Chapter 3 Organic Chem: Alkenes & Alkynes

Don’t need to know the following reactions found on summary pages 110-112:

1. Hydroboration-Oxidation

2. Cycloaddition to Conjugated Dienes

3. Alkyne reaction with the combination of H2O, Hg2+, H+

4. Formation of Acetylide Anions
Chapter 3 Alkenes & Alkynes Read Chap 3 (Not Sections11-13, 15b, 17c, 21) & p.153-154 & 157-158:
1. Differentiate between alkene, alkyne and diene; molecular formula comparisons, conjugated, cumulated, and isolated multiple bonds; polymer and monomer

2. Use IUPAC nomenclature to name and draw alkenes and alkynes including:

a. Old names: ethylene & acetylene

b. Cis/trans, E/Z & substituent priorities 

c. En-yne & priorities 

3. Determine whether given compounds can display cis-trans and/or (E)-(Z) isomerism.

4. Describe the characteristics of alkanes, alkenes, & alkynes: relative bond length, geometry, rotation, relative reactivity of all 3 & why..

5. Know the meaning of: trigonal carbon, sigma (() and pi (() bonds, sp3 & sp2 & sp hybridization, %s & %p in hybrids, type of bonds & orbitals between carbons.

6. Describe methods to obtain hydrocarbons of desired length- fractional distillation, cracking and alkylation.

7. Write equations for addition reactions of alkenes and alkynes including the reactants, catalysts and products for halogenation, hydration, hydrogenation, acids (HX & H2SO4).

a. Given an alkyne or conjugated diene, write the structures of products obtained by adding 1 or 2 moles of a particular reagent.

b. Given the structure or name of a compound that can be prepared by an addition reaction, deduce what unsaturated compound and what reagent reacted to form it.

c. Write the steps of electrophilic addition reaction mechanisms involving the following terms: Markovnikov’s rule, , name & drawing of 1,2-addition & 1,4-addition, polymerization, carbocation (Formation, classification, stability & resonance, type formed as intermediary in reaction. Example: what type of carbocation is formed when HBr is added to 3,3-dimethly-1-butene?).

8. Write equations for the reactions of ozonolysis and oxidation with KMnO4.

a. Given the structures of ozonolysis products, deduce the structure of the unsaturated hydrocarbon that produced them.

9. Describe 2 simple chemical tests that can distinguish an alkane from an alkene or alkyne.

10. Draw structures, with arrow formalism, for the contributors to the resonance hybrid of an allylic cation.

11. Know the steps in the mechanism of ethylene polymerization caused by a free radical chain mechanism.

Alkenes:  
Alkynes:  
Example: What are all the structural possibilities for C3H4?
Unsaturated hydrocarbons: 
Bonding Patterns of Multiple Bonds

1. Cumulated:  
2. Conjugated:  
3. Non-conjugated/Isolated: 
Sec 3.2 IUPAC Names =International Union of Pure & Applied Chemistry
1. “ene” ending for C=C (diene, triene = 2 or 3 double bonds) 

2. “yne” ending for C ≡ C  (diyne, triyne = 2 or 3 triple bonds)

3. “enynes” ending if both double & triple bonds present 
See p 73-74 Nomenclature  AND Common Errors  
Quick Summary/Overview

1. Select longest chain that includes both carbons of double or triple bond

2. Number from end nearest multiple bond.  If multiple bond is equidistant from both ends, THEN number from 1st substituent.

3. Indicate the position of multiple bond w/# of lowest C of that bond

4. More than 1 multiple bond?  # from end nearest the 1st multi-bond.  Double bonds receive lowest # if equidistant w/triple bond.

5. Cyclic: Start numbering w/ both C’s (#1 & 2) of the multiple bond, and add “cyclo” prefix.  

Examples:

CH2=CHCH2CH2CH3              CH3CH2CH2CH=CHCH2CH3         C-C-C=C
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****See p.74 common mistakes****
Example:  Name the following molecule:

               CH3   CH2CH3

               (       (
CH3C = CCH2C = CH2 

       (
       CH3  

1. Longest chain with the double bonds: 

2. How many double bonds?  Prefix?  

3. Number for lowest sum of double bonds?  

4. Number & name substituent groups: 

2nd Example: Write the structural formula for 3-methyl-2-pentene:

Example:  -en-yne naming:
1. C ( C – C – C = C     
2. C ( C – C = C – C                 
Sec 3.3  Some Facts About Double Bonds
	Property
	C – C 
	C = C
	C ≡ C

	Rotation
	
	
	

	Geometry 
	
	
	

	Bond angle
	
	
	

	Bond length
	
	
	

	Current / Old names for 2-C chain
	
	
	


Sec 3.4 Orbital Model of a Double Bond; the Pi Bond
Sec 3.18 – 3.19 The Orbital Model of a Triple Bond
Bond Types

1. ( bond; ____________________ overlap of orbitals
2. ( bond;___________________________ overlap of both lobes of a p orbitals 
A. More exposed electrons (above & below) 
B. Will be attacked by ___________________and are _____________________ than alkanes

Carbon Bond & Orbital Types 
1. Valence shells of all atoms contain   ___s &    ___ p orbitals.

