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Water Sofuble Norbornese-type Polymers and Photoimageable Compositions

Thereof
CROSS REFERENCE TO RELATED APPLICATIONS

This applivation clabms the benefit of UL 8. Provisional Application No, 61/826,649,

¥

{ilad May 23, 283, which i incorporatesd herein by reference in is entivety,

TECHNICAL FIELD

PR

Embodiments in accordance with the presend fnvention relate generally to water
sohible norbornene~type polymers and methods of forming such ;:«oiymes‘:\:, and morve
specificaily to compositions of such polymers and uses of such compositions for forming

photoimageable films,

BACKGROUND

£

Althoogh there has beon significant awareness 1o use “snvironmerdally friendly

1
H
Y

chemicals and processes, most of the photopolymers that are cuwrrently used in such
¥ E i

wechnologios as semiconductor devige fabrication, flat-panel device or antireflsctive

coatings volve organde solvents and developed in solvents or agqueous solutions
containing orgawie bases, Thus there is 3 growing need fur agueous based developmant

technologies and water soluble materials that are “environmentally friendly”

N

Ume such example of a elass of water soluble polymer is glveopelymer, which is

Yonrn e £ s oy cocncs e3 Gin mce cemenes T4 T SO P o) < eafS e
atsn often referred 1o as ymer.” Glveopolymers have been found usefnl for s
variety of blotechnical apphications. While inttlaily, such glveopolymers were prepaved by
radical polymerization of olefin or acrylanude monomaers ‘;*aving sugar residues as pendent
2

groups, in 1995 Fraser ot al, (MSvathesis of Glveopolvmers of Conrolied Molecular Weigh

<

o)

T Macromolsoules, 1993, v, 28, p. T24E-7255) was among the {irst to report the Ring-
Opening Metatheais Polymerization (ROMP} of glucose substitoted norbornens monomers.

using Rothenium carbene catalysts fo initiate the polymerization.

Lin

Frazer et al. reported

Following Fraser et al, Nommwra ot 3l reported the ase of Molvbdenuwm eatatyzed hiving

Afariffand

ROMP technigues (" Preparation of "Suger-Cnated” Homopolviery cond Mutidlock R

RO

A

Copalvmers 7, Macromolecudes, 1996, v 29, p. 540-5345)  While such norbomene-typs

ROME polvmers may be usefud for hislogical andfor biotechnical applivations, the presence

X

in \ kY

of unsaturation i the polymer backbene

s

e

18 known to Hmit thelr applications in other
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applications, such as

splications, among others. For instance, their lack of

therma-oxidative stability and resistance o reactive {on etching, makes them gnsuitable for

X

uss in microelestronic and optoglectronic devices and fabrication thereof. Even more
fmportantly due to the presence of unsaturated doable bonds, ROMP polymers also exhibit
high absorbance at fow wavelengths thus rendering them wsuliable for optoelesivonic
appiications,

e 1899, Havard et sl reported  the developroent  of  sugar-coniainin
polymethacrylates  that were useful as photoresists ("Photoresists with  Reduced
Eavirenmental Impact: Water-Soluble Resists Based on Photo-Cross-Linking of a Sugar-
Containing Polvmethacryviate”, Macromolecales, 1999 v 32, p. 8694 While Puech et all
and Mg, et al (New I Chem 1997, 21, 1229 and Tet. Lett, 2002, 43, 1775, respectively),
have had some success at forming norbarnene-type vinyl addition polymers, such mothods
appear Himited, in that the polymers obtaingd had low weight average molecalar weights
{My}, (18,000 or fessy, or g

33 process having very high catalyst loading ratios {e.g. from

poy

Hiul to 1001
Therefore it would be advantageous to provide water soluble norbormene-type vinyl
high molecular weights (incheding a progess

for ;“:Taaking such poiym rsy; (B comtroliable molecular weights; and {2} 2 polymerization

provess for such polymers that does not require the hugh catalyst loading of the prior art

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments in accordance with the present invention are deseribed helow with
reference o the following sceompanying Dgursy andior images.  Where drawings are
pravided, it will be drawings which are siropiified postions of a device provided for
filustrative purposes only,

FIGL | shows photolithographic fmages of 58 um features on g 80 wo piich,

DETAILED BESCRIPTION

Exemplary embodiments in avcordance with the present invention encompass waler

soluble norbornene-type polymaers, photoimageable compositions thereof and methads for
forming such polymaers, Such exemplary embodirnents will be described with reference to

the Examples and Claims provided hereinafler. Various musdifications, adapdations or
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variations of such exemplary smbodiments may become apparet 1o those skilled in the art

as such exewmplary embodiments are disclosed. Tt owill be undersicod that all such

.4

modifications, sdaptations or variations that rely upon the teachings of the presemt

v X >

it

diselosure, and through which these toachings have advanced the art, are considered 1o be
within the scope of the present fnvention.

"

As used herein, the articles "a.” "an.” and "the” include plural reforents uniess

otherwisy expressly and anequivoesally lhmited to one referent.

Sinee all numbers, values andfor expressioms referring to guantities of ingredients,

:

reaction copditions, ¢fe., used heoveln and in the clabms appended bereto, are subject to the

2

various unsettainties of measurement encoundered in obtaining sueh valoes, unless

otherwise indicated, all are to beg understood a3 modified In all fnstancss by the term

N

v-»

“abyn

3

Aswused heremy, the terms “group” or “groupa™ when used in relation 1o a chemical

compound and/or representative chemical structure/formuls, mean an arrangenue of ong

QF Mg atoms.,

As used herein, wolecnlar weight values of polymers, such as weight average

ol b

molecuiar weights (34} and nomber average molecudar weights (Ma) are determined by gel

roeation chromatography using polystyrene standards.

As used hersin, polvdispersity index (PDI vahues vepresent 3 ratio of the weight

-

average molecolar weight {(My) to the number average molecular weight (M) of the
polymaer {La., M/ M)
It will be ungderstood that in the context of this disclosure, the term “high Mw™, s.g.

for a water soluble norbornene-tvpe polyvmer, should be taken to mean & polymer with a

®w of about 18,8060 or higher,

Where a numerical range is disclosed herein such range is continuous, inclusive of

3 §.

both the reinioum and maximuom valves of the range as well as every value betweon such

mininuim and maximuwm values. Still further, whare a range refers to integers, every integer

.

betweon the mindmum and maximum values of such range is included. In addition, where
multiple ranges are provided o desoribe g festure or characteristic, such ranges can be

combinesd, That is {0 say that, uonless otherwise Indicated, all ranges disclosed horein are to

be wrderstood to encnmpass any and all subranges subsumed thersin, |

or exampie, a statad

w'f.
w
&
posd
':.f“

range of from "o HY should be considered 1o inchude any and al anges between the

(9
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mintnum value of 1 and the maximum value of 10, Exemplary seb-ranges of the range |
to 10 include, but are not Hmited to, 1o 6.1, 3.5 10 7.4, and 3.5 10 10,
As used hevein the term “hydrocarbyl™ and similar fevms, such as “hydrocarbyl

group” means & radical of a group that contains carbon and optionally hydrogen, non-

fintiting examples being alkyl, eyvoloalkyl, polveveloalkyl, arvi, aralkyi, alkaryl, alkenyl,

eycloalkenyl, polveveloalkenyl, allkynyll oycloalkynyl and pf:Sysysz.k:zsikyfsyi, The term

“halohydrocarbyl” as used herein means a hydrocarby! group where at least one hydrogen
covalently bonded 1 a carbon has been replaced by & halogen. The term “perhalosarbyi”
35 used herein means a hyvdrocarbyl group where all such hydrogens have been replaced by

3 halogen, In addition, the wrm “heterchydrocarbyl”™ as used herein means a hydrocarbyl

group where at least one carbon atom has beey replaced with a hetero atom such as oxygen,

As used herein, the term “alkyl” micans a Hnsar or branched acvelic or cyelie

-

3

saturated hydrocarbon group having a carbon chain fength of from O to Cus. Nonlimiting
axamples of suitable alkyl groups inclade methyl, ethyl, propyl, isopropyl, byl isobutyl,
sec-butyl, jeri-botyl, pentyl, sﬁ.eepeniw hexyl, heptyl, ootyl, nonyl, deoyl, undeeyl, dodecyl,
tridecyl, tetradecyl, pentadecyvl, hexadecyl, heptadecyl, ocotadeoyl, nonadecyl, isocanyl,

3

syclopropyl, coyclobutyll cvelopen

pees

vl ovelohexyl, ovcloheptvl and cyvelooctyl. As used

herein, the term “haerooyeloalkyl” micans a eyeloalkyl group in which one or more sarbons

o

of the cyeliy ring has been replaced with a hetero atom, such as oxyges, nitrogen andfor

sulfur, Representative  heterocyoloalkyl  groups  include Mgt are not limiled to
tetrahivdrofuranyl, tetrahydropyranyl, wmovpholinyl, and mperidinyl.
Az used horein, the lerm “anyvl” mears aromatic groups that nelude, withowt

fimitation, phenyl, biphenyl, benzyl, xyiyi, naphthalenyl, anthracenyl. As used herein, the

v

A9

ters “heteroaryl” means an aryl group v which one or more carbons of the aromatio ring

or rings has been replaced with a hetero atom, such as oxygen, nitrogen andfor sulfur.

Representative hetoroanyt groups inelude but are not Hmdted to furanyl, pyranyl and

pyvridinyl,

The terms “alkaryvl™ and “aralkyl” are gsed herein interchangeably and mean a linear
or branched acyclic atkyl group substituted with at least one aryl group, for example,
p};}esiyi, andd having an alky! carbon chain fongth of O to Cos. 1t will further he undersiond

hat the above acyelic alky! group can be a haloalkyl or perhaloalkyl group.

