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MO STURE CURABLE POLYACRYLATES

BACKGROUND

Field
[ 0001] A process for preparing noisture curable conpounds and
noi sture curable conpositions prepared from the product of that

process is provided.

Brief Description Of Related Technol ogy

[ 0002] Moi sture curable nononmers, oligoners and polyners, and
conpositions nade therewith, are well-known and have been
described extensively and used comercially for sonme tine.

[ 0003] One such polyner is an al koxysilane termnated
polyacrylate . Comrercially available npisture curable,

al koxysilane terminated polyacrylates (such as those avail able
from Kaneka Corporation, Japan) are currently prepared in a two
step process. See also U S. Patent Nos. 5,986,014, 6,274, 688,
and 6, 420, 492. In a disclosed process, bronine substitution with
an unsaturated carboxylic acid is followed by hydrosilation wth
an al koxysi | ane. This two step process can be expensive and tinme
consum ng for the manufacturer. In addition, the additional step
i ncreases operator handling, which ms\y‘ lead to a less pure

product by for instance a greater chance of cross linking or the
introduction of inpurities. In the latter instance, further
steps may be required in order to purify the product. An

i dealized form of the synthesis is shown bel ow
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[ 0004] It would be desirable to identify alternative synthetic

schemes by which to make such polyners for a variety of reasons,
including raw material reactant availablity and reducing the
conmplexity of the synthesis. For instance, reducing the nunber
of synthetic steps can save on |abor and time or processi ng,
thereby creating a nore efficient way in which to obtain these,

and other, polyners.

SUMVARY
[ 0005] The present invention provides such a solution to that
desire.
[ 0006] ~ In one aspect a process for preparing amn noalkyl

al koxysi | ane-f unctional xzed hydrocarbon conpounds is provided.

The process includes providing (a

where L is alkyl or poly(alkyl), alkylene or poly (alkylene) ,
al kenyl or poly (alkenyl) , al kenylene or poly (al kenyl ene) ,
aromatic or an aromatic ring system X is a leaving group, R' is

alkyl, and n is 1-4, or



WO 2014/031383 PCT/US2013/054621

or

O

R"
L o’u\(

X

where L’ is alkyl or poly(alkyl) , alkylene or poly (alkylene) ,

al kenyl or poly (alkenyl) , al kenylene or poly (al kenyl ene) ,

aromatic or an aronatic ring system X is a leaving group, R"' is
alkyl, and n is 1-4, (b) an am noal kyl al koxysi | ane, (c) base, and
(d) organic solvent in a vessel and mxing (a) -(d) for a tine
sufficient to form an am noal kyl al koxysilane-f unctionalized

hydr ocarbon conpound.

[ 0007] The present invention will be nore fully appreciated by
a reading of the "Detailed Description', and the illustrative

exanpl es which follow thereafter.

BRI EF DESCRI PTION OF THE FI GURES
[ 0008] FIG 1 shows GPC analysis of a 30,000 MW di brono-butyl -

et hyl - net hoxyet hyl acrylate (75/20/5 nole ratio) terpolyner and
the terpolyner/ APTES product.

[ 0009] FIG 2 shows GPC analysis of a 14,000 Mn di brono-

pol ybutyl acryl ate (PolyBA) and the Pol yBA/ APTES product.

[0010] FIG 3 shows a Rheonetric analysis of each of a 13,000
Mn pol ybutyl acryl at e/ APTM5- and a 13,000 Mn

pol ybut yl acryl at e/ APTES- cont ai ni ng noi sture curable conposition

conpared with Kaneka XMAP OR110S as a control.

[0011] FIG 4 shows a Rheonetric analysis of a 20,000 MW
but yl - et hyl - net hoxyet hyl acrylate (45/30/25 nole ratio)

t er pol ynmer / APTES- cont ai ni ng noi sture curable conposition wth
Kaneka XMAP OR110S as a control.
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[0012] FIG 5 shows a Rheonetric analysis of a 30,000 Ma
butyl - et hyl -net hoxyethyl acrylate (75/20/5 nole ratio)

t erpol yner/ APTES-contai ning noisture curable conposition wth
Kaneka XMAP COR110S as a control.