2. (_____ bonds always are made from the lateral overlap of _____orbitals.  

a. The ___ orbitals involved in the ____ bond, are the only original carbon orbitals that do not hybridize.

b. ____ bonds are only present in__________ bonds (alkenes & alkynes)

3. All orbitals “left over” and NOT involved in ____ bonds will hybridize.
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 Sec 3.5 Cis-trans Isomerism in Alkenes

1.   _________________________________: not interconvertible around double bond
2. Each carbon must have ________________________________________ attached to it 

3. “Cis”- form: substituents on ___________________side of molecule

4. “Trans” form: substituents on __________________sides

5. Draw  cis & trans forms of 1,2, dichloroethene

6. Cis/trans 2-butene:

7. Cis/trans 1-butene

8. Name: 
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Sec 5.4 E-Z Isomerism in Alkenes, p. 157-158 and p. 153-155

Is the following molecule cis or trans?
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When 2 different atoms, & neither are hydrogen, are attached to the carbons of a double bond, you are unable to use cis/trans.  Instead, use the E-Z nomenclature.

1. Assign priority to the groups attached

2. Assign (E) vs. (Z)

a. (Z) = 

b. (E) = 

Priority:

1. Atoms directly attached to the carbons of the double bond are ranked according to atomic number.  

A. Higher atomic number = 

B. Hydrogen always has __________priority

C. Example-rank the following atoms from highest to lowest priority: O, H, C, Cl

2. If attached atoms are the same element, work outward until reach unalike atoms, and assign priority.

Example-rank the following groups from highest to lowest priority: 
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3. Example:  Draw (Z)-3-bromo-4-methyl-3-hexene

A. NOTE: May draw out “straight” first and then place on opposite sides if that helps!  But then must show proper bond angle of_______
Sec Production/Purification


[image: image6.wmf]
Petroleum:  _____________________________________________________________
1. Fractional Distillation: 
A. Low molecular weight compounds ________________________________________________
B. Compounds w/high bp _________________________________________________________
C. Location and temp of condensation tube set to collect desired hydrocarbons

D. See Table 3.3 p. 106 for uses of fractions

2. Cracking: Process that ______________________________________________________________
A. “Cracked” alkane yields ______________________________.  Multiple combinations possible.

B. Example: C10H22 ( 
3. Alkylation: ____________________________________________________________________
Chapter 3 Alkenes & Alkynes Note Outline Part II

Read Chap 3 (Not Sections 11-13, 15b, 17c) and p.153-154 & 157-158:
Alkene Addition Reactions 

· Addition in alkenes, rather than substitution as in alkanes

1. Addition of Halogens

a. No ________________________ required as in alkanes

b. ________________________used to test for unsaturation


C = C     +   Br2

       

                             Brown

2. Polar Addition of Water (Hydration)

a. Requires ________________________
b. Product is an ________________________
                                                H+


C = C   +   H-OH                        


3. Polar Addition of Acids (HX & H-OSO3H which is another way to write H2SO4)


C = C   +   HBr                        


4. Addition of Hydrogen (Hydrogenation)

a. Requires appropriate catalyst-metal such as ________________________.

i. H2 sits on metal surface and adds to _________________of double bond.  

IMPORTANT-  forms _______if converting from:

1. cycloalkene to cycloalkane OR 

2. alkyne to alkene (Requires _______                catalyst, ________________, to stop at __________________)


C = C    +   H2        Ni, Pd, or Pt

 

Miscellaneous Notes:

1. If either the alkene or the reagent is _______________________________product is possible.

2. If both are ________________________products are possible.  ________________ usually forms. The one that predominates is considered to be “regiospecific”, and its formation follows Markovnikov’s Rule.

3. ___________ reactants can be classified as ____________________ or ____________________
a. Electrophile has a ___________ charge (________________________):  & is 

“________________________”

b. Nucleophile: has a ____________ charge (_____________________) & is 

“________________________”

c. Leads to electrophilic additions to double bond site on alkenes.
d. The electrophile ALWAYS adds first. USUALLY, the electrophile is  ____ but it can be other things.                   

