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Chapter 5. ALKENES

m bond

An sp?
hybridized
carbon

7]

@ bond formed
by sp2-soverlap | o

a bond formed by
spi-sp? overlap

H 121 g B

7
1.08 A\ C=—=C ]116.6°
x/1 3@;&.\31

a double bond consists of
one d bond and one 1 bond
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NOMENCLATURE OF ALKENES

HEEZEHE EH_:,EHZCHE

systematic name: ethene propene
common name:  ethylene propylene

e Ethylene is an acceptable synonym for ethene in the IUPAC
system

Propylene, isobutylene and other common names ending in
“ylene” are NOT acceptable IUPAC names

3
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L e Determine the parent

CH3CH=CHCH,CHCHj; nydrocarbon — the
E-IIEHenel—‘ ongest continuous

e carbon chain containing

EHgﬂHECHgﬂHEﬁCHEEHECHg the C=C
|CH, < the longest continuous chain has eight carbons
) q - but the longest continuous chain containing
2-propyl-1-haxgng the functional group has six carbons, so the
parent name of the compound is hexene

EHgCHgEHgilf.=EHEH3C|'.HEH3 CHg'iil'.HCH=C|'.CH3CH3

CHjs CHs, Br CH;
2,5-dimethyl-4-octene 2-bromo-4-methyl-3-hexene
not not
4,7-dimethyl-4-octene 5-bromo-3-methyl-3-hexene

because 2 < 4 because 2 < 3
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Note: Alkenes can have geometric isomers

HBCH ;CHECHB ch\ EH
C=C C=C
/ N / AN
H H H CH,CH,
cis-2-pentene trans-2-pentene
low priority  low priority low priority high priority
=5 C=C
high p]-jurﬁ}.- l}iigh priority high priority low priority
| i
| the Z isomer \ the E isomer

5
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PREPARATION OF ALKENES
Dehydrations of alcohols ‘(‘

H, SO, Acid
CH;CH,CHCH; = CH:CH=CHCH;
OH
CH; H;PO, CH,
EH;i_l.‘E.‘H:_CH_;; S ut:fH_;,ut:'i—ut:‘H-::‘H_1
OH

H,S0,
A
CH;CH,CH,CH,OH =—— CH,CH,CH=—CH,
H+
isomerization —— CH_;CH:_E‘.HCH_; — CHy;CH=CHCH;
+ H*
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'?Ha H3PO, CH;
A
CH.C—CHCH, = > CH,C—CHCH,

| AT
CH,OH CHy + H,0O
3,3-dimethyl-2-butanol secondary carbocation
1,2-methyl ?Ha 'LTH_?
hift
shlLLLENN GH3Q—{|?HEH3 : CH3C=E|?EH3
CH- CH,

tertiary carbocation 2,3-dimethyl-2-butene

Isomerization
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Eliminations of alkyl halides

<

|Br Base
CH,CH,O™
CH;CH,CH,CHCHx CH:‘CH:{}H > CH,CH,CH=CHCH;
2-bromopentane 2-pentene
CH. CH;
CH:CCH,CH,  CH3GO (Hh

CH, CH,=CCH,CHjx

Br .
(CH3);COH =~ 2-methyl-1-butene

2-bromo-2-methylbutane



http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Alkyne hydrogenations
Pd/CaCO, + Pb(OAc),/ quinoline

H H
H, N\ /
CH,CH,C=CCH;— > C=C
Lindlar /7 N,

2-pentyne catalyst CH,CH, CHs,
cis-2-pentene

C{‘Ig X'H

L Naorli o

CH,C=CCH, NH, (liq) //C—C\
2-butyne _78°C H CH-

trans-2-butene
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REACTIONS OF ALKENES

Additions of hydrogen halides (Ag)

CH; CH,
HCI é I
CH; +.CH3 > CH;CCHj;
/ tert-butyl cation 1
{EH-‘ A-;I tert-butyl chloride
More stable
CH,C—CH, only product formed
N CH, CH,
HCI | + Cl™ |
CH,CHCH, —— CH,CHCH-CI
isobutyl cation isobutyl chloride
not formed

