Alkenes (QOlefins)

Chapters 7 & 8
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Structure and Bonding

% bond

. <
c=C = 1200 =
H H 4 <
ethylene sp® hybridized
152 kcal/mol — 88 kcal/maol = B4 kecal/mol
(o + n bond) (o bond) T

n bond only

» The n bond is much weaker than the o bond of a C-C double bond, making it
much more easily broken. As a result, alkenes undergo many reactions that
alkanes do not.



Structure and Bonding

Rotation around the C=C bond is restricted

9(0°
~  rotation

The p orbitals are orthogonal
the n bond is broken



Simple Alkenes

H,C=CH, ethene (ethylene)

H.C=CH—CHjs propene (propylene)
G .

H,C=CH—CH, 2-methylpropene (isobutene)

@ cyclohexene

Positional isomers

NN T o

1-hexene 2-hexene 3-hexene



Unsaturation Degree

® Alkenes are unsaturated hydrocarbons.
e An acyclic alkene has the general structural formula C H,,.

e Cycloalkanes also have the general formula C H,,.

e EFach n bond or ring removes two hydrogen atoms from a
molecule, and this introduces one degree of unsaturation.

ecs. C,H,

@vo n bond9 G : boqd ) tho rings)
and a ring




Nomenclature
Mame an Alkene

CH CH
"!.' .

E:Hll; “EH.EEHEHE

Step[1] Find the ll:ﬂ'!ﬂﬂsl. chain that contains bofh carbon atoms of the doutle bond.

NG W
j‘.(('.‘r—l;‘r h

0+, E‘_"E“":Ha » Change ihe -ane ending of the parent alkane i -ene.

GH;
6 C's in the longest chain
hezane ——-—-= hexens

Step (2]  Mumber the carbon chain to give the double bond the lower number, and apply all other rules of nomenclature,

8. Mumbser tha chain. and name using tha b. Mame and number tha substituens
first number assignad to the C=C.
1= L'..‘
n;‘ E—-:P—c:: 5
ey I\ CH, | CH; *-'C-Ham'ma |
{ &H;. CH,
« Nunber tha chain 1 pul e C=C threa metihvd groupe at C2, C3, and €5
ar G2, met G4, :
2-hexans ! e i |




Nomenclature

f'l.'.': H.CHs fCH?GHE
CH,=C CH,=C
CH;CH,CH,CH,CH, CH.CH.CH.CH,CH4
7C's ————+ heptene 8C's
Both C’'s of the C=C are containad Both C's of the C=C are NOT
in this long chain. contained in this long chain.
Correct: 2-ethyl-1-heptene Incorrect

1
1 !

(?i'fcmg
- T CHy

3
1-methyloyclopantens Fmethyloycloheplens

Numbar clockwise baginning at
the C=C and place the CH, at C3.




Nomenclature

I-ll H
|
H“‘- ___,C H--_ s
ey ik 0o
H H
methylene group vinyl group allyl group

methylene

1
CH, |l«—— vinyl
TR gnE

methylenecyclohexane 1-vinyleyclohexene



Physical Properties

e Their physical properties are similar to alkanes of comparable molecular
weight.

e Alkenes have low melting points and boiling points.

e M.p. and b.p. increase as the number of carbons increases because of
increased surface area.

e Alkenes are soluble in organic solvents and insoluble in water.

e The C—C single bond between an alkyl group and one of the double bond
carbons of an alkene is slightly polar.

0" sp? hybridized C
/;'1—' H 25% s-character
: {:{1.

b

sp? hybridized C
33% s-character

This R group donates electron density.

This C accepts electron density. 9



Geometrical Isomerism

steric Nno
strain interaction

-
- .-"‘ ) o ;. o
e . e e ee
L o S
o ! % .
o o « <
1-butene cis-2-butene trans-2-butene

modelli 3D 10



https://moodle2.units.it/mod/page/view.php?id=219474

Stability of Alkenes

* Hydrogenation of alkenes is exothermic

* The heat of hydrogenation can be used as a measure of the
relative stability of different alkenes.

