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Two conformations of 1-methylcyclohexane
axial CH;

. CH,

equatorial
CH,3

But there are two ways of drawing the chair cyclohexane form.
(one with CH4 axial, one with CH5 equatorial)

These two conformations can be converted to each other
through a cyclohexane "chair flip"
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CH2:CH—CH:CH—CH3

1,3-Pentadiene

1 2 3
CH2:CZCH2
Propadiene 3 4
2
1 2 3 4
CH,—=C—CH—CH, 1
CI:H3 5-Phenyl-1,4-Cyclohexadiene
2-Methyl-1,3-Butadiene A
HO 3 _CH;
1 2 3 4 5 6 5
CHZ:?_CH:CH_C:CHZ
| 1 2

CH,4 Cl
5-Chloro-2-Methyl-1,3,5-Hexatriene

5-Hydroxy-3-Methyl
-1,3-Cyclopentadiene
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Diels-Alder Reaction (avery important reaction)

Reaction between a conjugated diene and an akene (dienophile) to give a cyclohexene

+

/

<1 — O] — O
=

Diene  Dienophile cyclohexene

The Diels-Alder reaction is favored by electron withdrawing groups on the dienophile and electron
donating groups on the diene.
Good Dienophiles:

bt LA L

ethylene

(unreactive) conjugated carbonyls (aldehydes, ketones and esters)

0
? C/,/N CO,R
° [
O 0

Mechanism: Pericyclic Reaction- proceedsin asingle step viaan "aromatic” transition state.

O] 00 0-0

Diels-Alder Benzene
Transition State

The diene must adopt an s-cis conformation to be reactive:

S — C

s-trans s-Cis
(unreactive conformation) (reactive conformation)

Endo vs. Exo Transition State: Generally, the endo transition state is favored.

é exo
— —_— minor
2 H
H
é. endo é%H .
N _— major
<J; \

Stereochemistry: In pericyclic reactions, the stereochemistry of the reactants is preserved in the product.
Recall the cylcopropanation of akenes by carbenes which is also a pericyclic reaction.




CHyl,,

CH,l,,
R/\/R _’Zn(Cu) H'";&I\R

RN 20w
R

Hln..A‘\nH
04

R H R R
R groups are trans R groups are trans R groups are cis R groups are cis
in the reactant in the product in the reactant in the product

Dienophile: Groupsthat are cis on the dienophile will be cis in the product; groups that are trans on the
dienophile will be transin the product.

EndoTS:
_ - H
—
MR
LR y ( - Q = :
S | X Ly
/ H H
o H o o ) o
cis dienophile Endo TS H's are cis
< R
.‘\\\H
=~ H R =
% s | g i (:I“'
H "
S H © o " "0
trans dienophile Endo TS H's are trans
ExoTS:
H
(/ H "
-
R —_— R - ’.
74 — H ) vy ]/
H / o
) 4 /‘ O
cis dienophile groups are cis
R
< , a
\ =
> H H
’ " Xd
H
d o] @)

trans dienophile groups are trans

Diene:
B
N In the s-cis conformation:
A= inner rim of diene
> A

B= outer rim of diene



Groups on the inner rim of the diene will be cis in the product and groups on the outer rim of the
diene will be cisin the product:

B 0
X
+ | o —> +
XA H/ .
B © 5 "
Endo TS Exo TS

In the product, the groups of the dienophile that are endo in the transition state will be cisto the
groups on the outer rim of the diene (in the s-cis conformation) .

Regiochemistry: The regiochemistry of the Diels-Alder reaction is determined by the position of the
electron donating groups of the diene, and is fully understood by molecular orbital theory. It may
be easier to explain by simply looking at the resonance structures of the diene and dienophile.
Typical electron donating groups on the diene are ethers, amines and sulfide; all have a non-

bonding pair of el ectronsto donate.
+

\ QCHs OCHs _
(7 ! 4

B e
C [ e

The regiochemistry of thisDiels-Alder reaction is explained by looking at the dipolar resonance

structures. The electron-rich carbon of the diene forms a bond with the el ectron-poor carbon of the

dienophile.
OCHj

S <ﬁé@k*br

electron rich electron poor not observed

When the electron donating groups is at the 2-position of the diene
H, N.
T —"C
£
(ﬁ @* @Y

)

electron rich electron poor not observed

N.K. Dunlap and C.J. Rizzo (revised 12/97)
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Definitions

Polymer — A very long molecule
composed of repeating units
connected by covalent bonds

Monomer — A repeated unit in a
polymer. The reactant for the
polymerization reaction.

