ADHESI VE COMPGCSI TI ONS COVPRI SI NG A POLYFARNESENE PRI OR RELATED APPLI CATI ONS
[001] This application clains the benefit of U S. Provisional Patent

Appl i cat iwo 2blnaer6361/ 094, 059, fil ed Septenber 4, 2008; pamarskhos/004958

Provi si onal Patent Application Nunber 61/220,591, filed June 26, 2009, all
of which are incorporated herein by reference in their _entirety. FIEELD OF
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conprising a polyfarnesene and a tackifier. The pol yfarnesene can be a

dorived from a fal nesene PR RIATEDIEFER KNG, The adhesive
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toget her by surface attachnent. Pressure sensitive adhesives (PSAs)
gener alNymbare 1 2209l vledrdumer 26280 Maillot vhaeldare oncadivented Herehsnreererwgum r ed
pressurtﬁ iirs tﬁg&l ied to effect an adhesion to the adherends. PSAs can be
per maneft” 81 'Fénovabl e. Renpvabl e PSAs have been widely used in
re-positionabl e applications, such as Post-it(r) notes. Pressure sensitive
adhesi ves are general ly baspIEoD GF Il ISVENTTONKI fier and an oil. Sone
common PSAs are based on polynmers such as natural rubbers, synthetic
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copol yner), polyacryl ates, polynethacryl ates, and pol(?/-_algggao efins. [004]
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Hot - neland adekéfigre ST hatobrnesenc campes Srngsenahamepehanet deyiv amaterials
that cap be n*e‘%%gé’ Lon2ilEhhLQ, R0l d adher endz or  RybsLIal ¢ b agatfier upon
cool i ng and SOl i |r1ny| ng. T'ROSOme 8pp€i i'cations, the" Honded SubstTates can be

det acherhehyhegvetdnmpigitionlifedsedatieinndh@sed asfa idiengudihtsiad 8Sa pRBsun t hst and
the heat. The hot. nelt adhesives are generally used in paper products,
packagisepsiveg &hesive, | ani nat ed wood panel's, kitchen countertops, vehicles,
tapes, labels, and a variety of disposable goods such as di sposabl e

di apers, hospital pads, gekeiREUNDOFRTHERRER§Io/Nd surgi cal drapes.

Cenerally, these hot nelt adhesives are

[003] An adhesive is a substance capable of holding materials (e.g., adherends or
substrates) together by surface attachment. Pressure sensitive adhesives (PSAs) generally are
adhesive materials which bond to adherends when a required pressure is applied to effect an
adhesion to the adherends. PSAs can be permanent or removable. Removable PSAs have
been widely used in re-positionable applications, such as Post-it® notes. Pressure sensitive
adhesives are generally based on a polymer, a tackifier and an oil. Some common PSAs are
based on polymers such as natural rubbers, synthetic rubbers (e.g., styrene-butadiene rubber
and styrene-isoprene-styrene copolymer), polyacrylates, polymethacrylates, and poly-alpha-

olefins.

[004] Hot-melt adhesives at ambient temperature are generally solid materials that
can be heated to a melt to hold adherends or substrates together upon cooling and solidifying.
In some applications, the bonded substrates can be detached by remelting the hot melt
adhesive if the substrates can withstand the heat. The hot melt adhesives are generally used
in paper products, packaging materials, laminated wood panels, kitchen countertops, vehicles,
tapes, labels, and a variety of disposable goods such as disposable diapers, hospital pads,
feminine sanitary napkins, and surgical drapes. Generally, these hot melt adhesives are

based on a polymer, tackifier, and a wax. Some common hot melt adhesives are based on
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based on a polyner, tackifier, and a wax. Some conmmon hot nelt adhesives
are based onsem -crystalline polyners such as ethyl ene honopol yners,

et hyl ene wopolwyoresss and styrene bl ock copol ynmers (e.g., PCT/US2009/004958
styrene-i soprene-styrene copol ymer or styrene-butadi ene-styrene copol yner).
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| NVENTI ON [ 007] The aforenmentioned needs are met by various aspects

di scl dsxend epmpoynds hringahleast 1553809 88MBer ein is a conposition
conprising a polyfarnesene and a tackifier. In some enbodinents, the
conposi t (el di sd%@ﬂ@été theeavailability of awariate pf hetdndls adhesivespodPiessle | n ot her
enbodi _nent. he co itiomn di {0 . jtive
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der i vdaiendlyer engivable nebyersy for yistancepolypersider veh ipm isentenqif compgindsy eat er |
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[007] The aforementioned needs are met by various aspects disclosed herein. In one
aspect, provided herein is a composition comprising a polyfarnesene and a tackifier. In some
embodiments, the composition disclosed herein is a hot melt adhesive composition. In other

embodiments, the composition disclosed herein is a pressure sensitive adhesive composition.

[008] In certain embodiments, the polyfarnesene has formula (X’):
txitve
n m (X,),

wherein n is an integer from 1 to about 100,000; m is an integer from 0 to about 100,000; X
is derived from a farnesene; and Y is derived from a vinyl monomer, with the proviso that

when m is 1 or greater, the mole percent ratio of X to Y is from about 1:4 to about 100:1.

[009] In some embodiments, X of the polyfarnesene disclosed herein has one or

more of formulae (I’)-(VIII") and stereoisomers thereof:
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R3 has formula (XII1): R4 has fornmula (XIV): [0010] In sone enbodi nents,

t he anount of fornmula (1'), i.e., the cis-\,4- mcrostructure, in the
pol yf ar nesenelwdizzasBosed herein is at nost about 80 wt. YPCILUSOM0BN4958
enbodi nents, the amount of formula (IF), i.e., the - 1,4-mcrostructure, in

t he pol yfgrnesene disclosed herein is dromabout 5 w.%to about 99 wt.%
based %n he t ot al wei gh Hof the pol yflarGasene. In further enmbodi ments, the
anount ol fo la (1K) ‘f,d\east 270 wt. % sedgon the total

wei ght 0(1:0 e polyfarngsene. in still further enbod nts, at least a
porti oms@f the d | e ®fonds in ®)or re @VIfydmaul & (P)evihl ' ).
(V)-(m1"), andg‘(m))(l ) - (XI'V) and@gt g,reoi some(rps thereof is rs;}gro)genat ed.
[0011] In certain embodiments, Y of the polyfarnesene disclosed herein has
f or mul hereir R hgs formule (20 somer thereof: (1X ), wherein each of R5, R6 , R7
and R8 is independently H, alkyl, cycloal kyl, aryl, alkenyl, cycloal kenyl,
al kynyl , heterocyclyl, al koxy, aryl ?y, car boxy, al koxycar bonyl ,

am nocar bonyl, al kyl am noc ,_Atalkyl g nocar bonyl, acyl oxy, nitrile
or halo. [0012] In someefbodinent's, R5 is aryl; (X each of R6, R7 and R8
is H In other enbodi ments, the aryl is phenyl. [0013] In certain
enbodi}hzdmsfonmhe(xuyn of mand n of the polyfarnesene disclosed herein is
greater than about 300. In other enbodinents, m of the pol yfarnesene

di scl osed herein is 0 and tdw pol yf@ineseneCHs a farnesene honopol yner. In
further enbodiments, mis flkgm 1 tolaboyt 100s 000 and the pol yfarnesene is
a random farnesene i nt el ymer. Yn soune ehbeodi mgrily, mis from1l to about

100, 000 and the pol yfarnesene is a block farnesene interpolynmer. In further
enbodi ek Sornhdl8 (R11BCk farnesene interpolynmer conprises one bl ock
conprising X and twd bl ocks conprising Y and wherein the block conprising X
is between the two bl ocks cemprisingh. [0014] In certain enbodinments, the
Mv of the pol yfarnesene di Wi s greater than about 60, 000
daltons. In other enbodiyg \ ,fihe()?ﬁbym nesene di scl osed herein
is |less than about -60 OC. ’

R* has formula (XIV):

CH; CH, CHs
™ X

HaC = :‘:“ XIV).

[0010] In some embodiments, the amount of formula (I’), i.e., thé cis-1,4-
microstructure, in the polyfarnesene disclosed herein is at most about 80 wt.%. In other
embodiments, the amount of formula (II’), i.e., the trans-1,4-microstructure, in the
polyfarnesene disclosed herein is from about 5 wt.% to about 99 wt.%, based on the total
weight of the polyfarnesene. In further embodiments, the amount of formula (III”) is at least
about 70 wt.%, based on the total weight of the polyfarnesene. In still further embodiments,
at least a portion of the double bonds in one or more of formulae (I’)-(IIT"), (V’)-(VII’), and
(XD-(XIV) and stereoisomers thereof is hydrogenated.

[0011] In certain embodiments, Y of the polyfarnesene disclosed herein has formula

(IX?) or a stereoisomer thereof:



[ 0015] In sone enbodi ments, the tackifier is present fromabout 5 wt.%to
about 70 wt.% based on the total weight of the conposition. In other

enbodi menwe,20tome746acki fi er has a ring and ball (R&B) sofrrceniscgpopoeions equal
to or greater than 80 C, as neasured in accordance wth ASTM 28-67. [0016]
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conposition conprising a polyfarnesene and a tackifier, wherein the

pol yf ar Jichi ISIn%mn@%meﬁelﬂﬁrswM@acmmé%hﬁmanﬁlm ppéthepal vinyl
nmononer in the presence of a catalyst, wth the proviso that when the vinyl

mononembaslipengs,ght aryl kephenyle percent ratio of the farnesene to the vinyl
nmononmer is fromabout 1:4 to about 100:1. [0018] In certain enbodi nents,
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r eagerhlock epreprising Xrapé dwadlacks comprisiag A gt whereinibe &Qﬁ?ﬁpmssmg X is
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di scl osed herein. In sone enbodlnents the article is
disclosed herein is less than about -60 °C.

[0015] In some embodiments, the tackifier is present from about 5 wt.% to about 70
wt.%, based on the total weight of the composition. In other embodiments, the tackifier has a
ring and ball (R&B) softening point equal to or greater than 80 °C, as measured in
accordance with ASTM 28-67.

[0016] In certain embodiments, the composition disclosed herein further comprises
an additive selected from the group consisting of plasticizers, oils, waxes, antioxidants, UV
stabilizers, colorants or pigments, fillers, flow aids, coupling agents, crosslinking agents,

surfactants, solvents and combinations thereof.

[0017] In one aspect, provided herein is a composition comprising a polyfarnesene
and a tackifier, wherein the polyfarnesene is prepared by polymerizing a farnesene and an
optional vinyl monomer in the presence of a catalyst, with the proviso that when the vinyl
monomer is present, the mole percent ratio of the farnesene to the vinyl monomer is from

about 1:4 to about 100:1.

[0018] In certain embodiments, the farnesene is a-farnesene, p-farnesene or a

combination thereof. In other embodiments, the farnesene is B-farnesene. In further



paper product, packaging material, |am nated wood panel, kitchen
countertop, vehicle, |abel, disposable diaper, hospital pad, fem nine
sani tary wepkion274ar gi cal drape, tape, case, carton, tragl/usedvosddsglevi ce
or bandage. In other enbodinents, the article is a tape, case, carton,
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adhesiweo louspd bs itrgrotadh eveighrpd diet podyfattieseleosed herein. In sone enbodi ments,
the first adherend and the second adherend are the sane. In other

embodi meyo39) t henfsbiglentsbdfhénisl RO dinyNRoAGHENE pReYeRT Aladha p6lytirhéRhe iy -
[0024] In certain enbodi nents, each of the first adherend and the second

adher erfdmesghspnistatyer. domthdr sebodiments, thiovayl mapemer igistyseriee In fuhasr |

gl ass, stagne rankte. marble.. masonr orcelain, ceramc, tile, china,
concr@f@oggfl%{vg tgeat?ﬂr}ésg?\ea’l erPQIYeT fse%ylgflgfrﬁ?rpﬂé’m%ven fabri cl, IeeatC hlapaor a
conbi nat h@g fjherleof. In qther enbgd' nments, . each o({) the first adhef end and
the secolf®28linerl8fgrtpin JerriSihe {ArneseRe,is RreRarecpy & pugroorsanismy, In oo

| abel ,o@ImbBRinerfi, ko faPARER isldetiRPiromYsimBldtdashape. [0025] In one
aspect, provided herein is an adhesive conposition conprising a rubber and

a tackifj wh bk et L £ ' . L.schpsed
her ei n. pﬁh%ne%g%gglgi%@ﬁgﬁéﬂ?%ﬁ%ﬁ@%d@g&% ?‘gb reslgﬁtﬁﬁrlpﬁeag Igt' rha?mge from
about dbhemtenfiotimaisuhe dddalyit. feithdrasetprises t,Bbig(dindthylemgitt)ethénd. ha fadhesi ve

conmposi tion. I n other enbodi.nents, thepolyfarnesene, has R&B soft eni
poi Nt CERAIMEnS. dfe hraRgon fissiossadirein s wheiduriLatien vacompasiiioe 1 3l ASTM
28- 67-fuhr§eé}‘e'rﬁﬂolaﬁﬁerﬁ§m@wmpés‘moﬂ BiScIb ARk iR ESa Bredlirt SSRithVRAANRAUL 20 OC.

[ 0026] Additional aspects of the Invention and characteristics and

pr opercompssitibnvar i ous enbodi ments of the invention becone apparent with the
foll ow ng description. DESCRI PTION OF THE DRAW NGS [ 0027] Figure 1 depicts
U travi o[(@22)Vi silhlone@kpéclippdvidgbhdremm iohn Exehgpémnirismgla bubstraterpesteaiky. or] 0028]

Fi gure depi ¢t's Gel Per eat.i on r onmat ogr aph >C) curve of Exanple 1.
L0207 iEy G6Red i CArapes T iR Teadte kg HEE FEEE: THRRRIEIS Bt Fum of
paper product, packaging material, laminated wood panel, kitchen countertop, vehicle, label,
disposable diaper, hospital pad, feminine sanitary napkin, surgical drape, tape, case, carton,

tray, medical device or bandage. In other embodiments, the article is a tape, case, carton,

tray, medical device or bandage.

[0023] In one aspect, provided herein is a method of adhering a first adherend to a
second adherend by using an adhesive comprising the composition disclosed herein. In some
embodiments, the first adherend and the second adherend are the same. In other

embodiments, the first adherend and the second adherend are different.

[0024] In certain embodiments, each of the first adherend and the second adherend
independently comprises metal, wood, paper, plastic, rubber, glass, stone, granite, marble,
masonry, porcelain, ceramic, tile, china, concrete, clay, sand, chalk, textile, cloth, non-woven
fabric, leather or a combination thereof. In other embodiments, each of the first adherend
and the second adherend is independently in the form of sheet, strip, tape, label, tag, web,

disk, plate, film or any molded shape.

[0025] In one aspect, provided herein is an adhesive composition comprising a rubber
and a tackifier, wherein the tackifier comprises a polyfarnesene disclosed herein. In some
embodiments, the polyfarnesene is present in the range from about 5 wt.% to about 70 wt.%,

based on the total weight of the adhesive composition. In other embodiments, the
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Exanple 1. [0030] Figure 4 depicts a HLNVR spectrum of Exanple 1. [0031]
Figure 5 depicts a Differential Scanning Calorinetry (DSC) curve of Exanple
1. [0032]wbigure743depi cts a Thermal Gravinetric Anal ysiPST(UBGApP/0e4958 e of
Exanple 1 nmeasured in air. [0033] Figure 7 depicts a TGA curve of Exanple 1

measured . n nitrogen.,:0034] Fiqure 8,depicts | resul Exampl e
1o atime Gk b98S Rags soterng pR G BLECH dblen Bn 86, s SR pRa 0 P10
depi ClagcctddlRe with XSTR 2863 Qurther ERB3dimenits) tieerubBerdRBiaCll,JedsaRai dtwut est
-results of Exanple 2. [0038] Figure 12 depicts a GPC curve of Exanple 3.

[0039]20|£Cgure 13 depicts a C 3 NWR spectrum of Exanple 3. [0040] Figure 14
depicts a HLNWR spectrum of Exanple 3. [0041] Figure 15 depicts a DSC curve
of Exanpl0826] [ ORdidiiiorl gspestskd thiejnventsorpariiGharagteristiof ardkprop¢rtiesof 0043]

Figure 17 depicls lap.test r l.ts of Exanpl e .3 441 Fiaqure. 18 depi ct
e ¢ Sttt DenGREHE huiniin bt appRFRUTeY s AT el iiohe rve of °
pol ystyrene- 1, 4-pol yfarnesene di-bl ock copol yner fornmed. [0046] Figure 20

depicts a GPC curve of DESTREPHION OFTHEDRAWINGS depi cts a 13C NWR
spectrum of Exanple 4. [0048] Figure 22 depicts a 1H NVR spectrum of

Exanpl e fho2fP04Highreaud i&@Uﬂ%viaéﬁvesiﬁggwuvis spdctrotRxampfs 1 h&OBO] Figure
24 depi c(bg apTGA (g:lllirve e?f Exanpl e 4. [0051] Fi gu}(rp{a 25 depi (I:)fes teng?l e test

r esul tfamesenExanpl e 4. [0052] Figure 26 depicts lap test results of Exanple

4. [0053] Figure 27 depicts a GPC curve of polystyrene formed. [0054]

Fi gure 2@028pi ctRigare CREpaus & GebPemudagisn {iheoreatdgrphy (GPE) neveré di - bl ock

Example 1.

[0029] Figure 3 depicts a C" Nuclear Magnetic Resonance (NMR) spectrum of
Example 1.

[0030] Figure 4 depicts a H'! NMR spectrum of Example 1.

[0031] Figure 5 depicts a Differential Scanning Calorimetry (DSC) curve of
Example 1.

[0032] Figure 6 depicts a Thermal Gravimetric Analysis (TGA) curve of Example 1

measured in air.
[0033] Figure 7 depicts a TGA curve of Example 1 measured in nitrogen.
[0034] Figure 8 depicts lap test results of Example 1.
[0035] Figure 9 depicts a GPC curve of Example 2.
[0036] Figure 10 depicts a DSC curve of Example 2.
[0037] Figure 11 depicts tensile test results of Example 2.
[0038] Figure 12 depicts a GPC curve of Example 3.
[0039] Figure 13 depicts a C"> NMR spectrum of Example 3.
[0040] Figure 14 depicts a H ' NMR spectrum of Example 3.
[0041] Figure 15 depicts a DSC curve of Example 3.

[0042] Figure 16 depicts a TGA curve of Example 3.



copol ymer fornmed. [0055] Figure 29 depicts a GPC curve of Exanple 5. [0056]
Figure 30 depicts a 13C NWR spectrum of Exanple 5. [0057] Figure 3 1

depi ct s awbOHoNR7spect rum of Exanple 5. [0058] Figure 3PcCuascabsoasOSC
curve of Exanple 5. [0059] Figure 33 depicts a TGA curve of Exanple 5.

[ 0060] Fj 34..depicts t ile.t | t f EX le 5. [0061] Fi

35 dep gt(@ﬂéfgpé“lsvf?u& %Pl%n%hﬁf%;%%&? pEFPie 2t fon i th hexane. [0062]

i gure icts a C ft t ti f Ex | e 5.

[ o063] Ffogﬁlﬁﬁ ﬁag,sﬁ%@?i‘cé%%p%g s of pAviVEng RSl e 5. [0064] Fi gur e
epicts Lap test t f _Ex l e 5. [0065]. Fi 39 depj i

Cest resld0dS] of epermbelcpicly 0GB rFyal BRI e BODERE ¥R SEBPK esul 1 s of

annplcgpgly%?'ﬁ;rhga DESCRI PTI ON OF THE | NVENTI ON General Definitions [0067]
Pol yme efers to a polyneric conpound prepared by polynerizi ng nononers,

whet her e ne diff Th eneric term"polynmer"
e.nbracesﬁ{oﬁgpt ef[ﬁguneggﬁﬁe%qtv}réﬁ’ﬁéw%%ggﬁvn%@?%. "terpolyner” as well as
"interpo " J.006 Ylnterp " refers.to a | ymer prepared by the
pol ymer i bﬁlﬁ?Ln oé‘g‘érte%&?ﬂ“%%\o@dﬁm%%fw a('ﬁplgrgnorrer s. The generic
term"interpolymer"” includes the term "copolynmer" (which generally refers
to a pol W’égl pr dpgnre@2rdepinty fu N YRePEFITUR9A Ese‘gs] well as the term
;Ijt fe][ pol yEr(}aqr;‘;b(V\hliﬁch ge(r;teqrpaolgl yDlrSE:f ers tgﬁa pol é/tsmer prepared fromthree
ifferen es logurepkioteproty a etrspobRxaplsdses pol yners nmade by
pol ymerizing four or nmore types of nonomers. [0069] "Organyl" refers to any
orlganl c [o561 i tLEggtregM(ﬂqp;ctsm@‘Qrmbms obExémplet4d.onal type, having one free
val ence at a carbon atom e.g., CH3CH - , ACH - , CH3C(=0-, 4-
pyridyl naosy] . [KiQuf]25 ddpittorasibydest reaflarof Bxampley4.uni val ent group forned by
renovi ng a hydrogen atom from a hydrocarbon, such as al kyl (e.g., ethyl),
cycl oal kyoseg- 9- Figewclecdepiots lapaéd réukth of Example 4.

[0053] Figure 27 depicts a GPC curve of polystyrene formed.

[0054] Figure 28 depicts a GPC curve of polystyrene-3,4-polyfarnesene di-block

copolymer formed.
[0055] Figure 29 depicts a GPC curve of Example 5.
[0056] Figure 30 depicts a 3C NMR spectrum of Example 5.
[0057] Figure 31 depicts a 'H NMR spectrum of Example 5.
[0058] Figure 32 depicts a DSC curve of Example 5.
[0059] Figure 33 depicts a TGA curve of Example 5.
[0060] Figure 34 depicts tensile test results of Example 5.
[0061] Figure 35 depicts a GPC curve of Example 5 after extraction with hexane.
[0062] Figure 36 depicts a GPC curve of hexane after extraction for Example 5.
[0063] Figure 37 depicts tensile test results of Example 5.
[0064] Figure 38 depicts lap test results of Example 5.
[0065] Figure 39 depicts tensile test results of Example 6.

[0066] Figure 40 depicts tensile test results of Example 7.



(e.g., phenyl). [0071] "Heterocyclyl" refers to any univalent group forned
by renoving a hydrogen atomfromany ring atomof a heterocyclic conpound.
[0072] " Awbybiomr4e3al kyl group” refers to a unival ent grouwshegionyss he
general formula CnH2n+i derived fromrenoving a hydrogen atomfrom a

sat urat ed, unbranc ' ' A% where n is an
integer, or an int I(gjgigl;R{)L@v)veen aﬁgi?@?ﬁgﬁgg wee%N??Qr% 8. Exanpl es of
al kyl C%rouaﬁ) e ude, but are not limted to, (G -GCs)al kyl groups, such as
met hy R dhACIO yI isopropyl 2-nmethyl -1 -propyl, 2- rret hyI 2 -propyl,
2- rrethy but | -1 . 2rreth| di met hyl -1

Zor opyl 10967 Pobysmd get6rso adieric Fampgnt machaRbON Do BEHERE

2- et ri'ﬁ/dno%'le?? rW%’ther%f"t'ff'etﬁ}ﬂe 3 aQﬁﬁEbéht tyﬁe ”ﬁ‘h@éhne%oq@ﬂﬁ Ybolysne?* bRty | - |
-butyl, 3,3-dimethyl -I-butyl, 2-ethyl utyl, |sobutyl - butyl,
pentylthe nesmpélm;xbpolymexp’émqpblymxylterpbbmeﬁ’ aawdll@sfylltel‘p@dngér al kyl groups
I ncl ude nonyl and decyl groups. An al kyl group can be unsubstituted or
substi t ufo8d8i t HIntegpodymenrefessiiotagiul pmeiyirspartd bptlse pdtymetieationrad at tdast al ky|
group can,be branched or unbr%gched I n spnme enbodi,nent s, h% al kyl group
cont ait¥8 erppifypes,of monomers, The generigtern cinfqrp yg‘FBn‘é‘c{“éﬁsiéf B ci oal kyl "
or “Cy » " h ers) as

cycl oa‘lsi)ﬂj’rﬂérlﬁﬁll eh?r%]\? ein%ﬁg;l?’ ré%glﬁtro ?ﬂ&nﬁ?} oﬁ?%&%gﬁd gl\rf%ﬂ%[{tlnguﬁof}&lon())cycl iC
or polwedlaslthe tarmrigerpo}ymar’é (wigick gcﬂmmll)arederhwia pglnqummnare@zamﬁh@s of

cycl oal. I ncl ud t are not ted

o oup itfeetty BET L /EpaERY 1 lsp Enchutivisies RAVUT G STHs BY RTPET RS 1o B

cycl ohgdt Yypes@dthordhdstat ed cyclic and bicyclic terpenes and (C -

C7) cycl oal enyl groups, such as cycl opropenyl, cycl obutenyl, cyclopentenyl,
cycl Ohexmﬁbt an%rgéxylaha%mh y oRAlicURBRIUERIRS JPY@éahﬂe@rlﬁ“ﬂih&Xﬁh! c

t er penes ycl oa group can be unsubstituted or substituted by one or
two suypeahheng obe fict velehee atfuvartrer atomee. gt, KHESH-0QIKE—, §HbG=Oxn 4be
nnnocyclhc or. polycyclic. In some enbodi ments, the cycl oal kyl group
contalpﬁfg1 ¥mathds "5 g, 7 8, 9, or 10 carbon atoms [0074] "Aryl" or "aryl

group" refers to_an or radi cal derjved fr noc clic or,polycyclic
ar omat i c[08y8} ocar}Bﬁjﬁo‘W ¥ eFﬁfG‘iSﬁ@ agy H?HP%@E%FOHP ?ﬁm qu%ﬁwgﬁﬁl es of

the arylm, ?@ﬁg& h%ﬂ&ké&%@ Rhenys alkgﬁﬁfg héﬁlyl RSBR¥lkyl @ gt W@&@X

and toI any{a&\enyl An

sexi pheny nant renyl raceny coronen
aryl de.gypheayl).be
[0071] “Heterocyclyl” refers to any univalent group formed by removing a hydrogen

atom from any ring atom of a heterocyclic compound.

[0072] “Alkyl” or “alkyl group” refers to a univalent group having the general
formula CoHzq+; derived from removing a hydrogen atom from a saturated, unbranched or
branched aliphatic hydrocarbon, where n is an integer, or an integer between 1 and 20, or
between 1 and 8. Examples of alkyl groups include, but are not limited to, (C;—Cg)alkyl
groups, such as methyl, ethyl, propyl, isopropyl, 2-methyl-1-propyl, 2-methyl-2-propyl, 2-
methyl-1-butyl, 3-methyl-1-butyl, 2-methyl-3-butyl, 2,2-dimethyl-1-propyl, 2-methyl-1-
pentyl, 3-methyl-1-pentyl, 4-methyl-1-pentyl, 2-methyl-2-pentyl, 3-methyl-2-pentyl,
4-methyl-2-pentyl, 2,2-dimethyl-1-butyl, 3,3-dimethyl-1-butyl, 2-ethyl-1-butyl, butyl,
isobutyl, 7~butyl, pentyl, isopentyl, neopentyl, hexyl, heptyl and octyl. Longer alkyl groups
include nonyl and decyl groups. An alkyl group can be unsubstituted or substituted with one
or more suitable substituents. Furthermore, the alkyl group can be branched or unbranched.

In some embodiments, the alkyl group contains at least 2, 3, 4, 5, 6, 7, or 8 carbon atoms.



unsubstituted or substituted with one or nore suitable substituents.
Furthernore, the aryl group can be nonocyclic or polycyclic. In sone
enbodinenwegoﬂhewmsyl group contains at least 6, 7, 8, ®CTaS209/0c5%0nN
atons. [0075] "Ilsoprenoid" and "isoprenoid conpound"” are used

T CTERRSP! ISRl % 6 ARy TS S GHR oly gogpmicr

di phosphat ed To descri

chenm egtloalitand by repficdab of #hydragemitohrefsin aoivm- émdiang,enoﬂmymmbr pdigtyctionpound

or chemcal npiety is replaced with a_second hen1 noi ety (£€§ second
Uify QF

cpfem' ame cempétsylgcc&rbd gpeand iy dgrgen aiems JBxamplesef © YA@@%&C Lyey

a ec f

Fhoe ot i8R, (B4 Gfeykithlidl BoublSuRIPASbrop TG oRGRRIIPT S ore

IIIBIJII agclohéyd.eamd o@zlcloyibptyhahé lsatafdtgdhcycekb Iaednjoicychct teyperies aad (@3- heteroaryl,
rox t t t : ) do;

o e Ball SRV iR Sseta e HproRta b eatIghenyl: sipanhiyL SYAp BTl

car bonyl cyd18hdptin Htwﬁa{th%/d cy¥ie anIi'%Ic@@Ich;‘béIrpe(n%s gA,cykrdaiﬂwgmetah%)

YO,

car bocycl whi ch can be nonocyclic or fused or non-fused

IIOI y c ymbahstifusedyor, subytmthtqdrhyp;de orctwolsomhly Bubsvmhﬁpé‘rnwlenmrecthc ICMHQ?(H(IY) or a
et erocycl oal,kyl I ch can be Jon clic u used cyclic
(e.g. g‘%&ﬂ?a&ﬂedPﬂ?ﬂCYC‘b‘f RERY ?I?YWF ‘IIB? SQPﬂ@‘Pe“?FoIIBh%’FII ﬁ‘IIin §I°“tph°I‘)’é‘zaII‘hS§|)
car bogy edakiss, @ 7hEiebP Y 6arbn atairocycl ic or fused or non-fused polycyclic
aryl (e.g., pﬁenyl napht hyl, pyrrolyl, indolyl, furanyl, thiophenyl,

i m dazol W07 Eva‘QIr.Y/I or"%ﬂﬁ%ﬁ&hﬁ"“efe?ﬂo%%r?&mc tdid GIeHI/ed ﬁ@ﬁlraarﬁgﬁd@ychc

pyrazol y ridinyl, quin I soqui nofi nyl, acridinyl, pyra2|né
pyr|danpnyhydpynonwﬁchydmmmbnubyudagvhghhydgmzommnmpN@nyhnwmg@éﬁ@p sranyl ) ;

I I k I I
ZI“yI‘?IoﬁﬁIIe;rar”iI o isscaens, iy ” b B R sexi@ienel .
ﬂ%?fﬁxthreﬂﬁf afIthIalcényl Mrahéﬁyyh Jand; tolaﬁ‘I’IIEBédyIl) An-am rsip ddrebey| ) ;- N(aryl)
2 Cq(al kyl); CIX y and 2(aryl); and such
oi et juasubstifuted esubstiwsdi \mlapn%/OFsmbéﬁSwtablédub?ﬁ@(ﬂm%s@&imgreﬂw]ur e or

brid f
cubst I E RIS P R HES i SHBG b ARGhC B (80 ptaliEal 217!

gr oupSedit 61,85 9dor Y @irborc&bmge substituted, unl ess | t is specified
ot herwi se. [0077] "Organolithiumreagent” refers to an organonetallic

corrpoundgomsr a ‘didRetoiont AespraRid SompoilT a2d Gsed ihietdHatpeablyohereinaind
non-1imting exanples of organolithium
refer to a compound derivable from isopentenyl diphosphate.

