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Open-Chain Alkoxyvamines and their Corresponding Nitroxides for Controlled Low
| Temperature Radical Polymerization

The present invention relates to open chain alkoxyamine compounds, a polymerizable
composition comprising a) at least one ethylenically unsaturated monomer and b) at least
one open chain alkoxyamine compound. Further aspects of the present invention are a
process for polymerizing ethylenically unsaturated monomers, and the use of open chain
alkoxyamine compounds for controlled polymerization. The intermediate N-oxy! derivatives, a
composition of the N-oxyl derivatives with ethylenically unsaturated monomers and a free
radical initiator Xe, as well as a process and their use for polymerization are also subjects of
the present invention.

The compounds of the present invention provide polymeric resin products having low
polydispersity. The polymerization process proceeds with enhanced monomer to polymer
conversion efficiency at low temperatures. In particular, this invention relates to stable free
radical-mediated polymerization processes which provide homopolymers, random
copolymers, block copolymers, multiblock copolymers, graft copolymers and the like, at
enhanced rates of polymerization and enhanced monomer to polymer conversions at low
temperatures.

The polymerization processes and resin products of the present invention are useful in many
applications, including a variety of specialty applications, such as for the preparation of block
copolymers which are useful as compatibilizing agents for polymer blends, or dispersing
agents for coating systems or for the preparation of narrow molecular weight resins or
oligomers for use in coating technologies and thermoplastic films or as toner resins and liquid

immersion development ink resins or ink additives used for electrophotographic imaging
processes.

There are numerous documents in the literature describing the controlled radical

polymerization of ethylenically unsaturated monomers using alkoxyamines or nitroxides.

US-A-4 581 429 to Solomon et al., issued April 8, 1986, discloses a free radical polymeriza-
tion process which controls the growth of polymer chains to produce short chain or oligo-
meric homopolymers and copolymers, including block and graft copolymers. The process
employs an initiator having the formula (in part) R’'R”N-O-X, where X is a free radical species

capable of polymerizing unsaturated monomers. The reactions typically have low conversion
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rates. Specifically mentioned radical R'R"N-Oe groups are derived from 1,1,3,3
tetraethylisoindoline, 1,1,3,3 tetrapropylisoindoline, 2,2,6,6 tetramethylpiperidine, 2,2,5,5
tetramethylpyrrolidine or di-t-butylamine. However, the suggested compounds do not fulfill all

requirements. Particularly the polymerization of acrylates does not proceed fast enough

and/or the monomer to polymer conversion is not as high as desired.

Recently other attempts to develop new polymerization regulators have been published. WO
98/4408 and WO 98/30601 disclose heterocyclic compounds suitable for controlled
polymerization processes. WO 98/13392 discloses open chain alkoxyamines which are
derived from NO gas or from nitroso compounds.

WO 00/07981 discloses a variety of open chain alkoxyamine compounds, which have no or
at most only one electron withdrawing group at the C-atom in —position to the nitrogen atom.

These compounds are stable at low temperature and decompose readily at elevated
temperature.

Surprisingly, it has now been found that higher alkyl and phenyl substitution patterns at the
carbon atom in o position to the nitrogen atom lead to initiators/regulators, which allow
controlled radical polymerization at a temperature of 100° C or below. Due to the higher
steric hindrance around the nitrogen atom, compared to prior art compounds, high
conversions are achievable even at temperatures as low as 100°C. This makes the
compounds particularly useful for controlled radical polymerization processes under aqueous

conditions at ambient pressure. So far there exists no regulator/initiator which would allow
efficient radical polymerization under such conditions,

Polymerization of monomers with the instant compounds results in a polymer or copolymer of

narrow polydispersity and high monomer to polymer conversion even at temperatures below
100° C. High conversions are achieved even in short reaction times.

One subject of the invention is a compound of formula la, Ib, orlc
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X
R,, g

wherein

Y i1s O or NRyoy and Ryos is H or C,-Cygalkyl or BR; and/or Rg and Rjo together with the
nitrogen atom to which théy are bound form a 5 or 6 membered heterocyclic ring;

R, R2 and Rz independently are benzyl, C;-Cigalkyl, C,-Cigalkenyl which are unsubstituted
or substituted by OH or a by group ~0O-C(0O)-R;qz; or C,-Cysalkyl which is interrupted by at
least one O atom or a group NR1g2 wherein Ry, is hydrogen, C4-Cigalkyl or Cg-Cyoaryl;

or Ry and R, together with the carbon atom to which they are bound form a Cs-C,.cycloalkyl
group; or in formula la R3 and R, together with the carbon atom to which they are bound form
a Cs-C,,cycloalkyl group;

R, is C,-Craalkyl: '

Rs and Reg are independently H, C,-Cigalkyl, C,-Cisalkenyl, benzyl, Cs-Ciscycloalkyl or
phenyl;

R; and Rg independently are H, C4-C,galkyl, C,-Cigalkenyl, Cs-C{gcycloaIkyl or a group
-C(0)-(Cy-Cig)alkyl, -C(0)-0-(C4-Cyg)alkyl, -C(O)-O-phenyl, -C(0O)-C(0)-OH, -C(O)-C(O)-NH-

[\

(C-Cqgalkyl), -C(S)-S-(C,-Cyg)alkyl, O S , -SiR.,R,R. wherein R, , R, , R.

independently are C,-Cqgalkyl or R; and Rg are the following group
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105

wherein Rios, Ry and Ryos independently are H, C;-Cgalkyl, C;-

104 O
I:‘103

Cgalkoxy, Cy-Cgalkylthio, -O-C(O)-(C+-Cg)alkyl, -O-C(O)-(Ce-C1o)aryl, nitro, cyano or halogen;

Ro, Rio, Ri1, Ry2, Ry3 and R4 independently are H, OH, C,-Cgalkoxy, C;-Caalkyl, SH, C;-
Csalkylthio, -O-C(O)-(C4-Cg)alkyl, -O-C(O)-(Ce-Cyo)aryl, nitro, cyano, halogen or a group
NRisR 197 Wherein Ri0s and Ry independently are hydrogen, C1"C1ga|kY| or Cs-CmaryI or

together with the nitrogen atom to which they are bound form a 5 or 6 membered
heterocyclic ring; and

X is selected from the group consisting of

H,C
H
-CHp-aryl, alkyl(C,-C5)—C—aryl = _cH,-CH,-aryl, alkyl(C1-C18)ﬁ—aryl  (Cs-

Cscycloalkyl),CCN, (C;-Cipalkyl),CCN, -CH,CH=CH,, (C1-C1z)alkyl-CRazq-C(O)-(C4-C1z)alkyl,
(C1-C12)alkyl-CRo-C(0)-(Ce-Cro)aryl,  (C4-Cia)alkyl-CRyp-C(0)-O-Ray,  (C4-Cya)alkyl-CRyg-
C(O)-phenoxy,  (Cy-Ciz)alkyl-CRug-C(0)-N-di(C1-Cyz)alkyl,  (C;-Cis)alkyl-CRag-CO-NH(C -
Cra)alkyl, (Ci-Ciz)alkyl-CRag-CO-NH,, -CH,CH=CH-CHs, -CH,-C(CHs)=CH,, -CHp-CH=CH-

phenyl, _CHZ_C«g«,CH , 3-cyclohexenyl, 3-cyclopentenyl, (1 :
O

OZ'CN , [ 1 and Q(L , wherein
O HCN

R is hydrogen or C4-Calkyi;

R21 is C4-Cygalkyl or C,-Cygalkyl which is interrupted by at least one O atom or a group NR;;
wherein Ryo, is hydrogen, C,-C,galkyl or Cg-Cjoaryl;

the alkyl groups are unsubstituted or substituted with one or more -OH, -COOH, -O(C;-
Csalkyl), NRygsR107 or -CORg groups wherein Ry, Rigs and Rig; have the meanings as
defined above:
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the aryl groups are phenyl or naphthyl which are unsubstituted or substituted with Ci-
Ciqalkyl, halogen, C,-Csalkoxy, C;-Cialkylthio, C,-Cyzalkylcarbonyl, glycidyloxy, OH, SH,
-COOH or -COO(C,-Cz)alkyl. |

The alkyl radicals in the various substituents may be linear or branched. Examples of alkyl
containing 1 to 18 carbon atoms are methyl, ethyl, propyl, isopropyl, butyl, 2-butyl, isobutyl, t-
butyl, pentyl, 2-pentyl, hexyl, heptyl, octyl, 2-ethylhexyl, t-octyl, nonyl, decyl, undecyl,
dodecyl, tridecyl, tetradecyl, hexadecyl and octadecyl.

Alkenyl with 2 to 18 carbon atoms is a linear or branched radical as for example vinyl, pro-
penyl, 2-butenyl, 3-butenyl, isobutenyl, n-2,4-pentadienyl, 3-methyl-2-butenyl, n-2-octenyl, n-
2-dodecenyl, iso-dodecenyl, oleyl, n-2-octadecenyl oder n-4-octadecenyil.

Preferred is alkenyi with 3 bis 12, particularly preferred with 3 to 6 carbon atoms.

5 or 6 membered heterocyclic rings are for example piperidine or pyrolidine.
Examples for hydroxy substituted alkyl are hydroxy propyl, hydroxy butyl or hydroxy hexy!.

C.-Cqgalkyl interrupted by at least one O atom is for example -CH,-CH,-O-CH5-CHj3, -CH,-
CH,-O-CHjz- or -CH,-CH,-O-CH,-CH,-CH,-O-CH»-CH3-. It is preferably derived from
polyethlene glycol. A general description is -((CH,),-O),-H/CHjz, wherein a is a number from 1
to 6 and b is a number from 2 to 10.

C2-Cigalkyl interrupted by at least one NRs group may be generally described as -((CH,),-
NRs),-H/CHj, wherein a, b and Rs are as defined above.

Ce-Cqo aryl is for example phenyl or naphthyl, but also comprised are C;-C,alkyl substituted
phenyl, C,-Csalkoxy substituted phenyl, hydroxy, halogen or nitro substituted phenyl.
Examples for alkyl substituted phenyl are ethylbenzene, toluene, xylene and its isomers,

mesitylene or isopropylbenzene. Halogen substituted phenyl is for example dichlorobenzene
or bromotoluene.

Cs-Ciacycloalkyl is typically cyclopentyl, methylcyclopentyl, dimethylcyclopentyl, cyclohexyl,
methylcyclohexyl or trimethylcyclohexy!.
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Alkoxy substituents are typically methoxy, ethoxy, propoxy or butoxy and their corresponding

isomers.

The alkythio substituents may be derived from the corresponding alkoxy substituents already
mentioned.

Halogen is fluoro, chloro, bromo or iodo.

Preferably X is selected from the group consisting of -CH,-phenyl, CH3;CH-phenyl, (CHj;),C-

phenyl, (Cs-Cgcycloalkyl),CCN, (CH3),CCN, QLCN , -CH>,CH=CH,, CH3;CH-

CH=CH,, (C4-Cgalkyl)CRx-C(O)-phenyl, (C;-Cg)alkyl-CRx-C(O)-(C;-Cg)alkoxy, (C1-Cs)alkyl--
CR2-C(0O)-(C4-Cg)alkyl, (C4-Cg)alkyl-CR30-C(O)-N-di(C,-Cg)alkyl, (C;-Cg)alkyl-CRy-C(O)-
NH(C,-Cg)alkyl and (C;-Cg)alkyl-CR55-C(O)-NH,, wherein

R.o i1s hydrogen or (C4-Cg)alkyl.

More preferably X is selected from the group consisting of -CH,-phenyl, CH3;CH-phenyl,

(CH3).C-phenyl, (Cs-Cgcycloalkyl)o,CCN, (CHs3),CCN, O.CN , -CH,CH=CH,,

CH;CH-CH=CH,, (C-Csalkyl)CRo-C(O)-phenyl, (C4-C,)alkyl-CR2o-C(0)-(Cy-Cy)alkoxy, (Ci-
C,4)alkyl-CR5o-C(0O)-(C+-Cy)alkyl, (C,-C,)alkyl-CR5o-C(O)-N-di(C;-Cyalkyl, (C;-Cys)alkyl-CRyo-
C(0O)-NH(C4-Cy)alkyl and (C1-C,)alkyl-CR5o-C(O)-NH;, wherein

R is hydrogen or (C4-C,)alkyl.