DETAI LED DESCRI PTI ON

[0013] The present invention provides in one aspect a process
for preparing an aninoal kyl al koxysilane-f unctionalized

hydr ocarbon conpound nade from (a)

where L is alkyl or poly(alkyl), alkylene or poly (alkylene) ,

al kenyl or poly (al kenyl) , al kenylene or poly (al kenyl ene) ,
aromatic or an aromatic ring system X is a leaving group, R' is
alkyl, and n is 1-4, or

o

Rll
L' on\r

X

where 1. is alkyl or poly(alkyl), alkylene or poly (alkylene) ,

al kenyl or poly (al kenyl) , al kenylene or poly (al kenyl ene) ,

aromatic or an aronmatic ring system X is a leaving group, R'' is
alkyl, and n is 1-4, (b) an amninoal kyl al koxysi | ane, (c) base,

and (d) organic solvent in a vessel and nmixing (a) -(d) for a tine
sufficient to form an ani noal kyl al koxysi |l ane-f wunctionalized

hydr ocarbon conpound.
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[0014] L and L', or linker or linking groups, nmay be the sane
or different and are selected from alkyl or poly(alkyl), alkylene
or poly (al kylene) , alkenyl or poly (alkenyl) , alkenylene or

poly (al kenylene) , aromatic or an aromatic ring system The al kyl

linker, when n is 1, may be an aliphatic group of 1 to 20 carbon

at ons. The alkyl linker may be straight chain, branched chain or
contain or be made from one or nobre cycloaliphatic group (s). The
al kenyl Ilinker, when n is 1, may be an unsaturated aliphatic
group of 2 to 20 carbon atons. The al kenyl |inker may be

straight chain, branched chain or contain or be nmade from one or
nore cycloaliphatic group (s). The aromatic linker, when n is 1,
may have 6 to 20 carbon atons.

[ 0015] Wen n is 2-4, the alkylene linker may be straight
chain, branched chain or contain or be nmade from one or nore
cycloaliphatic group (s) of 1 to 20 carbon atons, as appropriate;
the al kenylene linker nmay be straight chain, branched chain or
contain or be nmade from one or nore cycloaliphatic group (s) of 2
to 20 carbon atons, as appropriate. The aromatic |inker may have
from 6 to 20 carbon atons.

[0016] The polymer versions of the alkyl, alkylene, alkenyl
and al kenyl ene groups are defined simlilarly, .except that each
is made up of repeating residues in a block, graft or random
order. The polymer versions are ordinarily defined by their

nol ecul ar weights, which here are between about 1,000 M1 and
about 50,000 M. A particularly desirable polyner version is a

poly (acrylate) made from one or (meth) acrylate nonomers.

[0017] The leaving group, X, is a halogen, tosylate or

nesyl at e. Apart from fluorine, the halogens may be selected from
chlorine, bromne or iodine. Desirably, the leaving group is a
brom ne .

[0018] R' and R’' may be the sanme or different and nay be

selected from an al kyl group, as noted above, which may be from 1

to 10 carbon atons, optionally interrupted by one or nore oxygen
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at ons. Particularly desirable R' and R'' groups are ethyl,
propyl, butyl and hexyl, and nethoxy ethyl.

[ 0019] The conpound shown in structure | may be an alkyl 2-
br onpal kanoat e, such as an ethyl 2-bronoal kanoat e, like an al kyl

2- bronohexanoate, advantageously ethyl 2-bronbhexanoate or ethyl

2-bronoproprionate . The conmpound shown in structure || may be
hexanedi ol di - 2- bronohexanoat e, as an exanpl e.

[ 0020] In one enbodinent, the conpound shown in structure | is
a di- (2-bronoal kanoate, polyacrylate) . See Exanple 3 infra for a
representative structure thereof. Here, the di- (2-

bronpal kanoate, polyacrylate) should have a nolecular weight in
the range of about 1,000 Mnh to about 50,000 M, such as about
30, 000 M.