X
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ot

As ugsed herein, the tern “alkeny!” means a linear or

,:.)..

ranched acyelic or cyelic

hydreocarbon group having one or more donble bonds and having sn alkenyl carbon chain

Py

ength of O 1o Cas. Non~Hmiting ex_ampies of atkenyl groups include, among others, vinyl

or ei‘hc:;ﬁ.yiqaii}li propenyl, butenyf, pentenyl, hexenyl, heptenyl, octenyl, nonenyl, decenyl,

undecenyi, dodecenyl, trideca;}yiﬁ tetradecenyl, pentadecenyl, hexadecenyl, heptadecenyl,

octadecenyl, nonadecenyl, and isocenyl

As used herein, the term Valkynyl” means 2 linear or branched acyclic or oyclic

hydrocarbon groups having one or more carbon-carbon triple bonds and having an alkynyl

carhon chatn length of Co 1o Tos. Representative alkyoyl groups, include but are not Hiotted

1

pendynvi, heptynyl,

~ i

L~pulynyi,

oo

to, ethyoyl, T-propynyl, Z-propynyl, I-butynvl octynyl,

ponyny, decynvl, undecynyl, dedecvnyvi, iridecynyl, tetradecvnyl, pentadecynvi,

hexadecynyl, heptadecynvl, ootadecynyl, nonadecynyl, isocyvnyvi,

W52 TR [ o

Asw used herein, rectations of “linear or branched” groups, such as linear or hranched
alkyl, will be understond to inclade a methylene group, groups that are linear, such as lingar
Ca-Uss alkyl groups, and groups that are appropriately branched, such as branched Cu@ps
alkyl groups,

As used herein, the term “polvmer” is meant 1o encompass polymers having only
one type of repeating unit, Lo, homopolymers as well a5 polymers having more than ong
type of repeating units, e, vopolymars, terpolymers, and so on,

As used herein, the tenm “polymer composition” Is meant o include at least one
syrthesized polymer, as well as residues from inifiators, solvents, or other elements
attondant to the synthesis of such polymers, where such residues are understood as not being
covaiently incorporated thereto, Such restdues and other elements comsidered as part of the
polymer comaposition are typically mized or comingled with the polymer such thatthey tend
o remain therewith when it s transferred betwean vessels or between solvent or dispersion

medim, A polymer composition van also include materials added after synthesis of the

palvmer o provided or modiy specific polymers of such composition,

b

The terms “norbornens-type”,  “polv{norbornene)’, “polvoyeloolefin™  and

‘»f"

“poly{eyelic) olefin™ are used interchangeable herein.

The term “norborpene-type” is usesd herein to mean a monomer in avcordance with

a .

Structure 1 oshown below, or a podymeric material formed fromn at leaxt ong such

L
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norborneng-type monomer and therefore has at least one repeat unit in accordance with

-

Structure 2, also shown below:

I owill be understood that where various compounds are described ag monamers

[+

adfor polymerizable monowmers, that such compounds are structurally analogous 1o
Structure |, above. That I8 to say, such compounds bave a polymerizable double bond as
shawn in 1 above, It will also be understood, that when sueh monomers are polymerized,
they are incorporated into & polvmer struciure 3s “repeal unita” or “repealing wnits” that are
stractorally analogoos o Stracture 2, above, That s to say thay, the polymerization coours
18 aorosy the double bond of Structure 1 as shown o Sinucture 2 and the resulting polymer is

erally referred to as a vinyl addition polymer.
Farther, the term novbornene-lype monomer ix ased herein 1o mean, in addition to
norbornene itself, any substitoted norbornene(s), oy substituted and unsubstituted bigher

i derivatives thercof. Thus, o one of the embodiments there is provided & water

oyve
{5 soluble norborneng-type polvier comprising a fivst type of norbornene-type repeating unit
represented by Formuda B, which i derived from norbormene-type monomer represenied
by Formulda Al
Plgas /R': N +
. SRS
{.n"'f i \,\\ 2. \Yff" ,-§
! N {
i
U A
2 2
\ s \ /_‘,_f" \\\\..-'
~ S T
Al B
Where m &8 § or i, at least one of Ky, K, R, and Re is 2 saccharide fimctional molety
20 selected fromy monosaccharide, disaccharide, irisaccharide, olgosasccharide or a

polysaccharide, and the remaining Ry, i, Ry, and Ry are hydrogen.
The peivmer n accordance with this inveniion generally exhibit a weight average
molecudar weight (Mo of at lgast 13,008, Inaddition, it has also been observed that the

fow polvdispersity

o

polvmers made in accordance with this invention, generally exhibits ¢

&
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mdex {PBE valoes, 1o, no more than 1.7, Generally, as farther desoribed in detail below

<,

the molweular weight of the polymer of this Invention can be controlled by employing

suilabie arsounds of catalyst, vo-catalyst and the chain transfior activating agent.

it should be noted that in deriving & repeating wit represented by Formula Bi from

3 MONOmer zmzmmiw h}f Formula Al the substinion and nsture of any of the

N

f can be satd that repeating units of polymer embodiments

of the present invention are unmodifisd repeating units.
As used hereln, the lerms “saccharidedype” monomer and “saccharide norbornense-

tvpa” monower will be used interchangesbly and will be understond to refer 0 2

¥

BOTBOMMERe-TYPe REMOMer{(s) of repeating unit(s) where at lvast ovie of Ri-Ry is a saccharide

o

functional wmoiely (SFM} derived from 2 saccharide precursor sueh as s represemied hy

b

Formula A3, shown below;

where when one of X and v is egual o 8, A3 s referred 10 as an aldose, and when both x
and ¥ are greater than zevo, AJ is referred 10 25 & Retose. In oither case, the sumn of x and &

iz from 2 {0 4.

i owill by understood that the SFMs derived from a compound in accordange with
Formsla A3 s 8 broad representation of possible ssecharides, Further, it will be understood
that the exemplary saccharides provided hereinafier, are non-limiting as they are Hhustrative

o

only being presented for ease of understanding and explanation, Sach sacoharide

H 3

molecnies become pendant groups of m‘;rb@rs}@iw~i§-'pe wonemners through one or nuwre
reactive methods. For example, one such reactive method tnvolves a reaction helween the
gluconolactone  and 2 suitable norbornene-type movomer, such as norbornene-3-

methylamine, in 8 protie solvent, sush as methanol o viedd & \sim‘n ene gluconanude

monomer as illusirated in Scheme |}

¢ reasiive mathod,
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Sehweme |

As used herein, the term “monosaccharide” will be understood to mean all known
basic single units of carbohydrates, including the basic structural unit, A3, as shown above
which include alt known aldoses snd ketoses, Representative examples of monosaccharides
inciude but not Hmited o glusose {dextrose), fravtose {levulose), galatiose, xylose and

~ - B s

gibose.  Addigionally, the monosaccharide represented by strugtural formula, A3, i
classified differently based upon the nomber of carbous atoms # contains: diose {3}, triose
(31, tetrose {4}, pentose (5}, hexose {6}, heptoss (7}, and so on, all of which arve inclusive of

a monosaccharide of thix invention,
As used herein, the term “disaccharide” or “bilose™ will be anderstond o refer to twe

monasaccharide units bound together by a covalent bond known as 2 glyveosidic linkage.
Generally, such glycosidic linkage is formed by a condepsation reaction between 1wo
monssaccharides resulting in the elimination of water. Exeroplary disaccharides that are
suitabie in the furmation of disaccharides of this invention include bt not Hmited to sunrase

3 disaccharide of Juw e and frustoss), lactose {a dissocharide of glucoss and galactose),

,-m

maliose {a disaccharide of two glucose molscoles with an ald glyeosidic bond), lactalose

{a disaccharide of fructoss and galactose), trehalose {a disaccharide of two

molesuieos with an al- ol glyeosidic bond) and cellobiose {a disaccharide of two glucoss

o

motecuiss with an B~ 4 glveosidic bond),

2

3 5.

wrein, the term “trisaccharides” will be ondersiond 1o refer o

Py

As used ]
chignsgocharides composed of three monosaccharides with two glyeosidic bonds connecting them

Simtlar to the disaccharides, cach glyvosidic bond can be formed betwesn any hydroxyi group on

v



o
M

.\Q

K

3

(¥4

WO 2014/190236 PCT/US2014/039288

the companent ronosaccharides, thus resulting I Mastercolsomerie forms having differem

chernical and phiysical s Al of such forms can by utilired inthe formation of saccharides
of this invention. Ageo . axemplary trissecharides that can be utilized in this nvention

wiode without any Umitation isomalictrinse, realtotriose, nigermiriose, meleziiose, and the like.
As used herein, the torm “oligosaccharide™ will be understood 0 refer to between

1

four and ton monosaccharide units similarly bound by a covalent bond. Finally, as used
herein, the fevm “polvsaccharide™ will be understond to refer to more than ten
monosaccharide units similarly bound by a covalent bond

Some embodiments i accordance with the present invemion encorapass
polyierization methods for providing water soluble vinvladdition polvmers having
desirable molecular weights with fow catalyst loading.  Such vinyl-addition polywmears

generally having supgrior thermo-axid

b

than analogous ROMP polymers.

