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Short Description

Download *1Ozonolysis - Polyenes - Diels-Alder - Alcohols...



Description


Formal Charges Covalent Bond: 2 electrons shared One atom with one electron in one orbital



overlapping with



another atom with one electron in one orbital



Remember: All neutral atoms in Period 2 of the P.T. have four orbitals (some bonding; some may be non-bonding)



Formal Charges ALL bonds have already been drawn-in for you Add all lone pairs (circle them) and assign Formal Charges



Remember: All neutral atoms in Period 2 of the P.T. have four orbitals (some bonding; some may be non-bonding)



Resonance Forms Distributing a lone pair (and/or charge) through overlapping p-orbitals of a adjacent Pi (Π) bond to another part of the molecule. One atom with one p-orbital may need to re-hybridize an sp3 ! sp2 (to get a p-orbital)



overlapping with



another atom with a p-orbital



Resonance Forms Distributing a lone pair (and/or charge) through overlapping p-orbitals of an adjacent Pi (Π) bond to another part of the molecule.



Resonance Forms Distributing a lone pair (and/or charge) through overlapping p-orbitals of an adjacent Pi (Π) bond to another part of the molecule.



Ozonolysis: Overall Reaction Reaction of alkenes / Formation of carbonyl compounds



Know your reagents ! Count the carbons !



Ozonolysis: Reductive Workup Reaction of alkenes / Formation of alcohols



Know your reagents ! Count the carbons !



Ozonolysis: Oxidative Workup Reaction of alkenes / Formation of carboxylic acids



Benzene (aromatic) rings are stable/unreactive Aldehydes do not survive the oxidative workup conditions (and get converted into carboxylic acids)



Know your reagents ! Count the carbons !



Ozonolysis: Oxidative Workup (forming carbonic acid) Reaction of alkenes / Formation of carboxylic acids



Know your reagents ! Count the carbons !



Ozonolysis: Cycloalkenes



Know your reagents ! Count the carbons !



Exhaustive Ozonolysis



Know your reagents ! Count the carbons !



Ozonolysis Mechanism Concerted 1,3-dipolar cycloaddition / Six (6) electron process Draw (and circle) all lone pairs Assign Formal Charges Make-a-Bond / Break-a-Bond Draw the intermediate



Count the carbons ! (don’t lose-or-gain carbons)



Polyene Types & Relative Stability



These three compounds are each dienes Each will undergo hydrogenation to form pentane.



1



Polyenes: Conjugated Conjugation is a stable system of an uninterupted series of overlapping p-orbitals.



2



Polyene Conjugation: Bond lengths



Alkene Pi (Π) Bond



Alkane Sigma (σ) Bond



The C—C single bond joining the two double bonds is unusually short because the p-orbitals overlap throughout the conjugated system = delocalized



1 Angstrom (unit of length) = one 10-billionth of a meter = 0.1 nanometer = 1 x 10 -10 meter 3



Polyene Configuration: cis- configuration -vs-



“same-side-cis”



trans- configuration



A) cis- and trans- in alkenes



To use cis- and/or transTwo groups (substituents) on adjacent alkene carbons must be identical



B) cis- and trans- in rings



Configurations (stereoisomers) are different molecules. They have different physical properties. Two Configurations cannot interconvert. 4



Polyene Configuration: (E)-



-vs-



(Z)- -vs- Neither (in alkenes)



Use the Cahn-Ingold-Prelog Rules: highest atomic number “wins” (eventually)



Configurations (stereoisomers) are different molecules. They have different physical properties. Two Configurations cannot interconvert. 5



Polyene Conformations: s-cis conformation -vs-



s-trans conformation



Conformations are single-bond rotated versions of the same molecule. Two Conformations can easily interconvert.



Pi (Π) Double Bonds Cannot Rotate
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Polyenes: Sterics in Conformers Sterics: the molecular strain (instability) from two or more atoms trying to occupy the same space.
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Polyene Stability: Zaitsev Rule Given the same number of atoms and bonding structure, the most substituted alkene is more stable.



8



Root



Substituent



1



2



Polyene: 1,2-Addition -vs- 1,4-Addition Reaction With a conjugated diene, electrophilic addition of one equivalent of HBr affords two products.



