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BACKGRCUNMPEﬁI$ﬁ§ INVENTION 1. Field of the Invention The invention
relates to i -roved nethods for pr oduci ng net hyl ene nal onat e nononers and
to the udlC ARHONE HEERENGIt hy| ene nal onat e nonomers prepared by
t he met hods of the invention as comercial products and conpositions,

i ncl uéli ng, f ofFhigawkiasisneslaimppronrey tldSeBropiswacAnrplicaiog Seriglf¥os, adhesi ves,
coatings, sealants or reactive nolding) and pol yner-based products (e.g.,
fibers, DI/H0B02% fikedtQriobae?l), €810, 6bHITRTS ﬁle@id?qyd@r £G 2000, yet08 . O Pcfiled
surfactants) 2. Background Met hyl ene mal onates are conpounds having the
gener al Dotobed 24, 2010, 61/405,056, filed October 20, 2010, 61/405,078, filed October 20, 2010,

61/523,311, filed August 13, 2011, and 61/523,705, filed August 15, 2011, the entire contents
each of which are incorporated herein by reference in their entireties.

10 All documents cited or referenced herein and all documents cited or referenced in the
herein cited documents, together with any manufacturer’s instructions, descriptions, product
specifications, and product sheets for any products mentioned herein or in any document
incorporated by reference herein, are hereby incorporated by reference, and may be employed

in the practice of the invention.

15  BACKGROUND OF THE INVENTION

1. Field of the Invention
The invention relates to improved methods for producing methylene malonate

monomers and to the use and/or application of methylene malonate monomers prepared by
the methods of the invention as commercial products and compositions, including, for

20  example, monomer-based products (e.g., inks, adhesives, coatings, sealants or reactive
molding) and polymer-based products (e.g., fibers, films, sheets, medical polymers,
composite polymers and surfactants).
2. Background

Methylene malonates are compounds having the general formula (I):



WO 2012/ 054616PCT/ US2011/ 056903 R R 00 (I) wherein R and R may be the
sane or different and nmay represent nearly any substituent or side-chain.
Such conpeonde/dsase been known since 1886 where the formrariuseoiefdsanet hyl
nmet hyl ene mal onate was first denonstrated by W H. Perkin, Jr. (Perkin
Ber. 19, 1053 5(1886)). These conpounds have the potential to form
the basis of a highly valuable novel |arge-scale platformfor the chem cal
synthesis of a new order of raw nmaterials for the generation of a w de
variety of new chem cal products, 5i ncl udyng i nks, adhesives, coatings,

seal ants, nolding, fibers, filns, ||sheets|| nmedical polyners, conposites,
surfactants and the 10li ke_ Wil el||the poflential_jis there for such
mat eri al s, nethyl ene nalonghes texfa aad% t herefrom have found very
linmted comercial success owifhg to tlhe diffdculty of their production,

i ncludi ng poor and erratic yields, |gck of reactivity, and general
instability of the nononmer products. 'These diffi €0l ties stemfromthe
deficiencies in the nmet hods devel oped over the years which have proposed
vari ous dbhehdSafdR’ Bynbatbe pamay difdarenf kehmayrepensent asarlyBHewistiaient oghi | e such
earlier nethods for producing nethyl ene nmal onates have been known for many
years, t hidsehgir.i Suchwemhadds bacfbeen lgiogmisirice 486 wledre thic deroiagien efdigthylpr ecl ude
their use in obtaining coommercially viable nonomers. Such deficiencies

i ncl ude urtimhithe chajpohty ves ifiztieromsoited by Wnbh Gomkirs Jid (Reirkig, Bey ntohé&i3s (e. g. ,
formati on of polyners or oligoners or alternative conplexes), formation of
undeskr abls8opi de products (e.g., ketals or other |atent 20acid-formng
speci es which inpede rapid polynerization), degradation of the product,
insufficient amdéasmpoandyiaet d8,pondalitd &frineld bas o@D dipaly ab@bleyiotdInct i oni ng
nmononer product (e.g., poor adhesive characteristics, stability, or other
funct i onglgChrale e BFrh FriteSohemBAPHALHREBNEF a ndW SldbedTeaw MG riAN@sahd poorer
yield, quality, and chem cal performance of the nononer products formed by
prior nmeLipdsioRasa WRIVIEEY 0PRed BRIfica hRALAE AhcliB: ik, bR siREQEMELEON of the
above comrercial and induStrial products. No viable solutions to solve the

af or ementi,onednBlaRl RH% MRS sHEks, REFRa ROARRRS GomARREPLAfCARYRY uecogni zed

and certainly

10 like. While the potential is there for such materials, methylene malonates or materials made
therefrom have found very limited commercial success owing to the difficulty of their
production, including poor and erratic yields, lack of reactivity, and general instability of the
monomer products. These difficulties stem from the deficiencies in the methods developed
over the years which have proposed various schemes for synthesizing methylene malonates.

15 However, while such carlier methods for producing methylene malonates have been
known for many years, these prior methods suffer significant deficiencies which preclude
their use in obtaining commercially viable monomers. Such deficiencies include unwanted
polymerization of the monomers during synthesis (e.g., formation of polymers or oligomers
or alternative complexes), formation of undesirable side products (e.g., ketals or other latent

20  acid-forming species which impede rapid polymerization), degradation of the product,
insufficient and/or low yields, and ineffective and/or poorly functioning monomer product

(e.g., poor adhesive characteristics, stability, or other functional characteristics), among other



5do not exist currently in the industry. For exanple, in U S. Patent
No. 2,330,033 to Gaetano D Atelio ("the '033 patent"), nethylene mal onic
esters arwopoepdi@d by condensing a nalonic ester wth Pornskdelyaes under
al kaline conditions, acidifying with acetic acid and dehydrating the nass
and distilling the nethylene malonic ester. In each exanple of the '033
patent, the condensation reaction is 10acidified using acetic acid.
Furthernore, the ester is described as polynerizing spontaneously in the
absence i bitors,, Th . n ribed in the '033
pat ent 1"“’0?“%“a?}%é Pkl %"#‘%éﬂeﬁ‘h wdlfy 35611 ghe“%%@% }5‘?‘%& ol O%rrlgerrfl(i%otnlleon of the
nonomer uction eleteri us Si t he

ref er encBm s B Bl B POy o }P&F.Pzﬁsp o u%@d&ﬁ*%?é? BT s ot de
products t al one does it pr.ovid S or gestlons as to
AT A e B et S AR L e pecor dingly.
the nmet hy| ene mal onates purportedly formed by this proces racti cal
for use P rq@?@“ﬂ%ﬁé@&lﬁffwaw Yetibse @Ow%@rs@%ﬁ apdgr lieﬁ?ﬁ%zﬁ? F‘%‘{ ce&ﬁ@ uct s.
Simlarly, in US. Patent No. 2,313,501 to Bachman et al. ("the '501

pat enf ") 90 aeleripf @HEendy B Ry ndpeivonat es are prepared by the reaction of
di al kyl malonates w th 20formal dehyde in the presence of an al kali metal
salt of a carbweptmneledeildS iPateat Noasi3AM8P & Cyetaney drdiod “dardoptent).aci d
solvent. The nethod of the '501 patent purports to provide higher yields

t han t hemgthytsne metonwdsteofare ppeesbngnflosmgladedigrde corivithafodiaddbyde mal onat e
in the presence of a base. In the '501 patent, nethylene diethyl malonate
i s di sti bhdedalitalirecbhditibrsomidifieng edcideona xiddeby dratcker ths tbssatnddsphegi ¢
pressure. The ester is described as formng a soft 25 waxy white pol yner
upon st atdinnghylénadhat@ti¢ extert hecaph esmpieofahe @3Ripghntdidg caelcndaticietcett@niious
side products. The '501 patent does not even recognize the formation of
such 10el etigific®usnBidec pri@dREihsimdretthadsenes ddoabhel bs flpirdgngany teachi ngs or
suggestions as to howto avoid or elimnate the formati on of such

i mpuri ti gsontahBaiSly ih AR ABRNBY bEARLAGE ONalsEHe PIAERAN dofitiynd REIBAd hythé hi s
process are hlghly unstabl e and are |npract|cal for use in the production

of 5vi abl@®3¢erHEN&IIdhav@Ngl foMUSHdEdi bl PrQSGEE Polymerization of the monomer and

the production of deleterious side products. Further, the reference does not even recognize
the formation of such deleterious side products, let alone does it provide any teachings or

15 suggestions as to how to avoid or eliminate the formation of these impurities. Accordingly,
the methylene malonates purportedly formed by this process are impractical for use in the
production of viable commercial and industrial products.

Similarly, in U.S. Patent No. 2,313,501 to Bachman et al. (“the ‘501 patent™),

methylene dialkyl malonates are prepared by the reaction of dialkyl malonates with

20  formaldehyde in the presence of an alkali metal salt of a carboxylic acid in a substantially
anhydrous carboxylic acid solvent. The method of the 501 patent purports to provide higher
yields than the prior methods of condensing formaldehyde with a dialkyl malonate in the
presence of a base. In the ‘501 patent, methylene dicthyl malonate is distilled directly from
the reaction mixture under sub-atmospheric pressure. The ester is described as forming a soft

25  waxy white polymer upon standing, indicating the presence of a high degree of deleterious



Furthernore, in U S. Patent No. 3,197,318 to Halpern etal. ("the '318
patent"), dial kyl nmethylene malonic acid esters are prepared by condensing
di et hyl mabanets4616t h f or mal dehyde in the presence of aeeTius2@aioseoand an
acetate of a heavy netal at 100-110C. The reaction mxture is directly
distilled under reduced pressure. The '318 patent states that 10in the
anhydrous conposition, the reaction either fails to occur or is greatly
del ayed by the inhibitor up to the time when the effectiveness of the

i nhi bi tor r.e d . her

sur f ace vidt UG oiRs Y1 FO0S A 8] R HRRE % b B bk @e?%aog? g
condi tions des ere roductlon of

del ot er | BRSUEH g aBDP%aa%tlgpfo‘fﬁeeaHYéi@%g% %ﬁﬁug%%ﬁgnsr?s%o BoLR a8Bn oet he

formation.or 15presence hese.inmpurities, t al one offer t eachi ngs or
suggest | glhfg &R SRttt s srbraraies ’ll'hf st iee Feiat PR slieor i ngl .

the neth mal. onates p rted] y rned by .t pracess of the ' 318

pat ent mag Rt meess ?rﬁﬁ}ggﬁy qné%@) e iy arﬁ h@Pﬁaot&@Ef%r Hsetip éhemreflx’ﬁta?r} In of

vi abl e commercial products. Also, in US. Patent No. 3,221,745 to Coover et
al . (5thEMbW&Bmﬁﬁﬁéﬂﬁné“mh%ﬁﬁﬁﬁﬂpgszo di al kyl esters of nethylene mal onic
acid are purportedly prepared in high purity because even with snal

amount s of i npythictnas, ip Ka¥. Pateht Nede®7pd B ynidalperatet dn(“thge3 Bt e utility
will be inpaired. The ' 745 patent describes renoving all inpurities to

| evel s bélatwl 16ihylsas melopie raid|chieorrqprefardi opnérasiogdbietipdmelongemithi | | i on.
The nononers are prepared by hydrogenating the olefinic bond of a dialkyl

al koxy- métrimgldelneload o atoscricn of wetipaed enlcan aottat ofiy deayyemddtl ao02BOAE al yst and
pyrolyzing the reaction product. The '745 patent states that these high
purity irht eactinsnipokyindirealy distided oder fedtusadpensige.i ThesB i Ripatapisttey thatd t hi n
seconds. I ndeed, the '745 patent, like related U S. Patent No. 3,523,097 to
Cooven ein taé antydtone cortybéitipal e feadtionlefrbiet fhidSo bbdir Ut ghfatlqdelagdddiyahst abi | i zer
to enhance shelf-life and to prevent premature polymerization. However, the

hi gh t enpiabtitodheiné WaBsthebritiR ey Of tHSingibiteRis kddabed tiv@niaaddfy resul ts in
the 5 formation of unwanted and del eterious side products and is a much

nore ex p%%wett@mlﬁll(ﬁam%&mdeamﬁfk&wier%%%s $ncdk@br MHE GRS iTRG et hyl ene
mal onate as conpared to the Knovenagel reaction with formal dehyde. Thus,

the no noﬁ%v&%l@%a&tﬁﬂl %nélﬁéﬂ%s&%e& PanRhaeeR&eSoudd hd%ed tZ% 1@9&10&9{9 7
patents i's inpractical for use in the production of viable comrercial and
i ndustri 3% de%t%lﬂlg e products. The ‘318 patent does not even recognize the formation or
15 presence of these impurities, let alone offer teachings or suggestions as to how to avoid or
climinate their formation. Accordingly, the methylene malonates purportedly formed by the
process of the ‘318 patent would have been impractical for their use in the production of
viable commercial products.
Also, in U.S. Patent No. 3,221,745 to Coover et al. (“the ‘745 patent”), monomeric
20  dialkyl esters of methylene malonic acid are purportedly prepared in high purity because even
with small amounts of impurities that influence polymerization the adhesive utility will be
impaired. The *745 patent describes removing all impurities to levels below 100 parts-per-
million preferably below 10 parts-per-million. The monomers are prepared by hydrogenating

the olefinic bond of a dialkyl alkoxy-methylenemalonate in the presence of a hydrogenation

25  catalyst and pyrolyzing the reaction product. The ‘745 patent states that these high purity



10Still further, in U S Patent No. 3,758,550 to Eck et al. ("the 550
patent") report on a general process for producing nethylene nalonic esters
of the gewenal2@erirul a CH2=C(- CO2R)2, by reacting par aPorskadelnyees i n
glacial acetic acid in the presence of a catalyst to forma product in the
formof a "gel" which is then "cracked" at high tenperature distillation.
The reaction is conducted over |ong periods of time, including up to 15
hours, 15and produces a substantial anmount of del eterious side products, as
evi dencegna e¥1a1t %glgg]nrlget én'&%’r%n & m{f1 E&}%its % Jvz utrlgl?c] 31 1tﬁ1 %ec%r ? ﬁ(ﬁe'efl FtFr tﬂgr , the

' 550 pat en s no suppor funct i ona e nDnoners

ot fﬁﬁg?t%*ﬁl%ffel%{%ﬁdn%ﬁ’ﬁﬁ%ﬁo ?%@3@% f O S ‘@?8&@%& BIRURELS e

substanti al | y Gt unerous dlsadvanta es of the foregoing
processe8’® ‘W‘}P&ﬁ ‘éhSEa %Iﬁf’ ﬁé@%c %?W?BTW@TWF&WB WP i f not
|np055|ble to provide commercially yiable npnoners, Magni ez et aI
(U.S. Patlowrisr the Et%@&raéwa cnddionppgt the pggro YE?“I?P?“@@@)W( Lf’{ynfésu l'sgiythgng ' 098

patents") develo ed a process whereby ant hracene adducts were prepared by
r eact # ng faFEAben frungrotad pshfcteteriony side prefucki a4 is HPwel BerpfecIsiYeeRe presence
of anthracene, nost 25 preferably in a non-aqueous sol vent nmediumin the
pr esencedificultelyebesicrmpedsy or srepaEtzonehyignapalondiesscopmeeatasthe Kneveaaagshr acene
adducts were said to be readily produced in high yields with the desired
met hyl enecaptginonitt @smdithailn ebhusyths mongpémmyrioniedhy flerored b ¢heamedssses ehibe adduct
by any of the known nethods including heat treatnent, thernolysis,

pyr ol ysi §746 ranh Y97 phtgsts $5 impraefieal &doluge meh¢ prodedibmehtiabla cothmepiabsehce of

mal ei ¢ anhydride. The resultant crude products 5 were then subjected to
mul ti pl eirdustiallpk@tucens, preferably | ower tenperature distillations under
vacuum to recover the purified nethylene mal onates. Despite the claimto
hi gh1yi el ds, s$diefuithed thde SyPaém Nowe7 88, §Fne Eak kiyali (Nthe 880 pAREE reforthra’1% and
nore inportantly, nothing is taught with respect to the purity of the
material g @Q&@Ffw@ks fNPrddicinBendts en@imaldifi €ssiRdb heo el Ceered hi gher
yields and allowed greater 10versatility, particularly wth respect to the

br oader @@gkﬁtwy@acuﬁgbmto%ﬁdé@henpgls'csalfae&f%takﬁ iRfhebRlsBtcRTQEMEIOE: tol | Ngering
probl ems persisted, namely batch-to-batch inconsistency and thé general

i nst abi | igfy a%ro&d@?mgﬁ@ﬁ)ﬁﬁ%f Q-Sgéi\’e'!)vhlcﬁ-% tI’lQle c%ké(pr mqjghctéﬁ'lﬁi& afed final

products, especially 1 n bulk sStorage, and of fornulated products, such as

adhesi Vey; 11%1‘35 d\ei\,hé gaétﬂ)ﬁ 1§@dﬁﬁuct&fj(we o‘ﬂ??&!@’d’s of nﬁe qg(?iﬁ'@g% ﬁée)w 8 8\1#@\/0' ve

conS|dera expense, particular nee or the

addi tl% 0 n‘:ﬁlld ﬂrggucgéy Eu%st%&gal gﬁlhl?l{t oFRU&E Illcﬁls Ride %go%%gts,par %glldg&ce(? Qy fLeps and tine,

gelatinous characteristics of the product. Further, the ‘550 patent contains no support
showing the functionality of the monomers produced. Due to the likely presence of high
levels of impurities, the functionality of the monomers produced by the 550 patent would
likely be substantially compromised.

20 Citing numerous disadvantages of the foregoing processes, which disadvantages were
said to make them difficult, if not impossible, to provide commercially viable monomers,
Bru-Magniez et. al. (U.S. Pat. No. 4,932,584 and U.S. Pat. No. 5,142,098) (“the ‘584 and
‘098 patents”) developed a process whereby anthracene adducts were prepared by reacting
mono- or di-malonic acid ester with formaldehyde in the presence of anthracene, most

25  preferably in a non-aqueous solvent medium in the presence of select catalysts. According to



new energy requirenents and environnental concerns, and the |iKke.
Furthernore, despite their advances, these processes have yet to fully or
even adequatelyosaddr ess, particularly froma conmerci al Peiraiseéiitog9o3
standpoi nt, the underlying and critical problens evidenced by the
continui ng inconsistency in the production of the nethylidene nmal onates,
particularly as 20 reflected by the ongoing instability of the reaction
m X particularly during the distillation and recovery of the desired

duct f
FLE g?o dﬁl(:%e %atent ﬁw%nth%acg Cf a%ﬁuc\{ gr% ts£)1d9 ﬁlctte%dl af rPéO(fuﬁ 13?1{ %:tf&:s ur eo
t d h | |
e ao N G s rrr@g oS AR bR TRl e B f?a%%@%genﬁﬁégl%?ﬁ%?@ﬁm from
o hyﬁéﬁa%?%% ot hn GO g DRiabrB PEokbis bl n®, Sy hests

3,557, 185; 3,975, 422; 4 049, 698; 4, 056, 543 160 864 and 6, 106, 807. None
of theseplreé‘jfr@i Riceb Bodtmeridy e P@%‘%PSQ&WE“%%@Y% ThereiltarherificPENEsd above,
including the formati on of deleterious side products, such as, ketals and
ot her 3| aW@thh@oﬁuaLertéﬁirﬁrﬁ@t@lﬁéésr%U%m negfeiaplyderserieiprsserre gistf gioma Hedsr ¢ he
occurrence of unwanted iynerlzatlon (e.g., unintended 5 formation of

pol ymer sya@pingeragoyeighe alrrt wel mgthylene cesarlatex d39spiimidie elaan tpdigh wkldadbgindat i on
and instability of the nononer products which together substantially

i npedes tihde picbidwetd generafly i thhraggeadfi21y7 1fe tehy mereeimpattaniat eothing oriergdt havi ng
commercial viability. In view of the above art, there remai ns no known
si ngl e viwablrapew mibe pirdlyloy thsumatatl ebtaet¢chod or process for the chem cal

synt hesi s of nethyl ene mal onate nononers which may 10 be utilized to
produce t heseWwhilpdrtuandf in@wnediiteaddatbts pfomotédidglge petdthdalwfedarastede vari ety
of commercial and industrial products. Thus, a need exists for inproved

met hads {asatsiyn pheishldingitiedspack ke bdhdud altetoNasRylsnd Mabnadseagapadfl € of
being viably used in commercial and industrial applications. The present

inventi OBelﬁQ%)MﬂﬁceHhﬁlg@ﬁ@g’lﬁﬁﬁeﬁlk P&t MaRleBMBatdhRo bhh S BhdMEScS aif thd 5
net hyl ene mal onate nononmers and paves the way to a commercially viable

sour ce OfberRfhl i¥RGHPHtthe HYcTREERERLs thSIIVIARY Fhdcldd ﬂnlél\ﬁbmcg\jespemally The

pur pose and advant ages of the present invention will be set forth i'n and

appar ent jf §ombAee, %’é&f’ foﬂﬁﬂllﬁ’t@d H&éﬁcti QhdnoNBdnAHEL, W0 ] advankages of the

invention wll be realized
Additionally, the adduct routes involve considerable added expense, particularly in light of

15 the need for the additional reactants and other materials, added production steps and time,
new energy requirements and environmental concerns, and the like. Furthermore, despite
their advances, these processes have yet to fully or even adequately address, particularly from
a commercial viability standpoint, the underlying and critical problems evidenced by the
continuing inconsistency in the production of the methylidene malonates, particularly as

20  reflected by the ongoing instability of the reaction mix particularly during the distillation and
recovery of the desired product as well as of the recovered product. It is this erratic nature of
the production process and resultant product and the attendant costs associated therewith that
compromises and overshadows the commercial value and opportunity for these products.

Similar conclusions may be drawn from other representative prior references that

25  purport to teach the synthesis of methylene malonates, including, for example, U.S. Patent



20attai ned by the nethods and systens particularly pointed out in the
written description and clains hereof, as well as fromthe appended
dr awi ngs.wo 2012/ds#616ne aspect, the present invention rel ategScaiAaseves hod of
maki ng a net hyl ene nmal onate nonomer conprising: (a) reacting a nmalonic acid
ester with a source of formal dehyde in the presence of a basic catal yst and
optionally in the presence of a non- acidic solvent, to forma reaction
conpl ex; and (b) recovering nethyl ene nal onate nononer fromthe reaction
conpl ex. , ) A £ t, dnventi e e a net hod
3ox et hE R s R EE R R TR M PR LSBT s

of making a onat e mal oni c
acid ester. with,a source of 5formald de.in t resence of .an acidic
oot ol yot Tl By R S oeioe ls B LERIER Syl iR AR Re e AR Sor vent
to forma action. ,compl ex; and (b) recoverin t.hyl.ene nml onat e nmononer
Pomt oo oy iad ATReR s s e A T i SeE Shah et

invention relates to a nmethod of making_.a nethyl ene nal onate nonoper
conpr i si HEPede BereRgderRgnaceharficrracs af wetaed Rebymcyzalign e g winte
formal dehyde in the presence of an acidic or basic catalyst and optionally
in thé pfagaieipehairraelignnecroer afemairg @pleest) vanhthe seeersldesndatioased i on
conpl ex; (b) inactivating the catalyst; and (c) recovering nethyl ene
mal onat einyhidifeet the Benarps prasaets mdirhdegeice substaptiadlyiimpedsp eipeedugipiedst | t he
present invention relates to a nethod of making a nethyl ene nal onate
nmononer bighprilgy mythyleay mabmetcinmpomerrdiaping comweiaksiabitityni t h a sour ce of
15f ormal dehyde in the presence of an acidic or basic catal yst and
optional | y i nintvhev pftbs emoe aof than racdici o lowownoeimgRoiidbleccawharenlly suitablE or m a
reacti on conplex; (b) recovering the methyl ene mal onat e nononer the
r eact i onnmetwpbeprocan tor (i) chamitahgyrihags b fracth @emvredlynad mumdradrs viich atagnt aci d
formng inpurities fromthe reaction conpl ex.

10  be utilized to produce these important raw materials for the generation of a wide variety of

commercial and industrial products. Thus, a need exists for improved methods for
synthesizing methylene malonate monomers that are capable of being viably used in
commercial and industrial applications.
The present invention solves the aforementioned problems in the synthesis of
15 methylene malonate monomers and paves the way to a commercially viable source of an
important raw material.

SUMMARY OF THE INVENTION

The purpose and advantages of the present invention will be set forth in and apparent
from the description that follows. Additional advantages of the invention will be realized and
20  attained by the methods and systems particularly pointed out in the written description and
claims hercof, as well as from the appended drawings.
In one aspect, the present invention relates to a method of making a methylene
malonate monomer comprising: (a) reacting a malonic acid ester with a source of

formaldehyde in the presence of a basic catalyst and optionally in the presence of a non-



In various enbodi nents, the nethods of the invention may further conprise
the step 200of inactivating the catalyst. The step of inactivating the

cat al yst wayoaspiisse, but is not limted to, form ng amCrnsedinlose@o3
precipitate of the catalyst and renoving the precipitate fromthe reaction
m xture. When i nactivating the catalyst, the precipitate my be
formed in certain enbodi nents by the addition of sulfuric acid phosphoric
acid or a conbi nation thereof. In certain other enbodi nents, the

pr eci pi t g‘él&lc sélven?rtm%o bé/ rea 10% rn lex %d% 2y r1¥1 R eng rn%%t g’tle)fr?onorn . € he
P € the od" of "the

reaction m xture n aspec i hvention 1nctudes the
step of | AN the %ecovery of vol atile latent acid formng inpurities,
this steglﬁh€1tﬁ enbodinents 5 conpri se (a) adding to the reaction

m xture water_and an aci d. havi ng. Ka range of t.0 b ding to the
reaction mi xt BrEORCIHRIGEAB] PSR i af%artasaﬁ.ae%%q depf ﬂ@?m@(@ fﬁ%ﬁﬁnﬁg to the
reaction xture a non-vol ati] e organic acjd,. or any conblnatlon of (a),

(b) or (ERONRIG ROIPSE GPIEPIINER: hb3aiEhnal Onlfﬁ%‘dé‘ftérpw 4 PWGA'zi ng t he
recovery of volatile latent acid formn npurities may conprise adding to
t he réacfarealdpivde it de pepseice ghan %ﬂﬁl%ﬁtﬁygeﬂ%ﬁtwﬁﬁlmﬂﬁt@aprtsaw@f@tl agdico 5. |n
aspects where the nethod of the invention involves a basic catal yst, the
basi ¢ caPalgisicidiesplysat toifprme raaglion corplsai #ndribls recputriag stathmine stakanate sodi um
acetate, zinc acetate, alum num acetate, calcium acetate, magnesi um
acetate,Hnmgmeehunﬂ@x@dewlemmﬁem acetate, lithium acetate, alum num oxide,

or zinc oxide. 15In aspects where the nethod of the invention involves an
aci di ¢ cat al ybityet arffogheagipeétcthe present invention relates to a method of making a methylene

malonate monomer comprising: (a) reacting a malonic acid ester with a source of
10  formaldehyde in the presence of an acidic or basic catalyst and optionally in the presence of
an acidic or non-acidic solvent, to form a reaction complex; (b) inactivating the catalyst; and
(c) recovering methylene malonate monomer from the reaction complex.
In still another aspect, the present invention relates to a method of making a
methylene malonate monomer comprising: (a) reacting a malonic acid ester with a source of
15 formaldehyde in the presence of an acidic or basic catalyst and optionally in the presence of
an acidic or non-acidic solvent, to form a reaction complex; (b) recovering the methylene
malonate monomer the reaction complex; and (¢) minimizing the recovery of volatile latent
acid forming impurities from the reaction complex.
In various embodiments, the methods of the invention may further comprise the step
20  of inactivating the catalyst. The step of inactivating the catalyst may comprise, but is not
limited to, forming an insoluble precipitate of the catalyst and removing the precipitate from
the reaction mixture.
When inactivating the catalyst, the precipitate may be formed in certain embodiments

by the addition of sulfuric acid phosphoric acid or a combination thereof. In certain other



catalyst, in certain enbodi nents, can be paratol uene sul fonic acid,

dodecyl benzene sul fonic acid, borontrifluoride, zinc perchlorate, sulfated
zi rconi unwoxns4@eal f at ed titani um oxi de, |ithium chl oripde/Ushanone903
trifluoride etherate, ferric sulfate, zirconium oxychloride, cupric
chloride, titaniumtetrachloride, or zinc chloride. 20In certain other
enbodi nents, the reacting step of the nethod of the invention can be
conducted in the presence of a non-acidic solvent. According to sone
enmbodi nen .1he non-acidic. solvent can be tetra furan, .chloroform

ai oni or onEpsiats P EHR R e EnERY RO e BB b AN S L e o
hexane. . . In still other enbodinents, the reacting step of the

met hod of “*tH% TPt i on can be 25conducted in the absence of a sol vent.

In certain enpodi nents of the inyention, the reacting step.i.s perforned at
bbout 60C t o BHOULLTYEE MeRplIPhGeoh ot B a ot Ery B uscd. t he
reaction step can b% erforped at about 20C to about 50C, or. about 30C to
about 40¥SCOYGRHY gfwlfftl %@W@? ag e dmpurhies.ithis gicR may n ¢REEHGENIEIMI i t ed t o,

i nstances when the source of formal dehyde is a gas, the 5 reaction step can
be peff offBRIIs§(2) 2@ tolbe fEctigpnixtwesEater gidppiagddaying 2 pEasigeal ilRfure is a
liquid at such tenmperatures. In still further enbodinments, the recovering
step of fhedding ol skctigranixiwenstpénlly Aindered pigaric gpileorde)sdiing & then,
fractional distillation, flash distillation, steamdistillation, vacuum

di sti | | atdaolpn sinbwre a pat-voldils pickhiaedidmr anheambindtion il 60 (P) ert(con, reactive
distillation, evaporation, 10 extractive evaporation, flash evaporation, or
rotary evaporhtdegmn other ahbreliments) dai staprtf syinitiang the oacevirpgf wdlgpe bamt be
repeated two or nore tinmes, or three or nore tines, or four or nore tines,
or five a¢id firméng imfesticsanaySioxpase atding td theesaction mbewre ivaest ambdreacid mes, or
eight or nore tinmes, or nine or nore tinmes or about ten tinmes or nore.

I n ceot ahsvigt HeKa erpoeti-senss, the recovering step of the nethod of the

invention can 15be perfornmed at reduced pressure. In still other
enbodi nent's, nhgpdPRlvatkCtha Gictho® SF Bk ifvehitidtSiBvd 1hestanRsibeithQs, @F bide 1 nventi on
can have the formula: R ..-..... R 00

catalyst may be, in certain embodiments, potassium acetate, sodium acetate, zinc acetate,
aluminum acetate, calcium acetate, magnesium acetate, magnesium oxide, copper acetate,
lithium acetate, aluminum oxide, or zinc oxide.

15 In aspects where the method of the invention involves an acidic catalyst, the acidic
catalyst, in certain embodiments, can be paratoluene sulfonic acid, dodecylbenzene sulfonic
acid, borontrifluoride, zinc perchlorate, sulfated zirconium oxide, sulfated titanium
oxide, lithium chloride, boron trifluoride etherate, ferric sulfate, zirconium oxychloride,
cupric chloride, titanium tetrachloride, or zinc chloride.

20 In certain other embodiments, the reacting step of the method of the invention can be
conducted in the presence of a non-acidic solvent. According to some embodiments, the non-
acidic solvent can be tetrahydrofuran, chloroform, dichloromethane, toluene, heptane, ethyl
acetate, n-butyl acetate or hexane.

In still other embodiments, the reacting step of the method of the invention can be

25  conducted in the absence of a solvent.



20wherein R and R are independently Cl-Cl15 al kyl, C2-Cl15 al kenyl, hal o-(
Cl-C15 al kyl), C3-C6 cycloal kyl, halo-( C3-C6 cycl oal kyl), heterocyclyl,
het er ocycWpRe(2/08461€15 al kyl ), aryl-( Cl-Cl5 al kyl), het @ecoarsgé11066903

het eroaryl4 Cl-Cl15 al kyl), or al koxy -(Cl-15 al kyl), each of which may be
optionally substituted by Cl-Cl15 al kyl, hal o-( Cl1-Cl15 al kyl), C3-C6
cycl oal kyl, halo-( C3-C6 cycloal kyl), heterocyclyl, heterocyclyld4 Cl-Cl5
al kyl), aryl, aryl -(Cl- C15 al kyl), heteroaryl, Cl-Cl15 al koxy, Cl-Ci15

S ol Gt g s B Quvaiy e (KON s SRR B0 0
h 5 7 b h | b
opt ?’oﬁéif"ya Sﬁfgllét. u@@%fnﬁvge}“%%eufgfﬁ oSS B ied KA c?ggé/ ©

Cl- C15
Al kyl)., ﬁ?@ﬂﬂn@%m&’%&%& ur R ai'%@e@?’gé%%{’ Wl B SRS nters

al kyl t hi o, hydroxy nitraq, azido, cy acyl ox rbo ester or

sul fony! parileﬂl%rlysﬁmugh PRt icd i RFARETH en csopesE Oh o b b s i be
nmonof unctional . In other enbodi nents, the malonic acid ester can be

di f unét i BRaongTeregRAc ARFFAMPdHADPEASE to about 25°Crr- proyided the Feagligapixturg Ke
present invention relates to a nethyl ene nmal onate nononer prepared

accor di ng liggd at yweh keepeeurehe i nvention. The net hyl ene mal onat e nonomers of
the invention can be used to make products, 15including but not limted to,
an adhesi ve, B stdwihegembodimeantanic regpveompes ¢fdhe mrthad sithe aeteivn.casbe h
products, in various enbodi nents, can further conprise an acidic

st abi | i zey simmld digilatiadifeatlionst dillatige flastedisdties tsermnigstidlgtemt yacaurour e
accelerator, a rheology nodifier, a plasticizing agent, a thixotropic
agent s, distilkitionadhorn plxhelistillatiosy thiriBin distilitbbersactiae distillaéion,agamtratioa,

rei nforcing agent or a conbination thereof. 20In certain enbodi nents, the
aci d 18t abittdcdes cvapdaraticay flash eplfrition] digotangep@ition] In biebemidinhdits, the r ange
of-15 to 3, or in the range of-15 to 1.

recovering step can be repeated two or more times, or three or more times, or four or more
times, or five or more times, or six or more times, or seven or more times, or eight or more
times, or nine or more times or about ten times or more.
In certain other embodiments, the recovering step of the method of the invention can
15 be performed at reduced pressure.

In still other embodiments, the malonic acid ester for use in the method of the

invention can have the formula:

R M R
o o

20  wherein R and R” are independently C,-C;s alkyl, C,-C,s alkenyl, halo-( C,-C;s alkyl), Cs-Ce
cycloalkyl, halo-( Cs-C¢ cycloalkyl), heterocyclyl, heterocyclyl-( C;-Cys alkyl), aryl-( C;-C;s
alkyl), heteroaryl or heteroaryl-( C;-C;s alkyl), or alkoxy -(C1-15 alkyl), each of which may

be optionally substituted by C;-C;s alkyl, halo-( C;-C;s alkyl), C3-Cs cycloalkyl, halo-( C3-Cs

10



In sone enbodi nents, the acid stabilizer is a volatile acid stabilizer with

a boiling point |ess than 200C I n other enbodinents, the acid
stabi |l i zewoOi2s12205¥@bat i | e acid stabilizer with a boilingP2Fpseen/ob@ss t han
170C. In still other enbodinments, the acid stabilizer is a volatile
acid stabilizer with a boiling point |less than 130C I n ot her

enbodi nents, the acid stabilizer can be an acidic gas, such as, for
exanple, S or BF3. 5In sone enbodi nents, the acid stabilizer can be

present in . a,concentratian. of about. 0.1 .ppm t oyt 10 r. firom about
b 5" pom Fo RSO DR e BR8P st £ om
about 0. mto a n_qt her enbodi nent t he, net hyl ene nal onat e
o oduct s prSpliB” Beer HRHERE by R GRER P PR et favert pE. T AT so
include a free radical stabilizer, such as a phenolic fre 10radical
stabi | i z8%¥hd nay be present in a concentration of about 0.1 ppmto about
10000 ppm or from about 0.1 ppmto about 3000 ppm or fromabout 0.1 ppm

to about ®1500 ppm or from about 0.1 ppmto about 1000 ppm or from about
0.1 ppmto about 300 pPﬁl or fromabout 0.1 ggnlto about 150 ppm_In stil

ot her 3 enbybeficiveherd Rt Hie takesit lRgetbeievitiethe plams thy bigh ey aisiheped edomee r/di ng to 15
the methods of the invention nmay al so conprising a sequestering agent,
wher ei n tKEbeisd hestosydlin ging gdih rearberdtianatly supstistdldyy C1zCis plkyl heledwn; a
cal i xarene, a polyethylene glycol, or a conbination thereof. In yet
anot her EnrdidihEnCs cydhelimbtihin-eheCoaichabyb. taduclys hpieesaeleld GeCor di ng to
the nmethods of the invention nay also conprise a cure accelerator, wherein
t he cur ealRPcrdl @ylat(Or-Ci sallgd) hetenoayet Git-€45 afokrs€i-limatkyshiat eydraxgt,r abut yl
ammoni um fl uori de, tetrabutyl
nitro, azido, cyano, acyloxy, carboxy, ester or sulfonyl.
10 In still other embodiments, the malonic acid ester can be monofunctional. In other
embodiments, the malonic acid ester can be difunctional or even multifunctional.
In a further aspect, the present invention relates to a methylene malonate monomer
prepared according to a method of the invention.
The methylene malonate monomers of the invention can be used to make products,
15 including but not limited to, an adhesive, a coating, a sealant, a composite, or a surfactant.
Such products, in various embodiments, can further comprise an acidic stabilizer, a free
radical stabilizer, a sequestering agent, a cure accelerator, a rheology modifier, a plasticizing
agent, a thixotropic agents, a natural rubber, a synthetic rubbers, a filler agent, a reinforcing
agent or a combination thereof.
20 In certain embodiments, the acid stabilizer can have a pKa in the range of -15 to 5, or
in the range of -15 to 3, or in the range of -15 to 1.
In some embodiments, the acid stabilizer is a volatile acid stabilizer with a boiling
point less than 200°C.

In other embodiments, the acid stabilizer is a volatile acid stabilizer with a boiling

25  point less than 170°C.