Preferably in the compounds of formula la, Ib and Ic Y is O and in formula la R, is C,-Cealkyl

or Rz and R, together with the carbon atom to which they are bound form a 5 to 7 membered
cycloalkyl ring.

A preferred subgenus of compounds is wherein

R, R; and R; are Cy-Csalkyl; or in formula la R; and R4 together with the carbon atom to
which they are bound form a Cs-Cgcycloalkyl group; or '

R4 is Co-Cealkyl;
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Rs and Rg are H;
R, and Rg independently are H, C,-Cygalkyl, allyl, benzyl, Cs-C,.cycloalkyl or a group
-C(0)-(C+-Cig)alkyl, -C(0)-0-(C+-C1g)alkyl, -C(O)-C(0)-OH, -C(S)-S-(C1-Cqg)alkyl,

[ \\ , -SiR.R,R. wherein R, , Ry , R. independently are C,-C,galkyl or R; and Rg are

O\ S

l:1105

the following group wherein Ry, Rigs and Rygs independently are H, C;-

I:1104 0O

Ry
Csalkoxy, C;-Cgalkylthio, -O-C(O)-(C+-Cg)alkyl, nitro, cyano, halogen, C;-Cgalkyl,
R, Rig and R;; independently are H, C-Cgalkoxy, C;-Cgalkylthio, -O-C(O)-(C;-Cg)alkyl, nitro,
cyano, halogen or C;-Cgalkyl; ana

X Is as defined above.
More preferred is a compound of formula Ib or Ic.

A particularly preferred subgenus is a compound of formula Ib wherein

Y is O; .

R, and R; are C4-Csalkyl, or together with the carbon atom to which they are bound form a
Cs-Cscycloalkyl group;

Rs is methyl, ethyl or propyi;

Rs and Rg are H; |

R; and Rg independently are H, C;-Cqgalkyl, allyl, benzyl, Cs-C,,cycloalkyl or a group
-C(0)-(C,-Cqg)alkyl, -C(0)-0-(C4-Cyg)alkyl, -C(0O)-C(0)-OH, -C(S)-S-(C4-Cqg)alkyl,

[ \\ , -SiR.R,R. wherein R, , R, , R. independently are C,-C,galkyl or R; and Rg are

O\ S

R105

the following group wherein Rio3, Rigs and Rygs independently are H, C,-

F{10«4 | O

I:{103

Cgalkoxy, C;-Cgalkylthio, -O-C(O)-(C+-Cg)alkyl, nitro, cyano, halogen, C,-Cgalkyl,
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Re, Rio and Ry independently are H, C,-Cgalkoxy, C;-Cgalkylthio, -O-C(O)-(C,-Cg)alkyl, nitro',
cyano, halogen or C,-Cgalkyl; and

X is selected from the group consisting of

0 H,C
-CH,-aryl, alkyI(C1-C18)—CI)—aryl . -CH,-CH,-aryl, alkyI(C1-C18)Jl—aryl . (Cs-

Cecycloalkyl),CCN, (C;-Cizalkyl),CCN, -CH,CH=CH,, (C;-C12)alkyl-CRag-C(0)-(C1-Cip)alkyl,
(C1-Cr2)alkyl-CRa2o-C(O)-(Ce-Cro)aryl,  (C4-Ciz)alkyl-CR20-C(0O)-O-Rzy,  (C4-Ciz)alkyl-CRyo-
C(O)-phenoxy, (C4-Cyz)alkyl-CRy-C(0O)-N-di(C1-Cyo)alkyl, (C4-Ciz)alkyl-CRyo-CO-NH(C;-
Ciz)alkyl, (C,-C,2)alkyl-CR3o-CO-NH,, -CH,CH=CH-CHj, -CH,-C(CH3)=CH,, -CH,-CH=CH-

phenyl, -CHQ-C?’CH , 3-cyclohexenyl, 3-cyclopentenyl, Ej\ ,
| O
<>LCN , [ l or (13 , wherein
O H ~CN

R is hydrogen or C4-C;zalkyl;

R21 Is C4-Cygalkyl or C,-Cqgalkyl which is interrupted by at least one O atom or a group NRyg;
wherein Ryq; is hydrogen, Cy-Cygalkyl or Cg-Cyparyl;

the alkyl groups are unsubstituted or substituted with one or more -OH, -COOH, -O(C;-
Caalkyl), NR1oeR107 Or -COR2, groups wherein Ry, Rigs and Rig; have the meanings as-
defined above;

the aryl groups are phenyl or naphthyl which are unsubstituted or substituted with C;-
Cialkyl, halogen, C¢-Cralkoxy, C;-Cyzalkylcarbonyl, glycidyloxy, OH, -COOH or -COO(C;-
C1z)alkyl. '

A further subject of the invention is a polymerizable composition, comprising
a) at least one ethylenically unsaturated monomer or oligomer, and
b) a compound according to formula (la) (Ib) or (lc).

Yet another subject of the invention is a process for preparing an oligomer, a cooligomer, a
polymer or a copolymer (biock or random) by free radical polymerization of at least one
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ethylenically unsaturated monomer or oligomer, which comprises (co)polymerizing the
monomer or monomers/oligomers in the presence of an initiator compound of formula (la),
(Ib) or (Ic) under reaction conditions capable of effecting scission of the O-X bond to form two
free radicals, the radical eX being capable of initiating polymerization.

Preferably the scission of the O-X bond is effected by ultrasonic treatment, heating or
exposure to electromagnetic radiation, ranging from y to microwaves.

More preferably the scission of the O-X bond is effected by heating and takes place at a
temperature of between 50°C and 160°C, in particular between 60°C and 120°C and most
preferred between 80°C and 100°C.

Preferably the compound of formula la, Ib or Ic is present in an amount of from 0.001 mol-%

to 20 mol-%, more preferably of from 0.002 mol-% to 10 mol-% and most preferably of from
0.005 mol-% to 5 mol-% based on the monomer or monomer mixture.

When monomer mixtures are used the average molecular weight is taken as basis.

Detfinitions and preferences for the compounds are mentioned above, they apply also for the

composition and process.

Preterably the ethylenically unsaturated monomer is selected from the group consisting of
ethylene, propylene, n-butylene, i-butylene, styrene, substituted styrene, conjugated dienes,
acrolein, vinyl acetate, vinylpyrrolidone, vinylimidazole, maleic anhydride, (alkyl)acrylic
acidanhydrides, (alkyl)acrylic acid salts, (alkyl)acrylic esters, (alkyl)acrylonitriles,
(alkyl)acrylamides, vinyl halides or vinylidene halides.

Preferably the ethylenically unsaturated monomer is a compound of formula
CH,=C(R,)-(C=2)-R,, wherein R, is hydrogen or C;-C,alkyl, Ry, is NHy, O (Me"), glycidyl,
unsubstituted C4-Cigalkoxy, C,-Cigoalkoxy interrupted by at least one N and/or O atom, or
hydroxy-substituted C;-Cigalkoxy, unsubstituted C;-Cigalkylamino, di(C:-C,galkyl)amino,
hydroxy-substituted C;-Cigalkylamino or hydroxy-substituted di(C,-Cigalkyl)amino, -O-CH,-
CH,-N(CHs), or -O-CH,-CH,-N"H(CH3), An';

An is a anion of a monovalent organic or inorganic acid;

Me is a monovalent metal atom or the ammonium ion.
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Z is oxygen or sulfur.

Examples of acids from which the anion An" is derived are C;-C>carboxylic acids, organic

sulfonic acids such as CF3;SO3H or CH3803H‘, mineralic acids such as HCI, HBr or HI, oxo
acids such as HCIO, or complex acids such as HPFg or HBF.,.

Examples for R, as C,-Cgoalkoxy interrupted by at least one O atom are of formula

Ry

O
R ® . wherein R. is C;-Casalkyl, phenyl or phenyl substituted by C;-

Vv

Cigalkyl, Ry is hydrogen or methyl and v is a number from 1 to 50. These monomers are for
example derived from non ionic surfactants by acrylation of the corresponding alkoxylated

alcohols or phenols. The repeating units may be derived from ethylene oxide, propylene
oxide or mixtures of both.

Further examples of suitable acrylate or methacrylate monomers are given below.

R 1,
~ >t An’ or N—_ An’, wherein An
N\R Re

0O | e O K

and R, have the meahing as defined above and R, is methyl or benzyl. An" is preferably CI,
Br “ or '0;S-CHs.



CA 02477728 2004-08-30
WO 03/074572 . A . - PCT/EP03/01895

- 41 -

R

a
0 /T
Further acrylate monomers are )\'I/ \/\N ,

O O
Ra l:{2'-.! O
O O /[k
)\ﬂ/ ~"NCo ’ )\( ~TONT WK ’
o 5 \__/
R R
° H  o—-cCH ©H -
O ‘ O

Preferably R, is hydrogen or methyl, R, is NH;, gycidyl, unsubstituted or with hydroxy
substituted C,-Cjalkoxy, unsubstituted C,-C,alkylamino, di(C,-Csalkyl)amino, hydroxy-
substituted C;-C,alkylamino or hydroxy-substituted di(C;-Csalkyl)amino;and
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Z is oxygen.

More preferred the ethylenically unsaturated monomer is an acrylic acid ester, acrylamide,
acrylnitrile, methacrylic acid ester, methacrylamide, methacryinitrile.

Acrylic acid esters and methacrylic acid esters are typically C,-C,galkyl esters.

Most preferred is n-butylacrylate, tert-butylacrylate, methylacrylate, ethylacrylate,
propylacrylate, hexylacrylate and hydroxyethylacrylate.

After the polymerization step is completed the reaction mixture may be cooled down to a
temperature below 60° C, preferably to room temperature. The polymer may be stored at this
temperature without further reactions occuring.

The process may be carried out in the presence of an organic solvent or in the presence of
water or in mixtures of organic solvents and water. Additional cosoivents or surfactants, such

as glycols or ammonium salts of fatty acids, may be present. Other suitable cosolvents are
described hereinafter.

When acrylic or methacrylic monomers are polymerized, the process is preferably carried out
in the presence of an organic solvent. The concentration of the monomer in the organic
solvent may influence polymerization rate and final conversion. The concentration may, for
example, vary from 5% to 80% by weight, based on the solvent. It is not necessary that the
whole amount of monomer is present at the beginning of the polymerization. It is also
possible to add further monomer after the polymerization reaction has already started.

As already mentioned the present compounds are particularly useful for aqueous
polymerizations, since they allow efficient conversions at temperatures at or below 100°C.

If organic solvents are used, suitable solvents or mixtures of solvents are typically pure
alkanes (hexane, heptane, octane, isooctane), aromatic hydrocarbons (benzene, toluene,
xylene), halogenated hydrocarbons (chlorobenzene), alkanols (methanol, ethanol, ethylene
glycol, ethylene glycol monomethyl ether), esters (ethyl acetate, propyl, butyl or hexyl
acetate) and ethers (diethyl ether, dibutyl ether, ethylene glycol dimethyl ether), or mixtures
thereof.



CA 02477728 2004-08-30
WO 03/074572 | . | PCT/EP03/01895

-13 -

The aqueous polymerization reactions can be supplemented with a water-miscible or
hydrophilic cosolvent to help ensure that the reaction mixture remains a homogeneous single
phase throughout the monomer conversion. Any water-soluble or water-miscible cosolvent
may be used, as long as the aqueous solvent medium is effective in providing a solvent
system which prevents precipitation or phase separation of the reactants or polymer products
until after all polymerization reactions have been completed. Exemplary cosolvents useful in
the present invention may be selected from the group consisting of aliphatic alcohols,
glycols, ethers, giycol ethers, pyrrolidines, N-alkyl pyrrolidinones, N-alkyl pyrrolidones,
polyethylene glycols, polypropylene glycols, amides, carboxylic acids and salts thereof,
esters, organosulfides, sulfoxides, sulfones, alcohol derivatives, hydroxyether derivatives
such as butyl carbitol or cellosolve, amino alcohols, ketones, and the like, as well as
derivatives thereof and mixtures thereof. Specific examples include methanol, ethanol,
propanol, dioxane, ethylene glycol, propylene glycol, diethylene glycol, glycerol, dipropylene
glycol, tetrahydrofuran, and other water-soluble or water-miscible materials, and mixtures
thereof. When mixtures of water and water-soluble or water-miscible organic liquids are
selected as the aqueous reaction media, the water to cosolvent weight ratio is typically in the
range of about 100:0 to about 10:90.

