WO 2010/027463PCT/1JS2009/004958 ADHESIVE COMPOSITIONS COMPRISING A
POLYFARNESEMNERRIOR RELATED APPLICATIONS [1] This applicationictamsgrtaesbenefit of
U.S. Provisional Patent Application Number 61/094,059, filed September 4, 2008; and U.S. Provisional

Patent Application.N led.J o) j ' _ herein by
reference’hthe r%%t?@%%%%@mmmﬁ%mémgfw gﬁ hesive
composition comprising a polyfamesene and a tackifier. The polyfamesene can be a famesene
homopolymer derived from a fafrieBe ReRF B AGTRESARPIIErpalifEs derived from a farnesene and at
least a vinyl monomer. The adhesive composition disclosed herein can be used as a hot melt adhesive
or a pressuif Sensitivithadipesive BACGKGREUNE DR THE. IRvENTFHaN atc i3 Mniadhbesive is a
substance capahl di terials (e,g ere ot,substrates) together. by surface

attach %@%&%@&%’Qg%sr?t%g}%&%%}i%és%g S) %ﬁ%ﬁ%\llgrg%bggﬁzgég%na ?}g%tlv%ich bond to
adherehdsivhedl & P6giiited pressurédsZdiilied te effech are adhepionttd thecadherefidsn®3A\s can be
permarlpnitror _eg]ovable. Removable PSAs have been widely used in re-positionable applications,
such asjlgosetﬂ{lrr) Hotes. Pressure sensitive adhesives are generally based on a polymer, a tackifier and
an oil. Some common PSAs are based on polymers such as natural rubbers, synthetic rubbers (e.g.,
styrene-butadiene rubber and styrdndisbprnd Btk ENY EBPoi{Aer), polyacrylates, polymethacrylates,
and poly-alphaolefins. ~ [4] Hot-melt adhesives at ambient temperature are generally solid materials
that can béM@dted tolBiFiEN BRI B KEReHHA B SUB SPEIBSHEGR HRIFDPYRLH GRbG dHEsStidifying. In
some 3:9{2#i&%@ﬁﬁ&h%?PQ{E}E]Q%@éﬁ&%ﬁ@@&%&@rﬁ%%@ﬁ&@%@%ﬂ@%k}@dhﬁ’&@@t adhesive if the

substrates can withstand the heat. The hot melt adhesives are generally used in paper products,
packagiia pHeHe 9418 STERSTSHEcd WO Pish A KAt HENTCO (RIS TR AV RICRS! Gapds ! BBMNIYHNd a
variety of,d E&H&%ﬁ@%&@ﬁ%t%ﬂiﬁﬁcﬁ@@é@&'ﬁﬂﬁ@@ﬁ%e@%Biﬁi?cltﬁﬁ@%afﬁﬁﬂﬂj@%xsé?}@%@apkinS, and
surgical drapes. Generally, these hot melt adhesives are based on a polymer, tackifier, and a wax.
Some ¢8R§HYR #EHER adhesives are based on SUBSTITUTE SHEET (RULE 26 semi-crystalline
polymers such as ethylene homopolymers, ethylene copolymers and styrene block copolymers (e.g.,
styrene-isoprene-styrene copahAEK ORI -ORAIED exstEeEl Copolymer). One desirable property
of hot melt adhesives is the absence of a liquid carrier, thereby eliminating a potential costly and
hazardous|[p@d¢ess associated with: solventaenpuale of o) Rolymets aéried frohreterpenes or
'Sop'ﬂe“&ﬁsﬁ%ﬁ ounds arg usetul polymetic materials, For S%%%E"%Eeﬁ%%‘ﬁﬁ%ﬁ%gﬁ%'Xﬁ'”&Qe and
polylimonene € been used in various applications such'as in the manufacttre papér coatings,
rubber edimpoumdscand offieh industralkdproduttsy Hovwevqri@dhesivercosmypasitid ns ataniprising
polymers,deriued fiom fetpenes pLisoprencid compaunds. arc rare, eenIarel e polymers derived
from isopreno% compounds having at least 5 carbon atoms. %f espﬂe the availa ﬁ/i%y of a variety
of hot meladhiesives dndpressiie sersitipb atdhesivesh thePe g sttt creedis forrnemadhesive
composiions, having. unidue adlesive oRerlies.(p.meeknew Iequirements, Ruihedherss a need
for enwronmen?aeﬁy iendly-or renewable olyniers, for instance, polymers erived from isoprenoid
compoasisithapobyrizescbtdinedfroral natbrat sourdesc SUNVHARY., styrene-butadiene rubber

and styrene-isoprene-styrene copolymer}, polyacrylates, polymethacrylates, and poly-alpha-

olefins.

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

based on a polymer, tackifier, and a wax. Some common hot melt adhesives are based on

SUBSTITUTE SHEET (RULE 26}



1007]The aforementioned needs are met by various aspects disclosed herein. In one aspect, provided
herein is a composition comprising a polyfarnesene and a tackifier. In some embodiments, the
composition disclosed herein is a hot melt adhesive composition. In other embodiments, the

compesifrsaydiebinsar hyarein such pseibutensdimshiveohinesiveteppositolyrieo 2ad $ysehest aspect,
h . . p ) e | fior wherein th
€ pB?é&PEHgé?{ﬁ&%gkr :@ﬁgsf%&%%%%?éﬁﬁ&ﬁ%@éwp8!%?89&%08&95&%?&%% wherein the

polyfamesene has in nis‘an inteder from Ito 100,000; m is an iriteger from O to
100,0000kimetrivent fdosrablapreperis; adritbiynisitedires veons theinfbenonofrretjguithadmeigiioviso that

henym.is. oF h i0.of is from & . is,0, th
Wherl &y Qi i E%reésg%ﬁ%}ﬁlﬁl%%%‘fwéﬁét%ﬁ?ls ASEOM sk 19,400 ARG WRER IR0, the

polyfarnes neis ara ornopolymer. N a second aspect, the present invention refers to

a compogjay Comﬁggﬁgé RANAMESRNE ARdR RAKISLADELSIAIRGRAIKRrOGSE e Is prepared by

polymerizing'a fames and an optional vinyl monomer in the presence of a catalyst, with the proviso

that wnémm@mpmmoﬁw@mbemlﬂim@r@pgﬁéﬂ@mﬁ threl féimesene havineegimy|l monomer
IS froH&éd‘h{%rﬂﬂi}aé%%&ii&%sasﬂyﬁdaﬁf?‘%ﬁ& AR DEESERL IVERIOR SEIRIS Q- ALArUGIe samprising a

substrate partially or’fully coated with the composition of the present invention. [007d] In a fourth
aspesndiaehpraaeviiinlantorciefdis veashatiot v e Qe @ fis SosePresspe vmsss o5t Weherend by

usingga, ARSSIVe SOURUSIA R SNIRGS RN BE e A GSRILIVEINION. 08ZELJn 4 flih aspect,the

present invention refers'to an adhesive composition comprising a rubber and a tackifier, wherein the
tackifisyrconaitisesnopolfamese Ak lhasing rmRIRIXgs4X] (X'), wherein n is an integer from 1 to
100,000; m is an integer from 0 to 100,000; X is derived from a famesene; and Y is derived from a

vinyl mot@Rfibr, witPesriisrthviey aHapiibenin variety gidmemeHadhsr SereahPrasiist X and Y is from
1:4 tq 2001 anshudien Mhis OulheRohdalnese neqs:aHBMRSERNR MATRRRIMEBAg uni@ldn certain

examples, the polyfarnesene has formula (X'): ) i
adhesive properties to meet new requirements. Further, there is a need for environmentally
friendly or renewable polymers, for instance, polymers derived from isoprenoid compounds

that can be obtained from natural sources.

SUMMARY

{007} The aforementioned needs are met by various aspects disclosed herein. In one
aspect, provided herein is a composition comprising a polyfarnesene and a tackifier. In some
embodiments, the composition disclosed herein is a hot melt adhesive composition. In other

embodiments, the composition disclosed herein is a pressure sensitive adhesive composition.
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4x ,17-1Y -17 nPc'), wherein n is an integer from | to about 100,000; in is an integer from O to about
100,000; X is derived from a farnesene; and Y is derived from a vinyl monomer, with the proviso that
when m is 1 or greater, the mole percent ratio of X to Y is from about 1:4 to about 100:1.  [9] In some
examples|0X7ef then fulytameséradisolasechiiar edfehas emengravidre aifpriniudaey (1 v tkehand

stereoisoqars thereaf. 1--7-5 Rl IE%W@&&M&%%%Z&%PCT/U82009/004938 wherein RI has

formula (XI): CH3CH3 H3C R2 has for_riula (XIN): R3 has formula (XI1): R4 has formula (XIV):
A Y
n m (X’),
wherein n is an integer from 1 to 100,000; m is an integer from 0 to 100,000; X is derived from a
farnesene; and Y is derived from a vinyl monomer, with the proviso that when m is 1 or greater,
the mole percent ratio of X to Y is from 1:4 to 100:1_and when m is 0, the polyfarnesene is a

farnesene homopolymer.

[007b] In a second aspect, the present invention refers to a composition comprising a
polyfarnesene and a tackifier, wherein the polyfarnesene is prepared by polymerizing a farnesene -
and an optional vinyl monomer iz the presence of a catalyst, with the proviso that when the vinyl
m.onomer is present, the mole percent ratio of the farnesene to the vinyl monomer is from 1:4 to

100:1.

[007c] In a third aspect, the present invention refers to an article comprising a substrate partially

or fully coated with the composition of the present invention.

[607d] In a fourth aspect, the present invention refers to a method of adhering a first adherend to

a second adherend by using an acdhesive comprising the composition of the present invention.

[067¢] In a fifth aspect, the present invention refers to an adhesive composition comprising a

rubber and a tackifier, wherein the tackifier comprises a polyfarnesene having formula (X°):

XY,

wherein n is an integer from 1 to 100,000; m is an integer from 0 fo 100,000; X is derived from a

X,

farnesene; and Y is derived from a vinyl monomer, with the proviso that when m is 1 or greater,
the mole percent ratio of X and Y is from 1:4 to 100:1 and when m is 0, the polyfarnesene is a

farnesene homopolymer.
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CH3CH3CH3 H3C(XIV). [0010]In some examples, the amount of formula (I'), i.e., the cis-1,4-
microstructure, in the polyfarnesene disclosed herein is at most about 80 wt.%. In other examples, the
amount of formula (II'), i.e., the trans-1,4-microstructure, in the polyfamesene disclosed herein is from
about 5 wt.% to about 99 wt.%, based on the total weight of the polyfamesene. In further examples,
the amount of formula (l1I') is at least about 70% wt.%, based on the total weight of the polyfamesene.
In still further examples, at least a portiqn_of the d u'btlen,gog :151 one or more of formulae (I')-(III"),
(V)-(VIBO8Ind (X eRIGIS ARSI BREFETHETE O is hydrogertated. [0011)In certain examples, Y of
the polyfamesene disclosed herein has foymula (1X') or a stereoisomer thereof: R8 WO
20101027463PCT/US2009/004958 %%Fél “Bach of R 6, R7 and R8 is independently H, alkyl,
cycloalkyl, aryl, alkenyl, cycloalkenyl, alkynyl, heterocyclyl, :alkoxy, aryloxy, carboxy, alkoxycarbonyl,

aminocarponyl, alkl){lami carbonyh, dihybasamasal banyhtaes GmnitideaBowalon,000; X

wherein n is an mteger Irom
ived from a farnesene; and Y is derived from a vinyl monomer, with the proviso that

ercent ratio of X to Y is from about 1:4 to about 100:1.

is der

when m is 1 or greater, the mole p

[009] " In some examples, X of the polyfamesene disclosed herein has one or

more of formulae (I’)-(VIII") and stereoisomers thereof:

o R1 %‘“ N RY
< - _ O N
V 'E'}-/' an, \E (1), f\({f

R @, R? v,
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100121In sopme examples, R5 is aryl; and each of R6, R7 andR8 is H. In other embodiments, the aryl
is phenyl. [6?5%53184“8 Hdin examples, the sum of m and n of the polyfarneSEAE ¢igeIs4wdoRerein is
greater than about 300. In other examples, m of the polyfamesene disclosed herein is 0 and the
polyfarngsehie is a famesene hoggpolymer. In furthds %%("amples, m is from 1 to about 100,000 and the
polyfarresgne is ndom%@me ene interpolym@é qj’?e examples, m is from 1 to about 100,000
and the pol eseneis a eséne interpdlymer. T further ex'éis es~the block farnesene
interpolyyEr compris ne hleck comprising.X an o blocks,comprising Y angd wherein the block
comprising X is betwggrﬁfhe two blocks co@%g;ing Y. [0012‘}@5&%% examplgﬁ%é Mg, of the
polyfamesene disclosed herein is greater than about 60,000 daltons. In other examples, the Tg of the
polyfarﬁ@?éﬁ’é‘ SsdssEamuieiBless than about -60 C. [0015]In some examples, the tackifier is '
present from about 5 wt.% to about 70 wt.?/o, based on the total weight of the composition. In other
examples, the tackifier has a ring anfl ball (R& Fé“oftening point equal to or greater than 80 C, as
measured in accordance with BT tdin examples, the composition disclosed
herein further comprises an additive selected from the group consigtig of plasticizers, oils, waxes,
antioxi%arg\ts V st?b' izers, colorants or pigments, fillers, flow aids, coupling aaents, crosslinking
agents, sur?fg PAREE 2dohvEints and combinations thereof [0017] In one example described, provided

herein is a composition comprising ekgolyfame%gpe and a tackifier, wherein the polyfarnesene is
prepared by polymerizing a farnesehe and an pt?onal viny[jnfonomer in the presence of a catalyst,
with the proviso that when the M ' e ole percent ratio of the famesene to the

vinyl monomer is from about 1:4 to about 100:1. [0018] In certai )amples, the famesene is
a-farnggepg, f3=farmne or a combination hereo In other examples, the famesene is 13-farnesene. In
further WO 2010/027463PCT/US2009/004958

CHs CHs
S
HSC/M/};\

(XIIT); and
R’ has formula (XIV):
CHy CH, CHs
S NN CKIV).

[0010] In some examples, the amount of formula (1), i.e., the cis-1,4-
microstructure, in the polyfarnesene disclosed .herein is at most about 80 wt.%. In other
examples, the amount of formula (II"), i.e., the trans-1,4-microstructure, in the
polyfarnesene disclosed herein is from about 5 wt.% to about 99-wt.%, based on the total
weight of the polyfarnesene. In further examples, the amount of formula (III’) is at least about 70%
wt.%, based on the total weight of the polyfarnesene. In still further examples,
at least a portion of the double bonds in one or more of formulas ()-(I17), (V)-(VIT), .a,nd
(XI}-(X1V) and stereoisomers thereof is hydrogenated.

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

(IX’) or a stereoisomer thereof:



examples theﬂ m/gunt of cis-1,4-microstructure in the polyfamesene is at most about 80 wt.%, based
on the total WEIGREBF e polyfamesene. [0019]In some examples, the vinyT FIGHGHEI& BT sent and
the polyfamesene is aIamesege integpolymer. In other examples, the vinyl monomer is styrene. In

furtheagEsifash efRaResdhearidipinynispradehtbr HinakybiproalbpRein ceiwin lexamples, the

famesene,igikeAaL ay i In.Q amples,.thefarn is derived from a simple
sugar. 00211 f‘rﬁﬁs’,or%%@éﬁ%%ﬁ@é%%ﬁ’cﬁéﬁé%% a%gmggﬁﬁgg’ent. In other examples,
the caaalpdumhpeylcethplisesdca:bisdindethylamino)etttaney irnfyttxgr exailepesathe composition -

disclosed herein is a hot melt adhesive composition. In still further examples, the composition

disclosedihgiein is g pressyre sensgiive adhesive compesition., [00221 In one example described
herein is <[31n _aréicle compris%ag E %&ﬁ%@%&?&aﬁ?ﬁ%ﬁf&l%c% e% Wi%ﬁ 8‘"%%‘mposition disclosed
hereiﬁ.@%mw&éh@pﬁé}é, ihpheridle is a paper product, packaging material, laminated wood panel,

kitchen countertop, vehicle, label, disposable diaper, ho'spital pad, feminine sanitary napkin, surgical
drape, tap¥ 3 selncesein, trayninedhearaoice sronatidge Ny Bheerkdies sBigEHh tape,
case, cartogairayeimnedicaldeviee sthandage JOR3bhenasxampleidracribed herians aenethod of

adhering a first. adherend tp a second adheren sing an gdhesive comprisin sition
disciose FEIHPTIEOME SRS L adhrR TS SBeb A BBt e (8 e, n
other exaniptas)tfereshadhe rendhanttivesse doeparnerchdsare differslng. 00241 detalppexamples,

each of the fisshadhgrapdape.iie.secondiadharsnd ipdapgdsntly GomRIs e MRl ondapaper,

plastic, rubber, glass, stone, granite, marble, masonry, porcelain, ceramic, tile, china, concrete, clay,

- sand, chalK2ReREE UBEAR-GgRSISes one

block comprising X and two blocks comprising Y and wherein the block comprising X is

between the two blocks comprising Y.

[0014] I certain examples, the M, of the polyfarnesene disclosed herein is greater than about

60,000 daltons. In other examples, the T, of the polyfamesene
disciosed herein is less than about -60 °C.

[0015] - In some examples, the tackifier is present from about 5 wt.% to about 70 wt.%, based on

the total weight of the composition. In other examples, the tackifier has a

ring and ball (R&B) softening point equal to or greater than 80 °C, as measured in
accordance with ASTM 28-67.

[0616] In certain examples, the composition disclosed herein further comprises
an additive selected from the group consisting of plasticizers, oils, waxes, antioxidants, UV
stabilizers, coiorants or pigments, fillers, flow aids, coupling agents, crosslinking agents,

surfactants, solvents and combinations thereof.

10017]  In one example described, prévided herein is a composition comprising a polyfarnesene
and a tackifier, wherein the polyfarnesene is prepared by polymerizing a farnesene and an
optional viny] monomer in the presence of a catalyst, with the proviso that when the vinyl
monomer is present, the mole percent ratio of the farnesene to the vinyl monomer is from
about 1:4 to about 100:1.

[0018]  In certain examples, the famesene is a-farnesene, B-faresene or a combination thereof. In other

examples, the famesene is B-farnesene. In further



fabric, Iea@ar%r]@,(ﬁq abination thereof In other examples, each of the first adherend and the second
adherend Is iIndependently in the form of sheet, strip, tape, label, tag, Web,%cférﬁ[,]ﬁg\(faoﬂﬁ'{?sor any
molded shape. [0025]In one example described herein is an adhesive composition comprising a
rubbersmebletabrifiepupied iin thenterorifistuso inthispsh dpoatytamiesenesdidchgsdd herein. In some

examg,l@%,tg&gglyﬁqmmq,}gigﬁegglﬁggrﬁ,mﬁmggm about 5 wt.% to about 70 wt.%, based on the
total weight of the adhesive composition. In other examples, the polyfarnesene has a R&B softening

point equkipogr aTaEHNaRHfe, 35.01eARN 200 ASCOrCIEG I ART AR LR TuEther Examples.
the rubber has a Tg less than about 20 C. [0026]Ad itional aspects o tﬁe invention and characteristics
and piaisardemert Varios embopdtimértsofthednveation sheecoméapphee rtwithithd o lfomsepe

descriﬂggﬁglggégglﬁgggme%hyﬁg DRAWINGS [0027]Figure 1 depicts Ultraviolet-Visible (UV-Vis)
spectra of Example 1 and [3- famesene. [0028]Figure 2 depicts a Gel Permeation Chromatography

(GPC) cypiz0f EXBMBIGi}- examples, the farnesene is prepared by a microorganism. In other examples, the

farnesene 1s derived from a simple sugar.

[0621} In some examples, the catalyst comprises an organolithium reagent. In other examples, the
catalyst further comprises 1,2-bis(dimethylamino)ethane. In further examples, the composition
disclosed herein is a hot meit adhesive composition. In still further examples, the composition disclosed

herein 1s a pressure sensitive adhesive

composition.

| [0622] In one .example described herein is an article comprising a substrate partially or fully coated
with the composition disclosed herein. In some examples, the article is a
paper product, packaging material, laminated wood panel, kitchen countertop, vehicle, label,
disposable diaper, ho’spitéﬁ pad, feminine sanitary napkin, surgical drape, tape, case, carton,
tray, medical device or béndage. In other examples, the article is a tape, case, carton,

tray, medical device or bandage.

[0023] In one example described herein is a method of adhering a first adherend to a

second adherend by using an adhesive comprising the composition disclosed herein. In some

examples, the first adherend and the second adherend are the same. In other examples, the first

. adherend and the second adherend are different.

[0024]  In certain examples, each of the first adherend and the second adherend
independently comprises metal, wood, paper, plastic, rubber, glass, stone, granite, marble,

masonry, porcelain, ceramic, tile, china, concrete, clay, sand, chalk, textile, cloth, non-woven
fabric, leather or a combination thereof. In other exampies, each of the first adherend

and the second adherend is independently in the form of sheet, strip, tape, label, tag, web,

disk, plate, film or any molded shape.

[6025] In one example described herein is an adhesive composition comprising & rubber

and a tackifier, wherein the tackifier comprises a polyfamnesene disclosed herein. In some

examples, the polyfarnesene is present in the range from about 5 wt.% to about 70 wt.%, based on

the total weight of the adhesive composition. In other examples, the
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[0029]Figure 3 depicts a C'3 Nuclear Magnetic Resonance (N1VIR) spectrum of Example 1.
[0030]FiglF@2UEHHSH HI NMR spectrum of Example 1. [0031]Figure 5 d&JiS 4 HidPENtial
Scanning Calorimetry (DSC) curve of Example 1. [0032]Figure 6 depicts a Thermal Gravimetric

Analysigy(hendiaie iasof Rednsple-himepsureshineit Q3o BJapicts aeh&iegunve of Example 1
measured in nitrogen. 0034?(%%9%; 8 depicts lap test results of Example 1. [0035]Figure 9 depicts a
f‘ﬁhié 6]

GPC cOFS GRESEHRS DMy TIPS FomiTehs BB dpiel ofoEsAizRest [0037]Figure 11

depictgitensile test results of Example 2. [0038]Figure 12 depicts a GPC curve of Example 3.
[0039]Figure 13 depicts a C13 NMR spectrum of Example 3. [0040]Figure 14 depicts a HI NMR

spectrumi@gIsiampledditional aspects of the invention and characteristics and properties of
various embodiments of the invention become apparent with the following description.
DESCRIPTION OF THE DRAWINGS

[0027] Figure 1 depicts Ultraviolet-Visible (UV-Vis) spectra of Example 1 and §-

farnesene.

{0028} Figure 2 depicts a Gel Permeation Chromatography (GPC) curve of
Example 1. o

[0029] Figure 3 depicts a C° Nuclear Magnetic Resonance (INMR) spectrum of
Example 1.
[0030}]  Figure 4 depicts a H' NMR spectrum of Example 1.

[0631] " Figure 5 depicts a Differential Scanning Calorimetry (DSC) curve of
Example 1.

[0632] Figure 6 depicts a Thermal Gravimetric Analysis (TGA) curve of Example !

measured in air.
06033} Figure 7 depicts a TGA curve of Example 1 measured in nitrogen.
| [0034] Figure 8 depicts lap test results of Example 1.
[0035]  Figure 9 depicts a GPC curve of Example 2.
[0636] Figure 10 depicts a DSC curve of Example 2.
10037} Figure 11 depicts tensile test results of Exafnpie 2.
[0038]  Figure 12 depicts a GPC curve of Example 3.
{0039] Figure 13 depicts a C" NMR spectrum of Example 3.
[0648] Figure 14 depicts a H' NMR spectrum of Example 3.
[0041] Figure 15 depicts a DSC curve of Example 3.

16042} Figure 16 depicts a TGA curve of Exampie 3.



100411Figure 15 depicts a DSC curve of Example 3. [0042]Figure 16 depicts a TGA curve of Example

3. WO 20Y0/0271483R&3T/US2009/004958 [0043]Figure 17 depicts lap tesprasuliseed marmple 3.
[0044]Figure 18 depicts a GPC curve of polystyrene formed. [0045]Figure 19 depicts a GPC curve of

polystyrengada}-polyfarpesengihlack copebumer fom 6]Figure 20 depicts a GPC curve of
Example lgzl?ﬁ[oaoqﬂ]Fig%rre 21 deegicts aELBC NMR spectﬁ?%%%oé(ample 4. [0048]Figure 22 depicts a

11-1 NMR{mﬁqtrumpfgggéampj@pfmgogé%]@g&@&%%gj%@n@%ﬁéﬁye of Example 4. [0050]Figure 24

depicts a TGA curve of Example 4. [0051]Figure 25 depicts tensile test results of Example 4.
[0052]Figie48$ depreialan JeRiieSUIS PLEXAMNNG folystyrene-1,4-polyfarnesene di-block

copolymer formed.
[06646] Figure 20 depicts a GPC curve of Example 4.
[0047}  Figure 21 depicts a '>C NMR spectrum of Example 4.
{0648} Figure 22 depicts a '"H NMR spectrum of Example 4.
[6045] Figure 23 depicts a DSC curve of Example 4.
10650] Figure 24 depicts a TGA curve of Example 4.
[0051] Figure 25 depicts tensile test results of Example 4.
[0052] Figure 26 depicts lap test results of Example 4.
[0053] Figure 27 depicts a GPC curve of polystyrene formed.

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

copolymer formed.
16055] Figure 29 depicts a GPC curve of Example 5.
[0056] Figure 30 depicts a BCe NMR spectrum of Example 5.
[0057] Figure 31 depicts a 'H NMR spectrum of Example 5.
{0058] Figure 32 depicts a DSC curve of Example 5,
[0059] Figure 33 depicts a TGA curve of Example 5.
{0660} Figure 34 depicts tensile test results of Example 5.
0061} Figure 35 depicts a GPC curve of Example 5 after extraction with hexane.
[0062] Figure 36 depicts a GPC curve of hexane after extraction for Example 5.
[6063] Figure 37 depicts tensile test results of Example 5.
{0064] Figure 38 depicts lap test results of Example 5.
[0065] Figure 39 depicts tensile test results of Example 6.

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



[0053]Figure 27 depicts a GPC curve of polystyrene formed. [0054]Figure 28 depicts a GPC curve of
polystyrena-3 vpalyfasmesene di-block copolymer formed. [0055]Figure 28depicigiadalés curve of
Example 5. [0056]Figure 30 deplcts ai3C NMR spectrum of Example 5. [0057]Figure 31 depicts a 1H
NMR spectrum of Exa 28 LI PERPEIS R PRE sveRippple 5. [0059]Figure 33
depicts a TGA curve of Example 5 [0060]F|gure 34 depicts tensile test results of Example 5,

1006 ikisrerngidrpigts a GPC curve of Examples after extraction with hexane. [0062]Figure 36
depicts a GPC curve of hexane after extraction for Example 5. [0063]Figure 37 depicts tensile test
results offxerpple SpIIORAIFIgEe38 dapicindar teshfesulisol e en RAeaREigure 39 depicts

tensile test results of Example 6. [0066]Figure 40 depicts tensile test results of Example 7.
monomers, whether of the same or 4 different type. The generic term “polymer” embraces

7y &L I3 &L

the terms “homopolymer,” “copolymer,” “terpolymer” as well as “interpolymer.”

16068} “Interpolymer” 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.

10069] “Organyl” refers to any organic substituent group, regardiess of functionail
type, having one free valence at a carbon atom, e.g., CH3CH,—, CICHy~, CH:C(=0)—, 4-
pyridylmethyl.

[0070] “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).
[0071] “Heterocyclyl” refers to any univalent group formed by removing a hydrogen

atom from any ring atom of a heterocyclic compound.

[6672] “Alkyl” or “alkyl group” refers to a univalent group having the general
formula CoHoye derived from removing a hydrogen atom from a saturated, unbranched or
branched aliphatic hydrocarbon, where n is an integer, or an integer between 1 and 20, or
between 1 and 8. Examples of alkyl groups include, but are not limited to, (C1--Cg)alkyl
groups, such as methyl, ethyl, propyl, isopropyl, 2-methyl-1-propyl, 2-methyl-2-propyl, 2-
methyl-1-butyl, 3-methyl-1-butyl, 2-methyl-3-butyl, 2,2-dimethyl-1-propyl, 2-methyl-1-
pentyl, 3-methyl-1-pentyl, 4-methyl-1-pentyl, 2-methyl-2-pentyl, 3-methyl-2-pentyl,
4-methyl-2-pentyl, 2,2-dimethyl-1-butyl, 3,3-dimethyl-1-butyl, 2-ethyl-1-butyl, butyl,
isobutyl, /~butyl, pentyl, isopentyl, neopentyl, hexyl, heptyl and octyl. Longer alkyl groups
include nonyl and decy! groups. An alkyl group can be unsubstituted or substituted with one
or more suitable substituents. Furthermore, the alkyl group can be branched or unbranched.

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



WO 2010/027463PCT/US2009/004938 DETAILED DESCRIPTION OF THE INVENTION

General Deffhitiuns2f@667]"Polymer” refers to a polymeric compound preppgagk iy daslysnesizing
monomers, whether of the same or a different type. The generic term "polymer" embraces the terms

homopokawes]’ coRONRRILyFBROURRIAIRNIIRNAS ISR val BYPRLIN IR Bl E[ers 10 @

polymer prepared by the polymerization of at least two different types o mers. The generic term
"interﬁéfﬁf kantchidemgieatons fosiseapmetominum gavaraligmefitsmoropptiimer pebparddtfrom two
differqg{g‘r@?,r?mg{ aswsll asithedier Eﬁgplggy@&%ng%ﬂglé: fers 1o a polymer prepared
from three different types of mor?fmerés'.g)?lt also encom assge%%%%%n%gfs%%oggé ;613? %é]%inr%g}i%ﬁg four or

more %MW%&%E%Z)RD@@%P@@WPSBM& 26 ayslentemit sudstintehtaymopsradardless of

functiepaldng,ihavind, ons dree valance atacarbo it die ¢ e%'é'zénggg"-'z." CH3C(=0)-, 4-
pyridylmethyl. 00701]"Hydrocarb " refers to any univalent group fo med by r m30vmg a hydrogen atom
irom A-nyiRGeso] serepasaly eyl ermaBErOjchoalo ey csotusoybna sudHegnygheny)

1007 Lisidespepsusichyielrl iR ROy RN ARl B IGINEINIRITON g AdNEIPERN, B0 fom any fing

atom of a heterocyclic compound. [0072]"Alkyl" or "alkyl group” refers to a univalen groupfhaving the

generdisabsiiEad o sphstiteiedRadome 9F ievaSviltibie iy teentto Fuftbmracsatthatertlualindnched or
branc | IGhvel, , 31S AN} | r e and 20, or between 1
and 8?@%5%1%?3 of a|kﬁ?u%i%%ﬁ%u?‘a%%%%ﬁéﬁ%%%%%%ﬁ%&éﬁ%S@ﬁ% gfc,n%nethyl,
ethyl, Hi6psh 2idpropyf: 2rmEtRgThosraisms2-methyl-2-propyl, 2- methyl-I-butyl, 3-methyl-1 -butyl,
2-methyl-3-butyl, 2,2-dimethyl-l-propyl, 2-methyl-1pentyl, 3-methyl-l -pentyl, 4-methyl-1 -pentyl,
2-methy9%8htyl, 348thar2 BehgrowRsisys- FeryEapis-mdethgarivaslifons ameimetisiic 1 -butyl,
z-ethyir;,ogtayaawd,ﬂaabw;yarb&»%nngn%mﬁgwy&%%@ﬁM%&J&%&M@@&ﬁ L.Longer

alkyl groups include nonyl and decyl groups. An al ¥I group can be unsubstituted or substituted with

one ot i@ RERIR Suda RhtayFiRRBRbBRRY afiAdmshEaRmbePriahendgns: unbranched. In
somerpietodireantsatae Akl ArosR SaRRIRSALIERH phednA: Arfarfi BFiFaRPRatomS.

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.

[0075] “Isoprencid” and “isoprenoid compound” are used interchangeably herein and

refer to a compound derivable from isopenteny! diphosphate.

