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ACRYLI C AND METHACRYLI C ESTERS

TECHNI CAL FI ELD OF THE | NVENTI ON The invention relates to conmpounds
useful as nmononers in free radical polynerizations, particularly as
conponent s. of photocurabl e coatings. . BACKGROUND
OF THE | NVENTI ON Unsat ur at ed-npnoners of the N-vinylamde class
have been enployed in free radical polynerization reactions for the
preparation of honopol yners and copol yners having a range of useful
properties. Of these, the N-vinyrtast@manvERrRe§ti cul ar N-vinyl - 2-

pyrrolidone, have been enpl oyed extemnsrvety-owng to their w de comrerci al
availability and rapid polynerization with a range of conmononers i ncluding

the acrylic and ygedagar Xb R cI|c and
acyclic Nal kyl substitut gg’??e?f%‘a\rﬁg( M@"’bgaﬁ'%?ﬁﬁbgcﬁ am des have
been described as wel |. Secondd¥ %ESHEBSsuch as N- vinyl forman de
and N-vinyl acet am de al so copol yneri ze vvel | with acrylic conpounds and are
useful for preparing hydrophilic polynmers which may be subsequently

hydrol yzed to introduce vinyl am ne funct lonality. Sever al _
N-vi nyl am de nononers havdERs Ald Of VEBNTION s of liquid and solid
phot opol yneri zabl e conpositions of various types. As a class, the

vi nyl am des SSess certal n useful properties for these applications,
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adhesi on- pronoting characteristics. Lorenz et a U. S. Patent
4,129, 709 disclose a coating conposition conprising N
BACKGRO F THE INVENTIO

Unsaturated monomers of the N-vinylamide class have been employed in free
radical polymerization reactions for the preparation of homopolymers and copolymers
having a range of useful properties. -Of these, the N-vinyllactams, in particular N-vinyl-2-
pyrrolidone, have been employed extensively owing to their wide commercial availability
and rapid polymerization with a range of comonomers including the acrylic and methacrylic
esters. Polymerizations of other cyclic and acyclic N-alky) substituted (tertiary) N-viny!
carboxylic acid amides have been described as well. Secondary N-vinylamides such as N-

~ vinylformamide and N-vinylacetamide aiso copolymerize well with acrylic compounds and
are useful for prepanng hydrophlho polymers which may be subsequently hydrolyzed to
introduce vinylamine funchonahty

Several N-vinylamide monomers have been suggested as components of liquid and
solid photopolymerizable compositions of various types. As a class, the vinylamides
possess certain useful properties for these applications, including good compatibility with
other chemistries, copolymerizability with acrylates, comparative resistance to oxygen
inhibition, and favorable adhesion-promoting characteristics.

Lorenz et al. U.S. Patent 4,129,709 disclose a coating composition comprising N-
vinyl-2-pyrrolidone, an acrylated oligomer, and an acrylic acid ester having a boiling point of
at least 200° C at 760mm Hg. These compositions may be cured by exposure to actinic
radiation between 200 and 750 nm or by an electron beam. Tu et al. U.S. Patent 4,319,811
describe radiation curable coatings consisting of triacrylate or tetraacrylate monomers with
an N-vinyl imido monomer, preferably an N-vihylla_ctam such as N-vinyl-2-pyrrolidone.



vinyl - 2-pyrrolidone, an acrylated oligonmer, and an acrylic acid ester
having a boiling point of at |east 200[err]C at 760nm Hg. These.
conpositions may be cured by exposure to actinic radiation between 200 and
750 nmor by an electron beam Tu et al. U S. Patent 4,319,811 describe
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nonpol yrreg_éﬁa};l)l E materials (pigments, fillers, flowagents, antioXxidants,
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use as pr Femmeglyibased oprasrylisestes-terminated oligamers detved tsem onecof several major
resin chemistries, such as urethanes, epoxies, polyesters, and others. The acrylated
cligomers are often compounded with various nonpolymerizable materials (pigments, fillers,
flow agents, antioxidants, etc), as well as photoinitiators and co-catalysts, and applied to a
substrate before curing. Curing is accomplished by exposing the formulation to ultraviolet
light or other type of radiation until a dry adherent polymerized film is formed. Formulations
of this general description find use as printing inks, protective doatings. adhesives and the
like. _

In practice, it is often necessary to incorporate diluent monomers into these
formulations in order to lower the viscosity of the oligomers s'ufﬁcient!y to pemit adequate
flow and leveling on the substrate prior to irradiation. This is particularly true of formulations
applied by methods common to the printing and coating industries. Diluent monomers used
‘for this purpose fall into two broad catagories: multifunctional (or polyunsaturated) types
and monofunctional (or monounsaturated) compounds. Multifunctional monomers generally
provide high cure speed and high crossiink density, leading to hard, chemically-resistant
films, but they may not sufﬁcienﬂy lower viscosity and may also contribute to poor adhesion



l'ike. In practice, it is often necessary to incorporate dil uent
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making them less desirable as diluents or coreactants in liquid systems. Many of these
monomers exhibit unacceptably slow cure rates as well.

Kurtz and Disseinkoetter Liebigs Ann. Chem., 784, p. 69-93, (1972) describe the
preparation of 3-(N-vinylformamido)propionitrile by the reaction of N-vinylformamide with
acrylonitrile in benzene utilizing a potassium cyanide catalyst. Applications for the
compound are not reported. However, this material has also been found to have certain
deficiencies as a photocurable monomer. A further disadvantage is the use of a highly toxic
catalyst in its preparation.

Of the N-vinyl class, only N-vinyl-2-pyrrolidone (NVP) has achieved widespread
commercial acceptance in the technology owing to its satisfactory combination of good
solvent properties, low vapor pressure and hig_h cure rate in fiquid photocure systems. More

- recently, N-vinylformamide (NVF) has been shown to offer equal or superior performance.
However, both NVP and NVF have certain disadvantages as well. Notably, both monomers
possess relatively high glass transition temperatures (150 - 175° C) which imposes some



preparation of 3-(N-vinylformam do)propionitrile by the reaction of
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SUMMARY OF THE | NVENTI ON ngMAam§MINvewngw' nrelates to
unsat urated nononers conprising the 3-(N- vinyltornmam do) propi onates and
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the Michael addition of N-vinyiformamide (NVF) to acrylic or methacrylic acid esters. The
-materials encompassed by this invention have the general structure:
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Where R1 is hydrogen or methyl, and R2 is a linear or branched alkyl, cycloalkyi, arytalkyl,
alkyloxyalkyl, oligoalkyleneoxy or aryl group containing from 1 to about 20 carbon atoms.
The compounds of the instant invention are prepared by the reaction of N-
vinyiformamide with the acrylic or methacrylic ester in the presence of a basic catalyst, such
as sodium methoxide, sodium ethoxide, or butyllithium. The reaction is performed either in
a mixture of the neat monomers, or in a suitable organic solvent, at a temperature between
0 and 100° C. The reaction is allowed to proceed for a period between 2 and 100 hours,
after which time the purified product is preferably recovered by vacuum distillation.
Compounds prepared according to this invention have been found to be useful as
monomers, especially in photocurable coatings. The compounds demonstrate excellent



