WD 02/ 20534 PCT/ US01/ 28079 HYDROCARBON CORE POLYSULFI DE SI LANE COUPLI NG
AGENTS FOR FI LLED ELASTOVER COWPOSI TI ONS Background OF The I nvention 1.
Field of whe2tassention 5, This invention relates to conpPeTAR@INS079
conprising novel polysulfide-silane coupling agents, referred to as

hydr ocar bon core pol ysulfide sil anes, rubber conpositions incorporating
the novel polysulfide silanes, and nethods of preparing the sane. The
hydr ocar bon cor e BBDROCARBON ((QRE PO Y SHEFEPESHMANE \GOUPLINGaAGENTSIs ed
in coupling mneral fill eFORWILLEDHIcASDOMER COMROSITIONS particularly

10 rubber, wherein specific char gci eristi §E Ef t he pol ysul fide silanes may
be tailored towards specific c € Jav Ne| ast oneric

conposition. 2. Description of Related Art Typically, sulfur-containing
coupl i ng agents }.dficld efdhe [nventioied el astomers invol ve silanes in which two

| k il re.b d h .t end of . .15 chaj f |
ot oY i chen el tin oot AERE b ReBips o ShmBrise S VaL PabbyBl s
and sulfur is cbﬁiﬂiﬂge%kentgeirE[ﬁrr@Edfoata§dh§Qﬂoéa‘i\l901§ic{@ré Polthide RIARI! rubBSeS.

i dentical hydrocarbon fragments. This general silane structure al nost

i nvari abl y relcomposgitions imhaiiparatingtthe eevelwolysiifide sijanasp and snetlelstofiprapedtingt i ng
hydr ocarbon units, and upopn the use of twg triethoxysilyl groups. In the
15t 50" not abie Seapt v Rudtotatfon e obinainde e oL LaBiese INCBNPRY IS
only one or t Rt nes chal . ok pLil g &”'.3@?% :
conposition, \g?eedpar a??ﬂggi, an tﬁ%lerfo H;t ﬁ‘gglg“ %%%%T?lﬁlg ag ntggi%lﬁﬁ ?Qﬁﬁ:ﬁ%gy of
appl i cati o@s, ribberpwihorin lspecific charpdterigicaggnhs pobyrsulfide nelaaés- fral | edtailored

el astoners. These coupling agents function by chem cally bonding 25 silica
or other ninet@Warg$ ppesific ¢haraséarishey ofihe slagiorigriccorpesiEipappl i cati ons.
Coupling is acconplished by chem cal bond formation between the sil ane

sul fur and the DaDgseeiptiomdf , | ysis of the silane al koxy groups and

subsequent  conden s[%f&)icgﬂy ,WI sal?uril‘,cjnlta%?ing yc%qlgﬁggl a%cr;,r(ljtlsJ pt%'r r:rliineral-filled elastomers

involve silanes in which two alkoxysilyl groups are bound, each to one end of a

15  chain of sulfur atoms. The chemical bond in these molecules between the two
silicon atoms and sulfur is indirect, being mediated by two similar and, in most
cases, identical hydrocarbon fragments. This general silane structure almost
invariably relies on a chain of three methylene groups as the two mediating
hydrocarbon units, and upon the use of two triethoxysilyl groups. In the most

20  notable exceptions, the methylene. chain is shorter, containing only one or two
methylenes per chain.

The prior art discloses the composition, preparation, and use of these
coupling agents in a number of applications, but primarily as coupling agents for
mineral-filled elastomers. These coupling agents function by chemically bonding

25 silica or other mineral fillers to polymer when used in rubber applications.
Coupling is accomplished by chemical bond formation between the silane sulfur and
the polymer and by hydrolysis of the silane alkoxy groups and subsequent

condensation with silica hydroxyl groups.



WO 02/ 20534 PCT/ US01/ 28079 Canadi an Patent Application No. 2,231,302 to
Scholl et al. (Scholl et al. '302) discloses rubber m xtures containing at

| east onavouobbess4 a filler, optional rubber auxiliaries pogUat/isemst one
pol ysul phi de pol yet her silane having the fornmula 5 RWR3SI -X -(-S,,

pol yether-)m (-Sx XZ-SiR WN" for use in preparing rubber vul canisates from
whi ch are produced |low rolling resistance tires having good wet skid

resi stance and a higdia: BaenApplidation Ne. 2,2R%,302 ubbSghoth ott alr ¢Scimilsed alsed

contain fromi/ 41% of. t he pol ysul phide 10 pol yet her_silane. \Wen
a m xlt ure of gp%)g%i%glgoges‘g%ub[bﬁ]é nﬂ)%%'ﬂl;%su E%‘H%"ﬁﬁlggﬁ"; éfth%q‘epg‘?%ﬁﬁe% fillgre opd@ppl t he
aver age mol ecuubBér Aildhes iafid AR &Qgﬁgy@un%ﬁiggg)ﬁleygmr%ﬁ&e%%ﬁlﬁﬁle Rahh et

al. '302, the polyether portions of upon sta ng, nmay form
per oxi des whi ch cause degradation of the resultant rubber conpositions.

Furt hernore, the polyether portions of the silane conpefe with other 15
rubber corstituents. Thus{kﬁﬁ{sébgl"gsﬁ@l&?fg%ﬁﬂna@%o&ss pﬁ“%bvi de a novel
pol ysul fi de conposition having nore than two silyl groups w thout the

necessity of ether |inkages for enhanced performance in filled el astoner

conposi ti ons,for ulsbein prepposg tribles, viltthisatsefiom Wilich QRMPASiUct®NSw 28ling
Bearing in mnd the problens and deficiencies of the prior art, it is
therefore arfeHppReS g havae gpad st skidvesisthrne and phighiabiensionnesistance. The

I [fid i ; Pyt i e than two sil ro d.a
Irorgt Kig o:‘ ?rai‘i“{r’\g&f ﬁég[gg&n:aislfc@g?ds Qgﬁ%ﬂﬂg@%b?'éc?o 0#0 tvﬁz%p&stgﬁtg‘ﬁ?sﬁ}@aﬂlﬂ%n to
provi de_ donompotyifidrnéate. WHed AUthixnde ofolidhiReRVIRRS holy &lphie PoIY¥nEEsieHRanced

dispersibility of the filler within 25 an elastoneric conposition, rubber
conposi t i ons,AraReEd:; thecaverrgsdaolesudarsweight ia aborst306dodN,008ki ng t he same. A

f h bj f i i i . i.d filled el i
compost t L on. 1 ubbdP B8 e Pt S8tk af: BOE: bmedysther orionh ohith Aplegules,
pol ysul fi de ;ngh%fh%dﬁl%\,/ nfdg folRRYSds Whieh cAliss RRESIIATon 6r P 24f1A9PADber

PCT/ US01/ 280 N
compositions. Furthermore, the polyether portions of the silane compete with other

15  rubber constituents.

Thus, it would be advantageous to provide a novel polysulfide composition
having more than two silyl groups without the necessity of ether linkages for
enhanced performance in filled elastomer compositions, rubber compositions, and
use in tire compositions.

20 Bearing in mind the problems and deficiencies of the prior art, it is therefore
an object of the present invention to provide a novel polysulfide silane composition
having more than two silyl groups and a method of making the same.

It is another object of the present invention to provide a non-collinear
polysulfide silane composition to provide enhanced dispersibility of the filler within

25 an elastomeric composition, rubber compositions, and tire compositions and a
method of making the same.

A further object of the invention is to provide a filled elastomeric
composition, rubber composition and tire compositions containing a polysulfide

silane having improved filler dispersion.



It is yet another object of the present invention to provide a lowrolling

resi stance tire having enhanced performance. Still other objects and

advant agavoot2asBe i nvention will in part be obvious and ®CTAUSOwespErt be
apparent fromthe specification. 5 Summary of the Invention The above and
ot her objects and advantages, which will be apparent to one of skill in

the art, are achieved in the present invention which is directed to, in a
first aspect, a paltyisufetiadethsr lohjvet ©b o preseuninventiongtd ipeoviide aulow. rdling
(X1X2X38i-J-S,,_%lP G.wherein is3tpo 12, xis 2to 20, X1 is a

hydr ol yzabl e Fss@RFOHES l?%vylgs?éﬁ’é’&qeéd’effpgﬁ?n%e group consisting of -d, -Br,

-OH, -0-N=C(R) 21 -&hyy ﬁl@{jﬁ%ts a@?d an't s %{h%qn%ﬁril n%\uf”ﬂ{q%ﬁ%&%@lo‘cﬂ% %ggnent

obt ai ned by renoving one ogen rom a rocarbo aving 1 to
carbon at ons, wifRinapalt b@a@a@erﬂ(ﬁonfitmrspbhﬁdati’oa.a 15 hydrocar bon fragrrent
obtai ned b rermval of one hydrogen atomof R and Gis a hydrocarbon
fragnment @btained by renoval of a p quantity of hydrogen atons of a

hydr ocarbon having from1l to 30 carbon atons. Preferably, X , X2 and X3 are

t he sane hydrol yzabl e functi onal igm_mmm;mmmei ng nost preferred.
Al ternatively, X1, X2 and X3 so each_be 20 d er. t hydrolyzabl e
f uncti onal i tiyes PT]é‘? abaiis) gnd %ﬁgrsg@e‘it%a agvangagss.; Wi'“g{‘ nl%E %l}/ }é‘(‘,é’iﬂﬁon
funct onal I'tYoEahf ot aﬂiy FOd B4R tgpp%séﬁe e ns&zhi%hQEtdn%E'@HQoahMU

al kenyl, aryl groups; sel ecte fromthe group

consi sting Offlrsﬂﬁﬁéyﬂ anlysaifivel siags ccﬁﬁmuicﬁnﬁ,vmgsthbtﬁ@mﬂlﬂme and diradicals
obt ai ned by | oss of hydrogen atons a]ﬁ%a 2,4 or 5 position of norbornane,
an al pha 1;5%9 tion of 25 2-nor bor nyI & i- agﬂe‘ﬁa position of

2- nor bor nyl et hﬁ gin 3p[§51|2t ' é’ %g? fpfs @%E@Q%mc?fon?ht? &P{&f‘eh t?(ﬂnOf

2- nor bor nyl et Han 'S pre ernatively,

fGr on?ny t2)engr bg?ﬁgr?@a%m%%@nar&;nglg?ﬁgr%qh%rrgsgg?n ﬁgrllaajﬁwn?[%ﬁloﬁﬁegﬁﬁy
renoval of 3which R is a hydrocarbon fragment obtained by removing one hydrogen atom from
a hydrocarbon having 1 to 20 carbon atoms, X2 and X® are X}, Ror H, Jis a
15  hydrocarbon fragment obtained by removal of one hydrogen atom of R, and G is a
hydrocarbon fragment obtained by removal of a p quantity of hydrogen atoms of a
hydrocarbon having from 1 to 30 carbon atoms.
Preferably, X', X* and X® are the same hydrolyzable functionalities with
ethoxy being most preferred. Alternatively, X', X* and X’ may also each be
20  different hydrolyzable functionalities. Preferably, p is 3 to 6; x is 2 to 8; Ris a
hydrocarbon functionality selected from the group consisting of straight chain alkyl,
alkenyl, aryl and aralkyl groups; and J is selected from the group consisting of
methylene, ethylene, propylene, isobutylene, and diradicals obtained by loss of
hydrogen atoms at a 2,4 or 2,5 position of norbornane, an alpha position of
25  2-norbornylethane, a beta position of 2-norbornylethame, a 4 position of
2-norbornylethane, or a 5 position of 2-norbornylethane.
When p is 3 and G is preferably glyceryl. Alternatively, G may be a
hydrocarbon fragment obtained by removal of 3 hydrogen atoms from

2-norbornylethane. G may also be a hydrocarbon fragment obtained by removal of

3



WO 02/ 20534 PCT/ US01/ 28079 3 hydroxyl groups froma trinethyl ol al kane. Wen
pis 4 and Gis preferably pentaerythrityl. Alternatively, G may be a

hydr ocar oo ot/e@gient obt ai ned by renoval of 4 hydrogen aPomESéwasnIo

2-nor bornyl ethane. When p is greater than 4 and G nay be a hydrocarbon
fragnent obtained by renoval of nore then 4 5 hydrogen atons froma
hydrocarbon sel ected fromthe group consisting o cycl ododecane,

triethyl cycl chéydrezyl gr(Blpérﬁli@mhfyltW@?ﬁ@lalbm S(Yﬁbﬁlhnels ‘Gaﬂﬁﬁ ab suefesdly aj n

atertiary anin c it yanofuntronalrt

aspect, the pf ggm%ﬁ Mf ?il H}/afl 13 | r(gcﬂl%yd bteo Y;S‘S‘i’cﬁg‘{ﬂ“r fr&%mg §ﬁt§meg by
conposi tion GRARLAISHNG 13Afogeh ARDE flond MRictbSthyleddne. Wh
tetrakis-1,3,4,5-(3- trrkie%’?hog%ysr |yl -1 -propyl te%'reat ﬁ? 0) negr;)gnr[sagﬁgaterl F]hag ‘% hi rd

aspect, the mnelsé‘ntnaynbem ilydrdcsrbdinr fregmentt obtampdrllgbsubmoml ¢fi nzove then 4

conposi tign conprising one or
tris-1,2, (@W?@Ph& g 2 ﬁ%é‘% & rsﬁfeﬁfeg) bio8h dhe . SHoHP CoRsifting of

aspect, the p RBkcdaBY fykRnetdngC e i ng

hydr ocar bon cg%e po ; de[?fegg gkﬁ%ane ea%:%g%&ﬂ% l&ga?ﬁrru & uf)%?(BSr -J- SX%P G
wherein p i s ¢hntadn 5.2ertmry &mide tionc2idnali{ or & c@axliryﬂmohmm e functionali ty

sel ected from the group consisting of - -Br, - -0-N=C(R) 21 -OR

RC(=0) O, in whichin Rsgeopng %Wo@ﬁrﬂ?@?@nr FW@H@?& lsoﬁlf%ﬁtfﬁjeﬁ’ ByP YéHg\ﬂFn%laé‘?le
hydr ogen atomfron]tf%HZO hygmi 1% n hagﬁeng 1y 20 ¢ ?i%on aﬁs%ﬁﬁ X2 apgd X3
0

are X1, R or qq e SN hy n fragnment oObtai ne y rermva of one

hydr ogen 18t ONge@hikifi1, 312!@ @-ﬂrﬁt@xyhrwqqﬁapﬁmaﬁﬁ@ﬁa@ahtaﬁ@t ai ned by renoval of
a p quantity of hydrogen at ons a hydrocarbon having from1l to 30

g arbon atons, conphii 8ithigd taspectt Besprgsent pn‘(‘ﬁmldn rig direciedrioapalysulfide silane

eprotonating the perca rovidin a source Q Sul fur 5

formng a rea‘E)P?RPémQHI Fgﬁ"pﬁﬂfl n°Hy Fe ?n’é RS agptrrlﬁt nﬁgt@c}nﬁﬁ‘%%sb]t%ﬁ with

the el enent kétfér"thm%%#a%@."p' ing the reactive sulfur anion with a carbon
cont ai ni ng rat e erably, the step of providing the nercaptan

conprises provi d| nip @ fourdr asppdtathehmeseny invefitbonmis| dreXENaAX3JprodesStaf whekiig a t he
mer capt an i s nost

hydrocarbon core polysulfide silane having the formula

X'X*X’Si-J-S,),-G
wherein p is 3 to 12, x is 2 to 20, X' is a hydrolyzable functionality selected from
the group consisting of -Cl, -Br, -OH, -O-N=C(R),, -OR, or RC(=0)0-, in which

R is a hydrocarbon fragment obtained by removing one hydrogen atom from a

20  hydrocarbon baving 1 to 20 carbon atoms, X* and X’ are X', R or H, J is a

hydrocarbon fragment obtained by removal of one hydrogen atom of R, and G is a

hydrocarbon fragment obtained by removal of a p quantity of hydrogen atoms. of a

hydrocarbon having from 1 to 30 carbon atoms, comprising the steps of: providing a

mercaptan; deprotonating the mercaptan; providing a source of elemental sulfur;

25 forming a reactive sulfur anion by reacting the deprotonated mercaptan with the

elemental sulfur; and coupling the reactive sulfur anion with a carbon containing
substrate.

Preferably, the step of providing the mercaptan comprises providing a

mercaptan having a formula X'X°X°Sj-J-SH wherein the mercaptan is most

4



4 WD 02/ 20534 PCT/ US01/ 28079 preferably selected fromthe group consisting
of 3-nercapto-I|-propyltriethoxysilane and

3- mer captvoo b2/psepyl net hyl di et hoxysi l ane. Al ternatively, tpReT/ssemRsoT9

provi ding the nercaptan conprises providing a nercaptan having a formul a
(HS, -)PG wherein the nmercaptan is nost preferably 5 selected fromthe
group consisting of 2, 2-bis(nercaptonethyl)-1, 3-di nercapt opropane and

1,2, 3-tri mer qaplemplppelecied fioa theegyoes C@l@pﬁ’imgmfa& aggaptoel -preapy pjethaxyralane
conpri se depro natin a a Bronsted base using p

equi val ents df %h’él Wéﬁ@'?@f(’pgﬁ?%ﬁﬁg 06(?'81 Mer captan or with an am ne type
base. 10 Most prefghgahifvels, Nhe SHEP o fprbPitifgNthe! MBrchfias dofHried IpdbvidiieOn 1S
sufficiently conplete prior to |ntroduct|on of the carbon containing

substrate. | rmacaptam thassygesr tformide (FSe9ghtwhensianthe onericaptain rie anesd prefeaably

el astoneri_c n%om tion %: Egrl Si ng at | east one hydrocar bon core
pol ysul fi de sﬁe g havi ng!t© formi&: 15 (FEPX3Si - J- OYPHBEwherei n% is

he”or oup. conet SR apomgii PP HbQiERY b LA B AR T

which R is a hydrrigakteproff d@go@nitingbthei mectapyin rrﬁmy)‘tbmgn@e‘lde]bmdmagﬁg thé om
froma hydrocarbon havi n%l to 20 carbon atons, X2 and X3 are X
hydrogen, J imergapian pidly a RioBYed Drssgwing Dotsuaialeads Bf theebasedor @ﬁ%ﬁ@le of

hydr ogen at om of dr rbon fragnent obtained by renoval of
g B i aling PEL R0

a p quantity T8§tc ydrocarbon having from1 to 30 carbon

atons; anounsat ur ajest ge &a&mp ﬂh@ls ffonﬁﬁ@ e freddiioé sulfiircigo@ yuffitieatpt
| east one hydrocarbon core ide silane is one or 25 nore isoners of

t et raki s- 1, 3,ppPpl¢ie prior & h@oﬂmﬂqﬂ Oﬂthfpwbym centpining ypsieaddpent ane or
E Liasatl Izegs'g > E)Llaeli[ﬁ‘cg)r(ﬁ%r élﬂ?‘?lcﬁgr g élff%sglt%{]l&ll‘%‘frg 02”5 i lﬁaa{éjeﬁt@/gtf’eé nt hr%gﬂg
amount  of - aboi, s fRnt @mpRRRRig at4easPBhe hydrocarbon core polysulfide silane having the
formula:
15 X'X*X*Si-1-S,-),-G
wherein p is 3 to 12, x is 2 to 20, X' is a hydrolyzable functionality selected from
the group consisting of -Cl, -Br, -OH, -O-N=C(R),, -OR, or RC(=0)O-, in which R

is a hydrocarbon fragment obtained by removing one hydrogen atom from a

hydrocarbon having 1 to 20 carbon atoms, X and X® are X', R or hydrogen, J is a
20  hydrocarbon fragment obtained by removal of one hydrogen atom of R, and G is a
hydrocarbon fragment obtained by removal of a p quantity of hydrogen atoms of a
hydrocarbon having from 1 to 30 carbon atoms; an unsaturated organic polymer;

and a filler.
Preferably, the at least one hydrocarbon core polysulfide silane is one or
25 more isomers of tetrakis-1,3,4,5-(3-triethoxysilyl-1-propyltetrathio)neopentane or
tris-1,2,3-(3-triethoxysilyl-1-propyltetrathio)propane. Most preferably, the at least
bne hydrocarbon core polysulfide silane is present in an amount of about 0.05 to

about 25 phr.



5 WO 02/ 20534 PCT/ USO01/ 28079 The el astoneric conposition preferably
conprises a filler present in an anount of about 1 to about 85 w. %
carbon biveak2/bmsed on a total weight of the filler and apPCT/@ssi280rve

hydr ocarbon core polysulfide silane is present in an anount of about 0.1
to about 20 wt. % of the hydrocarbon core polysulfide silane based on a 5
total weight of the filler. In a sixth aspect, the present invention is
directed to a rret hBhP &ﬂaSF?élkqfﬁgC@I@@&h%é@@f@@bb’sﬁ@mnﬂs%oﬁmﬁﬂﬂ@l prgsettieins aeps

of provi di ng at [ ydr ca core | fi. ane
havi ng t he §.1>é>g§§ut gg é% % ?’%Cﬁ bﬁsqd %? ght #

20, pis 3t Oflﬁ& arfd altilea%t bk Rﬁlroéﬂbéﬁ cdte *i)\éﬁfsﬁﬂfﬁdé %hbﬁé 158%‘5%}1! ﬁ’xneﬁi hihYunt of
selected fromthe group consisting o - OR and

RC(=0 O, in amut:ﬁ IRta gbaut deb@aof)(m lﬁyda{gaaebnn cmeqnoitbesdlfhi;: mlarr@\basa@ omae
hydrogen tomf qﬁbﬂf@&? rbon having 1 to 20 carbon atons, X2 and X3 are
15 X', 3 @rbon fragment obtained by rem)val of one
hydrogen atom of 3 2 3fih Gpledt, IndI A a&qg@a&ohr@q%&% WLabay Y AgIRYel O
a p quantity of hydrogen atons o rocarbon having from ar bon
atons; provi ciubberacompmsgioni conpoisigethe sqapswf ding a filler;

therrmrrechanl cally mxing the organic _ polyner, filler and hydr ocar bon core
pol ysul fi de sl?qoéi‘r‘i]é“& at legptnons Fﬂ%épfr‘h bétdlﬁ‘?‘@fb%c@ﬁ rRoheputfide $1(§B§é}a"’fﬁgxﬂhér e
to forma ru hu faorrp05| tion having enhanced dispersion of the filler.
Preferably, during the step of providing the filler, the filler has been
pretreate@d with all or a portion of (legéxml-JLga;sG one isoner of the
hydrocarbon core polysulfide silane. 25 The rocess further include
the step of a‘&b@rﬁgl pus Brig dgeniss? t02@hp is Mbli@r Xrﬁm’@’tt@r%g,lK snobidtolyzable
her momeChan! 6ot R FuShaP Bonl ' S8R bniddl B Li0%BE P Yo B S BRlgLL 1T de

silane is one

tmgﬁ reakl s-1,3, éR§ 2hS R (=L RXNE Whidir R-Br0R)drb @B RhahBRUIRNEANBY FEmEWag OF

one hydrogen atom from a hydrocarbon having 1 to 20 carbon atoms, X* and X® are

15 X' RorH, Jis a hydrocarbon fragment obtained by removal of one hydrogen atom
of R, and G is a hydrocarbon fragment obtained by removal of a p quantity of
hydrogen atoms of a hydrocarbon having from 1 to 30 carbon atoms; providing an
organic polymer; providing a filler; thermomechanically mixing the organic
polymer, filler and hydrocarbon core polysulfide silane to form a rubber mixture;

20  curing the rubber mixture to form a rubber composition having enhanced dispersion
of the filler.

Preferably, during the step of providing the filler, the filler has been
pretreated with all or a portion of the at least one isomer of the hydrocarbon core
polysulfide silane.

25 The process may further include the step of adding curing agents to the
rubber mixture in another thermomechanical mixing stage.

Preferably, the hydrocarbon core polysulfide silane is one or more isomers
of tetrakis-1,3,4,5-(3-triethoxysilyl-1-propyltetrathio)neopentane or one or more

isomers of tris-1,2,3-(3-triethoxysilyl-1-propyltetrathio)propane.



isoners of tris-1,2,3-(3-triethoxysilyl-I|-propyltetrathio)propane. 6 WO

02/ 20534 PCT/ US01/ 28079 In a seventh aspect, the present invention is
directedwooz2dss4 | er for dispersion in elastoneric conpoBCTUSEZ8079
conprising: mneral particulates; and at | east one hydrocarbon core

pol ysul fide silane having the formula: (X X2X3Si-J-SX )p G5 wherein pis 3
to 12, x is 2 to 20, X1 is a hydrolyzable functionality selected from the
group consi sting oln agventhgspectfhe preyen=pyR)tion is dzecied tRa(fitigy €or, dispersibich

R is a hydrocarbpn fragment obtained by.renopving one rogen atomfroma
hydr ocar bon ht v?ﬁ&toflelr SYIREF N %?W%S}n%(zméﬂ?a X arglrc}g%‘g?f’, g"ﬁgo?t asty Opg - g
hydrocar bon fryaas@RboP&sRIpdRRulide sARRVIghifY @ Ranitrdr ogen atomof R and G
is a 10 hydrocarbon fragnment obtai ned by renoval of a p quantity of

hydrogen atoms of a hydrocarbon ha@Xd#jX?sidns,d,-Go 30 carbon at oms.
Preferably, the m neral rticulate e.siliceous particulates. The filler
of this @speWherFEyP f%?ttﬁgg’éo]ﬁﬁrfoszo’z‘{érEcﬂﬁhmrab’%?blgrf@?cé‘%ﬁlty,Se][eﬁ‘@dgfomeast
one hydrocarfg 3 f rgle s | _hsya r Bl &, FONRNS,
tetrakis-1, 3,4, %r?gf te?rﬁgt%g;y;sib?’ylﬁl -%ﬁp?ﬁet@%ghi 0 hgcr)pe F?Q ’g& %%glor

nmore i somer sRok 4 tiydrctathod- fragherit edbiainsgs bl yienloviirgopyd helfoathimim RERANE .
Description of the Preferred Enbodi nent(s) The present i nvlenti on di scl oses
novel hydr ocatsEpraserme having shilte i 20e carppmpéems, 28" WAl R axendbi R savEntaisesd as

coupl i ng age ..M |- f i1l | ast oners qver . prior. artpol .fide
si | anes. Thenﬁp?gqrééséﬁl?ﬁ %gélgileﬁltaénbééﬁgdr gy 2%9%%8388%?"%@5‘?“ ol 8# iRmangr%%l 58
that t heylthavigydrédarisie tragihaiitestifinéd by ¢embehl Of RaR gRarltiteiof hpefdeh ARMELORE 2
result of specific nolecular structures. The present invention further

rel ates to thydiecanlen kgvingfremal tnd) edrbomatesis. hydr ocar bon core pol ysul fide
silanes, the novel_el.astoneric.25 conpositions,..and a fil]ler treated w.th
the novel hydyocar%‘@#rglgygﬁﬁoﬁny?mlfﬁaa culatey argelicegus B@'&’&uiﬁ‘ ei ﬁﬁe Tf‘ilﬂ(f/’f
i ncl udes st raﬂh&hta%peef aRah tﬁé}dc&ﬁﬁﬂi%ec calbby! b19é19up§refe££fgt<em¥' at 136 vdes
straight, branched and cyclic al kenhyl groups containing one or
hydrocarbon core polysulfide silane is one or more isomers of
15  tetrakis-1,3,4,5-(3-triethoxysilyl-1-propyltetrathio)neopentane or one or more

isomers of tris-1,2,3-(3-triethoxysilyl-1-propyltetrathio)propane.

Description of the Preferred Embodiment(s)

The present invention discloses novel hydrocarbon core polysulfide silanes

20  which exhibit advantages as coupling agents for mineral-filled elastomers over prior

art polysulfide silanes. The polysulfide silanes are advantageous over the prior art

in that they have tailored characteristics to enhance their performance as a result of

specific molecular structures. The present invention further relates to the method of

preparing the novel hydrocarbon core polysulfide silanes, the novel elastomeric

25  compositions, and a filler treated with the novel hydrocarbon core polysulfide
silanes.