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

oxazolyl, isoxazolyl, thiazolyl, triazolyl, tetrazolyl, pyrazolyl, pyridinyl, quinolinyl,

9



WO 2010/027463PCT/US2009/004958 100731"Cycloalkyl" or "cycloalkyl group” refers to a univalent
group derived foomuzrggcloalkane by removal of a hydrogen atom from a npparQRgdia,panocyclic or
polycyclic ring comprising carbon and hydrogen atoms. Examples of cycloalkyl groups include, but are

not limited, 19 (53 a :aS,C ropyl, cyclobutyl, cyclopentyl, cyclohexyl, and
cyclorr?i%gl/l, g_ng%hqugg%@éq é)%lfléé éﬂ%%?&’;%@%é%@%ﬁx e’é’r%%(l:%ﬁ)agfﬁé’!fyl groups, such as
cycloprepényioehens arcbsnizefisionditemina(pishenersgkenidyyetdbeitenyb-doaamskiirated cyclic
and bigyelic.terpene Ik .C uns [ r.syhstitu on 0 suitable
substiﬁ?ﬁt&sr.gg Ertqﬁrﬁéggfiﬂc%%%% gréoq)j%%c%’n?ee %&%@ﬁf&éﬁfo&ggg&ﬁc. ah%)w P
embotiherfeS thecydisdit) grdtip kodtain$tifandst-8Y 61y 18(9y D1 19 (eayben-abids 00 74]"Aryl" or
"aryl i rafer: rgapic ical deri om-a manocyclic .or.polycyclic aromatic hydrocarbon
by re%%éggﬁﬁyggge ﬁéto?h@%&l@r&%?t%?gﬁ%&%@%’o gﬁ%uggypgorlgégsir%%%i Op?zu%ﬁ%"%% thyl,
benzwpbs%ttmwmﬁp,eégimnwme,@mmymm@mmomumm@ymenw. An
ary) SR G e WISHBSUIIEA,PLOURSIILERNI, e ot mpre, sultable substitugpis, Putermore, the
aryl group cari be monocyclic or polycyclic. In'some em O(ﬁmen’t%, Hie grrylu roup cONTARE At least 6,
7, 8, Grovndispioseihereis 10076 stbswitntathiutiianslitisospenibit cohepwired” are used interchangeably
herein and refer to a compound derivable from isopentenyl diphosphate. [0076]"Substituted" as used
to descrittB% Tompottigaaeitini staaensty s e totenvazatdomtabivechytrogehwitna ditat
compayidoh keiicaknaiehlds IRplagesih 8.secand shemical mpleiv, Tis segend shemical

y affect t eé of the

moiety can be any desired substituent that does not adverse esired activity o
compB@sanE tBrHiley bnaliBstments v e fourhg iy ilibivrenmidalicdhitbbemds. gndrembodiments
disclosaginieimaswalan alsaen:aloduhe el L-Alnal G Ao, TRIRiRenl fydroo
alkoxyl; amino; nitro; thiol; thioether; imine; cyano; arnido; phosphonato;, gsp Ine; carBoxyI;
thiocabsHbisrsrRgcatafdREdelocRIseRPII8IARYE) carbonyloxy; oxo; haloalkyl (e.g., trifluoromethyl);
carbocyclic cycloalkyl, which can be monocyclic or fused or non-fused polycyclic (e.g., cyclopropyl,
cyclobut)m(&éope PPROIBABAGN &t SHetrisiolRgl alRiepreerrBe memsceRchs fused or
non-fusegheatysy cle (8 | i sndupimerdiny | iparazindumerRhalinylQrdhiazinyl); sarbocyclic or
heterocyclic, monocyclic or fus(g—:-d or ngn-fused polycyclic aryl (e.g., phenyl, naphthyl, pyrrolyl, indolyl,
fu ran}‘/’l’}’tﬁﬁgﬁﬁ%ﬂ’;ﬂf‘ ARRIL DK éxé%lﬂ%@?ﬁ%bﬂfﬁ&z’@ﬁﬂ ,%ﬂ?l%‘t%{%%f , is5FdBeR/1, pyridinyl,
quinodibyhit YMGr204 041129463 GHIUISROD MDA B isesiipaliny vassifinyinp YRRy ayEdazinyl,
pyrimgii:r;é/l, benzimidazolyl, benzothiophenyl or benzofuranyl); amino (primary, secondary or tertiary);
0-lowBF SIRFIPESHIM-aryl: aryl-lower alkyl; -CO2CH3; -CONH2; -OCH2CONH2; -NH2; -SO2NH2;

-OCHF2; ; -OCF3; -NH ). -N(alkyD2; -NH(aryl); -N(alkyl)(aryl); -N(aryl)2; -CHO; - CO(alkyl);
00ary TOTED kPN I, TR 5o AR b 5% NG G SRR 58S by =
fuseddrimgabtrucirevobhrieigehtor sam plewOGH28: tHanesistbstityentsssananpiionatyvbefurther

substjtuted with a sybstityent selected fr uch groups. All chemical groups disclosed herein can be
substflﬁﬁ?e ?‘Br? eos%%ﬁ %&S%’éc?ﬁézko %%%?gg'foﬁf‘?”%ﬁgatﬁﬁqiéﬁm ¢ela§%r@’ Fgfg??t’g‘%fh%ﬁnometallic
compbhdvnithof dicclotaohelh etwesbnare darhnheandgulithvirinetanar Seoeeuney) tusddngnaxamples of

orga o'itriu reagents include. vinyllithium, aryllithiurn (e.g., phenyllithium), and alkyllithium (e.g.,
n-bugﬁ!ﬁ h‘fﬁrfr%fngegf &@Pfﬁﬁﬁ)ﬁ%ﬁ%ﬁ%- buty! lithium, methyllithium, isopropyllithium or other alkyllithium

reagents{@@(i}r?g 1y ggi§g{groi@1§t%m§2}bstanﬁaliy branched” means that the polymer contains

less than about 20 wt.%, less than about 10 wt.%, less than about 5 wt.%, less than about 3

wt.%, less than about 1 wt.%, less than about 0.5 wt.%, less than about 0.1 wt.%, or less than
about 0.01 wt.% of the linear, star-shaped or other regular or irregular structures, based on

the total volume of the composition.

{6081} A polymer that is “substantially star-shaped” means that the polymer contains
less than about 20 wt.%, less than about 10 wt.%, less than about 5 wt.%, less than about 3
wt. %, less than about I wi.%, less than about 0.5 wt.%, less than about 0.1 wt.%, or less than

about 0.01 wt.% of the branched, linear or other regular or irregular structures, based on the

10



[0078]A composition that is "substantially free" of a compound means that the composition contains

less than abou200at448, less than about 10 wt.%, less than about 5 wt.%,dessiyaRalRgsds3 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 cqmmmg%%}ﬁrﬁé%gplume of the composition. [0079]A polymer that is "substantially

linear" means that the p er contains less than about 20 wt.%, less than about 10 wt.%, less than

ot o hiisaieoe irnopAN AN dbslommlinanhat WG ISoa HAR RILL Ay oo than

about 0.1 wt.%, or less than about 0.01 wt.% of the branched, star-s or other reguFar or irregular
structtifdishsepadesthehanbrimerdf ghoedmpdsionxj0o8e]Aspoldrisrctmatas tsubstantially

brancipgelpgansiit ‘%Q.Jy [ cQpiains n t .9 than aboyt 10 wt.%, less
than about é wt.%, less than at?%it % \)li\]/&tgo{/{oa %@%%Lfb%%%ﬁ%\%t\é&,g%gé%%é%’g&%t i %Eg%f'less than
aboutWlenRves aorumssiashrease widhollowes ibniheRinear stasrsieabien oROtHedisgukadoatsregular

structres, Hasead, | i{ion. {0081 olymer that is "substantially
star-shaped" m(-_:‘ar_lstIE}aﬁt[¥'[(r%1I(fe%|c§)(é3£1IJ é’%@r ocrtﬁlg;tﬁé[?ggs%i]ga%déb%% %\l/ltk.%%&eesggfheawg%out 10 wt.%, less
than abeBswrithinidbe trge avo s ilicedlsiekiscthariaBol 1+vt(®o, 1Y) tiarrabdus® 5 wt.%, less than

about 9,1, Wit %n9l-e s, han 0 9 -branched, linear or other reqgular or irreqgular
structures, baseg og the W?)% g%é:{%%zﬂ%%l%%cc%#{}%g‘o%g?ggg%egéI otal Vollimié b tlﬁeli ggrrr?ﬁ[cgéition.
[00824 RetReNfoRawinendespapsion, atenanisers Hgetosad, Hdreimars, 0ppoxinmate \euesceayardless

whethiey Joru0r97 BRI 06 ¢ ARPLBKIMRI SR A 0-NRPROEEHer BISNIN RO s, aycypry by 1
percent, 2 percent, 5 percent, or, sometimes, 10 to 20 percent. enevera r;yumerlca? range with a
lower ff#e FEingAdaivupParumiterres s firrdosabie ahy viumbbofsindinithinltbdaseige is specifically
disclosed. In particular, the following numbers within the range are specifically disclosed:
R:RLks(wg§§1, K ) MWRémmnprsyigns 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.

[6084] 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 g-
farnesene, B-farnesene or a combination thereof. In other embodiments, the polyfarnesene is
a farnesene interpolymer comprising units derived from at least one farnesene and units
derived from at least one copolymerizable vinyl monomer. In further embodiments, the
farnesene interpolymer is derived from styrene and at least one farnesene. In still further
embodiments, the famesene interpolymer is a random, block or alternating interpolymer. In
still further embodiments, the famesene interpolymer is a di-block, tri-block or other multi-

block interpolymer.

[0085] In some embodiments, the farnesene homopolymer is prepared by
polymerizing B-farnesene in the presence of any catalyst suitable for ?olymerizing olefins
such as ethylene, styrene or isoprene. In other embodiments, the farnesene homopolymer
comprises one or more units having formula (1), (I), (II1), (IV), a stereoisomer thereof or a

combination thereof:
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variable ranging from 1 percent to 100 percent with a 1 percent increment, i.e., k is 1 percent, 2
percent, 3Yérgexiti2rgércent, 5 percent,..., 50 percent, 51 percent, 52 pergentus@b/pefeant, 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 spegifically-gisclosed. 100831 The compositions

ly comprisgia pol esene an tibnally a tacicifier. In other embodiments,
clased herei comprise a tackifier{In further §nents, the
composition$ gisclosed herein ¢ ise a tackifier. [008 spome embodi , the polyfamesene is

(B farnesene intergdlymer or a co Bing in embodiments,
the polyfarnesene is a.farnesene homopolymer comprising units derived from at least one famesene
such &S}Ef@iﬁﬂ%&ﬁ@,f@rfﬂxﬁl[@&m or a combination thereof In other embodiments, the polyfarnesene is
a farnesene interpolymer comprising units derived from at least one famesene and units derived from
at least one copolymerizable vingHnonomer¢Ha further embodiments, the farnesene interpolymer is
derived from styrene and at Iea;dw?ége)n\strﬂgurther embodiments, the famesene
interpolymer is a random, bf&€k or alternafing inferpolymer. In giilfusttier embodiments, the famesene
interpolymer is a di-block, tri-block or other multi-block interpolymer. 100851In some embodiments, the
famedgnleah dpawbiAEDis prepared by polymerizing P-farnesene in the presence of any catalyst
suitable for polymerizing olefins such as ethylene, styrene or isoprene. In other embodiments, the
farnesene homopolymer comprise¥8ne or mdrésunits hatifig formula (1), (1), (111), (IV), a sterecisomer
thereof or a combination therﬁoé' Q/ 2009/004958 wherein RI has formula
(X1): CH3CHS3 (XI); and : (XIL),

~
D

wherein each of m, n, I 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, 1, | 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.

{0086} 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 (1I) 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 (IIT) wherein | is greater than about 300, greater than about 500 or
greater than about 1000. In still further embodiments, the farnesene homopolymer comprises
at least one unit having formula (IV) wherein k is greater than about 300, greater than about

500 or greater than about 1000.

[6087] In some embodiments, the famesene homopolymer comprises at least one unit
having formula (I} and at least one unit having formula (II), wherein the sum of m and n is
greater than about 300, greater than about 500 or greater than about 1000. In other
embodiments, the farnesene homopolymer comprises at least one unit having formula (I) and
at least one unit baving formula (III), wherein the sum of m and 1 is greater than about 300,

greater than about 500 or greater than about 1000. In other embodiments, the farnesene
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R2 has formula (XII): CH3CH3CH2 H3C(XIll), wherein each of m, n, 1 and k is independently an
integer fromd 1o1@bouks5,000, from 1 to about 10,000, from 1 to about 50,040y fresgep@baut 100,000,
from Ito about 200,000, from 1 to about 500,000, from 2 to about 10,000, from 2 to about 50,000, from

2 0 ahihichA A0 s do Al 200 09+ o 2o Al 00,0004In somp pggiments, cach

of m, n, I and k is independently an integer from 1 .In ot ach ofm, n, |
and kfiernatapdHdevhiyrain ilte genfedm antbl 19 @10 Gr 1dasehoniciithigreatiotimaibisytiéGamesene

homo I leas i i a(l ' IS.ar. r.than_about 300,
oreat B e e R B oty mer

compfskggtdeasndrimvinig fevingefoimalides) wiversin rridng doterdaddiabode8iG;syreatanithan about
500 t A f i , | ' t
Oharft %maa(?ﬁ#nﬁﬁ%%ﬁ @hygﬁﬂﬁff?'}}!?%dé@f s ﬁfx%%ﬁ%%gﬁﬁ%n%%ﬁ%%% { GOMPrISES &

least one unit having'fo a wherein] is greater tha _ 0, greater than Ut 500 or greater
than @bout $000r Iprea firanertonibdtifhelnstithdifghee serkotionsopoltirmdemeneprises at least one unit

havi inKk.i h . ter t bout
000 T e B e T b g
formuldld phlvdsireasnviaving freeidafOim wad(H), ledse rain thd bavangf foramdar(i¥ gredeeithan about
300, Gfesh BAM A0 0l HERISHIIALAROSH &0 AHART SR SYD G [Re i BECSCne

St one unit ofrfiula (

homopolymer comprises at le aving ) and at least one tnit having formula (l11),

whereihotife! 80 dﬁwfiﬁrﬁlﬂhi@ grobodinteatsaimue300r grexstentisdir abvguiosattar(fradtar(ban about
1000 J 4y, UEIEN 0 A0SO BOUIZ 1463 T 2008 004956 Homapohmer

comprises at Ie_ast one unit havin [) and at least one unit having formula (1), wherein the
sum of 1 fs OrgaiRkian ARl A0 lRaISHban e heHlnR M aRaiRhag gpout 1000, In St
further embodiments, the farnesene homopolymer comprises atleast one unit having formula (1), at
least BAY TS BRE Sgthorasans () the arassasstad e yisrpa iRy ehieLier () ywissmne hieRum of m, n and
lis oreiRRdhemBb@ 00 LSRR BAN RO AR %ﬁﬁﬁﬁ@é’é‘%ﬂé‘@x?ﬁ{o}é?%i@h%w};{%”her

embodiments, the farnesene homopolymer comprises at least one unit having formulaTl), at least one
unit himgipuIeVil) Giflsdf Bheasinmaisereoihuro{ion anenziesitenfhiewsthaving formula (1V),
wherein the sum of m, n, I and k is greater than about 300, greater than about 500 or greater than
about 1000rJn stillifurther embodiments, the one or mor lﬁ‘hité aving formula (1), (11), (1) or (IV) in the
famesgre<homopetymer disglose

Haerein|can be in any orderj 100881In certain embodiments, the
fames opolymer is lymerizing a-famesgni in the pre e gf any catalyst
suitable drizing olefins, In other embodiments, th rntﬁiene hom ymer comprises one or
more uhits having Ww§( ),ReVI), (VID), (Vi 19 stereoisomer ’afps combina\ﬁoqwmg,reof:

wherein R* has formula (XII):

CHs CHa

N NN
HaC A (XIID); and
R* has formula (XIV):
CHa CHa CHs
N 3~ o
HaC TV,

wherein each of m, n, | and k 1s 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 500,600, 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, 1, | and k is independently an integer from 1 to 100,000. In other embodiments, each of m,

n, | and k is independently an integer from 2 to 100,000.
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CH3CH3 H3C.ssi- (XIII); and R4 has formula (XIV): CH3CH3CH3 H3C(XIV), wherein each of m, n,
land k is indepsndermtgan integer from Ito about 5,000, from Ito about 10,90@,drgadisnaizgut 50,000,
from Ito about 100,000, from Ito about 200,000, from Ito about 500,000, from 2 to about 10,000, from 2

o about 89D, o ke AMENR, B2 aRons 20000 SR 2 o210 500000, I

some embodiments, each of m, n, | and K'is independently an integer from 1 to 100,000. In other

embodftiéAtdnedermaia (), Whre e mildapatsadraty 2hewitdeRraretentian eboodiwo
2010@%&?&31?&%&%@@@@é@%%ﬁﬁelpé}ﬁ%ﬂ@iﬁ%ﬂ@ﬁﬁ@ﬂﬁ%%ﬁ@%%ﬁ%ﬁ%@ﬁ'ymer

comprises at least one unit having formula (V) wherein m is greater , greater than about

500 ofcatbansrupiharaadanona fVdnehessiboimesaictibaa sl 30 harawsyhesrabemiprises at least
one UW&@%@F@PH&@M&W@@@Q&M&%ﬂb@lﬁ&@@&ﬂ&%@ﬁ%ﬁ%ﬁ&@%&?oo or greater

than about 1000. In further embodiments, the farnesene homopolymer comprises at least one unit

havin§CrSRTSTS pViPRiRernit Bayiaatrmals A¥BIBoOC T édtarantan HisoL 800 B yigrsesethan about
100043, sHBSur s SMPOAEPENES R fATRSENE R AR DL CAMRISES 7 teaRkgRe unit having

formula (VIII) wherein K is greater than about 300, greater than about 500 or greater than about 1000.
homopoiymer comprises at least one unit having formula (VIIT) wherein k is greater than

about 300, greater than about 500 or greater than about 1000,

10090} In some embodiments, the farnesene homopolymer comprises at least one unit
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 famesene 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 sam 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 (V) 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
(VIID), wherein the sum of m, n, | and k is greater than about 300, greater than about 500 or
greater than about 1000. In still further embodiments, the one or more units having formula

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

[0091] In some embodiments, the farnesene homopolymer is prepared by
polymerizing a mixture of o-farnesene and B-farnesene in the presence of any catalyst
suitable for polymerizing olefins. In other embodiments, the farnesene homopolymer
COMIprises one or more unitsl having formula (1), (IL), (IIL), (IV), (V), (VD), (VII) or (VII])
disclosed herein, a stereoisomer thereof or a combination thereof. In further embodiments,
the one or more units having formula (I}, (II), (1), (IV), (V), (VI}, (VII) or (VIII) in the

farnesene homopolymer disclosed herein can be in any order.

14



100901In some embodiments, the farnesene homopolymer comprises at least one unit having formula
(V) and at¥east omewsit having formula (V1), wherein the sum of in and n igcgrgatgktmalapout 300,
greater than about 500 or greater than about 1000. In other embodiments, the farnesene

homopolyggengomptisgst é‘ﬁ?&&d&ﬂﬁﬁt@j%ﬂ@ﬂ%ﬁ%@%@ﬁ&&%@} 1355080 W Bayiagefoimula (VII),

wherein the sum of m and | is greater than about 300, greater than about 500 or greater than about

1000.%@%@&@&%#&‘&@& @s@#@ﬁérﬁ@m@ﬁéu@rﬁﬁri% el ipddVanean@aving formula
(V1) angaf Wi)?@f%ﬂé@&%ﬂéx‘é&%@&@'&Qvé&n‘éli'ﬁ%rt%ﬁst%??&m qm?ga@ &ﬂ%&éﬁﬁ&%ﬁ?{h&[&ﬁbom 300,

greater than about 500 or greater than about 1000. In still further embodiments, the farnesene

homo%&mwémmmq@agtb@ﬁémw&ﬁ@g foenfolio piyeafasnstao e Bivhenangersinndla (V1) and
2t leastiine, J0 1209, 'AIMWARGY AMAIER 1A SUMALEN R AN AIEAIE! (Har DA, 300, greater

than about 500 or greater than about 1000. In still furthef embodiments, the tarne mopolymer

comptises @ i@t el A At riuaad\B aee iskronte Imifuntheinertbadimeryach kfast one unit
having, form it ing4ormula (¥IW), whekei u ,d@and k is
create i D L aresier hal AbbL 1000, I il frter
emboefiiehes; tﬁ@%ﬁ@@ﬁh@@@%ﬂh&_wﬁgﬁmw ReqQUIEA )in(w Ry stwtindinliheafdasbeemes
homopglymer diselased-nRigincaris By Qe 1091 Same,.embedimenis, the famesene

homopolymer is prepared by polymerizing a mixture of a-farnesene and f3-famesene in the presence
of aan@ﬁﬁiil@@étﬁté}b?eAfé%@I%éﬁﬁﬁ@@@fhéismibﬂﬁ@ elobp thméntsseme framesehasmopolymer
ComPLRER ONeRINAIRHAIRIAYAATR B ol n{ltho (ot XN, (YN AL Wik dinglosed herein, a
stereoisomer thereof or a combination thereof In further embodiments, the one or more units having
formutampPaly RN hENIm( Feementod Fekeiane) fansasapies ére-HorBbhomér dibefosed herein can be
in any il W 20 0102AAGSPES 1520090498800 omma AR ImERIa e famesene
homopolymer comprises two or more units having two different formulae selected from formulae (1),
(1), (1ehapme, W)Y'égﬂﬂ fmysevn hosersdisarn ay the moriemalbrm isineions fhersemmothdp.
embogilﬁgg}%‘%l_g@_ﬁlrggggﬁggwgﬂglﬂﬁ can be represented by the following formula. AB y

wherein each of x and y is at least 1, and wherein each of A and B independently has formula (1), (I1),

_(”l), (V) J(MMVI), (M'%%&VMQ@%&&D%@@E&@@E@%&%&?%% Q%HE@&@P%@H andy is
independently greater than I, such as 2, 3, 4,5, 6, 7, 8, 9, 10, 15, 20, 25, 30, 35, 40, or higher. In some

embodHteRRViRg heessiBsendarmBlsselesipb Gnmafigmas fRsKich HDo s td ¥ Bubstantially
brancheghorsubstaptiailvsarshapest ashiomimethaiembasimeitdhertisoand B8 agcrndomly

distributed along the famesene homopolymer chain. In other embodiments, the As and Bs are in two
"segniuTRSCRS BROVARO L TFHE_BAE Frirspaishrer thsiatiordagioemua: drftitreYiSFaRgTHe,
AA--ABBv-fhd 2 pherembodimasréieAshasidB parsdattamrpericfisiibutirgalangiihefamesene

homopolymer chain to provide a famesene homopaolymer having an_alternative structure, for example,
A, ATBLATRL S R VALEALE 9% 6Y I3 14 A0 6F 6 BB e D SR & RABERF-E homopolymer
compgiggsdhkee aidoIei HadscRaving threscdiffarent faemulae seleaied, from ormoulee 0, ¢4), (1), (IV),
V), (Vg,éVIg (V1)) steregisomers thereof and combinations thereof. In other embodiments, such
farnesdneh 916’;551%8‘? BB PRSI by ¥R & o ARG ForATRIRRES R SRABIREYCh of x, v
and Zigeat Ralioh, andppbesaineaalbahiv Bipnehadndependanihtians fesmiHadd) AbhidH), V), (V),
(v, %/t#) or (VII) and A, B and C are different. In further embodiment, each of x, y and z is
indepRREEAMP YRGS £Shuhnad bsararaqemialisingies aipe8edemeseds or higher. In
somenembpslithesitcHaenAInBsirndisodimn ke thin AssBhsiaai@lyringanfeshiepnaseppesed to a
substantially branched gr substantially star-shaped fasg%?g In other embodiments, the As, Bs and Cs

are r&hOBIHARRTGRS B IR R ERPHGRHBABY FYSER, 107 SR RiG AT TRE the As, Bs

and Gs@E-ia thresthisegmbotimianpiatice g BynadeDehoriapahtneByinsasrangnied structure,
for example, AA--A-BB-B-CC--C. In other embodiments, the As, Bs agg Cs are alternatively distributed

A-B
along RS TERSSIR RS IT HIRB A LRI S Br RRES P PRERRRI B R IBE D8R ALGTRRIAS alternative

structifec fge ekarepien BB AR L A-B-£-Brtherlifike. [[RE9411n certain embodiments, the
polyfarnesene is a farnesene interpolymer. In other embodiments, the famesene interpolymer is
prepared &§9gblymérnizingadt leasvdmectasndsend planatdeast arferusyhmbpnemerindhelpresence of
any catalyst suitable for 2010/027463P,CT/ S2009/004958 merizing olefins and vinyl
mono(?éleerys‘? ibtﬁi}{ﬁlg?esmtg\é ?r%né?ﬁ’ta&ethneteﬁfr%l éneeﬁelﬁrﬂ%el%agﬁ/c?n% r%?l;{%%rez ‘Féraéi%%%%?ises (a) one or
morefanitsdraving ait leastamieeyofyformontaes(l kn(the @Hi)sanck (V¢ pojsciosesd: seieibicaibe (b) one or more
units having formula (1X):

iS5



(IX) wherein p is an integer from 1 to about 5,000, from 1 to about 10,000, from 1 to about 50,000,
from | to alyouici0@006 from 1 to about 200,000, from 1 to about 500,00Q¢fiopy 249,@Rest 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 ' , IS | e [ l group,.or @ functignal group. In some
emb%%ﬁf%é}é&? gg:%%ﬁzﬂ%&%g} %&?7{%%?&9%%%8 %%@H%n%@ggﬁp%yﬁb@gr%ﬁ%%?p containing 4-8
carbdntatpalismir invleserhbedimentspesch(al RE; ®endRY unt RS/ ismat laasaligt gfoup containing 4-8

carb : 1llp-som diments, the farn e interpolymer.disclosed herein comprises
@) o%%%lfgrfrggr%{%ﬁ{i’ @&ﬁg aﬁe é% one of formu ’aaéna%%,g(%ﬁf %\r/m a%g?\%ﬁ}ag it gjis)qg(rjuﬁ%rein; and (b)

one di¥jore units having formula (1X) disclosed herein. In other embodiments, the famesene
interpolymer disclosed herein comprises (a) one or more units-having at least one of formulae (1), (1),
(1, (1v), (v), (v1, (vil) and (V1) disglos in; and (b) one or more units having formula (1X)
disclosed herein. [0096]In some embgdi famesene interpolymer disclosed herein is a
random interpolymer. In other embod{menis, the famesene interpolymer disclosed herein is a random
interpolymer wherein the vinyl mononper unitsk&nd the farnesene units are randomly distributed. In
further embodiments, the famesene interpolymer &sclosed@Rerein is a random interpolymer wherein
the vinyl monomer units and the farnesene units are randomly distributed and wherein two or more of

formulagdin glis i intede (Yon{\{ e GBI/ HDARELLKD ih HRS fAIRERRNGHMLS asqustziibyltrm randomly,

alternatively or in blocks. 100971In some embodiments, the farnesene interpolymer disclosed herein is

an alf&PAREAG FRRYHhARHAY0: Fthérie ARost it S8 CiHECrah de dbeuh A HERIMm Erdist IBsabPHErein is an

alternasigoinierpoli ey ST eryinY BABREroTISRBbHS BIASSRTRUINID 268 AR 2
2010/027463PCT/US2009/004958.altgrnatively distributed. In further embodiments, the farnesene

interg8IheMt dBIHLE R rETieER aRerrBitiAbdite i SR IHEIKIR 148 OSPrMlGHBHRChAits and the

farnegane sitssaseltRIRatielydistineirs andh whertintwr oiaere;ohiarmmiae (i), (H1), (IV), (V),
(VI),E%/"II), (VI and (XI) in the farnesene units are distributed randomly, alternatively qr in plocks.

(0098 CEATERT SR RTERILING & HAERYh A RTRS p Ol PRI S RIS RS i AER raingRone or more

first t&ﬁ@lﬁ%@@ﬂﬁr&g{mﬁﬁ%m%mﬁmmhﬁmaﬂﬁgw (O, (n, (1n, (Iv) or a combination thereof
and one or more second blocks comprising the one or more units having formula (DC). In further

embodinj@®ss)the farsesrnaribtalipadyachis farhioekdritesppbivmeshiivihgsod d e imooenfiisidilocks

comprising the one or mqre units having formula (V , or ination thereof and one
o maFa QB S B RY RO AE o he S S SR At hebikh P S TR S Roer
embdairsients;dlipe s @ome fir shitolkvamed fivwvmskecdiy bledksainttwherémdtiedfirst block is between
the two gegonanlo&lksf In sstgl gugﬁper e}?bogigps% c’ggé %ghe%f gagl s%%gngl Ior?eks comlprisegS units derived
from %‘iryllrgnle’?l‘lan Some embodiments, the tamesene block mterpcﬁym%r"fl 8 po?ﬁs’f’yoreen%r-lbolyfarnesene
di-bldedv prg iakeassene o Glystyitea ¢bp Iy fafligs€ieéIpOR)svén & Witplock(Malyjaiivebesed or a

comkﬂg%t{&n atxg? Eg?]:)'ne or more units having formula (IX) disclosed herein.

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

{00971 In some embodiments, the farnesene interpolymer disclosed herein is an
alternating interpolymer. In other embodiments, the farnesene interpolymer disclosed herein

is an alternating interpolymer wherein the vinyl monomer units and the farnesene units are



100991In some embodiments, the farnesene interpolymer can be represented by the following
formula. Py whenreineach of x and y is at least 1, and wherein P has formgig{ts@ardshas formula
M, an, n, (IVv), V), (v, (Vi) or (VHI). In further embodiment, each of x and y is independently
greateyihanbeRa At ed: 4nFufihdr BroliindBes2hBrAeRS 14208 Pigbes; 0 sqme embodiment,
the Ps and Qs are linked in a substantially linear fashion, as opposed to a substantially branched or
substagtrNy S adieapingaisitepo rnesh sherabodimeing, menpeneh sk therfdomigriistributed along
the fagpesene i | j ' | r e blocks or

£ NSRRGSR 10 8&%&5?%?;1\%8?83}8 PEeanfl i fgf'fe@‘r‘rmg ; gyf

segments to provide a farnesene interpolymer lock structure, -P-QQ---Q or
PP--FCOQMVIRFIDR BV IH)athe { ¥ o dha S stre Raitiner Qi ribulesrrandlesn) distibuasid dlong the
famesgng {ptgipolymer chain to provide a farnesene interpolymer having an alternative structure, for
example, P-Q, P-Q-P, P-Q-P-Q, P-Q-P-Q-P or the like. In some embodiments, each Q has formula AB

y or A,Byfgaes disclased e aioakBeAR0hneseriain cmodinents .dha apouneldgrmula (1) in the

polyfamesene disclosed herein is at most about 85 wt.%, at most about 80 wt.%, at most about 70
wt. %, ViRE InLIne e WiESiDlecks ASBPEPGEIBO AR BrysdBitstheviom foralyh GF.thd),

polyfammpsens) QR AALHAZAABRRGT Al S09/0R4R58 La,0ifeh A hodimants dhe amgunt of formula

(1) in'thé’ polyfamesene disclosed herein is at least about 10 wt.%, at least about 15 wt%, at least
about2O vines Setdnsfappuledtive Ja BirtbaseabudiBonit. shederaasmmesirnownos iae least about

50 Wiyt géé(ﬁpﬂf& 808 EaR!R04I KR W % ablegakahouh 80 ikr-akleaskhahput 90 wt.%,

at least about 95 wt.%, or at [east about 99 wt.%, based on the total weight of the polyfarnesene. In

furthefoempsdimehtd) thd oD orTereemPinntinniecrs) rrd ansrer sosfowmsaeréasks from about 1
W% EAPRYLRHN S BPRAD IR MVIAJIARAHLIBY! Y HONRARRYEAR YiReIR ARGLE 99 WL.%, or

from about 15 wt.% to about 99 wt.%, based on the total We:?ht of the polyfamesene. In still further

embodfifrimdgi dlastotnd Brecierons ocks erdpshrsindbeit dibtaskas Marsaandhe iest about 0.1
Wt.%,3E5AR1BBRUT A 3 ARl BRT AR A T Whh:, S MOSLRRRULIZWE Xerih AemEskabout 3 wt.%,

based on the total weight of the polyfamesene. In some embodiments, the polyfarnesene disclosed
hereif$5 ¥eb StanEnyciee b Toms aarpodamerds) the farmesom biptkhiskraavarsbstiments, the amount

of formsia (bl O¥thos UKL o POl RmERaRe SUSEIBReAIBER RS MBIV 0, ot

most about 5 wt.%, at most about 10 wt.%, at most about 20 wt.%, at most about 30 wt.%, at most
aboutAPIRElPUY FETSSaID O BEWRORAMEREBSUL 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

embodim@itE khe dMEUTRE SPIBRATTIETE) G IRRATTBT PATP AR oIy R TEREE RS RISEY herein is at
least ﬁhmw&xgvm@gﬂtalqm,amﬁiez?@a% &f leasd 3hQuk &\laae% @E)weaﬁé@bpp&ﬁy\dib%aﬁhg@a@t about
10 wt.%, at Jeast about 20 wi. %, at t u 1%, at least about 40 wt.%, at_|east about 50 wt.%,
e TR Gl R S D G5 N o b RSP EITIET SE s the
amougt piafar pianibpdddniW Brestey ihhin thaupplyiaesens disglesedinenainds, rensapbosit 1 wt.% to

about 99 wt.%, from about 5 wt.%, to about 99 wt.%, from_ alhout.10 wt.% to about 99 wt.%, or from
bouf Do ST AP 0BG STELBRED JIF R BB AT P AR B ORI ReaB sion.

embagdimepisedhe @@hﬁﬂmesénétﬁmwdﬂm@mﬁisup%taﬂﬁauyé&e@ﬁﬁéﬁrnmIathva, (VI), (VII) or
(vin). 1091021 In other embodiments, the sym of m gnd n disclosed herejn is greater than about
N R e e R N AL e A
or gréateritrasmiodirm2RR0tHe Perihar@ymbe hineests: therswhalmeaghdigslaspebbrrein is greater
than about 250, grea rthaﬂ about 300,.greater thap about 500, greater.than about 750, greater than
R R R e e e aleu bt M
embagiherty, tihe stior ehibudirand, disclosadif@reireisigiaatardhatistibited 50 g eater than about
300, greater than abaut SOOh%re%ter tha*g abaut 750 greater than gbout 1000, or greater than about
2000 9FPESTRE BSHMEA T QRIE 8195 2 AP SRy HSERILS T HDANG BRI about 250,
Crentey han oot 2000, 100TaTlIn cartain ADROIEntS. the rmber veragt moleotiar waight (M)
greater a certain,embodiments, the number-average molecular weig n),
Weigﬁectgv rgﬁ%%gn%qgguﬁf%wgfg%f%(%,a%fhvslrcggggfé;ggﬁ%?age molecular weight (Mz) of the

polyfam isclgsed herein.is, gr n 000 daltons, greater than about 100,000
Fanone, I L L, O B 8 T SRR R 200,000
daltodsscdpecddreticami7 801000 dbdtein®y gre4tenitharstabo0,G00 d2ttoasime atenthaih wi300000 daltons,

, dj : fth lyf
s A R RS B0 SE B e LBttt S SRR

1,000,000 daltons, less than about 750,000 dalt?r_}s, or less than 500,000 daltons.



