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Under the term ATRP there is understood atom transfer radical polymerization (ATRP). This

type of controlled free radical polymerization is, for example, described in WO 96/30421.

Under the term NMRP there is understood nitroxyl mediated radical polymerization, a free
20 radical polymerization process by controlled or “living” growth of polymer chains, which
produces defined oligomeric homopolymers and copolymers, including block and graft
copolymers. In U.S. 4,581,429 disclosed is the use of initiators of the partial formula R'R”N-
O-X. In the polymerization process the free radical species R'R’N-Oe and eX are generated.
oX is a free radical group, e.g. a tert.-butyl or cyanoisopropy! radical, capable of polymerizing

25 monomer units containing ethylene groups.

A variation of the above process is disclosed in US 5 322 912 wherein the combined use of a
free radical initiator and a stable free radical agent of the basic structure R'R”N-Oe for the
synthesis of homopolymers and block copolymers is described.

30
Interfacial polymerization is copolymerization of two reactive monomers dissolved in two
immiscible solutions respectively. The monomers can meet and react only at the interface of

the solutions when two solutions are contained in a reaction chamber. As the reaction
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RO membranes. Fouling causes deterioration of the membrane performance and shortens
membrane life, limiting further application of RO membrane technology. It is thus desirable to
improve the surface properties of RO membranes without impairing their transport
characteristics in order to enhance their resistance to fouling. There is obviously a need for a
20  process which allows the surface modification of TFC polyamide membranes to overcome
these problems.
Surprisingly it has been found that RAFT/ATRP/NMRP functionalized TFC polyamide
membranes can be prepared by interfacial reaction of an aromatic polyamide and a mixture
of an aromatic acyl halide and a RAFT-functional or ATRP-functional acid halide or epoxy
25  functional alkoxyamine (NMRP) on a microporous substrate. These RAFT/ATRP/NMRP
functionalized TFC polyamide membranes can be used for the controlled radical
polymerization of ethylenically unsaturated monomers or oligomers for improving or
modifying chemical and physical properties on the surface of the membrane, which may be
suitable, for example, to prepare membranes having new antifouling and/or antibacterial

30  properties.

The present invention provides a method for preparing RAFT, ATRP or NMRP functionalized

TFC polyamide membranes by condensation polymerization on a microporous substrate.
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15  Preferred is a method for the preparation of a functionalized thin film composite membrane
as defined above consisting of a continuous polyamide layer on a microporous substrate
comprising carrying out on the porous substrate a polycondensation reaction of
a) an aromatic amine with at least two amine functionalities; with
an aromatic acyl halide with at least 3 —C(O)CI groups; and

20 b1)aradical addition fragmentation chain transfer (RAFT) control agent having an acid
halide functionality,
b2) an atom transfer radical polymerization (ATRP) control agent having an acid halide
functionality, or
b3) a nitroxide-mediated radical polymerization (NMRP) control agent having a glycidyl

25  functionality.

Preferably the aromatic amine compound is of low molecular weight and soluble in water.
The amine functional group is preferably primary rather than secondary and less (in number)
than the functionality of the acyl halide compound. Preferably the aromatic acyl halide
30 compound has at least three or more acyl chloride functionalities and should be soluble in a

non-polar solvent.

A non-polar solvent is a solvent that is considerably less polar than the typical polar solvents,

such as water, C4-C; alkanols, ammonia and the like and for instance less than 5 weight-
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As already mentioned above reversible addition fragmentation chain transfer polymerization
(RAFT) is a well known controlled free radical polymerization technique. In the RAFT-
polymerization process, specific thiocompounds (RAFT control agents) are used in
conjunction with classical free radical initiators (like peroxides or azo-initiators) to result in a
20  polymer with living characteristics, i.e a polymer with low polydispersity. Due to the living
characteristics, the RAFT polymerization process also allows to synthesize defined block
copolymer structures. Thus the method described above under b1) allows modifying the TFC

membrane in a later stage, starting from the sites of the RAFT control agent.

25 Different classes of RAFT agents are known to those skilled in the art, examples are di-thio-

esters, thioxanthogenates or dithiocarbamates

For instance the reversible addition fragmentation chain transfer agent is a di-thioester, for
example di-thiobenzylbenzoate, such as described in W0O98/01478.

30
The polymer or copolymer can also be prepared in a controlled way by atom transfer radical
polymerization (ATRP). This type of polymerization is, for example, described in
WO 96/30421. WO 96/30421 discloses a controlled or “living” polymerization process of

ethylenically unsaturated monomers such as styrene or (meth)acrylates by employing the
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which polymerization initiator is selected from the group consisting of C4-Cg-alkyl halides, Ce¢-
Cis-aralkylhalides, C,-Cso-haloalkyl esters, arene sulfonyl chlorides, haloalkanenitriles,
o-haloacrylates and halolactones, and

15 pand qrepresent one.

Specific initiators are selected from the group consisting of a,o’-dichloro- or o,o’-dibromoxy-
lene, p-toluenesulfonylchloride (PTS), hexakis-(a-chloro- or o-bromomethyl)-benzene, 2-
chloro- or 2-bromopropionic acid, 2-chloro- or 2-bromoisobutyric acid, 1-phenethyl chloride or
20  bromide, methyl or ethyl 2-chloro- or 2-bromopropionate, ethyl-2-bromo- or ethyl-2-chlor-
oisobutyrate, chloro- or bromoacetonitrile, 2-chloro- or 2-bromopropionitrile, a-bromo-benz-
acetonitrile and o-bromo-y-butyrolactone (= 2-bromo-dihydro-2(3H)-furanone).
The transition metal in the oxidizable transition metal complex catalyst salt used in the
process of the invention is present as an oxidizable complex ion in the lower oxidation state
25  of a redox system. Preferred examples of such redox systems are selected from the group
consisting of Group V(B), VI(B), VII(B), VIII, IB and IIB elements, such as Cu'/Cu®*, Cu’/Cu’,
FeFe*, Fe”/Fe*, Ru*/Ru*, Ru*/Ru*, 0s*/0s*, V"N"™V*  cr’cr®, Co'/Co™,
Co*"/Co®", Ni%/Ni*, Ni*/Ni**, Ni**/Ni**, Mn%Mn**, Mn**/Mn®*, Mn*/Mn** or Zn*/Zn*".



C 5-aral kyl hal i des, C2-C38qc- hal oal kyl esters, arene sul fonyl chlorides,

hal oal kanenitril es, a-hal oacryl ates and hal ol actones, and p and q represent
one. Specwbi2oioinsiobat ors are sel ected fromthe group comsirar2eng/06do29

a,a -dichloro- or a,a'-dibronoxyl ene, p-toluenesul fonylchloride (PTS),
hexaki s- (a-chl oro- or a-brononethyl)-hgnzene, 2- chloro- or

2- bronmopropionic acid, 2-chloro- or 2-bronoisobutyric acid, 1-phenethyl

chl oride or brom de, nethyl or ethyl 2-chloro- or 2-bronopropionate,

et hyl - 2-bronmo- or ethyl -2-chl oroi sobutyrate, chloro- or bronmpacetonitrile,
2- chl or ¢N€ dPNIS-PREISS 8 pF VI P3IpRCedalY) PBiRRICHIGRNSE AOTHTRNY KBOWR N £LOBIPEHD-

g- but yr eh@sisonef tranditiéh aietalsli SUrgdads idnsf ¢Haner@jons Teivéd #0811 nbRjanesal 1 n

the oxidizable transitjon petal conplex c st sg|/t used in the process
of the PHRBIIUE: CXAPPIES DRINILNRIIGES. &§- .zﬁ,ﬁ%&%l,ﬁbor%ﬁommm&m e

oxi dat i @F, StRH.E, SbhF.a Jredey ,sinidneref okygdreadies] stoohbRteSoraiceslieds bealsnsSyist ens
are selected fromthe group consisting of Goup V(B), VI(B), VII(B), ViIlI,

I B and REE'QRARE: such as Cuvcu2+, Cul/ Cu+, Fel Fe2+, Fe2VFe3+, Ru2VRu3+,
Ru3VRu4+, 0s2V0Gs3+, v n+/ V(n+l)+ , Cr2+7Cr 3+, CoVCo2+, Co2VCo3+, N /Ni +,

Ni VNi 2+, Ni 2VN 3+, M/ M2+, NMh2VNh3+ N{E\Jﬁvwh4+ or, ZnVZn2+. The ioni c charges
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phonate, p-methylphenylphosphonate or benzylphosphonate, carboxylates derived from a
C+-Cgcarboxylic acid, for example formate, acetate, propionate, butyrate, benzoate,
phenylacetate, mono-, di- or trichloro- or -fluoroacetate, and also C4-Cq,-alcoholates, such as
straight chain or branched C4-C4,-alcoholates, e.g. methanolate or ethanolate.

20  Anionic ligands and neutral may also be present up to the preferred coordination number of
the complex cation, especially four, five or six. Additional negative charges are
counterbalanced by cations, especially monovalent cations such as Na*, K*, NH," or (Cs-

C. alkyl):N*.

25  Suitable neutral ligands are inorganic or organic neutral ligands commonly known in complex
chemistry of transition metals. They coordinate to the metal ion through a o-, n-, p-, n-type
bonding or any combinations thereof up to the preferred coordination number of the complex
cation. Suitable inorganic ligands are selected from the group consisting of aquo (H;0),
amino, nitrogen, carbon monoxide and nitrosyl. Suitable organic ligands are selected from

30  the group consisting of phosphines, e.g. (CsHs)sP, (i-CsH7)sP, (CsHg)sP or (CeHq4)sP, di-, tri-,
tetra- and hydroxyamines, such as ethylenediamine, ethylenediaminotetraacetate (EDTA),
N,N-Dimethyl-N’,N’-bis(2-dimethylaminoethyl)-ethylenediamine (MesTREN), catechol, N,N’-
dimethyl-1,2-benzenediamine, 2-(methylamino)phenol, 3-(methylamino)-2-butanol or N,N’-
bis(1,1-dimethylethyl)-1,2-ethanediamine, N,N,N’,N”,N”-pentamethyldiethyltriamine (PMD-
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Cl- C12- & @éyh& é@ g@gosgr@ycggﬁ%ﬁcg AfRYIere gt RaRyieqs Qlyca) P'bH?ré"alt'Y%%W&ée%nd

neutral elyi-akiser tBRadlyiRs 4Hd Menddentdie opbigérabteatdterog/clt satibrut ligimdeer of the
conpl ex cation, especltally four, five or six. Additional negative charges

are COU'PFe%rQ@;JCﬁ@%eCHcJH}ér ﬁ?ﬁdo@n@re RINES R} |e¥arﬂBI@OVr@‘n%‘ﬁsu%@ﬁth%sorsélﬁ@tltﬁfed'\la+
K+, NH4 + or (d- C4 al kyTl) Suitabl e neutral [igands are inorganic or

or gani c haterearenesd fremaribe gcamerrsistikaeiriuran, hipbees, R, Fyrigingf brtsman@lnm on
et S or r

bon3$ngp§$®gnggcéﬂg atﬁ%ﬁ% pﬁ@rerﬁ%ahmpgﬁghgwg é@gfrgﬁrgggrgﬂ%aP¥on nunber
of the dwlosl ecougronsn. thigsnaphifene, mdmam cdlbqngafrudasﬂ atieenzethéaphede.f pyarelée
group ¢ |§§§5Ié n r&mlagi’cge (5% bl’e qu)e tglé iR |1s_(9>%r29|%n |s'5?rﬁ%léj

nitrosy ui t'abl'e organi’c gan aré selected fromthe group’'c nS|st| ng
of phosphrqwzt’s)hn@ Foayingis) DiB-isequitAiRg) 3F | difestgyBener pieDsking. BFenaxazinet ri -

tetra- gggnd'fmgflﬂé%ﬁﬂlﬁ'@%mﬁtHFeEB%r Ly $ARALAB1RE bis-oxazole.

et hyl enédi am not et r aacet at e
N, Ny nmet hyl - N, N - bi s(2-di net hyl am noet hyl ) - et hyl enedi am ne (Me6TREN),
catechol, N,N - dinethyl-1 ,2-benzenedi am ne, 2-(nethyl am no)phenol,

3- (et hﬁhérﬂxﬂ)@ab% Qé'ﬁﬁtﬂﬁ’ll m%fal IHOMpTexbéa':YeQI%st é'é\ndﬂ)éT%rn%H%Wgép&?\}%é)rehmmary

, 2- et hanedi am ne, N, ent anet diethyltriam ne
b gl ycoF%aCBQH glepcf@m dl%&gar@S@r 'Sel@fﬁﬁr@t?héf%meéﬂrbﬁw Bore ”glt'sﬁﬁélltlo@fneéﬁirsﬁ%ﬁ gves

thereof ¢ @@; whicty is tHen Qénvbﬁretﬁ ag! t)ﬁg'e@on:ﬁﬂéi)( BRRdERN %tyeaéﬂfltlcpf denrbabsunds

heterocycllc e~ donor |igands. Heterocyclic e~ donor |ligands are derived,
for exafpirespondigg tmsheskgands epresents imsthet ceraplen eeaplysly enas tyr geditine o oup

congs St bigieRbaibir) EDTAL RIIEREN PPMBHEA. Pyridine, bis-pyridine,

Preferably the oxidizable transition metal in the transition metal complex salt is present as a

transition metal complex ion in the lower oxidation state of a redox system.

20  More preferably the transition metal complex ion is a Cu(l) complex ion in the Cu(l)/Cu(ll)

system.

Suitable NMRP control agents having a glycidyl functionality are, for example, described in
WO 99/46261 or WO 02/48109.

25
The glycidyl functionalized NMRP control agents are useful as initiators/regulators for
controlled radical polymerization which in addition have a highly reactive functional group
allowing polymer analogous reactions or a reaction during polycondensation of condensation
polymers.