As used herein, "alkyl" includes straight, branched and cyclic alkyl groups,

"alkenyl" includes straight, branched and cyclic alkenyl groups containing one or

more carbon-carbon double bonds, "alkynyl" includes straight, branched, and cyclic

7



nore carbon-carbon doubl e bonds, "al kynyl" includes straight, branched, and
cyclic 7 WD 02/20534 PCT/US01/28079 al kynyl groups contai ning one or nore
car bon- cavdomass4 pl e bonds and optionally also one or noPeT/wssESNTICar bon
doubl e bonds as well, "aryl" includes aromatic hydrocarbons, and "aral kyl"
i ncludes aliphatically substituted aromatic hydrocarbons. Specific al kyls
i nclude nethyl, ethyl, propyl, isobutyl, specific aryls 5 include phenyl,
and speci fi ¢ aflyalyk greups noointadeng @Inylorandrepctveh(m tarbon AsplestEmdhendiaptiondliyycl i ¢
al kyl", "cyclic al kenyl", an lic Kyn al so_ipcl yde clic
tricyclic, &9 ﬁWbﬁ@ﬂn%V%?$go%F¥E%?6@&@- dﬁéﬁ|W§% 4 @Hapﬁgﬁﬁ%ﬁ?WQNEH
cyclic strucﬁgﬁ Ehe dS“Qﬁﬁk?Pt (% hmum_kegmk inRQA/ Qhohdy NY
groups. Represe atlve exanples o ore nt1 oned cyc Ic structures

i ncl ude norbqnﬂykmﬂﬂmﬁbdmeaﬁymnqﬁﬂumhhyhnﬂnbpﬂhylqughyhobmpbmpmnﬁ¢aqu

et hyl cycl ohexyl , ethyl cycl ohexenyl, cycl ohexyl cyc] ohex

d
cycl ododeéat rinelige Phemyé, ﬁ}‘lﬁl?R?éH’be@ﬁlkéfﬁrlédﬂé‘F vy ?ﬁ%@heéieﬁ’é(he:’{]%\‘lse@k@rﬁpesent
t 1] "f 1 f : 3 1
(X150x39 - 5- SoyPRRAEReT Sftuehllfn; fid WG BSRR" lso' QUK BioydR, gryplic)

sel ected fr Oranahﬁglshrrmyeh@fstrﬁbfdfegl ¥Z el Qs tiey mm&ﬂaﬁwtydm sofuctu€ds, furfBer
-OH, -ON=C(R 2, -OR, or RC(=0 O, in which is any hydrocarbon fragnent
obt ai ned by rsshsititted voitie akky b rabkesi, eandmrfaﬂamyhgmphy Qm@aeb@ﬁvmmm@e& pf)m 1
to 20 carbon atons,including bra ched or strai cha IkyI | ken

aryl or aral K§¢ gRigtpeentigaed  CYREC g SITYREIES, o 15 g@ﬂe tﬂ AR r JOTPrEF

above forgR Qfihi® ffg/'i'bers thisbadralgre f almyidycidhdk§l, Pr ef &hadlYoRxenyl,
hydr ocar bon free] man'? tai n%dyby rém)val of O%%y hyergen at o}?rg‘of any yof t he
gr oups I|stectyalmhwesrléyniolﬁxyhraddGyc;ledcaleéartagmmnt obt ai ned by renoval of a

quantity of 25 hydr ogen atons given drocarbon having from1
to 30 carbon atonslhe @Yﬂﬁé"ﬁmﬁ’éscorﬁu?(ﬂi}’gﬂﬁ% qﬂﬁﬂgst é’g the Pl@?%c%ﬁml% are

straight - challjap Sé'n%dﬁ 1fe“f3{18€v1 %bXﬁY?clrln(ﬁlaal i phatic hydrocarbon fragnents.
Al ternatively, rémaly % aln rary amne functionality via nitrogen
atons each bound to three separate carbon atons and/or cyano (CN) groups;

aromati ¢ hydrocarbons; and arenes derived by
15 X'X*X*Si-J-S,),-G (Formula I)

wherein p is 3 to 12, x is 2 to 20, X' is selected from the group of hydrolyzable
groups consisting of -Cl, -Br, -OH, -O-N=C(R),, -OR, or RC(=0)O-, in which R
is any hydrocarbon fragment obtained by removing one hydrogen atom from a
20  hydrocarbon having from 1 to 20 carbon atoms including branched or straight chain
alkyl, alkenyl, aryl or aralkyl groups; X* and X*® may be hydrogen, the members
listed above for R, or the members listed above for X'; J is preferably a
hydrocarbon fragment obtained by removal of one hydrogen atom of any of the
groups listed above for R; and G is a fragment obtained by removal of a quantity of

25  hydrogen atoms given by p, of any hydrocarbon having from 1 to 30 carbon atoms.
G includes, ‘but is not limited to, branched, straight-chain, cyclic, and/or
polycyclic aliphatic hydrocarbon fragments. Alternatively, G may contain a tertiary
amine functionality via nitrogen atoms each bound to three separate carbon atoms

and/or cyano (CN) groups; aromatic hydrocarbons; and aremes derived by



8 WD 02/ 20534 PCT/ US01/ 28079 substitution of the aforenenti oned aronmatics

with branched or straight chain al kyl, alkenyl, alkynyl, aryl and/or
ar al kyl gvouopzs3Representative exanples of X include net PORYSOESHIIXY,
propoxy, isopropoxy, butoxy, phenoxy, benzyl oxy, hydroxy, chloro, and

acetoxy. Methoxy, 5 ethoxy, and isopropoxy are preferred. Ethoxy is nost
preferred. Representative exanples of X2 and X3 include the representative

exanpl es | i st¥gstigEoR of dhe sfprementigped arpsatioy mahebranchedrsn stragghy ywhainlsyly| |

i sopropyl, s \/ e i hexyl , and hi gher straight-chain
al kyl , such :agke%nggya%lky é’x{/ﬁﬁ a%dgfgﬂ;%’ﬁan?gg%/o%? and octadecyl. Methoxy,

et hoxy, isopropoxy, Regtdemtativet Bydmplghesty | X! aindiui®entetioRel diflost,r Prepixyshai n

al kyls are preferred for X2 and V. Ethoxy, nethyl and phenyl are nost
preferred. | riseprapexy, hutdxgs phenoaitbbeiizsieny, hydroxyochderd, Xad aeetoxyhe Meshaxy,

| k i th ethoxy bei i deal,. R tati les of J
el utle t He. TR AT AR ORP R, B aPRICHERy | EhOREAF Bt SAHeN FLy  EEPRGEENS] |

at the other &ady§Usxasnd Kneld S lesed@tive CkRPROMZed BB for X as
- CH2CH2CH2CH2CH2CH2CH2CH2 _, and their beta-substituted anal ogs, such as

- CH2( CH2) mCH('@HB)as, hydergen,mnieghyd e rethstlo ptdpyl, -iGi2 GbiAC(sCEBNBCHDhenylhevinyl,

t t deri le f t hal |, hloride, -CH2CH(CH3)CHZ ; f th
St uot ur o5 GPEIAGRE: ARG IHEREY SRy Her AN EY & s 46 Db by b bl Fepomed and
-CH2CH2( CeH4 &'Egd% - j Cehén A0 i [ d
benzene(ri ng? any ‘of thﬁ%mg}%}?u%{?ﬁggggﬁg?ﬁ&gbl e ?ﬁbrﬁ%ﬁ??ﬁ%@ﬁ’egwgﬁ%#@é}e

- CH2 CH2 CHRCHAtr;aighCoR 2Tk (118) prefanetl focHRTH{CH? CHEthoxy amy¢thgt ahd@henyl are
structures derivable from piperylene, such as -CHRCRCHRCH(CH3) -1 -
CH2 CH2 CH( CH2 apeyt- prefasepd- Clp cHiosh erefenssl embadimesf, Xhe XstandcXurase the samabl e

Lo eobr o ol RS EE B ey, S20 00U 2

CH2CH CH(CH3) 2] - ; apepredentaife | @nBles 6f J- fabkigE2hs oY IstraighCtiiiZalkyls
cycl ohexyl -; any of the diradicals obtainable from norbornane, cyclohexane,
cycl opent ane, furtber aswpshitowidc yarmipediyt adi we othsr eyds| sudueasen€Hyy FGESCHE-, t wo

15 - CH,CH,CH,-, and -CH,CH,CH,CH,CH,CH,CH,CH,-, and their beta-substituted
analogs, such as -CH,(CH,),CH(CH,)-, where m is zero to 17,
-CH,CH,C(CH,),CH,-; the structure derivable from methallyl chloride,
-CH,CH(CH,)CH,-; any of the structures derivable from divinylbenzene, such as
-CH,CH,(C,H,)CH,CH,- and -CH,CH,(C,H,)CH(CH,)-, where the notation C¢H,

20 denotes a disubstituted benzene ring; any of the structures derivable from butadiene,
such as -CH,CH,CH,CH,-, -CH,CH,CH(CH,)-, and -CH,CH(CH,CH,)-; any of the
structures derivable from piperylene, such as -CH,CH,CH,CH(CH,)-, -
CH,CH,CH(CH,CH,)-, and -CH,CH(CH,CH,CH,)-; any of the structures derivable
from isoprene, such as -CH,CH(CH,)CH,CH,-, -CH,CH(CH;)CH(CH,)-,

25 CH,C(CH,)(CH,CH,)-, -CH,CH,CH(CH,)CH,-, -CH,CH,C(CH,;),- and -
CH,CH[CH(CH,),]-; any of the isomers of -CH,CH,-norbornyl-, -CH,CH,-
cyclohexyl-; any of the diradicals obtainable from norbornane, cyclohexane,

cyclopentane, tetrahydrodicyclopentadiene, or cyclododecene by loss of two

hydrogen atoms; the structures derivable from limonene, -CH,CH(4-methyl-1-CH,-



hydrogen atons; the structures derivable fromlinonene,

- CH2CH(4- net hyl -1 -C6H9 9 WD 02/ 20534 PCT/ US01/ 28079 )CH3, where the

not at i on V@@ biD2wdenot es i somers of the trisubstituted cycl oh€ran@/28079ng

| acki ng substitution in the 2 position; any of the nonovinyl-containing
structures derivable fromtrivinylcycl ohexane, such as

- CH2CH2(vi nyl G6H9) CH2CH2- and - CH2CH2(vi ny1C6HI9) CH(CH3) -, where the

not ati on C6HY@&noviase éh‘*;/ notasinarCdt, denptes 1§<Pm%1‘l§b%ft utrisubstiuied rEslahexane ng;

any of the mopou .urat & ructur.es deriyvabl e nyrcene cont |n| ng a
1 subst | tut od e R bl R D e A s 5"&42@%0"1@

CH2CH2CH Lok SHRieH! @Hca;ﬁ
ECHz CH2CH[ CHzQéHz CI—IESZC%%I-IQS# Izaﬁc?ii% trlwm ng&fhéﬂd% CH§)S CHQCH%( 65%9 i and

- CH2CH{ CH( G@qu@GGZEmﬁXIGgH»Q}I}(CHg)anWhamythamotahen GiHo uﬂnn@tesj ABHt wmer of
truct d bl.e f | acki trisubstituted C=C, h

.Schg&?bea e YRR ibts b e T a'nmf%hfz ey BT SEEe AR B iE

- CH2Q( POy CH), 7 (CH3

- CH? CHZC( Q?@mzcﬁe@c% )2%?“1“3:&0% gﬂg%tgﬁ%gz gg[iclt}( 0143%“%]1 1 ®

- Gr2CHEC{ O ) ZOHIEHDE OB, CH) CCHANII, @B, CH2CH = C( CHB) 2CH2CH2CHL CH( CHB) 2]

. The preferred structures for -CH2-1 - CH2CH2- - CH2CH2CH2-
- CH2CH( CH3) CcrifH, Pbﬁ%@ﬁﬁ@@%ﬁﬂ‘é&@&k: obtained by 2,4 or 2, 5

di substitutio or structures |ist ed above

- CH2CH2CH2- i s%}?fc{: ﬁo(gir%r e@a@?ﬁé rese ﬁ?)atl ve exanples of tridentate G
i ncl ude any ochh;Q{gH[ H=AXC#e),jeHR, € from nonconj ugated term nal
di ol efins, such as - @%-EQ@HCH%%I gnd -CH(CH3) (CH2) gCH(CH2) -, in

which g is zef(d1£3,00,)(Chy[3H,(the C(@Hﬂﬂes derivable from and
divinyl benzen—%Hﬁf-ﬂbﬁ&EWﬁZgﬁﬁéﬁ%%-; and na(ljny of the monounsaturated

structures derivable from myrcene lacking a trisubstituted C=C, such as
-CH,CH(CH=CH,)CH,CH,CH,C(CH,),-,

15 -CH,CH(CH=CH,)CH,CH,CH[CH(CH,),]-, -CH,C(=CH-
CH;)CH,CH,CH,C(CH,),-, -CH,C(=CH-CH;)CH,CH,CH[CH(CH,),]-,
-CH,CH,C(=CH,)CH,CH,CH,C(CH,),-,
-CH,CH,C(=CH,)CH,CH,CH[CH(CH,),]-,
-CH,CH=C(CH,),CH,CH,CH,C(CH,),-, and

20 = -CH,CH=C(CH,),CH,CH,CH[CH(CH,),]. The preferred structures for J are
-CH,-, -CH,CH,- -CH,CH,CH,-, -CH,CH(CH,)CH,-, and any of the diradicals
obtained by 2,4 or 2,5 disubstitution of the norbornane-derived structures listed
above. -CH,CH,CH,- is most preferred.

Representative examples of tridentate G include any of the structures

25  derivable from nonconjugated terminal diolefins, such as -CH,(CH,),,,CH(CH,-)-
and -CH(CH,)(CH,),CH(CH,-)-, in which q is zero to 20; any of the structures
derivable from divinylbenzene, such as -CH,CH,(C;H,)CH(CH,-)- and
-CH(CH,)(C{H,)CH(CH,-)-, where the notation C¢H, denotes a disubstituted

benzene ring;; any of the structures derivable from butadiene, such as -CH,(CH-
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-CH(CH3) (C6H4) CH( CH2-) -, where the notation C6H4 denotes a disubstituted
benzene ring;; any of the structures derivable from butadi ene, such as

- CH2( CH WO o582/ 20534 PCT/ US01/ 28079 ) CH2CH2 and - CH( CP3Yy/Csi1X6279) - ; any
of the structures derivable from piperylene, such as -CH2(CH ) (CH ) CH2CH31
- CH2( CH ) CH2CH( CH3) - - CH2CH2(CH-) CH(CHB) -, and - CH2( CH3) (CH-) CH( CHB) - ;
any of the structures derivable fromi soprene such as

_CH2( G- ) ( CHB) EELEER) - and CHOEH)CHEG B> CHany  Sf - (ep Ghipeisss( deriyaple- froamd

aﬁéuﬁ%if o e Sl o SR, "ntneshesLpre

- CH( CH3 |
GHGB) - cycl oheny E@Fﬁ%‘%%?&”f?@%%ﬁ&%@& T e TR o

derivabl e fr oferlviahierfeore isapuerte, asch GHETHCHOHACHEHYY, --C}EKEB((CHQ(CI-E]IHZ -10

aher o the not GHST G B ES 1 SHETLISE R IRe) b bR s "r%@ﬁ%wﬁane

ring lackin réﬁdb%? %ﬁ%&th@ L€ n )ﬁ@félél}}‘i@n@ngﬁﬂpeﬁ -ER8uds ﬁ§y§ el4

di substitute cyc exene ring; e vi'n cont al nf ng® structu

derivable fr omHQC]Hgymm;Hom;d{ ghexan@Hﬁ@Hh}-mﬁbdﬁy}-WZ( GH—I—IZOILIZmybIGBé@l@-lZG-IZ-
and - CH2(CH) 06H9) -; any_of the saturated structures

derivable fro Dﬁwlewgﬂexa*ﬁ@ SIECHY-qyclobpoin) sapHef the  structures
g WZW)?C&%%Q*S)f R S SR SRR B R e e

the notation eno es any |sorrer of the

ring, any St{CHLLCE- ﬁ'l@ﬂlb'l‘@l@ @%CHE] Subgt | Im}(gg(@ﬂa)ﬁﬂ%ﬁﬂﬁnﬁ-@% )CY;],
t et rahydrocycl opent adi ene, odécane, or any of e cycl ododecenes; any
of the nonouwbkereuthat mjatmrr Hurd@QOféérwmmrB eoff thonirmyb&tl@rted iqyclehexsmet Hing

structure contai.ns risubs ut ed. C=C Sy

SO0 C) [ rorBHRE e uisistl e DOSioT 3R B fh drepice s dyslinbied

- CH2CH[ GH2CH g’r@ 2 ﬁ%}‘ g @pd Vngyfl-contalmng structures derivable from
C(CHB)[CHZCH CH=C( CH3) 2] CH2; any of" the nonounsaturated structures

derivabl e fr amvimylcyetshekanewhi ch these structurescl ack a trisubstituteds C =
C such 38 (m,(CH)(vinylC,H,)CH,CH, and -CH,(CH-)(vinylC;H,)CH(CH,)-; any of the
saturated structures derivable from trivinylcyclohexane, such as (-CH,CH,);CH,,
(-CH,CH,),CH,CH(CH,)-, -CH,CH,C,H,[CH(CH)-],, and CH,[CH(CH,)-],,
where the notation C;Hy denotes any isomer of the trisubstituted cyclohexane ring;
any structure derivable by trisubstitution of cyclopentane,
20  tetrahydrocyclopentadiene, cyclododecane, or any of the cyclododecenes; any of the
monounsaturated structures derivable from myrcene in which this structure contains
a f(risubstituted C=C, such as -CHy(C-)[CH,CH,CH=C(CH,),]CH(CH,)-,
-CH,(C-)[CH,CH,CH=C(CH;),]CH,CH,-,
-CH,CH[CH,CH,CH =C(CH,),](CH-)CH,-, and
25 -C(CH,)[CH,CH,CH=C(CH,),](CH-)CH,-; any of the monounsaturated structures
derivable from myrcene in which these structures lack a trisubstituted C=C, such as
-CH,CH(CH =CH,)CH,CH,(CH-)C(CHj;),-,
-C(CH,)(CH=CH,)CH,CH,(CH-)C(CHj,),-,
-CH(CH,)C(=CH,)CH,CH,(CH-)C(CHj,),-,

11



- CH2CH( CH = CH2) CH2CH2( CH) C(CH3) 2-, - C(CHB) (CH = CH2) CH2CH2( CH ) C( CHB) 2-,
- CH(CH3) C( = CH2) CH2CH2( CH- ) C(CH3) 2-, 11 WD 02/ 20534 PCT/ US01/ 28079

- CH2 CH2 Cwe0 @M2)5EH2 CH2 ( CH- ) C( CHB) 2- 1 CH2C( =CHCH3) CH2CH2( CHPY DUSHRSR791

- CH2CH=C( CH) CH2CH2( CH) C( CHA-, - CH2( C-) ( C2HB) CH2CH2( CH- ) CH( CHB) 2,

- CH2( C-) (C2H5) CH2CH2CH2C( CH3) 2 1 - CH2( CH- ) CH( CH3) CH2CH2( CH- ) CH(CH3) 21 5

- CH2( CH ) CH( CH2CH2CH2 1)252( - CH2CH( CH2CH2_) CH2CH2( CH- ) CH( CH3) 21

- CH2CH( mzmz@*@@ibﬂéeﬁ %ﬁzﬁ CHnC(E¥e)0- C12H15(-) 3; any of the saturated

tructures der

“apai- aim)da%i‘(@ﬁ?@é@é@i >é¥8ﬁa>m o ‘éﬁ&%ﬁ%ﬁ%‘&%&@%‘}%

- CHZCH CHZCHZ ZCH

CH3 CHZCH 2

g((CHBgECSZ @%&ﬁﬁ%ﬁ%&g tructures derivable from

trimet hyl - @({ém )3 and CH3CH2C(CH2-)3; gl yceryl,
whose st ruct uigy icsrCcEBECENCGR (crediids) et hyl anal og, whose structure is
- CH2( - CCH3) CH2-;* and £'he “tri %t hanol ‘am ne Yor i vat | ve, (-CH2CH2)3N. The

preferred st r{Ri{ZEHrHS}IQC}ItZﬁCHQGHgEECEGEhy adé cacly-OiHLRAR; ahy wEtthe esturaed
derivabl e from vi nyl nor bor nene and Vi nﬁ_l cycl ohexene, such as

- CH2CH2- norboSFWF”(re%Z - CHIEERadIe nor bor HM( - ) 2, PBUICH- ) - nor B6RNy| -, s
- CH2CHZCycl ohesty %%Iﬁl@ﬁ ( )2, and -CH2(CH)-cycl ohexyl -;
any of the sat l}rat st ru zljrég@%g@gaﬁé fromtrivinyl cycl ohexane, such
as (- CHAOH2)-§156 B%1(-CHCERCHZ CIOBHRCHIINR) -, - CH2CH2OBHI[ CH(CH3) -] 21 and 25
C6HO[ CH(CHB) -] 31 where the notation C6H9 denotes any isomer of the
trisubsti t ut eH,CH(CH,CH,-)CH,CH,(CH-)CH(CHa,),,

-CH,CH(CH,CH,-)CH,CH,CH,C(CH,),-,

-C(CH,)(-CHCH,;)CH,CH,(CH-)CH(CH,),, -C(CH{-CHCH,)CH,CH,CH,C(CH,),-,

-C(CH;)(CH,CH,-)CH,CH,(CH-)CH(CHS,),, and

15 -C(CH,;)(CH,CH,)CH,CH,CH,C(CH,),-; the structures derivable from

trimethylolalkanes, such-as CH,CH,CH,C(CH,-); and CH,CH,C(CH,-),; glyceryl,

whose structure is -CH,(CH-)CH,-, and its methyl analog, whose structure is
-CH,(-CCH;)CH,-; and the triethanolamine derivative, (-CH,CH,);N.
The preferred structures of tridentate G include any of the structures
20 derivable  from = vinylnorbornene and  vinylcyclohexene, such  as
-CH,CH,-norbornyl(-),, -CH(CH,)-norbornyl(-),, -CH,(CH-)-norbornyl-,
-CH,CH,-cyclohexyl(-),, -CH(CH,;)-cyclohexyl(-),, and -CH,(CH-)-cyclohexyl-; any
of the saturated structures derivable from trivinylcyclohexane, such as
(-CH,CH,),CH,, (-CH,CH,),CH,CH(CH,)-, -CH,CH,CH,;[CH(CH)-],, and
25  CH,[CH(CH,)-1;, where the notation C,H, denotes any isomer of the trisubstituted
cyclohexane ring; any of the trisubstituted cyclododecane structures; any of the
saturated structures derivable from myrcene, such as
-CH,CH(-CHCH,)CH,CH,(CH-)CH(CHy),, -CH,CH(-CHCH,)CH,CH,CH,C(CH,),-,
-CH,CH(CH,CH,-)CH,CH,(CH-)CH(CH,),,

12



cycl ohexane ring; any of the trisubstituted cycl ododecane structures; any
of the saturated structures derivable from nyrcene, such as
- CH2CH( - ®HEBiB208B CH2 ( CH- ) CH( CH3) 21 - CH2CH( CHCH) CH2 CH2 CH2 CPCFilss01/28079
- CH2CH( CH2CH2) CH2CH2( CH ) CH(CH3) 21 12 WD 02/ 20534 PCT/ US01/ 28079
- CH2CH( CH2CH2) CH2CH2CH2C( CH3) 2-1 - C( CH3) (- CHCH3) CH2CH2( CH- ) CH( CH3) 21
- C( CH) (- CHCH) CI—|ZCI—|ZCI—|2&§HA-, CI&CI—B CH2CH2) CH2CH2( CH-) CH( CH3) 21 and
- C( CH3) ( CH2 CHEH,CHACHRCHR OCB B LG R 5t.r uct ures derivable from5

whose. st oot ur s T CCHERRAGIEICHENE L, & o b DR RS
structures derg(@gpj(g}fcgm%cﬁr@m olatiegnes, such as CH3CH2C( CH2-) 3p@nd

CH3C(CH2-) 3; and an ttuctures dserl vabl e from vi nyl nor bor nene,

such as - CI—IZGIGZ(CH@)(G&ZG%-()CHQCHJIHZC(CH’EFB) thor bostraghuey 2, darivhble  from

- CH2( CH ) -_.nor bor ese tati of t te G include any
of the st ﬁucttﬁlpgg%’lﬂlé]r r 8 ﬁﬁr@ﬁ%ﬁieoﬁ@eﬁ# @&ﬁfq ol 819 &yceYleh as
- CH( CH2XCH) g G from1l to 20; any of the structures
derivabl e from%g\?/slir#)cﬁugelnszenez tiyis A - CH2( CH- ) ( O6HA) CH( CH2- ) -, where t he
notati on C6H4 denotMesia girsfehsdi t uieed glﬁ:ef}&ﬂzethe ri;tﬁg:,turamy frivabe  from

structures derivable from butadi ene, such as - @ﬁé]%[CH- ) CH2-; any of
the struct ur dsmsailolaikases; r igh pasp £H;CEne(CH s hansls £ )andranyciag (theg) - -

"ot ) (6 MM o TRBBFIE UL ol o
Vi nyl norbl@r nexgI( OH ylbfb\b!r OhfX (CBUERod6rmyEH2( CH ) - nor bornyl (-) 2 and
-CH2(CH ) cycl ohe(xyl ) 1‘532'1952 of th eﬂg{:ructrures derivable fromlinonene,
such - CH2( G ) ( CH3) [Rﬁpreaemaltlw exama% 9f2 @Haflentath e eintlude rrayaci de GBwBures

oot e LSSk S S eL SREER Shb RS B S BB
A N e s T
derivabl e frawm -CH,(CH-)(CH,)CH(CH,-)-, where the notation C;H, denotes a disubstituted
15 benzene ring; any of the structures derivable from butadiene, such as
-CH,(CH-)(CH-)CH,-; any of the structures derivable from piperylene, such as
-CH,(CH-)(CH-)CH,(CH,)-; any of the structures derivable from isoprene, such as
-CH,(C-)(CH,)(CH-)CH,-; any of the structures derivable from vinylnorbornene or
vinylcyclohexene, such as -CH,(CH-)-norbornyl(-), and -CH,(CH-)cyclohexyl(-),;
20 any of the structures derivable from limonene, such -CH,(C-)(CH;)[4-methyl-1-
C¢Hy(-),CH,], where the notation C¢Hg denotes the 1,4 disubstituted cyclohexene
ring; any of the vinyl-containing structures derivable from trivinylcyclohexane, such
as -CH,(CH-)(vinylCHy)(CH-)CH,-, where the notation C;H, denotes any isomer of
the trisubstituted cyclohexane ring; any of the saturated structures derivable from
25  trivinylcyclohexane, such as -CH,(CH-)CH,[CH(CH,)-],, -CH(CH-)CHJICH,CH,],
and -CH,(CH-)CH,[CH(CH,)-][CH,CH,-], where the notation C/H, denotes any
isomer of the trisubstituted cyclohexane ring; any structure derivable by

tetrasubstitution of cyclopentane, tetrahydrocyclopentadiene, cyclododecane, or any

of the cyclododecenes; any of the monounsaturated structures derivable from

13



25 trivinyl cycl ohexane, such as -CH2(CH ) C6HI[ CH(CH3) -] 21 - CH2(CH

) C6H9[ CH2CH2-12, and -CH2(CH ) CoHI[ CH( CH3) -] [ CH2CH2 ], where the notation
C6H9 denoves2/z0394 i soner of the trisubstituted cycl ohexankBCT/UReL/28aTYy
structure derivable by tetrasubstitution of cycl opentane,

t et rahydrocycl opent adi ene, cycl ododecane, or any of the cycl ododecenes;
any of the nonounsaturated structures derivable from 13 WO 02/ 20534

PCT/ USO1/ 280 7®YICR)® cene COIBANHEIENI ng 2a t r i tEigwkstiiuied ed CE€Cssuch weh - CHasC-)

| croaiy crocroG e B T B Rck e = ARl EECTE

-C(CH3) [ CH2 )E@ﬁ@ﬁ(@@ﬁ:t@tﬁ J@H,Cef, -t he unsaturated structures
derivable from rryrcene; such as -&‘,ﬁZ & (Z CH2) CH2CH2(CH ) C(CH3) 2-1