[err] Where [err] is hydrogen or nethyl, and [err] is a |linear or
branched al kyl, cycl oal kyl, arylal kyl, al kyl oxyal kyl, oligoal kyl eneoxy or
aryl group containing from1l to about 20 carbon atons. The conpounds
of the instant invention are prepared by the reaction of N vinylformam de
with the acrylic or nethacrylic ester in the presence of a basic catalyst,
such as sodi um net hoxi de, sodi um et hoxi de, or butyllithium The reaction is
performed either in a mxture of the neatgoononers, or in a suitable
organi c solvent, at a tenperature between O and 100[err] C. The reaction is
all owed to proceed for a period between 2 and 100 hours, after which tinme
the purified product is preferably recovered by vacuumdistillation.
Conpounds prepared according to this invention have been found to be useful
as nononeselveatpeperies.Jow yissasith A wide liquid 52n9e, Ipw vanes PERRSHER IR CAleRpNst r at e

excel | ent excellent color stability, good adhesion and high _cure;é:eed in free radical - 5-
i

ow col o PREiepElsHEza. Jn adlon) mejnalonda defifed wadt e B aler ok b8 salaried

free radi tapraovida awidenange ofiTg and hydroptidbicicharactenisticsat er i al s defi ned under

the i nvent i on A riSoghRlefHy/te ifveRichy bl il H188ibn Elnallnabg! oPnobi o

characteristics. recogni nventors t e useful

i n radi at imenomers may havesoadaraility in pther types of pelyeer synthesis guchasdeer t ypes

of pol ynerexampld) BaikS sespensitn; emalsioncrsdlution Pulyiherisatidre aRd With cOMEndintsrsOr

oed |+ STBRLIFETE iR poperl shd URGIENG Ryina e St Mo ehtal WEVl

mal eat e eshioride, maleateesters, herylonitrile) etc.Jh Fhefefore, ouninvention ig intanded tont ended

to subsume the homopolymerization or copolymerization of these monomers by any means
known in the art.

DETAILED DESCRIPTION OF THE INVENTION

Novel unsaturated monomers comprising the 3-(N-vinylformamido)propionates and
2-methyl-3-(N-vinylformamido)propionates obtained from the Michael addi_tion of N-
vinylformamide to an acrylic or methacrylic acid ester. The materials encompassed by this
invention have the general structure: '

' o)
N/\[/I |\ ' 2
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Where R1 is hydrogen or methyl, and R2 is a linear or branched alkyl, cycloalkyl, arylalkyl,
alkyloxyalkyi, oligoalkyleneoxy or aryl group containing from 1 to about 20 carbon atoms. In
the preferred embodiment, R1 is hydrogen and R2 is a linear or branched alkyl group
‘containing from 1 to 8 carbon atoms. , _
The subject compounds are readily prepared by the nucleophilic addition of N-
vinylformamide (NVF) to an acrylic or methacrylic acid ester. The reaction can be carried

out in a simple mixture of the neat monomers, orin a solvent. NVF and the (meth)acrylate
ester groups are present in the reaction mixture in molar ratio of from about 1:10 to about



subsune the honopol yneri zation or copol yneri zation of these nononmers by any
means known in the art. DETAI LED DESCRI PTI ON OF THE
| NVENTI ON Novel unsaturated nononers conprising the
3- (N-vi nyl f or mam do) pr opi onat es and :
2- met hyl - 3- (N-vi nyl f or ram do) pr opi onat es obtai ned fromthe M chael addition
of N vinylformamde to an acrylic or nethacrylic acid ester. The materials
enconpassed by this invention have the ganeral structure: [err]
Where [err] is hydrogen or nethyl, and [err] is a |linear or branched al kyl,
cycl oal kyl, aryl al kyl. al kyl oxyal kyl, ol igoal kyl eneoxy or aryl group
containing from1l to about 20 carbon atons. In the preferred enbodi nent
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sinple m xture_of the neat nononers, oOr in sol vent NVF and t he
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ratio of élkalfordlikalineleath rhetahbrytiatemary amine hydroxides or alkoxides. Bases of the
methoxide, ethoxide, isopropoxide and t-butoxide class are preferred. Sodium methoxide is
especially preferred. Other useful catalysts include the aryl- and alkyllithiums, potassiums
and sodiums. The use of other strong bases, such as tertiary amines, amidines or metal
amides, such as sodium amide or lithium diisobutylamide is also conceivable, as is the use
of anhydrous carbonates. The catalyst is present in the reaction mixture in an amount
between about 0.0005 and about § wt.%, and-preferably between 0.1 and 0.5 wt.% of the
total weight of the rea_ct_ants. In general, the approptiate level of catalyst will vary
depending upon the equivalent weight of the (meth)acrylic ester and the molar ratio of the
reactants. Following the addition of catalyst, the reactants or reactant solution are
maintained at a temperature between 0 and 100° C, and preferably between 20 and 60° C,
and allowed to react for a period of from about 2 hours to about 100 hours.

In principle, the reagent monomers can be reacted in batch fashion, via staged
addition, or continuously, whichever is most suitable. Synthesis is advantageously
performed in a mixture of the neat monomers, however, an inert solvent for both reactants
may be employed. Potential solvents include the amides, lower hydrocarbons, chlorinated
hydrocarbons, and aromatics. Preferred solvents are esters (e.g. ethyl acetate) and ethers

. (e.g. ethyl ether, tetrahydrofuran). '

The purified 3-(N-vinyiformamido)propionate adduct is preferably recovered from the
reaction mixture by distillation under vacuum at between 0.01 and about 50 torr. Distillation
may be performed either batchwise or continuously as, for example, in a wiped film
evaporator. Other possible methods of purification include neutralization of the catalyst
followed by vacuum stripping of the unreacted starting materials, or solvent extraction. In
some cases, isolation of the 3-(N-vinyiformamido) adduct from the reaction mixture may not
be required. For example, the crude product may be suitable for applications in which
quantities of unreacted NVF and/or (meth)acrylic ester are not problematic.

- A wide range of acrylic and methacrylic monomers are potentially useful as the
coreactant (or Michael acceptor) in this technology. These include the (meth)acrylic esters



20: 1, and preferably at a ratio of about 1.1 noles NVF per equival ent of
(meth)acrylate. A free radical inhibitor, such as benzoqui none, is also
added. The reaction is preferably carried out in air and at atnospheric or
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nononers are potentially useful as the coreactant (or M chael acceptor) in
this technol ogy. These include the (nmeth)acrylic esters



-7 - of nonoal cohol s having between 1 and about 20 carbon atons, such as
nmet hyl acrylate, ethyl acrylate, propyl acrylate, n-butyl acrylate,

i sobutyl acrylate, t-butyl acrylate, cyanoethyl acryl ate,

N, N- di met hyl am noet hyl acryl ate, 2-ethoxyethyl acrylate, 2-hydroxyethyl
acryl ate, hydroxypropyl acrylate, cyclohexyl acrylate, 2-ethyl hexyl
acrylate, tetrahydrofurfuryl acrylate, octy/decyl acrylate, isodecyl
acrylate, lauryl acrylate, isobornyl ae®yl ate, 2- phenoxyethyl acryl ate,
met hyl nethacrylate, and butyl nethacryl ate. It will be apparent to
those skilled in the art that polymers derived fromthe (neth)acryl ate
esters above span a range of properties, such as Tg and hydrophobicity. It
has been found that by adducting NVF to an appropriate (nmeth)acrylic ester,
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acryl ate, w&ﬁﬂat@cryl ate, and ethyl hexyl acrylate) can be enployed as the
M chael aft ptor for NVF to yield 3-(Nvinylformam do) adducts that exhibit
| ow vol atility and high flash points. The tabl e bel ow conpares the physical
propert i egtii 3gRvinyRortiamidd)ny | Colortess ligaidpr 89 PO NaamHgr epangsiTunder 146 <C

i nvention m m\a%\éi nyl am des of the prior art. '
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Col orlesspfqp%gﬁ? 88 [err]/ 1 mHg 124 1 46 [err]C '

t-Butyl 3-(N-vihylformamido)- Colorless liquid 80 °C/0.5 mmHg - -
propionate
Ethylhexyl 3-(N- - Colorless liquid 122 °C/0.8 mHg — —_
vinyiformamido)-
propionate .
Methyt 2-methyl-3-(N- Coloress liquid 76 °C/0.5 mmHg . - -
vinylformamido)-
propionate
N-methyi-N-vinylacetamide Yellow liquid 70 °C/25 mmHg 58 —_—
N-vinyiformamide Sl. yellow liquid. 84 °C/10 mmHg 102 150°C
N-vinyl-2-pyrrolidone Sl yellow liquid. 96 °C/14 mmHg o8 175 °C
3—(N-vinylfon‘namido)- Yellow liquid 99°C/ 1.5 mmHg ca. 150 —
propionitrile

