CHM-134 ORGANIC CHEMISTRY
CHAPTER-2: ALKENES & ALKYNES

c=C  Double bond
Names: ending —ane -ene

Naming follows the rules for hydrocarbons (functional groups —OH and —SH override these
rules):

General guidelines:
Rings have priority, regardless of the presence of double (or triple) bonds.
If there are no rings: the longest chain has priority, regardless of the presence of double (or

triple) bonds.

Names in the absence of rings;
| Find longest chain. If it contains both C_2 carbons =¥ alkene. If not =» alkenylalkane

2. Number the chain with C=C close to terminus 1
2
3. Name and # substituents, in alphabetical order 3

4-Ethyl-3-methyl-3-octene
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3.1 NOMENCLATURE RULES

4. Find largest ring. If it contains both C > carbons =» cycloalkene. If not =¥ alkenylcycloalkane

1
2
N A
CH;
3-Methylcyclohexene Ethenylcyclohexane

5. Stereoisomers:

R
R/=\R cie ) /ﬁ trans

6. For tri- and tetrasubstituted alkenes: E, Z naming
1

E-4-Ethyl-3-rnethyl-3-octene 3 . Respective higher priority groups on:
) , ” Opposite sides: E
o v

7 5 Same side: Z
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3.1 NOMENCLATURE RULES

Xy, Longest chain rules

Ring rules

4-Ethenylnonane (3-Ethenylhexyl)cyclohexane
Longest chain
X, containing double X\, Functional group rules
bond rules
HO
3-Methyl-1-hexene 2-Ethenyl-1-pentanol
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3.2 STRUCTURE OF THE DOUBLE BOND

Two components: the G-bond and the n-bond

/é N\ M.O76 A
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3.2 STRUCTURE OF THE DOUBLE BOND

Out-of-phase overlap

Negative
overlap *

Antibonding molecular orbital of the
o bond: empty

L wH
————————— —~ R
H

§

4
sp-

2 ]
sp-

-
o-Bond strength = 2 AE,; /

Bonding molecular orbital of the
o bond: filled

Bonding
electrons

. \“H Positive
tH overlap o

In-phase
overlap
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3.2 STRUCTURE OF THE DOUBLE BOND

Out-of- phaqe overlap

Node

H lll’ Q\\H Negative

overlap *

Antibonding molecular orbital of the
7 bond: empty

Hm
E )C
H

Bonding molecular orbital of the

P 7 bond: filled p
r-Bond strength =2 AE %
(less than o-bond energy) Bonding electrons

g\

Iln..'_ '..\\\\ Positive

C— CQ

€H overlap

In- phase overlap
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3.2 STRUCTURE OF THE DOUBLE BOND
Alkenyl Hydrogens Are Relatively Acidic

C=C Compare to CH;CH,—H pK, ~ 50

PK, ~ 44 H

c=¢._ . d
= | N o < ")/ - l ) P
’ Has 337% s cnaracter.

D tnconrs
In contrast:

sp® has 257% s character.
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3.3 RELATIVE STABILITY OF ALKENES

Measure heat of hydrogenation, AHy 4 oeenation ©f isomers, e.g., of butenes:

AH (keal molt)

| cat.
» s -30.3
r Hz cat. 284
X Hz cat. 276

Relative stability: Internal » terminal trans > cis

General order of stability:
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3.4 SYNTHESIS OF ALKENES

CH,

/
CHs  chenone, HyC CH; H,C
CH4CH,OH

|
CH3CH2_?_ CH3

X

C—C + C

H 70% CH3 }"136 30%
More gtable

C\..

l\.

Unhindered
~O—
Unhlndel‘ed Attack on H that base
5 gives more
bElS‘e stable product H
Saytzev-Rule: H. CH;  H;C : CH;
ACH} a
Non-bulky base leads to H,C \./ =5=C ):.
more stable internal “Byo- H,C ; H
double bond. Byo-
Partial double-bond r
character leading to Newman
trisubstituted double projection

bond

T For more details please study: Organic Chemistry: Structure and Function Eighth Edition
Asst. Prof. Gulbin KURTAY K_Peter C. Vollhardt (Author), Neil E. Schore (Author) ISBN-10: 1319079458



https://www.amazon.com/s/ref=dp_byline_sr_book_1?ie=UTF8&field-author=K.+Peter+C.+Vollhardt&text=K.+Peter+C.+Vollhardt&sort=relevancerank&search-alias=books
https://www.amazon.com/s/ref=dp_byline_sr_book_2?ie=UTF8&field-author=Neil+E.+Schore&text=Neil+E.+Schore&sort=relevancerank&search-alias=books

