Name_____________________Period____
Chapter 2 Organic Chem: Alkanes & Cycloalkanes
Objectives:

1. Differentiate between saturated and unsaturated hydrocarbons, alkanes and cycloalkanes, , and between the molecular formula for acyclic & cyclic.
2. Draw, identify, determine and name isomers: 

a. Stereoisomers including conformational (rotamers) vs. configurational (geometric), staggered vs. eclipsed, boat vs. chair 

i. Acyclic staggered vs. eclipsed: Analyze and name based on Newman projection drawings.  
ii. Cyclohexane: Draw and interpret boat vs. chair conformations, equatorial vs. axial positions, cis vs. trans (geometric) isomers. Determine which of two isomers is most stable.

b. Constitutional (structural) isomers

3. Alkane reactions: substitution reaction, halogenation, free-radical chain reaction, chain initiation, propagation, termination, combustion. (Alkanes are relatively inert with only combustion & halogenation reactions.  See summaries on p. 67)

4. Use IUPAC nomenclature to name or draw acyclic & cyclic alkanes, complex substituents, and cis/trans isomers.

a. Know the prefixes for chains up to 10 carbons long.

5. Determine the relative boiling points of alkanes based on their molecular weights/formulas and the extent of chain branching.

6. Identify and explain the differences between hydrogen bonding and Van der Waals attractions.

7. Write all steps in the free-radical chain reaction between a halogen and an alkane, identifying the initiation, propagation, and termination steps, using arrow formalism to demonstrate the movement of electrons.

8. Write an equation for the complete combustion of an alkane or cycloalkane.

9. Use dash-wedge drawings to differentiate cis-trans cyclo-isomers.

a. EXCEPTION – For cyclohexane draw in CHAIR conformation.

Hydrocarbons:    

· Saturated.  

· Unsaturated.  

· Aromatic. 

Alkanes:  Hydrocarbons with only single bonds

· Acyclic formula: 

· Cycloalkane formula:    

Section 2.3 Naming Alkanes

Branched-Chain Alkanes:

· Parent Chain: Longest continuous chain of C atoms (NOTE:  may be bent)
· Substituents: Groups, or single atoms other than H, attached to the main chain

· Alkyl Group: A side branch w/only C & H

· Named for the straight chain alkane with the same # C

· Ending –ane replaced with –yl
· Example: ( CH3 is methyl, (CH2CH3 is ethyl 

· Halides (halogens): change element ending from “ine” to “o”

· Naming rules: (see pages 44-46) 

1. Determine name of the longest continuous chain of carbon atoms (Parent chain)

a. If there are 2 equally long, use the one w/the most branches 

2. Number each carbon in the parent chain

a. If both ends have branches at same distance, begin numbering closest to 3rd branch


· If there isn’t a 3rd branch, begin with substituent first alphabetically

b. If done correctly, group numbers add to the smallest sum possible

3. Name and number each alkyl group substituent. 

a. Group names are placed before the parent chain name

4. Name the molecule

a. If the same alkyl group occurs >1 time, use a prefix (di-, tri-, tetra-, etc) before its name.  

b. Use numbers to show which carbon EVERY group is attached to. There may be more than 1 group attached to the same carbon.

c. Place substituents in alphabetical order (ignore any prefixes-di, etc)

d. Use hyphens to separate numbers from words 

e. Use commas to separate numbers.  

f. No space is left between last named substituent & the parent alkane.

Example Problems. Name the following Alkanes:

                CH3   CH3
    (       (
   CH3CH2CH(CHCH2CH2CH3
1. Longest chain?  

2. Number carbons.  

3. Name the alkyl groups:  

4. Use appropriate prefixes and numbers: 

5. Arrange alkyl groups alphabetically.  

6. Name: 

                            CH3
                             (
                             CH2
                             (   

    CH3CH2CH2CHCHCHCH2CH3
                        (        (
                        CH3     CH3
1. Longest chain?  

2. Number carbons.  

3. Name alkyl groups:  

4. Use appropriate prefixes and numbers: 

5. Arrange alkyl groups alphabetically. 

6. Name: 

Cycloalkane Names
Formula: CnH2n  
Naming:  

1. Ring is parent chain

2. Place prefix “cyclo” before the parent alkane name

3. If only 1 substituent, no numbering is needed

4. If 2 or more substituents, number carbons to obtain lowest sum.  

a. If 2 ways to get same sum, use #1 for 1st alphabetical group.

5. Use “cis” or “trans” if appropriate

Example:
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1. How many carbons in ring?  Name?  

2. Number C in ring, so that sum of numbers assigned to the attached substituent groups will have smallest sum.  

3. Name using appropriate numbers, alkyl group names and parent ring name:

Questions: 

Is there an alkane called 2-ethylbutane?   Draw and explain.