Classifications

Thermoplastic
Elastomer
Thermoset
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Thermoplastics
Linear or branched polymers which
can be melted when heat is applied.

Can be molded into any shape with
processing techniques such as
injection molding or extrusion.

Most common “plastics”

Thermoplastics
Plastics — bottles, grocery bags, water
piping, rope, fishing line, car parts
Most are recyclable

Natural thermoplastics — silk,
cellulose (proteins), polylactic acid



Polymer chemistry

2]

Codes for Plastics ey

1 — PETE — soft drink bottles
2 — LDPE - plastic bags, toys
3 — PVC — water pipes

4 — HDPE — milk jugs

5 — PP — bottle caps

6 — PS — styrofoam
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Elastomers

Crosslinked (networked) rubbery
polymers that can be stretched easily
(3-10x original size)

Rapidly recover original dimensions
when applied stress is released.

Low degree of
crosslinking

Elastomers
Uses — examination gloves, rubber
bands, bouncing balls
Not recyclable
Degrades (burns/scorches) when
heat is added
Natural elastomers — natural rubber,
latex
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Thermosets

Normally are rigid materials.

Network polymers in which chain
motion is greatly restricted by a high
degree of crosslinking.

Cannot be reshaped I

once formed. TN L 2
f NTN—TF

—~Y } A , T
epoxy :Vj‘-- 7, S0 g 3

N 1
) S,
7 . AL

<
~

Thermosets

Uses — high temperature electrical
applications, super glue, counter top
laminates, epoxy resins, tires
(vulcanized rubber)

Cannot be recycled (burn/scorch with
heat)

Natural* thermosets — vulcanized
rubber
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Polymer Chemistry

Part 2
Polymer Synthesis

Polycondensation

Reactions in which small
molecules (H,O, HCI) are
eliminated when the monomers

combine.
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|
Condensation Polymerization
Formation of polyethylene terephthalate (PET)
By Mohan Karulkar (Kkarulkar@uiuc.edu)
o o
Il Il
HO—C C—OH
€
Y|

Polyaddition

Reactions in which monomers
combine without the elimination of
a small molecule.

Usually involves the breaking of
a double bond.
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Polyaddition with Radicals

Initiation — Creation of an active
site (free radical).

Propagation — Growth of polymer
chain by addition of a monomer to
an active site and the creation of
a new active site.

Polyaddition with Radicals

Termination — Growth of chain
stops.
Combination — Two growing
chains collide.
Disproportionation — A
hydrogen atom is added to the
end of a growing chain.
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Polymeric material:

Up to this point we have studied
the properties of small molecules.
However, life is fall with
extremely large molecules. The
basic molecules of life starch,
cellulose, proteins and nucleic
acids are formed of large number
of repeated similar or unsimilar
small molecules weight unites.
Such  molecules are called
polymers a term introduced by
Berzelius in 1830. We will now
look at how such polymers can be
making and examine some of
their characteristics then will look

into molecules of nature.
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Monomers and polymers:

If we look at polymer poly lactic acid we
can readily note that it is composed of
units and Should have resulted from
consecutive esterification of carboxylic
group of that acid with its hydroxyl

group.

O

The process by with polylactic acid is
formed from lactic acid is called
polymerization. Lactic acid is thus a
monomer and when self-condensed it
produces a dimmer and the letter when
condensed with further one molecule it
produces a trimmer.



Polymer chemistry

O
Eo\r—/”\'; 330 |O |CI
o+ o L S W
T |
o}

Lactic acid
l Sewveral timas

kowj\oj\g,owj\oi\g o\(ﬁ;l

Poly Lachic acid

Linear and branched polymers:

1. Linear polymers: Derived from

monomer that have only two
possible attachment points.

2. Branched polymers: These are

polymers that has three or four
attachment points
* A three dimension network of

chemical bonds in a polymer
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generally leads to a material that
is less harder and less flexible
than the corresponding linear
polymer with similar functional
groups. Polymers can also be
made from mixtures of different
monomer, which one unite having

three bonds and other only two:
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Types of polymerization:

The chemical transformations that
result in polymers can be divided
into two major classes:

(A)- Condensation polymerization:

As an example OH fraction in
hydroxy acid can condense with its
carboxulic group producing
polyester via elimination of water.

(B)- Addition polymerization: This

results ferom addition of one
molecule to another link can of
polyethaylene.