100104]in some embodiments, the polyfarnesene has at least a glass transition temperature (Tg) of
less than -8®Cylemsstisan -60 C, less than -65 C, less than -70 C, or less thagé2:6e,a& saeasured
according to ASTM D7426-08 titled "Standard Test Method for Assignment of the DSC Procedure for

Determing:hBodi R OLABEHRSIIRITCATARYAL #g@%%égg@&%?&&ﬁgg%%ﬁ&%{t %. based

reference. [00105] In some embodiments, the amount of IS at most

on theetafbiGh? 8rtife posaatabaBhES Midthet laticdione AE Whesanieasimborand WeGredter than
about; 300 L {Hriper embadimenis, At seast 3,per i@epstoil}@ﬁt d@uble bop ﬁjesaé[@ ﬁﬂ%ﬁg%?{ g of formulae

0, an, 1, (v, (I1X), SXI), (XI) and stereoisomers thereof Is hydrogenate In'S0me
embotFiRTERRS UhEd Py fatidsaficehoat iBfhes&nerineamp elyorie PO iirihet lemsbalatimtcifisytiié, farnesene

Interbeieast siseiased el SR LAMRNAESRARRIRPLR HYSISHeE IO & fagiesene in an amount of
Y

at least about 5 mole percent, at least about 10 mole percent, at least about 15 mole percent, at least
aboutZebsibifasserciistamaease hivunse ke P cohtfamisest alieslosd rotsmpisrtem, zitdeast about

50 mal&,percRbahi9ask RO UG TG RAIGERLALIGABHEROLE, G 000!8 R ‘i%@%'ﬁ?&%b@”t 80

mole percent, or at least about 90 mole percent of the whole farnesene interpolymer. further

embodihénts, hEpamRsBrd hvadolprabpeiSOosct Heassd corisrises wrézbt afdhe units derived from
the vinylyWiR3010/G2 (483 HINS200RR04R58, Mansme ! %@%QHWS ?x{ %el?)%?t %grg%tegemole
erceht, at about

percent, at least about 10 mole percent, at least about 15 mole p eas mole

perceftsapieadiestios sbmnsicabertfnt, it feast mpsialm:hibiewdrcattmasichsuabout. 50 ahole
percepts@tdeast 2Rk 60 male Resssnt Piieastabout 1 g male, pers eré%%:}ggsr‘%z%lég%me

percent, or at least about 90 mole percent of the whole farnesene in In certain
emboHiFRIRGCINO BRI dBe pelabmmrisas diselosah brsgholiaebsaoicalidschadiforfomau, (X): XI
HPc) cyhetemds {$w@) integer from 1 to about 5,000, from Ito about 10,000, from Ito about 50,000, from
1 to about 100,000, from Ito about 200,000, or from Ito about 500,000; m is an integer from 0 to about

5,000, frwmab ut 10,000, from, 0 to about 50,000, from 0 to about 100,000, from O to about
200,000, 0 18 SBCHP=EBRTIRRL S S BI04 FaredanY) Dy (¥ A2y HBrina viny!

monothe poi§P08dete a05TIR LM BOMents, NobasHene PN OfiormBIaR §RIAVIIY: mod!).
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 polyfarmesene. In other
embodiments, the amount of formula (V), (VI}, (VII) or (VIII) in the polyfamesene disclosed
herein is at least about 1 wt.%, at Jeast 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
wi.%, at least about 50 wt.%, at least about 60 wt.%, based on the total weight of the
polyfammesene. In further embodiments, the amount of formula (V), (VI), (VII) or (VIII} in
the polyfarnesene disclosed herein is from about 1 wt.% to about 99 wt.%, from about 5
wt.% to about 99 wt.%, from about 10 wt.% to about 99 wt.%, or from about 15 wt.% to
about 99 wt.%, based on the total weight of the polyfaresene. In some embodiments, the

polyfarnesene disclosed herein is substantially free of formula (V), (V1), (VII) or (VIID).

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

greater than about 750, greater than about 1000, or greater than about 2000. In certain



1001091In certain embodiments, Y has formula (IX'): (1X'), where RI, R2 , R3, R4 are as defined
herein andaaehi obie4dR6, R7 and R8 is independently H, an organyl groupor/adtinctionslsgroup.
[00110]In general, the polyfamesene comprising a mixture of polymer molecules, each of which has

formulg, 060 wbareimeach A iA0d A nsepsrdenty:es asarsificxaluguT heoayRrage @ag distribution

of the n or m values disclosed herein depend on various factors such as the molar ratio of the starting

mate ﬁhm}ttﬁ@%ﬁéﬁﬁsﬁ thareabenéifharanire thae pheyeriel, ereeeiion sbausHANdmErRalNg agent,
the a’i’&%%BBP‘EGM!aﬁ?%&ﬁ%eé&&%&%rﬁﬁ‘%@%LHB'XW“E?I'Qﬂcﬂ?Bﬂ@%&édﬁ!&?&ﬁ%ﬁ%&%ﬂ”terpo'ymef

of Formula (X') may include unreacted comonomers, although the concentrations of comonomer

wouldksengredt 56 sgrediar HomesheatnEN serealesrtha eboctabh. Trraextdnrncthoul/iirization, as
speci%g_ga{g}th@n%@lv&%?gr %g&égﬁggg%@&pgggﬁes of the resulting polymer. In some

embodiments, n is an integér from 1 to about 5,000, from Ito 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; and m is an integer
from 0 tol&Bb8}I5, 08 CHEHNGIPABBIEN'S; 00 MHBIPFD W ABET FHsicglRr THED SV oliE 183,000, from 0

to abquyt ,Q{?@e&ﬂﬁ%i@ﬁp(%WbﬁQMM@F@em@@%W&gﬂﬂ%ﬂmSQHQHS‘enﬂy 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 REbURTRS B Gisdoser husinboucates teswbsyt SRPH dalisns-58atd W©rasbart000, from about
0 to abeuib85 Q) HianALAM Riia 2b0Bbd DKoM RRHERLID RRMIEER: HiyTeAhau @4a about 100 or

from about 0 to about 50. A person of ordinary skill in the art will recognize that additional ranges of

avera§oHt 2R8-APY Srlenarerea iRl et A daltont BFRatT Hraadnt Uistitsarlons i#a!#] In some

embogimentsofoun dlaith, CRPRIEASES MO L0JIIIOURRRSHEhAWBHAY B hakawingsfarpwe; mpere each
of the asterisks (*) in the formula represents an end group which may or may not vary hetween

differ&htioffriRs RAbEEnRsS 5T fie oS disTetinind erepbrRiARp B AR PRGSIRGHEN!ES {8 molar ratio of
the staringdneenaias thariesenepevah RN & haA BEninaliNgragenioas dhiessiais of the

particular polymerization process at the end of the polymerization step. [00112]In some embodiments,
Xs anﬁo%&ﬁ fisitADka (X") are linked in a substantially linear fashion. In other embodiments, Xs and Ys
of formula (X') are linked in substantially branched fashion. In further embodiments, Xs and Ys of
formula (poP B¢} linKedsimsuhatadialbnsiaths pabefdfashionhas stilkfuttheiamnbantitients, each of Xs and

Ys independently forms,at least a_hlgck,along the palymer chain to provide a.di=block, triblock or
muIti-bﬁ@ﬁf%ﬁ%éﬁoﬁLqiﬁ%Eﬁy ar aa\fi%%ssaqagnaé oné’ “Bioc a%ﬁ%a%;ﬁé%sgts (?%EénY‘?t(ﬂoc “fn still further
emboisnents - X3 ‘@hd s ararah doriyidis b 80N DT 260 polyimet Shairisd sstdfardvide a random
fam e%:p %}?g{?;&%@%@??ﬁé@ﬁ&l }('yrrcggggzg‘@?o%dw%ptmsm)%gaﬁgdof a Polymer or an Elastomeric

Compound,” which is incorporated herein by reference.

[00105] In some embodiments, the amount of formula (I} is at most about 80 wt.%,
based on the total weight of the polyfarnesene. In other embodiments, the sum of m, n and |
is greater than about 300. In further embodiments, at least a portion of the double bonds in
one or more of formulae (1), (II), (IID), (IV), (IX), (XI), (XII) and stereoisomers thereof is
hydrogenated.

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

farnesene interpolymer disclosed herein comprises one or more units derived from the vinyl
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WO 2010/027463PCT/US2009/004958 Ys are alternatively distributed along the polymer chain so as
to provideven zltemratissy famesene interpolymer. [00113] In some emborirmantsisthesrssount of the
farnesene in the farnesene interpolymer disclosed herein is greater than about 1.5 mole %, greater

than 30otze0 iMaleaio GheBES: 1At aBBHE 2 A0l A aRIEE AR ALY i lB e 2ongrgater than

about 10 mole %, greater than about 15 mole %, or greater than about 20 mole %, based on the total

amouresfabefam aslsomeeRsofjirast rbet0shile arfreaits aHeashbont sPtme R EEHedN the
famesgne iBipAivmaE disclosedherainisipss Rt FrR0Mele Ay iee3d1aniahr S0 mole %, less

than about 70 mole %, less than about 60 mole %, less than about 50 mole %, less than about 40

mole Bgsbrhoss TRAAABBETIONHSIeast HaEPBmels ReFarameUat srihatian d5enelmpsipeiymer.
[00114d\3 Some emRrdlne Mg Hgyappunt 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 iy @paterihanah tomalents, aeainyherahewokhbmeledts greatRt fhapmbout 15 mole
%, or greater than about 20 mole %, based on the total amount of the farnesene interpolymer. In other
embdﬂ%ﬁ@?%%mﬁﬁt%’%nyl monomer in the farnesene interpolymer disclosed herein is less
than about 90 mole %, less than about 8Q mole %, less than about 70 mole %, less than about 60
mole %, less than about 50 mole %,Jregs%ina%‘éﬁgut 40 mQle %, or less than about 30 mole %, based
on the total amount of the famesene interpolymer. [00115ﬁﬁ| kertain embodiments, the mole percent
ratio of the farnesene to the, vinyl monomer %_e., he mole perce 6r tio of X toin the far eg e
interpBRATISR 4L S EERREFATATR it BBk Y017 SBbbitd SBH oMy R ch ibie
percepbratia®tdole MEfoomiabeutid: 480:RR00tdtn0 d:; femm phosbckid Htguabewt £06i1, from about
1:3 to about 100:1, from about 1:2,5 to about 100:1, or from ahout 1:2 tq t 100:1. In some
emboiTRTE R (19 al?%ﬁé@%?ﬂf&om dpd b T ROt SbOM P8 Lot 100:1
[00118}bucen@inenikedinenisothe ameantef formala dddarthecpuipfaxnpséntvdisaloses herein is at

most about 85 wt.%, at ut 80 wt.%, at most about 70 wt.%, at most about 60 wt.%, or at most

ost ab
aboutBHREYS: HEdD eﬁ%% W& I HPPBISFamesene. In other embodiments, the amount of
formula (J1I))J %Ce olyfarnesene, disclosed herein is _at Ieasgf?(bouté(% t.% ast about 15 wt.%, at
least abow{;ég to/?n %@35%%%%%% ?/?ft o,hgf WS LB L0020 74658 )ﬁl%mg/ 104958 least about 30
wt.%, at least about 40 wt.%, at least about 50 wt.%, at keast about 60 wt.%, at least about 70 wt.%, at
least about 75.:4.%, at le&ist about 8Q wt.9, 4T least u wt.%, at Jeast gbout 90 wt.%, at least
about 95 wt.%, or st'about 99 wi96, based on the %Etaliv\?eight of palyfarnesene. In further
embodiments, thgiamount ofqvc?r (I) in the gelyfarn e q&qi;lj)seqqherein(iﬁ/fr m about 1 wt.% to
t.%

about 99 wt.%, from about 5'Wt% to about 99 wt.%, from about 10 Wt.% to about 99 wt.%, or from
about 15 wt.% 0 about 99 wt.%, baf§$d on the total weight of the polyfarnesene. In still further
0

3

embodime the a nt of formula {I1\V') in the polyfakn&gene disclosed herein is at most about 0.1
wt.%, at most 05 M.%,}é&ng&:&tf‘ﬂl W%, % MgEtabout 2 wt 9% atfnost about 3 wt.%,
based ont tal weight of the polyfamesene, |n some.embodiments, the polyfa e disclosed
herein is sﬁséantially frddf of formula (19, (II'),ng’or (V). ?\;ﬁ ) and Wﬁ? )-

[00109] In certain embodiments, Y has formula (IX'):
R5
RB
3
R
RS

where R!, R?, R?, R® are as defined herein and each of R°, RE R”and R®is independently H,

({Ix°),

an organyl group or a functional group.

[66110] In general, the polyfarnesene comprising a mixture of polymer molecules,
each of which has formula (X'} wherein each of n and m independently has a specific value.

The average and distribution of the n or m vaiues disclosed herein depend on various factors
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[00117]In certain embodiments, the amount of formula (V*), (V1'), (VII') or (VIII') in the polyfamesene
disclosed hayewiigatasrost about 1 wt.%, at most about 5 wt.%, at most al@tit/d&wis%m@akgost about
20 wt.%, at most about 30 wt.%, at most about 40 wt.%, at most about 50 wt.%, at most about 60
wt.%, ﬁEM@QﬁHHQ W% ﬁ%’ﬂ%%ﬂ;ﬁ Q.9 t about 90 Wt.%, b %/on the total
weigﬁ;t of the polyfamegene. In other e %%%ﬂs@ﬁ%@?ﬁ?ﬁrﬁ%?%én%gp&ﬂ i\éf?% [ or (VIII') in
the polgkanresenebaissioséd Peabindsniig apmit thevawmuat lebst abidat? ifthoratdeast about 3

wt.%,agglﬁiaes % b wt.%. at least,about WwWt.% st about 30 wt.%, at
least about %%%r%ﬁ%g&%%ﬁﬁ?@% v??%/o]r%? 3% élétgfﬁcgér{/lv X 0, 2e6 %mr?%f%&gﬁt of the
polyfarreseisd. dongnhaeembldubmentss tteneentativos fof thaleofan gy, Yolidarep sl inbkthe

polyf isgl hereinis from about. 1 wt,% to about 99 wt.%, from about 5 wt.% tg about 99
o o SR SO o AL e R L SO G & SR B S on e
total weirhtrof dheepolpfaatitesé e rogemieceibiodimeits; g e lpoigfaresene disblmtietharein is
substant] rmul 3, AR ' (VAL (&%E;B ny Gompou ining_a, vinyl group,
ie., %%aé%%%ifa?tg é?ggo%%%réé@é If/%/élt ggg%gég#e]@dn élé\gg]dqatg g‘%ﬁ?ﬁ/ ﬁiﬁ@’m%eorg@r tr%aking the
farnesbmet iHi€rpolyirendistiosmnthatein0 sefllormyl tmebou &£ dige|eeddh eveiniimelte ethylene,

Le., = ' i s, 1 iyl ) f; XV (XV), WO
2810%%%146(;5&%18}1 8?%@9%%%%@%%‘2%@&?%#&@ é(,?rﬁ §%§6§$‘1¢2 ﬁ‘ﬂgﬁe{ﬁdﬁ%ﬁf& H, an organyl
groupl B¢.840nEvon &l igrebgut 2000000.9% froso ftoerhbadifiBas). atdedlstrometeldRBeRS, pRY and RS of

f , V)l : ' h I '
o R B A e rsm e T Ut cimens,
each HR5iRG aRquandRborfditufeotXabox') ae @ounis (Kbepirncesttyut] tdkyboryci0atiod, aryl,
a'kenéf!ﬁ%&ﬂiﬁ%%lff'g%%ﬁxhtﬁ%o%ﬁ%b% %¥o%®6‘$€%5q§r%%ﬁ{’a 'kl??%(%g%%g{@('fiﬁﬁﬁnocarb"”y"
alkylaminocarbonyl, dialkyla ife or no

minocarbonyl, acyloxy, nitr alo. her embo iments, each of R5,

R6, RToandbRretéf forhoin 300, fiot arqx\) is abdupdAbentlyor aiop yelaadiylsGryh ppcoalkenyl,
alkynyk yl,.al - i rbonyl, alkylaminocarbonyl,
ik S B or vy
is arytoarinedbMRGaR Wihin 8 iprekeit fistiesembodiments, R5 of formula (1X), (IX') or (XV) is
phenyl; and each of R6, R7 and R8 is H.  [00120] In certain embodiments, at least one of R5, R6, R7
and R8 dfrklia dxpome carodiments. farstis @ BiES, BECHNE FARBIIR 85 RioarbR8 of formula
(1X), (RErM KM $drAntnfurther embodiments, RS of formula (1X), (IX’) or (XV) is hydrocarbyl; and
each of R6, R7 and R8 is H. In still further embodiments, the hydrocarbyl is alkyl, cycloalkyl or aryl. In
still further embodiments, none of R5, R6, R7 %%@yo formula (DC), (IX") or (XV) is or comprises
alkenyl, cycloalkenyl or alkynyl. In still further emttodiments, none of R5, R6, R7 and R8 of formula
(IX), (IX") or (XV) is or comprises a hydrocarbyl, substituted hydrocarbyl, heterocyclyl or substituted
heteretyetytach [@DER 1 eriskstEin el timents) eirsastomecol R50 ROWR Cramd RE efdgrnotila (1X),
(IX)o ' uneton ning h P or mbination thereof. Some

non-Iivr%‘lc I%@@%&é‘g&% %ﬁgﬂg%ﬁéﬁ%@%%&g Fq'c\)cl:lm%én ?/%%%Pg%& ,Oé‘rﬁ(%‘)?% gﬁ%?r{(%, nitro, thiol,
thioetheh anthe neyknoaamidohpbasphomeate(ias- P alksioR prRbsoMe-af\@lyBabr -P(=0)(0-alkyl)
)0-ar [ (-P(=0)(0- |, -P(=Q)(O- lkyl,.- P(=0)(0-alkybaryl, or .

T e e el e e B e B o
(-SONis@erB@RNHatkyl), -SO2NH(aryl), -SO2N(alkY1)2, - SO2N(ary1)2, or -SO2N(ary1)(alkyl)),
ketone, aldehyde, ester, oxo, amino (primary, secondary or tertiary), -CO2CE13, -CONH2,
-OCH2CI8f#H 2] -NHpsooe FirRodgness - NElpakyn)s ol CRHeerlinked\igatkyiigarsataliyl (aryl)2,
“CHOu O el ORI OBBIA, KR O cinemeemhadigien's, s Junglional aroup s

or comprises alkoxy, aryloxy, carboxy, alkoxycarbonyl, aminocarbonyl, alkylaminocarbonyi,

dialkprartheddmbion, wouwheoanbrdesath¥sa009/e pidomgula (X’) are linked in
substantially star-shaped fashion. In still further embodiments, each of Xs and Ys

independently forms at least a block along the polymer chain so as to provide a di-block, tri-
bilock or multi-block farnesene interpolymer having at least one X block and at least one Y
block. In still further embodiments, Xs and Ys are randomly distributed along the polymer

chain so as to provide a random famesene interpolymer. In still further embodiments, Xs and
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acyloxy, nitrite or halo. In other embodiments, none of R5, R6, R7 and R8 of formula (IX), (IX") or (XV)
is or compvigescacfarmigonal group. In other embodiments, none of RS, R6 Hi¢/anshR&efdarmula (1X),
(IX") or (XV) is or comprises alkoxy, aryloxy, carboxy, alkoxycarbonyl, arninocarbonyl,

alkylamingeataiut R iR RARA ECAORE NI GNR'Y ﬁ%?a@ﬁh%‘?%ﬁ% odiments, the

vinyl monomer is a substituted or unsubstituted olefin such as ethylene or styrene, vinyl halide, vinyl
ether, faBKA6ARIMECTRONRReESter, methacrylic ester, acrylamide, methacrylamide or a combination
thereof In_other embodiments, the vinyl monomer is ethylene, an a-olefin or a combination thereof.

Some noiliitidhg Ssapiesmbedimpiisatbraamsunt iiae fpasecndpiherfermesmene, | -hexene,
1-octaReriomaiby klRRIG R BRI ROMERS, Hideashs: 1.5hexadieprand sambinglions fgreof

[00123] In some embodiments, the vinyl monomer is an aryl suchas styrene, a-methyl styrene, or

di-vinyFPo@ivaETehaRahRt & 2Ratiplesarraisadhareabeietiomanieth vinghianibas dhoas tHoseldiclosed by
U.S. Ratent Nam B4 16 1whioh isinrorperatad Rerais Py slerentted o@%@%@ ARNG

. f
embodiments, the famesene interpolymers disclosed herein are derived from at least one famesene

and athed¥rssens Briaraedrdaiednaifseamberimastaihsaneinated tydrsoasbonibdbed compound
with aleRsteNG AR EIR SQbeLeNd IR CRILAINRMPS INaPS; tﬁgsqlﬂmég?%{:g@jugated diene.

Depending on the selection of catalysts, any olefin may be used in embodiments of the invention.

SomeMIR-HimiGRgthsaaisiesTsrsaiabte lerefihanasrecot mole Hhighsithanatost 50 momitic
COMPRURESEUNARING KiKlig, LSRU Ao RRR A3 IEYSfia,SRAUALS SHGR A% fYSiahutene,

cyclopentene, dicyclopentadiene, and norbomene, including but not limited to, norbomene substituted
in the BTAFRFRSHBSIRMXME-C1_20 hydrocarbyl or cyclohydrocarbyl groups. Other non-limiting
examples of suitable olefins include mixtures of such glefins as well as mixtures of such olefins with

ca_40 difl&iAdomPbivme GBS ETSBINe MHorTRHIRtIHY ShaMBMITIaimehie BlefAraessnsiefin
monomerpifahideisiyiena ireRerBseR e teRR Utslense D yienr InRRIEHS: A dhexgDe.

1-hepgene, 1-oclheér;te, 1-nopene, l-decene, and 1-dodecene, 1-Otetradecene, 1-hexadecene,
1-octa£e%’§ﬁ§“ han sbaes 3-melthye STAERIHEaR ety ods (én aratridhan abper@ meole Bdimethyl-
I-hepigpetedtvinydbyalolexane winyleysiehaxanabbartomadiens  pthvige ae-NerPoIReRE! of
cyclopentene, WQ 2010 02746iPCT/1JS?bOO9/OO495 cyclohexene, dicyclopentadiene, cyclooctene,
QAR HATHTRP e ot MBS L RAREHE ATS B A BN ThARaBCe

1,5-héxadiene idtdrpstiadienisddaeadians iaheab 4b4 0 a0labinsvandsthadikapbucgnain
emborclelo ce %?ig?setgé%fg]o&?gg%%rié% u,r?éas)sllﬁ'pa%’ a]l:;out 60 mole %, less than about 50 mole %,
less than about 40 mole %, or less than about 30 mole %, based on the total amount of the

farnesene interpolymer.

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

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

ieast about 10 wt.%, at least about 15 wt.%, at least about 20 wt.%, at least about 25 wt.%, at
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butene, 1-pentene, 1-hexene, 1-octene or a combination thereof [00126] The famesene
interpolym®&@ #i&&Iggée herein may derived from a famesene and styrene FUTe feresomes
interpolymers may further comprise at least one C2_20 olefin, at Least one C4.18 diolefin, at least one

alkenydaenzsng 90 aconRinationtberaofweyiiahiebi s womonamats bsefebior pelwmerizing
with fgrnesene include, for example, etrlglenicaéj}?iunsaturated monomers, polyenes such as

conjufRE R I Bh (g atdardicibast Ak afyibert Jer £bamt $Reié; rsASHRIOBE 881 cBnbnomers

includeAthiHenesEw22 alefinsurduasPrapylana:igeRHEYs e 3 HUiENE. st EXeRe k-peNtene,
4-methyl-lI-pentene, 1- heptene, 1-octene, 1-nonene, 1-decene, and the like. Other suitable monomers

includ¥ L 8teret R A8l SFRRSANS S I S HRBABUNCTH IR 28t 6 B tarm ad Theiadhgne, 1,7-
octadigneraneseysleatienanizyeh 36 FYLIORRNIENE O%GIORBXENeRNE Y elaactens: 5 (00424 Some

suitable non-conjugated diene monomers can be a straight chain, branched chain or cyclic

hydroR2PBbRGTENE-HEAR GIRN 6 1118 IXABSHIARME VS dh EaBmpitiAG WkamisIebBr Stitable
non-ceppgatad disnes ieeAudriralgh NN asvelcAiene S istehasclnfdigrardie N1, 6-0ctadiene,

1,7-octadiene, 1,9-decadiene, branched chain a%/clic dienes, such as 5-methyl-1,4-he0xadiene;
3,7-dRAHYLOf BEetiRidNe) 17 hsiRRINpImesTIodistiRsed hReEin ity 8RR Bt Uihylrdmiticene and

dinydraeqingpe: SInele 7Na:aHeycleienes s16h @9 ¢ Sevelonaradieremba-gysiahexadiene;
1,5-cyclooctadiene and 1,5- cyclododecadiene, and multi-ring alicyclic fused and bridged ring dienes,

such B&ststihiRf Shtrlene ehieth e tPARAIRSHTE nd D dREAE SPEMAHTSHES: B PRIV SR e pta-2, 5-
dienegnikenyd RieticeRabsyslaalkemtandaysigaliylidens, parbpsmenes, such as 5-

methylene-2-norbomene (MNB); 5-propenyl-2-norbomene, 5-isopropylidene-2-norbomene,

5-(4-cycl y1)-2-norbomene, 5-cyclohexylidene-2-porbo -vinyl-2-narbo e, and
norbomaﬁggﬁgft 08%%‘56{9%&%@% 2 %#SHQFQ%%B%%%ﬁgxéﬁﬁgrgfm& éighes are
|,4-hekadiehdHexEiz-dikyided éenoibarmaos (EOR)] Sy lid enestZzboarfomerte AMNE),
5-methylene-2-nqrbornene (MNB), and dicyclopentadi DGPD). In certain embogdiments, the diene
o 5T CEA oAb QRAEH ELRES B 20 kR R ) AL PR GBI e amesene
interpolyshetewréinet. deraraddsonbeup 6y end/suchrasidibaes7riengs, detraensisoandithe Bke. WO

2010/027463E GTIISA0RIN0L008, 9012810 some. pbodiiuents, he fanegene interpolymers are
interpolymers of farneésene, styrene, and a CZ. efin. Some non-limiting examples of suitable

olefinsraldaecatbytbanenpromyddiierisdbiyiend/ I b(Héhe ot Penitna, thenpoletiandsanethyl-1-pentene,
and 1&"%@@8& LRINS § 1%%%5”589%91’ %Ut?o}a%%‘?éa%’%%%ﬁt?{&o' %@ﬁ'%@%%%%@?@%@?ﬁ E‘e%t% erived
from ethylene. Tn some embodiments, the famesene interpolymeérs disclosed herein are not derived
from ebewmanrs G2 J28sokefing. 10 002 8] leaseataintei ok enisatheboy B hendimer dasts not

Compéiggu?iﬁr{%’éﬁ%'aipié’éﬁ‘seéb%@?:?@m%tsattf%%ts‘{ié% ABAMEY, does ot RMPISR, A lerpepe selected
from isoprene, dipéntene, a-pinene, p-piriene; terpinolene, limoneneé (dipentene), terpinene, thujene,

sabindrep@ydaresrenecahphetie;rcadineimeotyyibp ylienst ofyimenda ¢BimeNd, cediBheybisalbone,

bisal%q;ﬁ:f, isalbone, zingiber lene.. citrqnellol, linalool nel. iRsenol, terpineol,
D-ter ineol?(lil)a,tl%ﬁﬁéﬁ%ﬁ#\%gg%nﬁe%ﬁgﬁﬁg%llggéﬁgg&égﬁgl,Pgi‘{tr’gﬁ %%ﬁ%’%te _IaI‘,"réa)?r’v(i_‘jrr(l)é’!,1 D-pulegone,
piperisbne; Earvéhomebbis e, Salinelhousaftalbieio/ithonn9R, wbietierdecisrostmgohibination

thereof I, furthe igne vinyl ise anjsoprene. 1001301 The
famegéh%} %tté}r)pgﬁ/%%g'%ngégee uﬁ%ﬁ%gﬁ?gﬁﬁ%gﬁgggéﬁrgggf%%a%%bnﬁé%gjngtional group in their
polynesntsidintents, Exepotydeyrieasotichstlgsedgereiayi sriiosienton kéaenplé fetmylerfEally(Wbsaturated
mon ﬁgéfl,mﬁu _naI carboxylic acids, ethylenically unsaturated mono- and di-functional carboxylic
acid anhydrides, salts thereof and esters thereof Such functional groups may be grafted to the

famesene intebgﬁ)lymers, or they may be copolymerized farnesene with an optional additional
comonorti¥étibSlorm g iFRERPONA SOBIFRIRE LB hE YuRcfiénalddmtdhniiat &nd optionally other

COMONNBHSriAMMEAD Stk ARLNG: nGHANA! aroRs Kaawmie Rskillethariisan saphe used. One

particularly useful functional group is maleic anhydride. [001311 The amount of the functional group

presaftsPHEmsH disrlansd b it el EipdIRrarmel dirsionsd beiainsdimehdense fanctional
groupdis PLESENLIH A e Alelaastabary L-RoabHuratde dstrabRub@S. wt. %, at least about 5
wt.%, at least about 7.5 wt.%, or at least about 10 wt.%, based on the total weight of the farnesene
interpolymer. In other embodiments, therfunctigrial group is present in an amount of less than about 40
wt.%, less than about 30 wt.%, less than }%25 wt.%, less than about 20 wt.%, or less than about
15 wt.%, based on the total weight of thg7farnesene i lymer. WO
2010/027463PCT/US2009/004958  [00132] Any catalyst that can polymerize or copolymerize
farnesene can be used for making the polyfarne gnes disclosed herein. Some non-limiting examples
of suitable catalysts include organolithium reagents, Ziegler-Natta catalysts, Kaminsky catalysts and
other metallocene catalysts. In some embodiments, the catalyst is a Ziegler-Natta catalyst, a Kaminsky
catalyst, a metallocene catalyst or a combination thereof



[00133]In some embodiments, the catalyst further comprises a cocatalyst. In further embodiments, the
cocatalystwscazhygsiciesalkyl or aryl of a metal or a combination thereof In siifaethes gmbgdiments, the
metal is aluminum, lithium, zinc, tin, cadmium, beryllium or magnesium. [00134]In some embodiments,
the catalyst is an.prgaRglithi Y el (e} ithi hat can.act as lyst to
polyn?lé%r‘lze o?efins cah bé u:gﬂi%e%n. ggﬁm noﬁgﬁr#i'?&yr@%%gﬁggg%ﬁéa%;fglnéctg?’é}é%ﬂ%ﬁ@%m reagents
nelude nibybiyiniui SerubiiaAL erIE IR SRmanand UG SXARPIeR PRI

Lewis bases include TMEDA, PMDTA or sparteine. Somé organolithium reagents are disclosed in Zvi

Rappgp&i‘a ial.a,n'qrr@m@misgy bt DrjenchbrdinCompbadsanPagre 0oy drgaroy!2 (2006), both
of wh %&Eﬁd@&%&ﬁ@aﬁgﬁ?ﬁ%g&:%&&%@?&%i@&&ééﬂ&&%@%wﬁﬁd&g}% Bse%o(d‘%?eb@ is a mixture

of an organolitplurp reagent and a Lewis base. Any Lewis base can deaggregate organolithium

reagesreh miaking théin and ‘s brealad Fior € Feacui& ais bedependentbirt feikaggregated
organgfithiupyieagentgenerally. ase .mllgrr#yﬁlyﬁq%&%%%I?ﬁk%;@g}%@aﬁ%ﬁeggg@atom and one

carbon coordinatirg to more than one li atom. Som n-limiti ifable Lewis

baseglkelteronyistainetayhamithobinand netstoraslvAialkidamine tayhsthylerrdismimétole TMEDA),

NN ReniRmaddisioieneliaaite (R4 w/é)m&g?%?ﬁg fggd?gw&o&s&eﬁgf- [00136]in

some embodiments, the catalyst iS a Ziegler-Natta catalyst. Gene atta catalysts can be

heteré@@;@@dg@w&m&@én@mga{hﬁoﬁﬁﬂm@@{m&?ihﬁ@ﬁe@l@mmﬂa@élwmgeﬂwm
Polymepzing ik pamEsenEA Asclsar iR mm BEIRIaasT SoHle iR bbiAllp pptalyst. Some

useful Zieglér-Natta catalysts are disclosed in J.” Boor, "Zieglef-Natta Catalysts and Polymerizations,"

SaundersoeniRige Peblisiingd serEEgTadmentsn R WAtk EvERS ) Poljier Chatistry, an
Introdygtion.}, Tigd Rdition (®xfard W%{E{ﬁ}yeﬁ{@&ﬁn%g%@%ﬁ&&ﬁ&ﬁ)(ﬁ%f{lﬁi° BICRAFeis

incorporated herein by Wg) 2910/0287463PCT/U82009/0(54958 reference. [00137]Heterogeneous
Zieglarhrpittacstapphro GRnRalRpedinpsise (1) a transition metal compound comprising an element from
groups IV to VIII; and (2) an organgmetallic compound comprising a metal from groups Ito |l| of the

periodic tE8iE28ihe inerition sHtatbprbo R iersens RidRas Rnefeatad & \ohifermeladdnothetallic
compginghs [egardedasiienteeaialyet aagihrator rP hetiasitory metal camepund-geperally

comprises a metal and one or mgre aniong and ligands. Some non-limiting examples of suitable

metal§SNCIIRIE it D Vo TRBRTHMERTD itk fPRRIYISd Rt 2R Bhieny) itbAvdiaceddi 28 me
non-ligaitingrexampleg ei*syitablm amnrsidigandstinainde halidescenihalidesalkaioagstylacetonyl,
cyclopentadienyl, and phenyl. [00138]Any cocatalyst r activatgg that can jonize the organgmetallic
Compfg)@fai‘ In’still further émbodiments, none of R™, R”, R’ and R* of formula (IX), {IX’) or (XV)

is or comprises atkenyl, 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.

