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Ch. 6 Structure and Synthesis of Alkenes

6.4 Review
Bond Strength
C-C! Bond 83 kcal/mol
C=C" Bond 63 kcal/mol

= " Bondsare much weaker
= " Bondsare thusmore breakable and more reactive

Double Bondscan®rotate

6.2 Elements of Unsaturation (EUQ

¥
¥

“Saturated Alkane”: CyHons2

Unsaturated Formula: Has less than the maximum 2N+2 nunmber of hydrogens
(Element of UnsaturationQ Something tha reduces the hydrogen countby two
1. Doublebond

2. Ring

Each element of unsaturation reduces the hydrogen countby two
A molecule may well have several elements of unsaturation, each oneprogressively
redudng it@ hydrogen countby two.

Knowing how many elements of unsaturation are present hdpsto classify, and hdpsin isomer

problems.
Calculating EU
General Conaept EU = Theory #H's - Actual #H's
- 2
For Formulas With Nothing C=#CG
Other than C, H, or O ey= YCt2-H H=#HG
2 N=#NG
X - #hdogens
For Formulas Tha May
IndudeNitrogen or Halogens | . — (2C+2+N)- (H+X)
2
Heteroaom Effect:
¥ Oxygens No effect B
¥ Nitrogen: each nitrogen increases thetheory # H@ by 1 B
¥ Haoge: each hdogen takes the place of a hydrogen and reduces thetheory # H@ by 1.

HoH HH HH HoH
H-G-CH)  H-G-C-0)  H-C-CNB H-G-C{CD
H H H H HH@ H H

Oxygen: no impact Nitrogen: adds one Halogen: replaces one
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1. Calculatehow manyelementf unsaturatiorarein thefollowing formulas:

a. CgH12

b. C4HS

c. C3H40

d. CsHoCl

e. C4H11N

Digtinguishing Ringsfrom Double Bondsby H,/Pt Hydrogendtion
¥ H/Pt will GaturateOall C=C doubk bondsby adding H, across each one
¥ However, ringswill notadd hydrogen upontreatment with Ho,/Pt

¥ Thusyou can counthow many of your EU@& areringsversusdoubke bonds
¥ Note: 2H@ add per 1 doubk bond

H21 Pt Hz, Pt No )
m Ha, Pt S~~~ —  Reaction
g CgH
CrH CGHlO 6' 110
CeH1o CeH12 E?J =102 CeHy4 EU =2 EU=2
EU=2 EU=1 EU=0

2. For C4Hg, draw al possible structures for isomer A andisomer B, given thefollowing:

b. CaHg (B) Ho Pt o No reaction

3. Which of thefollowing is possible for structure C?

H,, Pt
CSHS (C) 2—) C5H10

@/\/\ N
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6.3,5,6 Nomendature
A. When the Alkeneisin the Core Name (the priority fundiond group)
5. Numbe the longest continuous alkene-containing C-chan from the end
nearest the alkene > core name = -E. .ened
6. Designae the pogtion of the alkene by usng the lower-numbered of the two
alkenecarbons
7. Attach and nunber subdituents
8. When alkene stereoisomer issues apply:
¥ Designae stereochemistry as (EO or (ZO if the akene is tri- or
tetrasubdgituted
¥ If the alkene is di-subdgituted, you can use either E/Z or cis/trans to
designde stereochemistry.

Give formal names for thefollowing alkenes
Simple Acyclics

14.

I.  Alkenes as Subditutents
¥ Many fundiond groupshave highe priority than alkenes, so tha alkenes
may need to be named as subdituents rather than in the core name

Fourto Memorize:

H, “[ :l
C H —

’

H H H H Methylene Phenyl = "Ph"
Vinyl Allyl

Name thefollowing:

16.©/\/ 17.©/\ 18.©/ ‘ O

19.
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C. E-Z Nomenclatur€6.5,6)
¥ Eachcarbonof analkenehastwo attachments.
1. Identify which of thetwo attachmatsontheleft alkenecarbonhashigherpriority.
2. Thenidentify which attachmenbn theright alkenecarbonhashigherpriority.
¥  0Z@OzusammenOtogetherQhe priority attachmentsirecis
¥ OE@Oentgegan OoppositeO}he priority attachmentsiretrans

A
z
)\( )\f B)\( AN
7 2 common attachments

together " opposne no Stereo

WhendoesE/Z apply?