Markovnikoff’s Rule: Addition of Unsymetric Reagents to Unsymmetric Alkenes

· ____________________________part of the reagent bonds to the C ___________________

C = C – C    +    H-OH 




Carbocation Stability

Carbocation: ________________________  that is classified as:

1. May be formed when double bond broken

2. W/Markinov’s rule, _____ part of reagent bonds _____, to the C ________________________, so 

that the ________________________          is produced.

3. Example:


CH2 = CHCH3    +    H-OH 

            ??

1. Pos (H+) adds first:      

2. Possible cations:                

3. Which is more stable?   

4. Follow Markovnikov?         

5. Neg (OH-) adds 2nd                      

4. Restated rule: Electro+ part adds in a way to produce/involve most stable carbocation.

Conjugated alkene (diene) addition-– Symmetrical - 1 mole of addition reagent – 

Obtain ____ products in _______________portions

1. 1 mole of addition reactant will produce ______ products, each ___________________
2. 2 moles of addition reactant will produce _____product ______________________________
3. Example w/1 mole Br2:


C = C – C = C    +    1Br2


               C – C = C – C
(1,4-addition)





                        
                (                 (
                                                                                                  Br
            Br

                                                                                                   C – C – C = C
(1,2-addition)   

                                                                                                    (    (




                      

                  Br  Br

Carbocation Resonance of conjugated diene above:
C = C – C = C    +   1 Br2     (                

1. Br+ adds:      

2. Double bond resonates:   

3. 2nd  Br adds to both carbocations:     

4.   Overall reaction equation:

Conjugated alkene (diene) addition – unsymmetrical - 1 mole of addition reagent: 

1. Again obtain 2 products in equal portions
                                                                                                      H    Br

                                                                                                      (    (

C = C – C = C    +   1 HBr



C ( C – C = C     or CH3CHBrCH=CH2

                                                                                                      H                Br        


                                                                (                 (
                   
                                                                C ( C = C ( C   or CH3CH=CCH2Br

Carbocation Resonance of above conjugated diene:
             C = C – C = C    +   1 HBr     (                

1. H+ adds:   

2. Double bond resonates:   

3. Br- adds to both carbocations: 

4.   Overall reaction equation:

***Example w/conjugated cyclodiene:               
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5. Show resonance forms for carbocation formed from the following:
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Conjugated alkene (diene) addition w/     2 moles addition reactant: 

Overall Equation:

1. 1st step as above w/1 mole, then adds to 2nd double bond

Oxidation w/KMnO4
· Test to tell __________________________________________
· Produces compound w/______________________________ 

· If alkene, changes from purple sol’n to brown ppt

       C = C   +  KMnO4    +    H2O   (   C  –  C   +   MnO2   +   KOH

                                           (      (
                                                           OH    OH

                  Purple sol’n                                     Brown-black ppt
Ozonolysis: Oxidation of alkenes w/________________________________________________
1. Used to ___________________________of double bond  

2. Requires: ______
3. Forms aldehydes    ___________,    names end in _________
4. If only 1 aldehyde product formed, the original reactant was 1 of the following:

a. _______________________.  Product will be a “dial”.

b. _________________________________________________

· Overall reaction summary:
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· Example w/ 1-butene:

· Example w/2-pentene

· Other examples:

Alkyne Additions: 

Similar to alkene reactions, with the following exceptions:

1. Needs _____________________ to go to alkane.  

a. Requires____________of the addition reagent.

b. _____________________________ followed in each of the 2 steps.  

2. May stop at alkene

a. If ___________________________ of the addition reagent is available

b. Forms ________________isomer, with 1 exception

c. Exception: _________________________
i. Forms _________alkene

ii. Use _________________________________ to stop at ________________.  

iii. ____________________________________________________

3. Symmetrical addition  (not H2) w/o catalyst (X2):  

a. 1st step forms _____________________________________________
i. Stops here if _________________________ available

b. 2nd step  forms alkane

i. If ________________________ available

4. Symmetrical addition of H2 w/ catalyst:
a. 1st step forms ____________________________. 

i. Stops here ___________________________________________ 

(DOESN’T matter the number of moles of H2)
b. 2nd step ______________________________________

i. ____________________ used

5. Unsymmetrical addition:  Follow Markovnikov’s rule in each step.

Example Equation:   CH3C≡CH +   2 HBr →  

Free –Radical Additions: Polymerization

· Polymer: ______________________________________________________________________
· Radical mechanism of ________________________to form ________________________
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