FARNESENE | NTERPOLYMERS PRI OR RELATED APPLI CATI ONS [ 001] This application
clains the benefit of U S. Provisional Patent Application Nunber

61/ 094, 0590 2bidedicBept enber 4, 2008; U.S. Provisional Applriusacmomsiunber
61/ 220,587, filed June 26, 2009; and U.S. Provisional Application Nunber

61/ 220, 588, filed June 26, 2009, all of which are incorporated herein by
reference in their enti FAB %EM@W@WWS 002] This invention

provi des farnesene interpolynmers conprising units derived froma farnesene
and units derived from at n KN veand the nethods of
maki ng and using the far&E@@ﬁgh#ﬂf%?ﬁ?ﬁ%ﬁ%ﬂgaggiéﬁ’ ND OF THE | NVENTI ON

[ 003] Ter S or i.soprenoi d conp e and varied.cl.ass of

o gani ¢ mEul esTHNGAPHCAIPTER BRORT B TB)! U St g %}%ﬁlgﬁg?%%p iGHP8. such as

coni ferﬁum@é}%1m945059'eﬁ!eﬂ%%?&&beﬁ&’%ogslj%‘ﬂ’?fdv@é%rﬁlﬂ InpBHERRMN IS SOME
|sopren0| d COITDOUI’I S cah a be made from organi c COITpOUI’ldS such as sugars

by mi criddi2§ardi’sirisd Jume R di0ng; dnddéﬁg?megmldl fpplicateydinimbes01/Be58% dileder penes
b bt bl
Chey *anit bt RCENE S 3R iRiheot RudE i P RS R ool yror <.

[ 004] Terpene polyners derived fromterpenes or isoprenoid conpounds are

useful polymeric material s. FHOEDOERMHEINVENTIONT ene, pol ypi nene and
pol yl i nronene have been used in various applications such as in the

nmanuf act u F(ﬂ)Z‘Pf Papfs ingORidEsvidadhaRisMRSinte brs CORPAYIAL Snit@divet her
industrial products. Most existing terpene polyners are generally derived

from C fzomd a(ﬁme&egﬁ peesits dopived kamptdsasi euspriylenononasnandghe methodp ef

3-carene ne. se_terpene nononmers can be polynerized or
co- polﬁﬁg?? gF %%ﬁ%?lgamc%%%ﬁg i "$™Yo formthe correspondi ng terpene

honopol ynmers or copol yners. Fbmever t he pol yners or copol yners of terpenes
or isoprenoid conpounds EmK@%(&UNmB)&KTHE IO bNTIeNons are | ess well known
or non-existent. Because of their long chain | ength, isoprenoid conmpounds,

such as f ﬁF(B?Sen@etﬁ@fe@@ﬁ@b}lﬁreﬂ@iﬂ(ébh@@ﬁnds\é@é £NeeNEhd id CRREof @giTacr ene,

and el enmene, may provi de po gners or copolymers with uni que physical,
molecules that can be produced by a wide variety of plants, such as conifers, and by some
insects, such as swallowtail butterflies. Some isoprenoid compounds can also be made from
organic compounds such as sugars by microorganisms, including bioengineered
microorganisms. Because terpenes or isoprenoid compounds can be obtained from various

renewable sources, they are ideal monomers for making eco-friendly and renewable

polymers.

[004] Terpene polymers derived from terpenes or isoprenoid compounds are useful
polymeric materials. For example, polyisoprene, polypinene and polylimonene have been
used in various applications such as in the manufacture of paper coatings, adhesives, rubber
compounds, and other industrial products. Most existing terpene polymers are generally
derived from Cs and C) terpenes, for example, isoprene, limonene, myrcene, 3-carene,
ocimene, and pinene. These terpene monomers can be polymerized or co-polymerized with
other comonomers to form the corresponding terpene homopolymers or copolymers.
However, the polymers or copolymers of terpenes or isoprenoid compounds having at least
15 carbon atoms are less well known or non-existent. Because of their long chain length,
isoprenoid compounds, such as farnesene, farnesol, nerolidol, valencene, humulene,
germacrene, and elemene, may provide polymers or copolymers with unique physical,

chemical and biological properties.
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chem cal and biol ogical properties.[005] There is a need for nore
environnentally friendly and/ or renewabl e pol yners, for instance, polyners
derived fwormimapteenoi d conpounds t hat can be obtai ned PComMSREL0O0LE9
sources. Further, there is also a need for novel polyners that have uni que
physi cal em nd. bi.ql:ogi cal  nr rtjes.. I

[ 006] Th[eoog)k1 orecrrglﬁtr?losnae%eeggg SS%r%&%B%b%a@gﬁl%Wg%g 0 1te %E{}H‘%g:ti ons
di scl gseidstagee; ipBlynidis érevedSRRf isopRenvd cafipdigkie ithint can be dbtained diven natural

i nt er pol yner_conpri sing one or _nore pol ){rrer nol ecul es, having fornula (X ):
Xr nTT¥INCRtn Fucther, therenaplso aseed & nevalpplymess thathaye HaigHE pbysawli Ghegbed! from

1to Q‘Ba%ﬁ%{&%‘%ﬁ%&e\%&as one or nore of formulae (F)-(VIH): (MI') and Y

has fornu erein R has formula (Xl): R2 has fornmula (XI1):
(XI'1),R3 has fornmula (XIl1l): R4 has fornula (XIV): wherein each of R, R,
R and R is independently H, alkyl, cycloalkyl, aryl, cycloal kenyl, al kynyl,
hetercycl yl, al koxy, aryl oxy, carboxy, al koxycarbonyl, am nocarbonyl,

al kyl am nocar bonyl, di al i , nitrile or halo, with
the proviso that when m Sﬂlﬁﬂgﬁ%%ﬂﬁh@f\%gmﬁa (F) is at nost about 80
wt.% based on the total weight aof the polyfarnesene, d. when mis 1 or
greater, qu% nolﬂ’ep‘tfP{?@?ﬁmlP%?‘r’E)eegFm}@rf‘Stpb\V %‘W?B?Reﬁﬁdlﬁﬂﬁm&’e?tborﬁbout 100: 1.
[ 007] 4; [ t : : f : ' w . %
o abd IO ReRIR ORI oot EvIASPHRUES o YU el el R I L her

enbodioramire polymeer andentesdfaving fonhala(X):) is at | east about 70 wt.% based
on the total weight of the polyfarnesene. In further enbodi nents, at |east

a portion of the double bonds_l_bq_o_{)q_l.or nor e
n m (X’),

wherein each of n and m is independently an integer from 1 to about 100,000; X has one or

more of formulae (I')-(VIII’):

1

4 - Rt g £
N~/ g)—f t A ¥
Ir), (T,

R’ @), R (IV),
§ Rs g CHj CH;
HyC V), R vr), # (VIl)and R*  (VIII’);and
Y has formula (IX’):
RS "
P N
R7
R® (IX%),

wherein R has formula (XI):

CHs CHs
)\/\/K/\/i‘:,’
HsC (XI); and
R? has formula (XII):
CHs CH; CH,
™ NS
HiC A,



of formulae (F)-(I11"), (VM)-(VIF), and (XI)-(XIV) and stereoisoners thereof
i s hydrogenated. [008] In certain enbodinents, mis 0; and X has one or
nore of fwormlee746F) - (1 V). In other enbodi nents, mis 0PCXUsSa®IOMISDr NOre
of fornmulae (V)-(VIIF). [009] In some enbodi ments, the total anount of

f or mul is fromabout 1 wt.%to about 99 wt.% based on the
t ot al Ié%agmmﬂﬂgﬁlyﬁpol yfarnesene. In other enbodi nents, the anount of
formula (VIF) is from about o w. % tg about 99 wt.% based on the total

wei ght of the pol yfarnesene. TOOlO] 'R certain embodinents, mis from1 to
about 100, 000; and each 9 8 QQEIH I'n other embodi ments, m
is from1 to about 100, 00 R5 is aryl; and éB’IdRG, R7 and RB is H 1In
further, errbodl ments, the aryl is phenyl. [0011] In certain enbodi nents, m

i's frdmbes frmatia (?EI\%I)OO 000 and the polyfarnesene is a random farnesene
interpolyner. In other enbodinents, mis from1l to about 100,000 and the
pol yfarnesene is a block f 'f‘heseneq ﬁterpol r. In further enbodi nents,
t he bl ock farnesene inter eszsge bl ock conprising X and two

bl ocks conprising Y andlherein the bl ock conpri sGAY)X i s between the two
bl ocks conprising Y. [0012] In sone enbodi nents, the Mw of the

pol yf avteesineach Gflysr eé,tle’r andRbisahdependntig T, allagl oretoalityl, ayheycloalkenlrent s,
the Tg_ of the pol esene is less than aboyt -60 OC. I n further
enbodiaHemyb hetefie e B of oY K HYC SR BHTOC3Be Y >0013] In

anot hefiAsRotarbBh va&&%wﬁhsw?@l, ?mxspf amg%?ﬂglopmqﬁégr&ysoaawrrerI zing
a b-farnesene I n t sence o cat al yst

wherein the anobunt of the
ci s-\ ,whenm i3 @he almbumte)f formidle (b))isyslt anastateme 80 sV, bmgtommuotaswemht%

o7 ovi AR eene SR NBE A RO By RT PSS P L BOFLy nesene

in thepphEss s ot 180qat al yst, wherein the anount of the cis-\,4-
m crostructure in the polyfarnesene is fromabout 1 w.%to about 99 wt. %

based On[@fet Otiglsolife &fﬁofd%eﬁtb th%xﬁﬁrd}%‘ﬁma (iIQQ;ﬁLHJ LboRP RSN, @spect ,

provi ded ini1s a polyfarnesene prepared : olynerizing a
f ar nesboat 99 wt. ¥ bpsed smrthe tadl \aelghittcaﬂtlys;polwfanﬂ@ﬁm a]m athersmbasliments, the

pol yfarnesene:. ang 41 0 O9SRaL A%¥s, b3 on PR\ RigRloriiie doubl e bonds
polyfarnesene. In further embodiments, at least a portion of the double bonds in one or more

of formulae (I’)-(II*), (V*)-(VII’), and (XI)-(XIV) and stereoisomers thereof is hydrogenated.

[008] In certain embodiments, m is 0; and X has one or more of formulae (I')-(IV”’).

In other embodiments, m is 0; X has one or more of formulae (V’)-(VIII’).

[009] In some embodiments, the total amount of formulae (V’) and (VI’) is from
about 1 wt.% to about 99 wt.%, based on the total weight of the polyfarnesene. In other
embodiments, the amount of formula (VII’) is from about 1 wt.% to about 99 wt.%, based on

the total weight of the polyfarnesene.

[0010] In certain embodiments, m is from 1 to about 100,000; and each of R*, RS, R’
and R¥is H. In other embodiments, m is from 1 to about 100,000; R’is aryl; and each of RS,
R’ and R¥is H. In further embodiments, the aryl is pheny!.

[0011] In certain embodiments, m is from 1 to about 100,000 and the polyfarnesene
is a random farnesene interpolymer. In other embodiments, m is from 1 to about 100,000
and the polyfarnesene is a block farnesene interpolymer. In further embodiments, the block

farnesene interpolymer comprises one block comprising X and two blocks comprising Y and



pol yfarnesene in the presence of a hydrogenation reagent. [0016] In sone
enbodi nents, the farnesene for preparing the pol yfarnesenes discl osed
herei n i swoepwl/oemesri zed with a vinyl nonomer to form a PaTASS@I04959

i nterpolyner. In other enbodi nents, the vinyl nonomer is styrene. In

fur theg, SO9AL BR0E SombliSind X ASBRNAH Be BISBRELLINoARL & 00T 0ani sm. 1n stil]

further arnesene is derirve i npl e sugar. [0017]

I n sonme i ts, th at al.ys r epaji.ng the.pol vf es

di scl osewgferﬁ?’&}%r@?’é’ lgEnt rtéﬁw& ?ftﬁF ﬁﬂ{yrf%ﬁ‘é%ﬂf.l ?ﬁthﬁh&rﬁ Saggr%todi ments,
t he cagoadpsdaltors. t hesth&mddnaents, tRe 11, of thePRlyhindEdnRas Bishéiad.abbit 601°Cher
enbodi nents, the organolithiumreagent is Hbutyl lithiumor sec-butyl

i t hi Jmiurtig egbodimenss.ithg snne pbouandenisereatercdhayabayidfBt i on reagent is
hydrogen in the presence of a hydrogenation catalyst. In other enbodi nments,
t he hydr (0§d3ht i dn anathet ggpect, pravddodrbr<in 109 pollyfarnesene prepareddyyect , provi ded

st PONIMGAGH ¥ RABGeR (B epeh B A Ga g h ATl o e AL O ¢ ol o

per cenhickdtrubtufd inttH@FI)l%fd}ﬁéééH@istﬂ rid¥€abdut B0 WADROBEREd bf thed @l tofiife t O
about 100:1. [0020] ITn another aspect, provided herein is a nethod of

maki ngodyfpaiesdngr nesene conprising: (a) naking a farnesene froma sinple
sugar by a mcroorgani sm and (b) copolynerizing the farnesene and at | east
one vi ny[00tghoneln annthehespect penvideddiereindad ablyfarnefe06 pagpatad tyone

enbodi nent s, .t he e percent ratio of the farnesene to th ,nyl. noner
is frI %{B‘Eﬂﬁmﬁ?“hggjﬁmﬁ%&ﬁﬂni .rf§é“Fﬁ°£? ﬁ%tfllyéﬁff’g’ﬂf% esa}m%‘fn‘%log tP5he Vi nyl

MDNONGhicARBRCRR! indREBElyPincschE IPRHR-abbRORVE.% 1 bRt 99 Wt.onRskd@Nihe totahe at
| east one vi ng/l nononer is ethylene, an a- olefin, or a substituted or
&p

unsubswéighttaddhe/polyfarhesenade, vinyl ether, acrylonitrile, acrylic ester,
nmet hacrylic ester, acrylam de or nethacrylam de or a conbi nation thereof.
| n ot her [e015pdi nimrdnsthet hspeat, preadded lwmeinys apblyfanesene prepa 2ne. [0023] In
sonme enbodi nents, the catalyst is a Ziegler-Natta catal yst, a Kam nsky
(a) polymerizing a farnesene in the presence of a catalyst to form an unsaturated

polyfarnesene; and

(b) hydrogenating at least a portion of the double bonds in the unsaturated

polyfarnesene in the presence of a hydrogenation reagent.

[0016] In some embodiments, the farnesene for preparing the polyfarnesenes
disclosed herein is copolymerized with a vinyl monomer to form a farnesene interpolymer.
In other embodiments, the vinyl monomer is styrene. In further embodiments, the farnesene
is prepared by a microorganism. In still further embodiments, the farnesene is derived from a

simple sugar.

[0017] In some embodiments, the catalyst for preparing the polyfarnesenes disclosed
herein comprises an organolithium reagent. In other embodiments, the catalyst further
comprises 1,2-bis(dimethylamino)ethane. In further embodiments, the organolithium reagent

is n-butyl lithium or sec-butyl lithium.

[0018] In certain embodiments, the hydrogenation reagent is hydrogen in the
presence of a hydrogenation catalyst. In other embodiments, the hydrogenation catalyst is
10% Pd/C.



catal yst, a netallocene catal yst, an organolithiumreagent or a conbi nation
thereof. In other enbodi nents, the catalyst is an organolithiumreagent. In
further ewbadimemses, the catal yst further conprises PCT/US2009/004959

| , 2- bi s(di met hyl ar ni no) et hane. In further enbodi nents, the organolithium
reagent i -butyl Lithium or -but.vl. |ithium .1.n_anot her aspect,
provi dedltﬁ)é?gi nUIPsangéhﬁBfl@pfegtr Rg’st‘ﬁe? l}flreeléésf %Bélﬁmﬁgg%%ﬁéﬁélggscl osed herein.
[ 0025)copslyhieeitzingra fafReee, andrad Vdadeshehdn @i Mohdiné i Ghe/presenco wpashatalyst)
conprising the pol yfarnesene di sclosed herein and at | east an additive. In
sonme avhsEun vsmele Rereenk stiorofithe fagnesene 1q e vinyl gronpagr i%ﬁr?maﬁgew, LfgRkifier,
slip %gggttl,ooapti - bl ocki ng agent, plasticizer, antioxidant, blow ng agent,

bl owi ng agent ‘activator, UV stabilizer, acid scavenger, colorant or

pi gnent, coagent, |ubricant, antifogging agent, flow aid, processing aid,
ext rusi of0020H, daupnbihegaspgetnprovidedderdinika ngtiadarfimalingbpblyfarnesener ol

agent, nucl eating agent, surfactant, flame retardant, antistatic agent or a
conmbi ¥8MPEREher eof . I n ot her enbodiments, the additive is a filler.

I nfurther embodi@ent Smakifle ageideldnéGrdn aRirpIeSadrykd Meroat@Rtismt MP6] 1 n
sone enbodi nents,” the pol ynmer conposition discloséd herein further

conprising a sedbhd pwippimmerizing tefamesanoadd atleass ong tyényl manemst in the

pol yf arnesene. to tlhe second polymer is fromabout 1:99 to about 99: 1. In
f ur t hETeSEREO HEARIESt t he second pol yner is a polyol efin, polyurethane,

pol yester, polyam de, styrenic polymer, phenolic resin, polyacrylate,

pol ymet hpyoRy| at enGbn epsbvdimants,ahe hyd¢ patentrAQRJ] the farnaehbes thrspet ,
provi ded herein is an article conprising a polyfarnesene di scl osed herein

or a poenamst isiapoiont b4 taiabewtd 94 - narather embodynents.atirsal ORSHTIBYL the article
is a +rg>%%raéfo%§ﬁ+teconf -risg]atgljﬂ el or foam In other enbodinents, the article
nol ded article sed ? )

is a ecte romtoys, grips, soft touch handl es, bunper
rub strips, floorings, auto floor mats, wheels, casters, furniture and
appl i ancfooRapt , magsainsmabclimegatsktbe st wastlonayingd atinomends ethylané, angasket s,

aut onoti ve doors,. bunper fascia,, grill .conponents, rqcker. panel.s, hoses,
i ni ngSSHHOF Pélég ’lﬁ'ﬂ}ﬁﬁi Pég?s‘gététf“ f“ﬁ?ﬂé}a@e’?}?@aﬁﬂ%ﬁfﬁ%ﬁ‘& ATy W& 5% opper s,
Pl ungghethhd§lic 884 &4 anfidS bEABihakiyiARRE ovalcBmbirfieR $herédt0dn BlRdder s, and
shoe soles. [0028] Additional aspécts of the invention and characteristics

and preogedimens,dhe atdeash e @inybiomemes isgftyren® i nventi on become apparent with
the foll ow ng description. DESCRI PTI ON OF THE DRAW NGS

[0023] In some embodiments, the catalyst is a Ziegler-Natta catalyst, a Kaminsky
catalyst, a metallocene catalyst, an organolithium reagent or a combination thereof. In other
embodiments, the catalyst is an organolithium reagent. In further embodiments, the catalyst
further comprises 1,2-bis(dimethylamino)ethane. In further embodiments, the organolithium .

reagent is n-butyl lithium or sec-butyl lithium.

[0024] In another aspect, provided herein is a polyfarnesene prepared by the method

disclosed herein.

[0025] In another aspect, provided herein is a polymer composition comprising the
polyfarnesene disclosed herein and at least an additive. In some embodiments, the additive is
a filler, grafting initiator, tackifier, slip agent, anti-blocking agent, plasticizer, antioxidant,
blowing agent, blowing agent activator, UV stabilizer, acid scavenger, colorant or pigment,
coagent, lubricant, antifogging agent, flow aid, processing aid, extrusion aid, coupling agent,
cross-linking agent, stability control agent, nucleating agent, surfactant, flame retardant,

antistatic agent or a combination thereof. In other embodiments, the additive is a filler. In



[0029] Figure 1 depicts Utraviolet-Visible (UV-Vis) spectra of Exanple 1
and b- farnesene. [0030] Figure 2 depicts a Gel Perneation Chromatography
(GPC) curwe wofo/Bxeapl e 1. [0031] Figure 3 depicts a Cl3prNuaiseaw/odgneti c
Resonance (NMR) spectrum of Exanple 1. [0032] Figure 4 depicts a HLNWR

spect r.um of I 3]. Figure.5.depicts a Differential Scanning

Cal orif%l?errfnt%ggerﬁﬁ&b%g(gcgéégr%ﬁqéss%}rﬁ?g%%kFi gure 6 depicts a Thernal
Gravinetric Analysis (TGA) curve of Exanple 1 neasured in air. [0035]

T gure 7510_26] ct Sn%offi&@h’fﬁbﬂirﬁjrﬁsgithepdsliymeABahyssiiﬁox( Tisélpsalitereindhrthotanpl e
measured in nitrogen. [0036] Figure 8 depicts |ap.test results of Exanple
1. [ 068mprising#rsecondiplymes 1y ather eanhagaments,ihe patioofthe P@a@@%ﬁ%mf@elo

depi c : ] v LGt lql e test
R T A S L SR S
5004 1]poRingatrie a palydégfin; polyarctisheNdblyeqie polyamade, Eiyaenp¢ polymef,Qtheadlicragi;me 14
epicts, a HINVR spectrum of Exanple 3. [0043] Figure 15 depicts a DSC curve
of Exa?ﬁﬂaéry%‘?te’[llngBf&‘P‘F@ "eorl%c‘?rir'gt’)‘i"etl‘%“&‘efféi curve of Exanple 3. [0045]
Figure 17 depicts lap test results of Exanple 3. [0046] Figure 18 depicts a
GPC cur vRy0afr POl yshyi@P8spelt, PRAiddddAeih i AaiBleld iRy Spdlyfdriesene ve of

pol ystyrene-" 1, 4- pol yf arnesene di - bl ock copol yner forned. [ 6048] Fi gure 20
depi ctdiscios@bliercir o pélymrneqrhpositior] disdgjedriemine Ipsameiepbedisneats) 98 NVR

a0 iy B R Rl ¢ Shpef o E e, BB pdil TR b ks
article selected from toys, grips, soft touch handles, bumper rub strips, floorings, auto floor -
mats, wheels, casters, furniture and appliance feet, tags, seals, gaskets such as static and
dynamic gaskets, automotive doors, bumper fascia, grill components, rocker panels, hoses,
linings, office supplies, seals, liners, diaphragms, tubes, lids, stoppers, plunger tips, delivery

systems, kitchen wares, shoes, shoe bladders, and shoe soles.

[0028] Additional aspects of the invention and characteristics and properties of

various embodiments of the invention become apparent with the following description.

DESCRIPTION OF THE DRAWINGS

[0029] Figure 1 depicts Ultraviolet-Visible (UV-Vis) spectra of Example 1 and B-

farnesene.

[0030] Figure 2 depicts a Gel Permeation Chromatography (GPC) curve of
Example 1.

[0031] Figure 3 depicts a C'® Nuclear Magnetic Resonance (NMR) spectrum of
Example 1.
[0032] Figure 4 depicts a H' NMR spectrum of Example 1.

[0033] Figure S depicts a Differential Scanning Calorimetry (DSC) curve of
Example 1.

[0034] Figure 6 depicts a Thermal Gravimetric Analysis (TGA) curve of Example 1

measured in air.

[0035] Figure 7 depicts a Thermal Gravimetric Analysis (TGA) curve of Example 1



[ 0052] Figure 24 depicts a TGA curve of Exanple 4. [0053] Figure 25 depicts
tensile test results of Exanple 4. [0054] Figure 26 depicts |lap test

resul ts oVoBxewmmi4s44. [0055] Figure 27 depicts a GPC cuPCa/uskoopobipse yr ene
formed. [0056] Figure 28 depicts a GPC curve of

pol yst - ~pol yf ar nesene di-bl ock copol yner fornmed. [0057] Figure 29
depi ctas{éag%%ﬁéﬁ?oégxbf Exanple 5. [0058] Figure 30 depicts a 13C NWR

spectru ampl e 005 Fi.gure 31 depicts a 1H NVR spectrum of
Exanpl eWBEEO] lﬁ\‘rﬁﬁr%@sg%’ﬁ?%ggsuztsﬁégxéﬁp&eﬁof Exanpl e 5. [0061] Figure
33 depic TGA..curve of EX e 5. 062] Figure 34 depicts tensile test
results hﬁ’ﬁka%‘gu@p ?mgf@é&weﬁg H%‘Bhﬁjs a GPC curve of Exanple 5
after extraction with hexane. [0064] Figqure 36 depicts a GPC curve of
hexane al@088] extkigetei l9rdepists ?lé'VSPngQJBB‘F 2ri gure 37 depicts tensile
test results of Exanple 5. [0066] Figure 38 depicts |lap test results of
Exanpl e §03Pp06 Aigiegurdep8s tbopiletest resultsidfdExample 2.esul t s of Exanpl e 6.

[ 0068] Figure 40 depicts tensile test results of Exanple 7. DETAI LED

DESCRI PT[(OM0PF THEuleN\ZENpidiia GPcwalve BEEkampledns [ 0069] "Pol yner" refers to
a polyneric conpound prepared by polynerizing nononers, whether of the sanme

or a dif{oodept tHipere IBdpiHe O'tNMR SpechahystExangiibBaces the terns
"“honopol ynmer," "copolynmer," "terpolyner” as well as "interpolyner." [0070]

"Inter po[omy' rEk 8¢S 4 @pictP B RAVIRNRBRIA G [Bxampge POl yneri zation of at
| east two ditferent types of nononers. The generic term"interpol yner"

i ncl udes[@i}?}ter ﬁ&q@%ﬁﬁgsg@mgﬁpegpggﬁgﬁlegrefers to a pol yner prepared

fromtwo erent nono as t term "terpolyner” (which

general | ¥00(4IQI er SFngrealdacgqlSY&FQ T@fﬁ@ﬁg%%ﬁg@gk{%}ee different types of

nononer s al’s6 encomnpasses po pol ymeri zing four or nore
types of ners.. 71]." nyl" refers to any organic substituent
gr oup, ré@gsﬁl es@gﬁkolfgd%’ﬁtgéﬁe% results of Example’

[0046] Figure 18 depicts a GPC curve of polystyrene formed.

[0047] Figure 19 depicts a GPC curve of polystyrene-1,4-polyfarnesene di-block

copolymer formed.
[0048] Figure 20 depicts a GPC curve of Example 4.
[0049] Figure 21 depicts a 13C NMR spectrum of Example 4.
| [0050] Figure 22 depicts a 'H NMR spectrum of Example 4.
[0051] Figure 23 depicts a DSC curve of Example 4.
[0052] Figure 24 depicts a TGA curve of Example 4.
[0053] Figure 25 depicts tensile test results of Example 4.
[0054] Figure 26 depicts lap test results of Example 4.
[0055]) Figure 27 depicts a GPC curve of polystyrene formed.

[0056] Figure 28 depicts a GPC curve of polystyrene-3,4-polyfarnesene di-block

copolymer formed.
[0057] Figure 29 depicts a GPC curve of Example 5.
[0058]) Figure 30 depicts a 13C NMR spectrum of Example 5.
[0059] Figure 31 depicts a 'H NMR spectrum of Example 5.
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type, having one free val ence at a carbon atom e.g., CHsCH2- , dCH2- , CH
C(=0-, 4- pyridylnmethyl. [0072] "Hydrocarbyl" refers to any unival ent
group forweaotmwozresaovi ng a hydrogen atom from a hydr ocarbonS2eomas al kyl
(e.0., ethyl) cycl oal kyl (e.g., cyclohexyl) and aryl (e.g., phenyl).

[ 0073] r } sgroup forned by r enovi ng a
hydrogen at o froérq{lje 320% ﬁ:éss%t)g%éj%gw@%ycl i c conmpound. [0074] "Al kyl"
or "al ky ref ival ent .grou ving the general fornul a
CnH2n+] @gg ed Hegws ? Wsrﬁj&lgp’h ogER* %Tg%%?r oma saturated, unbranched

or branc liphatic h wher e nteger or an integer
bet ween H)%g?rﬁ g:lg‘brF 6%%@%‘3251 gstgesutis EEP‘ aI kyl groups i ncl ude, but
are not |limted to, Cg) al k¥ groups such as net hyl , rh propyl ,

i sopr opy[0063] n'etan'llm 5q§Pb‘1§%/4G @%’t’%?f Exarpplg 5\After QXtr?Pé‘PHWI X3NEy | |

3-nmethyl -1 -butyl, 2-nethyl-3-butyl, 2,2-dinethyl-l -

2- et hyl LGOpéhtyrFxg@eriétdw saGﬁ@mwve oﬁhmnmfftenexy@mqnforéxmm 2-pentyl,

3-nmet hyl - 2-pentyl, 4-nethyl-2-pentyl, 2,2-dinmethyl-I -butyl, 33d|rrethyl-l

-butyl, @oéshyl -Higuxbdﬂ)depidmmeyd;ile tiest(rbuﬂt)slofE/xaﬂnpth., pentyl, isopentyl,

neopentyl, hexyl, heptyl and octyl. Longer al kyl groups include nonyl and

deCyl gr (0066} ArFlguxl@BlS debivPlap st bgultnsfiBsdrhpletsed or substituted with one
nore suitable substituents. Furthernore, the al kyl group can be branched

or unbr a[yegef. M &Q@@&Bﬁ@ﬂeﬁﬁ[&tést&ﬁﬁts%ﬂ’é& IeOtSlIO contar ns at |east 2, 3,
4, 5, 6, 7, or 80arbon atons. [0075] "Cycl oal or "cycl oal kyl group”

refers tfm Vb GRl0%cBi (tileEd ORI ERYR gear kane by removal of a
hydr ogen ato fro a non-aromatic, nonocyclic pol ycyclic ring conprising
carbon and hydrogen atons. Exanples of cycloal kyl groups include, but are
not limted to, (CPEVAHYEDRESCRIBTEODSOFSTHE I%ngiﬂl% opyl, cycl obutyl,
cycl opentyl, cycl ohexyl, and cycl oheptyl, and saturated cyclic and bicyclic
t er per@mesad WefiGRion€7) cycl oal kenyl groups, such as cycl opropenyl,

cycl obut enyl, cycl opentenyl, cycl ohexenyl, and cycl oheptenyl, and

unsat ur am@pyc |“iPe1yanet” béﬁmblacpoﬂﬁﬁWe(ﬁnpdmﬁxﬁéméd(w polyaiepizivgn be
unsubstituted or substituted by one or two suitable substituent

Fur t henorsmers,iwhethey of $ig same o5 radllffef?f&htyl?é FHR 8EYEIG By P%WEy%’Pg'@Ce% n some
erbodl P tis “ﬁ{rggg%fﬂnee" KdpoBfit> ‘qe%grnre” & wkfAasbinterpBlymkr~8, 9. or 10

carbon a aryl “group” refers to an”“organi c radi cal
derived [dﬂgm a minte(r:%(fyrlngr” refers to a polymer prepared by the polymerization of at least

two different types of monomers. The generic term “interpolymer” includes the term
“copolymer” (which generally refers to a polymer prepared from two different monomers) as
well as the term “terpolymer” (which generally refers to a polymer prepared from three
different types of monomers). It also encompasses polymers made by polymerizing four or

more types of monomers.

[0071] “Organyl” refers to any organic substituent group, regardless of functional
type, having one free valence at a carbon atom, e.g., CH;CH,—, CICH,—, CH3;C(=0)-, 4-
pyridylmethyl.

[0072] “Hydrocarbyl” refers to any univalent group formed by removing a hydrogen

atom from a hydrocarbon, such as alkyl (e.g., ethyl), cycloalkyl (e.g., cyclohexyl) and aryl
(e.g., phenyl).
[0073] “Heterocyclyl” refers to any univalent group formed by removing a hydrogen

atom from any ring atom of a heterocyclic compound.

[0074] “Alkyl” or “alkyl group” refers to a univalent group having the general

8



or polycyclic aromatic hydrocarbon by renoving a hydrogen atom
Non-limting exanples of the aryl group include phenyl, naphthyl, benzyl,

or tol anywogooupy46dexi phenyl ene, phenant hrenyl , ant hr aceaylus2aonosssnyl , and
tol anyl phenyl. An aryl group can be unsubstituted or substituted with one

O noosaith ES Sk HolPRE oy k ROSORR Sont A6y oS RUBLEANOE or

YCYC n SoHe Br neRts  OPRE T Y gT oup dontai ns at

| east beancKed BlipHatic hyderaIQ)aﬁ boheratndsen iftOgEF,/dr anl 1awgélemwéen aand 20,sapr enoi d
conmpound” are used I nter changeabl y herein and refer to a co %und derivabl e
8

from |b§tyr¢§ntlemd|8 alkyl[gons|inelade, duf argnoglimited fe.d& 1res)aik¥kr i be a

conpo r t f
that St E"T&M‘%‘a el e A uRh. L RRY, SRR BRI Oy,
'gg\e/efggmﬂalg??ﬁ (Bfﬂrrllgﬂgl ée;lzrugdahn’t(mhydltfwbutgsmbdlmbﬁlt-l -progiyt, 2-mathyttdes not
ctiv

ZUbSI[ Wﬂt%ht Jsmg l‘tl'rR9§ gw - E*W:SY $Q$@go%3%%%ﬁ'@egﬁodl ment s

i scl gs K I I | k I
aryt ) ERLIED Hefin 28, I’?‘Qé‘I‘?‘SI i da*?n":‘ﬁ%‘ e e T 1 e
cyano 1s®l&t}d|,ct,—bqlt|ybEpphtyhaSQ)JenWﬂLcrEphdﬁn'CEl, hc)@rlbhnpyylfl and met)daLboggrlalkﬁ ugrqumyl

i 11 dseagh fad deobaanes AR AT ssf o e Re iR B REOR] 1 b€ s

or nony; kibre ikl Sibstituents € Firtherfote, Ctﬁé mel groﬁg ¢h®@ Be bitnch&d/6il wifbedtichied.or
cycl ohexyl ) or a heterocycl oal kyl, which can be nonocyclic or fused or

non- f s edmpempogisndnts, tlee ajkyl group eontaing gl leagtiZods 4.d, Ay T, Or& GHER QLA
mor phol i nyl or thiazinyl); carbocyclic or heterocyclic, nonocyclic or fused

or non- f[,m)Gd] pol WMaﬂlql’aoy‘I‘cy@bagcy,l gmﬁyﬂersrtapmdn\;dl@nt;gwupdlepved|ﬁfqm)ay|

f
triaz cy9'I/9I0a eaf asngrel ob Pichabsr aBR FPmasam S tiae FRor e BER eIty
acri diy S H@f 8% QYbon M HydddeRNdtomPYEkathSleH¥F cydhilieil Erélgsahollide, but are

benzot or benzofuranyl); amno (primary, secondary or tertiary);
o- 1 owenot ahmu to,d€sd7)cyaloplkyl gropps, sueke as eyql«;/pmpylcemwtyL g@imentylocHz CONH2;

- NH2; S \ |
-Nal Wfﬁ)g?ﬁﬁ’f’@ gnd cyqé’i‘ﬂ} a?g Sa‘&%‘?cy%ﬁl(%ﬁ bW) clic te&’?& %I%l ¥ oo( al( ﬁw)) and
- CO 2(@pdicloaliamdl sroaps, rmmaas &&ldpadpalyh @yblebmphylp opdlbpensanyk eyt lohexknlyy, a

fused-ring structure or bridge, for exanple -OCHO,. The substityents can
opt i orfad|cyclebertemyl nd @EB%W?‘IJ?MC\BPQ iy CEEI bIPEneSe it Cy§g{ail§>t | gEOUR M BEuch

gr OUp%ms@% gﬁpcf E}e%stlﬂﬁé&&so&' Fo3aHatIe sEbRintats. BRuriidRRb el ek clodINyESS it

I S speci
group can be monocyclic or polycyclic. In some embodiments, the cycloalkyl group contains

at least 5, 6, 7, 8, 9, or 10 carbon atoms.