Markovnikov’s rule 10
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Carbocation rearrangement

CH; CH, 1

" N
EH;E‘H—CHéCHg + H—Br— CH,C—CHCH,
3-methyl-1-butene Ha_i‘r
More stable

ﬁ a 1,2-hydride shift

a secondary
carbocation

{|?H3 CH;
Br
> CH;C—CH,CH; > CH;C—CH,CH;
+
a tertiary Br

carbocation major product

11
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EH_:, [ EH_‘-
o~ NN +
CH.C—CH==CH, + H—Cl— CH,C—CHCH,
A
CH. CH.,

3,3-dimethyl-1-butene N1 2omethyl shift
a 1,2-methyl shi

a secondary
carbocation

I
CHC—CHCH; ik
+
a tertiary Cl CH,

I carbocation major product

More stable +
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Stereochemistry  [asymmetric carbon

HEr /

CH,CH,CH=CH, —— EH;EIT;EHEH;

1-butene Br
5
_Coy,
H
--\\\ ,-’H CHgCHE \
CH;
CH3CHE—.['+ B (5)-2-bromobutane
t:'H3 ,.' H
; CH,C =
CH,CH,CHCH y
3 E+ 3 Br

(R)-2-bromobutane

Racemic mixture

13
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configuration does

not change new asymmetric

C{ '[:-& / carbon
cZCH=CH, + HBr — C—CHCH,

H" { H"( |
Hj': Hj,': Br
(R)-3-chloro-1-butene stereoisomers
C{ H 'E:;} fEir
c—C=Br . ¢ _=H
Hf \ H T\
H4C CH:  H,C CH,

Already has 1 asymmetric carbon diastereomers

14
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2 asymmetric carbons are created \

new asymmetric

CH-CH, CH-.CH carbons |l
1 \ At VN

=C CH2CH,CH—CCH,CHs

H-C ’J H“vz?H HCl

3 13 —> CHg ':Hg,

cis-3,4-dimethyl-3-hexene 3-chloro-3 4-dimethylhexane

CH,CH;  CH,CH; CH,CH; CH,CH,

CH;——Cl Cl——CH; CH;——C1  Cl——CH;
CH—+—H  H—}+CH; H——CH; CH;——H

CH,CH;  CH,CH; CH,CH; CH,CH,

15
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Additions of hydrogen bromide (AR)

Electrophilic addition (Ag,

1 .

HBr |
CH,CH,CH=CH, » CH,CH,CHCH,
1-butene 2-bromobutane
HBr
CH,CH,CH=—CH-» — CH,CH-,CH-CH,Br
1-butene peroxide 1-bromobutane

[ |

Radical addition (Ag) —only for HBr 16
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Reaction

mechanism:

Chain Inmifiation

Stepl R—0 t0—R —» 2 R—0O-
'-.._.-'l

Heat brings about homolvtic cleavage of the

weak oxygen-oxygen bond.

Step2 R—G + HiBi: —= R—O1H + i
o :

The alkoxyl radical abstracts a H-atom from HEr,
producing a Br-atom.,

Step3 :Brl+H,C*:CH-CH; — BrsCH,—CH-CH;

A Br-atom adds to the double bond to produce the
more stable 27 radical.

- l..l""_—_l—_l_“ .
Step 4 :Br:CH,—CH-CH; + HiBr: —=
A

:Br-CH,—CH-CH; ++Br:
H

The 27 radical abstracts a H-atom from HBr. This leads

to the product and regenerates a Br-atom.
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Additions of halogens

CH CH
| 3 cl, 3
(CH,C=CH, CH CI} CH,CCH,(CI
2-methylpropene 4=
Cl
1,2-dichloro-2-methylpropane
the carbon skeleton
$H3 . {_T,Ha does not rearrange
I
CH;CHCH=CH, ——— CHyCHCHCH,Br
3-methyl-1-butene L (alqr |E
I