[ 0021] The am noal kyl al koxysilane rmay be chosen from a host of

possi bl e choi ces. For instance, the amino alkyl portion of the
al koxy silane may have as the alkyl residue a variety of I|inkages

including nethyl, ethyl, propyls, butyls, pentyls and hexyls, to
nane a few. The al koxy portion of the al koxysilane may be
present once, twice or three times on the silicon atom of the
silane and may be chosen from a variety of groups including
net hoxy, ethoxy, and propoxy.
[ 0022] A generic structure of the am noal kyl al koxysilane nay
be seen bel ow
(|$2>y

(R10),Si - R- NR*H
where R!' and R2 are selected from alkyl groups having from 1 to 4
carbon atoms, R3® is selcted from alkylene and arylene residues
and R* is selected from hydrogen and al kyl groups having from 1
to 4 carbon atons, and when x is 3, y is 0 and when x is 2, y is
1.
[ 0023] Exanpl es of the am noal kyl al koxysi | anes i ncl ude
am nopropyl triethoxysil ane ("APTES") , am nopropyltrinethoxysil ane
("APTMB"), and am nopropyl di et hoxynet hyl si | ane (" APDEMS") .
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[ 0024] The am noal kyl al koxysi | ane should be used in a nolar
excess to the conpound shown in structures | or 11. For
instance, a 1.1 to 6 nolar excess, such as 1.5 to 2.5 nolar
excess, is desirable.

[ 0025] In practicing the process, the base nay be chosen from
potassi um carbonate or a trialkyl amine, such as diisopropyl

et hyl am ne. The base is present in about an equinolar amount to
t he am noal kyl al koxysi | ane.

[ 0026] The process is conducted in an organic solvent, which
is polar and aprotic. Desirably, the organic solvent is
acetonitrile .

[0027] In practicing the process, mxing occurs at ambient
tenperature followed by heating to reflux, such as at or around
83°C for a reaction solvent containing acetonitrile. Ref | ux
occurs for a period of time of about 2 to about 24 hours. M xi ng
at reflux desirably occurs for a period of tine of about 2 to
about 24 hours to achieve a yield of greater than about 90% of
t he am noal kyl al koxysi | ane-f unctionalized hydrocar bon compound.

[ 0028] The process for preparing the am noal kyl al koxysi | ane-

functionalized hydrocarbon conmpounds from

0

I o~ R

IH

where L is alkyl or poly(alkyl), alkylene or poly (al kyl ene) ,

al kenyl or poly (al kenyl) , al kenyl ene or poly (al kenyl ene) ,
aromatic or an aromatic ring system X is a leaving group, R’ is
alkyl, and n is 1-4 or
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0O

Rll
LA

X

where L' is alkyl or poly (alkyl ), alkylene or poly(alkylene),

al kenyl or poly (al kenyl ), al kenylene or poly (al kenyl ene) ,
aromatic or an aromatic ring system X is a leaving group, R'' is
alkyl, and n is 1-4, may enploy a conmpound having a polyneric,
oligoneric or elastonmeric central portion for L and L', as noted
above. In such a situation, it may be particlarly useful to
engage a controlled radical polynerization, which is capable of
introducing a given functional group into a defined position on
the polymer, such as at the ternmni nus. The controlled radical

pol ynmeri zation is advantageous because of the low velocity
polynmeri zation and high tendency of ternmination by radical-
radical coupling, a termnation reaction does not easily take

pl ace, thus giving a polymer with a narrow nol ecul ar wei ght
distribution (M/M=about 1.1 to 1.5), and because the nol ecul ar
wei ght can be freely controlled by adjusting the
nmononer/initiator charge ratio.

[ 0029] A variety of controlled radical polynerization
techniques may be used, including but not limted to atom
transfer radical polynerization ("ATRP') , single electron
transfer living radical polynerization ("SET-LRP') ", and
reversible addition fragnent transfer ("RAFT"), to name a few
In ATRP a vinyl rnonomer is polynerized using an organohal ogen
compound or a sulfonyl halide conmpound as the initiator and a
transition netal conplex as the catalyst. In this method, which
is particularly attractive in the context of the present
invention, in addition to the noted advantages, a polyner having

a halogen atom at its ternminus may be forned. A halogen atom in
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that position on the polynmer is particularly interesting because

of the freedom offered for initiator and catal yst design. See
e.g. US. Patent No. 7,388, 038.

[ 0030] In anot her aspect the product nmade by the inventive
process may be fornulated with a curable matrix. Desirably, the

curable matrix conprises a noisture curable silicone, such as one
bearing al koxy functionality.

