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 SN2 Reactions

 Bimolecular Nucleophilic Substitution

 rate=k[alkyl halide][nucleophile]

 The SN2 Mechanism

 Factors That Affect SN2 Reaction Rates
 smaller steric hindrance - faster reaction  methyl > 1° > 2° > 3°

 better leaving group - faster reaction  I > Br > Cl

 Walden Inversion

 Stereospecificity

 R / S configuration inversed

 back-side attack (smaller steric hindrance)

 including a (high energy) transition state

 Additional Steps for SN2
 proton transfer at the beginning

 proton transfer at the end
 Why proton transfer?  bad leaving groups

 SN1 Reactions

 Unimolecular Nucleophilic Substitution

 rate=k[alkyl halide]

 The SN1 Mechanism

 Transition State and Intermediate
 transition state  high energy; cannot be separated

 intermediate  (relatively) low energy; can be separated

 Solvolysis Reaction  the nucleophile is a solvent molecule

 Factors That Affect SN1 Reaction Rates
 more stable carbocation - faster reaction  3° > 2° > 1° > methyl

 better leaving group - faster reaction  I > Br > Cl

 Carbocation

 empty p-orbital

 sp2-hybridized  trigonal planar

 stabilized by hyperconjugation  more alkyl group, more stable

 Winstein Ion Pair Mechanism
 the dissociation process includes an 
 intimate ion pair intermediate

 the products tend to be configuration 
 inversed when reaction happens in the 
 intimate ion pair stage

 inversion of configuration > 50%

 Rearrangement Process in SN1
 hydride shift

 methyl shift

 Additional Steps for SN1

 proton transfer at the beginning

 proton transfer at the end

 carbocation rearrangement  rearrangement results mixtures

 Why proton transfer?

 Comparison between SN2 & SN1

 Factors Determining Which Reaction 
 Predominates

 The Substrate

 1° alkyl halide favors SN2

 3° alkyl halide favors SN1

 2° alkyl halide is determined by reaction 
 conditions

 vinyl halides and aryl halides are unreactive 
 in substitution reactions

 the steric hindrance hinders SN2

 cannot form stable carbocation for SN1

 The Nucleophile

 Rules

 a strong nucleophile favors SN2

 a weak nucleophile disfavors SN2 (and 
 thereby allows SN1 to compete successfully 
 – SN1 does not depend a lot on nucleophile 
 strength)

 strong nucleophiles generally have strong (
 Lewis) basicity and strong polarizability

 Kind of Nucleophiles

 Strong Nucleophiles

 iodide

 bromide

 chloride

 hydrosulfide

 hydrogen sulfide

 alkyl hydrosulfide

 hydroxide

 alkoxyl

 cyanide

 Weak Nucleophiles

 fluoride

 water

 alcohol

 The Leaving Group

 the conjugate base of a strong acid is 
 generally a good leaving group

 sulfonate ions can also be good leaving 
 groups

 The Solvent

 protic solvent

 favors SN1

 polar aprotic solvent

 favors SN2

 e.g.

 dimethylsulfoxide (DMSO)

 acetonitrile

 dimethylformamide (DMF)

 hexamethylphosphoramide (HMPA)

 Summary

 Synthesis Route Design – Functional Group 
 Transformation

 conversion of alcohols to other functional 
 groups by TsCl (SN2 process)

 TsCl: tosyl chloride

 OTs is a good leaving group

 *Nucleophilic Substitution in Biochemistry - 
 Methylation

 S-adenosylmethionine (SAM)

 SAM is the biological equivalent of methyl 
 iodide

 SAM plays an important role in biosynthesis 

 Alkyl Halides

 Nomenclature

 Naming Procedure

 1. Identify and name the parent

 2. Identify and name the substituents

 3. Number the parent chain and assign a 
 locant to each substituent

 4. Assemble the substituents alphabetically

 Halogen Substituents Prefix

 fluoro- (F-)

 chloro (Cl-)

 bromo (Br-)

 iodo (I-)

 The configuration of the chiral center must 
 be indicated at the beginning of the name!

 like naming normal alkanes

 Structure Properties
 α-position, β-position, γ-position

 primary, secondary, tertiaty

 Physical Properties

 polar molecule predominant IMF: dipole-dipole interactions

 M.P. & B.P. are increasing with the 
 increasing of molar mass (general trend)

 water-insoluble; can be dissolved in most 
 of organic solvents 

 Organic Mechanisms

 Basic Organic Reactions

 Free Radical Reaction
 The reaction initiated by the production of 
 free radicals by molecular homolysis is 
 called free radical reaction.

 Ionic Reaction
 The reaction initiated by the production of 
 ions by molecular heterolysis is called ionic 
 reaction.

 Synergistic Reaction
 The reaction of breaking old bond and 
 forming new bond in the same step is called 
 synergistic reaction.

 Nucleophiles and Electrophiles

 Nucleophile

 The species which a carbon (or other atom) 
 center is electron rich is called a 
 nucleophile.

 typical nucleophiles

 organometallic reagents

 atoms with lone pairs

 π bonds

 Electrophile

 The species which a carbon (or other atom) 
 center is electron deficient is called a 
 electrophile.

 typical electrophiles
 alkyl halides

 carbocations

 Electron Effects

 Inductive Effect

 Due to the influence of different 
 electronegative groups, the density of 
 bonding electrons in the whole molecule 
 shifts to a certain direction, this polarization 
 effect of the molecule is called inductive 
 effect.

 electron-donating ability is worse than the 
 α hydrogen in acetic acid - electron-
 withdrawing inductive effect

 electron-donating ability is better than the 
 α hydrogen in acetic acid - electron-
 donating inductive effect

 higher electronegativity - stronger (
 electron-withdrawing) inductive effect

 more unsaturated group - stronger (
 electron-withdrawing) inductive effect

 positive charge - electron-withdrawing 
 inductive effect

 negative charge - electron-donating 
 inductive effect

 coordinate bond - (the atom which 
 provides lone pairs -) electron-withdrawing 
 inductive effect

 Conjugation Effect

 In a conjugated system, the electron effect 
 that changes the distribution of π-orbital (
 or p-orbital) electrons in the system due to 
 the interaction between atoms is called 
 conjugation effect.

 reduce the density of π (or p) electrons - 
 electron-withdrawing conjugation effect

 increase the density of π (or p) electrons - 
 electron-donating conjugation effect

 the group with atoms containing lone 
 pairs - generally electron-donating 
 conjugation effect

 the group with multiple bonds - the 
 conjugation effect can exist only the first 
 atom of the group forms an unsaturated 
 bond

 in the form -R=X

 the electronegativity of R is greater than 
 that of X - electron-donating conjugation 
 effect

 the electronegativity of R is less than that 
 of X - electron-withdrawing conjugation 
 effect

 Hyperconjugation

 The system in which the σ orbital of C-H is 
 nearly parallel to the π orbital of C=C (or 
 the p orbital on the carbon next to it) is 
 called hyperconjugation.

 σ bond of C-H - electron donor

 Field Effect
 The effect that caused by the electric field 
 produced by substituents in space affects 
 the nearby groups is called field effect.

 e.g.

 water

 methanol

 ethanol

 acetic acid

 ammonia

 product is not absolutely racemic in some 
 conditions