30
Preferred is a method wherein the porous substrate is a polymer selected from the group

consisting of a polysulfone, polycarbonate, polypropylene, polyamide and polyether sulfone.



pi col ylimne, g-pyran, g-thiopyran, phenanthroline, pyrimdine,

bi s-pyri m di ne, pyrazine, indole, coumarone, thionaphthene, carbazole,

di benzof uwenyiodiitb®@azot hi ophene, pyrazol e, im dazol e, berzrEPdEROL®?29
oxazol e, thiazole, bis-thiazole, isoxazole, isothiazole, quinoline,

bi s-qui nol i ne, isoquinoline, bis-isoquignoline, acridine, chronene,
phenazi ne, phenoxazi ne, phenothi azine, triazine, thianthrene, purine,

bi s-i m dazol e and bi s-oxazol e. The oxi di zabl e transition nmet al conplex
catal yst can be formed. in a separate prelininar ction_ st from,]j

| i gandsﬁrbra PREGHI% PRIPRBIMEN dhergBethAd fPFLtIth el nt P ﬁsf"t”iCB?Paﬁg?%lth'E "'t“
e.g. CuGbmpbsitehlydmits nidhestas® BN & inRebgofoUsheubetate! ¥ priesP earmdndyuBskidd on

of conpounds corres onding to the Ii s present in the conplex catalyst,
e.g. byPS@ysSHBsHals @ph@@@ﬁ@a@%rﬁ%ﬂ%m?;\ Me6TREN or PMDETA. Preferably

the oxidizable transition nmetal in ®)e transition nmetal conplex salt is
present as a transition netal conpl: |@n in the | ower oxidation state of a
redox Sﬁ%@monh\éimnmﬁ@t)%ﬁhum (hhe @ Si Ui Qe &llc Qb BRI, AR/, Sre NP |)
conplex ion in the Cu(l)/Cu( Ilf systgmy Suitabl e NVRP control agents having
a glycidyl functionality are, for'™exanpl'@, described in WO 99/46261 or WD
02/ 481 09. The glycidyl functionalized NVRP control agents are useful as

initgat meri zation which in
addi%loghﬁgggggé% giﬁgggeacﬁﬁ%ﬁﬁ#bﬁg}lona‘%hygggxallomnng pol ymer anal ogous
reactions or a reaction during pol yconfensati on of condensati on pol yners.
Preferred is a nethod wherein the pRyous _SRibstrate is a polyner sel ected

f r om t hengraugticacys ihalidengf fofmala b} ysu e, peohgcdir bbleate3 op &y pRa@ré ene,

pol yam de and pol yether sul fone.ln g SgeCigic enbodi nent the nethod for the
preparation of a functionalized thin fRInlconp05|te pol yam de nenbrane on a
m croporous substrate conprises carryind out on the porous substrate a

pol ycongpnpatg(onCiradahé ethers ar@)mowpead@ﬂ@w@rogah Becet, i milid grejentaesiei n at
|l east two of R-io - R15 are -NH 2

b1) a RAFT control agent of formula (ll1a) or (l11b)

s R22

R22
0 S A \7R25
10 [CIJLL *s)v% (lla), Z; 5" R, \hu} (Illb) or
" R24 O "

b2) an ATRP control agent of formula (IVa) or (IVb)
o R31 0] R31
X/H%TRE_—<E——X (IVa), X/u—%éf—x or
R32 R32
15  b3) a NMRP control agent of formula (Va) or (Vb)

A
RZ)( ><R2
R2 ’\Il R2

OR

R, (Va),

R1
R1}\ )<R1
R; N R,
OR

wherein n is a number from 1 to 4;

(Vb);

wherein in formula (llla) and (llIb)



and the others are independently hydrogen or C -C 4alkyl; with an aromatic
acyl halide of fornmula (11) wherein at least 3 of R 6 -R21 are a group
-C(O C amod 2wtmisidbers are i ndependently hydrogen or G pCrAmbdoglosookn t he
presence of bl) a RAFT control agent of forrmula (Ilia) or (NIb) b2) an ATRP
control agent of formula (IVa) or (IVhpy_b3) a NVRP control agent of formula
(va) or (Vb) wherein nis a nunber froml to 4; wherein in formula (N a)
and (NIb)Z1 in formula (lIlia) is C-C 8al kylene, C3-C 8al kyl ene which is

interrupted.,b ne or nmpre oxygen ataonms or phenyl ene, which all nay be
substit éraf‘h%u%r gf”ﬂ)a'lsk 1'818%{%@%, 3‘%@5%'?”81"‘-’“'%&1&1 iseppiRd by ope or'more
4al koxy erydeantbs 82 Ehéhw@renwh@h(d}ﬂlnbay bhes sUDSH LSRRy CHTl 8Ky NealodenCoydal Kyl |
phenyl , C3- C73/I oa% |, C3- Crcycl oal kenyl, C3-Crheterocycl oal kyl,

C3- C7heCe?lb@ydrSar K‘WYCa@O@"’BaI kyl thi o, phenylthio, C7-G

2phenyl al kyl t.hi o, G -G 8al] koxy, phenyl ox m no, Ci-C  8alko ar banyl ,
A A R T W St S0k O 1 Rk Ay A Sl ieb %1 27 o A
gﬁ_— C?EE ;dL@JﬁI@;alkﬁhw {ojamggt@roogbllpﬁleﬂy b@ﬁ?ﬁétt@i‘wydbﬂkerq,-@-Cwalﬁyl_thio,hphe_nylthio,

i al kyl - phosphi nat 9, di phenyl - phosphi pato or a pol ymer chai n havi
Domper Sl aenuaBy o of " he gt BRI he rANEE of G e UEAORI ch
ar Oggs g&’?)ﬁd%yc@boﬁﬁbsfrbb% @1-@}{%@0’)@, Hérhdfi@ylloxyh@bﬁb@m?j/l, @y@rfjm,ctzzlctfgﬁiadrwlkoxy
or - a oxycar n ; , n < are eac | naepenaden \
RO b TS ALy A et i e A S AL .
al Ikyl . PomBr @mgh@ta{éihgla,nmﬂeglaymgeggg&e@ ch’pl)‘d)iyﬁﬂa_riaatfdﬂThlc( ] &rﬁNeRaalt@éag@ gda}goe,e gf
po rization in the range 5. = i, C(= 0 re
o e s B ey gl dio B tilod by 1C - iy FoIBIery \GAIG: E5CHIBY: Papr

atons, @ &rycabohylom 1 to 20 carbon atons, aryloxy or heterocycl oxy, R102
and R103 are independently Hor alkyl of from1 to 20 carbon atons, or R102
and R10RARg; atd Rechre @gett mMaepéraichty Al Ralogérk \3,€016 aliyio pief@rbbil I3rC.2 alkgl dnd

g?r E?gn%{pggs p’refterr']a%Fy I:?—ng]arl.lg/I,aCECg %yclgélgﬁ,ng%%ﬁ/gnerrlc%gin ﬁanvqngR%OnA'urﬁt?er'gve%greal ght
degree of polymerization in the range 5 to 1000, C(=Y)R101, C(=Y)NR2R 103 Wwhere Y may be
15  NRyoq or O, preferably O, Ry, is alkyl of from 1 to 20 carbon atoms, alkoxy of from 1 to 20
carbon atoms, aryloxy or heterocycloxy, R, and Ry are independently H or alkyl of from 1
to 20 carbon atoms, or Rz and Rygs are joined together to form an alkylene group of from 2
to 5 carbon atoms, thus forming a 3- to 6-membered ring, and Rqo4 is H, straight or branched

C+-Cy alkyl or aryl; or

20 Ry, Rz and Ry are each independently CN, C,-Cy alkenyl or alkynyl, preferably C,-C,4
alkenyl or alkynyl, and more preferably vinyl, oxiranyl, glycidyl, aryl, heterocyclyl, aralkyl, aryl-
substituted alkenyl, where alkyl is defined above, and alkenyl is vinyl which may be
substituted with one or two C-C4 alkyl groups and/or halogen atoms, preferably chlorine, C4-
Cs alkyl in which from 1 to all of the hydrogen atoms, preferably one, are replaced with

25 halogen, preferably fluorine, bromine or chlorine, where 1 or more halogen atoms are
replaced, and preferably fluorine or bromine where 1 halogen atom is replaced and C¢-Cs
alkyl substituted with from 1 to 3 substituents, preferably 1 selected from the group consisting
of C4-C4 alkoxy, aryl, heterocyclyl, C(=Y)R101, C(=Y)NR192R103, OXiranyl and glycidyl; such
that no more than two of Ry, Ry and Ry are H, preferably no more than one of R,,, Rys and

30 RxisH;

Rys is Cq-Cqg alkylene, Cs-Cyg alkylene which is interrupted by one or more oxygen atoms, or
phenylene, which all may be substituted by C,-C; alkyl, halogen, cyano, C4-C; alkoxy,
C(=Y)R101, C(=Y)NR102R103 where Y, R101, R102 and R103 are as defined above;



Cl-C20 al kyl or aryl; or R22, R23 and R24 are each independently CN, C2-C20
al kenyl or al kynyl, preferably C2-C4 al kenyl or al kynyl, and nore

pr ef er ablwowvormdisseexi ranyl , glycidyl, aryl, heterocycl ylpcTaradoepboo29

aryl substituted al kenyl, where al kyl is defined above, and al kenyl is vinyl
whi ch may be substituted with one or 1yp_Cl-C4 al kyl groups and/or hal ogen
atons, preferably chlorine, Cl- C6 alkyl in which from1l to all of the
hydrogen atons, preferably one, are replaced with hal ogen, preferably
fluorine, bromne or chlorine, where 1 or nore hal ogen atons are repl aced,
and preferably fluorine or brom ne where 1 hal ogen atomis replaced and

Cl- C6 alkgteismrsinmdiailod) smd vbrom 1 to 3 substituents, preferably 1

sel ecte ,fr? t he group consisting of Cl-C4 al koxy, aryl, heterocyclyl,
C(=Y)R icpﬁ%fﬁﬁ)NR 102R103 , oxiranyl and glycidyl; such that no nore
than two of R22, R23 and R24 are H, preferably no nore than one of R22, R23

and R24 s H 5is Cl-C18 al kyl ene, C3-Cl18 al kyl ene which is interrupted
by ofe &g 'ﬁgf 1@?%1%%%%@,?‘%#3/% W@H%t,e”\‘dﬂ‘ieét?{’é}r‘le HaRP B OXEITIPIE ¥d by
ahere ¥ & 2t 9ol aod Sbove Ther o o ot

ere an re as definped above;wherein in formula
(IVa) af PR CRINRarRiognae Y RiorrBo: pad Bis aresaiPdaBovess. G 8 al kyl ene
which is interrupted by one or nore oxygen atons, or phenyl ene, which al

may be substjtuted d-C 4 al kyl, hal ogen, cyano, d-C 4 al koxy, C(=Y)Rioi,
Cc(=Y) NR%KEIQ %8 W%% Sgme 'ﬁf@fi',”gﬁ‘i& %{'Hj(gj'sﬁ 03 are as defined above; R3i
and1@32 have the sane neaning as R22 and R23; wherein in forrmula (Va) and
(Vb) the Ri,are each independently of one another hydrogen, hal ogen, N2,
cyano, W Q%rmuaf\@r}@ﬁéé%@ 4, -(O-R7, -OR8, -SR8, -NHR 8, -N(Re) 2,
car banoye RGhre(eath ir@bp&r’ddﬁlﬂ% bEGHD@EMYdr hydidgeMNhdideNHR0OG) cyansinsubst i t ut ed

G-G ek G ROEN Lo S SR U TR ORIED L e
Cisalkylhcarbamoyl, -C(=NR5)(NHRg);
15  unsubstituted C;-Cqgalkyl, C,-Cqgalkenyl, C,-Cqgalkynyl, C;-Cophenylalkyl, Cs-C4,cycloalkyl or
C,-Cqzheterocycloalkyl; or
C+-Cysalkyl, C,-Cqgalkenyl, C,-C4s alkynyl, Cz-Cgphenylalkyl, Cs-Cqocycloalkyl or C,-
Cqzheterocycloalkyl, which are substituted by NO,, halogen, amino, hydroxy, cyano, carboxy,
C+-Caalkoxy, C4-Cyalkylthio, C4-Cjalkylamino or di(C4-Cjalkyl)amino; or
20  phenyl, naphthyl, which are unsubstituted or substituted by C;-Cjalkyl, C4-Csalkoxy, C4-
Caalkylthio, halogen, cyano, hydroxy, carboxy, C4-Cjalkylamino or di(C4-Cgalkyl)amino;
R4 is hydrogen, C4-Cqsalkyl, phenyl, an alkali metal cation or a tetraalkylammonium cation;
Rs and Rg are hydrogen, C4-Cqsalkyl, Co-Cqgalkyl which is substituted by at least one hydroxy
group or, taken together, form a C,-Cqalkylene bridge or a C,-C2-alkylene bridge interrupted
25 by atleast one O or/and NRg atom;
Rz is hydrogen, C4-C4salkyl or phenyl;
Rs is hydrogen, C4-Cqsalkyl or C,-Cqsalkyl which is substituted by at least one hydroxy group;
Ry is C1-Cqzalkylene or a direct bond;
or all Ry form together the residue of a polycyclic cycloaliphatic ring system or a polycyclic
30  heterocycloaliphatic ring system with at least one di- or trivalent nitrogen atom;
the R, are independently of each other phenyl or C+-Cealkyl or two together with the linking
carbon atom form a Cs-Cscycloalkyl group;
A is a divalent group required to form a cyclic 5-, 6- or 7-membered ring and

R3 is a radical of formula (I1)



C2-C 2heterocycloal kyl; or G-C 8alkyl, C2-C 8al kenyl, C2-C 8 al kynyl,
C7- COphenyl al kyl , C3-C  2cycl oal kyl or C2- C 2heterocycloal kyl, which are
subst i t utwo 2010/ hal ogen, am no, hydroxy, cyano, car porEr26o6dodal koxy,
C -C 4al kylthio, G -C 4al kylamno or di (G -C 4al kyl )am no; or phenyl,

napht hyl , which are unsubstituted or sypstituted by G -C 4alkyl, CG-C

4al koxy, d - C4al kylthi o, hal ogen, cyano, hydroxy, carboxy, G -C

4al kyl ami no or di (G -C 4al kyl )am no; R4 is hydrogen, G -C 8al kyl, phenyl,
an alkali netal cation or a tetraal kyl ammoni um cation; R5 and R6 are
hydrogen, G -G 8al kyl, C2-CG 8al kyl which is substituted by at |east one
hydroxy group or, taken together, forma C2-C 2al kyl ene bridge or a C2-C
2-al kyl ene briddge interrupted by at |east one Oor/and NR8 atom R7 is
hydr ogen, ChC 18& kyl @), phemein ; R8 is hydrogen, C -G 8al kyl or C2-Ci
8al kyl which s 'substintuted by at |east one hydroxy group; RO is C-C
2al kyl ene of a direct bond; or all Ri formtogether the residue of a

pol ycychj ¢ cl paliphatic ring.system or, . ol ycycl.i ¢ hetero | pal |,phatic
Py Sy & By ARl ferll A ERYERG Sih B hist e SLE UM foEBRYELT o
i ndependelotéryy, arhineabhdroxy)eryapbiecerboxy;, GGiG.E1k6=}, k§4-Catkyttio, Cogralkg@aminot or t he
i nking ﬁ@r oag torin forma C5-C6eycl oal kyl group; Ais a divalent group
requ're(q bt lfy a?%%lclic 5-, 6- or 7-nenbered ring and R3 is a radical of
f or mul athd R)dré indepamdemdy of e@chi gthgrttéayCHple, napht hyl ene or bi phenyl ene,
whi ch are unsubstituted or substituted by NO2, hal ogen, am no, hydroxy,
cyano, ©xaishayxyup G oxy, G -C4alkylthio, G -C4alkylamno or di (G -C
4al kyl )am no; the R age independently of each other Hor CH3; Dis a group
0 ' and

and

m is a number from 1 to 4.

10

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.

15
The alkenyl radicals in the various substituents may be linear or branched. Examples of C,-
Cisalkenyl are vinyl, allyl, 2-methylallyl, butenyl, hexenyl, undecenyl and octadecenyl.
Preferred alkenyls are those, wherein the carbon atom in the 1-position is saturated and
where the double bond is not activated by substituents like O, C=0, and the like.

20
Examples of C,-Cysalkynyl are ethynyl,2-butynyl, 3-hexynyl, 5-undecynyl, 6-octadecynyl. The
alkynyl radicals may be linear or branched.

Cs-Cgphenylalkyl is for example benzyl, phenylpropyl, o,a-dimethylbenzyl or a-methylbenzyl.
25  C;-Cypalkylphenylthio has its preferences and examples in analogy.

Cs-Cyacycloalkyl which is unsubstituted or substituted by 1, 2 or 3 C4-Caalkyl is typically
cyclopropyl, cyclopentyl, methylcyclopentyl, dimethylcyclopentyl, cyclohexyl, methylcyclo-
hexyl.

30
Alkyl substituted by-OH is typically 2-hydroxyethyl, 2-hydroxypropyl or 2-hydroxybutyl.



mis a nunber from1l1l to 4. The alkyl radicals in the various substituents
may be |inear or branched. Exanples of alkyl containing 1 to 18 carbon

at ons ar ewoRbtwlisseet hyl , propyl, isopropyl, butyl, 2-butrgirEreeobedoyd ,
tbutyl, pentyl, 2-pentyl, hexyl, heptyl, octyl, 2-ethylhexyl, t-octyl,
nonyl, decyl, undecyl, dodecyl, tridecyj, tetradecyl, hexadecyl and
octadecyl. The al kenyl radicals in the various substituents may be |i near
or branched. Exanples of C2- d 8al kenyl are vinyl, allyl, 2-methylallyl,
but enyl , hexenyl, undecenyl and octadecenyl. Preferred al kenyls are those,
wher ei n o Aliay b@usstualtembj/ g Ugakéeyppmifériaup\ bly £ b MoAL, edp@:nehlmhg/rrﬁemb@ doubl e
bond is ot acti vz%ta Yo SH bste%]t Ee%] elftgl e anxang th§ i d fany

of C2-c° akaSnpr%l ¥ et RS P27 but YRy S 3 heX YRYICYBEnd &cy Wp Py

6- oct adbuliprypropyhoctbkynigmyl aadmﬂmtboxybytybe | i near or branched.