Furthermove, sush embodbmenty do not nerease the complexity of the polymerization

-~

rocess or the cost of the reseliing polymer compared (o the previcusly known ROME

pet

g

polymerization techniques.
Accordingly, there s provided a method for making s water soluble norbornene-type
polvmer comprizing the following procedurss. However, it should be noted that the order

H

of these procedores are not important and one of skill i the art of polymer chemdstry readily
H ¥ <

appreviates that the reaction vessel can first be charged with solvent and the catalyst system
ot the reactive monomers snd the other ingredients <an be introduced into the reantion

Y

veasel,  Allernatively, the sobvent, catalyst and the monomers can be simullancously

metersd into the vessel or some other way they can be indtrodhiced to affect the

polyvmerization reactivnt,  In most situations the polvmerization reactions are carried ot
under anaerobic conditions by sparging the conlonts of the reaction vessel with witrogen
prior to polymenzation. Any other inert gases can also be ased for this purpose including
helfum or argon.

Accordingly, the reaction vessel s charged with a frst type of norbomene-type

monoemear represented by Formula &6
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Where w, Ry, Ry Ba, and B are sy defined herein, Then, as noted, the reaction vessel s

o0

sparged with nitrogen and then charged with an appropriate selvent, a catalyst, a suitable
chainy transfer activating agent, and an optional co-catalyst where the monomer to catalyst

ratio i5 at Jeast S007L.

(¥4

3 3

After alt of the reactants are introduced indo the reagtion vessel, the vessel is
provided with a suitahle agitation means o promote dissolution of the first type of
norbornene-type monmmer, catalyst, chain transfor activating sgont aned optional co-catalyst

M o . ¥

i the solvent. For example, soch agitation can be affeeled by any of the known stiyring

10 mechanisms by emploving a sultable stivving blades equipped with a mechanieal stirring

drich ean bring about the similar effect or any other such

[
ol
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mechanioal, electrical or magnetic devices can be emploved.

Then the reaction vessel is eguipped with a sullable heater to provide hest and the

on vesse! 15 continuad for a time sufficient to faciitate

agitation of the vontents of the rea

Py
(¥4

polvmerization of the frst type of norbornene-type monomar 1o oldain a polymer having a

f‘b

controied weight average molecudar weight (My) of frovn about 18,000 to aboot 200,000,

ccordingly, as noted abhove, the polymer embodiments of th

v

¢ present fvention,
£

encompass novhornene-type, vinybaddition polymers that are derived from at least one of

-

g firat fvpe of monomsr that is in accordance with Formula Al where at feast one of Ri-Ry

‘-va,

20 s a saccharide flmctional moedety. Such first type of monomer being selested (o provide,
when polymerized in sccordance with polymerization method embodiments of the presewt

invention, high M, water soluble norbornene-type polymers.

Other polymer embodiments  can encomipsss  norbornens-type, vipyi-addition
pobymers that are derived from at least yot another distinet second type of monomer that s
25 in accordance with Formula AZ, which is distinet from the first type of norbornene-type

onomer a3 described above

&

o
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Wherepisfor 1, at least one 0F Rs, Re, Ry, and Ry s g hydrocarbyl group, and the remaining

Rs, R, Ry, and Ry are hvdrogen, Such first and second distinet types of monomers being

selgeted 1o provide, when polymerized in accordancy with polymerization method

smbodiments of the present fnvention, high My water soluble norbornese-type polymers,
Accordingly, there is further provided a polywer comprising the second type of
norbornene-fype ropeating unit represopted by Formuls B2 derived from 2 second

aorbornene-type monomer represented by Formula A

¢
3

-
I PR,
A AN P R
. ~E - i
N ?\Tf H \ AT -
H i { i L
. i
P l L -
i i N— B,
,r"\\ 3 Ny i X
vs \ e . A
o~ RRPE 2 \:‘Vf !
! i
'

Where g, Rs, Ry, Ry, and Ry are as defined above
Various norbormnene-lype monomers having various hyds‘osax‘i}y? groups, including

it

halohydrocarbyl or heterohydronarh

3]

/,,;

</

groups as deseribed herein can be employed as the

;J/\

2

second type of norbornene monomer. 1t should further be noted that the synount of second

type of norbornene type of monomer used is sufficient enough o resalt in 2 polymer still

sxhibiiing watar so,iu.biiiiy. Thus for example certain of the second type of norbornens type

of monomers of Formida A2 describad herein can be smploved in mors than sguimelar

ratic with the saccharide containing fivst type of norhomene type of monomer of Formuda
1.

A1, whereas cerwin other sccond type of norbornens type wmonomer of Formula A2 can

~

S

ondy be used in small quantities in order to obtain g polymer which s st water soluble.
Thus one of skill fn the art readily appreciates desirable quantities of monomers of Formaudae

AT or A2 that can be used 1o form the polyvmers of thix wvention.

b
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TR
1IN
C
\\,\vr’"
02,233 4 d-octafiuorobuty! blovelo{2.2 T thept-S-ene-2-carboxylate
(FOUHNBR
0
N SN N
8 ~en-~Z~vimethy! perficorooctanonte {CaPFACNBY;

LR

S-{(1, 1, 2-wrifluora-2~{perfluoropropoxy dethoxy nethylibieyelof 2.

{PPYVENBY)

i\_.}

"‘F

{ihept-2-ene

~
o

“{H-{bicyclofd ane {HxONEBY;

2-{{bleyele{2. 2. thept-F-en-2-vimethoxymethyhoxirane (MGENB).

s With regard to the polymer composition embodiments in accordancs with the present
vention, 1 will be noted thel such smboddiments are not Hmited to a single polyme
embodiment. Rather sach polvmer composition embodiments are inclusive of blends of
twe or moreg polvmers, where each of such fwo or more polymers encompass ong or more
distingt type of norbormnene-type repeating untt with the provise that ot least one such

26 repeating unit of cach polymer encompass 8 ascocharide functional rooiety (8FM )L

n.\.
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Exemplary

sviulose, vibndose, tagatose, sorbose, an

d fructose, the structures of which are deploted

OO
R it
3 e €34 " OH
s i ar ©
H L R OH
OHAOH

[T TN S 4
[0 ST SRS 4 oo (G LS e e OH
HQ P 1

B¢

in gecordance with Formula B, where at

or

ester Hinked STM as Hiustrated in Form

f ; LA

CH G anad O
" e onaltla

F2 TR O

whose -Fructose

N

gxaples of saccharide~type repeating uniis ar

feast one of Bi-Ru is an alkyl

ulas Ad-A T4, below,

ketoses include, but are not Hmited o, D-ketoses such as ervthralose,

o

N

arvl, amide, ether
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where , if present, encompasses an optional U to g alky! group and o 18 greater than 1.

In some smbodiments, it has been found advantagesus for sach SFM to have at feast
ane of Ry to Ra be cither an amide linked ghiconolacione as represented by Formula AS or
an amide linked glucorono-&,3-lactone as represented by Formula AR, in cach case, the

others being hydrogen.

As mentioned above, some embodiments encorepass both a norbornene type of
repeating unit, B, having a2 SFM and a norboraene-~type of repeating unit, B2, baving a

hydrocarby! substituent, such as a hetorohydrocarbyl substituent that is not 8 saccharide

<

maiety. Some such norbornene-type ropesting units baving at feast one of Ryto Ry being

1

heterohydrocarbyl represented by one of Formulae A5, Al and Al7, and the others being

P
pea
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o oyelie, lingar or

/’*,

where $2, 37 present, ix as deseribed above and R* is hydrogen or £
branched aliphatie group. Additional exemplary norbornene~-type monomers having a non-

saccharide heterohydrocarbyl or hatohydrocarbyi type of subsiitoent include those where &t

W

£

feast one of Ks to Ry is OHLOUHCHOH, CHROOHAUHO AL, L Tarifluoromethane

H

sulfonamids, sthogy-1,1,1,3,3, 3 hexafluarepropan-Z-ai, oK ANOnane, and

terraoxadodecans, Specific non-limiting examples of such wonomers sre enumerated above.

For some embodiments in accordance with the present invemtion, the polymers ars
frrnied using known or modified solution and/or mass polymerization methods. In other
embodiments In accordance with the presxent Invention, the polvmers can be formed using
known or modified suspension or emulsion polymerization methods, Generally, the
polyvmerization ix cartied out in the presence of an approprisic solvent.  Nen-lmiting
examples of solvents inchude water andd any other suitable water miscible sofvent, As noted,
water immiscible solvents can alse be emploved in a susperaion or emudsion type
polymerization conditions. In some embodivosnts water alons s used ax the sotvent,

For some embodiments in acgordance with the present invention, & palladium catalyst
compler angd a chain transfer activating agent {(UTAA) are added to norbornenc-type
menomers 1o cause such monomers o be polymerized.

i

in some polymer or composition entbadiments, the polymsr has & weight average

molecuiar weight (M) fromn 1,080 to 200,000 Dabtons, while in others, from 26,008 ¢

13,000 Dalions, and in sl others, from 30,000 to 75088 Daltons, The weight average
molecutar weight (Mo) and the wumber average molecalar weight (M) are generally
detgrmined by gel permeation chromatography {(GFOY using polystyrene  standards,

However, any of the other known methads can alse be nsed 1o determine My and M. From

19
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i

this the polydispersity fnddex (FI3D of the polyvmer s determined (du/dMa)  In sowme
embodimends of this favention the polvdispersity index of the polymers of this invention
generally is from about 1o 2, in some other embodiments of this Invention the polvdispersity
index of the polymers of this invention generally s from abeut Vo 17, and vet in some other
srobodiments of this invention the polydispersity index of the polymers of this fnveniion
generally is from about 1 o 1.5,