1ASTM D-3828



propionate Butyl 3-(N-vinylformam do)- Colorless liquid 96 [err]/ 10.5
mHg 98 1 propionate t-Butyl 3-(N-vinylformam do)- Colorless liquid 80
[err]C/ 0.5 nmHg propionate Et hyl hexyl 3-(N- Colorless liquid
122 [err] 0.8 nmHg vi nyl f or mam do) - propi onate Methyl 2-nethyl-3-(N
Colorless liquid 76 [err]C/ 0.5 nmHg vi nyl f or mam do) - propi onat e

N- et hyl - N- vi nyl acet am de Yellow liquid 70 [err]C25 nmmHg 58

- N vinyl formam de Sl . yeIIowllqléId 84 [err]C/ 10 mHg 102
150 C. N-vinyl-2-pyrrolidone yel low®l5iquid. 96 [err]C 14 mmHg 98
175 [err] C 3-(N-vinyl formam do) - Yellow liquid 99[err] C /1.5 mrHg
ca. 150 propi onltrlle [err] ASTM D- 3828

-0-

- As indicated above, the 3-(N-vinylformamido)prdpionate esters are colorless liquids

- at room temperature, exhibit advantageously low volatility, and possess flash points
equivalent to or higher than NVF and NVP. Moreover, as evidenced by the examples of the
methyl and ethyl propionate esters, adduction of NVF to the corresponding acrylate yields
an N-vinyl monomer with a significantly lower homopolymer Tg than the N-vinylformamide
starting material.

For comparison, the NVF/acrylonitrile adduct (3-(N-vinylformamido)propionitrile) of

. the prior art was prepafed according to the method of Kurtz and Disseinkoetter. The
distilled product was found to be colored and to exhibit poor color stability. Moreover, the
color of the propionitrile monomer was found to persist in cured films containing the
material. Such coloration is regarded as a disadvantage in this technology since it could
interfere with the spectral charactertistics of pigments or dyes which may be incorporated
into the formulations, as for example, when they are employed as tinted coatings or inks, or
where the formulation is intended to act as a clear vamish over a colored background or
graphic. By contrast, the propionate ester adducts of the present invention are essentially
coloriess as produced and demonstrate excellent resistance to discoloration even after
protracted storage at elevated temperatures. A further advantage of the propionate esters
is their lower neat viscosity which, as will be shown in the following examples, results in their
greater effectiveness in reducing the viscosity of acrylated oligomers.

Compound Viscosity Gardner ardner -
{25 °C) Color Color
' (initial) (20 days at -
20°c)
Butyl 3-(N- 13.5¢cps <1 .«
vinylformamido)propionate ' :
3-(N- o 39.1cps 5-8 6-7

vinylformamido)propionitrile

In addition to the monoesters described above, other potential coreactants for N-
vinylformamide are the (meth)acrylic esters of polyhydric alcohols. Such higher functionality
- Michael acceptors include acrylates and methacrylates obtained by esterification of alcohols



As indicated above, the 3-(N-vinylformam do)propi onate esters are col orl ess
| i quids at roomtenperature, exhibit advantageously |low volatility, and
possess flash points equival ent” to or higher than NVF and NVP. Moreover., as
evi'denced by the exanpl es of the nmethyl and ethyl propionate esters,
adduction of NVF to the corresponding acrylate yields an N-vinyl nononer
with a significantly | ower honopol yner Tg than the N-vinylformam de
starting material. For conparison,.the NVF/ acrylonitrile adduct
(3-(N-vinyl fornam do)propionitrile) of The prior art was prepared according
to the nmethod of Kurtz and Di ssel nkoetter. The distilled product was found
to be colored and to exhibit poor color stability. Mreover, the col or of
the propionitrile nmonomer was found to persist in cured films containing:

{echnol g o TIARBYPRPTIGHaIR Irom ZXGUS0c0. Exdmplos U 1o RdhddinBiude

pi gnent s %ﬁﬁ&ﬁﬁ?'gﬁ&ﬁ? 10%'&'-%88&8%@?@[?@-ﬁlega??é&fqﬁ‘ﬁﬁF% tripsapylareglygol

fex arrp: ei disceylatel timethyolproriang ddacaylate, pertderytiaitoingtraaerylatek sthyl@neygiyese k-t he g
ornul at i AVEY roun

or " or aphicighBcBe e Rigtobart uindihddiiais bily Sy BNEQy o din g Bn e S

i nvention ar e MeLOMROUNAS resuliting from addugtionaf NUF termultifunotional fmeth)acrylatesnt

resi st anaduldpoisess ultiple Noviy @Rsathiation Rhacoallitiusena raigﬁ:r%&aﬁﬁée{ at ed

neat v s SERlgKing Mohomec? 88 Widnolay., 1t RORRISRN Wi PRy (X ranorers af
i n their the pdaréart, digseonultifunctional propichaté estetsheouldl Se@spested to possdsatemuch -
g;'r ggre“rer Broader range of attainable SrBPBAIE by varying the c){bﬁafc%gb%xﬁmi@%‘wﬁggl or
Col or polyalcohol. ~ (Initial) (20
gg{Zr ﬁ % In anotgalt' erlnbgc_ligmﬁnt of the technology.. tlhg r%\igﬁgrylate. _adcii&‘on reactior.n coul<d|
vi nyl f or rﬁ%"ﬁf’&%i‘ﬁﬁ%ﬂ" use of the fgrementioned acrylated oligomers as the Michael
Chd onodceole i o AT e s 2 ol
Vi myl T or SEAIE of BAGh| S6Ial HicBmefr. Haviog i Greydarsafebe fincRenaliee o2 peiote
hi gher f @areraasted witly NVFdh the prasengs ofrascatalyst td praducg|resins havidg tertriiaal INvimyE
obt ai ned \R¥ardtidR 'stichidigombrsWa i Parge in molecular weight from about 500 to about
8,000, and would be useful as "non-acrylate” film-forming resins in radiation curing.

It is further anticipated that useful N-vinyl compounds may be obtained by reacting
NVF with other classes of Michael acceptor monomers, apart from the (meth)acrylate esters
descn‘bec_l here. Altemnative acceptor monomers include any of the materials known in the
art to undergo such reactions, such as acrylamide and substituted acrylamides,-acrolein,
vinyl ketones, vinyl sulfonates, crotonate, fumarate and maleate esters.

In another application of the technology, the 3-(N-vinylformamido)propionate esters
provided under this invention may be useful as intermediates in the synthesis of other
unsaturated compounds. For example, reactions of carboxylic acid esters could be
employed as a method for modifying the compounds to produce other N-vinyl derivatives,

' such as, for example, hydrolysis of the subjéct compounds to 3-(N-vinylformamido)—
propionic acid, or transesterification to produce other mono or higher 3-(N-
vinylformamido)propionate esters.