- CH2( mwm@k@;@ﬂ@@@l&@ﬂ%@@&)ﬁ@ﬂ@%)q =CH2) CH2CH2( CH- ) C( CH3) 2a1d and

dor 1 vabl o r ot R BE FECH b G Tl GeR{Cirio 650 S0t Be e pttpiciares
ey (o) Cosal o Jr ) 2 Sy e RS 2@%3‘?‘%@{@%5 21
15 -Cro( G ) ( -CHES CRCIBGRIECH)y

-CH2(C ) (CH2 %&ﬁd& CI?S 21 -CH2(C ) (CH2CH2-) CH2CH2CH2C( CHB) 2,
-CHZCH( CHCHZ I}Qﬁ*@f&% (@ﬁbe( CHCH2- ) CH2CH2CH2C (CH3) 2ud 20
CH3(C ) (- CHCH

CH3(C) (- CI-lCI-é:% @@%WQZ];C grbgé{rft aerI§>’t hr| t ﬂfe t%l?(t'-:edst ?tﬁ%ctutljrf e is
C( CH2-) 4.10Thedepivabler r £6mstmyitded, essuch tagt r-@@gdﬂ@l@{@{?m{z@@g(CH YC(CH,),~,
pentaerythrityl and any of the structures derivable from vinyl norbornene,

Such as - OH2(CHLLFHEThbFhy CELSBy(CHIC(CH,)-
-C(CH,;)(-CHCH,)CH,CH,(CH-)C(CH,),-,
-C(CH,)(CH,CH,-)CH,CH,(CH-)C(CH,),-,
-CH,(C-)(-CHCH;)CH,CH,(CH-)CH(CH,),,

15 -CH,(C-)(-CHCH,)CH,CH,CH,C(CHj,),-,
-CH,(C-)(CH,CH,-)CH,CH,(CH-)CH(CH,),,
-CH,(C-)(CH,CH,-)CH,CH,CH,C(CH,),-,
-CH,CH(-CHCH,-)CH,CH,(CH-)CH(CH,),,
-CH,CH(-CHCH,-)CH,CH,CH,C(CH,),-,

20  CH,(C-)(-CHCH,-)CH,CH,(CH-)CH(CH,),, and
CH,(C-)(-CHCH,-)CH,CH,CH,C(CH,),-; and pentaerythrityl, whose structure is
C(CH,-),. The preferred structures of tetradentate G include pentaerythrityl and any
of the structures derivable from vinylnorbornene, such as -CH,(CH-)-norbornyl(-),.
Pentaerythrityl is most preferred. ‘

25 Representative examples of polydentate G include any of the structures
derivable from trivinylcyclohexane, such as -CH,CH,CH,[(CH-)CH,-],,
-CH(CH,)CH,[(CH-)CH,-],, and CH[(CH-)CH,-];, where the notation CH,
denotes any isomer of the trisubstituted cyclohexane ring; any structure derivable by

pentasubstitution or hexasubstitution of cyclododecane; any of the structures

14



Pentaerythrityl is nost preferred. 25 Representative exanpl es of

pol ydentate G include any of the structures derivable from

trivinyl oyabohssane, such as - CH2CH2C6HI[ (CH ) CH2 ] 21 PCT/US01/28079
-CH(CH3) C6H9[ (CH)CH2 12, and CB6HI[ (CH)CH2 ]31 where the notation C6HI
denotes any isoner of the trisubstituted cycl ohexane ring; any structure
derivable by pentasubstitution or hexasubstitution of iﬁclododecane any

of the st r uctdfrvablel Afrqp onyrEen34 spelr/ w50 1CESEFeCHERLNERLCEL G oene,

sucnigaﬁ? -CHCHZ) m@f g;%’g@ %@@@')(CHZCHZ) A o L SR Z

- CH2( G ) (- CH , C ) ( - CHCHZ) CH2CH2( CH- ) CH( CH3) 2
-CHZEC—)E m@ngﬂ%@&@@ﬂgléﬂgﬁgﬂ%(z(og( CHCH)2 )CI—IZCI(-IZ(C?-I-)(C(CI-I%)Z

. and any of (@T)()G@E?Héf}h@iﬂ(@}biﬂ(%mgenat| on and/ or hydrohal ogenati on
of squal ene. e hydrocarbon core polysul fide
si |l anes og t he Zﬂ(g%g%fﬁ;lﬁméﬁﬁcﬁgi& classified according to how
many silyl greypschrenatitn,diem el ,-hydrocarbon cores. Thus, thpge
silyl groups froma tridehtate coré, four silyl groups froma tetradent at e

core, and so {GH(G-)(-RHCHsICHAH (EHOKGHL)es @kl ammy difother ponpe alegivable by
polysul fide silanes of the present invention, with a tridentate core,

i nci ude any ofelegsdatianrd/ar drPIqu%gePat?)IBQf(sﬂuﬁlPP%t hoxysi | yl -1 15

et hyl norbornyl tetr

et hyl norbornyl tetr :{{%r@eﬂga}?ﬁ?%ﬁam lgéngf elhyjcﬁ‘éc%iﬁgff %Q% %’é{ﬂrlg 1'mfeslo-fl the
et hyl nor bor nypressnt @Nmﬂm@'&ﬂaﬂ B@&lb@[f&:d dceoiling, @, Bow many silyl groups branch out
(triethoxysilylnorbornyltetrathio)propane, tris-1,1,1-

(tri et hoxysi |§y/omdh@@ﬂw§1mce1thoatq@m§rreTlmﬂ }lpﬁwé)dgromm fgom ajtrifeptgte core, four

,ﬁ :' iseahgxgm( i[ %ré?l?éjsggrl heélrtgfrg]dea g?s'rg}?go)rglr o &{agéesentatwe examples of

E r I( g t1 1, t1h( :iI}IdEbc%TrWé’o% Ipplyshittide rsﬁméls w&ﬁeaﬁ@s@lmvfaﬁdlarp PIRRA EriddntdtS cdve, 1
ri et hoxysil
1nclude any of the isomers of tris-1,2,3-(2-triethoxysilyl-1-

15  ethylnorbornyltetrathio)propane, tris-1,1,1-(2-triethoxysilyl-1-
ethylnorbornyltetrathiomethyl)propane, tris-1,1,1-(2-triethoxysilyl-1-
ethylnorbornyltetrathiomethyl)ethane, tris-1,2,3-
(triethoxysilylnorbornyltetrathio)propane, tris-1,1,1-
(triethoxysilylnorbornyltetrathiomethyl)propane, tris-1,1,1-

20 (triethoxysilylnorbornyltetrathiomethyl)ethane, tris-1,2,3-(3-triethoxysilyl-1-
propyltetrathio)propane, tris-1,1,1-(3-triethoxysilyl-1-
propyltetrathiomethyl)propane, tris-1,1,1-(3-triethoxysilyl-1-
propyltetrathiomethyl)ethane,  tris-1,2,3-(2-triethoxysilyl-1-ethyltetrathio)propane,
tris-1,1,1-(2-triethoxysilyl-1-ethyltetrathiomethyl)propane, tris-1,1,1-(2-

25  triethoxysilyl-1-ethyltetrathiomethyl)ethane, tris-1,2,3-
(triethoxysilylmethyltetrathio)propane, tris-1,1,1-
(triethoxysilylmethyltetrathiomethyl)propane, tris-1,1,1-
(triethoxysilylmethyltetrathiomethyl)ethane, tris-1,2,3-(2-triethoxysilyl-1-
ethylnorbornyltrithio)propane, tris-1,1,1-(2-triethoxysilyl-1-

15



propyl tetrat hi onet hyl ) et hane,
tris-1,2,3-(2-triethoxysilyl-Il-ethyltetrathio)propane, tris-1, 1,
1-(2-tri avdoxyssd yl -1 - et hyl tetrat hi omet hyl ) propane, tri s-R2CT/U$01(BOBS
triethoxysilyl-Il-ethyltetrathionethyl)ethane, tris-1, 2, 3-
(triethoxysilylmethyltetrathio)propane, tris-1,1, 1-
(triethoxysilylnmethyltetrathionethyl)propane, tris-1,1, 1-

(tri et hoxysi | SHhyaerperydi HBoRCHYDPriPARGt hane, tri s- 1tris;1,1,1-(2-triethoxysilyl-1-

3-(2-tri et hoxysi - | - trithio)propane, tris-1, 1, .
1-(2-triet hoxéy@llr%b?hy@&%%@%%@g& PCT/ US01/ 28079 tris-1,2,3-
et hyl nor bor ny(ttiéthd:3isagRbfomyarap@hgopddel s- 1, 1, 1- (2-tri et hoxysi | Whisli51,1-
et hyl norbornyl trithionethyl)ethane, tris-1,2, 3-

(tri et hoxysi | §aietbexXystlporhoraHirdhiomsgaberopane.s- 1, 1, 1- tris-1,1,1-

Lo ookt (LR R BIREE™ (11 i3 B cmonysigr

Iris-1,2,3-(35hhi -1 - e |3 {ali ¢ IS
1 (317 et hosrcr] ARG, R S el A%y ittt dhpropane.
tris-1, 1, 1- ( 3istli, Bl K@xyisthoyysilyl-proopyltrithiphietrybetimhg, e trisah@, 3-(2-triethoxysilyl-
tris-1,2,3-(2-triethoxysilyl- 1-ethyltrithio)propane,. . )

tris-1,1,1-( zl--ﬁﬁhmflﬂ}@pgqﬂaw» qu-s-elt,mr@-trlﬁﬁhpzs}ﬁ%lty}meﬂ}yﬁféﬁlaﬁaemyngepauz?, tyis-

T o AR, 17132910 w2

(triethoxysi ane, tri’s-

(triethoxysi | ytieredtpsilybctiatitiithioRrbydnkpr opane, tris-1,1, 1- tris-1,1,1-
(triethoxysilylnethyltrithionethyl)ethane, tris-1,2,3-(2-triethoxysilyl
et hyl nor bor ny(tdethewysiiphessfistrathiqracthyDpropgig, t ri et hoxysi | yl -1 - tris-1,1,1-

ct I o bor mot OSSR B RERRRs b, s (e A3 .
(triethoxysilghyasmermNdieiibprspans,opane, tris-1, 1, 1-tris-1,1,1-(2-triethoxysilyl-1-

(triethoxysilylnorbornyl dithionethyl)propane, tris-1,1,1-
(tri et hoxysi |ethyloedbornydithiometbyippiopineet hane, tri s- 1pi8;1,1,1-(2-triethoxysilyl-1-

3-(3-triethoxysilyl-I- _propyldithjo)propane, tris-1, 1, .

1-(3-tri ééhox‘{@ﬂ@fql@r%&%%e‘gﬂhﬂﬁ hyl ) propane, 20 tris-1,2,3-
tris-1,1, 1-( 33,4 ' > Lt hi onmet hyl ) et hane, o i}
tris-1,2,3-( giﬁlét?%%}}r%gz%éﬁo\fy{wlh%}%@ﬁ%a {b’t hi o) pr opane, tris-1,1,1

tris-1,1, 1- ( Aitiethetykdyxmertoyhylditldomyihgl)ptopamst hyl ) propane, tris- tris-1,1,1-
(triethoxysilylnorbornyldithiomethyl)ethane, tris-1,2,3-(3-triethoxysilyl-1-
propyldithio)propane, tris-1,1,1-(3-triethoxysilyl-1-propyldithiomethyl)propane,

20 tris-1,1,1-(3-triethoxysilyl-1-propyldithiomethyl)ethane, tris-1,2,3-(2-triethoxysilyl-
1-ethyldithio)propane, tris-1,1,1-(2-triethoxysilyl-1-ethyldithiomethyl)propane, tris-

1,1,1-(2-triethoxysilyl-1-ethyldithiomethyl)ethane, tris-1,2,3-
(triethoxysilylmethyldithio)propane, tris-1,1,1-
(triethoxysilylmethyldithiomethyl)propane, tris-1,1,1-
25  (triethoxysilylmethyldithiomethyl)ethane, 2-[bis(2-triethoxysilyl-1-

ethylnorbornyltetrathio)norbornylethyltetrathio]-1-ethylnorbornyltriethoxysilane,
2-[bis(2-triethoxysilyl-1-ethylnorbornyltetrathio)cyclohexylethyltetrathio]-1-
ethylnorbornyltriethoxysilane, 2-[bis(2-triethoxysilyl-1-
ethylnorbornyltetrathio)(methylcyclohexyl)isopropyltetrathio]-1-
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1,1,1-(2-triethoxysilyl-I-ethyldithionethyl)ethane, tris-1, 2, 3-
(triethoxysilylmethyldithio)propane, tris-1,1, 1-

(triet howabtusset hyl di t hi onet hyl ) propane, tris-1,1,1 25 PCT/US01/28079
(triethoxysilylmethyldithionmethyl)ethane, 2-[bis(2-triethoxysilyl-I-
et hyl nor bor nyl t et rat hi o) nor bor nyl et hyl t et rat hi o]

-1l-ethyl norbornyltriethoxysilane, 2- [bis (2-triethoxysilyl- |

- et hyl nor bor rfhyleerbermilEictinxyskaky | et hyl t et rat hi o] - 1-

hyl b A i | - [ Qi -1 0] Lalsy] -1 - . .
ot iyl nor bor nynGrP T AR Sy e b am IS o homy yiethonysilggs.
02/ 20534 PCT/8#03BSS 8y In&rbbitlyek aBioy tlohé:S1diMerhthddi®rbornyltriethoxysilane,

bi s(triethoxysilyl norbornyltetrathio)norbornylethyltetrathionorbornyltrieth
oxysi | ane, bis(triethoxysilylnorbornyltetrathio)(methylcyclohexyl)isopropyltetrathionorbornyltri

g;;(yg[ R N R R ) S R S B A L M S U S L
(triethoxysil at hi o) (met hyl cycl ohexyl )i sppgieBubk@lokaiRiqnor bo
rnyltri 5 et h%ijggg??‘g%%&m%er’ SR %IB’II

3- [ bi s(3-tri gtropxiyetiathib)clyelphexyydthdiatmtitiole) poopytriathorydilghe et r at hi oj-{tis(3-
propyltriethoxysilane, 3-[bis(3-triethoxysilyl-l- i

propyl tetrat HF’S}WX?@H@XWBY Tathip}methy oy clphstydisppronydiewathindilr ane,

3-[bis(3- : . [hic(Dtrs ol

tri et hoxysi | YPORYIHEMOXISIANC 1i 0) (met hyl cycl ohexyl )i soptapuT T et AV RPsT: 1
propyl trilet hopefisilicamthio)dofborsidhytdtekiok y-2ttyyriethoxfdlane, 2-[bis(2-

pet hyl t et rat hi o) nor bornyl et hyltetrathjo]-1-ethyltriethoxysilane, 2-[bis(2-
triet hoxys i |tyiethoxysibtltyethdictagttiplsydoaxgineisiicaathelt ethulitetbpxysilane,

(et hyl cycl oreiireapRp bt i BBkl sphop ek gbops ©

(triethoxysi|ghymidindtyRiismt hi 0) nor bornyl et hyl tetrathi onethyl triethoxysilane
15

bi s(tri et hoxysis(tgi¢thexysily netthtetiatdg)obdphessthpitdisathionethy Kitiethexysilane.i et hoxysi
: 223} OpS: ]t%e'g ﬁl&%ﬁlgﬁé{@{yﬁqﬁlgﬁl@t & -ryglffgll%p%legh%geggt&l?&geltﬁngfgﬁgxysilane,
3-[bis(2-trief; | i ] j \ i

L0 B2 L1y SRR Lo b it o

et hyl t et r at hi pjilaye,| ohexy! eBHpis(2trichdxysilylil-pthplosttathiopobtmoyglethahetratBio] 4i s ( 2-

20 triethoxysilyl-1-ethyltetrathio)(nmethylcycl ohexyl)i r ltetrathio]l-1
Y pro%yltriethoxy%ilane, ) ( yrey yh) ?—?l?is(%‘-)%let oxygfyl-l—]

ethyltetrathio)cyclohexylethyltetrathio)- 1-propyltriethoxysilane, 3-[bis(2-

20 triethoxysilyl-1-ethyltetrathio)(methylcyclohexyl)isopropyltetrathio]-1-
propyltriethoxysilane, 3-[bis(triethoxysilylmethyltetrathio)norbornylethyltetrathio]-
1-propyltriethoxysilane,
3-[bis(triethoxysilylmethyltetrathio)cyclohexylethyltetrathio]-1-
propyltriethoxysilane,

25  3-[bis(triethoxysilylmethyltetrathio)(methylcyclohexyl)isopropyltetrathio]-1-
propyltriethoxysilane,
2-[bis(triethoxysilylmethyltetrathio)norbornylethyltetrathio]-1-ethyltriethoxysilane,
2-[bis(triethoxysilylmethyltetrathio)cyclohexylethyltetrathio]-1-ethyltriethoxysilane,
2-[bis(triethoxysilylmethyltetrathio)(methylcyclohexyl)isopropyltetrathio]-1-
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ropyl tri et hoxysil ane,

-[bis(triethoxysilylnethyltetrathio)norbornyl ethyltetrathio]-

- propyl wo er/bis3ys il ane, PCT/US01/28079

-[bis(triethoxysilylmethyltetrathio)cycl ohexyl ethyltetrathio]-1-

ropyl tri et hoxysil ane, 25
[bis(triethoxysilylnethyltetrathio)(mnmethylcyclohexyl)i so1prop |l tetrathio]-

1- propyl tri etthyia ﬁcp)gyﬁyéqnez_ [ bi s [bis(2-triethoxysilyl-1-ethylnorbornyltetrathio)ethyl] (2-

(tri ethoxys! | (AR S ERNRbRLARABRLMANILLER 2 " ©] rdnShBNbL S Roys

I(t ri et hoxysi | athymbibokhyaictrathiv)eyorehanexy| et hykiRicstivbladies hyl t rikg§hoxysi
ane,

2- [ bi s(tri et hetrgthidnprirenylyl-edyheethoxysilamdhy| cycl ohexyl )i sopropyl t et rat hi o] -

LT O S RS ey ctitten

triethoxysil ylgl - e iNi-RARIEhIBbAF BRI IBERERE. hydrodicyclopentadi
tris(2-triet honfj/si Frg%(rf}; e?ﬁ)[}?{nor%ﬁngﬂft et lr;%’tkﬁ?g?cyc’l opgn¥oahcg,c opentaciens
hydr odi cycl opeis{temithioaotborslRictioaty sitnh),onor b ornyl - | [bis(3-triethoxysilyl-1-
-ethyltriethoxysil ane)

[bis(tri et hongrgpyl»;th&iakﬂggu(%-é&ifftamsBylek-asﬂpytt@trat@ﬁ@ypgmzy%or bor ny¥is@t r at h
nyar odi cycl opBtaay Shi T P ERTERaEKYGABHIS: ny) PRFETREGAR G e

[ bi s(3-tricet h_@tﬁ(ﬁﬁd-ldprd)pglltriejfhox silane), [bis(2-triethoxysilyl-1-ethyltetrathio)ethyl](2-
propyltetrathio)ethyl] (3-triethoxysilyl-I-propyltetrathioethyl)benzene,
tris(3- triettisihpxysilpil-liethyltatsathieathsditienegney cl opent ane,  tris(2-triethoxysilyl-1-

hydr odi cycl opent.adi ene tris 10 tetrathi g:1 -propyl.tri et hoxysid ane) ..
[bis(2-triet h%ﬁg}i%a&@)ezclpg%rﬁ % etrat ﬁy@r)ogic%lﬂnerﬁ%{leqer i et ho%’ﬁg'%fflagmo'l'
| -ethyl tetrathj ogtdidRenegne, tris(2-triethoxysilyl- 1 -

et hyltetrathi o)cycl opént ane, hydrodi cycl opent adi ene tris(2-tetrathio-|-
et hyl t ri et hox[pss(iriedmaysilylnbihy{tetrathivjahkyl Kirieghoxy silpline thy ttetr- ithop ety hpérizene,
(triethoxysilylnmethyltetrathioet hyl}@benzene, 15

tris(tri e]t5hﬁxt§7’§(t¥i9‘ihﬁé¥9r¥19’iffl‘°é YRRy EPRH ane, hydr odWElRdiGsloREHatiene
tri t et t hi i D i tri 2-trieth ilovih-l.- .
by o b RGPPSR AR, L (7 L1 %t o oyt

et hyl nor bor nydthghoohmydeaytictdodegeaobsxade,6- di met hyl tri s(@s@rtriethboysisi-lyl -1 -

et hyl nor bor nyl t et r at hi 02 octane, 2-ethyl-6-nmethyltris(2-triethoxysi I,]yl - |
ethylnorbornylfetrathio)cyclododecane, 2,6-dimethyltris(2-triethoxysilyl-1-

p
3
1
3
p
3

NG

ethylnorbornyltetrathio)octane, 2-ethyl-6-methyltris(2-triethoxysilyl-1-
20  ethylnorbornyl tetrathio)heptane,
tris(triethoxysilylnorbornyltetrathioethyl)cyclohexane,
tris(triethoxysilylnorbornyltetrathio)cyclododecane,
2,6-dimethyltris(triethoxysilylnorbornyltetrathio)octane,
2-ethyl-6-methyltris(triethoxysilylnorbornyltetrathio)heptane, tris(3-triethoxysilyl-1-
25  propyltetrathioethyl)cyclohexane, tris(3-triethoxysilyl-1-
propyltetrathio)cyclododecane, 2,6-dimethyltris(3-triethoxysilyl-1-
propyltetrathio)octane, 2-ethyl-6-methyltris(3-triethoxysilyl-1-
propyltetrathio)heptane, tris(2-triethoxysilyl-1-ethyltetrathioethyl)cyclohexane,
tris(2-triethoxysilyl-1-ethyltetrathio)cyclododecane, 2,6-dimethyltris(2-
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20 et hyl norbornyl tetrathio)heptane,
tris(triethoxysilylnorbornyltetrathioethyl)cycl ohexane,

tris(tri av@oxywssd yl nor bornyl tetrathi o) cycl ododecane, 2, PCT/US01/28079
6-dimethyltris(triethoxysilylnorbornyltetrathio)octane,
2-ethyl-6-nmethyltris(tri et hoxysi | yl nor bor nyl t etrat hi 0) hept ane,
tris(3-triethoxysilyl-I ro yI t et rat hi oet hyl ) cycl ohexane,

tris(3-triet hSRioRysilyLl: etbyl I@PF@’@% 0) cy c Poddddcmeidyltns(-triethoxysilyl-1-

6-di nethyltri [ Lyl -1 -

2- et hyl - 6- rret%flﬁ{e&tl s éﬁ? t?% hoxy5| ly IBP[YIG%(E%S%&FH&@? Hﬁ%et%’fl%\c glohexane,
tris(2-triet h@%&tﬁbﬂh&bkydﬂyﬁh&ﬁ*ﬁ&hﬂﬂbﬁ ye1edduetarey Cl Ohexane
tris(2-triethoxysilyl-l-ethyltetrathio)cyclododecane, 2,6-dinmethyltris(2-

18 WO 02/ 205321,6Rtﬁh/3ﬂ)8ﬁmﬁ@B@h@(ysﬂymmwysﬁhﬁq)bctan%t hyl t et r at hi 0) oct ane,

2- et hyl t i.lyl-l-_ethyltetrathio)h
e R b AR ©) PP 151025
tris(triet hoxﬂé{hhﬁﬁiﬁh@&'—&ﬁﬁfoﬁw Céfﬁ}‘lﬂ(ﬁ% E'@athm;tetracosatrlene

6-di methyltris(triethoxysil ytetrathooctane

2- et hyl - 6- metypl 10,1519 QBdielnamgthyllttyd(trmﬂthb'mk}ﬂnc&bmm)tﬁeqthmmaracosatriene
2,6,10, 15,19, 23- hexanethyltri 8}22 triethoxysilyl- |
- et hyl nor bor n%/pt]é)c }%g%@éjlpé@rpg@ 1§ (3Lt oxysﬂyl 1-propyltetrathio)tetracosatriene,

2,6, 10, 15, 19, 28 REXATE LAYl bheh i i&S 'Eﬁé‘tﬁéﬂs}ﬂd”i’bPéHyﬂé!ﬂr&tﬁfo’St%&Q&o%i&r%hé acosatr

I ene,

2, 6,10, 15,019, 28; e kn e RByekihsthprtis(R eticthayssily vl -ethyetegiiobtetricakiriond e tndcos a
triene,

2,6, 10, 15, 19, 28, KelknAB2Aierumethpltsis(fricthasygidylmpthyltetsrtbio)irtracosdtiai®) t et r acosa

trlene 10

2 6,10, 15, 19, 23- hexSAREEIRHAIE 3MPI9s Ph SXSrocbpricors Rolvsufids sianss &f /B2 osat

riene, and %resent invention, with a tetradentate core, include any of the isomers of tetrakis-
2, 6,10, 15, 19,23- hexanet hyl tris(tri et hoxysi yI met hyltetrathio)tetracosatrien

e. Represent h,BlAAé (%atlaﬁprJESﬂMHhﬂdimbmbﬂm@tmﬁne)npopmf i de tefrakinés,dP-t he
present i ven tetradentate core, de | sopers of
t et r aki s- tge Oifﬁﬂ»g’ﬂxog]?q{gy%ﬁgﬁaf ?)HFOF?PWFnor [}Strr#ﬂ 93%&&& tf)lfﬁlg &f&ne
tetrakis-1, 3 g}%a | yl nor bor nyl t gk NEORaREMRRysilyl-1-
tetrakis-1, 3, élmgylg‘%tpatté@eﬂte l<5t)xy5| [yl-1 propyltet re[gtr%?g;l?eogg(%t ane, Yy
tetrakis-1, 3, éthﬁ}tc(t&{hlb)mbﬂfmmm I ydtrdkis EB hyf{Mthmmllﬁhrwqﬁemmmeopentane,
tetrakis-1, 3 , 4, 5-triethoxysilylmethyltetrathj oneopent ane, tetrakis-1,

3, 4, 5- (2- t r i €tRbityls? y-Q-trethary bl dostAyinesborlsyNa s eps

tetrakis-1,3,4,5-(triethoxy sﬂylnorbomyltnthlo)neopentane, tetrakis-l ,3,4,5-(3-
20 triethoxysilyl-1-propyltrithio)neopentane, tetrakis-1,3,4,5-(2-triethoxysilyl-1-
ethyltrithio)neopentane, tetrakis-1,3 ,4,5—triethoxysilylmethyltrithioneopentane ,
tetrakis-1,3,4,5-(2-triethoxysilyl-1-ethylnorbornyltetrathio)neopentane,
tetrakis-1,3,4,5-(triethoxysilylnorbornyldithio)neopentane, tetrakis-1,3,4,5-(3-
triethoxysilyl-1-propyldithio)neopentane, tetrakis-1,3,4,5-(2-triethoxysilyl-1-
25 ethyldithio)neopentane, tetrakis-1,3 ,4,5-triethoxysilylmethyldithioneopentane,
tetrakis-1,3,4,5-(2-methyldimethoxysilyl-1-ethylnorbornyltetrathio)neopentane,
tetrakis-1,3,4,5-(methyldimethoxysilylnorbornyltetrathio)neopentane,
tetrakis-1,3,4,5-(3-methyldimethoxysilyl-1-propyltetrathio)neopentane,
tetrakis--,3,4,5-(2-methyldimethoxysilyl-1-ethyltetrathio)neopentane,
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tetrakis-1, 3,4,
tetrakis-1, 3,4,
t et r aki s-WO 82/40554+
tetrakis-1,3,4,5-triethoxysilylnmethyltrithi oneopentane, tetrakis-1, 3,4,
5-(2-triethoxysilyl-I-ethyl norbornyltetrathi o) neopent ane,
tetrakis-1,3,4,5-(triethoxysilylnorbornyl dithio)neopentane,

t et raki s- 1, 3, etrakis4. 3 d¢5-metoidimethpkysilybnespyltetiatiipesopen pemt taiekis-1,3,4,5-(2-
tetrakis-1,3,4 5-(2-trieth idyl-1 25 ethyldithi t .