The process is particularly useful for the preparation of block copolymers.

Block copolymers are, for example, block copolymers of polystyrene and polyacrylate (e.q.,
poly(styrene-co-acrylate) or poly(styrene-co-acrylate-co-styrene). They are useful as
adhesives or as compatibilizers for polymer blends or as polymer toughening agents.
Poly(methylmethacrylate-co- acrylate) diblock copolymers or poly(methylacrylate-co-acrylate- '
co-methacrylate) triblock copolymers) are useful as dispersing agents for coating systeme,
as coating additives (e.g. rheological agents, compatibilizers, reactive diluents) or as resin
component in coatings(e.g. high solid paints). Block copolymers of styrene, (meth)acrylates
and/or acrylonitrile are useful as modifiers for plastics, elastomers and adhesives.

Furthermore, block copolymers of this invention, wherein the blocks alternate between polar
monomers and non-polar monomers, are useful in many applications as amphiphilic
surfactants or dispersants tor preparing highly uniform polymer blends.

The (co)polymers of the present invention may have a number average molecular weight
from 1 000 to 400 000 g/mol, preferably from 2 000 to 250 000 g/mol and, more preferably,
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from 2 000 to 200 000 g/mol. The number average molecular weight may be determined by
size exclusion chromatography (SEC), matrix assisted laser desorption/ionization mass
spectrometry (MALDI-MS) or, if the initiator carries a group which can be easily distinguished
from the monomer(s), by NMR spectroscopy or other conventional methods.

The polymers or copolymers of the present invention have preferably a polydispersity of from
1.1 to 2, more preferably of from 1.1 to 1.8 and most preferably from 1.1 to 1.6.

Thus, the present invention also encompasses in the synthesis novel block, multi-block, star,
gradient, random, hyperbranched and dendritic copolymers, as well as graft copolymers.

The polymers prepared by the present invention are useful for following applications:

adhesives, detergents, dispersants, emulsifiers, surfactants, defoamers, adhesion promoters,
corrosion inhibitors, viscosity improvers, lubricants, rheology modifiers, thickeners,
crosslinkers, paper treatment, water treatment, electronic materials, paints, coatings, photo-
graphy, ink materials, imaging materials, superabsorbants, cosmetics, hair products, preser-

vatives, biocide materials or modifiers for asphalt, leather, textiles, ceramics and wood.

Alternatively controlled free radical polymerization may be carried out using the nitroxyl
precursors of the corresponding alkoxyamines together with a source of free radicals.
- Consequently a further subject of the invention is a polymerizable composition, comprising

a)' at least one ethylenically unsaturated monomer or oligomer, and

b) a compound according to formula (lla) (lib) or (lic)

= RB—Y
Rg—Y ° Y— R,

R, R

2
R2 R4 (11a), i
1

N R
R, | 3
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wherein

Y is O or NRyp: and Rygq is H or Cy-Cygalkyl or R; and/or Rg and Rioy together with the
nitrogen atom to which they are bound form a 5 or 6 membered heterocyclic ring;

Ri, R; and Rs independently are benzyl, C,-C,galkyl, C,-C,galkenyl which are unsubstituted
or substituted by OH or a by group -0-C(O)-Riq2; Or Cz-Cw,alkyl which is interrupted by at
least one O atom or a group NR2 wherein R,q; is hydrogen, C;-Cigalkyl or Cg-Cparyl;

or R, and R, together with the carbon atom to which they are bound form a Cs-Cocycloalkyl
group; or in formula la Rz and R, together with the carbon atom to which they are bound form
a Cs-Cyocycloalkyl group;

R4 is Co-Cyoalkyi;

Rs and Rg are independently H, C,-C,galkyl, C,-Cigalkenyl, benzyl, Cs-C,ocycloalky! or
phenyl;

R, and Rg independently are H, C,-C,galkyl, C,-C,galkenyl, Cs-C,,cycloalkyl or a group
-C(0)-(C-Cyg)alkyl, -C(O)-O-(C4-Cyg)alkyl, -C(O)-O-phenyl, -C(0O)-C(O)-OH, -C(O)-C(O)-NH-

[\
(C1-C1galky1), ‘C(S)'S'(Cers)alkw, OTI;> ~SiRaRLAR, wherein R, , Ry , Re

independently are C,-C,galkyl or R; and Rg are the following group
R

105

wherein Rios, Rigs and Rigs independently are H, C,-Cgalkyl, C;-

104 O
F{103

Cealkoxy, C4-Cgalkylthio, -O-C(O)-(C4-Cg)alkyl, -O-C(0O)-(Cs-Cyp)aryl, nitro, cyano or halogen;

Rg, Rm, R11, R12, R13 and R14 independently are H, OH, C1-Cgalkoxy, Cj'Cgalkyl, SH, C1'
Cealkylthio,
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-0-C(0)-(C-Cg)alkyl, -O-C(O)-(Cs-Cro)aryl, nitro, cyano, halogen or a group NRysR1o7
wherein Rigs and Ry47 independently are hydrogen, C,-Cmalkyl or Cg-Coaryl or together with
the nitrogen atom to which they are bound form a 5 or 6 membered heterocyclic ring;
and |
c) a source of free radicals capable of initiating polymerization of ethylenically unsaturated

monomers.

Also subject of the invention is a process for preparing an oligomer, a cooligomer, a polymer
or a copolymer (block or random) by free radical polymerization of at least one ethylenically
unsaturated monomer/oligomer, which comprises subjecting the above composition to heat
or actinic radiation.

For example the polymerization is carried out by applying heat and takes place at a
temperature of between 50°C and 160°C, in particular between 60°C and 120°C and most
preferred between 80°C and 100°C.

The free radical initiator of component c) is preferably a bis-azo compound, a peroxide

perester or a hydroperoxide.

Specific preferred radical sources are 2,2’-azobisisobutyronitrile, 2,2’-azobis(2-methyil-
butyronitrile), 2,2’-azobis(2,4-dimethylvaleronitrile), 2,2’-azobis(4-methoxy-2,4-dimethylvale-
ronitrile), 1,1’-azobis(1-cyclohexanecarbonitrile), 2,2’-azobis(isobutyramide) dihydrate, 2-
phenylazo-2,4-dimethyl-4-methoxyvaleronitrile, dimethyl-2,2’-azobisisobutyrate, 2-
(carbamoylazo)isobutyronitrile, 2,2'-azobis(2,4,4-trimethylpentane), 2,2'-azobis(2-
methylpropane), 2,2'-azobis(N,N’-dimethyleneisobutyramidine), free base or hydrochloride,
2,2'-azobis(2-amidinopropane), free base or hydrochloride, 2,2’-azobis{2-methyl-N-[1,1-
bis(hydroxymethyl)ethyl]propionamide} or 2,2’-azobis{2-methyl-N-[1,1-bis(hydroxymethy!)-2-
hydroxyethyljpropionamide; acetyl cyclohexane sulphonyl peroxide, diisopropyl peroxy
dicarbonate, t-amyl perneodecanoate, t-butyl perneodecanoate, t-butyl perpivalate, t-
amylperpivalate, bis(2,4-dichlorobenzoyl)peroxide, diisononanoyl peroxide, didecanoyl
peroxide, dioctanoyl peroxide, dilauroyl peroxide, bis (2-methylbenzoyl) peroxide, disuccinic
acid peroxide, diacetyl peroxide, dibenzoyl peroxide, t-butyl per 2-ethylhexanoate, bis-(4-
chlorobenzoyl)-peroxide, t-butyl perisobutyrate, t-butyl permaleinate, 1,1-bis(t-
butylperoxy)3,5,5-trimethylcyclohexane, 1,1-bis(t-butylperoxy)cyclonexane, t-butyl peroxy
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isopropyl carbonate, t-butyl perisononaoate, 2,5-dimethylhexane 2,5-dibenzoate, t-butyl
peracetate, t-amyl perbenzoate, t-butyl perbenzoaie, 2,2-bis (t-butylperoxy) butane, 2,2 bis
(t-butylperoxy) propane, dicumyl peroxide, 2,5-dimethylhexane-2,5-di-t-butylperoxide, 3-t-
butylperoxy 3-phenylphthalide, di-t-amyl peroxide, a, o’-bis(t-butylperoxy isopropyl) benzene,
3,5-bis (t-butylperoxy)3,5-dimethyl 1,2-dioxolane, di-t-butyl peroxide, 2,5-dimethylhexyne-2,5-
di-t-butylperoxide, 3,3,6,6,9,9-hexamethyl 1,2,4,5-tetraoxa cyclononane, p-menthane.
hydroperoxide, pinane hydroperoxide, diisopropyilbenzene mono-o-hydroperoxide, cumene

hydroperoxide or t-butyl hydroperoxide.

Azo initiators and peroxides are most preferred.

Preterably the nitroxyl radical, component b), is present in an amount of from 0.001 mol-% to
20 mol-%, more preferably of from 0.002 mol-% to 10 mol-% and most preferably of from
0.005 mol-% to 5 mol-% based on the monomer or monomer mixture.

Preferably the free radical initiator, component c), is present in an amount of from 0.001 mol-
% to 20 mol-%, more preferably of from 0.002 mol-% to 10 mol-% and most preferably of

from 0.005 mol-% to 5 mol-%, based on the monomer or monomer mixture.

The molar ratio of free radical initiator to stable free nitroxyl radical is preferably from 20:1 to
1:2, more preferably from 10:1 to 1:2.

The compounds of formula Ilb are novel and therefore also subject of the present invention

Re
R—Y Y—R,
8 RS
Rz
\ (Hb) ,
R, | Ry
Oe
Rm
wherein

Y is O or NRo1 and Rypq is H or C4-Cygalkyl or R; and R, together with the nitrogen atom to

which they are bound form a 5 or 6 membered heterocyclic ring;
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R+, Rz and Rj independently are benzyl, C;-Cygalkyl, C,-Cgalkenyl which are unsubstituted -
or substituted by OH or a group —O-C(O)'-Rm; or C,-Cygalkyl which is interrupted by at least
one O atom or a group NR;o2 Wherein R, is hydrogen, C-Cgalky! or Cg-Cparyi;

or R, and R; together with the carbon atom to which they are bound form a Cs-C,,cycloalkyil
group;

Rs and Rg are independently H, C;-Cigalkyl, C,-Cizalkenyl, benzyl, Cs-C,scycloalkyl or
phenyi;

R, and Rg independently are H, C,-Cgalkyl, C,-Cigalkenyl, Cs-Ciocycloalkyl or a group
-C(0)-(C4-Cyg)alkyl, -C(0O)-O-(C+-Cyg)alkyl, -C(O)-O-phenyl, -C(O)-C(0)-OH, -C(0O)-C(O)-NH-

I\
(C,-Csalkyl), -C(S)-S-(C;-Cig)alkyl, © s” , -SiR,R,R. wherein R, , R, ., R.

independently are C;-Cgalkyl or R; and Rg are one of the following groups

R‘IOS

wherein Ryos, Rigs and Rygs independently are H, Ci-Cgalkyl, C;-

104 O
F{103

Cealkoxy, C;-Cgalkylthio, -O-C(QO)-(C,-Cg)alkyl, -O-C(0)-(Ce-C1o)aryl, nitro, cyano or halogen;

Re, Ri0 and Ry, independently are H, OH, C,-Cgalkoxy, C,-Cgalkyl, SH, C4-Cgalkylthio,
-0O-C(0)-(C4-Cg)alkyl, -O-C(0O)-(Cs-Cio)aryl, nitro, cyano, halogen or a group NRigR107
wherein Rqgs and Rip7 independently are hydrogen, C;-Cigalkyl or Cg-Cyparyl or together with
the nitrogén atom to which they are bound form a 5 or 6 membered heterocyclic ring.