[0076] “Aryl” or “aryl group” refers to an organic radical derived from a monocyclic
or polycyclic aromatic hydrocarbon by removing a hydrogen atom. Non-limiting examples
of the aryl group include phenyl, naphthyl, benzyl, or tolanyl group, sexiphenylene,
phenanthrenyl, anthracenyl, coronenyl, and tolanylphenyl. An aryl group can be
unsubstituted or substituted with one or more suitable substituents. Furthermore, the aryl
group can be monocyclic or polycyclic. In some embodiments, the aryl group contains at

least 6, 7, 8, 9, or 10 carbon atoms.

[0077] “Isoprenoid” and “isoprenoid compound” are used interchangeably herein and

refer to a compound derivable from isopentenyl diphosphate.

[0078] “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



[0079] "Organolithiumreagent” refers to an organonetallic conpound with a
direct bond between a carbon and a lithiumatom Sone non-limting exanples
of organowDthiumr4eeagent s i nclude vinyllithium aryllitRCEMASE@IH04959

phenyl lithium, and aI kyllithium(e.g., nbutyl lithium sec- butyl lithium

ten- %&%L éhefnhé t kﬁﬁ%ls éJﬁd Oms%?ﬂ'{ogcggg%ﬂ &9%&51‘68%“8&1 rlf}(ﬂét' thium

reagent S havl ng O car on a osition at

'substdoet net ddyetfsel@/eiffeof the desirgabaotiditpefitse dolm;touhhe Examptes ioff ismbstmmmtsaares | ess
t han apout_ 20 wt.% | ess than about 10 W . éss th n about 5 w.% | ess
than dBexstfoundyn thg exqmplaphepmpainds and Wlbo/é‘“‘le§§ %%%%? dsEim 5 VEIES o | ess

than q{ﬁgﬁ%{}\e ?lllﬁl%et ?oaﬁ{gllaqﬁ gg rh??}gﬁ@% gitiquanl cHBx§'l ﬁlk%?ﬂp%% nfipsed on

t he t ot conpositi
substthmll |thiole§het i byarmaramdld]qmo*smwnmt ylmsphmncabwlj thocatbomyl;about 20

% th abo t 1 s n ab ut t han about 3
OA(; sluﬁggylt ﬂ'ﬁﬁ’ \’I\%Vt ’Ia§§ F§"\‘th %}6) lm@ &‘han about 0.1
- % ANubRERthyIR Qaﬁﬁ@%&%& c%ldmky% \Qlfucﬁ bgn e ﬁi&ﬁb@mlcsﬁ FHised R PBH- fﬁredot her

regular or irrégular structures,” based on the total weight of the
conpogiolyayplic (ms%]clwrpwlymotmﬁﬂt cycdopenty or ayelphgxyy) Qiraehﬂtﬁe@wclwhyis t hat

t he pol r contains l.ess.than about SS th out .% less
t han a‘%%gﬁ mp/norfyé: gof ﬁgﬁgQBBB’?%? éﬂp X}'Vtcyf cgse 3 Illpv&l&%/ ’| ess

t han ?&thmﬂyﬁn‘l&*pl%)l1nk13§15thldiﬁi?l)abﬁk%bcﬁ>h% d%e%oo@bhd: Qﬁ@ndcball‘b abfagéd 6 01 wt .

of the near, star-shaped or other regular or irregular structures based

on t heondfuggd méywllc@rylt(ﬁg ebempdsiaphiwy], myoudd] mAOkYér Rraayl, tthigphenyl,
bst. th bout
zé“wf BBl RERYL TRRREHy. SRaRA} Bfobl iR T buSA EiplfiaGRD, | ha S00U

. % dtﬁmﬂmtyhéquabmhhyﬂ, awfididy], bgmmntthxyndhmnyl Pyhmidingh bérerdmidabelyl,about 0. 1
. % or ss.than about, 0.0 % of the branched, l.inear_ or o r regul ar
S U6 o

i r resgzethiopkenyl o r%ofursagl ﬁomémeae SECORAITH 0T terHiayPeO-LoyHss
[0084] %a@reﬂ@q'om%mg BLCHRL ICONHE - bcwzrémma N J[osegqrr?r ecmre

appr oxi ues Iess Whet hef” the word or "approximate" is
used iQFgoDGEt-INHi(atkyd); eN(alhyl)zT R&H(Esy); vi(sikiph(aty e N@rtl)2; QCHQ eent, 5

perce r,...sanetines, 10 to 20, percen never. a nunerical range with a

over 0HED: AEOGER T FONRINR: FCOTRHD: atd Srpicfes g s B sRHRIY I ng

Wit hi ubfiftufcdBga fuSedSRRE btrh@el of brIdEE,| 105 &ehmple -QEH,OCUTREse sub&ithéits esd ng
optionally be further substituted with a substituent selected from such groups. All chemical

groups disclosed herein can be substituted, unless it is specified otherwise.

[0079] “Organolithium reagent” refers to an organometallic compound with a direct
bond between a carbon and a lithium atom. Some non-limiting examples of organolithium
reagents include vinyllithium, aryllithium (e.g., phenyllithium), and alkyllithium (e.g., n-
butyl lithium, sec- butyl lithium, ferz- butyl lithium, methyllithium, isopropyllithium or other

alkyllithium reagents having 1 to 20 carbon atoms).

[0080] A composition that is “substantially free” of a compound means that the
composition 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 compound, based on the total weight of

the composition.

[0081] 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
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nunbers within the range are specifically disclosed: R=RL+k*(Ru -RL),
wherein k is a variable ranging from1 percent to 100 percent with a 1
percent iwonemsnt4e4i .e., k is 1 percent, 2 percent, 3 pecTAs20094o49eycent, 5
percent,..., 50 percent, 5 1 percent, 52 percent,..., 95 percent, 96

percerbtm \%Z%Dcﬁrtﬁggahl?e , LS o?gt e LT or Hre ? sHié &t,b JMCEWET . any
RE f—lanu er ified T n e ab

nuneri cal range de as de above is al so

speci fotabveightbfbt es@gosili®®)85] The conpositions di scl osed herein generally
conprise a polyfarnesene and optionally a tackifier. In other enbodinents,

the conpmagl] ONsA dbBme? A i*euBstantlly Whn GRAPHeffs Mat € polynér.cohidsur t her
enbodi rre[r??s,] t he golr%r)gé)si ti (l)ns di scl osy(ralg herein corrp?i selpg}ftacrlfiof i (lar. [ 0086]

]|c n sordessdmnobiont2d wi.%, Hess tlan/dbmuh &8 B do,ilessghdrahosie h evtortsprothgmabout 3
ar nese i nt.erpol r cQnbi pat.i f, | t,al ' ts,
SRR LSRR SR %, R BB RO DS S VBB i bR S OB B 5 o

at | eapbut®@l Harsesth eingats StaRshaped bAbIhes fipalar br {ridgike eftactafespbayedbhnat i on
thereof. In other enbodiments, the pol yfarnesene is a farnesene

i nt er [t toted weiglef the ¢aanpesition. deri ved from at | east one farnesene and units
derived fromat |east one copol ymerizable vinyl mononmer. In further,
ermbodi nef083] t heA aplyase tkatiintsebstantjatiyr starsshdped raeans thahtke polymer eerdaias | east

o andomie et 3 S drssbaiponf TR Moy ha] 1k SRS (A RBR Y o <

the faHYBSRELhaNEBERQ! WHIB! Ids§ than Gboltl 0 kit %, MessRhAtkboat 0t WEYs, Biilebs tHanck
intef olyner. [0087] |In some enbodi nents, the farnesene honmppol yner is

[
pr eparabautf},0 it Yeref the branched, dingarsarmshgrieger grrimsgaestpictuiass basgden de

sui tahl e, for | 7] | efi ns such as ethylene, styrene or isoprene. In
ot herQ%tg%gg]igr}%g%%g%%@ogg?ﬁesene honopol ymer conprises one or nore units

havi ng f a () | (LY. (1), &, stereqls r .. f

combi nat ﬁfé)ﬁﬂi herl&ﬁl? &{Mr"éé ﬂe%pﬂé&,@l&%ﬁe&s ?1 ??e ,erejﬁggégﬁ)é?%]age (XI1):
wher e'\l&l&@ﬁ@%ﬂﬁle@% whethéAihe worll Sabdife periprdditnaten i iedde cofiiedtivd t o about
5,000, froml1l to about 10,000, from1l to about 50,000, from1l to about

100, 00brewitbmThey maxbwnt bpd®eoBot, 2peseant, I BETaBBLAr SUDCtnes. 1Pt Persnhbout
10, OOQthr{e(\)/[cT} g nanqleré}paq lilgng%Qm%)Q 1onJr9fHﬁ?, 199 a.ﬁ‘é) Qx'r'hpper limit, RU, is disclosed, any
number falling within the range is specifically disclosed. In particular, the following
numbers within the range are specifically disclosed: R=R"+k*(R"-R"), wherein k is a
variable ranging from 1 percent to 100 percent with a 1 percent increment, i.e., k is 1 percent,
2 percent, 3 percent, 4 percent, 5 percent,..., 50 percent, 51 percent, 52 percent,..., 95 percent,
96 percent, 97 percent, 98 percent, 99 percent, or 100 percent. Moreover, any numerical

range defined by two R numbers as defined in the above is also specifically disclosed.

[0085] The compositions disclosed herein generally comprise a polyfarnesene and
optionally a tackifier. In other embodiments, the compositions disclosed herein do not
comprise a tackifier. In further embodiments, the compositions disclosed herein comprise a

tackifier.

[0086] In some embodiments, the polyfarnesene is a farnesene homopolymer, a
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
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100, 000, from 2 to about 200,000, or from2 to about 500,000. In sone

enbodi nents, each of m n, land k is independently an integer from1l to
100, 000. wo 20toner46enbodi nents, each of m n, land k is ipadapsendentsy an
integer from2 to 100,000. [0088] In certain enbodi nents, the farnesene

hono [ : . ' ' 0 | I (0 mis
ar et arPrs RIS 8 bk AP o AIRALRL ind R LBon e, th oIS ™ 1500,
| n ot kenbodirharts, the faneseheintapogarnis Heandem| plvek of allgrhathgsingdrpdlgast. bne uni t

having fornmula (I1) wherein n is greater than about 300, greager t han about
500 orstiYfedthenembodimenis, the fasnepeng mtsrpplymer ishiobiopke ifiblogker qtheriultie

homop Q) ydiBht L.ses at |least one unit having formula (111) wherein 1lis
greater thﬁaﬁ (g%%eﬁsoo, greater than about 500 orgreater than about 1000.

oneuni + 1187 16 TpSPRE e enthdfe FARREREREROBTERS HITeBBIPY 200" or eater
t han gloduherbiifl Bifatibsnkan the8scnbOuf ank0fialydt Q08 le Fot podytRertsibpdicfiapt s, the

farnesene honopol ynmer conprises at |east one unit having formula (1) and at
| east syplbassthylepenstyiend orrigenrang. | Imothegearbadiments the faragsens bomopelymeyr eat er

t han : r . : t n ot her
e nbodi%lr%gﬁrlss , so(g)rhee&frg?llﬁg{snét%g 8%2%“}}%@?’ @%’rgpﬁ gg\? gtsrﬁ?ébégﬁg%{r%}é&ggﬁr Ahavi ng
f or nulcam(linatimndhatof: east one unit having formula (I11), wherein the sum of

m and lis greater than about 300, greater than about 500 or greater than
about 1000. In other enbodinents, .the farfhgseng hormopol ymer conprises at

| east one g for —and at one unit haying formula
(rrr), whelei e|sum of ils greatjef than about greater than
about 500 ; r than 00. In (st&dl |further|egbodi nents, the
farnesene cﬁmpol y (Iﬁorrp ises at n ?t

ne u ﬂgﬂgao\éi fo kug@, (1), at

| east one unit having*formula (11) a at | east unit having formul a
(rrr), wherejin the s .m n and 1lis greater than about 300, greater than
about %ﬂﬁi B}aég?rg}‘hl% “about 1000. In still further enbodinments, the
farnesene honopol yner com&hi?ses atC,_Least one unit having formula (1), at

| east one unit having for a (1)} "at least one unit having formula (111)
and at | east one unit h \PMN}{VWGI’ in the sumof m n, land k
is greater than about 0, greater than about S&I)b@dgreat er than about
1000. 1n still further enbodiments, the one or nore units having fornula
(1), (&1has formuyly BH):(1V) in the farnesene honopol yner disclosed herein can
be in any order. [0090] In certain enbodinments, the farnesene honopol yner
is prepared by CHs CHs CH,

e X ™ Ny

(XID),

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.

[0088] 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
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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 seswonetlgm74re units having formula (V), (VI), (YCr)Uus2¢oviodd9r9 a
stereoi soner thereof or a conbination thereof: (V), (VI)5 (M1) or (MI11),
wher ei (ki d ) ] i m n,
Tand. 8 tEEauBLI0N. At e EhnRAmE s e okt niBR Gyt Spfes |
10, 00@t ldastame initthagh@Uforh0la@DV¥) wheéren Kistgreabathan a6t 00, gréatenthin tabowtbout
200,000, from 1l to about 500,000, from2 to about 10,000, from 2 to about
50, 000007or grRaser thanahoyt 1A¥b, 000, from 2 to about 200,000, or from2 to

about 500,000. In sonme enbodi ments, each of m n, land k is independently
an i nt egt}089} omIn spmerothodoents,the fameescaerhomppalimsr carpprsesfat lpastpnetiifd k i s

i ndepgndent n 4Nt from2.to 1 . . [ i ments,
the T IPNEedmn R Db IFler  oupitslyhgoptls (hf ikheibing b 3Ry SRR, TP
wher eigedier thardtat 800, dredterathan AbaiRG00 OF griatsr thidncaboabpd00. IAGteer great er than
about 1000. In other enbodi nents, the farnesene honopol yner conprjses at

| east corhodunents. b faneesers hemepqlympr Giieprases ahleps oge amitdpvingfarmplach 23do,
great gt 1&9@6&%@%‘1&&%‘3&%&3@@( Sheldi hedRtbr HARA 1 id %}e&ﬁéf fﬂaﬁraPGumé', nents,
onopol¥ynmer ¢ r

t he farnesene ises at |east one uni aving tormula (V)
wher eigedtérsthgi stafue 500 bagreates tan3®0ut N0Oatle otlich ambathiments @ik farnegereeat er t han

bout 1000. | till, furth nmbadj ts, t h |
go?r;r i@étsopa%ﬁeéffrglmp&ﬁ@u{tmes{ ﬂgﬁ/wﬁbhﬁ%gg%fﬂ@“?*\eﬂbﬁa}lg\%ﬁ Eeggti W%%Q@%%t er than
about fﬁg@g?ggﬁ?gvﬁérehgﬁ? sARUtn R0 i9Eredf WA abolEB) R Redster HRMDabduP 88 br | N

sone e , t arnesene honopol yner conprises at |east one unit
havi ngréasenthhrmatioudy 160@1 b stil efasthererebadiinentsathe figmesenahomopviymer whmpeises t he

sum of and n i [ eat er n_about 300 reater th abput. 500 or .greater
t han zfﬁggﬁ‘ft %d’é‘.lﬁ} R W“%R@oﬁﬁalﬁ%#tog? “Pi%é‘gif‘&?fﬁ%%‘ﬂ%@%%“ﬁ%ﬂ%ﬂfg?n%%n&gri ses
at | eamlifg el (IIDAWheE{ SeuinPof(Y) n andll Blgré@asharatoud 300, disaten@ai or mul a
(M), wherein the sumof mand lis greater than about 300, greater than

about 2bout ¥0 graseaterthamabourd 600 Trood! furthenermbodimentsdibsdammssenehe f ar nesene

h | ' i i g f ! t
one. ol ERRaLRTRPIRRr Sk P fhe GAERAThE FIBALH. SR IR Al Bml GRS
about (B9t 1@¥kEaicaunit iaingfooniulaX00) aid grieat ene thiahavihg Grni0OIV)) whatin |

further enmbodi nents, the farnesene ho ol yner coppri ses
the sum of m, n, I and k is greater than about 3%8? gregter than aggut 5%% or greater than

about 1000. In still further embodiments, the one or more units having formula (I), (I), (IIT)

or (IV) in the farnesene homopolymer disclosed herein can be in any order.

[0090] In certain embodiments, the farnesene homopolymer is prepared by
polymerizing a-farnesene in the presence of any catalyst suitable for polymerizing olefins.
In other embodiments, the farnesene homopolymer comprises one or more units having

formula (V), (VI), (VII), (VIII), a stereoisomer thereof or a combination thereof:

R R,
: CH CH
b M
/
FisC m R® R

V), n oy, L vin or k v,
wherein R? has formula (XIII):
CH; CH;
)\/\/V
H3C A (XIII); and

R* has formula (XIV):
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at least one unit having formula (V), at |east one unit having forrmula (V)
and at | east one unit having formula (VIl), wherein the sumof m n and 1lis
great er twearzosmted4 300, greater than about 500 or great ecTiusas9abyas 1000.
In still further enbodi ments, the farnesene honopol ynmer conprises at |east
one unit having fornmula (Viy, at | eqsy, one ugyt having formula (VI), at

| east one unit having for | a (M1)] and at east one unit havi ng fornul a

(MI'11), wherein the sum.g eat&p\;)han about 300, greater

t han about 500 orgreat er than about 1000 In sti urt her enbodi nents, the
one or nor.e u havi ng .f.or (M 1) in t

far nes"éb?éelﬁﬁ?rabﬁ?nﬁ’rlaﬂ'g v d% EeTom léﬂfbé'r‘ dgebao \Tﬁol n some

embodiaBBi 0,000 frohRl APRENE sb m&m% Abdui] RARIOS oy 1 Rpwdmoa 00g, a

m xt ure of farnesene and arnesene in the présence of any catal yst

sui t alﬂcanﬂao abatyhve;009)] fngmcﬁ @fabnat 10,00 tftoen 2 dorbbalit $9109, frome? faaaheatene

(v ¢ T80 GRFTY (e, 0 BT om 2lq BufihPad dh S ckgibbiibicarhal Lot

or a qarvplliaﬁakcwufdeﬁé&l@ﬁﬂy hxmuftégefrfﬁ%in ¢ 7 000,080 By othfeen@italiMentdDéah Wilind, S
hawngforrrula(l) ), (111)] (VI), (Vi) or (VIII) in the

far nesehénmbmbpdﬁmﬁmb{@tlnmdfmmétml@h\%p%e in any order. [0094] In sone
enbodi ments, the farnesene honopol ynmer conprises two or nore units having

Lo o111 R} | LUk, SRhEEHERS HOMARLIVARoblme Libprklsdleaodd - (V)

(V), er eoi somners I natfons thereo

ot her L&llﬂﬂiﬁdirfgefbtrﬁulaﬁ(v() IWHeﬁdmﬁﬁfsrgeediﬁfthmhmBOO,ag“reher thepabeswfi06drby t he
foll owi ng fornul a wherein each of x and y LS at Ieast 1, .and wherein

each dredterthan @q%de%nbwmrf%%hmemuqhs f%mysenﬁ PIOPQIyIef COMPYjES gty
(V) lée}élt bhe Qfit ﬁé(hhé }”od'ﬁﬂﬁja Q’ 12 cRifhSs gfefa{e? 'ﬂ%tabohm(fdj @I’é&%r tmﬂe nt
and'y 1's ependent 2, 3, 4,

each o y great than 1, such 5 6, 7,
8, 9, 5D0,or kicat@&QharPdhouBDP0BS5In fafherosmbndiinents, the f@nmnehbm@pcrb'mer the As and

B | i nked b t. h

ubat AREIFFy T eRetn b p b v B, bfEm OR epdl BB S0 Tt
enbodiFRDiout 506 of\Breaieel tHah aBHE: F0D0OJ QNI Ghrdier ehibo@Enah e faheesty nesene
hom)pol yner chain. I n other enbodinents, the As and Bs are in two

" segmeomopol yngrreovipdisenatfleash enewrit having Sorynvde (‘H&Dﬂwger%ln&elg gt dhant r uct ur e,
;IO'[ es)r%;nﬁ{/gq% gEﬁagete\lﬂle’lﬁ%é)a %@%rggr{e% n&%ﬁ Ir?gglg]e E)Egpélsyﬁg(rj Eﬁa?:]et o pr ovi de
e TR S R b St Ao HhELeRR homBpSy et bihrisd: %t 1GKAIR! it A

having formula (V) and at least one unit having formula (VI), 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 (V)
and at least one unit having formula (VII), wherein the sum of m and | 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 (VI) and at least one unit having
formula (VII), wherein the sum of n and 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 (V), at least one unit having formula (VI) and at least one
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, I and k is greater than about 300, greater than about 500 or

14



[ 0095] In sone enbodi nents, the farnesene honopol ynmer conprises three or
nore units having three different fornmul ae selected fromfornulae (1),
(rr), (1rrwp2o(koy464(V), (VI), (VI1), (VII11), stereoisompcs/ushavmaefisand
conbi nations thereof. In other enbodi ments, such farnesene honopol yner can

be repr t f and
Do 1 SR S3Th gl 1 B A R B R Che ARSI B 20 2
(1), @W)VIELIVI)) or (VI)), in(th famfédene hdivbpglymer divélbsed leneinAan Be amanyCodere
different. In further enbodi nent, each of x, y and z is independently

greater [0p98] 1, Imuetheasnbddirdentd, th farfieserie h@mo@olyﬂq@r islfrepaz€d b5, 30, 35, 40,
or higher. In sonme enbodi nent, the As, Bs and are linked in

subst mﬂymrlmg Kt ef-6amesee é@cbﬁsf@alese@ean M?%?ﬁ?ﬁ’ af any Qﬂt%lmﬁhed or
substant| S Bs and Cs
are o (b SRR GRES ! Fher b B RAERAE BomlopBlyifer, 5 FUC
enbOdlo@ﬁprrﬁes 6ﬂb&)rAﬁoreBﬁut§th16§ feheula (1) t(lIlIl) £@I11y, qeg):nem QVI), ¢VH) ov (\dHI)a
farnesene honopol yner having, a segnented stru turg e rrg‘f}: AA- A- BB- -
B- CC- -disclsgd bexssr, aé%%ﬁ%ﬁt@erepﬂ@ agomipigatigmt r i ﬁar&he P EEYts,

di stri R 0, f nesene
honmo oPy?rgérjoﬁg\g/l ng %?112 ernatl\sig gﬁ ?’m?’??%r e&g}r,gllr)gﬁ“( E?éE tﬁé

A- B- CfknBse(ﬁeOtomdpelylmdrehscﬂm@ﬁ]sreimcanebet1aiamyendmdi ments, the pol yf ar nesene
is a farnesene interpolyner. In other enbodinments, the farnesene

i nt I ol t f d

| cact onlOtOhy ! TsnBmarboimRds P Grfedie fompp el PGopRi R aRF £
pol Y MBfyiZ hRGing |t\% IdiSerafomhiibt sélBEEIBLR forRufag(HhAI), emhodVEW)S(VIY,he
farnesene intéerpol yner disclosed herein conprises (a) one or nore units

havi ngVat), tl\élélétstmelsomersdhmoﬁ@d(qo)mbl(lathns thareofy Inmothet pWOGEW%%@ herein;

and ( units haV| n r from
1o dbmrens Rogpeprithert b8 MinBn SnE e IEL TR I Op BPRET 1 TG
about X143 p&cbt léa%Dmahdtvﬂle@éiﬂ@ﬁc}Q&UAaﬁ@B ndependeitdy kdsdfuim®AQNOAD, (MHom 2 to

about 10,000, from 2 to about from?2 to _about 10 000, fropéz to

about @%b (WadVIp(Vih @Fn(‘éﬂl)dméb% a@d @0@3 differentn dn Suthisr smbpAimens, eac nd R8
is in f

erbodi RIS Tdpndbn§ bR GAR | SEH RS 2,05, 5 L8 O, 18] %’é?”’@%ﬁ%ﬁﬁ‘?bon
group crdighir nimgprde &nb@dlbmnt aleoAs and Bs armninkedindisnbstargiallydinkantashien, 46 , R7

and R8 is not an_al kyl ont ni n rb to 097] In some
enbodi FRPAEEY totahsé‘bﬁtﬁPtl{%b’ é’Fﬁ Wﬁllzﬂﬁ?&f‘g@&a'}ﬁ@w}"ﬁ ({5 ri ]ses

embodiments, the As and Bs are randomly distributed along the farnesene homopolymer

chain. In other embodiments, the As and Bs are in two “segments” to provide a farnesene
homopolymer having a segmented structure, for example, AA--A-BB---B. In other
embodiments, the As and Bs are alternatively distributed along the farnesene homopolymer
chain to provide a farnesene homopolymer having an alternative structure, for example, A-B,

A-B-A, A-B-A-B, A-B-A-B-A or the like.

[0095] In some embodiments, the farnesene homopolymer comprises three or more
units having three different formulae selected from formulae (I), (II), (III), (IV), (V), (VI),
(VID), (VIII), stereoisomers thereof and combinations thereof. In other embodiments, such
farnesene homopolymer can be represented by the following formula: AB,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),
(I1D), (IV), (V), (VD), (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
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(a) one or nore units having at | east one of fornmulae (V), (VI), (M) and
(V') disclosed herein; and (b) one or nore units having fornmula (IX)

di scl osedwbensimz4ckn ot her enbodi nents, the farnesene i RCENSOIOPRLISI

di scl osed herein conprises (a) one or nore units having at |east one of

f I . (11 [ 1,l.), . I I and (VI ] | sel d

10 el o R e B

[ 0098]otheR efitbidBirkeHRs) dhd BB Bs add€s ArdirafdoRle distiibute® hhop thelfagtdsosed herein is

arandom interpolynmer. In other enbodiments, the farnesene interpglymer

di scl dhwepprbimgrghpig. dn pthes embpdimantso thends, Berrad Gsare mﬂwm‘y‘qegwsngwm units
dt _ . . . : ts)

the 1 Tt ATRRAEAY RobOpat ek RAMIALKohBh Welcifhe 168 LARPIE A ASTRIB o <

wher eiByJO1eC . Vingthernamilsgdiments) the AANBs bhé Charaulteemaiveh distribueedradovcgothk y

di stributed and wherein two or nore_of formulae (1), (Llé, éfll)* (rv),

(V), (epsenebpmppolyper chaigrde provide 3 frpesens hereRAli@er i 1iae ar altgnatyd but ed

[ andoMtcufl kY AAIEIAROE AT Bk AL OOAM i SOTe_erbod) rent s, L he

f arnesene | Nt erpo isclosed herein’is an alternating interpolynmer. In

ih ; ts. the f ; & . LEer]
a1 tr nat N6 ot dBisstasrMaRERERS, dRRSPtERG i B GER IR AVA SIER,  ore
uni ts ol eadbodirmeits, vied farslisehid inkstp&lgimet (5 Prepiredby polyadbrizeny & ledshend ar nesene

i nt erpol yner disclosed herein is an alternating interpolyner erein the

vi nyl imssmeand at leastong Vimd MONOmSE dh theieseace,p I‘iaé?lYfétSP\rP%l? i stributed
and | 0t e V), (V),

(Vi 1) G HEof SRy BRI AC 18 Ktnct nbodieicnts the fllesete”) . iom 1,

al t er riaterpodyrieradisdloseld heedis comPAd3Qh) dme arenoreiunite hbvidg atleast onelod f ar nesene

I nterpol yner (s | ock, i pterpol r havi one or nore first plocks

conpr iferyas Gé’ (ngﬁg} %@IQS GIﬁgﬁ’égﬁVFWg ap § Of Pyore pyity I}av(qug ,ur V) or a
conbi Q@jq:on t hereof and one or nore second bl ocks conprising the one or
nore units having formula (1 X). In further enbodinents, the farnesene
interpolymer is a block interpol yoer Raving one or nore first blocks
conprising the one or nore units |haging formula (V), (Vl), (Vil), (MI11) or
a conbi nation thereof and one Second bl ocks conprising the one or

nore units having formula (IX]. till further enbodi nents, there are one
first block and two second bl ﬁherei the first block is between
the two second blocks. In still further enb hents, each of the second

bl ocks conprises units
wherein p is 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; and each of R>, R®, R” and R® is independently H, an organyl group, or a
functional group. In some embodiments, each of R, R®,R’ and R® is not a monovalent
hydrocarbon group containing 4-8 carbon atoms. In some embodiments, each of R’ R®,R’

and R® is not an alkyl group containing 4-8 carbon atoms.

[0097] In some embodiments, the farnesene interpolymer disclosed herein comprises
(a) one or more units having at least one of formulae (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), (I), (III), (IV), (V), (VI), (VII) and (VIII) disclosed

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

[0098] In some embodiments, the farnesene interpolymer disclosed herein is a
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derived fromstyrene. In sone enbodi nents, the farnesene bl ock interpolyner
I s a pol ystyrene-pol yfarnesene di-bl ock pol yfarnesene,

pol yst yr eno-2pwlogfemnesene- pol ystyrene tri-bl ock pol yf ar RETAIS2009/004959

conbi nation thereof. [00101] In sone enbodinents t he farnesene

t I b Le f | | h
e G R B T s
(1), @|rh1)donﬁ idtérpolyteY)whetdth the( WMhyl mbh/dn’nér WHits @ the faresedenititserre enbodi ment
each of x and y is independently greater than 1, such as 2, .3, 4, 5, 7,

8, 9, rawlomiy dlsmbut% I gEmbplimgntsHihg fapeseng ingerpel yangrshsciessd hef%lSPs and

2 S kDo SR VL e B n B e o

?t her eﬁm@m}yﬂm&bﬁtém@@wﬁaﬂm %2 @ﬁﬁcr)]feaﬂdomua@l(lat(ﬂ),b(mﬂ)goﬂ\a) ng (Vg

arnesene interpolynmer chain. In Qther e di e e Ps.and are in

t wo OW%@IHDM&BWW%“W@%@%@@E eﬁa‘?ﬂ‘i@’é‘ﬂ hllerﬂ‘%tf‘ﬁ? 9%% havi ng a
bl ock gédiycture, for exanple, PP-P-QQ -Qor PP--P-QQ QP-PP. In other
errbodl ments, the Ps and s are alternatively distributed along the

f | ' . o] havi
it or nat [099OL 1 B B enfrRAIRE RS dtEné ol BhAISREP Bisp ! RAiIE a0 D, O
like. altérnﬁﬁﬂ@uﬂﬂ’p@@hf& nisothepehbédifratsf therfarnasefe Blyteqa"olﬁnay@zda&ddies&ih osed

herein. [00102] In certain enbodi nents, the anount forrrula l% in the
pol yf a¥ ﬁegl&matmgslete&céwnﬁ@wé?rﬁm @eafnmnoa%apltw mﬁienﬁbé‘tt aout 80

W . ?ﬁ; as gg%lry' %lpsﬁl%utg@ a{% mlﬁlelﬁ%m(ﬂ;@ﬁﬁlﬁ esthe %teﬂi’olﬁﬁerrmﬂos%eo ut 50

Wt . tot o y arnesene.” I'n ot her enbodi nents,
t he an®rein isoin d@rmating u@tbtplo)ymwr wltmelpdhqi/mryhmsaqmedumtsl aslgle fanesene i s at

| east about % at.leas 9

| east uaﬁaa{e é@”ﬁ“’ ‘gimL 5@38@\3{% Yo %orea? f}o {a Zﬁom ﬁ‘gl)x‘% at

| east (3’2 gQIW (\?’ﬁl) ahd kXBﬁB tiRPRkesOft Wits%re aistritRsd randGily, 4Rernhtivély at

| east "about % "at least about 90 w.% at |east about 95 w.% or at
| east omlmblock® Wt . % based on the total weight of the polyfarnesene. In
further enbodinents, the anount of fornmula (Il) in the polyfarnesene

di scl osefd01O60ki rinicerthincamisdiraents, the fmewnabwpo@mems &block amterplotyoners wt . %

to abqut. 99 wt. % fro E%gut 10 .wt . to about 99 w)j el froglba@@ut 15
Wt . % L@VIESIE OQ@QKE figgt é&orﬂi‘ﬁr‘?‘ﬂgt Y Or\KB?rﬁﬁ'PltB a\{ nesene. |n
still dmyy, (18for QrERAHiIRERdh TherbHCar Bt Yr nﬁﬁrefsétroﬁulwo&ls\ébmbﬁsﬁl Qh@@ﬂlcy&ar nesene

di scl osed heérein is at nost about 0.1 wt.% at nost about 5 w.% at nost
about nioretunits havingfermuwdbde). 2n furtlsy embomqmtﬁstheafgnmer@ lmerp/elymafs@ca on the

total b\i\gékgihEergglyrthre hapv%g gr?er ORGSR irst blocks comprising the one or more units having

formula (V), (VI), (VII), (VIII) or a combination thereof and one or more second blocks
comprising the one or more units having formula (IX). In still further embodiments, there
are one first block and two second blocks and wherein the first block is between the two
second blocks. In still further embodiments, each of the second blocks comprises units
derived from styrene. In some embodiments, the farnesene block interpolymer is a
polystyrene-polyfarnesene di-block polyfarnesene, polystyrene-polyfarnesene-polystyrene

tri-block polyfarnesene or a combination thereof.