11



ammoni um chl ori de, tetrabutyl ammoni um hydroxi de, or conbi nations thereof.
In still another enbodi nent, the nethyl ene mal onate products prepared
accor di ngvoaotds46ret hods of the invention may al so conpPCIAISa0IMESHDgY
nodi fier, wherein the rheology nodifier is hydroxyethylcellulo se, ethyl
hydr oxyet hyl cel | ul ose, nethyl cel lul ose, a polyneric 25t hi ckener, pyrogenic
silica or a conbination thereof. In yet another enbodi nent, the
present invention relates to an adhesive product or conposition conprising
a net hyl ene I orer _pr.epar rding.to . h f . 1h
vent ] on ana i oh e ERERB A EPRLEGAEEE A AR Lk TRUBERAR 5 b0 wenc s,
t he adhevaq» di%%p§ formed by a nethod of the invention, 5wherein the
| evel of PRSI Pess t han about 100 ppm or |less than about 50 ppm or
m or |less_than about 5

| ess than about 25 . or |less.than.about. 10 p
ppm oreven st ehBilmgen hoteid s ran hect A sebi i B REF EMDDA ment s,
t he adhesive products fornmed by a nethod of the invention, wherein the
| evel of S8t AEPET at ent acid-formng inpurities is | ess than about 100 10
ppm or |less than about 50 pgnl,or | ess than about 25 ppm or |ess than
about 510 ppm Ingpme e8Bodimants dhotaid Habilirer ot begyessnt ia dgordsattBOHIEPW 1 ppm  or
| ess. In yet another aspect, the present invention relates to a
pol yrer 0drmpri teiahept dRern, ardioa abait &1 ppm o shovhil e onfiperreew (hbpiwrior
prepared according to a method of the invention, and further relates to a
product elwp?d pmgprSmwidabool & hppm toT#wupb] gpver product can 15be, but is not
limted to, a sealant, a thermal barrier coating, a textile fiber, a
wat er - t r eat mehtotlpo kpbedimesnts, theketbgalend mrlonge paidwdts papar¢deaccoddingac kagi ng fi | m
a nol ding, a nedical polyner, a polyner film a polyner fiber or a polyner
sheet . | mejhetls afithé meentda pegtalsotiftduderaesoe midi¢ah webitizdsuph ayvd ghesolanfreenol at e
associ at ed ol i goner
10  radical stabilizer, and may be present in a concentration of about 0.1 ppm to about 10000
ppm, or from about 0.1 ppm to about 3000 ppm, or from about 0.1 ppm to about 1500 ppm,
or from about 0.1 ppm to about 1000 ppm, or from about 0.1 ppm to about 300 ppm, or from
about 0.1 ppm to about 150 ppm.
In still other embodiments, the methylene malonate products prepared according to
15 the methods of the invention may also comprising a sequestering agent, wherein the
sequestering agent can be a crown cther, a silyl crown, a calixarene, a polycthylene glycol, or
a combination thercof.
In yet another embodiment, the methylene malonate products prepared according to
the methods of the invention may also comprise a cure accelerator, wherein the cure
20  accelerator is sodium acetate, potassium acetate, tetrabutyl ammonium fluoride, tetrabutyl
ammonium chloride, tetrabutyl ammonium hydroxide, or combinations thercof.
In still another embodiment, the methylene malonate products prepared according to
the methods of the invention may also comprise a rtheology modifier, wherein the rheology

modifier is hydroxyethylcellulose, ethyl hydroxyethylcellulose, methylcellulose, a polymeric

25 thickener, pyrogenic silica or a combination therecof.

12



conprising one or nore units of a nethylene nmal onate nononer wherein the
nmet hyl ene 20 mal onate nononer is present as its enolic tautoner. The

ol i gonmer weanrotasiaand t hr ough hydrogen bondi ng of the emorius2eiaws@n®r with
wat er, formal dehyde, nethyl ene glycol or a solvent capable of hydrogen
bondi ng. In still another aspect, the invention relates to a pol yner
having a repeat unit of the formula: 25 wherein R and R are independently
Cl- C15 al kyl, C2-C15 al kenyl, halo-( G -Cl15 al kyl), C3-C6 cycloalkyl

hal o-( C3-C6 ﬁly ¢ aq%%h@(lﬁr}ﬂ?odq ﬁgrﬁrtﬁg gr%s%t nvet% of'r %t%%kya&fghe? du@t ol%y ),

aryl-( G -C15 al eroary eroar or al koxy
Cl- 15 al k h I bst C15

ol kyl - napERes tfeﬁ%%%gﬂ%mwf&lﬂé%e %é%%?@&‘i)fﬁ?ffpre %”80?01“@%%93 ey )

het | yl, het Cl | k , I I Cl- 015 | kyl ),

et erocy e){nvéﬂ 1(aeiﬂ%lr Oﬁﬁ@&'ﬁ“"l@i ?eaa %/{/%ﬁr ary aryl - (« al kyl)

het er oar hydroxyl, nitro, azido, cyano,
acyl oxy, carbox

In still_another
enbodi ment , Ileﬁ wﬁa?#l@ﬁn%rt @s%veapra@m%ﬁnm %etL%Ap%fé C WHFESNof | ot he
forml a: MD 2012/ 054616PCT/ US2011/ 056903 wherein R and R are
i ndepé&nd@hgieip thg lepalmt ketphs jis lessabangabod) 108 R, oHess dhap abput 9 . @de&?ﬁleqnoaI kyl ,
hal o- ( C3-C6 cycloal kyl), heterocyclyl, heterocyclyld4d G -C15 al kyl), aryl-(
G - C15 aklbgpt $3 Dpretesiesaiph abrut AR pep orsss hagabaut § pami gy gven ks thpk @b@at (Cl-15
al kyl), each of which may be optionally substituted by C -C15 al kyl, hal o-(
Cl - C15 aPKydpjn, od8ssC6 cycl oal kyl, hal o-( C3-C6 5cycl oal kyl), heterocyclyl,
het erocycl y14 Cl-Cl15 al kyl), aryl, aryl -(Cl-Cl5 al kyl), heteroaryl,
In still other embodiments, the adhesive products formed by a method of the
invention, wherein the level of other latent acid-forming impurities is less than about 100
10  ppm, or less than about 50 ppm, or less than about 25 ppm, or less than about 10 ppm, or less
than about 5 ppm, or even less than about 0.1 ppm, or less.
In yet another aspect, the present invention relates to a polymer comprising one or
more units of a methylene malonate monomer prepared according to a method of the
invention, and further relates to a product comprising said polymer. The polymer product can
15  be, but is not limited to, a sealant, a thermal barrier coating, a textile fiber, a water-treatment
polymer, an ink carrier, a paint carrier, a packaging film, a molding, a medical polymer, a
polymer film, a polymer fiber or a polymer sheet.
In yet another aspect, the present invention provides an enolate associated oligomer
comprising one or more units of a methylene malonate monomer wherein the methylene
20  malonate monomer is present as its enolic tautomer. The oligomer can be bound through
hydrogen bonding of the enolic tautomer with water, formaldehyde, methylene glycol or a
solvent capable of hydrogen bonding.
In still another aspect, the invention relates to a polymer having a repeat unit of the

formula:

25
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G - C15 al koxy, Cl1-Ci5 al kylthio, hydroxyl, nitro, azido, cyano, acyl oxy,

car boxy, ester or sulfonyl. These and ot her enbodi nents are di scl osed
or are obwpaur/Bram and enconpassed by, the foll ow ng DeCaiused1Des03 i pti on.
10 BRI EF DESCRI PTI ON OF THE DRAW NGS So that those having ordinary
skill in the art to which the subject invention pertains will nore readily
under stand how to nmake and use the invention as described herein, preferred
enbodi nents thereof will be described in detail below, with reference to

t he draw ngs, wherein: 15Fi gure i vi des a GC- M5 spectrum of
crude di ethyl nethylene nmal onate nononer contai ning water, fornal dehyde and
other inpurities. Figure 2 depicts the depletion of the diethyl nethylene
mal onate nononmer of Figure 1 over the fourse|of storage at roomtenperature
for 7 days, as depicted by GC Figgre 3 depicts provides a GC M5
spectrum of crude di methyl neth 20 nononer contai ni ng wat er,
for mal dehyde and other inpuriti epicts the depletion of the

di mret hyl met hyl ene mal onate no 3 over the course of storage
at roomtenperature for 7 days,|as dep\cted hy GC-Ms. Figure 5 depicts
provi des a GC-Ms spectrum of cr i
contai ni ng wat er, fornmal dehyde
depicts the depletion of the di
over the course of storage at r
GC- MS.

npurities. Figure 6

ratune for 7 days, as depicted by

wherein R and R” are independently C;-C,s alkyl, C;-C;5 alkenyl, halo-( C;-C;s alkyl), Cs-Cg

cycloalkyl, halo-( Cs-C¢ cycloalkyl), heterocyclyl, heterocycelyl-( C;-Cs alkyl), aryl-( C;-C;s

alkyl), heteroaryl or heteroaryl-( C;-C;s alkyl), or alkoxy -(C1-15 alkyl), each of which may
5  be optionally substituted by Ci-C;s alkyl, halo-( C;-C;s alkyl), C3-Cs cycloalkyl, halo-( Cs-Cg

cycloalkyl), heterocyclyl, heterocyclyl-( C;-Cis alkyl), aryl, aryl —(C;-C;s alkyl), heteroaryl,

Ci-Cys alkoxy, C;-Cis alkylthio, hydroxyl, nitro, azido, cyano, acyloxy, carboxy, ester or

sulfonyl.

In still another embodiment, the invention provides a polymer having repeat units of

10 the formula:

Ho

O/R
O\R'




Figure 7 depicts provides a GC-Ms spectrum of crude dinethyl nethyl ene

mal onat e nononer containing water, formal dehyde and other inpurities.

5Fi gure 8woepi2ansgeishe depl etion of the di nethyl nethyl ereTrskanas@ohononer
of Figure 7 over the course of storage at roomtenperature for 7 days, as
depicted by GC-MsS. Figure 9 depicts provides a GC- M spectrum of crude

di et hyl net hyl ene nal onat e nononer contai ning water, fornmal dehyde and ot her
inmpurities. Figure 10 depicts the depletion of the diethyl methylene

Cerpor at UPeray gLk @H T al e R SR R b oo v

For mal doRy T ar s s e L RO R s ReD ST H ol et on
Stor age. AP AbIFPRISEPIrra T brCr HRJL Heote(f P bHRYY R Nedpigur o 13
o028 o B B S BTG S, OBl BT o
second distillation. Figure 15 provides an i HNVR spectrum of di et hyl

met hy P eneyifailohabeerasxcht, hetaesyelytl S5 dpidottyl 20t Gures abYpristerrased. an

13CNWVR spectrum of diethyl mnethylene nmal onate after second distillation
Fi gure 1% depilers, §1€o Né’@pjbét’ rorylofitreragide, @iree, BgyloneeH)enestirsl onat e
nmonomer contai ning water, formal dehyde and other inpurities. Figure 18
depi ct s sH@ngepl eti on of the diethyl nethylene nal onate nononer of 25
Figure 17 over the course of storage at roomtenperature for 7 days, as
depi ct ed by GhdwSand other embodiments are disclosed or are obvious from and encompassed by,

the following Detailed Description.

10  BRIEF DESCRIPTION OF THE DRAWINGS

So that those having ordinary skill in the art to which the subject invention pertains
will more readily understand how to make and use the invention as described herein,
preferred embodiments thercof will be described in detail below, with reference to the
drawings, wherein:

15 Figure 1 depicts provides a GC-MS spectrum of crude diethyl methylene malonate
monomer containing water, formaldehyde and other impurities.

Figure 2 depicts the depletion of the dicthyl methylene malonate monomer of Figure
1 over the course of storage at room temperature for 7 days, as depicted by GC-MS.

Figure 3 depicts provides a GC-MS spectrum of crude dimethyl methylene malonate

20  monomer containing water, formaldehyde and other impurities.

Figure 4 depicts the depletion of the dimethyl methylene malonate monomer of
Figure 3 over the course of storage at room temperature for 7 days, as depicted by GC-MS.

Figure 5 depicts provides a GC-MS spectrum of crude diethyl methylene malonate

monomer containing water, formaldehyde and other impurities.

15



Figure 19 depicts provides a GC-MS spectrum of crude di net hyl nethyl ene
mal onat e nononer containing water, formal dehyde and other inpurities.

Fi gure 20woepi2ntsssibhe depl eti on of the di met hyl met hyl ereTrisk@nase@osrononer
of Figure 19 over the course of storage at roomtenperature for 7 days, as
depicted by GC-Ms. 5 DESCRI PTION OF THE | NVENTI ON Overview The present

i nvention provi des new and nonobvi ous i nprovenents in the use and
application of the Knovenagel reaction in the synthesis of net hyl ene

mal onate (" MVi:\}}%l{rggl 8eplct? he deQ cfidh og rﬁeci/ Ié%q%et rﬁenﬁ%ﬂ ona g}%%)ely §f lgvl?rre

previ ously kno roac n noner s

b ds t t| d

or el i %&V%f“?%o%fssr(’ﬁwéﬁatof?gfﬁﬁ‘%f'@?oeﬁ%?fer&‘%fef4338&&?%?(13%%% @E- Y ?Qamy| v
d | t t t f MM t d

S gni 11 cant |y PEBELLACHT Bt RPapp TRePGBYPAdAT FOARGY f?&%ﬁ%loﬁ?%duéf 3

These advantages result in whi ch _upon recovery, are of higher
quality, nﬁP@ﬁ@éP%@ﬂW&@Pmﬁﬁ%@@ggad9P@fﬂh%5@ﬁH“ﬁ§ssess overal | inproved
performance characteristics roved cure speed, retentign of cure
speed? i npr ovEguEHBAenigts the dﬁﬂéﬁ‘@ro%heggﬁ“Pﬁhvwethwlt%ﬂ?n%t%@@?ﬂip%Q ft o be bound
by theor the inproved nethods of the invention relate to the surprising
di scover %@Wﬁa’i ovteh hespyrse ofstqragerpt Fqoa) gmperiatusdifor @ dpwse tigflspictedti41C-MS er nat i ve
product formation, MM nonomer consunption and MM degradati on were

wi despr ead ianwrb9dgyﬁﬁh@gﬁssm@EHﬂSSP@hdmuﬁanm@H@ﬁwlﬁﬁmphemmﬁbnaEprevented
t he production of MM nononers that suitably could be used in the

manuf act uoeomér doMabiaedatgry fdmeltshydn dndeth@rimatritics. The present invention
overcones these deficiencies in the prior art by varying the reaction
condi ti ons i nFiguex pkddpids thayspletoh of the\dictd methgtent enflnateaexhnoikeofef f ect s of
which are to, inter alia: elimnate or significantly reduce the formation

of deb et efguesBoat the cpilirddloftticagd at @om Rmpprativé e 7 dayspisadchicgidlvy qumMd. i ed
reaction product; significantly reduce or elimnate unwanted consunption

of methyl ene FRupd8t SrotAONEC-NAS @HeEHS of bide Bintbthyl hefiyRhé @Rl0ARteSPUT i OUS
ol igoneric or polyneric conpositions; S|gn|f|cantly reduce or elimnate the

degr adat hfaﬁox%rd&ﬁﬁaﬁﬂﬂgeﬂﬁemnﬁﬂl@&@dm&lﬁb@&%t5 and inprove the
stability and reactivity of the rethyl ene mal onate nmonomer products, to

al l ow for CO”FFg‘h‘Pé # !iéf)lMé Qéplétﬂ)qlé% %He'dﬁhetﬁﬁ%%ylene malonate monomer of

Figure 11 over the course of storage at room temperature for 7 days, as depicted by GC-MS.
15 Figure 13 provides a GC-MS spectrum of a reaction mixture (before distillation).
Figure 14 provides a GC-MS spectrum of a diethyl methylene malonate after second
distillation.
Figure 15 provides an '"HNMR spectrum of diethyl methylene malonate after second
distillation.
20 Figure 16 provides an ?CNMR spectrum of diethyl methylene malonate after second
distillation
Figure 17 depicts a GC-MS spectrum of crude diethyl methylene malonate monomer
containing water, formaldehyde and other impurities.
Figure 18 depicts the depletion of the diethyl methylene malonate monomer of

25  Figure 17 over the course of storage at room temperature for 7 days, as depicted by GC-MS.
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5 levels of the chem cal synthesis and/or polynerization of products
derived fromor prepared fromthe nethyl ene nal onate nononers, e.g.,

adhesi veswoiznlegns4@6at i ngs, paints, and the |ike. Defini PCons201u05@es
defined otherwi se, all technical and scientific terns used herein have the
meani ng commonly understood by a person skilled in the art to which this

i nvention belongs. 10 The follow ng references provide one of skill wth a
general definition of many of the ternms used in this invention: Singleton
et al., Dicti [ f . M.craobiolo I l.ar, Bi ol,0 2 ed. 1994);
The Ganbr dger BEF 15enky BP P R AR R BBt sl RGeS * 088 he
3 ossary o netics, 5th.Ed., R. R eger et . .(eds.), Springer Verlag
(1553 . RnR e RseR bt ety Re R fig Bhis BB y of | Brol ogy (1891) .
As used herein, the follow 15t er have the ani ngs ascribed.to them
bel ow, unl ess MEBEE2 feaetolihdiigiioe of the ey il apA oo meg

"met hyl ene mal onat % refers to a conpound havfj ng the core agrrml a

- - - - 0- C( By2ues Ppisy theegyysqpf storage apgopiderpeaties far 7 fhe: asdepirtedy §%-¥Saci d
ester” refers to a con}%ound havi ng the core formula ----0-C(0)-CH2-C(0)-0.
Equi val e RESCRIBITQN G THE INVENTHONgy al so be used. 20As used herein, the
term " mal oni ¢ nono-acid nono-ester” refers to a conpound having the core
fornul a OQverv@gwC(0) - CH2- C(0) - OH. Equi val ent terms known in the art may al so
be used. As used herein, the term"nonofunctional " refers to a

mal oni ¢ aci d Est@escoringenten hyvelnenaraigimanebnensiimgrogerhgntomeéhcwe end or nul a.
25As used herein, the term"difunctional" refers to a malonic acid ester or
a net hyl eppdicatrmal of tiat kendvanagplgedoon oothe syindrenis bascthglendmblonge M) al kyl ene

| i nkage between one oxygen atom on each of two core fornulas. As used

her ei n, tribeomes NTHeink¢ntifve Arethod vd dvantafeetisovieDpreeib el s kiicovnsappadacivs oraci d est er
or a nethylene nmal onate having nore than one core fornula which forns a
chai not h@dgRizRg MM monomers, in part, because the methods of the invention, inter alia, (a)

significantly reduce or eliminate the formation of alternative products, (b) significantly
reduce or eliminate unwanted consumption of MM monomer products, and (c) significantly
reduce or eliminate the degradation of MM monomer products. These advantages result in
MM monomers, which upon recovery, are of higher quality, greater purity, improved yield

15 and possess overall improved performance characteristics (e.g., improved cure speed,
retention of cure speed, improved shelf-life and/or stability). Without intending to be bound
by theory, the improved methods of the invention relate to the surprising discovery that the
prior art entirely failed to recognize that alternative product formation, MM monomer
consumption and MM degradation were widespread in prior synthesis methods and that these

20 phenomena prevented the production of MM monomers that suitably could be used in the
manufacture of MM-based products and materials.

The present invention overcomes these deficiencies in the prior art by varying the

reaction conditions in unexpected ways not previously contemplated, the effects of which are
to, inter alia: eliminate or significantly reduce the formation of deleterious side-products, i.e.,

25  provide a more highly purified reaction product; significantly reduce or eliminate unwanted
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5 al kyl ene |inkage between one oxygen atom on each of two adjacent core
formulas. In certain enbodinents, the termmnultifunction refers to a

mal oni ¢ awodoestsesichaving 3, 4, 5, 6, 7, 8, 9, or 10 or PEDUS2@a0869D®r mul as.
As used herein, the term™"inactivating," as in inactivating the catalyst,
refers to renmoving the catalyst or significantly reducing or elimnating
the activity of the catalyst from 10the reaction m xture such that the
catal yst no Ionger participates in the reaction Such inactivation can be

aChI eved b ur%gt?o nﬁet yl no,a(?odnsate.d osn%lﬁ{ duc% Vla e Af%quﬁl%g 0??% llOlQS the term
recoverlng inreco I'ng ybt'al ni n e nonomer,

refers to.the r

ct.i one of
e ot OIS e st BB flgrﬂécwﬁf“ e(ﬂi&%g& R 1 <SP " T sas
used herei 1the erm"| at ent Cld rmn %Hlthf or ﬁ@e
acrd-or el ubrey i i iy PRt o5 e efieal ong with
t he recoveref | ene mal onat e non ne%, Wi || Eh time pe converted to an
aci d. THEICHEIoHE MBIONEE OPBRET OGS MLioM Peeomirasietaly gickes duptriahscale
overstabilization of the nethyl ene mal onate nononer, thereby reducing the
over af| tuals pf the shrmisd dﬁrtthfeﬁmayd@f mlﬁ@e%ﬁ%%ﬁpmctmsdeag@oﬁ% PepParethe term
"ketal " refers to nolecule having a ketal functionality; e. a or nolecule
cont ai ni fgmghemehplnbBalgac MENPME's-R agheniNss, inkih eqasings, p@ﬂ@wgébﬁ lged R
represents any al kyl group. As used herein, the term"sterically
hi nder edDefimitiens to a conpound in which the size of groups within the
nol ecul e prevents chem cal reactions that are observed in related 25snall er
nol ecul es. Unless defigeduseawiveradl toghnicheantl sriomtiffotednatust Etierendavertbn - vol ati | "
refers to a conpound which is capable of evaporating readily at norma
t enper at ureasingouhps g andeesood by atpresoa alsidedin thodratoiwiach this indehtGén betorget
capabl e of evaporating readily at nornmal tenperatures and pressures, in the
case 10f manfovelvarigirkfRrences provide one of skill with a general definition of many of the terms
used in this invention: Singleton et al., Dictionary of Microbiology and Molecular Biology
(2nd ed. 1994); The Cambridge Dictionary of Science and Technology (Walker ed., 1988);
The Glossary of Genetics, 5th Ed., R. Rieger et al. (eds.), Springer Verlag (1991); and Hale &
Marham, The Harper Collins Dictionary of Biology (1991). As used herein, the following
15 terms have the meanings ascribed to them below, unless specified otherwise.
As used herein, the term “methylene malonate” refers to a compound having the core
formula ----0-C(O)-C(=CH;)-C(0)-O-----.
As used herein, the term “malonic acid ester” refers to a compound having the core
formula ----O-C(0O)-CH,-C(0)-O-----. Equivalent terms known in the art may also be used.
20 As used herein, the term “malonic mono-acid mono-ester” refers to a compound
having the core formula ----O-C(0)-CH;-C(O)-OH. Equivalent terms known in the art may
also be used.
As used herein, the term “monofunctional ” refers to a malonic acid ester or a

methylene malonate having only one core formula.

25 As used herein, the term “difunctional” refers to a malonic acid ester or a methylene
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5As used herein, the term"heat transfer agent” refers to a material which
is capabl e of achieving a high tenperature and transferring that

t enper at WO 202/&4616act i on m xture. Such heat transfer agemus2@n®sempically
able to reach tenperatures from about 150C to about 300C and include, but
are note limted to silica, silicone oil, mneral oil, a petrol eum based
heat transfer oil or a synthetic chem cal based heat transfer oil. 10As
used herein, the tern1 ‘enol at e-associ ated oligonmer” refers to an oligoner
conpound di rec ondin n s

f or med b?ygm%mgawn %ﬁ% %@yglﬁd%ﬂ% %égfhigggé%%%¥bawmgy§ é?%een t wo

nononer s MhIC qéq%g gi % enol tautoners. As used herein, the term
"react i of *H Xt GFE™ P8BS Y *he conbi nation or mixture of 15one or nore

react ants, solvent al yst.s r ot her terial,s in a reactlon vessel

whi ch are capabl¥d feblef*ﬁe %/fm %fuﬁﬂlé’ﬁ?lcg‘feferﬁé%ré’ﬁr%tﬁ a mylanig agdd §YeRE  or m
"reaction xture" does .not in i cate that em cal action is occurrlng
but mer eW{Eé’k?ﬁ?/HV?nﬂtﬁ apEHP %Weﬁpreafe%&? apﬁc@@r@ﬁ aChn e s wi t hin

the reactjon vessel. In certain enbodinents, the term"reaction m xture"
refers talyles lnfagebrtgecsrone REYaea 410 oheagk 850 adpgey corsdarmidiseilhcerigiie t er m
"reaction conplex" refers to the materials which result after reacting a
mal oni ¢ awbelliwsnterthafrhmaltwistier rairs foor meltie hyid esterduemeedc Poh Sednpl exes
may conprise, without limtation, nethylene nal onate nononers, oligoneric
conpl exesr 14 gnreere cgric fpreugronpl ex inpurities, starting naterials, or | atent
acid-formng inpurities. In certain enbodi nents, the term"reaction
conpl ex" ref eAsuged htieen, thondriniatacovatiog,”rs ¥t inactiveingbocmalynt, roforsgor eact ant s,
solvents, catalysts or other materials in a reaction vessel which are
capabl e efmquargfthe eatatgst ar dfeficandl radaeiag bodlimitdtagulseacatity diethé eatatyst freact i on
conpl ex" does not indicate that a chem cal reaction is occurring but nerely
convays tHeeecasbmdalirt QiichGhat the catalyst no longer participates in the reaction. Such
inactivation can be achieved by one of the methods described herein.
As used herein, the term “recovering” or “obtaining” as in recovering or obtaining the
monomer, refers to the removal of the monomer from the reaction mixture by one of the
methods described herein so it is in a substantially pure form.
15 As used herein, the term “latent acid-forming impurities” or “latent acid-forming
impurity” refers to any impurity that, if present along with the recovered methylene malonate
monomer, will with time be converted to an acid. The acid formed from these impurities
tends to result in overstabilization of the methylene malonate monomer, thereby reducing the
overall quality and reactivity of the monomer.
20 As used herein, the term “ketal” refers to molecule having a ketal functionality; i.c. a
or molecule containing a carbon bonded to two -OR groups, where O is oxygen and R
represents any alkyl group.
As used herein, the term “sterically hindered” refers to a compound in which the size

of groups within the molecule prevents chemical reactions that are observed in related

25  smaller molecules.
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associ ation of the materials within the reaction vessel. In certain

enbodi nents, the term"reaction conplex"” refers to the contents of the
reacti on wesselos4dis certain enbodi nents, the 5 term "re&CTiusao1rioz¢9os e" and
"reaction conplex" may be used interchangeably. As used herein, the
term"stabilized,” e.g., in the context of "stabilized" nethyl ene mal onates
or conpositions conprising sane, refers to the tendency of the nethyl ene
mal onates (or their conpositions) of the invention to substantially not

pol ynerize wi }\ ugedrrgfelnt ﬁle%jrgl%t \%qgtﬂ?l lr%é -V %tl efers L6 nd wth Cken or
ot herw se increase 1n Visco h" f and/or “toT substant i a Iy show
m ni mal | os nalnt

noused FpEe T eTHES R L»ﬁaérlf’mﬁl eglpefai@as g Ry HENEERY gﬁ%&%ﬂe ety ene
mal onat es hg an i ved "shelf-Jife, "aiefers to t?e met hyel

mal onat e§" ¥ fﬂﬁg“of?f’&’ ﬂEPgﬁvaﬁﬂia%‘% r&?‘B Yﬁt Bﬂiﬂi PP G PERSIper nd of time,
e.g., 1 nonth, 6 qngths, or even 1 year nore. 15As used herein, the term
"t eact | of®S§e5aAvolptl¢ or s t o any contalner in which the reactants, solvents,
catal ysts or other materials may be conbined for reaction. Such reaction
vessePs can besHgddeisi, deyerry héﬁ*t teansTRiAGERT” £5e18 fea Bpteddiwhich i camsbledft such
as nmetal, ceramc or glass. Knoyenakel Synthesis 20The present invention
cont enpl aghéeyingrn highleapedtucinddrasferring yhat FRsiestyre sca feagionamixturee Syght hesi s of
MM nononers, wherein the nethod, inter alia, (a) significantly reduces or

el i mi nat beat trhes(dragems dro fypiskl pkble fovatdhvemparaiings idel abelrlisBifS tosibdet 3P%duct s,
(b) significantly reduces or elimnates unwanted consunption of MV nononers
and (c) sidyinclbie &ntdrynotetodted tooilioa) dildonabdidsnintrel ak gpaiteltin hasefl héd nononer s

in the reaction and subsequent recovery and storage stages, i.e., inproves
st abi | i zahhsfer odfor b kyntinbiceh@nisal bhtvddeatadveat @ges are achi eved based on the
i nprovenents di scussed bel ow. The Knovenagel reaction with

f or mabdehyde Aotsctiherciy tich@si ‘eneifitc iddamtcd REgsrmtrd Adte tomnsligemsr has been
previ ously described. The typical Knovenagel reaction conbines one 5 nole

of a mal esrhsoude wdlicBst @St férthed by dRedDBBRLnGS! tHé SURhdrt biediomatorat e) and one
nmol e of
hydrogen bonded or other loosely associated bond between two monomers which are present
as enol tautomers.
As used herein, the term “reaction mixture” refers to the combination or mixture of

15  one or more reactants, solvents, catalysts or other materials in a reaction vessel which are
capable of performing a chemical reaction. The use of the term “reaction mixture” does not
indicate that a chemical reaction is occurring but merely conveys the combination or
association of the materials within the reaction vessel. In certain embodiments, the term
“reaction mixture” refers to the contents of the reaction vessel.

20 As used herein, the term “reaction complex” refers to the materials which result after
reacting a malonic acid ester with a source of formaldehyde. Such reaction complexes may
comprise, without limitation, methylene malonate monomers, oligomeric complexes,
irreversible complex impurities, starting materials, or latent acid-forming impurities. In

certain embodiments, the term "reaction complex” refers to the combination or mixture of

25  one or more reactants, solvents, catalysts or other materials in a reaction vessel which are
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formal dehyde to form via catalytic (chem cal reaction) action in the
presence of a basic catalyst and an acidic solvent, a nethylene nal onate
nononer, WO 2depisedied i n Schematic |, bel ow. 10SchenmatrCe/ub201Knsenage
reaction with formal dehyde for the synthesis of a methyl ene nmal onates. This
reaction schenme is, however, fraught with difficulties. And, in nost

i nstances, the prior art did not even recognize its own problens. For

i nstance, prior art use of the Knovenagel synthesis for preparing nethyl ene

mal onat es | t vpi I ly carri t under 1 i tion h | t he
o e o Buriie ot Rk LALH ke Bt MEchp BANAA (R0 At LEAMR AR L

le, .th i It h t t the K l. ti d
e are sBand SRTE A ERROTR SRR o Bt PO BT E ket o et 0 or

ot her weak argani.c acid.then reacts with the formal dehyde to forma ketal,
25 depi EER T BRI U RN B Thes Rt 1) SHEG ORI POt (e
met hyl ene na] onates and result in th cont.am nati on of-%g% fina
pr epar at | GAU9D COMPIehercH bigRe contspisrof thefeactionesgedt Iy ertpfy cpedigicalsetiee of
wat er (spontaneously) hydrol yze and revert back to its acid formthereby
i ncredsi %@nt FRa ctigs; i BIrE G | ERE g compiere Mgy Selute intqieRangpabty eased
concentration of acid inpinges on the ability of the nononer to polynerize,
i .e., causi ngAoyssd heicapiheitaray istshiliged. he. Mohoemtexs ocytabiiged ] mehydensr al |
reactivity and performance are significantly reduced. 0O
malonates or compositions comprising same, refers to the tendency of the methylene
malonates (or their compositions) of the invention to substantially not polymerize with time,
to substantially not harden, form a gel, thicken, or otherwise increase in viscosity with time,
10  and/or to substantially show minimal loss in cure speed (i.e., cure speed is maintained) with
time.
As used herein, the term “shelf-life,” e.g., as in the context of methylene malonates
having an improved “shelf-life,” refers to the methyelene malonates of the invention which
are stablized for a given period of time, ¢.g., 1 month, 6 months, or even 1 year or more.
15 As used herein, the term “reaction vessel” refers to any container in which the
reactants, solvents, catalysts or other materials may be combined for reaction. Such reaction
vessels can be made of any material known to one of skill in the art such as metal, ceramic or

glass.

Knovenagel Synthesis

20 The present invention contemplates an improved Knovenagel synthesis reaction for
the synthesis of MM monomers, wherein the method, inter alia, (a) significantly reduces or
eliminates the formation of alternative and/or deleterious side products, (b) significantly
reduces or eliminates unwanted consumption of MM monomers and (c) significantly reduces

or eliminates the degradation of MM monomers in the reaction and subsequent recovery and
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weak organic acid 00 RCO CCR /\ HH H20 f or mal dehyde ketal 5Besi des

ket al

formation, the prior art was simlarly unaware that its conditions

for Knoveweagel2/@sysishesis also led to the formati on of oPrh@ruskamnEI03
acid-form ng species. These chem cal species are forned as a result of
vari ous uni ntended side reactions that occur

10

15

20

storage stages, i.c., improves stabilization of the monomers. These advantages are achieved
based on the improvements discussed below.

The Knovenagel reaction with formaldehyde for the synthesis of methylene malonate
monomers has been previously described. The typical Knovenagel reaction combines one
mole of a malonic acid ester (e.g., a mono- or disubstituted malonate) and one mole of
formaldehyde to form, via catalytic (chemical reaction) action in the presence of a basic

catalyst and an acidic solvent, a methylene malonate monomer, as depicted in Schematic 1,

below.
O L
OR
OR Catalyst
H,C——0 H,C—=<
formaldehyde \ \\ .
OR’ OR
H,0
o O
disubstituted malonate disubstituted methylene malonate

Schematic 1. Knovenagel reaction with formaldehyde for the synthesis of a methylene
malonates.

This reaction scheme is, however, fraught with difficulties. And, in most instances,
the prior art did not even recognize its own problems. For instance, prior art use of the
Knovenagel synthesis for preparing methylene malonates is typically carried out under
conditions that leads to the formation of many different kinds of deleterious side products. In
one example, the prior art teaches to conduct the Knovenagel reaction under acidic solvent
conditions, for example, in acetic acid. The acetic acid or other weak organic acid then reacts
with the formaldehyde to form a ketal, as depicted in the below schematic. The ketals co-
distill with the methylene malonates and result in the contamination of the final preparation
of'the product. Over time, the ketals in the presence of water (spontancously) hydrolyze and

revert back to its acid form thereby increasing the acidic conditions of the product. The
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bet ween reactants, or between reactants and sol vent, or between reactants,
sol vents and products and even internedi ate species that may form during

t he cour swoah1disesiseacti on. 10These additional | atent a®CHAfSeITIONEPOSpeCi es
|l ead to the sanme result as the ketals, nanmely, that they are contam nants
in the final methyl ene mal onate product and with tine they are converted
back to an acid. Wth increasing acidic conditions, |like wth ketals, cones
an overall reduction in the reactivity and performance of the nonomner
products, An_ex I f another. | npedi ment. te.form ng hi al Lty nononer
Phrough: UE e By W0 A0 bR Ry ok oo B St b8 of "t e
nmononer. These pol ri.zati ons can be r vi olymerization of the
monomer s CERERSER A ST beRo R M A oV Bt enf Rlireas aror of

t he nononer..and o%rer side products that may be present in the reaction

m xture ORHEFERIEHUCFDns used in the prior art. These pol ynerizations not
only lead to unwanted consunpti on of the nonqmer géoduct, but also may | ead
to the fornmati on of 20 other side products tﬁat nﬂi or may not becone
co-distilled with the nmethyl ene nononers thénsel vies, causing the nononer
product to become cofft ani nat ed wi b by upwant ed°S( dg°Pt oduct s that may inpinge
on the overall perfoAnance of the nonaoners. O dehet efj pus events are
al so possible duriggokhg Knovenagel reaction, y' particul ar, those events
that result in th& consuhption of nonomer or gawstarting materials 5 and
the reduction in the yield of the desired nethyl ene nal onate product. For
exanpl e, the met Hyrmedehyeoup can react with 2 ¥& nal dehyde nol ecules to
forma dinmethyl-ol nmaterial, which consunmes raw material and is

nonreacti ve. Bsddembittalnfateationviherpti@rartabassimilaalysoawaadiat it cdndionefony| ene

mal onate al ready forned, instead of formal dehyde, to produce a glutarate,
whi ch 1 sKabswoagpd syntleastalse dedan thecfonsatior of othey lmettecidabrmihg spedats.t Tlorse t he
desired products 10 forned can pol ynerize thereby reducing the yield of
desired plicadest pecics are folmxedriph agsyilt efvaienceninkndbelselt ecdctns thdt decut eact i on
formati on occurring during the Knovenagel reaction wth formal dehyde has
been obssetweech RYctildE oPb@S et red M@ U@ kSlveritforibstwleh teavertts,fsofedthend i rst ti ne.
The observed phenonenon is that nethyl ene nmal onate nononers al ready forned

by the KpRMeaagel cveeaedrinofatishdtids ealBlaf @dhRuink thel Bhifse bothstambnat room

10 These additional latent acid-forming species lead to the same result as the ketals, namely, that
they are contaminants in the final methylene malonate product and with time they are
converted back to an acid. With increasing acidic conditions, like with ketals, comes an
overall reduction in the reactivity and performance of the monomer products.

An example of another impediment to forming high quality monomer through the

15 Knovenagel reaction is the unwanted polymerization of the monomer. These polymerizations
can be occur via polymerization of the monomers themselves, or of the monomers and
various intermediates, or of the monomer and other side products that may be present in the
reaction mixture under conditions used in the prior art. These polymerizations not only lead
to unwanted consumption of the monomer product, but also may lead to the formation of

20  other side products that may or may not become co-distilled with the methylene monomers
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15 tenperature for a period of tine, forma mxture that varies in
conposition to include various side products. In several observed cases,
crude prodocor/stélkl contai ni ng sone anount of formal delrgaiaSand/opever after
7 days, were reduced in yield by up to 40% due to the consunption of the

al ready fornmed nethyl ene mal onate nononers in del eterious side reactions
with ot her conponents of the reaction m xture. See, for exanple, Figures 1,
2, 3 20 and 4. The nethyl ene nal onat es prepared under such conditions are
unsui t abth%mfsque u %silng the kc;n%gleg grrggecrt & l%lc £ an"éa%n%atecli n?tll %?\I)vgtge& sel&Ct Ve

formul ate proﬁﬂé?s, such as reactive adhesives, an&’po yner products, such
as filns ortantly, while a

fibers, nolded articles,and. the |i L
Sbst ant bl D S A SRR et ifes SR R o Khovennael
reaction for e preparation of nethylene .mal onates .g.,. see U. S. Patent
oo 515 sher BIGEE s o b R DR G vpebd s ickiet 5 755, 5o,
3,975, 422;: 4,049, 698; 4 056,543; 4, 160, 86?,; 4 931,584; 5,142, 098;
5, 550, 1723’11"[1@,}1:3}‘0 ,OW,enté,thzaﬁ_rf§1§f71§;theB902w1§@§,o monomer or raw starting materials

5 and the reduction in the yield of the desired methylene malonate product. For example, the

methylene group can react with 2 formaldehyde molecules to form a dimethyl-ol material,
which consumes raw material and is nonreactive. The malonate raw material can also react
with a methylene malonate already formed, instead of formaldehyde, to produce a glutarate,
which is also non-reactive and consumes raw material. In addition, the desired products
10  formed can polymerize thereby reducing the yield of desired product.
Exemplary evidence of deleterious side-reaction formation occurring during the
Knovenagel reaction with formaldehyde has been observed by the present inventors, it is
believed for the first time. The observed phenomenon is that methylene malonate monomers
already formed by the Knovenagel reaction with formaldehyde, if left to stand at room
15 temperature for a period of time, form a mixture that varies in composition to include various
side products. In several observed cases, crude products still containing some amount of
formaldehyde and water after 7 days, were reduced in yield by up to 40% due to the
consumption of the already formed methylene malonate monomers in deleterious side
reactions with other components of the reaction mixture. See, for example, Figures 1, 2, 3
20 and 4. The methylene malonates prepared under such conditions are unsuitable for use in
making commercial products, including reactive formulated products, such as reactive
adhesives, and polymer products, such as films, fibers, molded articles and the like.
Importantly, while a substantial amount of prior art exists on the use of the

Knovenagel reaction for the preparation of methylene malonates (e.g., see U.S. Patent No.

25 2,313,501; 2,330,033; 3,221,745, 3,523,097, 3,557,185; 3,758,550; 3,975,422; 4,049,698,
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6, 420, 468; 6, 440, 461; 6,512, 023; 6,610,078; 6,699, 928; 6, 750,298; and

2004/ 0076601, each of which are incorporated by reference), and the
Knovenageworemusians for the synthesis of nethyl ene nal omaras2tiasséveen known
at | east since 1938 (see e.g., U S. Patent No. 5 2,313,501), the prior art
di d not recognize the above significant Iimtations. This is further

evi denced by the fact that no single commercial product based on nethyl ene
mal onat es has ever been nmarketed or sold, including where the nethylene

mal onat eg o?égﬁ’%‘ﬂ%ﬂ 88‘3%%3%%'%%&%95”95’?@?&% 16??&% %%” J( rzt%‘%?z Knovenazel

Synt hesi s”°0 e’ I'nventr hventr on Te an i1 nproved

Knovenag I V. a Ionlc aci d
esters mﬁt%3¥§§géﬁgaﬁ§gﬁﬁ?58?6%@“ﬁt¥ﬁ@&%%2%n§9§ﬂ§¥§ W%ﬁgﬁgﬁg é?%ln t he
i mprovene conducted. in vari et wa The ac ved ob ective of
each of w@hlaﬁbﬁﬁa%ceﬂ%a FhOY r%%andﬁaﬁkﬁw g Kyl A FF SEHERD F cavce or
elininate thgﬁfor tio % alternative, and/ or deleterlous si de products,
(b) si gnfrethy opgfey IBPWé‘Iait Hatose EGRLe5tS I SoFiemMNPononers (e. g. ,
unwant ed polgnerlzatlon) and (c) gplflcagﬁﬁy reduce or elimnate

degr adlat #8h3-89 ke %W@M%nwrﬁeqoa@w 5 ébovsriigisepimitgiosu bideyis 8Hther ecovery
and storage stages, i.e., maintain stability and reactivity of MM nononers.
Accor di ngviienceshy the st thabyfo single ¢qmuaereiabproduchbasaemmathyiene malonfesehasi on i s

carried out
ever been marketed or sold, including where the methylene malonates have been made using

the Knovenagel reaction.