The following examples are intended to better illustrate the invention and are not
meant to be limiting.



-10- havi ng hydroxyl functionalities from2 to about 6. Exanpl es of

t hese conpounds i ncl ude ethyl eneglycol diacrylate, 1,4-butanediol

di acryl ate, hexanedi ol diacrylate, tripropyl eneglycol diacrylate,
trimet hyl ol propane triacrylate, pentaerythritol tetraacryl ate,

et hyl enegl ycol dinethacryl ate, trinethylol propane trinethacryl ate,

pol yet hyl enegl ycol di nmethacryl ate, etc. The conpounds resulting from
adduction of NVF to nultifunctional (nmethjdtrylates would possess nultiple
N-vinyl unsaturation and could be useful as, for exanple, crosslinking
mononers in this technology. In conparision with poly(Nvinyl) nononers of
the prior art, these nultifunctional propionate esters would be expected to
possess a g§%5¥$i der range of attainable properties by varying the

chem cal c £ 1 of the polyal cohol . | n anot her enbodi nent of

t he technol ogy, the NVF/acrylate addition reaction could be extended to

i ncl ude thep tori SEmativI SARNih ﬂﬁﬁhﬁ;ﬁﬁjﬁh@ﬁ%,ﬁké gorrers as the M chael
acceptor. Cry r es] or art, such as a
pol yur et hane 5&%/1‘99%’“@33 :%ﬁk&%“}ﬂ %9‘59"?)@%@4‘@3"%91 %&'Sr\"%‘ﬁ%ﬁ‘?ﬂd&é‘ﬁﬂ and

functi onal i étifrepivas added 295 erams (25 hesles) of muthiyl abiyhate, mgs‘g?amsqz FB8GRoles) 6fF N-

o gomer s ARERS” 3h8 DT B & detlzBufifond' d o3ty flectl ardiStloo,
and woul d blempseditute fastwaminuies §ndil.5°grains of sodiummmethexide wais radded imone partion.
curing.  Tpe mb&umvéstgﬁrﬁéarfo%ﬁremggaﬂ ggggssé&??ﬁdl&nt%rﬁf:&ﬂurﬁ%ﬂa%mdr@y

be obtai ned by reactin chael acce

c
nononers, apal @W?‘Blﬂhf-h@? FRACKeR, pixture; wasdistiled undetyaquwa #nd 461 gramas abit i ve
ac Cﬁpt or tl 'Dﬁlﬁﬂﬁétf(SZ%%eldﬁbﬁhg a&75ore (O'Bﬁnﬁ'lbl-lgj v?afﬁélld&teldrfof iﬁollﬁé‘ is. 1a NNlﬂRef go
such reactiong suc ubst.it uted ac m des, acrol ein,
Vi nyl keton%'la P%@P@@V EF"&%& a?)ea‘{i‘\rgﬁ?nal eate esters.

I n anot her appli cat [ on of the technol ogy, the '

3- (N-vi nyl f%{(%%propl onate esters provided under this invention may be
useful as i tes in the synthesis of other unsaturated compounds.

For exanpl e, reactions of carboxylic acid esters-could be enployed as a
met hod for araticitof SRVE rinamié ofhfecr N-vinyl derivatives,

SO O RS WL oL 398 b Mok SSes Wl 2 S5ctepcondsggpanc
ot her ymno stirren mgisaaddad 389 gr?amsldfcumwmqla)@ambmmesfﬂw After mixingifer 2
flo}! oW N0 SRS D 7H Grald'ch L8 MelhBhdB'wdd ddtblyift e pBftoh {RR'hiRfrd Uhs?" ©

not neant t
allowed to react for 3 hours and then distilled to recover 40.3 grams of product boiling at

889 C (1.0 mm Hg).

EXAMPLE 3

Preparation of butyl 3-(N-vinylformamido)propionate.

72.5 grams of n-butyl acrylate were reacted with 43.0 grams of NVF according to the
procedure of Example 2. The mixture was allowed to react for 4 hours and then distilled to
recover 101.2 grams of product boiling at 96° C (0.5 mm Hg).



EXAMPLE 1 Preparation of nethyl 3-(N-vinylformam do) propi onate. To a
1000 nL three-neck round bottom fl ask equi pped with a cold water condenser
and stirrer was added 215 granms (2.5 noles) of nethyl acrylate, 195 grarns
(2.75 moles) of N vinylformam de, and 0.1 gram of benzoqui none. The

m xture was stirred at anbient tenperature for two mnutes and 1.5 grans of
sodi um net hoxi de was added in one portion. The m xture was stirred for
approxi mately 2 hours at ambient tenperatl®e and allowed to stand

overni ght. The reaction mxture was distilled under vacuum and 361 gramns of
product (92%yield) boiling at 75[err] C (0.8mm Hg) was col |l ected for
analysis. [err] NVR analysis confirned the identity of the

3-(N-vi ny:ﬁg%o) adduct . EXAMPLE 2 Preparation of ethyl
3-(N-viny 0) pr opi onat e. To a 100 nlL three-neck round bottom

flask equi pped with a cold water condenser and stirrer was added 30.9 grans

of et hy:c mfm:myd-&éx ﬂ%lfﬁﬁn&hﬂfdo)ﬁg@ nateX! n%J_hfor Ztm' nut es, PI 20 4 |

grans of so net ho I on. e mxture was all owe

to react for g f%‘iﬂ'§°§1 &Wﬁ%ﬁﬂﬂ ‘t’?ﬁ'@ﬁgfg“ﬁgé&%s rams of NV agcasding to thes t

goi(- lr\L ng afémpureqéf Exariplé 2mTheghixture w4é diowed to iaaen%r frz:houménldo?bu Idistilled to
vi ny utyl acrylate were

reacted w %R,g?ﬁ% 3 ngggP%Elg%lén@r%l ﬁﬁg&acedure of Exanple 2. The

m xture was allowed to react for 4 hours and then distilled to recover

101. 2 gr axXAMPLE gduct boiling at 96[err] C (0.5 nm Hg).

Preparation of ethylhexyl 3-(N-vinylformamido)propionate. '_

83.1 grams of 2-ethylhexyl acrylate were reacted with 34.4 grams of NVF according to
the procedure of Example 2. The mixture was allowed to react for 96 hours and then .
distilled to recover 79.8 grams of product boiling at 122° C (0.8 mm Hg).

EXAMPLE 6

Preparation of mefhyl 2-methyl-3-(N-vinyiformamido)propionate.
' To a 100 mL three neck round bottom flask equipped with .a cold water condenser, oil

bath and stirrer was added 33.2 grams of methyl methacrylate and 23.6 grams of NVF. The
mixture was stirred at room temperature for 2 minutes and 80 mg of butyllithium (as a 2.5M
solution in hexane) was added in a single portion. The reaction mixture was agitated for 8

hours at 65° C and then distilled to recover 29.5 grams of product boiling at 75-77° C (0.5
mm Hg).