[00101] In some embodiments, the farnesene interpolymer can be represented by the
following formula: P,Qy wherein each of x and y is at least 1, and wherein P has formula (IX)
and Q has formula (1), (II), (III), (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,
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
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In some enbodi ments, t

free of formula (1), (11), (1Il) or (1V). [00103] In certain enbodi nents,
t he amourwoabioirssul a (V), (VI), (VI1) or (VII1) in thePpolust@vnessne

di scl osed herein is at nost about 1 wt.% at nost about 5 wt.% at nost

about 1 . st . about 2 9 . . about

0w wipolimsthe PRt O3 K rpfoly duPugiBiinge fhrmientiniéhpolmeithid

W . % IabtH¥psinbalintnts} the/ls £4d Q¢ ardtin KW6 br AlodeibloBks Mt sepmehvsePravidd de t ot al

wei ght_ of the polg;ar nesene. I n other enpbodi nents, the anount of é&r mul a
0

(V), (mpsengvaterpobymenhaving 4 bloel, strussurgs for gxaraple, BPsR1QRe=d 98 PBrR-RQ-4t

| east 0 1 0 : 0 . o at | east
about (g'?ﬁ\kgl.g]‘)%; I%\{’th i)e%rgl%()dé%gﬁt{s’ @g%%éﬁ;d&a?-g%lé%%ﬁ%%g%ﬁ%%& ﬁ%(\é glté) | east
agout f&&e%e%tegbl)hﬂa&ﬂlaﬁlﬁmﬁoﬁﬂf witartigseat iﬂta@ﬁlymﬂldﬂ?fin@(hnvalte%atiat :ceas';]
about 60 wt. % ased on _the tota i ght _of the . rnesene, |.n further
enbodiSHEFUES, fonex RrQak-Q-8y m-g‘f‘@,a)g{b-&;ﬁ)g or@ﬁ?ﬁ&é’o n 30§ ?f}‘b?%fnﬁéts’

ol yf ] sqd el AL §: bl t 1 w.%to about 99 wt.% from
poly %é&&éﬁ&@tfm.go ? L asg %xlﬂ'%f}?y('%} a% disEio0d Reaimt 0 9

about out' B rom about 10 wt.%to about 99 wt. % or from

about 15 9% t ; 9 Al

pol yf ar n[adygﬂéf ﬁﬁ%ggérirﬁé e%?ﬁ.?‘@d? %%qgg%ﬁg&pﬁ?gﬁhggé@ [ sl%ﬁggnseté%%her einis
subst alidclaskd Yefeirei® a@mokDabvut 85 (W%, dt Yigst atiodt BY war%e afinhdst aby@T00#] %] at ot her
enbodi ments, the sumof mand n disc|losed herein is greater t(gg about 250,

gr eat eROst ABEPL QoW Yogerat mesh AR S0Mn°aPRGE 0B e total evaight of thep CSelsy
great g, om%?,@m;ﬁﬁgﬁﬁsel?ﬁ g% arxnﬂ(glhrg rog?(; | Su(lz% EITS’IZ g?ﬂlg:ﬁgly%%(ésenle%gc%ska ®krein is at

enbodi ment s I'n 1s greater than about 250,
gr eat deast alzout 40 outt% 30 easyyatenit ¢6 wtlia at ddastiabomid 00 wg et dgast dkwut 2Hodto, 780,

reater than out.,1000, ar greater than abo 2 ..kn certai o
ambodifashie S anaaritaris ooy 4l v H 2 rbL B op 8fivoret Gl Sf o0 marto dour
250, geathsdut 03R.93BAULasBK Ut 80 BRLET atlERDNaERP 90 wa0h), at Le4Iut HHIA. %8 Ut
750, greater than about 1000, or greater than about 2000, In some

enbodiatbmastsabouh@d wifh, based omthe tetabiwkrighi efcthe pelyfaraeseng. Isfugthent er t han about

250, greater th about 0] r er r. ut
750, gramegPethane nate: of b a it Fnt 850 RRRRhe AtPlosBLAR s TR A

cer t ai nwendedbERNISWt.44) Eroft ARt SavEXead abom| 990 %l fromi abouut {Viax.% to about

wei ght aver age nol ecul ar_ wei or viscosity-average | ecul ar wei ght

h
(M) &9 whé, %ﬁ?ﬁlaﬂbﬁéé%é’t-%‘?@t&b(@g‘%v Wé >eibasqdsonythg setal weighhobBsut 60, 000
dal t O&?}’l){fﬁ@%?%%& 11%8@@ ggrp%weﬁgﬁi’nqgﬁ’s %?ét %{ggnﬁt oPrSAhEE (WY tredRb1 st ONS,

gr eat [ONS, greatér
disclosed herein is at most about 0.1 wt.%, at most about 0.5 wt.%, at most about 1 wt.%, at

he pol yfarnesene di scl osed herein is substantially
I
(

most about 2 wt.%, or at most about 3 wt.%, based on the total weight of the polyfarnesene.
In some embodiments, the polyfarnesene disclosed herein is substantially free of formula (I),

(1D, (IIT) or (IV).

[00103] In certain embodiments, the amount of formula (V), (VI), (VII) or (VIII) in
the polyfarnesene disclosed herein is at most about 1 wt.%, at most about 5 wt.%, at most
about 10 wt.%, at most about 20 wt.%, at most about 30 wt.%, at most about 40 wt.%, at
most about 50 wt.%, at most about 60 wt.%, at most about 70 wt.%, at most about 80 wt.%,
or at most about 90 wt.%, based on the total weight of the polyfarnesene. In other
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
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about 500, 000 daltons, greater than 750,000 daltons, greater than 1,000, 000
dal tons, greater than 1,500,000 daltons, or greater than 2,000,000 daltons.
I n ot her wotzotiaressts, the VMh, Mv or Mz of the pol yfar nesemasdiwobosed
herein is | ess than about 10,000,000 daltons, |ess than 5,000,000 daltons,

|05 408 1000 R08 IALLANSein RSt B8 PRRYA T 0099 191 R5 efiy 4 eSS than

500, 0 N SOne e ment’'s f'arnesene

| east va"glt@slsodt@arvm%J ﬁamtaeﬁuer(awryeto(eﬂa@)um“tte«asmﬁmabcﬁﬁ 16®vt %ees than
-60 0C, | ess tgtan - | ess than -70 OC, or less than Wg
meas urREUACWE ¥ hgseti@nAecrtﬂt@Mezsh'Gé the polyEimesens iy mFETONBIRBE. B

Assi g g n%*a?sctagga E&%ﬁ@%ﬁﬁ&&tu litgtf?ereraf% ergYﬁf(B@’ret GE(vA. an

El ast ric I'S 1 ncorporate [ 00107]
In sonme enbodi nents, the armunt of for mula (1) is at nost about 80 wt . %
based on[001@4} otIantlmiegﬂiodhﬁertmehqamhybﬁnnmshnétsclbﬂed)hdtem i gteattr thamt s | t he

f d 1 h 3 In f h
PUREIEL O R R e e R T
(1) 1the(rt about 1608, or @P@ater tl(a&gl dbbufPED0S LI FEPh & RIodirh &85 aRE sirh ofiylampenat ed.

[00108] In some émbddi nents, the polyfarnesene is a f’ar nesene I nt er pol yner.
In f urdisedosed hbriti iseneater tharealicutB5@rgreatert @m@bwét)%mg@qebgea ahewtsiog,

conpri s units,derjv omafar Ny a t of at
| east g&‘ﬁagffttg%" %?ﬂuggé@r%%aﬁ?r thay a‘?%‘ﬁgPB bocf@treaf?ft %lppergedgt In !%hl east about
15 nolegnRRAIAERS, théburh @88, naataautdls%%se@hereneiscgeeﬁter thin hiRAas Lsahgeite3Banol e
percent, at | east about 40 nol e percent, | east about 50 npl e percent, at

| east 2RBBLI00GEreaisr éhfweafb@éhioo ateateééhatn @@ﬁh75oﬁ@r¢ﬁ§?réh%?%ﬁtloo%t°rlgée&§?r about
80 ol g Al 53000, o s?f‘n %ﬁf%lﬁQ&EtthQQ lf‘i‘n F}FEE&;‘R dekidsBEnYapl € ofandgesene
yher. s

|nterpo er enbodi nent arnesene I nt erpol yner
di scl ahadaboak 250 geeumrths:esbmmeomgramlethmabcmtdef); greatef thamabbt 250ny| nmononer
in an anount of at | east about 5 M%&e cent, at |east about 10 nole

per ceréreaterthaahqut 1800, 0r greaty) thar, U-at | east about 20 nole percent, at
| east about 30 nole percent, at |east about 40 nole percent, at |east about

50 nol e Rﬁfl@?]ﬂ In%nhﬁae?ﬁbcﬁ@tﬂeﬁts 68e 'ﬁﬁhl%elpw&ﬁf%'étmofékulla?%igh@ L wefpHID! e

percent, east about 80 nole percent | east about nol e per cent
of theavmgbmdleaudmmehn(hwrmwmny ape@geg]olaqulaéevetlehtrtl\@ms@crrent s, the

POl Y A R S0 Cer e AR R 8 Fie s YredlBr Bl BT B0,000 EREAS BrhY léh fidufm @ (X):
100,000 daltons, greater than 200,000 daltons, greater than 300,000 daltons, greater than
about 500,000 daltons, greater than 750,000 daltons, greater than 1,000,000 daltons, greater
than 1,500,000 daltons, or greater than 2,000,000 daltons. In other embodiments, the My, My
or M, of the polyfarnesene disclosed herein is less than about 10,000,000 daltons, less than
5,000,000 daltons, less than 1,000,000 daltons, less than about 750,000 daltons, or less than
500,000 daltons.

[00106] In some embodiments, the polyfarnesene has at least a glass transition
temperature (Tg) of less than -55 °C, 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 Tg of a Polymer or an Elastomeric

Compound,” which is incorporated herein by reference.

[00107] 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, n and 1

is greater than about 300. In further embodiments, at least a portion of the double bonds in
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wherein n is an integer from1l to about 5,000, from 1to about 10,000, from
1 to about 50,000, from1l to about 100,000, from 1 to about 200, 000, or
from1l tovekowo23®@, 000; mis an integer fromO to abouPCHUS@Y/0649em O t o
about 10,000, fromO to about 50,000, fromO to about 100,000, fromO to

bout 2 0 0 ; ' ' ,

and v oP S5 effor BB, [, AR AP0, Do e LB e S e
'yt edf I I*)-(VIH): 5 M), (M1 d R4

?{]/Iel ?' )y [Oggrll?l] ?Lmée?teai(n )en’r()odi n'zsntg,\/)Y hgs fz)r m(JI a (?X?‘;]: where R1, R2 ,

R3, R4 a[198] demhisond éﬁ%o%ﬁrnelﬁg,clh@?slfyfaﬁedaﬁe isRPfariRéerd@tdriBolymet.NHependent | y

H, an organyl group or a functional group. [00112] In general, the
pol yf durksrembadiments.she faraesens interpokymep disglased herewcsineyisee QBhOOMNOKHI ch has

The avBia et RStIecn BeRtRath SreRF Rl s ol BerdudBFfarPatBlO,

on varmeldpefcrfit, af RastabbutdlS mbR pEedent, at &abtabolit 20old pertémoati@dseabcit SO t he
reaction tine and tenperature, the presence or_absence of a_chai

t er ni raelE PgreaRt At leagtiphoutr A meledrereent, jah laaptabont $¢ mojgpescens, %A@a,s? %brhﬂlt ffe

POl Y et LR, SORALLLONST0 TR ALAPSE s BOS! BORYIEferOl P 4l oY

i ncl rea conNDNONErsS, e conce I ons’ of € conphoner
woul d gganelegletaenbef thamitold farmesénecinterpoleimer. Shidtill farthemndebadimehisetheThe ext ent
of polfyrreri zation, as specified with n and mval ues, can %ffect t he

pr operfamgsengrnterRolyraer dipglosgd MsreiREPMPIISES AHROT BA5e BNt Atreved frona thevipgk o ger

from , aP00, from
oo e 3tn AR of 4 At ik SBRYE pHECROR Lok B0k, IonBleHitechR o 0001

and mleast about 16 egae percent, 6t least aboutt205nokRPperdent at Bastababoil mole PdGentfatom 0

to abqut 50,000, f 0 to ab 00, 000, f to ab 200, 000 f
0°t o dBhE008a0 s Prirent ALPRS ARt LAPE Pereent o IctgRaaEeR O POkt 1
to abqedst BRAR JO%&%B&Q@H{[, afllehf? aBHRWH0 AR Gerden Br abRust abohtOo(BRBL pet &P, from

about 1 to about 500, from about 1 to about 100 or from about 1 to about
50; ardd the wholerfamesgngantepolyynetbout 5000, from about 0 to about 2500, from
about 0 to about 1000, from about O to about 500, from about O to about 100
or from {0d09] 0 InceabimembBlimeéntscthe pnlyfirnesedt nemprisdsi dne or marhgokymerwi | |

recogni ze th addpti onal, ,canges of average n and m val ues are contenpl at ed
and ar@%%lﬁﬁvf%koﬁ?@&h{ 5'di scl osure. [00113] In sone enbodinents, formula

(X') conprises two end groups, as, sho by
XV
n m (X’),

wherein n is 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, or from 1 to about 500,000; m is an

integer from 0 to about 5,000, from 0 to about 10,000, from 0 to about 50,000, from 0 to
about 100,000, from 0 to about 200,000, or from 0 to about 500,000; X is derived from a

farnesene; and Y is derived from a vinyl monomer.

[00110]) In some embodiments, X has one or more of formulae (I’)-(VIIT’):

4 - SN ) £
V _;)—/- \li sAf\lf"{
(), (1),

R @), R? av,
§ g § I § CHs
ST Aew }“ﬁw“ A
HaC (V’), R (Vr), <  (VI)and R*  (VIID).
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the follow ng fornula: where each of the asterisks (*) in the fornula
represents an end group which nay or may not vary between different polyner
nol ecul eswofzotone74sel yf ar nesene dependi ng on nany fact or #C30sSkoa®0495€ nol ar
ratio of the starti ng materials, the presence or absence of a

chai nter nd.th te.of articul ar polynerization
process gi(oq?“e gﬂc‘fgﬁ el’fgbg ?}ﬁ@%ggﬁfoﬁ /*[00114] In sonme enbodi nents,
Xs and Ys of formula (X ) are lernked in a substantially linear fashion. In
ot her enbodi nents, Xs and Ys of orRauI a (X ) are linked in substantially
branched fashion. In further ﬁg s, Xs and Ys of fornula (X ) are
linked in substantially star<: hq—pe fashion. In still further enbodi nments,

each of Xs and Ys independently forfs at |egxr),a bl ock along the pol yner
chain so as to provide a di-block, triblock or multi-Dblock farnesene

i nt er RRYeYIRY, grRANG* ﬁfe e{s%?ﬂhe&’ﬂére?ﬁ Q{d%k,h Bnfl’ ats REand RONEIndeiiin@eidy HN still

further enbodl menfs, Xs and Ys are randoni y di'sfributed al ong the pol ymer
chai n as®rganyl grqupmna(fenalomahgtoupf arnesene interpolymer. In still further
enbodi ments, Xs and Ys are alternatively distributed al ong the pol yner

chain so[(d12p {dn@ehetal,alre polyfarmeatne gprhpnisiegs e mex turd dfmﬂymmemolepﬁlé&lS] I n

maod t of the far the f t |
b sci 4ehohuReh s %ormuza:agswn%w R R AR
mol e Q% e%@?ag@ 'én(]'l tﬁfﬁ%ﬁtof then Epllneva%ies A6l hErlaﬁ'f‘d Alon FaBhERaMorgr eat er

t han about 1 9 greater than about 15 nole % or greater than about
20 nolseclas thasedanativ o€ theottating maerialy thet ieecticartires endtemyieeatpe theer . | n

th nbodi t t of .the f the . farr
i or ot tstics ol d haUPRE e it TR OUOT 0 THOPET O PR Mhan about
80 molgd¥he #@?&eﬁf‘eﬁfbn@bﬂﬁ&wﬁ@ TR¢ Qar%seﬁ@ﬁﬁerb@@&e@@ﬂ?bm@&la@l’)&n% inlcagie t han

about 50 | ess than about 40 nole % or | ess than about 30 nol e %
based vorcacted mmoapmmahhow thmoncanmtm@f thﬁ@r@ﬁﬂm wouldganesally be sone

enbodi nent. Ryt | ymer
i scl G hapkiTrereRpoalf by tfacthabte, TROBEEN g dobyiferl A RERSRFeaREELRR' 10
ol e % ar@ B ataRies, td&ﬂf&ffébﬂﬂé poprtisslof tl%) reguilﬁﬁg pblyh’(ban Iiakmni¢ efbodileents, ngr eat er
than about 10 nole % greater than about 15 nole % or gre% hgan about
20 noligangnieges &gy h 1 plout 51090, Ui hout HEOOG, frasm 4 fe abits @Py

ot her SBROAITHIY: Front 't AR BH0,660,'d2%ro¥h TYS aBRRBBE00b rkd'}f is an integer
from 0 to about 5,000, from 0 to about 10,000, from 0 to about 50,000, from 0 to about
100,000, from 0 to about 200,000, or from 0 to about 500,000. In other embodiments, n is
independently from about 1 to about 5000, from about 1 to about 2500, from about 1 to about
1000, from about 1 to about 500, from about 1 to about 100 or from about 1 to about 50; and
m is from about 0 to about 5000, from about 0 to about 2500, from about 0 to about 1000,
from about 0 to about 500, from about 0 to about 100 or from about 0 to about 50. A person
of ordinary skill in the art will recognize that additional ranges of average n and m values are

contemplated and are within the present disclosure.

[00113] 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
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farnesene interpol ynmer disclosed herein is |ess than about 90 nole % |ess
t han about 80 nmole % |ess than about 70 nole % |ess than about 60 nole %
| ess t harwakowro2s@4nol e % | ess than about 40 nole % orCrasgomwhosssabout 30
nol e % based on the total ampunt of the farnesene interpolymer. [00117] In

o T R e R BT R "

i nt er polym@izadosslepsedherein is fromabout 1:5 to about 100: 1. In other
enbodi ments, the nole percent ratio of X to Y is fromabout 1:4 to about

100:1; f Emuapoqh sbims- e'i_’nﬁdalrﬁ@lﬁh'tXél-% ¥s of fRRuBPOUY arfk I$hke@ iR QUbstAAIE, from

about 1: to about 100:1, or fromabout 1:2 to about 100:1. In sone
embodilineat fshien In ather ergbesdiments, Ksendn] S@fﬁ@mréén(X Dare bnlgd ig spbstantjadlyf r om

about .1:4 .t out 1 ert unt of
forrrulbémtclh ‘§)ﬁ’rs ‘°Phéng‘b‘“§ﬁ*%P’?Pé’§Hh"é“ﬁu X 8 do %}qiﬁ%ﬁg} %Ee l}r?%g?%ggout 85

. % sabstamsllyabeLthal 6hidh. Bi stilPRirthePebodithes, Sachaif Xmgid Bbout 60 wt. %
or at nost about 50 wt.% based on the total wei ght of the polglfarnesene

I'n ot hedemn%mhyrfeﬁn%at leasd a Rleskralonss the gelynmes chpjn)sojas to Rrovids 3 diablagk drie
et Dk ARG e RSk HiNnet fathe 1o ohE3EblOBRAHA arfggction?ly &

| east lﬂ@@utln‘%ﬁll\ﬁlrt%r e&tbddﬁﬁ&its aXoard B amstrafidonaly dimibutedlamnng thOpolynsy at
| east about 70 wt. (V at | east about, 75 wt. % ut,.80 wt t
| east ABELRO 4340 WEO e gyrand sﬁmm@@wm% Igts"‘:“éagf‘ d“@g ix X8 /%mﬁr at
| east @bAL, a{’i‘@elg"dl%ﬁﬁﬁﬁgd QIQnFIﬁ?e payakr ?!1%'1:9&; asotfo ﬁr@ﬁd@% ¥itémagsene. In

further enbodi nment e anount of” formu t he pol yf arnesene
di scl d‘amésénenmerpdlysmérr.om about 1 wt.%to about 99 wt.% fromabout 5 wt.%
to about 99 wt.% from about 10 wt.% to about 99 wt.% or from about 15

. % to §01us] 99nwontd enitsirititients, the amionhvdf the'fag‘hesené irt the famksdhar nesene. I n

stl |1 further enbodi nents, .the ampunt  of f rnesene
di scl duteapdiuper dislosedrhergi is gisaigr than abgyt b«?ﬂg{-‘] r{tbgfe\%ﬂaéﬁ%n %’Osl?gnoy BRlCat nost
about o}, g‘{‘e té?t tﬁB&tt ?Hfbg L o2 Y@ate@thﬁ{ atdfut TRl @@%&'éaté‘%tl’iﬁn aﬁolk@@%le%the

t ot al rnésene. | n sone enbodi nents, pol yf ar nesene
di scl (@eﬂexhthme aboutd 55m|dﬂs e ndrigatdter thareabooft 20 anote g based or( ﬂhE)tQta( arnouM)ofor

(1rv). 0 119] Inp certain di anmount [
(VI F) ? pS m@mﬁ@eﬁofw?ﬁf Eﬂ@hﬁf‘g éPéﬁhﬁ??féw%i“eﬁBvi‘{e about 1
w . % ﬁ}new&tmégﬂtlémér dicl¥BedHterdRSS 1e8PDHA aﬂ&ltWO Hble 8b, 188sStha@bediit 880 wt .
at nost about 3 % at nost about 40 wt.% at
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.

[00116] In some embodiments, the amount of the vinyl monomer in the farnesene
interpolymer disclosed herein is greater than about 1.5 mole %, greater than about 2.0 mole
%, greater than about 2.5 mole %, greater than about 5 mole %, greater than about 10 mole %,
greater than about 15 mole %, or greater than about 20 mole %, based on the total amount of
the farnesene interpolymer. In other embodiments, the amount of the vinyl monomer in the
farnesene interpolymer disclosed herein is less than about 90 mole %, less than about 80
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.

[00117] 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
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nost about 50 wt.% at nost about 60 wt.% at nost about 70 wt.% at nost
about 80 w.% or at nost about 90 wt.% based on the total weight of the
pol yf ar nesenelo/izmeat her enbodi ments, the anount of for melca/uS¥os/o(aE), (VIF)
or (MIIF) in the polyfarnesene disclosed herein is at |east about 1 w.%

east i Himapbhy 1 S pa 08 1R e chibodimdils MEARbIGHRR I Butfor 2

| east taWOIStfrdHi) abéutde4 aiaHoaals(DO apfoin abOunl:3 FKto aboltd®Ot 1, flvaubb@0 vk t¥y based

on the tot al wej ght_of pol yfarnesene. In further e Bal nts, the

anount2bgpt ]f%)r]mﬁoén (‘k?i)m 1(2\/55}0 abat 1004y oy Fpmeapopty1: ﬁ%a]}?ﬁﬂna IndB&Aledi scl osed

her ei 0th PO f bout 99
%% rb?))rﬁlg \(/)vltlgee/rhtel/thgout %%rc%ﬁ%r@o (({Prxft(?g%a u%'”?%x“ gﬁ%l%ugbout 99

vvt % 168sled on the total weight of the polyfarnesene. In some enbodi nents,
t he pol yfarnesene di sclosed herein is substantially free of formula (V),

(VI'), (J00113) orin(cétthin' embdddée] théamonangifunisiulaglly &i the polydamiesene gr oup,
i.e., -CH=CH2, that is copol §mer| zable with farnesene can becytésed as a

vi nyl Wéhelfemwamqsbah% $ avt Yo meost Abett 881y atdnest PBRW Y Ukt %: At
Usef ul,yde n%&g%rw{%f St ﬂ'rﬁé"ét Qﬁﬁ%j( JORK I b s%ﬁl QEe %&QW%’of'm@?oly%Q{g In

certain e i ment's nonomnef ormJ e’ each of R5,
R6, Rinatitr Rﬁlbbdlrmemke }ﬂm‘ainmdty)f Formara (jiﬂg)amythe gokyfqmmenadfsukmsed berain i 1g abup.

0012 d d |
(030 Rk osaup stacanansing 35 s s AShs o OB vich A EeLRtion oo Wit T o
or ganylasg 515’6{1?' gbﬁwh%da{t%%{ Bydut 46 ¥Rk aitllée%@'al%{ﬂ KOGRDYAt leaﬁ?&lﬁmgﬁ Gk, &

substi t ut ed terocycl I'n certain enbodi nents, each o R6 , R7 and
R8 of léeast abdw 70 |v~)()%, z(tlleas) aloyut (750t % satileast pleovt 88 t4tyoat lqukybout (8§<wtc%u ayl

Ca bil§7t BP9 )Pt s S hngn L T oLk Y AP yRgH on OB

di al km%ghtrmaé p&pﬂmesaﬁefl ROirthéx érﬁbdcﬁ’m@ﬁts htihle @.mohﬁt 6ﬂfbﬁﬁul@r(110ﬂllnrtﬂé1t s, each
of R5 R7 and R8 of fornula S |ndependently H,

al kyl poéxfmaﬂnqusclwgimere@y@fwn@éwu wa?/wr@yput 4%%%@59@!9 outg |%@
aryl oxy, . céd w??& ;@{E@&X?ﬁwgﬁ% &IP9BQ9@%b&“ﬁ%m aBbiY1 . *7%%93' Y s,

di al ky amnocar on oxy, I'’é 'of halo. I'n certain e

of f orwiBoabdsedon thd t>6ta)1 vwigl(tW):he polﬁfaydcsemndneaurfunherla&;bdaﬁnmnsl, th8 is H In
and each

further enbodi nents of fornul a
of R6,aNRuDAAH qmluias(lm ) lpémwyfarwse&? iilé?lﬁ %ﬁ%ﬁpﬁﬁéhx%tégo E\Pf"‘o/ﬁé‘ tof RS,
R6, Ri 3&‘%5@ (9§ th.%,er' hbst dBSut l(dft?%) at most about 2 wt.%, or at most about 3 wt.%,

based on the total weight of the polyfarnesene. In some embodiments, the polyfarnesene

disclosed herein is substantially free of formula (I"), (II’), (III’) or IV?).

[00119] In certain embodiments, the amount of formula (V’), (VI’), (VII’) or (VIII’) in
the polyfarnesene disclosed herein is at most about 1 wt.%, at most about 5 wt.%, at most
about 10 wt.%, at most about 20 wt.%, at most about 30 wt.%, at most about 40 wt.%, at
most about 50 wt.%, at most about 60 wt.%, at most about 70 wt.%, at most about 80 wt.%,
or at most about 90 wt.%, based on the total weight of the polyfarnesene. In other
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.%, ét 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
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or (XV) is H In other enbodi ments, each of R5, R6, R7 and R8 of formula
(IX)y, (IX) or (XV) is H In further enbodinents, R5 of formula (I1X), (IX)
or (XV) iwohydvmesnbyl; and each of R6, R7 and R8 is H. pCm/usteovloofas t her
enbodi nents, the hydrocarbyl is alkyl, cycloalkyl or aryl. In still further

enbodi fo 7 - 0 , ') or (XV) is or
conpr ivggégkgfﬁgﬁ)@?,"%{‘/’t aosgﬁzggrt]y togdr?(é\éel ;%Eltﬁe édrwgﬁe%gé?‘ Jp%hére enbodi nent s,
none e@mbsdiméis, thYpalpthrinGend disclosad leeréihXg subistaXtiallypfre¢ ¥Morinmlao(V’ 5,qMiit) ses a
hydrocar byl , substituted hydrocarbyl, heterocyclyl or substituted
heteréW‘cY?‘l(VI[IOEIZS] In certain enbodi nents, at |east one of R5, R6, R7
and R8 of formula (1 X), (IX)or (XV) is a functional group containing halo,

O N S gjli}lg()] a Wérﬁﬁée %E'&%ﬁgfa;ﬁi@g??‘{md LOHECRY, @xep! es of suitable

function groups 1 nc hydr oxy, aryfoxy, amno, nitro, thiol,
t hi oetchpolymienizalsde withafamesenei cdo,be pised aha mary bmondifieCiof Grakiinkg/thg fanesene
-P(=0.(O aryl , or -P(z0 (O al kyl O aryl). hqsphi. nat .

(b g disai e et _bseid) syl st disqHegRRindde siiplensy e

- P( =0 d 8=y, JIalckdin enffolmidits, th&'VRGPmMBAGNES ha%%ﬁﬂunxng S(=0) 2al kyl, or
-S(=0)2aryl)’, sul fonam de (-SC2NH2, - SO2NH(al kyl'), - SQ2NH(ary!),

-S2N(al kyl) 2, - Sg 2N(aryl) 2,gsor -g8O2N(aryl) (al kyl)), ketone, al dehyde,
ester, oxo, amno (primary, sec y or tertiary), -COR2CH3, -CONH2,

- OCH2CONH2, - NH2, -OCHF2, -OCF3,/ - ’%%l(kyl%i)'f - N(alkyl) 2, -NH(aryl),
-N(al kyl) (aryl), -N(aryl) 2, 640 - al( )), -CQO(aryl), -CX®2(al kyl), or
-CO 2(aryl). I'n sone enmbodients, the functional group is or conprises

al koxywhesg gachaf RcRr.Jorand Rl ik indeeendsatly H, agergrsyhetonpyr a functional group.

al kyl am nocar bonyl , di al kyl am nocar bonyl , égykox , ni tgri le or halo. In

ot her enti®dRikntln,somesremnbeidiRents,RE leai7orenaf BRgROT Rf endrRl” af farula (1KY} IXor  ( XV)

Is or ¢C l.ses a functional oup.. I n other enbodi nents,, npne of: R5, R, R
and RSO SF AP Bepyharoun | Guther kadimgnes, the Shaiyl doln s ocayh o

car boxyibstahte@hy8RCRDYY, hetedddydBE af Bedlitute Ehdtioaydiio dardeaalembodiments,

di al kyl am nocarbonyl, gacyl oxy, nitrile or halo. [00124] |n some

embodiesemeER’,(Rie R/iang|R rgfrf@mla (BOa(Xibet (£ Y isdndspendantiydliakiled ol ef i n
; e : el Cirile.
coryt Rcfalkdl 50, SR HES DRSS froctBY A BRI A6 KBl T | ©

conbi nditdxgbarbbeyle@hinocarbohyieslkehdaodueiny], didlkylmmindcartmnghcylogy atitriie ene,
B R SRR o S 5, SO A ISR R
éoﬁgf ﬁgﬁpgﬁgémmx,' AlkyIPERIGIEY1, A1, RLIBEREnyILaIlGRANReterbepcl PEXAGK SRV RRY,

carboxy, alkoxycarbonyl, aminocarbonyl, alkylaminocarbonyl, dialkylaminocarbonyl,

acyloxy, nitrile or halo. In certain embodiments, R’ of formula (IX), (IX?) or (XV) is aryl;

and each of R®, R” and R%is H. In further embodiments, R’ of formula (IX), (IX*) or (XV) is

phenyl; and each of R® R’ and R®is H.

[00122] In certain embodiments, at least one of R®, R®, R and R® of formula (IX), (IX’)
or (XV)is H. In other embodiments, each of R’ R® R’ and R® of formula (IX), (IX*) or
(XV)is H. In further embodiments, R? of formula (IX), (IX*) or (XV) is hydrocarbyl; and
each of R®, R” and R® is H. In still further embodiments, the hydrocarbyl is alkyl, cycloalkyl
or aryl. In still further embodiments, none of R, R%, R and R® of formula (IX), (IX?) or (XV)
is or comprises alkenyl, cycloalkenyl or alkynyl. In still further embodiments, none of R?, RS,
R’ and R® of formula (IX), (IX’) or (XV) is or comprises a hydrocarbyl, substituted
hydrocarbyl, heterocyclyl or substituted heterocyclyl.

[00123] In certain embodiments, at least one of R’, RS, R’ and R® of formula (IX), IX*)
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t hereof. [00125] In sone enbodi nents, the vinyl nononer is an aryl such as
styrene, a-nethyl styrene, or di-vinyl benzene. Additional exanples include
t he functwonalwees4vi nyl aryls such as those di scl osed pgTUSRN0IPL9eNt No.
7,041,761 which is incorporated herein by reference [00126] In sone

enbodl é}ﬁ’ls % Hﬁlc 18‘1'&29?%&#% ntaxﬁ g%ta}/on% N % %ﬂ)b@gz{tled E ?f d§c§rhé/ ed from

at Iea ar nesen one dle |n m)nome efinrefers to

an unswhdimiting exymples @lfbmmw@ﬁmdnsmrge@upé ltMltldTb hydrbeﬁ&tlkmeagmpboamw bon
doubl e bond, In certain enbodi nents, | S a conjugated dlep
Dependiitigy thipltthioetsr. dmines Ayao, amidg, yb@syhoaﬁg) (61(@90@ Abky D P (R@UOrary D2,

o er PR AR IRUAT, sk HRAE (PELOYGMIIL AR ECO B0 ©

con][ g'lﬁjﬁt:@g(\@ abklyl)aryurtﬁ?i;g*@)(®myl)ml)wdrbm|@g thmh'b@nybmg?ﬂﬂﬁ S(soﬁzla}kﬁ!gl o but
not | i §€@>gaa¥ﬁfﬁs$ e SodFe asoa A ES -sERate ostemaden ¢ "0
e A .Qﬁ)ﬁwﬁmﬁmﬂﬂl‘éﬁ&%’95‘32%“"*2?2??%?Lds“maé'(?ﬂm?sffﬁéfﬁ‘?es of
such Gireértlas/)thOy(XH% 400NHa) @GHz@QNbwaﬁz, @GBEZ?—]O%neNHﬂaikyl)mtl ng

o opy A ety S NG Ditne-Siefyaine RIS T Falkahe okl EREWENY,: ene.
1- nongpecdy ?emsoxﬁ@émiaoatmgeﬂe fuctidial JS8H N6r colnﬁ}ewd%gyeuyloxy,

1- oct adecene, ei cosene, 3-nethyl- 1-butene, 3-net 1- pent ene,

4- et toprboxy, @ikmm@on&l @numqp@rbwl alkwhepmn@bomd; qhylkd;ﬁém@ﬁ@arbwe/l

vi nyl ¢ ohex n

tyol orsSleRd: RENE or Plkort AR fRBoalaRt, hOROS KRR %{bﬁ%"eéfyfo%rﬁﬁﬁﬂéﬁﬂg but

not | imxtyes (X¥)1s &rcomfirids elﬂ@qcnbna-g:temi api @hér, endbodlihenxtadicteaf R>, RS, R

1, 5- hexadlene 1, 7-oct adi ene, 1, 9-decadi ene, other C4-40 a oleflns and t he

i ke. and R erfifarmpila (B06(IFR hos(X Y his o5 compRssoientey aiyioxys 68PPEhe, 1- but ene,
1- pent §hCeve bgﬁ%lb?rﬂmo%a ghgéﬁlggfagﬁﬂg&?pdd%tdlﬁ ylaheh ibon%pgg:g THgile

f ar nesene ~i nt mer s erer n’may erlve esene and
st yr ere.halhe farnesene interpolyners may further conprise at Ieast one
C2.20 olefin, at least one C4-18 diolefin, at |east one al kenyl benzene or a

conbi nat [mznhermcsbme&mbomhenw nhaiahehosRABROSBESuLEIRSTuinsintituted
polyner|2|ng wi th farnesene include, for exanple, ethyleni ally unsat ur at ed
monomealefin gishyas gy lengas sagere,e@mrwéhel&f ymyhetheh AFLyiRRiBHe dcatlicester,

al keny Alaﬁg(ggﬂggsteﬁ% {8t KEha Gy AIRIES: LLombinttiGPHRARTE S othee! ude

et hyl ene,
embodiments, the vinyl monomer is ethylene, an a-olefin or a combination thereof. Some

non-limiting examples of suitable a-olefins include styrene, propylene, 1-butene, 1-hexene,
1-octene, 4-methyl-1-pentene, norbornene, 1-decene, 1,5-hexadiene and combinations

thereof.

[00125] In some embodiments, the vinyl monomer is an aryl such as styrene, a-methyl
styrene, or di-vinyl benzene. Additional examples include the functionalized vinyl aryls such

as those disclosed by U.S. Patent No. 7,041,761 which is incorporated herein by reference.