[06121] In certain embodiments, at least one of R, R, R and R® of formula ([X), (IX)
or {(XV) is a functional group contamning hale, O, N, S, P or a combination thereof. Some
non-limiting examples of suitable functional proups include hydroxy, alkoxy, aryloxy, amino,
nitro, thiol, thioether, imine, cyano, amido, phosphonato (-P(=0)(O-alkyl)y, -P(=0)}(O-aryl),,
or ~-P(=0)(0O-alkyl) )O-aryl), phosphinato (-P(=0)(C-alkyDalkyl, -P(=0)(O-arylalkyl, -
P(=0)O-alkyDaryl, or -P(=O0)}O-aryl)aryl), carboxyl, thiocarbonyl, sulfonyl (-S(=0),alkyl,
or -S(=0)aryl), sulfonamide (-SO,;NH;, -SO,NH(alkyl}, -SO,NH(aryl), -SO;N{alkyl),, -
SO2N(aryl);, or -SO;N(aryl)(alkyl)), ketone, aldehyde, ester, oxo, amino (primary, secondary
or tertiary), -CO,CHj3, -CONH;, -OCH,CONH,, -NH,, -OCHF,, -OCF;, ~NH(alkyl), -
N(alkyl),, -NH(aryl), —N(alkyl)(aryl), -N(aryl);, -CHO, —CO{alkyl}, -CO(aryl), -CO,(alkyl),
or ~COy(aryl). In some embodiments, the functional group is or comprises alkoxy, aryloxy,

carboxy, alkoxycarbonyl, aminocarbonyl, alkylaminocarbonyl, dialkylaminocarbonyl,
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produce an active olefin polymerization catalyst can be used herein. Generally, the organometallic
cocatalystsrepedigdidas, alkyls, or aryls of metals, such as aluminum, lithiya¢ziQg,fin,gagmium,
beryllium, and magnesium. Some non-limiting examples of suitable cocatalysts include alumoxanes

(methg@]gg&gmgé%ﬂ}@b_Pﬂ}{lé@ereépg%?élijﬁé) ane, rggigﬁ%t al m%ﬁy?l%ﬁ?ﬁ%%ﬁma%f compounds

(trimethylaluminum, triethylaluminum, Uminurm ehfort e’ trim
triisoblUgialan{iihisapeeyraitissne fixdieta) gioopdifsthdyzint i {médexyhairco fRA @hZine
(t-butqxidetanding likey ] Hg ﬁocatal sts include acid salts that contain non-nucleophilic
anions. These compou%g@t’g;@gfgﬁ/ co s‘ét"éfy&’}?ﬁ‘}’ﬁa%% BT 1o BRSO aluminum. Some
non-liftRig exdepibsoiseahsombelindsrircunetithidmitslkakis(pentaftoordpbenylboraigelithium
tetrakig(pgptafluorophenyDaluminate, anilinium tetrakis(pentafluorophenyl)borate, and the like. Some
non-limiting examples of suitable cocatalysts also include organoboranes, which include boron and
one or mege aikyl, arylsQhalied groups. Kther.oep-limiting examples of suitable cocatalysts include
substitute%ménd %nsu bstituted trialkyl ar]o’l {irzlary orglr%)e{:;g) rgrl%?:ﬁsgssﬁlgs%g%% §fﬁjro$8%%gesﬁ%ﬁgrane,

triphe AlABBreawdL 46 Hhuiepmer afacandving! el ideheseyvhathetherslitabiéebacoylicastaining cocatalysts
or actiyainss g degeribedin s Pah NAg . 231 3 Lopabd8,401 , and 5,241 025, both of which are
incorporated?qerein by re erence. [001_39% certair? re%n Ogﬁl?rlﬁlgﬁt%x} g%%gl%‘r- é?fla catalyst can be
impregiidedBadss Hsporyiaenes shethslstb ersuppofirmateratstanatiiscdibsed in 34ateolm P.
Steveﬂ&—"ﬁﬁiﬂﬁ?E)%H%Ty§_g¥5§ﬂamg%q8& "i'nTh%[(ﬂe%g%)n% Oixofor(fleg n'Y%ﬁ%té/ng re 352 25.1 .(1999)’
which is incorporated herein by reference. 001485 e supportm tenalis generally a material inert or
substarftirpsnérngipiefroppiynse Agshiomenacticiese Nor-intitraderamnptescof sintzies support
materjglsdpelude MgC12, MgO, alumina such as activated alumina and microgel alumina, silica,
magnesia, kieselguhr, fuller's earth, clays, alumina silicates, porous rare earth halides and oxylalides,
and combinations thereof The support material can have a surface area between about 5 m2/g and
about 4560 asIE}é@H“?]iﬁ@é%@‘ﬂ?@%éﬁe@%dﬂéﬁ%ﬂﬁ’ﬁﬁt@mbm@Iﬂédtwfmﬁa‘smmmgyéurface

area, asrdreCsibeichiyy Bh&iauesdBitdnErenstipROGHERGEISE Apminalalihe Apetcan &ltzfmica;
S € surface

Society, 60%’:%9 1938%, which is incorporated herein by reference. In some embddiménts,
area 8F tHESSUBEBRYHRBR I 3s FEGREDR ah 8t 76 oy Stinid Hsetraast:frbvesimby mieranstbodiments,
the surface area of the support material is between about 25 m2/g and about 300 m2/g.  [00141] The

support rii¢#d) cainrave amavdiagatpathicBasizecrangiegplibmakqlit A0 aleesih 3RO microns, from
aboutd%g };g Gfaull;l),gut 5iO micror}s from aboyt g(P to about 2?0 microns, from at%g_ut 20 to about 150

microns, ftom about 20 t6 %%oﬁpi%wm&%%%s,eﬁ%rﬁ BT8R 108 RFHBAEIS? ## about 30 to
aboutgsamicteddyTihecatmpheted cotamped bidk deesityooktbea souiprarboraderialcapn@rmbetween

abou nd about 1.6 g/cc, hetween abaut 0,7 and abaut 1.5 g/cc, between about 0.8 and about 1.4
g/cc,%grr%é?lw%&o?g%%ﬁ?%’.é gr?ge;gioﬁtaf ndyc%gfedﬁéé%ﬁﬁne%%qéﬂg&%%% ERYOMRE catalyst used

hereindgipstommyrisksia Kayrinsisy Cataiystodiseckiovfitasi hemagendouseZieg!ginlitatia catalyst. The

Kami d to praduce polyalefins s as the palyfarnesenes disclosed herein
with ﬁ%&g%%ﬁ%?ﬁ gr?)(}é bhysica up()ar%?éﬁ‘?eas!.}/ gr{ﬁ%algg@wl@% SEBPAYID GREGYES

Ziegleirdyhtanataiyaisrars distlesedd Male@mumisSieveRs ¢ RepmenC herisieaan Introduction,”
Third ditiPn Oxféjrd Uni\éersi Press,&p 245-251 (1999); and John Scheirs and Walter Kaminsky,
MetdSEERE BB Ea)E B RO BrRS-I A3 1% B AR LB HEC e ARBISBE R Attiutedimey (2000),

both dfevihacid drpdsicioepataiad, hetsidrbyareidrenceclohlRRddabl sameereRadimenig g Kaminsky

catalyst suitable for, makir%g the polyfarnesene disclosed herein comprises a transition-metal atom
E

sandWiRRRI S ivEERE IeBAR nRdt trixEss M st dafisaimeatasiaikamenskyusdtalyst can be

repr%@ﬁﬁeﬁ@uﬁ@mwﬁg where M is a transition metal (e.g., Zr, Ti or Hf); X is halogen
(e.g., ClI), alkyl or a combination thereof; and Cp is a ferrocenyl group. In further embodiments, WO

2010/027463 the Kaminsky catalyst has formula (XVI): PCT/US2009/004958
[00125]  Some non-limifing examples of suitable olefin or a-olefin monomers include

styrene, ethylene, propylene, isobutylene, 1-butene, 1-pentene, 1-hexene, 1-heptene, 1-octene,
I-nonene, 1-decene, and 1-dodecene, 1-tetradecene, 1-hexadecene, I-octadecene, 1-eicosene,
3-methyl-1-butene, 3-methyl-1-pentene, 4-methyl-1-pentene, 4,6-dimethyl-1-heptene, 4-

vinyleyclohexene, vinylcyclohexane, norbornadiene, ethylidene norbomene, cyclopentene,
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(XVI). wherein Z is an optional divalent bridging group, usually C(CH3)2, Si(CH3)2, or CH2CH2 ; R is
H or alkylw v sotsarisition metal (e.g., Zr, Ti or Hf); X is halogen (e.g., Clp@ikysnoa@anibination
thereof. Some non-limiting examples of Kaminsky catalysts have formulae (XVII) to (XIX): wherein M

s 20 HghHaIQ0HAUN s RmboYmaNR cosalphials Redimiuhe samignsaalyst The

cocatalyst may be any of the cocatalyst disclosed ¥i&rein. in certain Embodiments, the cocatalyst is
methiylahdieing Xahe éMAdEndyI A G lis e miigo ih S leeradie i d7hentintiea gy en@rdd dadnuma ¢OEIBA10)",

wherg n is frgm.1 to 10. MAE lay. several.roles: it alkylates the metallocene precursor by
replaGity TR B BT S e B ee e oA B BT B PCHA7MAO-
wherpiacatigpitanoietidscensideresresRRRSIMR B0 RhaNRIHZation and MAO- acts as weakly
coordinating anion. Some non-limiting examples of MAO include formulae (XX) to (XXI):

____II____II II____ 0
b Al'llh\el%lagncl:ggerné) 1%{;':131)'5' y?nce!:ls‘?’disclosed herein may derived from a farnesene

and styrene. The farnesene interpolymers may further comprise at least one C, ,, olefin, at
least one C, |, diolefin, at least one alkenylbenzene or a combination thereof. Suitable

unsaturated comonomers useful for polymerizing with farnesene include, for 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.

[00127] 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-
octédiene and mixed isomers of dihydromyricene and dihydroocinene, single ring alicyclic
dienes, such as 1,3-cyclopentadiene; 1,4-cyclohexadiene; 1,5-cyclooctadiene and 1,5-
cyclododecadiene, and multi-ring alicyclic fused and bridged ring dienes, such as
tetrahydroindene, methy! tetrahydroindene, dicyclopentadiene, bicyclo-(2,2,1)-hepta-2,3-
diene; alkenyl, ali{yﬁdene, cycloalkenyl and cycloalkylidene norbornenes, such as 5-
methylene-2-norbornene (MNB); 5-propenyl-2-norbormene, 5-isopropylidene-2-norbornene,
5-(4-cyclopentenyl)-2-norbornene, 5-cyclohexylidene-2-norbornene, 5-vinyl-2-norbornene,
and norbomadiene. Of the dienes typically used to prepare EPDMs, the particularly preferred
dienes are },4-hexadiene (HD), 5-ethylidene-2-norbornene (ENB), 5-vinylidene-2-
norbornene (VNB), 5-methylene-2-norbornene (MINB), and dicyclopentadiene (DCPD). In
certain embodiments, the diene is 5-ethylidene-2-norbornene (ENB) or 1,4-hexadiene (HD).
In other embodimems, the farnesene interpolymers are not derived from a polyene such as

dienes, trienes, tetraenes and the like.
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% ThAl-------- N. H3CO'CH3 ' CH3|j (CH3)2A1 (XX), and 0-A1l Al(CH3)2 (XXI).
WO 2010/027463 PCL/USZ009/004938

[00128] In some embodiments, the farnesene interpokymérs are interpolymers of

farnesene, styrene, and a C, ,, olefin. Some non-limiting examples of suitable olefins

include ethylene, propylene, isobutylene, 1-butene, 1-pentene, 1-hexene, 4-methyl-1-pentene,
and I-octene. In some embodiments, the farnesene interpolymers disclosed herein are not
derived from ethylene. In some embodiments, the farnesene interpolymers disclosed herein

are not derived from one or more C, ,, olefins.

{0012%] In certain embodiments, the vinyl monomer does not comprise a terpene. In
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, caryophyliene, 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, bisaboiene, selinene, santalene,
vitamin A, abietic acid or a combination thereof. In further embodiments, the vinyl

monomer does not cornprise an isoprene.

{00130] 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
interpolymer of farnesene, the functional comonomer and optionally other comonomer(s).
Any means for grafting functional groups known to a skilled artisan can be used. One

particularly useful functional group is maleic anhydride.

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

15 wt.%, based on the total weight of the farnesene interpolymer.
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[00145]In certain embodiments, the catalyst for making the famesene interpolymer disclosed herein is

or comprisesasmetaliasene catalyst. Some metallocene catalysts are discigsgd dmdasn@an Ahn et al.,
"Modification of a Ziegler Natta catalyst with a metallocene catalyst and its oIefin polymerization

behaV|or[ 0p ¢ ergﬂ g Sy%g %ﬂ%ff%e%%gbrpc r%%f s 999&“%%8 Q%'sré ?uWaIter

Kamlnsky, "Met IIoce reparatio erties, an hno ogy, me 1,
Wiley (b0 tb@ﬂvbffwhmrmsedm&mhmdlhe&»mbywefémg e){ﬁm}m]oﬁ stigblembodiments, the

metall Q mplexes ntre ng a transition metal,
such a%?i%ll %tﬁ(?&glévﬁé% @%ﬁé&tra?ﬁgztnd\g cgmp?fg&fs(ﬁ%a a pahgsds imine. Cl8<ke ﬂ r?qe @urther
em bodih@'eﬂﬂ@mlieqmaﬂmiem chtaWsBkmsbﬁmﬁnnﬂatéxﬂm):amEmm MisdleoNeda ¢XXiykt, 00147]In

someﬁ%gg@%% e cata 8\{% Lé%g% ) s? or.comp a es metellocene catalyst bearing
mono- anlonlc gan non- ng example of such a “Metallocene catalyst has structure

(XX11): palm [00148]In other embodlments the catalyst used herein is or comprises a metallocene
[00133] In some embodiments, the cataiyst further comprises a cocatalyst. In further

embodiments, the cocatalyst is a hydride, alkyl or aryl of a meta] or a combination thereof.
In still further embodiments, the metal is aluminum, lithium, zinc, tin, cadmium, beryllium or

magnesium,

[00134] In some embodiments, the catalyst is an organclithium 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 z-butyltithium, sec-
butyllithium or ferz-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.

[60135] In some embodiments, the catalystisa mixture of an organolithium reagent
and a Lewis base. Any Lewis base that can deaggregate organolithium reagents, making
them more soluble and more reactive, can be used herein. An aggregated organolithium
reagent generally has one lithium coordinating to more than one carbon atom and one carbon
coordinating to more than one lithium atom. Some non-limiting examples of suitable Lewis
bases include 1,2-bis(dimethylamino)ethane (also known as tetramethylethylenediamine or
TMEDA), NN N N N"-pentamethyldiethylenetriamine (PMDTA), sparteine and

combinations thereof,

[00136] In some embodiments, the catalyst is a Ziegler-Natta catalyst. Generally,
Ziegler-Natta catalysts can be heterogeneous or homogeneous. In some embodiments, the
Ziegler-Natta catalyst used for polymerizing the polyfarnesenes disclosed herein is a
heterogeneous Ziegler-Natta catalyst. Some useful Ziegler-Natta catalysts are disclosed in J.
Boor, “Ziegler-Natta Catalysts and Polymerizations,” Saunders College Publishing, pp. 1-
687 (1979); and Malcolm P. Stevens, “Polymer Chemistry, an Introduction,” Third Edition,
Oxford University Press, pp. 236-245 (1999), both of which are incorporated herein by
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catalyst comprising iron and a pyridyl is incorporated between two imine groups giving a tridentate
ligand. A nep-limisyassample of such a metallocene catalyst has structur@&Rkoo4esdy).
[00149]In some embodiments, the catalyst used herein is or comprises a metallocene catalyst
compfising,a salicylimine catalyst system based on zirconium. A non-limiting example of such a
metallocene catalyst has structure (XXV): (XXV). [00150[ In some embodiments, the farnesene
homopolimer disclosed herein is prepared by a process comprising the steps of: (a) making a

famesendédBdiTh siplereerpaoss Korelermsfimerabar @srpateasypsipg@ rmitrasiganism: and
(b) pqh(amm%&hsé%msaﬁe&l NI DHESRNESHO ARSI AHRRINSEA heraino ORI ER aIn
embodiments, the famesene interpolymer disclosed herein is
compound comprising a metal from groups I to ITI of the periodic table. The transition metal
compound is referred as the catalyst while the organometallic compound is regarded as the
cocatalyst or activator. The transition metal compound generally comprises a metal and one
or more anions and ligands. Some non-limiting examples of suitable metals include titanium,
vanadium, chromium, molybdenum, zirconium, iron and cobalt. Some non-limiting

examples of suitable anions or ligands include halides, oxyhalides, alkoxy, acetylacetonyl,

cyclopentadienyl, and phenyl.

{00138] 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 (MAQ), PMAQ, 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(pentafiuorophenyl)aluminate, anilinium
tetrakis(pentafluorophenyl)borate, and the like. Some non-limiting examples of suitable
cocatalysts also include organoboranes, which include boron and one or more alkyl, aryl, or
aralkyl groups. Other non-limiting examples of suitable cocatalysts include substituted and
unsubstituted trialkyl and triarylboranes such as tris(pentafluorophenyl)borane,
triphenylborane, tri-n-octylborane, and the like. These and other suitable boron-containing
cocatalysts or activators are described in U.S. Pat. Nos. 5,153,157, 5,198,401, and 5,241,025,

both of which are incorporated herein by reference.

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

“Polymer Chemistry, an Introduction,” Third Edition, Oxford University Press, p. 251
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prepared by a process comprising the steps of: (a) making a famesene from a simple sugar or
non-fermentabtelcarboss source by using a microorganism; and (b) copelymesizdig,faefamesene
and at least one vinyl monomer in the presence of a catalyst disclosed herein. [00152] In some
embogj ,swm@ﬂgglm%pﬁ&%@gdqjg%%% QT‘%%RJ% prepared by polymerizing P-farnesene in the
presence of a catalyst, wherein the amount of the cis-I,4microstructure in the polyfamesene is at most
about 80 wi}% t most about 75 wt.%, at most about 70 wt.%, at most about 65 wt.%, or at most

about 60 WA asdd®AUPROTL RAFERIHE Eetssaly  ariesmhéner soawdsaAnteHmisnats fohe p-famesene

's copolyMieparhsiifuaditAaRRMRLIRINA BEEHECHRANIELIL SR AMBRAMEDS. the viny
monoper igosat%ene. In further embodiments, the famesene copolymer is a block copoiymer. [00153]In

certai Bntlumeieishrsastatamhalbstaameémierpespaledipg, siiDa, magnesia,
2010/Qa24f3RC FINSRUMAAR00 ebinarringie sdamesgRe indie Rigsanas,ol palalyst wherein

the amount of the cis-1,4microstructure in the polyfamesene is from about 1 wt.% to about 99 wt.%,
from SBOFCTEPIRERS Hisserioo TReorinrsi Bsesuialcannavie aBUiSRwedsieanabout 30 wt.% to

abouty B9t o S AMEAD WIS ekahon b 3 sShT(GIR AROUL BR LY 9 Aol AR 6, from

about 1 wt.% to about 99 wt.%, from about 1'wt.% to about 90 wt.%, from a W 0 about 80

Wt.%, REFREBS AT IE AT 68, A5 S\se0hRA by 8r Rmassbdt. ByEmems G BOTetles, based o the total
welghtalAneoRelr WRGSRNS. JpSame6IR0NSRIS e R ameseRG S coRRME Zed D a viny

monomer to form a farnesene copolymer. In other embodiments, the vinyl monomer is styrene. In

furthel"eiINBS AmRRHENgHs RSBt sFRARh icis RSt R et i et OB IS s bine Yenbbotliments,
the paifaresens/gdistlosethhersibrambadydtegenated pagially arsamplsielypy.anyydrogenating

agent known to a skilled artisan. FQr example, a saturated polyfamesene can be prepare %y €)
polyn@ﬁﬁh&ﬂdﬁw@%ﬁ@%&é%}s%/ Berein in the presence of a catalyst disclosed herein to form a

polyfarngﬁg)%qa%' nd hydrogenating at least a portion of the double bonds in the polyfamesene in the
presenc @drgggrﬁﬁ)é’r??‘e@@@ﬂ?]l UL R GG Rarirder st sasing BOpbRAAB2ZRd with a

vinyl maome3tissiosed, fesain ooy &f@pesene RN &HLANBMarmbadinensy the vinyl
monomer is styrene. In further gmbodimer,lts, the farnesene copolymer is a block copolymer. In still

furtheP SATBSUIFREREL Ofles Falh 488 HE 1R U TRISHSe FROBY 209 A ALK AROSE A2ComiISHoRE o R reof [00155]In

certaimbomi3ddiondnis;, 106 hyidrogeratiponietgans & bydeasIDimibRRresapesmbachydrpgenation
catal;&sl;[hlnéglrﬁg §mbodi t%ns, the hydro %rl:tion catalyst is Pd, Pd/C, Pt, Pt02, Ru(PPh3)2C12,

Raney MERE G 2 EmBiPAdBR SHRPEET TREHE i SaTmBREMER ekl Sriadebeutdipse/ss.-another

embdatitnert; thewtdtalysidathdat Ry Q/do, ddtuiher ApRosEnent sl catalystisl @%eRW/C in a high
press%reuc[e@f?tia%q Vv ss?ll%nd the hydrogenation reaction is allowed to proceed until completion.
, a

Genearaﬂy er coaanBFetidn, Y& reaction mixture can be washed, concentrated, and dried to yield the

corresponding hydrogenated product. Alternatively, any reducing agent that can reduce a C=C bond to
a CC borh@ldda lalséreetissuembpéxasenpictit eapyfanses drectais be dydpegenatkdhyntieatment with

hydrazine g the Presenca Ha.caalysh sg(é% 3 I-3;met %{ér iflavinjum perchlorate, under an
oxygen aq;)r)nﬁdsphere to give t?le c rresp(s)néll glg% ﬁﬁﬁ%éﬁ%&%‘%pﬁ% ugts. Sé( eC&P%Shclaé’e\%ﬁon with
hydragisltis Riieéssawirolefaamserhlas ithemobiferne Soes, digalptetbidrdid 54Bh(200R) which is
'n00f995%¥89e9%ﬂ'9ﬂ%@%?&%ies. Some Kaminsky catalysts or homogeneous Ziegler-Natta

catalysts are disclosed in Malcolm P. Stevens, “Polymer Chemistry, an Introduction,” Third

Edition, Oxford University Press, pp. 245-251 (1999); and John Scheirs and Walter

Kaminsky, “Metallocene-Based Polyolefins: Preparation, Properties, and Technology,”

Volume 1, Wiley (2000), both of which are incorporated herein by reference.

[00143]  In some embodiments, the Kaminsky catalyst suitable for making the
polyfarnesene disclosed herein comprises a transition-metal atom sandwiched between
ferrocene ring structures. In other embodiments, the Kaminsky catalyst can be represented
by the formula Cp,MX,, where M is a transition metal (e.g., Zr, Ti or H1); X is halogen (e.g.,

C1), alkyl or a combination thereof; and Cp is a ferrocenyl group. In further embodiments,
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WO 2010/027463PCT/US2009/004958 [00156] In some embodiments, at least a portion of the C=C
bonds of thegpalydanrasene disclosed herein is reduced to the correspondipgf;ﬁg;!&g%gggy
hydrogenation in the presence of a catalyst and hydrogen at room temperature. In other embodiments,
at least a portion of t =C bands of r more of formulae (I')-(11I"), (V)-(VII'), and (XI)- (XIV) and
stereé}seglrﬁaﬁéqﬂ(evrgo [ Srte%alfc(éo ou(iﬁggz%ﬁésponding C-C bonds by hydrogenation in the presence of
a catalyst and hydrogen at room temperature. In further embodiments, the hydrogenation catalyst is
10% Pd/C.  [00157] In certain embodim&qts, theg vinyl monomer is styrene. In some embodiments,
the farnesene is a-famesene or 13-farnese a combination thereof. In other embodiments, the
farnesene is prepared by using a micro . I further embodiments, the farnesene is derived
from a simple sugar or non-fermentablé tarbon sdurce. Farnesene  [00158] The farnesene can be
derived from any source or prepared by any; o known to a skilled artisan. In some embodiments,
the farnesene is derived from a chemical (e.g., petroleum or coal) or obtained by a chemical
synthetic method. In other embodiments, the fa ser%%' ri)repared 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

dehydVREHITErBIRIbeRHENphESB BN PERB AR AUy g n S de b Sd(Hke.amiSlH A& E. F. L. J.,
"Synthesis of @lvﬁis(g@ﬁ@fﬁi&'ﬂ%@rfdgf%[‘gﬁeﬁ?&@!{i@@-; et 2O Al Qe ilG8,(1970), which

is incorporated herein by reference. [00159] In some embodiments, the farnésené can be obtained
or defiQEPHBHPAINGEAN oLOG RS IAIBEHR ThamBaes 196 besaueky saiamisbaxsridnrafiptants, such as
Copajfgrarfangedori, conifers, and spurges; insects, such as swallowtail butterflies, leaf beetles,
termites, and pine sawflies; and marine organisms, such as algae, sponges, corals, mollusks, and fish.
[00160] Copmfera langsdoriii or Copaifer, e is also known as the diesel tree and kerosene tree. It
has many names in local languages, in kupa'y, cabismo, ang-eqpaava. Copaifera tree may

L L)
produce a large a of terpene hyceéaagdons in its wood ar&d’%

_ CEFES Generally, one Copaifera
tree’can produce f ;Ut 30 to abqut 40&11&'5 of terpene oil'\per yeat; WO

2010/027463PCT/US '0(8/004958 [00 er(ﬁene oils can also ined from conifers and
spurges. Conifers @’to the plant o@‘f Pinophyta or Conifé{@egnd are generally cone-bearing
seed plants with vascutar timthe mayofity of & b &P8 trees, Bt sofdelEonifers can be shrubs.
Some non-limiting examples of suitable conifers include cedars, cypresses, douglas-firs, firs, junipers,
kaurisvirrehesd pires Hegwpods, spruces, and yews. Spurges, also known as Euphorbia, are a very
diverse worldwide genus of plants, belonging to the spurge family (Euphorbiaceae). Consisting of
about 210, spspies, spurdes ateone of e Jargsstoenera in e plantkingdom, .\, L0021 The
farnesene Is a sesquiterpene which aré part ofa I}érger class o compoung cgllceéaggrpenes. A large
and vesimthiyasmef frgdnocafbbasptatpbrsedisuthsdd hemiberpenaszimombtadpenss, fesquiterpenes,

diterpen terter, triterpengs, fefrat es, and polyterpenes. As a result, the farnesene
T e T S T S

emboimenitsGhk Adtheseherisdisrivent fiom 4 bidlddicalasopliae séneoth evlem oalipkants thee famesene
canb ined f ar (3)' available,renewabl rbon seurce. In further embodiments, the
fame?e%gf%%réejepgg%}f 539%(?) n?ggg%én SefPE‘é‘Sa"b er%ﬁrgnla %‘8% ayf[a%%%%sﬁé{\ﬁlrﬁ}ggcggr 5n source under
conditwaly Sitabilesfommaki AipiveCHmMAYer@ ., wieod 6 datipusrbunespiscethatecah be converted into
one gr,more | n if} ompaund u herein, i some. embodiments, the carbon source is a
sugar %Eﬁkgrﬁ%%e?mé% a% él (%%r ognggﬁgic%ﬁT%E%sﬁgareggéy bgc-:-8 %rr%ns%élgr ﬁ%%rfst%n%ﬁélé)é] of skill in the
art. IdiostiamesahpltinndidA (henslighr fisraman 6¥aCcta¥I8] disaccharide, polysaccharide or a
combination thereof. In other embodiments, the sugar is a simple sugar (a monosaccharide or a
disaccharidg). So non-li/min'@ exarﬁgle,scmf\suitable monosaccharides include glucose, galactose,
mannose, fr se, ribgd8.and c%)r\u*lﬁi‘mtions thereof Some non-limiting gxamples of suitable
disacchéﬁﬁes{ah?é‘fﬂﬁécsklfefSEé, ﬁ?&eae’,cﬁmltose, trehalos%ﬁe)llﬁbi Se. %hd gwir})ations thereof. In still
other embedimentstiie sim'ple;sﬂg'arﬁsu@rese( ertain efifbodiments, the bio hgm?ged fuel
component can be obtained from a polysaccharide. Some non-limiting examples of Suitable

olysaccharides include starch, glycogen, cellulose, chitin and combinations thereof.
Poy [0%14%? CIn certa&n emb%gmgnts, the catalyst for making the farnesene interpolymer

disclosed herein 18 or comprises a metallocene catalyst. Some metallocene catalysts are

disclosed in Tae Oan Ahn et al., “Modification of a Ziegler-Natta catalyst with a metallocene
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1001651 The sugar suitable for making the farnesene can be found in a wide variety of crops or
sources. Semenon:hgsiting examples of suitable crops or sources include sggaisaRGRagasse,
miscanthus, sugar beet, sorghum, grain sorghum, switchgrass, barley, hemp, kenaf, potatoes, sweet
potatQes, CASSAY:SHIHAWST, STt beyar skimmilk, corn, stoyer,.grain, @at wood,
paper, stc;gv@v, cotton, niany t peépozfgc?é%lﬁu o%s%e%\‘/}\ll\%?te;ypéhg’ gfhﬁe?}%%er%ﬁgg.%ggﬁg?ﬁ eér%\% r‘%’ents, the
suitablé TrépB¥D senddebrirfithdiessughMod e, Kagandiget Mubdowesin Bilved @opotifinents, the sugar
sourcg,is B%H,i‘:}e OLnRlasses 7..100166] A -fer ble J) squrce is.a carbon source that
cannot b‘g%c?onvertea tl)_gy the’organigfn ?ﬁt?@tha‘r?éﬁ@gn?:@]}gﬁyﬁg@? eXam %:véf%?]%ﬁfteable
non-féRafepeapteddzatson sotdssenierlude acetate and glycerol. 1001671 In certain embodiments, the
famesene can be prepared in a facility capable of biological manufacture of C15 isoprenoids. The

facilty caeRmprise, Ay SeShkEHERT 40 PRSRANEGINE GH S SORISRAIUS, RS frfrgesene,

-farnesene, nerolidol or famesol, using a microorganism. In some embodime ogical facility
compidB ok BERH G BF SrIIR RESE IG3RY e ansah BibkreMbediimBhtenteubiologicantacility
COMPrigeds soihoH P APRARIIAGALIAREAihe, SARTEIAIC I ARAMANT! AL ghicaplaRgut 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 t&é‘%%%ﬁ%“&ﬂ}%ﬁmie. In further embodiments, the biological facility comprises a fermentor
comprising one or more cells described herein. [00168]Any fermentor that can provide cells or bacteria
a stable and optimal environmentn which they can grow or reproduce can be used herein. In some

embodiments, the fermentor comprises a comptistng one or more of the cells disclosed herein.
In other embodiments, the -;=-:~-'-'.9 comgfises a cell ( e capable of biologically manufacturing
farnesyl pyrophosphate (F ‘m er empodimer pmentor comprises a cell culture capable

of biologically manufacturing iSopere nylmrﬁh\(i&pha TPP)-1n certain embodiments, the fermentor
comprises a cell culture comprising at least a CL5 isoprenoid in gixafpunt 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 tafal ueiohk of the,eelh culture. [00169]The facility can further comprise any structure capable of
manufacturing the fuel component or fuel additive from the C15 isoprenoid, such as a-farnesene,
p-farnesene, nerolidol or famesol. The structure may comprise a reactor for dehydrating the nerolidol

or famesm%quam@s“éﬁ%ecﬁ"?ibf%fm@@é‘ﬁeﬂﬁrﬁﬂaéé{&&s?ﬁaﬁ"é%.iﬁ Beoisapy isenedretalarsshol into an
alkengxigieneandiienmknenshio sidied @risanssmayhe Isedi e EiRmPleJeagipn may comprise a
dehydrating catalyst disclosed herein, In some embodiments, the structure further comprises a mixer,
a corﬁéﬁf?&%% SReS P HER{ iy products from the dehydrating step. [001701The
biosynthetic process of making C15 isoprenoid compounds are disclosed in U.S. Patent No.
7,399,323; U.S. Application Number US 20@8{0274523; and PCT Publication Numbers WO
2007/140339 and WO 2007/139924, whi incorporated herein by reference. a-Famesene

4e
(XXTID).