Improved Knovenagel Synthesis of the Invention

10 The present invention relates to an improved Knovenagel synthesis reaction involving
the condensation of malonic acid esters with formaldehyde to form methylene malonate
monomers, wherein the improvement is conducted in a variety of ways. The achieved
objective of each of the approaches is the same, namely to (a) significantly reduce or
climinate the formation of alternative and/or deleterious side products, (b) significantly

15 reduce or eliminate consumption of MM monomers (e.g., unwanted polymerization) and (c)
significantly reduce or c¢liminate degradation of MM monomers in the reaction and during
subsequent recovery and storage stages, i.¢., maintain stability and reactivity of MM
monomers.

According to one aspect of the invention, the method of the invention is carried out

20  with the step of inactivating the catalyst. The present inventors surprisingly discovered that
catalyst inactivation provides for, inter alia, (a) significantly reduced or ¢liminated formation
of alternative products, (b) significantly reduced or eliminated consumption of MM
monomers and (c) significantly reduced or eliminated degradation of MM monomers in the

reaction and during subsequent recovery and storage stages. To the inventors’” knowledge,
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20w th the step of inactivating the catalyst. The present inventors
surprisingly discovered that catal yst inactivation provides for, inter
alia, (a)weigrvdSkcant|y reduced or elimnated formationPofi/tskaiensans ve
products, (b) significantly reduced or elimnated consunption of MMV
nmononers and (c) significantly reduced or elimnated degradation of MM
nononers in the reaction and during subsequent recovery and storage stages.
To the inventors' knomﬁedge catalyst inactivation has not previously been

r .ecog ni z gﬂffﬂgst 1 ngvat? I%Oﬁ grewous ?%’%h n%co{g&nz@é r con e%g&ate Irl]t% el r eaCt ion

with for ona ccor§

present | nve n tes tO the ¢ nt|a

P oot ab e KPR ia%af iogh iR M&?hytdst SR R IR Rt | v reduce
the reactivity or .5 suﬁ uent furth reacti on, of the nlx%ure whi ch can

lead to net hyPeREipgdy-d Se DRETBE T ﬁes Guia @45 sRirtc PhRFERtRht i on of

al ternate product al | i ch an i npede. yi el d m zat.i on, nethyl ene

mal onat emaeﬁ\ia’fl%aﬁsth%f?a%ma% tytpé TR %ﬁ%@%Wﬁ@WmWﬁV%W ot her

aspects of product perfornmance and manufacture. The prior art that enploys
t he Khovetbagentiamsker igatienpfdhamirdys »dichesentad e medy bRamaongees not in any
way teach, suggest 10or exenplify this additional step. By contrast, the
prior ar Eonvempierts d¢gsedaggmertthe formptiprrasiehyneta eroduste wHodwhishsamisanséds at ed wi t h
a variety of problens which preclude their use in making viable MV based
pr oduct s ylcBumpthmpraobi, enghylencimedenatef orified mmpheé meihytage melpakte phlygwasgation nononer
yi el d due to nononer degradation during the reaction and subsequent

r ecover y ast @hy@sispege ¢ patio pedérmanvveant exhnufietuet elfhic pusr @t thetrangtleysphoduct s
during the reaction and 15 downstream processes, and the production of

met al an®8nacind¢dd asetionas isghiesizt hathyldne nadinaley ddes nohin@hy beg aaeh, sarpeant r at ed
during recovery. These problens can significantly inpinge on the overal
qual by of exchlifahieABdiSonal ktep.r By edeaktyiht prioSdredéthodsyfoantihedagagi ty for

form ng viable comercial products. For exanple, in the case of adhesives,
these ki pdgyRhe PaRBL©IEChLGBHakO with2ivaAk bERidbleMS Ahedhi pst1ide tRdiausef € speed
and an overaII reduction in shelf-life of the product. 20According to

anot her aspRELiaBfe Mbﬁbassw&@aw@ sumsmﬁféhﬁ%me Foh@xa!rﬁb‘l’ce%é@&ale%s%@s”' ed out
with the step of reacting the malonic acid ester with a source of

for mal defydendnitr LG cﬁfe%%ﬁ@m&fdegﬁd&{%&l%ﬁn%% Aa¥idn an@%ﬂl?s%&lénb’re%&%r;pr lor art

conducted the Knovenagel reaction using a basic catalyst; however,” since

the basi &%&%&&%ﬁ%@f‘é C b, &e[&?en%ﬁé AR, 'teﬂﬁ%di&& c{& elg%ﬁl% nghS‘EPﬁ{&”er S once

they are catal yst avol ds ‘or at t su stantlally reduces

25 t th
are for negtaEE B %SS%S.”%@%‘%?@ %t?y“ﬂ%re e ke 5?%3%%‘%8%@%5@0@9 Cgtaﬁ nted
consunpt i ng to yet

anot hor . SEBBCEeegte CRETTRORALTBHCCORE. reROMO U B TEUEATRORTHE AT oa ou
}NIOE, 21 ;getge%rvgrg uashty gf tﬁg mg]ngrlng‘]s Zt € regcqutgl,e%a VE{I Xn c]:capa\llc?tlyal'(t)rl flogmllng' t\]l%gfe acid

commercial products. For example, in the case of adhesives, these kinds of problems lead to

a significant reduction in the cure speed and an overall reduction in shelf-life of the product.

20 According to another aspect of the invention, the method of the invention is carried

out with the step of reacting the malonic acid ester with a source of formaldehyde in the

presence of an acidic catalyst. Generally the prior art conducted the Knovenagel reaction

using a basic catalyst; however, since the basic catalysts promotes the polymerization of the

MM monomers once they are formed, the acid catalyst avoids or at least substantially reduces

25 the occurrence of unwanted polymerization of the MM monomers after they are formed,
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Sinpurities fromthe reaction conplex, such as ketals, which can co-distil
with the MM nononmer products and then revert to their acidic formwth
time. OncwoOi2n1zdseés acidic form the acidic environment PCRAISe@sMSe0hi ch
further blocks or weakens the reactivity of the MM nononers as they are
stabilized agai nst polynerization. This can be particularly relevant to the
use of MM nononers in the context of adhesives, where the increased acid
content with 10 time due to the presence of such volatile latent acid

form ng he, Qv | | ctiwvit eed,
cre " of PR R4 TRt i A R L By LR B S BB TP o
to an | rove Knovenagel reaction with formal dehyde to syntheS|ze

met hyl en iR nomers, the present invention should not be limted as
such. The present .i nventors have gf eral ly rg%? n%%ﬁ% is believed for
the Tirst 15 AR la%wevlﬁa?m?@ha@mt Yo BRI R OR Bl | qua i ty
of MM nononers i s par uIarIy sensitive to the _presence of unwanted

al t er nat FYFECGAY HE| tht BFtheptert quniprgeg be secardy ahvedsit! %Qﬂ ﬁiwgvmalégradati on
and/ or consunption is widely applicable to any type of synthesis that can
be uséd tBryibisefamdhaysigipn é?i@Plﬁ?&ISBﬁ‘a%S&taISPWh’ég cppeor fgtilhyisls etMMnvent i on,

the significance and nature of these types of inpurities and their effects
on t he perheramedicBEnd Hyn sryartite heis peidistion wilk timal Oned vshaiasidiofor®Pr evi ousl y
contenpl ated. Thus, for the first tine, the present invention provides a

vi abl e aﬁprﬂgﬁmnmorpmmdu@ien@smhiﬁyfueth@ bierke pav eakomrtbarespgivitiaf theddMbe
utilized as the basis for viable consuner and industrial nononer-based
(e.g., adbesinwes) thandreprbiined adsasemblfrecripatior. i Theéy e bp patiodedy relevant to In
certain enbodi nents of the invention, the reacting step is perforned at
about 60@Geie dMEDBLTOMSBOE. thDamexdoighesives hehesothe ceratedfaoidah@dethyide used,
the reaction step can be perfornmed at about 20C to about 50C, or about 30C
t o ahout tif@Que torthSpriekdncObREh VoIStlAREDS aciPoiiingUnlidities chhdugizerdatthd i m t ed
to, instances when the source of formal dehyde is a gas, the reaction step

can be pevdarl Redival andaut sfed, e aFeitmathter plodeyd ded the reaction mxture
is aliquid at suc tenperatures 5These partlcular aspects of the

i nvention arewnqt tﬁ%&ﬁr&hu&@g&@ralw FEleItésr’tg an anstoftdnelovedgedtaeioh §ind aspect s
of the invention exist as indicated bel ow. Reactants The Knovenage

react i ongf 1B Rds, TRIOY SBRy IR ARBhAS nBBoﬁlQ@ thOME Ll B0erltfd6 s hkql‘?éncﬁt | east

two basic reactants: a malonic acid ester and a source of fornal dehyde.

10I'n cerjaj; ﬁltgﬂ%quespres%ﬁqe%ﬁ)?ﬁ%e ﬁ&}/efaﬂl& r&{&gﬁ%ﬁ LIRALRS N HSE Of

mal onic acid esters having th

15 time general concept that the performance and overall quality of MM monomers is
particularly sensitive to the presence of unwanted alternative and deleterious side products
and unwanted monomer degradation and/or consumption is widely applicable to any type of
synthesis that can be used to generate methylene malonates. Prior to the present invention,
the significance and nature of these types of impurities and their effects on the performance

20 and quality of methylene malonates was not previously contemplated. Thus, for the first
time, the present invention provides a viable approach to producing methylene malonate
monomers that can be utilized as the basis for viable consumer and industrial monomer-based
(e.g., adhesives) and polymer-based (e.g., fibers) products.

In certain embodiments of the invention, the reacting step is performed at about 60°C

25 to about 130°C. Depending on the source of formaldehyde used, the reaction step can be

27



wherein R and R' are independently Cl1-Cl15 al kyl, C2-C15 al kenyl, hal o-(
Cl-C15 al kyl), C3-C6 cycloal kyl, halo-( C3-C6 cycl oal kyl), heterocyclyl,
het er ocycWpR41200546385 al kyl ), aryl-( Cl-Cl5 15al kyl), hetreraseyll/066903

het eroaryl4 Cl-Cl15 al kyl), or al koxy -(Cl-15 al kyl), each of which may be
optionally substituted by Cl-Cl15 al kyl, hal o-( Cl1-Cl15 al kyl), C3-C6
cycl oal kyl, halo-( C3-C6 cycl oal kyl), heterocyclyl, heterocyclyl4 Cl-Cl5
al kyl), aryl, aryl -(Cl-Cl15 aIkyI) heteroaryl Cl- C15 al koxy, Cl1- ClS

| kyl th o o b
Sul ?!OJI[’ly: 86 %Xlgd V\‘?nero%tijal’(gio abou ai’ Q a%é 95’0 ?&)’ab%x‘ﬁo EaE é%iflhdthe??&s? nc%sb whi ch

oot ?’oﬁigi@? %‘g | 9}%@%&“@3@%& t‘bil k%l?%%h%%ﬁ%r%ﬁ%c & gl oy Qg’a{ﬁhmga"%% s
14 Cl-C15
o Mo uerhn 5 o oes T AR e R LT ordy it B BB miceite €15

al kyl thio,. hy droxz nitro, azido, cyano, acyl oxy, carboxy, ester or

sul f ony| @liquid at such {gppeEafyres n ot her embodi nents, the present invention
contenplates the follow ng specifically |dent|f|ed mal onic acid esters:

di net fyl , di eThps pariedrianackyar thednysnBpi are nefi mepnito bedignitinge 4gd othefnd

et hyl - ethylgluconate anong ot hers. In certain other enbodi nents, the
present ERbemERHardaspestinfahcsisvantien gyt asindigaledbielowaci d est ers having t he
following formula: R?-?R 00 wherein R and R are independently Cl1-C15

al kyl , CRewy#ninl kenyl, halo-( G -Cl5 alkyl), C3-C6 10 cycl oal kyl, hal o-(
C3-C6 cycl oal kyl), heterocyclyl, heterocyclyl-( C -Cl15 alkyl), aryl-(

G - C15 al kyl ) Thehetmraaelicaaion Hietreakorer ydthy1Gle-rdll Gnagdsloy khe, inventied kobges- ( C1- 15
al kyl), each of which may be optionally substituted by Cl-Cl15 al kyl, hal o-(
G - C15 ahkiyds) twoddsiCoeactatsoamkiphic abidleste and3-sGbrce yEloaahlkatylle. het er ocycl yl ,

het erocycl y14 G -C15 al kyl), aryl, aryl -(Cl-Cl5 alkyl), heteroaryl, G -Cl5
al koxy, Cl- Clin catthiylebbodimehy dhOpgsent iivéntion cazbdplateChanss ofasyldbdx ¥cid car boxy,
ester or 15sul fonyl.

esters having the following formula:

\o o/

wherein R and R” are independently C;-C;s alkyl, C,-C;s alkenyl, halo-( C;-C;s alkyl), Cs-Cs
cycloalkyl, halo-( C3-C¢ cycloalkyl), heterocyclyl, heterocyclyl-( Ci-C;s alkyl), aryl-( C;-C;s
15 alkyl), heteroaryl or heteroaryl-( C,-Cis alkyl), or alkoxy -(C1-15 alkyl), each of which may
be optionally substituted by C,-C;s alkyl, halo-( C,-C;s alkyl), Cs-Cs cycloalkyl, halo-( Cs-Cs
cycloalkyl), heterocyclyl, heterocyclyl-( C-Cys alkyl), aryl, aryl -(C;-C;s alkyl), heteroaryl,
C;-C;s alkoxy, C;-C;s alkylthio, hydroxyl, nitro, azido, cyano, acyloxy, carboxy, ester or
sulfonyl;
20 or
wherein R and R” are taken together with the atoms to which they are bound to form a 5-7
membered heterocyclic ring which may be optionally substituted by C;-C;; alkyl, halo-( C;-

Cis alkyl), C3-Cs cycloalkyl, halo-( C;-Cs cycloalkyl), heterocyclyl, heterocyclyl-( C;-Cys
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The mal onic acid esters may be derived or obtained from any source,

i ncl udi ng any conmmerci al source, derived fromnature, other conpounds,

synt hesi 2&0 2b12/058616r processes, etc. In certain enbodi meardalS2e41hes6vas oni c
acid esters are obtained from"green" sources. For exanple, the malonic
acid esters can be derived from bi ol ogi cal sources, such as via 20
fermentation production systens whereby m croorgani sns generate the nmal onic
acid esters as direct nmetabolic by-products of fernentationor whereby the

m cr oor gapi gener at i lLic. by-praducts o er tion that can be

t hen con€%¥$gﬁwi%@gégﬁg?gﬁpégﬁ%mgﬁgxdg'gPQ%Dﬁ%I%H?Eaggﬁggggﬁgy’? These
fernentat%ontﬁgoductio sys%@ns ar.e mell-kpomn inthe art and may utilize
ei t her - of"Bot fhf%?86?8%ﬁ’§ OFe e P nat ure or engi neered

m croorgani s that are specifically designed to, produc e desired

ol oni ¢ aci o BerERh RBRTREEImEnty e HeceB AL COI R B PLE B her | chi a
coli. ) In t her .enbodi nent. of the inpvention, the |.onic acid
ester reseeiiselly 4om g imstmigaied iy dimethyl, Qlﬁwygﬁﬁlwfm%%%@gﬁ%%vhem of
the invention, the malonic acid ester reactant is difunctional. I n
sti | | S anéPhewlepthedyhehriclstoniteanongetiieton, the mal onic acid ester reactant
is multifunctional. 10In certain enbodi ments, the present invention

cont enpl at es Inirsrtyig ethet ecpadanends, theriwescrtdnenfipmhepnéastndgtes theyserad makpaicf ol | owi ng
formula: R?-?R 00 wherein one of Rand R' is hydrogen and the other is are
Ci - C15 ah&y kster€haviistha fdomyig fohmdle- ( C1- C15 al kyl ), C3-C6 cycl oal kyl ,

hal o-( C3-C6 cycloal kyl), heterocyclyl, heterocyclyld4 Cl-Cl5 15al kyl),
aryl-( Cl1-C15 al kyl), heteroaryl of heteri9aryld Cl-Cl5 al kyl), or al koxy
-(C1-15 al kyl),

R R’
~o ~d

wherein R and R” are independently C;-C;s alkyl, C,-C;s alkenyl, halo-( C;-C;s alkyl), Cs-Cg
10 cycloalkyl, halo-( Cs-C¢ cycloalkyl), heterocyclyl, heterocyclyl-( Ci-C;s alkyl), aryl-( C;-C;s
alkyl), heteroaryl or heteroaryl-( C;-C;s alkyl), or alkoxy -(C1-15 alkyl), each of which may
be optionally substituted by C,-C;s alkyl, halo-( C-C;s alkyl), C3-Cs cycloalkyl, halo-( Cs-Cg
cycloalkyl), heterocyclyl, heterocyclyl-( Ci-C;s alkyl), aryl, aryl «(C,;-C;s alkyl), heteroaryl,
C;-C;s alkoxy, C;-C;s alkylthio, hydroxyl, nitro, azido, cyano, acyloxy, carboxy, ester or
15 sulfonyl.

The malonic acid esters may be derived or obtained from any source, including any
commercial source, derived from nature, other compounds, synthesized by other processes,
etc. In certain embodiments, the malonic acid esters are obtained from “green” sources. For
example, the malonic acid esters can be derived from biological sources, such as via

20  fermentation production systems whereby microorganisms generate the malonic acid esters as
direct metabolic by-products of fermentation—or whereby the microorganisms generate
metabolic by-products of fermentation that can be then converted inexpensively to the desired

malonic acid esters. These fermentation production systems are well-known in the art and
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each of which nmay be optionally substituted by Cl1-Cl15 al kyl, halo-( Cl-C15
al kyl ), C3-C6 cycloal kyl, halo-( C3-C6 cycloal kyl), heterocyclyl,

het er ocycWp2e01(2/058461€15 al kyl ), aryl, aryl - (Cl-Cl5 al kylPLT/usetiaossny|

C -C15 al koxy, G -C15 al kylthio, hydroxyl, nitro, azido, cyano, acyl oxy,
carboxy, ester or sulfonyl. 20In another enbodi nent of the invention, the
mal oni ¢ nono-aci d nono-ester reactant is nonofunctional. In still
anot her enbodi ment of the invention, the nmal onic nono-acid nono-ester
reactant rn'a§ uﬁfigeuer{!tﬁérl—.oorﬁ}oth—microo ga{n?snlsstcfellril AR Qa rreeorrgﬁ) qt'lererF At of t h.e

i nventi on,” the mal 6ni ¢ Hono-aci 4o Mono- 6st er reactant “1s mul'tifunctional .
The mal oni.c _nono-aci d nono-.esters .may, be deriyved or,obtai ned from any

sour ce. THEPTRMGREHG Eomuaren §i CoBT e redB YeisProRfkRidra 6 her
conmpounds, s%gthesize%.bﬁ 50t her gégc%ss S, etc. In certain enbodi nents,
the mal oRTPQUTH Fdt-dROR AR SO Br L Lrw i G 994 from "green" sources. For
exanpl e, the mal oni ¢ nono-aci d npno-esters can be derived from bi ol ogi cal
sources, such!tF&opEen }ﬁﬁﬁgg@ﬁﬁwﬁg5ﬂu £ MBS ASHAGHET WRER™EY i cr oor gani sis
generate the mal oni c nono-acid nono-esters as direct netabolic by-products
of fef meAPBeUBHB? wher eby t he ni croorgani sms generate netabolic
by-products of 1l13fernmentation that can be then converted inexpensively to
t he desired nhlsgHiasothgreabadimgnhefitbe nxensios, thameloaicfagidipsigt ®e¢tem ipr oduct i on
systens are well-known in the art and nmay utilize either-or

bot h- mi cddwrcgamdl.sns derived from nature or engi neered mnicroorgani sns that
are specifically designed to produce the desired mal oni c nono-acid
nono- est ers photletstherenpodinreetaitind inaetionrthemgioneecddstEschaaitechi a co/ i .
151 n certain other enbodinents, the present invention contenplates the use
of mal onmultdunrcaionds having the follow ng formula: R?-??-?R 00

10 In certain embodiments, the present invention contemplates the use of malonic mono-

acid mono-esters having the following formula:

\\o o//

wherein one of R and R” is hydrogen and the other is are C;-C;s alkyl, C,-C;s alkenyl, halo-(
C;-C;s alkyl), C3-Cg cycloalkyl, halo-( C3-Cs cycloalkyl), heterocyclyl, heterocyclyl-( Ci-Cis
15 alkyl), aryl-( C;-C;s alkyl), heteroaryl or heteroaryl-( C;-C;s alkyl), or alkoxy -(C1-15 alkyl),
each of which may be optionally substituted by C,-C;s alkyl, halo-( C,-C;s alkyl), C3-Ce
cycloalkyl, halo-( Cs-C¢ cycloalkyl), heterocyclyl, heterocyelyl-( C;-C;s alkyl), aryl, aryl —
(C;-Cys alkyl), heteroaryl, C,-C;s alkoxy, C;-Cis alkylthio, hydroxyl, nitro, azido, cyano,
acyloxy, carboxy, ester or sulfonyl.
20 In another embodiment of the invention, the malonic mono-acid mono-ester reactant
is monofunctional.
In still another embodiment of the invention, the malonic mono-acid mono-ester

reactant is difunctional.
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wherein R and R are both hydrogen. The mal onic di-acids nmay be derived or
obt ai ned from any source, including any 20 comrerci al source, derived from
nat ure, owbenizdwpoeunds, synthesized by ot her processespPCeUs2011/05€e3 t ai n
enbodi ments, the malonic di-acids are obtained from "green" sources. For
exanpl e, the malonic di-acids can be derived from bi ol ogi cal sources, such
as via fernentation production systens whereby m croorgani sns generate the
mal oni ¢ di -acids as direct netabolic by-products of fernentation-or whereby
Lhe m cr oor gap! S, AR0CHALGIR! AT 1ieelita AROGURRS oRfno SITRIALI PN hat can
be then converte I nexpensively to The d&si'f ed naloni’c gi-aci S. These
fermentation production systens are well-known in the art and nay utilize
either-oFmS%WH§ﬁP‘&%8ﬁﬁﬁﬁisns derived from nature or engi neered

m croorgani s 5t hat. are specifically designed to prodquce the desired

Tl ont o i - ac b cens SO oS SEU A ohor KRR S B BSRHER] chi a
coli. ) Further reference to the nethods, materials and procedures for
prepar i n§CHIHESHY SHPRFITIh P USSR grpmdﬁalfre,a officr epERoLBdrapyIHfiegized by

mul tifunctional malonic acids, malonic di-acids, or malonic nono-acid

nono- &st BT RIAgESIse FoUAgeHn empdipeits the mplgnic mpngggid gmmo Kot honei m nes of
mal oni ¢ acid di am des); 7,553,989 (Mlonic acid nonoesters and process for
pr oduci ngbteied Samepreery, poges Zior cranpaitie melpeic monereid yanodeiersyean BQ/es and
production process thereof); 7,109,369 (Ml onic acid nononethyl derivatives
and pr oddeivied fropr ielegisaltsperesofich agyiz @ eG grMerpdutition sisiethsddreiebat i ves,
processes for their preparation their use and pharmaceutical conpositions
cont ai ni ngcrodrem)ismBeebABteIn/m{lviet hwdofaoid numoehseirsey dabd axcyabdBevby-prodectaici d
dinitriles); 6,613,934 (Enantionerically enriched mal onic acid nonoesters
subst i t ubefdrsntaionerdr mdieyebiihd mtcraotzamismagineate metalshlic bgiproduewpér at i on) ;

6, 559, 264 (Maionic acid ester/triazole m xed bl ocked HD

trimeo/ f esrimehtehyne csi Bdihbh Zab t@sd)inexpedde 1013 thd ddir@nhslodic ndnandidest er s
thereof); 6,395,737 (Maionic acid derivatives, processes for their

prepar at kdhe-ckiors. ThEk Ferkhsfa@diChrBNR SR GBI wa PRI ih kNSt HAMa3 Ni ng
them; 6,284,915 (Process for 20 preparing 2-am no malonic acid derivatives

and 2- am iRz LitRerPLARBMED koM IsHARIN B frdd fathB be Xt AU @S clbBlgaRE@Par i ng
the sane); 6,238,896 (Process for producing malonic acid derivatives);

5, 886, 219,{ Bt QR FRall PlicsnEPR Jrolthc I Aifed % dhi SR Rhdy HORS 08k aci ds) ;

5,817,870 (Process for the production of malonic acid or a salt thereof);

5,817, 74 KﬁﬁggégﬁQ&%gﬂ%ﬂgﬂﬁ%qgg&%gﬂbgg%%%gg%irivatives and their use as

medi canent's an i agnostic agents , 621 (Mal onic acid derivatives

havi ng ant i adﬁec%%tgig ofieP Qrglgotdllr%a)ts, th5e’ p%gsgnt%gésen{ig)tl &tnite%%tes the use of malonic

di-acids having the following formula:

\\o o//

wherein R and R” are both hydrogen.
The malonic di-acids may be derived or obtained from any source, including any
20  commercial source, derived from nature, other compounds, synthesized by other processes,
etc. In certain embodiments, the malonic di-acids are obtained from “green” sources. For
example, the malonic di-acids can be derived from biological sources, such as via

fermentation production systems whereby microorganisms generate the malonic di-acids as
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conpl exes of malonic acid derivatives and process for the preparation
thereof); 5,334,747 (Method of preparing substituted nalonic ester anilides
and mal orwo 2ac/0d4616n0- ani | i des); 5,292,937 (Use of nal orCe/tsedid/os@ns vati ve
conpounds for retarding plant growh); 5,210,222 (Process for the
production of malonic acid anhydride); 5,162,545 (Malonic acid dyes and
5pol ycondensati on products thereof); 5,039,720 (Aqueous el ectrophoretic
enanel coating materials, which can be deposited at the cathode crosslinked
wi th et hape tricarhoxyli i .des of | api ¢.aci rivatives);

5. 021, ashrrrmiael B TR 8 st o L i by
s-triazine); 4,914 22 |l onj ¢ acid deri.vatives and net.hod or, their

aynt hesi BitbafisRan g dolPuRnlaf i talBr R bt e ARCTR a5 R e det | o

t he production.of. 10pal opi ¢ acid derivative conpounds); .4,698, 333 (Use of
Substi ¢ Bl iraliaite HenaRHSr g VEReiE SyEHt Son OBt g st e
4,578,503,(Alkglate% %r al kenyl ated mal onic acid or .its derivatives having
a fluori HEYze cHhE5Erdad—(BisHorganimsdeimmddrne nale g1 eheaiqeird MiFeeErtiENYes,
conpositions and use); 4,539,423 (Process for preparing diesters of malonic
aci d) 5 4thstare sppsifieriby dasigdpkiorgoduas e dasited dpgidsitactsls PEdHE i ng a novel
substituted nalonic acid diester); 154,504,658 (Epinerization of malonic
aci d est &cgnbinantpy gngypgredBerAenishicofial oni ¢ aci d derivatives): 4,443,624
(Met hod of preparing malonic acid dial kyl esters); 4,399,300 (Method of
prepari ng mal bwiber wédrehcdicaibk yicthods, eratdrialsang porcadiges(fPr repssiwe fo/opr oduci ng
1,3-dithiol-2- ylidene nmalonic acid dial kyl esters); 4,256,908 (Process for
pr epar i ngbtdinegtnems funttioral, difiuectiacil dhd md]tE@et @8l naRinperciddi melooentiacids,.ng

mal oni ¢ acid derivatives); 4,198,334 (Substituted 20mal onic acid

deri vat i vesalamd nidneiacidus@noastest @b ibt fonad &) U.S4P4tbet Nbk4 7(6PB,00®ss f or produci ng
acrylic rubber by copolynerizing acrylic ester and nmalonic acid derivative
havi ng acuishelriihbydfemtorgs siddiamiied))s,56883A RINeRS scid MondRRryuhaPrztdson of
mal onic acid dinitrile and purification thereof); 4,102,809 (Malonic acid

conposi t kRRrddting ARIARPRAY L0 6 BIMAEhi€ 83d Bd methy|QiéRvRESs {rimpsRSGor0f
perform ng cyclization reactions using benzyl or pyridylamno nmalonic

fggﬁ: ﬁgdﬁfoicé/s@TtHeYe%%)), 7,169,965 2 Achié Mad RBhEmARYI AR Mo RRARORbEON T Or

thereof); 6,794,365 (Malonic acid derivatives, processes for their preparation their use and
pharmaceutical compositions containing them); 6,673,957 (Method for producing alkoxy

15 malonic acid dinitriles); 6,613,934 (Enantiomerically enriched malonic acid monoesters
substituted by a tertiary hydrocarbon radical, and their preparation); 6,559,264 (Malonic acid
ester/triazole mixed blocked HDI trimer/formaldehyde stabilization); 6,395,931 (Malonic
acid and esters thereof); 6,395,737 (Malonic acid derivatives, processes for their preparation,
for their use and pharmaceutical compositions containing them); 6,284,915 (Process for

20  preparing 2-amino malonic acid derivatives and 2-amino-1,3-propanediol derivatives, and
intermediates for preparing the same); 6,238,896 (Process for producing malonic acid
derivatives); 5,886,219 (Process for preparing malonic acid and alkylmalonic acids);
5,817,870 (Process for the production of malonic acid or a salt thercof); 5,817,742 (Polymer-

conjugated malonic acid derivatives and their use as medicaments and diagnostic agents);

25 5,693,621 (Malonic acid derivatives having antiadhesive properties); 5,426,203 (Platinum
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t hernmoparticul ating coating); 4,036,985 (Mno substituted malonic acid

di am des and process of preparing then); 3,995,489 (Malonic acid derivative
conposi t iwo 20roski@sm ng t hernmoparticul ati ng coating); 3Pe3ais4@6/06@ndcess
for the production of malonic acid dinitrile), each of which are
incorporated by reference in their entireties by reference herein. 5The

nmet hods of the invention also contenplate any suitable source of

f ormal dehyde. For exanple, the fornal dehyde may be synt hesi zed, derived

f h hem . i O | h . jned f
rom ano%orﬁlg’le%es §g}§§%8&0%@ﬁcde§?%t{ggﬁ %d sp @c%gsaffop tlrhg%l(r:e gﬁaé_gnﬁ&%rﬁggﬁﬁ?ﬁaﬁﬁe rom

nature or om her 'su OUT e nments, the
formal dehyde is.introduced in the.formof. a s. . ln certain enbodi nents,
the Tor macony S S MRl iR ad ARyt eI REbur ces o
10 fornal nd af or dehyde are readily avajl abl e, whj y

"ol ude. SeorSSLuRPERR SRS Fopharin Y oty AanEBaS ot i ey de)
CataNsts The present invention contenplates the use of any suitable acidic
or basi c(fuageat {psthe prfqﬂuefé%%ﬁmﬁ?%%fﬁ ﬁ%ﬁ%@eﬁﬁ%%iﬁé&da oRigracih et Y4 cal |y
used for Knovenagel reactions 15 with formal dehyde to make MM nononmers are
cont efpl Belsepndaisationaedicipshaeqfy ApAidd 20 fdgucaysaigsiraphasetici chamelcaptingt sal t s,
such as, potassium acetate and the neutral co-catalyst copper acetate.

I n cert amatesielsevhiehtradicrdeprsyed gtike ¢thode prossliniehvittomctbann tapgsberylis agidt al yst s
that hereto for were previously unused in the context of the Knovenagel

r eact i onamideho20albwr pafl dedmptiees) ;.G\ i8R €dindercd/mmonobreitwed Balohiceatal yst s

i nclude various acidic, basic, neutral, or even anphoteric catalysts.

Aci di ¢ cdtralatistsof s-tnmpzineg|49dd,226 Ovlalenianpl @erivativbd andnodihogls fareheibor on
trifluoride etherate, ferric sulfate, zirconium oxychloride, cupric

chl ori degynithesa)y) 41835 11 61 (Malbhio acid derivatines);chiT 361056 €Proedss far themraductden ofor zi nc
oxi de. Accordingly, the acidic catalysts of the invention may 25i ncl ude,
but ave nalonid Fideevitde cpmpaindkyienes,s3f ((Babtsudsitted tabakychierzesntesul f oni c

aetd as agents for combating pests); 4,578,503 (Alkylated or alkenylated malonic acid or its
derivatives having a fluorine); 4,556,649 (Substituted malonic acid diamide insecticides,
compositions and use); 4,539,423 (Process for preparing diesters of malonic acid); 4,517,105
(Metalworking lubricant composition containing a novel substituted malonic acid diester);

15 4,504,658 (Epimerization of malonic acid esters); 4,444,928 (Polymeric malonic acid
derivatives); 4,443,624 (Method of preparing malonic acid dialkyl esters); 4,399,300 (Mcthod
of preparing malonic acid dialkyl esters); 4,329,479 (Process for producing 1,3-dithiol-2-
ylidene malonic acid dialkyl esters); 4,256,908 (Process for preparing diesters of malonic
acid); 4,237,297 (Piperidine containing malonic acid derivatives); 4,198,334 (Substituted

20  malonic acid derivatives and their use as stabilizers); 4,154,914 (Process for producing
acrylic rubber by copolymerizing acrylic ester and malonic acid derivative having active
methylene group); 4,105,688 (Process for the production of malonic acid dinitrile and
purification thereof); 4,102,809 (Malonic acid composition for thermoparticulating coating);

4,079,058 (Process of performing cyclization reactions using benzyl or pyridylamino malonic

25 acid derivatives); 4,046,943 (Malonic acid derivative composition for forming
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borontrifluoride, zinc perchlorate, sulfated zirconium oxide, sulfated

titaniumoxide, lithiumchloride, boron trifluoride etherate, ferric

sul f at e, woOnrewiswnsoxychl ori de, cupric chloride, titani BETIUSRe1AON03 | de,

and zinc chloride. Neutral catalysts can also include silica and ot her

i nsol ubl e surface active agents. 5In certain other enbodi nents, the

inventive nethods utilize a basic catalyst. Basic catalysts of the

invention may include, but are not limted to, potassium acetate, sodium

acetat e, gl A8ELAC. AP 4 BSEHE Rl UAliahey mALNILONM.AGE L, cal cium
magﬂ) eetar?, nag de, copper cetat e,

acet at e, esium a nesi um oxi a ithium
tate, alum i : I i de. . ti.ll furt. di ts, th
Aot or PReER PR dum PR SR OBl Sieid st Bh et eE s num

oxi de, al.um num acetate,. zi te, esi ym acetate, . an i.nc oxide.
Cat st yst UERBgETaEn bcosting). SHETEHE CmmTBahe i HEr RhovEHigaid FRGESr on w ¢ b
for mal dehyde,. the advantages, of the inventive nethod, including, (a)
significk I°§W&‘é’g&f?éac%l90ré'ie hyFﬁi?r@&efﬂb?hﬁﬁtem&ﬁtlgﬁbyaﬁf@@f%hqr% products, (b)
significantly reduced or elimnated consunption of MM nononers and (c) 15
si gni fi cant | yTheaetbeds ob thednyestiomeleticaptsgiridatnyoritefle savrses drgreklchyset he
reaction _and during subsequent recovery and storage stages, are achieved,
in part, Fpicxemele; thg farmpliehysis nesty be ventbestzaflydstivedsisam pppthd sheraigdlspesies

Where a catalyst is utilized in the inproved Knovenagel reaction of the

i nvent i ofg-g 1 eafpmeddshydd).roy ehtained frommalune dnitem sdree gthepuitdbl cmuedeylst

i nactivation. 20Any suitable nmethod or approach for inactivating the

cat al yst cirpircaonboelimdngs, 6d fiayna deby orie semotiuded vretht ifam oflargag el airfainenbodi ment s,
it is preferred that the nethod for inactivating the catalyst fully

el i m nat embédiec@s, ttha/fotrgalddhytihs obainal ¥isin parafermalde@ 0 €lonmidreitli sotrced of
catalytic activity. In other enbodinents, it is preferred that the activity

of the céajrahisiydeand pauoathiishyad ark eadily dQ%blorwiath hepmtiuy, (&% mpk, at | east
by 60% or at |east by 65% or at |east by 70% or at 25l east by 75% or at

| east byu&R¥hc 0 fainaliBass., Kuc@B%ornidedidd)east by 90% or at least by 95%
or at least by 99%relative to the activity of the catal yst absent the

condi ti oggfiRat cause the inactivation, i.e., relative to 100% catalytic
activity.
The present invention contemplates the use of any suitable acidic or basic catalyst.
In certain embodiments, catalysts that are typically used for Knovenagel reactions
15  with formaldehyde to make MM monomers are contemplated. Such catalysts include, for
example, basic catalyst salts, such as, potassium acetate and the neutral co-catalyst copper
acctate.
In certain other embodiments, the present invention contemplates catalysts that
heretofor were previously unused in the context of the Knovenagel reaction with
20  formaldehyde to synthesize MM monomers. Such catalysts include various acidic, basic,
neutral, or even amphoteric catalysts.
Acidic catalysts can include, for example, lithium chloride, boron trifluoride etherate,
ferric sulfate, zirconium oxychloride, cupric chloride, titanium tetrachloride, zinc chloride,

aluminum oxide, or zinc oxide. Accordingly, the acidic catalysts of the invention may

25  include, but are not limited to, paratoluene sulfonic acid, dodecylbenzene sulfonic acid,
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I n one enbodi nent, catal yst inactivation can be achi eved by the addition of
an agent that leads to formation of an insoluble precipitate that can be
filtered wo 20t¥seabse physically 5 separated fromthe r@aEtuseo1/056903r e or
met hyl ene mal onates. The agent can be, for exanple, an acid that is added
in an equi nol ar anmount or in sone excess (e.g., about 2X, or 3X, or 4X

equi nolar) to the nolar anmount of catal yst used. Additional solvents or
other ingredients nmay be added to facilitate filtration. Additional agents
can inclyde, GhHhatd %gc g&%ﬁlgr%teogulé{%‘a%ﬁ?otn{&l Q%id@%leﬂ%t&% {i]tgl%t MR fXikde

catal yst 'to renpve’i romactive participatironin & 10r°eact i on. Agent s
that would form m s .(i.e.  spoall ions .or particles aof another liquid
phase. - nator Parth b rBeuisy By op P At R B BB R ol e BRIt e
reaction% to inactivate the c tah¥st. For exanple, in certain enbodi nents
wher e ac @S TPEEE A4F &GS he agent used to precipitate the catal yst
can be sulfurjc acid, phosphoric acid, s IEunou cid, P205, phosphorous
aci d, perchl oMF¥rahedtRlysthspgrbe Arddcstlise fueff othgr l%ﬁeflt!?fecsur%w EUKRAEHS resins. In
15 certai n enbodi nents where basic catal ysts are _used, the agent used to
preci pitate tHectanathpsembagdimends. she ipypntive methads yiikise p hisiq @ta&@gdl?asscm f ur ous
aci d, P205, phosphorous acid, perchloric acid, hydrochloric acid, or acidic
i on exché&gigusts @fstﬁmwentlon may|ipclgdeo b are nowbedPdrionpotassampdopte, $addtt i vat i on can
be achi eved by adjusting the relative solubility of the catal yst, for

exanpl e, alpjate hamgeaiget4re acefaictdiydratd, Rivomminceneses ctltiom agetatgshagpesiom
tenperature or both to facilitate precipitation or phase transfer or both
of the cadesdtyptagaesdinooxiild, sogenpeen lithiunddditdts. @hmiingobyvidatagd oinc okider
ingredients may be added to facilitate filtration or the chosen separation
met hod (for ebastiflfethel emesdimenty,itiscangphbieyic cAalgsts canatludybwewnd sot tiarited ncl ude,
for exanpl e, hydrocarbon solvents, ethers, long chain esters, solvents that
are non- pohRmind 6xide, aluminum hddtate, PAEL héatt, aiagaeddan heeeitd, andviac etide.t he
reaction utilizes a copper and/or potassium acetate catalyst in an acetic
aci d/ hydeagdisbhacsakiyent , the catal yst may be renoved by the addition of
sulfuric actd 1n a slight nolar excess to the catal yst used in the reaction

m xture aft erpthecdn®aebt ROKhSvSARPLEE RN WiEORLAMMGHC, SR AR DEr @b st i | | ed
at low pressure (1nm Hg) or 5 so. Chlorodifluoroacetic acid can be added

(10 ppm ;RLARY nttda, HOQQine A Q%niﬁé’a%@ P DRI efiPinaRU N AtEH ofWiieRNYUL Ol uene

whi ch is by conparison nore sofuble)? The purified product can then be

b
Cho be SHREE Mol AR BRRS: REABLAL, ARl SO R TG 0 5 ¢

can be a ong Wt
hyr oxyt ol .ue i i . i . oy, o alt . er . rior
o ot PEERFa o R RRALL AN R MRty el o B il o P1 | 2k
or bot h. In certain enbodi nments, .wher.ein the catalyst i.s copper
acetat e SHACPSPAED i AL SPRER a3 4F ﬁ@?evie&rd%}??lﬁtabt‘/ i enm%cg X%Oé“’ “onpl i shed by
t he foIIomﬁngNFrQCﬁ%pre; 1. Parafornal dehyde is placed in toluene/acetic
aci d sol GEHYSIHPIH" fd°¥EBher acetate and potassi um acetate catal ysts and

heated to 60C_to produce farmal dehyde and entraip it in_the 15solvent. 2.
Di et hyl nal on&thereiacaigaely ua@%ga%ﬁwmw@wﬁén%%&eP@ﬁctwpﬁ thednyshdn: eper i od
of 30 mnutes while allow ng the water being fornmed to escape or be

col | ect e8Pt Hveretion can Hclude fhgistep pheately s iHEHYALPS: obser ved around 80C- 85C and

the reaction m xture beconmes transparent blue after consunption of al
par af2ér mal de h&@)@@ultable method or approach for inactivating the catalyst is contemplated by the

present invention. In certain embodiments, it is preferred that the method for inactivating the
catalyst fully eliminates the activity of the catalyst, i.e., 100% elimination of catalytic

activity. In other embodiments, it is preferred that the activity of the catalyst is reduced by at
least 50%, or at least by 55%, or at least by 60%, or at least by 65%, or at least by 70%, or at

25  least by 75%, or at least by 80%, or at least by 85%, or at least by 90%, or at Ieast by 95%, or
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reaction is allowed to continue for 60 mnutes. 4. Sulfuric acid

ght nol ar excess to the catalyst is added to neutralize and

5.

on can be done by using a glass funnel with integral flitted disc.

ol vent is renoved by rotary evaporation under reduced pressure.