[ 0031] The npisture curable conposition, whether fornmnulated
wWth a curable matrix or sinply based on the

am noal kyl al koxysi | ane-f unctionalized hydrocarbon conpounds nade
by the processes disclosed herein, should also include a nbisture
cure catalyst.

[ 0032] The noisture cure catalysts include tin IV salts of
carboxylic acids, such as dibutyltin dilaurate, organotitani um
conmpounds such as tetrabutyl titanate, and partially chelated
derivatives of these salts with chelating agents such as
acetoacetic acid esters and beta-di ketones and ani nes.

Desirably, tetraisopropyltitanate, dibutyltin dilaurate and
tetranet hyl guandine at levels of 0.05-0.5% are used.

[ 0033] QG her additives such as thickeners, non-reactive

pl asticizers, fillers, toughening agents (such as elastonmers and
rubbers) and other well-known additives nmay be incorporated
therein where the art-skilled believes it would be desirable to
do so. In addition, cross |inking agents nmay él so be

i ncorporated therein, exanples of which being substituted

trial koxysil anes, such as APTMS, APTES, APDEMS and vi nyl

tri met hoxysi | ane

[ 0034] The invention also provides a process for preparing a
reaction product fromthe nositure curable conposition, the steps
of which include applying the conposition to a desired substrate
surface and exposing the conposition to appropriate conditions

for atime sufficient to cure the conposition.
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[ 0035] In view of the above description of the present
invention, it is clear that a wide range of practical

opportunities is provided. The following exanples are provided
for illustrative purposes only, and are not to be construed so as

to limt in any way the teaching herein.

EXAMPLES
A. Synt hesi s
[ 0036] Et hyl 2-bronpohexanoate ("EBH' ), acetonitrile,

dii sopropyl ether, diisopropylethylam ne, APTMS, APTES, basic

al umna, and anhydrous potassium carbonate were purchased from
the Aldrich Chemical conpany and were used as received.

[ 0037] 'y NMR and '3C NMR analyses were perfornmed with CDCl; as
solvent on a 300 MHz Varian NWMR System Infrared spectra were
obtained on a Perkin Elnmer Spectrum One FTIR Spectroneter

equi pped with a Universal ATR sanpling accessory. Rheonetry data

was obtained on a TA Instrunents AR2000EX Rheoneter.

Exanple 1
[ 0038] EBH was treated with an am nopropyl al koxysi |l ane, in the
presence of a base [here, (i-Pr) ,NEt )], in an acetonitrile

solvent, along the lines shown in the reaction schene bel ow

Q
(CH), Base
1 ]
C”a/\/\(u\o/\cna b RO N, CHoN CH3/\/\|)L°/\““3
Br

Reflux (RO)Z‘?i N NH:
Ethyl 2-bromohexanoate APTMS,R=CH,;,y=0,z=3 (CHs)y
(EBH) APTES, R=CH,CH3,y=0,z=3
APDEMS, R=CH,CH;,y=1,z=2
[ 0039] More specifically, and as shown in the reaction schene
below, to a 100 mL four-neck round bottom flask, equipped with a
condenser, tenperature controlling thernocouple, stir bar,
magnetic stirrer, and a nitrogen inlet, is added ethyl 2-

bronbhexanoate (10 g, 45 mmol) , APTMS (12.2 g, 67.5 mml) , (i-

10
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Pr) ,N-Et (8.7 g, 67.5 nmol) , and (i-Pr) ,0 (50 ni) under nitrogen.
The reaction mixture was heated to reflux with stirring. After
stirring overnight at reflux, it was then cooled to anbient

t enper at ur e. The (i-Pr) ,N-Et hydrobronxde salt precipitated from
solution and was filtered. Sol vent was renoved under reduced
pressure, and the product was vacuum dried. Yield = 13.3 ¢
(92%; 'H NMR (CDCl,) & 4.2 (g, 2, COOCH,), 3.6 (s, 9, SiOCH,),
3.2 (t, 1, NCH), 2.5 (m 2, NCI—|2), 1.6 (m 4, CHZ), 1.3 (m 4,
CH,, 1.2 (, 3, COOCH,CH;), 0.9 (t, 3, CHy), 0.7 (t, 2, SiCH,);
3C NV\R (CDQl ,) 175, 62, 60, 52, 51, 34, 28, 23.3, 22.7, 14.4,
13.9, 7; IR (neat) 2938, 1732, 1466, 1182, 1080, 1029, 812.