[00126] In some embodiments, the farnesene interpolymers disclosed herein are
derived from 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 Cq ,, aromatic compounds containing
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such as propyl ene, isobutylene, 1-butene, 1-hexene, 1-pentene, 4-nethyl-
1-pentene, 1- heptene, 1l-octene, 1l-nonene, 1-decene, and the like. O her

sui t abl e wonrzormmema4sitncl ude styrene, hal o- or al kyl - subst PCutuSA0SY498NES,

vi nyl benzocycl obut ane, 1, 4-hexadi ene, 1,7- octadiene, and cycl oal kenes such

as cycl.open cycl ohexene and cycl ooct ene. 2 S I tabl e

non- covr\ﬁ1 5%4“351%5}“ eawﬁiﬁ%?%ﬁ‘&a%"ﬁ’é’“%&sﬁ?c %shc{ygfc%%ﬁg?e}‘]l,e’ % c%;ﬁ{éa'h&c hai n or
cycl i didytopeatidivas, didaitrbéravid)ndlidifig 6ut sot mitartoOorbbmene substirmtadinl | m ting
exanpl es _of suitabl e non-conjugated dienes include straight chain acyclic
di eneghe § gaf 6position widk@djodwerocartyl g exdplpidzocarby} g&qp&di@h@, nop-limifuigadi ene,
branched chain a | i c.di enes, such as.5- | -1, 4-hexadi ene:

S 7 Giesamae of safahls oAl EeRate el S mich plefih 35 VSIS RS 08B 1 somers
of di hyi&aVith G‘fnoedi@léﬁn(ib LfR®ci nene, single ring alicyclic dienes, such
as 1,3-cyc|opent3diene; 1, 4- cycl ohexadi ene; 1, 5-cycl ooct adi ene and

1, 5-cycl ododecadi ene, and nmulti-ring alicyclic fused and bridged ring
di enes, $00d27hs $@he aby-timiinglexenplesofspitabletalefhyalr ooledi@maonomers include

di cycl opent adi ene, bicycla-(.2,2,1)-hepta-2,5- diepe; al kenyl, alkyl.idene,
oyl o tRens iy TR, prpslee e taisEnd, B0 e snteise s T hépten) 1YLEAS
et hy | e Rghede NREEQRE N Vi ecer:, ALERREIN N - 10RXAAERRAEL-0ctadecene, 1-eicosene,

5-i sopropyl i dene-2-nor bor nene, "5-(4-cycl opentenyl)-2-norbonene,
5- cy clomethyill durene? 3 moethplrkpentese, vi-mythy b1 mentsoerhe-dimetyhbhgpienadt-ene.  Of

t he di enes typicall sed .t o _prepare EPDNS, .t articul arl referred
i enes TRV UAERS vipiEonateht EBBofoad Rt snber B R, plupis el

5- Vi nWycBBLend; didpelbpeiatiene] ¥iidocténdlel, hydiens; drch@ifobutaioe lifdisB)o 13Ad

di cycl opent adi ene (DCPD). In certain enbodi nents, the diene is

5- et hydutathiere; 2 3rmenkeslienen b4¢HeXBjicne, 113-hetralicndi bAecfadne, 1.9-decadiene, other
enbodi gent s he far,nesene interpol rs.ar oL _derived.froma | yene
Such duaresielns. epd IRaRe! Ta pidin BRoliiimee e R8fin pitsolts is OB RRET-
enbodi Sjy. I _ . i rpol yners of farnesene,
styreggﬁg%hang%5€§OH§§§?$h§aé%%@q%%n-1?%???%5 eganples of suitable ol efins
i nclude ethyl ene, propylene, isobutylene, 1-butene, 1-pentene, 1-hexene,
4- et hyl {00128ht eHleg faamaseris intarpolpmersdisdoseddehain mayriesived front aifateesene

i nterpolyners d

l.scl d h ' derived f. I .
emboc ARGt ndhe HRGERs e RbusS: ik et cBmpeh B oRE Tom HBORCAT v
from qg@s&Bﬁe@Dredigl%fr;%Pat%a%{ bﬁ@alkérﬁgﬂéﬁnéo w@%%%&{m%ﬁes fabl¢ he vinyl

mononer  does fitt conptise a terpe er enbodi ments, the vinyl
Mo N0 MAfnsg@RRed @ mERdINTE Gsefal foepolehrrisRigoritle thrh¢sent inkudeefie example,

ethylenically unsaturated monomers, polyenes such as conjugated or nonconjugated dienes,

alkenylbenzenes, and the like. Examples of such comonomers include ethylene, C, , olefins

such as propylene, isobutylene, 1-butene, 1-hexene, 1-pentene, 4-methyl-1-pentene, 1-
heptene, 1-octene, 1-nonene, 1-decene, and the like. Other suitable monomers include
styrene, halo- or alkyl-substituted styrenes, vinylbenzocyclobutane, 1,4-hexadiene, 1,7-

octadiene, and cycloalkenes such as cyclopentene, cyclohexene and cyclooctene.

[00129] Some suitable non-conjugated diene monomers can be a straight chain,
branched chain or cyclic hydrocarbon diene having from 6 to 15 carbon atoms. Some non-
limiting examples of suitable non-conjugated dienes include straight chain acyclic dienes,
such as 1,4-hexadiene, 1,6-octadiene, 1,7-octadiene, 1,9-decadiene, 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-
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di pent ene, a-pi nene, b-pinene, terpinolene, |inonene (dipentene),

t er pi nene, thujene, sabinene, 3-carene, canphene, cadi nene, caryophyl | ene,
nyr cene, woinenmey46eedr ene, bi sal bone, bi sal bone, bi sal beoeus2zemgi4es ene,
hunul ene, citronellol, linalool, geraniol, nerol, ipsenol, terpineol,

D-terpineaql:(4)., dihydrqgcarveol . nerolidol, .farnesol., eude |, citral,
Do 1 BxEpbadeadion st Sl HneSione R iRl SR brid ROl en o SRR L ot e

sel i negteahydthddne@ethyi ted@hydrbindefd, Qidyelopehtddithe,bieid(Z121)-beptatxseof . 1 n
further enbodi nents, the wqr;ﬁ nononer does not conprise an isoprene.

[ 0013 3jenphalkeryl nalkplidene nevelqadheprband eystoalieyldgne norbamienss quelyas drcor por at i ng
at le ' I ' i I r .

Funct Huf1Bfe SRRSO \ARLD-bRobAR S nBRHIERE, SlooHnfiflonct SRk,
gndf di5-(aue yblcipéﬁ&hl))lr)é!—ili)@-byfdeﬁz,aﬁcbﬁﬁ%he@zh&érﬁrﬂ-F&Ibbmr?naﬁﬁ?my&gmbrbmene,and f
| -funct1 onal carbox I C_acCl an rrges, salts thereof ana ester t her eof.
Such faaﬁ@PIWdiijIeoﬁ?ééherﬂ?n%éya‘F%ﬁ/}t Bsgdite, pf%érer%l?%@seﬁ@ Dap{ i3y Vﬁ%‘%ﬁ, or

they ribheBarcPRMleXRENA (D) SLAEARRG: WiddiodReAPIEIBRIs-Afifliddnenal comononer
to form ani ntérpolyner farnesene, the functional conbnoner and

opt i omakbornate(@MNB)) Semethplens-R-nodbyrnama@INBYy amglr dif ydl ogpntadieei (BP4HD)gloups
known to a skilled artisan ca e..ysed e partj arly useful f tional
group %@mnﬁaoeuamwﬁ? 3@96 [%ﬁi@@}lgq*}?é-&%wﬁ'fens@ﬁ#e O dichorgtiine GBI,

pr esemnh oter ER®oliiitd, ARAfaireSthe iRtRSA GBI i RENRINER frofey PME'%Me sudh agone
enbodi nents, the tunctional group 1s” present in an anmount Of at |east about
1. 0 wdiénesdrichesatetraamesiand2bslikg.. o9 at | east about 5 w.% at | east about
7.5 W.% or at |east about 10 wt.% based on the total weight of the

farneseng, rpol yner. .l n. ot her Len e ' I pis

pr esent ngh]eaﬁlgltfﬁ{neoefnqogé?e qg’aﬂﬁgg%g%teggﬁﬁe\?ﬁ)?% elrgeésysgq%‘%%rﬁ}gg%?) lij30 wt . %

| ess tfaBschBOstiredd, aid )€, J, @%efir. IBumahsH limifhgéxatpley of shitable biufinsbout 15
wt.% based on the total weight of the farnesene interpolyner. [00134] Any

cat al yistludhethyleae, propyiens; isobuglenso pbutemes | -penténg, i ewxaee, damethy]-d neatensy
maki ng t.he pol yfarnesenes .di scl osed herein., Sonme non-|.im,tin | es of
suita gqe%ﬁa%slpgowﬁgpﬁ&gﬂg?ﬁ%ﬁ@? fialrlms%g W&%@@Xfﬂ s Ic’celafegrh-e@? ? %a%%{(;gz;t al ysts,
Kam nsdeyived@frahy&hplead AiniohRy eriBddinkme SR faatsehy sitérpolynero dRclosEDRErs®Nt S,
the catalyst is a Ziegler-Natta catal yst, a Kam nsky catal yst, a

net al 1a5¢ betedegiyed frpst orsy orameisthin 21afHS t her eof . [00135] In sonme enbodi nents,
the catal yst further conprises a cocatalyst. In further enbodi nents, the

cocatal yf(}Oliﬁ] a f?)ycde;tia%eém%dlﬁ%lentg,rthg rv}/nlyl %Ion%m%‘raﬁgés 1ot cgm(ﬁggé)é Q:%én%n th her eof .
other embodiments, the vinyl monomer does not comprise a terpene selected from isoprene,
dipentene, a-pinene, B-pinene, terpinolene, limonene (dipentene), terpinene, thujene,
sabinene, 3-carene, camphene, cadinene, caryophyllene, myrcene, ocimene, cedrene,
bisalbone, bisalbone, bisalbone, zingiberene, humulene, citronellol, linalool, geraniol, nerol,
ipsenol, terpineol, D-terpineol-(4), dihydrocarveol, nerolidol, farnesol, eudesmol, citral, D-
citronellal, carvone, D-pulegone, piperitone, carvenone, bisabolene, selinene, santalene,
vitamin A, abietic acid or a combination thereof. In further embodiments, the vinyl

monomer does not comprise an isoprene.

[00132] The farnesene interpolymers can be functionalized by incorporating at least
one functional group in their polymer structure. Exemplary functional groups 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
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In still further enbodinents, the netal is alumnum lithium zinc, tin,
cadm um berylliumor magnesium [00136] In sone enbodi nents, the catal yst

i s an or geoabiodr4em r eagent. Any organolithi um reagent PhEUSCE/084969 as a
catal yst to polynerize olefins can be used herein. Some non-limting

exanpl. | t-ahl roanel i t.hi r h nel " Ut 1Lt hi

ceabut TR SR etV R R o SRR Spd BpboiERy R B letS). 1
Lewi s Axpssarisifor gridéingMabétiorAMeroApo knswaltd £tkitled Sniven oargbaodedt lOnem reagent s
are disclosed in_Zvi Rappoport et al., "The Chem stry of O ganolithium
Conpowatisulariyyseful furpmtional gipwep iggnalers anbpdride. pot h of whi ch are i ncor porated
herein by reference. [00137] In sone enbodi nents, the catalyst is a mxture
of an or gaes) t hipd Qrﬁﬁﬂ.@%?ihe%ﬂct?on'aﬁgggﬁ ??és%m iAtNe Ff\iSnd1BR8 firié&denean
deaggregat e organol1thiumreagents, kP g them nore sol uble and nore

r eact iimerpotyanerheaysarg. Harseine.entbodigemteghe uhctipgal rgpount isipresentinggoramamer al | y

h |j thi di,nat i d b
Coor amgat e BPonof et hah GHEARLT R A e GaRer oKt 74 Al ERNGO8AEHB! es o
Sui t aki®, Lewi $D3E0ut 16 W96, bhserd N%&b%e%ﬁpwghm fhe)fabsee ifRigolykaovm as

t et ramet hyl et hyl enedi am ne or D v
', N' - pérer smbotimaits they fusaional graupds pRFETIAN an gpwunkeilessthan abersiHavt ons

cat al &0 R ST a et &> S AL 20 R Jehs T g

honoganees, bidsed Ha ke ) oeli FR v She fahesdieciptegpolidmkt.a cat al yst used for
pol yneri zi ng the pol yfarnesenes di scl osed herein is a heterogeneous

Ziegler-Natta catalyst. Some useful Ziegler-Natta catal ysts are discl osed
in J . B34l zi Any extalyplthat ceRPRINRIIZEH GOPRIVISELS ?%??S&H%?an '?faﬁ-’r?gefg‘s

Col | e%aﬁﬁﬁ){ﬂe%%g%es glfscg)%?dr gé'r% 9&0@‘1@0&%?&1%%%}1 L& Rable Pol ymer

Chem stry,” an -l uctron I t1on, rsity Press, pp.
236- 245talys899 ) ludb ot danofithiim céugants, Zegler-dattatcethlyses; Kiamibskyraatadysneml [ 00139]

Het er ogeneous Zi egl er-Natta catal yst.s general | 0 I se ( a transition
ot ol SRR GNPy TR ERERETIeOm 5 S, PR ZiS BT AAL S  an
Organg@ﬁiﬂk@ Gatf) ﬁpym@anbe@?weasawaoaa%hﬁ;limftfoamlaé@yps | to Il of the
periodic table. e transition netal conpound is referred as the catal yst

while the organorret allic conpound is regarded as the cocatal yst or

act i vat of00138k tInseuietangiodiments, the apjalysdiugbareeamprises 8 ppeatalyst. dnfuthgr and

one embodiments, the cocatalyst is a hydride, alkyl or aryl of a metal or a combination thereof.

In still further embodiments, the metal is aluminum, lithium, zinc, tin, cadmium, beryllium or

magnesium.

[00136] In some embodiments, the catalyst is an organolithium reagent. Any
organolithium reagent that can act as a catalyst to polymerize olefins can be used herein.
Some non-limiting examples of suitable organolithium reagents include n-butyllithium, sec-
butyllithium or fert-butyllithium. Some non-limiting examples of suitable Lewis bases
include TMEDA, PMDTA or sparteine. Some organolithium reagents are disclosed in Zvi
Rappoport et al., “The Chemistry of Organolithium Compounds,” Part 1 (2004) and Vol. 2
(2006), both of which are incorporated herein by reference.

[00137] 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
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or nore anions and |igands. Sone non-limting exanples of suitable netals
I nclude titanium vanadium chrom um nolybdenum zirconium iron and
cobalt. Ssomoranidedm ti ng exanpl es of suitabl e ani ons orcCriusasd®odione! ude
hal i des, oxyhal i des, al koxy, acetylacetonyl, cyclopentadienyl, and phenyl.

compl Sy EeifRe PRk By BSERRe (IR RERR APEAReb YR SAGRIBRRREL,

ynerizatron ca can used
her ei TMED®RYJ BIN, ¥, Nt N&-peritgmethyidiethl icfiegiaiiea(PMDT AYJ spaktgideiands, al kyls, or
aryls of metals, such as alumnum lithium zinc, tin, cadm um beryllium
and n&gRbHatians tsrofnon-1imiti ng exanpl es of suitable cocatal ysts include
al unoxanes (nethyl alunoxane (MAO), PMAO, ethyl al unoxane, diisobutyl

al unxanglo 384 kwh%hﬁgepg@dﬁﬁémgL{ﬂﬂ%tgw igﬁtﬂaéleﬂ-wagﬁlﬁﬁ | Sddaydig), um num

di et hyl um num c trimet umnum- trilso al um nu

t ri octAi¢dériNattaicgtalysts eambé hetarmgenéduis-obhbmopaieons. bt fomdenbpoddiments, thand

et hyl zj.n t - but oxi de d the like. Oher.suitable cocatal ysts include
2ci o s NALE CRN oA A PO r A e ROTHATBARE SR oG BISIIAds gener al |y
conslt %Ete%%eQU&MiE%lgfim&a BhtaRRN ESbrhO uRFH IO e Per-Natt i catd (stsARERisBIRBed inD. t i Ng

exanpl es of such mpounds include lithium o
t et r alBoof g @eglét-Nattooh@hysts dndrRod netizationsiinSaunders College Publishing, pp. 1-

tetraki af | uar e al um.nat e . ey s .

ant | B el SR BRIERY S eRobfise s feodictig” b BHOM i ¢ ng
exa”m@éfoﬂfUﬁi%isﬂ?'P@esﬁ,O?}ﬁQabmtSE(199%9bdtﬁ‘b|fudﬁ:lﬂdremb;§lfraﬂ&&$wreiﬂﬂbyh i ncl ude
boron and one or nore alkyl, aryl, or aral kyl groups. O her non-limting

exanplref§repcesui t abl e cocatal ysts include substituted and unsubstituted
trialkyl and triaryl boranes such as tris(pentafl uorophenyl)borane,

tri phen e, l - 0- : 3 | sui tabl e
por bn- oo \RaP n b EloRBi R A UEA s Ry L Red iy oS (7R ogh iR Ros.
5, 153 ,m&dl, compbA8d 46hprisingd ah ePiiend Hom poups B toWilEhamer @) amorgapomatadlic her ei n

by ref . [00141] | t ai dinents, the. Ziegl er-Natt.a catalyst
o bEOTIRRNER BRI a Gl s EXoHeE d s J O BgrnsriOgic e e o6 BT OB A Bl <
are dic%ﬁ-*p%ﬁﬁ&jisi x@fe?%rhgglﬂ'f@_ Extal YR RSthe BP@hMﬁE%fall%ﬁé%\ﬁM,is flpaldeliag@uct i on, "’

Third Edrtion, X University Press, p. 251 (19 which is
i ncor pocatalyst drerctivatohy Thetrarsgimenefabodmpiunitgsnenap spmpniagsed inglal prd geter al | y

a material inert or..substantially.inert to olefin I | zat 1,00 tions.

on- | s ghioea Al LEGE Shinehontiblifsxitafs 3 plbN Rl Lo R,

al um RAnsdGH, BSroafkilihYRbBbdahuf] Acoalith, Tidi Hdelobalt USbMa nogilimiéiag magnesi a,
examples of suitable anions or ligands include halides, oxyhalides, alkoxy, acetylacetonyl,

cyclopentadienyl, and phenyl.

[00140] Any cocatalyst or activator that can ionize the organometallic complex to
produce an active olefin polymerization catalyst can be used herein. Generally, the
organometallic cocatalysts are hydrides, alkyls, or aryls of metals, such as aluminum,
lithium, zinc, tin, cadmium, beryllium, and magnesium. Some non-limiting examples of
suitable cocatalysts include alumoxanes (methyl alumoxane (MAO), PMAO, ethyl
alumoxane, diisobutyl alumoxane), alkylaluminum compounds (trimethylaluminum,
triethylaluminum, diethyl aluminum 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
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ki esel guhr, fuller's earth, clays, alumna silicates, porous rare earth
hal i des and oxyl al i des, and conbi nati ons thereof. The support material can
have a suwbaow/ar4a bet ween about 5 nR2/g and about 450 m2rgiS2emw/oceser m ned
by the BET (Brunauer-Emet-Teller) nmethod of measuring surface area, as
described. Br unaue P, H. it nd E.. Tel | er rpal. t he

Aner i é%ltg enl%%%‘for qné[)g?rage@?n%ggmﬁ(f&sﬁﬁe%%ﬂ% ”P%%f(%rgéfrgggfgltea ieher ein by
r ef er epcdtalybtd afoThcl 8 Opansitranes! Whichufidladebdbran®@bné bEmSLPHRYL an@t@ri al is
bet ween about 10 nR/g and about 350 nR/g, In further _ enbodi nments, the

sur f acElkylgioens. (Qthesnppbmitingae@mples ofsuiiehloeesatalyes inchrlembsfityicd adout 300

n2/ g. T gﬁ i rticle size

r angi r#@g%giﬁﬁlt% %ﬁat“%ggg ?(Ii)ﬁa ohﬁ[nﬁg%)uc%a%rtgg@?m@%%ﬂ%%oﬁtjbg "To about 250
m cr onfiphdnyiboraeptti-n2tylborahe) bind ZROlike. CTIps3s and othier adicible Bdtoh-@onfaimihg 150
m crons, fromabout 20 to about 120 m crons,_ from about 30 to t. 100

mi cr ors§catalysts opastsiers ardeseribadoniU SoP#k Beemsl 33y golr?]gef@tl e%Pdoigg ];%éd bul k
densi t f | al f bet ween about 0.6 and about 1.6

g/ cc, %éf%%ﬁﬁlé%%bﬂf@%{py%ﬁﬁéé gut .eg@r(g%bc, bet ween about 0.8 and about 1.4
g/cc, or between about 0.9 and about 1.3 g/cc. [00144] In certain

enbodi me[i0d41} hdnexattainyesbadsreenthcthe Ziegler-Nattacaatly st sen be irkpregnatkg onat al yst ,
al so known as, ho eneou iegler-Nattg catal yst...The Kam catal yst can
be- s SHPPU FRisaLeSTBr SUrLR Hopot s AR G m Ml B GRd terern
W th WPeBWRSIANGE MR Snahfo ity Sh @3 hiR BaiEibh, GtforSUMB Kyl Fredsy pc2gial ysts or
honogeneous Ziegler-Natta catal ysts are disclosed in Ml colmP. Stevens,

" Pol y@99Vhwhichtis incomerated hergincky wherencehi rd Edition, Oxford University
Press, pp. 245-251 (1999); and John Scheirs and Walter Kam nsky,

"Metallo a | eflns: ' . Pr | : nol ogy

Vol une 1W?Eysﬁ%0 ?‘Rﬁlg{t%ﬁ%f‘ 5 %}nﬁ%ﬂf@% %lgflgﬁgglp ggﬁg?{éﬁﬁﬁ‘éﬁg rl1 fgﬁr ef erence.

[ 0014 Ylefimpsignterieattvacieastivns., Nohdinfaing rsuyipleabéibyittblessippatiineatémals mekudeg t he

pol yf ar n& ene di scl osed herei.n cgn']ori,ses t.ransi tli on- rre}.al at om.sandw ched

bet weaflEE By Mach Al inA guch 39 ASHUREL AMNHng PRI AR ith S9E8RT R ky

cat al e ; ; i lidegnsi tion

net al M?%S.e gﬁﬂl’?rﬁl ,lér%%gtrﬁ’ éIli%l 2 a@“?‘égﬁgﬁﬁggﬁ% e‘%m’%&“ ?tmglaﬁsy;IMdo§yga 1Tgorr’bi nation

there camipir@ons thardodyr r pport netgrial can hamet ag | o a Kam nsky
h aingd cambir@pions therdodr rideeupp jal hawvetdanfagerbredibetveen, aboed I nsk

O ite A PP eD Y e, sepriehsd oY 1Fe BB LB OB LBl 1l ThelRbd 881 "0

measuring surface area, as described by S. Brunauer, P. H. Emmett, and E. Teller, Journal of

the American Chemical Society, 60, 309 (1938), which is incorporated herein by reference.
In some embodiments, the surface area of the support material is between about 10 m?%/g and
about 350 m%g. In further embodiments, the surface area of the support material is between

about 25 m?/g and about 300 m?/g.

[00143] The support material can have an average particle size ranging from about 20
to about 300 microns, from about 20 to about 250 microns, from about 20 to about 200
microns, from about 20 to about 150 microns, from about 20 to about 120 microns, from
about 30 to about 100 microns, or from about 30 to about 90 microns. The compacted or
tamped bulk density of the support material can vary between about 0.6 and about 1.6 g/cc,
between about 0.7 and about 1.5 g/cc, between about 0.8 and about 1.4 g/cc, or between
about 0.9 and about 1.3 g/cc.

[00144] 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
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is Hor alkyl; Mis a transition nmetal {e.g., Zr, Ti or H); X is hal ogen
{e.g., d), alkyl or a conbination thereof. Sonme non-limting exanples of
Kam nsky wataloyrtradshave formulae (XVI1) to (X X): (XVII PCT(US2000I09495ANd
(XIX), wherein Mis Zr, H or Ti. [00146] In sone enbodi nents, a cocatal yst

cocar aryerhch ABPp SRS Sorae Koo T RRRU AR e 8 e By M6

met hy | catalyst$ars aise 1 dsbIND Malolhni s Séevens, i Polypidr CHemiinioy ad Thawiingion, JBHiRY al
formula (CH AAOnNn, where nis from1l to 10. MAO may play several roles: it
al ky| dtdigon {erferdUniyeesity Rsesscon-240-253) (1 8%?)aem%@l@r§/®ﬁirﬁ@%wmr with methyl
gr oupsy .| r j A j P where the
Qat i o iR o 2 SRR St e e B T Mo U St o
as weakélymedq Wil¢ya2000), dothast. wihckrareiacdrpoiatddrigrein dypefesenct. MAO i ncl ude
formulae (XX) to (XXI): [00147] In certain enbodinents, the catalyst for

maki ng the farnesene interpol yne j scl Qsed herein.is_or conprises a
met al | océq{g"ggt a]isnys_é’fn.e ff%l?%l?%‘?té’l _ Sg%ﬁéng‘é't% ¥t Suighle Eﬂr_ fﬁ%’éngﬂlei n Tae Qan
AhN eipsdt?'_;/famegémcﬁiic:l&séh'h@féix?f:oxﬁ?gé&% BinsidhlfetaPdtinYsahdWichBd BetWka! | ocene

cat al and 1ts olefin polynerization behavior,"” Polymer Engineering and

Sci enderro@ge7ing sructli?7 I b88:9 pmbadinets theSS aminsky aatdlyshtanche néaresensiky

"Met al | ocene- Based Pl yol efi.ns: Preparati Pr Al _@n echnol ogy?
Vo un TR GTEYE Lot ShGE IV o1 & HRRSROREERT Het btk T & TR @or ance.
[00 148@13,' Akt arcofiBRQfioNBRréof; hA® OpRS alféfsRenf Gotp! Msfurtherfthbsdmea@NP! exes
wth a transition metal centre conprising a transition netal, such as N
and Pdhe Kaminskyloptalyss bas frmplag@\d8: conpri si ng al pha-dii m ne or diketi nine.
In further enbodi nents, the netall ocene catalyst has formula (XXI1):
wherein Mis Ni or Pd. [00149] Ip sone enbodi nents, the catal yst used
herein is or conprises a netall ocgne €&t al yst beari ng nono-ani onic

bi dentate ligands. A non-limti nrrpl e of such a netall ocene catal yst
has structure (XXI11):(XXI11). zFO8EZ0] A n ot her enmbodi ments, the catal yst
used herein is or conprises a nenalletMene catal yst conprising iron and a
pyridyl is incorporated between t 'ﬁe groups giving a

R

R (XVI).

wherein Z is an optional divalent bridging group, usually C(CH3),, Si(CH3),, or CHCH; ; R
is H or alkyl; M is a transition metal (e.g., Zr, Ti or Hf); X is halogen (e.g., Cl), alkyl or a
combination thereof. Some non-limiting examples of Kaminsky catalysts have formulae
XVII) to (XIX):

<@ o Qe
Ao Gl ~al M%
@I @ %/
(XVID), S (XVIID), and S (XIX),

wherein M is Zr, Hf or Ti.

[00146] 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 (MAQO). MAO is an oligomeric compound having a general

formula (CH3AlO),, where n is from 1 to 10. MAO may play several roles: it alkylates the
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tridentate ligand. A non-limting exanple of such a netall ocene catal yst
has structure CXXIV): [00151] In sone enbodi nents, the catal yst used herein
is or compoizsepaeaet al | ocene catal yst conprising a sal iPCyltismm@owmas al yst
system based on zirconium A non-limting exanple of such a netall ocene

romopatyarceaf biat itk fiting widackonR T RefRRBREEI RrochlR 481 FOSCTE

of . ( @htabaidi AigvaidmapaieS pMCH; UM AROS i vilidr€ tHeU@ibniomdiery-if eomsiddred| e car bon
source by using a m croorgani 5@4\ and (b) polynerizing the farnesene in the
pr esedeWopsible foppalyinerizationankMd Q cacts 35 weakdy saqrdingtipg ARIgN, SERSIWent s,

the f i r b Sgl ;&?{ L IyhSy. prepared by a process
conpr?{s‘ﬁﬂﬁgggﬁ%‘l‘@@8?%’%‘6?‘?%@%@?1‘%(3 gﬁggg@e froma sinple sugar or
non- f er nent abl e carbon source by using a m croorgani sn and(b)

copol ynerigj ln/g/tme\ la/rneeeL@A'M\l east one vinyl monomer in the presence
of a catal y8K§ &gg h&rcel M [ 00154] In sone enbodicmnts, the
> hey

di|§ ¥

(o . CH i .

pol yf ar 85 el s“@l\ heY'®, @ 1S prepared by, polyIELi @nh; farnesene in
t he present \oﬁca/c'g%w@—t,/mhmbnftgégagmlbr?t Bf)f e Cig T 4?‘5)2 .

m crostructure in the pol yfarnesene i t nost about 80 wt.% agxxmgst about
75 wt.% at nost about 70 wt.% at nost about 65 wt.% or at nost about 60

w . % baf#d43h tIneettoinadmbusiimbntshe titelysiofoy irakmmestha darngsens onterpolsmoeti nent s,

the b-farnesene.is copolynerized . with a vinylL nono to forma farnesene
copol YHEISSER §oGi B o Rl e e He Aot SAER T elocERs FREAEAIE T urt hor
embodifiRNdsed if T8e DAh PEHEA Q. CMBHY OB or & PZRERFINBRNAMPR with HRERBIocére
certain enbodi nents, the po1yfarnesene di sclosed herein is prepared by

pol yeatadyst gnd its aldfiamebararézation bakavieresBelymepEngingering gnst Scipraeed3N 7).te

anount Cl S 4 0i.craost i h [l j m about 1
ot 5% (3Lt SR fon SoPHE] AR Wb Sl QAR AR Do bpleghe L out 20
. % tRrepdraiion OProplrtibs, drndoTechholsky,3 ¥ olimeol | WiklyqRo0®Obsth oFwHiclpareabout 40
.%to about 99 wt.% fromabout 50 wt.% to about 99 w.% from about 1

w

wt \

Wt . % tipcopeateddrein byreferegss-about 1 wt. % to about 90 wt.% from about 1
wt.%to about 80 wt.% fromabout 1 w.%to about 70 wt.% or from about 1
w

L% to ﬁhﬁ%] 60 Ytheflembodiments, the metallocene catalyst comprises complexes with a
transition metal centre comprising a transition metal, such as Ni and Pd, and bulky, neutral
ligands comprising alpha-diimine or diketimine. In further embodiments, the metallocene

catalyst has formula (XXII):

(XXII),

wherein M is Ni or Pd.

[00149] 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):
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based on the total weight of the polyfarnesene. In sone enbodi nents, the
a-farnesene is copolynerized with a vinyl nononer to forma farnesene
copol ymerwolzoioaehesn enbodi ments, the vinyl nononer is sPETAse009lomIsurt her
enbodi ments, the farnesene copolymer is a block copolyner. [00156] In sone
enbodi nents, the pol yfarnesene di sgl osed herein can be hydrogenated
partially or conpletely by any genating agent known to a skilled
artisan. For exanple, a saturate arnesene can be prepared by (a)
pol yneri zing a farnesene disclosed|h ﬁﬁjn in the presence of a catalyst
di scl osed herein to forma poly Nekené; and (b) hydrogenating at |east a

i he pYal

i fenty

portion of the doubl e bonds jm arnesene in the presence of a
hydr ogenation reagent. In s Srd ,

with a vinyl nmononer disclos erein jorm a farnesene copolyner. In

ot her enbodi nents, the vinyl monomer iS5t ¢X&kH)- I n further enmbodinents,
the farnesene copolyner is a block copolyner. In still further enbodi nents,
the farn [ - ar 5 . j ' :
[00157] T ¢ S, L el B e (1

t he proastyst eomprisinpyronagd agtyridyl isatarysrated ibetvemeweribonk grenpsgivirgsa

hydr ogenati on, catal yst is.Pd, Pd/C , PtQO2, PPh3)2Cd .2, Raney ni ckel or
a conti %&t?tsﬁlgﬁwi:rédP?‘ll“H“B‘ﬁe?xéWBIfo‘?F?r?Bﬁ*f:”‘"ﬁ%@fgé parardlyst 13 sty o) yst. In
anot hexggodi ment, the catalyst is 5% Pd/C. In a further embodinent, the
catalyst IS 10% Pd/C in a high pressure reaction vessel and the

hydr ogenation reaction is allowed to proceed until conpletion. Generally,
after conpletion, the reaction mKLt¥ye can be washed, concentrated, and
dried to yield the corresponding|hxg ogenat ed product. Alternatively, any
to a CC bond can al so be used.

the farnesene is copol yneri zed

For exanple, the pol yfarngsend canlbe hydrolenated by treatment with
hydrazine in the pres a catatyst ~§ S
5-ethy|-3-nethy|ILMﬁfL!S!i? um pefthi%rat e nde)\ an oxygen at nosphere to

gi ve the correspondi ngvhydr ogenat ed products. e(X¥HVktion reaction with
hydrazine is disclosed in Inada et al., J. Am Chem Soc, 127, 14544-14545

| ! Fscl od her ei oo
Caboa refSUISTL: Sl BeR GHRE A THE RN LEGFRAER ol dBbPks & PebiBene
di scl agedydiesbising arfseliéiditint Qatalist ©Btene Based dnrfrcEhiGnb oAdeniimikingdr ogenat i on

in the presence of a catal yst and hydrogen_at. roomtenperature. In other
enbodia¥emple ofzfuch a metallocené catalyst has’structure (XXV):

,f S
"\
o=e
2 (XXV).
[00152] In some embodiments, the farnesene homopolymer 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) polymerizing the farnesene in the presence of a catalyst disclosed herein.

[00153] 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
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| east a portion of the C=C bonds of one or nore of fornmulae (F)-(IH),
(V)-(M1"), and (XI)- (XIV) and stereoisoners thereof is reduced to the
corr espomaipngii@2@ebonds by hydrogenation in the presencecofUsacoavasyst and
hydrogen at roomtenperature. In further enbodinments, the hydrogenation

| ' 0% Pd/ C. |00 | | | vl '
Ctyrene. | AL omCERUAMSrifLI B freseRh pRL BRET B¢ HED Pronblir MeprBRALET 1 0,

a contyfaahiabyst HiRCloseS hertin. ot her enbodi nents, the farnesene is prepared by
using a mcroorganism In further enbodi nents, the farnesene is derived

froma sinple sugar or non-fernentabl e carbon source. Farnesen 00160] The
far nesen@%c[iéﬂ] bdhgemesarpodiments e gglq?aggesgpe diselgsgdeher ‘%HVpﬁ’i?gf%d known to

a skil | . ' ' ' fiyom a
choni GoAThER P LalBs RN RTTIBAEBE 5 ey, WHCRES Bl STl L
synt hehicrostrattaeedin thepaly feenesendisdit meost shout B8 wtdb e swose absutfieptelogat st
fractional_distillation of petroleumor coal tar n further enbodi ts,
the 1 ADAASTEHe 2PEHADRE B Wy Ok ACWASICREH 24 Hoth e PR LHe e

non- | il boIHErRSEHP! 18 Bine}tthBIthEnt NBEBTaInSHRL D BbpdlyMBHARDWIR alisAS |
dehydrating nerolidol wth phosphoryl chloride in pyridine as described in
t he amogrmineerihy foxnea faEnesene topalymer: Sprothes simbodinients; theyvinyymppomer isand
(2)-b-farne " Aust ... J . em. 23(10 2101-210 1970), which is

i ncorp F%?eeag&gﬁlé?rﬁ"ﬁi?qrg?@?’gﬂ%g&f‘fﬁﬁ%i?aqungrdﬁr@%i?%o‘%)lpﬁér#eg; the farnesene
can be obtaiped or derived fromnaturally occyrring, {erpenes that, can be

or oduced U] 58] wildeeTainiesbpdynenipdhe BolvEaheseas disslgset Bere i REFRABOTY,

coni f a0 esd . A F e cid-at

beet | gj'??yr?er mé%gégglﬁgségﬁﬁggge}r %ﬁgg?piﬁﬁ%ﬂr %éyg# tgjﬂa%lrﬁng(?rs{?ft bgﬁghc’%s al gae,
spongesicrastmetuss inrthé¢ polykanesanelist frarh abp@O1GRYo B@bait ¥ wt.Padigsaliabdutil Oor

Copai ferg trege i | s0.kno the, di ese ree d_ker ne 4,ree, It has
b RSy P BB WS B S35 od 50 T KB S Bt

Copai foort. 4! B8mEouPI® WS taboat 98 walYR,FRdm @bolteIOPSN% tB B H@OHY WOk fiof i t S
wood and | eaves. Generally, one Copaifera tree can (produce fromabout 30 to

about about § wePetogibonePdenhée,dtam peoutylent- % tpebawH0 wetrp & #hqus 1 vdvedP so be
obtai n f sonife nd. .S i o, e I b .} Si on
o0 . PRSI AR SR AR RSO0 0 Btk
based on the total weight of the polyfarnesene. In some embodiments, the a-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.