C7- C9phenyl al kyI is for exanpl e benzyl, phenyl propyl, a,a-dinmethyl benzyl or
a- nethylbenz -G 2al kyl phenylthio has its preferences and exanples in
anal ®gy C1 @Q%Fyl 2%%"“5%’ RX/U'(%F@*W)@%‘EI@E@?@QW&Q simetigaminudiehwamino, 2 or
3 G- meldfmbthy@nﬁrydytmlinueﬂwrdnﬁmwﬁw B&M&thﬂﬁﬁﬂ{o\blro% Bt el RReesy | 3-

di et hyl g%?l on%en é“ ﬁxlé Eyﬁ;yl cycl ohexyl kyl substituted by-OH
is typi 8 ”ﬂ@/ﬁ%)@\? tFﬂQ)?t YISMiRebHlYy por opyl or 2- hydroxybutyl . G -G 8Al kyl
substi t ut ed by CrC 8al koxy, preferably by C C 4al koxy, in parti cul ar by

met hoxy i yRj eal - I - yl )

3- net hog0 AW%gstﬁéﬁtﬁgx@p%pﬁflkﬁ%ﬂﬁ%ﬁgﬁ%%%a/yre2g gﬁ% Xr%% ebh%'am'”%r 2

4- it homeqmino@hyICi 24eMiyleynineaiigt i 3-methylapyneiroil.- @-ataylamir)oamnyb Bdutyl-

pr ef er ablh Brébyl SdBIARThOUty di et hyl am no, 2-di met hyl am noet hyl ,
2-di et hyl am noét hyl, 3-dinmeth ¥arri nopropyl, 3-diethyl am nopropyl, 3-

di but yl am nopropyl and 4-di et hyI am nobutyl. G -G DbAl kyl substituted by

G - Gal l@ficgmkaﬁy aigd, @reﬁéeb@trtm@n@x e Ryicany ﬁ@:hcﬁym'chcw BpoXy, isopropoxy,
met hyl ag éiam noet h E -rret éxam nf)dpropy ,

3- et hyl omzjﬁ%wyxy %‘3’15 Yy [SRRFHGHF BBYPY AR RV II%Ki nobutyl . G - CBAI koxy
andj5preferably - C4al koxy, are typically nethoxy, ethoxy, propoxy,
'SOprOp%ﬂ(—\@Alkylthlo is typically thiomethyl, thioethyl, thiopropyl, thioisopropyl, thiobutyl and

thioisobutyl.

Cs-Cqz2heterocycloalkyl and preferably Cs-Csheterocycloalkyl is typically oxirane, 1,4-dioxane,

20  tetrahydrofuran, +y-butyrolactone, e-caprolactam, oxirane, aziridine, diaziridine, pyrrole,
pyrrolidine, thiophen, furan, pyrazole, imidazole, oxazole, oxazolidine, thiazole, pyran,
thiopyran, piperidine or morpholine.

Examples of C;-Cisalkylene bridges, preferably of C,-Csalkylene bridges, are ethylene,
25 propylene, butylene, pentylene, hexylene.

C,-Cyoalkylene bridges interrupted by at least one N or O atom are, for example,
-CH2-0O-CH,-CHg, -CH2-O-CH,-CH,-CH,, -CH,-O-CH,-CH,-CH,-CH,-,
-CH,-O-CH,-CH,-O-CH2-, -CH,-NH-CH,-CH,, -CH,-NH-CH,-CH2-CH,,

30  -CHx-NH-CH,-CH,-CH,-CH,-, -CH,-NH-CH,-CH,-NH-CH2- or -CH,-NH-CH,-CH-O-CH2-.

Phenyl substituted by 1, 2 or 3 C4-Caalkyl or C4-Csalkoxy is typically methylphenyl, dimethyl-
phenyl, trimethylphenyl, t-butylphenyl, di-t-butylphenyl, 3,5-di-t-butyl-4-methylphenyl,
methoxyphenyl, ethoxyphenyl and butoxyphenyl.

35



but oxy, isobutoxy, pentoxy, isopentoxy, hexoxy, heptoxy or octoxy.

C-CAA kylthio is typically thionmethyl, thioethyl, thiopropyl,

t hi oi soprwpybio/dibseebut yl and thi oi sobutyl. C3-CG 2het er ecyapeabloydozand
preferably C3-Crheterocycloal kyl is typically oxirane, 1,4-dioxane,
tetrahydrofuran, g-butyrolactone, e-capgolactam oxirane, aziridine,

di aziridine, pyrrole, pyrrolidine, thiophen, furan, pyrazole, imdazole,
oxazol e, oxazolidine, thiazole, pyran, thiopyran, piperidine or norpholine.
Exanpl es of d-Ctal kyl ene bridges, preferably of C2-C6al kyl ene bridges, are
et hyl enExarpptepybfepelycml& ydyeloaliphaaatifge Besterne xarb eadam4ridarkg, Adlaky, emistahe dges

interru d N or for exanple, -CH2-O CH2-CH,
-CH2- O EEI%‘ %ﬂ\ﬁyé?‘ﬂ%?zﬁ?ﬁ?%ﬁﬁ‘zoraﬂ%ﬁ%ﬁf%ne - CH2- O CH2- CH2- O- CH2- ,
- CH2- NH CH2- CH2, CHZ NH CH2- CH2- CH2, -CH 2-NH-CH 2-CH 2-CH 2-CH 2-

- CH2- ?Hégégﬁ% O'I)_/%Il %?er%’%ggg eig- %ﬁéstempréerr\l‘,l(?rﬁé‘tﬁﬁltahtreﬂéﬁqheby 1,

2 or koxy I's typlcal t hyl pheny net hyl phenyl
trln@thﬁﬂﬁﬁ@m9¢) t- butylphenyl di -t - butyl phenyl ,
3,5-di -t-butyl -4-net hyl phenyl, nethoxyphenyl, ethoxyphenyl and

D O e e RO S e S He PR B ol AR TR 5
bi cycl o[C3-CGalkylend, a@e—CMkeny&mmﬂ:zeCwﬂklmjlm y’cycﬂmemyhaaeewbmycgmabs phat ibe ring
system | s RNRIE DY RONGIEAY0S, (UIEHR ORRAB)\FXATRIES, E8hoR, dhifRhan or oup

A requir orma cyc are:
C2- Blal KesmjHoxne, CeQ+sc4%qykme,ylmoleX32 ﬁwrﬁmyalefhfélqm@w@mmmwb@II(C1-

unsubstbtwléq@ga,grnow%gh}nut ed by NO2, hal ogen, am no, hydroxy, cyano,
car boxy, carbonyl, 8al koxy, CrCG 8 acyl oxy, benzoyl oxy, C G

8al kylthio, G -C 8 Ikylam no or di (C G _8al kyl)am no or phenyl. Wen A has
t he rreaMer?@ f aéihwwgeﬁ’fe 0949@9/'@@a(?rk%ﬂ949@??é‘y'ef‘ﬁe@83@IQEﬁH@§ rﬂ%}g/a'apw be

interrupted by an O or N atom.

15  C,-Cisalkylene bridges interrupted by at least one N or O atom are, for example,
-CH,-O-CH,;-CH_, -CH-0O-CH,-, -O-CH,-CH,-,-O-CH,-O-CH2-, -CH,-NH-CH,-, -CH,-NH-CH,-
CH3-, -NH-CH2-CHy-, -NH-CH2x-NH-CH2-, -O-CH,- or -CH,-O-C(O)-.

Examples of a monocarboxylic acid having up to 18 carbon atoms are formic acid, acetic
20  acid, propionic acid, the isomers of valeric acid, methyl ethyl acetic acid, trimethyl acetic acid,

capronic acid, lauric acid or stearic acid. Examples for unsaturated aliphatic acids are acrylic

acid, methacrylic acid, crotonic acid, linolic acid and oleic acid.

Typical examples of cycloaliphatic carboxylic acids are cyclohexane carboxylic acid or

cyclopentane carboxylic acid.

25
Examples of aromatic carboxylic acids are benzoic acid, salicylic acid or cinnamic acid.
The C-atom to which the substituents R are bound is preferably a secondary or tertiary C-
atom more preferably it is a tertiary C-atom.

30

In a further specific embodiment in the aromatic amine of formula (1) two of Ry — Rys5 are -

NH, in para or ortho position and the others are independently hydrogen or C4-C,alkyl;



interrupted by an O or N atom C2-C4al kyl ene bridges interrupted by at
| east one N or Oatomare, for exanple, -CH 2-O-CH 2-CH 2, -CH 2-OCH 2- ,
- O CH 2- GK02010/005%9b1 2- O CH2-, -CH 2-NH-CH 2- , -CH 2- NHpCltVER20081020029 - NH- CH
2-CH 2- , -NHCH 2-NHCH2-, -0-CH 2- O -CH 2-O0C(O-. Exanples of a
monocar boxylic acid having up to 18 cajpon atons are formc acid, acetic
acid, propionic acid, the isoners of valeric acid, nethyl ethyl acetic
acid, trimethyl acetic acid, capronic acid, lauric acid or stearic acid.
Exanpl es for unsaturated aliphatic acids are acrylic acid, nethacrylic
acid, crotonic acid, linolic acid and ol-ﬁc acid. Typical exanples of
cycl oaI i phatic carbox lic acids are Eyc dheRane carboxylic acid or
cycl opeht BREreBRILIH K%"d&d?f dormigatipl es aroma:f PER @m‘%@ﬁﬁ@@r%i‘ﬁoé@b
benzoic acid, salicylic acid or cinn&py ¢facRg. The C-atomto which the
substituents R are bound is preferably R,secondary or tertiary Catom nore
preferably it is a tertiary Catom In a further specific enbodinent in the
ar omat i endfhenghers areindapendenily bydsogdn ®-GeCsalkRl5 are - NH2 in para or ortho
position and the others are independently hydrogen or G -C 4al kyl;in the
aromatic acyl halide of formula (I1l) f i -R21 are a group -C(OCl and the
ot her s argainnodpeieerittbys; hydrogen or d-C 4alkyl; n is a nunber from1l to 3;
vvherﬁln in formula (Ilia) and (NIb) Z1 in formula (lIlia) is G-C 8al kyl ene
enylene; R22 in formula (Ilia) is a honolytic |eaving group sel ected
fromtha/hgrairub foomga §tlaapddfliolr Ci 8al kyl, C2-C 8al kenyl, C2-C 8al kynyl ;

Z2 in f ,O'-O'8Ik|,h I, G-C

8al Ik;n% @%ﬂﬂ‘g'y oy, '%@”%g’mbﬁ Fkylthi o, R23 im tormila (Nb) is

G-G 8ﬁ22 |¥1| f%ﬂﬁulgr(lIIBB]?sné(lh%Hﬂytlmgé\fﬁ"dqgﬂoﬂp s%re@gdafrérjn\(ﬁg g?cﬂﬁg &Jn\e[g)ing of Cy-
Cisalkyl, C,-Cqsalkenyl, C,-Cqgalkynyl;

10  Z,in formula (lllb) is hydrogen, chlorine, C4-Cqsalkyl, phenyl, C4-Cqsalkylthio, phenylthio, Cs-
Ci2phenylalkylthio;

Rzs in formula (llIb) is C4-Cqsalkylene or phenylene;

wherein in formula (IVa) and (IVb)
15 XisCl,Brorl;
R0 is C4-Cqsalkylene or phenylene;
Rs1 and Rj, are independently hydrogen, C4-Cqsalkyl, Cs-Cgcycloalkyl, C3-Cscycloalkenyl or
phenyl;

20  wherein the NMRP control agent of formula (Vb) is of formula (Vc)

' Dm
o) R
Y N-O (Ve)
Y'—O0 R

wherein

D is a group O/V :
0]

R’ is H or CHj3;

25 mis 1,2 or 3;



Xis d,

i ndepen
phenyl ;
wherein
i ndepen
phenyl ,
bi val en
-CH(R 2
cycl ohe

COCH, C%bl(tﬁ?yl €1-2)Hekylhlkgr oCH2CR ;

Br or I ; R30 is C-C 8alkylene or phenylene; R3i and R32 are
dently hydrogen, C -C 8al kyl, C3-C8cycloal kyl, C3-C8cycl oal keny

wwenreiomisive NVRP control agent of fornmula (Vb) ipsTaP2600n80028 (VC)

Dis agroup OR is Hor CH3; mis 1, 2 or 3;Y and Y' are

dently d-Ctal kyl, C3-C 2al keny}s.C3-C 2al kinyl, C5-C8cycl oal kyl,

napht hyl , C7- COphenyl al kyl; or Y and Y' together formone of th
t groups -C(R'i)(R‘ 2)-CH(R 3)-, CH(Ri)-CH 2- C(R'2)(R'3)
ene

AN AT Nkt T Cr-kem %912@'5'%9? S Boatsst enaicn

R 2 and R 3 are independently hydrogen

met hyl et 0 al k
T L Y B e FOnabBelt oot S SRR RS BHAPLEH
cycl oal iERGIRG)-Or -BHERTBIGHE-ORRGERUOXIHLECEEI)®R JDH(RG)-UP d-herienar bomz-
atom; Pr ?fer%b(J y Y and Y' together formone of the b| val ent groups

- C( RO ReyClehgpagiaen. | CH(R'l) CH2-C(R 2) (R 3)- -CH(R 2)-CH2-C(R 1)(R 3)-
-CH2-C(R 1) (R 2) - CH(R' 3)-, o-phenylene, 1,2-cyclohexyliden,

- CH2- CH=CH- CH2- or wher ei

G 2)al k
COH or

10

15

20

25

s hydrogen, C G 2alkyl, COOH, COO (Cr

yPHorHeERPeRH,- ar 2
COO (G -G 2)al ky

R’y is hydrogen, C4-Cqzalkyl, COOH, COO-(C4-C4z)alkyl or CH,OR's;

R’; and R’; are independently hydrogen, methyl ethyl, COOH or COO-(C4-Cy;)alkyl;

R’y is hydrogen, C4-Cq,alkyl, benzyl, or a monovalent acyl residue derived from an aliphatic,

cycloaliphatic or aromatic monocarboxylic acid having up to 18 carbon atoms.

Preferably Y and Y’ together form one of the bivalent groups
-C(R'1)(R’2)-CH(R’3)-, CH(R’1)-CH,-C(R’,)(R’3)-, -CH(R’2)-CH,-C(R’1)(R’3)-, -CH,-C(R'1)(R’;)-

CH(R’3)-, o-phenylene, 1,2-cyclohexyliden, -CH,-CH=CH-CH,- or @C ;

wherein

R’y is hydrogen, C4-Cqzalkyl, COOH, COO-(C4-C4z)alkyl or CH,OR's;

R’; and R’; are independently hydrogen, methyl ethyl, COOH or COO-(C4-C1;)alkyl;

R’y is hydrogen, C4-Cq,alkyl, benzyl, or a monovalent acyl residue derived from an aliphatic,

cycloaliphatic or aromatic monocarboxylic acid having up to 18 carbon atoms.

Suitable individual NMRP control agents are listed below. The compounds are known and
can be prepared as described in WO 02/48109 or WO 99/46261.

