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Alkenes and Alkyne
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SP>Hibridization:

Forming an sp? hybridized carbon atom

- +—
2p 2p 2p 4 4 4 2p
hybridize I I I
_&_ —————— > sp2 sp2 sp2
2s sp? hybridized C
unhvbridized C Each carbon is trigonal
H\ ,H and planar.
Ethylene /C=C\ )120°
HI TH Bond length =1.34 A

three groups aroundC - hyhridized C--C (1.54 A)
< *C=C (1.34A) Why?
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o bond = end-to-end overlap of the
sp? hybridized orbital

0
f’; C
o :‘; a o
Jc——c

nt bond = side-by-side overlap of
the unhybridized p-orbitals
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Sigma (c) Bonding in

Ethylene

Pi (n) Bonding in Ethylene
it is weaker than
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¢ Nomenclature of Alkenes and Cycloalkenes

=> Alkenes are named by finding the longest chain containing the
double bond and changing the name of the corresponding parent
alkane from -ane to -ene

=» The compound is numbered to give one of the alkene carbons the
lowest number

1 2 3 4
CH2=CHCH2CH3 CH3CH = CHCHZCHZCH3
1-Butene 2-Hexene
(not 3-butene) (not 4-hexene)

=> The double bond of a cylcoalkene must be in position 1 and 2

CH,
1 |
5 2 6 2
4 3 5 3
H,C 5 CH,
1-Methylcyclopentene 3,5-Dimethylcyclohexene
(not 2-methylcyclopentene) (not 4,6-dimethylcyclohexene)
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= Compounds with double bonds and alcohol hydroxyl groups are
called alkenols

# The hydroxyl is the group with higher priority and must be given the lowest
possible number

CH, o
5 4| "3 2 1 CH,
CH3C=CH$HCH3 2
OH 3
4-Methyl-3-penten-2-ol 2-Methyl-2-cyclohexen-1-o0l
or 4-methylpent-3-en-2-ol or 2-methylcyclohex-2-en-1-ol

= Two groups which contain double bonds are the vinyl and the allyl

groups
CH2=CH_ CH2=CHCH2_
The vinyl group The allyl group
OH
H H g= H H
R / k" /
Cc=C c=
/ N\ / %
H Br H CH,Cl
Bromoethene Ethenylcyclopropane 3-Chloropropene 3-(Prop-2-en-1-yl)cyclohexanol
or or or or
vinyl bromide vinylcyclopropane allyl chloride 3-allylcyclohexanol
(common) (common)
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The vinyl group and the allyl group.

HyC=CH— H,C=CHCH—
The vinvl group The allvl group
H H
H‘x IH \ ;
C=C C=C
/ \ / N
H Br H CH->C1
Bromoethene or 3-Chloropropene or
vinvl bromide (common) allvl chloride {common)

Dr. Assem Barakat
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=> If two identical groups occur on the same side of the double bond
the compound is cis

=> If they are on opposite sides the compound is trans

Cl Cl Cl H
b / N\ r
R =i
/ N H N
H H H Cl
cis-1,2-Dichloroethene trans-1,2-Dichloroethene
=» Several alkenes have common names which are recognized by
IUPAC
T
CH,=CH, CH,CH==CH, CH,—C==CH,
IUPAC: Ethene Propene 2-Methylpropene
Common: Ethylene Propylene Isobutylene
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SYNTHESIS OF ALKENES VIA ELIMINATION REACTIONS

1. Dehvdrohalogenation of Alky]l Halides

H H H H
c—cC ase _
— \ T C=C_
X — HX
H H H

H H H H
= H
c—E&” H". heat e o
HY S N - / \
.- OH — HOH H -

3. Debromination of ve-Dibromides

Br H
Y FL.H H H
O C ILn, CH;CH,OH ™, L s
HY \ P — C—GR
H BEa nporx» H H
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1) Dehydration of alcohols

Mineral acids (H,SO,, H,PO,)
General equation:

e N/
ESkH - n . (=C_ +H,0
H H+
H,C—C—CH, - H,C—C=CH,
OF A "
2-Propanol Propene
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Saytzeff's Rule

(|)H " CH;CH,CH=CH, + H,O
H+
CH,CH,CHCH, N 1-Butene (minor)
2- butanol
CH3CH=CHCH3 + H20

2- Butene  (major)

Dr. Assem Barakat




(2) Dehydrohalogenation of alkyl halides

General equation:

H X EtOH
_\C_C/_ + KOH > CH2=CH2 + KX + Hzo
/ N\
. EtOH
i) CH,~-CHH-CHBr-CHH, + KOH . CH,CH=CH-CH, +
A Major

CH,-CH,-CH=CH,

Minor
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3 ‘3 CH

Br EtOH |
e mo
\H A

1-methyl cyclohexene

3 methyl
Major cyclohexene

Minor
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(3) Vicinal dihalides

General equation:
Methanol
-CX-CX- + Zn A > -C=C- +ZnX,

i) By Zn in acetic acid

Br CH,COOH
i) C( +Zn . @ + NaBr+ 1,
Br

ii) By Nal in acetone

Acetone
ii) H,C-CHBr-CH,Br + Nal - H,C-CH = CH, + I, +NaBr

Dr. Assem Barakat
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Reactions of alkenes
Electrophilic Addition Reaction

General equation:

H,C=CH, +A-B - H,A-C-C-H,B
1]Addition of hydrogen:
i) H,C=CH, +H, _Pt/Ni  H H-C-C-HH,
Low pr.
ii) CH, CH=CH-CH_+H, —t/Nl_. " cH CHHCHHCH,
Low pr.
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2] Addition of halogens (Halogenations):

General equation:

C=C- X Inert solvent XC-CX

2

CCl,

i) CH,CH=CH, + Cl,

Br
i D + Br, CCly ;O

Br

CH,CHCICH,CI

Dr. Assem Barakat




3] Addition of HOX (Halohydrin formation):

\/ | ]
C=C + X + 0o — '-'|3 £|3 + _[I:_{I:_ T HX

X OH X X

X=Clor Br Halohvdrin vic-Dihalide

(major) (minor)

CH,CH=CH, +Cl,, H,0 - CH,CHOHCH,(I
1-chloro-2-propanol

CH,CH=CH, +Br,, H,0 - CH,CHOHCH,Br

1-bromo-2-propanol
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4] Hydrohalogenation

CHCI,
HZCZCH2 + HCI > H2(|:—CH2
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MARKOVNIKOV’S RULE
f’*C*Hg:EHEHg — = CH,—CHCH;

Carbon atom with the greater

A | |

number of hvdrogen atoms I : H Br
H Br
H,.C=CHCH; + HBr —— CHE?HCH3 (a?f?'I.!TE BI‘CHQCHECHﬂ
Br
2-Bromopropane 1-Bromopropane
HiC CH; CH;
fC:CHQ 4+ HBr —» HEC_{l:_CH?.. (;F-#-!Té‘ H3C'CH_CH2_BI':|-
H3{: Bl'
2-Methylpropene feri-Butvl bromide Isobutyl bromide

(isobutvlene)
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5] ADDITION OF SULFURIC ACID
HA = [H,SO,, (H,0/H*), HCl, HBr]

General equation:

-C=C- +HA > -HC-CA-

a)Sulfuric acid (H,SO = H-OSO_H)

H,C=CH, +H-OSO,H - H,H-C-COSO,HH,

CH,CH=CH,+ H,SO, - CH,CHOSO,H-CH,H

Dr. Assem Barakat




5] ADDITION OF WATER TO ALKENES:
(ACID-CATALYZED HYDRATION)

\ H;0" ||
,/C:C\ + HOH ——mm» —C—C—
|
H OH
H:C CH;
S H,0" |
rI;IS:'IZZHE + HOH Wh— ch—(lj— CH,—H
H;C OH
2-Methvlpropene rer-Butvl alcohol
(isobutvlene)

The addition of water to a double bond usually follows
Markovnikov’s rule.

Dr. Assem Barakat
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6] Oxidation:
Oxidizing Agents

« There are two main categories of oxidizing agents:
1. Reagents that contain an oxygen-oxygen bond
2. Reagents that contain metal-oxygen bonds

« Oxidizing agents containing an O—O bond include O,, O,
(ozone), H,0, (hydrogen peroxide), (CH3;)COOH (fert-butyl
hydroperoxide), and peroxyacids.

* Peroxyacids (or peracids) have the general formula RCO4H.

«  KMnQO, (potassium permanganate).

« 0OsO, (osmium tetroxide) and Ag,O [silver(l) oxide].
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R + oxidation (KMnO, ,H,0,, OsOy,) » Di-alcohol

1. 050y, pyridine
CHyCH=CH, - » CH;CH—CH,
2. Na,503/H,0 or NaHS03/H,0 ||

OH OH

Propene 1,2-Propaneiol
(propvlene glycol)

H)C=CH; + KMnO cold . mc—CH,

— 11
2 ? ' OH", H,0 |

h OH OH

Ethene 1.2-Ethanediol

(ethvlene glvcol)
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7] Ozonolysis:

Alkene + O3 — ozonoid + H,O — Aldehyde + Ketone

R le I
\ /1.0, CHCh,-T8C R\ v ;
(a5 = (=0 * 0=C
[ 1\ 1 ZaHOAC [ "

S R i
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CH; . CH; 0
| 1.03, CHyCh, -78°C | |

