Reactions of alkenes



Unsaturated compounds

AN /
A—B + (C=C > A—C—C—B
/ N\

Addition reaction

Hydrogenation reaction

H H H H
N\ / Pt, Pd, Ni, or Rh ] | |
IfC + H - H > H C—Cj AH® = —136 k]
/TN | (—32.6 keal)
H H H H
Ethylene Hydrogen Ethane

Exothermic reaction; Heat of hydrogenation



)

l
(CH,),C=CHCHy; + H, — (CH,),CHCH,CH,
2-Methyl-2-butene ~ Hydrogen 2-Methylbutane (100%)

Pt CHB
CcH, + H, —
H'}C 7 H;C H
CH; CH;
5,9-Dimethyl(methylene)cyclononane  Hydrogen [,1,5-Trimethylcyclononane (73%)

1. Heterogeneous reaction; 2. Homogeneous reaction



¢ c‘g ‘0‘:

Step 3: A hydrogen atom is transferred
from the catalyst surface to one of the
carbons of the double bond.

‘38' o

Step 4: The second hydrogen atom is transferred,
forming the alkane. The sites on the catalyst
surface at which the reaction occurred are

free to accept additional hydrogen and alkene
molecules.




FIGURE 6.2 Heats of hydro-
genation of butene isomers
plotted on a common scale.
All energies are in kilojoules

per mole.
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TABLE 6.1 Heats of Hydrogenation of Some Alkenes

Heat of hydrogenation

Aldkenea Structure kKJlrmol kcal/mol

Ethylene CH=—CHz 126 32.6

Monosubstituted alkenes

Fropenes CH,=—CHCH3 125 29.9
1-Butens CH;=—CHCHCH5 126 201
1-Hexene CHz—CHCHzCHzCHzCH= 126 20.2
Cis-disubstituted alkenes
chm‘ /_C Hsz
cis-2-Butene C==C 119 28.4
- ",
H H
H3C‘M CHCH5
cis-2-Pentensa C==1C 117 281
-~ .
H H
Trans-disubstituted alkenes
H
3¢ A
trans-2-Butene C=1C 115 27.4
-~ ™
H CH=z
HC H
S -~
trans-2-Pentene /C=EH\ 114 27.2
H CH=CH=
Trisubstituted alkenes
2-Methyl-Z-pentens (CHz)2C—CHCHCH= 112 26.7

Tetrasubstituted alkenes

2,.2-Dimethyl-2-butene (CHz) > C—C(CHz)> 110 26.4




12=CH2

hylene

Decreasing heat of hydrogenation and
increasing stability of the double bond

RCH=CH,

N

onosubstituted

RCH=CHR  R,C=CHR

Disubstituted

Trisubstituted

R2C=CR2

Tetrasubstituted



Stereochemistry of alkenes hydrogenation
1. Syn addition
2. Anti addition

anti

'nddmon ‘ ” c

syn
addition
—




Stereoselective reaction

CO,CH;4 : ,CO,CH;
+ H, —
CO,CH; : CO,CHs;
H
Dimethyl cyclohexene-1,2-dicarboxylate Dimethyl

cyclohexane-cis-1,2-dicarboxylate (100%)

This methyl group blocks
approach of top face of
the double bond to the

catalyst surface

™

Hydrogen is transferred from

the catalyst surface to the bottom
face of the double bond—this is
the “less hindered side™



Electrophilic addition reactions

N / |
C=C_ + °"H—X°" > H—C—C—X
N |
Alkene Hydrogen halide Alkyl halide
CH-_;CHE\ /CHECH;;
C=C + HBr l’ CH;CH,CH,CHCH,CH;
/ N\ CHCl, |
H H Br
cis-3-Hexene Hydrogen bromide 3-Bromohexane (76%)

Increasing reactivity of hydrogen halides
in addition to alkenes

HF << HCl < HBr < HI

Slowest rate of addition: Fastest rate of addition:

least acidic most acidic

10



Regioselectivity

H
/—\ . - | ‘e
R,C=C(CR, + Hj}gi — R,C—CR, + X
Alkene Hydrogen halide Carbocation Anion
(base) (acid) (conjugate acid) (conjugate base)
H H
. . |
RCZR,  + X7 — RE—CR,