1. What is the molecular formula of hectane, a 100-carbon chain hydrocarbon?  

Sec 2.4  Alkyl & Halogen Substituents
· Halide (halogen) substituent names: 

· Name the following:

CH3( CH( CH2( CH2

            (                     (
             Br                  Cl

· An ethyl substituent can be written:  

· “R”- Stands for 

· Propyl:

· Propyl:          

· Complex Substituent Naming: “Branches on the branch”

1. Longest chain in branch (that is attached to parent chain) = alkyl group name

2. Number the carbons in the alkyl group:  #1 is ALWAYS assigned to the C attached to parent chain.

3. Number & name the branches on of the substituent

4. Use parentheses to set off the name of complex alkyl group 

· Example:

                                    CH3
                                    (
                                    CH(CH3
                                    (
           CH3CH2            CH(CH2CH3
                              (                (
CH3CH2 (CH(CH2(CH(CH2CH2CH2CH3   
NOTE: Can replace all except complex substituent w/an “R” to focus only on part being named

                                   CH3
                                    (
                                    CH(CH3
                                    (
                                    CH(CH2CH3
                                               (
                                               R

· Name:  
Example:  Write the abbreviated structural formula for:

1. 2,2-Dimethyl-4-propyloctane

2. 1-ethyl-2methylcyclopentane

Sec 2.6 & 2.7 Sources & Physical Properties of Alkanes
Alkanes virtually _____________, leading to:

1. Relatively weak 

a. Organic compounds are NOT like WATER which has __________________________________ due to:

Vs.

b. Alkanes have ________________________________________:  

2. Lower boiling points than other organic compounds of similar molecular weight.  

a. Molecules easily separated, with relatively little energy, due to lack of “polar” attraction.

b. B.P. ( as TOTAL # carbons (  

c. B.P. ( as more branching ( & molecule becomes more spherical

d. Lowest bp:  1st-lowest # C total, than most branched

e. Highest bp:  1st-highest # C, then straightest

Misc. Info

3. Main sources of alkanes: 

Sec 2.8 & 2.9 Conformations of Alkanes
Types of Isomers – see Figure 2.7 p 59
REMEMBER:  Isomers have the same molecular formula.

1. Structural (or constitutional):  atoms or multiple bonds are in different order/placement 

a. Have 
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b. Names for the above?

c. Molecular formulas for the above?

d. They are “structural” isomers
The next two isomers are both stereoisomers and have atoms attached in same order, but with a different orientation in space

2. Configurational or Geometric (subtype of stereoisomer):  :  Not interconvertible by bond rotation

a. Cis-trans isomers:  Substituents are on same vs. opposite sides of:

i. 1st possibility for cis/trans:  A double bond in alkenes
Name the following – same or diff name?  

Same arrangement in space or different?

ii. 2nd possibility:  The ring (top vs. bottom) in a cycloalkane 

· 2 carbons on the ring must each have 1 H & 1 substituent to name as cis/trans
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Use solid wedge and dash wedges to designate opposite sides of the ring Example:     

              Names:

         2nd Example:  Name??
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3rd Example:   Name??
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3. Conformational AKA Rotamers/Conformers (subtype of stereoisomer):  Caused by rotation around a single bond, interconvertible  

b. Acyclic Conformers/Rotamers: Staggered/Eclipsed
i. Eclipsed conformation (acyclic):  C-H bond on front & back C’s aligned  

ii. Staggered conformation (acyclic): C-H bond on 1 C rotated 60o and appears to “bisect” the H-C-H bond on the other C.  More stable.

Acyclic drawing summary: Drawn using one of the following three methods. (Fig 2.5 p 52)

i. Newman: The circle represents both of the 2 connected carbons. The entire bonds on the “front” carbon are seen and drawn to the center of circle. Only the outer segments of the bonds on the “rear” carbon are seen and are drawn only to edge of the circle. 

ii. Dash-wedge:  A solid regular line is in the plane of paper, a solid wedge extends from the plane of the paper towards you, and a dashed wedge points away from the back of paper.

iii. Saw-horse   

c. Cyclic Conformers/Rotamers:  Chair conformation: For cyclo hexane, H’s are 

i. Equatorial 

ii. Conformations w/large substituents equatorial = 

iii. Axial H’s 

iv. “Ring-flip” interconversions.
v. See Fig 2.2     p.57

d. Cyclic: Boat conformation:  For cyclo hexane, 

i. See Prob 2.14 p58

Using “Dash-Wedge” vs. “Chair” drawings for Cyclohexane. Which is better?  Why?

Name the following dash-wedge drawing:
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· Can you tell the stability and preferred conformation of a cis/trans cyclohexane from the dash/wedge drawing above? 

· No!!!  

· ***Stable only if both substituents are equatorial in chair.

· Using chair conformation draw BOTH of the following:

· Cis- 1,3-dimethyl cyclohexane 

· Cis - 1,4-dimethyl cyclohexane

· How does the stability of Cis –1,3 vs. Cis-1,4 compare? Explain.

****See Fig 2.7 p59 for flow chart of isomer types

POST LAB DISCUSSION & SUMMARY of Lab #4 Conformations of Alkanes & Cycloalkanes:

Newman Projections
1. All eclipsed positions have relative energy that is _______ than that of all staggered positions

2. For ethane the relative energy levels of all 

a. Eclipsed positions from 0 – 360 degrees are _________________.
b. Staggered positions are _________, but _____ than that of the eclipsed positions.