Plastics:

Since the dawn of history,
humankind has endeavoured to
develop materials offering benefits
not found in natural materials. The
development of plastics started
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with the use of natural materials
that had intrinsic plastic
properties, such as shellac and
chewing gum. The next step in the
evolution of plastics involved the
chemical modification of natural
materials such as rubber,
nitrocellulose, collagen and
galalite. Finally, the wide range of
completely synthetic materials
that we would recognise as
modern plastics started to be
developed around 100 years ago:

Types of plastics:

* There are many different types of
plastics, and they can be grouped
into two main polymer families:

e Thermoplastics (which soften on

heating and then harden again on

cooling).
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e Thermosets (which never soften
once they have been moulded).

Examples of Thermoplastics Examples of Thermosets

Acrylonitrile butadiene styrene (ABS) Epoxide (EP)

Polycarbonate (PC) Phenol-formaldehyde (PF)

Polyethylene (PE) Polyurethane (PUR)

Polyethylene terephthalate (PET) Polytetrafluoroethylene (PTFE)

Polyvinyl chloride {PVC) Unsaturated polyester resins

Polymethyl methacrylate (PMMA) (UP)

Polypropylene (PP)
Polystyrene (PS)
Expanded Polystyrene (EPS)

Poly ethylene:

olmerization
n CH,=CH, _" - A{CHI-CH%—
n

polyvethylene
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Mechanism:
homolytic fission . 200 .
RCOOOOCR » 2RCO0 72 o R
R + CH>=CH, R-CH,-CH,
l nCH,=CH,

Rﬁ{» CH;—CHZ-CHZ-finJ_
n

l R
R4[~ CH,-CH,-CH,-CH;, <]>R
n

Polyvinyl chloride (PVC):

Polyvinylchloride can be prepared from:

1- From acetylene:

HO=CH + HC > HO=—0

2- From dichloroethylene:
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¢l Cl Cl

| ale. KOH |
H,C—CH » H,C—CH
2 2 T el ‘

Preparation of polyvinylchloride:

Cl { Cl w
“HZC:(‘;H polymerization _ [ HyC— (.[‘.H J
n

Polystyrene:

Y

F"h [ Ph "
olymerization
NH,C=—CH — [

Polytetrafluroethylene:

F F F F
| | polyvmerization [ | |
n Cc——C C C
[ ] LT ] L
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Polyacrylic acid:

COOH " COOH
n HyC— C|:H polymerization - LHzci ClH
n

Polymethylacrylate:

COOCH;
‘ polymerization

nH,C—C¢CH

Y
_I_
o]
O
]
I

Thermosetting Plastics:

(Backalite) (Backland 1908)
1-Phenol-aldehyde plastics:

Prepared from formaldhyde with phenol:
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OH OH
H o H

I

C
J “HLO
H>

C

polymerization

|
RS

Backalite

OH

2-Urea or Amino Plastics:
Prepared form condensation of urea
with formaldehyde:
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H
NH, O=<
H

NH» H
o—(
H
polyvmerization
-2H,0O
A\
_ Hy -
N C
Co
H>
N
L in
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Rubber

1-Natural Rubber:

The natural rubber is formed from

isoprene units (CH), so it called
5 n

8
polyisoprene:

l polvmernization [ J
S = — el T T e
- = — S
= = i

2-Synthetic Rubber:

a-Neoprene Rubber:

T

m HC ——C .C_.:—CHz

l PrPolsymacrization
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b-BuNa-s Rubber:

The BuNa-S rubber was formed by Bayer
company since 1935 from the
polymerization reaction between 1,3-
butadiene and styrene in the presence of
sodium metal as catalyst.

Na polyvmerization

4 Fl’h L
Ho Ho Ho
c -c—c—c —c—

H H =
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c-BuNa-N rubber:

The BuNa-N rubber was formed by the
polymerization reaction between 1,3-
butadiene and acrylonitrile in the
presence of sodium metal as catalyst.

CN

I
n Hzc:ﬁ_ﬁ:CHz -+ n HC——CH>

Na | poelyvmerization
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d- A.B.S. Rubber:

The A.B.S. rubber was formed by the
polymerization reaction between
acrylonitrile, 1,3-butadiene and styrene
in the presence of sodium metal as
catalyst.

(iJN Fl’h
n HC——CH; + n H2C=ﬁ—ﬁ=CH2 +~ n HC——CH,

Na | polymerization
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Synthetic fibers

Activity 1: Complete the chart on Fibre Classification.