X
Carbocation (electrophile)  Halide ion (nucleophile) Alkyl halide

11



Markovnikov’s rule

> RCH—CH rather than

RCH=CH, + H—X

| 2
X H

> R,C—CH, rather than

R,C=CH, + H—X

|
X H

> R,C—CHR  rather than

R,C=CHR + H—X

.
X H

RCH—CH,
H X
RZC_CHZ
H X

R,C—CHR
H X

12



acetic

acid

CH;CH,CH=CH, + HBr —> (CH;CH,CHCH;4

Br
[-Butene Hydrogen bromide 2-Bromobutane (80%)
H,C N ace i;_, (lfH;%
/e::=CH2 + HBr — CH,—C—Br
H;C (|2H-3
2-Methylpropene Hydrogen bromide 2-Bromo-2-methylpropane (90%)

0°C CH;
CH; + HCI — cl h

[-Methylcyclopentene Hydrogen chloride [-Chloro-1-methylcyclopentane (100%)

13



H5C H

AN d
- > C=C
/S AN
H5C CH5
/ 2-Methyl-2-butene
Chlorine becomes attached Hydrogen becomes attached
to this carbon to this carbon
CH5

|
CH3_C_CH2CH3

|
cl

2-Chloro-2-methylbutane
(major product from Markovnikov addition
of hydrogen chloride to 2-methyl-2-butene)

14



Mechanism

+ o
RCH=CH, — RCH—(I:HZ + Eay — R(leCH3
e : X

Secondary Halide Observed product
carbocation ion

(b) Addition opposite to Markovnikov's rule:

.

T oo
RCH=CH, — R(|3H—CH2 + : X+ — RCH,CH,—X:
e .
Primary Halide Not formed
carbocation ion

15



Potential energy ——

RCH,CH,X

Reaction coordinate

RCHCH;

16



@

actions
>roton
ide to

type

s

W sp?-hybridized

carbon
H - S~ R

H., .
sp>-hybridized sz
carbon

(a) The hydrogen halide (HX) and the alkene
(CH>=—=CHR) approach each other. The electrophile
is the hydrogen halide, and the site of electrophilic
attack is the orbital containing the G electrons of the
double bond.

A carbon—hydrogen
o bond: carbon is ———
sp--hybridized

Hybridization

of carbon
changing
from sp° \ -
to 3 \\\\“ 2_ ——
e TR P sp2-hybridized

carbon
\ -

H

(b) Electrons flow from the 7 orbital of the alkene

to the hydrogen halide. The T electrons flow in the
direction that generates a partial positive charge on
the carbon atom that bears the electron-releasing alkyl
group (R). The hydrogen—halogen bond is partially
broken and a C—H © bond is partially formed at the
transition state.

Positively charged

/ carbon is spz—hybridized
H

+ .
UL

\R

(c) Loss of the halide ion (X ) from the hydrogen
halide and C—H ¢ bond formation complete the
formation of the more stable carbocation intemmediate

CH.CHR.

17



1
HsC H

™~ 2 3 7
C=C
A . 4
HsC CHs
2-Methyl-2-butene
Protonation Protonation
of C-3 (faster) (slower) of C-2
J 4
HsC H
EC CH-CH (CH3)>-CH Cf
s 2 3 3/2 .
ch CHE

Tertiary carbocation Secondary carbocation

18



Rearrangement

CH,—CHCH(CH,), —> CH,CHCH(CH,), + CH,CH,C(CH,),

L | ‘

Cl Cl
3-Methyl-1-butene 2-Chloro-3-methylbutane  2-Chloro-2-methylbutane
(40%) (60%)
A hydride shift *
CH;CH—C(CH5), > CH;CH—C(CH,;),
H H
1,2-Dimethylpropyl cation (secondary) 1,1-Dimethylpropyl cation (tertiary)

19



Free radical reactions

.
peroxides

CH,=CHCH,CH; + HBr —> BrCH,CH,CH,CH;

[-Butene Hydrogen bromide I-Bromobutane
(only product; 95% yield)

no
peroxid

CH,=CHCH-,CH; + HBr — CH;(%HCH;CH;
Br
1-Butene Hydrogen bromide 2-Bromobutane

(only product; 90% yield)

Peroxide effect (R-O-0O-R); Anti Markovnikov’s rule; Kharash’s rule



The overall reaction:

CH.,CH.CH—CH, + HBr _ROOR CH.CH.CH.CH.Br

1ight or heat

| -Butene Hydrogen bromide I-Bromobutane
The mechanism:
(@) Imitiation

Step 1: Dissociation of a peroxide into two alkoxy radicals:

RO {OR > RO- + OR
Peroxide Two alkoxy radicals

Step 2: Hydrogen atom abstraction from hydrogen bromide by an alkoxy radical:

== f"_\_hh‘l.‘fﬂ_'_\_‘-‘-\-\"‘-\.