[00156] In some embodiments, the polyfarnesene disclosed herein can be
hydrogenated partially or completely by any hydrogenating agent known to a skilled artisan.
For example, a saturated polyfarnesene can be prepared by (a) polymerizing a farnesene
disclosed herein in the presence of a catalyst disclosed herein to form a polyfarnesene; and (b)
hydrogenating at least a portion of the double bonds in the polyfarnesene in the presence of a
hydrogenation reagent. In some embodiments, the farnesene is copolymerized with a vinyl
monomer disclosed herein to form a farnesene copolymer. In other embodiments, the vinyl
monomer is styrene. In further embodiments, the farnesene copolymer is a block copolymer.
In still further embodiments, the farnesene is a-farnesene or B-farnesene or a combination

thereof.

[00157] In certain embodiments, the hydrogenation reagent is hydrogen in the

presence of a hydrogenation catalyst. In some embodiments, the hydrogenation catalyst is Pd,
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vascul ar tissue. The majority of conifers are trees, but sone conifers can
be shrubs. Sone non-limting exanples of suitable conifers include cedars,
cypresseswodowghkas4firs, firs, junipers, kauris, |archeeCTaiSe@s/,00498egwoods,
spruces, and yews. Spurges, also known as Euphorbia, are a very diverse

wor | d"ﬂd?@ ﬁe?@bou ﬁﬂ%gﬁnggé)pﬁgka%rta o}n%?na%l%ﬂ % ﬂ]rl cyrr A e&ﬁ hphaceae).

Consi sting d 8Cres, spurges "are eTS genera in

t he plthatatklysigsamd c[a&Dﬁlen difvehdr @hibodinént] the dataBsaisi e Pﬁ@elmﬁmﬁnfhear e part
of a larger class mpound cal |l ed terpenes. A large and varied class of
hydr o@m*wéﬁgenti Be ﬁeﬁab@t 18&@%8@%% high y?é%é‘éfe rﬁ%ﬁ%{lé@iﬁéh@&d h§equ| t er penes,

d' ter th ﬁq%tenétﬁﬁ%{;&ﬁfnﬂﬁgﬁéwe& {d fr6ERg ic@ﬂé{eﬁgﬁr @?%Hﬁ%%l%m r BOplepioRENES .

arnesene can be |so erive terpene oils for
use i nhé reactioremettirel dau detwashed, [cOfdehiratednarkdricad to yeelt dlsk creretspondihg f ar nesene

is derived froma biolopgical source., |ln other enbodi nts e f.arnesene
can bé‘YSH{g&PﬁE‘EIPTOrdBFﬁ AARermafively, 2p%irednsing ageBt AL BT e AU @319;“ 4808

furthes @agl AR bSuseliNEof ARFIENRe b§lgﬁa¥r§9s%ﬁ@garpb'e f0b kéagoﬁtr@ﬁhkmcapabl e

of makl ng arnesene W th a carbon's e under conditions suitable for
maki ngwtthbydrazmeaenhe pr¢seckad]a oatglyst,ambras Seatinyd &3 -misthtylluamiflipanigonver t ed i nt o
one or {5’ Ig enoi d _conpoun n .be used her enbodi ment s,
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nonosacchari deor a di saccharide). Some non-limting exanpl es of suitable
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conbi nat ome non-’11m exanp sulrta e di sacchari des
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I ncl ude st gl'ycogen, cellulose, chitin and conbi’hati’ons ther eof
[ 0016 {XIVhend stgaoisemietsibereof tsrrechwdcdngther@nfeapomimgﬁ@ (E:hﬂndsebyf ound in a wide
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[00159] In certain embodiments, the vinyl monomer is styrene. In some embodiments,
the farnesene is a-farnesene or B-farnesene or a combination thereof. In other embodiments,
the farnesene is prepared by using a microorganism. In further embodiments, the farnesene

is derived from a simple sugar or non-fermentable carbon source.

Farnesene

[00160] The farnesene can be derived from any source or prepared by any method
known to a skilled artisan. In some embodiments, the farnesene is derived from a chemical
source (e.g., petroleum or coal) or obtained by a chemical synthetic method. In other
embodiments, the farnesene is prepared 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 AnetE. F. L. J.,
“Synthesis of (E,Z)-a-,(Z,Z)-a-, and (Z)-B-farnesene,” Aust. J. Chem., 23(10), 2101-2108

(1970), which is incorporated herein by reference.
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kenaf, potatoes, sweet potatoes, cassava, sunflower, fruit, nolasses, whey
or skimmlk, corn, stover, grain, wheat, wood, paper, straw, cotton, nany
types of welzbulnssiwast e, and ot her bionmass. | n certai nPemusdioa®msy t he

suitabl e crops or sources include sugar cane, sugar beet and corn. In other
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cell culture conprising at |least a Cl15 isoprenoid in an anmount of at | east
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cul t uiedbafl. Rareen whobe) bt s O BRERGR PR beBhih ifludod? ol

f er nenin@ne08PGEsdrallly, ¥he Copaiferadreeeah prétise fiokesbdve 3@ itd1abgd@D 1iddrs Afly
fermentor that can provide cells or bacteria a stable and opti ma

envi r HPERR Oil RERYFAEh t hey can grow or reproduce can be used herein. In sone
enbodi ments, the fernmentor conprises a culture conprising one or nore of
the cel | 00d63k| oBerperteceilsi qan alse hstdhszinedviyomi aenifers, andispurges.neaniders belopei ses a

Cebr S AL e b L4 D AR AR

ntror cC rrses a

capablas@flattisgh® OTEinbjoritfR o @fiferd Ard Greks GResiROydifepheaibadieults ¥dme | n
certain enbodi ments, the fermentor conprises a cell culture_copprising at
| east nenchimitingsppmplss @f switable eamsfent ingludg cedass cypreptsst daualas-Bts, HES: | east

about .5 wt . % u Y a 0 at | east
about 13’6‘%&53 %%Lé%aﬂggcg‘%%’rﬁ’? é}etd%& gp@v%é?ugcﬁ%’ a('r)n? %’t%\h(sa ?gﬁge%’%l%%krne. 050171] The

f aci | iEuphotbia,fane & ery diverpe iwsddeide getnosiof plastschglamgieg af thewpufgadamilyng t he
fuel conmponent or fuel additive mthe G isoprenoid,, such as .

a-far r@é‘@h@?‘aﬁgaﬁ r FQBYHENE ?#earbc??m %ﬂﬁ% BFCFRSRBSSP Ao hlE Ogt“?%féf%ﬁ%gﬁ?ﬁgﬁ Tonpri se
a rea%gglailpkin%mgrati ng the nerolidol or farnesol to a-farnesene or
b-farnesene. Any reactor that can be used to convert an al cohol

[00164] The farnesene is a sesquiterpene which are part of a larger class of compound
called terpenes. A large and varied class of hydrocarbons, terpenes include hemiterpenes,
monoterpenes, sesquiterpenes, diterpenes, sesterterpenes, triterpenes, tetraterpenes, and
polyterpenes. As a result, the farnesene can be isolated or derived from terpene oils for use

in the present invention.

[00165] In certain embodiments, the farnesene is derived from a biological source. In
other embodiments, the farnesene can be obtained from a readily available, renewable carbon
source. In further embodiments, the farnesene is prepared by contacting a cell capable of

making a farnesene with a carbon source under conditions suitable for making the farnesene.

[00166] 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
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into an al kene under conditions known to skilled artisans may be used
herein. The reactor may conprise a dehydrating catal yst di scl osed herein.
In sonme ewbadiomemes, the structure further conprises a RCYAIS2000/06498¢ ai ner ,
and a mxture of the dehydrating products fromthe dehydrating step.
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2007/ 139924, which are incorporated herein by reference. a-Farnesene
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et al chitll{?mcgn@g%d&tﬁé}e&df (2004) b- Far nesene [00174] b-Farnesene, whose
structure 1s Is found in various biological sources including, but not

limted hi M
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r epel |ceops orBoaesnberat hyn-limitiag eranples bﬁsumHE dropsnorfs8irdey include sugar
b-farneseqpﬂé%thase Some non-limt qg exa s of suitabl ucl eoti de
sequerf@BS Ragatse RGN %é\ﬁgaa&e%tnw&% n&l SXGEBETaRE PEHEY XN Fer i t a)
and ( &%ﬁgp§8§toe'd‘r §V@é€\§ 3tRENMNava %%ﬁﬂavgla‘ﬁqmeincﬁz{sses Rne) of e ﬁﬁlk?ccﬁﬁ( 9):
961-967 (2 Far nesol [0,0175a] Far nesol’, whose structure is is found

var i omoxb;'r,cgr@lgu, wheatswood, gepem stram) m:gtonnmenx typandf esdkidoseivedstepand otheom

cintrqnella, (nerol.i, | anen,.  le rass, tuberos and rose.
&1 ondiipeas Jh Spaain smbbra dhe FBHKSROTY SURFh BT IIE L ORR 8% ar nesol
synt hasgt andddten. nBﬂo&lbmrhbdtﬁnﬁﬁ@”mk%ﬁ%&fsoﬁtébﬁ@&&n@ jaige beaiolaigessequences t hat
encode such an enzyne incl ude (AF529 66; Zea mays) and ( YDR481C,

Sacchar ofpig8] C€AG\bhSkARentabte €arBBAYourke is A PRbIELHUROMREHNRLT Ve &fifferted

by the organism into ethanol. Some non-limiting examples of suitable non-fermentable

carbon sources include acetate and glycerol.

[00169] In certain embodiments, the farnesene can be prepared in a facility capable of
biological manufacture of C;s isoprenoids. The facility can comprise any structure useful for
preparing the C;s isoprenoids, such as a-farnesene, B-farnesene, nerolidol or farnesol, using a
microorganism. In some embodiments, the biological facility comprises one or more of the
cells disclosed herein. In other embodiments, the biological facility comprises a cell culture
comprising at least a Cs 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. In further embodiments, the biological facility comprises a

fermentor comprising one or more cells described herein.

[00170] 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
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Bi ot echnol ogy 128:149-158 (2006). Nerolidol [00176] Nerolidol, whose
structure is is also known as peruviol which is found in various biol ogical
sour ces iwoOloovmgieessential oils fromneroli, ginger, |&sEiuseooloassender ,
tea tree, and | enon grass. Biochem cally, nerolidol is made fromFPP by a
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conceniehydratimg stépt he cat al yst used for naki ng the pol yfarnesenes discl osed
herei n depends on many factors. In sone enbodi nent, the concentration
ranges f [(mrlﬂa]oOlJT he(]nlﬁiymhemqimdess opmiakingt@ isopreabritonifiiingds arechsslessdper

conceit UL iAo AV Tote el avenitaamanambgt Osp0oReRgali e P6T (e i
W t hi rPu%ﬁ}{ﬁ{cﬁ' Nﬁ'ihBé&’s@@otzbosﬁ\a@B% axttPWG 200993804, AhRBNré id¥otddistegxanpl e of

sol ution polynerization procedure for farnesene honopol ymer is outlined
bel owhereif by mefsemee.such as b-farnesene can be added to a sol vent

a-Farnesene

[00173] a-Farnesene, whose structure is

/l\/\)\/\)\/

is found in various biological sources including, but not limited to, the Dufour’s gland in ants
and in the coating of apple and pear peels. Biochemically, a-farnesene is made from FPP by
a-farnesene synthase. Some non-limiting examples of suitable nucleotide sequences that
encode such an enzyme include (DQ309034; Pyrus communis cultivar d'Anjou) and

(AY182241; Malus domestica). See Pechouus et al., Planta 219(1):84-94 (2004).

B-Farnesene

[00174] PB-Farnesene, whose structure is

N A Z

b

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
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such as cycl ohexane to forma solution in a reactor which may be optionally
under a nitrogen or argon atnosphere. The solution can be dried over a

dryi ng ageot2osueieas nol ecul ar sieves. A catal yst such asTarsgamobisshi um
reagent can be added into the reactor, and then the reactor is heated to an

el evat e fure il all oy IS

e evat SR ey MY Bl aro SRR hAOkb Gl ASLLIA0.AE chalRsians,

r eact ieapyrie iiclude (ATFOZ%iSQMériﬂhcax pip@nwya@dQAYSBemurteﬁmmmﬂnum tSeeg exanpl e
of solution polynerization procedure for farnesene interpolyner is outlined
bel owP lwuﬂéﬁﬂ]eséﬁ’é?cﬁﬁwwtra’s“gﬁ85111—%@6%0@11 be added to a sol vent such as

cycl ohexane to forma farnesene solution in a reactor optionally under a

ni t r odiamesel ar gon at nosphere. The farnesene solution can be dried over a
dryi ng agent such as nol ecul ar sieves. In a second reactor optionally under
ni t r ogen[08178) gdiaradsol) syltvse struauredb ut i on of styrene in cycl ohexane with 10%
is simlarly prepared and dried over a drying agent such as mol ecul ar

sieves. The styrene is polynrerized|by a cdtal yst such as organolithium
reagent at an elevated te o Substantial portion of
styrene is consuned. Then, the farnesene solutlon is transferred to the

seconq g g@ﬁ%ﬁ) bario’®ibi% (f:tai hrdes éﬁéll}gﬁﬁg%&gs raﬁ?%sel‘l‘f‘%l'dllsq{'dm efntdnslbst ant i al

portion arnesene | consume orosi | ane coup i ng agent
(e. 9. ,nefblf; bl clamen, temby Igsdsk atnberose, ind rabec IElmcrheand:vd]yefam&ol fsamadedfiierd FPRt o t he

second reactor to form far esene | terpol Pol ene nposi tions
[ 00182Y afwelrsilgse shelsan ylﬁ‘éhaﬁ‘%ego?lﬁnﬁil ‘ﬁ%lF‘BgB %&QFH §‘EWQF(C:)orrp03| tions

for nwcféstlaégéﬁycegfmﬁ@9&5&%@99& eniﬂﬁa@fﬁ%d@ TRPSRIREL Sea Waps)RRIY T ar nesene

conmposi tions conmprise the polyfarneséne disclosed heréin and ‘a second
pol y &l DR48AC; Seadtranyad derevisine).| BecBongailn AppbediBiethestistohendol yf ar nesene

conpo t|o S co d polyner. In other enbodi nents, the

pol yf ’ﬂ@g gﬁ%%@ﬁ%f%iéﬁgg)not conprise a second polyner. The second
pol ymer can be a vinyl polyner or polyfarnesene, a non-vinyl polynmer or
polyféﬂﬁﬁggﬂ , or a conbination thereof. Sonme non-limting exanples of

Vi nyl polériers and oI yfamesenes are disclosed in MalcolmP. Stevens,
" pPol ymer [(8126] stN?fO idel, WhosHTHEYBAS Third Edition, Oxford University Press,

pp. 17-21 and 167-279 (1999), which is incor orated herein by reference.
Some non-limting exanples of suitable secong polyner include a polyolefin,
pol yur et hane, pol yester, pQ ) i nmer, phenolic resin,

is also known as peruviol which is found in various biological sources including essential
oils from neroli, ginger, jasmine, lavender, tea tree, and lemon grass. Biochemically,
nerolidol is made from FPP by a hydroxylase such as nerolidol synthase. A non-limiting
example of a suitable nucleotide sequence that encodes such an enzyme includes AF529266

from Zea mays (maize; gene tpsl).

[00177] The farnesol and nerolidol disclosed herein may be converted into a-
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

[00178] The polymerization of a farnesene or the copolymerization of a farnesene with
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pol yacryl ate, pol ynethacrylate or a conbination thereof. [00183]
enbodi nents, the ratio of the polyfarnesene to the second pol yne
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enbodi nents, the second polynmer is a polyolefin. Any polyolefin that is
parti al | y00180} ot Alnoy-lanitipg ek fnplevafisbiutioa pplynydrmanels priecduy foefanssene

Non-1limti t | yol e | ud | yet hyl
SRt e e
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pol y- 4- net

pent ene-1; polyi soprene; pol ybutadiene; hexadi ene;

i nt er pmlaygmr gmoepheve dThe sotutodretamie dnurct eveyal mgggq@rsuvbas ﬁnxbﬁmulﬂréfqvns and
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homopieidario aH efevagd Rsthyahtuyd emd,allst aysabeRitif pertion of farnesene is consumed.

The farnesene homopolymer can then be precipitated from the reaction mixture and dried in a

vacuum oven.

[00181] A non-limiting example of solution polymerization procedure for farnesene

interpolymer is outlined below. A farnesene such as B-farnesene can be added to a solvent

such as cyclohexane to form a farnesene solution in a reactor optionally under a nitrogen or

argon atmosphere. The farnesene solution can be dried over a drying agent such as

molecular sieves. In a second reactor optionally under nitrogen or argon atmosphere,

a

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.

40



pol ybut yl ene, pol ypentene-1, poly-3-nethyl butene-l, poly-4-nethyl pentene-|,
pol yi soprene, pol ybutadi ene, poly-I,5-hexadi ene, pol yhexene-1, polyoctene-1
and pol yosoens/a2746400187] Sonme non-1limting exanpl es of PSWitSadm®04959

pol yet hyl enes include ultra | ow density pol yethyl ene (ULDPE), |inear |ow
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densi ry—%g%%%m%@%a , high density pol yethyl ene (HDPE), high

nol ecul a | ght,_hi ensi t ol yet hyl ene (H DPE), ultra.hi nmol ecul ar
el ght . pISOYERRY | TSR eisf <Bhb¥ ettt o Fenesshe CBRE R IPTR ¢ 1 ng
exanplgge 9£riét9|oYHﬁ5§lR~)é{i8ﬁ‘s‘$SIri SrhdEabbaWed AN tHetpo L IRINS BRIV hipasitiohHPP) , hi gh
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pol yf APNeseRE o ons do no rrse an
addi t ipebyfimeydhet arealiftddsedin Maleolo PiBtyvesls) 1Holymert CVeenaistry, wayinbeduseok,’i n t he

pol yf arnesene conpositions disclosed _herein. n-limti exanpl es of

0 1 e R Gor R GEs P B, 1grak enchis T AT {203 svIgtaSaParBoateds | o
agent = L n Sirni [ £ . | QX ] agents,

bl oni ™28 bk FALRAES, 2o B SimiRhg kil b ouiGDle LA P CheMRd TPRe) o v
st abi |poh@iefin, polytirathanee pglgester, polyemide, styocenippajyeet,phepalagening (e. g. ,
trialu%& 06§nur%a%%, | ubri cants, Entho ing agents, flow aids, processing
ai ds, PORACHMEPAlYEthactyials Phg coghmaton TRl | 'nki ng agents, stability
control agents, nucleating agents surf%céants sol vent ?1 flage et ardant s,
anti st at [©0183kntlg cegain coehndiments.Jhe ratiodidhs polyfrragsenerinsthe secon ¢ of the
addi ti; C r FRH %. out

0. 001 JArpm Aout ¥ ’9939@55‘?‘?3??‘23%‘? 5‘8‘3{‘5%'5&%@ 289 o%({?l’ao% tafbégn?'%{)gﬁgogﬂ %to
about 250Ror frommbabioli 0 i0abomt 40dut 40% or from about 10 % to about 50% of
the total weight of the polyner conposition. Some polyner additives have

been desgyi in Zweifel Hans et ai, "Plastics Additives Handbook Hanser
Gar dner &{%Bﬁﬂat oREe & SHREE U © EfﬁOBfl P%E/H}eéd? ?P?d)lg'otefﬁgi')g;’ . |e®??'li?r§e’
| Ncor RRIMESY188, 8h Bthylenerf-6lefin @memaghﬁa, £0bpdlgin¥r of ARYISHY arfdopriopyizhe,y, the
pol yf arnesene conpositions disclosed herein can conprise an .
and a copolymer of ethylene and vinyl acetate (EVA)), polyurethane, polyester, polyamide,
styrenic polymer (e.g., polystyrene, poly(acrylonitrile-butadiene-styrene), poly(styrene-
butadiene-styrene) and the like), phenolic resin, polyacrylate, polymethacrylate or a
combination thereof. In some embodiments, the second polymer is polyethylene,
polypropylene, polystyrene, a copolymer of ethylene and vinyl acetate, poly(acrylonitrile-
butadiene-styrene), poly(styrene-butadiene-styrene) or a combination thereof. The 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.

[00185] The weight ratio of the polyfarnesene to the second polymer in the polymer
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,
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anti - bl ocking agent. In sone enbodi nents, the polyfarnesene conpositions
di scl osed herein do not conprise an anti-bl ocking agent. The anti - bl ocki ng
agent carwbeouwsedisto prevent the undesirabl e adhesi on beChRasR0W0OMISY Ng

| ayers of articles made fromthe pol yfarnesene conpositions, particularly
under t Any
ant 1 - SRR A BuEl R AR o), TRk 2 SR 3G PERPERBNES 108, 1Y
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cal ci um w18 atlﬁ)sonéwﬁimﬁim@n@uhé §&oﬁ@ o( & is a polvERERC(Any pdlpstefn ace
Davi son, F%%Igp nbi a, nat ur al lica yﬂl UEM FLOSS (r ?&EHICEIIte
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parti dnethyl Bu@mm pol3rtt- M&U&MTGHCT’%WB’ISOMWHP hutadrspeAmly-)5-heyadicagne
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ol eam earam de, enam ene- s st ear a
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si eves, and combi natjons tggreof The m ner al ariy s can. | ower Dbl ocking

by cr SAEEfPLodpRGEs.dhe Peliplebadise Bamapelygles suc Pdens gahipEopylene,
anti - ;Wé&ﬁ&h@gs%ém%w ] ,”ﬁl& aL ﬁnefh?!)ﬂd?@nesy gpw:@ xﬁahgflbeatené«wgaﬁgoﬁeﬂ@s' on.

Where "u unt o e ant l'ocki ig dgent in the pol

conpogiolybmadiane, palyf I, Hiresdsbierte, golghemneilhanlyoctbne-dbmdmoa'dm%e-l‘ r om about
0.0001 to about 2 wt% from about 0.001 to about 1 w% or from about 0.001
t o about [(D187M %8@he hing lihmiting exumnislbd oftduithble pobleyhdenes cmrqimdfi tliralow Sone

Addl 1 145880 RgRTs (WLHBES. IEaion dogy pPeRerSTzre (o-RRirats oefy o orh -
edi ti Ceﬁks?gfg B?mz Pﬁ'@gﬁln??éisﬁ?%o()%%ne (MDHBE), high a&l@ftf%@% 1dagr ei n by

refer t1 onal polyf arnesené conpositions discl osed
her ei (HERE)chighmialecudampiveight lug]z densitlyrpodyeatharetie, (FEMW - éﬂ?ﬁ’Eﬁ) nlraligha cheni cal

of - porper S8 waigRplEehuiee PN P and S tiaids Bibet arme ppRebRRE e or ¢
may bexagged of o y:B?olﬂﬂll%rl\éE HINRRABR déﬂ@ippgd)lyp&wleﬁe %EDPPFdné‘rﬁd@isﬁy

Nonllmtln exa | asticizers include mneral olls, abietates,
adi patI@é){Pralb)H?me IFB)natgé:smeléz@mwﬂ@ﬁolypm&a@égM%ﬁPbalil%@réampﬁ%f fins,

citr attﬁésx’eof’? RS 91% mb%ld}/l%glkts %Bpgé’c%né'ﬂgl}&&'? g orecsbtn%rﬁes high-melt-strength
polypropylene (HMS-PP), low density polyethylene (LDPE) or a combination thereof.

[00188] In some embodiments, the polyfarnesene compositions disclosed herein
comprise at least one additive for the purposes of improving and/or controlling the
processibility, appearance, physical, chemical, and/or mechanical properties of the
polyfarnesene compositions. In some embodiments, the polyfarnesene compositions do not
comprise an additive. Any plastics additive known to a person of ordinary skill in the art
may be used in the polyfarnesene compositions disclosed herein. Non-limiting examples of
suitable additives include fillers, grafting initiators, tackifiers, slip agents, anti-blocking
agents, plasticizers, antioxidants, blowing agents, blowing agent activators (e.g., zinc oxide,
zinc stearate and the like), UV stabilizers, acid scavengers, colorants or pigments, coagents
(e.g., triallyl cyanurate), lubricants, antifogging agents, flow aids, processing aids, extrusion
aids, coupling agents, cross-linking agents, stability control agents, nucleating agents,

surfactants, solvents, flame retardants, antistatic agents, and combinations thereof.
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gl utarates, hydrocarbon oils, isobutyrates, ol eates, pentaerythritol
derivatives, phosphates, phthal ates, esters, pol ybutenes, ricinol eates,
sebacat eswo=oi0fnsni des, tri- and pyronellitates, biphemrgir/usesnowatisyes,
stearates, difuran diesters, fluorine-containing plasticizers,
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Pl ast iHdnz er al,," PlingicT dddipivkt Hehibopk, Tidansat GardBenPuldicatighs, Ghntinmaty QHe@04) ,

whi ch Js i.ncorporated herein by reference. .[00192] In.sone enbodi nents, the
pol yf 2ith Eﬂ’é(m&}wh B8PS elﬁg’ryéFﬁL%‘ﬁFi‘%hﬁFer onpri se an

anti oxi dant that can prevent the oxidation of Gi),ol yner. cqomponents and
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to a . | ngr | - r 1 :nesene
ool Aly Q1 08 e kO bt S fiond e pplotet
ant i oxfodmintemprisd ardentiablookihg agent. Hihedatiddockingagens caohbessed|té ptevent the

bheny 4R dEH i priaveen FpPinedas 5 Bhers s e espotyfitiesen U1 ©¢
tetr a%Hﬂ%Eiti%xs??aﬂ&?%a?l?%leﬂlﬁioﬂfra%}ﬂeésﬂ?e ardd¥Rat BRENPO4Sragl ClamiTacture or

2,6-di-t-buty met hyl'phenol; I, 3,5-trinethyl-2,4,%6-tri's(3",5 -di-t-butyl-
4' - hy disex b anti{blddkimgagent knstwatol 3 pgrsen ofordina3skill ain the-dastmypy ba added to

nydr %ﬁ{%&l&%@},{‘;?g&ﬁ%ﬁ% E‘s‘fghcgﬁgﬁggeid. REONZRGEN o293 es bF QM- HoRRinge! 9Y-
oct adegyhts $ncPudd mimehil e g. AclBys] ERAY Candnareim chiodate), IsRARBEXEIGY g%,

commercially available from C ba Ceigy); phosphites and phosphonites;
hydro@YIa@B\é@@\éa %’H%) naiyipl sHiepi(a 4t iSE}PsElfﬁBpé&%. Waer e

> fsemAopes Ravisen dealpmhia,
d. . e . i be f
nbour T CRIR Corolagblics it bmaRaRA) fid (% POPYTRY QETTRATT LpBReCSN OF, o O
f r om ateitdnntil 000),te0kies (4. g. ISTRERN AT *firomiDegossh, Parfippartyg Napout 0. 5 wt % of

the total weight of the polymer cqnposition. So anti gxi dant s have been
descr iahapinppiligaies teeg-» %ﬁp@ t frgm MIZ‘FSP&?tIP‘&SU)Qi @EF\@S’%BU%RM » Hanser

Gar dn iccati IR el t j t i d [k 1- 140

(2001 méite) €2, ICHRBOREAE! BIR Omybih flanid GAPIpeRA pEARHE palic 8109

enbodiEROS BARE heol pa@hethyd metbamplate) ppoisidsi froms Nipsa Sisdaibaie Tekyp, Japan and
TOSPEARL?, silicone particles from GE Silicones, Wilton, CT), waxes, amides (e.g.

erucamide, oleamide, stearamide, behenamide, ethylene-bis-stearamide, ethylene-bis-
oleamide, stearyl erucamide and other slip agents), molecular sieves, and combinations
thereof. The mineral particles can lower blocking by creating a physical gap between articles,
while the organic anti-blocking agents can migrate to the surface to limit surface adhesion.
Where used, the amount of the anti-blocking agent in the polymer composition can be from
about greater than 0 to about 3 wt%, from about 0.0001 to about 2 wt%, from about 0.001 to
about 1 wt%, or from about 0.001 to about 0.5 wt% of the total weight of the polymer
composition. Some anti-blocking agents have been described in Zweifel Hans et al.,
“Plastics Additives Handbook,” Hanser Gardner Publications, Cincinnati, Ohio, 5th edition,

Chapter 7, pages 585-600 (2001), which is incorporated herein by reference.

[00191] Optionally, the polyfarnesene compositions disclosed herein can comprise a

plasticizer. In general, a plasticizer is a chemical that can increase the flexibility and lower
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optionally conprise an UV stabilizer that may prevent or reduce the
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exanplgmbiationt HiRBdof. WHheRE a5EdS tHerand@iBNihe platicizdein the beBMiet cPmPositibs such
as netal oxides such as iron oxide, zinc oxide, and titanium dioxide, m xed

et al cgmbqér@m eeatss Fhap| (erabort Hawi%: fipgrabent0.8 (ie Abens 19wt 24 fTompakaut 1
th hy :
Bona. 1o aR8R SR BE RS RUARE B FITARRE oot A, SBhe HERELALBARRERED, |

Corfpotdw@beﬁhﬂmﬁfg@rwwpﬁch FHdadb ok @gsticzersiidChémDecBublishign@otantes, net al
conpl exes, nonoazo salts, naphthols, b-naphtho]s apht hol AS, napht hol

| akes, Cﬁ@OW‘@li‘eQm%@r@%@eg’ IC&H{S H%HOHW%'ﬁf‘ gin &Feé?fﬁ?eones qui nacri dones,
and qui nopht hal ones, and conbi nati ons thereof. Were used, the anmount of
the col oHEHtJZbr i sgmsrembodiments, pibqa pﬁb{fare@ﬁ(?p%@mp@wl@wlﬁféoqeﬂ Sbout

about 5 oEAR o EAS o PR e ki BB bt T T,
Sone mﬂ@&gdiﬁéadiﬁl\(ﬁesbﬁﬂ[b ptﬂﬁfarﬂdsatt ¢ompbsitione) Agrastiexidaht knowal tasitpecsn

Addi ti ves_ Handbgok, Ga Publ i cat lons, Cncinnati, I 0,. 5th
editi o8 or@ﬁgms@ﬂl Hghe Elégj’é@’ @l%{dﬁgio thspetyfamgpinerompositions F]8§ Hefein by

refer i limiting examples of suitable antioxidants include aromatic or hindered amines such as

alkyl diphenylamines, phenyl-o- 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 polymer 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 to about 1 wt%, or from
about 0.001 to about 0.5 wt% of the total weight of the polymer composition. Some
antioxidants have been described in Zweifel Hans et al., “Plastics Additives Handbook,”
Hanser Gardner Publications, Cincinnati, Ohio, Sth edition, Chapter 1, pages 1-140 (2001),

which is incorporated herein by reference.
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[ 00195] Optionally, the polyfarnesene conpositions disclosed herein can
conprise a filler which can be used to adjust, inter alia, volune, weight,
costs, amdpaniwecdsni cal performance. Any filler known t®@Ca/ysesomosd
ordinary skill in the art may be added to thepol yfarnesene conpositions
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rheol ogy of the nolten polyfarnesene conpositions, to inprove the surface
finish ofoomolpednauithé @SbodkREhs) tht Bolydarhbdchdt8mpbatiShssdist1séc@mepdinfi | | ers

or pignents. Any | ubricant known to a person of ordinary skill in the art
may beopsiddalty QQ:m}Pﬂtﬁ@ qﬂﬂlmtrms@mentdbww@s ichangesthellonkl i eeipplyfasnesene
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pol ypredpyiplesef wrikable colarantsAr Pigmenty ioliidei iporganisMigmenias anm%fa SHEESy ner s
and cuph kbR BRidkHE Bkine A Rartl AR iokiBE, ATRYMefloidie, agi%ﬂ 6gaL in the

pol ymer conpositlion can be from about gre€ater t out Wt % from
about digdnit 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 polymer
. composition can be from about greater than 0 to about 10 wt%, from about 0.1 to about 5
wit%, or from about 0.25 to about 2 wt% of the total weight of the polymer composition.
Some colorants have been described in Zweifel Hans et al., “Plastics Additives Handbook,”
Hanser Gardner Publications, Cincinnati, Ohio, 5th edition, Chapter 15, pages 813-882

(2001), which is incorporated herein by reference.

[00195] Optionally, the polyfarnesene compositions disclosed herein can comprise a
filler which can be used to adjust, inter alia, volume, weight, costs, and/or technical

performance. Any filler known to a person of ordinary skill in the art may be added to the
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about 4 wt% or fromabout 0.1 to about 3 wt% of the total weight of the
pol ymer conposition. Sonme suitable |ubricants have been disclosed in
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Publ i cations, G ncinnati, GChio, 5th edition, Chapter 5, pages 5 11-552
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ordinary skill in the art may be added to the polyfarnesene compositions disclosed herein.

Non-limiting examples of suitable lubricants include fatty alcohols and their dicarboxylic
acid esters, fatty acid esters of short-chain alcohols, fatty acids, fatty acid amides, metal
soaps, oligomeric fatty acid esters, fatty acid esters of long-chain alcohols, montan waxes,
polyethylene waxes, polypropylene waxes, natural and synthetic paraffin waxes,
fluoropolymers and combinations thereof. Where used, the amount of the lubricant in the
polymer composition can be from about greater than 0 to about 5 wt%, from about 0.1 to
about 4 wt%, or from about 0.1 to about 3 wt% of the total weight of the polymer
composition. Some suitable lubricants have been disclosed in Zweifel Hans et al., “Plastics
Additives Handbook,” Hanser Gardner Publications, Cincinnati, Ohio, 5th edition, Chapter 5,
pages 511-552 (2001), both of which are incorporated herein by reference.