Prefered is a compound of formula llb wherein

Yis O;

R, and R, are -CHj, or together with the carbon atom to which they are bound form a Cs-
C-,cycloalkyl group;

Rj is methyl, ethyl or propyl;

Rs and Rg are H; |

R, and Rg independently are H, C,-Cgalkyl, allyl, benzyl, Cs-C,.cycloalkyl or a group
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.C(0)-(C,-Cig)alkyl,  -C(O)-O-(C,-Cig)alkyl,  -C(O)-C(O)-OH,  -C(S)-S-(C-C1a)alkyl,

[\
OYL/Q , -SiR,RLR: wherein R, , Ry , R; independently are C;-Cigalkyl or R; and Rg are
Ri05

one of the following groups wherein Rz, Rios and R,gs independently

F'{104 O

R‘IOS

are H, C,-Cgalkoxy, C-Cgalkylthio, -O-C(O)-(C4-Cg)alkyl, nitro, cyano, halogen, C4-Cgalkyl;
and

Ra, Rio and Ry independently are H, C,-Cgalkoxy, C,-Cgalkylthio, -O-C(0O)-(C1-Cg)alkyl, nitro,
cyano, halogén or Cy-Cgalkyl.

Further subjeCts of the invention are the use of a compound of formula la, Ib, or lc for the
polymerization of ethylenically unsaturated monomers; the use of a compound of formula lla,
llb or llc together with a source of free radicals for the polymerization of ethylenically
unsaturated monomers and a polymer'or copolymer obtainable by one of the above

mentioned polymerization processes.

The definitions and .preferences given for the alkoxyamine compounds apply also for the

nitroxyl compounds, their composition with ethylenically unsaturated monomers and the
polymerization process therewith.

Open chain alkoxyamines and nitroxides are prepared via two general routes.

A) Oxidation of 3,3,5,5-tetrasubstituted morpholin-2-ones by peracetic acid, followed by
alkylation of the resulting N-oxyls (CuBr, t-BuOOH, ethylbenzene; or CuCl,
pentamethylethylenetriamine, 1-phenethylbromide) and reductive ring cleavage
(LiAlH,).

B) Ring opening of 3,3,5,5-tetrasubstituted morpholin-2-ones (NaOH), followed by
dialkylation of the resulting hydroxy carboxylate salts (NaH, alkylhalide), reduction of
the ester group (LiAlH,), acetylation (acetylchloride, pyridine), oxidation to the N-oxyl
(peracetic acid) and alkylation of the N-oxyl (CuCl, pentamethylethylenetriamine, 1-
phenethylbromide).
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3,3,5,5-Tetrasubstituted morpholin-2-ones and 3,3,5,5-tetrasubstituted morpholin-2-one N-
oxyls are well known bompounds in the literature. Their preparation is described e.g. in WO

98/44008, WO 01/23435, J. T. Lai, Synthesis 1984, 122 and S. D. Rychnovsky et al., J. Org.

Chem. 1998, 63, 6363.

The following examples illustrate the invention.
A) Examples for the preparation of alkoxyamines

The alkoxyamines may for example be prepared from morpholinone alkoxyamines as

described above. The prepared morpholinone-alkoxyamine precursors are shown in Table 1

Table 1: Morpholinone-alkoxyamines

“ '

101 102 7[ :E\ -
- )
O
Reference compound as
example for the general .
preparation
0._.0 0._.0
103
7[5« 104 7[1?1];/_>
O O
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Example A1 reference for the general preparation: 3.3.5,5-Tetramethyl-4-(1-phenvyil-
ethoxv)-morpholin-2-one 101

To a solution of 87.8 g (0.51 mol) 3,3,5,5-tetramethyl-morpholin-2-one-N-oxyl (prepared
according to J.T. Lail, Synthesis 1984, 122) in ethylbenzene (1275 ml) and water (64 ml) is
added 0.88 g (6.1 mmol) of CuBr and 1.97 g (6.1 mmol) of tetrabutylammoniumbromide at
ambient temperature. The red suspension is vigorously stirred and heated to 40 °C. At this
temperature 150.7 mi (1.10 mol) of a 70% aqueous tert-butylhydroperoxyde solution is added
over a period of 20 min. The internal temperature rises during the addition and is kept below
65 °C by cooling with a'water-bath. After complete addition, the emulsion is stirred at 50 °C
for 30 min, then cooled in an ice-bath and a solution of 137 g Na,SO; in water (1000 ml) is

added. The phases are separated, the organic layer is washed with water (2x500 ml) and
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brine (250 ml), dried over Na,SO,, filtered and concentrated under reduced pressure. The
residue is recrystallized from hexane to yield 104.8 g (74 %) of the title compound as a white
solid.

'H-NMR (400 MHz, CDCls), 8(ppm): 7.37-7.28 m (5H), 4.76-4.64 2q (1H), 4.09-3.87 m (2H),
1.65, 1.62, 1.35, 1.29, 1.22, 1.06, 0.85, 0.69 8s (12H), 1.48, 1.44 2d (3H).

Example A2: 3,3-Diethyl-5,5-dimethyl-4-(1-phenyl-ethoxy)-morpholin-2-one 102

The compound is prepared in analogy to example A1 from 3,3-diethyl-5,5-dimethyl-
- morpholin-2-one-N-oxyl in a yield of 100 % (crude) as yellow liquid.

'H-NMR (400 MHz, CDCls), 8(ppm): 7.36-7.25 m (5H), 4.73-4.65 m (1H), 4.04-3.77 m (2H),
2.22-1.68 m (3H), 1.50-1.46 m (3H), 1.40-0.67 m (13H).

Example A3: 5.5-Dimethyvl-4-(1-phenyl-ethoxvy)-3.3-dipropyl-morpholin-2-one 103

'The compound is prepared in analogy to example A1 from 5,5-dimethyl-3,3-dipropyl-
morpholin-2-one-N-oxyl in a yield of 100 % (crude) as slightly yellow liquid.

'H-NMR (400 MHz, CDCl3), & (ppm): 7.36-7.26 (5H), 4.73-4.64 m (1H), 4.02-3.76 m (2H),
2.12-1.36 m (7H), 1.29-0.60 m (16 H).

Example A4: 3,5,5-Trimethyl-3-pentvyl-4-(1-phenyl-ethoxy)-morpholin-2-one 104

The compound is prepared in analogy to example A1 from 3,5,5-trimethyl-3-pentyl-
morpholin-2-one-N-oxyl in a yield of 100 % (crude) as yellow liquid.

'H-NMR (400 MHz, CDCls), & (ppm): 7.34-7.25 m (5H), 4.73-4.62 m (1H), 4.03, 3.92, 3.82,
3.70 4d (2H), 1.89-0.61 m (21H).

Example A5: 2.2-Dimethyl-1-(1-phenyl-ethoxy)-4-oxa-1-aza-spiro[5.5]undecan-5-one
105
The compound is prepared in analogy to example A1 from 2,2-Dimethyi-4-oxa-1-aza-

spiro[5.5]undecan-5-one-N-oxyl in a yield of 81 % after crystallization as white solid.
M.p.: 98-102 °C.
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Example A6: 2.2-Dimethyl-1-(1-phenyl-ethoxy)-4-oxa-1-aza-spiro[5.6]dodecan-5-one
106

The compound is prepared in analogy to example A1 from 2,2-Dimethyl-4-oxa-1-aza-
spir0[5.6]dodecan-5-one-N-oxyI In a yield of 89 % after crystallization as white solid.
M.p.: 88-90 °C.

Example A7: 3,5,5-Trimethvi-3-phenvi-4-(1-phenvli-ethoxv)-morpholin-2-one 107

To 18.3 g (78 mmol) 3,5,5-trimethyl-3-phenyl-morpholin-2-one-N-oxyl (prepared according to
S.D. Rychnovsky et al., J. Org. Chem. 1998, 63, 6363), 12.0 g (117 mmol) CuCl and 25.0 m|
(117 mmol) pentamethyl-diethlenetriamine, toluene (150 ml) is added. The green suspension
is stirred and a solution of 11.0 ml (78 mmol) of 1-phenylethylbromide in toluene (50 ml) is
slowly added during a period of 2 h. After complete addition, the suspension is stirred for 20
h, then filtered over Hyflo, washed with 1M HCI solution (2x 70 ml), water (70 ml) and brine
(70 ml), dried over Na,SQ,, filtered and concentrated under reduced pressure. 25.7 g (97 %)

of the title compound is obtained as a slightly yellow resin.

'H-NMR (400 MHz, CDCly), & (ppm): 7.70 d (1H), 7.54 d (1H), 7.39-7.20 m (7H), 4.57, 4.51

2q (1H), 4.13, 3.93, 3.89, 3.70 4d (2H), 1.93, 1.66, 1.37, 1.36, 1.20, 0.62 6s (9H), 1.51, 1.27
2d (3H).

Example A8: 3-Ethyl-5,5-dimethyl-3-phenyl-4-(1-phenyil-ethoxy)-morpholin-2-one 108

The compound is prepared in analogy to example A7 from 3-ethyl-5,5-dimethyl-3-phenyl-
morpholin-2-one-N-oxyl in a yield of 95 % as yellow liquid.

'H-NMR (400 MHz, CDCl3), 8 (ppm): 7.70-7.16 m (10H), 5.24-5.08, 4.85-4.80 2m (1H), 3.99-
3.50 m (2H), 2.45-0.57 m (14H).

Example A9: 3-(4-Chloro-phenyl)-3.5,5-trimethvi-4-(1-phenyl-ethoxy)-morpholin-2-one
109

The compound is prepared in analogy to example A7 from 3,5,5-trimethyl-3-(4-chloro)phenyl-
morpholin-2-one-N-oxyl in a yield of 78 % as yellow resin.
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'H-NMR (400 MHz, CDCly), & (ppm): 7.64 d (1H), 7.41-7.18 m (8H), 4.55-4.45 m (1H), 4.16,
3.98, 3.89, 3.74 4d (2H), 1.93, 1.68 2s (3H), 1.47, 1.25 2d (3H), 1.37, 1.36 2s (3H), 1.20,

0.68 2s (3H).
The prepared alkoxyamine-diols according to formula la and Ib are shown in table 2. They

are prepared starting from the compounds 101 to 109.

Table 2: Alkoxyvamine-diols according to formula (la) and (lb

201 H°\>I\|\|1’l<\ oF 202 HO\>’\N%\OH
0 | .
0

reference; not within the

scope of the invention

203

Ve

205

206 \>L
HO N
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207 9 208
HO\>L'T‘ OH Ho\>l\lTl OH
0 0

Example A10: 2-[(2-Hydroxy-1,1-dimethyl-ethyl)-(1-phenvi-ethoxy)-aminol-2-methyl-
propan-1-ol 201

209

To a suspension of 2.93 g (75 mmol) LiAlH, in THF (100 ml) is slowly added at 0-10 °C a
solution of 13.9 g (50 mmol) of compound 101 in THF (50 ml). After complete addition, the
suspension Is heated to reflux and kept at this temperature for 5 h. The mixture is cooled in
an ice-bath and saturated NH,Cl-solution (25 ml) is added carefully. EtOAc (500 ml) and
water (100 ml) is added, the phases separated and the organic layer washed with water (100
ml) and brine (100 ml), dried over Na,SQO,, filtered and concentrated under reduced pressure
to yield 13.2 g (94 %) of the title compound as a white solid.

M.p.: 79-81 °C.

Example A11: 2-Ethyl-2-[(2-hydroxy-1,1-dimethyl-ethvl)-(1-phenyl-ethoxy)-amino]-
butan-1-ol 202
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The compound is prepared in analogy to example A10 from compound 102 in a yield of 73 %
after crystallization as white solid.

M.p.: 65-69 °C.

Example A12: 2-[(2-Hydroxy-1.1-dimethvl-ethvl)-(1-phenvl-ethoxv)-aminol-2-propvl-
pentan-1-ol 203

The compound is prepared in analogy to example A10 from compound 103 in a yield of 83 %
after crystallization as white solid. M.p.: 88-92 °C.