Particularly preferred are the following compounds:

4,4-Dibutoxy-2,6-diethyl-2,3,6-trimethyl-1-[1-(4-oxiranylmethoxy-phenyl)-ethoxy]-piperidine

=
gz@iop

I
e

2-

or

R 3 are |VY’ﬂ?éEij@ndent |y hydrogen, nethyl ethyl,



R is hydrogen, C -G 2al kyl, benzyl, or a nonoval ent acyl residue derived
froman aliphatic, cycloaliphatic or aromati ¢ nonocarboxylic acid having up
to 18 carwonromias®e Suitabl e individual NVRP control ageatrsrasms/obiozd ed

bel ow. The conmpounds are known and can be prepared as described in WO

02/ 48109 or WO 99/46261 . Particularlyqgpreferred are the follow ng
conpounds:

4, 4- Di but oxy- 2, 6- diethyl 2,3,6-trinmethyl-1-[1-(4-oxiranyl met hoxy-phenyl) - et
hox Lperi 6,7,9-tri - (4-oxi r anyl met hox hen

- et K]OXS] pQIDleH]_yhggXQatr@eéQyé-é- 1 r(%—f)xmaryjr’efge%%ohenyk -ethoxy]-1,4- d?o a-8-aza- y-p yh
8, 10- Di gpifofh 5fedarle 8, 10- pent anet hyl - 9-[ 1- (4- oxi r anyl met hoxy- phenyl ') - et hoxy]
-1 ,5-di oxa- 9- aza-sp|60[5 5] undecane

{8,10-Di ethyl -3,7,8,10-t et ranet hyl - 9-[ 1- (4- oxi r anyl met hoxy- phenyl ) - et hoxy] -
1 ,5-di oxa-9-azaspi/f 5. bjaundec- 3-yl } - met hanol

{3 8, 10- Tr] 7,8.10-trinmethyl-9-[1-(4-oxiranyl met hoxy-phenyl)-ethoxy]-1
, 5- di oxa - 5. 5] undec- 3-yl } - met hanol
4, 4- Di bu -diethyl-6,6-dinethyl-1 -[1

- (4- oxi ranyl net hexy- phenyl) et hoxy] - piperidine? 7-Diethyl-9,9-dinethyl-8-[1

- (4- oxi ranyl nmet hoxy- ghenyl -ethox¥£ 4- di oxa- 8- azasglro 4. 5] decane
8, 8- Di eBHYIListhy-36;71%1¢-sentametmy P v(4-exianyismathasrsnhesy! 6BEVX¥ih1e$r§ﬁ|O}<a@r hoxy] - 1

, 9" dsoxaz&sﬁ&g§@%m95a§m5]undecane
{8 8- Di et hy 10-trimet hyl - 9-[ 1- (4- oxi ranyl met hoxy- phenyl ) - et hoxy] -1

, 5-di oxa-9-azaspiro[ 5 ndec 3-yl }- et hanol
{3 8, 8- Trlethyl 102§5§ ayl - 9-[ 1- (4- oxi r anyl met hoxy- phenyl ) - et hoxy] - 1

, 5-di oxa- 5] undec- 3-yl } - met hanol

4, 4-Di bu oxy 2, -tetranet hyl - 1- [ 1- (4- oxi ranyl net hoxy- phenyl ) - et hoxy] - p

peridin 0% et ranet hyl - 8-[ 1- (4- oxi ranyl met hoxy- phenyl ) - et hoxy] -1

, 4- di oxa- 8- aza pi ro[ 4.5]decane

3,3,8, 8,10, 10- Hexanet hyl - 9-[ 1- (4- oxi ranyl net hoxy- phenyl ) - et hoxy] - 1

, 5- di oxa-9-azaspiro[ 5.5]undecane
{8,10-Diethyl-3,7,8,10-tetramethyl-9-[1-(4-oxiranylmethoxy-phenyl)-ethoxy]-1,5-dioxa-9-aza-

spiro[5.5]undec-3-yl}-methanol

s A

{3,8,10-Triethyl-7,8,10-trimethyl-9-[1-(4-oxiranylmethoxy-phenyl)-ethoxy]-1,5-dioxa-9-aza-
spiro[5.5]undec-3-yl}-methanol

BesAs A

15  4,4-Dibutoxy-2,2-diethyl-6,6-dimethyl-1-[1-(4-oxiranylmethoxy-phenyl)-ethoxy]-piperidine

gzgo@ k



Most preferred is

3,3,8,8,10, 10- Hexanet hyl - 9-[ 1- (4- oxi r anyl net hoxy- phenyl ) - et hoxy] -1 , 5-

di oxa- 9- axe-28W/018399. 5] undecane The pol ycondensati on may pog/EpPasmioed2out i n
any conveni ent solvent, which does not interact with the reagents. A
convenient way to carry out the pol ycopgensation reaction and to prepare
t he RAFT/ ATRP/ NVRP functionalized pol yam de nenbrane is by: a) the
preparation of an aqueous sol ution containing the aromatic pol yam ne; b)
the preparation of an organic solution containin ] xture of the aromatic
pol y oyl - MG Grrime a-ERFH-e R dmeincpher WEe BRxATRPIoHF Ersteor aci d
hal i de @pirsipByechmncti onal NVRP initiator dissolved in a "non polar
solvent"; c) soaking the m croporous substrate in the agueous sol ution
cont ai ni ng the aronati £ pol yam ne; d) pouring the aromatic solution
(aromati c pol yacyl kJal\de [3oRAFT CTA acid chloride, ATRP initiator acid

hal i de or ep fun nal NMRP initiator) on the soaked m croporous
surface. gf° M Nng/the reaction at the interface between the solutions, at
roomte ture Tok 10 seconds. The anmpbunt of the RAFT control agent, the

ATRP control ageNt or the NMRP control agent having a glycidyl
functionality\ is typically 0.01 %to 5 % by wei ght based on the wei ght of
the aromatic am ne and the aromatic acyl halide. Typically the weight ratio
bet ween 8t&Rietybaat 10c1 Gaisyremietliyi-ed1-(d-oXiraayimethay-dendf-e)hokyldgh Ddigsa-9aza- t he
RAFT: cont; t he ATRP control agent or the NVRP control agent having
a g|§ei§@f&$ﬁﬁgﬁg%ﬁ§|ity is from50:1 to 1:5. The pol ycondesati on reaction
is, for exanple, carri
at a tenperature be

ut at a tenperature from5 Cto 40 C, preferably
C and 25 C at normal pressure. The reaction
time can vapy a range, typically between 1 second and 60 m nutes,
preferagkgfb t B second and 60 seconds. The obtained film should be
dried w a airr flow or under anbi ent conditions and washed

{8,8-Diethyl-3,10,10-trimethyl-9-[1-(4-oxiranylmethoxy-phenyl)-ethoxy]-1,5-dioxa-9-aza-
spiro[5.5]undec-3-yl}-methanol

m;p -

10  {3,8,8-Triethyl-10,10-dimethyl-9-[1-(4-oxiranylmethoxy-phenyl)-ethoxy]-1,5-dioxa-9-aza-
spiro[5.5]undec-3-yl}-methanol

xg@ -

4,4-Dibutoxy-2,2,6,6-tetramethyl-1-[1-(4-oxiranylmethoxy-phenyl)-ethoxy]-piperidine

o g p%"
15 CO



three tines with distilled water to elim nate sone secondary products
formed by conpeting reactions (am nolysis) and to renpbve excess reagents.
The "nonpwbanisaabaent” may be aliphatic |iquids such asppemrans/cdiexanes,
hept anes, octanes; cycl oal kanes such as cycl ohexane. Preparation nethods
and use of thin filmconposite nmenbrangg_are principally known and, for
exanpl e described by R J. Petersen in Journal of Menbrane Science 83
(1993) 81-150. Another aspect of the invention is a nethod for the

nodi ficatjon _of a functjiopalized thin filmc site polyam de nenbrane on
& i cr ogdroud LaBElt R 4 -dsera P R AaN I SR 13 4-BREZPNg pol yer | 21 ng
an et hykgipd[gBldeyanrsat urat ed nononer in the presence of a source of free
radicals and the functionalized thin filmconposite pol yam de nenbrane,
resulting in the for Hon of pol ymer chains that are covalently bound to
the thin film conpogi t\ rane. Preferences and definitions for the
aromatic gmng with | east two am ne functionalities, the aromatic acyl

i 3 -C(OdC groups, the RAFT control agent, the ATRP

ve NVRP control agent having a glycidyl functionality
have been desgribed above and apply equally for the other aspects of the

i nvention. The source of initiating radicals can be any suitable nmethod for
gener at Bg8.81186 OreKamsthyl-9tlE4-axirartybmethexynpliany!){ethparile i Stdinxetdadac sci ssi on
of assugbﬂﬂbﬁtﬁﬁgaﬁﬂﬁd as thermal initiators such as peroxi des and azo
conpounds; £ spont aneous generation from nononer (e.g. styrene),

phot ochemical initiatiy

ystens or high energy radiation such as el ectron

beam X-, UV or ga adifgyion. The initiator should have the requisite
solubility in hhe re ion media or nmonomer mxture. Typically the source
of free >§?P _bs -light together with a photoinitiator, g-radiation,
el ectron/Ye diratN on, a redox pair or heat together with a thermal
initiator. The/source of free radicals, i . e. the thermal radical

initiator is preferably an azo conpound, a peroxide, perester or a
hydr oper oxi de.

Most preferred is 3,3,8,8,10,10-Hexamethyl-9-[1-(4-oxiranylmethoxy-phenyl)-ethoxy]-1,5-

dioxa-9-aza-spiro[5.5]undecane
O
‘\:o
@)
ez
O
10 .

The polycondensation may be carried out in any convenient solvent, which does not interact
with the reagents. A convenient way to carry out the polycondensation reaction and to
prepare the RAFT/ATRP/NMRP functionalized polyamide membrane is by:

15  a)the preparation of an aqueous solution containing the aromatic polyamine;

b) the preparation of an organic solution containing a mixture of the aromatic polyacyl halide
and the RAFT CTA acid chloride or ATRP initiator acid halide or epoxy-functional NMRP

initiator dissolved in a “non polar solvent”;

¢) soaking the microporous substrate in the aqueous solution containing the aromatic
20  polyamine;

d) pouring the aromatic solution (aromatic polyacyl halide + RAFT CTA acid chloride, ATRP

initiator acid halide or epoxy functional NMRP initiator) on the soaked microporous surface.



Specific preferred radical sources are 2,2'-azobisisobutyronitrile,
2,2'-azobi s(2-nmethyl butyronitrile), 2,2'-azobis(2,4-dinethylvaleronitrile),
2, 2' - azobwe(4twmmbsivexy- 2, 4-di net hyl val eronitrile), 1, 1 PCI/EP2009/060029

' -azobi s(1-cycl ohexanecarbonitrile), 2,2'-azobis(isobutyram de) dihydrate,
2- phenyl azo- 2, 4- di net hyl - 4- met hoxyval ggonitrile,

di net hyl -2, 2' - azobi si sobutyrate, 2- (carbanoyl azo)isobutyronitrile,

2,2 -azobis(2,4,4-trinmethyl pentane), 2,2'-azobis(2- methyl propane),

2, 2" -azobi s(N, N -di met hyl enei sobut yr am |ne2 free base or hydrochl orj de,
2,2 - az8b?§‘( ing fherashrrbphihe)interiaes badesn dp ﬁ9'HF‘EiFhIaBF<?Qﬂ’etem erature for 10
2,2' -azebégfdé-methyl -N-[1 , 1- bi s(hydroxynet hyl ) et hyl | pr opi onam de} or
2,2 -azobis{2-nmethyl-N-[1 , 1- bi s(hydroxynet hyl) - 2-
hydroxyethyl]propionanide acetyl cyclohexane sul phonyl peroxide

di i sopr | per ox [ t-a neodecanoat e

per nendd B rgRat ot e, AT Garist aapts e AT SaarE oaa dhe NAIRE Yontrol agent

bi s(2, 4haVied btyrym@nmythdn@euyoxltﬂﬁcaugllorcsromearwby VREJH Bb 6 orflihdaagaf the

per oxi de, droctano oxrde, Equroyl per oxi de, bis (2- nethylbenzoyl)
per oxi d@TomAtc AT pe; Prd EHO'H@V%%VH alidgi acetyl peroxide, dibenzoyl peroxide,
t-butyl per 2- ethylhexanoate bi s- (4- chl orobenzoyl) - peroxi de, t-butyl

peri sobuyt tyl permaleinate, 1,1-bjs(tbut er oxy. _
e aor Ty e gt b Betveor 1 amall pbea b5yt B B O BipF
per OXyblaE@mﬁé)RNFTC@fnb@Pé@eﬁrt the AIRA cotrdl I%@e@tn@rqb abwmap&odgamgjlrehh lnezia@e

i benzoat e t at t-anyl perbenzoate, t-butyl perbenzoate,

(g @'%U’t’?‘?@@?'ﬂ&i})f géﬁ 1%2 bi s (t-butyl peroxy) propane, dicunyl

peroxrde 2, 5-di met hyl hexane- 2 5-di-t- butylperoxide 3- tbutylperoxy
3- pheny hth i d di -t-anyl. peroxide, s(t but r yl)
benzans TR rebpasetion sttt sk SXanienganigs oft 5 diialie fat 3 i 9
gegoél g@,g pgefﬁradlyfmtd;wlrﬂt@%ﬁzﬂrf- tget\'&eerdﬂ 5t Cbaﬁoyltwecfaxlndﬁnal pressure The reaction
, 3,6,6,.9, 9- hexanet . tetrao cl ononane
vyt opoliBET G VBP NG Wi aiie PO ReEd oot a e Bl InUER: preferably
nNoNos5 a- bgtveepersexbi®and 80resendydr oper oxi de or t-butyl hydroperoxi de. The
radi cal source is preferably present in an anount of from0.01 nol-%to 30

nol-% nore preferred in an anount of fromO0.1 nmol-%to 20 nol - % and nost
pr ef er r @de iobtadedaimasnbul@oefdiietmith i lairYotvaor LA deldmBleapaditions dmewsshaner
or rmnomarge Wm)eg%iﬁ' distilled water to eliminate some secondary products formed by competing
reactions (aminolysis) and to remove excess reagents.
20
The “nonpolar solvent” may be aliphatic liquids such as pentane, hexanes, heptanes,

octanes; cycloalkanes such as cyclohexane.

Preparation methods and use of thin film composite membranes are principally known and,

25  for example described by R. J. Petersen in Journal of Membrane Science 83 (1993) 81-150.

Another aspect of the invention is a method for the modification of a functionalized thin film
composite polyamide membrane on a microporous substrate according to claim 1 or 2,
comprising polymerizing an ethylenically unsaturated monomer in the presence of a source

30  of free radicals and the functionalized thin film composite polyamide membrane, resulting in
the formation of polymer chains that are covalently bound to the thin film composite

membrane.



