SELF-ASSEMBLING POLYMERS - I

BACKGROUND OF THE INVENTION

[0001] Polymers, in particular block copolymers, which-salsemble into nanostructures
have been proposed for use in a number of apmitaincluding filtration membranes,
pervaporation membranes, lithography, solid statgnper electrolytes, ion exchange
membranes, and biomaterials. For example, dibdoglolymers when dissolved in selective
solvents self-assemble into spherical or cylindmogelles, vesicles and other structures.
However, challenges remain in obtaining well dedim@anostructures. The foregoing
indicates that there is an unmet need for bloclolyopers that self-assemble under

appropriate processing conditions to provide weflried nanostructures.

BRIEF SUMMARY OF THE INVENTION

[0002] The invention provides a block copolymer of theniata (1) or (l1):

(m,
wherein:

R' is a G-Cx alkyl group optionally substituted with a subsgitt selected from halo,
alkoxy, alkylcarbonyl, alkoxycarbonyl, amido, anittre, or a G-C;; cycloalkyl group,
optionally substituted with a substituent seledtech alkyl, halo, alkoxy, alkylcarbonyl,

alkoxycarbonyl, amido, and nitro;



R? is a G-Cyo aryl group or a heteroaryl group, optionally sithstd with a
substituent selected from hydroxy, nitro, amindphalkoxy, alkylcarbonyl, alkoxycarbonyl,
amido, and nitro;

one of R and R is a G-Cy4 aryl group, optionally substituted with a subsitti
selected from hydroxy, halo, amino, and nitro, #relother of Rand R is a G-C,, alkoxy
group, optionally substituted with a substituerésied from carboxy, amino, mercapto,
alkynyl, alkenyl, halo, azido, and heterocyclyl,

n and m are independently 2 to about 2000; G<<ixand 0 < ¥ m.

[0003] The invention also provides a process for prepatiegolock copolymers of

formula (I) and (1) and also porous membranes g@reg from the block copolymers.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWGS

[0004] Fig. 1 depicts the overlaid traces of the Multidanigaser Light Scattering
(MALS) gel permeation chromatograms (GPC) of a hpahygmer 1 (a precursor to the
diblock copolymer), a diblock copolymer precurspafd the diblock copolymer 3 in
accordance with an embodiment of the invention.

[0005] Fig. 2 illustrates a membrane comprising a dibloggolymer in accordance with
an embodiment of the invention.

[0006] Fig. 3A depicts the AFM image of the surface of @mbrane prepared in
accordance with an embodiment of the inventiorg. BB depicts a lower magnification
image of the membrane depicted in Fig. 3A. Figde@icts the line profile extracted from
Fig. 3B.

DETAILED DESCRIPTION OF THE INVENTION

[0007] In an embodiment, the invention provides a dibloggolymer of the formula (I)
or (IN):

¥ ® ),



(n,
wherein:

R' is a G-Cx alkyl group optionally substituted with a subsgitt selected from halo,
alkoxy, alkylcarbonyl, alkoxycarbonyl, amido, anittre, or a G-C;; cycloalkyl group,
optionally substituted with a substituent seledtech alkyl, halo, alkoxy, alkylcarbonyl,
alkoxycarbonyl, amido, and nitro;

R? is a G-Cao aryl group or a heteroaryl group, optionally sithgtd with a
substituent selected from hydroxy, nitro, amindphalkoxy, alkylcarbonyl, alkoxycarbonyl,
amido, and nitro;

one of R and R is a G-Cy4 aryl group, optionally substituted with a subsgitti
selected from hydroxy, halo, amino, and nitro, #reother of Rand R is a G-C,, alkoxy
group, optionally substituted with a substituerésid from carboxy, amino, mercapto,
alkynyl, alkenyl, halo, azido, and heterocyclyl,

n and m are independently 2 to about 2000; anck& 1 and 0 <y m.

[0008] In Formula (ll), broken bonds indicate partial hygenation. Preferably, x is 0.1
tonandyis 0.1 to m. When x = n, the correspandlock is fully hydrogenated. Similarly,
when y = m, the corresponding block is fully hydeogted. In accordance with
embodiments, x/n and y/m are independently 0.1,03 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, or 1.
[0009] In accordance with an embodiment, the inventiovides a diblock copolymer of

the formula (Ia), where the monomers are exo isemer

R’ R2 (1),



[0010] In any of the embodiments abové,iRa G-Cao alkyl group optionally substituted
with a substituent selected from halo, alkoxy, &&ybonyl, alkoxycarbonyl, amido, and
nitro, or a G-Cy; cycloalkyl group, optionally substituted with abstituent selected from
alkyl, halo, alkoxy, alkylcarbonyl, alkoxycarbongimido, and nitro.

[0011] In an embodiment, Rs a G¢-Cys alkyl group, optionally substituted with a
substituent selected from halo, alkoxy, alkylcagdpalkoxycarbonyl, amido, and nitro.
[0012] In a particular embodiment,'fs a G alkyl group.

[0013] In any of the embodiments abové,iRa G-Cyo aryl group, optionally substituted
with a substituent selected from hydroxy, nitrojr@enhalo, alkoxy, alkylcarbonyl,
alkoxycarbonyl, amido, and nitro.

[0014] In an embodiment, &s a phenyl group, optionally substituted withubstituent
selected from hydroxy, nitro, amino, halo, alkoalkylcarbonyl, alkoxycarbonyl, amido, and
nitro.

[0015] In any of the embodiments above,iRa G-Ci4 aryl group, optionally substituted
with a substituent selected from hydroxy, halo,rmamand nitro and Rs a G-C,, alkoxy
group, optionally substituted with a substituerésied from carboxy, amino, mercapto,
alkynyl, alkenyl, halo, azido, and heterocyclyl.

[0016] In an embodiment, s phenyl, optionally substituted with a substituselected
from hydroxy, halo, amino, and nitro and iR a G-Cs alkoxy group, optionally substituted
with a substituent selected from carboxy, aminao,cayato, alkynyl, alkenyl, halo, azido, and
heterocyclyl.

[0017] In an embodiment, s provided by the ROMP catalyst employed for the
polymerization of the monomers.

[0018] In an embodiment, Rs a group provided by the vinyl ether compoungleyed
for terminating the polymerization.

[0019] In accordance with the invention, the term “argfars to a mono, bi, or tricyclic
carbocyclic ring system having one, two, or thremyaatic rings, for example, phenyl,
naphthyl, anthracenyl, or biphenyl. The term “argfers to an unsubstituted or substituted
aromatic carbocyclic moiety, as commonly understodtie art, and includes monocyclic
and polycyclic aromatics such as, for example, phdxiphenyl, naphthyl, anthracenyl,
pyrenyl, and the like. An aryl moiety generallyntains from, for example, 6 to 30 carbon
atoms, preferably from 6 to 18 carbon atoms, moeéepably from 6 to 14 carbon atoms and

most preferably from 6 to 10 carbon atoms. Itriderstood that the term aryl includes



carbocyclic moieties that are planar and compmse4t electrons, according to Hiickel's
Rule, whereinn =1, 2, or 3.