[00148] In other embodiments, the catalyst used herein is or comprises a metallocene

catalyst comprising iron and a pyridyl is incorporated between two imine groups giving a
tridentate ligand. A non-limiting example of such a metallocene catalyst has structure

(XXIVY:
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[00171] a-Famesene, whose structure is is found in various biological sources including, but not
limited to, tWe Bufoeragland in ants and in the coating of apple and pear pgglsy Biggigmically,
a-famesene is made from FPP by a-famesene synthase. Some non-limiting examples of suitable
nucleotide sequences that encode such an me include (DQ309034; Pyrus communis cultivar
d'Anjou) and (AY 182241; Ma/us domesticd). See Pechouus et al., Planta 219(1):84-94 (2004).
P-Farnesene [00172113-Farnesen reis is found in various biological sources
including, but not limited to, aphigs N as peppermint oil. In some plants such as
wild potato, f3-famesene ,"‘7 pellent. Biochemically, p-farnesene is
made from FPP by P-farn =‘§@ W examples of suitable nucleotide
sequences that encode sucitan enzyme include (AF0246 I'S=Rtentizx\pjperita) and (AY835398;
Artemisia annua). See Picaud et al., Phytochemistry 66(9): 961-967 (2005). Farnesol [001731
Famesol, e stryelisdsrhbolfi e it biglolEaL soN6Ps Eiding insects and essential
oils from cintronella, neroli, cyclamen, lemon grass, tuberose, an rose. Blochemica y. Yaiiesol is
madeStiyEppmprising a salicylimine catalyst system based on zirconium. A non-limiting

example of such a metallocene catalyst has structure (XX V):

2 (XX V).
[001506] 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.

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

of a catalyst disclosed herein.

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

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

[00153] In certain embodiments, the polyfarnesene disclosed herein is prepared by
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by a hydroxylase such as famesol synthase. Some non-limiting examples of suitable nucleotide

sequencesxatignepugssuch an enzyme include (AF529266; Zea mays) apgfXRRAS4634sz
Saccharomyces cerevisiae). See Song, L., Applied Biochemistry and Biotechnology 128:149-158

2006 e ' ture is . is also.kno jol which is, found i
ario e e e e e D BBl L e, anc

lemoriyeEesrBibEhémibalhn! nérokdoiés niaete AomtAPRLBY o hpd8dasesyfvasabemlidol synthase.

A nonglimgjti ample, b2 suitable nugleotide sequence thatencodes, such an epzyme includes
AF529266 ron§éZea r%ﬁ%%@e%gggﬁg!%ﬁ)g f%[éqéjf%?gﬂ‘f‘e%eé’rn B %ﬁé‘%%@o‘ﬁaé lé‘?s%’é’é’éd herein
may ¥ sbiie fsarintafaih esdhdp piaméSene b, &oombinatithwhetaofdby oedydratiorinvith a
dehydgating agent or i catalyst. Any dehydrating agent or.an gcid catalyst that can convert an
alcohol into an al é%\g%{:&eﬁmt e‘lﬁ‘;zéd ﬁg%i%}g Opn}:gﬁo}]ﬁ-gwf#?fr’l%t%){g%’p/?é%r&%ﬁﬁ%ﬁfg thﬁ’dﬁpating agents
or aciabsatadfisvs. gl frdepthosphoryl6hito Hbleyiaihydry sriiombibside, phosphabowdd andsulfuric
acid. r ing Rolvfarnesenes 00176].The polymerization of a famesene or
the cc%’%?ﬁm%rg{ifﬁggwﬁ %r!%@ér?g (v)\;%#één\e/lsr?y eé:o%osﬂomgp}@é}ﬁi ]t%erﬁ%rfé}?n% Ve aiide
temperpotenanzs] witeatsing misodinteritsfdhe pdymmdnatiopdbmyperdiurelisfeonbatioun80 C to
about,280.Cf 3 about 180 C. or from abaqut 60 C to about 100 C. Th rtial
pressureslo 1[k%lgg\l%ny ggg%%ﬁ%#%érfncg]ﬁaeﬁgeg r%éﬁ%%rgﬁ’t pasr?éefapf ngﬁrg%rbl&ﬁ%g, 0 psig (245
MPa)¢dsyaisout 15 psig (0.1 MPa) to about 25,000 psig (172.5 MPa), from about 15 psig (0.1 MPa)
to about 10,000 psig (69 MPa), from about 15 psig (0.1 MPa) to about 5,000 psig (34.5 MPa) or from
about 1588i5@.1 NMPsoms anbet GG plig pel9RPedene [BLERT herconeentration of the catalyst

used i r [ ' mbodiment,
e o e L S et e
to abd@¢ EvARiE:ehaiBEApS Dby aTrrs sty beattenaipdebidpe nly mertenty pdaofhprovess, the

Cata'%ﬁ’s@f&@&@'}l&%@%%ﬂé’ﬁ?@%@ﬁé@%‘@ésca%?ﬁﬁr&‘ﬂ@é}é@?dﬁ?é}‘éﬂ?[@%@2 SRR ScuRIg mInUtes

to several hours.  [00178]'A non-limiting example of solution po on proce ure for famesene
homopsipsensia aineasha portinnfafibsaieabledprad pitdhrepeldararstre au deei nresesobvein such as

cyclopexane fa:ferm.a solutianda.a. [asiaiwhich mayha.QpHo ?@JJ@@B&%@%W&%&%R&@O”

atmosphere. The solution can be dried over a drying agent such as molecular sieves. A catalyst such

as ordReisImRAseaghbeginge kymey frmectisacsapriyrasi drcpthpeeshetimetiagteaviorn elevated

temperaugeantilsalona sHasiantialhesion affatne seneds RO Ines:18s iﬁH&%S&g)%%%@QPO'yme“
can then be grempltated from the reaction mixture and dried in a vacuum oven. [00179] A

non-litRistg dURRISH HyABaRatols préuagraser fafpessarc R soRpPiaaiiosutined below.
A famgsghe such as 13-famesene 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 ovgue1@3jng agmﬁumm@ﬁyjaﬁéi@tﬁ@g@mﬁﬁm@gdﬁa@t@mﬁg@ﬁaﬂytwder nitrogen or
argon atmosphgre, a solution of styrene in cyclohexane with 10% is similarly prepared and dried over

a dry g 5G8n L5 acH dRgRIRRR s JPIROTEE RERROL mSR i AR B s eaiian setalupt asPd,
orgarrdithjur reagertieiEn plely ke dempaeature uoklHh Aok skhstEmtial paigR i Shiere is

consug%ed. '{hen, the farnesene_solution is tr ngferred to the second reactor. The reaction is allowed
fra

to redBE GAIR'ER &F & SOSEIARTN BLAROMST FIATCSLMENS BuneRit et i feh Bifichisradhaercoupling

agentfebedigiehtome gnaiiyylsianedrd/2-tichiamecthane)dsdhamadessintadthe second reactor to form

a famesene interpolymer. Polyfamesene Compositions . .
nLycﬁ‘ogenatlo%r action 18 X{lowe 1o proceeg unti] completion. Generally, after completion,

the reaction mixture can be washed, concentrated, and dried to yield the corresponding
hydrogenéted product. Alternatively, any reducing agent that can reduce a C=C bond to a C-
C bond can also be used. For example, the polyfarnesene can be hydrogenated by treatment
with hydrazine in the presence of a catalyst, such as S-ethyl-3-methyllumiflavinium
perchlorate, under an oxygen atmosphere to give the corresponding hydrogenated products.
The reduction reaction with hydrazine is disclosed in Imada et al., J. Am. Chem. Soc., 127,
14544-14545 (2005), which is incorporated herein by reference.
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[00180] The polyfarnesene disclosed herein can be used to prepare useful compositions or
polyfarnes&fezgétiépositions such as adhesives compositions. In some emiaodinsenispthess
polyfamesene compositions comprise the polyfarnesene and an optional tackifier. In other

embodimggisséhe pol¥mesapedRMReSHIBSCOPHHRS hempolyiarneseneaft an optional second
polymer, In further embodiments, the polyfamesene compositions comprise the polyfarnesene and a

tackiffRLPHIRALICLoREb BRFram TS Taskisrslathe SeFE BORGIBEifohstOsRh PR S YHEOBBIAEMResene, a
tackifigregasecend pelyaes: Meav@nanbodinantmeRal ameapne compasitiansdo not

comprise a tackifier or second polymer. 1001811 The second pe(?lgotner can be a vinyl polymer or
c_opolii'??\%rial Q%ﬁ%ﬂff@ﬁﬁy’rﬁ&%éﬁ&?ﬁ@h@r& ebiemakis{kh PSHni‘e(H&’])liﬁﬁ_lﬂr( Bxamples of
vinyl I@X‘W}%&i@f&&ﬁ@_&ﬂﬁ(&?ﬂﬁe@é@f‘%@é@ﬁ%g&%N@%%Eg(ﬂﬁﬁ%r@aé%%%@%ﬂhem'St_ry, an
Introduction,” Third Edition, Oxford University Press,(gp. 17-21 and 167-279 (1999), which is
incorpriReFriehiBherERsARES Slonreabriliphiiiy CREFPR SR REBR AR NI FBITRsEr include a
polyolgfipe diohtelaeney AAYERIBbRARANIAR. I8ivgRigRolymer, phenolic resin, polyacrylate,
polymethacrylate or a combination thereof [00182]In certain embodiments, the ratio of the famesene
interpolymer. tq the second, polymey. is from about 1:99 to about 99:1, from about 1:50 o about 50:1,
from abolIES to ABEAE4: FUPRURISAOIS T8 BEBO RO YOCFSa] i SOPRb SHBERRBHes, the
secondepalyiaenisia palralebing o:05- Relethdena, pehmirepye Aerasrethyiehe/amigfindmarpolymer, a
copolymer of ethylene and propylene, and a copolymer of gthylene and,vinyl acetate (EVA)),

oy R T Y PO AL, P BT (LD L BOSSrAg ments, he Jamicsens
poly(acddeinidlerdntadiangesdypane}, melyistyranebliagiboe-shirene) and the like), phenolic resin,
polyacrylate, polymethacrylate or a combination thereof In some embodiments, the second polymer is

polyethyl &gngolypropylene, polystyrene, a copolymer of ethylene and vinyl acetate,
poly(agayﬁf{ﬁMebutadiene-styrene), poly(styrene-butadiene-styrene) or a combination thereof The

second PRNFERY menedlcnded wit g favpssens Ippebiner BRIl adtstipe

polyfamesene composition. In some embodiments, the’second po

polyfém;s:eﬁe cekbesrisivanitHosopre tdndinganith theffanrssenes imei_mgiyfmem.a ciemi®d] The
weightfatio @f %‘ E’QB{E%%‘%%%%I‘)O&P&%S%%B%P%'%%ﬁé%&ie%%grﬁeﬁ%%%é&% 98'8?&%9656”9

composition'c e between about 1:99 and about 99:1, betwe out 1:50 and about 50:1, between
abouempgadimgribdie Igmessagne ereabsg tyidagtianadistiptiobetwstmlabouericoadieralbout 9:1,

betwagn e ds8iand Rbout B Relvsen ahout 17 209 A0eM didmbae s ahoH 1§ and about 6:1,

between about 1:5 and about 5:1, between about 174 and about 4:1, betwgen about 1:3 and about 3:1,
betwéeirdissatiniting §amerie 2AsuEechepial syr@ntiamstiod 3nshusesvisdrdiBsug 2:3 and about

3:2. [QQAARIE R0me MeRtsyihe s esentRAXmaLISR PAIAIELR; ANy PRIyOIeflR: thatyis partially or
totally compatible with the farnesene interpolymer may be used. Non-limiting examples of suitable
polyo1§ﬂﬂ§%ﬂﬁﬂd%cﬂ&r€th@e@e%r oI srepiErsssgetybinsedeShem., pHYBLtehB1131P8lypentene-1;
polyh@%;%mgfygcﬁ%%r%ygg&qﬂ%y rlalys3-methylbutene-1; poly-4-methylpentene-1;
polyisoprene; polybutadiene; polyl,5-hexadiene; interpolymers derived from olefins; interpolymers

derived figpy sdgfingasshathermelmers, suelrasfehyiny sbiosidmalydyrers.malyurethane, and the
like; and mixtures thereof. In some embodiments, the polyolefin is a homopolymer such as

polye R{HENE) BeRASTiIS IEmEnEBLIEARRE RIBHIsSIt &N Vidsyagshicthylinensidh goly-4-
methytpgnieng-L-ReliseR@netp ¥hatasiens; nelkclsSshexadianaipobiorrem.polygctene-1 and

polydecene-1. [00186]Some non-limiting examples of suitable polyethylenes include ultra low density
polyeB§iste eIMitespRnd B3 GEnERY PORIBITEAR RO E) AN HENSRG S EPREne (LDPE),
mediyma densityReygthylene (MDPE), high density polyethylene (HDPE), high molecular weight high
density polyethylene (HMW-HDPE), ultra high molecular weight polyethylene (LJEIMW-PE) and

combinafieiestiereclopomeniindiniiifi exaapigsaitnglypray lensennslidatievedeasitydolypropylene
(LDPP), high density polypropylene (HDPP), high-melt strength polypropylene (HMS-PP) and
comﬁ%ﬁ?ﬁ?ﬁ?ﬁ@%o tlﬁag %m‘aﬁﬁ%iﬂ%";‘t#’ﬁ%&%ﬁ% B 83ié“BFé’oﬁﬂ%%’@Q’lﬁﬁﬂ-meIt-strength
polypropylriae (EHAGFER réevndensiypelydirgleam bR kapaneambivaiienibereef wob@01871 Any
material,that can be added to an elastomer to produce an.adhesive can be used herein as a tackifier.
SomE IR i e o APRETE 70 8 B RARSEA A A BB o ot o

pentaerytnkitollgateyefrnatural 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 resig or a hydrogenated derivative thereof; an aromatic
modified aliphatic or cycloaliphatic hydrocarbon résin 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
RLR cnfftenina noint eaadiial to or areaatear than LQOC ac meaciired in accordance with A<TN



28-67. [00188fIn certain embodiments, the amount of tackifier in the compositions disclosed herein is
from aboutfgl>witsbez tacabout 70 wt.%, from about 0.1 wt.% to about 60 vvtig’/@ﬁm@p&%;gwt.% to
about 50 wt.%, or from about 0.1 wt.% to about 40 WO 2010/027463PCT/U S2009/004958 wt.% or

from abo 7 t:30.wt.% or_from about.0.1 wt.%.to abqut 20 from about 0.1 wt.% to
oout 10 DTy e o A R ARG BB e BBt o
tackifitsr thethieommpekitidtisaibriesedosifirisaidrar algené Nt Sorio- Blanitip/ ©vd pharfromigbout 5
wt.% t.9%, from. about 10 wt.% to about 70 wt.%, from about 15 wt.% to apbout 70 wt.%,
from é%lout(? O%\S/%.L&' to %%)g{l%‘)fb%v?égogirtf oA %Egﬁf’ SRR SIS 95 'B¥e S fhe total
weightof-iimitogpesitipies [P0 8@I0ptiondlys the wianpdsiipogpdisstesddiipessifirspfiprise at least
anoth itive for the purposes of improving and/or controlling.the processibility, appearance,
e B e A S BT Seb I come

embodimbats]ahe cempysiiomsedaarid wita prisesast atiditiyv el pla stickeagditiuefkngiyn to a person

of ord M t .be u i ompositions disclosed herein. Non-limiting examples of
suitabq%?1 §%\I}%€e% ,ﬁg%?éﬁ ?elsr%g%{f]fs%agxs RS iélﬁ}ggﬁfs?rﬁ9n§t3éﬁ?e@ggéﬁc§%ﬁ§adp pigments,
fillers tiloplaitisirgsigpting agents, crosslinlcing agents, surfactants, solvents, and combinations thereof.

In certain embodiments, the additive is plasticizer, such as a mineral oil, liquid polybutene or a
combinatiBflbi&reofl he faoEse)eThse totsd wmmentof bich antditine € anataeg el fssmiahonpgredter than 0
to abut;89%,JLem agp& Q0% 9 70%, from about.0.01 % to about 60%, from about 0.1 %
to about 50%,rgfrom *about %% to a%ll)%(ﬁ%%%)?gr ¥r(g)rr(r)$%§8u Slﬁ%e{]oe P “&3‘%‘%%@%%%“5%8%?%1 weight of
the pohdaetrrsenes censpotitiomeThd arpouer, stvathrpbtie, addithes saatrangefrmaabout greater

than 5@:@;8%%50/& fram. abawt. 6:001. % : 20%, from about 0.01 % to about 15%, from about
0.1 %(_%to about 10%, %rom about 0.1 %%e(;ﬁ%a%(%ﬁg éjf%%?)é)?%%—n% o %.%0% 6 BBoU 1;SS%/)Or 8Fthe total
weightidghenr¢ssifapreiépie composition. Some polymer additives have been described in Zweifel

Hans et al,, "Plastics Additives Handbook," Hanser Gardner Publications, Cincinnati, Ohio, 5th edition
(2001), WRRHH incBrssraisErtedrpsniafde fanasans éndestyedddae1dpstopiaty stheasonpositions
disclasdEABILRABIROMIYIBGRWAX SHER BHAREN AISHT Yeaid I Al sulRhRIapelyethytene

or polypropylene, a synthetic wax, a &%glyolefin wax, a beeswax, a vegetable wax, a soy wax, a palm

wax, SOEEHIdWAKBF R ITOPRBSE]E- efATmiEo REPRERATRY £ensiatpgonal btapeireethan 25 C. In
certaip QMROSINSRIE AN KA darBAWOMRIS GHIR% Wil PREHISN B PL PRIV ARYieRs.having a

number average molecular weight of about 400 to about 6,000 g/mole. The wax can be present from

about 10%¢psalpoutaiiYe0ba8 Yb te-alinat 40%duoweiaht ahib e ietal aRIRPREIRACI0192]Optionally,

the compositiocps disclosed herejn can comprise a plasticizer. In i
compounds can be used herein. In some embodiments, the carbon source is a sugar or a non-

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

chitin and combinations thereof.

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

cane, bagasse, miscanthus, sugar beet, sorghum, grain sorghum, switchgrass, barley, hemp,
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general, a plasticizer is a chemical that can increase the flexibility and lower the glass transition
temperatuvegofpolyameis. Any plasticizer known to a person of ordinary skifif/the@btnayde added to
the polyfamesene compositions disclosed herein. Non-limiting examples of plasticizers include mineral
oils, ghigtates,adinates, alkyl sulfonates. Z_&!Q{ﬁ enzoates..chlorinated paraffins, .cifrates,
epoxides, Q%/CS? e%%’ers aen tilaezljlréé?sters, g%taratei’,v%i/%%@a%%lﬁ%ﬁ%,‘%%B’u%;ra le%,% gét%ér,%’
pentasiaiigadarivatale sqido pehatesr phiticakites remstgrgeelybotdindsserisutéic atebodeacates,
suforiggides. i and puamilliaies. Wpeautderdvaliies searaiss diuran. diesiers, o .
fluorine-containing plasticizers, hydréxybenzoic acid‘esters, 1socyanateé adducts, multisfing aromatic
compberidedratralpwbeceudddatiesss, titikRgasikane ibasad julastimirecsassysbased products,
thioesters and combinations thereof. Where used, the amount of the plasticizer in the polyfamesene
compositl8fiédh beronn-draaentabinc@ivonlsoutckbing ¢4y fronsaboetilsoauisttbealsaeti@dvt. %, or
from alaqut 3w, %epiAkeuh 2 e G D RIS TRMGIaL o the 9IRQsitigy, Some
plasticgers h%aé\llel%e‘elr?%escri@%d in George Wyp%/%, "Ha%&gggé%%lﬁa%:%g%%% é g%Tec Publishing,
TororferSubsperessghciodtace@roend, siierels incorporated herein by reference. 100193]In some
embodiments, the compositions disclosed herein optionally comprise an antioxidant that can prevent

the oxidaki¥d &l polyraredaishedimnenis, tig drmacssunives b mengoiitinrmclsticonmpblitiins. Any
antioankaPwaAer-pRESon erslansskl inda aaxhe adiied ip neRoliemesane:
compositions disclosed herein. Non-limiting examples of suitable antioxidants include aromatic or
hindePEePaiadkest chi s IR diphisi a8 mifraacitien =B nassnyiarlid! aikjise sehlRyingbstituted
ohenyl:RsRBIRYAMIne «3lky aies prpReRy isas dinspiResrleRmelhy-daminodisheRy amipe and the
like; phenols'such as 2,6-di-t-butyl-4-methylphenol; 1,3,5-triméthy1-2,4,6-tris(3',5'-di-t-buty1-
4-hydidis/Beriepns ssrne IrettRistiranimantstednelnapel 4oy sepnperseinsaihadiaethane

(.9, (RGANGK T 11040, @%%Sﬂ%&gwm{\@%m{@ﬁm%ﬂayémgghfi%g.@@%@@é%paboms -
octadecyl-3,5-di-t-buty1-4-hydroxycinnamate (e.g., IRGANOXTM 1076, commercially available from

Ciba BkrgyH prassphresdidtshoshlsarirowydt % fanfinat lasshzboutatbre Ye hosar es; thad
combjpafionsdheseale WersiHsed ithg AR YRS dhaaRtiaxidan ixihg pRiyfamessliacomposition can

be from about greater than 0 to about 5 wt.%, from about 0.0001 to about 2.5 wt.%, from about 0.001
wt.% terEsBIR FOmPYiSnERnD PAGAPE T7USIHeTRBAOEIN. or from about 0.001 wt.% to about 0.5
wt.% of the total weight of the polyfamesene composition. Some antioxidants have been described in
zweifel HIRL08 o). ABISTECAQEIRA SHAABEECC P BREE AT BB ABE RIS @incinnati, Ohio, 5th
editiogn GhaptelinpabiRs 1hdd04200dy whighdginecrpotaiedaaieinhy referaace. [00194]In other
embodir&en_ts, the con%positions disclosed hergin optionally. comprise an UV _stabilizer that may prevent

or rediRRMHE ARG G B 6P e SO A A SHE WS BRES B POV FRATERIHEC ARYSUV stabilizer
knowditelaspesasial onditany skibidl ihealtiiralhratsieshiaphis:palyiinesene cpamesifions

disclosed herejn. Non-limiting examples of suitable UV, stabilizers include benzophenones,

o2 R BT RESE] BETSRORERE 5 P PR SRR i eredt amines,
nickeferaanthessnynderateintnbarbgntlie anbivlisieints]ymeiallitsalthzipspeampaunds and
combipations ther here used, the,amount of the UV stabilizer in the polyfarnesene composition
can DORTPAEBALE) atGr 740 B S ot 0 OTREHD R PUSRESAE dOADES wt 5, rom about
0.1 wedmieisihoul 2ws %oy fsopreabalirlzh whiuin ebaueisndbonfithe. tolak \eighbetitne :
polyfarnesene composition. Spme UV stabilizers haye been described jn Zweijfel Haps et al., "Plastics
At Lo P 65 ,“‘ﬁﬂs“étr A &F%%‘&%‘égt?zﬁ%; éiﬁ&iﬁwgﬁ,stdﬁ%‘,tétﬁ ‘é’&it)i‘oi??@ﬁéﬁté%, pages
141-436( 20940t wihieh dslincdrmerated herein by reference. [00195]In further embodiments, the
compositions disclosed herein optionally comprise a colorant or pigment that can change the look of
the polyfdtbt&Eine ddm fasitions:tofhrthear @ypsisAry cetoreint o cypghieof knowlatawaipgrden of
ordinary,skill in the art . t olyfamesene compaositions disclosed herein. Non-limiting
exampgeiscgpgﬁ?g‘éfeoéo %r%%%%%%?n‘%é@g @aﬁs 3 f%ﬁ?éa;nsl%% 5 rsn%r%o%n seusgﬁeag %%Paels Sxfdles such as
iron oxid8;dnhordrikesaind!titasitymidioxide, nirpd snetadaxiddsr dathdnablag khorgaslicipigments such
as anthragujnone r n nds lamides. benzimidazolones,
O B A B S S SR AL
flavammtwemedkirdantdeonesditomrdioliononds, skiblad alities ymetsl wonsplekesmofoazasalts, naphthols,

" 9 gReFe e ings, pyranthrones,
T S e e e e

, the amount of the
colorant or pigment in the polyfamesene composition can be from about greater than 0 to about 10
wt.%, from about 0.1 wt.% to about 5 wt.%, or from about 0.25 wt.% to about 2 wt.% of the total weight
of the polyfamesene composition. Some coloranté have been described in Zweifel Hans et al.,
"Plastics Additives Handbook," Hanser Gardner Publications, Cincinnati, Ohio, 5th edition, WO
2010/027463PCT/US2009/004958 Chapter 15, pages 813-882 (2001), which is incorporated herein by
reference. [00196]Optionally, the compositions disclosed herein can comprise a filler which can



be used to adjust, inter alia, volume, weight, costs, an/or technical performance. Any filler known to a
person of BiditEfy2kIkIn the art may be added to the polyfamesene compasitivs@isolesed herein.
Non-limiting examples of suitable fillers include talc, calcium carbonate, chalk, calcium sulfate, clay,
kaoliry sileAc ShASH sy MRHEHICR MG OHAS P RIR nRIGIRAL AUMIRHMSHicRIS S aickMsilicate,
alumina, hydrated alumina such as alumina trihydrate, glass microsphere, ceramic microsphere,
thernﬂfﬁ’l&éﬁ’élﬁﬁ%%phere, barite, wood flour, glass fibers, carbon fibers, marble dust, cement dust,
magnesium oxide, magnesiurgrg%groxide, antimony oxide, zinc oxide, barium sulfate, titanium dioxide,

titanates HAd @ mbihiBies R RISl Bk lhemdSTRENNS rompouRis aradiselocetalcium

carbapates stgenglassy gess fiben, alumipaeitanivimediexide, srox mixtuse theseafdrrother
embadiments, the filler is talc, calcium carbonate, barium sulfate, glass fiber or a mixture thereof

Wherehicataiehiismint oY theGilikl 03¢ sBrR ARSI d8MbiBatcas BER@eraBBut greater than
0 to aheuinBs,Wfgefiam about 0.1 wt.% to about 60 wt.%, from about 0.5 wt.% to about 40 wt.%, from
about 1 wt.% to about 30 wt.%, or from about 10 wt.% to about 40 wt.% of the total weight of the
polyfarrasenggomposition. Some fillers have been disclosed in U.S. Patent No. 6,103,803 and
Zweifel Hans et al., "Plastics Additives Handbook," Hanser Gardner Publications, Cincinnati, Ohio, 5th
edition, Goaprei 17¢fagassond -0A434260ktinetls of which are incorporated herein by reference.
[00197]Optionally, the polyfamesene compositions disclosed herein may be crosslinked, partially or
completely. When crosslinking is de%ompositions disclosed herein comprise a
cross-linking agent that can be usedto effe eerossAinkifg.of the polyfamesene compositions,
thereby increasing their modulus and stiffness, among other things. An advantage of a polyfamesene

compeSRIiEHa RS LIRINEITE cavSEE RTINS dIE RAINEWEG i) BrehufsK R EIBEIRRIE like other
polymgrsiguRh asaRRliTosRaAndde ybLadienen AR A19SS-HBKING A0 RIRWRLLY ﬁm%ﬁlon of

ordinary skill in the art may be added to the polyfarnesene compositions disclosed herein. Non-limiting
exa TR ABENEES s SR RS RIdE Bl switrblaausleoideargrariexibas, aryl

PeroxiHesd PYIEN WRIRFSnRETRNYERI00BIES0 ShagynarexidesREEankstals apdeyglic peroxides) and
silanes Sfeg vinyltrimethoxysilane, vinyltriethoxysilane, vinyltrisiz-methox ethoxy)silane,

vinyltHa Hete WiRAmetHs et SarORNE A4 - irEmatNidiidx methoxysilane).
Wherg E:sed, the amount of the cross-linking agent in the polymer composition can be from about
greatef 5 about 20 wt.%, from about 0.1 wt.% to about 15 wt.%, or from about 1 wt.% to about
10 wt.%gﬂﬁ@;\%ﬁgtal ‘.@'%‘é of the pol mer com 1gsition. Some suitable cross-linking agents have been
disclosed | ifel HAhS &t 4 2,W PaStcS ﬁt&lél ives Handbook," Hanser Gardner Publications,
Cincinnati, Ohio, 5th edition, Chapter {4, pages, 725-812,(2001), both of which are incorporated herein
by reference.  [00198] In some erubt@'pxeqt;«,k@few&&gpe interpolymers disclosed herein includes
farnesene-modified polymers prepared by copolymerizing one’or more farnesene with one or more
vinyl (n@neraarsyaR el s esnho dineis idbriging adifigsk pRhBe fslepvedsframdheang sngnore vinyl
monomers can be any known olefin homopolymer ar interpolymer. In further embodiments, none of the

one SPRTcHE RERBFUARA MonGmBRCHAESA THiSattraticPeirc RAeatsan & S RbRSIF At a
crosslinkislgpgentefitays® idhadiosaiyRikehsidachansderbmd-rpmyiipefianresene, the

famesene-modified polymer disclosed herein can he cross-linked by a cross-linking agent disclosed

hereifY™1661 SO RAPeAM LIRG SHMEAIES, the dARlt Arsmd it RvRfs Ttk hfdniBdified
polyrags ghisclosadiberannis diamiaboml Wi o pheut 29 sats dromahau L, teabout 10 wt.%,
from apout 1 wt.% _to about 7.5 wt.%, fr bout 1 wt.% to about 5 wt.%, from about 1 wt.% to about 4
wt. %" fF@Hfia%@ixt f&\’n‘if% égﬁbééom%gﬁgﬁogr&é%ut 1 wt.% to about 2 wt.%, based on the total
WeigI%I ofethelfamesene-modified polymer. In other embodiments, the amount of the one or more other
vinylﬂ%nms%ers in the farnesenemaodified polymer disclosed herein is from about 80 wt.% to about 99
wt.%, fr t 90 wt.% to_about t.%,.from about 92.5 wt.% to about 99 wt.%, from about 95
T S A S dlieg

01, Wii1ose
wt.% to W .%l,wf?or’n about W'F.{’o to about 99 wt.%, from about 97 wt.% to about 99 wt.%, or

from about 98 wt.% to about 99 wt.%, based pn the total weight of the famesene-modified polymer.
[00200]The cross-linking of the p@kp@@i@gm;@;&gggsﬁan also be initiated by any radiation
means known in the art, including, but not limited to, electron-Béam irradiation, beta irradiation, gamma
Imadigtian, 6arpDa.K iaddbrsiaipn i anihad s oldng Riaheh 3. Patent
Application No. 10/086,057 (published as US2002/0132923 Al) and U.S. Patent No.%, 3,014
disclBSESIcRYFORBEAMMTIPABENRS HRESEs aharesn Beogseminatiniomerehis afadrfiove it
[00201]Irradiation may be accomplished by the use of high energy, ionizing electrons, ultra violet rays,
X-rays, gamma rays, beta particles and the like apd combination thereof Preferably, electrons are
employed up to 70 megarads dosages. The irradiation source can be any electron beam generator
operating in a range of about 150 kilovolts to about 6 megavolts with a power output capable of

supplying the desired dosage. The voltage can be adjusted to appropriate levels which may be, for
example, 100,000, 300,000, 1,000,000 or 2,000,000 or 3,000,000 or 6,000,000 or higher or lower.

