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BACKGROUND OF THE INVENTION

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

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

25 2. Background

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



like. While the potential is there for such materials, nethylene mal onates
or materials nade therefrom have found very limted commercial success

ow ng to wbeotdskissul ty of their production, including powrisand/osseati c
yields, lack of reactivity, and general instability of the nononer
products. These difficulties stemfromthe deficiencies in the nethods
devel oped 15 over the years which have proposed various schenes for

synt hesi zi ng net hyl ene nal onat es. However, while such earlier nethods
for produci ng net hyl ene nmal onat esphave been known for many years, these
prior methods suffer significant geficiefcies which preclude their use in
obt ai ning comrercially viq@le nongners. Juch de;éciencies i ncl ude unwant ed
pol ymeri zati on of the nonomexs r n sis (e.g., formation of

pol yners or oligoners 20or al fernati conpl®xes), formation of undesirable
side products (e.g., ketals or other ||atent acid-form ng species which

i rpede rapi d pol ymerization), degraddtion of the @oduct, insufficient
and/or |ow yields, and ineffective and/or poorly functioni ng nononer

pr oductwlfcecig R arpioRt maylbegicseme baddtirartiasd nag regt®ht héarly,ang sulnt inent or
functional characteristics), anong other WD 2012/ 054633PCT/ US2011/ 056926
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pro ucﬁggh#%ﬁ%#ggkggsoSggggﬁggﬁgﬂ%g#ggvfﬁgﬁgygﬁbnb%t#%%§g9p¥%gﬁgﬁs have yet
been prQ ﬁﬁﬁd’ accepted and/or recognized and certainly 5do not exi st
currenﬂlg t he industry. For exanple, in U S. Patent No. 2,330,033
to Gaetano D Alelio ("the '033 patent”), nethylene nmalonic esters are
prepar ed by HEsRIEHBPHEdS hawg thepeteriddl & Taxmthe bavinel daahgealnsbiemoypkal i ne
conditions, acidifying with acetic acid and dehydrating the mass and

di sti | llangg-stdle phatiohylfentbe nisdronilsyethess of 4 newe acter ekmvpheteolstfiethe 033 pat ent
the condensation reaction is 10acidified using acetic acid. Furthernore,

t he est®herafiotleSLivideedrias, dfleynotemidan grospon}ianiaoms livks, adiebiecakeangs, of
inhibitors. Thus, the reaction conditions described in the '033 patent
woulpd nayignd §fofimgl RBcANEGR! RBIsEmBARIB oW R UokiPbitdadirRRtaffs i gndronomer
and the production of deleterious side products. Further, the reference
does nqh YOI EBAMLAS i HEd BF TRA! AN 011, SHSR B! £ Enhaus, Shhg.Rroducts,
| et al on€’ does’ i prOV|de any { 2ad I'ngs or 1 %ugges ions as to how to avoid
or elimnate the formation of these inpurities. Accordingly, . the nmethylene
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production of viable comrercial and industrial products. _Simlarly,
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mal onatresnomdripraictr Mbkcehfftbaltias stdnefrpmebedefeciafciann dckatthodwedeatlopad t of a
carboxylic acid in a substantially anhydrous carboxylic acid solvent. The
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directly fromt reaction m xture unde eric pressure.

ester i,s described as formng a soft waxy. Whi ol.ymer . upon .st andi ng,
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anhydr ous conposi t.i on, the.react%qn either fails tg occur..or is greatly
del ay edeigy ppglga esive characteristics, stability, or other functional ¢ aracterlstlcsg, among other




inhibitor up to the tinme when the effectiveness of the inhibitor is reduced
by contact of noisture therewith (from occluded surface water on gl ass,

met al or wbeolzdsed33 The unfavorabl e reacti on conditi onspPdedseeibessona this
reference would have led to the production of del eterious side products.
The ' 318 patent does not even recognize the formation or 15presence of

t hese iprpbleint.i The oveehll pbrbeyioldf guialityaal ichgsicol psfvgaesde ik Méndraernow t 0
avoid or elimnate their formation. Accordingly, the methyl ene mal onates
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pr epar in hi urlt ecause even W th snal unts of urities that
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pat ent descri bes renDV|ng all inpurities to |l evels bel ow 100

par ts- prist ckisoenrisndy & tigligdusyow 10 parts-per-nillion. The nonomers are
prepared by hydrogenating the ol efinic bond of a dialkyl
aIkoxy-nethykememnpbnmﬂéSihmmhé«pﬁé@@ﬁﬁét@thamhqﬂwagﬁn&ﬁheﬁXBim&mﬁDyst and
pyrolyzing the reaction product. The '745 patent states that these high
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bonds in situ rapidly, within seconds. |Indeed, the '745 patent, Ilke
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sy ntohesicidifedyesagsagete aﬁﬂeﬁ&ﬁhﬁ@”ﬁ%tﬂ?fﬁs&fﬁés drsciabreas PRY PR ed to the
Knovenagel reaction with formal dehyde. Thus, the nmononer purportedly forned
by t he speueessisly inthet dhecncz 45 itdmldtdr@m?htpathemc@tibs compriarstdesaibeflon these in t he
production of viable comrercial and industrial products. 10Still further,
in U S oPapasiit isuld Baveb8d bbilie uaddstrkble tprahatuie"golen&bAtipabd £iht NonbarReald on a
general process for producing nmethylene malonic esters of the general

for mul ahChRa tion dfRctoriddy sfd@%?&du@ﬁ paradomeRL eyl 8odshod baG @éog%%t ic acid
in the presence of a catalyst to forma product in the formof a ‘gel "
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conducted over urs

pr oduces substan%jal anD Pf del rlous S|§ﬁ($roducts as enced by
the15gelsél{%$9~?8%s PHANY IR AV |°6§ @fnafeh QORGeR Of Fgse Aritich e ACGs nﬁ t ent
contains no support showing the functionality of the nononers produced. Due
to the the R@tlvlegﬁesaé@n?éeswmﬁ@ﬁlx fevapd by this process ereigpradiisalifonetciipmld ity of
t he nononers produced by the '550 patent would likely be substantially
conpr omirsédtio 0C/ablegonumeciolimmddhdestiva pratyes. of t he foregoi ng processes,
whi ch di sadvant ages were said to nake themdifficult, if not inpossible to
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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 diethyl 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



these patents, the anthracene adducts were said to be readily produced in
high yields with the desired nethyl ene nal onates obtai ned by stripping them
from t he wotzhrzsesse adduct by any of the known net hods ipotlusdéingsdéveat
treatment, thernolysis, pyrolysis or hydrolysis; preferably heat treatnent
in the presence of maleic anhydride. The resultant crude products 5 were

t hen suijeaubéettd. oriari50i phtentdiost hbl Bkh erdgnipe eeaoahdtivonl cTWEEh ddEPEsRLsitcee
distillations under vacuum to recover the purified nethylene mal onates.
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respect.to the broader Vi of net Iene nal at es .capabl e of bei

pr oducdBtmeq Myt HECss? afﬁ%%@ﬁar%tlgﬁ Jﬁ reﬁamcyc Soncdsbared e dhst o ency
and the general instability of the process as well as the so-forned crude
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t he production process and resultant product and the attendant costs

associ anktitothar tevhe hme vdien dlongffestivewss afiitic ovebighasiodscadiy wormekeici al val ue
and opportunity for these products. Simlar conclusions may be drawn from
ot her rapiks@seht@iithe P aucluded sirgne esatdrivatgldsprietabsitthe tké)eadie the synt hesi s
of net hyl ene mal onates, including, for exanple, U S. Patent Nos.
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of these references, however, recognize the same problens di scussed above,
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comercial viability. In view of the above art, there remains no
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chem cal synthesis of nethylene nal onate nononers which nmay 10 be utilized
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source of an |nportan raw materjal. SUVMARY OF THE | NVENTI The purpose
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20from the description that follows. Additional advantages of the invention
wi | | bempewtd. 7Bt ‘dAdl patentadasertbasyermprangrell iropiwritas do Hystsérowp G pastsier y
pointed out in the witten description and clains hereof, as well as from
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met hod of maki ng a nmet hyl ene nal onat e nononer conprising: (a) reacting a
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t f
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transfer




5nmeans to produce a vapor phase conprising nethyl ene nmal onate nononer; and
(c) isolating the nethylene nal onate nononer fromthe vapor phase. I n
one enbodwvoent2ossdse first aspect of the invention furthecTaseqnios®sst he
step of repeating steps (b) and (c) on additional portions of the reaction
conplex. In certain enbodinments of the first aspect of the invention, the
react i ahateGatPbeymedke andl@parfiriroontdl er afy, rapillys whisiisdicoadsd. indadothe 224b i n | ess
than 15 m nutes; less than 10 mnutes; less than 1 mnute; |ess than 30

second Sp'atén?,slﬁcetraﬁﬁd 10s SR M. 30031083 % EB&Er Lt §1.e(3‘9&d‘()97 patent”}, @e(ﬁﬁﬁé@ fhe
enbodi ments of the first aspect of the invention, the reaction conplex, or

a portianok Qr‘fac‘%&’c 1B PP R AREA Rl h¥i£YRPAHd %‘é‘i’ex%{ﬁ% ffird E@ &%{i%}&n‘?” of

| atent acid formng |npur|%es o T rreversipl e conplex i iparities. 151 n

anot her__enbodi ts of the first. aspect of the invention erein step (b)
is per f%%WGBﬁH%F@EFEP%“ﬂBFet GOALIOBY Of 196 VEREYY ’E’iﬁ“&?&‘dﬁ?’%}&bwe%é‘ﬁ“p}Bﬂtq on of
reaction conplex is substantially vaporized in step (b) prior to the
contactiprgatioh dnowaeied pad deleisrions viéapiodegts arrhislagruchi meretipensivgragyl t r ansf er
means. In other enbodi nents of the second aspect of the invention, the

r eact i ahffecoltplekedisproags forzedparmgtmathyesd malopata af oompared ro tha Ksioegnagal) . 201 n
certain enbodi nents of the first aspect of the invention, the energy

t r ansf geadi@aRstH HSridald€didet TARS RS mag®REr purporidieforRB®BH tHERIbSes s of R first
aspect of the invention, the energy transfer neans is a heat exchanger. In

parti cubag , enadi %E{ssis Pni‘@gﬂ?c%f fo‘?)ﬁgé]ﬂlntﬂgProidﬁct?ons&%eibl@ hRE BRA

exchanger, a plate heat anger, an adtabatic wheel heat exchanger, a
finned.ghgﬁ?Qeat 25exchanger, a plate fin heat exchanger, or a scraped
sur f acdAEHAL QIS Syer . WO 2012/ 054633PCT/ US2011/ 056926 In still

ot her enbodi ments of the first aspect of the invention, the energy transfer
meafs is a |YEkfurther, in U.S. Ratgt Not h &S, 2¥fedickehels (dhe Hbraetonapatprat of
the invention, the energy transfer nmeans is a source of radiation. In

part i cugcaerabpriooehs fienmrsdudingemethslcat mafonisestérs pdtha\genSrkiimnladil=C(- In a
second aspect, the invention provides a nethod of making a nethyl ene

mal onat@ORRNGVREad@EPhtasorfigidechyde in dl@dialraedid ddidinatheptedeice oflaicataBst &6 wWith a
source of formal dehyde in the presence of 10 heat transfer agent;

opt i onabhy alpfoduREinRhERRALE OfgePrviRich BitherPrcrRASH© af Rlpfli¥iRporagRd Optional |y
in the presence of an acidic or non-acidic solvent, to forma reaction

ne . o’
e e S S T G AL SR,

to between apout 150C and about 300G, d :
15 and produces a su stanta}aﬂ amount of cile etercl)ous s?({% products, as evidenced by the

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



(c) isolating the nethylene nmal onate nononer fromthe vapor phase. In
one enbodi nent of the second aspect of the invention, the step of producing
a vapor pNexei1dsye3Bs perforned by heating the reaction eomupiseciifosens about
130C to between about 150C and about 300C in less than 15 mnutes. In
certain other enbodi ments of the 20first aspect of the invention, the step
of pr odh&dchatcatsy tig@hthpdRE€ addiktsi verp €4itl @6 BeLbabity pRdtitdiignthieh yields withnhe onpl ex
from about 130C to between about 150C and about 300C in | ess than 10

M nut €Syesired methylene hldialds dbRiRAMR M Stheh A48 thd idlra8iid 2A6QDY ag§PECT S
of the iInventi on utilizing a heat 25transfer agent the heat transfer agent

is a he ne r

2012/ 0503%% TU%E%%% lﬁg@@% hr?%n%r)eeagﬁg gthB oggﬁs 8§3§ %%r%l ?I(S:el ai n beads,
sand, sil silicone oil, mneral t.r ol um based ansfer

oi I, ?lﬁtaﬁbt teét t{ﬁaémeeap %%greaenﬁeat H@Lemt'&ﬁﬂ@ﬁ |The gysu ar&ﬁéuctee %porti on
of reactl on co certain enbodi nents of the invention the
readt i rigers thep sp cfpé tq)@nttwdm@atlléatloabdmtfe%bdowv@r wpgtaturgglgstillations under ot her
enbodi mrents of the invention, the isolation of nethylene mal ononate nononer
f rom t hacwapoo rpdoasethe ptigfed m):thylesle aciorevsdDbypitertiaetlaontl high gieids| étiron
after condensation of the vapor phase. In still other enbodinents, the

i sol at i @idOficlaBtvaw @neraMglionRNah& JTRNONBE, dhd @it hepyapelr, MRS is abgi (C),
i s achi eved by gas chromat ography. In 10 yet ot her enbodi nents, the

i sol at'\91’&1%E%éE?th‘t}ﬁleﬁgﬁter’r’]@"tR@&Q@rlﬁl r fromthe vapor phase, step (c),
y ro

i's achieve I qu mat ogra ter condensation of the vapor phase.

Step of () DRAF BT PR ey %@ﬂéhﬁpmttgia”ﬁ%ﬁ%@ i O B

pressure wthin about 60 m nutes of recovery, within about 30 m nut es of

r eciverXgrsaiifityn partigyatly with resnsek tedhe bypades fvéeetvaf yesylenerarlpuates ppalle of
recovery. I n anot her enbodi nent, the reacting step (a) of the nethods
of t he bemgemoduned; lsngseng prabbaing persibted abswhckatdf-toabaselt mlcgsstency and then yet
anot her enbodi nent, the reacting step (a) of the nethods of the invention

i s per f@nembinstabilifgo pthe petes Bfwdlnasahé sh-raat aludstand finalsooductsybgsticlatpt s,

the acidic catalyst is 20paratol uene sulfonic acid, dodecyl benzene sul fonic

aci d, tlﬁ'bﬁﬂkts!’térﬁgé“aﬁdi Q?for&hfh@edﬁ%&iﬂts%@éheas aﬁHésfl@etseﬁa&é &zﬁHﬁieUs'Ihf%X' de,
sul fated titani um oxide, lithiumchl’oride, boron trifluoride etherate,

ferric @&anugﬁaﬁy, At LEQR t’tﬁi}t&)ﬁ{g&l@ 6ncl?dieﬁa%lljeoadr%d g?ﬁng{ g;%rt c%ﬂa"rf}'llé tof

tetrachlori zinc chlori I'ng step
(a). of ds (of. the invention is perfor n.the presence of a basic
Catiarybe Bosd o SURbBI TAATE e therdrBotals 40yt PPL TR AP B8c et at o
sodi um acetate, zinc acetate, zinc acetate dihydrate, alum num acetate,
cal ci UrACMADCH IR BAEIGROT/ WSZoNIFUsewpecas andhe hlwaéwélzqrmnfeaée%pat@e
magnesi um oxi de, copper acetate, |ithium acetate, alum num oxide, or zinc
oxi de. their maheésntmsmmdbmmtave&etttb dulilynereavieh edeqwatatmttdﬂlne$hﬁ1rﬁceamy figmst ep
(a) of the nethods
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



of the invention is perfornmed in the presence of a catal yst, the nethods of
the invention 5 further conprise the step of inactivating the catalyst
prior to woadeosikesn of the vapor phase. In certai n enmbo@Cwarst®i1/056%e6 st ep of
i nactivating the catal yst conprises formng an insoluble precipitate of the
catal yst and renoving the precipitate fromthe reaction m xture. In other
enbodi mess.:3,53MER P B OTb ALL 24,849,608, arosed4By4, 1 bEs@ddhd 6A06 807 sMohelof theaci d,
phosphoric acid or a conbination thereof. In still other embodinents, the

preci pitRt&icks hB@E&E%dreQé(%tﬁfedtHG K4 f)ltb%le%%scﬁédﬁg)éeh'aBbfVé)fmctlﬁlﬁn%ﬁ&te%ﬂfﬁe{tlohn the

reaction nlxture n anot her enbodi nent of thé invention, the nethods

of the ' er 00951d3' {‘opiucts SU &%{%ta.rl%]%dsott lﬁfentrgcm %‘6&8&%@%@& \';vﬁﬁﬁver y of

volatll acr 8 rnin |ﬁpur| I es SOnEe e e step of

mnimzin the i ur| i es, npri ses: to the reacti

m xt ur dTRER RO BRI TG ¥ RGCHTHRE Of %&h%aé}t%ff ety geasion 2%@@}“113&?&% to
the reaction mxture a sterically hindered organic acid; or (c) adding to
t he 5r edermaipnippbinecrs Oﬂi@ﬁmﬂﬁloéitaﬁﬁ@a@‘fwmde?@él and the g@twyaléi@%ﬂﬁm ad of
(a), (b) or (c). I n ot her enbodi nents, the step of mnimzing the

i mpur i tihesbibgynfthsmenadel prgdiads tvheh tezethiar @mbstdnxial]ly enpaice thegmodwenoaof d
havi ng a pKa range of -8 to 5. 20l n one enbodi nent of the invention, the

met hodsy rg{ Ry hdEMrcQRalafie RRhEMERBAYING cohtnabisenssligt a solvent. In
ot her e 8|nents t he met hods of the invention are performed in the

presence of @n;a¢ bfj'ﬂhg ﬁ@\Le Vherd ﬁémq‘atlﬁsl o BN s fu?qé) ORb IR GI‘EIQQ gﬁta!%?éjs of

the invention are per OI’I'TE ‘in the presence (0] non-acl al c SO vent. In

some enbg nt s aC| ol.vent tetr r of ur an hl. or of or m

G chl orBHBYhanE Sy S Re R shoy R hebieh SRR Salieds SRt or
hexane. In a specific enbodi ment, the nethods of the invention are
perfor thsgtiliged tpepraducsribese dnpertankrayy jsterialidor thergsaerabieplcewisie varisylafent |

I n anot her specific enbodi nent, the nmethods of the invention are perforned
in the qonmgfni@bamifinéuMipcocmsalijs, carpdd ienistsHer miygevademethods ol vent . 5

In some enbodi ments of the invention, wherein a redistilling step (d) is
utili zegnthesiging @titistiédd maignstt @pnomelyyth st aiptapablicsifibkingtviiably udeddet i onal
distillation, flash distillation, steamdistillation, vacuumdistillation,

short Qﬁﬁﬂngtﬁj$khﬁawﬁﬂﬂabpﬁ&ﬁﬁhén1dlStl||atI0n reactive distillation
per evaporation, extractive dlstlllatlon fl ash evaporation, or rotary

evapor ati on t acid ester
react ant haénﬁﬁﬂ&gnpﬁg?ﬁﬂgghkere R e&@ﬁmgﬁﬁgﬂé&gﬁ%gngggﬂﬁb%ﬂhﬁi C15 al kyl,
C2- C15 aIF X G -( Cl1- C15(€$%y %@ C3-C6 15 c alkg% halo C3-C6

cy cPoal R§Mylengmriongieyrqnomerydidpayes ey teya By ?l& Y yiablgisgprce ofgn o

al kyl), heteroaryl or heteroaryl4 Cl-C15 al kyl), or al koxy -(Cl- 15 aIkyI)
each oﬂﬂmhﬁ@ﬁfﬁﬁyn%@ﬂﬁptlonalIy substituted by Cl1-C15 al kyl, hal o-( Cl1-C15
al kyl), C3-C6 cycloal kyl, halo-( C3-C6 cycl oal kyl), heterocyclyl,

het er ocycl y14 C1-C15 aIkyI), aryl, aryl -(Cl-C15 al kyl), heteroaryl, Cl-Ci15
al koxy, Ci1-C15 al kylthio, hydroxyl, nitro, azido, cyano, acyloxy, carboxy,
or estegUMa,@ng\t)gr"pHEIN\qubeare taken together with the atons to which
they are bound to forma 5-7 nmenmbered heterocyclic ring which may be

optionall y lrl%dg%%gd DYy ggsl t‘ﬁ ;Syels%nthﬁxleﬂflgn %]]1 bg%étfgllﬂlﬂﬂ z)nid a@ %ﬁt Cli5

cycl oal kyl Co cyc oa eterocycly erocyc
Vo 2%01%40 S%S&Ec%tgﬁ%ggt%ﬁo 69%%d1t10nal advantages of the invention will be realized and

attained by the methods and systems particularly pointed out in the written description and

claims hereof, as well as from the appended drawings.
In a first aspect, the invention provides a method of making a methylene malonate

monomer comprising;:



al kyl), aryl, aryl -(Cl-Cl15 alkyl), heteroaryl, Cl-Cl15 al koxy, Cl1-C15

al kyl thi o, hydroxyl, nitro, azido, cyano, acyloxy, carboxy, or ester.

| n anot hawoentxduesent of the invention, the mal oni c aci @#Ceatses11/e@et ant t he
mal oni ¢ acid ester is nonofunctional. 5In still another enbodi nent of the
invention, the malonic acid ester reactant is difunctional. In still
anot her enbodi) neadtingfa rhdlenicaveidsice Withtawurel od fbrenadduhgld € Spesndllgda tignt i s

mul tifunctional. In certain enbodi ments of the invention, the reaction

conpl ex CconytRRS: MNB: RIdi&BYF GaskQaly GOUMIIpLo£ARMh sdnBe 8EsNaGaRQAI Ment s,
the one or nore oligoneric conplexes are capabl'e of form ng nethyl ene

mal onat e nononer.. sul C i step (b). In other such

enbodi ment s cﬁgwgﬁgﬁgy&ﬁﬁﬁéﬁ%ﬁéa%%gggg%%@%%ﬁgges i ndependently conprise

bet ween 2 ana)lz uni.ts of nelhyleng mal onat e Hnnn er, 15A third aspect of
the inventioff) FWECHAYBKFRAHOBCOVPESOT 2 DOEHVNERL With 4R SRYCKBABY:  pr epar ed
by: (a) reacting a malonic acid ester with a source of fornal dehyde;
optional | y imcanhéo piodsemteanof phasc geimgfising moadens regdondty sronomar asgt i onal |y
in the presence of an acidic or non-acidic solvent, to forma reaction
conpl ex; andcpolrtingoind methiylege triadormaeandnanerdonm klexvapor phapar t i on t her eof
with an energy transfer neans to produce a vapor phase conprising nethyl ene

nmal onat e NDNAFAE em®Bgin{c), tlilesgﬂsaas'ae@ driie: iBédohehehdFrbaPat& thonepsr fromthe
vapor phase. WD 2012/ 054633PCT/ US2011/ 056926 A fourth aspect of the

Y Bk AR Y 50 RNV RO R oroTer, B epar cd
0r0ene of BRI AGARETH nOBH IR LYl P B EF S G0BL. 31 2010

non-acidi ¢ solvent, to forma reaction conplex; and (b) producing a
vapdr JIeaden heiabris sybsngak nysnerigc i 16%&?@%@@?%?53 fesphan A8 migwies:ilew conpl ex
by heating the reaction conplex to between about 150C and about 10300C;, and
(c) i schat 1 monuteidessehanydsesomdst derattleannidhssnendsf eolass thenvapemdphase. I n
a fifth aspect, the invention provides a conposition conprising a nethylene
mal onat e nornarEter whibodinicatssofisd Aimt akttoiiticiavaftioactitireacioh domplkora si Xt h
aspect, the invention provides a conposition conprising a nethyl ene

mal onat®, {IRMRRY, 0 aWsRAtRIRE Cddorzed sttt neforPRh@RESA1hRRt Wid faetingd he addi tion
of a stabilizer or other preservative conpound. In certain enbodi nents,

sai d cqﬁgﬁakg%gﬂﬂg%ﬁgﬂgg%%ﬁgggﬁgaﬁk§'capable of bonding glass to a

substra In l'ess t seconds, | ess than about 60 seconds, | ess
t han about 30 seconds, o | ess.th about seconds. . I n. ot her, enbodi nent s,
b0 - compIBibe B SROGRCTN gL T8 BB 9 A e BB SHAT L oY) S bonat o £ o

a substrate in |less than about 90 seconds, |ess than about 60 seconds, |ess
t han atnstioned ogalissirie pefitiopeakthe FrestiathenpIsy cgele perdisn of reagtion ¢onanlprets
enbodi nents, said conposition solidifies upon addition of 3%tertiary butyl
amoni wobfthntatly depdriz8AR) step (i frior yd thekebhiattateeo fsmbther portiom of eastidchan about
15 seconds, |ess than about 10 seconds, or |ess than about 7 seconds. In
yet ot h@kplex with the energy transfer means. In other embodiments of the second aspect of the
invention, the reaction complex is vaporized continuously upon formation in step (a).
20 In certain embodiments of the first aspect of the invention, the energy transfer means
is a heat transfer agent.
In other embodiments of the first aspect of the invention, the energy transfer means is
a heat exchanger. In particular embodiments the heat exchanger is a shell and tube heat

exchanger, a plate heat exchanger, an adiabatic wheel heat exchanger, a finned pipe heat

25  exchanger, a plate fin heat exchanger, or a scraped surface heat exchanger.



25 enbodi nents, said conposition remains stable at 25C and at atnospheric
pressure for nore WD 2012/ 054633PCT/ US2011/ 056926 than 10 days, nore than
15 days, worei1zd3as3320 days, nore than 25 days or nore tirami3001daye26 | n
still yet other enbodinents, said conposition remains stable at 82C and at
at nospheric pressure for nore than about 2 hours, nore than about 3 hours,
or nore tharnnabbwthet chdodignentsiofPiay fidsCabpadt of ixoiel erivhsthe th&gg aaprsi ti ons
described herein are further is substantially free 5of acetic acid.

In a sgy¥enkh ApRgct, the invention provides a product conprising a

nmet hyl ene mal onate nononer prepared according to a nethod of the invention,
wherein the Qpr i : i t (of0) ite, or a
surfactant. Iﬁé’?ﬂ&géerr n%oﬁﬂg%ﬂ%ftr%g%cso%d% %%C]b{r;% E&V%gﬁ&?ﬁﬁee ?n%r nttml?1 gﬁerf urt her
conprises an acidic stabilizer, a free radical stahil.izer,. a sequestering
agent , 801 HEH ‘Eﬁé 1gfion. nrmgtﬂulfgﬁﬂﬁ% engy thegagipiol ISERIINGVagent, a

t hi xotropi c agents, a natural rubber, a synthetic rubbers, a filler agent,
a réi nfradigiioly agent or a conbination thereof. In certain enbodinents, the
product of the invention further conprises a plascticizer. 15l n one

enbodi nent, wherein a product of the invention conprises an acidic
stabilizer, the acid stabilizer has a pKa in the range of -15 to 5; in the
range of - 19ntaQedndspddd thdBivERNEGEpro¥iddda hRthbd of making a hBth§tcR€malonate

enbodi nents, wherein a product of the invention conprises an acidic

stabili .d,stabilizer is a volatile acid stabilizer, which has a
boi|in5ﬂ§%Fﬁ%Q?%@§b9ﬁan 20200C, less than 170C; or less than 130C I n
still other epbodi.nents, wherein a product of_.the .inventi,on conprises an
261 di ¢ st ani Fl TG HRE REeAESGE s DR RSP e SE R R R b5
enbodi nents, the acidic gas is SO2 or BF3. ... In_yet other enbodi nents,
whellei n a privauEnsty aged: emiipaplly Bribe Brepeics € anacidicibasie cplvst 284 | the aci d
stabilizer is present in a concentration of 0.1 ppmto 100 ppm 0.1 ppmto
25 ppm or ®ptiopgin nshdprepgmee of an andicembouataedivtsolvehe tefomma wagwuct of t he
invention conprises a free radical 5stabilizer, the free radical stabilizer
is a phenol i@nfpl&eatiddi cal stabilizer. In other enbodi ments, wherein a
product of the invention conprises a free radical stabilizer, the free

radi cal st abggioﬁﬁﬂud'i@ @Kz%ﬁ)@ BhadeRofhpsiiAe et thdch® haBfnalt oRRR ARt BRO0 ppm
0.1 ppmto 3 ppm or 0.1 ppmto 1500 ppm In certain other enbodi nents,

wherein a pr i ' C r ' o biljzer,
the free radeiapn Byt B2 ERPRENAER I u i S TN ChGIR e o
1000 ppm OT%)Q mto 300 ppm or 0.1 ppmto 150 ppm In another enbodinent,
whePein a pr §ict2¢f the invention conprises a sequestering agent, the
sequestering agent is a crown ether, a silyl crown, a calixarene, a

pol yet hyl endchllating e methsdensi mae nsn monemepfromthg gapospbesser enbodi ment ,
wherein a product of the invention conprises a cure 15 accelerator, the
cur e accel erlatone embodinthintiof the stcahe asprot @3be nvestimt, dtesstet atpradueing a anmoni um
fluoride, tetrabutyl ammoni um chl oride, tetrabutyl ammoni um hydroxide, a

benzoatwaps@ptase b)2s ferReimaneheanatBe Saktion eorfsleddHdomn sdut 136°PlodRweat € sal t
or conbi nations thereof. In still yet another enbodi nent, wherein a

product, g fé?)egiaﬂé{ %%%?Pg?ﬁﬂé@ ﬁﬁntl'é‘?n%ﬁf%g’.' RO%r AR the&imbddiifed D&M 9Y

nodi fier I's hydroxyet ose, ethy
20  first aspect of the invention, the step of producing a vapor phase (b) is performed by heating

the reaction complex from about 130°C to between about 150°C and about 300°C in less than

10 minutes.

In certain embodiments of the first and second aspects of the invention utilizing a heat

25  transfer agent, the heat transfer agent is a heated inert gas, one or more metal beads, one or



20hydr oxyet hyl cel | ul ose, nethyl cellul ose, a polyneric thickener, pyrogenic
silica or a conbination thereof In certain enbodi nents, the product
of the irnwernbi2ans4é3s3 stable for at | east one year. |n ot rer/uspdionsémat s, the
| evel of ketals in the product of the invention is |ess than about 100 ppm

In still other enbodinents, the levels of other |atent acid-formng
I npur i tth&@s gdldss beels 2hRr@ahuat pofcclaitbdady,enid, 8Mick Ssili@®s ofln@imeadl @it a 100 ppm
WO 2012/ 054633PCT/ US2011/ 056926 In an eighth aspect, the invention

provi des3RuatNgsd N&it RAAFHGI], G APRNESE ARnfcdTBhLNM IRBCIRIPBAL & JIMBITBCd
prepared according to the nmethods of the invention. In certain enbodi nents,

t he adﬁg&@ﬁfoégﬁRBﬁ%%hﬁﬁxis stable for at |east one year. |In other
e leve

enbodi nent's, of ketals in the adhesive conposition is |less than
about 100 ppm In still. other. enpodiments, the |evels of ~other | atent

aci d- f or m nd"iCRRe b@éﬂ@%ﬁ#ﬁ%@ﬁ@%@%&%@% PR ) RSPITEEEOg AsPOMbout 100
ppm In a ninth aspect, the invention provides a pol yner

conpri S10Rg toakowsA38¥r.e units of a 10 nethyl ene nal onate nonomer prepared
according to the nmethods of the invention. In a tenth aspect, the

i nventi on prlowilthe smaopialentserf th msdextions thepsdlgiong fangbylymemaloooqmté si ng one or
nore units of a nethyl ene nmal onate nononer prepared according to the

et hodsm@forkd€rdndMRVap&phabd) s&BI(E RiducBIENOH bR Sonal diStiRAYABEr pr oduct of
the invention is a 15sealant, a thermal barrier coating, a textile fiber, a
wat er - t yg=Tons [ - [ -paj 0t ' ging film
a nnldf%g?éa néﬁﬁgg%gﬁﬁ?$ﬁ§?;%g“%gﬁ%%§§“??P@?M§”%§?@%%ﬁﬁPf SB%%%éa pol ymer
sheet. In certain oth enbodi nent s he pol yner oduct, of the invention
s ot agPHofg SOt o BREEPTIRe st ove” Br S SRRE 6L SHEmHGSEPhYY et al s
in the polymer product of the invention is |ess than about 100 ppm In
st otchethcrsmbriimensshe isplatios e methyfens gepl pranafeapepamer diag ther Py
inmpurities in the polyner product of the invention is |ess than about 100
ppm  phase, biep 4¢), &5l ashiemechbabped chroniaeographyrafico ponpicosdtide of thepebgmmprashavi ng
repeat units of the formula: 25 WD 2012/ 054633PCT/ US2011/ 056926 0 1-12 C O
,  Wher ei n RIaredrt&Rn eaibedinthepembleint biytidal tHelhetAdk furtheC2orfpriscatheaimspl of (Bl 0- (
Cl-C15 al kyl), C3-C6 cycloal kyl, halo-( C3-C6 cycl oal kyl), heterocyclyl,

het er oG¥gikiilifle P rhdtByRh&Malona® Mdndmdeun ErSe @y prossFE WEMARIBHut B
het er oaryl4 Cﬁ-CﬂS akaI), or al koxy -(Cl1-15 al kyl), each of which may

minutes of recovery, within about 30 minutes of recovery, within about 10 minutes, of
15  recovery or immediately after recovery.
In another embodiment, the reacting step (a) of the methods of the invention is
performed in the absence of a catalyst.
In yet another embodiment, the reacting step (a) of the methods of the invention is
performed in the presence of an acidic catalyst. In some embodiments, the acidic catalyst is
20  paratoluene sulfonic acid, dodecylbenzene sulfonic acid, borontrifluoride, zinc perchlorate,
sulfated zirconium oxide, sulfated titanium oxide, lithium chloride, boron trifluoride ctherate,
ferric sulfate, zirconium oxychloride, cupric chloride, titanium tetrachloride, or zinc chloride.
In other embodiments, the reacting step (a) of the methods of the invention is performed in
the presence of a basic catalyst. In some embodiments, the basic catalyst is potassium

25  acetate, sodium acetate, zinc acetate, zinc acetate dihydrate, aluminum acetate, calcium

10



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), awgl20122059433- (C1l- C15 al kyl ), heteroaryl, Cl-Cl5 a&Chasg)110369¢45

al kyl t hi o, hydroxyl, nitro, azido, cyano, acyloxy, carboxy, or ester.

In a twelfth aspect, the invention provides an oligoneric conplex having a
GO/ M5 IdctateQfrab@esiMih adetabansengsiant ¢Xidd, bappcBadetaonaRinkt aictadd) abimiaumet hyl ene

mal onat e nononer. In a thirteenth aspect, the invention provides
ol i gongyiske. 6PMRAL 8%dhavi ng a MALDI TOF anal ysi s spectrum conpri sing peaks at:
131, 153, 176, 192, 194, 470, 472, 675, and 758. 15 In a fourteenth

aspect, the i i rovid L QOMEr,|. I hayi NVR
apect rum i n BB bR g Pl SR TB e YL hhihE 5y
4. 66 ppm and narraw peaks l.ocated between 4.32-3.8 ppm .5ln a fifteenth
aspect ,OrPttliLF‘elniV?Wlé’ﬁ‘tl? BTG HISG B AR BLFeBrG %ﬁﬁw%ﬁm@&ﬁvdﬁ a\f/&ﬁgn\fqﬁl&%| | owi ng
physi ochem cal properties: 1.) a GO M profile which shows greater than
80%5c orfeetherrcgtipsiac B stepradtiagtispiencnthe ertakyst nriswdwraroduction of the vapor phase. 2. ) a
MALDI - TOF anal ysi s spectrum conprising peaks at: 131, 153, 176, 10192, 194,
470, 472 ceBaib embodinns, therstbp & idacaivptigg tho chivstsqagirisasrformifgR@liBsebbld 00 MHz
conprising the foll owi ng peaks: a singlet at 4.66 ppm and narrow peaks

| ocat edhrb@pVREDf the 32 BrsBardtBinol Mg ahSpretiPRIME MroAs MR GEactibh ehiktd¥e NI @RePr OVi des
an oligoneric conplex prepared by 15reacting a nalonic acid ester with a

source Aibddfhi, %é;efr@a'git%ﬁé LA ¥y Y ddORioRP IARGS: &ﬁq,@ﬁé‘éphl)ﬁé‘%ﬁ%!’r adgent;
optionally 1 n the esence of an acidic or basic catalyst; and optionally
in the presence of aci.di ¢ or nop-acidjic solvent.. .In sevent eent h

wopect Do dierdn DsuEbHeSifBRREsbF PRSI PRl pa a5
reacting a malagnic acid ester with a source of fornal dehyde in a

subdt artPlubility 98 Biscatabrst Bcthgrcacden PeHYe. optional Iy in the presence of heat
transfer agent; optionally in the presence of an acidic or basic catalyst;
and opt i onallhynpthet ¢rebqslimerirnd ¢haofvent monthamnadhalssbtheanvention fudharai n

enbodi nents, the substantial absence of acidic solvent represents |ess than
1. 0% |lwspriser stpaomingsisinghthnrdovdty of vblesk lhtbaruc b¥mbig impugtits. dai di c

sol vent as conpared to the total 25conposition of the reaction m xture.

In an ehHaRteRlMmasRed steff HEMINMERJ @R iMp@YideSonditisel.i goneric conpl ex
prepared by reacting a malonic acid ester with a source of formal dehyde;

opL1 onal) bl IR RLREGE Al OGR! ol BRI R bia BRSPS g L1

presence o ona he presence
of an acidic. or non-acidic sol vent n%EQ Vi one or, nore of the follow ng
ohy i odRb fidiaE e SEAipRETx e § Seriea NGl Ted RAREhOshove. gr cat er t han
80% concentration of a nethylene nal onate nononer; 2.) a
MALDI - O agdiag yasths regsdien puriueconor-solpiglepegaoic apid. 131, 153, 176, 10192, 194,
470, 472, 675, and 758; or 3.) a proton NWR spectrumin CDCl1l3 at 400MHz
conpr i sirngy thebietibrowd (ay (ppaks). a singlet at 4.66 ppm and narrow peaks
| ocated between 4.32-3.8 ppm In a ninteenth aspect, the invention provides
and ol i gonerhGtie eRbeNinihep tle&Epf minimizing the impurities comprises adding to the

reaction mixture water and an acid having a pKa range of -8 to 5.

20 In one embodiment of the invention, the methods of the invention are performed in

the absence of a solvent. In other embodiments, the methods of the invention are performed

in the presence of an acidic solvent. In still other embodiments, the methods of the invention

are performed in the presence of a non-acidic solvent. In some embodiments, the non-acidic

solvent is tetrahydrofuran, chloroform, dichloromethane, toluene, heptane, ethyl acetate, n-

25  Dbutyl acetate or hexane.
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15reacting a nmalonic acid ester with a source of formal dehyde; optionally
in the presence of heat transfer agent; optionally in the presence of an

aci di c orwbasi2onse@Bal yst; and optionally in the presencecofUsaniasdods c or

non-aci di ¢ sol vent and having the foll ow ng physi ochem cal properties:

1.) a GC/Ms profile which shows greater than 80% concentration of a

20net hyl ene 1ralspadfie chbodifRht, i thethoddrbiPhe THokntddiadry pedorsieidh thabsemaer | Si ng
peaks at: 131, 153, 176, 192, 194, 470, 472, 675, and 758; and 3.) a

pr ot on JWMR.SRRE bt th SRR it sofQAMHz conprising the fol | owing peaks: a
singlet at 4.66 ppm and narrow peaks | ocated between 4.32-3.8 ppm 25

In certain } ts.caf the. | i h l. i I . results in
et ght 1 oa8 P ERECi R srea b BLTE S e HE SR TE b B et 1
anal ysi s. In still other enbodinents. of the invention, the oligoneric
conpl exPTFREBCHUARASH st an th?fﬂgseB?e%%We@he mel onat e mononer . In
a twentieth enbodi nent, the invention provides a nethyl ene nal onate nononer
havi>ng the structure: 0 00 . .. (.i ,

In some embodiments of the invention, wherein a redistilling step (d) is utilized, the
redistilling step is by simple distillation, fractional distillation, flash distillation, steam
distillation, vacuum distillation, short path distillation, thin-film distillation, reactive
distillation, perevaporation, extractive distillation, flash evaporation, or rotary evaporation.

10

In one embodiment of the invention, the malonic acid ester reactant has the formula:

\o O/

wherein R and R” are independently C;-C;s alkyl, C,-Cys alkenyl, halo-( C,-C;s alkyl), Cs-Cs
15 cycloalkyl, halo-( Cs-Cs cycloalkyl), heterocyclyl, heterocyclyl-( C,-Cis alkyl), aryl-( C;-Cys
alkyl), heteroaryl or heteroaryl-( C;-C;s alkyl), or alkoxy -(C1-15 alkyl), each of which may
be optionally substituted by C,-C;is alkyl, halo-( C;-C;s alkyl), Cs-Cs cycloalkyl, halo-( Cs-Cs
cycloalkyl), heterocyclyl, heterocyclyl-( Ci-Cis alkyl), aryl, aryl —(C;-C;s alkyl), heteroaryl,
C;-C;s alkoxy, C;-C;s alkylthio, hydroxyl, nitro, azido, cyano, acyloxy, carboxy, or ester;
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;s alkyl, halo-( C;-

Cis alkyl), Cs-Cs cycloalkyl, halo-( Cs-Cg cycloalkyl), heterocyclyl, heterocyclyl-( C;-Cys

12



00 00 o] , 0 In a rel ated enbodi nent, the invention
provi des conpositions, products, adhesives, and polyners conprising one or
nore of twexeimsudsyl ene nal onat e nononers. BRI EF DESCRI PTIr@N2i/03d9Es

DRAW NGS 5So that those having ordinary skill in the art to which the

subj ect invention pertains will nore readily understand how to make and use

t he i nvgiatl), aryl asyldgeeit, beidyhareeirbaryRr €f-€rsricbxg M di gemtyshioheydetylwi | | be
described in detail below, with reference to the drawi ngs, wherein
nitro, azido, cyano, acyloxy, carboxy, or ester.
In another embodiment of the invention, the malonic acid ester reactant the malonic
acid ester is monofunctional.
5 In still another embodiment of the invention, the malonic acid ester reactant is
difunctional.
In still another embodiment of the invention, the malonic acid ester reactant is
multifunctional.
In certain embodiments of the invention, the reaction complex comprises one or more
10  oligomeric complexes. In such embodiments, the one or more oligomeric complexes are
capable of forming methylene malonate monomer as a result of conducting step (b). In other

such embodiments the one or more oligomeric complexes independently comprise between 2

and 12 units of methylene malonate momoner.

