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(57) Abstract: A composition comprising about 97 mole percent or greater of one or more 1, 1-dicarbonyl substituted- 1-ethylenes and
about 3 mole percent or less of one or more 1,1-dicarbonyl substituted-methanes. A process comprising: contacting in a fluid state
one or more 1,1-dicarbonyl substituted-1,1 hydroxymethyl-methanes and greater than 200 ppm to about 1000 ppm of one or more
strong acids based on the weight of the one or more 1,1-dicarbonyl substituted-1,1 hydroxymethyl-methanes with a zeolite catalyst
at a temperature of about 180 °C to about 220 °C for a sufficient time to convert about 98 percent or greater of the one or more 1,1-
dicarbonyl substituted-1,1 hydroxymethyl-methanes to one or more 1,1-dicarbonyl substituted-1-ethylenes.
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HIGH PURITY 1,1-DICARBONYL SUBSTITUTED-1-ALKENES AND METHODS
FOR THEIR PREPARATION

FIELD

[{E1Ea 3] {isclosed are composilions confaining one o more 1 1-dicarbony
substituted-1-athylenes exhibiting high purity and low starting material and by-produdt
content. Further disclosed are processes for the preparation of compositions
comaining one or more 1,1-dicarbonyl substituted-1-ethylenes exhibiting high purity
and low starting material and by-product content.

BACKGROUND

[o02} 1, 1-dicarbonyl substituled-1-ethylenes are of interest because they arg
capable of polymerizing at ambilent temperatures with contact with basic materials. In
addition their functional groups provide great flexibility in forming a varisty of
compounds and polymerizable compositions. 1. 4-dicarbonyi substituted-1-ethylenes
include methyl-ene malonates. Such compounds have bean known since 1886 whers
the formation of diathyl methylene malonate was first demonsirated by W. H. Perkin,
Jro {(Perkin, Ber. 18, 10583 {1888} The early methods for produging methylene
malonates suffer significant deficiencies that preclude thelr use in obtaining
commercially viable monomers, including urswanted polymerization of the monomers
during synthesis {e.g., formation of polymers or oligomers or allernative complexes),
formation of undesirable side products (e.g., ketals or other latent acid-forming species
which impede rapid polymerization), degradation of the product, insufficient and/or fow
yields, and ineffective and/or poorly functioning monomer product {e.g.. poor adhesive
characteristics, stability, or other functional characteristics}, among other problems.
The overall poorer yield, quality, and chemical performance of the monomer products
formed by prior methods have impinged on their practical use in the production of the
ghove products.  In recent years a number of commonly owned patent applications
have been filed which have solved a number of the problems associated with the
synthesis of methylene malonates and analogs thereof, for exgmple US 8,609,885
Synthesis of Methylene Malonates Subslantially Free of Impurities; US 8,888,051
Synthesis of Methylene Malonates Using Rapid Recovery in the Presence of a Heat
Transfer Agent, and US §,108,914 Method fo Obiain Methylene Malonate via
Bis(Hydroxymethyl) Malonate Pathway. The synthesis procedures provided therein
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result in improved vields of heretofore-elusive high quality methylene malonates and
other polymerizable compositions,

[803] These applications disclose processes that are capable of producing 1,1~
dicarbonyt substituted-1-sthyvienes including methyvlene malonates in high quality
which are capabie of being used in a variety of high valus chemical compositions and
formulations.  The disclossd processed prepare 1,1-dicarbonyl substituted-1-
athylenes including methylens malonates which contain 6 percent by weight or greater
of the starting matedals, 1,1-dicarbony! substituted-methanes including malonates.
The starting materials and the desired products have boiling points very close to one
anather which requires complex and costly processes in terms of capital and operating
costs {0 separate the starting materials from the desired products.

[oo4] US 8,108,814 discloses preparing methylene malonates in a two-step
process wherein the first step conyises reacting a source of formaidehyde with a
diatkyl malonate sster in the presence of a reaction catalyst o form a diol reaction
product comprising the dialky! bis(hydroxymethyl) malonate composition; and reacting
a dialkyl bis{hydroxyl-methyl}) malonale composition in the presence of a suilable
catalyst to form a methyiene malonate monomer and isolating the methylene malonate
monemer. The disclosed catalysts are bases, such as calcium hydroxide exemplified,
which need t0 be removed before the second step 1o avoitd unwanted polvmerization
of the 1. 1-dicarbonyl substituted-i-athylenes and methylang malonates. Where the
catalvst is contains a metal such as, calcium hydroxids, passing the reaction mixiure
formed through an ion exchange column is used o remove the metals. This step adds
both capital costs and increased operating costs dus o the need {o regensrate theion
sxchange resins in the columns,

[o08] Thus, what is needed is an improved process that can prepare {1.1-
dicarhonyt substituted-1-gthylenes and methylens malonates in higher purity with less
starting material in the product produced which aflows recovery of high punity material
with simpler separation steps 1o reduce operating and capital costs. What are needed
are processas which reduce the operating costs and capital costs of the first step of
the process.

SUMMARY

[006] Disclosed are compositions comprising about 97 mole percent or greater of
ane of more 1,1-dicatbony! substituled-1-sthylenes and about 3 mole percent or less
of ang or more 1,1 -dicgrbonyt substittied-methanes. Disclossd are compositions cone
prising 88 mole percent or grester of one or more 1, 1-dicarbonyl substituted-1-
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athylenes and 2 mole percent or less of one or more 1,1-gicarhonyt substituted-
methanes. Disclosed are compositions comprising 99 mole percent or greater of one
or more 1, 1-dicarbony! substituted-1-ethylenes and 1 mole percent or less of one or
more 1, 1-dicarbonyt substitded-methanes. The disclosed composiiions may contain 1
mole percent or less of an impurity containing a dioxane group, about 1 mole percent
or less of any impurily having the alkene group replaced by an analogous hydroxyalkyl
group, mole percent is based on the iotal moles in the 1, 1-disubstituted alkene
compound.

{11r ] Disclosed is g process comprising: coniacting in g fluid state one or more
1, 1-dicarbonyl substituted-1,1-bis (hydroxymethylrmethanes and grealer than 200
ppm to about 1000 ppem of one or more strong acids based on the weight of the one or
mare 1, 1-dicarbonyl substituted-1,1 hydroxymethybmethanes with a-zeolite calalyst at
a temperature of about 180 °C {0 about 220 “C for a sufficient time 1o convert aboul 88
parcent or greater of the one or more 1,1-dicarbony! substituted-1,1 hydroxymethyl-
methanes 1o one or more 1,1-dicarbony! substituted-{-ethyienes. The process may
include passing the one or more 1,1-dicarbonyl substituted-1,1 hydroxymethyl-
methanes and the one or more strong acids through a fixed bed of zeolite catalyst, a
reaction efffuent containing one or more 1, T-dicarbony! substituted-1-ethylenes exits
the fixed bed of zeclile catalyst and the one or more 1, 1-dicarbonyl substituted-1-
ethylenas are isolated from the readtion effluent. The zeolite catalyst may contain acid
groups. The strong acid may he present in an amount of about 300 ppm o 800 ppm
and about 88 mole percent or greater of the one or more 1,1-dicarbonyl substifuted-
1.1 hydrosymethyi-methanes are converied 1o one-ormore 1, 1-dicarbonyt substitutad-
T-sthylenes. The strong aoid may be present in an amount of about 800 ppm {o 800
pran cang about 88.5 mole percent o greater of the one of more 1. 1-dicarbonyl
substituted-1,1 hydroxymethyl-methanes are converied 1o one or more 1, 1-dicarbonyl
subshifuted-t-sthylenes. About 88 mole percent, or about 98.8 mole percent of the
one or more 1, 1-dicarbonyt substitted-1,1 hydroxymethyl-methanes are converted o
one or more 1, 1-dicarbony substituted-t-ethyienes. The one or more 1, 1-dicarbonyd
substifuted-methanes may be one or more malonates and the one or more 1.1~
dicarbonyi substituted-1-ethylenes may be one or more methylene malonates.

faoay The one or more 1,1-dicarbonyl substituted-1-ethylenas may be isolated by
separating the reaction effluent into three streams, g light stream comprising water,
formaldehyde and one or more 1,1-dicarbonyl substituted-1,1 -bis {hydroxymethyl}-
methanes; a heavy stream containing oligomers and polymers and an intermediate
stream containing one or more 1, 1-dicarbonyt substituted-1-ethylenes and one or more
1,1-dicarbonyl  substituted-1,1  -bis  (hydroxymethyi}-methanes; distilling the
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intermediate stream and isolating & product containing 1, 1-dicarbony! sutbstitited-1-
sthylenes. The product isolated may comprise about 87 mole percent by weight or
greater of one or mare 1. t-dicarbonyl substituted-1-ethylenes and about 3 mole
percent by weight or less of one or more 1.1-dicarbony! substituted-methanss. The
product isolated may comprise 98 mole percent by weight or greater of one or more
1.1-dicarbony! substituted-1-ethylenes and mole 2 percent by weight or less of one or
more 1,1-dicarbony! substituted-methanes. The product isclated may comprise 89
mole percent by weight or greater of one or more 1, 1-dicarbonyl substituted-1-
gthylenes and 1 mole percent by weight or less of one or more 1,1-dicarbonyl
substituted-methanes. The isolated product may contain 1 mole percent or fess of an
impurity containing a dioxane group, about 1 mole percent of less of any impurily
having the alkene group replaced by an analogous hydroxyalky! group wherein mole
percart is based on the folal moles in the 1,1-disubstituted alkane compound. The
one ormore 1, -dicarbonyt substitided-methanes may be one or more malonates and
the one or more 1, 1-dicarbonyl substituled-1-ethylenss is one or more maethylene
malonates.