Example A13: 2-[(2-Hydroxy-1,1-dimethyl-ethyl)-(1-phenyl-ethoxy)-amino]-2-methyl-
heptan-1-ol 204

The compound is prepared in analogy to example A10 from compound 104 in a yield of 71 %
as yellow resin.

'H-NMR (400 MHz, CDCl3), & (ppm): 7.39-7.26 m (5H), 4.83-4.75 m (1H), 3.79-2.50 m (6H),
1.85-0.83 m (22H).

Example A14: 2-[(1-Hydroxymethyl-cvclohexyl)-(1-phenyi-ethoxy)-amino]-2-methyl-
propan-1-ol 205

The compound is prepared in analogy to example A10 from compound 105 in a yield of 77 %
after crystallization as white solid.

M.p.: 84-86 °C.

Example A15: 2-[(1-Hydroxymethyl-cvcloheptvl)-(1-phenyl-ethoxy)-aminol-2-methyi-
propan-1-ol 206

The compound is prepared in analogy to example A10 from compound 106 in a yield of 67 %
after crystallization as white solid.

M.p.: 68-72 °C.

Example A16: 2-[(2-Hydroxy-1.1-dimethyl-ethyl)-(1-phenyl-ethoxy)-aminol-2-phenyl-
propan-1-ol 207
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The compound Is prepared in analogy to example A10 from compound 107 in a yield of 89 %- |
as yellow resin.

'H-NMR (400 MHz, CDCl3), & (ppm): 7.54-7.17 m (10 H), 5.07, 5.00 2q (1H), 4.02-2.15 m
(6H), 1.78, 1.67, 1.25, 1.03, 0.64, 0.56 6s (9H), 1.70, 1.62 2d (3H). ‘

Example A17: 2-[(2-Hydroxy-1.1-dimethyl-ethvyl)-(1-phenvl-ethoxvy)-aminol-2-phenvyli-
butan-1-o0l 208

The compound is prepared in analogy to example A10 from compound 108 in a yield of 71 %
after crystallization as white solid.

M.p.: 94-104 °C.

Example A18: 2-(4-Chloro-phenvl)-2-[(2-hvdroxv-1.1-dimeth I-eih )-(1-phenvl-ethoxy)-
aminol-propan-1-ol 209

The compound is prepared in analogy to example A10 from compound 109 in a yield of 84 %
as yellow resin.

MS (DEP(CI)): MH* = 378

The prepared unsymmetrically substituted open chain alkoxyamine derivatives are shown in
table 3 together with their amine and nitroxide precursors.

Table 3:

' -

..
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303
305
307

Example A19: Acetic acid 2-(2-benzyloxy-1.1-dimethyl-ethylamino)-2-phenyli-propvl
ester 301

The amine 301 is prepared according to the following scheme:

O
OH 1) NaH, BnBr
3) AcCl, pyndlne O N O
H

A

To a suspension of 183.8 g (2.0 mol) 2-amino-2-methylpropanol, 239 ml| (2.0 mol)
acetophenone, and 123.7 g (3.0 mol) NaOH in 1,2-dimethoxyethane (500 ml) is slowly added
80.9 ml (1.0 mol) chloroform at 0-5 °C (ice-bath) over a period of 4.5 h. After complete

addition, the temperature is raised slowly to ambient temperature and the brown suspension
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stirred overnight. Water (1L) is added (exothermic), then tert-butylmethylether (1L). Stirring is
continued for 1 h, then the mixture transferred into a separation funnel, water and tert-
butyimethylether added until the phases separate. The aqueous phase is evaporated to
dryness and further dried under high vacuum to yield 151 g of a brown solid. The solid is
suspended in CH,Cl, (600 ml), stirred for 30 min, then filtered and dried to yield 79.9 g (31
%) of the sodium salt A as beige solid.

To a suspension of 73.6 g (300 mmol) of the sodium salt A is added at room temperature
24.0 g (600 mmol) of a ca. 60% sodium hydride dispersion in oil. After stirring for 1 h 75.9 ml|
(660 mmol) benzylbromide is slowly added (exothermic, internal temperature is kept below
40 °C by cooling in a water-bath). After complete addition the mixture is stirred for 1 h,
another 25.0 ml (217 mmol) benzylbromide are added, stirring continued for 1 h, another
15.0 ml (130 mmol) benzylbromide added, and stirring continued for another 2.5 h. The
reaction mixture is carefully hydrolyzed, toluene (500 ml) is added and washed with water
(2x250 ml) and brine (250 ml), dried (Na,SQO,), filtered and evaporated. Side products are
removed by distillation (0.1 mbar, 170 °C bath temperature) to yield 92.4 g (74%) of the
dibenzylated compound as a brown liquid. A solution of 30.0 g (71.8 mmol) of this in THF (15
ml) is slowly added to a suspension of LiAIH, in THF (150 ml), maintaining the internal
temperature below 20 °C by cooling (ice-bath). After complete addition, the reaction mixture
Is heated to reflux for 2.5 h, then cooled to 0 °C (ice-bath) and carefully hydrolyzed. EtOAc
(250 ml) is added, the organic phase washed with water (2x100 ml), the aqueous phases
extracted with EtOAc (250 ml), the combined organic phases washed with brine (100 ml),
dried (Na,SQ,), filtered and evaporated. Benzylalcohol is removed by distillation (0.1 mbar,
140 °C bath temperature) to yield 22.5 g (71.8 mmol; 100%) of the reduced compound as a
“brown liquid. This is dissolved in CH,Cl, (100 ml), 7.0 ml (86.1 mmol) pyridine added, then
6.10 ml (86.1 mmol) of acetylchioride slowly added (exothermic, temperature is kept below
30 °C by cooling in a water bath). After complete addition, the solution is stirred at ambient
temperature for 16 h, washed with 1M K,COj; solution (100 ml) and brine (100 ml), dried
(Na,S0,), filtered and evaporated to yield 26.35 g (103 %) compound 301 as brown liquid.

'H-NMR (400 MHz, CDCl,), & (ppm): 7.56-7.54 d (2H), 7.35-7.20 m (8H), 4.46 s (2H), 3.98 s

(2H), 3.20 d (1H), 3.08 d (1H), 2.19 br s (1H), 1.96 s (3H), 1.63 s (3H), 0.90 s (3H), 0.89 s
(3H).

Example A20: Acetic acid 2-(2-benzyloxy-1,1-dimethvl-ethylamino)-2-phenyl-butyl
ester 302
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The compound is prepared in analogy to example A19 using propiophenone instead of
acetophenone. Colorless liquid.

'H-NMR (400 MHz, CDCl,), 8 (ppm): 7.45 m (2H), 7.35-7.20 m (8H), 4.58-4.47 m (4H), 3.08 s
(2H), 2.04 s (3H), 1.85-1.76 m (2H), 0.92 s (3H), 0.81 s (3H), 0.62 t (3H).

Example A21: Acetic acid 2-(2-benzvioxv-1,1-dimethyl-ethylamino)-2-phenyl-propvil
ester-N-oxyl 303

To a solution of 26.4 g (71.8 mmol) of 301 in toluene (70 ml) is added at the same time a
30% aqg. NaOH solution (30 ml) and 23.2 ml (140 mmol) of a 40% solution of peracetic acid
in acetic acid (exothermic, internal temperature is kept below 20 °C by cooling in an ice-
bath). After complete addition, the emulsion is stirred at ambient temperature for 1.5 h,
filtered over hyflo, the organic phase washed with 20% aq. Na,SO; solution (2x50 ml), water
(50 ml) and brine (50 ml), dried (Na,SO,), filtered and evaporated. The residue is purified by

flash chromatography over silicagel (hexane/EtOAc 5:1) to give 10.9 g (41 %) of the title
compound as orange solid.

M.p.: 42-49 °C. MS (DEP(CI)): MH"* = 371.

Example A22: Acetic acid 2-(2-benzvioxv-1.1-dimethyl-ethylamino)-2-phenyl-butyl
ester-N-oxyl 304

The compound is prepared in analogy to example A21 from compound 302 in a yield of 83%
as brown liquid .

MS (DEP(CI)): MH* = 385.

Example A23: Acetic acid 2-[(2-benzvioxy-1,1-dimethyl-ethvl)-(1-phenyl-ethoxy)-
aminol-2-phenyl-propyl ester 305

The compound is prepared Iin analogy to example A7 from compound 303 in a yield of 48%
as yellowish liquid.
'H-NMR (400 MHz, CDCl3), 8 (ppm): 7.56-7.13 m (15H), 4.97/4.93 2q (1H), 4.50, 4.47, 4.29,

4.02, 3.67, 3.55, 3.43, 3.16, 2.94, 2.62 10d (5H), 4.03 s (1H), 1.79, 1.74 2s (3H), 1.61-1.53
2d + s (4.5H), 1.43, 1.22, 1.05, 0.81, 0.61 5s (7.5 H).
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Example A24: 2-[(2-Benzyloxy-1.1-dimethyvl-ethyl)-(1-phenyl-ethoxy)-aminol]-2-phenyl-

propan-1-ol 306

A solution of 15.3 g (32 mmol) of compound 305 in diethylether (35 ml) is slowly added to a
suspension of 1.26 g (32 mmol) LiAlH, in diethylether (95 ml). The internal temperature is
kept below 10 °C by cooling with an ice-bath. After complete addition, stirring is continued at
room temperature for 1.5 h. The mixture is cooled to 0 °C and carefully hydrolyzed. The
suspension is filtered, the organic phase washed with water (50 ml) and brine (100 ml), dried
(NaxSQy,), filtrated and evaporated. The residue is purified by flash chromatography over
silicagel (hexane/EtOAc 8:1) to give 5.42 g (40 %) of the title compound as yellowish liquid.

'H-NMR (400 MHz, CDCl,), § (ppm): 7.62-7.16 m (15H), 5.09, 5.00 2q (1H), 4.51 AB (1H),

4.05 AB (1H), 4.04, 3.44, 3.09, 2.94 4dd (3H), 3.60, 2.68 2d (1H), 2.54-2.51, 2.26-2.20 2m
(1H), 1.77, 1.55, 1.18, 1.05, 0.82, 0.70 6s (9H), 1.66, 1.54 2d (3H).

Example A25: Acetic acid 2-[(2-benzvioxy-1.1-dimethyl-ethyl)-(1-phenyl-ethoxy)-
aminol-2-phenyl-butyl ester 307

The compound is prepared in analogy to example A7 from compound 304 in a yield of 70 %
as yellowish liquid.

'"H-NMR (400 MHz, CDCl3), & (ppm): 7.62-7.16 m (15H), 4.97-0.25 m (24H).

Example A26: 2-[(2-Benzyloxy-1.1-dimethvl-ethyl)-(1-phenyl-ethoxy)-aminol}-2-pheny!l-
butan-1-ol 308

The compound is prepared in analogy to example A24 from compound 307 in a yield of 87 %
as colorless resin.

'H-NMR (400 MHz, CDCl3), 8 (ppm): 7.562-7.21 m (15H), 4.97-0.15 m (21H).
EA: required C=77.82, H=8.33, N = 3.13; found: C = 77.85, H = 8.61, N = 3.08.

The prepared symmetrically O-substituted alkoxyamines according to formula la and Ib are
shown in table 4.
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Table 4:

'

401

403

405

407
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“ '

O O O O

A >,

| |
O O

409 410

Example A27: 0,0’-Di-(2-Methoxybenzoyl)-{2-Ethyi-2-[(2-hyvdroxy-1.1-dimethvl-ethvl)-
1-phenvi-ethoxv)-aminol-butan-1-ol} 401

To a solution of 4.64 g (15 mmol) of compound 202 in CH,Cl; (45 ml) is added 3.60 ml (45
mmol) pyridine. 5.0 mi (36 mmol) 2-methoxybenzoylchloride is slowly added while keeping
the internal temperature at ambient temperature by cooling with a water-bath. After complete
addition, 0.18 g (1.5 mmol) dimethylaminopyridine is added and the mixture is stirred for 70
h. The resulting yellow suspension is diluted with CH,Cl, (150 ml), the organic layer washed
with 1M HCI (50 ml), water (50 ml) and brine (50 ml), then dried over Na,SQ,, filtered and
concentrated under reduced pressure. The residue is purified by flash chromatography over
silicagel (hexane/EtOAc 3:1) to give 6.94 g (80 %) of the title compound as yellow resin.