(9]
(i-Pr),NE¢
CHaWLOACHa + (Meo)ssi/\/\NHz __C_H_CN>_ CH; OACH3
3
Br

Reflux (Me0)sSi - NH

Ethyl 2-bromohexanoate APTMS
(EBH)
Exanple 2
[ 0040] Li ke Exanple 1, methoxyet hyl 2- bronohexanoat e (" MEBH'")
was treated with APTES under conparable conditions as described
above .
0 0
(i-Pr)NEE o

CH; /\/\HLO/\/O‘CH;, + (EtO)3Si/\/\NH2 — c)N CHa/\/\)LO/\/ ~cH

Br Re?lux (EtO)sSi A~ NH

MEBH APTES

11
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Exanple 3
[ 0041] A 30,000 Mn dibrono-term nated pol ybut yl acryl ate
prepared using atom transfer radi cal pol yneri zati on was then
reacted with APTES, along the lines shown in the reaction schene
bel ow .
Br Br
OMO . (EO)Si  _~_NH
OR RO APTES
CH,CN 83°C
K,CO; |l Overnight
(Et0);Si Si(OEt),
\—\—NH NH—/_-/
Q (0]

OR RO
[ 0042] To a 250 mL four-neck round bottom flask, equipped wth
a condenser, t enperature controlling t her nocoupl e, stir bar,
magneti c stirrer, and a nitrogen inlet, was added a 30,000 MW
but yl - et hyl - net hoxyet hyl acryl ate (75/20/5 nole ratio) terpolyner
(20 g, 0.67 mmol) , APTES (0.6 g, 2.7 nmol) , potassium carbonate
(0.4 g, 2.7 mmol), and acetonitrile (500 mL) wunder nitrogen. The
reaction mixture was heated to reflux wth stirring. After
stirring overnight at . reflux, it was then cooled to anbient
t enper at ure. Basic alumna (20 g) was added, and this mixture
was stirred for about 4 hours and then filtered. Sol vent  was
renmoved under reduced pressure, and the product was vacuum dried.
Yield = 14.1 g (72 %); 'H NMR (CDCl,) & 4.0 (m, 3.8 (g, 3.6

(m, 3.4 (s), 223 (m, 1.9 (m, 1.6 (m, 1.4 (m, 1.2 (t), 0.9
(t)y , 0.6 (t); '3C NMR (CDCl,) 175, 64, 61, 59, 41, 35 31, 19,
14.2, 14, 4; IR (neat) 2959, 1728, 1449, 1243, 1157, 1063, 941,
842, 739.

12
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[ 0043] A 14,000 M dibrono-pol ybutylacrylate was al so prepared
by atom transfer radical polynerization. This di bronp-

pol ybutyl acrylate was then reacted with APTES, as shown above.

[ 0044] The resulting polyners were analyzed by gel phase
chronmat ography ("GPC') to determine their nolecular weight and
pol ydi spersity, and the GPC curves of the starting material and

product, along with the GPC data, are shown in FIG. 1 and 2.

B. Moi sture Curable Adhesive Fornul ation

[ 0044] Each of the al koxysilane adducts (ternmed in the table,
"Experinmental Resin") , MESAMOLL-brand plasticizer, and CAB-OSIL
TS530-brand silica were added to a mixing cup and were blended in
a DAC 150 speednmi xer. The two crosslinkers and the catalyst were
then added, and the fornulations nixed for a second time (both
times for 3 mnutes at 2750 rpnm) . Sanple Nos. 1-4 were thus
formed. A control sanple was also forned in this fashion, though
instead of an al koxysilane adduct, KANEKA ORI | GS-brand

pol yacrylate was used in the sane anount. The identities and

relative amounts of the various constiuents are shown below in

Table 1.