[0076] “Substituted” as used to describe a compound or chemical moiety refers to
that at least one hydrogen atom of that compound or chemical moiety is replaced with a
second chemical moiety. The second chemical moiety can be any desired substituent that
does not adversely affect the desired activity of the compound. Examples of substituents are
those found in the exemplary compounds and embodiments disclosed herein, as well as
halogen; alkyl; heteroalkyl; alkenyl; alkynyl; aryl, heteroaryl, hydroxyl; alkoxyl; amino; nitro;
thiol; thioether; imine; cyano; amido; phosphonato; phosphine; carboxyl; thiocarbonyl;
sulfonyl; sulfonamide; carbonyl; formyl; carbonyloxy; oxo; haloalkyl (e.g., trifluoromethyl);
carbocyclic cycloalkyl, which can be monocyclic or fused or non-fused polycyclic (e.g.,
cyclopropyl, cyclobutyl, cyclopentyl or cyclohexyl) or a heterocycloalkyl, which can be
monocyclic or fused or non-fused polycyclic (e.g., pyrrolidinyl, piperidinyl, piperazinyl,
morpholinyl or thiazinyl); carbocyclic or heterocyclic, monocyclic or fused or non-fused
polycyclic aryl (e.g., phenyl, naphthyl, pyrrolyl, indolyl, furanyl, thiophenyl, imidazolyl,
oxazolyl, isoxazolyl, thiazolyl, triazolyl, tetrazolyl, pyrazolyl, pyridinyl, quinolinyl,
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reagents include vinyllithium aryllithium(e.g., phenyllithium, and
alkyllithium(e.g., nbutyl lithium sec- butyl lithium tert- butyl

| 'ithium wethild2r46Bi um i sopropyl lithium or other alkyl IP'Ctrhisutrmmwgsant S
havi ng 1 to 20 carbon atons). [0078] A conposition that is "substantially

t oy st TR LRI BRRindEipy HIEROT BRI GapbAlfiBonECS | TEN BT 20
?é) bgsﬁﬁhibbh&nyabﬁbénzbﬁyhhn% dn€igs (privafryasevhddly br vdrtidfy); @ksverhailtyladsout 0. 1
9

s than about % of the co ound, _base th t al
voI undgs mﬁ’ﬁé’ﬂdﬁ‘d@%?‘!‘b’bnCOP@HYQ]CQNHbI'9@1 i yH?stﬁfglI‘ﬁﬂl’ Qﬁ 2} i near"

means at pﬁt C - hagy 5@1.:;1 ot han about 10
vvt.% (?FgésO(?E}én (m?bs l<\/%lpltlg)’l%l e}s\%ﬁ?wia?h gﬂﬁf} V\f %(aﬁ@ss t an about 1

. % C@&@ikylhabOadrel) i -G Halkyl) 24nd -€33, (adyd)n ambsuch roiktied caﬁzbalmbd egonalpn
about 0, % of the branched,  star-shaped. or or |rregul ar
str uctsﬂ?%‘ém\,\%%é(fuiﬁ‘il'&l%smfa oy Bridge ff Bﬁe’{zﬁé’l%cﬁ}r@gﬁt i BHeES SR y mer
t hat 'ognoﬁélf&%@ﬁhhéﬂ A%S%Wﬁﬂa sliBRigent E@Ect&&‘ﬁoﬁ@%ﬂ%{'o .miééll éh%n{i@aﬂs than
about 20 wt."% |l ess than about 10 wt.% I ess than about wt.% Iless than
about gsoups.digcldsed betefraeanaieosubstituted, eglessas s specifiedbtherwide5 w . % | ess t han
about 0.1 wt.% or less than about 0.01 w.%of the |linear, star-shaped or
ot her re®7d] or<Orgamgdithiam hgem? tofars to hasganometatiee ¢ompdund obitine divéctt he

corrp03|t| [ 0081]. A pal yner that i subst.anti al | t ar- shaped”. neans
that tqad @sﬁvxﬁ%ra ahonande B p10h %PWE"\)\E“%X S ’(5]&‘1““‘10 Wt

l ess E%Em%ﬁﬂaﬁd@v&&n{’(ﬁmh? Slltlﬁll ag@gbgh&y\fﬁthlfﬂm)l 8B alk PAfhi g.n- Wt

about 0.5"wt ut "0.1 wt A;orlesstanaboutOOl
vvt . % dfutytl hichibma merh bty lithiems feor- butyi dithineg miegryllgthivin,riseuubpyllithiv or vthss |

based et ot al . nposi tJy on 0082] In the follown

descr ,a&yll(g ‘u'%ﬁagﬁ‘?fﬁltt}@”gggltgépd?&@ H‘g B are[ apprLX| mat e val ues, ]
R e P LR R ot o
10 to c%&r?‘ggi'hﬁﬁzgfantai‘ﬁ@?%@\fﬁ{n @ooﬂ’r‘@@&h%‘hes&@%ﬁ@u& o @vtl%’vl@é’s thifiBout 8-, and an

upper sed, unbe ng wthin the range is
speci fwta) leys tlhasabmsédwt %l;llqsat}tan(abbatrl, wt. %e ltfselthamvabngt hamadhslesd thann t he

range a%out (? PeCI 0, OT cleslsythan a ?8%? wt R -tl-lll(e* mpo_unh)bas\'\é] ?he to‘:(al \3lune of

the composition.

[0079] A polymer that is “substantially linear” means that the polymer contains less
than about 20 wt.%, less than about 10 wt.%, less than about 5 wt.%, less than about 3 wt.%,
less than about 1 wt.%, less than about 0.5 wt.%, less than about 0.1 wt.%, or less than about
0.01 wt.% of the branched, star-shaped or other regular or irregular structures, based on the

total volume of the composition.

[0080] A polymer that is “substantially branched” means that the polymer contains
less than about 20 wt.%, less than about 10 wt.%, less than about 5 wt.%, less than about 3
wt.%, less than about 1 wt.%, less than about 0.5 wt.%, less than about 0.1 wt.%, or less than
about 0.01 wt.% of the linear, star-shaped or other regular or irregular structures, based on

the total volume of the composition.

[0081] A polymer that is “substantially star-shaped” means that the polymer contains
less than about 20 wt.%, less than about 10 wt.%, less than about 5 wt.%, less than about 3
wt.%, less than about 1 wt.%, less than about 0.5 wt.%, less than about 0.1 wt.%, or less than

about 0.01 wt.% of the branched, linear or other regular or irregular structures, based on the
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variable ranging from1l percent to 100 percent with a 1 percent increnent,

l.e., kis 1 percent, 2 percent, 3 percent, 4 percent, 5 percent,..., 50

percent, Wohkopemesat, 52 percent,..., 95 percent, 96 pePCEMS2009/H04988 cent ,

98 percent, 99 percent, or 100 percent Mor eover, any nunerical range

defin nunbers. as defined in the above is al so specifical

disclggﬁpxﬂFﬁﬁggheﬁWngi Bsitions disclosed herein generaFIy conprlge a
nal ly a.tackifier. In other

P ooa) LRREF 08 n iR e des b it LS ORl R Bt BTl o1

embodivaRBS SegdrBRsCRARASH th: Wd3d daisftl 05:€% Bﬁfx%theGWed$&c&1ﬂe@ﬁ5ﬂf ier. [0084]
In some enbodi nents, the polyfarnesene is a farnesene honopol yne

far ne$lmewntlmt Fheyohppreanoby & persebl, Agrerasnt, tSW@mt or] spraesimaes, A0 @@@@PW@?& s,
t he farnesene is f ar nes

h f
L) DO S et gl WA et R R AR o OFIRE RO Y diSclflfly AF [ Tom
t her e@imbePfaMidewitRIiRRE HRP iSspetifRaRp mémrsaesmr;sm@l@ {flrrfoRswhg

i nterpol yner conprising units derived froma ast _pne farnesene and units

der i vaymbersnwighintherange A S@G@ﬁpglbedusczlamde Rvﬁnyk*%n%raewhexem kis2 her

enmbodi nent t he esene . in t t
ot “BTADIE Kprele i AR 101 6 PRk 8 DR Bt ) T IR Rt

| nt er pQleydvat, 3 eréent, anpkra&nt,bs pérsentl... éﬂ(llfﬂié‘&hitlilg)drdi‘ﬁm,rmeymn, ., 196 petdeht,
further enbodi nents, the farnesene inter i.s a di-block, tri-block or

ot her SASEacBl,&¢iperase Pﬁcﬂeiﬂ‘ﬁ@% 55 roosst,of n08eR Bﬁ%e@n%a‘ieﬁﬁ‘?ﬂ 81y BeHCA nesene
hOMOP N8 BE SRS RHberbal LRI i ol ehsE el RafDRRIgaENCE Of any

cat al ol'yneri zing ol efins suc et yfene styrene or

i soprene r enbodlnen one or
ror e uni 1088kt rgher SRR AIET e lobR el ﬁgﬁ?r%ﬁﬁ%"%%‘gﬁ%ﬁ%ﬁﬁﬁer ot or
a com@pﬂaﬁal@rh tfablﬁﬁeﬂfInWhBérEUnﬁbdaim&&S thecompasi(otls) disdRasedderdiodomba (XI 1) :
wher ei n each rP land k is_independently, an int egec{ from1l tp about

5, 000,COMPHAS ;aLtatCJSl tesoln furtheperybodipmsitss thecoamositions diselesed hgrNCOMPrish Gut

100, OSQ: gdom 1 to about 200,000, from1l to about 500,000, from2 to about
10, 00 k’Fromz to about 50,000, from2 to about 100,000, from 2 to about

200, 000, |jff " Oy 0} AIRMImERY: RO Boly bl SOHPis RS IR Mo ARk

farnesene interpolymer or a combination thereof. In certain embodiments, the polyfarnesene
is a farnesene homopolymer comprising units derived from at least one farnesene such as a-
farnesene, B-farnesene or a combination thereof. In other embodiments, the polyfarnesene is
a farnesene interpolymer comprising units derived from at least one farnesene and units
derived from at least one copolymerizable vinyl monomer. In further embodiments, the
farnesene interpolymer is derived from styrene and at least one farnesene. In still further
embodiments, the farnesene interpolymer is a random, block or alternating interpolymer. In
still further embodiments, the farnesene interpolymer is a di-block, tri-block or other multi-

block interpolymer.

[0085] In some embodiments, the farnesene homopolymer is prepared by
polymerizing B-farnesene in the presence of any catalyst suitable for polymerizing olefins
such as ethylene, styrene or isoprene. In other embodiments, the farnesene homopolymer
comprises one or more units having formula (I), (II), (III), (IV), a stereoisomer thereof or a

combination thereof:
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m n, land k is independently an integer from1 to 100, 000. In other

enbodi nents, each of m n, land k is independently an integer from2 to
100, 000. woQasBjoz2r4s3cert ai n enbodi nents, the farnesene hecoasken®N496ONPri ses
at |east one unit having formula (1) wherein mis greater than about 300,

greater than about 500 or greater than a 1900. In other enbodi nents,
t he farnesgne honopol yner c'grrprlssat I ohe unit having formula (I1)
wherein n {s\gredter than fabout /300, gre than abo or greater than

about 1000} Im Turfher e , t he flangesene honopqgl yngr conpri ses at
| east one YM't hav

g formmt'a (111), wherdi nIi r eat et REhadyabout 300
greater than about I@Oﬁ),or great er th&. about 10!) ID19% still %(a
enbodi nent s, the farnesene honopol ymer conprises at | east one un|t haV| ng

for rrulvwe(reth)R e femul&(XI3: greater than about 300, greater than about 500 or
greater than about 1000. [0087] In sone enbodi nents, the farnesene

honopol yner conprises at EBBast onéHanit having forrrul a (1) and at | east one
unit having formul a (Il)g@%n/Qe/s\%,of mand n is greater than about
300, greater than aboutsC500™0r gfeater than abo@I)1&Hd0. | n ot her

enbodi nents, the farnesene honopol yner conprises at |east one unit having
forrrulla’!}{ag)foma@tn .east one unit having formula (l111), wherein the sum of

mand lis greater than about 300, greater than about 500 or greater than
about 1000. In other enbodigmgnts, tdwe farnesenehonopol ynmer conprises at

| east one unit having for a (Il1) Aand at | t one unit having fornula
(I'11), wherein the sumgfc™n d a Ran g EUt 300, greater than
about 500 or greater than about 1000. In still furt enbodi ments, the

farnesene .ho ner c S east. nit ), at
| east "gtﬁéelﬂﬁgﬁp#a‘él d ap I"é ePFrf%engX(?né?tg eaﬁ'éJ mcl)r@%ﬁé#t% étav??r%? ?)(% nul a
(1'11) ,abBherceoon, fo §drastut 50,0006 i & a@b@tamroaob&anabwabo&moo go®at er than
about 500 or greater than about 1000. In still further odi nents, the

f ar nedtaie 1o 15PRE00 2 @@é’oﬁth%%tfr%gt%ﬁbqutﬁgxﬂoﬁg PR P aeopt ) | at
| east 1%@%06“&&%%'4%811{]8{“ W g I{frhu A (?1{9)%%@%@6@ IH@brh feﬂwoag?éreg rsg&ﬁoﬁl | I)

and at Teast one unit ein the sumo

i s greatrel ahdinis mldepﬁndaﬂtﬂ)y angrreegeerfrohhhmo H0H060. Sdother q:;mbmhmcnts,tmnh af)m,lt
1000. In s |II furtl(] errbodlrre g or nore units having formula
(1), @ fsndkjsingepgndently a’}‘ﬁ‘t‘tgﬁé E‘r%@s W98 nopol yrer di scl osed herein can

be in any order. [0088] In certain enbodiments, the farnesene honopol yner
i's prepaj@@6PyY In certain embodiments, the farnesene homopolymer comprises at least one

unit having formula (I) wherein m is greater than about 300, greater than about 500 or greater
than about 1000. In other embodiments, the farnesene homopolymer comprises at least one
unit having formula (II) wherein n is greater than about 300, greater than about 500 or greater
than about 1000. In further embodiments, the farnesene homopolymer comprises at least one
unit having formula (III) wherein 1 is greater than about 300, greater than about 500 or
greater than about 1000. In still further embodiments, the farnesene homopolymer comprises
at least one unit having formula (IV) wherein k is greater than about 300, greater than about

500 or greater than about 1000.

[0087] In some embodiments, the farnesene homopolymer comprises at least one unit
having formula (I) and at least one unit having formula (II), wherein the sum of m and n is
greater than about 300, greater than about 500 or greater than about 1000. In other
embodiments, the farnesene homopolymer comprises at least one unit having formula (I) and
at least one unit having formula (IIT), wherein the sum of m and 1 is greater than about 300,

greater than about 500 or greater than about 1000. In other embodiments, the farnesene
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pol yneri zing a-farnesene in the presence of any catal yst suitable for
polynmeri zing olefins. In other enbodi nents, the farnesene honopol yner
conpri seswoneir74re units having formula (V), (VI), (YCr)us2qoviobdors a
stereoi soner thereof or a combination thereof: (M), (M1) or (MI1),

(V),
wher ei,.n R a ( ). I i j of m n,
land Ilgofné) p ?%@fﬁgé@h?ﬁsytgéﬁ Stl) %I%eg%lgfrlh%@%cﬁéo%% @B%ﬁ? \%l,es%\'g)?ﬂé]ﬁirn gnq% ?ﬁ‘%o about
10, 00@erniul® (I, Wherathotie sl cFBQindflrio grehtet chantabutit 3000 gf@ter thanoaboiit @0 ebout
200, 000, from1 to about 500,000, from2 to ag%tpjt 10,000, from 2 taq about
50, 00@reatsrdharaboyt Lot Insbl foher embadiments, the fynesspp hemePolymer comPEses,
about i i : I 5 1dR30sRendent |y
an i ntagfg%g?t%?lrggr?]it?la'?glg?fsgﬁgggi.)@rq&%g Rg‘?ﬁ@ﬁg%ﬁ?%ém“}@gg’c%doa? lér%@fjn, 1aﬁd K is
i ndepaadagtfoymda (1)} whereirf thesu@ dfon, 0&dI0S gf<aes Shan abovie 8 0Gigneaterttbai nent s,

the f h i ses. t. of i ing f |
wher e PROTh 300 g eaangmarpu SO omi Mrbe BroaiRe Baba P60 "gr eater 1 han
about p10AB,} rﬁséﬁgﬁsé‘s@@éys@%@it) Ed8nd RAMAREME ahRABRA MR hat HiEfofEE at

| east one unit having fornu wherein n i's greater than about 300,
gr eat €H),tah feastaneuniti@@ing fogmelat(BI) artdeat ledsbene wrgvlaving formuladV).emsseinnent s,

the farnesene ho l.ynmer conpri ses | east one_uni.t ing.f la (VII)
wher et ﬁ%og%ﬁfl‘e)%%t%ﬁrgr?g?f[}ga% ,utgb%’a%rgﬁsterttﬁ%ag Ty B%@%Fergfr;%;ter t han
about 238@0.000N 18 54ill FurfHef ERBbJigtdney] kiesHeSor ridte ubits hedag foraild (19, (YIYE(IID)
conprises at |least one unit having formula (VII1) wherein k is greater than

about o800) in thesfasreseteairraenolymentisgdpsegrhertie can e #YRIEErL000. [ 0090] | n
sone enbodi nents, the farnesene honopol yner conprises at |east one unit
havi ng f[0088] a (IW)cedaid eatbodemeits,dhe famésenthbarnppelymenis pregared by wherei n t he

sum of and.n i reater .t han about 300 reater than,about. 5 greater
t han é’Bg‘)d’?er%‘Eﬁ)‘?"? e?ﬁ"f’ﬁé‘?thé’r%ﬁﬁpﬁ%?\{ QY %%59%‘314‘%32%%?}05 I}%}ﬁg?{g l%gfr)eﬁg(%rrpri ses
at | e3gbHRPemBBiimdney tdafiEdid R ofol Ahék imprRes bndaemuid unilRaaving f or nul a
(M), wherein the sumof mand 1lis greater than apout 300, greater than
about femmla(Vy(¥aY 6V INHXADsatereqisomer tharegf g cembigatior ficgcoft he f ar nesene
honmopol yner conprises at |east one unit having formula (VI) and at | east
one unift h@}vingfornula(VII), erein the sryn n and lis greater than
about 300/ "greakter thah aswyt 500 or CH

/ R4 k
m (y), n (v, vy or (v,
wherein R? has formula (XIII):
CH; CHa
X X
HsC (XIII); and

R* has formula (XIV):

CHa CHs CHa
)M/\)\ﬁ
HyC (XIV),

wherein each of m, n, 1 and k is independently an integer from 1 to about 5,000, from 1 to
about 10,000, from 1 to about 50,000, from 1 to about 100,000, from 1 to about 200,000,
from 1 to about 500,000, from 2 to about 10,000, from 2 to about 50,000, from 2 to about
100,000, from 2 to about 200,000, or from 2 to about 500,000. In some embodiments, each of
m, n, ] and k is independently an integer from 1 to 100,000. In other embodiments, each of m,

n, | and k is independently an integer from 2 to 100,000.
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greater than about 1000. In still further enbodinents, the farnesene
honmopol yner conprises at |east one unit having formula (V), at |east one
unit haviwg2bwvarmdea (V1) and at | east one unit havi ng f @CEIIS2000M04958
wherein the sumof m n and lis greater than about 300, greater than about

200 or gt@ﬁbﬁr HRBr AR kﬁqoﬁ%?ms 'dRe ?a&h se éH&x{xgﬁcpg%@P?c%ﬁ@%E%t 1afi%nkar nesene

honopol y nprises a east dne uni avi n east one
uni t h@itlhﬁgmfg(fbnmhla (Vyhhereii m i6 gsdatemnbartabiout BOY,ighgatérathaniabout 0O pr and  at
| east one upit haV| n for mula (M11), wherein the sumof m n, .land k is

gr eat EFreaterdhanaRout 1 ng}t@qtee?quﬁaﬁntwhafarmn%hom%lvwr CPMEAriSES Gt 1000.

In sti a (Vv),

(V). l‘%e{/ orﬁé\ﬁllqgjgmfrln t e) @Pﬁé@gﬁ%%%%%ﬁréﬁgéﬁgp ’sglleggég%émp glﬁtn can be

in an)SOOrodgreate[rmlﬁ}ﬁﬂf]bohnl@Qﬂ)r.rdnefnhhm‘iemmudsnerttmehé farmessembomopalpmiey ner i s
farnesene an

Pt oo BwPBRe LA oL Y haing smula QIIOTGRE s Birg CL e AT 10, GO
enbodigRididut §0Eof SeaeSHAR ab&if%@by RSt AFMel SRBoMRRNE, tHERfMesstel S havi ng
formula (1), (I1),”(CIt1), (IV), (V), (M), (V1) or (VI’II) di scl osed

her ei rlu,onmpsbfmewosmms at Ha@ste@ie wit laamgrﬁxrmata OHID) mébeeain k is grepter thear
enbodl t he o un| t a (I I [ I ,
(agg PvgliefteB P\“) M ?rqﬁ n&%qhgﬁopol( y?rer ( di )scl (()sed) heE eivil

b d 0 | nbodi t the f L
ggprpr " se Doy S?In?em% e&“ﬁﬁ@&ﬂ?f&éﬁ S farsent RmPRAYmPEeoriPrS 20 ot o8 Pitom
for mulpaeiy |f2>rm1§15 V) afd &t lEast Bhé/ﬁmt fing Efinula (\‘)"ﬂ)l Wwherbitl the Eum&if@x‘i 8d AQTEr S

t hereof and conbinations thereof. I n other emnbodi nents, such farnesene
hormpcgirga’m'rthmaatbd@e%@rgr%erthadawtﬁﬂ@Of gtelamvthag aborti 109 IA)@B}PI'WheI‘ ei n each
of X an

f or nu |631%€F me“(t’f’ |t51e Fa(?qSF')‘é h‘(’P?BO y‘?l%‘}ecor}?ms)es at?l\e;‘aﬁt 15 PHE\W?de ﬁ\t(gxd hgs are

di f f er,a8tat 1ch&t dne mhmfavﬁ@‘qeﬂhm I S@Bdteid th& s@AGfYn hred 118 @eemdﬂm abou@r eat er
than 1, sué: as 2, 3, GW)B 10, 15, 20, 25, 30, 35, 40, or

hi gher300] grestsn’élae abow iqur greates than @hmllt 830Gy ka qtheriembodiments, the fasnesens | v

st ar - SRR PR BB o BB AR R ) BRE AR on? UREAGRED, 1Y
di striforhed (HII(,D Nghdréia tﬁ@ﬁtﬂﬂ%ﬁﬂ%nﬂd)ﬁﬁ)gl@iltym ah@utrBOOJ greaﬂehﬂmnetbbm(ﬁ(]@am s,

the As and Bs are in ments" tQ provide a farnesene honopo
havi n@%@éb%?’h‘é’éﬂg@q u@t%‘r”é%“hﬁre‘%m%ts tm? ANEHENC omPHOIJWéFg prises

embodi Rk Syneh lﬁ%u%nl%nﬁﬁlam ALKt O dMEhN it RrmuPUbas aRd 8N8ast BRe

far nesene ormp
unit having formula (VII), wherein the sum of m, n and | is greater than about 300, greater

than about 500 or greater than about 1000. In still further embodiments, the farnesene
homopolymer comprises at least one unit having formula (V), at least one unit having
formula (VI), at least one unit having formula (VII) and at least one unit having formula
(VIII), wherein the sum of m, n, 1 and k is greater than about 300, greater than about 500 or
greater than about 1000. In still further embodiments, the one or more units having formula

(V), (VD), (VII) or (VIII) in the farnesene homopolymer disclosed herein can be in any order.

[0091] In some embodiments, the farnesene homopolymer is prepared by
polymerizing a mixture of a-farnesene and B-farnesene in the presence of any catalyst
suitable for polymerizing olefins. In other embodiments, the farnesene homopolymer
comprises one or more units having formula (I), (II), (III), (IV), (V), (VI), (VII) or (VIII)
disclosed herein, a stereoisomer thereof or a combination thereof. In further embodiments,
the one or more units having formula (I), (II), (IIT), (IV), (V), (VI), (VII) or (VIII) in the

farnesene homopolymer disclosed herein can be in any order.
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chain to provide a farnesene honopol yner having an alternative structure,
for exanple, A-B, A-B-A, A-B-A-B, A-B-A-B-A or the like. [0093] In sone
enbodi merwe,20toe746ar nesene honopol ynmer conpri ses three @®CTmS2@00i95% havi ng
three different fornul ae selected fromfornulae (1), (11), (I11), (1V),

In 3 g er og?r%V' Nin Sngelelrr)bOdﬁ‘Pé{t§Qhé%§{]sgné ﬁkﬁf@%&e ﬁ@ﬁc&ﬁ%@ée%% ePsdider eof .

di ment's, such farnresene can represented by the
f ol | ownftghdvingtwea differ&n Carmlee mlcnte:afrbmdbrmulay (BdDzd113, @Y),I(¥adiVIL, and

wher ei n_each. 0 I ndependent | y r [ L),
(1v), Y, Y (IUP)StereQ;Pqn)lerérthe(rwfd : n;@tloss C% 8318§ F%*EP& e)nfSr %ucfhuit her
enbodl as 2,
5 eiene §8figpbiymey ckn ?ﬁ?epﬁ%%eﬁtfé‘w%%@ RAGNVibg TR, 2LH Wifkechn BT
enbodlxnmdty, istahkeastsl, aﬁﬁ“mnnéimeadnr@f A aMBdndepeadsmlyshaarfonrmlaf(I)J {@hedH).f ashi on,

Fashs G0 (. v R YR eE B ifiend A BREE AR alerdit e B Eemndii, SHRES but e

al Ong a}lbgli ﬁ{d@ﬁéﬁeﬁtmgf&e%mer sﬁaaasm 3,8, otdrer s,egsm@dlsmt 95, 30)85/%0, Bs and
three "segnents” to provide a farnésene honopol a/rrer havi ng a
1

s eg rrermtr bighst. rlnmomeeemboﬂimemaﬂwl As anirBs arepipked wt@tanmllb near fashiomiagent s,
the As, Bs ealternativel ri,but.ed al.o t rnesene
honop&py?ﬁfld%gﬁa?f‘ St%labl?(?\’}% ‘i\ofﬁ bﬁgggﬁliy ﬁWBF@%B%agﬁﬁg&an alternative
St r uCteitRdirhétts, e AR hfd Biake fandoBly disterbGtef-aforfg the firfieseht kemopORakr | n
certain enbodi rrents t he pol yfarnesene is a farnesene interpalyner. In

ot her chpiodn ather smbpdimanis; thesAnand Bs aregn tyerspegmenty “épareddey faBesERer i zi ng
Sy capepEpridiRgREateRntaRl shfable, MRl ATRRIEE M, I \ngf csente o

f ur t hemedhoeitsrié As aht Bsfase sleseativelyndistribatedrabongithe firaeede hemepolyowmnpr i ses
(1) © Shaioito geay s Giesean hopBpolgie: Bivinb AR AlsmeLvaohe /s hitie As *"
1'bo. dhEi BB A BEAR IR e iR 00 000, Trom 1 Lo about 200,000, Trom T

T O e e N L o 3 S
each afitRhaviRe threBalfﬁiﬂéht%mhtﬂae sdenehfiemt foymiae @), ((br)g(dﬁyl(l‘g) Qup,(Vd), a
f unct Q%ﬁ | (VgIEIC)) usterej)lrslolflgrsn%heerggto gr{drzz%rr]rgbslﬁatﬁ)%(s: tc‘hereofR ?n other ¢ em%odl?nne%ts suc!hS not a
nonov t

farnesene homopolymer can be represented by the following formula: A,B,C, wherein each

of x, y and z is at least 1, and wherein each of A, B and C independently has formula (I), (II),

(I, (IV), (V), (VI), (VII) or (VIII) and A, B and C are different. In further embodiment,

each of x, y and z is independently greater than 1, suchas 2, 3,4, 5,6, 7, 8, 9, 10, 15, 20, 25,

30, 35, 40, or higher. In some embodiment, the As, Bs and Cs are linked in a substantially

linear fashion, as opposed to a substantially branched or substantially star-shaped fashion. In

other embodiments, the As, Bs and Cs are randomly distributed along the farnesene

homopolymer chain. In other embodiments, the As, Bs and Cs are in three “segments” to

provide a farnesene homopolymer having a segmented structure, for example, AA--A-BB--

B-CC--C. In other embodiments, the As, Bs and Cs are altematively distributed along the

farnesene homopolymer chain to provide a farnesene homopolymer having an alternative

structure, for example, A-B-C-A-B, A-B-C-A-B-C or the like.

[0094] In certain embodiments, the polyfarnesene is a farnesene interpolymer. In
other embodiments, the farnesene interpolymer is prepared by polymerizing at least one

farnesene and at least one vinyl monomer in the presence of any catalyst suitable for
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hydr ocar bon group containing 4-8 carbon atons. In sone enbodi nents, each of
R5, R6 , R7 and R8 is not an al kyl group containing 4-8 carbon atons.

[ 0095] | rwecenw/emsddi nents, the farnesene interpol yner @®CIaiSoeomo4sss ei n
conprises (a) one or nore units having at |east one of formulae (V), (M),
(M1) apd (. | scl her el n. . ' havi ng fornul a
(1rx Jflog'g? e(%%%{cg %%86%% ?{{do‘?iﬁ%omﬁ%?&%snbg}gﬁl#eh%% %@gg‘?%g‘ref‘ g?#\hgsfgﬁlgg%ﬁt er pol yner
](cji scl fi&&e@ollyjelﬂ@idlislc;l&@?PF?&Scdr?@ri&@?%Mne?‘i\i}Fﬁ)ru%iltf?h&M% Blg(]s/ﬁt%@g_ﬁt f)ne gf

or mul ae : . and (. scl ose

her ei rﬂemﬁ%? @b&llbr{glbandféﬁlbgﬁé)pﬁ%d hﬁd@lnhgm; & Rs &F MeKg urifshavingdgrmelaci n.
[ 0096 pHR sone enbodi nents, the farnesene interpolyner disclosed herein is
a ran on)fi nterpol ymer. In other enbodi nents, the farnesene interpolymner

di scl osed herein is a random {nt gs pol ymer wherein the vinyl nononmer units
and the farnesene units are rpndpmpgs di stributed. In further enbodinents,
the farnesene interpol yner di rein is a random i nterpol yner
wherein the vinyl nmononer units and| the farnesene units are randonmy

di stributed and wherein two of norerfof| formulae (1), (I1), (111), (1V),
(V), (M), (M1), (MIl) and (XI) in tRe faResene units are distributed
randomy, alternatively or in blocks. [0097] In sone enbodi nents, the
farnesgne. .j nt. al . di ekn | ' [ r. In
ot ner YREAPIERT S EoPLT RLERAR R0EhDn) §ieliboll LEPOT i 1 BRSO

al t er Migink Mo AR 1 POOYOERomi1ab @abbut 2109,000nbmMb roateut 500,080, druin Rhe abautnesene
units arealternatively distributed. In further enbodinents, the {Erairnzzesene

g 6f8

i nt er p8I0PRetrom; Sio)abertS HEVGiffem & taabeyt 180,080 fremilie&bprt 4A%100A t he
i nyl jt 5f i ' oS4 but ed
vinyl  IOOQIBH0.80bL shd¥ath Bfﬁf,og,rte’seﬁﬂqwe ﬁéc%?faf’r?aje{xf}#':}ﬁfaﬂ%?-%éf?l go"f‘!‘*’?{’}f% | ute

and wherein two or nore o mul ae (1), %
(VI1) fufcdiohal)gramsl [éome embddimeatsnesk oé RipRY SR sarel B stnot bmadvalandond v,

alternatively or in blocks. [0098] In certain enbqdinents, t f ar ngsene
"t or DOMSATERLOD Sropr OB FIDOR AP S SECOHITS cA &t Ko e ke
CoNprixgii RY id AG ANy oY Gnedthing 408¥ArB6n bisul a (1), (1), (111), (1V) or a
conbi nation thereof” and one or nore second bl ocks conprising the one or

mor e uni fohoBAVi ng s%ﬁ%ggtr{b%d{dlggts, tfl@fa}ﬁ\{]steﬁ@fnt&gﬁgﬂig?ﬁﬁEﬁ)sed RGefnal Hﬁﬁlﬁs@@

0
interpol ynmer'is a I nt er pol yner havi ng more first blocks
conpr i(s) axg drimeore meitohaving et leastose é farmglae (V), (VI), (VII) and (VIII) disclosed

herein; and (b) one or more units having formula (IX) disclosed herein. In other
embodiments, the farnesene interpolymer disclosed herein comprises (a) one or more units
having at least one of formulae (I), (IT), (IIL), (IV), (V), (VI), (VII) and (VIII) disclosed

herein; and (b) one or more units having formula (IX) disclosed herein.

[0096] In some embodiments, the farnesene interpolymer disclosed herein is a
random interpolymer. In other embodiments, the farnesene interpolymer disclosed herein is
a random interpolymer wherein the vinyl monomer units and the farnesene units are
randomly distributed. In further embodiments, the farnesene interpolymer disclosed herein is
a random interpolymer wherein the vinyl monomer units and the farnesene units are
randomly distributed and wherein two or more of formulae (I), (II), (IID), (IV), (V), (VI),
(VID), (VIII) and (XI) in the farnesene units are distributed randomly, alternatively or in
blocks.

[0097] In some embodiments, the farnesene interpolymer disclosed herein is an
alternating interpolymer. In other embodiments, the farnesene interpolymer disclosed herein

is an alternating interpolymer wherein the vinyl monomer units and the farnesene units are
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formula (V), (M), (M1l), (MI1Il) or a conbination thereof and one or nore
second bl ocks conprising the one or nore units having formula (1X). In
still furwbenicenbwdi nents, there are one first bl ock an#crms2eeme4yds bl ocks
and wherein the first block is between the two second bl ocks. In still

furth | 3 a Ml {; rived from
st yr onseripoly SRHeE bl bR, B PgPech FREIDRI N ol

pol ystheretn B-anclliefraating $segpotimdil wisdteipnahy T imyhmeamaer units and the farnesene

pol ystyr ene- pol yf ar nesene- pol ystyrene tri-bl ock, pol yfarnesen r

combi NBH 8 altseiaiyely diginbypd pRd edsecin B a1 WQFﬁ%f,t%f‘ﬁ laFéﬁnégeﬁgg’i (ﬁ?ér pol yrer
can b ' ; YEL R : nd y
oo O CARET TR X ahd Pch b MR Hafiest s Bt SRR GBS R EIA T
(r1r) orddpekg V), (VI), (Vi) or (VII1). In further enbodi nent, each of x
and y is independently greater than 1, such as 2, 3, 4, 5, 6, 7, 8, 9, 10,
15, 20, AP9SPO, IA%ertdid entbodithéris the Fam&eneintsrpoldiniee i a blobk ifterpahyindgs ar e
linked in a substantially |inear fashion, as opposed to_a s bf antially

br anc hedingong @b gtoxe firsh bigeks cQmpEFHAS &he Ine<Himere UnHS 5RHBS f@ﬁﬂﬂﬂ Mﬁ)s the Ps
and r LSt g ' nel ain. In
o1 her F 60 B & Bty B h L Had U i L B o e o 10
pr ovi geora uhits hedeg formule(X9) ymrtheawinbgdimentso tie fatresatelinterpdlpmerxsanpl e,

PP--P-QQ-Qor PP-P-QQ.- QP-PP. In other enbodinents, the Ps an are

al ter rbé?qk\}mepp%m?rrliwdmge%rl%qrdﬂaretfﬂét '?lﬁgl?fé‘é’&ﬁ’élsfnrgtt F 5B¢f QWrecH%HS&’aE%’gpr ovi de
a far ' ' inahi ' rRgple, P-Q
L LTSRS VR SIPEIINIIEN BB S st s

f or mulcamixiBingrthe\miBy & meredinsts hasiag fhemela (IX); do 300 funther carbodimentsiberenent s,

t he amount of formul 1) in e, pol yfarnesen I.scCl her | S at nost
about 2850t 8‘% glgfguﬁﬂifé%é‘?fﬁf‘d gg)c\lﬁ? %)gl Wﬁfre @?%g%oba?c@%%%w qnedé‘?twrr%st about
60 W .s¥%BorrbledksMDs btilk A tHer BRbBEnYéntd) @8& o e bévont Glatks Wem@titesatnitshe

pol yf arnesene. I n ot her enbodi nents, the ampunt of fornula (1I11) in the

pol yf aesgehfron syrens eth sparegmbaedimgnts) thg Jarngseag block inferpplymer Béast about 15

.% at least gbeut 2 9 A 12 ] t 30
e BatyshERR paRBResde Wbighi BOIypERSEnE BilsvathdbolffaritsenEB5LyGRAK 20
. % tAtblb&asdlyabdéne/dt adontbination thagbf.about 80 wt. % at | east about 90
.% at | east about 95 wt.% or at | east about 99 w.% based on the total

i ght 0!0(19919 P OlnsbAFERREMimérits,ftHE FBEscRETREhOBMieS cati B répreseateddy ther mul a
) in the pol yfanesene disclosed herein is from about
following formula: PQy wherein each of x and y is at least 1, and wherein P has formula (IX)

and Q has formula (1), (II), (II1), (IV), (V), (VI), (VII) or (VIII). In further embodiment, each
of x and y is independently greater than 1, such as 2, 3,4, 5,6, 7, 8, 9, 10, 15, 20, 25, 30, 35,

2

wt
wt
wt
we
(I

40, or higher. In some embodiment, the Ps and Qs are linked in a substantially linear fashion,
as opposed to a substantially branched or substantially star-shaped fashion. In other
embodiments, the Ps and Qs are randomly distributed along the farnesene interpolymer chain.
In other embodiments, the Ps and Qs are in two or more blocks or segments to provide a
farnesene interpolymer having a block structure, for example, PP--P-QQ---Q or PP--P-QQ---
Q-P---PP. In other embodiments, the Ps and Qs are alternatively distributed along the
farnesene interpolymer chain to provide a farnesene interpolymer having an alternative
structure, for example, P-Q, P-Q-P, P-Q-P-Q, P-Q-P-Q-P or the like. In some embodiments,

each Q has formula AsB, or A;B,C; as disclosed herein.