NManyv nthear annarati for irradiatina nolvvmerice matariale are known in the art The irradiatinn ic 1icrialivy



[00203]The ingredients (i.e., the polyfarnesene, the optional second polymer and additives) of the
polyfames@ie wowosiions disclosed herein, can be mixed or blended usmgaetaesisekngwn to a
person of ordinary skill in the art. Non-limiting examples of suitable blending methods include melt

blending ; sQYRNEISOAING, LEHHOS, %ﬁ}%%élig% %Qgrgfﬁmh%%na%%rggg%gggs%g% fhe ingredients of

the compositions’disclosed herein are me nded by a met uerin et al. in U.S.
Patenfiflsotids seagoneesshasieuendernuslifanere e anyindee( AM39806y Grutheringeedients by heating
toan@pgp i , 0 apout 200C or about 150C to about 175 C at
a pressure gig gg)ﬁ%%\éftﬁg@ 7 P%r t%){rgtl)%%ﬁ q%g%oéggl% 3 @fqﬁgg’?ﬁ%eﬁéﬁ‘éﬁi‘éﬁ s are weighed into a
vesseBintasérdeged Pdgorissd AMbihe foam is formed by heating the contents of the vessel to a
molten state while stirring. WO 2010/027463PCT/US2009/004958 [00205] In other embodiments, the
ingre&@ﬁ%@@&he compositions disclosed herein are processed using solvent blending. First, the
ingredients are dissolved in a suitable solvent and the mixture is then mixed or blended. Next, the
solvent i P4idled teprbdrie e woripe o Hs disclosed herein. [00206]In further embodiments,
physical blending devices that can provide dispersive mixin% distributive mixing, or a combination of
dispersive and distributive mixing can be used in preparing homogenous blends. Both batch and
continuous methods of physical bl C e . ligdting examples of batch methods
include those methods using BRABENDER(r) mixing equipments (e.g., BRABENDER PREP

CENT : i A Br I ne, uth Hackensack, N.J.) pr

BANBUS () e g A gt e SiSicREa S IERBEE AL
equiptbsrzoNbRelphitinig exafaprisoflaveniitotes methaus ilongreing|8 Beiemnéndtyding, twin screw
extrud] ISK; [ ' [ | trudi N barrel single screw extruding.
In so?friét-;-ig)’elr?gl gggﬁrﬁ gﬁ%s%%%ﬂ%\% ggg%%%é%%% E&%q?%ﬂ%dgegr’%{r}éﬁgr&“%%& Iﬁ%ﬁ)ﬁp%r or feed

throatHaFRetEEaesuriabilsrnue ibasifientegesre nerpolydss sueloptionzy seconthpedyhicr26e dte foam.

The mixiRg2oL %gppmepggﬁg%§l y extrusion has been described in C. Rauwendaal, "Polymer
Extrusion", Hamer Publishefs, New York, NY, pages 322-334 (1986), which is incorporated herein by

referencq o039 7] When.eneor mersafdityasaissiagiiad indhecopResitignsdisclosed herein, the

desired amounts of the additives can be added in one charge or multiple charges to the polyfarnesene,

the sERBAGHEHNBIHISENE ebmprsicRiipnarabhy, dreydmiivardtnadrbysimtinmasentorder. In some
em b%{@&@téam?s@.dgiﬂ‘y%ﬁf%ﬁé%ﬁi%%&ﬁ apdmixad-anRlendad it shepolyarpasangand then the
arnesene is

additive-containing poly lended with the second polymer. In other embodiments, the

additfRS KRS FNRFIEF A Har RTke BB bRIATER RS Sremsalemel seiiahte dalrdretingacents or
additiverCemaiina Racao dinalyreris hiansedywilathe: Rohdamesaae Hpfher fagiments, the
polyfamesene is _blended with the second polymer first and then the additives are blended with the
comp%élﬁﬁ’(’)'}‘ﬁ a“"f’C)OZOS] The ingredients of the composition disclosed herein can be mixed or blended
in any suitable mixing or blending devices known to skilled artisans. The ingredients in the composition

disclq gﬁiepﬁrgpgc%%g f e&a@iﬁ( d At @a}%g;g@ture below the decomposition temperature of the
sherdl , RING E. SETICS

1 € formogeneously mixed and remain intact. WO

R, OL USRS Lol L

2010/ 027[6@?5)6?1-/ Lﬁa%%?{f%@é%%on of a farnesene or the copolymerization of a farmesene with
a vinyl comonomer can be performed over a wide temperature range. In certain
embodiments, the polymerization temperature is from about -30 °C to about 280 °C, from
about 30 °C to about 180 °C, or from about 60 °C to about 100 °C. The partial pressures of
the vinyl comonomers can range from about 135 psig (0.1 MPa) to about 50,000 psig (245
MPa), from about 13 psig (0.1 MPa) to about 25,000 psig (172.5 MPa), from about 15 psig
(0.1 MPa) to about 10,000 psig (69 MPa), from about 15 psig (0.} MPa) to about 5,000 psig
(34.5 MPa) or from about 15 psig (0.1 MPa) to about 1,000 psig (6.9 MPa).

[06177]  The concentration of the catalyst used for making the polyfarnesenes

disclosed herein depends on many factors. In some embodiment, the concentration ranges
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Applications of the Compositions Comprising the Polyfarnesenes  [00209] The polyfamesene

compositiopg digelosadsherein can be used as hot melt adhesives or pressyrg sebsibivgagdhesives. It
can be applied to manufacture any article that requires or comprises a hot melt adhesive or a pressure

sensitj .\(f{) I%n itin mples of suijt articles include .pa roducts, packaging
materlt%in,?l%%gl%atecj\l wé%%ga%lgéill&&e% g&ﬁﬁii@éﬁ)@‘%@%&%ﬁ, qg%eg% ,'deiéé)%gggwg‘ﬁ é‘r@ hospital
pads, fiemidiresinitahanbpkiod psocgisatidrapaty tapes; aasancandnshéeigionedGahdelliges, and
band . In a further embodiment, the adhesive compaosition,can be used in tapes, cases, cartons,
trays?%gesg?ggwgﬁ\%{é%? glrIPcF 5%?@;‘9%§’?Vef8t8%6ﬂﬁs§8,%eevg{%[;%?}ﬁents’ the compositions disclosed
herein are used as hot melt adhesives. Such hot melt adhesive compositions can be used in industrial

applicatiol%§ W&fhdin@ pricikiagitiag sarmeplesy sohidantenperaiartusersactiuas for Siairyspreducts or for
reezefRaagig.at atlpedurss. aackinsenilacy disRqeahis.consumal Allales Jorgxample

diapers, feminine care pads, napkins, and t r suitable applications include
book-BitiHiAg)cYedeler vasikindg e dodlinen Somrredsoonvdit curesivesateadseribddria witdgdocius,

"Adhesi Ives Gardner. Publications; 2nd edition, Chapter 10, pp.
210 O A R e ot
Corp (LG4 yBotHcHfap et thestsoraesd ¢rorbin askledforenibe. regoR 1t theththeemistrtiments, the

ComDﬂégie@%déﬁ%%?eﬁ%ﬁi?%rg%ﬁe&% B3ASHel §§%ﬁm%%%@&°§m%%&” be

applied to sheeting products (e.g., decorative, reflective, an stock, and tape backings.
The stbstretecsens homay Sums| eay teebion aterial tepe Avmg onrtast desineraqspiivhtioied|in eertain
embogiments, g substrate comprises a nonwoven, paper, polymeric film (e.g., polypropylene (e.g.,
biaxially oriented polypropylene (BOPP)), polyethylene, polyurea, or polyester (e.g., polyethylene
terephthalate (PET)), or release liner (e.qg., siliconized liner). Some PSAs are described in A. V.

Pocius, " bn ZhdRaHEdiRs BI85 Hionses R raar pr BTReRTBES [ PEMITRIE, Chapter 9,
PP. 238259162002 andihstyan Benedekctashnolony ot Rrsssiie s nitivaddnesives-and

Products,” CRC; (2008), both of which are incorporated herein as reference. [00212]In still other

embothiEMtSYHRMESANOSHEHR B4ABESER SSHHP IO M PERRS R SIRERaAT e fer P SHBEHOOelt
adhesimeosaimpesption isarMieasteal loasione.side afithedackineya{dhedapaictha adhesive

composiéion may thenet?e crosslinked to further improve its shear strength. Any suitable crosslinking

methSBOEG Ak 1SS ESrd B S FEaSTRn CRUORAE Yo BAGHD A AP ST HIEED GHUASHASER ltraviolet or

electrest g Dsgreaslinkacasidine: (Righ, 1wnglisngd Silsneadmiive SHmpyke silisad: 1002131The
adhesive compositions disclosed herﬁiﬁ? may be applied to the desired substrate or adhered in any
mann® EHSHH RSt ﬁ?%ﬁﬁd%ﬁ?ﬁrlf oUTME AR RS FEd M A SRR SRAAS tapes, cases,

cartonggti®yiahioadieabeevites dechhandagesatirotheiiembedigsisn the pdtesive agrapesitions can

be applied by a coating head. or nozzle, with associated equipment. The adhesive compasitions can be
ol SO o b B SETESF EB At ARG L PRERREL ePFGne LS GEHRE 002 4]

someieeihodithentsathamilhdsire: cabyposiio pecin bé RpplieddBingrmakektrisignidtechniques. The
adhesjve composition can be applied by.either continupus or bagch processes. An example of a batch
orocet TR TR LT SRRl o of I R DS o BU MR GBS which e
adhesiig¢eddmpaobdionisidioraeadhe fothandarrydac encapablenef. releasing the adhesive to form a
composite structure. An example of a continuous forming method includes drawing the adhesive

comppgis‘g%{}&%% %%%égth% die and subsequently contacting the drawn composition to a moving
plasti strate. 1002151In other embodiments, the adhesive compositions can
be coatefyy#ifl @ The polyfarnesene disclosed herein can be used to prepare useful

compositions or polyfarnesene compositions such as adhesives compositions. In some

embodiments, the polyfarnesene compositions comprise the polyfarnesene and an optional

tackifier. In other embodiments, the polyfarnesene compositions comprise the polyfarnesene

and an optional second polymer. In further embodiments, the polyfarnesene compositions

comprise the polyfarnesene and a tackifier. In still further embodiments, the polyfarnesene

compositions comprise the polyfarnesene, a tackifier and a second polymer. In certain

embodiments, the polyfarnesene compositions do not comprise a tackifier or second polymer.
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solvent-based method. For example, the solvent-based adhesive composition can be coated by such

methods ag&nideoanaling, roll coating, gravure coating, rod coating, curtain.geating,anghads knife
coating. The coated solvent-based adhesive composition is then dried to remove the solvent.

Preferabl (ﬁ@l pplied solve%t-b sed adhegive composition is subjected to elevated temperatures,
such as tﬁ)ose S pp:}%'c? By SR REAME &2Picd dRA B’f’%ﬁ‘ﬁé’]‘lﬁ AN CrAEENERTS, the
comppsiions areossigasrhoi-melindiestvrethsensiiGoathesivimibomehopreetfprasgure-sensitive
adhesives are describegd in Istvan Benedek, "Technology of Pressyre-Sensitive Adhesives and
Prodt?c‘éfm&ﬁé? %ﬁ%%?gvr‘%?r(szﬁﬁégsﬁgﬂ? 5 Mg’g?éj&%}gedgoﬁé’%fﬁ a%r?éf'é’leén BENHEY 74 some
embobimenhtsithe”cDnipioBHidns, dbe fuse Qas aukibe Phasepradiesiver arssoptactiigentl adhesives.

Some rubber-based adhesives or contagt bond adhesives are described in A. V. Pocius, "Adhesion
et e SR TR et s S S R R e e

(2002nchihieta isahedeiongiethethin apotiesenceol yiR024 Skeaifolowingrexhmples @egmpresented to
exe%&g%%ng?odimefts of the ianention bu{%are_notgten ed to limit the invention to the specific

emb 45 RMHMGHIREY G RL AP I8 AR U8R ‘“rgf‘ Hl parts and percentages are by weight. All
numeric I arg approximate, Whe merical s are given, it should be.understqod that
embodirﬁlgﬁ?sggﬁtsi réf%e%Pa%gg’?gﬁrggrsl%ﬁ%%esﬁ?ﬁl?aﬁ@ﬁ%%’fﬂees ot éécr)?ﬂs&ni’ﬁ%%%%.g?ffg ific details
descrilvddhirreadhoaxampie Ishd uddhot o christmiesbast riefé ssayotedthireshefithahnuentions

EXAhgg’LI%%ﬁyrgl;i%ation %f) Sﬁn%ié])gqg/llsgt%gi?lél. [00219] fl-famesene having 97.6% purity by weight was

obtaifed trom Amyﬁ%‘%ﬁ) ¢ nc., Emeryville, CA. P-Famesene included hydrocarbon-based

impurities such as zingiberene, bisabolene, farnesene epoxide, farnesol isomer, E,E-famesol,
squalend 084ft8terdh apmsemeodimentsofifantesada gafgrie samdywiediprafpdpmisieth Banmolecular

sieve JosmaveIhe Imauiies Andisreienisistlied penoitoaen almosalgre o mprove purity

Cyclohexane Wwas distilled’ under nitrogen atmosphere to eliminate moisture and stored with a drying

agentDiffiepnianseariniy iextonmetny qoozedFY SN Qripihaen talsesianipgiraliineter was
utiizeg o deBEmine 23S HaRSIALERPEELIES LI ALBANTTR SRS disnigseciberein. A 5 mo
sampleé was placed in anm aluminum pan. An empty reference pan and the 'saniple’pan were maintained

withirPiagigRansty reaem srd e like ahrael fedes ab sal vacayiaqopshivue B @yieis pate of 10 C/min. Tg

was idgpfifiggias asteprchangetransitiaintheieat o JheHud; F@H}&%&h@&éansition was reported

as the Tg of the sample. Gel Permeation Chromatography [00221]GPC was utilized to determine the

moleSGkPIRPIglse aRal pEK/GRD &SRR BRIy ders sred ViR Y atsiaiomol yeradenitiieex detector
was upgddil 3 Walers b dsastaticiRll B BLE BrRgG Ay daferanwas.ysed as solvent.

Polydispersed fractions were collected from GPC. The molecular weight of a sample was generally

recorBRLYESIReAN IR BEFnelFe  Bobd i SreBaraP VTP PRI 8 IRECTRCigRPAdEFGEMW). When there
were gyeianRig PeakHYRich PIRhkite L thsdaiRmunation of A1 WigHePRVHispe Bt pf ggch peak, a

peak molecular weight (Mr) was incorporated herein. i
the polyfarnesene composition without pre-biending with the farnesene interpolymer,

[06184] The weight ratio of the polyfarnesene to the second polymer, such as EVA, in
the polyfarnesene composition can be between about 1:99 and about 99:1, between about
1:50 and about 50:1, between about 1:25 and about 25:1, between about 1:10 and about 10:1,
between about 1:9 and about 9:1, between about 1:8 and about 8:1, between about 1:7 and
about 7:1, between about 1:6 and about 6:1, between about 1:5 and about 5:1, between about
1:4 and about 4:1, between about 1:3 and about 3.1, between about 1:2 and about 2:1,

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

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

polybutylenes (e.g., polybutene-1}; polypentene-1; polyhexene-1; polyoctene-1; polydecene-
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WO 2010/027463PCT/US2009/004958 Thermal Gravimetric Analysis [00222] The degradation

temperaturgs) of spgaples were determined by thermal gravimetric analysislgﬁﬁgmﬁ%%zo mg of a
sample was placed in a tared pan. The pan was then loaded into a furnace. Air flow was Allowed to

equilibrate, The s e was then heated frqm room temperature to 580 t at 10 C/min. Temperatures
for 1"/?3%%%&5%%%1\5 f‘étggeé# Sﬁﬂ%’l@ﬂﬁ&é%ﬁtgﬂgﬂ rBOPUSEPERReURT ARUaHP RS bRO Bbectroscopy

100228 $thieraadited: isitiso(WMeW sk spestraseaiyivas itiizamio ROBEST A GRS IERRSIHAPtION during
the rea(ﬁion.e}he reaction was aIIow;%é%ﬁntinue until all monomers had been consumed. A

Shimadzd GY-9850 Eﬁ@-?ﬁ? gbév(i,?rbg BB WS T, 80 BEe AR e iBadikemedt was averaged

from fivexmeasiirendnis withaansiopiinens e pueiiacMNayatanssperedically taken from the
reaction.ve sell which was then placed in a square quartz cuvette with having 1 cm beam distance.

The aBSOIHANE SRR H?r?é%ﬂ'fly Bhofomastife! cBRbEArRERY SriRaenloRBHIt-in the

aliquométhelpragress, qfdiesopratinpulabunaniialashBy VA NEs-snarirasea ¥iththe characteristic
absorlﬁtif)n dE)teak %‘amé.;%%g at 230 rim. Tensile strength  [00224] Tensile strength of samples were
determmeg uesi}ﬁ'g? it ®fm-tensile tester. A sample was cast into films and cut to the

appropri nensigns. The thickness and widt of,tl'be sample after processing were measured. A
gauge Ieﬁg{ﬁ%ﬁz.S %%eﬁgg-hgg&%i%mr SPediyta Ee%ﬂé%em%%?ﬁﬁ ?rlcéBdFé%FR)MS]Lap test was
used tEchity actoddey kakeSUOPIOp titites hivsakpies phive Bydsicates DR, held deggither by an
adhesjve. Suhstra e then pulled apart, shearin esive. The construct fails in one of three
Ways%m%n ﬁ?en%g%%s)t\gagtgé %ﬁ%eﬁl,gﬁ Aﬁ%@aﬁ%@?@ﬁ?ﬁﬁi@?@e. \RFhEsn e RaRetvdsRas torn apart, it
was c@iBd B)cbluisiveltaillmewiberhiph intesfacpobeiebmihgBubstrapand.aehaive failed, it was
calle sive failure. An INST. sile,tester.was used to characterize the forces involved
in th:l%ﬂl%g ﬁ’éiﬁﬁé’&%&*ﬁé&%ﬁ@@a@i%585??%%?%?% B&ttate WA ROBrOLRHERd speed of
25 nusweimlgdwdpodyprvead essd mbutel subdtratey AblppropivasCioapgchiithisgstone before
PO AR R LLSR ORI 030 A0 MReBp) gt Resonance

thereof. In some embodiments, the second polymer is or comprises high-melt-strength

polypropylene (HMS-PP), low density polyethylene (LDPE) or a combination thereof.

[060187]  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 80°C, as measured in accordance with ASTM
28-67.

[00188] In certain embodiments, the amount of tackifier in the compositions
disclosed herein is from about 0.1 wt.% to about 70 wt.%, from about 0.1 wWt.% to about
60 wt.%, from about 1 wt.% to about 50 wt.%, or from about 0.1 wt.% to about 40
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1002261'H and '3C Nuclear Magnetic Resonance was utilized to characterize chemical
microstrucutemofdbeisamples. A Varian Mercury 300 MHz NMR was utilized g i8R 4058
measurements. Deuterated chloroform was used as the solvent. Several measurements were

repeajadforaplringSRaClRYRIAINNG 30 JAPAVIRRESEDG: 03NS 2 B[ 19p:000  [00227] To

a dried three-neck reactor under argon atmosphere, a pre-dried solution comprising 92.29 g

off3-farhéseieTpm abryg h cyithexaheunsl witedbasm@uepl il (¥ @8R1(f3hmol, obtained from
Acrosad\gfgé'&%&iﬂﬁx Méﬂ@ﬁ&%ﬁﬁgd&tqwm&%&ﬂﬁy}‘%%g%r%%n Iesift‘f‘gacéor was heated at

about 50 C for about 19 hours, until all {3-famesene was consumed, ore %y UV-Vis
spectfisrepsa Estsinpreiomabove dipitatetpirdruthe) reatiofronbabest it/ % sotutidit of ethanol and

butyhgatachil @RIANGA KO SIBMArAINaN, Sk hRuiso M) At g o ypyum oven at about

60 C for about 2 hours, Example | was kept under vacuum out 16 hours. Aftefwards, Example 1,

collecicunatguiglgn feltp bos)t Vihwstoredfiam rblkictatet 6 prebent A0yesHiskihg before
charagﬁqﬂgqgm.wci%gqggﬂe‘r Mgggﬁﬁﬁ of synthesizing Example 1 was monitored by the
a

disappearance of p-famesene, as measured by UV-Vis in the reaction mixture. Figure 1 shows the

Ulraviolqpyisbfe (RISPIRiRahEsamRle 2okl amentin, The.chaiaciafsliabsorption peak

of13-farnesene at 230 nm is present in the UV-Vis spectrum for fl-farnesene in Figure 1, but absent in
the URAdivsJeE iimp P Esganiplenriying ard/er cqoopiigiarte prorassibilinsighpeaenselydispersity of
Examplesiowers drteimingrh Pn&ReniElg e ahavis the ;%E’ﬁaﬁiﬁ%y&lgfcﬁé?gm?oﬂm The number

average molecular weight (Ma), weight average molecular weight (KO, pea molecular weight (Mr), z

averafEnsTabefhimin bemomBos Boes sgnaicieanasnaiidiIyy, KNy, piastigronddishersity), Mz/Mw,
and Ni#iolM ef Exarapieot semhownind apled: fﬁﬁz defRtons At Mim MM discMiqand

polydispersity can be found in Technical Bulletin TB021, "Molecular Weight Distribution and Definitions
of MAIEASIBraljes: Hiptlngrred By ipoRimeiabls sasditines, intlidrinlartsiperateidshuminsby reference.

Someapthads:Qfineaswingthe.ololastlar m%&geﬁﬁsqu}éygnsmesb%%m%jag@&?ook by Malcolm
P. Stevens, "Polymer Chemistry: An Introduction,” Oxford Unlversny Press, Chapter 2 (1999), pp.

35-58TQRIERIa eSS Attt Sir Bl FaferaRd s ominatinettstaai da sra ainisThcEi@eite | was
calculptegiiRiie abtda0er] ahla Ashy aRREISSHEXHNRIE JolshB38 8/Mebmbination thereof,

{00190] The total amount of the additives can range from about greater than 0 to about
80%, from about 0.001 % to about 70%, from about 0.01 % t(li about 60%, from about 0.1 %
to about 50%, from about 1 % to about 40%, or from about 10 % to about 50% of the total
weight of the polyfarnesene composition. The amount of each of the additives can range
from about greater than 0 to about 25%, from about 0.001 % to about 20%, from about 0.01
% to about 15%, from about 0.1 % to about 10%, from about 0.1 % to about 5%, or from
about 0.1 % to about 2.5% of the total weight of the polyfamesene composition. Some
polymer additives have been described in Zweifel Hans er al., “Plastics Additives
Handbook,” Hanser Gardner Publications, Cincinnati, Ohio, 5th edition (2001), which is

incorporated herein by reference in its entirety.

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

polypropylene having a number average molecular weight of about 400 to about 6,000
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147,463 Wmol ts4" 144,216 g/mol 207,084 g/mol Mz+i 314,887 g/mol Polydispersity 1,406588
1.404311 wd3biheh7463 PCT/US2009/004958

g/mole. The wax can be present from about 10% to about 50% or 20% to about 40%

by weight of the total composition.

{00192] Optionally, the compositions disclosed herein can comprise a plasticizer. In
general, a plasticizer is a chemical that can increase the flexibility and lower the glass
transition temperature of polymers. Any plasticizer known to a person of ordinary skill in
the art may be added to the polyfarnesene compositions disclosed herein. Non-limiting
examples of plasticizers include mineral oils, abietates, adipates, alkyl sulfonates, azelates,
benzoates, chlorinated paraffins, citrates, epoxides, glycol ethers and their esters, glutarates,
hydrocarbon eils, isobutyrates, oleates, pentaerythritol derivatives, phosphates, phthalates,
esters, polybutenes, ricinoleates, sebacates, sulfonamides, tri- and pyromellitates, biphenyl
derivatives, stearates, difuran diesters, fluorine-containing plasticizers, hydroxybenzoic acid
esters, isocyanate adducts, multi-ring aromatic compounds, natural product derivatives,
nitriles, siloxane-based plasticizers, tar-based products, thioesters and combinations thereof,
Where used, the amount of the plasticizer in the polyfarnesene composition can be from
greater than 0 to about 15 wt.%, from about 0.5 wt.% to about 10 wt.%, or from about 1
wt.% to about 5§ wt.% of the total weight of the polyfarnesene composition. Some
plasticizers have been described in George Wypych, “Handbook of Plasticizers,” ChemTec

Publishing, Toronto-Scarborough, Ontaric (2004), which is incorporated herein by reference.

[06193] In seme embodiments, the compositions disclesed herein optionally comprise
an antioxidant that can prevent the oxidation of polymer components and organic additives in
the polyfarnesene compositions. Any antioxidant known to a person of ordinary skill in the
art may be added to the polyfarmesene compositions disclosed herein. Non-limiting
examples of suitable antioxidants include aromatic or hindered amines such as alkyl
diphenylamines, phenyi-a- naphthylamine, alky! or aralkyl substituted phenyl-g-
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);
acryioyi modified phenols; octadecyl-3,5-di-t-butyl-4-hydroxycinnamate (e.g., IRGANOX™
1676, commercially available from Ciba Geigy); phosphites and phosphonites;
hydroxylamines; benzofuranone derivatives; and combinations thereof. Where used, the
amount of the antioxidant in the polyfamesene composition can be from about greater than 0

to about § wt.%, from about 0.0001 to about 2.5 wt.%, from about 0.001 wt.% to about 1
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[00230] Figure 3 shows the 13C NMR spectrum of Example 1. Peaks at 77.28 ppm, 77.02 ppm, and

76.77 ppmwiem paaksassociated with the deuterated chloroform used forﬁgilg{%%a%}%gg NMR
spectrum. The characteristic peak identifying Example 1 was at 139.05 ppm. igure 4

shows o154 HOHR SEFMDILESRINECh: BSAUS of 438, ppim a4 4 8Lppin e peaks associated

with 3,4-microstructure. Peaks at 5.17 ppm, ppm,

assocRABRPWHICE, 45 eing Sntionidenssrbavarbee Basantibadtie 2wnest: LiHdss thepeakagikigure 4, about
12% of te: its, i |.was f to have 3,4-microstructure. 100232] The DSC curve
o xS CHATBL A 4R RS BiFEb by DSC.
The TBREFEX DI Piasvibinivisoboaivoated/BeeziNbotbrshesmal event was detected between -175
Cand 75 C. [00233] The TGA curve of Example 1 measured in air is shown in Figure 6. The
decompoEifdAtbmperatiwe erEdimpnesy the sivmpssitétesniineidiey TGan Theidtalvaighiass of Exam*

1 in agpvay reepsiad %?&%Fﬁ@%m%ﬁ%&ﬂs' élgssrgé Efxamorixl%l in air.was recorded at 307 C.

[00234] The TGA curve of Example 1 measure nd&t i ré%%n AOS] %’r‘é‘efgeé’ﬁown in Figure 7. The

19% WERIRPRIEL08S Bxdhipradiatens. niwyblY atrivdizeekmmas reaqretedrad BOTGandithpiYhaveight
loss of fExample hanoer aitr s.recorded at 339 C. WO .. . .
2010/02%PCT/US2069§L gg&%ﬁ%%ggggs pl\:ﬂggrxr?%%eg S\?v%gegi%éﬁ%'d\%ooﬁgleWThe lap test results
of Ex&RIWIERPE Stithle H Eigakilgemhiacitte ivezoapabilityspb&xamptel ayps messkeed by the lap
test. Tharadhesivereney-Af Exampl S be about 11,400 J/m2 with a peak stress of about
314 N/m2. Examplrgr?aving aM of 24%%%%’ f(%%%%] %%Erh% gé{fﬁg&a&fﬂzﬁ%lgf%&@fg&‘%S{ﬁng a Mr, of
about s tRS0REHEY. Pheneliteantivaideptrhmsiaidessaliiarnaccongingtis thel prasbihatefey Example 1,

excephseGhuyLitiymvas uses,as Jhe,ini - et weight of Example 2 was.found to be 83.59
g (yield 71.4%). The yield is lower begaﬁnsg]e%%tcﬁ%%%v%é%rénr\%ﬁn@l \?té%g%nfcnsgﬁ%&p fﬁgoﬁ}BaPe%asﬁon of the

reactiohiT Praechibrechiee absight avid/pdiydisplersitd.6f ExzhpieaBovebevdeterfrined by GPC.
FigurgiR showsihe GREPVe, 08 -n, -W, -- -2, -z+1, polydispersity,
Mz/INA,, and Ivivd/M, of Exaﬁglégzégrggﬁlc%v%%&ﬁ) T’\{law)é}%ﬁgbﬁﬁv%@étr’éf Z%F%%E%%E%%ﬁétin Example
2 wad EXIEnglE e a SOMIPOTR B cbomsclbY tiahiitreraden nislec i isighhof Exaemplerd, it had a

highes/\gretplamanaiement 2nmhipnoe BB Ame MR RAINE 4 aRI%: 20k, 5th
edition, Chapter 2, pages 141-426 (2001), which is incorporated herein by reference.

[001%5] In further embodiments, the compositions disciosed herein optionally
comprise a colorant or pigment that can change the look of the polyfarmesene compositions
to human eyes.' Any colorant or pigment known to a person of ordinary skill in the art may
be added to the polyfarnesene compositions disclosed herein. Non-limiting examples of
suitable colorants or pigments include inorganic pigments such as metal oxides such as iron
oxide, zinc oxide, and titanium dioxide, mixed metal oxides, carbon black, organic pigments
such as anthraquinones, anthanthrones, azo and monoazo compounds, arylamides,
benzimidazolones, BONA lakes, diketopyrrolo-pyrroles, dioxazines, disazo compounds,
diarylide compounds, flavanthrones, indanthrones, isoindolinones, isoindolines, metal
complexes, monoazo salts, naphthols, b-naphthols, naphthol AS, naphthol lakes, perylenes,
perinones, phthalocyanines, pyranthrones, quinacridones, and quinophthalones, and
combinations thereof. Where used, the amount of the colorant or pigment in the
polyfarnesene composition can be from about greater than 0 to about 10 wt.%, from about
0.1 wt.% to about 5 wt.%, or from about 0.25 wt.% to about 2 wt.% of the total weight of the
polyfarnesene composition. Some colorants have been described in Zweifel Hans ef al.,

“Plastics Additives Handbook,” Hanser Gardner Publications, Cincinnati, Ohio, Sth edition
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Pro erties EXam ste 2 244,747 : mol IMMIlI= 457,340 1 mol 501,220mot 1?4, 768,187mol
WO 2010/027463 PCT/US2009/004958

Chapter 15, pages 813-882 (2001), which is incorporated herein by reference.

[00196] Optionally, thé compositions disclosed herein can comprise a filler which can
be used to adjust, infer alia, volume, weight, costs, and/or technical performance. Any filler
known 1o a person of ordinary skill in the art may be added to the polyfarnesene
compositions disclosed herein. Non-limiting examples of suitable fillers include taic,
caicium carbonate, chalk, calcium sulfate, clay, kaolin, silica, glass, fumed silica, mica,
wollastonite, feldspar, aluminum silicate, calcium silicate, alﬁmina, hvdrated alumina such as
alumina trihydrate, glass microsphere, ceramic microsphere, thermoplastic microsphere,
barite, wood flour, glass fibers, carbon fibers, marble dust, cement dust, magnesium oxide,
magnesium hydroxide, antimony oxide, zinc oxide, barium sulfate, titanium dioxide, titanates
and combinations thereof. In some embodiments, the filler is barium sulfate, talc, calcium
carbonate, silica, glass, glass fiber, alumina, titanium dioxide, or a mixture thereof, In other
embodiments, the filler is tale, calcium carbonate, barium sulfate, glass fiber or a mixture
thereof. Where used, the amount of the filler in the polyfarnesene composition can be from
about greater than 0 to about 80 wt.%, from about 0.1 wt.% to about 60 wt.%, from about 0.5
wt.% to about 40 wt.%, from about 1 wt.% to about 30 wt.%, or from about 1{ wt.% to about
40 wt.% of the total weight of the polyfarnesene composition. Some fillers have been
disclosed in U.S. Patent No. 6,103,803 and Zweifel Hans ef al., “Plastics Additives
Handbook,” Hanser Gardner Publications, Cincinnati, Ohio, 5th edition, Chapter 17, pages
901-948 (2001), both of which are incorporated herein by reference.

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

methacryloyloxypropyltrimethoxysilane). Where used, the amount of the cross-linking agent
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1 132 362mol Poi dis ersi 1868622 1%/111%/1" 1.679684 2.475971  [00238] The DSC curve of

Example ¥ shewneiastigure 10. The thermal characteristics of Example 2 ¢efesneaaiiag by DSC.
The Tg of Example 2 was found to be about -76 C. 1002391 The tensile test results of Example 2 are

showRRHzigHendd:- cm?p&@ﬁﬂﬁ 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
polymer composition. Some suitabie cross-linking agents have been disciosed in Zweifel
Hans ef al., “Plastics Additives Handbook,” Hanser Gardner Publications, Cincinnati, Ohio,
5th edition, Chapter 14, pages 725-812 (2001), both of which are incorporated herein by

reference.