WO

616PCT/ US2011/ 056903 7. The net hyl ene nal onate product is collected
by distillation at about 1 nmand a tenperature of 60C and stabilized with

gtifl as F}g odth ?eefa{t%\;[ert ?fe

rnal” concentration is-about

is then optionall Lstilled in at | ow pressure (1mm or so).

nggQgﬁ%P'7réﬁhVF&¥yg”§%?%WW%§C§%§éd (10 ppn), either after or prior

e&ther tqe reacti.on m.xture or t@g(ﬁplle tion flask or
! @> dioggd an agent o

for nmpre rapjd renova

[lation, to
rt herﬁlooaﬁe@hg PPt catghyit jreptiyasiar ean Rerchinveddut

e the

i

WAl AEARLLLPRLS W DRGSRl SERON T asks such

e purified

As

i ght be used that would azeatro te
%ﬁgﬁdérw éorﬁla?%?fdémseﬁlbfetpr?ﬁl@ﬁfe tB%t C%E"s%@ red Qipthewise RRYSH@HYL | on at
tenmperature. 3. Wthout solvent or with a higher boiling solvent

spetetedrirane thp E3eatierr il Py I6U¢ Helpeatesading 2ap@hetn kenfor example,

an acid that is added in an equimolar amount or in some excess (¢.g., about 2X, or 3X, or 4X
equimolar) to the molar amount of catalyst used. Additional solvents or other ingredients
may be added to facilitate filtration. Additional agents can include chelating agents or
sequestering agents that complex the catalyst to remove it from active participation in the
reaction. Agents that would form micels (i.e., small regions or particles of another liquid
phase that would remove the catalyst from active participation in the reaction) to inactivate
the catalyst. For example, in certain embodiments where acidic catalysts are used, the agent
used to precipitate the catalyst can be sulfuric acid, phosphoric acid, sulfurous acid, P,Os,
phosphorous acid, perchloric acid, hydrochloric acid, or acidic ion exchange resins. In
certain embodiments where basic catalysts are used, the agent used to precipitate the catalyst
can be sulfuric acid, phosphoric acid, sulfurous acid, P,Os, phosphorous acid, perchloric acid,
hydrochloric acid, or acidic ion exchange resins.

In another embodiment, catalyst inactivation can be achieved by adjusting the relative
solubility of the catalyst, for example, by changing the reaction mixture composition or using
temperature or both to facilitate precipitation or phase transfer or both of the catalyst and/or
its components. Additional solvents or other ingredients may be added to facilitate filtration
or the chosen separation method (for example, lowering viscosity). Additional solvents can
include, for example, hydrocarbon solvents, ethers, long chain esters, solvents that are non-

polar, etc.
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In yet another enbodinent entirely, the reaction can be conducted
conpletely in the absence of any reaction catalyst. An advantage of this
condi ti orwD01Ms4@60i dance or 15m ni m zati on of the for mariusR010/056903
inmpurities, e.g., ketals and other latent acid-formng species. In stil

anot her enbodi ment, the reaction can be conducted in the presence of a
reaction catalyst. An advantage of this condition is the avoi dance or

m nimzation of the formation of inpurities, e.g., ketals and other | atent
aci d-form ng ﬁpaecairt?c%lar §1%‘1)(\)/(ﬁ1’?1tél§t ZQeT Ql% AR SR E0h uj[ilnveggtc«i) P & %pgr§%LS§t£ s that

t he Knovenage FEaction can rncl ude a non- acidi e soivent,  or optionally no
solvent at _all. n-acidic splvents can includ ut are not |ipited to,

C et any O et TR Srr e B SpB Ayl Sy e B Frafhnky Bt byt o
acetate, n-but cetate, dj.hutyl ether apd hexane. In certain.other

oo meAtd BRI b o S s SRR B e ST B SEmpr oach
wll not only decrease the gverall| cost of production but will also help to
| essen aﬁ&r tgf‘e@%‘%tmég OMpALT: Tgﬁ PEOdEct Ay ithe@&ﬁ@fﬂlﬂefﬁe}é% PEEYSUHE R EEYs of the
invention, i.e., provides an environnentally-friendly approach to the

synt hési & &hlgiedifyressstiagidsribs added{ 18 armhtlarpevist 1Q0gmomeehgiiongaoss t he

avoi dance or mnimzation of the formation of inpurities, e.g., ketals and
ot her | af@hptyltsdduromalynge spechiisly comprisen mere selhile). e fboplirifsAPedugthe pr esent
i nventors have surprisingly and unexpectedly found that the Knovenagel

react i oncaf thehéc idnikadtdgein ahiy fyesseisr duoot lglon so). thdoradiferroerchf adxbedn e sol vent
and a catalyst. Specifically, in this enbodi nent, the reaction can be
conduct edddet { Hpam) alohg witk 10eetnant lyydaddednt @r bhtglateddgtdxgolucessbichat t he
start of the reaction prior to adding heat and in the absence of a solvent.
The sour becahpdresmabaabipde),icithdrhitsr @mbiodiordsnillatien, pr @ther tablegctidd rsietuird

par af or mal dehyde, and is added along with the other reactants, including

t he mal obi e eslicetion sk OF bdth. addi ng heat. This reaction surprisingly can be
run rapidly and in a continuous node and unexpectedly avoids the formation
of - or subst antnl @lthiY eAbBdifeA©Swiidian fHRIABIYSOR céipefkRtcaht Pyt sshirtlgcdpigduct s,
unwant ed pol yneri zati on conpl exes and degradati on of the nononer products.

catalyst inactivation can be accomplished by the following procedure:
1. Paraformaldehyde is placed in toluene/acetic acid solvent with the copper acetate and
potassium acetate catalysts and heated to 60°C to produce formaldehyde and entrain it in the
15 solvent.
2. Dicthyl malonate is added gradually to the reaction mixture over a period of 30
minutes while allowing the water being formed to escape or be collected in a dean stark trap.
The exotherm is observed around 80°C-85°C and the reaction mixture becomes transparent
blue after consumption of all paraformaldehyde.
20 3. The reaction is allowed to continue for 60 minutes.
4. Sulfuric acid in a slight molar excess to the catalyst is added to neutralize and
precipitate the catalyst and stabilize the produced methylene malonate.
5. Filtration can be done by using a glass funnel with integral fritted disc.

6. The solvent is removed by rotary evaporation under reduced pressure.
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15 Reduction of Side Products Prior art involving the Knovenagel reaction
with formal dedhyde to synthesize nethyl ene mal onates typically invol ves
usi ng an woi2di2oss@bvent, typically acetic acid, as a neaa3/uskoiaostodl | i ng
the reaction paraneters. Such processes, while producing nethyl ene

mal onat es, | ead to nunerous del eterious side reactions and products,
i ncl udi ng the production 20 of ketals and other latent acid form ng species
bet ween the acid solvent and the formal dehyde. The inpurities can reduce
nononer qual i ] n rf.or man a..l | t the | ater conversion
of the tha|S%%ﬁagﬁﬁg&%?ﬂgﬂﬂfﬁPg%%ﬂ%@ﬁ§ﬁ$§0ﬁ?ﬁgﬁﬁgggﬁégﬂﬁgmggﬁﬁﬁc speci es,
whi ch inhibit the.po rization.capacity a cure. speed. of the. nononers,
arong ot NPl FEAEC HET Yot SRR ot RGBSR RGnet BT oy

In certain, enbodi pent t he .present invention includes the further step of
2 FCEED FRSFTER B BF TREEANET MDY Hio: TBPR PBES S el oduct o

I n one enbodi nent, Igis can Pe achi eved by the addition of water, %nd a
medi um t BUE fqddﬁﬁfua*clﬁ cpioponally distiledpepiagt [y RicyKes (FARGE sok gk &bt -8.0 to
about 5.0), either organic or 5inorganic, to the reaction mxture to

rever Se erEmkesafuricreitEs pdsisd Apramsqithetaficn er jise & digtilagpn.ite cihiestlicl | ati on or
after distillation, but prior to any subsequent distillation. Water may be
made pr e&epiongyixivakeribe eollseiantflashopboth.ne acid or by direct addition. For
exanple, this may be acconplished by adding 1% wat er (based on the vol une
of the react i bnther optonsfre catslgbtundctvatiopicotlAenchuddi ti on of 5% sul furic acid
solution. 10l n another enbodinent, this can be achieved by the use of a
sterical ly hi Adelved noglgdaiuscdatbatdvaut azechnpe tlorwatsn for mateearke temtovhlor mat i on
during the reaction or any subsequent heating operation. Sterically

hi nder ed2or gawiith naomoaeric fnmaldehydd é, mikrbegosuitdt e rupitheatdctomet ldwerThe
invention is not limted to pivalic acid, however, and may include any
sui t abl etepiperangal | y hi ndered organic acid. 15In still another enbodi nent,
this can be achi eved by the use of high enough nol ecul ar wei ght organic
api ﬂs that fonwmmeutkelvahtor dathAdighePbdliisd doldenviifher tagtidt Ay e Wallonat e.

19

allow more rapid reaction
In yet another embodiment entirely, the reaction can be conducted completely in the
absence of any reaction catalyst. An advantage of this condition is the avoidance or
15 minimization of the formation of impurities, e.g., ketals and other latent acid-forming species.
In still another embodiment, the reaction can be conducted in the presence of a
reaction catalyst. An advantage of this condition is the avoidance or minimization of the
formation of impurities, ¢.g., ketals and other latent acid-forming species.
Solvents
20 The present invention contemplates that the Knovenagel reaction can include a non-
acidic solvent, or optionally no solvent at all.
Non-acidic solvents can include, but are not limited to, tetrahydrofuran, chloroform,
dichloromethane, toluene, heptane, ethyle acetate, n-butyl acetate, dibutyl ether and hexane.
In certain other embodiment, optionally no solvent is needed. This zero-solvent

25  approach will not only decrease the overall cost of production but will also help to lessen any

38



nol ecul ar wei ght organic acids used for this purpose can include, but are
not limted to, hexanoic acid, decanoic acid, or octanoic acid, or the

i ke. I nwetommsidier enbodi ment, as noted above, the re&criusaouraycobe
carried out totally in 20 the absence of any acid solvent or in the
presence of a mninmal anmount thereof. If a mninml anount of the acid
solvent is used, the acid solvent is preferably in the range of about 1-5%
v/iv. An advant age of this condition is the avoidance or mnim zation of the

formati OQ% iyd 1 plélrtI otn tﬁ? énv?ro ent tc?e] sgé B ane%ola? t{hg1 nvellitlo%Cl d- frc())vrl(ﬁgs 19

speci es era e reaction s conduct ed

in the conp | et e nce of an ven ver The sent vention
cont enpl &% é@n@ﬁval&ff{eaﬁwp%% b O oo na g e g Sha o
products _fromthe.reacti mxtures ertain enbodi nents o t he present
ivent | ot SHENPEEDENP HRETET PHUGHPRS O do GHORGPOTPUUTTsC bt KEHRIE
distillation. In certajn other enbodi nents, the recovery nethod invol ves
one or nBiher Risniagd- %fm‘é‘grsﬁeﬁfeé 5distillation nethod, e.g., flash
distillation or superheat distillation. In still ot her enbodi ments, the
recovéry met hBctifliedhsr smRodimenspsicnieseainsmtasnave sutpgiasly sathesxprctedlyt api d
distillation nmethod, e.g., flash distillation or superheat distillation,

t oget her fonnd thapthe Kapversed reastionief the insenvion aag ibs cpndugtedl énthe Fhreacs dh&ethng
ordinary skill in the art will appreciate that sinple distillation nethods
10 are webdlvienha caSilysyl Spadifwtily, imthisgmbodingenitithakyctios eah eetohdubtefdoyith
separating the conponents of a liquid mxture, e.g., reaction m xture of

t he pr eselhbtf thnweantnte added nalthd epetiatsvaspbat thhgartdf the reecteagpriontot dddingdsg  of
vapori zation of the conponents, i.e., typically, the nost volatile
conponentusd infthd dbgerce qfia sbivank t Titessowdck bf foapddétzde aitthiskebbdivestis pefiperiat ur e,
whereas the | east vol ative conponents wi |l vaporize at higher tenperatures.
The vapokdlzigrataifatiReydesandds sddkd alohg 61itf iheeotied adaetints LibSuding eRmeRtEer causi ng
t he conponents to condense back into their liquid states and deposited in a

col | ect ObstéH prasiid ¥l Heal eSEleactBY s@@ﬁgﬁgﬂ%’ c&0bd e rapidy hid idta@dndimibes
sequentially collected fractions rangin rom nost volatile to | east

vol ati | enfoaiRRNBRkSoctcNG v 6RNBR ISR S0 éﬂ—&esuﬁﬁzﬂﬁfaﬁir ﬁﬂllm_11_2|3§thl3rf&%§i§n can be
repeated on any given fraction(s) to further separate the conponents.

20 Howevegf éélet%ﬁ&s%ﬁi%fb%h&tk Udwhted P&iyibGakith LOnfSk S SRAI- S RLSARES MoT e

conpl ex,

monomer products.

15  Reduction of Side Products

Prior art involving the Knovenagel reaction with formaldedhyde to synthesize
methylene malonates typically involves using an acidic solvent, typically acetic acid, as a
means of controlling the reaction parameters. Such processes, while producing methylene
malonates, lead to numerous deleterious side reactions and products, including the production
20  of'ketals and other latent acid forming species between the acid solvent and the
formaldehyde. The impurities can reduce monomer quality, purity and performance as a
result of the later conversion of the ketals and the other latent acid forming species to acidic
species, which inhibit the polymerization capacity and cure speed of the monomers, among

other problems (e.g., decompose the methylene malonate esters).
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greater will be the difficulty in separating out the different volatile
conponents therein, particularly where there is significant overlap in
conponentwohlawz/osge1si m | ar volatility characteristics. FeCcTiusstians@®p3in the
present invention, the nethylene nmal onate products nay have siml ar
volatility characteristics as certain side products that may form e.qg.
ketal s, 25which increases the difficulty in separating those particul ar
conmponent s. The present invention al so contenplates any scale

.di still f"‘t i on rc%ﬁ? %%mboc’{] ﬁllelli!tgltﬂg%re&%%h én?lo}{ 11?0%4%1\@5 th%i 5% her %% ofo rmn

i ndustrial disti t'1ron process erence ggratory
scale digtidlat.ion.an dustri.al .dist IIa ion is that Iaboratory scal e
distillaﬁF WmP%O%P{%%ﬂ%ggfg?ﬁgﬁﬁ%g?Fﬁ“kﬂg%lwﬁhereas industrial distillation
often occurs gfontl t he cqnposition of the

| |
source materi al%"cf @us ggm%gn ﬁ@c %ﬁ%hﬁ aé%gﬂﬁ%ﬁﬁ8§‘ AT B sti 1l ate

change duri ng the dIStl||aIIOn I n batch dlstllla i on, t||| i.s charged
(suppl i edfjongacK (5o ack ngéé)&ar%ae%w thougy8.0 tpéé@tt S&ﬁ KLY t he

pr esent |nvent|onéﬂrmhgch.|s t hen separated |nto its conmponent fractions
whi ch’ ar B0sBniceOttBIrCIR RN EHEuE tpyeverss therdistl faypptian and degraydiacskel@ pHetitPe, wit h
the bottonms (remaining | east or non- 10volatile fraction) renoved at the
end. Thedistillation epsfter distlgony g Repife dnafibseentsiistdatson. Negapmanbe mede
continuous distillation, the source materials, vapors, and distillate are
kept at am@ambyankmg@ﬁpb@¢n¢&¢ﬁ@wd@dn@ﬁmwkydﬁ@plEmksmmﬂgﬂhhem@@ﬁrce

mat eri al and renoving fractions fromboth vapor and liquid in the system
Thi s r eswdcosiplished bpeddiey 1% onitar dhased o1t the velepaoéthe osncporoaessiomal bolgfon) hese
met hods are contenpl ated by the present invention. 15The invention further
cont enpl at #s addigorkst@dhsulfpc avie s@Entien. or nodi fi cations to sinple distillation
processes, including inprovenents to both batch and conti nuous

di stiibl at i onsin dnothenasvaingsnt, dlie cinfar RNE IRy thaikeiofie kidtlealmkidegduse of a
fractionating colum on top of the distillation flask. The col um inproves

separ at i gfpahiy afifl @/iedidddr 8lihh@&kta$ @G @A tHeGtactiB@oVaRalibsaq@dncondensat e
to cone into contact. This helps it remain at 20 equilibriumfor as |ong as

possi bl epealifigo ﬁé?lltiﬂﬁn SERIBVIRRIE QIS mds%aﬁidcluay%yé&&m pivhlicaxs{. or
"di shes™) whic contai'n an enriched, boiling liquid mxture, all wth

their OW'Thé/ BRGtioh i Sttt &nBEltd ﬂlpd’lfclé@]d, however, and may include any suitable sterically

hindered organic acid.

15 In still another embodiment, this can be achieved by the use of high enough molecular
weight organic acids that formed ketals do not co-distill with the methylene malonate. High
molecular weight organic acids used for this purpose can include, but are not limited to,
hexanoic acid, decanoic acid, or octanoic acid, or the like.

In yet another embodiment, as noted above, the reaction may be carried out totally in

20  the absence of any acid solvent or in the presence of a minimal amount thereof. If a minimal
amount of the acid solvent is used, the acid solvent is preferably in the range of about 1-5%
v/v. An advantage of this condition is the avoidance or minimization of the formation of
impurities, e.g., ketals and other latent acid-forming species. Most preferably as to this

embodiment, the reaction is conducted in the complete absence of any solvent.

25  Recovery
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There are differences between | aboratory-scale and industrial-scale
fractionating colums, but the principles are the sane. Exanpl es of

| abor at orwo=e0mls4d16act i onat i ng col unms 25(i n i ncr easi ngPefrftiseciianss)3

i nclude, for exanple, air condenser, vigreux colum (usually |aboratory
scal e only); packed colum (packed wth glass beads, netal pieces, or other
chemcally inert material); and spinning band distillation systens.

Further details regarding distillation processes contenplated by the

present invention are as. fol]l a2l N Si e distillation he hot vapors
P oduced are [macatargsh i Mvd EREEb o AR aEbrs ana
condenses the vapprs. Therefore, the. distjllate may not .be pure - its
conpost ¢ PSH Y FRGaTe EREFE APy b IAG BTt IErBP THeURsBtBs he gi ven
tenperature and pressure, and can.be conputed from Raoult's. l.aw a

st t - Bienst BRI i SoPyay MeTQgimphgS Hud eHF (ot dopedetfin B whose
boiling 10points differ greatly (e.qg., by 25 C, or to separate |iquids
fromi nvﬁ?‘%ﬂ‘i’t creg bpgigne %, ngr@PV%methﬁ%wOEvag%,or%e (Pé}bi%oa% r&¥dures of the
conponents are usually sufficiently different that Raoult's | aw may be

negl eét edisgiigiop sethed, ¢ msilaphidistillation o syrerhepidistilation. npellptss vol atile
conponent. In this case, the distillate may be sufficiently pure for its

i nt endedcpbedipsis, thesprvisty metbodibyyolecs aroribigtionpleonsfor yogi gards oS Riranid i n t he
art will have sufficient know edge and 15understanding as to utilize sinple
di sti | | atlisoitatiwhercthod duanfla dotifatamdi svpedesi digilistiom tadethepwls emt orimmvent i on as
a neans of separating the nethyl ene mal onate products fromthe reaction

m xt ur e. rounds of shmdt Astilldtype of general distillation nethod includes
fractional distillation and is contenplated by the present invention. It

wi || be apprethat agviid@tlinaty skl ih sherartswil lapicoiag thvh eingpl 2distil ol aiethotg poi nt s
of certain conponents in the mxture are sufficiently close to one anot her
t hat 1Raoutetwesl knawn MBiipldEistilakion is AW idel§ ARs rdehéd foe Feparktifg B @6@porch@ofi onal
distillation nust be used in order to sufficiently separate the conponents

by repeat iguid apRiieZabl fACKANFRASAS i tBOpeYat BSendlohind depasck®s the act i onati ng
colum. This separation, by successive distillations, is also referred to
as recti fifeAthb@Nn the case of vaporization of the components, i.c., typically, the most volatile
components of the liquid mixture will vaporize at the lowest temperature, whereas the least
volative components will vaporize at higher temperatures. The vaporized components pass
15  through a cooled tube or condenser causing the components to condense back into their liquid
states and deposited in a collector or equivalent vessel. By separating the distillated into
sequentially collected fractions ranging from most volatile to least volatile components, the
components can be separated. The process can be repeated on any given fraction(s) to further
separate the components.
20 However, as the composition of the liquid to be separated becomes more complex, the
greater will be the difficulty in separating out the different volatile components therein,
particularly where there is significant overlap in components having similar volatility
characteristics. For instance, in the present invention, the methylene malonate products may

have similar volatility characteristics as certain side products that may form, e.g., ketals,

25  which increases the difficulty in separating those particular components.
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As the liquid m xture to be purified (e.g., the reaction mxture of the
present invention) is heated, its vapors rise into the fractionating

col um. AxOI2017i58@s, it cool s, condensing on the condenger/vsadiids@nsl t he
surfaces of the packing material. Here, the condensate continues to be
heated by the rising hot vapors causing it to vaporize once again.
S5However, the conposition of the fresh vapors are determ ned once again by
Raoult's | aw. Each vaporization condensati on cycle (caIIed a theoretical

pl at e) W l l y'i‘l? s%ntp e%lilofglscy §0n96rn cfatest ahe S(rqug 818 11?at1%1%1 I'O%GS% TTPOEI g In
act ual operatlo eac d) n? Eure §0s&n tur at
exactly w il be

0 ion i nat|n
xactly IRRRR RO tﬂﬁ(%ﬁ% ST PRt ?ﬁﬁ@é&cp Baemsr than an
accurate, 10 escri re theoreti.cal. plates to better
Separ at 1 BiScras iR v Bk arans Mo Jadns eEBPutEpiHEng band of
Tef |l on or to force t si.ng vapors . int se c ntact wth the
descendi Hayﬁﬂéﬁaémfaepé’er ?%5353911 YRSy W %‘F%ﬁg}n‘i‘ﬁ@aﬁ@ﬁ%‘ 1°6P 68t i cal pl at es.
Anot her type of distillation nmethod contenplated by the present invention
i ncl uaesc%@u%ymlgwphl distilision. dhneonenosision At prives %fergfalﬁﬁwp@&iqfﬁhﬁg poi nts.
To boil such 15 conpounds, it may be advantageous to |ower the pressure at
whi ch suéktidisepenprisdaing ttmilﬁtel@tq epgeatiring thenlistidlatiann dn baeh disiiséipmtaur e. Once
the pressure is lowered to the vapor pressure of the conpound at the given
t enper at strlkis choizé¢d (sgpplind) withea bagdt of dedimhiatudd @tal. Irtastipomixpuro 0€ths peragntconmence.
This technique is referred to as vacuumdistillation and it is conmonly
f ound i ninvhgionabrdrictie then isepatatel ihoricompaertvet fratianywieviaporcaliated Thi s
technique is 20 al so very useful for conpounds which boil beyond their
deconposkdquetiatie fper mdsti v e atlt tak Dy, withplicisstoms (@mdinity ledst satoind t her ef or e
be deconposed by any attenpt to boil them under atnospheric pressure. One
of ondi nasiytils Kiattioni) Fenidved arthe Midl. IThbawecdnBerkitadlRE@e addithe Yrudeysst andi ng to
apply vacuumdistillation techni ques when advant ageous and/ or where
appropri adpeattd® heEMURbuY A8l YH08rcBBla@hiak SvaFBROMEIdidiN e Ueti&pOdt at he
reaction. In yet another distillation technique, naned short path

di still atdRpnt do%lp%sﬂbl%y &Ar@ﬁlllpfbpteﬁf@mg moﬁﬂa@&nateﬁypinu@énéheg fligibhd | ate
traveling a short distance, often only a few centineters, and is normal ly

done at ﬁ@gl%ﬁgvaghlezﬁﬁlq{qﬁrd 1€‘tﬁeyspét9rﬂl Tlﬁﬁ(l%gims(?n W@éﬂe‘ij c&ﬁro@ofjﬁlé Eépla}aﬁhﬁ on

involving the distillate traveling fromone glass bulb to another, w thout

the need it 2. GdeNSREaSEPAT A Med BENL IRLGRATBRLS: Thi S techni que i's

often us or conpoundas ar e ‘unst e at tenperatures or to

puri fy sl | HImUDL %0k 60 era%%%dqlatesm%y?gw 795, en%s%%mhn%a 314 19

ter’rper ature can e ConSI pr ess

boi l'i ng t .stand ard h dlstlllate only
RN P L R At &%ﬂﬁf’tﬁg’atﬁ%&ﬁ Uh ensures t hat
little c und i | ost .on the sides of .the, 10 ar at The Kugelrohr is a
dnd or S SRRERRS Sk oaeitnt BB, bR b LR FasRpa e

column on top of the distillation flask. The column improves separation by providing a larger
surface area for the vapor and condensate to come into contact. This helps it remain at
20 equilibrium for as long as possible. The column can even consist of small subsystems
(“trays” or “dishes”) which all contain an enriched, boiling liquid mixture, all with their own
vapor-liquid equilibrium.
There are differences between laboratory-scale and industrial-scale fractionating
columns, but the principles are the same. Examples of laboratory-scale fractionating columns

25  (in increasing efficiency) include, for example, air condenser, vigreux column (usually
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mul tiple chanbers to collect distillate fractions. One of ordinary skill in
the art will have the know edge and understanding to apply short path

di stil | atworot2asiisques when advant ageous and/ or where RPPIUSPIILASE@0S O
recover the nethyl ene nmal onate nonomer products of the reaction. 15C her
types of known distillation techniques are also contenplated by the present
i nvention, including, for exanple, the process of reactive distillation.
This type of disti I | ation involves using the reaction vessel as the still.
In this S | Ly .signi n vwer-hoiling than
its reac a%gli%%%% 88 fée iu%n @gcﬁ(rer% @ SS{) aﬁglrnlieeéf%:i 168?8 Oro%) is vaporized
and renoved .fromt e L8 ctl is te hnlquels an exanple of a
20cont i ntis Ca\}lé’me BAPAH) cg@étggng%gggﬁpgaggsy @Mide | ess downti ne to
charge the re on v ssel arting materi a nd | ess wor ku

ddi 1 on, ¢ hel LR G br o 4%%6?@%%Hmﬁ%@eswsnﬁﬁ@ahfwd e RERAEVE0 or t he
separation of xtures of liquids by partial vaporization through a

non- por of$ & Pdne. Still further, the invention contenplates extractive
distillation nethods, which are defined as distillations that occur in the
presehce of aln sl pistiation; e hefaieperh grodpesd g ipwnspiaibnchagneled me Tonponent ,
i.e,. the solvent, that fornms no azeotrope with the other conponents in the
M xt ur e. comensst hekqeplsiand eondensss e yapaso T erqfprat the distiate mayisetbeuros gt e

synt hesi s of the nmethyl ene nal onates of the present invention, which can

i ncl ude agypasiionabll ée sienlieatitodhe Gimmyaision pbihe dimprs dtitzt ghom tpmwetdwraed and/ or

t echnol ogy. Such technol ogi es and net hods are generally well-known in the
art and passube aap@inibedoapaedifromiRaedlt's bwsepar at e out the net hyl ene mal onat es
of the present invention by those having ordinary skill in the art w thout
an undue anopuAt a efsulexpeyle detillaioh GusudlBrged sdakeseparata sitjuidalvhoiedbilingat i on
applications can include both batch and continuous fractional, vacuum
azeotin oppEints@iftdr @edatly . g. YL 5B a6l bephiatel 1Rjui do MirodOied 1 fxdle Solids or oils. For

these cases, the vapor pressures of the components are usually sufficiently different that
Raoult's law may be neglected due to the insignificant contribution of the less volatile
component. In this case, the distillate may be sufficiently pure for its intended purpose.
Keeping the above in mind, one of ordinary skill in the art will have sufficient knowledge and
15 understanding as to utilize simple distillation where advantageous and/or desirous in the
present invention as a means of separating the methylene malonate products from the reaction
mixture.
Another type of general distillation method includes fractional distillation and is
contemplated by the present invention. It will be appreciated that in certain situations where
20  the boiling points of certain components in the mixture are sufficiently close to one another
that Raoult's law must be taken into consideration. Therefore, fractional distillation must be
used in order to sufficiently separate the components by repeated vaporization-condensation
cycles within a packed fractionating column. This separation, by successive distillations, is

also referred to as rectification.
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I ndustrial distillation is typically perfornmed in |arge, vertical
cylindrical colums known as distillation towers or distillation colums
wi t h di arnwoenr/osadigi ng from about 65 centineters to 16 meramsgoianssobei ght s
rangi ng fromabout 6 neters to 90 neters or nore. Wien the process feed
(e.g., a nethylene malonate reaction m xture of the invention) has a

15di verse conposition, as in distilling crude oil, liquid outlets at
intervals up the colum allow for the withdrawal of different fractions or
products havi Lfferent boilin ints or LI r es...the "lightest"
P oducts. (1 hosgti kTR o PURRRRE By st o f B e op of *the

| d the."heayi.est” products (those with the highest boili i nt
i 17 oMM RBCEB-ar P10a” o1 L CHROBT mor o Rir iRy HoREhe. art i |1

have the know.edge, and .20 under st andi to | y.such industrj al

ot |1 aEt BB e ERreN e Bava eayaes shapekidtere dplRbpiFat e to
recover the nethyl ene | onat noner products of the reaction of the

i nvent i ofondensate continugs hﬁ?tés B}fnﬁlsaw@%emaﬁ%ﬁ?uwét 9rVERUIE OPSRASAEY on
contenplates utilizing the technique referred to as flash distillation in

t he sépar at i oHoWeverdhdspmRetinmpihafreshyrpers etedeterpingdpiaseetio B Rt i xt ur e
of the invention. It will be appreciated that distillation is a w dely
used i ndigst riagh veperiagipnicopdenssign sy ¢l tralledyuihdongiisal praes walhwlicldsa prert he heart

of the separation processes in many chem cal processes. The nost el enmentary
f orm of sdletiongtfthsdnérs velaijsicemgprrni. | Inativalrmpastioi, sedhsyeld abbgives i n whi ch t he
liquid is brought to boiling and the vapor forned is separated and
condensetkntperafupe doca npr @durcdt cxdstly theasmb eesnticguin plrd fedchighayingdicslooueilbg, that t he
application of flash distillation elimnates or mnimzes the formation of
undesi r ablilebsaphecciagmiahat o peaveriat plaangihos a vonsepttraterititinemnedirat e and product
pol ymer conpl exes. By conparison, the prior art typically conducted bul k

| i quiid pbhastpticatdre fkofetital hhees Kkndvebagetepayptitiie i $imiingmRhiisgingional onat es.
Such systens have the di sadvantage of intinmate nolecular contact once the

net hyl engysddh iRl 9RatEnd BB aBtorbafmta b hate Bt HAWS viRFs idtomilst téiste of _
conpeting reactions to occur based upon the byproducts of the optional acid

sol vent, vﬁth%efdeg&ahi%laa(rm%nsa&b@leﬁb?%féasiﬁg ke uABLAg MR BN GIM@L er (et hyl ene
glycol), the nethylene mal onate, the created water and any effects of any

catal yst syst gH&thérftyﬂ%ro‘?%iﬁﬂﬁatio'ﬁ‘fﬁé’t‘hc{gi%hi%%}a_tédﬁ% tﬁe{‘ﬁ&@&hpﬂh%n@i@ﬂ tncillagcover ed

t hrough NWVR studi es that nmethods that utilize a |I'iquid phase Knovenagel

react | on 9uRQsdikiohd SoARlcoRhORHE R ANIRTRLN ol ftibcrq WRQTPY ¢ hat al most

i nstantaneously forns a type of polyner c not | y through the

doubl.e b - ’ ked". (1. €.
ni 085 of kel iR R POLRNRIOURTE N prGLRCK3Ghiel b pombBHERE 0, Ming

\(,j\gﬂlblde bgcr)]i(ljesd ig'srte%d% En%lcetaggé ﬁlefté)nlllle(r)a}/t\{llrg.g O?iceD tlille 8rressal'1rret is or%x(f)e\fee t%‘%?e! VarbgraCt ton. It

pressure of the compound at the given temperature, boiling and the rest of the distillation
process can commence. This technique is referred to as vacuum distillation and it is
commonly found in the laboratory in the form of the rotary evaporator. This technique is

20  also very useful for compounds which boil beyond their decomposition temperature at
atmospheric pressure and which would therefore be decomposed by any attempt to boil them
under atmospheric pressure. One of ordinary skill in the art will have the knowledge and
understanding to apply vacuum distillation techniques when advantageous and/or where

appropriate to recover the methylene malonate monomer products of the reaction.
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be preferred to not go through an energy intensive step with prol onged
heating tinmes that 20 produces a nyriad of potential deleterious products

t hat redweo 29idisga6and af fect nononer activity and puri PCTAS2@N/056903

met hodol ogy. It is further contenplated that nonomer obtained by the
met hods of the invention may be further redistilled at | east once, tw ce,

or thrice or nore additional tines to further fractionate the nethyl ene

mal onat e nononer product Preferably, these redistillations should 25be
conduct ed very %E okhe¥ dlSt?l atlgn teﬁgm s@mRr a %Ps%lila?o%%ls ) #l latlloa}{[ I on
process, prefera an'a m nutes, or
about 30 nut e , about 2

nour s, ol BT sl e drstliﬁtsaraveﬁlgﬁ&ﬁ?% 315%?% 2 forlimige
preferab oIIomron distillations. occurs no n.about 60

P utes. B sroTHSRTR Rt SuR ApRFRER R Sn gtar d%%fﬁﬁfé%od. The

i nventors hay urpri si ngl und that the 5Sredisti]lation | 1 ow ng the
recover ymrva@mgr ﬁ%@lé%l %%@V@f{rﬁg PPoReBOUR RRRATDH: VERPUG etnﬁ%J %ﬁ@vant ed

del eterious side products and the formation of undesirable pol yner

conpl &xesondraser seppirtipethe Ve thembetsr Bhis teglyaayetiy ofignaseb g cpppeupdphich e

met hyl ene mal onate nmonomers. In this aspect of the invention, flash

di sti | | aticomstalie piergesmperatiasior t pusiy epalbagoustsaf compeundoThe ddvyhagedtmer at ur e
distillation process can be utilized to effectively elimnate or 10

m ni mi zethahée heatmatdngperatire gadessiongidreblp bsiwaméat radongsl regssim @rnthdibatieg and/ or
products and other deleterious side products. Flash distillation involves
usi ng hi gbint efripeliat datesnddry piesaurd, ynditho destitldte ollgibks tograpdiarshorv flistahee net hyl ene
mal onat e at at nospheric pressure or sonmewhat below that-to prevent and

m ni M zebsfuehrosdaeing eastortqash anatothat litde E@npoand Grlowdbn sieahlepof theer

conpl exes. Specifically, the effect of flash distillation is to prevent the
15i ntib makgpactit att Kugeltthe & ifd ecshbe path distiliesmn phalatus eahioaascafth pol ymer
conpl ex formations by sinultaneous distillation and condensing of the final
product s nfu@ipddctambe@ s cdlRPRIR: @kt FRc@ins 20%e bESHRRAGIMIEN e AW Tihatbige
materials do not react. In one aspect, as in any aspect of

knowledge and understanding to apply short path distillation techniques when advantageous
and/or where appropriate to recover the methylene malonate monomer products of the
reaction.