[00%] The one or more 1,1-dicarbonyl substituted-1,1-bis (hydroxymethyl}-
methanes may be prepared by contacting one or more 1,1-dicarbonyl substituted-
methanes with formaidehyde or a source of formaidehyde in the presence of a catabytic
amount of ong or more trialkylens aminas under conditions 1o prapare g reaction
mixture containing one or more 1 1-dicarbonyt substituted-1,1-bis (hydroxymethl)-
mathanes and the trialkylene amines ars removed from the reaction mixture by
gvaporation, The concentration of the tniakylene aning in the one or morg 1.1-
dicarbomyd subsiifited-1, 1-bis (hydroxymethyll-mathanes is less than 1 ppm based on
the weight of the 1,1-dicarbomy! substituted-1,1-bis (hydroxymethyi}-methanes after
the {rialkylene amines are removed by evaporation.

[0010) Disclosed is a composition comprising & polymer of ong or more 1,1~
dicarbonyt substituted-1-athylenes containing abouwl 3 mole percent or less of ongor
more 1, i-dicarbonyt substituted-methanes.

[8011]  The compositions disclosed exhibit higher purity levels than previously
possible. The higher purity levels result in compositions that are capable of preparing
polymers having lower polydispersities and higher molecular weighls than previously
available. The compositions when polymerized prepare polymers having a
polydispersity of about 3 or less and a weight average molecular weight of about
10,000 daltons or greater. The higher purity levels allow greater control of
polydispersity and molecular weighls., The processes disclosed faciiilate the
preparation of the compositions disclosed having higher purities. The processes also
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may sliminate unit operations and raeduce the complexity of isolation of the desired
products and thus reduce the capital costs and operating costs of the process,

DESCRIPTION OF THE DRAWING
(0012} Figure 1 shows a graph of the concentration of malonate in methviene
maionate at different concentrations of methane sulfonic acid.

DeTAILED DESCRIPTION

(0013} The explanations and Hustrations presented herein are intended o
aoguaint others skilled in the art with the invention, iis principles, and #s practical
application. The specific embodiments of the present disclosure as set forth are not
intended {0 be exhaustive or limit the scope of the disclosure, The scops of the
disclosure should be determined with reference to the appended claims, along with the
full scope of equivalents fo which such claims are enfitied. The disclosures of all
ariicles and references, including patent appiications :and publications, are
incorporated by referance for all purposes. Other combinations are also possible as
Wil be gleaned from the following claims, which are alsg hersby ncorporated by
reference into this written description.

[0014] Disclosed are compositions comprising about 97 percent by weight or
greater of one or more 1,1-dicarbony! substituted- 1-ethylenes and about 3 percent by
weight or less of one or mare 1, 1-dicarbonyl substituted-methanes whergin the
compaosition can be prepared with less of the one of more 1, 1-dicarbonyl substituled-
methanes present in the reaction mixture formed. This reduces the processing cosis
and capital required to prepare such a composition. The process comprises contacting
in & fuld state ons or more 1 1-dicarbonyt substitided-1,.1-bis (hydroxymethyl}-
methanas and greater than 200 ppro to about 1000 ppn of one or more strong acids
basetd on the weight of the one or more 1. 1-dicarbonyl substituted-1,1-bis
{hydroxymethyll-methanes with 8 Zeclite catalyst at & temperature of abouwt 180 “C to
about 220 *C for a sufficient time fo convert about 96 percent or greater of the ons or
more 1, }«dicarbonyl substituted-1,1 -bis (hydroxymethyl}-methanes o cne or more
1. 1-dicarbonyl substituted-1-etinvienes. Disclosad in a process for preparing the one
ar more 1, 1-dicarbony! substitited-1,1-bis (hydroxymethyl)-meth-anss by contacting
ane or more 1,1-dicarbonyl substituted-methanes with formaldehyde or a source of
formakishyde in the presence of a catalytic amount of ong or mors trialkkylene amines
under conditions to prepare a reaction mixiure containing one or more 1,1-dicarbonyt
substituted-1, 1-bis (hydroxymethyl}-methanes and the trialkylene amines are removed
from the reaction mixture by evaporation. This process allows the elimination of the
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need for removal of metal ions by passing the reaction mixture through an fon
exchange column.

[0015]  The compositions disclosed may further comprise any one or morg of the
fentures described in this specification in any combination, inciuding the preferences
and examples listed in this specification, and includes the following features! a
composition comprising 98 mole percent or greater of one or more 1,1-dicarbony!
substiiuted-1-ethylenes and 2 mole percent or less of one or more 1 1-dicarbonyt
substituted-methanes; a composition comprising 99 maole percent or greater of ong or
more 1,1-dicarbony! substituted-1-ethylenes and 1 mole percent or less of one or more
1, 1-dicarbonyl substituted-methanes; such compositions containing 1 mole percent or
less of an impurity containing a dioxane group, about 1 mote percent of lees of any
imparity having the alkene group replaced by an analogous hydroxyalkyl group
wherein mole percent is based on the total moles in the 1,1-disubstituled alkene
compound; such compositions that when polymerized prepares a polymer having a
polydispersity of about 3 or less and a weight average molecular weight of about
10,000 daltons or greater; the one or more 1, 1-dicarbonyl substituted-methanes is ang
or more malonates and the one or more 1, 1-dicarbony! substituted-1-ethylenes is one
or more methylene malonates; A composition comprising 8 polymer from the
abovementioned compositions; compaosition comprising a polymer of one or more 1,1-
dicarbonyt substituted-{-ethylenes containing about 2 mole percent or lags of one or
more 1,1-dicarbanyl substituted-methanes; and compasition comprising a polymer of
one or more 1,1-dicarbonyt substituted-1-ethvlenes containing about 1 mole percent
or less of one o maore 1, 1-dicarbony substituted-mathanes.

[o018] The methods disclosed may further comprise any one or more of the
features described in this specification in any combination, including the preferences
and examples listed in this specification, and includes the following features: 1 whevein
the one of more 1, 1-dicarbonyt substitted-1,1-bis thydroxymethyl-meathanes and the
one or more strong acids are passed through a fixed bed of zeolite calalyst, a reaction
effluent containing one or more 1 1-dicarbonyi substifuted-1 -ethylenes exils the fixed
bed of zeolite catalyst and the one or more 1,1-dicarbonyt substituted-1-ethylenes are
isolated from the reaction effluent; the zeclite catalyst contains acid groups:; the strong
acid is present in an amount of about 300 ppm o 800 ppm and about 98 percent or
greater of the one or more 1, {-dicarbonyl substituted-1,1-bis (hydroxymethyi)-
methanes are converted to one or more 1, 1-dicarbonyl substituled-1-sthylenes; the
strong acid is present in an amount of about 600 ppm o 800 ppm and about 988
percent or greater of the onge or more 1. 1-dicarbony substitled-1.1-bis
{hydroxymethyi}-methanes are converted to one or more 1, 1-dicarbonyi substituted-1-
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athylenes; the one or more 1 t-dicarbonyl substituted-1,1-bis {hydroxymethyl)-
methanes are contacted with the zeolite catalyst in a liquid state or a vapor state; the
pKa of the strong acid about 3 1o about ~12; the strong acid is one or more mineral
acids; the one or more 1, 1-dicarbony! substituled-1,1-bis {hydroxymethyl)-methanes
and the strong acids are contacted with the bed of the zeolite catalyst at a pressure of
about 50 to about 200 mmMy: the one or more 1, 1-dicarbony! substituted-1-athylenes
is isolated by separating the reaction effluent inlo three streams, a light stream
comprising water, formaldehyde and ong or more 1,1-dicarbony! substituted-1,1-bis
{hydroxymethyl}-methanes: @ heavy stream containing oligomers and polymers and
an iitermediate stream containing one or more 1, 1-dicarbonyi substituted-1-ethylenes
and one of more 1 Y-dicarbony!l substituted-1, 1bis hydroxymethyl-methanes;
distiffing the intermediate stream and isolating a product containing 1,1-dicarbonyl
substituled-1t-athylenes, the residence time of the one or more 1, 1-dicarbony!
subsiituted-1, 1-bis (hydroxymethyl-methanes and the sirong acids in the ong ermore
beds of zeolite is about 8 10 about 12 minutes; the flow rale of the one or more 1,1-
dicarbonyt substituted-1,1-bis  (hydroxyb-methyll-methanes and the strong acids
through the beds of zeclite is aboul 4 {fo about 7 kg/hour; the one or more 1,1~
dicarbonyt substifuted-1,1-bis (hydroxymethyi}l-methanes are prepared by contacting
one or mare 1, 1-dicarbonyl substituted-methanes with formaldehyde or a source of
formaidehyde in the presence of g catalytic amount of one or more trialkylene amings
under conditions to prepare a reaction mbdure containing one or more 1,1-dicarbonyl
substituted-1,1-bis {hydroxymethyl}-methanes and the trialkylene amines are removed
from the reaction mixture by evaporation; the concentration of the triakylens aming in
the one or more 1, 1-dicarbonyl substituted-1,1-bis (hydroxymesthyllmethanes is lass
than 1.ppm after the tialkylene amines are removed by svaporation; the hialkyiense
aming is triethylamine or trimethylamine; the one or move 1 1-dicarbonyt substituted.-
methanes is one or more malonates and the ong or more 1, 1-dicarbonyt subsiituled-
1-ethylenss s one or more methylene malonates; the praduct isolated comprises
about 87 mole percent or greater of one or more 1,1-dicarbonyl substituted-1=
ethylenes and about 3 percent mole percent or less of one or more 1, 1-dicarbony
substitited-methanes; the product isolated comprises 88 mole percent or greater of
ane or more 1,1-dicarbonyi subslituted-1-ethylenes and 2 mole percent or less of one
or more 1, {-dicarbonyl substituted-methanes; the product isolated comprises 99
parcent by weight or greater of one or more 1,1-dicarbony! substituted-1-ethylenes and
1 percent by weight or less of one or more 1 1-dicarbonyt substituted-methanes; the
product isolated comprises 99.5 percent by weight or greater of one or more 1.1-
dicarbony! substituled-1-ethylenes and 0.8 percent by weight or less of one or more
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1, 1-dicarbony! substittted-methanes; the isolated product contains 1 mole parcent or
less of an impurily comtaining a dioxane group; and about 1 mole percent of lass of
any impurity having the alkene group replaced by an analogous hydroxyaltkyl group
wherein mole percent is based on the total moles in the 1.1-disubstitiied alkene
sompound.