11



Stability of Alkenes

Substitution Alkene ARhydr stability
(Kcal/mol)

Unsubstltuted H.C=CH> -32.8 less stable

(CH3)2C=CH> -28.4

Disubstituted CH3CH=CHCHg3s (cis) -28.6

CH3CH=CHCHs (trans) -27.6

stable



Geometrical Isomerism

e trans-Cyclooctene is the smallest isolable trans cycloalkene, but
it is considerably less stable than cis-cyclooctene, making it one
of the few alkenes having a higher energy trans isomer.

trans cis

i trans-cyclooctene cis-cyclooctene
(modelll BDJ y y 13



https://moodle2.units.it/mod/page/view.php?id=219475

E/Z Nomenclature
Assign the Prefixes E and Z to an Alkene

Step (1]  Assign priorities to the two substituents on each end of the C=C by using the priority rules for R.S
nomenclature (Section 5.6).

* Divide the double bond in half, and assign the numbers 1 and 2 to indicate the relative pricrity of the two groups on
each end—the higher priority group is labeled 1, and the lower priority group is labeled 2.

IMI}HMMMM.I

1leH, | oy |2
oad
—  FTS .
2] H | cHeH, |1
_ ) t .
Assign prignities to each side of the C=C separately,

Step(2] Assign E or Z based on the location of the two higher priority groups (1).

Twio higher pricrity groups on . Two higher pricrity groups on
sides the same side
v

.EH{ J;::‘l—l,.;J | l .-::H:,J K,CH?GHS
z "f \tHzﬂHa \CH‘J:

| Ehumr l | zhnmnr .
{E3-methyl-2-pentene {2']-3—marh-_.-1-2 pentena
* The E isomer has the two higher priority groups on the opposite sides. "

* The £ izomer has the two higher priority groups on the same side.




Physical Properties

e A small dipole is associated with the C(sp2)-C(sp3) bond.

e A consequence of this dipole is that cis and trans alkenes often have
different physical properties.

e cis-2-Butene has a higher b. p.(4°C) than trans-2-butene (1°C).

-:Hgg‘ /"'GH3 r:H_g\ H

more polar isomer —» «——— less polar isomer
H I H ‘\ CHg
a small net dipole no net dipole
cis-2-butene trans-2-butene
higher bp lower bp

e A cis alkene is more polar than a trans alkene, giving it a slightly higher boiling point
and making it more soluble in polar solvents.

15



Preparation of Alkenes.
1 Dehydroalogenation

{Br
CE > @ + BH* + Br
H<\
B

Br B
—> +
O/\ - HBr O\ ©\
major

product

Saytzev’s rule.
The more substituted alkene (more stable) is favoured

16



Preparation of Alkenes.
2 Dehydration

H
HZSO4
OH 4— OH2 —_—
HgO

OH H,SO,

)\/\—>/\/\>/ﬁ\>/\/\

17



Preparation of Alkenes.
3 Hydrogenation/Reduction of Alkynes

H,, cat.
>
=

Na, NH3hq

//“\\\\\\//
//\\\\\\//

18



Introduction to Addition Reactions

“ 7 |
Addition reaction O={ + XY — —C—-C—
T
/ Y X (’ Y v
This © bond is broken. Two o bonds are formed.

e Alkenes are electron rich, with the electron density of the n bond
concentrated above and below the plane of the molecule.

e Alkenes react with electrophiles. Simple alkenes do not react
with nucleophiles or bases.

19



Thermodynamics of Addition Reactions

e Addition reactions are exothermic because the two o bonds
formed in the product are stronger than the o and n bonds
broken in the reactants.

H H H H
Overall reaction: :{:=E\ +  HBr s H—C—C—H
H H H B
AH" calculation:
[1] Bonds broken [2] Bonds formed [3] Overall AH =
AH (kcalmol) AH" (kealimol) sum in Step [1]
CH;=CH;rbond +64 BrCH,CH,—H —48 sum in Step [2]
H-Br +88 CH4CH,—~Br =68
+152 keal/mol
botal +152 kealmol total =166 keal/maol =16E Kcalimol
Energy needed to break bonds. | Energy released in forming bonds. AH" = =14 keal/imol
+

20

The reaction is exothermic.



Introduction to Addition Reactions

hydrogenation

dihydroxylation

epoxydation

oxidative cleavage

m

(@)
I

(@)
I

o

REORORS

o

Ho, cat.