15 Other types of known distillation techniques are also contemplated by the present
invention, including, for example, the process of reactive distillation. This type of distillation
involves using the reaction vessel as the still. In this process, the product is usually
significantly lower-boiling than its reactants. As the product is formed from the reactants, it
is vaporized and removed from the reaction mixture. This technique is an example of a

20  continuous vs. a batch process; advantages include less downtime to charge the reaction
vessel with starting material, and less workup. In addition, the method of pervaporation may
be used. This method is for the separation of mixtures of liquids by partial vaporization
through a non-porous membrane. Still further, the invention contemplates extractive

distillation methods, which are defined as distillations that occur in the presence of a
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distillation, the distillate reaction product fractions can be distilled
and condensed into a stabilized systemthat inhibits the polynerization and
degr adat iw0 20f2/ts@6 nrononmer product, 20such as, an acid #CahisLé1am®se9030
conduct the flash distillation technique of the invention, the reaction can
be conducted in a first reaction vessel. Specifically, the technique may
proceed by (a) reacting a nmalonic acid ester with a source of

f or mal dehyde; optionally in the presence of an acidic or basic catal yst;

and opti R Iqlél h1‘§h boh%ﬁprreﬁa}fregcgon-vollgtﬂe% on%{ﬂr Le ZtE Ve%g tﬁiat? d%g lyent, to

forma net oner Ut e;

QSS?Y?LL]”%PW St SR S ?Q"nLPZr gt °”2§“ .XLH odusi ng.

i roduci ng i FESGL MO RGPl s N B e finger : suher el n
et R RAL R D AL A i
flash distillate of the nethylene mal onate nononer; and coll ecting the

di sti FI atndugrialidigiliatanypedwepad enigemolasionsh teqhaaloaionnd yethessirc onpl et i on

of the reaction, e.g., at regular intervals or the like, the
generally well-known in the art and can be applied and utilized to separate out the methylene

malonates of the present invention by those having ordinary skill in the art without an undue
amount of experimentation. Large scale industrial distillation applications can include both
batch and continuous fractional, vacuum, azeotropic, extractive, and steam distillation
10  methods.
Industrial distillation is typically performed in large, vertical cylindrical columns
known as distillation towers or distillation columns with diameters ranging from about 65
centimeters to 16 meters and heights ranging from about 6 meters to 90 meters or more.
When the process feed (e.g., a methylene malonate reaction mixture of the invention) has a
15 diverse composition, as in distilling crude oil, liquid outlets at intervals up the column allow
for the withdrawal of different fractions or products having different boiling points or boiling
ranges. The "lightest" products (those with the lowest boiling point) exit from the top of the
columns and the "heaviest" products (those with the highest boiling point) exit from the
bottom of the column. One of ordinary skill in the art will have the knowledge and
20 understanding to apply such industrial distillation techniques when advantageous and/or
where appropriate to recover the methylene malonate monomer products of the reaction of
the invention.
In one preferred embodiment, the present invention contemplates utilizing the
technique referred to as flash distillation in the separation of methylene malonate products

25  from the reaction mixture of the invention. It will be appreciated that distillation is a widely
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10 reaction m xture (having already fornmed at | east sonme of the nethyl ene
mal onate product) is transferred into a flash distillation chanber or

anot her weezel2/askas contai ns a heat transfer nedia, suckrcadaiS2dions@Ranpl e, a
solid particulate like silica gel or sand or a liquid, such as a silicone

oil, or a heat exchanger, which very rapidly heats the reaction m xture,
vapori zi ng the conponents and sendi ng them through the condenser to be
condensed. 15Any heat transfer agent which will not result in the

producti gn. ,06f | i Si
POkt | HdHaudEPhEROOHY o
transfer sfer agent nore neta

t . tili t he heat t i
beads, - oRBe Bt ised o peie e 2 aios i eSinef RS e o RRfef e
il il m | oi| t ral b heat transf il
Synt hot €Ot cat Coaa Redr el O 61 O HELTRAEARNIER whi ch i I

not result in the production of del eterious side products may be used as
will be mﬁ%lswp%ﬁ%do yrd CQR&IHPGdi tﬁq‘%rﬁba BpPfuctanot her enbodi ment of the

i nvention wherein a heat exchanger is used, the heat exchanger is a shel
and t&ibe heatIt8acheahgaprisingly diggqvered hat the pplfrgtion offlagh dighillabiah cimigasel heat
exchanger, a finned pipe heat exchanger, a plate fin heat exchanger, or a
scraped sumfripEchibe foraidpefgmdesirable side reaptipnquedugispndapwaivantadt s of t he
invention the reacting step (a) is perfornmed at about 60C to about 130C.
Thi s pr ootsmediaigladd bevdnaimobsncacdyapletesr Baceipmisor, tasprar g mpicallpus react i on
in both cases with a continuous flow of ingredients. Surprisingly, the
primary pomidced bydk dduid @baseiractidrisdoidhalpowaede! sysithres by nethglenameloaites. wi t h t he
remai nder typically unreacted fornmal dehyde and nal onate, both of which can
be recoveuedysns haeyind dshdvantage of Atinaatd @bdlicanarabntbtentd ths methykie | | at i on,
referred to herein as the superheat distillation reaction, is also

cont eopl ahapdatetieiBlyd béferehRatlldwafds b afultiedl of comp&iRtredcied thotduk Basthe
reaction m xture. Specifically, the technique nmay proceed by: 10(a)

react i ngupont Byir6dweBiod tRYpesnaM i sevaR UL ERmadlddgasamhdabyideod n the presence
of a heat transfer agent; optionally in the presence of an acidic or basic

cat al yst poraRRMcBRE iaf?d‘@rlat'eb’ﬁnﬁé’t‘hﬂ&% B85 QRE el lcAOmBPhEL GhOEr R8N w REH £HdC
solvent, to forma nethyl ene nal'onate nonoimer in a reaction m xture; and

(b) recoygr fQsidpen ik SRENTR ROHE EYRDRRRE:, [HeMhRS HS8 8kt Rl Xt ure by

15heating the reaction mxture to between about 200C and about 220C to
produce ﬁ]rough NMR studies that methods that utilize a liquid phase Knovenagel reaction do not in

e e T el

a .
n certai i hve erein a heat

15 fact produce monomer, but rather monomer that almost instantaneously forms a type of
polymer complex — not likely through the double bond — that must be subsequently “cracked”
(i.c., reduced to monomer units) or otherwise reversed. In other words, no exo- or CH;-
containing double bonds are detectable following a prior art Knovenagel reaction. It would
be preferred to not go through an energy intensive step with prolonged heating times that

20 produces a myriad of potential deleterious products that reduce yields and affect monomer
activity and purification methodology.

It is further contemplated that monomer obtained by the methods of the invention may

be further redistilled at least once, twice, or thrice or more additional times to further
fractionate the methylene malonate monomer product. Preferably, these redistillations should

25 be conducted very quickly following the flash or superheat distillation process, preferably no
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distillate of the nethyl ene nmal onate nononer; and collecting the distillate
of the nmethyl ene nmal onate nononer. Once the reaction has been all owed
t o proceenoantt/atéibeast sone of the methyl ene nal onat e pcodisetioasos or ned,
the reaction mxture is heated. Due to the presence of the heat 20transfer
medi a, the heat transfer nedia facilitates rapid transfer of heat to the
reaction m xture, thereby vaporizing the conponents and sendi ng t hem

t hr ough the condenser to be condensed. This process could be run as a batch
r ea.Ct ' On ?gn a% uP mmnu,e efﬁotrm Iw?lteslor aQouttHO %1a u%ss or bout%15 1nuf[e (I;)US f1ow
of |ngre § r|s h roduc via this
approach

e R IA m&ﬁr&%gﬁte %L%@a&%ﬁt{@wﬁaféi% "
I
ORI B ST S o B e B

gl ass beads, e nor e po celain beads, silica, siljicone oi m ner al
oil, a pHY %ﬂéﬁ‘rﬁrtﬁ%@é‘&aﬁ@%&l afl?%lH@‘fhég bhgq ingentogs g%/VﬁtSH’é’Flﬁleg]é’rf%‘Fﬁdé%art theased heat
transfer oil. 5/t is further contenpl ated that the distillate formed by the

f1 ashS di &distiilaondplleyring e reqoney tiesalitatgs be phnEetionfRn Y a8 YL thr t her
distilled at | east once, twice, or thrice or nore additional times to
further Brwetqddsiatesionnadepoiyateand theformation ofspdasissblppairnetcompleagssthath] y |

t hese refractionati ons should be conducted very quickly follow ng the flash
or super hepingedinghé pyeall rliprand esstivipradteraghylereonatorate mheomabout 1 mi nut e,
or about 10 mnutes, it) or about 30 m nutes, or about 45 m nutes, or about
60 m nut es, om thibespectdmunsention, faklodistilhtibosnserhaar disthlbtibn dRanyatires, or about
24 hours. More preferably, the followon distillations occurs no nore than
about 60suiiablgthégh-tampantutddistiliatibn pdocdsk eglbeartilisadpe effeaiveldictimilateadri on net hod.
The inventors have surprisingly found that the redistillation follow ng the

f | asho andfigimizupefoRtaion@dif Shddsirétd potyrh@Cohipteati@sriddRited lahdbn@bdiRs M8
m nim zation of the unwanted del eterious 15 side products and the formation

of undesbihabdct@uY beE pandl. eXeh difdktiidnRidIg8 Winghhd eMpirallesqual ity and
reactivity of the methyl ene nmal onate nononers. Yet anot her type of

sui tabl et,?%gy SN m%tﬁagﬁlgqﬁﬁu BEthD Yncil Rk FRIoNAR at FATEHISHOBANESST can pass
directly fromthe solid to the gaseous stage w thout first
somewhat below that—to prevent and minimize such side reactions and/or the formation of
such polymer complexes. Specifically, the effect of flash distillation is to prevent the
15  intimate contact required to accelerate these side reactions and polymer complex formations
by simultancous distillation and condensing of the final products to an ambient temperature
or any temperature at which the materials do not react. In one aspect, as in any aspect of
distillation, the distillate reaction product fractions can be distilled and condensed into a
stabilized system that inhibits the polymerization and degradation of the monomer product,
20  such as, an acid stabilizer.
To conduct the flash distillation technique of the invention, the reaction can be
conducted in a first reaction vessel. Specifically, the technique may proceed by
(a) reacting a malonic acid ester with a source of formaldehyde; optionally in the

presence of an acidic or basic catalyst; and optionally in the presence of an acidic or

25 non-acidic solvent, to form a methylene malonate monomer in a reaction mixture; and
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mel ting and becom ng |liquid. These substances are said to be able to
subl i mate. Substances 20 that sublimte, when m xed with substances that do
not subl iwate12/sad6be separated by heating the m xture moTius2ehe®s®@obst ance
that can sublime is conpletely gone. In sublimation, a solid conpound
evaporates directly to the gas phase wi thout becomng a liquid. In vacuum
sublimation, the sanple is placed under reduced pressure which permts
sublimation at |ower tenperatures (which can nean | ess deconposition in a
sanple). In 2 E?p elécl)\felriﬁg %ﬂe%eathen%%lloln%trhonn ’me?‘frﬁl%lthed eg&nﬁ%gtglrel bsy: heated and
evapor ates. The vapors® condense on a cold surface to ormnew’crystal s.
Sublimation can he a itabl.e neans,in the present invention to purify
sanpl es of neﬁﬁ?&@ﬂ%oﬁéf8%%?5”3%%5%@#@?%%%?5%ﬁ%ﬁiticular, those that are
first crystalli.zed to solid. Methods fo eparation and recovery by
Subli et on aPdn i e gt phggos o Pl baaaa il i g out
subl i mation recovery. 5can be found, for exanmple, in Crystallization, Publ.
But t er wor t h- HYiRERFRRE thegpactiosmixuisdo wyfacam Mief sichanghpt er 8. 3.2, page
363, the relevant contents of which are incorporated herein by reference.
Recryét al | i zavh@pinithe heatamsier agsnt di51feshdisilitipp changhenoidhs Ayt ?’Fféa%’f Kyl ene
mal onat e nononer products of the invention. The general principle is that
t he net hyl enehagteddnbetecapbatiOfel aptabguci28°Gnd any inpurities therein may
be dissolved in a solvent and then cooled to produce a fresh crop of purer
crystal s of netphgduene lladl dovidivie ofrtheomemdeneprabanattedoromet; anfieoliaepug thei es are
nore soluble in the solvent than the main product. This process may be
repeat ed a nudistiltatroe thf methypterse malbndte mopeame. crystal of the main product may
be obtained. The techniques of recrystallization will be well-known in the
art, but furthenediatigiupen comypldron bbtheuadtion e@r, usteghlhi ingtratsyr thduiKe, the

But t erwort h- Hei nemann, 2001, By John WIlliam Millin, Chapter 7.1, page 289,
t he nel evasfionapRtRNthEvIaE aMdlidg forake ai 1645050 @lttedmbtayiend milyndteprdesngcie .

Any of the recovery techni ques described herein may be conducted in

i sol at i ofraMifertcd i@OY FRSHAEN RkibOBhadber 6 bihbakk®l thAScorBiisiada@dranstest i | 1 ati on
and ot her separation nethods are well-known in the art.

media, such as, for example, a solid particulate like silica gel or sand or a liquid, such as a
silicone oil, or a heat exchanger, which very rapidly heats the reaction mixture, vaporizing
the components and sending them through the condenser to be condensed.

15 Any heat transfer agent which will not result in the production of deleterious side
products may be used as will be known by one of skill in the art. In certain embodiments of
the invention wherein a heat transfer agent is utilized, the heat transfer agent is one or more
metal beads, one or more glass beads, one or more porcelain beads, silica, silicone oil,
mineral oil, a petroleum based heat transfer oil or a synthetic chemical based heat transfer oil.

20 Any heat exchanger which will not result in the production of deleterious side
products may be used as will be known by one of skill in the art. another embodiment of the
invention wherein a heat exchanger is used, the heat exchanger is a shell and tube heat
exchanger, a plate heat exchanger, and adiabatic wheel heat exchanger, a finned pipe heat

exchanger, a plate fin heat exchanger, or a scraped surface heat exchanger.
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20 Further exenplary nethods of distillation contenplated by the present

i nvention, including sinple distillation nethods, batch and i ndustri al

di still atwonoprse@sses, and flash and superheat distill &Cirars2omiobedds, as
wel | as other nentioned above, can be found, for exanple, in 7,771, 567
(Salt water distillation system); 7,649,108 (Process for the distillation
of a m xture of isoneric diisocyanatodi phenyl nethanes ); 7,610,775
(Distillation process using 25 m crochannel technology) 7 603 889 (System
for nonitoring a nit n {. t|II ation
B e S P AR

6, 936, 14 WAt Jillation system); 6,841,064 (Process for the gentl e
flash dig?&t Ewgﬂgghiresidual oil's); 6,716,355 (Method for the
purification f.ali distillation, in artlcu for the

Py bauct on_of s B Aapas blaer & ?9 S Sbnrer s omispabePEHOwa B 513 ocess
Swater ); ? 413, 415 N@tgld for gh-te Lature short t|£ﬂ £ISII||atIOn of
resi dual "¢ P§°¥“m8u Qg?¢$ﬁ%a§%PF8hg&ﬁ SRfpay PrRdugt produced via this

hydr oxyhydr oci nnamat e esters by continuous transesterjfication using

r eact f ve2pfiretch iy methypnomalgnasgwith g reppiadeatyrisadn upradediorsalasivdettdal in in a
distillation reactor ); 5,227, 027ﬁékhgh efficiency water distillation

appar at udalesitachosh efewhiclheambesseoverd amdepiclsdess for use thereof): 5,064, 507
(Distillation process for recovery of to high purity phenol ); 4,783, 242
(Distillati onAsysatemodid fbslooietfs@tlpn rdfe7&¥io3@ i Rehowakrhoft distiitioni npuriti es
fromcaprolactamby distillation with water ); H214 (Distillation process
for the r=otieg isasogdbntimplagid fwhembp (hetna-traosfedndhd B)costhinok ywithankzeneam nes ) ;
4,584,064 (Device and installations for the distillation by thin |ayer
evapor at raantigpanixiucel | Syekificafy, hedechagudmag proased tpr ocess for operating this
device ); 4,450,067 (Distillation-induced extraction process ); 154,440, 601
(Met hod and appateadting al@ilorid ghd scedr with of soat bofdahaldétstié (ol tas presenod offd qui ds ) ;
4,411, 740 (Separation of chlorosilanes by extractive distillation);

4,319, 964 ( ApRaf fdddfer h@int; Bbﬁd&hal’l?hrﬂﬂﬁ@ pRk&ick bt @t dcfic &fbabit dathigls: dnd 4, 282, 071
(Anhydrous separation of volatile alum num chl oride conpl ex frontan

et hyl benzene pfRAMGEhAR p?&sreﬁéérﬂffaﬂ aestui%fot ht@tdlda@salvm{tl 16 &AmQBfcthiBRar at us for

hi gh volume di'stillation of liquids ); 4,243,493 (Process for

transportatlo&agﬂgeggg&ﬁ&hhgg%b@gnggngg%hgleuntmnth met hanol ); 4,236,975
(Recovery of nethyl heptafluorobutyrate from water by dlstlllatlon );

3|§$?|igfhgEe?8W%&§§§L%?§E%é%&%§g%%ﬂ%#ﬂ%ﬂ%ﬂ%yﬁ ?% %g?%g%%%?%ﬁﬁtanollfrom
é’?tste d ' Yo Belifl i @0cktior i WG LRS 3 %%‘%%?% us@lpf” g aﬁoyﬁrﬁm
o 605 (rofrdlste Rty B R ep S e leap e f 50 L,

(Distillation n 035, 243 (Met hod and apparatus for hlgh vol une
distillation @EL?HH%%ﬁ@n?enﬂn@?%'GSG (Thermal softening and distillation by

regenerative nethod ),
g Once the reaction has been allowed to proceed and at least some of the methylene

malonate product has formed, the reaction mixture is heated. Due to the presence of the heat
20  transfer media, the heat transfer media facilitates rapid transfer of heat to the reaction
mixture, thereby vaporizing the components and sending them through the condenser to be
condensed. This process could be run as a batch reaction or as a continuous reaction, in both
cases with a continuous flow of ingredients. Surprisingly, the primary product produced via
this approach is methylene malonate with the remainder typically unreacted formaldehyde

25  and malonate, both of which can be recovered and recycled.
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4,004,984 (Distillation plant ); 4,001,345 (Distillation of

nmet hyl chl orof orm); 3,966,562 (Multi-stage flash distillation plant );

3, 945, 89IwQODonetaskd1at i on process for purification of tri &cylus2phosg@hat e
esters), each of the above of which are incorporated in their entireties by
ref erence herein. Conpositions The met hyl ene nal onat e nononers of
the invention can be incorporated into any nunber of conpositions and
products including but not limted to nononer-based 10conpositions,

ol i gomer - bas eﬁil c%ﬁ%%%'b&&%@ﬁtg%f‘ % E)n(%fleXtﬁro%rwl?e?‘eslg ghga? rfglr)igsgértélig S utilized tl%eSU.Ch.
nononer - based and ol gomer - ased conposi t1ons 1nclude, *but” are not limted
to an adhesive,. a coatin a sealant, a conposite,, or a surfactant. Such
ol yirer - PR e AsSe R B mBre R g5 S PRR e e S o e
thermal barrier cpating,. .a textile fiber, wat er -t reat nent .pol yner, an ink
carri er, PHCPaRhFadat ifeeticoge p ’IBQEWE‘L%‘iEﬁd’eF&FW 38‘39&?Fﬁit‘i‘?g§era?ﬂr1‘5&i cal

polymer, a polymer. film a polyner fiber or a polynmer sheet. I n each
case, th&uhpeRRird hascdhesti@nifednti on may be formul ated to include one or
nore materials to extend the shelf-life as well as control the onset of

cure &f the nifsefprthgreontemplaied thet thedimilefr fermed by thedlashfisiddition ehdcar e

formul ated such that the conposition is stable 20for at |east 1 nonth, or
for at | epsthegt digsiletien methodsdyy faithar distiflednt trgpitomes, twice.fos thrige of et 4 nont hs,
or for at least 5 nonths, or for at |east 5-10 nonths, or for at |east
10- 20 noaddiggnabimésgp figthel Gag ion@Q @Ongtinpi¢riggnal Gragf regrminiey prodhe. adhesi ve
conposition conprising the nethyl ene nmal onate nononers of the invention, or
ot her coRmarahlnlthao ndestidnaters sboulp bodudbiged are qeitldp fdlofarg tht flashast one
year: superheat distillation process, preferably no more than about 1 minute, or about 10 minutes,
10 or about 30 minutes, or about 45 minutes, or about 60 minutes, or about 2 hours, or about 4
hours, or about 12 hours, or about 24 hours. More preferably, the follow-on distillations
occurs no more than about 60 minutes after the initial flash or superheat distillation method.
The inventors have surprisingly found that the redistillation following the flash and/or
superheat distillation facilitates the elimination or minimization of the unwanted deleterious
15 side products and the formation of undesirable polymer complexes that impinge on the
overall quality and reactivity of the methylene malonate monomers.
Yet another type of suitable recovery method can be by sublimation. Some
substances can pass directly from the solid to the gaseous stage without first
melting and becoming liquid. These substances are said to be able to sublimate. Substances
20  that sublimate, when mixed with substances that do not sublimate, can be separated by
heating the mixture until the substance that can sublime is completely gone. In sublimation,
a solid compound evaporates directly to the gas phase without becoming a liquid. In
vacuum sublimation, the sample is placed under reduced pressure which permits

sublimation at lower temperatures (which can mean less decomposition in a sample). In

25  purification by sublimation, a solid compound is heated and evaporates. The vapors
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Such forrnulation materials include acidic stabilizer, volatile acid
stabilizers, acidic gases, free radical stabilizers, sequestering agents,
cure accewenat2ansgsland r heol ogy nodifiers. The present i RCEAIS2@N/056903
contenpl ates any suitable acidic stabilizer known in the art, including,
for exanple, trifluoronethane sulfonic acid, chlorodifluoro acid, maleic
acid, 5nmethane sulfonic acid, difluoro acetic acid, trichloroacetic acid,
phosphoric acid, dichloroacetic acid or |ike acid. Acidic stabilizers can

i ncl ude gol’lrydellifst%o eX? %ﬁ??ﬁ@u}% c?%sEjaEfg §1b11%na{301{can Fas u@gbléarg%:%g?tl;_ year or

COITpOSI trons

nor e. h aci |c stabl the ran ge of for exanple,
ot ween Batren 1<fdto gyf R ngﬁzﬁn 5 gpfe %ﬂ?faef& BB i e veen
about - 1015 to ahout 1 bet -2 to.aboyt bet ween about 2
to about g% Gt P LE UGS G ABhger St ichBH SRR R G ot abi | T ger s
i ncl ude a mat eri al _which can be added to the nono or poly
conposi t ﬁl@?ﬁ@aflan FRVEHENeWB t%P PR e AdRIPUEE 485 ity iee pﬂteinglé%fonﬁﬁ%?géwabove t he
conposi tion upon storage, e.g., acidic gases. Such volatile acid
st abi Pi z&¥sberfaynds fy e xampls e Chisklizaton Publ BpttawartyHsinemans 20HaRydosut  200C:
| ess than about 170C, or |ess than about 130C. Aci di ¢ gases i ncl ude
any gased(iliaraYlstinaChanter 812 areenid3 alieledevert conentrofhish atsringsnoysred
conpositions to extend shelf-life and stabilize the vapor phase above the
conposi t honindpaeicner age. Such aci d gases can include, but are not linmted
to, SO2 or BF3. 20For each of these acidic stabilizing materials, such
aci di ¢ st abi | Raeystadlamtibeispnebertititde mcgodoentavatingthe okthalvoema®ndteppm t o
about 100 ppm about 0.1 ppmto about 25 ppm or about 0.1 ppmto about 15
ppm Fr eeohaderqaddustsati tHeiizehSorc drhel geadraiheinaipie israibethe alethg&pablaknet
stabilizing or inhibiting

10  monomer products and any impuritics therein may be dissolved in a solvent and then cooled

to produce a fresh crop of purer crystals of methylene malonate monomers, provided that
the impurities are more soluble in the solvent than the main product. This process may be
repeated a multitude of times until a pure crystal of the main product may be obtained. The
techniques of recrystallization will be well-known in the art, but further details may be
15 found in Crystallization, Publ. Butterworth-Heinemann, 2001, By John William Mullin,
Chapter 7.1, page 289, the relevant contents of which are incorporated herein by reference.
Any of the recovery techniques described herein may be conducted in isolation or in
any combination where suitable.
As mentioned, distillation and other separation methods are well-known in the art.
20 Further exemplary methods of distillation contemplated by the present invention, including
simple distillation methods, batch and industrial distillation processes, and flash and
superheat distillation methods, as well as other mentioned above, can be found, for example,
in 7,771,567 (Salt water distillation system ); 7,649,108 (Process for the distillation of a
mixture of isomeric diisocyanatodiphenylmethanes ); 7,610,775 (Distillation process using

25 microchannel technology); 7,603,889 (System for monitoring and controlling unit operations
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free radical polynerization of the material upon standing In one

enbodi nent, the free 25radical stabilizers are phenolic free radical

stabi | i zewe 20120134@s8, HQ (hydroqui none), MEHQ (nethyl- redusquitnseye), BHT
(butyl at ed hydroxt ol uene) and BHA (butyl ated hydroxyanisole). In certain
enbodi nents, the free radical stabilizers are present in a concentration of
0.1 ppmto 10,000 ppm 0.1 ppmto 3000 ppm or 0.1 ppmto 1500 ppm In
certain other enbodi ments, particularly where a free radical or ultraviolet

cure wil thap %cluhe dlrstﬂFa%o? ?Whiog%égﬁﬁﬁn la%lo Pocests g}ﬁg %%&Q(Eha ! ﬁsglgolf [ge radical

stabi | i zef's are on of 0.1 ppm

to 300 p to 150 r|n cl ude any
mmtor i al PoApLH @V S B e o Beb oo S RER TR BF 1P TRER Syt %@Ofgc. ;
salts such. a ch seq ester nts ncI de, but. are not
T ed foREnsnn: Srnes s Batig ot Repndi i hafurEs SrkabEer Sy rerie

gl ycol s. 10Sequestering agents al so enh nce the utility of surface

accel er aPHHey ‘?m%t ap@g%wa 0 Q?S@%naé%*pw@ r%seéw’iea%ré:gaqk& QBRI OBPIOERE rate of
cure of the materials re accelerators include any material capable

of spéedmdl§r ¥ ﬁélﬁéﬂé(l\éﬁth%f% htﬂl temeerstpierh prsfme it rtipne faesifyaedis Jof t he

invention. Such cure accelerators include but are not [imted to sodi um or
pot assi ufm28téQatPecpargipy pf substivated hydreyhpdraeipnanedteiessers byscantineydi um and
15potassium salts such as tetrabutyl anmmonium fluoride, chloride, or
hydr oxi déeansesterdivendcaingresrdize dishidationi):al, 234s23¢ iPraparairinvé s dandhdeiralesin or
salts of polynmer bond acids. Such cure accelerators can be added directly
t o t he cedpolitiohoemston; 3,298,027 idighictiriacy apiet distdldtion bpyarametwsmigalhetto be
bonded prior to addition of the conposition of the invention. Rheol ogy
nodi f i er pumpeysteaiearaipyoderd fer usalthankuf s, e@inc OMgDistiltatidngradessciostetyveof oft he
10  high purity phenol ); 4,783,242 (Distillation system and process ); 4,767,503 (Removal of
light impurities from caprolactam by distillation with water ); H214 (Distillation process for
the isolation of 1,1-difluoro(mono- or dihalo) ethoxy-benzencamines ); 4,584,064 (Device
and installations for the distillation by thin layer evaporation particularly of hydrocarbons,
and process for operating this device ); 4,450,067 (Distillation-induced extraction process );
15 4,440,601 (Method and apparatus for high volume fractional distillation of liquids );
4,411,740 (Separation of chlorosilanes by extractive distillation); 4,319,964 (Apparatus for
high volume distillation of liquids ); 4,282,071 (Anhydrous separation of volatile aluminum
chloride complex from an ethylbenzene production stream by distillation ); 4,282,067
(Apparatus for high volume distillation of liquids ); 4,243,493 (Process for transportation and
20  distillation of petroleum with methanol ); 4,236,975 (Recovery of methyl heptafluorobutyrate
from water by distillation ); 4,229,263 (Recovery of methyl heptafluorobutyrate from
methanol by distillation ); 4,224,112 (Recovery of 1,1-dihydroheptafluorobutanol from water
by distillation ); 4,186,060 (Method and apparatus for high volume distillation of liquids );
4,186,058 (Method and apparatus for high volume distillation of liquids ); 4,176,012

25 (Adjacent loop distillation ); 4,148,693 (Horizontal cylindrical distillation apparatus );
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20conpositions of the invention as well as thixotropic properties for
greater utility in certain applications. Rheol ogy nodifiers include, but
are not |woi2oedstas hydroxyet hyl cel | ul ose, ethyl hydroxyerhsbaelobashdse,
met hyl cel lul o se, polyneric thickeners, pyrogenic silica or a conbination
t hereof. Rheology nodifiers also include, but are not limted to,
commerci al tougheners such as thernoplastic elastoner, such as a styrenic
bl ock copol yner. The net hyl ene nal onat e- cont ai ni ng conpositions of

; Ihg.s It Im(;le g;[ :é}lgg 84{(@4%‘[31&15 (?Img)lgﬁt )1(? {;8‘_% § Cé/4a3 R/f'ekhog%n&) %Iﬂ)%ralt%qgr ﬁl%ﬁ/}? ? gl%? 11

o 1 hose LT PR ?%QHE%@aP%#ﬁ%%%ﬁ%e}ftgﬁgoﬁ_§¥ Bl D ﬁrﬁg“’e' e
ol oot o S0 SR TieR P 04‘9@5‘?%Séﬁﬁ%ﬁﬁ?%iﬁpif%yﬁré?%%@wﬁfééé%@d from the

nethylen | onat e . asticizing.agent preferably contajns
littl e ofMA-Sase et St&ﬁﬁ%h‘é‘ﬁﬁﬁ AorS4 (Gt llllﬁté%{]rHrP%?S%ﬂrOf ev;rtfa 1ceten SHtEHYl ity or
polynerlzatlon of the mononmer. Such plasticizers are useful in polynerized
conpodi t PettehateesrEsluesh of the awea?ﬁmhl g&fq iBFPTPQTtRM el eFtireties BY rSfetgnest t he
adhesi ve or pol yner product is desirable. Exanples of suitable plasticizers
i ncl ude, hghout limtation, acetyl tributyl citrate, dinmethyl sebacate,
triethyl phosphate, tri(2-ethyl hexyl)phosphate, tri(p-cresyl) phosphate,

gl yceryl Chmpackamst e, gl yceryl tributyrate, diethyl sebacate, dioctyl

adi pate, isopropyl nyristate, butyl stearate, lauric acid, trioctyl
trinellitate, Tl methylkneghalowatatmenoraarslofthx inyere ®ntchebemforpdisted efte amed

pl asticizers are tributyl citrate and acetyl tributyl citrate. In

enbodi mentsberslicdrafalstiopd asitpreduzariscludied bid@otdohiyeaes nonphashasel zer s, such as
pol yet hyl ene glycol (PEG esters and capped PEG esters or ethers, polyester
gl ut av at esmpidiopQloyigsh&rbaadi galpestions and polyher tadel donpasiibnpl asti ci zi ng
agents in anmounts | ess than about 60 weight % or |ess than about 50 wei ght

% or |ess thgithaRfdneBdBasu@hitlighneObask®esmpdkitibnSinele, b0t Ahathimibal tOr
20l ess than about 5 weight % or |ess than about 1 weight %or |ess,

provi desgj Et%ﬁé@ @QoltideM SalafNALOmp&itd. or alsQigtess) of the pol yneri zed
nmonomer over polymerized monomers not havi ng plasticizing agents.
Such polymer-based compositions include, but are not limited to, a sealant, a thermal
barrier coating, a textile fiber, a water-treatment polymer, an ink carrier, a paint carrier, a
15 packaging film, a molding, a medical polymer, a polymer film, a polymer fiber or a polymer
sheet.
In cach case, the compositions of the invention may be formulated to include one or
more materials to extend the shelf-life as well as control the onset of cure of the materials.
In certain embodiments, the compositions are formulated such that the composition is stable
20  for at least 1 month, or for at least 2 months, or for at least 3 months, or for at least 4 months,
or for at least 5 months, or for at least 5-10 months, or for at least 10-20 months, or for at
least 20-30 months. Preferably, the adhesive composition comprising the methylene

malonate monomers of the invention, or other commercial compositions or products, are

stable for at least one year.
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The net hyl ene mal onat e- cont ai ni ng conpositions of the invention may al so
optionally include at | east one thixotropic agent, i.e., the property of
exhi bi ti nyoaoteighe1bl ui di ty 25during deformati on by forcecCofUSai3psa@yer ,
roller or trowel, but losing the fluidity when left at rest. Suitable

t hi xotropi c agents are known to the skilled artisan and include, but are
not limted to, silica gels such as those treated with a silyl isocyanate.
Exanpl es of sui tabl e thi xotropic agents are disclosed in, for exanple, U S
Pat. Nos.: 4, guc% fﬁ ulaglon ma§ergls 1nc:?uq§_laﬁledlcdslt So%l% QP lilfroﬁ?ile acid s albchzel% r cw!‘| er eby
|ncorporated in el entiret thyTe mel‘Gnat 6- Cont &l n
conp05|t|on optiona

the i de a t one
natoral BRESRE ﬁ@ﬁ%ﬁ%ﬁ% Sﬁ%@%&%raf%er}t%rﬁa&a%eieg?(tgﬁssﬂ SR Eﬁgﬁ
preferable es eC|aII . for. industri al itions a i nvention.
Sui t abl e rubb ﬁ‘sprasFE Wbﬂ“ F‘Blt‘t‘lﬂéatgwqylsnga% 19 %ﬁablé‘%f’é E“?‘g‘b %arf ‘ncl ude,
but are no ted t enes, styr nes, ylonitrile xtures
t her eof B@Eﬂﬂge r S’Fa‘@{?ﬁ {raiosorpeihne pul %ﬂ%aceﬂa g{&l Oronacwf a}a?el mple, U.S.
Pat. Nos. 4,313,865 and 4,560,723, the disclosures of which are hereby
i ncor por AXEENg wilfopisiapidediflpora ppetis acid, trichlorpectigaeidyPhophofaPgfat e- cont ai ni ng
conpositions of the invention may al so optionally conprise one or nore
ot her r efishloragreiy asigenitise pad. gAcidicisiboigers cel melodeayanatenal phisdcan ban nat ur al
or synthetic rubber to inpart inpact resistance and/or to inpart structural
15 st r engdded ¢y tht mopp i @eokimemp eoropositionsrio cEscadphadislifofe. g uhuregefot s are wel |
known in the art. Exanples of suitable fibrous reinforcenent include PGA
m cr of i bexdngle, d gkbragewreri Sucbhtibicistabilizens Inaylhosd £pia mrthd fabgd éfsforand ol ef i nic
mcrofibrils. The conpositions nmay al so contain col orants such as dyes
(e.g., neuinpdd, betwebgaent 95 taasbupb gimbetiveety gout HX asmoas3,of bstwictadbloat col or ant s
i ncl ude 6-hydroxy-5-[(4-sul fophenyl)axo] - 2-napht hal ene-sul fonic acid (FD+C
20Yelih ow1Ne abB)t; 1, or between about -2 to about 2, or between about 2 to about 5, or between
9- (o- car boxyphenQy1l) - 6- hydr oxy- 2, 4, 5, 7-t et r ai odo- 3H xant hen- 3- one

nmonohydr gt § KieuRed No. 3); and
2- (1, 3-di hydr o- 3- oxo- 5-sul fo- 2H i ndol- 2-yl i dene) -2, 3- di hydro- 3-o0xo-1Hindo

l'e-5-sul foni wa&m@ abi LG BN eI ary maﬁé’ﬂﬂrv@lhéh thoeauidiablie rabrikAGt shoul d
not destabilize the nonomer. The nethyl ene nal onat e-cont ai ni ng conpositions

of the i Bé!l?ﬁ‘&:ﬂ QhpSB¥ioR (5 Qxé@%lﬂﬁééd&stdbﬂ%%a%r PHa@Stho PN t NI ckeni ng

agent. Suitable thickeners i1nclude, for exanple,

composition upon storage, €.g., acidic gases. Such volatile acid stabilizers may have a
15 boiling point, for example, less than about 200°C; less than about 170°C; or less than about
130°C.

Acidic gases include any gaseous material which can be added to the monomer or
polymer compositions to extend shelf-life and stabilize the vapor phase above the
composition upon storage. Such acid gases can include, but are not limited to, SO, or BFs.

20 For each of these acidic stabilizing materials, such acidic stabilizer can be present in a
concentration of about 0.1 ppm to about 100 ppm; about 0.1 ppm to about 25 ppm; or about
0.1 ppm to about 15 ppm.

Free radical stabilizers can include any material capable of stabilizing or inhibiting

free radical polymerization of the material upon standing. In one embodiment, the free

25 radical stabilizers are phenolic free radical stabilizers such as, HQ (hydroquinone), MEHQ
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pol ycyanoacryl ates, polylactic acid, poly-1,4-dioxa-2-one, polyoxal ates,

pol yglycolic acid, lactic-glycolic acid copolyners, polycaprol actone,

| acti c acwo-20epsediact one copol ynmers, pol y3-hydroxybut yr iPCTAS2E,1/056903

pol yort hoesters, polyal kyl acryl ates, copolyners of al kylacrylate and vinyl
acetate, polyal kyl nethacryl ates, and copol yners of al kyl nethacryl ates and
but adi ene. 5Exanpl es of al kyl nmethacrylates and acryl ates are

pol y(2- et hyl hexyl nethacrylate) and pon(2 ethylhexyl acrylate), also

pol y(but rlne tlhﬁcc{gé/q@%{oﬁ@f g (Butx%l elatflty Qﬁ%né}ta%b s {3y faRp! ymers of various

acrylate e nDno
poly(but thac%%% %tacr Iat %ﬂf hesi ve strength
PRt Bt b AT I A A R ol
of this inventi.on, @ functi @J OITeri c SS- llﬁ* g be added
Lo the nonsraranppbsPoronLE DR et pre R syt bids B TRPRG: dpent o ar e
known. U.S, Pat. 3,940, 362 to Q%erh Its §h i s, hereby jncorporated
inits eﬁ?rraerb?tber N%P@fr@flfénlaaéﬂcuéﬁr@e’r re radica! op WY iRlet A avgléh% %tlhzef her
conposi tions and additives conteppl ated bg the present invention, including
15addft i BhHe natesiy af; i@rl@venaelbéheeﬁr@tréﬁi@al sigbidiger éliei’éfi*s§nt if p ponspRTatighaki f i er s,
i nhi bitors, thixotrophy conferring agents, dyes, fluorescence markers,
t her mal Qégmﬁdaﬂp@hMﬁ@dthW%“ﬂﬁ@hwﬁbGhoé@ﬁ@ﬂ@é?%Pmﬁhernal resi stance
conferring agents and conbinations thereof, and the |ike, sone of which are
exenplified b§equesSrinBagentNosluddas2mates caBbE®? c@RAcing & PEndiagof 5 514, 371;
5,514, 372; 5,312,864 and 5, 259, 835, the disclosures of all of which are
her eby i matripls catteding@icid shltsesiuch antaperatrywoby. Sethecqarsterindempet dichglegmt whet her
the conposition is a nonomer-based conposition (e g., inks, adhesives,
coat i ngs areetliminddsto @rownsaltdrs, widy nodveisng)ix@ened apdpoipahylastgdoonposi ti on
(e.g., fibers, filnms, sheets, nedical polyners, conposite polyners and
sur f act aBequksterdipeaghRy hidg entiatldetAs WilBK bf $urfabe ddd€le@tolrs thid dre dvad/ &1tk Bgplisdowl edge
and skill by which to fornul ate such

to surfaces to control the rate of cure of the materials.

Cure accelerators include any material capable of speeding the rate of cure of the
methylene malonate monomers of the invention. Such cure accelerators include but are not
limited to sodium or potassium acetate; acrylic, maleic or other acid salts of sodium and
15 potassium; salts such as tetrabutyl ammonium fluoride, chloride, or hydroxide; or chemically

basic materials such as amines and amides, or salts of polymer bond acids. Such cure

accelerators can be added directly to the compositions of the invention or applied to the

material to be bonded prior to addition of the composition of the invention.