15 A third aspect of the invention, the invention provides a methylene malonate
monomer prepared 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
non-acidic solvent, to form a reaction complex; and

20 (b) contacting the reaction complex or a portion thercof with an energy transfer
means to produce a vapor phase comprising methylene malonate monomer; and

(c) isolating the methylene malonate monomer from the vapor phase.

13



Figure 1 depicts provides a GC- M5 spectrum of crude diethyl nethylene

mal onate 10 nononer containing water, formal dehyde and other inpurities.

Fi gure 2 wopirts4d3de depl etion of the diethyl nethyl enepromliuse@t@séenonmer of
Figure 1 over the course of storage at roomtenperature for 7 days, as

depi cted by GC M. Figure 3 depicts provides a GC- M5 spectrum of
crude di net hyl nethyl ene nal onat e nononer containing water, formal dehyde
and other inpurities. 15Figure 4 depicts the depletion of the dinethyl

met hyl ene MOAQTRIh Rhedrlo@He8nvinPY¥E thé I chQH I\}%‘évﬁgs 8 hRAIRISeFhalbRAM
tenperature for 7 days, as depicted by GC Fi'gure 5 depicts a

GC- spect ude Di et hyl met hyl ene Mal onat e produced by fl ash
dlstllla]¥g%%ggiaﬁz J%lng 1 M6 Zn(0Ac) 2 Di hydrate. Figure 6
depicts an NMR spectrum of cr.yde Di et hyl net hy] ene Mal onat e roduc by 20
ash di ot I htsBHTeRIRSY 1%@%8@f%%2ﬁ%%%9¥ ﬁlﬁlal?saq%én the presengs gy o 7
depicts an NVR spectrum of pure D ethyl nethyl ene Mal onate produced by flash
di st | | at i orhepetrdnstbr ag¢trigortionpHyzin(tbapicseimi loy an agidic or basic catplysts and depicts a
GC- M5 spectrum of crude Di et hyl net hyl ene Mal onate produced by superheat

di still ati oroptiehdlbdnubd pgschcd/bb Zn{HAC o2 ndh-hyidicabbrent, to form a feagiome 9 depi ct's
an NMR spectrum of crude D et hyl net hyl ene Mal onate produced by super heat
distillationopidxedndising 1 M6 Zn(0Ac) 2 D hydrate. Figure 10 depicts
a GC-Ms spectrum of pure Diethyl net hyl ene Mal onate produced by superheat
dIStI||atIOI’l Lts an
NVR spectr umtg%lg%?céﬁ%l Oggno} lph(%%%%ﬁ%ﬁ%ﬂ%ﬂ%ﬂ%%é@%ﬁéﬁ F ‘g“ésﬂ]fb‘gl?ﬁéat
distillation nmethod u 2 Di h dra el eplcts
2 &0 M5 spederai P el Te AR R )R s SRR T bt onmibons TEPK Sibell
superheat distillation nethod u5|ng Zn(0Ac) 2 Di hydrate. Flgure
13 Yepicts éWONQRm§pectrunlof pure Di-(tert-butyl)-nmethyl ene Mal onate 10
produced by superheat distillation method using Zn(0Ac)2 Di hydrate.

Fi gure 14 ddpl cisslat@E thpevtinderfeonaldiate nopbmae frhyl thereanvalpbasat e ol i gorreri ¢
product formed in the reaction conplex as a result of the condensation
reaction outlined in Exanple 6. Figure 15 depicts GC spectra for dinethyl
met hyl ene mal onate crude ("cracked") 15product prior to fractional

di stillationyigifac é&%@@n%{l&l bRRIRS 9¢6890fioFAR: Enba nkitgwne 16 depicts
GC spectra for dinethyl methylene malonate product after fractional

ot LRUbAN: W BREOLHRRE S fr?é’&ca%géc Qi Exampl e 6. Fi gure 17

depicts oneri ¢ product in CDC1l3 formed in
accordance with.t rocess of. Exa . 20Fi | ure 18 depicts the 1H NWR
spektra of &cf@t@w%ﬂ B D SPsiof SF R RSO A EEP Y £ S P Boese. of
Exanpl e 6. Figure 19 depicts the 1H NVWR spectra of 99% DMW i n CDC13
f or med M#onrte slomemeehayingspepidic ghetiegal nsepaEtiempitieovs the addition of a stabilizer

or other preservative compound. In certain embodiments, said composition of the invention
is capable of bonding glass to a substrate in less than about 90 seconds, less than about 60
seconds, less than about 30 seconds or less than about 15 seconds. In other embodiments,

20  said composition of the invention is capable of bonding polycarbonate to a substrate in less
than about 90 seconds, less than about 60 seconds, less than about 45 seconds or less than
about 30 seconds. In still other embodiments, said composition solidifies upon addition of
3% tertiary butyl ammonium fluoride (TBAF) in Dibutyl Phthalate solution in less than about
15 seconds, less than about 10 seconds, or less than about 7 seconds. In yet other

25  embodiments, said composition remains stable at 25°C and at atmospheric pressure for more

14



Figure 20 depicts the 1H NWVR spectra of 99% DMW in CDC13 fornmed in 25
accordance with the process of Exanple 6. Figure 21 depicts GC
spectra fwodizsepsopyl net hyl ene nal onate (DI PMM) ol i gecgEniseoipnscee t
formed in the reaction conplex as a result of the condensation reaction
outlined in Exanple 7. Figure 22 depicts GC spectra for diisopropyl

met hyl ehgn RUSRAMErd tPAIPMWayws! thde: than 20 deyethore o db dhygxsr mdre titunf 30aduyk onal
distillation in accordance with the process of Exanple 7. Figure 23 GC

depi ct qn%l%@@&h&&rﬁ%ﬂnﬁéﬂ@ QRIIBYIpo FBORYdrRNes ﬁ?dl@ﬂ@éﬁC(a@HWMno@Fl?éi‘i&Ct af t er
fractional distillation in accor dance w th the process of Exanple Fi gure

24 dei L8, 16 AL, SRECiugl Dk P BLAGSTRLLCoPhBRYE L, FPEA3,10

formed 1 accordance w F 0Cess 0 ure 25 depicts

the 1H NMVR s f crueDIPM\/Iln 3forrred| ccor ance h the

pr ocess @t Eﬁ@ﬁﬁ@@ e, S CRTPEYIEC %‘Elﬁ cdihergiparcy BefalbkCy 7og

DI PMWM in CDC13 forrred in accordance with the process of Exarrpl e 7. 15Figure
27 depiddtascticsidiH NVR spectra of 97% DIPMMin CDC13 forned in accordance
with the process of Exanple 7. Figure 28 depicts GC spectra for

di - n-propyl nethylene nmal onate (DNPMV) ol igomeric product fornmed in the
reaction conplex as a result of the condensation reaction outlined in

Exanpl e 8. 2Qkisgldeh dPebteeGhvention pREGII: A fréduclEoPpidifPy meBidny! ene
mal onate (DNPMVM) crude ("cracked") product prior to fractional distillation

in accqp @%QHWHBB& %\'@Pﬁ &)gﬁ:%?%lﬁ%t N %’Fﬂoﬁ o? }BI\IIBWUOHF&V &Eﬁ tﬁ?{)l%%g Gs &C

spectra onate pr oduct ract| onal
distill atl n. | n accordanc Wi t h t rocess. of Exanple 8. Figure 31
depi ct SRS VS RIVREU]Se d Pralans 2 thlqré&%fﬁ?%mpr oduct in CDC13 forned in
accordance with the process of Exa gure 32 depicts the 1H

NMROspect r a afcewlvmbpﬁlmﬁwrm?%& Of W%’&‘@@P%F}E@l%ﬁfﬂplﬁ% appgdss of
Exanpl e 8. 5Figure 33 depicts the 1H NWMR spectra of 99% DNPMM in CDC13
f or med stabilaasecr ficoredicel stabilizes, arequesssingfagBixanplre ageelerator, a rhcgloge 34 depi ct's
MALDI - TOF spectrum of the Eck process using an excess of acetic acid as
sol ventmodifieQ & glastcikidg GRemad alixot@pkxarmlsga Aatural rubber, a synthetic rubbers, a
filler agent, a reinforcing agent or a combination thereof.
In certain embodiments, the product of the invention further comprises a plascticizer.
15 In one embodiment, wherein a product of the invention comprises an acidic stabilizer,
the acid stabilizer has a pKa in the range of -15 to 5; in the range of -15 to 3; or in the range
of-15to 1.
In other embodiments, wherein a product of the invention comprises an acidic
stabilizer, the acid stabilizer is a volatile acid stabilizer, which has a boiling point less than
20 200°C; less than 170°C; or less than 130°C.
In still other embodiments, wherein a product of the invention comprises an acidic

stabilizer, the acid stabilizer is a an acidic gas. In certain embodiments, the acidic gas is SO,

or BFs.
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Figure 35 depicts MALDI - TOF spectrum of the Bachman process using m ni nmal
10 acetic acid as solvent according to Conparative Exanple A Fi gure
36 depi ctwONNAS46BOF spectrum of the inventive process WRCThisaalias®eé vent
according to Conparative Exanple A. WD 2012/ 054633PCT/ US2011/ 056926
DESCRI PTI ON OF THE | NVENTI ON Overview The present invention provides new
and nonobvi duSet pEnEIBRINhSts,WHdkein UodiRtlo P inveatiorcorprisehien Keidicenagel
reaction in the synthesis of nethylene malonate ("MV') 5 nononers. The

i nvent i y&iRt hRdadi§ sadNRaLiRYRAMS iRPY ConRhEN QLS 0/1 ﬁ&\%\ 1@@9@6@ hesnl @r
synt hesi zi ng ‘MM nononers, 1 nh part, because the me ds of the invention,

i nter n Iy reduce or elimnate the fornmation of

al terna 4%““8?%%5@@““’%%? significantly reduce or elin nate unwanted
consunpti on of noner products,. and nificantly _reduce, or
elininate tﬂaoaeawgo dnBh OrTRVR REITEST ¢ é buete comage d foardighs resul t
in 10 MM nononers, which upon recover are of higher uallty greater
puristy, stalbm&ﬂeb\ﬂé@frw widipabstabifew des shenpdie dlcr r&dmlét@gdlzare netheance
characteristics (e.g., inproved cure speed, retention of cure speed,

i mpr ov etihtldehénts, ivfhe)ein Whtddmat ofi tht ervdntign ¢ompreseho tinelrdoycal btelaitiyer, thedraenpr oved
nmet hods of the invention relate to the surprising discovery that the prior

art entradighltdoaidLl pr&scheinddnétialiah ofd i §pRall B HPAUGH ppal Egooon, MV
nononer consunption and MM 15 degradation were w despread in prior

h f MM
pte A N e B S O SRR S U S
duct. d mat | 0 d oth |
Fecnni iy IARn Caupare s R0 SRy R AR R LBon y

underst ood by a person skilled in the art to which this invention belongs.
Thelof o|q089ﬁmﬁr§t%f>%9 ¢meES 0080 Pa®: Brierst losIA0IMPMiOF R- laPRye et PRIRS i ni ti on of
many of the terns used in this invention: Singleton et al., Dictionary of
M cr obi ol ogyinanothitirebadimentBivbtregya gr2dectod theligmyipnfhmptimsewweﬁngt i onary
of Science and Technol ogy (Wal ker ed., 1988); 25The d ossary of Geneti cs,
5t h Ed.ageR, thiseg@esteihg agent (srovn cBitj gigi cidml, agal{xkoht) a palpcthirhe &
Marham The Harper Collins Dictionary of Biology (1991). As used herein,
the foldiQwing alc@hdhnaidd endr&lst, Meani ngs ascribed to them bel ow, unless

speci fied ot herw se. As used herein, the term "net hyl ene nmal onat e"

refers to a Iﬁgrgpﬂ}%ﬂ%r I&%‘Bb{i\o nelﬁlp %vhe% é)? Pe 1nvg{1t%n0 ongrlsg_@éurg 0)-0 5As

used herein, aC| ers oun haV|ng t he
core fornq - - % 0),: used herein term "mal onic
ronS- adct Hgies B PR daios 1%88%%9?{?6%@8%&9%6%&%%y ypmgrym
----0-C(0)-CH2-C(0) - 0H. used herein, the term "nonofunctiona
"r ef er flyosidg, tﬁmwlcanamruu@@bmd@rteaa@mylr?émmwémélyldmmﬂéewtwhoﬁ| y one
core formul a. As used herein, the term"difunctional"” refers to a

mal oni @,&peutassii@rataoraltaa sebity sdha pralbiomste salhavdongpitanong teeeof.or mul as bound
t hrough an al kyl ene |inkage between one oxygen atom on each of two core

forml as. AdnygRget@iotich embb@inteaf, Wherdih b ipfddnet dfaR@Inveht&fredomnpres @kers to a
mal onic acid ester or a 15 nethyl ene nal onate having nore than one core

f or mul i bet ween one oxygen
e AT At Ol uplicpuRuldpiags bt veen one o

at om on eac n cert enbodi nents, the

NN e R S ST T R

i nactivating the cat aI yst, refers to 20renoving the catal yst or
si gni fiCEMIAOP&RIATng" or el i minating the activity of the catal yst from

In certain embodiments, the product of the invention is stable for at least one year. In
other embodiments, the level of ketals in the product of the invention is less than about 100
ppm. In still other embodiments, the levels of other latent acid-forming impurities in the

25  product of the invention is less than about 100 ppm.
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the reaction m xture such that the catal yst no |l onger participates in the
reaction. Such inactivation can be achi eved by one of the nethods descri bed
herei n. wo2012/054883used herein, the term "reacti on conplPex/use@fi®s®2é o t he
materials which result after reacting a malonic acid ester with a source of
f or mal dehyde. Such reaction conpl exes may 25 conprise, without limtation,
nmet hyl ene mal onate nononers, oligoneric conpl exes, WO

2012/ 054633PCT/ US2011/ 056926 irreversi ble conplex inpurities, starting

materi al s, 95ah%k&ﬂim@%&?ﬁ&%&%hﬂgn%HR%&%%hﬁ&mmh%Iﬁ&hk@&ﬁnﬁﬂﬁﬁﬂé”E”t51 the
term"reaction conplex" refers to the conbination or m xture of one or nore

react a%éth%%%é %]1‘3@%%? nr(f;ogiﬁo?xlbe% ﬁef?a%’egi ag%égrﬁ{nggﬁfﬂ%r&&bédsi &t%]fn%%%oinq In ‘éﬁ@a%ﬁ'er n

whi ch areé a reaction. e use of t

"reaction conplex" dpes not 5indicate that chem cal reaction is occurring
but  rer @l PAaEIe e tRES KD RBTRRTHBHS siablsdBber st orF B Heothe ghbedaSTin hi n
the reaction vessel. In certain enbodi nents, the term"reaction conpl ex"

r ef ér s tholavpleofdstlseinithe edhepine competitiamisess daan abput Krmpa. ninesidharent s, t he
term"reaction m xture” and "reaction conplex" may be used interchangeably.
As usecknftexdenents, ttheletds of dthealatenbacid-dssehd imm@fretes i the adyest@rdoaipositionn whi ch
the 10 reactants, solvents, catalysts or other materials nmay be conbi ned
for regglds@mhan W6kt 1063pki. on vessel s can be nmade of any material known to
one of skill in the art such as netal, ceramic or glass. As used herein,
the term "vapor phase" as in "vapor phase conprising nethyl ene nal onate
nononer" refers to a gaseous phase which may conprise, without limtation
15 vapori ze netq§lenetgglonate nnnoaer éagprized.startinﬁnnateﬂi%is;
vapori zed sof\(dit8 BSRELIEHTY PHOG RABHFS § PRET ALY SIS IO HBI @rn
"recovering" or "obtaining" or "isolatin%" as in "isolating. the nethylene
mal ‘Bnatracthpppiraplonateanenogar propresdragerd e to fha Hethadrfhs IVEHIAY he reacti on

m xture, vapor phase, or condensed vapor phase by one of the nethods
described herein so it 20is in a substantially pure form As used
herein, the term™"latent acid-formng inpurities"” or "latent acid-formng

i mpurity" rdhertsnth@sgoy theipugrtioy prdvles d folpnesgbiiua@kemgriving B ppRensrecover ed
nmet hyl ene mal onate nononer, will with tinme be converted to an acid. The

aci d T oloRgishiz M bREREe WRW il h&RykRIGEIoh St isidnter Efbp‘af'é%ra%&ﬁinlg'té @fd on of

t he net hyl'ene nmal onate nononer, t%ereby reduci ng the 25overall "quality and
reactivj f e. r . / 3 . . As used
her ei n,&%tﬁ%&toefﬁt% ml(;?@fe)o\?ig rHs1 ic%ﬁelgg%ﬁ%&@%gﬁhﬁﬂoﬁégﬁé@?ggéﬁ? (l)nvgﬂg}oﬁnﬁuri ty
that, if present in the reaction conplex will not convert ta a nethyl ene
el Bt i b AR RETIR AT RR TPEUEPor A YHRSHSHIRAY PONTIBrANGRK EHECTEL hyl ene
mal onat e nononer, thereby reducing the overall quality and reactivity of

t he norigiecarEag R?@Jéflﬂl%%]éﬁlarﬂ,m@lﬁélg& ampdraabpelymey, éfpehgnardilmpp pelymer havi ng a
ketal functionality; i.e. a nolecule containing a carbon bonded to two -OR
gr oups,fibeher & pllyirsr sheggeln cartainRthiezpmbsdmicntsathe @il kyér goduepof the invenAsn used
herein, the term"sterically hindered" refers to a conpound in which the

si ze ofis gaBMESr MIERE Shd f@r. "B 2EdH cenbDERYEIN, $hClBRITIOf REtalseREHd méhat are
observed in related 10smal | er nol ecul es. As used herein, the terns

"vol at r&'iuc@HP'théii nM4oh ?sﬁ&s‘?fiiar{ foGl %d@r@sﬁg{]{gp&ﬂg M ilndrits, HAPRPLIE 0P

evapordating rea y at normal tenperat pressures, In the case of
i S.not capabl no

|l atil e; i ch f i di | |
! erfor atty okl Rt e SRR e bl BB RoRe M SR o TS B o e,

the term "energy transfer neans" refers to a means which is capable
100 ppm.

In an eleventh aspect, the invention provides a polymer having repeat units of the
formula:

25
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of volatizing a reaction conp

| ex, usually by,

but not limted to, rapidly

heating the reaction conplex to tenperatures from about 150C to about 300C

Such enerw 20122038638 r
agents,
her ei n,
capabl e of achieving a hight
to a reaction m xture. Such h
reach tenperatures from about
limted to silica, silicone o
transfer oil or a synthetic c
enbodi ments, the heat 25 tran
WO 2012/ 054633PCT/ US2011/ 0569
reaction conplex” refers to a
prepared by reacting step (a)

nmeans i ncl ude,
heat transfer surfaces,
the term"heat transfer agent” refers to a materi al

| asers,

Biper at ure and T
pat transfer ags
150C t o pbout 3
|, mneral oil,
heni cal /based hsg
5f er nt can b
D6 As ed
reactio | 6
as2desgri bed hg

but are not
and sources of

| i m t edPCojUSk@awsdr@nst er

radi ati on. 20As used

which is
ransferring that tenperature
nts are typically able to

00C and include, but are note
a petrol eum based heat

at transfer oil. In certain

e pre-formed reaction conpl ex.
herein the term "pre-forned

x as defined herein which is
rein in advance of the

vapori zation step (b). Such p
to a year, up to six nonths,

up to 1 week, up to 3 days, o
vapori zation step (b). In suc
performed on a newy prepared
pre-fornmed reaction conplex c
her ei n. As used herein

"substantial absence of acidi
conprises |less than 1% by wei
to the total reaction m xture.

absenceyhdr&h® sd R’ Ar@%ﬁieg

than 0.3% | ess than 0. 2% or

th 0. 7% t
or alnessa hﬁ%ﬁ)a@' f%hB‘g?f

conpared to the total reactio

et orned react
up to 3 nt hs,

Fup to Qay
h | nst afices, thg
react ion conpl €
an refer\to an d
 he t ermR'subst g
c solvent" refer

ght of the paridl

In certain enbodi nents,

&w@n@y ¢Y%C,} 881, Than;

l'ess than 0. 1%

n mx

on conpl exes can be forned up
up to 1 nonth, up to 2 weeks,
i n advance of the

vapori zation step (b) is
X. In certain aspects the

| i gonmeric conpl ex as defined
ntial absence"” as in
S to a reaction m xture which
cul ar 1OConponent as conpared
a "substanti al

Rk S¥L, ﬁa@@%d@palﬁyﬁf’/@a-t@ss

by melght of the o
brher - aHESakATRARENE 23 chIRmRlIR el évbﬁ{h%*e% PR e ISR £BeS
RAb e o o "B ke Zih%wﬁ» CESIONERE

ertaln

> | ess

han 0.2%
may

herein, the term

"ot Bbi | HeAdonall, b A THa ot holo-t G- R oA chmi R DAL /b A

conposi tions conprising sane,

refers to the t

endency of the nethyl ene

mal onatayslogldyl)t heéno cy;crbyﬁpb@bltobsmiﬁl}( Gf-Ci shedkyil p et drpin-(Co- G u bl y ntatabaryl, not

pol ymerize with tine,

20 to substantially not harden,

forma gel, thicken

or ot har W SelioxgS €38 s by Whid CIogirdyy I Witrb, dzid® cyaddidlodypcabbst antitad | y show

m ni mal
As used herein, the term"she
mal onat es havi ng an inproved

|l oss in cure speed (i.

e., cure speed
If-Iife," e.g.,
shelf-life

IS maintained) with tine.
as in the context of nethyl ene

refers to the nethyel ene

mal onat es OfIEtaQWG{FﬁlVa%géCt Q[H% hnveﬁtlon Vl ei&t? lojll,iglozn?erlc C é)?exg% EP ét‘/ﬁg of

tinme, e.g.,

2012/ 054633P
inV@ntﬂBﬂg dﬁg

synt hesi s of MM nononers,

US2011/ 0569

XSS CUH tF?Pp \

resent

yenazel hesi The

é%%ﬁ%‘éﬂ%‘&l@im @?ﬁkﬁ%&a@nﬁ@a}eﬁ%ﬁrf or the
wherein the method,
reduces or elimnates the formation of alternative product s,

inter alia, (a) significantly

(b)

significantly reduces or elimnates 5 unwanted consunption of MM nononers
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mal onat e nononers has been previously described. The typi cal
reacti on conbines one 10 nole of a malonic acid ester (e.g.,
bstituted mal onate) and one nole of formal dehyde to form via catalytic
reaction) action in the presence of a basic catalyst and an

a met hyl ene nal onat e nononer,

The Knovenagel reaction with

disg
(ch m cal
aci di ¢ sol vent,
bel ow.

or mal dehyde for
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recovery and storage stages.
PBaltshe: 13TP1 9 anentoe, dosauesed, bEd, and 758.

These
t he syntheS|s of net hyl ene

Knovenagel
a nono- or

as depicted in Schematic 1,



15Schematic 1. Knovenagel reaction with formal dehyde for the synthesis of a
net hyl ene mal onates. This reaction schene is, however, fraught with

di fficul tWwe=012/A3a33i n nost i nstances, the prior art di dpowtUuSemansee€ogni ze
its own problens. For instance, prior art use of the Knovenagel synthesis
for preparing nethylene malonates is typically carried out under

20condi t i ongntatfatirtdcddcashect! the ifvehtiod poridel amBhigordérid @ngiéx Kivinisa pfoton

del eterious side products. In one exanple, the prior art teaches to conduct
the K”W!Raéiﬁbtrﬁrﬁaiﬁtdl_ﬁ’@h YpaevAag! Cﬂoﬁlp%@in‘éeiﬂé fo@l‘é}%§ RS aﬁiﬁgleﬁm e 1In
acetic acid. The acetic acid or other weak organic acid then reacts WO
2012/ 05 S2 [ 05, w th, the | dehyde to forma ketal, as
depicté%ggﬁﬁﬁ%%&%gﬁ%%fg%%%ﬁgfvgﬁﬁ%ﬁgpigggﬁg co-distill with the methyl ene
mal onates and result in the contam nation of the final preparation of the
product. Over tine, the ketals in the presence of water (spontaneously)
hydrol yze and revert back to its acid formthereby increasing the acidic
condi ti ons df atfiecepthagpect. tha heewigichresdevacolgostr icomptexdfaving the i npi nges on

the ability of the nononmer to polynerize, i.e., causing over stabilization
of t he foblewmgmhgsiothenhed! prapertosser al | reactivity and performance are
significantly reduced. f or mal dehydeket al Besi des ketal fornmation, the

prior art was sinijacyMgiavaksyHifiaéhowlseréadddhdd 8095 chMendisinyfanagel
synthesis also led to the formati on of other |atent acid-form ng species.

These chem cal SHﬁ&h %n@ﬁﬁk%&&QEﬂmﬁ&xa result of various unintended side
reactions that occur’ between reactants, or between reactants and sol vent,

or between reactants and. products and .even i nt er,nedi.at e, speci es
Chat . for m durt by N AEDKIR MR cnEh Eo PR AR Mgy THRAT6: ot en
acid-formng species |ead to the sane result as the ketals, nanmely, that 15
thel are contam ndrt 4 A7+ 25 § FPapndédtiyhéne nal onate product and with tine
they are converted back to an acid. These increasing acidic conditions,
like with ketal s,3.] ®pptanroNMRespevsvml in Cedlct #OPMHa cohprisieathd feiloyinend
performance of the nononer products. An exanpl e of anot her i npedi nent
to form ng high oieakd: tysinglBorerod fpho ighndrigy euhy tovagd|betveatdi I3 B ppinhe
unwant ed pol yneri zation of the nonomer. These pol yneri zations
In a sixteenth aspect, the invention provides an oligomeric complex prepared by
15  reacting a malonic acid ester with a source of formaldehyde; optionally in the presence of

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

the presence of an acidic or non-acidic solvent.

In a seventeenth aspect, the invention provides an oligomeric complex prepared by
20  reacting a malonic acid ester with a source of formaldehyde in a substantial absence of acidic
solvent; optionally in the presence of heat transfer agent; optionally in the presence of an
acidic or basic catalyst; and optionally in the presence of a non-acidic solvent. In certain
embodiments, the substantial absence of acidic solvent represents less than 1.0%, less than
0.5%, less than 0.2% or less than 0.1% by weight acidic solvent as compared to the total

25  composition of the reaction mixture.
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20 can occur via polynerization of the nononers thensel ves, or of the
nononers and various internedi ates, or of the nononmer and ot her side
product s wbabiamaye3be present in the reaction m xture uneem/usendiosisens used
in the prior art. These polynerizations not only lead to unwanted
consunption of the nononer product, but also may lead to the formation of
ot her side products that nay or may not becone co-distilled with the

nmet hyl ene nononers thensel ves, causi ng the nononmer product to becone

cont am nat edyYh e HRRsBEbt Sthe frvRAGSHSToSide DA o BB oG Ee:Oftchdted gyer al |
performance of the nmononers. 5CGther deleterious events are also poSsible
during . K| L. .r tlon, | -t [ 4.1 e events sult in
the constpErINTERe SidsRRr M gt BRI Mt P B G Mo SRR Ton i 1
the yield of the desired nethyl ene mal anate product. For ex l e, the

met hyl digat Bar“ét% agsiy: qrsRe I inrthe Desaichal dR ik HOISE GHHES % 5 oty

di met hyl -ol material, which consunes raw material and is nonreactive. The
mal dnattbe prpignearénn atidican ngn-geidicewdtent andavingonesr mdre abthedodneing al r eady
formed, instead of formal dehyde, to produce a glutarate, which is al so
non- r egdiysivehcamdal pooysutiass raw material. In addition, the desired products
formed can polynerize thereby reducing the yield of desired product.

Exenpl ary evi dencge) QGC‘Z’I@IB%%IE%C&&I@%?@&&H% §0% FBhdcARa@ELHTS | Ng during
t he Knovenagel reaction with fornmal dehyde has been observed by the present
inventors, it is éh?@ﬁéﬁ%ﬁ%a&Q&nh Jirst time. The observed phenonenon is
t hat net hyl ene nal onate nononers already forned by the Knovenagel reaction

wi th fornmal dehyd if stand at roomtenperatuyre far perj od of

t i, form a moxchkb VAR BURR FrbE8PbmGHREs SRl B TIA S e
products. In several observed cases, crude products still containing sone
amoiint of fornald%ﬁy&%kéﬁ@‘VBt@FLaF@@?&T“days, were reduced in yield by up
to 40% due to the 20 consunption of the already formed nethyl ene nal onate
mononers i n del etlerd putrsNYR speatwinoinCRCL Rt 40HdHzcomposiep tls foflowing
reaction mxture. See, for exanple, Figures 1, 2, 3 and 4. The nethyl ene
mal onat es pr epar g@akydedingluCh 406nNgint hhsarfvwepeaks locarldIbetwaeh 46283 .8 ppirki ng
comer ci al products, including reactive fornul ated products, such as
reacti ve adhesi ves, and pol ynmer products, such as filns, fibers, nolded
articles and the |iKke. I mportantly, while a substantial amount of

or o 8 SR U6 e ORASIARE L SGH Gl gPer L o
3,523, 007, 8,587, 105 347588 S RorkRRicnfa Q40808 £ BEE A of
heat transfer agent; optionally in the presence of an acidic or basic catalyst; and optionally in
the presence of an acidic or non-acidic solvent and having the following physiochemical
properties:
1.) a GC/MS profile which shows greater than 80% concentration of a
20 methylene malonate monomer;
2.) a MALDI-TOF analysis spectrum comprising peaks at: 131, 153, 176,
192, 194, 470, 472, 675, and 758; and
3.) aproton NMR spectrum in CDCl; at 400MHz comprising the following

peaks: a singlet at 4.66 ppm and narrow peaks located between 4.32-3.8 ppm.
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4,931, 584; 5,142,098; 5,550,172; 6,106,807; 6,211, 273; 6,245, 933;

6, 420, 468; 5 6, 440, 461; 6,512,023; 6,610,078; 6,699,928; 6, 750,298; and
2004/ 0076802p12¢@ed330f whi ch are incorporated by refererceE)is2anastobe
Knovenagel reaction for the synthesis of methyl ene mal onates has been known
at | east since 1938 (see e.g., 2,313,501), the prior art did not recognize
the above silgrtitaia @ntbolintentsadflthaBivertiinS tHeSolifgutrictie copicd esnurd ilby weipat f act
that no single conmercial product based on nethyl ene mal onat es has ever

been mapkeirgts ManSH beldQ 1186¢ Ui NG WREHS tﬁ&&o?&%ﬂﬂ&ﬁ@@né@é@“at es have been

made using the Knovenagel reaction. The present invention relates to an

| mpr oved_Kngyenaggl.r s pg&gen% TR LSRR s T

mal oni ¢ aci ers W or ial € nobnoners.
An i nmpor Bt fea ur roved met hod of the invention is the
surpr|§mﬁg dinde 8 ﬁwf 4@&%%%@?mPﬁhctlvatlon provides for, inter alia,
(a) significantly reduced or 15elimnated fornmation of alternative
products, (b) significantly reduced or elimnated consunpti on of MM
nononers and (c) significantly reduced or elimnated degradation of MM
nononer s i n Ihhewest@ah embodineng tird ingers il eouidet a methgleae ynabmdteshonage st ages.
To the inventors' know edge, catalyst inactivation has not previously been
r ecognizemhelhe GARLEEP| ated in the context of using the Knovenagel reaction
W th fornaldehyde to 20synt hesi ze net hyl ene mal onates. Accordingly, the
present inventign relates, in part, to the conplete or substantial
i nactivation off the reaction C alyst to elimnate 6Or significantly reduce
the reactivity\or subsequent futher reaction of t m xture, which can
| ead to nethyle mal onat e cons tion, degradation@r the formation of
alternate prodycts, all of which can inpede 25 yield optim zation
net hyl ene i } and net hyl ene ate polynerizati on and
ot her aspects o nce and manuf act ur The prior art that
enpl oys the Kngvenagel reaction/to synthesize nethyl/ene mal onates does not
in any way h, suggest aqj enplify this addy nal step. By contrast,
the prior art t hods for synthgsizi ng nethyl ene mahonates are aSSOC|ated
with a variety<fT probl ens whi cH preclude their use ®n
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5 maki ng vi able M based products. Such problens include, for exanple,

| arge-scal e | osses in nononer yield due to nononer degradation during the
reacti on wodosuiss@guent recovery stages, generation of ®ORAIS2@d/056926

del eterious alternate products during the reaction and downstream
processes, and the production of netal and aci d/ base residues fromthe
catal yst, wiheahchedembodingenhe aivestisiipiondecs esoy®itions, ity aolids8rrs, can
significantly inpinge on 10 the overall quality of the nmononers, their
react| Vdnh%olﬁﬁ@?bémﬁr%i@g‘&lec@rgﬁ&ﬂeto)ftﬁe@é nfeﬂfy'[@n@gna‘{d)&@é oRGABRI ci al products.
For exanple,” in the case of adhesives, thése kinds of problens lead to a
significant reduction in the cure speed and an overall reduction in
shelf-life of the product. Wile the invention generally relates to an

i mprov Knov el 1 ion wth fornaldehyde to synthesize nethyl ene

mal onat ]M@Mf t he 15i nvention can be applied
by those having ordinary skill in the art to any approach to chemcally
synthesi ze rtthyl thaw hasingriadiasty skl the ant ewhishdheasubgiics tyortian pak@atns

nmet hyl ene mal onate product and nononer performance is particularly

sensi t iwidl harctrélilyruadented abwuowaikt enld adet the naehtien grdederdicd heramoner
degradati on and nononer consunption is wdely applicable to any type of
synt hesjrsfetrB@tmbadinRatsUs&eo il lIRNREG IR d R U BB wWIRlitNattsice B dher 20to the
present invention, the significance and nature of these types of inpurities
and thqﬁ&wﬁ>%q@&§dgn the performance and quality of nethyl ene nal onates was
not previouSly recogni zed. Thus, for the first tine, the present invention

provi des a vj.abl roach.to i ng, et hyl ene,. nal.on nononer s t hat
o be ut 111 e MR BN HICHHE e o ¥R AR PRt S oRS
nononer - based (e.g., adhesjives) and pol yner-based (e.g., fibers)
25podUBerRomengpntaiing yaies 3 abzdpand @gwwuﬂtle& In certain enbodi ments
of the invention, the reacting step is perforned at about 60C to about
130C. Dependfiggredhdepints the depletion of the detiia myatleylensadalonite momaoier of Figtep can
be perforned at about 20C to about 50C, or about 30C to about 40C. In stil
ot her insteaieaurRal kiogdgeal kaom tdagqegureddr 7 dagist &ddpirted isGandss when t he
source of formal dehyde is a gas, the 5 reaction step can be perfornmed at
about 0C to @beuts gfets pRVRIS et M sI8RGhIARICHMERY! BedylchdHathnale such
tenperatures. Reactants The Knovenagel reaction for making nethyl ene

mal onat t | avent | . o basic reactants: a
naloniéﬁ%%?%ﬂégﬁ%#ﬂé%ﬂ&ggg%%gﬁéggﬁé?%g%%?hgﬁﬁ&g%M?n certain enbodi nents,

t he present invention contenpl.ates the use of | oni ¢ aci d. esters having
tha T ol ot rBHG AR TAHEMEriAn 6 i dre b o RBORRGRRE S TRUETE AT Kyl
C2- C15 al kenyl, halo-( C1-C15 alkyl), C3-C6 15 cycloal kyl, halo-( C3-C6
cycl oaltRg Fqurshedtsegrags et irgom terapasptgesyfer v flayscas damctad ley@@-%éﬁ-yl -( Cl-C15

al kyl), heteroaryl or heteroaryl4 Cl-Cl5 al kyl), or al koxy -(Cl-15 al kyl),
each of whi dhguay depictyr GOREISI spectuins bf trutle DidlyylGethGlene MaMdyhate haddoedd C1- C15
al kyl ), C3-C6 cycloal kyl, halo-( C3-C6 cycloal kyl), heterocyclyl,

het er oayclash 4lis6llatidibmathol ising arMb, Z@iOA c), Oydedis. al kyl), heteroaryl, C1-Cl15
al koxy, C1-C15 al kyl thi o, hy%roxyl, nitro, azido, cyano, acyloxy, carboxy,

or ester; 2Qor erein R R are taken t.ogether wt he ato whi ch
Chey are bod e depidh & B0 ReeBlf o SRl DSRTi e el ep B
optionally substituted by Cl-Cl15 al kyl, halo-( Cl- Cl15 alkyl), C3-C6
cyc400a|ﬂ@;ﬁl,ciwﬁblﬁf@r(metbod:esmgéll\é%{q (OA)NBYlsdsdtgcl yl, heterocycl yl4 Cl-C15

Figure 7 depicts an NMR spectrum of pure Diethylmethylene Malonate produced by

flash distillation method using 1 M% Zn(OAc)) Dihydrate.

Figure 8 depicts a GC-MS spectrum of crude Diethylmethylene Malonate produced

by superheat distillation method using 1 M% Zn(OAc), Dihydrate.

22



WD 2012/ 054633PCT/ US2011/ 056926 al kyl), aryl, aryl -(Cl-C15 al kyl),

het eroaryl, Cl1-Cl15 al koxy, Cl1-Cl15 al kylthio, hydroxyl, nitro, azido, cyano,
acyl oxy, wenbmos463er ester. In certain other enPpatiusent®scoohe
present invention contenplates the follow ng specifically identified

mal oni c acid esters: dinethyl, diethyl, ethylnethyl, dipropyl, dibutyl,

5di phenyl , angure®hiehictd yNBIRIGROAEL®R of 3B PicthhRichylene MalohBtegesduabdbpt her
enbodi ments, the present invention contenplates the use of malonic acid

est ers Jiguhpd distBlafi hlemoaglsif&grmwzn AT) @?h%ﬂ%ﬂ n Rand R are

i ndependently C1-C15 al kyl, -C15 al eny?, hal o-( C1-Cl15 al kyl), C3-C6 10
cycl oal kyl halo-g C3-C6 c&cloalkyl), het erocycl yl , heterocyclyl4 Cl-C15

al kyl ), arylEgureilDeepicty agiyMSsaecgheinure Pigibylaictyispe Metendta produgsd ) | or
al koxy -(C1-15 alkyl), each of which may be optionally substituted by

C1- C15 byl supérhedialisoullatign mett®daisiog| ) MYCZn(CAQy Bibpdrkigl , hal o- ( C3- C6
cycl oal kyl), heterocyclyl, heterocyclyl4 Cl1-C15 al kyl), aryl, aryl -(Cl-Cl15
al kyl), het arigaeyh ’deﬁ%fsg%fl\lﬁh{ks%&’tm&%fg%% ﬁkﬂﬁ%irﬁ&hﬁem%fo@%ﬁélmo&ﬂ&ﬁ By

azi do, cyano, acyl oxy, carboxy, or est 15The mel onic acid esters hay be

der i ved, QL 0BG LM A8 Weern (Y iRy aay commercial sour ce,

derived ronlnéiure, ot’her "coApounds,* sy thes zed by ot her processes, etc.

In certain enbodi nents, the nalonic acid esters are obtained from"green”

sour ces. ForFigwangldepictsheGaEVEnpectmo of mat &-€reciabut plg-nakehnyileredMalooate

bi ol ogi cal sources, such as via fernmentation production systens whereby

m cr oorgadicsiby gepeliat distingiomhahbd usisg An@3AOp Dibgdra@. di rect netabolic

by- products of fernentation-or whereby the m croorgani sns generate

met abol i ¢ bys.prodycts. of f ntation.that..can. he the aQnyv ed

Mexpens: velers ¢ fePiaBem SRR ShaBbiG Rl B bR R Slliis o

production systens are we]l-kno in.the and may utilize either-or

bot - mm%é B ﬁisv@%tl%ra%?éw%zaﬁéﬁgi%@é@- mi cr oor gani sns t hat

are specifically designed to produce the desired nalonic acid ester

products, e.lgurcréclepiisi@@ipatradogdifReiye ehelstdemddnac 6ddmeric produdtn

anot her enbodi nent of the invention, the malonic acid ester reactant is

mono f upghiinahe reﬁ&tﬁbrﬁédnﬁﬂle;@&oé A&l s dbiRAtatRh rEdeioh BUSRAEL H‘Exénﬂﬁe mal oni ¢

acid ester reactant 1s difunctional. In still another enbodinent of

the invention, the malonic acid ester reactant is nmultifunctional.

In certain enbodi nents, the present invention contenplates the use of

mal oni ¢ nmonQ-.10aci_d, nono-esters hayin he following formula: R?R 00

Wher oi 1 one THRIR L3AgPRS 66 ShAGHRURE T Ereh eI Lt PUded Srarbcakyl

C2-C15 al kenyl, halo-( C -C15 al kyl), C3-C6 cycloal kyl, halo-( C3-C6

cyclSoalkgduct pret terfesetienal distifaticsy w@qrylanpe@mﬂc%g pEIcRsA of Exgmplle % G - Cl15

al kyl), heteroaryl or heteroaryl4 Cl-Cl5 al kyl), or al koxy -(Cl-15 al kyl),

15each of whHigilrerhaydepietsdpt ispatadalfyr ditedtyl hethydeneymTordBd prodhi&tydfter hal o- (

Cl-Cs alkyl), C3-C6 cycloal kyl, halo-( C3-C6 cycloal kyl), heterocyclyl,

het er ogygetiyd# distil16dén @l de¥dbdan@rwith thafpydeess 4f@katpbde &1 kyl ), heteroaryl,

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

carboxy, Or [54N7 depicts the 'H NMIR HEALRSOANAGCEEREChidlE: ih AL on. the
cid no ant | .

mal oni ¢ nono- o-ester reac S nonofuncti ona
formed in accordance with the process of Example 6.
20 Figure 18 depicts the 'H NMR spectra of crude DMMM in CDCl; formed in
accordance with the process of Example 6.
Figure 19 depicts the 'H NMR spectra of 99% DMMM in CDCl; formed in
accordance with the process of Example 6.