Table 1
Resin Description 1(wt. %) 2 (wt. %) 3 (wt. %) 4 (wt. %) C (wt. %)
14K PBA/APTES Experimental resin 83.66 - - - -
14K PBA/APTMS Experimental resin - 83.66 - - -
20K Terpolymer/APTES Experimental resin - - 83.66 - -
30K Terpolymer/APTES Experimental resin . - - 83.66 -
Kaneka OR1 10S Commercial resin control - - - - 83.66
Mesamoll Plasticizer ’ 6.33 6.33 6,33 6.33 6.33
Cab-O-Sil TS530 Filler 4.19 4.19 4.19 4.19 4.19
Vinyltrimethoxysilane Crosslinker 1.66 1.66 1.66 1.66 1.66
APTMS Crosslinker 2.08 2.08 2.08 2.08 2.08
Dibutyltin dilaurate ' Catalyst 2.08 2.08 2.08 2.08 2.08

APTES = aminopropyltriethoxysilane

APTMS = aminopropyltrimethoxysilane

14K PBA/APTES = 14,000 MW Polybutylacrylate/APTES product

14K PBA/APTMS = 14,000 MW Polybutylacrylate/APTMS product

20K Terpolymer/APTES = 20,000 MW Butyl-ethyl-methoxyethyl acrylate terpolymer (45-30-25 mole ratio)/APTES
30K Terpolymer/APTES = 30,000 MW Butyl-ethyl-methoxyethyl acrylate terpolymer (75-20-5 mole ratio)/APTES

13
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[0045] - Sanples were inmediately |oaded onto the rheoneter wth
8 mm dianeter parallel plates at a gap of 1.0 mm For the

" oscillatory rheoneter experinment, strain was set at 0.04% with a
m ni mum torque specification of 30 mcroN'm Frequency was set
to 30 rad/s. One data point was collected every ten mnutes over
a total experinent run tine of six or seven days. Compl ex shear
modul us was plotted as a function of tine to deternmine relative
cure speed and degree of ultimate cure for the different novisture
cure fornul ations. Reference to FIGs. 3-5 show these results.

14
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VWhat Is Clained Is:

1. A process for preparing am noal kyl al koxysi |l ane-
functionalized hydrocarbon conpounds, conpri sing:

Providing (a)

wherein L is alkyl or poly(alkyl), alkylene or poly (alkylene) ,
al kenyl or poly (alkenyl) , al kenylene or poly (al kenyl ene) ,

aronmatic or an aromatic ring system X is a leaving group, R' is
alkyl, and n is 1-4, or

O

Rll
L o’u\r

X

where L’ is alkyl or poly (alkyl), alkylene or poly (alkylene) ,

al kenyl or poly (alkenyl) , al kenylene or poly (al kenyl ene) ,

aromatic or an aromatic ring system X is a leaving group, R'' is
alkyl, and n is 1-4, (b) an ani noal kyl al koxysi | ane, (c) base,

and (d) organic solvent in a vessel and nmixing (a -(d) for a tine

sufficient to form an am noal kyl al koxysi | ane-functionali zed
hydr ocarbon conpound.

2. The process of Claim 1, wherein X is a hal ogen,
tosylate or nesyl ate.

15
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3. The process of Claim 1, wherein X is a hal ogen

selected from chlorine, brom ne or iodine.

4. The process of Claim 1, the base is potassium

carbonate or a trialkyl amne.

5. The process of Claim 1, wherein the organic

solvent is acetonitrile.

6. The process of Claim 1, wherein miXxing occurs at a

tenmperature of reflux.

7. The process of Claim 1, wherein mxing at reflux

occurs for a period of time of about 2 to about 24 hours.

8. The process of Claim 1, wherein mxing at reflux
occurs for a period of time of about 2 to about 24 hours to
achieve a yield of greater than about 90% of the am noal kyl

al koxysi |l ane-f unctionalized hydrocarbon conpound.

9. The process of Claim 1, wherein the conpound shown
in structure | or Il is made by a controlled radical

pol ymeri zati on techni que.

10. An am noal kyl al koxysi | ane-f unctionali zed
hydrocarbon conmpound nmade in accordance with the process of Claim
1.

11. A noisture curable conposition, conprising:

(a) an am noal kyl al koxysil ane-functionalized
hydr ocarbon conmpound nade in accordance with the process of Claim
1. and

(b) a noisture cure cal ayst.

16
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12. The conposition of Claim 11, further conprising
one or nore of a filler conponent, a toughening conponent, a

pl asticizier conponent and a cross |inker conponent.

17
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