To facilitate formation of water solable peolvmers from any of the aforementioned
monomers, for example a first {ype of monomer encompassing a SFM and a second type of
porbornene-lype monomer encompassing & non-SFM hydrocarbyl group a polymerization
reaction ¥x carried out using a catalyst dertved from palladivm, Non-limiting examples of

Howiag

e

such patladiam catalysts tnclede the fo

ailyl palladiom chioride dimer,

tritsopropyiphosphine jpailadium{acetate ) wirakis{pentafiuoro-

(M CREB(CF

{avetonitriieibis

phenyDhorate JPHOAOP-Prad
sonasodinm hydrido teis (ri{metasaonatophenyhiphosphingipaltadiom
methanesulinnate, an
{acetoniiriiedbis{t-butvidicyoiohexyiphasphineipatiadiwoiacetate)

3
tetrakis{perfhuorophenyviborate.

it should however be noted that vartous other metal catalysts can also be ysed to carry
out the polymerization reaction, inclading but not limuted to nickel and platinun, among
various other known metal catalysis,

it has further been found that the polymerization of the monomers of this invention

can further be carried owut in the presence ofa v fyats in order {o obtain the

desirable properties of the polymers, Now-Hmiting examples of such co-vatalysis inelode ons
ot more of the fellowing:
L1 tetrakis{pentafluoropheny Dhorate ctherate {(LIFABAL,

g

Wedimesthyvianilinhen tetrakis-{pontafiucrophenyitborate (DANFARA)Y, ang

s

.

trisodiwn salt of riphenyiphosphine m-trisulfonie acid (TFPTENa}.
{

3

Any amount of catalyvet and co-catalysty san be used thay will be sufficiont i forn the

¢ amount of catalyst employed s geverally

¥ Lo R >

’l"
r:»
QD
2,
o
ot
o

podvimer of this invention. As noted, ty

minlar ratio of at least SO/, In some other

embodiments the monomer 1o catalyst ratio iy around TOHY L, in some other smbodiments the
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monomer to catalyst ratio s ground 3000/1 and in some other embodiments the monomer o
catalyst ratio is arpund 10000/,

g

Voo adiust the solubtity of such first type of mwmomer in the solvent gsed for such

re

polymerization reaction, the aslechol functionalities of the 8FMs can, optionally, be protecied
during the polymerizaton and subsegoenily de-protecied afier the polymerization reaction is
comploted, As one of skill o the art will realize, protecting the alcohol functionalities of the
SEMs increaxes the solobility of the monsaner in organie solvents that are compatible with
the second type of norbornene~type monomer.  Sebeeguent de~-protection of the alechol
functionalities provides a polymer embodiment that s bkely to be water soluble.  Such

N
E

protecting groups inchude, but are not {imited to, esters such as acxiates, benzoales, chioro-

s

acetates, ethers such as benzyl ethers, alky! ethers, allyl ethers, stlvl ethers and acetals suwch
as benzylidene and isopropylidens acetals.

Such aforementioned hydrocarbyl, including halohydrocarbyt and hei@s‘c»hy{imcarb}fb

e

ype monomers provide repeating anity, in accordance with Formela B2, that can provide,

&

o)

when polymerized with SFM-{ype monomers, high, readily controllable My, water solubl
polvmer embodiments in accordance with the present invention.  Advantageously, the

N

poivmerization methods that ave disclosed herein, are readily dome using reasonable catalyst
toading and reasonable control of the aforementionsd high moleoular weight an deseribed
above,

Surprisingly, it has further been found that use of chain wansfer activating agent

faciitates further contrnt of the molvcular weight of the resulting polymer.  Thus,

advantageously, in some of the embodiments of this wnvention employing a suitable amount

of a chain wransfor activating agent results in tailoving the resulting polymer to a desirable

moiecelar welght., An example of such a chain transfer activating agent is firmie acid,

Any amount of formic acid can be used that would result in a desirable conyrol on the

N

moleceiar weight of the resulting polymer of this invention, Generally, formic aeid is present

fivan amowd of from 801 10 30 mol® of the total monomer joading to the reaction mixiore,

o~

fn some emnbodiments formic aoid I3 present in an apowt of from Q.5 o 20 mol% of the wial

\

P
Py
o
-
(7
o
s

ronomer foading 1o the reaction mixt 1 aome other embodiments formic acld 18 present

in an amount of from 1 to 10 mo® of the tota] monomer loading 1o the reaction mixiore.

pors

Thus in accordance with the practice of this invention, non~-Himiting exemplary

~

polyvmers of this invention include the following:

2y
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X

soly{N~norbornene methy! gluconamide),

3

poiy(M-norbornene methyl {actobionamide), and

fre

¥

polyinorbomens 4-O-{B-D-galactopyranosyl}-8-1 «{{+/- vexo-S-norhornene-2-

\

carboxamidod ~deoxy glusitol.

seby{N-porbornens methy! gluconamide) made in accordance

i
X v <

in some embodiments,

"
e
-

his invention is having a weight average molecular weight (M) from 18,000 to

o~

The polymer entbodiments of the present invention can be emploved to form polymer
compasition embodiments that further encompass a easting solvent and, optionaliy, one oy
more additives that provide desirable charscteristics to such polymer composition
embodimenis.  For example, additives such as cross-linking compounds, photoagtive
compounds {PALs), ;3?30{0;&(733{3 penerators (PALS), thermal acid generators {(TAGs),

photossnsinizers, and anti-oxidanta/aynergists. Where PAGs or PAUs sre added to a polymaer

composition embodiment, such embodiments are generally selfvimageable. That is to say

3

that such a polymer composition embodiment, when imagewise saposed to appropriate
actinic radiation will, after image development, provide gither 8 positive or negative tone

tmage of the masking ¢

22}
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Generally, #ohas now been found that any of the PACs ¢omaining a diago or diazido
functional group can be used in this invention. However, various other similarly known and
similarly functioning PACK can also be used in this invention.  Accordingly, exemplary
agueces PACDs dnclude, bt are not Hmied to, 4,4 -diazido-3.2 -bipheny! disodium
disuifonate {(DAFE), 4,4 -diazide-2.2"-hiphenylethane disedium disulfonate (DABPE), and
4,47 -diazidostitbene-2,2 - disulforie acid disodion sals (DAZST-Nay, While the exeraplary
agugsus PAUS provided hereinabove are sodinon salts, one of ordinary skl will know that

sy alkaline or alkaline ecarth metals such ss lithium, potassium, magnesium, calcium,
Barium, as well as aramontom and various alkyvlammonium salis are also in aceordance with
smbodiments of the present invention.

Exemplary PAGs can inclade, bumt oagre not Hmited to, onium salis such as
{prisopropyiphenyli{p-methyiphenvipiodonium  tetrakis  {pemafluorephenyl)  borats
{Rhodorsti 2074, Rhmills, Inc), sulfenium [2-{d-methoxy-naphthalenyi-2~
oxoethyijdimethyl  wirskis{petaflvorophenyDborate (TAG3I82  Toy

sethoxypheny Dehenyloedontum triffuoromethanesulfonate,

Y
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indonium  triffuorome

msthoxyphenyl)

phenyisulfomium tv

bis{p~tert-butyiphenyl)

nonsflusrobutanesuyifonate and diphenyh

examples of

{methoxyphenyiidimet

Mucremolecndes, 1998, 3

PAGs generally

by

innmodern nhe

by

is provided, Therefore,
included in the
photosensitizer

Exemplary photosensit

thanesuifonaie,
dipheny

ifucromethanssulfnate,

AQUEOUS

fvisaifontum  wrifucrometha

toexposure tools, a i

poivioer

is selected o ¢
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triphenyisulforiunny  wrifluoromethar

Ay )
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o
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anthvacene~S-carboxylic ackd (CAS 723-62-6) and a suitahle salt thereof including but

not limited 1o fithium, sodiom, potassium, caloiumn, ammontem and tetra-

N

aikylammoniun salt, for example, tetramethyismimonin or tetracthyiammonium salis

Exsmplary TAGs meclude, among  others, SA0L, SIW100L and  SIA150L.

manufactured by Sanshin Chemdsal  Industry Co., Lid,  where  SIA1S0L s
i‘:.’immthyi{/-ivax':e{e:»xypheﬁyE}suif&.\.nim‘;‘: wxafluorcantimonate ({CAS No. 133691-31-8, S1-

N

0L s benzyvi{d-hydrexyphenyiimsethvisulfonium  hexafluorcantimonate {CAS Nuo,
-~ v U v k -~

123662-42-2y and SI6ML  is  (I-naphthylmathy

hexatloorcantimonate (CAR Ko, 13318

In some polymer composition embodiments, crosalinking additives, such as epoxies,

ghycolurils, oxetanes and di- and multifenctiovabaldehydes, for example glutaraldehyde,

can be present. Move specifically, oxemplary crosslinking additives inchude, but are not

tmited 1o, poly{ethylene glyeol} diglyeidyl others {available from Sigma Aldrieh),
wetrakis{methoxymethyly glycohmil (Powderlink 1174), and I-methaoryloxymethyvi-3-
cthyloxelane (OXMA}, 447-bis3~ethyl3roxetanyDmethoxymethylibiphenyl)y (OXBP),
and bis{{3-ethyi-3-oxetanyimethyl] sophthalate} (OXIPAY (all from URBE Industries, Lid,,
Japany, a methylated melamine formaldehyde polymer under trade name Cyme! 301 (Cytec
Industries fnc, Woodland Park, K1 USAY o addition, geveric struciures fir hisphenol &
epoxy resin {LX-01) purchased from Dalso Chewical Col Osaka, Japan), spoxy

3-R7-01)

cyclobexyimethyl 3.d-cpoxyeyele hexane sarboxylate (CEL2021 [CASHE

purchased from Dalest Chemieal Industries, Geaka, fapan) and condensation products of 1~

Zegpoxy-4{2-oxiranyovelohexane of 2,2-bis{hydroxyl methylii~butanol/i(3°~

,v’

$expoxyoyciohexaneimetiy! 3 -4l expoxyovelohexyi-carboxviate mixnure (BHPEIISO

ustries, Osaka, Japan) are

b,

(CASH 244772-06071) purchased from Datee! Chemical Ing

shown below:

LXA

~ 4
o



L

A5

pesy)

3

WO 2014/190236 PCT/US2014/039288

H

.
S
It 8 [ SRS
H N\
b
i ;
1 ¥
N by
i
i !
!