0sO4
MnO4-

RCOOOH
—

Os

The r bond is broken. |

Twa new o bonds are formed,

HX

(X = Cl, Br, I)

H:0

H,S0,

Xz

cyclohexane

" (X=Clor8n

Xo, HaD

| (X=ClorBr

(1] BH,

[2] Hz0,, HO

0400

|

I =

H

» 0

o

T O
= =

hydrohalogenation

Fydration

halogenation

hakshydnrn formaticon

hydroboration—oxidation

21



Hydrohalogenation. Mechanism

CBr
H
H., ( ,-CHs H. i B
F — + ! + Br
HsC H HsC -
CHjs

Br
%CHQCHS — m}iCHQCHS

" &
Hsc CH 2CH3 — CH2CH3

Br-

22



Hydrohalogenation

transition state I ‘ transition state |
Step[1] | | Stepl2] |

transition state _ b8
sep[1) = |CHsP=¢"CHs

H H

S Y
ElMll | cHyCH,CHCH,
+ Br-

i &+ : -
transiion state _
PP kb \ Etﬂp [E] e GHEIEHE?HCHS
CH3CH=CHCH, . S Brg~

145 © CH4CH,CH(BrCH,

Reaction coordinate

+ The mechanism has two steps, so there are two energy barriers.
= Step [1] is rate-determining.

23



Hydrohalogenation — Markovnikov’s Rule

)% L X :)VCI-

not formed

® The electrophile (H*) adds to the less substituted carbon; the
nucleophile (CI-) to the more substituted one.

C') Cl
)\Jr/H > >§/H
)\\FH_C' tertiary
NS N g et
4) e Cl observed

primary
( video ) 24



https://www.chemtube3d.com/electrophilic-addition-to-alkenes-unsymmetrical-alkenes/

Hydrohalogenation - Stereochemistry

e Addition of HX to 1,2-dimethylcyclohexene forms two new
stereogenic centers.

~~.__~CHgz ,af““wf{:HS
[ l]/ HCI [ i Two new stereogenic centers
A e are formed.
S - o WY
CHs CH
1,2-dimethyl- :

cyclohexene .
4 [ * denotes a stereogenic center

25



Hydrohalogenation—Stereochemistry

CH, I
Vi : 3
N <«— enantiomers —
CHy
lor
syn l l anti anti l
i |H + ray 'H + H
Gl | Cl
A CHs CH, c ©CHs

‘ ETt— enantiomers J

enantiomers

26



Carbocation Rearrangements

I APV
" - -

T =y

secondary _ 1:Er‘t|Esr';,r

He

Groups prone to migration: H, Me, Ph 27



Hydrohalogenation—Summary

(v\
H/X Nu (X°)
) H H H  Nu (X)
/':"\ —_— G —> )_( + . .
‘\ Nu (X°)
Nu (X°)
Mechanism ¢ The mechanism involves two steps.

* The rate-determining step forms a carbocation.
¢ Rearrangements can occur.

Regioselectivity  * Markovnikov’s rule is followed. In unsymmetrical alkenes, H bonds to the
less substituted C to form the more stable carbocation.

Stereochemistry e Syn and anti addition occur.

28



Hydration—Electrophilic Addition of Water

X oF Oy H,SO, |
/C=C\ + H—-OH f?—ﬁi—_
I H OH «<——H,0 is added.
This r bond is broken. alcohol

Step [1] Addition of the electrophile (H*) to the = bond

H new bond

H 2 H )

(jﬁ“‘ HEQH: — Ot/ * RO
H H
cyclohexene carbocation

¢ The n bond attacks H;O", thus forming a new C-H bond
while breaking the H—-0O bond. Because the remaining
carbon atom of the original double bond is left with only
six electrons, a carbocation intermediate is formed. This
step is rate-determining because two bonds are broken
but only one bond is formed.

Step [2] Nucleophilic attack of H,0

e b
T R S
-
Tt B — O-H
l.
0 H H

* Nucleophilic attack of H,0 on the carbocation forms the

new C—-0 bond.

Step [3] Loss of a proton

H -
H
(:t'-, * S H
O<H + H,O: ——
T . OM
H H H -

cyclohexanol

+ H0*

¢ Removal of a proton with a base (H,0) forms a neutral

alcohol. Because the acid used in Step [1] is regenerated
in Step (3], hydration is acid-catalyzed.