[ea17] Qe or mors a8 used herein means that at least ong, or more than one, of
the recited componenis may be used as disclosed. Nominal as used with respect io
functionality means the theoretical functionality, generally this can be calculated from
the stoichiomaelry of the ingredients used. Generally, the aclual functionality is different
due fo imperfections in raw materials, incomplete conversion of the reactants and
formation of by-products. Residual sontent of a componeant refers to the amount of the
componant present in free form or reacted with another material, such as an oligomser
or & polymer. Typically, the residusal content of & component can be calculated from
the ingredients utitized 10 prepare the component or composition. Altematively, it can
be determined utilizing known analyiical techniques. Heleroatom means nitrogen,
oxygen, sulfur and phosphorus, maore preferred hetercatoms include nitrogen and
oxygen. Hydrocarbyl as used herein refers to a group conlaining one or more carbon
atom backbones and hydrogen atoms, which may optionally contain one or more
hetercatoms. Where the hydrocarbyl group contains helerogtoms, the heterpatoms
may form one of more functional groups weall known 1o one skilled in the art
Hydrocarby! groups may contain cycloaliphatic, aliphatic, aromatic or any combination
of such segments. The aliphatic segments can be straight or branched. The aliphatic
and eyclhaliphatic segments may include one or more double andfor tiple bonds,
Included in hydrocarbyl groups are alkyl, alkenyl, alkyoyl, ar, cycioatkyl, cycinatkemd,
atkaryl and aratkyt groups. Cycloaliphatic groups may condain both cyclic portions and
noncychic portions. Hydrocarbylene means a hydrocarbyl group or any of the describad
subsels having more than one valence, such as alkyiene, alkenyiens, alkynylene,
arylene, cycloatkylene, cycloalkanviene, atkarylens and aralkylene. As used hersin
percent by weight or parts by weight refer to, or are based on, the weight or the
compositions unless otherwise specified.

[0018]  The term "monofunctional” refers to the first ester compounds {such as 1,1-
disubstituted alkene compounds) having only one core unil. The core unit is
represented by the combination of the carbonyl groups and the alkylene groups
bonded to the 1 carbon atom as shown in Formula 1. The term “difunctional” refers fo
the first ester compounds or the desired ester product of the reaction, {such as 1,1-
disubstituted atkenss compounds) having two core formulas (confaining a reactive
alkene funclionality} bound through a hydrocarbylene linkage between one oxygen
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atom on each of two core formulas. The term "mudtifunctional” refers to the first ester
compounds or the desired ester product of the reaction {such as 1, 1-disubstitded
atkene compounds) having more than one core unit {such as reaclive alkene
funclionality which forms a chain through a hvdrecarbylens linkage belween one
hetercatom, {oxygen atom) or direct bond on each of two adiacent core formulas.
[o819] The term “ketal” refers to g molecule having g ketal functionalily; Le, 8
molecule containing a carbon bonded 1o two ~-OR groups, where O is oxygen and B
represents any allyt group or hydrogen. The term "volatile” and “non-volatile” refers
{o a compound which is capable of svaporgting readily al normal temperatures and
pressures. The term “non-volatile” refers to @ compound which is not capable of
syaporating readily gt normal temperatures and pressurgs. The temm “stabilized” {a.g.,
in the context of “siabilized” 1,1-disybstituted alkene compounds or compositions
comprising the same) refers {o the tendericy of the compounds (or their compaosifions)
o substantially not polymerize with time, 10 substantially pot harden, formm g gel,
thicken, or otherwise increase in viscosily with #ime, andfor 1o substantially show
minimal loss in cure speed (L., cure speed is maintained) with time.

[0026] Unless defined otherwise, aill fechnical and scientific terms used herein
have the meaning commonly understood by a person skiffed in the art to which this
disclosure belongs. The following references provide one of skill with a genersl
definition of many of the tenns used in this disclosure: Singleton ef al, Dictionary of
Microbiology and Molecular Biology (2nd ed. 1884); The Gambridge Dictionary of
Science and Technology (Walker ed., 1838); The Glossary of Genstics, 8th Bd,, R.
Rieger el al, {eds.}, Springsr Verlag (1881); and Hale & Marham, The Harper Collins
Dictionary of Biology (19891}

[o021] The composition disclosed confainy any 1, 1-dicarbonyl  substituted
ethylene compounds. 1. 1-dicarbony!l substitted ethyviens compounds refer o
honded to two carbonyl carbon atoms.  Exemplary compounds ars shown in Formula
1

o o
P!
Rx—"" \H/’f SyRr
1

wherein R 18 a hydrocarbyl group which may contain one or more heteroatoms and X

is oxygen o & direct bond (such as g methyleng J-ketoester) Exemplary classes of
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1, 1-dicarbony! substituted ethylenes are the methylene malonates, methylens beta-
keto ester or diketones.  Methylens malonates are exemplified by formuda 2;

R may be separately in each occurrence alkyl, atkenyl, Cs-Cs cycloatkyl, heterocyolyd,
atkyt heterooyehd, aryl, aralkyl, alkaryl, heteroany!, or alkheteroaryl, or polyoxyalkylene,
or bath of the Rs form a 5-7 membered cyclic or heterooyclic ring. R may be separatsly
in each occurrence Gy-Cys alkyl, Ca-Chs alkenyl, C-Co cycloalkyl, Caa heterocyclivl, Ca
s alkheterocyciyl, Cs.p aryl, Cros alkarvl, © +40 aralkyl, Cs.ap heteroaryl or Cags atkyl
hetercaryi, or polyoxyalkylene, or both of the R groups formy 2 §-7 membered cyclic or
heterocyclic ring. The recited groups may be substituted with one or more substituents,
which do not interfere with the reactions disclosed herein. Preferred substituents
include halo atkylthio, alkoxy, hydroxyl, nitro, azido, cyano, asoyloxy, carboxy, or ester,
R may be separalely in each occurrence Cy-Cyi alkyl, CeCs cycloalkyl, Cass
haterocyciyl, Caas alkheterocyelyl, Cas arvl, Cros alkaryl, Cros aralkyl, Csaa heteroany
or Csps alkyl heteroaryl, or polyoxyalkylens, H may be separately in each occurrence
a Cyq alkyl. R may be separately in each occurrence mathyl or ethyl. R may be the
same for each ester group on the 1.t-dicarbonyl substitted ethylenss. Exsmplary
compounds are dimethyl, diethyl, ethylmethyl, dipropyl, dibutyl, diphenyl, and ethyl-
sthyigiuconate malonates: or dimethyl and diethyt msthylene malonate (R is either
methyl or ethyi).

(0623} The 1. 1-cicarbony!l substitited ethylens compounds disclosed hersin
aexhibit a sufficiently high purity so that it can be polymerized. The purity of the 1,1~
dicarbony! substituted sthylenes may be sufficiently high so that 70 mole percent or
more, preferably 80 mole percent or more, more preferably 80 mole percent or more,
aven more preferably 95 mole percent or more, and most preferably 89 mole percent
or more of the 1, 1-dicarbony! subsiittted ethylanas is converiad {o polymer durng &
polymerization process. The purity of the 1, 1-dicarbonyl substituled ethylenes is about
88 mole percent or greater, about 97 mole percent or greater, about 98 mole percent
or greatsr, about 88 mole percent or greater, or about 82.5 mole percent or greater,
based on the tolal weight of the 1,1-dicarboryl subsiituted ethylenes. The 1,1-
dicarbony! substituted ethylenes contain 4 mole percent or less of 1.1-dicarbonyt
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substititad-1,1 bis thydrosymethyll-methanes, 3 mole percent of less of 1, 1-dicarbonyt
substituted-1,1 bis (hydroxymethyll-methanes, 2 mole percent of less of 1, 1-dicarbony
substituted-1,1 bis (hydroxymethyi-methanes, 1 mole percent of less of 1, {-dicarbony
substituted-1,1 bis (hydroxymethyl}methanes, or 0.5 mole percent of less of 1,1-
dicarbonyt substiiuted-1,1 hydroxymethylmethanes. The concentration of any
impurities containing g dioxane group preferably is about 2 mcle percent or less, more
preferably about 1 mole percent or less, even more preferably about 0.2 mole percent
or less, and most prefarably about 0.05 mole percant or less, based on the total weight
of the 1,1-dicarbonyl substituted ethylenes. The iotal conceniration of any impurity
Michast addition of the atkene with. water) prefergbly is about 3 mole percent or less,
more preferably about 1 mole percent or less, even morg preferably about 0.1 mole
percaent or less, and most preferably about 0.01 mole percent or lass, based on the
total moles in the 1. 1-dicarbony! substituled ethylenes. Preferred 1, {-dicarbonyl
substituted ethylenes are prepared by a process including one or more {8.G., two or
mare) steps of distilling a reaction product or an intermediate reaction product {e.g., @
reaction product or intermediate reaction product of a source of formaldehyde and a
malonic acid ester).

[0023) The compositions disclosed may be prepared by the following process;
contacting in a fluid state one or more 1, {-dicarbony! substituted-1,1 bis
(hydroxymethyl}-methanes and greater than 200 ppm o about 1000 ppm of one or
more strong acids based on the weight of the one or more 1, 1-dicarbonyi substituted-
1.1 bis {hydroxymethyli-methanes with a zeolite catalyst under conditions sufficient to
convert about 86 percent or greater of the one or more 1, 1-dicarbonyl substituted-1,1
his (hydroxymethy-methanes to one or more: 1, 1-dicarbonyl substituted-1-sthylenes.