Fibres

Fibre Classiieation

~ O\

Natural

7\

Man-Made

RN

Plant Animal Regenerated Synthetic
Hem Wool Acetate Polyester
Cotton Argon Rayon Acrylic
Linen Silk Nylon
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OH
CH, OH H o
G

ny ﬁ—o\é— o8 (fm—i{\cﬂ*
OH H
J\:C_(II:/H ﬁ\?_o/l_

—0 4 |—O -
H OH CH, OH
— — n
oC
e Re— CO0— salt bridge NH;— ca\
HN\ NH
co cc(
/ \
Rg—CH /’HC’-—-R5
\NH HN
e \
oc co
N\ H c s ca/
CH—— CH,— S§—— S—— CHj
/ . N
HN Cysteine Linkage NH
\co co/
/ - + \
CH R7 Cco0 NHa R7 CH
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@) @

| I
HO—C——"F+—C—OH + HN—{_1+—NH,
a dicarboxylic acid a diamine

l

i I !
C— C—N—EI—N—}

a polyamide

I
[

n

o
I I
HO—C—{_1+—C—OH + HO—{_1+—OH

a dicarboxylic acid l a dialcohol
O
I

[(”: ] C—O—:I—O}
n

a polyester
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—HCH—CH g
C=N

—HCH —CHAR—HCH —CHg
C=N

SAN
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0 0
| |
ch—oJ A—D—CHg + H—0—CH,—CH,—OH

0 0
i @
— > CH;—0 —0—CH,—CH,—0H + H—0—CH;

(8] @) ] O
I ]

1 1)
~C-(CH2)4-C-N-(CH2)g-N - C-(CHz)q-C—f‘ld-(CHst-f;J -
|
H H H H
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COTTON wooL MAN-MADE FIBRES
¥ L] [}
singeing pre-washing felting dry-cleaning heat setfing washing
desizing anti-felfing carbonization washing washing heat sefting
scouring hydrofixation
(Ker boling) carbonization (crabting) bleaching
bleaching h{g{gﬂﬁﬁ‘;” fabric ready for
dyeing, printing
mercenzing
fabric ready for
dyeing, printing

fabric ready for
dyeing, printing
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NYLON 6,6:

Nylon 6,6 is made of
hexamethylenediamine and adipic
acid, which give nylon 6,6 a total of
12 carbon atoms, and its name.

0 0
| |
nH,N~(CH,),~NH, + nHO-C~(CH,),-C-OH —>
Hexamethylene Adipic acid
diamine

H H 0
|

—N—(CH ) N—C—(CH)—C—
O

MNylon-66 n
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Petrochemicals

These processes which use petroleum or
natural gas or its derivatives to produce
many of chemical compounds are called
petrochemicals.

Steps for manufacture of
petrochemicals:

First step:

Convert petroleum derivatives as
methane, ethane, butane and naphtha
to basic petrochemicals as methanol,
ammonia, ethylene, propylene,
butadiene and benzene.

Second step:

Production of intermediate
petrochemicals by conversion of basic
petrochemicals to intermediate



Polymer chemistry

petrochemicals as vinyl chloride and
ethylene oxide.

Third step:
Production of final petrochemicals by
conversion of intermediate

petrochemicals to final petrochemicals
as polyethylene, polypropylene, PVC.,
and polystyrene.

Fourth step:
Production of consumed materials by

conversion of final petrochemicals to
consumed materials as plastics and
water bottles.

Petrochemicals from Methane:

1- Synthesis gas:

CH; + H,0 ——-------——-- 3H, + CO
CHs-CH,-CH3 + 3H,0 ----------- 7H, + 3CO
2CH4 + O3 ----===-===-- 4H; + 2CO
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2- Methanol:

(o] 1 o] - [— HCHO
(o] o | - [E— CH:COOH
Insecticide:
cl
+ Clz —_
cl
cely
Cl,e—CHO + 2 —_— C|C|
H
D.D.T

dichlorodiphenyl-trichloro ethane
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Synthetic Fibers:

1- Acrylic fibers:

CN

FeSO, Hy |

n H,C—=C—CN > C—C
H H,0, H Ip
Arolon (Acrylic)

2- Polyester fibers:

OH OH
HOOC COOH + | I
H,C CH,
o)
H, H, I Hy
HO—C —C —0—C C—O0—C—C —OH
| 2
0

lpolymerization

o
|

H, H
0—02—02—0*4 c—o—c—gz—o
| H2
0
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3-Nyloné6,6 fibers:
COOH
H,/Ni oxid.
—_ _—
COOH
Adipic acid
NH;
CH,NH, u CN COONH,
2 -2H,0
CH,NH, CN COONH,
hexamethylenediamine Adiponitrile
COOH CH,NH,
+
COOH CH,NH,
-H,0
polymerization
Y
H H
(CH2)4—[_N_(CH2)6_N
n
(0] (o)
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