Know pKa’s of acids. I will not need them, but it will make things easier on tests.
Reaction mechanism
· showing the flow of electrons in a reaction (step by step)
· mechanistic arrows
· double headed for 2 electrons
· single headed for 1 electron
· the heads reflect the number of electrons


· this is a “2 3” mechanism



Smells in Organic molecules
· Small molecules with amines on the ends smell bad
· Sulphur in organic molecules makes a normally gross smell
· Esters give fruity smells
Acid base
· Strength is relative
· Strongest acids have weaker conjugate bases
· Acid has the lowest pKa
· The conjugate base (CB) 
· Is lower energy, weakest, and most stable
· Right shifted EQ (favours products)
· Weakest acid
· Has the highest pKa
· CB is
· Highest energy, strongest, least stable, and most reactive
· Left shifted EQ (favours reactants)
· Memorize acid base table
· Compare conjugates bases to determine which functional group participates in the reaction
· Both bases should be shown to compare stability
· Compare
· Electronegativity
· Stability
· Strength
· Resonance forms
· Etc.
· Deprotonation
· Remove a proton (hydrogen)
· Protonate
· Add a hydrogen
· Size
· Larger have more dispersed electrons
· The negative charge can be more spread out making it a stronger acid
· Smaller has more concentrated electrons
· These electrons are more accessible and make it a stronger base
Questions 
1) 


2) 
 This is part of number 4

the p-orbitals on the benzene ring do not line up, and the – charge is basically another H atom; it cannot resonate
3) 
 


Identify the most basic atom
· Helpful to draw resonance hybrid first if applicable


· Multiple factors that could contribute to stability may necessitate a lab experiment
Acid base reactions



Steps
· Identify the charges
· Identify the partial charges (lone pairs, double bonds)
· Remember the inductive effect
· In the inductive effect electronegativity trumps size
· See if bonds will break or be formed


when there are two factors involved it is easier to go with pKa’s than  to compare conjugate bases

Module 2: E1, SN1, E2, SN2
· E = elimination
· Make alkenes and alkynes
· S = substitution
· Switch substituants
E1 general mechanism


· LG = leaving group
· This leaves because of the solvent, as the solvent assists in stability
· Carbon attached to the leaving group is the α-carbon
· Carbons attached to the α-carbon are β-carbons


· This is called an E1 elimination
· Unimolecular in the rate-determining step
· The base can sometimes bond to the positive charge on the α-carbon


See E1 summary in slides
· Cannot do this reaction as an electron flow
· Hydrogen is taken (generally) from the most substituted carbon (most CH3)
· α-carbon is generally 3o or resonance stabilized > 2o >> 1o (doesn’t really happen)
· Base 
· Weak bases favour E1
· Often the solvent
· Solvent 
· Polar protic
· Proton bound to a heteroatom
· Ex
· HOCH3
· Stabilize the transition state of the rate determining step
· Solvent controls the rate of reaction 
· Regiochemistry favours the most substituted (stable) alkene
· The activation energy for other carbons to lose their H+ is much higher, and the reaction is not favoured
· Stereochemistry: get the most stable alkene
· Rearrangements are possible


· α-carbon is tertiary, and can easily have an E1 reaction
· Step one
· Leaving group leaves
· Step two
· Do the base reaction


Less activation energy for tertiary
See LG slide
· A weak base is a good leaving group (something that has an electron pair to donate)
· Check the pKa of the conjugate acid for the leaving group lowest pKa of CA = best leaving group
A = Cl		weak base, good leaving group					-7
B = OH		Strong base, bad leaving group, no reaction			15.7
C = F3CO2SO	weak base resonance and induction, VERY good leaving group	-14
D = F		weak base but will not leave as pKa of CA is too low		3.2
E = H2O		weak base (water), good leaving group				-1.7
· Steps
· Identify leaving groups
· Draw leaving groups
· Write down pKa’s of CA
· Lowest pKa = best leaving group
· pKa cut off for leaving group is about a pKa of 0 
Remember: Elimination reactions give alkene products
· Makes a π bond
· Look for leaving group
· Look at the α carbon
· Is it tertiary
· Does it resonate
· Is it secondary
· Primary doesn’t react as well
· Steps in reaction
· Leaving group leaves
· Generates sp2 carbocation intermediate
· The base removes a proton from a β-carbon
· A carbon attached to the α carbon
· Electrons from removal of proton create a π-bond between the α and β carbon
· How to tell how substituted a carbon is
· Count the number of things that aren’t hydrogen attached to the carbons around the double bond
· More substituted carbons are more stable
· Most stable is the major product
E1 reactions and SN1 reactions can happen in the same way
SN1 reactions