Lot raki s 1 5 ARy Rk e BT R atn b Pt ot dBRikis-1,3 454,
5-(2-nmet hyl di Gt aﬂlﬁéth&dysilﬂzln&%wmmemaw%én%@at hi 0) neopeptARE1 3,4,5-(3-

tetrakis-1, 3,4, 5-(nmethyldinmethoxysilylnorbor nyl t et r at hi o) neopent’ane,
tetrakis-1, 3methylduBethgxysifyt-hyoropyteithioyngspdtazie; | tetrakis-1,3,4,5-(2-

[Pyl 1k 1 oS HODER <50 G Bapieatise. pcry Usoy) aa07geRA-1 43 7
tetrakis-1, g,@e@y{@@&hbmﬁﬁﬁ@ﬁmthﬁ%emh&?t rathi oneopentaiigs 1,3,4,5-(2-

met hyl di met homythyldyhethorydilyl-hexiybdnorpbiny ltéthithibheopanimene, t etewriisi B,48,54, 5-
(met hyl di met hoxysi |yl norbornyltrithio)neopentane, tetrakis-1, 3

4, 5-(3-
met hyl di met hoseshyldimathoxysibylnesbornyldiiespmsniane, t et r aki s-t?ct,f@ﬁiit,l@v‘(fé'@g

met hyl di et h ' ~-ef byl trithi , tetrakis- 4. 5- .
met hyl di met h%%@‘ﬂdy‘lf‘%éf’%wir L r@%}g@%?@r%é?aﬂget rakis- 1, 3,]‘5??%1‘-‘% 334,52
net hyl di met hopyisildyhethoRydiyl-neeyadithiénedpeaiahi 0) neopent ane,  tetrakis-1,3,4,5-
tetrakis-1, 3, 4,5 (methyldinethoxysilylnorbornyl dithio)neopentane,

tetraki s- 1, 3, methyldanethexysjly ety dishipsedpgntane,pr opy| di this-bRr@cpiethozysalyl-1-
tetrakis-1, 3,4, 5-(2 10 net dj nefhoxysi | yl -1 - et hyl di t hi 0) neopent ane,
tetrakis-1, 3,;{?@powé{qyﬁﬁeggﬁéqgﬁt@bﬁ@rﬁé{omyfﬁyil-llhi oneopent ane,

bi s-1, 2- (2- t rdepf1ierebsiyitetintnio)abibytage bor nyl t et rat hi opgd hylobiBmoxysilyl-1-
(2-triethoxysilyl-1- éthylnorbornyltetrathio)norbornane,

bi s- 1, 2- ( 2- t réthylhavbpsayiligtrathio)ethil/bin@rtoiethoxysibi+lat hi o) et hyl - bi s

(2-triet ysiJyl-1 15 et hyl norbaqrnyltetrathio)cycl ohexane,. . i

et hyl bi 2[%); Ze_t%}én@r&)pgqm‘rg;@éqq)g,yq ‘Phexé?emyl nor bor nyPE&Y H’éﬁt‘ ’ig‘ rEighesiy I s

(2-triethoxysd = h- g at Qhexane, bis-

12 (111 ot nodapsrerBiakAR) BB SRRl |
ethylnorbornyltetrathio)cyclohexane, bis-1,2-(triethoxysilylnorbornyltetrathio)ethyl-

(triethoxysilylnorbornyltrithio)neopentane,

(3 20 triethoxysilyl-I-propyltrithio)neopentane,
(

t

2-triethoxysilyl-1- ethyltrithio)neopenP@n@so1/28079

bis(triethoxysilylnorbornyltetrathio)norbornane, bis-1,2-
(triethoxysilylnorbornyltetrathio)ethyl-

20  bis(triethoxysilylnorbornyltetrathio)cyclohexane,
methylbis-1,2-(triethoxysilylnorbornyltetrathio)isopropyl-bis(triethoxysilylnorbornyl
tetrathio)cyclohexane, bis-1,2-(3-triethoxysilyl-1-propyltetrathio)ethyl-bis(3-
triethoxysilyl-1-propyltetrathio)norbornane, bis-1,2-(3-triethoxysilyl-1-
propyltetrathio)ethyl-bis(3-triethoxysilyl-1-propyltetrathio)cyclohexane, - methylbis-

25  1,2-(3-triethoxysilyl-1-propyltetrathio)isopropyl-bis(2-triethoxysilyl-1-
ethylnorbornyltetrathio)cyclohexane, bis-1,2-(2-triethoxysilyl-1-ethyltetrathio)ethyl-
bis(2-triethoxysilyl-1-ethyltetrathio)norbornane, bis-1,2-(2-triethoxysilyl-1-
ethyltetrathio)ethyl-bis(2-triethoxysilyl-1-ethyltetrathio)cyclohexane, methylbis-1,2-
(2-triethoxysilyl-1-ethyltetrathio)isopropyl-bis(2-triethoxysilyl-1-
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bi s(triethoxysilylnorbornyltetrathio)norbornane, bis-1,2-
(triethoxysilylnorbornyltetrathio)ethyl 20

bi s(tri etW@ryi5By| nor bor nyl t et rat hi o) cycl ohexane, PCT/US01/28079

met hyl bi s-1, 2-(tri et hoxysilyl norbornyltetrathio)isopropyl-bis(triethoxysily
| norbornyl tetrathio)cycl ohexane,
bis-1,2-(3-triethoxysilyl-I-propyltetrathio)ethyl-bis(3-

tri et hoxysi | y¢thyltesragiip)cyelohexant.o) nor bor nahis; 1,Bi(Biethaxysibylmeihyitbivathio)dthyl- | -

pr;)[raly: L_et r 21:5 Ilgeﬂgétgék)fsﬁlp’@%@%ﬁ%w&ﬁ rsoio|r1¥a|né| -propyl tetrathio)cycl %P%Se_fage, :
met hyl bl s ;- 2m 15 / ; ’. ’
-propyl tetrat ié’f}lb%@l&ﬁﬂé&hyl@tﬁﬁﬁofegiyﬁbﬂ&i‘i)éﬁbkﬁ”éil‘yhﬁethyltetrathio)cyclohexane,

et hyl nor bor nyl t et rat hi o) cycl ohexane,

bi s- 1, 2- ( 2- t rinethiitis$i2-{ptiethoxstsiylnmashyletraihig)sohydpy1-

oo 3 5 5 sy e id)rdoexane, " bisfbis-1,2-(2-triethoxysilyl-1-
et hyl t et rat hi = hj - [Nl ilyl-l1-ethyltetr o) NoaV2 18,
Ly 2 bl oo AR
- et hyl t et r at héthylnspiroetrathie)CPcldpaneinBoxysi | ylichcldfeny¥di€hd/ 20534 tetrakis(2-
PCT/ US01/ 28079 et hyl tetrat hi oLc.ycI ohexane, o

bi s-1, 2- (t ri eehatjanior§aragl hgthydtiethorysdiedhy| - bis[bis-(1,2-

bi s(tri et hoxysilyi Li.et rathi.o . bis-1,2-
(It fu( e[ Ihgxyg?(?/t?/‘lle#éf‘g%}f-‘/?%?rl’§‘Hr3(ﬁ8*)tale'{q¥?§?%ﬁﬁ’rse?'?$‘i%et h|o>s<ysi |yl met hyl t et r at hi 0) cycl
ohexane, lmt@&hﬁb@ﬁéthgxfsll?hﬁﬁﬁlﬁﬁ glaitlideydypdneineat hi 0) i sopk@RMpeRtadiene

bi s(triethoxysilylnmethyltetrathio)cycl ohexane,

bi s[ bi s- 1, 2- (Rtrakis@ethasiipaoibptnyliriettolydilave)yor ny| t et biafbid-bRe@Hyieihozysikyhd -
tetrakis(2-triethoxysi.lyl-l- ethylnorbornyltetrathio)cycl.opentane, .

di cycl opent acmg@?qté?@g%ﬂ%]@pqegé at hi onor bor nyl - 1- ettﬁtjf‘]flf' étflﬁ&?’iﬂéﬁqyé‘rjré) ,
bi s[ bis-(1, 2- ' S ornyl t et ' | ] ben s (2L 1o
tetrakis(tri eqlﬁg%% | %IM%X%%}B%%I& etrat %?‘%?fc@(%@g%gﬁét/ane, i cggf%%gﬁ%hé%ilene
t et r aki s(t et rixopylaiehdrosilynd) f | editfoisyls 24(2un@gthoxysilyl-1-ethyltetrathio)ethyljbenzene,

bi s[bis-1,2-(3-triethoxysilyl-I- propyltetrathio)ethyl]benzene, o ‘
tetraki s(3- t rieGplHsMeyisiehprySilyld reshylictrathieyrloneaiase o shigyictapentadiene  tetrakis(2-

di cycl opent adi . 1 et ' - thio-1- propyltriethoxysilane),

bi s[ bi s-1, 2- ?tﬁggkﬁ}oe?ﬁo@;%%@)&ﬁa{é%hyl tetrathio)ethyl] benzene, 15
tetrakis(2-t rﬂiqbﬁox,yqtﬂiahoﬂysgymﬂﬁy@&fr@mm)ghw&{ngmt ane, dicycl opent adi ene

tetrakis(2- tetrathio- | -ethy Itriethoxy s ilane) ,
tetrakis(triethoxysilylmethyltetrathio)cyclopentane, dicyclopentadiene
tetrakis(tetrathiomethyltriethoxysilane), tetrakis(2-triethoxysilyl-1-

20  ethylnorbornyltetrathio)cyclododecene, tetrakis(2-triethoxysilyl-1-
ethylnorbornyltetrathio)cyclododecane, 2,6-dimethyltetrakis(2-triethoxysilyl-1-
ethylnorbornyltetrathio)octane, 2-ethyl-6-methyltetrakis(2-triethoxysilyl-1-

ethylnorbornyltetrathio)hept-1-ene,
tetrakis(triethoxysilylnorbornyltetrathio)cyclododecene,

25  tetrakis(triethoxysilylnorbornyltetrathio)cyclododecane,
2,6-dimethyltetrakis(triethoxysilylnorbornyltetrathio)octane, 2-ethyl-6-
methyltetrakis (triethoxysilylnorbornyltétrathio)hept- l-ene, tetrakis(3-triethoxysilyl-
1-propyltetrathio)cyclododecene, tetrakis(3-triethoxysilyl-1-
propyltetrathio)cyclododecane, 2,6-dimethyltetrakis(3-triethoxysilyl-1-
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bis [bis-1, 2-(triethoxysilylnethyltetrathio)ethyl]benzene,
tetrakis(triethoxysilylnethyltetrathio)cycl opentane, dicyclopentadi ene

t et r aki swevr/atsbi onet hyl tri et hoxysil ane), tetrakis(2-tri epODYgei/a8919-1 20
et hyl nor bornyl t et rat hi o) cycl ododecene, tetrakis(2-triethoxysilyl-I-

et hyl nor bor nyl t et rat hi o) cycl ododecane,

2, 6-di nethyl tetraki s(2-triethoxysilyl-I- ethyl norbornyltetrathio)octane,
2- et hyl - 6- netPgpykatraaipctangy i et hoxysi | yl -2-ethdtbhripethyltbalayBteethaxysily)-hept -

et rail s(rr SORBRITPREPELEI I ElRE SRR ARl RRRTS & ododetene,
2, 6- di et hyl ttéirﬁlﬁk@s&iefﬂo%fhgﬂ-ﬁSétﬁ%ieﬁﬁﬂﬁ&&%l&dcﬁ%&ﬁ%,hi 0|) %,%gdiﬁleﬂ&n@&mﬁ(zﬁ

met hyl tetraki s(triethoxysilyl norbornyltettathio)hept-I-ene,

t et raki s( 3-t ririethoaxsikyiltlydthylistathoppttant,r at -ahdyehethytterads(2-triethoxysilyl-1-
tetrakis(3-triethoxysilyl-|- propyltetrashio)cycl ododecane,

2, 6-di me'g v t‘gﬁﬁéa&‘i lglh%l"i"ie‘?ﬂfgxyg in gfr‘FraerS&rzlat%&%tizkrfé@éf&trp@iv)mc}@sm,
propyltetrat hep %Q%ﬁ&ﬁmg%ﬂ?ﬁﬁéﬂﬁy‘l@tﬁﬁﬁ&wél&‘&cfd@égm%( 3-triethoxysilyl-I-
propyl t et rat hi 0) hept - 1- €ne; ’

t et raki s(2-t r2,6tdimeghgltbiydkis(tridtioxytidtimethyitey ayio)@tadecene, 2-ethyl-6-

tetrakis(2-triethoxysil E/l -l -ethyltetrathio)cycl ododecane, 2
6- di met hy| t etPelyietakis(riegiorysidmetiyltqtrathigpheped 8 hi o) oct and6,10,15,19,23-

R e T e

oXY cen
tetraki s(tor i e2, bOyEs, I 9 2BBickythéBykadtaRisotiewok pBUREBRAAYItetFathio)tetracosadiene,
6-di methyl tetraki s(triethoxysilylmethyltetrathio)octane, 2-ethyl-6-
met hyl t et r aki %0110, &, 9.2y dickarhetby kejtakis(3-tricthaxybigdtl-| - ene, 2, 6, 10, 15, 19, 23-
hexanet hyl t et r aki . . . . .
(2-i7i et hox gsll?zrpwfqtr.a&ﬁmffgémﬁi ff?’_rl%]th?’8’3’?%PF;&?&%%%W&ZE?S(3gf§le;f;xgiﬂyl;

, 6,10, 15,19, 3¢ . ri et hoxysi § {etraco
sadi ene, 2,6, ro&b?g@t?g f% ﬁex(%rrellteﬁjl tetraki s(§3-’¥r’?g’tlggj>?%ixa§| trh?t A
pr opyl t et r at hirieltoay sibd-dsadpeerathio)tetracosatriene, 2,6,10,15,19,23-
2,6,10, 15, 19, 23- hexarretg%lgéet.raki s(3-triet hoxEsi |yl - .
1- pr opy! tlet r dirBFthEitets ttHeBpgysilyl-etyligtathip)totagassdisis hy | t et r aki 30B-
triethoxysily «l € | : I: 5
hexamot hyl t ot P aRCa L2 s P et REPRB S Mol duiont”

Representative examples of hydrocarbon-core polysulfide silanes of the

o

present invention, with a polydentate core, include any of the isomers of pentakis(2-
triethéxysilyl-1-ethylnorbornyltetrathioethy1)cyclohexane, pentakis(2-triethoxysilyl-

20  l-ethylnorbornyltetrathio)cyclododecane,  2,6-dimethylpentakis(2-triethoxysilyl-1-
ethylnorbornyltetrathio)octane,
pentakis(triethoxysilylnorbornyltetrathioethyl)cyclohexane,
pentakis(triethoxysilylnorbornyltetrathio)cyclododecane,
2,6-dimethylpentakis(triethoxysilylnorbornyltetrathio)octane, pentakis(3-

25  triethoxysilyl-1-propyltetrathioethyl)cyclohexane, pentakis(3-triethoxysilyl-1-
propyltetrathio)cyclododecane, 2,6-dimethylpentakis(3-triethoxysilyl-1-
propyltetrathio)octane, pentakis(2-triethoxysilyl-1-ethyltetrathioethyl)cyclohexane,
pentakis(2-triethoxysilyl-1-ethyltetrathio)cyclododecane, 2,6-dimethylpentakis(2-
triethoxysilyl-1-ethyltetrathio)octane,
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2, 6,10, 15,19, 23- hexanet hyl tetraki s(tri et hoxysilyl nethyltetrathio)tetracosad
iene. Representative exanples of hydrocarbon-core polysulfide silanes of

t he presewoor/ensenti on, with a pol ydentate core, include aPgT/oRot/ise79 soners
of pentakis(2- triethoxysilyl-I-ethylnorbornyltetrathioethyl)cycl ohexane,
pent aki s(2-triethoxysilyl- 20 1-ethyl norbornyltetrathio)cycl ododecane,

2, 6-di met hyl pent aki s(2-triethoxysilyl-1- ethyl norbornyltetrathio)octane,
pent aki s(tri el?qﬁ@ﬂk}%trlﬁyhmﬁlbdmﬁ‘}lb’ﬂ@tt&thlphﬁhﬁbcmhﬁﬁm ohexane, pentakis

(2t ESI glt Prgi(ﬁfll | l%’w gor t @hff%%"h? ﬁ’gf’%a?ﬁ%t hi 0) oct ane, pent aki s(3 25

triethoxysil yi 61d1ﬁéfh9lﬂehﬁkfsét?‘sleth@ﬁ&éfn%ylrﬁé%ﬂﬁ'te%ﬁﬁ@)%@tane 2,6,10,15,19,23-

pent aki s(3-triethoxysil etrat hi o) cycl ododecane,
2, 6-di net hyI rimmwktw(mtakls&—trmtmybwl-ll ethplmo;bptmsétetrathh]c»)telmcd)sane,,
t aki | -1-et t et hi pet hyl cl oh
et aki o( 3t r3-Buoly Lo e ereGe Ry r g ens B oy by BOREBARE SO tetracosene,
2, 6-di met hyI pe t1®k1§%§33 tHekﬁﬁ&ﬁ%l}S%thML(3-the§1to§§)’§ﬂryiat1rﬁ&@lf&hﬁﬁﬁ@%ac&%n@

02/ 20534 PCT/ U 01/2807

pent aki s(tri e2,60XyR], 19Radkkythéthyipenthikio@tthigihpeysilybhexane,
pent aki s(triet hox%m | yl met hyl t etrat hi o& %/cl ododecane,
2, 6- di met hyl dEﬁPfél t@(ﬂhm)t@m@%myﬂﬁel ¥ 18023 herpey o lnsniakis@-wictwxysilyle, 23-

hexaret hy! pen gid 5 2 Lhioskhgocaonl -1 - €t Y1 npEher g 53 hathiakiskiaggaene

2, 6, 10, 15019, Z3tHoyangt hathyl el ke et tacbRhHoXysi | yl ar bor nyl t 26ra 18,99 gt r aco
sene,

2,6, 10,15, 19 mam&wlmnhkisﬁénthakj/ss'lofkmthyl@ttmy)séttapbsdnepamprydllt e$ hexikisPt et r a

SSESSF'[ ot r2 a‘? #%ﬁgy%@@—iggﬂﬁgwggmﬂtegg {o%h‘lyf)&:r)’clgﬂéxg )éXz'lskls(&—trlethoxysﬂyl 1-
2.6.10, 15, 19, il IRETERIRARYA MR E A RiSeahe | €t h%ﬁsdﬂn%\!h%lhexakls(% iethoxysilyl-1-

1-propyl tetrathio)tetracosatriene, 2,6,10, 15,19, 23-hexanet pent akrs(2 10
triethoxysil ydthylnmﬂ)byﬂyﬂtetramidjomneetracosene and 2,6, 10, 15, 19 23-
hexanet hyl pent aki s&t riet hox silylmethyltetrathio)t et racosene; as well as

hexaki s( 29 t rhcsels g;gthp@{mly FhoynistsHreRt Y F19be%aBR hyl ) cycl ohexane,
hexaki s( 2- tr| ?(%ﬁ%théﬁé{ Hzl)?géw}yﬂ%ﬁaﬁﬁ{%ﬁlﬁ%{dguﬁeo) cycl ododecane, 2,

6- di net hyl he ornyl t etrat hi o) oct ane,
2,6~ dn’nethylhexakls(trlethoxysﬂylnmbornyltetrathm)octane hexakis(3-

triethoxysilyl-1-propyltetrathioethyl)cyclohexane, hexakis(3-triethoxysilyl-1-
propyltetrathio)cyclododecane, 2,6-dimethylhexakis(3-triethoxysilyl-1-

20  propyltetrathio)octane,  hexakis(2-triethoxysilyl-1-ethyltetrathioethyl)cyclohexane,
hexakis(2-triethoxysilyl-1-ethyltetrathio)cyclododecane, 2,6-dimethylhexakis(2-
triethoxysilyl-1-ethyltetrathio)octane,
hexakis(triethoxysilylmethyltetrathioethyl)cyclohexane,
hexakis(triethoxysilylmethyltetrathio)cyclododecane,

25  2,6-dimethylhexakis(triethoxysilylmethyltetrathio)octane,
2,6,10,15,19,23-hexamethylhexakis(2-triethoxysilyl-1-
ethylnorbornyltetrathio)tetracosane, 2,6,10,15,19,23-
hexamethylhexakis(triethoxysilylnorbornyltetrathio)tetracosane,  2,6,10,15,19,23-
hexamethylhexakis(3-triethoxysilyl-1-propyltetrathio)tetracosane, 2,6,10,15,19,23-
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15 hexaki s(triethoxysilyl norbornyltetrathioethyl)cycl ohexane,

hexaki s(tri et hoxysilyl norbornyl tetrathio)cycl ododecane,

2, 6- di mretw@ bhzosaki s(tri et hoxysilyl norbornyltetrathi o) oct areT/UResiios ( 3-
triethoxysilyl-I-propyltetrathioethyl)cycl ohexane,

hexaki s(3-triethoxysilyl-1- propyltetrathio)cycl ododecane,

2, 6-di met hyl hexaki s(3-triethoxysilyl-1 20 propyltetrathio)octane,

hexaki s( 2- t r i kexhmethylHexhkibGetihthoxptilyh i Hiromtl teyhihdo) tmbeseane, 2,6,10,15,19,23-
hexaki s(2-triethoxysilyl-|-ethyltetrathio)cycl ododecane,

2, 6- di met hy| HE¥aRe inekglip @rifig §Y%11§’i111p-f‘é1?3ﬂ rr@@%cgéatwwe@pane,

hexaki s(tri etngxysi t j | hexane,

hexaki s(tri et oxg}%%%t %ﬁ%ﬁl@t&% 0 %:E/%%%%ie@gﬁe, 25

2, 6- di met hyl heepKites(atthiio ethasystiend, g6 19| 15219, 23-he el hexakis(2-triethoxysilyl-
2,6,10, 15, 19, 23- hexanet hyl hexaki s(2-tri et hoxysilyl-I-

et hyl nor bar nyl @ Helrahig)esroserssane, 2,6, 10, 15, 19, 23- and-
hexarmet iyl Nexak! 13,1698 Rk hd ) MR MUY SRANE A hEHIRB Re R Eane.
hexanet hyl hexaki s( 3Fhd beifdieey éﬁlbb’dhden@r(ﬁpﬂﬁlzgﬂweﬁi Rivenii® LRERRAMapositions
2,6,10,15, 19, 23- 23 WO 02/20534 PCT/ US01/ 28079

hexanet hy| hexcorRis{sdig @t dedsb apsi bl lany - ¢f sy liosteratdfi wist b2 /3aCesiethoxysilyl-1-

2,6,10, 15, 19, 23- hexanet hexakis (3 -triethoxysilyl - ) .
_propyl tetr ateﬁﬁ%wr@pr@&g&é@ﬁw&paw, . . l¥1s-1,i,l-(2—tr1ethoxysﬂy1—1-
2,6, 10, 13019, 2iviherteamfiihiiforadthyiptopdde €t NOXySi Iyl -is 1 1, 1-(2-triethoxysilyl-1-

propyltetrathi o)tetracosatri ene,

2,6, 10, 15, 19, @BylhevbarmtiteirhthéonadthydlfePhane] et hoxysilyl 5 tris-1,2,3-
l-ethyltetrathio)tetracosane, and, )
2,6, 10, 15, 19,&ﬁ%‘é’%ﬁ%ﬁﬁ%@k@@(‘@ﬂ@@%xysi |yl met hyl t et r at hi o)t#i&tlshdosane

. The prefer ' ] j.nvention include cqppgsjtions
conpri sing at&ﬁgﬂgﬁmﬁﬂfggﬁb&%@fgﬁﬂﬁéﬁﬁﬁ% %1156’ of 0[?@‘1,1,1
tris-1,2,3-(AttisthetyRymsiboyhylietragidhitthgiidinanay | t et r akii1Q) Br@pfBBOX dilys1l, 1,

1-(2-triethoxysilyl-l- 10 ethyl norbornyltetrathi omet hyl ) propane, )
tris-1, 1,18 (2ropyleatnagsigpronane] et hyl nor bor nyl t et r atthisdabilHpttyiethhayslyl-1-

tris-1, 2, 3-_(triethoxysilyl norbornyltetrathio)propane, .tris-1,1,1-
(triet hoxysi IWFW#‘% pHQ}‘%ft«IQY ﬁ%’ioﬁf‘%er’ret hyl ) propane, t rt?]'g“- 1},%:(%:tr1€t]ibx?slﬂyl—l—

propyltetrathiomethylethane,  tris-1,2,3-(2-triethoxysilyl-1-ethyltetrathio)propane,

tris-1,1,1-(2-triethoxysilyl-1-ethyltetrathiomethyl)propane, tris-1,1,1-(2-
triethoxysilyl-1-ethyltetrathiomethyl)ethane, tris-1,2,3-

20  (triethoxysilylmethyltetrathio)propane, tris-1,1,1-
(triethoxysilylmethyltetrathiomethyl)propane, tris-1,1,1-
(triethoxysilylmethyltetrathiomethyl)ethane, tris(2-triethoxysilyl-1-
ethylnorbornyltetrathio)cyclododecane, 2,6-dimethyltris(2-triethoxysilyl-1-

. ethylnorbornyltetrathio)octane, 2-ethyl-6-methyltris(2-triethoxysilyl-1-

25  ethylnorbornyltetrathio)heptane,
2,6-dimethyltris(triethoxysilylnorbornyltetrathio)octane, 2-ethyl-6-
methyltris(triethoxysilylnorbornyltetrathio)heptane, tris(3-triethoxysilyl-1-
propyltetrathio)cyclododecane, 2,6-dimethyltris(3-triethoxysilyl-1-
propyltetrathio)octane, 2-ethyl-6-methyltris(3-triethoxysilyl-1-
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(triethoxysilylnorbornyltetrathionethyl)ethane, tris-1, 2,
3-(3-triethoxysilyl-1 15 propyltetrathio)propane, tris-1, 1,
1-(3-tri avoxyssd yl -1 - propyltetrathi onmet hyl) propane, PCT/US01/28079
tris-1,1,1-(3-triethoxysilyl-1- propyltetrathionethyl)ethane,
tris-1,2,3-(2-triethoxysilyl-I-ethyltetrathio)propane, tris-1, 1,
1-(2

-triethoxysi lé‘i-l -ethyl tetrat hi onet hyl ) propane, tris-1,1,1-(2-
triet hoxysi | yPropyketraihiodhepnni onet hyirise;isighoxysibil-d -ethgtegrafigo)cyclododecane,

(111 ot hoxysi | JonBeRypERTEREBRIERTR ulbldiopgede ;1 grethyiomemyiiise-

(triethoxysi | ylemrixhyily1at s@yldtmabmepthed hane, tris(2- tr| et hoxysilyl -1 -
et hyl nor bornyl t et rat hi o) cycl ododecane, 2,6-dinethyltris(2-triethoxysilyl-I-

et hyl nor bor nyllrtséitmﬁlohys:bydmttayibqtr@hle)csiylbdﬁlmdwyI tris(2-triethoxysilyl-1- 25
et hyl norb

2, 6-di net It sct fflé!tﬁ%&p&ﬁ?ﬂSH&W}ﬂ&?ﬁ@@ﬂfﬂa‘Etﬁ%) octane, 2-et hyI 6-

t hyl t t
e L= AR BNy 51 e e o
6- di net hyl t ri ®fr3kis+li, 33,14tﬁ}@#mdthdxyk1ly1ﬂFahydh01®brIgﬂﬂetraﬂ1ﬂDhmpemane tetrakis-

2-ethyl-6-nmethyltris(3-triethoxysilyl-1- 24 WD 02/20534 PCT/ US01/ 28079
propyi t et r at hi8yheptrigsoxysilylnorbornyltetrathio)neopentane, tetrakis-1,3,4,5-(3-

tris(2-triet | odod ,

2. 6-di met hyl [‘?ﬂ?’% ryil"elt'ﬁllo%lltétﬁtﬂfugﬁ‘mé‘?%@ﬁt%Et ¢ at NSS4 5 (2 triethoxysilyl-1-
2-ethyl - G}UYEIétﬁj/ltdttaﬂﬁa)nebpdrﬁdéoxyatdkifsl-l 3l4 5Jﬁtlémd»t;@ilymdﬂmﬁehﬁm(ﬂia@pentane
tris(triethoxysilyl net %I tetrathio)cycl ododecane,

2, 6-di net hyl tﬁetrglglsflu,%ﬂ @Eldﬁwmtmﬂkpr@pymmimm@m@e tetrakis-1,3,4,5-(3-

Fsgtrg/ls gf et h {I}o&lygii t1r I—pertogycl)l)él 1051}230pent£] eI tetrathio) hetp 308 s(’2 trle‘}ﬁoxysﬂtytﬁ

tetrakis-1,3, éth;ﬁnél%&lgy@&ﬂaméydm{dodbcﬁl@ hy| nop bodimekygleratii0)eaRRENRRNE.

tetrakis- 1, . 4, tri et hoxysi |yl norbornyitetrathi o) neopent ane,
tetrakis-1, 3eth341noﬁ>o¢@ltetmﬂm)bctmyf5| | yl - 1- propyl t et r at hi 0) neopent ane,
tetrakis triet yl t et rat hi o) neopent ane,

tetrakis 1% 3tetralg|1 ggetpppé%g M(KSB@P@IKX}F%@%J@PY pdodetAtSneopent ane,
tetrakis-1,3, %6§ru§1§ﬂ1wé§£ﬂ1ﬁ%‘r¥e?h&%9§1}1@%8%%?@@8%&}%096”t ane,  etrakis(3-

tetrakis-1, 3, oXysi r nedpent ane,
t et r aki s( 2- t riretHoaxyibililyprobyltetrathio)cyclododecane, 2,6-dimethyltetrakis(3-triethoxysilyl-

D

1-propyltetrathio)octane, tetrakis(2-triethoxysilyl-1-ethyltetrathio)cyclododecane,
2,6-dimethyltetrakis(2-triethoxysilyl-1-ethyltetrathio)octane,

20  tetrakis(triethoxysilylmethyltetrathio)cyclododecane,
2,6-dimethyltetrakis(triethoxysilylmethyltetrathio)octane; and any of the isomers of
2,6,10,15,19,23-hexamethylpentakis(3-triethoxysilyl-1-propyltetrathio)tetracosene
and 2,6,10,15,19,23-hexamethylhexakis(3-triethoxysilyl-1-
propyltetrathio)tetracosane.