Rheology modifiers include any material which can modify the viscosity of the
20 compositions of the invention as well as thixotropic properties for greater utility in certain
applications. Rheology modifiers include, but are not limited to, hydroxyethylcellulose, ethyl
hydroxyethylcellulose, methylcellulose, polymeric thickeners, pyrogenic silica or a

combination thereof. Rheology modifiers also include, but are not limited to, commercial

tougheners such as thermoplastic elastomer, such as a styrenic block copolymer.
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conpositions and/or products w thout undue experinentation having suitable
anounts, |evels and conbi nations of the above types of additives and
conmponentwO 2012/0546ilkie above di scl osure general | y descri b@esTiuseoipoesent

i nvention. A nore conplete understandi ng can be obtained by reference to
the follow ng specific exanples, which are 5provided for purposes of
illustration only and are not intended to limt the scope of the invention.
EXAMPLES The structures, materials, conpositions, and nethods

descri bed her'glll &V\ﬁFI nt aﬁglga 6 COII 2{112%% rﬁ%&%ﬂ% ggftthe %Vgrﬁ%ngll}] a]Ls f the

i nvention, unders he''sco invention is
not Ilnlted by th ose led in th? a{t will

€ .SC
recogni 28R imaEy praes OB R RE PR R pL G FobT s PnE Tl e
di scl osed structﬁres nateglakﬁ. e n805|t|oqf @.ﬂ E$thods d su%h
vari at i on@REE TyRRgSy (i 2gRtsn AT RBS Apts S61SUER AN ATS e, (notvn'to The
follow n exanPIes illustrate various exenplary enbodi nents of t he net hods
15descr i BOee tiladip thegitscl osure. Anal ytical Met hods The structures of
nononmers of this invention were confirmed usi g one or nore of the
fol | ol ng pr obduetBE enaNMRODAYREANIRBE 69TBRAYIt IRBHRT e BV INIIR "y ptiotsd¥ opy was
performed on either a 400 Miz Varian spectroneter or a 400 MHz BrukerO
spect r onchide atripgst g@rﬁi%élglzwg rgend thas mnpes pRbifsuto dhenabime dowmedtiom theni cal
shifts were recorded on the ppmscale and were referenced to the
appr opr i atctykot velvnats imgnainst. Teiplasteezid ag@ntgpefefably cOMBOs H6le ot n@@oppne f or
CD3CN, 3.30 ppmfor CD30D, 5.32 ppmfor CD2Cl12 and 7.26 ppm for CDCl1l3 for
1H spect @&l should not significantly affect the stability or polymerization of the monomer. Such
plasticizers are useful in polymerized compositions to be used in any application in which
10  flexibility of the adhesive or polymer product is desirable.
Examples of suitable plasticizers include, without limitation, acetyl tributyl citrate,
dimethyl sebacate, tricthyl phosphate, tri(2-cthylhexyl)phosphate, tri(p-cresyl) phosphate,
glyceryl triacetate, glyceryl tributyrate, diethyl sebacate, dioctyl adipate, isopropyl myristate,
butyl stearate, lauric acid, trioctyl trimellitate, dioctyl glutarate, and mixtures thercof.
15 Preferred plasticizers are tributyl citrate and acetyl tributyl citrate. In embodiments, suitable
plasticizers include polymeric plasticizers, such as polyethylene glycol (PEG) esters and
capped PEG esters or cthers, polyester glutarates and polyester adipates.
The addition of plasticizing agents in amounts less than about 60 weight %, or less
than about 50 weight %, or less than about 30 weight %, or less than about 10 weight %, or
20  less than about 5 weight %, or less than about 1 weight % or less, provides increased film
strength (¢.g., toughness) of the polymerized monomer over polymerized monomers not
having plasticizing agents.
The methylene malonate-containing compositions of the invention may also

optionally include at least one thixotropic agent, i.¢., the property of exhibiting a high fluidity

25  during deformation by force of a sprayer, roller or trowel, but losing the fluidity when left at
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25GC/ M5 El ectron i npact mass spectra (EI-M5) were obtained with a
Hew ett Packard 5970 nass spectroneter equi pped Hew ett Packard 5890 Gas
Chr omat ogwvaphi2istdls The i on source was mai ntai ned at 27@CT/USAlbsOAL | ONS
and Acronynms 5A conprehensive |ist of the abbreviations used by organic
chem sts of ordinary skill in the art appears in The ACS Style Guide (third
edition) or the Guidelines for Authors for the Journal of Oganic

Chem stry. The abbreviations contained in said lists, and all abbreviations

111 2ed By SIADLRSRD. 8 B IS0 TR BB 508 Y

e et = Sl OSDH| 1%k R BeS6R! RBET RoES LIS Sl ™
100 S et eSS S S 1S 181 AR B g, oed
e b oL R LS ORI Ll 00 Soupl e et ene

5 The methylene malonate-containing compositions of the invention may also
optionally include at least one natural or synthetic rubber to impart impact resistance, which
is preferable especially for industrial compositions of the present invention. Suitable rubbers
arc known to the skilled artisan. Such rubbers include, but are not limited to, dienes, styrenes,
acrylonitriles, and mixtures thereof. Examples of suitable rubbers are disclosed in, for

10 example, U.S. Pat. Nos. 4,313,865 and 4,560,723, the disclosures of which are hereby
incorporated in their entireties.

The methylene malonate-containing compositions of the invention may also
optionally comprise one or more other reinforcing agents (e.g., fibrous reinforcements) other
than natural or synthetic rubber to impart impact resistance and/or to impart structural

15 strength or to provide shape or form. Examples of such agents are well known in the art.
Examples of suitable fibrous reinforcement include PGA microfibrils, collagen microfibrils,
cellulosic microfibrils, and olefinic microfibrils. The compositions may also contain
colorants such as dyes (e.g., neutral), pigments, and pigment dyes. Examples of suitable
colorants include 6-hydroxy-5-[(4-sulfophenyl)axo]-2-naphthalene-sulfonic acid (FD+C

20 Yellow No. 6); 9-(o-carboxyphenOyl)-6-hydroxy-2,4,5,7-tetraiodo-3H-xanthen-3-one
monohydrate (FD+C Red No. 3); and 2-(1,3-dihydro-3-oxo-5-sulfo-2H-indol1-2-ylidene)-2,3-
dihydro-3-oxo0-1H-indo le-5-sulfonic acid (FD+C Blue No. 2), wherein the suitable colorant
should not destabilize the monomer.

The methylene malonate-containing compositions of the invention may also

25  optionally include at least one thickening agent. Suitable thickeners include, for example,
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gram hour, hours 1H NVRproton nucl ear nmagnetic resonance 25Jcoupling
constant (NVR spectroscopy) liter nol L-1 (nolar) nultiplet MHznegahertz
5m nm nutwO 2mi2nss@s nimlliliter mvim cronol ar nol nol e MBORAS26IPpOS4IITM NMASS
spectronmetry 10rai zmass-to-charge ratio equivalents L-1 (nornal)

polycyanoacrylates, polylactic acid, poly-1,4-dioxa-2-one, polyoxalates, polyglycolic acid,
lactic-glycolic acid copolymers, polycaprolactone, lactic acid-caprolactone copolymers, poly-
3-hydroxybutyric acid, polyorthoesters, polyalkyl acrylates, copolymers of alkylacrylate and
vinyl acetate, polyalkyl methacrylates, and copolymers of alkyl methacrylates and butadiene.
5 Examples of alkyl methacrylates and acrylates are poly(2-ethylhexyl methacrylate) and
poly(2-ethylhexyl acrylate), also poly(butylmethacrylate) and poly(butylacrylate), also
copolymers of various acrylate and methacrylate monomers, such as poly(butylmethacrylate-
co-methylacrylate).
To improve the cohesive strength of adhesives formed from the methylene malonate-
10  containing compositions of this invention, difunctional monomeric cross-linking agents may
be added to the monomer compositions of this invention. Such crosslinking agents are
known. U.S. Pat. No. 3,940,362 to Overhults, which is hereby incorporated in its entirety by
reference, discloses such crosslinking agents.
Other compositions and additives contemplated by the present invention, including
15 additional stabilizers, accelerators, plasticizers, fillers, opacifiers, inhibitors, thixotrophy
conferring agents, dyes, fluorescence markers, thermal degradation reducers, adhesion
promoters, thermal resistance conferring agents and combinations thereof, and the like, some
of which are exemplified by U.S. Pat. Nos. 5,624,669; 5,582,834; 5,575,997, 5,514,371,
5,514,372; 5,312,864 and 5,259,835, the disclosures of all of which are hereby incorporated
20  in their entirety by reference.
Depending on whether the composition is a monomer-based composition (e.g., inks,
adhesives, coatings, sealants or reactive molding) or a polymer-based composition (e.g.,
fibers, films, sheets, medical polymers, composite polymers and surfactants), one having

ordinary skill in the art will have the knowledge and skill by which to formulate such
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NMRNucl ear Magenti c Resonance pHnegative | ogarithm of hydrogen ion
concentration quartet 15rtroomtenperature singlet triplet Exanpl e 1.
Non- aci diwo=0ivsméls wi t h basi c catal yst with the dropw ®eTadI1t1i06690Df
diethyl 20 malonate 1. In a two-liter 3-neck round bottom flask (equi pped
wi th a condenser), 30 g of paraformal dehyde (1 nol), 5 g of potassium
acetate and 5 g of copper (I1) acetate were mxed in 40 m of
tetrahydrofuran (THF). 25 2. This m xture was stirred and heated at 65 C

T e ) T e
(1, 299 ROk PN R0l gl L e GR T X e, s Turiher
;? IO::nI. ;[ ﬁgpel:‘l-gt ’Plgeeabgged digclgsugef ge%lejlrlaﬂ)llj afi:sgri‘t?e(s: Ithde p\?lgs%nta}g\ge%goé. ng (1)not1rft1 gonflpllf?tg kK with
understanding can be obtained by reference to the following specific examples, which are
5 provided for purposes of illustration only and are not intended to limit the scope of the
invention.
EXAMPLES
The structures, materials, compositions, and methods described herein are intended to
be representative examples of the invention, and it will be understood that the scope of the
10  invention is not limited by the scope of the examples. Those skilled in the art will recognize
that the invention may be practiced with variations on the disclosed structures, materials,
compositions and methods, and such variations are regarded as within the ambit of the
invention.
The following examples illustrate various exemplary embodiments of the methods
15 described in this disclosure.
Analytical Methods
The structures of monomers of this invention were confirmed using one or more of
the following procedures.
NMR
20 Routine one-dimensional NMR spectroscopy was performed on either a 400 MHz
Varian® spectrometer or a 400 MHz Bruker® spectrometer. The samples were dissolved in
deuterated solvents. Chemical shifts were recorded on the ppm scale and were referenced to
the appropriate solvent signals, such as 2.49 ppm for DMSO-d6, 1.93 ppm for CD3CN, 3.30

ppm for CD30D, 5.32 ppm for CD2CI2 and 7.26 ppm for CDCI3 for 1H spectra.

25 GC/MS
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5. The precipitates were then renoved by filtration and the filtrate was
collected. 0.08 g (1000 ppm) of hydroqui none (HQ and 0.08 g of sulfuric
acid (10080ppmjoswease added to the collected filtrate. 1P6T/Ush@1/054903 at e was
then distilled at reduced pressure. D ethyl Methyl enermal onate was coll ected
at 55-70 Cwth about 1.5 mm Hg of vacuum as the crude nononer. 7. The
crude nononer (with 1000 ppm of HQ and 1000 ppm of sulfuric acid) was
further fractionally distilled with stainless steel packed col unm under
reduced 20vacyun

vacuum . Vo B onH Bt FRRP TRE MRT MY W SE R il W?fi g%ew eét”’fﬁk%%g%%ﬁgo? f -
Ca, *a12) Mot R ARRE s iibie il %N%f%% A L L A R

Non- aci di ¢ sol vents basic catalyst with all reagents added all at the
sane tlnﬁmimmp “Edﬁﬁg%ﬁ ‘er 3-neck round bottom flask (equipped with a
condenser), g of parafornaldehyde (1 nmol), 80 g (0.5 nol) of diethyl

mal onat e (DENﬂb’BW@WHF“f g6texgs um acetate and 5 g of copper (I11) acetate
were mxed in 40 m of tetrahydrofuran (THF). 2. This m xture was stirred
and héated at A@smefehdw‘@ lincrirtae abpreyiatiphigisp@ B prisaHc Arortitly of digayEll cool ed

to roomtenperature an g of sulfuric acid was added into the flask with
stirri nginthe art appears in The ACS Style Guide (third edition) or the Guidelines for Authors for

the Journal of Organic Chemistry. The abbreviations contained in said lists, and all
abbreviations utilized by organic chemists of ordinary skill in the art are hereby incorporated
by reference. For purposes of this invention, the chemical elements are identified in
10 accordance with the Periodic Table of the Elements, CAS version, Handbook of Chemistry
and Physics, 67th Ed., 1986-87.
More specifically, when the following abbreviations are used throughout this

disclosure, they have the following meanings:

atm atmosphere
15 brs broad singlet
C Celsius
d doublet
dd doublet of doublets
MM methylene malonate
20 HQ hydroquinone
GC-MS Gas Chromatograph mass spectroscopy
g gram
h hour, hours
IH NMR proton nuclear magnetic resonance
25 J coupling constant (NMR spectroscopy)
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4. The precipitates were then renoved by filtration and the filtrate was
collected. 0.08 g (1000 ppm) of hydroqui none (HQ and 0.08 g of sulfuric
acid (10080ppmyosywase added 20to the collected filtrate. PET/USh@1/054903 at e was
then distilled at reduced pressure. D ethyl Methyl enermal onate was coll ected
at 55-70 Cwth about 1.5 mm Hg of vacuum as the crude nononer. 6. The
crude nononer (with 1000 ppm of HQ and 1000 ppm of sulfuric acid) was
further fractionally distilled with stainless steel packed col unm under
reduced vacuu Pure mppnomer was collected at 55 Cwith 1.1 nmHg of
vacuum 57. nomer was Stabilized with 1000 ppm of HQ and 10-50 ppm of

chl or odi fl uorgacetic aci%&%-l%lb\/R (400 MHz, CDC13) 8 6.45 (s, 2H), 4.22
(q, 4H), 1.247(t, 611) "GCMS (M z): 172, 145, 127, 99, 55. 10 Exanple 3.
Non-aci di ¢ solvents with basic catalyst. Addition of paraforml dehyde to
the reaction M xture. multl@?t The 3-neck round bottom flask, with a magnetic
stir bar inside, was first dried to 15make it noisture free, fitted with

t her momet er aMéiZt he De&FEEikZk apparatus connected with a condenser. 2. The
reaction solvent, 40 nL of tetrahydrofuran (THF) is then transferred to the
RBF. 80 ni of ™[ et hyl maMBH&ROPOEN) (0.5 noles), 3 gm of Cu(OAc)2
nonohydrate 20(0.015 noles), 3 gmof Potassium Acetate were all added to

t he reacti on ®edi um sedubiitdral |y,

mM micromolar

mol mole

MS mass spectrum, mass spectrometry
10 m/z mass-to-charge ratio

N equivalents L-1 (normal)

NMR Nuclear Magentic Resonance

pH negative logarithm of hydrogen ion concentration

q quartet
15 It room temperature

S singlet

t triplet

Example 1. Non-acidic solvents with basic catalyst with the dropwise addition of diethyl

20 malonate

1. In a two-liter 3-neck round bottom flask (equipped with a condenser), 30 g of
paraformaldehyde (1 mol), 5 g of potassium acetate and 5 g of copper (II) acetate
were mixed in 40 ml of tetrahydrofuran (THF).

25
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3. The initial color of the reaction m xture was blulish-green. The
reaction mxture was then heated up to 65 Deg Cfor 30 mns. 25 4. After
heati ng MWogm2s4Rar af or mal dehyde was added over a peri edTafS2di3/08490%. Aft er
addi ng the Paraf ormal dehyde, N2 gas was bubbl ed through the reaction

m xture to renove the water fromthe reaction mxture. 55. Renoval of water
was very crucial because the overall reaction rate slowed down drastically
in case of larger scale. 6. The reaction progress was nonitored by using

G VS by, LKL il bl LAUShRLAE b N sPRSB00E Sorh SRE1SH DM, Usual 1y

anot her 10-1 ar af or na e Was onversion of

onter - by ui o1 §iGarat Sbs i meRGH SP= et haRaaryabT2 o Sy ”s o

hrs of reaction the heating is switched off and once cool ed, -3 gmof H2SO4
was added to TH&Feaction mxture to neutralize the basic catalyst as well
as Pot assi um 15Acetate. 8. The very light blue color of the reaction

m xture indicates the optimumneutralization. After neutralization the salt
was the filtered off 209. The filtrate was then set to rotovap under vacuum
for evapor atifigthetsad vhihgedditior af PEMa@beutsys| hpeht the peagtommixgyre Astfighenci d i s
cruci al because presence of Acetic Acid could increase the curing tine of

t he nonomer aftirigd et & Befor gihpuison quantities as well as initiate corrosion
of netal containing substrates.

4. The reaction mixture was then cooled to room temperature and 5 g of sulfuric acid
was added into the flask with stirring.
10
5. The precipitates were then removed by filtration and the filtrate was collected. 0.08 g
(1000 ppm) of hydroquinone (HQ) and 0.08 g of sulfuric acid (1000 ppm) were added

to the collected filtrate.

15 6. The filtrate was then distilled at reduced pressure. Diethyl Methylenemalonate was

collected at 55-70 °C with about 1.5 mm Hg of vacuum as the crude monomer.
7. The crude monomer (with 1000 ppm of HQ and 1000 ppm of sulfuric acid) was
further fractionally distilled with stainless steel packed column under reduced

20 vacuum. Pure monomer was collected at 55 °C with 1.1 mm Hg of vacuum.

8. Monomer was stabilized with 1000 ppm of HQ and 10-50 ppm of

chlorodifluoroacetic acid.
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10. After that 0.25 g (1000 ppm of hydroqui none (HQ and 0.25 g of
sulfuric acid (1000 ppm were added to the collected filtrate. 11. 1st
di still atworoizdsesibi I trate was then distilled at reduce®CprsS3&NesIdd renove
acetic acid. 5D ethyl Methyl enemal onate was coll ected at 55-70 C with about
1.5 mm Hg of vacuum as the crude nononer. 12. 2nd distillation: the crude
nmonomer (with 1000 ppm of HQ and 1000 ppm of sulfuric acid) was further
fractionally distilled with stainless steel packed colum under 10 reduced

tocaar P SROPTR I, EAELS AT o by T -t

chl orodi fl uoroacetic _acid. 111-NWR (400 MHz, CDC13) 8
6.45 (s, 2Hy2YSoBRT39.524)  1.24 (t, 6H). GC-MS (miz): 15172, 145, 127, 99,
55. Example 4. Solventless with basic catalyst. 1. To a 3-neck,

round bottom fl ask equi pped wi th thernocoupl e, nechanical stirrer, and

20ni trogen bl anket, is charged 120 g (0.75 noles) of diethyl mal onate (DEM.
2. Wth stirring, 45 g (1.5 noles) of paraforml dehyde was added. In
addition, the catalyst systentcon5|sts of 1 gnt(O 73 nol @6 of copper (rr)
acet abte W4 ® 4y nicrs 5 DASIE) C6 ht piais cadde 0

| ast |y added. The reacti on m xture was heated slomﬁy to -60C whereby an
exot her npdme GdO- 115 C Cccurs. The tenperature of the resulting reaction

m xture was mai ntained at 85C for 30 m nutes.

1. In a two-liter 3-neck round bottom flask (equipped with a condenser), 30 g of
paraformaldehyde (1 mol), 80 g (0.5 mol) of dicthyl malonate (DEM), 5 g of
10 potassium acetate and 5 g of copper (II) acetate were mixed in 40 ml of

tetrahydrofuran (THF).

2. This mixture was stirred and heated at 65 °C for 3 hours.

15 3. The reaction mixture was then cooled to room temperature and 5 g of sulfuric acid

was added into the flask with stirring.

4. The precipitates were then removed by filtration and the filtrate was collected. 0.08 g

(1000 ppm) of hydroquinone (HQ) and 0.08 g of sulfuric acid (1000 ppm) were added

20 to the collected filtrate.

5. The filtrate was then distilled at reduced pressure. Diethyl Methylenemalonate was

collected at 55-70 °C with about 1.5 mm Hg of vacuum as the crude monomer.
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The reaction mxture was then filtered through silica plug to renove
catalysts and the filtrate was collected. The filtrate was stabilized by
sul furi c woi2d12z5g61bydr oqui none. 7. The filtrate was themrCuitstoliioscdont
reduced pressure. Diethyl Methyl enenal onate was collected at 55-70 C with
about 1.5 mm Hg of vacuum as the crude nononer. The crude nmononer (wth
1000 ppm of HQ and 1000 ppm of sulfuric acid) was further fractionally
distilled with stainless steel packed colum under reduced vacuum Pure

nononer was. cgl | ecte 5, C. W 1.1 f . Qner was
Stabilized i 11 %Bg?)gnp?%}r)nmgﬁ‘ (VH%SWééndg’ Ay Qﬁ%‘%ﬂ%# BT RN il (MBLRIET 06
111- NMR (400 13),,8 6.45,(s.,, 2 4.22 (9,.4H) ., 1.24 (t, GC- M5
(mz): 172, 1%3,'21&5& Feriogglly é%s.tﬁlle%x‘%%lsgz%?“ m%%e-l a‘g‘w"%?dc C@B’i“%)eﬂ?“%r v&ei?‘rl_?be%ci dic

catalyst with the dropwi se addition qf digth | onat e 1. In a

Dol ter "3 mEERTp BBt P et Souih TR aeHgE ) 30 g of

5par af or mal dehyde (1 nol) and 7 g of zinc chloride were mxed in 40 m of
tetrahydrofuran (THF). 2. This mxture was stirred and heated at 65 C
for 40 mn. Froman additional funnel, 80 g (0.5 nol) of diethyl nalonate
(DEM Swas theMonemed Wsopvibilized o withe 1098ctnpsh aonHRQ: uind. 10-50 ppm  of

chlorodifluoroacetic acid.

"H-NMR (400 MHz, CDCL) 5 6.45 (s, 2H), 4.22 (q, 4H), 1.24 (t, 6H). GC-MS (m/z):
172, 145, 127, 99, 55.
10

Example 3. Non-acidic solvents with basic catalyst. Addition of paraformaldehvde to

the reaction mixture.

1. The 3-neck round bottom flask, with a magnetic stir bar inside, was first dried to
15 make it moisture free, fitted with thermometer and the Dean Stark apparatus

connected with a condenser.

2. The reaction solvent, 40 mL of tetrahydrofuran (THF) is then transferred to the RBF.
80 mL of Diethylmalonate (DEM) (0.5 moles), 3 gm of Cu(OAc), monohydrate
20 (0.015 moles), 3 gm of Potassium Acetate were all added to the reaction medium

sequentially.

3. The initial color of the reaction mixture was blulish-green. The reaction mixture was
then heated up to 65 Deg C for 30 mins.

25
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3. At the end of the addition of DEM (about an hour), the reaction m xture
was further stirred at 65 C for 2 hours. 154. The reaction m xture was then
cool ed t owpaorvasestper ature and 7 g of sulfuric acid wasPaddsdoiiseos he
flask with stirring. 5. The precipitates were then renoved by filtration
and the filtrate was collected. 0.08 g (1000 ppm) of hydroqui none (HQ and
0.08 g of sulfuric acid (1000 ppn) were added 20to the collected filtrate.
6. The filtrate was then distilled at reduced pressure. Diethyl

Met hyl ene ITB4| Oﬂﬁérehcv@ég Fﬁ?gm %ﬁ&’gr%fo dg w%s toﬁg %%IOdSOf meHEb fte¥ acuum

as the crudé nono nomer and 1000
ppm of sulfurig.ac d fractlo th stainless
AR SRR @afe.‘/ oo SEL A %%fw%dﬁﬂes M%IO&OME%% at 55
Cwth 1.1 nn1gg of vacu g Mononer was stablllzed wi th 1000 ppm of HQ
and 10-50 ppnicBPVeicarEaiPmBr S XEES-d. 111- NMR (400 MHz, CDC13) 6 6. 45
(s, 2H), 4.22 (q, 411), 1.24 (t, 611). GC-Ms (mMz): 172, 145, 127, 99, 55.
10 Exanpl e 6. Non- acidic solvents with acidic catal yst. Reagents added al

at the sane tine. . In a tw-liter 3-neck round bottom fl ask (equi pped
with & condenBgpgval 86W@te€ 0vas \ebl yrueil bcatsyihe Ruirghawetiqroreg sloged gowr

par af ormal dehyde (1 nol) and 7 g of zinc 15chloride were m xed in 40 nl of

t et r ahydr of ur @asticqliFp case of pargeriifade. i xt ure was stirred and heated at 65 C
for 3 hours.

6. The reaction progress was monitored by using GC/MS by taking the aliquot after 1 hr.
Based on the unreacted DEM, usually another 10-15 gm of Paraformaldehyde was
10 added for 90-95% conversion of DEM. It was observed that the reaction medium

changes color gradually to lighter-bluish green after addition of Paraformaldehyde.

7. After 5.5 hrs of reaction the heating is switched off and once cooled, ~3 gm of H,SO4
was added to the reaction mixture to neutralize the basic catalyst as well as Potassium

15 Acetate.

8. The very light blue color of the reaction mixture indicates the optimum neutralization.

After neutralization the salt was the filtered off.

20 9. The filtrate was then set to rotovap under vacuum for evaporating the Toluene/Acetic
Acid solvent. Removal of Acetic Acid is crucial because presence of Acetic Acid
could increase the curing time of the monomer at parts per million quantities as well

as initiate corrosion of metal containing substrates.
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3. The reaction m xture was then cooled to roomtenperature and 7 g of

sul furic acid 20was added into the flask with stirring. 4. The precipitates
wer e t herwoenwasdslby filtration and the filtrate was colPCeaiSed.1/08¢908 g
(1000 ppm of hydroquinone (HQ and 0.08 g of sulfuric acid (1000 ppnm) were
added to the collected filtrate. 5. The filtrate was then distilled at
reduced pressure. Diethyl Methyl enenmal onate was collected at 55-70 Cwith
about 1.5 nmm Hg of vacuum as the crude nononer. 56. The crude nonomer (wth
1000 ppm of

f furic. aci firther Jractj |y
di st |1 ed e me Bt BB Bom Pl oGP HORBE B A AR 00,
nononmer was col |.ect ed%%%tS% Cl¥vi E—%ﬁit% mnm Hg of vacuum 7. Mononer
was stabili zeepr%"{ﬁﬁei Qp 1118) (" 10- 50 ppm of 10chl or odi f | uoroacetic
acid. 111-NWR (400 MHz, CDC13) 8 6.45 (s, 2H), 4.22 (q, 4H), 1.24 (t, 6H).
GC-Ms (mz): 172, 145, 127, 99, 55. 15 Exanple 7. Non-acidic solvents with
acidic catalyst. Addition_of paraformldehyde to the reaction m xture.
The 3- neck RBF, divilieHony thralfateives 31@#1%%1?5 f‘tﬁsf%e? PRREYIG P EROVE LR Al nake it
moi sture free, fitted with thernometer and the Dean Stark agparatus
conneét ed wi t Rickyp déashrdensgelonate wapocodiected aTpi=70 86 with gbor bp iyt ehat e
(DEM (0.5 noles) and 3.4 gmof ZnCl2 (0.025 noles) were taken in a 3 neck
RBF. 2. The vatiutmas theotuwde mphommbie reaction m xture was mlky white. The
reaction mxture was then heated up to 65 Deg C for 30 mins.
12. 2™ distillation: the crude monomer (with 1000 ppm of HQ and 1000 ppm of sulfuric
acid) was further fractionally distilled with stainless steel packed column under

10 reduced vacuum. Pure monomer was collected at 55 °C with 1.1 mm Hg of vacuum.

Monomer was stabilized with 1000 ppm of HQ and 10-50 ppm of

chlorodifluoroacetic acid.

"H-NMR (400 MHz, CDCL) 8 6.45 (s, 2H), 4.22 (q, 4H), 1.24 (t, 6H). GC-MS (m/z):

15 172, 145, 127, 99, 55.

Example 4. Solventless with basic catalyst.

1. To a 3-neck, round bottom flask equipped with thermocouple, mechanical stirrer, and

20 nitrogen blanket, is charged 120 g (0.75 moles) of diecthylmalonate (DEM).

2. With stirring, 45 g (1.5 moles) of paraformaldehyde was added. In addition, the

catalyst system consists of 1 gm (0.73 mol %) of copper (II) acetate with 2 gms (2.7

mol %) of potassium acetate, based on DEM, was lastly added.
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3. After heating 15 gm of parafornmal dehyde was added over a period of 15
mlls. After 5addi ng the paraformal dehyde, N2 gas was bubbl ed through the
reacti on woDX01wms4d16 renove the water fromthe reacti on RCXtuse@.1/08690Renoval
of water was very crucial because the overall reaction rate slowed down
drastically in case of larger scale. 10 5. The reaction progress was

noni tored by using GC/MS by taking the aliquot after 1 hr. Based on the
unreacted DEM wusually another 5-10 gm of Paraf or nal dehyde was added for
90- 95% conversion of DEM 156. After 5.5 hrs of reaction the heating is
switched off and once cooled, -3 gmof H2SO4 was added to the reaction

m xture toneutralize the basi,c catal yst o | as Pot assi cetate.

7 “The't r artopbiCRr PR atE Frs i ke 6T SO c 30 se ShrneBEt SRR AT (571Kt on.
After 20neutralization the salt was the filtered off. 8. The filtrate was
then set to r%t8Vap under vacuum for evaporating the Tol uene/ Acetic Acid
sol vent. Renoval of Acetic Acid was crucial because presence of Acetic Acid
could increase the curing tinme of the nononmer even though the GC is show ng
98- 2599% purity. 9. After that 0.25 g (1000 ppm of hydroc%ggjnone éHQ) and
0.25 § of <l Tl feapsifwge of droresphye fracomaabrderet wast maintagier ed t8acC 11 89 at e.
510. et distillation: the filtrate was then distilled at reduced pressure
to renove acefingteaci d.

S. The reaction mixture was then filtered through silica plug to remove catalysts and the
filtrate was collected.
10

6. The filtrate was stabilized by sulfuric acid and hydroquinone.

7. 7. The filtrate was then distilled at reduced pressure. Diethyl Methylenemalonate was
collected at 55-70 °C with about 1.5 mm Hg of vacuum as the crude monomer.
15
8. The crude monomer (with 1000 ppm of HQ and 1000 ppm of sulfuric acid) was
further fractionally distilled with stainless steel packed column under reduced

vacuum. Pure monomer was collected at 55 °C with 1.1 mm Hg of vacuum.

20 9. Monomer was stabilized with 1000 ppm of HQ and 10-50 ppm of

chlorodifluoroacetic acid.

"H-NMR (400 MHz, CDCl3) & 6.45 (s, 2H), 4.22 (q, 4H), 1.24 (t, 6H). GC-MS (m/z):

172, 145, 127, 99, 55.
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D et hyl Met hyl enemal onate was col |l ected at 55-70 C with about 1.5 nm Hg of
vacuum as the crude nononer. 11. 2' distillation: the crude nononer (wth
1000 ppmwb 2biQ/Eme6 1000 ppm of sulfuric 10 acid) was fecrhiseoifioseos onal |y
distilled with stainless steel packed colum under reduced vacuum Pure
nmononer was collected at 55 Cwith 1.1 mm Hg of vacuum MNbononer was
stabilized with 1000 ppm of HQ and 10-50 ppm of chl orodifl uoroacetic acid.
111-NVR (400 MHz, CDC13) 6.45 (s, 2H), 4.22 (q, 4H, 1.24 (t, 6H. GG M
(mz): 15172, 145, 127, 99, 55. Exanple 8. Solventless with acidic

catal yst. Reagents added all at the sane tine. 1. In a tw-liter 3-neck
round bottom flask (equippad with a candenser £00f .di et hyl
mal onat e~CHERHE > LS A ARG CAATV AL P e or i de
were m xegd tige@her. 2. This mxture was stirred and heated at 65 C for 1
hour. 3% =on m xture was then cooled to roomtenperature and 7 g
of sulfuric acid was. added into the flask with stirring. 4. The

preci pitatds WRet dWPHEsH %-é?ﬁ#v@anwt)ftpmtﬁ ié”ﬁulaw& WHQ ¥ Pdensee: wise of

coll ected. 0.08 5(1000 piorr) of hydroqui none (HQ and Q.08 g of sulfuric
acid {1000 ppparafREraddiudred! taolt medcbly eEwdy shlprideatvsre mixed in” 40 ml of

tetrahydrofuran (THF).

2. This mixture was stirred and heated at 65 °C for 40 min. From an additional funnel,
80 g (0.5 mol) of diethyl malonate (DEM) was then added dropwise to the reaction

10 mixture.

3. At the end of the addition of DEM (about an hour), the reaction mixture was further

stirred at 65 °C for 2 hours.

15 4. The reaction mixture was then cooled to room temperature and 7 g of sulfuric acid

was added into the flask with stirring.

5. The precipitates were then removed by filtration and the filtrate was collected. 0.08 g

(1000 ppm) of hydroquinone (HQ) and 0.08 g of sulfuric acid (1000 ppm) were added

20 to the collected filtrate.

6. The filtrate was then distilled at reduced pressure. Diethyl Methylenemalonate was

collected at 55-70 °C with about 1.5 mm Hg of vacuum as the crude monomer.
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5. The filtrate was then distilled at reduced pressure. D ethyl
Met hyl enenal onate was collected at 55-70 C with about 1.5 nm Hg of vacuum
as the crwdeorsdesmer. 10 6. The crude nonomer (w th 1000cCparse@f/ob@oand 1000
ppm of sulfuric acid) was further fractionally distilled wth stainless
steel packed colum under reduced vacuum Pure nononer was collected at 55
Cwith 1.1 mmHg of vacuum 157. Mononer was stabilized with 1000 ppm of HQ
and 10-50 ppm of chlorodifluoroacetic acid. 1H NVR (400 MHz, CDCl1l3) 8 6.45
(s, 2H), 4.22.(q 1.24, (. . - n Zhan 122, 445 12799, 55. 20
Beanpl ¢ 9. Teol Veseiatongen ol 10 war gV SH00 PER S PSRy de
to the reactipgn, m xture. ... The. 3- neck F, W a jmagnetjc stir bar
st de, v {iRar o, diviled R SRETSs vt kY FoPBY"fideh Fhshtomet er
and the Dean Stark apparatus conn?ct ed with a condenser. 1. 80 nL of
Di et hyl mal onat® {HEMC PEneFraTassyliesid ago1 GiBA - IZAETEE (02898 nol es) were
taken in a 3 neck RBF. 10 2. The initial color of the reaction m xture was
m | ky white. The reaction m xture was then heated up to 65C for 30 m ns.
3. After heating 15 gm of parafornmal dehyde was added over a period of 15
m ns. 5 Af t er8. 15ladetnerg wise stebnlaedr mathdeiple, prn2 glhsH@asandub-Ed pim owdgh t he
reaction mxture to

chlorodifluoroacetic acid.

"H-NMR (400 MHz, CDCly) & 6.45 (s, 2H), 4.22 (q, 4H), 1.24 (t, 6H). GC-MS (m/z):

172, 145,127, 99, S5.

10 Example 6. Non-acidic solvents with acidic catalvst. Reagents added all at the same

time.

1. In a two-liter 3-neck round bottom flask (equipped with a condenser), 80 g (0.5 mol)

of diethyl malonate (DEM), 30 g of paraformaldehyde (1 mol) and 7 g of zinc

15 chloride were mixed in 40 ml of tetrahydrofuran (THF).

2. This mixture was stirred and heated at 65 °C for 3 hours.

3. The reaction mixture was then cooled to room temperature and 7 g of sulfuric acid

20 was added into the flask with stirring.

4. The precipitates were then removed by filtration and the filtrate was collected. 0.08 g

(1000 ppm) of hydroquinone (HQ) and 0.08 g of sulfuric acid (1000 ppm) were added

to the collected filtrate.
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remove the water fromthe reaction m xture. 4. Renoval of water was very
cruci al because the overall reaction rate sl owed down drastically in case
of | argerwecal2a54160 5. The reacti on progress was nonit oPeU/Usgo1n856%93 GC/ VS
by taking the aliquot after 1 hr. Based on the unreacted DEM wusually

anot her 5-10 gm of Paraf or mal dehyde was added for 90-95% conversi on of DEM
6. After 5.5 hrs of reaction the heating is switched off and once cool ed,
-3 gmof H2SO4 was added to the reaction m xture to neutralize the basic
catal yst as well as Potassium Acetate. 57. The transparent reaction m xture
i ndi cates the optinumneutralization. After neutralization the salt was the
filtered off rate et tor er vacuum for

S olhe fil . t hen t OV n
evapor at i g & ety ReSeReMSE s el Sin P O P AR YBSAE M s
cruci al becaus resence cetic Acid 10could increasg the curing tine of
t he nononer eW lﬁaf"‘ﬁ%tusghﬁt ﬁ;ew €i7°§t SRR Ogé%cug@%%m .m@OHﬁ’F'tergt hat
0.25 g (1000 ppm of hydroquinone (HQ and 0.25 g of sulfuric acid (1000

ppm were added to the collected filtrate. 15 10. 1St distillation: the
filtrate was then distilled at reduced pressure to renove acetic acid.

Di et hyl MetthyTlnends sieapecigrsithc §990cpre @f 41Q 38d 200 rme ¢f wibfsiie 29idbWiatn Hg of
vacuum as the crude nononer. 2011. 2' distillation: the crude nonomer (with
1000 ppm of HOrtherd frag@makhyp pissifled yvithy sfagnless steel packed column under reduced

vacuum. Pure monomer was collected at 55 °C with 1.1 mm Hg of vacuum.

7. Monomer was stabilized with 1000 ppm of HQ and 10-50 ppm of

10 chlorodifluoroacetic acid.

"H-NMR (400 MHz, CDCL) § 6.45 (s, 2H), 4.22 (q, 4H), 1.24 (t, 6H). GC-MS (m/z):

172, 145, 127, 99, 55.

15 Example 7. Non-acidic solvents with acidic catalvst. Addition of paraformaldehvde to

the reaction mixture.

The 3-neck RBF, with a magnetic stir bar inside, was first dried to make it moisture
free, fitted with thermometer and the Dean Stark apparatus connected with a

20 condenser.

1. 40 mL of THF, 80 mL of Dicthylmalonate (DEM) (0.5 moles) and 3.4 gm of ZnCI2

(0.025 moles) were taken in a 3 neck RBF.
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acid) was further fractionally distilled with stainless steel packed col um
under reduced vacuum Pure nononer was collected at 55 Cwith 1.1 mm Hg of
vacuum NMyoaneroswas stabilized with 1000 ppm of HQ and POTAG2@p5eH3

chl orodi fl uoroacetic acid. 1H NVR (400 MHz, CDC13) 6 6.45 (s, 2H), 4.22
(g, 411), 1.24 (t, 614). GCMs (mz): 172, 145, 127, 99, 55. Exanple 10.
CGeneral procedure for synthesis of nethylene nmalonate 5ln a two-liter

3- neck round bottom fl ask (equi pped with a condenser, thermal couple and

addi ti onal g’?hgee%l tial gongoto tﬁl? E«%‘é (];nor{hr%l%urg waX%%n&lwﬁ'PeI %higeﬁgt}ﬂ%fm ?&r Sdl um

acetate andz e ver e nPxed acettc acid.
This m xture S. S t at 85 Cfor 40 mn. From additional
funnel, 80 g T\(ﬁg"% ?ﬁﬁj] %%Pgﬁe%?ﬁafﬁpnrﬁ%nate (DEM was then added drop-w se
to the reaction mxture At the end of the addition of DEM (about an

10hour), the reaction m xture was further stirred at 85 C for 2 hours.