It is also possible to use nononer m xtures. \VWen nononer m xtures are used
the nolar anount is cal cul ated on the average nol ecul ar wei ght of the
nononer s.woéheiwasper at ure at which the radical pol yneri patrieppocosedogpi cal |y
carried out depends on the origin of the reactive sites of the nenbrane and
the source of free radicals. Wen RAFI,®r ATRP reactive sites are the
staring points for polynerization, a typical reaction tenperature between 5
Cand 40 Cis applied, in particular when X-ray, g-ray or U/ radiation is
used. When the NVRP reactive sites are the starti%qwgoi nts_for radical

pol yrer FFelETeaReS #¥ dedingiopaianiiee ayralisApinforile aihe ARt ypckenafites, the

par ti cubasmatieescyl anidelvith Nttieadt @ SCROEI UpSibs, The RAFICEOMDdI by, itfe ATRP
exanple from 10 m nutes 4 hours at apbient pressure. The mononers

sui t abl EOFH Q68T ;3ndy m@%%n‘ioni”ﬁl/é‘ﬁt”i“o ey %&'X%VEFU%‘&PE&J!% ve been

wat er i ngesdipee . abbht ahd SPply il eallTOONRE lothet @Bpadtslot ti@irvahtion.a salt of a
carboxylic acid group. Water insoluble nononers are typically free of acid

and f’)henol ic groups. Typical nmetal atons are Na, K or Li. Typical

nonoet hyhgRbgrak |oYiriit!é$ﬁ%bﬁoﬁ’éa@cdm§@§W @ifab!é&n@tﬁo@@drg;@wﬂaitiﬁg a6k dadictls plgpnol i ¢
groups which are sulcfa Ig for this invention include the al kyl esters of
acryl i c adihe/pemmalyyquced apame!vic 8Fssian A siyiablecsomnouad ag thgimabipitigioss guchpt y|
acryl at as paRixligk afBtaBacombalis; BleltpbnERéhaCianerdtion flaw Mbndﬁfﬁéﬂ”‘(@%!iy@érﬂz),ﬁnd

I sobutyl nethacrylate; the hydroxyal kgl esters of acrylicor net CL’X/ i C

aci ds, ~ S[giRChRMIR d?'B%W@tWFe”g?c?W\Q/? ENCigy dRYRUYY AN asaElpeiron *é?anwg*r y¥t hyl
et hgcr yhahts raaRtioRy i KitRitrP3Hou ER Svacth¥ | rag @siteasslybiiidlehe ARRENGT MgkRNbrde,
N-tertiary but %cryl am de, N-nethylacryl am de, N, N-di et hyl acryl am de;

acryl onft9PMer "Wt Racryl onitrile, allyl al cohol, dinethylan noethyl

acryl ate, dinethylam noethyl methacryl ate, phosphoethyl nethacryl ate,

N-vi nyl g?_yr,rol I done, N-vinylformam de, N-vinylimdazole, vinyl acetate,

conj ugat éHC%”y_e‘i‘i‘éss%Jﬂ‘E?nOfaEe%lﬁﬁ%lE?'%h% Wylighd d%@eérﬁ%, widh 2l fé'?fé?'”'ﬁ??ﬁeﬁ@éjlﬂt@@ni c

aci d saklegtrol b8arh $4distIN § réddxtbafd)r heafBFether with a thermal initiator. _

2-a%yl am do- 2- net hyl propane-sul fonic acid salts and acryloil chloride.
The source of free radicals, i. e. the thermal radical initiator is preferably an azo compound, a

peroxide, perester or a hydroperoxide.

Specific preferred radical sources are 2,2-azobisisobutyronitrile, 2,2'-azobis(2-methyl-
20  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,
25  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(hydroxymethyl)-2-
hydroxyethyl]propionamide; 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
30 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)cyclohexane, t-butyl peroxy

isopropyl carbonate, t-butyl perisononaoate, 2,5-dimethylhexane 2,5-dibenzoate, t-butyl



Preferred ethylenically unsaturated nononers or oligoners are selected from
the group consisting of styrene, substituted styrene, conjugated dienes,
acrol ei n,woiolo1set at e, (al kyl)acrylic aci danhydri des, pCaiEprydopaecroyd i c aci d
salts, (alkyl)acrylic esters or (al kyl)acrylam des. Particularly preferred
ethylenically unsaturated nononers arepftyrene, a-nethyl styrene, pnethyl
styrene, butadiene, nethylacrylate, ethylacrylate, propylacrylate, n-butyl
acrylate, tert. -butyI acrylate and acrylnitril. Preferred acrylates are

met hyl acr Iate ylate, butylacrylate, isobutylacr

but yl acP?%ﬁF@ €, Hﬂﬂ% &QHW%’rW&?('eoe%ﬁ%P%B‘?yBr?o%I (& tWP%ﬁogy)%Uta”e 25 bis
di met hy kagitesbly)l pepiheat @icurﬁillygéél@)(ﬂd@CQ)B -aihRshylHBxb YR (5@ ithLasserbad s, 3-t-
ethyl (meth)acryl ate, butyl (meth)acrylate, hydroxyethyl (nmeth)acryl ate,
hydr oxyBPU&?FQMW%WF%ﬂ » it ﬁ@yh%r@ﬁ%&éwus(trwﬁmeaewﬁa@r@py' benzene,
gl yci dyk( HIEE ht)tﬁﬁ}'/’d)!ér@&ﬁﬁﬁ (ﬁﬁébﬁlypﬂQIdrdxb%nea(ﬁftéﬂuﬁﬂB%xﬁé %Uﬁ@tﬁ%hé@n@@ 5-

Exanpl es ?u%éem cally unsaturate henol | cs, nay al so be

o s ALbHEREREe T nG I AAIB 08 RP@IBHY| ot L7 ér?etetr@)?%/dﬁb@!‘%onanﬁet ﬁwer&fﬂqneene
and 2, 6xdj r{)ﬁérromdQUPMbne‘ﬁ r‘é'p@%’md%h%prrop%rﬂ%rnggﬁe floRS - drGH DAY, id
monomer s” sui t abl e as conohoners I'n this invention are t e aI al i

met al ahudraperoxida®r sautykhygforsaex@B- et hyl eni cal | y unsat urated di car boxylic
aci ds. Suitable exanples include maleic acid, maleic anhydride, itaconic
acid, nesaconic acid, fumaric acid and citraconic acid. Ml eic anhydride
(and it é’b@mctcaépurcaﬂ%prefegablh@rqﬁee& Ieraunaﬂnth@‘é&rmloéﬂu matfoyto BRgae!tth aners

di cqg boﬁ}’éfér?edafﬁ'é% ﬁ@@?ﬁ%f(fg%n Ememéﬁd %Wﬂ&% Srithb@i&ref8l i'se ahﬂ)uhhbfs

invention are int orm the aI rretal salts or amonium salts of

t he aci omthe nbyieetQ mabledasedpodha m@norner qrieonmmss etixtufeavent i on may
additionally conprise a solvent selected fromthe group consisting of

wat er, al cohols, esters, ethers, ketones, am des, sulfoxides, hydrocarbons
and hal dgemioeRPssiptr cegehmasomeomixtyres aiben renofmdr ghikturest are wsfed the molar

functi ogalol,Aed chidlBtdd! dnthe QUBAGE oI RRaY VB S o TRERE AR

15
The temperature at which the radical polymerization is typically carried out depends on the
origin of the reactive sites of the membrane and the source of free radicals. When RAFT or
ATRP reactive sites are the staring points for polymerization, a typical reaction temperature
between 5° C and 40° C is applied, in particular when X-ray, y-ray or UV radiation is used.

20  When the NMRP reactive sites are the starting points for radical polymerization the
temperature may vary between 50° C and 150° C, in particular when thermal initiators are

used.

The reaction time is for example from 10 minutes to 24 hours at ambient pressure.

25
The monomers suitable for use in the present invention may be water-soluble or water-
insoluble. Water soluble monomers contain typically a salt of a carboxylic acid group. Water
insoluble monomers are typically free of acid and phenolic groups.
Typical metal atoms are Na, K or Li.

30

Typical monoethylenically unsaturated monomers free of carboxylic acid and phenolic groups
which are suitable for this invention include the alkyl esters of acrylic or methacrylic acids
such as methyl acrylate, ethyl acrylate, butyl acrylate, methyl methacrylate, ethyl

methacrylate, butyl methacrylate and isobutyl methacrylate; the hydroxyalkyl esters of acrylic



ethyl enically unsaturated nonomer is from10:1 to 1:10. Since the radical
polynerization is a living polynerization different nononers can be used
subsequenybyotomif®pm a growi ng bl ock copol yner. Random eopapryevensooand

t apered copol ymer structures can be synthesized as well by using a m xture
of nononers or adding a second nononerypefore the first one is conpletely
consuned. The process nay be carried out in the presence of an organic
solvent or in the presence of water or in mxtures of organic solvents and
wat er. Additjonal co olvents or surfa tants, such as g]yco|ls or anmoni um

sal ts of' MANICTYC; #dds. Rgh 7 Prasaigthy! el e’swdf‘%iﬂp@pgb%%?&t@ degprethyl
descri bﬁfbtmﬁfr}ﬂéteafdrﬂr hyH’rrom}@de rriéﬂ%%ﬁﬁéi@s alé%rﬁ\t@éermﬁﬁa(&ylémhdéenlxl-teﬂtlfary
organi c,sol vents a 3& sul tab &e sol vents or xtu Stﬁ| vegts are
typi cal Pyt ylﬂﬁ%"‘"&'ﬁﬁa’ﬁ Fethylacryamiden dN-dimethyirerdrmide; agy %‘i%)me BBons

( lenze:’l@llylt&%&@ne?lméﬁymﬁh?etmla%@?ﬂ@t amrlméw}démm@émgnme&rﬂa&hﬂ»ﬁtglbpn@@n%tm

al kapol s (et hano anol , ethyl ene co ene co none

et he?), ”@é'?aéfgat(eet hﬂ/‘f'” Rtoldene, pr%ﬁ&'?V'quBéFW ’orll]ﬂé'% id 8%‘3 at 4§y n@e@tﬁ’ers
(di et hybogtisted dledugt sbcretal@ebuta@ibhyl&n@ogﬂeﬁéolsty%rréetéiyrbn@gmremb a®d dHitst ures
t hereof. The_ aqueous %gerlzatlon reacti ons can he suppl enente $ with a

wat er - V%'iSH'If%"‘braC'ﬁy t(§p Ol?&Céﬂ%!dQ%'ﬁ‘e{hd'pF@aﬁeéHEﬂ?'%%c galfshang &stidlon
m Xt ur e chleA&.NSs a honogeneous si ngl e phase throughout the nononer
conversion. Any water-soluble or water-mscible cosolvent may be used, as
| ong as the aqueous solvent nediumis effective in providing a sol vent

Syswm mfgﬂaed)reﬂ\wm@lpm@amrdt@d infdhoPier bASHigsPBRY atd Sdledibd tiften HIRAGEAR S Of
pol y grr]oducts until after %A poI rrerlzatlon (ileactlons have
r

corrpl et@ SIERENBT AYFeRs BRI L?éléff?u? P?Plk'g?ée?) eER 3HVERL iV ?n%‘?téﬁ%
sel ect ecalkyipBhlitie gichpyERs] St(lallkgl)élfry@' | pbiat i eal®, coRMypaghy e Olssteret her s,

gl ycol th rrolidines, pyrrolidinones, N-alkyl pyrroli dones
pol yet h% 'é\ﬁ)éc'a %/’%6?% pol ypropyl ene glycols, amdes, carboxylic acids and
salts thereof, esters, organosulfides, sulfoxides, sulfones, al cohol

derivatives, hydroxyether derjvatives
15 Particularly preferred ethylenically unsaturated monomers are styrene, o—methyl styrene, p-

methyl styrene, butadiene, methylacrylate, ethylacrylate, propylacrylate, n-butyl acrylate,

tert.-butyl acrylate and acrylnitril.

Preferred acrylates are methylacrylate, ethylacrylate, butylacrylate, isobutylacrylate, tert.
20  butylacrylate, hydroxyethylacrylate, hydroxypropylacrylate, dimethylaminoethylacrylate,
glycidylacrylates, methyl(meth)acrylate, ethyl(meth)acrylate, butyl(meth)acrylate,
hydroxyethyl(meth)acrylate, hydroxypropyl(meth)acrylate, dimethylaminoethyl(meth)acrylate,

glycidyl(meth)acrylates, acrylonitrile, acrylamide or methacrylamide.

25 Examples for Cg-Cqs ethylenically unsaturated phenolics, which may also be used as
comonomers include 4-hydroxy styrene, 4-hydroxy-o—methyl styrene, and 2,6-ditert. butyl, 4-

vinyl phenol.

Another class of carboxylic acid monomers suitable for use as comonomers in this invention
30 are the alkali metal and ammonium salts of Cs-Ce-ethylenically unsaturated dicarboxylic
acids. Suitable examples include maleic acid, maleic anhydride, itaconic acid, mesaconic
acid, fumaric acid and citraconic acid. Maleic anhydride (and itaconic acid are) is the

preferred monoethylenically unsaturated dicarboxylic acid monomer(s).



such as butyl carbitol or cellosolve, am no al cohols, ketones, and the
like, as well as derivatives thereof and m xtures thereof. Specific

exanpl es wocebudasset hanol , et hanol, propanol, dioxane, echgpess/oglogeol ,
propyl ene gl ycol, diethylene glycol, glycerol, dipropylene glycol,
tetrahydrofuran, and other water-sol ubpe_or water-mscible materials, and
m xtures thereof. When m xtures of water and water-sol uble or

wat er-m sci bl e organic i qui ds are selected as the aqueous reaction nedia,

the water to, cosol vent wei ratio.is typically in the_range of about

100: 0 t% hg 36idt MetPregss SVH@'%B%&\%EH@“'%W?%E%“S,W% H@?F@Pé”b?n%k%’ﬁlaﬁ é%lts
functi oaabmmm‘ﬁ%;ﬂ@qumm rrenbranes of the present i nvention can be
separ at from one anot her omthe polyperizati action m xture by
was hi ngergﬁé’OWH}%'F%tH% Cﬁi“f’ﬂs'{'%o ‘EJPtpé%ﬁe«Qt EBP Q‘i‘tma-‘/AP@‘gPorﬁﬁ)é CHBPY$RR SAVRY st ep
i s conmpkeleetedt fism nidi Jro@sl coHeistingoBRMated aldofolBOk¥t@rd, dahéreMké@nes, obrhiiesed i s
isolated. The iso]atin stee\aﬁ;‘get he F}é{ﬁsen Erocess is conducted by known

proc%du?%'@“@s hydsge iang [OCHPPRS-a sui t abl e sol vent and drying
it under vacuum The (co)polyners of the present invention may have a

nunber average no| ecul ar weight from 1000 to 400000 g/ npl ref erabl y from
2000 to"2566 C‘@/%l""e'gé‘ﬁéeti?ogfefub?t@f"éﬁ”&ﬂl@'”fff'@n?ozm' gcﬁ’otyémgb Wnen

pr oducedthyleniidliKunddi@atedmisiondr&d R@h 1001 eeiar wei ght may be up to 500000
g/ mol (wi th the same m ni num wei ghts as nentioned above). The nunber

average nol ecul ar wei ght nmay be determ ned by anal yzing the non-grafted
pol yorer sireenrel radicdl rwlw&euzémp%l Plivingl belymazaiohefifferait rBndrBats kainthe sdetie

excl usion chro matrix assisted |aser desorption/ionization
mass spéﬁ?ﬁeag‘é'gt&f ?‘MEE@QFQMQ %PCk? Olyﬂéeﬁ nitiator carries a group which can
be easily distinguished fromthe nononer(s), by NWR spectroscopy or other

conventional methods ther aspects of the invention are a fu ti onal i zed
thin fi IWQWQPW@G[%F%WPH@ r@ﬁew@ﬁésmur&s&aa%wath@aﬁ%@ ?BH" et'"hi n

fil m coapasitire @ahymimméle JreqddirNe, seRbePAic@dmer before the first one is completely

15 consumed.

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

20
Preferred processes use water as a solvent.

If organic solvents are used, suitable solvents or mixtures of solvents are typically pure
alkanes (hexane, heptane, octane, isooctane), hydrocarbons (benzene, toluene, xylene),

25 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.

The aqueous polymerization reactions can be supplemented with a water-miscible or
30  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
35 the present invention may be selected from the group consisting of aliphatic alcohols,



according to the nethods descri bed above. The nodified functionalized TFC
pol yam de nenbranes prepared by the present invention nmay be enpl oyed in
wat er purwOi20eWd18399pr ocesses, separati on processes suchpas/prb@desmbks nat i on
of water or brackish water; other treatnments of water such as softening of
hard water whereby salts are renoved._Jdhe follow ng exanples illustrate the
I nvention. Materials and Met hods M croporous pol ysul fone nenbranes are used
as received. Reagent grade chem cals are used as received. The RAFT CTA
acid chloride of fornula (XIIl) is prepared according to the bibliography.