EXAMPLE 7

Homopolymerization of meth!i 3{N-vinylformamido)propionate.
The homopolymer of the NVF/methyl acrylate adduct was prepared in order to measure
* the glass transition temperature of the material. 50 grams of the adduct prepared in
Example 1 were added to a reaction vessel, equipped with a stirrer and oil bath, and
~ containing 60 grams of toluene. The mixture was agitated and the temperature raised to
100° C and 0.5 grams of VazoTM 88 initiator (1,1'-azobiscyclohexanecarbonitrile) was



-12 - EXAMPLE 4 Preparation of t-butyl 3(N-vinylformam do) propionate.
21.9 - grans of t-butyl acrylate were reacted with 42.0 grans of NVF
according to the procedure of Exanple 2.  The m xture was allowed to react
for 72 hours and then distilled to recover 51.5 grans of product boiling at
80[err] C (0.5 m Hg). EXAWMPLE 5 Preparation of ethyl hexyl

3-(N-vi nyl f or mam do) pr opi onat e. 83.1 grans of 2-ethyl hexyl acrylate were
reacted with 34.4 grans of NVF accordi Rg3t-0 t he procedure of Exanple 2. The
m xture was allowed to react for 96 hours and then distilled to recover
79.8 granms of product boiling at 122[err] C (0.8 mm Hg). EXAMPLE 6
Preparation of nethyl  2-nethyl-3-(Nvinylformam do) propi onat e. To a 100

m th k round bottom flask equipped with a cold yater condenser, oil
bat  ‘and=44%d InAne pardaroEhe teschon AR Slovec A RppassLoh 52 Rorek ateaNIIGRNS o7 o

of NVF. plesipiated palymeswas recoeeredtbyifiitratione Mhe hamopelymer wasranalyized bgrgél 80 ng
¢ butvl LLLR] : ; \ Y

por 1 on. Paimbathciforiotorihhy ahifsb i tothal8 rlimoot Bpeidd wbibclafh WuiBH Ranyer

t hen di sPPE0RANdR weight/arerage molacyias weight (Mw)ief 1520100. ntheglasstrangition | C

(0.5 nM Hgaperature@B infeaburddiBivPa difRirértial §ciihnig difirimeter (DSC) and found to be
3-( N-vi n&l 38{]mam do) pr opi onat e. The honopol yner .of the NVF/ net hyl
acryl ate 40%uct was prepared in order to nmeasure

EXAMPLE 8

Homopolymerization of ethyl 3-(N-vinylformamido)propionate.

The homopolymer of NVF/ethyl acrylate adduct was also prepared. 15.1 grams of the
adduct prepared in Example 2 was added to a reaction vessel, equipped with a stirrer and
oil bath, into which had been placed 13 grams of ethyl acetate. The mixture was agitated
and the temperature raised to 80° C, and 0.03 grams of Vazo 1M 67 (2,2'-azobis-2-
methylbutanenitrile) initiator was added in one portion. . The reaction was allowed to
proceed for 29 hours after which the polymer was recovered by precipation into water,
filtered and dried in a vacuum oven. Analysis by gel permeation chromotography indicated
a Mn of 32,300 and a Mw of 106,900. The glass transition temperature as measured by
DSC was found to be 46° C. | -

EXAMPLE 9

Copolymerization of methyl 3-(N-vinyiformamido}propionate (NVF/MA) with NVF.
A three neck round bottom flask equipped with a mechanical stirrer, a water

condenser, nitrogen inlet/outlét tube and an additional funnel was charged with 15.4 g of
NVF/MA, 0.2 g of Vazo 88, and 36.1 g of methoxypropanol. The mixture was heated to 100
°C, and stirred at that temperature for 30 minutes. A mixture of 4.6 g of NVF and 0.2 g of
Vazo 88 in 10.5 g of methoxypropanol was added through the addition funnel over 40
‘minutes. The mixture was heated continuously at 100 °C for four hours. A sample
withdrawn from the reaction solution was analyzed by GC, which indicated that 76% of the
NVF/MA and 98 % of the NVF were converted to polymer. The solvent was removed under .



the glass transition tenperature of the material. 50 grans of the adduct
prepared in Exanple 1 were added to a reaction vessel, equipped with a
stirrer and oil bath, and containing 60 grans of toluene. The m xture was
agitated and the tenperature raised to 100[err] C and 0.5 grans of VazoTM
88 initiator (1,1 -azobiscycl ohexanecarbonitrie) was

-13 - added in one portion. The reaction was allowed to proceed for 32
hours after which the precipitated pol yogg.was recovered by filtration. The
honopol yner was anal yzed by gel perneation chromat ography and found to have
a nunber average nol ecul ar wei ght (M)of 55,600 and a wei ght average

nol ecul ar wei ght (Mwv) of 152,100. The glass transition tenperature was
measured using a dlfferentlal scanning cal orjmeter (DSC) and found to be
24[ err] @acmmmqprodu@mxmedzam& C MMR analysis showed the expected

3- (N- Vi ny bbgulyrer Wit amgmma&af NVF td\/rmuiaopol yer of NVF/ethyl acrylate
adduct was al so prepared. 1 granms of the adduct prepared in Exanple 2
was added to a reaction vessel equi pped with a stirrer and oil bath, into-
whi ch hadEXAGIPUR #@ed 13 grans of ethyl acetate. The mi xture was agitated
and the tenperature raised to 80[err] C, and 0.03 granms of VazoTM 67

(2, 2'-azob|s 2 neth Ibutanenltrole) |n|t|ator mas added in one portion.

The react COB ation« gthy i 3 epignate with b itacryiate. y ner

‘3’32 o re Z (rjl\altler Ed Ngni@&?édt%bﬁwwtgﬁnrﬁ gﬁ?io %hun bg Wtheﬁjmg?g’%rﬁédl %ﬂrrél“ a%vétéF uu m

and a Mv %5‘8 g@@”%ﬁ nﬁ%&t@ %@Pﬁ&u\”@s &Ea'?ﬂ?géﬂpb?ﬂ 3)9 ?fSC

was fou ndNMFIMA Gﬁ[gacfr’[ngihox ZEW%B 6 of methanol. The mixture was heated to 60 °C
and stirred at that temperature for 30 minutes. A mixture of 9.4 g of butyl acrylate and 0.1 g
of Triginox 23 in 20.1 g of methanol was added through the addition funnel over 3 hours.
The mixture was heated continuously at 60 °C for two hours. A sample withdrawn from the
reaction solution was analyzed by GC, which indicated that 77% of the NVF/MA and 100 %
of the butyl acrylate were converted to polymer. The solvent was removed under vacuum
and the product was dissolved in DMSO. 13C NMR analysis showed the expected
copolymer with a 53:47 ratio of butyl acrylate to NVF/MA. The molecufar weight of this

-~ polymer, determined by GPC (polystyrene as standard), was: Mw = 105,485 and Mn =

33,616.

EXAMPLE 11

Copolymerization of methyl 3-{N-vinylformamido)propionate with vinyl propionate.
A three neck round bottom flask, equipped with a mechanical stirrer, a water

condenser, nitrogen inlet/outlet tube and an additional funnel, was charged with 12.4 g of
NVF/MA, 7.9 g of vinyl propionate, and 35.8 g of acetonitrile. The mixture was heated to 60
°C, and the mixture was stirred at that temperature for 30 minutes. Triginox 23, 0.2 g, in
10.5 g of acetonitrile was added in one portion to the reaction flask. The mixture was

_ heated continuously at 60 °C for 47 hours. A sample withdrawn from the reaction solution
was analyzed by GC, which indicated that 83% of the NVF/MA and 76 % of the vinyl
propionate were converted to polymer. The solvent was removed under vacuum and the
product was dissolved in deuterioacetonitrile. 13C NMR analysis showed the expected
copolymer with a 50:50 ratio of vinyl propionate to NVF/MA. The molecular weight of this