3.4 SYNTHESIS OF ALKENES

Hofmann Rule
Bulky base leads to less stable terminal double bond

More accessible

primary hydrogens La r‘ge
base

(le? ch /CH'; CH}C\I’IQ
(CH;);CO K", (CH;):COH
. P > — + — )
CH;CH, —C —CH; - £=C C=CH
:Br: H CH; H;C

Attack on more Bulky base?®~
accessible H, giving .

B_L.llky base®~ less stable product H
H CH; H,C : CH,CHj,
.. C e = CH,CH;
H“‘/ .
H Bré- H .; H
Bro-

Partial double-bond
character leading to Newman
terminal double bond projection

T For more details please study: Organic Chemistry: Structure and Function Eighth Edition
Asst. Prof. Gulbin KURTAY K. Peter C. Vollhardt (Author), Neil E. Schore (Author) ISBN-10: 1319079458



https://www.amazon.com/s/ref=dp_byline_sr_book_1?ie=UTF8&field-author=K.+Peter+C.+Vollhardt&text=K.+Peter+C.+Vollhardt&sort=relevancerank&search-alias=books
https://www.amazon.com/s/ref=dp_byline_sr_book_2?ie=UTF8&field-author=Neil+E.+Schore&text=Neil+E.+Schore&sort=relevancerank&search-alias=books

3.4 REACTIONS OF ALKENES
Addition Reactions Of Alkenes

M Bond is unsaturated: Reacts by addition.

exothermic
(usually)

—

) ) " D
C—C + A—©D

s —(N
0o —(Y)

.

IMPORTANT REACTIONS
|. Catalytic Hydrogenation

Electrophilic Additions
Hydroboration-Oxidation
Electrophilic Carbene Additions
Electrophilic Oxidation

Radical Hydrobromination

N o U A W

Alkene Polymerization
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3.5 ALKYNES
C=C Triple Bond

Naming: Same rules as for alkenes.When triple bond is in longest chain: ending -ene turns into
—yne.

4
1 3 A8
yl 3 4 2 2
3 2r
cTnynz 1-Pentyne 5-Bromo-2-nexynz
(or peni-1-yne)
Priority: 2 !
3 OH 2-Propyn-1-o

-ol > -thiol > -yne
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3.6 STRUCTURES OF ALKYNES

Two perpendicular 11 bonds; sp hybrids
R-C=C R
p orbital

sp orbital /\/H

[J sp orbital

p orbital

T electron
cloud X
H\C‘"“\‘C
C—y
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3.6 STRUCTURES OF ALKYNES
Alkynes Are Relatively Acidic

RC Cc—H +7B R C €T+ HE
0/, ~ 25!

H3C — CH3 =

Hybridization: sp3
pK,: 50

6
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3.7 SYNTHESIS OF ALKYNES

Elimination E2 from dihaloalkanes

X X

| “B: '4\J , “B:

C—C C=C C=C
] -HX Sy -HX
H H

NaNH.
(3 equiv), A, F,O
n NF5 liq. WOrK up
Br
»
N Na 75%
A sst Pr Of GUIbI n KU RTAY For more details please study: Organic Chemistry: Structure and Function Eighth Edition
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3.7 SYNTHESIS OF ALKYNES
Alkylation of Alkynyl Metals

L]

Y
L] 7 T g

THF A
907

] ] - I O
+ CHyMgCl =

@,
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§\
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n
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3.8 REACTIONS OF ALKYNES

Reductions
H,, Pt
\/\/\ -
100%
Fo, Lindlar

1007

Step 1. One-electron transfer R groups adopt trans-like geometry

to minimize steric repulsion
0 V.
RC CR ——s Na* + /C°:‘C

" Alkyne radical anion

Step 2. First protonation

Alkenyl radical

Asst. Prof. Gulbin KURTAY

0
00 %

y 4 < I

cis-3-rlzoiziz

Step 3. Second one-electron transfer

H\C —‘C/R —= > Na +H\C —‘C/R
/ (- /

R R

Alkenyl anion

C

Step 4. Second protonation

H\C —‘C/R

- ; C

C + _:NHZ

R H
Trans alkene
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