Pi Bonds as Nucleophiles
Alkenes
· E/Z nomenclature
· E: looks like a Z, opposite side
· Z: looks like a C, same side
· Diastereomers
· Bond is sp2 hybridized
· Ethane molecular orbital diagram
· Pi C-C bond has 2 electrons (has higher energy)
· Sigma C-C bond has 2 electrons
· This pi bond allows alkenes to act as nucleophiles and the electrons in this bond will be donated to electrophiles
· General Reaction:
1. Pi bond donates electrons to electrophile
2. Electrophile binds to one carbon, one carbon forms a carbocation intermediate (carbocation)
3. Nucleophile donates electrons to carbocation, forms bond
Carbocation Intermediate
· Short-lived, high-energy intermediate
· Stabled by resonance and hyperconjugation (weak overlap between vacant pi bond on the carbocation and another sigma bond)
· Stability: Tertiary carbon>secondary carbon>primary carbon>methane
Regioselectivity of Electrophilic Addition
· Markovnikov’s Rule: reaction passes through the most stable carbocation (H will add to the carbon with the most H’s)
Haloacid Addition
· Alkene + HX X-Alkane
· Haloacids add to form haloalkanes
· Regioselectivity follows Markovnikov’s Rule
· Not stereoselective, reaction proceeds via planar carbon (could form enantiomers)
Nucleophilic Addition Using Acid Catalysis
· Acid activates the electrophile, normally because protonation has to occur to form an electrophile, carbon becomes more receptive to the nucleophile
· Enhances reactivity with weak nucleophiles, won’t work with nucleophiles that protonate readily
Halogenation 
· Alkene + Halogen  1,2-dihaloalkane
· Regioselectivity follows Markovnikov’s Rule
· Occurs via a halonium ion intermediate instead of carbocation (both carbon’s bind to the halogen, makes it positive until the second halogen donates its electrons to one of the carbons)
· Nucleophile attack is antiperiplanar (results in trans-1,2)
Hydroboration-Oxidation
· Alkene + Borane/DiboraneAlkylborane + H202/HO-Alcohol
· Boron is not used because it is a Lewis acid
· Called a concerted mechanism because its 2 steps happen simultaneously:
· Hydroboration part may occur twice in some cases
· Regioselectivity is Anti-Markovnikov (carbocation is stabilized better by the partial negative on the borane, the B-H bond breaks and donates its electrons to the bond forming between C-H) 
· Stereoselectivity: syn because B and H are added at the same time to the same side
Free Radical Chain Reaction (Anti-Markovnikov Addition of HX)
· Free Radical: species with an odd number of electrons
· Produced via homolysis (bond breaking where each bonding atom gets one half of the electron pair) of a weak bond
· Thermolysis: hemolysis with heat
· Photolysis: hemolysis with light
· Common compound used is an azo compound, AIBN (Has Ea of 31kcalmol, this occurs easily in temperatures over 100)
· Free radicals can be used for atom abstraction (favourable when making a stronger bond, driving force is if R1-X will be stronger than R2-X or vice versa), addition to pi systems (driving force is the breaking of pi bonds to form sigma bonds), or recombination (because two free radicals are less stable than the bond they could potentially form)
· SOMO: singularly occupied molecular orbital
· Major intermediate is determined by stability:
1. Tertiary carboradical>secondary carboradical>primary carboradical>methyl radical
2. Resonance
3. More stable when the radical is adjacent to a pi bond because they can overlap (conjugation)
4. Sterics (obviously)
5. Increases as the size of the atom increases
· Steps in the chain reaction:
1. Initiation: generates free radicals from a diamagnetic precursor (radicals normally generated in pairs), USE ONE HEADED ARROWS, this is when the thermo/photolysis would occur
2. Transfer: converts a radical into one that will participate in the propagation, does not alter the number of radicals
3. Propagation: sequence of two or more reactions to produce the products, the last sequence makes a radical that participates in the first step, the sum of all these steps is the net reaction
4. Termination: removes radicals to make a diamagnetic product, radicals removed in pairs
Epoxidation
· Epoxide: cyclic C-O-C compound
· Alkene + Peroxyacid (any acid with O-O bond)  Transition StateEpoxide + Carboxylic Acid
· Transition state can be a meso
· MCPBA is a common reagent is most common peroxyacid used in epoxidation
· Regioselectivity: None
· Stereochemistry: 
· Cis alkenemeso compound epoxide
· Trans alkene two epoxide enantiomers
· Intramolecular Epoxidation: Alkene + Halogen/H2O Halohydrin + Base/Solvent (eg CH3OH) Epoxide
· Stereochemistry:
· Water makes a top face attack
· Epoxides are useful intermediates (don’t stay as they are because of high ring strain)
· Work up stereochemistry: both acidic or basic work ups make an anti-1,2-diol, these two are enantiomers (R,R and S,S)
· Work up regioselectivity: 
1. Acidic: protonates epoxide, water attacks more substituted carbon
2. Basic: nucleophile attacks the less substituted carbon
Dihydroxylation
· Alkene + oxidizing agent (KMnO4 or OsO4)  1,2-diol
· Always has an aqueous base work up step (KMnO4 only requires water, OsO4 requires NaHSO3 and then water)
· Stereochemistry: syn addition (cis-1,2-diol)
· Regioselectivity: None
Ozonolysis
· Alkene + O3  2 carbonyl products (ketones or aldehydes, depends on location of double bond)
· Requires a work up with Zn/H2O or CH3SCH3 or PPh3
· Purifies Montreal’s water
Hydrogenation
· Alkene + H2  alkane
· Requires a metal catalyst (the “meeting surface”, adsorbtion: surface chemistry), usually Pd/C
· Reduction reaction
· Heterogeneous (has 2 phases)
· Hydrogenated vegetable oilbutter
· Steps:
1. Sigma H-H breaks
2. Alkene at high pressure, pi C-C breaks (sp2sp3 when H added) 
3. H-C bond forms and this C lifts from surface
4. Other C follows and bonds to H, alkane desorbs

Aromaticity and Reactivity
Aromatic Rings
· Follows Huckel’s Rules:
1. Ring is planar (flat)
2. All ring atoms are sp2 hybridized
3. Ring has 4n+2 pi electrons (2, 6, 10, 14, 18, etc.)
Anti-Aromatic Rings
· De-stabilized by resonance
· Follow these rules:
1. Ring is not flat
2. All ring atoms are sp2 hybridized
3. Has 4n pi electrons (4, 8, 12, 16, 20, etc.)
Heterocycles
· Cyclic compounds with one C replaced by another atom (usually N, O or S)
· An sp3 atom can rehybridize to sp2 if aromaticity can be achieved (usually a heterocycle + a strong base, for example NaH)

Electrophilic Aromatic Substitution
· Benzene/aromatics are very stable and have a high Ea barrier, use a Lewis acid to activate the electrophile
· If this doesn’t occur, electrophile isn’t strong enough to “attract” benzene
· Aromatic + activated electrophile  arenium ion (there are 3 resonance structures)  base
· Arenium ion is very stable (which is why it has its own name)
· REACTION PROFILE: A= BENZENE + E (delta h of 1), B= ARENIUM (delta h of -1), C= PRODUCTS
Nitration
· Aromatic + HNO3 (activated by H2SO4)  nitro-aromatic
· Absolutely NO water, the acids would react with it instead of with each other
· Nitric acid, after being protonated and losing water, acts as a BASE
· Equilibrium could occur during the reaction between the two acids however it is highly product favored
Sulfonation
· Aromatic + SO3 (activated by H2SO4)  aromatic sulfonic acid
Halogenation
· Benzene + Halogen (activated by FeX3)  X-Aromatic + HX + FeX3
· Electrophile activated by forming a bromocation 
Friedal-Crafts Alkylation
· Aromatic + RCl (activated by AlCl3)  R-Aromatic (Alkyl Benzene/Arene) + HCL + AlCl4-
· Tertiary/Secondary carbocations dissociate, primary carbocations react directly from the Lewis Acid-Base complex
· Unstable carbocations undergo 1,2-hydride shifts to make more stable carbocations (happens quickly)
Friedel-Crafts Acylation
· Aromatic + X-Carbonyl (activated by AlX3)  Carbonyl-Aromatic + HX + AlCl3
· Acylium ion has two resonance structures, is stable
· NO carbocation rearrangements
· Access to linear chains
· Linear chains can turn into heterocycles if there is an intromolecular friedal-crafts acylation (favourable with 5-6 membered ring, smaller has ring strain and large will not adopt the correct configuration/shape)
Hammond Postulate
· Involved when a second substituent is added
· The transition state structure most resembles the species to which it is closest in energy in that step
· Rate determining step is the formation of the arenium ion (this has the highest Ea)
· Transition state is closer in energy to the arenium ion, so its structure will be similar to it as well
· Anything that stabilizes the arenium ion stabilizes the transition state
· Lower energy transition state means a smaller Ea for that step, has a faster pathway and dominates product formation
Substituents
1. Increase or Decrease Reactivity
· Electron Donating Groups (EDG): makes the aromatic a stronger nucleophile (more electron rich/dense), increases reaction rate
· NH2, NHR, OH, OR, NHCOR, R, Aryl
· Electron Withdrawing Group (EWG): makes the aromatic a weaker nucleophile, decreases the reaction rate (this occurs because these groups are very electronegative)
· X, CHO, COR, COOR, COOH, CN, SO3H, NO2, NR3
2. Direct Regiochemistry
· Reaction proceeds via the lowest energy pathway
· Activating (EDG) groups are ortho/para directing
· Deactivating (EWG) groups are meta directing
· Activating groups always beat deactivating groups
· SAG>WAG>WDG>SDG
· When conducting retrosynthesis with multiple substituent groups, look at the regiochemistry of the product to see which substituent EAS came first
Nitrobenzene Reduction
· Nitro-aromatic + Sn/HCL or Fe/HCl or H2/PD-C Amino-aromatic
Benzyl-ketone Reduction
· Aryl-ketone + ZN(Hg)/HCl or H2NNH2/OH- or Sn/HCL  Alkyl-Aromatic
Alkyl-Aromatic Oxidation
· Alkyl-Aromatic + KMnO4 Aromatic Carboxylic Acid
· R can be any alkyl group EXCEPT for a quaternary carbon
Benzylic Bromination
· [bookmark: _GoBack]R-Benzene (R is tertiary carbon) + Initiator, which is usually NBS, (with X), heat or light Br replaces H on R group of R-Benzene
· This is a free radical reacction
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