RO HX Br: —— RO:H + -Br:
ma '.u-- - aa
Aldkoxy Hydrogen Alcohol Bromine
radical bromide atorm

(H) Chamn propagation

Step 3: Addition of a bromine atom to the alkene:

— N .
CH;CHZEI_‘.EJ:“/EHA kﬂ\“‘-ﬁn . CHyCH>CH—CH, :Br:
|-Butene Bromine atomm [ 1-Bromomethy]l jpropyl radical

Step 4: Abstraction of a hydrogen atom from hydrogen bromide by the free radical formed in step 3:

e .
CH.,CH.CH— CH-Br H : Br: — CH-;CH.CH-CH-Br + “Br:
3 2RI - 2B e TS - 3 2 . > =
{ 1-Bromomethy ] propyl Hydrogen 1-Bromobutane Bromine
radical bromide atomm

21



4 ; 2 |
CHyCH,CH=—=CH, — CH_;EH;[:H—CHE
g N
= :Br:
Secondary alkyl radical

4 3 2 |
CH:CH,CH=—CH; —— CH:CHCH—CH-
. :Br:

Primary alkvl radical

H
CH, + HBr —s
CH,Br

Methylenecyclopentane Hyvdrogen {Bromomethylcyvclopentane (6045%)
bromide

22



H

Addition of sulfuric acid

CH,CH=CH, + HOSO,0H —  CH,CHCH,
0S0,0H

Propene Sulfuric acid [sopropyl hydrogen sulfate

N/ |
0=+ H—080,0H — H—(—C—050,0H

Alkene Sulfuric acid Alkyl hydrogen sulfate

Cleavage occurs
. here during hydrolysis
I |

[ =
I
I ary |

, |
(lj l‘.lj O ; SOOH + H,O0 — H—C Cl OH + HOS50,0H

Alkyl hydrogen sulfate Water Alcochol Sulfuric acid

23



The overall reaction:

CH;CH=CH, + HOSO,O0H —— (CH;),CHOS0,0H

Propene Sulfuric acid [sopropyl hydrogen sulfate

The mechanism:

Step 1: Protonation of the carbon—carbon double bond in the direction that leads to the more
stable carbocation:

TN I slow + s
CH;CH=CH, + H—0SO,0OH ~—— CH3;CHCH; + :0S80,0H

Propene Sulfuric acid Isopropyl Hydrogen
cation sulfate ion

Step 2: Carbocation—anion combination

+e T~ 1 fast
CH;CHCH; + :0SO,OH —— CH;CHCH;
OSO,0H
Isopropyl Hydrogen [sopropyl
cation sulfate ion hydrogen sulfate

24




Hydration

CH.CH=CH, —— CH_JT”HCH_q o CH;?HCHH
OSO,0H OH
Propene Isopropyl Isopropyl
hydrogen sulfate alcohol

OH
‘ . H,SO, _
2. H,0, ~
neat

Cyclohexene Cyclohexanol (75%)

25



Acid catalyzed hydration

H

c—c  + HOH > H—C—C—O0H
AN

AN /
Alkene
H,C H
N e
C=C
yd ™
H,C CH;

2-Methyl-2-butene

QZCHJ

Methylenecyclobutane

Water Alcohol

CHa

50% H,S0,/H,0

- CHq_C_CHz(:Hq

OH
2-Methyl-2-butanol (90%)

50% H,S0,/H,0 _ <><CH3
OH

1-Methylcyclobutanol (80%)

26



The overall reaction:

(CH5),C—CH, + H,O ——~  (CH);COH

2-Methylpropene Water tert-Butyl alcohol

The mechanism:

Step 1: Protonation of the carbon—carbon double bond in the direction that leads to the more
stable carbocation:

CHs e _H . CH; _H
/_C=CI—13 + H—OE\ _ /C—Cl—l; + :DE\
CH, H CH, H
2-Methylpropene Hydronium ion rerr-Butyl cation Water

Step 2: Water acts as a nucleophile to capture teri-butyl cation:

o \E{-ﬂ(-:H + D:/H —— CH C(':HJE)’/H
CHj/ ’ “H ’ T “H
3
rerr-Butyl cation Water rert-Butyloxonium ion

Step 3: Deprotonation of ferfr-butyloxonium 1on. Water acts as a Brensted base:

CHs e H CH; H

|+ NS Fast . +
CH;—C—0:~ + D\\ — CH;:—C—OH -+ H—D{\
cH, H H CH, H
ferr-Butyloxonium ion Water rert-Butyl alcohol Hydronium ion

27




TABLE 6.2 Relative Rates of Acid-Catalyzed Hydration of Some

Representative Alkenes

Relative rate of acid-
Alkene Structural formula catalyzed hydration*
Ethylene CH,=CH, 1.0
Propene CH;CH=CH, 1.6 x 10°
2-Methylpropene (CH3),C=CH, 2.5x 10"

*In water, 25°C.

H

N/
C=C + H,0 =— H—C—C—OH
/7 TN\

Alkene

Water Alcohol

Principle of microscopic reversibility

Le Chatelier’s principle

28



Hydroboration-oxidation CHy(CH,),CH=CH, — CH(CH,),CH,CH,OH

Hydroboration

Oxidation

1-Decene 1-Decanol

\ /
(=C + R,B—H > H—C—C—BR,
/ \ )

Alkene Boron hydride Organoborane

H—(|:—(|:—BR2 + 3H,0, + 4HO —

Organoborane Hydrogen Hydroxide
peroxide ion

H—(|:—(|:—0H + 2ROH + B(OH),” + 3H,O

Alcohol Alcohol Borate Water
ion

29



- +
HB— O:

orane-tetrahydrofuran

complex

6CH,(CH,),CH=
[-Decene

|CHy(CH, ;CH,CH, ];B

diglyme

CH, + B.H, — 2[CHy(CH,),CH,CH,]:B

Diborane Tridecylborane

CH;(CH;;)?CH CH,0H

Nal ]H

Tridecylborane |-Decanol

30



|. B;H,, diglyme

CHyCHy),CH=CHy —————> CHy(CH,);CH,CH,0H
[-Decene [-Decanol (93%)
. H;B-THF
(CHC—CHOR, 5 (CHMCHCHCE,
OH
2-Methyl-2-butene 3-Methyl-2-butanol (98%)
OH
|. BoHg, diglyme
*fx 2 H,0,, HO™ ﬂv}\ﬁ
(E)-2,2,5,5-Tetramethyl- 2.2.5,5-Tetramethyl-

3-hexene 3-hexanol (82%)



Stereochemistry of hydroboration-oxidation

( CH-
/ CH’-I. l. B;H;, digly me | — "H

2. H,0, ][| - OH

I —Meth}'lcyclﬂ pentene trans-2-Methylcyclopentanol
(only product, 86% yield)

32



Mechanism:

Step 1: A molecule of borane {BH3) attacks the alkene. Electrons flow from the T orbital of the
alkene to the 2p orbital of boron. A T complex is formed.

H-,

iy o,

H

Adtemative representations of
R-complex intermediate

Step 2: The © complex rearranges o an organoborane. Hydrogen migrates from boron wo carbon,
carrying with it the two electrons in its bond o boron. Development of the transition state for this
process is shown in 2(a@), and its transformation to the organoborane is showm in 2008

i)

Representations of transinon state
for hydride migration in m-complex intermediate

k
H

T

Ay [
CHs H CH,

Produoct of addition of borane (BH3)
to I-methylcyclopentene 33



Step 1: Hydrogen peroxide is converted to its anion in basic solution:

t"’rﬂ_._-_-—_““\
i —_— H—0O—0O- + H—O—H

H—O—0O—H + ~OH —_——
Hydrogen Hydroxide Hydroperoxide Water
peroxide ion ion
Step 2: Anion of hydrogen peroxide acts as a nucleophile, attacking boron and forming
an oxygen—boron bond:
—D—'DH
D—DH
CH-.,
Drgmlnbomne intermediate
from hydroboration of
I-methylcyclopentene
Step 3: Carbon migrates from boron to oxygen. displacing hydroxide ion. Carbon migrates
with the pair of electrons in the carbon—boron bond; these become the electrons in
the carbon—oxygen bond:
&
DL“‘OH _ o OH
H.B — 0 H.E— O
T i H - H
oo
N
—_— —
i i / 4
CHJ. H CHa H CHa
Representation of transition Alkoxyborane
state for migration of carbon
from boron o oxygen
Step 4: Hydrolysis cleaves the boron—oxygen bond. yielding the alcohol:
H»——H
H,B— 0O H HO H
— + H:B—OH
/ i / i
H CHy H CHs