· Nucleophile
· Nucleus lover; binds to a nucleus
· Has an electron pair
· Electron donor that seeks a positive or d+ atom
· Electrophile
· Electron lover; binds to something with an electron pair
· It has a positive charge, or is delta positive
· SN1
· Substitution with a unimolecular rate determining step
· Reaction may have more than one step
· R = k[electrophile]
· Determined by concentration of the electrophile
· Steps of SN1
· The leaving group leaves
· The nucleophile reacts with the electrophile
· Charge is restored on the nucleophile (if needed) by shedding a hydrogen


· If she asks for ALL products, show all E1 and SN1 products
Stereochemistry of SN1
· Intermediate is trigonal planar
· Inversion
· The leaving group leaves on one side, and the nucleophile atttaches on the other side, the stereocenter inverts
· R becomes S, and S becomes R
· Retention
· The leaving group and nucleophile leave and attach on the same side
· This forms a racemic mixture
· Priority in determining stereocenters can change this
· (remember different heteroatoms have different priorities) 


· Gives a mix of stereoisomers 
Rearrangements of E1 and SN1



Example: 

This is an E1 with a rearrangement
(beware: she will try and trick you with changing the way a substituent looks on a carbon) 






 


E2 Reactions; Oxidation of Alcohols


· The base removes a proton from beta carbon, leaving group leaves. Trigonal planar product
· There is no carbocation intermediate as in E1 or SN1
· See slide in notes for more details
· Needs a pKa of over 10


Choosing a leaving group (SN1 E1 SN2 E2
· Steps
· Draw the leaving groups
· Compare pKa of conjugate acid
· Lowest pKa = best leaving group
· Weak bases are great leaving groups
· pKa of higher than 0 is a bad leaving group
· pKa HBr > HOSO2R
· Br is therefor a better leaving group than OSO2R
· pKa of the conjugate acid must be less than 10
Steps to determine the strength of the base
· Separate ions if it contains a metal (ex Na, K)
· Draw bases
· Determine pKa of conjugate acid
· Highest pKa for the conjugate acid makes it the best base
· Remember pKa of the conjugate acid (pkah) must be higher than 10 
Regiochemistry for an E2 reaction
· Remember the base has to be strong enough
· Size of the base is important
· Small, strong bases give us the most substituted alkene
· Zaitsev product


· Bulky, Strong bases react with the most accessible proton (least substituted alkene) due to steric crowding
· Generally this is the least substituted beta carbon
· Hofman product


· REMEMBER to look at the solvent
· Polar protic is okay, but not the best



· Notice the charges alternate

Review enantiomers and diastereomers

E2 reaction
· Strong base takes a proton
· Leaving group leaves
· A double bond forms
Stereochemistry
· H + LG have to be antiperiplanar (APP) 
· Anti
· Opposite sides
· Periplanar
· Approximately the same plane


· Doesn’t matter which carbon is infront, as long as it is down the α-β bond
· This conformation is antiperiplanar
· Sometimes they won’t show up in the right rotation
· Not drawn in the right way
· Have to know if they can rotate to get into that position
· APP is required for E2


· Stereospecific
· Has to be antiperiplanar as the molecule has no choice but to form that even if the product is less stable
· The mechanism (including stereochemical requirements) dicates the outcome of the reaction. There is no energetic “choice” leg forming more stable versus least stable products


· Check the conformations, the most stable one will react if there are options
· Steric crowding raises energy and makes certain conformations less favourable
· Stereoselective
· Reaction can choose between two pathways, and the one with the lowest energy transition state leads to the major product
· The molecule can choose product in final arrangement due to relative energies of potential products
· Strong, bulky base can trump this
· Leaving group in hexane HAS to be axial

Energy diagram


E2 reactions can make Alkynes
· You need double leaving groups
· You need an excess of the base
· Base is not limiting and will continue to react
· You want a polar aprotic solvent


· Large, bulky base will influence which proton is selected for first




· Ignore amides
· Acid base HAS to be analyzed first
· If eq favours products, reacts first


· O- is not strong enough in COO- to remove a hydrogen 
· Workup is done at the end to prevent side reactions


· Ketone and ester do not react
· E2 reaction




Oxidation


· Requires PCC to get aldehyde (anhydrous); carboxylic acid with Jones’ Reagent



Work up is generally assumed


3rd one didn’t do
[image: ]
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