3. For propane the relative energy levels of all

a. Eclipsed positions 0 – 360 degrees are ___________________.
b. Staggered positions are ____________, but __________ than that of the eclipsed positions.

4. For butane, and sighting from C-2 to C-3 describe the relative energy of 

a. Eclipsed vs. staggered positions:  All ______________ positions have less energy and are more stable.

b. Of 2 different staggered positions: _____________________________ has lower energy than  ______________________________
c. Of 2 different eclipsed positions: When a __________________is eclipsed with _________, it has lower energy and is more stable than when a ____________ is eclipsed with _______________________________.
Cyclohexane:

1. _______________ conformations are more stable than ____________ conformations because ________________________________________________. 
2. Axial vs. equatorial positions are __________________ isomers, because they ___________be interconverted by ______________.  

3. Cis vs. trans structures are   ___________________ isomers, because they _____________ be interconverted by _______________________.

4. Whether cis or trans is more stable for a set compound (such as 1,2 vs. 1,3 vs. 1,4 substituents) depends on ______________________________________.  

5. For the chair conformation, axial positions on adjacent carbons are _________________________________________________________.  

 Sec 2.12 Reactions of Alkanes
Alkanes relatively 

· Few reactions-only.

Oxidation & combustion-Fuels for heat & power

· See p.67 for coefficients

· Replacement of _____ by ______ bonds

· Combustion is an 

Example:  

· Partial oxidation occurs if insufficient O2 available

· See p 62 Fig 2.6 – 2.9 for partial oxidation reactions of methane
· Higher ratio of C-O bonds to total carbons is higher oxidation:

           Ratio =  
Example Which of the following molecules is most oxidized?
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  Formaldehyde     vs.     Formic Acid

Halogenation of Alkanes

· Is a
Monochlorination: Only 1 H of the alkane is replaced w/Cl.  (Can replace 1, 2, 3, … or all)

· Overall Equation (not steps) for MONOchlorination of CH4:
· Free-Radical Chain Mechanism for CH4 (How do you get from the reactants to the products?) : Steps of bond-breaking & bond-making 

· Radical: Molecular fragment with an _____________________________________
1. Initiation: Breaking of _____________________ molecule into 2 ____________.         Requires __________________.  NOTE:  Summary at end of chapter doesn’t list a catalyst, but MUST list on exam since reaction doesn’t start w/o one.
2. Propagation: A radical is consumed, but another radical is formed, “propagating” the chain reaction.  

3. Termination: No new radicals are formed, so chain reaction is broken.  

3 ways 

Equation for MONOfluorination of pentane:

          Heat

CH3CH2 CH2 CH2CH3 +  F2     →  




            Or




          Light

COMPLETE Chlorination of CH4 (Methane):

1. Initiation:                            

2. Propagation:
What are names for all the possible ORGANIC by-products of the chlorination, from partial to complete chlorination, of CH4?  
3. Termination:  

4. Overall equation for complete halogenation of the following 2 compounds:

· Methane:  

· Pentane: (How many completely fluorinated products are possible?) 
Example similar to 2.45 in HW:
Using abbreviated formula, write the equation for the monochlorination of hexane. 
Write the equation for the complete chlorination of hexane

Problem:  

1. Name all of the products of mono-chlorination of propane:  

2. Name all of the products of mono-chlorination of cyclopropane:

Write a structural or skeleton formula for:

A. 1-chloropropane

B. 2-bromobutane

C. 2-iodopropane

D. 2-iodo-2-methylpropane

E. A general formula for an alkyl fluoride

Test Tips: Chapter 2 Alkanes – SEE NEXT PAGE
Test Tips: Chapter 2 Alkanes
1. Circle or draw the longest chain
2. Acyclic Numbering:  Start with end closest to the first branch.  

a. If 2 branches equidistant from both ends, number from the end closest to the 3rd branch.

b. If still equidistant or same sum, priority is given to the first alphabetically.

c. MUST list #1 in name for all substituents on carbon #1 UNLESS the parent chain is methane.
3. List branches alphabetically, disregarding prefixes.
4. Prefixes: di, tri, tetra.
5. Use cis/trans IF appropriate
6. Multiple choice

a. Eliminate choices: pentane vs. hexane.

b. Read all remaining choices.  May differ only in numbering or in order of substituent names.
7. Chair: For cyclohexane only.

a. Must show axial AND equatorial lines on carbons w/substituents (to tell what side of ring equa. on)
8. Halogenation:  Difference between equation vs. steps
9. Free radical steps:

a. Arrows to show movement of EACH electron moved.

b. Show “dot” for radical.

c. Catalyst only in INITIATION.
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Use ABBREVIATED, not structural formulas.  This will show WHICH carbon the H is taken from and where the halogen is added. (-C2H5 is only used for ethyl BRANCHES off a parent chain, not the parent)

e. Show bond being broken.  Example: 

Outline_Ch_2_Alkanes                                                   
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