Copol yneri zati on of nethyl 3-(N-vinylformam do)propionate. (NVF/ MA) with
NVF. A three neck round bottom fl ask equi pped with a nechani cal
stirrer, a water condenser, nitrogen inlet/outlet tube and an additi onal
funnel was charged with 15.4 g of NVF/MA, 0.2 g of Vazo 88, and 36.1 g.of
met hoxypr opanol . The m xture was heated to 100 [err]C, and stirred at that
tenperature for 30 mnutes. A mxture of 4.6 g of NVF and 0.2 g of Vazo 88
in 10.5 g of nethoxypropanol was added t]iséough the addition funnel over 40
m nutes. The mi xture was heated continuousSTy at 100 [err]C for four hours.
A sanple withdrawn fromthe reaction solution was anal yzed by GC, which

I ndi cated that 76% of the NVF/ MA and 98 % of the NVF were converted to

pol ymer. The solvent was renoved under '

14" - polgmendetedmined WGHOQboIV&ﬁreﬁb%‘é%'tMrd Nw E)%(Mw% Wﬁ’s 8313,
E?(X\AI\/IESEt ?§‘§é§§%f’§'gﬂﬁ?9'§§ ﬁartB'I"e ﬂBP'HfPR' 6%‘3{%%} I OP?O%Q #g’ri I:Io) propionate wth

butyl acryl ate. A three neck round bottom flask, equipped with a
mechani caExgipiESf2 @ Water condenser, nitrogen inl et/outlet tube and an
addi ti on Tunnelr, was charged with 11. 5 g of NVF/MA, 0.1 g of Triginox 23,
and 20.4 g of nethanol. The m xture was heated to 60 [err]C and stirred at

t hat tenperaharraaﬁmpéifbmvanuéesmemwméxwa% eétePaéd é)éﬁ] mg\ﬁh ;t?.ﬁryl 3& e and
ug e addition

0.1 of f et hanol . was

Punnal o RitdiBierbbld omhasifins Wel Bsiassly i Comprisse s Nagnd oaromers ob:

t wo cw(?lur sthenngaam Equalmigm\m7 ctionsoftthe N-vinyltcompoands e comnpa raaa’lc amshdpy -
GC, e t acryl ate
wer e con\r/}gbﬁlg to p‘%‘nﬁé%ﬁ E{:Waent éva f@%&@@fﬁéﬁl% ﬁ]y’a%P'P%é' |
product @ rammond f?ei"ﬁdBMthlBl@aNK/R anal ysi s showed the expected
copolynmer with a 53:47 ratio of butyl acrylate to NVF/ MA. The nol ecul ar

wei ght of this pol determ ned by GPC (p rene as standard), was:
My = 105, 485 and 1¢eiiognent ¢ _u
: Epoxy diacrylate oligomer 1

TMPTA 2 10%
TRPGDA 3 10%
N-Vinyl Monomer 30%
IrgacureTM 184 4 ' 2.5 phr (based on weight of the
_ above)
1EbecryiT™™ 3700 (UCB Radcure)

2Trimethylolpropane triacrylate (UCB Radcure)
3Tripropyleneglycol diacrylate (Sartomer SR-306)
44-Hydroxycyclohexyl phenyt ketone (Ciba-Geigy)

The liquid mixtures comprising the oligomer, acrylate monomers, N-vinyl monomer, and
photoinitiator were mixed well and the Brookfield viscosity was measured. Thin films were
drawn down on cleaned 3"x 5" aluminum panels using a #10 wire bar. The panels were

~ cured under ultraviolet light in air using a commercial 300 watt/inch medium pressure
mercury lamp and conveyor system. Cured film properties were assessed after a single
exposure at a conveyor speed of 105 feet per minute. |

The extent of cure was indicated by measuring the water and solvent (methyl ethyl
ketone) resistance of the films using the double rub test. Film hardness was evaluated by
the Persoz hardness technique using a BYK Gardner Pendulum Hardness Tester calibrated



EXAMPLE 11 Copol ynerization of methyl 3-(N-vinylformam do)propionate with
vi nyl propi onate. A three neck round bottom fl ask, equipped with a
mechani cal stirrer, a water condenser, nitrogen inlet/outlet tube and an
additional funnel, was charged with 12.4 g of NVF/MA, 7.9 g of vinyl
propi onate, and 35.8 g of acetonitrile. The m xture was heated to 60
[err]C, and the m xture was stirred at that tenperature for 30 m nutes.
Triginox 23, 0.2 g, in 10.5 g of acetoni{gile was added in one portion to-
the reaction flask. The m xture was heated continuously at 60 [err]C for 47
hours. A sanple withdrawn fromthe reaction solution was anal yzed by CC,
whi ch indicated that 83% of .t he NVF/ MA and 76 % of -t he vinyl propionate
were converted to _polyner. The sol vent was renoved under vacuum and the
product VRL9!EFS QﬂP\F@&XM’F)d Kelative syre-spaadiofieash formulationvwasewaluated using\eed
t he expeddepth obaurk comparatdd (UV BroceSs Sapplg In). vi nyl propionate to NVF/ MNA.
The nol ecul ' 0 LS e . ,

-15 - poﬁ'ﬁ%ﬁ%ﬁ’e‘%’rﬁ@%ﬂ@&%ﬂ? Jree Nsyiny! faongrogra of the prigrarnt (My =
19, 338 arvinyifameamigies N-vimd-2pysrolidoneand NimethylNivinyidcetamiod) dr8iiistedYelewr Was
about 40 [err]C. EXAMPLE 12 The rel ative performance of the

NVF/ acryl ate ester adducts as diluents in photopol yneri zabl e conpositions
was assessed in conparison with N vinyNVEononers the pNMMVArt Equal
wei ght fract’ions ofFlashpoidt(iQ)yl conpourdg were coggared in ggnodel

formul ation co LN crylate_oligoner, . two nmultifunctional
acryl ate mnonrrﬁoghg‘ﬁgg‘éqggﬁmx?gee ragﬁéal phot &t at or 212

25°C)
Persoz hardness (seconds) 255 252 178
Depth of cure (mils) ca. 90 ca. 90 ca. 30
Water double rubs >200 >200 >200
MEK double rubs >200 >200 >200
Color of cured film Colorless Colortess Yellow

As expected, NVF and NVP produced hard, coloriess, chemically resistant films, and
also exhibited excellent cure speed in this system. NMNVA was most effective in reducing
viscosity and produced softer films that retained the yellow color of the monomer. The cure
depth of NMNVA was significantly less than the other monomers which is indicative of a
slower rate of photopolymerization. In general, a high figure is desirable in this test since it
implies that a shorter exposure time, or higher'line speed, can be used to cure a given film
thickness. NMNVA also had a flash point far below requirements for this application.

Formulations containing the 3-(N-vinyiformamido)propionate esters were then evaluated
according to the procedure above. Methyl 3-(N-vinyiformamido)propionate (abbreviated
below as NVF/MA), ethyl 3-(N-vinylformamido)propionate (NVF/EA), and n-butyl 3-(N-
vinylformamido)propionate (NVF/BA) were formulated and cured alongside the 3-(N-
vinyiformamido)propionitrile (NVF/AN) compound of the priorart



Conmponent : Wi ght % Epoxy di acryl ate

oligonmer 1 50% TMPTA 2 10%
TRPGDA3 10% N- Vi nyl Monorer

30% | rgacure[err] 184 [err] 2.5 phr (based on wei ght
of the above)

[err] 3700 (UCB Radcure) -17- [err] Trimethyl ol propane
triacrylate (UCB Radcure) [err] Tripropyl enegl ycol

di acrylate (Sartonmer SR-306) [err]-Hydroxycycl ohexyl
phenyl ketone (G ba- Ceigy) The liquid m xtures conprising the oligoner,

acryl ate. nmononers, N vinyl nononmer, and photoinitiator were m xed well and
the Brookfield viscosity was nmeasured. Thin filns were drawn down on .