25 Especially preferred embodiments of the present invention include

compositions comprising at least one of the isomers of tris-1,2,3-(3-triethoxysilyl-1-

propyltetrathio)propane, tris-1,1,1-(3-triethoxysilyl-1-
propyltetrathiomethyl)propane, tris-1,1,1-(3-triethoxysilyl-1-
propyltetrathiomethyl)ethane, tetrakis-1,3,4,5-(3-triethoxysilyl-1-
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et hyl nor bor nyl t et rat hi o) cycl ododecane,
2,6-dinmethyltetrakis(2-triethoxysilyl-1- ethylnorbornyltetrathio) octane,
15 tetrakva@(reiset hoxysil yl nor bornyl t et rat hi o) cycl ododecaneCT/P§01/28079

6- di met hyl tetraki s(triethoxysilylnorbornyltetrathio)octane, tetrakis(3-
triethoxysilyl-1-propyltetrathio)cycl ododecane,

2,6-dinethyl tetraki s(3-triethoxysilyl- 1-propyltetrathio)octane, )
tetraki s(2-t rPEPREstathioyieopendangy| t et r atil 0) cyclteddlded ahé,S-(2driethoxysilyl-1-

6- di met hyl t et I -triethoxysilyl- | -ethyltetr.athi ct,ane, 20.
tetrakis(tri e%tﬁ%l@tglgq% TWREERYTt et r at hi o) cycl odo gtcggﬂ%'?’3?)”%'&?trlefhoxy5ﬂyl'1'

2, 6-di net hyl tﬁbbﬂl{étﬁeﬁ;ﬁib}&bp@%ﬁiHe}ﬂgrmbﬁ)plréf@fré@._t hi o) oct ane; and any of the

i soners of
2,6, 10, 15, 19, 23- heluahwlecd Withen tthek sepps-afr the titreengion layd the- partiply hydrblyaaths @pd et r a

2,6,.10, 15, 23-h t hyl kis(3-trieth LLyl=l-
S?gggﬁ e? at h?od‘jielfs,@%ersagﬂ%e E\ E)éér el}é&ﬁ%’?‘é“?‘%@m&r rg‘l?rgrli"g{ﬁ%iﬁ‘i%aﬁlar?gﬁt sT8® the

present i nvengjon i;aﬁéi_ﬂ?%es bhd %@‘?‘}ngﬁéﬁmﬁ a{lﬁﬁgi%tﬁ.gﬁtooz{bohb?o

i soners of tris-1, 2, 3-triethoxysilyl tetra pane, tris-1,

1, 1-(3-trietwosysf|thd polyspifidpysileedst aHighereimniopinispod hpdrelyzhtes ©r lcondensates
1-(3-triethoxysilyl-]- proE)yI tetrathi onet hyl ) et hane, tetrakis-1,
3, 4, 5- (3- t r i eVHb¥ 9k byt uspallpwitheediised gffisacypimoonnatisom tp7die monomers.

propyl t etrat hi 0) negp, n [ S -(2-trje (Joyvl-1 -
ethyltrithio) neope%t %%%&1 %%Eitﬁéa}ﬂ Pfs 5’tlerpg§h§ Iﬁé gyc%gg%rﬁﬁé%é%:xé@?ﬁﬁdq ¥ﬁanes of
propyl t etroat hihe)pr&RpE v iaf e BatdgofsRl By HRUype BE bhisdeskewitd Rieprothiitsaope
of the invention are the partial hydrolyzates and 5 condensates of the

above ref er ensexapia rstreting orterin ang dloysiie fsiliponsinetinaglityTis antrduced anto the
hydr ol yzates and condensat es_nay. be present | n a nt of tQ about 10
oo bt e G, SRR T EioR s BRERED 1o s @ss R eatiraiPio, Fufit e
condensat es Wdrbca‘ﬂ@drkc&’étpo%%gl@ﬂdkléﬂé{ﬂeﬁ bt ERdMEeRMA ﬁ{vtaht@(ﬁwrlé@irpmmgﬁﬁi &efpto

t he nononers. "A general nethod of preparing the hydrocarbon cor
pol ysul fi de sislisimediced vialiBe tnfeecaptamsent i nventi on may be categori zed by the

type of bgse used tg deprofonate a nmercaptan starting material and how the
silicon finctional iwl—é%&%id into the

Equation 1A:

Bl + X'X?X*Si-J-SH — BI1H + X'X*X*Si-J-S°

or

Equation 1B:
20 B2 + XIX*X3Si-J-SH — B2H" + X'X*X3Si-J-S

Equation 1C:
X'X?X?Si-J-S” + Elemental Sulfur — X'X*X?Si-J-S,

25 Equation 1D:
pXIX*X3Si-J-S, + LG—> (X‘X2X3Si—J—Sx—)pG + pL "~
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final conposition. Equation sequence 1 illustrates the reactions to form
the hydrocarbon core polysulfide silanes of the present invention wherein
the silywa@onegs34is i ntroduced via the nercaptan. 15 EquaPCDUSBagomnce 1:
Equation 1A: BY + X X2X3Si-J-SH -* B1H + X X2X3Si-J-S- or Equation 1B: 20
B2 + X X2X3Si-J-SH -> B2H+ + X X2X3Si -J-S- Equation 1C X X2X3Si-J-S- +

El emental Sul fur -> X X2X3Si-J-S, 25 Equation 1D pX X2X3Si-J-S, + LG ->
(X' X2X3Si - J- Satpgary rﬂactlor%mmvezvnzm@nc Pawy, UsH 1 midgdry uncienseafo aanonsted

reactions |nvoI ve ni. on i ch fu cti ns a Bronsted base
and i ncl udes a"ﬁsﬁ&?ﬁdg udes, %ﬁ%’f@ gg%r’sstegm%s?ﬁwg?e hﬂ?ﬁs S}E%‘ AXEBPPIORE or
mor e pr ot ons. méyet Siokdisi VAlt¥maadlEIChEgdy Hq@ﬁtfoﬁmnvdm@hé{ﬁmn@%ﬁs@éd Br@gst ed
bases or non-ionic Bronsted bases suéh’as am nes. In both Category | and
|| reactions,onim-Bnii Blyohstgd bages iswchi astanoderc ebh hatlh Gategoryet mabﬂemaqﬂmnk etht: he

hydr ocar b Qn €Q is introduced . via the subst e LPG or X X2X3Si - t he
Subst r at e Scortill BIp i dnt %ﬂ&latth%mer%awn%hl&r%a Y EroRRRbER CPES lﬁéﬁfé?‘i‘%dw th
sulfur ani onsyig '%ﬂyashbagmé%@eapsc RSk USL fe Sufiite OshudiHEHoOGRbRP g
pol ysul fide silanes resent |nvent|on are torned wien the S|I|con
functional it ylehwing gtcrupo[u&&ﬁt:hlnsaeachﬂevhmsﬁlfaﬁhmahe. Equati on Sequence 2:
Equation 2A: pBl- + (HS-)PG -> pB1H + (-S-)PG_ or 15 Equation 2B:.

Equation sequence 2 illustrates how the hydrocarbon core polysulfide silanes

of the present invention are formed when the silicon functionality is introduced via

10  the substrate.

Equation Sequence 2:

Equation 2A:
pB1" + (HS-),G — pB1H + (S-),G
or

15 Equation 2B:
pB2 + (HS-),G — pB2H+ + (S8-),G

Equation 2C:
('S-),G + Elemental Sulfur — (S,-),G

20

Equation 2D:
pX'X*X’Si-J-L + (5,),G — (X'X*X*Si-J-S,-),G + pL°

Category III reactions utilize an anionic Bronsted base while Category IV reactions
25  involve non-ionic Bronsted bases such as amines.
Equation sequences 1 and 2 start with a desired mercaptan such as

X'X?X*Si-J-SH or (HS-),G; a base capable of deprotonating the mercaptan;

elemental sulfur to react with the deprotonated mercaptan X'X?X?Si-J-S™ or (S-),G to
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pB2 + (HS-)PG - pB2H+ + (S-)PG Equation 2C. (-S-)PG + El enental Sul fur -
(-SX )PG 20 Equation 2D: pX X2X3Si-J-L + (-SX )PG -~ (X X2X3Si -J-SX ) PG +
pL Cat egow@ 0220534 eactions utilize an anionic Bronsted basPCWusH2sCat egory
IV reactions 25 involve non-ionic Bronsted bases such as am nes. Equation
sequences 1 and 2 start with a desired nercaptan such as X X2X3Si-J-SH or
(HS-) PG a base capable of deprotonating the nercaptan; elenental sulfur

to react wi t hforinethdepicviversalfad anieon CAPPEISiN-52 %330S, -G, (B¢ sGHE MREdpileR7 WO
02/ 20534 PCT/ US01/ 28079 formthe reactive sulfur anion X1X2X3Si-J-S, or
(-SX ) PG, (t handsaibdhstrateutolcouplhivwidh) the salfur sudedphile atds showno dp Easeickiradtiha

sul fur nucl eophi e base_extracts a siglgl e proton fromthe

mer capt an. HOQX A é?ﬁrot@iﬁ@g\ggﬁgﬁﬂr}%@&n.e PEER _rr&s‘?ﬁ,u?*ﬂ’? Pt PHOE NS RIS so
pe used in Whiehicansy hRE tRIRLS fth UIRL Yade the UdihiGifle P SORBLAM YocotaBS:

t he desired unt o ase involves p equivalents 0 or ea

of mercaptsan Ti; iRGidised abPuhoChhsk SnRARRSD Squiadttd bY BOf oPBX 1dp ehaB1eOf

sul fur as elenental sulfur and p noles of "substrate X X2X3Si-J-L.
Preferred catofonércaptan(H8e)yGaned foowhiBl ianddddrequnkial of p&tiBlasomsvof sulamdisum
usual ly nost preferred, Potassiumion ferred when using very

b
hi nder ed al caHementahgrkvr andoRi weles 10t ékﬁ%@ﬁlgxf%—ﬁas@mf@ cgHpRignt
.g. tert-but . i | vj t .sol ts, |ithi i b
CFeferron ittt Mo B Sar 8" alkd1E i IET wilid SO ihs noale Cnbe bRaerrog S
d G th ikt i . i U,
e rn & B SRER idd iy b pAE Anbn ufind P ipBENa ORI WIORE ALRRS

chl ori de,10br offe dged | a8 diihd €basés nfl @k esolvehb (6.5 éABLORGET dhecaséd thvdaliin®fetide
sul fonates including tosylate, benzenesulfonate, and triflate. Chloride is

pref erabl e duwltests; tlghwsmmen aiay bawsefeaed.| i The vBbeniofi« nrd pprasf welhisisethien

cases wher el 1, cARANCEY £23BL Y L8 AN Gelifed HERSILRY {00 1S desired.

L may be any group whose anion, L", is a viable leaving group. Examples
of L' include, but are not limited to, chloride, bromide, iodide, sulfate,
15  trifluoroacetate, and any of the sulfonates including tosylate, benzenesulfonate, and
triflate. Chloride is preferable due to its commercial availability. Bromide is
preferable in cases wherein enhanced reactivity relative to the chloride is desired,

such as in aromatic halogen substitutions, which require more rigorous conditions.
The preferred solvents for the preparation of the hydrocarbon core
20  polysulfide silanes of the present invention typically are protic solvents, such as
alcohols and amines because they readily dissolve and/or promote the formation of
the sulfur anions, mediate the chemical reactions readily, and lead to anionic
coproducts which are most easily removed from the product. Representative
examples of suitable protic solvents include methanol, ethanol, n-propanol,
25  isopropanol, n-butanol, sec-butanol, -butanol, butylamine, ethylene diamine,
diethylene triamine, and the like. Aprotic solvents, may be used as well including
ethers, tetrahydrofuran, polyethers, glyme, diglyme and higher glymes, aromatic

solvents such as toluene and xylene provided that the sulfur anion is sufficiently
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such as in aromatic hal ogen substitutions, which require nore rigorous
conditions. The preferred solvents for the preparation of the hydrocarbon
core 20woby2msed fi de silanes of the present invention typCTakény28ar9e protic
solvents, such as al cohols and am nes because they readily dissolve and/or
pronote the formation of the sulfur anions, nediate the chem cal reactions

readily, and lead to anionic coproducts which are nost easily renoved from
the product. fRigHesdmetylipemamidgnginesihysulfnxidead-mepytpyimlidolone sl tertryde

nmet hanol , et hanol, n-propanol.. 25 isopropanol. . ..n-butanol, sec-butanagl,
t - but anol , _bu?@lnﬁn‘s’ﬁc ,ase&ﬁ{;lfyéﬂgmﬁi a&ir‘ﬁeél?ﬁp%“ir%]fq’rw@p‘é RrF%eﬁ‘i’?ﬁ réf SUOSLOtioDs
l'i ke. Aproti cqis@klye fomHBY rigs. UBLShaSc ,kolv@ﬁt’lé&ﬁl%ﬁ@em@ ﬁ%&o be used. .
t etrahydrof uran, polyethers, glyne, diglyne and hi gher glyhes, aromatic

sol vents such as tAhwdnantagedobal¢ahotic polventd édthhhtie préparsinf efrthahydcibon
sufficientJy 28 V\? %&0534 PCT% US01/ 28079 sol ubl e, di net hyl f or mam de,
di met hyl sul f oSQT8ePOIREUTELhyPIRgaSy BF ithe AURRent dRYFDtign t $agy plsoahs reupledciithsa

1 ] am o RO g P AR R B

used. An advasubsgetiog thd scihedti witls ahothedt slcololtdainytse priepes adlvan @inovhie
hydrocarbon 5 core polysulfide si|anes of the present invention can al so
be coupl ed wi The distilatignceisthe alcphel-fromihe mixikee eanksxadccgmpriied bi $8 eECkange he

starting sila .09 bstituting.t.he solvent w.th_.another al cohol
at any step p&iegfeytaggb g(gl %%E\{P ?%rrsglélca .En f’ﬁgélﬂilgtlflrlee@f;e@ﬁnbé’f ﬂ{ehéﬁcﬁf(%ogﬁ?flpfrom
the mxtume CcaftrddfoRBAD FMBIaRBhEYscEne kERANER]. Phus, s Foledire/al8s 1P rdbily
siliconin which i1t is replaced by the al koxy group 10 corresponding to the

al cohol sol vedisplaget plkarY etoupshessrespesding ¢ dhé ngoral wddiie silqobadigtoupsdi $peace
al koxy groups_corresponding to th re volati|e alcohol grqups. .The
reverse can aliegﬁrsﬁga‘gélgi%Ir]?ﬁl%f:%m}sgﬁg&“&?ﬂ}ﬁ“rﬁ%@t EﬁStﬂg(gstuIelgﬂ)%},SElﬁﬁql(g&- An
distillations le WHRIPHE thOMeCo S nleh@pts E.pRdpyltri i i i

3- ner capt o- | -?oxragg)y? trimet hoxysiel ane wt netphéjggr%ethogg%‘}aﬂsn%}% oe>t<]ila (e)%lc

sul fur, and pexdivenythoxideylsulfet, mad peomenyéhritol tetrhcinmiide inetimnohgetoeinkShe

sol vent by fractional distillation and generating an ethoxy hydrocarbon
core polsul YoIveRE SBY Affaetiong); %é"é‘ﬁé“%rﬂ?ﬁt CERFEang agr QKA ﬁ%ogﬂrbgrhecore

hydr ocar bon c&{lﬁu@@&gﬁ}%@j de

Suitable conditions for preparation of the hydrocarbon core polysulfide
silanes of the present invention include reaction temperatures of about 0°C to the
reflux temperature of the solvent depending upon the concentration of reagents and

20  pressure employed. Thus, the reaction temperature may be as high as about 190°C
or even about 200°C if, for example, solvents such as dimethylsulfoxide or
N-methylpyrrolidinone are used. Reaction temperatures between 30°C and 80°C are
more typical conditions. Ambient pressures are generally preferred.

The logistics for preparation of the hydrocarbon core polysulfide silanes of

25 the present invention are generally aimed at completing the formation of the
polysulfidic sulfur anion from the deprotonated mercaptan prior to the introduction
of the substrate. In cases where strong bases, such as alkoxides, are used to
deprotonate the mercaptan, it is also desirable to deprotonate the mercaptan prior to

the introduction of the sulfur source so that dark colors and the impurities associated
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silanes of the present invention include reaction tenperatures of about 0C
to the reflux tenperature of the solvent dependi ng upon the concentration
of reagem@oand3L0 pressure enpl oyed. Thus, the reacti on PEVpPSIZSOTe nay be
as high as about 190C or even about 200C if, for exanple, solvents such as
di met hyl sul f oxi de or N-nethyl pyrrolidinone are used. Reaction tenperatures
bet ween 30C and 80C are nore typical conditions. Anbi.ent pressures are
general | y preWwghrbehn afhenihingzet i Thus,or prefepar atdepof afditibe ofiyawaaaetiol t6or e
pol ysul fide silanes of 25 the present invention are generally ainmed at
conpl eti ng t hiBegacieR VBicaly begias W 9 initialasharge ol base and gperpariam.t fpblowed

depr ot onat ed re - Ar et o iN uct4.o0 4 S t I
cases where s _rolir\%f’gw%gc[s&gg, b]f;ut%:1 eééﬁét%}o%#lg%é, %r{eL Sss)lfélaalggs dé%%%%’o%&% en%tthe
mer capt an, i tndcsssatys o dhaigeaht endreapt@piiel I basetih QlkoRIdea iR kel dsQhe base.t he
i ntroduction of the sulfur source so that dark colors and the inpurities

associ ated 2bhip@lloys fosty ipGitn pseppr#BOY an anpremiits seletion af tewde, Fnfes, a
preferred order._o dition of raw.nmaterial.s to . the reactor typigal

begi o vt astritis iy redcEn 8 ple PSR il el haF S flatofp fi bake

i ntroduction g&id hbRafhs ARNpREerSdlY istfred td ah@m%%éfﬁbﬁ{‘ﬁﬁuﬁtﬁﬁbéf&@ e eRitfenftt
necessary, to charge the nercaptan after the base if al koxides are used as
t he base. 5 Thillra$ linwsduced. tdiece the slitsolupior pad ataaionodf the eqmemgdr sudfne to

solution of the base, as for xanpl e, the reaction of nmetallic sodiumwth
an al cohol sﬁﬁmﬁe QONSRUIAIC S{Eirnion is of IRRATEAISO%N bIE OCEHE PErabIPFTied iof r ed

to a ho n i I Si14 hSl nce
the i Soorut rancand: parafheSol e FpRiRiRl ki oflrmbtial Sy WLFEHRAR
pol ysul fi di ¢ stiptraturansfothel mixtote witht comtianesustirripgtioofcelesato ity dissplartioed of

10 tinme, it is advantageous to use a powdered form of el enental sulfur and
el evate the PBO§Her abuitefesmble methadvinyelaes piitaing Jhe basso uBersantay ppgy clegental

accelerate th i | UL p : re t.hod i. | yves_stirring
ocel et ate {5t bl AR RO RRT a0 A S BLE R, B P S et
about 80C, W(ﬁx‘fplétﬁpdiwdtibnbéf E%d&@@@em&%u%? il 25 W ‘Hohf&”opfles@.o"‘qﬁé ed
elenental sulfur in a few hours or |less. The 15 substrate is then added to
t hi s sol ulth onsubpir®t as diwnyadded o shis solutign,apréfeaibly vdtnstiraing echd at at egnttodled

control the resulting e ?lther 1Cc reaction. Precipitated co- rgducts %re
t hen rate, to control the resulting exothermic reaction. Precipitated co—&ro ucts are then

removed by such processes as centrifugation, filtration, decantation, and the like.
Any solvents present may then be removed by an evaporative process, such as
distillation, stripping, rotary evaporation, etc.

20 Individual details for reagents, reaction conditions, and logistics suitable
for preparation of the hydrocarbon core polysulfide silanes of the present invention
depend on which of the four preparation catégories described above. Category I
preparations wherein the silyl group is introduced via the mercaptan, which involve
the deprotonation of a mercapto-functional silane using an anionic base, are

25  preferably done in the alcohol corresponding to the desired silane alkoxy group in
the final product. Nearly anhydrous, and preferably strictly anhydrous alcohols
and conditions need to be used throughout the process. Although any base strong
enough to deprotonate the mercaptan can be used, it is preferable to use an alkali

metal alkoxide, more preferably sodium alkoxide, wherein the alkoxide corresponds
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removed by such processes as centrifugation, filtration, decantation, and
the like. Any solvents present nay then be renoved by an evaporative
process, woom@34 distillation, stripping, rotary evapor apCDUS0E28079 20

I ndi vi dual details for reagents, reaction conditions, and | ogistics
suitable for preparation of the hydrocarbon core polysul fide silanes of
the present invention depend on which of the four preparation categories
descri bed abofpethe Gilang alkpxy graupeplatha tdesinsi ﬁhairmbdudth@csri dxpinply, dfipn ieshoxy

i ntroduced via, t he tan, which inyol ve deprotonation of a

mer capt o- f uncl aﬁﬁé’lrg%lclt éggeﬂqunﬁnﬁﬁvoé’@/&ﬁfﬁrab]é(s Pr%tPBatééh%ﬁ@ft&%meyca@%e in

the al cohol ﬁﬁlﬁﬁ&%?gﬂéﬂ%gwﬁﬁet%gﬁolﬁes%ﬁf etﬁbJuﬁQe { a%lléll I%racﬂézﬁl tal %ﬁ?x denal

product. Near rous prefera stri c ydrous and

condi tions neﬁdﬂd be laadeuismlthé hﬂi@t&gﬂwﬁinctlbml RilaRedsis phbfehadlgto ﬁhﬁtl/aliyap‘a@ &erong
enough to deprotonate the mercaptan can be used, it is Eref erable to use an
alkali metal araﬁlr%@mltfesolwmleofpﬁhéfaélfaélbm?tah @léfp@ﬁﬁawwhlché e mcra@itqum@onal

o Kort de 00" S8R0 PRud®, HEOUaTTANTRY G RF kit LRy ALRR T

product is degiep@dd b'gnalfé@tw dedRtifg & ah{amed@cnﬁﬁhoaﬁﬁ uhbewﬁﬁaeﬁé |aShBE" f‘cﬁlpt o-
functional silane with ethanolic sodi um et hoxi de. t hough the al kal'i netal

al koxi de coutxample sddist mﬁtalhém}mnimdlmdef wiet i @nbdy &bdokiring the allsli metal
preferableto iall nalcohol c, solution of the alkal] rretal
P Kot do. t o alkpfe hele.BE83: oaR ABruRe Merkdd FRutd uRBhenbe ddafon

al cohol i cygsol I r

directly lriacﬁ%eg%gﬁéﬂ%?gobﬁheﬁggg}p ﬁf&ﬁ%@ﬁﬁe ﬁagbﬁgﬁnalag{)ﬁml% & CHy tOxarrpl e
sodi um et al , alsadhliomsbhiutiondef €tec . meroaptbdfurditionadl silmge. t helnal dithkt msb,al the

al koxide in the al cohol . An alternative nmethod would involve the addition
of the 10 af ofPheinnitimeel hsdmererpigripariional slaE dsmcamplete upen §%P1?Fﬁ BHKBE de

directly to ag aheofahi ¢ BOhUhORI]: NG IELERRL R (U GLLQRRL S L ANGy "

ei t her case, eproto ner ca func ane RS

conpl et e uponfugetigragt silafé XongingWitieh déd‘\&dbﬁ&w&hﬁﬁlemtﬁle. SUAftbtr hegtifpoWnadded
to the deprotonated nmercapto- functional silane formng the desire

reacti ve Rucl €6pRE |the nrikiuse thasedlergteahe dls§ols,ltlpn (HroRess 138 myoht as possible, the

accel erate t hs%bgt'r golls %en Rad¥a%6 SRR so?utlon ahd’the HREC {olrjl v&e/C)rkeH up accordingly to

remove precipitated salts and solvents.
Category II preparations wherein the silyl group is introduced via the’
mercaptan, involve a non-anionic base such as an amine to direct the deprotonation
20 of a mercapto-functional silane or a deprotonation coupled with a sulfur anion
displacement reaction. These preparations may be done in any of the solvents as
described above. It is preferred that the preparations be done under nearly
anhydrous conditions, most preferably under strictly anhydrous conditions. Neat
systems, where no solvents are used or systems using an excess of the amine base as
25  the solvent are also viable. Preferably, the solvents are chosen which minimize the
solubility of the protonated amine salts co-produced in the process. Thus, ethers
such as glyme and tetrahydrofuran would be preferred. Alcohols may also be used,
but an additional step may be needed to precipitate residual amine salts remaining in

the product by using a less polar co-solvent, such as the aforementioned ethers or
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substrate is then added to this solution and the reacti on worked up
accordingly to renove precipitated salts and solvents. Category I

pr epar at ivoms2/ases ei n the silyl group is introduced via theCT/USOm280Zpt an,

i nvol ve a non-ani oni c base such as an amne to direct the deprotonation 20
of a mercapto-functional silane or a deprotonation coupled with a sulfur
ani on di spl acenent reaction. These preparations nmay be done in any of the
sol vents as phehapsi iwdgengboVvieis k¢coimsngnded ahatetihe t dwhstrath ebep nédedr aliy oafserbthedone

under nearly _anhydrous conditions, nost preferably under strictly
anhydr ous conﬂ???’g}ﬁg .Sﬁﬁléra as fud 13 chanciptor SUbsingRlY, dpict Witk Qrsdldleset s5ashens

using an excesidridddSvial RExRASsf SR BEAL s i.abl -
Preferably, th 1sorfventls ar eXc oseﬁﬁvﬁl gﬁnﬁl ni rrll\’/)iz%‘gl Stﬂ%g@ag((h)ﬁ%btﬁslg{t }%&5 {the
protonat ed anisngrefeablils foo-the adbstet it beh@ldpd dastsst. a ThtesSin @hivdr the Fodahings
gl yme and tetrahydrofuran would be preferred. Al cohols may al so be used,

but an addit i GWHierRiGEEaRHN Fecoibioded tALabt ccPpVdered foray phthe clemenial sdfurs

A ad s ) _ h

ot or ementi oneld 10 Reied Wb sl e8e RnE RmRiicfies S A6 AR S 4 L 0K

't is recomedig@tutidieprobés a8 Wakhr BtgdséiBleaddd railtin ﬂﬁﬁi@r%hfaMs tREFERRL
or a

sul fur has had a chance to substantially react wt | east reach

equi | i bri um v} KgeBirifpgatione fdfraticve andf@agecenfatioet i Amil residizing sahwgnt hedase.
Thus, it is preferable for the supstrate to be added |ast at a.rate.in
Whi oh the T esTITTnGA® d5dFbARREVSERY: ABreYABORBNE RIPFsE. Aghi%, CftRer ed

formof tige eﬂtﬁﬁ@ﬁé?kmﬂ-&l é%boraﬁ@n,pﬁrﬁif e &, WAL gﬁltll'ler fajltrs'.gVIﬂEh Qlefy 8488d in

tenperatures of the mxture to accelerate the ~ dissolution process as muc
as possi bl e. sahytionepuidtt ionthei emaparatiheasemowl ofi solvermndéar exngsceaserantiughichon,
filtration, and/or decantation. Any remai ning solvent and/or excess base
is then renovESEres é@P&R&%ﬁE‘m@ SERRatiG pIRCEsS agf den remeyedrby 4 gecond

SLTTDPING. ¥ Ol BYARD kRS, oR0; Gnlaish, Any amine salts which vere
SO n prior to'the

carried in uti evaporative renoval of solvent and/or

excess base and whi ChegstybHe qireprirtions epheraine thedsilyl ngrotip eis Emapducalii wig the
process are then renoved by a second centrifugation, filtration, and/or

decant at ilon. uRstEfer yhich inppleg theadepetienaliea ofiannerseptan 1sing gn euignicsbase, are
| ntroduced vi &e{‘erxlfoly done in an alcohol corresponding to the desired silane alkoxy group in
the final product. Strictly anhydrous conditions are not necessary. Water may be

present in small to modest amounts, up to about 10 wt. %, preferably no more than 5

wt. %, prior to the addition of the silicon-containing substrate.‘ However, it is

20  preferred that any water present be removed from the system prior to the addition of

the silicon-containing substrate. Although any base strong enough to deprotonate

the mercaptan may be used, an alkali metal alkoxide is preferred, more preferably

the sodium alkoxide. In some cases, alkali metal hydroxides may also be tsed as

the base. If an alkoxide is used, it should correspond to the silane alkoxy group. of

25  the desired final product. For example, if an ethoxy silane product is desired, one

would preferably deprotonate the starting mercaptan with ethanolic sodium ethoxide.