[0020] In accordance with the invention, the term “heteytiaefers to a cyclic aromatic
radical having from five to ten ring atoms of whighleast one atom is O, S, or N, and the
remaining atoms are carbon. Examples of heteroadytals include pyridyl, pyrazinyl,
pyrimidinyl, pyrrolyl, pyrazolyl, imidazolyl, thiaalyl, oxazolyl, isooxazolyl, thiadiazolyl,
oxadiazolyl, thiophenyl, furanyl, quinolinyl, ansloiquinolinyl. The term “heteroaryl” as
used herein, means a monocyclic heteroaryl orylicheteroaryl. The monocyclic
heteroaryl is a five- or six-membered ring. Thefmembered ring consists of two double
bonds and one sulfur, nitrogen or oxygen atomerAttively, the five-membered ring has
two double bonds and one, two, three or four ngrogtoms and optionally one additional
heteroatom selected from oxygen or sulfur, andthers carbon atoms. The six-membered
ring consists of three double bonds, one, two gtlorefour nitrogen atoms, and the others
carbon atoms. The bicyclic heteroaryl consista mfonocyclic heteroaryl fused to a phenyl,
or a monocyclic heteroaryl fused to a monocycliclaglkyl, or a monocyclic heteroaryl
fused to a monocyclic cycloalkenyl, or a monocyblateroaryl fused to a monocyclic
heteroaryl. The monocyclic and the bicyclic hedeybare connected to the parent molecular
moiety through any substitutable atom containethiwithe monocyclic or the bicyclic
heteroaryl. The monocyclic and bicyclic heterogmdups of the present invention can be
substituted or unsubstituted. In addition, theogien heteroatom may or may not be
guaternized, and may or may not be oxidized td\Hoxide. Also, the nitrogen containing
rings may or may not be N-protected. Represemaxamples of monocyclic heteroaryl
include, but are not limited to, furanyl, imidazbligoxazolyl, isothiazolyl, oxadiazolyl,
oxazolyl, pyridinyl, pyridine-N-oxide, pyridazinyhyrimnidinyl, pyrazinyl, pyrazolyl,
pyrrolyl, tetrazolyl, thiadiazolyl, thiazolyl, thig/l, triazolyl, and triazinyl. Representative
examples of bicyclic heteroaryl groups include, ot limited to, benzothienyl,
benzoxazolyl, benzimidazolyl, benzoxadiazolyl, 8ifiydro-1,3-benzothiazolyl,
imidazo[1,2-a]pyridinyl, indazolyl, 1H-indazol-3-yihdolyl, isoindolyl, isoquinolinyl,
naphthyridinyl, pyridoimidazolyl, quinolinyl, quinin-8-yl, and 5,6,7,8-tetrahydroquinolin-5-
yl.

[0021] The “alkyl” group could be linear or branched. aeccordance with an
embodiment, the alkyl group is preferably a@, alkyl. Examples of alkyl group include
methyl, ethyl, n-propyl, isopropyl, n-butyl, sectiisobutyl, tert-butyl, n-pentyl, isopentyl,



n-hexyl, hexadecyl, and the like. This definit@so applies wherever “alkyl” occurs such as
in hydroxyalkyl, monohalo alkyl, dihalo alkyl, amkhalo alkyl. The G-C,, alkyl group can
also be further substituted with a cycloalkyl grpem., a G-C;; cycloalkyl group.

[0022] The “cycloalkyl” group can be monocyclic or bicyzliExamples of monocyclic
cycloalkyl groups include cyclopropyl, cyclobutglclopentyl, cyclohexyl, cycloheptyl, and
cyclooctyl. Examples of bicyclic cycloalkyl groupglude those with one common ring
carbon atom such as spirooctane, spirononane dggiane, and spiroundecane, and those
with two common ring carbon atoms such as bicydkue, bicyclononane, bicyclodecane,
and bicycloundecane. Any of the cycloalkyl groepsld be optionally substituted with one
or more alkyl groups, e.g.,1€Cs alkyl groups.

[0023] In accordance with an embodiment, the “alkoxy” graaipreferably a €Cs,
alkoxy. Examples of alkoxy group include methoathoxy, n-propoxy, isopropoxy, n-
butoxy, sec-butoxy, isobutoxy, tert-butoxy, n-pexytasopentoxy, n-hexoxy, hexadecyloxy,
and the like.

[0024] The term “halo” refers to a halogen selected fraendroup consisting of fluorine,
chlorine, bromine, and iodine, preferably chlorarédbromine.

[0025] The term “heterocycle” or “heterocyclic” as useddie, means a monocyclic
heterocycle or a bicyclic heterocycle. The monticyeeterocycle is a three-, four-, five-,
Six- or seven-membered ring containing at leastimteroatom independently selected from
the group consisting of O, N, N(H) and S. The thedour-membered ring contains zero or
one double bond and a heteroatom selected fromrthg consisting of O, N, N(H) and S.
The five-membered ring contains zero or one dohbled, and one, two or three heteroatoms
selected from the group consisting of O, N, N(HJ & The six-membered ring contains
zero, one or two double bonds and one, two or theéeroatoms selected from the group
consisting of O, N, N(H) and S. The seven-membearegicontains zero, one, two, or three
double bonds and one, two or three heteroatomstsdl&om the group consisting of O, N,
N(H) and S. The monocyclic heterocycle can be bsiswted or substituted and is
connected to the parent molecular moiety throughsaibstitutable carbon atom or any
substitutable nitrogen atom contained within thenouyclic heterocycle. Representative
examples of monocyclic heterocycle include, butrarelimited to, azetidinyl, azepanyl,
aziridinyl, diazepanyl, [1,4]diazepan-1-yl, 1,3-damyl, 1,3-dioxolanyl, 1,3-dithiolanyl, 1,3-
dithianyl, homomorpholinyl, homopiperazinyl, imiddinyl, imidazolidinyl, isothiazolinyl,

isothiazolidinyl, isoxazolinyl, isoxazolidinyl, mpholinyl, oxadiazolinyl, oxadiazolidinyl,



oxazohnyl, oxazolidinyl, piperazinyl, piperidingyranyl, pyrazolinyl, pyrazolidinyl,
pyrrolinyl, pyrrolidinyl, tetrahydrofuranyl, tetrgiropyranyl, tetrahydrothienyl,
thiadiazolinyl, thiadiazolidinyl, thiazolinyl, theolidinyl, thiomorpholinyl, 1,1-
dioxidothiomorpholinyl (thiomorpholine sulfone),itipyranyl, and trithianyl. The bicyclic
heterocycle is a monocyclic heterocycle fused phenyl group, or a monocyclic heterocycle
fused to a monocyclic cycloalkyl, or a monocyclatdrocycle fused to a monocyclic
cycloalkenyl, a monocyclic heterocycle fused to@otyclic heterocycle, or a monocyclic
heterocycle fused to a monocyclic heteroaryl. Biegclic heterocycle is connected to the
parent molecular moiety through any substitutabl®an atom or any substitutable nitrogen
atom contained within the bicyclic heterocycle aad be unsubstituted or substituted.
Representative examples of bicyclic heterocycleunhe, but are not limited to,
benzodioxinyl, benzopyranyl, thiochromanyl, 2,3ydlfoindolyl, indolizinyl,