[60198] In some embodiments, the farnesene interpolymers disclosed herein includes
farnesene-modified polymers prepared by copolymerizing one or more farnesene with one or
more vinyl monomers. In certain embodiments, the unmodified polymer derived from the
one or more vinyl monomers can be any known olefin homopolymer or interpolymer. In
further embodiments, none of the one or more other vinyl monomers has an unsaturated side
chain capable of reacting with a cross-linking agent. Because of the unsaturated side chains
derived from the farnesene, the farnesene-modified polymer disclosed herein can be cross-

linked by a cross-linking agent disclosed herein.

[00199] In certain embodiments, the amount of the farnesene in the farnesene-
modified polymer disclosed herein is from about 1 wt.% to about 20 wt.%, from about !
wt.% to about 10 wt.%, from about 1 wt.% to about 7.5 wt.%, from about 1 wt.% to about 5
wt.%, from about 1 wt.% to about 4 wt.%, from about 1 wt.% to about 3 wt.%, or from about
1 wt.% to about 2 wt.%, based on the total weight of the farnesene-modified polymer. In
other embodiments, the amount of the one or more other vinyl monomers in the farnesene-
modified polymer disclosed herein is from about 8¢ wt.% to about 99 wt.%, from about 50
wt.% to about 99 wt.%, from about 92.5 wt.% to about 99 wt.%, from about 95 wt.% to
about 99 wt.%, from about 96 wt.% to about 99 wt.%, from about 97 wt.% to about 99 wt.%,
or from about 98 wt.% to about 99 wt.%, based on the total weight of the farnesene-modified

polymer,

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

methods that can be used in embodiments of the invention.

{00201} Irradiation may be accomplished by the use of high energy, ionizing electrons,
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strength of Example 2 was measured by a tensile test. Example 2 was observed to be soft, tacky and
yielded quisidyzedsehawn in Figure 11, the peak elongation of Example 2 was{fa4nsh i pgabout 6%
with a maximum tensile strength of about 19 psi. The modulus of Example 2 was calculated to be

about ' o OIQHQHE ield. t %.elongation. mple 3 ; 3.4-polvfamesene
[002484}%536#6@ V\’/Egersgyyrglf esizeéljIr é?ﬁ%lglr% gg%%ofﬁ%%%d; E%:e%%%gggﬁrgﬁg?@g%t&giogmept that
n-butyi FisRARLY1 Stastios Aok seitiep in TRemesedsd ofdgen, NisNtradetamethylethyde bediamine

1.71 L | -Aldrich, St. i15,:MO). .The net weight of Example 3
s fen B B O A L D R B R e
3 wer& bt RaledbipCRap4bigurtstphingshh e GPE dossaeof Thavoiizss cihddwdips@ksdin Figure

12 indigatedthat twe,distingt weioht fract AT .T@@ MM 1.7+ 17
polyd?i%gé{rs%y%%%\%@a%%%&{gﬁ% g? S&%ﬁl ?é’rg%é%réggﬁ’own R fabie .m%%’%@h@ﬁrgf peak in
Figure L2 G&0acu 000, XB5og mghe Torl iviye o f e sedbenapeakain foigured b2 ngsdpoutr 46,582 g/mol.
The nmg@gggf%gmery its.] %ﬁ%@}%%tﬂﬁs calculated to b apoyt 0. Table 3 Properties
Exampia 3 14,3 45 518 ¥ nﬁ%sa!}??, A adi 1S ﬁL%alﬁ‘y Sarried oue 3 a%%sageabe?ween

about 3 megarads to about 35 megarads, preferably between about 8 to about 20 megarads.

Further, the irradiation can be carried out conveniently at room temperature, although higher

and lower temperatures, for example, 0° C to about 60° C, may aiso be employed. Preferably,

the irradiation is carried out after shaping or fabrication: of the article. Also, in a preferred

embodiment, the famnesene interpolymer which has been incorporated with a pro-rad additive

is irradiated with electron beam radiation at about 8 to about 20 megarads.

[006202] Crosslinking can be promoted with a crosslinking catalyst, and any catalyst
that will provide this function can be used. Suitable catalysts generally include organic bases;
carboxylic acids; organometallic compounds including organic titanates and complexes or
carboxylates of lead, cobalt, iron, nickel, zinc and tin; dibutyltindilaurate, dioctyltinmaleate,
dibutyltindiacetate, dibutyltindioctoate, stannous acetate, stannous octoate, lead naphthenate,
zinc caprylate, cobalt naphthenate; and the like. The catalyst (or mixture of catalysts) is

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

Blending of the Ingredients Of the Polvfamesene Compositions

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

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

[060204] In some embodiments, the ingredients of the compositions disclosed herein
are melt blended by a method as described by Guerin er al. in U.S. Patent No. 4,152,189.
First, all solvents, if there are any, are removed from the ingredients by heating to an
appropriate elevated temperature of about 100 °C to about 200 °C or about 150 °C to about
175 °C at a pressure of about 5 torr (667 Pa) to about 10 torr (1333 Pa). Next, the ingredients
are weighed into a vessel in the desired proportions and the foam is formed by heating the

contents of the vesse! to a molten state while stirring.
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Mr 49,134 Wmol Mr+ 1 50,527 g/mol Polydispersity 1.039844 Mr/M" 1.031269 M,..,l/iny, 1.060509
1002421 R 1EEH6Ivs the 13C NMR spectrum of Example 3. Peaks at #ZR28qpmiod/a82 ppm, and
76.77 ppm were peaks of deuterated chloroform used for collecting the I3C NMR spectrum. The

characterjgtiggBiak kietibiegbaaimilesl @k 13908 ARTLY AR WSG9 WSl dadicating a regular
microstructure ongxample 3. E}5002_43] Fégure 14 shows the LEINMR spectrum of Example 3. Peaks

at 485 pPRYSHREFS BY Ir R b P eMlLEn Bitthd Hrisr Exsrienty arsrdisetvsbin areib &S lymppm, 5.16
ppm, antéippiixene & iARMWE 6 BeaRASSQUAat Wi dnfhi ARthsvidRICIS It WgS. Based on the

areas under the peaks of Figure 14, about 10% of famesene units in Example 3 was found to have
1,4-mfEFORPSIORE SISERSAA SR DSC curve of Example 3 is shown in Figure 15, The thermal

characterijst] f Example 3 were measured by DSC. The Tg of Example 3 was found to be about -76
G No otn0aWimat BOLTGE T RARRE BeRiearal HHerel AR A does hal can provide dispersive

mixing, distributive mixing, or a combination of dispersive and distributive mixing can be
used in preparing homogenous blends. Both batch and continuous methods of physical
blending can be used. Non-limiting examples of batch methods include those methods using
BRABENDER® mixing equipments (e.g., BRABENDER PREP CENTER®, available from
C. W. Brabender Instruments, Inc., South Hackensack, N.J.} or BANBURY® internal mixing
and roll milling (available from Farrel Company, Ansonia, Conn.) equipment. Non-limiting
examples of continuous methods include single screw extruding, twin screw extruding, disk
extruding, reciprocating single screw extruding, and pin barrel single screw extruding. In
some embodiments, the additives can be added into an extruder through a feed hopper or feed
throat during the extrusion of the farnesene interpolymer, the optional second polymer or the
foam. The mixing or blending of polymers by extrusion has been described in C.
Rauwendaal, “Polymer Extrusion”, Hanser Publishers, New York, NY, pages 322-334

(1986), which is incorporated herein by reference.

[06207] When one or more additives are required in the compositions disclosed herein,
the desired amounts of the additives can be added in one charge or multiple charges to the
polyfarnesene, the second polymer or the composition. Furthermore, the addition can take
place in any order. In some embodiments, the additives are first added and mixed or blended
with the polyfarnesene and then the additive-containing polyfarnesene is blended with the
second polymer. In other embodiments, the additives are first added and mixed or blended
with the second polymer and then the additive-containing second polymer is blended with the
polyfarnesene. In further embodiments, the polyfarnesene is blended with the second

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

[06208] The ingredients of the composition disclosed herein can be mixed or blended
in any suitable mixing or blending devices known to skilled artisans. The ingredients in the
composition disclosed herein can then be mixed at a temperature below the decomposition
temperature of the ingredients to ensure that all ingredients are homogeneously mixed and

remain intact.
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[00245] The TGA curve of Example 1 measured in air is shown in Figure 16. The decomposition
temperatuveOofoExazngde 3 in air was determined by TGA. The 1% weight Ipss/ofExantalesl in air was
recorded at 191 C and the 5% weight loss of Example 1 in air was recorded at 265 C. [00246]Example

3 wasghraeshiobe,a DMB%@GKMSV@Q&ﬁﬁ'ﬁ?tﬂ'é“ﬁo!@?_a@%éﬁéé”ts of Example 3 are shown in
Figure 17. The adhesive capability of Example 3 was measured by the lap test. The adhesive energy
of Exam{j&0208ps faueghidyieabeut t3:000sHimes Witk 1aseaale sl sarpbaboet 43AdWmA Example 4 -
polystggﬁne-l.4-£)oll_yfamesene-polys rene [00247]To a first dried thr%e neck reactor under argon

atmoSBHENE S Pr IRt STIRON DR4 8% YEfarl S28RE FPAVED MR A RSS2 5 S B ond dried

three laok ¢eaetasipdessargenabtnaspbsiia: & AG:ekaueolution of 1@%ssiveNeil tytiplexane was
added, Afterwards, to the styrene s }légon, n-butyg lithium g§.8,8x104mql) was added into the reactor as
an initiSEAP P S RGBT GES RERBRICEY BB BT B HOTHS Lt &P as
consymess s wieniret dyoeh Cehibies, (k6218 priptiabRNEaaltiiandbiesl IR Bmwihiamesene) was
transferred to the reactor under argon atmosphere. The reaction was allowed to r%%ct ntil completion
for ab B H SR Ao A EE B e 2Pt e S8t SRIR ot S IR SRHE o B fit-

(3.44x1 @4imetep binindanieen) MeradhdiorisoRpinsidhl}anare ibahiadsiess intadbecreastarsieh that the
mole ra%iigx %géi to Cl of t(j% re%géion mixture was 1:2. The reaction mixture was allowed to react until
compﬁB oA MYEiéd %/aﬁ %‘?change from yellow to clear in the reactor. Example 4 was

precipita the reaction mixture with a 1% solution of.t-butyl.catachaol in ethanagl. After drying in a
Cacutu SO b G5 T RRTES holrs ESRHIE JE ket THRET DRty FoPRbBET L6 hours.
AfterwdhdsiviExaBiplk HotookdcidHaiabhpdsittld 978 havassiaradiinta sbinpgdratosie prevent any

cross{iélclii&}g befori characteriza}iog% _foLq0248 The GPC curve of %@X{ﬁpe i)sthtOW? l'mrFigure 18.

The progres%gé?aﬁoﬁ%l&ﬁ'é%%ﬂé%ﬁﬁr iS reg\(ﬁi%n agmont grséttlf%ﬁ eﬂl\'/voup?esaﬁs i Figure 18

indicdtedirgtdtiereingesé fiveal gigtthet syeightfracticang dispotublyrenestionmradtities, Kbr MM¥RNE,) 47.+1)
polydispersity, Mi/M, and M,,../My, of the palystytene are shown in.Table 4. The.M ofgﬁ first peak in
o T e B Bl P B R e B L e B g 40 found to
be abmii28i6d9g/mobdTabieidg W@ ROEDIGR 7363 BT USROIMGD4358 Pdopribed Rolystyrene M"
28’3%50W15Q?J‘Adhesion and Adhesives Technology,” Hanser Gardner Publications; 2nd edition,

Chapter 10, pp. 270-280 (2002), and M. J Satriana, “Hot melt adhesives: Manufacture and

applications,” Noyes Data Corp (1974), both of which are incorporated herein as reference.

[60211] In other embodiments, the compositions disclosed herein may be used as
PSAs. Such PSA adhesive compositions can be applied to sheeting products (e.g., decorative,
reflective, and graphical), labelstock, and tape backings. The substrate can be any suitable
type of material depending on the desired application. In certain embodiments, the substrate
comprises a nonwoven, paper, polymeric film (e.g., polypropylene {e.g., biaxially oriented
polypropylene (BOPP)), polyethylene, polyurea, or polyester (e.g., polyethylene
terephthalate (PET)), or release liner (e.g., siliconized liner). Some PSAs are described in A.
V. Pocius, “Adhesion and Adhesives Technology,” Hanser Gardner Publications; 2nd edition,
Chapter 9, pp. 238-259 (2002); and Istvan Benedek, “Techrnology of Pressure-Sensitive
Adhesives and Products,” CRC, (2008), both of which are incorporated herein as reference.

{06212] In still other embodiments, the compositions can be utilized to form tape. For
example, the PSA or hot melt adhesive composition is applied to at least one side of the
backing of the tape. The adhesive compeosition may then be crosslinked to further improve

its shear strength. Any suitable crosslinking method (e.g., exposure to radiation, such as
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29,174 Wmol 29,895 g/mol Mr+, 30,598 g/mol Polydispersity 1.027385 Mr/Mu, 1.024739 1.048810
[00249]Th& @aERist)reré formed then acted as an initiator to initiate the polpaetizatiomosits
13-farnesene to form a polystyrene-1,4-polyfamesene di-block copolymer. The GPC curve of the

di-blogkaoRABEEIR SRR g ui8skAnl & BreaTese. T,tﬁﬁeﬁbﬁ!@mmg@éﬁv&j%@reaction
|

was monitgred by GPC. The three peaks in Figure 19 indicated that there were three distinct weight
fractiBRLH R di-block copolymer reaction solution. The M, M" Mp, Mz,polydispersity, Mz/M," and
M,,,/M, o[‘ﬂtﬁe di- block cogolymer are shown in Table 5. The Mp of the first peak in Figure 19,

correspoltifigib pdivERTBRRYE AoRRpsiHESHIsSoTFddrarie, Mk e aralterde BsArsi%e, 775 g/mol.

Tge Mgn@ggﬂf@e&%{wefqa&ip Ei?ﬂﬁ@rﬂ&ﬁﬁ@f{ﬁﬁﬂ%ﬁlﬁ?%éﬁi&lﬂﬁl}blﬁskg(}%@lﬂib{(ﬂ%%sé?as found to be
about 63, mol. The molecular weight of 1,4-polyfamgsene in the di-block copolymer was
B e A R T e

polyséyiendim@asaupddnebir beripddi#88sd/Mle applied by a coating head or nozzle, with
associated equipment. The adhesive compositions can be applied as fine lines, dots or spray

coatings, in addition to other traditional forms as desired.

{00234] Insome embodiments, the adhesive compositions can be applied using melt
extrusion techniques. The adhesive composition can be applied by either continuous or baich
processes. An example of a batch process is the placement of a portion of the adhesive
composition between a substrate to which the adhesive composition is to be adhered and a
surface capable of releasing the adhesive to form a composite structure. An example of a
continuous forming method includes drawing the adhesive composition cut of a heated film
die and subsequently contacting the drawn composition to a moving plastic web or other

suitable substrate.

[06215}] In other embodiments, the adhesive compositions can be coated using a
solvent-based method. For example, the solvent-based adhesive composition can be coated
by such methods as knife coating, roll coating, gravure coating, rod coating, curtain coating,
and air knife coating. The coated solvent-based adhesive composition is then dried to
remove the solvent. Preferably, the applied solvent-based adhesive composition is subjected

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

[60216] - In certain embodiments, the compositions are used as hot-melt pressure-
sensitive adhesives. Some hot-melt pressure-sensitive adhesives are described in Istvan
Benedek, “Technology of Pressure-Sensitive Adhesives and Products,” CRC; Chapter 3,

(2008), which is incorporated herein as reference.

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

reference.
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Table 5 Properties Polystyrene-1,4-polyfarnesene Di-block Copolymer Mr, 29,434 g/mol 30,345 g/mol
29,799 Wil B1427224¢¥mol 81z+t 31,936 g/mol Polydispersity PCT/US2009/004958

[00218]  The following examples are presented to exemplify embodiments of the
invention but are not intended to limit the invention to the specific embodiments set forth.
Unless indicated to the contrary, all parts and percentages are by weight. All numerical
values are approximate. When numerical ranges are given, it should be understood that
embodiments outside the stated ranges may still fall within the scope of the invention.
Specific details described in each example should not be construed as necessary features of

the invention.

EXAMPILES

Purification of Starting Materials

[00219] B-farnesene having 97.6% purity by weight was obtained from Amyris
Biotechnologies Inc., Emeryville, CA. B-Farnesene included hydrocarbon-based impurities
such as zingiberene, bisabolene, farnesene epoxide, farnesol isomer, E,E-farnesol, squalene,
ergosterol, and some dimers of farnesene. B-farnesene was purified with a 3A molecular
sieve to remove the impurities and were 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

[66220] 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 siep change transition in the heat flow. The mid-point of the transition

was reported as the T, of the sample.

Gel Permeation Chromatography

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

of each peak, a peak molecular weight (M) was incorporated herein.
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1.030949 MIN/1", 1.027264 1.052449 [00250]The polystyrene-1,4-polyfarnesene di-block copolymer
was furthefveotilgerfesform Example 4. Figure 20 shows the GPC curve ofEraisyske4odbe molecular
weight and polydispersity of Example 4 were determined by GPC. The three peaks in Figure 20

indicated-ihal theramera taregydistinct weight fractions for the coupling product formed. The Mn, M,
Mz,polydispersity, Mz/M" and Mz+1/K., of the coupling product are shown in Table 6. The Mp of the

first peak{i0EXre Iheatsgespaondinenipdraamplersanpieionadt Weleerakedtth3th&@Za0/mol. Example 4
was obtained in about 10% of the coupling product. The number of famesene mongmer units in

E o R AU ESE U bl DR AU FAFBP I EbEHA R FHFIGETE SO iEn
correspandiedd paydtyneneflsdapelyfamenane di-blaskebpalymamawas taungdpibe/abmhc3,691
e e e 20, P e EhnIngL 5 BS99 o IPUAc 10 abour

29,36
loss of samples were reported respectively.

Ultraviolet-Visible Spectroscopy

[06223]  Ultraviolet-visible (UV-Vis) spectroscopy was utilized to monitor monomer
consumption during the reaction. The reaction was allowed to continue until all monomers
had been consurned. A Shimadzu UV-2450 UV-Vis spectrophotometer was utilized.
Background measurement was averaged from five measurements with an empty quartz
cuvette. Aliquots were periodically taken from the reaction vessel, which was then placed in
a square quartz cuvette with having 1 cm beam distance. The absorbance of the sampie is
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 -

farnesene at 230 num.

Tensile strength

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

used with a crosshead speed 25 mm/min.

Lap Test

100225] 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 em’” section of the substrate with a crosshead speed of 25
mm/min. Aluminum was used as the substrate. Aluminum was cleaned with acetone before

bonding.
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138,240 g/mol 142,147 g/mol Mr 146,636 Wmol 151,848 g/mol Polydispersity 1.028264 Mr/M,

1.031576 w.0682M@746{00251] Figure 21 shows the 13C NMR spectrum opExa/aRIR Aofegaks at 77.69
ppm and 76.80 ppm were peaks of associated with the deuterated chloroform used for collecting the

I3C NMRspecrum fthey 2 IR&igE.21 were peaks associated with 1,4- polyfarnesene and

polystmﬁ@ﬁé#g%@‘ﬁmwmg 1,4-polyfamesene at 139.25 ppm was present in

Figure 21{60dsting thenarégencR 1eh i A-paliaMess g was utilized to characterize chemical
microstructures of the samples. A Varian Mercury 300 MHz NMR was utilized for these
measurements. Deuterated chloroform was used as the solvent. Several measurements were

repeated for collecting spectra.

Example 1 - 1.4-polvfarnesene Having a M, of 105.060

[06227]  To a dried three-neck reactor under argon atmosphere, a pre-dried solution
comprising 92.29 g of B-farnesene in 13.7% in cyclohexane was added. n-Buty! lithium
(1.85x10" mol, obtained from Acros, Morris Plains, NJ) was added into the reactor as an
initiator, and the reactor was heated at about 50 °C for about 19 hours, until all p-farnesene
was consumed, monitored by UV-Vis spectroscopy. Example 1 was precipitated from the
reaction mixture with a 1% solution of ethanol and s-buty! catachol (obtained from Sigma-
Aldrich, St. Louis, MO). After drying in a vacuum oven at about 60 °C for about 2 hours,
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.

[06228]  The progress of synthesizing Example 1 was monitored by the disappearance
of B-farnesene, as measured by UV-Vis in the reaction mixture. Figure 1 shows the
Ultraviolet-Visible (UV-Vis) spectra of Example 1 and B-farnesene. The characteristic
absorption peak of B-farnesene at 230 nm is present in the UV-Vis spectrum for B-farnesene

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

[00229] The molecular weight and polydispersity of Example | were determined by
GPC. Figure 2 shows the GPC curve of Example 1. The number average molecular weight
(Mn), weight average molecuiar weight (M), peak molecular weight (M,), z average
molecular weight (M), z+/ average molecular weight (M), Muw/M, (i.e., polydispersity),
Mo/My, and M+1/M,, of Example 1 are shown in Table 1. The definitions of Mp, My, M;,
Mz+1, My, and polydispersity can be found in Technical Bulletin TB021, “Molecular Weight
Distribution and Definitions of MW Averages,” published by Polymer Laboratories, which is
incorporated herein by reference. Some methods of measuring the molecular weights of
polymers can be found in the book by Malcolm P. Stevens, “Polymer Chemistry: An

Introduction,” Oxford University Press, Chapter 2 (1999), pp. 35-58, which is incorporated
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Example 4. [00252] Figure 22 shows the 1H NMR spectrum of Example 4. Peaks at 4.85 ppm and
4.81 ppm Wérdtpeeka@ssociated with 3,4-microstructure. Peaks at 5.10 ppiy/bskgemaoand 5.14 ppm
were peaks associated with 1,4- and 3,4-microstructures. Based on the areas under the peaks of
Figure:@2irabpréfaiénot fampsenaseitt b amp et ASHMAR o haxe SriuMIGIostBiciiR, (002531
The D% curve of Example 4 is shown in Figure 23. The thermal characteristics of Example 4 were
meastirdd by DSC. The Tg of 1,4-polyfamesene in Example 4 was found to be about -76 C. The Tg of
polystyrene in Example 4 was found to be abqut 96 C. No other thermal event was detected between
-175Cand 75 C. [00254] The TGA curve of@é%le 4 measured in air is shown in Figure 24. The
decomposition temperature of EX“E‘EIC é in-at-was-getermined-by TGA. The 1% weight loss of

. . Froperiies | ., Exam hzi . .
Example 4 in air was recorded at 3¢7-Cand the5%; UYL IaSS f Example 4 in air was recorded at
333 C. [00255]The tensile test resiiis of EXamplé 4 @areg gimiFigure 25. The tensile strength of
Example 4 was measured by a tensile test. Example4d was/&fdf but yielded. As shown in Figure 25, the
elongation at break of Example 4|was found to be aliue42586!with a maximum tensile strength of
about 152 psi. The modulus of EX 2 4 W : pout 31.9 kpsi. Stress at 330%
elongation of Example 4 was ab -gdﬁpﬁféi?y I )ﬂ’)ﬁﬁﬂiﬁhpln was observed to be tacky. The lap
test results of Example 4, due to ¢ est ' : A Figure 26. The adhesive energy of
Example 4 was found to be about ess of about 134,000 Nim2. Example

5 - polystuEne 4 Peliamessie melVatians SPML}‘%gied[i.e%Q@%tnﬁﬁ% gg&ﬁor under

argon atmosphere, ag}re-dried 12% solution of p-farnesene in cyclohexane was added. To a second

dried TAre RRERKa¥L R (IRBEY BigeRetkicsspeirted with dhedetritisd ehlvoofosmresss ifocyclohexane
was aggieskindtevardsi Nkl shaefithe PR eRg sqliian @@aﬁ‘}d%%t&e% tyene)wasfansferred to a
dried reactor under argon atmosphere. A mixture of n-buty! lithium {5.84x104 'mol) and TMEDA
(5.02}%8%85%% added into the reactor as an initiator, and the reactor was heated at about 50 C for
about 16 hours, until all styrene was consumed, as monitored by GPC. Then, 143.07g of P-famesene
solution (062315.7 ARicuir8-4amheseniey WasiviRsiarced 0N E raagier Undenargon sipesphere. The
reactigg was allowed to react untildgomﬁglas?dy‘g.)n for about 16 hours, as_monitored bg GP

C.
DichlGiosTANG REiTR AR HNE TS THE P EctoFakstAt e é ARBF-atidGdBruththat the
mole patin afd 5 to3Gipnas/dr? pEhies reaotitnethixitire wasrallowes iteagiutitenmplatippagindicated by

a colgr change from yellow ta.clear in the reagtor..Example 5 was, precipit teéj from, the reaction
BBy e BB RAhy S CERIET Aatoe RO ST RS BT PTG R BB dbout 60 fo
aboubh2viadsmitrasnplet@ravas 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 crosslinlcing before

characteriion. RASECTOGGRESUNRL! PRNEMENG FiloMs! Mg af . The progress of

synthesizing polystyrene was monitored by GPC. The two peaks in Figure 27 ihdicated that there were

two dibBrRateTiSiarR flaktiemplst bolgryneasurEd SIS MM he-; of £ x quapyelib persifyy ik bnd Mz+1/M",
of nobeshyrens re shaRnAahie & EheMp Sl IratReal I Tl &7 yagfound to be about

65,570 g/mol. The Mp of the second peak in Figure 27 was found to be about 32,122 g/mol. Table 7

[00233] The TGA curve of Example 1 measured in air is shown in Figure 6. The
decompostition 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 | in air

was recorded at 307 °C,

[00234] The TGA curve of Example 1 measured under nitrogen atmosphere is shown
in Figure 7. The 1% weight loss of Example | under nitrogen atmosphere was recorded at

307 °C and the 3% weight loss of Example 1 under nitrogen atmosphere was recorded at 339
°C.
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Properties Polystyrene M" 27,915 Wmol 30,898 gjmol WO 2010/027463PCT/1JS2009/004958 Mz
32,608 g/ Mi24027383819 g/mol Polydispersity 1.106849 Mz/M" PCT/US2009/004958
[60235] Example 1 was observed io be tacky. The lap test results of Example 1 are
shown in Figure 8. The adhesive capability of Example 1 was measured by the lap test. The

adhesive energy of Example 1 was found to be about 11,400 J/m* with a peak stress of about
314 N/m?,

Exampile 2 - 1 .4-polyfamesene having a M, of 245,000

[00236] Example 2 is a 1 4-polyfarnesene having a M, of about 245,000 g/mol.
Example 2 was synthesized similarly according to the procedure for Example 1, except sec-
buty! lithium was used as the initiator. The net weight of Example 2 was found to be §3.5% g
{vield 71.4%). The vield is lower because aliquots were removed to monitor the progression

of the reaction.

{00237] The molecular weight and polydispersity of Example 2 were determined by
GPC. Figure 9 shows the GPC curve of Exampie 2. The My, Mu, My, Mz, Mg+,
polydispersity, M/M,, and M, /M, of Example 2 are shown in Table 2. The number of
farnesene units in Example 2 was calculated 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

[06238] The DSC curve of Example 2 is shown in Figure 10. The thermal
characteristics of Exampie 2 were measured by DSC. The T, of Example 2 was found to be
about -76 "C.

[60239] 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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1.055361 1.094557 1002591The polystyrene formed then acted as an initiator to initiate the
polymeriza3iénzWitiP4gmesene to form a polystyrene-3,4-polyfarnesene drdbiackcepslysger. The
GPC curve of the di-block copolymer is shown in Figure 28. The progress of the di-block copolymer
synthesigrwsie MoBitnmhyHEEGe The three peaks in Figure 28 indicated that there were three distinct
weight fractions in the di-block copolymer reaction solution. The Mn, Mw, Mz, Mz+i, polydispersity,
MIMw, adﬂwﬂ@llll\/lﬁg@ﬁib& di%@yﬁ@&@i%&ﬁﬁ&ﬁb%&&ﬁ@h@%ﬁ&%ﬁ%&fﬁé}@%&h@g@k in

Figure 28, corresponding to polystyrene-3,4-polyfamesene-polystyrene, was found to be about
174,0efl>f )éﬁ%lifgfﬁg%ﬁﬁygi}‘?ﬁé“gﬁbﬁ& )b]é)?krﬁi) igREadded SR S BRI RO TRE WiIOK copolymer, was

foundttorbmetheli:BA LRGeS (TTE e eular weighiof chipely Ramesaps indhg dibtack copolymer
about 54,000 g/mol. The Mp of the third peak in Figure 28, corresponding to

\;,)Vc?l)s/sct@!‘f%itr%lsg,tggg?f d'td B ot 5P IS TUBIE B Proferdied PARKS7ERL-3,4-polyfarnesene
Di-block W¥[ﬂerT§Z h%gﬂé%mrolwgilg’i%?a%g/&) §If£{|s’persity of Example 3 were determined by

GPC. Figure 12 shows the GPC curve of Exampie 3. The two peaks in F igure 12 indicated

that two distinet weight fractions formed in Example 3. The Mg, My, M,, Mt

polydispersity, M,/M,, and M,.;/M,, of Example 3 are shown in Table 3. The M, of the first
peak in Figure 12 was about 97,165 g/mol. The M, of the second peak in Figure 12 was

about 46,582 g/mol. The number of farnesene units in Example 3 was calculated to be about

240,
Table 3

Properties Example 3
M, 45,818 g/mol
M., 47,644 gimol
M, 49.134 g/mol
M, 50,527 g/mol
Polydispersity 1039844
M./M,, 1.031269
M., /M,, 1.060509

- [00242]  Figure 13 shows the °C NMR spectrum of Example 3. Peaks at 77.28 ppm,
77.0Z ppm, and 76.77 ppm were peaks of deuterated chioroform used for collecting the '>C
NMR spectrum. The characteristic peak identifying Example 1 at 139.05 ppm was absent in

Figure 13, indicating a regular microstructure of Example 3.

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

to have 1,4-microstructure.

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

about -76 °C. No other thermal event was detected between -175 °C and 75 °C.,
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33.539 g/mol Mzz 1 35,033 g/mol Polydispersity 1.128697 1.068833 1.116447 [00260] The

polystyrene:3,zpalyfamesene di-block copolymer was further coupled to fegmExamplgS<gFigure 29
shows the GPC curve of Example 5. The molecular weight and polydispersity of Example 5 were

determingau 3P Cribe dee RraeiR Flaiee 20udralcn Il Usie s s diig weioh

fractions for the coupling product formed. The Mn, Mw, M1, Mz-i, po ty, Mz/Mw, and Mi/Mw of
ExamPéBuessisvinmperatie of Framp o treiirsrasatsiamingdrby?0GdorrEbpditingighExample 5,

was fouackioshe AU 18,3 L IUBglEXaMPle & Was aliaed a %9k 10 FouRlpg product
The number of famesene monc?mer units in Example 5 was galcdkaﬁgﬁﬁgo%fe gg%%%gdmlaﬁlé peak
molecURrrasidAtR@S0ieeks in Example 5 was found to be about 32,000-108,000-32,000 g/mol. The
Mp of the second peak in Figure 29, corresponding to the polystyrene-3,4- polyfarnesene di-block

copolymdP4z4€liouRiampie apw @aseryadimby. eI taeitie tbarpBaidin Figuee 28t corresponding
to polysiyrens pyasmay @da}Q SRS 9/ TR0 PeRIORBINGS of Example 3 was

measured by the lap test. The adhesive energy of Example 3 was found to be about 12,900
J/m* with a peak stress of about 430 N/m?.

Example 4 - polystyrene-1.4-polvfarnesene-polvstyrene

[00247]  To a first dried three neck reactor under argon atmosphere, a pre-dried
solution of 12% B-farnesene in cyclohexane was added. To a second dried three neck reactor
under argon atmosphere, a 20.65 g solution of 10% styrene in cyclohexane was added.
Afterwards, to the styrene solution, n-butyl lithium (6.88x10’4 mol) was added into the
reactor as an initiator, and the reactor was heated at about 50 °C for about 16 hours, until all
styrene was consumed, as monitored by GPC. Then, 161.8 B-farnesene solution (i.e., 19.61 g
of B-farnesene) was transferred to the reactor under argon atmosphere. The reaction was
aliowed to react until completion for about 7 hours, monitored by GPC. Three equal aliquots
of dichlorosilane coupling agent (3.44x10™ mol, obtained from Acros, Morris Plains, NJ)
were then added into the reactor such that the mole ratio of Li to Cl of the reaction mixture
was 1:2. The reaction mixture was allowed to react until completion as indicated by a color
change from yellow to clear in the reactor. Example 4 was precipitated from the reaction
mixture with a 1% solution of r-butyl catachol in ethanol. After drying in a vacuum oven at
about 60 °C for about 2 hours, Example 4 was kept under vacuumn for about 16 hours.
Afterwards, Example 4, collected at 39.15 g (yield 97%), was stored in a refrigerator to

prevent any crosslinking before characterization.

[00248] The GPC curve of polystyrene is shown in Figure 18. The progress of
polystyrene synthesis reaction was monitored by GPC. The two peaks in Figure 18 indicated
that there were two distinct weight fractions of polystyrene formed. The My, My, M,, M4/,
polydispersity, My/My, and Mz+1/M of the polystyrene are shown in Table 4. The M, of the
first peak in Figure 18 was found to be about 59,596 g/mol. The M, of the second peak in
Figure 20 was found to be about 28,619 g/mol.