1,2-dibromo-3-methylbutane

18
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CH; CH;

| Cl,
CH,CH=CCH, — » CH,CHCCH,
Fi
C1 OH
CH; CHy  Major
Cl; addition
CHyCH=CCH; —— CH;CHCCH; p5oduct —
CH,OH NOT a
C1 OCH; dihalide
E[’g
CH;CH=CH; —— CH,CHCH,Br
NaCl |

Cl

19
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Stereochemistry

Br

—-(ﬂ] c—C
H"7 \
H;C Br

(2R, 3R-)2.3-Dhibromobutane
(charal)

H Br
ch :EC— !

Addition of Bromine to cis-2-Butene

Bromonium 1on (b)
MR S

(achiral) / E{**H

Br CH,
(25.,35)-2.3-Dibromobutane
(charal)

J , Ky

|
cis-2-butene reacts with bromine to  The bromonium ion reacts with the
vield an achiral bromonium ion and bromide ions at egual rates by paths (a)
a bromide 1on. [Reaction at the and (b) to vield the two enantiomers in
other face of the alkene (top) would egual amounts (i.e., as the racemic form).
vield the same bromonium ion. |
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Addition of Bromine to frans-2-Butene (a)
Bre
:bri

(a) **~(b)
H ‘f H;C :
: -H (R,5-)2.3-Dibromobutane

(mesa)

H],CI_IE-_ fBr

Bromonium ion | ()

L C—C

(chiral) / VCH,

Br H
(R.5)-2.3-Dhbromobutane
trans=2-Butene reacts with bromine (meso)

n, s
vo vield chiral bromoninm ions and

|
bromide 10ns. [Reaction at the other

When the bromonium ions react by
face (top) would vield the enantiomer either path (a) or path (b), they yield
of the bromonium ion as shown here.]

the same achiral meso compound.
[Reaction of the enantiomer of the
intermediate bromonium ion would

produce the same result.]

!
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Stereochemistry

2 asymmetric carbons are created

H.C CH-,CH, CH- CH,
- \l" "HH - Br, :
C—C > H—t+Br Br—H
/ \ CH,Cl, Br——H + H——Br
H H

CH,CH,  CH,CH,

cis-2-pentene .
P threo enantiomers

H,C H CH GHs
O Br, ~ H——Br Br—H
/N cH,cl, H——Br + Br——H

H CHECH_q CHECHQ, EHEEH_]-
trans-2-pentene erythro enantiomers

Trans-2-butene = meso compound 2
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Additions of water — hydration reactions

Water is too weakly acidic to allow the hydrogen to act
as an electrophile

H-O
CH,CH=CH; —— no reaction

H.,0 Markovnikov's rule
EHBEHZCHE P EH_J,{|:IH_{|:IHE
H'I-
- OH H

I 2-propanol

H,S0,, H,PO,...

23
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Reaction Step 1

mechanism: T 0
: TN slow .
H—0—H — H:C—C+ + 10—
H;EHC%EHE = i€~ + I0H
CH,
The alkene accepts a proton to form the more stable 3°
carbocation.
: Step 2
Carbocation =
rearrangement C+
might occur H},:-" ~~

The carbocation reacts with a molucule of water to form a
protonated alcohol. CH,

Srep 3

Hj_c—n:lz—gj—H

CH;

i

A transfer of a proton to a molecule of water leads to
the product.
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Alcohols by oxymercuration-reduction

o Hg(OAc),
CH;(CH,),CH=CH, » CH;(CH,),CH—CH,
THF-H,O e

OH HgOAc
- ":'Hsi'sz);_rCH_?Hz + Hg

NaBH,

OH

|
OH H
Markovnikov’s ruleu

No carbocation formation, no rearrangement

CHE CH_:, H

I 1. Hg(OAc),/THF-H,0 | |
CH;C—CH=CH, - » CH;C—CH-C—H

| °  2.NaBH,, OH" R

CH; CH;0H H

25


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Additions of borane: hydroboration-oxidation