pyranopyridinyl, 1,2,3,4-tetrahydroisoquinolinyl213,4-tetrahydroquinolinyl,
thiopyranopyridinyl, 2-oxo-1,3-benzoxazolyl, 3-okenzoxazinyl, 3-azabicyclo[3.2.0]heptyl,
3,6-diazabicyclo[3.2.0]heptyl, octahydrocyclopenjpjrrolyl, hexahydro-1H-furo[3,4-
c]pyrrolyl, octahydropyrrolo[3,4-c]pyrrolyl, 2,3-dydrobenzofuran-7-yl, 2,3-
dihydrobenzofuran-3-yl, and 3,4-dihydro-2H-chron#egt. The monocyclic or bicyclic
heterocycles as defined herein may have two oftimeadjacent carbon atoms connected by
a heteroatom selected from N, N(H), O or S, orleylene bridge of between one and three
additional carbon atoms. Representative examplesoocyclic or bicyclic heterocycles
that contain such connection between two non-adfam@bon atoms include, but not limited
to, 2-azabicyclo[2.2.2]octyl, 2-oxa-5-azabicycl@22]octyl, 2,5-diazabicyclo[2.2.2]octyl, 2-
azabicyclo[2.2.1]heptyl, 2-oxa-5-azabicyclo[2.2dkyl, 2,5-diazabicyclo[2.2.1]heptyl, 2-
azabicyclo[2.1.1]hexyl, 5-azabicyclo[2.1.1]hexya3abicyclo[3.1.1]heptyl, 6-o0xa-3-
azabicyclo[3.1.1]heptyl, 8-azabicyclo[3.2.1]oct§lpxa-8-azabicyclo[3.2.1]octyl, 1,4-
diazabicyclo[3.2.2]nonyl, 1,4-diazatricyclo[4.3.13B Jundecyl, 3,10-
diazabicyclo[4.3.1]decyl, or 8-oxa-3-azabicyclo[3]&ctyl, octahydro-1H-4,7-
methanoisoindolyl, and octahydro-1H-4,7-epoxyisoilgd The nitrogen heteroatom may or
may not be quaternized, and may or may not be oeddio the N-oxide. In addition, the
nitrogen containing heterocyclic rings may or may lbe N-protected.

[0026] Examples of heterocyclgroups include pyridyl, piperidinyl, piperazinyl,
pyrazinyl, pyrolyl, pyranyl, tetrahydropyranyl, tehydrothiopyranyl, pyrrolidinyl, furanyl,
tetrahydrofuranyl, thiophenyl, tetrahydrothiophempirinyl, pyrimidinyl, thiazolyl,



thiazolidinyl, thiazolinyl, oxazolyl, triazolyl, teazolyl, tetrazinyl, benzoxazolyl,

morpholinyl, thiophorpholinyl, quinolinyl, and isagolinyl.

[0027] Five-membered unsaturated heterocyclics with artkdout benzo: furanyl,
thiopheneyl, pyrrolyl, pyrazolyl, pyrazolinyl, iméaolyl, imidazolinyl, dithiazolyl, furazanyl,
1,2,3-triazolyl, tetrazolyl, 1,2,4-triazolyl, oxadiolyl, thiadiazolyl, isoxazolyl, isoxazolinyl,
oxazolyl, oxazolinyl, phospholyl, isothiazolyl, #zolyl, thiazolinyl, isothiazolyl,
isothiazolidinyl, benzofuranyl, benzothiophenegklolyl, benzimidazolyl, benzoxazolinyl,
and benzothiazolinyl.

[0028] Whenever a range of the number of atoms in a streie$ indicated (e.g., &,

a G125 Cig, G, Or G4 alkyl, alkoxy, etc.), it is specifically contempda that any sub-

range or individual number of carbon atoms falkwithin the indicated range also can be
used. Thus, for instance, the recitation of a eamigl-22 carbon atoms (e.g4-Cyz), 1-20
carbon atoms (e.g.,1€C,0), 1-18 carbon atoms(e.g.;-C»o), 1-16 carbon atoms(e.g.;-Cis),
1-14 carbon atoms(e.g.;C14), 1-12 carbon atoms(e.g.;-Cs), 1-10 carbon atoms(e.g.;-C
C10), 1-8 carbon atoms(e.g.;-Cs),, 1-6 carbon atoms (e.g.;-Cs), 1-4 carbon atoms (e.g.,
C1-Cy), 1-3 carbon atoms (e.g.;-C3), or 2-8 carbon atoms (e.g.;-Cg) as used with respect
to any chemical group (e.g., alkyl, alkoxy, alkyiam etc.) referenced herein encompasses
and specifically describes 1, 2, 3, 4, 5, 6, 8,80, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21,
or 22 carbon atoms, as appropriate, as well asaloyrange thereof, e.g., 1-2 carbon atoms,
1-3 carbon atoms, 1-4 carbon atoms, 1-5 carbonsatb+6 carbon atoms, 1-7 carbon atoms,
1-8 carbon atoms, 1-9 carbon atoms, 1-10 carbansatb-11 carbon atoms, 1-12 carbon
atoms, 1-13 carbon atoms, 1-14 carbon atoms, Bkton atoms, 1-16 carbon atoms, 1-17
carbon atoms, 1-18 carbon atoms, 1-19 carbon atbi®@,carbon atoms, 1-21 carbon atoms,
and 1-22 carbon atoms, and anything in between gsi@3 carbon atoms, 2-4 carbon atoms,
2-5 carbon atoms, 2-6 carbon atoms, 2-7 carbonsat®+8 carbon atoms, 2-9 carbon atoms,
2-10 carbon atoms, 2-11 carbon atoms, 2-12 cartwonsa 2-12 carbon atoms, 2-13 carbon
atoms, 2-14 carbon atoms, 2-15 carbon atoms, Zi®n atoms, 2-17 carbon atoms, 2-18
carbon atoms, 2-19 carbon atoms, 2-20 carbon a@2%,carbon atoms, and 2-22 carbon
atoms, 3-4 carbon atoms, 3-5 carbon atoms, 3-@®natoms, 3-7 carbon atoms, 3-8 carbon
atoms, 3-9 carbon atoms, 3-10 carbon atoms, 3+bbeatoms, 3-12 carbon atoms, 3-13
carbon atoms, 3-14 carbon atoms, 3-15 carbon a8 ,carbon atoms, 3-17 carbon atoms,
3-18 carbon atoms, 3-19 carbon atoms, 3-20 cartwonsa 3-21 carbon atoms, and 3-22

carbon atoms, and 4-5 carbon atoms, 4-6 carbonsathbm carbon atoms, 4-8 carbon atoms,



4-9 carbon atoms, 4-10 carbon atoms, 4-11 carlmmsat4-12 carbon atoms, 4-13 carbon
atoms, 4-14 carbon atoms, 4-15 carbon atoms, &t®n atoms, 4-17 carbon atoms, 4-18
carbon atoms, 4-19 carbon atoms, 4-20 carbon a#@%,carbon atoms, 4-22 carbon atoms,
etc., as appropriate.