[00100] In certain embodiments, the amount of formula (I) in the polyfarnesene
disclosed herein is at most about 85 wt.%, at most about 80 wt.%, at most about 70 wt.%, at

most about 60 wt.%, or at most about 50 wt.%, based on the total weight of the polyfarnesene.
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1 w.%to about 99 wt.% fromabout 5 wt.%to about 99 wt.% from about 10
w.%to about 99 wt.% or fromabout 15 wt.%to about 99 wt.% based on the
total weiwbt2owio2tdse pol yf anesene. In still further enbodcCmastey/ov4ves anount
of formula (1V) in the pol yf arresene di scl osed herein is at nost about 0.1

or ai pEP ShaRith ik ot o TorfRR] AR R e polfiufesdtle AR RPN S0 ™1

sone d¢easpaboue b0 syt.% e 1¢ast yfound S entdso dit $easosteait D@ IV\&J%L at sl;eastdismaaﬁ mal%\atf r ee
of forrrul I (1), (1) or (1Y). 0101] certain enbodi t he
anountleast a %C&‘Fﬁgl‘*& %AAt leastabout (W/I“ft;o’cﬁt qagf 3ot ?ﬁ“ft??e» %&ﬁff%ﬁ%@%éﬁe&td’s Al osed
her 09' NedsPattut 7O, %‘bggéasfla%t % val, RS as?%'ﬁ‘ 98 v%ﬁ%,%t 1t AFout 983 YL, o0

.% at nost about’ % at nost about 30 Wt.Y% at nost about 40 w.%
at nosit leaktcbbutgd wt.%8basdd orotht tatblowtighOofithe polyfdrnessae. Ebbuthei7 0 wt % at
nost abqut,. 80 wt. % or at. _nost out . 90 % on, t he. to ht of
Mo pampodimendhe smoupt gl QN he PobFimesns ARclgred hetim i oty Aoty )

( VI) 108t 4oMblabdut 99 \tvh%, mhi’ﬁl%ﬁ%%%% aséme%wﬁm dbdui0 We%fo Aot 1
.% at | east about % at | east about % at |east about 5 w. %

at | e @9twidhoor fram ahput%s Wt.% waboutDwt. %z(bamd mthattotalewelghh@fdh@ 30 w.% at

on- ¢ nooRgtaeseas! st Rireg Spbodisitls, B thovit of R Ll B i nerdoe o on
of forgRéidted Mereid *{'a} mo(sf\/ziﬁcﬂut 0N wivel b mbst abbe (NSt RENE afizeatstius ¢ lvasgather ei n

is fromabout 1 wt.%to about 99 wt. % fromabout 5 wt.% to about 99 wt.
f r om ahestiebaw 2wt.% poatapesiabog . % basedfonghe irialuveight ofithopelyfasnesgne. oo

w. % (ba on t.he Lo t | AENt'S,
the paRyPBRsebeBraErSLadShesel dE R TERRy Byt BRERCRRRARI OE
(VI), diylamp eravyl11). [00102] In other enbodl rrent s, the sumof mand n

di scl osed herein is greater than about 250, greater than about 300, greater

t han about reat er th about 750, ter, t r greater
t han ab_o[ﬂ 3 I%“PWW“EFH}M}‘%WPEM cl Fh(gg Qﬁﬁﬂﬁhi ?QLI Qeg
herein ol?fa‘f'ﬁés@ﬁe Hl@ﬂesmémg§9t  mOtaBb& 1 W%’ aPRRsabddPs wivead elost han

about greater than about 750, greater than about 1000, or greater than
about abOﬁlOlO wn%catmastr@nbbm Wb, 9if moiseabouh3@ e, ah mastiaboyk 48 Médedither ein i s

o cat aros AR MGt oersorod BB YhahaERBHhaoddor M sFbatIRRAE S

2000. Jrit fRERaLRUPIY WIBA tbased HiEthe UstaDiveitht aftha@a@f&nésesle.l osetheherein is
reater
J embodiments, the amount of formula (V), (VI), (VII) or (VIII) in the polyfarnesene disclosed

herein is at least about 1 wt.%, at least about 2 wt.%, at least about 3 wt.%, at least about 5
wt.%, at least about 10 wt.%, at least about 20 wt.%, at least about 30 wt.%, at least about 40
wt.%, at least about 50 wt.%, at least about 60 wt.%, based on the total weight of the
polyfarnesene. In further embodiments, the amount of formula (V), (VI), (VII) or (VIII) in
the polyfarnesene disclosed herein is from about 1 wt.% to about 99 wt.%, from about 5
wt.% to about 99 wt.%, from about 10 wt.% to about 99 wt.%, or from about 15 wt.% to
about 99 wt.%, based on the total weight of the polyfarnesene. In some embodiments, the

polyfarnesene disclosed herein is substantially free of formula (V), (VI), (VII) or (VIII).

[00102] In other embodiments, the sum of m and n disclosed herein is greater than
about 250, greater than about 300, greater than about 500, greater than about 750, greater
than about 1000, or greater than about 2000. In further embodiments, the sum of m and 1
disclosed herein is greater than about 250, greater than about 300, greater than about 500,
greater than about 750, greater than about 1000, or greater than about 2000. In certain
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t han about 250, greater than about 300, greater than about 500, greater

t han about 750, greater than about 1000, or greater than about 2000.

[ 00103] Iwocerw@mir4s3enbodi ments, the nunber-average nol eeairas2e:iogisss (M) ,
wei ght aver age nol ecul ar wei ght (Mw), or viscosity-average nol ecul ar wei ght

\V/4 f IS¢l in.i 000
ot 1 ool T SERE nEh T oS BediifFintls boafe BPochlASL, 3RS R PO
gr eat @boiit!380, S@atePHan ABbHIIDD, gratea tiai dbbay7 b greated ManHdut B0A0) 6 gregteeat er

t han 750, Q00 dal tons, greater than 1,000,000 dal tons, greater .than
1, 500 termebayl 20895 Inspmg eathodimeninthosumof pos. andlofscloped kareias gieBisEi ment s,

t he 0 Sardi A 7kpan about
10, 00 ,%40/\‘46’%8%?%706%‘?&%2@ %%&ﬁg@@%g “,‘ffcbég% tggg@e%'rgdstés} tthﬁ%h&’}?ooo’, 000

dal t ongeatdrelan dtoan1@0N ot gater @im abaut 2000, or | ess than 500, 000 dal tons.
[ 00104] In sone enbodi nents, the polyfarnesene has at |east a gl ass

transiti nper at ur.e .of less than -55 0C, |ess than - 0C, ,| ess

t han - 65%&’& es8 CPHaR )dH'@fnt%rtﬁ‘I’ E‘é‘gg?r@'ﬁra-g?E‘)ﬁ?)lec,‘ﬁgsw%g%@igdwﬁl(gggr di ng
to AS}%:Q;&%@&&& i@l (VEh ardascdsitiratdvbidvadicenlalseight (Pf ofthe t he DSC
Procedurefor Determ ning 1g of a Pol ymer or an El astoneric Conpound” which
i s i npohfamesead disetased hergin iefgegaterdhan 3tp0166,000 daliensegisatss tiarahodt ¢ he

anount, of rpqula (1) i.s t . about 8 . %% t wei ght
or 1 nd o000 AR efvater PReniaoRORBRRY wuver Ban 0BT Gn el kb ¢

gr eat eboht 00, 000UAltoR) Greakdt that m@oooedﬂmds,?wta, thad 1)066900 dahors, greateof t he
doubl e bonds in one or nore of formulae (1), (I1), (1L1), (I'V), (IXR/I, (X1),
(XI'1) thandl,§0@PeDbdaltomss er greaterctban 2 H0RAP dgkions: da otlfen gmbepinents dageMa, Mw
enbodi t h ol yfar e .S..a-far ' OO &S er
enbodiomztozf,th% R@yfaé?%gggeeﬁgaﬁ%de*egg ;}érrgers lelﬁg%ﬁ%%tg ’ d;b?ﬂel n (l:tgﬁ%rqlesfssgﬁséd;ne or
nor e Wi00s00dedaltsgs 16ss aanal 000,08 éaleonis/lessnthamabout 760,080 dakasst, onlessithad nol e
percent, at |east about 10 nole percent, at |east about 15 nole percent, at
| east 8O0 dalionpl e percent, at |east about 30 nole percent, at |east about
40 nmol e percent, at |east about 50 nole percent, at |east about 60 nole

percent, [(ﬁlo{tjfa% seﬂﬂg%%‘&ixﬂ%@, tH@F)Gl?ﬂ'Imes%ﬁe h&aileAbPBlasSRamsMich per cent, or
90 no f the

at | east " abo e percent o whol e farnesene interpol yner. In
still témperatre €Fghofilesethian -53 M@, less than -60 °C, less than -65 °C, less than -70 °C, or

less than -75 °C, as measured according to ASTM D7426-08 titled “Standard Test Method

for Assignment of the DSC Procedure for Determining T, of a Polymer or an Elastomeric

Compound,” which is incorporated herein by reference.

[00105] In some embodiments, the amount of formula (I) is at most about 80 wt.%,
based on the total weight of the polyfarnesene. In other embodiments, the sum of m, nand |
is greater than about 300. In further embodiments, at least a portion of the double bonds in
one or more of formulae (I), (A1), (I1I), (IV), (IX), (XI), (XII) and stereoisomers thereof is
hydrogenated.

[00106] In some embodiments, the polyfarnesene is a farnesene interpolymer. In
further embodiments, the farnesene interpolymer disclosed herein comprises one or more
units derived from a farnesene in an amount of at least about 5 mole percent, at least about 10
mole percent, at least about 15 mole percent, at least about 20 mole percent, at least about 30
mole percent, at least about 40 mole percent, at least about 50 mole percent, at least about 60
mole percent, at least about 70 mole percent, at least about 80 mole percent, or at least about
90 mole percent of the whole farnesene interpolymer. In still further embodiments, the

farnesene interpolymer disclosed herein comprises one or more units derived from the vinyl
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farnesene interpol yner disclosed herein conprises one or nore units derived
fromthe vinylnononer in an anount of at |east about 5 nole percent, at
| east abowO 20D/020468 percent, at | east about 15 nol e per eemus2aw/obmast about
20 nol e percent at | east about 30 nole percent, at |east about 40 nole

per cent er.}xg E{n%gﬁ)%f a?? asp %l{ou? grngﬁ g%rggrﬁt @g@%& FggquitO Rte rE%l'c%np qfcent, at

| east na e percen ercent, | eas t
about 1843t aAsdue 1P @iicle percoit, tathlea.wlabbm Joanslepersent, at eamdbymmo mb(H)ﬂane]nt la
certain enbodi nents, the polyfarnesene conprises one_or

mol ecUsass abouy #A gnale prigent, e»deast apout)50 mple PErGEnth at keagfabpug @,Q;@plef l?f‘d?ﬁni att
b
Sbout s 70 R phiReA0 B ibac AR bo bR Berceh of gPithot Ao U mledcal >

i nt egef the whole fMeﬁlneunﬁteﬁzoﬂ)ﬁﬁer fromO to about 10,000, fromO to about
50,000, fromO to about 100,000, fromO to about 200,000, or fromO to
about 50f90399] Xnicertai@renyiRsdithems) e palyRanERAS cofifrisésiche @8 moregdolynm a vi nyl
nononer. [00108] In sone _enbodi nents, X has one or nore of formnul ae

(F) - ( vnoleeyles kavjng formpla @°):F), R2 (1), (VIIF). [00109] In certain

enbodi ments, Y has formula (1X): where Rl, R2 , R3, R4 are as defined
herein and each of R5, R6, R S |ndependently H, an organyl group
or a functional group. [00110] I'® gen&tal, tK&),polyfarnesene conprising a
m xture of polymer nol ecul es, each of whi ch has formila (X') wherein each

of n %ﬁ%réﬁhlnﬁgﬁﬁﬁ%@é}tﬂd{nh&& aBoﬁt@@OO‘ oV Btdigboul e, 000 efrargel tarnthodt 0,000Qut i on
of the n or mval ues disclosed herein depend on various factorssuch as the

nol ar fremildo gboutHO0HO8; fromgl teebent %000, ﬁefrP@qu 2hout POROGK AN itber at ur e,
the pr. ne r t f an

i 1 ARBES forfi0B ABGR 5000, beROR, Do, 408 RMout SEGUETRIED O 1
i nt er pboMEYN0, 0, E@fm@ltcaat(oiﬁt )ZO(DKEQOldi(ﬂdmdetmabmndt)@,ﬂOﬁ;onnmdmed,frcahiahough t he
concentrations of the conmpnorer, vioul d generally be snmall if not extrenely
snal | famesgngetnd ¥ dpderivedfeorg ervdmyl 18enORRry ner i zati on, as specifi ed with n
and mval ues, can affect the properties of the resultlng pol. In sone
embodi mef#0d08h ko samej embagiments.ofhas pre aypore of fonpulag (Io}ﬁ\illkﬁ about 10, 000,
from1l to about 50,000, from1l to

A Rt f%e”\ K
V ‘)J ), X am), WR/ av’)

R @), § ;
R3 CHj Rs CHs
HaC V), R ovr), %  (VIl)and R*  (VID).

[00109] In certain embodiments, Y has formula (IX):
R5
RS
RN
R
RB

where R!, R? | R?, R? are as defined herein and each of R’ R, R and R®is independently H,

IX?),

an organyl group or a functional group.

[00110] In general, the polyfarnesene comprising a mixture of polymer molecules,
each of which has formula (X’) wherein each of n and m independently has a specific value.

The average and distribution of the n or m values disclosed herein depend on various factors

20



about 100,000, from1l to about 200,000, or from1l to about 500,000; and m
Is an integer fromO to about 5,000, fromO to about 10,000, fromO to

about 50,W0Q10fmeB80 to about 100,000, from O to about POO/USA@Y/004958r0m O
to about 500 000 I n other enbodinents, n is independently from about lto

about 5Q00, about bout , 2500., fro Qut from
about S‘;‘th tg 560 ofﬂh&ﬁ?agﬁ%{naier gsg}forﬁ m?ﬁg“’a"r aﬂ%f:ﬁp%gout to about
50; arwesehde%rfarb@énceb@utchstnttanﬁh@tmg 281 thd dracabedh iktiser Hhbete iRa0Q, from
about 0 to about 1000, from about to about 500, fromabout O to about 100

or fr @nd tselymenizatigpsandigons. ATb@famem IngrpRlEmey OEE@rlmul@ X pHBayineluge) |

ad | at ed
i atafielel 3 Bok s AU IE Sorbn L HE o ARforBIkE WiEk B ABTBSTD) & B2
(X) %ﬁﬁnﬁfﬁﬁsextfé@lel%lﬂnar@unﬁie&%tabrwvﬂ’hetbj(téd‘neff)ollyh&mﬁlgorf as spdcaﬁectm}mmr e

each of the asterisks g?ln the faornmula represents_an end ?ff p which may
or may! aagtm yakugs, ﬁé@\%ﬁféﬁ propegies op heyrrptting pelymees! Ib?font%%ng 1Ige8SnBsene

depengy m?e{hgm}ﬁ | ?océ%ru%%ghﬁ@fﬁ 1 3568 AY,0002 ot Pho hbtut ShB0D! £#6m 1 to e

materi a resence or absence of a chain’term nating agent and t
st at e abbutt 1108 qoor fromul traboat J0E00Q; at from b tooatess 560 Ot)(lh;eandrml isodn inkeger

| i zat t 00112] .In la (X
P e to Abost sy, iam o sporns ERHP0. R D Ebedt s Bem i et e snd’
Ys of 1b@f009'ﬁlor§1>étba%6€t idoftk)tﬂof ﬂoﬁtttbﬁta%ht 9<bd Yo" Rsth@dEniteaithess, d 8 ur t her

enbodi nehts,” Xs and Ys of fofmula (X ) are linked in substantlally
st ar - shﬂaepenlddndstﬁcmm about 1gtbiabputf 1000hEemeabout] teeahosit 28Q(%; Hropd abentdrig aeut

i ndep I or a bl ock .al o t I r S

pr ovt 400G fgork b8 toponf SRk By w1 o RBew 100 R & 5B b ng
at | e3gts POA abolt PRKabRNE5E00, FRasibadne to'abdu@2k00,! frorfitabbiit (f terdboet 1000,

enbodi nents, Xs and Ys are randonty di stri but ed anngFthe pal yner chain so

as to fmo@b@é Ozto abaetoYd0s emeahont0 thakauhdPY ﬁéfroml gbowt { g abqyt tSHelA person _
embodi I?fg)n pﬁ%r‘};ixgllﬁmdtﬁg #Wll?’%&oﬁgﬂ}?ttﬁa}{%d&tﬂhﬁt %v@ﬂa@@ﬁ %?&fﬁh&nﬁé chain

S0 as e an alternarti arnesene In pcﬂ yner I'n sonme
enmbodicaBrhfplatedandiie within thet presdnadizelosure. i n the f ar nesene i nterpol yner
di scl osed herein is greater than about 1.5 nole % greater than about 2.0

ol e [00111] In some embodiments, formula (X’) comprises two end groups as shown by

the following formula:
v

where each of the asterisks (*) in the formula represents an end group which may or may not
vary between different polymer molecules of the polyfarnesene depending on many factors
such as the molar ratio of the starting materials, the presence or absence of a chain
terminating agent, and the state of the particular polymerization process at the end of the

polymerization step.

[00112] In some embodiments, Xs and Ys of formula (X’) are linked in a substantially
linear fashion. In other embodiments, Xs and Ys of formula (X) are linked in substantially
branched fashion. In further embodiments, Xs and Y's of formula (X’) are linked in
substantially star-shaped fashion. In still further embodiments, each of Xs and Ys
independently forms at least a block along the polymer chain so as to provide a di-block, tri-
block or multi-block farnesene interpolymer having at least one X block and at least one Y
block. In still further embodiments, Xs and Ys are randomly distributed along the polymer

chain so as to provide a random farnesene interpolymer. In still further embodiments, Xs and
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% greater than about 2.5 nole % greater than about 5 nole % greater than
about 10 nole % greater than about 15 nole % or greater than about 20

nol e % baeedioon746Be total anmount of the farnesene intePpolusr®@/004988 ot her
enbodi ments, the anount of the farnesene in the farnesene interpolyner

di scl qse LA mol e %
" Sl RESHAT IR PRl S TR 9P et ShehaE o © 0
mol e Yarnksas ifitbfpolyahaut 40 nole % or |ess than about 30 nole % based on
the total anmount of the farnesene interpolyner. [00114] In sone

enbodi meM0313f henabREmRUirhéifts thé imoiRIUTIRS farfesthin the faBERAe | Nt er pol ymer
di scl osed herein is greater than about 1.5 rmole % greater than about 2.0

nol e wegm@an@rrdwqtm dlerein 1sgr5atpmt|hgn %Olg rlemele Yongreaten dipn abopb?.8 mgle gr eat er

t han gpout 10 r n oult eqt bout
20 ol & BeeBoBReBonta PR T eteAB ARRAPoprniPRs i Ssal LR 16 B0 7

ot her gegddgdhareaiout 15 Atlem loﬁfgrdaierttﬁtﬁl aboly 20 MvO%E based dnfthe tcaamﬁ@m of

i nt erpol yner discl osed herein is | ess than about 90 nole % less than about

80 nltke tarngsergsintarpelymissuln gthergnkodimentsstie ameopntefghe fanesepe 1 the | ess t han
about é&eﬁle?rtxté%pa:l ércfl&%ge t?ltghétt n 490906 d@ou?@Oln‘?oﬁ?"/E hal RPsl étf ?nml::r(t%al .

based "on anount o Parnesehe I'nter yrer .
enmbodim@Ea s, leishbadmﬂoﬁ:t pe hﬁﬂdﬂ%, ek itleancdbotnh €0 frmten%s m?.setltao abbet 5/0 myle %onorrer

(i.e., the erc i 0 oOf the ese |nte
di scl dwdnane .uhﬁ)@sn § GnPhlsstthas. Ottéoz%etﬁ% h@ﬁh ment s,

t he %e%@?ﬁ@ oly#hd0 Of X to Y is from about 1: 4 to about 100:1; from
about 1:3.5 to about 100:1, fromabout 1:3 to about 100:1, fromabout 1:2.5

to about ([J‘(fﬂg%]lt Hn n;'ﬂe%mb%laﬂﬂé td tﬁ 5191091?(% Q@yllmo*xo'mﬁlo hE FhpdicEnts, mis

1 or gre arcent roma out "4 f o about
100: 1 iptetpblyrhed disdlﬁeﬂalleféuei‘dfg?datﬁﬁthhﬁ aboutd . f'&mim%, gfeafemlth’aml abo(it 2.0 molet he

pol yf ar nesene  di scl osed h rein i t 85 wt . at. np oyt 80
Wt o St ETRRISE thap aheut 2> wole e A T s %eatfr” otk H Bt Y0
W . % r%t;@ai&ﬂth ﬁdtl%lf%cﬁt mgtéaté}fthmomdma%%a@ed JnthO ST arfétRRGF Nt s,

t he armbunt o orrrua(l i'n the pol yfarnesene di sclosed herein is at
| east thdfumestie imterpolynter.| baothexaetmbmdlm@nw theqampunt efatbe viyb otonemenin the  at

| east fa bo%ne%%et\féolmerac{m ?as é@%geggiﬁlg%dwé& }m??p mcgj}S t% 6}el:Js%Ltflan a?oowt 80/Q at

| east

-

mole %, less than about 70 mole %, less than about 60 mole %, less than about 50 mole %,
less than about 40 mole %, or less than about 30 mole %, based on the total amount of the

farnesene interpolymer.

[00115] In certain embodiments, the mole percent ratio of the farnesene to the vinyl
monomer (i.e., the mole percent ratio of X to Y) in the farnesene interpolymer disclosed
herein is from about 1:5 to about 100:1. In other embodiments, the mole percent ratio of X
to Y is from about 1:4 to about 100:1; from about 1:3.5 to about 100:1, from about 1:3 to
about 100:1, from about 1:2.5 to about 100:1, or from about 1:2 to about 100:1. In some
embodiments, m is 1 or greater, the mole percent ratio of X to Y is from about 1:4 to about
100:1

[00116] In certain embodiments, the amount of formula (I’) in the polyfarnesene
disclosed herein is at most about 85 wt.%, at most about 80 wt.%, at most about 70 wt.%, at
most about 60 wt.%, or at most about 50 wt.%, based on the total weight of the polyfarnesene.
In other embodiments, the amount of formula (III’) in the polyfarnesene disclosed herein is at

least about 10 wt.%, at least about 15 wt.%, at least about 20 wt.%, at least about 25 wt.%, at
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| east about 70 wt.% at |east about 75 wt.% at |east about 80 w.% at

| east about 85 wt.% at |east about 90 w.% at | east about 95 wt.% or at
| east abowD 200/02746% based on the total weight of the peCyfzcoosetsss |n
further enbodi nents, the armunt of formula (IF) in the pol yfarnesene

di scl gs h A0 Lo )
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still further enbodi ments, the amunt of formula ( \//) in the pol% ar nesene
a

di sci deastrbeut 89 wii%, atdeasirhousBout. (VE) of affeastabgpt ?ﬁ)&’f batrd qn thedgtaby at st
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(w E; about 01 Wik, FiRm SRUp A .06 HOSNEO T TG dEprh abast 1S Yoo bt Sobovt 1
- % 3o, NPSLY %tto I‘Melg%t o?‘the;ﬂ?)ﬁfaﬂlté%ﬂe 19 st fheRbrbBaimaHiQWhe 20 W . %
at nost about at- nost about 40 wt.9% at nost about 50 wt.% at
nost abwunt womu%(l‘ét) imtist padpfautesaiee ddﬁcléseddtermstatawuabmovﬂtw%’/ et at

ot ner TERbARRON €1 V% ALmaRmpl v PRkt 2 ek, St BETIIRG. i 1 e

pol yf %ﬁ%&ﬁﬂﬁe%tﬁﬂv&%ﬁﬁoﬂﬁé ;b@faﬁe@hel BRSImEGAbSdithedls, e patythmasdneabout 2
Ww.% at |east about at | east about 5 w. % at | east about 10 wi.

at |eaissclcab@hcremsmb%nt@tlylf@&gf fervoile (130 (UD), 64T )an (F¥ast about 40 w. % at
| east about 50 wt.% at | east about 60 vvt % based on the total weight of

th | VF
(i o IRy Fcetle i fhe RO JBRR MR R LV ATV L GRERESA T,
to abend p(ﬂ?fah‘ﬁes%e dl&ﬂﬁ%dﬂhﬁﬂﬂém& wm%hbouihowt %9t mbst%boﬁf bmt&'lt;cauﬂtno]sﬂ W.%to
about 99 wt from about 15 wt % ?¢Jﬁé’ﬁt/g % basgg on,t he t ot al
wei ghtabew 1t0n\¥t ﬁ@ﬁwafftﬁég@r@ Wi, abinestab & at rigat Whe

(T ETRGS Sl sy, Aok 30640 v bl aemett bl 4o/ mettFa)oou( M RLopr

(VI'TF) Any’ conpound containing a viny %rou ) CH=CHZ, that -
is comlaymesu ababt 20 wit.0% bhsadrwstthneotahwellgbt Qfsthdpab' axn@qenyl Iltmthglrrer for maki ng

e SESRn e RO T 3OS B O1 o B it AR
disclosed herein is at least about 1 wt.%, at least about 2 wt.%, at least about 3 wt.%, at least
about 5 wt.%, at least about 10 wt.%, at least about 20 wt.%, at least about 30 wt.%, at least
about 40 wt.%, at least about 50 wt.%, at least about 60 wt.%, based on the total weight of
the polyfarnesene. In further embodiments, the amount of formula (V*), (VI’), (VII’) or
(VIII’) in the polyfamesene disclosed herein is from about 1 wt.% to about 99 wt.%, from
about 5 wt.% to about 99 wt.%, from about 10 wt.% to about 99 wt.%, or from about 15
wt.% to about 99 wt.%, based on the total weight of the polyfarnesene. In some
embodiments, the polyfarnesene disclosed herein is substantially free of formula (V’), (VI’),

(VII’) or (VIID).

[00118] Any compound containing a vinyl group, i.e., -CH=CH,, that is
copolymerizable with farnesene can be used as a vinyl monomer for making the farnesene
interpolymer disclosed herein. Useful vinyl monomers disclosed herein inciude ethylene, i.e.,

CH,=CH,. In certain embodiments, the vinyl monomer has formula (XV):

RS RS

ROR(XV),
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CH2=CH . In certain enbodi nents, the vinyl nmononer has fornula (XV):where
each of R5, R6, R7 and R8 is independently H, an organyl group or a

functi onavogooup7468001 19] I n sone enbodi nents, at | easPCons2ab/o0RB8 R6 , R7
and R8 of formula (1X), (1X) or (XV) is an organyl group. In further

o or SR Stch o R ORORMAnA KW eBer A0 PEGR bhean Tt BB btk MhBSHAGBLEY -
iyl BT Soe simbod et leagtar. ARG 2 g Ry Pl FRERE ),

al koxyy )@V)ﬂsoaﬁ’orgﬁr%}fl 1Al fEANA RN bnts, aHE Bﬁgﬁﬁ&lb@'BMﬂ) is hydrocarbyl,
al kyl am nocar bonyl ,” di al kyl am nocarbonyl, acyl oxy, nhitrile or halo. In

ot her sebﬁbmtﬁdrbmrgparbab hetsfocRelyl Resubstntesdrheteracysiylf dn eentain @mbpdm(mm ) or

ot b GBAPIEETERD ¥ lor il CRSEARS b B MarnBGE R Sy

al kyl ape1oa&gr, dlkerfil AlyklaBi®nHl a By B oI Yikterorgylly Rak id ,é)e[rb 0. In
cert ai fr’?errt)ﬁdla‘r;ry]e%t SC@RSYE afor?m Ekly(? " ?( v o(x;lyé{/)éﬂy )@ Mand each of

R6, RelkepicarBony, mnpearbgmxlh@kyl@mmﬁa@w dlqiglamrmarr‘mpal e¢»k9xy OfRlg o

[ h | d sH
enbod: El[ e'il\{ he 2%? %%3?%?%50%% andRRgfﬁ#rR} ﬁ%ﬁ) % )%S) or
(XV) |1ﬁddﬂenddﬁt19tl-h€aflk}&,rﬂwtbaﬂqnte&yl eymbalﬁénﬁ&lkﬁfyl }RferaaﬁblﬂSaldibxy (alryinkja, (1 X),
(IX) or (XV).1s H_ In further enggdlmants &y? ?(r(m 3 (IX) or
(XV)  icarbeyyr dkamsgrbonyls amanacarbony RglkyRemigpeprpenyldiplky lg?qarlr Wl t her

nbodi I . furth
enbod i HOar L nifriE oo pERE dein podiiens, K 6F RERES (80, N r KT ki) T s or
conpr iandsac ¢fRY R’ angtéllsmsadenflhrtlmr eaibloglimyénts, IRY of tformulé (ﬂrX)hQK bmt{éﬁv’ hisnt s,
| | X | X

E;S(raog’i‘?@ai mlﬁgmgpfﬁud%%m@%rgﬁ%y? (he% er(()cycl) ylorOSX\s?Jblstsl '([:)Lt ggrrprl °es
het | [00121]. 1 t nbodi t ~R7
and RB. 003Dy 1a SETp erodimar, IR P15 o 1 nAGtR oA Ky oG EB LS Ah)
hai o, oPxh isH. Andiin t&e%%ﬁ&hrﬂéﬁtF Kk lafsgeqﬁ REGPROBIdrithd (IRY, EXETRI es of

suitab I onal groups 1 nc e hydrox al koxy, aryloxy, am'no, nitro,
t hi ol (XM)uoHt hir furthes esmbodlmnts R%mf ﬁhmmubﬂ*(d)X))NHh’atoo (KVNsﬂ@)cKr@@bYdymd 2,

(Pt bl pat s L R bl st tno RS EEP I, Syl syptoatiy

- P(=O)dr QAT Yh A Yd&her @ﬁ‘l‘b@@%ﬂéms Tth@GﬁRbQIf’yR’ asRF 8NFIrmbtaSIX ) (Bah)ky (X Vor

-S(=0)2aryl), sul fonam de (- SOINH2, - SCRNH(al kyl), -SO2NH(aryl), s 6

- SO2N(isbkgdmprases alkenyl, cycloalkenyl or alkynyl In stlll furthér embodiments, none of R>, R®,
R’ and R® of formula (IX), (IX*) or (XV) is or comprises a hydrocarbyl, substituted

hydrocarbyl, heterocyclyl or substituted heterocyclyl.