[00197] Optionally, the polyfarnesene compositions disclosed herein can comprise an

antistatic agent. Generally, the antistatic agent can increase the conductivity of the
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organic blowing agents include allphatlc hydrocarbons having 1-6 carbon atoms, aliphatic
alcohols having 1-3 carbon atoms, and fully and partially halogenated aliphatic hydrocarbons
having 1-4 carbon atoms. Non-limiting examples of suitable aliphatic hydrocarbons include
methane, ethane, propane, n-butane, isobutane, n-pentane, isopentane, neopentane, and the
like. Non-limiting examples of suitable aliphatic alcohols include methanol, ethanol, n-
propanol, and isopropanol. Non-limiting examples of suitable fully and partially halogenated
aliphatic hydrocarbons include fluorocarbons, chlorocarbons, and chlorofluorocarbons. Non-
limiting examples of suitable fluorocarbons include methyl fluoride, perfluoromethane, ethyl
fluoride, 1,1-difluoroethane (HFC-152a), 1,1,1-trifluoroethane (HFC-143a), 1,1,1,2-
tetrafluoro-ethane (HFC-134a), pentafluoroethane, difluoromethane, perfluoroethane, 2,2- _
difluoropropane, 1,1,1-trifluoropropane, perfluoropropane, dichloropropane, difluoropropane,
perfluorobutane, perfluorocyclobutane. Non-limiting examples of suitable partially

halogenated chlorocarbons and chlorofluorocarbons include methyl chloride, methylene
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conposition. Some slip agents have been described in Zweifel Hans et ah,
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Chio, 5th edition, Chapter 8, pages 601- 608 (2001), which is incorporated
her ei n bj00281kr elnseme embodiments, the polyfarnesene compositions disclosed herein

comprise a slip agent. In other embodiments, the polyfarnesene compositions disclosed
herein do not comprise a slip agent. Slip is the sliding of film surfaces over each other or
over some other substrates. The slip performance of films can be measured by ASTM D
1894, Static and Kinetic Coefficients of Friction of Plastic Film and Sheeting, which is
incorporated herein by reference. In general, the slip agent can cohvey slip properties by
modifying the surface properties of films; and reducing the friction between layers of the

films and between the films and other surfaces with which they come into contact.

[00202] Any slip agent known to a person of ordinary skill in the art may be added to
the polyfarnesene compositions disclosed herein. Non-limiting examples of the slip agents
include primary amides having about 12 to about 40 carbon atoms (e.g., erucamide, oleamide,
stearamide and behenamide); secondary amides having about 18 to about 80 carbon atoms
(e.g., stearyl erucamide, behenyl erucamide, methyl erucamide and ethyl erucamide);
secondary-bis-amides having about 18 to about 80 carbon atoms (e.g., ethylene-bis-

stearamide and ethylene-bis-oleamide); and combinations thereof.
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conposi t iwoxotieeiseased herein do not conprise a tackifi ecT/usngoomedtosy i al

that can be added to an el astoner to produce an adhesive can be used herein

as at acrd(ﬁgg Iﬁos%erle (Jdugkrﬁtg e gféﬁggén??st aﬁén@% d& rv§itl1t 'QQAtHQ?e nat ur al

and nodi eS| ; ycero nat ur a
modi f iatighatissgroup aaﬁﬁgtbbtywe‘en lerantlabp@d Wb@f atom (¢4 steafanﬁdeanch pol yt er pene
resin or a hydrogenated polyterpene resin; a phenolic nmpdified ter

resi n tshenanpige) dgaﬁmr@alh@érmmn%s imegeabis;a R i39Hde path wequgag phat i
hydr O%ZI?E%E]E élgog#) Eo@%mgn%:é/tg&ﬁg 8&9{: goﬁj 185 YA UbYSle bPRA SR betdef 9%& lhBout

hydr o rogena derivative thereo an aromatic
nmodi f i49cdcaphonpdiadnt Ce. 9. emy:amcdial andlolédantidaly dmcfuahé:rcumboelanmts,rtha sliyy eigeng &t ed
derivatjve thereof; or a cgnm nati on thfneﬁ certai n,enpodi nents, the

t acki fRreRary amide having aflgash 40 cabarajonas rtﬁgr ﬁsﬁmm Rigathe Pageftjﬂ%at er
t han S:Quc%;’ndg Q1&amide s@&:arﬁﬁe% ﬁaxﬁf&e My e Bis-stEfFaide, 8thylBRRDH- ed in

accordance Wth ASTM 28-67 'S |ncor porated herein by reference. In
cer t aialeaamidediteneyltegyucantide.ttwbknyl ieescahude or R&BnbluamgnihH@Oﬁolm@ partigulart o or

greater .than 800C, ..as neasured i ordanc th ASTM,28-67.[00205] In
certaleﬁn@%ﬂ {SLip agepd lﬁﬁ%‘ﬁﬂpldg}f &}P g’i’ \fll\dﬁnﬁrﬁseﬁboffliﬁ%gr RbSene
cormOSdoEmﬁa&aﬂySa%lm@hmﬁg:h frall® nhme kiiéh asamMHR%sAtmﬁ Udidenvd, EXeftergbout
70 wt. % from about %to about 60 wt.% fromabout 1 wt.%to about

50 wt B@lgmm,fAR;hvmﬂidH? ﬁ@mLA\k@o dobel Bajpmer Ghemtcaby, Ghicpge H-aKEMAMIDE: o5 t o
bout f o 0.1
a}t O(lf/o fgom%ﬁ%o e%&rv(v) a(gf an O%I%Oﬁ]AMpBE‘@%%&r%{% E@rsf{% 97, Wh%fg \?ﬁgg#&lel .
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25 w out on the tota he conposi tion.
[ 00206Jolyaner camaddsitiont FemEadlipf apents émnebennﬂnsmbadanivmlﬁa& Hass: dr dlerElastican

conpri a , such, a roI Iow mol ecul i gh
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comprise a tackifier. In other embodiments, the polyfarnesene compositions disclosed herein
do not comprise a tackifier. Any material that can be added to an elastomer to produce an
adhesive 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 8§0°C,

as measured in accordance with ASTM 28-67.
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i ncl udes farnesene-nodjfied polyners prepared by copol yneri zing one or nore
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chai ns00ePT AEE te abeutiRee bumstaht REthertpia! cMPREMNE- nodi fi ed pol yner di scl osed
herein can be crosslinked by a cross-1inking agent disclosed herein.
[00207] 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

in the polymer composition can be from about greater than 0 to about 20 wt.%, from about

0.1 wt.% to about 15 wt.%, or from about 1 wt.% to about 10 wt.% of the total weight of the
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i ni ti Fhedsde-racdifie@gbBineddipiepaied bl eopblyierizing ovetor mdre ifardesege withtorier
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cor onangreramil manemers Nk gviainembadimanty the usmogified pelyraersdesived fienhthe

cataly L 002/ 0
132927 %%\Iof %é)g%"@?'g%b @%p%éaﬁlgo a%?ééggwaﬁétﬁﬁgcrﬁgé lg'lBPg{):ﬂt r%n 1Zﬁlmlulsir%r adi ation
met hocfarthéra:&nbbalnnaﬁs Usome of theesrieastinda toshed fvirtylh endnoxerd hasran ri3Sdfatdd side

I rradiatjon e acconpllshed by t he use_of h| ener I oni zin

el ect r'bAS, camﬂf P {Ragiieg Withyacross-hinkine agentBeqayse %ﬁ?ﬁfqdc%@% }’é‘g‘bﬁ t he

|1 ke anfy &Pf’f@hﬂﬂ% 8 cdNE! RO barn AL Hidibhid &kﬁeﬁ a@ass&r&rammxseqrdw. to 70
nmegar ads dosages. Fradi ation source ca beany el ectron beam generat or
oper athnkgdbyaacrmssdgmr(g‘a@luodmsclmmlhﬂrdzlovol ts to about 6 negavolts with a

power output capable of supplying the desired dosage. The voltage can be

adj ust ed[00209)prdkrtaincenhisddimsntathe Amoayt dfahe famnesenanpﬂhe farﬁ@ﬁ:n@OO 300, 000,
1, 000, 00Q _.or 2, 000, 00 3, 000,.000 or E 00 000 or l\/any

0 I
ot her mefifiedpolymss d}spxoaeﬁ heteings Sromy akqut { Wit de abpwt 29 \%W 'c}fw?l{ e ar
The | rw'tgabaﬂ l'OWUﬁBWab%ﬁE[ W4, Wihbdk 73 wp@a%np@adue@ rwta»m&ab&ursegar ads

to about 35 negarads, preferably between about 8 to about 20 nmegar ads.
Fur t hewt,%t fremi abloadl atti% o atzomt léewtc%r ffmmdlbouttl vt by torabent B wtdb, ardoom about

terrperatug | t b eratures X 0 Cto
about ot & togutd Y89 badhibin, P oraPVEient SERS TopieRFmodifiaf FATRIE 1 1 o
out afc;tﬁ‘ér eﬁtb%airﬁ&n@ thé RROLABIItRNoRS ortrh@re&ftﬁeraiueyl mi¥rfotaers th fe Pirateneed
enbodi nent, the farnesene interpolynmer which has been incorporated with a
pro-r adod;ﬂdqi 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 famesene-modified

polymer.

[00210] 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.

[00211] Irradiation may be accomplished by the use of high energy, ionizing electrons,
ultra violet rays, X-rays, gamma rays, beta partiéles and the like and combination thereof.

Preferably, electrons are employed up to 70 megarads dosages. The irradiation source can be
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Is irradiated with el ectron beamradi ati on at about 8 to about 20 negarads.
[ 00212] Crosslinking can be pronoted with a crosslinking catalyst, and any
cat al yst wbabiowi2ide4pr ovi de this function can be used. SeCTAlst@9vatad ysts

general ly include organic bases; carboxylic aci ds; organonetal | i c conmpounds
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di but with B @baecdwper, capghable oy lsﬁpmﬁlng (tlﬁd)@ésﬁed abﬁgedulse ﬁﬂ&igatcan bs hdjmmd $o
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cyanurate, dicunyl peroxid I-tert- er oxi de, ufyl pérbenzoat e,
benz oydndgeweitiethperaturas fer hgammpé}"@(tmout 6(b°u€ yinay eksocbt@atpéQdeePtvf¢rabJUhyl
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I nvention are corrpounds whi ch 'have pol y-functional (i.e | east two)

noi et iiedradiathd adth@lagtrogbamrradiatipn podpun § tqﬁabquéagtmﬁtgﬁ@dﬁr o rad additive can
be introduced to the farnesene interpolyner by any nethod known in the art.
However , [@2dRfr aﬁquslirﬂcéng)cmbeaptoaubtﬂéd Wilhés)os'sﬁnking catdlysednd any catalyst er bat ch

concentrate co | Si t.he same e base re the far esene
"t or ABFOHEBroPRE g AR eRR OF potd cApiiabla IS GG D e ST B

nast erQaidxilit acids! Ahinophetalit 86mPotnds iAE1AHIe SPgaled GlAhateeEEEESmpIRRESSE ONn the
total weight of the concentrate 00215 The at | east one pro-rad additive

|s |ntqadmwdesmf leade cohslty irannis eZmﬁ ynedlb@t&ltmddawmdtoctm@nélﬁa@l y, the

ea e te to
about BoyEFHRCRale PO gk BRI sPaB Ritont Beh@T| G0 bt Pesn
wei g htzﬁkﬁéaﬁﬁﬂbte@&ibalfﬂﬁbhméﬁéterfﬁw thie fik@ rrrné)cmaly& (Gﬂﬁllitﬁr@&matalﬂsty)as ght
percent (based on the total weight of the farnesene |nterpol ymer. [00216]
| n addireseahin peaiplytie a@ﬁmﬁewwﬂw&amm&bouw BExpndiahon 003R Phfso be ef f ect ed

by WV irradi ation. The nmethod conprises mxing a photoinitiator, with or
wi t hout §00213] Representative pro-rad additives include, but are not limited to, azo

compounds, organic peroxides and polyfunctional vinyl or allyl compounds such as, for
example,. triallyl cyanurate, triallyl isocyanurate, pentaerthritol tetramethacrylate,
glutaraldehyde, ethylene glycol dimethacrylate, diallvl maleate, dipropargyl maleate,
dipropargyl monoallyl cyanurate, dicumyl peroxide, di-tert-butyl peroxide, t-butyl
perbenzoate, benzoyl peroxide, cumene hydroperoxide, t-butyl peroctoate, methyl ethyl
ketone peroxide, 2,5-dimethyl-2,5-di(t-butyl peroxy)hexane, lauryl peroxide, tert-butyl
peracetate, azobisisobutyl nitrite and the like and combination thereof. Preferred pro-rad
additives for use in the present invention are compounds which have poly-functional (i.e. at

least two) moieties such as C=C, C=N or C=0.

[00214] At least one pro-rad additive can be introduced to the farnesene interpolymer
by any method known in the art. However, preferably the pro-rad additive(s) is introduced
via a masterbatch concentrate comprising the same or different base resin as the farnesene
interpolymer. Preferably, the pro-rad additive concentration for the masterbatch is relatively

high e.g., about 25 weight percent (based on the total weight of the concentrate).
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phot ocrosslinker, with a polyner before, during, or after a fiber is forned
and then exposing the fiber wwth the photoinitiator to sufficient UV
radi at i orwocoovaagski nk the polymer to the desired | evel PCThiS2009/004959
phot oi nitiators used in the practice of the invention are aromatic ketones,

€.g., %] aé? aspgr{c Gehal a&dr ilsh%trg $Lhep @% é)oT%rs#r{mhe

photorea Fohac als I'S ytrc ¥-bond to
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Vi sual ers, NJ. Turro, et al,
Ace. Gledght oRese farrkSeiie, inferpdymeand J. T. Banks, et al., J. Am Chem Soc,
1993, 115, 2473. The synthesis of nonoacetal s of aromatic 1,2 diketones,

Ar - CO- C( @821 ArIn ald&m@ﬂ&@ eleb@6n-bBark/SPadiatlét) chddglinking Car alsébé effected BB7, 813.
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Bhot o'éir'agf'éir e he RO PO ah edutticaot o 1oy Ttiogas Ameicdetiesc ¢ wo
p%&gﬁ&@bﬁg( eaa%%@qtdﬂ&r(efohw Pﬁmmfyqrumbmmafof@wal ent

t bones ca

bonds e used herein. eferably these
phot omamsétakkette Imnelpid yltavage o6 tiel -boné tq gwbayylcandrdnalkwc}{airkyl oadicads.e sites

t hat upon activation wll forma covalent bond with a site on the akbone

of t hdhivblype af pecleavage RemosaasalNprish Jiype d ssastion mhicdy i moye fulpedesgiibedyr ¢ not
R (AU 1O Jr%ﬂ&‘ﬁt ?ﬂﬂ'}els%' %g%&rzc ?hctx%he%% .%%@@g{%gﬁ e THUmS%P! €,

trially cyanér ate cyanura ntaert
tetr armhilHOfwd)c&i El.mlfﬁdby“,lhﬁ:lhestgﬂ Emgland; ra@ahad(qp@akg,,“a#igahﬂcwhon&iheMWy.' A

di | eat | dth
br of ennett draraseio L fuen hersying oBor v orkensy BB R £ 158 AT et Cittpounds
whi ch faveopolsy bangll onasarks; & al. 9tArh e@ﬁém tswe), 1993 ert1lse§473Parﬁé SultiREisy

preferred phdtécrosslinkers are triallycyanurat e('I’
triallof Imcnmaq,eaaisr roﬁamn(aTlAl 19 dlkpmﬁs,@}r-@r@(ﬂlh)zmmﬁ@@edon U 6496,682

phot0|n crosslinker her hese
char ac?f‘ ﬁ{éfB?r&S@ gﬂi eyprfzﬁerrgg r?8P’§f’8n(ﬁ§8m ‘5‘%@?58 ggéfl Ehoxfﬁecr es
(e. gt ,phgﬁﬁﬁcé't@ﬂleﬁ@ﬁes C(FRIGBIE ©CHY) - CEME whidH i@ chmnfik@tiaRy Bogilibe fromBibhi ght
and to subsequen
Geigy as ﬂgacure 651. Examples of other aromatic ketones useful herein as photoinitiators

are Irgacure 184, 369, 819, 907 and 2959, all available from Ciba-Geigy.

[00217] In one embodiment of the invention, the photoinitiator is used in combination
with a photocrosslinker. Any photocrosslinker that will upon the generation of free radicals,
link two or more polyolefin backbones together through the formation of covalent bonds with
the backbones can be used herein. Preferably these photocrosslinkers are polyfunctional, i.e.,
they comprise two or more sites that upon activation will form a covalent bond with a site on
the backbone of the polyfarnesene. Representative photocrosslinkers include, but are not
limited to polyfunctional vinyl or allyl compounds such as, for example,. triallyl cyanurate,
triallyl isocyanurate, pentaerthritol tetramethacrylate, ethylene glycol dimethacrylate, diallyl
maleate, dipropargyl maleate, dipropargyl monoallyl cyanurate and the like. Preferred
photocrosslinkers for use in the present invention are compounds which have polyfunctional

(i.e., at least two) moieties. Particularly preferred photocrosslinkers are triallycyanurate

53



covalently bond with two pol yner chains. Any conpound that can perform
these two functions can be used herein, and representative conpounds

i ncl ude swbfori274ai des. [00219] I n anot her enbodi nent, PChaSp@bpdasnesene
I's subjected to secondary crosslinking, i.e., crosslinking other than and

s subj ested crosslinking, i.e.. crosslinking other than and
useq Sticand SdBRRHRIR (T nonphot ocr ossl i nker, o.g.. a silane, or
exposur ol AT bAShr SRR Srys Das RO TuPLRREL ERN R TRETRER: © O

embodiTHRES cdripdiids ARadhardcRPZE@by e ABIRS to @BRerRRAWVOAF Fhdre teactive Spacies
phot oi niti ator and opti onal pho?ocrossllnker, can be introduced to the

pol yf 4¢.gedisacadicalseprbepehmitrdnesaic.) nparrexpasere tebAelight angrtefsubseapgntbihe

phot oaddi,ti.ve(s), i are), introduceq vi t t.rate
conpri§ }’ﬂgnt¥>hé0fi§10‘f"§? &V%B lymer c&lg?'eg% |°§m,%f’ @%ﬁ?@ﬁgﬁ%&g&%&(ﬁ@e ntration
for tFendtivak eabbd Gdedilerdih HndirBpreseiifiivle cbthpoinds inalwdesultonydaziites.about 20
wt.% or about 25 wt.% based on the total weight of the concentrate.

[ 00221] @m@f I IR a8bthePEmBH@hRAH dhd bdd?fzi'rﬁes'bﬁﬁ sdbjee@d k@ sédondagl yf ar nesene
in any effective anount. Preferably, the at |east one photoadditive

i nt r oduessligkingiwurerossinking etheb than andao additiongq phetpergssimking. Jdn thisr e

preferahl vi. fr about .0..005. wt . % t o abo -9 aply from
R L LT S e I S

pol yf arsiies€ e thd plvfadlesdieis giBieoted kd & sécdhdary ceswdliniihg pradedure, e. g,

phot ocrosslinker(s) can be added duri ngq di fferent stages of the fjber or
film expaTuEe tukbremperdiatiers . The ussrfiagieincrosshiakes am this embodiment eontienglysi on

tenperature, a polyolefin resin can be mxed with additives before being
fed i nt o[00B30kxtAuldast one photoadditive iea phetoiritiater ardipptianal photoetiopdinkes| v,

additives can be introduced into,the extrugder just,prio I ' but
ot hicdn Sedaried b pEREme b aFy B0 BpBrs " HvTeh siee B

i por ttﬁé‘bhotbﬁtlcﬁﬁ‘@(?ﬁé (@OPhG3&icedRaA ¥ elasfertiutdh dimicentead chapelsiapmhen t hout

phot oaddi tives, and a photoinitiator and/or phaotocrosslinker, can gggapplied

to t heodyfermgspag. Preferablyi theapheteadditie conggitration dorihe mpsteraichyisdughtBn wi t h
addi ti ' 1ef foj b - Bobht Jhe
Fesul (PRE 1OBLR Al AR 2 S ARBREEa DE ha on o B e I

r adi atth®sorcent@ateont i nuous or batch process. The photo additives can

bebl ended with the polyol efin using conventional conpoundi ng equi pnent,

i ncl udi ngneeRp! eTi Wl 1648t OnSphdtvaduitivelid &tfoduced to the polyfarnesene in any
effective amount. Preferably, the at least one photoadditive introduction amount is from
about 0.001 wt.% to about 5 wt.%, more preferably from aboﬁt 0.005 wt.% to about 2.5 wt.%
and most preferably from about 0.015 wt.% to about 1 wt.%, based on the total weight of the

polyfarnesene.

[00222] The photoinitiator(s) and optional photocrosslinker(s) can be added during
different stages of the fiber or film manufacturing process. If photoadditives can withstand
the extrusion temperature, a polyolefin resin can be mixed with additives before.being fed
into the extruder, e.g., via a masterbatch addition. Alternatively, additives can be introduced
into the extruder just prior the slot die, but in this case the efficient mixing of components
before extrusion is important. In another approach, polyolefin fibers can be drawn without
;Shotoadditives, and a photoinitiator and/or photocrosslinker.can be applied to the extruded
fiber via a kiss-roll, spray, dipping into a solution with additives, or by using other industrial
methods for post-treatment. The resulting fiber with photoadditive(s) is then cured via

electromagnetic radiation in a continuous or batch process. The photo additives can be
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[ 00223] The power of the el ectromagnetic radiation and the irradiation tine
are chosen so as to allow efficient crosslinking wthout polyner

degr adat iwe 2arvd20¢64di nensi onal defects. The preferred protasg0s0escri bed
in EP O 490 854 BlI. Photoadditive(s) with sufficient thermal stability is
(are) . : : : . .
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acconpl i shed by the use of UV-radiation. Preferably, Uvradiation is

enpl oyeds ipadeow eflicienceessiinking ithoot polymer depredation aad/er donensinnat defeets. be
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ot her iEpHiatedtin afcORIINNAUS PFREEFHYSIRE OROERERY SQUr¢Relesey ek unitsdinksd im aiserigshe art .
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Fur t heture 4 fiber orrsheé¢tatfiadmittainfabrc oich &rd colldctazoontenispodll y at room
tenperature, although higher and | ower tenperatures, for exanple 0 Cto

about 606224 aylrRdigiohenany sethplidil Bkt ass O8EVi-nliation p Petesbly, &V-ast er
at higher tenperatures. Preferably, the irradiation is carried out after
shapi rigdigtion wamrlaygdow torthe Heengityiof 180 Jicem®g Thedrradiation sapsesacandifianyt he

ool yf arpe . ' ) : bl :
7 Ly S EetHGF o8 RaRPETh LREERRRIAY 50 YA b Ao B B KRS PN L ng
of t heoultpgrcapibdandBsupplitifethealeyinet ddsaggothd wattsge] a2 5Hjukted toagpmegrietet s of
t he pal yf arnesene conpositiqgns, i.e.,6 t ar nese | nt er po) yner, the

addi t i1§¥!s PHEhgRRY 6%3337 e_@e&ﬂa 198D ras 0(3.%8. Waﬁappg_&%@waﬁégrﬁfyﬁ er or lower.

pol yprl\qga& 68) aftAtht PR UV YeadidnpolybBic AlafSfid drBkhBEn 39 gk art. CPRE De m xed
or bl ended usi nmet hods known to a” person of ordi nary skill in tzhe art.
Non- | iirmadiatign exesupllesarded suf ataldosagd tatdeergabout B dben‘ ta @baetsd 09/ scnbyl, endi ng,

| t bl endj t ' t Ik 00226] 1 di , th
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solvents, if there are any, are renove romthe ingredients by heating to
an app Ypta ahtoat 60 °C, may also be employed. The photocrosslinking process is faster at higher

temperatures. Preferably, the irradiation is carried out after shaping or fabrication of the
article. In a preferred embodiment, the polyfarnesene which has been incorporated with a

photoadditive is irradiated with UV-radiation at about 10 J/em? to about 50 J/em?®.

Blending of the Ingredients Of the Polymer Compositions

[00225]) The ingredients of the polyfarﬁesene compositions, i.e., the farnesene
interpolymer, the additive, the optional second polymer (e.g., polyethylene, and |
polypropylene) and additives (e. g., the cross-linking agent) 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.

[00226] In some embodiments, the ingredients of the polyfarnesene compositions are
melt blended by a method as described by Guerin ef 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
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el evated tenperature of about 100 OC to about 200 OC or about 150 OC to
about 175 0C at apressure of about 5 torr (667 Pa) to about 10 torr (1333
Pa). Nextwothw/i2ngredi ents are wei ghed into a vessel i nPChaSd@9ion4do
proportions and the foamis forned by heating the contents of the vessel to

a nolten t ide stirring. [0 thery.enbqgdi.nents, .t

o edrasiie dabPi Breiosy Bl aont 66 e (B33 EATNERT B BB BRI i o

t he i ngdigitidantosa Wdssdlh tiskeddsired pfopartichisand itlgsfohieid forned tgUhdadibf ehesol vent and
the m xture is then m xed or bFended. Next, the solvent is renoved to

pr ovi ¢entents of sgyespeldo agpolien staie whéle stirrgdi nent s, physi cal bl endi ng devi ces
that can provide dispersive mxing, distributive mxing, or a conbination
of di spef22@] arla ofhertembodimens,thingredients bftha sgitl¢sarp pegsgssedgisiignogenous
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fromC. W Brabender Instrunments, Inc., South Hackensack, N.J.) or

BANBURY( [0o228f erm{mﬁée@mdﬁﬂémﬁpéﬂysﬁhﬂ BIbng %At AR Ecah TROViES BIsBErsiRMPany,
Ansoni a, Conn.) equipnent. Non-TiI'm’ting exanples of continuous nethods
i ncl udeixsigydistritativemising; onla pgmbinaiion efdiepersixe audidistyjbutiive knisbogroadibag,

reci procati-ng single screw extrudi d pin barrel singl cr.e

et R PRt meeds ha pafR el s RS bRt AT ) oxtr uaer
thr ougflerRlid LM BORREN NOh-I{ BRI gleRbMPles ¥ batdH ntdie BiA¢IUS BBsOMmettHdds hsinpesene
I nt er pol yner, thg optional second polyner or the foam The m xing_ or

bl endi BRABENIYER nevixing gquipments (6:¢-{BRABENDER PREPVSENTERC, avilahientmem| |
" Pol trUSkOR" Pugl i Y . (1986),
aht ch &V RS Tpsmi R in LSO PR RenshONTES BB ERY nedtn R ©5°)

addi t iandsolRhdllingqavdiReld florh FareDCynpamg Yaiteniap0pns) tquipment. NNore kit
anounts of the additives can _be added in one charge or multiple charges to
the faraBplaset comtinuoys Methodsiprdudesingla SHrEMEREIANE, tWE SV FEF i tion.

Furth L e - di ment s,
the adi by g, foRfbroithl sARIERREN BRUALETR Ty PN SRR et AOIEnETHE

i nt er poheraatiboalivderitkcthe héditinehdiahibeexddedind an extrider ¢hrpogly afesedileppéranrdeet wi t h
the second polypmer. In other enbodinents, the additives arg first ded and
i xed BO%b GAREIe i iHoIoh & G GRESTIS TGP R R UPHY STl PELA B ng
secong,pgl Wﬁ%rmikﬁxtgmr%&ﬁﬁng% phlyiersif X@e6i0R had b&msiiBdd inl@ furt her
enbodi ments, the farnesene interpolyner is blended with the second pol yner
first Rewwendeal, ¢ PrdymetdExtnséer aHanser Publishers, New York, NY, pages 322-334

(1986), which is incorporated herein by reference.

[00229] When one or more additives are required in the polyfarnesene compositions,
the desired amounts of the additives can be added in one charge or multiple charges to the
farnesene interpolymer, the second polymer or the polymer composition. Furthermore, the
addition can take place in any order. In some embodiments, the additives are first added and
mixed or blended with the farnesene interpolymer and then the additive-containing
interpolymer 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 farnesene interpolymer. In further embodiments, the
farnesene interpolymer is blended with the second polymer first and then the additives are

blended with the polymer composition.

[00230] The ingredients of the polymer composition can be mixed or blended in any

suitable mixing or blending devices known to skilled artisans. The ingredients in the
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bl ended with the polyner conposition. [00230] The ingredients of the

pol ymer conposition can be m xed or blended in any suitable m xing or

bl endi ng wewvrmér74enown to skilled artisans. The ingredi ecTaS2e0NMISD| yner
conposi t ion can then be m xed at a tenperature bel ow the deconposition

t enper.a I 0 ensure that
all i r?g [ enE‘ﬂsp °§?‘89ﬁ§}r&o%g‘nb§%§2{eda‘pgté"§% ?%?t%‘%v% é}b%g@'&%@lifo %er t he

pol yn&empmmmsoftherblo»smgegattlamdltlye Mwuﬁhﬁgugém torensegle thahell crgrpdients aren i S
shaped and then exposed to conditions pressure, shear, etc.)
over J‘OQPBFP%qUéthB‘@Fi iapd renalpIRact o‘\%%rtth%a?l&nteﬁsorﬁpﬁtm%lsarg@ﬁte'é(nd t he

Cross I ns
Conpr ?Js F‘{yg%?ﬁ)eug %gfl{/xfeg’(r)tr}tl gg éﬁlgég%%gs? i pé?ﬁ%dp%l?ﬁ ? gélﬁg&s)féon{éégﬂér F% Igtéa?tes ene
Conpogiréssores shitiag eYpexkr laesuﬁﬁdnequ&ribé ofiimd tb aqtnaatmﬂﬂélwmgagyntcﬁnd the

appli catlgl_ﬁ(&nFor exan‘g h they can be used in a variety of conventional

t her mspPssEinking agsnt Appksthp fARsses to produce useful articles, including
obj ect s con&;!lésm nge at least one filmlayer, such as a nonolayer film or at

| east ApplicaGonsofithe Gomppsitipns/comprisingthe.Polyfamesenesast | bl own, cal ender ed,

or extrusion coating processes; nolded articles, such as bl ow nol ded
i nj ect i ofP0231HedThepolyksmesencsoa pahtfampssae C@‘S@PP%@P%@SC psaddiezein £ap boven or

poly e e PR Ao 1P TRl EG RPN VaBOPELo =

addi t iceasentioghlnthemtiplgstie getirication Prodesses td pmdatameﬁadmlmctlesg Gm‘,luchng bbjcdant s,
stabilizers, colorants, extenders, crossli nlﬁ bl owi ng??gent s, and
th

pl ast icoMmpEisine ableagkone lm kyer, sveh 35,2 mprolayariim, SrAREN ONF {2Y&F 11 Such as
core/ t in
part, Thagidget R pRepaltRC IR CHIUL AR S RET s ROt ARE &R
pr eparagticlés, snch dscblpwiméldediesjection molded) qrtftatmedéccbaltmlvpn@ttmsmms filbers;l osed
herein include staple fi sheat h/.cor e tvvl st ed,

e RO aRgs RoR YRy oh RISt ShErhop et sEaRSER, coBPRang tieiesent or

exanplgy rﬁéystlﬂétuae Blelﬁﬁ§ “tmrdthé?gtaafrmﬁss§%ewﬁtlyﬂ@r§ RidEoas] eéinforEng bl own
technlques ge spun fibers, woven and nonwoven fabrics, or structures made

f r om sagehts§ighision, remt@tlttatitdng/eb,l antigxidantshstabiligerss ¢aberasts, extendess cprssljuler
nyl on

A R G S R °f' ©

cri npegrd/sHedth ers,iHaeing.an Duerpatfitéalanes endprising poleydtain pasooe aanmes| t i Ons
di scl osed herein
polymers of the invention.

[00232] Fibers that may be prepared from the polyfarnesenes or polyfarnesene
compositions disclosed herein include staple fibers, tow, multic'omponent, sheath/core,
twisted, and monofilament. Any fiber forming processes can be used herein. For example,
suitable fiber forming processes include spinbonded, melt blown techniques, gel spun fibers,
woven and nonwoven fabrics, or structures made from such fibers, including blends with
other fibers, such as polyester, nylon or cotton, thermoformed articles, extruded shapes,
including profile extrusions and co-extrusions, calendared articles, and drawn, twisted, or
crimped yarns or fibers. The polyfarnesenes or polyfarnesene compositions disclosed herein
are also useful for wire and cable coating operations, as well as in sheet extrusion for vacuum
forming operations, and forming molded articles, including the use of injection molding,
blow molding process, or rotomolding processes. The polyfarnesenes or polyfarnesene
compositions disclosed herein can also be formed into fabricated articles such as those
previously mentioned using conventional polyolefin processing techniques which are well

known to those skilled in the art of polyolefin processing.
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are also useful for wire and cable coating operations, as well as in sheet
extrusion for vacuum form ng operations, and form ng nol ded articles,

i ncl udi ngwohelwreessef i njection nol ding, bl ow nol di ng pr @CE&4:$2000/004959

rot onol di ng processes. The pol yfarnesenes or pol yfarnesene conpositions

i sc! 05 ROAEE! HERSBLS dfal AoTE M BORLARLLFAR S fobh 3 uSHE S { hose

previ ous usi ng convenil ona n processing t ni ques
whi ch patyfaresdnek oppelyfapndstoseompositied diseldshé harein. ofrofiedyfodra$ comprising

pr ocessi nq. 00233] D sg}fer sions (both ,aqu‘iigﬁs and non-ague ui.é ca(g | so be
f or medngRI1K GIENGS AT PO f?fé‘%%"r‘i‘é§°8‘rpoﬁ‘899~°r 8 TAB BB 815P 06 A8 ™% ¢ ed

her ei f L S

CompoEPlas BES ARAPGRIRLLEbY i} Rio W ehY, BSEAIR, Ble ORI RIEMEMN | be
cr osslbearkesildng, avide, lonother oeasiinkiageéchaguehdhapelynierp earvalsalbe chéreicalyn beam

si | ane, | de, or other.crass-1inki t echni que. . The I rs,can al so be
chem ciadifediet ot Sehife A8 apmple Py sinar dempne QU iBe he e or
anhy dii gedfhbil agétic], BaRBendtionOhrhRiaieh Sl foRBtiAHSNbther SthABATALdiABation

ani mation,” sultTonation, or other chem cal nodification. [00234] Suitable

end uses heg.f; i | ' | s | ; soft
touch g o[)dgg 54][5 u §1 1%2 thgéglgt esgf;o‘lij %ﬁmﬁggg&g%ﬁ®§n{%§nﬁr@? ggfi Iﬁlgggsi ets and
pr of i Isefttowtheedy,esacl antlotidbrugh hardlesdrd apghasiedmadesceaskes snd profdessi ti ve

e BN R R A B,
nodi f '(ﬁfclﬁldfiﬁg sHYEREles bhE Eﬁ%ﬁk&%)l Qtlth(i’l'l%H&r ﬁar@hh’ﬁh p?@ﬁl?&%arﬂ%&%di ¥both open

pol yet'hyl ene, I sotactic polypropylene, or other olefin polymers; coated
f abri aad closedssll)t irhpacy modéfirhifor ogherithgrmoplastiepolymees suchias begh degsitand

Vi SCOSI i ndex. mpdi.fiers, also kng S~ Ppoul poi nt Lfiers. faQr.. ..
by | AL 9B s REBFO IS S ahE AERP bR SouPRE S e dibings,
al so ReeattediripPinpR 04 Ry, Roctig Gh@SisteHityMaddxOusdifiery, hlsakhows aspolir as t he
autonotive, construction, nedical, food and beverage, electrical,
appl | @0t masliSensclos lyhgicantse, and consuner markets. In some enbodi ments, the
pol yf ar nesene conpositions are used to manufacture nol ded parts or articles
sel ect ed[00235) t olilss pajyfapssersofampasitisms idisetiised herginmgsaralsolte wseditps
fl oorings uto fl.oor mats, wheels, caster furniture an pli feet,
tags, ® %C?urﬁﬁgkcéfss{% Hﬁrﬁoﬁsapgﬁg‘ft}déls Ely %?ytﬁgﬁut@ TRy E’e‘ioél gt i) oHB}ela{\}gEdoor s,
bunperfobdasd Bevetddel tleCOioBO AR aBce, bREIKESs rAgdEhe; and 06 BSImek infiirkes., Inodoimece
supplies, seals, liners, diaphragns, tubes, I|ids, stopg{;a(si, pl unger tips,

(S

del i vempogimentpghe RolyfaraescnmeRIBPOSRISAre YHgdo i PSS es.
articles selected from toys, grips, soft touch handles, bumper rub strips, floorings, auto floor
mats, wheels, casters, furniture and appliance feet, tags, seals, gaskets such as static and
dynamic gaskets, automotive doors, bumper fascia, grill components, rocker panels, hoses,
linings, office supplies, seals, liners, diaphragms, tubes, lids, stoppers, plunger tips, delivery

systems, kitchen wares, shoes, shoe bladders and shoe soles.