& and

L2023 BEHPE 3156,

While the exeroplary cross~Hnking muterials Hsted above are generally not, in and

-

of themselves, photoactive, when such materials are prosent in polymer composition

X

1

embodiments of the present nvention, cross-linking o generally infttated by an aod
generator addity
With regard to casting solvents, exomplary materiais include, but are not Umited 1o
water, or a mixture of water and any ong or mors of propyiene glveo! monomethyl ethe
{PGME}, propylene glveol monomethy! ether acetate (POGMEA ), ethwyl lactate (L), methyl
isobutyl carbingd {(MIBC), gamma butyrolactone {GBL), methy! nramyl ketone (MAK) or

mixtures thereot,

it will be understood, bowever, that specific materials that fall within these lstings

of generally usetud additives may or may not be weful for polymer composition
grobodimenty in aceordancy with the present invention where g material’s solubility in one
P N SIS ST caxdiviss RO ey At v AL i At raal i e @t e i
sforementioned casting solvents is insufficient for any such material to be effective

A3

for its desived purpose. However, it is believed thet an ordinartly skilled artisan, would be
able o determune, without undue experimentation, whether or not a specific additive would
be sufficiently soluble in such & casting solvent 1o realize the desived sffpet.
Accordingly, in some embodiments of this invontion there is provided s method of
forming a eroastinking composition comprising combining any ong or mwove of the water

sohible norbornene-type polymers as described herein with a suitable casting solvent and a

ey Tir ke fy
crosalinkd T8

=
Q

{u
¢x

ent. Apy of the casting solvents as desoribed horeinabove can be used such

()

as for example water and In combination with any of the water miscible solvents. T some
embodiments the crosslinking sgent used is glutaraldebyde, Typicatly, such crasslinking

3

e fenrperatures which will bring about such

of such compositions can be affected at any of

2 change, for exanmple, temperatures helow J00°C.
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Thus in some embodiments, the polymer compositions of the present invention
SUCOMPRsE an aguenus based orosslinkable composition containing any one or more of the
waler soluble norbornene-type polyvmers as described horein with a auntable casting solvent
and a crosalinking agent.

in some emnbodiments, the polymer compositions of the present fnvention encompass
at feast one thermal acid generator (TAG) and at lcast one crosslinking additive 1o provisde
thermaily~initiated croastinking afier bmage development.

in some embodiments, there s provided a method of forming a patterned image
which encompasses the following steps, not necessarity in the same order. Forming s layer
of aforementioned agusous based erossiinking compesition. Imagewise sxposing the laysy

{o appropeiate actinie radiation using any of the methods known in the art. Then causing

i
2
]

cany of the methods known to one

T

osed portions of the layver to undergo crosslinking by

o

exp
skitled in the art. Finally, removing the unexposed portions of the laver 1o form the
patterned timage

Accordingly, in some embuodiments there i3 further provided agueosus based
photoimageable compositions, which encompass any ong or more of the water sohsble

aorbornene-type polymers as described herein, one or more of

<
ko
=
-
el
o4
oo
s
P
o
&
7

sompounds as desceribed herein and 8 sultable solvent,

With regard 1o methods thst utilize polymer compositions embodiments in
accordance with the present invention, such maethed embodiments generally encompass
applying or casting such 8 composition over a substrate and forming a {im or layer thereofl
Such casting eneompasses any appropriate mathod for applying a polymer compositio
oo a subsirate, for example by 8 spin coating, a spray coating oy 8 doctor blade method,
amonyg others. Further, with regard to filne forming embodiments o accordance with the

p~

present investtion, such embodimenis snmompass a post application bake {(FAH) at &

kS
temperature and fiwr 3 tme sefficient (¢ ramove essentially all of the casting solvent.

$

Where the aforementioned polymer composition embodiments encompass a PALG,
folowing the PAR, the formed film will generally be sxposed to an effective wavelength
of actinde radiation. Soch exposurs boing eithor an image-wise exposurs where a patierned
film is desived or a blanket exposure where 3 contiguous film is desired. ft will Rurther be

understood that the aforementioned exposure vesulis in the generation of @ strong actd in

26
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the exposed portions of the formed film, such strong actd either enhancing the solubitiny of
such regions or whore a cross-linking additive is mm\cm causing cross~-Hnking to ocour
within such exposed regions o redugce the solubility of such vegioms, Howsver, it shoold
alen be noted that depending upon the type of saccharide molety eroployed which Rself may

facilitate cross Hoking upon exposure withom any additional cross-linking additive.
Where the aforementioned polvmer composition grabodirnents encompass diazide

FACs (such as 447 digzidostiibene-2,2 - disulfonie soid dizodium salt (DAZRT-Nay,

A

o
&

fotlowing the PFAB, the formed Hlm will gooerally be exposed 1o an effective wavelength
of aotinic radiation. Such exposure being eithar an Image-wise exposure where a patternad
fiim is desired or g blanket exposurg worg a contiguous film s desived, T will further be
anderstond that the aforementioned exposure results in the generation of a reactive molsgty

in the exposed portions of the formed Hilm, such reactive molety rescts with the polymer

g

causing cross-tinking o occur within such exposed regions to reduce the solubility of such

X

Where the sforemsntioned polvmer composition embodiments encompass a TAG,

such compositions also envompass g erose-lnking additive, therefore when the film formed
is subizoted to a curing bake performed at a tomperature sufficiant 1o activate the TAG and
generate a strong acid, sweh acid causes prosslinking o oceur thereby reducing the

bed

~

The following examples, without being lmiting i nature, iHastrate methads for
making monomers, mothods for polymerizing such monomers o form polvmers, and
making polymer compositions.  Such wuomonwrs, polvmers and compositions being
ambodiments in accordance with the present ioveuntion.  lo addition, such examples
demonstrate the use of such polymer composition embodiments to form self~lmageable
films,  Unless otherwise indicated o the following examples and cisewhere in the
specification and claims, all parts and percontagss are by weight, all temperaiures are in

e

degrees Celstus, and pressure is at or near sirmospheric pressure,

Further, in the experhnents presentad below where a valus for film thickness i

rovided, such value was determingd using 8 TENCOR profifometer
pre & £
fre presentation of soch expovimental data, abbreviations are used o simplify the

naming of the various monomers angd catalysts, The following lsting of those abbrevigtions

provides an appropriate name for each of sach abbreviations.

)
~3
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MONOMERS

WNMBMGA Nunorbornene methyvl ghwonamide

NNEBMIBA Nenorbormens methyl lactoblonamide
o Morbornene d-O-{B-D-galactopyranosy -1 {{+/exo-3-
NBGPENMODG

norbornene-2Z-carboxamido}-1 -deoxy ghucitol

CO-CATALYSTS AND CATALYSTS

LiIFABA Lt itrakis{pentafioorophenyliborate etherate

o

DANFABA  Nedimethylanilinlom terakis-{pentafluoropbenyliborate

APaCH allvl palladium chioride dimer

Pd-1206 {acetonitritedbis{iniisopropyiphosphine)
patadivmiacetate) letrakis{pertauorophenyDborate
Pa-1824 nonasodium hydrido wris (ri{metasuifonatopbenyliphosphing)

paladivm methanesslionate

ACHIS AND SALTS OF ACIDS

FA formic acid
TPETSNa  risodiom salt of triphenyiphiosphine metrisulfonic acid

v

DAZSTNg 4.4 -diazido stithene~2.2 ~disulfonic acid

Monomer Synthesis Examples

3 Example AL Syothesis of NNBMG A,

i
L

A 1 Own

A monomer of NMNBMOGA according to embodiments of the present invention was
prepared essentially in aceordance with the procedore desertbed 1o Puechy, ot al, New ./
Chem, F997. 21, 1229, NWorborneng methylamine (692 g, 0,386 moly was added 0 =

Hy  methane! sobhition {approximately | Liters {L3) of gluconolactone {100 g, 0.56 mal). The

g

£
[e7o]
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solution was stirred at room te_sra’;.\ ature for 23 hours -:'h} rasulting o a clear, pale yellow

sobutionn. The solution was added to ether (approximate]

%
N
<
oot
s
o~
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e
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was filtered, rinsed with ether {approximately 1.0 L} and dried wwder vacuum at 7U°C
overnight, giving 107 g, This amouwnds to 8 83% vield,
Example A2, Ne{d-{hicyclo3.2 1 thept-Son-3-vhmethy 23,4, 5tetrabydroxy-

pentanamide.

