ojolol | AoupAg | uopuoT | Sprox meN

*ou] ‘su0g Pue ASJIA UYOf JO UOISIAI B ‘90uaIosIalU] -AS[IM

uoIp3 PuOs

JINIIIS ¥IWA104 40
10091X31

oo Moy ‘Aoa) ‘apmansy] JUYAA[04 JBPSSURY

‘faysiuayy [enAjeuy jo 105sj0id

A YIAIWTHE M (34

Find authenticated court documents without watermarks at docketalarm.com.

DOCKET
LARM

A



https://www.docketalarm.com/

Copyright © 1962, 1971, by John Wiley & Sons, Inc.
All rights reserved. Published simultaneously in Canada.

No part of this book may be reproduced by any means,
nor transmitted, nor translated into a machine language
without the written permission of the publisher

Librafy of Congress Catalog Card Number: 78-142713
ISBN 0 471 07296 6
Printed in the United States of America

10 9 8 7 6 5 4 3 2 1

Noven Exhibit 1046

Noven v. Novartis and LTS Lohmann
" IPR2014-00549

2 of 33

Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

D
A

OCKET

LARM

Radical Chain (Addition) Polymerizatioy

A. Chemistry of Vinyl Polymerization

The polymerization of unsaturated monomers typically involves a chain
reaction. It can be initiated by methods typical for simple gas-phase chajp
reactions, including the action of ultraviolet light. It is susceptible to retarda-
tion and inhibition. In a typical chain polymerization, one act of initiation
may lead to the polymerization of thousands of monomer molecules.

The characteristics of chain polymerization listed in Table 8-1 suggest
that the active center responsible for the growth of the chain is associated
with a single polymer molecule through the addition of many monomer units.
Thus polymer molecules are formed from the beginning, and almost no
species intermediate between monomer and high-molecular-weight polymer
are found. Of several postulated types of active center, three have been found
experimentally: cation, anion, and free radical. Free radical polymerization
is discussed in this chapter, and the related cases of ionic and coordination
polymerization are described in Chapter 10.

The concept of vinyl polymerization as a chain mechanism is not ncw,
dating back to Staudinger’s work in 1920. However, an alternative mecha-

nism of astepwise reaction involving hydrogen transfer was seriously considered -

as late as 1936. The controversy was largely settled by Flory’s analysis of the
kinetics of vinyl polymerization in 1937. He showed conclusively that radical
polymerization proceeds by and requires the steps of initiation, propagation,
and termination typical of chain reactions in low-molecular-weight specics,

v

Viuyl monomers

Electronic structures of organic compounds As noted in Chapter 1C, mast ;
organic compounds involve covalent or shared-electrori bonds. Single covi-
lent bonds have bond electrons which are distributed within a considerable -
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RADICAL CHAIN (ADDITION) POLYMERIZATION 281

volume of space between the two nuclei and symmetrically about the line
connecting them. In a double bond, the presence of the second pair of
electrons destroys the axial symmetry, modifying the volume within which
the electrons are found to a ribbonlike band between the nuclei. As a result
there is a high energy barrier preventing free rotation, and cis-trans isomers
become possible. The fact that the second electron pair is held only about
70% as firmly as the first leads to high polanzablllty and chemical reactivity
in unsaturated compounds.

The positions and reactivities of the electrons in unsaturated molecules
are subject to several geometrical and electrical influences. Mesomerism and
resonance are used to explain certain facts, such as the equivalence of the
reactivity of all the hydrogen atoms in benzene. The presence of strongly
electropositive or electronegative groups in a molecule may cause an inductive
shift of electrons.. In chloroacetic acid, e.g., the shift of electrons toward the
chlorine atom effectively increases the strength of the acid:

i
Cl « CH, C « O«—H
A further effect is purely electrostatic in nature: if, e.g., an atom or group of
atoms is substituted for a hydrogen atom adjacent to a double bond, the
electrostatic force exerted by the electrons of the substituent on those of the
double bond affects the reactivity of the molecule.

The end result of these influences is that the reaction of the double bond
with a free radical proceeds well for compounds of the type CH,=CHX and
CH,=CXY, called vinyl monomers. (Monomers in which fluorine is substi-
tuted for hydrogen may be included in this class.) The polymerization of
monomers with more than one double bond is considered in Chapter 12.

Not all vinyl monomers yield high polymer as a result of radical poly-
merization.. Aliphatic hydrocarbons other than ethylene polymerize only to
oils; 1,2-disubstituted ethylenes not at all. Among compounds of the type
CHz=CXY those in which both groups are Iarger than CHj; polymerize

slowly if at all

Mechanism of vinyl radical polymerization

Generation of free radicals Many organic reactions take place through inter-
Mediates having an odd number of electrons and, consequently, an unpaired
tlectron.  Such intermediates are known as free radicals. They can be
8enerated in a number of ways, including thermal decomposition of organic
Derox1des or hydroperoxides (Mageli 1968) or azo or diazo compounds (Zand
1965).  Other modes of generation of free radicals, occasionally used to
g’ltlate polymerization, include photolytic decomposition of covalently
onded compounds (photoinitiation, Section B); dissociation of covalent
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282 POLYMERIZATION

bonds by high-energy radiation (Chapter 12F }; oxidation-reduction reactions
(redox initiation, Chapter 12B); and electrochemical initiation (Friedlander
1966; Funt 1967).

Two reactions commonly used to produce radicals for polymerization
are the thermal or photochemical decomposition of benzoyl peroxide:

(CHCO0), —— 2CH;CO0- —— 2CeH;* +2CO,
and of azobisisobutyronitrile:
(CHs)ZCN:N(l:(CHa)z —— 2(CH3),C + N,
| I

CN .CN CN

The stability of radicals varies widely. Primary radicals are less stable
and more reactive than secondary radicals, which are in turn less stable than
tertiary ones. (Some tertiary radicals, such as the triphenylmethyl, can be
isolated in the solid state without decomposition.) The phenyl radical is more
reactive than the benzyl radical, the allyl radical is quite unreactive, and so on,

Initiation When free radicals are generated in the presence of a vinyl mono-
mer, the radical adds to the double bond with the regeneration of another
radical. If the radical formed by decomposition of the initiator I is designated
R,
I—— 2R H
l

R: + CH,—CHX —— RCH,C-
|

X

The regeneration of the radical is characteristic of chain reactions.

Evidence for the radical mechanism of addition polymerization comes
not only from the capability of radicals to accelerate vinyl polymerization
but also from the demonstration that the polymers so formed contain frag
ments of the radicals. The presence of heavy atoms, such as bromine of
iodine, or radioactive atoms, in the initiator has been shown many times tc
lead to polymers from which these atoms cannot be removed.

The efficiency with which radicals initiate chains can be estimated by
comparing the amount of initiator decomposed with the number of polyme:
chains formed. The decomposition of the initiator can usually be followec
by analytical methods. The most direct method of finding the initiator effi
ciency then depends upon analyzing the polymer«for initiator fragments
This is not difficult in cases where the initiator leaves a reactive end grouj
on the polymer or is radioactively tagged. In other polymerizations it is mor
useful to determine the number of polymer molecules formed from th
number-average molecular weight of the polymer. Still another alternative
sometimes of doubtful validity, is to react the chain radical stoichiometricall;
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