[00121]) In certain embodiments, at least one of R, R®, R” and R® of formula (IX), (IX*)
or (XV) is a functional group containing halo, O, N, S, P or a combination thereof. Some
non-limiting examples of suitable functional groups include hydroxy, alkoxy, aryloxy, amino,
nitro, thiol, thioether, imine, cyano, amido, phosphonato (-P(=0)(O-alkyl),, -P(=0)(O-aryl),,
or -P(=0)(0-alkyl) )O-aryl), phosphinato (-P(=0)(0O-alkyl)alkyl, -P(=0)(O-aryl)alkyl, -
P(=0)(0-alkyl)aryl, or -P(=0)(O-aryl)aryl), carboxyl, thiocarbonyl, sulfonyl (-S(=O),alkyl,
or -S(=0),aryl), sulfonamide (-SO;NH, -SO,NH(alkyl), -SO,NH(aryl), -SO;N(alkyl),, -
SO,N(aryl),, or -SO;N(aryl)(alkyl)), ketone, aldehyde, ester, oxo, amino (primary, secondary
or tertiary), -CO,CHj3, -CONH,, -OCH,CONHj, -NH,, -OCHF,, -OCF3, -NH(alkyl), —
N(alkyl),, -NH(aryl), —-N(alkyl)(aryl), -N(aryl),, -CHO, —CO(alkyl), -CO(aryl), -CO»(alkyl),
or —COs(aryl). In some embodiments, the functional group is or comprises alkoxy, aryloxy,

carboxy, alkoxycarbonyl, aminocarbonyl, alkylaminocarbonyl, dialkylaminocarbonyl,
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S2N(aryl)2, or -S2N(aryl)(al kyl)), ketone, al dehyde, ester, oxo, am no
(primary, secondary or tertiary), -CORCH3, -CONH2, -OCH2CONH2, - NH2,

- OCHF2, -worsi10/02idéal kyl), - N(al kyl )2, -NH(aryl), - N(alPkyhysec@mnpbyoss
-N(aryl) 2, -CHO, -COJal kyl), -CQaryl), -C®2(alkyl), or -CO (aryl). In
sone e | e i onal ..group.is 0 1 2] oxy,

car boty Sy UBRE o hAS, 106k BB Bl nb R QR RIS AR Pd Bttula ), O

di al kyttyion (X¥) RosrWongeisbox Functibhdlidréup N Infvahed.enbodihées, mombof RIERE, R’ none
of R5, R6, R7 and R8 of formula (IX), (I X) or (XV? IS or conprises a

funct i2BA& of fermla (IX) otlKer or@oOds AE Reraprises mtkaxy, 1yloxgecark9Xhnd R of fornul a

(| X), (14 ' . 0 i se .y o

a1 ko uctydarBonst, AhinbEo Bn 0 MRY R o AR L u kb iRtocaBER I Rirloxe IiEley 1
acyloxyhaleitrile or halo. [00122] In sone enbodi nents, the vinyl nononer is
a substituted or unsubstituted olefin such as ethylene or styrene, vinyl

hal i de, f00122] etlAgbmeagibodanérts, thevingt mohoMmeeRlaubstitaiddag unkutstiagedr

acryl am de, nethacrylam de or a conbination thereof. |n other enmbodi nments,

t he violsfin sushassthyleneor gyraneevinghhalids wmyhetber, acrylpmiriaerohices@ieof . Sone
non- i m.i1ng: XRLP . ' ~ | l: r ropyl ene,

1- but é{r%g é‘f,ﬁc??lhc:x en é%&?l-agﬁéez E%&ﬁ%rﬁ%?’r‘]% S{A %‘%‘gﬁé‘%ﬁd‘%‘% g rr@(gt ?eﬁi- decene,

1, 5- P@mhﬁﬁ@tg nhe ci@prbinr)ﬁbmeﬂis e’tl’(}efrtboﬁn a{dléiﬂn?&l a;] d:crmbinaﬁoreﬁiemd)if.ngpm_, t Ihe
vinyl mononer is an aryl s as styrene, a-ne styrene, or di-viny
benzem@p-lm@mgieéﬁapleéﬁﬁwr% whlafipaenalis %Wﬁ&?,iw%lf&%a%tm AP such as
t hose 1%&&%%%%@%1-}4 %tegétn%mo e, [+ddene! 85 AL GiRné &nd BGAbRRHGEd herein
by referencé. 24]p n sone enbodi nents, the farnesene I nterpolyners

di scl asardotherein are derived fromat | east one farnesene and at |east one
ol efin monomer. An olefin refers to an unsaturated hydrocarbon-based
conpound, W at. | east qne.carbop-carbon double bond. ln certain

enbodt meMi12S) pnspaRiepegtan e SRVERRaPBIE ' bl iuehds ST oReLamstv i on
of catsprvd, or dRGinyPb&izERE. rmadihenals‘e&dm?reseﬁm@@ e MrsctiohaliZed vify eyl eiich Sone
non-limting exanples of suitable olefins include C2-20 aliphatic and C8-20

ar onmatas thase disslnsed by 8h8 BateniNoyi7s3A 1 10 1umkish isrineorpprategshagein bygefesgnee; ¢
conpounds, such as cycl obutene, cycl opentene, dicycl opentadi ene, and

nor bor ne kncludi 1) : ﬁ,{.rgﬁ . | inthe 5
and 6 poEﬁllzlc‘)ﬂ WIIH% ﬁﬂ%léag&é) dﬁ%r}%’ctg% E%ﬁe%{r?e }:d;%f)g y régglg?lgy %érr%ih%ge O her

non- | idetrivediffom at least one farnesene and at least one olefin monomer. An olefin refers to an

unsaturated hydrocarbon-based compound with at least one carbon-carbon double bond. In
certain embodiments, the olefin is a conjugated diene. Depending on the selection of
catalysts, any olefin may be used in embodiments of the invention. Some non-limiting
examples of suitable olefins include C, ,, aliphatic and Cg ,, aromatic compounds containing
vinylic unsaturation, as well as cyclic compounds, such as cyclobutene, cyclopentene,
dicyclopentadiene, and norbornene, including but not limited to, norbornene substituted in
the 5 and 6 position with C, ,, hydrocarbyl or cyclohydrocarbyl groups. Other non-limiting
examples of suitable olefins include mixtures of such olefins as well as mixtures of such

olefins with C, 4, diolefin compounds.

[00125] Some non-limiting examples of suitable olefin or a-olefin monomers include
styrene, ethylene, propylene, isobutylene, 1-butene, 1-pentene, 1-hexene, 1-heptene, 1-octene,
1-nonene, 1-decene, and 1-dodecene, 1-tetradecene, 1-hexadecene, 1-octadecene, 1-eicosene,
3-methyl-1-butene, 3-methyl-1-pentene, 4-methyl-1-pentene, 4,6-dimethyl-1-heptene, 4-

vinylcyclohexene, vinylcyclohexane, norbornadiene, ethylidene norbornene, cyclopentene,
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exanpl es of suitable olefins include m xtures of such olefins as well as
m xtures of such olefins with C4-40 diol efin conpounds. [00125] Sone
non- | i m twogosxamsBes of suitable olefin or a-ol efin nomrowaisgomoeiosgie
styrene, ethylene, propylene, isobutylene, 1- but ene, 1-pentene, 1-hexene,

1-h 1- . 1- d 1-
T herstthegne i Tonrbiatile, SouoetBy CrsofonpF ROTRTY bR EEs RS
1- pe““oﬁ{élﬁleﬁgkggyax adien ek $RCadiénd1 3L %@%Bbéhe, 171 Q@ﬁﬁﬁ:’ﬁﬁy ,9-decadiene, other

vi nyl cyc Vi ny cyclo exane,’ or na |ene |dene nof bor nene,
cycl oiin} entefmscimhbe dike, Irdcatain epbodiattnesnthe od¢ftt mooomeeis ptdpylénedilenes,

I ncluding but not limted to 1, 3- butadiene, 1,3-pentadiene, 1,4- hexadlene
1, 5- h&Rtgae.chpentanes 1 dsxark, drestene, @-agombinasion therepr C4 40 a-ol efins, and the
like. In certain enbodinents, the olefin nononer is propylene, 1- butene,

- pent enfox 36Tk .tiﬁféfposera@rhcd‘?égpds@&%&%&eﬁﬁ ERYed £0822EmINR

f ar nesen ynmers di sc erein my roma farnesene and
st yr enad stfrenef aTM&memmihﬁarpﬂlymsrmayrﬁ;rt}feu cmmpnseczmhmt ene G} ,, adefs, abne
C2.20 olefin, at |least one C4. ,8 diolefin, at | east one al kenyl benzene or

a conieasaencdd, isideledn, at Bast eiis abkanyihengensi @ copvinasingthergair St
PN PGt oo iae Sl (o palye g Vil REGAF B BHe dPEFample 152 U At &€
al kenyghheng &J‘l‘gﬁxnsi’tﬂfluéd‘ﬁohbrkers %Hlals 8actPAs cﬁiﬁjﬂka@é@l@%ﬁ%rﬁu@i@d ﬁ'l‘éﬁes

et hyl enée, . ol efins such as ene, isobutylene, 1-butene, 1-hexene,
1- pentabweylbénzeaesyind the hlemtBxamples Oﬂgwph eomonamerstieciade athylenaa, o, © e@@éene
and the |like. Qher suitable nmononers include styrene, halo- or

al kyl ss@lb%%nrpnylé@e,sﬁqhugﬂ@?; T huigpen Ehsvrife | DEDcARet-methyllpeatgnent, 1, 7-
oct ad'h%ptgﬁ%qn%gl{ %ﬁ@qsde%gﬁgl a3 aRd RO PO R6: atgymo%ﬁfemﬁcﬁag

cycl ooc SGE 'sui t non-conj ugated di ene nononers can be a
st r ai ghtrerhhalos obalayllchﬂﬂtlmtmll snymnescyniylhenbguylclmdmtdnenl ,dileradibizeyilily from 6 to

15 carbon, atons. S onI| ting exanpl e f suita Ie non- conj ugat ed
di eneQCFaHlﬂnﬁoPéldsctyF%ngW‘e%W& RS S¥§reperge ghexgﬁ%ﬁn &/O%k1MEw adi ene,

1, 6-octadi ene, 1,7-octadiene, 1,9-decadi ene, branched chain acyclic dienes,

such as E]’O'ﬁf’]hy ISorde émﬁ%l&@ﬂine&ﬁxj ughtelt demEBhbidmerd cln 86 hadthi@hetchain,

3, 7-dine , 7- octadi ene and” m xed i soners of di hydronyricene and
di hyd rbmmchcrbnl@m ot eyflis hyidragaghoinadjene havmgeﬁﬁ@ta 6 tgdéwaékpnlatsméy&)ms d@aPadi ene;

L 4-cyel; he)é?%{rgﬁlgf, Sl,flgbpevcolne%ﬁ A fefdnchadk stPérgﬂt%?lQﬂea%gakce&isnesand

use ring I enes
such as 1,4-hexadiene, 1,6-octadiene, 1,7- octadlene, 1,9 decadlene branched chain acyclic

dienes, such as 5-methyl-1,4-hexadiene; 3,7-dimethyl-1,6-octadiene; 3,7-dimethyl-1,7-
octadiene and mixed isomers of dihydromyricene and dihydroocinene, single ring alicyclic
dienes, such as 1,3-cyclopentadiene; 1,4-cyclohexadiene; 1,5-cyclooctadiene and 1,5-
cyclododecadiene, and multi-ring alicyclic fused and bridged ring dienes, such as
tetrahydroindene, methyl tetrahydroindene, dicyclopentadiene, bicyclo-(2,2,1)-hepta-2,5-
diene; alkenyl, alkylidene, cycloalkenyl and cycloalkylidene norbornenes, such as 5-
methylene-2-norbornene (MNB); S-propenyl-2-norbornene, 5-isopropylidene-2-norbornene,
5-(4-cyclopentenyl)-2-norbornene, 5-cyclohexylidene-2-norbornene, 5-vinyl-2-norbornene,
and norbornadiene. Of the dienes typically used to prepare EPDMs, the particularly preferred
dienes are 1,4-hexadiene (HD), 5-ethylidene-2-norbornene (ENB), 5-vinylidene-2-
norbornene (VNB), 5-methylene-2-norbornene (MNB), and dicyclopentadiene (DCPD). In
certain embodiments, the diene is 5-ethylidene-2-norbornene (ENB) or 1,4-hexadiene (HD).
In other embodiments, the farnesene interpolymers are not derived from a polyene such as

dienes, trienes, tetraenes and the like.
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t etrahydroi ndene, nethyl tetrahydroi ndene, dicycl opentadiene,

bi cyclo-(2,2,1)-hepta-2,5- diene; alkenyl, alkylidene, cycloal kenyl and
cycl oal kywpaeren2nmsbor nenes, such as 5- net hyl ene- 2- nor IPOTAS2@E9OMEY ;

5- propenyl - 2- nor bor nene, 5-i sopropylidene-2-norbornene,

5-(4-cyc enyl)-2-ngr hor nen - cycl ohexvl i dene- 2-nar bhor

5-vi nyl - Z- ngﬁoogﬁe%@,e e HBFrg(%ﬁH%gafr%%SSpe erié%lér% R squ@?%?}éaﬁg?fused to
pr eparfemEfiabbstyiche, dnaral €. Lyjlotdflny Sumed aer-Eahithgn@mplésofbuitablexidingne (HD),
5- et hyl i dene- 2- nor bornene (ENB), 5-vinylidene-2- norbornene (VNB),

5- net hy¢ledestiylene, propdere, {Sohilylenant-bdieny cl-pereencadilexeng, BoREthyl-1 rpeoteneai n

enbodi ts, the diene is b-ethylidene-2-norbagrnene,(ENB),.or .1, 4- hexadi ene
(1D - PR Todie. dnsumP Epd it Yhe HruSe MRy BET AR BTSiB rE ved
from epoby ABM GHPBNA SInHoRRAInbddimeMS Sthe FAhERRO iterPBRMdI€ distloSed B¥2id8] | n
sonme enbodi nents,” the farnesene interpolyners are interpolyners of

f ames anenotgleyived omeent er e Xl pblefing. Some non-1initing exanpl es of
suitabl e ol efins include ethyl ene, propylene, isobutylene, 1-butene,

1- penten -hexene, 4-nethyl -1 -penten and l-octene. In sope enbqdi ments,
the 1 ar niOMART RaE B ATadlmps BE S BBP AT OY CRPI PO o8 hyl one.
| N SOMgen& ERMUIREH:S thd Dyl ﬁbﬁ@ﬁeﬁ&bds%@ecnﬂ%am&r&hs géle&ed el Rbpreage not

derived fromone or nore  C2.20 olefins. [00129] I'n certain enbodi ments, the

vi nyl dipmtenss agoenefbpinsoepeipirolene, moapes (dipenganedteminsodi theiene, t he vi nyl

nmononer, does ,not _conpri.se a terpene selected from.isoprene | pent ene,

a- pi nesﬁlél,ne%e-’a R %lbelnﬁb‘fag%, © ﬁaﬁ%%gxgé?ed fnﬁlé%etngh%l?‘eﬁ é;?rdﬁfh%élg’e, t huj ene,
sabi ne&figilbohebikAB6ne, bRAIYIABzing Béte Mmutéiey cipblitll sl knal 5oll gerasiol, aeidiene,
cedrene, bisal bone, bisal bone, bisal bone, zingiberene, hunul ene,

ci t r oriesensl, terpingal, BulerpigeqlA). slihydsegagyeol, erg’hfa{l’@ﬁ‘ﬁi pldssmol, citral, D-
D-terpi - | : | itral,

Do 1 r OEAh Sryvofi BBLREGY Bfcrit it Gk e, bRARISR, scltkHE SIRLCrE e

sel i neviamis Aptbiedo acid\or aavihibinktioahheatoft Iadudherenbodiomdritsyahe vimyt her eof . I n
further enbodjnents, the vinyl nononmer does not conprise an isoprene.

[ 001 30NonesReridoes BSBATiSE @R rs can be functionalized by incorporating
at | east one functional group in their polyner structure. Exenplary

funct i ongjo18DPUPBhd B¥ndsEitd iEkepollRlersoad il fnctRinAN AyCidkdriporttimataleakied nmono-
and di-functional carboxylic acids, ethylenically unsaturated nono- and
di - f umoeifomaionalgroux i theirgolymernrstipdiire cExemplprysfupefegnabgroups may include,
for example, ethylenically unsaturated mono- and di-functional carboxylic acids,
ethylenically unsaturated mono- and di-functional carboxylic acid anhydrides, salts thereof
and esters thereof. Such functional groups may be grafted to the farnesene interpolymers, or
they may be copolymerized farnesene with an optional additional comonomer to form an
interpolymer of farnesene, the functional comonomer and optionally other comonomer(s).
Any means for grafting functional groups known to a skilled artisan can be used. One

particularly useful functional group is maleic anhydride.

[00131] The amount of the functional group present in the functionalized farnesene
interpolymer may vary. In some embodiments, the functional group is present in an amount
of at least about 1.0 wt.%, at least about 2.5 wt.%, at least about 5 wt.%, at least about 7.5
wt.%, or at least about 10 wt.%, based on the total weight of the farnesene interpolymer. In
other embodiments, the functional group is present in an amount of less than about 40 wt.%,
less than about 30 wt.%, less than about 25 wt.%, less than about 20 wt.%, or less than about

15 wt.%, based on the total weight of the farnesene interpolymer.

27



and esters thereof. Such functional groups may be grafted to the farnesene
I nterpolyners, or they may be copol yneri zed farnesene with an opti onal

addi ti onawocommmoswer to form an interpol yner of farnesemrel/ush@9ofooyssi onal
conononer and optionally ot her com)norrer(s). Any means for grafting

user ul 1 QAERon Rt s BeRah Sl b AR RS Bt sl RESLEL 7Y

f unct ln@ﬂca:hg mewlqyfmeﬁﬁaei disalotdftiehe‘remc Sogfeaionzigdlitingrexam@ies of suigalel ymer nmay
vary. In sonme enbodi nents, the functional grouio I's_present in an anount of

at | esstlysisonelude orgapolithivam reagents, Zissler-Natts cojalysgs, Keminskycatbystansl w . o, at
| east ﬁfea%etgllo%ex\é Ce}t/ﬁly% ﬁ{sdrﬁea?r?]lbgcpﬁ-l;éﬁltséﬁ%%taﬁ%t Fsaaszgﬁfw fmm% cta&tlyz%t Jei ght

of thé Tarnesena in nctio group

i's pr e@mhskywcawlyﬁn@mtalmedea&salyh@naabmbinaﬁen\mer%f | ess than about 30
w.% less than about 25 wt.% | ess than about 20 wt. % or |ess than about

15 wt. % d the t t of t t | 00132
iy "cat alOT35 ndF semk cimogirafis dne R pHE O RaS hERGH ot B ed 1 or

meki ”er{ﬂaﬁxrﬁé}lté’ e ORABINRE i RFdrRREAKPESEIN of20ABLal O édriibinkiiéh feAdsp! es of
sui tabl'e catal ysts I nclude organoi IthiumTreagents, Ziegler-Natta catalysts,

Kami ndingtild furttey smbodimengs; tler metet &8l dlgoimen, dighininy ging, tin,cadwitm coaspldinmeorn s,

t he cat al is a Ziegler-Natta catal yst, a Kam nsky catal yst, a

net al I"?Jar,gélﬁ%‘“@at al yst or a conbination thereof. [00133] In sone enbodi nents,
the catal yst further conprises a cocatalyst. In further enbodinents, the

cocat al yEj0134] a 1h%6e@enmbodiidts,ahe edtyllystds ar of@inalithim acapeni Aay i on t her eof .
In still further enbodi nents, the metal is aluni num lithi un& zinc, tin,
gd

cadni wiganelithjunireagent thapeaneast ane cptalysepolynesizeolefitssanheised helgin. cat al yst

IS an | 4 as a
e L A S e e L e

ex arrplbasylbmlmﬂ ot &dpt-Butgllghinel. | $drhenon-Hageng exanmleudEsultablatheiwis basesim
secbutyl | it hi of ,suitabl e

-butyllithi S - | t
Lew s iBdudsT ?"ﬁ?én? dPeMﬂﬁ%ﬂ S ohe “éeg‘gg't“g? “}r’g&ﬁ%en ?ﬂ’ﬁ?@?hqsﬁfiwybagents

are di YA 1OEmbR B S PE20089aPVoE. pI um
Conpoun ggﬁﬁ‘garc? 1y~ 2?%%?892(?0; a%thlg(r)no%gm bot h’ of vvhgch are incorporated

her ei 12006)y itk o€ mhech 4ro 0kdfjoratad borein byrtedelenemnt s, the catalyst is a mixture
of an organolithiumreagent

[00135] In some embodiments, the catalyst is a mixture of an organolithium reagent
and a Lewis base. Any Lewis base that can deaggregate organolithium reagents, making
them more soluble and more reactive, can be used herein. An aggregated organolithium
reagent generally has one lithium coordinating to more than one carbon atom and one carbon
coordinating to more than one lithium atom. Some non-limiting examples of suitable Lewis
bases include 1,2-bis(dimethylamino)ethane (also known as tetramethylethylenediamine or
TMEDA), N,N,N’,N',N"-pentamethyldiethylenetriamine (PMDTA), sparteine and

combinations thereof.

[00136] In some embodiments, the catalyst is a Ziegler-Natta catalyst. Generally,
Ziegler-Natta catalysts can be heterogeneous or homogeneous. In some embodiments, the
Ziegler-Natta catalyst used for polymerizing the polyfarnesenes disclosed herein is a
heterogeneous Ziegler-Natta catalyst. Some useful Ziegler-Natta catalysts are disclosed in J.
Boor, “Ziegler-Natta Catalysts and Polymerizations,” Saunders College Publishing, pp. 1-
687 (1979); and Malcolm P. Stevens, “Polymer Chemistry, an Introduction,” Third Edition,
Oxford University Press, pp. 236-245 (1999), both of which are incorporated herein by
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and a Lewi s base. Any Lew s base that can deaggregate organolithium
reagents, making them nore soluble and nore reactive, can be used herein.
An aggr egaiDaedioangsaol i t hi um reagent general ly has one | iPChiusa000004988 nat i ng
to nore than one carbon atom and one carbon coordinating to nore than one
l'ithi ume.a at.om Some non-limting exanples of suitable Lewi s bases include
1, 2-bi f’cf net hyl am no) et hane (al so known as tetranethyl et hyl enedi am ne or
TMEDA), , , ', ', "-pentanethyl diethyl enetriam ne (PVDTA), sparteine and
conbi nat [oom37]t helﬂaafogerﬁe@mmﬁe]glérmmmmmgerrmllﬁcomﬂmsec(a) alrgsditiors a

Zi egl er - gatta catal yst.. Generall¥ Zi egl er - #{f catal sts can be

het er@@eé &9mpoypd ﬁ%‘ﬁﬁ@@ﬁéé%emeﬁ‘ SOmeEBHBLRY HeNIE; and z?@@ag?mﬁrélltca

cat al I a
cat 21 Yot ik NRHTHGM g7 U BF ESEASS | TRERaGSh Rl 2
ar e dicemposedlisirafedred Be ¢re, catalyst gublale—thhbtganﬁaétallmmmudd Potegareled asitheons, "

Saunders %I | ege . Publ |,lsh| n p. 1- 687 Qﬂna nd Mal.col m P. . Stevens,
ol y FRFAEHEAraEfYaton T erratsilsBmaal sompqud eeheralty fompsisesameitl adeng y
Press,qr Ribre zn‘a@ns?ééi (id299) soReHnAlmifik ¢RaBpRs bPsAtBY ALRM iRELEE Atanium,

byreference. [00137]" Heterogeneous Ziegler-Natta catal ysts generally
conpr iveeadidm, dxrt)mm; Ilnpb’lbdﬂBm@J zirconjiou nwncodsoball.nJoma neh-dimsting f r om gr oups

or oup&Ximpls FF uisple floRHIRANE Pl SRR REREY ahohtsPolEiBonha

r ef er ie@elopénthdiényd 24l piehy M:hl |l e the organonetal | ic conpound is regarded as
the cocatal yst or activator. The transition netal conpound generally

conprises a netal and one or npre anions_ and Ilgands Sone non limting

exanpl es[038lui tAmy eocaialyst or asibvatpidhatican inigh t 98%%31%?‘6% G0
ol yb%?&ﬁ“&ﬁ'aét?@él? gb{ﬁl{‘ér& or?QzQﬁg%tc RO RsEPRer }3 éd%gql afEpl es of
I'gands 1n es I de

sul tabl e anions or ude oxy oxy,

acet yloagaioarydllic cquaka)mmmdiydn;lés,, ahayﬁs phaanyisl of th@els3Rich Asgluntoamal yst or
activator that can ioniz orret al.lic_conple roduce an active
of ef i MM, FB; DcPemia bery S, B@gﬁ%séwnhépgemoné@n@w%emm feset

or gan%{lﬁé@}é bb@uﬁﬂ ?ﬁf’éldﬁ%ta%rﬁ&?an@é’@ﬁétﬁ?lsaluﬁb%%{ MAD), GIFMASO ,@fhyret al s, such
as al um num Irum zZI nc, ti n, cadmni um ery I um and magnesi um Sone
non- | milnrthage,edmnbutghalamosam)aaikylahmmauml apsipounde(trimsthylalwmxamas  (net hyl

al uer)%rE%Qt y&m“;mzlhmpw %yl a un¥1num chloride, trimethylaluminum, triisobutylaluminum,

trioctylaluminum), diethylzinc, di(i-butyl)zinc, di(n-hexyl)zinc, and ethylzinc (t-butoxide)

and the like. Other suitable cocatalysts include acid salts that contain non-nucleophilic
anions. These compounds generally consist of bulky ligands attached to boron or aluminum.
Some non-limiting examples of such compounds include lithium
tetrakis(pentafluorophenyl)borate, lithium tetrakis(pentafluorophenyl)aluminate, anilinium
tetrakis(pentafluorophenyl)borate, and the like. Some non-limiting examples of suitable
cocatalysts also include organoboranes, which include boron and one or more alkyl, aryl, or
aralkyl groups. Other non-limiting examples of suitable cocatalysts include substituted and
unsubstituted trialkyl and triarylboranes such as tris(pentafluorophenyl)borane,
triphenylborane, tri-n-octylborane, and the like. These and other suitable boron-containing
cocatalysts or activators are described in U.S. Pat. Nos. 5,153,157, 5,198,401, and 5,241,025,

both of which are incorporated herein by reference.

[00139] In certain embodiments, the Ziegler-Natta catalyst can be impregnated on a
support material. Some suitable support materials are disclosed in Malcolm P. Stevens,

“Polymer Chemistry, an Introduction,” Third Edition, Oxford University Press, p. 251
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al unoxane, diisobutyl alunpoxane), al kylal um num conpounds

(trimethylalum num triethylalum num diethyl alum num chloride,

tri met hylsiDemomame3t rii sobut yl al um num trioctyl al um nurcT/use@loy4928 nc,

di (i-butyl)zinc, di(n-hexyl)zinc, and ethylzinc (t-butoxide) and the Iike.
O her M?t ‘ﬂd% salts that contain non-nucleophilic
ani oné Rﬁgﬁgggﬁﬁﬁﬁg)’ﬁéfhér@?ﬁ geg‘%légst of bulky ligands attached to
boron or alum num Sonme non-limting exanples of such conpounds i ncl ude

li thi um [0814@ki STheesuppbrt uaterizhéngdneindlyat matetial inexor substantially inert to

tetrak tafluorophenyl% um nat.e, anilini . C

tetral e?f'ﬁ@ﬂwaﬁ%&oaaﬁaecﬁw PRYINItRE GRERBICF Pl Eitabls APRGH A 518! es
of 5U'Mé@izeM%@C%ﬁﬂlﬁé&&haés%gtlbﬁgiﬂﬁﬁn% SRNRRID S Afuminh] Glicd, Atdgrega bor on and
one or nore al kyl, aryl, or aralkyl groups. Qiher non-limting exarrpl es of
sui t alklmelgubatf@llle}r'stearth radayscalusutis silicates goroud ramsanh bahdﬁse?dldthwwllldy?n and

trlaryl ora es .such as_.tr ent 0 I)bor henyl borane,

tri- H}agﬂ'és theregt. gxe(sﬁR%o ‘ﬁ‘?g% Pgaﬁ’gh%' 3&? ?136 e5: P@h osrgllt ai ni ng
coc at fi‘l')’/%hﬁd Boua’0 }hﬁ{%o ﬁ§dé’}éﬁmﬂ6§ By HREPET QBMnSueIE’Eﬁlmdi\lfﬁlleﬁ iétBod 87,

5,198, 401, and 5,241, 025, both of which are incorporated hérein by

ref er emaeuruﬁg)wmf area, exedeseribedds® fBrnaser, P tiheEmmed) and Ela”{elk:rc%wmegb 8f can

be i nat.ed rt (A s are
i sc SREARRIERR EReRiGRESBaHY, 8. S5 Ere) IR aE Bt RO b R ER 1
Edi ti gf sora¥ abddididnys tisd duyfabe aca.of fthe ﬁ@ibéli 289rial \imbelhfeen? ameDp@zV@hmﬂ
herein by refeyence, [00140] The support material is generally a nmateri al

i nert abiau%?lﬁQsTﬂd&t [rafurdaer ﬁéb‘?dl{ft?ntﬂa greisHripen R el hasrBROT gtariab cbetween
Non- | i %6t|gg[ne/émla§§ut%f08%u/%abl e support materials include Mg , MO

al um na such aS actrvate mna and mcrogel alumna, silica, negnesia,

na s des. 4y B e85 boeof B nafl TPk oot e BB BohdbBuCRY |

d I natl ons (S erTtal can

have ao awdtaoe nﬁbﬁﬁs bteémaeautammtawummnmsah@m abbn020®s ghouww200@et er m ned
by the BET (Brunauer-Ermet Tel | er) nethod of rreasurl nq §urface rea, as
descr imigePnsyiran aBpyidl ierabopt 130 miiogs, fromyaheut20 fpbqyt 129 gierers. M he

Aer i can, e B8t %ﬁ:&yns 80fro Q%o(lfl-?@@ aboWr'@@Hué né n“?f?é Pahpicksh fer ei n by

reference.” 1n sone odl nénts, e surface area e support material is
bet weeampdbbiilk HOnsi®/ «f thmsh@bauhataﬁﬁl daﬁ/vgry batween abmnt Oénemdohbwaht $.g/eche

rsrg; ;a%%tv%e%%bgrn (S 9 ga (%rlts q:geltvavleenl a out 6\§eang a%out t %?CC Olgetand about 300

about 0.9 and about 1.3 g/cc.

[00142] In certain embodiments, the catalyst used herein is or comprises a Kaminsky
catalyst, also known as homogeneous Ziegler-Natta catalyst. The Kaminsky catalyst can be
used to produce polyolefins such as the polyfarnesenes disclosed herein with unique
structures and physical properties. Some Kaminsky catalysts or homogeneous Ziegler-Natta
catalysts are disclosed in Malcolm P. Stevens, “Polymer Chemistry, an Introduction,” Third
Edition, Oxford University Press, pp. 245-251 (1999); and John Scheirs and Walter
Kaminsky, “Metallocene-Based Polyolefins: Preparation, Properties, and Technology,”
Volume 1, Wiley (2000), both of which are incorporated herein by reference.

[00143] In some embodiments, the Kaminsky catalyst suitable for making the
polyfarnesene disclosed herein comprises a transition-metal atom sandwiched between
ferrocene ring structures. In other embodiments, the Kaminsky catalyst can be represented
by the formula Cp,MX,, where M is a transition metal (e.g., Zr, Ti or Hf); X is halogen (e.g.,

C)), alkyl or a combination thereof; and Cp is a ferrocenyl group. In further embodiments,
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[ 00141] The support material can have an average particle size ranging from
about 20 to about 300 mcrons, fromabout 20 to about 250 microns, from
about 20 wo 2atwat46200 m crons, from about 20 to about 1PR0TNESCK09/084958 r om
about 20 to about 120 m crons, from about 30 to about 100 m crons, or from
about 30t 0. abo m ns. .conpacted or tanped bul k density of the
supporﬂfeolﬁﬁ?g}ﬁ?%%tg%%Q/agﬁ‘?gﬁ@?\xggﬁ)'about 0.6 and about 1.6 g/cc, bgt ween
about 0.7 and about 1.5 g/cc, between about 0.8 and about 1.4 g/cc, or

bet ween about 0.9 and about 1.3 Ry/cc. R[ 00142] In certain enbodinents, the
catal yst used herein is or conpri a Kam nsky catal yst, also known as
honogeneous Zi egler-Natta cataly \The Kam nsky catal yst can be used to
produce pol yol efins such as th& po¥W arnesenes discl osed herein with uni que
structures and physical propertie 50 Kam nsky catal ysts or honbgeneous
Ziegler-Natta catal ysts are discl @3’ i'n Mal colm P. Stevens, "Polyner

Chem stry, an Introduction,” Thirrd Blition, Oxford University Press, pp.
245- 251 (1999); and John Scheirs and R\l Sxmjﬁam’ nsky, "Metall ocene-Based
Pol yol efi ns: Preparation, Properties, and Technol ogy,” Volunme 1, Wley

(2000), both of which are incorporated herein by reference. b00143] I n sone
embodiwhsmein Z is iaa ortiena sivpleni bergise ssonm aﬁlllaél}’f%dlﬂsék SHE Hae opEH 2 nBsene

di scl @s hear el {) L; ransi-tiosn- . i 611 en
ferroéséﬁgorrai rYg’Igltlrggg?i&%@?ﬁ rtfhé? %érzT ’e19 0 i%a%tlgﬁg%ﬁ% ggkgkgg%ra yst can
be r epobabantiod thytedthSohte won-kmEn\dsampldserf K dvhinskyecdtal psts haveoformelaal [e. g.,
Zr, Ti _or H); X is halogen {e.g., d), alkyl or a conbination thereof; and
Cp is @Bt 6&ERYI group. In further embodiments,the Kaminsky catal yst has
formula (XVI): wherein Z is an optional divalent bridging group, usually
C(CH3)2 Si (CH3)2, or CH2CH2 ; ' or alkyl; Mis a transition netal
(e.qg., A), al r a conbi nation

(e.g., Zr, Ti or Hf); Xis halo

t hereof. Sonme n mting e \?f Kam nsky [cat dl ¥sts have fornul ae
(XVIT) to (XIX)* Al) . (XVI I),M&&p(XIX)S whereiM=@is Zr, H or Ti.
[00144] In sone edipdi nents, a atal yst is used t he Kam nsky
catalyst. The c lyst may b of the cocata X di scl osed herein. In
certain enmbodi nenty, t@VID), (XVIII), and (XIX),

wherein M is Zr, Hf or Ti.