A selution of Dribonelactone (18 g, 7.5 mmod) and novbornenemethyianine (832
g, 67.5 myvol} inomwethapol {38 mL) was stirred 23 b gt roon temperature. The resulting

veltow clogr solution was concentragted to dryness followed by trituration in methyl-feri-
butyiether (100 mi) in g 40 " bath for 1.5 k. The resulting solids were filtered and drigd
overnight in g vaswen oven at 50 " {0 afford 16.& g (82% vield) of an offvwhite solid
The titde compound was characigrized by LO-MS and 'H NMR. LOMS Gmiz) 272
(M 1) TH MR (500 MHz, DMSO-ds) 8 7.78 -7.50 (two triplots, V), 6.20 ~ 5,90 {three
mualtiplets, 2H), §.60 - 540 (m, T, 480 - 4,70 (d, TH), 4.60 - 4,50 (m, [H, 4.40 - 430
(d, THY 410 < 3.98 (m, TH), 3,63 (heos, THY, 360 - 3580 Gm, 2H), 320 —~ 2.80 {m, 4H),
230 -2.30 (o, THY L8O~ L70 (o, THD, 155 - 110 (o, 3HL, 0.50 - 6,40 (e 4, TH) The
ratio of ende- (o exo- isomer was determingd from the olefinic resonancesto be 3.9 0 1,
Example A} N-{d-{bieyelol2 i hept-S-en-2-yibaty L34, 8 tetrabhvdroxypentan-
amide.
“ ?5‘* ?H
N A A O
i

QO

S

1%

935
X

A solutton of Dhribonolactone (10 g, 7.5 mmeol) and norbornenchotylamine (11,2

g, 075 munod) in methanol (38 mby was atlrred 23 b at roomw temperatuve, The resgRing

colorless clear solution was concentrated {0 xi:*}-fzsss followed by trinuwation in methylefers-
butyiether (100 ml) in 8 40°C bath for 1.5 b The solids were filtered and dried overnight
i a vacuum oven gt 8070 1o afford 198 g {84% viald) of a white solid,

The title compound was characterized by LOSMS {miz)y 314

+ 1y Y NMR (SO0 M, DMSO-d:) 8 733 (brus, THY 6,11 (bros, TH), 6.01 ~ 3,92

’z“
o
7~
u{j
%
e
o0
oo
ﬁL
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{two broad aing

4401 (br s, 1H)

Fxample Ad, N-{d-(bicycle{d 2 hept-Sen-d-ybutyl3-5{1, 2 -dihvdroxyethyi-2,2-
dimethyb i, 3-dioyolane-4-carboyxamide:

Step 11 IdisopropyHdene{i-Ribonclacionel

HQ\W:}

Nees

| =0
£

HPOT N SO . Y3 N e ? 1 TN AT SR ST ? -« YN
Foliowing the procedure from Wiltams, e af, Orgawic Svatheses, Vol &2, g 73

(20835, to dimethoxypropane {10 mb) taken o a suitable reaction vessel was added a
1

sefotion of Dwibonolactone (16 g, 96.0 mmol} in dry acetone (T4 mb) followed by solfurie

achd (0.1 mi, 2 numaly. This reaction muxture was sllowed o stir for 1 h at room

tomperature. Silver carbonate {2 g, 7.3 mmoly was added fo the reaction and the resulting

3 om Celite® pad. The filtrate was

{i’l’.’
jeocs
o

siurry stivred for 1.5 b followed by filtaring throug

concentrated to drvneas followed by addition of kot ethyl acstate (28 mb ) to redissoive the
solids and filtering through a 3 em Celite ® pad. The resplting filirate was altowed i cool

to room temperature during which crystals formed. The orystals were filtered to afford 7.9

g of target material, The fillrate was oonoentrated al elevatad temperabive {0 § mi and then

allowad 10 cool 1o room temperature. More orystals formed and were isolated by filtration

o

to give a combined 104 ¢ (58% yield) of white ervstalline solid.

The title compound was characterized by TH NMR (380 MHz, DMSO-ds) 8 §.30 41,
PH 4.76 {50 QM) .60 ¢, THY, 368 - 35358 dm, 2H), 135 (s, 34, 131 {5, 3HY
Step 20 Nedd-{bioyelo]2. 2. Hhept-S-on-2-v Dbuty -850, 2-dibhydroxyethy 2,3~

dimethyi-13-dioxolane-d-carboxamide.

. -
o
("\/K\ {}
3 N
L
3 {
' - - A—r
(/.f \\\"/./ . o AN - N '\‘r"/ #\

: ? I e
N i / OH
. 9 Ho ‘
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& solutien of I 3-isopropyiidene{D-ribonclactoney (829 ¢

i

, 2871 mmoly and
norbornencbutylantine {4.2% g, 281 mmol) i methanal (26 ml) was stirred 23 & at room
temiperature. The resuliing colovipsy clear solution was concentrated affording 8.92 ¢
{1H30% vield) of a orade colorless ol

The title compound was characterized by LOMS (o/zy 354 (M +
Example A4, Synthesis of NNEMEBA,

A monomer of NNBMIBA acow dis‘.zg 1 embodiments of the present invention can
also be prepared in accordance with the pro e deseribed in Puech, et al, New J Ches

I997, 21, 1229, NNBMIBA (70 g 181 x 187 mol) is added to 3 methano! solution

{approximately 1 Liters (L)) of ghwonolactone (100 g, 8.56 mol), The solation is stirred at

roon temperature for 23 bours (h) rew \iimg in a clear, pale vellow solution. The solution
8 added 1o ether {approgimately 3 L} to vield a precipilate which s filtered, rinsed with

ether {approxinmately 1 L) and dried under vacumm at 76°C overnight

Example AS, Syathesis of NBGPENMODG,
in Hu et al, Terrghedron Legtors 43, (20023 17750778 a lactamine-

functionalized norbormene-type monomer is deseribed, Agoenus KO00: {3M, 33 mi) and

o

i

A~C(B-D-galactopyranosy-6-1 -amins- 1 ~deoxy  glueitol {lactamine 1, 128 g, 373

mmol] are added to a flask, The contents are conled to -5°C and OH

of {(+/pexe-S-norbornens-2-carbonyl chioride {7 g) 1s added stowly so that the internal
Ay rat PR aver sxoocds ~207 . The resuliing mivture ren fo atirradd af GO

tonmperaiure of the soltion nover exgeads ~2%C. The resulting mixture is stivred a1 #°C
24 hours and the orade mixture s congentrated and slowly poured into ethano! to precipitate
the salts, Following filtration, the filtrate s passed through a mixed bed vesin, concentrated,

and freeze~dried to obtain the title compound. Polymer Synthesis Examples

in each of Tables 1, 2 and 3, below, where presented, the value for formic acid {(FA)

’

is in mole pereent (molSe), the value for the conversion (Conv.} of monomer {o polymer is

i prreentage (99), the value for My of polymer is in g/mol

Examples Bla-Ble Polymerization of NNBMGA,

Foreach of Exarnples Bla through Ble, NNBMGA (3 ), APACTRLO0E o), LIFARA

A

{0.03 gy TPPTENa (0.01 g were added to 8 glass vial equipped with a siiy bar. The vial

was sealed with a septum and waler {7.5 g sparged with nitrogen) was added 1o the vial

N

swith nitrogen

52..

gsing & syringe. After the components dissolved, the sohtion was sparged

k)
e
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vial and the mixiu

was suboitied for GPC 1o determine po
and conversion {Conv. ).

Table

£ 30 mimites (miny. Then the amoent of FA indicsted in Table 1,

o heated 1o 807 for 18 h

PCT/US2014/039288

below, was added to a
The vials were aliowed to vool and 3 sample

symer molecular weight (M), polydispersity {(PI3G

Brample Ra Cony, K" £33
fig { 58 14, 1.33
Bib 0 ) 1, 133
Bia 3¢ 8¢ 8.4 1.25
Bid 73 7 i
Ble 48 5, i.

Examples B2a-B3d. Polyvmerization of NNBMGA.

For each of Examples Bla through B2d, NNBGMA (3 gy, APACH0.002 o), LIFABA

vial was sealed with a septum and water (7.8 g s
using a syringe. After the componenty dissoly

nitrogen for 33 min. Then the amount

vial and the mixtore
sample was sahmitted for GRC

Tabis 2

3 gy and TPPTANa (0.01 g) were adde
WAS

was heated 1o 43 °C for

0 getery

d 10 a glass vial equipped with a stir bar, The

PR S VYT S I 339 e
varged with nlfvrogen) was added (o the vial

>

ed tu water, the solution was sparg

3
o
~

of FA indicated in Table 2, below, was added to a

120 k. The vial was gllowed 1o ¢onl and a

wing polymer My, PN and Conv.

Example FA Cony, | Mw

BZa & 38 28,106
B2h ] 4 17,6060
FRAN I 42 17,000
B2d 28 38 14,200

Exampde B3g-Big. Polvmerization of NNBMGA,

g}

“or each

indicated and NNEBMGA monomer were added i«

was taken into the dry box angd phosghine (G present) and L

o~

bench, water and FA were degasaed wit

'l
b
&
b
R
W
o
£y
~
o
/{‘
7
o
s
It
P

samipie was subnytted for GPC o determine polymer Mo, P

of Examples B3a through B3z, the an

Iy Yort doars P A R I
The solution was heated ©

A 4
aount of fne

palladium complex

3 -

a vial equipped with g stiy bar, The viad

FABA were added. On the
\Q‘\ TYEERCRLSFOYS f;\\\i han ‘\~ *i i »{\ {'?10 TIGnOmer §
WD THIPOEON @i N aqaad 10 U0 mGnaimdy 334

B for 16 b to 18 k. After cooling

and Conyv.

e
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Comparative Ex. L Polvmerization of NNBMGA.