[00236] In some embodiments, the polyfarnesene compositions disclosed herein are
used to prepare molded articles, films, sheets and foams with known polymer processes such
as extrusion (e.g., sheet extrusion and profile extrusion); molding (e.g., injection molding,
rotational molding, and blow molding); fiber spinning; and blown film and cast film
processes. In general, extrusion is a process by which a polymer is propelled continuously
along a screw through regions of high temperature and pressure where it is melted and
compacted, and finally forced through a die. The extruder can be a single screw extruder, a
multiple screw extruder, a disk extruder or a ram extruder. The die can be a film die, blown

film die, sheet die, pipe die, tubing die or profile extrusion die. The extrusion of polymers
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[ 00236] I n sone enbodi nents, the pol yfarnesene conpositions disclosed
herein are used to prepare nolded articles, filnms, sheets and foans with
known polwoenioppnromesses such as extrusion (e.g., sheet exTrusae0000489
profile extrusion); nolding (e.g., injection nolding, rotational nolding,

and bl 810l /00K FRRBINGoIRNE, BRI LENARSBRSlerd N REaECSSES.

I'n general, extrusion’i's a process mer 1S prop
cont i NB{$986)pdmind.Ja Sevensy “EhtrodghPrirgpan and Dpaidgiont chipey it wppliadd pressure

oot 1 chstencR RUBLStErs Ny §00k R oot o St BrePeEe bR Riber . a i sk

ext r Udgferdice tn der. The die can be a filmdie, blown filmdie,
sheet gfeé Cfn p{e}ég]e%)ﬁ}étﬂbl ng die or profile extrusion die. The extrusion of

olymers nser
IIgub?/i shehﬂﬁszgw%ge%ﬁgﬁ h%’q%fgé%%o M%gi re\rpgﬁgf% dagfé?j Sfbnm fg& : and
qfoe \r,ﬁtpaﬁm for ﬁkﬂoaeap;ﬂrcaﬁpxgd Ih Iﬁ(geﬁenag rmqect?lhholsllng 5a ;jrxldeuxtsyby kvhidliva pdl9Bfsy, bot h
o] I.C I ncor por ate erein re t t, 00237
i et BIFTAS PE yeere alinieh PREGRI IS 8 gy R e SaNer o LinG dricdghage,
plastig g @%{ &ﬂ? the/ 8¢ u%H%hQ;EbOAddCs"f‘ié O mbid ARBEHidde ﬂd?h %étéloghcmk@teeg s a

process a po I's nelted and i njected at high pressure into a
nol d, addlahimmant HEhel m)eenmem)ﬂdmglef pelymeechasihepe descobéd mBpeaumant of alt,he

desiregd, sha nd si The nol d n be e from al , such as steel and
al um noHECEFHE f cé’f,’f‘ﬁgq{d’r’?gl é)r?fﬁs% ﬁ’gg”ﬁ’é‘é”% 5%“%5(5 i n Beaunont
et al pubh%‘»&tﬁﬁﬁS@i‘n%lnnhﬁJ OFio (Qooi\jb{uﬂidhgs o §t§d hERE gﬁref@f@ﬂce'ihrrtsl ation,
Hanser Gardner Publications, G’'ncinnati, io (2002),” which is incorporated

her ei renbisety.ef erence in its entirety. [00238] Mol ding is generally a process
by which a polynmer is nelted and led into a nold, which is the inverse of
the desi [(@238hapeplding fsqgeneradly taprodess bgvdﬁdiapdymaisanelmﬂ a@idded ivbldi ng can

be pressurel ess qr .pressure- t he nol dj oI S i descrlbed
b Phodisht e edbvese of e SRR Shos & Brfiters B g R aee Andisiier

Ger manyolditl; cahthk réééﬁre(lesafa%)essmfeia@é}sth& WH@Q{Mﬁgbﬁﬁm@ﬁfe@g ﬂ@d'éycr{b%% ence

[ 00239] Rot atlona nol I;gl Is a process ener al used for producing holl ow

pl ast ildansr@etug Edias Byn derovgictidnva lead;s le-yr?tSCHI, ighedy Getmany, PR digpt ex
Fechni d2o0Rh e bharratag %ﬁlﬁ%&f%%%%%?k??r processing methods | n
that the [(ﬂﬁgbi ngRotgFionall rr]xgdldf?lg 1? a pgdceéisngden(e:l%?ly used for producing hollow plastic

products. By using additional post-molding operations, complex components can be

produced as effectively as other rholding and extrusion techniques. Rotational molding

differs from other processing methods in that the heating, melting, shaping, and cooling

stages all occur after the polymer is placed in the mold, therefore no external pressure is

applied during forming. The rotational molding of polymers has been described in Glenn

Beall, “Rotational Molding : Design, Materials & Processing,” Hanser Gardner Publications,

Cincinnati, Ohio (1998), which is incorporated herein by reference in its entirety.

[00240] Blow molding can be used for making hollow plastics containers. The
process includes placing a softened polymer in the center of a mold, inflating the polymer
against the mold walls with a blow pin, and solidifying the product by cooling. There are
three general types of blow molding: extrusion blow molding, injection blow molding, and
stretch blow molding. Injection blow molding can be used to process polymers that cannot
be extruded. Stretch blow molding can be used for difficult to blow crystalline and

crystallizable polymers such as polypropylene. The blow molding of polymers has been
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stages all occur after the polymer is placed in the nold, therefore no
external pressure is applied during form ng. The rotational nolding of

pol yner s We=xotsaemedescri bed in G enn Beall, "Rotational Pumluszeng/00498®si gn,
Mat eri al s &Processing,"” Hanser Gardner Publications, Cncinnati, Chio
(1998) Lat G | 00240]
Bl ow %F%Bﬁgngaﬁ\f}o gﬁ L&rsg% f ol?ndﬁaﬁ( &m‘%%ﬁ o%ogc(l%‘g’t ﬁ%:dsng%ljoén%g?%%#l[sb(m%e p ocess
i ncl ud@iacipha, Olgo 42600} whieH 1$)ﬁ1b§)’1l‘§é['atedlhérb@1 weefeeéncefin dts eatickty.i nfl ating the
pol ymer against the nold walls with a blow pin, and solidifying the product
by cooli [@24T]1€r?h@foﬁowlﬂig9@xéﬁ€ﬂl@§ﬁrb }éseﬁc%d@ée@n%mhmoagnerﬁgbmel on bl ow
mol di ng, injection bl ow nolding, and stretch blow nol ding. Injection blow
mol di rigvesdienihat arsawt infersied de dimiptieymeansion hathesperifie embodimenigized forh.r et ch

bl ow mml.di n used. for |ff|c t to.blow |

crysta ’Fle%{g?lgaﬁgg%%rcgngﬁ?h Qa‘% %ﬁ?ﬂt%ﬁ?é ar%‘?ya'%fglc})’w ?}& gl?r%:ncalf pol ymer s
has begnisaed appeskitmatdNownsn nﬁnehaﬁ,rangé@ dey siven)di should wmi\delrsiocrtgthwanser
Gardner Publications, C ncinnati, l_m(qZOOO whi ch is incorporated herein
by refeshodaments optsidedhe fsta@siyanqegemmtll H vrighin gig ssgPebiisiiRentipr present ed
to ex Yief: ) t slggm t the
 nventas e BRERMsn Bt Al A ERortco RGNS el S0 Tetbfis o™ e
contrahym\mhhorparts and percentages are by weight. Al nunerical values are
approxi mate. When nunerical ranges are given, it should be understood that
enbodi nents outside the stated rwtill fall within the scope of
the invention. Specific details d n each exanpl e shoul d not be

construeq, as neggssary zea,t l;res of the invention. EXAMPLES Purification of
St ar t i AL 138 farnesene having 97.6% purity by wei ght was
obt ai ned from A ris ot echnal ogi es .| ville, - Far nesene

i ncl uded [¢2d2bcal 'lg%{ﬁesl?&%gﬁ"lpﬁ'@uﬁigf P%tyrsll}’c‘f‘ielgge‘é’g%@?tﬁ'é‘%%m ol ene,

farne Bﬁecﬁﬂ&ggggmé 6Erﬂ@1§'9Lle' BN -Far%e?enfe%criﬁé&il hyd?&dé%cﬁﬂ@ase&'irﬂ?ﬁﬁ@ésm and

somne nrers of “farnésene arn sene was purified wt 3A nol ecul ar
si eve suoh aemgfbetdme bmqulelteg fgneange operxade, Ifmnesoédipater,lﬂ Eefatnedels squalanggen
at nosphere t

rov ur i clo gxane was dIS ni trogen
21 oS PREEErbb aafl B GrBers of LSt TSBRg W PH ) iy A esfpeu
Di f f ergdileitd Irer§5@é"t'hle “ﬂpﬁﬁﬁ&* dnd@B{ér¥ then redistilled under nitrogen atmosphere to
improve purity. Cyclohexane was distilled under nitrogen atmosphere to eliminate moisture

and stored with a drying agent.

Differential Scanning Calorimetry

[00243] 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 Tg of the sample.

Gel Permeation Chromatography

[00244] 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
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[00243] A TA QOO0 differential scanning calorinmeter was utilized to

determ ne glass transition tenperatures (Tg) of polynmer sanples disclosed
herei n. AV 2n/e2aepl e was placed in an al um num pan. AnPeFSgomAHMEENCE pan
and the sanple pan were maintained within 0.01 ng. Sanples were scanned

fromapout -175 C to about 75,C at. te of 10 .C/men. T .dentified as
2" ot eghe e Ovsrianb e IRk] whiherRinRed RseRrmlriycn Sa s iR tRAGI ¢ on
was r ejfehdtepeaksa bk molediilaf Weighe (W], ewas@korperat@phdrein. Chr onat ogr aphy [ 00244]
GPC was utilized to determ ne the nol ecul ar wei ghts and pol ydi spersities of

pol y merh st ESiméri¥flygis?414 refractive index detector was used with a
Wat er sT 1515 1socrati ¢ HPLTC punp. HPLC grade tetrahydrofuran was used as

sol vent. i Sﬁg%@a ; Iﬁ%@ h&emisE by Tksemap! ecul ar

wei ght oldﬂaéhggrrp e S %gﬁg?éa ya%?fgghbggﬁﬂ% nurrbler a¥/er aged nol ecul ar
wei ghtgrgWmetrar atahysisnd@iGyh)t  Alvert 20eng M) samphh avas ipdaced wwea éared/ pan. aplpd pap peaks
whi ch prohi bjted the determ nation of uni que | ydi spersity of each peak,
A poaliHghEbIondr WEh BAEIEdND) ALY NS ATOMER BreHiar. ThRcrmare ers Ot i
Anal 'y fesitell 32 Rlon] RenteALRABIISONCLR TDCCARIM Sentferftan® &SI %RhE Sdeiveight ned by
thermal gravinetric analysis (TGA). About 20 ng of a sanple was placed in a
t ar ed lpssrof sTmplep avereveaporthd respecityely. i nto a furnace. Air flow was allowed to
equi librate. The sanple was ‘then heated fromroomtenperature to 580 C at
10 C dlravibtatpésiblaSmestrbsaopy% and 5% wei ght | oss of sanpl es were reported
respectively. Utraviolet-Visible Spectroscopy [00246] U traviolet-visible
(UV- Vi s) [0024d6] r dShirapioletadsiblel (U\z-&ds)tspectooscomy wapnlized to amsutop momomeur i ng
the reaction, The reaction all owed to contjnue until ﬁl nononers had
been CORSUARELN Juring; the FEAGURR,. Dhestratienyvas @g‘@?ﬁ QBB a\llz!za{ BORRMYTS 704,
BackgrpHide MBaRULRARA SHiRRd2Y ©/A8850 UNaWid dpeeiromrRstheRBWhS utilizdd, an enpty
quartz cuvette. Aliquots were periodically 'taken fromthe reaction vessel,
whi ch Buskgtoued nplasirenhentwas avguaged fopumafive measwementsivith remply quattih beam

di stance.,  The.absorbance. of the sample..is directl|y. pr rtional .to t.he
concerﬁu?’%\q"i'o‘gh%‘fost? Wgren%?’ﬂ?ﬁé“iah?'ﬁalieﬂgpo !ﬂEfJS?C.HOPhV S%ell’o‘all(’)lgggv a8?hetnr\%lgcre dction
was mquafeetﬁlahy clhetdd witlh BREhE D EPBeanistintd eTRO absdesaate 6f ihe salplyivt i on

peak of farnesene at 230 nm ) )
directly proportional to the concentration of the monomer in the aliquot. The progress of the

reaction was monitored by UV-Vis spectroscopy with the characteristic absorption peak of B-

farnesene at 230 nm.

Tensile strength

[00247] 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

[00248] 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
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Tensile strength [00247] Tensile strength of sanples were determ ned using
an | NSTRON(tm tensile tester. A sanple was cast into filnms and cut to the
appropri ave adiovensions. The thi ckness and wi dt h of the esamuiseccafdms
processi ng were neasured. A gauge length of 2.54 cmwas used with a
crosshea e mn, L T 00 . e .

char adeam i iRl el e rfhe S8 el 81 Rlnds uds ¥kl NitioRE1c et

t oget hding. an adhesi ve. Substrates were then pulled apart, shearing the
adhesive. The construct fails in one of three ways. Wen the substrate

fai |l edH ddd "YeNuerlal RhoReidRe§dARE fai | ure. Wen the adhesive was torn
apart, 1t was called a cohesive failure. Wen the interface between the

substr at fb(ﬁad] adippgid/echiaidiSf MidneiB ReSéHan88was uBRRRISh CRafaictids Bherfidal
I NSTRON(Tm) tensile tester was used to characterize the forces involved in
t he f anicuostructiires oddiesainydesnasd VapiahiMercury 0MERINNR wasntilbtedifioethesst r at e

ith head d qf , 25 in. Alum d th trate.
A Ui R ERe A aleRis R Emc isaret 8 B mal aat SR afe e RN b ©
MagnetrkgeaRRisoPasltRtihf 94l 1H and 13C Nucl ear Magnetic Resonance was

utilized to characterize chem cal mcrostructures of the sanples. A Varian
Mer curgy 200, M ANy BRSesihd Higed 41 of I@Sgogreasur enents.  Deut er at ed

chl oroform was used as the sol Vent. Several measurenments were repeated for

col | ecti @2%9 Clt@a dﬁ?@m}!ﬁ:@néck'regtctéf RiteY LATRCHABS HERY 1ae-Aribl sQlutid®S, 000

[00250] To a dried three-neck reactor under argon atnosphere, a pre-dried
sol ut icomprisingrd2s2hg oDR-fafesgnefin b3 7% iemeivhekanel8as7addied. oyidutphlethaume was

added. n-Butyl Lithiu 1.85xI1 0 nol . .obtained from Acr.os rris Plains,
0y vl VA o oA Gps. Mot Hafe b gres e I HeedBr Ay heat e
at abqyfiiaRf}, AHd thefearRf WashRafe@uf SboutlBD PE feF dbodt | 9ho@S il WASB-fRAGEREd,
noni tored by UV-Vis spectroscopy. Exanple 1 was precipitated fromthe

r eact ivas qeingurneds mritered UpAJ¥oNig spsetrescopy. hExahplgridwaspregipitated feomd the

bt ai ned. f Sigma- AL drich. St. Louis, i [ Dok
bven- dbalign vk s skl ofsineSt el coRlchf B Al SPenkBEL VT
about AdribRBtSLovik IMONadter dBXASTH & vidcuuaDdvencit aBowt608T. B3 about\2i Ieus, 979

was stored in a refrigerator to prevent any crosslinking before
Example 1 was kept under vacuum for about 16 hours. Afterwards, Example 1, collected at

89.83 g (yield 97%), was stored in a refrigerator to prevent any crosslinking before

characterization.

[00251] The progress of synthesizing Example 1 was monitored by the disappearance
of B-farmesene, as measured by UV-Vis in the reaction mixture. Figure 1 shows the
Ultraviolet-Visible (UV-Vis) specfra 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.

[00252] 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+1 average molecular weight (Mz+1), Mw/M, (i.e., polydispersity),
M,/M,,, and M,+;/M,, of Example 1 are shown in Table 1. The definitions of M, My, M, ,
M_+1, Mp, 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
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characterization. [00251] The progress of synthesizing Exanple 1 was

noni tored by the di sappearance of b-farnesene, as neasured by UV-Vis in the
reacti on woxbpuve746Fi gure 1 shows the U traviol et-Visi bl @CTu$20808)498pect r a
of Exanple 1 and b-farnesene. The characteristic absorption peak of

b-far » r ene in
P gar Q0 Bh ORbRIURR RIS RS, Chairee (oot or® B738, IS iplfes

[ 0025 Xerelinby mefeRaut.aThe\Rirgbér afifarmpsdny dinitp &t Bxdryplefl \qubchéat&d Webteabout
determined by GPC. Figure 2 shows the GPC curve of Exanple 1. The nunber
aver ag€vnol ecul ar wei ght (M), wei ght average nol ecul ar wei ght (Mv), peak
nol ecul ar wei ght (M), z average nol ecul ar weight (M), z+1 average

nmol ecul ar wei ght (Mz+ i), Mwv M {i.@&abledol ydi spersity), M/ My, and Me+i/ Mv
of Exanple 1 are shown in Table 1. The definitions of M1, My, Mz , M2+1 ,
Mp, and pol ydi spersity can Rrepdrtiesnd i n TExamplelal Bul | etin TB021, "Ml ecul ar
Wi ght Distribution and DefMnitions of MASIEFESLs " published by Pol yner
Laboratories, which is incdfporated hnréﬂtﬁ‘_%ﬂ‘ﬂbf_erence. Some net hods of
measuring the nol ecul ar weidhts of po found in the book by

Mal col m P. Stevens, "Poly tion " Oxford University
Press, Chapter 2 (1999), r porat ed herein by
reference. The nunber of fagne | e 1 was cal culated to be
about 490. Table 1 [00253] 4f Vlti' €3-S mwa lssg%olo\, NVR spectrum of Exanple
1. Peaks at 77.28 ppm 77.92"ppim—and 767/ ppnrwere peaks associated with

t he deut C ¢ ﬁ@“ C The
characte ?gﬁ ﬁﬁ%%@%ﬁsfﬁg dlgxMI:eTpééc V\éla}? i%g EMgpm %80%@1?] Fi gure
4 showy. (IZ'@rﬂ,l'inNm Thgpah mene péakEmesmpiaeedlmtl?dwl«huaaratéd 8bloppfiormandedifd®1 ppm
wer e peaks, as ogated with 3,4-m crostructur Pea 7.p 5.16 ppm
5. 14 p?ﬁﬁfctmd CNNRshgstram,  Hheschagactsrisie €g dFH“%J(YHZﬁa]E’é‘HHF]’] AR at

3,4-mg h{gﬁgtures Based on the areas under the peaks of Figure 4, about
12% of ar ene units in Exarrple 1 was found to have 3,4-m crostructure.

[ 00255] The DSC curve of Exarrp is shown in Fi ure 5. The thermnal
char acte[00é215f1bs Biguedasheve the v@éﬂ‘é\’lﬂe@s@ﬂéﬂ obfx@sple trheakg abt.8Epammand 1 was

found JQI ppm were peaks associated with 3,4-microstructure. Peaks at 5.17 ppm, 5.16 ppm, 5.14

o)

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.

[00255] 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.

[00256] 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.

[00257] 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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about -76 C. No other thermal event was detected between -175 C and 75 C
[ 00256] The TGA curve of Exanple 1 neasured in air is shown in Figure 6.
The deconwoxntwmetenperature of Exanple 1 in air was deCemseeeao4yy TGA.
The 1% wei ght | oss of Exanple 1 in air was recorded at 210 C and the 5%

i ght | 1 t 3
\(,:\ﬁlr\g/e of gpl Eg’f%géﬁaég) u?{a% ‘P%ﬁ%glg‘/ lg‘i %Bé%sgéﬁsgl tf épggﬂvﬁe El gure 7.
The 1%hyehahFiguess. The E&mﬂ&@wn@mmm&mgema&msmh&wtma&prtmorrded at
307 C and _the 5% wei ght 10ss o e 1 under nitrogen at rmsphgre was

r ecor débesive gpoeyoof Howsde 18&%#@@@‘%@6@0&5&%%&”& oVidlea peakksiresyabaony t est
resul t q2xampl e 1 are shown in Figure 8. The adhesive capability of
334 FnX

Exanpl’e measured by the lap test. The adhesive energy of Exanple 1
was fQ nd 0, be i 400 t ak stress of about 314 WrR.
anpl 192 3 o iamesench ». &40%f 245. 000 [00259] Exanple 2 is a

1, 4- pol ; f ~about 245, 00 2
Ly POLY [RBRGE o s L% "RV LSRR BRI PP A RS T eyt
secbutpianipld @M@syﬁtﬁeﬁﬁ%ﬁﬂaﬂiﬂﬁcddﬁdxﬁg% fHe- pra_é'é‘ﬂufbeibr FRhsple Dlexbepaipd-e 2 was

found to be 83.59"g (yield 71.4% . The yield is | ower because aliquots were
r enov duitytl ditliomi wagy usedas ﬁredgrt@@m d?hedfet whight ebExample 2 \gaioond fhee $HPRE&ul ar

et 9 AR RS o BRI 510 5 B ©

pol ydigTpied =hétyon. M2/ My, and Nk+1/MN of Exanple 2 are shown in Table 2. The
nunber of farnesene units in Exanple 2 was cal cul ated to be about 2000.

Because @jo260F | T SoReMaMWeRht hid pyIOHE rsi@,t oEERdMpIe 22wereldettaginkdbygher

| evel of entangl ement and | onger relaxation tinme than Exanple 1. Table 2

[ 00261(}P(Th51g98129 showsethefGRG awp’lee)f Expmplehdwhhe MaFMguMe: ¥8. MEhe t her nal
char act stl GS a ]?E‘%'ﬁ] e T 2 was
f ound p[ Seo 556%’0{%{ /‘\%’ @@UM?F I?lgr%salgf %% ?@gg tgﬂépﬁéxanp e 2 are
shown fhiefdngWin@ts inl Exdiplet2enad daculated to be about 2000 Because of the increased

molecular weight of Example 2, it had a higher level of entanglement and longer 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

[00261] The DSC curve of Example 2 is shown in Figure 10. The thermal
characteristics of Example 2 were measured by DSC. The T, of Example 2 was found to be

about -76 °C.

[00262] The tensile 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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strength of Exanple 2 was neasured by a tensile test. Exanple 2 was
observed to be soft, tacky and yielded quickly. As shown in Figure 11, the
peak el oryatzomm2ofe4 Exanpl e 2 was found to be about 6% wpPCh/ts20005004989M
tensile strength of about 19 psi. The nodul us of Exanple 2 was cal cul at ed

to be @bou lggi(gil f%mEx%n%)I e 2 continued to yield to about 40%

el ong an pol yf arnesene [00263] Exanple 3 was synthesi zed

Ol
simlarl rdi.ng t.o.the pracedure f.or, Exanple .1.except.th - but vl
7 thi um JOPS3ET Ch S 5 G SRS SRy B0 o RERE S R b
t et r aneéigpethbyd-8aGH it 1 71x 70 Xinol)3vasnldded YHRO.préxehed G, N, NQNI-
Sigma- Aldrich, St. Louis, MJ). The net weight le 3 was found to be

. Th f "Ex

82.72 tgtrwﬁtémﬂgfmediapé@q&??xﬂwé mel SMERA, mén@ f@%ngwwdﬂ@ﬁ@s Stty of
Exanple. 3 j . Fi the . f Exanpl
5 Th el MO ¢ RERaait P SRS e SRR LB D, O 2T one
f d i le 3. The M, . My, + | di ity, M/ My, and
o 1 v UL Foigolkfied sigtnd Falpgisny REEKNERY Ri'eleidtfintias™ )

Fi gur eGRE. W%ﬁxr@b@b‘ﬁowmé@(géﬂﬁle of FRémpR Nf Thdevespakeeh Pake 1 DindiGiwde 12

was about 46,582 g/nol. The nunber of farnesene units in Exanple 3 was
cal cul thetevordistinet weight fragitonsfanned B Foomes. FhgMeMa Maddsit he 13C NVR

spectr 3...B S pat . n 47 re
peaks po%?} aggepue Fge@gp’éﬁ\d&hﬁnor of*d/rl\g’f’ g g gégxﬁglr%%%fe E%%\t%? Hg?%m%%l 8%%32@& rgrqﬁ m
The chmaRéd Bigusd 1 T waeatkout 9165 fgymol ExeaMiplo€ the setonkd3$ealdn Pigured® walbsent in
Figure 13, indicating a regular mcrostructure of Exanple 3. [00266] Figure
14 shaiout #5584 ek dpe surbeT of faEeass Wi in Peampleat Was BCYairlanEe 258 ppm
wer e ks showi ng microstructure of Exanple 3. Peaks at 5.17 ppm 5.16
ppm 5.14 ppm and 5.13 ppm were peaks associated with 1,4- and
3,4-mcrostructures. Based on the ar[\g§1§3under t he peaks of Figure 14, about
10% of farnesene units in Exanple 3 'was found to have 1, 4-m crostructure.
[00267] The DSC curve of Eix e—3—1sT7s$h tn—Frgure 15. The thernal
characteristics of Exanple gbwéer:ﬁgs nea:jﬁ?ﬁ‘smg;&olDSp The Tg of Exanple 3 was

found to be about -76 C M('"gt teT tIeT g#Eaa Tt s detected between -175 C
and 75 C.[00268] The TGA cffve of EXal §’e34%masured inair is show in

Figure 16. The M,., 50,527 g/mol
Polydispersity 1.039844
M,/M,, 1.031269
M,./M,, 1.060509

[00265] Figure 13 shows the 13C 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 Bc
NMR spectrum. The characteristic peak identifying Example 1 at 139.05 ppm was absent in

Figure 13, indicating a regular microstructure of Example 3.

[00266] 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.

[00267] 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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deconposition tenperature of Exanple 3 in air was determ ned by TGA. The 1%
wei ght loss of Exanple 1 in air was recorded at 191 C and the 5% wei ght

| oss of Bxarplo®21464n air was recorded at 265 C. [ 00269] PETAIsRI00/0849%@aS
observed to be a highly tacky viscous fluid. The lap test results of

measor odlWF6Fh e THOTGA QRS LT n SR SRR I el 1O PR G 75" be
about déaorﬁp&lﬁdﬂnemﬁeﬁt@rem@xaﬁfple% fn ai wab aatenﬂi’n@d NymGAESraap Pewdight

pol ystyrene- Fol yf ar nesene- polé rene [00270] To a first dr| ed three
neck desef @rxaména naalg@frasm A8l apdéh%ﬁ%e@lglmlmﬁ SExempledgn air
b-far Q@a%?@@orh oa‘exane was added. To a second dried three neck reactor

under ‘argon a m)sp ere a 20.65 g solution of 10% styrene i n cycl ohexane

dd to th t but I 6.88XI O 4
V\rr’lglis) awagﬂ]a?(}%er ﬁé V?aéé’(t,’g%}%’e‘ﬁ egeha F‘WHJY t&?'&? Vlg%?\u(uf qllH% Irr}éacé#lj)r??egt\/\/as heat ed
at ab%aulté%fﬁ%gre PR Ehowh iM Piduse 1 UNThé adﬂe’sw&'fchpzﬂﬁl@tyvﬁﬂixfhﬁﬂﬁeblm as

nonitored by GPC. Then, 161.8 b-farnesene sol ution

b- f ar messews}l bdke tapdesif dihe @dhessver mrgye@fcﬁﬂmmaewaSafp'g%thherﬁb@Bhbf%OO The
t || | et f bout 7 h t or ed
reac I&}D TWI— (Egapeaﬁw\ﬁ?gsglo?a{)g Qlt30 /h,ll conpl e ion for abou ours, noni tore

by GP I quot's chl orosi |l ane coupling agent (3.44XI O'nd ,
obt ai ,l\ét_) H_IIP alns, N ver e t hen added into the reactor

such TgRe reactlon m xture was 1:2. The

reaction i allo ct, unt conp n_as indi.cated by a
col or ngghfr 0 iﬁté‘w@%? Egﬁk ’ieﬁCtPﬁgn#eééfﬁOSra 78 PA° @H g

preci th@*b%ffl bAY) szhﬁesfeﬁé‘?r{ ?%Ibl{é‘xéﬁéwvﬁs Wided. TolPecehdititiethoée dechutadtor
catachol in ethanol. After drying in a vacuum oven at about 60 C for about

2 hourtmdemamp a@atsphers, &%@65 ugn?dbﬁlovl@é d0fh stprenaipexclalexpatvaes agdeder war ds,

I
o pr cvisttraify CRE EBrfinedlyon. b Bl (Cles B8 APV RR B indoRhe 227070

of polrysdior £ 1hi$1aﬁii'091ml the réﬁb@iﬂ&ﬁslﬁatei[b&awwgo &g foodbauoll § hbWSeﬁtﬁllslylnt hesi s
reaction was nonitored by GPC. The two_peaks in Figure 1 ndj catﬁd t hat
there siysere wapcarisymedcas menified by SPG. oRkeno i 618 IPylariesentes ‘qu?e(éie Oldh, My,

| p re shown
Ve, Mok gl RSk DR e Mo Pl e PaiataueRc.ar © o
59, 59Gllgivedlto réBbeudvfl compldimnsecatroait Fdwkrs, monitored by GPC. Three equal aliquots

of dichlorosilane coupling agent (3.44x104 mol, obtained from Acros, Morris Plains, NJ)

were then added into the reactor such that the mole ratio of Li to ClI 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 #-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.

[00271] 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 M,, My, Mz, My41,
polydispersity, M,/My, and M.+/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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Figure 20 was found to be about 28,619 g/nol. Table 4[00272] The

pol ystyrene formed then acted as an initiator to initiate the

pol yrer i 280i2010/02746h b- f ar nesene to form a pol ystyrene- PCFASod0pioatnesene
di - bl ock copol yner. The GPC curve of the di-block copolymer is shown in
Figure 19. The progress of [pliEetEs DT O ITidieyTET] Synt hetic reaction was

€

noni tored by GPC. The thregypcaks T Fhgbse/mey | NUi cated that there were
three distinct weight fracffons Tm Theogl{7lsd K Copol ymer reaction
solution. The Wh, My, M, 'I\Mt VEF T, Pod3Bighdr SIty, M/ My, and Mz+i/Mwv of
the di bl ock copol yner are sfiggwn 1 n Tabbgsds.g/mdne of the first peak in

Fi gure 19, correspondi ng tpopdpaisy&dityr ehe.02788#- pol yf ar nesene- pol ystyrene, was
found to be about 141,775 jgipml,. The Mp.opf734 he second peak in Figure 19,
corresponding to the di-bljodk/®epol ynen.p488&6s found to be about 63,023

g/ nol . The nol ecul ar wei ght of 1, 4-polyfarnesene in the di-block copol yner
was cal cLﬂ(Rﬂé}j t'bhdqmolyshpmhe SanisdQhed mvéd asTémnMntmftonimﬁatehhed peak in Figure

19, di found t bout 99 g/ mol . Tabl
5| ooarumeraUpB YLy FEREsnd o lsg ol eeand GpolgrERRete Ao rE: wns T ur ther
coupl g4 Bane?r%E@@é&véofﬂegﬂfb%&Q ?Bféx\‘}%rﬁs!@lo%%qiig&@ 197 TREGBRss.  The

nol ecul ar wei ght and pol ydi spersity o le 4 were determ néd by GPC.
The t féke dielllkek capolymer synBtic mefician ads mmtOtddeb}eGR@r dherthese pdiibtlnnct

B R o e g e e o

Tabl e rBactibA®oMpioff ThBM, MélM,Pw Mpl, b@'dis%ex%ﬁ}/, TOM S sRa ML YL of th¥dnpl e 4,
was found to be about 138, 802 qfng e 4 was obtai ned in about 10% of

t he cdugeki sapobimertace shamemntnbﬂm? Ehe MirafdBeHest peatoindrigunsi 19s correspRadipg e 4

k
v T B a6 AN O T REL £ 050 ACGMLERTIToFALTS R
f ound dfehdscahdpéakad Fogre gDmxlrresiFdSlﬁilh@td)ﬂhe diveldckicogoly ek, was feunditeebe20,

corres ondln to pol tyr ne, was found to about 9,.368 /rml Table 6
[0027 ‘19%35/@ L Bsnaleralar geei '#éﬁ‘elé? eé?ﬂ%@éﬁﬁﬂs block egpalimst 77. 69

ppm a Y/ S inat ed chl oroform
fw'as c%lﬁ%?aectfgn%@%lﬁgpgfgé?\l%n@ PN SeknWihify %eaggﬂ%&é 3

used for spectrutn O her Figure 2 1 were

peaks casssmindirgttowiotystyrede, was fydral tndeabeut2fj7Pog/metlyr ene. The
characteristic peak identifying 1, 4-pol yfarnesene at

Table 5
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
M, 31,936 g/mol
Polydispersity 1.030949
M,/M,, 1.027264
M,../M, 1.052449

[00273] 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
M, My, M,, M4, polydispersity, M,/M,,, and M,.,/M,, 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,

67



139. 25 ppmwas present in Figure 21, indicating the presence of

1, 4-pol yfarnesene in Exanple 4. [00275] Figure 22 shows the 1H NVR spectrum
of Exanplwo4nioReades at 4.85 ppm and 4. 81 ppm were peaksPagaseioanesdHsn t h
3,4-mcrostructure. Peaks at 5.10 ppm 5.12 ppm and 5.14 ppm were peaks
associ | < 4-m er e nder the
peaks Og?ﬁ%e\ge%é&;p %ﬁnzﬁ%&f 53‘%&' gkﬁfcgfgﬁg S gltgg{ouﬁwg%ﬁg éx%ﬂ%ﬁggarﬁés\?gg dPou nd to
have 3ldek copolynsdrs,wedsifoand {odatut §8,69 DE@haluThe Mf ofthaitinkdpehkiin Bguwen i n

Fi gure 23. The thermal characterjstics, of Ex I re measured by DSC.
The T&O@FOqe,S@%%pgf%Pw@gt@mei waﬁw%|t%bqam35§é§ﬁm§fbe about -76 C. The
Tg of polystyrene in Exanple 4 was found to be about 96 C. No other thermal
event was detected between -175 C ahablg® C. [00277] The TGA curve of
Exanple 4 nmeasured in air s shown in Figure 24 The deconposition
tenperature of Exanple 4 i|pPrapertitas defxmpledd byl TGA. The 1% wei ght | oss
of Exanple 4 in air was recMeded at 30138249 gmol hol 504 wei ght | oss of Exanpl e
4 in air was recorded at 33¥wC  [00273144] Z'E/f“@ si]e test results of Exanple

4 are shown in Figure 25. fhe teﬁs#!e 146:"61 .ymﬂ o Exanpl e 4 was neasured by
atensile test. Exanple 4 m ‘T“ %t;rri.i b;{solégz@ Fey shown in Figure 25, the
el ongation at break of Ex . Ho—be—about 425% wi t h amaxi num

tensile strength of about — Th“l‘déﬂ; ts—of| Exanpl e 4 was cal cul at ed
to be about 31.9 kpsi. Stres¥ 3309 etongatiomof Exanpl e 4 was about

o e 100237 T Higfmt TSt S CARRAS %/}r;eg’frhl% RfaBiY s, PR #0750 ¢pyf osu! £

of Exanp ue®t o an adhesive f are's ure

adhesiand 7688 hm ferdpakp basbomatdivitinthetdeuteeatabchlbroom? 8sddfor dolitingt h a
peak stress of about 134,000 N nP.

| - . .
pol vstth$ eﬁ‘eNMQSEﬁSFWF‘arQ@%JPF@-kﬁ& ?@ﬁgﬁé’g{e&%ﬁ)]‘swﬁa@dﬁ‘ﬂ%f’4dr ied three
neck r esétRdfA |pgh§§}§e&t' FdeterfbtiP ‘b@aléj{dieﬁﬁfg O/?,agJo'l‘}fiaﬁi%s&fe at

b-farnesene 1 n cyc ne was added. To a secon ried three neck reactor
under 139¢rppmb mas presert, in Xigure 2 &y indiwating theippesenée adDbgpolyfamesdng ivycl ohexane
was added. Afterwards, 141.1 g of the styrene solution (i.e., 14.82 g of
styre%%%‘*transferred to a dried reactor under argon atnosphere. A

m xture of "-butyl lithium(5.84XI 0O 4 nol) and T (5. 02x1 4 nol), was
added i ni®2%78k ré‘&B{e&z %@Wé&h‘f it YMRopectim 0? ﬁém?‘ggg- oésea%éét ‘hggPBH‘ about
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.