[00144] In some embodiments, a cocatalyst is used with the Kaminsky catalyst. The
cocatalyst may be any of the cocatalyst disclosed herein. In certain embodiments, the
cocatalyst is methylaluminoxane (MAO). MAO is an oligomeric compound having a general
formula (CH3Al0),, where n is from 1 to 10. MAO may play several roles: it alkylates the
metallocene precursor by replacing chlorine atoms with methyl groups; it produces the
catalytic active ion pair Cp,MCH;"/MAQ~, where the cationic moiety is considered
responsible for polymerization and MAO™ acts as weakly coordinating anion. Some non-
limiting examples of MAO include formulae (XX) to (XXI):

N O~ — O~ —

Al 7N '
H:,C( /CHa HiC, ,CHs HiC JCHs

CHs
|
Al Al Al (CH3)2A|‘{O—A|‘—]‘A|(CH3)2

[00145] In certain embodiments, the catalyst for making the farnesene interpolymer
disclosed herein is or comprises a metallocene catalyst. Some metallocene catalysts are

disclosed in Tae Oan Ahn et al., “Modification of a Ziegler-Natta catalyst with a metallocene
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cocatal yst is nethylalum noxane (MAO). MAO is an oligoneric conpound havi ng
a general formula (CH AAIOn, where nis from1l to 10. MAO nay play several
rol es: itwal2kylear4s t he netal | ocene precursor by repl aciPog/ushéooni4ve8 at ons

w th net hyI groups; it produces the catalytic active ion pair Cp2MCH3 +ZMAO
, Wher e Mk Ller r I tion
and MA al gﬁcg;s’& &%ﬁ (':"oe?ré }ll%ré{; log‘hllﬁoqy&@s%@ﬁ%n n%n%n t(a |Sﬁp&gxarr6‘()z of MAO

i ncl udes? me anad (¥ Séhbll(s)é)(H)Walké}Qda&ﬁlhsltm “SfetdlRiceneBasdl Palpdlefing: he
catal yst for nmaking the farnesene jnterpolymer disclosed herein is or

conpr iFeepargtion JPP%fé’éh angieghnology. SYpimel .aVilgk 640000 hoth g whichage §i sl osed

in Ta(f.n @t@@hﬁnteuﬂ)yr efetpdi fication of a Ziegler-Natta catalyst with a
nmet al [ ocenecat al yst an its ol efin polynerization behavior," Polymner

Engi neeri ng and SCI ence, 39(7), p. 1257 (1999); and John Schei rs and Walter
Kani ns ky[001Mz]t aIIhodmmenEadhnbrﬁ?s; ttlsmmafailneeneléambeu eemprisesRoopaxes #dth aand
Technol o

" of or GrBaton Gl Gp e U RAHMEATALH O Pe1el HEP RS 03 T h BRI B B ror | s ot

conpl %ﬁ%s%ohﬁ:rﬁlﬁgr eﬁﬁl%d Bii Qe B diket N | th RPIBF éfiboWmRnis! BRThéthibsteret al |
such as Ni and Pd,” and bul ky, neutral |igands conprising al pha-diimne or

di ket icaialyst hasrfotmamnlaiEXIBnbodi ment s, the netal | ocene catal yst has fornul a
(XXI'1): wherein Mis Ni or Pd. [00147] In some enbodi nents, the catalyst
used herein is or conprises;a netall ocene gatal yst bearing nono-anionic

bi dentate ligands. A non-|iyiti such a netal |l ocene cat al yst
has structure (XXl I1): other enbodi nents, the catal yst
used herein is or co al Ioeen st conprising iron and a
pyridyl is incorporat i m ,_ﬂnus giving a tridentate
ligand. A non-limting exa et al | ocene catal yst has structure
(XXI'V):[00149] In sonme enbodi'nents, the catal yst @&d;herein is or
conprises a netallocene catal yst conprising a salicylimne catal yst system

based .| { non-limting exanple of such a netall ocene catal yst
has st@%&%h?\g?g(wl?&

[00147] In some embodiments, the catalyst used herein is or comprises a metallocene
catalyst bearing mono-anionic bidentate ligands. A non-limiting example of such a

metallocene catalyst has structure (XXIII):

49
(XXIII).

[00148] In other embodiments, the catalyst used herein is or comprises a metallocene
catalyst comprising iron and a pyridyl is incorporated between two imine groups giving a

tridentate ligand. A non-limiting example of such a metallocene catalyst has structure

(XXIV):
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[ 00150] In sone enbodi nents, the farnesene honopol yner disclosed herein is
prepared by a process conprising the steps of: (a) nmaking a farnesene from
a si npl e wogaro/mr46on- f er ment abl e carbon source by usi n@Ca/Use@OBLIg8RNI SM
and (b) polynerizing the farnesene in the presence of a catalyst disclosed
herein. [00151] In certain enbodi ts, the farnesene interpolyner

di scl osed herein is prepared by cess conprising the steps of: (a)
maki ng a farnesene froma si or- non-f ernent abl e carbon source by
using a mcroorganism and (b} cop$|yne i ziyng the farnesene and at | east
one vinyl nononer in the esienee-fef—a—icat alyst di scl osed herein. [00152]

I n sonme enbodi nents, | yf ar pésé&pe di herein is prepared by

pol ymeri zi ng b-far nesag t he presence ﬁkﬁﬁ& wherei n the anmount
of the cis-1,4- mcrostructure in the polyfarnesehe |s}at nost about 80
w.% at nost about 75 w.% at nost about 70 w.% at nost about 65 w.%
or at no{I0149putinGOmétentsodirass, the cathie st wedhemin ghir comptibes poledllaceresene.
In some enbodi nents, the b-farnesene is copolynerized wth vi.nyl nmononer
to forcatalyst SoHPEERS asalroliae catplyshivsiem RasEO QN FAPRUM: He NORHMItAB honer i s
styre I qggﬂ@)copolyner is a block

copol y’l:%earrnblé[%‘é%lg?heﬁﬁ%&%ﬂ%ﬁliﬁbﬂggsﬁéﬁﬁg t he’ pol yf ar nesene di scl osed
herein is prepared bypol ynerizing an a-farnesene in the presence of a
catal yst, wherein the anount of the %/s-l 4- mcrostructure in the

pol yfarnesene is from about /1 wt.f4aNQ)ab dt 99 w.% fromabout 10 wt.%to
about 99 wt.% from about 2 - ut 99 wt.% fromabout 30 wt.%to
about 99 wt.% from about 4 g-gboud 99 wt.% fromabout 50 wt.%to
about 99 wt.% from about 1 o apout 99 wt.% fromabout 1 w.%to
about 90 wt.% fromabout 1 W.%to abbut §XXW).% fromabout 1 w.%to
about 70 wt.% or fromabout 1 w.%to about 60 w.% based on the total
vei ght  0{00150] POnybateasidements, the fEnesehoHomepslymet tisclasédlicteindne i s

copol ynerized with a vinyl nononmer to forma farnesene copolyner. In other
embodiprenared by apragespqompsisngeiheisteps ofir ene. I n further embodi nents, the

farnesene C(QP()' ylgglginé 3 tBnB{RE o2 B YUY Sugar or non-fermentable carbon source by

using a microorganism; and

(b) polymerizing the farnesene in the presence of a catalyst disclosed herein.

[00151] In certain embodiments, the farnesene interpolymer disclosed herein is
prepared by a process comprising the steps of:
(a) making a farnesene from a simple sugar or non-fermentable carbon source by
using a microorganism; and
(b) copolymerizing the farnesene and at least one vinyl monomer in the presence

of a catalyst disclosed herein.

[00152] In some embodiments, the polyfarnesene disclosed herein is prepared by
polymerizing B-farnesene in the presence of a catalyst, wherein the amount of the cis-1,4-
microstructure in the polyfarnesene is at most about 80 wt.%, at most about 75 wt.%, at most
about 70 wt.%, at most about 65 wt.%, or at most about 60 wt.%, based on the total weight of
the polyfarnesene. In some embodiments, the B-farnesene is copolymerized with a vinyl
monomer to form a farnesene copolymer. In other embodiments, the vinyl monomer is

styrene. In further embodiments, the farnesene copolymer is a block copolymer.

[00153] In certain embodiments, the polyfarnesene disclosed herein is prepared by
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[ 00154] In sone enbodi nents, the pol yfarnesene disclosed herein can be

hydr ogenated partially or conpletely by any hydrogenati ng agent known to a
skill ed awOi288M27468r exanpl e, a saturated pol yf ar nesenePcamush@opoepar ed by
(a) polynerizing a farnesene disclosed herein in the presence of a catal yst

0 el SSAEE b A Ty PR RS g 00 AR RSIELE B et

porti esene I1'n the presence o

hydr o gdom@biractureda gt poly fanes exeeis frone dbo rtwt. %ottb abbatravesedte from ammol§neri zed

with a vinyl nonomer disclosed herein to forma far nesenﬁ cog})l%rrer. In
BVtetid aPHint s,

ot her Vérb &bt P8 Wihelromappuinthth tojapout 4 Wheb, fiom shaut _

the I 300898 o WBLYATPA Y P1obBLOG wE IR Ho¥ B out 50 gk b abellt 90R4t lrRtem ment s,
the farnesehe i's a-farnésene or Db-farriesene or "a conbi nati on thereof.

[ 0015aboutr weV taiaboerdsoet. ¥ filom atidue 1 wtdibag ebatti99wi%afiemtabost hydXoten i n

h f a h ] . dj
hydr HGBTHEAOaH toalamAROor L W Kpaliast T Yo s HOTRAPPRIIY2 4 & 0B Ve kel or
a C0”%h&ﬁ:%@ge?&E[QQPEteéﬂggt@gﬁy%m&‘éh&Em somid EnBliRkNE! the -Arfdegakal yst. In

anot her e I'ment, yst 1s 5% Pd/C. In a further enbodi nent, the
cat al gepolymefiddd With @ viimyl andrioger po gz farnesant capolymers dh offred enthediments,

hydr ogenation reaction is all.owed t roceed uptil conpl etion, rally,
after YfBYle“PPB‘?ﬁ‘ert‘ﬁétyFeé’zfc?? r)?f‘f?lpgl S’glée %5%%8’3? %8&3%?&‘? 3'?26(}% and
dri Edcbﬁolyi'n%}.d t he correspondi ng hydrogenated product. Alternatively, any
reduci ng agent that can reduce a C=C bond to a CC bond can al so be used.

For exa §§]4]{ hgneeh%feﬁ{uaeﬁﬁaﬁs,qa%@g&ga&e&a&egg% R¥eihceabaent with

hydr azi n he presence of a catal yst, such ] )
5- et hylyd®gemdtéd/ partiaily bavomplatelpby emy bydrogenating egentknoypdea skilled eptrane t o

gi ve e correspondi ng h ogenat ed oducts. The reduction.reaction with
hydr ai%ﬁsxe}lgplaa; atlg,rgtgg Hoﬁqﬁwg&%‘eecﬁf‘&ﬁ Preparchmy @BRfy"‘aeé‘é}nglaﬁfnefg 44- 14545
(2005)4i5cY¥3k& Rereth intEO pRIEMST a3y st dilosed Réreiice. AR 21708y hiesmepand (b)
enbodi nents, at |east a portion of the C=C bonds of the polyfarnesene

di scl hydwgheatisigratileast @ fortion of ther draiblebands o hei nedy farmesansria shaoprespge 8§anat i on

inth resence of a.catalyst r . t her
enpodiiaresag Pasdt T SRR BBl I ooB LA Wil a WP e
(F) - ( lnbnomelr isktds¥l herein @rfdrm Xlfarneokle éppalythest br ethersemrdimehts) thofvinyd
reduced to the correspondi ng C C bonds bty hydro%enation igu1 tpe rlesence of
a cat angnomesaysthiteaeolit firther epbadimentse thefamesene,copalymes s a block copolymer.

In still further embodiments, the farnesene is a-farnesene or B-farnesene or a combination

thereof.

[00155] In certain embodiments, the hydrogenation reagent is hydrogen in the
presence of a hydrogenation catalyst. In some embodiments, the hydrogenation catalyst is Pd,
Pd/C, Pt, PtO,, Ru(PPh;),Cl, Raney nickel or a combination thereof. In one embodiment,
the catalyst is a Pd catalyst. In another embodiment, the catalyst is 5% Pd/C. In a further
embodiment, the catalyst is 10% Pd/C in a high pressure reaction vessel and the
hydrogenation reaction is allowed to proceed until completion. Generally, after completion,
the reaction mixture can be washed, concentrated, and dried to yield the corresponding
hydrogenated product. Alternatively, any reducing agent that can reduce a C=C bond to aC-
C bond can also be used. For example, the polyfarnesene can be hydrogenated by treatment
with hydrazine in the presence of a catalyst, such as 5-ethyl-3-methyllumiflavinium
perchlorate, under an oxygen atmosphere to give the corresponding hydrogenated products.
The reduction reaction with hydrazine is disclosed in Imada et al., J. Am. Chem. Soc., 127,

14544-14545 (2005), which is incorporated herein by reference.
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enbodi nents, the hydrogenation catalyst is 10% Pd/C. [00157] In certain
enbodi nents, the vinyl nononer is styrene. In sone enbodi nents, the

f amesene we 2ati@r4s@sene or b-farnesene or a conbi nati onPCmarse@d/004988 ot her
enbodi ments, the farnesene is prepared by using a mcroorganism In further

ebodi Mefodsel Nan'BLILHHARhen IS He‘é?tdaél&ﬂ%ggﬁig@l bongRrdE

non-fer Ie car on source. ’Farnese
deri vedlyfiranseanyissivsed Rerein igrehreé o thy can‘gspmtihxgcC-IG"lmndstbg hydsdgehbtamh
arti san. I n some enbodi nents, the farnesene is der.i vg}ﬁr m a cheni cal

sour can fhe Ryesenpept yeatalystandydrogegat BomalHRRFT Y s B R 09%"2%%14 c
et hoq as{ &ttﬁaﬁrof HPEIE TGS of (t)&eorfrﬂtwa% &?rb r?ehgf)e(@ﬂ ogv %WH’?%HQXBL

di sti I petrol eum or coal tar. nts
far nes(Kﬁfé) arsd sjempmomdrshyemuﬂlskmmd mmmooabsmndiﬂm@{bbmmyd One

I t f b h t het t hod
ey oGS RGP REPeseh OB ASEBHGT 914 BAFORSAL Frim SYPPAIRRES o MBS | bed i n
the arhiyolifindits AEh '&'cgog&atlbn caalyst M 0WRgCcs of (E 7)-a-,(Z,7)-a-, and
(Z)-b-farneseng, . Chem . 23(10), 2101-2108 (1970) which is

incorporated herein by reference. [00159] In sonme enbodi ments, the
f ar nesen®0d57 bdnshrtainreatbodimends, the dinyt mwmsmsamryn%clwpmerﬁganslnrp@ﬁés t hat

coni 1 SpEFRERs Y Rt ERLR i RSRRy S e AT, (PRt FradiielEy >

beet | aRe farsbid 8 preparél B Beng awlitiodsdanivid Hufurther anlgatinen®, the faheskae al gae,
sponges, corals, nollusks, and fish. [00160] Copai fera | angsdorfii or

Copai figeriveddrom g sunRls skeas\os nas-femeentahle garben sUIehd ker osene tree. It has

many nanes in |ocal |anguages, including kupa'y, cabisnmo, and copava.

Copal gg@ I{eee may produce a |arge anmount of terpene hydrocarbons in its
Cenerally, one Copaifera tree can produce from about 30 to

about 40 qﬂrl%ﬁr S ﬂIe ftag{eggr{%e aﬁ'lJe defiled mén&%i)%log L t%’e&%’ ant l SO _be

obt ai ned[ coni fers an spurges. i Vi si on

Pi nophboanas a@ﬁnleaaﬁ@anamsmee@eaamtsy tmmns derigsefilonlaarhiemieal t h
vascul ar tissue. The mgjority of conlfers are tr gh!)téy sgone_coni fers can
be shrsgpese (S&ﬁﬁe‘lﬁ@ﬁuml%cf’?lh@r ekiginsd &y agtheryigal syt et&,‘b‘HF fAs IR Atelide cedars,

cypr e%ﬁ%dug&ﬂgltﬂé fdrhdsene fs prépared by fractional distillation of petroleum or coal tar. In
further embodiments, the farnesene is prepared by any known chemical synthetic method.
One non-limiting example of suitable chemical synthetic method includes dehydrating
nerolidol with phosphoryl chloride in pyridine as described in the article by Anet E. F. L. J,,
“Synthesis of (E,Z)-a-,(Z,Z)-a-, and (Z)-f-farnesene,” Aust. J. Chem., 23(10), 2101-2108

(1970), which is incorporated herein by reference.

[00159] In some embodiments, the farnesene can be obtained or derived from
naturally occurring terpenes that can be produced by a wide variety of plants, such as
Copaifera langsdorfii, conifers, and spurges; insects, such as swallowtail butterflies, leaf
beetles, termites, and pine sawflies; and marine organisms, such as algae, sponges, corals,

mollusks, and fish.

[00160] Copaifera langsdorfii or Copaifera tree is also known as the diesel tree and
kerosene tree. It has many names in local languages, including kupa'y, cabismo, and
copauva. Copaifera tree may produce a large amount of terpene hydrocarbons in its wood
and leaves. Generally, one Copaifera tree can produce from about 30 to about 40 liters of

terpene oil per year.
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juni pers, kauris, |arches, pines, redwoods, spruces, and yews. Spurges,

al so known as Euphorbia, are a very diverse worl dw de genus of plants,

bel ongi ngwvoaotame7apur ge fam |y (Euphorbi aceae). Consi st iPag/uskooaoowwss 2160
speci es, spurges are one of the |argest genera in the plant kingdom
[00162] ar I I terpene which ar f . | ass
of compole 3! 1YEE 1S o BRR B g BRE ot b i e 8B G BBt R

t er penethei plat dikdsibR Pidophpang Coniferie! RdRed generd Bsaueitraing esed pladtewitanes,
sesterterpenes, triterpenes, tetraterpenes, and pol yt er%en S. A% a result,
the fxpsralstissusan hsanaign e fceonifersase froes bat ome wniEfieapi essﬁm& QE n t he
prese Iy i ' ' | is derived
Fr om Sop B ERE E8f g o e e R e e e

obt ai padpdrs,daausis/lartied, pires aietabbds, spranesyahd gewsar Hpurgealsodknoivm asur t her
enbodi_ments, the farnesene é‘i prepared by contacting a,cell capable of

maki nEURhOTRIG BEch BTy Yorse War dwidegsnutel Rinferbeloniging todhe SRYTee for

maki n : € : tigd into
S P A S T L

t he calidplantdongdom.i s a sugar or a nonfernentabl e carbon source. The sugar
can be any sugar known to those of skill in the art. In certain

enbodi me[@in362]t heltrifghiesdr i8a Resyaiapehanhith, arelpaaof hddarpeteclappof yempotmad | de or
a conbination thereof. In other enmbodi nents, the sugar i.s . a sinple sugar (a

monos &akstkierRegcHr Adargr 88¢ ¥aed elass ofsy H@cﬁ@?n%itﬁ@??‘??g‘n%l%gﬁﬁ?r@ge@?f‘%i tabl e
nonos ﬁ{]rggtf"eﬁ deBGuite ngé,qﬁ@?fep{eg%ﬁ% §naes, PSes, felrifeh R8s, ahtibose and

conmbi nat1 o ereof. Sonme no mting mpl es” of suitabl e di sacchari des
i ncl ugelyerpese Ad artasdhe famhdsesecan beehalatder desv¢dfromderpgnelodsfrsiusat i ons
thereof . In still other enbodi nents, the sinple sugar is sucrose. In

cer t aith MEASEEPMINERUON he bi oengi neered fuel conponent can be obtai ned from

a pol ysaccharide. Sone nagn-|imting_ exanples, of i tabl e, pol ysacchari des
el e O3Rsh, Tgicgeapembodininir-dBeraeres i denited et pacidiea Shapeon

[ 00;6%]the-¥?ﬂlb%ﬁgﬁént§, hd AlSeddd n@e‘%H@Qn%d"ﬁoﬁ@ef H@&iﬁnﬁv#ﬁﬂlepfe&%ﬂ@ chfboa W de

variety of crops or sources. Sone non-limting exanples of suitable crops
or soupues. imfirtideembigdiments)the hagsagrds prepsedbynostactngarce eapableseol ghum

0 N ot SR ek By G B g SR o
[00164] Any carbon source that can be converted into one or more isoprenoid

compounds can be used herein. In some embodiments, the carbon source is a sugar or a non-
fermentable carbon source. The sugar can be any sugar known to those of skill in the art. In
certain embodiments, the sugar is a monosaccharide, disaccharide, polysaccharide or a
combination thereof. In other embodiments, the sugar is a simple sugar (a monosaccharide
or a disaccharide). Some non-limiting examples of suitable monosaccharides include
glucose, galactose, mannose, fructose, ribose and combinations thereof. Some non-limiting
examples of suitable disaccharides include sucrose, lactose, maltose, trehalose, cellobiose
and combinations thereof. In still other embodiments, the simple sugar is sucrose. In certain
embodiments, the bioengineered fuel component can be obtained from a polysaccharide.
Some non-limiting examples of suitable polysaccharides include starch, glycogen, cellulose,

chitin and combinations thereof.

[00165] The sugar suitable for making the farnesene can be found in a wide variety of
crops or sources. Some non-limiting examples of suitable crops or sources include sugar

cane, bagasse, miscanthus, sugar beet, sorghum, grain sorghum, switchgrass, barley, hemp,
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stover, grain, wheat, wood, paper, straw, cotton, many types of cellul ose
wast e, and ot her biomass. In certain enbodi nents, the suitable crops or
sour ces iwolo@2se6gar cane, sugar beet and corn. |n ot hecTarsbadioo®ss s, the
sugar source is cane juice or nolasses. [00166] A non-fernentable carbon

i b t hat b d by, the organism.int
ot hanPITeRolEBES ANeR YRGS SRR UOIY e Mo Rr RIS YaPh Ottt a1 ol
SOUT C@fover) kil OwRGE I R, phgkrOtita icatton, [B&LATbed of efiuloat Wasepard ohet s, t he

farnesene can be prepared in a facility capable of biological manufacture
of C biqmassr dmesrthin emhediments, theysuitable sepsior seurses/insludg sugar£and SPEAT f or

Pr eP2i 18 1} JRANAN A U itP Gt erIERERec b hBDgsere, nerol i dol

or farneso usi ng a” m croorgaiism e nt's, " bi ol ogi cal

facility ri ses one or re of the cells .disclos herei.n. 1n ot her
babod molDTEBY | K BTt Gubon i e a Pumn guleifaiihdirbe BvaIE! 1y o
| east bg the &ogiaﬁféﬂfiﬁﬂpétﬂaﬂdll 80me HoH! 1imiding@kampRS bf litible donMerfen@blel east

about w.% at |east about 10 wt.% at | east about 20 wt.% or at | east

about caonisogicehimsbde aaetatgand @yderalei ght of the cell culture. In further
enbodi nents, the biological facility conprises a ferngntor_gonprising one
or nore [B816%F] ddacerithiacdnibedenents,[tBefd8dseinganf s prepared in & facilizicapatde phie

el S on Bt SLL%, S, o 2 O L coM L SORRL PP LSk R 7O

conpr W?ﬁﬁriﬁ%% E UG BRAY, $idCas farREse B PRfa0hesEME neRJIHdS] &t fafessicdsingael n.
er e

I n ot odiments, the fermentor conprises a cell culture capable of
bi ol oghicedorgansmmulresome ¢mbodimenssthie binlpgisaldagilitit compizey ong AT MEF Pfethe

it SELYRHG L atsteht Sy eEF ARG pae e e iy AP st tupbt?, 1211

f er meRbAprisAERE ica8Ea @,508dprerdill inlireamonmIofat kgstabolehst. % aCleast abopt £noi d i n
an anmpunt of at | east atgout 1 w.% at Ioeast about 5 vvt.(V%)/ abt& Ieas@ﬁabout
10 wt .Wh%zat leashahous 8 vt-%2rtdgastgbayt 28 i) %aariat Jggsi aboth3 Ot 9p, Basedben B t he

total e gfglfghp(f)f e gflggéél;tuxg.u g er Lx?lgégﬁ ents) ﬁlefl'ﬁglig%tayfagﬂﬂy E&Bhg'&rs Lonprise

any struc e capa manufacturing the fuel onent or f additive
f rom tfeendnitdr dosppiseigond, or sniarh celds destrdbetkblseeia, b- f ar nesene, nerolidol or
farnesol. The structure may conprise a reactor for dehydrating the

nerol i dO[OOQGS] Any fermentor that can provide cells or bacteria a stable and optimal

environment in which they can grow or reproduce can be used herein. In some
embodiments, the fermentor comprises a culture comprising one or more of the cells
disclosed herein. In other embodiments, the fermentor comprises a cell culture capable of
biologically manufacturing farnesyl pyrophosphate (FPP). In further embodiments, the
fermentor comprises a cell culture capable of biologically manufacturing isopentenyl
diphosphate (IPP). In certain embodiments, the fermentor comprises a cell culture
comprising at least a C;s isoprenoid in an amount of at least about 1 wt.%, at least about 5
wt.%, at least about 10 wt.%, at least about 20 wt.%, or at least about 30 wt.%, based on the
total weight of the cell culture.

[00169] The facility can further comprise any structure capable of manufacturing the
fuel component or fuel additive from the C,s isoprenoid, such as a-farnesene, B-farnesene,
nerolidol or famesol. The structure may comprise a reactor for dehydrating the nerolidol or
farnesol to a-farnesene or B-farnesene. Any reactor that can be used to convert an alcohol
into an alkene under conditions known to skilled artisans may be used herein. The reactor

may comprise a dehydrating catalyst disclosed herein. In some embodiments, the structure
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farnesol to a-farnesene or b-farnesene. Any reactor that can be used to
convert an al cohol into an al kene under conditions known to skilled
arti sans wayotm2esed herein. The reactor may conpri se aPdehysdooatnd4ygs
cat al yst disclosed herein. In sone enbodi nents, the structurefurther

conprises a Im X a.cont ai ner X deh roducts
Ot SR B ER L Bl SR Rl e Rl IS eaial iy fleocects
|soprele}9yd}at¢1@gm@prnds are disclosed in U S. Patent No. 7,399,323; US.
Appl i cation Nunmber US 2008/ 0274523; and PCT Publication Nunmbers WO

2007/ 1403 7¢ynd m&%&tﬂ&%%esmmmge,g RepeRBTdloRthduBAShR dielsselier ence.

a- Farnesene [00171 a- Farnesene, whose sStructure is is found in various
bi ol ogh Ea$. Ratent Nes 7i399/333i HeS. Anplicadan NumbeedS12008/0824 133 end 'P§Tgl and in

e

sui t alRinbg kaBlchéle sequences that encode such an enzyne |ncl ude (DQB09034;
Pyrus communi s cultivar d Anjo) and (AYl 82241 ; WMalus donestic) . See
Pechoupaftsegb, Pl anta 219(1):84-94 (2004). b-Farnesene [00172]

b- Farﬁé§éﬁ§“ﬁhose structure is is found in various biological sources

i ncludin 0119 e\ghf)é% t@@ ‘?E and essential oils such as pepperm nt
In I i3 po

oil. s suc as w ato, b-farnesene is synthesized as a
nat ur al |nsect repellent Bi ochem cally, b-farnesene is nmade from FPP by
b-farnesene synthase. Some ngRgl Qi tAQQ-€X | #s of suitable nucleotide
sequences that encode such an enzyne incl ude (AF02461 5; Mentha x piperita)
and (AY 98; Art msra nnu tor (9):
961- 9657?0(“?36%)"”‘%? %‘é’g’l"af[a cf%]‘nﬁi%‘fll g‘ll Y Mk h%ﬁ’g‘pﬁ and'i 38%d in
vari osd i HeQ@h6RS oSappIEaTd pade besls. nBldcmﬁﬁ?daﬂy,acﬂ-@arﬁss‘eﬁaﬁs mhdcofrbﬁl Jigidialog
cintronella, neroli, cyclanen, |enon grass, tuberose, and rose

Bi och @wfamqsme syméhasesSPmE gondimeiting 6xampieb ! snifeplemelronde seanecesshitar nesol
h h
synt %ﬁ@od S0k 2R 2R éqntcll.i?ﬁ éﬁ@?ﬁggﬁ !@%uss@r;uﬁ%z? cgﬂzghﬁg Unflfi)SRguences that

encode SUC an enzyne 1 nc ea nays
(AY182241; Malus domestica). See Pechouus et al., Planta 219(1):84-94 (2004).

B-Farnesene

[00172] B-Farnesene, whose structure is

A A F

2

is found in various biological sources including, but not limited to, aphids and essential oils
such as peppermint oil. In some plants such as wild potato, B-farnesene is synthesized as a
natural insect repellent. Biochemically, B-farnesene is made from FPP by B-farnesene
synthase. Some non-limiting examples of suitable nucleotide sequences that encode such an
enzyme include (AF024615; Mentha x piperita) and (AY835398; Artemisia annua). See
Picaud et al., Phytochemistry 66(9): 961-967 (2005).

Farnesol

[00173] Farnesol, whose structure is

x S Y OH

’

is found in various biological sources including insects and essential oils from cintronella,

neroli, cyclamen, lemon grass, tuberose, and rose. Biochemically, farnesol is made from FPP
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(YDR48 1C, Saccharonyces cerevisiae). See Song, L., Applied Biochemstry
and Bi ot echnol ogy 128: 149-158 (2006). Nerolidol [00174] Nerolidol, whose
st ruct ur ewpoim2ai63o known as peruvi ol which is found i RCYArS2@Y®0495%| ogi cal
sources including essential oils fromneroli, ginger, jasmne, |avender,

n dr oy o BRELATReFreadl SRR oSum¥ noR g Brarh e LB GupbR; 7 O

ase ch as ne syn

sui t alpueleotidd squentes gefvrcde siétvin engatciaciade (ABSRIV6BY Peu innpd)udds AF529266
from Zea %s %mai ze; gene tpsl). %00175] The farnesol and neyolidol
di scl 6SPRASALeSecaharompces sergrisiagl $ea 08, Lt drrbied Biochgmisgy tene or a

conbi i { tion wwth a dehydrating agent or an acid
phof g 80  eugey

catal ys ng agent or an acid catal yst that can convert an
al cohgk ilniﬁ an al kene can be used herein. Sone non-limting exanpl es of
suita ydrati ng agents or acid catal ysts include phosphoryl chloride,

anhydr ou Lnc | or.i. de, , phosphoric acid and sul furic acid. Ceneral

Pr ocedur@iz‘ﬁ Nﬁ‘?rﬂbd‘gcﬂ”\l}g%ﬁ@%%és [00176] The pol yneri zation of a
farnesene or the copol ynerization of a far nesene with a vinyl conpbnoner can
be perfornmed over a wide tenperaturejrange. J'n certain enbodi nents, the

pol yneri zation tenperature_t to about 280 C, from about

30 Cto about 180 C, or fromabout 60 OC to’about 100 OC. The parti al
pressures of the vinyl compnoners can range from about, 15 psig (0.1 MPa) to

about 158S@bROWR RgPErEYL] phioh is fousd iatyadpquowﬁicgl s@ureesypeipding esssitiel 25, 000
eay. it gl ghbi] QR (Rl Ba' e okl TBhgh Gra om0, (P o
about ntfoljdel § rhddelfrdRdPPtly abydtdxlladichas gerplidsl syRdiase. [ AGbA7]mifing
R e
lr??gresf;({rrﬁgk%g%%@?@%t%gqﬁwl es per liter to about 100 mcronol es per

n'time depends on the type of process, the catal yst

concent! igr9% Ak @RS AGERAIRiol FROBSA hefein'dify BOLOMVBRES Hib QD 11 MTe s

Within s m nu 0 sever
farnesene, B-farnesene or a combination thereof by dehydration with a dehydrating agent or

an acid catalyst. Any dehydrating agent or an acid catalyst that can convert an alcohol into
an alkene can be used herein. Some non-limiting examples of suitable dehydrating agents or
acid catalysts include phosphoryl chloride, anhydrous zinc chloride, phosphoric acid and

sulfuric acid.

General Procedures of Making Polyfarnesenes

[00176] The polymerization of a farnesene or the copolymerization of a farnesene with
a vinyl comonomer can be performed over a wide temperature range. In certain
embodiments, the polymerization temperature is from about -30 °C to about 280 °C, from
about 30 °C to about 180 °C, or from about 60 °C to about 100 °C. The partial pressures of
the vinyl comonomers can range from about 15 psig (0.1 MPa) to about 50,000 psig (245
MPa), from about 15 psig (0.1 MPa) to about 25,000 psig (172.5 MPa), from about 15 psig
(0.1 MPa) to about 10,000 psig (69 MPa), from about 15 psig (0.1 MPa) to about 5,000 psig
(34.5 MPa) or from about 15 psig (0.1 MPa) to about 1,000 psig (6.9 MPa).