1



Polyene: 1,2-Addition -vs- 1,4-Addition Reaction With a conjugated diene, electrophilic addition of one equivalent of HBr affords two products.



2



Kinetic Product -vs- Thermodynamic Product When the 1,2-product is heated, the 1,4-addition product becomes the major product (equilibrium is established / reaction is reversible).



3



Kinetic Control •  •  •  •  • 



1,2-product direct addition mess stable formed faster/first lower Ea



-vs-



Thermodynamic Control •  •  •  •  • 



1,4-product conjugate addition more stable Reversible rxn / Equilibrium higher Ea



4



Extent of Conjugation



Energy of UV Light Absorbed



Compound’s Color



1



Example Polyene: Conjugation -vs- Color Lycopene •  Has extensive conjugation •  Absorbs visible light at λmax = 470 nm (in the blue-green region of the visible spectrum) •  Appears RED in color.



2



Remove the Perception of Stain



3



Polyene Preparation Use elimination reactions of alkyl halides and alcohols. Br



OH Acid (conc.)



KOH heat



or use Al2O3



heat



The most stable (thermodynamic) product forms. If possible, draw the Polyene that is: Conjugated (not isolated) a Zaitsev Alkene with the Least Sterics.



Aurthur Cope Rearrangement! A thermal isomerization of 1,5-(isolated) dienes Concerted / 6 electron process



You need a “driving force,” like relief of strain, since an isolated diene ! isolated diene



OxyCope Rearrangement!



The reaction rate is MUCH faster under basic conditions



You need a “driving force,” like enol-keto tautomerization since ketones are more stable than enols



Cope Rearrangements! Predict the product of this Cope and OxyCope rearrangements.



350°C



(a)



Exocyclic alkenes are less stable than endocyclic alkenes



OH 320°C



(b) H



Oleic –vs- Elaidic Acids
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1) The Diels-Alder Reaction Otto Diels and Kurt Alder



(invented in 1928)



Nobel Prize in Chemistry (1950)



Number the carbons !!!



Diene



+



(conjugated) (s-cis conformation)



Dienophile (has a Π bond)



•  cycloaddition reaction •  6 electron process •  Concerted reaction •  Always forms a cyclohexene •  Requires “a ton” of heat (200+ degrees C) 1



2) Diels-Alder DIENE: s-cis conformation The diene can react only when it can adopt the s-cis conformation.



When the two double bonds are constrained in the s-cis conformation, the diene is extraordinarily reactive.



When the two double bonds are constrained in the s-trans conformation, the diene is completely unreactive 2



3) Diels-Alder DIENE: must be conjugated



Electron-Donating Groups (EDGs) in the diene increases the reaction rate. In a Diels-Alder reaction, the conjugated diene acts as a nucleophile.



3



Diels-Alder DIENE: Test



4



4) Diels-Alder DIENOPHILE: must have (at least one) Pi (Π) bond Electron-Withdrawing Groups (EWGs) in the dienophile increase the reaction rate. Alkynes work, too !



In a Diels-Alder reaction, the dienophile acts as an electrophile. has TWO reactive sites !
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5) The Diels-Alder Reaction: Examples (adduct)



Reactants three π bonds BREAK



Cyclohexene Product two σ bonds & one π bond FORM.



Exothermic Because the two new σ bond are each ~20 kcal/mol stronger than each π bond that is broken, a typical Diels-Alder reaction releases ~40 kcal/mol of energy. 6



6) Diels-Alder Reaction: Stereochemistry of the Dienophile The stereochemistry of the dienophile is retained because the reaction is concerted.



Ring-Fused Bicyclic from a cyclic Dienophile



(the same compound)
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7) Diels-Alder Reaction: Stereochemistry from Cyclic Dienes Substituents can be oriented in one of two ways in the product.



Bridged Bicyclics from a cyclic Diene



______ alkene



alkene ____



The terms ENDO and EXO are used to indicate the position of the substituent(s). 8



8) The Diels-Alder Reaction: The ENDO Rule In a Diels-Alder reaction, the ENDO product is preferred.
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9) The Diels-Alder Reaction: Transition State The transition state leading to the ENDO product allows more interaction between the electron-rich diene and the electron-withdrawing substituent Z (on the dienophile).