[0029] In the above embodiments, “n” and “m” representaherage degree of
polymerization of the respective monomers.

[0030] In accordance with embodiments of the inventiois, about 10 to about 1000,
about 10 to about 500, about 10 to about 250, eé®@tb about 1000, about 20 to about 500,
about 20 to about 250, about 30 to about 1000, te8to about 500, about 30 to about 250,
about 40 to about 1000, about 40 to about 500, tatfdto about 250, about 50 to about
1000, about 50 to about 500, about 50 to about @&3@yt 60 to about 1000, about 60 to
about 500, or about 60 to about 250.

[0031] In any of the above embodiments, m is about 5®twB2000, about 50 to about
1500, about 50 to about 1000, about 100 to abdd@,28bout 100 to about 1500, about 100
to about 1000, about 150 to about 2000, about d3®out 1500, about 150 to about 1000,
about 200 to about 2000, about 200 to about 1508haut 200 to about 1000.

[0032] In any of the above embodiments, n is typicallywtdd to about 200, preferably
about 20 to about 190, more preferably about 3btaut 140, and even more preferably 105.
[0033] In any of the above embodiments of the diblock tgper, m is typically about

50 to about 2000, preferably about 675 to aboublBfre preferably about 675 to about
1120, and even more preferably 870.

[0034] In an embodiment, n is about 10 to about 200 anslabout 80 to about 160.
[0035] The block copolymer, particularly the diblock cogmkr, can have any suitable
total molecular weight, for example, a number agenaolecular weight (Iy) of from about

40 kDa to about 450 kDa; in certain embodiments bilock copolymer has an \Mf from
about 75 kDa to about 300 kDa; in certain other @fitbents, the block copolymer has an
M, of from about 100 kDa to about 250 kDa. In cer@mnbodiments, the block copolymer
has an M of from about 250 kDa to about 350 kDa.

[0036] Double bonds present in the block copolymer carezeny suitable orientation,
cis, trans, and they can be distributed in a random manner.

[0037] The block copolymer may self-assemble into a naunokire of any suitable
morphology, for example, but not limited to, sphatior body centered cubic morphology,

cylindrical morphology, lamellar morphology, or dibe gyroid morphology. The type of
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nanostructure into which the copolymers self-assembuld depend, among others, on the
volume fraction of the two blocks in the block copoer as well as the nature of the solvent
system.

[0038] For example, at a polymer volume fraction ratiogeix:fg) of the two

monomers of 37-50:63-50, formation of a lamellarphology involving a stack of layers of
equivalent domain size is favored, at a volumetioacatio range of 15-70:85-30, formation
of a cylindrical morphology where the minor polyntemponent forms cylinders in a matrix
of major polymer block component is favored, and ablume fraction ratio range of 7-
15:83-85, formation of spherical morphology or bagytered cubic (bcc) morphology
where the minor polymer component forms spherasnratrix of the major polymer block
component is favored. At a volume fraction ratiage of 33-37:67-33, formation of a
double gyroid morphology is favored.

[0039] Cylindrical morphology includes a phase domain rhotpgy having discrete
tubular or cylindrical shapes. The tubular or mgitical shapes may be hexagonally packed
on a hexagonal lattice. In embodiments, the cyiloadldomain size is from about 5 nm to
about 100 nm.

[0040] Lamellar morphology includes a phase domain mogohaving layers of
alternating compositions that are generally origémarallel with respect to one another. In
embodiments, the lamellar domain size is from aBautn to about 100 nm.

[0041] The double gyroid morphology comprises two integieating continuous
network. In embodiments, the double gyroid donsie is from about 5 nm to about 100
nm.

[0042] Spherical morphology or bcc morphology refers fhase domain morphology
having spherical domains of one block arranged body centered cubic lattice in a matrix
of the second block. In embodiments, the sphenmaphology domain size is from about 5
nm to about 100 nm.

[0043] In an embodiment, the polymerized second mononeariig K) and the
polymerized first monomer (bearing)Rare present in the diblock copolymer in any iéa
volume fraction. For example, the % volume fractod the first monomer to that of the
second monomer can be in the range of about 1%it &%0to about 30: about 70, preferably
in the range of about 19: about 81 to about 25utB5, and more preferably about 20: about
80. In an embodiment, the volume fraction of theosel monomer is about 80%, and the

mass fraction is 83%, of the total polymer.
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[0044] In an embodiment, the volume fraction of the sécmmnomer to that of the first
monomer is about 2.3 to 5.6:1, which favors thenftion of a cylindrical morphology. In a
preferred embodiment, the volume fraction of theose monomer to that of the first
monomer is 4:1.

[0045] In a specific embodiment, the diblock copolymefasmula (I) has the following

structure, in particular, wherein n is 105 and r&78:

[0046] In an embodiment, the diblock copolymer of form{l)ahas the following
structure where the monomers are in the exo cordigun, in particular, wherein n is 105

and mis 870:
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[0047] The present invention further provides a methopreparing block copolymers of
formula (1) or (Il) described above, comprising:

() polymerizing one of the two monomers of thenfiolas:

o N 0 o N 0

R and R?
with a ring opening metathesis polymerization (RQM&alyst to obtain a ring-opened
polymer having a living chain end;
(ii) polymerizing the other of the two monomerstbe living end of the ring-opened

polymer obtained in (i) to obtain a diblock copolmnihaving a living end; and
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(i) terminating the living end of the diblock polymer obtained in (ii) with an
optionally substituted alkyl vinyl ether; and

(iv) hydrogenating the diblock copolymer obtainediii) to obtain a block
copolymer of formula (1) or (II).
[0048] In an embodiment of the above method, the monohatrig first polymerized is

of the formula:

o N o
R1
[0049] After the polymerization of the above monomer,sbeond monomer that is

polymerized thereon is a monomer of the formula:

o N o
R2

[0050] The first monomer and the second monomer can lex@ior endo steroechemical
configuration. In an embodiment, the first andosetmonomers are of the exo
configuration, e.g., a monomer having the exo igoan®8% or higher.
[0051] In the first and second monomers,dRd R are the same as described above for
the diblock copolymer of formula (1) or (Il). THest and second monomers are
(oxa)norbornene (di)carboxylic imide derived monosnelhe monomers can be prepared by
any suitable method, for example, starting fromemmaide and furan via a Diels-Alder

reaction, illustrated below:
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o 0
(@)
— Ethylacetate
N-H + ° 90 deg. C. 3 h 2 NA
~ eg. C.
e} exo-7-oxanorbornene-5,6-
Maleimide Furan dicarboxyimide (C1)

[0052] The first monomer can be synthesized via Mitsun@bupling reaction, as

illustrated below:

o o Mitsunobu Coupling o 0
/ o P L/ VT
DIAD, Ph3P, THF, 24 h, 0 -24 deg C
[e} (@]
7-oxanorbornene-5,6-dicarboxylic imide exo-7-oxanorbornene-N-hexadecyl-5,6-

dicarboxyimide

[0053] Alternatively, the first monomer can be synthesibgdhe reaction of exo-7-
oxanorbornene-5,6-dicarboxyanhydride with hexadeayie or N-hexadecyl-maleimide
reaction with furan via a Diels-Alder reaction.