[00177) The concentration of the catalyst used for making the polyfarnesenes

disclosed herein depends on many factors. In some embodiment, the concentration ranges
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[00178] A non-limting exanple of solution polynerization procedure for
farnesene honopol yner is outlined below. A farnesene such as b-farnesene
can be adaeaotom2ad6sol vent such as cycl ohexane to form aPsolus2e09/004988 a
reactor which may be optionally under a nitrogen or argon atnosphere. The

sol ut| 80 Ul SIS pe Pl 1 08P H60 i SHEDIATPRICEC thehoShRY SR

ot”mﬁ t
cat al vs SucC as organo Ium reagen can ed’'into e‘reactor, and

then ttinge degpeadoon the thgadfstotess ahe ehtalat ahctmgiohpind ethemnfattorsal Germtalky,
substantial partion, of  farnesene is, consuned. The farnesene honopol ynmer can
then ke pelyerepzatiandime iomthinseyaalminytes o seyard hoMes- dried in a vacuum oven.
[00179] A non-limting exanple of solution polynerization procedure for

farnesen %gsfr PRInYABimitifg @wscth@%@ s%ki@ﬁ’gggr?{é‘{zgﬁ@?@%céd{ﬁg féatich@lenesene

can be a 0 a solvent su as cyclo e orma farnesene solution
i n a rheawtpolynogtis outiihéd/ belowerA farnésenogeh asif-farmpsencatamdwrdded to Fbalvénir nesene

[ uti dri ed dr yi. t h [, ' N
cecondIRALTSIONSSEICRAPTY 3 SAWGON R £rGEH "URcargs b aPHOG Haret &AEESR on of
Styr eng akdbnCHmbSHRYAMERM IR DN e didl dRF h¥rPhERRER uass fblcRdlaP¥iRves

dryi ng agent such as nol ecul ar sieves. The styréné is polynerized by a
cat al ystatglystsugh apprganolithium ieageetagorbe addedimtethgveaaater, aedihen dhareactontsi | al |

Sol ot TEASH 2 el MoBPerr a0 G S ERRT PO o Fnb s PEIERR e 1o

react THatfaineddrle HOopoB i tcan theal benstéipitate® frohbths eskkion nsixaenanhiided ifhen a
di chl orosil ane coupling agent (e.g., dichlorodinethylsilane in

1, 2- diveRPWR @8¢hane) is then added into the second reactor to forma
farnesene interpol yner. Pol vfarnesene Conpositions [00180] The

pol ! ar NfR96) 4! AeREAAE kRAApRA! sgﬁtiugﬁg%rﬁﬁﬁ&@n%ﬁcyaﬁg Wr {GAKBGRI L1 ons

or pol yf ne conposi t as a es conmpositions. In sone
enbodiineficlyméhie optlingd deloes eAdamesgne si¢h arfd-farnesene sa bdhaddedity haokvestene and

an optional tackifier..In ofher enbodi nents, the pol yf arnesene conpositions
ooy 1546 S s todotm e Taaeee Woprion rap st ogtapal bt § Ak,

enbodi fmos r@.o*lr?{é BIAGSRNSO1GRSIOR Bd BRY FRIRUARg hiht BRly{sar nesene and

a tackiTier. In sti further enbodi nents, the polyfarnesene conpositions

conpr isaetular poles! dn asswond reastarapkionaldyr urded nirogen ondrgenlaymespherenacer t ai n
solution of styrene in cyclohexane with 10% is similarly prepared and dried over a drying
agent such as molecular sieves. The styrene is polymerized by a catalyst such as
organolithium reagent at an elevated temperature until all or a substantial portion of styrene
is consumed. Then, the farnesene solution is transferred to the second reactor. The reaction
is allowed to react until all or a substantial portion of farnesene is consumed. Then a
dichlorosilane coupling agent (e.g., dichlorodimethylsilane in 1,2-dichloroethane) is then

added into the second reactor to form a farnesene interpolymer.

Polyfarnesene Compositions

[00180] The polyfarnesene disclosed herein can be used to prepare useful
compositions or polyfarnesene compositions such as adhesives compositions. In some
embodiments, the polyfarnesene compositions comprise the polyfarnesene and an optional
tackifier. In other embodiments, the polyfarnesene compositions comprise the polyfarnesene
and an optional second polymer. In further embodiments, the polyfarnesene compositions
comprise the polyfarnesene and a tackifier. In still further embodiments, the polyfarnesene
compositions comprise the polyfarnesene, a tackifier and a second polymer. In certain

embodiments, the polyfarnesene compositions do not comprise a tackifier or second polymer.
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enbodi nments, the pol yfarnesene conpositions do not conprise a tackifier or
second pol yner.[00181] The second pol yner can be a vinyl polyner or

copol ymerwoaoransassnyl pol yner or copol yner, or a conbi rariuseometssodf . Sone
non-limting exanples of vinyI polyners and copolyners are disclosed in

Mal col m str. | nt roduc " Third,Edition,
Ot or o UBIBHE F%iseerll SRR Vit Ryt B, g pdii Vi
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second g}lyner i ncl ude a pol yol ef i n, polyurethane pol yester, polyam de,
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99: 1, if mootpakuwet! hekeinbyt referdivia! SBﬁmeJnonf-llimiﬁr@tmumpﬂes%stlmalﬂbmbndﬁotynmr from
about 1: 10 to about 10:1. [00183] In sone enbodi nent t he, second golyner

is a p@ﬂlﬂ%pq’lmol{e’éngvoly‘gsﬂ%%wﬂm@r qyéy%fi@pswrlém pofy %rp Rbys é{r%SI | ef } n
t

ot byl SoHE e néﬁﬂ%é%{@ ate°<§ e O T yacter. polyan de.
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pol yagblindiras frpel abdat D30ty hbde 9911, Fogoatiiudat30an abber s0of . frdm aBmitH 25 to
enbodi nments, the second ?olyner i.s pol yet hyl ene, polypropylene

pol ys@peeds:1 ar komabpuel: 1840 ahaw18ide and vinyl acet at e,

poly(acrylonitril ebutadi ene- styrene), poly(styrene-butadi ene-styrene) or a

conbi nat !/(fb'iSi]herIﬁ%me-Epr?ooﬁg‘gﬂﬂg tROLEBRE a%ep?s PhENIRENE b phliRufylmesene

i nt er pol before It 1Is to the o yfarnesene conpdsiti‘on.” In sone
enbodipobyprepylértecars ethgtede fuodlyfim interpobuiateda dopodpnényoftathytl bree €p1§l prbpylaesene

conposi tion w thou bl endi n W, t h far e inter 00184]
The wengREopaly gt of <BrEngang viavheiate (FS AV EOBEEIRG LB THER, PEemide "Eva
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about 1:8.and t ween about 1:6
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bet vveen about and about 7:3 or between abou z%bci_

butadiene-styrene), poly(styrene-butadiene-styrene) or a com 1nat10n ereo e second

polymer may be blended with the farnesene interpolymer before it is added to the

polyfarnesene composition. In some embodiments, the second polymer is added directly to

the polyfarnesene composition without pre-blending with the farnesene interpolymer.

[00184] The weight ratio of the polyfarnesene to the second polymer, such as EVA, in
the polyfarnesene composition can be between about 1:99 and about 99:1, between about
1:50 and about 50:1, between about 1:25 and about 25:1, between about 1:10 and about 10:1,
between about 1:9 and about 9:1, between about 1:8 and about 8:1, between about 1:7 and
about 7:1, between about 1:6 and about 6:1, between about 1:5 and about 5:1, between about
1:4 and about 4:1, between about 1:3 and about 3:1, between about 1:2 and about 2:1,

between about 3:7 and about 7:3 or between about 2:3 and about 3:2.

[00185] In some embodiments, the second polymer is a polyolefin. Any polyolefin
that is partially or totally compatible with the farnesene interpolymer may be used. Non-
limiting examples of suitable polyolefins include polyethylenes; polypropylenes;

polybutylenes (e.g., polybutene-1); polypentene-1; polyhexene-1; polyoctene-1; polydecene-
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can be used herein as a tackifier. Some non-limiting examples of tackifiers include a

natural and modified resin; a glycerol or pentaerythritol ester of natural or modified

rosin; a copolymer or terpolymer of natured terpene; a polyterpene resin or a

hydrogenated polyterpene resin; a phenolic modified terpene resin or a hydrogenated

derivative thereof; an aliphatic or cycloaliphatic hydrocarbon resin or a hydrogenated

derivative thereof, an aromatic hydrocarbon resin or a hydrogenated derivative thereof;

an aromatic modified aliphatic or cycloaliphatic hydrocarbon resin or a hydrogenated

derivative thereof;, or a combination thereof. In certain embodiments, the tackifier has a

ring and ball (R&B) softening point equal to or greater than 60 °C, 70 °C, 75 °C, 80 °C,

85 °C, 90 °C or 100 °C, as measured in accordance with ASTM 28-67, which is

incorporated herein by reference. In certain embodiments, the tackifier has a R&B

softening point equal to or greater than 80°C, as measured in accordance with ASTM

28-67.

[00188] In certain embodiments, the amount of tackifier in the compositions
disclosed herein is from about 0.1 wt.% to about 70 wt.%, from about 0.1 wt.% to about
60 wt.%, from about 1 wt.% to about 50 wt.%, or from about 0.1 wt.% to about 40
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ring and ball (R&B) softening point equal to or greater than 60 0C, 70 0C,
75 0C, 80 0C, 85 0C, 90 OC or 100 0OC, as neasured in accordance with ASTM
28- 67, whwohoim2r4ssor por at ed herein by reference. |n cerCaius2eivodssrent s,
the tackifier has a R&B softening point equal to or greater than 8Q0C, as
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0.1 weoumppytianoln other Wb%“@?mﬁr@‘maﬁlﬁ’b‘m offaqki ?%tﬁ%c%B?ﬁm% wt.% or from
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conposition. I'n other i ments, e anount of tackifier
conpositi% dinsmabsut setd%dterabout 7G6wE.¥g froababut 15 wit.%0¢ abalhdtwi?o, wt . % from

about 5 wt. %t ahout 70 wt. %, fram about .10 wt .%o ahout, 70 wk.% from
about P51 4o (SZB(W% ?Jf‘b%%h"?'%ﬁ” ?'&’Eﬂrﬁ‘ g‘b%ﬁ?%%%tﬁ’ %’?‘Ba@%tu@ %e% .%A; or
from ghomd tofa ‘,ygi%ﬁ{ogf%@mhgosmm\{vt .% based on the total weight of the

conposition. [00189] Optionally, the conpositions disclosed herein conprise

au | eastigppganer @iﬂoq{ahg,vtﬁewﬁa bifioRiBasSE Hifeih BRNBHIAG 18RFERImEONt T ol 11 g
the processibility, ap earancg, p%ysma , chem cal , and/or nmechani cal

pr opentditive 6ér thb puipobss dfimpsevirg andfposintriotiivg the provessbibitsh agperearcs, t he
conpositions do naot conprise an additive,. An ‘astics additive known to a
per soRh¥tica ehemiFy), %‘lé? o1 mf‘ﬁ*_aflﬁél propertigs ohhe Li’)é_@glaﬁnﬁset“ﬁé’og’é’ﬁﬁ ad g’n s

di scl g5ed eHﬁJ’oﬂgﬁTnsté\,kfﬁ'é Ldiipdsitichs@ioAR LERpRte ataddie Affplasi@addipleude

pl asticizers, waxes, antioxidants, UV stabilizers, colorants or
pi gmerknewnfto hiperssn of bodinary dkill indhehit mpydgarsed in the sonipopikiongdiaglepds

surfactants,. sqlvents, and cpnmbj nations thereof .. Ln.certal odi nent s,
the a TT’?'V@W"@‘"&‘%&%F?‘@P&&? f’%‘ﬂtaﬁﬁeaasd%gwﬁf Héclllé(fe %lﬁtl,mﬁe?sqgﬂ!&q%%{gg’but ene or a
conbi RatibAharkt8 Al v GtabiliAesl 98lorabieort plgmbnﬁ,nﬁmg, fidw htde, anglibi ugants,an range
from about greater than 0 to about 80% from about 0.001 %to about 70%

f r om abesslinlong agents, suripciants.codgents; and edspeinations thereef. dpSEHamERbAT BT EDout
1%to 6&?‘%&;& i\geoioé)é)la(tjslfic{z%f? gh&péﬁ]g m&r%oﬁ@ligﬁgﬁoﬁog%%%é X gfﬂ?ﬂaﬁion"{ﬁérgm. of the

pol yfati conpositron: e anmount’o It1ves can range
; ; gm ggglﬁ)lg{)ﬁit ’ﬁqe t%{]a?gm%uxt]tooﬁgg géd.igl\S/g/sQ cal;lrr néeat?c?rgtabgutogQéat%’ fndn 698 %ogto%
80%, from about 0.001 % to about 70%, from about 0.01 % to about 60%, from about 0.1 %
to about 50%, from about 1 % to about 40%, or from about 10 % to about 50% of the total
weight of the polyfarnesene composition. The amount of each of the additives can range
from about greater than 0 to about 25%, from about 0.001 % to about 20%, from about 0.01
% to about 15%, from about 0.1 % to about 10%, from about 0.1 % to about 5%, or from
about 0.1 % to about 2.5% of the total weight of the polyfarnesene composition. Some
polymer additives have been described in Zweifel Hans et al., “Plastics Additives

Handbook,” Hanser Gardner Publications, Cincinnati, Ohio, 5th edition (2001), which is

incorporated herein by reference in its entirety.

[00191] Optionally, the compositions disclosed herein can comprise a wax, such
as a petroleum wax, a low molecular weight polyethylene or polypropylene, a synthetic
wax, a polyolefin wax, a beeswax, a vegetable wax, a soy wax, a palm wax, a candle
wax or an ethylene/a-olefin interpolymer having a melting point of greater than 25 °C.
In certain embodiments, the wax is a low molecular weight polyethylene or

polypropylene having a number average molecular weight of about 400 to about 6,000
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{00193] In some embodiments, the compositions disclosed herein optionally comprise

an antioxidant that can prevent the oxidation of polymer components and organic additives in
the polyfarnesene compositions. Any antioxidant known to a person of ordinary skill in the
art may be added to the polyfarnesene compositions disclosed herein. Non-limiting
examples of suitable antioxidants include aromatic or hindered amines such as alkyl
diphenylamines, phenyl-a- naphthylamine, alkyl or aralkyl substituted phenyl-a-
naphthylamine, alkylated p-phenylene diamines, tetramethyl-diaminodiphenylamine and the
like; phenols such as 2,6-di-t-butyl-4-methylphenol; 1,3,5-trimethyl-2,4,6-tris(3',5'-di-t-butyl-
4'-hydroxybenzyl)benzene; tetrakis[(methylene(3,5-di-t-butyl-4-
hydroxyhydrocinnamate)]methane (e.g., IRGANOX™ 1010, from Ciba Geigy, New York);
acryloyl modified phenols; octadecyl-3,5-di-t-butyl-4-hydroxycinnamate (e.g., IRGANOX™
1076, commercially available from Ciba Geigy); phosphites and phosphonites;
hydroxylamines; benzofuranone derivatives; and combinations thereof. Where used, the
amount of the antioxidant in the polyfarnesene composition can be from about greater than 0

to about 5 wt.%, from about 0.0001 to about 2.5 wt.%, from about 0.001 wt.% to about 1
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stabilizer in the polyfarnesene conposition can be from about greater than

0 t o abopyo195\ - RofufthéBnaidditherls, Ghe wém%sh@orashmmos%d%re‘iﬁ opticiallgbout 0.1
.%to about 2 wt.% or from about O. %to about 1 wt.%of the total
We| ghtcomprise a colorant or pigment that can change the look of the polyfarnesene compositions
to human eyes. Any colorant or pigment known to a person of ordinary skill in the art may
be added to the polyfarnesene compositions disclosed herein. Non-limiting examples of
suitable colorants or pigments include inorganic pigments such as metal oxides such as iron
oxide, zinc oxide, and titanium dioxide, mixed metal oxides, carbon black, organic pigments
such as anthraquinones, anthanthrones, azo and monoazo compounds, arylamides,
benzimidazolones, BONA lakes, diketopyrrolo-pyrroles, dioxazines, disazo compounds,
diarylide compounds, flavanthrones, indanthrones, isoindolinones, isoindolines, metal
complexes, monoazo salts, naphthols, b-naphthols, naphthol AS, naphthol lakes, perylenes,
perinones, phthalocyanines, pyranthrones, quinacridones, and quinophthalones, and
combinations thereof. Where used, the amount of the colorant or pigment in the
polyfarnesene composition can be from about greater than 0 to about 10 wt.%, from about
0.1 wt.% to about 5 wt.%, or from about 0.25 wt.% to about 2 wt.% of the total weight of the

polyfarnesene composition. Some colorants have been described in Zweifel Hans ef al.,

“Plastics Additives Handbook,” Hanser Gardner Publications, Cincinnati, Ohio, 5th edition,
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titan
901-948 (2001), both of which are incorporated herein by reference.

[00197] Optionally, the polyfarnesene compositions disclosed herein may be
crosslinked, partially or completely. When crosslinking is desired, the polyfarnesene
compositions disclosed herein comprise a cross-linking agent that can be used to effect the
cross-linking of the polyfarnesene compositions, thereby increasing their modulus and
stiffness, among other things. An advantage of a polyfarnesene composition is that
crosslinking can occur in its side chains instead of the polymer backbone like other polymers
such as polyisoprene and polybutadiene. Any cross-linking agent known to a person of
ordinary skill in the art may be added to the polyfarnesene compositions disclosed herein.
Non-limiting examples of suitable cross-linking agents include organic peroxides (e.g., alkyl
peroxides, aryl peroxides, peroxyesters, peroxycarbonates, diacylperoxides, peroxyketals,
and cyclic peroxides) and silanes (e.g., vinyltrimethoxysilane, vinyltriethoxysilane,
vinyltris(2-methoxyethoxy)silane, vinyltriacetoxysilane, vinylmethyldimethoxysilane, and 3-

methacryloyloxypropyltrimethoxysilane). Where used, the amount of the cross-linking agent
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and conbi nations thereof. In some enbodi nents, the filler is barium

sul fate, talc, calciumcarbonate, silica, glass, glass fiber, alumna,
titani umwoariode7466r a m xture thereof. I n other enbodi memtus2omioes9ss || er is
talc, calciumcarbonate, bariumsulfate, glass fiber or a m xture thereof.
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Optional ly, the pol yfarnesene conpositions disclosed herein may be
crossI'iKEES- partially or conpletely. Wen crosslinking is desired, the
pol yf arnesene conpositions disclosed herein conprise a cross-|i nklélg agent
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sui table cross I’ng agents I ncl ude organi e peroxi des {e.g., alk
per oxictiein, capablé obmaoumgiwsh apeosHjdsngagent. pBewwye of tho uasaturated Wlpmom des,

\F,) ?:13?(%/ e?{g{ ﬁ‘g%}gg fagﬁéseln%,l tﬁg, Fﬁ%s%ﬁ%é@ﬁq%?&gg dlggloged’ herein can be cross-

Vi nyl tjfHked By AREQQAMRYE hedik@bsed heréli! tri acet oxysi | ane,
vi nyl met hyl d| nmet hoxysilane, and 3- nethacryl oyl oxypropyltrinethoxysilane).

where uSRb195['® 1ATRHE Hbddifies ARS albli Sidhe LR itRe RANKIRE. CoMposi i on

can be f out greater than O to about 20 wt.% fromabout 0.1 wt.%to
about mé&dified polyorer ﬂrsolmsabhnrem]ls fonvatiomt dlyai 9 td Bbaut 20vaf %t fremtaboat 1 wei ght  of

t he pol r conpasitio me ui t,able cr -] 4,nki ng_,a S Jnave beegn
di scl o%e P DA% Lh B EEdhe ot Adon © SrdfiSe,
Gar dnggt JoURbLIMCGALUON . mdwoﬂnatm,% Qhbrit.abbhithl #8248 iobouChaRLE orlom RBGAS
725-812 (2001) both of which are |ncorporated herein by reference.
1 wt.% to about 2 wt.%, based on the total weight of the farnesene-modified polymer. In
other embodiments, the amount of the one or more other vinyl monomers in the farnesene-
modified polymer disclosed herein is from about 80 wt.% to about 99 wt.%, from about 90
wt.% to about 99 wt.%, from about 92.5 wt.% to about 99 wt.%, from about 95 wt.% to
about 99 wt.%, from about 96 wt.% to about 99 wt.%, from about 97 wt.% to about 99 wt.%,
or from about 98 wt.% to about 99 wt.%, based on the total weight of the farnesene-modified

polymer.

[00200] The cross-linking of the polyfarnesene compositions can also be initiated by
any radiation means known in the art, including, but not limited to, electron-beam irradiation,
beta irradiation, gamma irradiation, corona irradiation, and UV radiation with or without
cross-linking catalyst. U.S. Patent Application No. 10/086,057 (published as
US2002/0132923 A1) and U.S. Patent No. 6,803,014 disclose electron-beam irradiation

methods that can be used in embodiments of the invention.

[00201] Irradiation may be accomplished by the use of high energy, ionizing electrons,
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[00198] In sone enbodi nents, the farnesene interpolymers disclosed herein

I ncl udes farnesene-nodified polynmers prepared by copol yneri zi ng one or nore
f ar nesenewwizbtv/@ms3or nore vinyl nmonomers. In certain erbodiSoenains49ss he
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wt . % romabout 1 wt.%to about 5 wt. % rom about .1 .0 to about 4 w. %
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99 Wt a3 13&&%&@%&&? f(Wtex%(?n{pfé, B eUb aB3uib0°%C, rdy 15 B 8plilyedBPreferibly 0
about 99 wt.% based on the total weight of the farnesene-nodified polyner.
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initiated.b ny r.adiation means kno in the ar ' ud]
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catalyst. U S. Patent Application No. 10/086,057 (published as US2002/0
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met hods that can be used in emnbodi nents of the invention, [00201]

| r r aditkativéH previde thinfinetiph tarhleaiugsy. Switableseatalysth geeralheingludeiosgani¢ hases;

el ectrons,. ul.tra,viaolet r X-rays,. : r ‘ ' t he
e noxslibriatiSetepishlfl abdils IR bR ME LR CPASBAM | 0°,
nmegar agfhot PRaET lealin€obalt) Boh alicle, Afaktisalibihgltiaditaehecdiootyltbeastegener at or
operating 1n a range of about 150 kilovolts to about 6 ne aXoIts
dibutyltindiacetate, dibutyltindioctoate, stannous acetate, stannous octoate, Iead naphthenate,
zinc caprylate, cobalt naphthenate; and the like. The catalyst (or mixture of catalysts) is

present in a catalytic amount, typically between about 0.015 and about 0.035 phr.

Blending of the Ingredients Of the Polyfarnesene Compositions

[00203] The ingredients (i.e., the polyfarnesene, the optional second polymer and
additives) of the polyfarnesene compositions disclosed herein, can be mixed or blended using
methods known to a person of ordinary skill in the art. Non-limiting examples of suitable

blending methods include melt blending, solvent blending, extruding, and the like.

[00204] In some embodiments, the ingredients of the compositions disclosed herein
are melt blended by a method as described by Guerin et al. in U.S. Patent No. 4,152,189.
First, all solvents, if there are any, are removed from the ingredients by heating to an
appropriate elevated temperature of about 100 °C to about 200 °C or about 150 °C to about
175 °C at a pressure of about 5 torr (667 Pa) to about 10 torr (1333 Pa). Next, the ingredients
are weighed into a vessel in the desired proportions and the foam is formed by heating the

contents of the vessel to a molten state while stirring.
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w th a power output capable of supplying the desired dosage. The voltage
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300, 000, woQOBy©@B30r 2,000,000 or 3,000,000 or 6,000, OCOTAIS20098HMMISS OF

| ower. Many ot her apparati for irradiating polyneric materials are known in

the art. | r riadisat i ' E L . thegp about 3
megar adslo;ﬁgﬁglboulg %%lgetr ﬁeggpgﬁésﬁggﬂgéa%gfegﬁn;&gfép %%ﬁbgﬁgggﬁgg@%&gbout l[?20
megar aesprobessedasing sdleentrtladiing. i Kirstctha indeedients arddissol veddnuesnitalie sylvent r oom

tenperature, . al t hoygh hji gher, an wer tenperatures, for exanple, 0 Cto
about 286 the miyre4s nﬁ@xg%T B&?@&J- Plette agolyentipEemoyeddp e 1 carri ed

out af Sihahd Bdci8ted RREihcation of the article. Also, in a preferred
enbodiche to, tﬁe ?%r neesene1 interpol ymer which has been incorporated with a

pro-rad hid ve 1S d 1 radi | radi ati . 8 to
Bbout 2002081 o rkBHoRb e il RO BEARS Al Bh pR A aBBBe 1P g
cat al ygiking28idtribuyive aliRingsér 4 bahbinhtién of divpedsivé hdsdibtuibative mikiag chr based.

Sui tabl e catal ysts general ly include or%ani c bases; car boxgl | c .agi ds;

or ganaised B prERArghesregsaonslends. Bpth baishiand continaus methnds O RRYSS®s or
carbo fi.al , 1 A ' ' | | :
di but y%@%ﬁ?aglubrealgg@ Ia]?glg?{)/]ltn? F r? %%ﬂglaetg g%ﬁ%}%ﬁewb@?n |%(?:éet{ﬂg%eer,neth0ds ——

di but \BRABENDER Atéxing equipmentsae gt BRABENDER BREPCEBNTER®, ewilahkpforhenat e,

zinc caplyl.ate, cqbalt naphthepate; d the ] |ke. l.Lyst (or. .m xture
of " cataABEperdst Irauunit, i, S Hpekmsirto bt} S BANBHRY® B el Rl

0.015 aﬁ@?ol@ﬁﬁfiﬁn ga\c?l%bfémomlﬁaﬁr@gcaﬂp%y,mﬁoﬁiﬁ%gﬁi. wipiEnt! MorPRvd@y nesene
Conposi tions 0(% 03] The ingredients (i.e., the polyfarnesene, the optional

seconaxpoblesef centthuadsiinethods jnabidet sieglp stryvaxtrodimgetvio spesi extoding idiskl osed
herein, can be m xed or. bl ended usi met.hods known,to_a perseon of ordinary
ki 11 SiEERe S PrORARE Fingle 1ry eNRiNe n P bt e e R e n

i ncl udgmRntboalBas,Be additiV&Yan be@ddéditito @xéxtrdieP throgdith fdae hb'f)b&.or[fé&? 04]

In sone enbodi nents, the ingredients of the conpositions disclosed herein

ar e mhnoabdwringethie pytrusipmefibd farpespas interelymsy, baoptianaiseegnd pokyrmerpr thet ent
No. 4,152, il ISt : i If : ved fromthe
ingreg?aénrllt i[%%glmgiengtolrr% dltl)né%pé)p rgrSrh fﬁéﬁgpg\yg{g@%ﬁ%ﬁe&lg?gof about 100
0C t 0 Relaiehd 200 G mér BlaustonSHafder Pabkdhets, NEWSY Ok, LY, papese32i3 3¢ of about 5
torr (667 Pa) tq about 10 torr (1(?:}?3 Pa). Next, the ingredients are weighed
i nto &19%8swhichys incerngeaied Berepy BHBI4FR¥s and the foamis formed by heating

t he
[00207] When one or more additives are required in the compositions disclosed herein,

the desired amounts of the additives can be added in one charge or multiple charges to the
polyfamesene, the second polymer or the composition. Furthermore, the addition can take
place in any order. In some embodiments, the additives are first added and mixed or blended
with the polyfarnesene and then the additive-containing polyfarnesene is blended with the
second polymer. In other embodiments, the additives are first added and mixed or blended
with the second polymer and then the additive-containing second polymer is blended with the
polyfarnesene. In further embodiments, the polyfarnesene is blended with the second

polymer first and then the additives are blended with the composition.

[00208] The ingredients of the composition disclosed herein can be mixed or blended
in any suitable mixing or blending devices known to skilled artisans. The ingredients in the
composition disclosed herein can then be mixed at a temperature below the decomposition
temperature of the ingredients to ensure that all ingredients are homogeneously mixed and

remain intact.
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contents of the vessel to a nmolten state while stirring.[00205] In other
enbodi nents, the ingredients of the conpositions disclosed herein are
processedwonrg2esBvent bl endi ng. First, the ingredi ent eCaris2e0980958%ed in a
sui tabl e solvent and the m xture is then m xed or bl ended. Next, the
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described in C. Rauwendaal, "Polymer Extrusion”, Hanser Publishers, New
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applications,” Noyes Data Corp (1974), both of which are incorporated herein as reference.

[00211] In other embodiments, the compositions disclosed herein may be used as
PSAs. Such PSA adhesive compositions can be applied to sheeting products (e.g., decorative,
reflective, and graphical), labelstock, and tape backings. The substrate can be any suitable
type of material depending on the desired application. In certain embodiments, the substrate
comprises a nonwoven, paper, polymeric film (e.g., polypropylene (e.g., biaxially oriented
polypropylene (BOPP)), polyethylene, polyurea, or polyester (e.g., polyethylene
terephthalate (PET)), or release liner (e.g., siliconized liner). Some PSAs are described in A.
V. Pocius, “Adhesion and Adhesives Technology,” Hanser Gardner Publications; 2nd edition,
Chapter 9, pp. 238-259 (2002); and Istvan Benedek, “Technology of Pressure-Sensitive
Adhesives and Products,” CRC; (2008), both of which are incorporated herein as reference.

[00212] In still other embodiments, the compositions can be utilized to form tape. For
example, the PSA or hot melt adhesive composition is applied to at least one side of the
backing of the tape. The adhesive composition may then be crosslinked to further improve

its shear strength. Any suitable crosslinking method (e.g., exposure to radiation, such as
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in any suitable m xing or blending devices known to skilled artisans. The
ingredients in the conposition disclosed herein can then be m xed at a
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t he deragézri%dg@ps)p I ca‘{'i onfj1 ?{% certal n enbodi nents, 0t h%msaégbst rate conprises a
nonwo\seitablp ayestratepol yneric film (e.g., polypropylene (e.g., biaxially
ori ented pol ypropyl ene (BOPP)), polyethyl ene, polyurea, or polyester (e.g.,
pol yet hy[082e5} erlaphiidizhttiodindiis )the adiresivelcompesitipnecan(te. atedsisingoni zed
| ner )sblvggtr-rt?aslgg 'IA\nSetl?ord? lqc(?r'S g)!éilm%?g tflen scﬁ\\'/ent-based adhesive composition can be coated

by such methods as knife coating, roll coating, gravure coating, rod coating, curtain coating,

and air knife coating. The coated solvent-based adhesive composition is then dried to

remove the solvent. Preferably, the applied solvent-based adhesive composition is subjected

to elevated temperatures, such as those supplied by an oven, to expedite drying.

[00216] - In certain embodiments, the compositions are used as hot-melt pressure-
sensitive adhesives. Some hot-melt pressure-sensitive adhesives are described in Istvan
Benedek, “Technology of Pressure-Sensitive Adhesives and Products,” CRC; Chapter 3,

(2008), which is incorporated herein as reference.

[00217] In some embodiments, the compositions are used as rubber-based adhesives or
contact bond adhesives. Some rubber-based adhesives or contact bond adhesives are
described in A. V. Pocius, “Adhesion and Adhesives Technology,” Hanser Gardner
Publications; 2nd edition, Chapter 9, pp. 259-265 (2002), which is incorporated herein as

reference.
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V. Pocius, "Adhesion and Adhesives Technol ogy," Hanser Gardner

Publ i cations; 2nd edition, Chapter 9, pp. 238-259 (2002); and Istvan
Benedek, woeotwiarasgy of Pressure-Sensitive Adhesives an@CPrusdesotns4958 CRC,
(2008), both of which are incorporated herein as reference. [00212] In

still ot ggefes] .t il b L] i tape. For
exanpl e, R’? %%aﬁPS 5 %ﬂéﬁmﬁeﬁgﬁn ?g%%gi@b%ek%g%ip%ge&e?@#ﬁ é&gé%ﬁ%% c{fg é;t | east
one siigientibn bhtardackinthded td hgittithp tvertien dhe specficeanpeadimentsenfoytht hen be
crosslinked to further inprove its shear strength. Anﬁt suj tabl e

cr ossUness irgicated inthe eopfrary calhparts andirsroeantngss MEPYy weight- Alrpmsyrd| et or
oS : : e | . !
cur at ey S o R ERRD WhANmANE s 8 given, RIAOAY L BRCKRI0UTBR |

her ei embaginbmtamubide thet stated eanges mag dtiH fils tvithirethe scaathditbelinvantaory  manner
known in the art, particularly thps t hods used traditionally for_.making
t apes ,Spegbggl?taéafi€§ﬁé,e5 i %ﬂ?é Kamalechpuldawt be sonsiig B3 REREGRAY fRafrgy B
enbodigEntsntidgnhe adhesi ve conpositions can be applied by a coating head or
nozzle, wth associ ated equi pnent. The adhesi ve conpositions can be applied
as fine lines, dots or spray coatings, in addition to other traditional
forms as desired. [00214] |In somEXAMBLESnts, the adhesive conpositions
can be applied using nelt extrusion techniques. The adhesive conposition
rfipaticndofifitamting Matexialst i nuous or batch processes. An exanple of a

batchpress is the pl acenent of a portion of the adhesive conposition
bet ween KO021st rfafaendsonehavimg 9Thé%aplirey by oveightpeasi abtained BomoAmgriadher ed and

a surface capabl e of rel easi t adhesive tp .forma.conposite structure.
PR S Sl e O e o R R S R e
conpog{itH & viRsiberehe, Bidi®alche thirleserd oritd, frkseivsmes, ¥, EFithasd]) sy@alehe, dr awn
conposition to a noving plastic web or other suitable substrate. [00215] In
ot her ergasterolyramd some digneasipEfernasenso fpfaneseonwas awrified withec mwieeylas

sol vent - based nethod. Far ex I .Sal v - ba: ' nposi tion
can’ baie BTy B iF fnplrlios iid WRLE pehEui Bl N PR S ARRpHGL STTO0

coat i Rgiprdvepueifpt CHgoherant aias dixtidied ngderaigogenratikospherctoadintigate hitwstacat ed

sol vent - based adhesi ve conposition is then dried to renove the sol vent.