The process may be exemplified by equation 1.
1
O 0 o
o T o
" AN acid _C & 7
‘ >< XR 4 = = RX \XR+ HCH+ HyO
HOCH, CH,OH heat

Where the stading malerial is & bisfhydroxymethyl} malonate and the product is a

methylene malonate the process is Hlustraled by esguation 2.
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] 0

A acid C
RO x ~- OR + M "
HOCH, CH,OH heal

0
| O
¢

"SR+ HEH* H,0

2
wherein R and X are as described hereinbefore. In the process the hydroxyt methyl
groups undergo cracking 1o forny an ethylene group and {0 generate water and
formaldehyde.  This reaction s known gs a thermolysis reaction.  The temn
“thermolysis" refers {0 the dissociation of a chemical compound by heat. As used
herein, the term “crack,” or “cracking” refers {0 a thermolysis process. The {erm
"oracking reaction” refers o the thermolysis of a 1,1-dicarbonyl substituted-1,1-bis
{hydroxymethyi-methanes 10 3 monomer species with the release of formaldehyde
and water. During the process the 1, 1-dicarbonyl substituted-1, 1-bis {hydroxymethvl)-
methanes can also form 1, 1-dicarbony! substituted-methanes thereby reversing the
regction o form the 1, 1-dicarbonyl substituted-1,1-bis (hydroxymethyl}-methanes. It
is believed that the presence of strong acids in the recited amounts enhance the
formation of 1,1-dicarbonyl substituted-1-sthylenes over 1,1-dicarbonyl substituted-
methanes.

[oo24] The acid which may be combinad with the 1, t-dicarbonyl sybstituted-1,1-
bis {hydroxymethyli-methanes can be any acid which reduces the amount of 1,1-
dicarbony! substituted-1,1-bis (hydroxymethyi)-methanes in the reaction product
formed in the process and facilitates the formation of the 1, 1-dicarbonyi substituted-1-
sthylenes.  Exemplary acids include minsral acids, such as sulfuric acid and
phosphoric acid, such as hydrochioric acid, sulfuric acid, nitric acid, or phosphoric acid,
for example, and sulfonic acids, including para-loluenesylfonic acid and
benzenesuifonic acid, alkyl sulfonic acids, including methanesulfonic acid and
rifiuoromethanesulionic acid and the like, Exenplary acids include methyt sulfonic
acid, phosphoric acid and sulfuric acid. The acid is present in sufficient amount to
facilitate the formation of 1,1-dicarbonyl substituted-1-ethylenes and the reduce the
presence of 1, 1-dicarbany! substituted-methanes in the recovered praducts. The acid
is present in an amount of about greater than 200 ppm by weight based on the weight
aof the 1, 1-dicarbonyt substituled-1.1 e {(hydroxymethyl-methanes, about 3084 ppm
by weight or greater, about 400 ppm by weight or greater or most preferably about 800
ppm by weight or greater. The acid is present in an amount of about 1000 ppm by
weight or less based on the weight of the 1, 1-dicarbonyl substituted-1,1 bis
thydroxymethyt-methanes, about 800 ppm by weight or less or about 800 ppm by
weight or less. The acid may be present in an amount of greater than about 1000 ppm
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ut above 1000 ppm does not further improve the selectivity and may result in
unnecessarily inhibiling the polymerization of the formed compounds.

[0025] The 1,i-dicarbonyl substituted-1,1 bis (hydroxymethyilmethanes are
contacted with the acid In a fiuid siate, such as liquid or gaseous state or in a liquid
state. When contacited in a liquid state the acid and 1,1-dicarbonyl substituted- bis
(hydroxymethyi}-methanes are contacted and agitated o form a homogensous
mixture, The 1,1-dicarbonyl substitited- bis (hydrostymethytl-methanes may be
heated o above its melting point to facilitate mixing. The melting point may be above
8¢ °C. The equipment for moving and handling the 1. 1-dicarbony substituted-1,1 bis
{hydroxymethyl-methanes may be healed o facilitale transport and mixing or the 1,1-
dicarbonyt substifuted-1,1 bis {(hydroxymethy-methanes, .  The 1.1-dicarbonyt
substituted-1,1 bis {(hydroxymethyi}methanes and the equipmant used o progess
them may be heated to g temperature of about 80 °C to aboyt 180 “C. The resulting
mixture may be passed through the bed of zeciite catalyst.

[p026] The one or more 1,1-dicarbonyl subsiituted-1,1 bis (hydroxymethvi)-
meathanes and ong or more strong acids are contacted with zeolite catalyst. The
reactants may be confacted with the zeolite calalyst in 8 bed, the bed may be in a
column. The bed may be a fixed bed. The reactants may be flowed through the bed
in duging the process. The zeolite mav be in a particulate form or extruded. The zeolite
may have a particle size of about 4 angstroms or greater. . The zeolife may be in the
acid form having acidic sites in its malrix or pores. The term “zeolite” refers 0 a8
molecular sieve containing an aluminosilicate lattice, usually in association with some
Aluminum, boron, gatlivm, ron, andfor ianium, forexample. The ratic of Si0; 1o ARD:
may be varied in different forms of zeclites. The Bi0: to AlO: ratic In the zeolfes ussed
herein may be about 8 or grealer. Exemplary zeolites are the Z3M versions and the
acid form of such versions are referred to as HZSM's. Exemplary £Z8M zadlites include
HZESM 5, having a Si0z 10 AlO; ralic of about 23 and a pore size of 4 o & angstroms;
HZSM 22, having a Si0s 1o Al:Bsx ratio of abowt 53010 100 and a pore diameter o1 0.48
x 0.87 nm; HZSM 12 having g silica to-alumina ratio of about 40 and a pore size of 4
o 6 angstroms. The fixed bed is sufficiently long to facllitate conversion of the one or
more 1, 1-dicarbonyl substituted-1,1-bis {hydroxymethyl)-methanes to one or more 1,1-
dicarbony! substituted-1-ethylenes.

g The bed of catalyst is heated to a temiperature at which the 1, 1-dicarbony!
sybstituted-1,1-bis  {hydroxymethyl-methanes undergoes oracking o form 13-
dicarbonyt substituted-1-ethylenes. The bed may be heated by any means that allows
the process o proceed, for example by contacting the cutside of the fixed bed with a
heat transfer fluld. The fixed bed of zeolite may be heated {o a temperature of about
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180 *C or greater, about 180 °C or greater, about 200 °C or greater, abowt 210 *C or
greater or abowl 220 °C or greater. The fixed bed of zeoiite may be heated {o a
femperature of about 250 °C or less, about 240 “C or tess, or about 230 °C or fess.
The process s iscthermal so i is expected that the bed will axhibit a temperature
refatively close 1o the temperature at which the outside of the catalyst bed is heated.
The reactanis are flowead through the bed at 3 flow rate such that the one or mors 1,1-
dicarbonyt substituied-1.1 bis {hydroxymethyl}-methanes are converied (o one or more
1, 1-dicarbonyl substituted-1-gthylenes. The flow rate may be about 2 kg/hour or
greater, about 3 kg/hour or greater or about 4 kg/hour or greater. The flow rate may
be about 10 kgfhour or less, about 8 Kg/hour or less or about 7 kg/hour orf less. The
regciants may be contacted with the catalyst bed at an internal pressure that facilitates
the desired conversion. The pressure in the calalyst bed may be atmospheric or
subatmospheric. Al subatmospheric pressures a vacuum may be applied o the
catalyst bed. The pressure in the bed may be 10 mmyHg or greater orabout 50 mnm/Hg
or greater. The pressure in the bed may be about 780 mm/Hg or less, about 200
mmiHg or less or about 150 mmiHg or less. The one or more 1,1-dicarbonyl
substituted-1,1-bis (hydroxymethyl}-methanes and acid mixture has a residence time
in the catalyst bed sufficient to convert the one or more 1, {-dicarbonyl substituted-1,1-
bis thydroxyl-methyl-methanes (o one or more 1, 1-dicarbonyl substituted-1-ethylenss
at the concen-irations desoribad herein. The residence time of the one or more 1.1~
dicarbonyt substi-tuted-1,1 bis (hydroxymathyl}-methanes and acid mbtture in the
catalyst bed may be about & minutes or greater, about 8 minutes or greater or about
10 minutes or greater, The residence fime of the one or more 1, 1-dicarhony
subshiuted-1,1 hydroxymethybmethanes and acid mikiure in the catalyst bed may be
about 20 minutes or less, about 15 minutes or less, or about 12 minutes or less.
[0628] The mixtwre one or wmore 1, 1-dicarbonyl substitided-1,1  his
{hydroxymethyikmethanes and acid may contain 8 free radical stabilizer when
contacted with catalyst bed © reduce or prevent polymerization during the thermolysis
reaction: Any known free radical polymerization stabilizer may be utilized, for instance
hydroquinone or the methy! ester of hydroquinone, The free radical stabilizer may be
present in a concantration of about 0.1 to 10,000 ppm.