Di et hyl glycblygdretheysreglyydli sthphs, ha)naihemé@ NFa&mr@droadlﬁOﬂiéﬂ Nig-atky/| tdy&ol’ﬁ&inb@d of
Leon et a on t aI 96..,118,, 8847

Thie T pllvavine et b ilorthisns” gy P B St meee gt SR ERRY |
as out | esteds, i arg@asniiides, 1sulf6hldeRAﬂJ1ITO®$\ alcohbl clerigativee, ofdrovyatharadgrivetifesi s

prepar egu&? aQuthtillngé*bl'tcﬂ éxééﬂa%&v@ éﬁln%bélebmaoﬁétgﬁﬁfg% fadjised %\I as

receive been pr epare accord I'nterfaci a

pol yorer Haarativge Heatoo ah R 1 95P A (SRRCITIE oRYAMANS @1ckider BethATPieatBnol
chlori d@rodéh@lhm&)(é@%tr@lleﬁf@ &gool, EﬁrBWIer?e &Ulmdlétﬂ?t!ﬁé’@{%@h KB&BY ldipropylene

¢ cel vedoatgEn N Gan P St LSO P MERP GRPEbE maEnApy SPGB

acryl amtdeeafs Wiess miktdres adghater aod waeredolddik @l iwseramisniblel argaak itbgiidsr aer t o
N, N N' .

gzgor di ﬁ%l Naﬁ%éﬁ%‘é#@é?&g}xlmed a{ %{é’\ﬁ%t@?ﬁ} &%P&{emagﬂt rgtlcp%gg(g{:aqg,m HT— 44y .

Bi s{@, sndiernivhgut 180d to@baudt H))9Q rithiocarbonate is synthesized according to
the nethod of J. T. Lai et al. (Macronol ecul es, 2002, 35, 6754-6756). Ganma

radi ati qel motnbr%fe%d B&g%el%o' sty %de ﬁuo@ﬁﬁeho"ﬂﬁwcﬁéﬁalﬁéﬁ r*rl‘eé %H&au‘nfhea“
I nsul ated roomw th 0Co source wth a dose rate of 30 Gy.h anbi ent

t enper amanebrangs: eh kg SIESEE ANVERESN denele FenpTaigd Spébpn@samtﬁﬁr(wmonnﬂfﬁ)
measur epBRinRri24tenREAdtBR Mi&kure by washing the membrane with the suitable solvent.

15  After the polymerizing step is complete, the modified functionalized TFC polyamide
membrane obtained is isolated. The isolating step of the present process is conducted by
known procedures, e.g. by washing the membrane with a suitable solvent and drying it under
vacuum.

The (co)polymers of the present invention may have a number average molecular weight

20  from 1000 to 400000 g/mol, preferably from 2000 to 250000 g/mol, and more preferably from
2000 to 200000 g/mol. When produced in bulk, the number average molecular weight may
be up to 500000 g/mol (with the same minimum weights as mentioned above). The number
average molecular weight may be determined by analyzing the non-grafted polymer formed
during the reaction. The characterization may be by size exclusion chromatography (GPC),

25 matrix assisted laser desorption/ionization mass spectroscopy (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.

Further aspects of the invention are a functionalized thin film composite polyamide
30 membrane and a modified functionalized thin film composite polyamide membrane, prepared

according to the methods described above.

The modified functionalized TFC polyamide membranes prepared by the present invention

may be employed in water purification processes, separation processes such as the



usi ng Bruker FRA 106S Fourier transform spectroneter. X-Ray Photoel ectron
Spectroscopy (XPS) is perforned in a ESCALAB 220 - XL CG Scientific UK

i nst rumenvoani10zans’Xl S HSi spectroneter (Kratos Anal yti cacTiEpPd)ooatoo2o x 10 10
nbar, using a nonochromated X-ray Al k al pha source (energy 1486.6 eV,

power 200W. Pass energy: 10CeV for wske_scans or 2CeV for region scans and
spectral step size: 1 eV for wide scans or 0.1 eV for region scans. The NWMR
spectra are recorded on a Bruker AC200 (200 MHz for 1H NVR) spectroneter.
Chem cal, shifts are quoted relative to (external) tetrapethylsilan

( TVB) . EXS$ination of helsbraciish weigs %E?rdtf'wnsms&é Walgrr§ush &S %@Tte@F‘%ﬁgPaﬁdi on
of 5- hydnetywirtdhy dat9BRS RRalodved.aci d. Di et hyl 5-hydroxyisophthalate ( 1 g) is
added to a solution of 0.5 g NaOH in 10y H20 and heated to 700C for 2 h.
Acidification results in formation of a white precipitate (0.736 g, 94.6%.
NVR (1H,., 200MHz, acetone-c/6) : d 4.8 (2H, s, CH2OH), 8.25 (2H, s, Hortho
to O%ZOW?Q‘glpyg‘g(exfmp?ess,'”‘ﬁtrﬁgfrtaef SpiPH) ppm Preparation of

5-choronet hyl isophthal oyl chloride (X). 5-hydroxynethyl-isophthalic acid
(7.78 g),is.sus ed in thionyl chloride (50 mM_). A few drops of DMF are
added a t?%%sﬁﬁggﬁﬂg°9§ heated to reflux for 2h. Thionyl chloride is

renmoved, ynder reduce ressure. X i s obtained as ellow liquid (8. 63 g,
b6 ooy MTRSoRE PoREUidls THeReaps ard Uty 2p Jrceitor. dgaeeyt Uiaoa Baficels &g
ort ho t aséd@&taceiv8d.7Bhd RAFT GTA dtidahlarideofGoaiid (Rmms pkdare@ @Bcdviting tétbel 3: d

43. 9, lgg%B 134.8, 136.6, 140.2, 166.8 ppm Exanple 2 : Synthesis of RAFT
aci d chPBIPHaPFAXI V. Preparation of 5-chloronethyl isophthalic acid. X (5

g) is dissolyed in 50 m 99:10 acetone:H 20 and stirred 48 h. The sol ution
is precipitgted into 500 ice-water, filtered and the solid product is
di ssol ved i , MySO . 4.43 g 5-chloronethyl isophthalic
acidis re he s ent under reduced pressure. NWVR
(1H, 206! : o 8.3 (2H, d, J = 1.6 Hz, H

ortho to CH2Cl), 8.6 ( 1H,- , .
MHz, CDClI3: d 44.7, 130.3, 131 .6, 13

10

para to CH2Cl) ppm 13C, 200
9.3, 165.6 ppm

(XN

Diethyl 5-hydroxymethylisophthalate is prepared according to the method of Leon et al. (J.
W. Leon et al., J. Am. Chem. Soc. 1996, 718, 8847-8859). This is used to prepare the ATRP

acid chloride initiator of formula (XII) as outlined in Example 1.

0

Cl Cl

0 Cl (X)

15 The RAFT CTA acid chloride of formula (XIV) is prepared as outlined in Example 2.



Preparati on of 5-methyl sul fanylthiocarbonyl sul fanyl nmet hyl isophthalic acid.
Carbon disulfide (0.7 mM _, 11.6 mml) is added to a suspension of sodi um
nmet hanet hwol2ato16997 g, 10 nmmol) in 10 nl. acetone. 10 wI/BH2@9i06002¢ided t 0
the resulting yellow solution. A solution of 5- chloronmethyl isophthalic
acid (0.5 9g) in 20 M. 5 w%aqg. NaCH $g_added dropw se. The resulting

m xture is stirred for 3 h, then acidified with cone. HCl. A yellow
precipitate is fornmed. This is dissolved in EtOAc, dried over MySO and the
solvent is reémved under reduced pressure, yielding 2.34 g of yellow solid
5- et hyl sul f aipy! t hi ocar bonyl sul fanyj nmet hyl i sopht halic acid. NWVR (1H, 200
2SCS2CH3) 4.9 (2H, s, CH2SCS2CH3) , 8.3
(2H,d,J: 2CH3),855(1Ht,J:16HzH
para toMeB SCSZ pp
131 .6, 134.2, 137.6, 16f

B. 2 ppm Preparatlon of XI V.

5- rret hyl sul fanyl t hi ocar b anyl net hyl isophthalic acid (0.5 g, 1.7
mmol) is suspended in 5 #2Cl 2. Oxalyl chloride (0.5 mM _, 6 nmol) is
added. A drop of DMF is added and the m xture is heated to reflux for 1 h.
The sol vent is renoved undernreduced pressure. The residue is extracted with
hexane, and the hexane-sol e fraction (XIl) is isolated. NVR (1H, 200
MHz, CDCI3) : d 2.8 (3Ho GSCS2CH3) vy (2H, s, CH2SCS2CH3) , 8.4 (2H,
s, Hortho to CH2SCS2CH3) , 8.7 ( 1H, s, H para to CH2SCS2CH3) ppm 13C,
200 Mz, CDCI 3: d 20.5, 39.2, 132.8, 1 6 137.4, 139.3, 167.0, 222.4 ppm
Exanple 3 : Synthesis of RAFT-functi d TFC poI yam de nenbrane by

interfa atlon of phe ne iam.ne I | gride
(VD) s RRET RO éXI Fon m or SR soer bl G BR el
menbr ane. An aqueous sol con ning 3% w v of MPD and an orgam o
solution containing a mx (0.1% w v) and of RAFT CTA acid
chloride (XV) (0.1% wW V) i n cycI ohexane are prepared. The pol ysul fone

M Cr opovaues/edUDBaS Bédh prephlaanctoripg tOW® 0glesso.f | at support and soaked with
t he aqueous solution containing the MPD. After 2 mnutes the excess

sol ut i omtésaditil poyetkrighfiont RRactanst @6 @erfdited g CtedPerdtu@n TimEoyt cKMridé,
cycl ghexe}gﬁe}nyllesnet hglamoour eqhﬁn Qbrommsobutyrate methyl -2-bromopropionate, 2-

bromoisobutyryl bromide and cyclohexane are used as received. Water and acrylic acid are

distilled before use. N-isopropyl acrylamide as passed through a column of alkaline
aluminium oxide prior to use. N,N,N’,N’,N” ,N"-Hexamethyl tris(aminoethyl) amine is prepared
according to the method of Ciampolini et al. (Inorg. Chem. 1966, 5, 41-44). Bis(a, a-dimethyl
10  acetic acid) trithiocarbonate is synthesized according to the method of J. T. Lai et al.
(Macromolecules, 2002, 35, 6754-6756). Gamma radiation initiated RAFT polymerization re-
actions are carried out in an insulated room with a ®*Co source with a dose rate of 30 Gy.h™

at ambient temperature.

Attenuated Total Reflected Fourier Spectroscopy (ATR-FTIR) measurements are performed
15  using Bruker FRA 106S Fourier transform spectrometer. X-Ray Photoelectron Spectroscopy
(XPS) is performed in a ESCALAB 220i-XL CG Scientific UK instrument or an AXIS HSi
spectrometer (Kratos Analytical Ltd) at 5 x 10™° mbar, using a monochromated X-ray Al k
alpha source (energy 1486.6 eV, power 200W). Pass energy: 100eV for wide scans or 20eV
for region scans and spectral step size: 1 eV for wide scans or 0.1 eV for region scans. The
20 NMR spectra are recorded on a Bruker AC200 (200 MHz for '"H NMR) spectrometer.

Chemical shifts are quoted relative to (external) tetramethylsilane (TMS).



t he soaked pol ysul fone surface and allowed to react during 10 seconds. The
filmis dried with a hot air flow, ished 3 times wwth distilled water and
dri ed undeo vaoussywat 600C for 12 h. XPS anal ysis: C 74%cT@pP200245000 0. 46%
S 3.46% Contact angle: 89. Exanple 4 : Synthesis of RAFT-functionalized
TFC pol yam de nmenbrane by interfacial_gplynerization of m phenyl enedi am ne
(MPD), trinmesoyl chloride (TMC) and RAFT CTA acid chloride (XIV) on

m cropor ous pol ysul fone nenbrane. An aqueous sol ution containing 2% w v of
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7.2% S 0.7% Contact angle: 29.3. Exanple 5 : Polynerization of
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pl ace ass anpl e v C n of t ueo utl o
br evi ousP s anar wowingey b 2e o SoodnoulR (oMt CEL et AR CHEh.
deoxygesat @H &é Hpoutrgi mcmalba%%gm@n m@aaLtorC%z'@I)rﬁpm. 1T®,e?a§grﬁé$ ciﬁns:uoléaced
in an Iﬂ?éngéf {ﬁém% 29; Sé)urce_vmt a dose rate o .h 1 at
anbi ent t TR Ol *hp BI04 BBt i on, the menbrane is washed with
distill Cdu an i e vacuum XPS anal ysis: C
69. 21% %déaT?EeAf%/g rﬁh?sq@(ﬁ’% 1?%§5g{°&§%t¢:€€§§ﬁgl e: 55 (after 5 seconds).
Exampl e 6 _: ion gf Acrvlic.Acid, o Fynct.i opal i.zed (
Pol yani Eée%ﬁﬁ?ings ﬁ@f ﬁamﬁ&yﬂ a{a?élet]hglﬁc acid.%% |gAg) is Hlssolve(rl th '56°MI 5'5%
acetone:H,0 and stirred 48 h. The solution is precipitated into 500 mL ice-water, filtered and
15 the solid product is dissolved in EtOAc, and dried over MgSO,. 4.43 g 5-chloromethyl
isophthalic acid is recovered after removal of the solvent under reduced pressure. NMR ('H,
200 MHz, CDCl;): & 4.9 (2H, s, CH,CI), 8.3 (2H, d, J = 1.6 Hz, H ortho to CH,CI), 8.6 (1H, t, J
= 1.6 Hz, H para to CH,Cl) ppm. *C, 200 MHz, CDCls: & 44.7, 130.3, 131.6, 133.8, 139.3,
165.6 ppm.

20  Preparation of 5-methylsulfanylthiocarbonylsulfanylmethyl isophthalic acid. Carbon
disulfide (0.7 mL, 11.6 mmol) is added to a suspension of sodium methanethiolate (0.7 g, 10
mmol) in 10 mL acetone. 10 mL H,O is added to the resulting yellow solution. A solution of 5-
chloromethyl isophthalic acid (0.5 g) in 20 mL 5 wt% ag. NaOH is added dropwise. The
resulting mixture is stirred for 3 h, then acidified with conc. HCI. A yellow precipitate is

25 formed. This is dissolved in EtOAc, dried over MgSO, and the solvent is removed under
reduced pressure, yielding 2.34 g of yellow solid 5-methylsulfanylthiocarbonylsulfanylmethyl
isophthalic acid. NMR ('H, 200 MHz, acetone-ds): 5 2.8 (3H, s, CH,SCS,CHs) 4.9 (2H, s,
CH,SCS,CH3), 8.3 (2H, d, J = 1.6 Hz, H ortho to CH,SCS,CHj3), 8.55 (1H, t, J = 1.6 Hz, H
para to CH,SCS,CHs) ppm. °C, 200 MHz, acetone-de: 8 17.9, 39.5, 129.7, 131.6, 134.2,

30 137.6, 165.9, 233.2 ppm.

Preparation of XIV. 5-methylsulfanylthiocarbonylsulfanylmethyl isophthalic acid (0.5 g, 1.7
mmol) is suspended in 5 mL CH,Cl,. Oxalyl chloride (0.5 mL, 6 mmol) is added. A drop of

DMF is added and the mixture is heated to reflux for 1 h. The solvent is removed under



Acrylic acid (300 mmol), XiIl (0.15 nmol) and UV-initiator

(2-met hyl -4' - (et hyl t hi 0) - 2- nor phol i nopr opri ophenone) (0.015 mmol) are
di ssol vedworrofido1mdoe of water and stirred at room t enper aCwEP2adans500g9 20
m nutes. The RAFT functionalized TFC pol yam de nenbrane (Exanple 3) is
placed in a glass sanple vial containiyg.3 m of the agueous sol ution
previously prepared. The vial is capped with a rubber septum and
deoxygenated by purging with nitrogen gas for 15 mnutes. The sanple is

pl aced in, an insul at roomw.th a UV squrce at anmbient tenperature. After
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1. 84% t angle: 60.54 (after 16 mn S anple 7 : Pol rization
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-di net hyl acetic acid) trithiocarbonate (57 ng) and VA- 044 (270 ng) are
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purging with nitrogen gas for 15 mn. The sanple is placed in a
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el ohel soRkte by alEne st Ao bR O eh S 1D t568n e ikt is TG0 SE e
W th the raguadiesy, 3sHedt3 omes with distilled water and dried under vacuum at 60°C for 12 h.