Pr ef eraadistpred with aslsying@2e¥| vent - based adhesi ve conposition is subjected to

el evated tenperatures, such as those supplied by an oven, to expedite
dryi ndifferential Scanning Calorimetry

[00220] A TA Q200 differential scanning calorimeter was utilized to determine glass
transition temperatures (Tg) of polymer samples disclosed herein. A 5 mg sample was placed
in an aluminum pan. An empty reference pan and the sample pan were maintained within +
0.01 mg. Samples were scanned from about -175 °C to about 75 °C at a rate of 10 °C/min.
T, was identified as a step change transition in the heat flow. The mid-point of the transition

was reported as the T of the sample.

Gel Permeation Chromatography

[00221] GPC was utilized to determine the molecular weights and polydispersities of
polymer samples. A Waters 2414 refractive index detector was used with a Waters 1515
isocratic HPLC pump. HPLC grade tetrahydrofuran was used as solvent. Polydispersed
fractions were collected from GPC. The molecular weight of a sample was generally
recorded as the number averaged molecular weight (M;) or the weight average (My). When
there were overlabping peaks which prohibited the determination of a unique polydispersity

of each peak, a peak molecular weight (M;) was incorporated herein.
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[00216] In certain enbodinments, the conpositions are used as hot-nelt
pressuresensitive adhesives. Sone hot-nelt pressure-sensitive adhesives are
descri bedwOreolgves Benedek, "Technol ogy of Pressure- Sem€irtuse@onoesi ves
and Products,” CRC, Chapter 3, (2008), which is incorporated herein as

refer [ : . enbodi nents, the conpositions are used as
rgﬁbe _%?mal 8 Jmk%% ont act bond adhesi ves. Sone rubber-based
adhesi ve ont.act bo adhesi ves ar.e i.bed .in.. i.us,
"adnes! olPVERRF AcHB s bR R fERGHmG s NiwEERS Heeierbulieg Ve diBLS o
edi ti QRavifReR BalyRis (MGAX bl 20 (2P saniple SVas iptaced ros peedpad Ty gimn as

reference. [00218] The follow ng exanples are presented to exenplify
enbodiwasithen lopdediiata afnedeonAlflovs mas alewpdtasayalibrats. |Theispmpleewasthgnt i on to

the s i fi ' foQr Rhess imhdl to al |
par t o i Snf BRpE Lt Ruth g8y 1CFAR, TOShoRPGEs it 130000 bBlghy 2
Wien negsesfisamples angereparted gispedtivelyt. shoul d be understood that enbodi ments
outside the stated ranges may still fall within the scope of the invention.

Speci fugradidlal VisibeSyectrBs@dpyn each exanpl e shoul d not be construed as
necessary features of the invention. EXAVMPLES Purification of Starting

Mat eri al ﬁ)dl@%llz19(]J1tﬁvfcﬁétfkﬁ§SWWi2@bp9@tr&%Wh§ Mtilzedwe ngdHitonafoneltiei ned

fromAnyris ot echnol ogi es nmeryvill'e, CA b-Farnesene included

hydr ocansumpticasddingtherrdaciien Theteagion wagalinwasHe copiinumuntd sl mengmess ene

o mor e pePLR RO A himaE LA 2RRE O VTR SREEMEL Bl PV 1o

I enoV BAcREroufi® tidabiremeaNdas\@regadeddroni Gdte sidabiretent3deith ai émpyaquastznospher e
to inprove purity. Cyclohexane was distilled, under nitrogen at mis ere to
el i mi rravettaohligupte wairapestodically iaken fEory the reactiogarsssel.oyiic M@ then plagediRi ng
Cal ori , i i C j Ffimt

utili zag%ﬁl? %: %’gﬂgr%rgr‘l}er@ ‘g@ég\qu a(?mcfglI tg‘%ﬁa%sgﬁﬁirgﬁé%gr%g&g?ﬁgo 5%@? sanpl es
di scl atirdtljerapiortionél fo thg csrventrativasf the acewdnien imthealiqodth UFhegangressofethpt y

reference, pan and the sampl e.pan were mai.ntai ned wi thin .
reactlog was monitored by %-th[? spectroscopy w1'31 t%e cﬁaracterlstlc absorption peak of -

farnesene at 230 nm.

Tensile strength

[00224] Tensile strength of samples were determined using an INSTRON™ tensile
tester. A sample was cast into films and cut to the appropriate dimensions. The thickness
and width of the sample after processing were measured. A gauge length of 2.54 cm was

used with a crosshead speed 25 mm/min.

Lap Test

[00225] Lap test was used to characterize adhesive properties of samples. Two
substrates were held together by an adhesive. Substrates were then pulled apart, shearing the
adhesive. The construct fails in one of three ways. When the substrate failed, it was called a
substrate failure. When the adhesive was torn apart, it was called a cohesive failure. When
the interface between the substrate and adhesive failed, it was called an adhesive failure. An
INSTRON™ tensile tester was used to characterize the forces involved in the failure. The
adhesive was applied to a 2 cm’ section of the substrate with a crosshead speed of 25
mm/min. Aluminum was used as the substrate. Aluminum was cleaned with acetone before

bonding.

53



0.01 ng. Sanples were scanned from about -175 C to about 75 "C at a rate of
10 & mn. Tg was identified as a step change transition in the heat flow.
The m d- pwonbioaR746Be transiti on was reported as the Tg eCTiuseomanpse. Cel
Per meat i on Chr omat ogr aphy [00221] GPC was utilized to determ ne the
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r ecor @gidro3trutifes Df fiRedangley. 3 Jriah Meuhgr3 00N H NN waoitilidzed foethghd aver age
(Mv) . When there were overl appi ng peaks which prohibited the determ nation

of a upfaguemsaisy RemrspisH chlosgionn waspysekas the salyRntoSP el MEAsHESTRENES VRIS was
i ncorp e%{e%qopg&ﬁaicﬂngggcﬁl G avinmetric Analysis [00222] The degradati on
tenperatures of sanp were determ ned by thermal gravinetric analysis
(TGA) ... Abaut . 20 a sampl e was ,pl g In a tared pan. The pan was then
| oaded%2 ] e P RS g+owed t o equilibrate. The sanpl e was

DOlyiarne
t hen hea om.r ogm erature to 580 C at 10 mn. T ratures for 1%
55 a0 TT otd 8 §ed B AR P uREr Rt pulier®, Binye GHEF Setttb ’
Ul t r avoipgisiyi 92119 %epfsp%hé&ﬁé APY3 . FOPRLILIdHek AR YA RAded. £iBUtA 1ithidn}/i S)
spectroscoi;])(%g3 was utilized to nonitor nmonomer consunption during the
e

r eact i(b85xhemob abtainnd frers Adromhderrisdlaon i v added ingg thereatioraas#nhad been
consunpg, @@Qgﬁ?g’eﬁgﬁ Wa fiefed ¥t 2o tﬁé’géﬁ}f{;rioé%%% POTROSS, Wi gﬁf}a-{a#eggne

Backgroun Was aver age Ve neasur enen an enpty

quar t avazWweaiined, AldnirefddsbyEVeV aspeareiscapy. YExahsla 1 fwaspredipitatedflonothevessel ,
whi ch was then placed in a square quartz cuvette wth havi 1 _¢m beam

di st afeastionmixae Yithanlk'a sekution of stapolandd-tutyl catachol{pbiauiediTenm Signaa-t he
conce ' . J: ' P25 16} action
e e A e e 2 e e o
peak dixamplé awas kepaurgier 280Qumnfor abogilbchomts: enfitrivafdd) ERahplkel sollected atengt h
of sar’g&l_ S%Sg X)\ﬁerls 99%?\%21“5 thgeduusl Iar}gfrfagre]raltgrlst-g%(r]e\l tnpzn)} g’rggsllfniing before

characterization.

[00228] The progress of synthesizing Example 1 was monitored by the disappearance
of B-farnesene, as measured by UV-Vis in the reaction mixture. Figure 1 shows the
Ultraviolet-Visible (UV-Vis) spectra of Example 1 and B-farnesene. The characteristic
absorption peak of B-farnesene at 230 nm is present in the UV-Vis spectrum for B-farnesene

in Figure 1, but absent in the UV-Vis spectrum for Example 1 in Figure 1.

[00229] The molecular weight and polydispersity of Example 1 were determined by
GPC. Figure 2 shows the GPC curve of Example 1. The number average molecular weight
(M,), weight average molecular weight (M), peak molecular weight (M,), z average
molecular weight (M;), z+/ average molecular weight (M;+1), Myw/M, (i.e., polydispersity),
M,/M,,, and M;+1/M,, of Example 1 are shown in Table 1. The definitions of M, My, M, ,
M_+1, M, and polydispersity can be found in Technical Bulletin TB021, “Molecular Weight
Distribution and Definitions of MW Averages,” published by Polymer Laboratories, which is
incorporated herein by reference. Some methods of measuring the molecular weights of
polymers can be found in the book by Malcolm P. Stevens, “Polymer Chemistry: An
Introduction,” Oxford University Press, Chapter 2 (1999), pp. 35-58, which is incorporated
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tester. A sanple was cast

The thickness and width of the sanple after

into films and cut to the appropriate dinensions.
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b- f ar reHenmgwhs *CONMRIBskctramni Ther ehdrdoterishie Weak idpatifyimsExxmyple Exeaspite 1 was

precipitated fromthe reaction mxture wwth a 1% sol ution of ethanol

and

/ - but YB90atPREROl (obt ai ned from Sigma- Aldrich, St. Louis, MD)). After

drying in a vacuum oven at about 60 C for about 2 hours,

under vagyydayf orrj

! g&&%
g (yield 97%, wa

Exanpl e 1 was kept

U shbQusiRd! S NMIREspEUAIA 8 f ER¥APR! 1€ Hoak§ 8l 4.8S b atld 89. 83

stored in a refrigerator to prevent any crosslinking

bef or &.&lhppractese peaksiagsociated with 3,4-microstructure. Peaks at 5.17 ppm, 5.16 ppm, 5.14

ppm, and 5.13 ppm were peaks associated with 1,4- and 3,4-microstructures. Based on the

areas under the peaks of Figure 4, about 12% of farnesene units in Example 1 was found to

have 3,4-microstructure.

[00232]

The DSC curve of Example 1 is shown in Figure 5. The thermal

characteristics of Example 1 were measured by DSC. The T, of Example 1 was found to be

about -76 °C. No other thermal event was detected between -175 °C and 75 °C.

[00233]

The TGA curve of Example 1 measured in air is shown in Figure 6. The

decomposition temperature of Example 1 in air was determined by TGA. The 1% weight

loss of Example 1 in air was recorded at 210 °C and the 5% weight loss of Example 1 in air

was recorded at 307 °C.

[00234]

The TGA curve of Example 1 measured under nitrogen atmosphere is shown

in Figure 7. The 1% weight loss of Example 1 under nitrogen atmosphere was recorded at

307 °C and the 5% weight loss of Example 1 under nitrogen atmosphere was recorded at 339

°C.
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[ 00228] The progress of synthesizing Exanple 1 was nonitored by the

di sappearance of b-farnesene, as neasured by UV-Vis in the reaction

m Xt ure. Wogore21463hows the U travi ol et-Visible (UV-VispCsaseanarsdss Exanpl e
1 and b-farnesene. The characteristic absorption peak of b-farnesene at 230
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units ,in el was, calc t t.Q. Eigure 3
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76. 77 of e reeétonpeaks associ ated with the deuterated chl orof ormused for
collecting the 13C NWR spectrum The characteristic peak identifying

Exanpl e 0289 atThe3BolkeulnPWeight JBadlyfispetsi 6fEMM\€ltheeréldeNMRir&ﬁegtrum of
Exanpl e ﬁ) Pe]aks at 2. 85@%)1%%)nd 46(}3{ S%ﬁyere peaks associated with

3, 4- MGRGs Figuee Askowsibg gurye of Expaples2. 15hqplim Ms, My, NMerMzaind 5. 13 ppm

wer e peaks assoc d wi,tth 1,4- ) . he areas

Undior ORCRIRS bENTr gl of PR 2k SRR IPLAIES, TREREferef 0°) o

f ound fhetemé@nids fr Bxahpls 2rwad cal@ilatbd 62823bolh 20MBB enauseo fthe fxaeqske 1 i s

shown in Figure 5. The thernal gh ractfrist'cs o] Exar;‘gl? 1 were neasured
adp r leyely dlo

by DsSanrolgpidarryeight efiExamnle 2, 4 entanglement nger relaxation

time than Example 1.

Table 2
Properties Example 2
M, 244,747 g/mol
M,, 457,340 g/mol
M, 501,220 g/mol
M, 768,187 g/mol
M, . 1,132,362 g/mol
Polydispersity 1.868622
M,/M,, 1.679684
M, /M, 2.475971

[00238] The DSC curve of Example 2 is shown in Figure 10. The thermal

characteristics of Example 2 were measured by DSC. The Ty of Example 2 was found to be

about -76 °C.

[00239] The tensiie test results of Example 2 are shown in Figure 11. The tensile
strength of Example 2 was measured by a tensile test. Example 2 was observed to be soft,
tacky and yielded quickly. As shown in Figure 11, the peak elongation of Example 2 was
found to be about 6% with a maximum tensile strength of about 19 psi. The modulus of
Example 2 was calculated to be about 4.6 kpsi. Example 2 continued to yield to about 40%

elongation.
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about -76 C. No other thermal event was detected between -175 C and 75 C

[ 00233] The TGA curve of Exanple 1 neasured in air is shown in Figure 6.
The deconwoxntvmeBenperature of Exanple 1 in air was deCemseemeao4yys TGA.
The 1% wei ght | oss of Exanple 1 in air was recorded at 210 C and the 5%
wei ghtg e 91 30k Eneledd! @i r was recorded at 307 C. [00234] The TGA
curve under nitrogen atnosphere is shown in Figure 7.

The 1% wgj I 0 . Lt : h d at
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Exanplt%trqn%éxle%@e@éﬁ“wltﬂé‘lpa@Qle'EME%eDbo\%!H%%fW@ gy dse Eé’anpl el

Ecampi 2, MQP TR e el L o s B B B S ecampi e 2 1 5 o

1,4-poly e havi ng.a_Nh,of abgut. 245 0 .

synt hesi @@Zggf ninﬁ}ﬁrfl?/ieg% owaﬁ%‘gﬁcgpﬁﬁé‘s%?rggegﬁ?’g‘{ F%E%%prap{ee%f,a]eex?ept
sechutorC.| Figakdim Wasvsuse GPesciirke of Bkimple . . Theevortdakyai Bigtreol2 indrarde 2 was
found to be 83.59 g gél eld 71.4% . The yield is |ower because aliquots were
r enov deattyo sistinebyeighfrastiogs deredrin dixample 3.02B8¢ MMy, db23%31: The ol ecul ar

Shows PR e N GAT AMBL M Py o Y Lo TR R S CHPHER, & o,

Mz/ Mwpealoih Meude 1dnvad atioaadp)165 2/mole EtedMipof the Saduind pak ThEigurartzwasf

f ar nesene its in Exanple 2 s calcul ated_to be about 2000. Because of
Lhe | REPUARE S gmab ¥ BF MUBPGHAT IBmemsns Hoh e TR AES GBS FBOBROCH

ent anglhgnent and | onger rel axation tine than Exanple 1. Table 2 [00238] The
DSC curve of Exanple 2 is shown in Figure 10. The thermal characteristics
01;) Exanpl e 2 were nmeasured by DSC. fhg.39 of Exanple 2 was found to be
about -76 C.

Properties Example 3
M, 45,818 g/mol
M., 47,644 g/mol
M, 49,134 g/mol
M, 50,527 g/mol
Polydispersity 1.039844
M,/M,, 1.031269
M,../M,, 1.060509

~[00242]  Figure 13 shows the 3C NMR spectrum of Example 3. Peaks at 77.28 ppm,
77.02 ppm, and 76.77 ppm were peaks of deuterated chloroform used for collecting the B¢
NMR spectrum. The characteristic peak identifying Example 1 at 139.05 ppm was absent in

Figure 13, indicating a regular microstructure of Example 3.

[00243] Figure 14 shows the 'H NMR spectrum of Example 3. Peaks at 4.85 ppm and
4.81 ppm were peaks showing microstructure of Example 3. Peaks at 5.17 ppm, 5.16 ppm,
5.14 ppm, and 5.13 ppm were peaks associated with 1,4- and 3,4-microstructures. Based on
the areas under the peaks of Figure 14, about 10% of farnesene units in Example 3 was found

to have 1,4-microstructure.

[00244] The DSC curve of Example 3 is shown in Figure 15. The thermal
characteristics of Example 3 were measured by DSC. The T, of Example 3 was found to be

about -76 °C. No other thermal event was detected between -175 °C and 75 °C.
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[00239] The tensile test results of Exanple 2 are shown in Figure 11. The
tensile strength of Exanple 2 was neasured by a tensile test. Exanple 2 was
observed wo 2om/®ofe8, tacky and yi el ded quickly. As showrCirrsEgwo®sdl, the
peak el ongation of Exarrpl e 2 was found to be about 6% w th a nmaxi num
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00244] The DSC curve of Exanp hown Fi gure The. th I
: ][yrene was consumed, as momtored by %P ]Shen 161I QB tjal%esene solution (i.e., %g? g

atbout

of B-farnesene) was transferred to the reactor under argon atmosphere. The reaction was
allowed to react until completion for about 7 hours, monitored by GPC. Three equal aliquots
of dichlorosilane coupling agent (3.44x10" mol, obtained from Acros, Morris Plains, NJ)
were then added into the reactor such that the mole ratio of Li to Cl of the reaction mixture
was 1:2. The reaction mixture was allowed to react until completion as indicated by a color
change from yellow to clear in the reactor. Example 4 was precipitated from the reaction
mixture with a 1% solution of t-butyl catachol in ethanol. After drying in a vacuum oven at
about 60 °C for about 2 hours, Example 4 was kept under vacuum for about 16 hours.
Afterwards, Example 4, collected at 39.15 g (yield 97%), was stored in a refrigerator to

prevent any crosslinking before characterization.

[00248] The GPC curve of polystyrene is shown in Figure 18. The progress of
polystyrene synthesis reaction was monitored by GPC. The two peaks in Figure 18 indicated
that there were two distinct weight fractions of polystyrene formed. The My, My, M, Mg+,
polydispersity, My/My, and Mz+1/M,, of the polystyrene are shown in Table 4. The M, of the
first peak in Figure 18 was found to be about 59,596 g/mol. The M, of the second peak in
Figure 20 was found to be about 28,619 g/mol.

Table 4
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characteristics of Exanple 3 were neasured by DSC. The Tg of Exanple 3 was
found to be about -76 C. No other thermal event was detected between -175 C
and 75 C.wooanmdp7dhe TGA curve of Exanple 1 measured i nParmUS2@9Isyds i n
Figure 16. The deconposition tenperature of Exanple 3 in air was determ ned
by TGA. The 1% wei ght | ossf—Exanpterisi T s recorded at 191 "C and
the 5% wei ght | oss of Exar Fﬁf@""fﬁ%n a §01§$rii;-§q:o\r,vgled at 265 C. [00246]
Exanpl e 3 was observed to [og a hight @@}pﬁ%{ﬁ scous fluid. The lap test
results of Exanple 3 are sh@wm T FI gi5gEssl /mol NE€ [adhesi ve capability of
Exanpl e 3 was neasured by {Tfig, Tap T es|3o,508g/nmddnhes| ve energy of Exanple 3
was found to be about 12, 9URdispedsiv T N1.ac7Pe8AK Striess of about 430 N nt.
Exanpl e 4 - polystyrene- 1 Mympl vi ar nesen@igpol vstlyrene [00247] To a first
dried three neck reactor umndgyMargon at.oagsphere, ja pre-dried sol ution of
12% b-farnesene in cycl ohexane was added. To a second dried three neck
react or (00d49] arpepdaynpepd fortedahdDadiél 4 anihittatano dditid@Ahst yrene in

cycl ohexane was added. Afterwayds, I;OZ the styrene_sol utigip, I—1~ﬁbutyl lithium
( 6. 88xobymerizzfipn wath Rrfraesens togforme palydtyrspe-d4-potyfammeseag di-blogky  he react or

was h%h@l%fé} Fho @@%rg§o@%'dﬂ$ﬁ§%,c%§ol B1¢% $5 sHOW ih Faddre DY 'T@l@‘i)ré!%@@%s'

consune as nonitore 61.8 b-farnesene solution (1.
19. 61 of thuf dibblbek crgmbymadr syathetic aresfion mas ntamitbted bye@BCorThgrihiee paakyan

at nosphere., .The reacti Qqn was |l owed.to re ntil. gonmpl.eti.on for about 7
hour o g 19 Jndgae] e here Rsahesd. fasting Petet Gagifonsiin fearaprorpolmd f ng
agent L Xbititn "The MOV Med MiJ, M, ApbBAispMRIty ] BL/Rh2lana MMM V6f tBe Ghen
added into the reactor such that the nole ratio of Li to C of the reaction

m xt urtdockaeopolymer Breeshosaxini Tablas.x The Mpafsheafirsopeak indigwadod, eorrgspordingl et i on

as indicated b cQ change,from vel | ear 10t %@ﬁt anpl e
4 was BP8LYiS%f?‘§f gé'pf’hyglﬁﬁnfﬁeéw%)é)%sﬂrgﬁ ’nwaﬁ'(t}ﬁ{rl%&)tv?ﬁ h guﬁ%léjgfsu |o§1' g?’eg\ﬁ‘gutyl
cat achglthd seceadp&i in Piiire 19 déottedfonding@tovae disbloek @opelymehouds folnCid sy about

2 hours, Exa was kept under. vacuum for about,K 16 Af t er war ds,

le 4 (
Exanplabout 6343 é@toédT_hﬁ mpdecpiar gVe(lslit@Ifél’Wf%?‘%‘tndP%ggﬁ?%E cPRIYMGET at or
to pr %&@m&%&&%}ﬁ%&@%@ npd1e 11312%&81‘&5 i PO i &g%ﬁé% The GPC curve

of polystyrene 1s ure € progress o ystyrene synthesis
r eact icofreymdingtotpotysdyrénye, GRE fouietotbembpedE79Ng/modur e 18 i ndi cat ed

Table S
Properties Polystyrene-1,4-polyfarnesene
Di-block Copolymer

M, 29,434 g/mol

M, - 30,345 g/mol

M, 29,799 g/mol

M, 31,172 g/mol

|\, 31,936 g/mol
Polydispersity 1.030949
M,/M,, 1.027264
M,./My 1.052449

[00250] The polystyrene-1,4-polyfarnesene di-block copolymer was further coupled to
form Example 4. Figure 20 shows the GPC curve of Example 4. The molecular weight and
polydispersity of Example 4 were determined by GPC. The three peaks in Figure 20
indicated that there were three distinct weight fractions for the coupling product formed. The
Mi, My, M, M.y, polydispersity, M,/M, and M,.1/My, of the coupling product are shown in
Table 6. The M, of the first peak in Figure 20, corresponding to Example 4, was found to be
about 138,802 g/mol. Example 4 was obtained in about 10% of the coupling product. The

number of farnesene monomer units in Example 4 was calculated to be about 300. The M,
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that there were two distinct weight fractions of polystyrene fornmed. The
Vh, My, Mz, Me+ i, polydispersity, M/ My, and Mez+i/Mwv of the polystyrene
are showwpnroable34. The Mp of the first peak in Fi gur@eCT8seas/oband to be
about 59,596 g/ rml The M of the second peak in Figure 20 was found to be

i i 41 B ERoR Pk E@H% A RS S

pol ySUDYGﬁFprolblnkrﬂﬁi/asffaﬁxﬁ&ﬁﬂf&anut 63,68k gﬁx@cﬂo IThewv, ofTthe tKiRCpeakriu &igiret he
di - bl ock copoly is shown in Flgure 19. The progress of the di-block
copol QHE?O%%SH?%%&OP@&%WW%’ westonpd tq be akpug93pEe/mele t hree peaks in
Figure 19 indicated that there were three distinct weight fractions in the
di - bl ock copol yner reaction sol utiohablge M, My, Mo, M, M+ i,

pol ydi spersity, M/ My, and_M+i/Mv of the di bI aock copol yner are shown in
Table 5. The Mo of the firlsHropastits i n FExamme49  clorresponding to

pol ystyrene- 1, 4-pol yf ar neisMne- pol yst {1340 e/mak flound to be about 141, 775

g/ mol . The Mp of the secomgﬁ%rrespondi ng to the
di - bl ock copol yner, was f 63 g/ nol . The ol ecul ar

wei ght of 1, 4-pol yfarnese eMy‘a ;Ese di %éolfé&‘zqg/%b” ymer was cal cul ated to be
hi Ln 1
about 35, 000 g/ mol. The MomE et ‘;P. je—h H gure 19, corresponding to
pol ystyrene, was found to ottt 291 Ty ot Tabl e 5 [00250] The
=—bto

pol ystyrene- 1, 4-pol yf ar nesefie—th ck—copotymer was further coupled to

form Exa . ur. V. ecul ar
wei ght a@lzg}f afg%grzglst%gwg?g%x I\rﬁ]@I %\‘fv{e}% geE?J @(nedbgak%@?%%ﬁg hr ee
peaks and 761804ipen Aerd peaks af mOé‘lh@H wittethe dwtefatédﬂcf}ﬂeromrm usfaﬂtfor/\mlahtmg
fractiong for the coupling product formed. The

pol ydltbﬁ)epsNW snoeirvR; Qther paaks jny W@letwged&ﬁbﬂ i‘%ﬁ@“ﬁtﬁédﬂg}l ﬁr e shown in

was. § SORfREscHR o bRy RSl M e e oS aEt 2056 of
t he cdopl2ismpnpwasl present ThE iguerd Brindicatiny the peesencroofolygpolyfamssenn iExanpl e 4
was c%! cul il%%d to be about 300. The vaof t he second peak in Figure 20,

whi ch onds to polystyrene- 4- pol yf arnesene di bl ock copol yners, was

found to_be about 63,691 g/ nol, The Mp of the_third peak in Fjigure 20,
cor r espolf#2a3 toFlﬁ‘é‘Ie)?gt%hPé’ﬁéhe \,%'s\IMBGH%FtW angBalﬁ 4 Jeakpatyy #gppmﬁ% e 6

4.81 ppm were peaks associated with 3,4-microstructure. Peaks at 5.10 ppm, 5.12 ppm, and
5.14 ppm were peaks associated with 1,4- and 3,4-microstructures. Based on the areas under
the peaks of Figure 22, about 3% of farnesene units in Example 4 was found to have 3,4-

microstructure.

[00253] The DSC curve of Example 4 is shown in Figure 23. The thermal
characteristics of Example 4 were measured by DSC. The Ty of 1,4-polyfarnesene in
Example 4 was found to be about -76 °C. The T; of polystyrene in Example 4 was found to
be about 96 °C. No other thermal event was detected between -175 °C and 75 °C.

[00254] The TGA curve of Example 4 measured in air is shown in Figure 24. The
decomposition temperature of Example 4 in air was determined by TGA. The 1% weight
loss of Example 4 in air was recorded at 307 °C and the 5% weight loss of Example 4 in air

was recorded at 333 °C.

[00255] The tensile test results of Example 4 are shown in Figure 25. The tensile
strength of Example 4 was measured by a tensile test. Example 4 was stiff but yielded. As

shown in Figure 25, the elongation at break of Example 4 was found to be about 425% with a
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[00251] Figure 2 1 shows the 13C NVR spectrum of Exanple 4. Peaks at 77.69
ppm and 76. 80 ppm were peaks of associated with the deuterated chl orof orm
used for wol2bmair4sg t he 13C NVR spectrum O her peaks i RCEFiusaooe/024938 wer e
peaks associated with 1,4- polyfar nesene and pol ystyrene. The

L A R e T T
[0025%1301'&'39% £2SaBavs 380% é&%ﬂw&%pgﬁmymmammbwﬂpm Peaks at 4.85 ppm

and 4.81 ppm vvere peaks associated with 3,4-mcrostructure. Peaks at 5.10

ppm 5.1 [ am?ﬂ@h due
3,4-mcr str ctures. % S\&gfggﬁﬁgﬁ% ar eas un El gt%%lgf} E;k Frrgure 22 about
3% of ahadhessenfailurel e shpwExam:glme 86 withe ﬁdhasdzeteoer@z\mf Exafplad avas Soundatour e.

[ 0025 The rve,of, Exanpl e sho Figure 23. The thermnal

char a @PP%&?@@%&NBF@W r§S %PEH%M@% The Tg of

1, 4- pol yf ar nesene I n Exarrpl e 4 was found to be about -76 C. The Tg of

pol ystExamp olystygans-Jpalyfargesenemolystyrensout 96 "C. - No ot her t her mal

event was det ected between -175 C and 75 C. [00254] The TGA curve_ of

Exanpl e WO0A83s urkaa first dried thyee neakrrepgioringler arepn atmrpsphgiss 8 ppodtied 6270

terrper r % ht | oss
B Aapiaf of PR iedn ¢y Bnlihg VA5 AL T AGRORY ofihhreSfieck RAGLERT - 00,

4 I n allnﬁer\/hﬁgor[ ﬁlﬁwsﬁﬂﬁeadpﬁ?tﬁleﬁ so[lﬂﬁlﬁliﬁ]l 0Fhstyiieae &i d:}&:l(blfexta.ndf waslhddedof Exanpl e

4aresowninFiue2 Teten5|estrent | e sured by

a t endMtewagds; 14 g&&ﬂ@ AYERES S%‘PP?‘? (gt 1 A8 %8 agﬁyreﬂg S?WV% CE% t he

el ong ! tivBRX| rum

tensil %edcg(%}r@ﬁafﬁga#( Q{I)OSE? @II%IS)? pS|t f;re'pyn%ghﬁtg}s&g?b@}grgpﬂééq%mgs cal cul at ed

to be (568xt0"3mob Wa;ssaddecﬁtmeﬂm radct33@anahiatt amshthe fredesampdseheatedas abdabut

33.4 00256 b d to,be tack t | t
of " ExaiFdon 3oL d o s ot ik AR e E e BT D TR The -
adhesijus. O@@%‘f? ers@éaéaimtﬁm‘b yass, meszﬁ‘ ﬁf-ﬁr&@eﬁﬂ)% tran9REre@@Othe/re&cton th a

peak stress of about 134,000 N

pol vs tuyldgrmrg@l ammplsnfrar Tl eenstipoMas @U@‘é‘ﬁéto[ @@qsm}ll gempletipp §ar apppelp t hr ee
L rh%%gst ¢ mofiitéted %r e abr@lsl&ja?lrlﬁfe c%uBl r?g QgrehF@a}ﬁ/ ¢h added into the reactor

in three equal aliquots, such that the mole ratio of Li to Cl was 1:2. The reaction mixture was

allowed react until completion as indicated by a color change from yellow to clear in the
reactor. Example 5 was precipitated from the reaction mixture by a 1% solution of ¢-butyl
catachol in ethanol. After drying in a vacuum oven at about 60 °C for about 2 hours,
Example 5 was kept under vacuum for about 16 hours. Afterwards, Example 5, collected at
28.75 g (yield 96%), was stored in a refrigerator to prevent any crosslinking before

characterization.

[00258] The GPC curve of polystyrene is shown in Figure 27. The progress of
synthesizing polystyrene was monitored by GPC. The two peaks in Figure 27 indicated that
there were two distinct weight fractions of polystyrene. The My, My, M, My+1,
polydispersity, M,/M,,, and M,+/M,, of polystyrene are shown in Table 7. The M, of the
first peak in Figure 27 was found to be about 65,570 g/mol. The M, of the second peak in
Figure 27 was found to be about 32,122 g/mol.