CHyC=CHCH; » (H(=0 + C(HyCH
2. InHOAc “
1-Methyl-2-hutene Acetone  Acetaldehyde
CH; ; (H;0 0
| 1.0y, CHyCL,-T8°C ] ﬂ
CHyC-CH=CH, * (Hy(—(CH * HCH
). InHOAc
3-Methyl-1-hutene Isobutvraldehyde Formaldehved

Dr. Assem Barakat
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8] EPOXIDTION OF ALKENES:

0 ? o
Common 1] I

& & “ “~o-om C~o0-oH
peroxyacids R” ~O-OH CH; ~O-OH \©/ ©: Mg?*
peroxyacid cor

2

peroxyacetic acid  meta-chloroperoxybenzoic acid magnesium monoperoxyphthalate
mCPBA MMPP

Dr. Assem Barakat
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Epoxidation—General reaction

| two new C—0O bonds |

(0]
N L of I \‘/O\'/ i
C=C + _.C — G A
/ 0\ R™ O;OH 7 N R™ "OH
T . epoxide carboxylic acid
The O—-0 bond
is cleaved.
peroxyacid
| Examples ‘|
O O
H\c—c’H + ¢ C/O\C ¢
= ¥ P —_— Huer ™ UeeH v
Al CH; ~O-OH 4 S CH; TOH

peroxyacetic acid

D
Cl o8
O \©/ o
+ —_—

mCPBA

Dr. Assem Barakat

)
I

(o - C'W@(C

“OH



ags2snclloll

King Saud University

Unsaturated Hydrocarbons Il Alkynes
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Alkynes: Molecular and Structural Formulas

¢ General molecular formula C H,, ,

¢ The alkyne triple bond is composed of one ¢ and two T
covalent bonds.

¢ The simplest alkyne, ethyne (also known as
acetylene), has two carbon atoms and the molecular
formula of C,H,. The structural formula for ethyne is:

O =

aufuyy3

Dr. Assem Barakat
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Common Nomenclature
HC=CH

Acetylene
¢ Derived from acetylene
HC=C-CH, CH,-C=C-CH,
Methylacetylene Dimethylacetylene

CH,-C=C-CH,CH,

Ethylmethylacetylene

Dr. Assem Barakat A
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IJUPAC Nomenclature

1. Identify the longest continuous chain of carbon
atoms that contains the carbon-carbon triple
bond. Put the ending — yne

2. Number the carbon atoms of the longest
continuous chain, starting at the end closest to
the triple bond.

3.The location and name of any substituent atom
or group Is Indicated.

Dy. Assem Barakat vy
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CH;—C=CH Che— (=0 CH—Ch—Br
5-bromo-2-pentyne
Propyne /
(|:H3 (|:H3

[UPAC :2,6-Dimethyl-3-heptyne

Common:Isobutylisopropylacetylene —j\/

6-Ethyl-4-nonyne

Dy. Assem Barakat vy
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If there Is a compound that contains both a double and a
triple bond:

1) Choose the chain that contains both bonds even if it is
not the longest chain.

2) Start numbering the chain from the side nearer to the
double bond.

3) Omit the letter (e) at the end of (ene)

4) End the name with the ending (yne) preceded with the
number indicating the position of the triple bond.

NN

Hept-2-en-5-yne

Dr. Assem Barakat Ve
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Physical Properties

¢ Nonpolar, insoluble in water.

¢ Soluble in most organic solvents.

¢ Bolling points similar to alkane of same size.
¢ Less dense than water.

¢ Up to 4 carbons, gas at room temperature.

¢ Terminal alkynes, R-C=C-H, are more acidic than

other hydrocarbons.

Dy. Assem Barakat yo
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Preparation of alkynes
1. Dehydrohalogenation of alkyl dihalides

T

_?_?_ StrnngEase} —C—C— + 2HX
X X

Br H

H
/\)ﬂ/Br KOH / alcohol /\)\/Br NaNH,, / NH; _ /\/\\

H Heat Heat

Dr. Assem Barakat
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2. Reaction of sodium Acetylide with Primary

Alkyl Halides
L lig NH, -+
R-C=CH + Na - R-C=C Na + 1/2H,
R-C=C Na 4+ R,X - R-C=C-R, + NaX

\%
Dr. Assem Barakat




Reactions of alkynes
Electrophilic Addition Reaction
1. Addition of hydrogen

Dr. Assem Barakat



2. Addition of halogen

X X X X
—C=C— + X, > —C=C— + X, > (I:—?_
X X
X =Br, Cl Dihalide Tetrahalide

Dr. Assem Barakat
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3. Addition of hydrogen halide

X
c=c + HX - Se—(’ + X —cIH:—clz—
— J/ - N | |

H X H X
(X=Br, Cl, I)
A haloalkene A gem dihalid

4- Addition of water : Hydration

H
__ HSO,/HgSO, N\ .__ / |
C=C— + o . fC=C =——"—c—c
2 / AN |
H OH ]
H O
enol (unstable) keto (more stable)
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