[o029} The one or more 1,1-dicarbonyl substituted-1-ethylenes prepared may be
isolated using any known processes for recovering such praducts, see for example
Malofsky US 8,6098885; US 8,884,051 and US 9,108,914 all incorporated herein by
reference in their entirety or all purposes. The desired products are separated from a
variety of by-products, side reaction products and impurities. A variely of separation
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series of condensation and distiliation steps. Exemplary separation units include, hat
condensers, condensers, vacuum distiliation apparatuses, simple distillation
apparatuses andfor fractional distillation apparatuses. In some exemplary
embodiments, the separation technigues may be emploved at atmospheric pressure,
under vacuum, or under elevated pressure, in accordance with sound engineering
principles. The produdt stream may be separated into a stream of heavy products,
comprising ofls, oligomers and polymers, a stream of light materials which are volatile,
and an intermediate stream containing the desired products and materials that have
similar boiling points, such as 1,1-dicarbonyl substituted methanes, ¢.¢. malonates.
The cut of heavy materials can be separated as non-volatile reaction boltoms. The
light materials may contain water and formaldehyde gensraled as by-products and are
volatile under regction conditions. The volatile materials can be separated from the
product stream and condensead in a condenser. The intermediate stream containg 1,1~
dicarbonyi substituted-1-ethylenas and 1, 1-dicarbony! substifided methanes. Thig out
is subjected to a series of distiliations, ulilizing fractional distillation columns, and
condensations to remove as much of the 1. 1-dicarbonyl substituted methanes as
economically feasible. With product streams containing more than 4 percent of 1,1~
dicarbonyt substituted methanes a number of distillation and condensation steps are
required. The product streams of the presently disclosed process exiting the catatyst
beds contain less 1, 1-dicarbonyl substitited methanes and therefore require less
distillations and condensations o remove the 1, 1-dicarbonyl subsiiided methanes.
Because there is less 1,1-dicarbony substituted methanes the final recovered product
contains g highsr concentration of the desired products and a lower concentration of
the 1 1-dicarbony! substituted methanes. Also as there are less separation sieps
required the loss of desired products is lower and the overall vield is higher. State of
the art pracesses cannat prepare product streams with the disclosed purities possible
using the process of the instant disclosure as discussed hersin,

[6030] 1. 4-dicarbony!l  substituted-1,1 bis (hydroxymethyli-methane  {diol) is
produced by reacting 1/ 1-dicarbonyt -substifuted methanes, malonate ester, and a
source of formaldehyde in the presence of a reaction catatyst under suitable reaction
conditions. The product, diol, is thereafter coliected and treated to prepare for
thermolysis for conversion o the desired compounds, 1,1-dicarbony! substituted-1-
sthylene. 1,i-dicarbonyl substittded-1,1 bis (hydroxymethvl}-methane may have
hydrocarbyl groups connscled o the carbonyl groups by an direct bond or through 2
heteratom, for example oxygen, the hydrocarbyl groups on each carbonyl group may
comprise similar or dissimilar hydrocarbyl groups. The reactants are provided in abouwt
a 2: 1 molar ratio of formaldehyde to 1,1-dicarbony! substituted methanes. During the
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reaction twa methyiol (CHOH) groups are added at the active carbon 1o produce 1,1-
dicarbonyt substitted-1.1 bis (hydroxymethyl}-mathane {Le. "diol"}. This reaction step
may be accomplished in a continuous process. This reaction step may be
accomplished without the addifion of 2 solvent The reaction step may be
accomplished at atmospheric pressure. Exemplary sources of formaldehyde include
formaldehyde, tioxane, formalin, or paraformaldehyde. The source of formaldehyde
may be formalin. The source of formaldehyde may be substantially free of methanol,
water, or both. The reaction catalyst may be a basic catalyst. Exemplary reaction
catalysts include hases such as calcium hydroxide, calclum carbonale, sodium
iriglkylamines, rimethyl amine, tiethyiamine, supported bases such as on.axchange
resins. The reaction catalyst may be calclum hydroxide. The diol reaction product may
be subjectad to a diol purification step prior to contacting the product with the catalyst
bed. The dio! purification step may comprise cationically exchanging the diol reaction
product fo produce 1 1-dicarbonyl substituted-1,1 bis (hydroxymethyh-methane
(bisthydraxymeathyl) methyiens malonate), subjecting the 1.1-dicarbonyl substituted-
1,1 his {hydroxymethyi}methane to an evaporation step to remove volatile impurities,
or a combination thereof, It may be desirable {o cationically exchange the diol reaction
product to produce 1,1-dicarbonyi substifuted-1,1 bis {hydroxymethyl}methane, and
subiscting the 1,1-dicarbonyl substituted-1,1 bis (hydroxymethyll-meathane to an
gvaporation siep to remove volatile impurities.

[0031] Diol may be preduced in a continuous flow reactor. A source of
formaidehyde/oatalyst mixture may be fed inlo 3 long stalic mixer ube. The 1.1-
dicarbonyl substituled-methanes may be injected into a plurslity of ipcations in the
static miter wbe. it has heay discoverad that improved conversion o diol 8 possible
through staged addition of the 1, 1-dicarbonyl substituted-methanes, in pari because
the temperature rise due o the exothermic reaction may be more readily controlied.
Additionally, the static mixer fube may be maintained in a water bath or other medium
to control reaction femperature, The diol production reaction temperatuwre may be
maintained at about 30 °C o about 40 *C. After sufficient reaction time, the reaction
may be quenched to prevent or minimize formation of undesired side products. In an
exemplary embodiment, because the diol production reaction is catalyzed by a base,
a pH lowering agent may oplionally be introduced to quench the reaction. In other
exemplary embodiments, the reaction kinetics are such that a quenching agent may
net be required. The residence time of the redction midure in the reaclor is chosento
maximize conversion of e product to  11-dicarbonyl  substituted-1,1 Dis
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(hydroxymethyl-methanes. The reaction time may be 5 minutes or greater or 10 or
greater. The regction time may be 30 minutes or less or 20 minutes or less,

[0632] Before use in the thermolysis reaction the 1, 1-dicarbonyl substituted 1,1~
bis (hydroxymethyll-methanes need 10 be purified. Where a medal conlaining catalyst,
such as calcium hydroxide, is utilized the 1, 1-dicarbonyl substituled-1,1-bis
(hydroxymethyl-methanes may be passed through an fon exchange resin to remove
metal ions, cations. The cations are removed 10 a level wherein the amount of cations
present do not interfere in the thermolysis reaction. The level of cations in the 1,1-
dicarbonyt substituled-1.1-bis (hydroxymethyli-methanes may be reduced o about
500 ppm or less, 50 ppm or less or 5 ppm or less. The 1,1-dicarbonyl substituted-1,1-
bis {hydroxymethyli-meathanes may further be purified to remove volatile malerials
such as water or volatile catalysts. The water content may be about § percent by
weight of the 1, 1-dicarbonyl substituted-1; 1-bis (hydroxymethyl-methanes orless, 8.8
percent by weight or less, or about 0.1 percent by weight or less The 1 1-dicarbonyl
substituted-1,1 bis (hydroxymethyl}methanes may be cationically exchanged using an
ion~-exchange column packed with an ion-axchange resin. The ion exchange column
may be a pressurized lon-exchange column. The pressurized lon-exchange column
may be pressurized up o 1000 psi. The 1.1-dicarbonyl substituted-1,1-bis
{hydroxymethyll-methanes may be subjected to an evaporation step o remove volatile
impurities, such as water. The evaporation step may be performed by a short heat
residence time evaporation process, such as wiped-film evaporafion, rotary
evaporation or horizontal or verlical thin-film evaporation. In particular smbodiments,
the evaporation step is performed by wiped-film evaporation.

[0033]  The one or more 1,1-dicarbonyl substituted-1,1 hydroxymethyl-methanes
may be prepared by contacling one or more 1, 1-dicarbonyt substituted-methanes with
formaldehyde or a source of formaldehyde in the presence of a calalvtic amount of one
of more frialkylene amines under conditions to prepare a reaction mixture confaining
one or more 1. 1-dicarbonyl substituted-1,1 his {hydroxymethyl}meathanes and the
frialkylene amines are removed from the reaction mixture by evaporation. Exemplary
trialkylene amines include C 1y triatkyl amines, for example trimethyl aming,
friethylamine or fripropylene amine. The trdalkylene amine may include frimethyl amine
or friethviamine. After preparation of the one or more 1, 1-dicarbonyl substituted-1 1
his (hydroxymethyll-methanes the one or more 1, 1-dicarbonyl substituted-1,1
hydroxymethyl-methanes are subjecied o a process {o evaporate away the volalile
materials ncluding the frialkyl amine catalyst. Afler purification the ohe or more 1.1
dicarbonyt substituted-1,1 bis (hydroxymethyll-methanes may coniain about 5000 ppm
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or less of trialkyl amine, or abott 1 ppm or less of trialkd amines. The use of trialkyl
amines io prepare the one or more 1, 1-dicarbonyl substituted-1,1 bis (hydroxymethyl}-
methanes may provide an advantage in that the need for purification by jon exchange
can be eliminated which reduces capital and operating costs.

[oa34} The composiions disclosed may be utiized to prepare homo and
copotymers. The higher purity of the compositions provide greater control of the homo
and copolymers so that desired molecular weights and polydispersities can be
prepared. The 1,1-dicarbonyl substifuted-methanes in the polymers function to
plasticize the polymers, which may be undesirable for many applications. Thus lower
amounts of 1,1-dicarbony! substituted-methanes may result in belter conirol of the
properties of the polymers. The polymsers contain 3 weight percent or less of 1,1-
dicarbonyl substituted-methanes, 2 weight percent or less o¢f 1, 1-dicarbony
substituled-methanes, or 1 weight percent or less of 1, {-dicarbonyl substiiuted-
methanes. The polymers prepared may have molecular weights of about 5,000
dalions or greater, molecular weighis of about 10,000 daltons or greater or molecular
weights of about 500,000 daltons or greater. The polymers may have molecular
weights of about 1,000,000 daltons or less or about 100,000 or less. The polymers
prepared may have polydispersities of about 1 or greater. The polymers may have
polydispersities of about 3 of less, about 2 or less or about 1.1 or less.