Figure 20 depicts the 'H NMR spectra of 99% DMMM in CDCl; formed in

25  accordance with the process of Example 6.
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In still another enbodi ment of the invention, the mal onic nono-acid
nono-ester reactant is difunctional. In still another enbodi nent of

t he i nverwoani2/ash@3mal oni ¢ nono- aci d nono- est er react antPCirass2011/056926

mul ti functional. WD 2012/ 054633PCT/US2011/ 056926 The nal oni ¢ nono-acid
nono-esters may be derived or obtained fromany source, including any
comrerci al sagiree,]l ddpiciswed spectmnfaadilsogropgl methyraspawids, (CIpMMEesi zed by

ot her processes, etc. In certain enbodinents, the mal onic nono-acid

ToN0- eSfifbeAL BrobAoREE il (REYgh GEL MPIONEEE fesulF Of the%BRRnSatidn18adiBhONI €
nono-aci d nono-esters can be 5derived Trom bi ol ogi cal sources, such as via
fernentayh%aigkggﬁéﬁ}pn systens whereby m croorgani sns generate the nmal onic

Outll . . . .
nono-acl d mono-esters as direct metabolic by-products of fernmentation-or

wher eby the m crqqQrganis enerat e. met abol i - pr oduct fermentation
that can be HBUR J8RIERC Sg%és%&rn@isegﬁom@e@ﬁgﬁagsfﬁn@tﬁ P ECRE o act d
nmono-esters. These fernentation production systens are well-known in the
art Sand“eraskedd) proflugt peioeio fivestiong! dbwtlation By aseprgardcsrish themirecsss ¢frlovde ure or
engi neered m croorgani sns that are specifically designed to produce the
desi red/.mal oni ¢ nono-aci d nono-esters products, e.g., reconbinant or

engi neered Escherichia coli. In certain other enbodinents, the
present inven ﬂu@mmugzak@@ dchie forsBis@fropRl B&thflefl makinghe (Damimg) t he

foll ow ng_for%ul a: 15 R?R /\§p0_0 where?él gﬁand %‘ are botrg hyd?@gen. _
The mal gd & dher RIS TR RGP A E6h e ARtRIE S L BB RO ce. | ncl udi ng

t r?g :
any co rcial source, derived fromnature, conpounds, synthesi zed by

ot her processes tc.. C i) embodi « t.he mal oni.c di-acids are
bt ai ned 1+ e dspcldnf dhaME PRI bigmiy BRefeGh BRGS Chn be
derived. from bi ol ogi cal. sources, such as via fernentation production

sy stVe nsoliRt BIRg oS oYigaihe Faceetdrat®le he mal onic di-acids as direct

nmet abol i ¢ by-products of fermentation-or whereby the m croorgani snms
gener at e metRipoki26 depicprtbel Ud DNVIBfspéasrarnd ntutei RIBMMadn CRYs femeliém conver t ed
i nexpensively to the desired malonic di-acids. These fernmentation

pr oductdcosrdsicstveitsthapeocesy df-Haepie 7n the art and may utilize either-or
bot h- m croorgani sns derived fromnature or engi neered m croorgani sns that

are speci fi gall 2deRpRAGH: P NVIRAPESraldT®79eBiFNAM MBE0I Fordticdagi ds product s,
e.g., reconbi nant or engi neered Escherichia coli. Further reference to the

methodsa,C &%&ﬁ%k%g§ g%gcg&gﬁqg&hg)e§or preparing and/ or 5obtai ni ng
nnnofuncflona , |¥h é%lonal and nul ti functional nml onic acids, nalonic

di _laSCI ds, Figure 27 depicts the 'H NMR spectra of 97% DIPMM in CDCl; formed in

accordance with the process of Example 7.

Figure 28 depicts GC spectra for di-n-propyl methylene malonate (DNPMM)
oligomeric product formed in the reaction complex as a result of the condensation reaction
outlined in Example 8.

20 Figure 29 depicts GC spectra for di-n-propyl methylene malonate (DNPMM) crude
(“cracked”) product prior to fractional distillation in accordance with the process of Example
8.
Figure 30 depicts GC spectra for di-n-propyl methylene malonate (DNPMM) product

after fractional distillation in accordance with the process of Example 8.
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or mal oni ¢ nono-acid nono-esters can be found in U S Patent Nos.:
7,663,000 (Quinoneimnes of malonic acid diamdes); 7,553,989 (Malonic acid
nonoest erwoan/uasdess for produci ng the sane); 7,208, 62CT(UsRdionse2aci d
nononet hyl derivatives and production process thereof); 7,109,369 (Ml onic
aci d nononet hyl derivatives and production process 10t hereof); 6, 794, 365
(Mal oni ¢ acimggtenil\d@picwahc 'HHNMRS Sl @DNIMIM olgERaiairbomt iheDCluse and
phar maceuti cal conpositions containing thenm; 6,673,957 (Method for

pr oduci nal #aXYorlBlRMith AehibAifiitEihfi 3. 6, 613,934 (Enanti onerical |y
enriched mal onic acid nonoesters substituted by a tertiary hydrocarbon

radi cal , and. i il : 9 [o)a! i ter | azol e

m xed bIockgagaﬁﬁﬁfgﬁﬁéﬁ%gg?ﬁg%%gﬁvze(gﬁgﬂ?$$€g}¢%n3ﬁ%%g§g%f§§%%%hglonic
15aci d aqg esters t{ﬁ¥60f$§ 6, 395, 737 (Mal onic acid derivatives, processes
for theYih fhedpeaest oidneanply 8¢ heir use and pharmaceutical conpositions
containing them,; 6,284,91 Process for preparing 2-amno malonic acid
deridvat i ves EHawe33 dlepige-the &ME&Q@&HW”&&D&&MMEE@ Cfrgformeéimedi ates for
preparing the sane); 6,238,896 (Process for producing malonic acid

der i vatacvedjnceSyidBthe dtRefRfdomampld &r preparing nmal oni ¢ acid and

al kyl mal oni ¢ acids); 205,817,870 (Process for the production of nalonic

acid or a saifutkhardepicls MALBITEGH 2pdchahydRhic ESOpiod&R S g iR IcREdsS ofsdetic
derivatives and their use as nedi canents and di agnostic agents); 5,693,621

(el oni i Acd A6 LYQkhikES, DAWbAGAE ATES] ve properties); 5,426, 203

ves .
(Plati num conpl exes o%’%ﬁfonl aci d %er vatives and process for the

preparation t.hereqf):.5, Met hod eparing subst.ituted | oni c
Bstor ani |1 dagisag deieBa LRI ok st b uaods  Bine Mifmall ai oni c
acid derivative conpounds for retarding_plant growh); 5,210,222 W

2019/ 0546BSHE AU Aer9btnS I Prropyadve Branle Aor oduct i on of nal oni ¢ aci d
anhydride); 5,162,545 (Malonic acid dyes and pol ycondensati on products

t hereof ) ; 5,l089¢380lcpgUdaLDIETQRL spephorditheingertnel preaas withowtet sohicat s,

whi ch can be deposited at the cathode crosslinked with nethane

tri car hexytding taciothparitide Exafmpteh oni ¢ aci d derivatives); 5,021,486 (H ndered
am ne-substituted mal onic acid 5derivatives of s-triazine); 4,914,226

(Mal onic acid derivatives and nethods for their synthesis); 4,835,153

(Mal onic acid derivatives); 4,736,056 (Process for the production of

mal oni ¢ acid derivative conpounds); 4,698,333 (Use of substituted nal onic
acid derivatives as agents for conbating pests); 4,578,503 (Al kylated or

al kenyl ated malonic acid or its derivatives having a fluorine); 4,556, 649
(Substituted mal onic acid diam de insecticides, 10conpositions and use);
4,539,423 (Process for preparing diesters of malonic acid); 4,517,105
(Met al wor ki ng | ubricant composition containing a novel substituted mal onic
acid diester); 4,504,658 (Epinerization of malonic acid esters); 4,444,928
(Polynmeric malonic acid derivatives); 4,443,624 (Method of preparing

mal oni ¢ acid dial kyl esters); 4,399,300 (Method of preparing malonic acid
di al kyl esters); 4,329,479 (Process for producing 1, 3-dithiol-2- 15ylidene
mal oni ¢ acid dial kyl esters); 4,256,908 (Process for preparing diesters of
mal oni ¢ acid); 4,237,297 (Piperidine containing malonic acid derivatives);
4,198,334 (Substituted nalonic acid derivatives and their use as
stabilizers); 4,154,914 (Process for producing acrylic rubber by

copol ynmerizing acrylic ester and mal onic acid derivative having active

met hyl ene group); 4,105,688 (Process for the production of malonic acid
dinitrile and 20purification thereof); 4,102,809 (Ml onic acid conposition
for thernoparticul ating coating); 4,079,058 (Process of performng
cyclization reactions using benzyl or pyridylamno malonic acid
derivatives); 4,046,943 (Ml onic acid derivative conposition for formng

t hernmoparticul ati ng coating); 4,036,985 (Mno substituted malonic acid

di am des and process of preparing them; 3,995,489 (Ml onic acid derivative
conposition for formng
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WD 2012/ 054633PCT/ US2011/ 056926 t hernoparticul ati ng coating); 3,936, 486
(Process for the production of malonic acid dinitrile), each of which are

i ncor por avedotysu@Ber ence in their entireties by refererce/useraiono2s

The nethods of the invention also contenplate any suitable source of

f ormal dehyde. For exanple, the fornmal dehyde may be synthesized, derived
from arpESERIPTRONGF TIDEINYENTHEON. , par af or mal dehyde), or obtained from
nature or from sone other suitable source. In certain enbodinments, the

for mal dghyfig,yi S introduced in the formof a gas. In certain enbodinents,

t he formalrdenyde i s obtained from paraf or mal dehyde. Commerci al sources of

f or mal dehyd f I e are readil.y availa i ch i ncl ude,
for exanpl e%@&?g%ﬁ{,@%ﬁ@@%?ﬁé% i W( %ngqo?lgté\élé%%@r{‘)\é%nea ’tsdl\gr;ﬂﬁgjlés)e%ﬁo

Catal ysts,. . T resent inventjon contenplates the use of y suitable
aci di ¢ @plighionof &&%@%@geﬁ?a&w e afné#eé}sr%%leibﬁ@&@?lomteﬁﬁ%’@en
surprisingly found that no catalyst at all is required to conduct the

readt i oRONONEIr ‘Elag AP Iverh b hisridyantegeons §er pravicaslydiewinyappeaichss fased f or
Knovenagel reactions with formal dehyde to nake MM nononers are

cont enplyathedzinSMM matahststis panchaseiese thomethodnpf the ihasiian, databiesi(a)sal t s,
such as, potassium acetate and the neutral co-catal yst copper acetate. In

certai rsi%ﬁﬁ@hﬂ? el BEBSinatctBe RIFBREHH of ANceRtive PraRittsemkidhBRaktdf al yst s
that 20 hetetofore were previously unused in the context of the Knovenagel

react i Qnqitdh cfit TRl ARNNAS: LA AYRTES AR MMORBTBAR, SHE ) SRALARS

i ncl ude various acid asic, neutral, or even anp eril ysts.
Acidic catal yst.s.can.inclu far anple, lithium.chlorid bor gn.

P uariins o el Ageiion FBLATB B bl ShveaBe iyl
chloride, titaniumtetrachloride, zinc chlorjde, 25alum num oxide, or zinc
oxi de. MM BParmgisywhichapar FgPYeryaara PYRighCIgualitye Seatre AETIENIMRIGVEd Yieldude, but
are not limted to, paratoluene sulfonic acid, dodecyl benzene sul fonic

aci d, bodeossess ovevrll deprovidrsrioenattcohataeteristidsfilage dmpioved airawpesdi de,
sulfated titaniumoxide, lithiumchloride, boron trifluoride etherate,
ferri c rsuhfi@i ef cuzé¢ sped) itiprevcdchtlddifele Wiehdut interelin ool ldebouhd barticory, the
tetrachl oride, and zinc chloride. 5Neutral catalysts can al so include

si lica japeh Rl eithd ADPkh et bh raeR 8 @ild s)ﬁ?p@s%‘%@ﬁc_ovle& tﬁ@trth@?ﬂoﬁirh&{tirely
enbodi nents, the inventive nethods utilize a basic catalyst. Basic

cat al ysd | i | hut iLm 10 ssium
cer a dutedtdbEnl DYER L AR TR a8 ML ot i ARG Pond NS
acetate, calcium acetate, nmagnesi um acetate nesi um oxi de, copper
Acakat doeTAORTIPE O SPEdZR BHPR ORISR AR ol g0 T N5kt BRIOTShA PEYPHPd
further enbodi ments, the anphoteric catalysts can include, but are not

| i m t edthe produgting afivHVoxpaemery |tlmﬁswt.ﬂhba@%tl<¥b@psezii ip ghogpandecurcipd didsi um
acetate, and zinc oxide. In still other enbodi nments, the present

i nvent drased@educguapt msteniglsy and unexpectedly found that no catalyst is
required to conduct the Knovenagel synthesis reaction of the invention.
Specifically, in this enbodi nent, the reaction can be conducted with all of
the 15reactants added to the reaction vessel at the start of the reaction

prior %@ﬂg@é‘g heat. The source of formal dehyde in this enbodi nent is
prefer 1 d parafornmal dehyde, and is added along with the other

reactants, ingludj he mal onj ste prior..to adding heat. This reaction
surdr roi nat y s e AR amrary TeiieRTing iRl G508 e R R pect edl y
O i o hamery ﬁgéé;gtépi by & parton skilidd 1 the Bt 56 which this davention belongs.

The following references provide one of skill with a general definition of many of the terms
used in this invention: Singleton ef al., Dictionary of Microbiology and Molecular Biology
(2nd ed. 1994); The Cambridge Dictionary of Science and Technology (Walker ed., 1988);

25  The Glossary of Genetics, 5th Ed., R. Rieger et al. (eds.), Springer Verlag (1991); and Hale &
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20 unwant ed pol yneri zati on conpl exes and degradati on of the nononer
products. Catal yst Inactivation In the context of the Knovenage
react i on wiotzn1fsuesal dehyde, the advant ages of the i nventcraSowtiossde
including, (a) significantly reduced or elimnated formation of alternative
25 products, (b) significantly reduced or elimnated consunpti on of MV
mononmerdaihagh, Th¢ HaM¥or 29Mlidk 0héGaRIT BISREL 11 BB A6 usédidréincbifdljowieduced or
el i m nat ed degradati on of MM nononers in the reaction and during subsequent

r ecovery@iithve s ﬁ%ir%?%gﬁ%ed% theRERLIEY EthledsRpREfild oR¥rlifle 1 nactivation of
t he catal yst used in the reaction. B%ere a catalyst is utilized

in the inpr A& 19865 rﬂg%:gtﬂ ?%Ztlersr{l g%%%hify?e%e %lc&/@?e”!r@%’e? t:toi o I’méatr?rﬁgd EQ\'AS& ﬁl%tcore .

i nvention can inclu ca i nactirva y suitabl e

met hod or pr o jhactivating the catalyst is contenplated by the
presenﬁgﬂwagﬁfﬁgﬁﬂo&%iﬁéﬁghéﬁjh jodi ments, it is desirable that the method
for inactivating the catalyst fully elimnates the activity of the

cat @l yst, i .4s uscdbomnthateriat mglenistacehessdry réfersde aicoinpgund kpvagrehae core

enbodi ments, it is preferred that the activity of the catalyst is reduced
by at 1Btmedst--8D0%(OMCHtC((BaB4---hy 55% or at | east by 60% or at |east by
65% or at least by 70% or at |east by 75% or at |east by 80% or at

| east by 85%s @&ed AbrehE Asd tehid ki OtoRd-atie dsdnobdtc@dDPéfer9ko Abothpamd by 99%
relative to the activity of the catal yst absent the conditions that cause

t he i”QQEH&QEé89FﬁhnﬁﬂanﬁﬁiégbyéEﬁﬂxéQQﬂﬁcata'ytiC activity. In one

enbodi nent,” catalyst 1 nactivation can” be achi eved by the addition of an
agent 15that, |l eads to formation o n_insol.uble precipitate that can be

o erea or Anfnneidh o5 Rk aPPySafibl SR ue PE Satif bl e e o

met hyl ene. mal onat es. The agent can be, for exanple, an acid that is added
in 4n dpeihyisnamalonaisievige onfy aumerelesdul. (e. g., about 2X, or 3X, or 4X
equinmolar) to the nolar anount of catalyst used. Additional solvents or

ot her i ngr edheurcd hawyn, tlee taxhd Edifunstibadi’ Fiferatea halamandid asteeidi metbpkhe agent s
can include chelating agents or 20sequestering agents that conplex the

cat al yshalbeate BadNgtwd cdre domnacddsi boang @irbugh edlkyend lnkabe bewach baneoxygenagent s
that would formmecelles (i.e., small regions or particles of another

i qui d pHESE hiRds WvRWost fosimme the catal yst fromactive participation in
the reaction) to inactivate the catal yst. For exanple, in certain

enbodi nent s L di a b . [ pitate
t he catalysf¥€§%88§&ghffﬂgﬁﬁ %%ﬁgﬁnpﬁb%%%%gF%BE%F%SSg&%#%ﬁgﬁéagg%gghEZOS,
25phosphaor ous aCfd, erchloric acid, hngrochl ric.acid, ar acidic ion
exchandBethespqalonate hsng aoss HARS Sesr gD Hogk9sBs & SR8 THORHBYI ment s
where basic catal ysts are used, the agent used to precipitate the catal yst
can be adlglengrlinkagebatwegrheraphioerie atget en cashiof tvo adjagent gore fomysilaspHp pibR ous
acid, perchloric acid, hydrochloric acid, or acidic ion exchange resins. In
anot herengwidodéne it teoaailySinctioractdry tit 4 malooarciobesaa hiaewmed, ByS, &djust9, ng t he
relative 5 solubility of the catalyst, for exanple, by changing the

react i Qi 10cstUfoemEREPOSi tion or using tenperature or both to facilitate
precipitation or phase transfer or both of the catalyst and/or its

conponents. It ih@Ra!, tﬁe%ﬁag d I %ct‘Nati(ﬂg,h%E irf &Qét‘?\%itiﬁg tﬁ% d&?a%fysl?,ereﬁgsdt%d to

facilitate filtration or t osen Separation ne or exanpl e,
I [ ' ity). Additi | v.ent j. de,. . | e,
ny o ocAPBEH Tegh e LB B RE e AR P BBPe B WG Foahlr R BT iromn.

the reaction mixture such that 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 “reaction complex” refers to the materials which result after
reacting a malonic acid ester with a source of formaldehyde. Such reaction complexes may

25  comprise, without limitation, methylene malonate monomers, oligomeric complexes,
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10pol ar, etc. In a particular enbodi nent, wherein the reaction
utilizes a copper and/or potassium acetate catalyst in an acetic

aci d/ hydrwoantras4ael vent, the catal yst may be renoved bycrhs2@adasdnen of
sulfuric acid in a slight nolar excess to the catalyst used in the reaction
m xture after the reaction is conplete. The product can then be distilled
at | ow ipeessiblceombian ingurieies, bhartsgy maiatiok ot litemaicaRfeming iaguetican lhe added
(10 ppm along with 1000 ppm of hydroqui none (or butyl ated hyroxytol uene

whi ch i @b SATBARERO ThdRAS "RALSIN @npldi&cRW {ofthEehRbiRMUGT o:GAR BB e
distilled again at |ow pressure (1nmHg or so). Chlorodifluoroacetic acid

)
car b FEREtietd Rapai, SR, Wikl 00RuRPm. Rl gk AKIiGR 0GRyl at ed
hydroxyot ol%Uene” Wit ¢h~1's ‘f)y Conpgrl son nor e serubfe , el ther after ‘or prior
to distill ?tipn, to.eitq%r the re.actjggn m'>%ture 2Qor the collection flask
or bot Kfapable ol pqripraiing aehemir) Sefichait $hC Wit diniCiRer@EHAl §URPIFS sppet
acetate and potassium acetate, catal yst inactivation can be acconplished by
t he 5f olindigitaghas e shermigsplrcactiongp aecried blehyerelyiconyys decanbingjonedie/ acet i c
acid solvent with the copper acetate and pot assi um acetate catal ysts
and heatsgtidtion &0 Qictroatprids withirf the nedcdetyekscland cemtin ambodiments, theecr@bsol vent .
WO 2012/ 054633PCT/ US2011/ 056926 2. Di ethyl mal onate is added gradually to

the reagédcHOn Bdplekereddie o theRBhtcAE 0@ the3Padtion WSl WRIdeRaidlchibotiigeritd) gharat er
being forned to escape or be collected in a dean stark trap. The exotherm

is obs . > | et 1 93[5? t ransparent

bl ue a? '%Pél?drggér%g%%tx ?g% %ﬁagﬁ&ggpg?grﬁgaﬁég%%& @g&ﬁlﬂ‘ggr eaction is allowed
to continue for gg‘ Hinlgjl%)ets. 4. tSulfuri,c cig in a §I.i%ht F)Mé excess to
the catal yst™] $added 'y felt FFAFZeVad by €8 piPatd 4He "t ¢ and
stabilize the produced nethylene nmalgnate. 5. Filtration can be done by
usifg detads sphyppel cafalyss onptleeymatenals pegde gpgbined or regrdion o Syghtcastiony enpved
by rotary evaporation under reduced pressure. 107. The net hyl ene nal onate

pr oductvessslscmn|beonasld afpnylimgtdrial knavontoameath skl in therarasigh as metgdeseatnuicor of 60C
and stabilized with strong acid and other traditional stabilizers in the
col | ectdlow. fl asks such that the final concentration is about (10 ppm

sul furic acid. The purified product is then optionally distilled again at

| ow pressur e JiefeirS Me teAf “Papo¥ Bhsd? a@MaNR& phat otipr&iRChéhlgnadded (10
ppm, either after or prior to distillation, to either the 15reaction

ot | var Bl Tkl Rtetd Bt nudhieh il I6ARR B0y S RAF, "

azeotrope the water for nore rapid removal 2. Wth pononeric¢ formal dehyde
R pRBPE-gEa e MBloRal B B B et BT s oY i GSODEA £ howt

solvent or wth a higher boiling solvent higher reaction tenperature would
al | ow rigperigedgmgpurideset i on

As used herein, the term “recovering” or “obtaining” or “isolating” as in “isolating the
methylene malonate monomer”, refers to the removal of the monomer from the reaction
mixture, vapor phase, or condensed vapor phase by one of the methods described herein so it

20  isin a substantially pure form.

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

25  overall quality and reactivity of the monomer.
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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 t i orwD2o0tds4@80i dance or m nim zation of the fornmarconseditiongasities,
e.g., ketals and other |atent acid-form ng species. WO

2012/ 054633PCT/ US2011/ 056926 I n still another enbodi ment, the reaction can
be conduct edAd ket hercpt, eisepae “Rfcvarsittacdmplox Gapaitiest” . res Bdvahpgeyof this
condition is the avoidance or mnimzation of the formation of inpurities,

e. 9., kei@alrprapst iRtliekadtRhfBpR& Wil R BhRerSBaGh&Rylert mAoNERIonomer  The
present 1nvention contenplates that the Knovenagel  reaction can include an

aci di c or -acidic v .1.0r . opt onal I t all.

Non- aciaglfigv q{s%%} @é éssulé zlﬁl’Yeﬁgc]‘%bdl %J,tloguotf t%r%etnﬁlteﬂ%)p%%tn\eé%%%& %t trh gﬁ%r of ur an,
chl orof orm. di chl or gnet hane, tol.uene, heptane, ethyl acetate, n-butyl

acet at 4Ot s Pvar faaliHAR ESERHEDY SURERAPETSD] vent s can | ncl ude, but are
not limted to acetic acid and propionic acid. In certain enmbodi nents, the
aci di ¢ sol veht used hawtie dhq tagn “ketplorelees tp ardecata/having a ketalfupetionality; be-Her
enbodi nents, optionally no solvent is needed. This zero-solvent approach

wi | | natoloally caeginegsecattom mndedtd twooSiR ghoups, sdieat O asobigenwnd R al so hel p to
| essen any negative inpact on the environnent caused by the nethods of the
i nvent i@presdntLany AMAGEEHS an 15 environnental ly-friendly approach to the
synt hesis of nethylene nal onates. An advantage of this condition is the
avoi dance or,mnpm [ « forat.L OF [ (I : : .al s and
ot her | at entA%'El:%%H[mT2 ?g?{mk%;teg%e%:tlggcs%ﬂ? M&&?ﬁgfseﬁ tﬁﬁﬁwgﬁﬁ%%e\g%ﬁc%%%g t he
present dnventors have surprisingly and unexpectedly,found that the
Knovendyerouraaa fegre Bl leyaft pis R B ES RS e b P nesdence of

both 20a sol vent and a catal yst. Specifically, in this enbodi nent, the

r eddt i ofallshmplecelshducted with all of the reactants added to the reaction
vessel at the start of the reaction prior to adding heat and in the absence
of a sol ventAs Hed hsiwin, ¢lee tofms ‘Giodadilldl'edmddéncnavaldtile” widye th eomopdusd prhedheisabl y
solid parafornmal dehyde, and is added along with the other reactants,

i ncl udicagalilbef erbontitg esiday at urimal tehpetdghengndi@aisurckhinghé eae bf oslatile;
surprisingly can be run rapidly and in a continuous 25 node and
unexpecqidh RYBE HabRRrkex tin%"re&filg%‘% @H&%@}gﬁé@th}& alll BIRLEES id e
formati on WO 2012/ 054633PCT/ USZ011/ 056926 of -del eteri ous side products,
unwant e i i on conpl exes and degradati on of the nononer products.
Reductf%%gﬁ?ngJléﬁéoducts 5Prior art involving the Knovenagel reaction

wi th formal dehyde to.synt hesize nmet hyl.ene mg| onates typical.ly.invalves
Usifig an aciAl SedGPEREe Ep; Sy ralsE TS| FITa D AR ER ISGRENSI | i ng
the reaction paraneters. Such processes, while produci ng nethyl ene

mal onatdgolatizmg argaciigrspaniexdesuatls by.dus nef liritedige rapiHy hestgghoepaetion

i ncluding the production of ketals and other |atent acid form ng species
bet weerconipéexatoitempahtwesstireamdbdu é SAW foorboal ¢ d Sucl brer gyrpansifdrilesnean r educe
nmononmer quality, purity and performance as a result of the later conversion
of the ikgtad, Hutird nbhematd ey, htat@AtfePLdedts! BEMtBRsfanRees, laberdGndissurs@eci es,
whi ch inhibit the polynerization capacity and cure speed of the nononers,
among gheliamobl ens (e.g., deconpose the nethylene nal onate esters).

In certain enbodi nents, the present invention includes the further step of

m rgom zing As used herein, the term “heat transfer agent” refers to a material which is capable of
achieving a high temperature and transferring that temperature to a reaction mixture. Such
heat transfer agents are typically able to reach temperatures from about 150°C to about 300°C
and include, but are note limited to silica, silicone oil, mineral oil, a petroleum based heat
transfer oil or a synthetic chemical based heat transfer oil. In certain embodiments, the heat

25  transfer agent can be pre-formed reaction complex.
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15the formation of ketals and other del eterious side products. In one
enbodi nent, this can be achieved by the addition of water and a nediumto
strong acwo 20i2084633an aci d having a pKa range from aboutrCTR1S2011.05@be&ut
5.0), either organic or inorganic, to the reaction mxture to reverse the
ketal formation and destroy the ketal prior to distillation or after

di stillati oms iNgtl hpreiDthe t@maMite-SoHaRd Gteeibn dosblck ! adft@mo a Vaikceon caniplee nmade
20 present by nmaking a solution of the acid or by direct addition. For
exanpl &y delth& KEYin R @S Priak NS AR in3deipNg) &XNE R heRAs frhRanddyE ol ume

of the reaction or nononer solution) or the addition of 5% sulfuric acid
solutian.. | i , i chi t u 0
teri ey A BRSa . SIRE TR eqitsTol By A b B AR B R B ot o
during the reaction or any subsequent 25heating operation. Stericall

hi nder 6§ BPEEN & fﬁ?ﬁ lagn@%tr\lpi tﬂ?l’ﬁ‘ﬁ@ﬁ YPap e‘%%?ﬁ%i lg’ togi W/%ﬂtlﬁ’ up &1:? days. Qg c

2012/ 054633PCT/ US2011/ 056926 The invention is not limted to pivalic acid,
howdverl, dana ageance A thgd@pergationistcable By seich éxptangesh ihedapedzagiog atepdbhii d.

In still another enbodiment, this can be achi eved by the use of high enough
nol eculperfomwecdbit a aeglyrepaaed aactidnatontpbexrdd cketialaspates thoprecor@edtaattionM t h

t he nmet hyl ene nal onate. Hi gh 5nol ecul ar wei ght organic acids used for this

pur pos eoeiplex daglrédeio dibligdhnfrid @bmipidki ok @efih€d hdagianoi ¢ aci d, decanoi ¢ acid,
or octanoic acid, or the 1like. In yet anot her enbodi nent, as noted

above, the reacLabcPic RanPaublPlbchQhably LBsbhty ahsRCS: igigny aci d
solvent or in the presence of a mni Ml anmount thereo a mni mal anount
of the acid,solvent is used, the ,acid solvent is ferably dn the range of
Sbout - 1086 GRS s el ae SRS RNty han e AR e B

m nim zation of the formation of inpurities, e.g,, ketals and other |atent
aci d- f GOMPRECY B8 epBarcq insihe itakispciipnymixture.oln gertainesraditens. @ SHestEEALt | on
is conducted in the conplete absence of any solvent. Production of a Vapor
Phase absdricehepderd éelessiapPi78h,Aeps yhadi G2y eseitan Raom hess dppl 0. Fat lesthaf  f | ash
vaporization of the reaction conplex elimnates or mnimzes the formation
of under2%abllas saad. 1’8 dgtwaight P aldltse pardédar domppntechs icoin@ine db tieqoand
product pol yner conplexes. By conparison, the prior art typically conducted

bul k11 gatitln Pd&Ee. ' BaCHh A dr @inbbBBndROY eRagRht S ARE? Rorah tRESRHhENE
mal onat es. Such systens have the di sadvantage of intimate nol ecul ar contact

once t hey20 ) I f ohef o, &yl b | titude
o compet s Tt Prond R ot f BaR DSt IRE bt ater iy S &S ona
acid solve t he formal dehyde, the product of fornaldehyde and water

(o HBHED 3140y 1R FE e NG b e AP ont i O BPEY Gt oty
effects of any catal yst system if present. Even further, the inventors
have dim&dv¥ered through NVR studies that nmethods that utilize a liquid
phase Knovenagel reaction do not in 25 fact produce nonomer, but rather
nononer t hatAsabseddtreim shcaatrafigabibred, f @gmmn te teypextaff “stBilized” methylene

2012/ 054633PCT/ US2011/ 056926 ol i goneric conplex - not likely through the

doubl e hapshtes drhdinpdbisibnPe rEpHRHERIATY Fofers 68 tekafliendy ofthe mic d to nononer
units) or otherw se reversed. In other words, no exo- or CH2-containing

doubl t : | ; ' : lon. It
oubl € rgﬁgﬁiﬁ?szq:or?‘é ﬁtcgﬁf?g?iklggg)g)glt&%o&tﬁn% 's@d’staﬂﬁ&llm&}b% zervﬁﬁf:tllﬁl&n

woul d be pre rough an energy I ntensive step wth
DT ol Onged MR 0 LIRS PHIAL, BHIOPHEER oF olMeh AL iReabOh Nty S GhL ous
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

25  are stablized for a given period of time, e.g., 1 month, 6 months, or even 1 year or more.
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nmononer activity and purification nethodol ogy. Wthout being limted
by theory, it is believed that the heat supplied to the cracking step nust
be suffi cwenbizms4aapply in total four different heat regairrse®niose2éirrstly,
the 10 ol igomer m xture nust be heated up to a tenperature that is hot
enough for reaction to occur and al so for vaporization of the products to
occur. Kmseh&radSyadndsie for vaporization is determ ned by the pressure that
the reaction mxture Is at. Secondly, the heat of reaction nust be net.

Thirdly, anyryd ghdenf Ba&HticAtoRIRPUAL SanTHiHroRE RIRRGRIZEL ntfRiERkin Rgat nust
be supplied so that the product 'itself can be vaporized fromthe liquid

phase i .V ..Jhe rjhzation of [ t s affected
Byt he (05 SrbiSis RR0k AORIRSS: wciin RPRLIER hER o (] e REERHEL e eel bl C7 0
reactor,. heat nust be supplied.fast, enough.so.that aJl four. heat |oad

F equi r SHEHEEoL A feymatiap of ALTMERSIEHTE lsieaiticRdy FIUEERET GPUBHES does not
suffer adverse reactions in the liquid phase that lead to inpurities that
af f éct unhanisdreppyumnioa o MMhrotqrap apg @a@ﬂlﬁczmwum@réh@mtmm of the
invention provides a process wherein the rate of supply of heat is

suf f i cidegtadhidonvaiddM mendherspn daucictipniaad stipcqubne reevergand storgestgs.ri ng in
the liquid phase. Furthernore, the pressure should not be too high,

such t hpesd RRATAGEILIE ablfict@Dbabiéddh tha Mdpfdvements Qisefissaglvglose si de reactions
is faster due to the higher tenperature, but the 25vaporization is limted

by mass tr anﬁ{e%cﬁ}eg%ei FaBlish wltR g&ﬁ{aicﬁh?(}% P ﬁ%rs%lth%ﬁk' iopﬁi%g}é/ieﬁlg\li}gﬂ(grha% Il be

aliquid filmwt Inite residence t exanpl e, own t hat

a residence ti of 20 to 40 seconds.w th iqguid filmcan be used to

o oduc T HgRR s Ren PrevidhfSuS AR Tl Kpdige b TSR mias5E8n be a
difference hetween the heat transfer nmediumtenperature and the tenperature
i n 'he PRI§0HAEAGNIE AEd LIS Sre? PO B disubyEvted aalqnaty) and ppe pR{cOfcase, the
heat transfer medium may be for exanple hot oil, and heat travels through

t he walfbrrodld¢hyde vefsml viagatahicl (clpmidalfredatmonidagiohiig thedreseycde aagied or
stirred or wiped to generate a thin filmin sone cases. Depending on the

W pi ng datakysn@ndin Sdidic Ko IRvgntl abrethydond nidiendt@inenerhei, s dgti¢tedino$ chichatipn pduct

and the rate of evaporation of product and |ight species, the tenperature
in the dddyn and different regions of the filmwll be slightly |less than
that in the 10heat transfer nmedium This is the case of the reaction
mxture in indirgct contact with the heat transfer medsum The heat
transfer medium pay be steam hot oil, pressurized hot||water, or other

medi um r et ai ned ar heat exchanger or . bepind sonme ot ¢reat transfer
surface. In otphér cases, the=heat t [ isat the same tenperate
as the reactiom 15 nixfbr%ﬂzL@&@exanple gn a hot gag or a hot liquidis
used that is heayedoby the heat transfer dium and t PReacti on m xture
is in direct conflact. This is the case of "firect contact with the heat
transfer nmedium?© As such, in this aspect of the Tnvention, flash
vapori zat i on,disghdpesd vgete vapor i zat i on or any ot hiepbstgund mgtinlleee tpjogpte- t enper at ur e
distillation process can be utilized to effectively 20 elimnate or

m nism ze tSheerha@icmtirmoneigelirdesinaiot Brpoldgmrie foothplsexhesiv &iameialees and/ or
products and ot her del eterious side products. Flash vaporization invol ves
usi ng high tenperatures-typically ghoyvgdshe boiling point of the nethylene
mal onat e at at nospheric pressures or under vacuumto prevent and mnim ze
such side reggti -t i ol r: ]
SpecificalIgﬁﬁ{ﬁ%aéyﬁggéﬁép’P?ﬁéﬁggg%f???g ﬁgﬁ&?gg'dx 6?g§gﬁ%§%ﬁ%$1ntinate
contact_required.to accelerate.these sjde reactions and I conplex WO
5012/ OSHBBAPEH (4581 OB e e wRECRy EPrinhieaus: BT LT on and
condensi ng of the final products to an anbient tenperature or any

t enper dfuvenagel sithasistfaeriontiatg metbylgac melonates ét typicallpararigd pecindelas i n any
aspect of vaporization, the reaction product fractions can be isol ated and
comdensedditiohothat kaditw the fechasips bEmani differeni ikibids of titletepoliysréde produdteoninand
degradati on of the nononer product, 5such as, an acid stabilizer. To
conductonkRearhpi@sthe }p@i@ﬂéﬂt zathgno teedudt Gy Kmiveldpel deBit@mtindds adidie séleast i on can
be conducted 1n a first reaction vessel. Specifically, the techni que may

pr Ocee(jzomﬁ'tions, for example, in acetic acid. The acetic acid or other weak organic acid then reacts
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(a) reacting a nalonic acid ester with a source of formal dehyde; optionally
in the presence of an acidic or basic catalyst; and optionally in the
presence wb 2are/@ed3di ¢ or 10non-aci di ¢ sol vent, to form acrametilosseenpl ex;
and (b) contacting the reaction conplex or a portion thereof with an
energy transfer neans to produce a vapor phase conprising nethyl ene

mal onatweitlihidgo®iialdehiyde to form a(l@}all Balepicteddn thebaimy ByHeanaeicmM@hokahl copnomer
fromthe vapor phase. | medi ately upon conpl etion of the reaction

e. 0., AHistlEQithale ﬂl&hﬂ"ei{@hﬁlocﬂﬁteg h&d testfi®in thB €oraimBAEibh 8PtHe FHal Frép&htién POrt ion
thereof Is transferred into a flash distillation chanber or anot her vessel

that co i a t fer I e i n_embodl e t he
react o RORBAER EVEL e bPRALR I MM epreobur tNBEBR P TRRATEENR! | 2ec
in less than 15 mnutes; |ess than 10 mnutes; |less than 1 mnute; |ess

t han 36@%%&%&9 1 B ToH eH0y SRTBHEE R Sondifgn o Boemmiton st ¢
contact with the energy 20transfer nmeans. In general, the reaction conpl ex
or & pohre¢rcegdcpricabptionsofagiskimpngeslonyha/aplétyiof st menespertte polyanctgereet.i on of

| atent acid formng inpurites or irreversible conplex inmpurities. \Wen

di scr etcaupog dbvansmbdizatiieof thacidnomec sunhl that i&rogeml peactized asdpaf@hehyg areach
portion of reaction conplex is substantially vaporized prior to contacting
of anotdisfifi@@flyireuced. reaction conplex with the energy transfer nmeans. The
contacting and isolating steps can be repeated on discrete portions of the
reaction mxture until all of the reaction mxturedas been vaporized. In
ot her instances, portions of the reaction m Xture n be stored for |ater
use as a heat transfdar agent. This process be n as a batch reaction
or as a continuous reacti on,Wéjkrbrg@whcmases w f\h conti nuous fl ow of

i ngredi ents. Surpri sl ngly, the pripmary product oduced ViHROt hi s approach
is methylene nalo Wth the remai nder typic unreact ed fornal dehyde
and mal onate, botlh of which can be recovered q?d recycl ed. The energy
transfer nmeans is generally a neans or an el enent which is capabl e of

vol atilizing a rfegealiddsidzonpl ex, usually by, bketanot linmted to, rapidly
heating the reaction 10 conplex to tenperatures from about 150C to about
300C. Such amsidgy kttabfoshetionydansgidrac! wdeimialy aiatvanothat ityddnddlione forheat
transfer agents, heat transfer surfaces, |asers, and sources of radiation.
I N Ger 1Rl e RIFRP SRR EsSulsot 1B tdPIRE Fe¥nakt oA B h ks ﬁ%ﬂéci&-?oﬁiﬁ?%ecﬁésﬁ%&&r agent .
I n other enbodi nents, the energy transfer neans is a heal exchanger. 15In
still ather i e i r. In yet
other abeaneEs TRoRned 1 RORL A loAE B e TEPYSe [ Ge s Biosie,  on. |1 1
particyl ar enbodi rrentB, the radi ati gn is. m cgovvave radi ati on. The
ener gy A5 4FFROEFCIARNS 5 DENCPT S2H AP 3P E YNV A a® O e Barid b soBRp Rag,

vapori zing the conponents and sendi ng them through the condenser to be
condengwedusts adipaepinsenied itatnseics tahinan éem dwmtg@ﬁoggwﬁthv\ma@how Il not
result in the production of deleterious side products may be used as wl|
be knowWwhekyadatitgoraf lasdat htidiforning spacties 1éanl toelid sinre resdiod the ketglspdandig, that

i nvention wherein a heat transfer agent is utilized, the heat transfer

agent itheyoit8 cOfitafiats TRt filk@ atishyl €RENAObNAB b JAtEHE WisPhse tiRyaror nmore
porcel ai n beads, silica, silicone oil, mneral oil, a petrol eum based heat

transt &fonPlrtedPacR U YRG! ThesE RERM LR RRREOMIRRs TR G Pket@ ] Iead to the

overall reduction in the reactivity and performance of the monomer products.
An example of another impediment to forming high quality monomer through the
Knovenagel reaction is the unwanted polymerization of the monomer. These polymerizations
20  can 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
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WO 2012/ 054633PCT/ US2011/ 056926 I n certain enbodi nents the heat transfer
agent is a heated inert gas or a pre-formed portion of reaction conpl ex.
Any heat weochenmges3awhi ch will not result in the product ipom/ustoldes@eri ous
side products nmay be used as will be known by one of skill in the art. In
anot her enbodi nent of 5 the invention wherein a heat exchanger is used,

t he heamvextdadg&inpt®nafshehbn@ne grofet, eahlsexehaggeas thefophatch dfalicr
exchanger, and adi abati c wheel heat exchanger, a finned pipe heat

exchanggfe prédiRhéhgt hh PN} n6X&R8MY86-diRiicd wit ARPRL ISk AcHoARAL exchanger .
Any | aser or source of radiation which wll not resul't in the production of

del et erhd el\?elsd%ea,ugllilg%cl%gn%n%r (928du%§fodbe%gm\émclohta91€fnai§&f) W BXWgtﬁgd g)lf ¢ S.kl I in
the art. I'n particubPar e Fments, mcrowave radratron is utilized

t hough X—éa¥ Ladi atj on, ganmma raly racij ation gr beta radi ati on may be

uti| i zd¥oducts that ray, ppingq Ghthg Vel PEITQERANGE B ICZBNOBS 1 ef erred to herein
as the superheat vaporization reaction, is also contenpl ated whereby the
heatS transf éPthpidiilefeiienseypntapreedsapaskible durag tealnownagal xeagtien, iSpeci fi cal |y,
t he techni que may proceed by: 15(a) reacting a malonic acid ester with a
sour ce paftiduternthbsbedvedis that réshl ipthesensen@ionhgatotonan of eaw stgeinp magialonal |y
in the presence of an acidic or basic catalyst; and optionally in the

pr esenc@dahc Rbu@fondh éhcoficlddTtiRCddiréd MethyRAk maléhatOpratiact! EaEtladipl&emp! ex;

and (b) producing a vapor phase conprising methyl ene mal onat e nononer
fromt I : J g C ween
abott - 1R800 SRgCEhf b TRt MorRRRIDR: R o o BB ot o

f. th hase.,.Once t ti b .al | dt d
and_ ot TR PG R b BRAEG PR p Bs DS N S e ERRETRh
m xture i s heated. Due to the presence of the heat transfer WD
2019/ 05MiEBB Pt P s Ave dindefined. inneahahiormpldalydsy torpratuccradiiratat es

rapid transfer of heat to the reaction conplex, thereby vaporizing the
conponewhish srdisosemelicagivichedcotmuoey ew hetarhdersiditionpthsalesiomddendests Thi s
process could be run as a batch reaction or as a continuous reaction, in
bot h cabsgsecdMdanpolyrme@icitharobisrelib@ng tie yidgldo€destrt prodadt.pri si ngly, the prinmary
product produced via this approach 5 is nethylene mal onate with the

remai nder t yiplca@lldry cWALRRWRHIKQITBkHERYRAE0 A M niBbR Bt RrinP@ldhOhe Wi ch can
be recovered and recycl ed. In certain enbodi nents of the superheat