cl eaned 3"x 5" al um num panel s Uﬁw_,m& #1OWFr,§Abar anel SNﬁE ﬁ! cured

under ultraviolet light in air ustTrlg a conmercral /i nc
pressur e nEp@Mgtianavigeositi(ePSnveyord3idystem dGBRd f| I m1@88perti es1G®0 e

assessed after a gkng e exposure at a conveyor speed of 105 feet per

t Th §t5 t of di cat ed ' th t d
m nut e. e ent, o ndi cate measurin e water an
sol vent (RGN H??SQQF‘ETH%; re5|1§9ance of #3% filnms ng the &d8ble rub
test. Film h@eqbﬂeeﬁcuw&ni%s)al uated B8 the Per30z hardnes$§ techni quss using a
BYK Gar dner ess Tes cal i br ass
(412 seconds) %‘l @g[“ggre spee%stb)? each %gﬁﬁul atIOHZ\RIgS eval %@i usi ng
a depth of cuMﬁl‘éd@ﬁ!hbalhir (UV Pr&eé8s SuppPgoPnc.). >200he prope2QQes of
fornul ations geBE af dirédfiltir €€ N-GbloNéssTONOTBIbAesy [ NEolHES art yiehbw

As shown, all three of the propionate esters were more effective as diluents than the
propionitrile adduct. All of the NVF adducts cured to a dry surface in a single exposure to
give chemically resistant crosslinked films. The NVF/methyl acrylate adduct gave a lower
formulation viscosity than NVF and NVP, produced the softest films and showed excellent
cure speed. All of the adducts were observed to reduce the hardness of the films relative to
NVF, as would be expected based on their lower Tg values. _

The NVF/acrylonitrile adduct produced cured films that retained a strong yellow color.
These were measured according to the CIE scale and determined to have a delta-E value
of 26 (strongly colored) versus a colorless control (delta-E of 0). All of the NVF/acrylate
ester products cured to colorless films.

EXAMPLE 13

The water sensitivity of cured films containing methyl 3-(N-vinylf6rmamido)propionate
(NVF/MA) was compared with an identical formulation contammg NVF. The formulation
used in this test was as follows:



vi nyl formam de, N-vinyl-2-pyrrolidone and N-nethyl-N-vinylacetam de) are

i sted bel ow NVF NVP
NIVAVA _ Fl ashpoint ([err] O 102 98 58
Forrmul ati on viscosity (cps, 625 464 212

25[err] O Persoz hardness (seconds) 255 252 178
Depth of cure (mls) ca. 90 ca. 90 ca. -30 _ Wat er
doubl e rubs >200 >200 -3800 - MEK doubl e rubs
>200 >200 >200 Col or of cured film Colorless

Col orl ess Yel | ow As expected, NVF and NVP produced hard, . col orl ess,

chemcally resistant filnms, and al so exhibited excellent cure speed in this
system NM\WA was nost effective in reducing viscosity and produced softer
films that retained the yell ow color of the nmononer. The cure depth of
NMWVA was si gni E0PReNent | ess t han the ot MeighbSeners which is indicative of
a slower rate oﬂmﬁ@{mgw%bgg’umé}m In gepegal , a high figure is

desirable in tth@Ptl.g since it inplies tha{%ﬁ shorter exposure tine, or
hi gher |ine spe an_be used to cure a gi filmthickness. NWNVA al so

had a flash poi TRPGRA $el ow requirenents fd0% his application.

For mul ati ons cogt\ﬂh 3-(N-vinyl for nWo) propi onate esters were then
eval uat ed accordi ng‘n rocedure above.” Net hyl|

3-(N-vinyl for rrahﬂ%'}’%m ﬁénat e (abbrevi at ed 26ephibasedwrwright ottheyabove

3- (N-vi nyl formag do) prgpi onate (NVF/ EA), and n-butyl 3-(N-

vi nyl f or mani do) phiBihaos (506%%3&@99315@ i.2-bydrexyethyl soviate fhioRtadugts)t he
3- (N- vi nyl f or nghimaethilolnserane trincrylatadUCB\Radewebound of the prior art

-17 - Tripropyleneglycol diacrylate (SartomeffSR@B06) NVF/EA . NVF/ BA

NVF/ AN 44 1-Hydroxycyclohexyl phenyl ketone (Ciba-Geigy)

The formulations were cured under the conditions shown in Example 12 and the degree
of water sorption of a weighed film was measured after immersion in water for one hour at
600 C. The soaked films were tamped dry with a paper towel, reweighed, and then dried in
an oven at 100° C for two hours. The final weight of the film after oven drying was also
recorded. The swell index is defined as the weight ratio of the soaked film to the original
starting weight. The % soluble in water is defined as the decrease in weight after oven
drying compared to the starting weight. The results of this test are shown below:

NVE NVF/MA
Persoz hardness (seconds) 308 167
Water double rubs >200 >200°
MEK double rubs >200 >200
Swell index (water) 1.2 1.0
" % Soluble 7% 7%

As shown, the curéd film containing methyl 3-(N-vinylformamido)propionate exhibited
lower water sorption and was softer than the film containing an equal weight fraction of
- NVF. = o | _ -
Having thus described the present invention, what is now deemed appropriate for
Letters patent is set out in the following appended claims



Formul ati on viscosity (cps, 314 1080 1250 o —1686——

25C) * Persoz hardness (seconds) 159 233

Depth of cure (nils) 78 70 ﬁ“!/wmuﬂunm
doubl e rubs >200 >200 _ >200 >200

rubs >200 >200 >200 >200 - Col or of cured film

Col orl ess Colorless  Colorless YeII@/v As shown, all three of the
propi onate esters were nore effective as tHTluents than the pr opi onltrlle

adducT. Al of the NVF adducts cured to a dry surface in &
to give.chemcally resistant crosslinked filnms. The NVF/ rre
adduct gave a |lower fornulation viscosity than NVF and N\/P

sof test fiyweiapd showed excellent- cure speed. Al of the adducts were
observed to reduce the hardness of the filns relative to NVF, as would be
expected based on their |ower Tg val ues. The NVF/ acrylonitrile adduct
produced curAwl Nf-(nhylmotripasitiom:aﬂnpﬁsing as3-(Nbvipyifarimamida) ptopionatiéhrepeesented by the
measur ed as%g{ the ClE scale and determ ned to have a delta-E val ue
of 26 (strongly col ored) versus a colorless control (delta-E of 0). Al of
the NVF/ acryl ate ester products cured t@ colorless fil ns. EXAMPLE 13
The water sensitivity of cured filnms cofft ai ni ng net hyl

3- (N-vi nyl f or mam do) te (NVF/ MA) Hjwas conpared with an identical
formul ati on contai ni ng NVF. n used in this test was as

fol | ows: 2 -18 -
Conponent 0=/ R

wherein R1 is hydrogen or methyl, and R2 is a linear or branched alkyl, cycloalkyl, arylatkyl,
alkyloxyalkyl, oligoalkyleneoxy or aryl group containing from 1 to about 20 carbon atoms.

i1ght %
R

2. The composition of Claim 1 in which R4 is hydrogen.

3. The composition of Claim 1 in which R4 is hydrogen and R2 is a linear or branched alkyl
group containing from 1 to 8 carbon atoms.

4. The composition of Claim 1 in which R4 is methyl.

5. The composition of Claim 1 in which R4 is methyl and R is a linear or branched alkyl '
group containing from 1 to 8 carbon atoms.

6. The compositions of Claim 1 obtained by the base catalyzed addition of N-
vinyiformamide monomer to an acrylic or methacrylic acid ester.