CH;CH=CH, Hl_ll'sg“ > CH;CHCH,
2
propene OH
2-propanol
. .
1. EH3/THF
CH,CHCH=CH, 5 H; HO- B0 CH;CHCH-,CH-,OH
3-methyl-1-butene raTe 3-methyl-1-butanol
CH; CH,
_ 1. EH3/THF h
CH,CCH=CH, — o~ 1,0, H0~ CHaCCH,CH,OH
CH, CH,

3,3-dimethyl-1-butene 3,3-dimethyl-1-butanol

26
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Regioselectivity:

More slﬁstimte:i/f]_ess substituted n

CHj{:H:‘ EHE —- E‘Ha CH{:HE_EH:

+ | . .
H—BH, H Anti-Markovnikov
Hvdroboration
CH;CH=CH,
Jrn::ng::H:::H.E
(CH3;CH,;CH,),B
Tripropvlborane
H:'D':':'H_
= 3CH;CH,CH,OH 27

Oxidation
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Additions of hydrogen — hydrogenation

Pt/C
CH,CH=CHCH; + H, > (CH;CH,CH,CH,;
2-butene butane
I I
Pd/C
CH3C:EHE + HE * EH_:,EHEH_:,
2-methylpropene 2-methylpropane

Ni

cyclohexene cyclohexane

28
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Reaction mechanism:

o G
H
m

hydrogen molecules settle
on the surface of the catalyst the alkene approaches the

and react with the metal atoms surface of the catalyst

Syn addition

the m bond between the two
carbons is replaced by two
C—H o bonds

29


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Stereochemistry

A / ™

C=C — L

D/ LY Pt/C
CH,CH;

trans-2,3-dideuterio-
Z2-pentene

D H
DmC—C=CHCHa+  .C
\ H;C 4
H D
threo enantiomers
C.H3 E‘.H3
H—D + > H
D——H H D
('H-CH- CH-,CHj;

threo enantiomers
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H;C CH,CH, CHy

NS Hy  H—

—D
—D

D‘F E\‘ Pt/C H—
b
cis-2,3-dideuterio-
2-pentene
CH,CH, CH,CH;
NS Ha
C=C —
/N sls
D b

cis-2, 3-dideuterio-
2-pentene

CH,
D——H
T D——H

CH,CHs CH,CH;

erythro enantiomers

H——D

CH,CH,

Mes0 COmpou nd

31
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Alkene epoxidations — Anti hydroxylations

Q
| epoxidation
RCH=CHE. + R'C—0O—0OH - RHC;:{ CHE.
A peroxy acid O

An epoxide

Proxy acid Epoxide Carboxylic acid
The peroxy acid transfers an oxvgen atom to the alkene in a
cyclic, single-step mechanism. The result is the syn addition
of the oxvgen to the alkene, with formation of an epoxide
and a carboxylic acid.
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Stereochemistry

H3C ~c” H (I:I] H;C CH;
I +R—COOH —= ZZZSW<
- C - / ) _
H;C H H * [
cis-2-Butene cis-2,3-Dimethyloxirane

(a meso compound)

H;C.  _H
3 ~C” EI—I3 H;C
ﬂ_ + R—E OOH—= \W/ /W(
H™  ~CH; “  CH,
frans-2-Butene Elmntmmﬂ ic rmns-l,h -dimethyloxiranes

33
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Reactions of epoxides

If the epoxide 1s unsyminetrical, the nucleophile attacks
primarily at the less substituted carbon atom in
base-catalyzed ring opening.

H;CH,C— G- - Ak - - :
4 /— 1° Carbon atom is less hindered 3 ('H—C—‘:Z H,CH,
ﬁc—f CHCH; — H;CH,C {:- C Hg'{IZ"H o >
o O CH;4

Methyloxirane H3EH1CE::1_CH2"~I:H' OH + H3E.’H;E_§r

CH;
1-Ethoxv-2-propanol

34
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If the epoxide 1s unsymmeirical, the nucleophile attacks
primarily at the more substituted carbon atom
in acid-catalvzed ring opening.