1200 s 15 3 SRR BORN L gBLE B TR g ARG o7

i
nore gl ass arn iTicong oil,
mneral, ail, etrol eum pased heat transfer oil or a synthetic chem cal
pasdd Vi GrBrdh o, 6 Ghogart AhsroBrIenr HaH O HEn R IO e T gant
is a heated inert gas or a pre-forned Eorti on of reaction conplex. Recovery

The pr edispdy forpehby 8i lsemcagsl eqasomyith Sermaddshpdersk IsBdo ptend pleeeery of t he

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

20 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
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.
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15 net hyl ene mal onate products fromthe vapor phase. In certain enbodi nents
of the present invention, the recovery nethod involves one or nore rounds
of sinpl ewdizetdskaBi on of a condensed vapor phase. | n cectraiseoiob@re

enbodi nents, the recovery nethod involves one or nore rounds of a rapid
distillation of a condensed vapor phase nethod, e.g., flash distillation or
super heat dilgipotthily, @hile larbubdthdtial einbedt cFpbiotamexits onttheudeagaher y net hod

i nvolves liquid 20 chromat ographi c separation of nethylene nmal onate

pr oductigndveRiPAr G AMIILRS &l ﬁf@;&%tldﬁfb’ﬁﬁeth;hene)/ﬁ&loﬁﬁt%(e £€nRediymnips, the
recovery nethod 1 nvolves gas chromatographi c separation of vaporized

ot hy! opeyTRL0R3P REONSE o A aTULY. T5aTL D 43005, PORS R 4 056,543, THOS

havi ng “or >art appreci-ate’t Stillation

met hods I i S d e t had for
separ at‘t ﬁé? %%4%%’38%1‘? @%)8 gégoilbzau‘% g&h‘g&t @rzﬁ 2?'3 gEX? giﬁ%‘gﬁ ‘%%xt ure of
the present invention, and depends upon the

2012/ 05uB3HAT 13520217 ©EELYTE: és@?@ﬁér@é%() FAE @h@%%@m&ﬁobe@@@b plahichn of the
conponents, i.e., typically, the nost volatile conponents of the |iquid

m Xt ur ersMrcbrpoapat by efatndehent olvelk hovoraged raictioe forwiesyagesis o€ nletgdénevol ati | e
conponents wi Il vaporize at higher tenperatures. The vaporized conponents

pass t hhaugheshas ®RbeRndwDS 1045t SR BIBSgEcLAkISD RY3 50D, MRMPRREAUR] i@ condense
back into their liquid 5states and deposit 1n a col Il ector or equi val ent

vessel . &?fgnﬁ%gﬁé ‘%‘V@gﬁ‘hﬁggﬂt lgh il ts‘ﬁh}s% ﬁ?fﬁl%g%aéﬂcgh ‘og tt‘feor}hktecﬁét% fractions

rang| ng om nost vol east volatile corrponen e corrponents can

be separated. The roc ca e eate n fr n(s

Fur o e gt R S L el RS s o S Y BB EAGHER e 1 qui o
to be separated becones nore conplex, the 10 eater w il be the difficulty
i n YepdPebiing “atc the @G&W‘f@r@?ﬂ?n%ﬁ havr e agomung Gedinovenage! wastianeul ar | y
where there is significant overlap in conponents having simlar volatility
char act er i stTheqreseor invergioancletes itman ineprpyakiémevenaged nyrthesis tcheiomenyylvisge

mal onat e products may have simlar volatility characteristics as certain
si de prthéelu@idendafiah offilonéy 48id estgs withefoahs debk e formaneglese tandicf f i cul ty
in separating those particul ar conponents. 15The present invention al so

CO”te”Hh@kﬁ&x§“%n$&@$ﬁm@ﬁ§hhkb@HEQHmﬁﬁ@S%§§mxhﬁQh@Qh&&ﬂn%§%&ﬁhﬂﬁ%n&&a'e
distillation and industrial distillation processes. The main difference

bet wee r is that
| abor a{‘%%c?@é’@tta‘f Ao BFFifef Bkt plige %fa”%r"f%%niaa iab i B cae
i ndustri al |IIat|o often oc nti ch distillation,

t he ScormiBunttrdforie fom e ui-Cae RERBERafD) SEAE CIRDL I G TRUTIBINSL 111 | ng
conpounds and the distillate change durlng the distillation. In batch

di sti | Icapsumption of NIM mproraers eaé tF) Sinpplandyycdupedorelivanapd degradedign of xt ur e
(e.g., reaction mxture of the present invention), which is then separated
i nt o i tNdM owpoemenstin fheaeddtionsndiingie subsequeht ecewedy &&hs]enagé sthgas. fliodthe nost
volatile to less volatile, with the bottons (remaining |east or nonvolatile

fracti afyent@OMREI&iget Oal PR GnacTiRicil Haks hot@Bvibhen bbén feeshiasdas and t he
process 25repeated In continuous distillation, the source materials,

vapors, . 3ehitlisd Inl het té&%f‘ﬁ?ﬂ% R K fove ﬁ‘%&g %{1915%%8’&?41&&%&&9& 056926

constant comnposition y care 'y repl ing the source material and
re wg}g{raoho&1 frontbo h vapor and liquid in the system This results
plrsESREPSIeng Myl §eparat|on process. All of these methods are

contenplated by the present invention. The invention further contenpl ates
any known i m\rfféﬂ@mt@e BFeSERIdINYnEIaR FOHES iPEStorHIceomnsis PT OSBRI ocesses,
i ncluding i nprovenents to both batch and continuous distillations. For
exanpl gnactivetiomeirtbe easenen eualystie Flimmateadi srgpilicatlpfreduce theoraatindyiong col um
on top of the distillation flask. The colum inproves separation by

pr ovi disnpsegutrafgelicr sedction of the @axfude, vittieh stapdedd @metbyogiemshetct 0 cone into
contact. This helps it remain at equilibriumfor as |ong as possible. The

col um GaAfEMERR, 8R8datbn Of (1RMBHhat IMRTURERIR products, all of which can impede

25  yield optimization, methylene malonate purification and methylene malonate polymerization
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10("trays" or "dishes") which all contain an enriched, boiling liquid

m xture, all with their own vapor-liquid equilibrium There are differences
bet ween Iabanetmuesdscal e and i ndustri al -scal e fracti onatrcmg/sealhossyz¢ but
the principles are the sanme. Exanples of | aboratory-scale fractionating
colums (in increasing efficiency) include, for exanple, air condenser,

Vi gr euxand @thsmasiedswilptodut bpcrfopmadh cr and semueacatib y The paskedtheodnisioyd fhacked
with gl ass beads, metal pieces, or other chemically inert material); and

spi nni rlgncpf%ﬂ%e@fe%ﬂléﬂ t%ts&%eﬁi/esﬁl@m?lene rnalonaFéé rdoBEROtIR LA Wiy [RORHEAGt
distillation processes Contenplatéed by the present |nvent|on are as

o ot P TRNS T AR O o Bt pHRPRE RS gt 2t oty

channel @ Geondensde condenses FS

Therefore, the djstillate ot be pure S copposit mnll he

i dent i dafthylgng W@foee,%a@.atswﬁ test Witha g P88 paqbthmfew horedt %ﬁﬁ%%mla and
pressure, and can be conputed from Raoult's |aw. As a result,

si mpl e raaking viebleiMM-bascd stasdurty. Syeltiprohloynstinclyds doraaxempi oy lrgesseaoleesehoi | i ng
points differ greatly (e.g., by 25 C, or to separate liquids from

non- voliamdneneokicttsdwerto mdmeome? degnddtivasiariog stesrcadtion and polssequans siepesyof t he
conponents are usually sufficiently different that WD

2012/ 054633 Rehé D3 uinm o dRaRHbls Stchité ﬂ%ﬁu&@dm Bet&dtignend o t he

insignificant contribution of the |less volatile conmponent. In thls case,

the di sfglds@lsn ﬁﬁ%eg@s %H{i iﬂecﬂ S@icki¥n BEB{% A1 9hd h{jlé/bhsrétr@ﬁgﬁq FF]NJ\[I/ u su %@epl ng

the above I1n m oné o |naryS| Inthe art w |C|ent

know edge d undersﬂg glqﬂlas to utilize S|Bple di s ﬁon wher e

advant a‘gl}-} L B SRR SIS MR AN s TheR eF‘r%x?&W’ugB A R AR Ot
separating the nethyl ene mal onate products fromthe reaction m xture
Anottherthg Gyssalbauagin ef« e nepnemery. fisitgRagivttrotabiliy) and€apacity dery orming viable
distillation and is contenplated by the present invention. It will be

appr ecicateaerciabproidncts eFeraixamglet athe o okladhaesivichghérsikindygf poibierss shd ter t ai n
conponents in the mxture are sufficiently close to one another 10 that
Raoul t ' sssigrdficant sédubgor kB curd specdind iad @ afall eeductibe iredhetfeife bf artproqat.
distillation nust be used in order to sufficiently separate the conponents

by repeat ed WaPOHARA dnfiBn %&@amutémo gﬂ%@%vw KibRerdgPaskednfwiact i onating
colum. This separation, by successive distillations, |s also referred to

as rethb%aﬁ@%ﬂg‘&Q és“ﬁwtr{eg%gl I r% e%%%ﬂét@ o%o grs e Isgfehgrgl {toSts of fig reaction

m xt ur ors rise into the
fractianatin L umm. A%W rises, i %& condenS|n on the condenser
wal s dREERR catbt appdicd by thass hpak e O ¢ YR SRBREBh Hensat 6
contlnues to be heated by the rising hot vapors causing it to vaporize once
agai n. Hy synthesi slicn¢ malogptes hBamels oggpeiabdiseayetethatmetheldnonce
again by Raoult's | aw. Each vapori zati on-condensation cycle (called a
t heor etrhdahatppatdedt anid Inhonpinesdr gedogmanee isgaktidulaty @00five toetherpresencolofit i | e
conponent. In actual operation, each cycle at a given tenperature does
unwanted alternative products, monomer degradation and monomer consumption is widely
applicable to any type of synthesis that can be used to generate methylene malonates. Prior
20  to the present invention, the significance and nature of these types of impurities and their
effects on the performance and quality of methylene malonates was not previously
recognized. 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)

25  products.
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not occur at exactly the sanme position in the fractionating colum. Thus,
it wll be appreciated that the theoretical plate is thus a concept rather
t han an awounmts4eddscri pti on. More theoretical plates | eat/useoihosdoes
separations. A spinning band distillation systemuses a spinning band of
Teflon or netal to force the rising vapors into close contact with the
25descendi ngneengeradbaimdnbasfaby inveftica sengadting sttpidperfarnct heasort boat

pl at es. Anot her type of distillation nmethod contenplated by the

present, Y @NBLAN  DBFAARSoNVRE YR dbSiolhhRERRR us R R CARAURGSNB¥E very
hi gh boiling points.” To boil such compounds,” it nmay be advantageous to

| over LG Rn&P UL guAoPhh o Y6l SHTRONNESC L gnR1hed ISRk Gfdnsr easi ng
t he tenperature. Cé the pressure is Vowered 0" the vapor bpressure ’of the
conmpound at .the given tenperature, boiling and the re of the distillation
pr b os eI B MR Mo Qchiagers hon i s oA A BT | a1 o
and it is commonly found in the |aboratory in the formof the rotary

evapor gegtionFigpsan be hevifefeedias abou §°¢ &9 gbays 85 U — bervidedrihotpadionmixdtwrehoi |
beyond their deconposition tenperature at atnospheric pressure and which
woul d tangued arsachengecangesed by any attenpt to boil them 113 under

at nospheric pressure. One of ordinary skill in the art will have the

know edge and understanding to apply vacuumdistillation techni ques when
advant ageous and/ or where appropriate to recover the nethyl ene mal onate
nmononerpplpdidcts of the reaction. In yet another distillation
techni que, maned short path distillation, is a distillation technique that
involves the.distillate travelling.a short distance ften anl few

cont meter o, MpesatrepEeRmrd b bR APk Cud o RES ot Pl iWn PP aclideE X ampi
woul d be a distillation involving the distillate travelling fromone gl ass
bull t Gt &3k therbasigireasiints: ¢ mealonie gcid gptenandohsnecat! feupalddydpg the two
chanbers. This technique is often used for conpounds which are unstable at
hi gh t enper dngertsinembpdingnts, fhe rgesght ingerdimteontsimpasesabeansk of thdonidwardt age i s
that the heating tenperature can be considerably | ower (at reduced

pr essuredierd haing the fdlwihg prafpoi nt of the liquid at standard pressure, and
the distillate only has to travel a short distance before condensing. A
short path ensures that little compound i@ |lost on the sides of the
apparatus. The Kugelrohr is a kind|of a sfjort path distillation apparatus
whi ch often contain multiplge cha rs to oIIecthistiIIate fractions. One
of ordinary skill in the art™u LV have e owt'edge and understanding to
apply short path distillation Pechniqies wher advant ageous WD

2012/ 054633PCT/ US2011/ 056926 and/or where appropriate to recover the

met hy| ereererRowink R aip ieapindsntbaticCss Pkl heCredkenybrhalo-( Ci-Ciailkd). Gypes of
known distillation techniques are al so contenplated by the present

i nvient i aynloalkmt haldi-(WGs-Ct oyclestiaytplheteradyelypretesgclyl-( Cedat alkgl) dirgk-{ Cl-&44 on.
This type of distillation 5involves using the reaction vessel as the still.
I n thi salipnpéestoaryite hpteashudt( ¢,sCUMSIY, Yr slkay f(Ceanstdlyyl), euer ofbohith A@yt han
its reactants. As the product is forned fromthe reactants, it is vaporized

and rerﬂévo?@ioﬁél%u%ﬁ%u{eﬁ% Q5 ’ng‘i ‘i{aﬁr-(a@[lb%J N QuEeychaiy L SHRRIIPLECRf @

continuous vs. "a batch process; advantages 1nclude I'ess downtime to charge
the reactio essel with start] erial, .and | rkup. 4 n_addjtion,
the metneat iyl pRr s H RO HonEC et #Rl bRt Ak efrgieyl
separatjon of mxtures of liquids by partial vaporization through a

non- por%u@sﬁ&?%waﬁercelsﬁﬁvlthlp Xyl e 42 ﬁﬁnanacai%yeﬁ%b%yegr tF acti ve
distillation nethods, which are defined as distillations that occur in the
pre¥enc® of a niscible, high boiling, relatively non-volatile conponent,

i.e., the solvent, that forns no azeotrope with the other conponents in the
m xt ur evherein 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;s alkyl, halo-( C;-

Cis alkyl), Cs-Cs cycloalkyl, halo-( Cs-Cg cycloalkyl), heterocyclyl, heterocyclyl-( C;-Cys
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15The present invention also contenplates the industrial-scale synthesis of
t he net hyl ene nal onates of the present invention, which can include any

sui t abl e woabedsw3i ndustrial distillation procedure angCorist@ahsdRegy.
Such technol ogi es and nethods are generally well-known in the art and can
be applied and utilized to separate out the nethyl ene mal onates of the

pr esentalkyly antlj @01 -G, [hosikyhastdrgarl, AU palsylisklyl IC, i@y s ki@t hydrbh@ut an
undue 20anpunt of experinmentation. Large scale industrial distillation

appl i cafiirONSidodBydndCdyybOho-8abelt@nd continuous fractional, vacuum
azeotropi c, extractive, and steamdistillation methods. | ndustri al
distillation,_i yvpi.cal for ih l.arge, Vv | cal kndri.cal col ums
known as di g iclgﬁtéalﬁg%hne?te %&8@2&8}%’ g]i%%tr %SP ta1 Y%ﬁlogg(ﬁ%t}c}%@)ﬁ\}ﬁsﬁ ﬁé gnlq%% frs rangi ng
from about. .65 25 centineters to 16 neters an ei ghts rangi ng from about 6
et or & OGN HaHEH LG RRE Scidesenn Torabab S5seh DO O 5RO MACH e
process feed (e.g., a nethylene nalonate reaction mxture of the invention)
has Sa diiptensk apdathykethylghicongfe, amatigsthdrs.i ng crude oil, liquid outlets at
intervals up the colum allow for the withdrawal of different fractions or
product s havnrgrtanbfter embodiaichtsnthe podsabtsnoentivoicbntemptaagsgbsuscldfendlonight est ™
products (those with the | owest boiling point) exit fromthe top of the
Scol umgieditbri Revind@evbiesting Badet s (those with the highest boiling point)
exit fromthe bottomof the colum. One of ordinary skill in the art wll
have the know edge and understandigng to agply such industrial distillation
t echni ques when advant ageous and/ wher e||appropriate to recover the

nmet hyl ene mal onat e nmonomer product react 'Epn of the invention. 10In
one preferred enbodi nent, t'ﬁs\gr ent_ i e op-contenpl ates utilizing the
techni que referred to as flashCdistilTation i% the separation of nethylene
mal onat e products fromthe reaction mxture of the invention. It wll be
appr ecivghaseintfhand Rfiase indepgnidently €1-8'13w kgl Go-Gsedkénydisto-( €1-Cretlkodh Gefe's
separating liquid mxtures and is at the heart of the separation processes
i n wanyychelikyt akhlopr O6€s sgdoalliE hewsdcyelye eteradyylyl-0 Cn@Qf alikhb, argl-b0dC s
sinple 15distillation-as discussed above-in which the liquid is brought to

boi | i ngyjiang htffa¥ARR hefeRfafRd Gilscl%%lﬁ@rﬂd)?bﬁﬁlkéﬂd-(e@fl@%%ﬁﬂ chh At RmAgoduct .

The inventors have surprisingly found that the redistillation foll ow ng the

: ﬁg' thib‘ﬁ%ﬁ%ﬁl%ﬁ‘ %?Ltgﬂ%f‘%?"z%%;ﬁ“%?‘ffﬁéé Sﬂ-ﬁsﬁ%ﬂﬁfﬂéﬁ%’%ﬁfé@s@a 3 p%-?é‘hﬁi :
! . - sl
over al 190 Dy beer IR ooRyP B (Ot ety Bl HET Bt e o B e 11

is further contenpl ated that nononer obtained by the nethods of the

i nvent ionCrakopy. Curtinalkytiag) kdrond i, 4zdos £yamRcecylaxy eabowh of pftflee or
nore additional tinmes to further fractionate the nethyl ene nal onate nononer
product . Préflermdbyic atidestery maly be¢ dérihvation nbtagted ftain 25bmucen tebtdet angr y

qui ckly follow ng the flash or superheat distillation process, preferably
no  nore@nini@tiabddotde, ddiveduroi nabeybthtZcdiopiunds, abatitsidedigudter prb&ics? hours,
about 60 m nutes, about 45 m nutes, about 30 m nutes, about 10 m nutes, or

about Ietd1 RULR AT R0 dRRQAYSHd ARonMOIcRI RERE SEBlnedi i FRIcbPVERRes. For
distillations occur no nore than about 60 mnutes after the Initial flash

or_superhel. dicstiibhatian aRNd gThe.d AYSREALS NAYS SULRG! alngl v found
that the 5Pedrstitratiion Poi W ng the recover% Facrirrares™t e elimination
or minimzation of the unwanteg del eteri ous side products and the formation
of unddSTREHIENIBPGHEPD SHTPTEYBECPHRHCIPRREANGES Srnar#e thaarlanic agidstersasand
reactivity of the nethyl ene nal onate nononers. Yet another type of suitable
r ecdv erdiregempigbo lecaby-prodists sfifsrinprtpiiem —oSyhercby 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

may utilize either—or both—microorganisms derived from nature or engineered
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nononers can pass directly fromthe solid to the gaseous stage w t hout
first nelting and 10becom ng |iquid. These substances are said to be able
to subl i meDes12BsbsBances that sublinmate, when m xed wit rCIaIssdIANE®26 t hat do
not sublimate, can be separated by heating the m xture until the substance
that can sublime is conpletely gone. In sublimtion, a solid conpound
evapor ahgoolgdnidid thatt De bfeifpaly ghageedwb pbhalte theadesirdidgnaohicqididdkstdrn vacuum
sublimation, the sanple is placed under reduced pressure which permts

15subl i grBdic@N e 3L, rbQWRindn® P& M A LSELMIiGR, €4 mean | ess deconposition in a
sanple). In purification by sublimtion, a solid conmpound is heated and

evapor ates. ([0, (aPOLSRANACRSE. Bl.Riohold Ut fidgaa ol frmAqw crystal s.
Subl i mation can bé a suitable nmeans I n e present ‘invention to purify
sanpl es of nmethyl ene nmal onate nononers, and in particular, those that are
first CPQRAUIqtoddly 1o a solid. Methods for separation and recovery by 20
sublinmation are well-known in the art. A resource for carrying out

sublsi mat i on Inetbweethercambasiemens of dic inventionattp Inealorie aqd gsfermichétanitis on, Publ .
But t erwort h- Hei nemann, 2001, By John WIlliam Millin, Chapter 8.3.2, page
363, t hkfunefimabnt contents of which are incorporated herein by reference.
Recrystallization is another suitable neans for recovering the nononers of
the 25 i nvenhis@n andher GEERABENRT RGP RiohSthE Ralloi€hdidkbhicrRBQERIs and any
inmpurities therein may be dissolved in a solvent and then cooled to

pr oduc ﬁhth%ﬁ grop of purer crystals of methylene nmal onate nononers,
provided that the inpurities are nore soluble in the solvent than the main
product. This proces e.repeated a nmultitude of times.until a pure
Crystal of RGCHAN FrpeRRRSE: HeyToeCt oy S e ot
recrystallization will be well-known in 5 the art, but further details may
be Pourfdld morg-yueshpying thedfllowing formges er wor t h- Hei nemann, 2001, By John
Wlliam Millin, Chapter 7.1, page 289, the relevant contents of which are
i ncorporated herein by reference. Q y of the recovery techniques
descri bed herein may be conducted [[n isolgtion or in any conbinati on where
suitable. 10As nentioned, dRstill g ods gre well-known in the art.
Further exenplary nethods of dpsti npl ated by the present
invention, including sinple distillation nethods, batch and industri al

0t LA LOPEATS sl e g 21 R i
N T R T e

(Distillation process using mcrochannel technol ogy); 7,603,889 (Systemfor
noni t ordlag). and-(Lorfer dlkyDnbcterepty! epbetaroptyid Git{ar aikﬁé UcrekarystE [ lawikan) ;
7,305,850 (Distillation process using m crochannel technol ogy); 6,936,140
(Watser adtls of Whmhinmay teyaptiendlly Gibdtiiteddd (1FE oabys Habr-( Ch€ 1 gakyl).eCFCash
distillation of residual oils); 6,716,355 (Method for the purification of a
| qui d dyyloakihale di-6t tydladlk@n hetcocdOlypaictdredyeBi-( TQIC t Biky Py Gdyatyiion of

desal i nated water from seawater or brackish water or process water);

6, 413, 3 i ob- t ¢ € [ i gt i resi dual
oi | s); A(gq‘, %%ggq%e{gér}g%@r g?ll gﬁrggga;@ub@éfcl 1? E%gh{%ﬁﬁdg%}ﬁyﬁ%giﬁ%ﬁg{ng ‘esters
by congkn Qus_ tr ansest. Qification using reactive distillation); 5,284,987
(Preparation o aydlne(%yltetralin in adistillation reactor); 5,227,027
(High efficiency water distillation apparatuys using a. heat 25pu system
and process IP&PX@%GWM%%OI the ’689!}%’@7&‘6@ Qi op @ﬁldﬂpﬁ%gggrfrg%t?‘écover y
of WO 2012/ 054633PCT/ US2011/ 056926 hi gh purity phenol); 4, 783,242

(Di2%t i Iip aonefunsyyerabm and process); 4, 767,503 (Renoval of light inpurities
fromcaprolactamby distillation with water); H214 (D stillation process
for the i sollatstibanaherlsmbadiirthént@f d{cnoneartioar thd infeddmg mehbaxid-hemzestgam nes) ;
4,584,064 (Device and installations for the distillation by thin |ayer
evapor gbi@inht Pedifinetdbadl] y of hydrocarbons, and 5process for operating this
device); 4,450,067 (Distillation-induced extraction process); 4,440,601
(Met hod and I Al Chl disti L lLat] } | i qui ds);
4,411, 740 (ég‘éﬁﬁgﬁ%‘% %@Oé*ﬂ?“?s‘?%i e;iﬁgesgt 03" %E%T?@hgiagﬁ ot ?%er{) :

4,319, 964 &@p arg&us foqrhigh volune distillation of liquids); 4,282,071

( Anhydri&ifd @%@P YHHOBY vol atil e al umi num chl oride conpl ex from an

et hyl benzene production streamby distillation); 4,282,067
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10( Apparatus for high volunme distillation of liquids); 4,243,493 (Process
for transportation and distillation of petroleumwth nethanol); 4,236,975
(Recover ywofomaisiesd hept af | uorobutyrate from wat er by diperiusk@ti iosdpe

4,229, 263 (Recovery of nethyl heptafluorobutyrate from nethanol by
distillation); 4,224,112 (Recovery of 1, 1-di hydroheptafl uorobutanol from
wat er by di sKie tha&lbhioMidnodaclBmohGRstciVBhdiost donidcdppalitainys fioar anyi @hrceol unme
distillation of liquids); 154,186,058 (Method and apparatus for high vol une
di stillialiu@Rgahy toAmeASAlsodhed RriVdd frbAdaAGEMthdrRBMpPlnds. byrdds@Bd by 4, 148, 693
(Horizontal cylindrical distillation apparatus); 140,584 (D stlYIatlon

pl ant); h r i vol. i St tion of
Iiquid§¥@3%33T§%g§%y?%H%ﬁﬁéﬁ%g%@ﬁgﬁﬁ%gigﬁgoaﬂgﬁgTTg%#gﬁmgﬁg%ggggerative

met hod) ; 4,004,984 (Oistillation plant); 4,001,345 (Distill ation of

met hy| CIBRGHEIH ,grﬁ%fl 9%%51“%2%(3%3{‘???%6%%@&1?6%01 TR~ MOMPSIBHCAP Dt ) ;
3,945,891 (Distillation process for purification of triaryl phosphate

est ér s)derized fiowrbiglheicabyoveccyisughiscHa &gracpiagion pedacteen systenisevlicrednt i reti es by
reference herein. 25 WD 2012/ 054633PCT/ US2011/ 056926 Conpositions

The netrhigtenganismh ogeatatathn omborsc oondaeidimeentstan acdinedd enctabobe ppipaddadtsi nt o
any nunber of conpositions and products including but not limted to

NDNOMErsfIASRAtZOAPQST vHcRS: thOhi GEFRANINAS 86hEAFRRELLIIO BS-pdtFhcRIfyMer based
conpositions. 5In certain enbodi nents, the invention provides a conposition

conpri Sfieﬁﬂeaﬁat{lﬁttﬂéf'cﬁﬂ%e h%g& gﬁ?ﬁ%ﬁ?@ﬁi@%ﬁ’% A HAShABNIL ﬂ{déxééafciacﬁe of

acetic acid. n ot her e I nvention provi

conposi tion conprj Si a nmet hyl ene..nmal opat e no er havi,n cific

funct i PO BYTer PrRsd P RERE PIRCHoiERIcay ¢ W SR aBi T Do Bindd e
preservative conmpound. 1QFor exanpl e, the conpositions of the invention can
be 4naldfPigs cEerpros oy BigPoiganrMa dFdYRIFEIM AaWHOY SRBISCISH NHCOQEENISESe (f or
exanple a glass slide or 4"xl" polycarbonate sanple). Another glass slide
or pi edbateie grorificallypderagnedite pydassidid dosiradopalovie maneeacicbmonecstesver ed ar ea.
The time is then imedi ately recorded frompressing the top-slide till the
two sl igdeducty, e ghesudethitdngbi énpinderedstkeheedrodi/irent s, sai d conposition of the
invention is capable 150f bonding glass to a substrate in | ess than about

90 seconds, 1h@ggaih e 2RBHIInRAtsS B PAdent thESRiohRBM-ABAKS BOusesIRdsnier | ess
t han about 15 seconds. Simlarly, said conposition of the invention is

capabl e;.of . I r .to a substrate in |less than about 90
secondé?gfggggghgﬁkﬁﬁgéﬁﬁﬁggﬁg@ghds, | ess t han about 45 seconds or |ess

t han about 30 seconds. AIternativq&y, theoconpositions of the invention can
be anal yzed by mxing 0.5 m of 20jnmononef; with 0.3 m of 3%tertiary butyl
ammoni um fluoride (TBAF) in D butyll Phthallate solution. The tine is
recorded from addi ng the TB%E\SOI ion ti t he R xture beconme solid with
vigerous stirring or mxing. '@ such [ ts, said conposition
solidifies upon addition of 3%tertiary butyl amonium fluoride (TBAF) in
D but ylwhdatih® aideR 'so¢ béthddiogehess than about 15 seconds, |ess than about
10 seconds, or less than about 7 seconds. WD 2012/054633PCT/ US2011/ 056926

The malonic di-acids 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 di-acids are obtained from “green” sources. For

20  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
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 di-acids. These fermentation production systems are well-known in the art and may
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Alternatively still, the conpositions can be analyzed by placing 0.5 m of
nononmer into a test tube and cap with a cork stopper and keeping the test

t ubes corweiznimg4ésdnoners at 25C, or in ovens at 55C or P8B2@S201/08@e6h case
the storage stability test is performed at atnospheric pressure. Tine is
recorded when the nononer becane a gel or solid. In such 5 enbodi nents,

sai d canies cithd@n-dsréwti-NmiGbaheisat 2 daichn ahtudd slosghrticd nit®sstahBnfsor nor e
than 10 days, nore than 15 days, nore than 20 days, nore than 25 days or

mor et han 305 e allPHEG AREY prodfbdihe ARRS halORic IR IBHOBrodh &bl & at 82C and at
at nospheric pressure for nore than about 2 hours, nore than about 3 hours,

or nore ..10Such nomer - based and ol i goner - based
conposfF%%ﬁ%n%ﬁgrhg%?&%%{E%%S”%%?C??ﬁited to an adhesive, a coating, a
seal ant, a osite, or surfactant.. Such pol yner-based co itions

i ncl ude, but ! ?rell‘*‘ieﬁ??}?dn?t 0 San?%aiﬁﬂng PLOGHBECEPT pggmrling,gﬁg/ggti ng, a
textile fiber, a water-treatnent polyner, an ink carrier, a paint carrier,
a packabtaiging imapofunchenali dnchonsd and mult gonepipapl malopiglagidsr malpnigdi-gacidsl ymer
fiber or a polyner 15sheet. In each case, the conmpositions of the

i nvent icomaienic bendaeciiuhatedstérs cambe foaed omb. rParont Blosma?,663.806 t o extend the
shelf-life as well as control the onset of cure of the materials. In

cert ai NQRMAGINTBEY & mdlBeic GeIRRShideONT, 585,089 QVAMhRIRE HUkdbstciddndigi6eess
conposition is stable for at least 1 nonth, or for at |east 2 nonths, or

or 2 bEpRu B ok Shkgnold RpOep A0yl
t | t 20-30 f bl th d i iti . i Si th
oo R e PRI e CRGRATOSTI SRR e RuFePReLa o e

conpositions or products, are stable for at |east. one year. . Such
£ oriul 4brrendrinl 36 QV7laic aeid deEvelies SRR et theiy prepefation RGIussasi | i zer s,
aci dic 25gases, free radical stabilizers, sequestering agents, cure

accel erphronaccatich] chmpdsiigynsreodiatriieg iem); 6,673,95 TTiMethod e ptoduningralosp

contenpl ates any suitable acidic stabilizer known in the art, including,
for exangbeic atidi dihittlenebhRo®4 EHahtomeri@dlydnritiddangloriciadid m@idesws sul f oni c
acid, difluoro acetic acid, trichloroacetic acid, phosphoric acid,

di chl or@paelitcg byaitchiaSHyRAFQAEInURHialO4nd thkie pRELMtioA 659,28k @Maldntes$d can

i nclude any material whi'ch can be added to Phe nononer 5or pol yner

conposi - - . 10, 1.0 . year or
ror e, - Sish b B I B RAEUDY b ifioachot Bl Rior B ABKSTP Bpuchicl B0 P
bet ween out -15 to ab r between about -15 to oyt .3, or between
obot - e84 caistbpoloh e i Bl e e AR SRSt 5.
or between about 2 to about 5, or between about 3 to about 5. 10Vol atile
aci d stiapiheirzee and pharmaecutiggl cagpesitians ¢hitamng Hienhe6 334845 (Ryoedse fafononer or
pol ynmer conpositions to extend shelf-life and stabilize the vapor phase
above trrepacngResnind amlapoacid donegees end2-amawmi- i3 epropsediol Gurchtived, atd | e aci d
stabilizers may have a boiling point, for exanple, |ess than about 200C;

| ess t HaRrabduks ﬂo\?\%_@ipaﬁﬁg tRsameNFD BBVt (PR3O fol produclh € nadssesSadidc| ude any
gaseous materi al ich can be added to the nmononer or polynmer conpositions

to ext agh, SheLL |2 1918:Rb ! he P BRRIac PIASIRANBnLNEiPMPOSI L] on

upon storage. acid gases can in Imted’'to, SO2 or

ot ol 1 187 ERPERER Rkt Sa BhBaRe Rt LR SRRSO % 8 hE Es NS 100
ARG I WA T TR T
nhib t5I,6n993,621 (Malonic acid derivatives having antiadhesive properties); 5,426,203 (Platinum

complexes of malonic acid derivatives and process for the preparation thereof); 5,334,747

(Method of preparing substituted malonic ester anilides and malonic acid mono-anilides);

25 5,292,937 (Use of malonic acid derivative compounds for retarding plant growth); 5,210,222
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free radical polynerization of the material upon standing. In one

enbodi nent, the free radical stabilizers are phenolic free radical

stabi |l i zewe 28120134@3, HQ (hydroqui none), MEHQ (et hyl - hydrageenos@re BHT
(butyl at ed hydroxt ol uene) and BHA (butyl ated 25hydroxyanisole). In certain
enbodi nents, the free radical stabilizers are present in a W
2012/OiyﬁﬁaﬁGEfﬂE%@&ﬁkﬁE@BEﬁmEﬁﬂQ&ﬂimﬁ@hﬁmﬂpﬁJ@2§4@Qﬂhbﬁkk@kﬂ@&saﬂMI 0.1
ppmto 3000 ppm or 0.1 ppmto 1500 ppm In certain other enbodinents,

par ti cylardoydMigid aoaﬁ&ahreae@r)c 9'0391'72@'kAq@e\thtlettr&ﬁ%etwehtmaecoutmé i zed on

the materials of the invention, the free radical stabilizers are present in

a concerﬂttg@tel L W0uBLefd BT 0% Htc%séhr@e&tm% AR B ficheP 0

150 ppm rrng agents |ncIu erla anci ng the

bondi ng a terrals taini ch .as r wood. . Such
sequestaérr aaaéﬂtlg arlﬂététm@lve é%%le“%%ﬁﬂl e aung U eHge BeRBracidS) | yl
crowns, calixarenes and et hyl ene glycols Sequesteri 9 ﬁents al so
enhdnc ederibiatives of prazie); 9t &% Qddenigpaidaicsivathes and mcthoide fardheis applied to
surfaces to control the rate of cure of the materials. 10Cure accel erators
i ncl udesyathysismat 85,453 ¢elpiniccacod depeadesygt, 7 3e0 yatPeocts foutte pddichien wét hyl ene
mal onat e nononers of the invention. Cure accelerators also include any

nat er i ghalgmipabldelcalatsRagijoandd)ed,698,%3 3 (U wgbubsatikEmebnRfacid@rivaiitosl ene
nalonate nonomers of the invention. Such cure accelerators include but are

not it her acid
Sal t's r%sfag%% B R £ A 2%%2%8315%‘1%%91%@? R Bl B " T e
tetrabu ni.um fJ uaride, e dr oxi or chenlc IIy basi c

rmt er 1 1LV a PR Bhan g saht ELo G By PSRRI %}rrerd%%%%a“%@

benzoate salts, 2, 4- pentanedronate salts, sorhate salts or ropronate

sal s, compRsitigneandase): droavds (Rmsessdonprgparing dieniars gf mglopiteacidihesidPdns of
the invention or applied to the naterial to be bonded prior to addition of
t he corpbgilvodnngiubtibanticnmpasiiionconzgming el nogyl substitfiicd msalome haddicatey); mat er i al
whi ch can nodify the viscosity of the conpositions of the invention as well
as t hi 804068 8q Epiragredatibe st malondy ot aftersht 4444 928 (Palphtad makppd doddit | ons.

Rheol ogy nodifiers include, but are not limted to, hydroxyethylcellul ose,

ethyl hydtaxusy md40& b UMRBRd JTBkdpalife W rds Soid RRIRYIBELS). UK gOKRDE Ry
pyrogeni ¢ sil |%ayor a gonbrnaF?d%Mth%rSOf WO 20]§ﬂg§46 3PCT/US§OII/056926

In certgai ?ep%gpggd ?o‘?tné %md Idpﬁiy(l\’ gﬂpﬁg tﬁ%%&ﬁ’rocgt% f‘oﬁﬁ%ﬁ{;&ﬁé‘ t1 B Hid1¢ ude

toughen eners |n ar e not acry

rubbers; . pol er 1 et in acet at es; | uor ted rubbers
oot enbidBR PrBaactd SuBal S 1 BE L AR ORI eBgb R

honopol ynmers of vinyl acetate; and reaction products of 5 the

Conby el 347 A Rareinc A0 NG Ty & QA OB Y ybeisexy! i ¢
acid cure sites, which once fornmed are then substantially free of
processhdgnmhd@tmddmamshn@ﬂmdambasmahdz@dnﬁnﬁAEHQmaobhemmqmodmmm;ertain
enbodi nents, the tougheners include those disclosed in U S. Pat. No.

4, 440, %@1&%&3@ rb9rcbpolgmeﬁahgdcﬁyﬁc st rhaugioasRd ey anatkgaictve
conposi tions through the use of certain organic polynmers as toughening

addi ti Wﬁ@th;r l@ﬁé ﬁ) Qll@g%@gﬂsl‘o%ess'fo he 81]0%19@ 5fymalbﬂlc%@fd"tfl§1trﬂ§ldﬁ@ as acrylic

r ubbers; po ye ‘uref hanes; et hyl ene-vinyl acetates uori nat ed rubbers;

|so rene itr chl or osul f nated eth nes;

i A T A né%%%rrréﬁt@ S
an elastonerrc pol ymer which is a copol yner of nethyl ac Iate and i
et hyl erfeV W&Pé&?ﬁﬁﬁ@d’%@“ﬂ?@&ﬁthmﬂ% éeraCth’re Ui sy h\oAREEdy lamene malogisvac
N123 and VAMAC B-124. VAVAC N123 15 and VAMAC B-124 are reported by DuPont
to be acredrieontiveaddh046t98t(MAdlemesdd dytivasivelcasypositen fardomeihgr enbodi ment s,
t he toughener may be the DuPont materials called VAMAC B-124, N123., VANMAC
G VAVARerid§atRiaRtiog cd4bingh A00B6,983 (Mdnersubsiiitad easonid fgd taudhsnad my be a
rubber tougheni ng conponent having (a) reaction products of the conbination
of et hy608s o Jp”%ﬂngaeﬁéﬂri 1:3t®sard (RHRLGE] Baatee CamBOXNod for #rhfingur e
20sites, (b) dipolymers of ethylene and nmethyl acrylate, and conbi nations
of (a) and (b), which once the reacti on products and/or dipolyners are
formed are then substantially free of processing aids, such as the rel ease
agents octadecyl amne (reported by DuPont to be avail able comrercially
from Akzo Nobel under the tradenanme ARMEEN 18D), conpl ex organi c phosphate
esters (reported by DuPont to be avahtable commercially fromR T.