7. The compositions of Claim 6 in which the catalyst is of the alkoxide, alkyl- or_aryl- Iith'ium,
~ potassium or sodium class.

8. The composition of Claim 6 where R4 is hydrogen, -R2 is a linear or branched alkyl group
containing from 1 to 8 carbon atoms, and the catalyst is of the alkoxide class.

»

TS SHEET HAS BEEN |
REPLACED |




Uret hane diacrylate oligoner[err] 50% TMPTA [err]

%8?2 ;rngScDﬁrg[err] 2.5 phr (180a/osed on V\ellmm, I’mwmnlllll

above [err] AirthaneTM 504 prepol ynmer capped with 2-hydroxyet hyl
acrylate (A r Products) [err] Trimet hyl ol propane triacrylate (UCB
Radcur e) [err] Tri propyl enegl ycol _digacryl ate (Sartonmer SR-306)

[ err]-Hydroxycycl ohexyl phenyl ketone (C ba-Geigy) The formul ati ons were
cured under the condi-tions shown in Exanple 12 and the degree of water
sorption of a weighed filmwas neasured after inmmersion in water for one
hour at 60[err] C. The soaked filns were tanped dry with a paper towel,

r ewei ghed. ahe comnesitionad Glaimshinovkieh the catalystis sodiumanethasidaour s. The fi nal
wei ght of the fil mafter oven drying was al so recorded. The swell index is
defined a ratio. qQf the soaked o the original startin

e ghe - TRE- e PhesitR of Sialn § B uriey i, s el Scsthye g% e catabatie sarven
oven dryi netadidspresentatitietweern0.tiang 0.6 mghl . The results of this test are

shown bel ow NVF NVF/ VA
Persoz - hardness (seconds) 167 Wat er doubl e rubs
>200 1. Ihgomposition of Claumnmm R1rgmethyl, Ra contaipg from 1 to 8zagbon
Swel | i ndatbrﬁy\@narthe cataly%t% an alkyl- or dryQlithium, potassium or soc%rﬁ(ﬂoﬁtﬂdﬁnd

7% 7% As shown, the curedfllmcontalnlng met hyl

3- (N-vi nyl f or mam do) propi onate exhi bited | ower water sorption and was

sof ter thaa. fThe compositiontofiClaimgl tin whichathewsatalyst i butgllithium.of NVF.
Having thus described the present invention, what is now deemed appropri ate
for Letters patent is set out in the foll ow ng appended cl ai ns

We cl ai m 13. The compositioniof Ciaim tloimydich iRpnis cathyliosiethyl.a 3- (N-vi nyl f or -
mam do) propi onate represented by the structural fornula:

14. The composition of Claim 13 in which the catalyst is butyllithium present at between
0.05 and 0.2 wt.%.

15. The composition of Claim 1 wherein said N-vinyl composition is a homopolymer.

16. The composition of Claim 1 wherein said N-vinyl composition is a copolymer containing
(N-vinylformamido)propionate units of the structure of claim 1 élong with a second
copolymerizable monomer.

17. The composition of Claim 16 wherein said second oopolymerizable.monom'er is
selected from the group consisting of : ethylene, vinyl acetate, vinyl chioride, maleate

esters and acrylonitrile.

18. A photocurable coating composition comprising the composition of Claim 1.

THIS SHEET HAS BEEN ‘I
REPLACED




'[erf] ~wherein [err] is hydrogen or _rrethyl', and [err] is a linear

or branched al kyl group containing from1l to 8 carbon atons.

2. The conpositions of claim 1l obtained by the base catal yzed addition
of N-vinyl formam de nononer to an . acrylic or nethacrylic acid ester.

3. The conpositions, of claim2 in which the catalyst is of t he

al koxi de, al kyl- or aryl-lithium potassium or sodium class. 4. The
conposition of claim2 where [err] is hydrogen and the catal yst is of
t he. al kode cl ass. 5. The conposition of claim4 in which the

catal yst 4 qﬁ#ﬁbgﬁﬁgoxi de. 6. The conposition of claim4
in which |eEErIEri |S°§me yl~or ethyl, and the catalyst is sodium

met hoxi d sgnt . e n ) < e
CONMpPosi tier i@f I]éu Iloﬁvg v CWMDF@&% Fﬂ‘t‘ is
an al kyl - or aryl-lithium ' ores conpound. 8.

The conposition of claim7 in which the catalyst is butyl i thium
9. The conposition of claim7 in which [err] is methyl. or et hyl .

10. The conposydy ' ' bR ki | i ; i Lhium
present at bet% m@gg%%gﬁdwﬁ%ddvﬁwd%ﬁ Bnéxh&tl:?@é @h-‘éﬁﬁlf{:rﬁ’:amldo)?@i'éﬁgtéé En&
-20 - 2-methyi-3-(N-vinylformamido)propionates are obtained by the Michael addition reaction of
~ N-vinylformamide with an acrylic or methacrylic acid ester. These compounds are useful as
monomers in free radical polymerizations, particularly as components of photocurable

coatings.




10. The corrpom,ﬂlllﬂ n which R2 is nmethyl or ethyl, and hARBQS
catalyst is sod’! llmm'ﬂlusent at betvveen 0.1 and 0. 5|jva ﬁ The--

9. The conposi t i on of A aim8 in which the catal yst i s sodi %ﬂnmﬂlﬁlﬁ SHEET

conposition of Caime i wiich [err] 19s R2 contain

carbon atons, and the catalyst is an al kyIrTE S:’ﬂ‘%ﬂt sheatnr @43/86it assi um or
sodi um corrpound 12. The conposition of daim1l1ll in which the catalyst is
butyl lithium ﬁfggponposmlon of Caiml1l in which R2 is nmethyl or
ethyl. . 14. Th ion of Caim13 in which jhe cataly I S
butyl I'i thi um pr dseAn ompoamomcom prising & %MYIM

(?oﬁi)gqs}t YmoﬁrmquM¥épaimm¢W %%I on | s a copo ymer

cont ai ni ng (N-vinyl formam do)propionate units of the structure of claim1l
along"with a second copol yneri zabl e nononer. 17. The conposition of Caim
16 wherein said second copol yneri zabl e nononer s selected fromthe group
consisting of: ethylene, vinyl acetate, vinyl | oride, nmaleate.esters and
acrylonitrile. 18. A phot ocurarct" coating co sition conprising the '

conposi tion of COaiml. O—-Rz

R' -

- wherem R! is hydrogen or methyl, and R? is a linear or
branched alkyl group containing from 1 to 8 carbon atoms.
2. The compositions of claim 1 obtained by the base
catalyzed addition of N-vinylformamide monomer to an
acrylic or methacrylic acid ester. '
3. The compositions of claim 2 in which the catalyst is of
the alkonde, alkyl- or aryl-lithium, potassmm or sodium
class. -
4. The composmon of claim 2 where R, is hydrogen and '
the catalyst is of the alkoxide class. = .
5. The composition of claim 4 in which the catalyst is
sodium methoxide. :
6. The composition of claim 4 in which R, is methyl or
ethyl, and the catalyst is sodium methoxide present at
between 0.1 and 0.5 wt %.
- 7. The composition of claim 2 in which R, is methyl and
the catalyst is an alkyl- or aryl-hthmm, potassium or sodium
compound.

8. The composmon of claim 7 in which the catalyst 1s
butyllithium. .

9, The composition of claim 7 in whxch R, is methyl or
ethyl

10. The composmon of claxm 9 in which the catalyst is
butyllithium present at between 0.05 and 0.2 wt. %.