Although the alkali metal alkoxide or hydroxide may be added to the mercaptan, it

is preferable to initially prepare an alcoholic solution thereof, to which the

mercaptan is then added. The alcoholic solution of the alkali metal alkoxide may be
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15 substrate, which involve the deprotonation of a nercaptan using an

ani oni c base, are preferably done in an al cohol corresponding to the
desired svoameosad koxy group in the final product. StrictpP@T/astysnus
conditions are not necessary. Water nay be present in small to nodest
anounts, up to about 10 wt. % preferably no nore than 5 wt. 9% prior to
the addition of the silicon-containing substrate. However, it is 20
preferred thaprepargdvieyt diregieseactinpe swtablee sodinmnednlyusy swithntix iawohd) fohe
addition of the |I|gon contal ni ngh% strate. AIthou h any base stron
enough to dep‘? GitSediuph anetady Sqdiv DeCltrs e, &rfhéﬂoiéﬁng thep tatifalia i de

is preferred,, dlﬁ@}[l&e Rh&hET 1. tzgl? rﬁz?[ﬂ’e %‘lalséfe?:{)h&fc s&lﬁtl @RS Alels cfﬁl '

nmet al hydroxi des nay al so be use an a OXI € 15 use

shoul d corr es]mhldxﬁle rhdi;e bei pmpﬂealﬂgoxﬁn;gy Qligsolvalg 26 hip@rodt@Ri e thd arahol.
product. For exanp i f an ethoxy silane product is desired, one would

pref er abl y eﬁF“éﬁp@ha@@ht)ﬁewﬁ’P@r tlnmjvefreth@a difiom ofh the h@ﬁemm@tlgmﬂ ugpdium

et hoxi de. t Kk a r ma ded to
t he nercapt an‘&ﬂﬂ#}(ijlgd dilﬁ#efﬁlggall ngé%}hﬁnnélkgéflg rsg%lé ’ldgo%ﬁefci%é( oftit i on
thereof, to vmb@fmfchaﬂutﬁmf ©RPtha mbkapthen %@Ci'ﬁ‘ﬂler e adheo rbtensnl bk ofe Of

t he al kal i nmetal al koxide may be 32 WD 02/ 20534 PCT/ US01/28079 pr epar ed

by directly r@a@ﬂptag is complesbpors odunphtecmpngu vdthaitehbaste Bivedened elefmental
exanpl e sodi u drj.de ol vi n t he al kal i
et al kot DA if o s A forimfre dienii ar e IPISRBIR ofite kel RERE P ¢ he
al kal i I r g i de
" The o Sanay RN LOTRte e DA hoae &Zakﬁlgﬂﬂgﬁﬁﬂﬁ%% 8 O DU

af or ement i oneldss odinyrwateropresann dy tecystem shetikl be smdivedaakido poige acamrdmgdo um
hydroxi de directly to an . alcoholic sglution of the mercaptan. In_ either

case, the depfrghmeihodsdp theart. ndibe SHcoR- q0§taé18%|s§1?5éta£?pt§nth§%r?6fl‘é¥ éo ik ng
with the base lf)ﬁ)\i\fgﬁr%fétr%dlﬁ e%'urrtﬁé”amfrat' 2 J%BWBEQP?QJ% 291 &Fﬁ ﬁ!& red

reactive nucl eop rn Fing about conplée

di ssol uti on Oﬁesﬂﬁmgeéﬂﬁh@nﬁﬂefﬁaadlolﬁm th[e Iﬁaalofne\dmhﬁm& Slsoragalheaﬁorkédl}’up\/at er
present in the system should be renoved at this point according to known
met hods il t mecardinglyhe silicon-containing substrate is then added to this

zg:# J; |O|0nt hgr efer abetegory I&tf)r%f)allrggonasn\dﬂhg}ema e O”tﬁyP Igmeu% r1satlr%ros ucecf V1a the

substrate, involve the direct deprotonation of a mercaptan or a deprotonation
coupled with a sulfur anion displacement reaction, in either case, using a
non-anionic base such as an amine. A variety of solvents may be used as described
20  above. Strictly anhydrous conditions are not necessary. Water may be present in
small to modest amounts, up to about 10 wt.% , preferably no more than 5 wt. %,
prior to the addition of the silicon-containing substrate. However, any water present
must be removed from the system prior to the addition of the silicon-containing
substrate. Neat systems, where no solvents are used or systems using an excess of
25  the amine base as the solvent are also viable. Preferred are solvents which minimize
the solubility of the protonated amine salts co-produced in the process such as
ethers, e.g., glyme, and tetrahydrofuran. Alcohols may also be used, but an
additional step may be needed to precipitate residual amine salts remaining in the

product by using a less polar co-solvent such as the aforementioned ethers or
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resulting exothermc reaction. The reaction m xture is again worked up 15
accordingly. Category |V preparations wherein the silyl group is introduced
via the wabztesate, involve the direct deprotonation of arPaPUS@MSATY Oor a
deprotonation coupled with a sulfur anion displacenent reaction, in either
case, using a non-anionic base such as an amne. A variety of solvents may
be used as described 20 above. Strictly anhydrous conditions are not
necessary. Witoduenemylt he ppafersedhthat ithe su’astrhtetb]: adidd sintyaafienths, elerperital adfgt 10

w. %, preferab no_nore than 5 : prior to the addition of the
si | i con- cont af#i §Lﬂ§'§?ﬁ‘ea¥°e51ﬁ1%\é@f rea&hy‘“ﬂhf’%@t Aeask gspch qeydibriven ifpged
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Neat systens, ere no so nts are use excess

the am ne basgeasliddneconeliviaptsubdttalsn VA dokdercBr Ri@r sfetheaslem&RhlV aitivy hi ch
mnimze the solubility of the protonated am ne salts co-produced in the
process such Bsfereadnayifi centinuoug| grsingantl alestaredn yeimpsiaiiens. (o) asoblotae nthy

|so b d, di t ded t t at dual
S sl e el pRe ok MEh 8 rEREY 5 BEET Plrst BIT SRS solfRecucn
as the af or enppidved afl s E@iﬁﬁ a®bordifs 0/ Aiddds RCH:SP 14@1%@%%11115 Béééef%‘ It

is preferred that the substrate be added only after the elenental sul
has had a chandeiling peoipstbalowi abdur IT00CT the tatesr reatovhle psicessemai Equbnhel um
with a mxture. of mer ca functional silane apd the basevﬂ'éhus it is

. {
pref erabl e t o™ B ﬂﬁeﬁgbys P??eégﬁ%ﬁ%d{ WHATGVS s t Gt BUFPTONRIBE RIEFEY® 181 m
of the elgenig) a&aédf 8 thb %ﬁgﬁ{ge{?ﬁhf g%ftﬂif&ﬂab fth SHGHS eﬁfd' tha &ﬂm%he&gfaé ated

tenperatures to accelerate t i SSO rocess as possi
Any wat er presend to conthd thy stertighexdtheridc remnedrlad réabusn foimoikedicapradi ng
to known nethods in the art. If the am ne base has a boiling point bel ow
about 100C, t PreVigae ¥ descaihsdal process may renove the anine, thereby

necessitating its rﬁﬁgﬂﬁ{%?? Dheful B3| }le' ﬁ%{l}ogﬁﬂ{)rﬁlc%%@%rol ngfﬁtdé gstlﬁp’:ss ot Ot NEN

added to the resulting solution, pre era g an
control | ed rapr@sens Oindénticd G&WMideokulfilie vﬁESMlzziblélgruEKéﬂs hesvie doBighie@Ndiché e

reaction IISS V\I?cgnl;gp%l;rgers and Fc):(r)g(;llglr(r)lgrssl )e{nc? c(:aosp(i)rblrntl)éar(s:I of at least one conjugated diene and
aromatic vinyl compound.

One example of a suitable polymer for use herein is solution-prepared
styrene-butadiene rubber (SSBR). This solution-prepared SSBR preferably has a
bound styrene content in a range of about 5 to about 50%, more preferably about 9

20 to 36%. Other useful polymers include styrene-butadiene rubber (SBR), natural
rubber (NR), ethylene-propylene copolymers and terpolymers (EP, EPDM),
acrylonitrile-butadiene rubber (NBR), polybutadiene (BR), and so forth. The rubber
composition is preferably comprised of at least one diene-based elastomer, or
rubber. Suitable conjugated dienes are isoprene and 1,3-butadiéne and suitable

25  vinyl aromatic compounds are styrene and alpha methyl styrene. Polybutadiene may
be characterized as existing primarily, typically about 90 wt.%, in the cis-1,4-
butadiene form.

Preferably, the rubber is a sulfur curable rubber. Such diene based

elastomer, or rubber, may be selected, for example, from at least one of cis-
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El astomers useful with the hydrocarbon core polysulfide silanes of the
present invention include sul fur vul cani zabl e rubbers havi ng conj ugat ed

di ene 1woonwped yners and copol ynmers, and copol yners of BECTAUS@LA80TNE

conj ugated diene and aromatic vinyl conpound. One exanple of a suitable
pol ymer for use herein is solution-prepared styrene-butadi ene rubber
(SSBR). This solution-prepared SSBR preferably has a bound styrene content
in a range of 14tnlyiseprene apborr Sougra /qpr eywshetis, y preifieyalply 9 naoraly 3684ral

O her usef ul mers jnclude styrene-butadjene ruypber. (SBR),. natur

Fubber (NR). BRI e hRvsiE P SRR AT e 8o, e e et <opastetrmper.
acrylonitril eofpghiedi egfutidtPbepolyhBRyatidiP! ¥ Bidpartidene st Rk muditkns O fﬁﬂ)‘)@f The
rubber conposition is preferably conprised of at |east one di ene-based

el ast oner, or3.4rpobyieopreiBui whbére topjengduedicte e masbenr estyrengisepreneibdtadiene

1, 3- but adiene, and suitap] e 25 vinyl aromatic compounds, are styrene and
al pha met iyl SIRALYRE: rﬁg{’?bu‘flﬁdi‘gﬁ@y diene, ” apediiaR; Wiyl ol diadisnsy irppper

primarily, tygheal Uors N LS d:4s i

Preferably, tﬁg@u%ybtef%& ggg)u%ia’ 11) ?&%he%Pgﬁ?ﬂ%@g%dlé?ugﬁ%%ﬁ gaﬁ]‘)gﬁtbé(gg%nabout

el ast omer, or75%blbémyl), mayroee/sepreat ecopolyanerex asmhlsionf polmakrizhe@st prepereaf
cis- 34 WD 02/20534 PCT/ USQOL/ 28079 1, 4-polyi sogrene rubber (natural and/or
synt hetic, pr¥yepgbriadieaeaemionitridet (empplymaib babbere nghdi datadisnpiasrylonitrilon

prepared styr i.ene copol yner rubber, organic solution
pol yneri zat i oﬁdbg)i}g%%%ghggt yrene/ but adi ene rubber, 3, 4-polyi soprene rubber,

i sopr ene/fput adi ene Febbegomest Yoppledtionopr efe/ huhadbsne polyhRERAlOHTEr ddriiRher
cis- 1, 4-pol ybutadi ene, medi um vinyl pol ybutadi ene rubber (about 35 to
about 50% vi nstyiene/putgdiope ditSEIOI hayuigaal rdatévetiubtnyentierab styrge dooteabofiabol®s %

i) oLy AL SRRLCNS, SRR XRELR: (e 21O BOLNTS LERLAOR, RESREL e
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rel atively copolgmeripatmn spyepared cotyrartbuddiatedactylonitrile terpolymer rubbers

15  containing about 2 to about 40 wt.% bound acrylonitrile in the terpolymer are also
contemplated as diene based rubbers for use in this invention.

A particulate filler may also be added to the crosslinkable elastomer
compositions of the present invention including siliceous fillers, carbon black, and
the like. The filler materials useful herein include, but are not limited to, carbon

20  black, metal oxides such as silica (pyrogenic and precipitated), titanium dioxide,
aluminosilicate and alumina, clays and talc, and so forth. Particulate, precipitated
silica may also be used for such purpose, particularly when the silica is used in
conjunction with a silane. In some cases, a combination of silica and carbon black
is utilized for reinforcing fillers for various rubber products, including treads for

25 tires. Alumina can be used either alone or in combination with silica. The term,
alumina, is defined herein as aluminum oxide, or Al,0;. The alumina fillers may be
hydrated or in anhydrous form.

The hydrocarbon core polysulfide silanes may be premixed or pre-reacted

with the filler particles, or added to the rubber mix during the rubber and filler
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20 to about 28% bound styrene, or an E-SBR having a nediumto relatively

hi gh bound styrene content of about 30 to about 45 % nay be used. Emul sion
pol yrer i a0 bozsps epar ed styrene/ but adi ene/ acrylonitril e trepokywasno7or ubber s
15 contai ning about 2 to about 40 wt. % bound acrylonitrile in the
terpolynmer are also contenplated as di ene based rubbers for use in this
invention. A particulate filler may also be added to the crosslinkable

el ast oner  coP§eessiigo s n@ifilnlgkﬁéagﬁﬁ edbthe hyevesarbasncare (th/dlllfﬁlge silanes ewdfiller

fill , b b . The f.il.l ful. h
el ude, but SPeriB sepRRtby f dne afhss o ahying e Tabter s HOE' Biwead:”
silica (pyr Ogﬁi'ibbé‘ssﬁigdst@g@cﬂt RS tc@hﬁ@éred tthétaﬂﬁb%d%&mﬁecorea%dlﬁu'?@&é kil Eﬁ and

alum na, clays and talc, and so forth. Particul ate reci ted silica
may al so be uden cbumlmuhaxpumsmséashpar Wnthuharfilgerv\h"é]ne phlysdlfifie cilanes ofsthd i n
conjunctign with a.sil ane. sone cas nation of silica and

carbon bl ack Pieserdpyenyiay mfaéfr ercéfrﬁﬁfdo‘?lbﬁ’%rqai:q“flﬁfréu?rﬁ PUGHAS; GERory Rlpder
products, includi ngThé @adfahiOfuldmidell BBberdh “o@fﬁoﬁé}ﬁvi}% f%ﬁﬁelgg? dafiin adiene
or in combination W|t silica. The term alumna, Is de ereln as

al um num oxi dpolyaﬂﬁdﬂﬂ%hes &N thegdresenn invbntidrepieferatly kentahy# nEtie@noamount of
anhydrous form The drocarbon core_ pol ysul fide silanes nmay be prem xed or

pre-reacted fillermtq ¥bilq Refeapanablyc high medulig g hight ﬁ@lsftftlb‘ﬁeﬁo FAaK- dJﬂlieng
the rubber and.{LiLet, .38 NO02L20534, RCTLUSIILPU0TG <HEOGESELG.oF o

stages. If the rocardon core pol ys e sl

separatelpo t Ohﬁﬂd@ed HivBer (phik)X relste ip€fetabBy fruﬂata@bmazydtofabbh@gs phXi ng, or
processing stage, it is considered that the hydrocarbon core polysulfide
silane(s) then conBterﬁ@ablm ahlqaa?t@etnretflaﬁatmbﬁﬂm fishutiliwedfas| 4 GHer. THge silica
polysul fide sila es of aaﬁ) Esent Igl\ﬁ n HE?/be carried on |l g
reactivity fiffé § %11?5% egéze Yo8H 1% &c TsrllléaFeéé‘ % SAtMATHE n‘fsi%ﬁ:ln%tfﬂﬁ?@r
conposi tion hayi gﬂaf&ﬁaslyhmﬁ@%f 2B QP #6120 B Ab¥S 400! rﬁeg,%ﬂd%sf‘e ﬁfefetrm%% gsent

i nvention prefe ontain a sufficient anmount I'1Ter to exhibit a

reasonabl y h| lgllnge:mﬂ aﬂbcuﬂ: 58rtd ahowgtB00esl/st ﬁhedBEibnteﬂmd of‘ﬂmsumngrmrfz&d anen ght

of the fi be. a IJow a? b Q0 parts per 10 hundred
OH] Y 9 1S 1ple D R C gl ), )

rubber ( ]éedp}rb?
(1930). The silica typically may also be characterized by having a dibutylphthalate

Wh,lme 60, page 304

(DBP) absorption value in a range of about 100 to about 350, and more preferably
from about 150 to about 300. Furthermore, the silica, as well as the aforesaid
alumina and aluminosilicate, may be expected to have a CTAB surface area in a
20 range of about 100 to about 220. The CTAB surface area is the external surface
area as evaluated by cetyl trimethylammonium bromide with a pH of 9. The method

is described in ASTM D 3849.
Mercury porosity surface area is the specific surface area determined by
mercury porosimetry. Using this method, mercury is penetrated into the pores of
25  the sample after a thermal treatment to remove volatiles. Set up conditions may be
suitably described as using a 100 mg sample; removing volatiles during 2 hours at
105°C and ambient atmospheric pressure; ambient to 2000 bars pressure measuring
range. Such evaluation may be performed according to the method described in

Winslow, Shapiro in ASTM bulletin, p.39 (1959) or according to DIN 66133. For
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Preferably, at |east one precipitated silica is utilized as a filler. The
silica may be characterized by having a BET surface area, as neasured

usi ng ni twogrms3gas, preferably in the range of about 40 poT/@bouaso®00 n/ g,
and nore preferably in a range of about 50 to about 300 nR/g. The BET

met hod of measuring surface area is 15 described in the Journal of the
Anerican Chem cal Society, Volune 60, page 304 (1930). The silica

typi cal | y naysuwehsan kvalvhtomcheCARED-ERBAa\Hongsimetdi (R00Q | miight abeatused. ( DERY
absorption value in a range of about 100 to about 350, and nore preferably
fr om about 15@6?36m§b%"19fag§d§?mﬁ}’r PWQ?I%?I?Flf’cCh%HéFT prea, fop dhqygifica Fsatays 100

aforesaid alum bym nosi:li 10X -hav -CTA
Surt ace area WhiERGR0 BT ROSbEARGy (B AREIRHHEHRE dod SRy Subifd W
i s the externahmsnsilRar accoriing® suchl medcer) porosiet yValtiationeis iphsdered ihemin

bromde wth a pH of 9. The nethod is described in ASTM D 3849. Mercury
porosity Surf@cke sichahptsaboyb S&perisss ef itsppersdiase aLlivmeter of frsel thap abhest dQry

por osi netry. i j od, ..mercury s rated in t h o] of 25
the sanple af et Qg()]{thl%_eo?%g?b%r g%ftgg)ﬂfe%t%a"? earrgllé;e}l%@eﬁotafﬁ%f)%tswé%ta%a‘% i@i&ﬁi ons
may be suit abinoutlee cs e ofsts YokddOhave H0PafiBtes dFRb&It T0DRVAURE: YOORhin, &8d
during 2 hours at 105C and anbi ent at nospheric pressure; anbient to 2000

bars pressur eahpgh8ue 2A% of ishperes Bt diembignof greatenyhapsbper 180me0. accor di ng
to the nmethod descriped.in Wnslow, Shapiro in ASTM bulletin 39. (1959)
or according to D erg%ilé]ﬁ‘i‘ TR hév§6aweﬁa§%25%§ﬁte#@ﬁ‘%6ﬁ2g‘?f?@(agﬁ’l?l lgn&’e
eval uati ofy rankAGE Bb&GIRBAY BO5PaMR! &lterdliitd B} Qﬂtelegﬁoﬂﬁgxos&tcb%, aRAG{eh' hed
average nercury porosity specific surface area for the silica is about 100
to about 300 siliday.paticdes tradyl ebepeven simdledi st rpdssiblyorarfger, tilesizd.| i A&rious

alumna and alumnosjlicate according to such nercury porosity eval uation
i s consi der edcqy@pgqc;ﬁ]g pvilghlestibisas MaY benseRsidsagdy fon gas Iy sthist WveRlils IREve a

di aneter of | - JRGM 0 t 9 - 0 -
di amet er of a%%ﬁutptléllg%t %ﬁ“abto%}lg) ’ %38@%%“81{) at%ﬁ) I%St?lg{(?gzz%s ﬁli éﬁ)g%l}sg?éﬁlg\’/e a
di ameter of appoOSIIO0] te3MVEPEY KRG, TR, FChanBRQUNe® Jefsed OdmOhgst beheROr €S

have a di aneter of greater than about 1000 nm he silica may have an
average ul%i mate phr compasitsimsefpr fedricte daivplesiratile to hgilize siliceous fillers such as

silica, alumina and/or aluminosilicates in combination with carbon black reinforcing

pigments, the compositions may comprise a filler mix of about 15 to about 98 wt. %

siliceous filler, and about 2 to about 85 wt.% carbon black, wherein the carbon

black has a CTAB value in a range of about 80 to about 150. The weight ratio may

20 range from about 3:1 to about 30:1 for siliceous fillers to carbon black. More

typically, it is desirable to use a weight ratio of siliceous fillers to carbon black of at

least about 3:1, and preferably at least about 10:1. Alternatively, the filler can be

comprised of about 60 to about 95 wt. % silica, alurrﬁna and/or aluminosilicate and,

correspondingly, about 40 to about 5 wt.% carbon black. The siliceous filler and

25  carbon black may be pre-blended or blended together during manufacture of the

vulcanized rubber. Alternately, a portion of the carboh black may be a grade
having an extremely high surface area up to about 800m*/g.