29



Electrophilic Addition of Alcohols

Alcohols add to alkenes, forming ethers by the same
mechanism. For example, addition of CH;O0OH to 2-

methylpropene, forms tert-butyl methyl ether (MTBE), a
high octane fuel additive.

CH,

CH
| H,S0, ;o
et B > CHy—C-CH, < anether

fert-butyl methyl ether
MTBE

30



Halogenation - Addition of Halogens

. N/ |
Halogenation C=C + X—X > C-—C—

A

/ T \ X X =——X,;is added.
This m bond is broken. vicinal dihalide
Br2
Anti addition @ — >
Br ‘Br | Br Br |
trans Cis

(not observed)

31



Halogenation - Mechanism

epibromonium
ion

32


https://www.chemtube3d.com/ea_stereochemistry-old/

Halohydrin Formation

N/ ||
General reaction C=C + X—X — —C—C—
/oa N H,O i
T (X =Cl or Br) X OH <«—— Xand OH added
This n bond is broken. halohydrin

(/\ Ers v/.}: + { : anti addition of Br and OH

Br T OH Br .+ OH

trans enantiomers

33



Halohydrin Formation

i g ,
\ ¢ iBr CHy B
CHS \“'H CH \\\\ C _C """ H & b___ E_i
,C2=C! — 3 —— CH3—C—C-H
cH? NH CH;,/.(. A Y Hos
Hgo: L =
+ Br~ H H2b':

nucleophilic attack at the
more substituted C

CHy -é'r-
—— CH, c—c H
(3] HO: M
+ H,0*

34



Halogenation and Halohydrin Formation

Cx
. ’ XD X; /
A > ',' 3 > o *
{ Nu (X°)
Nu (X°)
Mechanism * The mechanism involves two steps.

* The rate-determining step forms a bridged halonium ion.
* No rearrangements can occur.

Regioselectivity Markovnikov's rule is followed. X* bonds to the less substituted carbon.

Anti addition occurs.

Stereochemistry

35



Hydroboration - Oxidation

i.BH3

i.H>O», OH"
>
HO H

anti-Markovnikow
stereoselective (sin addition)

36



Hydroboration - Oxidation

H CHs H™

) " "CHa a HQCHs a_ HQC%
H,B—H H,oB- -H

_>

1-methylcyclopentene trans, secondary alcohol

J T

— g

HBH, BH,
~ sterically not
hindered observed



https://www.chemtube3d.com/organomaingroupchemboron-hydroborationaddnboronhydridestoalkenes/

Hydroboration - Oxidation

Alkylboranes react rapidly with water and spontaneously burn when
exposed to air; they are oxidized, without isolation, with basic hydrogen
peroxide (H,0,, OH).

H,0,, OH"
CH3-CH2-CH2-BH2 > CH3-CH2-CH2'OH

Oxidation replaces the C—B bond with a C—0O bond, forming a new OH
group with retention of configuration.

. _ o0—BY
I_I\ G / ~

0—0 - H Co—B'- H HO H

/

38



Hydroboration - Oxidation

® The overall result is syn addition of the elements of H and OH
to a double bond in an “anti-Markovnikov” fashion.

OH i. BH;

H,O, H* ii. H,O
I —— /\)\ P L 22 AN ~OH
Markovnikov anti-Markovnikov

. HI H, i BH, H
[ I H2O’ H o o [ ][ ii. H202 (j\“\
—_— + —_—
OH OH

syn anti syn

39



Hydroboration - Oxidation

Observation

Mechanism ¢ The addition of H and BH, occurs in one step.
* No rearrangements can occur.

Regioselectivity

Stereochemistry Syn addition occurs.

¢ OH replaces BH, with retention of configuration.

The BH2 group bonds to the less substituted carbon atom.

40



Alkenes in Organic Synthesis

L:jﬂH » [/\I Br

" Rr
cyclohexanol 1 2-dibromocyclohexane
starting material product

To solve this problem we must:

+ Work backwards from the product by asking: What type of reactions introduce the
functional groups in the product?

* Work forwards from the starting material by asking: What type of reactions does the
starting material undergo?