[0035] The polymerizable compositions disclosed herein can be polymerized by
exposing the composition to free radical polymerization conditions ¢r to anionic
polymerization conditions. Free radical polymerization conditions are well known to
those skifed in the art such as disclosed inn ULS, Patent No. 6,458,858 incorporated
herein by reference, In certain embuodiments the polymserizable compositions are
axposed o anionic polymerization conditions. The polymernizable compositions are
contacied with any anionic polymarization intiator or with any nudleophilic material.
As the 1/i-disgbstitued subsiituted-i,1-bis (hvdroxymsthyirmethanss are highly
glectrophilic contact with any nucteophific material can initiate anionic polymerization.
Anionic polymerization is commonty referred o as living polymerization because the
ferminal portion of the polymeric chains are nucleophific and will react with any
urreacted 1 1-disubstituted substitided-1,1-bis (hydroxymethyi}-methanes they come
into contact with. Thus the polymerizable composition will continue until all available
unreacted 1, 1-disubstitusd substituted-1,1-bis (hydroxymethyll-methanes polymerize
or the polymerizing mixture is subjecied 1o a quenching step. In 8 guenching step the
mixture is contacted with an acid which terminates the polymeric chain ends and stops
further polymerization. The polymerizalion can proceed af any reasonable
temperature inciuding at ambient temperatures, from about 20 {0 35 °C, depending on
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ambient conditions. The polymerization can be performed in bulk, without a solvent or
dispersant, or in a solvent or dispersant.
[6036]  According to certain embodiments, a suitable polymerization initiator can
generally be selected from any agent that can initiate polymerization substantially upon
contact with a selected polymerizable composition. in cerlain embodiments, it can be
advaniageous 1o seledt polymerization inltistors that can induce polymerization under
ambient conditions and without requiring external energy from heat or radiation. In
embodiments wherein the polymerizable composition comprises one or more 1,1-
disubstituted alkene compounds, a wide variety of polymerization initiators can be
uliized including most nucleophilic  initistors capable of initiating anionic
polymetization. Exemplary iniflators include metal carboxyigte salts, alkaline earth
carboxylate salls, amines, halides (halogen containing salts), melal oxides, and
mixturas cortaining such salts or oxides. Exemplary anions for such salls include
anions based on halogens, acetates, benzoates, sulfur, carbonates, sificates and the
like. The mixtures containing such compounds can be naturally cccutring or synthetic.
Specific examples of exemplary polymerization initiators for 1 A-disubstitted ethyleng
compounds can include glass beads {(being an amalgam of various oxides including
siticon dioxide, sodium oxide, and calcium oxide), ceramic beads (comprised of various
metais, nonmetals and metalioid materials), clay minerals (including hectorite day and
bentanite clay), and onic compounds such as sodium sificate, sodium benzoate, and
calcium carbonate. Other polymerization initiators can also be sullable including
ceriain plastics {e.g., ABS, acrylic, and polycarbonate plastics) and glass-fiber
impregnated  plastics.. Additional suitable polymerization iniliators for such
polymerizable compositions are also disglosed in LLE, Patent App. Publication No.
2018/0073110, whichy is hereby incorporated by reference. by some smbedimants the
polymerization inltialor may be encapsulatad using any encapsulation method
compatible with the polymerization of the 1,i-disubstiuted substisted-1,1-bis
(hydrowymethyl-methanes. I some embodiments the encapsulaled initiator
{(activation agent) may be as disclosed in Stevenson et al. US 8,334,430 incorporated
herein by reference in its entirety for all purposes.

f0037] Polymerization can be terminated by contacting the polymeric mixiure
with an anionic polymerization ferminator. In some embodimenis the anionic
polymerization terminator is an acid. in some embodiments it is desirable to ulilize a
syfficlent amount of the acid o render the polymerization mixture slightly acidic,
preferably having a pH of less than 7, more preferably less than about 8. Exemplary
anionic polymerization lerminators include, for example, minersl acids such as

19



WO 2017/197212 PCT/US2017/032316

methane sulfonic acid, sulfuric acid, and phosphoric acid and carboxylic acids such as
acetic acid and triflucroacetic acid.

{0038} The polymernizable compositions: may be polymerized in bulk, which is in
the gbsence of a solvent or dispersant, in a sclution or in an smulsion. Polymerization
in bulk can be performed by contacting the polymerizable composition which may
include any of the other ingredients disclosed herein with 3 suitable substrate and an
activator and allowing the composition {o polymerize,

[0039] The polymerizable compositions may be prepared by emulsion
polymerization. For example the polymerizable compositions may be prepared by the
process disclosed in Stevenson et al., US 9,248,285 incorporated herein by referance
in s entirsly for all purposes, Disclosedin Stevensonetal,, UGS 8,249,265 isaprocess
comprising the steps of! agitating a mixture including: about 28 weight percent or more
of a carrier liquid, @ surfaciant {e.q:, an emulsifier} and one or more monomers to form
micelles of the one or more monomers in the carrier guid, whersin the one or more
monomers includes one or more 1, 1-disubstiiuted alkenes; reacting an activator with
at least one of the manamers in the micelle for initiating the anionic polymerization of
the one or more monomers; and anionically polymerizing the one or more monomers.
The polymerization process preferably includes one or more surfactants for forming an
emuision having micelles or a discrete phase including & monomer {e.g.. a8 1.1-
disubstituted alkane compound) distributed throughout a continuous phase (8.4., &
continuous phase including a carrier liquid). The surfaciant may be an emulsifier, a
defoamer, or a welting agent. The surfactant preferably is present in a sufficlent
guantity so that 2 stable emulsion is formed by mixking or ctherwise agitating a system
inclading the monomer and carrer Hguid, The surfaciants according to the leachings
herein include one or more surfaciants for improving the stability of emulsion {i.e., for
improving the stability of the dispersed phase in the camier liquid phase). The
surfactant andior the amount of sufactant is preferably selected so that all of the
monomer micelles are coverad by a layer of the surfactant. The surfactant may include
an amphoteric surfactant, a nonionic surfactant, or any combination thereol. The
surfactant preferably is free of anionic surfactants during the polymerization process.
One example of a preferred surfactant {8.9., an emulsifier) is an ethoxylate, such as
an sthoxylated diol. For example, the surfaclant may include 24,7 S-telramethyl-5-
decyne-4,7-diol ethoxylate. The surfactant may include a poly{alkene glycol). Another
example of a preferred swiaciant is a poly{ethylene glveol-block-polvipropyiene
giycoli-block-poly{ethylene glycol) copolymer. Another example of a prefered
surfactant is a surfactant including an alcohel, an ethoxylated alcohol, or both, For
example, the surfactant may include CARBOWET® 138 nonionic surfactant {including
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alkyl alcohol, polyethylena glycal, sthoxylated Ga-Cys alcohols). Another example of a
preferred surfactant is a surfactant including a sorbitan, a sorbitol, or g polvoxyalkens,
For example, the surfactant may include sorbitan monopalmitate {nonionic surfactant).
Ciher examples of preferred surfactanis include branched polyoxysthylene (12}
nonyiphynyi ether (IGEPAL® CO-T20) and poly{ethylene glycol) sorbitol hexaoleate
(PEGSH). The amount of the surfactant (8.9., the amount of the emulsifier) preferably
is sufficient to form a layer that subsiantially encapsulates the monomer and
subsequent polymer particles. The amount of surfactant preferably is sufficient so that
the discrete phase has a diameter of about 10 mm or less, about 1 mm or less, about
300 um or less, or about 100 pm or less. The amount of the surfactant is preferably
sufficlent so that the discrete phase has a diameter of about 0.01 ym or mgre, about
.1 pm or move, about 1 g or more, about 10 gm or more, o about 50 um or more,
The concentration of the swfactant may be about 5.001 weight percent or more,
preferably about 0.01 weight percent or more, more preferably about 0.1 weight
percent or move, and most preferably about 0.5 weight percent or more, based on the
fotal weight of the emuision. The concentration of the surfactant may be about 18
weight percent or less, preferably about 10 weight percent or less, and more preferably
about 8 weight percent or less, and most preferably about 3 weight percent or less,
based on the total weight of the emulsion. The weight ratio of the surfactant io the total
weight of the monomer and polymer in the emulsion {ag., at the end of the
polymerization process) preferably is about G.00MM or more, more preferably about
0.002 or more, even more praferably about 0.005 or more, and most preferably about
8,01 or more. The weight ratic of the surfagiant o the total weight of the monomer and
poiymer inthe emulsion {8.g., 8t the end of the polymerization process) preferably is
about § orless {Le., about 5:1 or less), more preferably about 1 or less, even-more
preferably about 0.5 or less, and most preferably about 0.1 or less. The camier liquid
is preferably water. The polymerization process may include a step of applying shear
forces or sondeation o a mbdure including at least the surfactant and the carier fiuid
for forming an emulsion. For example, the protess may include stirring or otherwise
agitating the mixture for creating the emulsion.