15  XPS analysis: C 74%, O 21%, N 0.46%, S 3.46%. Contact angle: 89°.

Example 4: Synthesis of RAFT-functionalized TFC polyamide membrane by interfacial
polymerization of m-phenylenediamine (MPD), trimesoyl chloride (TMC) and RAFT

CTA acid chloride (XIV) on microporous polysulfone membrane.

An aqueous solution containing 2% w/v of MPD and an organic solution containing a mixture

20 of TMC (0.075% wi/v) and of RAFT CTA acid chloride (XVI) (0.025% w/v) in cyclohexane are
prepared. The polysulfone microporous substrate is soaked with the aqueous solution
containing the MPD. After 2 minutes the excess solution is drained off the surface. The
organic solution (TMC + XVI in cyclohexane) is then poured onto the soaked polysulfone
surface and allowed to react during 10 seconds. The film is dried with a hot air flow, washed

25  3times with distilled water and dried under vacuum at 60°C for 12 h. XPS analysis: C 69.8%,
0 22.3%, N 7.2%, S 0.7%. Contact angle: 29.3°.

Example 5: Polymerization of N-isopropyl acrylamide on RAFT functionalized TFC

polyamide membranes using y-radiation.

N-isopropylacrylamide (35 mmol) and XIII (0.03 mmol) are dissolved in 24 ml of water and
30  stirred at room temperature during 20 minutes. The RAFT functionalized TFC polyamide
membrane (Example 3) is placed in a glass sample vial containing 3 ml of the aqueous
solution previously prepared. The vial is capped with a rubber septum and deoxygenated by

purging with nitrogen gas for 15 min. The sample is placed in an insulated room with a ®°Co



containing the MPD. After 2 mnutes the excess solution is drained off the
surface. The organic solution (TMC + bronoi sobutyryl bromi de) is then
pour ed omwo 20fwi1s®akedpol ysul fone surface and al | owed t ecramedoodsrong 10
seconds. The filmis dried, washed 3 tinmes with distilled water and dried
under vacuum at 600C for 12 h. XPS anajysis: C7 1.3% O 18.5% N 9.1% Br
0.8% Contact angle: 43. Exanple 9 : Synthesis of ATRP-functionalized TFC
pol yam de nmenbrane by int erfaci al polynerization of m phenyl enedi am ne
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15 Example 7: Polymerization of N-isopropyl acrylamide on RAFT Functionalized TFC

Polyamide membranes using thermal initiation.

N-isopropylacrylamide (5.5 g), bis(a,a -dimethylacetic acid) trithiocarbonate (57 mg) and VA-
044 (270 mg) are dissolved in 100 ml of phosphate buffer (pH 7) and stirred at room
temperature during 20 minutes. The RAFT functionalized TFC polyamide membrane

20 (Example 4) is placed in a glass sample vial containing 10 ml of the aqueous solution
previously prepared. The vial is deoxygenated by purging with nitrogen gas for 15 min. The
sample is placed in a nitrogen-filled vacuum oven at ambient temperature. After 16h of
reaction, the membrane is washed with distiled water during 3 days and dried under
vacuum. XPS analysis: C 73.6%, O 14.5%, N 10.8%, S 1.1%.

25
Example 8: Synthesis of ATRP-functionalized TFC polyamide membrane by interfacial
polymerization of m-phenylenediamine (MPD), trimesoyl chloride (TMC) and 2-

bromoisobutyryl bromide on microporous polysulfone membrane.

An aqueous solution containing 2% w/v of MPD and an organic solution containing a mixture
30 of TMC (0.05% w/v) and of 2-bromoisobutyryl bromide (0.05% wi/v) in cyclohexane are
prepared. The polysulfone microporous substrate is soaked with the aqueous solution
containing the MPD. After 2 minutes the excess solution is drained off the surface. The

organic solution (TMC + bromoisobutyryl bromide) is then poured onto the soaked



Pol yam de nmenbranes in presence of sacrificial initiator.

N-i sopropylacrylamde (5 g), NN N ,N,N', N'-hexanet hyl

tris(am nwetzhylgissybne (Me tren, 407 ng) is dissolved inpt@@Errdoomboods still ed
wat er degassed by sparging with N2 during 20 m nutes. CuCl (43.7 ng) and
CQuCl (1 19 ng) is added and degassingzhs continued for 40 m nutes. The
ATRP functionalized TFC pol yam de nenbrane (Exanple 8) is placed in a gl ass
sanple vial containing 15 m of the aqueous sol ution previously pr epar ed.
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15 interfacial polymerization of m-phenylenediamine (MPD), trimesoyl chloride (TMC) and

CGX-PR774 (Xlla) on microporous polysulfone membrane.

An aqueous solution containing 2% w/v of MPD and an organic solution containing a mixture
of TMC (0.05% w/v) and of Xll (0.05% wi/v) in cyclohexane are prepared. The polysulfone
microporous substrate is soaked with the agueous solution containing the MPD. After 2

20 minutes the excess solution is drained off the surface. The organic solution (TMC + XII) is
then poured onto the soaked polysulfone surface and allowed to react during 10 seconds.
The film is dried in an oven at 80°C for 30 min, washed 3 times with distilled water and dried
under vacuum at 60°C for 12 h. XPS analysis: C 70.0%, O 21.9%, N 6.6%.

Example 11: Polymerization of N-isopropyl acrylamide on ATRP Functionalized TFC

25 Polyamide membranes in presence of sacrificial initiator.

N-isopropylacrylamide (5 g), N,N,N’,N’,N”,N”-hexamethyl tris(aminoethyl)amine (Mestren,
407 mg) is dissolved in 100 ml of distilled water degassed by sparging with N, during 20
minutes. CuCl (43.7 mg) and CuCl, (119 mg) is added and degassing is continued for 40
minutes. The ATRP functionalized TFC polyamide membrane (Example 8) is placed in a
30 glass sample vial containing 15 ml of the aqueous solution previously prepared. Methyl 2-
bromopropionate (8 uL) is added to the vial, which is purged by sparging with N, gas for 1

minute, then sealed. After 3h of reaction at ambient temperature, the membrane is washed



m nutes. The ATRP functionalized TFC pol yam de nenbrane (Exanple 8) is

pl aced in a glass sanple vial containing 15 m of the aqueous sol ution
previ ouslwopompas®d. The vial is purged by spargi ng w t lpcHZpg@s/ob@mr 1

m nute, then sealed. After 24h of reaction at anbient tenperature, the
menbrane is washed with distilled wategq during 3 days and dried under
vacuum XPS analysis: C 75.3% O 12.7% N 12.0% NWR anal ysis showed

negl i gi bl e pol yneri zation had occurred in the solution.Clains 1. A nethod
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washed with distilled water during 3 days and dried under vacuum. XPS analysis: C 74.2%,
0 13.5%, N 12.3%. Conversion (NMR of bulk solution): 97.2%.

Example 13: Polymerization of N-isopropyl acrylamide on ATRP Functionalized TFC

15 Polyamide membranes without sacrificial initiator.

N-isopropylacrylamide (5 g), N,N,N’,N’,N”,N"-hexamethyl tris(aminoethyl)amine (Mestren,
407 mg) is dissolved in 100 ml of distilled water degassed by sparging with N, during 20
minutes. CuCl (43.7 mg) and CuCl, (119 mg) is added and degassing is continued for 40
minutes. The ATRP functionalized TFC polyamide membrane (Example 8) is placed in a

20  glass sample vial containing 15 ml of the aqueous solution previously prepared. The vial is
purged by sparging with N, gas for 1 minute, then sealed. After 24h of reaction at ambient
temperature, the membrane is washed with distilled water during 3 days and dried under
vacuum. XPS analysis: C 75.3%, O 12.7%, N 12.0%. NMR analysis showed negligible
polymerization had occurred in the solution.

25



functionality. 3. A nethod according to claim1 or 2 for the preparation of
a functionalized thin filmconposite pol yam de nenbrane on a ni croporous
subst r at ewo@omwidis®s carryi ng out on the porous substrat eca/mpredogoersdensat i on
reaction of a) an aromatic amne of formula (1) wherein at least two of RO
- R15 are -NH2 and the others are indepgndently hydrogen or G -C4al kyl;

w than aromatic acyl halide of forrmula (I1) wherein at least 3 of R6 -R21
are a group -C(OCl and the others are independently hydrogen or d-C

4al kyl; in the presence of bl) a RAFT control agent of formula (llia) or

(NI b) b§¥w§ﬁ ATRP control agent of formula (l1Va) or (IVb) b3) a NVRP
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Cﬁ C7Ptetﬁﬁraﬂﬁ'béz%ﬂc%lykb’dlldeﬁlﬁ“hlﬁﬂé|%%;ﬁ$ oCcKT 3@%&9@% the@r&eg&@'olkw thio, a-q
pheny o] e a i 0, oxXy e oXy, am no,
8all koxy@é}%(ﬂﬂﬂa' a?ﬂ‘i&?ﬂ/ Wﬁ tt%‘rﬁ?la'” t@é‘ﬁf%ﬂgg':ac rogaé@{,‘i/ Xy, benzoyl | oxy,
ggr b?fkTD}bIZ) %@Xt@ﬂﬂrarﬁ?er%d|8?l%b@r+éYE@tmﬁ(ﬁth{P§1b@ntrdﬂtagé}ﬁlby| pEosphﬁnat o, G-G

i al ky osphi nat o enyl - phosphi nat o p r chain havin
number Q@gﬁaagoﬁéﬁr@é’ %? e %har? lyBehia3HoR W gq%rg?@gegt P%V'ﬂ@c?ogg’ﬁﬁwch
groyips mmistighdiinbe substituted by Cr C 4al kyl, hal ogen, cyano, G -C 4al koxy

or Cl- C4al koxycarbonyl; R22, R23 and R24 are each independently H,
hal ogen, Ci1-C20 al kyl, oC 8 cycl oal kyl, a polymer chain having a nunber

aver age 20_gfeBodfor prel pfapérbtz@t d)f@wfuhaudnb&eraanigeilrﬁ cbpdéielnerabraXy Beedrding( =Y) NR
1R O3tc\)l\/({:]girme1 Xorrmrs@‘ung%f [a\ug%)r(?téllnu%[Js polyamldjé I'quyser%lnKaymlc(r)cfpofrcgu%ngu%sttraqte %gmgﬁsrlr%m
at ons,
carrying out on the porous substrate a polycondensation reaction of
15 a) an aromatic amine with at least two amine functionalities; with
an aromatic acyl halide with at least 3 —C(O)CI groups; and
b1) a radical addition fragmentation chain transfer (RAFT) control agent having an acid
halide functionality,
b2) an atom transfer radical polymerization (ATRP) control agent having an acid halide
20  functionality, or
b3) a nitroxide-mediated radical polymerization (NMRP) control agent having a glycidyl

functionality.

3. A method according to claim 1 or 2 for the preparation of a functionalized thin film
25 composite polyamide membrane on a microporous substrate comprises carrying out on the
porous substrate a polycondensation reaction of

R10
R15 R11
a) an aromatic amine of formula (I) wherein at least two of Ryp — Ry5 are -NH,

and the others are independently hydrogen or C4-Csalkyl; with



al koxy of from1 to 20 carbon atons, aryloxy or heterocycloxy, R 02 and Ri
03 are independently H or alkyl of from1l to 20 carbon atons, or R102 and
R103 are woiomdhis®get her to form an al kyl ene group of fromER2d09/0600e8r bon
atons, thus formng a 3- to 6-nenbered ring, and R104 is H, straight or
branched C1-C20 al kyl or aryl; or R22,38R23 and R24 are each independently
CN, C2-C20 al kenyl or al kynyl, oxiranyl, glycidyl, aryl, heterocyclyl,

aral kyl, aryl -substituted al kenyl, where al kyl is defined above, and

al kenyl is vinyl which may be substituted with one or two Cl-C4 al kyl
groups and/ or hal ogen atons, Cl- C6 al kW in which from1l to all of the
hydrogen atoms, are replaced with h3 Rwhere 1 or nore hal ogen atons
are repPAGERMalIe@ hak CaPkiprmalaih i ty Wi t hwhetsin gt tegsi3d §fiFst TRudte &,

sel ected fromthe group consisting B s al koxy, aryl, heterocyclyl,
C(=Y)R 101 , C(=Y)NR 102R103 , oxiranyR,and glycidyl; such that no nore
than two of R22, R23 and R24 are H, R25 is Cl-Cl18 al kyI ene, C3-Cl18 al kyl ene
whi ch i graupt-€HO)pitand the othees are imtependontly dydragener Col.alkydriy treneesetvedi al |
may be substituted by Cl1-C4 al kyl, hal ogen, cyano, Cl-C4 al koxy, C(=Y)R 101
, C(=Y)NR 102R103 where Y , R101 , R102 and R103 are as defined above;

wher ei nbil ha Rédoatroliagant efdarmiulaiiia)ori(glblll , Br or | ; R30 is Cl-C18

al kyl ene, C3- Cl8 al kyl ene which is interrupteg by one or nore oxygen atons,
or phenyl ene, aI I rrayizpe substituted by -C4 al kyl, hal ogen, cyano,
Cl-c4 al koxy, C(=Y)NR 102R10 V\:h N, R101 , R102 and R103
are &as defin d a d R3QId)ava; meaw aglliIRR&d and R23;
wherein in f Rl a| Va) \F&); the R1, are eacﬁ i ndepgendent|ly of one

anot her hydrogen hal ogen N€X2, cyano,-CONR 5R6 , -( ) 4, -C(O-R 7,

-OR 8, -SR8, -NHR 8, -N(Re)2, carbanoyl, Cli(Cl- G 8alkyl)carbanoyl,
-C(=NR 5)(NHR 6) ; unsubstituted G -C 8a| kyl, C2-C 8al kenyl, C2-C

8al kynybp) &7 AERPReRYbIAIgkN of féaT U (1¥8YsH (R Kyl or C2- G 2het er ocycl oal kyl ;
or
O R31 (@) R31
X%Rréx (IVa), X/“—ex or
R32 R32

10  b3) a NMRP control agent of formula (Va) or (Vb)

A
RZ)( ><R2
R2 ’\Il R2

OR,

R R (Va),
R1}\ )<R1
R; N R,
OR,

wherein n is a number from 1 to 4;

(Vb);

wherein in formula (llla) and (llIb)
15  Z, in formula (llla) is C4-Cqgalkylene, C;-Cysalkylene which is interrupted by one or more
oxygen atoms or phenylene, which all may be substituted by C4-C,alkyl, halogen, cyano, C4-

Casalkoxy or C4-Caalkoxycarbonyl,

Z, in formula (lllb) is hydrogen, chlorine, C4-Cqsalkyl, phenyl, Cs-Cscyloalkyl, Cs-
Cscycloalkenyl, Cs-Csheterocycloalkyl, Cs-Csheterocycloalkenyl, C4-Cqgalkylthio, phenylthio,
20  C;-Cyyphenylalkylthio, C+-Csalkoxy, phenyloxy, amino, C+-Cqsalkoxycarbonyl,
phenyloxycarbonyl, carboxy, Cs-Cisacyloxy, benzoylloxy, carbamoyl, cyano, C,-Cqs-dialkyl-

phosphonato, diphenyl-phosphonato, C4-C4sdialkyl-phosphinato, diphenyl-phosphinato or a



C -G 8alkyl, C2-C 8al kenyl, C2-C 8 al kynyl, C7-C9phenyl al kyl, C3-C
2cycl oal kyl or C2- C 2heterocycloal kyl, which are substituted by NOZ,

hal ogen, woi2om/018396r oxy, cyano, carboxy, Ci -C 4al koxy, EcTErdabloyidobhi o,