= i .
This carbon resembles a 3™ carbocation

(:I;/Iﬂ_/ CH;
54 | |

CH;0H+ HycZ G/t — HiC—C—CH,- OH

.UC‘"‘ 2, .
. H— OCHj

Protonated epoxide
[l:.'H_J,
— HEC—(J:.‘—CHj—(_}:H
OCH;

CHE (:.'H_J,
| HA | s
HOH -+ H}C_CGCHE —_— HEC_(J:_CHj_gH
O OH

35
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Stereochemistry Anti additions

HE'[,__; H CH :

. C
o HO § jH H, 7 .OH
C 1. RC(O)OOH C C
i
'!:, 2. HA, H,O é |
h (anti hvdroxylation)H £ OH HO : H
H;C H CH; CH;

cis-2-Butene (R.R) (5.5)
Enantiomeric 2.3-butanediols

H CH CH;
YA HO i _H

-

iﬁ-‘ 1. RC(0)OOH 'fI:
-
S 2. HA, H:G
iH R HO :=: H
H.C H (anti hydroxyvlation) CH,

frans-2-Butene meso-2.3-Butanediols

:-""E“'w
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Syn hydroxylations of alkenes

cold . ,
H,C=CH, + KMnOy > H,C—CH,
- OH", H,0 |
- OH OH

Ethene 1.2-Ethanediol
(ethyvlene glvcol)

1. OsOy, pyridine
CH;CH=CH, il . CH;CH—CH,

. 2. NasSO+y/H>0 or NaHSO+vyH-O |
Propene a2>5UyHa or ha 33 OH OH

1.2-Propanediol
(propylene glvcol)

37


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Reaction mechanism: Syn additions

: I

N/ || OH™
C=C - —(C—C - —C—C
/7 N\ [\ HO
o + o O. .0 several OH OH
) * Mn®
N4 Sy steps
“Mn o o N
AN
O 0
\ _/ | | ~amso;
— — C— - _ i
TN pdne N mO i
; 0. .0 OH OH
0. .0 L Os
R fz’ (:f’j "0
A

O O An osmate ester
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Permanganate cleavage of alkenes

: KMnO,. OH . H,0 f,ffD
CH,CH==CHCH, =2 CH,C
) | ; heat “ HE}_
(cis or trans)
H °
OH
CH; CH;

1. KMnO,4, OH , heat |
= (CH;CH,C=0

|
CH;CH,C:i1=CH,

2. H,0"

+ O=C=0 + H,0

39
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Ozonolysis of alkenes

Ozonide Formation from an Alkene
e E,-*"'

1 ", " H
f‘
7~ [
_'-l- . Tﬂ:
0. - Q- 07
L [ g T4
Ozone adds to the alkene Initial ozonide The initial ozonide fragments.
to form an imitial ozomide.

«* h“-““ _r,,-“""

x\“cf\?\u? \\ EQHC//
| __..,in;) — A U RN
0 :10—0:

The fragments recombine to form the ozonide. zonide

T Aldehydes and/or ketones
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CH; ] CH,
| 1. 05, CH-Cl,, —78 °C |

CH,C=CHCH; = CH,C=0
2. Zn/HOAc ) 0
|
CHS 0 (HSG
| 1. 0, CH,CL,, =78 °C O
2. Zn/HOAC
i
— HCH

In the presence of an oxidizing agent, the products
will be ketones / carboxylic acids

41
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1) Radical Polymerization AN / N,
C=C C
\ / /)N /
C —= RiC—C>» = R—C—C—C—C-
LTS a
2) Canonic Polvmerization
AN !
C=C C
N/ // /
R+C7C—R—C—C = R—C—C—C—C
./ \ \ \
3) Anionic Polymerization
\._/ \
N/ o=y / /
Z: + C—C\—F‘ I—C—C: = 7171—C—C—C C\;

Polymerizations

42
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