[0054] The second monomer can be synthesized via a Didks-Aeaction between N-

phenyl maleimide and furan in acetonitrile, assiltated below.

o} o O
= MeCN / N—@
o — =
‘ NO ol Reflux, 5 h
6}

o exo-7-oxanorbornene-N-phenyl-5.6-
N-phenyl Maleimide Furan dicarboxyanhydride

[0055] The polymerization of the monomers is carried qutibg-opening olefin
metathesis polymerization (ROMP), in which a cydliefin monomer is polymerized or
copolymerized by ring-opening of the cyclic olefonomer. Typically a transition metal
catalyst containing a carbene ligand mediates thimtimesis reaction.

[0056] Any suitable ROMP catalyst can be used, for exan@ptabbs’ first, second, and
third generation catalysts, Umicore, Hoveyda-Grulahrock, and Schrock-Hoveyda

catalysts can be employed. Examples of such csalyclude the following:
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H3C

[0057] In an embodiment, Grubbs’ third generation catalgse particularly suitable due
to their advantages such as stability in air, tolee to multiple functional groups, and/or fast
polymerization initiation and propagation rates.atldition, with the Grubbs’ third
generation catalysts, the end groups can be engohé® accommodate any compatible

groups, and the catalyst can be recycled readilpreferred example of such a catalyst is:

Br

[0058] The above third generation Grubbs catalyst (G2) beagbtained commercially

or prepared from a Grubbs second generation caasy®llows:
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[0059] The first monomer and the second monomer are polgetesequentially to
obtain the diblock copolymer. In accordance wii# invention, any one of the two
monomers can be polymerized. For example, therfismomer can be polymerized first,
followed by the second monomer. Alternatively, $saeond monomer can be polymerized
first, followed by the first monomer.

[0060] Typically, the monomers have a chemical puritytdeast 95%, preferably 99%
or greater, and more preferably 99.9% or gredtas preferred that the monomers are free
of impurities that will interfere with the polymeation, e.g., impurities that will affect the
ROMP catalyst. Examples of such impurities incladgnes, thiols, acids, phosphines, and
N-substituted maleimides.

[0061] The polymerization of the monomers is conductea suitable solvent, for
example, solvents generally used for conducting RQddlymerizations. Examples of
suitable solvents include aromatic hydrocarbon$ siscbenzene, toluene, and xylene,
aliphatic hydrocarbons such as n-pentane, hexadeheptane, alicylic hydrocarbons such as
cyclohexane, and halogenated hydrocarbons sucictdsr@methane, dichloroethane,
dichloroethylene, tetrachloroethane, chlorobenzdiovhJorobenzene, and trichlorobenzene,
as well as mixtures thereof.

[0062] When polymerization is carried out in the organitvent, the monomer
concentration can be in the range of 1 to 50 wiéfgpably 2 to 45 wt%, and more
preferably 3 to 40 wt %.

[0063] The polymerization can be carried out at any sigtemperature, for example,
from -20 to +100 °C, preferably 10 to 80 °C.

[0064] The polymerization can be carried out for any tsugable to obtain the
appropriate chain length of each of the blockscWwluan be from about 1 minute to 100
hours.

[0065] The amount of catalyst can be chosen in any seitaflount. For example, the
molar ratio of the catalyst to the monomer cantimua1:10 to about 1:1000, preferably
about 1:50 to 1:500, and more preferably about@thGbout 1: 200. For example, the
molar ratio of the catalyst to the monomer could lveand 1:m, where n and m are the
average degrees of polymerization.

[0066] After the polymerization of the two monomers, thaia end of the diblock
copolymer is terminated by adding an optionallystitited alkyl vinyl ether to the

polymerization mixture.
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[0067] The resulting diblock copolymer precursor can bérbgenated to obtain a block
copolymer of formula (I) or (Il). Hydrogenationrcae carried out by any suitable technique,
for example, by the use of hydrogen gas and aysataRny suitable catalyst, heterogeneous
or homogeneous, can be used. Examples of heterogeratalysts include Raney nickel,
palladium-on-charcoal, NaBHeduced nickel, platinum metal or its oxide, rhodj

ruthenium, NaH-RONa-Ni(OAg) and zinc oxide. Examples of homogeneous catalyst
include chlorotris(triphenylphosphine)rhodium orlMiison’s catalyst, and
chlorotris(triphenylphosphine)hydridoruthenium (11)

[0068] Preferably, the diblock copolymer is hydrogenatgdhe use of hydrogen gas and
a second generation Grubbs catalyst. By varyiegrblar ratio between the polymer and the
catalyst, varying degrees of hydrogenation canldtailmed. The degree of hydrogenation can
be controlled to obtain partially hydrogenated kloopolymer, for example, a copolymer of
the formula poly(MiHM1,../M2HM2,,.,) where M1 is the first monomer and HM1 is the
hydrogenated first monomer, and M2 is the secondamzr and HM2 is the hydrogenated
second monomer. x and y represent the numbertgfduogenated monomers. n-x and m-y
represent the number of hydrogenated monomers.n\fvéuial hydrogenation is carried out,
the resulting block copolymer is a multiblock copukr, e.g., a triblock or a tetrablock
copolymer. In an embodiment, a catalyst loadinghadut 1:100 molar equivalent to the
double bond ([G2oiar [double bondjeiar = about 1:100) to fully hydrogenate the precursor
copolymer. The ratio can be varied from about Q:ttDabout 1:500 or about 1:600, partially
hydrogenated block copolymers can be obtained. résdting copolymers can be triblock,
tetrablock or higher multiblock copolymers.

[0069] The block copolymer can be isolated by any suittéddénique, for example,
precipitation with a nonsolvent.

[0070] The homopolymer formed during the preparation efdtblock copolymer
precursor and the diblock copolymer of the invemttan be characterized for its molecular
weight and molecular weight distribution by any wmotechniques. For example, a MALS-
GPC technique can be employed. The techniqueausesbile phase to elute, via a high
pressure pump, a polymer solution through a bardolimns packed with a stationary phase.
The stationary phase separates the polymer samgdeding to the chain size followed by
detecting the polymer by three different detectdksseries of detectors can be employed,
e.g., an Ultraviolet detector (UV-detector), folledvby a multi-angle laser light scattering

detector (MALS-detector), which in turn, is follodi®y a refractive index detector (RI-
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detector) in arow. The UV-detector measures tignper light absorption at 254 nm
wavelength; the MALS-detector measures the scaltegkt from polymer chains relative to
mobile phase.

[0071] The block copolymers of the invention are highlymodisperse. For example, the
block copolymers have an Mw/Mn of 1.01 to 1.2, prably 1.05 to 1.10.