25 Vanderbilt Co., Inc. under the tradenane VANFRE VAM, stearic acid

and/ or polyethylene WO 2012/ 054633PCT/ US2011/ 056926 gl ycol ether wax, and

ant i - oxi daot2e12/8ush as substituted di phenyl am ne (reporceasbyiibDedeant to be

avai l abl e commercially from Uniroyal Chem cal under the tradenanme NAUGARD

445) . Commerci al exanpl es of such rubber tougheners include VAMAC VMX 1012

and VCDRh&Z&QPartidbheng coaingd);1398%e1 S6HPrdzessubethe tpagduchdhef melohid &idedinitrile),

mal onat e- cont ai ni ng conpositions of the invention nmay al so optionally

i ncl ude,pf BerhRAdl n¥&Poratiicly Rfer@lRSH tHelrZhRetROBY Fterchf RPLAOPI C agents,

natural or synthetic rubbers,” filler agents, and Teinforcing agents, etc.

Such addi ti vag, AlGe el kAONd 0 ARSI EL ST ol NG A Lur IS TRL Y] ene
10 e y al'ly

rt
mal onat e- cont ai Ni Ng conposi ns of 't nvention nmay option i'ncl ude

at | east one plasti.cizi gent that inmparts. flexibilit 0 the pal yner
for md ¥ GRTERE: tﬁ‘ﬁtfmahe‘{l? ySHBIBH BE TR 5@ﬂfﬁﬁrﬁ%ﬂﬂz¥ ff‘ﬁﬁlcé]g@ﬁflegl
preferably contains little or no noisture and should not significantly
af f éct (eige Peraarinaldoyde), probyareed aminghirepr fro@ spageiiar suiGidhsquressin ci zer s
are useful in polynerized conmpositions to be used in any application in
whi ch fdegtinkin iodymaedts, ttirefoadhldshyde iomtipdhgutan ther foduof aigss. dés cartlin e.
15Exanpl es of suitable plasticizers include, without Iimtation, acetyl

t ri but ymyadir &t thformbidyhy eapasaingd flohd %rﬁ'ﬁéhnﬂﬁ@&ﬂl@ﬁ@mmercial sources of
tri(2-ethyl hexyl)phosphate, tri(p-cresyl) phosphate, glyceryl triacetate,

gl ycer yfbrrﬁaﬂ%%{ﬂ@i%{ ﬁﬁ;‘({i @raﬂﬁﬁ%ﬂ%hy(ﬁ%@?&ﬁ@ a%iﬁﬁfeyl)vpf&ﬂirﬁﬂéiﬁfllu%%?g{ &%I)ﬂgle

nyri state, arate, lauric acl trioctyl tri ct'yl
glutarat.e, and m xtures thereof .Pre r pl asticizers are tributyl citrate
and acdrgrarpPRg ftaTE parGucin FERGUERHE & oui rable 20pl ast | oi zer s

i ncl ude polyneric plasticizers, such as polyethylene glycol (PEG esters
andOcapped PEG esters or ethers, polyester glutarates and pol yester

adi pat es. The addition of plasticizing agents in anounts |ess than
about dQuiglpirght % or | ess than about 50 weight % or |ess than about 30
wei ght % or |ess than about 10 weight % or |ess than about 5 weight % or
| ess t han abrhstprdseneingditiococdhtchpdaes the avd cemyisotateasadiclor bmic Walyst. In

2012/ 054633PCT/ US2011/ 056926 strength (e.g., toughness) of the polynerized

TONOITe oAy R RUTRIk &6 01 FRNRER G SrRGhaRA¥h AR ASL)Lnel AdeaiRed to The

met hyl ene mal onat e- cont ai ni ng conpositions of the invention may al so
option I, ncl . gt | east one thixotropic agent, i.e., the property of
exhibi?%héﬂg (?§%§¥EUidity 5during deformation by force of a sprayer

roller or trowel, but losing the fluidity when |left at rest. Suj.table

t hi Yot r opi ¢ 'A§EHE CHbet R, ctiabeh b R e B ved iy Rherre ffEioBut are
not limted to, silica gels such as those treated with a silyl isocyanate.
Exanpl e¥ithyformaidehysceo mrks MMomproragys arescoaicanrliated | Sudicatahysts iveluds.dapl e, U. S.
Pat. Nos.: 4,720,513 or 4,510,273, the disclosures of which are hereby

i ncor paxamett, basid teealystealts, seth aspotdBitine acopdth yhdethe neetrd watcatatysn taiper ng
conpositions of the invention may al so optionally include at |east one

nat ur alacefatesynt heti c rubber to inpart inpact resistance, which is
preferable especially for industrial conpositions of the present invention.

Sui t abl . ; h i i i | ud )
ui tabl e rqu%ﬁalﬁ(@a%eg g&gpdlhfén{s, glteﬁéskhﬁqvaﬁﬁoh%aﬂmmﬁh%(}s{atag;ﬁgfrﬁaﬂ ncl ude

but are not Imte enes, enes, acryl onit m xt ur es
T R T N e s R S
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,

25  aluminum oxide, or zinc oxide. Accordingly, the acidic catalysts of the invention may
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incorporated in their entireties. The net hyl ene mal onat e- cont ai ni ng
conpositions of the invention may al so optionally conprise one or nore

ot her reiwbantioigesagents (e.g., fibrous reinforcenents) porhmseotilossy2eat ur al
or synthetic rubber to inpart inpact resistance and/or to inpart structural
20 strength or to provide shape or form Exanples of such agents are well
known iificltithg bart dre nbxadift® o, phratoliidnalblilofic beio o deeibdreteesiiohid detd, ude PGA
mcrofibrils, collagen mcrofibrils, cellulosic mcrofibrils, and olefinic

m cr of ifyrddtSAuditR, SRFPERhiorA0SulRXd 3lréhi &AMk flcNs kRN AR BmMSIHGdE, @fhighes.
pi gments, and pi gnhent dyes. Exanples of suitable colorants 1nclude

0. Y9t gl e UhARAIE THARE i IARDH RIS SRR, AFHE chERA Ye! | ow

car boxyphenyl) - 6- roxy-2,4,5, 7-tetrai odo- 3H xant hen- 3- one nonohydr at e
(FD+C R @1},\%1_%&M%g1m%1@@3¢ %JS2011/ 056926 3); and

2- (1, 3-di hydr o- 3- ox0- 5- sul f 0- 2H-i ndo1- 2-yl i dene) - 2, 3-di hydr o- 3- oxo- 1H-i ndo
| e-5- sul f olVeutigbsdalysipea Hpaimege stica ami:@trhéi mselhblesuifecssiceve agamtsant shoul d
not destabilize the nonomer. The nethyl ene nal onat e-cont ai ni ng conpositions
of the i nverhiconaimayhcakmbodiophisothalihwentine netedatitilizasbasaneatdlyt.c Besic ng
agent. Suitable thickeners include, for exanple, polycyanoacryl ates,

pol yl acdialysaCdfdhe RObitioh adineKric 2@ AR nd? BlRY 8, HolSsiuR0dckaty selii® aci d,

| actic-glycolic acid copolyners, polycaprol actone, |actic acid-caprol actone
copoly < : i i , Y, :

cr yl S ate, PR AR T Eo B PR L P S ST AR R

met hacr Igies and cogg}yners OftﬁJFéﬁ netq crélates ang buhadiene 10
Exanpl 65°8 TRRYIHRPRIGET PR R MHAY) AT RS APR BT 1S dire:

nmet hacryl ate) and_ pol y(2-ethyl hexyl acryl ate), also polngytylnethacrylate)
and'pol y( but iq Hek prtheregmboginggnte shopY PRI GFata x5t eisingluds byt arcaglimited

nmet hacryl ate nononers, such as pol y(butyl met hacryl at eco-net hyl acrylate). To
i mpr oveot Hempwhesiide aftmigngtadectafe, zidh esitatesmignesth foctat, tindzimebhideene

mal onat e- 15cont ai ni ng conpositions of this invention, difunctional

mononeri ¢ criasat otk emgodigrntssthapyesbe iavkehests havd sieprigdmgyend eoxpesedliyons of
this invention. Such crosslinking agents are known. U.S. Pat. No. 3,940, 362

to Overfiphd Mat WEdlydtSs RELBEY ol BATR U AL LS chil:dl bntBAd fe&dtondf thef er ence,
di scl oses such crosslinking agents. Other conpositions and additives

conte b es I [ [ - udj Lid I ilizers,
accel onarsfan” Epilfcd SRR bR e LARKELBbRRBEI L PRR U RE AR,  ophy
conferring age : es, fluorescence magkers, .ther.nal radatign
edicerneluialiedio (aRistion ST RAT e Boieriston BONTeANTNG Mderte and
conbi nati ons thereof, and the |like, sone of which are exenplified by U S
Pat . Na9urcs of frmagighyds inghis ggwodmay & ofprably wi erfernpldehydgzad is, 312, 864
and 5, 259,835, the disclosures of all of which are hereby incorporated 25in
t hei r exdtled elbyg bythrtlef ethemeectantVih@0diR¢ G4688RCEMIS0bE (0ERIdRGhdde pEnei ng on
whet her the conposition is a nononer-based conposition (e g., inks,

adhesi \tgsotiofi QaipriBEly Gadcaih fapidly bEAETd YhtiObeH Mgde H1d 1heREIHIIBRY adaged
conposition (e.g., fibers, filnms, sheets, medical polyners, conposite

ol ymer AC . i regi Ki i id | have
poly taj: Sﬁ@gﬁ%ﬁ Iaf'"s Eﬁl{b%&gr;ﬂ%%%z@?m% fgfngflfoﬁ oK deletdbuls Ritte Brddudds!

t he kno or mu e such

20  unwanted polymerization complexes and degradation of the monomer products.

Catalyst Inactivation

In the context of the Knovenagel reaction with formaldehyde, the advantages of the
inventive method, including, (a) significantly reduced or eliminated formation of alternative

25  products, (b) significantly reduced or eliminated consumption of MM monomers and (c)
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5 conpositions and/or products w thout undue experinentation having
sui tabl e anounts, |evels and conbi nations of the above types of additives
and conpowmernrvr/os@s3Bzoneri ¢ Conpl ex Products The i nvent ®c3/usave/ 056926
surprisingly discovered that the reaction of nmalonic acid esters 10 with a
source of formal dehyde results in what is believed to be, w thout being
| i m t edidayfi¢anelgrydueed oeehainhieddegadalongdmeN @osangdh axthe Thetibhuahiwig have
further discovered that certain oligoneric conplexes are capabl e of being
ef fici es'%ée)ﬁué’tﬁ%’édvéﬁﬂan‘arstor%eas%%%g"aré AR RIIR A by theTRRPREBGGH Gftharet hyl ene
mal onat e by rapid vapor| zation as described herein. As such, the invention
prOV|de%u@%t8&ﬁqg n% olo] nplex prepared by reacting a 15 nalonlc acid ester
with a §ource of %orna ehyde; optionally in the presence of heat transfer

agent, opti in the pres of an idic or, basic

optional Iy Wheme Brabet ReBhGRE i s Sneoce S Rninshadliraietiog of fiearention R 1o
invention further provides an oligoneric conplex prepared by reactlng a
mal dni dreshdinseition oap insludedbestep obeatdlpytipdctistiydde i n a substantial absence
of acidic solvent; optionally 20in the presence of heat transfer agent;
optional ly iAnyt mﬁtabheewhnmEOMppmchcﬁdrdhmtﬁatimmb«:auamsailsycent;enmtwledipt thonal | y
in the presence of a non-acidic solvent. In certain enbodinents, the

subst angré@ht ARSRRHE IRter@fh GinBodiRlMBNE: if ERIESE Mas tHeas&hdD R 1ﬂacﬁ%t1ﬂgecﬁ§ t han
0.5% less than 0.2% or less than 0.1% by wei ght acidic sol vent as conpared

to the X
2012/oé%%%%h&ﬁ%ﬁ%%%ﬁ%%ggg8%%%ﬁﬁﬁgﬁ%§%?? Uﬂ%rhﬁﬁee ﬁ%ﬁonOfﬁndthentlon
prOV|des nmer i.c Iex whi.ch of|I whi ¢

b1 oat erctfn BUTRE ShuedFraR & ?ef%fw'éﬁwﬁe??? oD et s g
bel i eved that such oligoneric conplexes conprise between 2 and 12 uni ts of
met Ky dest AdTcopiatt dearbPnreesor as &ash By00%. orak keastydyh-of apleattitde@ pIor gbner i ¢
conpl ex having a MALDI - TOF anal ysis spectrum conpri sing peaks at: 131, 153,
176, 19gast b9Z5%450at IRy 8%, oraat deapslgy, 85%, or at lqastdnolterorantzastibyetdt’s, arhe

i nvention provides oligonmeric conplex having a proton NVR spectrumin CDC13
at  400MtizcastCondnh sé¢lidvet tb ehd aivwo Nthepeakst aldcst thgb@tdiwdns4hfBGapertha@nd nar r ow

peaks | ocated between 4.32-3.8 ppm 10In still another embodinment, the
i nvent i ;9 tREQH, 9'65réﬁls@tbggﬂ%rdaﬁalﬁf&rﬁéh%y having the follow ng
physi ochem cal propertles 1.) GC/ M5 profile which shows greater than

80% concent rat 'ng El’n%delﬁle Qt\él %P%a&%la%ﬁ‘%&n IE? Er&,l’ (_iL QX the aéiéiltIOi]fg an fgilgz )2

MALDI - TOF anaI ysSi's 2, 194,
470 47 675, Fnd 758 n CDC13

on N ec

at # It famagon ﬂ%anr raluble @&%@&m&fa@%ﬁg‘r ligtocqr O%B%YXPSB .@hvwd Ynar r ow
peaks Iocated betmeen 4.32-3.8 ppm In a specific aspect, the
i nvent issparpied iogeic spdcerBkiercermetbylont aplonalgs. b5h¢ eeeot Fangbea fargkample. aci d
ester with a source of formal dehyde; optionally in the presence of heat
20t r ansthercidah et addedtin @nathiynolar anfoenperaseome eéesa(e.acatwhuc 2K¥r ol ar 4X
catal yst; and optionally in the presence of an acidic or non-acidic solvent
and hawqins1ag t®theiBs18r ShodRof EQlyaWsED RAYSHALRERLER br BihePRkEddesits

may be added to facilitate filtration. Additional agents can include chelating agents or

20  sequestering agents that complex the catalyst to remove it from active participation in the

reaction, or agents that would form micelles (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,

25 phosphorous acid, perchloric acid, hydrochloric acid, or acidic ion exchange resins. In
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1.) a GC/Ms profile which shows greater than 80% concentration of a

net hyl ene mal onate nononer; 2.) a MALDI-TOF anal ysis spectrum conpri sing
peaks at :w0O2b12/6533 176, 192, 194, 470, 472, 675, and 798T/use01185492@ pr ot on
NMR spectrumin CDCl3 at 400MHz: conprising the follow ng peaks: a singlet
at 4.66 ppm and narrow peaks | ocated between 4.32-3.8 ppm 5 In

anot hercegpi@einiiodin&pedheretbasic e BBisiathudet otk dgsnt bddao Peddisitaeotip lcaslysr epar ed
by reacting a malonic acid ester with a source of fornal dehyde; optionally

in the daﬁ%é%Hl%@afci&!l%%sﬂh"oﬁeﬁéiﬁf st QR8s acRP PLONBhdphbidul BEd P SSRRES R, an

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

non'aCEg%ﬁgﬁﬂﬁ%%ﬁ#%8&%&&%&&ﬂ8&5§?e&&%ﬁQMAng physi ochem cal 10properties:
p ich's

1.) a rofi owWs eater than 80% concentration of a

nmet hyl ene | onat e nonoper; 2.) a.MALDI - TOF anal ysi s, spectrum conpri sing
peaks at: 199 anquagr oy ,mi@z?@lt%l@%t,lnazfﬂ@?tl%rcz'l}l%eﬁs?{le %bﬁ%évstaﬁah@l%&ﬂ)vea
proton NMR spectrumin CDCl3 at 400MHz: conprising the following

peaRs: salubiliyoéthesntalyss doppempidl b ghinaingda kerclioe atisbrarompetiion 082si828 ppm
In each case, the oligoneric conplex of the invention results in a weight

| oss oftelnpasturdiamba?ld) ¥ faeilicate Rik8ipitasomegshasetalnyerton @othngtby catdystiaad/anal ysi s.
20 EXAMPLES The structures, materials, conpositions, and nethods

descri hgdohfobdls A RlitidHaE Sl htd & QiBerliBRESSAR thatlyl Berda¥@taeisitRd fifth@on
invention, and it will be understood that the scope of the invention is not

limt edor%[e %}Hé?etf%@gﬁti&fl n%eﬂﬁ)d?f(ﬁ@%rg@}e ﬂ;%ﬁﬁéf]’%’%lﬁﬁ iA'adftl*aﬁal%vaems![chn

recogni ze t I nventil on may pf actic variations on e

di scl ose tr.uct ures, terjals onmposi ti ons and net hod and such

var | at 10143 A8 pERRRITRE RS Mo n Rl iana PaTou T Al Sre o5
foll ow ng exanples illustrate various exenplary enbodi nents of the nethods
desléri 1§t hi s di scl osure. 5Anal ytical Methods The structures of
nmononers of this invention were confirmed using one or nore of the

fol | owi ng prloceduicar chbolliRicdRb urhionean dreercditivangilisersd cAWpR @pléatpotissiopy was
performed on either a 400 MHz 10 Varian(r) spectroneter or a 400 M

Br uker Qucstaecdatabyseiredn acttie asidmgtiesayon soldtimsik ¢adlyisnmae be esnadved bsaherent s.
Chem cal shifts were recorded on the ppmscale and were referenced to the

appr oprigal@nTsYeHc &ighal ﬁi{%hg%l‘% i 38ceds thhP RAR Q! usEVERUE cadioRInRAIR f OF

CD3CN, 3.30 ppmfor CD30D, 5.32 ppmfor CD2Cl2°and 7.26 ppmfor CDCL3 for
LH SPeci iy Gl Mo, 1ELSRLE Ofd F1BAR R IRertREALRAElG N ResBL B8R B W th

15 so. Chlorodifluoroacetic acid can be added (10 ppm) along with 1000 ppm of hydroquinone
(or butylated hyroxytoluene which is by comparison more soluble). The purified product
can then be distilled again at low pressure (Imm Hg or so). Chlorodifluoroacetic acid can be
added (10 ppm) along with 1000 ppm of hydroquinone (or butylated hydroxytoluene which is
by comparison more soluble), either after or prior to distillation, to either the reaction mixture

20  or the collection flask or both.

In certain embodiments, wherein the catalyst is copper acetate and potassium acetate,
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

25  solvent.

45



mass spectroneter equi pped Hewl ett Packard 5890 Gas Chromatograph with. The
i on source was mai ntained at 270 C. Abbreviations and Acronyns 20A

conpr ehensDve12dsgé33of the abbrevi ati ons used by organi c Pcliarseeit ®56826
ordinary skill in the art appears in The ACS Style GQuide (third edition) or
the Guidelines for Authors for the Journal of Oganic Chem stry. The

abbr eviat i ormSictghinaione@ is dddedigdadulaBY so thamehcaibh midkxbreassicat pered oit3d i zed by
organi c chem sts of ordinary skill in the art are hereby incorporated by

r ef er engRiutcE WhiRUIBRERShOTvald 'b@m% Y& 19 RscabB8r GOEMERY ith %Qﬁﬂ@t&keﬁaga\
identified in accordance with the Periodic Table of the El enents, S

Ver si ong n k . Str Physi 7 =0 -8 Mor e
epeot 11 TR Mr T A TBEN R 510! G s DB e TR bt i
di scl osyre,  they have the foll ow ani ngs. 5at mat nosphere br sbroad
singleﬁﬂ@iﬂ%§ﬁ émHH%@BP P”B@@gﬁgwgghﬁfldoublets 10Mvhet hyl ene mal onat e
HGhydr oqui none GC- MSGas Chr omat ogr aphy- Mass Spectroscopy ggram hhour, hours
1518 NMRpr ot B¢ ratioa ay altpapdde icentims deraplt @iméesupl i ng const ant ( NVR
spectroscopy) Lliter Ml L-1 (nmolar) multiplet 20MHznmegahertz m nmi nut e,

m nut est. mLm Julfukictaeid 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.
10 7. The methylene malonate product is collected by distillation at about 1 mm and a

temperature of 60°C and stabilized with strong acid and other traditional stabilizers in the
collection flasks such that the final concentration is about (10 ppm) sulfuric acid. The
purified product is then optionally distilled again at low pressure (1mm or so). As a typical
example, sulfuric acid is added (10 ppm), either after or prior to distillation, to either the

15 reaction mixture or the collection flask or both.

Further options for catalyst inactivation could include:

1. A solvent might be used that would azeotrope the water for more rapid removal
2. With monomeric formaldehyde it might be possible to run the reaction at lower
temperature.

20 3. Without solvent or with a higher boiling solvent higher reaction temperature would

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

minimization of the formation of impurities, ¢.g., ketals and other latent acid-forming species.
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mvii [ i nol ar nol nol e 25MSmass spectrum mass spectroscopy WO

2012/ 054633PCT/ US2011/ 056926 m zmass-to-charge rati o Nequival entsL-1
(normal ) WoRbieolsem8 Magenti ¢ Resonance pHnegati ve | ogar ipCimrasedityedee©gen i on
concentration 5qquartet rtroomtenperature ssinglet ttriplet RB, RBFround
bottom flask 10 Exanple 1 - Addition to energy transfer nmeans with

catal yst. Il séll@féthti dnetsodimergCthc reudrion bat bogonllhask i ®gprpped ofat h a
condenser), 160 g diethyl malonate (1 nol), 60 g of paraforml dehyde (2

Mol ), 18a@iofiichiaGRt. 3RH adya@ta@f of IS cRHRUIBIALIS the avoidhbY S AlnemWefiéh he@ted to 110

C. The reaction’ exotherns to 130C and then was cool ed to 1560C. The
resul ti ] Xt Yt flas pori ze QV ition to mneral oil (20
g) at 2@ uo)lri1 Lefrr1 Bﬁgﬁ?e()swé'g\i\gg\éﬁoa%dRﬁe?%)ag%nﬁgéﬁwgﬁ?ﬁ gt)?%ens' recei ver was cool ed
to OC The distillate (crude nononer) was dried with sodiumsulfate

(5 g) and was stabilized with 1000 ppm sul furic acid and hydroqui none.
Yield = 132 g for a 76% yield. 20 The spectra presented in Figures 5-6 are
represeiygris)e for this crude material The crude nmonomer (with 1000 ppm of
HQ and 1000 ppm of sulfuric acid) was further fractionally distilled with a
st ai nl ess stHEelprgeokiadert®nwontempiees thetdbe Edovargeineaction can Rghelermnoner was
collected at 55 Cwith 1.1 mm Hg of vacuum The pure nononer is stabilized

wi th 10QQ1ipem@tadifit aoedOoshtidRMpoho SON @k adilf | uor oaceti ¢ aci d.

Non-acidic solvents can include, but are not limited to, tetrahydrofuran, chloroform,
dichloromethane, toluene, heptane, ethyl acetate, n-butyl acetate, dibutyl ether and hexane.

10 Acidic solvents can include, but are not limited to acetic acid and propionic acid.

In certain embodiments, the acidic solvent is added just prior to recovery.

In certain other embodiments, optionally no solvent is needed. This zero-solvent
approach will not only decrease the overall cost of production but will also help to lessen any
negative impact on the environment caused by the methods of the invention, i.e., provides an

15  environmentally-friendly approach to the synthesis of methylene malonates. An advantage of
this condition is the avoidance or minimization of the formation of impurities, ¢.g., ketals and
other latent acid-forming species.

In still other embodiments, the present inventors have surprisingly and unexpectedly
found that the Knovenagel reaction of the invention may be conducted in the absence of both

20  asolvent and a catalyst. Specifically, in this embodiment, the reaction can be conducted with
all of the reactants added to the reaction vessel at the start of the reaction prior to adding heat
and in the absence of a solvent. The source of formaldehyde in this embodiment is preferably
solid paraformaldehyde, and is added along with the other reactants, including the malonic
ester, prior to adding heat. This reaction surprisingly can be run rapidly and in a continuous

25 mode and unexpectedly avoids the formation of—or substantially minimizes the formation
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WD 2012/ 054633PCT/ US2011/ 056926 The spectra presented in Figure 7 is
representative for this pure material Exanple 2 - Addition to energy
transf er weanr/osddout catal yst. D et hyl mal onaCe/uSt01mob¢92d 60 Q) ,
60 g of parafornmal dehyde (2 nol), were m xed and 5fl ash vaporized by sl ow
addition to mneral oil (20 g) at 215C under a slow sweep of nitrogen. The
di sti | |atidemetégasisideprotstss 0ok &ded polPfacrization comipiexdé Sid ddgaddatioe b £idhe
nononer) was dried with sodiumsulfate (5 g) and stabilized with 1000 ppm
sul furigo@mhd Roicflydr oqui none. Yield = 107 g for a qualitative
yield of 37% wi th the remaining 25% bei ng recycl able 10 unreacted DEM for a
real yield of 51% Purity by GCM5 = 60 % DEMM and 40 % DEM pl us m nor
impurities. The crude nononmer (with 1000 ppm of HQ and 1000 ppm of

sul furig ECi°d§ &S furéher fractionally distilled with stainless steel
packed ” L d vacuum Pure nononer was collected at 55 Cwth
1.1 mm Hg of vacuum 15Purity by GCM5=99% 1H- NI\/R%};}OO MHz, CDCl1l3) 6 6.45
(s, 52H), 4. Xxiorgrt igyglying thesKitqvenggq) reagiiomnvgithfprajaldehgieto sypthesizas, 127, 99,
55. The pure Mononmer was stabilized with 1000 ppm of HQ and 10-50 ppm
of chl onatylthamalbastet typiady dovods bxmgpheacislic sobrant, rtypibdht dcatc wdid hasheat
transfer material using Zn-acetate di hydrate catalyst.

Di et hyli@heBatenhtfollifpothe rcatfén neRey, aueh el ey dehiledprod s h¢Rngm ,
Silica Gel (30 érr) 1% Eena- AcetﬁégrgeDi hydr alt%gd (1 nol eleg}?;r 2.2 gS@rrl)et ga?al yst

were pl b 1B d 3 BRI ELaLifonl InEpledul ! ihbidhibotiEpb8aGhhon-
WO 2015?%@&%%35%&/i@§%§fﬁ%g%g%go 2été% 5 R%hﬂteg'thelgeac?ion
t emper ature. was rai sed up.to 130C.Th xot herm. ature s observed
dur | ng O FSRBR S B i e e Db APy iy BHE per od o avoi d
extrene heating. The reaction tenperature was controlled by blow ng N2
t hriQugHotprldehyae Tha impuritiss Sa5RdHCS BABR N HIUAHY: BB PEORRHCE ahat 0 200C
and the crude product was collected in a receiver under reduced
t enper atsnlteof the later coweiuon of the ikdtalsiadd thpotherlngntHyad tguiinpspecicd G0FiIGpM) wer e
used to stabilize the crude nononer. The col orl ess Met hyl ene Mal onate was
r ecoverspecitd) whigh iahiditake Palymefkdtiivisapinatlyuad suefspéddusiehe mbAanme31dmdikt hyl ene
Mal onate b) 1% DEM c) 2 % Di ethyl nethyl Malonate d) 1% Mono-ol (Eventually
conver toh @ pREEHS te At ddbBiPodefP ncthylene malonate esters).
In certain embodiments, the present invention includes the further step of minimizing
15 the formation of ketals and other deleterious side products.
In one embodiment, this can be achieved by the addition of water and a medium to
strong acid (i.e., an acid having a pKa range from about -8.0 to about 5.0), either organic or
inorganic, to the reaction mixture to reverse the ketal formation and destroy the ketal prior to
distillation or after distillation, but prior to any subsequent distillation. Water may be made
20  present by making a solution of the acid or by direct addition. For example, this may be
accomplished by adding 1% water (based on the volume of the reaction or monomer solution)
or the addition of 5% sulfuric acid solution.
In another embodiment, this can be achieved by the use of a sterically hindered

organic acid to reduce or eliminate ketal formation during the reaction or any subsequent

25  heating operation. Sterically hindered organic acids can include, for example, pivalic acid.
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e) 2% Di ol 15f) 2% Unknown wi th nolar mass 212. The spectra presented in
Figures 8-9 are representative for this crude materi al Pure Met hyl ene
Mal onat e woadias468as col | ected by fractional distillati eoTatS2@bosd92€2. 5 mMm
and a tenperature of 60C and stabilized with strong acid and ot her
traditional stabilizers in the collection flasks such that the final
concentThatihadmtioass @ ditited tOppadic Seillf hoveeB@hd mazGndhd: pyrdufthigd stetiedld, of

Met hyl ene Mal onate was -65% GC Analysis (mlz): 172, 143,127, 99, 72, 55,
29 NNRIﬁmﬁ%&§&?mﬁ§§Q@3, 6 ppm: 6.35 (Singlet), 4.15 (Quartet), 1.18
(Triplet) Purity: a) 99% Met hyl ene Mal onate WO

2012/ 054633RCT/. 6 )10, 5 % c):Q.5 % Diet-hyl met | onat e
Not e: After I%f#?ﬁ%lﬁ%é&%o%%g %I?[b%luscct nfére % t Ylged t?yet(?llg t ?é(:)%r)lteﬁr%?i £ 1{iJTOrI%lg,ﬂBgtl%lg{%pl)arroduct
was very thick and . .started nmer.izing inside the flask. er heati ng nust
i A Bk S N A R T T ST R

mal onate was forned at a higher percentage with respect to | ower

t enper dnelceularmieighipseaniqagdessed ferthisrpumaya cesingde.1bud pee ros hirdtedi@.at i ve for
this pure material Exanple 4 - Slurry heating with heat transfer materi al
synt hedicsaramdactatcamtoes addtdrontanoic adidt er thebilieyl - nt 10Mat eri al s.

Tol uene, Paraf ormal dehyde, Zn(0Ac)2, 2H20 were purchased from Acros

Organi cs an(hg@ﬁﬂwﬁﬁer eRBeHNMRH, aPnbRH abbH, e FRIHRAIM AL WA riRd &R as e, fnf om
Al fa Aesar and used as received. Experinental Procedure 15A 3-neck RBF,

with a LC LT, i i: i -] i ist-ure free,
(11t e UF FRREH and b Bvehtltifith HBRnbe 04 milibEPuhQuTBGedr 1FERBLHAE
condenser. he r,eacti on sol vent,, 100nl. of Tol uene, was th t erred
o o gt 4 SRR 7 SR S o DA is oS R Gr SRRt PRt B350 o ot
Zn(0Ac) 2 di hydrate (0.01 20noles), 15.gm (0.5 nol es) of Paraforml dehyde
werd alVv-afgedvindeacnd this serditien ivdbs ipideage enmimization pf thedoimationf col or of

the reaction mxture was mlky white. The reaction m xture was then heated
to 65 Qmbporiti®egi,ikstals and other latent acid-forming species. Most preferably as to this

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

Production of a Vapor Phase

15 It has been surprisingly discovered that the application of flash vaporization of the
reaction complex eliminates or minimizes the formation of undesirable side reaction products
and/or unwanted intermediate and product polymer complexes. By comparison, the prior art
typically conducted bulk liquid phase reactions for the Knovenagel synthesis of methylene
malonates. Such systems have the disadvantage of intimate molecular contact once the

20  methylene malonate forms and before that allows for a multitude of competing reactions to
occur based upon the byproducts of the optional acid solvent, the formaldehyde, the product
of formaldehyde and water (methylene glycol), the methylene malonate, the created water
and any effects of any catalyst system, if present. Even further, the inventors have discovered
through NMR studies that methods that utilize a liquid phase Knovenagel reaction do not in

25  fact produce monomer, but rather monomer that almost instantaneously forms a type of
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25 WD 2012/ 054633PCT/ US2011/ 056926 3) After heating for 30 mns the
reaction tenperature was raised to 100 C and nai ntai ned for another 30

m ns. WO 201240p46BBe reacti on m xture becane transpar entPCafitses11H8692% nut es,

i ndi cating the conpl ete 5conversion of starting material which was al so
indicated by GC. 5) After the conplete conversion of starting material, the
i nt er nedigaheripcotipiek -Wwans likéls thiblhgdthefdbublk ®ogd withdl mat B sudselueallyene
fractions. 106) The reaction tenperature was then raised to 110C with

const anirdckaw @F | Nautdr @ysthonhe uhﬁ@%'o%nﬂlsé%lfeﬁ‘sed' M &eha! w810 &L BRt i on
was observed and collected inside a 7) After coll ection of 5-6 m

of wat T%n"fa? H rHouB rb%hgst %8 d%:t%%ﬁle% ﬁ&vm rfo? Pﬁ %ovgn f%?l r]egcq]ﬂ% %er €

nmost |y Tol tene Was col e e anou tert

15but yl | .ene mal onat e. The te erature vwas furt i.ncreased to
180 C m&@gﬁa G BRoLEar e o I%P%Vﬁtﬁwe Bﬁ?@?g@gﬁﬁé‘ﬂ%@ﬁ%

mal onate started conming. 209) Mst Ditert. butyl 2-nethylene nal onate was
col Sectthet pipdusena tysiad efpetential deletesiogepioriuats thap pulucs we{dﬁ agdafeddnt bl owi ng
of N2. 10) 28.5 gnms of pure Ditert.butyl 2-nethyl ene mal onate was coll ected
wi t h amaenosnalaktivityedrd pofrificst9n m2thodde 012/ 054633PCT/ US2011/ 056926 11) The
purity of nononmer was confirnmed by GC/Ms and 1H NVR 12) The nononer was
stabilized with 100 ppm of HQ with 1000 ppm of chlorodifluoro acetic acid.
5 NVR DATA: 1H NMR (CDC13, 400 MHz, d): 6.45 (2H, singlet), 1.22 (9H,

singlet). Pugidyy bet%g, ’f?mlai{f%ﬁt:’h Eﬁs%e%%{?é‘d t%t%héﬂsé% 11eﬂ the]cl' r%z) 41 10

The spectra presente 13 are represent | ve or t ure
ot byl 1D T B 6 Bisih P e qidlpt E AR B BN P FR» B

10  oligomer mixture must be heated up to a temperature that is hot enough for reaction to occur
and also for vaporization of the products to occur. The temperature for vaporization is
determined by the pressure that the reaction mixture is at. Secondly, the heat of reaction must
be met. Thirdly, any light reaction products must be vaporized. Fourthly heat must be
supplied so that the product itself can be vaporized from the liquid phase into the vapor

15  phase. The vaporization of the product is affected by the system pressure also.

At any given location in the cracking reactor, heat must be supplied fast enough so
that all four heat load requirements can be met fast enough such that the product itself does
not suffer adverse reactions in the liquid phase that lead to impurities that affect the
performance of the final product.

20 Thus one embodiment of the invention provides a process wherein the rate of supply
of heat is sufficient to vaporize the product prior to adverse reactions occurring in the liquid
phase.

Furthermore, the pressure should not be too high, such that temperature is too high,
and the rate of adverse side reactions is faster due to the higher temperature, but the

25  wvaporization is limited by mass transfer constraints. In certain types of equipment, there will
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(1) Conbining reaction conponents in a 3 liter flask (equipped with refl ux
condenser, thernoneter and nechanical stirrer) to forma reaction m xture,
sai d reacwpani2068m@enent s conpri si ng di et hyl nmal onat e (1. @Chrgis2did/08ek¢ |

par af or mal dehyde (600 g, 20 nol)and zinc acetate dihydrate (4 g), wherein

t he di et hyl mal onate and the paraforml dehyde are conbi ned 20in a nol ar

rati o dfe allighid film with  f2jitehHedtiémg tinie Foeatinipdd) wa bdvd KBow® tHabe wsidédée and
allow reaction tenperature to exothermcally rise to about 130C for about 5

m nut esimd BesERYAof REMRWith 4 BRGE FAA GRBPLEN tb B?&du%@ﬁ}bfdh&es specific
ollgonerlc si zed nol ecul es from whi ch nethylene mal onat e nDnoners may be

"cracked" or e S Vv f 0 YA eaction
mixture to er(g(h I{a\rf;% i n%u(g{ 156 ﬁoqe& ﬁ%%{ f I%) %{%% %)éea“bna ée}ﬂtﬁg R%) 84¢ sfg
m xture b HNVR or . CNVR. St age F|aShtEIStI|| ation to "cr

reacti dﬂed\ébtﬁﬁ?f@Rerf‘W? Wﬁfﬁ%turﬁq%&l?c@gms In the reaggye g9ne 05 F %‘C%V%

1-liter RB flask with an additional funnel, a stillhead, a condenser and a
chi 15 ednthiscagahe heatdransfsgmielaskman de farjexamnls hedgilt angrheptiiravels thioushr eact i on
conplex (1.9 kg). Contacting the reaction conplex with a "cracking fluid"
(e.g., tBS5waD ofitheofessel toethaliqoidlfilow Thedapidmay bepliecd drotirether diggiitb| at i on of
a 2 liter volune of reaction conplex) 5 or an equivalent type of heat

t r ansf efensMANSth{iMiint h @R dasest Depdndaskordtha KPRk Saik ing @ kti@ingQhddeindme eri al s
as defined herein) to the RB flask and pre-heat the cracking fluid to

bet Wee”rat%%‘? é}mija%gn%gfa% rﬁh%lft %‘L‘% {hd9atl %PSH BPatl% k)tec?&uptya ?Ci%'hﬂ%g g heaction

conplex to the crac or eqU|va Pent trans ile
nalntalnln te rature abov bou 0- 300

Col | ectiPmgeais i Rafinh SRR Eelra Femohis E) B SHEnRIER TS Bononer
begins to be forned, i.e., "cracked" or forned fromthe the reaction

coml exheal tsansfss gred e Ehls elbe crwfthareastiong B dyIndHestcoptagisith the

mai nt ai ned at about 250C. (6) Add to the distillate 50 ppm net hane
sul f onihsaticindfeambdson. pibhe bfat chhsderodedilmongaleestean. dwit dilt pressuepid hate t he DEMM
nmononer in the distillate; (7) Optionally analyzing distillate
by GCMVByatéiNdFother bRt etagiidiimaheatuthdngeiodr bEhindhhembohir ieatarsasfer St age 3:
Washi ng stage (8) Optionally washing distillate with water (2 x 500
m.) by gimeding distillate vigorously for 20 mnutes and allow to settle
for 20 ninutes Separate | ower organic Iayers (whi ch contains product) and

epeat. DY RCARPLE PR LR AMIRORLLR0u e ot LBick B LERRYG.A: MOSCY

(9) Add to the organi’c Tayer ane su onrc acid ppm of

hi di fl d b t.h
Opt PondlPraar %%tér'lpﬁwé'm&lo RIvR® B S el Ui Reae e the e rbgtag

nmononer; 25 WO 2012/054633PCT/U82011/056926 St age 4: Fractional

di sti | ITagdivn. gdithe repgtiopmixfarepEnMirashegrszct 2Hbio 1%)%@1%%%’6@??@%%“ ¥obo ppm
P205 and 50 ppm of chl orodifluoroacetic acid. Obtain fractional

di sti | Itht hem tapgarmatdismconpri sed of a single neck 500 nmL round bottom
flask, a 20" Monel packed colum (porous stainless steel 5packing), and

fractional dAsduch] atthioasyseet dfi the aflchies, gagdvdperizawnt sictall eaposibdtivn dret ur n.
The receiver flask is cooled with dry icel/acetone and there is a dry

I ce/ac Ce{ltn%% & Qulga.btlé u%@gtﬂret Jﬁ?ﬁllﬁtﬂ'oh Ip F%E@gs %ﬁ%e‘(ﬁﬁﬂéﬂ@o%@twe‘@‘c uumis

applie typl ca vac

20  eliminate or minimize the formation of undesirable polymer complex intermediates and/or
products and other deleterious side products. Flash vaporization involves using high
temperatures—typically above the boiling point of the methylene malonate at atmospheric
pressures or under vacuum—to prevent and minimize such side reactions and/or the
formation of such polymer complexes. Specifically, the effect of flash vaporization is to

25  prevent the intimate contact required to accelerate these side reactions and polymer complex
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significant degassing is observed. Low boilers can be seen at this point
collecting in the receiver flask and cold trap. Add water-washed distillate
t o round wotzvsid3ask. 10(12) Heat the still pot to 120@CcTAdéiiossvas | ow
boilers collect in the receiver as well as in the cold trap. Distillation
pressure increases to 3-5 mm Hg. The pol ynet hyl ene gl ycols start

depol ynmerrhationg baRindflanhsmlsdediideos hiad tehdensamad  the fihalgroddees téaguabigunp in

t he exhaust as tenperature increases. As the collection of the | ow boiling

by- pr Oqgﬁb&aﬁllr@élﬂ‘ﬁat@qg‘fﬁpetﬁﬁ% SORtieNtR Rteti€dS hbd fead?Otn b4 aﬂ;ﬁe&,l z%Liﬁ')ény The

nmononeri c formal dehyde continues to 15formuntil the cl oudi ness di sappears.