'H-NMR (400 MHz, CDCls), & (ppm): 7.93-7.88 m (1H), 7.84-7.79 m (1H), 7.51-7.41 m (2H),
7.31-7.23 m (5H), 7.00-6.90 m (4H), 4.84 m (1H), 4.66-4.05 6d (3H), 3.91-3.86 m (7H), 1.94-
1.60 m (4H), 1.58-1.56 m (3H), 1.52, 1.42, 1.34, 1.24 4s (6H), 1.11, 1.02, 0.93, 0.79 4t (6H).

Example A28: 0,0’-Di-(Thiophene-2-carbonvyl)-{2-ethyl-2-[(2-hydroxy-1,1-dimethyl-
ethvl)-(1-phenyl-ethoxy)-aminol]-butan-1-ol} 402

The compound is prepared in analogy to example A27 from compound 202 and 2-thiophene-
carboxylic acid chloride in a yield of 78 % as yellow resin.

'H-NMR (400 MHz, CDCl3), & (ppm): 7.88-7.72 m (2H), 7.60-7.51 m (2H), 7.31-7.24 m (5H),
7.16-7.05 m (2H), 4.85-4.79 m (1H), 4.65-3.72 8d (4H), 1.96-1.60 m (4H), 1.55 d (3H), 1.51,
1.42, 1.35, 1.18 4s (6H), 1.13, 1.08, 0.95, 0.81 4t (6H).
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Example A29: 0.0’-Di-(2-Methoxvbenzovl)-{2-[(2-Hvdroxvy-1.1-dimethy!-ethvl)-(1- |
henvl-ethoxvy)-aminol-2-propvi-pentan-1-ol} 403 |

The compound is prepared in analogy to example A27 from compound 203 and 2-
methoxybenzoyl chloride in a yield of 87 % as colorless resin.
'H-NMR (400 MHz, CDCl3), & (ppm): 7.93-7.81 m (2H), 7.51-7.44 m (2H), 7.29-7.22 m (5H),

7.01-6.93 m (4H), 4.85-4.77 m (1H), 4.66-4.03 m (3H), 3.91-3.83 m (7H), 1.88-1.14 m (17H),
0.91-0.61 m (6H).

Example A30: 0,0’-Di-(2-Methvithiobenzovi)-{2-[(2-Hydroxy-1,1-dimethyl-ethvi)-(1-
phenyl-ethoxy)-amino]-2-propyl-pentan-1-oi} 404

The compound is prepared in analogy to example A27 from compound 203 and 2-
(methylthio)benzoyl chioride in a yield of 71 % as slightly yellow resin.

'H-NMR (400 MHz, CDCl3), & (ppm): 8.18-7.96 m (2H), 7.52-7.44 m (2H), 7.30-7.10 m (9H),
4.82-3.84 m (5H), 2.46-2.44 m (6H), 1.84-1.05 m (17H), 0.93-0.60 m (6H).

Example A31: 0.0’-Di-(2-Methoxybenzovyl)-{2-[(2-Hydroxy-1,1-dimethyl-ethyl)-(1-
henvl-ethoxy)-aminol-2-methyl-heptan-1-01} 405

The compound is prepared in analogy to example A27 from compound 204 and 2-
methoxybenzoyl chloride in a yield of 84 % as slightly yellow resin.

'H-NMR (400 MHz, CDCl;), & (ppm): 7.95-7.80 m (2H), 7.52-7.42 m (2H), 7.32-7.20 m (5H),
7.00-6.90 m (4H), 4.84-4.82 m (1H), 4.58-3.86 m (10H), 1.90-0.80 m (23H).

Example A32: 0,0’-Di-(2-Methylthiobenzovl)-{2-[(1-Hydroxymethyl-cyclohexyl)-(1-
henvl-ethoxy)-aminol-2-methvl-propan-1-ol} 406

The compound is prepared in analogy to example A27 from compound 205 and 2-
(methylthio)benzoyl chloride in a yield of 87 % as colorless resin.
'H-NMR (400 MHz, CDCl,), & (ppm): 8.16-8.02 m (2H), 7.52-7.43 m (2H), 7.30-7.22 m (7H),

7.15-7.06 m (2H), 4.94-4.88 m (1H), 4.76- 3.95 8d (4H), 2.48-2.44 m (6H), 2.10-1.10 m
(19H).
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Example A33: 0.,0’-Di-(2-Methyithiobenzovl)-{2-[(1-Hyvdroxymethvi-cycioheptvl)-(1-
henvyl-ethoxy)-amino]-2-methvl-propan-1-ol} 407 |

The compound is prepared in analogy to example A27 from compound 206 and 2-
(methyithio)benzoyl chloride in a yield of 64 % as colorless resin.

'H-NMR (400 MHz, CDCls), § (ppm): 8.16-7.95 m (2H), 7.51-7.42 m (2H), 7.30-7.25 m (7H),
7.15-7.00 m (2H), 4.93-4.86 m (1H), 4.63-3.76 8d (4H), 2.47-2.44 m (6H), 2.18-1.22 m (21H).

Example A34. 0,0’-Di-(2-Methoxybenzovl)-{2-[(2-Hydroxy-1.1-dimethyi-ethyl)-(1-
henvl-ethoxv)-aminol-2-phenvyl-propan-1-oi} 408

The compound is prepared in analogy to example A27 from compound 207 and 2-
methoxybenzoyl chloride in a yield of 81 % as colorless resin.

'H-NMR (400 MHz, CDCly), & (ppm): 7.91-6.77 m (18H), 5.18-3.58 (m, 11H), 1.86-0.65 m
(12H).

Example A35: .N.-(2-Benzyloxy-1,1-dimethyl-ethvyl)-.N.-(2-benzyloxy-1-methyl-1-phenyl-
ethyl)-.0.-(1-phenyl-ethyl)-hydroxylamine 409

To a solution of 5.0 g (14.6 mmol) of compound 207 in THF (50 ml) is added 1.46 g (36.4
mmol) of a ca. 60% NaH dispersion in oil. The resulting suspension is stirred at ambient
temperature for 1 h, then cooled to 0 °C (ice-bath) and 3.60 ml (29.8 mmol) benzylbromide
added slowly. The temperature is slowly raised to ambient temperature and the reaction
mixture stirred for 46 h, then again cooled to 0 °C and hydrolyzed. Toluene (100 ml) is
added, the organic phase washed with water (2x100 ml) and brine (100 ml), dried (Na,SOy,),
filtrated and evaporated. The residue is purified by flash chromatography over silicagel
(hexane/EtOAc 20:1) to give 2.81 g (37 %) of the title compound as yellow resin.

'H-NMR (400 MHz, CDCl3), & (ppm): 7.66-6.69 m (20H), 4.96, 4.88 2q (1H), 4.56-2.57 m
(9H), 1.74-0.47 m (12H).

Example A36: .N.-(2-Benzyloxy-1,1-dimethyl-ethyl)-.N.-(2-benzyloxy-1-ethyl-1-phenyl-

ethyl)-.0.-(1-phenyl-ethyl)-hydroxylamine 410
To a solution of 7.15 g (20 mmol) of compound 208 in toluene 100 ml) is added 2.0 g (50

mmol) of a ca. 60% NaH dispersion in oil at 0 °C. The resulting suspension is stirred at
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ambient temperature for 1 h, then again cooled to 0 °C (ice-bath) and 5.10 ml (42 mmol)
benzylbromide added slowly. The temperature is slowiy raised to ambient temperature. After
4 h DMF (50 ml) is slowly added (exothermic!). The reaction mixture is stirred overnight, then
again cooled to 0 °C and hydrolyzed. Toluene (100 ml) is added, the organic phase washed '
with water (2x100 ml) and brine (100 ml), dried (Na,SO,), filtrated and evaporated. The
residue is purified by flash chromatography over silicagel (hexane/EtOAc 20:1) to give 9.4 g

(87 %) of the title compound as yellow resin. '"H-NMR (400 MHz, CDCl3), & (ppm): 7.67-6.70
m (20H), 4.96-4.70 m (1H), 4.56-1.85 m (11H), 1.53-0.40 m (12H).

B) Examples for Polymerizations

General remarks:

Styrene (Merck), methylmethacrylate (MMA, Merck), n-butylacrylate (Merck) and tert-
butylbenzene (Aldrich) are distilled over a Vigreux column under vacuum, shortly before
being used. Acrylonitrile is used as obtained from Aldrich .

To remove oxygen, the polymerization reaction mixtures are degassed in three consecutive
freeze-thaw-cycles and then purged with argon or nitrogen before polymerization . The
reaction mixtures are then polymerized under argon/nitrogen atmosphere. The temperatures
given are bath-temperatures.

At the start of the polymerization reaction, all starting materials are homogeneously
dissolved.

Unreacted monomer is removed from the polymer by heating at a pressure of torr until
constant weight is achieved. Conversion is determined by weighing the remaining polymer
and subtracting the weight of the initiator.The statistical copolymers (Sty/AN) are precipitated
with methanol, dryed at 40°C and 1 torr until constant weight is achieved. Conversion is
determined by weighing the residual |

The styrene/acrylonitrile copolymerization is carried out in a Buchi miniclave drive bmc dr
(200 ml glass reactor vessel having following features: reverse bursting disc 10 bar;

temperature and pressure control; propeller stirrer (3 arms): torque 75 Ncm; speed 250 rpm
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(max.); temperature 250°C (max.); pressure rating 100 bar (max.); material of closing cap
1.4435 Hastelloy C22; material of bearings PFTE/graphite; stirrer shaft 8 mm.

Characterization of the polymers is carried out by GPC (Gel Permeation Chromatography).

GPC: Is performed using RHEOS 4000 of FLUX INSTRUMENTS. Tetrahydrofuran (THF) is
used as a solvent and is pumped at 1 ml/min. Two chromatography columns are put in
series: type Plgel Spum mixed-C of POLYMER INSTRUMENTS, Shropshire, UK. Or by a
Hewlett Packart HP 1090 LC (column PSS 1, length 60cm. Elution is done with
tetrahydrofurane (THF), rate 1ml/min, concentration 10 mg polymer in 1 ml THF,
Measurements are performed at 40 °C. The columns are calibrated with low polydispersity
polystyrenes having Mn from 200 to 2 000 000 Dalton. Detection is carried out using a RI-
and UV-detection. The polydispersity is calculated from M, (g/mol) and M,, (g/mol) as PD =
Mw/M,.

Polymerization of Styrene:

Example B1: Polymerization with 1 mol% of compound 204 at 100 °C

In a 100 ml Schlenck-flask with stopper and magnetic stirrer, are placed 1.47 g (4.35 mmol)
of compound 204 and 45.3 g (435 mmol) of styrene and degassed. The clear solution is then
stirred at 100 °C for 6 h. The residual monomer is removed under high vacuum at 70 °C.
28.49 (63 %) of the monomer is converted and a slightly yellow foam is obtained.
Mn=7930, Mw = 10590, PD = 1.34

Example B2: Polymerization with 1 mol% of compound 205 at 100 °C

In a 100 ml Schilenck-flask with stopper and magnetic stirrer, are placed 1.40 g (4.35 mmol)
of compound 205 and 45.3 g (435 mmol) of styrene and degassed. The clear solution is then
stirred at 100 °C for 6 h. The residual monomer is removed under high vacuum at 70 °C.
21.79 (48 %) of the monomer is converted and a slightly yellow foam is obtained.

Mn = 5130, Mw = 6180, PD = 1.20 '

Example B3: Polymerization with 0.1 mol% of compound 205 at 100 °C
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In a 100 ml Schlenck-flask with stopper and magnetic stirrer, are placed 0.14 g (0.44 mmol)
of compound 205 and 45.3 g (435 mmol) of styrene and degassed. The clear solution is then
stirred at 100 °C for 6 h. The residual monomer is removed under high vacuum at 70 °C.
12.6g (28 %) of the monomer is converted and a slightly yellow foam is obtained.