[0072] The present invention further provides a porous brame comprising a block
copolymer described above. In accordance withnalmogliment of the invention, the porous
membrane is a nanoporous membrane, for examplengbrane having pores of diameter
between 1 nm and 100 nm.

[0073] To prepare a porous membrane, the block copolysneast from a solution of the
block copolymers in a suitable solvent system. dx@mple, the solvent system includes a
solvent or a mixture of solvents selected from icdmethane, 1-chloropentane, chloroform,
1,1-dichloroethane, N,N-dimethylformamide (DMF)NNdimethylacetamide (DMA), N-
methylpyrrolidone (NMP), dimethylsulfoxide (DMSQgtrahydrofuran (THF), 1,3-dioxane,
and 1,4-dioxane.

[0074] The polymer solution is cast as a thin film on aadile substrate by any suitable
method, for example, spin coating, hybrid castorgspray coating. For example, in hybrid
casting, a solvent is allowed to evaporate fronthinefilm so that the block copolymer
undergoes self-assembly into a porous membranadyavi ordered nanostructure. Itis
allowed to undergo phase inversion by immersimg & nonsolvent such as isopropanol,
pentane, or hexane, or a mixture containing isagmoly DMSO, and/or water. The cross-
section of a porous membrane according to an enrmdiof the invention is depicted as an
illustrative diagram in Fig. 2 and is characteribgoa thin nanoporous layer at the top where
the polymer assumes a cylindrical morphology, wiéster is supported by a more porous
polymer layer of random morphology.

[0075] Alternatively, the polymer solution can be spinteabon a substrate such as glass
or silicon wafer, followed by annealing the filmansolvent vapor, such as dichloromethane
vapor in order for the block copolymer to self-asbke into an ordered nanostructure. Fig.
3A and 3B depict AFM images for a membrane prepamad a diblock copolymer by spin
coating on a polyvinyl alcohol coated glass surf&ig. 3C depicts the line profile extracted
from Fig. 3B.
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[0076] In accordance with an embodiment of the inventiba,porous membrane is a
nanoporous membrane, for example, a membrane hpoheg of diameter between 1 nm
and 100 nm.

[0077] Membranes according to embodiments of the inverdaombe used in a variety of
applications, including, for example, diagnostiplagations (including, for example, sample
preparation and/or diagnostic lateral flow devic@® jet applications, filtering fluids for the
pharmaceutical industry, filtering fluids for medi@pplications (including for home and/or
for patient use, e.g., intravenous applicatiors) alcluding, for example, filtering biological
fluids such as blood (e.g., to remove leukocytd#igring fluids for the electronics industry
(e.g., filtering photoresist fluids in the microenics industry), filtering fluids for the food
and beverage industry, clarification, filteringiaody- and/or protein-containing fluids,
filtering nucleic acid-containing fluids, cell deten (includingin situ), cell harvesting,
and/or filtering cell culture fluids. Alternatiwelor additionally, membranes according to
embodiments of the invention can be used to fdteand/or gas and/or can be used for
venting applications (e.g., allowing air and/or ,dag not liquid, to pass therethrough).
Membranes according to embodiments of the inveateam be used in a variety of devices,
including surgical devices and products, suchasgtample, ophthalmic surgical products.
[0078] In accordance with embodiments of the inventiog,tfembrane can have a
variety of configurations, including planar, fldteet, pleated, tubular, spiral, and hollow
fiber.

[0079] Membranes according to embodiments of the invardre typically disposed in a
housing comprising at least one inlet and at leastoutlet and defining at least one fluid
flow path between the inlet and the outlet, whegrtileast one inventive membrane or a filter
including at least one inventive membrane is actiosdgluid flow path, to provide a filter
device or filter module. In an embodiment, a fildevice is provided comprising a housing
comprising an inlet and a first outlet, and defghanfirst fluid flow path between the inlet and
the first outlet; and at least one inventive membrar a filter comprising at least one
inventive membrane, the inventive membrane orrfdtamprising at least one inventive
membrane being disposed in the housing acrossrsdidid flow path.

[0080] Preferably, for crossflow applications, at least amventive membrane or filter
comprising at least one inventive membrane is disgon a housing comprising at least one
inlet and at least two outlets and defining att@afsrst fluid flow path between the inlet and

the first outlet, and a second fluid flow path be@w the inlet and the second outlet, wherein
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the inventive membrane or filter comprising at tease inventive membrane is across the
first fluid flow path, to provide a filter device dilter module. In an illustrative embodiment,
the filter device comprises a crossflow filter mtajuhe housing comprising an inlet, a first
outlet comprising a concentrate outlet, and a stoatiet comprising a permeate outlet, and
defining a first fluid flow path between the inkatd the first outlet, and a second fluid flow
path between the inlet and the second outlet, vilhatdeast one inventive membrane or
filter comprising at least one inventive membramdisposed across the first fluid flow path.
[0081] The filter device or module may be sterilizablenyAousing of suitable shape
and providing an inlet and one or more outlets m&agmployed.
[0082] The housing can be fabricated from any suitable iigpervious material,
including any impervious thermoplastic material jethis compatible with the fluid being
processed. For example, the housing can be fabdideom a metal, such as stainless steel,
or from a polymer, e.g., transparent or translupehgmer, such as an acrylic, polypropylene,
polystyrene, or a polycarbonate resin.
[0083] The following examples further illustrate the intien but, of course, should not
be construed as in any way limiting its scope.

EXAMPLE 1

[0084] This example provides the materials used in thpgregion of the monomers and
polymers.

[0085] Maleimide, furan, diisopropylazodicarboxylate (DIABriphenylphosphine
(PhsP), 1-haxadecanol, tetrahydrofuran (THF), ethytatee N-phenylmaleimide,
acetonitrile, methanol, Grubbs second generatitalyst, 3-bromopyridine, and pentane
were obtained from Sigma-Aldrich Co. and used witifarther treatment. Dichloropentane,
also obtained from Sigma-Aldrich Co., was treatéith Wwasic alumina before use.

EXAMPLE 2

[0086] This example illustrates the preparation of exa<@rmrbornene-5,6-
dicarboxyimide (C1), an intermediate in the preparaof the first and second monomers in
accordance with an embodiment of the invention.

[0087] In a clean 500 mL round bottom flask (RBF) equippé&ith magnetic stirring bar,
furan (21.0 g, 309 mmol) was added to a solutiomaleimide (25 g, 258 mmol) in 250 mL
of ethyl acetate. The mixture was heated &®fbr 30 h. C1 was obtained as white
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precipitate from solution upon washing with etiEd@ mL, 3X) and filtration. The white
solid was dried under vacuum at room temperatur@4d. C1 was obtained as a pure exo-
isomer in yield of 29 g, 68%H-NMR (300MHz, CDC}): & (ppm) 8.09 (s, 1H), 6.53 (s, 2H),
5.32 (s, 2H), 2.89 (s, 2H).