Thr oug i 4 i r 4 T ressure
oot SR b R P0G, D e PR GRS S S AR o o
tenmperatuyre is increased to 130C the. pressure continues to go down slowy
(0.5 mﬁt%&lz-ed(ﬁysfefﬁﬁ?%l}%ﬂalﬁ%‘h? RelSinesiga idiAad dsetidalion Qb mgnmer prodetd  The
receiver flask is replaced and product is then collected. Distillation pot
t enper augh s,ja8 agidotbilizehcr eased 20 increnental ly to 150C with product
col | ected between head tenperatures of 50C - 60C. (13) Raise pot
tenperature to 100-115C, with vacuumat 0.5 mrHg, head tenperature at 32C,

col | ect di stTd ¢onidas thé flNhghapptizdtion t¢daus@N Bi¥Ehvention, the rdaddon Ahthet 0 t he
organi c |l ayer 50 ppm net hane sul fonic acid and 50 ppm of

chl orodi ; i [ tahi.td t

2012/ o?ﬁ%%%%%ﬁ%g%%ﬁrf/@%%gb&fgﬁ %C“’%%‘%?’ %%% aiéofﬂn}@}%ﬂg@c}?% y GCMB, HNMR or
CNMR and estimate purity of DEMM nononer. Exanple 6 - Large scale
preparation of diethyl thyl.ene mal onate ol jgoneric conmplex,.5.using fresh
For mal dehydd®) rCiRe] TG IGE RS HeN KBA G078 o5 REK 1Y dS BRYRIRINAN BRat e 1600
(10 nol) and Zinc acetate 2g (0.01 nol) were m xed together at 70 C

2. The reactle¥nesaf@mciisonbaskairlyss ddopHanaiivtia thameseaseof ¥ #idig ok r ude
reaction 10 conplex 3. The systemwas allowed to cool to 90C. 4. GCMS
sanpl es of ocwonmposli¢ sdnsntyerfernt hesacporepameldx;iand0. 1% sol uti on of et hyl
acetate and NVR sanpl es were prepared by dissovling conpositions in CDC13

sol vent. (5) cdh@ctirigutle rdaesi EsHiple0bPA pirtios thHdeT vaddatkertBWrahsf® a heat ed
surface (190C) under 15 vacuum (50-150 mrHg) to produce crude nonomer and

ot her bypr odygis Wiodlicd agoP sl ic§ﬁ1}pﬁ£iﬁ§ n{eﬁlgﬂé&qﬁﬁgnzﬁ)‘e floR¥meMBhYY! ene
Mal onate. Reaction Conplex Yield Calculatio

(c) isolating the methylene malonate monomer from the vapor phase.

Immediately upon completion of the reaction, e.g., at regular intervals or the like, the
15  reaction complex or a portion thereof is transferred into a flash distillation chamber or
another vessel that contains an energy transfer means.

In certain embodiments the reaction complex or a discrete portion thereof is
substantially vaporized in less than 15 minutes; less than 10 minutes; less than 1 minute; less
than 30 seconds; less than 10 seconds; or less than 1 second of after contact with the energy

20  transfer means. In general, the reaction complex or a portion thereof is substantially
vaporized prior to the formation of latent acid forming impurites or irreversible complex
impurities.

When discrete portions of the reaction complex are vaporized separately, each portion

of reaction complex is substantially vaporized prior to contacting of another portion of
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Reactant MV (g/ nol) Ml es Amount (g) DEM 160 10 1600 Fornal dehyde 30 18. 33
550 Reacti on Conplex (g) 2150
WO 2012/054633 PCT/US2011/056926

reaction complex with the energy transfer means. The contacting and isolating steps can be
repeated on discrete portions of the reaction mixture until all of the reaction mixture has been
vaporized. In other instances, portions of the reaction mixture can be stored for later use as a
heat transfer agent. This process can be run as a batch reaction or as a continuous reaction,
5  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 and malonate, both of which can be recovered and recycled.
The energy transfer means is generally a means or an element which is capable of
volatilizing a reaction complex, usually by, but not limited to, rapidly heating the reaction
10  complex to temperatures from about 150°C to about 300°C. Such energy transfer means
include, but are not limited to, heat transfer agents, heat transfer surfaces, lasers, and sources
of radiation.
In certain embodiments, the energy transfer means is a heat transfer agent.
In other embodiments, the energy transfer means is a heat exchanger.
15 In still other embodiments, the energy transfer means is a laser.
In yet other embodiments, the energy transfer means is a source of radiation. In
particular embodiments, the radiation is microwave radiation.
The energy transfer means utilized rapidly heats the reaction complex, vaporizing the
components and sending them through the condenser to be condensed or otherwise isolated
20 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.
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YOEM from NVR 5% Unreacted DEM (g) 107 A igomeric Conplex (g) 2042
WD 2012/ 054633PCT/ US2011/ 056926 Reacted DEM (g) 1493  Theoretical DEMM
(g) 1604 WO 2012/054633 PCT/US2011/056926
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In certain embodiments the heat transfer agent is a heated inert gas or a pre-formed portion of
reaction complex.

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. In 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.

Any laser or source of radiation 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 particular
embodiments, microwave radiation is utilized though X-ray radiation, gamma ray radiation or
beta radiation may be utilized.

A variation of the flash vaporization, referred to herein as the superheat vaporization
reaction, is also contemplated whereby the heat transfer media is contained within the
reaction mixture. Specifically, the technique may proceed by:

(a) reacting a malonic acid ester with a source of formaldehyde in the presence of
heat transfer agent; optionally 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; and

(b) producing a vapor phase comprising methylene malonate monomer from the
reaction complex by heating the reaction complex to between about 150°C and about
300°C; and

(c) isolating the methylene malonate monomer from the vapor phase.

Once the reaction has been allowed to proceed and at least some of the reaction

complex has formed, the reaction mixture is heated. Due to the presence of the heat transfer
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Unr eact ed Par af or mal dehyde (g) 438 Product collected (g) 1473 YOEWM
fromNVR 82% DEMM col | ected (g) 1208 %Yield before distillation 75%
Exanpl e Wo 2Repsesant ati ve process for form ng di nmet hyl pagtusgdianssonal onat e
nononers 5l n this Exanple, dinmethyl nethyl ene nal onate was synt hesi zed via
a nodi fi ed Knoevenagel Condensation reaction with 50%vyield. This process,
whi ch im@tigvesh&it gandferaasdih Yaciitatas tapid taishytlof Aeat Matheadctio ¥oibRS| S, entail s
a Knoevenagel reaction between di met hyl mal onate, paraforml dehyde and zinc

acet at By i Rhi9irdSh o bofRhes AR Soidif SthehbfubR idUohds R3K! Lo ESES. &

reacti on conplex may contain, ambng other things, an ol |goner|c 10

pr oduct lhi‘ﬁiocgsg%oﬁl‘a rgrﬁe aé){x bat:  Fa0a ] U ﬁkw?im?ofus TEL%h, {w‘%o{ﬁaéagél i, 2Nd

fornal nove pol'y nerlza il on Crac ocess then gives di met hyl

met hyl ene nalo DW%”
y contlnuous ow of(mgre ents. Surprisingly, the primary product produced via this approach

5  1is methylene malonate with the remainder typically unreacted formaldehyde and malonate,
both of which can be recovered and recycled.

In certain embodiments of the superheat vaporization, 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.

10 In certain embodiments the heat transfer agent is a heated inert gas or a pre-formed portion of

reaction complex.

Recovery

The present invention contemplates any suitable method for recovery of the
15  methylene malonate products from the vapor phase. In certain embodiments of the present
invention, the recovery method involves one or more rounds of simple distillation of a
condensed vapor phase. In certain other embodiments, the recovery method involves one or
more rounds of a rapid distillation of a condensed vapor phase method, e.g., flash distillation
or superheat distillation. In still other embodiments, the recovery method involves liquid
20  chromatographic separation of methylene malonate products from a condensed vapor phase.
In yet other embodiments, the recovery method involves gas chromatographic separation of
vaporized methylene malonate products directly from the vapor phase.
Those having ordinary skill in the art will appreciate that simple distillation methods
are well known. Simple distillation is a widely used method for separating the components of

25  aliquid mixture, e.g., reaction mixture of the present invention, and depends upon the
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The overall reaction schenme below outlines the synthetic route used to

synt hesi ze DEMM Di net hyl nal onate was reacted w th paraforml dehyde in the
presence WO 2mims4@aet at e di hydrate as catal yst at 105C fom/iB3@oimiosasees. The
i mredi at e product of this reaction 15 is, without wi shing to be bound by
any theory or nechanism an oligoneric material with repeating units

conpr i sdiffgrefesah therdagd oMagpatirrion i thsedodipahentanile.f @pivallgdehy aost vbititie
oligoneric material is then thermally depolynerized or "cracked" to DVMWM by

addi ti QRnfyBnéhtf16f ths Wy LRAGRIxBEE wWifl 95%01%@ al Bhedd VGt (PhpPiBRT WheRaSARIAEE | NY
with a neans to heat or otherw se transfer sufficient energy to the

h
reactiq Ql i AN i al Leve e 20 I of the
of 1 qorm SRy orhes R PR TR b RE TR Farb et Pk
2012/ 054633PCT/ US2011/ 056926 nononer .is then fractiqnal distilled to
af f or d tb{wgﬁawﬂéffﬁw]be&éf NS <At o SomPARET b beongreg blideiad e gu
bel ow Par af or mal dehyde, ZnAc 105C, 30 M ns 0000 5The specific process
pr oGeedédesasididgppaiig:a collector oy Quinatdant 5goeh. Byogneratieg theistillatel igfas char ged
with 200g (1.5 nol) dinethyl malonate (DWW, 96g (3.2) paraforml dehyde,
and 0. 3gqdtieldsl Eoltvote)l fErtiacsatagidg finpdr mbet. voletil@fd luast eolladkreerponents, the
t hernocoupl e and a stopper were then attached to the flask. The

t her NnDcRuRPoBet@sart BteRps@icd! Thd PafecchntRecs@RdeM hy@hvehlTRictibas KtoWaftBer
heated. After 10 approximately 15 mnutes the reaction exothernmed to 130C

wi th a goneungensddhisfication of the mxture to opaque, viscous slurry.
The reasc?igon was rlﬁdﬁl ?S'r an additional 15 mnutes after which tinme it was

allowed to ol to 90C. The warm.r.eacti. conpl e s then placed ip a
S50n - add: t{ VST aaris e S FEER S Py Rk Ro RS e o Meorm
flask, seated_in a heating mantle. The GC spectra.shown in Figure 14 is

r epVes efigaterevidrberthedifaet by 18 separafingr it e diiersps walatile componenisghenging | ask was
attached a thernocoupl e on one neck while a O ai sen adapter, condenser,
vacuum radapdaly wimde 800nis srandfitcdnbotarlemin tesponsats havingsheidartvolatiiey ot her . The
250nL round bottom fl ask was then heated to 190C whil e under - 3nmHg
vacuumchéfateristidse Foe imsanad, i thegiréshd inzadionDyMhdtiedeid milosaspt®iuctiasayt hen
slow y added. Wthout being 20 bound by any theory or nechanism the

ol i gomayak € sieAMPLEMEQHLBIBRASHE dsRErt4if Ak PO RTRAG X HORA] é/.g.?kétéﬁ,d or
"cracked"” in the heated flask to forminpure di nethyl” methyFéne nal onate.

Th 1 . (St ' | ving 250m
round DAt P ARFARGRTE Gl Stasa i AOR A e bba ", 07273 neek soont
round bottomflask. The . spectra.shown i?]ﬁ':i

GC1 9 re 15 is r.eglr sentati ve of
t hel>cr ude FHICHEGYehtiongse cogfemplatesiiy sl ASUbptIBOSR S i uﬁ@ﬁt oxi de and

one gram of hydroqui none were added and the crude nononer was fractionally
di sti| |lakprefasescaleatsidlatiop prd Bidperiglalistillatign oovgessgs. e Thomairediffercaee ¢ hi s
process, the set tenperature was 65C, the head tenperature was 32C, 5 and
t he vaduetwearlassaoey wak diggktiohand mdostridglistTheoGd thpdeboratoshaale i n Fi gur e
16 is representative of the fractionally distilled DMM  The spectra
shown i distffiabith @Soffeh-pdBfoah&d bLEH- KSR MyvBére¥Eint@stidl tdst DhtibhberP6 REASS -
continuously. In batch distillation, the composition of the source material, the vapors of the
20  distilling compounds and the distillate change during the distillation. In batch distillation, a
still is charged (supplied) with a batch of feed mixture (e.g., reaction mixture of the present
invention), which is then separated into its component fractions which are collected
sequentially from most volatile to less volatile, with the bottoms (remaining least or non-

volatile fraction) removed at the end. The still can then be recharged and the process

25  repeated. In continuous distillation, the source materials, vapors, and distillate are kept at a
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The yi el ds expressed herein, are exanples of unoptim zed processes and are
not 10representative of the potential of this process. The difference

bet ween tWwe 2g9izisdes3at cracki ng versus the gravinetric yiperas2ati/oséves end of
fractional distillation highlight the difficulty in separating the desired
product fromclosely boiling inpurities. This difficulty highlights the
necessidoystart cofipasiaibh By combiglyiraplenidhing G soatccpasiidllagd krdn@ig@fhdtiuous
process. As such, the inventors are not limted by the yields observed

her ei n. g0k bEMAIBbEa 1iquRERY RS Sy Eh I MBs REQEERS: YeRbr SREBl H8hdkedaPRRROPY!
met hyl ene mal onat e nononers In this Exanple, D isopropyl Methylene

Mal onat P t i i ifie 0 agel Condensati on
reacti %Oéﬁ?%'hwg%@?%ﬁ‘é&#g%zcgg%@ éﬁé&‘ Qvﬁﬁlg Wr?sg%trﬁgvgl\s{%gOsi gnificantly on
prior Methylene Malonate synthesjs, entails.a neat Knoevenagel. reaction
bet ween di i sﬁl&rlﬁwtlo V@Wéf@}te‘ﬁ‘alﬂéﬁl@&‘fﬂ PR TIRIOYAG L Hﬁnﬁgg’?ca%nsdi) hydrat e
as catalyst. The first step in this reaction yields a reaction conpl ex
whi éh repplecsigtiiagen procesispsy arebidieg Brrgeveipcthigtbothatelbpiyd entippousl t er nat i ng
units of Methyl ene Mal onate and Formal dehyde. A novel depol ynerization

cr acki nfistpladoms Fdrkeampleyv@es iDipre@preapydn iveltuty nekimgMat ohafrectiond¥ihg

2012/ 054633PCT/ US2011/ 056926 The overall reaction schene bel ow

out | i nephinkeosptdrend GistilRiton fliSIEdThOcSNMh h@piodes SdpEidibn BY ipsaRdiapy llargel onat e
was reacted w th parafornal dehyde in the presence of zinc acetate dihydrate

?ﬁecﬁm}d’ﬁée Aba %Q%J %pofét%ﬁd?l‘dgﬁs%te thB&%%to‘@oﬁt{%@ghfsqleBﬁ iORHRM Ry theory,

I'ate product "o s reaction is an olrgomeric material with
repeating..units.that may 5cqnsist of alternating.dijsopropyl ,malonate and
f of el Ay RRURF 8 oREEY pEuHE. o HreDlpitiR S raRis REFRAT FPCatBt Yrrer 260 t o
DIPMM by addition to a hot surface set between 190 to 270C. The resulting
cr ude OIBRN RbndipRss ) hich alh contapiansagrhsd. Boising linwid migtuge-rdrwith thed avmpvm
The reaction schene is shown below. 0 Paraforml dehyde, ZnAcO
- .. "vapor-liquid equilibriymQ. , . .". ", ---. ... ... ", ,
ey e -- 90C, 15 Mns 10 The specific process proceeded as
fol  ows: Knorneenagdliffécomds bstatcen hboeagsntse hod induRMM-syht faesiosatingTenp 1C

columns, but the principles are the same. Examples of laboratory-scale fractionating columns
(in increasing efficiency) include, for example, air condenser, Vigreux column (usually
15  laboratory scale only); packed column (packed with glass beads, metal pieces, or other
chemically inert material); and spinning band distillation systems.
Further details regarding distillation processes contemplated by the present invention
are as follows.
In simple distillation, the hot vapors produced are immediately channeled into a
20  condenser that cools and condenses the vapors. Therefore, the distillate may not be pure - its
composition will be identical to the composition of the vapors at the given temperature and
pressure, and can be computed from Raoult's law.
As a result, simple distillation is usually used only to separate liquids whose boiling
points differ greatly (e.g., by 25 °C), or to separate liquids from non-volatile solids or oils.

25  For these cases, the vapor pressures of the components are usually sufficiently different that
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DIPM g Zn/g Paraformig Crude %yield GC-Ms % Distillation yield GC M First
Run 105 100 0.06 33 43 10 Second Run 130 200 0.02 66 40 10 Third Run 90 200
0. 23 64 7ARO 2012/054633 PCT/US2011/056926

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
understanding as to utilize simple distillation where advantageous and/or desirous in the

5  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
the boiling points of certain components in the mixture are sufficiently close to one another

10  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.

As the liquid mixture to be purified (e.g., the reaction mixture of the present

15  invention) is heated, its vapors rise into the fractionating column. As it rises, it cools,
condensing on the condenser walls and the surfaces of the packing material. Here, the
condensate continues to be heated by the rising hot vapors causing it to vaporize once again.
However, the composition of the fresh vapors are determined once again by Raoult's law.
Each vaporization-condensation cycle (called a theoretical plate) will yield a purer solution

20  of the more volatile component. In actual operation, each cycle at a given temperature does
not occur at exactly the same position in the fractionating column. Thus, it will be
appreciated that the theoretical plate is thus a concept rather than an accurate description.
More theoretical plates lead to better separations. A spinning band distillation system uses a
spinning band of Teflon or metal to force the rising vapors into close contact with the

25  descending condensate, thereby increasing the number of theoretical plates.
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15 15A 3-neck 500nL round bottom flask was charged with 200g (1.06 nol)

di i sopropyl malonate (DIPM, 63g (2.12) paraforml dehyde, and 0.23g (0.0011
nol ) zi nowacet2ztses3di hydrate. A refl ux condenser, a ther moTaspdia/osdvds a
stopper were then attached to the flask. The thernocouple was then set to
90C and the contents of the flask were heated. After approximtely 15

m nut es t he Amakdritgie EdsthRtioR thettodl3Qtempldtéd By thepessetntantetianhdlidst i on of
20 the mi xture to opaque, viscous slurry. The reaction was run for an

addi ti apghym d{Eitiﬂ}a!tTic%S.-So%coﬁ%u%@éﬁé&%%@%’%éﬂﬁ%%%&5{@%@1 sBEIPMM T eact i on

conpl ex/ ol 1 goneric conplex was then cooled to roomtenperature and then

washed c\gnipla}l&?so ﬂtmé)yf eca%lvgnt f%[o%'é to igh %r ]Eh;eap\(/%\%gssgl{%sat \\I)\v%'iﬁ% Sited %Igfbguqlgg afr hg a

separ at or unnel . e reaction coﬁb e hen placed i n"a M. addition
funnel whi ch wag attached to a 3-neck 250nL round .bpttom fl ask, seated in a
heat i ndj\gﬁﬁﬁfl}sée.aa? II%CFﬁaémf%It]éf‘s‘i?nkmﬁ’éat‘%e-apﬁla%ﬂ%d’r%ss‘t‘rﬁé% ﬁ’ﬂ’&&%Péﬁ%YPPBHe neck and
a C ai sen adapter, condenser, vacuum adapter and 250nL round bottom fl ask
on the roessaic of theecopgpnmd pbilia @ivsattersperpiuzs koikiag anh éie gt g digilRooT whi | e
under vacuum (< 5mmHg). After the tenperature stabilized, the D PW

r eact i qmocssipdnecohahermgpoEliis webnighes rsfeonatl yo adtdedum Histillatioganett isdepol yneri zed
or "cracked" in the heated flask to form crude diisopropyl nethylene

mal onat@mnldify FRmulif tHRUaBRMORER tAOMRM HtBd idtdr9dvaiiatep! Mastedhniquctine
receiving 250nL round bottomflask. The crude distillate was then added to

a 3- ”eca!fso%%scﬁfﬁ%xdc Juddy %ﬁ§§S§B§ﬁ%Q{ ﬁgﬁ 0o AORRRAL HSeRRAL @xi de and

one gram of oqul none were a e cru nononmer was fractionally
o1 SRR SO PLERSILS, o X2 TR TOROI g 15003 e
Te rrl%i t u\é?igruaﬂgo%hee%% %Ee%sérme OOA)f E)llrdliarll\g}/ly lsjlglillci;ncj[hl\ésalrtlv:&%/?l1 I?azve 2thegkon0]\-x§l§dg565an?1 o4
understanding to apply vacuum distillation techniques when advantageous and/or where
appropriate to recover the methylene malonate monomer products of the reaction.
In yet another distillation technique, named short path distillation, is a distillation
technique that involves the distillate travelling a short distance, often only a few centimeters,
15  and is normally done at reduced pressure. A typical example would be a distillation
involving the distillate travelling from one glass bulb to another, without the need for a
condenser separating the two chambers. This technique is often used for compounds which
are unstable at high temperatures or to purify small amounts of compound. The advantage is
that the heating temperature can be considerably lower (at reduced pressure) than the boiling
20  point of the liquid at standard pressure, and the distillate only has to travel a short distance
before condensing. A short path ensures that little compound is lost on the sides of the
apparatus. The Kugelrohr is a kind of a short path distillation apparatus which often contain

multiple chambers to collect distillate fractions. One of ordinary skill in the art will have the

knowledge and understanding to apply short path distillation techniques when advantageous
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140 60 4 95 140 60 4 97 Pot and head tenperatures for crude D PMM
fractional distillation 20The spectra shown in Figures 21-27 are

repr esentwizoe/osesal ts of this process. The yi el ds exprcedsedi/osdeé n, are
exanpl es of unoptim zed processes and are not representative of the
potential of this process. The difference between the yields at cracking
ver sus dnbergrhaw appidpriatyioet@s cathe nighyeaidt raflohdtaeionomal p@idaéts bf @i on
highlight the difficulty in 5separating the desired product fromcl osely
boi lingcidurities. This difficulty highlights the necessity of separating
materials as soon as possible in a continuous process. As such, the

vent or s_ar G0l pll FE U hBoY LEhARuBRELNS SoNIEhShily ty ine BRALRI & © -

Represent ati ve process ene e 10
nmononer.s In this anpl e, di-n-propyl t hyl ene .pal onat e ( DNPM\) .\was

synt hesP&40; aS T gor £t RigBd BRSOl CetEn dstil By s Sonoba ril S50,
gravinetric yield. This process, which inproves significantly on prior
Met By | dneolxesl ushithe espatioresdssel ap theaitills Ia tiHeprocgssoldo dredyet ispsedlyi on bet ween
di - n-propyl nel onate, paraforml dehyde and zinc acetate 15di hydrate as

cat al ysstignifiduatlyilovedr-tstileqe than ithreactaerc tAsahe yiodhctss formed Eoinothe ceavpinesyitt hat
may conprise an oligoneric product that may consist of alternating units of

et hyl 69Qaptrlzed ahErediticd elorbdhd ehitten mixtiRY Thisdepalguesy izalaniple 6fAcki ng
process then gives di-n-propyl nethylene nal onate.

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

10 beused. 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
miscible, high boiling, relatively non-volatile component, i.¢., the solvent, that forms no
azeotrope with the other components in the mixture.

15 The present invention also contemplates the industrial-scale synthesis of the
methylene malonates of the present invention, which can include any suitable scaled-up
industrial distillation procedure and/or technology. Such technologies and methods are
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

20  amount of experimentation. Large scale industrial distillation applications can include both
batch and continuous fractional, vacuum, azeotropic, extractive, and steam distillation
methods.

Industrial distillation is typically performed in large, vertical cylindrical columns
known as distillation towers or distillation columns with diameters ranging from about 65

25  centimeters to 16 meters and heights ranging from about 6 meters to 90 meters or more.
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The overall reaction schenme below outlines the synthetic route used to

synt hesi ze 20 DNPMM Di - n-propyl nal onate was reacted w th parafornmal dehyde
i n the prween®sed33zi nc acetate di hydrate as catal yst arCc®AS2610/056036

m nutes. The inmmedi ate product of this reaction is an oligoneric materi al
with repeat units that may consist of alternating di-n-propyl malonate and
f or mal dwhydee pfbuess febd € gredhttslonatnedlddte icactidiemixtine offeel ivvaheipa) yayer i zed to
DNPMM by addition to a hot surface set between 190" and 270C. The resulting

crude LhEM %p’o@&%h%ﬂﬁ%%@@%@é&d 9 @%2&1%%% 'iEﬁérth upRRIcJitRAGLligRal Iy

distilled to afford pure D -n-propyl ne hyl ene mal onate. The reaction
schene P r l,de 90C,
15 M n f{orS th%fﬁjth%ﬁrawdal %? d{ff)erén? rézgtéons dl';% h% h}éQﬁ fe%ﬁt%og?%% ell\}té oL b% ing

Conde nsrgltléeg nTﬁeeq%%‘petsts‘ p];O({ucPl\é?hose wy tﬁttﬁee Isowest bOTllnnéppOIIlt) exit from the top of the

5  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
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.

10 In one preferred embodiment, the present invention contemplates utilizing the
technique referred to as flash distillation in the separation of methylene malonate products
from the reaction mixture of the invention. It will be appreciated that distillation is a widely
used industrial method for separating liquid mixtures and is at the heart of the separation
processes in many chemical processes. The most elementary form of the method is simple

15 distillation—as discussed above—in which the liquid is brought to boiling and the vapor
formed is separated and condensed to form a product.

The inventors have surprisingly found that the redistillation following the isolation of
methylene malonate product from the vapor phase facilitates the elimination or minimization
of the unwanted deleterious side products and the formation of undesirable polymer

20  complexes that impinge on the overall quality and reactivity of the methylene malonate
monomers.

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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DNPM g Zn/g Paraformig Crude %yield GC-Ms % Distillation yield GCM First
Run 90 175 2 56 18 4 Second Run 100 113 1.3 36 18 4 A 3-neck 500m
round botwormfdsdsswas charged with 175g (0.93npl) Di - nPprasgdilosdsenat e
(DNPM, 56g (1.8nvol) parafornal dehyde, and 2g (0.0091 nol) zinc acetate
10di hydrate. A reflux condenser, a thernocouple and a stopper were then

at t achefiorehdnhbolil 28Kourd, hBolithierivaey ubbe AVviRars, Bissut SeoutspaliCoandndtbs
contents of the flask were heated. After approximtely 15 m nutes the

react i oo RERIRIaloRt I8 Gk a0 A0GHKLRN or @&kt If ihfftd Atr Bfodubodn Xt ure
to an opaque, viscous slurry. fthe reaction was run for an additional 5

T A T
separ atigi?iafjﬁails?lgor%uge?ge%t[ gltsgflztiofnurgllgtﬁlod. ¥Pe 121197%1%/019514519? gfrgélgggof%&édo t%gtgt%g
5  redistillation following the recovery facilitates the elimination or minimization of the
unwanted deleterious 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
monomers can pass directly from the solid to the gaseous stage without first melting and
10 becoming liquid. These substances are said to be able to sublimate. Substances
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
15  sublimation at lower temperatures (which can mean less decomposition in a sample). In
purification by sublimation, a solid compound is heated and evaporates. The vapors
condense on a cold surface to form new crystals. Sublimation can be a suitable means in
the present invention to purify samples of methylene malonate monomers, and in particular,
those that are first crystallized to a solid. Methods for separation and recovery by
20  sublimation are well-known in the art. A resource for carrying out sublimation recovery

can be found, for example, in Crystallization, Publ. Butterworth-Heinemann, 2001, By John

William Mullin, Chapter 8.3.2, page 363, the relevant contents of which are incorporated
herein by reference.
Recrystallization is another suitable means for recovering the monomers of the

25  invention. The general principle is that certain monomer and any impurities therein may be
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The reaction conplex/oligoneric material was then placed in a 250nL
addition funnel which was attached to a 3-neck 250niL round bottom fl ask,
seated i rweneaiskesg mantle. To this flask was attached acrhsecomosisps e on
one neck and a C ai sen adapter, condenser, vacuum adapter and 250ni round
bottom flask on the other. The 250nmL round bottom fl ask was then heated 5

t o 200@isbivice i dlrent aad ten(csoktndiglodudy 4 fesh diep bEpREr a/sthls of hidktiylldnzed,
DNPMM reaction conpl ex/ ol i gomer was then slowy added. The ol igoner

depol y rfﬁélbﬁeﬁg mRhomefsaploetic 'tl{ht tenhaatiedat bk sdigvik (?I'i el sBRUREHEH - Pr opy!
net hyl ene mal onat e. The resul tlng nDnoner was dIStI| ed and collected in

the T oqRlXRGuERO, houd BRNOTU 3K muREaCHYiE st LLLALS, Ngg dfen added

to a 3-heck u pent oxi de 10

and one gram Hyd qu|none re added nd t crude no
fracti grdn |p§Pd3fts@P¥ 2E0AHGEr F%&E@&u% ggw%afl atgﬂnewdr@s%qﬁ%wwnom.
Pot and head tenperatures for crude DNPMM fractional distillation: Set
Tenper dheps YuCiygghen datatpapn be fand ivaeystaiizatioastixtd. Buttarkyonh-blopmasy, GC- VS
130 59 3 65 144 80 4 88 144 80 4 90 160 85 5 95

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.

10 As mentioned, distillation methods are well-known in the art. 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

15 diisocyanatodiphenylmethanes); 7,610,775 (Distillation process using microchannel
technology); 7,603,889 (System for monitoring and controlling unit operations that include
distillation); 7,305,850 (Distillation process using microchannel technology); 6,936,140
(Water distillation system); 6,841,064 (Process for the gentle flash distillation of residual
oils); 6,716,355 (Method for the purification of a liquid by membrane distillation, in

20  particular for the production of desalinated water from seawater or brackish water or process
water); 6,413,415 (Method for high-temperature short-time distillation of residual oils);
6,291,703 (Preparation of substituted hydroxyhydrocinnamate esters by continuous
transesterification using reactive distillation); 5,284,987 (Preparation of a dimethyltetralin in
a distillation reactor); 5,227,027 (High efficiency water distillation apparatus using a heat

25  pump system and process for use thereof); 5,064,507 (Distillation process for recovery of
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15 The spectra shown in Figures 28-33 are representative results of this
process. The yi el ds expressed herein, are exanples of unoptim zed

pr ocesseswandi2arses3not representative of the potential ofCcrhissoipne®ess. The
di fference between the yields at cracking 20versus the gravinetric yields
at the end of fractional distillation highlight the difficulty in

separ athigigpiitite ptesily; ad78araad yDist i laten Slsasehnd mocdsk)ng,7i6mMB308 (R ér@Sval Bhlight
difficulty highlights the necessity of separating materials as soon as

possi bligpliAti& E&chgﬂ%%%n%?&ﬁﬁﬁatidﬁ%ﬁy@mer . Be 11 (RATIRIch @& R thd M ted by
t he yi el gs observed herein.” 5 Exanple 10 - ‘Additional nononers The

oo 00, AT G150, AR S AR AR P e ST
ATyl NIRRT Bk b0 5Y A BRACE PO RSP LA DE 80T 110
5  process for operating this device); 4,450,067 (Distillation-induced extraction process);
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
10 (Apparatus for high volume distillation of liquids); 4,243,493 (Process for transportation and
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);
15 4,186,058 (Method and apparatus for high volume distillation of liquids); 4,176,012
(Adjacent loop distillation); 4,148,693 (Horizontal cylindrical distillation apparatus);
4,140,584 (Distillation plant); 4,035,243 (Method and apparatus for high volume distillation
of liquids); 4,018,656 (Thermal softening and distillation by regenerative method); 4,004,984
(Distillation plant); 4,001,345 (Distillation of methylchloroform); 3,966,562 (Multi-stage
20  flash distillation plant); 3,945,891 (Distillation process for purification of triaryl phosphate

esters), each of the above of which are incorporated in their entireties by reference herein.

25
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Compositions

The methylene malonate monomers of the invention can be incorporated into any
number of compositions and products including but not limited to monomer-based
compositions, oligomer-based compositions and polymer based compositions.

In certain embodiments, the invention provides a composition comprising a
methylene malonate monomer which is substantially free of acetic acid.

In other embodiments, the invention provides a composition comprising a methylene
malonate momoner having specific functional properties without the addition of a stabilizer
or other preservative compound.

For example, the compositions of the invention can be analyzed by placing a drop of a
monomer composition on a substrate (for example a glass slide or 4”x1” polycarbonate
sample). Another glass slide or piece of polycarbonate is pressed on top over the monomer-
covered area. The time is then immediately recorded from pressing the top-slide till the two
slides are bonded tightly. In such embodiments, said composition of the invention is capable
of bonding glass to a substrate in less than about 90 seconds, less than about 60 seconds, less
than about 30 seconds or less than about 15 seconds. Similarly, said composition of the
invention is capable of bonding polycarbonate to a substrate in less than about 90 seconds,
less than about 60 seconds, less than about 45 seconds or less than about 30 seconds.

Alternatively, the compositions of the invention can be analyzed by mixing 0.5 ml of
monomer with 0.3 ml of 3% tertiary butyl ammonium fluoride (TBAF) in Dibutyl Phthalate
solution. The time is recorded from adding the TBAF solution till the mixture become solid
with vigorous stirring or mixing. In such embodiments, said composition solidifies upon
addition of 3% tertiary butyl ammonium fluoride (TBAF) in Dibutyl Phthalate solution in

less than about 15 seconds, less than about 10 seconds, or less than about 7 seconds.
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Alternatively still, the compositions can be analyzed by placing 0.5 ml of monomer
into a test tube and cap with a cork stopper and keeping the test tubes containing monomers
at 25°C, or in ovens at 55°C or 82°C. In each case the storage stability test is performed at
atmospheric pressure. Time is recorded when the monomer became a gel or solid. In such

5  embodiments, said composition remains stable at 25°C and at atmospheric pressure for more
than 10 days, more than 15 days, more than 20 days, more than 25 days or more than 30 days.
Similarly, said composition remains stable at 82°C and at atmospheric pressure for more than

about 2 hours, more than about 3 hours, or more than about 4 hours.

10 Such monomer-based and oligomer-based compositions include, but are not limited to
an adhesive, a coating, a sealant, a composite, or a surfactant.
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
packaging film, a molding, a medical polymer, a polymer film, a polymer fiber or a polymer
15  sheet.
In each 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
for at least 1 month, or for at least 2 months, or for at least 3 months, or for at least 4 months,
20  or for at least 5 months, or for at least 5-10 months, or for at lecast 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.
Such formulation materials include acidic stabilizer, volatile acid stabilizers, acidic

25  gases, free radical stabilizers, sequestering agents, cure accelerators and rheology modifiers.
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The present invention contemplates any suitable acidic stabilizer known in the art,
including, for example, trifluoromethane sulfonic acid, maleic acid, methane sulfonic acid,
difluoro acetic acid, trichloroacetic acid, phosphoric acid, dichloroacetic acid, chlorodifluoro
or like acid. Acidic stabilizers can include any material which can be added to the monomer
or polymer compositions to extend shelf-life, e.g., by up to, for example, 1 year or more.
Such acidic stabilizers may have a pKa in the range of, for example, between about -15 to
about 5, or between about -15 to about 3, or between about -15 to about 1, or between -2 to
about between about -2 to about 2, or between about 2 to about 5, or between about 3 to
about 5.

Volatile acid stabilizers include any 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, ¢.g., acidic gases. Such volatile acid stabilizers may have a
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.

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
radical stabilizers are phenolic free radical stabilizers such as, HQ (hydroquinone), MEHQ
(methyl- hydroquinone), BHT (butylated hydroxtoluene) and BHA (butylated

hydroxyanisole). In certain embodiments, the free radical stabilizers are present in a
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concentration of 0.1 ppm to 10,000 ppm; 0.1 ppm to 3000 ppm; or 0.1 ppm to 1500 ppm. In
certain other embodiments, particularly where a free radical or ultraviolet cure will be utilized
on the materials of the invention, the free radical stabilizers are present in a concentration of
0.1 ppm to 1000 ppm; 0.1 ppm to 300 ppm; or 0.1 ppm to 150 ppm.

Sequestering agents include any material capable of enhancing the bonding of
materials containing acid salts such as paper or wood. Such sequestering agents include, but
are not limited to crown ethers, silyl crowns, calixarenes and polyethylene glycols.
Sequestering agents also enhance the utility of surface accelerators that are acid salts applied
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. Cure accelerators also include any material
capable of speeding the cure through volume of 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, potassium lithium copper and colbalt; salts such
as tetrabutyl ammonium fluoride, chloride, or hydroxide; or chemically basic materials such
as amines and amides, or salts of polymer bond acids, benzoate salts, 2,4-pentanedionate
salts, sorbate salts, or propionate salts. 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
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.
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In certain embodiments, the compositions of the invention may include tougheners.
Such tougheners include, but are not limited to, acrylic rubbers; polyester urethanes;
ethylene-vinyl acetates; fluorinated rubbers; isoprene-acrylonitrile polymers;
chlorosulfonated polyethylenes; homopolymers of polyvinyl acetate; and reaction products of
5  the combination of ethylene, methyl acrylate and monomers having carboxylic acid cure

sites, which once formed are then substantially free of processing aids and anti-oxidants; and
combinations thereof. In certain embodiments, the tougheners include those disclosed in U.S.
Pat. No. 4,440,910 (O'Connor), directed to rubber toughened cyanoacrylate compositions
through the use of certain organic polymers as toughening additives that are elastomeric, i.e.,

10 rubbery, in nature, such as acrylic rubbers; polyester urethanes; ethylene-vinyl acetates;
fluorinated rubbers; isoprene-acrylonitrile polymers; chlorosulfonated polyethylenes; and
homopolymers of polyvinyl acetate. In certain embodiments, the toughener is an elastomeric
polymer which is a copolymer of methyl acrylate and ethylene, manufactured by DuPont,
under the name of VAMAC, such as VAMAC N123 and VAMAC B-124. VAMAC N123

15 and VAMAC B-124 are reported by DuPont to be a master batch of ethylene/acrylic
clastomer. In other embodiments, the toughener may be the DuPont materials called
VAMAC B-124,N123., VAMAC G, VAMAC VMX 1012 or VCD 6200. In other
instances, the toughener may be a rubber toughening component having (a) reaction products
of the combination of ethylene, methyl acrylate and monomers having carboxylic acid cure

20  sites, (b) dipolymers of ethylene and methyl acrylate, and combinations of (a) and (b), which
once the reaction products and/or dipolymers are formed are then substantially free of
processing aids, such as the release agents octadecyl amine (reported by DuPont to be
available commercially from Akzo Nobel under the tradename ARMEEN 18D), complex
organic phosphate esters (reported by DuPont to be available commercially from R.T.

25 Vanderbilt Co., Inc. under the tradename VANFRE VAM), stearic acid and/or polyethylene
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glycol ether wax, and anti-oxidants, such as substituted diphenyl amine (reported by DuPont
to be available commercially from Uniroyal Chemical under the tradename NAUGARD
445). Commercial examples of such rubber tougheners include VAMAC VMX 1012 and
VCD 6200 rubbers, and these may be used too.

The methylene malonate-containing compositions of the invention may also
optionally include other additives, such as plasticizing agents, thixotropic agents, natural or
synthetic rubbers, filler agents, and reinforcing agents, etc. Such additives are well known to
those skilled in the art.

The methylene malonate-containing compositions of the invention may optionally
include at least one plasticizing agent that imparts flexibility to the polymer formed from the
methylene malonate monomer. The plasticizing agent preferably contains little or no moisture
and 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
flexibility of the adhesive or polymer product is desirable.

Examples of suitable plasticizers include, without limitation, acetyl tributyl citrate,
dimethyl sebacate, triethyl phosphate, tri(2-ethylhexyl)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 thereof.
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 ethers, 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

less than about 5 weight %, or less than about 1 weight % or less, provides increased film
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strength (e.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.e., the property of exhibiting a high fluidity
during deformation by force of a sprayer, roller or trowel, but losing the fluidity when left at
rest. Suitable thixotropic agents are known to the skilled artisan and include, but are not
limited to, silica gels such as those treated with a silyl isocyanate. Examples of suitable
thixotropic agents are disclosed in, for example, U.S. Pat. Nos.: 4,720,513 or 4,510,273, the
disclosures of which are hereby incorporated in their entireties.

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
are 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
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
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, pigments, and pigment dyes. Examples of suitable colorants include
6-hydroxy-5-[(4-sulfophenyl)axo]-2-naphthalene-sulfonic acid (FD+C Yellow No. 6); 9-(o-

carboxyphenyl)-6-hydroxy-2,4,5,7-tetraiodo-3H-xanthen-3-one monohydrate (FD+C Red No.

71



130C

10

15

20

25

[ Reacti on Pressure 760mMHg

WO 2012/054633 PCT/US2011/056926

3); and 2-(1,3-dihydro-3-oxo-5-sulfo-2H-indol-2-ylidene)-2,3-dihydro-3-oxo-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
optionally include at least one thickening agent. Suitable thickeners include, for example,
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.
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-
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
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

in their entirety by reference.
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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
compositions and/or products without undue experimentation having suitable amounts, levels

and combinations of the above types of additives and components.

Oligomeric Complex Products

The inventors have surprisingly discovered that the reaction of malonic acid esters
with a source of formaldehyde results in what is believed to be, without being limited by
theory or mechanism, an oligomeric complex. The inventors have further discovered that
certain oligomeric complexes are capable of being efficiently vaporized or “cracked” into
high purity monomers of methylene malonate by rapid vaporization as described herein.

As such, the invention provides an oligomeric complex prepared by reacting a
malonic acid ester with a source of formaldehyde; optionally in the presence of heat transfer
agent; optionally in the presence of an acidic or basic catalyst; and optionally in the presence
of an acidic or non-acidic solvent.