Table 7
Properties Polystyrene
M, 27,915 g/mol
M,, 30,898 g/mol
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solution of b-farnesene in cycl ohexane was added. To a second dried three
neck reactor under argon atnosphere, a pre-dried solution of 10% styrene in
cycl ohexawe oa2agded. Afterwards, 141.1 g of the styremeTAskawiootys§i . e.
14.82 g of styrene) was transferred to a dried reactor under argon

at nosphere. A mxture of /tgbuty T t{EIFREMSIA O 4 ol ) and TMEDA
(5.02XI0 4 nol) was added gl p e TEHE] P gim1 an | hitiator, and the reactor
was heated at about 50 OC [fRjiysBp@Hy 1b16¥ghs, untlil all styrene was
consunmed, as nonitored by [GHlm, Then, [4gs593¢0 of Db-farnesene solution (i.e.,
15.74 g of b-farnesene) waSwmiJmpsTt err €dodsest he rejact or under argon

at nosphere. The reaction was allowed to react until conpletion for about 16
hours, ap0289] t OTiRMdYst{aRfe fdlhidl tRérsdtebaearciaitipkdrio imgentthevas then added
into the reactor in three equal aliquots, such that the nole ratio of Li to
ad  wadolyrperizpfien mathd-fasnesens tufoam garol sty isned 4-relyfarngsens dichlepk et i on as

i ndic a f.rol I g .0 Heaghar nple 5
was pReBpien THEORG GRREBF I PRIR cofttyhftr 3 F80pyR Fifie D82 TR rogrt X

cat achlthé di-sibélacspolynmért sshthdsigiweg moenitoradiloy GRCo VER thteeqleakd indlig@ef28r about
2 hours, Exanple 5 was kept_upder vacyum for. aboyt lq%houiys. Aft erwar ds,
Exanpligdigated gat therewere thygg disiingt weigbf a?ﬁ%s,m\?@s‘ilsl{l%‘f CPPOHY LI IERGHORe r at or
to pr a oss! ki : aQr rizatio bide GPC curve
of por g tonZ el N, NN P b, BN, e M) e oI g

pol ysteppelyemenas: shiomintio/Tatle®; TROM, Dfi¢het fiwst pesdkks Figuré2§urogregondmi wat ed t hat

t here re two,distinct weight fractions o | yist yr, The - Me,
Vo BSDIarEdaaraly aas ot sttt <pB S Zhs2 S ens Wh Tab e
7. Theke Qcoﬁch?eéki ihFigneak, éd}ré%bsﬁtﬁgg o/ theRS-bfoeK '&G?él%ié?, v etind i 570
g/nmol. The Mo of the second peak in Figure 27 was found to be about 32,122

g/ nol .aboubee63q gowsoTha hwlemilarsysiglhtrnd i palythmesene icthe di-hlpckcopalymesat or to

initiate the po ri.zat | it h b-fanne . .

pol ystYSH C@ﬁ‘l %’orﬁe%ﬁbgPﬁéjggﬂgg}d??‘b 1 Mtéﬁ@?%ﬁdr bkThigee 28 0 or the
di - bl qekresiaaing @ polystyrBite)\ivas Tolmdterte abBut INespg/amiess of the di-bl ock
copol yner synthesis was nonitored by GPC. The three peaks in Figure 28

indicated that there were three distppiets wei ght fractions in the di-block
copol yner reaction solution. The M, My, Mz, Me+i, polydispersity, M/ My,

and Mz+1 /My of the [Gpropdri&K Polystyrene-3,4-polyfarnesene
Di-block Copolymer
M, 27,801 g/mol
M,, - 31,379 g/mol
M, 33,539 g/mol
M, 35,033 g/mol
Polydispersity 1.128697
M,/M,, 1.068833
M,./M,, 1.116447

[00260] The polystyrene-3,4-polyfarnesene di-block copolymer was further coupled to
form Example 5. Figure 29 shows the GPC curve of Example 5. The molecular weight and
polydispersity of Example 5 were determined by GPC. The three peaks in Figure 29
indicated that there were three distinct weight fractions for the coupling product formed. The
My, My, M, M+, polydispersity, M;/My, and Mz+1/My, of Example 5 are shown in Table 9.
The M, of the first peak in Figure 29, corresponding to Example 5, was found to be about
148,931 g/mol. Example 5 was obtained at about 33% of the coupling product. The number
of farnesene monomer units in Example 5 was calculated to be about 300. The peak
molecular weight of the blocks in Example 5 was found to be about 32,000-108,000-32,000
g/mol. The M, of the second peak in Figure 29, corresponding to the polystyrene-3,4-
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copolynmer are shown in Table 8. The M of the first peak in Figure 28,
correspondi ng to pol ystyrene-3, 4-pol yf arnesene- pol ystyrene, was found to be
about 174yv03B10g2mmB. The Mo of the second peak in Fi gureCz8S2a0no®spondi ng
to the di-block copolynmer, was found to be about 86,636 g/ nol. The

nmol ecul ht , Ql

cal culpg e% dl'g[)ggtcgg@%)ég%él%ﬁg&ﬂw& %ﬁt ?1’4%]‘8&% (%ngtn%gure 28,
corregeﬂmﬂ Flguﬁe@%%ﬂé‘sfpyjﬁdiﬁgio p@l?sﬁymﬂw‘a@fdnﬁd&bbuhbcﬁﬁsgﬁlnglml Table 8

[ 00260] The pol ystyrene-3, 4-pol yf arnesene di - bl ock copol ymer was further
coupled to form Exanple 5. Figure 2Pisb9ws the GPC curve of Exanple 5. The
nol ecul ar wei ght and pol ydi spersity of Exanple 5 were determ ned by GPC
The three peaks in Figure [FfopdrdsCat COEianple 4 Ner § were three distinct

wei ght fractions for the dawpling propesi7okmoned.] The Mh, My, M, M+ i,

pol ydi spersity, M/ My, an z+1 /[ Mv of 3dEaggioe 5 lare shown in Table 9. The
Mp of the first peak in Fijgare 29, cofsx®pemsl ng to Exanple 5, was found to
be about 148,931 g/ nol. Exavwgl e 5 was| #fvdemet at| about 33% of the coupling
product. The nunber of far|ifebduersitpnonbf936its in Exanple 5 was cal cul at ed

to be about 300. The peak B760 bl ocks in Exanple 5 was
found to be about 32, 000- lﬂﬂyﬂﬂm ?2 0Dbh Q92| e Mp of the second peak in
Fi gure 29, correspondln to th styrene 3 4- polyfarnesene di - bl ock
copol yrel0026tk fRigurg 306 bwsshsfou€ f Examplevh B¢a1<§ﬁé {-A2 PBMeak in

NERLE: B S R O 58&3‘%"%%?5{89%?}%%38%‘5 3R feedtSP .
Peaks callecfihg tRe BIOWMIY spttrimm OthBtipeals &Y Fignre 3/@3weregmak§assbc1a&domtla3 dd with

t he deuterated chloroformused for coll ecti n t he. 13C NI\/I; ﬁgectrum O her
peaks Polytmmgssne ae@vabﬁwr%@a@ﬂem@@rea@%mﬂ& e@lfxmg Fpplyfainesshe ahng

pol ysggbm%wama s 608 ?ﬁtﬁélﬁr%%'oc ngg&hngg% 1&%&903%&&1?@5%%@%%% at

139.0I gure IC tlng a reqgu m crostructure (lzf
Ex 2 XR8P dP
at aZpBE @3%1kgﬂd%£ 3gp?hgmg%}ésggia@gﬁ§§s%%ng E@E%Wﬁfgfr(ﬁ Crost bﬁn?ﬁlr e.ea >

Peaks 4381 Spm Wepdpeaks dssocikedopith BRI-Rigreskgtas s Deikataed. 151 p:plm Andis.1ampgm
3,4-mcrostructures. Based on the areas under thﬁ ﬂ of Fégulg;e Sa}( about
506 of WeaP Reaksesagiatedwith 1k ARp et miasTychirRs Baselapdhq aspas under the peaks

of Figure 31, about 5% of farnesene units in Example 5 was found to have 1,4-

microstructure.

[00263] The DSC curve of Example 5 is shown in Figure 32. The thermal
characteristics of Example 5 were measured by DSC. The T of 3,4-polyfarnesene in
Example 5 was found to be about -72 °C. The T, of polystyfene in Example 5 was found to
be about 94 °C. No other thermal event was detected between -175 °C and 75 °C.

[00264] The TGA curve of Example 5 measured in air is shown in Figure 33. The
decomposition temperature of Example 5 in air was determined by TGA. The 1% weight
loss of Example 5 in air was recorded at 240 °C and the 5% weight loss of Example 5 in air

was recorded at 327 °C.

[00265] The tensile test results of Example 5 are shown in Figure 34. The tensile
strength of Example 5 was measured by a tensile test. Example 5 was stiff but yielded. As
shown in Figure 34, the elongation at break of Example 5 was found to be about 175% with a
maximum tensile strength of about 768 psi. The modulus of Example 5 was calculated to be

about 39.5 kpsi.
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m crostructure. [00263] The DSC curve of Exanple 5 is shown in Figure 32.
The thermal characteristics of Exanple 5 were neasured by DSC. The Tg of

3, 4- pol yhwionresdneissn Exanple 5 was found to be about - 7PCTUSTIO/0TL5OF

pol ystyr ene i n Exanpl e 5 was found to be about 94 C. No other thernmal event

was dete betgﬁgg: {oas G @5}9 i ek pl € 5
rreasured I'S own I N Zxéﬁ%b&?ﬁg&%}d emﬁ%tgﬁf\(vgg etﬁg‘rarlgtehreat ure of
Exanpltméi H‘he&}RC tmse dét}erpurifed ExamplsAs 1sT§lm“&1%1\HegtgbBSI dds exfradiioangfl e 5 in

air was recorded at 240 "C and the 5% wei_ght ss of Exanple 5 in ajr was
recor f R romd CFQMB’g]PW‘éCtt"@%§|"PISa‘le€g’§’ qlle(guﬁtf@r AR EXAmDE shown

in Fi 3”5}%\@14% tggﬁrﬁ‘f)@él{ l.rfF %&{eef? dcr@%@@ﬂi}@oo%tm JRAS Hi@&té&%’pl@dﬁ&ns' le

t est. was “st i own in Figure 34
el ongéﬂwqml;atyrmeeb,h pm;ﬂnymmsqﬂeeh{’olwkswbolymrl sholwa abbmtsecméwwk nFigungaxi num

tensile stre of . abo 7 The Exanpl e 5 wa aIc | at ed
o be 3300t o386 RgbPuT P0 B IREABRE PG ¥y e ET P Bd e Pkt od
extra%r%aré/\as hwa%%&?déﬁt@ﬁmﬁqo%éfﬂl’f@%xtr&&i'&iﬁ%@u@tuwe of the purlfled
Exanpl e i s  shown in F| gure 35. The extraction of Exanple 5 fromthe

coupl i ng[({aagﬂ?CtT% acﬁ?geur 4 a%,&q sé bR hek e 1§§1:16\§ﬁt1ﬂ PiurES@NREer ©

shown as I rst peak In was | ncreased to about 60% of the
extr aahed(tmoducﬁxam'ﬂhﬁ peistedtiy veryelo, atquit yif therestrectoriolinbskowopsitharer
shovvn e ond k i n.Figure 35,. was .reduce 0 out 309 he
extra &PCS#HH Pre §tg}‘1‘%“r?é‘9a‘§ﬂﬂ'i}6r?fé§e P‘H@SWWPFg %886’%%655 é?"g{oﬁ% was

r educedpdionP et ewa@[éa‘totth@eﬁﬁcmﬁfssﬂeﬂr Qb as hOQe&al pEhR u@l@ume/erf t he

extract! on sol vent hexane is shown in Fi gure 36. After the extraction,
Exanplneaj 6r1@>qf polystyirene/was/extrasted to the extractipresaxentadiomarassbe thiidpeakipwn as
t he fIrFl’ ggak in Figure 36. A significant anmount of the

pol ys §,~$lgﬁ 3, 4- pol yf arnesene di - bl ock copol yner was extracted to the

ol yat yr 288k DheteBredee: Flth ot Bemadion a il oA Shondn FARFERE Thi g
peak 'tEhsﬁb QM ESR Bf tl{e%?-l@'éh E-Qaﬁltp’lecﬁfg‘ ;Wlak thehQskd bﬁ%lﬂ:ﬁsﬂe @dst.t BRaRplei s wesd EX&”D' e

are shown 1 m Figure 37. e strengt the purified Exanple 5
vas meefand deadyly yidlders Aeshaser in Figwiegie 1 alenigation at break of the purified

Example 5 was found to be about 550% with a maximum tensile strength of about 340 psi.
The modulus of the purified Example 5 was calculated to be about 65.9 kpsi. Stress at 300%

elongation of the purified Example 5 was found to be about 57.1 psi.

[00269] The purified Example 5 was observed to be highly tacky. The lap test results
of the purified Example 5, due to an adhesive failure, are shown in Figure 38. The adhesive
capability of the purified Example 5 was measured by a lap test. The adhesive energy of the
purified Example 5 was found to be about 1,787,000 J/m? with a peak stress of about 120,000
N/m?.

Example 6

[00270] Example 6 was formed by the vulcanization of Example 1. To formulate the
reaction mixture, 62.7 g of Example 1 was mixed with 3.20 g zinc oxide, 1.25 g stearic acid,
0.94 g Rubbermakers Sulfur MC-98, 0.13 g Accelerator TMTD (tetramethylthiuram
disulfide), and 0.63 g Accelerator OBTS (N-oxydiethylene-2-benzothiazole sulfenamide).
Zinc oxide, stearic acid, Rubbermakers Sulfur MC-98, Accelerator TMTD, and Accelerator
OBTS were obtained from Akrochem Corporation, Akron, OH. The mixture was then

placed in a vulcanization mold and degassed at about 140 °C for about 30 minutes. After
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soft and readily yielded. As shown in Figure 37, the elongation at break of
the purified Exanple 5 was found to be about 550% with a maxinumtensile

st rengt h wb 2atv02t46340 psi. The nodul us of the purified BXamsk@9Hoi96s
calculated to be about 65.9 kpsi. Stress at 300% el ongation of the purified

Exanpl S pPsi le 5
wwe. oseeRoR s HiRyD AP Cu R booi 1 20PE for AANERT mifliE CURC] UEMCRARE
ExanplBxampldi6ieantedastio salidiesaswdlleeied at 0. 4gr(91e$ch®l/%).l n Figure 38. The adhesive
capability of the purified Exanple 5 was neasured by a lap test. The

adhesi veL(meIpy THe tehsleReNt iréduftd oEEﬂﬁ’ﬁBl% Gard@howR i Higuge B2 BhOtéhsile 787, 000
J/m2 with a peak stress of about 120,000 N n2. Exanple 6 %00270] Exarrpl e 6

was f otrergthiof Exaaplef wammasur@;hbmt@sdmsb As showvg by igpee 39, theeel %%?éltonon

m xt ur xed with o e,

ot ar Pk af ESadhiep RbEet af Tt i B R shefbd orabite P h
(tetr anaiug SfEXnER dl“sa!slcﬁlcdl%}ed @ Dot Ppsiccel er at or OBTS

(N- oxydi et hyl ene- 2- benzot hi azol e sul fenam de). Zi nc oxide, stearic acid,

Rubberg%_rhfwsmfur MC- 98, Accel erator TMID, and Accel erator OBTS were
obt ai ne rom Akrochem Cor poration, Akron, OH The m xture was then placed

in a vul gRavIpt i DEnk 9 ARGoAREAESER valcaihatitn SBxfmplon. AMIpISY wisnut es.

Af t erdegassing, the mxture was cured at about for about 15 m nutes.
Af t er syethesizell sigjlatty anquirding to the mbme:fcscﬂxamplmﬁsxmt that Exemple 79231 ¢

) gur SR £ AsFramBle oo Bt e EPReaSlo BT B0 8o 81 £0RF,

test. 78%4shown in Figure 39, the elongation at break of Exanpl e 6 was about
38% with a maxi numtensile strength of about 16 psi. The nodul us of Exanple

6 was CaL(ﬁ)‘zb@} edrﬁeoteﬁﬁleat@a%suié opﬁkmﬁm%haw{l@&??gz&e Eyarm ensflewas f or med

by the vul cani zati on of Exanple 2. Exanple was synt hesi zed simlarly
accor dimpgthof Exemplect wdsimeasured EX anpisde &Séxéé phowm it Figuead), éherelgagatioap| aced

(i of kol o Fgpels 7 wAT ey e S 5yt Rl P Srau PG i, 2

Fi gur g 0Afki. The€mlo80Ris b Example 7 was calculated to be about 66 psi.

[00274] While the invention has been described with respect to a limited number of
embodiments, the specific features of one embodiment should not be attributed to other -
embodiments of the invention. No single embodiment is representative of all aspects of the
invention. In some embodiments, the compositions or methods may include numerous
compounds or steps not mentioned herein. In other embodiments, the compositions or
methods do not include, or are substantially free of, any compounds or steps not enumerated
herein. Variations and modifications from the described embodiments exist. Finally, any
number disclosed herein should be construed to mean approximate, regardless of whether the
word “about” or “approximately” is used in describing the number. The appended claims
intend to cover all those modifications and variations as falling within the scope of the

invention.
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strength of Exanple 7 was neasured by a tensile test. As shown in Figure
40, the elongation at break of Exanple 7 was found to be about 25% w th a
maxi num twoim24esengt h of about 10 psi. The nodul us ofPCEABaEb@IPDSNAS
calculated to be about 66 psi. [00274] While the invention has been
described wth respect to a Iiniteﬁlgﬁgmgr of enbodi nents, the specific
features of one enbodi nent should no e attributed to other enbodi nents of
the i ng i . .single enbodiment is representative of all aspects of the
invenB&gﬁIk%%“g%@égenbodinents, t he conpositions or nethods may include

numMer ous cagnpoun r. st not. .ment i repn., .0t h iments, the
conposi ti oﬂs or %é?%lgasé{lglg%%rg&tl?nﬂ%F@a@?g%gpegmpgnga% zla%ri gﬁ?{;efq)@ge of , any
ConNpowaiiFadescht @RS forpfule@Uner ated herein. Variations and nodifications from
t he descri bed enbodi nents exist. Finally, any nunber disclosed herein
shoul d be construed to nean appr,oxj mate, regardl ess of whether the word
"about" or "approximtely" i Yr—-descri bi ng the nunber. The appended
clains intend to cover all those nodiflcati ¢%9,and variations as falli ng

Wi thin the scope of the invention. CLAIMS What is clained is: 1. A
conposiherein nde apiritegandrom bod ghaut 166,6080; mrislamirtegek fifomed fo abmitei n t he

pol yf ar ng.hgs.farmila (X'): ¢ | . omm (X ),.wherein n is an integer from
oy, T0BOD0LSas el dfhiebinegand ViRt Gui sl sterisire WS “Ter i ved
from and HoVRBRG wiRRGn s 1 8r SiRhleY,qHe MoRTp@cititMtio SRR is fidnk Bbdule provi so
that when mis 1 or greater, the nole percent ratio of Xto Y is from about
1: 4 td:atoahout @0:1. 2. The conposition of claim1, wherein X has one or
nore of fornulae (F)- (VIIF) and stereoi soners thereof: wherein Rl has
formula (X 2) : The composition of claim 1, wherein X has one or more of formulae (I’)-

(VIII’) and stereoisomers thereof:

4 - R g £
V §_>_[ t ”;W/\fi
(Ir), (1ar),

R @), R (IV),
_§ Rs §_ CH3 : CH3’
HsC V), R’ vr), #  (VIP)and R*  (VID),

wherein R! has formula (XI):

CHj CHj
Hac)\/\)\/\/’{ XD);
R? has formula (XII):
CHs CHa CH,
HSCWJ\ X1,
R? has formula (XIII):
CH; CHs
Hscwf‘ S (XIID); and
R* has formula (XIV):
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R, 2 has fornmula (XIl1): R3 has formula (XII1): R4 has formula (XIV):3. The
conposition of claim2, wherein the anount of fornmula (I') is at nobst about
80 wt. % wezeth/mmehe total weight of the polyfarnesenePca/USTde/0eo8pOSi tion
of any of clains 2-3, wherein the anmount of fornmula (H) is fromabout 5
w.%to about 99 wt.% basgd, on thegotal vaight of the pol yfarnesene. 5.
The conposition of any of ¢]ains 2-/4, wherejn the amount of formula (IH)
is at least about 70 wty & e < Wej Q,t) of the pol yfarnesene.
6. The conposition of any of clainms 2-5, wherein | east a portion of the
doubl e bonds in one or nore of fornmulae (I'")-(IH), (V)-(M1"), and

(X)) - (X1'V) 3and Sty @mpoRitRhSoflchemeR) fwheseih Y DE@GR € brmhla ([Nes apnposi ti on of
any of clains 1-6, wherein Y has fornmula (1X ) or a stereoisoner thereof:
wher eimpsé abent$0 VR, mpdmtmw@tquvq@tm&@mmz@mewm al kyl, cycl oal kyl ,
aryl, cycl oal kenyl, al kynyl, hetercyclyl, al koxy, aryloxy, carboxy,

al koxycar bgnyl , ) Vieranal 1L RQC 3 i ﬁ(;&'q ar bonyl ,
acyl oxy, niql'?ri I eﬂggr&%.gg.dffﬁgoggiﬁpﬂggs??f %Q%?Wgeaag&n@!%f erglpc{r:l R5 is

aryl ; (Hhdsé@ahatafut Royt.°R1o abalit @8 wis¥eHbased oit hige walpasgitiobtheof cl ai m 8,
wherein the aryl is phenyl. 10. The conposition of any of clainms 1-9,

wher eiPQIRBEEHM of mand n is greater than about 300. 11. The conposition
of any of clains 1-10, wherein mis 0O and the pol yfarnesene is a farnesene
homopol yners 12. TiecontiRARnid ARy OF cRilis 214, Giheteit® thk-ahtbuntbefRmMANIIS) ikr om 1
to about 100,000 and the pol yfarnesene is a random farnesene interpol yner.
13. Thleasirabout 10 wh%ebasadyorothe ¢otal weight afhe pplyfasnesenei s from 1 to about
100, 000 and the pol yfarnesene is a block farnesene interpolyner. 14. The

COMposi t| O, of Ch%' épxﬂp%sit%eorf%‘bg) of @Fau% 9-(5[( v%@feﬂ?%@gst iarbto?tﬁcﬁp(l)fytﬂ'@ﬁouble
bonds in one or more of formulae (I’)-(III"), (V’*)-(VII’), and (XI)-(XIV) and stereoisomers
thereof is hydrogenated.

7. The composition of any of claims 1-6, wherein Y has formula (IX”) or a

RS
R6
/H/}\{/‘L‘(
R7
R8

wherein each of R, R®, R” and R® is independently H, alkyl, cycloalkyl, aryl, cycloalkenyl,

stereoisomer thereof:

(IX?),

alkynyl, hetercyclyl, alkoxy, aryloxy, carboxy, alkoxycarbonyl, aminocarbonyl,

alkylaminocarbonyl, dialkylaminocarbonyl, acyloxy, nitrile or halo.
8. The composition of claim 7, wherein R’ is aryl; and each of R®, R” and R®is H.
9. The composition of claim 8, wherein the aryl is phenyl.

10.  The composition of any of claims 1-9, wherein the sum of m and n is greater

than about 300.

11.  The composition of any of claims 1-10, wherein m is 0 and the polyfarnesene

is a farnesene homopolymer.
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conprises one block comprising X and two bl ocks conprising Y and wherein
the bl ock conprising X is between the two bl ocks conprising Y. 15. The
conposi t iwo 20fo/@me3of cl ainms 1-14, wherein the Mv of thecpalSgdoannmsene is
greater than about 60,000 daltons. 16. The conposition of any of clains

1- 14, wheregi,n t Tg of the pol yfarnese i S_t. S 17.
The corrposﬁ?i onhlg}e ‘%H&POS logloglaﬂ%o??lfg?s aﬁQr‘Z”P!F{%f’h‘é‘ IF g@ﬁ??ﬁb‘i@qg%@%m in
t he rangehe podyfanfesetie ib avhnddnt faradrend intépolyntér. based on the total weight of
the conposition. 18. The conposition of any of clainms 1-17 further

conprising an additive selected fromthe gro consi sti ng of, pl i.clzers,
oi I's, waxed3: antihs:gompesidiongfany ghrlaimetd! ’\Yggrﬁf“a‘ﬁt%%r(?m F‘Qﬁl?éﬁ’tt 386’P§¢I ers,

flow %gﬁe@%%%*ﬂg%gq%ﬁmggéigmﬁﬁg@nt s, surfactants, solvents and

conmbi nati o e conposition of any of clainms 1-18 further
conprising a second polyner. 20. The conposition of claim19, wherein the
second pol yider iEBhexcomgptositiah of ghibmr 13, sypateirethedlockbfaaresensantempelymgt e,

pol ynet hacryl at e, pol y-al phagol efin, . ethyl ene ho 0 r t hy| ene

Copol sps Pedtecrai B R o S F R BE TR HEFisty Be oy
CONMPOhdpFABing W et i the PRb BiRKEBSAPAsiARY.a tackifier, wherein the _
pol yfarnesene is prepared by polynerizing a farnesene and an optional vinyl

mononer in the presence of a catalyst, with the proviso_that when the vinyl
monomer i s 1§r eséehie comnositioneof gay o pleimai 114, whereifethe Mw et thegolfamnggeng; ny |

”Dnom.:i‘sfgljeateigh%rma%gﬁ’tuéo,ddolldatlt%n?.bom 100: 1. 22. The comnposition of cl _ai m2 1,
wher ei n°t'hé rarnesene’is an a-farnesene, b- farnesene or a conbination

t hereof . 23. The conposition of claim?21, wherein the anount of

ci s-1, 4- m dmwost rTietdonepositionivd apploy thime $ddewhereat thedstof diwoprly Bfnesendds based
on the total weight, of the polyfarnesene. 24. The conposition of claim 21,
wher eilgssthan ahodyi90Enomer is present and the pol yfarnesene is a farnesene

i nterpolyner. 25. The conposition of any of clainms 21-24, wherein the vinyl

nmononer is 1§t yr efiR composition of any of claims 1-16, wherein the tackifier is present
in the range from about 5 wt.% to about 70 wt.%, based on the total weight of the

composition.

18.  The composition of any of claims 1-17 further comprising an additive
selected from the group consisting of plasticizers, oils, waxes, antioxidants, UV
stabilizers, colorants or pigments, fillers, flow aids, coupling agents, crosslinking agents,

surfactants, solvents and combinations thereof.
19. The composition of any of claims 1-18 further comprising a second polymer.

20. The composition of claim 19, wherein the second polymer is a natural rubber,
synthetic rubber, polyacrylate, polymethacrylate, poly-alpha-olefin, ethylene homopolymer,

ethylene copolymer, styrene block copolymer or a combination thereof.

21. A composition comprising a polyfarnesene and a tackifier, wherein the
polyfarnesene is prepared by polymerizing a farnesene and an optional vinyl monomer in the
presence of a catalyst, with the proviso that when the vinyl monomer is present, the mole

percent ratio of the farnesene to the vinyl monomer is from about 1:4 to about 100:1.

22.  The composition of claim 21, wherein the farnesene is an a-farnesene, -

farnesene or a combination thereof.
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26. The conposition of any of clainms 21-25, wherein the farnesene
interpolynmer is a block interpolyner. 27. The conposition of any of clains
21- 26, whwoenn/hes3f arnesene i s prepared by a m croor garcC3rmS2@8/004bke
conposition of any of clainms 21-27, wherein the farnesene is derived froma
si npl e sugay,. 2 The conposidtion af any.of, cl ai ~ 28 i

catal yst c ri 2@? DRSP é’ﬁloqfici%rln ’regéeérh{he @@uﬁﬁéglééﬁ%%%%%&%#&ngl aim
29, whigs polpfariaesaisak it About BE vt 0 Baked 65 tht, tdtal Wiefphe bhihie polydhinesgnet hane.
31. The conposition of any of clains 1-30, wherein the conposition is a hot

mel t adhesive conposition or a pressure sensitive adhesi.ve conposition. 32.
An arti cl e 2donpr ks sgnestionafclim Jamherin {hegrnyl menenags BEFSthaﬂatﬂFFe
CO”p°$me%ﬂe&%eQQXﬁﬂﬁa%h@i Ir _33. The article of claim32, wherein the
article’is a paper pro ucf?gga aging material, |am nated wood panel,
kitchen countertop, vehicle, |abel, disposable diaper, hospital pad,

f em ni ne s&3i t arThenampositionwofgng aff cliimp2] -2dapberevatbe vinghmanomer isay, nedi cal
devi ce, or bandage. 34. The article of claim33, wherein the article is a
tape, SBAY®: carton, tray, nedical device or bandage. 35. A nethod of
adhering a first adherend to a second adherend by using anadhesive

conpri si ng Aghe CPRE@hFdsRIdnAST aafbof efairhs 21425, Wherkin (B8 farhb&newitbgdlyghercl ai m
35, wherein the first adherend and the second adherend are the sanme. 37.
The et ablpckfintemalymds, wherein the first adherend and the second adherend
are different. 38. The nethod of any of clains 35-37, wherein each of the
first adhergend i L wood,
paper, plas rc,ag%b‘Qﬁfﬁgﬁﬁggfﬁgpgﬁggqa?g%??@Qg%g$%¥§%9§§?§ﬁr ?Hﬁgggglain
cer amaanictédrganisthi na, concrete, clay, sand, chalk, textile,

28. The composition of any of claims 21-27, wherein the farnesene is derived

from a simple sugar.

29. The composition of any of claims 21-28, wherein the catalyst comprises an

organolithium reagent.

30. The composition of claim 29, wherein the catalyst further comprises 1,2-

bis(dimethylamino)ethane.

31.  The composition of any of claims 1-30, wherein the composition is a hot

melt adhesive composition or a pressure sensitive adhesive composition.

32.  An article comprising a substrate partially or fully coated with the

composition of any of claims 1-31.

33. The article of claim 32, wherein the article is a paper product, packaging
material, laminated wood panel, kitchen countertop, vehicle, label, disposable diaper,
hospital pad, feminine sanitary napkin, surgical drape, tape, case, carton, tray, medical device

or bandage.

34. The article of claim 33, wherein the article is a tape, case, carton, tray,

medical device or bandage.

35. A method of adhering a first adherend to a second adherend by using an

69



cloth, non-woven fabric, |eather or a conbination thereof. 39. The nethod
of any of clains 35-38, wherein each of the first adherend and the second
adherend we 20rvdepsadent |y in the formof sheet, strip, rapas2éaledssst ag,
web, disk, plate, filmor any nol ded shape. 40. An adhesive conposition

corrprl hesgveacon#ﬁ%ﬁ{r%t%n%owgﬁgﬁié'g(k;gﬁy oi“ﬂ?%%' N3 he tackifier conprises a

pol yfﬁ nesene erein nis an integer froml
to about 100,000; mis an integer from 0 to about 100, 000; X is derived
from a far 3seneTheanethdd of cldim 39 cwhéreimntha fivstagherendandthe sacdril adherepdovi so
that when mis 1 or greater, the nole percent ratio of X and Y is from
about 3¢ hesgmsnout 100: 1. 41. The adhesi ve conposition of claim 40, wherein
t he pol yfarnesene is present in the range fromabout 5 wt.%to about 70

W . % based7on the hehad oY"@l‘aHﬂ@S O\fzvhereH"tﬁe #eahMend APAR! sbbsH: adhérendhe

adhesi ve composition of any of claims 40-4 1, wherein the polyfarnesene has
a R&B asodifferantg poi nt equal to or greater than 8Q0C, as neasured in
accordance with ASTM 28-67. 43. The adhesi ve conposition of any of clains

40-42, wher. %I N Hg §ﬁ§t g& OE%]I%{S ﬂéclﬁ%x 4? 237 w%@elg%%otzt%e?'?st aﬂlher-le_gg affil?t}l sive

conpositi or"i3 of o Where

f or mulsggondRadhéréhdlindepertichil§ coMipHiSEsah&tal, Iwoepﬁ dpef,plastic) fabber, glasa,,stdaz (v,
(V'), (VF), (VI F) and R4 (VI1F), wherein Rl has fornula (X ): R2 has

f or mulganit) Marblesnaseary, Percelain cesanic) tilephing §opgptgyFlaY,(Skndy chalks textilg
adhesigy gy %’ﬁp&%ﬁe@gggﬁeﬁﬂéfr &fa SrifRicidnéddor Wherein Y has formula (1X) or

a stereol’soner

39.  The method of any of claims 35-38, wherein each of the first adherend and the
second adherend is independently in the form of sheet, strip, tape, label, tag, web, disk, plate,

film or any molded shape.

40. An adhesive composition comprising a rubber and a tackifier, wherein

the tackifier comprises a polyfarnesene having formula (X’):

_[-X-]n_[-Y-lTn X’),

wherein n is an integer from 1 to about 100,000; m is an integer from 0 to about
100,000; X is derived from a farnesene; and Y is derived from a vinyl monomer, with
the proviso that when m is 1 or greater, the mole percent ratio of X and Y is from about

1:4 to about 100:1.

41.  The adhesive composition of claim 40, wherein the polyfarnesene is
present in the range from about 5 wt.% to about 70 wt.%, based on the total weight of

the adhesive composition.

42.  The adhesive composition of any of claims 40-41, wherein the
polyfarnesene has a R&B softening point equal to or greater than 80°C, as measured in
accordance with ASTM 28-67.

43. The adhesive composition of any of claims 40-42, wherein the rubber has a T,

less than about 20 °C.
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wherein each of R5, R6 , R7 and R8 is independently H, alkyl, cycloal kyl,
aryl, al kenyl, cycloal kenyl, al kynyl, hetercyclyl, alkoxy, aryl oxy,
car boxy, wbkomyassbonyl , am nocar bonyl , al kyl am nocar bonlCT/US2009/004958
di al kyl am nocar bonyl, acyloxy, nitrile or halo.

44.  The adhesive composition of of any of claims 40-43, wherein X has one or

more of formulae (I’)-(VIII’) and stereoisomers thereof:

1

_§ g_ R . §— » S 3 -
N=/" -§)J \(:f’ A
ar), ),

R @), RZ (V)
E R % CHs 3 CH,

HC V), R (VI), ¥  (VIP)and R*  (VIID),

wherein R! has formula (XI):

CH; CH,4
HSCJ\/\/K/\}{ XD
R? has formula (XII):
CH; CHj; CH,
HsC X X 3"\ (XID),
R? has formula (XIII):
CHs CHs
HsC X N (XIII); and
R* has formula (XIV):
CH, CHs CH,4
Hsc)\/\)\/\/Lfi XIV).

45.  The adhesive composition of any of claims 40-44, wherein Y has formula (IX”)

R5
RS
/‘%/‘\‘/‘f
R7
RB

wherein each of R*, R® , R and R? is independently H, alkyl, cycloalkyl, aryl, alkenyl,

or a stereoisomer thereof:

(IX?),

cycloalkenyl, alkynyl, hetercyclyl, alkoxy, aryloxy, carboxy, alkoxycarbonyl, aminocarbonyl,
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alkylaminocarbonyl, dialkylaminocarbonyl, acyloxy, nitrile or halo.
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