EXAMPLE 3

[0088] This example illustrates the preparation of dicblb3-bis(2,4,6-
trimethylphenyl)-2-imidazolidinylidene](benzylidefes(3-bromopyridine)ruthenium(ll)
(G3) catalyst.
[0089] The second generation Grubbs catalyst (G2) illtestrabove (1.0 g, 1.18 mmol)
was mixed with 3-bromopyridine (1.14 mL, 11.8 mmialb0 mL flask. Upon stirring at
room temperature for 5 min, the red mixture turimed bright green. Pentane (40 mL) was
added with stirring for 15 minutes and green sola obtained. The mixture was cooled in
the freezer for 24 h and filtered under vacuume Tiésulting G3 catalyst, a green solid, was
washed with cold pentane and dried under vacuumoat temperature to give a yield of 0.9
g, 88% vyield.

EXAMPLE 4

[0090] This example illustrates the preparation of a finsthomer in accordance with an
embodiment of the invention, exo-7-oxanorbornenkeXadecyl-5,6-dicarboxyimide.

[0091] In a clean 500 mL RBF equipped with a magneticisgrbar, a mixture of exo-7-
oxanorbornene-5,6-dicarboxyimide (C1) (10 g, 61 mnRhsP (23.84 g, 91 mmol), and 1-
hexadecanol (17.6 g, 72.7 mmol) were dissolvezhimydrous THF (130 mL) under a
stream of dry nitrogen gas. The solution was aboldce bath. DIAD (22.1 g, 109.3 mmol)
was added from dropping funnel drop-wise to thdexbgolution. The reaction mixture was
allowed to warm up to room temperature and stifoe®@4 h. THF was removed by rotary
evaporator till dryness to obtain white solid. Tinst monomer was obtained from the crude
as white solid upon crystallization from methar®X) and drying at room temperature under
vacuum for 24 h (yield of 18.6 g, 80%MH-NMR (300MHz, CDC}): & (ppm) 6.5 (s, 2H),

5.26 (s, 2H), 5.32 (s, 2H), 3.45 (t, 2H), 2.82d), 1.56-1.38 (m, 2H), 1.28-1.1 (m, 26H),
0.88 (t, 3H).
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EXAMPLE 5

[0092] This example illustrates the preparation of a sdgonnomer in accordance with
an embodiment of the invention, exo-7-oxanorborAgrehenyl-5,6-dicarboxyimide.

[0093] In a clean 500mL round bottom flask (RBF) equipp&tth a magnetic stirring

bar, Furan (29.51 g, 433.5 mmol) was added tdwiso of N-phenyl maleimide (25 g,
144.5 mmol) in 135 mL of acetonitrile. The solutiwas refluxed at 98C for 5 h. White
crystalline solid was obtained upon cooling thectiea mixture. The second monomer was
obtained by filtering the solid and purified by ngstallization from acetonitrile (2X). Yield
of 19 g, 76%.'"H-NMR (300 MHz, CDC}): & (ppm) 7.55-7.35 (m, 3H, phenyl), 7.35-7.2 (m,
2H, phenyl), 6.57 (s, 2H), 5.37 (s, 2H), 3.05 (8).2

EXAMPLE 6

[0094] This example illustrates the preparation of a dikloopolymer precursor in
accordance with an embodiment of the invention.

[0095] The Grubbs 8 generation (G3) catalyst from Example 3 (34.4 0639 mmol)
was weighed in 40 mL vial with equipped with flupodymer resin-silicone septa open-top
cap. The catalyst dissolved in argon-degassedodarnethane (DCM) (60 mL) and
transferred via a cannula to a clean 1L RBF equippéh stirring bar. A solution of the first
monomer (1.5 g, 3.85 mmol) in DCM (86 mL) was degasswith argon and transferred into
the catalyst solution and shirred for 30 minutAs. aliquot of 1-2 mL of the homopolymer
formed from the first monomer was taken after 3@utes for molecular weight
characterization. A solution of the second mono¥&r g, 32.8 mmol) in DCM (208 mL)
was degassed with argon and transferred into theigg homopolymer solution in the RBF,
and the contents of the flask were stirred for a@o60 minutes. Ethyl vinyl ether (2mL)
was then added to the yellow solution of the diblogpolymer to terminate the
polymerization. The resulting polymer was preafst in methanol (2 L, 2X) to recover the
pure polymer as a white solid. The polymer wasri@d and dried under vacuum at room
temperature; yield (9.2 g, 98%H-NMR (300MHz, CDC}): & (ppm) 7.7-7.25 (m, 3H,
phenyl), 7.25-6.8 (m, 2H, phenyl), 6.3-5.9 (broad), 5.9-5.3 (broad m, 1H), 5.3-4.9 (broad
m, 1H), 4.9-4.2 (broad m, 1H), 3.6-3.0 (broad s),2k6-1.4 (broad, 2H), 1.4-1.0 (s, 26H),
0.88 (t s, 3H).
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EXAMPLE 7

[0096] This example illustrates a method of hydrogenatiregdiblock copolymer
precursor obtained in Example 6 to obtain a hydnatgd diblock copolymer in accordance
with an embodiment of the invention.
[0097] The diblock copolymer precursor was dissolved irMD@5 g in 400 mL). The
Grubbs’ 29 generation catalyst (480 mg, 565 mmol) with sitighsubstrate (10 g, 40-63
microns flash chromatography particle) and the ymssar solution were transferred to a Parr
high pressure reactor and the reactor was charghdwydrogen gas (1500 psi). The reactor
was heated to 5T for 24 h. The resulting polymer mixture wasdfittd and precipitated
into methanol (2x) to obtain white precipitate (§ié2 g, 80%).'"H-NMR (300MHz,
CDCly): & (ppm) 7.6-7.45 (m, 3H, phenyl), 7.4-6.8 (m, 2HepWl), 4.5-3.55 (broad m, 2H),
3.5-2.6 (broad m, 2H), 2.5-1.6 (broad s, 2H), 1%<{broad s, 2H), 1.4-1.0 (s, 26H), 0.88 (t s,
3H).

EXAMPLE 8

[0098] This example illustrates a method to characteheediblock copolymer precursor
and the diblock copolymer of the present inventrawolving the Multi-angle Laser Light
Scattering and gel permeation chromatography (GPC).

[0099] The homopolymer and the diblock copolymers obtaindéixample 6 was
characterized for their molecular weight and mal@cweight distribution properties by the
MALS-GPC technique under the following conditions:

[0100] Mobile phase: Dichloromethane (DCM).

[0101] Mobile phase temperature: 30.

[0102] UV wavelength: 245 nm.

[0103] Columns used: three PSS SVD Lux analytical colu(®tgrene-divinylbenzene
copolymer network), columns have stationary pha&selb of 5 micrometers and has the pore
sizes of 1000 A, 100,000 A, and 1000,000 A, anddjaalumns.

[0104] Flow rate: 1 mL/min.GPC system: waters HPLC allee2695 system with UV
and RI detectors.

[0105] MALS system: The DAWNHELEQOS 8 system with 8 detectors operating a laser
at 664.5 nm.