AL OH . B
[ =3 L
..""\-\.-'"-. H'-\.______.--" Er
eyclohexanol 1,2-dibromocyclohexane
Work forwards. Work backwards.
What reactions How are vicinal
do aleohols undergo? dihalides made?
? ?

41



Alkenes in Organic Synthesis

Working backwards: Working forwards:
[1] 1.2-Dibromocyclohexane, a vicinal [2] Cyclohexanol can undergo acid-catalyzed
dibromide, can be prepared by the dehydration to form eyclohexene,

addition of Br, to cyclohexene.

| B OH
Q| = O Ol
7 B

cyclohexene 1,2-dibromocyclohexane cyclohexanol cyclohexene

Cyclohexene is called a synthetic intermediate, or simply an intermediate, because it is the
product of one step and the starting material of another. We now have a two-step sequence
to convert cyclohexanol to 1,2-dibromocyclohexane, and the synthesis is complete. Take note of
the central role of the alkene in this synthesis.

A two-step synthesis
___..-"'-\""-u._\_\_h __.DH ___-"".-H"\-\._ ___,-"-"'--\._\_L - Br
[ { HEED-':I- ] Erg I T
—— | — |
'-H_h___f-"' -\HH"'-\.:-"—; h“-x.-""’.llhﬁ Br

T

a synthetic intermediate



Oxidation and Reduction

Oxidation: increase of C—O bonds or decrease of C—H bonds.

Reduction: decrease of C—O bonds or increase of C—H bonds.

Oxidation

Increasing number of C=0 bonds

H H H
. O | o O
He-H s H-f-OH =l :E:D = Vody Sl Satad
H [H] H [H] H [H] HO' Ml most oxidized
most reduced form of carbon

form of carbon
Increasing number of C-H bonds
Reduction

alkene alkane

Increasing number of C-H bonds
Reduction

43



Catalytic Hydrogenation

Hydrogenation—General reaction

N | |
!:',:1: <+ H-H e e e
/ T N metal I
catalyst H H +—H,is addad.
weak = bond alkane

e The addition of H, occurs only in the presence of a metal catalyst

(Pd, Pt, or Ni) adsorbed onto a finely divided inert solid, such as
charcoal.

e H, adds in a syn fashion.

Examples H»,h ,;“ H, I:{ ITI
1] C=C — H"_?-_?_H
H H Pd-C H H l=—H, is added.

CH
..-""h EHE H::- g 48 .Hﬂ
2] | L «——syn addition of H,
o, PdC L H 44
4 CH,



Catalytic Hydrogenation

H> activation e —— o syn addition W
H+H > /6)(ﬂ >
I\ 24 H H
A T)(H

AN | ’

45



Catalytic Hydrogenation

* Rapid, sequential addition of H, occurs from the side of the alkene complexed to the
metal surface, resulting in syn addition.

*» Less crowded double bonds complex more readily to the catalyst surface, resulting
in faster reaction.

%, Increasing rate of hydrogenation
R H R H R R R R
E_E E:_Eu :’E_dﬁ. G_E
H H H gl R H R R
most reactive least reactive
g
Increasing alkyl substitution

46



Catalytic Hydrogenation

e When unsaturated vegetable oil is treated with hydrogen, some or all of
the n bonds add H,. This increases the melting point of the oil.

e Margarine is prepared by partially hydrogenating vegetable oils to give a
product with a consistency that more closely resembles butter.

O
Remainder of the | é
lnawuweml '\-..D.- -\-\._\__.--' '\-\.__ ]\ f
= 2 n bonds — lowear melting point
Add H. to one = bond only. = 3 allylic C's — mora suscaptible to oxidation
3 {1 equw:
Pd-C
O
Remainder of the L'II ) ; _ R ) _
Hl“ylglfcﬂml " -D .\,_._..__- H""H.--". -_.V.___. .-""-\.\_..-"- i, - ."".._ "'-.H

L?LH * 1 x bond — higher melting point
I-'I. ".H H » 2 allylic C's — less suscaptible to oxidation

= an alllic carbon—a T adjacent fo a C=C

+ Decreasing the number of degrees of unsaturation increases the melting point.

* When an oil is partially hydrogenated, some doubla bonds react with H,, wheraas some doubla
bonds remain in the product.