[0040]  The polymerizable compositions disclosed herein may be polymerized in
solution via anionic polymerization processes. In some embodiments the
polymerizable compositions may be polymerized ulilizing the method disclosed in
Palsule et al. US 8,278,022, incorporated herein in s entirely for all purposss.
According to the process disclosed in Palsule ef al. US 2,279,022 the process
comprises the sieps of mixing one or more 1, 1-disubstitided alkenes and a solvent;

adding an activator; reacting the activalor with the one or more 1,1-disubstituted
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alkenes o inftiate the anionic polymerization of the ong or more 1, -disubstituted
alkenes; and anionically polymerizing the one or more 1, {-disubstituted alkenes to
form a polymer. The concentration of the monomer in the solution polymerization
process may be sufficiently low 50 that after polymerization, the solution can flow. if
the concentration of the monomer is too high, the solution becomes foo viscous at the
end of the polymerizalion process and the solulion may be difficull 1o handle. The
conceniration of the monomer in the solution polymerization process may be
sufficiently high so that the polymerization process is economical. The one or more
monomers is preferably present at @ concentration of about 8.5 weight percent or more,
maore preferably about 2 weight percent or more, even more preferably about § weight
parcent or more, and most preferably about 8 weaight percent or more, based on the
{otal weight of the solvent and monomer. The one or more monomers may be present
at a concentration of about 90 weight percent or less, preferably about 78 weight
parcentor fess, more preferably about 50 weight percent or less, even more preferably
about 30 weight percent or less, and most preferably about 20 weight percent or less,
If the monomer is added at mulliple times (such as continuous andior sequential
monomer addition), it will be appreciated that the amount of the one or more monomers
refers o the total amount of monomer and polymer and by-products of the monomer
that are present when the addition of monomer has been completed. The
potymerization process includes one or more solvents selected o that the monomer
and solvert form a single phase. Praferably the solvent does not chemically react with
the other components of the solution polymerization system during the polymerization
procass. For example, the solvent preferably doss not react with the monomesr. As
another sxample, the solvent preferably doss not react with the activator, Preferred
solvents are organic sohvents, or mixtures of organic solvents. Such solvents, or
solvent mixdtures typically are in a Hguid state at the reaction temperatura(s) {e.q.,
during achivation andior during polymerization. The pressure of the solvent (e.g.,
arganic solvent) and of the monomer al the polymerization temperature should be
sufficiently low so that the risk of the reacior falling from over-pressure is reduced or
eliminated. For example the partial pressure of the solvent, of the monomer, or hoth,
at the polymerization temperature may be about 500 Torr or less, about 200 Torr of
less, about 50 Torr or less, or about 5 Toir or less. {t may be desirable for the solvent
o be substantially or entirsly free of any solvent that may react with the monomer via
Michasi addition. However, by selecting reaction conditions s¢ that the polymerization
reaction is sufficiently fast, it may be possible to employ such monomers in the sobvent
polymerization process. For example, by selecling parameters such as monomer feed
rates, reaction temperature, monomaer type, and pH, it may be possible 10 employ a
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solvent including or consisting of a protic solvent, such as an alcohol. The solution
polymesization may be iniliated using an aclivator capable of initiating anionic
polymerization of the 1,1-disubstituted akene containing compound. The solvent
andfor ong or more of the monomers {e.g., the 1,1-disubstifuted alkene compourds)
may further contain other components 1o stabilize the monomer prior to exposure fo
polymerization conditions or to adjust the propserties of the fingl polymer for the desired
use, Prior {o the polymerization reaction, one or more inhibitors may be added o
reduce or prevent reaction of the monomer. Such inhibitors may be effective in
preventing anionic polymerization of the monomer, free radical polymerization of the
monomer, reaction between the monomer and other molecules (such as water}, or any
combination thereof,

[oo41} The polymerization processes disclosed may include a siep of applying
shear forces to g mixture including at least the monomer and the solvent or carrier. For
example, the process may include stiting or otherwise agiating the mixture for
creating the solution or emulsion, for dispersing or removing a precipitated polymer,
for controfling thermal gradients, or any combination thereof. The polymerization
processes preferably include a reaction temperature at which the partial pressure of
the solvent is generally low, For example, the partial pressure of the solvent and/or the
moanamer may be about 400 Torr or less, about 200 Torr or less, about 100 Torr or
lass, about B8 Torr or less, or about 10 Torr or fess. The reaclion temperature
preferably is about 80 °C or less, more preferably about 70 °C or less, even more
preferably about 80 "C or less, even more preferably about 55 °C or less, even more
preferably about 45 °C or less, aven more preferably abolut 40 “C or less, and most
preferably about 30 “C .or less. The reaction temperature typically is sufficiently high
that the solvent or carrier lguid and the monomer are in a liquid state. For example,
the reaction temperature may be abowt -100 °C or more, about -80 *C or more, about
-30 °C or more, or about 10 “C or more. When polymerizing a 1,1-disubstituted alkene
compound, it may be desirable 1o add one or more acikd-compounds {o the solulion,
the monomer, or both, so that the initial pH of the solution s about 7 or less, ahout 6.8
or less, about 8.8 or less, or about 6.4 or fess. The polymerization process may be
stopped prior to the completion of the polymerization reaction or may be continued
until the completion of the polvmerization reaction. Preferably, the reaction rate is
sufficiently high and/or the reaction tims is sufficiently long so that the polymerization
reaction is substantially complete.

[0042]  The conversion of the manomer to polymer may be about 30 weight percent
or morg, aboul 80 weight percent or more, about 80 weight percent of more, about 95
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weight percent or mare, ar about 99 weight percent or more. The conversion of
monomer to polymer may be about 100 weight percent or less,

[8043]  The polymerizable compositions may further contain other components to
stabilize the compositions prior to exposure 10 polymerization conditions or o adjust
the properties of the final polymer for the desired use. For example, in ceriain
embodiments, a suitable plasticizer can be included with a reactive composition,
Exemplary plasticizers are those used to modify the rheological properties of adhesive
systems including, for example, straight and branched chain alkyl-phthalates such as
dilsononyt phthalate, dioctvl phthalate, and dibutyl phthalatg, trioctyl phosghate, epoxy
plasticizers, toluene-sulfamide, chloroparafiins, adipic acid esters, sebacates such as
dimethyl sebacate, castor o, xylene, 1-methyl-2-pyrrolidone and toluene. Commercial
plasticizers such as HB-40 partislly hydrogenated terpene manufaciured by Solutia
e, {St. Louis, MO can alse be suitabls.

{0044} One of more dyes, pigments, toughening agents, impact modifiers,
rheology modifiers, natural or synthetic rubbers, filler agents, reinforcing agenis,
thickening agents, opacifiers, inhibitors, fluorescence markers, thermal degradation
reducers, thermal resistance conferring agents, surfaclants, wetlting agents, or
stabitizers can be included in a polymerizable system. For example, thickening agents
and plasticizers such as vinyl chioride terpolymer (comprising vinyl chioride, viny
acetate, and dicarboxylic agid af various weight percentages) and dimethyl sebacate
respectively, can be used fo meadily the viscosily, elasticily, and robustness of a
systam. In certain embodiments, such thickening agenis and other compounds can be
used to increase the viscosity of a polymerizable system from gbout 110 3 cPs o about
30,000 cPs, or more,

[0045] According o cerfain embodinents, siabilizers can be included in the
polymerizable compositions to increase and improve the shelf fife and to prevent
spontaneous polymerization. Generally, one or more anionic polymerization stabilizers
and or freeradical stabilizers may be added o the compositions. Anionic
polymesization stabilizers are generally electrophific compounds that scavenge bases
and nucleophiles from the composition or growing polymer chain. The use of anjonic
polymerization stabilizers can terminate additional polymer chain propagation.
Exemplary anionic polymerization siabilizers are acids, exemplary acids are carboxylic
acids, sulfonic acids, phosphoric acids and the like. Exemplary stabilizers include
liquid phase siabilizers {e.g.. methanesulfonic acid ("MSA™)) and vapor phase
stabitizers (e.g., trifluoroacetic acid (*TFA"}). Free-radical stabilizers preferably inchude
phenolic compounds {e.g.. 4-methoxyphenol or mono methy! ether of hydroguinone
{("MeHQ") and bulyiated hydroxy toluene (BHT)). Stabilizer packages for 1,1-
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disubstituted alkenes are disciosed in U.S. Patant No. 8,608,885 and U5, Patent No.
8,884,081, each incorporated by reference. Additional free radical polymerization
inhibitors are disclosed in U.S. Patent No. 8 458,858 and are hereby incorporated by
reference. Generally, only minimal quantities of a stabllizer are needed and, in certain
embodiments only about 180 paris-per-million or fess can be included. In certain
embodiments, a blend of multiple stabilizers can be included such as, for example g
blend of anionic stabilizers (MSA) and free radical stabilizers (MeMQ). The one or more
anionic polymerization stabilizers are present in sufficient amount 1o prevent premature
polymerization. Preferably, the anionic polymerization siabilizers are present in an
amount of about 8.1 part per million or greater based on the weight of the compaosition,
more praferably about 1 part permiliion by weight or greater and most preferably about
& parts per million by weight or greater. Preferably, the anionic polymerization
stabilizers are present in an amount of about 1000 parts per million by weight or less
based on the weight of the composition, mare prefarably about 500 paris per million
by weight or less and most preferably about 100 parts per million by weight or less.
The one ar more free radical stabilizers are present in sufficient amount to prevent
premature polymerization. Preferably, the free radical polymerization siabilizers are
present in an amount of about 1 parts per million or greater based on the weight of the
composition, more preferably about & parts per milion by weight or greater and most
preferably about 10 parts per million by weight or greater. Preferably, the free radical
polymerization stabllizers are present in an amount of about 5000 parts per million by
weight or less based on the weight of the composition, more preferably about 1000
parts par mitlion by waight or less and most preferably about 500 pants per million by
wedght or less.

[o0463 The polymerizable compositions and pelymers disclosed hersin may be
utifized and a number of applications. Exemplary applications include adhesives,
seglants, coatings, components for oplicatl fibers, potling and encapsuiating materials
for slectronics, resins and pre-polymers as-raw materials it other systems, and the
fike.

(60471  The polymerizable compositions exhibit a number of advantageous
properties including rapid reactivity, room or low temperature reactivity, taiforable
rheological characteristics, and the like. Polymers prepared from the polymerizable
compositions exhibit a number of advantageous properties including for example, high
glass transition femperature, high degradation temperature, high heat resistance, high
stiffness and modulus, good rigidity and the like.

jat48} Other components commonly used in curable compositions may be used

in the compositions of this invention. Such malerials are well known {o those skilled in
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the art and may include ultraviplet stabilizers and antioxidants and the like. The
compositions of the invention may also contain durability stabllizers known in the art,
Among preferred durability stabilizers are alkyl substituted phenols, phosphites,
sebacaies and cinnamates.

(o049} The process disciosed allows the preparation of 1, 1-dicarbonyl substituted-
1-gthylenes at higher yields than previously possible. The product yield may be 80
percent or greater, 83 percent or greater or 85 percent of greater.