The reactign mxture was then cgoled to room tenperat ur nd 5 0

sul furic ach dMesheaiRpetd #ROSPYR rmﬂggfw dginep 2 eFirOtVFrnegPe“PFlé’%é?é‘EP%rAtPﬁfes ver e
then renoved by filtration and the filtrate was collected. 0.25 g (1000

ppn) &f hydr o¥fldingotie rerfyrmaldghgenly: gaoivas hrihlgd %H%héhﬂrqaimomﬁﬁrﬁ er e

added to the collected filtrate. Purification of nononer 1st
di still ati on:repeeEe fhic|wafcs fiom@e reapieon k8¢ | | ed at reduced pressure to renove
acetic acid. Diethyl Mthylenenmal onate was collected at 55-70 C wi th about
1.5 mm Hg of vacuum as the crude nononer. 202' distillation: the crude
nmononmer (with 1000 ppm of HQ and 1000 ppm of sulfuric acid) was further
fractional |4 Rémsaval bédvatwr twes stegi crugslisbetesel thp avdrad raotiannmutasidecd deduced
vacuum Pure nononer was collected at 55 Cwith 1.1 nm Hg of vacuum
Mononer was sdrabichliz@daw dftard@@lopm of HQ and 10 ppm of
chl orodi fl uoroacetic acid. Table 1. Reactions for preparing D ethyl
Met hyib eneral onat e

5. The reaction progress was monitored by using GC/MS by taking the aliquot after 1 hr.

Based on the unreacted DEM, usually another 5-10 gm of Paraformaldehyde was

added for 90-95% conversion of DEM.

15 6. After 5.5 hrs of reaction the heating is switched off and once cooled, ~3 gm of H,SO4
was added to the reaction mixture to neutralize the basic catalyst as well as Potassium

Acetate.

7. The transparent reaction mixture indicates the optimum neutralization. After

20 neutralization the salt was the filtered off.

8. The filtrate was then set to rotovap under vacuum for evaporating the Toluene/Acetic
Acid solvent. Removal of Acetic Acid was crucial because presence of Acetic Acid
could increase the curing time of the monomer even though the GC is showing 98-

25 99% purity.
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WO 2012/ 054616PCT/ US2011/ 056903 Exanple 1 Tenp DEM KOAc: CH20 AcOH % Crude
% (O (gram Cu(OAc)2 (gram (ni)
WO 2012/054616 PCT/US2011/056903

9. After that 0.25 g (1000 ppm) of hydroquinone (HQ) and 0.25 g of sulfuric acid (1000

ppm) were added to the collected filtrate.

5 10. 1* distillation: the filtrate was then distilled at reduced pressure to remove acetic acid.
Diethyl Methylenemalonate was collected at 55-70 °C with about 1.5 mm Hg of

vacuum as the crude monomer.

11. 2™ distillation: the crude monomer (with 1000 ppm of HQ and 1000 ppm of sulfuric

10 acid) was further fractionally distilled with stainless steel packed column under

reduced vacuum. Pure monomer was collected at 55 °C with 1.1 mm Hg of vacuum.

Monomer was stabilized with 1000 ppm of HQ and 10-50 ppm of
chlorodifluoroacetic acid.

"H-NMR (400 MHz, CDCL) 3§ 6.45 (s, 2H), 4.22 (q, 4H), 1.24 (t, 6H). GC-MS (m/z):

15 172, 145, 127, 99, 55.

Example 8. Solventless with acidic catalyst. Reagents added all at the same time.

1. In a two-liter 3-neck round bottom flask (equipped with a condenser), 80 g (0.5 mol)
20 of diethyl malonate (DEM), 30 g of paraformaldehyde (1 mol) and 7 g of zinc

chloride were mixed together.

2. This mixture was stirred and heated at 65 °C for 1 hour.
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Yield Distillation (gram: gram (GC-M5) Yield Batch 1 85 80 5 :

10

15

20

WO 2012/054616 PCT/US2011/056903

. The reaction mixture was then cooled to room temperature and 7 g of sulfuric acid

was added into the flask with stirring.

. The precipitates were then removed by filtration and the filtrate was collected. 0.08 g

(1000 ppm) of hydroquinone (HQ) and 0.08 g of sulfuric acid (1000 ppm) were added

to the collected filtrate.

. The filtrate was then distilled at reduced pressure. Diethyl Methylenemalonate was

collected at 55-70 °C with about 1.5 mm Hg of vacuum as the crude monomer.

. The crude monomer (with 1000 ppm of HQ and 1000 ppm of sulfuric acid) was

further fractionally distilled with stainless steel packed column under reduced

vacuum. Pure monomer was collected at 55 °C with 1.1 mm Hg of vacuum.

. Monomer was stabilized with 1000 ppm of HQ and 10-50 ppm of

chlorodifluoroacetic acid.

"H-NMR (400 MHz, CDCL) 3§ 6.45 (s, 2H), 4.22 (q, 4H), 1.24 (t, 6H). GC-MS (m/z):

172, 145, 127, 99, 55.
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Example 9. Solventless with acidic catalyst. Addition of paraformaldehvde to the

reaction mixture.

The 3-neck RBF, with a magnetic stir bar inside, was first dried to make it moisture
free, fitted with thermometer and the Dean Stark apparatus connected with a

condenser.

80 mL of Dicthylmalonate (DEM) (0.5 moles) and 3.4 gm of ZnCI2 (0.025 moles)

were taken in a 3 neck RBF.

. The initial color of the reaction mixture was milky white. The reaction mixture was

then heated up to 65°C for 30 mins.

. After heating 15 gm of paraformaldehyde was added over a period of 15 mins. After

adding the paraformaldehyde, N, gas was bubbled through the reaction mixture to

remove the water from the reaction mixture.

. Removal of water was very crucial because the overall reaction rate slowed down

drastically in case of larger scale.

. The reaction progress was monitored by using GC/MS by taking the aliquot after 1 hr.

Based on the unreacted DEM, usually another 5-10 gm of Paraformaldehyde was

added for 90-95% conversion of DEM.
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30 200 74 45 The spectra presented in Figures 11 - 14 are representative
for Batch 2 5 Exanple 11. Non-acidic solvents wth basic catalyst with the
dr opwi se woantzosme16f di et hyl nmal onate 101. In a two-IitecTarse@ackseound
bottom fl ask (equi pped with a condenser), 30 g of paraformal dehyde (1 nol),
5 g of potassiumacetate and 5 g of copper (Il1) acetate were mxed in 40 m
of tetrahydrofuran (THF). 2. This mxture was stirred and heated at 65 C
for 40 mn. Froman additional funnel, 1580 g (0.5 nol) of diethyl mal onat e

(DEM was t6heﬂ¥t9r%ﬁr€ 0 %%V\floneth%ﬁeattljlg is, sﬁv%t%ﬁe'doo { e?ﬂdx on%e oled3 ~\3N§¥n urz?ﬁnd of

the addition o on m X
stirred at 65 C s, t hen cool ed

To Toom ¢ emor it OB Siogmisrs orient e ARaRA MatS Mefl s BRel sk o ¢

stirring. Acetate

5 7. The transparent reaction mixture indicates the optimum neutralization. After

neutralization the salt was the filtered off.

8. The filtrate was then set to rotovap under vacuum for evaporating the Toluene/Acetic
Acid solvent. Removal of Acetic Acid was crucial because presence of Acetic Acid
10 could increase the curing time of the monomer even though the GC is showing 98-

99% purity.

9. After that 0.25 g (1000 ppm) of hydroquinone (HQ) and 0.25 g of sulfuric acid (1000
ppm) were added to the collected filtrate.
15
10. 1% distillation: the filtrate was then distilled at reduced pressure to remove acetic acid.
Dicthyl Methylenemalonate was collected at 55-70 °C with about 1.5 mm Hg of

vacuum as the crude monomer.

20 11. 2™ distillation: the crude monomer (with 1000 ppm of HQ and 1000 ppm of sulfuric

acid) was further fractionally distilled with stainless steel packed column under
reduced vacuum. Pure monomer was collected at 55 °C with 1.1 mm Hg of vacuum.
Monomer was stabilized with 1000 ppm of HQ and 10-50 ppm of

chlorodifluoroacetic acid.
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5. The precipitates were then renoved by filtration and the filtrate was
collected. 0.08 g (1000 ppm) of hydroqui none (HQ and 0.08 g of sulfuric
acid (10080ppmyosyase added to the collected filtrate. 1@CHUSId/05G9DI r at e
was then distilled at reduced pressure. Diethyl Mthylenenal onate was
collected at 55-70 Cwith about 1.5 nm Hg of vacuum as the crude nononer.
7. The crude nononer (with 1000 ppm of HQ and 1000 ppm of sulfuric acid)
was 15further fractionally distilled with stainless steel packed colum

under redug ur r ol J,ect t, 5 | : m Hg of
vacaum 8. RENSE PTG SoFRT SR A 0us Bp it -2440 4 675 Gl o

chl orodi fluoroacetic acid. 20 11-1-NWR (400 MHz, CDCl3) 8 6.45 (s, 2H)
4.22 (q, 4Hy2W5R7(995811) G Ms (mz): 172, 145, 127, 99, 55. Exanple
12. Non-acidic solvents with basic catalyst mﬁth all reagents added all at
the sanme time Lin a two-liter 3-neck round bottom flask (equi pped with a
condenser), 30 of 5 ?arafornaldehyde (1 nDI) 80 g (0.5 nol) of diethyl
mal onat e Exmmnle 1 gnetal prics \ of teng mylowatener (11) acetate
were mxed in 40 m of tetrahydrofuran (THF). 2. This m xture was stirred
and héated atIngstv@-litor 3-8edkoanml bat@nBilapkdequinped ivath andoxrtenser, eemalisewple ool ed
to roomtenperature and 5 g of sulfuric acid was added into the flask with
sti rri ngand additional funnel), 30 g of paraformaldehyde (1 mol), 5 g of potassium acetate and 5 g of

copper (II) acetate were mixed in 200 ml of acetic acid. This mixture was stirred and heated
at 85 °C for 40 min. From additional funnel, 80 g (0.5 mol) of diethyl malonate (DEM) was
then added drop-wise to the reaction mixture. At the end of the addition of DEM (about an

10  hour), the reaction mixture was further stirred at 85 °C for 2 hours.

The reaction mixture was then cooled to room temperature and 5 g of sulfuric acid
was added into the flask with stirring. The precipitates were then removed by filtration and
the filtrate was collected. 0.25 g (1000 ppm) of hydroquinone (HQ) and 0.25 g of sulfuric

15 acid (1000 ppm) were added to the collected filtrate.

Purification of monomer

1* distillation: the filtrate was then distilled at reduced pressure to remove acetic acid.
Dicthyl Methylenemalonate was collected at 55-70 °C with about 1.5 mm Hg of vacuum as
the crude monomer.

20 2™ distillation: the crude monomer (with 1000 ppm of HQ and 1000 ppm of sulfuric
acid) was further fractionally distilled with stainless steel packed column under reduced
vacuum. Pure monomer was collected at 55 °C with 1.1 mm Hg of vacuum. Monomer was
stabilized with 1000 ppm of HQ and 10 ppm of chlorodifluoroacetic acid.

Table 1. Reactions for preparing Dicthyl Methylenemalonate
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4. The precipitates were then renoved by filtration and the filtrate was
collected. 0.08 g 15(1000 ppm of hydroqui none (HQ and 0.08 g of sulfuric
acid (10080ppmyosywase added to the collected filtrate. S5PTmaskilios@de was
then distilled at reduced pressure. D ethyl Methyl enermal onate was coll ected
at 55-70 Cwth about 1.5 mm Hg of vacuum as the crude nononer. 20 6. The
crude nononer (with 1000 ppm of HQ and 1000 ppm of sulfuric acid) was
further fractionally distilled with stainless steel packed col unm under
reduced vacuum Pure nononer was collected at 55 Cwith 1.1 nm Hg of
vacuum 7. Mononer was stabilized with 1000 ppm of HQ and 10-50 ppm of

chl oredit! Hof acetiec—acid HE-NVR(AO0 M—' SEbE13)—8+6. 45
(s, 2nyampioh |dFmpy THEY, [KOAG) ok ﬁébf)m(% H517 L 7J§N 99, 55.
Exanpl e 13. Ngn-aci di d sol s, W th bagic cat Addj tion of .

par af or mal dehyld&Ct o t He(BH cté"(SQAfﬂlxture (gra ?m he 3. ﬁ‘ébk rcd?fﬁfﬂ%?‘f om
flask, wth a|magnetid stir |bar inside, |was flrst driled to ndke it noi gture
free,| fitted With therjnomet §{e3Ad 4B Daan Stark appar&uMeqgnriedt ed wilth a
condenser 2__The redction solvent, 40lm of tetrahydrlof uran (THF)

i s thdBrtelr hnsfldred td 8he RERS 15 80 mB30of D280 hyl melonat e |@OEM) (0. 5
noles), 3 gmdf Cu(QAd)2 nonohydrate (0./015 noles), 3 gm of Rotassium
Acet atBatele? e gl85 added %o t e reacti on rmB@i um|{seguent | & ly. |42 3. The
initilal color |of the rleacti dn nm xture wdas bl ulli sh-green. The [reacti on
m Xt urigateted 85 80 5:5 30 200 74 45

The spectra presented in Figures 11 — 14 are representative for Batch 2

Example 11. Non-acidic solvents with basic catalvst with the dropwise addition of

diethvl malonate

10 1. In a two-liter 3-neck round bottom flask (equipped with a condenser), 30 g of
paraformaldehyde (1 mol), 5 g of potassium acetate and 5 g of copper (II) acetate

were mixed in 40 ml of tetrahydrofuran (THF).

2. This mixture was stirred and heated at 65 °C for 40 min. From an additional funnel,

15 80 g (0.5 mol) of diethyl malonate (DEM) was then added dropwise to the reaction

mixture.
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20t hen heated up to 65 Deg C for 30 mns. 4. After heating 15 gm of

Par af or mal dehyde was added over a period of 15 mns. After adding the

Par af or mavoehizds46162 gas was bubbl ed t hrough the reacti @QTS2A1L08690D r enove
the water fromthe reaction mxture. 25 5. Renoval of water was very
cruci al because the overall reaction rate slowed down drastically in case
of larger scale. 6. The reaction progress was nonitored by using GO M5 by
taking the aliquot after 1 hr. 5 Based on the unreacted DEM wusually

anot her 10-,15 of , Par.af qr.mml S ded for_90-95% conver.si,on of

oM 1t was ob el Fas O R HHR PEDENPIBRATRRD S hpRlo DB PO SRRy Lo

| i ghter-Dbluish. gre er,.addi tion of Paraformnmal dehyde. 7. After 5.5
hrs of reacti%ﬁggﬁggﬁggg?%&owg‘smﬁtched of f and once cool ed, -3 gmof H2SO4

10was added to the reaction mxture to neutralize the basic catal yst as
wel | as Potassium Acetate. 8. The very light blue color of the reaction

m xture indicates the optinmumneutralization. After neutraljz tlon-éhe sal t
Was the filk ohedeafPRIBREI THe RN OPES £ (9o eH@RALES MbS it GYRB LIS
vacuum for evaporating the Toluene/ Acetic Acid solvent. Renoval of Acetic
Acid fs cruciﬁ%“ﬁé@b@gém%ﬂ@%éﬁ3€méﬁﬁ%cetic Acid could increase the curing
time of the nononmer at parts per mllion quantities as well as initiate
corrosion of metal containing substrates. 20 10. After that 0.25 g (1000

ppm of hydroqui none (HQ and 0.25 g of sulfuric acid (1000 ppn) were added
to t he col ISecTledpre¢ipitatestvecre then removed by filtration and the filtrate was collected. 0.08 g

(1000 ppm) of hydroquinone (HQ) and 0.08 g of sulfuric acid (1000 ppm) were added
to the collected filtrate.
10
6. The filtrate was then distilled at reduced pressure. Diethyl Methylenemalonate was

collected at 55-70 °C with about 1.5 mm Hg of vacuum as the crude monomer.

7. The crude monomer (with 1000 ppm of HQ and 1000 ppm of sulfuric acid) was
15 further fractionally distilled with stainless steel packed column under reduced

vacuum. Pure monomer was collected at 55 °C with 1.1 mm Hg of vacuum.

8. Monomer was stabilized with 1000 ppm of HQ and 10-50 ppm of
chlorodifluoroacetic acid.
20
'"H-NMR (400 MHz, CDCLy) & 6.45 (s, 2H), 4.22 (q, 4H), 1.24 (t, 6H). GC-MS (m/z):

172, 145, 127, 99, 55.
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11. rt distillation: the filtrate was then distilled at reduced pressure to
renove acetic acid. D ethyl Mthylenemal onate was collected at 55-70 C with
about 1. 5worotgpsedievacuum as the crude nononer. 512. 2nacCaicstéiloatondn: t he
crude nmononer (with 1000 ppm of HQ and 1000 ppm of sulfuric acid) was
further fractionally distilled with stainless steel packed col utm under
reduced vacuum Pure nononer was collected at 55 Cwith 1.1 nm Hg of
vacuum l\/bnorrer was stabilized with 1000 ppm of HQ and 10-50 ppm of
chl or odi £l yo . : : X513 ‘ :
(g, 4H), “172h oo ' ~
Non- aci di c s‘czl vents vm th acidic catal yst W th the dropvm se addi tion of
15di et hy ate. 1. In atwo-liter 3-neck round bottom fl ask (equi pped
wi th a condenser), 30 g of paraformal dehyde (1 nol) and 7 g of zinc
chloride were mxed in 40 m of tetrahydrofuran (THF). 20 2. This mxture
was stirred and heated_at 65 C for 40 m n. From an additi onal funnel 80 ¢
(0.5 nol) dfingd dpRyIte ndmeskarengd rupmadask: fayPRedi ety fofRietseR0 39 He Of eact i on
m xture. 3. At the end of the addition of DEI\/I_gabout an houM)) t he
react Pon ni xt RAreEorRpddahyde Rbrmadt i §4 gd0ax Mo ef fisthyh madenede (DEM), 5 g of The
reaction mxture was then cooled to roomtenperature and 7 g of sulfuric
acid 5was addedassivmo agdige fandsR @i efh cepner rilhgacesite Frpse priged pht 42 a8l Wére t hen
renoved by filtration and the filtrate was collected. 0.08 g (1000 ppm of
hydr oqui none cHd)ydephda® (08 )g of sul furic acid (1000 ppm) were added to the
collected filtrate. 10 6. The filtrate was then distilled at reduced
pressure. Diethyl Methylenenal onate was collected at 55-70 C with about 1.5
nm Hg of vacuum as the crude nononer.

2.This mixture was stirred and heated at 65 °C for 3 hours.

10
3.The reaction mixture was then cooled to room temperature and 5 g of sulfuric acid was

added into the flask with stirring.

4.The precipitates were then removed by filtration and the filtrate was collected. 0.08 g
15 (1000 ppm) of hydroquinone (HQ) and 0.08 g of sulfuric acid (1000 ppm) were added

to the collected filtrate.

5.The filtrate was then distilled at reduced pressure. Diethyl Methylenemalonate was
collected at 55-70 °C with about 1.5 mm Hg of vacuum as the crude monomer.
20
6.The crude monomer (with 1000 ppm of HQ and 1000 ppm of sulfuric acid) was further
fractionally distilled with stainless steel packed column under reduced vacuum. Pure

monomer was collected at 55 °C with 1.1 mm Hg of vacuum.
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7. The crude nmononer (with 1000 ppm of HQ and 1000 ppm of sulfuric acid)
was 15further fractionally distilled with stainless steel packed col um
under redwoediveedam Pure nononer was col |l ected at 55 ECmUsko11/0369n3n Hg of
vacuum 8. Mononer was stabilized with 1000 ppm of HQ and 10-50 ppm of

chl orodi fl uoroacetic acid. 20 111-NWR (400 MHz, CDC13) 8 6.45 (s, 2H), 4.22
(g, 4H, 1.24 (t, 6H. GCM (nmlz): 172, 145, 127, 99, 55. Exanple 15.
Non-aci di ¢ solvents with acidic catal yst. Reagents added all at the sane

tinme. 1.1 wo-liter. 3:n n t om fl ask i Wit h.
condenser) ,7]'1%181;{109rItl e(r 0.5 S%rarlglllbzgdowﬁﬁgp(éfﬁpﬁq Oﬁ%poaﬁlgltlg's(%sﬁ’!{é Sﬁ%&gﬁg}lomgcet@
par af or mal deh%/ldée (1 nmol) and 7 g of zinc chloride were mxed in 40 m of
t et r ahydr of ur Clln'(THF). 2. This mxture was stirred and heated at 65 C for 3
hours. 103. The reaction m xture was then cooled to roomtenperature and 7 g
of sulfuric acid was added into the flask with stirring. 4. The
precipitatgs were then renoved b% filtration and the filtrate was
col l ected. B-BMRyE0NHzIER{ b0 hifso gt HeRa( #d), 124t OTD8GE- WS @Upk uri ¢
acid (1000 ppm were added

5 172, 145,127, 99, 55.

Example 13. Non-acidic solvents with basic catalyst. Addition of paraformaldehvde to

the reaction mixture.

10 1. The 3-neck round bottom flask, with a magnetic stir bar inside, was first dried to
make it moisture free, fitted with thermometer and the Dean Stark apparatus

connected with a condenser.

2. The reaction solvent, 40 mL of tetrahydrofuran (THF) is then transferred to the RBF.
15 80 mL of Diethylmalonate (DEM) (0.5 moles), 3 gm of Cu(OAc), monohydrate
(0.015 moles), 3 gm of Potassium Acetate were all added to the reaction medium

sequentially.

3. The initial color of the reaction mixture was blulish-green. The reaction mixture was

20 then heated up to 65 Deg C for 30 mins.

4. After heating 15 gm of Paraformaldehyde was added over a period of 15 mins. After
adding the Paraformaldehyde, N; gas was bubbled through the reaction mixture to
remove the water from the reaction mixture.

25
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15to the collected filtrate. 5.The filtrate was then distilled at reduced
pressure. Diethyl Methyl enenmal onate was collected at 55-70 C with about 1.5
mm Hg of wecoawmsaset he crude nmononer. 206. The crude nMON@CEUSEWILIFIAO00 ppm
of HQ and 1000 ppm of sulfuric acid) was further fractionally distilled

Wi th stainless steel packed colum under reduced vacuum Pure nononer was
collected at 55 Cwith 1.1 nmm Hg of vacuum 7. Mononer was stabilized
wi th 1000 ppm of HQ and 10- 50 ppm of chl orodifluoroacetic 25acid. 111-NWR

(400 Mz, %E)%gré(bv%l ggw%gﬁg I::z&;(as V crﬁga@ guseélthg bveral? Irea(:tlc%n 16alt_9 v(v%a_ Iyg\lmg mz):

172, 145, n-acrdic so

cat al yst. Ads\ﬁlit on, ﬁ ormal ehyde to the reaction mxture The
3-neck RBF, TPy yr’r‘ﬁgc &9 r%‘?rs?a%ar inside, was first dried to nmake it

noi sture free, fitted vvlth t hernoneter and the Dean Stark apparatus
connected with a 10condenser. 1.40 m, of THF, 80 nL of Diethyl mal onate
(DEM (0.5 noles) and 3.4 gmof Zn (0,025 Ies were taken in a 3 neck
RBF. 152. THe Th rﬁ?%lpn@&g&ss Bps @ﬁ@tqr%é@wsaw G Sﬁ% afijng the aliyotafet lehr The
reaction mxture was then heated up to 65 Deg C for 30 nins. 3. After
heati fig 15 grPoed garths sriseateseRiNe uikly siadar gQré? Z %P@ré@rreﬂfld@adwa% Af t er
addi ng t he paraf or mal dehyde, N2 gas was bubbl ed through the reaction

m xture to 20%dadver Phes W&loéYer(PIbﬂfﬂWr]éa’&SlQbﬁefﬁ%(ﬂ@? the Baqepuvdivdf wat er

was very cruci al because the overall reaction rate slowed down drastically
in case of | acﬂgegesgg]ar gradually to lighter-bluish green after addition of Paraformaldehyde.

7. After 5.5 hrs of reaction the heating is switched off and once cooled, ~3 gm of H,SO4
10 was added to the reaction mixture to neutralize the basic catalyst as well as Potassium

Acetate.

8. The very light blue color of the reaction mixture indicates the optimum neutralization.
After neutralization the salt was the filtered off.
15
9. The filtrate was then sct to rotovap under vacuum for evaporating the Toluene/Acetic
Acid solvent. Removal of Acetic Acid is crucial because presence of Acetic Acid
could increase the curing time of the monomer at parts per million quantities as well
as initiate corrosion of metal containing substrates.
20
10. After that 0.25 g (1000 ppm) of hydroquinone (HQ) and 0.25 g of sulfuric acid (1000

ppm) were added to the collected filtrate.
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5. The reaction progress was nonitored by using GO M5 by taking the aliquot
after 1 hr. Based on the unreacted DEM wusually another 5-10 gm of
Par af or mavoehizds46vas added for 90- 95% conversi on of DEMPCHAIS2611066983 5 hr s
of reaction the heating is switched off and once cool ed, -3 gmof H2SO was
added to the reaction mxture to neutralize the basic catalyst as well as
Pot assi um Acet at e. 7. The transparent reaction m xture indicates the
optimum neutralization. After 10neutralization the salt was the filtered
off. 8.The 1f ! is (!13%15 'g\tl?tghet 1 rgteseats ﬂis% dris%lil?a/ R u%gf rre\s/sageutgrr%r}clgvre a%gt%pa%rc@t | ng
the Tol uene/ Acetic ARTd SOTvEnt "REDVAT" of “ACSt I'E AT d Was ¢ruci I because
presence of etic Acid could increase the ri ti of e oner even
Phough the. ccoRUNEARIR g8l aupres & SSAPr & Yithapow. b8 1806 pom
of hydroqui none (HQ and 0.25 g of sulfuric acid (1000 ppm were added to
the col | ect edVaHm pithe crudleenons distillation: the filtrate was then
distilled at reduced pressure to renove acetic acid. Diethyl
Met hyl enenal onate was collected at 55-70 C with about 1.5 mm Hg of vacuum
as the crude nonmer. 11. 2nd distillation: the crude nononer
(W t h51000 18pn distik@oanthc t0EO mmamef (vath FAGP ippmxBdEQ dpd W rfpar o hatfuric
fractionally distilled with stainless steel packed col um under

acid) was further fractionally distilled with stainless steel packed column under

reduced vacuum. Pure monomer was collected at 55 °C with 1.1 mm Hg of vacuum.
Monomer was stabilized with 1000 ppm of HQ and 10-50 ppm of
chlorodifluoroacetic acid.
10
'"H-NMR (400 MHz, CDCLy) & 6.45 (s, 2H), 4.22 (q, 4H), 1.24 (t, 6H). GC-MS (m/z):

172, 145, 127, 99, 55.

Example 14. Non-acidic solvents with acidic catalyst with the dropwise addition of

15 diethvl malonate.

1. In a two-liter 3-neck round bottom flask (equipped with a condenser), 30 g of
paraformaldehyde (1 mol) and 7 g of zinc chloride were mixed in 40 ml of
tetrahydrofuran (THF).

20

2. This mixture was stirred and heated at 65 °C for 40 min. From an additional funnel,

80 g (0.5 mol) of diethyl malonate (DEM) was then added dropwise to the reaction

mixture.
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reduced vacuum Pure nononer was collected at 55 Cwith 1.1 nm Hg of
vacuum Mononmer was stabilized with 1000 ppm of HQ and 10-50 ppm of

chl or odi fWoanpasedtbc aci d. 51H NVR (400 MHz, CDC13) 8 6PEH/US301125§903 4. 22
(g, 4H, 1.24 (t, 6H. GCM (mlz): 172, 145, 127, 99, 55. Exanple 17.
Solyentl ess with basic catalyst. 101.To a 3-neck, round bottom fl ask

equi pped with thernocouple, nechanical stirrer, and nitrogen bl anket, is
charged 120 g (0.75 nol es) of diethyl mal onate (DEM. 2.Wth stirring, 45

Jystom cong: ey O BTG PEIFBLBRAE houb PRI OO R LT (5

nmol % of 15pot assi etate, based on DEM was | astly added. 3. The
reaction mxtﬁ’r“fe?a\%}a@nr@%fg%%"ﬁom y to -60C whereby an exothermto 110-115 C

Qccurs. 204. The tenperature of the resulting reaction m xture was
mai ntai ned at 85C for 30 mnutes. 5. The reaction m xture was then filtered

through siljica plug. to renove catalysts and the filtrate s col |l ected.
6. The fi |t rat EhousationaBixiure was By sapledifq Eooabiealpa%alrm# oG InyHeIe iid

5 was added into the flask with stirring.

5. The precipitates were then removed by filtration and the filtrate was collected. 0.08 g
(1000 ppm) of hydroquinone (HQ) and 0.08 g of sulfuric acid (1000 ppm) were added
to the collected filtrate.
10
6. The filtrate was then distilled at reduced pressure. Diethyl Methylenemalonate was

collected at 55-70 °C with about 1.5 mm Hg of vacuum as the crude monomer.

7. The crude monomer (with 1000 ppm of HQ and 1000 ppm of sulfuric acid) was
15 further fractionally distilled with stainless steel packed column under reduced

vacuum. Pure monomer was collected at 55 °C with 1.1 mm Hg of vacuum.

8. Monomer was stabilized with 1000 ppm of HQ and 10-50 ppm of
chlorodifluoroacetic acid.
20
"H-NMR (400 MHz, CDCL) 3§ 6.45 (s, 2H), 4.22 (q, 4H), 1.24 (t, 6H). GC-MS (m/z):

172, 145, 127, 99, 55.
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7.7. The filtrate was then distilled at reduced pressure. Di ethyl

Met hyl enenal onat e was 5col l ected at 55-70 C with about 1.5 mm Hg of vacuum
as the crwoeorseser. 8. The crude nononmer (with 1000 ppmCofUSkiR1asc®0i000 ppm
of sulfuric acid) was further fractionally distilled with stainless steel
packed col um under reduced vacuum Pure nononer was collected at 55 Cwth
1.1 mm Hg of vacuum 10 9. Mononer was stabilized with 1000 ppm of HQ and
10-50 ppm of chlorodifl uoroacetic acid. 11-1- NMR (400

Reagent s .added all at the sane tine. l.1n a two-liter 3-neck round
bot t om f HE%k (equi pped with a condenser), 80 g (0.5 nol) of 20diethyl

mal onate (DEM), 30 g of paraformal dehyde (1 nol) and 7 g of zinc chloride
were m xed together. 2.This m xture was stirred and heated at 65 C for 1
hour. 3. The reactjon m xture was then cooled to roomt erature and 7 g
of sul furi dB&WOUAY Safak aounAbatiemdlash (GewipRgdyHithst ?WFI}?@S% 2 (Ophol) o
precipitates were then renoved by filtration and the filtrate was

col | eét ed. 0. dsthy melewweo (M. e elyrerdfimattshsdy Hopelhned 6208 zicshloside f uri ¢
acid (1000 ppm) were added to the collected filtrate. 5. The filtrate was

t hen distil | edcrgmikesdndeal pf esghiydsofump éTHY). Met hyl enenal onat e was col | ect ed
at 55-70 Cwth about 1.5 mm Hg of vacuum as the crude nononer. 10

2.This mixture was stirred and heated at 65 °C for 3 hours.

10 3.The reaction mixture was then cooled to room temperature and 7 g of sulfuric acid was

added into the flask with stirring.

4.The precipitates were then removed by filtration and the filtrate was collected. 0.08 g
(1000 ppm) of hydroquinone (HQ) and 0.08 g of sulfuric acid (1000 ppm) were added

15 to the collected filtrate.

5.The filtrate was then distilled at reduced pressure. Diethyl Methylenemalonate was

collected at 55-70 °C with about 1.5 mm Hg of vacuum as the crude monomer.

20 6.The crude monomer (with 1000 ppm of HQ and 1000 ppm of sulfuric acid) was further
fractionally distilled with stainless steel packed column under reduced vacuum. Pure

monomer was collected at 55 °C with 1.1 mm Hg of vacuum.

7.Monomer was stabilized with 1000 ppm of HQ and 10-50 ppm of chlorodifluoroacetic

25 acid.
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6. The crude nmononer (w th 1000 ppm of HQ and 1000 ppm of sulfuric acid) was
further fractionally distilled wth stainless steel packed colum under
reduced wsiororwosiRuse nonormer was col l ected at 55 C wi t h PCTAUSom1ioige903
vacuum 157. Monomer was stabilized with 1000 ppm of HQ and 10-50 ppm of

chl orodi fl uoroacetic acid. 1H NVR (400 MHz, CDC13) 8 6.45 (s, 2H), 4.22 (q,
4H), 1.24 (t, 6H). GC-Ms (mz): 172, 145, 127, 99, 55. 20 Exanple 19.
Solventl ess with acidic catalyst. Addition of parafornal dehyde to the
reaction m xture. The 3-neck RBF, with a magnetic stir bar inside,
was first dried to nake it noisture 5free, fitted with thernoneter and the

Dean Stark, a nn d w a_condenser 0 t hyl mal onat e
(DEM (0.5 ﬁgﬁ%@ﬁ&ﬁﬁ ﬁéh’fbfa\l\%&%zﬁb @5(5 )eii) véérgé{)t %{Eﬁé‘%@ /83 neck
RBF. 10 2. The initial color of the reaction mxture was mlky white. The
reaction milEuke: Wels®BR8n heated upto 65 Deg C for 30 nmins. 3. After
heating 15 gm of parafornal dehyde was added over a period of 15 mns. After
15addi ng t he paraf or mal dehyde, N2 gas was bubbl ed t hrough the reaction

m xture to renove the mater fron1the reactlon nlxture 4, Rennval of wat er

in case of Iarger scale
the reaction mixture.

The 3-neck RBF, with a magnetic stir bar inside, was first dried to make it moisture
free, fitted with thermometer and the Dean Stark apparatus connected with a

10 condenser.

1.40 mL of THF, 80 mL of Diethylmalonate (DEM) (0.5 moles) and 3.4 gm of ZnCI2

(0.025 moles) were taken in a 3 neck RBF.

15 2.The initial color of the reaction mixture was milky white. The reaction mixture was then

heated up to 65 Deg C for 30 mins.

3.After heating 15 gm of paraformaldechyde was added over a period of 15 mins. After

adding the paraformaldehyde, N, gas was bubbled through the reaction mixture to

20 remove the water from the reaction mixture.

4 Removal of water was very crucial because the overall reaction rate slowed down

drastically in case of larger scale.
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20 5. The reaction progress was nonitored by using GO M5 by taking the
aliquot after 1 hr. Based on the unreacted DEM wusually another 5-10 gm of
Par af or mavoehizds4evas added for 90- 95% conversi on of DEMPCTAIS2611066983 5 hr s
of reaction the heating is switched off and once cool ed, -3 gmof H2SO was
added to the reaction mxture to neutralize the basic catalyst as well as
Pot assi um Acetate. 57.The transparent reaction m xture indicates the
optimum neutralization. After neutralization the salt was the filtered off.

8. The filtrate . 1 hen t [ ot nd vacuum.f o A rati t he
Tol venel Acer |5 Rara SEkSh " RehBl 8y BB p ALl MO R Sl BHART A L e
presence of etic id 10co i ncrease the ing tine.of the nonomer
ven though ¢ HEetsan; B¢ Spiiiet Tl "GuiRS a5 =4 ivet Pty d8eg S 000
ppm of hydrogui non and .0. 2 f sulfuric acid (1000 ppm) were added
to the coIIec%gﬁdgFﬁ@%ﬁ%%@“T%“i®PP?g¥€distiIIation: the filtrate was then
distilled at reduced pressure to renove acetic acid. Diethyl

Met hyl enenal onat e was collected at 55-70 C with about 1.5 mm Hg of vacuum
as the crude nononer. 2011. 2' distillation: the crude nononer (with 1000
ppm of HQ iftrcedhehresetianthe hedtingde puichag effrand oRes cooledert emafiReSHi sti | 1 ed
with stainless steel packed col um under reduced vacuum Pure nononmer was
col |l ected at W& addogd torthd reactipm piggtuss tongpigalize thodueireatakietss sicHish Pptaesdinni t h

1000 ppm of HQ and 10-50 ppm of chl orodifl uoroacetic acid.
Acetate.

7.The transparent reaction mixture indicates the optimum neutralization. After

10 neutralization the salt was the filtered off.

8.The filtrate was then set to rotovap under vacuum for evaporating the Toluene/Acetic
Acid solvent. Removal of Acetic Acid was crucial because presence of Acetic Acid
could increase the curing time of the monomer even though the GC is showing 98-

15 99% purity.

9.After that 0.25 g (1000 ppm) of hydroquinone (HQ) and 0.25 g of sulfuric acid (1000

ppm) were added to the collected filtrate.

20 10. 1% distillation: the filtrate was then distilled at reduced pressure to remove acetic acid.
Diethyl Methylenemalonate was collected at 55-70 °C with about 1.5 mm Hg of

vacuum as the crude monomer.

11. 2™ distillation: the crude monomer (with 1000 ppm of HQ and 1000 ppm of sulfuric

25 acid) was further fractionally distilled with stainless steel packed column under
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111-NVR (400 MHz, CDC13) 8 6.45 (s, 2H), 4.22 (q, 4H), 1.24 (t, 6H). GC M
(mz): 172, 145, 127, 99, 55. 5Exanple 20. Acetic acid solvent with basic
cat al yst .wo0 2012/05k616a two-|iter 3-neck round bottom fl asleCiasadiposctosni t h a
condenser, thermal couple and additional funnel), 30 g of paraforml dehyde
(1 nol), 5 g of potassiumacetate and 5 g of copper (Il) acetate were m xed
in 200 mM of acetic acid. This m xture was stirred and heated at 85 C for
40 min. From additional funnel, 80 g (0.5 nol) of diethyl mal onate (DEM

was 10 then added ,drop-wi_se to the reacti LXxture t he end of the
2ddi 11 on of DERRCADBTRTAR TRIUTIOmeE HE POIERT oh i o lel WL Py REPEY i 1 r ed
at 85 C for 2 hours. The reaction m xture s then cooled to r?om
tenperature aM@nemy o¥assuitaiiized aefhg (998 é’(ﬂ’&bdog\ﬁ]flg taﬁlB 102k B p O
stirring. The precipitates were then renoved by filtration and the filtrate
was col I ect edchlgrodifugrogeetipecidhpm) of hydroqui none (HQ and 0.25 g of

sul furic 15acid (1000 ppm were added to the collected filtrate.
Purification of nmonomer 1st distillation: the filtrate was then
distilled at reduced pressure to renove acetic acid. D ethyl

Met hy b enenrd HoNBIR: (40aMBo) CBECLR B 45 B52H)) 4Q2viqt HHRHRY (L, BHDH. GH-M§ @f/zvacuum
as the crude nononer. 202' distillation: the crude nononer (with 1000 ppm
of HQ and 1000148pm7099,$8) furic acid) was further fractionally distilled

wi th stainless steel packed colum under reduced vacuum Pure nononer was
collected at 55 Cwith 1.1 nmm Hg of vacuum Mononer was stabilized with
1000 ppm of HQ and 10 ppm of chlorodifluoroacetic acid. 111-NWR (400 MHz,

CDC13) 6xQarhple(19: Seivdntless wiR Halic c@a%,st.l- 24 (t, 611). GC-Ms (mz): 172, 145,
127, 99, . anpl e . Acetic acrd solvent with acidic catalyst. 5In a
two-liter 3-neck round bottom flask (equi pped with a condenser, thernmal
coupl e and additional funnel), 30 g of parafornmal dehyde (1 not) and 6.8 g

of ZilB'C Chldl(.)j;](j 9%- , 0\%1?1%% g?ﬂ%g%%g%pé?fclzwﬂﬁ%e oc%ﬁjé%; lin-g .aﬁicﬁi indf &nas

stirred an eated at rom addi ti unnel, 80 g (0.5

mol ) of di et hyl mlonates(PEMd YRS, OPRMALY kIR SR (DEM).

2.With stirring, 45 g (1.5 moles) of paraformaldehyde was added. In addition, the catalyst
system consists of 1 gm (0.73 mol %) of copper (II) acetate with 2 gms (2.7 mol %) of

15 potassium acetate, based on DEM, was lastly added.

3.The reaction mixture was heated slowly to ~60°C whereby an exotherm to 110-115 C

occurs.