+ Partial hydrogenation decreases the number of allylic sites, making a triacylglycerol less

susceptible to oxidation, thereby increasing its shealf life. 47



Catalytic Hydrogenation

* Hydrogenation of alkenes is exothermic
* The heat of hydrogenation, can be used as a measure of the

relative stability of two alkenes.

cis alkene

trans alkene

CHaCHoCHoCHg
Fs

same product

¥
CHLCHoCH,CH;

CH, CH,
I 4 H,
i
H H FPd-C
CH; H
o/ H,
C=C -
H CH, Pd-C
more stable =«

starting material

AH® = -28.6 kcal/mol

AH" = —27.6 kcal/mol

Y

Less energy is released.

48



Oxidations

Oxidizing agents:
Reagents containing an O—O bond: O,, O;, H,0,, ROOH,

RCOOOH.
® Reagents containing metal-oxygen bonds: Cr(VI), Mn(VII),

Os(VIII).

Reactions: 5
A
—p =iy, epoxidation
7N pe
Xe ./ iy o
Alkenes C=C = —C—-C— dihydroxylation
AL [
\ _—
— (=0 + 0=C oXxidative cleavage

49



Examples

Epoxidation

H H 0
s 1]

C. \
A CH; O—0OH H"f
peroxyacetic acid

50



Epoxidation

One step: all bonds are broken/formed in a single step

R (0]
\K R 0, R O\
\ s N \H/ "
{(_H : H

] 'l O
o:/ O,

O\
9
o O
’ \
. - P
v \) ’ \
“, S o ' \ e
//_\\ . RO\ — > . W l111,,,.

epoxidation and halogenation have similar mechanisms

/

P |

.
Lot
Y

Br
Br*
17 \
‘e \Q’ ’ \
“ S LN
/—\\ > s — . 1 I,

¢
)



https://www.chemtube3d.com/electrophilic-addition-to-alkenes-oxidation-of-alkenes-to-form-epoxides/

Epoxidation

One step: all bonds are broken/formed in a single step

R o) *

R O
: H

:
o ‘
,
~N v
~ ’

' 2
v O
’ A}
. - roa
‘, > ‘ v
7, N o ’ v e
77— > R s — > ) i,

Epoxidation is stereospecific.

m-CPBA PNy Mw

T e o it

52



Dihydroxylation

Dihydroxylation—General reaction

1.2-diol or glycol

l cizg-1.2-diols - l
i o H - ) N H
; . KM i B [7] Crslay =
Syn dihydroxylation U B \/]:; ‘ {fj_ NS TS (;J:H
cig=1 2-cyclohexanadiol cig=1 2-cyclopentanedicl
frans-1,2-diols
o e OH o~ o
. . =~ 1] RCOsH i i
Anti dihydroxylation | Biis e & +
e 2 “:"’”";’GH WH

— enantiomers —‘l 33



Syn Dihydroxylation

Two O atoms are added o the
same side nf the C=C.

syn o, ©
et . . MnV

H ) ( H \\ OH O
%N AP “Mn
g Mn D"'::r H"‘\-D_
o o ms-LE-dml
syn NaHSO; HO§O O
Q addition HO TN
' 9 ) ) o° ©
) o_ 0o OH OH
o, 10 g
Xk R
75 o 0



https://www.chemtube3d.com/ethene_oso4/

Anti Dihydroxylation

H,O
—

j
ﬁ

H O H OH

Q RCOOOH / _
y y \ enantiomers

T

©
s
N6

OHH OHH

55



Oxidative Cleavage

eOxidative cleavage of an alkene breaks both the ¢ and = bonds of

the double bond to form two carbonyl compounds. Cleavage with
ozone (O3) is called ozonolysis.

R HH O] R R
%, 5, /
Oxidative cleavage Cc=C —— P:D + 0O=C
n T H 3 H
The ¢ and n bonds ketone aldehyde
are broken.
Examples CH?’__ I-H (1] 0; CH{:; ;"H
;F‘:: E\ [E] znl HE":I _.'G D + ':l G\
CH, CH, CH, CH,
! t
ketones aldehydes
' }
T H . H
..__r' : ..__- [-I] Ga . ._,-" .'-I-_ B
\__ /& TEoascRy \ /0t 0% %
- : ~



Oxidative Cleavage

e Addition of O5 to the n bond of an alkene forms a molozonide,
which rearranges to an ozonide in a stepwise process.
e The unstable ozonide is reduced to afford carbonyl compounds.