G -C 4al kyl am no or di (G -C 4al kyl )am no; or phenyl, naphthyl, which are
unsubstituted or substituted by C -C 4g4 kyl, G -C 4al koxy, d - C4al kylthio,
hal ogen, cyano, hydroxy, carboxy, G -C 4al kylam no or di (G -C 4al kyl)am no;
R4 is hydrogen, G -C 8al kyl, phenyl an alkali netal cation or a

tetraal ky Iammnlumcatlon R5 and are hydrogen,

8al kyl \R/HNEWF Faaig figging @&U@ab%fva&agﬁgsgﬁeed%womf '6%?”@%%%‘196 Otféktgﬂogo

t oget henvmcfho iBuPs @ayCall 2R kybstiiRed bl dQECRIkyR KHoden, ZyahkyCeugalkixydge C,-
interru t least one Oor/and NR8 atom R/ is hydrogen, C -C 8al kyl
or phen&",Ik CROORYdr ogen, G -G 8alkyl or C2-Ci 8alkyl which is

substitute | east one hydro gr Qup; s G -C 2al ene or

i T oct  Bond 1 B o DA HEn L EAlebtn bl GrGer\RaAUhe polyraer

cyclh@al bnélathkaomglangmswtaemagé (iﬁgﬂiél cyfcpbqlmemzbmireuhqnyﬁdr@als @hmoopg(dmaaﬁyslt em

W t at | trivale nit en, at t he are | naepen enty

of ' baah CUTBR RengYIeEs Yoo e ays 50 S BN TR (1o o CPPRR g Ear bon

atolm fogmbﬁ;é G- 6ay ¢l Qﬁ|2|@ygar9bﬁ>uﬂom§ %yl@x;didfalhﬁéﬁoc?ﬁ@qpfR%gldnrdedil (%Oal’fe?lr;n a

cycli1cC - - e r ri n IS ar I Ca or nu

ey of ndepSrocdhy F VAT oo 0 2B RGrn AimRt e R 2rh e tobithir b

unsubst kdrbit &tlaRylesel gRdupt dftieeh RYo BI@ArbdmadtogeNthudMritng HBdt®BYmerBle80 ring,
ylthio, C -C 4al kylamno or di (G -C

Zglr E@Xy’éﬁﬁ%‘gi{lﬂleslioﬁ)i(&‘:ipgb':agaégeﬁﬁg?ﬂqlv 8farheh ot her H or CH3; Dis a group
andm i s R?z, rE{usn‘é)ne RLra?erzne;aLcr;[ mdg'pendently CN, C,-Cy alkenyl or alkynyl, oxiranyl, glycidyl, aryl,
heterocyclyl, aralkyl, aryl-substituted alkenyl, where alkyl is defined above, and alkenyl is
vinyl which may be substituted with one or two C4-C, alkyl groups and/or halogen atoms, C4-
Cs alkyl in which from 1 to all of the hydrogen atoms, are replaced with halogen, where 1 or
15  more halogen atoms are replaced and C4-Cg alkyl substituted with from 1 to 3 substituents,
selected from the group consisting of C4-Cs alkoxy, aryl, heterocyclyl, C(=Y)Ro1,

C(=Y)NR102R103, oxiranyl and glycidyl; such that no more than two of R,2, Rz and Ry are H;

Rys is Cq-Cqg alkylene, Cs-Cyg alkylene which is interrupted by one or more oxygen atoms, or
phenylene, which all may be substituted by C,-C; alkyl, halogen, cyano, C4-C; alkoxy,
20 C(=Y)R101, C(=Y)NR102R103 Where Y, Ryo1, R102 and Rqg3 are as defined above;

wherein in formula (IVa) and (IVb)
Xis Cl, Brorl;

25 Rgis C4-Cyg alkylene, C3-Cqg alkylene which is interrupted by one or more oxygen atoms, or
phenylene, which all may be substituted by C,-C; alkyl, halogen, cyano, C4-C; alkoxy,
C(=Y)R101, C(=Y)NR102R103 where Y, R101, R102 and R103 are as defined above;

R3¢ and Rs; have the same meaning as Ry, and Rys;
30
wherein in formula (Va) and (Vb)

the Rq,are each independently of one another hydrogen, halogen, NO,, cyano,



4. A nethod according to claiml to 3 wherein the porous substrate is a

pol ynmer selected fromthe group consisting of a polysul fone, polycarbonate,
pol ypr opywenrelo/qmsisyanm de and pol yet her sul fone. 5. A nebodraaoosazng t o
claim3 wherein in the aromatic amne of formula (1) two of RO - Rlb5are
-NH2 in para or ortho position and thes®thers are independently hydrogen or
C -C dalkyl; in the aromatic acyl halide of forrmula (11) f 16 -R21 are a
group - C(O)CI and the ot hers are independently hydrogen or G -C 4al kyl;

T or b aNReRs oy FoIOR saldRiend g Ry MR MBS BRI, (IEra) i s
a honol mgaq(yl)@@;bgmg grc(urﬂR@ghfep(g)ed fromt he gr oup consi sting of Cr
chior | nehs Eeigehy E Ao erpalieesl 6 el &It o ropioatol 67"
Ci 2pheny;|2@ Mérb@&loaﬁ%orn formul a (NI b) Is G -C 8al kyl ene or phenyl ene;
Bal k51 ot orherv KT Carfrs REIVAMe CrGwpentakY) y Cnbarudevl ot of-
8al kyl , cghe@@owlo@mkﬂkmch@e Qﬁwuﬁjt@@bymwl ha)égemh@ﬁwo hym@r(yelcoaﬁmam&’
::gn}_'r g:. en‘(ogyf, Cf1 Cé);;gﬂféylthlo Cq- C4al?<ylam|no or d|(C1 C&alﬁbl\),\ebn?lagloq' 's a group OR
phenyl, naphthyl, which are unsubstituted or substituted by C;-Cjalkyl, C4-Cjalkoxy, Cs-
Caalkylthio, halogen, cyano, hydroxy, carboxy, C4-Cjalkylamino or di(C4-Cgalkyl)amino;
10  R4is hydrogen, C4-Cqsalkyl, phenyl, an alkali metal cation or a tetraalkylammonium cation;
Rs and Rg are hydrogen, C4-Cqsalkyl, Co-Cqgalkyl which is substituted by at least one hydroxy
group or, taken together, form a C,-Cqalkylene bridge or a C,-C2-alkylene bridge interrupted
by at least one O or/and NRg atom;
Rz is hydrogen, C4-C4salkyl or phenyl;
15 Rgsis hydrogen, C-Cqsalkyl or Co-Cqgalkyl which is substituted by at least one hydroxy group;
Ry is C1-Cqzalkylene or a direct bond;
or all Ry form together the residue of a polycyclic cycloaliphatic ring system or a polycyclic
heterocycloaliphatic ring system with at least one di- or trivalent nitrogen atom:;
the R, are independently of each other phenyl or C-Cealkyl or two together with the linking
20  carbon atom form a Cs-Cecycloalkyl group;
A is a divalent group required to form a cyclic 5-, 6- or 7-membered ring and

Rs is a radical of formula (I1)

R’
%\ /PD } (I, wherein
X; "
R’

25 X, is phenylene, naphthylene or biphenylene, which are unsubstituted or substituted by NO,,
halogen, amino, hydroxy, cyano, carboxy, C4-Cjalkoxy, C-Cjalkylthio, C4-Cjalkylamino or
di(C4-Cjalkyl)amino;
the R’ are independently of each other H or CHs;

D is a group o% ;

o)

30 and



mis 1, 2 or 3; Y and Y' are independently d-Ctal kyl, C3-C 2al kenyl, C3-C
2al ki nyl , C5-C8cycl oal kyl, phenyl, naphthyl, C7-C9phenylal kyl; or Y and Y
t oget her wormoansseef the bivalent groups -C(R i) (R 2)- @dfRr3)09/0600k§ RO- CH
2- C(R2(R3)-, -CHR2)-CH2-C(Ri)(R 3)-, -CH2-C(Ri)(R 2)-CH(R 3)-

o- phenyl ene, 1,2- cyclohexyliden, -CH2£H-CH CH2- O ; wherein Ri is
hydrogen, C G 2al kyl, COOH COO (Cr G 2)alkyl or CHZOR ; R 2 and R 3 are

i ndependent |y hydrogen met hyl ethyl, COOH or COO (G -G 2)alkyl; R4 is
hydrogen,. G -Ci | k benzyl or a nonoval ent acyl residue derived from
an ali pﬁh‘?lac”“”%%?@ﬁ{ B’n tic or aromati c nonocarboxylic acid having up to
18 carbon atons. 6. A nethod according to claim5 wherein Y and Y' together

form on f the bivalent groups -C(R 1)(R 2)-CHR 3)-, .

o R ) G Rimeihae Betar . to U i Ve e DR Sapstiaté i p Reper selecisy
CH(R 3) frorrpthl@h@rroub e;@asustingZopaCdcﬂv%aMd %Wcarb@h@te%%o@ﬁ%ne,oboly@ﬁiﬂéidhdR' i

i s hydrogen, G 2al kyl, COOH, COO(Cr G 2)alkyl O CH2ZOR4; R 2 and R 3
are Yndé& 'é‘ﬁ@@h?tl'@”ﬁydrogen met hyl ethyl, COOH or COO-(Ci-G 2)alkyl; Ris
hydr ogen, G - O 2al kyl , benzyl, or a m)noval ent acyl residue derived from

an alipha cl oa c or aromati c nonocarboxylic acid having up to
18 car bén}s‘é‘ﬂ E‘PCCOKJ ’F@Eorf{lﬂma’%\“f@?r&l”ng to any preceding clai mwherein the

wei ght  irathi GreIRAtIRERRING I@efoarhglaqt)lt\no ER], R); iaee-NWLiR pata brerib pdsitieh EhdCthe
groups; and bl RAFT cg]ntrol nt or b2) an ATRP control agent or b3) a

NVRP coRiNes! ar&d pen%%ntw yﬁ“’@?%’ yp“‘?”@ﬂctl onality is fromb50:1 to 1:5. 8.
A nmethod for the nodification of a functRonalized thin film conposite
pol yam de menbrane R,, R,

10 in the aromatic acyl halide of formula (II) 3 of Ryg =Ry are a group —C(O)CI

and the others are independently hydrogen or C4-Casalkyl;
wherein n is a number from 1 to 3;

15  wherein in formula (llla) and (IlIb)

Zq in formula (llla) is C4-Cgalkylene or phenylene;

Rz in formula (llla) is a homolytic leaving group selected from the group consisting of C4-
Cusalkyl, C,-Cqgalkenyl, C,-Cqgalkynyl;

Z, in formula (IlIb) is hydrogen, chlorine, C4-C4salkyl, phenyl, C4-Cygalkylthio, phenylthio, Cs-
20 Ci2phenylalkylthio;

Rzs in formula (llIb) is C4-Cqsalkylene or phenylene;

wherein in formula (IVa) and (IVb)
Xis Cl, Brorl;
25 Ry is Cy-Cqgalkylene or phenylene;
Rs1 and Rj3, are independently hydrogen, C4-Cqsalkyl, Cs-Cgcycloalkyl, C3-Cscycloalkenyl or
phenyl;

wherein the NMRP control agent of formula (Vb) is of formula (Vc¢)



on a m croporous substrate according to claim1 or 2, conprising

pol yneri zing an ethylenically unsaturated nononer in the presence of a
source ofwbnem/msdbcal s and the functionalized thin fil rcomrpaviotm29

pol yam de nmenbrane, resulting in the formation of polynmer chains that are
coval ently bound to the thin filmconpgsite nenbrane. 9. A nethod according
to claim8 wherein the ethylenically unsaturated nononer is selected from
the group consisting of styrene, substituted styrene, conjugated dienes,
acrolein, vinyl acetate, (alkyl)acrylic acidanhydrides, (alkyl)acrylic acid
salts, (alkyl)acrylic esters or_(al kPl acryl ami des. 10. A nethod according
to clai mg whékei he source Of _P{ee r@@'cals is U/-l1ight together with a
phot oi ni t}, at or -rali&tion, & éctyon beamradiation, a redox pair or heat
together 'wth'a t mal iniggiatory 11. A nethod according to claim8
wherein the weight ratio of functionalized thin film conposite pol yam de
menbr anghkgiet hyl eni cal ly unsaturated nononer is from10:1 to 1:10. 12. A
functionalized thin filmconposite pol yam de nenbrane, prepared according
toclaiml1l or 2. 13~A nodified functionalized thin film conposite
poIyani@asmﬁﬁu@n@/g?éggyeq according to claim8

@)

R’ is H or CHjg;
5 mis1,2o0r3;
Y and Y’ are independently C4-Cqoalkyl, Cs-Cyralkenyl, Cs-Czalkinyl, Cs-Cgcycloalkyl, phenyl,
naphthyl, C;-Cgphenylalkyl; or
Y and Y’ together form one of the bivalent groups -C(R'1)(R’;)-CH(R’s)-, CH(R’4)-CH,-
C(R2)(R’3)-, -CH(R2)-CHC(R'1)(R3)-, -CH,-C(R'1)(R’2)-CH(R’3)-, o-phenylene, 1,2-
10  cyclohexyliden,

-CH,-CH=CH-CH>,- or @C : wherein

R’y is hydrogen, C4-Cqzalkyl, COOH, COO-(C4-C4z)alkyl or CH,OR's;
R’; and R’; are independently hydrogen, methyl ethyl, COOH or COO-(C4-Cy;)alkyl;
R’y is hydrogen, C4-Cq,alkyl, benzyl, or a monovalent acyl residue derived from an aliphatic,

15  cycloaliphatic or aromatic monocarboxylic acid having up to 18 carbon atoms.

6. A method according to claim 5 wherein Y and Y’ together form one of the bivalent groups
-C(R'1)(R’2)-CH(R’3)-, CH(R’1)-CH,-C(R’,)(R’3)-, -CH(R’2)-CH,-C(R’1)(R’3)-, -CH,-C(R'1)(R’;)-

CH(R’3)-, o-phenylene, 1,2-cyclohexyliden, -CH,-CH=CH-CH,- or @C ;

20  wherein
R’y is hydrogen, C4-Cqzalkyl, COOH, COO-(C4-C4z)alkyl or CH,OR's;
R’; and R’; are independently hydrogen, methyl ethyl, COOH or COO-(C4-Cy;)alkyl;
R’y is hydrogen, C4-Cq,alkyl, benzyl, or a monovalent acyl residue derived from an aliphatic,
cycloaliphatic or aromatic monocarboxylic acid having up to 18 carbon atoms.
25
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7. A method according to any preceding claim wherein the weight ratio between the aromatic
acyl halide with at least 3 —C(O)CI groups; and

b1) a RAFT control agent or

b2) an ATRP control agent or

b3) a NMRP control agent having a glycidyl functionality

is from 50:1 to 1:5.

8. A method for the modification of a functionalized thin film composite polyamide membrane
on a microporous substrate according to claim 1 or 2, comprising polymerizing an
ethylenically unsaturated monomer in the presence of a source of free radicals and the
functionalized thin film composite polyamide membrane, resulting in the formation of polymer

chains that are covalently bound to the thin film composite membrane.

9. A method according to claim 8 wherein the ethylenically unsaturated monomer is selected
from the group consisting of styrene, substituted styrene, conjugated dienes, acrolein, vinyl
acetate, (alkyl)acrylic acidanhydrides, (alkyl)acrylic acid salts, (alkyl)acrylic esters or

(alkyhacrylamides.

10. A method according to claim 8 wherein the source of free radicals is UV-light together
with a photoinitiator, y-radiation, electron beam radiation, a redox pair or heat together with a

thermal initiator.

11. A method according to claim 8 wherein the weight ratio of functionalized thin film

composite polyamide membrane to ethylenically unsaturated monomer is from 10:1 to 1:10.

12. A functionalized thin film composite polyamide membrane, prepared according to claim 1

or 2.

13. A modified functionalized thin film composite polyamide membrane prepared according

to claim 8.