Alkoxyborane trans-2-Methylcyclopentanol

34



Addition of halogen

N/ |
C=C_+ X, > X—(C—C—X
/ AN |
Alkene Halogen Vicinal dihalide
. - CHCl, Br
Stereochemistry of halogen addition @ + B, /> Q’
Br
(‘Hf}l:(‘}](ﬁ‘l{((‘}[;);1 + Bp % CH;CH_CHCH(CH;)) Cyclopentene Bromine rrcms-!:2-:‘DiI_:1.r01'T10cycﬁlolpenht'.z.me
: e - _ : e (80% yield; none of the cis
| ‘ isomer is formed)
Br Br
Cl
‘ , e /
4-Methyl-2-pentene Broming 2,3-Dibromo-4-methylpentane (100%) + o, =k
- —60°C %,
Cl
Cyclooctene Chlorine trans-1,2-Dichlorocyclooctane

(73% yield: none of the cis
isomer is formed) ;¢



X—X
N N

\"ﬁ
_C\ —>  alC—Cum.

_|_

AN e A X
CH,=CH, + *‘Br—Br: — CH,—CH;—Br* +

Ethylene Bromine 2-Bromoethyl cation
(nucleophile)  (electrophile)

Cyclic bromonium ion H,C—CH,
\B+/
r

Ethylenebromonium ion

. BI D

Bromide 1on
(leaving group)

36



The overall reaction:

CH, — CH, + Br, — BrCH-CH,Br

Ethylene Bromine 1.2-Dibromoethane

The mechanism:

Step 1: Reaction of ethylene and bromine to form a bromonium ion intermediate:

m —~ o - _
CH,—=CH, + *:Br "Br: — CH,—CH, + : Br:
:Br:
_|_
Ethvlene Bromine Ethylenebromonium Bromide
ion ion

Step 2: Nucleophilic attack of bromide anion on the bromonium ion:

H ﬁr:_

CH.—CH, — :Br—CH,—CH,—Br:
Br:
_|_
Bromide Ethylenebromonium 1.2-Dibromoethane

ion 10N

(6 )}




Relative Rates of Reaction of Some Representative Alkenes
TABLE 6.3 with Bromine

Relative rate of reaction

Alkene Structural formula with bromine*
Ethylene CH,=CH, 1.0
Propene CH;CH=CH, 61
2-Methylpropene (CH3),C=CH, 5,400
2,3-Dimethyl-2-butene (CH3),C=C(CH3), 920,000

*|In methanol, 25°C.

Transition state for bromonium 8+C-.__ . 85—
n L] | -""'-u.

ion formation from an alkene i Br---Br:
and bromine s+ C

38



Halohydrin

Alkene Halogen Water Halohydrin

H-O

CH,—CH, + Br, —> HOCH,CH,Br

HX

Hydrogen halide

Ethylene Bromine 2-Bromoethanol (70%)

@ + a, = QMOH

]

Cyclopentene  Chlorine trans-2-Chlorocyclopentanol
(52-56% yield; cis isomer not formed)

(CH5),C=CH, —=>

5 (CH;}QT CH,Br

OH

2-Methylpropene 1-Bromo-2-methyl-
2-propanol (77%)

39



Br,
_}
Eﬂ\w

Cyclopentene frans-2-Bromocyclopentano
/H /H
]_I C H 3 C\\ Ir:ll
3 a4+ &4,
~ HC e 2CH