The invention further provides an oligomeric complex prepared by reacting a malonic
acid ester with a source of formaldehyde in a substantial absence of acidic solvent; optionally
in the presence of heat transfer agent; optionally in the presence of an acidic or basic catalyst;
and optionally in the presence of a non-acidic solvent. In certain embodiments, the
substantial absence of acidic solvent represents less than 1.0%, less than 0.5%, less than 0.2%
or less than 0.1% by weight acidic solvent as compared to the total composition of the

reaction mixture.
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In a particular embodiment, the invention provides an oligomeric complex which has
a GC/MS profile which shows greater than 80% concentration of a methylene malonate
monomer. It is believed that such oligomeric complexes comprise between 2 and 12 units of
methylene malonate monomers.
Similarly, the invention provides oligomeric complex having a MALDI-TOF analysis
spectrum comprising peaks at: 131, 153, 176, 192, 194, 470, 472, 675, and 758.
In another embodiment, the invention provides oligomeric complex having a proton
NMR spectrum in CDCl; at 400MHz: comprising the following peaks: a singlet at 4.66
ppm and narrow peaks located between 4.32-3.8 ppm.
In still another embodiment, the invention provides an oligomeric complex having the
following physiochemical properties:
1.) a GC/MS profile which shows greater than 80% concentration of a
methylene malonate monomer;
2.) a MALDI-TOF analysis spectrum comprising peaks at: 131, 153, 176,
192, 194, 470, 472, 675, and 758; and
3.) a proton NMR spectrum in CDCl; at 400MHz comprising the following peaks: a
singlet at 4.66 ppm and narrow peaks located between 4.32-3.8 ppm.
In a specific aspect, the invention provides oligomeric complex prepared by reacting
a malonic acid ester with a source of formaldehyde; optionally in the presence of heat
transfer agent; optionally in the presence of an acidic or basic catalyst; and optionally in the
presence of an acidic or non-acidic solvent and having one or more of the following
physiochemical properties:
1.) a GC/MS profile which shows greater than 80% concentration of a

methylene malonate monomer;
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2.) a MALDI-TOF analysis spectrum comprising peaks at: 131, 153, 176,
192, 194, 470, 472, 675, and 758; or
3.) aproton NMR spectrum in CDCl; at 400MHz: comprising the following

peaks: a singlet at 4.66 ppm and narrow peaks located between 4.32-3.8 ppm.

In another specific aspect, the invention provides oligomeric complex prepared by
reacting a malonic acid ester with a source of formaldehyde; optionally in the presence of
heat transfer agent; optionally in the presence of an acidic or basic catalyst; and optionally in
the presence of an acidic or non-acidic solvent and having the following physiochemical

10  properties:
1.) a GC/MS profile which shows greater than 80% concentration of a
methylene malonate monomer;
2.) a MALDI-TOF analysis spectrum comprising peaks at: 131, 153, 176,
192, 194, 470, 472, 675, and 758; and

15 3.) aproton NMR spectrum in CDCl; at 400MHz: comprising the following
peaks: a singlet at 4.66 ppm and narrow peaks located between 4.32-3.8 ppm.

In each case, the oligomeric complex of the invention results in a weight loss of less

than 20% below 218°C as measured by thermogravimetric analysis.

20  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
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,
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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
described in this disclosure.

Analytical Methods

The structures of monomers of this invention were confirmed using one or more of
the following procedures.

NMR

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.

GC/MS

Electron impact mass spectra (EI-MS) were obtained with a Hewlett Packard 5970
mass spectrometer equipped Hewlett Packard 5890 Gas Chromatograph with. The ion source

was maintained at 270 °C.

Abbreviations and Acronyms

A comprehensive list of the abbreviations used by organic chemists of ordinary skill
in the 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
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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
brs
C

d

dd
MM
HQ

GC-MS

MHz

min

mol

MS

atmosphere

broad singlet

Celsius

doublet

doublet of doublets

methylene malonate

hydroquinone

Gas Chromatography-Mass Spectroscopy
gram

hour, hours

proton nuclear magnetic resonance
coupling constant (NMR spectroscopy)
liter

moleL™" (molar)

multiplet

megahertz

minute, minutes

milliliter

millimolar

mole

mass spectrum, mass spectroscopy
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m/z mass-to-charge ratio
N equivalentssL™ (normal)
NMR Nuclear Magentic Resonance
pH negative logarithm of hydrogen ion concentration
5 q quartet
rt room temperature
S singlet
t triplet

RB, RBF round bottom flask

10
Example 1 — Addition to energy transfer means with catalyst.

In a one-liter 3-neck round bottom flask (equipped with a condenser), 160 g diethyl
malonate (1 mol), 60 g of paraformaldehyde (2 mol), 15 g silica and 2 g of zinc acetate
dihydrate were heated to 110 C. The reaction exotherms to 130°C and then was cooled to

15 60°C.

The resulting mixture was flash vaporized by slow addition to mineral oil (20 g) at

215°C under a slow sweep of nitrogen. Distillation receiver was cooled to 0°C.

The distillate (crude monomer) was dried with sodium sulfate (5 g) and was stabilized

with 1000 ppm sulfuric acid and hydroquinone. Yield = 132 g for a 76% yield.

20  The spectra presented in Figures 5-6 are representative for this crude material
The crude monomer (with 1000 ppm of HQ and 1000 ppm of sulfuric acid) was

further fractionally distilled with a stainless steel packed column under reduced vacuum.

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

monomer is stabilized with 1000 ppm of HQ and 10-50 ppm of chlorodifluoroacetic acid.
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The spectra presented in Figure 7 is representative for this pure material

Example 2 — Addition to energy transfer means without catalyst.

Diethyl malonate (1 mol, 160 g), 60 g of paraformaldehyde (2 mol), were mixed and
flash vaporized by slow addition to mineral oil (20 g) at 215°C under a slow sweep of

nitrogen. The distillation receiver was cooled to 0°C.

The distillate (crude monomer) was dried with sodium sulfate (5 g) and stabilized
with 1000 ppm sulfuric acid and hydroquinone.

Yield = 107 g for a qualitative yield of 37% with the remaining 25% being recyclable
unreacted DEM for a real yield of 51%. Purity by GCMS = 60 % DEMM and 40 % DEM
plus minor impurities.

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.

Purity by GCMS=99%. 1H-NMR (400 MHz, CDCI3) & 6.45 (s, 2H), 4.22 (q, 4H),
1.24 (t, 6H). GC-MS (m/z): calc. 172, 145, 127, 99, 55.

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

chlorodifluoroacetic acid.

Example 3 — Slurry heating with heat transfer material using Zn-acetate dihvdrate

catalyst.

Diethylmalonate (1 mole, 160 gm), Paraformaldehyde (1.5 moles, 45 gm), Silica Gel
(30 gm) and Zn-Acetate Dihydrate (1 mole %, 2.2 gm) catalyst were placed in a 3 neck RBF

and heated to 70 °C to initiate the reaction.
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After 5 minutes the reaction temperature was raised up to 130°C. The exothermic
nature was observed during 110-120°C. The heating mantle was removed during this period
to avoid extreme heating. The reaction temperature was controlled by blowing N, through the

reaction mixture

The reaction was allowed to heat up to 200°C and the crude product was collected in a

receiver under reduced temperature.

Sulfuric acid (100 ppm) and Hydroquinone (1000 ppm) were used to stabilize the

crude monomer. The colorless Methylene Malonate was recovered in a yield of 91%.
GC/NMR Analysis of Crude :

a) 91% Methylene Malonate

b) 1% DEM

¢) 2 % Diethylmethyl Malonate

d) 1% Mono-ol (Eventually convert to product at high temp).

¢) 2% Diol
f) 2% Unknown with molar mass 212.
The spectra presented in Figures 8-9 are representative for this crude material
Pure Methylene Malonate product was collected by fractional distillation at about 2.5
mm and a temperature of 60°C and stabilized with strong acid and other traditional stabilizers
in the collection flasks such that the final concentration was about (10ppm) sulfuric acid.
The purified yield of Methylene Malonate was ~65%.

GC Analysis (m/z): 172, 143,127, 99, 72, 55, 29
NMR Analysis (CDCI3, & ppm): 6.35 (Singlet), 4.15 (Quartet), 1.18 (Triplet)

Purity: a) 99% Methylene Malonate
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b) 0.5 % DEM

¢) 0.5 % Diethylmethyl Malonate

Note: After collecting ~90% product from the reaction mixture, the product was very
thick and started polymerizing inside the flask. Overheating must be avoided because at
5 higher temperature (>240 °C) the Diethylmethyl malonate was formed at a higher percentage
with respect to lower temperature.
The spectra presented in Figures 10-11 are representative for this pure material

Example 4 — Slurry heating with heat transfer material synthesis and characterization

of ditert.butyl- 2-methylenemalonate using Zn(OAc),, 2H>0O as a catalyst

10 Materials.

Toluene, Paraformaldehyde, Zn(OAc),, 2H,0O were purchased from Acros Organics
and used as received. Ditert.butyl malonate was purchased from Alfa Aesar and used as
received.

Experimental Procedure
15 A 3-neck RBF, with a mechanical stirrer inside, was first dried to make it moisture free,

fitted with thermocouple and the Dean Stark apparatus connected with a condenser.

1) The reaction solvent, 100mL of Toluene was then transferred to the RBF. 54 gm of
Ditert.butyllmalonate (DTBM) (0.25 moles), 2.2 gm of Zn(OAc), dihydrate (0.01
20 moles), 15 gm (0.5 moles) of Paraformaldehyde were all added to the reaction

medium sequentially.

2) The initial color of the reaction mixture was milky white. The reaction mixture was
then heated to 65 °C for 30 mins.

25
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3)

4)

5)

6)

7)

8)

9

After heating for 30 mins the reaction temperature was raised to 100 °C and

maintained for another 30 mins.

The reaction mixture became transparent after 10 minutes, indicating the complete

conversion of starting material which was also indicated by GC.

After the complete conversion of starting material, the intermediate product was

distilled off along with water and toluene fractions.

The reaction temperature was then raised to 110°C with constant flow of N, through

the reaction mixture. Initial water formation was observed and collected inside a flask.

After collection of 5-6 ml of water/Toluene mixture, the temperature was raised up to
140 °C where mostly Toluene was collected along with very little amount of Ditert

butyl 2-methylene malonate.

The temperature was further increased to 180 °C where collection started for the pure

Ditert.butyl 2-methylene malonate started coming.

Most Ditert.butyl 2-methylene malonate was collected within the temperature range

of 180-200 °C with constant blowing of N,.

10) 28.5 gms of pure Ditert.butyl 2-methylene malonate was collected with an overall

yield of ~50%.
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11) The purity of monomer was confirmed by GC/MS and 1H NMR.

12) The monomer was stabilized with 100 ppm of HQ with 1000 ppm of chlorodifluoro

acetic acid.

NMR DATA : 1H NMR (CDCI3, 400 MHz, d): 6.45 (2H, singlet), 1.22 (9H, singlet).
Purity : 98%, 2% solvent toluene

GC/MS (m/z)= 173, 117, 57, 41

The spectra presented in Figures 12-13 are representative for this pure material

Example S — Four (4) — stage process to form diethyl methylene malonate monomer
Stage 1: Condensation reaction

(1) Combining reaction components in a 3 liter flask (equipped with reflux condenser,
thermometer and mechanical stirrer) to form a reaction mixture, said reaction components
comprising diethylmalonate (1.6 kg, 10 mol), paraformaldehyde (600 g, 20 mol)and zinc
acetate dihydrate (4 g), wherein the diethylmalonate and the paraformaldehyde are combined
in a molar ratio of 1:2.

(2) Heating the reaction mixture to about 70°C and allow reaction temperature to
exothermically rise to about 130°C for about 5 minutes, thereby forming a reaction complex
that comprises specific oligomeric-sized molecules from which methylene malonate
monomers may be “cracked” or otherwise derived therefrom.

(3) Optionally cooling reaction mixture to room temperature.

(4) Optionally analyzing reaction mixture by GCMS, HNMR or CNMR.

Stage 2: Flash distillation to “crack” reaction complex to form monomer product
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(5) Prepare a 3-neck 1-liter RB flask with an additional funnel, a stillhead, a
condenser and a chilled (15-20°C) receiving flask and fill the addition funnel with reaction
complex (1.9 kg). Contacting the reaction complex with a “cracking fluid” (e.g., 25-50 mL
of mineral oil or reaction complex for the distillation of a 2 liter volume of reaction complex)
or an equivalent type of heat transfer means (which can be the flask glassware itself or other
materials as defined herein) to the RB flask and pre-heat the cracking fluid to between about
150-300°C. Distilling reaction complex by adding the reaction complex to the cracking fluid
(or equivalent heat transfer means) while maintaining RB flask temperature above between
about 150-300°C and collecting distillate. The threshold temperature at which DEMM
monomer begins to be formed, i.¢., “cracked” or formed from the the reaction complex, is
about 150 °C. Best results are observed where flask is maintained at about 250°C.

(6) Add to the distillate 50 ppm methane sulfonic acid and 50 ppm of
chlorodifluoroacetic acid to stabilize the DEMM monomer in the distillate;

(7) Optionally analyzing distillate by GCMS, HNMR or CNMR to estimate purity of
the DEMM monomer;

Stage 3: Washing stage

(8) Optionally washing distillate with water (2 x 500 mL) by stirring distillate
vigorously for 20 minutes and allow to settle for 20 minutes. Separate lower organic layers
(which contains product) and repeat. Dry organic layer with MgSO4 (50 g). Filter to remove
MgSO,.

(9) Add to the organic layer 50 ppm methane sulfonic acid and 50 ppm of
chlorodifluoroacetic acid to stabilize the DEMM monomer;

(10) Optionally analyze by GCMS, HNMR or CNMR and estimate purity of DEMM

monomer,
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10 (12) Heat the still pot to 120°C. Additional low boilers collect in the receiver as well
as in the cold trap. Distillation pressure increases to 3-5 mm Hg. The polymethylene glycols
start depolymerizing and formaldehyde starts emanating from the vacuum pump in the
exhaust as temperature increases. As the collection of the low boiling by-products slows
down, the contents of the still pot turns cloudy. The monomeric formaldehyde continues to

15  form until the cloudiness disappears. Throughout this stage head temperature rises from
20°C to 40°C. The pressure slowly comes down from 3 mm Hg to less than 1 mm Hg. At this
point the temperature is increased to 130°C, the pressure continues to go down slowly (0.5
mm Hg — 0.7 mm Hg) and the head temperature rises to 50°C — 55°C. The receiver flask is
replaced and product is then collected. Distillation pot temperature is slowly increased

20  incrementally to 150°C with product collected between head temperatures of 50°C — 60°C.

(13) Raise pot temperature to 100-115°C, with vacuum at 0.5 mmHg, head
temperature at 32°C, collect distillates of high purity DEMM monomer.
(14) Add to the organic layer 50 ppm methane sulfonic acid and 50 ppm of

chlorodifluoroacetic acid to stabilize the DEMM monomer.
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evi dence of th uni que ol igoneric reaction conplex fornmed by the invention,
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Condi ti ons Both the Bachman and Eck processes were carried out in

presence of |low catalvst (ﬂ 1 nmole 047\ s well as hi gh catal yst (10 nol e %
concenf Rgggtism Complex Yield
Calculation
MW Amount
Reactant (g/mol) Moles (2)
DEM 160 10 1600
Formaldehyde 30 18.33 550
Reaction Complex (g) 2150
%DEM from NMR 5%
Unreacted DEM (g) 107
Oligomeric Complex (g) 2042
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Reacted DEM (g) 1493
Theoretical DEMM (g) 1604
Unreacted Paraformaldehyde

(g) 438
Product collected (g) 1473
%DEMM from NMR 82%
DEMM collected (g) 1208
%Yield before distillation 75%
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Example 7 — Representative process for forming dimethyl methylene malonate
monomers

In this Example, dimethyl methylene malonate was synthesized via a modified
Knoevenagel Condensation reaction with 50% yield. This process, which improves
significantly on prior Methylene Malonate synthesis, entails a Knoevenagel reaction between
dimethyl malonate, paraformaldehyde and zinc acetate dihydrate as catalyst. The first step in
this reaction yields a reaction complex which may contain, among other things, an oligomeric
product that may consist of alternating units of methylene malonate and formaldehyde. A
novel depolymerization cracking process then gives dimethyl methylene malonate (DMMM).

The overall reaction scheme below outlines the synthetic route used to synthesize
DEMM. Dimethyl malonate was reacted with paraformaldehyde in the presence of zinc
acetate dihydrate as catalyst at 105°C for 30 minutes. The immediate product of this reaction
is, without wishing to be bound by any theory or mechanism, an oligomeric material with
repeating units comprising of alternating dimethyl malonate and formaldehyde. This
oligomeric material is then thermally depolymerized or “cracked” to DMMM by addition to a
hot surface set from 190°to 270°C (or otherwise contacting with a means to heat or otherwise
transfer sufficient energy to the reaction complex or oligomeric material to achieve the

cracking of the oligomeric material to form the DMMM). The resulting crude DMMM
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monomer is then fractionally distilled to afford pure dimethyl methylene malonate. The

reaction scheme is shown below:

O o) o) O
e W . Paraformaldehyde, ZnAc - ~
i J 105°C, 30 Mins

The specific process proceeded as follows:

A 3-neck 500mL round bottom flask was charged with 200g (1.5 mol) dimethyl
malonate (DMM), 96g (3.2) paraformaldehyde, and 0.3g (0.0015 mol) Zn acetatdihydrate. A
reflux condenser, a thermocouple and a stopper were then attached to the flask. The
thermocouple was then set to 105°C and the contents of the flask were heated. After
approximately 15 minutes the reaction exothermed to 130°C with a concurrent clarification of
the mixture to opaque, viscous slurry. The reaction was run for an additional 15 minutes after
which time it was allowed to cool to 90°C. The warm reaction complex was then placed in a
250mL addition funnel which was attached to a 3-neck 250mL round bottom flask, scated in

a heating mantle. The GC spectra shown in Figure 14 is representive of the reaction

complex material.

To this flask was attached a thermocouple on one neck while a Claisen adapter,
condenser, vacuum adapter and 500mL round bottom flask was attached to the other. The
250mL round bottom flask was then heated to 190°C while under ~ 3mmHg vacuum. After
the temperature stabilized, DMMM reaction complex was then slowly added. Without being
bound by any theory or mechanism, the oligomeric complex contained in the reaction
complex depolymerized or “cracked” in the heated flask to form impure dimethyl methylene
malonate. The resulting monomer was distilled and collected in the receiving 250mL round

bottom flask. The crude distillate was then added to a 3-neck 500mL round bottom flask. The
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GC spectra shown in Figure 15 is representative of the crude DMMM formed at this

stage. Two grams of phosphorus pentoxide and one gram of hydroquinone were added and
the crude monomer was fractionally distilled under reduced pressure to yield 99% pure
monomer. For this process, the set temperature was 65°C, the head temperature was 32°C,

5  and the vacuum pressure was less than 5 mm Hg. The GC spectra shown in Figure 16 is

representative of the fractionally distilled DMMM.

The spectra shown in Figures 14-20 are representative results of this process.

The yields expressed herein, are examples of unoptimized processes and are not
10 representative of the potential of this process. The difference between the yields at cracking
versus the gravimetric yields at the end of fractional distillation highlight the difficulty in
separating the desired product from closely boiling impurities. This difficulty highlights the
necessity of separating materials as soon as possible in a continuous process. As such, the
inventors are not limited by the yields observed herein.
15
Example 8 — Representative process for forming di-isopropyl methylene malonate
monomers
In this Example, Diisopropyl Methylene Malonate (DIPMM) was synthesized via a
modified Knoevenagel Condensation reaction with 55% yield. This process, which improves
20  significantly on prior Methylene Malonate synthesis, entails a neat Knoevenagel reaction
between diisopropyl malonate, paraformaldehyde and zinc acetate dihydrate as catalyst. The
first step in this reaction yields a reaction complex which may comprise an oligomeric
product that may consist of alternating units of Methylene Malonate and Formaldehyde. A

novel depolymerization cracking process then gives Diisopropyl Methylene Malonate.
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The overall reaction scheme below outlines the synthetic route used to synthesize
DIPMM. Diisopropyl malonate was reacted with paraformaldehyde in the presence of zinc
acetate dihydrate as catalyst at 90°C for 15 minutes. Without wishing to be bound by theory,
the immediate product of this reaction is an oligomeric material with repeating units that may
5  consist of alternating diisopropyl malonate and formaldehyde. This intermediate material is
then thermally depolymerized to DIPMM by addition to a hot surface set between 190° to
270°C. The resulting crude DIPMM monomer is then fractionally distilled to afford pure

DIPMM. The reaction scheme is shown below:

0 0 Paraformaldehyde, ZnAc 0 0
0 .
o 0 90°C, 15 Mins 0 0

10
The specific process proceeded as follows:
Knoevenagel Condensation reagents for DIPMM synthesis:
Temp DIPM/g | Zn/g | Paraform/g | Crude % yield | % Distillation yield
fC GC-MS GC-MS
First Run | 105 100 0.06 | 33 43 10
Second 130 200 0.02 | 66 40 10
Run
Third 90 200 0.23 | 64 72 15
Run
15 A 3-neck 500mL round bottom flask was charged with 200g (1.06 mol) diisopropyl

malonate (DIPM), 63g (2.12) paraformaldehyde, and 0.23g (0.0011 mol) zinc acetate
dihydrate. A reflux condenser, a thermocouple and a stopper were then attached to the flask.
The thermocouple was then set to 90°C and the contents of the flask were heated. After
approximately 15 minutes the reaction exothermed to 130°C with a concurrent clarification of

20  the mixture to opaque, viscous slurry. The reaction was run for an additional 5 minutes. The
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DIPMM reaction complex/oligomeric complex was then cooled to room temperature and
then washed with 800mL of cold water. The fractions were separated using a separatory
funnel. The reaction complex was then placed in a 250mL addition funnel which was
attached to a 3-neck 250mL round bottom flask, seated in a heating mantle. To this flask was
attached a thermocouple on one neck and a Claisen adapter, condenser, vacuum adapter and
250mL round bottom flask on the other. The 250mL round bottom flask was then heated to
200'C while under vacuum (< 5SmmHg). After the temperature stabilized, the DIPMM
reaction complex/oligomer was then slowly added. The oligomer depolymerized or “cracked”
in the heated flask to form crude diisopropyl methylene malonate. The resulting monomer
was distilled and collected in the receiving 250mL round bottom flask. The crude distillate
was then added to a 3-neck 500mL round bottom flask. Two grams of phosphorus pentoxide
and one gram of hydroquinone were added and the crude monomer was fractionally distilled

under reduced pressure to yield 97% pure monomer.

Pot and head temperatures for crude DIPMM fractional distillation:

Set Temp. /’C | Head Temp./°C | Vacuum pressure % DIPMM by GC-
/mmHg MS

130 52 2 90

133 55 4 94

140 60 4 95

140 60 4 97

Pot and head temperatures for crude DIPMM fractional
distillation

The spectra shown in Figures 21-27 are representative results of this process.
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The yields expressed herein, are examples of unoptimized processes and are not
representative of the potential of this process. The difference between the yields at cracking
versus the gravimetric yields at the end of fractional distillation highlight the difficulty in

5  separating the desired product from closely boiling impurities. This difficulty highlights the
necessity of separating materials as soon as possible in a continuous process. As such, the

inventors are not limited by the yields observed herein.

Example 9 — Representative process for forming di-n-propyl methylene malonate
10  monomers
In this Example, di-n-propyl methylene malonate (DNPMM) was synthesized via a
modified Knoevenagel condensation reaction with 23% gravimetric yield. This process,
which improves significantly on prior Methylene Malonate synthesis, entails a neat
Knoevenagel reaction between di-n-propyl malonate, paraformaldehyde and zinc acetate
15  dihydrate as catalyst. The first step in this reaction yields a reaction complex that may
comprise an oligomeric product that may consist of alternating units of methylene malonate
and formaldehyde. A novel depolymerization cracking process then gives di-n-propyl
methylene malonate.
The overall reaction scheme below outlines the synthetic route used to synthesize
20 DNPMM. Di-n-propyl malonate was reacted with paraformaldehyde in the presence of zinc
acetate dihydrate as catalyst at 90'C for 15 minutes. The immediate product of this reaction is
an oligomeric material with repeat units that may consist of alternating di-n-propyl malonate
and formaldehyde. This intermediate material is then thermally depolymerized to DNPMM

by addition to a hot surface set between 190" and 270 C. The resulting crude DNPMM
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monomer is then fractionally distilled to afford pure Di-n-propyl methylene malonate. The

reaction scheme is depicted as follows:

0 0 Paraformaldehyde, ZnAc
N o -
90°C, 15 Mins o

0 O

The specific process proceeded as follows:

Knoevenagel Condensation reagents for DNPMM synthesis:

Temp DNPM/g | Zn/g | Paraform/g | Crude % yield | % Distillation yield
/C GC-MS GC-MS

First Run | 90 175 2 56 18 4

Second 100 113 1.3 |36 18 4

Run

A 3-neck 500mL round bottom flask was charged with 175g (0.93mol) Di-n-propyl
malonate (DNPM), 56g (1.8mol) paraformaldehyde, and 2g (0.0091 mol) zinc acetate
dihydrate. A reflux condenser, a thermocouple and a stopper were then attached to the flask.
The thermocouple was then set to 90°C and the contents of the flask were heated. After
approximately 15 minutes the reaction exothermed to 96 C with a concurrent clarification of
the mixture to an opaque, viscous slurry. The reaction was run for an additional 5 minutes.
The DNPMM reaction complex/oligomer was then cooled to room temperature and then

washed with 200mL of cold water. The fractions were separated using a separatory funnel.
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The reaction complex/oligomeric material was then placed in a 250mL addition funnel which
was attached to a 3-neck 250mL round bottom flask, seated in a heating mantle. To this flask
was attached a thermocouple on one neck and a Claisen adapter, condenser, vacuum adapter
and 250mL round bottom flask on the other. The 250mL round bottom flask was then heated
5 to 200C while under vacuum (< 5SmmHg). After the temperature stabilized, DNPMM
reaction complex/oligomer was then slowly added. The oligomer depolymerized or “cracked”
in the heated flask to form impure di-n-propyl methylene malonate. The resulting monomer
was distilled and collected in the receiving 250mL round bottom flask. The crude distillate
was then added to a 3-neck 250mL round bottom flask. Two grams of phosphorus pentoxide
10 and one gram of Hydroquinone were added and the crude monomer was fractionally distilled

under reduced pressure to yield 95% pure monomer.

Pot and head temperatures for crude DNPMM fractional distillation:

Set Head Vacuum % DIPMM by GC-
Temperature | Temperature/°C | pressure MS

e /mmHg

130 59 3 65

144 80 4 88

144 80 4 90

160 85 5 95

15
The spectra shown in Figures 28-33 are representative results of this process.

The yields expressed herein, are examples of unoptimized processes and are not
representative of the potential of this process. The difference between the yields at cracking

20  versus the gravimetric yields at the end of fractional distillation highlight the difficulty in

94



WD 2012/ 054633PCT/ US2011/ 056926 POT " Cracked"

Process Bachnman Process ECK Process
Cat WO 2012/054633

Monomer Conpari son

| nventi on

Low Cat H gh Cat Low Cat Hi gh
PCT/US2011/056926

separating the desired product from closely boiling impurities. This difficulty highlights the

necessity of separating materials as soon as possible in a continuous process. As such, the

inventors are not limited by the yields observed herein.

5 Example 10 - Additional monomers

The following monomers were also prepared using the methods described herein by altering

the starting materials.

\

Starting Starting Material | Product Reaction GC-MS
Material Structure Structure Conditions Peaks
M/z)
Ethyl Allyl Mol ratio of 41,54,72,
Malonate < < Malonate:Paraformal | 82,99,110
dehyde: ,128,
o o Catalyst 139,156
o] 0
1:2:0.001
0 0 Reaction
Temperature 75-
O O 130°C

Reaction Pressure
760mmHg

Reaction Time 15-
45minutes
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Pyrol ysis Tenp.

(© 170-270 300 300 300 300

WO 2012/054633

Vacuum (nm 1 1 1 1 1
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Ethyly
Pyran
Malonate

o N

C

O

by

Mol ratio of

Malonate:Paraformal
dehyde:
Catalyst

1:2:0.001
Reaction
Temperature 75-

130°C

Reaction Pressure
760mmHg

Reaction Time 15-
45minutes

41,67,85,
98,127,19
7

Tert-Butyl
Ethyl
Malonate

0
0
0
]

0

e

(
A

<
e

Mol ratio of
Malonate:Paraformal
dehyde:

Catalyst

1:2:0.001
Reaction
Temperature 75-

130°C

Reaction Pressure
760mmHg

Reaction Time 15-
45minutes

39,57,72,
99,127,14
5,185

Ethyl
cyclohexyl
Malonate

o N

Mol ratio of

Malonate:Paraformal
dehyde:
Catalyst

1:2:0.001
Reaction
Temperature 75-

130°C

Reaction Pressure
760mmHg

Reaction Time 15-
45minutes

41,55,67,
81,96,127
,145,

195




GC/MsS Profile purity 80 76 VA 75 51

NVR Purity 85

WO 2012/054633 PCT/US2011/056926
Hexacloro Cl cl Cl cl Mol ratio of 42,69,82,
Malonate Malonate:Paraformal | 95,105,11

ol ol dehyde: 7,131,193

Catalyst , 181,

0 0 193,
1:2:0.001 229,259,

287

Reaction
Temperature 75-
130°C

0 O .
Reaction Pressure

ol c Reaction Time 15-
Cl Cl 45minutes
Dibenzyl Mol ratio of 35,44,65,
Malonate Malonate:Paraformal | 77,91,99,

dehyde: 107,205,2
Catalyst 67,278
1:2:0.001

@]
Reaction
Temperature 75-
130°C

SRaRas

Reaction Pressure
760mmHg

Reaction Time 15-
45minutes

Comparative Example A -Comparative analysis of the inventive process with two prior

art processes

In this Example, the present invention is compared to the processes described in Eck

et al. (U.S. Patent No. 3,758,550) and Bachman et al. (U.S. Patent No. 2,313,501) to show

that the reaction complex of the present invention comprises a unique oligomeric complex as
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d ass Fixture Tine (Sec) 2-3 90 N A 120 180 TAD (Sec) 5-6 12 N A 90

(gel) 20 (gel)
WO 2012/054633 PCT/US2011/056926

compared to the reaction processes of Eck and Bachman, i.e., Eck and Bachman do not
produce the unique oligomeric complex of the invention. The present invention “cracks” its
unique oligomeric complex using a rapid separation process (e.g., rapid, high-heat “flash”
vaporization) to form the methylene malonate monomers of the invention.
5 Eck process:
The Eck process was repeated based on Eck’s own disclosure, as follows:

1. Diethyl malonate 80g (0.5mol), paraformaldehyde 30g (1 mol), acetic acid 200g, zinc
acetate 6g and acetic anhydride 51g (0.5 mol) were stirred at 0 °C for one hour.
2. Mixture was stirred at room temperature for one hour then heated and stirred at 95 °C for 5

10 hours.
3. Acetic acid solvent was distilled off at 10 mm Hg vacuum and a temperature of 35°C.
4. A gel-like compound was heated at 300°C under 10 mm Hg vacuum to get 45 g crude
Diethyl methylene malonate with purity of 75% (GCMS), overall gravimetric yield is 40%
(refer to diethyl malonate).

15 Bachman process:

The Bachman process was repeated based on Bachman’s own disclosure, as follows:

1. Paraformaldehyde 30g (1 mol), acetic acid 200g, copper acetate 5g and potassium acetate
5g were stirred at 90°C for one hour.
2. Diethyl malonate 80g (0.5mol) was then added dropwise to the solution.

20 3. Mixture was stirred and heated at 90°C for two hours.
4. Fractional distillations were used to obtain 33g Diethyl methylene malonate. (40%
gravimetric yield refers to diethyl malonate).
Inventive process:

The inventive process was conducted, as follows:
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DEMM Yield %70 35 NV A 40 43 Stability at 25 ( C) Stable for nmonth 10
mns NVA 20 hrs 10 hrs The flash vaporization of the process of the

i nvent i orwo0as4@ppl i cabl e to the Bachman 5process as trhe/usasiioseas al yst s
are carried over and instantly solidify the crude nononer. DEMMyield
calculated by (Purity% X weight of distillate) conpared to initial DEM

anount . 1. PUGIRELRIH5HE BRRAT(6UH0, 106 YRborfat@S109d3 "1 Ghals kedlZ o noseSc').6g
conpari1 son

(0.0027 mol) were mixed together at 70°C .
2. The reaction system then exotherms to125°C and forms the crude composition.
3. The reaction system is allowed to cool to 90°C.

5 4. The crude composition (90% purity of monomer according to GCMS profile) is then added
slowly to a heated surface (190°C) under vacuum (<5mmHg) to produce crude monomer and
other byproducts which were then distilled to produce diethyl methylene malonate (80% yield
based on GC/MS profile and NMR) with a purity 85%.

5. The crude distillate is then fractionally distilled to give 99% pure diethyl methylene
10 malonate with an overall gravimetric yield is ~60%
GC/MS Study of intermediate compositions
The composition from the inventive method has GCMS profiles that show more than
80% of diethyl methylene malonate (DEMM), with very little other impurities. Compositions
from Eck and Bachman methods have GCMS profiles that show less than 20% of DEMM
15  monomer, with much more impurities
NMR Study of intermediate compositions
The Proton NMR ('H) of the intermediate composition (after the condensation
reaction) from the inventive process has shown significant differences in the chemical shifts
as compared to Bachman and Eck process. The reaction product from the inventive method
20  shows a distinct singlet with a chemical shift of 3.97 ppm, which indicates the presence of —
CH2 group adjacent to the oxygen atom. The peak at 3.97 ppm for product produced through
the Bachman and Eck processes, though, are much smaller than the inventive process (~40%
less). Moreover, the peaks in the 4.64 ppm- 4.53 ppm region for Bachman and Eck products
are much more complex than product from the inventive process. Also, the peaks of Bachman

25  and Eck process are significantly broader than the peaks observed for the composition
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| nventi on Process Bachman Process ECK Process
Cat High Cat

10

Low Cat Hi gh Cat

Pyrolysis Tenp. (C) 170-270 170
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produced from the inventive process, which clearly indicates the inventive process has low
molecular weight intermediate composition as compared to other two methods.
MALDI-TOF Analysis of Intermediate compositions

Matrix Assisted Laser Desorption Time of Flight (MALDI-TOF) technique was used
to qualitatively compare the product formed from the prior arts processes and our solventless
condensation procedure. The products formed by the inventive method, Eck and Bachman
can be seen in Figures 34, 35, and 35, respectively. The unique “fingerprint” of the
inventive process spectrum is evidence of the unique oligomeric reaction complex formed by
the invention, which is not formed by Eck and Bachman.
Comparison of Reaction Conditions

Both the Bachman and Eck processes were carried out in presence of low catalyst (0.1

mole %) as well as high catalyst (10 mole %) concentration

Invention Bachman ECK
Condensation | Condensation Condensation
Low Cat High Cat Low High
Catalyst Conc. 0.1 0.1 10 0.1 10
(mole %)
DEM: Paraform | 1:1.8 1:2 1:2 1:2 1:2
Temperature 70-125 90 90 95 95
(°C) (Exotherm)
Catalyst Zn —Acctate K-Acetate K-Acetate | Zn- Zn-
Acetate Acetate
Co-catalyst Not Used Cu-Acetate | Cu-Acetate | Not Used
Solvent Not Used Acetic Acid | Acetic Acetic Acetic
Acid Acid Acid
Co-solvent Not Used Not Used Not Used Acetic Acetic
Anhyd. Anhyd.
Time (Hrs) 0.5 1 1 5 5
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170 170 170 Vacuum (nm 1 mm1l1 1 1 1 GC/ M5 Profile purity 80
NANA
WO 2012/054633 PCT/US2011/056926
Polymerization Not Used MEHQ/HQ | MEHQ/HQ | Not Used | Not Used
Inhibitor

Characterization of Intermediate/ Oligomeric Complex Compositions

Invention Bachman ECK
Oligomeric Intermediate Intermediate
Complex Composition Composition
Low Cat High Cat | Low Cat | High Cat
GC/MS Profile >80 <20 <10 <10 <10
DEMM (%)
NMR Analysis 4.66,4.32-3.8 | Broad Peaks | Same as Broad Same as
(ppm) (4.7, 4.53- low cat Peaks low cat
4.64, 4.32- Similar to
4.14) Bachman
process
MALDI-TOF 131, 153,176, | 136,178, 191, 758,761,
Analysis 192,194, 370, | 193,272 790, 819,
Major peaks 472, 675,758 915
Thermal 218 205 228
Analysis(TGA)
O
Consistency Liquid not Gel | Gel after Gel after
removing removing
solvent solvent
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28 51
(M ns)

NVR Purity 85

G ass Fixture Tine 2-3 (Sec) NA NA 15
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POT “Cracked” Monomer Comparison
Invention Bachman Process ECK Process
Process
Low Cat High Cat | Low Cat | High Cat
Pyrolysis Temp. 170-270 300 300 300 300
W)
Vacuum (mm) 1 1 1 1 1
GC/MS Profile 80 76 N/A 75 51
purity
NMR Purity 85
Glass Fixture Time | 2-3 90 N/A 120 180
(Sec)
TAD (Sec) 5-6 12 N/A 90 (gel) |20 (gel)
DEMM Yield % 70 35 N/A 40 43
Stability at 25 (° C) | Stable for 10 mins N/A 20 hrs 10 hrs
month

*The flash vaporization of the process of the invention is not applicable to the Bachman

process as the basic catalysts are carried over and instantly solidify the crude monomer.

* DEMM yield calculated by (Purity% X weight of distillate) compared to initial DEM

amount.
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20 (M ns) TAD (Sec) 5-6 VA NNA 90 (gel) 20 (gel) DEMM Yi el d %
70 NV A N A 30 45
WO 2012/054633 PCT/US2011/056926
Flashed “cracked monomer” comparison
Invention Bachman Process ECK Process
Process
Low Cat High Cat | Low Cat | High Cat
Pyrolysis Temp. 170-270 170 170 170 170
W)
Vacuum (mm) I mm 1 1 1 1
GC/MS Profile 80 N/A N/A 28 51
purity
NMR Purity 85
Glass Fixture Time | 2-3 (Sec) N/A N/A 15 20
(Mins) (Mins)
TAD (Sec) 5-6 N/A N/A 90 (gel) |20 (gel)
DEMM Yield % 70 N/A N/A 30 45
Stability at 25 (° C) | Stable forupto | N/A N/A 2 days 2 days
month
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Stability at 25 ( C) Stable for up to nonth VA NA 2 days 2 days WO
2012/ 054633PCT/ US2011/ 056926 Final Fractional Distillation |Invention
Process BsohnemsRi3ecess Eck Process No. of Distillati onPCo/usbaiaiossod® %
purity 1 4 NA

Final Fractional Distillation

Invention Process Bachman Process Eck Process

No. of Distillationto | 1 4 N/A
obtain 99% purity
Pot Temp. (°C) 80-90 80-90 Not Used
Head Temp. (°C) 60 60 Not Used
Vacuum I mm I mm Not Used
Stabilizer during P,0s + MEHQ/HQ Not Used Not Used
distn.

Not Used
GC/MS Profile 99% 99%
Purity

Not Used
NMR Purity 99% 99%

Not Used
TAD (Sec) 1 3

Not Used
Glass Fixing Time 1 10 Not Used
(Sec)
Self life without Stable up to 6. Solidified within 24 | Not Used
stabilizer months hrs
Stabilizer Package Methanesulfonic acid | Not Used Not used

+ MEHQ/HQ

Overall Process Yield:

Invention Process Bachman Process Eck Process

Yield (%) 65-70 40 43%

DEMM yield calculated by (Purity% X weight of distillate), refer to DEM.
Note: Eck did not report the fractional distillation of DEMM/ purity of DEMM/ performance

of DEMM
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Pot Tenmp. (C) 80-90 80-90 Not Used Head Tenp. (C) 60 60 Not Used
Vacuum 1l mm 1 nm Not Used

10

15

20

25

30

35

40
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WHAT IS CLAIMED IS:

1. A method of making a methylene malonate monomer comprising:

5 (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

non-acidic solvent, to form a reaction complex; and

(b) contacting the reaction complex or a portion thereof with an energy transfer

means to produce a vapor phase comprising methylene malonate monomer; and

10 (c) isolating the methylene malonate monomer from the vapor phase.

2. The method of Claim 1, further comprising the step of repeating steps (b) and (c) on

additional portions of the reaction complex.

15 3. The method of Claim 1, wherein the reaction complex or a portion therof is

substantially vaporized in less than 15 minutes.

4. The method of Claim 3, wherein the reaction complex or a portion therof is

substantially vaporized in less than 10 minutes.

20

5. The method of Claim 4, wherein the reaction complex or a portion therof is

substantially vaporized in less than 1 minutes.

6. The method of Claim 5, wherein the reaction complex or a portion therof is

25  substantially vaporized in less than 30 seconds.
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Met hanesul fonic acid + MEHQ HQ Not Used Not used Overall Process Yield:

I nvention Process Bachman Process Eck Process Yield (% 65-70 40 43% DEWMM
yi el d calwol2at2ad4d3g (Purity% X wei ght of distillate), retCenstaibivkeé Note:
Eck did not report the fractional distillation of DEMM purity of DEMM
performance of DEMM REFERENCES ClI TES The foll ow ng docunents may be cited
or referenced herein, each of which are I ncorporated by reference
herein and nay be enployed in the practice of the invention. 5Patent

|§' tzgg_at”lur €  The méthdd 8f Sthin B0 hereR the r33QeP3RnpleBbr 3 pdiPibn HeBof is (4)

substantially vaporized in less than 10 seconds.

5 8. The method of Claim 8, wherein the reaction complex or a portion thereof is

substantially vaporized in less than 1 second.

9. The method of claim 8, wherein the reaction complex or a portion therof is
substantially vaporized prior to the formation of latent acid forming impurites or irreversible

10  complex impurities.

10.  The method of claim 2, wherein each portion of reaction complex is substantially
vaporized in step (b) prior to the contacting of another portion of reaction complex with the

energy transfer means.

15
11.  The method of Claim 1, wherein the reaction complex is vaporized continuously upon
formation in step (a).
12. The method of Claim 1, wherein the energy transfer means is a heat transfer agent.
20
13.  The method of Claim 1, wherein the energy transfer means is a heat exchanger.
14.  The method of Claim 1, wherein the energy transfer means is a laser.
25 15.  The method of Claim 1, wherein the energy transfer means is a source of radiation.
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Non-Patent Literature M Ware et al.: "DBU An Efficient Catalyst for
Knoeveganel Condensation under Solvent- free Condition," Bulletin of the

Cat al ysjigs Soﬂieerhé’th&i of ORiA15(RRGEh thdRldiatBn iPRicrd@NI@Biation. V- G
Nenaj denko et al.: "Reaction of 2-Methylene-1,3-D carbonyl Conpounds

Containing a

17. A method of making a methylene malonate monomer comprising:

5 (a) reacting a malonic acid ester with a source of formaldehyde in the presence of
heat transfer agent; optionally 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; and

(b) producing a vapor phase comprising methylene malonate monomer from the
10 reaction complex by heating the reaction complex to between about 150°C and about
300°C; and

(c) isolating the methylene malonate monomer from the vapor phase.

