

tetrahydrofurans could be prepared with good stereocontrol

via intramolecular carbolithiation [10]. As illustrated

in Scheme 3, treatment of _-(phenylthio)ether

8 with lithium napthalenide (LN) in THF at 0 °C gave

9 in 52% yield as a 7:1 mixture of trans and cis isomers.

Here again, incorporation of a distal allylic leaving

group improved both the chemical yield and the

stereoselectivity of the cyclization (c.f. 10→11).
More recently, Lautens and Kumanovic have extended

the pioneering work of Broka to the synthesis of

bicyclo[5.3.0] systems [13]. Treatment of oxabicyclo[

3.2.1] substrates such as 12 (Scheme 4) with five

equivalents of MeLi in THF at −78 °C, followed by

warming to 0 °C, delivered products such as 13 in

70–85% yield. This elegant methodology leads to structures

containing up to five contiguous stereocenters, a

bridgehead tertiary alcohol, and the newly constructed

ring. Moreover, the intramolecular ring opening reaction

is also applicable to the preparation of N-methylpyrrolidine and thiophene moieties in the bicyclo[

5.3.0] systems [13].
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As shown in Scheme 5, a related intramolecular SN2


cyclization has been conducted in the presence of chiral

lithium alkoxides [14]. In several instances, good chemical

yields and modest enantioselectivities were observed.

Nishiyama and co-workers have also reported

the preparation of cyclopenta[b]benzofurans from chiral

precursors, as also illustrated in Scheme 5 [15].

In the preparation of carbocycles, Hoppe and coworkers

observed that the cyclization of 6-phenyl-5-

hexenyl-(
-carbamoyloxy)alkyllithiums proceeded with

complete retention of configuration at the carbanionic

center [16]. Nakai’s group has demonstrated that cyclization

of enantio-enriched 
-(homoallyloxy)

alkyllithiums, prepared from the corresponding

organostannanes, also proceeds with complete retention

of configuration at the carbanionic center [17,18]. Thus,

as illustrated in Scheme 6, a 9:1 mixture of trans- and

cis-2,3-disubstituted tetrahydrofurans may be prepared

with no loss of enantiomeric purity. To provide useful

chemical yields, the 
-elimination of lithium methoxide,

pioneered by Broka, was employed to facilitate the

cyclization [17,18]. The addition of lithium halide also

served to improve the yield of product, presumably

through disruption of intramolecular chelation of the

lithium atom with the ether oxygen of the substrate

which inhibits the lithium–alkene coordination essential

for cyclization [18].
[image: image41.emf]
2- Nitrogen heterocycles:-
Not surprisingly, efforts to extend anionic cyclization

to the preparation of nitrogen-containing heterocycles

have been fruitful. In fact, much recent work has

demonstrated that this technique is an efficient method

for diastereoselective and enantioselective synthesis of

this class of compounds.

The preparation of pyrrolidines has been the focus of

an intensive investigation by the Coldham group in

Exeter [19–22]. For example, as depicted in Scheme 7,

treatment of 14a with two equivalents of n-BuLi in

THF leads to 15a in 46% yield with 
25:1 cis–trans

selectivity [21]. Conducting the cyclization in a system

composed of a 10:1 (by volume) hexane–diethyl ether

solvent resulted in higher chemical yields of 15a–c, but

the increase in yield was purchased at the expense of

stereoselectivity (cis–trans 
6:1) [21]: the erosion of

the stereoselectivity was attributed to the fact that

tin–lithium exchange is not complete at −78 °C in

hexane–ether solution and cyclization perforce occurs

at a higher temperature in this case [21].

The presence of a chiral auxiliary on nitrogen in the

anionic cyclization of the 
-aminoorganolithium, such

as that derived from (R)-16 (Scheme 8), was found to induce moderate enantioselectivity [21]. A variety of

solvent variations failed to boost the ratio of the resulting

diastereomers above 74:26 [21]. Optimal conditions

for the cyclization involved transmetallation at

−78 °C in THF, followed by addition of (−)-

sparteine (17) dissolved in THF, which increased the

diastereomeric ratios (d.r.) to 79:21 [21]. The use of the

mismatched pair, (S)-16 and (−)-sparteine, resulted in

only 45:55 d.r. of product 18 [21]. As illustrated in

Scheme 9, disappointingly low levels of enantioselectivity

were observed in the (−)-sparteine-mediated cyclization

of achiral 19; N-benzyl-3-methylpyrrolidine

(20) was generated in only 28% ee [21].
[image: image42.emf]
[image: image43.emf]
As depicted in Scheme 10, Barluenga and co-workers