Mn =27350, Mw = 34750, PD =1.27

Example B4: Polymerization with 1 mol% of compound 207 at 100 °C

In a 100 ml Schlenck-flask with stopper and magnetic stirrer, are placed 1.49 g (4.35 mmol)
of compound 207 and 45.3 g (435 mmol) of styrene and degassed. The clear solution is then
stirred at 100 °C for 6 h. The residual monomer is removed under high vacuum at 70 °C.
- 30.7g (68 %) of the monomer is converted and a slightly yellow foam is obtained.

Mn =7520, Mw = 9300, PD =1.24

Example B5: Polymerization with 1 mol% of compound 208 at 100 °C

In a 100 ml Schlenck-flask with stopper and magnetic stirrer, are placed 1.56 g (4.35 mmol)
of compound 208 and 45.3 g (435 mmol) of styrene and degassed. The clear solution is then
stirred at 100 °C for 3 h. The residual monomer is removed under high vacuum at 70 °C.
44.69 (95 %) of the monomer is converted and a slightly yellow foam is obtained.

Mn = 10000, Mw = 16400, PD =1.63

Example B6: Polymerization with 0.1 mol% of compound 208 at 100 °C

In a 100 ml Schlenck-flask with stopper and magnetic stirrer, are placed 0.156 g (0.435
mmol) of compound 208 and 45.3 g (435 mmol) of styrene and degassed. The clear solution
is then stirred at 100 °C for 6 h. The residual monomer is removed under high vacuum at 70°
C.17.0 g (37 %) of the monomer is converted and a slightly yellow foam is obtained.

Mn = 46300, Mw = 74000, PD = 1.60

Example B7: Polymerization with 1 mol% of compound 209 at 100 °C

In a 100 ml Schlenck-flask with stopper and magnetic stirrer, are placed 1.96 g (4.35 mmol)
of compound 209 and 45.3 g (435 mmol) of styrene and degassed. The clear solution is then



CA 02477728 2004-08-30
WO 03/074572 | - PCT/EP03/018935

- 39 -

stirred at 100 °C for 6 h. The residual monomer is removed under high vacuum at 70 °C.
34.99 (73 %) of the monomer is converted and a slightly yellow foam is obtained.
Mn =9700, Mw = 12100, PD =1.25

Example B8: Polymerization with 1 mol% of compound 306 at 100 °C

In a 100 ml Schlenck-flask with stopper and magnetic stirrer 1.89 g (4.35 mmol) of compound
306 and 45.3 g (435 mmol) of styrene are placed and degassed. The clear solution is then
stirred at 100 °C for 5 h. The residual monomer is removed under high vacuum at 40 °C.
42.5g (94 %) of the monomer is converted and a slightly yellow foam is obtained.

Mn = 10000, Mw = 11600, PD = 1.27

Example B9: Polymerization with 1 mol% of compound 307 at 75 °C

In a 100 ml Schlenck-flask with stopper and magnetic stirrer, are placed 2.13 g (4.35 mmol)
of compound 307 and 45.3 g (435 mmol) of styrene and degassed. The clear solution is then
stirred at 75 °C for 6 h. The residual monomer is removed under high vacuum at 40 °C. 19.3g
(38 %) of the monomer is converted and a slightly yellow foam is obtained.

Mn =3130, Mw =5010, PD =1.60

Example B10: Polymerization with 1 mol% of compound 308 at 85 °C

In a 100 ml Schienck-flask with stopper and magnetic stirrer 1.95 g (4,36 mmol) of
compound 308 and 45,45 g (436 mmol) of styrene are placed and degassed. The clear
solution is then stirred at 85 °C for 6 h. The residual monomer is removed under high
vacuum at 40 °C. 44,5 g (94 %) of the monomer is converted and a slightly yellow foam is
obtained.

Mn =12050, Mw = 14890, PD =1.24

Example B11: Reinitiation of polymer B10 with MMA at 85°C

In a 100 ml Schlenck-flask with stopper and magnetic stirrer 2.50 g of polymer B10 (Mn =
12050) and 15.0 g (150 mmol) of MMA are placed and degassed. The clear solution is then
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stirred at 85°C for 6 h. The residual monomer is removed under high vacuum at 40°C. 2.99¢
(19.9%) of the monomer is converted and a colorless foam is obtained.
Mn = 46590, Mw = 85150, PD = 1.8

Example B12: Polymerization with 1 mol% of compound 401 at 100 °C

In a 100 ml Schlenck-flask with stopper and magnetic stirrer 2.51 ¢ (4.35 mmol) of compound
412 and 45.3 g (435 mmol) of styrene are placed and degassed. The clear solution is then
stirred at 100 °C for 6 h. The residual monomer is removed under high vacuum at 70 °C.
22.5¢g (50 %) of the monomer is converted and a slightly yellow foam is obtained.

Mn=8610, Mw = 10990, PD =1.28
Example B13: Polymerization with 0.1 mol% of compound 401 at 100 °C

In a 100 ml Schlenck-flask with stopper and magnetic stirrer 0.25 g (0.44 mmol) of compound
412 and 45.3 g (435 mmol) of styrene are placed and degassed. The clear solution is then
stirred at 100 °C for 6 h. The residual monomer is removed under high vacuum at 70 °C.
19.39 (43 %) of the monomer is converted and a slightly yellow foam is obtained.

Mn = 42800, Mw = 56400, PD =1.32

Example B14: Polymerization with 1 mol% of compound 408 at 100 °C

In a 100 ml Schlenck-flask with stopper and magnetic stirrer 2.67 g (4.36 mmol) of compound
419 and 45.4 g (436 mmol) of styrene are placed and degassed. The clear solution is then
stirred at 100 °C for 6 h. The residual monomer is removed under high vacuum at 70 °C.
24.29g (53 %) of the monomer is converted and a slightly yellow foam is obtained.

Mn = 5520, Mw = 7430, PD=1.35

Example B15: Polymerization with 1 mol% of compound 208 at 85 °C

In a 100 ml Schlenck-flask with stopper and magnetic stirrer 1.56 g (4.35 mmol) of compound
306 and 45.3 g (435 mmol) of styrene are placed and degassed. The clear solution is then
stirred at 85 °C for 6 h. The residual monomer is removed under high vacuum at 40 °C. 20.4g
(42 %) of the monomer is converted and a slightly yellow foam is obtained.

Mn =4200, Mw=5160, PD =1.23



CA 02477728 2004-08-30
WO 03/074572 | PCT/EP03/01895

- 41 -

Example B16: Polvmerization with 1 mol% of compound 208 at 85 °C with additional

initiator

In a 100 ml Schilenck-flask with stopper and magnetic stirrer are placed 1.56 g (4.35 mmol) of
compound 306, 0.105 g (0.435 mmol) of benzoylperoxide, and 45.3 g (435 mmol) of styrene
and degassed. The clear solution is then stirred at 85 °C for 6 h. The polymer is dissolved in
CH,Cl, (50 ml) and precipitated from 500 ml MeOH. The precipitation is repeated and the
resulting white powder dried under high vacuum to yield 34.5 g (72 %) ot polymer.

Mn = 6890, Mw =9070, PD =1.32

Example B17: Reinitiation of polymer B16 at 85 °C

In a 100 ml Schienck-flask with stopper and magnetic stirrer 2.50 g of polymer B16 (Mn =
6890) and 10.0 g (96 mmol) of styrene are placed and degassed. The clear solution is then
stirred at 85 °C for 6 h. The residual monomer is removed under high vacuum at 40 °C. 3.09g
(31 %) of the monomer is converted and a colorless foam is obtained.

Mn = 13900, Mw =23300, PD =1.67

- Example B18: Polymerization with 0,25 mol% of compound 410 at 85°C

In a 100 ml Schlenck-flask with stopper and magnetic stirrer 0.59 g (1.10 mmol) of compound
410 and 45.3 g (435 mmol) of styrene are placed and degassed. The clear solution is then
stirred at 85°C for 6 h. The residual monomer is removed under high vacuum at 40°C. 9.20g
(18.9%) of the monomer is converted and a colorless foam is obtained.

Mn = 11590, Mw = 14990, PD = 1.29

Example B19: Reinitiation of polymer B17 with n-BuA at 85°C

In a 100 ml Schienck-flask with stopper and magnetic stirrer 2.50 g of polymer B17 (Mn =
11590) and 15.0 g (117 mmol) of n-butylacrylate (n-BuA) are placed and degassed. The
clear solution is then stirred at 85°C for 6 h. The residual monomer is removed under high
vacuum at 40°C. 10.1 g (67.3%) of the monomer is converted and a colorless foam is

obtained.
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Mn = 146600, Mw = 259600, PD = 1.8

Example B20: Polymerization with 1.0 mol% of compound 410 at 85°C

In a 100 ml Schienck-flask with stopper and magnetic stirrer 2.35 g (4.37 mmol) of compound
410 and 45.3 g (435 mmol) of styrene are placed and degassed. The clear solution is then
stirred at 85°C for 6 h. The residual monomer is removed under high vacuum at 40°C.
24.579 (48.9%) of the monomer is converted and a colorless foam is obtained. '

Mn = 4340, Mw = 5600, PD = 1.29

Example B21: Reinitiation of polymer B19 with MMA at 85°C

In a 100 m! Schienck-flask with stopper and magnetic stirrer 2.50 g of polymer B19 (Mn =
4340) and 15.0 g (150 mmol) of MMA, are placed and degassed. The clear solution is then
stirred at 85°C for 6 h. The residual monomer is removed under high vacuum at 40°C. 5.69¢g
(37.9%) of the monomer is converted and a colorless foam is obtained.

Mn = 14780, Mw = 30510, PD = 2.1

Polymerization of n-butyl acrylate:

Example B22: Polymerization with 1.5 mol% of compound 208 at 120 °C

In a 25 ml three neck flask, equipped with thermometer, cooler and magnetic stirrer, 0.418g
(1.17 mmol) of compound 208 and 10.0 g (78.0 mmol) of n-butylacrylate are mixed and
degassed. The clear solution obtained is heated under argon to 120 °C and polymerization is
carried out during 5 h. The remaining monomer is removed by evaporation under high
vacuum at 80 °C. 8.0 g (80 %) of the initial monomer have reacted. A clear colorless viscous

fluid 1s obtained.
Mn=5150, Mw=8040, PD = 1.56

Example B23 : Polymerization with 1.5 mol% of compound 208 at 100 °C

In a 25 ml three neck flask, equipped with thermometer, cooler and magnetic stirrer, 0.418 g
(1.17 mmol) of compound 208 and 10.0 g (78 mmol) of n-butylacrylate are mixed and
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degassed. The clear solution obtained is heated under argon to 100 °C ahd polymerization is
carried out during 20 h. The remaining monomer is removed by evaporation under high
vacuum at 50 °C. 9.80 g (98 %) of the initial monomer have reacted. A clear colorless
viscous fluid is obtained.

Mn=5150, Mw = 8540, PD = 1.66

Example B24 : Polymerization with 1.5 mol% of compound 209 at 100 °C

In a 25 ml three neck flask, equipped with thermometer, cooler and magnetic stirrer, 0.528 g
(1.17 mmol) of compound 209 and 10.0 g (78 mmol) of n-butylacrylate are mixed and
degased. The clear solution obtained is heated under argon to 100 °C and polymerization is
carried out during 3 h. The remaining monomer is removed by evaporation under high
vacuum at 50 °C. 9.41 g (94 %) of the initial monomer have reacted. A clear colorless
viscous fluid is obtained.

Mn=7670, Mw = 14300, PD =1.87

Example B25 : Polymerization with 1.5 mol% of compound 307 at 100 °C

In a 25 ml three neck flask, equipped with thermometer, cooler and magnetic stirrer, 0.573 g
(1.17 mmol) of compound 307 and 10.0 g (78 mmol) of n-butylacrylate are mixed and
degased. The clear solution obtained is heated under argon to 100 °C and polymerization is
carried out during 3 h. The remaining monomer is removed by evaporation under high
vacuum at 50 °C. 7.22 g (72 %) of the initial monomer have reacted. A clear colorless
viscous fluid is obtained.