In preparing the rubber compositions of the present invention, one or more

of the hydrocarbon core polysulfide silanes of the present invention are mixed with
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10 range of about 10 to 50 nm as determ ned by an el ectron m croscope,

al though the silica particles may be even snaller, or possibly larger, in
si ze. Vawouz20sepomrerci ally avail able silicas may be conspPdeUsd/f80T9 use in
this invention, for exanple, H-SILTM 210, 243, etc. from PPG Industries
of Pittsburgh, Pennsylvania; ZECSILTM 1165MP from Rhodia, |Inc. of
Cranbury, New Jersey, anongst others. 15 In conpositions for which it is
desirabl e to theidrgadc polyneedesort) Hidng osufter &@ compouading adfuhe Aleariokoothe
alum nosilicates .in conbination w th carhon _black reinforcin pi gnent s,
the conposi tl‘Hﬁémﬁ’eW egshor Ide Peeferiapledp W)@téﬁashﬁ@ﬁftl%oﬁ Blealb’ rcagwngore gy

I fil 5 h
carbon bl ack TRy befond Br ARANE oB2cdthoodtER ol fhe JE oo e Feft "

wei ght ratio paymef beenge ﬁ’hésv‘rs@lhwtfacﬁ;téiet @dabﬁptbv@%eldfspérsﬁ)w d)iCﬂféUﬁller
fillers to carbon black. More typically, it is desirable to use a weight

ratio of $Sil FEI&)@@alf pmpeRtsof Bydraedsben lspegc Rolysulfide silangsprespiuin e 1reswltidg

preferably at ast. abqut I iLve e filler rised
of about 60 t% %d%emonQ \'I%Ildlgg/oa?f’ll'lAt @25' @WL?S &’hﬁ/ B apfﬁ#ﬁ%@@l P%aﬁgp
correspondi n%Mersaﬁﬁy'tbe‘lgsédouﬁgﬁéﬁtltés %ngno{g GRS BB 8CH- atldue 1@0|ﬁh‘fe%{§re
filler and 25 carbon” bl ack be pre-blended or blended together during
manuf act ur e qirefeh:é)ly\flwlrrcaﬁlttz&@lphnbber Al ternately, a portl on of the carbon

bl ack may be a grad an extrepel .gh surf rea up to ahqu
800n2/g. In prepari gn? gm%eFOIEPﬁ?ﬁH’% %ﬁp@;}gg € 1 r%a fore nP%W?‘i‘g‘ﬂe one

or more f thenhydracarhen sidh t

i nvention are mnx}e()d V\f?F‘I W@Q&%@g{&%ﬁ% éJ 28%%%1?1’2 p%?tgzcﬁlr% lg%tymer
before, duri ngeoulfaf tvelcahizgble ouptey radal egpaifmefseoffat lléast onetenjiigueed diegaand
polymer. It is preferable to add _at |east a portion of the h¥drocar bon core

pol ysul fi de STPRAES VT SPEPEYNC ADPRGS 1 d 08 dipoRieiral]y gbouhn fq BPhriohtas t he
|
s bl BSGPASRLVIRE BLASHRR Y o LIRS 5

pol ysul fi de sithanes pheseattledsh ohdBydresitbd e gﬁmlﬁaatsﬂm shoul d be about
0.05 to about 25 phr; nore preferably 1 to 1 Fillers may be used in

quantiti d$ rangi ng Theo fillgh euetediblyo cgmpmes 1‘@anp41h0ut note abpited® rvetbfoy cdrbom 25
to 80 phr. black based on the total weight of the filler, and about 0.1 to about 20 wt.% of at

least one hydrocarbon core polysulfide silane based on the total weight of the filler.
In another embodiment, a rubber composition of the present invention may
be prepared by blending rubber, filler and hydrocarbon core polysulfide silane in a
20  thermomechanical mixing step to a temperature of about 140 °C to about 190-200°C
for about 2 to 20 minutes, preferably about 4 to 15 minutes. Additional
thermomechanical mixing steps may be performed with intermittent cooling of the
rubber which may be accomplished by removing the rubber from the mixer. The
filler may be pretreated with all or a portion of the hydrocarbon core polysulfide
25  silane prior to a first thermomechanical mixing stage. Optionally, a curing agent is
then added in a separate thermomechanical mixing step at a temperature of about
50°C for about 1 to about 30 minutes. The temperature is then raised to about
130°C, up to about 200°C, and curing is accomplished in about 5 to about 60

minutes. Thus, a tire assembly with tread may be prepared accordingly and cured
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A novel rubber conposition utilizing the hydrocarbon core polysulfide 10
silane of the present invention may therefore conprise about 100 parts of
at | east wonz2wse4 f ur vul cani zabl e rubber and copol yners oPCBUSOIEE819 one
conjugated diene and aromatic vinyl conpound, about 5 to 100 phr,
preferably about 25 to 80 phr of at |east one particulate filler, up to
about 5 phr of a curing agent, and about 0.05 to about 25 phr of at |east
one hydr ocar b&h Velsa@z?fgmp@hwti HRO°Gtp a2H9°C Optiphel fnigkddégnty mayebeabdldedc tonfhiel ses

f bout 1 5.w. %.carbon, .bl ack based. on the total .wei of
t Lgrr} ?I Iogr , ang)bgﬁgﬁnpgs.lﬁo?sooﬁa/ euPre%lt\/}P‘.’eng/%ogfmaflgmge%’tngo?\?@nﬁydleo’lc g‘%’ﬁ'n
core polysul fécgﬁ%&inklél,n%chﬁﬁﬁgj abivade, t&hlersVBhdREcrafohe probdsing Adni@nQt her

enbodi ment, a ber conposition of the present invention may e prepared
by bl endi ng rsisheas ofls,| plasticirats.hiadkifyiag resing,osilicgo| otbarl fillels, pigraems,i fatty 20
t her nonechani cal m xing step to a terrBe.r ature of about 140 C tao about

190- 200C for BSut 2% P39 niTREESs , A0FPEHaNS HAYd o ARiAZORAN(S, PSPHAIAt @gents,
Addi tional thetdRaRe haRl i Xj JRer i L h
intermittent cooling o trﬁagé’ 't db%%rgc’%o?‘g ’ %t gmgkgctos{r}r%wgﬁﬁbdésb@rersgkng@eidng
t he rubber f roased hpomihecintendbusef drd @r thasylfipevylcaiizabhit @atevinl felaatdd fF use,
portion of the hydrocarbon core polysul fide 25 silane prior to a first

t her nomechani 8 Stabk seigctionaisewiths: thgsnowledes ofpne gkidlgdrin the art,nasnaredthed i n
a separate th j L1XI e step at a tenperature of about 50C for
about 1 to ab%rﬂgﬂg‘ggg’nggiﬁt?%g.smméeﬂ?[é 3

nperature is then raised to about 130C
up to abol 200C, Tn€ exdmbly presenl@o BEIbWS Bedonstrad eighifah© adiRtHee®Of the
m nutes. Thus, a tire assenbly with tread may be prepared accordingly and
cured 38 WO SlngpdewribaTheisin ragvegodhosgudiqrinr zatl ceupliab agents 30 Gilice-filled
200C. Opt i onal %ﬁ%;edients may be added to the rubber conpositions of the
pr esent i nventd ‘including curing agents, i.e., sulfur conpounds,
including activators, retarders and acaghgpfd prs, processing additives
such as oils, plasticizers, tackifying resins, silicas, other fillers,
pi gnent s, fatPseparaiondsof zi isd , 3. hedx@striethoky ihil-d eprosy ] e th nixant S,
pepti zin gents, .reipnforcing materials, i.e., carbon black, and the |iKke.
Such addi vé§13¥§E§§¥£@P@HI)based upon the intended use and on the sul fur

vul cani zabl e ARtBphRASEhLEH]Y FRich E3fisisted of a two-neck 5-liter flask, of which one

neck was fitted to a condenser and the other neck was fitted to a dropping funnel

v

N

which had a vapor bypass tube for pressure equalization. The dropping funnel was
capable of delivering a variable and controllable flow of liquid. The top of the
20  condenser was fitted to a nitrogen bubbler. Heat was supplied to the flask using an
electric heating mantle regulated by a variable voltage controller. The voltage
controller was coupled to an electronic temperature regulator ‘responsive to the
height of mercury in a mercury thermometer. The thermometer was inserted
directly into the contents of the 5-liter flask. Stirring was accomplished using a
25  Teflon-coated stir bar. The system was maintained under an atmosphere of nitrogen
using a nitrogen bubbler. Solids were removed from the reég:tion products, prior to
the removal of solvent, by gravity filtration through a sintered glass frit in a vessel
equipped to maintain its contents under inert atmosphere. Solvent was removed

from the product by distillation at reduced pressure using a rotary evaporator.
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and such selection is wthin the know edge of one skilled in the art, as
are the required anmobunts of such additives. 10 The exanpl es presented

bel ow demvomsr2@se significant advantages of the sil anes BepTslRSA79her ei n
relative to those of prior art coupling agents in silica-filled rubber.
Exanple 1 Preparation of a tetrakis-1 3 4

5-(3-triet hox&g}igl yl-1- prop¥l tetrathio @Pent ane 15 conposition (Silane 1)
An appar at us lleregmeipntsviei splidsowbich tfennesk duringvdiersoblentrdmaval werasdmoeid
whi ch one I]vaglondenser and the other neck was fitted to

a dropping fuﬁrﬁg}mﬁe\%?‘i%?ﬁﬁge%? IBBr bypass tube for pressure equalization.

The dr opprng f unnelryyasntiré Appblagsohad iceer kD K8V AHdG0LE RGO ol h3bl e
flowof liquid. The top o t e 20 condenser was |tted to a nitrogen

bubbl er. Heat nifkogen Uﬂm@h'gkdutthe fdllwihgpkocadineg Anhydrbesc sadiem hatadxideg(92e04,| e
regul at ed ar i It ntroller.. The yolta controll er was
cogpl ed toé) ?é)’% 1[%5 é‘?fffgf’%? t eVt giﬂhétfoé‘r(‘ll?’é%p%ﬂégrﬁr)emta@hﬂf@us RERBMK  of
nMercury in a t @F t t

o e Cont A Sdtion bR FRE SvertARp!ELPPAIRRS Mt G568 £38 IR

25 Tef | on- coasubdeqteitly brlded Wueh stysingm Waen,npowderéd @itmenche rsulir @fﬂms&b&ffe of
nitrogen usi nq a_nit ro%en bubbl er. Solids were renmoved fromthe reaction

products, pri 8o Wapeddetnile, é’fl%éﬂoi@htto thy fgplawithy cantiopedistiving hildggh a

tered gl ntai.n it tents .und
Thort o &Sﬁ%}%ﬁe i nRuERER% ecnfd L ARCA BBl debilc Sl PlefudhS
reduced pr(esSinkereUsiabghée sulitiarhd eyGRsIER} goﬁlssol?l&l VRsOZing 034 BfHE/ M&Qﬂrb&ﬁom
u

Srmal | er ampbunts of solids which forned ring the solvent renoval were
renoved fr onSGlEEOpy o@llﬁ@ﬂmw ofe pentacay thoitol tﬁtrécléwnder €1 2ppap ddasmokes) g aved

o ocoaur e, AnRYRPEOL LR Astee o ePob (R BORLIIRT s (Iend o, of

a 21 wt. % solyad tRR a(dﬂé@go RAEEbYink ffuﬁ{éhy@tfhw&lﬁi&ﬁw% th‘é’ﬁsad RAmE ik
flask. 3-Mercapto-I|-propyltriethoxysilane (329g, 1.38 noles) was

contents of the flask. The rate of addition was adjusted $0 as to maintain a
15  vigorous, but controlled rate of reflux from the resulting exothermic reaction. The
addition was complete after 25 minutes, at which time the formation of a salt
precipitate was already evident. The reflux was maintained for several more hours
to bring the reaction to completion or near completion, during which time the
formation of more salt precipitate was evident. The reaction mixture was then
20  cooled to ambient temperature and filtered to remove solids. The solvent was
removed by rotary evaporation at an absolute pressure of less than 1 torr at 65°C,
whereupon a smaller additional quantity of solid precipitate appeared, which was

subsequently removed from the resulting dark red liquid by decantation.

25 Example 2

Preparation of a tris-1,2.3-(3-triethoxysilyl-1-propyltetrathio )propane composition
(Silane 2)

An apparatus similar to that of Example 1 was used. The entire apparatus was

placed and kept under an atmosphere of dry nitrogen throughout the following
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subsequently added with stirring. Then, powdered el enental sul fur ("flowers
of sulfur") was added (133g, 4.15 noles) to the flask with conti nued
stirringwahy2058d xt ure was brought to a gentle reflux andrariUstizasn®d at a
gentle reflux overnight to 10 insure that the sulfur had conpletely

di ssolved, resulting in a dark red-brown solution. A solution of
pentaerythritol tetrachloride (72.5g, 0.345 noles) in an anhydrous sol vent
m xture of etpanaluré.318nhydoGmigdian cthaxlides (2996 18R, mbl)rlin thevdsrmi g added

to the droppi ng%unnel This solution was then added to the stirred
contents of tWe% sREKon fifE23ga@3YNL) i rRinEHoweethangl rsexdldsd tadhe Sastai At ai n

eaction. TheMhan PR RALE RO ERE UPTL, 5 RARNE SERURIP- IR ©

formation of qirsiagt TiEne ot elmasntal subfaey«fiae ot sulfiie) ikl ddded@s2g,
mai nt ai ned for several nore hours to bring the reaction to conpl etlon or
near conplet i b?n5 Tﬁﬁlﬁﬁ)n@ thsi ﬂ%ﬁkt Wifb qopdnuedostipaing onThe nhiwruge S@Stbl}@ﬂglﬁl m gate

was evi dent. cilo was then .20 co ent te ature
and filtered %651 ?@%a (g am ﬁt %gfzq}gn‘ieﬂ\%gor Otéor‘r‘g\?ég‘ 019139 ihat the
evapor ati on agul@p ha@%@inpteeewﬁﬁsg@wé@ eéfulli®s & 4 bark rledib?as\rm%luﬁé& A#ﬂ@ﬁtﬁ&'pon
a smaller additional quantity of solid preci pitate appeared was

subsequent | y ofedgygdri¢hloroptdépane e@R1g,i hgOdamles) ewlas ithgpmi ddded tbeahmtdabpping 25
Exanpl e 2 Preparatian of atr -tr eth I )
ropyl tetrat hi @‘?B‘F opalé OBiTpLE ﬁﬁeoq{OPngé %"‘a"ﬁ@ %J;S%fl 40 4k girred spnteRs t hat

of Exanplg 1 y@s, g. The fbtr t : an
at nosphere of drgqﬁal%t rogenrt roug %&9%%3@%%@%3\? ﬁg%jlga @@go}é%%%gl%q%m

PCT/ US01/ 2807(9)nt1pﬂed: eate o€ refAnhfrdmahe resoftingrexetheamicdeadtRMOolt whas3fdtebibasy in
the formof a . %.sqlution (1423g, 1639nL) in_anhydrous ethanol was

added to the s,aita@gmpgate Nisel cdisedy l’egﬁfb}ﬂ‘yqum @t%@)@?glpleélﬁé qf1tby pdditien 49’ the)| es)

("F1 omers of e B dndid:hoid higefS- ALNGE oGS, BleREMR L, Rdidtn
continued st Ia[rﬂl'ydﬂ)usTdtlﬁaﬂfﬂ X188ge 28¥mIhr waghldddoam tigerdflug wad nindidd for

mai'ntai ned at a gentle reflux for about 40 hours to insure that the
15  several more hours to complete the reaction, during which time the formation of

more salt precipitate was evident. The reaction mixture was then cooled to ambient
temperature and filtered to remove solids. The sblvent was removed by rotary
evaporation at an absolute pressure of less than 1torr at 65°C, whereupon a smaller
additional quantity of solid precipitate appeared, which was subsequently removed

20  from the resulting viscous, dark red liquid by decantation.

Examples 3 and 4
The hydrocarbon core polysulfide silanes prepared in Examples 1 and 2 were
used as the coupling agent to prepare a low rolling resistance tire tread formulation.
25  The rubber composition used was the following, where the figures listed under the
PHR heading indicate the mass of the corresponding ingredient used relative to 100

total mass units of polymer (in this case, SSBR and polybutadiene) used:
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sul fur had conpletely dissolved, resulting in a dark red-brown solution. A
quantity of 1,2,3-trichloropropane (221g, 1.50 noles) was then added to

t he droppve@22dsannel . This content of the dropping funnel péBEStlsn79added to
the stirred contents 10 of the flask. The rate of addition was adjusted so
as to maintain a vigorous, but <controlled rate of reflux fromthe
resulting exothermc reaction. It was noted that a salt precipitate had

al ready begun to fBiHR at the conpl eti olmgefliehihe addition of the contents of

the d [ f At the i on_of e.addi ti addi ti onal
anﬁydiggg' Q?haﬁglneJ(SlBBg, 239?7%‘1)&/\12?52’3 ed“é%dm{y Ceifgr:g Pﬁ& vvals Imati nt ai ned for
15 several nore hokgs to coms-e¢Mepolyibetadiemc®B Brtis, dyr L0Agcyhi ch time the
formation of nore salt precjpitate s,evident. The reaction m xture was
then cool ed to anbf%nt terrp%‘ﬁ%?t %%lﬁﬁﬂz@rpi LEPAL™T bLop My iRBoneffquisge) The

sol vent was renovegh by T ot ar ¥ronfaNARQEAbLH AsnBliscAlly, ARk e85 d%,rr@c.pf less
than Itorr at 65C, whereupon a snaller additional quantity of solid

preci pi tate appear28, which Was oxidb§eyeRt 120Cehbe&drp)20 from t he resul ting
vi scous, dark red Jiquid by decantat i es. 3 and. 4 The hydro bon
core pol ysul fide si | anes pr eg‘ﬁarrgcf‘cﬁr{_i@gﬁﬁ@gﬂf’ §ﬁ(ﬁn§°‘b\%?r8" eé%”ﬁ’s%t%le
coupling agent to prepare a émm fifokdndft (SRNTOFBRR® 4PPIE Hidxg@g formul ation.
25 The rubber conposition used was the followi ng, where the figures |isted

under the PHR headl-Ag i ndi caMécredigstatiinesvagf(M-H¥7 conhpmemyndi ng i ngr edi ent
used rel afg ve to 190 total g?fos ' I.p this case, SSBR and
pol ybut agli ene) use%: 41 WO O Zoﬁg%hé%#gﬁ%%%%&o )R I ngredi ent 75 SSBR
(12% styrene, 46% Li#nyl, Tg Sul# (#Ip4, WBbad) s- 1, 4- pol ybut adi ene (98%cis, Tg
: 104 C) 80 Silic 150- 190 Z MP... Rhone- Poul enc) 5 32.5
Aronati c process gl}l(7 (hi gh V%%%%&G&%%%@ﬁ%k@lﬁle%ﬂ Co., Inc.) 2.5

Zi nc oxi de (KADOXTM 720C," Zi peGGedeR}atdr (BERRACITEMME-C| NRKESHRENETM  Cr onpt on
Corp., Geenwich, CI) 2 6PP§21anti ozonant ( SANTOFLEXTM 6PPD, Fl exsys)
see Table I 1ane

15
The hydrocarbon core polysulfide silanes prepared by the procedures
described in Examples 1 and 2 were used to prepare the rubber compositions
described in Examples 3 and 4. A control was run side by side with Examples 3
and 4 to provide a meaningful basis of comparison for the performance as a
20 coupling agent in silica-filled rubber of the representative examples presented herein
of the hydrocarbon core polysulfide silanes. The silane used in the control was the
current industry standard coupling agent for rubber for silica-filled tire treads, the
nominal  bis(3-triethoxysilyl-1-propyl)tetrasulfide =~ (TESPT). "The rubber
compounding formulations and procedures used in Examples 3 and 4 and in the
25  control were identical with the exception of the silane used as the coupling agent.
The silane loading levels used were also identical with respect to the loadings of
silicon delivered. This necessitated the use of slightly different loading levels on an
actual mass (i.e., weight) basis due to molecular weight differences among the
silanes evaluated. The samples were prepared using a Model B BANBURY
30 (Farrell Corp.) mixer with a 103 cu. in. (1690 cc) chamber volume. A rubber
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1.5 Mcrocrystalline wax (M 4067, Schumann) 10 3 N330 carbon bl ack

(Engi neered Carbons) 1.4 Sulfur (#104, Sunbelt) 1.7 CBS accel erator

( SANTOCUREY M/205B£xsys) 2 DPG accel erat or ( PERKACI TTM DPG BIT/BR@x289®) see
Table | Silane 15 The hydrocarbon core polysul fide silanes prepared by the
procedures described in Exanples | and 2 were used to prepare the rubber
conposi tions described in Exanples 3 and 4. A control was run side by side
wi th Exanpl esmasterbagth4wiasoppepared de astwuoesey pgj‘cadlurbasrl& oixet ovRaset a0 M0 pmt he
performance as, E 20 coupling agent in silica-filled rubber of the

repr esent at i VIR BB YA PH Bl heRerybbeppolyRerhyaicoide® éhthegpixer while

| I fid t t t
Pdustry st anagecand Phin doiATRE for 3 saEriEH ABbrodinebPuatf BF i sticaqs
the nom nal @bstB3-40 },haxysi bfythe |hy§fd@@bb|o)1tc©fer ﬁﬂyhﬂfl&iﬁsﬂa-ﬁE%ﬁTan etﬁ?an!i}llbber

conmpoundi ng formul ati ons and procedures used in Exanples 3 and 4 and in the
25 cont r ol wetstateldFViADabagi mrct tdded eagt Tagh dotvny maixed |fan S0 seadnds t fT@e

coupl i ng agent I ane sed dentjcal w
respect to theeiqa(l)%g% ﬁﬁgac?fl ﬂge ?&éﬁ@ﬁ\/@%ﬁyerq'w aﬁ@ﬁ‘i%@‘# {4 §9VPHRIXG e of
slightly diffgg @»Otseécﬁﬂg' Mehe! AKR) PO Wy dtﬁfeﬁ‘tﬁ)'wrf@%'e tirhe€and B InGREuke PAR! S
due to nol ecul ar weight differences anong t sil anes eval uated. The

sanpl es wer e ¢ovaparixad 0siligecondsdath ﬁnBAmeﬁllﬁﬁg gread vels linc@easpd o eteeenwi t h
a 103 cu. in. (16 chamber .vaol une. A rubber 42 WD 02/ 20534

PCT/ US01/ 28078°U Fri‘g‘?'ég‘%)alffeﬁs\x&%“{ﬁiéﬁa{?’éﬂ therfeRperAgire PEH%WSE%@?WWB thi xer

was set g 1O%tﬂgéﬂma§\se¢th1mdﬁp%&@§%mglng@ 8K inde HJ( | bnimdeb® TH{ kA6

wer e added t own m xed seconds.
Appr oxi mat el yrehmived dfont hige mlutelrcaad usalgohits mpbitioh, a ahektabds tthén tfdn:ened on a
hydr ocar bon core polysul fide silane (in an ethylvinyl 5 acetate (EVA) bag)

were added an@®laH sfbahabauk el to §P°CGand dhayallowetiia copldpambiony tlemparaiirand t he
oil (in an EVA b agfhé’\ﬁ{agte}ﬁjﬁ& %qg?l%naﬂg%n{ %‘Hﬁe‘a%“th@‘ ﬁ%&gr with the mixer at 120

rpm and cooling water turned on full and ram down mixed for 30 seconds. The
15  remainder of the ingredients were then added and ram down mixed for 30 seconds.
The mixer throat was dusted down, and the mixer speed was increased to about 160-
240 rpm in order to increase the temperature of the mix to about 160-165°C in
approximately 2 minutes. The rubber composition was mixed for 8 minutes with
adjustments to the mixer speed in order to maintain the temperature between about
20  160-165°C. The composition was removed from the mixer and a sheet about 4 inch
thick was formed on a 6 x 12 inch roll mill set at about 50 to 60°C. This sheet was
then allowed to cool to ambient temperature.

The resulting rubber composition was subsequently mixed with the curatives
ona 6in. x 13 in. (15 cm X 33 cm) two roll mill that was heated to between 50 and
25 60°C. The sulfur and accelerators were then added to the composition and
thoroughly mixed on the roll mill and allowed to form a sheet. The sheet was

cooled to ambient conditions for 24 hours before it was cured.
" The rheological properties of the rubber compound so prepared were

measured on a Monsanto R-100 Oscillating Disk Rheometer and a Monsanto M 1400
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for 30 seconds. The m xer throat was dusted down three tinmes and the
m xture ram down m xed for 15 seconds each tinme. The m xi ng speed was
i ncreasewo o2/bssseen about 160-240 rpm as required to raPEERUBHEERS8079
tenperature of the rubber masterbatch to 10 between about 160 and 165C in
approximately 1 mnute. The masterbatch was renoved fromthe m xer and
using this conposition, a sheet was then fornmed on a roll mll set at
about 50 to oMOongndVistremeted. | ovelRhadometiasl ARESamiak enstd tferpbynamis eneclifdcal
nmast er bat ch was then@gai n.added to the mxer with the mxer at 12

r

A I 0 rpm
and cool i ng wWLYS1E uRESPEIMER Tor ReRsHHRg fisumecharical properss é"é‘é@)ﬁﬂ%.fmllfhg 15
remai nder of i L ent r Sirdu a . xed. for
seconds. The %g;&qﬁfg%%amggﬁusteﬁgg%m, angln?wg?%@%wg eée%dg%g@ f0§95
i ncreased to mbouds ak6@0°C40 rpmin order to increase the tenperature of the
m x to about 160-165C in approximately 2 mnutes. The rubber conposition
was mi xed Xor 8 mi nut esThe thydragdihest ensat polysulfidee silineer vdee ¢répararoaie was o

intain th t b t 20 160-165C. T ifi
emoved f rom SHERRIEH TRARDs: o] Zaifh COPBOHE Tionie R Ghra I e o
x 12 inch rolicchidibg &8theaibod®BtticedBte! OntBamplds S 1RNBAtoMARON, éo?@@g@]sﬁl?iﬁ@d to

cool to, anbient tenperature. The resulting rubber conposition

subsequent | y stlanegreparéd ith&Exempkt 1 wes used, andin Example34,i the Hy@ifocarbo &3ecm)
two roll mll hat1 _q\{\és, heated to hetween_50 and 25 60C. The sul fur and
accel erat or s RUYEUH¢eH20a fEPIS B o3 UsH-and t hor oughl y ni xed on the

roll mllipand allo t h e 0 t i
conditi onlsOaf or 24 ?:@%F S aé@(ﬁ)érpe@:ﬁt% %/g{gdcétgragléf QT‘%)tenU)rgﬁég g%l g@ghpfrgo%g?@?gg of
t he rubber cobipgBHdethoxysilghapeshyliestesulfitasTBESTTYN ad ivbissdNsanddrd Oébupling

Gscillating D sk Rhneoneter and a Monsanto ML400 43 WO 02/20534
PCT/ US01/ 28073geniyboABy agalc sppesition ivhe omittiiec of Arbsulfides suith fsignifigamani c

hani cal (.S, i f. UL h i i
were-cut 1 rony B M HREGIR Peci el ot OF sURE23F SAPlmP 0RR | ©°
pl aques cur edTh&tompositdRUVES téktedl®ing standald fesking PRSRIRRE. ClSeRMsYSUhET de

si | anes, whose preparation was
15  testing are summarized in Table 1 below.

TEST METHODS
1. Mooney Scorch
ASTM D1646.
2. Mooney Viscosity
20 ASTM D1646.
3. Oscillating Disc Rheometer (ODR)
ASTM D2084.
4. Physical Properties; Storage Modulus, Loss Modulus, Tensile & Elongation
ASTM D412 and D224.
25 5. DIN Abrasion
DIN Procedure 53516.
6. Heat Buildup
ASTM D623.
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described in Exanples 1 and 2, were conpounded into the tire tread

formul ation according to the above procedure. In Exanple 3, the

hydr ocar vom ozanses pol ysul fide silane prepared in Exanpl e eCwasoweser, and in
Exanpl e 4, the hydrocarbon core polysulfide silane prepared in Exanple 2
was used. 10 These exanples were tested against a control sanple which is
nomnally bis-(3-triethoxysilyl-I|-propyl)tetrasulfide (TESPT), an industry
st andard coupling Ha@dﬂﬁld Upt wanoleasired anPIECtusing ds1& 56 xémpressddn, 143 psi

pol ysul fides, wt ificant. contriputions fromindividual species

cont ai ni ng chai ns 1%1“ frnyge JpR ¢ Sé‘PBlﬁBWhICITW@Scaé@H&E‘WlCQﬁ@%$ avas

re summari sed ?Rd@ﬁﬁﬁ T Borshy CHEQHA Pen JEE | 300 . Fhe b fC a0
D1646. 2. Money Moditiinky at POD QM Ohbdifes ahd t&t'gllvb@hlﬂlﬁnﬁtest@st%ﬁoﬁﬂ er
(ODR) ASTM D2084. 4. Physical Properties; Storage Mdul us, Loss Mdul us,
Tensil e &°El o?wga%i@ém%@ﬁ_tmm and D224. 25 5. DIN Abrasion DI N Procedure
53516. 6. Heat Bu ggNPP@%M D623. 44 WD 02/ 20534 PCT/ US01/ 28079 Heat

bui | d-up was neasure '0OC using an 18.5% conpression, 143 psi |oad and
a 25 mnute r8NShéreSAMr8nddi ch was at anbi ent conditions was placed in an
oven that had been preheated to 100C. The sanple was conditioned at 100 C
for 20 mnutes andAgﬁhth@fl%n a5 mnute test run. 5 7. % Pernmanent Set
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ASTM D623. 8. Shore A Hardness ASTM D2240. 45 WD 02/ 20534 PCT/ USCOL/ 28079
TABLE | Properties and Processing Paraneters Exanple 3 Exanple 4 Control

Si |l ane: W@e2asa4 Anount Silane 1 Silane 2 TESPT Sil ane Lpaniusg/agpter) 9.5
9.5 7.0 Silane Si Loading, noles Si/100 g. rubber 0.027 0.027 0.027

El emental Sulfur in Curatives (phr) 1.4 --- 1.4 --- 1.4 --- Nboney
Viscosity @10011C (M1 + 4) 90 76 80 87 70 71 Mboney Scorch @ 135C,
mnutes M1 + t3 5.0 3.7 4.2 3.5 6.6 6.6 TABLEIt18 7.3 8.3 6.3 6.8 9.4
13.5 M5 1 + 49.8 57.5 44.6 52. 7P 32.g1 37. ang(}JMQC 1 Arc; 30 mnutes
M, dN-m12.3 12.0 11.3 11.1 10.FFOBFTEes §d PioCessngPasameess 10.0' 9.8 8.9 8.7
Mk, dN-m 35.8 22.5 34.6 21.5 32.9 18.5 M3, Ib-in-31.7 19.9 30.6 19.0 29.1

16.4 t,d. mnutes 4 2 59 3.5 3.6 4.6 7’“?—;?{31%“-{?’90, m t16. 9 2fa0y5, 3
17.9 17. S obing E‘yy cal Properties; 90 mdiute cure “@449C Shore A Hardness
60 51 59sifak sbiadhi3, mds Eliongakieon 325 518 3¢é7528 379 5% 25 %Nbdd»ibus, MPa
0.93 0. 6Be@n@Bulfr 68ubvS4pt). 57 25 % Modud us, -psi 185 91-139 924122 83- 100