Table 4
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Example 4 28,179 Wmol 30,815 g/mol 32,590 g/mol Mr+, 33,905 Wmol Polydispersity 1.093554

IN.4z/Mw ¥ OBP80&KA6TN/1" 1.100250 PCT/US2009/004958
Properties Polystyrene
M, 28,396 g/mol
My 29,174 g/mol
M, 29,895 g/mol
[ 30,598 g/mol
Polydispersity 1.027385
M/ M., 1.024739
M1/M,, 1.048810

{60249] The polystyrene formed then acted as an initiator to initiate the
polymerization with B-farnesene to form a polystyrene-1,4-polyfarnesene di-block
copolymer. The GPC curve of the di-block copolymer is shown in Figure 19. The progress
of the di-block copolymer synthetic reaction was monitored by GPC. The three peaks in
Figure 19 indicated that there were three distinct weight fractions in the di-block copolymer
reaction solution. The My, M, My, Mz, M1y, polydispersity, Mx/My, and M, /M, of the di-
block copolymer are shown in Table 5. The M, of the first peak in Figure 19, corresponding
to polystyrene-1,4-polyfarnesene-polystyrene, was found to be about 141,775 g/mol. The M,
of the second peak in Figure 19, corresponding to the di-block copolymer, was found to be
about 63,023 g/mol. The molecular weight of 1,4-polyfarnesene in the di-block copolymer
was calculated to be about 35,000 g/mol. The M, of the third peak in Figure 19,
corresponding to polystyrene, was found to be about 29,799 g/mol.

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
Myt 31,936 g/mol
Polydispersity 1.030949

M/ My 1.027264

M., /My 1.652449

[00250] The polystyrene-1,4-polyfarnesene di-block copolymer was further coupled to
form Example 4. Figure 20 shows the GPC curve of Example 4. The molecular weight and
polydispersity of Example 4 were determined by GPC. The three peaks in Figure 20
indicated that there were three distinct weight fractions for the coupling product formed. The
Mg, My, Mg, M+, polydispersity, M,/My, and M,+1/My, of the coupling product are shown in
Table 6. The M, of the first peak in Figure 20, corresponding to Example 4, was found to be
about 138,802 g/mol. Example 4 was obtained in about 10% of the coupling product. The

number of farnesene monomer units in Example 4 was calcuiated to be about 300. The M;
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[00261] Figure 30 shows the 13C NMR spectrum of Example 5. Peaks at 77.72 ppm, 77.29 ppm, and
76.87 ppnmiwieetpsaksdf associated with the deuterated chloroform used f@erigplesiing i 13C NMR
spectrum. Other peaks in Figure 30 were peaks associated with 3,4- polyfamesene and polystyrene.

e chas et peak HoThNS] AAARESRNn SR A S SRR 50 o

indicating a regular microstrdcture of Example 5. [002

Examplech. eswakyngra. sspinnhie heabppht e géurs aBbodvhted tvitthsd padrdstigiure. Peaks at
5.15 pamea | [ - -micrgstructures. Based on the areas
under the pg%%%%dg%gi\%@ %ﬁ%?&%ﬁ?ﬁﬁ%ﬁ%%&@ ?ng é)%r%}p%() was found to have 1,4-
microstructure.  [00263] The DSC curve of Exgmple 5 is shown in Figure 32. The thermal
characteristics of Example 5 were measured by DSC. The Tg of 3,4-polyfamesene in Example 5 was
found to be about -72 C. The Tg ofpep¢siytene i Exaniie > was| found to be about 94 C. No other
thermal event was detected betwedfi -175 C and|7B8240 gf8P64] The TGA curve of Example 5
measured in air is shown in Figure!d8_The decomp®kitids/terhpesature of Example Sin air was

determined by TGA. The 1% weig .ﬁ!ess of Examplétdih #irlas Fecorded at 240 C and the 5% weight

loss of Example Sin air was recor chylﬁ sge%; C¢ l‘%%iglﬂgl—%ﬂsi-e test results of Example 5 are
shown in Figure 34. The tensile S{rEfIgin Xanpig, P yyas meastred by a tensile test. Example 5 was

stiff but yielded. As shown in Figqrm‘;%,éx ne elongatiodgapbreak 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 [#95kpsi. Fig{B0266hEwarthplE' S WasH et pur it bymsipent@e &xractingayignsolvent

hexa ' e curve of th rified. mple 5 is shown in.Figure The extraction of
Exam%g}gt é@r@i’? ﬁ% ‘é(gﬂ%ﬁ ﬁLégicBr%?da l%étg\c/\%{se de\\fgfgﬁ e%%%f 5‘8&&%@?&%@&%&3&% I5HIE 5, shown
as thahfir G SEKR spierirands Oklzes imeicvisell tneibLInGY pedithessutiactddypiodyust. The

polys -3.4-pol -bl copolymer, show, the secon ak in Figure 35, was
reduc%; toa %S?‘%gé?g 'tﬁr%!%%r%cte p?r%:l)g chﬁ%f)?sgfl?gﬁ%?gﬁ%%g{ﬂfgﬁﬂhad-rﬁégﬁalﬁtﬁgure 35, was
reducktPté appuit waopIshene iexiigete @ hrodlictting0b2673sEnec@P T £unis bt tescaxtiaction solvent
hexang, gwn in Figure 36. After the extraction, Example 5 existed in very low amount in the
extraction Solvent, shown as the first peak in Figure 36. A significant amount of the
polystyrefigrBs4polyiamesena.diklack coralngsvas e drastar 19.the gxtiaction solvent, shown as
the second peak in Figure 36. A majority of polystyrene was extracted to the extraction soélt\}ent, shown
as thé- BB aKers Prgkresecialob et FHanisrene tesirresbiekstand Burified ExaAmpie, Brare shown in

Figurs, 31 pblie dnejRalianadioln oy eI IRG S NAR RS BELBY G IRISIR RSl APl S

was soft and readily yielded. As shown in Figure 37, the elongation at break of the purifie e'léxample 5
was fBREt belEBHSED PR SRR IRRRERTIE YIS S Egme dovas Samgdb imesMddulus of the
purifigg Examples e was calculated to be about 65.9 kpsi. Stress at 300% elongation of the purified
Example 5 was found to be about 57.1 psi. [00269]The purified Example 5 was observed to be highly

tacky. THedap3pst Esulbsof shpusindmyrmple Shodueitoramadhesive fallurs, Are shown in Figure
38. Tglf;l; adhesive capability of the purified Example 5 was measured by a lap test. The adhesive

enerd SPHEBHARE fe SRS RSART EG BE D%ut 1heY090 Snpolviamasgeakistress of about
120,@0éaipTR4 Bxarplado 1008401 Ewuplmw?%fqmeﬂmw&%mﬁﬂ%gf@ﬁme'e 1.To
e

formylate the reagction mixture, 62.7 g of Example 1 was mixed with 3.20 g zinc oxide, 1.25 g stearic
acid,'ftf‘.é‘ %Ph% b rrﬁﬁé&yﬁffféﬁ}ﬁﬁﬁhé‘f%‘, VEAGIRLEABFLSRMTD (fet@inbthithiuram disulfide),
and 0.63 lerator S (N-oxydiethylene-2-benzothiazole sulfenamide). Zinc oxide, stearic acid,
Rubberrr@@% ?Su I%H? -585,‘%%%8 Iég?ﬁ%rfyﬁ’ %I?ﬁ?%ﬁ&%%é’él%’?dﬁﬁ%ﬁ?@ﬁé@@r&%i n&Befrom
AkrodkeonGosparatienpsiators GHEXEhpIktuwreinvaadiierplaaed by agulcanizationmalg:and

dega%ssgdoghgl(g%%é ﬂ(gnca{P \ra%? %Jé&&g\g%&%.oéﬁa%rd the 5% weight loss of Example 4 in air

was recorded at 333 °C.

[00255]  The tensile test results of Example 4 are shown in Figure 25. The tensile
strength of Example 4 was measured by a tensile test. Example 4 was stiff but yielded. As

shown in Figure 25, the elongation at break of Example 4 was found to be about 425% with a
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degassing, the mixture was cured at about 170 C for about 15 minutes. After de-molding, Example 6,
an elastic Bakdpwasiacliected at 70.4 g (yield 81%). [00271]The tensile testgresuismidoxsunple 6 are
shown in Figure 39. The tensile strength of Example 6 was measured by a tensile test. As shown in

Figur fhe anea k as al o t 38 Wlth maX|mu t ength of
about??L:iGgim Tehle moﬁggéﬁégamﬁﬁ )@ %]/gs calc %?Q pSI %Eé%b?ret?‘}%eto[%ﬂﬂ
Examigieut Va8 kpaneBiispsiae 3A16anizageticof ﬁ)ﬁmphelz Ewasrqjjeﬂ $as syinthesized similarly

according to the procedure for Example 6 except that Example | was replaced by 60.3 g Example 2.
The net \%@@éﬁﬁbf ERanspide7hveas feleasaves e B8taclyiBi 7@9@51{@@@17@]6%:{3::@@ 4esmaetw|ts of

Examﬂe&ghgg?vél’fgWénaE 8“4(9111 %ﬁ%reak Q?xgxamp ‘J%)%%@ ?OUH R g[Jgfg ?nsne rest

As shown in Figure 40, the elongation 0 WI
max.rh&ﬁbtéﬁéﬁ;%r@{giﬁm wibut NGk sir T e Mddulus3dt Ebpé. 7 was calculated to be about 66
psi. [00274]Wh|Ie the mventlon has been described with respect to a limited number of embodiments,

= . iy sHgdNaEBEsgributed to other embodiments of the
invention, No smgle embodlment IS representatlve of aII aspects of the invention. In some

embodim@iS the ctoBEHi GRS HH RS RGES FFRER SRR ATEAB BTOERo drRTS-8rskpa %ot
mentiggieddiesep-rifnetiaae embRIINSnise NEGRRRDSTIONSLEME s drpokincludser are

substanélgeé_free of, any compounds or steps not enumerated herein. Variations and modifications

from GBSO ErRE kel Euiign sy Runserariicasdoherant srmaddsd construed to

meansapproadmate regasdiasssefrahetaardbe werdrabou coLrapRE9XImataly:risiged inggecribing the
number. The appended claims intend to cover aII those modifications and, variations as falling within

the scEPEBMR cfrﬂf&ﬂﬁcﬂ@%ﬁ'&‘fr% ofaiatre of n-uikl dihises ot edhpmsiigadoblERAsene and
a tacl(ifiezwﬂ‘é&ﬁtﬁl)l%@@w%ﬂﬁwﬂ% hasciormim (X1 aWh eARI Rel $caB R RIS hEAR LIQLkRP,000; m is

an integer. from 0 to 100,000; Xis derived from a farnesene; and Y s derived from a vinyl monomer,
with é‘rér LTS ) eﬁrféafs?etwa%ﬁa@ba%rﬂsrmaw%w@ﬁ!or{mﬂa t0 100:1 and
when1aBis T 168 fahitamesanetisrrneSeneONRRAYEBSTe) was transferred to the reactor

under argon atmosphere. The reaction was allowed to react until completion for about 16

hours, as monitored by GPC. Dichlorosilane coﬁpling agent was then added into the reactor
in three equal aliquots, such that the mole ratic of Li to Cl was 1:2. The reaction mixture was
allowed react until completion as indicated by a color change from yellow to clear in the
reactor. Example 5 was precipitated from the reaction mixture by a 1% solution of ¢-butyl
catachol in ethanol. After drying in a vacuum oven at about 60 °C for about 2 hours,
Example 5 was kept under vacuum for about 16 hours. Afterwards, Example 5, collected at
28.75 g (yield 96%), was stored in a refrigerator to prevent any crosslinking before

characterization.

{00258}  The GPC curve of polystyrene is shown in Figure 27. The progress of
synthesizing polystyrene was monitored by GPC. The two peaks in Figure 27 indicated that
there were two distinct weight fractions of polystyrene. The M,,, My, M;, Mz,
polydispersity, Mz/My, and Mz.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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2. The composition of claim 1, wherein X has one or more of formulae (I')-(VIII') and sterecisomers
thereof: WG HBACHBF1 Hsc(r).R3(VII),17. wherein R has formula (XI): #3Cu{20)o/84okas formula
(XIn:

M, 32,608 g/mol
My 33,819 g/mol
Polydispersity 1,106849
M,/M,, 1.055361
Mz+!/Mw 1094557

[60259] The polystyrene formed then acted as an initiator to initiate the
polymerization with B-farnesene to form a polystyrene-3,4-polyfarnesene di-block
copolymer. The GPC curve of the di-block copolymer is shown in Figure 28. The progress
of the di~5§00k copolymer synthesis was monitored by GPC. The three peaks in Figure 28
indicated that there were three distinct weight fractions in the di-block copolymer reaction
solution. The M,, My,, M;, M.+, polydispersity, M,/M,,, and M,+1/M,, of the di-block
copolymer are shown in Table 8. The M, of the first peak in Figure 28, corresponding to
polystyrene-3,4-polyfarnesene-polystyrene, was found to be about 174,052 g/mol. The M,
of the second peak in Figure 28, corresponding to the di-block copolymer, was found to be
about 86,636 g/mol. The molecular weight of 3,4-polyfarnesene in the di-block copolymer
was calculated to be about 54,000 g/mol. The M, of the third peak in Figure 28,
corresponding to polystyrene, was found to be about 33,955 g/mol.

Table 8
Properties Polystyrene-3,4-poiyfarnesene
Bi-block Copolymer

M, 27,801 g/mol

My 31,379 g/mal

M, 33,539 g/mol

M.y 35,033 g/mol
Polvdispersity 1.128697

M,//M,, 1.068833

Myi/My 1.116447

[06260] 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, Muw, M, Mg+, polydispersity, Mz/Mw, and Mz+1/M,, of Exampie 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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R3 has formula (XIlI1). fe has formula (XIV): CH3CH3 CH2 H3C H3C (XII), (X I11); and C F13CH3C
H3 H 30tsgxdAe1e/627363The composition of claim 2, wherein the amount ofgdfofingtaddad)dssat most 80
wt.%, based on the total weight of the polyfarnesene.

polyfamnesene di-block copolymer, was found to be about 81,424 g/mol. The M, of the third
peak in Figure 29, corresponding to polystyrene, was found to be about 32,819 g/mol.

Table 9

Properties Example 4
My 28,179 g/mol
M,, 30,815 g/mol
M, 32,590 g/mol
M 33,905 g/mol
Polydispersity 1.093554
M,/ M. 1.057606
M/ My 1.160250

00261}
77.29 ppm, and 76.87 ppm were peaks of associated with the deuterated chloroform used for

Figure 30 shows the *C NMR spectrum of Example 5. Peaks at 77.72 ppm,

collecting the BCNMR spectrum. Other peaks in Figure 30 were peaks associated with 3,4-
polyfarnesene and polystyrene. The characteristic peak identifying 1,4-polyfarnesene at

139.05 ppm was absent in Figure 30, indicating a regular microstructure of Example 5.

[00262]
4.81 ppm were peaks associated with 3,4-microstructure. Peaks at 5.15 ppm and 5.13 ppm

Figure 31 shows the 'H NMR spectrum of Example 5. Peaks at 4.85 ppm and

were peaks associated with 1,4- and 3 4-microstructures. Based on the areas under the peaks
of Figure 31, about 5% of farnesene units in Example 5 was found to have 1,4-

microstruciure.

[00263]

characteristics of Example 5 were measured by DSC. The T, of 3,4-polyfamesene in

The DSC curve of Example 5 is shown in Figure 32. The thermal

Example 5 was found to be about -72 *C. The T, of polystyrene in Example 5 was found to
be about 94 °C. No other thermal event was detected between -175 °C and 75 °C.

[00264]

decomposition temperature of Example 5 in air was determined by TGA. The 1% weight

The TGA curve of Example 5 measured in air is shown in Figure 33. The

loss of Example 3 in air was recorded at 240 °C and the 5% weight loss of Example 3 in air

was recorded at 327 °C.

[00265]

strength of Example 5 was measured by a tensile test. Example 5 was stiff but vielded. As

The tensile test results of Example 5 are shown in Figure 34. The tensile
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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4. The composition of any of claims 2-3, wherein the amount of formula (II') is from 5 wt.% to 99 wt.%,

based on e mmlveight of the polyfarnesene. 5. The composition of @iy Glama gy, wherein
the amount of formula (11I') is at least 70 wt.%, based on the total weight of the polyfarnesene. 6.

Th of@,;%% |laipRs; ZrRe, ' lsaé&:@ i g [ ' or more of
forrenﬁfarg%%})g%ﬁﬂﬁ \V')- lfgl')g,ug% (X1 -()p(?\?)ﬂ?r% S ereoisé?)%g}grt%%r%%% é%%%%%%%t%ﬁ?gﬁ 7. The
compb&iEdn f‘aﬁ%’éf%lﬁfﬁrﬁfihﬁ, Biednbxamarlgotrisuthapd)inFigsrerdbisbheertiaction o8 (IX),
heres ﬁﬁ\lgjg f IS,| I yal |, cvcloalkenyl, alkynyl,
\rllvetz';?gclyl, all?of%?%%%)%?@ar g%,%ﬁ&f%%%@%ﬂﬁrﬁgbgﬁﬁ %E%ﬁﬁg%%r ()){ny ; fe
dialkyla AP BIsyiiractekyiniieiers s harsasTinereasad sidorio bolkinf Thhextirc RS isatyitand each
of R6- ositi im.8, i j iou0- The
P oo S Fg oerei e cciRy ety QUL BE SO BOaRth Fieyt
composittes ssdipdicriinm 10%0 ofyisreniraciso pisdunt Fstifstrienershiva far thosdne peatopolymer.

in Figure 35, was reduced to about 10% of the extracted product.

[60267] The GPC curve of the extraction solvent hexane is shown in Figure 36. After
the extraction, Example 5 existed in very low amount in the extraction solvent, shown as the
first peak in Figure 36. A significant amount of the polystyrene-3,4-polyfarnesene di-block
copolymer was extracted to the extraction solvent, shown as the second peak in Figure 36. A
majority of polystyrene was extracted to the extraction solvent, shown as the third peak in

Figure 36.

[00268] The tensile test results of the purified Example 5 are shown in Figu;e 37. The
tensile strength of the purified Example 5 was measured by a tensile test. Example 5 was
soft and 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.

[08626%9] 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

[60270] Example ¢ 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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12. The composition of any of claims 1-10, wherein m is from 1 to 100,000 and the polyfarnesene is a
random faw@seéneutiteipolymer: 13. The composition of any of claim®¢110swheseinm is from Ito
100.000 and the polylarnesene is a block farnesene interpolymer. 14The composition of claim 13,

whereiégﬁggiﬁgqqkefaﬁmﬁﬁe@@ﬁgt@ﬁp@ﬁp%cﬁam%isesf%so@lac@%ma@ngﬁ‘t&r&wﬁeiemgks
comprising Y and wherein the block comprising X is between the two blocks comprising Y.

The CBRITUETON BF elastisralifnwas salleptedan/idé m(yisktidd Botyfarnesene is greater than 60,000
daltons. 16. The compagsition of any of claims 1-14, wherein the To of the polyfarnesene is less

than -60 802711 17 Thadeasisdasinariis S Fsrmiaimg are otk geaddkifidiadesmiéent in the
rangesfremath Wi Bxien R Wivas hrsea-om the iQlalweaight afthe,caMmRasitian. 39, thd 8ioHaik@mposition

of any of claims 1-17 further comprising an additive selected from the gro{;ﬁp consisting of plasticizers,

oils, WAREHIGATIEXRERALE ANRS BISHE RS - CHib aiTaasptEMmiERRilerTigra cHo / AlRvicHuBRh g Bents,

erossiydomaeeMeastagtanis Aolvarts and aemiinatins thereof 19. The composition of any of
claims 1-18 further comprising a second polymer. 0. The composition of claim 19, wherein the

secorgkpelyimer is a natural rubber, synthetic rubber, polyacrylate, polymethacrylate, poly-alpha-olefin,
ethylene homopolymer, ethylene copolymer, styrene block copolymer or a combination thereof.

A compoHHidiiompnsimpla polyiafoesed &atid & thekifierti whef @ratihe ipdly fEresgirelisvasepared by
polymerizing a farnesene and an optiqpal vinyl monomer in the presence, of a catalyst, with the proviso
that v%gﬁj?é%g‘ ‘\e/lnsf n?gzﬁ Mer 15 bn %%%% t 15)(%1&8 er%g??egn rabd ofthe” ;%r%heaéeﬁgrtnop et} v“lhfr?“fil monomer
is fromerdiaked 2OGIA.3 g ExarTile ZoMpositioncogictaifE2impheleiatfodariesknéds] an(aitddnesene,
pfarn%%g or a combination thereof

[60273] 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.

[00274] While the invention has been described with respect to a limited number of
embodiments, the specific features of one embodiment should not be attributed to other
embodiments of the invention. No single embodiment is representative of all aspects of the
invention. In some embodiments, the compositions or methods may include numerous
compounds or steps not mentioned herein. In other embodiments, the compositions or
methods do not include, or are substantially free of, any compounds or steps not enumerated
herein. Variations and modifications from the described embodiments exist. Finally, any
number disclosed herein should be construed to mean approximate, regardless of whether the
word “about” or “approximately” is used in describing the number. The appended claims
intend to cover all those modifications and variations as falling within the scope of the

invention.
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23. The composition of claim 21, wherein the amount of cis-1.4-microstructure in the polyfamesene is
at most 80 wt.%, based on the total weight of the polyfamesene. 24. The composition of claim 21,
wherein the vinyl monomer is present and the polyfamesene is a famesene interpolymer. 25. The
composition of any of claims 21-24, wherein the vinyl monomer is styrene. 26. The composition of
any of claims 21-25, wherein the famesene interpolymer is a block interpolymer. 27. The
composition of any of claims 21-26, wherein the farnesene is prepared by a microorganism. 28.
The complesitionleimey f claims 21-27, wherein the farnesene is derived from a simple sugar. 29.
The composition of any of claims 21-28, wherein the catalyst comprises an organolithium reagent.

30. The compadsition &f SPAFPSY O KERENtHE GatalyStatpes sohipaskiisrpwherein the
bis(dimefhylaming)ethang muia3k- Fhe composition of any of claims 1-30, wherein the composition is
a hot melt adhesive composition or a pressure sensitive adhesive composition. 32. An article
comprising a substrate partially or fully coated. with the composition of any of claims 1-31 33. The
article of claim 32, wherein the article i é&)ﬁ[p’p]f duct, packaging material, laminated wood panel,
kitchen countertop, vehicle, label, disposable diaper, hospﬁ%l )pad, feminine sanitary napkin, surgical
drape, tape, case, carton, tray, medical %evi e or.bandage 34. The article of claim 33, wherein the
article IS RGP0 A48 AEEn Ry MadlUAl Hedich BF BAPeRigeodb A rAhaH bf adnering a frs
adherenidtoal Seeandradbarendby Vsing:ancadhesiyeiaomprising:theigompesiiogahany of claims
1-31. when m ts 1 or greater. the mole percent ratio of X to Y is from 1:4 to 100:1 and when

m is (), the polyfarnesene is a farnesene homopoiymer.

2. The composition of claim 1, wherein X has one or more of formulae (1")-

(VII1") and stereoisomers thereof:

_§ gm R! . %" ;ﬁsRT ;‘;\ .
= g)_[ t e
("), (). R (IV7),
Ry

a Iy

R CHs CHy
- — ! ¢ P
§J>:/§ RS e AR
Vs): RS

HsC ( (VD). ,) (VIP)and R  (VIID),

wherein R’ has formula (XI):

CHs CH,
M/\/ 4
HaC & (X1);
R? has formula (XII);
CHs CH, CH,
HsC (XID),

R? has formula (XIII):

CH, CH4
N\/L\\/\
HaC S

(XIH); and

R’ has formula (XIV):
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36. The method of claim 35, wherein the first adherend and the second adherend are tile same.

37. The method of claim 35, wherein the first adherend and the second adherend are different. 38.
The method of any of claims 35-37, wherein each of the first adherend and the second adherend
independently comprises metal, wood, paper, plastic, rubber, glass, stone, granite, marble, masonry,
porcelain, ceramic, tile, china, conctete, clay, sand, chalkctextile, cloth, non-woven fabric, leather or a
combination thereof 39. The meathod.of any.of claims.35-38, wherein each of the first adherend
and the second adherend is ind&pendéntly ih the form of sheet, sKi;tape, label, tag web. disk, plate,
film or any molded shape. 40. An adhesive composition comprising a rubber and a tackifier,
wherein the tackifier rises a.polyfamesene having formula (X): 1x1"m(X), wherein n is an integer
from 1 to 100,000; mﬁ%ﬁ?ﬁ%@%fﬁgﬁo%ﬁ%}%&l OW% Clglts dérive tf?ggr%) a alr%@s)elr?e‘ri;?and Y is derived
from a vimydt lomaie hasithahéhprovisovthgtiwhére indly timegreater, the mole percent ratio of X and Y is
from 1;4 to 100:1 and when m is O, the polyfamesene i a famesene homopolymer. 41. The

adhesive compositionygf daimidinsrein 1o pelitamesane s Rigse R ertaRgs,from 5 wt% to 70
el

wt.%, based on the total weight of the adhesive composition. 42. The adhesive composition of any
of claim&biairownargir ke PoWtarmbakde R Ha BV esie Alrigonhtieiessts or greater than 80C, as
measured in accordance with ASTM 28-67. 43. The adhesive composition of any of claims 40-42,

wherein the rubber hasha donlgssithano2@:s .o Adidihe adhegive-sompasition of afanpfrclaims 40-43.

wherein X has one or more of formulae (I)-(VIIl") and stereoisomers thereof: Ri
at least 70 wt.%, based on the fotal weight of the polyfarnesene.

6. The composition of any of claims 2-5, wherein at least a portion of the double
bonds 1 one or more of formulae (I"3-(HI"), (V*)-(VI"), and (XD)-(XTV) and sterecisomers
thereof is hydrogenated.

7. The composition of any of claims 1-6, wherein Y has formula (IX) or a

R 5
R 8
)HN/%’
R 7
R 8

wherein each of R*, R%, R” and R% is independently H. alkyl, cycloalkyl, aryl, cycloalkenyl,

stereoisomer thereof

.

alkynyl, hetercyclyl, alkoxy, aryloxy, carboxy, altkoxycarbonyl, aminocarbonyl,

alkylaminocarbonyl, dialkylaminocarbonyl, acyioxy, nitrile or halo.

8. The composition of ¢claim 7, wherein R® is aryl; and each of Rﬁ, R and R¥is H.

5. The composition of claim 8, wheren the aryl is phenyl.

10, The composition of any of claims 1-9, wherein the sum of m and n is greater
than 300.

11, The composition of any of claims 1-10, wherein m is 0 and the polyfarnesene

1s a farnesene homopolymer.
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(1)1, R2(1VY,

and

12. The composition of any of claims 1-10, wherein m is from 1 to 100,000 and

the polyfarnesene is a random farnesene interpolymer.

13. The composition of any of claims 1-10, wherein m 1s from 1 to 100.000 and

the polyfarnesene is a block farnesene interpolvmer.

14, The composition of claim 13, wherein the block farnesene interpolymer
comprises one block comprising X and two blocks comprising Y and wherein the block

comprising X 18 between the two blocks comprising Y.

15, The composition of any of claims 1-14, wherein the My, of the polyfarnesene

is greater than 60,000 daltons.

16.  The composition of any of ciaims 1-14, wherein the T, of the polyfarnesene is

less than 60 °C.

17.  The composition of any of claims 1-16, wherein the tackifier is present

in the range from 5 wt.% to 70 wt.%, based on the total weight of the composition.

18.  The composition of any of claims 1-17 further comprising an additive
selected from the group consisting of plasticizers, oils, waxes, antioxidants, UV
stabilizers, colorants or pigments, fillers. flow aids, coupling agents, crossiinking agents,

surfactants, selvents and combinations thereof.
19, The composition of any of claims 1-18 further comprising a second polymer.

20.  The composition of claim 19, wherein the second polymer is a natural rubber,
synthetic rubber, polvacrylate, polymethacrylate, poly-alpha-olefin, ethylene homopolymer,

cthylene copolymer, styrene block copolymer or a combination thereof.

21, A composition comprising a polyfarnesene and a tackifier, wherein the
polyfarnesene is prepared by polymerizing a farnesene and an optional vinyl monomer in the
presence of a catalyst, with the proviso that when the vinyl monomer is present, the mole

percent ratio of the farnesene to the vinyl monomer 1s from 1:4 to 100:1

22 The composition of claim 21, wherein the farnesene is an a-farnesene, -

farnesene or a combination thereof.
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R2 has formula (XII): R3 has formula (XIII): R4 has foilula (XIV): H3C CH3CHS3 (XII), H3C (XIlI); and
CH3CH3chis H3C(XIV). 45. The adhesive composition of any of claims 40-44, wherein Y has
formula (IX') or a sterecisomer thereof:

23. The composition of claim 21, wherein the amount of ¢is-1,4-microstructure in

the polyfamesene is at most 80 wt.%, based on the fotal weight of the poiyfamesene.

24, The composition of claim 21, wherein the vinyl monomer is present and the

polyfarnesene is a farnesene interpolymer.

25, The composition of any of claims 21-24, wherein the vinyl monomer is

styrene.

26.  The composition of any of claims 21-25, wherein the farnesene interpolymer

is a block interpolymer,

27.  The composition of any of claims 21-26, wherein the farnesene is prepared by

a microorganism.

28, The composition of any of claims 21-27, wherein the farnesene is derived

from a simple sugar.

29, The composition of any of claims 21-28. wherein the catalyst comprises an

organolithium reagent.

30.  The composition of claim 29, wherein the catalyst further comprises 1,2-

bis(dimethylamino)ethane.

31, The composition of any of claims 1-30, wherein the composition is a hot

melt adhesive composition or a pressure sensitive adhesive composition.

32, An article comprising a substrate partially or fully coated with the

composition of any of clamms 1-31.

33, The article of claim 32, wherein the article is a paper product, packaging
material, laminated wood panel, kitchen countertop, vehicle, label, disposable diaper,
hospital pad, feminine sanitary napkin, surgical drape, tape, case. carton, tray, medical device

or bandage.

34, The article of claim 33, wherein the article is a tape, case, carton, tray,

medical device or bandage.

35, A method of adhening a first adherend to a second adherend by using an
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R8(1X), alkylaminocarbonyl. dialkylaminocarbonyl, acyloxy. nitrile or halo.

adhesive comprising the composition of any of claims 1-31.

36, The method of claim 35, wherein the first adherend and the second adherend

are the same.

37. The method of ciaim 35, wherein the first adherend and the second adherend

are different.

38. The method of any of claims 35-37, wherein each of the first adherend and the
second adherend independently comprises metal, wood, paper, plastic, rubber, glass, stone,
granite, marble, masonry, porcelain, ceramic, tile, china, concrete, clay, sand, chalk, textile,

cloth, non-woven fabric, leather or a combination thereof,

39, The method of any of clatms 35-38, wherein each of the first adherend and the
second adherend 15 independently in the form of sheet, strip, tape, label, tag, web, disk, plate.

film or any molded shape.

40.  An adhesive composition comprising a rubber and a tackifier, wherein

the tackifier comprises a polyfarnesene having formula (3°):

XY TR

wherein n is an integer from ! to 100.000; m is an integer from 0 to 100,000; X is

(X),

derived from a farnesene; and Y is derived from a vinyl monomer, with the proviso that
when m is 1 or greater, the mole percent ratio of X and Y is from 1:4 t¢ 100:1 and when

m is 0, the polyfarnesene is a farnesene homopolymer.

41. The adhesive composition of claim 40, wherein the polyfarnesene is
present in the range from 5 wt.% to 70 wt.%. based on the total weight of the adhesive

composition.

42, The adhesive composition of any of claims 40-41, wherein the
polyfarnesene has a R&B softening point equal to or greater than 80°C, as measured in

accordance with ASTM 28-67.

43. The adhesive composition of any of claims 40-42, wherein the rubber hasa T,
less than 20 °C.
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44, The adhesive composition of of any of claims 40-43, wherein X has one or

more of formulae (I")-(VIII") and stereoisomers thereof:

..% g.. w1 B 2__ _;,J"R? : )
APl G o
(11, (1, R’? (IV7),

R (0.

—g_i;::y/Pé— }f RN * % Eﬁw//“?i

HaC (v, R VI, “ (VIP)and R* (VI

CHa CHa
W 4
R* has formula (XII):
CHy CHjy CH.
W
HsC # (X1D),
R’ has formula (3111):
CHs CHs
- 1\ ;5\
HsC (XI}); and
R* has formula (XIV):
CHs CHs CHs
N N NS
FaC (XIV).

45, The adhesive composition of any of claims 40-44, wherein Y has formula (TX")

R5
RG
sy
R g

wherein each of R, R, R and R® is independently H. alkyi, cycloalkyl. arvl, alkenyl,

or a stereoisomer thereof:

(IX7),

cvcloalkenyl, alkynyl, hetercyclyl, alkoxy, aryloxy. carboxy, alkoxycarbonyl, aminocarbonyl,
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alkylaminocarbonyl, dialkylaminocarbonyl, acyloxy, mtrile or halo.