[0106] The chromatograms are depicted in Fig. 1. Theodibtopolymer precursor 2

eluted earlier than homopolymer 1 since it hadghdr molecular weight. The diblock
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copolymer 3 of the invention also eluted earli@rtthomopolymer 1 since it had a higher
molecular weight. The hydrogenated copolymer 3ghamlecular weight close to that of the
copolymer precursor 2 since the effect of hydrogienan the molecular weight is rather
small as expected.

EXAMPLE 9

[0107] This example illustrates a method for preparin@@ps membrane in accordance
with an embodiment of the invention.

[0108] The process involves preparation of a casting molutasting a thin film

followed by annealing the film in a good solvent mth blocks. A 1.0 % mass per volume
solution of the diblock copolymer from Example 7syaepared in a mixture of N,N-
dimethylformamide (DMF) and tetrahydrofuran (THF)7®/30 volume% composition. The
solutions were stirred at room temperature foradsefore they were used.

[0109] A thin film of each of the above polymer solutioaswspin coated on glass
substrate coated with polyvinyl alcohol. The filoistained were annealed in DCM chamber
for 15 hours. The films were then imaged with atofarce microscopy (AFM) to reveal the
ordered nanostructure.

[0110] Fig. 3A depicts the AFM image of the surface of tnembrane prepared above.
Fig. 3B depicts a lower magnification image of thembrane depicted in Fig. 3A.

[0111] All references, including publications, patent agaions, and patents, cited
herein are hereby incorporated by reference tcdhnge extent as if each reference were
individually and specifically indicated to be inporated by reference and were set forth in
its entirety herein.

[0112] The use of the terms “a” and “an” and “the” andl&stst one” and similar
referents in the context of describing the invem{iespecially in the context of the following
claims) are to be construed to cover both the samgund the plural, unless otherwise
indicated herein or clearly contradicted by contékite use of the term “at least one”
followed by a list of one or more items (for examplat least one of A and B”) is to be
construed to mean one item selected from the ligteas (A or B) or any combination of two
or more of the listed items (A and B), unless othee indicated herein or clearly

contradicted by context. The terms “comprisindgyaving,” “including,” and “containing”
are to be construed as open-ended terms (i.e.,inggamcluding, but not limited to,”) unless
otherwise noted. Recitation of ranges of valuesiheare merely intended to serve as a

shorthand method of referring individually to eagparate value falling within the range,
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unless otherwise indicated herein, and each sepaahie is incorporated into the
specification as if it were individually recitedrieen. All methods described herein can be
performed in any suitable order unless otherwidecated herein or otherwise clearly
contradicted by context. The use of any and ahgXes, or exemplary language (e.g., “such
as”) provided herein, is intended merely to batteminate the invention and does not pose a
limitation on the scope of the invention unlesseotfise claimed. No language in the
specification should be construed as indicatingramy-claimed element as essential to the
practice of the invention.

[0113] Preferred embodiments of this invention are desdriterein, including the best
mode known to the inventors for carrying out theeimtion. Variations of those preferred
embodiments may become apparent to those of oydgkdt in the art upon reading the
foregoing description. The inventors expect sHigtisans to employ such variations as
appropriate, and the inventors intend for the itleento be practiced otherwise than as
specifically described herein. Accordingly, tmsention includes all modifications and
equivalents of the subject matter recited in tlaéncs appended hereto as permitted by
applicable law. Moreover, any combination of thewe-described elements in all possible
variations thereof is encompassed by the inventidass otherwise indicated herein or

otherwise clearly contradicted by context.
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CLAIMS:
1. A block copolymer of the formula (1) or (l1):

(1,
wherein:

R' is a G-Cyx, alkyl group optionally substituted with a subsgitt selected from halo,
alkoxy, alkylcarbonyl, alkoxycarbonyl, amido, anittra, or a G-C;; cycloalkyl group,
optionally substituted with a substituent seledtech alkyl, halo, alkoxy, alkylcarbonyl,
alkoxycarbonyl, amido, and nitro;

R? is a G-Cao aryl group or a heteroaryl group, optionally sithgtd with a
substituent selected from hydroxy, nitro, amindphalkoxy, alkylcarbonyl, alkoxycarbonyl,
amido, and nitro;

one of R and R is a G-Cy4 aryl group, optionally substituted with a subsgitti
selected from hydroxy, halo, amino, and nitro, #reother of Rand R is a G-C,, alkoxy
group, optionally substituted with a substituerésid from carboxy, amino, mercapto,
alkynyl, alkenyl, halo, azido, and heterocyclyldan

n and m are independently 2 to about 2000; G<<hxand 0 < & m.

2. The block copolymer of claim 1, whereihiR a G-C,o alkyl group,
optionally substituted with a substituent seledtech halo, alkoxy, alkylcarbonyl,
alkoxycarbonyl, amido, and nitro.
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3. The block copolymer of claim 1 or 2, wherethifRa G¢-Cis alkyl group,
optionally substituted with a substituent seledtech halo, alkoxy, alkylcarbonyl,

alkoxycarbonyl, amido, and nitro.

4. The block copolymer of any one of claims 1-Bevein R is a Gg alkyl
group.

5. The block copolymer of any one of claims 1-fievein R is a G-Cyo aryl
group, optionally substituted with a substituenésied from hydroxy, nitro, amino, halo,
alkoxy, alkylcarbonyl, alkoxycarbonyl, amido, anitro.

6. The block copolymer of any one of claims 1-Bevein R is a phenyl group,
optionally substituted with a substituent seledtech hydroxy, nitro, amino, halo, alkoxy,

alkylcarbonyl, alkoxycarbonyl, amido, and nitro.
7. The block copolymer of any one of claims 1-&evein B is phenyl.
8. The block copolymer of any one of claims 1-Revein R is phenyl.

9. The block copolymer of any one of claims 1-8evein R is a G-Cs alkoxy
group.

10. The block copolymer of any one of claims ivBerein n is about 10 to about
200 and m is about 50 to about 2000.

11.  The block copolymer of any one of claims 1adferein n is about 83 to
about 190 and m is about 675 to about 1525.

12. The block copolymer of any one of claims 1afich has the following

structure:
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13. A method of preparing a block copolymer of ang of claims 1-12,
comprising:

(i) polymerizing one of the two monomers of thenfiolas:

o N 0 o N 0

R and R?
with a ring opening metathesis polymerization (RQM&alyst to obtain a ring-opened
polymer having a living chain end;
(ii) polymerizing the other of the two monomerstbe living end of the ring-opened

polymer obtained in (i) to obtain a diblock copobmniaving a living end;
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(i) terminating the living end of the diblock polymer obtained in (ii) with an
optionally substituted alkyl vinyl ether; and

(iv) hydrogenating the diblock copolymer obtainediii) to obtain a block
copolymer of formula (1) or (II).

14. The method of claim 13, wherein the ROMP gatat of the formula:

Br

Br

15. The method of claim 13 or 14, wherein hydragem is carried out in the

presence of a Grubb&%2jeneration catalyst.

16. A porous membrane comprising a block copolyai@ny one of claims 1-12.