[00276] The DSC curve of Example 4 is shown in Figure 23. The thermal
characteristics of Example 4 were measured by DSC. The T 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.

[00277] 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.

[00278] 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

68



50 OC for about 16 hours, until all styrene was consumed, as nonitored by
GPC. Then, 143.07g of b-farnesene solution (i.e., 15.74 g of b-farnesene)
was transwernmd2v44t he reactor under argon at nosphere. Phe/USe@onD4IN Was
allowed to react until conpletion for about 16 hours, as nonitored by GPC
Di chl T ' i j e
equal q{iiﬁllaluot s?ﬁgﬁﬂﬁhgﬁéﬁ% tB ﬁ"tg 1‘#%]51)3},% @@g@qﬁio??%a%ﬁ@&?@%agéulbrtﬁgwégct I on
m Xt urabowtaH .2 kpaiwSdessea 38 0Udlongationplf ExampleabwanabaumBad gsy. a col or change
fromyellowto clear in the reactor. Exanple 5 was precipitated fromthe

react i on[omAYMr eEimpile 3 X EAbsdrvedtcObe tabkif. Vhe Ga Reh@bulisofeRXaaipde 4, difettor
drying in a vacuumoven at about 60 C for about 2 hours, Exanple 5 was kept

under apadhesiye Bilue erershewntipdiigire A6+ dhavaslkpsivemnaray of Exampls # atasdeungd toog. 75
9 (Y1 Behndrd o8 /hlmvﬂﬂt%gefg%l E%{]ééf-’%@g{ Pia b Riizent any crossiinking
cSene polys

bef or e "characteri zation. curve of polystyrene is shown in
Figure, 27. . The agl styrene was nonitored by GPC
The t w6 Heaks—PH FJg%ere were two distinct weight

styrene 1 Y
f ti | yst . ,The M, Mvy, Mz + i, | ydi i TV M, d
o | o BNOBBBPy ¥ B et ik ey fndes Srebnabpierd Rte e L | B
Fi gur oiifionas pliaHeerdedn Rc18RGhe Sras 2adfe D/ T®h secbng dMed Hreé hecisraapd peak in
Figure 27 was found to be about 32,122 g/ nol. Table 7[00282] The

pol ystupdemargém atmexsphérenn protdsitdzsolugion; ofi 10V astprent in Fyrlehexare wagadded.

pol ymerizatipn.ywth b-farnesene t.o for ol r - 3,.4- r ne
di - bl d{f&er&v ril)ﬁei g 0?“1% ¢ TPEE &ﬁ?'\‘} O%F"ef’hwfgc?? g 8?%%“%%‘%8%“%%3?9‘#%5 @hag‘\%;e%ﬁ n
Fi gur @eatfor ublder &g68 aeassphtret Pemitktufdl sfokbeeplihyure (5.8¥xt0Temby and TMEBEDA or ed
by GPC. The jfhree peaks in Figure 28 indicated that there were three

di sti {é02%kY gmoDrwascadded intp the rsactar asAngakiasespand the reackrcvasdivaled AP, The
Wh, o +i., di | ha bl ock
copol yihet for BBt cRRhIC LBIIFySatpe Vo Mho i, Minbnitdfen 8y GRC e 226,

cor r esigdridigrg ptfaresénesdojutiond?. 8., 45 76 |gydf - faesseme) podsysnyfeerd to thesedddomd t o be

bout 174,052 g/ nol . Th f. th K in Fi 2 di
o1 hendFd BEoR REDpbIFmane FoitioR O A0 GEBE ZALHTRERBITG RO SEOthEe

mol ecy,gfs Weh@htoRl b3-dp®0 b{é}ﬁ&ﬂ&@ﬁﬁ{éecohﬁmk%sgéﬁk wab ek 20880 ineRe re@dtor
cal culated to be about 54,000 g/nol. The of the third peak in Figure 28,

cor r espthrdé aqual eligaity, sugh thatthewasle ratimef kigod vedsdu2. Bhe owstin mixture was

allowed react until completion as indicated by a color change from yellow to clear in the

nt hesi zi
Af-T1€

SN

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.

[00281]  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, My, Mg+,
polydispersity, M;/M,, and M,+1/My, 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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Tabl e 8 [00283] The pol ystyrene-3, 4-pol yf arnesene di -bl ock copol yner was
further coupled to form Exanple 5. Figure 29 shows the GPC curve of Exanple
5. The noweculwn7asei ght and pol ydi spersity of Exanpl e 5pragns2aees9sd ned by
GPC. The three peaks in Figure 29 indicated that there were three distinct
wei ght fractions for the cpogpting plujgxamkﬁhﬁed. The Mh, My, Mz, Me+ i,

pol ydi spersity, M/ My, and i F7 MV of [EXgBk1> af € shown in Table 9. The
Mp of the first peak in FiOpHRisgsityCOl 186d8@91di Ng fo Exanple 5, was found to
be about 148,931 g/ nol. ExaapM€ > Was|obiasned at| about 33% of the coupling
product. The nunber of farjnaggme nonoimeny4ssn TS 1 n| Exanple 5 was cal cul ated
to be about 300. The peak nolecular welght of the blocks in Exanple 5 was

f ound tog 82P OUThe3pol P Preh® Forti¥A-tBeh A€ & arDinitialdvao Mitiafe thbe second peak in
Figure 29, corresponding to the polystyrene-3, 4-pol yfarnesene di-bl ock
copol yaskymengagion avithB-fanesene soformgnpol yatygnendid-paléarngsene di-hleck hi rd peak i n
Fi gure r ] . r t b

o ol P arERo TREESE bt bER UK RO sy e A2 M BT o
Pﬁakz cﬁ‘&hgcﬁrﬁlgcl{)ﬁfpolﬁ?{er@nﬂﬁﬁig V}msdn(ﬁﬁtloﬁgd W@P@Lﬂueﬁhﬁeg)eaks msl&gaieaX8ed \r/]vl th
t he deuterated chloroformused for collecting the 13C NVR spectrum  her
peaks Inficateg thab theee Wereethfredistingt wiiahs fracianson the ﬁrbjlg& AP YR IRREIORd

pol yst ) CRar agt i St od inf vd 1 : | ne at

30, oS oE TH M A N B Ry R A e e et e o
Exanpleepblynjed @rBHhpwhiig diableRl. Thol of biee fitst pedR ip Fegitre ARy afrrdspendihgetcs. Peaks

at 4.85 m and 4. 81 m wer eaks asspci ate ith - crostructure.
Pears Pl Beat 8 gl praRETan Tl REANE. SEoREnG I thaul 705 emdl Thitdn,

3, 4- myriRsidcHid HEdkSin FRaRE280bridiforiifgfo B UAEHIJcRRopSIFkier Obadfollhd & Bel, about
5% of farnesene units Th Exanple 5 was found to have 1,4- mnmicrostructure.

[ 00286iboThes,6580/mal v he mdlscutgsveeightiod 3ghpelyfarnesengyiir the Ip-blopkeopplgmes|
h teristi f : The. T
S porgeatiiie @ vl RIRAE o BRI, TRAME ST RE e iR Bigle B o 1o of

pol ystepkreEsonidihgtts o seyrbnd)\as ffowtitothe dbeusdness §ol. No ot her thernal event
was detected between -175 C and 75 C. [00287] The TGA curve of Exanple 5

measured in air is shown in Figure 33pleBhe deconposition tenperature of
Exanple 5 in air was determ ned by TGA. The 1% wei ght

Properties Polystyrene-3,4-polyfarnesene
Di-block Copolymer

M, 27,801 g/mol

M., 31,379 g/mol

M, 33,539 g/mol

Y, . 35,033 g/mol
Polydispersity 1.128697

M,/M,, 1.068833

M,.,/My 1.116447

[00283] 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
M., Mw, M, M+, polydispersity, M,/M,,, and M,.1/M,, 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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| oss of Exanple 5 in air was recorded at 240 C and the 5% wei ght | oss of
Exanple 5 in air was recorded at 327 C. [00288] The tensile test results of
Exanpl e Swareiwizon in Figure 34. The tensile strength eCTHEsamploes959 was
neasured by a tensile test. Exanple 5 was stiff but yielded. As shown in

Fi gure t he el. tion at bre 0 anpl t ut,. 175%
w Oh PoRdie ChRLRSoBeb i Hor B sLPe PouT 8212 ibChoths e SRR o s
was CyegkliraFigdrd 29, berradponting o ‘Poiyacyirer{e(,)@asﬁlunaxamhbo& 30581 o gimioher puri fi ed
by repeated extraction with solvent hexane 4 tinmes. The GPC curve of the
purified Exanple 5 is shown in Figufgpdd. The extraction of Exanple 5 from
the coupling product was evaluated by GPC. After the extraction, Exanple 5,
shown as the first peak inFLgHG& 35, [ BRampldw' €ased to about 60% of the
extracted product. The pol yaryrene-3, #29plogna nesene di - bl ock copol yner,
shown as the second peak ijnmFigure 35| 30&S gmetiuced to about 30% of the
extracted product. Pol ystyfrape, shown]| axsdheno hi rd peak in Figure 35, was
reduced to about 10% of thieMgxtract ed|ps@dgaeiol [ 00290] The GPC curve of the
extracti on sol vent hexane | Bohsipansityi n| F0gpife 36. After the extraction,
Exanple 5 existed in very [MyWanount | h03%e6 extracti on sol vent, shown as
the first peak in Figure 36M=MMsi gnif 1 ¢d0R5Gnount| of the

pol ystyrene- 3, 4- pol yf arnesene di - bl ock copol yner was extracted to the
extracti (10284] veriguresishowsshe HE NMPospecpuaofiBxampie:? e Peaks ah 7ThdRdPMLy  of

pol ystyrene was cted to the extraction..salven ird
peak i%.ﬁw,eang?&%%wgﬁererﬂ%akﬁgﬁgfﬁoglaieéisvylﬂ} gls? uq%fl {sa%tg &]%f"gﬁ?ﬁgp ?ee(%jﬂ) anpl e
5 are pliemhg the FCUNMR Sgectrife OMRE pédks$h FREE B0 tlerd peakpussotiatd Viatlas@-e 5
was neasured by a tensile test. Exanple 5 was soft and readily yielded. As

shown polyfringsene a@d polystyrenes nkhet theractarishe ek WentifyingoLfroldamesadieite 5 was
The nodoi3Pra S Dottt cRl OB bR BT ERARME: 00 ks

Stress a % el..on iqQn of, t i fied Ex I e about
oy 5% 5s  Tog800 ShiEaRa vt HENME, e AP RSB Heak DU ie3 Rrl 2oy
The | apgt Bsh weds BdlS addocidied Withi3{4-aticrbxaugpie. Pealdlt 516 pin and6Bvspni ai | ur e,
are shown in Figure 38. The adhesive capability of the purified Exanple 5

was meserapeeksmsserigted Withsh4- ande . datewsyuctaiser Bysesron e 2pas ipAEdhERES| e 5
was f Oo"f'ﬁg&rg 3000586 dr AL QR Units TR ERLPIeS REMOuRE 1&Rsve 4abOUt 120, 000

microstructure.

[00286] The DSC curve of Example S is shown in Figure 32. The thermal
characteristics of Example 5 were measured by DSC. The Tgof 3,4-polyfarnesene in
Example 5 was found to be about -72 °C. The Tgof polystyrene in Example 5 was found to
be about 94 °C. No other thermal event was detected between -175 °C and 75 °C.

[00287] 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.

[00288]  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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N n2. Exanple 6 [00293] Exanple 6 was formed by the vul cani zati on of
Exanple 1. To fornulate the reaction mxture, 62.7 g of Exanple 1 was m xed
with 3.20w0 2niome74%i de, 1.25 g stearic acid, 0.94 g Rublpernskews0489 f ur
MC-98, 0.13 g Accelerator TMID (tetranethylthiuramdisulfide ), and 0.63 g

Accel era TS (N gxydi et ene- nzot hi | ' ' oxi de,
Steart o REOT L AnlaY e b el 55 T el Bt BN SO o BhR 2 O
OBTS wahes. OtheaGPE duifve Mt e Eaiie 5 aé shown ibkIigire 3GH. Thelextrattidrofe was
then placed in a vul canjzation nold and degassed at about 140 f or about

30 ni reEple Afrom tesauplingprogpe was,avauateddy GRE e difter thesiitacton kxample apout

15 m e de-mpk di P ' ' ted at

70.4 o e & SETT SO DL R S R Rorteelly MATIEDfo SOt e FROLEET O o

in Fi gl“l]fe@oﬁﬁ;tyr&]!iﬁﬂ%W?famegén@%i@il&;]@éo;ﬁigmml ﬂucﬁ\lr)mmtll(xas?sxg)r(lmallbm Eéigtmnsi Ibe

test. As shown in Figure . .the elongation at rea a .6, was about

3696 wi3on a5 RPN A0BHS0% S gRReg oSkt PSS, R TAIHP QUbreaky anpl o

o vias if it 35 8ad RaBRaABAWbu IR 1 the BXARRLEprodL0295] Bxarple 7 was T ormed
c Exanpl e 2. anple 7

by the v ani zation o Exanp was synthesized simlarly

accordin h I pl aced
by 60, 3 IRIaf o IRGEPLILNG drhe FEMRGH sRvEtiRRbod Hbo M RIdted JH LR

(yi el dh@éfiracjion[IxA9A¢ 5 ERBLddEinSiehelomesrhouirg S thHesextfactiorasgilent,/shama ashbewn i n
Figure 40. The tensile strepgth of Ex l e 7 was sured by a tepsile
test. fAst gq%lsmFll%lrﬁ@uAélmﬁcamém@% 4bs BRIYSTOeon -P8¥Y?@%5¥Faﬁéh$?%§s f ound
Lo be @BgNk 23000 | | f L6 Piure F6eA
nodul ucgpo %}é%&@u%{s&ggl cu %&ggbi\%ngéﬁ%%th&gepsi %ﬁOOZQ r%i | e the

i nventmajarityast fobestyrepswas Bdatactid th theepmetion solaet; stiovadasthethdrd pdak in
enbodid‘mant . the specific features of one enbodi nent shoul d not be

attri BUB¥E °Po ot her enbodi ments of the invention. No single enmbodinent is

representative of all aspects of the invention. Ln sqne enhodi t t he
conposi t (R, Hes tensile taetyesulis of ths Rﬂﬁﬂi@?(ﬁ]@’%ﬁ%&[ﬁfg’é’“@rm t‘%‘ﬂg% ofr he
ment i uathe NELALR of I b Eﬁ&hﬁﬁ’é RS Sneabited 69 ARONf6/tERS ERAmPRI1@ds do not
I ncl uge, SE g]‘r?% gutst%{%{?ﬁal y free of, ezilny co ounés or st epg@not
enumnersaftend readily yielded. As shown in Figure 37, the elongation 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.

[00292] 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

[00293] 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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herein. Variations and nodifications fromthe described enbodi nents exi st.
Finally, any nunber disclosed herein should be construed to nean

appr oxi mewe,2oroegated| ess of whet her the word "about” or ‘Papprsecoomedtosd y" i s
used in describing the nunber. The appended clains intend to cover al

t hose podifications and vari | i, h| h

i nvent®® %SS@A%IWW?%F Wag cgfegla&nggmft l% &a}lg ?)b Y a&ngs %egé:%?rg?&oﬁéfagbne or
nor e FB)damemwﬂamb%ah&avam%@twu{m@é(yneld:sg%b mm (X'), wherein nis an
integer from1 to about 100,000; mis an Integer fromO to about 100, 000; X

has one @o29%f € Pie tfe%xl@%ﬁ‘i"esfu'ﬁ)s of ¥xhinple 6 &r@ﬁxowﬁ‘ﬁﬁ‘ngu@fkf ) TRO'Eénkie (VI I F) ;

and Y has fornmula (I X' ): wherein RL has formula (XI): R 2 has fornula
( XI 1) :streagth&$ Examplel @wexmeasured?hy naensiletasti| As ghawn inFignesi 39, dhecelongatig, R6,

R7 and nde entl cI oal kyl. ryl | ]

2 Ky Dregk DEERGERETE a4 il 6% it okimpRyite el TABRCTC Y e

an NoGRGRMIYE Exdiniplé arwaa%@hméwdo becubahksﬂ psil nocar bonyl , acyloxy, nitrile
or halo, with the proviso that when mis 0, the anpunt of formila (F) is at

most ghoWpl89 WM . % based on the total weight of the polyfarnesene, and
when m‘lsII or greater, the nole percent ratio of Xto Yis fromabout 1:4

to about «ﬁﬁ?sﬂ }?xr @7%s%ﬂﬁ&?ﬁfﬁm% mcaﬁizahah a,fEleﬁ%alzn RIS Of

f ormul a about 5 wt t o about sed on the total
vei ghtsyothesibed spmillyaﬂwan@xémg to the peedund ﬁrﬁmemé exdepathat Bikamplgi Inwasl - 2,

ot al SRPGRLOHS kelbmgled: nirsatit eight of ExpiR . PRotund (b 5 £fTf o e

1-3, whkegein at |east a portion of the

[00296] The tensile test results of Example 7 are shown in Figure 40. The tensile
strength of Example 7 was measured by a tensile test. As shown in Figure 40, the elongation
at break of Example 7 was found to be about 25% with a maximum tensile strength of about

10 psi. The modulus of Example 7 was calculated to be about 66 psi.

[00297] 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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doubl e bonds in one or nore of fornulae (F)-(Il11"), (M)-(VH), and
(XI)-(XI'V) and stereoisoners thereof is hydrogenated. 5. The pol yfarnesene
of any ofwol2aiomme7443, wherein mis 0; and X has one or moTAISedoofnotIrul ae
(I')-(rv). 6. The pol yfarnesene of claim1l1, wherein mis 0; X has one or
nore of fornulae (V)-(VIIF). 7. Th@ éarnesene of claim®6, wherein the
total amount of formulae (V) and ( Il—'@\ls fromabout 1 w.%to about 99

wt . % e total weight of the polyfarnesene. 8. The pol yfarnesene
of cle;%aﬁﬁg8 vé:'émreg i the amount of formul a (VI F) is fromabout 1 w.%to

about 99 WLy % e

pol yf ar nesehe of‘g@ﬁij fac_’rﬁeéepg CE”%J 12?\g‘%)vvg%r gfoﬁe h?'?’“{%? %Jr%?g gg@u‘t%nﬂg% 000;
and egxh):of R5, RG, R7 and R8 is H 10. The pol yfarnesene of any of clains
1-4, wherein mis from1 to about 100,000; R5 is aryl; and each of R6, RY
and R8 is H 11. The polyfarn ?@lnelgf cI a| m 10, V\,herel n the aryl is phenyl.
12. The pol yfarnesene of any @l 9-1 1, wherein mis froml
t oabout 100, 000 and the pol yfarnesene |s a random f arnesene i nterpol yner.
13. Th f.arne i rom1l
o abalthang o medioan S3¥ sl oBitl: ¥ aR Blefoln 080 Bhale1oMobe i T
14. Thas pfid vf mbresomaelhe (P p(VIILY, wherein the bl ock farnesene interpolyner
conprises one block conmprising X and two bl ocks conprising Y and wherein

t he bl ock cogpri sing X is beween the two kb ocks corrpri si ng Y. 15. The

pol yf arnesen f an éef cl ai s 1/1%, wher€] pol yf arnesene is
greater than M 000 ons. 16. The po farne f any of cl ains
1- 14, wherein gine Tg of ol yfarn ne hanRzabou 0 0C. 17.
The pol yf ar nesene of argysof cl ai s ﬁlﬁ wher e| fl(ﬁtIR i
greater thagg about 300. 18. A polyfar nesgne prepar ed by pol yrrerl zing a
n

e sum of nd nis
b-farnese e presencg’:of a catal yst,cHsherein the anount of the
c/5-1,4 ‘%risjfr cture},rn de \yfar " s at nosf;j/\}{

V), R (vr), %  (VI)and R*  (VII);and

Y has formula (IX’):

RS
RG
SN
R
R (IX%),
wherein R has formula (XI):
CHs CH;
/K/\/g/\/&’{
HaC (XI); and
R? has formula (XII):
CH3 CH3 CHZ
NS NS
sC A,
R3 has formula (XIII):
CH; CHj
NS NS
HsC A (XIII); and
R* has formula (XIV):
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about 80 wt.% based on the total weight of the polyfarnesene. 19. A

pol yf arnesene prepared by polynerizing an a-farnesene in the presence of a
cat al yst ,woterogizethe anount of the cw 1, 4-m crostruct uPETIUS2400804959

pol yfarnesene is fromabout 1 wt.%to about 99 wt.% based on the total

wei ght of the polyfarnesengy, 20. Al yfarngsene prepared by: (a)

polyneri zing a farnesene i the prelsence of |a catalyst to forman
unsaturated pol yfarnesqpg: a 4ngoﬁyleast a portion of the
doubl e bonds in the unsaturated pol yfarnesene in e)’ presence of a

hyd t.i ..21. The pol yf f f clai 18- 20,
wher o HHeEiB <hel HOL e REaisfo i AarReager o Ak y YRl Lo B S ARG o
far ”e%mg%eﬁﬁe%r@%%koxﬂ%%&%ﬁfﬂo&}rﬁlﬁ?ﬁg%o%l, dBafbonypherein the

vi nyl Yrene. e po sene” 6f any of cl’ains 18-22,
wher eiatkytléreinoaanbesdn dialky lgmiapearbonlyacylorys nvolegamakymith thd poovissl thitar nesene

of any .of cl.aj 18- 23, erein. the farneseng.is derived fro si npl e
sugar _.W‘?@.mﬁ@"tﬁsﬁy‘f’a%_ 8%&821 ;Wt&os&%qqlrgo w;%ﬁ,ass\igp é}?%tgtai& e&%ﬁ al yst
CONPr igTRRe FElyRRBR, lahd WHEh M RJEHE gredlr, R oRYeYécdt RRRAITEX & YOk &of 25,
wherein the catal yst further conprises 1,2- bis(dinethylam no)ethane. 27.

The paibptitak-Adsebmitdf0dny of clains 25-26, wherein the organolithiumreagent
is tt-butyl lithiumor sec-butyl lithium 28. The pol yfarnesene of claim
20, wher ei 2.t he Tiydpagfanssemnofl daigehtwhegeinytbe ageunti of fotmeulp(B9asnfienof a

hydrogenatjion catal ysg. 29, .The polyfarnesene cl aim 28, wherein the

hydr o ﬂ&&ﬁ&’ﬁf&a%(\?‘&{’9%g@d%5%&&%§@? e%@%ﬂﬁ%‘egf’gﬁ%}wﬁ&ea pol yf ar nesene
conprising copolymerizing a farnesene and at |east one vinyl nonones in the
presence gf3-a?ca léﬁl}/%lt’f,af‘gﬂ?@‘?“e‘i’{rﬁntytfgc L vehsrgin thy araoWRt #ﬁ@mﬁ? E@;Ene_ to
the vijay! | ERAB5R 70 wt. 9 nge_@%‘ﬁ%e fotfl WlgRhe fAQfatnesdde. A Method of making

a pol yfarnesene conpri i ng:
4. The polyfarnesene of any of claims 1-3, wherein at least a portion of the

double bonds in one or more of formulae (I")-(III"), (V*)-(VII’), and (XI)-(XIV) and

stereoisomers thereof is hydrogenated.

5. The polyfarnesene of any of claims 1-3, wherein m is 0; and X has one or

more of formulae (I')-(IV?).

6. The polyfarnesene of claim 1, wherein m is 0; X has one or more of formulae
(V>)-(VIID).
7. The polyfarnesene of claim 6, wherein the total amount of formulae (V*) and

(VI’) is from about 1 wt.% to about 99 wt.%, based on the total weight of the polyfarnesene.

8. The polyfarnesene of claim 6, wherein the amount of formula (VII’) is from

about 1 wt.% to about 99 wt.%, based on the total weight of the polyfarnesene.
9. The polyfarnesene of any of claims 1-4, wherein m is from 1 to about 100,000;
and each of RS, Ré, R’ and R®is H.

10.  The polyfarnesene of any of claims 1-4, wherein m is from 1 to about 100,000;

R’ is aryl; and each of RS, R” and R® is H.
11.  The polyfarnesene of claim 10, wherein the aryl is phenyl.

12.  The polyfarnesene of any of claims 1-4 and 9-11, wherein m is from 1 to
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(a) making a farnesene froma sinple sugar by a mcroorgani sm and (b)

copol yneri zing the farnesene and at | east one vinyl nononer in the presence
of a cat avp=n10/@2464The net hod of cl aim 31, wherein the molraSp@oesysIratio
of the farnesene to the vinyl nononer is fromabout 1:4 to about 100: 1.

33. Tha%oﬁﬂdt%joooe{ndatﬂg gSfy%n@$ﬁgis%{aH§gﬁgf$H§se%% i#lt%gfogqﬂg@le vinyl monomer does

not conprise’a terpen ny o ns "30-31, wherein the
at | east ong, vinyl npner i s ethylene, gn, a- fin, or a.substituted or
unsubst i tyt@d v:lﬁ}}q gﬁ&?ﬁ%snﬁ?ﬁ%ﬂ}y@fﬁ?’,ﬁ%ﬂﬂ%’ ily Phergin AP oﬂii%ter,

et hacghslit POEEESAnd tﬁ@bwm&%n@'is A'BlobR EdriéseAé _ﬂﬁ‘er?&ly%e‘ipnb' nation thereof.
35. The nethod of any of clains 30-3 1, wherein the at | east one vinyl

mononer i ssfyr en?he é@y@hﬁeﬁ‘@f)mgiypi 3. aWerSh thd ﬁl'ogﬁ fégi‘:s%ﬁe iﬁ’t@aﬁﬁ infert he

catalyst is a Zieg a catalyst, a Kam nsky catalyst, tal |l ocene
cat al ysmpraes onglalock camprising Xaayelntwodrlocksoomyirisatg Yand méesnh thedlockrhe net hod
of any of clai g,o- 35, .wherein.the catal yst is an organolithiumreagent.
38. THOMRES &t @WSFW@?WO%{%%iCHmtpﬁ‘émga -alyst further conprises 1, 2-

bi s(di et hyl am no) et hane. 39. The nethod of any aof clains 37-38, wherein

the organol 1% hi uRhe Belytaseeseae pfany,af dlaimgilald. syhesel the My ofthe pelyfarmesgne A
pol yf qggg&w%&rﬁ%ﬁ{ggowd& smethod of any of clainms 30-39. 41. A pol yner

conposi t1on conprising the polyfarnesene of any of claims 1-29 and 40; and

at | east an,additjve., 42. The pol .C iLLion of ¢l ad Ln the
Sadi trve | o161 FheForyfagstieg Py FitieiRs ToRE wierdin e £ ot ML bl ARELCRE
ant i - bk assk ki@ abgendso °gl astici zer, anti oxi dant, bl ow ng agent, bl owi ng agent

activator, UV stabilizer, acid scavenger, colorant or pignment, coagent,

lubricant, pnti f?ﬂ&b&?f@@ﬂ@@ﬁe of dVé fail4lms AL 16 Skl tiRd $hm 6Kif 44liPR ai d,
coupling agent, crosslinking agent, stability control agent, nucleating
agent , greaferf them about 300ame retardant, antistatic agent or a combination
t her eof .

18. A polyfarnesene prepared by polymerizing a 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.%, based on the total weight of the polyfarnesene.

19. A polyfarnesene prepared by polymerizing an a-farnesene in the presence ofa
catalyst. wherein the amount of the cis-1,4-microstructure in the polyfarnesene is from about

1 wt.% to about 99 wt.%, based on the total weight of the polyfarnesene.
20. A polyfarnesene prepared by:

(a) polymerizing a farnesene in the presence of a catalyst to form an unsaturated

polyfarnesene; and

) hydrogenating at least a portion of the double bonds in the unsaturated

polyfarnesene in the presence of a hydrogenation reagent.

21.  The polyfarnesene of any of claims 18-20, wherein the farnesene is

copolymerized with a vinyl monomer to form a farnesene interpolymer.
22.  The polyfarnesene of claim 21, wherein the vinyl monomer is styrene.

23.  The polyfarnesene of any of claims 18-22, wherein the farnesene is prepared

by a microorganism.
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43. The pol ymer conposition of claim41l, wherein the additive is a filler.
44. The pol ynmer conposition of claim4 1, wherein the additive is a
cross-|i mkDngleagesst. 45. The pol ymer conposition of anyPofi/usb@onss4944- 44,
further conprising a second polyner. 46. The pol ymer conposition of claim

about 11 00 1o aboit Pyl SRR S AETR-250 whif? BB SN Bl 0T

t he seesmnd spmplgsegari s apol yol efi n, pol yuret hane, pol yester, polyam de,
styrenic polyner, phenolic resin, polyacrylate, polynethacrylate or a

conmbi nation theregof. 48. An article cqonprisjng.the polyfarnesene of any of
cl ai ms 1-2325and ke RRLytamESERA ?réﬂ%‘ry Q,f(‘}iPd’ES‘éiIFT%ng’&Freé‘l‘ ﬁleréﬁysﬁff’mﬁg.ses‘ﬂﬁ’e

arti clgogfolithigmeddine Wherein the article is a nolded article, film sheet
or foan? 50. The article of claim48, wherein the article is a nol ded
article selected fromtoys, grips, soft touch handles, bunper rub strips,
fl oorings, 2futo Theopelyfamesenewicadpion 2%,axhesein the eataly stfughennompsises bdce f eet,
t ags, bse(gl St ﬂasket)sthsuch as static and dynam c gaskets, autonotive doors,
burperP? FEURBYIARIRQIEANG s hent' s, rocker panel's, hoses, Iinings, office
supplies, seals, liners, diaphragnms, tubes, |ids, stoppers, plunger tips,
del i very syst ensThdpdlghaeiesiiy 6BanySdTeifims 2H@S, hihatkie tte, orgarblistios reageas .

is n-butyl lithium or sec-butyl lithium.

28. The polyfarnesene of claim 20, wherein the hydrogenation reagent is

hydrogen in the presence of a hydrogenation catalyst.

29.  The polyfarnesene of claim 28, wherein the hydrogenation catalyst is 10%
Pd/C.

30. A method of making a polyfarnesene comprising copolymerizing a farnesene
and at least one vinyl monomer in the presence of a catalyst, wherein the mole percent ratio
of the farnesene to the vinyl monomer is from about 1:4 to about 100:1.

31. A method of making a polyfarnesene comprising;:

(a) making a farnesene from a simple sugar by a microorganism; and
(b) copolymerizing the farnesene and at least one vinyl monomer in the

presence of a catalyst.

32.  The method of claim 31, wherein the mole percent ratio of the farnesene to the

vinyl monomer is from about 1:4 to about 100:1.

33. The method of any claims 30-31, wherein at least one vinyl monomer does

not comprise a terpene.

34. The method of any of claims 30-31, wherein the at least one vinyl monomer is
ethylene, an a-olefin, or a substituted or unsubstituted vinyl halide, vinyl ether, acrylonitrile,

acrylic ester, methacrylic ester, acrylamide or methacrylamide or a combination thereof.

35. The method of any of claims 30-31, wherein the at least one vinyl monomer is
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styrene.

36. The method of any of claims 30-35, wherein the catalyst is a Ziegler-Natta
catalyst, a Kaminsky catalyst, a metallocene catalyst, an organolithium reagent or a

combination thereof.

37.  The method of any of claims 30-35, wherein the catalyst is an organolithium

reagent.

38.  The method of claim 37, wherein the catalyst further comprises 1,2-

bis(dimethylamino)ethane.

39.  The method of any of claims 37-38, wherein the organolithium reagent is »-

butyl lithium or sec-butyl lithium.
40. A polyfarnesene prepared by the method of any of claims 30-39.

41. A polymer composition comprising the polyfarnesene of any of claims 1-29

and 40; and at least an additive.

42. The polymer composition of claim 41, wherein the additive is a filler, grafting
initiator, tackifier, slip agent, anti-blocking agent, plasticizer, antioxidant, blowing agent,
blowing agent activator, UV stabilizer, acid scavenger, colorant or pigment, coagent,
lubricant, antifogging agent, flow aid, processing aid, extrusion aid, coupling agent, cross-
linking agent, stability control agent, nucleating agent, surfactant, flame retardant, antistatic

agent or a combination thereof.

43.  The polymer composition of claim 41, wherein the additive is a filler.

44.  The polymer composition of claim 41, wherein the additive is a cross-linking
agent.

45.  The polymer composition of any of claims 41-44, further comprising a second
polymer.

46.  The polymer composition of claim 45, wherein the ratio of the polyfarnesene

to the second polymer is from about 1:99 to about 99:1.

47. The polymer composition of claim 45, wherein the second polymer is a
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polyolefin, polyurethane, polyester, polyamide, styrenic polymer, phenolic resin,

polyacrylate, polymethacrylate or a combination thereof.

48.  An article comprising the polyfarnesene of any of claims 1-29 and 40 or the

polymer composition of claim 41-47.

49, The article of claim 48, wherein the article is a molded article, film, sheet or

foam.

50. The article of claim 48, wherein the article is a molded article selected from
toys, grips, soft touch handles, bumper rub strips, floorings, auto floor mats, wheels, casters,
furniture and appliance feet, tags, seals, gaskets such as static and dynamic gaskets,
automotive doors, bumper fascia, grill components, rocker panels, hoses, linings, office
supplies, seals, liners, diaphragms, tubes, lids, stoppers, plunger tips, delivery systems,

kitchen wares, shoes, shoe bladders, and shoe soles.
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