1. If eitheralkenecarbonhastwo commonattactments thanstereodoesnCGipply

2. Fortri- or tetrasubstitutedlkeneq3 or 4 non-hydrogenattachments)i/Z mustbe
usedif thereis stereochemistry

3. Fordi-substitutechlkeneqoneH on eachalkene carbon).eitherE/Z or cis/trans
designatiorcanbe used

AssignasZ or E

Br

s
'

OH

. )
b

r

Z “NH,

SO

9.
6.10 Alkenes and Polymers

A o C polymerize

—» efc

o>
O—0

1 1

B D
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6.7 Alkene Stability Pattern

¢ £ ¢ € ¢ Hc Hc ¢cc H H H

—_ _ N s 7 7
C/C_C\C g /C_C\ > /C_C\ > :C:C\ > tC:Ci > :C:C\ > /C:C\
C H H C ¢ H H HH H H H

tetra- tri- tr.ans 1.,1- cis mono- un-
subbed subbed | disubbed disubbed disubbeg subbed subbed
Y
di-subbed

A. Incaeasing Subditution (# of nonhydrogensdirectly attached to alkene carbong »>
Increased Stability
¥ Why? Electronic Reasons
o Alkene carbons are somewha electron poor due to the inferior overlap of pi
bonds (One carbon doesn®really QyetOas much of the other carbon® electron
asisthecase in anice sigmabond).
o Since akyl groupsare electron donoss, they stabilize electron-deficient alkene
carbons
o Andogousto why eectron-donding alkyls give the 3¥& 2%z 1Vstability patern
for cationsandradicals

B. Transis more stable than cisfor 1,2-disubgituted akenes
¥ Why?
o Steric Reasons

C. Measuring Relative Stability of Isomers by Heats of Hydrogenaion or Heats of Combudion

/Y +H Pt ' H =-30.3 kcal/mol
2 —_—
More exo, more energy released
common
product

/ﬁ/ +H, _Pt I'H =-26.9 kcal/mol
/\( Less exo, less energy released

¥ When 2 isomers can be converted to a common produd, therelative magnitudeof #H
tellswhich isomer is more stable

¥ Themore heat released, theless stable theisomer. Theless heat released, the more
stable.

¥ Heat of combugion worksthe same way (convets produds to common CO, and H,0)

less
stabl

Energy

'H
CsH45 (common product)

Reaction Progress
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2. List thenumberof nonhydrogensubstitutent®n eachalkene;ranktherelative
stability; rank by heatof hydrogenationfrom 1 (most)to 4 (least)

SARCANCAE O R

Heat:

3. List thenumberof nonhydrogensubstitutent®n eachalkene;ranktherelative
stability; Whenthefollowing areburned rankfrom thelargestheatof combustion(1)
to thesmallest.

Stability:
Heat:

4. Whichisomeris morestable giventheindicatedheatsof hydrogenation?

/\j\ /\)\m

80 kcal/mol 74 kcal/mol
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7.1,Ch.11 Synthesif Alkenesby E2 Eliminationof Alkyl Halides

NaOCH3
Br major isomer
1 normal base

‘ KOC(CH3)3 or NEt3

major isomer

bulky bases

r  KOH /K

e

OCHs

major product
S\2

Br  NaOCH,4

normal base

-

‘ KOC(CHg)s or NEts O maJor product

bulky bases
Br NaOCH,CHj .

4 )\/ normal base r S ad

80% 17% 3%
major product ~ /

SN2 E2 products
KOC(CHs)3 or NEt3 +
NoS\2 X7 A
bulky bases \11% 89% ,

~
E2 products

Factorsto Condder
1. 3YR-X or 2¥R-X
a 3YR-X gives E2 with any base
b. 2¥R-X giveslargdy Sy2 with normal anions.
C.
¥

2YR-X giveslargdy E2 with abulky base. E2 prevailsover Sy2
Because Sy2 backside attack is so sterically sengtive, bulky bases have problems
doing Sy2. Get E2 ingead.