18.  The method of Claim 17, wherein the step of producing a vapor phase (b) is
15  performed by heating the reaction complex from about 130°C to between about 150°C and

about 300°C in less than 15 minutes.

19.  The method of claim 18, wherein the step of producing a vapor phase (b) is performed

by heating the reaction complex from about 130°C to between about 150°C and about 300°C

20  1n less than 10 minutes.

20.  The method of claim 1 or claim 17, wherein the heat transfer agent is a heated inert

gas, one or more metal beads, one or more glass beads, one or more porcelain beads, sand,
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monomer from the vapor phase is achieved by gas chrornatography

25.  The method of claim 1 or 17, wherein the isolation of methylene malononate
monomer from the vapor phase is achieved by liquid chromatography after condensation of

20  the vapor phase.

26.  The method of claim 1 or claim 17, further comprising the step of (d) redistilling the

methylene malonate monomer under reduced pressure within about 60 minutes of isolation.
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G Lai et al.: "lonic Liquid Functionalized Silica Gel: Novel Catalyst and
Fi xed Sol vent," Tetrahedron Letters (2006), Vol. 47, pp. 6951-6953 J.
R Harj amwoeb12al54633" Lewi s Acidic lonic Liquids for the Sgmiusesil®sebe

El ectrophilic Al kenes 35via the Knoevenagel Condensation,”™ Tetrahedron
Letters, (2002), Vol. 43, pp. 1127-1130 P. Ballesteros et al.: "Synthesis
of DI -t t - BieythetMed biyélgine et claiad €7, farthéredohpaising thd sieeo @) i:edlstiﬂiﬁg’:lﬂhbo nyl

Al kene," J. Org. Chem (1983), Vol. 48, pp. 3603-3605 T. Doi et al.

" Synt heglfy 1@1fle Qaﬁ%ﬁt@%ﬁorﬂ)ln% QRIRIE&Ad @Veséﬁ%’ wthirPAoL 80 Hl'iﬁt&:é’st(‘?ﬁléfozl@c%nmm no
Cycllzatlon . Og. Chem, (2007) 72, pp. 3667-3671 WHAT IS

CLAIMED |I'S: 1A net hod of naklng a nethylene mal onat e nononmer conpri sing:
5(a) reacting a malonic acid ester with a source of formal dehyde;

optiong| i the presence of an idic or basjc catal d.optionally
TPt he it s ctheamgnbd GE RN 8t R af fﬁl&ﬁ%ﬁ%ﬂ%ﬁ%ﬁlﬂe StER 0T e H D o
conpl ex; and (b) contacting the reaction conplex or a portion thereof
wit B armethelensmeloanisreenomes ngdergediced prasse walhsr ahonh semimrey AfsFeryeret hyl ene
mal onat e nononer; and 10(c) isolating the nethylene nmal onate nononer from

t he vapor phase. 2. The nmethod of Claim1l, further conprising the step of
repeating steps (b) and (c) on additional portions of the reaction conpl ex.

153. Thexoret hod aéthéd 8f Ehitn 1 WHERRA 17 LR &G PR CROTE 41?6f @) r&ipoitd @8 t her of
is substantially vaporized in |less than 15 m nutes. The net hod of C aim

3, wh tiall
vapor?ggéﬂ¥kﬁfg%§%% %&ﬂl8&g8%§%ggﬁwggBﬁéghgﬂgﬁﬁg%ﬁgﬁé6? %ﬁhl '4tamhgrein

the reaction conplex or a portion therof is substantially vaporized in |ess
than 1 mnutes. 6. The nethod of Claimb5, wherein the reaction conplex or
a portign therof is 255ubstant|ally vaporized in less than 30 seconds. WO

2018/ 05W633PaF/IRtbed 9f gaigpber dlampd rﬁé‘%eﬁ%iﬂ ther reagtineie, (ahiepafrmeddn theact i on

conplex or a portion therof is substantially vaporized in |ess than 10
secondsibsence of a catalyst.

31.  The method of claim 1 or claim 17, wherein the reacting step (a) is performed in the
presence of an acidic or basic catalyst.

15
32. The method of Claim 31, wherein the reacting step (a) is performed in the presence

of a basic catalyst.

33.  The method of claim 31, further comprising the step of inactivating the catalyst prior

20  to the production of the vapor phase.

34.  The method of claim 33, wherein the step of inactivating the catalyst comprises
forming an insoluble precipitate of the catalyst and removing the precipitate from the reaction
mixture.

25
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58. The nmethod of Claim8, wherein the reaction conplex or a portion thereof
is substantially vaporized in less than 1 second. 9. The nethod of claim8,
wher ei n tWe 202a544d30n conpl ex or a portion therof is subgcanusea@liioyeoe@pori zed
prior to the formation of latent acid formng inpurites or irreversible
10compl ex inpurities. 10. The nmethod of claim2, wherein each portion of
react i @3. conpteaxcthsd stidisiady, ivilckain apaedigiede istosh&@pby e agditioh of sulfuii
contacting of another portion of reaction conplex with the energy transfer
means. ,chlpholpiforRichost Ldon@ifitninervbyer ein the reaction conplex is

vapori zed conti nuously upon formation in step (a). 12. The nethod of O aim
1, wherein the energy transfer neans is a heat transfer agent. 13. The
method of Claim1, wherein the energy transfer nmeans is a heat exchanger.
14. The, methqd o aimJi, ei.n the ener fer nmeans i s | aser.
2515, ThS et MmO B 35 R HieeC Bty Byormanar st usaane LB Eon e
of radiation. 108 WD 2012/054633PCT/ US2011/ 056926 16. The net hod of C aim
15, Swhexféhqcatdlpst imthicgeachan ngXmr&r onave radi ati on. 17. A method of nmeking a
met hyl ene mal onat e nmononer conprising: 5(a) reacting a nmalonic acid ester
with a source of formal dehyde in the presence of heat transfer agent;
optionally in the presence of an acidic or basic catalyst; and optionally

in the ymes enfeem&ho@af Agintll 6r BBind ON-fagheH EnpPli@Ako sttPof MiniazifEmet i on
conpl ex; and (b) producing a vapor phase conprising nethylene nal onate

nonomner eating the reaction conplex to
bet vveer{eé%vgﬁ}téhg)é%ﬁ %g&%%%igtf&%%?ﬁ%%leg (g) i solating the xt hyl ene

mal onat e nononer fromthe vapor phase. 18. The nethod of Claim 17, wherein
the step of producing a vapor phase (b) is 15 perforned by heating t he

reaction co from about 130C to between about 150C and about 300C in
| esi¥ t n 1? Iy rﬁﬁh@%of alymre WhHSEGB Ehcofencfanimmiging fhe Fapyiticn CommsiscH f

produci ng a vapor phase (b) is perforned
(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,
or any combination of (a), (b) or (c).
15
39.  The method of claim 37, wherein the step of minimizing the impurities comprises

adding to the reaction mixture water and an acid having a pKa range of -8 to 5.

40.  The method of claim 32, wherein the basic catalyst and is potassium acetate, sodium
20  acetate, zinc acetate, zinc diacetate dihydrate, aluminum acetate, calcium acetate, magnesium

acetate, magnesium oxide, copper acetate, lithium acetate, aluminum oxide, or zinc oxide.

41.  The method of claim 31, wherein the catalyst is an acidic catalyst and is paratoluene

sulfonic acid, dodecylbenzene sulfonic acid, borontrifluoride, zinc perchlorate, sulfated
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by heating the reaction conplex from about 130C to between about 150C and
about 300C 20in less than 10 m nutes. 20.The nethod of claim1 or claim17,
wher ei n tWe 2hpats4d3sansfer agent is a heated inert gas, @Q@/USROITDS@26TEL A
beads, one or nore gl ass beads, one or nore porcel ain beads, sand, WO
2012/ 054633PCT/ US2011/ 056926 silica, silicone oil, mneral oil, a petrol eum
based ha&@bniumanadekul@ittd tiankiynbdxigs,ilchiohedhlgrale, basedimaridetettanat eerriei |, or a
pre-fornmed portion of reaction conplex. 21. The nethod of claim 13,

wher ei nyihie. NRIhiEXGRARERIde! Supfic TR de ANtehilie e REFCHRNGRrdA Pl ate

heat exchanger, and adi abatic wheel heat exchanger, a finned pipe heat
exchanger, a plate fin heat exchanger, or a scraped surface heat exchanger
22. The nmethod of claim1l or claim 17, wherein the reacting step (a) is
perforned at_abou 0C to about. 130C.. 10 23. The nethod of clajml1l or 17,
Bher of 2t ho TEgRLPOR ﬁ?l%@%?rl?’é%igﬁﬁh‘eéﬁaﬁ%ﬁ@aﬁ%ﬁ%a? P&HP@W@%&&%‘? phase
is achieved by fractional distillation after condensation of the vapor
phage. presepee aftfenaveachdiel selvertl ai m 1 or 17, wherein the isol ation of

nmet hyl ene mal ononat e nononer fromthe vapor phase is achi eved by gas

chr omat ogr aphy. 25. The nmethod of claim1l or 17, wherein the isolation
of net hyl ene nmal ononate nononer fromthe vapor phase is achieved by liquid
chr omatggr apine méthed ofamaensatbdm 1 PfwRotiheh/RRAMAGI@) is cdRductdteinigs hod of
claim1 or claim17, further conprising the step of (dg redistilling the
met hyl I nonmer under reduced pressure w thin about 60 m nutes
of 1 2ol e O e 054633PCT/ L2011/ 056026 27, The method of ol aim 1
or claim17, further conprising the step of (d) redistilling the nethylene
mal onat e nononer under reduced pressure within about 30 m nutes of

i sol ation. 28, The nethod of claim1 or. claim17, further conprising

t hel0st - of Themetaed at ¢lpin hey vihseein thegtompacitie sohier inict ki under reduced
pressure within about 10 m nutes of recovery. 29. The nmethod of claim1l or
cl ai m ¥hlorélormhdichlovomethaicntpludne, keptane ofthyldpctriedi-dbuiyl kiatge bhkexane.hy| ene

mal onat e nononer under reduced pressure imedi ately after recovery.

45. The method of any one of Claims 26-29, wherein the redistilling step is performed by
simple distillation, fractional distillation, flash distillation, steam distillation, vacuum
15 distillation, short path distillation, thin-film distillation, reactive distillation, perevaporation,

extractive distillation, flash evaporation, or rotary evaporation.

46. The method of claim 1 or claim 17, wherein the malonic acid ester has the formula:

\o O/

wherein R and R’ are independently C;-C;s alkyl, C,-Cys alkenyl, halo-( C;-C;s alkyl), Cs-Cs

20

cycloalkyl, halo-( Cs-Cs cycloalkyl), heterocyclyl, heterocyclyl-( C;-C;s alkyl), aryl-( C-Cis
alkyl), heteroaryl or heteroaryl-( C;-C;s alkyl), or alkoxy -(C1-15 alkyl), each of which may

be optionally substituted by C,-C;is alkyl, halo-( C;-C;s alkyl), Cs-Cs cycloalkyl, halo-( Cs-Cs
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1030. The nethod of claim1 or claim17, wherein the reacting step (a) is
performed in the absence of a catalyst. 31.The nethod of claim1l1l or claim
17, wher ewo 20tsu@@acti ng step (a) is performed in the presase@iosesan aci dic
or basic catalyst. 15 32. The nethod of C aim 31, wherein the reacting
step (a) is performed in the presence of a basic catalyst. 33. The

met hod @tloalkai)madrocidiyll heroc@plr( Gi-Og dibg), atydparpll (CnaGt hlkal)j hgerbfel,

catal yst prior 20 to the production of the vapor phase. 34. The nethod of

claim @lhcmﬁ{o%,” s §ﬁ<§l@hi9fh§d?@a%11,i &b Dot Bﬁan%?&@lléﬁért cdrBHBY, be&&erf Or M ng
an i nsol ubl’e préeci pitate of tHe catalyst and renpbving the précipitate from
t he reqﬁtion m xture. 25 WD 2012/ 054633PCT/ US2011/ 056926 35. The net hod

of claim 34, wherein the precipitate is forned by the addition of sulfuric

aci d phosphorjc jd or a conbinatipon thereof. 6. The t hod of claim 35,
wher el Vidien gy 15 {5 kel SHRORRBAIRL Fogaes W&lqhﬁﬁ%%rr: s &0&3%& Sthe
catalyst in the reaction m xture. 37. The nethod of claim11 or claim17,

f ur Shermemppgied Betageyds rereephioh may e pprpralyishbstiteled be(y-Gof alkgl deloreCi-at ent
acid formng inpurities. 1038. The nethod of claim 37, wherein the step of

m ni m 20 RglkyheCi-Gpuydloalksl, hdofjil:-Ses/cliaikyDateaergydlpl, hiterocgagl-¢ OrCmW xt ur e
wat er and an acid having a pKa range of -8 to 5; (b) adding to the reaction

M xt ur eyfigy15 ) g?ll 1z, 1o, ey thedhr8@a, cC AC| thlkdy, (G)C2dmkiyiBio! Bydrbeyll eact i on

m xture a non-volatile organic acid, or any conbination of (a), (b) or (c).

15 BQTﬁJ@%MQBtE%«ORng%?%&hﬁﬁﬂ%ﬁggﬁ&jn the step of mnimzing the

i npurities conprises g to reaction mxture water and an acid
having a pKa range of -8 to 5. 40. The nethod of claim 32, wherein the
basic catal yst and is potassium acetate, sodium 20acetate, zinc acetate,

catat 6 mgiedrRou dem Eappei Tearan o fhelin MErG T FardRRAERbY de.

or zinc oxide.

48, The method of claim 1 or claim 17, wherein the malonic acid ester is difunctional.

49.  The method of claim 1 or claim 17, wherein the reaction complex comprises one or
15  more oligomeric complexes.
50.  The method of Claim 49, wherein the one or more oligomeric complexes are capable

of forming methylene malonate monomer as a result of conducting step (b).

51.  The method of Claim 49, wherein the one or more oligomeric complexes

20 independently comprise between 2 and 12 units of methylene malonate momoner.

52. A methylene malonate monomer prepared according to the method of claim 1 or

claim 17.

114



41. The nethod of claim 31, wherein the catalyst is an acidic catal yst and
i s paratoluene sul fonic acid, dodecyl benzene sul fonic acid,

bor ont ri fWoani2ds4633i nc perchl orate, sulfated zirconi umpoxiu$eo118sdob@at ed
titaniumoxide, lithiumchloride, boron trifluoride etherate, ferric

sul fate, zirconiumoxychloride, cupric chloride, titaniumtetrachloride, or
zi nc chi3ori decompasiticiheniidiach eitthglcak Malomike ©badmMerlvherwhstidi condpbsitiveact i ng
step (a) is conducted in the 5presence of a non-acidic solvent. 43. The
met hod j9fa bl JPbbnihg %la@sfaalalbsmﬁﬂe@s 8 16 &AODIsBGnALEP () is conducted
in the absence of a solvent. 1044. The met hod of claim42, wherein the
non-aci di ¢ solvent is tetrahydrofuran, chloroform dlchloronethane

tol uene, heptane, ethyl acetate, n-butyl acetate or hexane. 45. The nethod

of any one C ai s . rein the.redistilli.n i.s performed by
si npl e Y st ?#th%pmﬁwlfb?af%i%wgﬁ, el yaig 9%@05%%0&5%9%9@%? <o b2pdish 218t eam
distillation, vacuun115d|stlllat|on short path distillation, thin-film

di sti | Itarisshstrafiadessvlandibent 60 soopeds; per evapor ation, extractive
distillation, flash evaporation, or rotary evaporation. 46. The nethod of
claim1 or clain117, wherein the malonic acid ester has the formul a: R?R
2000 wherein R and R are independently Cl1-Cl15 al kyl, C2-Cl15 al kenyl,

hal o- (' $51- Cfheaokiploditiohrdf Chimysal @@kl said@dmpdsitlod- 1§6a1ﬁ1]z$¥é| dTdokdihg glass
het er ocycl yl, heterocyclyl4 Cl- C15 al kyl), aryl-( Cl-Cl15 al kyl), heteroaryl

or het I koxy -(Cl-15 al kyl), each of which may
be opt fféﬁpﬁﬁ;ﬁg%&% "13’%@300%%% al kyl, halo-( Cl-Cl5 alkyl), C3-C6

cycl oal kyl, halo-( C3-C6 cycloal kyl), heterocyclyl, heterocyclyl4 Cil-C15
al kyl), aryl aryl -(Cl-C15 alkyl), heteroaryl, G -Cl5 al koxy, G -Cl5

al kyl thi o, hydroxyl, nitro, .azido, cyano acyloxy, carboxy, or ester; O
whellei PR a ell?onﬁ’Pélth%Réﬁbtl@éét Wpreyy 1 gQRDostisHES eapaplsiaifbondiag gltse bound
to forma 5-7 5nenbered heterocyclic ring which nay be optionally

subst i ttakedbysatadn-IGkShal dopht 1hsdeconds. C1- Ci 5 al kyl ), C3-C6 cycl oal kyl ,

hal o- ( C3-C6 cycl oal kyl), heterocyclyl, heterocyclyl4 Cl-C15 al kyl), aryl,
aryl -(Cl-C15 alkyl), heteroaryl, Cl-Cl15 al koxy, Cl-Cl15 al kylthio,

hydroxyl, nitro, azido, cyano, acyloxy, carboxy, or ester. 10 47.The nethod

of claigm1l of c%?béﬁl&?coﬂﬁﬁ}?sﬁrﬁg @m%ﬁ?léﬁ@%%lﬁt@iﬁb%tﬁ&t&ﬁerélﬁ sﬁﬁ'&%%@ﬁhbﬁma'
48. The method of claim1 or claim1l7, wherein the malonic acid ester is

di f unctlk Qicb%'t)le of bondlﬁlg Ip lEroeIl tho%tr%% i e%h {Ha?'f a%ut(‘doas SBanZ wherein the

reaction S one goner | COI’Tp| exes.

15
58.  The composition of Claim 53, wherein said composition is capable of bonding

polymer to a substrate in less than about 60 seconds.

59.  The composition of Claim 54, wherein said composition is capable of bonding

20  polymer to a substrate in less than about 30 seconds.

60. A composition comprising a methylene malonate monomer wherein said composition
solidifies upon addition of 3% tertiary butyl ammonium fluoride (TBAF) in Dibutyl Phthalate
solution in less than about 15 seconds.

25
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50. The nethod of C aim 49, wherein the one or nore oligoneric conpl exes
are capabl e of form ng nethyl ene nmal onate nononer as a result of conducting
step (b).wo02012/54633The net hod of C aim49, wherein the ®QE/US2OITOF@26

ol i goneri c conpl exes 20 i ndependently conprise between 2 and 12 units of
met hyl ene nmal onate nononer. 52. A nethyl ene nal onate nononer prepared
accor diglg t orichwnipetibion 00Claimalomvhe@in @lidédmpoditionWBlidifies upon addition of

2012/ 054633PCT/ US2011/ 056926 53. A conposition conprising a methyl ene

mal onatg, ppy t%&h?dn‘i‘urﬁ@iu@ri&@@m&iﬂ}ih%b tizl PRAZRIS oRfioRN HsDthallaBSst tO @
substrate in less than about 90 seconds. 54. The conposition of C aim 53,

mhereinuﬁgkquﬁonposition is capabl e of bonding glass 5to a substrate in
| ess than-about 60 seconds. 55. The conposition of Claimb54, wherein said
conposition is capable of bonding glass to a substrate in | ess than about
30 seconds. | 056. The conposition of C aim55, wherein said conposition is
capabl e of bonding glass to a substrate in |ess than about 15 seconds. 57.A
conposit on Bwrmenmpebitgn af fsimyile vacter swirheaninskmese lidivies spon adgitepn of
conposition is capable of bonding polyner to a substrate in | ess than about
90 secddsertidry bub8 amhivmiwofinosidd (IBABYf in@ikutyl BBthalteesokitionsaiads thampbeutt i on
i s capabl e of bonding polyner to a substrate in | ess than about 60 seconds.
59. They gosmpsi tion of C aim 54, wherein said conposition is capabl e of
bondi ng 20pol yner to a substrate in | ess than about 30 seconds. 60. A
conposition conprising a nethylene nmal onate nononer wherein said
conposition solidifies upon addition of 3%tertiary butyl amonium fluoride
(TBAF) j,n Di putyl Phthalate.solutjopn in |ess than about .15 seconds.. 25 WO
AR S S R R R A R D T
conposition solidifies upon addition of 3%tertiary butyl amonium fluoride
(TBAF) emaims siablpiat pAtG anditetepsnbiesio Aresyire &3 qrg handifAd#s-10 seconds. 562. The
conposition of Claim61l, wherein said conposition solidifies upon addition
of 3% tertiary butyl amonium fluoride (TBAF) in D butyl Phthal ate sol ution
in less than about 7 seconds.

64.  The composition of Claim 63, wherein said composition remains stable at 25°C and at

atmospheric pressure for more than 10 days.

15 65.  The composition of Claim 64, wherein said composition remains stable at 25°C and at

atmospheric pressure for more than 15 days.

66.  The composition of Claim 65, wherein said composition remains stable at 25°C and at
atmospheric pressure for more than 20 days.

20
67.  The composition of Claim 66, wherein said composition remains stable at 25°C and at

atmospheric pressure for more than 25 days.

68.  The composition of Claim 67, wherein said composition remains stable at 25°C and at

25  atmospheric pressure for more than 30 days.
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63. A conposition conprising a nethyl ene mal onate nononer wherein said
conposition 10 remains stable at 25C and at atnospheric pressure for nore
than 10 dwp=2012/064633The conposition of C aim 63, wherei nPERIUS2@OPO6 t i ON
remai ns stable at 25C and at atnospheric pressure for nore than 10 days.
1565. The conposition of C aim 64, wherein said conposition remains stable
at 25C and at atnospheric pressure for nore than 15 days. 66. The
conposition of Claim 65, wherein said conposition remains stable at 25C and

at at mygpherA 6o Rp&FEM SorfRsidd et 2R IARYSmordmeBherdil aaRBRPBLitHAN Of
Cl aim 66, wherein said conposition'remains stable at 25C and at "at nospheric

press urrgrn];l%g ts{ngeeat %E@CS] at%c? atda%ﬁﬁsé)her?cs E@ghge gﬁgﬁ?&% i%tga%lof hglIlll‘S.CI aim 67, wherein

sai d composition remins sta a n nospheric pressure for
nore than 30 days. WD 2012/ 054633PCT/ US2011/ 056926 69. A conposition
conprising a nethyl ene nmal onate nononer wherein said conposition renmains
stable at 82C and at at nospheric pressure for nore than 2 hours. 5 70.The
conposi 10 on Bte comwopitign of w%eqne@nwgaﬁem wehpoapasition reasas gebletaa B and 82C and
at atnospheric pressure for nore than 3 hours. 71. The conposition of C aim
70, whert@bsphseat grosanp fwirhérothaneéhisouns st abl e at 84C and at at nospheric
pressure for nore than 4 hours. 10 72. The conposition of any one of O ains
53-71, wherein the nethyl ene nal onate nononmer is prepared according to the
met hod of claim1 or claim17. 73. The conposition of any one of C ains

53-72, i Chry t-ant iab | r - st abi ] ative.

15 7. e HisreoBRTHEAE Pl Af Rcidln e B ch B b AR 1

free of acetic acid. f75. A]Prquct conprising a nethyl ene nal onat e nononer
({rﬁtgoret an

pr epar e4MSHUSHEPIG YD ours.

10 72.  The composition of any one of Claims 53-71, wherein the methylene malonate

monomer is prepared according to the method of claim 1 or claim 17.

73.  The composition of any one of Claims 53-72, which is substantially free of any added
stabilizer or preservative.

15
74.  The composition of any one of Claims 53-73, which is substantially free of acetic

acid.

75. A product comprising a methylene malonate monomer prepared according to the
20  method of claim 1 or Claim 17, wherein the product is an adhesive, a coating, a sealant, a

composite, or a surfactant.

76.  The product of Claim 75 further comprising an acidic stabilizer, a free radical

stabilizer, a sequestering agent, a cure accelerator, a rheology modifier, a plasticizing agent, a
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20method of claim1l or daim1l7, wherein the product is an adhesive, a
coating, a sealant, a conposite, or a surfactant. 76. The product of C aim
75 furt hewocompsiesdng an acidic stabilizer, a free radi ealr/ust@hiokiszer, a
sequestering agent, a cure accelerator, a rheology nodifier, a plasticizing
agent, a WD 2012/ 054633PCT/ US2011/ 056926 thi xotropic agents, a natura

r ubber ,thixogypit Agtits arablgirabber, £ syinkieticagshets, adillkebgdhoracihdorapgnizeiora

conbi nation thereof. 77. The product of Caim76, conprising an acidic

st abi | i Z&lbinaM3g Rt he acid stabilizer Shas a pKa in the range of -15 to
5. 78. The product of Claim77, conprising an acidic stabilizer, wherein
the acid stabilizer has a pKa in the range of -15 to 3. 1079. The product of
Claim77, conprising an acidic stabilizer, wherein the acid stabilizer has

a pKa i th 80. The,. ct of Claim rising
o i . ot b SisF OF GROR &R CrmRrisRE 4 SdiBrPYErT Phein b 46 i
stabilizer, and mherein the volatile acid stabilizer has a boiling p0|nt

| es$ t HapapEKaopdie ragge of fié tppoduct of C aim 80, conprising an acidic
stabilizer, wherein the acid stabilizer is a volatile acid stabilizer, and
wherein the volatile acid stabilizer has a boiling point |less than 170C. 20
82. The product of Claim81l, conprising an acidic stabilizer, wherein the

aci d stabi | iaRprbgucoNOlagh i77ecAfpribitt Abididig Sfabiliafd WwhBRIEIE atlietabdiati | e
acid stabilizer has a boiling point 1ess than 130C. WO

2012/0§é§§%§%Izer m%g&5§9%§ 83. The product of Caim76, conprising an

acidic sta erein t acidic stabilizer is an acidic gas. 84. The
product of Cla|n183, wherein the acidic gas is SO2 or BF3. 5 85. The
product of Claim76, conprising an acidic stabilizer wherein the acidic
stabilizer i s present in a _concentration of O. ntto 100 ppm . 86. The

pr oduct’%of AhsintP@Ist ocblippi’di ?iﬁnlaiﬁl%ilbﬁ%dlsﬁtébihlz?fz sihercjihbe ariq StavdzE di c
stabilizer 10is present in a concentration of 0.1 ppmto 25 ppm 87. The
pr oducthagt pBlaan theB8ngecoimbitsing an aci dic stabilizer, wherein the acidic
stabilizer gas is present in a concentration of 0.1 ppmto 15 ppm 1588. The
product of Claim 76, conprising a free radical stabilizer.

80.  The product of Claim 76, 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

15 200°C.

81. The product of Claim 80, 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
170°C.

20
82. The product of Claim 81, 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

130°C.
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89. The product of Claim88, wherein the free radical stabilizer is a
phenolic free radical stabilizer. 2090. The product of C aim 88, wherein the
free radiwel2ostmpi3Bi zer is present in a concentration ofPCO/B2@p5sdsd6 10000
ppm 91. The product of Caim90, wherein the free radical stabilizer is
present in a concentration of 0.1 ppmto 3000 ppm 25 WO

2012/ 08633 PGH JuSB 21 df OB6RZ6, cAdprisTipcantdoddlt stabibizeiChvbreiBthe avlder gavilitdae free
radical stabilizer is present in a concentration of 0.1 ppmto 1500 ppm

93. Theg pt 9dlklza@f O aim 92, wherein the free radical stabilizer is present
in a SConcentratlon of 0.1 ppmto 1000 ppm 94. The product of C aim 93,
wherein the free radical stabilizer is present in a concentration of 0.1
ppmto 300 ppm 1095. The product of Claim94, wherein the free radi cal

stablll | present entr tIQ of 0. o 150 ppm 96. The
product $%>°E€ﬁﬁP |W’m§m§ ﬁﬁ@gpé?FHQ&%@@ﬂ%ﬁ wherein the
sequesterlng agent is acrow ether, a silyl crown, a calixarene, a

pol yet hyl ene gl ycol, or a conbi nati on 15thereof 97. The product of C aim
76, conprising a cure accelerator, wherein the cure accelerator is sodium
acet at 5. potEegirodncacChire,761 eim@birigydn @ndiostabitizéd, whretedethe taetdicaddaltilter
ammoni um chl ori de, tetrabutyl ammoni um hydroxi de, a benzoate salt, a

2, 4- pen preditanatenclritiontof206pphas oG, a propionate salt or

conbi nations thereof 98. The product of C aim 76, conprising a rheol ogy
nodi fier, wherein the rheology nodifier is hydroxyethylcellulose, ethyl
hydroxyethylcellulose nmet hyl cel | ul ose, a polyneric thickener, pyrogenic

silicar reof 25. WO 20 2/0 633P | US 011/05 2 99. An
Shear vl pr dITEro gk P Pl g C%tfmge%ac ¢ SRS ie (5 St AP eSE or i ng
to the nethod of claiml or, Claimé4 100. The adhesi ve product of claim
99, 10whdp BICACH b2 SRMEBI OIS obBPMItdRS PEMst abl e for at 5l east one year.

87.  The product of Claim 86, comprising an acidic stabilizer, wherein the acidic stabilizer

gas is present in a concentration of 0.1 ppm to 15 ppm.

15 88.  The product of Claim 76, comprising a free radical stabilizer.

89.  The product of Claim 88, wherein the free radical stabilizer is a phenolic free radical
stabilizer.
20 90.  The product of Claim 88, wherein the free radical stabilizer is present in a

concentration of 0.1 ppm to 10000 ppm.

91.  The product of Claim 90, wherein the free radical stabilizer is present in a

concentration of 0.1 ppm to 3000 ppm.
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101. The adhesi ve product of claim99, wherein the |level of ketals is |ess
t han about 100 PPm 10102. The adhesive product of claim 99, wherein the

| evel of woher2/dsadsent acid-formng inpurities is |ess tiramiabausdh@® ppm
103. A polynmer conprising one or nore units of a nethyl ene mal onate nononer
prepared according to the nmethod of claiml1l or claim17 15 104. A

pol ymer92pr odrietpréedurpof Siaitg 9a, whergiehe de€ aididangabitized iaprasd@3na  105. The
pol ymer product of claim 104, wherein the product is a sealant, a thermnal
bar i ercofaaiafioh 0.1 $pkl b8 500 B, @ water-treatnent pol ymer, an ink
carrier, a paint carrier, a packaging 20 film a nolding, a nedical

polynmer, a polynmer film a polyner fiber or a polyner sheet. 106. A

pol ymer having repeat units of the formula: 0O H2 C 0 , 5wherein R and R
are independently Cil- cal kyl . C2-C15 al kenyl , hal a-( Cl1-Cl15 al kyl), C3-C6
cycl oal ¥yl , msg%u%stcé@lre?@ waww% gﬁ%f%ﬂ%@&‘?@?@,“ﬁ &8 dYRI y14” G - C15
alkyl), aryl-( C-C's alkyl), heteroaryl or heteroaryl4 Cl1-Cl15 al kyl), or

al kdxy copgnirpgornpkq. ppmetad 0B Ppwhi ch nmay be optionally substituted by

Cl- C15 al kyl, halo-( Cl1-Cl15 al kyl), C3-C6 cycloal kyl, halo-( C3-C6
cycl oal kyl), heterocyclyl, heterocyclyl4 C1-Cl15 al kyl), aryl, aryl -(Cl-C15
al kyl), heteroaryl, 10Cl-Cl15 al koxy, Cl1-Cl15 al kylthio, hydroxyl, nitro,

azi do, gyanorhedRydRXY¥f CRigh 09X Wher@in tBS Fr8€ radickd dtabififerak bEQERIA & conpl ex
having a GC/ M5 profile which shows greater than 80% concentration of a

met hyl r 08. An oligoneric conplex having a
|vA|_D|-%%ﬁ%%ﬁ%%’go'g%@gﬁ?l}%oi’gnn%risi ng peaks at: 131, 153, 176, 192, 194,
470, 472, 675, and 758. 109. An oligoneric conplex having a proton NWVR
spectrumin CDC13 at 400MHz: conprising the follow ng peaks: a singlet at
4. 66 ppm and_narrow peaks | ocated, between 4.32-3.8 ppm 5110. An oligoneric
comfl exhavi Hig: Predist et laanidh g pery i the Hepradigal pabibiesttis pesenting 5 G/ M
profile which shows greater than 80% concentrati on of a nethylene nmal onate
monomercongenfrafiodl Ol ppaFoddfippsi.s spectrum conpri si ng peaks at: 131, 153,
176, 192, 194, 470, 472, 675, and 758; and 103.) a proton NWVR spectrumin
CDC13 at 400MHz: conprising the follow ng peaks: a singlet at 4.66 ppm and
narrow peaks | ocated between 4.32-3.8 ppm 111. An oligoneric conpl ex
preParQ%.bY_TE@ﬁ&hﬂ&x@(ﬁﬁhPﬂL%oﬁ@ﬁgn§§%@?x%khﬁgﬁ%&ﬁyﬁﬁﬁaﬁﬁhé&hﬂ&%gﬁﬁyde;
optionally in the presence of heat transfer agent; optionally in the

Pr esenca%egtfis a crown cther, a silyl crown, a calixarene, a polyethylene glycol, or a combination
15  thereof.
97. The product of Claim 76, comprising a cure accelerator, wherein the cure accelerator

is sodium acetate, potassium acetate, tetrabutyl ammonium fluoride, tetrabutyl ammonium
chloride, tetrabutyl ammonium hydroxide, a benzoate salt, a 2,4-pentanedionate salt, a

20  sorbate salt, a propionate salt or combinations thereof.

98. The product of Claim 76, comprising a rheology modifier, wherein the rheology
modifier is hydroxyethylcellulose, ethyl hydroxyethylcellulose, methylcellulose, a polymeric
thickener, pyrogenic silica or a combination thereof.
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15an acidic or basic catalyst; and optionally in the presence of an acidic
or non-acidic solvent. 112. An oligoneric conplex prepared by reacting a
mal oni ¢ awodoesses33wi th a source of fornmal dehyde in a sebItsatliiabssabsence
of an acidic solvent; optionally in the presence of heat transfer agent;
optionally in the presence of an acidic or basic catalyst; and optionally
i n the ®Opr eseadiesot ploduaoncoatirBing Smkthelthe malohdte hbgoradri pgEFREd & co@ify ex
according to Claim112, wherein the substantial absence of the acidic
soIvenqom§ﬂhgﬁ§d5hagnglg{(pﬂmmplght of the reaction m xture. 114. The
oligoneric conplex according to Caim113, wherein the substantial absence
of the acidic solvent is less than 0.5% by wei ght of the reaction m xture.
115. The oligomneric conpl ex according to Claim114, wherein the substanti al
absence of he aci.dic oIv nt s th .2% b ht. of .the reaction
i xt ur 6.00: 1 1§8¢ e PigaNR O elagg?% Retsiades %&V? S Ty ipe5tabighiOF & n t he
substanti al absence of the acidic solvent is less than 0.1% by wei ght of
t he 5r ededst ORC ¥iakt ure. 10117. An ol i goneric conpl ex prepared by reacting a
mal onic acid ester with a source of fornmal dehyde; optionally in the
presence of heat transfer agent; optionally in the presence of an acidic or
basic catalyst; and optionally in the presence of an acidic or non-acidic
sol ventjpand TRWIAEI RN§rofiict P ERIMR DL WEerbial theWhBIth fKaNS 19The Maaabod @per ti es:
1.) a GC/Ms profile ich shows greater than 80% concentration of a
15neth§J ene nal onate nononer; 2.) a MALDI - TOF anal ysis spectrum conpri sing
peaks P 131, 153, 176, 192, 194, 470, 472, 675, and 758; or 3.) a proton
NVR spectrumin CDCLl3 at 400MHz: conprising the follow ng peaks: a singlet
at 4.66 ppm and narrow peaks |ocated between 4.32-3.8 ppm 20 118. An
oI| oneric conpl ex prepared by reacting a nalonic acid ester with a source
lgor @Pdehliterdheprs prrangtpt P\\érmtl He. whasiaibeleyel afosher {steeeidr forgmg: -
optlonally in the presence of an acidic or basic catalyst; and optionally
i n t he ipweysbercie los than ahoutdidd ppm.non- aci di ¢ sol vent and having the fol | owi ng
physi ochem cal properties: WD 2012/054633PCT/ US2011/056926 1.) a GC/ MS
profile which shows greater than 80% concentration of a nethyl ene nal onate
nononer; 2.) a MALDI -TOF anal ysis spectrum conpri sing peaks at: 131, 153,

176, 191%13 194 M?'Zﬂ?ﬁg:r cOrhprisiRd 8nc &Qﬂo%ﬁﬁmts ang me@ny)lerf% RIOE RO NYEmSPHEh A | N
CDC13 at 400 conprising the follow ng peakKs: a singlet at 4.66 ppm and

narrom&ggﬁﬁﬁgtgﬁﬁ; %98§§§agﬁ%lcﬁg&§nq7ppnl 119. The oligoneric conplex of

any one 0 alnB results in a weight loss of Iess than 20%
beIom1218C as neasured by thernogravinetric analysis. 120. The oligoneric
| ex of any one of clainms 107-119, having between 2 and 12 units of

nethylene mal onat e nononer. 121. A nethyl ene nmal onat e nononer having the
struct Uif0d: Apolymer product comprising a polymer daccording to claim 103.

105.  The polymer product of claim 104, 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

20  film, a molding, a medical polymer, a polymer film, a polymer fiber or a polymer sheet.
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106. A polymer having repeat units of the formula:

O/R
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-Cs cycloalkyl), heterocyclyl, heterocyclyl-( C;-C;s alkyl), aryl-( C-Cis
alkyl), heteroaryl or heteroaryl-( C;-C;s alkyl), or alkoxy -(C1-15 alkyl), each of which may
be optionally substituted by C,-C;is alkyl, halo-( C;-C;s alkyl), Cs-Cs cycloalkyl, halo-( Cs-Cs
cycloalkyl), heterocyclyl, heterocyclyl-( Ci-Cis alkyl), aryl, aryl —(C;-C;s alkyl), heteroaryl,

C;-C;s alkoxy, C;-C;s alkylthio, hydroxyl, nitro, azido, cyano, acyloxy, carboxy, or ester.

107.  An oligomeric complex having a GC/MS profile which shows greater than 80%

concentration of a methylene malonate monomer.

108.  An oligomeric complex having a MALDI-TOF analysis spectrum comprising peaks

at: 131, 153, 176, 192, 194, 470, 472, 675, and 758.
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109.  An oligomeric complex having a proton NMR spectrum in CDCl; at 400MHz:
comprising the following peaks: a singlet at 4.66 ppm and narrow peaks located between

4.32-3.8 ppm.

110.  An oligomeric complex having: the following physiochemical properties:
1.) a GC/MS profile which shows greater than 80% concentration of a
methylene malonate monomer;
2.) a MALDI-TOF analysis spectrum comprising peaks at: 131, 153, 176,
192, 194, 470, 472, 675, and 758; and
3.) aproton NMR spectrum in CDCl; at 400MHz: comprising the following

peaks: a singlet at 4.66 ppm and narrow peaks located between 4.32-3.8 ppm.

111.  Anoligomeric complex prepared by reacting a malonic acid ester with a source of
formaldehyde; optionally in the presence of heat transfer agent; optionally in the presence of

an acidic or basic catalyst; and optionally in the presence of an acidic or non-acidic solvent.

112.  An oligomeric complex prepared by reacting a malonic acid ester with a source of
formaldehyde in a substantial absence of an acidic solvent; optionally in the presence of heat
transfer agent; optionally in the presence of an acidic or basic catalyst; and optionally in the

presence of a non-acidic solvent.

113. The oligomeric complex according to Claim 112, wherein the substantial absence of

the acidic solvent is less than 1.0% by weight of the reaction mixture.
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114.  The oligomeric complex according to Claim 113, wherein the substantial absence of

the acidic solvent is less than 0.5% by weight of the reaction mixture.

115.  The oligomeric complex according to Claim 114, wherein the substantial absence of

the acidic solvent is less than 0.2% by weight of the reaction mixture.

116. The oligomeric complex according to Claim 115, wherein the substantial absence of

the acidic solvent is less than 0.1% by weight of the reaction mixture.

117.  Anoligomeric complex prepared by reacting a malonic acid ester with a source of
formaldehyde; optionally in the presence of heat transfer agent; optionally in the presence of
an acidic or basic catalyst; and optionally in the presence of an acidic or non-acidic solvent
and having one or more of the following physiochemical properties:

1.) a GC/MS profile which shows greater than 80% concentration of a

methylene malonate monomer;

2.) a MALDI-TOF analysis spectrum comprising peaks at: 131, 153, 176,

192, 194, 470, 472, 675, and 758; or

3.) aproton NMR spectrum in CDCl; at 400MHz: comprising the following

peaks: a singlet at 4.66 ppm and narrow peaks located between 4.32-3.8 ppm.

118.  An oligomeric complex prepared by reacting a malonic acid ester with a source of
formaldehyde; optionally in the presence of heat transfer agent; optionally in the presence of
an acidic or basic catalyst; and optionally in the presence of an acidic or non-acidic solvent

and having the following physiochemical properties:
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1.) a GC/MS profile which shows greater than 80% concentration of a
methylene malonate monomer;

2.) a MALDI-TOF analysis spectrum comprising peaks at: 131, 153, 176,
192, 194, 470, 472, 675, and 758; and

3.) aproton NMR spectrum in CDCl; at 400MHz: comprising the following

peaks: a singlet at 4.66 ppm and narrow peaks located between 4.32-3.8 ppm.

119.  The oligomeric complex of any one of claims 107-118, which results in a weight loss

of less than 20% below 218°C as measured by thermogravimetric analysis.

120. The oligomeric complex of any one of claims 107-119, having between 2 and 12 units

of methylene malonate monomer.

121. A methylene malonate monomer having the structure:

( ( (

0 O 0

> - O

0 O

S

125



WO 2012/054633 PCT/US2011/056926

(

O

-

w0
| :% }
I IR -

126