have reported that cyclization of the vinyllithium

derived from N-protected substrates such as 21 deliver

3-methylene-4-methylpyrrolidines (22) in good yield

[23]. The cyclic organolithium undergoes reaction with

a variety of electrophiles to provide a highly functionalized

pyrrolidine nucleus. However, as shown in Scheme

10, the protective group on nitrogen plays a crucial role

in the reaction topology, as rearranged products such

as 23 were observed when the vinyllithium was generated

from an arylamine substrate [23]. Barluenga and

co-workers posit that, when the nitrogen bears an aryl

group, the kinetically favored 5-exo product (22a) may

revert to the acyclic vinyllithium which then undergoes

a slower 6-endo cyclization followed by irreversible

cleavage to the lithium amide 23 [23,24]. There appear

to be no other examples of reversible 5-exo cyclizations

of unsaturated organolithiums in the literature [2–4],

and an alternative explanation of the mechanistic

course of these reactions may be found in the work of

Chamberlin and co-workers [25]. Thus, as depicted in

Scheme 10, a reversible 3-exo cyclization of 22a [25],

followed by rapid and irreversible fragmentation of the

strained intermediate, would also account for the rearrangement

favored by aromatic amines.
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The cyclization of an organolithium into an aromatic

system has been reported by Clayden and co-workers

[26–34]. For example, as shown in Scheme 11, lithiation

of N-tert-butyl-N-benzyl-1-napthalamide (24) with

t-BuLi in THF at −78 °C, followed by addition of an

excess of hexamethylphosphoramide (HMPA) and

standing at −78 °C for 16 h, affords tricyclic product,

25, after quench with an electrophile [26]. With the

exception of protonolysis, which produces a single
diastereomer (25a), the diastereoselectivity of the reaction

appears to depend on the steric bulk of the electrophile;

only 25b was formed upon capture with benzyl

bromide, while a 3:1 mixture of diastereomers, 25c and

epi-25c, were formed upon treatment with iodomethane

[26]. Aldol condensation of the cyclic enolate proceeded

with high stereoselectivity with benzaldehyde, leading

to 26 in 81% yield, however, the diastereoselectivity
diminished appreciably when other aldehydes such as

n-butanal were used [26]. Nonetheless, as depicted in

Scheme 12, this chemistry has recently been exploited

for setting the relative stereochemistry of three contiguous

stereocenters in the synthesis of (
)-kainic acid

(27) [31] and related systems [34].
[image: image46.emf]
[image: image47.emf]
Similar examples of dearomatizing anionic cyclizations

using sulfonamide [35] and phosphinamide [36]

groups as activators have been documented recently,

and a pair of examples are illustrated in Scheme 13.

Coldham’s group has demonstrated that bicyclic systems,

such as the 7-azabicyclo[2.2.1]heptanes illustrated

in Scheme 14, may be prepared by cyclization of pyrrolidinyllithiums

tethered to a remote alkene [37,38].

Thus, treatment of either stannane 28a or 28b with an

excess of n-butyllithium in a 4:1:1 mixture of hexane–

diethyl ether–tetrahydrofuran at −78 °C followed by

warming to room temperature for 6 h afforded exo-2-

substituted-7-azabicyclo[2.2.1]heptanes (29) [37,38]. The

bicyclic organolithium was trapped with a variety of

electrophiles in a wide range of chemical yields; quench

of the organolithium with DMF produced the aldehyde

in only 34% yield, while allylation proceeded in 60%

yield [37,38].
[image: image48.emf]
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Kinetic Isotope Effects on Lithiations
- Further lithiation of 1-d1 resulted in deprotonation exclusively at C-1.

[image: image50.emf]
- Chiral HPLC of 1-d2 indicated that no racemization at C-4.

- Usually, deprotonation of 1,2,3,4 tetrahydroisoquinolines at C-1 requires a protecting

group on nitrogen which activates through chelation and dipole stabilization.

- Conclusion: deuterium isotope effects can be used to direct regioselectivity of lithiations.

- Deuterium substitution at positions of high kinetic acidity can alter expected regioselectivity

of organolithium reagents.

- Deuterium can act as a protecting group for carbon.

[image: image51.emf]
[image: image52.emf]
- Effectiveness of deuterium isotope regioselectivity is substrate dependent:

[image: image53.emf]
Diastereoselective Deprotonation
- Diastereoselective lateral lithiation can be accomplished without use of a chiral ligand.
[image: image54.emf]
[image: image55.emf]
- All products showed syn relative stereochemistry giving evidence for oxygen direction of lithiating reagent.
- To prove substituent directed stereoselectivity,  iastereomers of 3 and 5 were synthesized by introducing substituents in reverse order.

[image: image56.emf]
- Again, all products showed syn relative stereochemistry.
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