2. Base Size: Bulky Base versusNormal Base (Bookis very weak onthis)

Normal anions:

3YR-X give E2 only, no Sy2

2YR-X give predomnantly Sy2 rather than E2

E2 elimiantionsproceed with Zaytsev orientation: more-subbed alkene predominates
Bulky base.

3YR-X givesE2 only, no S\2.

2YR-X givesE2 only, noS\2.

E2@ proceed via Hofmann orientation: less-subbel alkene predominates

o For stericreasons base goes after less sterically hindered neighborhydrogen
2 Bulky Bases to Memorize:

o NEts (Triethylaming)

o KOC(CH3); potassum t-butoxide

K KEKKTKKKD
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Bulky Bases: 2 to remember Normal Bases
NaOH, KOH, LiOH
NEt, = r( hetral NaOCHs, NaOCH,CHa, NaOCH,CH,CH;
0" are basic
rithylamine" anyway KOCH3;, KOCH,CH3, KOCH,CH,CH4
etc.
o CHa
KOC(CHg); = KOCMeg = o+CH3
"potassium t-butoxide" CHs
Bulky bases are: Normal bases are:
1. Good Sp2 nucleophiles only for 1° R-X 1. Anionic
2. Do clean E2 with both 3° R-X and 2° R-X 2. Not especially bulky
3. Give Hofmann elimination 3. Good Sp2 nucleophiles for 1¥or 2¥R-X
(less substitued alkene major) 4. Only do clean E2 with 3¥R-X
5. Give Zaitsev elimination

(more substitued alkene preferred)

3. AlkeneOQrientation: Zaytsev versus Hofmann Eliminaion

a

KKK KT KK

Zaytsev: most subbed alkene

Themajor E2 produd involves removd of a hydrogen fromthe mog subdituted
neighborcarbon

Thisresultsin amaximally subgituted, maximally stable alkene (produd stability)
Normal-sized bases give predominantly Zaytsev eliminaion

Hofmann: least subbed alkene

Themajor E2 produd involves removd of a hydrogen fromtheleast subgituted
neighborcarbon

Thisresultsin aless subdituted, less stable alkene

Bulky bases give predominantly Hofmann eliminaion

Why: Steric reasons A bulky base endsup having an easier timereachinga
hydrogen on aless subgituted carbonthan on a more subdituted carbon (trangtion-
state stability-reactivity princple)

4. Stereochemistry: A trans-hydrogenisrequired.

5. Mechanism: Concerted.

Mech: (Br

S

OCH
> ©/+ H-OCH; + B

Predicting E2 Elimindions

abrwbNE

Isthebase nomal or bulky?

Isthe R-X 3%2%a0r 172

Will E2 or Sy2 occur predominantly?

Will you get Zaitsev or Hoffman eliminaion?
Isthere atranshydrogen available?
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Draw the mgjor Produd for each of the following Reactions

Br NaOH
NEts, heat
Br NaOCH3

Y

10.

NEtg, heat
11.

NEts, heat

12.

Br

/\/
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Indirect Route to Alkenes from Alkanes

Via2 Reactions
1. Bromination (reaction 1) followed by
2. Elimination (reaction 2)

HH 1. Bry, hv H Br 2. Base

—6-C— ——> —C-C— c=C

I Halogenation o E2 Elimination 4 N

1. Bry, hv
2. NEtg
\ Bulky
Br Base
/BI’Z,(hV Nm
2. NaOCHj Base

Provide Recipe

10
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7.1,17.7 Synthesisof Alkenesfrom Alcohol

. |
General: —C-C—

H,S0,, A

H QH or H3PO4 \

1 OH  Hso,!
\/\)\ AN AN (+ isomers)
major
HeE_Je!
“'CHg CHg

3 H,SOy, !

on o
Observations

¥ Zaytsev, not Hoffman elimination.
¥ No requirement for atranshydrogen.
¥ Acidic conditions need an acidic mechanism.