KINETIC Product (formed first) has the lower Ea (more stable TS) requires lower Temp.



Thermodynamic Product (more stable) has the higher Ea (less stable TS) requires higher Temp. Usually, the required temp is too high, beyond the stability of the compounds.



10



Spanish Fly



burning sensation; irritated urethra; inflammation (local); blood in urine; renal failure; convulsions; coma; death.



1



Spanish Fly
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“Latent Diene”: Cyclopentadiene Cyclopentadiene (Cp) is so reactive that it readily undergoes a Diels-Alder reaction with itself. 1,3-cyclopentadiene dimerizes because one molecule acts as the diene and another acts as the dienophile.



Dimerization only takes a few hours at room temperature. How could you have predicted that cyclopentadiene is so reactive?



1



The Retro Diels-Alder Reaction When heated to 200 degrees C, dicyclopentadiene undergoes a retro Diels-Alder reaction, and two molecules of cyclopentadiene are re-formed.



If the newly produced cyclopentadiene is immediately treated with a different dienophile, a new Diels-Alder adduct will form.



2



RetroSynthetic Analysis 1) Draw this diene in the s-cis conformation



HOWEVER at least ONE reactant needs to be cyclic AND at least ONE reactant needs to be symmetrical (top-to-bottom)



• 



including the numbering system (shown)



• 



add substituents (including making a ring, if you choose)



3) Draw this cyclohexene



2) Draw this dienophile



• 



including the numbering system (shown)



• 



add substituents on the numbered carbons that match those on the reactan making sure all bonding (atom connectivity) is correct.



• 



including the numbering system (shown)



• 



add substituents (including making a ring, if you choose)



4) Redraw your Diels-Alder Product (cycloadduct) on a separate page • 



Draw stereochemistry (wedges-dashes) where needed



• 



Maybe draw a rotated (90 degrees) or flipped (180 degrees) version of your structure



5) Exchange drawings with a partner in class and ask him/her to provide the two reactants and determine if the drawing is of an Endo, or Exo (or neither) cycloadduct. Hint: Find the cyclohexene within the product and use our numbering system.



1



Aldrin (Pesticide)



1 equiv.



(it will be easier to draw the “top view.”) 1



Benzyne: Super Reactive Dienophile



1



1) Alcohols: IUPAC naming



1



2) Common Alcohols and Types of Alcohols



2



3) Alcohols: Hydrogen Bonding & Water Solubility Hydrogen Bonding when one heteroatom uses its lone pair to pull (steal) a hydrogen atom from another heteroatom
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1) Hydroboration / Oxidation



Hydrolysis: adding H2O (water)



1



2) OxyMercuration / Reduction



Hydrolysis: adding H2O (water)



2



3) Epoxide Formation & Opening



3



4) Cis- Dihydroxylation: Osmium Tetroxide



Mental Toolbox



Alkene ! Conjugated Diene (in 2 steps)
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1) Making Alkylchlorides (from Alcohols) -



Chloride (Cl ) is a crappy nucleophile



-



Hydroxide (HO ) is a poor leaving group



SN2 Only use on methyl or primary (1o) alcohols (and sometimes secondary (2o) alcohols). 1



2) Making Alkylbromides (from Alcohols) -



Bromide (Br ) is a crappy nucleophile



-



Hydroxide (HO ) is a poor leaving group



SN2 Only use on methyl or primary (1o) alcohols (and sometimes secondary (2o) alcohols). 2



3) Making Mesylates / Tosylates / Triflates (from Alcohols) Converting Hydroxide (HO-) a poor leaving group into a mesylate or tosylate or triflate (great leaving groups)



3



4) Alcohol Dehydration: POCl3 (instead of using strong acids) Phosphoryl chloride (POCl3) or phosphorus oxychloride Protonating secondary alcohols (with heat) is asking for trouble (carbocation rearrangements)



Only product



4



5) Alcohol Protecting Groups: using TMS-Cl



Trimethylsilyl chloride (CH3)3Si-Cl



Great nucleophiles will first attack the hydrogen on the polar O-H bond of Alcohols
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