The key intermediates in ozonolysis

C=C — "'}C—C”' — = = Ricn 8 C=0: + :10=C
;"}I'-"l ‘\ » _..l" l.“. \ / or we - \
addition :0_ _O: :0—0: CH,SCH4
L Nes T o by-product:
0.+ 08 Zn(OH), or (CH4)»S=0

ey molozonide ozonide

57



2C=C's

Oxidative Cleavage

?
1 5
e

58



Polymers and Polymerization

e Polymers are large molecules made up of repeating units of smaller
molecules called monomers. They include biologically important
compounds such as proteins and carbohydrates, as well as synthetic
plastics such as polyethylene, polyvinyl chloride (PVC) and polystyrene.

e Polymerization is the joining together of monomers to make polymers.
For example, joining ethylene monomers together forms the polymer
polyethylene, a plastic used in milk containers and plastic bags.

Ethylene K B F
monomers CHz2=CHz +  CH,=CH, + CH,=CH,
l polymerization
Polyethylene [ B y
polymer : GH?CHEiDHEGHE'CHECHE § = %M%%

three monomer units joined together

Polyethylene
(PE) 59



https://www.chemtube3d.com/_polyethylenef/
https://www.chemtube3d.com/_polyethylenef/

Polymers and Polymerization

e Many ethylene derivatives having the general structure CH,=CHZ
are also used as monomers for polymerization.

e The identity of Z affects the physical properties of the resulting
polymer.

e Polymerization of CH,=CHZ usually affords polymers with Z
groups on every other carbon atom in the chain.

CH,=CHZ + CH,=CHZ + CH,=CHZ
l polymerization

l I |
Z Z Z

three monomer units joined together
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Polymers and Polymerization

Radical Polymerization Cationic Polymerization

(with a radical initiator, e.g. RO-OR) (with a Broensted or a Lewis acid
e.g. AlCI, TiCls)

R@Q)R i» R—O.Jé RO\)- Initiation A_Hr/—i H\)+
Ro\)_,é Ro\)\), Propagation H\)Z H\)\)+

‘-\_‘_‘). . - k\)w/-\k Termination ‘»\7) H R‘ﬂ)
\I\J(ﬁ"'\ H-’A - =
H

The more substituted radical/cation always adds to the less substituted
end of the monomer, a process called head-to-tail polymerization. ¢



Polymers and Polymerization

)\)\)\)\/’\)\)\)\)\/’\)\)\/ isotactic (TiCl;, AIEt,CI)

sindiotactic (TiCl,, AIR;)

atactic (TiCl;, AICI5)

Cationic polymerization - Ziegler-Natta catalysts

62



Polymers and Polymerization
Common Industrial Monomers and Polymers

Monomer * Polymer Consumer product

AT
Faat'e

CHy=CHCI —
vimyl chioride | | cl cl
poly{vinyl chloride)
PVC

P
CHo=CHCH; —— E.:f“‘w._i_,-""“‘. m
prOpens CH, CHy OCH,
polypropylena

palypropylene carpeling

e /T“ ?
{:H2=I3H=4<:\ ¥ — r" 3 -’ﬁl““/

i
styrene ‘—“"f

Pulrﬂt‘:'rann

Styrofaam producks

O Tha McGraw-Hill Companies, Inc/John Thoaming, photographes:
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Esercizio

Un composto di formula bruta CsH12 reagisce con ozono, in presenza di zinco,
per dare 2 molecole di aldeide propionica (CH3CH>CHQO) e reagisce con i
peracidi organici per dare un prodotto non chirale. Risalire alla struttura del
composto incognito.

CeH12 ha grado di insaturazione = 1: pu0 essere un alchene lineare o un
cicloalcano; reagisce con O3, quindi é un alchene.

riconnessione del
doppio legame /\/r
O3, Zn /\&%4\/ > &~ oppure =

C5H12 _—

RCOOOH
(epossidazione)

H H
chirale meso
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