Mechanism (Memorize)

we

/\A H,SO, ® -H,0 @ .
5 Gh, ; Deprotonation q
, o H
+HsoyY | Elimination| wo/? A
+ OH2 + H2804

3 steps: Protonation — Elimination — Deprotonation

Protonaion converts OH, abad leaving group,into avery goad leaving group (neutral water)
Carbocation formation is slow step (like E1 mechanism)

o Cation stability dictates reactivity

o Reactivity: alylic > 3¥R-OH > 2V/R-OH >>> 1¥R-OH > vinyl, aryl

o Allylic, 3%and 2“work; 1%vinyl, and aryl do not

C-H cleavage comes last.

Mechanism typical for acid-catalyzed processes. protonae-react-deprotonae. Protondion
and deprotonaion sandwich the key step.

Strong acidic conditions—> intermediates should be postive, not negaive

Because thecationisflat, and forges origind stereochemistry, thereis notransH
requirement.

Thereactionis actudly reversible, an equilibrium

Get complete E1, not Sy1, because thewater that falls off in step 2 is conveated to hydronium
HsO"

10. Often the equilibriumis driven by distilling the alkene off asit forms. The akeneprodud

has a much lower boiling point than the starting alcohol, based on both polarity (H-bonding
isgong and because of lower molecular weight
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Draw Products
OH H2304, heat
1.

CROH H,SOy,, heat
2.

OH H,SO,, heat

5. A

H z
D\ f CHs  z=0H
H H H,SO,, heat
Z=Br
4 NaOCH3

5. Rankthe reactivity of the following toward H,SO,-catalyzedelimination (1 most).
Why?

OH OH OH
OH >§/ S >§/

Key Issue:

Reactivity:
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Reaction Mechanisms: General Prindples

A. Recognizing/Classifying as Radical, Cationic, or Anionic

1. Radical

initiation requires both energy (either hv or #) and a weak, breakable heteroaom-
heteroatom bond
o CI-Cl, Br-Br, O-O (peroxide), N-Br, etc..

2 Guidesfor Tha are Usudly Reliable:
hv = radical mechanism
peroxides - radical mechanism

2. Anionic

a strong anion/base appears in the recipe

no strong acids should appear in therecipe

mechanisms should involve anionic intermediates and reactants, not strongly cationic
ones

¥ (except for do-nothing spectators like metal cations)

Thefirgt step in themechanism will invdve the stronganion/base that appearsin the
recipe

3. Cationic

a strong acid/electrophile appears in the recipe

no stronganion/base should appear in therecipe

mechanisms should involve cationic intermediates and reactants, not strongly anionic
ones

¥ (except for do-nothing spectators like hdide or hydrogen sulfate aniong

Thefirgt step in themechanism will invave theacid tha appearsintherecipe Thelast
step will often involve a deprotonaion step. Often the main step occursin between the
proton-on and proton-off steps

B. MiscellaneousMechanism Tips

1. Keep track of hydrogensonreacting carbons

2. Each step in a mechanism must balance

3. Thetypes of intermediates involved (cation, anion, or radical) should be congstent

with thereaction classification above

a. If the reaction is cationic, don’t show anionic intermediates

b. If the reaction is anionic, don’t show cationic intermediates

Usudly condtionsareionic.

Use a reactive species, whether strong anion or an acid, to start the first step

a. If acidic, first step will involve protonation of the organic

b. If anionic, the first step will involve the anion attacking the organic.

6. Whileit isn®@aways easy to figure out what is a good mechanism, you should often
be able to eliminate an unreasonable mechanism.

oA
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1. Classify each mechanism as radical, cationic, or anionic.
HBr
/
a e TG

cil CI ClI Cl

b. hv X

2. Which of the following mechanisms is reasonale or unreasonable for the

OH O 0
. NaOH
trangormation shown: )\/k —_— /\)J\

|dentify recognition keys for thingswrong with those that aren®right.
Problems

@—’ N
NG

@’H?\%H & o 0
QI —— S
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Q: Which of thefollowing mechanisms is reasonable or unreasonable for the

OH
M Hzo, H+
trangormation shown: P )\

= |dentify recognition keys for thingswrong with those that aren®right.

OH, OH OH
A e— X
T )O\H@/«Hzo OH
g N
,“OH, OH
o, X —— L
,~ TO-H OH OH
N H H
. Ao 0

Problems
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