The methed of Puech,
polymerization of NNEBMGA where NNBMGA {i}ff g, 231 x 10 mnles) was dissalved in
H} omi oof water after which the catalyet PIUCR{TPFTS: was then added wm =
substrate/catalyst molar vatio of 106/1 {00303 ¢ or 232 x 1 moles). After a 24 howr

pariod, the polymer was precipifated by addition of methanol, Following a successhy

washing with methanol, the polymer was purified and isolated in &6% vield as a beige
powder. The weight average mokeoular weight (3y) of the resulting polymer  was

determined to be 3,217,
Comparative Ex. 2. Polvmertzation of NNEMIBA.
In Puech, ot al, MNBMIBA (0.7 g, 1.51 x 10" moles) was dissolved in 1wl of

¥

water. The catabvat PACLITPPTS: was then added in a substratescatalyst molar ratio of

O (0305 gar 2 After a 24 how pertod, the polymer was precipitated
by addition of methanol, §¢'0§§m-‘«‘§ng a sucoeasive washing with methanal, the polymer was
purifisd and iscdated in 669 vield as g baige powder. The weight average molecalar weight
{(My) of the resulting polymer was determined (o be 3 480

Comparative Ex. 3. Polvmerization of NBGPERMORG,

MNBGPENMODG was polymerized in accordance with the provedures of Hu et gl

Tetrahedror Lettery 43, (2002}, 17750778y, The weight average molocular weight (M)
of the resulting polymer was in the range of 15804 grame/mole
Table 3 summarizes the resulls ablained from Examples 3a theoagh 33 and the

Comparative Examples | theoagh 30 It is evident fron these results that by practice of the
present invegtion it I8 now possible (o maks various water soluble polvmers as deseribed

horein featuring controlled moleaidar weight
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Tabie 3

. o . s s arecen s . i onv .
£x Catadyst Water B {PRTSMe P LEFABA  (FA M P
Ratio
u e AFJCY L . ) . i .
Bla S84 14.6 .02 .08 16 QF 20,4440 1.58
Bi-1926
AR oo r " .
R3b FEGHIETS .4 {43 i &3 9,404 1.3¢
P30
Bic 1300418 7. .03 & H4 22,800 1 168
] _ BA1206
]34 T « .43 3 7% R7.500 173
P12
Hie TOHG/T £.03 3 7 E2.340 PGR
Pd-1206 . )
B3 R “ 1413 R 7R 76,200 {66
LRI R Y;
. . PIAV 206 . . . ms e g oo
Big HRGG 188 0.7 14 i TI00¢ H
BYaE
{omp. § Pact,
- g 10048 16 {IPPTRYL §6 32T
Comp, 2 P
L. d - .
o 1Y i {TRETSY $8 3484
Comp. 3 237 Pl §5,808 §.07

Exsmple B4, Polymerization of NNBMGA

ﬁ

NNBEMGA 45 g}, ARJCHG.O03 myg), LIFABA (0.4 mg) and the TPPTINa (8.2 my)

\ ey

1

were added to g glass vial squupped with a stiv bar, The vial was sealed with a septom apd

»

water {sparged with nitrogen) was added to the vial using a syringe. After the components

dissodved in water, the soltion was sparged with nitrogen for 28 min. Then FA (687 4 mi}

wias added 1o the vial and the mixture was heated to 88 °C for 18 h. Residual catalyst
omponents were removed from the polvmer solution and the polymer was precipitated inte

3. of acetone. The soiid was fillered and the filter coke was rinsed with methanot {1 }

The polymer was then dried in a vacuwm oven at 7070 for 18h, Yield 21 5g (48%). GF

Mw = 12300; Mp = D1R8,

#51
A
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Fxample B3, Precipitation of NNBMGA polvmer from sxample Blg.

The catalyst residues from polymerization reaction nuxtwe of Example B3

rermoved and the polymer was precipitated by adding the solution to 4 L of acgtone. The

TR

precipiiated polymer was filtered and then dried 1 g vacuum oven at 55 °Covernight. Yield

o

38 g 4%, GPO: Mw = 80.300; Mo = 34,000,

Example Ba. Synthexzis of NNEMGA polymern
The polymerization provedurs from exarspie Bih was repeated at a larger scale and
fonger time, 30 g of NNBMOA monomer was used. The polymerization was carried ouwd

b After cooling the reaction mixtare, catalyvst residues were removed and the

polymer was precipitsted by adding the solation to 3 L of acetone. The precipiiated

polymer was filtered and then dried ina vacoum oven at 30 °C overnight. Yield 9 g (18%:).

GROY Mw = 14,200; Ma = 10,808,

Example BY, Precipiiation of NNBMGA polymar from example 81b.

The catalyst residues from polymerization reaction mixiure Bib were removed and
the polvmer was procipilated by adding the solution to 70 ml of acetone. The precipitatad
polymer was fillsred and then deied In 2 vasuum oven at 3¢ °C overnight. Yield 11 g
£3790), GPC: Mw = 9800, Ma = 7884,

Film Formstion Exampiex.

Example U1, Formation of thin fibos of polviMdNBMGA)

o
.
oot
-

s
ey
Yoan
s
jovd
be7
e
P
f'b
'/
3%

wn
&
ke
e
2

unction of percent podyvmer solids in water and spin spesad
wore determined for polyONNBMGAY from exvamples B8 and BS. The polymer was

dissefved in water at the desived porcemt polymer solids {see Table 43 The resulting

¥

selution was poured onte 2 thermal oxide sificon wafer. The wafer was initially spun at
364G rpyn for 10 sec then for 60 sec at the desired final spin speed (see Table 43, The waler
wis then haked at 130°C for 2 min. The il was scored and the film thickness was
determined. o sl cases the spun film was of good quality, There were no oracks apparent
in the filmy upon visual inspection,

1

in Tuble 4, Table & and Tabkie 7, the vahue for the polywer solid is in percentage by

walght of the total composition (% by wi}, the value for Final Spin Speed {5 in revolutions

&

s

per minute {rpm), the value for Film Thickness is i ndcrometers (um), the valugs for Post

poery

9
“h
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Apply Bake (PAR) and the 2% Hake is in degrees Celstus (°C) and the value for
7 o

N

\

ghataraldehyde (CiHaOn) welght percentage on polymer is in wi % on polymer,

Table 4

Polvine Polymer Final Fibm
Exampic . e . . . . .
M Sobid Spin Speed {rpm) Phickness {am)
1a S0,000 H 2,000 3.50

Cib * « 1,64840 5462

¢ = i3 2,000 6.66

Cif 14,060 2,000 032
e 1,000 0.42

i " - Nt 4.60

Orotical Doty Examples

5 Example DL
A saropie of poly{INNBMGA ) (made using Pd-1206 as deseribed in examples B3sa

~

through 83z with Mo of 37300 and Mn of 30138 for optical density measurement was
prepaved by apin coating & -inch quarte water with an approximately 20 wi.% solution of
the polymer it water {S00 rpm for 18 see fodlowsed by 2000 rpm for 80 el Aler the water

10 was baked for 120 se P30°C on a botplule and sliowed to cool, the optival absorbance

123

of the rosulting film was measurgd at 193, 248 and 365 nm using a Cary 408 Scan UV
spectrophotometer. A blank guante wafer was ased in the reference bemmn, To determine
the polymer fim thickness, & portion of the flgy was removed from the guarty wafer and

the thickness measured. The polymer film thickness was 1,11 pm, Optica! density was

¥ ™ o~
X 33

cafenlated as absorbancefthicknsss {um™), The resulis ave shown in Table 8

coms}

o
LR

Table §

Wavelength (um ™) | Gptical Density
368 .04

248 8.07

193 .31

3
o
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Thermal Crosslinking Formulation Examples,

Example K1,

A sample of poly(NNBMGA)Y from example BY was dissolved in water {24 weight
pereent solption), The solotion was spin coated ondo a guarts waler (306 cpmy for § see
followed by 1304 vpm for 40 see). The waler was then baked for § mig at 130 °C, The
thickness of the resuliing film was determined. The wafer was then sither not hested, or
feated to 1309, 180°C o 190°C for & min. Then the film on the wafer was puddle
developed in sither water or PGMEA for § min. The film thickness was then again
delermined by profilometry. The wafer was baked a 3 time at 190°C for 3 min and the
film thickness was moeasured again, Results of these experiments are shown in Table &

below,

The data prosented o Table § demonstrates that the film encompassing

Eae

polviNMRMGA) 18 soluble fiv water but not i PGMEA. Furthermore, the il croastinks

-g \\C\

after a 3% bake of abowt 19070 and therefore does not dissolva,

Table

. . Thickness Thinkness
‘ Post Thickness | 3 Dovelopment
Example ) )
Pake Fogt Bake | Bake Selven

D3ia 130 £.03 WA Water -

b “ 057 NA POGMEA 4,97 -

RN “ {853 130 Water .0 -

214 = P09 150 Waler Ry -

3e t.21 18 Waten 1.22 1.28

Example EL
A sample of polviNNBMGA) from example B4 was dissolved in a water/PGME
50/50 solation (20 weight prcent polymer). As sumnmmarized in Table 8, in Examples D3¢
and D2d ghetaraldehyde (OH0) was added, The solution was spin coated onto 8 guane
wafer (SO0 rpr for 3 sec followed by 15308 rpro for 40 sec). The water was then baked for
5 prin at 186G °C, The thickneas of the resuliing film was determined. The fitm on the wafer

was puddie developed nowater 3 min, The {ilm thickness was again determined. Examples

o
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32¢ and D24, the waler was baked apother fime ad 1898 °C for 3 min and the film thickness

wis measured again, As shown from the data presented in table 7, it is clear that the

v

reventing significamt dissolution of the

o

CSG

i

glutaraldehyde s an effective cross-linking agent p

film after development,

Table 7

- vy Post | Thickness After | Thickness After | Thickness After
Example | UHa,

Bake | Post Bake Doavelopment 2% Bake
Tida NA 130 1 109 8.0 NA
Dic 10 15¢ | 143 .34 .31
D2d 65 1530 {168 1.47 R