H,C—C /CHE

:BrE+

More stable transition state:

has some of the character
of a tertiary carbocation

h 2
\

Bra+

[Less stable transition state:

has some of the character
of a primary carbocation

40



Epoxidation of alkenes

H:C CH,
0
H.C O H
O O
1,2-Epoxycyclohexane 2-Methyl-2,3-epoxybutane | |
CH,=CH(CH,),CH; + CH;COOH — Hz(:\_/_(.‘H(CHg)gCH_; + CH;COH
O
1-Dodecene Peroxyacetic 1.2-Epoxydodecane Acetic
acid (52%) acid
0 O
0 0 ) n
\ / H \ / H + CH;COOH —— O + CH;COH
C=C + RCOOH — (C—C + RCOH
/ AN / N/ N\
Cyclooctene Peroxyacetic 1,2-Epoxycyclooctane Acetic
Alkene Peroxy acid Epoxide Carboxylic acid acid (86%) acid

41



Peroxy acid and alkene

Transition state for oxygen Acetic acid and epoxide
transfer from the OH group of
the peroxy acid to the alkene

() (c)

Relative Rates of Epoxidation of Some Representative
TABLE 6.4 Alkenes with Peroxyacetic Acid

Relative rate

Alkene Structural formula of epoxidation*
Ethylene CH,=CH, 1.0
Propene CH;CH=CH, 22
2-Methylpropene (CH53),C=CH, 484
2-Methyl-2-butene (CH3),C=CHCHj, 6526

*In acetic acid, 26°C.
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Ozonolysis of alkenes

0O Q:— —0 O
\, / ~~ C,-*Ox Cf’
0—-0
Alkene Ozone Ozonide
~ AL

Ozonide Water Two carbonyl compounds ~ Hydrogen
peroxide



0O

0O O O
| I I I

C C . _
H~ H R~ SH R~ R R~ OH

Formaldehyde Aldehyde Ketone Carboxylic acid
R R’ R R’
N oEom ) /
C=C , > (=0 4+ 0=C
/ \ . / AN
H R" . 05, CH;0H; 2. (CH,),S H R"
Alkene Aldehyde Ketone
]
l. 0y, CH;0H
CHy(CHy)sCH=CH, ———— CHy(CHy)sCH +  HCH
[-Octene Heptanal (75%)  Formaldehyde

44



Lo

CH3CH2CH2CH2C|‘,=CH3 —— 5 CH,CH,CH,CH,CCH; +  HCH
CH;
2-Methyl-1-hexene 2-Hexanone (60%) Formaldehyde
|
|
|
H,C C(CH
N/ (Hsks _
C==C 2.4.4-Trimethyl-2-pentene
/ N
HAC H

T Cleavage occurs here on ozonolysis;
each doubly bonded carbon becomes the
carbon of a C==0 unit

1. O;
2.H,0,7Zn

H;C C(CH3)3
\CZO + OZC/
/ AN

HAC H

45



Synthesis

J-C

Cyclohexanol Cyclohexane

catalytic
hydrogenation
>

Cyclohexene Cyclohexane

OH
H-50, H-
—_— E—
heat Pt

Cyclohexanol Cyclohexene Cyclohexane
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(CH;3);COH —>

tert-Butyl alcohol

(CH;),C=CH, +=>

2-Methylpropene

H,S0,

(CHy);COH  ——> (CH,),C=CH, —

heat

tert-Butyl alcohol

2-Methylpropene

(CHﬁgﬁ?CHEBr

OH
l-Bromo-2-methyl-2-propanol

(CH_‘;}Q?CHQBT

OH
1-Bromo-2-methyl-2-propanol

(CngzﬁtCHzBr

OH
1-Bromo-2-methyl-2-propanol

a7



Reactions of alkene with alkenes
2(CH,),C=CH, — ", CH,—CCH,C(CH;); + (CH;),C=CHC(CH;)-

CH;
2-Methylpropene 2.4.4-Trimethyl-1-pentene 2.4.4-Trimethyl-2-pentene

Dimer, trimer and polymer

200°C
2000 atm
T

ﬂ(‘HEZCHE < CH*}_(‘HE_((‘Hﬁ_CH*})H_E_{:Hﬁ_CH’}_

|]._I-I — P — Fe —

Ethylene ~ Perowides Polyethylene

Cationic polymerization; Anionic polymerization; Free-radical polymerization



Step 1: Protonation of the carbon—carbon double bond to form tert-butvl cation:

CH3 “~ - __““\\3 ~ CH3 -+ B
_C—=CH, + H-—0S0,0OH — _C—CH, + 0OS0O,0OH
CH3 CH3
Z-Methylpropene Sulfuric rert-Butyl Hydrogen
acid cation sulfate ion

Step 2: The carbocation acts as an electrophile toward the alkene. A carbon—carbon bond is formed,
resulting in a new carbocation—one that has eight carbons:

- CH
CH - - CH = CH
3 e \ o = | + =
C—CH, + CH,>—C — CH,—C—CH,—C
7 . | S
CH- CHs CH- CH-
rerr-Butyl 2-Methylpropene 1.1.3.53-Tetramethylbutyl
cation cation

Step 3: Loss of a proton from this carbocation can produce either 2,4 4-trimethvyl-1-pentene or 2.4 ,4-
trimethyl-2-pentene:

—  H e
y CHH S — _CH:z
(CH3);CCH>—C_ + 0OS0O,OH —— (CH3);CCH>—C__ + HOSO,0OH
CHES CH:-;
1.1.3.5-Tetramethylbutyl Hydrogen 2,4.4-Trimethyl-1-pentene Sulfuric
cation sulfate ion acid
" /CI—I3 /CH:-;
HOSO,O X (CI—I3}3C(%I'—I 5 C__ — (CH3);CCH=—C__ + HOSO-,0OH
— ¥ CH, CH,
Hydrogen 1.1.3 . 3-Tetramethylbutyl 2.4 4-Trimethyl-2-pentene Sulfuric
sulfate ion cation acid

%9



Step 1: Homolytic dissociation of a peroxide produces alkoxy radicals that serve as
free-radical initiators:

RO LR — RO+ R
9

Peroxide Two alkoxy radicals

Step 2:  An alkoxy radical adds to the carbon—carbon double bond:

/‘“/\

cLLlen, — RO—CH,—CH,

Alkoxy Ethylene 2-Alkoxyethyl
radical radical

Step 3:  The radical produced in step 2 adds to a second molecule of ethylene:

— Y

RO CHQ CH2 CHQ—CHz — R(::)_CHz_CHQ_CHQ_CHQ
2-Alkoxyethyl Ethylene 4-Alkoxybutyl radical
radical

The radical formed in step 3 then adds to a third molecule of ethylene,
and the process continues, forming a long chain of methylene groups.
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TAEBELE 6.5

Some Compounds with Carbon—Carbon Double Bonds Used to Prepare Polymers

A. Alkenes of the type CH,—CH—X used to form polymers of the type (— CHz—(I:H—},,

Compound Structure

—X in polymer

X
Application

Ethylene CH>=—CH>

Propene CH=—CH—CHz

/N

Styrene CH=—CH

Vinyl chloride CH=—CH—CI

Acrylonitrile CH,—CH—C=N

B. Alkenes of the type CH;— CX; used to form

—H

—CHz

Polyethylene films as packaging
material; "plastic” squeeze bottles
are molded from high-density
polyethylene.

Polypropylene fibers for use in car-
pets and automobile tires; con-
sumer items (luggage, appliances,
etc.); packaging material.

Polystyrene packaging, housewares,
luggage, radio and television cabi-
nets.

Poly{vinyl chloride) (PWVC) has
replaced leather in many of its
applications; PVC tubes and pipes
are often used in place of copper.

Wool substitute in sweaters, blan-
kets, etc.

polymers of the type (—CH,—CX;—),

Compound Structure X in polymer Application
1,1-Dichloroethene CH>=—CCl> Cl Saran used as air- and water-tight
(vinylidene chloride) packaging film.

2-Methylpropene CH>=—C(CH3z)> CH3 Polyisobutene is component of
“butyl rubber,” one of earliest
synthetic rubber substitutes.

C. Others

Compound Structure Polymer Application

Tetrafluoroethene CF,—CF, (—CF,—CF,—),, (Teflon) Monstick coating for cooking utensils;

Methyl methacrylate CH2=(?C02CH3

CHy

2-Methyl-1,3-butadiene CH,=—CCH=—CH,

CH3

CO,CH;3
(—CH,— (I:_ In
CH5

(—CH;C=CH—CH;—),

CHs

(Polyisoprene)

bearings, gaskets, and fittings.

When cast in sheets, is transparent;
used as glass substitute (Lucite,
Plexiglas).

Synthetic rubber.
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