20 4. The temperature of the resulting reaction mixture was maintained at 85°C for 30

minutes.

5.The reaction mixture was then filtered through silica plug to remove catalysts and the

filtrate was collected.

88



to the reaction mxture. At the end of the addition of DEM (about an hour),
the reaction 10 m xture was further stirred at 85 C for 2 hours. The
reacti on woxpiwes4awas t hen cool ed to room tenperat ure an®@CP/up2@fi/osass uri c
acid was added into the flask with stirring. The precipitates were then
renoved by filtration and the filtrate was collected. 0.25 g (1000 ppm of
hydr oqui none (HQ and 0.25 g of sulfuric acid (1000 ppn) were added to the
collected filtrate. 15 Purification of nononer 1st distillation: the
filtrate was then distilled at reduced pressure to renove acetic acid.

Di et hyl Met hyl enemal onate was col |l ected at 55-70 C with about 1.5 nm Hg of
vacuum as t 2' t|l ation: t.he crude nononer (w th 1000
ppm of HQ a éljgh %Bg% Bﬁﬁg%wéeglbpﬁp%l%é A YARIUPRS her fractional |y
distilled with stainless steel packed colum under reduced vacuum Pure
nononer was col | ect ed at 55 Cwith 1.1 nmHg of vacuum NMononer was
stabilized with and 10 ppm of chlorodifl uoroacetic acid.
111- NMR ( 400/ Nills, i f{%@m ﬂ@naﬁQ %16% &t redyepyl propsurs. letithymet hyjengnpalopate gy |
GC-Ms (nmlz): 172, 145, 127 55. *** Having thus described in detail
prefefred enbesiicsiethitsSof) Ch‘élﬂbi‘@élEH mop, g of veggum;ap thecrylemgpngmeynder st ood
that the invention defined by the above paragraphs is not to be limted to
particular details set forth in the above description as nmany apparent

vari ations thereof are possible without departing fromthe spirit or scope
of the predehte dydeemarioorsr (VREFERENCES EIQES! 1000 ppm of sulfuric acid) was further

fractionally distilled with stainless steel packed column under reduced vacuum. Pure
monomer was collected at 55 °C with 1.1 mm Hg of vacuum.
10
9.Monomer was stabilized with 1000 ppm of HQ and 10-50 ppm of chlorodifluoroacetic

acid.

"H-NMR (400 MHz, CDCL) 5 6.45 (s, 2H), 4.22 (q, 4H), 1.24 (t, 6H). GC-MS (m/z):

15 172, 145, 127, 99, 55.

Example 18. Solventless with acidic catalyst. Reagents added all at the same time.

1.In a two-liter 3-neck round bottom flask (equipped with a condenser), 80 g (0.5 mol) of
20 dicthyl malonate (DEM), 30 g of paraformaldehyde (1 mol) and 7 g of zinc chloride

were mixed together.

2.This mixture was stirred and heated at 65 °C for 1 hour.
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10The foll owi ng docunents nmay be cited or referenced herein, each of which
are incorporated by reference herein and may be enployed in the practice of
t he i nverwpan12/Beakh docunents may include the foll ow ngPpatusreIs/056293813, 501;
2,330,033; 3,197,318; 3,221,745; 3,523,097, 3,557,185; 3,758, 550;

3,975, 422; 4,049, 698; 4,056, 543; 4,160, 864; 4,931,584; 5,142,098,

5, 550, 172;

3.The reaction mixture was then cooled to room temperature and 7 g of sulfuric acid was

added into the flask with stirring.

4. The precipitates were then removed by filtration and the filtrate was collected. 0.08 g
5 (1000 ppm) of hydroquinone (HQ) and 0.08 g of sulfuric acid (1000 ppm) were added

to the collected filtrate.

5.The filtrate was then distilled at reduced pressure. Diethyl Methylenemalonate was
collected at 55-70 °C with about 1.5 mm Hg of vacuum as the crude monomer.
10
6.The crude monomer (with 1000 ppm of HQ and 1000 ppm of sulfuric acid) was further
fractionally distilled with stainless steel packed column under reduced vacuum. Pure

monomer was collected at 55 °C with 1.1 mm Hg of vacuum.

15 7.Monomer was stabilized with 1000 ppm of HQ and 10-50 ppm of chlorodifluoroacetic

acid.

"H-NMR (400 MHz, CDCL) & 6.45 (s, 2H), 4.22 (q, 4H), 1.24 (t, 6H). GC-MS (m/z):

172, 145, 127, 99, 55.

20
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6, 106, 807; 6,211, 273; 6, 245, 933; 6, 420, 468; 6, 440, 461; 15 6,512, 023;
6, 610, 078; 6, 699, 928; 6, 750, 298; and 2004/ 0076601. Such docunents may
al so i nclwoeotms4d16l | owi ng non-patent |iterature: PCT/US2011/056903

Example 19. Solventless with acidic catalvst. Addition of paraformaldehvde to the

reaction mixture.

The 3-neck RBF, with a magnetic stir bar inside, was first dried to make it moisture
5 free, fitted with thermometer and the Dean Stark apparatus connected with a

condenser.

1.80 mL of Dicthylmalonate (DEM) (0.5 moles) and 3.4 gm of ZnCI2 (0.025 moles)

were taken in a 3 neck RBF.

10
2.The initial color of the reaction mixture was milky white. The reaction mixture was then
heated upto 65 Deg C for 30 mins.
3.After heating 15 gm of paraformaldehyde was added over a period of 15 mins. After
15 adding the paraformaldehyde, N, gas was bubbled through the reaction mixture to
remove the water from the reaction mixture.
4.Removal of water was very crucial because the overall reaction rate slowed down
drastically in case of larger scale.
20

5.The reaction progress was monitored by using GC/MS by taking the aliquot after 1 hr.
Based on the unreacted DEM, usually another 5-10 gm of Paraformaldehyde was

added for 90-95% conversion of DEM.
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M Ware et al.: "DBU An Efficient Catalyst for Knoeveganel Condensation
under Solvent-free Condition,"” Bulletin of the Catalysis Society of India,

(2007), WsD.208/05p6 104- 20106; V. G Nenaj denko etrcalus201i/@e®03i on of
2- Met hyl ene- 1, 3- Di car bonyl Conpounds Containing a CF3-G oup with

1, 3-Di enes," Tetrahedron, (2000), Vol. 56, pp. 6549-6556; J. S
Yadav et al.,: "Phosphate-Catal yzed Knoevenagel Condensation: a Faci I e

Synt hesi s of a-Cyanoacryl ates and a- Cyanoacrylonitriles,” Eur. J.

Chem (200 i S Iyst and
reacti on MM BT RAFioPke By R el ant Bereonlel Lo Ry enagel
Condensati on of

Task: Speci {1 ¢ ExdeE F’afh? o o oy 2 Ay BRI B PGy

3767-3770; H A Oskooie et al.: "On Water: an Efficient Knoevenagel
Condensat i on Q§#Hg 12- Tungstophosphorl c Acid as a Reusable G een

Catal yst," Synthetic Comrunications, (2006), 10Vol. 36, pp. 2819-2823;

H Jiang et al.: "Inorganic Zinc Salts Catal yzed Knoevenagel Condensati on
at Room Tenperature wi thout Sol vent," Preparative Biochemstry &

Bi ot eéhnol dglhe (PogYyent \fspctiogg mliﬁ‘ff}re fiodicasgro;the optimunp nopfraligation: etfteal . : " An
Easy-to-use Heterogeneous Pronoted Zirconia Catalyst for 15 Knoevenagel
Condensat i on awtrplizgtipnithpials wasthelEltergbpient - Free Conditions,” Journal of

Mol ecul ar Catal ysis A: Chemical, (2006), Vol. 258, pp. 302-307; D. H Jung
et al.: "New and General Methods for the Synt hesi s of Aryl net hyI ene

Bi s( 3- Hydr oxy- 2- Cycl ohexene- 1- Ones) and Xant henedi ones by EDDA and | n( OT03-
Cat al yzed GiBwRotrat®ordsribenkivo evetege luhddrohasim o evaporating the Toluene/Acetic
Koevenagel / M chael / Cycl odehydrati on 20Reactions,” Bull. Korean Chem Soc.
(2009) Vol . 3Ac¢idNolve®, Rpfpoval 88 AcdtBOB¢id was crudral biktaasmpregyike of AdhresAqdh

Studi es of Mxtures of Ethyl Cyanoacrylate with a Difuncti onal

Cyanaacr yl at ecovhdeRbscanié cividghtinaé Be the th@®hied Bvahethowphehié GO Bfshowing 03-

Adhesi on, (1999), Vol. 69, pp. 293-306; P. Klemarwczyk: "A
General Synt hegi su@f. 1,1 Disubstituted El ectron Deficient 250 efins and
their Polymer Properties,” Polynmer, (1998), Vol. 39, No. 1, pp. 173-181;

9.After that 0.25 g (1000 ppm) of hydroquinone (HQ) and 0.25 g of sulfuric acid (1000
ppm) were added to the collected filtrate.
15
10. 1% distillation: the filtrate was then distilled at reduced pressure to remove acetic acid.

Dicthyl Mecthylenemalonate was collected at 55-70 °C with about 1.5 mm Hg of

vacuum as the crude monomer.

20 11. 2™ distillation: the crude monomer (with 1000 ppm of HQ and 1000 ppm of sulfuric
acid) was further fractionally distilled with stainless steel packed column under
reduced vacuum. Pure monomer was collected at 55 °C with 1.1 mm Hg of vacuum.
Monomer was stabilized with 1000 ppm of HQ and 10-50 ppm of

chlorodifluoroacetic acid.
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C. GIl et al.: "Knoevenagel Condensation in Neutral Media: A sinple and
efficient protocol for the Synthesis of Electrophillic al kenes Catal yzed by
Anhydr ouswBenriis48al phate wi th Remar kabl e Reusability, " PDEsee1m®sd0df

Chem stry, Dr. Babasaheb Ambedkar WMarat hwada Uni versity, Aurangabad 431 004
(MS), India, (n/fa), pp. n/fa; 5P. Ballesteros et al.: "D -tert-Butyl

Met hyl enenal onat e [ Propanedi oi ¢ Acid, Methyl ene-,
bis(1,1-dimethylethyl)ester],” Oganic Syntheses. Coll. (1990), Vol. 7,
p.142; (1986) Vol. 64, P. 63; A. M Vetrova et al.: "Inprovenent of
the Thermal Stability of Cyanoacryl ate Adhesives,"” Polynmer Science, Series

i %ﬁgoaa&ﬁ%ﬁwﬁ\ﬁﬂa@ﬁﬁ&%?ﬁis@%ﬁﬁaggga‘:@ﬁﬁ&%ﬁ@”@ﬁgﬁﬁ@”mﬁ i sm of

t he Knoevenag Reaction,"” Condensati on of Ketones with Cyanoacetic Esters,
(1937), Voll72gW5, B, 99357 2330: G Lai et al.: "lonic Liquid
Functionalized Silica CGel: Novel Catalyst and Fixed Sol vent," Tetrahedron
Letters (2006), Vol. 47, pp. 6951-6953; 15J. R Harjani et al.: "Lews

Acidic lonic L|qU|ds for the SyntheS|s of Electrophlllc Al kenes via the

Knoevéna gl : athkys (2002), Vol. 43, pp. 1127-
1130; P. Ballesteros et al .: "SyntheS|s of DI-tert Butyl Met hyl enenal onat e,
a Sterically Hatderlee 3inetk Ehlmdlbbt!my flagkl (k@unpned vdth aQogdenSiretmerm{al 88®)s Vol .

48, pp. 3603-3605; and 20T. Doi et al.: "Synthesis of Dinethyl gl oiosiphne

A by Way aaf adealohadimmnt)C30 @bizedobondchpdoQy alaly atgiodipetassium &egate £ddeng of (2007) ,
Vol . 72, pp. 3667-3671.
copper (II) acetate were mixed in 200 ml of acetic acid. This mixture was stirred and heated
at 85 °C for 40 min. From additional funnel, 80 g (0.5 mol) of diethyl malonate (DEM) was
10 then added drop-wise to the reaction mixture. At the end of the addition of DEM (about an
hour), the reaction mixture was further stirred at 85 °C for 2 hours.

The reaction mixture was then cooled to room temperature and 5 g of sulfuric acid
was added into the flask with stirring. The precipitates were then removed by filtration and
the filtrate was collected. 0.25 g (1000 ppm) of hydroquinone (HQ) and 0.25 g of sulfuric

15 acid (1000 ppm) were added to the collected filtrate.
Purification of monomer

1* distillation: the filtrate was then distilled at reduced pressure to remove acetic acid.
Dicthyl Methylenemalonate was collected at 55-70 °C with about 1.5 mm Hg of vacuum as
the crude monomer.

20 2™ distillation: the crude monomer (with 1000 ppm of HQ and 1000 ppm of sulfuric
acid) was further fractionally distilled with stainless steel packed column under reduced

vacuum. Pure monomer was collected at 55 °C with 1.1 mm Hg of vacuum. Monomer was

stabilized with 1000 ppm of HQ and 10 ppm of chlorodifluoroacetic acid.
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WHAT IS CLAIMED IS: 1. A method of making a nethyl ene nal onate nononer
conpri si ng: (a) reacting a malonic acid ester with a source of

f or mal dehwyoeoizssdie presence of a basic catal yst and opPConskey/056903 he
presence of a non-acidic solvent, to forma reaction 5 conpl ex; and

(b) recovering nethyl ene mal onate nononer fromthe reaction conplex. 2. A
net hod of making a net hyl ene nmal onat e nononer conpri si ng: (a)
reacting a malonic acid ester with a source of formal dehyde in the presence

of an 10acidi i.onal |y, e S e . af cidi.c or

non- aci di ¢ ﬁgﬁ®@ﬁ§ﬁb§iﬁ5§ﬂ@gﬁf§§%$ﬁagﬁpdﬂ5%Qkéﬁéﬁﬁﬁﬂﬁfﬂﬂ-G»( (Mldbveri ng
nmet hyl ene mal onat e _nmpnoner fromthe reaction conplex. 3. A nethod of making
a nethylenéjﬁaygngpé%ﬁéﬁoner conprising: 15(a) reacting a malonic acid
ester with a source of formal dehyde in the presence of an acidic or basic
catal yst and optionally in the presence of an acidic or non-acidic solvent,
to forma reaction conplex; (b) inactivating the catalyst; and (c)

recoveri : hadid polvent wikhcaeidic eatalyst he reacti on conplex. 20 4. A

met hod of maki ng a nethyl ene mal onate nononer conpri sing:
5 In a two-liter 3-neck round bottom flask (equipped with a condenser, thermal couple

2 22V AMAIIC
and additional funnel), 30 g of paraformaldehyde (1 mol) and 6.8 g of zinc chloride were
mixed in 200 ml of acetic acid. This mixture was stirred and heated at 85 °C for 40 min.
From additional funnel, 80 g (0.5 mol) of diethyl malonate (DEM) was then added drop-wise
to the reaction mixture. At the end of the addition of DEM (about an hour), the reaction

10  mixture was further stirred at 85 °C for 2 hours.

The reaction mixture was then cooled to room temperature and 5 g of sulfuric acid
was added into the flask with stirring. The precipitates were then removed by filtration and
the filtrate was collected. 0.25 g (1000 ppm) of hydroquinone (HQ) and 0.25 g of sulfuric
acid (1000 ppm) were added to the collected filtrate.

15 Purification of monomer

1* distillation: the filtrate was then distilled at reduced pressure to remove acetic acid.
Diethyl Methylenemalonate was collected at 55-70 °C with about 1.5 mm Hg of vacuum as
the crude monomer.

2™ distillation: the crude monomer (with 1000 ppm of HQ and 1000 ppm of sulfuric

20  acid) was further fractionally distilled with stainless steel packed column under reduced

vacuum. Pure monomer was collected at 55 °C with 1.1 mm Hg of vacuum. Monomer was

stabilized with 1000 ppm of HQ and 10 ppm of chlorodifluoroacetic acid.
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(a) reacting a malonic acid ester with a source of formal dehyde in the
presence of an acidic or basic catalyst and optionally in the presence of
an aci di cwonoreans4@ei di ¢ sol vent, to forma reacti on conpCeS2@53(069903
recovering the methyl ene nal onate nononer the reaction conplex; and

(c) mnimzing the recovery of volatile latent acid formng inpurities from
the reaction conplex. 5. The nethod of any one of clains 1, 2 or 4,

further conprising the step of inactivating 5the catalyst. 6. The nethod

of any one; | -5, rein inacti in e, cataly ri.ses
form ng an ?‘L@@lﬁtﬁ'@ ]\glflﬁ’cq%@@agé"‘gf(s’taz%@’ %Z’% tﬂ’ 3I§I§Ha%o(?’r63hb\éﬂbn@%t 2);
precipitate fromthe reaction mxture. 10 7. The nethod of claim®6
wherein the‘7ﬁ’r]é‘éi H7t &S s formed by the addition of sulfuric acid
phosphoric acid or a conbination therg&f. 8. The method of claim6,
wherein the precipitate is formed by reducing the solubility of 15the
catalyst in the reaction m xture. 9. The nethod of any one of clains 1, 2
or 3, furtherHeorphpsdesgriedan detaibprsferigl anhedinags phidc pesay Byynton, Vil ati | e
| atent acid formng inpurities. 2010. The met hod of any one of clains 4 or
9, whér etabetundersioepthef therinviemtion defnediy theelwye pyragiphsos aetitd be limitehio aci d
formng inpurities, conprises: (a) adding to the reaction m xture water and
an aci d bautulg detaygKset fathge thof ab8vd des&yptioh ks mdualy myateot tahetiorsdlotréodarem Xt ure a
sterically hindered organic acid; or

possible without departing from the spirit or scope of the present invention.
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17. The net hod of any one of Clains 1-16, wherein the recovering step is by
sinple distillation, fractional distillation, flash distillation, steam

di still atworepivesearam di still ation, short path distill atiPpemuseeiosddns m
distillation, reactive distillation, perevaporation, extractive
evaporation, flash evaporation, or rotary evaporation. 5 18. The nethod of
any one of Clains 1-17, wherein the recovering step is repeated two or nore
times. 19. The method of any one of Cains 1-18, wherein the recovering
step is perfogmed e%l.-l‘%gér:y“jeﬁ%eﬁ%l EOSRRYES in ﬁeou-rt]ramt%%ig% er%?ﬁﬁiagd _c.ié)n?.e. of

Clains 1-19, wherein't I ¢ acl d ester has 0 L
1500 wherein apd R . are independent | -C15 al C2-C15 al kenyl ,
nal o- (" cieeetal e s o GBPR R ehes iy N ol i Sy oY

het erocycl.yl, heteraocyclyl4d C1-C15 alkyl), aryl-( Cl-Cl | kyl), heteroaryl
or - het o SR tapIG s Deprtnpalinhties. Bs hbighsd Rulelibl  whi ch may
be optionally substituted by Cl-Cl5 al lﬁ/l , g,al o-( Cl1-C15 alkyl), C3-C6

cycl oal kfarathgdy YnivessiigsAvgegabpd at kYIH (MR dpdip IRPt Mahet er ocycl y14 Cl- C15
alkyl), aryl, aryl -(CL-C15 alkyl), heteroaryl, Cl-Cl5 al koxy, Cl-C15

al kyl £hi o, hyﬂrli&{lﬂt?rowtta#-o,Dlatzftd%{tylé%hsd?nea@ néwl,’roe%ne@@i@yémést er or

sul fonyl; O wherein Rand R' are taken together with the atons to which
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5nitro, azido, cyano, acyloxy, carboxy, ester or sulfonyl. 21. The method of
any one of Clains 1-20, wherein the malonic acid ester is nono functional.
1022. The wotzhdbsedi6any one of C ainms 1-21, wherein the maraszai1/asi93 est er
is difunctional. 23. A nethyl ene mal onate nononer prepared according to the
met hod of any one of Clains 1-22. 15 24. A product conprising a nethyl ene
mal onat e nononer prepared according to the nethod of any one of O ains
1-22. 25. The product of C aim 24, wherein the product is an adhesive, a

coat i ng, ‘,@I{gﬁgﬂi;ﬁgﬁqgﬁosi te, or a surfactant. 26. The product of any
one of =235, er conprising an acidic stabilizer, a free

modi er 1 a prastd SR g R Rl wf R SRS Ratural rubber . a
her cof . VIO 2082 STE HEMSTIUSTOR 085508 es9! MTRATIPBaUH: BFSRy Bhe of
LS 2bi et bR TR e S ST S P B b 2oy one

of Clainms 24-27, further conprising an acidic stabilizer, 5wherein the acid
st abi fi z&?MM&%s a8dpKa in the range of -15 to 3.

(b) recovering methylene malonate monomer from the reaction complex.

2. A method of making a methylene malonate monomer comprising:
(a) reacting a malonic acid ester with a source of formaldehyde in the presence of an
10  acidic catalyst and optionally in the presence of an acidic or non-acidic solvent to form a
reaction complex; and

(b) recovering methylene malonate monomer from the reaction complex.

3. A method of making a methylene malonate monomer comprising:

15 (a) reacting a malonic acid ester with a source of formaldehyde in the presence of an
acidic or basic catalyst and optionally in the presence of an acidic or non-acidic solvent, to
form a reaction complex;

(b) inactivating the catalyst; and

(c) recovering methylene malonate monomer from the reaction complex.

20
4. A method of making a methylene malonate monomer comprising:

(a) reacting a malonic acid ester with a source of formaldehyde in the presence of an
acidic or basic catalyst and optionally in the presence of an acidic or non-acidic solvent, to
form a reaction complex;

25 (b) recovering the methylene malonate monomer the reaction complex; and
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29. The product of any one of Cains 24-28, further conprising an acidic
stabilizer, wherein the acid stabilizer has a pKa in the range of -15 to 1.
1030. The woadurats4@b any one of C ains 24-29, further compTiuseng/oseoxnci di c
stabilizer, wherein the acid stabilizer is a volatile acid stabilizer, and
wherein the volatile acid stabilizer has a boiling point |ess than 200C.
31. The product of any one of C ains 24-30, further conprising an acidic
stabilizer, 15wherein the acid stabilizer is a volatile acid stabilizer,

and wherein t vol at.i | id stabiliz S iling. n ess t han
roc e eLD Of il B AEb b A Al BphAL I ARPORIM hESS HhA0

acidic stabilizer, wherein the acid stabilizer is a volatile acid
stabilizg?gugﬁﬁnﬁﬁﬁrein the volatile acid stabilizer 20has a boiling point

| ess than 130C. 33. The product of any one of Cains 24-32, further
conprising an acidic stabilizer, wherein the acidic stabilizer is an acidic
gas. 2534. The_product of C aim 33, wherein the acjdic gas is SQ2 or BF3. WO
2012/ os4é-1epcﬂ%@%5q<fl9fc?% 9@%0%%@%, PG fethepsoniping Al 3p ARacHEAtPE- 34,
further conprising an acidic stabilizer, wherein the acidic stabilizer is
preseft fhs catel¥shcentration of 0.1 ppmto 100 ppm 536. The product of any
one of Clains 24-35, further conprising an acidic stabilizer, wherein the
acidic stabilizer is present in a concentration of 0.1 ppmto 25 ppm

6. The method of any one of claims 3-5, wherein inactivating the catalyst comprises
forming an insoluble precipitate of the catalyst and removing the precipitate from the reaction
mixture.

10
7. The method of claim 6, wherein the precipitate is formed by the addition of sulfuric

acid phosphoric acid or a combination thereof.

8. The method of claim 6, wherein the precipitate is formed by reducing the solubility of

15 the catalyst in the reaction mixture.

9. The method of any one of claims 1, 2 or 3, further comprising the step of minimizing

the recovery of volatile latent acid forming impurities.

20 10. The method of any one of claims 4 or 9, wherein the step of minimizing the recovery
of volatile latent acid forming impurities, comprises:
(a) adding to the reaction mixture water and an acid having a pKa range of -8 to 5;
(b) adding to the reaction mixture a sterically hindered organic acid; or
(c) adding to the reaction mixture a non-volatile organic acid,

25  or any combination of (a), (b) or (¢).
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37. The product of any one of Cains 24-36, further conprising an acidic
stabilizer, wherein the acidic stabilizer gas is present in a concentration
of 0.1 ppwote121B4gpm 38. The product of any one ofPCTUs20MB/02690387,
further conprising a free radical stabilizer. 39. The product of any
one of Clainms 24-38, further conmprising a free radical stabilizer, wherein
the free radical stabilizer is a phenolic free radical stabilizer. 40. The
product of any one of Clainms 24-38, further conprising a free radical
stabilizer, wherein the free radical stabilizer is present in a
concentration of 0.1 ppmto 10000 ppm 41. The product any one of

Clains 24-40, further comprising a free radical stabilizer, 20wherein the
frae radikal TR un A of Pl forioh 5 whBRdR 13 AohmbFEhe 1RGHIES 000
ppm 42.<%ﬂe1$%9duct f any one.of Cains, 24-41 further. conprising a free
radi cal SHYBT AT aqhiorBing TPRY e SAMPEF et A PRiaR MU BEARd T a
concentratign of 0.1 ppmto. 1500 ppm WO 2012/ 054616PCT/ US2011/ 056903 43.
The proddtfciohavinge Rfetapgse -8ty 24- 42, further conprising a free radica

stabilizer, wherein the free radical stabilizer is present in a
conceitration of 0.1 ppmto 1000 ppm 44. The product of any one of J ains
24-43, further conErising a free radical stabilizer, 5Swherein the free
radi cal 3$%-abi Thesgethedofmng eanef qlaima 108 Add ntvhesein die kypic gatalygpsnpetessBO0 ppm
45. The product of any one of Cains 24-44, further conprising a free
radi cal stegdté, Ispdien aceibferzaicracethie, flvemumadeietal cabtivbpddtate maggespmesetatc,i n a
concentration of 0.1 ppmto 150 ppm 10 46. The product of any one of C ains
24- 45, f oragimsuncongy, cqipagacatate hthest arctang algemin oxithe oerinc bhide.sequest eri ng
agent is a crown ether, a silyl crown, a calixarene, a polyethylene glycol,
or a conbi nation thereof.
10 13.  The method of any one of claims 2-11, where catalyst is an acidic catalyst and is
paratoluene sulfonic acid, dodecylbenzene sulfonic acid, borontrifluoride, zinc perchlorate,
sulfated zirconium oxide, sulfated titanium oxide, lithium chloride, boron trifluoride etherate,

ferric sulfate, zirconium oxychloride, cupric chloride, titanium tetrachloride, or zinc chloride.

15 14.  The method of any one of claims 1-13, wherein the reacting step is conducted in the

presence of a non-acidic solvent.

15. The method of claim 14, wherein the non-acidic solvent is tetrahydrofuran,
chloroform, dichloromethane, toluene, heptane, ethyl acetate, n-butyl acetate or hexane.

20
16. The method of any one of claims 1-13, wherein the reacting step is conducted in the

absence of a solvent.
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47. The product of any one of O ains 24-46, further conprising a cure
accel erator, 15 wherein the cure accelerator is sodiumacetate, potassium
acet at e, wetoenstetbk anmoni um fl uori de, tetrabutyl amoniPamiuskéionsede3
tetrabutyl ammoni um hydroxi de, or conbi nations thereof. 48. The product of
any one of Clainms 24-47, further conprising a rheology nodifier, 20wherein
the rheol ogy nodifier is hydroxyethylcellul ose, ethyl
hydr oxyet hyl cel | ul ose, nethyl cel lul ose, a polyneric thickener, pyrogenic
stl1ca of;a oppbi0akd QL RSE 60%mA%1c AANNES S, BROYUS], GATRFLSI nd 8
rep ing to thesmst Hod 0

met hyl ene mal onat e nonormer P ared accor g 0 any one of

Clains 1-2 25 2012/ 054616 [, US2011/ 056903... 50. The a i.ve product
of ol ai ATt GRS At TRE= A SETEEE Trgn B b st IE i Eat: “one
year. 51. The.adhesj.v rodyct of any one of claim49-50, wherein the
Vovei of seBuaeotuRRaE s TR Rt HEn Tea G0t spiactso i B AR SHAS BT oduct of
any one of claim49-51, wherein the |level of other latent acid-formng

i npur i ti 8¥rpetipydlash GRROTAEIL O PPHAY BIRPTYN 53, A pol ymer conpri sing one or
nore units of a nmethyl ene nal onate nononmer prepared according to the nethod
of any one of clains 1-22. 54. A pol ymer product conprising a polyner
according to claimb53. 1555. The pol ynmer product of claim54, wherein the
product i & a "g]@;amqh(@q ofzpny ¢ ofgllaisagrli-| % wherein the recovering step is repeated two or

more times.

19. The method of any one of Claims 1-18, wherein the recovering step is performed at

10  reduced pressure.

20.  The method of any one of Claims 1-19, wherein the malonic acid ester has the

formula:

R //U\\\//JL\\ R
o v

wherein R and R are independently C,-C;5 alkyl, C,-C;5 alkenyl, halo-( C,-C;s alkyl), C5-Cg

15

cycloalkyl, halo-( C3-C¢ cycloalkyl), heterocyclyl, heterocyclyl-( C;-C;s alkyl), aryl-( C;-C;s
alkyl), heteroaryl or heteroaryl-( C;-C;s alkyl), or alkoxy -(C1-15 alkyl), each of which may
be optionally substituted by C;-C;s alkyl, halo-( Ci-C;s alkyl), C3-Cs cycloalkyl, halo-( C3-Cs

20  cycloalkyl), heterocyclyl, heterocyclyl-( C,-Cys alkyl), aryl, aryl «(C;-C,s alkyl), heteroaryl,
Ci-Cys alkoxy, C;-Cis alkylthio, hydroxyl, nitro, azido, cyano, acyloxy, carboxy, ester or
sulfonyl;

or
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coating, a textile fiber, a water-treatnent polyner, an ink carrier, a
paint carrier, a packaging film a nolding, a nedical polyner, a polyner
film a pebynerosidiber or a pol ymer sheet. 56. An enolPatraSasizmsiat ed

ol i gomer conprising one or nore units of a nmethyl ene 20 mal onat e nononer
wherein the nethyl ene mal onate nononer is present as its enolic tautomner.
57. The enol ate associ ated ol i goner of claim57, wherein said oligoner is
bound t hrough hydrogen bondi ng of the enolic tautonmer with water,

:vx"or 5”8:12'? %%ET&%@%%&%%%%B%@ z %%ﬁ'ﬁﬁ(’ivr%iﬁ%@%%ﬁgf'%ﬁ%dr,@ﬁ HERET of the

: ) in R R. i . -Cl5 -C15
aliceny!. nﬁgnlbsr.“egﬁi gr'.o&%w%ﬁﬁwhjcf%%ﬁg%pﬁgﬁﬁl%i% ite%#aﬁésgg%&algc ol kyl ),
et or oar §1° BN E L S TG eCapfb sl T ECEAE-RSE) | each of

whi ch may_be optionally substituted by Cl1-C15 al kyl, halo-( G -Cl5 al kyl),
G 05 cy kB v hal ote T OB EPERb A kG oS B DA Io. hkeboycl y1a
Cl1-C15 al kyl), aryl, aryl -(Cl-Cl5 al kyl), heteroaryl, 10Cl-Cl5 al koxy,

Cl- C15 ahitip} #4ifop CyaRg b%iﬂ”,cawpﬁ’6§tera‘3£iSH]<§0,nybyano, acyl oxy, carboxy, ester or
sul fonyl. 59. A polynmer having repeat units of the fornula:

21.  The method of any one of Claims 1-20, wherein the malonic acid ester is
monofunctional.

10 22.  The method of any one of Claims 1-21, wherein the malonic acid ester is difunctional.
23. A methylene malonate monomer prepared according to the method of any one of
Claims 1-22.

15 24. A product comprising a methylene malonate monomer prepared according to the

method of any one of Claims 1-22.

25. The product of Claim 24, wherein the product is an adhesive, a coating, a scalant, a

composite, or a surfactant.

20
26.  The product of any one of Claims 24-25, further comprising an acidic stabilizer, a free
radical stabilizer, a sequestering agent, a cure accelerator, a rheology modifier, a plasticizing
agent, a thixotropic agents, a natural rubber, a synthetic rubbers, a filler agent, a reinforcing
agent or a combination thereof.

25
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wherein R and R are independently Cl1-Cl15 al kyl, C2-C15 al kenyl, hal o-(
Cl-C15 al kyl), C3-C6 cycloal kyl, halo-( C3-C6 cycl oal kyl), heterocyclyl,
het er ocycWpR4120i546385 al kyl ), aryl-( Cl-Cl5 al kyl), het ePO&MSL010/056903

het eroaryl4 Cl-Cl15 al kyl), or al koxy -(Cl-15 al kyl), each of which may 5be
optionally substituted by Cl-Cl15 al kyl, hal o-( Cl1-Cl15 al kyl), C3-C6
cycl oal kyl, halo-( C3-C6 cycl oal kyl), heterocyclyl, heterocyclyl4 Cl-Cl5
al kyl), aryl, aryl -(Cl-Cl5 alkyl), heteroaryl, Cl-Cl5 al koxy, Cl-Cl5

al kyl thi gy hyfiﬁe 38duct B A Bne BEEHhs YA RurthRESn P Hing GREAD KeabBSLET OF

sul fonyl -

wherein the acid stabilizer has a pKa in the range of -15 to 5.

28.  The product of any one of Claims 24-27, further comprising an acidic stabilizer,

5  wherein the acid stabilizer has a pKa in the range of -15 to 3.

29.  The product of any one of Claims 24-28, further comprising an acidic stabilizer,

wherein the acid stabilizer has a pKa in the range of -15 to 1.

10  30.  The product of any one of Claims 24-29, further comprising an acidic stabilizer,
wherein the acid stabilizer is a volatile acid stabilizer, and wherein the volatile acid stabilizer

has a boiling point less than 200°C.

31.  The product of any one of Claims 24-30, further comprising an acidic stabilizer,
15 wherein the acid stabilizer is a volatile acid stabilizer, and wherein the volatile acid stabilizer

has a boiling point less than 170°C.

32. The product of any one of Claims 24-31, further comprising an acidic stabilizer,
wherein the acid stabilizer is a volatile acid stabilizer, and wherein the volatile acid stabilizer

20  has a boiling point less than 130°C.

33.  The product of any one of Claims 24-32, further comprising an acidic stabilizer,

wherein the acidic stabilizer is an acidic gas.

25 34. The product of Claim 33, wherein the acidic gas is SO; or BFs.
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35.  The product of any one of Claims 24-34, further comprising an acidic stabilizer,

wherein the acidic stabilizer is present in a concentration of 0.1 ppm to 100 ppm.

36.  The product of any one of Claims 24-35, further comprising an acidic stabilizer,

wherein the acidic stabilizer is present in a concentration of 0.1 ppm to 25 ppm.

37.  The product of any one of Claims 24-36, further comprising an acidic stabilizer,

wherein the acidic stabilizer gas is present in a concentration of 0.1 ppm to 15 ppm.

38.  The product of any one of Claims 24-37, further comprising a free radical stabilizer.

39.  The product of any one of Claims 24-38, further comprising a free radical stabilizer,

wherein the free radical stabilizer is a phenolic free radical stabilizer.

40.  The product of any one of Claims 24-38, further comprising a free radical stabilizer,

wherein the free radical stabilizer is present in a concentration of 0.1 ppm to 10000 ppm.

41.  The product any one of Claims 24-40, further comprising a free radical stabilizer,

wherein the free radical stabilizer is present in a concentration of 0.1 ppm to 3000 ppm.

42. The product of any one of Claims 24-41, further comprising a free radical stabilizer,

wherein the free radical stabilizer is present in a concentration of 0.1 ppm to 1500 ppm.
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43.  The product of any one of Claims 24-42, further comprising a free radical stabilizer,

wherein the free radical stabilizer is present in a concentration of 0.1 ppm to 1000 ppm.

44.  The product of any one of Claims 24-43, further comprising a free radical stabilizer,

wherein the free radical stabilizer is present in a concentration of 0.1 ppm to 300 ppm.

45.  The product of any one of Claims 24-44, further comprising a free radical stabilizer,

wherein the free radical stabilizer is present in a concentration of 0.1 ppm to 150 ppm.

46. The product of any one of Claims 24-45, further comprising a sequestering agent,
wherein the sequestering agent is a crown ether, a silyl crown, a calixarene, a polyethylene

glycol, or a combination thereof.

47. The product of any one of Claims 24-46, further comprising a cure accelerator,
wherein the cure accelerator is sodium acetate, potassium acetate, tetrabutyl ammonium
fluoride, tetrabutyl ammonium chloride, tetrabutyl ammonium hydroxide, or combinations

thereof.

48. The product of any one of Claims 24-47, further comprising a rheology modifier,

wherein the rheology modifier is hydroxyethylcellulose, ethyl hydroxyethylcellulose,

methylcellulose, a polymeric thickener, pyrogenic silica or a combination thercof.

49.  An adhesive product comprising a methylene malonate monomer prepared according

to the method of any one of Claims 1-22.
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50.  The adhesive product of claim 49, wherein the adhesive composition is stable for at

least one year.

51.  The adhesive product of any one of claim 49-50, wherein the level of ketals is less

than about 100 ppm.

52.  The adhesive product of any one of claim 49-51, wherein the level of other latent

acid-forming impurities is less than about 100 ppm.

53. A polymer comprising one or more units of a methylene malonate monomer prepared

according to the method of any one of claims 1-22.

54. A polymer product comprising a polymer according to claim 53.

55.  The polymer product of claim 54, wherein the product is a sealant, a thermal barrier
coating, a textile fiber, a water-treatment polymer, an ink carrier, a paint carrier, a packaging

film, a molding, a medical polymer, a polymer film, a polymer fiber or a polymer sheet.

56.  An enolate associated oligomer comprising one or more units of a methylene
malonate monomer wherein the methylene malonate monomer is present as its enolic

tautomer.

57.  The enolate associated oligomer of claim 57, wherein said oligomer is bound through
hydrogen bonding of the enolic tautomer with water, formaldehyde, methylene glycol or a

solvent capable of hydrogen bonding.
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58. A polymer having a repeat unit of the formula:

o/R
H,C >\70_
o\R'

wherein R and R” are independently C;-C;s alkyl, C,-C;s alkenyl, halo-( C;-C;s alkyl), Cs-Cs
cycloalkyl, halo-( Cs-C¢ cycloalkyl), heterocyclyl, heterocyclyl-( Ci-C;s alkyl), aryl-( C;-C;s
alkyl), heteroaryl or heteroaryl-( C;-C;s alkyl), or alkoxy -(C1-15 alkyl), cach of which may
be optionally substituted by C,-C;s alkyl, halo-( C;-Cys alkyl), C35-Cs cycloalkyl, halo-( Cs-Cg
cycloalkyl), heterocyclyl, heterocyclyl-( Ci-C;s alkyl), aryl, aryl «(C;-C;s alkyl), heteroaryl,
C;-C;s alkoxy, C;-C;s alkylthio, hydroxyl, nitro, azido, cyano, acyloxy, carboxy, ester or

sulfonyl.

59. A polymer having repeat units of the formula:
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O/R
O\R |

wherein R and R” are independently C;-Cys alkyl, C,-Cis alkenyl, halo-( C;-C;s alkyl), Cs-Cs
cycloalkyl, halo-( Cs-Ce cycloalkyl), heterocyclyl, heterocyelyl-( C;-C;s alkyl), aryl-( C;-C;s
alkyl), heteroaryl or heteroaryl-( C;-Cis alkyl), or alkoxy -(C1-15 alkyl), each of which may
be optionally substituted by C;-C;s alkyl, halo-( C;-C;s alkyl), C3-Cs cycloalkyl, halo-( C3-Cs
cycloalkyl), heterocyclyl, heterocyclyl-( Ci-C;s alkyl), aryl, aryl «(C;-C;s alkyl), heteroaryl,
C;-C;s alkoxy, C;-C;s alkylthio, hydroxyl, nitro, azido, cyano, acyloxy, carboxy, ester or

sulfonyl.
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