Mn =5340, Mw =9280, PD =1.74

Example B26 : Reinitiation of polymer B24 at 100 °C

In a 25 ml three neck flask, equipped with thermometer, cooler and magnetic stirrer, 2.50 g of
poly-butylacrylate B24 and 10 g (96 mmol) of styrene are mixed and degased. The clear
solution obtained is heated under argon to 100 °C and polymerization is carried out during 6
h. The remaining monomer Iis removed by evaporation under high vacuum at 40 °C. 4.88 g
(49 %) of the Initial monomer have reacted. A clear colorless viscous fluid is obtained.

Mn = 32600, Mw=51900, PD =1.59



CA 02477728 2004-08-30

WO 03/074572 . | | PCT/EP03/0189S .. .

- 44 -

Example B27 : Polymerization with 0.25 mol% of compound 410 at 85 °C

In a Schlenck-flask 0,59 g (1.1 mmol) of compound 410 and 55.9 g (436 mmol) n-BuA are
dissolved in 100 ml tert-butylbenzene and degassed. The clear solution obtained is heated
under argon to 85 °C and polymerization is carried out during 6 h. The remaining monomer
and the solvent are removed by evaporation under vacuum at 40°C. 31.1 g (55.7%) of the

INnitial monomer have reacted. A clear colorless vicous fluid is obtained.
Mn =72740, Mw = 133400, PD=1.8

Example B28: Reihitiation of polymer B27 with MMA at 85°C

In a 100 ml Schilenck-flask with stopper and magnetic stirrer 2.50 g of polymer B27 (Mn =
72740) and 15.0 g (150 mmol) of MMA are placed and degassed. The clear solution is then
stirred at 85°C for 6 h. The residual monomer is removed under vacuum at 40°C. 11.6 g

(77.0%) of the monomer is converted and a colorless solid is obtained.
Mn = 125300, Mw = 207000, PD =1.7

Statistical copolymers with styrene (sty)/acrylonitrile (AN)
Example B29: Polymerization of Sty/AN (3:1) with 0.25% mol% of compound 410

In the autoclave, equipped with a thermometer and a magnetic stirrer, 75 g (720 mmol)
styrene and 25 g (471 mmol) acrylonitrile are mixed and stirred with 500 U/min. After addition
of 1.6 g (3.0 mmol) of compound 410 the homogenious solution is cooled in an ice bath and
degassed with argon for 30 min. The solution is then heated to 85°C and polymerization is
carried out during 6 h. After cooling down to room temperature the statistical polymer is
precipitated in methanol and dried in a vacuum oven at 40°C. The polymer is obtained with
42.2 % conversion as a white solid.

Mn = 21630, Mw = 28620, PD = 1.3

Example B30: Polvmerization of sty/AN (1:1) with 0.25% mol% of compound 410

In the autoclave, equipped with a thermometer and a magnetic stirrer, 50 g (480 mmol)

styrene and 50 g (942 mmol) acrylonitrile are mixed and stirred with 500 U/min. After addition
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of 1.9 g (3.5 mmol) of compound 410 the homogenious solution is cooled in an ice bath and
degassed with argon for 30 min. The solution is then heated to 85°C and polymerization is
carried out during 6 h. After cooling down to room temperature the statistical polymer is
precipitated in methanol and dried in a vacuum oven at 40°C. The polymer is obtained with

31.1 % conversion as a white solid.
Mn=15730 Mw = 21920, PD = 1.4

Example B31: Polymerization of sty/AN (1:3) with 0.25% mol% of compound 410

In the autoclave, equipped with a thermometer and a magnetic stirrer, 25 g (240 mmol)
styrene and 75 g (1414 mmol) acrylonitrile are mixed and stirred with 500 U/min. After
addition of 2.2 g (4.1 mmol) of compound 410 the homogenious solution is cooled in an ice
bath and degassed with argon for 30 min. The solution is then heated to 85°C and
polymerization is carried out during 6 h. After cooling down to room temperature the
statistical polymer is precipitated in methanol and dried in a vacuum oven at 40°C. The
polymer is obtained with 17.1 % conversion as a white solid. '

Mn =8730, Mw= 11930, PD =1.4

Example B32: Reinitiation of polymer B29 with styrene at 85°C

In a 100 ml Schlenck-flask with stopper and magnetic stirrer 1.25 g of statistical polymer B29
(Mn = 21630) and 7.5 g (72 mmol) of styrene are placed and degassed. The clear solution is
then stirred at 85°C for 6 h. The residual monomer is removed under high vacuum at 70°C.

1.11 g (14.8%) of the monomer is converted and a colorless solid is obtained.
Mn = 31120, Mw = 43680, PD = 1.4

Example B33: Reinitiation of polymer B30 with n-BuA at 85°C

In a 100 ml Schienck-flask with stopper and magnetic stirrer 1.25 g of statistical polymer B30
(Mn = 15730) and 7.5 g (58.5 mmol) of n-BuA are placed and degassed. The clear solution is
then stirred at 85°C for 6 h. The residual monomer is removed under high vacuum at 40°C.

6.88 g (91.8%) of the monomer is converted and a colorless solid is obtained.
Mn = 207700, Mw = 441100, PD = 2.1
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Example B34: Reinitiation of polymer B31 with MMA at 85°C

In a 100 mi Schlenck-flask with stopper and magnetic stirrer 0.51 g of statistical polymer B31
(Mn = 8730) and 3.0 g (30 mmol) of MMA are placed and degassed. The clear solution is
then stirred at 85°C for 6 h. The residual monomer Is removed under high vacuum at 40°C.

1.93 g (64.3%) of the monomer is converted and a coloriess solid is obtained.
Mn = 67350, Mw = 91580, PD = 1.4



CA 02477728 2004-08-30
WO 03/074572 PCT/EP03/01895

- 47 -

Claims

1. A compound of formula la, Ib, or Ic

Rs — R
R;—Y R, R
R
sz\ ) (la),
- N R
R‘I | 3
O

-~

wherein

Y is O or NRyo; and Ry is H or Ci-Cigalkyl or R; and/or Rg and Ry, together with the
nitrogen atom to which they are bound form a 5 or 6 membered heterocyclic ring;

Ry, R2 and R; independently are benzyl, C,-C4galkyl, C,-Cigalkenyl which are unsubstituted
or substituted by OH or by a group —O-C(O)-Rq,; or C,-Cigalkyl which is interrupted by at
least one O atom or a group NR;o; wherein R;qz is hydrogen, C,-C,galkyl or Cg-Cparyl;

or Ry and R, together with the carbon atom to which they are bound form a Cs-C,.cycloalkyl
group; or in formula la R; and R, together with the carbon atom to which they are bound form
a Cs-Ccycloalkyl group;

R4 is C,-Ciaalkyl;

Rs and Rg are independently H, C;-Cigalkyl, C,-Cigalkenyl, benzyl, Cs-C,,cycloalkyl or
phenyl;

R; and Rg independently are H, C4-Cygalkyl, C>-C,galkenyl, Cs-Cqocycloalkyl or a group
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-C(0O)-(C1-Cqg)alkyl, -C(0O)-O-(C+-Cyg)alkyl, -C(O)-O-phenyl, -C(O)-C(O)-OH, -C(0O)-C(O)-NH-

[\
(C+-Cygalkyl), -C(S)-S-(Ci-Cig)alkyl, © s . -SiR,R,R. wherein R, , R, ., R.
independently are C4-C,galkyl or R; and Rg are the following group
R0s
wherein Rjps, Rigs and Rigs independently are H, C;-Cgalkyl, C;-
R104 0O
R

Cgalkoxy, C,-Cgalkylthio, -O-C(Q)-(C,-Cg)alkyl, -O-C(O)-(CS-C1o)aryi, nitro, cyano or halogen;

Re, Rio, Ry1, Ri2, Riz and Ry4 independently are H, OH, C,-Cgalkoxy, C;-Cgalkyl, SH, C;-
~ Cgalkylthio, '

-0-C(0O)-(C-Cg)alkyl, -O-C(O)-(Ce-Cyg)aryl, nitro, cyano, halogen or a group NRigsRio7
wherein Rios and Rio7 iIndependently are hydrogen, C;-C,galkyl or Cg-Cparyl or together with
the nitrogen atom to which they are bound form a 5 or 6 membered heterocyclic ring; and

X is selected from the group consisting of

H.C
H 3
_CHz-aryl, alkyl(c1‘C18)_?_al’y' : -CH2_CH2_ary|’ alky'(c1'c18)+aW| ’ (Cs_

Cecycloalkyl)oCCN, (C4-Cyoalkyl)o,CCN, -CH,CH=CH,, (Ci-Cys)alkyl-CR,o-C(O)-(C+-Cyz)alkyl,
(C1-Ci2)alkyl-CR20-C(O)-(Ce-Cro)aryl,  (C4-Ciz)alkyl-CRyp-C(O)-O-Rz1,  (C4-Ciz)alkyl-CRao-
C(O)-phenoxy, (C;-Cyz)alkyl-CR2o-C(O)-N-di(Cy-Cyz)alkyl, (C4-Cyz)alkyl-CR2o-CO-NH(C;-
Ciz)alkyl, (C4-Cyz)alkyl-CR2o-CO-NH,;, -CH,CH=CH-CHj;, -CH,-C(CH3)=CH,, -CH,-CH=CH-

phenyl, -CH, - C/{’CH , 3-Cyclohexenyl, 3-cyclopentenyl, (tl\ :
O
QLCN , [ 1 and @_J} - wherein
C H ~CN

R2o Is hydrogen or Cy-Cqzalkyl;
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Rz is Cq-Cqgalkyl or C,-Cigalkyl which is interrupted by at least one O atom or a group NRjo2
wherein R, is hydrogen, C;-Cqgalkyl or C¢-Cqoaryl;

the alkyl groups are unsubstituted or substituted with one or more -OH, -COOH, -O(C;-
Cealkyl), NRyosR10z Oor -CORy groups wherein Rz, Rigs and Rip; have the meanings as
defined above;

the aryl groups are phenyl or naphthyl which are unsubstituted or substituted with Ci-
Cizalkyl, halogen, C4-Cyzalkoxy, C,-Cysalkylthio, C4-Cyzalkylcarbonyl, glycidyloxy, OH, SH,
-COOH or -COO(C4-Cyp)alkyl.

2. A compound according to claim 1 wherein X is selected from the group consisting of
-CH,-phenyl, CH3;CH-phenyl, (CH3).C-phenyl, (Cs-Cgcycloalkyl)o,CCN, (CH3),CCN,

QLCN , “CHoCH=CH;, CHyCH-CH=CH,, (C:-Cgalkyl)CR2o-C(O)-phenyl, (Ci-

Cg)alkyl'CRgo'C(O)“(C1'Cg)an'(oxy, (C1‘Cg)ﬂlle'CRQQ'C(O)'(CrCa)a'kyl, (C1'C3)aIKYI'CR20'
C(0)-N-di(C1-Cg)alkyl, (C;-Ce)alkyl-CRy-C(O)-NH(C1-Cg)alkyl and (C;-Ca)alkyl-CRg-C(O)-
NH,, wherein

Rao is hydrogen or (C;-Cg)alkyil.

3. A compound according to claim 2 wherein X is selected from the group consisting of
-CH,-phenyl, CH;CH-phenyl, (CH3).C-phenyl, (Cs-Cscycloalkyl)o,CCN, (CH3),CCN,

QLCN . -CH,CH=CH,, CHsCH-CH=CH,, (C,-Calkyl)CR2-C(Q)-phenyl, (C;-

Cs)alkyl-CR2o-C(0O)-(C4-Cy)alkoxy, (Cq-Cs)alkyl-CRgp-C(O)-(Cy-Cy)alkyl, (C4-Cy)alkyl-CRzo-
C(0O)-N-di(C,-Cy)alkyl, (C-Cs)alkyl-CR5o-C(O)-NH(C,-Cy)alkyl and (Ci-Cs)alkyl-CRyo-C(O)-
NH,, wherein

R2g is hydrogen or (C4-C4)alkyl.
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