[o050] Molecular weights as described hersin are number average molecular
weights which may be determined by Gel Permeation Chromalograghy {also referred

o as GPC) using a polymethyimethacryiate standard.
HLUSTRATIVE EMBODIMENTS

[6051] The following examples are provided fo Hlustrate the disclosed
compositions, but are not intended to limit the scope thereof. All parts and percentages
are by weight unless

[0652] Example

(6053} Various mixtures of disthy! bis (hydroxymethyt) malonaie. heated to above
50 °C so that s Hquid and methyleng sulfonicacid are prepared and passed through
a bed of HZSM & catalyst at a temperature of about 225 °C at a flow rate of § Kg/hour,
The mixture has a residence time of about 10 minutes.  The product streams after
axiting the catalyst bed are recovered by distillation. The recovered product streams
at each concentration of methane suifonic acid are collected for a8 time period of about
1 hour. The recoverad streams are analyzed by H-NMR for composition. The following
Table shows the concentration of methane sulfonic acid and the conceniration of
diethyl malonate in the diethyl methylane malonate.

MSA Loading Malonatein
,,,,,,,,,,,,,,,,,, fepm} | Composition{%}
0 4,81
330 2.15
700 0.5%
1000 .22

[o054] The results are flustrated in Figure 1. These results Hlustrate that the
addition of a sirong acid improves the conversion of diethyl bis (hydroxymethyl)
malonate to disthyl methylene malonale and suppresses the conversion of disthyl bis
{(hydroxymethyl) maionale to diethyl malonate.
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[0655] Farts by weight as used herein refers o 100 paris by weight of the
composition specifically referred to.  Any numerical values recited in the above
application include all values from the lower value to the upper value in increments of
one unit provided that there is a separation of at least 2 units between any lower valus
and any higher valus. As an exampie, if it is stated that the amount of a component or
2 value of a process variable such as, for example, temperature, pressure, time and
the fike is, for example, from 1 to 80, preferably from 20 o 80, more preferably from
30 o 70, it is indended that valuas such as 15 10 85, 22 {0 68, 43 10 &1, 30 10 32 elc.
are expressly enumeraled in this specification. For values which are less than onse,
one unit is considerad to be 0.0001, 0.001, 0.01 or 0.1 as appropriate. These are only
sxamples of what is specifically inlended and all possible combinations of numerical
considared fo be expressiy stated in this application in & similar manner. Unless
atherwise stated, all ranges include both endpoints and all numbers betwesn the
aendpoints. The use of “aboul” or “approximately” in connection with a range applies to
both ends of the range. Thus, “about 20 to 307 is intended 1o cover “about 20 to about
30, inclusive of at leas! the specified endpoints. The term “consisting essentially of to
describe a combination shall include the elements, ingredients, components or steps
identified, and such other elemenis ingredients, componenis or steps that do not
materially affect the basic and novel characteristics of the combination. The use of the
terms “comprising” or “including” to describe combinations of slements, ingredients,
components or steps herein also contemplates embodiments that consist essentially
of the slements, ingredients, componerts or steps. Plural elements, ingradisnts,
componenis or sleps ¢an be provided by a single infegrated element, ingredient,
componant or step. Alternatively, a single integrated element, ingredient, component
or step might he divided into separate phural slements, ingredients, components or
steps. The disclosure of °a” or “one” o describe an alement, ingredient, component or
step is not intended fo Toreclose additional slements, ingredients, components or
steps.
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GCLAIMS
What is claimed is:
Claim 1. A process comprising: contacting in a fluid state one or more 1,1~

dicarbonyt substituted-1, 1-bis thydroxymethyll-methanes and greater than 200 ppm
{o about 100G pom of one or more strong acids hased on the weight of the one or
mare 1.1-dicarbonyl substituted-1,1-bis {hydroxymethyl -methanes with a zeolite
catalyst at a lemperalure of about 180 °C fo about 220 °C for a sufficient time fo
convert about 96 percent or greater of the one or move 1,1-dicarbonyl substituted-
1,1-bis (hydroxymethyl}-methanes to one or more 1, f-dicarbonyl substituted-1-
athylenes.

Glalm 2. A process ascording o Clalmy 1 wherein the oneg or more 1.1+
dicarbonyt substituted-1,1-bis {hydroxymethyi}-methanes and the ene or more shrong
acids are passed through a fixed bed of zeolite catalyst, a reaction effiuent containing
one or more 1, 1-dicarbonyl substifuted-1-athylenes exits the fixed bed of zedlite
catalyst and the one or more 1,1-dicarbonyl substituted-1-ethyvienes are isolated from
the reaction efffluent.

Claim 3. A process according o Claim 1 or 2 whergin the zeolite catalyst
contains acid groups.

Claim 4. A process asconding o any ong of Claims 1 {o 3 wherein the strong
acid is present in an amount of about 300 ppm to 800 ppm and about 98 percent or
greater of the one ar more 1,1-dicarbonyl substituted-1,1-bis thydroxymethyi)-
mathanes are converied {0 one or more 1,1-dicarbonyt subsiituted-1-ethylenes.

Clainy 8. A provess according to-any one of Claims 1o 4 wherein the pKa of
the strong acid sbout 3 to sbout 12,

Claim 8, A process goearding 10 any one of Claims 1 to 5 wharein the strong
acid is one or mare minaral acids.

Claim 7. A process gccording 1o any ong of Claims 2 10 8 wherein the ongor
more 1, 1-dicarbony substituted-1,1-bis thydroxymethyi}l-methanes and the strong
acids are contacted with the bed of the zeolile catlalyst at a pressure of about 50 {o
about 200 mmHg.
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Claim 8. A process geoording 1o any one of Claims 1 to 7 wherein the ong or
mare 1,1-dicarbony! substituted-1-ethylenes is isolated by separating the reaction
effiuent into three streams, a light stream comprising water, formaldehyde and one or
maore 1,1-dicarbonyl substituted-1,1-bis (hydroxymethyl}-methanes; a heavy stream
containing oligomsrs and polymers and an intermediate stream containing one or
maore 1,1-dicarbonyt substifuted-1-ethylenes and one or more 1, 1-dicarbonyl
substituted-1, 1-bis (hydroxymethyll-methanes; distifling the intermediate stream and
isolating & product containing 1,1-dicarbonyl substifuted-1-ethylenes.

Ciaim. 8, A-process gcoording fo any one of Glaims 1 1o 8 wherein the one or
more 1, 1-dicarbonyt substitutad-1,1-bis {(hydroxymethyl}methanes are prepared by
contacting one or more 1, f-dicarbonyl substituted-methanes with formaldehvde or a
source of formaldehyde in the presence of a catalytic amount of one or more
trialkylene amines under conditions o prepare a reaction mixiure containing one or
mare 1,1-dicarbony! substituled-1,1-bis (hydroxymethyll-methanes and the

frialkylene amines are removed from the reaction mixture by evaporation.

Claim 10. A process according o Claim 8 wherein the concentration of the
frigikylene aming in the one or more 1, 1-dicarbonyt substituted-1,1-bis
(hydroxymethyil-methanes is less than 1 ppm alter the irialkylene amines are
removed by evaporation.

Claim 11 A process gooarding to Claim 8 or 10 whersin the one or more 1, 1-
dicarbonyt substituted-methanas is one or more malonates and the ane or more 1.1~
dicarhonyi substituted-1-gthylenes is one or mors methylene malonates.

Claim 12, A process according to any one of Claims 1 to 11 wherein the product
isolated comprises about 87 mole percent or greater of one of more 1, {-dicarbonyl
substituted- 1-ethylenes and about 3 percent mole percent or less of one or more 1,1~
dicarbonyl substifuted-methanes.

Clalm 13. A process acconding o Claim 12 wherein the produdt isolated
comprisas 99 percent by weight or greater of one or more 1. 1-dicarbony substiiuted-
1-ethylenes and 1 percent by weight or less of one or more 1, T-dicarbony
substituted-methanes.
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Claim 14. A process according o Claim 12 or 13 wherein the isolated product
contains 1 mole percent or less of an impurity containing a dioxane group, about 1
mole percent of less of any impurity having the alkene group replaced by an

analogous hydroxyalkyl group wherein mole percent is based on the total moles in

the 1,1-disubstitted alkens compound.

Claim 15. A composition comprising about 87 mole percent or greater of one or
more 1,1-dicarbony! substituted-1-ethylenes and about 3 mole percent or less of one
or more 1,1-dicarbony! substituted-methanes containing 1 mole percent or less of an
impurity contairing a dioxane group, aboul 1 male percent of less of any impurity
having the alkene group replaced by an analogous hydroxyalkyl group wherein mole
percent is based on the lotal moles In the 1,1-disubstituted alkene compound.

Cigim 18 A composition according fo Claim 18 comprising 98 mole percent or
greater of one or more 1, 1-dicarbonyt substituted- 1-ethylenas and 2 mole percent or

less of one or more 1,1-dicarbonyi substitled-methanes.

Claim 17. A composition according to Claim 15 or 18 whersin the one of more
1. 1-dicarbonyl substituted-methanes is ong or more malonates and the one or more
1, 1-divarbony! substituted-1-ethylenes is one or more meathyleng malonates,

Gialm 18, A composition comprising a polymer of one or mare 1.1-dicarbonw
substitted-1-sthylenes containing about 3 mole percent or less of one or morg 1,1
dicarbonyt substituted-methanes.

Claim 19. A composition gecording to Claim 18 comprising a polymer of one or
maorg 1, 1-dicarbonyl substituted-1-ethyisnes containing aboul 2 mole percent or less
of one ar more 1,1-dicarbonyt substituted-methanes.

Claim 20 A composiion according to Claim 18 or 18 comprising a polymer of
ane or more 1,1-dicarbonyl substituted-1-ethylenes containing about 1 mole percaent
or laas of one or more 1, 1-dicarbony substituted-methanes having a polydispersity of
aboul 3 or less and a weight average molecular weight of about 10,000 daltons or
greater.
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