% Modul uMoondyPiascgityge 1007 L7 +4)3 2.3 1.0 90 76 80 87 70 7
Mooney Scorch @ 135°C, minutes
MS1 + t3 ' 5.0 3.7 4.2 3.5 6.6 6.6
MS1 + tg 7.3 8.3 6.3 6.8 9.4 13.5
MS1 + 49.8 57.5 44.6 52.7 32.8 37.3
ODR @ 149°C, 1 ° Arc; 30 minutes
M,, dN-m 12.3 12.0 11.3 11.1 10.1 9.8
M., Ib-in 10.9 10.6 10.0 9.8 8.9 8.7
My, dN-m 35.8 22.5 34.6 21.5 32.9 18.5
My, Ib-in 31.7 19.9 30.6 19.0 29.1 16.4
t, minutes 4.2 5.9 3.5 3.6 4.6 7.3
tgg, Minutes 16.9 20.0 15.3 17.9 17.3 22.8
Physical Properties; 90 minute cure @ 149°C
Shore A Hardness 60 51 59 51 60 48
% Elongation 325 518 344 528 379 587
25 % Modulus, MPa 0.93 0.63 0.96 0.63 0.84 0.57
25 % Modulus, psi 135 91 139 92 122 83
100 % Modulus, MPa 2.9 1.3 2.7 1.3 2.3 1.0
100 % Modulus, psi 421 195 398 186 327 150
200 % Modulus, MPa 9.9 33 8.9 2.9 7.0 2.1
200 % Modulus, psi 1437 484 1287 427 1017 301
300 % Modulus, MPa 19 7.0 18 5.8 15 3.9
300 % Modulus, psi 2809 1017 2554 847 2157 560
Tensile Strength, MPa 21 16.2 21 13.6 22 10.3
Tensile Strength, psi 3078 2348 3086 1976 3123 1500
Modulus Ratio (300%/25% Mod.) 20.8 11.2 18.4 9.2 17.7 6.7
Reinforcement Index (300%/100% Mod.) 6.7 5.2 6.4 4.6 6.6 3.7
Low-Strain Dynamic Properties: Simple Shear @ 60 °C and 5.0 N Compressive Normal Force
G’y9 strain » MPa ¥ 2.12 2.48 2.45
delta G = G'yq grin = G107 strain » MP2 * 0.60 0.83 1.00
G’ s » MPa 0.22 0.28 0.29
Maximum Tan Delta Value 0.13 0.15 0.165
Heat Build-up, 100°C, 17.5 % Compression, 990 Kpa (143 psi) static load, 25 minute run
Delta T, °C 14 15 17
% Permanent Set 4.5 6.0 6.5

* G’ yg strain taken to mean the limiting value of G’ as the strain approaches zero
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100 % Modul us, psi 421 195 398 186 327 150 200 % Modulus, MPa 9.9 3.3 8.9
2.9 7.0 2.1 200 % Modul us, psi 1437 484 1287 427 1017 301 300 % Mbodul us,
MPa 19 7MWo 082638 15 3.9 300 % Modul us, psi 2809 1017 25pd1/880/BIB7 560
Tensile Strength, MPa 21 16.2 21 13.6 22 10.3 Tensile Strength, psi 3078
2348 3086 1976 3123 1500 Modulus Ratio (300% 25% Mbd.) 20.8 11.2 18.4 9.2
17.7 6.7 Reinforcenent |Index (300% 100% Mbd.) 6.7 5.2 6.4 4.6 6.6 3.7
Low Strain Dynam c Properties: Sinple Shear @60 C and 5.0 N Conpressive
Nor mal Force G 0% Fhiai nabowePpreerds berfdrmidnce. plramelietst af Ghe hyERYpboh! @B -
G 10%strain, MPa_ * 0.60 0.83 1.00 G'max , MPa 0.22 0.28 g 29  Maxi mum
Tan Del ta Val dy®lfide glapss of thepresephinvenionodpf TS, thy pEonsCsilpreewbichn,

' ] | "C 14 15 % .
por manent ot ban oRtrBhat 8 okl 1l olelor e Badnie eibtioteet vy tainye
of G as the &t idbBr BRAPARFBE WikeSPane40 1R (disRAHP 4nPGhibieihiig AR IRy tH@B' e |

above presents performance paraneters of the hydrocarbon core” pol ysul fi
sil anes of t hef PESBENt Theseenliesdicaatd).60, (TESPII;ld onsd fm:rldﬂtae(ﬁt, &imanmald/\thech

is the current i.ndustr and rd. The I tJ ng 2'1» nam ¢ pr o]1perti s at
|l ow strain 5m8¥m’r“%5%‘¥ ds@ er&SRﬁC'i‘YF i iP5 milage ggﬁ%ﬁ e RPITSSPRRnE
substanti al | yvzﬁ@és%rtm afe gh‘a‘éPB 29T%aeo Y84 URSpdet 1€el9t a?héqrenfa R %simfRd

0.13 for delta G, , maxi num t’an ta’v respectivély
for Silane 1, alvldmaghdssst dtmrnaﬂc JyespdSitina@. Vidleulesef onluEESHT tlase phrddikterd.iR9,

and 0. 165, ectlvely This trend is simlar al t hough | ess dramatic,
with Silatfe 2§1? e |9<5%@rr%w&é§ %ﬁPTt #& PcClepr rAisRIENSIO] crnels%fﬂ@m igfbeart thatg 2

i1 anes 1 and Do 1402 F.F a0k OFIRE-RR A0 Ba i A Syl o0

st andard. The obJects of the invention are achieved. The hydrocarbon core polysulfide

silanes of the present invention provide multiple silyl groups without ether linkages
to provide enhanced performance in filled elastomer compositions, rubber

15, compositions, and use in tire compositions. The non-collinear structure of the
hydrocarbon core polysulfide silanes provide enhanced dispersibility of the‘ filler
within an elastomer composition. Use of the hydrocarbon core polysulfide silanes
of the present invention result in low rolling resistance tires having enhanced
performance characteristics.

20 While the present invention has been particularly described, in conjunction
with a specific preferred embodiment, it is evident that many alternatives,
modifications and variations will be apparent to those skilled in the art in light of the
foregoing description. It is therefore contemplated that the appended claims will
embrace any such alternatives, modifications and variations as falling within the true

25  scope and spirit of the present invention.

Thus, having described the invention, what is claimed is:
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The objects of the invention are achi eved. The hydrocarbon core pol ysul fide
silanes of the present invention provide nultiple silyl groups wthout

et her |i wk@g@gre®534 0 provi de enhanced performance in fill edPel/astiser9
conpositions, rubber 15. conpositions, and use in tire conpositions. The
non-col l i near structure of the hydrocarbon core polysulfide silanes

provi de enhanced dispersibility of the filler wthin an el astoner

conposi tion. Use of the hydrocarbon coregqpglgysul fide silanes of the
present invention result in lowrollingreststance tires having enhanced
per f or mahce char acAgralpnifek. silafie Wimpasitidnehapingsthe formmient i on has been.
particul grly described, in conjunctign, W.th a z}oeci fic preferred

enbodi mefit, it is evident that nany(%]lxtgr Ar¥ve§  nodifications and

vari ati ogs w r o S ill.ed i d '

f or egoi ng des%#?lgﬁ gﬁgglt;s rlrzé txt 1F%?rqfee)f %br’z%cign% %P%é@e t?{?réctuop ?11(536' %g%gt%é ef%&g
clainms wil | gabgrenp cnyissaebf aldlerBat i01¢s -OMidRyat-OR) Sar@NBRO(HO)@L-i GRS as
falling within the true 25 scope and spirit of the present invention.
Thus, ha¥i ng WBiSBR et hydiocarhor Aragaent obtained by drmpwing dne:hydmogen@t@n /frgs34
PCT/ US01£ 28079 al 1. A palysulfide. silape ¢ si t{,on havi t he

f or nul a:(5 2 (%‘h@%§%3®1%1égg%%rﬁ)8{1r1at?}n§’sﬂ3 aflgrs?cz)?rexki R 0% %ﬂglom X is
a _hydrol yzabl %&msmpn%%m&m SHRAiBEL Bl rdh&l oft ohd By SRR afANSF R iaRd ®fis 2T
-Br, -OH, -ON=C(R) 2, -OR and RC(=0)O, in 5 which ™R is a hydrocarbon

f r agment 8 obt alysocapyon Empmemgobtairechbylrageval af anp gnantity 6f aytisogen atmtmoof a
having 1. to 20 carbon atons, X2 and X3 are X, Ror H Jis a 7

hydr ocar Bon 1% ﬂ‘é’ﬁ?orbﬁqvﬂ%gamblymr YN gfeM§ne hydrogen atomof R and G
is a 8 hydrocarbon fragment obtained by renoval of a p quantity of
hydrogen atons of a 9 hydrocarbon having from1 to 30 carbon atons. 1 2.
The pol ysul fiZle si Tanpolyauifids silanervonfpositian of ¢lawh dr whereif X', %2 addXXdreahe t he

2 same hydrol yzabl e functionalities. 1 3. The polysulfide sil ane
conposi t fon ofame jdselyzZaphe funcHonelities> and X3 are

1 3. The polysulfide silane composition of claim 1 wherein X', X* and X° are
2 ethoxy.
1 4, The polysulfide silane composition of claim 1 wherein X', X* and X° are

2 each different hydrolyzable functionalities.

1 5. The polysulfide silane composition of claim 1 wherein p is 3 to 6.
1 6. The polysulfide silane composition of claim 1 wherein x is 2 to 8.
1 7. The polysulfide silane composition of claim 1 wherein R is a hydrocarbon
2 moiety selected from the group consisting of straight chain alkyl, alkenyl, aryl and

3 aralkyl groups.
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2 ethoxy. 1 4. The polysul fide silane conposition of claim1 wherein X, X2
and X3 are 2 each different hydrolyzable functionalities. 1 5. The

pol ysul f ivd@ 0x2d5ahe conposition of claim 1l wherein p is 3 POT/ES01/ZB0B. The
pol ysul fide silane conposition of claiml1l wherein x is 2 to 8 1 7. The

pol ysul fide silane conposition of claim1l wherein Ris a hydrocarbon 2

noi ety selected fromthe group consisting of straight chain alkyl, alkenyl,
aryl andl 3 &f.al kyTheginM@Sfidma’lan@compgsjﬁem opduiny3ovhagd7bisiseBctefinfrom the

pol ysul fide sil ane caonposition of claim1l wherein J.is selected fromthe 2
gr oup co%si st¥RLP cﬁonf‘rlg‘]t‘)ﬁ‘%/ |°id8§}h%1€ﬂ§f| Et:li% Oy BWE’?& 1?"2’85’3‘?%?# , diradjeals
diradicads 3iphhal BFto¥%s h9adeeh aloll £96914 3 915 8litiGn 8f floPortane, P giphh ON
of norbornane, an alpha 4 position of 2- norborn&l et hane, a f)eta position
of 2- nordéor nypositivand, 2-aorbopmydéthanen adfeta posionootbBnogHoeniethene, @ar4 ao&tipnsift i on
of 2-norpornylethane. 1 9. The polysul fide silane conposition of claiml
wher ei n % i s Bngrhgriylethane; o&p;@sg}opof%@rbw? sul fi de sil ane
conposition of claiml wherein pis 3 and Gis a 2 hydrocarbon fragnent
obt ai ned by renoval of 3 hydrogen atonms from 3 2-norbornylethane. 1 11.
The pol ysul figle siTin@obeulfidsidilaod composiclom ol slhied €i herdis p3iandake iIG g8 2
hydr ocar bon fragnment obtained by renoval of 3 hydroxyl groups froma 3
trimet hy? ol al®¥¢f8yl-1 12. The pol ysul fi de silane conposition of claim1
wherein pis 4 and Gis 2 pentaerythrityl. 1 13. The pol ysulfide sil ane
conposition of claim1l wherein pis 4 and Gis a 2 hydrocarbon fragnment
obt ai ned; by rgyOValhOpolshvide QSR 86@pdsitidiObT cRiM- NVRAGAY & hagR Glisl4-
The pol ysul fide silane conposition of  claim1 wherein p is greater than 4
and 2 Qis ahydyehavhar biraghenigrobtainabt by neendyal r efodal hyologenr eatomen frbm

hydroge n3 ato n%—norbornylethane.

1 11.  The polysulfide silane composition of claim 1 wherein p is 3 and G is a
2 hydrocarbon fragment obtained by removal of 3 hydroxyl groups from a
3 trimethylolalkane.

1 12.  The polysulfide silane composition of claim 1 wherein p is 4 and G is

2 pentaerythrityl.

1 13.  The polysulfide silane composition of claim 1 wherein p is 4 and G is a
2 hydrocarbon fragment obtained by removal of 4 hydrogen atoms from
3 2-norbornylethane.

1 14.  The polysulfide silane composition of claim 1 wherein p is greater than 4 and
2 G is a hydrocarbon fragment obtained by removal of more then 4 hydrogen atoms
3 from cyclododecane, triethylcyclohexane, 2,6-dimethyloctane, and squalane.
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3 from cycl ododecane, triethyl cycl ohexane, 2, 6-di nethyl octane, and

squal ane. 49 WD 02/ 20534 PCT/ US01/28079 1 15. The pol ysul fide sil ane
conposi t ivodow£ose4 ai m 1 wherein G contains a tertiary 2 aPCTV@S01/28079
functionality. 1 16. The polysulfide silane conposition of claim1l wherein
G contains a cyano 2 functionali ty 1 17. A polysulfide silane conposition
conprising one or nore isoners of

t etraki sli, 3, ¥.5- (Bhe pplysHbdy silang| cquﬂsm@pl afeslaion hivdierein Secorinins altetigiry A
pol ysulfide Si Iani11 g sition conprising one or nore isonmers of 2
tris-1,273- (31 W@% ¥yl -1-propyl tetrathi o)propane. 1 19. A process of
maki ng a hydrocarbon core polysulfide silane having the 2 fornmula 3

(X X2X3Si-J-SX )P G 4 wherein pis 3to 12, xis 2to 20, Xl is a

hydr ol yzhbl e fanct Tlen ablysylfide [sdanee corfpasitionsof blaingrlowperetn & seritmigs af cya@b,
-Br, - &gor%ﬁt -OR, or RC(=0)O, in which 6 Ris a hydrocarbon
fragrrent obt UR ¥ enovi ng one hydrogen atomfroma 7 hydrocarbon
having 1 to 20 carbon atonms, X2 and X3 are X1, Ror H Jis a 8

hydr ocar bon fragnent obtai ned by renoval of one hydrogen atomof R and G
is a 9 hydrorarboA bo@g\mlﬁﬂé sibihai cedpdsjtione nomptisiof ang druamiret Kodkrs of
hydrogen_atoms of a 3ydrocar bon haw)r:}gettfrom 1 to 30 carbon atons,
conpri sifg thtétrélilé'r}s3 61‘5‘( tiriegogysibildgprapylistiadie)agepentange pr ot onat i ng t he
mercaptan; 13 providing a source of elemental sulfur; 14 formng a reactive
sul fur ani on by reacting the deprotonated nercaptan vvith the 15 el enental
sul fur; and 18.coupl | %Sﬁlhﬁerﬁﬁiﬁbl Yémposition cambpeiBingd bie arC Md@NiseMBEAIO NY
substrate. 50 WO 02 534 PCT/ US01/ 28079 1 20. The process of claim19
wherei n Zhe strisgd ,28-@rtoethexyglyl-herapylcagthagpropane.

1 19. A process of making a hydrocarbon core polysulfide silane having the
2 formula
3 X'X*XSi-J-S,-),-G
4 wherein p is 3 to 12, x is 2 to 20, X' is a hydrolyzable functionality selected from
5 the group consisting of -Cl, -Br, -OH, -O-N=C(R),, -OR, or RC(=0)0-, in which
6 R is a hydrocarbon fragment obtained by removing one hydrogen atom from a
7 hydrocarbon having 1 to 20 carbon atoms, X*> and X* are X', R or H, J is a.
8 hydrocarbon fragment obtained by removal of one hydrogen atom of R, and G is a
9 hydrocarbon fragment obtained by removal of a p quantity of hydrogen atoms of a

10 hydrocarbon having from 1 to 30 carbon atoms, comprising the steps of:

11 providing a mercaptan;

12 deprotonating the mercaptan;

13 providing a source of elemental sulfur;

14 forming a reactive sulfur anion by reacting the deprotonated mercaptan with the

15 Aelemental sulfur; and

16 coupling the reactive sulfur anion with a carbon containing substrate.
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2 conprises providing a nmercaptan having a formula X1X2X3Si-J-SH 1 21. The
process of claim 20 wherein the step of providing the nercaptan 2

conpri sew@pomsei ng a nmercaptan sel ected fromthe group chapiUsel/asgroof 3
3-nmercapto-1-propyltriethoxysilane and

3-ner capt o- 1 - propyl net hyl di et hoxysilane. 1 22. The process of claim19
wherein the step of providing the nmercaptan 2 conprises providing a

ner capt ah havihg aThermrosess (¢dsclaim) B wherelg, tighstep rafc prayiding cthai megaptan

wherein the sfe f RrQvi.din he ey capt a 2.C j3S e oviding a

mer capt a% sel éecg{&ggse? Bgﬁﬁl{h%% ag?é ﬁﬁpt%h%‘f"& f E‘&nﬁlfla %?& SEF-sH.

2, 2-bi s(nmercaptonet hyl ) -1, 3-di mercapt opropane and 1, 2, 3-tri nmer capt opr opane.
1 24. The process of claim 19 wherein the step of deprotonating the

mer capt ah 2 cdhpri $hs megasotanealaimg2Q véhemeinctipt step wift breviding rthe emetvaptan
using p gquivalents of 3 the base for each |l e of nercaptan. 1 25. The
process 6f cl ETRISS WREYETRE e LFEHPHR éfgffrt%foﬁgfq NGt BEOHRr efsisHRe ot

conpri ses deps.{Laakd-1Grb\RuTRIAGRIAR apl BindRaRBi10G ob YRR HRAS The

process of clai mﬁ%&v\hg)rreli%ﬁ 1rt heog(gt ep gpﬁ?orm ?% tﬂlgm?%lactl ve&gaﬁsgulrgn%ni on

2 is sufficiently conplete prior to introduction of the carbon containing
. An el astonerjc conpositiaon conprising 2 at |east one

substrate. 1 27 ( .a

hydr ocar ﬁon cﬁ?r-e p&hs ipgess Ofs Flalp el S avhergn: the $tep Rl Arovidips the yuejcapag, | ) p
G 4 whergin p.i .Sy« X - ' rokyzabl e functionality
sel ect edE 5 fCrdcl)]ﬁqrgsﬁge%%%lgégo@%@%ﬁ‘%é%é?g(i}&r?nu%mﬂ-) . -ON=C(R) 2, -OR, or
51 WO 02/ 20534 PCT/ US01/ 28079 6 RC(=O) O, in which Ris a hydrocarbon
fragnent obtai ned bé%rem)vi ng one 7 hydrogen atomfrom a hydrocarbon

havi ng 11t o 283-car Bbh napenss  ofxolagn22x3vhegeinr de xstep RIopravjding dbe, mgreaptan

hydr ocar hon f n tai.ned by removal af ne hydrogen atom aof R __.and
Gis a hgdrocéoﬁ‘g@%e%rgg%@ﬁpgoﬂt atfl?f(gg&%?/ Secliﬁft?(gngr\‘?g]l %‘F ﬁ?)upqu‘é%fs&}gof(’f
hydr ogen3at ong, 20is (@ FREARRARND, NdivicdchptdpRiPabe add 1103 30meARAOPrahAds; 12 an
unsat urated organi c polyner; and

1 24.  The process of claim 19 wherein the step of deprotonating the mercaptan

2 comprises deprotonating the mercaptan with a Bronsted base using p equivalents of
3 the base for each mole of mercaptan.

1 25.  The process of claim 19 wherein the step of deprotonating the mercaptan

2 comprises deprotonating the mercaptan with an amine type base.

1 26.  The process of claim 19 wherein the step of forming the reactive sulfur anion
2 is sufficiently complete prior to introduction of the carbon containing substrate.

1 27.  An elastomeric composition comprising

2 at least one hydrocarbon core polysulfide silane having the formula

3 X'X*X’Si-J-S,-),-G

4 wherein p is 3 to 12, x is 2 to 20, X' is a hydrolyzable functionality selected
5 from the group consisting of -Cl, -Br, -OH, -O-N=C(R),, -OR, or
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13. a filler. 1 28. The elastomeric conposition of claim27 wherein the at

| east one 2 hydrocarbon core polysulfide silane is one or nore isoners of
3 tetrakiwo2/35484 5- (3-tri et hoxysilyl-1-propyltetrathi o) nepgeusarso7ol 29.
The el astoneric conposition of claim?27 wherein the at |east one 2

hydr ocarbon core polysulfide silane is one or nore isonmers of -1,2,3-(3- 3
triethoxysilyl-I-propyltetrathio)propane. 1 30. The el astoneric conposition
of clainP27 \AhereiBC@r@Oathéla@h & hysresashac Brgraent cbfadngsoby semeying os¢ | ane

i t o t hr. . 1.31. Jhe
o ast omori . Compociitgkeryofiitth JulibaihdiBiing 7 f Paifronuaile X e X3
amount o8 about 1 #re XP@ubr 8bdreken, % i BARoQkBGKirRasaH dbhifed B dmyRi @pt of

the 3 filler and the at |east one hydrocarbon core polysulfide silane is
present ¥n an 4 aersuhydrogemtom of R, aad £bdsuita hydracarbos dtaguieat wpthinedabpon

core polysul fide sil ane based..on total weigh f the filler. 32, A
pr ocessll%f meki ng %W%%Ea (PO%BBEW'[?@Y‘%%%?BHF%‘P%&% laﬁgdgchgg)nol?am@}rg@ 1
02/ 205341 PCT/ USO1/ @87 SirBorPiteik di ng at | east one isoner of a hydrocarbon
core polysulfide silane having the 3 fornmula 4 (X X2X3Si-J-S,)P G5
whereinlp is 3 @aoubturatedsorattio p@FmeK anids a hydrol yzabl e functionality

sel ecte 6 fromthe group consisting of -, -Br, -OH -ON=CR 2, -OR
and 7 :C))O,aff1 Twhi ch R is a hydrocarbon fragment obtained by renoving
8 one hydrogen atom from a hydrocarbon having 1 to 20 carbon atons, X2 and
9 X3 are X1, Ror H J is a hydrocarbon fragnent obtained by renoval of one
10 hydrogen a2&m ofheR, elasicméri¢ Scaanpvgiiionc @i belairh r 27 mamtredbt tienad leystr eapval
11 of a p quantity of hydrogen atons of a hydrocarbon having from1 to 30
12 car bog at oRiirocrsbasy o\eoRe ngpAysubfidganisBagso| ygrerone or more isomers of

3 tetrakis-1,3,4,5-(3-triethoxysilyl-1-propyltetrathio)neopentane.

1 29.  The elastomeric composition of claim 27 wherein the at least one
2 hydrocarbon core polysulfide silane is one or more isomers of -1,2,3-(3-

3 triethoxysilyl-1-propyltetrathio)propane.

1 30. The elastomeric composition of claim 27 wherein the at least one
2 hydrocarbon core polysulfide silane is present in an amount of about 0.05 to about
3 25 phr.

1 31.  The elastomeric composition of claim 27 wherein the filler i's present in an
2 amount of about 1 to about 85 wt.% carbon black based on a total weight' of the
3 filler and the at least one hydrocarbon core polysulfide silane is present in an
4 amount of about 0.1 to about 20 wt.% of the hydrocarbon core polysulfide silane
5 based on a total weight of the filler.

1 '32. A process of making a rubber composition comprising the steps of
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14 providing a filler; 15 thernonmechanically m xing the organic polyner,
filler and hydrocarbon core 16 polysulfide silane to forma rubber

m xt ure; WG owesdhg the rubber mxture to forma rubber coppDEseBN7%havi ng
enhanced 18 dispersion of the filler. 1 33. The process of claim 32
wherein during the step of ' providing the filler, the 2 filler has been
pretreated with the hydrocarbon core polysulfide silane. 1 34. The process
of clai 32 fur Predingef lpgbtrepetipranertadp nidrepadbangcare pplygulfige silanet fmvirg thhe
rubber myxture in another thernonmechanical mxing stage. 1 35. The process
of clain’32 wherei W¥H hydr ocarbon core polysulfide silane is 2 one or
nore isogers of 3 (XIX2X38i-1-S,-). -G ‘
tetrakis-1,3,4,5-(3-triethoxysilyl-I-propyltetfathio)neopentane. 53 WO

02/ 205345 PCT/ USovhieR80 19is13 36.12Theis ¥ b 885 Xbfis @l lyidmol32abld deretinnalite selected

hydr ocar pon core | ysul fide silane.is .2 qQne_or e j of

t?/i s-1,293-(3-tri gﬁﬂ%‘x% 18/PUR ORBA eréﬁhi“gfpr'%nébﬁ%.ﬁ)m QR4 @pds or
di spersi®n in el as 26 C it 1 S NG i ; LLd tes;
and 3 at¢I east one]!{%(/aélgj 3ga’r Eon ?grléqga 32%%32&3?21%%3@825‘?‘%3 @ﬂé&?g{r&h | a:
4 (X X2X8Si - J- SX ) dheChymlrogear atom from @ hydiozakidn having 12tot 20 edbonatons, X and

hydrol yzabl e functjonality selected 6 fromthe group consisting of -C,
-Br, -O -0-N=C(RX28re ¥R R oF H.7 iR kxgresarbor fraginent ghtaiged, by yermowad (o sme

f ragnent,obt ai ned i e r r.ban

W S e R S
hydr ocagbon fragnmest a gbty@intied obmyaﬂigemkor@g‘ oPRehydtecaiysi agans dEamn10fo Bo and
G is a hydrocarbon fragnment obtained by renoval it of a p quantity of

hydr ogehZ at ons of earbgitessr bon having from1 to 30° 12 carbon atoms. 1 38.
The fi l:l r of cl aiv%37 wherei.n _the mneral particulates are siliceous 2

particul3t es. providing an organic polymer;
14 providing a filler;
15 thermomechanically mixing the organic polymer, filler and hydrocarbon core
16 polysulfide silane to form a rubber mixture;
17 curing the rubber mixture to form a rubber composition having enhanced
18 dispersion of the filler.
1 33.  The process of claim 32 wherein during the step of providing the filler, the
2 filler has been pretreated with the hydrocarbon core polysulfide silane.

1 34.  The process of claim 32 further including the step of adding curing agents to

2 the rubber mixture in another thermomechanical mixing stage.
1 35.  The process of claim 32 wherein the hydrocarbon core polysulfide silane is
2 one or more isomers of

3 tetrakis-1,3,4,5-(3-triethoxysilyl-1-propyltetrathio)neopentane.
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1 39. The filler of claim37 further conprising carbon black. 1 40. The

filler of claim37 wherein the at | east one hydrocarbon core polysulfide
silane | won»20384 nore i soners of 3 PCT/US01/28079
tetrakis-1,3,4,5-(3-triethoxysilyl-I-propyltetrathio)neopentane. 1 41. The
filler of claim37 wherein the at I east one hydrocarbon core pol ysul fide

S|Iane isS one or nore isoners of
tris-1,213-(33@ri eThopyosess ot ¢lajsy é%Wheé‘tlﬂéhﬁ hpyiocaban sorespolysulfide silane is

2

O 00 N1 N WD

[ N
BN = O

one or more isomers of tris-1,2,3-(3-triethoxysilyl-1-propyltetrathio)propane.

37. A filler for dispersion in elastomeric compositions comprising:
mineral particulates; and
at least one hydrocarbon core polysulfide silane having the formula:
X'X*X’Si-1-S,-),-G

wherein p is 3 to 12, x is 2 to 20, X! is a hydrolyzable functionality selected
from the group consisting of -Cl, -Br, -OH, -O-N=C(R),, -OR, or
RC(=0)0-, in which R is a hydrocarbon fragment obtained by removing one
hydrogen atom from a hydrocarbon having 1 to 20 carbon atoms, X* and X®
are X', R or H, J is a hydrocarbon fragment obtained by removal of one
hydrogen atom of R, and G is a hydrocarbon fragment obtained by removal
of a p quantity of hydrogen atoms of a hydrocarbon having from 1 to 30

carbon atoms.

38. The filler of claim 37 wherein the mineral particulates are siliceous

particulates.

39.  The filler of claim 37 further comprising carbon black.

40.  The filler of claim 37 wherein the at least one hydrocarbon core polysulfide
silane is one or more isomers of
tetrakis-1,3,4,5-(3-triethoxysilyl-1-propyltetrathio)neopentane.

41.  The filler of claim 37 wherein the at least one hydrocarbon core polysulfide

silane is one or more isomers of

tris-1,2,3-(3-triethoxysilyl-1-propyltetrathio)propane.
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