Phaioimazeable Formulation and Exposure Examples,

Exampie Fi.
A sample of poly(NNEBMGA) from sxample BS was dissolved in water (8 g) and
was mixed with 1.2 g of 2 water solution of DAZST-Na {available from Toyo Gosed, 8.1 g
in 3.1 g of water), A film of the above solotion was formed by spinning the solution ona
thermoal oxide sibicon wafer (300 rpm for 10 sec followed by 1000 rpw for 80 sec) and
baking the {iim for 2 min at 138 °C. The resufting thickness was .65 um. The film was
image wise sxposed at 365nm (46 mliom®) wsing an AB-M mask aligner squipped with an
t-line band pass filter. The fm was baked for 2 min at 130 °C and then developed in water
for 16 sec. The film was spun dey and examined using an optical microscope. The
photomierograph shown o FIGT depiets s good resolutton for 58 um vias on 3 58 um pitch.
As shown in Cs‘};’s‘g'e““am\ Examples | and 2, polymerization using PACIL{TPPTS
results in a water soluble saecharide type norbornene polymer having a My of 5,217 and &
conversion of 36% using 8 monomer 10 eatalyst ratio of 2.33. Comparative Example 3
shows polymerization using PACh resulls in a water sohuble saccharide type norbornene
polyvmer having a My, of 15,860,
On the other band, polymerization Examples B3a-Big, made according to this
fnvention, demonstrate the My controlling effect of a chain transfer activaiing agent
CTAAY for embodiments of the present invention. That is 1o say, in combination with

3
Ry
H

pa?%aﬁium catatyst precursors, UTAAS such as formic acid provide for controlling the
molorufar weight of a resultant polymer. Examples B3d-Big frther demonstrate the
ability to schiove high My of 75, 0{H 10 87,500 with a conversion of T1% {0 79%, a2 monomer

38
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o catalyst ratio of greater than S04 {0 1 {therefore 3 low catalyst loading) and with FA
peing added in the range of 3% 1o 10%.

By now it should be realized that the varinus embodiments in accordance with the

prosemt invention disclosed herein sdvantageously provide at least

P

&

ne of {a) high molecular

weights (including a process for waking such polviers) (b)) controliahle molecudas

veights; and {0} a polymerization process for such polvmers that does not regquire the high

catalyst loading of the prior art.
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CLAIMS:
What is claimed it
i A method for making 2 water sohible norbornene-type polymer comprising:
charging a reaction vasse! with a first type of norbornene-type monomer

vopresented by Formula Al

-
i
AN Y
. et
-~ \\./ d '.‘“ \i\‘ o
£ I
¢ i P ¢ i
N U S R
{)\ \ f“s\\ \\ i T g{:
~} . 3
\'Qf""i \\\i.-“ /§
H H
i N Ry
pRY

:}
.-

N

where mois @ or 1, at least one of Ry, Rz, R, and Ko is a vaccharide functinnal

moiely selected from monosaccharide, disaccharide, trisaccharide, oligossecharide

or a polvsaccharide, and the remaining Ry, Ro, Ry, and Ra are hydrogem

3

further charging the reaction vesselwith an appropriste solvent, ¢ catalyst, s
suitable chain transfor activating ageny, and an optional va-catalyst where the

nurnomer o catalyst ratio is at lvast 506/

M

providing agitation (o the reaction vessel contents to promaote dissohution of the

first type of norbornene-type monomer, catalyst, chain wansfer activating agem

3
3

and optional co-catalyst in

N

the solvent; and

providing heat and continued agitation w the contents for a time sufficient to

o

{ the first type of norborpene~type wmonomer to obiain &

)

facilitate polymerization o
polymer having g controlled weight average molecular weight (L) of from 18,000

1o 20,0040,

2. The methad of Claim 1, further comprising:

f'y
i
-~
%
P
)
b
s
o
o]
v
4
»
N
pes]
Lo

charging the reaction vesse §y§;e of norbornene-type monomer

33

at

represented by Fornuila A2 8t {ype o

ORomer:
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H
"y

k3
- NG R
g -~ by -
AN TN A
- H N { ™
Y ; Y ¢ P S R
i i § H o
i ! H
i % H
FE IR i kY H
IR 3 Y H
~ AN [
~ ) o <
\\'\&f./\‘ \\'Sf‘"r §
L ~

where p is G or §, at least one of By, Ko, Ba, and Ry i 8 hydrocarby! group,
balohydrocarbyl group or a heterohydrocarbyl group and the remaining Ry, Re, Ry,

and Rg are hydrogen

3. The methad of Claim 1 where the appropriate solvent iy waler

4, The wethod of Claim | where the eatalysy s selected from: ally! paliadiom

s

{arelonitriie}s{iviisopropyiphosphine ipaliadivmiacetate) tetrakis{pemafiuors-
phenyhiborate,

nonasodium hydrido tris (ri{metasuifonatopheny hiphosphingpatiadhun
methanssulfonate,

1

{acetonitriebia{t-butvidicyclohexyiphosphineipalladium {acetste}
wetrakis{periuarophenyiiborate,

Y

arsl mixtures in any contbination thereotl

3. The method of Clatm § where the co~catalyst is selected from one or more of the

v

L telrakis{pentafluoropheny Dbovate ethorate (LIFARA), and

Nedimethylantinium tetrakis-{pentatiyorophenyDborate (DANFABA)

4

5. The wethod of Claim | where the chain transfer activating agent is formic acid

~.3

. The method of Clatm &, where the formic goid ts present in an mmount of from G

£
H
N

total monomer {\&{}3‘}“‘ 1o the reaction mixtare,

o
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8. A water soluble norbomene-type polymer comprising = fivst type of norbornene

of formula A

™~ ~
H { 8. ~ -

] f‘-‘\\* o i R,
P R }\ o ~ AN AT ’
LY TEeny o TN TN
H ; H H i H N H : } § i N
I S S S H I i B
I W L O Lo b
i PA Vo AR y Y
'~} 5,/\\\ e BN 3 ) { AR,

a4 A\ \ N [ 3
\\iv A o i - -~ \\\\‘\ s \\\‘Lf ,.y‘ 3
i { N i
- wd g
> Wm - - S By
A 81

where m is § or 1, at least one of Ry, Ko, Ba, and Ry 18 8 saccharide fanctionatl

moiety selected from monossccharide, disaccharide, trissecharide, oligosaccharide

or & polysaccharide, and the ainingRy, Ry, Ra, and R arve hydrogen; and

said polymer has a weight average molecular weight (My) of st least 18,0648,

8. The polymer of Claim &, Ruther comprising the second type of norbognene~type
repeating unit represented by Formuala B2 derived from a second norbormene-type

monorer represented by Formuda A2

A

Low
,.-f:i'\\ i P
£ :
? H .{\;&
3 H A
i
Vo
Voois B
L A ‘
: LA
i i Q
L N Kz
P

AZ

o

here pis 8 or 1, at least one of Ry, Re, Ry, and Ry is @ hydrocarbyl group,
hatohvdracarbyl group or a hetorohydrocarbyl grouyp, and the remaining Re, Rs, Ry,

and Rz are hyvdrogon

0. The polymer of Claim 8, where said saccharide functional molety is a

monnsaceharide, 8 disacchande, or an olignsaccharide seleoted from g derivative

<

of an aldoae, a ketose, L isomers thereof, D isomers thereo!, ovelic isomers thereof],

and combinations thereofl
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ribose, arabinoss, xylos

Tas e 5 - 3
gaiaotose, or talose, an

from oy

The polymer of

i"iﬂ} Q58

~

. xyhilose, ribulose,

combinations thereof

o - .

12, The pobyme
8 weight ave

17

T2,

N

a water soluble novbors

A methed of forming a oros

or of Claim 8, which is poly{N-norbornene methyi gluconan

2

a casting solvent; and

A o
‘o
HES 2N H
15, The method

[ 0‘}'&"'\0%!* Won af 8 i ST

fagiad AP o PR P
a water soluble notbornene-type poly

he method of Clajm 13

An agueous based crosslinkable

sssinking agent,

12

of Clabm

3

& casting solvent; and

ot
d

The compasition of Claim 16 where th

The composition of Claym §

e

below 206°C.

Clabm 16, where said aidose is selegied from ery
se, fyxose, atoss, altrosy, glutose, mannose, :uww

combinations thereof and where said ket

slinking vomposition comprising <

where a erossbinking

13 f‘"\r*‘}\ FRET ENONEYY N
P OIRnher eompn ising

sure helow 280°C,

which is vapable of then

PCT/US2014/039288

hatt
o
e}
-
’1’:

ose s selected

lagatose, sorbase, or fragtose, and

combining

wene-type polymer of Claim 8

g additive s glotaral

dehyvde,

affecting the crossiinking

b

¢ crosslinking agent is ghutaraldehyde,

idose,

vide} having

La (C“}{‘%‘i“”& LT
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9. A wmethod of forming a patterned bmags comprizsing:
forming g layer of a crosslinking composition of Claim 1§;
fmagowise exposing the fayer to appropriate actinic radiation;
causing exposed portions of the layer 1o undergoe crossiinking; and

~

removing unexposed portions of the laver o form ssid patterned image.
20, An sgueous based photoimageable composifion comprising:

a water soluble norborpene-type polyner of Claim §;

a photoactive compound; and

a solvent,

FsN
Ao
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